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HEPEIMOBA

BukopuctanHs MaTeMaTHYHUX METOJIB Ta MOJIEJel CTa€ HEBII EMHOIO
CKJIQJIOBOIO CYYaCHHUX AOCHIKEHb MPUPOAHUYUX CUCTEM Ta OOpOOKM pe3ysbTaTiB
MOB’S3aHUX 3 HUMHU HATypHHX 1 eKCIepuMeHTaIbHHX poOiT. Ile motpedye Bin
cy4acHMX (paxiBI[iB BIAMOBITHUX IPYHTOBHUX 3HAHb Ta BIAMOBIAHOI KBasigikarii.
3aradbHUM 1HCTPYMEHTOM KIJIBKICHUX OIIHOK JJisi BCIX MPUPOJHUYMUX HAyK
3aJUIIAIOTHCS CTATUCTUYHI METOJH, SIKI 3apa3 peai3oBaHl B 0araThbOX MPOrpaMHUX
KOMILIEKcax, y ToMy uuciai Microsoft Excel, mo cyTTeBO MOMMPIOE MOXKIUBOCTI
MPAKTUYHOTO 3aCTOCYBaHHS.

Pa3oM 3 TMM MOTY>XHI METOAM CTAaTUCTUKU T4 MaTEMaTHYHOI'O MOJEIIOBAHHS
II€ HEJIOCTATHbO BUKOPUCTOBYIOTHCS (paxXiBISIMU y MPUPOAHMUYUX HayKax, 30Kpema,
yepe3 O00’€KTUBHI OOMEXEHHS TMpu BiIOOpT NpoO, MPOBEACHHI HATYpPHHUX
€KCIIEPUMEHTIB, TOCTYIHOCTI JJIsl JOCIIKEHb. TOMy cTae HEOOX1THUM BUKJIAJICHHS
MaTeMaTUYHUX MoOJieJied Ta METOAIB 3 HaBEACHHSM YHUCICHHUX NPUKIAIIB, K1 O
JNO3BOJIJIA  MalOyTHIM (axiBLSIM MPUPOJHUYOTO HAMpsMy 0€3 pO3MIUPEHOL
MaTEeMaTUYHOI MIATOTOBKU KOPEKTHO (OpPMyJIIOBaTM CTAaTUCTUYHI TINOTE3H,
MPOBOJIUTH iX TIEPEBIPKY, BUKOPUCTOBYBATH TOHSTTS TeOpii MHMOBIPHOCTI Ta
MaTeMaTUYHOI CTAaTHUCTHKU 3 PO3YMIHHSM OCOOJIMBOCTEW T'eoJIOTi4HOI 1H(opmarrii
JUISE  KUIBKICHOTO — aHajli3y pe3yJbTaTiB TEOJOTIYHUX, TiJPOTeOJIOTIYHUX Ta
reoi3uYHUX JOCTIIKEHb, @ TAKOX OLIHOK BIUIMBY HA JOBKULISA, MPOTHO3Y CTaHy
00’€KTIB MPUPOTOKOPUCTYBAHHS.

[le nmotpeOye 3HaHb IS OOTPYHTOBAHOTO BHOOPY PO3MOALTIB BHUIAIKOBUX
BEIIMYMH, SIKI OMUCYIOTh BIIACTMBOCTI TIPCHKOTO MAaCHUBY Ta TMPOILIECH Yy HBOMY,
KOPEKTHOTO (OPMYIIIOBAaHHSI Ta TMEPEBIPKM CTATUCTUYHUX TIMOTE3, 3aCTOCYBAaHHS
KOPEJSIIIHHOTO Ta JUCIEPCIHHOTO aHalli31B TEOJOriYHUX 00 €KTiB, TOOYHAOBH
pPIBHSHBb perpecii Ta aHamizy iX cTatucTUYHOI 3HauymiocTi. HeoOximHuM s
cydacHoro (axiBls B raiay3l NpUPOJHUYMX HAYK CTAlOTh METOAM ONTUMI3AIl, SIKi
3apa3  IIUPOKO  3aCTOCOBYIOTbCS ~ IPU  BUPIMICHHI  NPUKIATHUX  3a7ad
MIPUPOIOKOPUCTYBAHHS.

Pozninu 2.4, 3, 4.1, 4.3 Ta 5 nanucani npod. Pygakosum JI.B, po3aimm 1, 2.1-
2.3 ta 42 — mpod. CmmwxkoBoro O.0., po3ninmu 2.4 Ta 2.5 — cHoiapHO 0O60Ma
aBTopamMu. ABTOpM OynyThb BASYHI 3a BCl 3ayBaXEHHS I0J0 TMOJIMIIEHHS
BUKJIaJICHOIO MaTepiay Ta CTPYKTYpH MOCIOHUKA.



HEPEJIIK OCHOBHUX ITIO3HAYEHD

A — acumeTpist po3MOALITY BUNAAKOBOI BEJIMYUHH,
A" — cTaTUCTUYHA OI[IHKA aCMMETDIi;
D(X) — mucniepcist po3moiry BUMaIKOBOI BETHUNHY;
D" — cTaTuCTMYHA OILIHKA JMCIIEPCii;
E — ekcriec po3noiny BUMAIKOBOI BETUINHHY;
E” — cratucTHYHA OLIHKA EKCLECY;
f(X) — nudepenniaabHa GyHKINS a00 MIIBHICTH PO3MOILTY BUIAIKOBOT
BEJIIMYNHU,
f 9(X) — HopMOBaHa LIIIBHICTE PO3MOALNY 33 HOPMAILHUM 3aKOHOM;
F — 3HaYeHHs CTaTUCTUKH, L0 NepeBipseTbes kputepieMm Dimepa;
F(X) — iaTerpanpHa GyHKIIiS PO3MOAITY BUMAIKOBOI BETHUYNHH
F °(t) — HopMoBaHa inTerpanbHa QYHKIS HOPMATLHOTO 3aKOHY;
Ho — HynboBa rimoresa;
| — noBxuHa, M;
M; — yacToTa;
M(X) — MmaTeMaTH4HE CITOAIBAHHS BHUITaIKOBOI BEJIMYUHH X;
N — KUIBKICTh BUMIPIB 200 00’€M BUOIpKHU, O€3p03MipHa;
P — iimoBIpHICTH MO,
R — iHAEKC KOpEIISIIIi;
I' — KoeillleHT KOpeJAIlil MIXK JJBOMa BUOIpKaMU;
S — OlIiHKA CePeTHBOKBAAPATHUHOTO BIIXUICHHS (CTaHAaPTHE BiIXUICHHS);
S% — oninka aucnepcii BUGIpKy;
t — HOpMOBaHa BUITAIKOBA BEJIMUMHA, PO3IIOIIJICHA 32 HOPMAITbHUM
3aKOHOM; BHIIAJKOBA BEIMYMHA, PO3MO/I1JICHA 3a 3aKOHOM CTBIOJICHTA,
X, Y, Z— IeKapTOB1 KOOPJAUHATH, M;
Xi, Yi, Zi— MOXJIMBI 3HaYEHHS BHUITAIKOBUX BEJINYHNH;

X — cepeaHe 3HAaYeHHs BUMAIKOBO1 BEIMUUHU X;

—_

X — BHOIPKOBE CEpEIHE;

V" — koediuienT Bapiaii;

Wi — BITHOCHA 4acTOTa;

W — craructuka BinkokcoHa;
X, Y, Z — BUNIaIKOBI1 BEJINYNHU,

Z — (dyHKIis, 3B0poTHA (DYHKINT HOPMAJIHLHOTO PO3MOALTY;
2

B = B HOPMOBAHHI MMOKa3HUK aCUMETPIi;
o
3



Hy =
ﬂZ = — HOPMOBaHMH IIOKA3HHK CKCIECCY,
(0}
4

I'(n) — raMMa-QyHKILIS;
A — PI3HUI MK BEIMIUHAMU;
n — BIIHOCHA Bapiallis;
] — TlapameTp MOKa3HUKOBOT'O PO3IOILTY;
Ll — LIEHTPaIbHUNA MOMEHT K-TO TOPSIKY BUIAJKOBOI BEIMUHMHH;
V — YHUCJIO CTEIEHIB BUIBHOCTI,
W — TIOYaTKOBUH MOMEHT K-TO MOPSIKY BUIAAKOBOI BEJIMYMHU;
o(X) — cepeIHbOKBaIPaTHYHE BiAXUICHHS BUIAKOBOI BEJINYUHU;
7° — BUIIAJIKOBA BEINYHMHA «Xi-KBaaPaT»;
@D(t) — dynkuis Jarutaca;
0 — azumyrT, rpan;
@ — 4acTOTa OBTOPIOBAHOCT1 HAMPSAMIB BITPY;
Q — PIBEHBb 3HAYYIIOCTI;
T — cTaTUCTUKa KpuTepito ['padbca — CMHUPHOBA;
7, — TaOMuHe 3HaueHHs kputepito ['padbca — CmupHOBa.



Po3ain 1
MOHATTSI MOJIEJII TA MOJIEJTFOBAHHSI.
KJACHUPIKAIISI MOJEJEN

Mooentoeannam Ha3UBAIOTh AOCTIKEHHS PI3HUX MPOIIECIB, SIBUII, 00’ €KTIB Ha
OCHOBI1 CTBOPEHHsI iX Mojeneld. Mojenb € BiITBOPEHHSIM JOCIHIKYBAHOTO MPOIIECY
(stBUIIIa, 00’ €KTA).

HatypHuii ekcnepuMeHT, TOOTO JOCIHIKEHHS SIBHILA, BIACTUBOCTEH Ta
NOBEAIHKA OO0’€KTa B MEBHUX YMOBaxX 3 BHUKOPUCTAHHAM CaMOro O00’€KkTa, €
BXKJIMBOIO CKJIQJIOBOIO MPOEKTYBAaHHA Ta ympaBiiHHSA 00’exktamu. OpHaK y 6aratbox
BHITAJIKaX HATypHE MOJCIIOBAHHS € €KOHOMIYHO HEIOMUIBHUM ab0 HEMOXKIMBHM
Yyepe3 HErOTOBHICTh CaMOro 00’ €kTa a0 BHACHIIOK 1HIIUX pU4uH. Modens (Bin nar.
modulus — wmipa, 3pa3ok, HOpMa) — Ii¢ 00’€KT-3aMIHHUK, CTBOPEHUH 3 METOI0
BIITBOPEHHS 32 IIEBHUX YMOB CYTTEBUX BJIACTUBOCTEH 00’ €KTa-OpUTIHATY.

OCHOBHUMH IIIJIIMA MOJICJIIOBaHHSI € BHMBYEHHS OCHOBHMX BJIACTUBOCTEH
o0'ekta abo sBUINA, a TaKOX MPOTHO3YBAaHHS IMOBEIIHKH O00'€KTa-OpUriHATY B
peaTbHUX YMOBaX.

¥Yc¢i Mojieni MoKHa YMOBHO MOJIUIMTUA HA MaTepiajibHI Ta JIOT14Hl. MartepiaibHa
(p13uuHa) Modenb 3a3BUYAll pealli3yeTbcsl 3a JTIONOMOTOK CHELaJIbHUX TEXHIYHUX
npuctpoiB. Jloriuni (cjioBecH1) MoOJenl SBISIIOTH COOOK CYKYMHICTh TiMOTE3,
nepeyMoB 1 piBHAHb, TOOTO BOHU € aOcTpakTHUMHU ToOygoBamMu. (OCHOBHI
XapaKTePUCTUKU MOJIETEH — HUIeCTPSIMOBAHICTh, CKIHUCHHICTh, IPOCTOTA, TIOBHOTA,

aJICKBATHICTD.

Linecnpsamosarnicms mooeni. Monenb 3aBxiu OyayeThCs 3 TIEBHOO METOH0. L5
METa BIUIMBAE HAa TE€, SIKi BJACTUBOCTI 00’€KTa a00 SBUIIA BBAXKAIOTHCS 1ICTOTHHUMH, a
K1 — Hi. 3ajJaya MOJICJIIOBAHHS TOJISITa€ B TOMY, 10O JJisi 3aJaHOTO 00’ €KTa
ia10paTi Takuil onuc, skl OW y HalOUTbII MOBHIN Mipl BigjoOpakaB OpuUTiHANI 3
TOYKHU 30pYy 33J1aHO1 METH MOJICIFOBAHHS.

Ckinyennicms MmoOeni. 3a3BUYail MOJENb BIJITBOPIOE JIUIIE CKIHYEHHY
KUIBKICTh BJIACTUBOCTEH Ta BITHOIIICHD, 1 YEPE3 1€ MOJIEIb 3aBXKIU € O1IBIII MPOCTOIO,
HIXK OpUTIHAI.

Ilosnoma mooeni nonsirae B TOMy, 110 BOHA Ma€ BigoOpa)kaTh BCi ICTOTHI, 3
TOYKH 30pY METU MOJICJIFOBaHHS, BIACTUBOCTI OPUTTHAITY.

Aoexseamuicmv modeni. HeoOXiTHOIO YMOBOIO ISl IEPEXOAY B AOCIIIKEHHS
00’€KTa 10 AOCIIJKEHHS] MOJEII 1 MOJaIbIIOT0 MEPEHECEHHs pe3yJIbTaTiB Ha 00’ €KT
IOCIIHKEHHSI € BHUMOra aJIeKBaTHOCTI MOJeial Ta o00’ekra. AIEKBAaTHICTh — 1€
BIITBOPEHHSI MOJEUII0 3 HEOOXIHOI0 MOBHOTOK BCIX BIIACTUBOCTEH 00’€KTa,
BOKJIMBUX TS IT1JIeH gaHoro AociimpkeHHs. OCKUIbKU Oyb-sika MOJIEb POCTIIa 3a
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OpUTiHAJ, HIKOJM HE MOXXHAa TOBOPUTU MpPO aOCOJIOTHY aJeKBATHICTh, MPHU SKIN
MOJICJNTb 33 BCIMa XapaKTepUCTUKAMHM BIJIIIOBIIa€ OPUTIHATY.

Mooeniosanua BKIIOYA€E Takl €Tald, SIK CTBOPEHHA, JOCHIIKEHHS Ta
BUKOPHUCTaHHS MOJieiel 00’ €KTIB.

Teopis mooeniosanHs — PO3MALT HAyKH, IO BUBYAE CIOCOOU IOCIHIKCHHS
BJIACTUBOCTEH O00'€KTiB (OpHUTIHAIIB) HA OCHOBI 3aMIIeHHS iX 1HIMMH 00’ €KTaMH
(Monensimu).

OmnuM 3 HAWOUIBII yHIBEpCAaJIbHUX BHJIIB JIOTIYHOTO MOJIEIIOBAHHS €
MamemamuyHe MOJICIIIOBAHHS, IO CTaBUTh Y BUIMOBIAHICTE JOCIIIKYBaHOMY
(h13UYHOMY TIPOIIECY CUCTEMY MaTeMaTUYHHUX CIIBBIHOIICHB, PIBHSIHB, HEPIBHOCTEH,
IO OIHUCYIOTh BIACTUBOCTI JOCILIKYBaHOro Impouecy, o0'ekta abo CUCTEMH.
Po3B’s13aHHA Takoi CHCTEMHM JO3BOJISIE OTPUMATH BIAMNOBIAb HA MHUTAHHS MIPO
MOBEAIHKY 00'ekTa. Meron mamemamuuno2o mMooeno8ants BAANIO MOEAHYE B €001
OCHOBHI T€peBard BIIOMHUX TEOPETUYHHX 1 EKCHEPUMEHTAIbHUX METO/IIB
nociuijpkeHas. Pobora He 3 camuMm 00'€kTOM, a 3 MOTr0 MOJEIUIIO, JA€ MOJKJIHMBICTH
BIIHOCHO IBHUAKO 1 0€3 ICTOTHMX BHUTpaT JOCII/DKYBaTH HOTO BIACTUBOCTI Ta
MOBEJIIHKY B OYyIb-SIKMX MOJKJIUBHX CUTYaIIisX.

Icnye pexinmpka kimacudikamiii mojenei. BiamoBigHO A0 pI3HUX KPUTEPIiB
MO’KHa BUIUIATHA TaKl OCHOBHI BUIU MOJIEJIEN:

— IUHaMI4H1 a00 CTaTHUYHI;

— aHaJIITWYHI, IMITaIlIiH] 91 KOMIT I0TEPHI,

— JeTepMiHOBaH1 a00 CTOXaCTUYH1 (MMOBIPHICHI).

Jlunamiuni Moneni BIATBOPIOIOTH TOBEAIHKY OO’€KTIB Ta TMPOIECIB, IO
3MIHIOIOTBCSL 'y Yaci, TOOTO HecramioHapHuX. Cmamuyni MOJENl ONHUCYIOTh
CTaIllOHApHUM CTaH 00’€KTa 4YM TpoIllecy, TOOTO CTaH y AESIKUA MOMEHT Yacy abo
CTaH, M0 MPAKTUYHO HE 3MIHIOETHCS MTPOTATOM TPUBAIOTO TPOMIXKKY 4acy.

3o0kpema, crmamuyni MOAEIIL B T€0JIOT1T OMKUCYIOTh BIACTHUBOCTI TOCHIIKYBaHHUX
00’€KTIB, IO HE 3MIHIOIOTHCS 3 YacOM, 3a pPe3yJbTaTaMH BUBYEHHS Ha OCHOBI
BUOIPKOBUX JaHUX 3 MOJAIBIINM Yy3arajdbHeHHsM. [IpukiamamMu € TeoJOTiYHUN
po3pi3 abo KapTa, eJICKTPOHHI aTjacH, MPOCTOPOBUI PO3IOILI IEBHUX BIACTHBOCTEH
MOPOJIHOTO MAaCHBY, HANpPUKIAJ, BMICTy XIMIYHHMX €JEMEHTIB y pPYAHOMY Tii,
MIPOHUKHOCTI Ta mopucTocTi. KapTyBaHHs nepegdavae BUKOHAHHS HU3KU MPOMIKHHUX
Oif, y TOMY YHCII IHTEPHOJIALII 32 TOYKAMH CIOCTEPEXKEHb, CBEPJJIOBUHAMH,
BUJILJIEHHSI MEXK, 30H Ta paiioHiB. KapTyBaHHs — 11€ OCHOBA ISl BAKOHAHHS ITPOTHO31B
3 BUKOpUCTaHHAM Trpadiunux wmojnenedl. IloOynoBaHa kapTa € MPOCTOPOBUM
IPOTHO30M TMEBHUX BIIACTUBOCTEH y JOCHIPKyBaHId o0nacti. 3a J0MOMOTOIO
KapTyBaHHS MOXYTb OyTH OKOHTYPEHi, HAlpHKIaJ, 3CyBOHEOE3NEe4Hi 30HHU, 30HU
MIITOTUICHHS, MICIIsI BAXOYy PYyIHUKOBUX Ta3iB HA MTOBEPXHIO 3eMJI1 Ta 1H.



PazoM 3 THUM ycCi reosioriyHi 00’€KTH MEBHUM YHMHOM TPaHC(HOPMYIOTHCS 3
4acoM, y 3B’SI3Ky 3 UMM BHHHMKA€ HEOOX1THICTh OHOBJICHHS I'€OJIOT1YHOI iH(popMarii
Ta 3aCTOCYBaHHS OuHamiynux Mopeneu. [lpuknagoM aUHAMIYHUX MOJenel y
r'eo0JIorii, TOOTO MoJIeNiel, K1 BIATBOPIOIOTH 3MIHU 00’ €KTa MPOTITOM Yacy BHACTIIOK
BIUTMBY 30BHIIIHIX Ta BHYTPIIIHIX YUHHHKIB, € (OPMYBAHHS POIOBHIL KOPHUCHHUX
KOMAJIMH Yy TEOJIOTIYHOMY Yacl, OCIIaHHsS IPYHTY 3 4acOM uepe3 HaBaHTAXCHHS UM
HOro 3aMOYyBaHHS, 3MIHM DIBHS MIJ3€MHUX BOJA MPU OCYIICHHI YW 3aTOIUICHHI
kap’epiB Ta maxT. CremiagbHUNA BHUIAOK — MOJAENI 3 TMEePIOAUYHUMH 3MIHAMH
napaMmeTpiB MPOTITOM POKY, HAIPUKIIAJ, KOJMBAHHS PIBHS I'PYHTOBUX BOJI Ta 3CYBH,
aKTHUBI3AIlIS SIKUX 3QJIC)KUTH BIJl CE30HY.

JlocmipkeHHsT  MaTeMaTUYHUX  MOJIeJIed  TPOBOJSATH 3a  JIONMOMOTOIO
aHAJITHYHUX, YACCIILHUX Ta IKICHUX METO/IIB.

Ananimuyni Moneli BIATBOPIOIOTh TpollecM (YHKIIIOHYBaHHA 00’€KTa Yy
BUIJISI]l aHANITHYHUX 3aJI€KHOCTE!: anredpaiyHux, nudepeHuiaabHuX, IHTErpalibHIX
piBHsSIHb a00 iX cucCTeM, JIOTIYHMX yMOB. [IpuKiamoM mpocToi aHAIITUYHOI MOJENl
Moske OyTH 3akoH ['yka abo piBHSIHHS BUIBHUX KOJUBaHb.

Ananimuyyni METOAM TOJATAIOTH Y TIONIYKY SBHUX 3aJIe)KHOCTEH MIX
xapakrepuctukaMu. OJIHaK Taki 3aJI€KHOCTI MOYKHA OTPUMATH JIMIIE [T OOMEKEHOT
KUTBKOCTI MEPEeBaKHO MPOCTUX MOJIEINCH.

YucenvbHi METOIU JO3BOJISIOTH KUIBKICHO JOCIII)KYBaTH MaTeMaTU4YHI MOJENI,
JUTSL  SIKAX 3aCTOCYBaHHS aQHATITUYHMX METOIIB HEMOXUIMBO a00 HEIOIIILHO.
Po3p’si3anHa  audepeHmiaibHUX a00 1HIIMX PIBHSAHb YHCEIBHUMHU METOAaMU
MIPOBOAUTHCS JIJIT KOHKPETHUX BUXITHUX JAHUX 1 Ma€ JOJTATKOBY ITOXHOKY.

Konu siBuia ckiiagHi Ta pi3HOMaHITHI, JOCTITHUKY JOBOJIUTHCA UTH HA 1CTOTHI
CIPOIIEHHSI MOJIEJIeH, Y PEe3ysbTaTl 4YOro aHAIITUYHA MOJIENb CTa€ 3aHAJTO TPyOuM
HaOJMKEHHSAM JI0 jdiiicHocTi. Tomy B 0araTbox BHIIQJIKaX IOCTITHUKH 3MYIICHI
BUKOPUCTOBYBATH IMITallliiHE MOJIEITIOBAHHS.

Imimayitine MoeNIIOBaHHS Tiepea0oavyae MoJaHHs MOJIET1 Y BUTJISA/II aJITOPUTMY,
peasi3oBaHOTO KOMIT FOTEPHOIO MPOTPaMOI0, sIKa JO03BOJISIE BIATBOPUTH TMOBEHIHKY
00’exra. IMiTariifHi MOJIeT PO3MIISIIAI0THCS K €KCIIEPUMEHTH, 10 MPOBOSATHCS HA
KOMIT'IOT€pax 3 MaTeMaTUYHUMH MOJCIISMH, SKI IMITYIOTh TOBEMIHKY peaTbHUX
o0'exkTiB. Bubip Ha KOPUCTH IMITAIITHOTO MOJCIIOBAHHS BWU3HAYAETHCS HANWOLIBII
MOBHUMHU MOKJIMBOCTSIMH JIJIs1 TOCTIPKEHHSI 00'€KTA.

3 po3utkoM EOM 3HauyHOro momupeHHs Ha0yJl0 KOMII IOTEPHE CTPYKTYpPHO-
¢dbyHKIlOHATEHE MojedtoBaHHSA. [lig  KOMI'IOTEpHOIO MOJACIUIKO  HalJacTiiie
PO3YMIIOTh:

— yMOBHHM 00pa3 00’ekTa, cucteMu ab0 MPOLECy, OMUCAHUX 3a JIOMOMOTOIO
KOMIT'IOTEpHUX Ta0nuib, CXeM, JiarpaM, rpadikiB, PUCYHKIB, aHIMAI[lHUX



¢dbparMeHTiB, 10 BIATBOPIOIOTH CTPYKTYPY Ta B3a€EMO3B’A3KH MK €JIeMEHTaMHu
00’€KTa YU CUCTEMU;

—OporpaMy 4Yu MpPOTPpaMHUN KOMIUIEKC, IO YMOKJIMBIIOE BUKOHAHHS
MOCJTIIOBHOCT1 OOUYHKCIIEHD 3 OAAJIBIIUM TpadiuHUM B1IOOpaKEHHSM X pe3yJIbTaTiB.

Jlemepminosana mooenv na€ aHANITHYHE YSABICHHS a00 omuc 00’ €KTa, 3a SIKUM
JUIA JaHOl CYKYHHOCTI BXIJHUX JaHUX OyJle OJHO3HAYHO OTPHUMAHO €IMHHIMA
pe3ynbTaT. JlerepMiHOBaHI MOJAENI BIATBOPIOIOTH (PYHKIIIOHAIBHI 3B’SI3KH MIX
apryMEHTOM 1 3aJIC)KHUMH 3MIHHUMHU. BOHM 3aNTUCYIOThCS Y BUTJISI/IL PIBHSIHD, Y SIKUX
NEBHOMY 3HAYEHHIO apryMEHTY BIANOBIAA€ TUIBKM OJHE 3HA4YeHHS (QyHKIIIT
(3aexxHo1 3MiHHOI). JleTepMiHOBaHI MOJIEIl OMKMCYIOTh MOBEAIHKY 00'€KTa 3 MO3HIIIH
MOBHOT BU3HAYEHOCTI B CHOTOACHHI M MalOyTHbOMY, TOOTO HE MICTATH 1CTOTHOI
BUnaakoBocti. [lpukianamu Takux Mojelied € mporecu (sBUILA), K1 3aJ0BLILHO
OMUCYIOThCS popMmysiamMu (PI3MUHMX 3aKOHIB, a00 CIIBBIJIHOLICHHSIMHU, 110 SBJISIOTH
TEXHOJIOT1YHI MPOIECH TOIIO.

JletepmiHOBaH1 MOJE€dAl MOXYThb BHKOPHCTOBYBAaTHUCA JUIsl BUBYEHHS
BJIACTUBOCTEH T€OJIOTIYHUX OO’€KTIB SK (PYHKIIA BiJ MPOCTOPOBUX 3MIHHHUX
(KoOpMHAT TOYKU BUMIPY), Y SIKUX ICHYIOTh MIE€BHI 3aKOHOMIpHOCTI. JleTepMiHOBaHi
MOJIETl TaKOX BUKOPUCTOBYIOTHCA AJII pPO3pPaxyHKIB €JIE€MEHTIB I'€0J0r0-TeXHIUHUX
(TEXHOT€HHO 3MIHEHMX T€OJIOTIYHUX) CHUCTEM Ha OCHOBI (yHAaAMEHTaIbHHUX
(I3MYHUX 3aKOHIB, KOJIM BJIACTHBOCTI IX €JIEMEHTIB BBaKalOThCA 3MIHHMMH, alie
3a3ganeriap BimoMuMu. [lpukiianamMu € Mojeni HampyXeHO-1e(pOpMOBAaHOTO CTaHy
MOPOJHOTO MAacuBy (CXWily, AamMOM) Ta/ab0 MPOCIOAHHS IPYHTY, T€Ul MiJ3eMHUX
BOJI, pOPMYBaHHS POJIOBUII] Y T€OJOTIYHOMY Yacl.

ImosipHicni mooeni BpaxoBYIOTh BIUTMB BUTAIKOBUX (PAKTOPIB HA MOBEIIHKY
o0'ekta. KO0 00’€KT MOJEIIOBAHHS CTAIllOHAPHUN 1 MIAJAETHCS BUIAIKOBHM
BIUIUBAM, TO MOJEJNb € CTaTUCTUYHOI0. Cmamucmuynumy MOJIEISIMU Ha3UBAIOTHCS
MaTe€MaTUYH1 CIIBBIJHOIIECHHS Ta BUPA3H, IO MICTITh NPUHANMHI OJHY BUIIAJIKOBY
KOMITOHEHTY, TOOTO TaKy 3MiHHY, 3HAUCHHS SKO1 HE MOXHA Mepe0auuT TOYHO IS
OJIMHUYHOTO CIIOCTEpeXeHHs. Taki Mojeni Kpaile BpaxOBYIOTh HEBU3HAUEHICTb
BUXIJHHUX JIaHUX, IOMWJIKH Ta BUIMAKOBI KOJIMBAHHS €KCIIEPUMEHTAIBHUX JaHUX.

Cmoxacmuuni mMoOeni BUKOPUCTOBYIOTH Ui MOJENIOBAHHS HECTAlllOHAPHUX
IMOBIpHICHUX mporeciB. CTOXaCTHYHI MOJENl BH3HAYAIOThCS SK Taki, y SAKUX
napamMeTpu, yMOBH (YHKI[IOHYBaHHS 1 XapaKTEpPUCTUKH O0’€KTa OIHUCaHI
BUITA/IKOBUMU BETMYMHAMU 1 QYHKIIISIMU, BXiHA 1H(OpMAI[is YACTKOBO YU MOBHICTIO
Mpe/CcTaBlICHa BHUMAJKOBUMH BeIWYMHAMH. Hampukmaa, MOpoIHWUN MacHUB MOKHA
PO3IIIIaTU SIK CEPEIOBHUILE 3 BUMAJAKOBO PO3MOAUICHUMU BIACTUBOCTSAMU. 30KpEMA,
MILHICTE OKPEMOTO CTPYKTYpPHOTO €JEMEHTY MOPOJHOTO MAaCHBY € BHIIAQJIKOBOIO
BEJIMUMHOIO, OCKUIbKH 11 (opMyBaHHsS 3A1MCHIOBA’IOCA IIiJ BIUIMBOM 0aratbox
¢dakropiB. Toal HEONHOPITHUN MOPOAHUNA MACHB CTa€E CUCTEMOIO CTPYKTYPHHUX
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€JIEMEHTIB, BIIACTUBOCTI SIKUX 3MIHIOIOTBCS Y TPOCTOPl Ta MiAMOPSIAKOBYIOTHCS
iMOBIpHICHUM  3akoHaMm. CTIHKICTh TIpHUYMX BHUPOOOK, IO TMPOBEACHI ¥y
HEOJHOPITHOMY IOPOJHOMY MacuBi, Tpeba OI[IHIOBAaTH 3 ypaxXyBaHHSIM
NMOBIpHICHOT MPUPOJX MIIHOCTI TIPCHKUX MOPiJ. 30KpeMa, pO3BUTOK Jedopmartiii
KOHTYPY TOPM30HTAJIBHOI MiA3€MHOI TipHUYOI BUPOOKM y Yaci Ta B3JOBX TpacH
BUPOOKH OIHMCYETHCS BUMAAKOBUMH (YHKIISIMH, TOOTO IOCTIIKYETbCSA HA OCHOBI
CTOXAaCTUYHOI Mojenl. Big3zHaunmmo, 10 CTOXAaCTHYHI MOJENl Habarato CKiIajHiIlIe
JETEPMIHOBAHHUX.

Kiacudikariis Mozene 3a sIKOIOCh OJIHIEI0 03HAKOI0 HE MOYKE OXOIHUTH BCl iX
BUJIU, OO MOJIeNIb € 0araTorpaHHoOO 1 BioOpakae JIMIIE Ti BIACTUBOCTI CUCTEMHU, SIKi
CTAaHOBJISITH 1HTEpPEC JJIA JOCHIIHMKA. 3aBISKH PO3BUTKY 1 BIPOBAKEHHIO
MPOTpaMHUX 3aCc001B AJisl poOOTH 3 rpadiuHUMU 00’ €KTaMU, IPOBEACHHS OOUYUCIIEHb,
00poOKHM pI3HOPIAHOL 1H(OpMAIli, PI3HUI MK ONHCAHMMH TUIAMU MOJEIEH B
MPUPOTHUIHNX HAYKAX CTA€E IOCUTh YMOBHOIO.

30kpeMa, TPOTHO3 MPUPOJHUX SBUIL abO TMOBEIIHKA O0O0’€KTa YacTo
IPayHTY€ThCS HA BUKOPUCTaHHI BIIOMUX aHAJITUYHUX MOJIEIIEH, ajie 3 ypaxyBaHHIM
CTOXaCTUYHOi CcKiIanoBoi. Ha mpakTuili 4yacTo 3amiCTh CTOXaCTUYHUX MOJeNeH
3aCTOCOBYIOTh JIETEPMIHOBAHI, y SKHX BHUIIQJIKOBAa BEJIUYMHA 3aMIHIOETHCS il
CepemHIM 3HAYCHHSIM a00 MaTeMaTUYHHWM CIOAIBaHHAM. [Ipu mbOMy BILIMB
BUMAJKOBUX  (AKTOPIB  JOCHKYIOTh  3aBASIKM  3aJyYEHHIO  IMITallifHOro
MOJEINIIOBaHHSA. MOXHa TaKOX JTOCHIIKYBAaTU pe3yabTaT MPOTrHO3Y K (DYHKIIIO BiA
BUMAJKOBOI BEJIMYMHHU 3 BIJIOMHM PO3MOAUIOM, IO J03BOJISIE OIIHIOBATH PO3KU]
MPOTHO3HUX 3HAYEHb, IO € OUIBII KOPEKTHUM TMPU TMOPIBHSHHI 3 JaHUMU
croctepexxeHb. Hampukian, TmOTYXHICTH BOJAOHOCHOTO TOPU30OHTY Ta MOTO
MIPOHUKHICTh YA TTOPUCTICTh MOXKYTh alPOKCUMYBATHCS Ha OCHOBI CITIOCTEPEKEHD SIK
BHIAJKOB1 BEJIMYMHMU 3 TIEBHUMH PO3MOJUIaMH. 101 IMPOTHO3HE IMOJOKCHHS PiBHS
MiJI3EMHUX BOJ € (DYHKIIEIO BiJl [IUX BUIAJKOBUX BEJIMYMH, a aJ€KBATHICTh MO
(hakTUYHUM JJaHUM MO>KHA OIIHIOBATH 3a MapameTpaMu po3IOALTIB.

OCKUIBKM CTOXaCTMYHI MOJEN BIJITParOTh JIyX€ BaXIUBY pOJIb Yy
MIPOTHO3YBAHHI SIBUI Ta TOBEMIHKUA 00’ €KTIB, HUXKYE, Y PO3aAUIax 2 1 3, HaBEACHI
OCHOBHI MPUHIIUIIHA CTBOPEHHS Takux Mojenel. [lepmmm kpokom st 1Is0TO € 301p Ta
00poOka maHMX Mpo sBHIlEe ab0 00’exkT (po3mimu 2.1, 2.2), Ha OCHOBI YOrO
BHUBYAIOThCS 3aKOHW PO3MOITY BHUMAAKOBUX BeawuuH (posmimm 2.3, 2.4),
BH3HAYAIOTHCS MMOBIPHOCTI peaiizallii TUX 4M 1HIIWX BUIMAJAKOBUX TMOIIN y MpoIeci
(GyHKL10HYBaHHA 00’ €KTa a00 PO3BUTKY MPUPOAHBOTO sIBUIIA (po3aiiu 2.5, 3).
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KonTpoabHi nuTanus 10 po3aiay 1

1. 1o Ha3uBarOTH MOJEILIIO 00’ €KTa?

2. SIki ocHOBHI 11111 MOjietoBaHHA? B oMy mossirae 3ajaya MOCITFOBaHHS ?
3. lllo Ha3uBalOTh MAaTEMAaTHIHUM MOJCIIOBAaHHIM?

4. Ha3BiTh OCHOBHI BUIU MOJICIICH.

5. HaBeniTh npukiaau CTaTUYHUX Ta JUHAMIYHUX MOJIENIEH y T€OJIorii.

6. SIki MoJIelTIi HA3MBAIOTh aHATITHIHUMU?

7. 1o HA3UBaAIOTH IMITALIITHIM MOJCIIOBAHHIM?

8. [1osICHITH PI3HHULIIO MK JIETEPMIHOBAHUMU 1 CTOXaCTUYHUMU MOJICIISIMH.

Jlitepatypa no po3ainy 1

1. Crenenko 1.B. MonemroBanusa cucteM: HaBd. 1moci0. / I.B. Creuenko, M-Bo
OCBITH 1 Hayku YKpainu, Yepkac. nepx. TexHoid. yH-T. — Yepkacu : YATY, 2010. —
399 c.

2. TomameBcrkuit B.M. MogemtoBanus cucrtem. / B.M. TomamieBcbkuil. —
Kuis: BHV, 2005. — 352 c.

3. Pynakos J1.B. MonemntoBanus B riaporeosorii / /[.B. Pynakos, M-Bo ocBiTH 1
Hayku Ykpainu, Hai. rips. yH-1. — J{HinponerpoBcbk: HI'Y, 2011. — 88 c.

4. Kaxxnan A.b. Marematndeckoe MOJEIMPOBAaHUE B T€OJOTUM U Pa3BEIIKE
MOJIE3HBIX HCKOomaeMbIx: yueb. mocobume / A.b. Kaxman, O.U. TI'ycbkos,
A.A. llumanckuil. — Mocksa: Heapa, 1979. — 168 c.

5.TaBuu M.K. Teopus u mnpakTHKa TPUMEHEHUS MOJCIUPOBAHUA B
ruaporeosoruu. / UK. I'aBuu. — Mocksa: Heapa, 1980. — 358 c.
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Po3ain 2
METOJIA 3BOPY IH(I)OPMAIIIi TA JAHUX ITPO CUCTEMY.
MHNOBYJTOBA CTATUCTUYHHUX MOI[E.JIEI7I

2.1. BunaakoBa BeJJMUYMHA TA 3aKOH 1i po3Moaiiay

Ionamms eunaoxosoi eenuuunu. Bunaokoeoio Ha3UBAIOTh BEIUYHHY, SKa B
pe3ynbTaTi BUIIpoOyBaHb Ha0yBa€e Oyab-sIKOTO 3HAYCHHS. 3a3/1ajIeTiIb BOHO HEBITOME
1 3yMOBJICHE BUIAJKOBUMHU IMPUUNHAMHU.

Sk10 3HaUYEHHS BUIIAJIKOBOI BEJIMUYMHUA MOKHA TIEPENIIYUTH, BOHA Ha3UBAETHCA
ouckpemnoro. llpukian — KUIBKICTh BIAOIMHHUX MOJIOTKIB, IO BUXOAATH 13 JIaay
npoTsiroMm 3MiHM. TyT BUNaJKOBa BEIMYMHA MOKE HAOyBaTU TUIbKU LJIUX 3HAYCHD.

Ao BHUManKoBa BEJIWYMHA B XOJ1 BUIPOOYBaHHS HaOyBae OyJIb-IKUX
3HAa4YeHb 3 JIEIKOTO IHTEpBaly, BOHA HA3WBAETHCS HenepepsHor. Jlo HemepepBHUX
BHITAIKOBUX BEJIMYMH HAJICKATh. 3HAYCHHS BMICTY METaly B Pyl 3a pe3yJbTaTaMH
BUNPOOYBaHHS, Yac OE3BIAMOBHOI pOOOTHM MeXaHI3My, NPOJYKTHUBHICTH Mpalli
poOiTHHKA, TOXUOKK BUMIPIOBaHb 1 T.1H. Maii’ke BC1 BEJIMYUHU, 1[0 XapaKTEPU3YIOTh
BJIACTUBOCTI TPCHKUX MOP1JA (MEXa MIITHOCTI, MOJIYJIb JeopMalliif, TUTOMa Bara), €
HEMePEPBHUMU BUTIAIKOBUMH BEIIMUNHAMMU.

Hanani BumagkoBi BeMWMYMHUA OyAE€MO MO3HAYaTh BeJIMKUMU Jitepamu (X, Y
1T. 1I.), a IX MOXKJIMBI 3HAYCHHS — BIAMOBIIHUMH MAaIUMH (X1, X2,...,Xn; Y1, Y2, ..., Yn)-

PosrisHeMo TUCKpETHY BHUITAIKOBY BEIMYHMHY X 3 i1 MOKJIIMBUMH 3HAYCHHIMHU
X1, X2, ..., Xn. KOXKHOTO 3 1IUX 3HaYeHb BeJMurMHa X HaOyBae 3 JESKOI0 MMOBIPHICTIO, a
came: 3HaueHHs X = X1 — 3 IMOBIPHICTIO p1; 3HA4eHHS X = X2 — 3 IMOBIPHICTIO P2, ...,
3Ha4YeHHS X = X; — 3 IMOBIPHICTIO pp.

[Momii «X=x2», «X=x2»,...,«X=Xxp» HECYMICHI, TOOTO HE MOXYTh peai3yBaTHCs
B OJHOMY BHUNPOOYBaHHI Ta BUYEPMYIOTh YCI MO0 MOXKJIMBI pe3ynbratv. B anredpi
noaiit [1] nmoBeaeHo, 110 Taki MOAIl YTBOPIOIOTH Tak 3BaHy «IOBHY Tpymy» 1 cyma
WMOBIPHOCTEH IUX MO TOPIBHIOE OJIMHUII, TOOTO

ipi _1. 2.1)

[Is cymapHa WMOBIPHICTh TEBHMM YHHOM PO3MOiJIEHA MIXK OKPEMUMHU
3HAYEHHSMH BUIAIKOBO1 BesimunHM X. BunajkoBa BenuuuHa Oyjie IIJIKOM OMKCaHa 3
IMOBIPHICHOT TOYKH 30py, SIKIIO MU OyJeMO TOYHO 3HATH, SIK came pPO3MOJiJIeHa
CyMapHa WMOBIPHICTh, TOOTO $Ka WMOBIPHICTh KOXHOI 3 TOMIH «X=xo»,
«X=xo»,...,«X=xp». BlamoBigHICTp MK 3HAQYEHHSIMH BHIIQAKOBOI BEIWYUHU 1
AMOBIPHOCTSIMH, 3 SIKUMH 11 3HAYEHHS 3'SBISIIOTBCS B pe3yJibTaTi BUIMPOOYBAHHS,
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HA3UBAETLCS 3aKOHOM po3nodiny. 1Ipo BUIMAIKOBY BEIWYMHY TOBOPATH, IO BOHA
HiAMOPSIIKOBaHA JaHOMY 3aKOHY.

Haiinpocrimoro GopMoro 3aBaaHHs 3aKOHY PO3MOAUTY € TaOIHIls, 10 MICTHTh
3HAQYCHHS BUITQJIKOBOT BEJIMYMHHU 1 BIAMOBIAHI iM iMoBipHOCTI (Tab6m. 2.1). Taka
TaONULS HA3UBAETHCA PAOOM PO3NOOLTY.

Tabmmg 2.1
Psin po3noniny BUMaaKkoBOi BETHUUHA X
X X1 X2 | .. Xn
p P1 07 I Pn

[Mpukmang 2.1. Ha pynauky mnpotsrom 100 poboumx 3miH (ikcyBamacs

KUIBKICTh B1IOIMHHUX MOJIOTKIB, SIKI BUXOJWIH 3 Jaay 3 PI3HUX NpUYUH. Pesynbratu
CIOCTEPEKEHb HaBEAEHO B TabOi. 2.2, w0 ABIs€ COOOK pAld PO3NOAULY s
BUIIAJKOBOI BEIMYMHU X — KUIBKOCTI MOJOTKIB, II0 BUWIUIM 3 JIaAy MPOTITOM
pobouoro yacy.

Tabmuns 2.2
[Tpuknazn po3noainy B TAOJIUYHOMY BHUIJISIL
KiJIBbKICTE MOJIOTKIB, IO KinpkicTe BignocHi
BUUIIUIM 3 JIay MPOTATOM CIIOCTEPEKEHb M 4acTOTH W
poboyoro yacy

0 16 0,16

1 56 0,56

2 24 0,24

3 3 0,03

4 1 0,01

n n
> m; =100 > w =1
i=1 i-1

106 monmatu psiay po3MOALTY HAOUYHICTH, OyAyIOTh TaK 3BaHy MOJITOHAIbHY
KkpuBy (puc. 2.1): mo oci abcuuc BIAKIANAI0OTh 3HAUYCHHS BUIIAJKOBOI BEJIMYUHU, TIO
OC1 OpJIUHAT — IMOBIPHOCTI LIUX 3HAYEHb (y JAHOMY BUIAJKY BITHOCHI YAaCTOTH).

3 HaBeJEHOro MpPHUKIAAy BHIHO, [0 B YMOBax JIaHOI IIAXTH HANUO1IBII
IMOBIPHHM € BUXI1J 3 JIaJy OJTHOTO BiAOIMTHOTO MOJIOTKA MPOTATOM pOOOUYOro yacy.
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Puc. 2.1. TlonironanasHa KprBa PO3MOALTY BUIAIKOBOI BEIMUUHH
X — KITBKOCTI1 BIJIOIHHUX MOJIOTKIB, 1110 BUMIIUIN 3 JIaJTy IPOTSITOM 3MIHH

Iumeepanvna @ynxyis posnoodiny. Pan po3nofily BUYEPIHO XapaKTEPHU3YeE
IUCKPETHY BUMAAKOBY BennuuHy. OFHAK I XapaKTEpUCTHKA HE € yHIBepCaJbHOIO.
JUis HenmepepBHOI BHIMAJIKOBOI BEIMYMHU MOOYAyBaTH TaKUW Psii HEMOXKIIHUBO,
OCKUIbKM HE MOXKHA MEPENYUTH Bel ii 3HaueHHs. KpiM Toro, sIKk MU epeKoHaeEMOCs
HaJaJl, UIMOBIPHICTh TOTO, II0 HENEPEPBHA BUIIAJKOBAa BEIMYMHA HAOyBa€ SIKOrOCh
KOHKPETHOI'O 3HAYEHHS X, JOPIBHIOE HYMO. J[J1 HerepepBHO1 BUMAIKOBOI BETUYHHU
Ma€ CEHC TOBOPUTHU TILIBKH MPO HMMOBIPHICTH TOTO, IO BOHA HaOyBa€ 3HAYEHHS 3
NIesKOTO, HEeXall HaBITh AY>KE MAJIOro, IHTEPBATY.

ToMmy ISl KUIBKICHOI XapaKTEpPUCTUKU PO3MOILTY HENepepBHOI BHMAJKOBOL
BEJIMYMHU PO3IIISAAI0Th HE HMOBIPHICTD MOAIT «X = Xx», @ UMOBIPHICTb NOAIT «X < x».
3p03yMiJI0, 110 WMOBIPHICTD ITI€T MOAIT 3aJIEKUTh B1J] 3HAUECHHS X, TOOTO € (PYHKITIEI0
X, 110 HA3MBAETHLCS PYHKYIEIO pO3n0JiNy BUMAIKOBOI BEJIMUUHHM 1 TO3HAYaeThes F(X)

F(x) =P(X <X). (2.2)

Bupas P(X < X) o3nauae «WMOBIpHICTh mojii «X < x». DYyHKIS po3MOALTY €
yHIBEpCaIbHOIO (OPMOIO 3aKOHY pO3MOALTy. BoHa Takox mpujaTHa sl OMHUCY
HENEPEePBHUX 1 JUCKPETHUX BEIUYMH.

DyHKIIIS PO3NOALUTY MA€ TaKl 81ACMUBOCII.

1. 3 BuzHayeHHs iHTerpanbHOi GyHKIlT F(X) Sk IMOBIPHOCTI BHXOIUTh, IO ii
3Ha4YeHHs Hayiexath Biapi3ky [0,1]: 0 < F(x) < 1.

2. Inrerpanbha Qynkiis F(X) — HecnagHa QyHKIliSE CBOTO apTyMEHTY, TOOTO

F(Xz) 2 F(Xl), AKILO X2 = X1.

3 ocTaHHBOI (POPMYJIM BUILJIMBAE BAKIWBUIM BUCHOBOK: IMOBIPHICTH TOTO, IO
BUIIAJIKOBA BEJIMYMHA OTPUMA€E 3HAYCHHs 3 1HTEpBaNy (X1, X2), JOPIBHIOE MPUPOCTY
GyHKIIT HA IbOMY 1HTEpBAi:

P(x, < X <X,)=F(x,)—F(x)- (2.3)

3. SIKmo MOXJMBI 3HAYEHHS BUMAJAKOBOI BEIMYMHM HaJEXKaThb 1HTEpBaILY

(a, b), T0
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1) F(x) =0 mpu x < a (WimoBipHicTh momii «X < a», a, OTKe, 1 3HAYCHHS

GyHKIIT B TOYII X = a JOPIBHIOE HYJIIO, OCKUIBKH 1IsI TTO/I1sI HEMOXKJINBA);
2) F(x)=1 nopu x > b (¥imoBipHicTs momii «X > by, a, oTKe, 1 3HAYCHHS

byHKIIT B TouIi x = b qopiBHIOE OMUHUII, OCKUIBKH LIS ITOJIisI JOCTOBIPHA).

3 dbopmynu (2.3) BUILIUBAE, IO HIMOBIPHICTH TOTO, 1110 HETIEPEPBHA BUITAJIKOBA
BenuurHa X HaOyBae OJlHE BU3HAUYCHE 3HAUCHHS X = X1, IOPIBHIOE HYJIIO.

[le#t daxT wiIKOM BIAMOBIZa€ BUMOraM MNpakTUYHUX 3anad. Hampuknan,
BAXJIMBO BHU3HAUUTU HMOBIPHICTH TOTO, IO PO3MIpPH JeTalel HE BUXOIATH 3a
J03BOJICHI MEXi, ajieé HE CTaBUThCS NHUTAaHHS MNP0 MMOBIPHICTH iX 30iry 3
HOMIHAJIBLHUM 3HAYCHHSIM.

JInst TUCKpEeTHOI1 BMITAJIKOBOI BEIMYMHHM Tpadik 1HTErpaigbHoi (yHKIIT Mae
cximuactuit Burian. Hanpuxnan, Ha puc. 2.2 300pakeHa iHTerpaibHa (QYHKIIIA,
noOyi0BaHa IS PsAy PO3MOJILTY, 3a1aHOT0 Tad. 2.2.

Komu Benmmumna X HaOyBae auckpeTHux 3HaueHp 0, 1, 2, 3, 4, iHTerpajibHa
(GyHKLIS 3MIHIOETHCSI CTPUOKOIMOAIOHO, IPUYOMY BEJIIMYMHU CTPHUOKIB JOPIBHIOIOTH
WMOBIpHOCTSIM IIUX 3HaudeHb (Bigmosimuo 0,16; 0,56; 0,24; 0,03; 0,01). Cyma Bcix
cTpuOKiB QyHKIii F(X) TOpiBHIOE OMHHIII.

105%

0,84
0,61
0.4
0,2

0 T T T X
0 1 2 3 4 5 6

Puc. 2.2. I'padik inTerpansHoi QyHKIIT pO3MOIiTY Al BUTIAAKOBOI BETUYMHU

X — yucna BiAGIMHUX MOJIOTKIB, 110 BUMIIUIM 3 JaJy MPOTArOM poOOYOro 4acy

31 30UIbLICHHSIM MOXJIMBHX 3Ha4€Hb X KUIbKICTh CTPUOKIB 30UIBIIYETHCS, a
CTpuOKM 3MEHIIyIOThca. Cximuacta JiHIS MPU [bOMY HAOIUXKAETHCS 1O IUIABHOI
KpuBOi. JlJig HenepepBHOI BUNIAJAKOBOT BEIMUYMHM Ipadik IHTETpaIbHOI (PYHKIT CTae
HETePepBHOIO JTiHieo (puc. 2.3).

3p0o3yMmilio, 0 Y BHUIAJIKY, KOJIH MOKJIMBI 3HAUEHHS HETIEPEPBHOI BUITAIKOBOT
BEJIMYMHU 3aMIOBHIOIOTH BCIO YHCIIOBY BiCh, CIIPABEJIMBI I'PAHUYHI CITiBBITHOIICHHS,
110 BUTUIMBAIOTH 13 BU3HAYEHHS iHTerpasibHoi yHKii: F(—0) =0; F(+x)=1.
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F(x) |
0.8 —

/
0,6 /

p————— 1 X
-60 -40 -20 0 20 40 60

Puc. 2.3. I'padik iHTerpanbHoi GyHKIT JUIsl HEepEePBHOI BUMAAKOBOI BEJIMUUHU

[Tpuknan 2.2. Bunaakosa BenuunHa X 3a1aHa QyHKITiEO po3noaury (puc. 2.4)

0 npu x<2,
F(X)=<0,5x-1 npu 2<x<4,
1 npu  x<4.

3HaiiTH WMOBIPHICT, TOTO, IO B pe3yJbTaTi BUNPOOYBaHb BUIAIKOBA
BeNMYMHA HaOy/ie 3HaueHHs: a) 3 iHTepBaiy (2,5; 3,0); 6) He mene 3.

Posé’a30k

a) P(2,5<X<3,0)=F(3,0)-F(2,5)=0,5-0,25=0,25;

0) momii «X>3» Ta «X<3» € MPOTWICKHUMHU, TOMY, BUKOPHUCTOBYIOUH

GYHKITII0 pO3MOALTY, 3HAIEMO CIOYaTKy WMOBIPHICTH TOTO, 10 X < 3:
P(X<3)=F(3)=0,5tom P(X>3)=1-P(X<3)=1-05=0,5.

F(x)

1,0

0,5

0 X
-2 0 2 4 6
Puc. 2.4. I'padik 3amaHoi iHTerpaabHOl QYHKIIIT po3moainy (nmpukiazm 2.2).

Hupepenyianvna Gynukyis posnodiny (wirenicme po3noodiny). Jlocmiaumo
HETepepBHY BUMAAKOBY BenuuuHy X 3 (dyHKiiero posnoainy F(x). O6unciammo
WMOBIPHICTb MOTPAIUISTHHS II1€1 BUMAIKOBOT BEJTMYMHU HA THTEPBAJ BiJl X 10 X + AX:

P(x< X <x+AX)=F(x+ Ax) - F(x). (2.4)
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PosrisitHemo BimHOMICHHS 11i€1 WMOBIPHOCTI O MOBXUHHU [IJISHKH, TOOTO
CEepeaHI0O MMOBIPHICTh, IO MPUXOAUTHCA HA OJWHUINIO JOBXHHHU 1€l MUISTHKH, 1
Oynemo HabmmKatu AXx 10 HyJISI, TOOTO mepeiaemMo 10 rpaHulll mpu AX—0:

) F(x+Ax)—F(x)
lim A .
AX — 0 X

Leit BuUpa3 € He uMM IHIIMM, SK TOXimHOW (yHKHiI posmominy F'(x). Ii

HA3HMBAIOTh JugepenyianvHoro ynkyicto po3nodiny Ta no3HadawTh f(X). Takum
YHHOM,
, . F(Xx+AX)—F(x
f(0=F(= fm ~CrRZF
AX—0 AX

®ynkiis f(X) mokasye, Sk IIIJIBHO PO3MOAUISIOTHCS 3HAYCHHS BHUITAIKOBOT

(2.5)

BEIMYMHM B 1HTEpBall Big X a0 x+ Ax. 3BijJicM MOXOAWTh W iHImA ii Ha3Ba —
winvHicms po3nodiny BUNAAKOBOI BenmnuuHU. LLinbHICTS po3noauly, Tak camo K 1
1HTerpanbHa (QyHKIIIS pO3MOALLY, € OJHIE0 3 POpM 3aKOHY po3noaury. Mu nobaunmo
HaJamii, 110 BOHA OUIbII HAOYHA, XO04Ya 1 HE Taka yHIBepcajbHAa. BoHa ICHyE TIIbKH
JUI HENIEpEPBHOT BUMA/IKOBOI BEJIMUNHHU.

3 BupasiB (2.4) — (2.5) BuIUIMBaE, 10 WMOBIPHICTh MOTPAIISHHS 3HAYCHHS
BHITAJIKOBOI BEIMYMHU HA MPOMIKOK (X, X+ AX) 3 TOUHICTIO JO HECKIHUYCHHO MaJIuX
BU3A4AETHCS SIK

P(x< X <x+Ax)= f(x)dx. (2.6)

Bennuuny f(X)dX HasuBaroTh emeMeHTOM iIMOBIpHOCTI. ['eomerpuuHo ii
MOKHa 300pa3uTH IUJIOMICI0 EJEMEHTApHOTO MPSMOKYTHHKAa 3 BHCOTOIO, IO
nopieaioe f(x), 1 ocHoBoro dx (puc. 2.5). OueBUAHO, IO WMOBIPHICTH BIyUYCHHS

BHIAJKOBOI BEJIMUYMHU B JOBUILHUM IHTEPBAI BiJ X1 IO X2 JOPIBHIOE CyMi €JIEMEHTIB
IMOBIPHOCTI Ha M1 AUISHII, TOOTO 1HTETpaTy

P(x < X <x2):]g f (x)dx. (2.7)

X
['eoMeTpuyHO WMOBIPHICTH BIYUYEHHS BUITAJIKOBOI BETMYMHHU HA JUISHKY (X1,
X2) AOPIBHIOE TUIOIII KPUBOJIIHIHHOT Tpanerii, oOmexxeHoi kpuBoro f(X) 1 mpsamumu
X = X1, X = Xo.
®ynkiis po3noainy F(X) mis minsHOCTI posnoauty f(X) € mepsicHorw. Tomy i
Ha3UBAIOTh iHMe2paibHo0 (PYHKINIIO pO3NOALTY. 3a BUSHAYCHHSIM
F(X)=P(X <X)=P(-0o< X <X),

TO1 32 popmyIoro (2.7) oTpumMaeMo
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F(x)= j f (x)dx. (2.8)

I'eomerpruno F(X) — He mo iHIme, SK IUIOIIA ITiJ KPUBOK IIIILHOCTI
PO3IOILTY, IO 3HAXOIUTHCS JIIBOPYY BiJl TOUKH X.

X, X Xx+dx X,
Puc. 2.5. I'padix qudepeniianbaoi GyHKIIT (IIUTBHOCTI PO3MOILTY)

Hudepenmiansia f(X) (ibHICTE poO3MOALTY) Ta iHTerpanbHa F(X) GyHkmii —
pi3H1 (OPMHU 3aKOHY PO3MOALTY BUITAIKOBOI BEIMUMHU X. 3HAIOUM X04a O OJIHY 3 IUX
(GyHKLIM, MU MOKEMO BIJNOBICTH Ha HAaWOLIbII BaXKJIMBE MPAKTUYHE 3alUTAHHS: 3
SKOI0 WMOBIPHICTIO JOCHI)KyBaHa BUIIQJIKOBAa BEJIWYMHA HAOyBa€ 3HAUYCHHS 3 TOTO
Yy 1HIIOTO i1HTepBaimy. 3 ypaxyBaHHsM (2.7) 1 dopmynu Herorona — JleiOnima s
WMOBIPHICTh BU3HAYAETHCS TaK

P(x, < X <x2)=]Z f(x)dx=F(x,)—F(x)- (2.9)

Jam Oyne mokasaHo, 110 came 1151 popMysia € OCHOBOIO PO3B’sI3aHHS O1IBIIOCTI
CTaTUCTUYHHX 3a]1a4.

[Tpu 11bOMY 1CTOTHE 3HAYEHHS MAIOTh BJIACTUBOCTI HIIJILHOCTI PO3IMOALIY:

1. ®ynkmis f(X) > 0; reoMeTprYHO I 0O3HAYAE, 0 KPUBA PO3MOILTY 3aBXKIU
JIKUTDH HE HIDKYE Ocl abcuuc.

2. Inrerpan Big ynkiii f(X) Ha BcboMy iHTEepBali BU3HAYEHHS X TOPIBHIOE 1:

T f (x)dx =1. (2.10)

S
JificHo, 1ei iHTerpajql € WMOBIPHICTIO TOTrO, IO BUIMAJAKOBa BeiauunHa X
HaOyBae 3Ha4YeHHSA 3 iHTepBaTy (—o0,+00). Taka momis € HOCTOBIpHOIO, a ii
WMOBIPHICTh JIOPIBHIOE OJWHUIN. ['€OMETpUYHO 1€ O3Hayae, M0 BCs TUIONIA ITijT
KPUBOIO PO3MOALITY JOPIBHIOE OJIMHMIII.
[Ipukman 2.3. BusHauyuMo HIIIBHICTh PO3MNOAUTY JUIsi BUMAJAKOBOI BEIHMYHMHH,

3aJ1aHO1 B MONEPETHBOMY MPUKIIAL1 2.2 IHTETPATbHOIO (PYHKIIIEIO:
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0 npu x<2,
F(X)=<0,5x-1 npu 2<x<4,
1 npu  x>4.
Hudepenuiroroun F(X), omepxumo:
0 npu x<2,
f(X)=F'(X)=10,5 npu 2<x<4,
0 mpu x>4.
['padik oTpumanoi audepeHuianbHoi (yHKIIT 300pakeHuit Ha puc. 2.6. Ha
BCbOMY 1HTEpBaJl 3MIHM BHIIAJIKOBOI BEIWYMHU X IIUIBHICTh pO3IMOALLY €

nocTiitHoro. Jlami Oyje moka3aHo, 10 TaKUi BUJ PO3MOJALTY HA3UBAETHCA 3AKOHOM
pisHomipHo2o po3noodiny (puc. 2.6).

0757

i 0!50— E——

>

Puc. 2.6. I'padix qudepenmiansHoi GyHKIIT (MIUTEHICTH PIBHOMIPHOTO PO3MOILTY)

KonTpouabHi nuTanus 10 niapo3aity 2.1

1. SIxy BenMuMHY HA3UBAIOTh BUITAJIKOBOIO?

2. Slxi BUMagKOB1 BEIMYMHU HA3UBAIOTH TUCKPETHUMU 1 sIKI O€3MEepepBHUMU?
HageniTe npukiaau.

3. 1o Ha3uBarOTh 3aKOHOM PO3MOALITY BUMAIKOBOI BETUYMHU?

4. SIxum 4MHOM MOKe OyTH 3aJIaHUi 3aKOH PO3MOALTY?

5. 1o Ha3uBarOTh IHTErPATbHOI (QYHKITIE po3noauty? Ha3BiTh BIacTUBOCTI
i€l GyHkmii. Sdxuit Burasg mae i rpadik?

6. LMo Ttake mudepenuianpbHa QyHKUisA po3nonainry? Yomy i1 Ha3uBaKTh
HIUTHHICTIO PO3MOALTY?

/. Hamumith, $K TOB'S3aHa  iHTerpajJibHa  (QYHKIIS  po3moAilly 3
nudepeHIianbHO0 (PYHKITIET.

8. Sk BHU3HAUUTH WMOBIPHICTh TOTPAIUISHHSA BHUIIAJKOBOi BEJIMYMHH B
3aganuit iHTepBan? Illo sBise coboro 11 WMOBIPHICTH Ha Tpadikax 1HTErpajbHOI 1
audepenuiaabHol QyHKIin?
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2.2. llo0ya0Ba CTATUCTUYHOIO PO3MOALTY KIJIBKICHOI 03HAKHU

Bumie Oyno 3a3HadeHO, IO MPOTHO3 MOBEIIHKH TIPCHKHMX IOPiJA HABKOJIO
MiJ36MHO1 CIIOPYAM MOXKHA 31MCHIOBAaTH Ha TIJCTaBl aHali3y ACSKUX KUTbKICHUX
o3HakK. 30KpeMa, TakuMH € (DI3UKO-MEXaHIYHI BJIACTUBOCTI MacuBy. BrHacmimok
HEOJTHOPITHOCTI PI3HOTO MacITady, 110 MpUTaMaHHa IOPOTHOMY MacUBY, OUTBIIICTD
3 KUIBKICHUX O3HAaK € BHIIAJKOBUMHU BelMuMHaMu. Hampukman, y pesynbrari
BUIIPOOYBaHHS 3pa3KiB TPChKOI MOPOJM HA CTUCK MM OJAEPKYEMO Pi3HI 3HAUCHHS
MIIIHOCT1 HAaBITh JJIs1 3pa3KiB OJHIET JITOJOTIYHOI PI3HUIN, IO 3YMOBJIEHO
HEIMPOTHO30BaHUMH (pakTopamMu. Takum YHMHOM, JaHa KiJIbKiCHA O3HaKa — MIIHICTh
MOPOJM HA CTUCK — € BUIIAJIKOBOIO BEIUYMHOIO, SIKa MOKe HaOyBaTh 3HAYCHHS 3
MEBHOTO 1HTepBaly. JlocaiAHuNKa, 1110 BAKOHYE T€OMEXaHIYHI PO3PAaXyHKH, L1IKABUTb,
AK1 3HaYEHHS JOCIII)KYBaHOI O3HAKH € HAOUIbII IMOBIPHUMH, SIK OLIHUTHA HasBHHUM
PO3KHUJ IIUX 3HAYEHbB, SIK BiH BIUIMHE HA OCTATOYHI pe3ysbTaTu. JJisi BIAMOBIAI HA Il
MUTAHHS JOCHITHUK Ma€ MiaiopaTd JJis OTPUMAHHUX JaHUX TEOPETUYHHUM 3aKOH
pPO3MOAUTY y BHUIUISAI I1HTErpaidbHOI 4K JuQepeHIlianbHOl (YHKIINA pO3MOILTY.
[lepmmM KpokOM Ha HUISXY MiI00pPY TEOPETUYHOTO PO3MOJIIY € CTaTUCTHYHA
00poOKa JaHux, TOOTO iX crmamucmuyHull ananis.

[Ipn cratucTMYHOMY aHali3l MPOILECIB TIPHUYOrO BHUPOOHMITBA abo
re0JIOTITYHUX JOCTIIPKEHHSIX BUKOPHUCTOBYIOTh 6uUOipKogi OaHi. 3 00CTEKyBaHOI
2eHepanvbHoi cyKynHocmi OJHOPITHUX OO0'€KTiB, KUIBKICTh skuX N, BiaOuparoTh
BUITQJIKOBO MEBHY KUIbKICTh 00’ €KTIB (N OJAUHMUIIB) , TOOTO (POPMYIOTH 8UOIDK) .

Hexaii BHBYaeThCs Aesika KUIbKICHA O3HakKa X, IO BJIACTHBA TEHEPAIBbHIN
CYKYITHOCTI OJHOpITHUX 00'ekTiB. Hampuknan, DOCTIIKYETbCS MIIHICTh JESIKOT
ripcbKOi TOpPOAM Ha OJHOOCHOBHM CTHCK. 3a3BU4Yail ISl XapaKTepUCTUKA
BCTAHOBITIOETHCS IUISIXOM BUIIPOOYBaHHS B JIAOOPATOPHUX yMOBaX 3pasKiB MOPOAU
00’eMoM V, BUTOTOBJIEHUX 3 TPOOH, 10 y CBOKO Yepry BimiOpaHa B AOCIIIHKYBaHOMY
MacuBl TIpCbKOi Mmopoau. TakuM YUHOM, 3aCTOCOBYETHCS BHOIPKOBHM METO: 3
reHepanbHoi uucenbHOCTI 3paskiB N=V/V (V — yBech 00’eéM AOCTIIKYBAaHOTO
MacHBY TIpCHKOT MOPOJN) BiIOMPAETHCS TUTBKU N 3pa3kiB. BennunHa N Ha3uBaeThCS
00 ’emom 8uOIpKU.

Jlst Toro, mo6 3a JaHuMH BUOIpKH MOKHA OyJIO IOCTATHHO BIIEBHEHO CYJIUTH
PO Ba)JIMBI O3HAKM TE€HEPAJbHOI CYKYMHOCTI, HEOOXigHO, abu 00'ekTH BHOIpKU
npaBwiIbHO ii mpencraBisuin. KopoTko 1 BuUMoOTa (POpMYIIOETBCS Tak: BHOIpKa
MOBUHHA OYyTH penpeszenmamuernoro. Bubipka € penpe3eHTaTUBHOIO, SKIIO i
CTBOPIOBATH BHUIIAJIKOBO, TOOTO Tak, 100 yC1 00'€KTU TeHEPaTbHOI CYKYITHOCTI MaJIk
PiBHI IIIAHCH TTOTPANIUTH Y BUOIPKY.

Hexait y pe3ynbrari BUMIpiB OTpUMaHi 3HaYeHHS (BapiaHTH) KIJIbKICHOI 03HAKU
X: X1, X2, X3,..., Xn. SIKIIIO 111 3HAYEHHS 3amKCaHl B Til MOCTIAOBHOCTI, Y SIKii BOHH
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CHiOCTepirajgucs B NIWCHOCTI, BOHU HAa3UBAIOTHCS He32pYNoGaHumMu AaHUMHU. SIKIO
TaKUX JaHUX KiIbKa JECATKIB YM COTEHb, HAIl PO3yM HE B 3MO31 OXOIHUTH 3MICT
SBWINA, IO CIOCTepiracTbes. JJis BHUSABICHHS XapaKTePHHUX PHUC JOCTIHKYyBaHOI
O3HaKH JIOIIIBHO 3TPYIyBaTH JaHi.

Hexait y pe3ynbpTaTi HOCTIAIB KITBKICHOI 03HAKM X 3HAYEHHS X1 3'SIBUJIOCS My
pas, x2 — 3'IBUIIOCS My pa3iB, 3HAYCHHS Xy — 3'IBUIIOCA M, pa3. Yucna m; (1 = 1,...,r),
0 TIOKa3yl0Th, CKUIBKH pasiB CIIOCTEPITaeThcs KOXHE 31 3HAYCHb O3HAKH,
HA3UBAIOTBCS uacmomamu. 3po3yMijo, IO CyMa YacTOT TMOBHHHA JOPIBHIOBATU
00’eMy BUOIpKHU

imi -n. (2.11)

m, .
Bennuunu W, = — Ha3uBaIoTh 8i0HOCHUMU Yacmomamu. O4eBUIHO, 1110
n

iwi _1. (2.12)

SIK110 po3TanryBaTé BapiaHTU B MOPSIKY, 1O 3pOCTA€ UM CMAJAE, 1 3a3HAYUTH
Ul KOXKHOI BaplaHTU 11 4YacTOTy, OAEPXKUMO PO3MOAUI O3HaKU Y BUIJISAL
BIIOPSZIKOBAHOTO 6apiayiiinozo pady (tabm. 2.3). Sk OGauumo, BapialliiHUN psij
aHAJIOTIYHUHN PSAAY PO3MOMALTY AMCKPETHOI BHITAIKOBOI BETUYMHHU, IO MOJAAHHWHA Y
Tabn. 2.1. Panime HaBeneHa Tabin. 2.2, sika XapaKT€pU3y€e CTATUCTUYHHUI PO3MOJILIT
KUTBKOCTI B1IOIMHUX MOJIOTKIB, SIKI BUHIIUTM 3 JIaJy 3a TIEBHUI MEPioj, SBISIE COOOI0
MPUKJIaJ BapialiitHOro pssuy.

Tabmmsg 2.3
3araibHUI BUTJISA BaplaliitHOTO Py
3HaueHHS KIIbKICHOI 03HAKH X X1 | X2 | X3 Xn
YacTtoty m; mp| mo ms Mp
BignocHi vactotn W; Wi | Wo | W3 Wh

Ilob6yooea inmepsanvroeo psaody. I'icmoepama wacmom. Y 1abmn. 2.4 K IpUKIa
HaBeleHO ¢parMeHT >KypHaly JOCTiAy 3 BHU3HAUYEHHS MEX1 MIIHOCTI 3pa3KiB
AJICBPOJIITY Ha OJJHOOCHOBHH CTHCK Y BUTJISIII HE3TPYIMOBAHUX JaHUX. AJIe, SKIIO IS
[UX JaHUX 0Oy yBaTH BapiallliHUM psiji, BIH BUMJIE TOCUTh TPOMI3AKUM (TadI. 2.5).

JInst KUTbKICHOT O3HAaKW, L0 SIBJSiE COOOI0 HenepepeHy GUNAOKO8Y 6elUYUHY,
BapTO MOOYIyBaTH iHmepsaivHull pso. J{ns mporo:

1) cepen HE3rpymoBaHWX JaHWX BHOUPAIOTH HAWOUTIBIIE Ta HaWMEHIIE
3HAYCHHS Xmax Ta Xmin;

2) BIIPI30K (Xmax, Xmin) OALISIOTH Ha IHTEPBAIH (PO3PAIN) JOBKUHOIO I
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|: max min ’ (213)

ne K — KigpKkicTh IHTEpBaNiB, IIe¢ YHCIIO MOXKHA BHOpaTH IOBUIBHO, a MOJXKHA
CKOpHUCTATHUCS (HOPMYJIIOI0

k=1+3,2-Ign; (2.14)

3) BU3HAYAIOTh YACTOTY NOTPAIUISHHS 3HA4YeHb BEIMUYMHH X Y KOXHUU 3
1HTEpBaJiB;

4) 00YMCIIOIOTH CEepPeIMHY KOXKHOTO IHTEpBaTy 1 Hajajdl pO3TJIAaloTh il sK
BapiaHTy.

Tabmuus 2.4
dparMeHT KypHaIy A0CIIY 3 BU3HAUYCHHS MEK1 MIITHOCTI aJI€BPOJIITY
No 3pazka MinHicTh 3pa3ka Ha cTuck, Mlla
1 52,8
2 48,4
3 60,0
31 56,3
32 49,7
33 56,4
1T.1...

