AHanns gaHHbIX.

Jlumepamypa: Tatidvwes U. Anarusz u obpabomxa darnoixr: Cneyuansvroid
cnpasovwnuk.-CIH6: ITumep, 2001

1 SDkcnepuMeHTHI HaJl MOJIEJIIMU

B mporiecce nMUTAIIMOHHOTO 9KCIIEPUMEHTA HAJT MOJIC/ISIMU YICTOM CJIyalHbIX
MUXOJIOB Ka2KJIOr'0 IIPOrOHA, HEOOXOIMMO:

1. kiraccudurupoBaTh GaKTOPhl Ha CYIIECTBEHHbIE U HECYIECTBEHHBIE.
(MnOJIB3yeTCsl IUCIIEPCHOHHBIN aHAJIN3)

2. pasle/uTh WOIECHUTH KOJHMYECTBEHHOE BisHHE (AKTOPOB M UX
KOMOMHAIMH Ha IeJeByl0 (DYHKIUIO.(UIOIb3YeTCsl PErpecCuOHHbBII
aHaJIN3)

3. HAWTH HAWBBINOJHEMIIYI0 KOMOMHAIMIO ((DAKTOPOB.(UCIOIB3YIOTCS
METOJIbI CTATHCTHIECKOIO aHAJIM3A)

DKCIIEPUMEHT HAYMHAETCHA C BbIOOPA OJHON MJIM HECKOJIHKUX IEJIEBBIX
dyHKIN, KOTOPhIE KOJUIECTBEHHO OIEHUBAIOT MOJIE3HOCTH CUCTEMBI.
Tunuumnoit  3aja4defl  CUCTEMBI  MacoOBOrO  ODCJIy)KUBAHUS  SBJISAETCSH
obecrieueHrie MUHUMAJILHOTO BPEMEHHM CHCTEMBI IIPU  OTPAHUYEHHBIX
3aTparax WM MUHUMU3AIUdA 3aTpaT lIPU CpeJHeM BPEMEHHU peakIuu He
boJiee 3aJJaHHHOTO; ODEneunTh OOCTYKUBAHNE MaKCUMAJBHOIO IPOIECHTA
3asBOK 3a BpeMs He 60Jiee 33/ IHHOIO MJIM MUHUMU3AIUus BpEMEHH, 38 KOTOPOe
00CITyKUBAETCS 38JIAHHBII [IPOIEHT 3asBOK.

NsmepenneM 3HadyeHuil HeaeBLIX (MYHKIMA sBJsgeTCsS HaOJIIOIEHUE, a
BCé nX MHOXKECTBO peSyﬂbTaTOM.
OcHoBHas 331898 — U3MEPUTH BJINSHIE (DAKTOPOB HA PE3YJILTAT.
Kazki0e moBropHoe MoJIe/IMpOBaHKUE — IIPOIOH.
Hasnaunm 3navenme (ypoBHEH) (DaKTOPOB, KOTOPBIE OYIyT OIPEIEIAThH
YCJIOBHUsI KasKJIOr0 IIPOroHa.

KoMmbunarmnus ypoBHeit onpenesnser ycioBus nporona. Korma ycmosus
IIPOr'OHa HEU3MEHHBI Mbl Ha3blBaeM Mbl Ha3bIBEM 3TU IIPOTOHbI PEIJINKaMHU.
PegysnbraTel B COBOKYIMHOCTH  3alOJHSIIOT  MATPUILY  Pe3yJILTATOB.
[TpoTsizKeHHOCT MAaTPHILI IO U3MEPEHHIO MOJKHA OBITH paBHA UUCTY



ypoBHeil srorro ¢dakropa. Kaxkmas pasMepHOCTb MaTPUIBI PE3YIbTaTOB
COIIOCTABJISAETCH KaxKJIoMy u3 (hakTopoB. Ecianm uCIoIb30BaTh HECKOJIHKO
IIeJIEBBIX (DYHKIINI, O CTOJIBLKO K€ MaTPHUI] Pe3yIbTaTOB.

11 I, ... 11,
Oy | min maz ... Mg
Dy | Moy Moz ... My
Dy | Mp1 Mp2 ... Mgk

2 IIpoBepka runores

3aKOHOMEPHOCTH B 9KCIIEPUMEHTAJIbHBIX JAHHBIX MOYKHO OOHADPYKUTH IIyTEM
CTATUCTUYIECKON NTPOBEPKN PE3YJIHTATOB MHOIMX OITBITOB, NMPUHUMAS WA
OTKJIOHSISI OIIPeJIe/IEHHbIE THIIOTE3bI.

