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ITPOT'HO3YBAHHSA I'OJIOBHUX TEXHIYHUX XAPAKTEPUCTHUK
METAJIOPI3BAJIBHUX BEPCTATIB METOJAOM CTATUCTUYHOI'O
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(kagp. KIIB ma TM, JIHTY, m. Jlyyvx, Yrpaina)

MeTtoa CTaTUCTMYHOTO MOJEIOBAHHS MOJSATae y BIATBOpPeHHI 3 Jgomomororo EOM
(GyHKIIOHYBaHHS IMOBIPHICHOT MOJENi TNPOEKTOBAHOTO BepcraTy. MeTon J03BOJIsIE
BpaxyBaTd BIUIMB BCiX BUIIAJKOBHX IapameTpiB | 3a0e3Meuye MOKIHMBICTh MPOTHO3YBAHHS
PO3BUTKY MOJii B MallOyTHEOMY.

Haii0inpl1 MoBHOIO XapaKTEPUCTUKOIO BUIAJKOBOI BEJIMYMHM € 3aKOH 1i PO3MOILTY.
Po3znonin giamerpiB onop, 4acTOT 0OepTaHHS 1 KOPUCHOI HOTYKHOCTI IIPUBOAY, @ TAKOXK PSILY
eKCIUTyaTal[IfHUX XapaKTePUCTUK CTEHAY IpPU MEBHUX YMOBAX MOXYTh allPOKCUMYBATHUCS
JIOT-HOPMAJIbHOIO (PYHKIIIEIO PO3MOILTY:
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e X —jorapudm BUIQAKOBOI BEITUYHHUY,
EX — CEepeaHE 3HAUCHHS BEIINYNHU X;

Oy — CEpelHE KBAJpaTHYHE BIIXUJICHHS BEJIMUYUHU X BiJ EX.

Ha puc. 1 nokasaHi pe3y/ibTaTH aHali3y YMCENbHOI CTATUCTUYHOI BHOIPKH JliaMeTpiB
JOCIIDKEHUX Oonop d, BUKOPUCTOBYBAHMX KOJIOBHX IIBHUAKOCTEH V Ta BXKHBAaHMX YacTOT
oOepranHs mmuuAens npusBony N mpu pocmimkenHi ['CII. Ha rpadikax emmipuyHHX
PO3MOIUTIB alPOKCUMYIOYH JIOT-HOPMalibHI KpHBI Ta ix mapamerpu. [imoTe3u mpo Jor-
HOPMAJIbHUI PO3MOJALT JOCHIKYBAaHHX IapaMeTpiB MIATBEPIKYIOTHCS IEPEeBIPKOIO iX
ajekBaTHOCTI 3a KpuTepiem Ilipcoma y° ma nosipuomy piemi a(y”) = 0,05. B pesymsrari
aHaJIi3y BCTAHOBJICHO, 1[0 MK XapaKTePUCTUKAMU HAABHUN KOPEJLIHHUH 3B'a30K. [ mnbuna
IIBOTO 3B'A3KY OIIHIOETHCS Koe(ilieHToM Kopensdii R, skuil Moxe mpuiMaTH 3HA4YCHHS B
mexax *1. IIpu R = 1 — 3B'SI30k MDK JOCHIIP)KYBaHUMHU BeIUYMHAMHU (YHKIIOHATHHUH,
3Ha4yeHHs1 R, Oim3bke abo piBHE HYJIO, O3HAYa€ HE3AIEKHICTh BUMAIKOBUX BeIMYMH. B
HaBEJICHOMY MPUKIAAI MDK JIorapupMaMy IIBHUIKOCTI Ta JiaMETpiB JOCIHIHKEHUX OIOp
BCTaHOBJICHO MPSAMUI KopemsiiHuii 38'130k R = 0,7128.