Tabmuus 2.5
Bapiauiitauii paa, noOynoBaHH Ha OCHOBI KypHaTy JOCIIIIB

Bapiantu | Yactora, | Bapiantu | Yactora, | Bapiantu | YacTtora,
Xi, Mlla m; Xi, MlIa m; Xi, MlIa m;
48,4 1 51,2 1 53,4 3
48,9 1 51,4 1 54,3 4
49,2 1 51,8 1 54,5 1
49,3 2 52,2 2 64,6 1
49,7 1 52,4 1 55,4 1
50,3 2 52,7 2 56,4 3
50,8 2 52,8 4 57,2 1
51,0 2 53,0 1 60,0 1

TakuM 4YMHOM, B IHTEPBAJIBHOMY PsJi YaCTOTH HAJEKaTh HE JO OKPEMHUX
3Ha4YeHb O3HAKW, a JI0 CepeauH IHTepBadiB. Hampuknaa, nani, 0 HaBeJeHI B
tabi. 2.5, po30uti Ha 6 iHTepBanmiB AoBXkuHOK | =2 (tabm 2.6). Haounum
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rpadiuHEIM 300pa)KEHHSM I1HTEPBAIBHOTO PANy € ecicmoepama uyacmom. Ha oci
a0CcIyc BIAKIAIAI0Th BIIPI3KH, SIK1 JOPIBHIOIOTH JIOBXKMHAM 1HTepBaniB. Ha koxHOMY
3 BIZIP13KiB OYAYIOTh MPSMOKYTHHK, BUCOTA SIKOTO CKJIAJa€:

h ="|V— i=1..k. (2.15)

Toxi mioma KoKHOTO I-ro IpSIMOKYTHHKA JTOPIBHIOE BIIHOCHIM 4acTOTI Wi, a IUIOIIA
BCi€1 ricTorpaMu — ouHMIN (puc. 2.7).

Hanpuxman, na puc. 2.8 moOyaoBaHa TicTorpamMa BiJHOCHUX YacTOT ISt
BEeJIMYMHUA X — MIITHOCT1 HA CTUCK aJICBPOJIITY (3a JaHUMH TabII. 2.6).

Tabmmis 2.6
[HTepBaNIbHMI s AJIS KUIBKICHOT O3HAKH — MEX1 MILIHOCTI Ha CTHCK
[HTEepBaT MIITHOCTI1 3Ha4YeHHA YacToTa m; BignocHa
3pa3ka Ha CTUCK Uj.q — Ui, cepeHU gacToTa Wi
MIIa 1HTEepBaTY Uj
48 — 50 49 6 0,15
50,1 - 52 51 9 0,225
52,1 - 54 53 13 0,325
54,1 - 56 55 7 0,175
56,1 — 58 57 4 0,1
58,1 -60 59 1 0,025
r r
D2Mi=40 | D> Wi=1g
i=1 i=1

1h W,
e |
i W
| e |
. W
— == n
i — M}r
L |
X
men l1 11 l1 lr Xmax

Puc. 2.7. I'icrorpaMa BiIHOCHUX YaCTOT
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0,35 -
0,34
0,251
0,24
0,151
0,14
0,05 1

O | ) L) L) T L] L) 1

48 50 52 54 56 58 60

Puc. 2.8. I'icrorpama BITHOCHUX 4YacTOT MEX1 MIIIHOCTI Ha CTHUCK aJIeBPOJITY
(3a manumu TabJ1. 2.6)

[IpoBeneMo TPUOIU3HO UYepe3 CEpeAMHU CTOPIH NPSIMOKYTHUKIB JiHit0 f*.
OueBHIHO, 1110 NPHU 301IBIIEHHI YUCIIA TOCI1IIB MOKHA BUOMpPATH 107l yce OUIbII
npi6Hi iHTepBamu. [Ipu mpomy miHis f* Oyme Bce Oinblle HAOMMIKATUCS JIO JEAKOI
TEOPETUYHOT KPHBOi, M0 OOMEXKye IUIONly, sSKa JOpIBHIOE OAWHUIN. MoKHa
MEPEKOHATHUCS, IO 1151 TEOPETUYHA KPUBA SIBIIsI€ CO0010 rpadik MIUIBHOCTI PO3MOILTY
JOCITIKYBaHOT KUTbKICHOT 03HaKHU X, TOOTO rpadik pynkiii f(X).

[Moanpimii aHa i3 MOJSATae B MiA00Pi aHATITUYHOTO BUpasy s ¢pyHkiii f(X).
[Tpu mbOMY IOCHIHWK aHaJi3ye BUIISI TicTorpamu Ta JiHii f*, mo B mepmomy
HaOMKEeHHI BKasye Ha Burisaa rpadika migpHOCTI posmnoxiny f(x). [ami Oyne
nmokaszaHo, 1o s BuOopy ¢ynkmii f(X) Mae 3HaueHHs (Qi3MYHA CYTHICTB
JOCIIKYBaHOI BEJIMUMHU. AJie Ha MEpPIIOMY eTami Mmigdopy aHAIITUYHOIO BHUPA3Y
s f(X) ToyloBHY pojib BIIrparOTh TaK 3BaHI YHCIIOBI XapaKTEPUCTHKH BUIAIKOBOT
BEJIMYUHHU, 110 OYIyTh PO3MIISIHYTI JaTi.

Yucnoei xapaxmepucmuku 6unaokogoi eerudunu. Momenmu po3noodiny.
Busznauenns ix 3a Odanumu Oocnidy. UuciaoBl XapakTEpUCTUKU — II€ YHUCIA, IO
XapaKTepU3yITh ICTOTHI PUCH PO3MOJIITY BUIAIKOBOI BEIMYMHH, HATIPUKIIAT, JTEIKE
CepeqHE 3HA4YCHHs, HABKOJO SIKOTO TPYMYIOTbCS MOJKJIWBI 3HAYECHHS BUMAJIKOBOI
BEJIMYMHU; sIKe-HEOyAb YMCIIO, IO XapaKTEepU3ye CTYIIHb Bapialii MOMXJIMBUX
3HAYCHb BIJIHOCHO CEPEIHBOTO. Y Teopii WMOBIPHOCTEH 3aCTOCOBYETHCS BEIHKA
KUIBKICTh ~ YHCIIOBUX XapaKTepucTuk. PosrisHemMo mume TI 3  HHX, IO
BUKOPUCTOBYIOTHCS HaWOIIBII YaCTO /IS XapaKTEPUCTUKU KUTbKICHUX O3HAK.

Mamemamuune cnoodisanHs BUIMAIKOBOI BEJIMYWHU 1HOJI HAa3UBAIOTH MPOCTO
cepeaHiM 3HaueHHsSIM. Hexalt X — oOuckpemna BuNankoBa BeIWYWHA, 110 HaOyBae
3HA4YeHb X1, X2 ... Xn 3 UMOBIPHOCTAMHU P1, P2 ... Pn. MaTeMaTHUYHUM CIOIIBaHHAM
M(X) um cepemHiM 3HAYEHHSIM X, HA3WBAIOTh BEIUYMHY, IIO JOPIBHIOE CyMi
A00YTKIB 11 MOXKJIMBHUX 3HaY€Hb HA UMOBIPHOCTI, 3 SIKUMU 111 3HAYECHHS 3'SIBIISIFOTHCSI:
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M(X)= X =Xy p1+ Xo P2+ ... Xn Pr.= Zn:xi ;- (2.16)
i=1

Sxmo X — nenepepsna BUNIAJKOBA BEIMYMHA 3 MUIBHICTIO po3moairy f(X), To Ti
MaTeMaTHYHE CIIOIBaHHS BUPAKAETHCS BXKE HE CYMOIO, a IHTETrpajioM

M (X) :Txf (x)dx. (2.17)

I3 BU3HAYEeHHA MaTEMATUYHOI'O CIOAIBAaHHS BUIUIMBAIOTH HOTO BJIACTUBOCTI:
a) MaTeMaTUYHE CIIOIBaHHS MTOCTIHHOT BEIMYUHA X JOPIBHIOE Il BETUIHHI:

M(C)=C; C=const,
0) maTemMaTH4HE CHOJIBaHHS JOOYTKY HE3aJIEKHUX BHITAJIKOBUX BEJIMYUH

TOPIBHIOE TOOYTKY 1X MaTeMaTHYHUX CTO/IIBaHb; HATPUKJIIAMI, I TPhOX HE3AIEHKHUX
BesmunH X, Y, Z:

M(X,Y,Z)=M(X)M(Y)M(Z),

3BiIICI/I BUXOJAUTH, IO IIOCTIMHUHA MHOXHMK MOJXKHA BHHOCHUTH 3a 3HaK
MaT€MaTUu4HOI'O CHOI[iBaHHHZ

M(CX)=M(C)M(X)=CM (X),

B) MaTEMaTUYHE CIHOAIBaHHA aireOpaiuyHoi CyMH BHUIIAJKOBHX BEJIMYHUH
JOPIBHIOE CYM1 MaTEMAaTUYHUX CIOJ[IBaHb IIUX BEJIUYUH:

M(X+Y+Z)=M(X)+M(Y)+M(Z);

JImst  XapaKTepUCTUKH IEHTPY PO3MOIiTY BHKOPHCTOBYIOTBHCS TaKOX TaKi
XapaKTePUCTHUKH, K MOJa 1 MeiaHa.

Mooa BunaakoBoi BenuuuHU Mo BKa3ye Ha 1i HAMOUTbII IMOBIPHE 3HAYCHHSI
(nms AMCKpEeTHOI BENWYMHU) ab0 Ha 3HAYEHHS 3 MaKCHUMAJIbHOIO MIUIHHICTIO
pO3MOaLTy (11 HEMEPEepBHOT BEJMUMUHHM). (s psay umcen moma — Iie YUCIO, SIKE
3YCTpIYA€EThCS B JAHOMY PsIy YacTillie 3a 1HIIi. Psa yucen Moxke MaTu OUIbIe OHIET
MOJIY, a MOXKE€ HE MaTu MOJU 30BCciM. Mojoro psiny 32, 26, 18, 26, 15, 21, 26 € uucno
26, 60 BOHO 3ycTpiyaeThes 3 pasu. B psaay uucen 5,24; 6,97; 8,56; 7,32 1 6,23 moau
HEMAC.

Meoiana BunankoBoi BenuduHU Me BKa3ye Ha ii 3HaY€HHS JJI1 WMOBIPHOCTI
0,5, ToOTO Ha Take 3HAYCHHS, JJIS SIKOrO WMOBIPHOCTI IOSBH OUIBIINX Ta MEHIIHMX
3HAY€Hb OJIHAKOBI

P(X <Me)=P(X >Me). (2.18)

MenmiaHol yMOpSIKOBAHOTO Py 4YHCET 3 HEMapHUM YHUCJIOM YJIEHIB
HA3WBAETHCS YHUCIIO, 3allMCaHe TTOCEPE/INHI, a MEIIaHOW YIOPSIKOBAHOTO PSIIY YHCEI
3 TapHUM YHUCJIOM YJICHIB HAa3WBA€ThCS CEpEAHE apu(PMETHUHE ABOX YHCE,
3amucaHuX TMocepenrHi. MeaiaHoi MOBITLHOTO PSIy YMCENl HA3WBAETHCS MeEJliaHa
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BIJIMTOBITHOTO YIOPSIAKOBAHOTO psiAy. Memiana psiny 4, 1, 2, 3, 3, 1 mopisHtoe 2,5.
PosrisHeMo maii XapakKTepUCTHKH PO3KUIY BHITAIKOBOI BEIIMUNHHU.
Bioxunennsam Ha3UBAIOTh PI3HMINKO MK 3HAYCHHSM BHUIIAQJKOBOI BEJIWYUHU 1 11

MaTEeMaTHYHUM CHOJIBaHHSIM: |X —M(X )| :

Jlucnepciero (po3citOBaHHSIM) Ha3WBAIOTh MaTeMaTU4YHE CIOJIBaHHs KBajpara
BIIXWJICHb BUTIQJIKOBOI BETUIMHMU:

D(X):M(\X—M(X)\Z). (2.19)

dopMmya 11 BU3HAYCHHSI TUCTIEPCii Ma€e BUTIISI:
a) ISl TUCKPETHOT BUMAAKOBOT BEIMUNHU

: 2
DOX) = (% =M (X))’ p; (2.20)
i1
0) JUI HEeNepepPBHOI BUITAIKOBOT BEIMYUHHU 3 INLILHICTIO po3moainy f(X)

D(X):T(X—M(X))Z f (x)dX . (2.21)

Ha mpaktumi obumcnenHs gucnepcii 3a ¢opmynamu (2.20) 1 (2.21) tpoxu
IpOMI3JKI. 3 ypaxyBaHHSM BJIACTUBOCTEM MaTEMaTHYHOTO CIOAIBaHHS (opmyity
(2.19) MOxHA IEPETBOPUTH 0 BUTJISTY

D(X)=M(X?)-[M(X)]". (2.22)

Tomi s IUCKPETHOT BUITAIKOBOT BETUYNHI
n
2
D(X) =2 x*p, —[M(X)]", (2.23)
i=1
a JUUIsl HENIEPEPBHOI BUIAIKOBOI BEJIMYUHU

D(X):TXZf(x)dx—[M(X)Z] (2.24)

OCKUIbKM TpU MIJTHECEHHI B KBaJpaT 3MIHIOETHCS PO3MIPHICTh BHUMAJAKOBOI
BEJIMYMHU, JJIs XapaKTEPUCTHUKU PO3KUIY BHUKOPHUCTOBYIOTH BEJIMYMHY, SKa
OOYHCITIOETHCS TAKUM YHHOM:

o(X) =+/D(X) (2.25)

1 Ha3UBAETBCS CePeOHiM K8AOpamu4Hum adbo CmaHOapmHuUM GiOXUICHHSIM.
Touamkosum momenmom K-2o MOpsiIKYy Ha3WBAIOTh MaTeMaTHUYHE CIOIBaHHS

BEJINYUHA Xk, TOOTO
v, = M(X"), (2.26)

Tax, nas AMCKpeTHOI BENMUYHHU (HOPMYIIa Ma€e BUTIISA
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Vi = Z Xik P (2.27)
i=1
a i HCHCpepBHO.l‘ BCIIMUNHU
v = [ X“F(x)dx. (2.28)

30KkpeMa, TOYaTKOBHM MOMEHT TEPIIOTO TMOPSAKY € HE YWM IHIIHAM, SK
MaTeMaTUYHUM CHOJIBaHHAM: v, =M (X ), MMOYaTKOBUM MOMEHT JIPYTOr0 MOPSIAKY €

MaTeMaTU4HE CIOAIBaHHS KBaJpaTa BUIIAIKOBOI BEIUYUHU: V, = M (X 2) 1T. 1.

[Jenmpanorum momenmom K-20 OPAIKY HA3MBAIOTh MATEMATHYHE CIIO/iBAHHS
K
BemmunHn (X —M (X)) :

yk:M((X—M(X))k). (2.29)

3okpema, 3 (2.29) BUIUIMBAE, MO LEHTPATBHUNH MOMEHT MEPIIOro MOPSAKY
(ToOT0 MaTemMaTH4HE CHOJIBaHHS BIIXWICHb) JOpiBHIOE HYyNm0. lleHTpanbHuii
MOMEHT JPYTOro MOPSIIKY SBJISIE COOOI0 AUCTIEPCIIO:

yZ:M((X—M(X))Z):D(X). (2.30)

3 ¢opmynu (2.30) BUTIIMBAE, 1110 AUCTIEPCIs JIETKO MOKe OyTH BUpakKeHa uepes
MOYATKOBI MOMEHTH MEPLIOTO 1 IPYroro MOpsIKiB:
2
D(X) =, =v, —v;. (2.31)
Tpetiii 1 yeTBepTUl LEHTpPadbHI MOMEHTHM TaKOXX MOKHA BHPA3UTH Yepe3
MOYAaTKOBI MOMEHTH :
Ly =V, =3,V + 217, (2.32)
L, =V, —4vy, + 6y =3

MOMEHTH BUINKX MOPSAIKIB BHKOPUCTOBYIOTHCS ISl OTIMCY 3aKOHY PO3IOILTY.
3 HUMH IIOB's13aH1
1) acumempis

Hs H
A== 2.33
o /ug/z ( )

[0 XapaKTepu3ye HECUMETPUYHICTh KPUBOI HIIJILHOCTI PO3MOAUTY BHITaJIKOBOT
BEJIMYUHM X BITHOCHO 11 MAaTEeMAaTUYHOTO CIIOAiBaHHs (puc. 2.8);
2) ekcuec

E=f4_3-r4_3 (2.34)
o H,
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10 XapaKTepHU3y€e TOCTPOBEPIINHHICTS Tpadika qudepeHIiaibHO1 PYHKIT pO3MOILTY
(puc. 2.9).

f(x)

3> _IX
A=0)

(4>

X

A < 0 — niBocTopoHHs acumeTpisi, A > 0 — mpaBOCTOPOHHS aCUMETPis

a)
f(x)

ED
(E=0Q

G

X

0)
Puc. 2.9. Burisa kpuBuX MIIbHOCTI PO3MOITY BUITAIKOBOI BEJIMYMHHU:
a) TpH Pi3HiN acuMeTpii, 0) Mpu pPi3HOMY EKCIleCl

Busnauenns uucnoux xapaxmepucmux KilbKiCHOI O3HAKU 34 OAHUMU OOCTi0).
Ilapamempu cmamucmuyno2o po3nodiny. Yci MOMEHTH pPO3NOAULY BHIIaIKOBOT
BEIIMYMHU, PO3TJIIHYTI BUIIE, MAIOTh CBOi CTATUCTHYHI aHajoru. BoHM Ha3WBaIOTHCS
MOMEHMAMU CMAmUCmMu4yHo20 po3nodily 1 BHU3HAYAIOTbCA 3a JIaHUMHU JIOCIIJIIB
(BubOipKaMu)

Skmio naHi 3rpynoBaHl y BaplalliiHUM psii, MOAIOHUM J0 HaBEJEHOTO B
Tab. 2.3, CTAaTUCTUYHI MOMEHTH BU3HAYAIOTHCA 3a TUMH CaMUMH (OpMysIamu, 11O i
iX TEOpeTHYHl aHaJoTU JUJIsi JUCKPETHOI BHUIIAJIKOBOI BEJIMYMHH, aje 13 3aMIHOIO
WMOBIPHOCTI pj Ha BIAHOCHY dYacTtoTy W; (Tabm. 2.7). CTaTUCTHUYHI MapameTpH
OyneMo To3HavYaTH «*».
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Hampuknan, cTaTUCTHYHMIA aHAJIOT MaTEMaTUYHOTO CHOJIBaHHS, TOOTO
CTATUCTUYHUA MOMEHT TMEPIIOTO TMOPSKY, HA3HBAETHCA BUOIPKOBOIO CEPEeOHbOID,
MO3HAYAETHCS X * 1 BU3HAYAETHCS (POPMYIIOIO:

r
X< =y, =D X W, (2.35)
=)
I' — KUTBKICTh 3HaUY€Hb BUIIAJIKOBOT O3HAKH, 1110 CIIOCTEPITalOThCS y BUOIPIII.
CTaTHCTUYHUM aHAJIOTOM JIUCIIEPCIi € subipkosa oucnepcis, MO BU3HAYAETHCS
SIK CTATUCTUYHHUHA IEHTPAJIBbHUH MOMEHT JIPYTOro MOPSIKY:

D =, =Y X (x4 (2.36)
i=1

TyT BapTO 3p0OUTH 3ayBa>KEHHS.

1. CratucTHuHi BeNMYMHU V,, 4, , Y TOMY YHCIi cepenHe BUOIpKOBE X i

nucnepeis DY, € I TEOpPETUYHMX BENMYUH f4, V, (y ToMy umcii X,D(x) ) Tak

3BaHUMHU TOYKOBUMH OIIHKAMH, TOOTO TAKUMHU, IO BUPAKAIOTHCS OTHUM YHCIIOM.

2. YV moBHOMY KypCi MaTeMaTHYHOI CTAaTUCTHUKH JOBOIHUTHCS, IO CEpPEIHE
BUOIPKOBE Jla€ He3MiujeHy OIIHKY JIACHOT BETUYMHU MATEMATHYHOTO CIIOJ[IBaHHS.
Ha Biaminy Bia Hel BUOIpKOBa JIUCIEPCIs A€ 3miujeHy OIIIHKY AINCHOI aucmepcii
JTOCIIDKYBaHOT ~ KIJTBKICHOT O3Haku. He3zmiweny OLIHKY Ja€ BEJIMYMHA, IO
OOUYHUCITIOETHCS TAKUM YUHOM:

sz=_" p (2.37)
n-1

[i HasuBaloTh sUNpasnenoio oucnepcicio. ONIHKOIO CEPEHBOr0 KBAAPATHIHOTO
BIIXUJICHHS € KOPIHb 3 BUMPABJICHOI AUCTIEPCii (CTaHIapTHE BIXUIICHHS).

CraTuCTUYHI OLIHKK acUMETpli Ta eKClecy TMOB'si3aHl 31 CTAaTUCTUYHUMHU
LEHTPaJIbHUMH MOMEHTaMH TPETHOIO 1 YETBEPTOTO MOPSIIKIB.

Skmo mocnigHi AaHl copMOBaHI y BHUIIISAI 1HTEPBAJIBLHOTO PsAy, y poOJIi
BapiaHTH Xj BUCTYIAIOTh CEPEAUHU 1HTEPBAIIB (U;).

MoOMEHTH CTATUCTUYHOTO PO3MOALTY MOXKYTh OyTH BH3HAU€HI TaKOX 1 3a He-
3rpyrnoBaHUMHM JaHUMH (Tadi. 2.7).

[Mpuknan 2.4. Bu3HauuTH MOMEHTH CTATUCTUYHOTO PO3MOAUTY ISl JTAHUX
BUMPOOYBaHb MEXK1 MIITHOCTI Ha CTUCK 3pa3KiB aJieBPOJIITY, 1110 HaBeeHI B Ta0d. 2.4 1
3rpyrnoBaHi B IHTepBajbHUU psij (Tabdi. 2.5).

1. Bu3HauuMO TOYaTKOBHM MOMEHT TMEPIIOro MOPSAKY, TOOTO BUOIPKOBE
CEpEeHE:

X =v; =49.0,15+51.-0,225+53-0,325+55-0,175+57-0,1+59-0,025 =52,85 MI1a.
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Tadomurs 2.7

CratucTUyH1 MOMEHTH PO3NOILITY

Hasga cratuctuynoro
MOMEHTY

Hesrpymnosani gani
(n — 00’em BUOIpKH)

3rpynoBadi J1aHi
(r — xiBKiCTh BapiaHT)

1. [ToyaTkOBUI MOMEHT
K-ro mopsinky

Oxpemuii 8Unaoox:
MOYaTKOBUH MOMEHT
MIEPIIIOTO MOPSIKY —
cepeaHe BUOIpKOBE

* 1 s k
N5z

—x . 1 n
X =V, :Hin
i=1

;
. K
Vi —in W
i=1

- r
K==
i=1

2. llenTpanbHUii MOMEHT
k-ro mopsinky

Oxkpemi 6unaoxu.

— IEHTPAIbHUI MOMEHT
JPYTOTO MOPSIAKY —
BUOIpKOBA JUCIIEPCIS;

— IEHTPAIbLHUIA MOMEHT
TPETHOTO TMOPSAKY;

— LEHTPaJIbHUN MOMEHT
YETBEPTOTO TOPSIAKY

-
Hy :Z(Xi -X)" -w,
=

* * 1 n _*x *_ *_ r 2 _ v )2
D :ﬂZZHZXiZ_(X )2 D —ﬂz—;XiWi (x)
i=1
r
. 1 n - *_ __*3'
Iu3:HZ(xi_x)3 /us_izl:(xi X)W
i=1 =

) n .«
3. Bumnpasiiena gucnepcis S% = P D
4, CtaTUCTHYHA  OIlIHKA — n—1

S = 82 =0,|——

CepeIHBOTO n
KBaJPaTUIHOTO
BIIXWJICHHS  (CTaHIapTHE
BIJIXHMJICHHS)
5. BigHocHa Bapiailis,

koedilieHT Bapiarii

6. CraTucTu4Ha OIL[IHKA A Ha Hs
acuMmeTpii S?® ,u;m

7. CtaTCcTHYHA OIlIHKA E* = ,U_Z 3= Hy _3
eKCIIECY s* ﬂ;‘z

2. Bu3HaunMo XapakTEepUCTUKHU Bapiallii 3HaUeHb KUIbKICHOT O3HAKU:

® CTAaTUCTUYHHUU ITOYATKOBUM MOMEHT APYTroro nopsAaKy:
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v, =49°.0,15+51%-0,225+53%-0,325+55° -0,175+57%-0,1+59%-0,025 = 2799,6 MIla?,

CTaTUCTUYHHUM IIEHTPAIBHUNH MOMEHT JIPYroro MopsaKy (BUOIPKOBA IUCIIEPCis):
D' =, =v,—(v,)* =2799,6 —52,85° =6,48 MIIa?
® BUIIPABJICHA JAUCIIEPCis

S% = 40 6,48 = 6,64 MIIa?;
40-1
® CTaHJApPTHE BIAXUJICHHS

S =+/S* =2,58 Mlla;

e BIJIHOCHA Bapiallid, Koe(ilieHT Bapiamii
* 2 *
n =ﬁ=0,05 ; V' =0,05*100 =5%.
52,85
3. Bu3HauuMo BEIMYMHHU, 110 XapaKTEPU3YIOTh ACUMETPIIO Ta EKCIIEC:

® CTAaTUCTHYHI MOYaTKOBI MOMEHTH TPETHOTO 1 YETBEPTOIO MOPSI/IKIB:
v, =49°.0,15+51°-0,225+53%-0,325+55%-0,175+57°-0,1+59° - 0,025 =148648,3,
v, =49".0,15+51*.0,225+53*.0,325+55"-0,175+57*-0,1+ 59" - 0,025 =7911190;
® CTAaTUCTHYHI LIEHTPAJIbHI MOMEHTH TPETHOT'O 1 YETBEPTOTO MOPSIIKIB:

1 =V, =3,V + 2(1/1*)3 —148648,3—4-2799,6-52,85+2-52,85° = 4,72,

*

* *  x * *\2 *\2
M, =V, —4vy, +6v, (vl ) —3(1/l ) =
— 7911190 — 4.148648,3-52,85+ 6-2799,6-52.852 — 3.52,85% =104, 76:

® CTaTUCTHYHI OL[IHKH aCUMETPIi Ta EKCIECY:

A 4,72 _0.28: E*=104’746

=l —3=-0,63.
2,58 2,58

AHaN3yl0ud CTaTUCTUYHI MOMEHTH JOCIHIKYBaHOI O3HaKA — MIITHOCTI
ripChbKOT MOPOIM Ha OTHOOCKOBUM CTUCK — MOKHA 3pOOUTH TaKi BUCHOBKH:

- cepeiHE 3HAYeHHS 03HakM ckiiagae 52,85 Mlla;

- 3HAYEHHS O3HAKU KOJIMBAIOTHCS HABKOJO CBOTO CEPEIHBOTO 3 HEBEIHKOIO
Bapiarli€ro, o ckiangae 5%;

- PO3MOJII O3HAKM Ma€ HEBEJIMKY MPaBOOIYHY acHMETPil0, HOTO MOXKHA
BBa)KATH Mai’ke CHMETPUIHUM,

- 3HAYCHHS CKCIIECY TaK0K OJIM3BKO JI0 HYJIS.

- 32 BUIJISIZIOM TICTOTpaMU MOKHA MPHUITYCTHTH, IO PO3MOILT JTaHOT O3HAKH
orucyeThest neskoro (yskiiero f(X), rpadik skoi Mmae Makcumym y Toumi x = 52,85,
KpYBa Maike CUMETPUYHA BITHOCHO BEPTUKAIBHOI MPSMOI, MPOBEAEHOI Yepes3 II0
TOUKY.
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Jlis mporHOo3y MOSBH 3HAYEHb O3HAKM 3 TIE YW 1HIIOK MHMOBIPHICTIO
noTpiOHO migiopatu i ¢yHkiii f(X) anamiTuunuii Bupas. IcHye psa QyHKIH, 1110
3aJIOBUTPHO OMHUCYIOTH PO3IMOJLI JOCTaTHRO BUBUECHUX BUMAJKOBHX BEIWYHH. BoHM
HA3MBAIOTHCA TCOPETUYHHUMM 3aKOHAMU po3nojiny. Jlam OyayTh HaBeAeH1 JesKi 3
HUX.

KonTpouabHi nuTanusa 10 miapos3aiy 2.2

1. V domy cytHicTh BuOipkoBoro merony? IloscHITP Lle Ha NpPUKIATL
BHUBUYCHHS BJIACTUBOCTEH TIPCHKUX MOPIJ.

2. SIky OCHOBHY BHUMOIY IOBHHHA 3a/IOBOJIBHSITU BUOIpKAa 3 Te€HEpalbHOI
CYKYIHOCT1?

3. Sk rpymytoTs cTaTUCTUYHI naHi? SIKuif BUTIIsIT Mae BapiaiiHui psin?

4. Illo sBasie cobor0 iHTEpBAIBLHUM psij?

5. IIo € rpagiunuM 300pakeHHSM IHTEPBAIBLHOTO PAAY? SIKi BUCHOBKH MOXKE
3pOOUTH AOCIIIHUK Micisi MOoOYyJOBU TiCTOTpaMM 4YacTOT. SIKi mojaliblili KPOKH BiH
MO3K€E IOYaTH JIJIs1 BUBYCHHS PO3MOALTY KUTbKICHOT O3HAKU?

6. Illo xapakTepu3ye MaTeMaTU4YHE CIOJIBAHHS BHUMAJKOBOI BEIUYUHU?
Hagenite dopmynu juisi BU3HAYEHHS MATEMaTUYHOTO CIOMIBaHHS JIUCKPETHOI 1
Oe3rnepepBHOI BUMTIAAKOBUX BEIUYHUH.

7. Illo xapakTepu3ye qucrepcis BUMAIKOBOI BETUYUHU?

8. Hagenite popmynu ans BU3HAUYCHHS IUcHepcii TUCKpETHOT 1 6e3nepepBHOL
BUMAKOBUX BEJIMYMH.

9. o Take MOYATKOBHH MOMEHT PO3MOJUIY K-20 TOPSIAKY? SIKy 4uCIOBY
XapaKTepUCTHUKY N1a€ MOYAaTKOBUU MOMEHT |-ro mopsaky? Lo Take meHTpaJibHUI
MOMEHT K-20 TOPSAAKY? SIKy 4HCIIOBY XapaKTepUCTUKY Ja€ EHTPaIbHUN MOMEHT 2-
ro NopsaKy?

10. Ilo xapakTepu3ylOTh AacHMETpisi Ta €KCIeC BHUMAAKOBOI BEITUYMHU?
Hagenith popMynu 1jisi BU3HAYEHHS LIUX XaPAKTEPUCTHUK.

11. SIx BU3HAYUTHU YUCIOBI XapaKTEPUCTUKU BUMAJAKOBOI BETUYMHH 33 JTAHUMHU
nocininy? Hasenite dopmMynu njist cepenHboi BUOIPKOBOI 1 BHOIPKOBOI TUCTIEPCIN JIsI
3TPYMOBAHMX 1 HE3TPYIIOBAHUX JAHUX.

12. [lTo Take BumpasneHa aucnepcis? HaBenite Gpopmyny st i BU3HAUCHHS.
1o Take koedimieHT Bapiaiii BUTIAIKOBOT BETUYUHN?
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2.3. InenTudikanis iiMOBipHICHOT0 3aKOHY PO3MOiTY KIIbKiCHOT 03HAKH

2.3.1 PiBHOMIpHUI 3aKOH PO3MOA1TY HMOBIPHOCTEH

HemnepepBHa BHITaKOBa BEIMYMHA X HA3UBAETHCS PO3MOAIICHOI PiBHOMIPHO
Ha BIPI3Ky [@, D], AKIo ii HiIBHICTh O30Ty HMOBIPHOCTEH MOCTIMHA HA TaHOMY
BIJIpi3Ky, TOOTO 3a/1aHa (HOPMYIIOIO

0, x%[a,b],

Fx) = C, xe[a,b].

Jns  Ttoro, moO maHa yHKIIS [JIHCHO ONKMCYBala 3aKOH PO3MOJLITY
HMOBIPHOCTEH BUIIaIKOBOT BEJIMYMHU, BOHA Ma€ 3aJI0BOJILHATH YMOBY (2.10), ToOTO

b
C [dx=1.
a

3a 11i€r0 YMOBOIO 3Hai1eM0 3HaueHHsI ocTiiHo1 C:
0 1
C [dx=C(b-a), spizen C(b—a)=1=>C -
a —a

OTxe, pIBHOMIPHHUM pO3MOJILIT MA€ BUTJISA

0, x¢[a,b],
R N |
b-a

(2.38)

CyTb piIBHOMIPHOCTI MOJISITA€E B TOMY, 110 BIAMOBIAHO (opmyii (2.9) axuit 6u
BHYTPIIIHIA TPOMiKOK (pikcoBaHOi MOBXHMHU | My OM HE PO3MIISIHYIIM, HMOBIPHICTB
TOTO, IO BUMAJKOBA BEIMYMHA HAOY/Ie 3HAUYEHHS CaMe 3 L[bOTO MPOMIXKKY, Oyze Ti€ro
camolo.

A
J(x)

‘[' —-a

44
a 1 ¢ ! ! b

v

Puc. 2.10. Iudepenmuiitna GpyHKisg (IIBHICTH) PIBHOMIPHOTO PO3MOALTY

[IpukiagoM piBHOMIPHO pO3MOALICHOI HEMEPEPBHOT BUMAAKOBOI BETMYMHU X €
NOMUJIKA TPU OKPYIJICHHI BIIIIKY J0 HAWMOMMKYOro UUIOTO JIJICHHS KA
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BUMIipIOBaJIbHOTO Tipuiany. PiBHOMipHUIT po3moxin B intepBaini [0, 1] Ha3uBaeThCs
cmanHoapmHum 1 BAKOPUCTOBYETBCA JJIs1 TeHEpallii BUNIAJIKOBUX YHCET.

MareMaTiuHe CHOJiBaHHS PIBHOMIPHO PO3MOMAIICHOI BHUITAJKOBOI BEIUYUHU
obuncoeThes 3a hopmyioro (2.17)

b b

1 a+b

M (X) = jxf (X)dx = jxdx == (2.39)
! (b-a)1 2

Lle#t pe3ynbTaT € OYEBHIHUM, OCKUIBKM HIUIBHICTH PO3IMOJAUTY € KOHCTaHTOIO.

Jlucrepcio 3rigHo 3 hopmyoro (2.24) 00YKCINMO TaK:

D(X) = [x*f (x)dx— (M (X))’ :@Ixzdx—(azb) z(blza) . (2.40)

CepenHe KBaapaTU4HE BIAXHWICHHS PIBHOMIPHO PO3MOJALIEHOI BEIUYHHU
OTPUMAEMO 3TiaHO 3 (2.25)

(b—a)? _b-a

12 23

o(X) = (2.41)

2.3.2 EXCHIOHEHIIIaJIbHUM 3aKOH PO3MOILITY
Taka BumajKoBa BEJIMUMHA, SK IHTEPBAI Yacy MK HE3aJICKHUMU TOISIMHU, 110
B1I0YBalOThCSI 3 CEPEIHBOIO THTEHCHUBHICTIO A , ONMUCYETHCS MIUIBHICTIO PO3MOALTY

(mudepenuianbHOO QYHKINIE), Tpadik KO HaBeaeHOo Ha puc. 2.11.

Puc. 2.11. [Qudepenmiansna ¢GyHKIisS (OIBHICTE) E€KCIIOHEHIIATBHOTO
PO3MOILTY

BunHo, mo 11 KpuBa SBJISE€ COOO EKCIMOHEHTY, IO CMaJa€ Ha MPOMDKKY
(0,+oo), T0OTO I 3a3HaueHoro iHTepBany f(x)=C e ™, Ilns Toro, mo0 naHa

GyHKIS AIMCHO OMKUCYyBaJla 3aKOH PO3MOALTY MMOBIPHOCTEH BUIAAKOBOI BETUYHHH,
BOHA IMTOBMHHA 33710BOJIBHATH yMOBY (2.10), oTxe,
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C Te“dx =1.

0

3a mi€ro yMOBOIO 3HaieMo 3Ha4eHHsI MOCTIHHOI C.

C J‘e_’lde=—£C|im(e_iIO _eo)zg ; 3BigcH 9=1:>C =1.
) A A A

b—o0

TakuM YMHOM, IIUTBHICTH PO3IOIITY €KCIIOHEHINIAIBHOTO 3aKOHY Ma€ BUTJIS/:
f(x)=1 e™. (2.42)

Benmnuuny A4 Ha3uBawTh napamempom po3noodiny. s omucy po3nojaury
KOHKPETHOI KUJIbKICHOT O3HaKU MapaMeTp po3NoALLy Mae OyTH BU3HAUEHHUI Ha OCHOBI
CTaTUCTUYHHX JaHUX. J{JI5 IIbOTO BUKOPUCTOBYIOTH Memod Momenmis. Bin momnsrae B
MPUPIBHIOBAaHHI HAYaJIbHUX 1 IEHTPAJIbHUX EMIIIPUYHUX 1 TEOPETUYHUX MOMEHTIB
OJIHOTO MOPSIIKY:

*

Ve =Vio th = M- (2.43)
Mu nobaurmo n1aji, Mo TEOPETUYHI MOMEHTH JIJI TOTO YH 1HIIIOTO PO3IMOILITY

JacTO TIOB's3aHI 3 TapaMeTpoM JaHOTO po3moainy. Tomy, Hacammepea, BapTo

BU3HAYUTH TEOPETUYHI MOMEHTH Il JAHOTO PO3MOMAUTY. 3HAWIEMO MaTeMaTHYHE

CHOJIBaHHS €KCIOHEHI1aJbHOTO PO3MOALLY, TOOTO MOYATKOBHI MOMEHT MEPIIOTo

nopsiky. 3a popmyoro (2.17) orpumaemo

X=U du=dx

1 =

M(X)= | x f(X)dx=A | xe ™ dx =
(X) ! 0 ! e =dV V:—;e“X

b

= Alim 21 xe ™ + Eje‘“dx = /llim(—ibe‘;”b —ize‘;”b + %) _1 .
b—w A A 5 b—w A A A A

Takum 4uHOM, JJIs1 €KCTIOHEHIIATbHOTO PO3TOILITY:

1

=

AHanoriuio 3a ¢opmynow (2.24), BUKOHYIOUYM JBa pa3d IHTErPyBaHHS 3a

M (X) = (2.44)

JacTMHAMU 1 TMepexonsud A0 TpaHuli (QyHKIIl, 3HAHIEMO  JIUCIIEPCIIO
€KCIIOHEHII1AJIbHOTO PO3MOJILTY, TOOTO HEHTPAaIbHUI MOMEHT JIPYTOro MOpsIKy

+o0 1 2 1
D(X)=A | x’edx - (—j =—. (2.45)
/ 1)

Buznaunmo cepesiHe KBaJpaTUYHE BIIXUJIEHHS BIAMOBIIHO 10 Gopmynu (2.25)
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1 1
o(X)= = "7 (2.46)
Ax Oauumo, mapameTrp po3MOAUTYy A TICHO TOB'SI3aHUNA 3 YHCJIOBUMH
XapaKTepUCTUKaMHU BUNAAKoBOi BenmnuuHU. KpiMm Toro, 3 (2.44) 1 (2.45) BUXOIUTB,
MO i1 eKCIIOHEHI[IAJbHOTO 3aKOHYy TpUTaMaHHa PIBHICTH  CEPEIHBOTO
KBaJIpAaTHYHOTO BITXWJICHHS 1 MareMatuyHoro crnofiBaHHs. Lleit ¢gakT momomoxke y
MOJIaJIbIIOMY TiOMPATH 3aKOH PO3MOILTY I EMITIPUYHUX TaHUX.
3actocyeMo Temep METOJ MOMEHTIB Juisi Bu3HaueHHS A . [lpupiBHsiemo
TEOPETUYHUN 1 EMIIIPUYHUNA MOMEHTH MEpIIOTO MOPSJIKY, TOOTO MaTeMaTH4HE
CIOJIIBaHHS 1 cepeiHE BUOIPKOBE:

M (X)=x*,
Ockinbkn 1st mokasosoro 3akony M (X)=1/A, orpumaemo X* =1/, sBinku
A=1/X*.
TakuM 4uMHOM, JUIsI 3HAXOJKEHHS MapaMeTpa €KCIOHEHLIAJbHOTO PO3MOILTY
JOCTaTHBO MaTHU CepeHE BUOIPKOBE 3a EMIIIPUYHUMU JaHUMH.
[lpuknag 2.5. Hexail Bigomi pe3ynbTaTH IEPEBIPKH JEIKOro Mpuiaay Ha
BUNPOOHOMY cTeH 1. Bunpoodysano 100 3pa3kiB, BUBUEHO 4ac O€3B1AMOBHOI pOOOTH

npunany. Bin cknas: mis 80 mpunaniB menme 10 rogun; mist 10 npunanis Big 10 mo
20 romun; s S mpunaxais Bix 20 go 30 rogun, 1 st S mpunaxais Bix 30 go 40 roguH.

BuznauuTti IMOBIPHICTH TOTO, IO Yac poOOTH MpUiIaay ckiaae He MeHiie 20 roauH.
[HTEpBaNBHMIM P A1 IUX JAHUX HABEJIEHO B Tabi. 2.8.

Tabnuug 2.8
[Ipuksnazn iHTEpBAIBHOIO PALY JAHUX BUITPOOYBaHb

Yac 6e3B1IMOBHOI] 0—10 10— 20 20 — 30 30 — 40

pobotu, rox
CepenuHu iHTEpBaIIB, 5 15 o5 35
roa
K. . b

UIbKICTh IIpUJIaa1B 80 10 5 5
(4acToTa O3HAKH), IIT
Bignocna yacrora 0,8 0,1 0,05 0,05

Cruparounch Ha BULISA rictrorpamu (puc. 2.12), y rpyOomy HaOJMKeHHI
MOXHa BHCIIOBUTH TMPUIYIICHHS TPO Te, IO JaHa KUIbKICHA O3HaKa — dac
0€3B1IMOBHOI poOOTH MPHUJIATY — PO3IOIJICHA 32 €KCIIOHEHITIATbHUM 3aKOHOM.
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1,09 w
0,94
0.8 v
0,7 1
0,64
0,54
0,44
0,34
0,21
0,11 —

0 T T T 1 X
10 20 30 40

Puc. 2.12. T'icrorpama BiTHOCHUX YacCTOT JIJIsl PO3MOLTY 3 Ta0m. 2.8

BuzHaunmo emMmipruuHi MOMEHTHU PO3MOILITY:
— cepeqiHe BUOIPKOBE:

; =5-0,8+15-0,1+25-0,05+35-0,05=4+1,5+3=8,5 .
— BUOIpKOBa qucnepcis
D" =25.0,8+225-0,1+625-0,05+1225-0,05—(8,5)° =
=20+22,5+92,5-72,25=62,75,
BUIIPABJICHA JUCTIEPCIs 1 CepeIHE KBAPATUUHE BIIXUICHHS:
s2= " 62,75-1% 6 75-63,38
n-1 99

O'*I\/S_2:7,9.

baunMo, 1m0 MaremMaTuuHe CIOIBAHHS 1 CEpe/lHE KBAJAPATUYHE BIIXUJICHHS €
ONM3BKUMH 3a 3HadYeHHsAMU. lle TakoX CBIAYUTH HA KOPHUCTHh EKCIOHEHINATHHOTO

. : : i
3aKOHy po3moxiny 3 audepenmiansHo dyrkmiero (X)=4 € * . BusHaummo 3a
JIOTIOMOTOX0 METOTy MOMEHTIB MapaMeTp PO3MOILTY A:

1 1
A==—=—=0,117~0,12
X* 8,5
Temep, Maroud TEOPETHUYHUN 3aKOH PO3MOALTY JaHOI KIJIBKICHOT O3HAaKH,
MOYXHa TIPOTHO3YBaTH MWMOBIPHICTh IIOSBM TIEBHOI'O 3HAYEHHS I[€] BUITAIKOBOT
BenuunH. OTXKE, IMOBIPHICTh TOTO, 10 Yac 0e3BIIMOBHOI poOOTH mpumiiaay Oyje He

Mmenie 20 TouH, BU3HAYNMO 32 (hopmyiioro (2.7)

++00
P(20<t<+00)=0,12 | e‘o’lztdt:o,lz-(ij lim (e P-e%%=0,001
20 =012 5 too0

ExcrioHeHLiansHUl 3aKOH BIAITpAa€ BEIUKY pOJb Yy Teopii HamiHHOCTI
MEXaHI3MIB 1 MalIMH, a TaKOXX HIMPOKO BUKOPUCTOBYETHCS B T€OJIOTIl, HANPUKIA
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IUI OTHCY PO3MOALTY MapaMeTpiB MaJIOAMIUTITyIHUX MOPYIIEHb BYTUIBHOTO IIacTa
B MEKaX HIaXTHOT'O IOJIA.

2.3.3 HopmanbsHuii 3aKOH PO3IMOALTY

3BepHEMoOCs Temep A0 TicTorpamu, mo 3o0pakeHa Ha puc. 2.8. Kpuna, 1mio
IpOBEJCHA Yepe3 CEpeIuHU CTOpiH OaraTOKyTHHKIB, y TMEpHIOMY HaOIMKEHHI
noKa3ye, sKHii BUTISA Mae audepeHnianbHa QyHkmis posnogity f(x). Y manomy
BUITAJIKy KpuBa Mae (GopMy, Maike CHMETPUYHY BITHOCHO BEPTHUKAIBHOI MPSAMOI
X = X . XapakTepHo Te, 10 BEIMKA YaCTUHA 3HAYEHD KiJIbKICHOT 03HAKM TPYIYEThCS
1063y Toukd X = X *, 110 € TOUKOI MAKCUMYMY KPHBOI.

Benuka KiTbKICTh BHUITAJIKOBHUX BEIMYMH Ma€ MOMIOHY IIUIBHICTH PO3MOALTY
iimoBipHOCTeiA. [i Ha3uBaOTL HOpManbHum 3axoHom abo 3axonom Iayca (puc. 2.13).
Bupas ns nudepenuianbpHoi GyHKIIT po3noauty 3akoHy ['ayca Mae BUTIIS:

(x-a)?
2

f(X)=— ¢ 2 247
ov2r (2.47)

flx) 4

Puc. 2.13. I'padix mudepenuianbHoi QyHKIII (MIUTFHOCTI) HOPMAaIHLHOTO
PO3MOILTY

[lepmr 3a Bce BUHUMKAe mUTaHHS, Y € QyHKIiA (2.47) UIIBHICTIO PO3MOILTY.

. .. . X—a 1
ITepeBipumo piBHicTs (2.10). st mporo 3pobumo 3aminy —— =t = dt =—dXta
o o
Bi3bMeMO 710 yBaru iHTerpani Eitnepa — [lyaccona
0 —t?
'[ e2dt=/2x .
Tomi orpuMaemo
+00 _(X_a)z 4o —t? oo —t?
1 2 1 - 1 —
— |-e % dx= e2olt=—=[e2dt=1.
oN2rx _'“ 0'\/;_‘[0 \/g_‘[o
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Takum uywmHOM, piBHICTH (2.11) BUKOHYy€ThCS, Toma mia KpuBoio (2.47)
JOpiBHIOE OJMHUIII. MakcuManabHa OpJAMHATAa KPUBOI, IO JOPIBHIOE 1/ o\2r :
BiAMoBigae Toumi X = a. Ilpum BiggaJieHHI Big TOYKM a MNIUIBHICTH PO3MOJALTY
3MEHIIYETHCS 1 IPU X —> *oo KPUBA ACUMITOTUYHO HAOIMHKAETHCS A0 OC1 aOCIHC.

3'scyeMO 3HA4YEHHS MapaMeTpiB a 1 o, 10 BXOAATH OO0 Bupasy (2.47). Hdus
[[HOTO 3HAIJIEMO YMCIIOBI XapakTEPUCTUKU HOPMAaJIbHOI BEMWYMHU. BinMmoBiAHO [0
(2.17) maTeMaTH4YHE CIOJIIBAHHS HOPMAJIbHOI BEIMUMHHU OOYHCIUMO 32 (POPMYJIIOIO

1 _(x—az)z
I\/I(X):—Ixe 20 dx .

o2z .

BuxopucroByroun nonepeHio 3aminy Ta interpan Einepa — Ilyaccona, orpumaeMo

M (X) = a . Ananoriuno MoxxHa nokasatu, o D(X) =0, o(X)=0.

OTtxe, mapameTp a sBIs€ cOOOI0 MaTeMaTUYHE CIIOAIBAHHS 1 XapaKTepU3ye
LEHTP PO3MOJULY; MapaMeTp O XapaKTepU3ye pPO3CIIOBaHHS BHUIAJKOBOI BEJIUYMHU
BIJIHOCHO IIEHTpPa PO3MOJIIY Ta OOYMOBIIOE KPYTICTh KPHUBOi: UMM OUIBIIE O, TUM
OlybllIe PO3CIIOBaHHS, THM MEHILIE KPYTICTh KPHUBOI.

MoskHa mokaszaTH, 110 s HOPMaJIbHOI BHUIIAJKOBOI BEIIMYMHH LEHTPAJIbHUI
MOMEHT 3-TO MOPSAKY AOPIBHIOE HYNIO (L3 = (), @ HEHTpAIbHUIA MOMEHT YETBEPTOIrO
HOPSIKY fig = 30% .

Lle o3Hauae, 1m0 acUMETPisl Ta eKclec AJisi HOPMaJIbHOTO 3aKOHY JOPIBHIOIOTH
HYJITIO

A=2—0;E=F+ _3=0,

3 4
O o

3ayeaccenns. 3aKOH PO3MOAUTY, IO BHPAXKAETHCA TUdEpPEHIIaTLHOI0
GyHKIII€IO

_(x-a)
207

1
f(x)—me ,

HA3UBAETLCA 3a2aibHuM Hopmaavhum po3noaiioM. s uveoro M(X)=a,0(X)=0.

Yacto npu po3B’si3yBaHHI 3a/1ay MEPEXOJATh 0 TaK 3BAHOI HOPMOBAHOI BEIIMYUHU

X—da

=1 . JInst Hel MiIbHICTD PO3IOITY MA€ BUTIISIL
o

1 v

e ?. (2.48)
N2
1 HA3UBAETHCS HOPMOBAHUM HOPMATIbHUM PO3IOILIIOM.

MaremMaTtiyHe CHOJIBaHHS 1 CepeaHe KBaJApaTUYHE BIAXWUICHHS JUIS

fo(t)=

HOPMOBAHOI BenMurHM BigmosizHo M(t)=0; o(t) =1,
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[aTerpanpHa QyHKIISI HOPMAJIBHOTO PO3IMOALTY Ma€ BUTIIS!
a) UIs 3arajJbHOTO PO3MOALTY

. (x-a)

fe > dx, (2.49)

1
oN2r °,

0) 1711 HOPMOBAHOTO pOSHOILiJ’Iy

F(x)=

Fo(t) = (2.50)

\/_ j z dt
[aTerpanm (2.49), (2.50) He BUpaKarOThCS B eIEMEHTApHUX (PYHKITISAX. AJe 1S
inrerpaia (2.50) icHyroTh TabuuI, e HaBeaeHi 3HaueHHs QyHKmil Fy(t) s pisanx

3Ha4YeHb apryMeHTy t (mogaTok A). BI/IKOpI/ICTOByIOTB TakoX QyHkitito Jlamnaca:

D(f) = I z dr (2.51)

J_

nepeBaror sAkoi € "HemapHicTh D (—t) =—D(t). Dynkmii (2.50) 1 (2.51) moB’s3ani
caiBBigHomenusm P (t) =F,(t)-0,5 .

BignosigHo hopmyii (2.7) IMOBIpHICTD MOTPAIUISHHS BUIAIKOBOI BEJIUUNHU B
iHTepBa (X1, X2) BU3HAYAETHCS TaK:

2

Ie 202 dx .

P(x, < X <X,)= j f (x)dx =

j_

. . X—a X—a X—a
3pobumo 3aminy 3MminHuEX: t =——; dX=odt;, t, =——;t, =——.
o o o

Toni oTpumaemo:

P(x, < X <X,)= \/_]Z‘ezdt—F(t) F ()= F( a)_Fo(Xi_a)-
(o

o

Tyt Fo(t) — inTerpampna ¢ynkmis (2.50). MoxHa mokaszatu, 10 HpU Takii
camiii 3amiH1 MOoxe OyTu Bukopuctana i ¢pynkiis Jlamnaca (2.51). Takum unnoM, aiis
HOPMAJIBHOTO 3aKOHY PO3MOJLTY HMOBIPHICTh MOTPAIUISIHHS BUMAJAKOBOI BETUYMHU B
3aJlaHuil IHTepPBaJ BU3HAYAETHCS TaK:

P(x, < X <x2)=FO(XZ_aj—FO(Xl_a)zqﬁ(xz—_aJ—@(xl_a} (2.52)
(o2 (o) (o) (o)

Imosipnicms  3a0anoco eioxunenusn. Ilpasuno «mpvox cuemy». 3HARIEMO

WMOBIPHICTh TOTO, IO BIAXWJICHHS HOPMAajdbHOI BHUMAJAKOBOI BenWYWHU X Bim 1l
MaTEMaTHYHOTO CIOJIBAHHA a HE TMEpPEeBUIIy€e€ BEIUYHMHH O, TOOTO 3HaWIEMO
UMOBIpHICTB TO1{ P(|X — a| < 0). 3a dpopmyroro (2.52) oTpuMaeMo:
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P(X -a|<d)=Pa-6<X <a+6)=@ (L;_aj—cb (_a—5—a]:

oo Sy

Tyt Bukopucrano dakrt, mo Qynkuis (2.51) nmenapna. [Ipoananizyemo Taki

(2.53)

BUIIAJIKHA,
1. Hexaii 6= o. Toni

P(X —a|< o) = 2@(2] = 2(1) =0,68.
O

3uauenns ¢pyskiii @(1) = 0,34 BuzHaueHe 3a TAOIMIICIO 3 TOAATKY A.
2. Hexait 6=20. Toni

P(X —a|<20) = 2@(2_"j = 2(2) =0,95.
(o2

Tyt @(2)=0,478.
3. Hexait 6= 30. Toxi

P(X —a]<30) - ch(?’—“j _ 20(3)= 0,997
O

Tyr @(2) =0,4986.
baunmo, mo 3 imoBipHicTIO 0,997, TOOTO 3 Mpakmuunor GipocioHicmio,
3HAYCHHS HOPMAaJIbHOI BEIMYMHU TOTPAIUISIOTH B IHTEpBAI

a—30c <X<a+3o. (2.54)

[eit ¢akT Ha3MBaAIOTh MPABUJIOM TPbOX CHIM. 3a HOro JOMOMOIOK) MOXHA
MOTEPEHBO CYIUTH TPO T€, YM € JaHa BUIMAJKOBAa BEIWYMHA PO3MOUICHOIO 32
HOpPMaJbHUM 3aKOHOM, 9H Hi. TakuM YHMHOM, OJHIEIO 3 MICTAB 11 BUOOPY TIIIOTE3H
PO HOPMAJIbHUI 3aKOH PO3MOTY € BUKOHAHHS YMOB:

1) 99,7 % 3Ha4YeHHs BUMAAKOBOI BEJIMYMHU HAICKATh THTEPBAITY

a —30c <X<a+ 3o,

2) acuMmeTtpis i excriec 6imu3bki 10 vy (A =0 , E 20).

HopmanbHuii  3akoH  po3mojauly BiAirpa€e ocoOJIMBY poOJib Yy  Teopii
WMOBIPHOCTEW 1 CTaTUCTUKU. Y Teopii WMOBIPHOCTEW JOBOJUTHCA TaK 3BaHa
IIEHTpaJIbHA TpaHWYHA TEOpeMa, BIAMOBIAHO 1O SKOI CyMa BEIMKOI KUIBKOCTI
HE3aJIeKHUX BUMNAJAKOBUX BEJIMYMH, MIANOPSIAKOBAHUX OyAb-SIKOMY pPO3IOALLY,
npuOJIU3HO MIAMOPAIKOBYETHCA HOPMAIbHOMY 3aKoHY. Ll 3aKOHOMIpHICTH THUM
TOYHIIIIE, YUM O1JIbIIa KIJTBKICTh BUTIAJKOBUX BEJIMYMH CKJIAJIAE ITI0 CYMY.

Hanpukman, moMuika BUMIpIB — 1€ BUMAAKOBA BEIMYMHA, IO € CYMOIO
€JIEMEHTAPHUX TMOMMWIOK, KOKHA 3 SIKHX BUKIMKAHA €0 TEBHOI MPUYMHU, SKa HE
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3aNeXUTh BiJ 1HIIKX. SIKIIO BCl LI HOMUJIKK BIAITPAlOTh Y CyMi PIBHOMIPHO Maiy
pOJIb, TO cama cyma po3Io/iiJIeHa 32 HOPMAJIbHUM 3aKOHOM.

OCKIJIbKM yYMOBH, 10 BU3HA4YalOTh HOPMAJIBHUN PO3MOALI, 3yCTPIYarOThCS
4acTo, JaHWM 3aKOH pO3MOAUTY WMOBIPHOCTEH 3700yB IIUPOKE 3aCTOCYBAHH.
30kpeMa, y3arajabHIOIOUU pe3yJbTaTH BUIPOOYBaHb TIPCHKUX MOPIiJ, AOCTIIHUKH
94acTO JOTPUMYIOTHCSA TIMOTE3H MPO HOPMAIBHUN PO3MOILI, MApaMEeTPH SKOTO MalOTh
ACHUHN (P13MYHUMN 3MICT 1 JIETKO BU3HAYAIOTHCA 32 XapaKTePUCTUKAMU BUOIPKH.

[Mpukman 2.6. Bumie sk mpukiag BUBUABCA CTATUCTHUYHUN PO3MOALT TaKoOi

KUIBKICHOT O3HAaKH, SIK MIITHICTh Ha OJTHOOChOBE CTUCKaHHsI TipchbKoi mopoau. Kpura
f*, 110 BUPIBHIOE TicTOrpamMy Ha pHc. 2.8, Mae MPUOJIM3HO TaKMii CaMHUil BUIJISA, SK 1
HOpMaJIbHA MIIBHICTE po3noauty (puc. 2.13). Ha xopucth HOpMaIbHOTO PO3MOILITY
CBIIYaTh 1 ONMU3bKI O HYJIA 3HAYEHHS acCHUMETPIi Ta €KCLECy, a TaKOXX BUKOHAHHSA
npaBwiia TppoX curM. JliicHO, MakCUMajbHE 1 MiHIMaJdbHE 3HAYCHHS BUIAJKOBOI
BeaUUIUHA  (Xmin = 48,4; Xmax = 60,0) morpamsiors B intepBan (52,8 — 2,58-3;
52,8+2,58-3).

Tomy B mnepmomMy HaOMMKEHHI MOXKHAa BUCYHYTH TiNOTE3y MpO Te, IO
3HAUEHHS JOCJIJKYBAaHOI KIJIbKICHOI O3HAKM — MIIHOCTI Ha CTHUCK JESIKOI TipChKOi
MOPOJIN — MIAMOPSIIKOBYIOTHCSI HOPMAJILHOMY 3aKOHY PO3IMOALTY.

Buznaunmo mapaMeTpu 1bOTO PO3MOALTY Ha OCHOBI JOCHIIHHUX JaHUX,
BUKOPHUCTOBYYH METOJ MOMEHTIB. JIOpIBHSEMO TMOYATKOBI CTATUCTUYHUU 1

TEOPETUUYHUI MOMEHTH posnoainy: M (X)=X*. Ockinpku mist HOPMAJIbHOTO 3aKOHY
M(X)=a, OTPUMAEMO x*=a, T06T0 a =52,8.

Jaumi, mo0 3HaWTH 11e OJJMH HEeBIJOMHI MapaMeTp O, NOPIBHAEMO LIEHTPaIbHI
CTaTUCTUYHHUN 1 TEOPETUYHUI MOMEHTH APYyroro nopaaky: D(X)=S?. Ockuibku i

HOpManbHOro 3akony D(X) =07, 1o
S?=¢’= 0=5=2,58.

TakuM YMHOM, JUISI JAHOI KUIBKICHOI O3HAaKM IIUIBHICTH PO3MOJILITY
HMOBIPHOCTEH ONMUCYETHCS QYHKITIEIO:

_(x-52,8)°
2.2,582

1
f(X)=——F—¢
2,58\ 27
Busnaunmo, Hampukiaa, IMOBIPHICTh TOTO, IO MIITHICTh HA CTHCK OyJIe He
Menie, Hik 50 MIla:

50-52,8

P(X >50)=1-P(X <50)=1-F, =1-F,(~1,08)=1-0,1401=0,8599.

)
3aysaosicenns. Y npukiaai 2.6 Teza npo TEOPETUYHHUI 3aKOH PO3MOILTY O3HAKU

Oyna mpuifHITa B IEepUIOMY HAaOMMKEHHI. Y BIAMOBIAAIBHUX PO3paxyHKax MOTpiOHA
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nepeBipKa CTaTUCTUYHOI TIMOTE3W 3a TaK 3BAHUMH KPUTEPISIMHU 3TOAH, SKi OyZyTh
HaBeJeHl aaull.

2.3.4 JlorapudMidHO HOPMaJIBLHUM PO3TOILIT

ko KiTbKiCHa O3HAaKa Ma€ 3HAYHO aCUMETPUYHUN PO3MOJILI, TImoTe3a Mpo
HOpMaJbHUIM 3aKOH € HEKOpeKTHO. OJHaK HOPMaJIbHOMY 3aKOHY MOXYTb
HiANOPSAKOBYBATUCA JIorapu(dMU  3HAYeHb JOCHIIKYBAaHOI O3HAaKU. Y LBbOMY
BUIAJKy PO3MOJUT O3HAKW HA3UBAIOTH .J102apu@miuno Hopmarohum (CKOPOUYEHO
noeHopmanvHum). Sk TpuKIan Ha puc. 2.14 HaBEIEHO pO3MOIIIM IMOTYKHOCTI
IJIACTIB BYTULISA 1 JJorapru@miB 3HaYEHB MOTYKHOCTI [2].

0,359 W
0,34 !
0,254
e
0,151
0,14

0,05 1 [
0 : '

-
IS
J

~|s

0,64
o N
»
0,24
[ |
- Inx
0 L] ] L] T L ] 1 T L ] 1 L]
-1,5 1,25 -1,0 -0,75-05-025 0 0,25 05 0,75 1,0 1,25 1,5

0)
Puc. 2.14. Tictorpama BiIHOCHUX dYacTOT TOTYXHOCTEW Tutacta (a) Ta
jorapudmiB NOTY>KHOCTEH 11acta (0)

JlorapumMiyHO HOPMAJIbHUIM PO3MOJLT OINUCYE BHUIMAAKOBY BEIMYHMHY X,
norapudM [KOoi Mae HOpPMaJIbHUN pO3Monin 3 mapamerpamu a 1 o. lllinbHICTE
posnoainy Benmmuunau Z = In( X) mae Burmsn (2.47):

1 _(Z_a)z

f(z)=——e
(2) 0'\/27ze
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Toni BunankoBa BenmuurHa X=e” po3MojiaeHa 3a 1orapu()MidHO HOPMATEHHUM
3aKOHOM:

1 _(Inx-a)

0= oar

BaxyinBo Bi3HAUUTH, 10 MapamMeTpu a 1 o Uil HOPMAJIBHO PO3IMOIIICHOT

e 20

(2.55)

BEJINYMHU Z :In(X) BIJIIOBIJHO JOPIBHIOIOTh MAaT€MATHYHOMY CIIOAIBAHHIO 1
CepeIHbOMY KBaJPAaTUYHOMY BIAXWJIEHHIO, ajie ISl JIOTHOPMAJIbHOI BEIMYUHUA X 1€
npocto mapameTpu ¢opmu 1 Macmtady. OgHaKk BOHU TEXK MOB'SI3aHI 3 YHMCIOBUMHU
XapaKTepUCTHUKaMHU BUIIAJKOBOI BEIMYMHU. MaTemaTHuHe CHOJIBAHHS 1 JUCHEPCIs
JUI JIOTHOPMAJIbHOT BEJIMYMHU BUPAXKAIOTHCA Yepe3 NapaMeTpu PO3MOAULY TaKUM
YUHOM:

0_2
at—

M(X)=e" 2: (2.56)
D(X)=e%" (% -1). (2.57)

dopMa KpUBOi MIUIBHOCTI JIOTHOPMAJILHOTO PO3MOJUIY 3aJICKUTh BiJl
CHIBBIAHOILIEHHSI TapameTpiB a 1 o (puc.2.15). ns Hei xapakTepHa ICTOTHA
npaBoOiuHa acumertpis. llokaxemo, SK BHU3HAUYUTH MapaMeTpu JOTHOPMAIBHOIO
po3noAlly & 1 O 3a METOJOM MOMEHTIB, BHUKOPUCTOBYIOUM OCHOBHI
criBBigHomenns: M (X) =X", D(X)=S?.

3 ypaxyBanHsaM opmyn (2.56) Ta (2.57) yTBOPIOEMO CHUCTEMY BITHOCHO JBOX

HEBIIOMUX & 1 O

X =exp(c’/2+a),

S’ =exp(o’ + Za)[exp(az)—l}l

Jlorapudmyroun oOHUIBI YaCTUHU PIBHSAHb, BUKIIOUMMO MapaMeTp 4 3 PIBHIHb
Ta BI3bMEMO JI0 yBaru, 1o \/572 / X = n°. Toxi OTpUMAEMO:
o=,/In (772 + 1),

2.58
azlni*—%ln(n%l). (2:59)

@opmymu  (2.58) € ocCTaTOYHUMHU Ui  BU3HAYEHHS  TapaMeTpiB
JIOTHOPMAJIBHOT'O PO3MOJILTY 32 BUOIPKOBUMHU JTAHUMHU.

Jlorapu(MiyHO HOpPMaJIIbHUN PO3MOJLT WMOBIPHOCTEH € JOCHUTH UIMPOKO
PO3TMOBCIOKEHOI0 CTATHCTUYHOIO MOJICIUTIO OMHUCY SIBUII 1 TPOIECIB Y HAayKaX IMpo
3emiro. [{uM po3moaiIoM OMUCYETHCS BMICT €JIEMEHTIB 1 MIHEPAIIB Y BUBEPIKEHUX

45



ripChKUX TMOPOJaX, PO3MIpH YAaCTUHOK OCAJOBHUX IMOPiJ, PO3MIPU YACTUHOK IMPH
noApiOHEHH]1 TBEPAMUX TUI 30CEPEIHKEHOI0 CHIIOI, BEIMYMHU TPAHUYHUX PYHHIBHUX
HaTpPYy>KEeHb JUIS JESKAX TUITIB ITOPIJT TOIIO.

05%)

0,44
0,3 1
0,2 -

0,11

Puc. 2.15. KpuBi uiiiabHOCTI JorapudMidHO HOPMAIBHOTO PO3MOAUTY 3
pi3HMMHM 3HaYeHHSAMU napamerpis: a) o> = 1lnmpua=0(1),a=0,3(2) raa=1 (3), 6)
a=0npu c°=0,1(1), 0*=0,3(2), =1 (3)

3HayHuil  o0cAr BuUMpoOyBaHb 3pa3KiB  OCAJAOBUX, MarMaTU4HUX 1
MeTaMOp(pIYHUX TIPCHKUX TMOPiJ HAa PO3TATHEHHSA-CTUCKAHHS [OKa3ajiu, IO
HAWOUIbII NPUNUHATHOIO CTATUCTUYHOIO MOJEIUTIO JJs MEXl MIIHOCTI € came
JgorapuMiuHO HOPMAIBHUHN PO3MOALI.

JlorapumMiyHO HOPMAJIBHUNA PO3MOIIA MOXHAa BHBECTH SK CTaTUCTUYHY
MOJIETIb BHUMNAAKOBOI BEIMYMHU, 3HAYCHHS SIKOI YTBOPIOIOTHCS B Pe3yJbTarTi
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MHOKEHHSI BEJIHMKOi KUIBKOCTI €JIEMEHTAapHUX MOMUJIOK aHAJOrIYHO TOMY, SIK
HOPMaJIBHUNA PO3TOJILT € MOJEIUTIO iX CYyMH.

BrnactuBocTi norapumMidHO HOPMATBFHOTO 3aKOHY BUXOJSATH 3 BJIACTHBOCTEH
BIIMOBIAHOTO  HOpMajpHOrO po3noauty. Kpim Toro, mei posmoaun wmae
HAWBaXJIMBINIY OCOOJHMBICTH: pO3MOMIT MOOYTKY N HE3AICKHUX MMO3UTUBHUX
BUIMAJKOBUX BEJIWYMH 3 JIOrapu(PMiuHO HOPMAIbHUMU PO3MOIITIAMH  3HOBY
MiIMOPSIKOBYETHCS IIBOMY pO3moainy. JJis HbOro Mae Miclie aHaJor IEHTPATBHOI
TPAaHUYHOI TEOPEMH: PO3MOALT JOOYTKY HE3aNeKHUX TMO3UTHBHUX BHUIAIKOBUX
BEJIMYMH TPU JEAKUX CHUTBHUX yMOBaX HAOMMKAE€TbCA MO JIOTapupMidHO
HOPMaJIBPHOTO 3aKOHY IPU HEOOMEKEHOMY 3pOCTaHHI YHMCJIa CITiIBMHOKHHUKIB.

2.3.5 Namma-po3smoin
Judepenuianbia QyHKIIST raMMa-po3MOILTy Ma€ BUTIISA!

A" £l —ax
——Xx"" e, npu x20; A>0, &£>0,
() ={ (&) (2.59)
0, 8 IHUUX SUNAOKAX.
Tyr I'(¢) — ramma-¢dyHKITS, TKa BU3HAYAETHCS SIK THTETpal
I'é)= J‘x‘ff1 e “dx. (2.60)
0

3anexHo Bij mapameTpiB 771 A kpusa f(X) HaOyBae pizaux dhopm (puc. 2.16).
MaremMaTtuyHe CHOOMIBaHHS 1 JUCIEPCis TaMMa-po3Moily TOB'si3aHl 3
napamMeTpaMu po3MOALUTY CIiBBIAHOIICHHSIMU:

Mwhé;DMF%n (2.61)

[Tpu &= 1 ramma-QyHKITiS JOPIBHIOE OJTMHUIIL:

. 1
o =-| =€ |=1,
e
TOJII TaMMa-PO3IIOI1JI Ma€ BUTJISL;
Ae Pnpu x>0, A>0,

0 8 IHWUX 6UNAOKAX.

Q= Ie‘xdx =—e
0

f(x)=

Ile He 110 iHIIE, SK MUIBHICTh €KCIIOHEHIIAILHOTO PO3MOALTY. TakumM 4ruHOM,
EKCIIOHEHII1AIbHUH PO3IMOLT € YACTKOBUM BHUIIAIKOM FaMMa-pO3MOILITY.
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[Mamma-po3mofin, TakoX SK 1 EKCIIOHEHIIAJbHUW PO3IMOILI, Ma€ MIUPOKE
3aCTOCYBAaHHS B MPUPOJHHUYNX HaykaX. EKCIIepuMEHTATbHO BCTAHOBIICHO, IO TAKHM
PO3MOIIIIOM MOXYTh OMUCYBATHCS TaKi BEIMYUHHU, K BMICT KOPHCHOTO KOMITOHEHTA
B ITpo0ax ripCchbKuX MOPI/I.

2,0 f(x)

Puc. 2.16. KpuBi migpHOCTI TaMMa-po3MOAUTYy 3 PI3HUMHU IapaMeTpaMu:
1)¢=05;14=1; 2)¢(=1,1=1;3)¢=3; 4=1

2.3.6 Bubip TeopeTUuHOTO PO3MOILITY 32 €KCIIEPUMEHTATLHUMU JaHUMU
Jns BUOOpPY TEOPETUYHOTO PO3MOJIIY 3a EKCIEPUMEHTAIbHUMU JaHUMH
BukopuctoBytoTh rpadik K. [Tipcona [12] (puc. 2.17), Ha sxkoMy 3a BicClo abcIuc

BIIKJIJal0Th HOPMOBAHUM MOKA3HUK aCUMETPIi
2

p=| = (2.62)

G ]
a 10 OC1 OpJIMHAT — MOKAa3HUK EKCIIECY

B, :%. (2.63)

MoskHa TEpeKOHATHCs, IO Uil HopMaiabHOTO posmnoniny =0, a B =3.
Takum umHOM, Ha Tpadiky IlipcoHa HOpMabHOMY PO3MOALTY BIANOBIIA€ TOYKA 3
koopauHatamu (0, 3). i ekcnoHeHIiadbHOro po3moainy =4, 1 =9, Ha
rpadiky oMy BIAMOBiIae Toyka 3 KoopAauHaTamu (4, 9). [ns iHmMX poO3MOALIIB,
TaKuX SK JOrapu(MIYHO HOPMAJIBHUM Ta raMMa-pO3IOJLI, TOKa3HUKU acUMETpii i
€KCIIECY 3MIHIOIOTBCS 3aJIEKHO BiJ] MapaMeTpiB PO3MOALTY, TOMYy Ha Tpadiky im
BIJIMOBIAAIOTh BXKE HE TOYKH, a JIiHIi. [leski po3noaiiv 3aiMaroTh Iy AUISHKY. Jis
Toro, mo0 miaidpatd po3MOAUT JJIsi CTAaTUCTUYHUX JaHUX, EMIIPUYHI TOYKH 3
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xoopauHaTtamu (B ), HaHocaTh Ha rpadik Ilipcona. SIKIIO Ii TOYKKM IPYIYIOTHCS
no6ym3y JiHii a00 TOYKM, IO BIAMOBIAAE TOMY UM 1HIIOMY PO3IOIiTY, BUCYBAaIOTh
riroTe3y Mpo Te, MO0 CTAaTUCTUYHI JaH1 MIIOPSIAKOBYIOTECS caMe IbOMY PO3TOJILTY.
Jlami npuiHATY TIMOTe3y CHi MATBEPAUTH 3a OJHUM 3 KPUTEPIiB 3rou, 10 OyAYTh
PO3TISHYTI Jai.