[Tpornenypsl cTaTUCTUIECKON MTPOBEPKHM HAYUHAIOTCSA ¢ (POPMYIUPOBKHI
Hysesoit runoressl Hy (Hanmpumep: "HeT CTATHCTUYECKU 3HAYUMOIO
pasmuuns") W ajpTepHATHBHON  (KOHKypupylomeil) rumoresb  H

("mMeeT MeCTO CTATHCTHYECKN 3Ha4YMMoe passndane'). 3areM IIPOBOJNTCS
IIPOBEPKA HYJIEBOW T'MIIOTE3bI OTHOCUTEIBHO AJIbTEPHATUBHON C IIOMOIIBIO
COOTBETCTBYIOIIEr0 Tecra (KpuTepusi). Pesyibrarom — craTHCTHYECKOl
IIPOBEPKM SIBJISETCS BBIBOJL O TOM, B CKOJIBKHX cjaydadax Ha Kaxjple 100
IPOBEJEHHBIX HCIBITAHNI B IIPEJNOJOKEHHUN OIpeJesIeHHON  Mojesm
OTKJIOHEHHS OT MOJIEIH MOXKHO CUUTATH CJIyYalHBIMU.

2.1 OO6mas Mmeroguka

Crarucrnyeckasi BEJIMYNHA, JIEXKUT B JOBEPUTEIHLHOM MHTEpBaJe OT ty 110 {1
osgnagaer, uro P(tp < © < 1) Taxxke oboznavaercs p =1 —a , rie (1 — a)
- ko3 durmenT 1oBepusi, ¢ - yPOBEHb 3HAYUMOCTH, BbinoJHseTcst B (1 — a)
CITyIasiX.

it IpOBEpKH THUIIOTE3 BBIOOPOYHO IIpocTpaHCcTBO W pasmessior Ha JBe
obsacti: w u (W — w),Ha3bIBAEMBIX KPUTHIECKON 1 00JIACTHIO TPUHSITHS.
Ecnu nsBectHo pacipeesieane BeposiTHOCTeH , cooTBeTcTByIomee Hy, MOXKHO
OIIpeaesinTh Tak, LITO6]:>I IIPU BBIIIOJTHEHUN H() BEPOATHOCTb OTBEPI'HYTH 3Ty
IUANIOTE3y Obljla paBHA YPOBHIO 3HAYNMOCTHI

P{zew|Hy}=1—p



HosepurenbHblit ypoBeHb p = 1 — a . MOIITHOCTh KPUTEPUsT OIPEIeIsSIeTCs
KaK BEPOATHOCTD TOT'O, 9YTO KPUTEPUIl OTKJIOHUT JIO?KHYIO HYJIEBYIO TUIOTE3Y

Plz e (W —-w)|Hy}=1-p

Buauenue (1 — ) — MOIIHOCTH KPUTEPHSI.
DOpMyJIMPOBKHA PE3yJILTATOB IPUMEHEHNs] KPUTEPHUSI:

1. p < 0,05 -paznuunst HETOCTOBEPHBI, HYyJIeBas TUMOTE3a 006 OTCYTCTBUHI
pa3/Imanii MOXKeT OBbITH PUHSITA.

. p < 0,01 - pazmuuusg gocToBepHBI Ha ypoBHE 3HaunMocTa 0, 05.
. p < 0,01 - pazmuuug gocToBepHBI Ha ypoBHE 3HaunmocTu 0, 01.

. p < 0,005 - pagyimuns JiocToBepHBI Ha ypoBHe 3Hayumoctu 0, 005.

Tt W N

. p < 0,001 - pazymmuus JIocTOBepHBI Ha ypoBHe 3Hadumoctu 0, 001.

MozkeT OBITH IPUHSATA AJBTEPHATUBHAS I'MIIOTE3a O HAJIMIUN PA3THIUi
Ha yKa3aHHOM yPOBHE 3HAYUMOCTH.

3 IlpoBepka HOPMAaJIbHOCTU pacnpe/iejieHust
NpU3HaAKa

MHorue CcTaTUCTHYECKHE METOALI TPeOyIOT COOTBETCTBUS HOPMAJJILHOMY
paCIpEIe/IeHUIO, a 3HAa4YUuT NPEIBAPUTEILHO HEOOXOIMMO IIPOBEPUTDH
CTaTHCTUYECKUE JaHHbIE Ha "HOpMaJILHOCTD" .

3 mMeroja:

1. I'paduaecknii.
CrpouM TrucTOrpaMMy paclpejieJIeHdsi U CPaBHUBAEM C KPUBOIA
HOPMAaJIBHOI'O PACIIPE/IEe/IEHUS.

2. "IIpaBuio Tpex curm".
Ilpu wHopMasbHOM pacupeesenun 97,7 — 97,8% Bcex 3HaueHuit
npusHaKa Jjexar B uHTepBasie M, + 30, M, - Mar. oxujaHue, o -
CPEeIHEKBAIPATHIHOE OTKJIOHEHHE.

3. Kpurepuit K-C.
Borancisiercss Besmmuuna ks = VNsup|Fy(x) — F(x)| , Fn(z)
xT
— smMimpudeckas (QYHKIWs pacupefenenus, F(x) — Teopernmdeckast

dyukius pacrpenenenns, N — KojaudecTBo Habogenuit. Yem meHbIne
ks , Tem OmKe IPU3HAK & K TEOPETHIECKOMY 3akoHy F(x).