Bukopucranus i po3B'a3Ky 3ajadi, 0 PO3IIISIAE€THCS, JIOT-HOPMAIBHOTO PO3MOALTY
Mmae psa nepesar. Ilo-meprue, BiH 0OrpyHTOBaHHMM criocoboM (opMyBaHHS BHUIAIKOBUX
BEJIMYUH IPU PO3PAXYHKY PEXKHUMIB 0OpOoOKM 3a NPUHHATUMM B JaHUN 4ac HOPMAaTUBHUMH
JOKYMEHTaMH. Y HUX OCHOBY ONTHMAJIbHUX PEKUMIB CKJIa/Ja€ HOPMATUBHUU KOE]Illi€HT,
3aJeKHUM BiJ BUAy 0OpoOKHM, MarepialliB JAeTajli Ta piKY4Yoro iHCTpyMeHTy. BrumB Bcix
IHIIUX (PAKTOPIB € MYJIbTHUIUIIKATUBHUM. ToMy IJIsl peXHMMIB pi3aHHS HasBHA TEHICHIILS
3MIHM B TeOMeTpuuHiil mporpecii. Lle monoxeHHs MOXKHa MPOAEMOHCTPYBATH Ha MPUKIAAIL
BiZIoMO1 (hopMynu Teopii pi3aHHs:

_ XpQ Yp
P=C,t"S¥K,,

ne P — cuna pizaHHs;
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C_p — KoeiIlieHT, 0 BPaXOBYye aJIUTUBHE 1041 pakTopu;
t 1 S — BiAMOBiAHO, MIMOWHA pi3aHHS Ta MOJaya;

Kp — Koedinienr, mo Bpaxoye MynpTumiikatusne titoui paxropu, K, =]]K;.

SIkmo mnposjorapupMyBaTH BKa3zaHH BHpa3, TO OTPUMAEMO Te, IIO BHUIAJIKOBA
BenimunHa IN(P) Oynme Bu3HauaThcs CyMOK 0araTboX He3aleKHHX a00 ciabo 3aleKHHX
BUMAJKOBUX BEIMYMH. TOMy, Ha OCHOBI TpaHM4YHOi TeopeMu JIsmyHOBa MOKHa 3pOOHUTH
NPUIYIICHHS, 1110 BUMaaKoBa Beanuuna IN(P) Oyne Matu HOpMaabHUNA PO3MO/IiT, HABITH SKIIO
3aKOH PO3MOALUTY CKJIaJOBUX YAaCTHH HEBiIOMHUMN. Ll BIacTUBICTH 0OCOOIMBO Ba)JIMBA,
OCKUTBKH  JIO3BOJISIE 3HAYHO CKOPOTUTH 00'eM BUXiNHOI iH(opMalii, HEOOXimHOT s
MOJICTIOBaHHS EKCIUTyaTalllfHUX XapaKTepUCTHK. Jlpyror mnepeBaroro JOr-HoOpMabHOTO
pO3MOITy € MPOCTOTa MpoUeaypHu Horo nporHody. Lleit posnoain aBoxmapameTpudHuil |
BU3HAYA€THCSI MaTEMaTUYHUM CIOJIBAHHSAM Ta JUCIEPCI€l0, SKI MOXYTh OyTH 3HalaeHi i3
CHCTEMU PIBHSHB!

0'|2n(a) _ In(amax) - In(a)
In@—320  Ojpay =
a=¢e ; 3 ,
1€ a— cepenHe apudMeTHUHE 3HAUCHHS BUITaAKoBO1 Benuuunu a € (d,v,P);
In(a) — cepenniii torapum BUAAKOBOT BETUUUHH;

In(amax) — morapudM MaKCUMaIbHOTO 3HAUCHHSI BUIAJKOBOT BEJTHUUHH;

OIn(a) — mepeHe KBaAPATHUHE BiIXHICHHS TOrapu(pMiB BUMAIKOBOI BETHUHHH.
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Puc. 1. EmMnipuunuii po3no/iin napameTpiB Mpu AOCTIKEHHIX BEpCTaTy