N

3 P

N
N

PiBHOMipHE
Kputn4iHa obnactb

MapaboniyHe ~

HopmanbHe
layca 3
y m
JlorictnyHe _ SN
\ ) \\

N

AN

bepHwTenHa
8 N .
VCI’IOHGHU,MHG
JlorHopmarnbHe \&
-9 N

/

®pewe

P,

Puc. 2.17. I'padik [lipcona ans BuUOOpY TEOPETUYHUX PO3IO/LIIIB

[Mpuknag 2.7. Ilinbepemo 3a rpadikom IlipcoHa 3akoH PO3MOAITY KUTBKICHOT
O3HaKW, IO po3risHyTa B migposmim 2.2.4 (mpukian 2.4). Jlns HaBemeHUX
CTaTUCTUYHHMX JaHUX HOPMOBAHUH MOKa3HUK aCUMETPii

2
() [ 472 —0,28%=0,0784
A (&j (2,583) ’ ’ '

HopMoBaHHii NOKa3HUK €KCLECY
p, — Ha 104,76
o' 2,58
Takum 4WHOM, IJIT MAHOTO CTAaTHUCTHUYHOTO po3mnoiutry Ha rpadiky Ilipcona
orpumaemo Touky (0,078,2,37), mo posramoBana mnobau3y toukum (0, 3), ska

=2,37.
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BIJINOBIJIa€ HOPMAJIBHOMY 3aKOHY po3mnofiny. Toai mogaTKOBO 10 BUKOHAHHS
npaBWia TPhOX CUTM (TIpuKiaz 2.6) MaeMo Ie OJHY MiACTaBy BHUCYHYTH TilOTE3y
Opo MiANOPSAAKYBaHHS PO3TJSIHYTHX y TpHKIaai 2.4 CTaTUCTUYHHUX JaHUX
HOPMaJIBHOMY PO3TOIiTY.

2.3.7 Heski TEOpEeTHUYHI PO3MOMLUIN, IO 3aCTOCOBYIOTHCS B MaTeMaTHYHIN
CTATHUCTHII

Po3snooin «xi-keaopamy

Leit po3momain («y» — rpelbka OyKBa, BAMOBIISIETBCS «X1») TICHO TOB'SI3aHUM 3
HOpMaJTbHUM. PO3riIsmaeThes Taka BETMIHHA

ZZ :Zin ! (264)

7€ Vi — He3aJIe)KH1 BHUMAJKOBI BEJIMYMHU, PO3MOJIICHI 32 HOPMAJbHUM 3aKOHOM 3
napamerpamu a = 0 mpu ¢° = 1. Ilpu 1bOMy BEenMYHHA J° Ma€ CBili 3aKOH PO3MOMLILY
(Tak 3BaHMIl «y>-KBagpaT» a0 «¥>», BUMOBIAETLCA «Xi-KBaapaT»). MoKHA I0BECTH,
10 1Ie¥ 3aK0H Ma€ MIUIbHICTD PO3MOLITY

1 vi2-1,-x/2

—r— , X>0,
0, x<0.
[Ipu upomy
v=n-r, (2.66)
Je I — uhCio 3B’A3KiB, HAKNAACHHX Ha BeqmumHy yo. Skmo Y, =-—— i
o

—_ —_ n .
MPUNMAETHCS, O X = X = in , TO Ha yi2 HaKJIaJAa€ThCs OJIMH 3B'A30K 1 I = 1; KON
i=1

IpHUIAMAEThCS, KPIM LBOTO, M0 O =0, TO [ = 2; mapaMeTp V Ha3UBAEThCSA YHUCIOM
CTEIEHIB BUIBHOCTI.

3 dopmynn (2.65) BuaHO, mo ramma-posnoxin npu & =1/2 i A =v 36iraerses
3 posnominoM 4% 3i 30UIbIIEHHSAM V PO3MOAIT y° INOBiIBHO HaOJMKAETHCSA JI0
HOpMasbHOTO (prc. 2.18).

MoskHa nmoka3aTu, 110

M(2) = v, (2.67)
D(2) = 2v. (2.68)

Vnepue y>-posnogin 6yno posrisayro P. Xemsmeprom y 1876 p. i mami
po3sunyto K. ITipconom y 1900 p. [1].
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Puc. 2.18. I1linbHiCTE pO3MOALTYy 7> IpH Pi3HUX 3HAYCHHAX IapameTpa v

Posnoodin Cmvrooenma
Hexalt Y — HopMalbHa BUNaaKkoBa BenuduHa 3 a = 0 mpu o2 = 1, Z — He3anexHa
Bix Y BUIAIKOBa BEIMYMHA, PO3IMOIINICHA 3a 3aKOHOM y° 3 V CTENEHSAMM BillbHOCTI.

MosxHa JOBCCTH, IIIO BHUIIAIKOBA BCINYHNHA
Y

N

po3mnojisieHa 3a 3axonom Cmwvrooenma 13 MUIbHICTIO HMOBIPHOCTI

) ey -

\/;F(VIZ) 1%

Leit po3mofin, K i ¥, MICTMTB OJMH IapaMeTp V — YUCJIO CTENEHIB BIILHOCTI,
o0 Oo0YHUCTIOEThCS 32 Qopmynioto (2.66). 31 3poctanHsiM V posnoain CTeroAeHTa
HIBUJIKO HAOJIMXKYEThCS IO HOpMaibHOTO (puc. 2.19).

PosrinssHemo  Temep  meAKi  JUCKPETHI  3aKOHU  PO3MOJLTY, 10

(2.69)

f(x)=

BUKOPHUCTOBYIOTHCS B IPUPOJHUYNX HAYKAX.
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v=

Puc. 2.19. lllinbHicTh po3noainy CThlo/IeHTa

2.3.8 Jlesiki TUCKpETHI PO3IMOIIIN

binomianvnuu posnodin onucye NUCKPETHY BHIIAJIKOBY BEJIHMYMHY, TaKy SK
KUIBKICTh YCIIXIB Yy TOCIIJOBHOCTI €KCIepUMEHTIB. Po3risHemMo mopii 3 aBoma
MOXJIMBUMH pe3yjbTaTaMH, OAWH 3 HUX (A) — 3 IMOBIpHICTIO P, apyruit (B) — 3
iMoBipHicTIO ( =1 — .

VMoBipHicTh moOmii, KoM B N ekcrnepuMeHTax mofis A BimOymacs K pasis,
00UYHCITIOETHCSA 32 (HOPMYJIIOHO

p,(k)=Cip*(1-p)"", 2.71)

n! 1-1.2.3
—— NI=1-Z-5-...- N,
ki(n—k)!

HIMoBipHOCTI, 5IKi 00UHCITIOIOTHCS 3a popmyioro (2.71) npu pi3HUX 3HAYEHHSIX

ne CX =

K, sIBJISIFOTH 00010 wieHn OiHoMa HbioTOHA, 3aBISKHA YOMY PO3IMOi OTPUMAB CBOIO
Ha3BY.

Bumaakosa BeinunHa X HaOyBae 4yncioBux 3HadeHb K = 0,1,...,n. ﬁMOBipHiCTB
nofii X = K oGunciroeTbes 3a popmysioro (2.71).

Matemarnune crogiBanasg M(X) OiHOMialbHOrO PO3MOILIY JIOpPIBHIOE NP, a
D(X) mucnepcist — np(l— p) . Jlaru#t po3moin Moke BUKOPUCTOBYBATHUCS ISl OITHCY

MPOLIEHTHOT'O BMICTY 3€peH MEBHOI (OpMHU Ta po3Mipy B 3pa3kax TipChbKUX MOPij,
MEPEBUILEHHS JOMYCTUMUX KOHIIEHTpalii y mpobax BOIW YU IPYHTY Ta iH.

Posznooin Ilyaccona

Komu #iMOBIpHICTh P moaii A Mana, a 4MCIO HE3AJICKHHUX EKCIIEPUMEHTIB N
BEJIMKE, TaK IO BEMYMHA A =N-P «HE BEJMKA 1 HE MaJiay, TO WMOBIPHICTH IMOII,
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Ko 3 N pasiB moxmist A BigOymacs K pasiB, 0OYHCIIOETBCS 32 HAOIMIKEHOIO
hopmyIioro

Py =We‘l, A>0. (2.72)

[{s ¢popmyma BuzHadae Tak 3BaHui po3nonin [lyaccona, mpu 1mmpomy uncio A
HA3MBAETHCSA TApaMeTpoM po3moAiny. UuciIoBi XapaKTepUCTUKH BEIWYUHU X, IO
HaOyBae oxne 31 3Hauenb K =0,1,...,n Ta po3momigcHa 3a 3akoHOM IlyaccoHa,

MOB’sI3aHI 3 TAapaMeTPOM PO3MOALTY TaKUM YMHOM: MaTE€MaTHYHE CIIOJIBaHHS —
M(X) = A4, mucniepcis — D(X) = A.

KouTpouabHi nuTanus a0 miaposaiay 2.3

1. Hasenmith Tpadix 1 aHAMITUYHUKH BHpa3 MIUIBHOCTI  PO3MOALTY
CKCIIOHEHLIAILHOTO ~ 3aKOHY.  fIka  BUIAAKOBAa  BEJIMYMHA  OIHUCYETHCSA
€KCIIOHEHII1AJIbHUM 3aKOHOM PO3HOLTY?

2. 'Y 9omy moJsira€ METOI MOMEHTIB OIIHKH MMapaMeTpiB PO3MOALTY?

3. Hagenits rpadik i aHaTITHYHUN BHpa3 MIIIBHOCTI PO3MOIITY HOPMaIbHOTO
3aKOHY. SIK1 BUITAJIKOB1 BEJIMYMHU OMUCYIOTHCS HOPMAJIBHUM 3aKOHOM PO3MOLTY?

4. Sk 3B’43aH1 MapaMeTpU PO3MNOJUTY HOPMAJIbHOTO 3aKOHY 3 UYHCIOBUMU
XapaKTepUCTHUKaMH BUIAIKOBO1 BEIUUNHU?

5. o Take HOpMOBaHa HOpMaJbHA BEJIMYMHA?

6. Uum BIiApI3HAETHCSA 3araJbHUN HOPMAJIBHHUIM PO3MOJALT BiJ] HOPMOBAHOTO
HOPMAaJIbLHOTO PO3MOIiTY?

7. Sk 3HalTH UMOBIPHICTH MOTPAIUISIHHS HOPMAJIbHOI BUIAJAKOBOI BEJIMYMHU
B 3a/IaHMI 1HTEpBaJI?

8. Sk BU3HAYMTH NMOBIPHICTH 3aJaAHOTO BiIXHUJICHHS?

9. V domy nosiArae nNpaBuiIO «TPHOX CUTM»?

10. YoMy mopiBHIOE aCUMETPIS i €KCIIEC HOPMAIBHOTO PO3MOALTY?

11. Ha3BiTh 1HII 3aKOHH PO3MOJAUTY, IO BHUKOPUCTOBYIOTHCS ISl OIHUCY
KUIBKICHUX O3HaK.

12. SIx miai6patu TEOPETUYHUN 3aKOH PO3MOALTY JJIsl EMIIPUYHUX JTAHUX ?

2.4. IlepeBipka cTATUCTHUYHMX TinoTe3

Cmamucmuuni 2inome3u (HOPMYITIOIOTBCA JUISI TEPEBIPKH  CXOXKOCTI abo0
BIZIMIHHOCTI TIeBHHX TiporeciB (00’ekTiB). Crmo4yaTKy BU3HAYAE€THCA B (3aKOH)
PO3MOILTY, BIAMOBIIHUN JaHiii BHOIpIN, MICIS YOro MEPEeBIPSIOTHCS TIMOTE3W PO
PIBHICTH YHCIIOBHX XapaKTEPUCTUK IEBHOTO MTapaMeTpa, 30KpemMa mpo:

1) OZHOPIAHICTH JOCIIIPKYBAHOTO 00’ €KTa;
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2) pIBHICTh CEpeaHIX 3HAYeHb IMapameTpa, OTPUMAHOIO PI3HHMH METOJaMU
JUTSL TOTO K 00 €KTa;

3) pIBHICTH AUCIIEPCiH JBOX BUIAIKOBUX BEJIUYHMH 32 BUOIPKOBUMH JTaHUMHU.

Hampukiag, CTaTUCTUYHOIO TIMOTE30l0 MOXE OyTH TBEPKEHHS 100
OJTHAKOBOCTI MiHEpai3allii y JBOX Pi3HUX piukax.

CraTucTuHa TIepeBipKa TINOTE3 BHUKOHYETHCS 3a KPHUTEPISIMU 3TOJH.
KputepieM 3roau HasuBaeTbesi 3HaueHHS Jgeskoi ¢yHkuii f(5,5,....4) Bia
BUITAJIKOBUX BEIUYHH &1,&,...,&, M0 XapaKTePU3YIOTh TIMOTe3y, sIKa IEPEeBIPIETHCS.
®ynkiiis f Mae OyTH BHITAJKOBOIO BEJIMYMHOI 3 BIJIOMHM pO3IMOJIIOM, 3a SKAM
3py4YHO MEpeBipUTH rinoTe3y. CTaTUCTHYHA TIM0Te3a MPUMUMAETHCS YU BIIXUIISIETHCS,
SKIO 3Ha4YeHHs (QyHKIil f Ounble yu MeHIne (3alexHO Bia (HOpMYIIOBaHHS) 3a
TeopeTHyHe 3HaueHHs f JUIsi aHamorivHMX yMOB 1 3amgaHol ¥WMoBipHOCTI p. Ll
MMOBIPHICTh BIAMNOBIAA€ MNPAKTUYHO HEMOXJIMBIA TMOJli 1 HA3UBAETHCS piGHEM
suauywocmi. ImosiphicTs (1 — p), 0 BU3HAYAE Mipy NPABHIBHOCTI BUCHOBKY II0JI0
rinoTe3u 1 BIJNOBIJA€ TMPAKTUYHO JOCTOBIPHIM TMOMAIl, HA3UBA€THCA HAAIIHOIO
WMOBIpHICTIO. B  mpupogHuymx Haykax YacTO BHUKOPUCTOBYIOThCS —HaJiiHI
“MoBipHOCTI 95% Ta piBeHb 3HaUyMIOCTI 5%.

Sxio crnpaBenuBa TiNoTe3a BIAXUISETHCSA, TO POOUTHCA MOMIIKA MEPIIOTO
poy, SKIIO MPHUIMAEThCsS HEMpaBWIIbHA TIMOTE3a, TO POOUTHCS MOMMIIKA IPYTOTo
poay. SKkimio WMOBIPHICTh TOMHJIKA JPYroro pojy IO3HAUYUTH uYepe3 [, TO
WMOBIPHICTh BIJICYTHOCTI Takoi MOMMIKHU (1 — ff) Ha3MBAETHCS MOTYXKHICTIO JAaHOTO
KPUTEPIIO BIIHOCHO aJIbTEPHATUBHOT T1TOTE3H.

Hampuknazn, mepeBipseTbcs TiNoTe3a Mpo Te, M0 SKICTh BOJAU BIJIMOBIIAE
CaHITapHUM HoOpMaM. Y pa3l HENpPaBUIBHOTO BHCHOBKY IIOJO MEPEBUILEHHS
JOIYCTUMOT'O BMICTY TOKCHYHHMX CHNOJIYK y (AKTHUYHO YHUCTIA BOJlI pPOOUTHCA
MOMMJIKA TIEPIIIOTO POAY, Y pa3l HEMPaBMIBHOTO BUCHOBKY 010 IPUMHATHOI SKOCTI
(hakTHyHO 3a0pYyIHEHOI BOJIU POOUTHCS MOMUIIKA Apyroro poxay. [lomuiika nepiioro
POy TPU3BOJIUTH 1O HEBUIPABIAHWX SKOHOMIYHUX BTpAT, MOMHJIKA APYTOTO POIY
3arpoxye 37J0pOB’I0 JIFOIEH.

2.4.1 BusnaueHHs Buay BUOIpKOBOTO po3noiny. Kpurepiii «xi-kBagpat»

3aK0H PO3MOJUTY BHWITAJIKOBOI BEJIMYMHU BCTAHOBIIOETHCS 3  OLIBIIOO
HAJIWHICTIO MPU BEJIMKOMY 00Cs31 BUOIpKM 3a YMOBH ii ogHOpigHOCTi. Ha oCHOBI
00pOOKHM CTATUCTUYHMX JAHUX, TPadiuHOTO 300paKEHHSI CTATUCTUYHOIO PO3MOALTY
y BUIJISI1 TICTOTpaMHM YacTOT, aHali3y TOYKOBUX OI[IHOK MOMEHTIB pO3MOALLY, a
TaKOXX BHUXOASYM 3 (I3MYHOTO 3MICTY AOCTIIKYBAaHOI KUIBKICHOI O3HAKH, MOXKHA
BUCYHYTH Tinote3y H (3poOMTH NPUITYIIEHHS) MPO TE€, 10 BUIAIKOBA BETUYMHA X
HiATOPSAKOBYETHCSI TIEBHOMY 3aKOHY po3mofiny. Po3momin, mo Mmae BHUMaIKOBa
BEJIMYMHA 32 BUCYHYTOIO T1IIOTE3010, HA3UBAIOTh TEOPETUYHUM (TIMOTETUYHHM).
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JlJis OCTaTOYHOTO BHUCHOBKY NPO 3aKOH PO3MOALTY HEOOXITHO MEpPEeBIPUTH,
HACKUIbKM TPUIYLHICHHS NP0 3aKOH PO3MOJTY Y3TOMKYEThCS 3 CTAaTUCTUYHUMHU
JTaHUMH, TOOTO 3 eKCTIIEpUMEHTOM. | HaBiTh, SIKIIO 3pO0JIeHE IPUITYIICHHS PO 3aKOH
PO3MOAITY € MPaBWIBHUM, €KCIEPUMEHTAIBHUN (CTAaTUCTHUYHUI) 3aKOH PO3MOALTY
Oyae B sAKIHCh Mipi BIJPI3HATHCA BiA TeopeTUyHOro. Tomy MOTpiOHO BUPIMIUTH
3ajady: UM € PO3XOJUKEHHs Mik cratucTiunuM f'(X) Ta Teopermunmm f(X)

3aKOHAMHU PO3IMOAUTY HACTIIKOM OOMEXKEHOI KIJIBKOCTI CIIOCTEPEKEHb, TOOTO
BUITAJIKOBUM, YU II€ PO3XOJDKEHHS € CYTTEBUM 1 TOB’SI3aHE 3 TUM, IO (DaKTUIHHIMA
PO3MOIT  BHUIAIKOBOT BEIMYMHU X BIAPI3HIETBCA BiJ TINOTETHYHOTO. Tomy
HEOOXITHI KpUTEpii, sIKi JO3BOJIAIOTH BHPIIIWTH, YU Y3TOJKYIOTHCS 3HAYCHHS
BUIIAKOBOI BEIMUUHU X: X, X,,...,X, 3 TIIOTE3010 LIOJO0 iI HIUIBHOCTI PO3MOALIY.
Taxki kputepii Ha3UBAIOTh KPUTEPISIMU 3TOAM.

[TokaxkeMO nami TOPSJOK 3aCTOCYBAHHS KPHUTEPIIO #°, 3alpPOIIOHOBAHOIO
K. [Tipconom. BignoBigAHO IbOMY KPHUTEPII0 MOPIBHIOIOTHCS €MIIPUYHI YACTOTH Ta
TEOPETHYHI UMOBIPHOCTI. PO3riisiHEMO BETUYUHY:

x =2W (2.73)

ne | — KIIbKICTh pO3pSAAIB JAHOTO IHTEPBAIBHOrO psxy; N — oOcsAr BUOIpKH; M —
1HTEepBaJIbHI YaCTOTHU (EMIIPHUYHI JaHi); Pi — IMOBIPHOCTI MOTPAIUISTHHS BUIAIKOBOT
BEJIMYUHU B i-i IPOMIKOK, 110 OOYUCITIOIOTHCS BIJIMOBIIHO JI0 TIMOTETUYHOI (QDYyHKIIIT
f(x):

X
P(X, <X <x)= j f (x)dx. (2.74)
X1
Bennuuna (2.73) € BUNAAKOBOIO, TOMY IO Yy PI3HUX BUIPOOYBAaHHSX BOHA
HaOyBae pI3HUX, 3a3Jaleriib HEBIMOMHUX 3HA4Y€Hb. 3pO3YMLIO, IO YHM MEHIIE
BIJIPI3HSIOTHCS EMITIPUYHI Ta TEOPETUYHI YaCTOTH, TUM MEHIIIE BennyuHa (2.73).

KO 3aKOH pO3MOAUTY KPUTEpI0 3rojld BIAOMHM, MOXHA BKa3aTH Take

KPUTUYHE 3HAYEHHS KDUTEpil0 y° = pryﬂp abo y°= prm (puc. 2.20) npu sxomy
BiIMoBiHA iiMOBipHicTS momii ¥ > pr’np abo y° < Zlfp,ﬂﬁ Oyne OJIM3BKOIO 10 HYJIS.

['eoMeTpuvHO 111 IMOBIPHOCTI SABJSIOTH COOOIO TLIOINII il KPUBOKO PO3IMOJLITY,
TaK 3BaHi NPABOCMOPOHHIO TA NI6OCMOPOHHIO KPUTHUHI obnacti. VIMOBipHiCTB
MOTPAIUISIHHA B 111 00JIacTi B OJMHUYHOMY BHUIIPOOYBaHHI JyKe Maia, OJiM3bKa 10
HyJs. [{r0 IMOBIpHICTH BIAMOBIIHO /10 3MICTY 3a7a4i 3a3BHYail MPUUMAIOTh TaKoOIo,
mo aopiBaioe 0,01; 0,025; 0,05. Sk 3a3HayeHo Buile, TaKky HWMOBIPHICTH (IO
BIJIMOBIa€ TPAKTUYHO HEMOXJIMBIA TMOJii) HA3UBAIOTh pi6HeM 3HaAyywjocmi 1
MO3HAYAIOTh .
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o
' o

f(x,V) f(x,V):

1-a 1-a

.
Y o

X2U=X2KPAI7PA X quzszpJTB. X
Puc. 2.20. KpuTuuHi 3Ha9€HHS KPUTEPIIO

. . . . . 2
OHIHIOBaHHSI IIoTe3u 3a KPUTCPIEM IIOJIATa€ B IIOP1BHAHH1 BEJIMYWMHA X, sdKa

BU3HAYEHA BiNOBinHO 10 dhopmynu (2.73) 3 kpuTuuHuM 3HaueHHAM ( y° = pryﬂp abo
7= ;(fp ) 110 BU3HAYAETHCS 3aJIeKHO BiJl OOPAHOTO PIBHS 3HAUYYIIOCTI o. SIKIIO

2> 20, @60 y* <y . . TO 3HaYCHHs AOCIIKyBAaHO! BenMUMHHM X TOTpArUiie B
KpUTHUYHY 00JacTh (BIANOBIAHO MpaBy abo JiBY) 1 00paHy rinoTe3y Npo BUA QPYHKII]
f(X) cauin BinkunyTu. SIkuo, HaBmaku, y° < llfp,np abo y° > pr,ﬂe’ TO BETMYHHA )~
3HAXOAUTHCS 11032 KPUTUIHOIO 00JIACTIO 1 TIMOTe3a MOXKe OyTH TIPUITHSTA.

Takum 4YwHOM, JUIsI TIEPEBIPKH TIMOTE3W HEOOXIAHO BU3HAYUTH 3aKOH
PO3IOIiy BHIIAKOBOI BeTHUMHE . JIOBEIEHO, IO MpU N —> 00 3aKOH PO3IOAiTY
BUMAJKOBOI BenuyuHU (2.73), HE3aJIe)KHO BIJ 3aKOHY PO3MOJUTY T€HEepaabHOT
CYKyHHOCTI X, HaGIMKAeTbcs O PO3HOALTY ¥° 3 V CTCIEHSAMH BiIbHOCTI (IHB.

miapo3ain 2.3.7). KitbKicTh CTENEeHIB BITBHOCTI 3HAXOAATh 3a popmynoo v =1 —r,
|

1ie I' — KITBKICTh 3B’A3KiB, 110 HAKJIAQJICH]1 HAa yacToTu M. Hanpuknan, sikiio Zmi =N
i=1

Ta B pOJIi TEOPETUYHHUX MMAapaMeTpiB X 1 o, sIKi BXOAATH 10 Teopetuunoi pynkiii f(X),

IPUIAMAIOTHCS TX TOYKOBI OIHKM X i S, TO mpuitmMaroTh r=3. KpuTuuHi 3Ha4YeHHs
BEIIUYUHU ) 2 HaBeJICH1 B TaOJMIl JOAAaTKy b 3aIekHO Bij] 3HaYEHb o TA V.

Po3paxyHKU BUKOHYIOTh Y TaKii MOCI1IOBHOCTI:

— BHCYBAIOTh TiNOTe3y Mpo 3akoH posmoniny f(x), 3a BUOIpKO BU3HAYAIOTH
mapaMeTpy PO3NOJiNy (Hampukiaajg, a=X Ta o =S, AKIO BHCYHyTa TiloTe3a Mpo
HOPMAaJIbHUI 3aKOH PO3MOALTY), a TaKOX KIJIBKICTh CTENEHIB BIIBHOCTI VvV =|—Tr
(r =3 11 HOPMAITLHOTO 3aKOHY PO3IOJLTY);

— 00uparoTh PiBEHb 3HAYYIIOCTI 0 3a TAOJUIICIO JIJIs TaHUX 0. Ta V 3HAXOMIATh

KPUTUYHE 3HAYCHHS KPUTEPIIO )(,fp o
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— 3a ¢opmynoro (2.74) BU3HAUalOTh WMOBIPHOCTI p; MOTPAIUIIHHS BUIIaJKOBOI
BeTMUMHK X 710 iHTepBaliB (X_;,X );
— 3a (opMymoxo (2.73) 0OGUHCIIOIOTH EMITIpHYHE 3HAUCHHS ¥~ |

. 2
— HOPIBHIKOTb 3HAYCHHA ¥ 3 KPUTUYHUM.

B pe3ynbrati mopiBHAHHS:
a) y BHUIJKy MPAaBOCTOPOHHBOT KPUTUYHOI 00JIacTi TinmoTe3a, 1o BUCyBajacs,

BiZIKM/IA€THCSA, AKIIO y~ > pr p
0) y BHMaAKy JIBOCTOPOHHKOI KPUTHYHOI 00JACTi TiMmoTe3a, 10 BUCYBamacs,

. 2 2 .

BIAKHUIAETBCSL, SKINO ¥° < ¥p .

B) y BHUIIQJKYy JIBOCTOPOHHBOI KPUTHUYHOI 00JIACTI TINOTE3a, 110 BUCYyBaiacs,
Oyne npasunvbroro, K0 BUKOHYETHCS YMOBA!

(2 <22.)+p(2°> 22) =2 (2.75)

O4eBUHO, IO KPUTUYHI TOYKH MOXYThb OyTH BHOpaHI HECKIHYEHHOIO
MHOKMHOIO CTOCO0IB. SIKIIO pO3MOALT KPUTEPIKD CUMETPUYHUIN BIJHOCHO HYJS 1 €

IiJICTaBU OOMPAaTH CHMETPHUYHI BIJHOCHO HYJS TOYKH pr <01 pr » >0, TO
[IPUNMAEMO
2 2 2 2
p(Z < ZK[J.JZ(}) = p(;{ > ZKp.np ) '

Bpaxosyroun (2.75), onepxumo:
o
0(2*<2%.)=0(1"> 20 = >

VY nonatky b HaBeneHBI JUIIE «MPaBl» KPUTUUHI TOUKU. 3HANTH <JIIBY» TOUKY

MO’HA 3 ypaxyBaHHAM TOTO, IO Mofii y° > ;(fp w1 7°< ;(fp .. IPOTUJIEXKHI Ta cyMa
ix iMOBIpHOCTEH TOPIBHIOE 1:

p(;/ <pr.ﬂe)=1— ID(}(2 >;(,fp.,,p)=1—%. (2.76)

[puknag 2.8. IlepeBipuMo TimoTe3y MpPO HOPMAIBHHUMA 3aKOH PO3MOIUTY IS

JaHUX, 10 mojaHi BHOIpkoro obcsrom N=40 Ta 3rpymnoBaHi B iHTEPBAJbHHH Psij
(Tabm. 2.6). B nmpuximazni 2.4 po3paxoBaHi mapaMeTpPH CTATUCTUYHOTO PO3MOLTY IIi€i

u—

KiNbKicHOT O3HaKuW: cepenHs BuOipkoBa X =52,85 T1a cepemme KsampaTHdHE
BiAXuiIeHHs S =2,58. B npuknani 2.5 BUCYHyTa TioTe3a Npo NiANOPpAIKYBAHHS IIUX
JaHUX HOPMAJIbHOMY 3aKOHY PO3MOJLIY 1 BH3HAYEHI MapamMeTpu IBOTO PO3MOJLTY
a=x*= 52,8; oc=S5=258. 3HaXoauMO YHUCII0 CTEIEHIB BUJIBHOCTI

v=|l-r=5-3=2. Po3rnsHeMO ABOCTOPOHHIO KPHUTHYHY OOJIACTh 3a TaOIMIICIO

57



(momatroxk b) mna v=2 1 0‘2=O,025 BHU3HAUYMMO, IO pr’np:7,4, a Ui

(1—%) =0,975 u Toro camoro v 3HaxoauUMo y2 ~=0,051.

3HaiiieMo Temep MMOBIPHOCTI pi MOTPAIUIAHHS 3HAYEHHS BUIIAJIKOBOI
BEJIMYMHM B 1IHTEpBaIU (Xi+1, Xi). Ckopuctaemocs yHkiiero Jlamnaca BIAIOBIIHO 0

dopmymnm (2.51):
sl
o o
Otpumaemo:
P=0o 0-528)_ 5[ B-528)_ @(-1,08)- d(-1,86)=—-0,3599 +0,4686 = 0,11;
2,58 2,58

p, = 227928 _ 5[ 0 =528 _ 4(_0,31)— d(~1,08)=-01217 +0,3599 = 0,24;
2,58 2,58

p = 27928 _ 5 5275281 _ 5(0,46)—(~0,27)= 01772 + 01217 =0,3;
2,58 2,58

p, = 07928 _ 5[ S4=528\_ 10 24)_(0,5)= 0,3925 01772 = 0,22;
2,58 2,58

p o 8792815 09281 _ 55 01)—p(1,28) = 0,4772 —0,3925 = 0,09:
2,58 2,58

p = X =528 _ 4 B=5281_ 55 79)— p(2,05) = 0,4974 —0,4772 = 0,02.
2,58 2,58

PesynpTaTi po3paxyHkiB nojaHi y tadsm. 2.9.

Tabmura 2.9
OGuUHCIeHHS U TIepeBipKN BUGIPKH 3a KpUTepieM y°
[HTEpBaM MIITHOCTI 3naueHHs cepe- | Yacrota BinnocuHa Teopernuni
3pa3Ka Ha CTUCK JUHU THTEpBATY m; gacToTta Wi | HIMOBIPHOCTI
Uij.1 — Uj, MIIa Ui, Mlla

48 — 50 49 6 0,150 0,11

50 -52 51 9 0,225 0,24

52 -54 53 13 0,325 0,30

54 — 56 95 7 0,175 0,22

56 — 58 o7 4 0,100 0,09

58 — 60 59 1 0,025 0,02
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3a popmyroro (2.73) BUZBHAUMMO €MITIPUYHE 3HAYEHHS KPUTEPIIO:

(Z)Z _ izl_l:(mi ;pr:pi) :Z::(mi ;;slpu) _
:(6—4,4)2 (9-9,6)° (13-12)° (7-88)° (4-36) (1—0,8)2:
4.4 9,6 12 8,8 3,6 0,8

=0,58+0,037+0,08+0,37+0,04+0,05=1157.
Y naHoOMy BUNAJKY prlm <<y oy (0,051<1,409<7,4) Tomy moxHa

CTBEp/KYBaTH, IO TIMOTe3a TMPO PO3MOIT BHUIATKOBOI  BEJIWYMHH, IO
CIOCTEPIraeThCs X 32 HOPMAJIbHUM 3aKOHOM 13 apameTpamu a = 52,8 1 o = 2,58 He
CYIIEpEYUTh CTATUCTUYHUM JIAHHUM.

Bume 3a3Hauvanoch, WO cmamucmuyHi 2inomesu BUKOPUCTOBYIOTH JUIS
MEePEBIPKM CXOXKOCTI TEBHMX TporeciB abo 00’ekTiB. Hampuknaa, mnpakTudHe
3aCTOCYBaHHS Mae€ IMEpeBIpKa TINOTE3U MPO PIBHICTh CEPENHIX 3HAYEHb MapaMeTpa,
OTPUMAHOTO PI3HUMHU METOJAMHU JIJIsl OTHOTO M TOTO X 00’€KTAa.

2.4.2 T'imoTe3a mpo PiBHICTh CEPEHIX 3HAYECHD

[lepeBipka 11i€i TiMOTE3U BUKOHYEThCS 3a Kputepisimu CrtbrofieHTa, Ban-mep-
Bapnena, Binkokcona Ta iHmmMmu [6, 7]. PosriasHemo aAeTanpHINIE KpUTEPid
Creronenra. Iloznauumo depes Xi, X2,...,Xn Ta Y1, V2,...,Vm 3HAUYCHHS BHOIPKOBUX
JAHUX Ha pI13HUX 00’eKTax abo Taki, 1[0 OTPUMaHI PI3HUMHU MeToJaMu. BBaxkaeThcs,
[0 PO3MOAUIM ITUX BEJIWYUH € HOPMallbHUMH, N Ta M — oOcsru BuOipok. Toi
BEJIUYHMHA

(2.77)

onmucyeThes posnoaiiom CThrofieHTa 3 N + M — 2 creneHsMu BitbHOCTI. TyT X 1§ —
BUOIPKOBI OIIHKK CEPENHLOTO 3HAYEHHs, S’ i S; — BHOIPKOBi OLIHKH JUCMICPCIL.

IlepeBipka rimoTe3u MpoO PIBHICTH CEPEAHIX JIBOX BHUOIPOK MOSrac B OOUYHCIICHHI
BeJUYMHM t Ta 11 MOPIBHIHHI 3 TAOJMYHUM 3HAYEHHSM JUIS IaHOI KUJIBKOCTI CTETIEHIB
BUILHOCTI ¥ HamiiHOI KWMOBIpHOCTI (momaTtok B). fkmio 3HaueHHs t mepeBuInye
Ta0JM4YHe, TO TINMOTe3a MPO PIBHICTh BHOIPKOBHX CEPEIHIX BIIXWISIETHCS, TOOTO
PI3HHIISI MK CEpeIHIMU 3HAUCHHSIMU CTATUCTUYHO 3HAUYIIIA.

[Mpuxnan 2.9. V tab6n. 2.10 HaBeneHi 3Ha4eHHsS] BUMIPIB Y JBOX BOJOHOCHHX

TOPU30HTAX: Y MEPIIOMY BiJ MOBEPXHI — I'PyHTOBOMY (cBepoBuHu Ne 2, 22, 6675,
5761, 6708, 6711, 6717) Ta HEOreHOBOMY — JPYromMy BiJa mToBepxHi (yci 1HIII
CBEpJIJIOBMHHU). 3a UMM JAaHUMM BU3HAYEHI CEPEJIHI 3HAUCHHS Ta JUCIIEPCii BMICTY

59



cynb(dariB Ta Cyxoro 3ajuIKy, 1o HaBeaeHi B Tabn. 2.11. fx Gaummo, cepemi
3HAYEHHS 1IUX TTOKA3HHUKIB MOMITHO BUIIE Y IPYHTOBOMY FOPU30HTI.

3rizHo 3 Gopmyoro (2.77) 3HaueHHs BelMW4YuHU t g cynbdaTiB CTAHOBUTH
1,86, mnsa cyxoro 3amumky — 2,03. Jlns wagiiiHoi #imMoBipHOCTI 90 % KpuTHUHE
3HaueHHs Kputepito CthrogeHTa mpu 7 + 13 —2 = 18 cTeneHsx BUIbHOCTI TOPIBHIOE
1,73, a st HamiHOT iMOBIpHOCTI 95 % 1 18 crenensx ButbHOCTI — 2,10.

Otxe, mpu «M’sIKOMY» Kputepii 3 HMOBIipHicCTIO moMuikud 10 % MoxkHa
CTBEp/KYBaTH, IO BMICT Cylb(]aTiB Ta CyXOro 3aJHIIKy y BOJAAaX IPYHTOBOTO
TOPU30HTY CYTTEBO BUILUM, HI’K Y HEOTEHOBOMY, y pa3i OUIBIII «CTPOTOro» KpUTEpito
3 IMOBIPHICTIO TTOMUJIKM 5 % I TiMoTe3a BIAKUIAETHCS, TOOTO CIiJ BBaXKATH, IO
JOCIIKYBaH1 TTOKa3HUKU TPUOIU3HO OJIHAKOBI B 000X BOJJOHOCHUX TOPU30HTAX.

Kpurepii aya nepeBIpKM  CTaTUCTUYHUX TINOTE3 NP0  OJHOPIIHICTD
JOCJIIIKYBAaHOTO O0’€KTa Ta MPO PIBHICTh JUCIEPCIA JBOX BUIAJKOBUX BEIMYHH
OyIyTh pO3MIISIHYTI HUXKYE Y PO3ALIL 3.

Tabmuus 2.10
Bwmict cynbdariB (Csos, MI/11) Ta cyxoro 3auiKy Ceys, MI/1)
y Tipo0ax Mia3eMHUX BOJ 31 CBEPIJIOBUH
Ne ¢B. 2 22 | 6675 | 5761 | 6708 | 6711 | 6717 | 2a 3a 3p
Csos | 240 | 768 | 120 | 1344 | 336 | 101 | 960 | 144 | 240 | 240
Cxs | 811 | 1626 | 326 | 1856 | 629 | 578 | 2745 | 470 | 482 | 638

Nocs. | 4p Sp Tp &p 9 10p | 13p 16 I7p | 18p
Csos | 186 | 120 50 664 | 359 | 168 | 168 48 144 | 154
Cexs | 450 | 479 | 271 | 1287 | 724 | 515 | 436 | 323 | 420 | 464

Ta6mnis 2.10
[TapameTpu CTaTUCTUYHOTO PO3MOALTY BMICTY CYJIb(aTIB Ta CyXOro 3aJUIIKY

BononocHui CynbsdaTtu Cyxuil 3aJIMIIOK
ropuzoHT | Cepenne, mr/n | ucnepcis | Cepenne, mr/n | lucnepcist
[ pyHTOBMIA 552,7 229068 12244 770464

Heorenosuii 205,8 25266 535,3 64361

KounTpouabHi nuTanus a0 miaposainy 2.4
1. o Ha3uBawTh KpuTepieM 3roau? K NPUAMAETHCA YU BIAXUIISETHCA
CTAaTHCTHUYHA T1MOTe3a Ha MiJCTaBl KPUTEPIIO 3roau?
2. 1o Ha3uBarOTh piBHEM 3HAUYIIOCTI Ta HAAIMHOIO HMOBIPHICTIO?
3. lllo Ha3uBaeThCs MOMMWIKAMHM TepuIoro Ta apyroro ponay? Hasenmitsh
MPUKIIATH.
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4. Slxkuit xpuTepiil BUKOPUCTOBYIOTH JIJIsl IEPEBIPKHU TIMOTE3U MPO BUI 3aKOHY
po3noainy? SIKi BEJIMUYUHHU MOPIBHIOIOTHCS TPHU TMEPEBIpIli TINOTE3U MPO B 3aKOHY
po3mnoainy?

5. 1o Ha3MBarOTh KPUTUYHOKO OOJIACTIO KPUTEPIO?

6. SIk BUKOHYETHCS MEpEBIpKa TIMOTE3U MPO PIBHICTH CEPEIHIX TBOX BUOIPOK
Ha OCHOBI KpuTepito CTbroieHTa?

2.5. BuzHaueHHs 3B’fA3KiB Mi’K eKCIIepUMEHTAJILHUMH JaHUMH

3B’S30K MDK IOKa3HMKaMH CTaHy IMPUPOAHOIO CEpeAOBHUIIA, MapaMeTpaMu
TIpCBbKUX MOpig Toml0o MOXe OyTH (QYHKIIOHAIBHHUM ab0 CTOXaCTUYHUM.
OyHKIIIOHAIBHUN 3B’A30K O3HAuae, 110 ICHYE OJHO3HAYHA BIJIMOBIAHICTH 3HAYCHD
OJIHOTO TMapaMeTpa 3HA4YEHHSM I1HLOIOrO Mapamerpa. AJjie IMepeBakHa OUIBIIICTh
MOKA3HUKIB CTaHy HABKOJHIIHBOTO CEPEAOBHUIIA € PE3yIbTaTOM JIAHIIOTa CKJIaJHUX,
4acTO B3a€MOIIOB’SI3aHUX IPOLIECIB, TOMY BCTAHOBUTH TaKl 3aJI€KHOCTI MPAKTUYHO
HeMOkJIMBO. Kpim TOro, ciiag BpaxoByBaTH MOMUJIKM B €KCIEPUMEHTAIbHUX JaHUX
32 PaxXyHOK METOJUKH JOCIIHKeHb, TOXUOOK BUMIPIOBaHb, BiIOOpPY, 30epiraHHs Ta
aHanizy npo6 Ttomo. TakuM YMHOM, Yepe3 HEMOKJIMBICTb TOYHOI'O OMHCY BCIX
MPUYMHHO-HACIIAKOBUX  JIAHIIOTIB ~ BUHUKAIOTh  IMOBIPHICHI ~ 3B’SI3KM  MIX
napaMeTpami, siki TOCIIIKYIOThCS 3a JOTIOMOTOI0 PO3MO/IIIIB BUMIAIKOBUX BEITUYMH.

VY pa3l CTOXacTUYHOrO 3B 3Ky OJHOMY 3HAUYEHHIO MOKA3HHMKA BIAMOBIIAE
JIEKUJIbKa 3HA4Y€Hb 1HIIOTO, MPUYOMY 3 PI3HOI0 HWMOBIpHICTIO. JJIA T1APOXIMIYHHUX
MOKa3HUKIB XapakTEepHI caMe€ CTOXACTHYHI 3B’SI3KM, OCKUIBKH, HaMpHUKIa,
KOHIICHTpAIIiSl IEIKOTO KOMIIOHEHTa Y IPUPOJHUX BOJIAX 3AJICKUTH SIK Bl YMHHUKIB,
XapaKTepHUX JIMIIE JUIS HbOTO, TaK 1 BiJ YMHHUKIB 3arajJbHUX IS BC1X KOMITOHCHTIB.
KinbKiCHO 3B’SI3KM MK MOKa3HUKAMH MPUPOJHUYMX MPOLECIB XapaKTEPU3YIOThCA
TEeHJICHI[ISIMA a00 TPEHIaMHU.

30KkpeMa, y TIAPOXIMIYHUX JOCHIKEHHSAX (HAlpUKIa, NMpPU BCTAHOBJICHHI
3B’SI3Ky MDK MIHEpaTi3alli€l0 MA3eMHUX Ta PIYKOBUX BOJl, BMICTOM TI€BHUX
KOMITOHEHTIB y MPUPOJIHUAX BOJIaX TOIIO) HEOOXITHO BUSBUTH CaMe TaKy TEHJEHIIIIO
abo JexiabKa TPEHIIB, JOBECTH I CTATUCTUYHY 3HAYYIIICTh, 3POOMTH IPOTHO3
BIUTUBY OJIHI€1 BETMYMHHU Ha 1HIIY. SIKIIO BiZloMa MOBEAIHKA OJHOIO 3 MapamMeTpiB, TO
MOYKHa Tiepe0aunTH MOBEAIHKY 1HIIIOTO, SIKIIO 3 HUM € MeBHUM 3B’s130K. Kpim Toro,
MOXXHa TiaiOpaTH O3HAaKUM JJig TpoBedeHHs kiacudikamii. s mporo i
BUKOPUCTOBYIOTHCS METOAM KOPEISALIMHOIO aHai3Yy.

Cmoxacmuuna 3anedxcuicmo  midc eenuuunamu. Kopenayiunuii  36'a30k.
Bumnankosi BennunHu X 1 Y Ha3UBAIOTh CMOXACMUYHO 3ANEHCHUMU, SIKIIO 3MIHA
OJIHIE€T 3 HUX MPU3BOAUTH 10 3MIHHM PO3MOALLY Apyroi. 30Kkpema, MOKe 3MIHIOBATHUCS
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TOW YM IHIMUK TIapaMeTp Po3MoALTy. SIKIOo 31 3MIHOIO OAHIET BUTIAKOBOT BETUIHHHU
3MIIIAETHCS LIEHTP PO3MOALTY APYroi, TOOTO i cepeHE 3HAYEHHS, TO CTOXaCTUUYHUM
3B'SI30K MIDK BEJIMUMHAMU 3BEThCS KOPEIAYIUHUM.

Hagenemo npukiiag BUIQAKOBOT BEJIMYUHU Y, siKa HE 3B’s3aHa 3 BETUYMHOIO X
¢byHKIIIOHANBHO, alie 3B’A3aHa KopemsuiiHo. Hexait Y — 00’eM BUIOOYTKY BYTULI,
X — KUTbKiCTh KOMOAlHIB. 3 OTHAKOBUX 3a TUIOMICIO TIIBHUIH TIPU PIBHUX KUTBKOCTSIX
TEXHIKM ¥ 00CITyroByIOUOTO MEPCOHANTy, OJHAKOBIN OpraHizailii mpaii BUI100yBalOTh
pi3HY KUIBKICTh BYTUIISA Ha Micsip, TOOTO Y He € (ynkuiero Big X. Lle 3ymoBieno
BIUITUBOM BHITQJIKOBUX (haKTOpIB. Bapiaimi€ro (Pi3MKO-MEXaHIYHUX BJIACTUBOCTEH
MOpiJl, 3MIHOIO MOTYXHOCTI BYTIJIBHOTO IUiacta Tomo. Pazom 3 mmm, siK mokasye
JIOCBiJ, cepeaHii BUIOOYTOK BYTULIS € (YHKIIE€H KUIBKOCTI 3a/isTHUX KOMOAHIB,
T00TO Y 1OB’s13aHa 3 X KOpPESALINHHO.

[Tpu croxacTUyHOMY 3B’S3KY PO3PI3HSIIOTH KOpenayito, ika BU3HAYAE, YU ICHYE
B3a€MO3B’SI30K MK X Ta Y 1 HACKUIbKU BIH CYTTEBUM Ta pezpecito, O KOHKPETUBYE,
sKa caMe 3aJIe)KHICTh ICHY€E MK BEJIMYMHAMU 1 YM MOKHA OI[iHUTH Y 110 X?

Jna npuknany posrisHemo Tabn. 2.12. Ywucna Ny, y Komipkax TaOmMIi
MOKa3ylOTh YUCJIO TOSIB Ti€i YW 1HIIOT KoMmOiHamii 3HaueHb X 1 Y, ge N — o0’em
BUOIPKH.

Tabmurs 2.12
[Tpuksnag TabauIl KOPENISILIHOTO 3B'sI3KY MK BETUYMHAMU

v Y130 35| 40 | 45 | 50 | 55 n,
18 | 4 |6 | - - i - | 10
28 | - | 8 [ 10 | - i - | 18
38 | - | - | 4 | 35| 5 S| 44
48 | - | - | 4 |12 6 22
58 | - | - 1 3 2 6
nn | 4 | 14 | 18 | 48 | 14 | 2 | 100

Koxuuit panok tabin. 2.12 € ymosnum poznodinom Benunaunu Y Mpu 3aJaHOMY
3HadeHHi X. J[Jis KO’)KHOTO YMOBHOTO PO3IMOALTY MOKHA BU3HAYUTH YMOBHE CEPETHE

m
Z ank yk
v — XL

¥, = —, (2.78)

X

Jie M — 9KiCIIo PAAKIB. 3HAUCHHSI YMOBHHX CEpPEeIHIX 3BejieH] y Taou. 2.13.
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YMoBHI cepeHi, o6unciieHi 3a hopmyoro (2.78)

Taomung 2.13

X 30 35 40 45 50 55
12 18 23,7 34,67 41 46,5 58
Nx 4 14 18 48 14 2

Sk 6auMMo, KO)KHOMY 3HAQUEHHIO X BIANOBIJA€ OJIHE 3HAYEHHS Y,, TOOTO

3aJIEKHICTD yx B1JI X MOYKHA BBa)KaTu (PYHKITIOHAJIBHOIO:
v, = f(X). (2.79)

PiBusanas Bumy (2.79) Bu3Hadae KopendliiiHy 3anexHicTh Y Bix X, Horo
Ha3uBalTh piBHAHHAM perpecii Y mo X. TeopeTudHo JHiHIEI perpecii CIyXHUTh
rpadik ¢pyHkiii f(X). AHasoridyHO piBHAHHS perpecii X 1o Y 3aUCyeThCs y BUTIISAII

X, =4(y). (2.80)

Axmo obunsa piBHsHHSA (2.79) Ta (2.80) miHiiiHI, TO Kopemsmito Mk X 1Y
Ha3UBAIOTh JIHIAHOI. B nOpoTUiIeKHOMY BHUNAAKYy TOBOPATH IMPO HEIIHIAHY
KOPEJISAIIIIO.

SIx  3a3HaueHO BHIIE,

BCTAHOBJIEHHS (opMuU KopelsiiitHoro 3B'a3Ky, TOOTO BUAY (YHKIIi perpecii

OCHOBHE 3aBJaHHSA pErpeciiHoro aHamizy -—
(iH1MHA, KBagpaTU4YHA, TOKA30Ba 1 T. 1.).

[To3zHaunMo wyepe3 Xi 3HAUEHHS HE3aJIeKHOI 3MIHHOI (HAmpuKiIazd, dacy,
JOBXHHHM) 1 4epe3 Yj — 3HAuYCHHS BUMIPIOBAHOI BEJIWYUHU, OJCpKaHI TIpH
BignmoBigHUX Xj. HeoOxigHo 3a mapamm manux (X, Yi), 1=1,..,n, (N — KIUIBKICTH
BUMIpIOBaHb) MoOymyBaTH 3anexHicTh Y(X), ska OW HAWTOUHIIIE OMUCYyBaja
pe3ynbTaTH E€KCHEPUMEHTY, TMpU I[bOMY MIHIMaIbHO BiAXuisiacs O  BIJ
EKCIIEpUMEHTAILHUX 3Ha4deHb. JIJII IIhOTO MOXKHA BHUKOPHUCTOBYBATH PIi3HI BHIA
3ajieKHOCTEH. 3a pIBHAHHAM Y(X) MOXHA Mepea0auyuTH 3HAYCHHS BHMIipIOBAHOI
BEJIMYMHM 11032 MEKaMH IHTEPBAIY [Xo, Xn].

Jinitina peepecisa. SIkmo sAKi-HEOyIb TEOPETUYHI MEPEAyMOBU BIJICYTHI, TO
MOJKHA MPHUITYCTHUTH, 110 f(X) — miHiiHa (yHKIIisI, TOII pIBHAHHI perpecii Mae BUIJISI
y = Do + b X, (2.81)

ne nmapamerpu by ta by — koedimienTn perpecii, ski Tpeba 3HAWTH 3a BUOIPKOBUMH
JTaHUMHU.

Haramaemo, 1110 B piBHSAHHI IPSIMOI JIiHIT BUIbHUE wieH Dy TopiBHIOE BifCTaHi
BiJl MTOYATKy KOOPJAWHAT J0 TOYKH IepeTuHy mpsmoi 3 Biccto Oy. Koeodimient bg
JIOPIBHIOE TAHTEHCY KyTa Haxwiry mpsmoi g0 oci OX (puc. 2.21). dakTu4HO mpsiMa
MIPOBOJIUTHCA UYEpPE3 «XMapy» TOYOK, IO HaHeceHi Ha rmiommHy XOY 1 SBISIOTH
co0ot0 Kopenayitine nose. SIKIO 3B'130K (YHKIIIOHATEHUN (IETEPMIHOBAHUH), TO BCI
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TOYKH JIeXkKaThb HAa OAHIN mpsMmid (miHii perpecii). IHakme 3B’A30K MK X 1 Vi €
CTOXACTUYHUM (IMOBIpHICHUM).

[To3HaunMo uepe3 Xi 3HaueHHS BenMWunMHM X 1 4yepe3 Yi — 3HaueHHs Y, M0
oTpuMaHi mpH BigmoBimHUX X;. HeoOximHo 3a mapamu ganux (X, Vi), i1=1,.,n (n —
KUTBKICTh BHUMIpPIOBaHb), MMOOYAyBaTH 3alekHICTh Y(X), sika Mae Burisa (2.81) i mpu
[[OMY MiHIMAJIbHO BIIXUJISETHCS Bij] €KCIIEPUMEHTAIBHUX 3HAUYEHb.

Vi
Vi

a
0

Puc. 2.21. Kopensiiiine mosie Ta JiHis perpecii

JIiHiga perpecii IpOBOAUTHCA TaK, II00 cyMa KBaJpaTiB BIAXUIEHb EMIIIPUYHUX
3HaueHb GyHKIIT VYi(Xi) Bixm Teoperwunoro 3HaueHHS Y(Xi) =Dbo+ biXj Oyma ©
MiHIManbHOW0. OTXKe, 3ajada 3BOAUTHCS A0 MiHIMI3alii (QyHKII, 0 € CyMOIO
BIIXWJICHb (HEB’S130K):

n n

U (by,0) =Y (v, — (b +bx)) =D (4, )* - min. (2.82)

i=1 i=1
Minimym ¢yskmii aBox 3miHHHX U (bo,bl) JIOCATAE€TbCA B TOYKax, Je 1l

YaCTUHHI TIOXIJIHI IOPIBHIOIOTH HYJ0. TOA1 MOXKHA CKJIACTH CHCTEMY JIBOX PiBHSHB
BITHOCHO HEBIJOMHUX mapaMeTpiB Do 1 by

N _, Y,
o, b,
YacTuHHI NOX1AHI 3aUiIeMo GopMyIamMu:
ouU § ouU -
_:_ZZ(yi —(bx +1,)); _:—ZZ(Yi = (0 +by)x;).
abo i=1 ab1 i=1

Toni oTpuMaeMo crUCTEMy PIBHSHB BIIHOCHO HEBIJOMHUX IMapaMeTpiB JIHIHHOT
dbynkii by Ta b

nby, +blzxi :ZYi’
i1 i1
bOZn:Xi + blixzi = iXiYi-
i1 =) i1
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3a gomomororw dopmyn Kpamepa oTpuMaemMo po3B’SI30K IIi€l cUCTEMH 1
3HaleMo Do i D1 y BurIs I

n

(B (BB, )

Kpim mnpsmoi perpecii, Moxke OyTH I100OyJ0BaHa 3BOPOTHS perpecis sk

3ajexkHICTh x(y). Bubip THmy perpecii BU3HA4Yae€ThCs THM, SKa 3 BEIHYUH
PO3TISAAETHCA SIK apTyMEHT, TOOTO € HE3aIeKHOK 3MIHHOI, ab0 3PY4YHICTIO
MoOYyJOBH aNPOKCUMYIOUOi 3aleKHOCTI. POpMynH AJid BU3HAYEHHSA KOE(IIEHTIB
3BOPOTHOI perpecii Oy 1yTh aHAJIOT149H1 3 BIATIOBITHOIO 3aMIHOIO 1HCKCIB.

[puknazg 2.10. Po3riasitHeMo BUKOPUCTaHHS METOJy HAaMEHIINX KBaJpaTiB Ha

MIPOCTOMY TPHUKIIAIL, e KOXKHOMY 3Ha4eHHIO X BIIMOBIJA€E TUTBKHU OJHE 3HAYCHHS Y
(tabi. 2.14).
Po3paxynku, HaBegeni B Tabm. 2.14, BukopucTaeMO s OTPUMAaHHS
KOe(iIIEHTIB CUCTEMU PIBHSHB (2.83):
10b, + 55b, =167,
{55b0 +385h, =1086.

Po3B’s3k0M cucTeMu € 3HaueHHs KoedimientiB bp=5,53; by =2,03. Takum
YUHOM, PIBHSIHHS perpecii mae Burisia: y = 5,53+2,03 x.

Taomug 2.14
JlaHi Ta pe3yapTatu 004uciaeHb J0 npukiagy 2.10

X y XV oy |0 | -7 (y-yf | (feo-yf
1 7 1 | 49 7 7,5636 | 0,3176 | 94,0900 | 83,4738
2 10 4 | 100 | 20 | 95939 | 0,1649 | 44,8900 | 50,4967
3 9 9 | 81 27 | 11,6242 | 6,8864 | 59,2900 | 25,7637
4 15 16 | 225 | 60 | 13,6545 | 1,8104 | 2,8900 | 09,2751
5 17 25 | 289 | 85 | 156848 | 1,7298 | 0,0900 | 1,0306
6 20 36 | 400 | 120 | 17,7151 | 5,2208 | 10,8900 | 1,0304
7 18 49 | 324 | 126 | 19,7454 | 3,0464 | 1,6900 | 9,2745
8 23 64 | 529 | 184 | 21,7757 | 1,4989 | 39,6900 | 25,7627
9 23 81 | 529 | 207 | 23,806 | 0,6496 | 39,6900 | 50,4952
10 25 100 | 625 | 250 | 25,8363 | 0,6994 | 68,8900 | 83,4720
Cyma| 55 167 385 | 3151 | 1086 22,0242 |362,1000 | 340,0747
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sefy=mer | | | | | | | ]

O1iHKy NPaKTUYHOI 3HAYYIIOCTI OTPUMAHOI (PYHKIIIOHATBHOI 3aJIeKHOCTI
MPOBOSATH 3a JOMOMOTOI0 IHOeKCy Kopenayii, SIKUA XapaKTepu3ye CUITy 3B’SI3KYy MIX
3MIHHUMU 1 BU3HAYAETHCS (POPMYIIOIO

2

paxm

2
S 3ae

(2.85)
Tyt S2 = n% >y, -V~ 3arajabHa JIACTIEPCs;

1 n
S’ aem = Z f (x.)- y — (pakTopHa (perpeciiina) gucrepcis.
=

Benuunna 1HJIEKCY KOpemslii 3HAXOAUThCS B MEXKax BiJl HYJS 10 OJWHHUIII.
Yum Onuxde HWOro 3HA4YeHHS 1O 1, TUM TICHIIIE PO3IJISHYTUA 3B'A30K.
BHKOPUCTOBYIOTh TaKOK KBaapaT iHAEKCY KOpelauii — indexc Oemepminayii R?
(koegiyiecum Oocmogipnocmi), SKUN XapaKTepU3ye 4YaCTUHY 3arajbHOi Bapialii
o3Haku Y, sika MOSCHIOEThCS (hakTopoMm X. IlomepemaHi BUCHOBKM OO IITBHOCTI
KOPEJSLIMHOTO 3B’SI3Ky Ha OCHOBI 1HJEKCY KOPEJAIlil MOXXHA 3pOOUTH 3a MIKAJIOK
Yenmoxka [1] (Tadm. 2.15).

Ta6murs 2.15
SkicHa oIliHKa CHJIM 3B’ SI3KY 3a mikayioro Yemnoka

[HTepBan, skomMy HaNEKUTH ,
: Cuna 3B’s13Ky
3HAYCHHS 1HICKCY KOPEIIii
0,1-0,3 BigcyTHs — myxe cmabka
0,3-05 Cnabka — momipHa
05-0,7 ITomiTHA — cepeHs
0,7-0,9 TicHa — BUCOKa
0,9-0,99 yxe Bucoka — (pyHKIlIOHaJIbHA

VY naBeaeHomy mnpukiani 2.10, KopucTyro4duch pesyibTaTamu Tadn. 2.14 (nBa
OCTaHHI CTOBITYMKH), JIETKO TMiapaxyBaTh (akTOpHY (perpeciiiHy) Ta 3arajibHy
JUCIIepCii: S;m = 37,7861; wa: 40,2333. Takum 4yuHOM, 1HACKC KOPEAIli CKIIaaae
R =0,96911, a ingekc nerepminanii — R?=0,9392; Buxoasauu 3 11bOro BeIuUuHu Y Ta
X MaroTh qy’Ke CUILHUMN 3B'I30K.

VY naHomy BUNAJKy MU BUKOHAJIHM alpOKCUMAIIIO JaHUX, TOOTO HaOIMKEHUN
onmuc MacuBy (YHKIIEO 3a1aHOTO BHUIJsAY. 3 puC. 2.22 BUAHO, L0 ampOKCHMAIlis
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nanux y nporpami Microsoft Excel (maiicTep miarpam, moOymoBa JiHii TpeHIY) Ja€
aHAJIOTIYHUH pe3yJIbTaT.

30
y =2,0303x +5.5333

25 — = 4
N, 2=0,9392 . I
> 15 M

10 ./G 3

5

0 1 T T 1 1 1

Puc. 2.22. Anpokxcumarisi manux 3 mpukiagy 2.10 3a momomororo maictpa
niarpam Microsoft Excel

Cryninp JHIAHOT 3aJI€KHOCTI MDK JBOMa 3MIHHHUMH OLIHIOIOTH TaKOX
koeghiyienmom  kopenayii Ilipcona. BiH BU3HA4Ya€TBCA 4YEpe3 Kosapiayiro
(kopensyitinuii momenm), 1O SBISE COOOK MaTeMaTHYHE CIIOJIBaHHS JOOYTKIB
BIIXWJICHb KOMIIOHEHT BiJ iXHIX MaTE€MaTHYHHUX CHOAiBaHb. JIJisi 1BOX psiB
HE3aJICKHO OTPUMAHUX pe3yNbTaTiB BUMIpIOBaHbL Xi Ta Yi, I=1,...,n, MOXXHa
BU3HAYUTH KOBapialio y BUTJIAII

13 _ _
cov(x,y):HZ(xi -X)(y, - ). (2.86)
=)
JInst THUX JKe paiB JaHUX KOe(DIIieHT KOpemsllii BU3HAYAEThCS Y BUTIISAI1
F_oov(xy) (2.87)
0.0,

[Ticnst cripomieHs oTpuMaeMo GopMyITy
Z(Xi -X)(¥;-Y)

po_ i _ (2.88)

n

Six-x 3 -y

i=1 i=1

Skmio icHye @yukyionanrvha 3anexHicth Y Big X y Buriasmi Y = bo+ bix 3
koedimieaTom b; > 0, To koedimient xopemsmii r = 1. ko  koedimient by <0, To
=-1, To6T0 Mixk X Ta Y icHye 3BOpOTHHUH 3B’s130K. Y pazi I' =0 3anexHicts Mik X
ta Y BiacyTHs. OTXe, KoeIIieHT KOpesilii 3MIHIOEThCS B Miama3oHi [—1, 1] 3a Oyas-
SKUX Pe3yJbTaTiB BUMipIoBaHb. Skio I 6mmwxkue 10 1 abo mo —1, ayne oro Momysib
MEHIIIE 32 TPaHWYHI 3HAYCHHS, TO MOXKHA CTBEP/KYBaTH, IO iCHye mpsma abo
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3BOPOTHA CTOXAaCTHYHA 3aJIeKHICTh MDK pAJaMy JaHUX. Y BHUMNAAKY JIHIHHOT
3JIEKHOCTI KoeimieHT Kopesii (2.88) Ta inaekc kopesii (2.85) 30iratoThCsl.

Kopenayitine none. Cmin 3BaxaTd Ha Te, IO OOYHMCICHHS KOEQIIIEHTIB
KOpeJslii € CyTO TEXHIYHOKW TMpOIEAyporo, SKy MOTpiIOHO OOTpyHTYBaTH
BIJIMTOBITHAM aHAJII30M IPUPOTHUX YMOB. HeoOXimHO, 100 KOMITOHEHTH, MIXK SIKHMU
BCTAQHOBIIIOETHCA KOPEIALIMHUN 3B’A30K, CIOCTEPITAIUCH OJHOYACHO ab00 B THUX
caMuX MyHKTax. Tak, KOpeKTHI KOoe(]IIieHTH Kopendlii MK BMICTOM Ppi3HHX
KOMITOHEHTIB MO>KHAa BCTAHOBUTH 3a Mpo0aMu B THX CaMUX CBEPAJIOBHHAX, CTBOpax
PIKH TOIIIO.

Haoune ysBIeHHS Tpo HasABHICTh a00 BIJCYTHICTh 3B 53Ky MDK PI3HHUMH
napamMeTpamMu Ja€ KOpeJsliiHe TMoje, MPUKIAJd SKOTO HaBelleHI Ha puc. 2.23.
KoopauHatu TOHOK BIANOBIAAIOTH MapaM 3HAYEHb «X— )» BMICTY JIBOX KOMIIOHEHTIB
y HPUPOJHUX BOAAX 1 YTBOPIOIOTH «XMapy». 3a (opMOIO M€l «XMapu» MOKHA
3pOOUTH BUCHOBOK MO0 3B 513Ky MI?)K KOMITOHEHTaAMH.

y Y y .
e o .
° 2% e
° o .
- A |
| X
a) )
y e |
. ) IV o b °
° A | I
° | .
o o .
o Me) .
° . | |
° | .H
....... . .. III .
X I |
8) 2)

Puc. 2.23. Buau xopensiiiHOTO TOJIA: @ — MPSMUNA 3B’SI30K MK JaHUMH,
0 —3BOPOTHUM 3B’A30K, 8 — 3B’SI30K BIJCYTHIM, & — cXemMa J0 HaOJIMKEHOTO
BHU3HAYEHHsI Koe(DilieHTa KOpesiii
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Ha puc. 2.23, a nokazana mo3uTUBHA KOPEJALis, KOJIU MPU 3pOCTaHHI OJHOTO
MOKa3HHWKA 3pOCTa€ W 3HAYCHHsI 1HIIOro. Y pa3i 3BOPOTHOI Kopeusii (puc. 2.23, 6)
3pOCTaHHS OJIHOTO ITOKa3HHWKAa CYMPOBOKYETHCS 3MEHIICHHSIM IHIIOTO. XMapa
TOYOK Ha pHUC. 2.23, 8 € TUIIOBOIO JIJIs1 HYJIbOBO1 KOPEJIALIi1, KOJU 3B’ 30K MIXK psiiaMu
AaHuX BiacyTHiM. Ciij 3BaXKaTH, M0 KOPEJSIs 3aJeXUTh Bl MaciTady 3MiHHUX Ha
ocsix. UuM OUTBII BY3BKOIO € «XMapa» TOYOK, THM TICHIIIUM € 3B’SI30K MK JTaHUMH.
KinbkicHO BiH XapaKkTepHu3yeThes KOe(ili€EHTOM KOPEIILIi.

Habnmxeny omiHKy KoedimieHTa Kopensiii MOKHa OTpUMAaTh TrpadidHo
(puc. 2.23, 2), BUKOPUCTOBYIOUH (POPMYITy

r:n1_n2

| 2.89
n, +n, ( )

7€ N1 — KUIBKICTh TOYOK (Tap croctepexens) y kBajapanTax | ta III, Ny — KIIbKICTH
TOYOK y kBajapanTax Il ta IV.

Ilobyoosa ninitinoeo pisusanmns peepecii 3a donomoeoro ¢gyuxyiu Microsoft
Excel. Po3paxyHok KoedillieHTIB piBHSHB perpecii 37IHCHIOETBCS 3a JIOMOMOTOFO
dynxiii JUHEWHC(...). TIopsiok po3paxyHKiB 3BOIUTBCS 0 TAKUX JUil:

1) obupaemo ¢ynkuito JIMHEMH(...), BHKOPHCTOBYIOUH KATEropiko
«CraTuctuyHi» Maiictpa QyHKIIIH;

2) y BikHI 1i€l ¢yHKImIi 3amaemMo o0iacTh 3HaueHb pe3ynbryrouoi (Y) i
¢dakropHoi (X) 03HAK, BUAUISIOYM MHUIIICIO BiJMOBIIHI 00JIaCTi TAOJHIII; MapaMeTpH
KOHCMaHma 1 cmamucmuka 3aa€eMO TaKUMH, IO JOpiBHIOIOTH 1. 3HadeHHS
KOHCTaHTU «1» o03Hayae, 10 PIBHSAHHS perpecii NOBMHHE MaTH BUIBHUW 4YJIEH.
3HaueHHS CTAaTUCTUKU «1» o3Hayae, 1O, KpIM KOe(ILIEHTIB PIBHSIHHS perpecii,
MMOBUHHI BUBOJIUTUCS CTATUCTUYHI XapaKTEPUCTUKH:

OXUOKH KOE(]IIIEHTIB perpecii;

Koe(DILIEHT IeTepMiHalli;

® CTaHJapTHA MOXUOKA JJIs OIIHKH Y

e cratuctuka dimepa;

® YHCJIO CTYIEHIB BIJILHOCTI;

e (hbakTopHa (perpeciiiHa) cyma KBaJpatiB (PO3CIIOBaHHS perpecii);

® 3AJIMIITKOBA CyMa KBaJIpaTiB (3AJIUIITKOBE PO3CIIOBAHHS);

3) BumiisieMo obOmacth koMipok (5x2), BKIIOUarOYM KOMIPKY, y siKiii OyB
oTpuMaHuii pe3ynbTar obuncuenns dynxuii « JMHEWH(...)»; HATHCHEHHSIM KHOIKH
MHIII aKTUBI3YEMO PSIAOK (HOPMYIT,

4) yrpumyroun Ctrl+Shift, natucaytu Enter.

VY pesynbrari OJEpKyeEMO 3HAUYCHHA KOEQEIIEHTIB PIBHAHHSA perpecti
(Tabm. 2.16) Ta craructuku, moO 3a3HaudeHl Bume. Jng manmx npukinamgy 2.10
pe3ynbTaT 004KCIIeHb Ma€ BUTIIS (puc. 2.24).
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CTaTUCTHYHI XapaKTEPUCTUKH, OOUNCIICHI B PE3yIbTaTi

BuKoHaHHs GyHKuil « ITMHEWH(...)»

Taomung 2.16

b; — KoedilieHT PIBHAHHSA perpecii

nepea 03Hakoro X

bo — BiIIbHUI YJIeH PIBHAHHS perpecii

S,y — moxubka Koediienra perpecii by

Sy, — moxubKka Koedirienta perpecii by

R? — koe(iLieHT AeTepMiHaLii

S — cranmapTHA MOXUOKA JJIs OIIHKHU Y

F — craructuka ®@imepa

df =n—m—1— gucno crymneHiB
BUIBHOCTI; M — yucio (pakTopis

Quen — daKTOpHA (perpeciiiHa) cyma

KBaJIpaTiB (PO3CIOBaHHS perpecii)

Q,,, — 3aIMIIKOBa CyMa KBaJpAaTiB

(3aJIMILIKOBE PO3CIFOBAHHS)

De0

I’

A B

ag X Y

50 1 7

o 2 10

57 3 9

53 4 15

o 5 17

. 6 20

56 7 18

. 8 23

o 9 23

s 10 25

60 2,03030303 5,533333333
61 0,18267475 1,133467015
62 0,939176353 1,659225814
63 123,5277931 8
64 340,0757576 22,02424242

Puc. 2.24. Pesynbrar 06uncieHs 3a gornomororo ¢pyuxuii JUHEMH(...)
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Oyinka pisnanns peepecii Ha adexeamuicmy. IlepeBipka miHIIHOI perpecii Ha
aJIcKBaTHICTh O3HA4ya€e 3’SCyBaHHS HAsSBHOCTI 3alie)kHOCTI Y Bix X y BUIIIAI
y= bp + bix. Ilpuiimaerscs HynboBa rinore3a Hy, siKka IMOJNATaE B TOMY, IO
koedimienT perpecii b; = 0. Ile o3Hauae, 1m0 PIBHAHHS perpecii Oyae MaTH BUIJISA
y=b, =y, T06T0 (yHKIOHATBHOI 3amesKHOCTI Mixk Y Ta X Hemae. J{s mepeBipky i€l
rinoTe3d BHUKOPUCTOBYEThCS KpuTepih Dimepa. 3rifHO 3 UM KpPUTEpPiEM
MOPIBHIOIOTHCS MBI nucriepcii. OgHa 3 HUX TOB’s3aHa 3 (aKTOPHOIO JHUCIIEPCIEI0
Sm» TOOTO 3 IHCHEPCIEr0 PO3paxyHKOBUX 3HaueHb f(Xi), mwo orpumani 3
perpeciitHoi psMoi, ajie BiIpi3HAETHCS CTYIICHEM BUTBHOCTI Ki:

13 2
2 . —
S([)axm.kl - k_Z( f (Xz) - y) ) (290)
1 =1
1HIIIA € TUCTIEPCIEI0 3aJUIIKIB, 0 XapaKTepU3ye BIIXMICHHS (aKTUYHHUX 3HAYCHD i
BiJl 3HaueHb f(X;), 1110 OTpUMaHi 3 piBHSHHS perpecii:

Sszaﬂ.kz = kiZ(yz - f (Xl))2 . (291)
2 i=l

Yucno crynenis BinbHOCTI Ko uis cratuctuku S’ ., popiBHioe N — 2. Yucio

cTyneHiB BinbHOCTI Ky 1 cratieTuku Sy, 1 U OTHODAKTOPHOT perpecii 3apxiu

nopiBHioe 1. DakTopHA AMCIIEPCis XapakTepu3ye CTYIIHb BIAXHICHHS 3HaYeHb f(X),
[0 OTPUMAHI1 3 PIBHSIHHS perpecii, BiJ CEpeIHbOr0 3HAUeHHS Y, AUCTIEPCisl 3aUIIKIB
— BIIXWJICHHS TOYOK BiJ JIIHIT perpecii.