4  JlucriepCuoOHHBIN aHAJJIN3

K 6onbmuHCTBY CIOKHBIX CHCTEM MpUMeHMM HpuHIm Ilaperto, corjacHo
xoropoMy 20% dhakTopos onpenesioT csoiicrsa cucreMmbl Ha 80%. IlosTomy
IEePBOOYEPETHON 3aJlaueil UCCACJOBAHAA WUMUTAIMOHHON MOJIEIN ABJIACTCH
OTCEB HECYIECTBEHHBIX (paKTOPOB, MO3BOJIAIOIINX ONTUMU3UPOBATH 319y
NCXOIHON MOIEJIN.

Anaaus  ducnepcuii(Analysis of Variation — ANOVA) onenuBaer
OTKJIOHEHHE HaOJIIOAEHU OT OOIIero CpejHero. 3aTeM  BapHUallnsd
pasbuBaeTcst Ha JiBe YATH, KaxKjasl U3 KOTOPBIX HMee CBOI IPUUNHY.
Ocrarounas 4acth Bapuarun (residial), KOTOpyI0 He yIaeTcsi CBS3aTbC
YCIOBUSIMA CUYMATAETCsl €ro JiyaiiHoit ommbkoit. OmmbKa oOIeHBETCS B B
CcpeHe-KBaIpaTHIeCKOM OTKJIOHEHUH, T.e. 3(P(EKThI, KOTOPHIE IPEBLIIIAIOT
BEJIMIMHY CPEIHErO-KBaJIpaThd. OTKJIOHEHUs] CIUTAIOTCS 3HAYUMBbIMU. [[J1st
sHadnMocTn ucnosbdyercss tect "F-crarrucruka(Kpurepmit Puiepa).
CymiectByer oHOMaKTOPHBIN (one-way) u MHOrodakTopHbIii(multi-way)
JUCIEePCUOHHBIA aHaINn3.

4.1 IIpumep aAByxdaKTOPHOro aHAJIM3a
1. daktop 1=1,1

2. daxrop j=1,J

S = ZZ(yij _y..)2 = ZZ(ij _y..)2++22(y¢j —y_j)2 =51+ .9,

TJie Y., — YCpeJHeHne 0 COOTBETCYIONIEMY HHJIEKCY.
2 2
Sy = E E (yj—y.) =1 E (v —v.)
i g j

S1 — paccenBaHue CpeHU3 JIJIs yPOBHS 2-10 (paKTOpa OTHOCUTEIBHO ODIIEro.
Sy TMpeJcTaBISIeT PacCenBaHNe OTKJINKOB BHYTPH YPOBHEI.

> Yij EZyw
_ i

Y= Y. =

I’ 1J
[lompaBka Ha 4YHCIO cdA3eil MMO3BOJISIET MOJYYUThL HECMEIIEHHYIO
orneaky CKO mnpu orcyrcreum apyrux 3ddexrtoB. Eciaum BepHa rumoresa

H() O HE3aBHCHMOCTH OXKHaceMbIX OTKJ/IMKOB OT ypOBHefI (baKTOpOB, TO



HOPMUPOBHHBIM YHCJIOM CTeIleHel cBOOOIbI KOMIIOHEHT MOXKHO IIPEICTaBUTH
B BUJIE:

S1
J—1

So

= U%X?f—ﬁ m = U%X?}(J—l)'

0% — obmas MCIepCns OTKIIMKOB, 0 IPEIIONIOXKEHHIO He 3aBUCUT OT YPOBHS
¢daKTOpOB.

x? — ciayuaitnas BesmuuHa, pacupeseneHnas no 2 ¢ M crenensMu cBOGOIBL.
Ornorerne R HOPMUPOBAHHBIX KOMIIOHEHT JIOJI2KHO OBITH IOJIMHEHO
panpeenennio ®umepa ¢ napamerpom Fy_y jy_1) € yKasaHHeM Hapbl
crereHel cBOOOILI.

Eciu R > r(p),(r(p) BBIGpaHO B 3aMCUMOCTH OT JJOBEPUTEIBHON BEPOSTHOCTH
P), TO paccMaTpuBaeMblil (hakTop sSBJIsieTCs 3HAYUMBIM. B IpoTuBHOM citydae
Bepua Hy.