Po3B'13K0M 11i€1 CUCTEMU €
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I3 oTpuMaHMX 3aJEKHOCTEH BHUIUIMBAE, IO JUIS MPOTHO3Y OYAb-IKOTO JIOT-
HOPMAJILHOTO PO3MOJUTy HEOOXIIHO MepeadaYuTh CepeaHe | MaKCUMallbHE 3HAYCHHS
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BUMAJKOBOI BEIMYMHU. BUKOpUCTaHHA 11 TPOTHO3Y TUIBKM HAa3BaHUX MapaMeTpiB
PO3MOJLTY JO3BOJSE MIABUIIUTH TOYHICTH OOYUCIICHb, OCKUIBKM HAJIWHICTh BH3HAYCHHS
eMITIPUYHOTO MOMEHTY THM MEHIIA, YUM BHUINUA HOTO MOPSAOK (HANPHKIAA, TMOPSIOK
APyroro MOMEHTY PO3MOJLUTYy — TUCHEpCii, BUIIMNA, HDK MEPIIOT0 MOMEHTY — BHUOIPKOBOTO
CepPEIHBOTO).

TpeThoro mepeBaror TaHOTO PO3MOJLTY SIBISIETHCS MOTO CTIMKICTh. Lle BmacTUBICTB,
Ipu AKid B pe3ysibTaTi KOMIO3MIII JBOX HOPMAIbHO PO3MOAUICHUX BUIAJAKOBHUX BEIWYUH
(nanpukuiaz, In v i In d) orpumyemo pesynbTyrounii HOpManbHUE PO3NOALT iX moXiaHOT IN N.
Hanpuknan, mapamerpu Takoro CyMapHOTO PO3MOJALTY MOXKHA OTpUMATH 3 (POPMYIIH:
1000v gt

XB
zd
Ha OCHOBI1 TeopeM HpO MaTeMaTu4dH1 CIIOJ1BaHHA Ta I[I/ICHepCl'l' MOJKHAa 3arucaru.

Ep =In(v)-In(d)+Cp.

N =

G = \/Glzn(v) + 0|2n(d) = 2Rn%In(v) In(d) (3)

ne En — mMaremaTnuHe crioiBaHHs BUNAAKOBOT BETMYNHI In(n);

Sn — cepeHe KBampaTHuHe BixxwieHHs In(n);
Cn — koncranTa, piBHa In (1000/ 7 );

Rn — koediuienT kopemsmii Mix norapudmamu MBUAKOCTI | AiameTpa.

TouHiCTh PO3IIITHYTOr'0 METOTy BU3HAUEHHS MapaMeTPiB PO3NOALTY eKCIUTyaTalliiHuX
XapaKTEePUCTUK BEPCTATy MOXKHA OLIIHUTHU 32 TOTIOMOTOIO MiJICTAHOBKH B hopmynu (3) maHux
MPOBEICHUX JAOCTIDKEHb (IUB. pucC 2):

In(n) = 4,3365 - 3,9474 + 5,7630 = 6,1521,
O\ = (0,7249 2 +0,7009 2 - 2*0,7128*0,7249*0,7009)"* =0,5408.

OtpumaHi pO3paxyHKOBI JaHI NPaKTUYHO CHIBHAJAIOTh 3 JAaHUMM CTATHCTUYHOI
BUOipku. He3HauHi BIIXWJIGHHS TOSICHIOIOTBCS ~OOMEXKEHICTIO 00'eMy BuOipku |
BUKOPUCTaHHSAM METOJy TPYIYBaHHS IPU BU3HAUEHHI MapaMeTpiB eMITIpUUYHUX PO3MOILIIB.
3BiICH MO>KHa 3pOOMTH BUCHOBOK: TOYHICTb NMPOTHO3YBAaHHS 3aJICKUTh B OCHOBHOMY Bil
SKOCTI IMMPOTHO3Y MapaMeTpiB @, 8max Ta R, 5Ki, B CBOIO 4epry, 3ajiexaTb Bix 00'eMy BXigHOT
CTaTUCTHYHOI iH(OpMaii Ta IMUOMHHE TPOTHO3Y.