Bignomennss F 3a3HaueHux aucnepcii € BUIAAKOBAa BEJIWYWHA, 110

po3noinieHa 3a 3akonoM dimepa [3] 31 cTyneHs MU BUTBHOCTI K, Ka:
2

S
__ “paxm k1
F= 5z (2.92)
san.k2
3nadeHHs kputepito Dimepa Moxke OyTH 3amucaHo Yepe3 1HAEKC JAeTepMiHaIlii
— KBaJpar iHjeKcy Kopessii (2.85):
R2
F=—-—-=(-2). (2.93)
1-R
Po3paxoBaHe 3Ha4€HHsS MOPIBHIOETHCS 3 KPUTUUYHHUM Jisi Kputepis Dimepa
Fin2a $SKe OOUYMCIIOIOTH 3 MEBHUM piBHEM 3Hauymocti a. SAkmo F > Finz 4,
HYyJIbOBA TinoTe3a BigkuaaeTbes, To0To by #0, Y 3anexuts Big X. Lle o3nauae, mio
MOJIeNIb ajiekBaTHA 3 WMOBIpHICTIO (1 — ). Y 1bOMy BHMaAKy AHUCTIEPCIS 3aTUIIKIB
CTaTHUCTUYHO MEHIIA Bi GPakTOpHOI nucnepcii, To0To Moy oBaHe piBHAHHA perpecii

Kpalle OMHCYe 3B’ SI30K MK JTAHUMH, HIJK CEPETHE CTajie 3HAYCHHSI.

72



Y mpuknaai 2.10 3rigHo 3 Tabn. 2.14 cmoctepexxeHe 3HAYEHHS KPUTEPIIO
dimepa 3a popmysoro (2.92) ctaHOBUTH
Fo 340,074
22,024

Taxke x 3Ha4eHHS OTpUMAEMO 1 3a opmyoro (2.93). AHaJIOrIYHHN pe3ysIbTaT

.(10-2) =123,527.

nae obuncnenns B Excel (puc. 2.24). KputnuHe 3HaueHHs MOKHA 3HAWTH abo 3a
JOTIOMOTOI0 Ta0JIMIb KPUTHYHUX 3Ha4YeHb Kpurepito dimepa, 1Mo HaBeaeHI Yy
nogatkax [4], abo kopucTyrouuch MaiictpoM (QyHKIid Excel, kareropis
«CratuctuuHin, e Tpeda Bubpatu pyukimito «=F.OBP.I1X(a;k1;k2)», napamerpamu
SIKOI € piBEHb 3HAYYIIOCTI @ Ta CTYIMEHI BIIBHOCTI K1, Ko.

Oo6wuparoun a = 0,05 npu crynensx ButbHOCTI K1=1, k=8, oTpumaeMo 3HaueHHS
F1800s=F.OBP.I1X(0,05;1;8) =5,317. Ou4eBugHO, 10 BHUKOHYETHCA  yMOBa
F > Fig005, TOOTO moOyaoBaHa B mpukiaal 2.10 Mozaenb 3acHOBaHa Ha JHIMHOMY
piBHsIHHI perpeccii Y = 2,5+1,3 X 1 € anekBaTHOIO 3 HMOBipHICTIO 95%.

Ax kpurepianpHy cTaTUCTUKY Diliepa BUKOPUCTOBYIOTh TAKOX BIAHOIIECHHS

—\2

g2 2 Y)
3ae n _1

I[I/ICHepCiH XapaKTCPpHU3yeE CTyHiHb BiHXI/IHeHHﬂ 3HAYCHb yi BII[ CCPCAHBOIO 3HAYCHHA

3arajibHOi Jucrepcii Ta aucnepcii 3amumkiB (2.91). 3aranpHa

BUOIPKH, a TUCIIEPCIsl 3aIUIIKIB, K B1I3HAYAJIOCh BUIIIE, — CTYIIHb BIIXUJICHHS Vi Bi]l
3HaveHsb f(X;), mo orpumaHni 3a piBHSIHHSAM perpecii. UuM Oiimk4ue TOYKU po3TalloBaHi
0 CepeaHbOro 3HaueHHs (JIiHII perpecii), TUM MEHIIA 3arajibHa JUCIIEepCIs
(mucnepcis 3aJIMILIKIB).

3rifiHO 3 UM MiAX0I0M O0YHMCITIOEThCS BeMMYUHA [5]

F=—w (2.94)

AKa BBAXKAETHCSA PO3MOALICHOI 3a 3akoHOM dimepa 3 N—1 Tta N—2 cTyneHsIMu
BUTbHOCTI. [l BenmuumHA TOPIBHIOETHCS 3 KPUTUYHUMHU 3HAYEHHAM Fninoa 3
posnoainy @imepa. SAxkmo F>Fpin20, TO 3 iMOBipHICTIO (1 —o) MOXHa
CTBEp/KyBaTH, 0 NOOyAOBaHE PIBHSIHHS pErpecii € CTaTUCTUYHO 3HAUYIIUM. Y
[IbOMY BHUIIQJIKy JHCIIEPCis 3aJMINKIB MEHIIA BiJ 3arajibHOI JUCTEPCii, TOMY TaKOX
MOKHa CTBEPIKYBaTH, IO MOOYI0BaHE PIBHSHHS peErpecii Kpaie OMHCY€E 3B’ SI30K
MDK JIaHUMH, HDK cepenHe craine 3HadeHHs. Skmo F<Fpin24, TO cepemHe
3Ha4YEeHHs y OUIBIIII Mipl BIAMOBIAAE JTaHUM, HI’K TTOOY/I0BaHE PIBHSHHS perpecii.
[puknag 2.11. Jns dYacoBUX pAiB KOJMBaHb pIBHS BOAUM Y JIBOX

CBEPJIOBUHAX MPOTATOM KIJIBKOX POKIB 3a jornomororo nporpamu Excel moOynoBani
niHIAHI perpecii (puc. 2.25). AHai3 TOCTOBIPHOCTI PiBHAHB perpecii (Tabim. 2.17) 3a
kputepieM @imepa Mmokasye, MO PIBHIHHS perpecii Aisi CBEPAJIOBHHH «2a» €
CTaTUCTUYHO 3HAYYIIUM, TOMl SIK CEpPEeIHE 3HAYEHHS PIBHA MiJ3€MHUX BOX Y
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CBEPIJIOBHHI «4p» Kpallle ONUCY€E MaHi, HIK piBHAHHSA perpecii. Lle y3romkyeTses 3
CYTTEBOIO PI3HHIIEIO 3HAUEHb iHJIeKca AeTepMiHanii R? 11 060X piBHSAHB perpecii.

79.2
y =0.0004074x + 63.6663653
R? =0.4048719
£ T R o
=
T 7844 I
£ R
776 : : . .
30.04.1997  30.04.1998  30.04.1999  29.04.2000  29.04.2001
para
a)
80
y =-0.0000135x + 79.7705191
R? = 0.0004871
79.6 7.‘: :
2 702 ; “, .,.,’; ]/
78.8 >
78.4 . . . .
30.04.1997 30.04.1998  30.04.1999 29.04.2000 29.04.2001
AaTta
o)

Pucynok 2.25 — [loOynoBa niHIiHOT perpecii 4acoBUX PSJiB KOJIMBAHHS PIBHA
MIJ36MHUX BOJ| Y CBEPJUIOBHHAX: a — «2a», O — «4p»

Ta6mmrs 2.17
AHaJi3 ToCTOBIPHOCTI PiBHAHB perpecii (puc. 2.25) 3a kpurepiem dDimepa

3arajgpHa HUcHepcis
Ne cB. Cep?I[HG . 2 I[ p 2 F F47,46,0,05 Bucunosok
y aucnepcels S, | 3aJMIIKIB S
C
2a | 7845 0,082 0,049 168 161 | oracTHAHO
3HAYyIIIEe
4p | 78,28 0,074 0,074 10| 161 | Cravacnmimo
HEe3HAYYIIE

3a3Ha4Y1UMO,

Cmamucmuuna 3Hauywicme Koeiyicnmis pezpecii.
piBHsHHSA perpecii Yy = b+ DX,

[ToBeprarouucey 110
0 Yy HEBEJIUKUX 3a 00csIroMm

CYKYITHOCTAX KOe(iIlleHTH perpecii CXWJIbHI 10 BUITAJIKOBUX KOJIMBaHb. 1OMY CIiJ
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nepesiputy ix 3Hauymiicte. J[ns mporo uepes aumcrepciro 3amummkis S’ ,(2.91)

BU3HAYAIOTh OMUJIKUA KOS(IIIEHTIB perpecii 3a popmynaMu:

S, = ; 2.95
bo n Z( Xi _ Y)Z ( )
Ta (bOpMyIOTB CTaTUCTHUKU.
o oo
| P (2.96)
b1 Sbl b0 Sbo

110 PO3MOoAiIeH] 3a 3aKOHOM CThIOJICHTA 13 CTYIIEHEM BUIBHOCTI N — 2. Yum Oliablinii
po3ku 3HaueHb KoedimieHTiB Do, b1, THM Oinbimie momuku KoedimieHTIB perpecii

Spo 1 Sy, M Mene t 3 posmoxiny Crelomenta. Benanunna t mopiBHIOETBCS i3

KPUTUYHUM 3HAYEHHSM CTaTUCTUKU CThIOJIeHTA th 2 o. A0 t >ty 24, TO KOEPIIEHT
perpecii CTAaTUCTUYHO 3HAYYIIO BIIPI3HAETHCA BiJ HYJISI, @ PO3KU] 3HAYE€Hb IIPU HOTO
OIIHIN BiAHOCHO Manui. Skuio t <th o0, TO KOedIli€HT perpecii HACTIILKU MaJHi,
[0 MPaBOMIPHO NPUUHATH MOr0 TaKUM, IO JAOPIBHIOE HYIH0. KpuTHUHE 3HAYEHHS
MOJKHa OOYHUCIIMTH a00 3a JOIMOMOTror0 TaOJuUIlh y JoaaTkax [4] abo KOPHCTYIOUHCH
Mmarictpom ¢ynkuii Excel, kareropis «CraTuctuctuudi», ne Tpeba BuOpatu
¢ynkuiro «=CTBHOJAEHT.OBP.2X(a;n-2)», mapameTpamu sSKOi € piBEHb 3HAUYIIOCTI
0. Ta CTyIEH1 BUTBHOCTI N — 2.

Jst nanux npukiany 2.10 nmoxubku xkoediiieHTiB perpecii (2.95) cTaHOBIATS:

Spo= 1,133 i S,,=0,183. Tomi craructuku Creionenra (2.96) OymyTh Taki:

o= 4,882; 1,=11,114. KputnuHe 3HaueHHs cTaTUCTUKUA CThIOJECHTA 3HAXOMMO 3a

nonomororo ¢yHkiii =CTBIOJIEHT.OBP.2X(0,05;8), otxe, ts005 = 2,31. bauumo,
10 (akTU4H1 (CIIOCTEPEKEH1) CTATUCTUKU 3HAYHO OB 3a KPUTUYHI; II€ O3HAYAE,
110 06uIBa KOeiIi€EHTH Perpecii € CTATUCTUYHO 3HAYYIIIUMH.

3uauywicme indexca (koegiyicuma) napnoi kopensyii R(r), sxuii y BUNAAKY
JTHIHHOT 3aJIeKHOCTI MOXe OyTH obumciaeHuii 3a Gopmynamu (2.85) — (2,88), Takox
Moke OyTu mepeBipeHa 3a kputepiem CtbiofeHTa. DakThyHa (CHOCTEpPEKEHA)
CTATUCTUKA OOUYUCITIOETHCA 32 (HOPMYJIOO

{~Ryn-2 (2.97)

VJ1-R?

Ta MOPIBHIOEThCA 31 3HaUeHHAM [ , 3 posnoxainy CreropenTa. Sxmo t>t TO

n-2,a °
rimotes3a mpo Te, mo =0 (koedimieHT KOpeSALil JOPIBHIOE HYJIIO) BiAXUIISIETHCS,
TOOTO 3B’SI30K MK MOPIBHIOBAHMMH pPsIaMU J1aHUX ICHY€. [HaKIIe, MOYXKHa BBa)KaTH,
IO 3B’A3KY MK JaHUMH HEMAE.
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Jnsa panux npukiany 2.10 cnocrepexena cratuctuka t= 11,114 3HauHo
nepeBUIye KpUTUUHY {5005 = 2,31. ToMy iHIEKC KOPENIAIli € 3HAUYIIUM, 3B’ SI30K MK
MOPIBHIOBAHUMH PSAJIaMU JJAHUX 1CHYE.

Kpim Benmuumau (2.98), s OIMIHKKM CTaTUCTUYHOI 3HAYYIIOCTI KoedilieHTa
KOpesIIii ' Moke OyTH BUKOPHUCTAHA TaKOXK BEITUIMHA

t= 1In(“rj— |r| Jn-3,

2 \1-r) 2(n-1)

SKa TIOPIBHIOETHCS 3 TAOTMYHUM 3HAYEHHSM 3 po3noauTy CThIOJICHTA.

Hexait, nanpukian, 3a pesyibratamu 42 BUIIpoOyBaHb OTpUMaHUN KOEPilli€HT
kopeii 0,17. Tomi, mopiBHIOIOUH t ~1,2 31 3HAUCHHIMU 1400,1~1,68 1 100,05 = 2,02,
MEPEKOHYEMOCS, 10 HaBITh MPHU OUIBII «M’sIKOoMY» KpuTepii (o = 0,1) rinoresy mnpo
HasIBHICTh 3B’A3KY MK JAHUMH CJI1J BIIKHHYTH.

CryniHp KOpENSUIMHOI 3aJeKHOCTI MDK JIBOMa psAJaMy JTaHUX MOXKHa
oxapakrepuzyBatu rpadiuno (puc.2.26). Tyr bi=tga, b2=1g 0z, npudomy
£=90" — (a2 — al). YuM BY)XKUHM KyT MK IPSAMHUMH perpecii, THM TICHIIITUN 3B’ 30K
ICHY€E MIXK psiIaMU JTaHUX.

KoedimienT xopensiii HaaiiHO XapakTEepU3ye 3B'SI30K MK JaHUMHU JIUIIE B
yMOBaxX JIHIHHOTO PIBHSHHS perpecii, TOOTO «y cepeaHboMY». Alle, HANpUKIald, Y
PI3HMX [lalla30HaX 3HA4Y€Hb JOCTIIHPKYBAHMX BEJIMYMH XapakTep 3aJIEKHOCTI Mk
HUMU MOXE CYTTEBO 3MIHIOBATHUCS.

0 X

Puc. 2.26. 'eomeTpruyHa XapaKTepuCTUKa KOPEISAIIHHOT 3aJIEKHOCTI

Tak, nns cnmaOKUx BOJHUX PO3YMHIB PEYOBHH ICHYE JIIHIWHA 3aJICKHICTh MK
KOHLIEHTPAII€I0 PEYOBUHHU y PO3UMHI Ta Yy copOeHTi. [Ipu BUCOKMX KOHUEHTpaIisX,
KOJIM MPaKTUYHO BCA €MHICTh COpOEHTY BHUYEpIaHa, JIHIHHUN 3B’S30K MDK LIMMH
BEJIMYMHAMU TOPYIIYEThCA. 3MiHA Koe(illieHTa KOpeJslli y pi3HUX Jiarna3zoHax
napameTpiB MOK€ BUHUKHYTH 1 4epe3 HeNpaBUIIbHE TPYIyBaHHS JIaHUX, T€OMETPHUYHI
HOXUOKH TOLIO.
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Heninitina peepecisa. Y aeskux BUIMAJKaX BUMIPIOBaHA BEJIMYMHA MOXE OyTH
OlIBII TOYHO mepeadaveHa 3a JIOMOMOIOK HEIIHIMHOrO pIBHSAHHS. K NpuKiIan
PO3IIISIHEMO KBaJPATHYHY PETPECi0, PIBHSHHS KO Mae BUIIILL Y = b, + b X +b,X>.

Kopuctyrounch NpUHIMIIOM MIHIMYMY CYMH KBaJIpaTiB BIIXUJIEHb y3J0BXK OCi
Oy, ckianemMo (PyHKITIIO

n

U (By,by,b,) =D [ v = (B +bx+b,x7) |2, (2.98)

i1

Minimym U (bo,bl,bz) i koedimientn by, b1 Ta b, 3Haligemo, BUpimTyrOUH

CUCTEMY PiBHSIHb
g, W o, Vg
0 bl abZ

AHaNoOriyHo MOXKHa MOOyAyBaTU PIBHSAHHS perpecii y BHUIJISAI MHOTOWIECHA
O1JIbIII BUCOKOI CTETICHI.

Ane 301IbIIICHHS CTENEH1 HE 3aBXIM BUIpPaB/iaHe, 00 YCKIAHIOE OOYUCICHHS
1 4acTo He BiAMNoBigae (Hi3WyHIN MPUPOJlI ONMUCYBAHOTO Mpolecy. ToMy Ha TPaKTHUIl
4aCTO BUKOPUCTOBYIOThCS €KCIOHEHIialbHa Y = ae™ , norapudMiuna y=a+bIgx i
creneHeBa Y =aX® 3aJIeKHOCTI.

[TapameTpu eKCIIOHEHI[IaNbHOI perpecii MOXHa BUSHAYUTHA Ha OCHOBI (hOpMYITH
(2.89), 3aminroroun 3MiHHI. Hexail, Hanmpukiaag, EKCHEPUMEHTAIbHUM JaHUM
Bianosifae 3anexnicTs Yy =ae™. Toxi, mosHauusmy Z = In'y, oTpuMaeMo piBHAHHSA
z=Ina+bxaboz=ay+ bx. Lle piBHIHHS BXK¢E € JIHIHHUM 3a TTapaMeTpamu ao 1 b,
TOMY JUIsi 1X OIlIHKM MOKHa 3aCTOCYBaTH METOJ HaWMEHIIUX KBaJpaTiB 3a
dbopmynamu (2.83).

[puknag 2.12. ExcriepuMeHTai bHI JaHl BIAHOCHO JWHAMIKUA 3aTOIJICHHS

axTu y LeHTpaibHIA yacTtuHl KpuBopizpkoro OaceliHy MoOKa3aHi TOYKaMU Ha
puc. 2.27. JIns anpokcumariii 3MiH piBHS MIAXTHUX BOJ (TJIMOMHU BiJ TOBEPXHI 3eMII1
Z) Ta BOAONPHUIUIMBY 1O MIJ3€MHUX BHUPOOOK 3 4YacOM BUKOPHUCTaHI JIiHIMHA Ta
eKCIIOHEHI[IaJIbHA arpokcumaliii. BiporigHicth 000X ampokcHUMaIliil 10BOJII BHUCOKa,
0 JEMOHCTPYIOTh BHCOKI 3HAYCHHs iHAEKCy aeTepMinamii R?, xoua 3 isuunoi
TOYKH 30pY OOIPYHTOBAHOIO € EKCIIOHEHIllaJibHA 3aJIeXKHICTh, $Ka BIJITBOPIOE
YIOBUTHHEHHS JUHAMIKH 3aTOTUICHHS 3 YaCOM.
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400
] g - y = 852.98¢0000%
N o0 4 R =0.9912
//
800

v y =-0.3321x + 747.79
R? = 0.9663
1000
a)
12000 q-------mmmm oo
[
10000 T ’"""”""”""’""""”""’""""”""”""y’:”.]’:lbogéro.ooogx
S 800 N R=0.9905
Q
1l N -~
g 6000 y = -4.2828x + 9686.4
= NS T ~ R2=09653
G 4000 o~
1 e
0 . . . . .
0 500 1000 1500 2000 2500
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Puc. 2.27. Anpokcumariiss eKCIEpUMEHTAIBHUX TAaHUX JWHAMIKH 3aTOTUICHHS
maxTd y 4vaci: @ — riuMOuHa PiBHA BOAM BiJ MOBEPXHI 3€Mill, 6 — BOJIONPUILINB
(cyliibHA KpUBa — €KCIIOHEHIIIAIbHA 3aJIEXKHICTh, IITPUXOBA — JITHIMHA)

Koutpoabni nutanns a0 niaposainy 2.5

1. 3a sxkum npuHIUIIOM OYy€eThCs JIiHIS perpecii?

2. TloscHITH reOMETpUYHUIN 3MICT KOE(IIIEHTIB perpecii.

3. OxapakrepusyiTe HaillOUIbII MOWIMPEHI BUAM perpecii. Sk mepeltu Bia
HEJIHIMHOT 10 JiHIHHOI perpecii?

4. Sk nepeBipsiETbCS CTATUCTUYHA 3HAYYIICTh PIBHSHHS perpecii?

5. Yomy wHemoxauBo 31 100 %-Horo HamilHICTIO oOMHMCaTH BCl 3MIiHU
napameTpiB CTaHy MPUPOTHOTO CEpeIOBHUIIA?

6. Po3kpuiiTe MOHATTS «CTOXACTUIHHUH 3B’ 130K MIXK JaHUMHU.

7. l1llo Bxirovae xopemsiiiine mose?

8. SIki BHCHOBKM MpO 3B’SI30K MDK JaHMMHM MOXHa 3pOOMTH Ha OCHOBI
BI3yaJIbHOTO aHaJI13y KOPEJISILIIHHOTO MOJIsi?

9. SIki BUCHOBKHM MPO 3B’SI30K MK JAHUMHU MOKHA 3pOOUTH Ha OCHOBI aHAI3Y
KoedirieHTa Kopessilii Ta #oro JOCTOBIPHOCTI?
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10. Sk mepeBipseThCS CTATUCTUYHA 3HAUYIIICTh KOe(ilieHTa KOpemsIii?
11. Po3kpuiiTe reOMETpUYHUM 3MICT KOe(DIIi€eHTa KOPEIAIIii.
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Po3ain 3
OCOBJIMBOCTI TA IPUKJIAJIU MATEMATUYHUX MOﬂEJIEfI
NPUPOJHUYUX CUCTEM

3.1. Oco0auBOCTI reoJIOriYHUX MoIes1ei

Xapaxmep eeonociunoi ingopmayii. T'eonorito, Ha BiAMIHY BiZ (i3HKH,
MaTEMaTUKH 4Yd XiMii, 4aCcTO BIJHOCSTH JO OMUCOBUX HAyK, IO € HACIIAKOM Ii
TPUBAJIOTO PO3BUTKY B YMOBaX HECTaul EKCIEPUMEHTAIBHUX JAHUX Ta BUMIPIOBAHb
4yepe3 HEJIOCTYIHICTh T€0JIOTIYHUX 00’ €KTIB JUIsi 0€3M0CEPETHROTO CIIOCTEPEKEHHS.

ExcriepuMeHTanbHOI0 OCHOBOIO B T€OJIOTIT € TOJIbOBI CHOCTEPEXKEHHS 1
JOCIITHO-BUIIYKYBAJIbHI POOOTH, pEe3ylbTaTH SIKUX MICIs KaMmepallbHOI OOpoOKH
CTalOTh OCHOBOIO JJI MEPEBIPKH TINOTE3 Ta BepUQIKalli MAaTEMAaTUYHUX MOJENEH.
OcCKibKH B TEOJIOTii JyXe CKJIaJHO TPOBECTH EKCIEPUMEHT Y JIabopaTOpHUX
yMOBaXx, MOHSATTS, K1 BAKOPUCTOBYIOTh B TOUHUX HAYyKaX 1 B F€OJIOT1i, HE TOTOXKHI.

Pi3HOMaHITTS TeoJIOriYHUX 00’€KTIB 1 METOJIB iX BHUBYCHHS IMPU3BOIUTH JI0
3HAYHOI P13HOPITHOCTI OTPUMYBaAHO1 1HGOpMAIIii, SKy MOXHA TIOJITUTH Ha CI0BECHY
(onucosy), epaghiuny (kapmoepagiuny) 1 yugposy. llle kinbka IECITKIB POKIB TOMY
reojioriyHa i1HQgopMariss Majga B OCHOBHOMY SIKICHHM XapakTep 3 MepeBa)KaHHSIM
CJIOBECHOTO OMNHUCY 1 TrpadikiB, TOAl SK KUIbKICHUM aHadl3 BUKOHYBaB T'OJIOBHUM
YUHOM JONOMDKHI (QyHKIii. OCTaHHIM YacoM Yepe3 HOBI TEXHIYHI MOXKJIMBOCTI
BUMIPIOBaHb JOJABCS KOJIOCATbHUM 00csar 1udpoBoi iH(opmarlii, ska moTpedye
OCMHCIICHHSI Ta KOPEKTHOI IHTeprpeTallii. Ajie nMpyu BUKOPHUCTAHHI KOXKHOTO 3 ITMX
BHIIB 1H(pOopMaIlii BHHHKAIOTh TIEBHI CKJIQTHOIIT.

Cnosecna ingpopmayisa. SIKIO TIOHATTS B MaTeMaTHIll € aOCTPaKTHUMH 1
JIOTIYHO BHBOJSTHCA Ha OCHOBI BHUXIJIHMX IOJOXKEHb — aKCiOM, TO TOHSTTS
reoJIOTIYHOTO aHami3y OaraTtociiBHI W 4yacTo chopmyiaboBaHi oOpa3Ho. TeopeTuuHi
BUCHOBKHM T€O0JIOTIB 3aCHOBaHI Ha OCOOMCTOMY JIOCBIJIl Ta IHTYillli, TOMYy BOHH
B1JI00pa)KalOTh HE JIMINE PEalibHI BIACTUBOCTI MPHUPOAHUX 00 €KTIB Ta MPOIIECIB, a
YacTKOBO 1 CyO’€KTHBHI ysIBIEHHS aBTOpiB. OTXKe, ICHYIOUl B IeoJiorii MOHATTS 1
BU3HAYCHHS YaCcTO HEOJHO3HAYHI, HEKOHKPETHi, c(hOPMYIhOBaHI Ha MOBI, MOBHIM
oOpa3HUX BUpPa3iB, MOPIBHAHb, AHAJIOTIH.

Tak, icHye 39 BHU3HA4YeHb MOHATTA «MiHepam», 49 — «ripcbka mopoaa», 63 —
«popmartisy, 112 — «bamis» [1]. Tomy misi mpoBeneHHs KUTBKICHOTO aHAII3y
reoJIOTIYHUX 00’ €KTIB MaTEeMaTMYHHUMHU METOJaMH TOTPiOHO 3 yChOro Habopy
re0JIOTIYHUX TIOHATHh BUIUIMTA OCHOBHI, J0 SKHX OYIyTh 3aCTOCOBHI METOAU
kiacudikarii Ta MaTeMaTUYHOT JIOTIKH.
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[Tommpenoto ¢GhopMor0 y3araidbHEHHS 3HAHb TPO BIACTHBOCTI TEOJIOTTYHHUX
00'ekTiB € kiacudikalii Ta yrpynoBaHHs. OjgHak OUIBIIICTh 3 HUX IpPOBEICHA 3a
SKICHUMH O3HaKaMH, MPU IbOMY Ha0ip WX O3HAK 1 KIJIBKICTh TPYN y KiIacU(iKaIisIx
HeonHakoBl. Hampukman, juisi moaily BHUBEPKEHHMX TOpIJT 3a MIHEpPAJIbHUM Ta
XIMIYHUM CKJIaJJaMH BUKOPHUCTOBYETHCS, SIK MIHIMYM, II'SITh PI3HUX Kiacu(iKailii,
aki 3ampornonyBamu C. Mimenb-JleBi, I'. PozenOym, @.}O. JleBincon-Jleccinr,
I1. Hirrmi ta A.H. 3aBapinkwuii [2].

Kapmoepaghiuna inpopmayis. HeonHo3HauHI TEOJOTIYHI TOHATTS YacTO
OepyThCsl 32 OCHOBY YMOBHHX IO3HA4YeHb MPU CKJIAJaHHI TpadidyHUX T'COJIOTTIHUX
JIOKYMEHTIB, Y TOMY YHCJI1 pO3pi3iB, IJIaHIB, KapT; y Pe3yibTaTl 4oro kaprorpadivyHa
reojiorivHa iHdopmalliss TakokK € HEOJHO3HauHOI0. Yepe3 I1ie TeoJoriyHl KapTw,
CKJIaZIEH] B OJIHAKOBOMY MacIuTall JJisl TI€l K TEPUTOPil B Pi3HI POKU 1 PI3HUMHU
JOCJIITHUKAMH, ICTOTHO BIAPI3HSIOTHCS OJTHA BiJ OJIHOI.

Lupposa ingopmayis, oOCIT SKOI CyTTEBO 3OLIBIIMBCSA 3a OCTaHHI POKH,
TakoXX Mae jeski crenudiuHi 0COOJUBOCTI. 3 TOYKH 30py BHOIPKOBOTO METOAY
BHBYEHHS 1 CKJIAJIHOCTI T'€OJIOTTYHUX 00’€KTIB BOHA BijoOpa)kae iX BIIACTMBOCTI HE
MOBHICTIO, & Yepe3 TEXHIUHI MOXUOKH BUMIPIOBAHHS — HE 3aBXKIH JIOCTATHHO TOYHO.

Heonno3naunicts 1iudpoBoi iHGopMallli BUHUKAE TaKOXK 32 PaXyHOK TOTO, IO
JesIKl BJIACTUBOCTI T€OJIOTIYHMX OO0'€KTIB 1HOMI MOXYThb OyTHM BHpa)K€Hl PI3HUMH
YUCJIOBUMH XapakTepucTHKaMu. Hampukiaa, cTymiHb OKaTaHOCTI MIIIAHUX 3€pEH 1
raJIbKu XapakTepusye BUJ X TPAHCHOPTYBAHHSA 1 BIICTaHb 10 Jkepena. OgHak, ass
OLIIHKM CTYIEHS OKATAaHOCTI MOXYTh OyTHM BHKOPHUCTaHI Pi3HI BEJIMYUHU, 30Kpema
JacTKa BiJl JIJICHHS pajlyca KpUBU3HU HAUTOCTPIIIOTO KIHIIS MIITUHKK a00 rajJbKu Ha
il cepemHiil pajiyc; BIIHOIIEHHS CEPEIHBOTO pajiiyca MaKCUMAJIbHUX KIJ, M0
OMKCYIOTh BEPIIMHM BCIX KYyTIB MeXl B ii MPOEKIi Ha IJIOMHUHY, 0 pajaiyca
HaMOLIBIIIOTO KOJIa, BIMCAHOTO B IO MPOEKIIII0, TOIIIO.

[Ipy BHBYEHHI KOPUCHUX KOMNAJIUH MOXYTh aHali3yBaTUCS BaJOBHIl BMICT
XIMIYHUX €JIEMEHTIB, BMICT iX OKCHUIB, Cyiab(diaiB a00 1HMMX XIMIYHUX CIOJYK,
BMICT MIiHEpaiB-HOCIIB KOPUCHUX KOMIIOHEHTIB Ta 1H. [l OUIBLIOCTI pyaHUX
POJIOBUII HAYACTIIIE BUKOPUCTOBYIOTh BMICT XIMIYHUX €JIEMEHTIB, JJII PO3CUITHUX
POJIOBHUII] — BMICT KOPUCHUX MIHEpAIiB, 1HOJI — BMICT CIIOJYK METAaJiB, 110 MAarOTh
KOHTPACTHI TEXHOJOTIYHI BJIACTUBOCTI. 30Kpema, MpU IMepepoOIll OJOB’SHHUX Py
3HAYHO JICTIIE BWIYyYalOThCS B KOHIIEHTPATH OKCHAM OJIOBa TOPIBHSIHO 13
cynbdigamMu, y METaTypridiHUX TMpolecax 3ali3HUX Pyl CUJIIKaTH 3aii3a He
BUIIJIABIISIFOTHCS, a WAYTh y IIUTAKH.

Otxe, 1 BUOOPY ONTUMAJIBLHOIO IMapaMeTpa i KUIbKICHOTO aHaji3y CHif
YCTaHOBUTH, SIKa 3 TEXHIYHO MOKJIMBUX ISl BAMIPIOBAHHS XapaKTEPUCTUK HAMOLIBII
MOBHO B1J100pa)kae 3MiHU BIACTUBOCTEH, 110 LIKaB1 AJIs IPAKTHKHU.
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Tunu mamemamuunux mooeneu y eeonozii. MonemoBaHHSI B T€OJIOTi] BUBYAE
3aKOHHM IOOYJOBH MOJEJIEH Te0JOTriYHUX O0O0’€KTIB, JOCTII)KYye Ha iX OCHOBI
reoJioriyHi Ta ¢i3udHi npoiecu. BiamosigHo A0 iHGopMaIlii, sika BUKOPUCTOBYETHCS
U1 iX 1MOOYyIOBH, MOJEII B Teosiorii Tako)X YMOBHO MOJUISIOTH Ha CJIOBECHI,
rpadivHi Ta 3HAKOB1 (MaTeMaTUYH]).

Jlo cnosechux mooeneii HaneKaTh 4YWCIACHHI Kiacuikailii, MOHATTI 1
BU3HAYCHHS, HA SKUX IMOOYIOBaHI TeoJOTiuHI Teopii. [ paghiuvnumu mooeramu €
pi3HOMaHITHI TpadiyHi JAOKYMEHTH, Y TOMY YHCII KapTH, IUIaHH, PO3pI3H, IO
CIIPOIIICHO BIJOOpaKarOTh MPOCTOPOBY CTPYKTYPY, OCOOJHMBOCTI Ta BJIACTHUBOCTI
peanbHUX O0’€KTIB T'eOJIOTIYHOTO cepenoBuma. Jlo mamemamuunux mooeneii, sk
3a3Haqyanocs B po3aual 1, BIAHOCATH (OPMYJIM Ta CIIBBIJHOIICHHS, 110 OMHUCYIOTh
B3a€EMO3B SI3KM 1 3aKOHOMIPHOCTI 3MIH BJIACTUBOCTEH T€OJIOTIYHUX 00’ €KTIB abo
napameTpiB T'€0JIOTTYHUX MPOLIECIB.

Bumie 3ragyBanocs, 110 1HTEHCUBHE BIPOBAKCHHSI MATEMAaTUYHUX METOIIB Ta
MporpaMHuX 3aco0iB i1 OOpOOKH pi3HOPIAHOT 1H(OpMaLii B TE€OJOTTYHUX
JOCIIKEHHSX 32 OCTaHHI POKM POOUTH MEXI MIXK ONHUCAHUMM TUIIaMU MOJENIeH
nocuth yMoBHMMH. Tak, kaprorpadiunHa iH(opMallis 3a JOMOMOIOK Mporpam
rpadiuHoi 0OpoOKH OIHM(PPOBYETHCS 1 BUKOPUCTOBYETHCS AK 0a3uC IS CKIATHUX
MIPOCTOPOBHUX MOJIENIEH MPU PO3B’SI3aHHI TAPOreoJOrYHUX Ta reoi3nyHuX 3a1ad. 3
iHmoro OOKy, pe3yJabTaTH TPOCTOPOBOTO MOJCIIOBAHHSA, SKE BEPHQPIKYETHCS
BUMIpaMH TIpH TEOJIOTIYHHUX 3HOMKax, 300paxylThCs Yy BHUIVISAL KapT Ta
TPUBUMIPHUX 300paxeHb. [loTyXHI KOMIT'IOTEpHI MOAENI Jal0Th MOXJIMBOCTI
O0araroBapiaHTHOTO  aHaJNi3y Ta  MPOTHO3y  TEOJIOTIYHMX  BJIACTHBOCTEH,
TAPOTEOJIOTIYHUX Ta 1HXKEHEPHO-TEOJIOTIYHUX TMPOIIECIB, 10 POOUTH MOKIWBUM
MEePEBIPKY TEOPETUYHHUX TIMOTE3 MO0 PAaKTUYHOTO CTaHY MACUBY T1PCHKUX MOPII.

VY mpakTuill reoJIOTIYHUX JOCIHIKEHb 3aCTOCOBYIOTHCS SIK CMamuyHi, TaK 1
Oounamiyni Mojem, omnucaHi B po3aumn 1. JluHamiuHi Mojeni OuIbll CKJIaaHI ¥
NOoTpeOyIOTh BUKOPUCTAHHS BIAMOBIHOIO MaTEMaTUYHOro amapary. ToMy I1HKOJIU
JUHAMIYHI MOJENi CHpPOIIYIOTh, PO30MBalOUYM BECh YAaCOBMM 1HTEpBal Ha KiJIbKa
MEHIUX 1HTepBamiB. Ha KOKHOMY 3 IIUX 1HTEpBAIIB JUHAMIYHI MOJENI 3aMIHIOIOTh
CTAaTUYHUMH HAOIMKEHHSIMU, II0 O3BOJISIE BUBYATH MPOIIEC 32 CTAISIMHU.

3aJie)KHO B XapakTepy 3B’A3Ky MK MapaMeTpaMd 1 BIIACTUBOCTSIMH
JOCTIKyBaHUX OO'€KTIB Ta NUJIeH MOCTI/DKCHHS Ha TPAKTUIIl TMpPU BUBYEHHI
reoJIOTTYHUX O00’€KTIB MOXYTh BHKOPHCTOBYBAaTHUCS KOMOIHALll OemepMiHOB8AHUX,
CMAMUCMUYHUX i CMoXacmu4yHux MoJIeTIen.

[Ipy mnpakTUUHOMY BHUKOPHCTAHHI pe3yJbTaTH JAETEPMIHOBAHUX MOJIETeH
reojoriYHuX  O0'€KTIB  MOTPeOYIOTh  KOPEKTHOI  iHTepIpeTauii,  OCKLJIbKU
GyHKIIOHANBH1 3B’SI3KM  30€piraloTbCsa JMIIE y BY3bKHX IHTEpBaJiax, a 4epes
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CIPOIIEHHSI TMPOCTOPOBOTO PO3MOAUTY TapaMeTpiB Pe3yiabTaTH MOJCITIOBAHHS
BIIXUJISIFOTHCS BiJl pe3yJIbTATIB CIIOCTEPEIKEHb.

Cmamucmuyni MOJIEN B T€0JIOT11 3a3BUYail BUKOPUCTOBYIOTHCS JJIA:

* OTpUMaHHA 3a BHUOIPKOBUMM JaHUMM HaWOUIbII HAMIWHUX  OILIHOK
BJIACTHBOCTEH TEOJIOTTUHUX 00’ €KTiB, 30KpeMa, CepeAHiX, AUCIEPCii, KoedilieHTiB
acuMeTpii Ta eKcCIleCy;

* TEPEBIPKM TINOTE3 BITHOCHO TMOMIOHOCTI YW BIAMIHHOCTI TEOJIOTTYHHX
00’ €KTIB,;

* BUSBJICHHS Ta OIKCY 3aJEKHOCTEH MIXK BIACTHUBOCTSIMHU T'€OJIOTTYHHUX
00'€KTIB;

* xiacudikaii reoJoriyHux 00'eKTiB;

* BHU3HAUCHHS 00CSATYy BHUOIPKOBUX JaHUX, HEOOXITHOrO IS OI[IHKH
BJIACTUBOCTEH T'€OJIOTTYHUX 00'€KTIB 13 33JIaHOI0 TOYHICTIO;

* OILIIHKK HMOBIPHOCTI IOMMJIOK 33 PaXyHOK BHOIPKOBOI'O METOY.

3BaKal0uM Ha PI3HOMAHITTS TEOJIOTIYHUX 3aJay, CTAaTUCTUYHI MOJENl
3aCTOCOBYIOTHCA Y TO€AHAHHI 3 JICSIKUMH HMOBIPHICHUMH METOJaMu (BUITaIKOBI
¢byHKIIIi, YacoBl psaM, AUCIEPCIHHUNA aHami3), IHTEPHOJSALIMHUMHU MOJIHOMAMH,
THITMMHU METOJIaMU MaTeMAaTHUKH.

[Ipyn BUKOpHUCTAHHI CTATUCTUYHHUX MOJEJIEH T'eO0JOTIYHOr0 00’€KTa MOKIIMBI
TaKi MPUIYIICHHS [0I0 HOT0 0THOPiAHOCTI [2]:

1. O0’eKT BBa)Xa€TbC BHYTPIIIHBO OJHOPIAHUM, a TPOCTOPOBI 3MIHU
BJIACTUBOCTEN € BUNAJAKOBHMMH, TOOTO HE 3ajiexkaTh BiA Micusd BuMipy. Lle Bumamok
YMOBHO OJTHOPIJTHOTO (KBa310IHOPITHOTO) 00’ €KTAa.

2. OG’€KT BBaXa€ThCS BHYTPINIHBO HEOAHOPITHUM, MPOCTOPOBI 3MiIHU
BJIACTMBOCTEH 3a7al0ThCS BUNIAJKOBUMHU (PYHKIIISIMA KOOPJMHAT, TOOTO 3a/IeKaTh BiJ
MICIISl BUMIDY.

3aieXHO BiJI KUIBKOCTI BJIACTUBOCTEM, $IKI PO3TIISAIAIOTHCS SK BUIAIKOBI
BEJIMYMHH, BIATOBIIHI MOJIEJ1 MOAUISIOTECS HA OAHO-, IBO- Ta OaraTOBUMIpPHI.

Mopeni mpocTOPOBHUX T'€OJOTTYHUX 3MIHHUX BUKOPUCTOBYIOTHCS JJISL

* TIEPEBIPKH TINOTE3 PO 3aKOHOMIPHOCTI PO3MIIICHHS T'€OJIOTTYHUX 00’ €KTIB
BIIHOCHO OJWH OJHOTIO;

* TIEPEBIPKH TIMOTE3 MPOo XapakTep (OpPMYyBaHHS T€OJIOTIYHIUX YTBOPECHB;

* BUAUICHHS aHOMaJid Yy TEOJNIOTIYHMX 1  Teo(Pi3uUHUX  TOJSIX,
TAPOTre0sIOTIYHUX Ta 1HKEHEPHO-TEOJIOTTUHUX XapaKTepUCTUKAX;

* kynacugikaiii 00’ €KTiB 32 0COOIMBOCTAMU 1X BHYTPIIIHBOI Oy/10BH;

e OOTpyHTYBaHHS IHTEPIOJIALII Ta EKCTPaNoiAlii NpH OKOHTYPHOBaHHI
I'COJIOTTYHUX 00'€KTIB;

* BUOOpPY ONTUMAJIBHOI TYCTOTH 1 (HOPMU MEPEkKI CIIOCTEPEKEHb.
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Cmoxacmuuni moOeni BU3HAYAIOThCS SIK Takl, Y SKHUX IapamMeTpu, YMOBHU
(YHKITIOHYBaHHS 1 XapaKTEPUCTUKH 00 ’€KTa OINHUCAHI BUITAJKOBUMH BEIMYMHAMU 1
GbyHKITIAMH, BXiHA 1H(GOpPMAIliS YaCTKOBO UM MTOBHICTIO MPEICTABICHA BUMAKOBUMHU
BenuurHamMu. OCKUIBKM B CTOXaCTUYHMX MOJENSIX OAWH 4M OuIblle MapaMeTpiB €
BUIAJKOBUMHU BEJIMYMHAMHU ab0 Tpolecamu, TO AN Ti€l K CYKYMHOCTI BXIJHHX
JaHUX MOKe OyTH OTPUMAaHO KiJIbKa pe3yJbTaTiB.

Hanpukmnan, MacuB TipChbKHUX MOPIJA BIAHOCHO MPOHUKHOCTI M MOPUCTOCTI,
3aJJaHuX y KUTbKOX TOYKAaX, PO3TJISAAE€THCSA Y IIbOMY CEHCl BUMAJAKOBHM ToJieM. Toni
B pe3yJIbTaTli MOJICIIIOBaHHS (BiabTpallli mia3eMHUX BOJI iX PIBEHb Ta BUTpaTa OyayTh
BUIIAIKOBUMH BEJIMYMHAMU, JJI SKUX MOKHA BU3HAYUTH MaTeMaTU4HE CIIOAIBaHHS,
JUCIIEPCIIO OIIHOK, JIOBIpYl 1IHTEepBaau. Takuii MiaXiJ MOXHA peanti3yBaTH OMUCAHUM
JaJi crocoooM.

BynyeThcs Kinbka COTEHb BUIAJIKOBUX TPU- a00 JBOBUMIPHHUX (3aJI€KHO BIJ
PO3MIPHOCTI MOJEII) MOJiB NPOHUKHOCTI ¥ MOpPUCTOCTI. [l KOXHOro MOJIs
BUKOHYETHCS PO3pPaxyHOK (DUIbTpaIlii, MICIs YOTO BU3HAYAOTHCA CTATUCTUYHI OI[IHKU
MIPOTHO30BAHOTO PIBHS MiJI3EMHUX BOJ, CKJIAJOBUX OallaHCy Ta 1HIIMX MapaMmeTpiB.
BukopuctanHs BHUMAJKOBUX BEIUYHH JO3BOJISIE MOJEIIOBATH PAITOBI, IOTaHO
nepea0avyBaHl YUHHUKH, BUTIAJKOBI 3MIHU B XO/I1 MPOIIECY, KO BX1IHI MapaMeTpu
MO/IeJIl BU3HAYEH1 HA OCHOBI HEJIOCTAaTHBOI KIJIbKOCTI AaHUX (Majoi BUOIPKH).

Emanu mamemamuuno2o mooeno8anHs @ 2eoio2ii. 3BakKalouu Ha PI3HOMAHITTS
Ta CKJIATHICTh TEOJIOTIYHMX 3a]ad, IX pO3B’S3aHHS MAaTEeMAaTHYHUMU METOAaMH €
Oararoctaaiiinum  mpouecoM  (puc. 3.1).  be3nocepenHb0  MaTeMaTUYHOMY
MOJICITFOBAHHIO TIEPEIyE CTBOPEHHS I'€OJIOTIYHOT MOJIENl Ta BU3HAYEHHS BHOIPKOBOI
CYKymHOCTi. TOMy pe3yibTaTH reoioro-MaTeMaTHYHOTO MOJICIIIOBAHHS 3aJIekKaTh SK
BiJI MPABWIBHOCTI TINOTE3, MPUUHATUX Ha eTami (OpPMYJIIOBaHHS MOJENl 3 OOKy
(axiBIIiB 3 T€OJIOTIi, TaK 1 KOPEKTHOCTI MAaTEMaTUYHOTO METOAY, 32 SKUM BHUKOHAHO
MojientoBaHHsA. Pa3om 3 TuUM pilieHHS Ha OUIBIIOCTI €TalliB  MOJICIOBAHHS
NPUAMAIOTBCST 3 ypaxyBaHHSAM OCOOJMBOCTEH TeOJIOTIYHUX OO0'€KTIB Ta iX
BJIACTUBOCTEH, TOMY 3arajbHUN pe3yibTaT Ta MOr0 TOYHICTh OUIBIIOI MIPOIO
3aJIeKUTH BiJl KOMITETEHIIII Teojiora Ta HOro 37aTHOCTI (popMasizyBaTh MPAKTUUHY
3amauy. 3 1HIIOro OOKY, KOMIETEHIli MaTeMaTUKa — BUOIp PalliOHaIbHOTO METOTY
(kpuTepiro) Ta Woro peamizamisi, 0e3 YOro 3arajJibHUM pe3ysbTaT HE MOXe OyTu
KOPEKTHUM.

Onpobysanus eeonoeiunux 06’ckmie. HenOCTYIHICTh T€OJOTIYHUX 00’ €KTIB 1
MpoIIeCiB JjIsi 0€3MOCePeAHBOTO CIIOCTEPEKEHHSI 3yMOBHIIA IITUPOKE BUKOPUCTAHHS B
I'COJIOTTYHIN MPaKTUIll BUOIPKOBHUX METOIB, ONMCAHUX Y PO3/LIl 2 1 3aCHOBAaHUX Ha
KUTbKICHOMY aHaji31 BUOIPOK 3 OKpEMUX IUISTHOK. 3pa3Ku AJisi BUOIPOK BITOUPAIOTHCS
MEePEeBAXHO HA TMPUPOJHUX 1 IITYYHUX BIJICTOHCHHSIX Ta Y CIHOCTEPEIKHUX
cBepaioBuHax. [lmoma ans 6e3mocepenHix CIOCTEPEKEHb, CBEPAJIOBUHU Ta cami
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BiJ110paHi mpoOu 3a3BUYail HE3PIBHAHHO Malli MOPIBHSAHO 3 JAOCHIKYBAHUM MAacHBOM
TpChKUX TOPij, Ha SK1 MOIIUPIOIOTHCS OTPUMaHI JaHi. Yepes 11e BUHUKAE MpodiiemMa
paIioHaJTFHOTO MPOCTOPOBOTO PO3MIIIICHHS IMYHKTIB JIOKATHHHUX CIIOCTEPEKECHb, YaCy
B1100pY MpOoO MiA3EMHHUX BOJI, CUCTEMAaTH3allll BUOIPKOBUX JaHUX Ta iX MOIIMPECHHS
Ha TPUJIETIY TEPUTOPIIO.

Ilo0ynoBa reosoro- MaremaTu4Ha peaJizauis
MAaTEMATHYHOI MOJeJTi Mojei, ii Bepugikaiis

1. BumykyBanHs, 301p JaHUX 1. BubGip meToay po3B’si3aHHS
PO CTPYKTYypy 00J1acTi, MaTeMaTUYIHOI 3aJ1aui;
BJIACTUBOCTI MOPIJI; BU3HAYEHHS OOTpYHTYBaHHS KPUTEPIiB
T'€0JIOTTYHOT CYKYITHOCTI NepeBIpPKU KOPEKTHOCTI BUCHOBKIB
v v
2. ®opMmyITIOBaHHS T€OJOTIIHUX 2. Peamizartis Mmozgemi sk hi3ugHOL
rinore3 Ta (G13UMIHOrO 3MICTY ab0 MaTeMaTU4HO1
MPOoIIECiB; TOOYI0BA CIIOBECHOT ¢L

MOJIEJIl; MPUHHATTS MEBHUX
MIPUIYIIEHb, K1 CIIPOITYIOTh
KUTBbKICHUM OTIUC MIPOIIECIB HA

3. InTeprperaliisi oTpUMaHUX
pEe3ybTaTIiB CTOCOBHO I'€OJIOT1UHOT
3aj1a4i; OI[iIHKa HMOBIPHOCTI

00’ exTi i1 BETMYMHN MOJINBOT IIOMIITKH
3a paxyHOK YaCTKOBOI1
3. CxytajilaHHs 3HaKOBO1 MOJIEN, HEBIi/IMOBIIHOCTI MOJIENi 00'€KTa
nepexij BiJl reoJIOr4HO1 Jl,
CYKYITHOCTI JI0 BUOIPKOBOi S —
JJ« IPAKTHYHOTO BUKOPHCTAHHS
4. IMoOynosa rpadgigHoi MOENI, IKa PEe3yJIbTaTIB MOJICITFOBAHHS

71a€ HAOUHE ySIBJICHHS 1010 00’ €KTa,
dbopMyTIOBaHHS MaTEMaTHUIHOT
3a/1a4l B paMKax 00paHoi Mol

Puc. 3.1. Eranu noOy0BM Ta peaiizailii reojioro-MmaTeMaTuuHOi MOl

YactuHy reojioriyHOro oO0’€KTa, JOCTYNHY JJIsi  CIOCTEPEKEHHS 1
BunpoOyBanns, M. Posendenpn [3] 3ampomnoHyBaB Ha3WBaTH BHIPOOYBAHOIO
cykymnHicTio. CTymiHb BIAMOBIIHOCTI JOCHIIKYBAHOI T€OJOTIYHOI CYKYMHOCTI
(Bubipku) BUMpoOyBaHiN CYKYIHOCTI i 3aJ€XUTh Bl pO3TallyBaHHS, IIUIFHOCTI Ta
3arajibHOi KUIBKOCTI TOUOK CIIOCTEpEXEeHb, apaMeTpiB BiiOpaHuXx mpod Ta crocody
BUMIPIOBaHHS JJaHOT BJIACTUBOCTI.
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BuniiasioTe TpH OCHOBHI CHCTEMH pO3TAlllyBaHHS TOYOK CIOCTEPEKEHHS:
piBHOMIpHE, BUIIQJKOBE 1 OararocTaailine BUIIpoOyBaHHs [2,4].

Pignomipne sunpobysannsa nependadae, 1mo TOYKU CIOCTEPEKEHb Ha TEPUTOPIT
JOCIIIKYBAaHOTO 00'€KTa PO3MOAUISIOTHCS 32 MPABUIIBHOIO FT€OMETPUYHOIO MEPEXKEIO,
10 J03BOJISIE OJTHAKOBO JCTAJIBHO BUBUYUTH BCIO TepuTopito o0'ekta. et cmocid €
HaWO1IBIT TOCTYITHAM Ta Y)KHBAHUM.

Bunaorxose sunpobyeanns 3a3Bu4ail 3aCTOCOBYETHCS, KOJIH

1) nociimHUKA HE MIKABISATH MPOCTOPOBI 3aKOHOMIPHOCTI 3MiH BIACTUBOCTEH Y
MacHBi 1opija abo JOCTOBIPHO BIJIOMO, 110 TAKMX 3aKOHOMIPHOCTEH HEMae;

2) HEMOXKJIMBO a00 BaKKO CTBOPUTH MEPEKY PIBHOMIPHHUX CIIOCTEPEKEHb,
30KpeMa, y TIpChKii MICIIEBOCTI, /e MPoOU BIAOUPAIOTHCS TIEPEBAXKHO 3 MPUPOTHUX
BIJICIOHCHB Ta BiAIIapyBaHb, PO3MIIICHHS SKUX MOYKHA BBAYKATH BUIIAIKOBUM;

3) BimOMparoThCs MPOOH ISl KOHTPOJIEHUX aHAII3iB.

bacamocmadiiine eunpobysanns 3aCTOCOBYETHCS Jii BUBYCHHS CKJIAJHUX
reoJIOTTYHUX O0’€KTIB Ha PI3HUX MAcITAOHHUX PIBHAX iX OynoBu. s bOro 00’€KT
PO3AUTSIETHCS HA AUISHKH BIATOBIAHO JI0 €JIEMEHTIB MOTO HEOJHOPIIHOCTI, Y AKUX, Y
CBOIO Yepry, BUIUISIOTHCS OLIBII IPIOHI €IeMEHTH HEOIHOPIAHOCTI TOIIO. Y MexKax
KOXKHOT IUITHKU BUIIPOOOBYETHCS JIUIIIE YACTHHA €JIEMEHTAPHUX JIUISHOK, 32 PaXyHOK
Yoro 3arajgbHa KUIBKICTh CIIOCTEPEKEHb ICTOTHO CKOPOUYETHCS IMOPIBHSAHO 3
PIBHOMIPHUM BHUIPOOYBAHHSIM.

bararocTaniiine BUNPOOYBaHHSI 3aCTOCOBY€THCS, HANPHUKIIAA, MPU CKJIAJaHHI
nanama@THuX kapTt. Crodarky 3a pesyibTaTaMu Jemu(ppyBaHHS KOCMO3HIMKIB
macmTabiB 1:500000 — 1:200000 BHKOHY€TbCS paiOHYBAaHHSA TEPUTOPIl 32 THUIIOM
nanamadTy, gaal B MEXaxX KOXKHOTO 3 IHUX THIIB BUIUISIOTHCA JIAHAMA(PTH
BOJIOJIIJIIB, CXUJIIB, PIYKOBUX JOJUH 1 T. M. J[JI1 BU3HAUEHHS MEX €JIEMEHTapHUX
naHAma@TIB  BUKOPUCTOBYIOThCS 3HIMKM MacmTadby 1:50000, a 11X OCHOBHI
XapaKTEPUCTUKU (CKIIAJ 1 MOTY>KHICTh MYXKHUX BIAKJIAA1B, TUI I'PYHTY 1 POCIIMHHOCTI)
OIIIHIOIOTHCS IIIAXOM BHMBYCHHS TaK 3BaHUX KIHOYOBUX JUISTHOK, TOOTO BIJHOCHO
HEBEJIMKUX 3a TUIOIEIO IUISTHOK, JIe BUSBJICHI BC1 OCOOJIMBOCTI JaHOTO JaHImadTy.

l'eonociuna ma eubipkosa (cmamucmuuyna) cykynHocmi. Y po3aun 2
3a3HAYAIOCs, 0 B OCHOBI CTATUCTUYHOTO MOJICTIOBAHHS JIEKATh JBA MOHSATTS: MPO
reHepalbHy  CYKYMHICTh — 0€37i4  MOXJIMBHUX 3HAau€Hb TIEBHOI  O3HAKH
JOCTIKYBAaHOTO OO0'€KTa YW SBHILA Ta HPO BHOIPKOBY CYKYIHICTH (BHOIPKY) —
CYKYMHICTh CIOCTEPEKYBAaHUX 3HAu€Hb 1€l o3Haku. Lli TOHATTS BIANOBIIAIOTH
MOHATTSIM T€O0JIOTTYHOI 1 BUOIPKOBOI CYKYITHOCTI.

T'eonociuna cykynuwicms BU3HAYAETHCA 32 11 E€JIEMEHTAPHUMM CKJIAJOBUMU
(o0’exTaMu, TIO0 BUBYAIOTHCS), MEKAMH W BUIAMU YHUCIOBHX BHUMIpIB. KoxHii
re0JIOTI4HIM CYKYMHOCTI MOKe OyTH MOCTaBJICHHUI y BIANOBIAHICTh HAOIp YMCIOBUX
XapaKTePUCTHK, OTPUMAHMUX y Pe3yJbTaTli BUMIPIOBaHHA a00 aHali3y BIIaCTUBOCTEH
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okpeMux 00’ekTiB. Taki HaOOpW UUCIOBUX XapaKTEPUCTHUK HA3UBAIOTHCS
subipxosumu  (cmamucmuyHumu) cykynHocmsamu. JIo HHX MOXKHA BIJIHECTH
pe3yJbTaTh BU3HAYEHB ITUTOMOI Baru, BOJIOIOCT1 3pa3KiB IPYHTIB 3 pi13HUX IIyp(iB Ha
OKPEMOMY T'€0JIOTTYHOMY 00’ €KT1, HAIPHUKJIAJ, MACUBI TPCHKUX MOPIJI, CXUJI1 Kap €py
TOIIIO.

O0’ekTH 1 MEXI TEOJIOTIYHHUX CYKYITHOCTECH BCTAaHOBIIOIOTHCS 3aJICKHO Bij
el 1 3aBmgaHb jgochimkeHb. 3a Y. KpamOeiinom [5], enemeHTapHi CKJIaa0Bi
re0JIOTIYHUX CYKYMHOCTEH MOKHA PO3JALIUTH Ha ABl TPYMH: YTBOPEHI NEPBUHHUMU
00’ekTaMu a00 HabopaMH BUX1THUX 00’ €KTIB.

Jlo cykynmHOCTeM, yTBOPEHUX MEPBUHHUMH 00’ €KTaMU, HaJIeKaTh, HAIIPUKIA,
CYKYIHOCTI KOIAaJIMH OpraHi3MmiB, MiHepaiB y nuridi ado nuridax. BignosigHo 10
KOKHOTO 3 TaKuX O0O0'€KTIB BUMIPIOEThCA OJHA a0 KiJbKa BJIACTUBOCTEH, abo
OLIIHIOIOTBCS CEPEJIHI 3HAUECHHS BIIACTUBOCTEN y Ipynax JOCHIKYBaHUX 00'€KTIB.

Jlo cykymHOCTeW, yTBOpPEHHUX Hal0opamMu TMEpPBUHHUX OO €KTIB, BIAHOCSITH
CYKYITHOCTI 3pa3kiB abo npoo, 3a SIKUMH BU3HAYAIOTh (P13UKO-XIMIYH1 BIIACTUBOCTI, iX
IPaHyJIOMETPUYHUIN CKJIaJl, BMICT KOPUCHUX a00 MIKIAJUBUX KOMIIOHEHTIB Ta iH. Y
Takux HaboOpax BJIACTUBOCTI KOXKHOTO BHUXIJHOTO OO’€KTa HE BUMIPIOIOTHCS, a
OIIIHIOIOTHCS CEPE/IHI 3HAYEHHS OKPEMHUX BJIACTHUBOCTEH y HasSBHUX IMpo0ax 4u
3pa3zkax. YucnoBl XapakTepUCTUKU BIACTUBOCTEH II€T IPYIU CYKYITHOCTEHN 3aleKarh
B1J1 pOo3MIpiB 1 00’ €MIB MpoO.

['eosioriuHi JOCHIIPKEHHST TEPEBAXXHO 3aCHOBAHI Ha BHUBYEHHI PE3yJbTaTiB
BUMPOOYBAaHb T4 BUMIPIB B OKPEMHX TOUYKax Oe3MocepeaHbO Ha MicIli BiAOOpy abo y
nabopatopii micnas KamepaiabHOi 00poOku. OTpuMani BHUOIPKM HaleXaTh 10
€JIEMEHTapHO MajuX Ta MPOCTOPOBO PO3’€AHAHUX 00’€MiB Haap (y HITyYHOMY YU
MPUPOTHOMY BIJCIOHEHHI a00 CBEpJUIOBHMHI), Y TOM Yac AK 3pO0JIEHI BUCHOBKH
MOIIMPIOIOTHCS HA BECh JTOCHIKYBAaHUN 00’ €M.

[Ipu nocniKeHHI CKIAQJHUX MPUPOJHUX 00’€KTIB BUOIPKOBUMHU METOJAMH 3
OOMEKEHOI0 KUIbKICTIO CIIOCTEPEXKEHb 3aBXKIU ICHYE MOXJIMBICTE OTpPUMATHU
MOMUJIKOBI pe3yJibTaTh. TOMYy NMpU BUKOPUCTaHHI CTATUCTUYHUX METOMAIB Y T'€O0JIOTii
HEOOX1THO OIIHIOBATH HAJIWHICTh BUCHOBKIB 32 BUOIPKOBUMU JTAaHUMH 1 3HAUYITICTh
[IUX BUCHOBKIB.

[Ipu BUKOpHCTAaHHI CTATUCTUYHOI MOJIEII TEOJIOTIUHI 00’ €KTH PO3TIIAIAI0THCS
K CYKYMHOCTI HECKIHYEHHO BEJMKOI KUIBKOCTI €JIEMEHTapHUX IUISHOK, KOXKHA 3
AKUX BIAMOBIAAE 3a PO3MIPOM OKpemiil mpobi abo MICLHIO OJUHUYHOTO BUMIPY
JOCJIIKYBaHOT BJIACTUBOCTI. B yMOBax 0OMEXKEHOI KUIBKOCTI CIIOCTEPEKEHb TaKUil
MIIX17 IIJIKOM TPaBOMIPHUN, OCKUIBKM po3Mipu TpoO abo MepeTHHy MTYYHUX
BIJICJIOHEHb (CBEpAJIOBHH Ta TIpHUYMX BHPOOOK) 3a3BUYail HE3PIBHSHHO Malli
MOPIBHSIHO 3 PO3MIPOM JTOCIIKYBAaHUX I€0JIOTTYHUX 00'€KTIB.
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VY posznini 2 6ynu chopmMyniboBaHi 3araibHI BUMOTH 10 BHOiIpok. Kpim TorO,
Py BUKOPHUCTAHHI CTATUCTUYHUX METOMIB y Treojorii BUOIPKOBAa CYKYITHICTh Mae
BIJIIIOBIIaTH YMOBaM MacCOBOCTI, OJHOPIAHOCTI, BUMAAKOBOCTI Ta He3alexKHOCTI [4,5].

Ymoea macosocmi nonsrae B TOMy, 10 0OCAT BUOIPKOBOI CYKYMHOCTI Ma€
OyTH IOCTAaTHHO BEJIUKHM ISl TOTO, MO0 BHUSBUIUCS CTaTHUCTUYHI 3aKOHOMIPHOCTI.
EmMnipyyHuM 1UIISXOM BCTAHOBJICHO, IO HAMIWHICTH CTATHCTUYHHUX OIIHOK PIi3KO
3HIKY€EThCSA TIpU 3MeHIIeHH] o0csary BuOipku Big 60 mo 20 — 30 eneMeHTiB, a mpH
MEHIIH KITBKOCTI CIIOCTEPEKEHb 3aCTOCOBYBATH CTAaTHUCTUYHI METOJIU B OUIBIIOCTI
BUIAJIKIB B3arajii He Mae ceHcy. IIpu mNpoBeneHHI TeOJOTIYHMX, T'COXIMIYHHX 1
reoizuyHUX 3HOMOK KIJIBKICTh CIIOCTEPEKEHb, SK NPaBWIO, BEIMKAa W ymoBa
MacoBOCTI JOTpuUMyeTbcs. OJHAK, KOJIM Al KOXKHOTO CIOCTEPEKEHHS MOTPIOHO
MPOXOJUTH CHEIIaJbHY TIPHUYY BHUPOOKY abo0 CBEpMJIOBUHY, JOBOJUTHCSA
oOMeXyBaTUCAd MalMMH BUOIpKaMH. AHAJIOTIYHA CUTYyalllsl BUHHUKAE, KOJIU BUMIpU
SIKOICh BEJIMYMHU MTPOBOAATHCS PIJIKO (pa3 Ha PiK), a OKpeMi BUMipH Tpeda BIIKUAATH
yepe3 MOXMOKU. 3HAYyUIICTh CTAaTUCTUYHUX OI[IHOK Yy TaKUX yMOBax HEOOXI1THO
OLIIHIOBATH YK€ peTesbHO. 3 YMOBOIO MacOBOCTI OB si3aHa 3a/1aya Ipo MIHIMaJIbHO
JIOTYCTUMUNA 00CST BUOIPKH.

Ymoea oonopionocmi monsrae B TOMy, IO BHOIpKOBa CYKYMHICTH Mae
CKJIQZIaTUCSl 3 TAKUX CIOCTEPEXKEHb, SIKI HaJIEKaTh OAHOMY OO’€KTY 1/Ta BUKOHaHI
OJIHAKOBUM CMOCOOOM, TOOTO 3a YMOB OJIHAKOBOTO PO3MIPY YW TEpioay BigdOoOpy
npo0 1 METoAy aHaji3y 4u BUMIpIOBaHHs. L[ yMoBa Moke mopyiryBaTHCS uepes
MOMUJIKY TIPY BU3HAYEHHI MEXK JOCIIHKYBAHOI I€0JIOTTYHOI CYKYIHOCT1 200 TEXHIYHI
1 opraHizaiiitHi CKJIaJHOII IPH MPOBEACHH1 JOCIIKEHb.

Mexi TeoJIOTiYHOI CYKYITHOCTI 3a3BHYail  3aJal0ThCs, 3BaKAlOYM Ha
HEOOXITHICTh OTPUMAHHSI MAaCOBHX PE3yNbTaTiB. BBakaeTbcs, M0 BCl 00°€KTH, SIKI
BKJIFOYEHI JI0 T€OJIOTIYHOT CYKYITHOCTI, aHaJOT14yHl ¥ BHYTPIIIHBO OJHOPiAHI. Xo4a
1€ TPUNYIICHHS MATBEPIKYEThCS HE 3aBKIAM, OCKUIBKA CXOXI 3a SIKICHUMH
O3HaKaMU OO ’€KTHM MOXYTh 1HOJ1 ICTOTHO BIAPI3HATUCA 3a KIUIbKICHUMH
XxapakTepucTukaMu. JIo TOro x OUIBIIICTh pealbHUX I'€0JIOTIYHUX YTBOPEHb MAlOTh
CKJIaJHy OyZOBY, 30KpeMa, yepe3 30HAIbHICTh 1 HassBHICTh HEOJAHOPIIHOCTEH PI13HOTO
Macitady. Ciij 3BaKaTy i Ha Te, M0 pe3yIbTaTH T'€OJIOTIYHUX JTOCHTIKEHb YacTo
OTpYMaHi B P13H1 POKHU 32 IONMIOMOTOI0 PI3HUX TEXHIYHUX 3aCO01B.

VY mpakTuil TeoJoriYHUX JOCTIIKEHb YMOBa OJHOPITHOCTI JOTPUMYETHCS HE
3aBKau. TOMy 3acCTOCYyBaHHSI CTaTUCTHYHHUX METOJIB JIO PO3B’S3aHHS KOHKPETHOI
reoJIOT1YHOT 3a/1ayl Ma€e CyNpOBOKYBATUCS aHATI30M MOXJIMBOI MOXMOKH BHACIIIOK
HEOJHOPITHOCTI BUOIPKH, a TAKOXK MEPEBIPKOIO TIOTE3U PO OJHOPIAHICTH BUOIPKH.

Ymosa  sunaokosocmi  mepenbayae  HemepeaOauyyBaHICTb  PE3yJIbTaTy
OJIMHUYHOTO BHOIPKOBOrO crocTepeskeHHs. CKIaaHICTh 1 MIHJIUBICTH T'€OJOTIYHHX
00'eKTIB, SIK TIPABWJIO, BUKITIOYAIOTh MOMJIMBICTh TOYHOI OIIIHKH iX BIACTHBOCTEH 0
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MPOBEJCHHS CHOCTEpeKeHHS. ToMy eleMeHT BHUMAAKOBOCTI MPHCYTHINM Yy BCIX
reoJIOTTYHUX AOCTiKeHHIX. OTHaK yMOBa BUMAJAKOBOCTI CTPOT'0 BUKOHYETHCS JIUIIIE
TOMI, KOJM PpO3TalllyBaHHS MiCllb BiI0Opy mpoO6 abo mpoBeACHHS 3aMmipiB
JOCIIKYBaHO1 BJIACTUBOCTI B3araji He OyJe SKUMOChb YHHOM TIOB'S3aHO 3
BEJIMUMHOIO, 1[0 XapaKTepU3ye 110 BIaCTUBICTh. Ha mpakTuill e Mo>kHa JOCATTH 3a
paxyHOK TMPOBEICHHS CIOCTEPE)KCHb Ha PIBHOMIPHIA Mepexi, KOJM BCl MicLs
CIIOCTEPEKEHb HaMIYalOThCs 3a3Jalieriib 10 MPOBEIEHHS poOIT 1 B mporeci ix
BUKOHAHHS HE KOPUTYIOTHCA.

OpHak Tpu BUBYEHHI TI'€OJIOTIYHUX YTBOPEHb 3 MPUPOJIHUX BIJICIOHEHb IS
yMOBa MOXe MopyiryBaTucs. Hanmpukiaa, Ha TepuTopisx 31 ci1ado po34ICHOBAHUM
penbepOM MPUPOJIHI BIACIOHEHHS MEPEBAKHO PO3TAIIOBYIOTHCA B OOpPTaxX PIUYKOBUX
JIOJIMH, SIKI, B CBOIO Yepry, 4acTo 30IraroThbCsl 3 PO3PUBHUMH IMOPYLIEHHSMH a0O
BUXOJIaMU TOPiJ, HAHUOUIBII JIETKO MiAMAIOThCS mpolecam eposii. Y Toi ke 4ac
BJIJACTUBOCTI MILHOCTI TOpIJ TOB'I3aHI 3 iX TEKCTYPHUMH OCOOJMBOCTSAMHU 1
MIHEpaJIbHUM CKJIaJoM. ToMy cTaTHCTHYHAa 0OpoOKa pe3ynbTaTiB MeTporpapiaHux
JOCIIKEHb a00 BUMPOOYBaHb iX (PI3MKO-MEXaHIYHUX BJIACTHUBOCTEH 3a 3pa3kamu,
B1/1IOpaHUMU TIIBKU 3 MPUPOJHUX BIJICTIOHEHb, MOXKE JaTH BUKPUBIICHE YSBICHHS
PO BJIACTUBOCTI MOP1/l BUBYEHOI TEPUTOPII B IIJIIOMY.