[Mpumep: (Tabmura 1)

Tabsmma 1: Tabuua ANOVA

Ucrounuk Cymma Crenenn | CpejH. F Kpur. snauenne
Bapualy | KBaIPaTOB | CBOOOIBI | KBaapaT F(p=0.05)

A 28.000 2 14.000 | 5.600 3.89

B 21.000 3 7.000 2.800 3.49

AB 11.000 6 1.833 0.733 3.00
Omubxka, 30,000 12 2,500

Bceero 90,000 23
cpeIHuil KBaIpar . cyMMa KBaJIpaToB
F = CpeIHuii KBaJpaT =

CKO ’

Ecim F < xkpurmuekoe 3uadenuneF, 1o ddakroper (B u AB)
ABJIAIOTCS He3HauMbIMU. Heobxomumo 6o ysemuunTs F, iub0 yMEHBIINTh
KpUTHYeCcKoe 3HadeHune [

4.2 llnaaupoBaHUWE YKCOEPUMEHTA

Yucsio ypoBHEH KaxKI0ro (hakTopa OOBITHO OTrpaHUYIUBIOT 2-Ms. Torma
00BEM TTOJTHOTO FKIIEpUMeHTa ¢ k (pakTOpamMu COCTaABUT 2j IIPOTOHOB.

Teopus mranupoBanus SKCIEPUMEHTOA PACCMATPUBAET IPODIEMY
[IOCTPOEHUsT ~ HamboJiee  SKOHMYHBIX  ILIAHOB,  IIO3BOJISISI  ITOJIYYIUTH
OIlEHUBAOIINE  KOIPPUIINEHTHI. PannonanpHBIfl mAaH — COHEPIKUAT



3HAYUTEJILHO  MEHbIIIE  SKCIEPUMEHTOB, YeM IOJIHBbIH  (paKTOpPHBIl
3KCIIEPUMEHT.

JIpoOHBI# 9KIIEPUMEHT: KaXKJIBIli ITPOTOH KOJUPYETCs TOCIeI0BATEIbHOCTHIO
JIATUHCKUX OyKB,000Ha39aeMyI0 IIPUHUMAEMbBIX MAKCUMAJIbHbIE 3HAYEHUS
dakTopoB. KoMIIOHEHTBI, 3aBeIOMO BKJIIOUEHHBIE B IIJIaH, HA3BIBAIOTCS
reHepaTopOM IKCIEPUMEHTA.

pumMep: Bce (paKTOphl IPUHUMAIOT MAKMMAJIbHBIE 3HAUCHUS.

I =ABCDFE

Barem HazHauaeTcst JPOOHOCTH SKIEPUMEHTa 1M U BbIOUpercs (m
2k — 1) dakropoB u ux xomOuHarmu, 3hGEKT KOTOPLIX 0 PEe3yIbTaTaM

CTATUCTUCTUECKON 0OPAbOTKM HYYKHO PA3JIMIaTh.

llpu k=5um= % IOy JaeTCsT M = % %25 — 1 = 15 daxTopos.

A,B,C,D,E,AB, AC, AD, AE, BC,BD, BE,CD,CE,DE

[Monygaem mian sKnepuMenTa: (Tabauma 2)

Tabsmra 2: miaH SKIepuMeHTa,

Paktop|ABCDE|A|B|C|D|E|AB|AC|AD|AE|BC|BD|BE|CD|CE |DE

1 1-1)-1}j-1f-1y 1|1 (1 |1]-1|-1
-1 1}-1f-1)-1y 1 |-1|-1|-1]1]1
-1|-1}-1f-1|-1| -1} 1 |-1|-1]1]-1
-1|-1}-1f1|-1{-1}-1|-1|-1]-1]1
-1|-1}-1f-1j1|-1}-1}|-111]-1]-1

0o QW=
[ S Sy —Y

IIpumep: CE * ABCDE = AB(C = C)D(E % E) = ABD =
u3 ABCDE wmoxHo ybparh HecyliecTBeHHble (DaKTOPbl M IOJIYUTHTIKE
camoe(A = BCDE) u.r.z.
gerseprs 2°°2 =7 A,B,C,D,D,E,AD,AE
I = ABC,CDE, ABDE
A=BC=ACDFE = BDE
B=AC=BCDE = AFE
C=AB=DFE=ABCDE
D=ABCD =CFE = ABE
E=ABCE =CD = ABD
AD =BCD = ACFE = BE
AE = BCE = ACD = BD



Bocemas 2°°3=3: A, B,C
1=ABC,ADE,CD,BCDE,BAD
A=BC=DFE=ACD = ABCDE = BD
B=AC =ABDE =BCD =CDE =AD
C=AB=ACDE =D =BDFE =ABCD

5 Kiacrepubriit anaans

Ileav — TOCTpOEHNE AJITOPUTMOB KJIACCU(DUKAIINNA UCCIETYEMBIX OOBHEKTOB.
Kaxipiit 00beKT XapaKTepusyercsi OJIMHAKOBBIM YHCJIOM 7, [TEPEMEHHBIX,
SIBJISTIOTIIAMIUCST TOUYKAMHU B K-MEPHOM TIPOCTPAHCTBe . B pesysabrare
kitacrepusainuu "6u3Kue" 00beKThl PA30UBAIOTCS B IPYIIIIHI.

Biamnsocts monmMaeTrcst Kak paccrosiine d B k-MEPHOM IIPOCTPAHCTBE.