[TpoBoasium aHanoriuHi MipKyBaHHsS, MOXHa 3 Bimomux ¢opmyr: M = Pd/2000 Tta
N = nM/9554 orpumaru 3aneKHOCTI Ul PO3PaXxyHKY MapaMeTpiB pPO3MOJUTY KPyTHUX
MOMEHTIB M Ta e(eKTUBHOI MOTYKHOCTI Ha IIITUH/EII:

Epm =In(P)-In(d)+Cyy .
E, =In(n)-E, +C,;

oM =\/G|2n(P) " Glzn(ol) = 2RM S1n(P)%In(d) . @

6‘N =\/0'rg] +O-I%ﬁ _ZﬁNo-l\ﬁo-ﬁ

CywacHi MPB 3aranpHOTO mnpu3HAueHHs | OCOOJIMBO OaraToornepaliiiHi BepcTaTH

BIJIPI3HAIOTHCS YHIBEPCAJIBHUM XapaKTepoM BHUKOHYBaHUX poOiT. IIpum mpomy, sik Oyio
paHille BCTAHOBJICHO, TEXHIYHI XapaKTEPUCTUKM LUX BEpPCTATIB 3aleXaTh BiJl BEIHMKOI
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KUTBKOCTI BUTIAQJJKOBUX aIMTUBHE Ta MYJIBTUILTIKATUBHE Jif0unX (GakTopiB. B mpomy BUMagKy
y3arajibHEeHy MaTeMaTH4HY MOJIEJb JOLUIbHO OyTyBaTH Ha 0a3i METOY CYNEpIIO3UILIii:

m
f(x) =2 Rfi(x). ©)

e M — KUIBKICTh CIIOJIy4eHb YMOB 00pOOKH;
R

f. (X)— nudepeniianbaa GyHKIS eneMenTapaux (4acTkoBHX) posnoaitis, x=In(n,M,N).

— WMOBIPHICTB I-1 yMOBH 00pOOKH;

3 (5) BuIuMBae, MO pPE3YJABTYIOUMI PO3MOAUT OTPUMYETHCS IUIIXOM JOJaBaHHS

eJIEMEHTAPHUX PO3MOJIUTIB filx) 5 BpaxyBaHHSM iX BaroBux Koedgimientis. Ha puc. 2
rpa¢iuHO MOKa3aHO MPUHLUN (POPMYBaHHS Takoi cyMapHOi QyHKIIT po3noaiTy.
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Puc. 2. Cxema ¢opmyBanns nudepennianbaoi ¢yHkuii posnoainy f*(X) BumamkoBoi
BEJIMYHMHU X

[Tpu 3HauHIN PO30DKHOCTI MATEMAaTUYHUX CTIOJ(IBAaHb BUIAKOBUX BEITUYHUH Ta MauX
3HAYEeHHAX X qUCIepcCiii MOKHA OTPUMATH MOJIMOAATBHUHN PE3yNbTyIOUUi PO3IOILI.

EnemenTtapHui (GyHKIIT MOAETIOIOTHCS PO3IIISIHYTUM BHIIE METOAOM.

VIMOBipHiCTh HO€IHAHHA YMOB OOPOOKH MOJKHA OTPUMATH 3 TEOPEMH MHOXKCHHS
HMOBIpHOCTEH

R= Pin Pk/ij ) (6)

ne Pi — AMOBIpHICTB i-T0 By 00pOOKH;
P; — liMoBipHicTs 00p0oOKH AeTai 3 j-ro MaTepiany;
Pwij — yMOBHa HMOBIpHICTH 3aCTOCYBaHHS K-ro Martepiaqy piKY4oro IHCTPYMEHTY IIpH
3aJ]aHuX Marepiany | BuIy oOpoOKu.
CymapHa HMOBIpHICTb BCiX YMOB 00pOOKHM MOBMHHA 00OB'SI3KOBO JJOPIBHIOBATH OJIMHHII

Zp =1. @)

HaBenena Bumie mMareMaTHyHa MOJENb PO3MOALTIB €KCIUTyaTallifHUX XapaKTepUCTHK
BepcTaTta Ma€ yHIBepCaJbHUN XapakTep | MOXe BHKOPHCTOBYBATHUCH Ul PO3B'S3KY 3ajad,
MOB'SI3aHMX 3 MMPOEKTYBAHHSAM HOBOTO 00JIaIHAHHS .
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