YMoOBa BHIIAIKOBOCTI MOKE€ MOPYIIYBATHCS 3a PaXyHOK CYO'€KTMBHOCTI MpPHU
MPOBEJICHHI 3aMipiB a0o0 Bi0opi mpoO. Skio mpu BigOOpPi 3pa3kiB 3 TOBII THEHCIB
ONWH JOCHIIHUK Oyne BiJJaBaTH TiepeBary TmpolrapkaM OuIbll  CBITJIOrO
3a0apBJICHHS, a 1HIIMNA — TpolIapkaM OUIbII TEMHOIO 3a0apBJICHHS, TO OTPUMAaHI
HAMUA BHUOIpKM OyJayTh ICTOTHO BIJPI3HIATHCS 3a CEPEAHIMU TOKa3HUKAMU
MIHEPAJIBHOTO CKJIay SIK OJIMH BiJ OJTHOTO, TaK 1 BiJl (PAaKTUYHOTO CEPEIHHOTO CKIIATy
JOCITKYBaHOT TOBIIII.

[Ipu mpoBeneHHI T€O0JIOTIYHOTO PO3BIYyBAaHHS YaCTO BUHHUKAE HEOOXITHICTH Y
3TYIIEHHI MEPEeX1 CIOCTEpEeKEHb Ha HANOUIBIN BaXUJIMBUX JUISHKaX. BiacTuBOCTi
reoJIOTITYHUX 00’€KTIB y MeXax LMX AUISHOK 1 Ha PElITi JOCIHIKYBaHOI TEPUTOPIi
MOXXYTh ICTOTHO BIApi3HATHCA. ToMy [ HOTpUMaHHS YMOBU BHUIIQJKOBOCTI MpHU
CTaTUCTUYHIN OOpOOIll pe3yslbTaTh CIOCTEPE)KEHb Ha JUISHIN JeTali3aiii MaroTb
OyTH BUALIECHI B OKpEMY BHOIPKY.

Ymosa mesanexcnocmi monsrae B TOMY, IO Pe3yibTaTH KOMXHOTO
CIIOCTEPE)KEHHSI HE MaloTh 3aJie)KaTH BiJ PE3yNbTaTiB MOMEPEAHIX 1 HACTYMHHUX
CIIOCTEpEkKEHD, a MPHU MPOBEICHHI CIIOCTEPEKEHB HA TUIOIII a00 B 00'eM1 pe3ybTaTh
MOBUHHI HE 3aJeXaTH BiJ MPOCTOPOBUX KoopauHAT. J[Jis O1IBIIOCTI IMeoJOridyHUX
IpoIeciB 1 O0’€KTIB I yMOBa HE JOTPUMYEThCS. Y MIHJIMBOCTI BJIACTUBOCTEH
reoJIOrIYHUX O00’€KTIB y MPOCTOPI Ta MapameTpiB TeoJIOTIYHUX MPOIECiB y daci
3a3BUYail CIIOCTEPIralOThCsl TMEBHI 3aKOHOMIPHOCTI. 3Ba)kalouum Ha 1€, 00JacTb
3aCTOCYBAHHS CTAaTUCTUYHHUX Mojeell oOMexeHa o0'ekTaMu, AJis SIKUX XapaKTepHa
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BIJICYTHICTb OY/Ib-SIKUX 3aKOHOMIPDHOCTEW 3MIHM B MpocTopi abo B wyaci, abo
3aBJaHHSMHU, TIPU BUPIIICHHI SKUX 11 3aKOHOMIPHOCTI MOKHA HE BPaXOBYBAaTH.

Yy TE€OJIOTTYHIN MPaKTHII OJTHOBUMIpPHI CTAaTUCTUYHI MOJIENI
BUKOPHUCTOBYIOTHCS JIJIsl BUPIIICHHS IBOX THIIIB 3a/1a4: OI[IHKU CEPE/IHIX IapaMeTpiB
r'eOJIOTIYHUX 00'€KTIB 1 CTATHCTUYHOT TIEPEBIPKU TIMOTE3.

KonTpoabni nuranusa nias niaposainy 3.1

1. OxapakrtepusyiiTe reoyioriyny iHGopmMaliro 3a ii TUIIOM.

2. Un MoxnMBe MOJCIIOBaHHS B TeoJiorii 6e3 cioBecHOi iH(opMmalrii?
OO6rpyHTYiiTe.

3. HaBenmite mnpuknaaum HeBU3HAYeHOCTEH 1udpoBoi iHOpMarii, sKka
BUKOPHCTOBYETHCS B T€OJOTIYHUX JTOCITIKEHHSX.

4. Sk BU 3Ha€TE MPUKIAIU CIOBECHHX (JIOTIYHMX) Ta TpadiuHUX MOJENeH y
re0JIOT .

5. YV d4Yomy moJsAra€e pi3HHUIS MIDK CTaTUYHUMH, CTATUCTUYHUMH, Ta
CTOXaCTUYHUMU MOJIETSIMU?

6. Ska pi3HUI MK CTOXaCTUYHUMU Ta JIETEPMIHOBAHUMH MoAeaMu? Sk 1e
BIUTMBAE HA iX TIPAKTUYHE BUKOPUCTAHHS?

/. JIns 4oro BUKOPUCTOBYIOTHCA MOJIENI B T€0JIOr1i?

8. OxapakTepusyiiTe MoCHiJOBHICTh MOOYI0BH MOJIEIEH Y T€00rii?

9. Big 4oro 3amexuTh KOPEKTHICTh CTBOPIOBAHMX MOJIEIICH?

10. Po3kpuiiTe = MOHATTA  «BUMpPOOyBaHAa  CYKYMNHICTB»,  «T'€OJIOT1YHA
CYKYITHICTBY.

11. V sgxux BUMaaKax MpOBOJAUTHLCS BUMAIKOBE BUIIPOOYBaHHS?

12. Po3kpwuiiTe 3MiCT YMOB: a) MacoBOCTi, 0) BUITaIKOBOCTi, B) OJTHOPITHOCTI,
I') HE3aJIEKHOCTI IPpH B1A0OP1 MpoO /17151 CTBOPEHHSI MOJIENEH Y T'e0JIOorii.

3.2. Po3nogiin KyToBHX BUNAJKOBHX BEJUYMH Yy 3ajJa4dax reoJiorii ta
€K0JI0Til

Kymoei éunaorosi éenuyuny MMPOKO BUKOPUCTOBYIOTHCS JJISi ONTUCY MPOILIECIB
y MPUPOJHOMY cepeloBullll. Tak, Ipy BHUBUYEHHI MAcCUBIB Ta CTPYKTYPHU TIpPCHKUX
MOpiJl YacTO BUHUKAE HEOOXIAHICTh OMUCY iX HEOJHOPITHOCTI Ta aHi30TPOIii,
MOB’S3aHUX 3 TPIIMIMHYBATICTIO. PO3MOin a3uMyTiB MaAiHHSA TPIIIUH Y MPOCTOPI
3pY4YHO OMUCYBAaTH KyTOBHMHU BHITAJKOBUMH BeIHMYMHAMHU [6,7], SKi TaKOX 3pPYy4HO
BUKOPHUCTOBYIOTBCS 1 AJISl OMUCY PO3MOALTY HIBUAKOCTI BITPY 3a HANPsIMKOM — PO3H
BITPIB.
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XapakTepUCTUKHU TIOJIOKEHHSI 1 PO3KUIAY KYTOBUX BEIWYMH MAIOTh IEBHI
0co0suBOCTI. PO3riissHEMO po3Moia a3uMyTIB TMaJIIHHS IIBIB TEKTOHIYHUX OpEeKUid y
MeXax 30HM TpimHyBatocTi (Tadm. 3.1). SIKkmo OliHIOBaTH MaTeMaTHYHE
CIIOIBaHHS a3MMYTIB IMaJIIHHS MPOKUIIOK 3a (HOPMYIIOI0

9-=3"n6, (3.)
n4s

TO oTpuMaemo & = 152,77°, mo BiAMOBiae MaliHHIO HA MiBICHB-TBACHHUH cXia. Y
TOM e yac Ha puc. 3.2 4iTKO BUJHO, 1110 OCHOBHA Maca MPOKUJIKIB Ma€ MaJlHHA Ha
HiBHIY.

CTaTUCTUYHUMU MOMEHTAMU KyTOBOi BMIIaJKOBOI BEIMYMHHU € BHOIPKOBUMI
KpYTOBHI cepeHIi HanpsIMOK, BUOIPKOBA KpyroBa Me/llaHa Ta MOJia.

Tabmuug 3.1
3amipu a3UMyTiB NaJIHHS IIBIB TEKTOHIYHUX OpeKuiii
y MeXaxX 30HU JpOOJICHHs (MPUKJIIAN)

Homep| Asumyt |Yactota| Yacrticte | 6;, | cosé, | n;cosd, | sing, |n;sing,
i 6, rpan n; (ni/n)-100% | rpax
1 [350-10| 142 19,51 0 | 1,000 |142,00| 0,000 | 0,00
2 10-30 102 14,01 20 | 0,940 | 95,85 | 0,342 | 34,89
3 30-50 42 577 40 | 0,766 | 32,17 | 0,643 | 27,00
4 50-70 34 4,67 60 | 0,500 | 17,00 | 0,866 | 29,44
5 70-90 22 3,02 80 | 0,174 | 3,82 | 0,985 | 21,67
6 |90-110 4 0,55 100 |-0,174| —0,69 | 0,985 | 3,94
7 ]110-130 6 0,82 120 |-0,500| —-3,00 | 0,866 | 5,20
8 |130-150| 15 2,06 140 |-0,766/-11,49| 0,643 | 9,64
9 |150-170| 43 591 160 |-0,940/-40,41| 0,342 | 14,71
10 (170-190| 30 4,12 180 |-1,000(-30,00| 0,000 | 0,00
11 [190-210| 14 1,92 200 |-0,940|-13,16 |-0,342| —4,79
12 (210-230f 8 1,10 220 |-0,766| —6,13 |-0,643| 5,14
13 (230-250| 8 1,10 240 |-0,500| —4,00 |-0,866| —6,93
14 |250-270| 28 3,85 260 |-0,174| —-4,86 |-0,985|-27,57
15 (270-290| 15 2,06 280 0,174 | 2,60 |-0,985|-14,77
16 [290-310| 42 5,77 300 | 0,500 | 21,00 |-0,866|-36,37
17 |310-330| 59 8,10 320 | 0,766 | 45,20 |-0,643|-37,92
18 |330-350| 114 15,66 | 340 0,940 | 107,12 |-0,342|-38,99

Pazom 728 353,03 -26,02
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350-10

330-350 1501 10-30 360°
310-330. 30-50 A1 0° Az
290-310, . 50-70 A,
270290/ - ' 70-90
= — 1
250-270 : - /90-110
230-250" '110-130
210-230 130-150
190-210"—— | —150-170
170-190 B
Puc. 3.2. [liarpama po3u a3uMyTiB Puc. 3.3. 3o0paxeHHs BUMIPIB

MaJiHHA IIBIB TEKTOHIYHUX OpeKkyld y a3uMYyTIB KYTIB HaJIHHSA MNPOXKWIOK Yy
MeXax 30HHU JIPOOJIEHHS BUIJISIII TOYOK HA OKPYKHOCTI

BuOipkoBuii KpyroBuil cepelHId HampsMOK BHU3HAYAEThCA CEPEAHIMU
3HaYEHHSIMU CUHYCY Ta KOCHUHYCY 3a (hopMynamMu
= 13 = 1& .
C==)ncosd, S==> nsing, (3.2)
N'ia N
ne 0 — cepeaHs TOYKa I-ro iHTEpBay I'PYIyBaHHS, MPUYOMY BCi IHTEPBAJIH MArOTh
OJIHAKOBY JIOBXKHHY; N — KUIbKICTh IHTEPBAJiB; Nj — 4aCTOTa BUMAAKOBOI BEJIMYMHU Ha
I-My iHTepBaJli, IPHU IIBOMY BBAKAETHCS, IO BCi BUOIPKOBI 3HAYCHHSI B MEXKax I-TO
IHTEepBaLy I'pylyBaHHS MalOTh KyT 0;.

JloBxkrHa BekTOpa R, SKMil BIAMOBIAAE CEPEAHHOMY HANPSIMKY BHUIIaKOBOI
KYTOBOI BEJIMYMHU 6, BUZHAYAETHCA 32 (HOPMYJIIOIO

R=+C?+57?, (3.3)

a BIAMOBIIHUE KyT @ — 3a (hopMyamMu

0 =arccos— ; 0 =arcsin§_, a6o & =arctan=>. (3.4)
R R C

[puknam po3paxyHKy KyTOBOTO CEPEIHBOI0 HAMPSAMKY IMOKa3aHui y Ta0i. 3.1.
3a opmynamu (3.2) — (3.4) orprmaemo

353,03 —26,02

C= =0,485, S = =-0,036,
728
R =/0,485” +(~0,036)’ = 0,486
_ ¢ 5 _
cosG:E=0,997, S|n6:E:—O,O73, 0 =-4,21°.
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BuGipkoBo10 KOJIOBOIO MEIaHOI0 HA3UBAETHCS Taka TOYKa A Ha OKPY>KHOCTI,
110 MOJIOBUHA TOYOK BHOIPKH JISKUTH IO OJIHY CTOPOHY Bij Aiamerpa AB, mpu 1isomy
OUTBIIICT, TOYOK BHOIpkH Onrpkue 10 A, HDK 10 B. SIKIo KUIbKICTH BUMIpIB
HEBEJIUKA, 1[I0 XapaKTEPUCTUKY MOXHA JIETKO 3HAWTHU 3a TpadikoM po3Noiry TOUOK
Ha OKpyxHocTi. Hampukman, mis Bumanky Ha puc. 3.3 BIaCTUBOCTSIM BHUOIPKOBOI
KOJIOBO1 MEJIiaH! 3a/I0BOJIBHSIE TOUKa Ay.

Jlmst KyTOBMX BHMIPIOBaHb pPa3oM 3 MOJOK BHKOPHUCTOBYIOTH TaKOX
XapaKTEPUCTHUKY, 3BaHy aHTHMOJIOIO, SIKa BIATIOBIAA€ 3HAYEHHIO KyTa, A€ YacToTa
BUITAAKOBOI BEJIMYMHUA MIHIMAJIbHA.

Jns gesikux KyTOBUX BEIWYMH, HApPUKIAA, NI a3UMYTIB MAIiHHS MOPiA B
00J1acTSIX PO3BUTKY JIIHIMHOI CKJIaI9acTOCTi, BIACTUBHI PO3MOJLI 3 JIBOMA MOJAMH,
BiJJaJICHUMH OJIHA Bix oaHOi Ha 180° [6].

BuOipkoBa kpyroBa aucroepcis HampsMKIB KyTOBOI BUIAJAKOBOI BEIMYHHH
PO3paxoBYETHCS 3a (HOPMYIIOIO

$?-1-R. (3.5)

Po3snooin Mizeca € y3aranbHeHHSIM HOPMAJIBHOTO Ta PIBHOMIPHOTO PO3MO/ILIIB
JUIL  KyTOBOI BHUIQAKOBOI BenuuwHU [4,6,7]. Moro mIiiiIpHICT BHPAKAETHCS
hopmyIioro

1 k cos(6—x)
f()=————e # 3.6
(9) 210 (3.6)

npu ckindeHHomy mapametpi g i1 K>0, lp — mogudikoana ¢ynkiis beccens
MIEPILIOTO PO,

27 o 2!
|0(k)=$jek“’”olezz(_lI z[k_j .
0 (N7 2

OTtxe, po3moain Mi3zeca BU3HAYA€THCS OBOMA mapamerpamu — u 1 K, me i €
KPYrOBUM CEpEIHIM HANpPSIMKOM BWITAJKOBOI KYTOBHW BEIUYHHH, CXOXKUM 3
MaTeMaTUYHUM croaiBaHHAM. [lapamerp K MO)kHA pO3risaaTd SK XapaKTEPUCTHKY
KOHIIEHTpAIlii po3moaiTy HaBkojo u. Posmoxin Miseca npu K = 0 mepeTBOprOETHCS B
piBHOMIpHHH, a mpu K — oo 3 mapamerpamu u 1 K HOro acCHMOTOTHYHA MOBEIIHKA
Bi/IIIOBiZJa€ HOPMAJBHOMY PO3INOJLNY 3 mapaMerpamMu MX = u i o2 = 1/k (puc. 3.4).
Takum uuHoM, mapamerp 1/K B posmoaini Miseca € aHajgorom amcrepcii s
HOPMAJIBHOTO PO3MOJILITY.
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Puc. 3.4. Posnoain Mizeca ansa mapamerpa u =0° mpu pi3HHUX 3HAYCHHSIX
napameTpa K

[HIMM MpUKIIAAOM PO3MOAUTY KYyTOBOI BHITAJIKOBOI BETMYMHHU € pO3a BITPIB.
[Ipu gocnipkeHH1 BITPOBUX TEUii, sIKI BU3HAYAIOTh MEPEHOC 1 Au(dy3ir0 JOMIIIOK Y
MpuU3eMHOMY Iapi atMocdepu, BUIUISAIOTH ME30MacCIITa0HI Ta MiKpoMaciiTaOH1
baykryarmii BiTpy [8]. Me3omacmitabni (prmykTyarii XapakTepusylOTh 3MIHY PYyXY
MOBITPSTHUX Mac, 110 BIJJOYBAIOThCS Yepe3 KUTbKa TOANH — KiJIbKa 710, MPOTSATOM SKUX
caM pyX MOXHa BBaXKaTH YCTaJIEHHUM. AJie B YMOBax TaKOro KBa3lyCTaJ€HOIO PyXy
MalTh MICIIe MiKpoMaciiTaOHl (UIyKTyallii, XapakTepHUN dYac SKHX CKJIaJa€ Bij
JEKUTbKOX CEKYH/I 0 IEKIJTbKOX XBUJIMH.

[lepeHoc AOMIIIOK B YMOBax IOCTIHHOI MepedyloBU pyXy MOBITPSHHX Mac
YOPOJOBX JOCHUTh TPHUBAJIOr0 MPOMIKKY 4Yacy MOKHA pPO3paxyBaTH Ha OCHOBI
MPHUHIIAITY 3MIiHU CTaIl[iOHapHUX CTaHiB [8]. BiAmoBiAHO 0 HHOTO BBAXKAETHCSA, IO
MPOTSTOM MEpioAy | y JaHii MICIIEBOCTI Peali3yeThCsi N TUIIIB CTAIlIOHAPHOTO PYXy

n
TpUBAIICTIO Atj, TpuyoMy Zi:1Ati =T . Ha KOHOMY |-My HPOMDKKY 4acy pO3HOA1T
KOHLIEHTpalii IOMIIKA B arMocdepl MOXHA 3HAUTH PI3HUMH aHAIITUYHUM a0o
gucenbHuMH MeToaamu [10-12] y Burmsai ¢yHKIiN 3aransHoro BUrIsiay @;. Tomi

cepeHLONMOBIpHA KOHIIEHTpAIIISl IOMIIIKH 3a MepioJi T BUZHAYAETHCS 32 (POPMYJIIOIO
_ 13

(D(X’ y’z):?zwi()(’y’z)Atil (37)
i=1

gKa € cTaTuCTUYHOIO Monaemtto. [lpu ii moOymoBi mepenbavanocs, mo nepedymaoBa
PYXy MOBITPSIHUX Mac BiI0yBa€TbCS MUTTEBO.

[Ipu HasIBHOCTI JaHUX MPO YACTOTY MOBTOPIOBAHOCTI HANPSIMKIB BITPY ®; 3a 8
pymbamu TpuBainicTe mepiofiB Ati Bu3HadaeThes sk axl, ne 1=365 ni6. OpnHax
po3paxyHok 3a Qopmyrnoro (3.7) nae ¢i3uyHO HEOOIPYHTOBAHY KapTUHY 3
nepeBakaltouuM IEePEHOCOM Y3JIOBXK JIMIIE 8 TOJOBHUX HampsAMKiB. Tomy Ouibi
aJICKBaTHUM XapaKTepy PO3CIIOBAaHHS JOMIIIOK B aTMocdepi Oyae Takuil po3moaii

94



HAMpsSMKY BITPY, IIUIbHICTh SKOr0 X 6) OyayeThCs Ha MPUITYINEHHI, [0 HAMPAMOK
BITpY O€3MepepBHO 3MIHIOETHLCS MPH MEPEX0/1i BiJ OJTHOr0 pyMOa J0 1HIIIOro:

w(e)zi(a)i+M(9—9i)j, %isesw (3.8)

T wl4 4

7
npuuomy @, >0, i=0,...,7, Z:a)i =1, Tomy J02”w(9)d9:1_
i—0

BinmoBigHO 70 HEmepepBHOTO po3MmoAlTy MmBUAKOCTI BITPY (3.8) dopmymy
(3.7) tpebda ckoperyBatu. Ilo3Haummo dyepe3 ¢(X,Y,Z) CTaIliOHAPHUN PO3MMOILT
KOHIIGHTpAIlii JOMIIIKK TpU YCTAJICHIM IMIBUIKOCTI BITPY B3A0BX oci OX. VY
3aralbHOMY BUNQJKYy IIBHIKICTh BITpPY cHpsiMoBaHa miax kyromM 6 mo oci OX.
BukopucToByoun nepeTBOpeHHsI KOOPAUHAT 3 TOBOPOTOM Ha KyT &

{cf = XC0sé + ysiné,

3.9
n=-—xsiné + ycosé, (3:9)

orpuMaeMo 3amicth (3.7) dopmyny IS pO3paxXyHKY —CepeaHbLOMMOBIPHOI
KOHIICHTpAIlli JOMIIIKH Y TPU3EMHOMY I1api aTMOCGHEPH Y BUTJISIIL IHTETpaLy

Vimax 277

o(xy.2)= | [#(£(xy.0).1(%.0).2)0(6) f (v.0)dodv,  (3.10)

0 0
ne ¢ (&(x,y,6),n(x,y,0),z) — KOHIEHTpaIlis TOMIIIKHA MPH YCTaJICHIH MIBUIKOCTI BITPY,
crpsiMoBaHii mig kytoMm & 1o oci Ox. Y dopmymni (3.10) BpaxoBaHO TaK0X PO3MOILIT
YacCTOTH TOBTOPIOBAHOCTI BITPIB PI3HOT MBUIAKOCTI BiA 0 10 Vmax GYHKIIERO

posnoxiny f(v,0).
Ha puc. 3.5 HaBeieHO NpUKIIaa pO3NOAUTY IIBUIKOCTI Ta HAIIPSIMKY BITPY, a Ha
puc. 3.6 — BIAMOBITHUI PO3MOALT CEPETHROMMOBIPHOI KOHIIEHTpALii JTOMIIIKH,

po3paxoBaHoi 3a ¢popmysoro (3.10) Ha OCHOBI TPUBUMIPHOI MOJIENI pO3CitOBaHHS |9,
c. 138]. IIpu po3paxyHkax NPUHHATO, 10 PO3MOLT MIBUAKOCTI BITPY OJHAKOBUH 32
BCiMa HanpsiMKamu, TOOTO GyHKIIis po3noniny f He 3anexuTs Bix 6.

Ha puc. 3.6 MoXHa BUIUTATH 30HM MaKCUMaJIbHOT KOHIICHTpAIIli IOMIIITKH, 10
BHU3HAUYAIOTHCA MEPEBAKAIOUMMHU HAIMIPSIMKaMU BITPY. 31 3pOCTaHHSIM BUCOTHU JKepera
BUKUAY 30UIBIIYETHCSA IUIOMIA YMOBHO «YHUCTOI» 30HM O€3MocepeHbO HaBKOJIO
JoKEpesia BUKUY Ta 3MEHIICHHS TPU3EMHOT KOHIIEHTpallii. Y HaBeJAeHOMY MPHUKIaIi
KOHLIGHTpalis JOMIIIKM pO3paxOoBaHa HA OCHOBI PO3MNOJAUICHUX IapaMeTpiB
MOBTOPIOBAHOCTI HANPAMKY @ @) Ta mBuakocTi Bitpy f(v,6).
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Puc. 3.5. [Ilapamerpu BITPOBOTO pEXKHUMY, BHKOPHUCTAaHI B MOJEI:

@ — MIOBTOPIOBAHICTh IIBUAKOCTEHN BITPY ( BUMIPIOBAHHS, - - - allpOKCUMaIllf);

6 — po3a BITpiB

2000 ots 2000
y, m \ y,m 0.06
0.15
¢
0.12
0.04
0 0.09 0 ]
0.06 | 0.02
0.03 ]
-2000 I 0.00 -2000 -—0.00
-2000 0 x m2000 -2000 0y m2000
a 4]

Puc. 3.6. Po3nmozin cepenHboiMOBIpHOI KOHIEHTpaLii goMimkn ¢ (Mr/m°) Ha
Pi1BHI 3eMJI1 IPU Pi3HIA BUCOTI JpKepena ii BUkuay: a —20 m, 6 — 50 m

KonTpoabHi nuTanu 10 miaposainy 3.2

Sl BU3HAYAETHCS KyTOBA BUITAIKOBA BEJIMYMHA?

K 00YHCTIOIOTHCS CTATUCTUYHI MOMEHTH KYTOBOI BUIAJIKOBOI BEJIMYUHU?
Sk MoxHa 300pa3uTH PO3MOILT KyTOBOT BUITAJAKOBO1 BEJIMUNHU?

[Ilo moxHa onucatu po3noaiaoMm Mizeca? SIki oro rpaHUYH1 BUNIAAKUA?

SAE R A

YoMy BHIAJKOBY KYyTOBY BEJIMYMHY MOKHA 3aCTOCOBYBATH B MOJEINAX
PO3CiIOBaHHs AOMIIIOK B aTMOcdepi?
6. Po3kpwuiite, 1110 03HAYAE MPUHIIUAT 3MiHU CTAIllOHAPHUX CTaHIB aTMochepu?
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3.3. AHaui3 oqHopiaHocTi BUGIpOK

Kpumepii nepesipxu oonopionocmi eubipok. JIocBig o0poOKHu TaHMX Oaratbox
T'COJIOTTYHUX Ta TIAPOXIMIYHUX JOCTIKEHb CBIIYMTH, IO BapilaliiHl psSau 1HOI
BKJIIOYAIOTh KiJIbKAa 3HaueHb (10 5%), K1 ayKe Janeki BiJ CepeIHbOro 3HAYCHHS.
BpaxoBytoun MOXJIMBICTh TOMUJIOK MPHU OACPKAHHI PE3yNbTaTIiB, CIiJ] BU3HAUUTUCS
1010 TPUHANICKHOCTI IIUX EKCTPEeMalIbHUX 3HAUY€Hb J0 BUOIPKH.

Y pa3i Benukoro 00’eMy BHOIpKHM IIi 3HAYEHHS HECYTTEBO BIUIMBAIOTH Ha
CEpellHE Y JUCTIEPCII0, ajieé MOXKYTh 3HaYHO 3MIHMUTH MOMEHTH BHIIOTO MOPSIIKY:
acuMeTpito Ta ekcuec. Yepes Kijibka eKCTpeMadbHUX 3HAYE€Hb eMIIIPUYHUANA PO3MOILI,
[0 OMHUCYETHCS HOPMAILHUM 3aKOHOM, MOXE OyTH MOMHUJIKOBO allPOKCHMOBAHUM SIK
norHopMasibHui. [Ipn Manux 06’emax BUOIPKM HABITh OJHE €KCTPEMAJIbHE 3HAUECHHS
MOK€E CYTTE€BO BUKPUBHUTH OLIHKH BCIX CTATUHCTHYHUX MapaMeTpIB.

YacTo BBaXKAETHCS, IO TEOJOTIYHUNA OO0’€KT € OJHOPIJHUM BIJTHOCHO
JOCHIKyBaHO1 o3Haku. lle MokHa BHU3HAYUTH, HANPUKIAA, HA OCHOBI aHANI3y
reoJIoriyHO1 Oy/0BH. AJie Ha MOYATKOBHUX CTAJIISIX JOCTIIKEHb JaHE MUTAHHS BaKKO
BUPIIIUTH OJHO3HAYHO, OCKIUIBKM HEOOXiJHAa CTaTUCTUYHA TeEpeBipKa JaHUX
BIJIHOCHO MIHJUBOCTI O3Haku. [lepeBipka CTaTUCTHUYHOI OJHOPITHOCTI 00’€KTa
nependayae  BUIUIEHHS aHOMaJbHUX 3HAYEHb Ta TMOJAIBIIEC  PO3AUICHHS
HEOJHOPIAHMX BUOIPKOBUX CYKYITHOCTEM.

3ajava BUSBIECHHS aHOMAJIbHUX 3HAY€Hb HE MA€ YHIBEPCAIBHOI'O BUPIIICHHS
CTATUCTUYHUMH METOJaMU. AHOMaJbHE 3HAYCHHS YaCTO BHU3HAUYAETHCS JOCIHITHUM
[IUISIXOM 1 aHaJI130M TIPUPOAHOTO 00’ €kTa. J[71s BiIOKpEeMIIEHHS aHOMAJIbHUX 3HAYEHb
CYKYMHICTh Pe3yJIbTaTIiB CIHOCTEPEKEHb PO3IIIANAETHCA SK BHOIPKA 3 PI3HUX
TreHEPAIbHUX CYKYITHOCTEH — «(hOHOBOI» Ta «aHOMAJbHOI»; MPHU IIbOMY aHOMAJIbHI
3HAUEHHS MPUCYTHI Y BUOIPIll B HEBEJIMKII KITLKOCTI a00 BIJICYTHI B3arali.

VY pasi, fSkmo po3nofin (QOHOBOI TEHEPaNbHOI CYKYNMHOCTI BBaXKAETHCS
HOpPMAJIbHUM, BIJOKPEMHTH AaHOMAaJIbHI 3HA4€HHS MOXXHa 32 JOIMOMOIOIO
napaMeTpu4HuX KputepiiB ['pa6bca — CmupHoBa Ta ®epriocona [2] abo mpaBuiia
tphox cirm (migposmin 2.3.3). Hemapamerpuuni kputepii (kpurtepiii Ban-aep-
Bapuena, Binkokcona [13,14], xpurepiii 3romu y?, HaBeneHuil y migposmim 2.4)
BUKOPUCTOBYIOTBCS B pa3l Mayoro oOcAry BUOIpOK ab0 B THUX BHMAAKaX, KOJIH
CepelHI 3HAYCHHS pO3paxOBaHI HAOMIDKEHUMHM METOJAaMH, HAMpUKIaa 32
pe3yJbTaTtamu CIIEKTPAJIBHOTO aHami3y. Henapamerpuuni KpUTEpii
BUKOPHUCTOBYIOTHCSI B TUX BUMAJKaX, KOJIM 3aKOH PO3MOLTY JaHUX BIAPI3HIETHCS Bij
HOPMaJIbHOTO 200 HEBIJIOMUM.

Kpumepiti  I'paboca — Cmuprnosa.  OmHOPIAHICT  TOKAa3HUKIB ~ BHOIPKH
NepeBIPAETHCS 3a ABOMA OJHOCTOPOHHIMH KpUTepisaMuU. JJig BHOPSAKOBAHOI BUOIPKU
OOYHUCITIOIOTHCS BETUIUHH
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X, —X X—Xx

7, = o Ta 7, =——"00 (3.11)

S S
o€ X 1 X, — BIUIMOBIAHO MaKCHMalbHE 1 MiHIMajibHE 3HAUEHHS TOKa3HUKA
BUOIpKH; x — HOr0 cepeAHe 3HAYEHHS; S — CTAaTUCTUYHA TOMMIKA (OIIHKA)

CEPeIHBOTO KBAJAPATUIHOTO BiAXUICHHS (Ta0II. 2.7),

(3.12)

N — KUIBKICTh BU3HAYEHB MTOKA3HUKA 200 00CsT BUOIPKH.

YuM MEHIIIMMU € 3HAaYCHHS 71 1 72, TUM OLJIBII OJTHOPIIHA BHOIPKA.

Benmuuunu 7 1 n, oOuucineni 3a piBHAHHAM (3.11), mopiBHIOIOTBCS 3
Ta0IMYHUMH 3HAYEHHSIMU MPOIICHTHUX TOYOK KpuTepito ['pab6ca — CmupHOBa 7, 7151
3ajanoi JoBipyoi iiMoBipHOCTI (1 — o) (momaTok XK). Skmo 7> 7,, TO 3HAYCHHS, IO
MEePEBIPSAETHCS, BBAXKAETHCS MOMMIKOI BHUMPOOYBaHb 1 HAJEKUTh JI0 BIJCKOKY, B
1HIIIOMY pa31 BUOIPKA BBAKAETHCS CTATUCTUYHO OJTHOP1IHOIO.

[Mpuxman 3.1. JIns Bubipku 3pas3kiB IpyHTy obcsrom N = 20, mepeBipeHUX 3a

YUCJIOM TUIACTUYHOCTI X, OTPUMaHi Taki 3HAYCHHS: Xmin = 7, Xmax = 32, X =21,5,
$s=62. Tomi n=2,34, a »n=1,69. Ina nosipuoi iimoBipHocti 0,9 (a=0,1) npu
n =20 3a gmogatkoM JK 3Haxommmo o= 2,5. OCKiIbKH 71< g Ta < Tn9, MOKHA
BB&XXATH 110 BUOIPKY CTATUCTUYHO OJTHOPITHOIO.

Kpumepiti ®eperocona. BBaxkaerbcs, Mo OIIHKA KoedimieHTa acumeTpii A
pO3MOJIJIEHa aCUMOTOTUYHO (TOOTO MPU BEIMKUX 3HAYECHHSIX N) HOPMAJIBHO 3
MaTeMaTUYHUM criofliBandsm 0 Ta aucrepciero o.. SIKIo0 po3paxoBaHe 3HAYEHHS A

MEPEBUILY€E AOMYCTUME TAOJUYHE JUIsl 3a/1aHOi JOBIPYOI WMOBIPHOCTI Ta CTYNEHS
BiIbHOCTI [15], TO MakcHMallbHE 3HAYEHHS CJIiJ] BBAKATH aHOMAJIbHUM.

IIpasuno mpvox ciem» (30), onucane B miapo3aiii 2.3.3, 3aCTOCOBYIOTh, SKIIO
EMIIIPUYHUN PO3MOJIT BUJAETHCA CUMETPUYHUM, a TPAHWYHI 3HAYCHHS € SIBHO
exkcTpeManbHuUMU. Toji 3 iMoBipHICTIO 99,73 % MOXHa CTBEpAXKYBaTH, 1110 CYMHIBHI
3HAYCHHS (Xmin YU Xmax) HE HAJEXKaTh TEHEPAIbHINA CyKYMHOCTI, SIKIIIO BUKOHYIOTHCS
HEpiBHOCTI (2.54), gKi 151 CTATUCTUYHHX OIIHOK HAOYBalOTh BUTIISIAY (IUB. IPUKIIA
2.6):

X.in <X =30, X+36<X_,,. (3.13)

ExcrpeMasnbHi BEIMYMHA BMICTY KOMIIOHEHTIB € HAMOUIbII IIKABUMH IpHU
BUJUICHHI TIAPOXIMIYHMX aHOMAJiN 1 PO3BIJALI POJOBUIN KOPUCHUX KOMAJIUH, aje
TaKi YUCJIa He POOJISATH BEJIMKOTO BIUIMBY Ha BU3HAUYEHHS T'APOXIMIYHOTO (DOHY.
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ko cyMHIBHE 3HAYEHHS BUXOJUTH 32 MEX1 1HTepBaly [X —3c, X +3c], TO

HOTO CJi/1 BUKIIOYUTH 3 BUOIPKU 1 BUKOHATH MOBTOPHUIN PO3PAXYHOK CTATUCTUIHHUX
napameTpiB. Ayie Takuil crocid HE € CTPOTHM, OCKUIBKH BiH HE BUKJIIOYAE TIOMIJIKH
MEPILIOTO Ta APYTrOro poiB.

[Mpuknazn 3.2 (3a [16]). BusHaunmo, un € eKkcTpeMalibHI 3HaUYE€HHS y BUOIPKaXx,

nogaHux y 1adma. 2.9. CepenHi 3HaUCHHS BMICTY CYJb(]aTiB Ta CyXOTo 3aJHIIKYy IS
BCIX  CBEpPJUVIOBUH  CTaHOBJATH  BiamoBimHo  327,3 Tta  776,5wmr/n, a
CcepeaHbOKBAAPATHUHI BiaxuiaeHHsa — 342,2 ta 630,6 mr/n. IlepeBipuMO HEPIBHOCTI
(3.13):

I cyabdaTiB  Xmax= 1344, Xmax<327,3 +3-324,2=1353,9 (mexa He
MepEeBUIIICHA),

JUIL  CYXOTO BaIHMIIKY Xmax = 2745, Xmax> 776,5 + 3-630,6 = 2668,3 (Mmexa
MIEPEBUIIICHA).

3ayBakuMo, 0 Mexka X +30 Maibke AocsarHyta 1 ains cynbdariB. OTxe,
MOKHa CTBEPJDKYBATH, IO 1[I MAaKCUMAaJbHI 3HAYEHHS € aHOMAJIbHO BUCOKHUMH JIJISt
JaHOI CYKYNHOCTI. AJie Takuid BHCHOBOK CIHpPAaBEMJIMBHM Yy pa3l HOPMaJIbHOTO
pPO3MOMUTY, SKIIO K YCTAHOBJEHO IPABOMIPHICTh JIOTHOPMAJIBHOTO 3aKOHY, TO
BIIKWJIAaHHS KpalHIX 3HAY€Hb € HEKOPEKTHHUM.

[Mpuknazn 3.3. /[ Bubipku, onrcanoi B mpukiami 3.1

X . =7>X-30=215-3-6,3=2,6;
X +30=215+3-6,3=39,4>32=X__.

Toni 3 goBipuoro iMoBipHicTIO 0,9973 naHa BuOIpKa BBAXKAETHCS CTATUCTUYHO
OJIHOP1THOIO.

IcHye rpyma Tak 3BaHHUX HeEMapaMETPUUKUX KPHUTEPIiB, Kl 3aCHOBaHI Ha
BIOPSAKYBaHHI €JIEMEHTIB BUOIPKHM Ta iX paHXkyBaHHI Jlo HMX Hanexarb, 30Kpema,
kputepii Ban-nep-Bapnaena ta Binkokcona.

Kpumepiii Ban-0ep-Bapoena 3acTOCOBYETHCS ISl TEPEBIPKU TIMOTE3U MPO
PIBHICTh CEpeHIX, BU3HAUEHUX 3a JABoMa BuOipkamu (A 1 b); pasom 3 Tuim Ha ioro
OCHOBI MO’Ha 3pOOUTH BUCHOBOK MPO OJHOPIIHICTH 00’ €IHAHOT BUOIpKU. 3TiJIHO 3
KpUTEpiEM 3HA4YeHHS B 000X BHOIpKaxX BIOPSJAKYIOTbCS 32 3POCTaHHAM —
PaHXKYIOThCS, TOOTO 3aMHUCYIOTHCS B OJIUH Pl y MOpAIKY 3poctanus. Kpurepiii Ban-
nep-BapieHa sBisie co0010 BETUUUHY

h -
I
X=Y7l—1| (3.14)
T n+1
Ae N — 3aragbHa KUIBKICTh 3HAY€Hb 3a JBOMAa BHOIpKamu; N — KUIBKICTB
CTIIOCTEepeXEeHb y BHOIpIi b; | — mopsaxoBuii HOMEp KOKHOTO 3HA4YeHHS BHOIpKH b y

3arajibHOMY psiny; Z — GyHKIIIs, sSiKa € 3BOPOTHOIO (DYHKITIT HOPMAJILHOTO PO3MOILITY.
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[lpu n>20 BemnuumHa X PO3MNOAUIEHa ACUMOTOTUYHO HOPMAJbHO 3
MareMaTH4HuM criofisannsm 0 i aucnepciero o . [lepeBipka rinote3n BUKOHYEThCS

y TaKiil MOCJIIIOBHOCTI:

1) pospaxyBaTH BCi 3HaUeHHs aprymenry i/(n + 1),

2) 3HaWTH 3a TaOJUISIMU 3BOPOTHOI (YHKINI HOPMAJBHOIO PO3IOILIY
3HaueHHs QYHKIT Z A7 [IUX apTyMEeHTIB,

3) mimcymyBaTH 3HaYeHHS QYHKIT Z,

4) TOpiBHATH OTpUMAaHE 3HAYCHHS KPUTEPir0 X 3 TaONMYHUM Ul 33/IaHOTO
pIBHSL 3HAYYIIOCTi, 3arajJbHOrO YHUCJA CIOCTEPEKEHb N 1 PI3HUII MDK OOCATaMH
BUOIpoK A 1 b.

SKuo po3paxyHKoBe 3Ha4eHHS X 3a a0COJIOTHOIO BEJIMYMHOIO IEPEBUILYE
Ta0JIM4YHe, TIMoTe3a MPo PIBHICTh BUOIPKOBUX CEPEIHIX, a OTXKE, 1 IPO OJTHOPIIHICTD
00’€THaHOT BUOIPKHU BIAKUIAETHCS.

3HadueHHsS (QyHKUII Z MOXHa 3HAWUTH y CcHeHlaJbHUX TaOmuIsAx Ta 3a
JOTIOMOIOK0 3BUYAaWHUX TaOJMIb HOPMOBAHOI IHTErpajbHOI (PYHKIIi HOPMAIbHOTO
posnoainy (2.50) 3 mapamerpamu 0, 1, BUKOPHCTOBYIOUH ii B 3BOPOTHOMY IOPSIIKY.
Y pa3i 3acTOCyBaHHS 3BHYaliHMX TaOaMIb (MOogaToK A) apryMeHT QYHKIIT
E=1i/(n + 1) mpupiBHIOETHCS 10 HMOBIPHOCTI p, a BenmuuHa Z(&) 3HAXOMUTHCS 3a
3HaYEHHSIMHU apryMeHTy, SKI BIAMOBIJAlOTh UM #MoBipHOCcTsAM. s £<0,5
3HaueHHsa Z Bigx’emHi, a mus &> 0,5 — gomartHi. 3amicTh TabIWIb HOPMOBAHOI
IHTErpagbHOl (PYHKIIi HOPMAaJIbHOTO PO3MOALITY MOKHA CKOPUCTaTHCS (PYHKIIEIO
HOPMCTOBP y Excel.

Aximo cucteMaTHYHUX PO30DKHOCTEM MDK BuOipkamu A 1 b Hemae, 1O y
BIIOPSIZIKOBAHOMY DSy 3HA4YEHHS KOXXHOI BUOIpKH OyIayTh pPO3TalllOBYBaTHUCS
CUMETPUYHO BITHOCHO CEPEIMHHU LBOTO Psay, 110 BiamoBigae i = n/2 ta &= 0,5, Tomi
KUTBKICTh BIJI’€MHUX 1 JOAATHUX 3HaueHb Z JJisi KOKHOI BHOIpKU OyJe mpuOIU3HO
OJIHaKOBOIO, a iX aJreOpaiuHi CyMH, TOOTO 3HaUE€HHSA X-KpUTEPIt0, OJIM3bKI O HYJIS.
VY pa3i HeCUMETPUYHOCTI BUOIPOK, TOOTO KOJM 3HAYEHHS OHIET T'PYMYIOTHCS B
HIDKHIN 4acTUHI 00’€/IHaHOi BUOIPKU, a 3HAYEHHS 1HINOI — y BEPXHIA YaCTHHI, TO
3HaYeHHs X-KpUTEPit0 OyAyTh CYTTEBO BIJIPI3HATUCH BiJ] HYJIS.

[puknazn 3.4 (3a [2]). Jlns 3HIKEHHS BUTPAT HA T€OJIOTIYHY PO3BIIKY Ha OIHIM

3 IIJITHOK PO3CUITHOTO POJOBHINA 30J0Ta YacTHHA mIypdiB (Maiixke mojJoBuHa) Oyiia
3aMiHEHA CBEpJIOBUHAMH YyAapHO-KaHATHOTO OypiHHs. lle Morio BIIMHYTH Ha
pe3ynbTaTH XIMIYHUX aHami3iB. ToMy HEOOXIJHO MEepeKOHAaTUCS B TOMY, IO
pe3ynbTaTH BUMPOOYBAaHHS CBEPIJIOBUH HE MAlOTh CUCTEMATHYHOI TTOMIIIKH, TOOTO
BUOIpKH, OTpUMaHi JBOMa CHoco0aMH, MJal0Th CXOX1 pe3yiabTath. KuIbKICTh
CBEPJIOBUH 1 mrypdiB Ha MOCHIAHIN AuUIsHI HeBenanka — 13 1 10 BiAmoBigHO, TOMY
JUTSL  3ICTAaBJICHHS OOYHMCICHMX BIAMOBIAHO JO HHUX BMICTIB 30JI0TAa MOXHA
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BUKOPHCTOBYBaTH HemapaMeTpuuHuii Kputepii Ban-nep-Bapaena. PesynbpraTtu
BUIpoOyBaHHsS Myp(}iB 1 CBEpJJIOBMH HaBeAeHi y Tabn. 3.2. 3a IUMU JaHUMH
CKJIaJICHO 3arajbHuil BapianiiHui ps (tadm. 3.3).

Y  po3misiHyTOMYy TpUKIaAl  TepeBipsieTbest Tinmore3a Hp mpo Te, 110
CUCTEeMAaTUYHUX pO30DLKHOCTEW Yy BH3HA4YeHHI BMICTy 305I0Ta y Imypdax i
cBepmiioBuHax Hemae: X = 0, 00’e¢qHaHa BHOiIpKa OMHOpIAHA. AJIBTEPHATUBHOIO €
rinore3a Hi: X # 0, 06’ eqHana BUOipKa HEOTHOPIAHA, TOOTO CKIATAETHCS (DAKTHUIHO 3
ABOX pi3HUX BHUOIpok. [l po3paxyHKy BenuuuHi X MOTPIOHO CKOPUCTATHUCA
TaOJUISIMK JIBOCTOPOHHBOTO KpuTepito Ban-nep-Bapaena (momatok ).

BukoHaBmm HeoOXiJHI po3paxyHKH, oTpuMaemo X =4,19. Jlnsg KopekTHOI
iHTeprpeTanii pe3yibTaTiB CiiJ MPAaBUILHO BCTAHOBUTH KPUTHUYHE 3HAYCHHS Ta
piBeHb 3Hauyulocti Kpurepiro Ban-gep-Bapnena. Jlns nporo Tpeba mNOpIBHATH
TIOMUJIKH TIEPIIIOTO 1 APYTOr0 POMAIB Y TaHOMY MPUKIai [2].

[Tommuiika mepioro poay B pO3TIISIHYTIH 3aadl MOJIATaE B TOMY, IO MPaBUIbHA
rinoresa Mpo BIACYTHICTh CHCTEMAaTHYHOI pPO3ODKHOCTI MIXK pe3yJibTaTaMH
BUNPOOYBaHHS y mypdax 1 cBepajoBuHaxX Oyjae BIJKUHYTa, a 1€ HE JO03BOJIUTH
3HU3UTH BUTPATH Ha MOJANbBIIY PO3BIJIKY 32 paXyHOK BUKOPHCTAHHS OLIbII JEHIEBUX
cBepIoBUH. [loMuika npyroro poay, ToOTO NPUMHATTS HEMPABWIBHOI rinote3u Ho,
MOJISITa€ Y BU3HAHHI HECYTTEBOIO (BUITAIKOBOIO) PO301KHOCTI MK JAHUMHU CTOCOBHO
myp¢diB 1 CBEpAJIOBUH, Yy TOM Yac K HACOpaBll BOHA HOCUTh CUCTEMATUUYHHMA
xapaktep. Uepes 11e moMuiika Ipyroro pojay B JaHiil cuTyallii MOXe MPU3BECTU 0
HETPaBWIBHOT T€0JION0-€KOHOMIYHOT OIIIHKM POJIOBMINA, 10 3aBJACTh 3HAYHO
OUTBIINY €KOHOMIYHUN 30UTOK MOPIBHSHO 3 JOJATKOBUMHU BUTpaTaMHU 3a PaxyHOK
NOMMWJIKA Tepuioro poay. ToMy s 3MEHIIEHHS PU3UKY HNOMMIIKU JIPYroro pomay
pPIBEHb 3HAYYIOCTI MpU TMEPeBIpIll Tinore3u Hy AOUITLHO MNPUWHSTH HE HAJITO
BUCOKMM, Hanpukian 0,1.

[Tpuitmatoun B JgaHid 3amadl piBeHb 3Hauymocti o = 0,1, 3Haxommmo
(momatok /), mo momycTtuMe 3HauYeHHS KpuTepito Ban-nmep-Bapaena mns uwcia
CIOCTEepeX)eHb 23 1 pI3HUII Mk 00cAraMu MOPIBHIOBAaHUX BUOIpPOK 3 CTaHOBUTH 3,12.
Ockinbku X > 3,12, TO rimoTe3a Mpo PIiBHICTh CEPEAHIX 3HAYCHb BMICTY 30JI0Ta Y
CBEpIJIOBMHAX 1 mIypdax BiIKHIAETHCS, OTXKe, 00 €qHaHy BHOIPKY MOKHA BBaXKATU
HEOJTHOPIHOW. Yepe3 cucTteMaTHUyHE 3aHMKEHHS BMICTY 30J10Ta Y CBEpIUIOBHHAX
MOPIBHSHO 13 IIypdaMu BUKOPUCTOBYBATU iX JIJIi PO3BIAKHM JIAHOTO POJOBHILA HE
PEKOMEHIYETHCS.
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Taomurg 3.2

Pe3ynbratu BunpoOyBaHb Ha PO3CUIIHOMY POJIOBHIII 30J0Ta

Bubipka A (cBepanoBunn) | BubGipka b (trypdu)
Ne Bwmict Au, mr/m® | Ne | Bmict Au, mr/m®
1 322 1 431
2 250 2 397
3 225 3 462
4 315 4 457
5 399 5 251
6 348 6 221
7 192 7 548
8 375 8 478
9 381 9 299
10 538 10 541
11 198
12 317
13 293

Tabmuis 3.3

VYnopsinkoBaHa (paHxoBaHa) BUOIpKa JJIsl IEPEBIPKHU ii OAHOPITHOCTI
3a kputepieM Ban-nep-Bapaena

No | Bmict Au, mr/m® | Bubipka | i/(n+1) | w(i/(n+1))
1 192 A

2 198 A

3 221 b 0,125 -1,15
4 225 A

5 250 A

6 251 b 0,250 —0,67
7 293 A

8 299 b 0,333 -0,43
9 315 A

10 317 A

11 322 A

12 348 A

13 375 A

14 381 A

15 397 b 0,625 0,32
16 399 A

17 431 b 0,708 0,55
18 457 b 0,750 0,67
19 462 b 0,792 0,81
20 478 b 0,833 0,97
21 538 A

22 541 b 0,917 1,39
23 548 b 0,958 1,73
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Kpumepiii Binkokcona (Sxuii 1HKOJIW HAa3UBaIOTh KpuTepieM MaHHa — YiTHI)
TaKOXX 3aCHOBaHMU Ha mpolueaypi pamwxyBanHs [2,4,13,14]. Ctatuctuka BinkokcoHa
W 1 saBase coboro cymy paHriB R; uieHiB MeHINOi BHOIPKH B 3arajlbHOMY
BIIOPSIIKOBAHOMY PsITy 3 000X BUOIPOK (B 00’ €1HaHIi BUOIPITI):

W=>R,n<n,, (3.15)

i1
ae Ny 1 Ny — obcsiru MeHmoi Ta Oibmioi BuOipok. Akmio rimote3a Hp mpo piBHICTH
CepelHiX 3a CykymHocTssMH A Ta b mnpaBuibHa (X, =X,), TO MaTeMaTH4HE

crioAiBaHHA cTaTUCTHKU Binkokcona (MW) 1 BeTMUMHN MOXKJIMBUX BIJIXUJICHB BiJ HEl
BUOIpKOBUX O1iHOK (W) 3a5exath TIIBKH B 00CATIB BUOIPOK N1 1 Ny.

Kpurepiii BilkokcOHa pEKOMEHIYE€TbCSI BUKOPUCTOBYBATH [JIsi BUOIPOK
HEBEJIMKOTO 00csATY, KOau N1 < 25 Ta N2 < 25. 3HaueHHs MOJIBOEHOI0 MaTeMaTUYHOTO
crofiBaHHs Kputepiro Bimkokcona 2M(W) 1 #ioro HIYKHBOTO KPUTHYHOTO 3HAYCHHS
W1 nns 3agaHOro piBHSI 3HAUYYIIOCTI @ HaBEEHI B CHEHIATIBHUX TaOMUUSX (IUB.
nonarok 1). BepxHe kpuTruHe 3HaYCHHS KpUTepito W, BU3HAYA€THCS 3 PIBHSIHHS

W, =2M(W) -W,. (3.16)

PiBens 3nauymiocti st Wi y Tabnuisgx HaBeAeHWM Ui ampTepHaTHBU Hi,

ko X, <X,. Tomy mpu amprepHatuBi H;, xomu X <X, abo X;>X,, piBeHb
3HAYYIOCTI Jy1s oOouncienns Wi HeoOX1THO 3MEHIITUTH BJIB1Yi.

Axmo o6csaru BUOIPOK MEPEBHILYIOTH 25, KPUTHYHI 3HAYEHHS KPUTEPIIO
BinkokcoHa MOXHA BU3HAYHMTH 32 TAKMMH HAOIMOKeHUM Gopmyiamu [4]:
nn,(n, +n,+1)

W, ~0,5[ n,(n, +n, +1)—1]—zla/2\/ T

W, ~n,(n, +n, +1)-W,

(3.17)

ne Z,,, — 3HA4YCHHS 3BOPOTHOI (yHKIUIl HOPMAJBHOTO PO3MOJILTY 3 MapamMeTpamu
(0, 1).

3a HagBHOCTI B 00’e€mHaHii BUOIpII 30DKHUX 3HAYEHb IM TPUCBOIOETHCS
OJIHAKOBHU CEpEeNHIA paHT, IO JOPIBHIOE CEPEeIHBROMY apu(PMETHUYHOMY 3 YCiX
paHTiB, SKi MPUIIAIAIOTh HA JaHy IPYITy TOBTOPIOBAHUX 3HAYCHB, a (popMyIia HaOyBae

BUTJIAOY
1)-1
PRCLIEEO R
‘ * (3.18)
3 , (o,
y nn,(n+n, +1)f Zl‘ft‘ 4
12 (n,+n, +1)(n,+n,)(n +n,-1)
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ne K — KUTbKiCTh Tpyn 3 TMOBTOPIOBAHUMH 3HAUEHHSIMH, SKI HAJICKATh DPi3HUM
BUOIpKam; tj — KIIBKICTh 3Ha4eHb, 10 30iraucs B rpymi 3 Homepom 1 (i = 1,....K).
['pynu MOBTOPIOBaHMX 3HAYEHB, IO CKJIAJAIOTHCS MOBHICTIO 13 3HAYE€Hb BHOIpKH A
yn b, MO)xHa HE BpaxoBYBaTH IpHU OOYHCIICHHI MOTIPaBKH.

[Mpuxnan 3.5. BukopuctoBytoun kputepiii BitkokcoHa, mepeBipuMo TirnoTe3y

PO PIBHICTH CEPEIHBHOTO BMICTY 30J10Ta y mrypdax i cBepjioBUHAX, HEOOXITHI JaHi
HaBeJleHI B Ta01. 3.4.

PesynpTaTtn po3paxyHkiB y Burisgi (pparmenty tabmmimi Excel mokasani Ha
puc. 3.7. Po3paxoBane 3HaueHHs1 kputepito Binkoxcona W =151. 3a momarkom U
s piBHA 3HauyiocTi a/2 = 0,05, i cTymeniB ButbHOCTI Ny = 10, Ny = 13 3Hax0aUMO
W; = 92, 2M(W) =240, W, = 148. TakuM 4YMHOM, EMITipUYHE 3HAYCHHS KPUTEPIIO
BinkokcoHa nepeBHIllye HOro BEpXHE KPUTUYHE 3HAYEHHS; OTXKe, 3 IMOBIpHICTIO 0,9
rinoTe3a Mpo PIBHICTh CEPEIHBOrO BMICTY 30J0Ta y Inypdax 1 CBEpAJIOBHHAX
BIIKUJIA€THCS.

A B C

1 Bmict Au, mr/m’ Nopagok |Paur subipku b
2 192 1 0
3 158 2 1]
4 221 3 3
5 225 4 0
& 250 5 0
T 251 ] ]
8 293 7 0
9 299 B B
10 315 9 0
11 317 10 ]
12 322 11 0
13 348 12 0
14 375 13 ]
15 381 14 0
16 397 15 15
17 300 16 0
18 431 17 17
19 457 18 18
20 452 19 19
21 478 20 20
22 558 21 ]
23 541 22 22
24 548 23 23
25 276 151
26

27 Wil 92
28 MW 240
29 W2 148

Puc. 3.7. ®parment obuucienp y Taonuii Excel msa nepeBipku 3a KpUTepieM
Binkokcona
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KonTpoabHi nuTanuda 10 miaposainy 3.3

1. IIlo o3Ha4ae cTaTUCTUYHA OJHOPIIHICTH T'€OJOTTYHOTO 00’ €KTa?

2. 'Y doMmy mojArae pi3HULOS MDK «(POHOBOIO» Ta «aHOMAJIbHOIO»
CYKYIHOCTSIMH?

3. Onumnith NOpsIOK 3acTocyBaHHs KpuTepito ['pabdca — CMipHOBA.

4, OnunnTh MOPSIOK 3aCTOCYBaHHS MPaBWIIa «TPhOX cirm». YoMy BOHO Mae
TaKy Ha3By?

5. Yomy, Ha Bamy AyMmKy, Kpurtepii Ban-mep-Bapnena ta BinkokcoHa
HA3MBAIOTh HEMapaMeTPUUYHUMMU?

6. Jlyist 4oro BUKOHYETHCS paH)KyBaHHS IIPH 3aCTOCYBaHH1 KputepiiB Ban-nep-
Bapnena ta Binkokcona?

7. Yum BiApI3HAIOTHCS KpuTepii Ban-aep-Bapaena 1 Biikokcona?

3.4. ucnepciiinuii anaJis

BiiactuBoCTI reosioriyHux 00’ €KTIB 3a3BUYal 3aj1eXaTh BT paay HakTopis, 110
3YMOBJIIOIOTh iX MIHJUBICTb. BuUABUTH 11 (akTopu ¥ OLIHUTH iX BIUIMB Ha
MIHJIMBICTh BJIACTUBOCTEH YW HEOJHOPITHICTH JOCII)KYBAaHHMX OO0'€KTIB MOKHA 3a
JIOTIOMOT OO JTUCTIEPCITHOTO aHali3y.

JucnepciitHuil aHamni3 npu3HAYEHUH JUIsl JOCIIIKEHHS XapaKTepy BIUIMBY Ha
BUMIPIOBAaHY BHUIIAJKOBY BEIMYMHY (BIATYK) OAHOTO a00 KUIBKOX HE3aJIeHKHUX
(dakTopiB, MO0 MarOTh Kigbka Tpagamii. [Ipu omHodakTopHOMY 4u ABOGAKTOPHOMY
aHami31 (akTopH, 10 BIUIUBAIOTh HA PE3YyJIbTaT, BBAXKAIOTHCS BIJIOMUMH, a 3aBJAaHHS
MOJISTA€ B OI[IHIOBAHHI HASBHOCTI Ta CYTTEBOCTI IIHOTO BILIUBY.

JucnepciiiHuil aHaii3 3acTOCOBYIOTh, SIKIIO Ui BHOIPKOBUX TPyl MOKHA
JIOMYCKATH BIAMOBIJHICTh T€HEPAIbHUM CYKYMHOCTSIM 3 HOPMaJIbHUM PO3IMOALIOM 1
HE3aJIEKHICTh PO3MOJILIIB CIIOCTEPEIKEHD Y TpyMHax.

3a J0MOMOTOI0 JMCIIEPCIMHOTO aHali3y MOXKHA BHUPINIYBATH IIMPOKE KOJIO
reoJIONIYHMX 3aBAaHb [2,4], Takux sK:

1) mepeBipka TirmoTe3 MPO BIUIMB JIITOJOTIYHUX, NETPOPI3IUHUX, TCOXIMIYHHX,
CTPYKTYPHHUX Ta IHIUX (aKkTOpiB HA (OPMYBaHHS 3pYIHIHHS,

2) BUSBICHHS €JCMCHTIB 30HAJIBHOCTI TIEOJOTIYHMX OO0’ €KTIB, 30Kpema, Y
3aKOHOMIpHIM 3M1HI BIACTUBOCTEH UM PO3MO/LII KOHLIEHTPALIN PI3HUX KOMITIOHEHTIB;

3) BH3HAuUEHHS BIUIMBY CIIOCOOY Bi0OPY IPOO Ha iX JOCTOBIPHICTS;

4) OMUiHIOBAaHHS BIUTUBY JIAHAIMAPTHUX YMOB Ha IHTEHCHUBHICTh NPOSIBY Pi3HUX
MOIIYKOBUX O3HAK;
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5) BUSBJICHHS YHMHHUKIB, IO BHU3HAYAIOTh BIACTHBOCTI MIIIHOCTiI IPYHTIB i
opiz.

Oonogaxmopruii oucnepciiHuli aHali3 TIONSATA€ Yy PO3AUICHHI CYKYIHOCTI
KUIBKOX BUMIPIB JIOCTIPKYBAHOI O3HAKH Ha M TPYI 3a SKUMOCH (hakTopoM. SIKIIo
KUTBKICTh BUMIPIB y BCIX rpymnax (BuOipkax) OJHaKOBa, TO TAaKUW aHai3 Ha3UBAETHCSA
PIBHOMIpHUM; SIKIIO  KUIBKICTh BUMIPIB y Tpymnax (BuOipkax) pi3Ha, TaKui
JAUCTIEPCIHHUN aHali3 HA3UBAETHCA HEPIBHOMIPHUM.

CroyaTky pO3TJISTHEMO CIHIBBIIHOIICHHS JJIS  PIBHOMIPDHOTO — aHAJi3y.
OuiHloeTbest BIUIMB (pakTopa A, MO Mae M piBHIB NpU KUIBKOCTI ( BHUMIpIB
BUTIAJKOBOI BETMYMHU X HA KOKHOMY piBHI. [l03HaAUNMO pe3ysbTaTh CIOCTEPEKEHb
uepe3 Xij, e 1 — Homep cnoctepexenns (1 =1,...,0), a ] — HOMep piBHs (akTopa
(j = 1,...,m) i 3armumremo ix y Burisai tadmu. 3.4.

Tabmums 3.4
TabnuuHe npeacTaBiIeHHs JaHUX Il OTHO(PAKTOPHOTO aHAII3y

PiBeus dhaxropa A

Howmep — ib P —

1-ti | 2-4 | ... | M-z

1 X11 | X12 | ... | X1m

2 Xo1 | Xo2 | ... | Xom

q qu Xq2 e qu
I'pymosi

py I D X

cepeaHi

3a UMMM JAaHUMHU PO3PAXOBYETHCSA AUCIEPCIS BIAXWUIIECHB CIOCTEPEKEHBb BiJ
3araJlbHOrO CEPEIHLOr0 X Ta AMCIEPCIs MK rpyrnaMu

sz_n_m;;(xij X), (3.19)
S? = qi(ii —i)z . (3.20)

Axmo ¢dakTop, 3a sSKUM OyJl0 MPOBEAEHO PO3JAUICHHS, HE BIUIMBAE Ha
MIiHJIMBICTh MOKa3HWKA, TO BiIHONIEHHs aucrepcii S/ i S, Gyme posmnomineHo 3a

3akoHOM Dimepa 3 M — 1 1 N — M cTyneHsMu BUTbHOCTI. ['imoTe3a npo BIUIMB JAaHOTO
(haxkTopa BIIXWISIETHCS, SKIIO

S;
Sz s I:m—l,n—m,oc’ (321)
2
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ne F, — TabnuyHe 3Ha4yeHHs posnomury Pimepa ans 3amaHol  JOBIpPUYOL

-1,n—-m,a
HMOBIpHOCTI Ta cTeneHiB BUIbHOCTI (1omarok I).

SAxito obcsiru Tpyn (BUOIPOK) BIJIPIZHAIOTHCS, TO OOYUCIICHHS IIPOBOSITHCS 32
dbopmysamMu  JII1  HEPIBHOMIPHOTO JaucnepciiHoro anamizy. I[lo3Haunmo uepes
0;,9,,...,0,, KUIbKICTb €JIEMEHTIB y Trpynax. 3arajbHa CcyMa KBaJpaTiB BIJIXWJICHb

BHU3HAYAETHCS 32 (HOPMYIIOIO

2
C, :(ul+u2+...+um)—(vl+v2 +n"'+vm) , (3.22)

4j
ne Ujg,U,,...,.Un — cymu kBampaTiB eneMeHTiB BuOipok, U j :ZX;; Vi,Vo,....Vm —
i1
4;
CYMHM €JIEMEHTIB -i Bubipku, V; = inj ; N — 3arajgpHa KUIBKICTh €JIEMEHTIB BUOIPOK,
i-1
Nn=q,+d, +..+0,-

dakTopHa cymMa KBaJpaTiB BIAXUIEHb OOUNCITIOETHCA 32 (POPMYIIOI0

2 2 2 2
<[+ U2 (Gt Vo) 3.23)
G Q an n
3aMIKoBa cyMa KBa/IpaTiB BIAXUIIEHb PO3PAXOBYETHCS 3a PIBHSIHHIM
C, =C,-C;. (3.24)
3nauenHs kputepiro dimepa
S 2
F= S—; : (3.25)
ne SZ — Cg 82 — Cf SZ — Cr
“ n-1""" m-1""" n-m’

MOPIBHIOETHCA 3 KPUTHUHUM JJIs 33JJaHOTO PIBHSA 3HAYYIIOCTI ¢f Ta YKCIIa CTYIEHIB
BibHOCTI K1 = m —1 Ta ko = n — m. Skmo F > F(a, ki, k2), To MoxHa cTBepmKyBaTH,
1m0 (GakTop BIAMIHHOCTI € CTaTUCTUYHO 3HAYYIIMM 1 WOro ciig OpaTtd 10 yBaru.
SIkmo F < F(a, ki, k2), T ananmizoBaHwuii (hakTop HE € 3HAUYIIUM.

Ipuknax 3.6 [16]. Ocepeaneni pe3yabTaTd BHUMIPIOBaHb BMICTY a30Ty i

dbocdopy B TOHHUX BIJIKJIaJIaX BOAOWMHMIIl HA PI3HUX TTTUOMHAX HaBeAeHI B Ta0m. 3.7.
3HavYeHHS Ha TIMOWHAX 70 5 M OJIiepaHl Ha OCHOBI 15 BUMIpiB, y Aiama3oHi riIMOUH
5 — 15 M — 20 BumipiB, Ha rMOUHaX nmoHay 15 M — 18 BumMipis.

Jlnst asoty mucnepcis Mix rpymamu S? = 1066,55, Toni BinHomenns S7/S?
nopiBHIOE 26,63, 1m0 nepesuiye Tabnuune 3Hadenns F, g, =19,47. Oxe, pakrop

MIMOWHU CYTTEBO BIUIMBAE HA PO3MOJALT a30Ty B JIOHHMX Binkianax. Jms dochopy

107



mucniepcist Mik rpynamu S2 = 17,46, Toni Binnoutenns S2/S? nopisHioe 53,28, 1o
nepeBuIye Tabauune 3HaueHHsa F, g, =19,47. Omke, GpakTop rMOMHHM CYTTEBO

BIUIMBAE TaKOX 1 HA po3noALT ¢pocdhopy B TIOHHUX BIAKIAAAX.

Tadomurs 3.5
CepeaHi 3HAYE€HHS BMICTy a30Ty i (ochopy B JOHHUX Bimkmagax (mr/mm°)
I'mubuna h, m Cepenne JHucnepcis Beiei
Kowmorer h<5 |5<h<15| h>15 | 3aramsae X BUOIpKU S
N 3araneuuit | 33,64 48,21 36,83 40,22 40,05
P saransaunii 1,82 2,37 3,21 2,50 0,38

[Ipuknan 3acToCyBaHHS HEPIBHOMIPHOIO OAHO(PAKTOPHOTO JHCHIEPCIHHOTO
aHai3y NpOAEMOHCTPOBAHO Y MPaKTUYHINA poOoTi 2 (miapo3ait 5.2).

Jleopakmopnuui ananiz BUKOPUCTOBYETHCSA JUIsl TOrO, IIOOM JOCHIIUTH
OJIHOYACHUI BIUIMB ABOX (hakTopiB. BUILIS€ThCS M pIBHIB BIUIMBY 33 HEPIIUM
¢dakTopoMm (MO3HAYUMO HOTO A) Ta ( PIBHIB BIUIMBY — 3a APYruM (IIO3HAYMMO HOTO
B); Toni 3aranpHa KUIBKICTH TpYI AOpiBHIOBaTMME L =M (, a BUXIJHI JaHl MOXHa
NIPEICTABUTH Yy TabnuuHoMy BUTIIsAAi (Tabn. 3.6). B Hill mosHadeHo: x; — cepenHi

3HAYCHHS CIIOCTEPEXKHOI BEIMYMHH X Yy BHOIpIN, sKa BIAMOBIAAE I-My BIUTUBY
akTopa A Ta j-mMy BrMBY (aktopa b; X; — CEpElHi 3a CTOBIYMKAMH, X, — CEPEJIHi

3a paaKkaMu, X — 3arajibHe CEpeIHeE.

Tabmuig 3.6
[IpencraBieHHs: gaHUX AJisl IBOPAKTOPHOTO TUCTIEPCIMHOTO aHai3y
PiBHi PiBHi ¢akropa b
Cepenne

paxkropad | b1 | b1 | ... | by

A X1 | Xp2 Xiq X,

Ao Xo1 | Xo2 Xoq X5,

Am Xml Xm2 qu Ym.

Cepenne | X, | X, X, X

[lepeBipka rimoTe3u npo BIUIMB ABOX (PAKTOPIB OKPEMO 1 iX CHIIBHOTO BIUIUBY
Ha BJIACTUBOCTI JIOCTIPKYBAHUX 00’ €KTIB MPOBOMUTHCS 3a KpuTepieMm Dimrepa. SKimo
JUIS IeSIKAX TPYyN HasiBHI MOBTOPHI BUMIPIOBAHHS, TOOTO € KiJbKa BHUMIPIB IS

108



KOMOiHaIiil BIMBY (aKkTOpiB 1j, TO BiANMOBIMHO BIUIMB (DaKTOPIB OLIHIOETHCS 32
dhopmynamu:
2 2. 2 2. 2 2
F,=S2/SZ; F,=S/SZ; F., =S2/SZ, (3.26)
ne Fa, Fp, Fus — cratuctukm @imepa (3HaueHHs F-kputepiro) s BU3HAYCHHS
BILUTUBY (pakTopa A, dakropa b Ta CHiIBHOTO BIUIMBY (akTopiB A 1 b BIJINOBIIHO,
mucniepcii S?,S7,S2,S7 00UUCIIOIOTHCS 3riaHO 3 Tadu. 3.7.
SIKo [1st BCiX TpyIl MOBTOPHI BUMIPIOBAHHS BiJICYTHI, TO BIUIMB (haKTOpPIB
OLIHIOETHCA 3a (popMyrnamu:
2 2. 2 2
F,=S?/SZ; F,=S2/sZ, (3.27)

JIe BC1 TO3HAYEHHS B3AT1 3 ONEpeIHIX GOpMyI.

OTtpumaHi 3Ha4Y€HHS F-KpUTEpi0 MOPIBHIOIOTHCSA 3 KPUTUYHUM JIJIsi 337aHOTO
PIBHS 3HAYYIIOCTI Ta YKCJA CTYNEHIB BUIBHOCTI, Ha IIJCTaBl YOro POOUTHCS
BHUCHOBOK I110/10 CTATUCTUYHOI 3HaYYL[OCTI IEBHOTO (paKTopa.

Tabmuus 3.7
dopMynu 1151 ABOPAKTOPHOTO JUCHIEPCIHHOTO aHAII3y
_ KinekicTs cTerne-
Tun qucnepcii Hucnepcis . .
HiB BUTBHOCTI
dakTopHa 3a g2__4 G o2 1¢
=——>» (X -X)°, x ==>X m-1
daxTopom A ' m—liz_ll( X ’ qu—;‘ ]
dakropHa 3a LR s PR 1
S, =—=)> (X; =X)7, Xi==—2.% -1
dakropom 5 ? —11221:( 5.7 X) i miz_ll . a
2 1 N Y % 4 %)
_ S = T ZZ( %, —X; +X)%,
3Mimana 3a ( )(q ) il j1
\ (m-1)(@-1)
dakropamu Ab 1
Xij :Hzxijk
i=L
3 $=— L3> (%)’ (n-1)
AJTAIITKOBA =— _— ma(n —
) mq(n _1) i=l j=1 k=1 e a
1 &G o
3araibHa SP=——— > > (X —X) nmq— 1
nmqg -143933

Tyr X, — enemenTH BUOIPKH, siKa BiANOBia€e I-My BIUIHBY (akTopa A Ta J-My

BILTUBY (paxTopa b.