5.1 Paccrosame mexxay obbeKTamMu

Paccrosinne (Merpuka) Ha MHOXKeCTBE OOBEKTOB — 3910 4uciao d(z,y),
IIOCTABJIEHHOE B COOTBETCTBUE JIIOOBIM JIBYM O0BbEKTaM X U Yy U 00JIaarolee
CBOICTBaMU:

a) d(xz,y) =0

6) d(z,y) = d(y,z)

B) d(z,y) < d(z,z)+ d(z,y) (HepaBeHCTBO TPeyroJbHUKA)
[Tpumepsbr:

a) Jluneitnoe paccrosiue d(x,y) = > |x; — yil

-

1

)

6) Eskmnmoso d(z,y) = [ > (x; — yi)?

=1

B) Paccrositane MunkoBckoro crenenu p > 1,

=

p

d(z,y) = (Z |z — yi|p>



r) Paccrosinme Maxanonobuca mMexjy oObeKTaMU T; U Y; , 3aJaHHBIMU
TaOJIUIIEI:

Homep obwekTa k | O6bekrer | [Ipusnaku
1 I 11212 ...T1n
2 T2 21,22 ...T2n
p Tp TplZp2 - - - Tpn

d(zi,x5) = (w; — 2) Ay (2 — a)"
Ay = |lag|| - BBIOOpOUHAS KOBapHAIMOHHAS MATPHIAL; =
(:L’il, ey .CCip)
5.2 buawnzocts

Bauszocmov nma mmoorcecmee obsexmos - uucaof(r,y), MOCTABJIEHHOE B
cooTBecTBUE 2 00BEKTAM X, ¥y, 003 a01Iee CBOMCTBAMU:

1. B(x,y) — byHKIUS ABYX IEPEMEHHBIX X U Y, T.€.

lim B(z,y) = B(xo, yo)

T—T0
Y—Yo

3.0<B(x,y) <luf(zy)=lsz=y
[Ipumepsr:

1. Kocunyc

ﬁ(.’E,y) -

2. Koapdurment xkoppessiinn

-

(s — 7) ; (i —7)

(n—1)oz0y

1

B(:r,y) =1

roe 0z0y - COOTBETCTBEHHO CpEIHEe U  CPeJHEKBAJPATHIHOEC
OTKJIOHEHHUE X, 1.



5.3

Paccrosinue MexXK /Ay KJjacTepaMu

MGTO,H‘bI BBIIUCJICHUA DPACCTOAHUA MEXK/1y KjacTeépaMHh, OCHOBaHHBIE Ha

IIOHATUU PACCTOAHUA MEKLY 0O bEKTaMU:

a)

Cpefniree paccTosiHEE MEXKIY BCEMU OODBEKTAMM Taphbl KJIACTEPOB C
y4eTOM PaCCTOsAHUS BHYTPH KJIACTEPOB.

Paccrosiame wMexay OMmKaWIIIMU — COCEISAMH -  OJIMKAMIIIMU
00beKTaMH KJIACTEPOB.

Paccrostnue Mexky caMbIMU JAJJEKUMU COCEISIMHU.
Paccrosinue Mezky meHTpaM# KJIACTEPOB.
Meton meanaH.

MGTO,ZL MeauaH, HO HEHTP O6'I)€,ZLI/IHQHHOFO KJIaCTe€pa BbIYUCJIACTCA KaK
cpejiHee Bcex O0OBLEKTOB.

CpenHee pacCcTosTHIE MEXKY KJIaCTEPAMHU.

Meron Bapmaa. B kadecTBe paccrosinus MeXky KJiacTepaMu Oepercs
IIPUPOCT CYMMBI KBaJIpaTOB pacCTOAHUI OOBEKTOB [0 IIEHTPOB
KJIACTEPOB, MOJIyYaeMblii B PE3yJIbTaTe UX 00 bEINHCHUSI.

Nepapxuyeckuii ajropurm

Kaxknpiit o6bexT obbeaunsercs: B Kiacrep (0-ypoBeHb)

JBa Oumkaiimux Kiacrepa OObBEIUHSIIOTCA B HOBBIA Kiacrep. B
KaueCcTBE PACCTOSHUS MEXKJy KJIACTEPAMU HUCIOJIB3YIOT PACCTOSHHE
Mex 1y obbekTamu (1-ypoBeHs).

[Iycrs manbl Kjaacrepbl (n-1)-yposus. [IBa OGumkaifimnx Kiacrepa
OOBEIMHAIOTCS B HOBBIH KJIACTEP.B KAYECTBE PACTOSHUS MEKLy
KJIaCTE€paMU HCIIOJIb3YIOT 3apaHee BbIODAHHOE DPACCTOSIHUE MEXKILy
KJIaCTEPAMH.

Bce 06beKThI 00beIMHSIIOTCST B €JIMHBIN KJIacTep



6 Perpeccuonnblii aHaJm3

Jlana He3aBUCHMAas IEPEMEHHAs T U €€ 1 3HAUEHUHR L1, . . ., Ly, TOJTYICHHBIX
B skcuepuMenTe. OJHOBPEMEHHO W3BECTHBI 3HAYEHUS UY1,..., Y, LPYroi
[TepEeMEHHO Y, 3aBUCUMOIi OT x. 3aJava JUHEHHONO PErPecCHBHOIO aHAIM3a
3aKJII09aeTCsI B OIPEIEJICHUH IIepEeMEHHON ¥y Kak JIMHeiHo#i QyHKIuNT
IIEPEMEHHOU X

y=ax+b

6.1 Meroa HaMMEHBININX KBaJApPaTOB

U(a,b) = Z[yZ — (a4 bx;)]? — min

i=1

U _ U _

da 0b

o= DY T — Y TiYi ) T
ny wi — (@)
po M2 TiYi = > Ti) Y

nywi — (@)

6.2 Craructuvyeckass 3HA4YMMOCTh MOJeJW JIWHEHOI
perpeccun.

F- xpurepuii @uinepa.

_ Zy? - %(Z%)Q

2 — JIUcIIepcust cpejiHero
Y n—1
2
— yi — (a + bx;
S2 e = 2Ly = ( i) — OCTATOYHASL JIUCIEPCUST
' n—2
Q2
pe
2
Sy7oc
qu MEHBbIIIE 533700’ TEM JIy4dllle YPpaBHEHUE DPErpeccCum OIINChIBAET

[IepeMeHHYIO .
Benuuuna F pacupenensercs mno @uinepy. [ljgs mpoBepku 3HAIMMOCTHU
YPaBHEHHUsI Perpeccuu 3aJaJuM yposenb 3nadumoctun o= 0.05,= 0.01,=
0.001) u paccMoTpuM KpuTepwuii

P(F < F(tsil,n—Q,a)) =



tab
F(nfl,an,a) bepercss u3 Tadbsu pacupegenenust Pumepa. CiegoBaTeIbHO,

et < F' 1o npu yposme smaummoctn o % 100% ypasHenue
perpeccuu CTATUCTUIECKU 3HAYUMO, T.€. aJeKBATHO OIUCHLIBAET PE3yJIbTaThl
9KCIIEPUMEHTA.

6.3 IIpoBepka HanM4Yus KOppeasiiun
Koppeaayus - Hamuaue JTUHEHHON 3aBUCUMOCTH X1, . .., Ln T Y1, - - -, Yn-

o Y@m-Dw-D)
V E @i - 12 Sy — )2
mpu 7 # 0 MOYKHO TOBOPHUTH O HAJUINE Koppessiuu. Jas craTucTimdaeckoit

3HAYUMOCTHU OTJIndus Kodddunuenta Koppesisanuu ot (), IpoBeeM IIPOBEPKY
cratuctuydeckoit runore3nsl: Hy : r = 0 Ucnonssyem kpurepuit CrbiofenTa:

K03(pPIUEHT KOPPEJISIITAN

P(t] > 45 4) = a

rie
rvn — 2

N

Ecom [t| < t'e, . To met ocHoBanuit orBepruyTh rurmoresy Hy. Ho ecrm [t| >

t =

n—2,a’
tfﬂg o» TO THIIOTE3y OTBEPraloT U IPUHUMAIOT KOHKYPUDYIOILYIO T'MIIOTE3Y
H1 or 75 0

Ananuns paHHbix(npoaosikeHue).

7 KoMIIoHeHTHBIII aHaJIn3

[lycts maHo n  HAOMIOMAEMBIX  BEJUYUH  T1,...,Tp, OIUCHIBAIOIINX
HCCTIyeMOe sIBJIEHUE.

[lenb KOMIIOHEHTHOTO aHAJIMW3a COCTOMUT B TOM, YTOOBI IIPeoOpPa3OBATH
BEJIMYUHBI X1,...,L, B HADOP IVIABHBIX KOMIIOHEHT fi,..., f, Tak, 4ToObI
ydeT KaxKJoii cJielylolneit KOMIIOHEHTHI fj41 COOTBETCTBOBAJI OOJIee TOTHOMY
IPUOTMKEHUIO CyMMAPHON TUCIIEPCUN:

n
Z Dacl-
=1




[IEPEMEHHBIX T1,...,Ty. OOBIYHO BbIJEICHUE IIEPBOIl IVIABHON KOMIIOHEHTDI
f1 TOMXKHO COOTBETCTBOBATH CaMoOil OOJBINON 7016 | BKJIaIa ITOH
KOMIIOHEHTBI B CYMMAPHYIO JUCIIEPCHIO.

Bropas kommonenTa f| 00bICHSIET yiKe MEHBIIMYIO TOMI0A2 < A1 CYMMAapPHOIt
JIUCTIEPCUN ¥ T.JI.