[Mpukman 3.7 [2]. Ha ocHOBI pe3yabTaTiB IOJbOBUX JOCIIIKEHb IOJIi-
MeTajieBoro pojouina (tad. 3.8) OLIHUTH, YK BIUIMBAE HA BMICT CBHHITIO B PYJIHUX
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KHUJIaX CKJIaJl BMILIYBAJIbHUX TOPIA Ta TIICOMETPUYHE MOJIOKEHHS MICLb BIIOOPY
po0.
BigmosigHo g0 Tadm. 3.8 po3paxyemo aucnepceii (M =4, q =5):

5 :%Z(x]—x)z :2.0,422 ~0,703,

m-—L153
9 .
2= M 3z, —x)? =2 242 _g 169,
q-15= 4
1 A 1,941
Si= X, —X —X +X)’=—"--=0,162.
3 (m_l)(q_l);;( ij. il j ) 34
Tabmumms 3.8
VYcepeaHeHuil BMICT CBUHIIIO B T1pChbKUX nopoaax (y %)
Ha JUJISHII MOJIIMETAJIEBOTO POJIOBUIIA
[To3Hauka CxJa BMIITyBaJIbHUX TIOP1T
) TOPHSORTY I'panitu | KBapiutu FHHHHC,T ' Banusiku | Jlonmomitu | Cepeane
B1100py Mpo0, M CJIaHII
+320 2,95 2,66 2,50 3,15 2,25 2,70
+280 2,25 2,71 2,38 2,56 1,81 2,34
+240 2,38 1,78 1,98 1,21 2,19 191
+200 2,18 1,65 2,46 2,10 1,32 1,94
VY cepeanbomy
3a BCiMa 2,44 2,20 2,33 2,26 1,89 2,22
TOPU30HTaMHU

Tabun. 3.8 He MICTUTh MOBTOPHUX 3HAYEHB JJIA BUOIPOK, TOOTO N = 1, TOMYy 1
S; He OOYHMCIIOETHCS, a MepeBipKa 3HAYYIIOCTI BIUIMBY (DAaKTOPiB MPOBOJUTHCS 32
dbopmynamu (3.27).

Kputnuni 3HaueHHst kputepito @Dimepa ausg piBHsa 3Hauymocti 0,05
JIOPIBHIOIOTD:

F((m-1), (g-1)(m-1), 0,05)= F(3, 12, 0,05) = 3,49 s nepeBipKu BILTUBY
(dakTopa rincoOMETPUYHOT MO3HAYKH (32 PSIKAMHK);

F((g-1), (g—1)(m-1), 0,05) = F(4, 12, 0,05) =3,25 mepeBipKH BILIUBY
CKJTa[ly BMIIIYBaJbHUX MOPIJ (32 CTOBITYUKAMH).

F,=S’/S:=4,37; F,=S2/S2=0,81.

Ockimeku  F4>F(3, 12,0,05), To rimore3a mpo BiJCYTHICTh BIUIUBY
TIICOMETPUYHOI MO3HAYKM HA BMICT CBHUHIIIO BIIXWISIETHCS 1 MOYKHA CTBEPIDKYBATH,
II0 BILUIMB 1[bOT0 (pakTopa € 3Hauyimmm. Ane Fr< F(4, 12, 0,05), ToMmy rimoresa mnpo
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BIJICYTHICTh BIUIMBY CKJIaqy TOpiJ HA BMICT CBHUHIIO MPUHUMAETHCS. TakuM YHUHOM,
MOHa 3pOOUTH BHCHOBOK: Ha JOCHIIKCHINH IUISHIN IOJIMETAJIEBOTO POOBHIIA
CTAaTHCTUYHO 3HAYYIIMM BIUTMBOM € TilICOMETpHUYHA TO3HAYKa, TOOTO TiInOWHA
B1100pY Mpo0.

VY maketi anamizy nporpamu Excel peanizoBaHi cTaHmapTHI HpOLEAypH s
0THO(AKTOPHOTO 1 JBO(AKTOPHOTO AHMCIEPCIHHOTO aHamizy pisHuX BuAiB. Lli
MIPOIIETyPH 3aCTOCOBHI, SKIO BJIACTUBOCTI BUOIPOK HE BIIXWISIOTHCS CYTTEBO BiJ
HOPMAJBHOTO 3aKOHY pO3MOJALTY, a JAMCIepCii Ha pPI3HUX PIBHAX TOrO CaMoOro
(dakTopa oxHakoBl. HaBiTh y pa3i moMipHOI BIJIMIHHOCTI B JHUCIIEPCISIX KpHUTEPIi
3QJIMIIAETHCS 3aCTOCOBHUM 3a YMOBHU MNPUOJU3HOI PIBHOCTI 00’€MiB BHUOIPOK Yy
rpynax. Skmo Kk 3acTocyBaHHS F-kputepilo BUKIMKAE CYMHIBH, MOXHa
CKOPUCTATUCSI  HEMapaMEeTPUUYHUMHU  KPUTEPISIMH, 30KpeMa, OJHO(DAKTOPHUM
aucnepciiHuM  aHaiizoM 3a kputepiem Kpackana — Yostica Ta ABOQaKTOPHUM
aHaJi3oM 3a kputepiem ®Opinmana [4].

KonTpoJbHi nuTanHs 10 miapo3aiay 3.4

1. J1yist 4Oro BUKOPUCTOBYETHCS TUCTIEPCIAHUIN aHai3?

2. Y YoMy TmoNATaE pi3HUIS MK OJHOPAKTOPHUM Ta JABOPAKTOPHUM
aHamizamu?

3. UuM HEOTHOPITHUIN TUCTIEPCIHHNN aHAITi3 BIAPI3HAETHCS BiJl OAHOPITHOTO?
Sk 11e BpaXxOBYETHCS B pO3paxyHKax?

4. Slka MiHIMallbHAa KUIBKICTH (pAKTOPIB Ta PIBHIB iX BIUIMBY Ma€ OyTH s
MPOBEICHHS IBO(PAKTOPHOTO AUCTIEPCIHHOTO aHami3y?

3.5. BusiBjIeHHs HEOTHOPIAHOCTElH Ta aHOMAJIII HA MJIOIMHI

[TomupenuM 3aBIaHHSIM Yy TEOJIOTII Ta €KOJIOTii € imeHTU]IKALs PO3MOILTY
TOYOK Ha IUIONIMHI ab0 JIBOBHUMIpHIN moBepxHi. LluMu Toukamu MOXyTh OyTH,
30KpeMa, MICISI CIOCTEePEKEeHb, B3ATTS MPoO, TPOSIBU PyJ KOJIHOPOBUX Ta
PIIKO3EMENIbHUX METaiB, TOJIOKEHHS Ha(TOBUIOOYBHUX CBEPIJIOBUH, MICIIS
3HAYHUX BOJIOMPOSIBIB y MII3EMHUX BHUPOOKAX TOIIO. 3a3HAYUMO, 1[0 PIBHOMIPHICTh
PO3MOAUTY TOYOK CIOCTEPEKEHb € OJHHMM 3 KPHUTEpIiB 3aCTOCYBAHHS BHOIPKOBHUX
METOJIB  JOCHIKeHb (po3ain 2). Ilepmmm eramoMm  aHamizy MPOCTOPOBOTO
pO3TalllyBaHHS TOYOK € TEpeBipKa TIMOTE3W MPO OJHOPIIHICTh iX PO3MOJLTY Ha
TJIOLIMHI, 10 MOKE OyTH 3pOOJIEHO 3a IONOMOT0K0 KpuTepito 7> (miaposnin 2.4).

JIist IbOTO OCITIKYyBaHA 001aCcTh MUTATHCSA Ha MiA00aCcTi OJHAKOBOI TUTOITI,
OaxxaHo, ofHi€l POpMH 1 APAXOBYETHCS KIIBKICTh TOUOK, SIKI MOTPANUIIH 10 KOXKHOT
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nmigobmacti. Sk 3azHadeHo y [6], HaiOuIbII OOTPYHTOBAaHMMH Ha OCHOBI
3aCTOCYBaHHS IIbOTO KpUTEpit0 OyayTh BHUCHOBKHM Yy pa3l 3HAYHOI KUIBKOCTI
mijgo0yacTelt, a TaKOX, KOJM B KOXKHIN 3 HUX Oyje 3HAXOTUTHCS HE MEHINE I’ ATH
TOYOK, X04a JPyra BUMOTa HE 3aBKIU € BUKOHYBaHOIO.

Kputepiii mepeBipkd TiMOTE3W MIOJ0 PIBHOMIPHOTO PO3MOJALTY TOYOK Ha
IUIONIUHI MOJIATaE B HOPIBHAHHI 0OYUCIIEHOT CTATUCTUKU ¥° 3 KPUTHYHUM 3HAYCHHAM

BiOBiHOrO po3noainy. CTaTHCTHKA ¥> 00UYHCIIOETHCA 32 (OPMYJIOL0, TTOIOHOIO 10
(2.73)

Zz _ i(Qi _p_pi) ’ (3.28)

i=1
ne (i — paKTH4Ha KUIBKICTh TOYOK Yy i-i MiA001acTi; Pij — OUIKyBaHa KIJIbKICTh TOYOK Y
i-i1 mpo0nacTi, sika OOYUCITIOETHCS 32 BUPA30M

p=— (3.29)

M — KUIBKICTH migo0iacter; N — 3arajbpHa KUIBKICTB TOYOK.
Kpurtepiit y? 06G4HMCIIOEThCS 32 M — 2 CTYNEHSAMH BiJIbHOCTI.
[puknag 3.8. PosrnsHemMo po3TamiyBaHHS pPYIHUX TPOSIBIB Ha KapTi

reoyioriyHoi po3Binku (puc. 3.8). Po3i0’eMo BcO MpSMOKYTHY o00macTh Ha 16
KBaJpaTiB OJHAKOBOTO po3Mipy. Y Tabm 3.9 moka3aHO KiTbKICTh TOYOK, SKi
MOTpanuIn JI0 MEBHOIO KBajpaTy, Ta BIAMOBIJHI BIAXWUJICHHS, 110 HEOOXigHI IJis
po3paxyHKy 3a popmyroro (3.28).

JIMOBipHE YMCIIO CBEPIUIOBHH y KOXKHOMY KBaJpaTi CTaHOBHUTH & =56/16=3,5.
3Bakaro4M Ha Iie, o0uncieHa cyma 3a dopmysioro (3.28) gopisaroe 32,57 (tabdu. 3.9),
10 TEPEBUINYE KPUTUUHE umucio 23,7 posmominy »° mns m =16 — 2 = 14 crynenis
BiTbHOCTI 3 piBHeM 3Hauymocti o =0,05 (momarox B). Tomy rimoTe3a mpo
PIBHOMIPHICTH PO3MOALITY CBEP/UIOBUH Ha IUJIOLIMHI BIAXUsAe€Thea. HaBiTh a1 OuTbIn
cTtporux piBHiB 3Hauymocti 0,025 ta 0,001 (3nauenns 26,1 ta 29,1 BiAMOBIIHO)
O30T CBEPJIOBUH Yy MJIaHI MOYKHA BBKATU HEPIBHOMIPHUM.
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Puc. 3.8. Po3noain pynHUX MposIBIB HA KapTi Ir€0JIOTIYHOT PO3BIAKU

Tabmums 3.9
[lepeBipka rimoTe3u Mpo HEPIBHOMIPHICTH PO3MOILITY CBEP/IJIOBUH Ha TUIOIT

Ne kBazpara, i | KinbkicTh cBep/UTOBUH | BigxuneHHs (qi - P, )2 / P,
1 6 1,79
2 1 1,79
3 2 0,64
4 2 0,64
5 5 0,64
6 6 1,79
7 0 3,50
8 0 3,50
9 4 0,07
10 11 16,07
11 4 0,07
12 3 0,07
13 4 0,07
14 3 0,07
15 4 0,07
16 1 1,79
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| Pasom | 56 | 32,57 |

[HIIW#, BiTHOCHO TPOCTHH, AJITOPUTM omucaHo B [2]. 3rigHO 3 HUM
JOCITDKYBaHa TEPUTOPIs po3OUBAETHCA HA KBaJIpaTHI KOMIPKH OJHAKOBOTO PO3MIpY.
YactuHa P KOMIpOK Oyae MICTHTH Xo4a O OAHY TOYKy, a iHima yactuHa (1 —p)
3aUIINTBCA MOPOXKHBOK0. [lichs 1poro moyaTkoBl KOMipKu AuATbCa Ha N HOBUX
KBaJIpaTHUX KOMIpOK. SIKIIO TOYKOBI OO’€KTH pO3TAIIOBaHI BHUIAIAKOBO, TO
HWMOBIPHICTB TOTO, 110 HOBHI KBajipaT Oyje MOPOKHIM, €

N
pv=(1-p) . (3.30)

st koxxHoro N =4, 9, 16... 3Hax01uM0 (HhaKTUYHY YACTKY MOPOKHIX KOMIPOK

Py . IlizBuIIeHa YacTKa HOPOKHIX KOMIPOK IIOPIBHAHO 3 TEOPETUYHOO HMOBIPHICTIO
Py CBIOYMTH MOpO TpymHyBaHHS OO’€KTIB, a 3HI)KEHA — NP0 PETyJSIPHICTh iX

pO3TalllyBaHHS Ha TJIOIIHHI.
puknag 3.9. [17]. Jns mepeBipku TimoTe3w NPO PIBHOMIPHHIA PO3MOJILT
Migaux ponosuill B Apuzoni (CIIIA) pocmimkyBaHa o0nacTh Oyna po3iiieHa Ha

KBaapaTyu mioiero 250 KM?, sKi € 4BepTIO Bi KOMIpOK CiTKu Ha puc. 3.9. 3anexHocTi
BequunH Py Ta P, Ha puc. 3.10 cBigyaTh, MO (AaKTUYHA KiIBKICTh IOPOKHIX

KOMIpPOK ICTOTHO HIDKYE 32 TEOPETHYHY, TOMY PO3MOJLIT POJAOBHII HA TEPUTOPIi HE €

BHUIAJKOBHM.
Lo RN
3 i o
. . ] . FulFy)
. 1. 48T N
. * ':.- .. o . _aé‘ — \i
- * '- R . . - " 44— \
. I ' . . * ! - - f/,t:-
: - R i . ™ - - 122' x/x §“_‘_:-_K_”-x
. . 0 IV L e S
_ . 149 G N
. y L ) 40 50 , KM
Puc. 3.9. Cxema po3rairyBaHHs Puc. 3.10. 3anexHicTh YacTKu

POJIOBHUII Mifl B 3aXIHIM YaCTHHI MITaTy TOPOXKHIX  KOMIPDOK  BiJfl  JOBXKHHHU
Apwusona (CIIIA) CTOPOHHU  KBajJpary: 1 — dbakTuuHa,
2 — TEOpETUYHA.
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[Ticnst BuU3HAYEHHS HEPIBHOMIPHOCTI PO3MOAUTY TOCTa€ MHTAHHA MIPO
JOKaJi3aIliio JUISHOK, JI€ po3TalloBaHa OLIBIIICTh CBEPUIOBHH, TOOTO MpO
JIOKaJII3aIlll0 aHOMAaJIiH JOCII)KYBaHO1 O3HAKH Y XapaKTEPUCTUKH Ha TUIOIIHHI.

Jns BUAUICHHS aHOMaJlii (CKYyMYeHHS TOYOK) Ha IUIOMIMHI YM y MPOCTOPi
BUKOPHUCTOBYIOTHCSl PI3HOMAaHITHI METOJH; MPAKTUYHE 3aCTOCYBAHHS JACSIKUX 3 HUX
ommcaHo, 30kpema y [18]. 3ayBaxumo, 1m0 I JOCHITHAKA YacTO BaKIIMBE
MOTIepEeIHE BUIIJICHHS TaKMX aHOMAJIiH, SIK1 JJaJli MOYKHA JIETali3yBaTH 3a JOTIOMOTOI0
OuIbII MOTYKHUX MeToiB. CaMe i MoNepeAHhOr0 BU3HAYEHHS aHOMAJI MOXYTh
OyTH BHKOPUCTaHI 3py4HI W HECKJIQJHI KpUTEpii, HAMPUKIa] MEpeBipKa mapaMeTpiB
O1HOMIaJILHOT'O PO3IOILITY.

Heo0xi1Ho nepeBipuTH TirnoTe3y mpo Te, M0 MICIS IPOsBIB SKMXOCH MPOIIECIB,
SIBHIIl YA O3HAK KOHIICHTPYIOTHCS B MEBHUX 30HaX. Lle Moke OyTH KOHIIEHTpYBaHHS
PYIHUX Ti1 OIS MEBHUX T'€OJIOTIYHUX (pOopMallii, MepeBaKaHHs IMII36MHUX BUKHU/IIB
BYT'ULIS, MOPOAM W rasy Ta IHTEHCUBHUX BOJOIPHUTOKIB A0 MiA3€MHHUX BHPOOOK
10o0JIM3Y 30H I'€0JIOTTYHUX MOPYIIEHb, HAKOIMYEHHS XIMIYHUX €JIE€MEHTIB Y MEBHUX
dhopmax penbedy TOIIO.

Jjig mepeBipKU HOTO BCIO TEPUTOPIIO MOKHA PO3JILIIUTH HA JIBI YACTHHU: 30HY
BIUIMBY OKPEMOi HEOJHOPIAHOCTI IUIOMICI0 S; Ta BCIO 1HINY YacTUHY TEPUTOPIi
IOMICI0 Sy. SIKIII0 HEOAHOPIAHICTH HE BIUIMBAE HA MMPOCTOPOBE PO3TAITYBAaHHS TOUOK
MpOsIBY TMEBHOI O3HAKW, IO BU3HAYA€ «HYJIBOBY» TINOTE3y, TO MNMOBIPHOCTI
MOTPAIUISTHHS TOYOK 0 000X 30H MPOMOPIIiHHI iX 10111, TOOTO

S, S,

=1 p=—2_ 3.31
S, +8S, P2 S, +8S, (3:31)

Py

dakTHYHY KUIBKICTh TOUYOK, IO MOTPAIUIIN 10 30HU BIUIUBY HEOJTHOPIIHOCTI,
MMO3HAYMMO Yepe3 M, 3arajbHy KUIBKICTh — dYepe3 N, TOoJl BIJANOBIJHA YacTOTa
MOTPATUISTHHS CTAHOBUTHUME

Pp="—"y Pp=—7". (3.32)

OCK1JIbKM MaTeMaTUYHE CIOJIBaHHS O1HOMIAJbHOTO PO3MOALTY 3 IMOBIPHICTIO
p1 IOpiBHIOE NP1, a aucnepcis — NP1 (1 — p1) (auB. migpo3ain 2.3.8), To BUMaaKOBa
BEJIMYMHA

p— P (3.33)

" @ pn

PO3IIOIiIcHa HOPMAJILHO 3 cepeHiM 3HadeHHsIM 0 ta nucnepciero 1. Tomi, Sk
t >t , (3.34)

ne t, — apryMeHT (QyHKIii HOPMOBAHOTO HOPMAJIBLHOTO PO3MOJLTY 3 MapamMeTpamu

(0,1) (2.50), mo BimmoBigae 3HAYEHHIO , TO 3 JAOBip4oKO MMOBipHicTIO (1 — @)
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MOXHa BBa)KaTH, IO TOYKH TMPOSBIB JIOCTIKYBAHOT O3HAKH KOHIICHTPYIOTHCS
HABKOJIO IIPOCTOPOBOT HEOTHOPITHOCTI.

IIpukmag  3.10. HeoOXximHO BCTAaHOBUTH, 4YM BIUIMBAa€ JB1  JIHIHHI
HEOJHOPIAHOCTI (TEOJIOTIYHI MOPYUIEHHS), AKI pO3TallloBaHI Maibke MiJ MPSIMUM

KyTOM, Ha pO3MOJLI PYIONpOSBIB Ha JOCHiKyBaHiid Teputopii (puc. 3.11). s
BU3HAYCHOCTI MPUHUMEMO PO3MIpP KBAJIPATHOL IIJITHKH 5 X 5 KM 1 MOPIBHAEMO 4acTOTY
1 IMOBIPHICTh MOTPAIUISIHHS TOYOK /IO 30HU BIUIMBY HABKOJIO MOPYIICHb y BUTIISIL

cmyru mupuHoo0 | =200 M (o 100 M B 06uBi ctoponn) ta | =400 m (o 200 m B
0OM/IB1 CTOPOHH).

Puc. 3.11. TITonoxeHHS TOYOK Y 30HAaX BIUIMBY HABKOJIO JIHIHHUX T'C€OJOTIUHUX
nopyieHs (1o npukaagy 3.10)

OOGumucneni Ha ocHoBI Tabn. 3.10 3HadeHHs cratucTukd (3.33) 3HAYHO

MePEeBUIIYIOTh KpuTW4yHe 3HaudeHHs {,=3,1 3 [J0CTaTHRO BHUCOKUM pPIBHEM
3HauymocTi o = 0,001 B 000x Bumaakax. ToMy 3 AOBIPYOH HMOBIPHICTIO TOHA
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0,999 Mo’xHa BBaXkaT, 10 TOYKHU 3 PYAONPOSBAMU 3aKOHOMIPHO KOHIIEHTPYIOTHCS B

30H1 BIUIUBY T'€OJIOTIYHUX MOPYILIEHbD.

Taomug 3.10

Pe3ynbratu nepeBipku rinoTe3u npo O1HOMIAIbHUN PO3TIOALT

TIOJIOKEHHST TOYOK Ha JOCIIHKYBaHIN TUTOT

30Ha BIUTMBY HEOIHOPITHOCTI [upoxka cmyra, | By3bka cmyra,
| =400 m | =200 m

TeopeTnyHa HMOBIPHICTH 0,1536 0,0784

NOTPAIISTHHS 710 30HH BILIUBY P1

KiJIbKiCTh TOUOK y 30H1 BIUIMBY M 21356 19356

DaKTHYHA 9ACTOTA P, 0,375 0,339

CratrcTrka KpUTepiro 1y 459 7,26

KoHTpoabHBI MUTAHHS A0 Hmiapo3aiay 3.5

1. SIK 3aCTOCOBYETHCS KPUTEPIM # LIS BU3HAYEHHS aHOMAITIH Ha TUIONIMHI?

2. OnumiiTe MpoUeAypy NEepPeBIpKH TIMOTE3W MPO PIBHOMIPHHUNA PO3MOALT
TOYOK CIIOCTEPEXKEHD (PYIONPOSABIB TOIIO) HA IUIOIIHHI.

3. Sk oOrpyHTYyBaTH CTaTHUCTUYHY 3HAYYIIICTh TPYMyBaHHS (CKYITYCHHS)
TOYOK B OKPEMHX 30HaX JOCIIKyBaHOi 00J1acTi?

3.6. bararoBumipHi cratuctuuHi moaesi. Knacrepuuii ananis

Benuka KUIBKICTh CHOCTEPEXEHb 1 BHUMIpPIB MPOLECIB Y HABKOJUIIHHOMY
cepeloBuIll Ta y reocdepax 3alUCYeTbCsl Y BUIJISAAI MATpPUIlb, CTOBMIN SIKUX
BIJINOBI/IAIOTh BUMIPIOBAHMM O3HAKaM 4YH IapaMerpaMm, a pPSIAKd — KOHKPETHUM
BuMmipaMm. OTke, PO3MIPHICTh MATPHUIlb BHU3HAYAETHCS KUIBKICTIO BUMIPIOBAaHUX
napameTpiB Ta CaMUX BHUMIPIB 1 MOXKE CATATH KUIBKOX JECATKIB — coTeHb. OOpoOka
TaKMX MAacHUBIB JaHUX NOTpeOy€e CHEMiaIbHUX METOJIB, Cepell SIKUX HaWdacTiie
BXXMBAaHUMHM € MHOXHHHA KOpeJsllis, MHOXHHHA perpecis, ¢GakTOpHUM Ta
KJIACTEPHUI aHasii3, po3mi3HaBaHHsa o0pasis Tomo [2,19,20,21].

MHnoxcunna Kopenayis € OAHUM 3 TMEpPIIUX KPOKIB OOpPOOKH MaTpHUllb
BUMIPIOBAHUX JaHUX. MaTeMaTUYHOIO MOJEIIII0 KOMIUIEKCY BUMIPIOBAaHUX O3HAK €
O0araroBUMipHa BHIMAJKOBA BEJIMYMHA — BHIQJIKOBUH BEKTOpP X PO3MIPHOCTI M 3
KOMITOHEHTaMH X1, X2, ..., Xm, 1€ M — KUIbKICTh BUMIPIOBAaHUX O3HAK. BekTop X MOxke
PO3TIIIATUCS K BEKTOP-PAIOK 200 BEKTOP-CTOBITEIIb.

Pe3ynbpTaTi N cnioctepexeHb 3aMUCyOThCA B MaTpulil X
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Xll ) le
X e X

X — 21 2m . (335)
an Xnm

CraTuCTUYHI BIACTUBOCTI MaTPHIll BU3HAYAIOTHCS KOBAPIaIiifHOIO MaTPHIICIO

covV(X, %) .. COV(X,Xy)
0= coV(X,, %) ... cov(xz,xm)’ (3.36)
.clé)v(xn,xl) .(;ov(xn,xm)
ne
cov(xi,xj)zﬁg(xik—Z)(xjk—fj)., (3.37)
X; — cepemHe 3HA4YEHHS BCIX EJNEMEHTIB i-r0 CTOBMI Marpuui. JliaroHaibHi

CIIEMEHTH MATPHIll TPH | = | € OIIIHKAMH JAUCIIEPCIi.
[To3Haunmo

cov( X, X;
r(xi,xj):M (3.38)
AK KOE(IIEHT Kopesdlii IBOX BEKTOpIB Xi Ta Xj. Toal MOXHa HEpedTH 10
KOpEJSLIHOT MaTpHIll

cSxicyxj

1 e T(X%,)
R F(%,%) o r(X,X,) | (3.39)
F(X, %) - 1

yCl eNeMeHTH SKOi € KoedillieHTaMu KOpeJAlii, a JlaroHaJibHI EJIEMEHTH
JIOPIBHIOIOTH OJMHMIN. AHAJI3 KOPEJSIIHHOT MaTpuIll J03BOJIAE 3pOOUTH TEpIIi
BHCHOBKH I110JI0 3B’SI3K1B MIXK JIOCJI[’KYBaHUMH O3HAKaMHU.

[puknag 3.11. BusHaumMmo KOpessiiiiHI 3B’SI3KM MK KOMIIOHEHTaMH

XIMIYHOTO CKJIaJy MiA3€eMHUX BOJ Y 30HI BIUIMBY BIJCTIMHMKA IIaXTHUX BOJ Ha
NpUKIIaal MAaCUBY BUMIPIOBaHb y 25 cBepioBuHax (puc. 3.12).

3 BukopucranusaMm mnpouenypu «Correlation» y Hanoynosi B MS Excel «Data
Analysis» 004YMCIMMO KOpENSIiHY MaTpuiio, a 3a Kpurepiem CrbrofeHTa
NEePEeBIPUMO CTATUCTUYHY 3HAUYIIICTH ii efeMeHTiB (puc. 3.13).
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A B C (] E F G H

1 |Ceepgn. pH CO2 e OrucH. | HCO3- Cl- 5042- MO3-
2 C1 3.45| 1383.00( 11474 100 189761 51176 0.80
3 cz2 3.99 12144 2747 100 189176 3792 496
4 C3 331 100 2489 41501 1212300 B3024| 062
5 c4 6.00 1.00 7.43 3418 255417 103.20| 062
= C5 3.22| 1279300 993.34 1.00| 21021.832 298.56 0.50
7 CB 3.10| 562000( 450.56 100 321532 925492 6.82
8 c7 3.78 308.00( 3232 100 169006 32448 7.34
g Cca 7.59 1.00 7.76| 37961 1225386 636.96 6.20
10 Co 420 41.62 2343 100 193160 93934 434
11 c1o 5.78 8.80 5.17 73.24 592.02 131.52 181
12 C11 3.15 1.00 4 69 47 60 86079 2544 124
13 Ciz 7.13 1.00 5.49 41.50 851.15 32016 0.62
14 C13 3.05 1.00 435 41501 1007.49( 112128 0.62
15 Cl4 3490 100 1581 10253 359073 252240 372
16 C15 3.84 89.40( 383.80 100 1871393 2448 0.50
17 Cle 7.69 100 1798 3540 V97271 40416 0.30
18 C17 7.98 100 2198 20.75| 1511234 2400 434
19 C1s 330 1.00 g.14| 1831 146186 1824 496
20 Clg 329 100 1651 47 60| 347858 107040| 496
21 Cz0 7.33 100 18509 31.74| 91lB6.66 192 .48 6.20
22 C21 7.11 1.00 420 9390 13044 1632 3.10
23 c22 3492 1.00 5.82 52.04 26953 732.48 372
24 C23 4.45 52.80| 25386 1.00]) 1349936| 119134 031
25 cz4 4.63 20640 36.84 1.00) 1654452 112496 434
26 C25 421 24260 27.10 100 320394 67584 060

Puc. 3.12. ®parment pobOouoro apkyma MS Excel 3 pesynabraTamu
rigpoxiMiyHoro aHamizy y 25 cBepaioBuHax. [lo3Hauenns: pH — moka3HUK
kucioTHocTi, CO2 B. — BMICT BUIBHOTO OKCHY BYyTJIelt0, OKHUCH. — OKUCHIOBAHICTb,
HCO3-, Cl-, SO42-, ta NO3- — BiAMOBIAHO BMICT TipOKapOOHATIB, XJOPH/IIB,
cynb(dariB Ta HITpaTiB y BOJI; 3HAUEHHS BCiX MapameTpiB, kpiM pH, HaBeneHi y
mr/mme

Haii6iap11 TiCHUM € KOpeJSIIiiHUN 3B'A30K MK IapaMeTpaMu OKHCHIOBAHOCTI
Ta BMICTYy BUIBHOTO OKCHJIY BYTJICII0, OKHCHIOBAHOCTI Ta BMICTY XJIOPHJIB,
OKHCHIOBAHOCTI Ta KMCIOTHOCTi. MEHIII TICHUH, aJie CTATUCTHYHO 3HAYYIIHHA 3B’ SI30K
MIATBEPIKYETHCS ISl Map TaKUX MapaMmeTpiB, SIK KUCIOTHICTb Ta BMICT BUIBHOTO
OKCHUJly BYIJICIIO (3BOPOTHUM 3B’SI30K), KUCIOTHICTH Ta BMICT Ti1ApOKapOOHATIB
(3BOpPOTHHUI 3B’SA30K), BMICT BIJIBHOTO OKCHUIY BYIJICLIO Ta XJOpUAiB. B3aeMuuit
3B’A30K MDK IHIIMMHU TapaMyd €JIEMEHTIB XIMIYHOTO CKJIaay IMiJ3€MHOI BOAMU €
CTaTUCTUYHO HE3HAUYIIHI.
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K L M N O P ] R

1

2 pH cOZs. OkucH.  HCO3- cl- s042-  NO3-

3 pH 1

4 CO2s. -0.4517126 1

5 | OKWCH. -0.5182349 0.942988947 1

& HCO3- 0413482 -0.174151597 -D.21383 1

7 |cl- -0.264311 0414036852 055111 -0.28596 1

B 5042- 013343784 -0.036910316 -0.08827 01125 -0.01817 1

9 |NO3- 001635796 -0.072771011 -0.13151 0.23206 -0.23500 0.07357 1
a)

K L M N 0 p a R

11

12 |n= 25 t_student 2 06866

13

14 pH €o2 s. Okuce.  HCO3- cl- 5042-  NO3-

15 pH

16 COZ 8. 2 42818409

17 | OkucH. 290605251 13.58R00891

18 HCO3- 217788386 0.848162616 1.04976

19 |cI- 131433185 2.181410503 3.16743 143121

20 (5042- 064571995 0177136361 042501 054296 0.08715

21 NO3- 007846052 0349925274 063624 114415 115995 035378
0)

Puc. 3.13. Kopensmiitna maTtpuis 3B’sI3KiB MK KOMIOHEHTAMH XIMIYHOTO
CKJIay TiA3EMHHX BOJI (@) Ta MepeBipKa CTATUCTHYHOI 3HAYYIIOCTI 11 eJ1eMeHTIB (0)

Ha ocHOBI aHamizy KOpPENAliMHOI MAaTpHUIll MOXHa 3pOOUTH TOMEPEaHi
BHCHOBOK TIPO Te€, IO KHCIOTHICTh TIJ36MHUX BOJI CYTTEBO 3pOCTa€ B pasi
MOTPAIJISIHHA J0 BOJAOHOCHUX TOPU30HTIB BOJ 3 BHCOKMM YMICTOM XJIOPUIIB Ta iX
XIMIYHOI B3a€MOJII 3 MOPOJAMH, 110 MPU3BOJIUTH JO BUIIJIECHHS BUIBHOTO OKCHUIY
BYTJICHIIO Ta 3MCHIIICHHS MOKa3HuKa pH, ToOTO 10 3pocTaHHS KUCIOTHOCTI. Brums
cynbdaTiB Ta HITpATIB Ha 3MIHY KHCJIOTHOCTI € HECYTTEBUM. biabll TOBHMUIA
KOpeJSLIMHUN aHali3 mnoTpeOye BKIIOYEHHSI A0 KOPENAIiNHOT MaTpulll 1HIIMX
KOMITOHEHTIB XIMIYHOTO CKJIaay BOAHM, 30Kpema, JyxHuX MeraniB Na ta K i
ayx)Ho3eMmenbHUX MeTaniB Ca Ta Mg, a TakoXK JeAKUX CHeHU(PIYHUX €EMEHTIB, IO
MOYTb BIUTMBATH HA KUCJIOTHICTh, Hanpukiana Fe.

MHooicunna peepecisi BAKOPUCTOBYETHCS ISl IOOY0BU (PYHKITIT, SIKA OMHUCYE
3aJICKHICTh OJHIET 3MIHHOI B1J KUIBKOX HE3aJIEKHUX 3MIHHUX. PIBHSHHS JIIHIWHOT
perpecii 3ajeXHOI 3MIHHOI Y BiJl HE3QJICKHUX 3MIHHUX Xi, X2,..., Xm MOXe OyTH
3aMucaHo y BUTIIAII
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y=ay+aX t..ta,X, =a+ > axX, (3.40)
i=1

ae ao, ai,..., 8m — KOe(IlIe€HTH, Kl MOTPIOHO BU3HAYUTH 32 YMOBH, IO PIBHAHHSA
(3.40) matikpamum criocoOoM, TOOTO 3 MIHIMAJIBHOIO CYMOIO KBaJpaTiB BIAXUIICHD,
OMHUCYE TEHJACHLII0 3MIHM BUMIPIB 1 JO3BOJSE€ OIIHUTH CHUIBHUM BIUIMB YCIX
JOCIIIDKYBaHUX MapaMeTPiB X1, X2,..., Xm Ha 3aJI€KHY 3MIHHY Y.

Koedimientn piBusHH (3.40) 00uucIo0THCA 32 HOpMyIaMu

m . m
_ Yy iy —_v_ v
a, _S—Z—, 3, =Y->.aX, (3.41)
il =
ae Sy — cTaHAapTHE BIAXWIEHHS 3aJ€KHOI 3MIHHOI Y; Sj — cTaHAapTHE BIAXHUIJICHHS

HE3AJICKHOT 3MIHHOI Xj; I, — MapHa KOPEISLis (-1 HEe3aJIe)KHOI 3MIHHOI 13 3aJIe)KHO0

3MIHHOIO; I — MapHa KOPEIsUis i-i TO j-i He3aNEeKHUX 3MIHHMX; § Ta X; — cepenHi
3HAYEHHS 3aJI€KHOI 3MIHHOI Y Ta HE3aJIEeKHUX 3MIHHUX X;.
VY matpuuHiii popmi piBHsAHHS (3.41) 3anucyeTbes y BUTIISAL

[ZY] :HZXH[A] (3.42)

ne [ZY] — BEKTOP-CTOBIICLIb, IO CKJIAAAETHCS 13 CyM KBaApaTiB 1 3MIIIAHUX

n00yTKIB 3MiHHOT Y 31 3MIHHUMHU X1, X2,..., Xm; HZXH — MaTpHIl CyM KBaJpaTiB 1
3MmimaHux 100yTkiB Xi, X2,..., Xm; [A] — BEKTOP-CTOBIICLIb HEBIIOMHX KOE(DIIIE€HTIB
perpecii.

VY 3araqbHOMY BHIIAJIKy BUKOPUCTOBYETHCSI PIBHAHHS HENIHIHHOT MHOXHUHHOI
perpecii, 70 SIKOTO 3aJ€XKHI 3MIHHI BXOJATh SIK HENIHINHI (DYHKII1, Hampukiai,
CTYTICHEB1, €KCIIOHEHI[1aJIbH1, JIOTapuPMiIdH1 TOLIO.

VY mpakTuyHUX 3a7adax 3 TEoJorii Ta eKOoJIOTii Mojesi MHOXHHHOI perpecii
BUKOPHCTOBYIOTBCS JUISI TPOTHO3YBAaHHS 3aJIC)KHOT 3MIHHOI, HANPUKIAI, BMICTY
I[IHHOTO €JIEMEHTy, OO0’€MHOI Macu pyau, TIuOuHU (OpMyBaHHS MIHEpaly,
CYMapHOTO TEXHOTCHHOTO HABAaHTAKEHHS TOMO 3a KOMILUICKCOM HE3aJICKHHUX
3MIHHUX: BMICTY IIOPOJOYTBOPIOIOUHX €JIEMEHTIB, 00’ €MHUX Mac MiHEpaiB y py/ax,
BMICTY €JIEMEHTIB y MiHEpaiax, TOKCHYHUX PEUYOBUH B €JIEMEHTaX HABKOJIHUIITHHOTO
CepeoBHIIA Ta 1H.

[Mpuxnan 3.12. BukopucroByroun aani npukiany 3.11, BU3HAUMMO JiHIAHY
MHOXUHHY PErpecito sl KUCIOTHOCTI K (PYHKIIIT, sIKa 3aJ€XKUTh BiJl BMICTY PI3HUX
€JIEMEHTIB y BiiOpaHuX mpobax MiA3eMHUX BOJ. 3ayBa)KUMO, IO JIAHWM MPUKIIAL €
OUIBIIIOI0  MIPOIO JEMOHCTPAaTHBHUM, OO0 Tmpu T1OOYy/IOBI perpecii He Oyne
BpPaxOBYBATUCS 3aJICKHICTh B1J BMICTY Jy>kHUX Na Ta K 1 my)kHO3eMeJIbHUX METalliB
Ca ta Mg, 110 MOXxe CKOPUTYBaTH OTPUMAaHE PIBHSHHS perpecii.
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3 BukopucTaHHIM Tporenypu «Regression» y HaaOyaosi B MS Excel «Data
Analysis» o0uncauMo Koe(illieHTH PIBHSAHHS perpecii Ta BEIWYUHU IS OLIHKH i1
noctoBipHOCTI (puc. 3.14). OnHuM 3 HaBaXJIMBIIIMX MapaMeTPiB JOCTOBIPHOCTI €
MOKa3HUK MHOKHMHHOTO Koe(ilieHTy kKopensuii R? (110 BUAiNIEHO KUPHUM IPH(TOM
Ta KOJTHLOpOM (hOHY), SIKHI O0UHCITIOETHCS 32 (HOPMYIIOI0

IR
R

e ‘R‘ — BH3HAYHHK KOpemsuiiinoi matpwmii, |R;| — anre6paidHe MOMOBHEHHS IO

R2 =1 (3.43)

KOPEJAIMHOT MaTpuIl, TOOTO BHM3HAYHUK KOPEJAIIAHOI Marpuill 0€3 CTOBIIIA
3HAYCHB 3AJICIKHOI 3MIHHOI.

JI71s1 OIIHKK CTAaTUCTUYHOI 3HAYYIIOCTI KoediIieHTa KOPEIAIii, KpIM KPUTEPIIO
CrploJileHTa, MOXE€ BHUKOPHCTOBYBaTHCS sKICHa Ikada Yemmgoka, mogaHa B
miapo3aini 2.5 y tabn. 2.13 [21]. ¥V pasi Bix’eMHUX 3HaYeHb KOe(illi€HTa KOPESIIii
BC1 BUCHOBKH 3aJIMIIAIOTHCS B CUJI1, JIUIIIE UAETHCS PO 3BOPOTHUH 3B’ SI30K.

K L M M O P Ct R 5
30 SUMMARY OUTPUT
31
32 Regression Statistics
33 [Multiple R 06363349
34 RSquare 0.40492211
35 |Adjusted R Square 0.20656281
36 |Standard Error 1.83170279

37 | Observations 25

38

39 ANOVA

40 df 55 M5 F Significance F I .I

41 Regression 6 4109416807 6.84903 2.04136 0.11250251

472 |Residual 18 8039243193 335514

43 |Total 24 101.4866

44

45 Coefficients Stondord Error  t 5taf P-value  lower 85% Upper 85%ower 85.0%pper 85.0%
46 |Intercept 6.27561052 084148267 74578 B.BE-07 450772103 3.0435 450772 3.0435
47 |CO2 B. 0.0003243 0000451262 071865 048158 -0.0006238 0.00127 -0.00062 000127
48 | OHMCH. -0.0088577 0.006158915 -1.43819 016754 -0.0217971 000408 -0.0218 000408
49 HCO3- 0.00956237 0005238772 182531 008459 -0.0014439 002057 -0.00144 002057
50 [ClI- A4.F757E-05 7.71935E-05 061866 054339 -00001144 000021 -0.00011 000021
51 |5042- 0.0001359 0000666427 0.20392 0.8407 -0.0012642 000154 -0.00126 0.00154
52 [NO3- -0.1088622 0164630818 -066125 051683 -04547387 023701 -045474 023701

Puc. 3.14. ®parment mucta MS Excel 3 po3paxyHkamu piBHSHHS JHIMHOL
perpecii no npukiany 3.12
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Bignosigro po ta6n. 2.13 R?=0,405, omxe, MOXHA 3pOOMTH BUCHOBOK PO
CaOKui Ta TOMIPHUN KOPEJSIIIHHUM 3B’SI30K, TOOTO Mpo Te, IO I0OYyT0BaHE
PIBHSIHHS perpecii HeJJOCTaTHbO JI0Ope OMHUCYE 3aJICKHICTh MOKa3HUKA KHUCIOTHOCTI
Bl 1HIIMX KOMIIOHEHTIB XIMIYHOTO CKjiIaay Boau. IIpo 1me cBiguath TakoxXK
pe3ynbTaTH AucHepciiiHoro aHamizy Hwkde (komipkum 041, P41), ne moxasane
3HaueHHs cTaTUCTHKU Dilepa MepeBIpKM 3HAUYIIOCTI PIBHSAHHA perpecii, sike He
NEepeBUIlye HaBITh CIa0Kuil piBeHb 3Hauymocti « = 0,1 (oOuyucieHe 3HAYECHHS
0,112). Huxue y croBmii L mokaszaHi Koe(dIIiEHTH PIBHSHHS perpecii, ke Moxe
OyTH 3arycaHe y BUTJISII:

y=6,276+3,2-10*x —8,8-10°x, +9,6-10°x, +4,8-10°x, +1,4-107*x, — 0,11x,,

7e 3MiHH1 X1, X2,..., X¢ BUIMIOBIJAI0OTh KOMIIOHEHTaM XIMIYHOTO CKJIaay BOJH, Ha3BH
AKUX MOoKa3aHo y koMipkax K47 — K52.

HenocratHs 3HauyIIiCTh PIBHSHHS perpecii Moxe OyTH MOB’si3aHa, 30KpeMa, 3
IBOMA YWHHUKAMHU: 1) HEBpaxyBaHHSM BIUIMBY JY)KHHUX Ta JIY)KHO3EMEIbHUX
MeTaliB, 2) GaKTUYHO HETIHIMHOI 3aJIeKHICTIO MOKA3HWKA KUCIOTHOCTI B1J 1HIIUX
BEJINYHH.

Cymuicme Kaacmepno2o auanizy. Y TPaKTUIl TEOoJIOTii Ta €KOJIOTil 4acTo
BUHUKAIOTH 33J1aul Kjaacudikarii Ta ThIi3alii meBHUX 00’ €KTIB, AUISHOK, TOMYJISIIH,
CTPYKTYyp, mpoueciB Touo. OJHUM 3 METOMIB KIJIbKICHOI OIIHKH CTyIEHS
BIIMIHHOCTI pi3HMX O0O0’€KTIB € KiacTepHuid aHamiz [21], skuii JAOUUIBEHO
3aCTOCOBYBATH, SIKILO BIJCYTHS BUXI1AHA BUOIpKa abo momepeans iHdopmarliis mpo
reHepaJibHy CYKYIHICTh O3HaK. MeToJaMH KJIacTepHOIO aHaji3y MOXHa, 30KpeMa,
MPOBOJUTH  Kiacu(ikaliro 3 ypaxXyBaHHSIM O3HaK OO’€KTIB 1 TMepeBIpATU
CTPYKTYpPOBAHICTb LIIJIOT CYKYITHOCT1 00’ €KTIB.

BiamoBimHO 10 CyTi METOAY, YBECh MAacUB CIIOCTEpEKeHb (BHUOIpKa JaHHX)
po30uBaEcTbcss Ha Kiracmepu (YrpynmyBaHHsS) TakUM YHHOM, IIOOM B HHUX
00’ eAHyBaIMCA 00’ €KTH HAWBUILOI MOAIOHOCTI, a P03’ €IHAHI TPYNH 3aTUIIAIIACS PU
[bOMY MAaKCHUMAaJbHO 130JIbOBAHUMH (pi3HUMH). SIK KpUTepii MOAIOHOCTI MOXHA
BUKOPUCTOBYBATH MapHi Koe(IliEHTH KOPENsLii, BIACTaHb 32 IEBHOIO METPUKOIO a00
1HIIT KOe(IIIEHTH.

Biocmani 6 pisnux mempuxax. J{ns KimTbKICHOI XapaKTEPUCTHUKW BiIMIHHOCTI
MDK eJIeMEHTaMu BUOIPKHM BUKOPHUCTOBYETHCS TOHSTTS METpuUku. Mipa moaioHOCTI
MK €JI€MEHTaMH MHOXXHH (QHaJIOT BIJCTaH1) HA3WBAEThCA METPHUKOIO, SKIIO BOHA
3a/I0BOJIbHSIE YMOBU CUMETPIi, HEPIBHOCTI TPUKYTHHUKA, PO3PI3HEHHS HETOTOXKHHUX
00’€KTIB 1 HEIIOMITHOCTI TOTOXHUX 00’ €KTIB.

Buznaunmo gani HalOUIBII 3aCTOCOBHI METPHUKH, MTO3HAYMBIIHU yepe3 X Ta Y
7B OBITBHUX PI3HUX €JIEMEHTH BUOIPKH, IO BIAMOBIIHO MarOTh N O3HAK: X; Ta Vi,
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1=1,...,n. [ug Toyok Ha IUIOMKHI ab0 y MPOCTOPi Xi Ta Yi IHTEPIPETYIOTHCS SK

KoopauHaTy; Ko X Ta Y €, Hanpukiaa, IpodaMu 3pas3KiB IPyHTY ab0 BOJIH, TO X; Ta

Yi MOXKYTb IHTEPIIPETYBATHUCS SIK BMICT PI3HUX €JIEMEHTIB Y BIAMOBITHUX 3pa3Kax.
Haii6is1b111 3arajibHOI METPUKOIO € MeTpruKka MiHKOBCHKOTO

n Yr
st (%)= Sy | (3.44

7€ I' — TOKa3HUWK, SKUH PEKOMEHAYEThCS 3MiHIOBATH B Aiama3oHi Bix 1 mo 4. Skmio
I =2, To MmeTprka MIHKOBCHKOTO MEPEXOUTH Y €BKII1JIOBY METPUKY, siKa (PaKTHUHO €
FCOMETPUYHOIO0 BIJICTAHHIO B 0araToOBUMIPHOMY TIPOCTOpl ab0o0 HaWMEHIIIO
BIJICTAaHHIO (JJOBKMHOIO BIPI3KY) MIXK JJBOMAa TOYKAMH Ha TUIOLIMHI 200 y mpOoCTOpi.
Biacranbp Mk JBOMa eJ€MEHTaMH BUOIPKH 3a €BKJIIJIOBOIO METPUKOIO BU3HAYAETHCS
3a (opMyJIOI0

dist, (X,Y)= (3.45)

k1o He BCl e€JeMEHTH BHOIPKH OJIHAKOBO Baromi, HampHKIaa, MAlOTh PI3HY
JIOCTOBIPHICTh, TO BUKOPUCTOBYETHCS 3BaKEHA BIJICTAHB 32 €BKJIIJIOBOIO METPUKOIO

diste . (X.Y) =[S w (% -y, (3.46)

Jie Bara Wi BU3HAYA€ThCS OKPEMO BIAMOBIIHO 10 iH(MOpMaLii 100 3HAYYIIOCT1 i-TO
BUMIPIOBaHHSI.

ManxeTeHChKa BIJICTaHb € OKPEMUM BHIIAJIKOM BIJICTaHI 3a METPUKOIO
MinkoBcbkoro mpu I = 1:

disty, (X,Y) =Y~ v, (3.47)

[le BimcTaHb OOYHMCIIOETHCS SK CyMapHE PO3XO/KEHHS MIDK BiAMOBIIHUMHU
BUMIpaMH. MaHXETeHChKY BIJICTaHb II€ HAa3MBAIOTh METPUKOK MiCTa YU 0Opa3HO
JMCTAHIIEI TaKCHUCTA, AK MUIAX, SSKMM Ma€ MOAO0JaTU TaKCUCT y pailoHi MaHxeTeH
M. Hb}o—ﬁopKa B3JIOBXK BYJIWIIb, IO MEPETUHAIOTHCS TiJ MPAMUM KyTOM. ToMy B
JIBOBUMIPHOMY TIPOCTOPI 11€ HE MPSIMOJTIHIIHA €BKJIMI0BA BIJCTaHb, & CyMa OKPEMUX
BiJICTaHEW — JIOBXKWH KBapTamiB (puc. 3.15). ¥ MaHXeTeHCHKIM MeTpuIll BCi BiJCTaHI
B3/IOBXK BYJIMIIb MK JJBOMa TOYkaMu A Ta B oHaKoOBI i1 HE TOPIBHIOIOTH €BKIIIIOBIM
BiJCTaHI.

124



Puc. 3.15. TlopiBHSHHS €BKJIIIOBOI Ta MAaHXETEHCHKOI BIJICTaHEH MK
MyHKTaMu A 1 B y MICTI 3 ByUISIMH, 110 MIEPETUHAIOTHCS M1 MPSIMHUM KyTOM

UeOuiieBchbka BIJCTaHh BHKOPUCTOBYETHCS JJI TOTO, 100 BU3HAYUTH JIBa
00’€KTH SIK Pi3HI B pa3i, KOJIM BOHH Pi3HI 3a OyAb-SKOI O3HaKo10. Pi3HHUIEIO TBOX
CIIOCTEPEKEHD € A0COJIFOTHE 3HAYCHHSI MAaKCUMAaJIBHOI PI3HUII BIJIIOBIIHOI O3HAKU

dist,, (X,Y ) =max|x — yi|. (3.48)

Jns BUOIpOK, K1 MarOTh KaTeropiajibHi (HEKIJIbKICHI) O3HAKH, BIICTaHb MIXK
JIBOMa €JIEMEHTaMH MOHa BU3HAYUTHU SIK YaCTKY a00 BIJICOTOK BiJIMIHHOCTI

dist,, (x,Y):nXi—;yi, (3.49)

e n — KUJIBKICTB O3HAK eJeMeHTIB X Ta Y, 10 He 301raloThCs.

X #Yi

VY nmiteparypi MOKHa 3HAUTH NPUKIAIMA IHIIAX METPHUK Ta iX 3aCTOCYBAaHHS.
[ToxibHicTh Mk O00’€KTaMHM MOXE OIIHIOBATHCS 3a BHOIPKOBHUMH KOe(illlEeHTaMH
kopesaii. [Ipudomy cam KoedilieHT Kopemsiii XapaKTepusye JuINe JTHIHHUNA
3B’A30K MDK OO’€KTaMmH, B 1HIIOMY pa3i MIpO0 OJU3bKOCTI 00’€KTIB MOXe OyTH
KOpeJsliiiHe  BimHomeHHs.  PanroBi  koedilieHTH  KOpensmii  JOMiIbHO
BUKOPHCTOBYBATH Yy BUNAJAKY, SKIIO O3HAKU € YIOPSJAKOBAaHUMH 32 3POCTAHHSM UM
yOyBaHHSM JTaHUX.

Ipunyunu eudinenns xnacmepie. HalOUIBII MOMIMPEHUMH  METOJAMU
KJIACTEPHOTO aHali3y € iepapxidymi armomepatuBHi Metomu [21]. Ix anropurm
repeadavae TMoCIiIoBHE 00’ €HAHHS JIBOX HAaWOUIBII MOAIOHUX KIJIACTEPIB B OJMH;
KIHIIEBUM PE3yJIbTaTOM € (hOpMYBaHHSI KJIacTepa, SKU MICTUTh y 001 BCl 00’ €KTH.

CroyaTky KOXeH 00’€KT BHU3HAYAETHCS K OKPEMUU KIJacTep. 3a MaTpHUIICIO
BiJICTaHEeH (BIAMIHHOCTEH) MiX OO0 ’€KTaMH 3HAXOIATh JiBa HaWOUIbII OJIM3BKUX
KJIaCTepH, sIKi 00’ €IHYI0Th B 0iH. HOBOCTBOpEHU# KilacTep MO3HAYAETHCS HOMEPOM
3 HAMMEHIIIUM 3HAYeHHSIM 1HAEKCY, IO3HAUYCHHS 1HIIUX KJIACTEPiB HE 3MIHIOIOTHCS.
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Ha gpyromy Kpoui MaTtpuis BiJCTaHE 3 MEHILIOK BHUMIPHICTIO
epepaxoBY€EThCs, 1 3HOBY 3HAXOATHCS JIBa HAHOUIBII MOMIOHUX KIIACTEPH, SKI Jajl
00’ €THYIOTBCS 3 MOJAIBIITUM MTepepaxyBaHHIM MaTPHIll BIIMIHHOCTEH.

KiHrieBuM pe3ynbTaToM LBOTO MPOIECY CTaHE YTBOPEHHS OJHOIO KiacTepa,
KU BKIIIOYaTUME BCl 00’ €KTU cyKynmHOCTI. OHaK 1e mpoiiec MOXHa 3yIMHHUTH Ha
MEBHOMY  KpOIli, SKIIO CTaHE OYEBHUJHAM CYTT€BA  BIAMIHHICTD  MIX
HOBOCTBOPIOBAaHUMH KJIaCTEpPaMH, 110 MPOSIBUTHCS BUCOKUM MPUPOCTOM BiJICTAH1 MIX
00’ e JHAHUMU KJIACTEPAMH.

Cnocobu oO4uCIeHHS BIJACTaHI MDK KJIacTepaMH € PI3HUMH; HalOLIbII
MOIIUPEH] TaKi:

® Memoo OMUNCHBbO2O cycioa, KON BIJICTaHb MK KJIacTepaMU BU3HAYAETHCA
SK HaWMEHINAa 3 YyCiX BiJCTaHEeW MDK 00’€KTaMu, M0 BXOASATH JO CKJAIy JIBOX
KJIACTEPIB,;

® MemoO 0anbHb020 cycida, KOMU 00'€KT MPUEAHYETHCS O TOrO KiacTepa,
HaWJANbIINA €JIEMEHT SIKOTO 3HAXOJUThCA ONIKYe J0 HOBOro 00'€kTa, HIK
HaiaJbIlll eJIEMEHTH 1HIITNX KJIacTepiB;

® Memoo cepeOHb020 38 53K, KOIU BIICTaHb MDK KJacT€paMU BU3HAYAETHCS
3a cepeHIM apu(METUUHUM BIJICTAaHEW MIXK yciMa mapamu 00’€KTiB, 110 BXOJATh J0
CKJIaJly IUX KJIACTEPIB.

binbm ycknagHeHUM € memoo Yopoa, 3rigHO 3 SKUM Ha KOXHOMY KpOIl
00’ €IHYIOThCS T1 KJIACTEPH, JUISl AKUX MPHUPICT BHYTPINIHbOKIACTEPHOI AUCTEpCii B
pe3yabTari 00’eqHaHHA Oyae HaWMeHIMM. MeToa J1ae MOXKJIUBICTh OTPpUMAaTH
KJIaCTepU MNPUOIU3HO OJHAKOBHUX PO3MIPIB 3 MIHIMAIBHOIO BHYTPIIIHHOKIACOBOIO
JTUCIIEPCIEIO.

[li Meromu peani3oBaHO B KUIBKOX NPOTPpaMHHMX MPOJIYKTaX, 30Kpema, y
JI0JIaTKOBOMY MOJyJII 3 1HTEJEKTyaJlbHOTO aHami3dy gaHux B Excel, moumHaroun 3
2007 p., y mporpami Statistica Ta nedakux iHmmX. lle poOuTh mnpakTHYHE
3aCTOCYBAaHHS KJIACTEPHOTO aHaJI3y 3pYYHUM 1 OLIbII JOCTYITHUM JIsI IOYATKIBIIB.

[puknan 3.13. Po3rnsHeMo BUIIIECHHS KIACTEpiB PYIOMPOSBIB Ha UISHIN
poaosumia (puc. 3.16) mIs TOro camoro po3TailyBaHHS TOYOK BiAOOpy mpoO, 110
nmokazaHo Ha pwuc. 3.8. BuminenHs kiactepiB Ha puc. 3.16,a BUKOHAHO 3a

€BKJIIJIOBOIO BIJICTAHHIO MK TOYKaMH Ha IUIOUIMHI, TOA1 K 1y puc. 3.16, 6 — Ha
OCHOBI BMICTY KOPHUCHOTO €JI€MEHTa B MPOOi.
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Puc. 3.16. BumineHHs kiactepiB Ha IUIOLIMHI 32 KPUTEPIEM TE€OMETPUYHOT
OMM3bKOCTI (@) Ta 32 BMICTOM PiJIKO3EMEIILHOTO MeTalry y ipooi (6). [lo3HaueHHs: 110
1 v/t (4opHi mapkepu), 1 —5 1/t (uepBoH1 mapkepu), 5 —20 r/T (cMHI Mapkepm),
noHaz 20 r/T (3eneH1 MapKepH)

[Mpuknazn 3.14. BusHaunMo TeoxiMivHI acoriallii (Ki1acTepu) BaXXKUX METaiB,

[0 OCUTM Ha TMOBEpPXHI TIPYHTY BHACTIJOK BUMAJiHb 3 aTtMocepu HaABKOJIO
METaJyprifiHOr0 MiANPUEMCTBA. 3HAHHS TEOXIMIYHUX acoliamiid (KiacTepiB) €
BKJIMBUM [IJIs1 OLIIHKM BIUIMBY Ha JOBKULISA, 30KpeMa, AJid PO3yMiHHA crieuu(iku
00’ekTa, aHami3y 3a0pyJAHEHHS TPYHTIB, MIJ3€MHUX Ta MOBEPXHEBUX BOJI HABKOJIO
MIPOMHCIIOBUX TIAMPUEMCTB, IO JIO3BOJIAE TPABUIBLHO BHU3HAYATH HAIPSIMKH
CHUIbHOI Mirpamii Ta aKyMyJsiii TOKCHYHMX PEYOBHH Y HABKOJUIITHHOMY
cepenoBHUIlll Ta OOTpyHTOBYBaTH 3axuicHI 3axonu. Ha puc. 3.17 momano ¢dparmext
pobodyoro apkyma MS Excel, Ha sikomy HaBeJeHO BMICT CEMH METaliB 32 BaJOBUM
(3arasibHEIM) BMICTOM y 22 mpo0ax Ha TMOBEPXHI TIPYHTY, BITIOpaHHX y pPI3HHUX
MMyHKTaX MOHITOPUHTY HABKOJIO METATYPTIHHOTO 3aBOY.

JInsi mpoBelleHHs KJIACTEPHOI'O aHajli3y CIOoYaTKy OOYMCIMMO KOpEesUiiHy
Matpuiro (puc. 3.18), ska mokasye iCHyBaHHS TICHOTO KOPEJSIIMHOTO 3B’S3KYy MiXK
yMiCTOM Takux efeMeHTiB, sik Ni ta Co (r = 0,7463), Ni ta Cr (r = 0,7230), Cu ta Pb
(r =0,7272), Cr ta Co (r = 0,7059), Cu ta Cr (r = 0,6172), Ni ta Co (r = 0,7463).
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A B C D E F G H

14 Fe Co N Cu Mi Fb Cr

15 1 27433 4.6 3088 9.1 41.3 102.6 72.9
16 2 26131 6.0 1861 62.5 63.9 21.9 22.1
17 3 44352 2.2 1244 22.7 65.4 375 23.2
18 a 45399 4.6 1320 14.5 18.0 16.9 40.9
19 ] 21359 4.6 2646 a7.4 71.1 26.8 70.9
20 ] J0119 3.2 2615 49.8 79.0 52.3 6E.5
21 7 18964 a.7 2353 31.5 31.3 63.1 67.3
22 2 20372 6.5 1327 31.7 43.8 28.2 21.5
23 9 1745 2.6 3178 4.7 63.1 20.6 79.3
24 10 15334 7.0 616 28.2 25.2 3l.6 61.1
25 11 13705 2l 1177 32.2 22.1 20.5 715
26 12 18797 7.2 1508 30.9 65.7 19.1 25.0
27 13 26751 14.6 1981 65.3 185.1 40.7 133.5
28 14 21448 3.5 1527 39.4 32.2 44.9 63.0
29 15 1632 6.2 1453 3l.6 28.0 34.6 78.5
30 16 22736 2.2 2219 29.7 25.6 45.4 65.0
31 17 2362 7.0 1488 18.6 26.4 13.3 66.0
32 18 21579 4.6 1764 31.8 27.9 24.7 9.8
33 19 9527 3.0 416 8.7 14.8 8.7 a1.7
34 20 15454 2.4 943 15.1 21.3 14.5 43.6
35 21 16026 4.0 1715 22.7 18.0 24.0 41.2
1] 22 23081 2.3 1548 24.0 67.0 90.0 37.0

Puc. 3.17. ®parment apkyma MS Excel 3 nanumu crioctepexeHb 3a BMICTOM
BAKKMX METajJiB y IPYHTI (MI/KI) HaBKOJO METaJyprifiHOr0O MiANPUEMCTBA, WIO
BUKOPHUCTaHI1 JIJIsl KJIACTEPHOTO aHaI3y

] K L M M 0 p a R
14 Fe Co Mn Cu Mi Pb Cr
15 Column 1 Column 2 Column 3 Column 4 Column5 Column 6 Column 7
16 Fe Column 1 1 -0.17227 0122119 0.294445 0.320955 0.284028 0.046803
17 Co Column 2 -0.17227 1 -0.05031 0.23984 0.746308 -0.08547 0.70589
18 Mmn Column 3 0.122119 -0.05031 1 0.245956 0.051356 0.308028 0.105867
19 Cu Column 4 0.294445 0.23934 0.24956 1 0.562678 0.727196 0.617213
20 Mi Column 5 0.320955 0.745308 0.051356 0.563673 1 0.305495 0.722982
21 Ph Column 6 0.284028 -0.08547 0.308028 0.7271%96 0.305495 1 0120639
22 Cr Column 7 0.046803 0.7058%9 0.105867 0.617213 0.722982 0.120639 1

Puc. 3.18. KopensuiitHa MaTpuiis Jj1sl BMICTY CEMH BaXXKHUX METANIIB Yy 3pa3Kkax
IPYHTY
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3rigHo KpUTepiro [22]

rvyn-2
t>t ,,, t=——, (3.50)
J1-r?
ne thoe — 3HadeHHS 3 posnoniny CrTerogeHTa, Il KOEQIIIEHTH KOpemsili €

CTaTUCTUYHO 3HAaYyIIUMHU [ piBHA 3Hauymocti o = 0,05. Omxe, MoOxHa
CTBEP/)KYBATH MPO ICHYBaHHS F€OXIMIYHHMX acOLialliid MiXK [IMMH €JI€MEHTaMHU.

Ha ocHOBI KopensmiitHOi MaTpuIilli 3 BUKOPHCTAHHSM EBKJIJOBOi METPUKU
(3.45) mpoBemeMo po3paxyHKM MaTpuili Bigcraned (puc.3.19), mo 103BOJIUTH
BUKOHATH KJIACTEPHUN aHaii3. 3a METOJOM HaWOJMKYOro Cycia BHU3HAYUMO Tak
3BaHy ACHApPOrpaMy reoxiMidHHX acoifiamiii exeMmentiB (puc. 3.20). Uum Oinblia
CHOPIJTHEHICTh MK €JI€MEHTaM{, TUM MEHIIa BIJCTaHb MIDK HUMHU y BHUOpaHIi

METPHIIL.
J K L M M Q P Q R
37
33 Fe Co MR Cu Ni Pb cr
39 Fe 0l 133852| 125893 133715 133659 133691 133602
40 Co 133852 0 11778 170 253 208 32

41 Mn 125893 11778 0 11648 11620 11621 11536
L.Vl Cu 133715 170 11648 0 148 86 173
43 Ni 133659 253 11620 148 0 176 159
44 Pb 133691 208 11621 86 176 0 194
45 Cr 133602 32 11536 173 159 194 0

Puc. 3.19. Marpuiis BijicTaHel Mpu KJIaCTEPHOMY aHaIIi31 TEOXIMIYHUX JAHUX
(o mpuknany 3.14)

1.4e5

1.2e5 |

1.0e5 |

8.0e4 |

6.0e4 |

4.0e4 |

2.0e4 |

. .
Mn Cr Ni Pb Cu Co Fe

Puc. 3.20. J[enmporpamMa TEOXIMIYHMX acoIllallii BaXKUX MeETaliB (J10
npukiany 3.14)
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[TopiBHIOIOUM MDKEJIEMEHTHI BIJACTaHi, MOXKHAa CTBEp/PKyBaTH, IO Ha
PO3MIIIHYTOMY 00’€KTI BHJIIISETHCS KIACTEP KOJLOPOBHX Ta BaXKKHX METaIiB, JI0
skoro BxoauTh 5 eneMeHTiB: Ni, Co, Cr, Cu ta Pb. Enement Mn OibIl CyTTEBO
BIJIPI3HSAETHCS BiJ JAHOTO KiacTepa, a HaWMOUIbII BIAMIHHUM BIJ YCIX Ha3BaHHUX
eaeMmeHTiB € Fe, BiacTraHi Bij SKOro [0 IHIIMX e€JEeMEHTIB HauOiapmn. Taka
reoximMiyHa acomiaimiss TNpUpoAHA JJsS YMOB Mirpamii MeTamiB Yy BHUKHIAX
MiANPUEMCTBA YOPHOI METaNyprii, y Skux mnepeBaxarots Fe Ta Mn, a iHmIi meTtanu €
MEePEBAXHO JOMINIKaMu. HacTymHUM KpPOKOM KJIACTEPHOTO aHaji3y Ma€ CTaTH
reorpadiudHe BHAUICHHS KJIACTEPiB BIAMOBIIHO JI0 MICIb BiAOOpY IpoO, A YOro
BUKOPHCTOBYIOTHCS OLIBIII MTOTYXKHI METOIH MPOCTOPOBOI0 aHalizy aanux [23].

KonTpoJbHi nuTanHs 10 migposaiay 3.6

1. Sk popmyeTbest MaTpuULs CIOCTEPEKEHD Ta KOPEJSALIHA MAaTPULIS?

2. SIki BUCHOBKH MOXXHA 3pOOHUTH Ha OCHOBI aHAITI3y KOPEAIIHHOT MaTpHIIi?

3. Sk BU3HauYa€ThCs PIBHAHHSI MHOXKHUHHOI JIHIHHOI perpecii?

4. HapeniTh NpUKIIAIN 3aCTOCYBAaHHS anapaTy MHOXHHHOI perpecii B 3a1ayax
r'e0JIOT1i Ta eKOJIOT1i.

5. Jlns yoro BUKOPUCTOBYEThCS 1Ikana Yenaoka?

6. OxapaxTepusyiTe MOHATTS Kiactepa. HaBeniTe mpukiagy.

7. llopiBHsiiTe pi3HI METPUKH [Jii BU3HAYEHHS BIJCTaHI MK €JIEMEHTAMH
BHUOIPKH.

8. 3a aKuMu KpuUTepisiMU MOXKHA BIAJIUTATH KJIACTEPH OJUH BiJ OJTHOTO?

9. o xapakrepusye AeHApPOTpaMa 3B’sI3KIB MIXK JOCIHIKYBAHUMHU O3HAKaAMHU
(enemenTammu)?
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Po3ain 4
MNOIIYKN EKCTPEMYMIB. 3AJIAUI OHTI/IMIBAI_[Ii

4.1. IlocTaHOBKA Ta MPUKJIAAM 32424 ONTHUMIi3alil IPUPOIHUYUX CHCTEM

OnTumizaliisi sSBIsie coOOK0 Tpolec BHOOPY HaMKpamoro BapiaHTa 3 ycix
MOJIUBUX. MeToau onTUMi3allii 3aCTOCOBYIOTh B €KOHOMIIII, 1HKEHEpIi, JTOTICTHII],
JIe BOHU JI03BOJISIIOTh BUOpATH HAWMIIIMIIMK PO3IOIII pecypciB, BapiaHT KOHCTPYKIIii,
MapIIpyT TPaHCIOPTYBAaHHS BaHTaxiB Tomio [1,2,3].

3aBgaHHSM OMNTUMI3aIlli 3a3BUYall € BHU3HAYEHHS ONTUMAJIBLHUX 3HAYCHBb
KUIBKOX mapaMeTpiB. B 1HXeHepHUX 3ajayax iX Ha3uWBAaIOTh MPOEKTHUMH
napaMeTpamu, a B EKOHOMIYHUX— MapaMeTpamu 1iany. [IpoekTHUME mapameTpaMu
MOXYTh OyTH, 30KpeMa, 3HaU€HHS pPO3MIpIB 00’€KTa, TEMIEpaTypH, KOHLEHTpauii
pPEYOBHH, TUIy Marepiany Tomo. KuIbKICTh NPOEKTHUX MHapaMmeTpiB N BU3HAYA€
PO3MIPHICTB 3a/1aul ONTHUMI3alIii.

Onmumanvrutl po36 530K 3HAXOAUTHCS 3a JIOMOMOTOI0 LUIbOBOT (DyHKIIIT J, sika
3aJICKUTh BiJl POCKTHHUX MapaMeTpiB X1, Xz...., Xn [4], HanpuKkIan

J (X4, X500 X, ) = MiN. (4.1)

Bupa3 (4.1) o3Havae, 110 po3IIyKY€ETbCsl TaKuid HaOlp 3HA4YE€Hb Xi, X2...., Xn,
MpH AKOMY LJIbOBa (QYHKLIS J TOCATaE MIHIMAJIBHOTO 3HAYEHHs. 3a7adl ONTHUMI3alii
MOXKYTbh OyTH c(pOPMYJIbOBAHI SIK HA MOIIYK MIHIMYMY, TakK 1 MOIIYK MAKCUMYMY; TIpH
IbOMY BOHHM MOXYTh OyTH BUpaXeH1 0JiHa uepe3 apyry. Hanpukian, 3agaua

—J (X, Xy, X, ) = MaAX (4.2)

(dbopmasibHO ekBiBajeHTHA 3a1a4i (4.1)

[{inb0oBYy (hYHKIIIIO TaKOX 1HOJII HA3WBAIOTh KPUTEPIEM SIKOCTI a00 KpUTEpieEM
ONTUMAJILHOCTI B MaTeMaTH4HIA Mozem. Y TIporieci BHUKOHAHHS 3aBJaHHS
onTUMi3alii MOBUHHI OyTH 3HaiIeHI Takli 3HAYEHHS MPOEKTHUX IMapaMeTpiB, MpH
AKUX L1JIbOBA (PYHKIIIS HA0yBa€ MiHIMAIbHUX YU MAKCUMAJIbHUX 3HAYEHb.

3BaXkKalouu Ha PI3HOMAHITTS MPAKTUYHHUX 3a]1ay, [IIb0Ba (PYHKIII MOXe OyTH
nojaHa y BUMIIsA1 popmysu abo Tabiuili, ika MICTUTh OKpeMi 3HAYEHHSI; NIPU [IbOMY
BOHA 000B’SI3KOBO Ma€ MyTH OYTH OJHO3HAYHOIO (DYHKITIEIO TPOCKTHUX MMapaMeTpiB.

[HimpoBUX GyHKIIMN MOXe OyTu nekinpka. Hampukman, mpu onTumizariii
BOJIOBIA0OPY TOOIM3Yy MOpsS OJHOYACHO TOTPIOHO 3a0€3MeUYUTH MaKCUMaIbHY
BUTpPATy BOJM Ta il MIHIMaJbHy MiHepaiizamito. Jleski 1iaboBl (QPYyHKIII MOXYTh
BUSIBUTUCS] HECYMICHUMH, 1110 TTIOTPEOY€e BU3HAUCHHS MPIOPUTETY IIJTLOBUX (PYHKITIM.