7.1 MeTtoabl KOMIIOHEHTHOI'O aHAJIN3a

ITouck kommonenT  fi,...,f, 1omoben Bpamenuto "oceit"xq,...,T,
IIOCKOJIbKY HCIIOIB3YIOTCA  CJIEAYIOIINE YPABHEHMs, CBA3BIBAIOIINAE X; C

E
m
€Ty = Zwijfj ,i = 1,TL
Jj=1

omega;j - HaTPy3KH j-i KOMIIOHEHTHI B i-if IePEMEHHOIA.
B marpuunoit 3amnucu:

X=WxF

[IpenmonaraemM, 9TO BEJTUIUHBI T, Y;, f; TIEHTPUPOBAHHBIE, T.€.

Mz =My;=Mf; =0 ,i=1n

"Bparenune oceii"3amaercss B B

Y=UX, X=UY

rae U - oprorosajibHasI MaTpHIIA.

Ha nepBoM sTale moncka rjaBHBIX KOMIIOHEHT PACCMaTPUBaEM BMECTO Oceil
fi,--., fm Bcmomorarenwbubie "ocu"yi, . . ., Ym. Kcim obo3HAYTUTD Tepes3 uy -
k-yio crpoky marpunsl U, TO

n
yi = u; X = Z Uik,
k=1

[Tosoxkum \; = M y,? D10 nucrepcust mepeMeHHoit ;. KcrectBenHo cunrarh,
YTO BEJUUUHBI Y; HEKOppesupoBanuble, T.e.M (y;y;) = 0, (i # j), o

n

n
Myiy; = M* > ugtptjste = Y M (zps)
k=1,5=1 k=1,5=1

n

(u)g; = Z Uigkrs(u)g; = wiKu; = Xidij,
k=1,s=1



rae K, = ||kij|, kyp;j = M(xpx;) - KOBapUIHOHHASI MATPHIIA JIJIsl L-OB.
Cutenoparenbno, marpuna A = UK,U' asiaserca jJuaronajubHoil. Mnaue
roBOPsI, OJ1aroJapsl BPAIIEHUIO MbI IIPUBEJIH €€ K JUArOHAILHOMY BHLY.
DJIeMEeHTBI A{, ..., A\p MaTpuibl A pacloioKeHbl B HOPSAKEe YOBIBAHUS II0
Besmunue, T.K. u; Kxu;, = \;, a marpuna U - oproronanbHas, T.e. uju; =1,
ro Kyul = \ul.

WNnage rosopsi, \; — cobGCTBEHHOE YMCJIO MaTpuibl K, u; — COOCTBEHHBII
BEKTOP.

Temepb BBIYMCIMM TJIABHBIE KOMIIOHEHTBI, HOPMUPYIY;:

0; = )\*%yi = AiéuiX
nJIin B lVlanI/ILIHOI\J BI/I,[Le
F=A2Y =A3UX = X =UAIF

n IJigd MaTpHUIbl BECOB NMEEM

[TockombKy

n n
Z Dz; = Sp[K,| = Sp[A] = Z Dy;, Sp— cren, T.e. cymMMma coOCTB. 3HAYCHUIA
i=1 =1

T.e. CyMMapHas JHUCHepCUsl IIePeMEHHBIX T; PaBHa CyMMAapHOI JIUCIIePCUU
IJIABHBIX KOMIIOHEHT ¥;.

TakuM 06pa3zoM, MOXKHO JIETKO HaiiTH IPOIEHT, BHOCUMBII KazK/10il rIaBHOI
KOMIIOHEHTOl B CyMMAapHYIO JIMCIIEPCUIO TIePEeMEHHbIX T;.

OcHOBHasl uaes MeTOJa TJIABHLIX KOMIIOHEHT 3aK/I0YaeTCs B BbIICJICHUU
IEPBBIX KOMIIOHEHT f1,..., fm (M < m), Jamomux BBICOKHUIi IIPOIEHTHBIN
BKJIaJl B CYMMAapPHYIO JUCIIEPCHUIO.

7.2 T'eomeTpuyeckasi wJJIIOCTpaIidsi MeTOJAA TJIABHBIX
KOMIIOHEHT
Kaxast nepemennast x; (i = 1,n) npu u3MepeHUU II0JIyYaeT 3HAYCHUE

zij (j = 1,p). Hazoeem Bexrop Ob; = (x1j,...,2n;) (j = 1,p) — j-TbIM
00 BEKTOM.

PesynbraTbl HaOJIIONEHNN TPEJACTABIAIOTCS B BHUIAE MaTPUIBI "0OBEKTHI-
npu3Hakym ":



Howmep obbekTa k | O6bektnr | IIpuznakn
1 Ob1 11221 -..-Tpl
2 Obl 127922 ...Tp2
p Ob, T1pT2p - - - Tnp

Kaxknoit mepemennoit x; comocraBuM B N-MepHOM R’ IpPOCTPaHCTBE
ochb ;. Torma o6bEKTLI — 3TO TOUKM B Ipocrpaucree R . 'eomerpuuecku

n Obl fl

b2

[TOMCK KOMIIOHEHT O3HAYAeT, UTO IJjisI IOCTPOEHHsI IIePBOH KOMIIOHEHTHI
bepercst B R" mnpsgmasi, Tpoxoisinasi depe3 IeHTP KOOPJUHAT U ODJIAKO
paccesiHust O0BEKTOB (JaHHBIX ).