3aBaHHs ONTUMI3AIlT MOXKYTh OyTH O0€3YMOBHUMHU Ta YMOBHHUMHU. be3ymosHa
onmumizayis TOJSATAaE B 3HAXOJKCHHI MaKCUMyMy a00 MIHIMyMy MiHCHOI (PyHKIIIi
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(4.1) Big N aificHUX 3MIHHUX 1 BU3HAYEHHI BIAMOBITHUX 3HAY€Hb apTyMEHTIB Ha
JesK1d MHOXKHHI N-MIPHOTO MPOCTOPY.
Ymoena onmumizayia (abo ontumizaiisi 3 OOMEXKEHHSIMU) BUKOHYETHCSA 3a

NeBHUX yMOB (OOMEXEHb) Ha MHOXHHI, Ji¢ 3aJaHi mapameTrpud Xi, Xz...., Xn. L1
0OMEKEHHS 3a/Iaf0THCS CYKYIHICTIO JIEAKUX (DYHKIIIH, 110 33 J0BOJILHSIOTH PIBHSIHHS
fi (X0 %00 %, ) =0, i =1,k (4.3)
a00 HEepIBHOCTSIM
a,<0,(%,%,..X,)<b, i=1..,m. (4.4)

Oomexenns (4.3) ta (4.4), mo MalThb BpPaxOBYBaTUCA IIPU MOLIYKY
ONTUMAJIBHOTO PO3B’SA3KY, MOXKYTh B1I0OpakaTu NeBHI (Pi3UYH1 3aKOHHU, T€OMETPUYHI
CIIBBIHOIIIEHHS, HASBHICTh peCypcCiB, (hiIHAHCOBI BUMOTH TOIIIO.

3amicTh QYHKIIIHA §j MOKYTh OYTH BUKOPUCTaHI apryMEHTHU, HAITPUKJIIa]

a <x<h, (4.5)

TOJ1 HEpiBHOCTI (4.5) Oe3nocepe/lHbO HAKJIAIal0Th OOMEKEHHS Ha 00JlacTh 3MIHU
napameTpiB X;. Hampukmaa, 4acTo BUKOPUCTOBYETHCS YMOBA TOTO, IO MApPaMETPH Xi
MaroTh OyTH HEB1JI €EMHUMH.

Yucno oOMexKeHb-pIBHOCTEM MOXKe OyTH TOBUIbHMM. [HOAI BHAETHCA 3 ILUX
CHIBBIAHOIIIEHb BHPA3UTH OJIHI MapaMeTpu dYepe3 1HII, IO J03BOJSE 3MEHIIUTH
KUIBKICTh MapaMeTpiB 1 pO3MIPHICTD 3aJ1adi 1 1[0 TUM CAMHM IOJIETIIYE i1 PO3B’A30K.
OnTuMansHUN PO3B’SI30K TPU  HASBHOCTI OOMEXEHb MOXE BIAMOBLAATH abo
JIOKaJIbHOMY €KCTpeMyMy (MakcumyMmy a0o MIHIMYMY) BcepeauHi o0isacti, abo
3HAQYEHHSM IIJIbOBOI (PYHKIT Ha Mexi oOrjacTi. SAkimo oOMeXeHHS BIACYTHI, TO
BU3HAUUTHCSI ONITUMAIBHUN PO3B’SI30K JJIsl BCi€ 00J1acTi 3MIHU MapameTpiB Xi, Xz....,
Xn, TOOTO TJIOOATBHUN €KCTPEMYM.

VY pasi qumie omHOro mapamerpa ontumizamii (N = 1) miiboBa QYyHKINA CTae
byHKII€I0 OfHIET 3MIHHOI, a 11 Tpadik — KpuBOIW Ha rmiomuHi. st N =2 miiboBa
byHKIisS € (QyHKIIEI0 MBOX 3MIHHUX, a ii rpadik — moBepxHero. s IiIboBUX
GyHKIIM Bi OUTBIIOT KUTHKOCTI MapaMeTpiB ONTuMizalli rpadivyHa iHTeprpeTaris
MOXJIMBA Y BHIJISIAI TOBEPXOHb, IO MOKa3yIOTh 3MIHM (PYHKIi, KOJU JIMILE
3MIHIOIOTHCS JIBa MIapaMeTpH, a 1HII € (PIKCOBAHUMHU.

[IpuknagamMu LUTLOBOT  (PYHKIIi, M0 3YCTPIYAIOTbCS B 1HKEHEPHHUX 1
€KOHOMIYHUX pO3paxyHKax, € MIIHICTh abo Maca KOHCTPYKLIi, MOTY>XHICTh
YCTaHOBKH, OOCAT BHUITYCKY MPOMAYKIIli, BapTICTh MEPEBE3CHb BaHTAXIB, MPUOYTOK
1T. 1.

[Mpuknanu 3amad ontuMizaiii y cdepi BUKOPHUCTAHHS MNPUPOJAHUX PECypCiB
JTy’K€ YHCIICHHI.
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[Mpuxnan 4.1. OmwiHUMO MOXJIHMBOCTI onTHMI3alii podoTH Boa03ab0py, sfKa B

3araJbHOMY BHIIQJIKy Ma€ BPaxOBYBATH SIKICTh MiI3EMHHUX BOJ[ K OJHE 3 OOMEKCHbD.
[Tpukman omrumizariii poOOTH TPHhOX CBEPAJIOBHH CHMILIEKC-METOJOM JCTaTbHO
pPO3MIISIHYTO B Miapo3auii 4.3. 3aBaaHHs ONTHMI3alll MOXKHa C(OPMYIIIOBATH SIK
301IBIIEHHS B1IOOPY MIA3EMHUX BOJ]

> Q —max, (4.6)

ne Q; — nebitu Bom03ab0piB, 32 YMOBHU JTOTPUMAHHS OOMEKEHb Ha SIKICTh BOJIU Y pasi
YaCTKOBOTO 3a0pyHEHHS BOJJOHOCHOTO TOPU30HTY

c<C (4.7)

IJK *
Tyt C — xoHUEeHTpalis 3a0pynHioBayiB y BoJ1, Cryx — iX TPaHUYHO JI0ITyCTHMa
KOHLIEHTpALis 3T1JIHO 13 CAHITAPHUMU HOPMAMH.
[Mpuknan 4.2. 3HWKEHHS KOHIICHTpAIlii 3a0pyAHIOBAdiB y MI3EMHUX BOJAX y

pa3i MpoBEeACHHS 3axo/IB ix HeWTpamizamii. Taka cuTyaliss BUHUKA€E TICISA
NPUNUHEHHST BUAOOYTKY KOPUCHUX KONAJIMH, 30KpeMa, METOJOM IiJ3€MHOIO
BUJIYTOBYBaHHS a00 T1POPO3PUBY IJIACTa, KOJIM KOHIIEHTpAIlisi TOKCUYHUX PEUOBUH
Ha BEJUKIA IUIONIl BOJOHOCHUX TOPU30HTIB 3HauHO nepesuiye Crpg. Ilicas
BIIHOBJICHHSI MPUPOJHOIO TpaJl€HTa Teuli MIA3€MHHX BOJ TOKCHUYHI PEYOBHHHU
MOIIMPIOIOTECA B HANPSMKY BOJ03a00Opy 1 MOTIpHIyIOTh SKICTh Boau. Jlis
nonepekeHHs 1poro (puc. 4.1) MokHa BCTAHOBUTH OJIHY UM KiJbKa CBEPJIOBHH,
100 HEeHTpalli3yBaTH TOKCUYHI PEYOBUHU CHEIIaIbHUM PO3UNHOM.

3amaya onTyUMi3alli MoJsAraE B yCTAHOBIICHHI TaKUX MMapaMeTpiB HeUTpaizarlii
(koopauHaT 1 neOITYy CBEpIJIOBUHM, KOHIEHTpAIllli HeWTpasizaropa B pO34MHI), 3a
SAKUX KOHIIEHTpallis 3a0pyIHIOBaya y BOJ1, 10 BiAOUpaeThest Bogozabopom Cp, Oyae
MIHIMAJIBHOIO

C, —>min, (4.8)

OOMexXeHHSIMU Y JTaHOMY BHIAJKy HaKJIaJaloThCs Ha IMapaMeTpu HeWTpami3alli,
30KpeMa, ae0IiTHU CBEpAJIOBUH Ta KOHIIEHTpAIll0 pEYOBHMHHM-HEUTpaizaropa y
PO3YMHI.

JInst aHoro mOpHKIaay TakoX MOXKIMBE (OPMYIIOBAHHS ONTHUMI3ALIHHOT
3ajadi 31 criBBigHOIIEHHAMU (4.6) — (4.7).

[Mpuxnan 4.3. Ontumizaiis KyTa Haxuiy OOpTy Kap’epy, sika HEOOXigHa Ipu

BUJOOYTKY KOPUCHHMX KONAQJIWH BIAKPUTHUM CIIOCOOOM. 3 OJHOro OOKY, Majuil KyT
HAXWITy IPU3BOAMTH JI0 3TUIICHHS 3HAYHOT YaCTUHU KOPUCHUX KOTAJIUH Y Kap’epi, 3
1HIIIOTO — BUCOKHUH KYT HaXWJIy CTa€ HEOE3MEYHUM Uepe3 3HUKEHHS CTIMKOCTI OOpTy
Kap’epy Ta 3pOCTaHHS PU3HKY OOBaJICHHS.

135



3amauy onrTumiszailii y mepmomMy HaOMWKEHHI MOXKHA COPMYIIOBATA TaKUM
yiHOM. HeobOxigHo makcuMmizyBath 00’eM mopogHoi Macu AV, 1Mo BUHMAaEeThCS 3

oopTy,

AV — max , (4.9)
ae AV =I1AS ; | — nosxkuna 6opry, AS — 3MiHa miomi npodito 0OpPTy IpH 3MiHi
KyTa HaXWi1y BiJ a1 10 Q,

1 h? . . _
AS:E(hlz—hll):?(smaz—smal), (4.10)

h — BucoTa 6oprty (puc. 4.2).
3amauy onTuMi3alii HEOOXIJTHO PO3B’SA3yBaTH 3a YMOBH OOMEKEHHS Ha
KOe(DIIIEHT CTIMKOCTI CXUITY

K, <K (4.11)

c,min !

ne K. . — MiHIMQJIBHO JONMYCTHUMHH KOS(IIEHT CTIHKOCTI cxminy (0opTy Kap’epy),

c,min
o0 3riAHO 3 OYIIBeIbHUMH HOpMAaTHBaMH Yy pI3HUX KpaiHax 3apa3 CTaHOBUTh
1,2 — 1,35. KoeiiieHT CTIHKOCTI CXUITy MOKe OyTH po3paxoBaHUid 3a BIAMOBIAHUMHU

METOIUKAMHU.
v A
33
I_l ' .2 ....... DN .3 ......... DN .B h
Y r: !
0 1, Iy
Puc. 4.1. Cxema 1oj10XeHHs 30HU Puc. 4.2. Kouryp Oopty Kap’epy

3a0pyJHEHHS Yy BOJOHOCHOMY TOpPH- TIIPH Pi3HUX KyTaxX HaXWIy
30HTI (33), Bom03abopy B Ta MOXIMBUX

MICI[b PO3TaIllyBaHHS CBEP/JIOBUHHU, IO

BigkauyoTh Boay (1, 2, 3)

VY npaktuii BUA0OYBHOI raimy3i MOXKYTh 3yCTpiyaTHCs W 1HILI NMPUKIAAH 3a7a4
onTHUMi3allii, 30KpeMa, ONTUMI3allis PO3MIIIEHHS Ta AeOITiB CBEPJIOBUH HA HATY i
ra3 3a KpuTepieM MakcuMizaiii BumoOyTKy [5], omrmmizamis (opMu mig3eMHOT
BUPOOKM 3a KPUTEPIEM ii CTIMKOCTI, ONTUMI3allisl PO3MIIIEHHS BUOYXOBUX PEUOBHH
Py TPOBEACHHI OYpOMIIPUBHUX POOIT 3 METOI 301IbIIEHHS 00’€My 3pYWHOBAHO1
nopo,u [6], onTumizalist TpaHCIOPTYBaHHS BHIOOYTUX KOPUCHUX KOIIAIHH TOIIO.
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KounTpouabHi nutanus 10 niapo3aity 4.1

1. SIx Bu3HaA4a€eTHCS IIIHOBA (PYHKITIS?

2. OxapaxkTepu3yiTe pi3HUII0 MI’)K YMOBHOIO Ta 0€3yMOBHOIO ONTUMI3aLII€I0.

3. Uu mom’s3adl MDK CO0OI0 KUIBKICTH 3MIHHHX 3aaayl omnrhMizamii Ta
KUTBKICTB i1 0OMEKEHB?

4. HagreniTs mpuKIaaM 33429 ONTUMI3AII] 3 BU3HAYCHHSIM IITLOBOT QYHKIIIT Ta
oOMEXeHb y Tay3l: a) TeoJiorii Ta Tifgporeosiorii, 6) OXOpPOHW HABKOJIHIIHHOTO
CEpeIOBHINA, B) BUIOOYTKY KOPUCHUX KOTIAJIHH.

4.2. Momyk ekcTpeMyMy (pyHKIiii, 3aJaHUX AaHATITHYHO

3HaXOKEHHSI MIHIMYMY (MakcUMyMy) (PYHKIIii, 3aJaHOI aHAJIITUYHO B AESAKIM
00J1aCcT1 3MIHH 1i APTYMEHTIB, 3[1HCHIOETHCSI METOJaMU MAaTEMAaTUYHOrO aHa3y [7].

HenepepBHa gyukyis oounici sminnoi y = f(X) nocsarae y Touti xo makcumymy,
SKIIO JIJIA BCIX X # Xo 3 Aeskoro okony 1iei touku f (X) < f (Xo) (puc. 4.3,a). V
BuniaiKy obepreHoi HepiBHOCTI f (X) > f (Xo) dyHKIis y Mae y Toumi xo Minimym (puc.
4.3, 6).

y = f(x)
Ny = () .
E\ymax E\J/min
) Xo XV 0 Xo XV
a) 0)
yﬂ

AN

! 1
:'\ymax i, Ymin
! 1
o XO Xo X
B)

Puc. 4.3. JlokaybHi ekcTpeMyMH (yHKIIT OJHIET 3MIHHOT

137



Makcumym (max) ta mirimym (Min) — 1e 3HadeHHs (YHKIII i3 3arajabHOI0
Ha3BOIO — excmpemymuy. Ilnmyts y, . = y(xo) abo y, ;.. = y(xo), 1€ Xo — TOYKa
excTpemyMy. OKUI TOYKH Xo, € BHUKOHYETHCS Ta YW IHINA 13 3a3HAYCHUX BUIIEC
HEpiBHOCTEH, MOXe OyTH JyXe MalliM, TOMY €KCTPEMYMH XapaKTepU3YIOTh
(YHKIIII0O KJIOKaJbHO — BOHM BHM3HAuYalOTh HaWOLIbIIe ab0 HaWMEHIE 3HAYeHHS
byHKIIii, aye TUTbKK B OKOJi JaHoi Todkd. [1[o0 miakpecauTy X ocOONMBICTH, Taki
3HaYeHHS (PYHKIIT HA3UBAIOTh JOKANbHUMU EKCTPEMYyMaMH.

Slkmio HemepepBHa ¢GyHKIis y = f(X) Mae y TodIi xo eKCTpeMyM, TO B Il TOUII
moxizma )’ mepeTBOpIOEThCA Ha Hydb abo He icHye. Lljo yMOBY Ha3MBaioTh
HeobXiOHO ISl ICHYBaHHS €KCTPEMYMY B TOUIll Xo. [ eoMeTpuyHO BOHA O3HAYAE, 110
notuyHa A0 rpadika GyHKIT y ToUKax, A€ JIOCSATAEThCS €KCTPEMYM, MapajielibHa J0
oci Ox (puc. 4.3). OOepHEHE TBEpHKCHHS HECHpPaBEIIUBE: SKIIO f'(XO)zO 1

JOTUYHA MapanesibHa 10 ocl Ox, TO eKCTpEMyMY B TOULI Xg MOke 1 He OyTH. Touku, y

' .
SKUX ) TEPETBOPIOETHCA HA HYJIb, HA3UBAKOTh CMAYIOHAPHUMU. EKCTpCMYM MOXC

jocsraTMcs TAaKOX y Todkax, Ae Toxima )’ He icmye (puc. 4.3,6). Pasom 3i
CTAIliOHAPHUMH TaKi TOYKH HA3WBAOTh Kpumuuynumu. TUIBKH Yy TaKUX TOYKaX
HWMOBIpHI eKcTpeMyMH (YHKIIII.

Jlocmamui yMOBU 1CHYBaHHS €KCTPEMyMYy B TOYIl Xo (DOPMYJIOIOTHCS TakK:
SAKIIO TIPM TIEPEXOIi Yepes3 II0 TOUKy 371iBa HATpaBo TOXifAHA )’ 3MIiHIOE 3HAK 3 «+»
Ha «—», TO B TOuIl Xo QyHKuis y = f(X) mocarae makcumymy. 3miHa 3HaKy y' 3 «—»
Ha «+» O03Ha4ae, o B To4li xo pyHkis y = f (X) mocsirae MiHiMyMy.

[Tomryk excTpeMyMy Tak0K MOKJIIUBUU 3a JOTIOMOTOI0 Opyeoi noxionoi. Hexai
f'(Xo) = 0, T0O6TO Xp — cranmionapHa Touka ¢pyHkuii y = f (X). [Ipunyctumo, mo y mii
TOUIl Ta y AeskoMy ii okoumi icHye HemepepBHa Apyra moxigna f”(x). Toxi, sKimio

f"(%) <0, 10 dynxuis y = f (X) y Touri xo Mae Makcumym, sxio x f”(x,) >0, 1oy
TOYIII Xo OCSraeTbes MiHIMyM GyHkii f (X).

Slkmo dynkuis y = f (x) HeTepepBHA Ha BiIpi3Ky [a, b], To BoHa HaOyBae Ha
IbOMY BijIpi3Ky HaiOinbmoro (M) Ta HalimMeHmoro (M) 3HaueHHs, SKi HA3WBAKOThH
enobanvHumu excrpemymamiu (puc. 4.4). 11 3Hauenns gyskiiis HabyBae abo B TOUKax
JIOKaJIBHUX €KCTPEMYMIB BCEpPEANHI BIAPI3KY a00 Ha KIHIAX OCTaHHBOTO. JloCTaTHRO
B 3a3HAYCHUX TOYKAX OOYMCIUTHU 3HAYEHHS (YHKIIIT Ta TOPIBHATH iX MiX c00010. Y
pe3yNbTaTi BU3HAYAIOThCS HaOUIbIIe Ta HaliMEeHIle 3Ha4eHHs (PYHKIIIT Ha BIAPI3KY 1
T1 TOYKH, A€ Il 3HAYCHHS JT0CATAIOThCA.
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Ol a b X

Puc. 4.4. HaiiGinpime Ta HaltMeHIIIe 3Ha4eHHs QYHKINT Ha BIAPI3KY

[puknan 4.4. JlocniKeHHST HAIPY>KEHOTO CTaHy LUIMKA TOPiJ UPUHOIO 4 M

MDK JIBOMa MIJ36MHUMH BUPOOKaMU MOKa3alld, 1110 3MiHAa BEPTUKAJIbLHUX HAIPY>KEHb
y37I0BK CepeAHboi JiHiT IrKa Ha BiApi3Ky [0, 4] Moxke OyTu ommcaHa (QYHKIEO

o(x) = x* —8x> +22x* — 24x +12 . 3HaiiTH JOKaIbHI Ta II06AIBHI EKCTPEMYMH JAHOI

GyHKITI.
Poze’szox. JIOpIBHIOWOYM HYIIO IeEpIly IOXIAHY, OTPUMAEMO PiBHSIHHS
o' =4x®—24x* +44x —24=0, KOPHI SIKOTO Xx=1 X,=2, %=3 €

CTaIllOHAapHUMH TOYKaMH. BU3HauMMO 3HaK APYyroi MOXimHOT o’ =12x* —48x +44 B
KOXHiM 3 HMX i oTpuMaemo, 1m0 B Toukax X, =1 i X; =3 ¢yHKUid o =o(x) Mae
nokaneHi MiniMymu 0, =0(1)=0(3)=3 , a B Touni X, =2 — nokaneHMII MaKCUMYM
O =0(2)=4.

Ha kinusax inrepBany [0, 4] ¢yHKUISI o =o(x) HaOyBae pIBHMX 3HAaY€Hb
0(0)=0(4)=12. Takum uyuHOM (QYHKINSI TOCITaE TIOOATHPHHX MaKCHUMyMIB Ha
KiHLAX iHTepBany i rmo0aibHUX MiHIMyMiB BeepemuHi inTepBany (B Toukax X, =1 i
X; =3).

[puknan 4.52. Tpeba moOymyBaTH pe3epByap 3 KBaJApaTHUM THOM 1 00’ €MOM

32 M® TakuM 4MHOM, IIOOM Ha 03100JIEHHS IOro CTiH 1 JHA MIIUIO SKHaifMEHIIe
Marepiainy.

Po3zs’s30k. Hexail cTtopoHa KBajapara, 1110 € THOM pe3epByapa, JOPIBHIOE a, a
Bucota Oopty — h (puc.4.5). Tomi mioma mNOBEpXHi, SKy IMOTPiOHO OOKIACTH
matepianom, ckinagae S=a’+4ah. 1ls BenuuuHa Mac OyTH MiHIMAIbHOW. Takum
YUHOM, MAa€EMO 3aJady ONTHMI3aIii 13 3aJaHuUM OOMEXKEHHSIM: 00’€M pe3epByapa
cxnagatume 32 M°.

3 popmymu ms 06’ emy V = a’h = 32 m® Buznauumo h Ta migcraBumo y Bupas
JUISL TUTOIII TIOBEepXHi. TakuM YMHOM OTPUMAEMO IIJILOBY (YHKIIIO OAHIET 3MIHHOT
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o2, 128 - . ~
=a°+—, sgKy Tpeba MIHIMI3YyBaTU. 3HAXOJM4YM MOXIAHY —=2a——- Ta
a da a’
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MPUPIBHIOIOYH i1 O HYJSI, OTPUMAEMO CTaIlioHapHYy Touky a = 4. IlepeBipsiemo
JIOCTaTHIO YMOBY ICHYBaHHS €KCTpEMyMy B JaHIi TOYIll 3a JOMOMOTOI APYroi

~_d’s 2+256 1 4 d*s 2+256>O 5
MoXimHO1 —— =&+ —. Jlna touku a =4 3amumemo ——, =<+——>U_ T100TO
da’ a’ da’ 4
byHKIIS Mae MiHIMYM. TakuM 4UHOM, ONITUMAJTBHI PO3MIpH pe3epByapa Mpu JaHOMY

oOMEKEHHI Taki: JOBXHMHAa CTOpOHHW JaHAa a =4, Bucota OOpPTYy pe3epByapa
h =32/4%=2.

Puc. 4.5. InmrocTpairist 10 BU3HAYCHHS ONTUMAJILHUX PO3MIpiB pe3epByapa

Excmpemymu ¢pynxyii 0s6ox sminnux. Henepepua ¢yukuis f(X, y) mocsrae y
tourti Mo(xo, yo) MAKCUMyMY, SIKIIIO JUIS BCIX TOUOK M(x, ) 3 AESIKOTO OKOJIY TOYKH
My Buxonyetscst HepiBHicTs f(M)< f(M,). Ilpu 3BopoTHI# HepiBHOCTI byHKIs
f(X, y) y Tounti My aocsirae MiHIMyMy.

AHanoriyuHo (HOpPMYJIOIOTECS TOHATTA JIOKAJBHOTO EKCTPEMyMy, TOOTO
MaKCUMyMy a00 MIHIMYMY y BUNIQJKy (QYHKLIT # HE3AJIEKHUX 3MIHHHUX.

Heobxioni  ymosu  excmpemymy. Hexaiti nudepeHnmiiioBana  QyHKITIS
z = f (Xyy) y Touti Mo(xo, yo) Mae excrpemyM. Toxi B Toutti Mo(xo, yo) YaCTHHHI
NoX1H1 GYHKIIIT JOPIBHIOIOTH HYJIIO

of
ox

-0. (4.12)

My

)
Mo Oy
Touky Moy, y sIKiii BUKOHYIOThCSI YMOBHU (4.12), Ha3UBaOTh CMAYiOHAPHOIO.
IToni6HO 10 1BOrO BCTAHOBJIIOKOTHCS HEOOXiAHI YMOBH EKCTPEMYMY ISt
audepeHmiioBanol GyHKIT # He3almexkHuX 3MIiHHHX Z = f (X1, Xa,..., X, ). Lli yMoBH

MOJIATAIOTh Y BUKOHAHHI TaKUX 71 PIBHOCTEH:

o o
X, " OX,

=0, ..., —
OX

Mg n

-0, (4.13)

Mo
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OxpiM cTallOHApHUX, TOYKAMHU €KCTPEMyMYy MOXYTh OyTH W Taki TOYKH, JI€

dbyukuis f HegudepenuiioBana. Hanpuxian, GyHkiis Z = \/XZ +y? (reOMETPHYHO 1Ie
KOHYC 3 BEpIIMHOI Ha noyaTky koopauHaT) y Touli O(0; 0) mae MiHIMyM, ane ii
YaCTUHHI MOXiaHI y Toullli O He iCHYI0Th. SIK 1 B BUManaky (QyHKIT OAHI€T, 3MIHHOT
Taki TOYKH pa3oM 31 CTalllOHAPHUMHU HAa3WBAIOTh KpumuyHumu. 3 iX TMOIIYKY
MMOYMHAETHCS TOCIPKCHHS (PYHKITIT HA EKCTPEMYM.

Hocmammui ymosu excmpemymy ¢yuxyii 060x 3minnux. HassBHICTD KPUTHIHOT
Touku My 111e He 03Havae, 1o B Hil ¢pyHkiis Z = f (M) mae exctpemym. OTxe, yMOBa
(4.12) € HeoOXximHOWO, ajle HE JocTaTHbOK. Hexalt My — cramioHapHa Todka 1
¢ynkis f (X, ) Mae B il TOYI HEeMEPEPBHI YaCTUHHI MOXIHI JPYTOTO MOPSIKY.

BBenemo no3HaueHHA

2 2 2
A:az ,Bzaf ,Czéz : (4.14)
OX v, oxoy v, oy M,
PosriissHeMo MaTpuirio
A B
H =
B C
Ta BU3HAYHUK ITi€] MaTpuIli & = AC — B?.

Tom:

a) y Bunaaky o > 0 dynkuis z = f (X, y) y Touti My Mae eKCTpeMyM, TIPU YOMY
maxcumym ipu A <0, minimym ipu A > 0;

0) mpu O <0 ekcTpemyMmy B Toulll My HEMAE;

B) y Bumajaky o = 0 excrpemym y touul My Moxe OyTu, a MOxke i He OyTH,
MOTPiOHO TOJATKOBE JOCI1HKEHHS.

AHANOTIYHO BHPIIIYETHCS MUTAHHA NPO JOCTaTHI YMOBH EKCTPEMYMY ISt
(GyHKIIIT, 110 3a7I€KUTh B1Jl OUTBIIOT KUTBKOCTI 3MIHHHUX.

[Mpuknag 4.6. 3a pe3ynbraramMu BUIPOOYBaHHS 3pa3KiB TIPCbKOI MOPOAH 3
KEpHIB PO3BIAYBAIbHUX CBEPUIOBUH MOOY/I0BaHA 3aJIEKHICTh MEK1 MII[HOCTI MOPOJIU

Ha CTUCK (TO3HAYMMO 11 Z) BiJ KOOpAWHAT X, Y CBEPUIOBUHH Ha IIIaXTHOMY IIOJIi:
z=X*-4x3+4xy —y?+ 1. 3Haiith NOKaIbHI €KCTPEMyMH JaHOi (YHKIil s
BH3HAYCHHS JIUISHOK 3 HaWOUIBII MIITHUMHU TTOPOJIaMH, JI¢ JUIS IPOBEICHHS BUPOOOK
HE0OX11H1 OypomiApiBHI pOOOTH.

Po3zs s3yeanns. BimmykaeMo crarioHapHl TOYKM (PYHKIIl Z, JJIsS 4YOro

3HAIeMO NepIli MOXiAH1 Bl Z Ta MPUPIBHIEMO iX 10 HYJIS:
0z
Z 41214y, C_ax_2y,
OX oy
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4x—-2y =0
4x3 - 12x*> + 8x =0, 4x(x*—3x+2) =0,
x1=0, x2=1, x3=2, y»1=0, y2=2,y3=4.

3 2 _
4x% —12x +4y—0}:> y=o

®dyukiis z mae Tpu cramionapui Touku Mi(0, 0), Ma(1, 2), M3(2, 4); iHmmx
KPUTHYHUX TOYOK y Hei HeMae. [lepeBipuMO BUKOHAHHS JOCTAaTHIX yMOB (Ta0i. 4.1).
Excrpemym € Tutbku y T. M. Ockinbku TYyT A < 0, To 11e 1 € makcumyM. Takum
YMHOM, MaKCHUMAaJIbHE 3HAYEHHS MIITHOCTI TIOPOJAX OTPUMAHO 3 K€pHA CBEPJIOBHHHM 3
koopauHatamu Mp(1, 2). 3ayBakumo, IO KOOPJIWHATH € HOPMOBAaHUMH, TOOTO
3BEJICHUMH JI0 TIEBHOTO MacITady KapTH MIaXTHOTO TTOJIS.

Tabmuus 4.1
PesynbraTt 004YKCIICHD MOXITHUX Y KPUTUIHHUX TOYKAX (10 mpukiaay 4.6)
Crari 2 2 2 = Exc-
Coma | setiomn | 22, Tz T P
Ox0Oy oy =AC-B* | P
2 2 2
0 0 0"z _
M1(0; 0) A:_ZZ =0 | B= z =4 C=82 =-2 5<0 Hemae
ox Ml axay M]_ y Ml
2 2 2
0"z 0"z 0"z _
Mo1;2) | A=—| =-12| B= =4 C="5 = 6>0 Zmax =2
o’ Oxoy oy
M M M,
2 2
-2
822 0 22 8%z _
Ms5(2; 4) A=—5| =0 | B= =4 C=a 2 = 5<0 Hewmae
-2

3ayBaXUMoO, 110 3HANJACHUN €KCTpeMyM (DYHKIIT € OJTHOYACHO 1 JOKAJIbHUM, 1
rino6ansHUM. Jl0 TOTO K, OCKUIBKM HISKHX JOAATKOBHX YMOB He OyJi0 HaKjaJeHO Ha
3aaHy (PYHKIIi10, 3HANACHUN MaKCUMYM € 6€3)MOBHUM €KCTPEMYMOM.

Mix TUM ICHYIOTH 3ajladi, Y SIKUX MOTPIOHO 3HAUTH eKkcTpeMyM (YHKIT 3a
YMOBH, IO ii apryMEHTH OB A3aH1 MK CO00I0 OJHUM a00 JAEKITbKOMa PIBHOCTSIMHU.
Takux 3B'sI3KiB MOBUHHO OYyTHM MEHIIE, HIK HE3aJeKHUX 3MIHHHX, 1HAKIIE 3ajJada
MOIIYKY €KCTpeMyMy BTpaudae ceHc. [IpumycTtumo, poO3IIyKYyeTbCS EKCTpEMyM
¢ynxuii Z=f(X, y) 3a ymosu

F(x,y) =0. (4.15)

Ile o3Havae, 1m0 MOpIBHIOBATH Tpeda TUIBKM Ti 3HAYeHHS QYyHKII, SKi
BIJIMOBIAAIOTh TOYKAM, IO po3TaiioBaHi Ha KpuBii (4.15). Ha puc. 4.6 300paxeHi
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JIHIT piBHSA q)yHKui'l'f (X, y): f=hy, f=hy, f=ha [Tpu hy > hy > hs nepexij Bia
O1IBIIIOTO PIBHA JI0 MEHIIIOTO €KBIBAJIEHTHUM HAOIMKEHHIO JI0 €IMHOTO O€3YMOBHOTO
MiHIMyMY, SKUH nocsraeTbes y T. K. Pa3om 3 THM yMOBHUX €KCTPEMYMIB y3I0BXK
niuii (4.15) 6yne Tpu — MakcumMyMm y T. B Ta aBa MiHiMymu y Toukax A ta C. [ns
HAo4YHOCTI: K0 K — HaitbueIn riaunboka Touka apy, To B — HaiiBuma, Toai 1k 4 ta C
— HaWHWKYl TOYKH CTEKKH Ha Woro cxwmiax (miHis (4.15) — 1e mpoekIris CTeXKH Ha
wionwHy xOy).

y A
f=h
F(x,y)=0
=
B R
[0) "X

Puc. 4.6. I'padiune 300paskeHHsI yMOBHUX €KCTPEMyMIB QYHKIIIT ABOX 3MIHHUX

Jnst pyskuii 6arateox 3minaux U = f (X1, X2, ..., Xn) yMOBHHUIi ekcTpeMyM 3a
HasIBHOCTI 3B SI3KIB

F (X0 X000 %, ) =0, j=1,2,...m, m<n, (4.16)

3HaXOJIUThCS THUMH CaMHUMK METOJaMH, W0 ¥ Yy BHUNAAKY JBOX 3MIHHHMX. 3a
J01oMOroro piBHoctelt (4.16) M aprymentiB @yHkuii U, Hanpuknana, X1, X2, ... , Xm,
BUKJIIOYAIOTHCSA, MICISA YOro JUis OTpUMaHOi (YHKII 3 MEHIIOK KUIBKICTIO

aprymeHTiB U= (Xm+1, ... , Xn) PO3B A3y€ThCs 3a/1a4a Ha O€3yMOBHHUI €KCTPEMYM.
VY HaBeACHUX NPHKIaIax OyB 3aCTOCOBAHMHA KJIACUYHHN METOMA JOCIiHKCHHS
(GyHKLIM Ha EKCTpeMyM 3a JOMOMOror mnoxigHux. [Ipu BUpIilIEHHI MPAKTUYHHUX
3aBJaHb ONTHMI3allli KJIaCHYHUUA MeTOoJ Mae oOMexeHe 3acrtocyBaHHs. lle
MOSICHIOETBCS TUM, 110, MO-TIepIiie, y 0ararboxX BUIAIKAX 3HAYECHHS IIIbOBOT (DYHKIII1
3HAXOJATHCS 3 BUMIpIB 200 €KCIIEPUMEHTIB, 2 OOYHCIICHHS MOXITHUX € BaXKKUM a0o
HEMOXJIMBHM, 1, TIO-JPYTe, HaBITh KOJIM TOX1HA 3aJaHa aHAJTITUIHO a00 MiAIaeThCs
BUMIpYy, BHpimieHHS piBHSAHb (4.12 —4.13) yacto BukiIuKae TpyaHommi. Tomy Ha
MPaKTHIll 3aCTOCOBYIOTh HAOJUKEHI METO/IU MOITYKY eKcTpeMyMiB PyHKIIii [8,9].
Ipsami memoou onmumizayii ¢yuxyii oouiei 3minnoi. HabmuxeHi metonu
JO3BOJIAIOTh 3HAWTHU PO3B’SA30K 1€l 3a7adi 3 HEOOXITHOK TOYHICTIO MIJISIXOM
BU3HAYCHHS KIHIIEBOrO 4yucia 3HaueHb QyHKii f (x) 1 i mOXigHMX y JSIKHUX TOYKaX
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Bifpi3ka [a,; b]. Meroau, siki BUKOPHUCTOBYIOTh TUTbKM 3HAa4eHHs (YHKINI 1 sKi HE
noTpeOyroTh OOYHCICHHS 11 TMOXITHUX, HA3UBAIOTBCS HPAMUMU  MemOoOamu
Mminimizayii. [Ipy BUKOPUCTaHHI ITUX METOMAIB 1JIbOBA (DYHKIIi MOKe OyTH HE 3aj]jaHa
B QHAJIITHYHOMY BHIJIAI1. AJITOPUTMHU TPSMHX METOJIIB 3aCHOBaHI Ha MOXKJIMBOCTI
popaxyHKy f (x) y 3amanux Toukax.
Po3rnssHeMo HaO1IbII MOMIMPEH1 HA MPAKTHIIl MPSAMI METOJIU TMOIIYKY TOYKH
Mminimymy [10,11]. HaliromoHimmM BuMororo st ¢yHkmii f(x), mo mo3Bose
BUKOPHUCTOBYBATH IIi METO/IH, € T yHIMOOaNbHICID.
®dyukmis f(x) HasuBaeTbcs YHIMOMAIBLHOIO Ha BiIPi3Ky [a, D], sKIo BoOHa
HeTepepBHa Ha BiIpi3Ky [a, b] Ta icHytoTs unicna a i f, a <a < f <b, Taxi, 1m0
— KO a < @, TO Ha BiIPi3Ky [a, a] ¢pyHKIis f(X) MOHOTOHHO criajiae;
— skmo f < b, To Ha Binpizky [f, b] dynkuis f(X) MoHOTOHHO 3pOCTac;
— npu Xela, B, f(X)= f*= fin Ha Bimpisky [a, b].
3 BU3HAYEHHS YHIMOJANIBbHO1 (DYHKIIII BUTUIMBAIOTh TaKi OCHOBHI BIACTUBOCTI:
— OyZIp-fiKa 3 TOYOK JIOKAIbHO20 MIHIMyMY YHIMOJAJIbHOI (DYHKIIIT € 1 TOYKOIO
ii enobanvrnoeo MiHIMyMy Ha Bizpi3ky [a, b];

— (ynkuisg, yHiMomaabHa Ha BiApi3KY [a, D], € yHiMomanabHOIO i Ha Oyb-
SKOMY MEHIIIOMY Bipi3Ky [c, d] € [a, b];

— Hexah a <x1<x<b, Tomi, saxmo f(X1) <f(X2), X*e[a, x2]; saxmo f(X1) > f(x2),
X*e[X1, b], me Xx* — ogHa 3 MOXIIMBHX TOYOK MiHIMYMY QyHKIIIT f(X).

Jlai B pO3IISHYTHX HIDKYE MeTofax Oyaemo BBaxkatu ¢yHKIio f(X)
YHIMOAAJILHO Ha BiIpi3Ky [a; b].

Memoo pisnomipno2o nowtyky (ckanysauHs abo nepebopy) € HaWMPOCTIIIAM 3
npsaMux MetomiB. Po3i6’emMo Bimpizok [a¢, D] Ha N piBHUX YaCTHH TOYKAMHM
xi=a+i(b—a), i=0,.....,n. OGumciaumo 3HaueHHs f(X) B Toukax X, ILIIXOM
NOPIBHSAHHS 3HaWAeMO TOYKy Xm (0<m<n), y sxii ¢yukmis f(X) HaOysae
HalMEHILIOTo 3HayeHHsA. ToJll TOUKOI MIHIMYMY € X* = Xy, @ MIHIMyMOM (PyHKIIIT €
=1 (Xm).

[ToxuOka € BU3HA4YCHHS TO4YkW X* He mepeBepinye Benmunau (b —a)/n. Tomi
P 3aJlaHOMy € HEOOXiJHa KUIbKICTh TOYOK JUICHHS BIZPI3KY [a, b] BU3HAYAETHCS
TaK:

n>((b-a)le
[puknag 4.7. Posrasaemo ¢ynkmiro f(X) =x + 2/x wa sigpizky [0,5, 3,5].
3naiineMo MiHIMyM GyHKIIT 3 moxuOkow € <0,5. Unucmo TOYOK IJIEHHS BiAPI3KY

Bu3HaunMo Tak: N >(b — a)/le = 6. Pe3ynpratu o0uKcieHp 3HaUCHb (QYHKIIT B TOUKaX
JineHHa BiApi3ky (tabdn. 4.2, puc. 4.7) MOKa3ywTh, II0 TOYKOK MIHIMyMYy €
Xm = X2 = 1,5; 3Hauenns minimymy: f*=f(1,5) = 2,83.
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Tabnuis 4.2
3unauenns ¢pyHkiii f(X) = X + 2/X y Toukax nmineHss Biapisky [0,5, 3,5]
Howmep ingekcy i | O 1 2 3 4 5 6
3Ha4YEeHHS

0,5 1 1,5 2 25| 3 | 35
apryMeHTY X;

3HadYeHHS

4,5 3,0 2,83 | 3,0 | 3,3 |3,67 4,07
bynkrii f(x;)

N o

X;

Puc. 4.7. I'padik dynkuii f(x) = x + 2/x na Bigpisky [0,5, 3,5]

Bigznauumo, 1m0 B iboMy MeTO/I1 BCi N + 1 TOUKM BUOUPAIOTHCS 3a31aJIeTib 1
st OTbIIl  €EKTUBHOrO TMONIYKY MIHIMYMY Kpalle BHKOPHCTOBYBAaTH METOAM
MOCNIIOBHOTO  TIOIIYKY, Y SIKAX I OOYHMCIICHHS 9eproBoi TOYKH X
BUKOPUCTOBYETHCS 1H(MOpMAIis, 10 OTPUMaHa Ha OUTBII paHHIN CTaail pO3paxyHKIB.

Jlo TakuX METOIB HAJICKUTh Memo0 NOA0BUHHO20 OlLleHHs abo ouxomomii. Y
I[bOMY METOJ1 BIJIPI30K, JI€ IIYKAIOTh TOYKY MIHIMYMY, 3BY)KYETHCS Ha KOXXHOMY
kpoui. Crioyatky 3HaxXOoJsATh ABI TOYkH (C1 i di), MO0 pO3TaIIOBaHi CUMETPHUYHO HA
BijcTaHi 0 > 0 Bijx cepeaunu Biapi3ky [a, b]. Ha mepromMy kporni npuiiMaroTh a; = a,
b1 = b 1 00unCITIOOTH 3a3HAYCHI TOUKH

Ci= (3.1 + b — 5)/2, d; = (a1 + by + 5)/2

Jani 3naxoaa1h 3HaueHHs ¢pyHkiii f(X) y Toukax C; i 01 Ta MOPiBHIOIOTH iX:

— sxmo f(c1) <f(d1), To Ha HacTymHOMY KpoIii a2 = ai, by =ds;

— skmo f(c1) > f(d1), To Ha HacTymHOMY KpoIti a2 = Cy, b2 =by;

Jaimi o6umcmoTh C, = (a2 + by — 8)/2, di=(a; + b, + 6)/2 1 3HOB MOPIBHIOIOTH
f(cy) 3 f(d2) mo Tux mip, moku He Oyae BUKOHaHa ymoBa & = (Di — a;)/2 <e.

HasBa merony moB's3aHa 3 TUM, IIO NMPU MalIMX O JOBXKUHHU 1HTEpBaJiB Ha
KOXKHOMY KPOIll 3MEHIITYIOThCSI Maike B JIBa pasw.
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[Mpuknag 4.8. fx 1 B momepeaHbOMY TMPHUKIAAl PO3TISTHEMO (YHKIIIO
f(x) = x +2/x na Bigpi3ky [0,5, 3,5]. 3naligemMo MiHiMyM ¢yHKIIT 3 moxuokoro ¢ < 0,5.
Hexaii 0 = 0,1.

Kpok 1: a; =0,5; b1=3,5; ¢1=(0,5+3,5-0,1)/2 =1,95;

d;=(0,5+ 3,5+ 0,1)/2 = 2,05; f(c1) =2,976 < f(d1) = 3,026.

Kpok 2: a;=a;=0,5; b, =d; = 2,05; nepeBipsieMo moxuOKy Ha TaHOMY KPOIIi:
e=(2,05-0,5)/2=0,775>0,5. Tloxubka OinbIne 3aaaHOi, TOMY IPOJOBKYEMO
oOuucaenns: C,=(0,5+2,05-0,1)/2=1,225, d,=(0,5+2,05+0,1)/2=1,325;
f(cy) = 2,858 > f(d,) = 2,834.

Kpoxk 3: az=€,=1,225; b3 = d; = 2,05; nepeBipsieMo OXHUOKY Ha JaHOMY KpOIIi:
e2=(2,05-1,225)/2=0,4125<0,5. Ockigpkiu MOXHOKa  MEHIIC  3aJaHoI,
3aBEPIIYEMO  PO3pPAaXyHKU 1  NPUMUMAEMO, IO  TOYKOW  MIHIMyMy €
Xm= (2,05 + 1,225)/2 = 1,638, a 3nauenns minimymy f* = f(1,638) = 2,859.

Cxewma 3ByxeHHs Bipi3ky [0,5, 3,5] nonana Ha puc. 4.8.

0,5 1 1,5 2 2,5 3 3,5

4,5

Jix) 2.5

1,5

0,5

(]
Cq1 d; 1

92 G d,

[}
i
&
dj Xm b3

Puc. 4.8. Cxema nomryky TOYKH MiHIMyMY 32 METOJIOM TUXOTOMIii

3ayBaxxuMo, 10 METOJ TUXOTOMIi TO3BOJISIE U1l OTPUMAHHS TOYKU MIHIMyMY
13 331aHOI0 MOXUOKOIO 3BEPTATUCS 10 OOUYMCIICHHS 3HAYeHHS (QYHKLII YOTUPU pa3H,
3aMICTh ceMH B MeroAl nepedopy. e Oinbin eheKTUBHUN alIrOpUTM Aa€ METOJ
JIeHHS BIApi3Ka B MPONOPLISIX 30JI0TOTO MEPETUHY.

Memoo 3o010mozco nepemuny. Haragaemo, 1o TOYKa JUIMTH BIAPI30K Yy
MPOTIOPINIT 30JI0TOTO TEPETUHY, SIKIIO BITHOIICHHS BCIET TOBXHHHU BiJpi3Ka 0
JTOBXHUHHM OUTBIIOI HOT0 YaCTHHHM JOPIBHIOE BITHOIICHHIO JIOBXHHU O1IBIIOI HOTO
YaCTUHU JI0 JOBKUHU MEHIO1. TepMiH «3010Tui niepeTuH» yBiB Jleonapao na Binyi.
Hexait Touku ¢, d 3HAXOASATHCS CHMETPHYHO BIHOCHO CepeauHH Biapi3Ky [a, b] i
JUJISATh KOTO B IIPOIOPIIT 30JI0TOTO MEPETUHY, TOOTO:

(b—a)/(d-a)=(d-a)(b—-d); (b—a)(b-c)=(b-c)/(c—a).
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3 X BUpa3iB BUILIUBAE, 1110

¢ =35 (p-a)ra; d=F2(b-a)+a

Ha mepmiomy kpomi mpuiiMaemo ai=a; bi=b;, ci=c¢; di=d (puc. 4.9).
O6uncmoemMo 3HaUYeHHS (PYHKINT B TOUKaX €11 di Ta IOPIBHIOEMO iX:
— sxmo f(c;) <f(d;), To Ha HacTymHOMY Kpo1i 8, = ai, b, = di, d2 = Cy;

c, =%(bl—al)+al;

— skmo f(cy) > f(d;), To HA HAcTYmHOMY KpoOIIi a2 = C1, by = by, C2 = dy;

dZZ%L(bl_al)—'_ai'

3HOB TOPIBHIOEMO 3Ha4YeHHS (YHKIT B TOYKax ¢y i Oy 1 TPOIOBKYEMO
obOunciienHs. Ha kokHOoMy Kkpomi 3Haxoammo ToxuOky & = (bi — a)/2. Itepamii
3aKIHUY€EMO, SIKIIO & HE MEPEBUIILYE 3a7aH0T TOUHOCTI €.

[Mpukman 4.9. PosrmssHemo 3HOB ¢yHKIio f(X) =X+ 2/X Ha Biapi3Ky
[a, b] =[0,5, 3,5]. 3naiimemo MiHIMyM QYHKIIT METOJOM 30JI0TOIO IMEPETUHY 3
moxuokor ¢ < 0,5.

Kpok 1: 2;=0,5;01=3,5; ¢, = 3—2*/5 (35-0,5)+0,5=1,646;

d, :f5T‘1(3,5—0,5)+ 0,5=2,354; f(c;) = 2,861 < f (d;) = 3,204.

Kpok 2: a,=a;=0,5; b, =d; = 2,354; d; = ¢; = 1,646;
3-+/5
.
e = (2,354 — 0,5)/2 = 0,927 > 0,5. IloxubOka OiybIIe 337aHOT, TOMY MTOPIBHIOEMO
3HadeHHs Qynkuii: f(cz) = 2,864 >(dy) =2,861 Ta nPOIOBKYEMO OOYHMCICHHS
(tabm. 4.3, puc. 4.9).

(2,354-0,5)+0,5=1,208, [lepeBipsieMo MOXMOKY Ha JaHOMY KpOLIL:

Tabmums 4.3
PesynbraTi 004YKCIIEHB 32 METOIOM 30JIOTOTO MepeTUHY (10 npukiany 4.9)
Ne _ _ _ _ _ _ [opiBHsHHS
KpOKy ai b| IHTepBaﬂ Cj d| f(C|) f(d|) & f(Ci) Ta f(d|)
1 [ 05 | 35 30 | 1,646 | 2,354 | 2,861 | 3,204 f(c) < f(dy)

2 | 05 | 2354 | 1,854 | 1,208 | 1,646 | 2,864 | 2,861 | 0,927 | f(ca) > f(dl)
3 | 1,208 | 2,354 | 1,146 | 1,646 | 1,916 | 2,861 | 2,96 | 0,573 | f(ca) < f(da)
4

0,354 < 0,5 — TouHicTh

JIOCSITHYTA

1,208 | 1,916 | 0,708
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Ha wuerBepTOMy KpoIlli 3agaHa TOYHICTh JOCSTHYTa, TOMY OOYHMCIICHHS
3aBepIIYyEMO 1 MPUHAMAEMO, III0 TOYKOI MIHIMyMYy € Xm = (1,208 +1,916)/2 = 1,562;
3HaueHHs MiHiMymy: f* = f(1,562) = 2,842.

05 1 15 2 25 2 35

5
4,5
4 b\ -

3,5

3 -

Jx) 25

|
|

1,5

0,5 ! i

Puc. 4.9. Cxema nouryky TOYKA MIHIMyMY 32 METOJIOM 30JI0TOTO TIEPETUHY

Ha nmpunnum 6e3mocepeHboro 00YKCICHHS 3HauYeHb (YHKIlI B BU3HAYECHUX
TOYKAaX OCHOBaHI ¥ 1HIN TpsMi MeTogu MiHimizalii: meton PdiboHaudi, METO.
napaboJ (KBaapaTUUHOI alipoKCUMaIlii), MeToJ1 JoManux Ta iHmi [10].

KonTpoJibHi nuTanHs 10 migpo3aiay 4.2

1. JlaiiTe BU3HaYEHHS MIHIMYMY 1 MaKCUMyMY (DYHKIII1 OJTHI€T 3MIHHO].

2. Chopmymroiite HEOOX1HY Ta JOCTATHIO YMOBHU ICHYBaHHS €KCTPEMyMY B
TouI 71st GYHKIIIT OJHI€ET 3MIHHOI.

3. 1o Ha3uBarOTh INIOOATLHUMH €KCTpeMyMaMH (DyHKLI O/IHI€T 3MIHHOI Ha
BIJIPI3KY?

4. CdopmymroiiTe HEOOXIIHY Ta AOCTAaTHIO YMOBHU ICHYBaHHSI €KCTPEMyMY B
TOYIl Jy1s1 QYHKIT ABOX 3MIHHUX.

5. o po3ymitoTh MmiJ IpsIMUMU METOAAMH MiHIMI3aLil ?
CdopmynroiiTe BU3HAUCHHS YHIMOJAIBHOCTI (DYHKIIII.
OnuiuiTe METOJT PIBHOMIPHOTO MOIIYKY (CKaHyBaHHS a00 mepedopy).
OnuIIiTh METOJ MOJOBUHHOTO JUICHHS (JIMXOTOMIT).

© o N

OnunIiTh METOJT 30JI0TOTO TIEPETHHY.
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4.3. 3acTocyBaHHSI CHMILJIEKC-MeTO/1Y JJIsl ONTHMi3amii BOAoBiI00py
CBEpPJIOBUHAMU

Y TiAporeosoriyHiil MpaKTUIll YaCTO BHUKAIOTH 33/1a4l ONTUMAIBLHOTO BiIOOPY
Mi3eMHUX BOJ JJsl TOCIOAAPCHKO-IUTHOTO BojomocTadaHHsa. [lo Takux 3amadu
BIJTHOCSITh, 30KpeMa:

1) omTuMi3allifo peXuMy BOJOBIIOOPY 3 MaKCHMi3alli€lo 1eOIiTiB B yMOBax
0OME>KeHb Ha MMOHMWKEHHS PIBHS M1J36MHHUX BOJI,

2) paiioHaJIbHE PO3MIIEHHS CBEPJIOBHH NIPU NPOCKTYBaHHI BOJ103a00PiB,

3) omTHMi3alilo PEeXUMY BOJOBIIOOPY 3 MaKCHMi3ali€lo JeOITIB B yMOBax
0OMEKEHb Ha BMICT KOHIIEHTpALlli TOKCHYHUX PEYOBUH Y IMIJI3EMHUX BOJAX.

VY pa3i BUKOpPUCTaHHS AHAJIITUYHUX CIIBBIAHOLIEHb Teopli (inbrpamii Ta
MaconepeHocy B MiJA3€MHUX BOJax IIl 3aJadl MOXYTb OyTH JIETKO BHUPIIICHI
METOJaMH JIIHIHOTO MPOrpaMyBaHHs, SIKE € PO3IOM Teopii onTUMi3allii, y IKOMY
PO3IIIAIAIOTHCS  3aJa4l  ONTUMIZAIli 3 JIHIAHUMU [ITLOBUMU (YHKIISIMU Ta
OOMEXEHHAMH. Y  3arajlbHOMY BHUIAJKy TIOCTAHOBKA 3adaui  JHIUHO20
npozpamyseants Moxe OyTH 3anucana y Burisii [1,2,4]

J =) cx — min (4.17)
i=1
32 OOMEKECHb
> agx =b;, j=1..,m; (4.18)
i=1
Xi <X o (4.19)

IIe N — KIABbKICTh HEBIAOMHX, M — KIJIBbKICTh OOMEKEHb.

Y pa3t n=2 3amauyy MoxHa BuUpimmTH TrpadiyHO, TpU N >2 Tpeda
BUKOPUCTOBYBATH 1HII MeTOau. OJHUM 3 MOIIMPEHUX METOJMIB BHPIMICHHS 3a7a4
JIHIAHOTO MPOTpaMyBaHHs € CUMIUIEKC-METO/I, 3aCTOCYBAHHSI SIKOTO PO3IVITHEMO Ha
MPUKIIAl 3ajadl MakCHUMi3allii BOJOBIIOOPY 31 CBEPMJIOBUH y HEOOMEKEHOMY
BOJIOHOCHOMY TIIapi 3a YMOBH OOMEKEHb Ha MAaKCUMAJIbHO OMYCTUME MOHMKEHHS
PI1BHSI MiJI3€MHUX BOJI y KOKHIN 3 HUX.

VY 3araqpHOMY BUTJISII 3HUKEHHS MIJ3€MHUX BOJ BHACIIOK BOJOB1IOOpY 3 N
CBEP/JIOBHH B HaIllipHOMY BOJJOHOCHOMY TOPH30HTI MOK€ OYTH PO3PaxOBaHO TaK:

S, = Zn:aini . (4.20)
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e aj — ¢yHkmii BuMBY (200 KOe(IlI€HTH y CTaliOHAPHOMY BHUIAJIKY), SKI
BpPaxoBYIOTh (UIbTpalliiiHI BJIACTUBOCTI BOJIOHOCHOTIO IIIapy, TUIT MEX Ta BIICTaH1 JI0
HUX, BIJCTaHI MDK CBEpPAJOBHHAMHU. 3 TOUKM 30py (i3UKM KOe(ILIEHTH i
IHTEPIIPETYIOTHCS SIK 3HMIKCHHS PIBHS B - CBEPIJIOBMHI IIij BILIMBOM €KCILIyaTallii
i-1 CBepJIOBUHU OJJUHUYHOTO JIEO0ITY.

Toni 3amadya Makcumizarllii Bo1oB1iA00pY MoOke OyTH 3amucaHa y BUTIISIL

J= Zn:aini — max . (4.21)

a,Q +a,Q,+..+3,Q, <S5,

a,,Q +a,Q,+..+a,,Q, <S,,
................................................. (4.22)
a,Q +a,Q,+..+a,Q, <S,;

OSQi SQi,max; i=1..,n,

ne Si — 3HWKCHHS B I-i CBep TOBHHI. B 3aavax JniHIHHOTO porpaMyBaHHs 3a3BUYaid

BU3HAYAETHCSI MIHIMYM LLJILOBOI (PYHKIIIT, TOMY OyJI€eMO IIyKaTh MIHIMyM (PYHKIIIT —
J(leQZ:---aQn)'

3riJIHO 3 AITOPUTMOM CUMNIEKC-Memod)y Ha TEPIIOMY eTalll BUBHAYAEThCS TaK
3BaHUM OIMOPHHI PO3B’S30K, SKUN BIAMOBIIAE CUCTEMI OOMEXKEHb, a HA JIPyroMy —
ONITUMANIbHUIM PO3B’s30K, s sikoro BeawuuHa —J(Q1,Q2,...,Qn) docsarae mMiHiMymy
[1,4]. Jo niBOi yaCTUHU KOXHOI 3 HEpiBHOCTEH (4.26) 101al0ThCS HEBIOMI Vi, TiCIs
YOoro HEPIBHOCTI PO3TJISJAIOTBCA K PpIBHAHHA. J[JIS KOXXHOrO CTOBITYMKA
O0YHCITIOIOTh BITHOMICHHS Si/@im Ta 00MparoTh HAWMEHIIIEC 3 HUX; TOJII €JCMCHT aim Ta
M-1 psIAOK HA3UBAIOTh PO3B’A3yBaJIbHUMM.

Ha koxxHOMy KpoIli MaTpulll CHUCTEeMH OOMEXKEHb Ta IUIboBa (QYHKIIIS
NEPETBOPIOIOTHCSA MOJIN(IKOBAHUM KOPAAHOBUM BUKIIIOUEHHSIM:

a) I PO3B’A3yBANLHOTO eTeMeHTa a,, =1/a, .,

6) IS PO3B’A3YBATBHOTO pAaKa g =ay; /8, ,

B) [UISl PO3B’A3YBAJBHOTO CTOBIMMKA &) =2, /&,

r) AJs BCIX IHIIMX €JIEMEHTIB TaOJHIll, y TOMY YMCIl psAKa, [0 BiANOBIAA€E
1inposil GyHkuil &) =a; —a;,8; /8,

[IITpuxom mo3HaueHi eJIEMEHTH HOBOI MaTPHIIi, EJIEMEHTH SKOi 0OUHCITIOIOTHCS
3 nonepeAHboi. [1icast 1boro MiHsAIOTH MICHSMU CUMBOJIM 3MIHHUX Y M-My CTOBITYHUKY
ta K-My psinky, T00T0 Q) MIHAETHCS MICHSIMHU 3 Y. Lli omepariii MOBTOPIOIOTHCS 10
OTpUMAaHHS HEBIJ'€MHUX 3HAYCHb I1THOBOT QYHKIIIT J.

PosrnsHemMo OunbInl  A€TaNbHO BHIAJOK TPhOX CBepuioBUH (N = 3), sKi
eKCIUTYyaTyIOThCsl B HECOOMEKEHOMY B IIJIaHI TOPU30HTI HAIIPHUX BOJ 3 MPOBIIHICTIO
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T =75 M*/ 100y, KK TiAPaBIiuHO 130JIbOBAHMI BiJl IHIIMX BOJOHOCHHMX FOPH30HTIB.
Taka 3ajaua 3 IHIIOK KIJBKICTIO CBEp/UIOBUH Oyna po3risHyta B [12]. Cxema
po3TamryBaHHS CBEPUIOBHH paiaiycoM Fs=0,1M y Toukax 3 KOOpAWHATAMH, M:
(100,100), (200,500), (500,200) mokazana Ha puc. 4.10. [ToTpiOHO 3HAWUTHU TaKuit
posmomin nebiTiB Qi, Q2 Qs, sKkuii 3abe3nedye MaKCUMaJIbHUA BOJOBIIOIp
(cymapuwmii fe0iT), MpU LbOMY 3HIDKEHHS PIBHS MiJ36MHHUX BOJ S HE MEPEBUIIHUTH
Smax = 15 M, T006TO 32 YMOBHU S < Spax. Pamiyc BrmuBy cBepamoBus R = 1000 m.

600 . !
-
400} -
200} * -
)
0 1 1
0 200 400 600

Puc. 4.10. PosrtamryBaHHS CBEpJUIOBHH JJIsi BOJOBIAOOpPY, SKWUH TOTPiOHO
ONTHUMI3yBaTu

EnemenTn maTpuili, sika BH3HA4Yae€ThCs cmiBBiaHOmEHHsIME (4.21) — (4.22),
O0YHCITIOIOTHCS 3a (HOpMySIaMH PO3PaXYHKY 3HIDKEHHS PiBHS mia3eMHuX Boj [13]

g = 2306 R (4.23)

e Fij — BIICTaHb MK CBEpAJIOBUHAMU 3 IHAEKCAMH | Ta J; Iij = I pu 1 = |, Fo— pagiyc
CBEPIJIOBUHH.
[{imroBa GyHKIIISI Ma€ BUTIIS

J=-Q -Q,-Q, > min, (4.24)

a 0OMEXEHHsI 11 KOOPAMHAT CBEPIJIOBUH Ta MapameTpiB BOJAOHOCHOTO TOPU3OHTY,
K1 KOHKPETHU30BaHO 3a Gpopmyiioro (4.23), 3aUCYIOThCS Y BUTJIAI

0,0195Q, +1,8179-107°Q, +1,8784-10°Q, <15,
1,8179-107°Q, +0,0195Q, +1,8784-107Q, <15, (4.25)
1,8784-10°Q, +1,8784-10°°Q, +0,0195Q, <15.
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JIyst 3pydHOCTI Ta 3MEHIIICHHS TIOXHOOK TP PO3PaXyHKY HOPMYEMO CHCTEMY
HepiBHOcTeW (4.25), MOAUIMBINKM BCl €JIEMEHTH MaTpHIll Ha KOe(IIieHTH TpH
JiaroHaJIbHUX €JIEMEHTaX,

Q, +0,0931Q, +0,0962Q, < 768,414,
0,0931Q, +Q, +0,0962Q, < 768,414, (4.26)
0,0962Q, +0,0962Q, + Q, < 768,414.

[Tomanpiiie BUPIMIEHHS CUCTEMH HEPIBHOCTEW CHUMILIEKC-METOJOM MOTpedye
BUKOHAHHS 3HAYHOI KIJILKOCTI pYTHHHHUX apu(DMETHYHUX OIlepallii, SKi MarOTh JIUIIE
CyTO MaTeMaTH4HUN iHTepec. JleTampHUI omHMC TakuX OOYHCIEHb, KU MOXKHA
3HAUTU y MIAPYYHUKAX 3 METOJMIB ONTUMI3allii, y TOMY YHCJl JIHIHHOTO
nporpamyBanHs [1,2,3,4], He € MeToI0 JaHOTO TOCiOHMKA. CKOPUCTAEMOCS THM, IO
Mpolielypa CUMIUIEKC-METO/y peaii3oBaHa B CTaHIAApPTHOMY MaKeTi B CEPEOBHIII
Excel «llouck pemenus». Ilpuknan mpakTHYHOTO BUKOPHUCTAHHS 1€l MPOILEAYypH
PO3IIIIHYTO Y IPaKTUYHIN poOoTi 4 po3aiia 5.

Buxonasimu Bci HeoOxiaH1 onepairii B naketi «[louck pemenus» B Excel mis
3amaui (4.24), (4.26), oTpuMaeMo ONTHUMAJIbHUN PO3MOALT JeOITIB CBEPJIJIOBHH:
Q1= 646,29 M*/n06y, Q= 646,29 M*/n06y, Q3= 644,07 M*/n06y. Ha puc.4.11
MOKAa3aHO PO3MOALT 3HWKEHb PIBHS MiA3€MHUX BOJ, IO BiAMOBIAA€ ONTUMAaIbLHUM
nediTaM CBEpAJIOBUH, 3a SIKMX 3HW)KEHHS B YChOMY BOJOHOCHOMY TOPHU30HTI HE
MEepPEeBUIYIOTh 15 M, mpu IbOMY MaKCHUMaJlbHE 3HWKEHHS PO3pPaXOBYEThCS Ha
BiJICTaHi Iy BiJ] OC1 CBEP/NIOBUHU. Y PE3yNbTaTi BiIOOPY BOAU (POPMYIOTHCS TPU 30HU
3HIDKCHHSI 3 LIEHTPaMU Yy MICHSX PO3MIIIEHHsS CBepioBUH. DparMeHT apkyiia B
Excel qyig momryky onTUMabHOTO pO3MOALTY Ae6iTiB Moka3aHo Ha puc. 4.12.

1__,.-"""‘ h““-—._,_,__ﬂ_m
A= L RSN
g IR
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20 '
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0 o010 Ann £AR
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Pucynok 4.11 — PiBeHp mig3eMHUX BOJ MpU poOOTI CBEPAJOBUH BiIHOCHO
MOYaTKOBOTO IMOJIOKeHHS Z = 0

A B C D
1 [Oebitn ceepanoBUH m3/no6y
2 Q1 646.29 3a pesynbTaTaMu po3paxyHHry
3 Q2 646.29
4 Q3 644.07
5
6 Uinbosa dyHkuia, m3/006y 1936.6
7 Q1+Q2+Q3->max S/al1
8 ObmereHHA dakKT
9 al1*Qi1+a12*Q2+a13*Q3<~= 768.414 768.414 cBepanosuHa 1
10 a21*Q1+a22*Q2+a23*Q3<= 768.414 768.414 ceepAnoBuHa 2
11 a31*Qi1+a32*Q2+a33*Q3<= 768.414 768.414 cBepanoBuHa 3

Puc. 4.12. ®parment pobGouoro apkyma MS Excel 3 pospaxyHkamu
onTUMi3allii BOJIOBIIOOPY CBEPIJIOBUHAMU

KonTpoubHi nuTanus a0 miaposainay 4.1

1. BukonaiiTe iHTeprpeTalio 3MIHHUX Ta KOE(ILIEHTIB Y 3a1a4l ONTUMI3alli
(4.24), (4.26).

2. PozkpuiiTe CyTh aITOPUTMY CUMIIIIEKC-METOY.

3. Sk BUKOHYETBCS MOUIYK ONTHUMAJIBLHOTO PO3B’A3KY CHUMILIEKC-METOJIOM Yy
MS Excel?

Jlitreparypa no po3uiny 4

1. XKangak M.I. OcHoBu Teopii 1 MeromiB ontumizamii / M.I. Kangak,
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Po3ain 5
INIPAKTHUYHI POBOTHU

5.1. IlepeBipka rimore3u npo PiBHOMIpHUI PO3MOALT KIIBKOCTI 3CYBiB
NPOTArOM POKY

3a60annsa. 3a NaHUMU MOHITOPHHTY IIOMICAYHO PEECTPYEThCS 3arajibHa
KUIBKICTh 3CYBIB Ha TepuTOpii pailoHy. Ha OCHOBI IuX JaHUX BHUCJIOBJICHO
OPUIYIICHHST TMPO aKTHBI3AII0 3CYBIB y BECHSHUW IMepios, TOOTO Mpo Te, IO
KUIBKICTb 3CYBIB 3MIHIOETBCS IPOTATOM pOKY. JlJis MATBEPIKEHHS YU CIIPOCTYBAHHS
BOr0 CIHIJI TEPEeBIPUTH CTATUCTUYHY TINOTE3y LI0JI0 PIBHOMIPHOTO PO3MOILTY
KUTBKOCTI 3CYBIB Ha MICSIb SIK BUIIAJIKOBOI BEJIMYMHU MPOTATOM POKY SIK MEPIOTY
CrocTepekeHb. AHAJIOT1UHA 3aj/laya 111010 HEPIBHOMIPHOCTI OMOB3aHb OOPTY Kap’e€py
posrisaanacs B [Ommoka! McTOYHMK CCHUIKH He HaliIeH. ].

Bioomocmi 3 meopii. Bynemo HaOMMKEHO pO3MIISIIATU PIK AK LUK 3 MEP10J0OM
2nt Ta 12 iHTepBasiaMu (MICSISIMU), MPU LIBOMY KOKHOMY MICAIIO BiJNOBIIaTUME
Jyra OKpY>KHOCTI 3 KyToM 27/12 = 30°. CepeauHul ayr, 10 BIAMOBIAAIOTH KOKHOMY
MICSILIIO, MAIOTh KYTOBI KOOPJAMHATH

Q:M,izl,...,ﬂ, (5.1)
12
PO3paxyHOK SIKHUX IMOKa3aHo Ha gparmenTi apkymia MS Excel (puc. 5.1).

BunankoBa KyToBa BeIMYMHA PIBHOMIPHO PO3MOJUIEHA, SKIIO il HIUIBHICTH

posnoaiiay iMoBipHOCTEM BusHadaeThes Sk f(0)=1/27. V upomy pasi BuGipKOBi

3HAYCHHS HE KOHIICHTPYIOTHCSA HAa SKOMYCh IHTEpBaJli Ta MalOTh MaKCHMaJIbHHMA
PO3KH/I, OCKIJIKA KYTOBa JUCHIEPCIs IPU LIBOMY PO3MO1LI1 TOPiBHIOE 1.

[leit po3moain 3ycTpidyaeTbCd Yy 3aMipax OpIEHTYBaHHSA YJIaMKIB Yy
JETIOBIaIbHUX BIKIJIAAax 1 ByJkaHIYHUX Opekdisx [OmuOka! MCTOYHUK CCHLIKHU
He HaiiJIeH. .

[Ninmote3y mpo piBHOMIPHUI PO3MOJIL KYTOBOI BETWYMHU MPU MajgoMmy 00’ emi
BUOIPKM MOJKHA TEPEBIPUTH 3a KpUTEpieM piBHOMIpHOCTI Penes. 3a BuGipkoBUMH
JTAHUMHU OOUYHUCITIOETHCS BETMYNHA

(5.2)

AC S_cos :EiCOSHi ) S_sin :iismei '
n n“s

i=1
Bemnunna R mopiBHIOETbCA 3 ii KPUTUYHMM 3HaueHHAM R, 11 00’emy

BUOIpKHU N 1 npuiiHsITOro piBHs 3HauymiocTi o (Jomatox E). IIpu n > 100 BenmyuHa
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2nR? HaGMIKEHO PO3MOJIEHA 332 3aKOHOM #° 3 IBOMA CTYHNEHAMH BibHOCTI
[Omm6ka! UcTOYHHMK CCHLIIKH He HaWIeH. ].

Pospaxyuxu. Bignosigno no dopmyn (5.1) ta (5.2) nmpoBeaemMo po3paxyHKH
(puc. 5.1), 3riAHO 3 IKUMHU OJICPKUMO

S|

S~ 2052|0268 5.~ 22 )—-o0.28n =L+ 52 0386

[Tpu po3paxyHKy BelIHUuH y cTOBMUMKax D-G 3HaUYe€HHS cepeluHU 1HTEpBaIy
HEPEBOAATHCS 3 TPaAyCiB y pasilaHu.

A B C D E F G

Micaub Hmbmfjb . Cepepuna sin() ni*sin() cos() ni*cos()
1 3cyBie | IHTepBany, rpag
2 I 0 15 0.259 0.000 0.966 0.000
3 I 1 45 0.707 0.707 0.707 0.707
4 1 2 75 0.966 1.932 0.259 0.518
5 v 5 105 0.966 4.830 -0.259 -1.294
6 v 3 135 0.707 2.121 -0.707 -2.121
7 Vi 1 165 0.259 0.259 -0.966 -0.966
8 Wil 2 195 -0.259 -0.518 -0.966 -1.932
9 VI 1 225 -0.707 -0.707 -0.707 -0.707
10 IX 2 255 -0.966 -1.932 -0.259 -0.518
11 X 1 285 -0.966 -0.966 0.259 0.259
12 Xl 1 315 -0.707 -0.707 0.707 0.707
13 Xl 0 345 -0.259 0.000 0.966 0.000
14 Pasom 19 5.019 -5.347
15 PieHi sHauywocTi
16 | Ssin 0.264 0.1 0.05 0.025
17 | Scos -0.281 RO 0.323 0.367 0.405
18 R 0.386 niareepa. |NigTeepaHs.| He NigTe.

Puc. 5.1. ®parment apkyma MS Excel 3 po3paxyHkamu sl TEpeBIpKU
TINOTE3u PO PIBHOMIPHUI PO3MOILT KIJTBKOCTI 3CYBIB MPOTSATOM POKY

Bucnoeox. TakuMm 4uHOM, 3HaueHHs BenuuuHn R = 0,386 mepesumye ii

KPUTHYHI 3Ha4Y€HHS 3 po3nonauty Penes mns piBaiB 3Hauymocti o = 0,1 ta 0,05 nus
00’emy BUOIpkH N = 22, mo 3rigHo 3 JoaatkoM E nopisHioroTs BignosiaHo 0,323 Tta
0,367. Ha ipbomMy piBHI 3HAYYIIOCTI TiMoTe3a Mpo PIBHOMIPHUN PO3MOJII KiJIbKOCTI
3CYBIB MPOTATOM POKY BIJIKUJAETHCS, TOOTO MOKHA CTBEPJIKYBATH, 1110 aKTHUBI3allisl

156



3CyBiB Mac Cce30HHMII Xapakrtep. IIpu mboMy 3HaueHHs BenmmumHd R = 0,386 He

nepeBuInye ii KpuTuuHe 3HadeHHs 3 po3nojainy Penes 0,405 ms pisas o = 0,025 ns
o0’emy BuUOipkn N =22. ToMy Ha I1bOMY piBHI 3HAYYIIOCTI TilMOTe3a PO
PIBHOMIPHHUH PO3MOALT KIJTBKOCT1 3CYBIB IPOTSITOM POKY HE BIIKHUIAETHCS.

Criz BpaxoByBaTH, 1110 Mpu 00poOIIi Ta aHa131 T€OJOTTYHUX JIaHUX 3 BITHOCHO
HEBEJIMKUM 00’€MOM BUOIPKH BUKOPHCTAHHS BUCOKOTO piBHA 3HauymiocTi 3 a < 0,05
4acTo HE € BUIPABIAHUM. 3 ypaxyBaHHSM I[bOTO MOXXHA BIIKHHYTH TIiIIOTE3y PO
PIBHOMIPHUIN PO3MOALT Ta 3p0OUTH BUCHOBOK PO CE30HHY aKTUBI3AIIIIO0 3CYBIB.

Ogopmnenns pooomu. 3BIT 3 BUKOHAHOI POOOTH Ma€ MICTUTH TIOCTAHOBKY
3aBJIaHHS 3 BIIACHUM BapiaHTOM JaHUX JJS PO3paxyHKy, CKpIHIIOT 3 apkyma MS
Excel, ananoriunmii pwuc.5.l, Ta BHCHOBOK 3 IHTEpIIPETAILliEl0 OTPHUMAHOTO
pe3ynbTary.

5.2. OgHodakTopHHUiil IUcHepciiiHMIl aHATI3 3pa3KiB BYrijuIs

3asoanns. YHACHIIOK PO3BIAYBaHb HA JUISHIIL BYTUIBHOTO POJOBHUIIA
B1/110paHi 3pa3Ku 3 KUIbKOX IIAPIB 3 PI3HUM yMICTOM ByrJiento. Jjist BUOIpOK pi3HOTO
00’eMy 3 pI3HUX IIIapiB BU3HAUCHI Kiacu(iKalliiiHi MOKa3HUKH, 30KpeMa, TeIioTa
3TOpSIHHS BYT1UIA. ByJio BUCJIOBIIEHO MPUMYIIIEHHS, IO TEIIOTA 3TOPSHHS 3aJICKUTh
Bl TOr0, 3 SKOTO BYTUIBHOTO IUIacTa Oynau BifiOpaHi 3pa3ku. SIKIIO KITBKICTh
BUOIPOK MEPEBUILYE JB1, TO AJIA aHANI3y Oy/eMO BUKOPUCTOBYBATH OAHO(DAKTOPHUN
JTUCTICPCIMHUIN aHaM13.

Bioomocmi 3 meopii. JIns BUpIlIEHHS 3aBAaHHS 3aCTOCYEMO MPOUEAYPY
HEPIBHOMIPHOTO OJHO(PAKTOPHOTO JUCIEPCIMHOrO aHai3y (miapo3aut 3.2) 1t Tphox
BUOIpoK (M = 3). [To3HauuMo yepe3 Xij, X2i, X3i €IEMEHTH BUOIPOK (TETUIOTY 3rOPSHHS
BYTiuIs1) 3 00’ eMamu (1, U2, (3 BIIMTOBIIHO.

Tonmi 3arampbHa cyma KBaApaTiB BIIXWICHb BU3HAYAETHCS 3a (HOPMYIIOIO
[Omm6ka! UcToOUHHMK CCHUTKH He Hali/leH. |

2
(Vi +V, +...+V,)

C,=(U,+U,+..+U )- - , (5.3)

d;
ne U, = ZX”? — CyMa KBaJIpaTiB €JIEMEHTIB |-1 BUOIpKU, TOOTO BUMIPIOBAHb 3 J-TO
i1
4
mwiacta, V; = Z Xji — CyMH €NEMEHTIB BUOIPKH 3 |-TO IIACTa, N — 3arajibHa KUIbKICTh
i-1
3pa3kiB Byriuig, N=0, +0, +...+0,,.

daxTopHa cyMy KBaJpaTiB BIIXHJIEHb OOYHCIIOETHCS 32 (HOPMYIIOIO
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2
Ui Yy U; (MLt +Y) |

C, = (5.4)
G G, 0 n
3aMIIkoBa cyMa KBaJIpaTiB BIAXUJIEHb OOUUCITIOETHCS 32 POPMYIIOIO
C =C,-C,. (5.5)
3nauenHs kputepiro Dimepa 0OUUCTIOETHCS K BIAHOIICHHS
Sy
F= S_f , (5.6)
C C C
ne Si=—2%, Si=—01 S§f=—"r_.
n-1 m-1 n—m

Benuuuna F mOpiBHIOETHCS 3 KPUTHYHUM JIJIs1 33]JAHOTO PIBHS 3HAUYIIOCTI @@ Ta
Yrclia CTyneHiB BitbHOCTI K3 =m —1 ta ky=n — m. Skmo F > F(a, ki, K2), To MmokHa
CTBEPJIKYyBaTH, 10 (PaKTOp BIIMIHHOCTI IUIACTIB € CTaTUCTHUYHO 3HAYYIIUM 1 MOTrO
cimja OpaTd OO yBard IMpW aHajii3l BIACTHBOCTEH BYTULIS 3a MIPOCTOPOBHM
pO3TaIlyBaHHSIM IIIACTIB Ta TOXO/DKEHHsIM. [Hakme meld ¢akTop BBaKAETHCS
HE3HAYYIITIM.

Pospaxynxu. 3naueHHs1 e1eMEHTIB TPhOX BUOIPOK PI3HOTO 00’ €MY YBOASTHCS B
croBmuuku D, C, F (puc. 5.2). [IpoMixkHI BeTWYUHU OOUUCITIOIOTHCS Y psankax 18-23.
OcHOBHI BENWYMHHU JJisi PO3paxyHKy craructuku @Dimepa F y psankax 25-27
po3paxoBytoTbes 3a dopmynamu (5.4) — (5.6). Kputnune 3HaueHHs 3 poO3MOALTY
®imepa y komipii E30 obuncmoerbes pynkuiero «F.OBP.ITX(B30;C30;D30)».

[IpaBuBHICTP BUKOHAHMX PO3PAXyHKIB MOXHA TEPEBIPUTH CTAHIAPTHOIO
IPOLEAYPOIO OTHO(PAKTOPHOTO aHaM3y, sKa JOJAEThCS 0 MEHIO «JlaHHbIE» B MEHIO
«Hanctpoiiku» B Excel. Pe3ynbTaT 11b0T0 po3paxyHKy MoKa3aHo Ha puc. 5.3.

OOuncnene 3HaueHHa cratuctuku Pimepa F 3,16 He mepeBullye KpUTHUHE
3HaueHHd 3,28, oTxke, A JaHUX BHUOIPOK BIUIMB (AKTOpa CTATUCTUYHO HE
3Hauymuii. PazoM 3 TuM, 1€ 3HaYEHHS BUIIE 33 KPUTHYHE TSI OUIBII CTAaOKOTO PiBHSA
3Hauymocti 0,1, TakuM YUHOM, pe3yibTaT € YyTJIMBUM JO HE3HAYHUX MOXUOOK Y
BUMIPIOBAaHHAX. 30KpeMa, y pa3i 30UIbIIEHHS JIUIE OJHOTO eJIeMEHTa TPEeThOl
BuOipku y koMipiii F4 3 33,0 no 33,2 3nauenns cratuctuku dimepa ctanoButs 3,31 1
MepeBUlLye KpUTUYHE [ piBHSA 3Hauymocti 0,05, mo Moxke oOrpyHTyBaTH
BHCHOBOK TPO 3HAUYIIICTh (haKTOpa MOJIOKEHHS BYTIJIBHOTO IUIacTa Ha TEIUIOTY
3TOPSIHHS BYTULISI HA JAHOMY POJIOBHIIII.

[Ipu BukoHaHHI poOOTHM TMOTPIOHO MIATBEPAUTH TMPABWIBHICTH CBOIX
PO3paxyHKIB CTAaHJAPTHOIO MPOIETYPOI0 OJHOGAKTOPHOTO JUCTIEPCIHHOTO aHATI3y B
MS Excel. Bapiautu u1st po3paxyHKy HaJAalOThCsl BUKJIAa4eM OKPEMO.

Ogopmnenns pooomu. 3BIT 3 BUKOHAHOI POOOTH Ma€ MICTUTH TOCTAHOBKY
3aBAaHHS 3 BJIACHUM BapiaHTOM JAaHUX JAJIsl PO3PaxyHKY, CKpIHIIOTH 3 apkyma MS
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Excel, amanoriuni pwuc.5.2 Ta 5.3, BHCHOBOK 3 IHTEPHPETAII€I0 OTPUMAHOTO

pe3yiibTarty.

A B C D E F G
1 Maacr 1 Maacr 2 Maacr 3
2 M= enemeHTd My xj_:z Xz xz_:z Kz x_,f
3 1 32.7 1069.3 31.1 0672 32.2 1056.8
4 2 33.1 1095.6 31.3 9797 33.0 1085.0
5 3 31.5 952.3 32.6 1062.8 33.9 11452
] 4 317 10049 33.9 11452 33.0 1085.0
7 5 32.1 10304 33.0 1089.0 33.1 1095.6
8 & 32.3 1043.3 32.1 10304 32.1 1030.4
9 7 31.2 89734 32.1 10304 326 1062 .8
10 B 31.7 10049 32.2 1036.8 322 1036.8
11 o 32.2 1036.8 31.7 10049 33.7 1135.7
12 10 325 1056.3 32.2 1036.8 321 1030.4
13 11 32.1 10304 33.1 10495.6
14 12 329 10824 32.2 1036.8
15 13 319 1017 .6
16 14 33.0 1089.0
17 15 31.1 09672
18 RinbKiCTE 15 10 12
19 Cyma 4820( 154838 3222 103B7.3 393.2| 128882
20 CepenHe 32.15 32.22 3277
21 | AOucnepcia| 0.395238 0664 0.39697
22 eNeMeHTIE N dakTopis n-1 p-1 n-p
23 |3aranbHa HinbKIiCTh 37 3 26 7 24
24
25 (Cg 18 82703 52 g 0522973 F 3.159956
26 (Cf 2951027 2 f 1475514
27 |Cr=Cg-Cf 15876 2 r 0466841
28
28 |diwep-tecT a k1 K2 Ferfa,k1,k2}
30 0.05 2 34 3.275898

Puc. 5.2. Pe3ynbraTu po3paxyHKiB 3a OJHO(PAKTOPHUM AUCIEPCIAHUM
aHaIi30M

A B C D E F G H 1 ] K L M
Mnactl Mnact2 TMnacr 3
2 |Ng eneme Xy i Xz Anova: Single Factor
3 1 32.7 31.1 32.2
4 2 33.1 3L.3 33.0 SUMMARY
5 3 3L.5 32.6 33.9 Groups  Count Sum  Averoge Variance
6 4 31.7 33.9 33.0 Column 1 15 482 32.13333 0.395238
7 5 32.1 33.0 33.1 Column 2 10 322.2 32.22 0.664
8 ] 32.3 32.1 321 Column 3 12 393.2 32.76667 0.39697
9 7 31.2 32.1 3.6
10 ] 31.7 32.2 32.2
11 9 32.2 317 33.7 ANOVA
12 10 32.5 32.2 32.1 Source of Variation 55 df MS F P-value F crit
13 11 321 33.1 Between Groups 2.931027 2 1.473514 3.159956 0.05512 3.275893
14 12 32.9 32.2 Within Groups 15.876 34 0.466941
15 13 31.9
16 14 33.0 Total 18.82703 36
17 15 31.1
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Puc. 5.3. Pesynprati 01HO()AKTOPHOTO AUCTIEPCIMHOTO aHAIII3y CTaHIAPTHOIO
HPOIIETyPOIO B Excel
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5.3. IlepeBipka kopeJsinii Mi’k JBoMa BuOipkamu. PanroBuii koe@inieHr
Cnipmena

3asoanns. Ilpu npoBeIeHH] T1APOTe0JIOTYHUX JOCIIKEHb 3 METOI0 BUBUCHHS
MNOTY)KHOCTI Ta TIAPABIIYHOI TMPOBIJHOCTI BOJAOHOCHMX IIapiB Ha mpodiii
CBEpIJIOBUH OynHM BHKOHaHI Teodi3uyHi poOOTH METOIOM eJeKTpopo3Biaku. Ha
OCHOBI OTPUMaHUX JAaHUX OYJO BHUCIOBJICHO TMPHUIYIICHHS IIOAO 1CHYBaHHS
KOPEJAIIMHOTO 3B’S3Ky MIDK eJEeKTPUYHHM OIOpPOM TIOpig P 1 BIJHOCHOIO
MOTY>KHICTIO TOPU30HTY TPaBIWHO-TAIBLKOBUX BIAKJIAAIB My, 110 SKUX BiJHECEHI
BOJIOHOCHI TOPU3O0HTH. J[JIs1 MIATBEPIKEHHS] Y CHPOCTYBAHHS LBOTO MPHUITYIICHHS
CJI1/T BU3HAYUTH KOE(IIIEHT KOPEJISIIil Ta HOT0 CTATUCTUYHY 3HAUYIIICTb.

Bioomocmi 3 meopii. T'inote3y Mpo HAsBHICTh KOPEJAIIAHOTO 3B’S3KY MIXK
3HAYEHHSAMH E€JEKTPUYHOTO ONOpYy MOPiA 1 BIJHOCHOKO MOTYKHICTIO BOJIOHOCHOIO
TOPU30HTY MEPEBIPUMO 3a JOIMOMOTOI0 PaHTOBOTO Koedimienta kopensiii CiipmeHa
Ta TOPIBHAEMO MOro 31 3BUYAWHUM KOE(IIEHTOM KOPEJSIli, BU3HAYMBIIM iX
CTaTUCTUYHY 3HAYYIIICTh.

VY pasi manoro 06’eMy BUOIPKH Ba)KKO MEPEBIPUTH TIMOTE3Y MPO BIAMOBIIHICTH
EMIIIPUYHOTO PO3MOALTY, 30KpeMa, HOPMAJIbHOMY 3aKOHY. ToOal BUKOPUCTAHHS
3BUYAHOro Koe(ilieHTa KOpessii crae miJ NUTaHHAM. [HOAl pO3KuA OJHIEl 3
BEJIMYMH € JIOBOJII IIUPOKKUM 1 csirae 1 — 2 mOpsAaKiB, TOMI 3HAYEHHS 1HIIOI BETUIHHHA
MarOTh 3HAYHO MEHIIUN PO3KHU/I.

VY TakoMmy BUNAAKY JUIsI TIEPEBIPKU TIMOTE3U MPO HASBHICTH KOPEJSIIHHOTO
3B’SI3Ky MOXHA BHUKOPHUCTOBYBAaTH paHroBuii koedimieHT kopensmii CripMena
[Omm6ka! Mcrounmk ccbliku He HaWgeH.]. /s #oro pospaxyHKy BHOIPKOBI
3HAUEHHS JOCIHIIKYBAaHUX BHITAJIKOBUX BEIUYMH 3aMIHIOIOThCS I1X paHTaMH B
MOPSIIKY 3pOCTaHHS.

Panecom Ha3uBaeTbcs HOMEp €JIeMEHTa BUOIDKM B TMOPSAKY 3pOCTaHHS.
BBaxkaeTbcs, 10 SKIMIO MikK BHOIPKOBUMHM 3HAUYCHHSIMU HEMAa€ KOPEISIINHOT
3aJIC)KHOCTI, TO PAHTH ITUX BEJIMYMH TEX OYyAYTh HE3aIC)KHUMH.

PanroBuii koedimieHT KOpensIii po3paxoByeThes 3a (OPMYIIO0

r=1- _1) Z (5.7)

n(n’
ne O — pi3HUIsT paHTiB BiAMOBIIHUX 3HAYCHD JOCTIHKYBAHUX BEJIUYNH; N — KITBKICTh
nap y BuOipii. Y po3rJISHYTOMY BUIAJKY JOCIIKYBaH1 BEJIMYMHU € CJICKTPUUYHUN
OTIip MOPIJ p 1 BITHOCHA MOTYKHICTh TOPU30HTY IPaBIHO-TATLKOBUX BIIKJIAIIB My,
3a HaAsABHOCTI KUIBKOX Map 3 OJHAKOBUMH 3HAYEHHSMH pPaHTy KoedilieHTa
KOpeJAIii Aemo 3MiHeThes [Ommoka! MCTOYHHK CCHIJIKH He HalIeH. |:
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6 n
r=1-———> (d?+T°+T7), 5.8
) >
ne T1 1 T, — monpaBKM Ha MOBTOPEHHS €JIEMEHTIB 3 OJTHAKOBUMM PAaHTaMU Y TIEPIIi

Ta Apyrii BUOipKax BiANOBIAHO. BoHn 00YNCITIOIOTHCS 32 GOPMYIIOI0
1 k
ng = _Za;. - |§’i) ) (59)
1253

ne |.; — KUIBKICTh JaHWX 3 MOBTOPIOBAHNMH PAHTaMH CIEMEHTA y BHOIpLI 3HAYCHB

napameTtpa ¢; K — KUIbKICTb TPYIT 3 TOBTOPIOBAHUMH paHTaMHU.

st mepeBipKM  3HAYYHIOCTI PAHTOBOTO KOE(IIl€EHTa KOpPEJsAlii MOXKHa
BUKOPHUCTOBYBaTH BenuuuHy =272 ( p) / Vn-1, ne Z(p) — 3HauCHHS 3BOPOTHOI
(GyHKLIT HOPMAIBHOTO PO3MOALUTY HpH JAOBIpYIA HMOBIpHOCTI p. SKmO I > ry, TO
KOpEJSLIMHUHN 3B’ 130K MOYKHA BBAXKATH CTATUCTUYHO 3HAUYIIIUM.

BHCHOBKHM 1110/10 iICHYBaHHSI KOPEJISIIIHOTO 3B’sI3Ky Ha OCHOBI KoedilieHTa
CnipMeHa MOXHa MOPIBHATH 3 MEPEBIPKOIO 32 3BUYANHUM KOE(IIIEHTOM KOPEISAIIII.
Moro cTaTMcTHYHA 3HAYYIIICTh TIepeBipsAeThes 3a Gopmystoro (2.98).

Pospaxynxu. Bignosigno no dopmyn (5.7) — (5.9) npoegemo oOYMCIECHHS,
pe3yJbTaTH AKUX HaBEJIEHO Ha puc. 5.4. 3HaueHHs 3BOPOTHOI (DYHKI[II HOPMAJIHLHOTO
posnoxiny Z(p) ans moipuoi iimosipHocti 0,95 nopisuioe 1,64, a 1st 10Bipuoi
rmoBipHocTi 0,99 — BigmosigHO 2,33.

3HaueHHs paHry B croBmuukax C ta E 004HCIIIOI0TECS 32 JOMOMOTOK0 (DyHKIIIT
«PAHI'.CP» y Burmsui

R, =n-PAHI .CP(x,, X)), (5.10)
ne Ri — panr i-ro enmemenTta BuOipku X; y BuOipii X 3 N enemeHTamu; (GyHKIIISA
«PAHI'.CP» o0uucnioe cepeqHe 3HAUYEHHS paHTy B pas3l KUIBKOX OJHAKOBHX
€JIEMEHTIB y BUOIpIIi.

Bucnosox. Po3paxoBaHe 3Haue€HHS paHroBoro koedimieHta xopessmi 0,65
nepeBullye kputuuHe 3HaueHHs 0,494 nns nosipyoi MoBipHOCTI p = 0,95 (piBeHb
3Hauymocti = 0,05); omke KOpensAiiHUN 3B S30K MK 3HAYEHHSMH BITHOCHOI
MOTYXKHOCTI Ta EJIEKTPUYHOTO OIMOPY BOJOHOCHOTO TOPH3OHTY IMiATBEPIKYETHCS.
3BuyaitHuii  koedimieHT kKopensmii 0,664 OMuM3bKUNA 10 PAHTOBOTO KoedillieHTa
KopeJsinii, a BigmoBigHa ctaTtucthuka t= 2,808 mepeBuiye BiAMOBIAHE KPUTHUYHE
3Ha4YeHHs 115 po3noauty CterofieHTa 2,23 3 qoBipuor0 iMoBipHicTiO p = 0,95.

KopensuiiHuii  3B'I30K  HE MIATBEPKYETHCS Il OUIBIIOL  JOBIPYOi
“mosipHocTi P = 0,99 (piBers 3Hauymocti « = 0,01), sk s panroBoro koedimieHTa
kopersii 0,65, mo He mepeBurnye kputuaaoro 3HaueHHs Z(0,99) = 0,703, Tak i mist
3BuuaiiHoro koedimienta kopemsauii 0,664, cratuctuka s sikoro 2,808 He
MEPEBUILLYE BiIMOBIAHOTO KPUTHYHOTO 3HaUeHHA 3,17 3 po3noniny CTbio/ieHTa.
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3Bakalouu Ha Te€, L0 JJS TE€OJOTIYHHUX JaHUX, OCOOJMBO NPH HEBEIHUKOMY
00’emi BuOipkH piBeHb 3HauymocTi = 0,05 € NpuUiHATHUM, MOKHA CTBEPKYBaTU
PO TICHUM KOPEAIMHUN 3B'A30K MiXK BIJHOCHOIO MOTYXHICTIO Ta €JIEKTPUYHUM
OIOPOM BOJIOHOCHOTO TOPH30HTY. TOMY BHMKOPHCTAaHHS IaHOTO TIe0(i3uYHOTO
METOJly TpH MPOBEACHHI TIAPOTEONIOTIYHUX AOCHIKEHb Y JaHOMY BUIAAKY €

OOTpYHTOBAHHM.
A B C D E F
BigHOCHE NOTYHHICTE EASKMpUYRUG omip
Mz cBepg- 42
- NOBHHK | 3Ha4eHHA, 2o PEHr  |3HA4YeHHA, 3a| padr
3 1 B3 g 203 ! ] 0
4 2 ) 12 214 10 4
5 3 42 6.5 131 ) 0.25
7] 4 27 3 cB 55 6.25
F) 5 29 4 6B 55 2.25
g B 31 5 19 1 16
O 7 20 1 52 4 O
10 2 6o 10 181 2 4
11 9 22 2 29 2 0
12 10 42 B.5 353 11 2025
13 11 I 11 481 12 1
14 12 48 B 45 3 25
15 KoediwienT Cnipmena Cyma B8
16 n | 12 Bubipra 1 Bubipra 2
17 MOsMopRaaR] pOHZU 2z 2
18 p=0.95 p=0.99 Ty
19 Zip) 1.64 2.33 T:
20 r 0.650 Sum{d;)+T, 4T, 100
21, 0.494 0.703 |
12 3BMYBHHMA KoedilieHT KOpenALLi
23 r 0.664 alpha=0.05 EIpha:ﬂ.-ﬁﬂalpha:ﬂl.-ﬁll
24 t 2 B08 Taanz 2.23 276 3.17

Puc. 5.4. ®parment apkyma MS Excel 3 po3paxyHkamu [jisi BU3HAYCHHS
KOPEJSIIIITHOTO 3B 3Ky MK €JIEKTPUYHUM OIOPOM IOPiJI 1 BIIHOCHOIO TOTYKHICTIO
BOJIOHOCHOTO TOPH30HTY

Odgpopmnenns pobomu. 3BIT 3 BUKOHAHOI POOOTH MA€ MICTUTH TMOCTaHOBKY
3aBJaHHS 3 BJIIACHUM BapiaHTOM JAHUX JJIsl PO3PAXyHKY, CKPIHIIOT 3 apkyma MS
Excel, anamoriunmii pwuc.5.4 Ta BHCHOBOK 3 IHTEPIPETAINIEI0 OTPUMAHOTO
pe3yIbTaTy.
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5.4. Onrumizanisg BUI00YTKY KOPMCHUX KOMAJIUH

3aé0anusa.  BupoOyBaHHS — 3ami3HOT  pyau  3MA1MCHIOETBCA  TpbOMa
nignpueMcTBaMu oAniel kommnanii. Kommanis mae meBHI TexHiuHI Ta (hiHAHCOBI
OOMEXEeHHsI Ha MPOBEJICHHS Te€0JIOTOPO3BITyBAIbLHUX, PO3KPUBHHX, MIATOTOBUMX Ta
OYUCHUX POOIT, a TaKoXX Ha PEKyJIbTUBAIII0 TMOPYIICHUX 3eMenb. Buxomsuum 3
MO>KJIUBUX KOJMBAaHb BAPTOCTI CUPOBUHH, HEOOX1THO ONTUMI3yBaTH BHIOOYTOK pyau
Ha TPbOX MIANPUEMCTBAX VISl JOCATHEHHS MAKCUMYMY PUHKOBOI BApTOCTI CUPOBHUHH.
Bci orinku mpoBOASITECS 171 TIEPIOAY OJUH PIK.

Bioomocmi 3 meopii. O6csiru BUA0OYyTKY CUPOBHHH TTO3HAYUMO Yepe3 X1, X2, X3
(T), a 11 pUHKOBY BapTiCTh, SIKa 3aJICKUTh BIJ] SKOCTI CUPOBUHH, a1, 82, a3 (YM. 011.),
BIJIITOBIJTHO.

3aranpHl MaKCHUMaJbHO MOXIIMBI BUTPATH [JIsi KOMIIAHIi Ha BCIX TPbOX
MIAIPUEMCTBAX CTAHOBJIATH (B yM. OJ.): Ha MPOBEACHHS TI€0JIOrOPO3BIyBaJIbHUX,
PO3KPUBHHUX, MiJMOTOBYUX Ta OYUCHHX POOIT Do, eKCIUTyaTaIliiiHi BUTpATH, y TOMY
YUCJII HAa BEHTWIALII Ta BOJOBIAJUB, Co, Ha pEKyJIbTHUBALIO, Y TOMY YHCII
3aKJaJlaHHs  BHPOOJICHOTO Tpoctopy, do; Ha yHOpaBImiHHA Ta MIATPUMKY
inppactpykrypu  fo.  ITutomi  BuTpatm  (yM. OA./T) Ha  TNPOBEACHHS
re0JIOrOPO3BiAyBaJIbHUX POOIT HA KOKHOMY IiAMPUEMCTBI TO3HAYMMO depe3 D1, by,
b3; muTOMI eKcIuTyaTalliiiHi BUTpaTH, y TOMY YHCJII Ha PO3KPHUTTS, MiITOTOBKY Ta
OUYMCHI poOITH, C1, Cp, C3; MUTOMI BUTPATH Ha PEKYJIbTHUBALIID, Y TOMY YHCII
3aKJaJaHHs BUPOOJIeHOro mpoctopy, di, dz, ds; mUTOMI BUTpaTH Ha yHpaBIiHHSA Ta
HiATPUMKY iHGpacTpyKTypH, f1, T2, f3.

Toni 3amauy onTuMizallli MokHa opMasizyBaTy y BUTIISII

J =a X +a,X, +a;X, — max, (5.11)
b.x, +b,X, +b,x, <b,,
C,X, + C,X, + CyX; < Cy,

A2
d,x, +d,X, +d,x, <d,, (5.12)

fx + £,X + fx, < f,.

Tyr J — uuiboBa (yHKIS, IO JOPIBHIOE PUHKOBIM BapTOCTI CHUPOBUHH,
BUJI00YTOT HA TPHOX MiANPUEMCTBAX.

OTxe, 3aBAaHHA MOJSTAa€ B TOMY, 1100 3HAWTH X1, X2, X3, 32 SKUX 3HAUCHHS
uiIboBoi (GyHKUii J Oyne makcumanbHuM. KpiMm TOro, HeoOXiAHO AAaTU MPOTHO3
J0XO0Jly KOMIaHii, KU BU3HAYA€THCS PI3HUIICI0 PUHKOBOI BapTocTi. [Ipu mpomy
BUPOOHUYI MOTYXHOCTI i-TO MIAMPUEMCTBA 1 KOMIaHIi B LIIOMY OOMEXEHI: X;max Ta

Xz max Ha PiK BIJMIOBIIHO, TOOTO
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Xlgxi,max’
X2 <X

2,max !

X, < X

3,max !

X+ X, + X X

>, max *

(5.13)

Pospaxynru. 1inmsoBa ¢yskiis (5.11) 3a ymoB (5.12), (5.13) makcumizyeThcs
cuMIieKc-meronom (miapo3nin 4.3), skwii peamizoBano B mporpami MS Excel.

Pesynpratu ontumizanii BUAOOYTKY pyau Juisi HAOOpy BUXIAHHX MaHUX (Tadm. 5.1)

HaBeJICH1 Ha puc. 5.5.

Ta6mus 5.1
BuxinHi qauni a1 ontuMizaiiii BUgoOyTKy pyau
Mapaverpu Mogeri Hiz[npnleMCTBo Hil[HpI;GMCTBO HiI[HpI/;EMCTBO Konmatis
Purkosa sapTicTs ai, yM. O11./T ao, YM. O11./T as, yM. OJ1./T
pynu
95 90 85
MaxkcumanbHa Xz, max;
BHpOGHIa X1,max, MJTH T X2,max, MITH T X3,max, MITH T N
MTOTYKHICTh 25 3,0 4,0 9,5
Oomericennsn
I'eonoropossigyBanbhi | b1, ym. om./T b2, ym. om./T | bs, ym. ox./t yMbO(’)ﬂ
podotH 0,7 0,6 0.5 5.4 muH
Excrutyaramiiini C1, YM. O11./T C2, YM. O11./T C3, YM. OJI./T | Co, yM. OJI.
BHUTPATHU: PO3KPHUTTA,
MATOTOBKA Ta OYMCHI 42 40 38 360,0 maH
pobotH
PekynbrHBariis di, ym. ox./T d2, ym. ox./T ds, ym. ox./T | do, ym. ox1.
2,0 2,1 2,2 18,0 maH
YnpaBiiHHS Ta f1, ym. o/t f2, ym. o/t fs, ym. om./t | fo, ym. o1
iH(ppacTpyKTypa 0,8 0,9 1,0 8,1 mutH

[Ipun po3paxyHKy B CTOBIMYUK A 3aHOCSTHCSA ONMCOBI JaHl — KOMEHTapi. Y
koMipiii B6 3amaerscs ¢ynkmist =D3*B2+E3*B3+F3*B4, y komipkax B9 —Bl16 —

(GyHKITIT, 1110 BIMOBIIAIOTE OOMEKEHHSIM:
B9 =0,5*B2+0,6*B3+0,5*B4;
B10 =1*B2+1,1*B3+1,1*B4;
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B11 =0,5*B2+0,6*B3+0,5*B4;
B12 =0,1*B2+0,1*B3+0,1*B4;
B13 =B2; B14 =B3; B15 =B4; B16 =B2+B3+B4.

Jlns mpoBeneHHa onTuMizaiii Tpedba momatu mnaker «llowck pemeHus» y
«Hanctpoiikax» Excel, sikuif ctae BuguMuM y MeHio «Jlanubiey. Ilicias HaTuCKaHHS
tam muiero Ha «llowck pemeHus» 3’sABIA€TbCA BIKHO (puC. 5.6), 1€ 3aTa€ThCs
KoMipka 1iTboBO1 (yHKINT $B$S6 B «V3MeHEeHUs SYCHKH TIEpPEeMEHHBIX» Ta KOMIPKH,
7€ 3a71al0Thcsl 0OMekeHHs «B cooTBeTcTBHM ¢ orpanndeHusiMi»: B9 — B16 mis miBoi
gacTuHU HepiBHOCcTeH (5.12), (5.13), Ta C9 — C16 mist X mpaBoi YaCTHHH.

VY xomipkax DI1:F5 3amatoTbest BUXITHI JIaH1 71l pO3paxyHKy 3MiHU BapTOCTI
BUJIOOYTKY MPHU 3MiHI PUHKOBOI I[IHU PYJIH, IPUUOMY IIJTLOBA (DYHKIIIS 3aJI€KUTh BiJ
3HaueHb y kKoMipkax D3:F3, siki y cBOI0O 4epry MmepeMHOXKYIOThCSI Ha KOE(ILIEHT Y
koMmipii D5. YV pasi mamginng miHu BiH crae Menime 100%, mpu 3pocTaHH] IIHU —
outbmmM 3a 100%.

A B C D E F
1 O6caru BuaobyTry TOHH MJH. TOHH  Baprtictb pyau, S/t
2 X1 2 500 000.0 2.50 al a2 a3
3 X2 3 000 000.0 3.00 104.5 99 93.5
4 X3 3045 454.5 3.05 UiHa, %
5 S MAH. $ 110
6 Linboea dyHKUiA 843 000 000.0 843.00
7 87*X1485*X2+86*X3->max
8 O6memeHHA danT MaKCHUMY M
9 0.7*X1+0.6%X2+0.5%X3<= 5072727.3 5 400 000.0 reonpo3Bigka, o4McHi poBoTH
10 | 42*X1+40%X2+438%X3<= 340727 272.7 360000 000.0 ekcnayaTalidHi BUTPaTH
11 | 2#X142.1%X2+42.2%X3<= 18 000 000.0 18 000 000.0 perynbTUBALIA
12 |0.8*X1+0.9%*X2+1.0%X3<= 7 745 4545 8 100 000.0 ynpaeniHHA, iHbGpacTpyKTypa
13 [X1=<= 2 500 000.0 2 500 000.0 100.0 %
14 | X1=<= 3 000 000.0 3 000 000.0 100.0 %
15 [X1<= 3045 454.5 4 000 000.0 76.1 %
16 X1+X2+X3<= 8545454.5 [ 9 500 000.0
17
18 [Joxig, maH. S 471.45

Puc. 5.5. ®parmenr apkyma MS Excel 3 pesyabraramm onTumizaiii
BUJOOYTKY pyJau

Pezynomamu ma eucnosku. IlignpuemctBa 1 Ta 2 3 OUIBIIOI I[IHOIO PYAH
OyInyTh TIOBHICTIO 3aiisiHI HAa MaKCHMyM CBOiX MOTY>KHOCTeH (2,5 ta 3 MJIH TOHH
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BIJIMOBIJIHO), y TOW dYac fAK MmMANPUEMCTBO 3 Oyzae 3amissHe nume Ha 76,13%
(3,045 muH ToHH 3 4 MuIH TOHH). HaitOinbIra BapTiCTh pyau CTaHOBUTHME 766,36 MITH
yYM. OJ1., TOJ1 SIK JI0X1]] KOMITaHii 32 BUHATKOM BCiX BUTpaT — 394,82 MiIH yM. Of1.

[Tpu 3HmxkeHHi 1iHu Ha 10% cymapHa BapTiCTh PyOd 3MEHIIYETHCS JI0
689,73 Mt ym. ox. (Ha 10%), a moxim — mo 318,18 muH ym. ox. (Ha 19,4%). Ilpun
3poctanHi miHM Ha 10% BapTicTh pyau 30umbmyerhest 10 843,0 mimH ym. ox. (Ha
10%), a moxim — mo 471,75 mmu ym. oa. (Ha 19,5%). Jloxia 3MiHIOETBCS OlIbINE 3a
paxyHOK HE3MIHHOCTI €KCIUTyaTal[lfHIX Ta 1HIIUX BUTpPAT.

- B
ONTHMHIMPOBETE LENEEYID dYHKLIIO!
fo: @ Makaaym () Manamym () SHaueHus: 0
WaMeHAR AYEAKA NEPEMEHHEIX:
$B52:5054 B

B COOTBETCTBHM C OPEHWHEHMAMA!

$B510 <= 5C510
gB511 <= 8C511
$B512 <= 5Cs12
SB513 <= 5C813 M3meHuTH
gB514 <= 5C514
SB515 <= 8C515
8516 <= SCS16 YnanmTe

NobasuTe

[ ChpocuTe

[ 3ArpysHTE fCOXPaHNTE ]

COENaTE NEpeMerHbIE BE3 OrpaHMYEHMA HEOTPMLATENBHEIMK

BribepuTe n " onr El
METOL PElLEHHA: MK PELIEHMA HEMWHERHEIX 33034 METOOOM MapameTpsl

MeTon pelweHa

ANA rNagKux HENMHERHBIN 33134 WONONBb3YHTE NOWMCK PELEHMA HENMHEMHEIX 33484 meTogom O,
ANA AMHERHEIX 33484 - NOWCK PEWEHMSA MMHENHBIX 33434 CHMIAEKC-METOAOM, 3 ANA HEMNAAKHX
3A308Y - SE0MKIUMOHHEIR MOWMCK PELLEHHA,

HaiTi pelweHue ] l 3aKpeITE

Puc. 5.6. JliasioroBe BiKHO AJi 3aBAaHHS TapaMeTpiB ONTUMI3Alli B Mporpami
MS Excel

Ogopmnenns pooomu. 3BIT 3 BUKOHAHOI POOOTH Ma€ MICTUTH TIOCTAHOBKY
3aBJaHHS 3 BJIACHUM BapiaHTOM JAHUX JJISl PO3PAXyHKY, CKPIHIIOT 3 apkyma MS
Excel, ananoriynuii puc.5.5, Ta BHUCHOBOK 3 IHTEPHPETALIED OTPUMAHOIO
pe3ynbTaTy.

Pesynbprarom pospaxyHkiB mMae OyTu TaOmuis, ska chopMOBaHa 3a 3pa3KoM
Tabm. 5.7, ne nokasaHi napaMmeTpu BUA00YTKY (BapTICTh, 10XiA Ta 00CATH BUAOOYTKY
Ha TPHOX MIAMPUEMCTBAX) y aiara3oHi 3miH 1iHu Bix 80% 1o 120% 3 kpoxkom 10%.
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Tadomus 5.7

3pa3ok oopMIIEHHS pe3yJIbTaTiB PO3PaXyHKIB MPAKTUYHOI poOoTH 4

[ina
pyau, %

BunobyTok pynu, MiH T BapricThb

Hoxin,

[Tigmpuemctro | [limmpuemctro | [linmpuemcTBo |  pyaw, VM. 01

1 2 3 yM. O]I.

80

90

100

110

120

Jliteparypa no po3airy 5

1.

MaprtesaoBa A.E. MaremaTtnueckue METOIbl MOAEIUPOBAHUS B T€OJIOTHHU:
yued. mnocobue nans cryaeHTtoB Hanpasienus 650100 «IIpuxnannas
reosiorusi»: B 2 4. / A.E. MaptesHoBa. — Actpaxanb: AI'TY, 2008. — 2 u.
Kaxnan A.b. Maremarnueckoe MOJEIMPOBAHME B TE€OJIOTMU M PAa3BEIKE
MOJIC3HBIX MCKomaembix: yueO. mocobme / A.b. Kaxnan, O.U. 'ycbkos,
A.A. llumanckuii. — Mocksa: Heapa, 1979. — 168 c.
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IPEJMETHHM NOKAXKYNK

AnexBaTHICTH MOJIEl 7
Acumertpis 28

Bapiarmis 31
Bubipxka 21
—00’em 21
— oJtHOPiAHICTD 96
— penpe3eHTaTUBHICTD 21
Bunankosa BenmrunHa
— IUcKpeTHa 13,
— KyToBa 89
— HenepepBHa 15
BunpoOyBanus 85
Biacranb
— 3a eBKJIIJIOBOIO METpHUKOI0 123
— 3BaxeHa 123
— MaHXeTeHChKa 123
— UYeOumeBchka 124
BinxunenHs cepenHbokBaapaTuyHe 27

I'eonoriuna iHpopmairis 79
INicrorpama 22

HMucnepcia 27

— 3aranpHa 27

— BubipkoBa 30

— BurnpaniieHa 30

— 3aymmkoBa 108

— (akropna 66
JucnepciitHuit aHam3

— oaHodakropuuii 105

— JnBogakTopHuit 107

Excrpemym 137
Excuec 40

3anaya fiHIHHOTO MporpamyBaHHs 148
3akon po3noiny 14

— OiHOMIambHUHN 52

— raMmMa-po3mnoain 47

— eKCIOHEHITIabHUN 35

— JIOTHOpMaJIbHUH 44

— HOpMaJIbHUM 39

— Miszeca 92

— Ilyaccona 52

— Penes 89

— piBHOMIipHU# 34

— CrprogenTa 51

— «xi-kBagpat» 50
3B'S130K MK JJaHUMHU

— croxacTuuHuii 61

— (pynkuionansHui 61

— Kopensiianid 61

Innexc nerepminartii 71
[HeKC KopensIii 66

Koedimient Bapiamii 31
KoedirmienT xopemnsirii

— Ilipcona 67

— Cunipmena 159
Kopensuiiine nosie 63
Kopensmis muoxunna 116
Kpurepiit

— Crtprozmenra 59

— Oimepa 71

— «x1-kBagpaT» 50

— I'pab6ca-CmupHoBa 96

— deprrocona 97

— Ban-nep-Bapnena 98

— Binkokcona 102
Knactepu 122



MaremMaTuuHe cioaiBaHHA 25
Menmiana 26
Metonu
— aHaJITH4HI 9
— 30JI0TOrO nepeTuny 144
— TIOJIOBUHHOTO JiJICHHS
(maxoTomii) 144
— PIBHOMIPHOTO TOIIYKY 143
— YHCEIbHI 9
Mopa 26
Mogens 7
— nerepmidoBana 10,
— nuaamiyaa 10,
— imoBipHicHa 10,
— cratuctuyHa 10
— cTaTU4Ha 8§,
— croxactuyHa 10
MonemoBanus 7
MoMeHTH po3NoLTy
— TI04YaTKoOBI 27
— IeHTpaibHI 28

Onrumizans 132
— 6e3ymoBHa 132
— obmexenHas 133
— ymoBHa 133

IpaBuio Tpbox curm 42

Perpecis niniiina 63
— MHOXHUHHA 119
— HeJnHiiHA 76
— OIIIHKA HajmiiHOCTI 74
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Psan
— Bapiamiiauit 22
— 1HTepBaJbHUM 22
— posmoxairy 14
Perpecis 63

— MHOXuHHA 119

Cepenne 3HaueHHS 25
Cummizekc-meron 151
Cratuctryna rinoreza 54
CykyImHiCTh reosioriuna 85

Panr 102, 159
PiBenb 3Hauymocti 54

Touku ekctpemymy 137
— KpHUTHYHI 57
— Makcumymy 39, 139
— wMiHimymy 39, 139
— cramionapHi 140

YuimonaneHicTh 143

DyHKITISA PO3IOLTY BUITaIKOBOT
BEJIMUMHU

— 1HTerpajibHa 15

— nudepenuianbHa (MUIbHICTB) 15
HinpoBa dyHkiis 132

Yacrtora
— BigHOCHA 22
Yeioka nikana 66



3Ha4YeHHs HOPMOBAHOI IHTETPaIbHOI (PYHKIIIT HOPMATIBHOTO PO3MOILTY

Jonatok A

X Fo(x) X Fo(x) X Fo(x) X Fo(x) X Fo(x) X Fo(x)
0 0,5 -0,4 | 0,3446 -0,8 | 0,2119 -1,2 | 0,1151 -1,6 | 0,0548 -2 | 0,0228
-0,01 0,496 | -0,41 | 0,3409 | -0,81 0,209 | -1,21 | 0,1131 | -1,61 | 0,0537 | -2,1 | 0,0179
-0,02 0,492 1| -0,42 | 0,3372 | -0,82 | 0,2061 | -1,22 | 0,1112 | -1,62 | 0,0526 | -2,2 | 0,0139
-0,03 0,488 1-0,43 | 0,3336 | -0,83 | 0,2033 | -1,23 | 0,2093 | -1,63 | 0,0516 | -2,3 | 0,0107
-0,04 0,484 | -0,44 0,33 ]-0,84 | 0,2005 | -1,24 | 0,1075 | -1,64 | 0,0505 | -2,4 | 0,0082
-0,05 | 0,4801 | -0,45 | 0,3264 | -0,85 | 0,1977 | -1,25 | 0,1056 | -1,65 | 0,0495 | -2,5 | 0,0062
-0,06 | 0,4761 | -0,46 | 0,3228 | -0,86 | 0,1949 | -1,26 | 0,1038 | -1,66 | 0,0485 | -2,6 | 0,0047
-0,07 | 0,4721 ) -0,47 | 0,3192 | -0,87 | 0,1922 | -1,27 0,102 | -1,67 | 0,0475 | -2,7 | 0,0035
-0,08 | 0,4681 | -0,48 | 0,3156 | -0,88 | 0,1894 | -1,28 | 0,1003 | -1,68 | 0,0465 | -2,8 | 0,0026
-0,09 | 0,4641 | -0,49 | 0,3121 ] -0,89 | 0,1867 | -1,29 | 0,0985 | -1,69 | 0,0455 | -2,9 | 0,0019
-0,1 | 0,4602 -0,5 | 0,3085 -0,9 | 0,1841 -1,3 | 0,0968 -1,7 | 0,0446 -3 | 0,0013
-0,11 | 0,4562 | -0,51 0,305]-0,91 | 0,1814 | -1,31 | 0,0951 | -1,71 | 0,0436 | -3,1 0,001
-0,12 | 0,4522 | -0,52 | 0,3015 | -0,92 | 0,21788 | -1,32 | 0,0934 | -1,72 | 0,0427 | -3,2 | 0,0007
-0,13 | 0,4483 | -0,53 | 0,2981 | -0,93 | 0,1762 | -1,33 | 0,0918 | -1,73 | 0,0418 | -3,3 | 0,0005
-0,14 | 0,4443 | -0,54 | 0,2946 | -0,94 | 0,1736 | -1,34 | 0,0901 | -1,74 | 0,0409 | -3,4 | 0,0003
-0,15 | 0,4404 | -0,55 | 0,2912 | -0,95 | 0,2711 | -1,35 | 0,0885 | -1,75 | 0,0401 | -3,5 | 0,0002
-0,16 | 0,4364 | -0,56 | 0,2877 | -0,96 | 0,1685 | -1,36 | 0,0869 | -1,76 | 0,0392 | -3,6 | 0,0002
-0,17 | 0,4325 | -0,57 | 0,2843 | -0,97 0,166 | -1,37 | 0,0853 | -1,77 | 0,0384 | -3,7 | 0,0001
-0,18 | 0,4286 | -0,58 0,281 1]-0,98 | 0,1635| -1,38 | 0,0838 | -1,78 | 0,0375 | -3,8 | 0,0001
-0,19 | 0,4247 | -0,59 | 0,2776 | -0,99 | 0,1611 | -1,39 | 0,0823 | -1,79 | 0,0367 | -3,9 0
-0,2 | 0,4207 -0,6 | 0,2743 -1 0,1587 -1,4 | 0,0808 -1,8 | 0,0359 0 0,5
-0,21 | 0,4168 | -0,61 | 0,2709 | -1,01 | 0,1562 | -1,41 | 0,0793 | -1,81 | 0,0351 | 0,01 0,504
-0,22 | 0,4129 | -0,62 | 0,2676 | -1,02 | 0,1539 | -1,42 | 0,0778 | -1,82 | 0,0344 | 0,02 0,508
-0,23 0,409 | -0,63 | 0,2643 | -1,03 | 0,1515 | -1,43 | 0,0764 | -1,83 | 0,0336 | 0,03 0,512
-0,24 | 0,4052 | -0,64 | 0,2611 | -1,04 | 0,1492 | -1,44 | 0,0749 | -1,84 | 0,0329 | 0,04 0,516
-0,25 | 0,4013 | -0,65 | 0,2578 | -1,05 | 0,1469 | -1,45 | 0,0735 | -1,85 | 0,0322 | 0,05 | 0,5199
-0,26 | 0,3974 | -0,66 | 0,2546 | -1,06 | 0,1446 | -1,46 | 0,0721 | -1,86 | 0,0314 | 0,06 | 0,5239
-0,27 | 0,3936 | -0,67 | 0,2514 | -1,07 | 0,1423 | -1,47 | 0,0708 | -1,87 | 0,0307 | 0,07 | 0,5279
-0,28 | 0,3897 | -0,68 | 0,2483 | -1,08 | 0,1401 | -1,48 | 0,0694 | -1,88 | 0,0301 | 0,08 | 0,5319
-0,29 | 0,3859 | -0,69 | 0,2451 ] -1,09 | 0,1379 | -1,49 | 0,0681 | -1,89 | 0,0294 | 0,09 | 0,5359
-0,3 | 0,3821 -0,7 0,242 -1,1 | 0,1357 -1,5 | 0,0668 -1,9 | 0,0287 0,1 | 0,5398
-0,31|0,3783|-0,71 | 0,2389 | -1,11 | 0,1335 | -1,51 | 0,0655 | -1,91 | 0,0281 | 0,11 | 0,5438
-0,32 | 0,3745 | -0,72 | 0,2358 | -1,12 | 0,1314 | -1,52 | 0,0643 | -1,92 | 0,0274 | 0,12 | 0,5478
-0,33 | 0,3707 | -0,73 | 0,2327 ] -1,13 | 0,1292 | -1,53 0,063 | -1,93 | 0,0268 | 0,13 | 0,5517
-0,34 | 0,3669 | -0,74 | 0,2296 | -1,14 | 0,1271 | -1,54 | 0,0618 | -1,94 | 0,0262 | 0,14 | 0,5557
-0,35 | 0,3632 | -0,75 | 0,2266 | -1,15 | 0,1251 | -1,55 | 0,0606 | -1,95 | 0,0256 | 0,15 | 0,5596
-0,36 | 0,3594 | -0,76 | 0,2236 | -1,16 0,123 | -1,56 | 0,0594 | -1,96 0,025 | 0,16 | 0,5636
-0,37 | 0,3557 | -0,77 | 0,2206 | -1,17 0,121 | -1,57 | 0,0582 | -1,97 | 0,0244 | 0,17 | 0,5675
-0,38 0,352 1-0,78 | 0,2177 | -1,18 0,119 | -1,58 | 0,0571 | -1,98 | 0,0239 ] 0,18 | 0,5714
-0,39 | 0,3483 | -0,79 | 0,2148 | -1,19 0,117 | -1,59 | 0,0559 | -1,99 | 0,0233 ] 0,19 | 0,5753
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[Iponosxenns noa. A

X Fo(x) X Fo(x) X Fo(x) X Fo(x) X Fo(x)

0,2 | 0,5793 0,6 | 0,7257 108413 |14 0,9192 11,8 0,9641
0,21 (0,5832|0,61|0,7291}| 1,01 | 0,8438 | 1,41 | 0,9207 | 1,81 | 0,9649
0,22 | 0,5871 10,62 | 0,7324 | 1,02 | 0,8461 | 1,42 | 0,9222 | 1,82 | 0,9656
0,23 0,591)1063)|0,7357|1,03|0,8485| 1,43 | 0,9236 | 1,83 | 0,9664
0,24 | 0,5948 | 0,64 | 0,7389 | 1,04 | 0,8508 | 1,44 | 0,9251 | 1,84 | 0,9671
0,25 | 0,5987 | 0,65 | 0,7422 | 1,05 | 0,8531 | 1,45 | 0,9265 | 1,85 | 0,9678
0,26 | 0,6026 | 0,66 | 0,7454 | 1,06 | 0,8554 | 1,46 | 0,9279 | 1,86 | 0,9686
0,27 | 0,6064 | 0,67 | 0,7486 | 1,07 | 0,8577 | 1,47 | 0,9292 | 1,87 | 0,9693
0,28 | 0,6103 | 0,68 | 0,7517 | 1,08 | 0,8599 | 1,48 | 0,9306 | 1,88 | 0,9699
0,29 | 0,6141 10,69 | 0,7549 | 1,09 | 0,8621 | 1,49 | 0,9319 ] 1,89 | 0,9706

0,3]0,6179 0,7 0,758 1,1108643 |15 0,9332 11,9 0,9713
0,31 |0,6217}|0,71 | 0,7611 | 1,11 | 0,8665 | 1,51 | 0,9345 | 1,91 | 0,9719
0,32 | 0,6255 | 0,72 | 0,7642 | 1,12 | 0,8686 | 1,52 | 0,9357 | 1,92 | 0,9726
0,33 10,6293 10,73 | 0,7673 | 1,13 | 0,8708 | 1,53 | 0,937 1,93 | 0,9732
0,34 |0,633110,74|{0,7704 | 1,14 | 0,8729 | 1,54 | 0,9382 ] 1,94 | 0,9738
0,35 |0,6368 0,75 |0,7734 | 1,15 | 0,8749 | 1,55 | 0,9394 | 1,95 | 0,9744
0,36 | 0,6406 | 0,76 | 0,7764 | 1,16 0,877 | 1,56 | 0,9406 | 1,96 | 0,975
0,37 | 0,6443 | 0,77 | 0,7794 | 1,17 0,879 | 1,57 | 0,9418 | 1,97 | 0,9756
0,38 0,648 1 0,78 | 0,7823 | 1,18 0,881 11,58 | 0,9429 | 1,98 | 0,9761
0,39 | 0,6517 | 0,79 | 0,7852 | 1,19 0,883 |1 1,59 | 0,9441 ] 1,99 | 0,9767

0,4 | 0,6554 0,8 |0,7881 1,2 1088491 1,6 0,9452 | 2 0,9772
0,41 | 0,6591 | 0,81 0,79111,21|{0,8869 | 1,61 | 0,9463 | 2,1 0,9821
0,42 | 0,6628 |1 0,82 | 0,7939 | 1,22 | 0,8888 | 1,62 | 0,9474 | 2,2 0,9861
0,43 | 0,6664 | 0,83 | 0,7967 | 1,23 | 0,8907 | 1,63 | 0,9484 | 2,3 0,9893
0,44 0,671084|0,7995| 1,24 | 0,8925 | 1,64 | 0,9495 | 2,4 0,9918
0,45 |0,6736 10,85 |0,8023 |1,25|0,8944 | 1,65 | 0,9505 | 2,5 0,9938
0,46 | 0,6772 10,86 | 0,8051 | 1,26 | 0,8962 | 1,66 | 0,9515 | 2,6 0,9953
0,47 | 0,6808 | 0,87 | 0,8078 | 1,27 0,898 | 1,67 | 0,9525 | 2,7 0,9965
0,48 | 0,6844 | 0,88 | 0,8106 | 1,28 | 0,8997 | 1,68 | 0,9535 | 2,8 0,9974
0,49 |0,687910,89 (08133 1,29 |0,9015| 1,69 | 0,9545 | 2,9 0,9981

0,5 | 0,6915 0,9 | 0,8159 1,3 10,90321] 1,7 0,9554 | 3 0,9987
0,51 0,6951091 0,818 | 1,31 (0,9049 | 1,71 | 0,9564 | 3,1 0,999
0,52 | 0,698510,92 |0,8212 1,32 |0,9066 | 1,72 | 0,9573 | 3,2 0,9993
0,53 10,701910,93 | 0,8238 1,33 |0,9082| 1,73 | 0,9582 | 3,3 0,9995
0,54 | 0,7054 10,94 | 0,8264 134 (09099] 1,74 |09591]34 0,9997
0,55 |0,7088 10,95 (0,828 | 1,35 (09115} 1,75 | 0,9599 | 3,5 0,9998
0,56 | 0,7123 10,96 | 0,8315 | 1,36 | 0,9131 ] 1,76 | 0,9608 | 3,6 0,9998
0,57 | 0,7157 | 0,97 0,83411,37|0,9147 | 1,77 | 0,9616 | 3,7 0,9999
0,58 0,71910,98 | 0,8365 | 1,38 | 0,9162 | 1,78 | 0,9625 | 3,8 0,9999
0,59 |0,722410,99 (0,8389|1,39|0,9177 | 1,79 | 0,9633 | 3,9 1

172



KpuTnuHi TOUKH po3noiny -

Yucno PiBeHb 3HauyLLOCTI A
CcTyneHiB

cBoBoay k 0,010 | 0,025 | 0,050 | 0,950 0,975 0,980
1 6,6 5,0 3,8 0,0039 | 0,00098 | 0,00016
2 9,2 7,4 6,0 0,103 0,051 0,020
3 11,3 9,4 7,8 0,352 0,216 0,115
4 13,3 11,1 9,5 0,711 0,484 0,297
5 15,1 12,8 11,1 1,15 0,831 0,554
6 16,8 14,4 12,6 1,64 1,24 0,872
7 18,5 16,0 14,1 2,17 1,69 1,24
8 20,1 17,5 15,5 2,73 2,18 1,65
9 21,7 19,0 16,9 3,33 2,70 2,09
10 23,2 20,5 18,3 3,94 3,25 2,56
11 24,7 21,9 19,7 4,57 3,82 3,05
12 26,2 23,3 21,0 5,23 4,40 3,57
13 27,7 24,7 22,4 5,89 5,01 4,11
14 29,1 26,1 23,7 6,57 5,63 4,66
15 30,6 27,5 25,0 7,26 6,26 5,23
16 32,0 28,8 26,3 7,96 6,91 5,81
17 33,4 30,2 27,6 8,67 7,56 6,41
18 34,8 31,5 28,9 9,39 8,23 7,01
19 36,2 32,9 30,1 10,1 8,91 7,63
20 37,6 34,2 31,4 10,9 9,39 8,26
21 38,9 35,5 32,7 11,6 10,3 8,90
22 40,3 36,8 33,9 12,3 11,0 9,54
23 41,6 38,1 35,2 13,1 11,7 10,2
24 43,0 39,4 36,4 13,8 12,4 10,9
25 44,3 40,6 37,7 14,6 131 11,5
26 45,6 41,9 38,9 15,4 13,8 12,2
27 47,0 43,2 40,1 16,2 14,6 12,9
28 48,3 44,5 41,3 16,9 15,3 13,6
29 49,6 45,7 42,6 17,7 16,0 14,3
30 50,9 47,0 43,8 18,5 16,8 15,0
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Honarox B

Kputnyni 3Hauenus kpurepiro CteroaeHTa g 06’ emy Bubipku N Ta piBHSA 3HAYYINOCTI O
y yg

[BYCTOPOHHAA KPUTUYHA 06NacTb
N a=0,1 a=0,05 a=0,02 a=0,01 a =0,001
1 6,31 12,71 31,82 63,66 636,62
2 2,92 4,30 6,97 9,93 31,60
3 2,35 3,18 4,54 5,84 12,94
4 2,13 2,78 3,75 4,60 8,61
5 2,02 2,57 3,37 4,03 6,86
6 1,94 2,45 3,14 3,71 5,96
7 1,90 2,37 3,00 3,50 5,41
8 1,86 2,31 2,90 3,36 5,04
9 1,83 2,26 2,82 3,25 4,78
10 1,81 2,23 2,76 3,17 4,59
11 1,80 2,20 2,72 3,11 4,44
12 1,78 2,18 2,68 3,06 4,32
13 1,77 2,16 2,65 3,01 4,22
14 1,76 2,15 2,62 2,98 4,14
15 1,75 2,13 2,60 2,95 4,07
16 1,75 2,12 2,58 2,92 4,02
17 1,74 2,11 2,57 2,90 3,97
18 1,73 2,10 2,55 2,88 3,92
19 1,73 2,09 2,54 2,86 3,88
20 1,73 2,09 2,53 2,85 3,85
21 1,72 2,08 2,52 2,83 3,82
22 1,72 2,07 2,51 2,82 3,79
23 1,71 2,07 2,50 2,81 3,77
24 1,71 2,06 2,49 2,80 3,75
25 1,71 2,06 2,49 2,79 3,73
26 1,71 2,06 2,48 2,78 3,71
27 1,70 2,05 2,47 2,77 3,69
28 1,70 2,05 2,47 2,76 3,67
29 1,70 2,05 2,46 2,76 3,66
30 1,70 2,04 2,46 2,75 3,65
40 1,68 2,02 2,42 2,70 3,55
60 1,67 2,00 2,39 2,66 3,46
120 1,66 1,98 2,36 2,62 3,37
oo 1,65 1,96 2,33 2,58 3,29
N a =0,05 a=0,025 a=0,01 a = 0,005 o = 0,0005
OAHOCTOPOHHA KPUTUYHA 0bnacTb
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Jonarok I'

Kputnuni 3Haduenns ctatuctuku F-xpurepiro @imepa 11 5%-ro piBHA 3HAYVIIIOCTI
Yy

f
1 2 3 4 5 6 12 24 oo
f2
1 164,4 199,5 215,7 224,6 230,2 234,0 2449 249,0 254,3
2 18,5 19,2 19,3 19,3 19,3 19,3 19,4 19,5 19,5
3 10,1 9,6 9,3 9,1 9,0 8,9 8,7 8,6 8,5
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6
5 6,6 5,8 5,4 5,2 51 5,0 4,7 4,5 4,4
6 6,0 5,1 4,8 4,5 4,4 4,3 4,0 3,8 3,7
7 5,6 4,7 4,4 4,1 4,0 3,9 3,6 3,4 3,2
8 5,3 4,5 4,1 3,8 3,7 3,6 3,3 3,1 2,9
9 5,1 4,3 3,9 3,6 3,5 3,4 3,1 2,9 2,7
10 2,0 4,1 3,7 3,5 3,3 3,2 2,9 2,7 2,5
11 4,8 4,0 3,6 3,4 3,2 3,1 2,8 2,6 2,4
12 4,8 3,9 3,5 3,3 3,1 3,0 2,7 2,5 2,3
13 4,7 3,8 3,4 3,2 3,0 2,9 2,6 2,4 2,2
14 4,6 3,7 3,3 3,1 3,0 2,9 2,5 2,3 2,1
15 4,5 3,7 3,3 3,1 2,9 2,8 2,5 2,3 2,1
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 2,2 2,0
17 4,5 3,6 3,2 3,0 2,8 2,7 2,4 2,2 2,0
18 4,4 3,6 3,2 2,9 2,8 2,7 2,3 2,1 1,9
19 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,9
20 4,4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
22 4,4 3,4 3,0 2,8 2,7 2,6 2,2 2,0 1,8
24 4,3 3,4 3,0 2,8 2,6 2,5 2,2 2,0 1,7
26 4,2 3,4 3,0 2,7 2,6 2,5 2,2 2,0 1,7
28 4,2 3,3 3,0 2,7 2,6 2,4 2,1 1,9 1,7
30 4,2 3,3 2,9 2,7 2,5 2,4 2,1 1,9 1,6
40 4,1 3,2 2,9 2,6 2,5 2,3 2,0 1,8 1,5
60 4,0 3,2 2,8 2,5 2,4 2,3 1,9 1,7 1,4
120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 1,6 1,3
oo 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0

fi = N1 — 1 — 4ucIo CTYMEeHIB BUILHOCTI 15 OLTBIIOT TUCTIEpCiT;

f2 = N2 — 1 — 4ucIo CTyNeHiB BUILHOCTI JUISl MEHIIIOT AUCHEPCii.
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Honarok [

Kputnuni 3Ha4eHHs CTaTUCTHKH X-Kputepito Ban-nep-Bapaena 1t 0AHOCTOPOHHIX MeX

a=0,025 a=0,001 a=0,1

N m=0 m=2 m=4 m=0 m=2 m=4 m=0 m=2 m=4

=1 m=3 =5 =1 m=3 =5 m=1 m=3 =5
2 - - - - - - 0,10 - -
3 - - - - - - 0,50 - -
4 - - - - - - 0,73 0,64 -
5 - - - - - - 0,90 0,74 -
6 - - - - - - 1,10 1,04 0,82
7 - - - - - - 1,25 1,14 0,89
8 2,40 2,30 - 1,42 1,37 1,23 1,42 1,37 1,23
9 2,38 2,20 - 1,56 1,48 1,30 1,56 1,48 1,30
10 2,60 2,49 2,30 1,71 1,67 1,57 1,71 1,67 1,57
11 2,72 2,58 2,40 1,83 1,77 1,64 1,83 1,77 1,64
12 2,86 2,79 2,68 1,98 1,94 1,87 1,98 1,94 1,87
13 2,96 2,91 2,78 2,09 2,03 1,93 2,09 2,03 1,93
14 3,11 3,06 3,00 2,22 2,19 2,12 2,22 2,19 2,12
15 3,24 3,19 3,06 2,33 2,28 2,20 2,33 2,28 2,20
16 3,39 3,36 3,28 2,44 2,42 2,36 2,44 2,42 2,36
17 3,49 3,44 3,36 2,54 2,51 2,44 2,54 2,51 2,44
18 3,63 3,60 3,53 2,65 2,64 2,59 2,65 2,64 2,59
19 3,73 3,69 3,61 2,76 2,72 2,66 2,76 2,72 2,66
20 3,86 3,84 3,78 2,85 2,84 2,80 2,85 2,84 2,80
21 3,96 3,92 3,85 2,95 2,92 2,87 2,95 2,92 2,87
22 4,08 4,06 4,01 3,05 3,04 3,00 3,05 3,04 3,00
23 4,18 4,15 4,08 3,14 3,12 3,06 3,14 3,12 3,06
24 4,29 4,27 4,23 3,23 3,22 3,19 3,23 3,22 3,19
25 4,39 4,36 4,30 3,33 3,29 3,26 3,33 3,29 3,26
26 4,50 4,48 4,44 3,41 3,39 3,37 3,41 3,39 3,37
27 4,59 4,56 4,51 3,49 3,47 3,43 3,49 3,47 3,43
28 4,69 4,68 4,64 3,57 3,57 3,54 3,57 3,57 3,54
29 4,78 4,76 4,72 3,66 3,64 3,60 3,66 3,64 3,60
30 4,88 4,87 4,84 3,74 3,73 3,70 3,74 3,73 3,70
31 4,97 4,95 491 3,82 3,80 3,76 3,82 3,80 3,76
32 5,07 5,06 5,03 3,89 3,88 3,86 3,88 3,89 3,86
33 5,15 5,13 5,10 3,96 3,95 3,92 3,96 3,95 3,92
34 5,25 5,24 5,21 4,05 4,05 4,02 4,05 4,05 4,02
35 5,33 5,31 5,28 4,12 4,11 4,08 4,12 4,11 4,08
36 5,42 5,41 5,38 4,19 4,19 4,16 4,19 4,19 4,16
37 5,50 5,48 5,45 4,26 4,25 4,24 4,26 4,25 4,24
38 5,59 5,58 5,55 4,33 4,33 4,32 4,33 4,33 4,32
39 5,67 5,65 5,62 4,40 4,39 4,38 4,40 4,33 4,38
40 5,75 5,74 5,72 4,48 4,48 4,46 4,48 4,39 4,46
41 5,83 5,81 5,79 4,54 4,53 4,50 4,45 4,53 4,50
42 5,91 5,90 5,88 4,62 4,62 4,59 4,62 4,62 4,59
43 5,99 5,97 5,95 4,68 4,67 4,66 4,68 4,67 4,66
44 6,06 6,06 6,04 4,76 4,74 4,73 4,76 4,74 4,73
45 6,14 6,12 6,10 4,81 4,80 4,78 4,81 4,80 4,78
46 6,21 6,21 6,19 4,88 4,86 4,86 4,88 4,86 4,86
47 6,29 6,27 6,25 4,93 4,93 4,90 4,93 4,93 4,90




48 6,36 6,35 6,34 5,00 5,00 4,99 5,00 5,00 4,99
49 6,43 6,42 6,39 5,07 5,05 5,04 5,07 5,05 5,04
50 6,50 6,50 6,48 5,14 5,13 5,11 5,14 5,13 5,11
Honarok E
Kputn4ni 3Ha4eHHS CTATUCTUKH R - KpHUTEpito piBHOMIpHOCTI Penest
n a
0,1 0,05 0,025 0,01 0,001
5 0,677 0,754 0,816 0,879 0,991
6 0,618 0,69 0,753 0,825 0,94
7 0,572 0,642 0,702 0,771 0,891
8 0,535 0,602 0,66 0,725 0,847
9 0,504 0,569 0,624 0,687 0,808
10 0,478 0,54 0,594 0,655 0,775
11 0,456 0,516 0,567 0,627 0,743
12 0,437 0,494 0,544 0,602 0,716
13 0,42 0,475 0,524 0,58 0,692
14 0,405 0,458 0,505 0,56 0,669
15 0,391 0,443 0,489 0,542 0,649
16 0,379 0,429 0,474 0,525 0,63
17 0,367 0,417 0,46 0,51 0,613
18 0,357 0,405 0,447 0,496 0,597
19 0,348 0,394 0,436 0,484 0,583
20 0,339 0,385 0,425 0,472 0,569
21 0,331 0,375 0,415 0,461 0,556
22 0,323 0,367 0,405 0,451 0,544
23 0,316 0,359 0,397 0,441 0,533
24 0,309 0,351 0,389 0,432 0,522
25 0,303 0,344 0,381 0,423 0,512
30 0,277 0,315 0,348 0,387 0,47
35 0,256 0,292 0,323 0,359 0,436
40 0,24 0,273 0,302 0,336 0,409
45 0,226 0,257 0,285 0,318 0,386
50 0,214 0,244 0,27 0,301 0,367
100 0,15 0,17 0,19 0,21 0,26
2NR =~ 100122 4,605 5,991 7,378 9,21 13,816
Honarox 2K
[TpouenTHi Touku Kputepito ['pabdca — CmupHOBa
Ta
N a=0,1| a=0,05 | a=0,01
5 1,84 2,08 2,57
10 2,20 2,44 2,93
15 2,38 2,62 3,10
20 2,50 2,73 3,21
25 2,59 2,82 3,28
40 2,70 3,02 3,48
50 2,86 3,08 3,54
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100 | 3,08 3,29 3,72
250 | 3,34 3,53 3,95
500 | 3,53 3,70 4,11
Honaroxk U
Kputnuni 3Hadenns cratuctuk W1 u 2MW kputepito BinkokcoHa 111 0JHOCTOPOHHIX MEX
N1 N2 w: 2Mw N1 N2 W1 2Mw
a=0,025| a=0,10 a=0,025| a=0,10
1 2 3 4 5 6 7 8 9 10
10 10 78 87 210 11 11 96 106 253
11 81 91 220 12 99 110 264
12 84 94 230 13 103 114 275
13 88 98 240 14 106 118 286
14 91 102 250 15 110 123 297
15 94 106 260 16 113 127 308
16 97 109 270 17 117 131 319
17 100 113 280 18 121 135 330
18 103 117 290 19 124 139 341
19 107 121 300 20 128 144 352
20 110 125 310 21 131 148 363
21 113 128 320 22 135 152 374
22 116 132 330 23 139 156 385
23 119 136 340 24 142 161 396
24 122 140 350 25 146 165 407
25 126 144 360
13 13 136 149 351
12 12 115 127 300 14 141 154 364
13 119 131 312 15 145 159 377
14 123 136 314 16 150 165 390
15 127 141 336 17 154 170 403
16 131 145 348 18 158 175 416
17 135 150 360 19 163 180 429
18 139 155 372 20 167 185 442
19 143 159 384 21 171 190 455
20 147 164 396 22 176 195 468
21 151 169 400 23 180 200 481
22 155 173 420 24 185 205 494
23 159 178 432 25 189 211 507
24 163 183 444
25 167 187 456
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HpO,Z[OB)KeHHH J0A.

1 2 3 4 5 6 7 8 9 10
15 15 184 200 465
16 190 206 480
14 14 160 174 406 17 195 212 495
15 164 179 420 18 200 218 510
16 169 185 434 19 205 224 525
17 174 190 448 20 210 230 540
18 179 196 462 21 216 236 555
19 183 202 476 22 221 242 570
20 188 207 490 23 226 248 585
21 193 213 504 24 231 254 600
22 198 218 518 25 237 260 615
23 203 224 532
24 207 229 543
25 212 235 560
16 16 211 229 528 17 17 240 259 595
17 217 235 544 18 246 266 612
18 222 242 560 19 252 273 629
19 228 248 576 20 258 280 646
20 234 255 592 21 264 287 663
21 239 261 608 22 270 294 680
22 245 267 624 23 276 300 697
23 251 274 640 24 282 307 714
24 256 280 656 25 288 314 731
25 262 287 672
19 19 303 325 741
18 18 270 2901 666 20 309 333 760
19 277 299 684 21 316 341 779
20 283 306 702 22 323 349 798
21 290 313 720 23 330 357 817
22 296 321 738 24 337 364 836
23 303 328 756 25 344 372 855
24 309 335 774
25 316 343 792 21 21 373 399 903
22 381 408 924
20 20 337 361 820 23 388 417 945
21 344 370 840 24 396 425 966
22 351 378 860 25 404 434 987
23 359 386 880
24 366 394 900 23 23 451 481 1081
25 373 403 920 24 459 491 1104
25 468 500 1127
22 22 411 439 990
23 419 448 1012 24 24 492 525 1176
24 427 457 1034 25 501 535 1200
25 435 467 1056 25 25 536 570 1275
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HaBuanbHe BuIanas

PynakoB [Imutpo BikTopoBuu

CnBu:xkoBa Onena OnexcaHapiBHA

MATEMATHUYHE MOJIEJIIOBAHHA

HNPUPOJHNYNX CUCTEM

HaBuajnpHUM 1TOCIOHUK

Penakrop 1O.B. PaukoBcbka

[Minmucano a0 npyky 03.06.2021. dopmat 30x42/4
[Tamip odcernuid. Puzorpadis. Ym. npyk. apk. 9,9.
O6:.-Bua. apk. 9,9. Tupax 75 np. 3am. Ne

[TigroToBIEHO 10 APYKY Ta BUJIPYKYBAHO
y HanionanbHOMY TeXHIYHOMY YHIBEPCHUTETI «/IHIMTPOBCHKA MOMITEXHIKAY.
CaigourBo mipo BHeceHHs 110 JlepxkaBHoro peectpy JIK Ne 1842 Bix 11.06.2004.

49005, m. JIninpo, mpocn. . SABopHuIiskoro, 19
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