B ocmoBmoM Imponenypa BbIIeJEHHs I[JIABHLIX KOMIIOHEHT IIOZO00HA
BPAIEHNIO, MAaKCUMHU3UPYIOIIEMY JIUCIEPCHI0  (BAPUMAKC) HCXOIHOTO
[IPOCTPAHCTBA IIepeMeHHbIX. [lesb Bpallenns 3aK/II09aeTcsd B MAaKCUMU3AIUN
jucriepcun "HOBOM ' IepeMeHHON f1 ¥ MUHMMHU3AIUN Pa3dbpoca BOKPYT Hee.

7.3 CKOJIBKO TJIaBHBIX KOMIIOHEHT BbI,ZLeJ'ISITI)?

Ha sToT BOmpoOC oTBevaeT:

o Kpurepuit Kaitzepa: \; > 1



e Kpurepuit "kamencroii ocern" Karrena:te \;, riae rpaduk He MOX0XK
HA TOPU30HTAJIBHYIO OCh.

7.4 CraTucTnydeckKass 3HAYNMOCTh KOMIIOHEHTHOI'O aHaJIn3a

[Tpu paccMoTpeHun peIoarajgach M3BECTHON KOPPEIIIINOHHAT MATPUIIA:
/Cij

Dﬂ?i \/ DCCj

Ha IIpaKTHUKE TIJIaBHbIE KOMIIOHEHTDHI OIICHHUBAIOTCA IIO BI:I60pO‘IHbIM

KOBapHUAITMOHHON M KOppeadaruoHHoit maTpuiie. st TpoBepKr 3HAYUMOCTHU
KOPPEeJISINOHHON MaTpuiibl R, IpuMeHSIoT KpuTepuit bapriera:

R, =| I, ki = M(zizj)

1 n
X =—lp—c@n+5)]xIn|R.|,  [Re| = ]_:[1)\

KOTOpBIH pacrpesesier o x2 ¢ v = (n — 1)/2 crenensvmu cBobosel. Hymepasi

TuIiore3da HO O TOM, 4YTO KOppe/JIdIMOHHad MaTPpHUIla ABJIAETCA He3Ha“H/IMOf/’I,
tab
,y7a.
Ecnn 1npm  mpoBepke  TMmoTe3bl  OTBepraercss  3HAYUMOCTH  Beelt

OTBepraeTcd, n NIPUHAMAETCA ajbrepHaTusHasg Hi, ecmm x? > (x?)

KOPPEJSIMOHHON MAaTPHUIbl, TO HAXO0XKJIEHWEe TJIaBHBIX KOMIIOHEHT He
WMeeT CMBICTA.

IToce BBIZETEHUS M-KOMIIOHET BO3HHMKAET BOIIPOC: 3HAYUMO JIM PA3JIUINE
MEXKTy OCTABIIUMUCS TJIABHBIME KoMmIoHeHTamu: Kpurepuit Baptiera

1 2

DTa coydaiiHas eJIMIuH IPUOINZKEHHO UMeeT X2 pacupesesenue. Ipuden:

m Ly )
Ro—m = |Ra| [ N <"Zz=1>
=1

n—m

Ho o pa3jauaumn  MeKJ1y  OCTaBIIMMMUCA  IVIAaBHBIMHM  KOMIIOHEHTaMU,
ABJIAIOIIIEMCA HE3HaYMMBIM, OTBEpraeTcda u Hl, TOBOpdIIad O SHAYMMOCTH

pas3/Imams, IpUHIMaeTCs, ecan Y2 > (x2)iP

.00 rage & — ypoB€Hb 3HaAYMMOCTHU.
7

7.5 Ilpumep KOMIOHEHTHOTO aHAJJIM3a

B pesyipraTe onpoca BCHOIb30BaN 15 IPU3HAKOB T'1 — 15, KazK/Iblil 110 7-
6asuibHOl miKaste. Pesynbrare! ananusa B rabimnax: (Tabmuma 3), (Tabiumna

)



Tabmuna 3: O0beMHHEHHAST CyMMapHAasi JTUCIIEPUsT

Homep obbekTa k | OObeKTHI Houtst
34.31% X1 /\1 = 5.146
12.97 T Ay = 1.945
6.60% Ty Aq = 0.990
1.20% 1‘15 )\15 =0.181

Tabsmra 4: TlopepuyTas maTpuiia (pakTOPHBIX HATPY30K

1 2 3
r1 | -4.666 0.628 -1.191
ro | -1.141 0.657 -.215

z3 | 0.327 -0.153 0.711

z15 | 0.725 | -4.882E-02 | 0.144

Component Plot Component Plot

A0 BpalleHks nocne epaweHua

Ananu3 naHHBIX (IIPOOIKEeHTE )

8 dakTOpHBII aHAJIN3

[IycTb mano n HAOJIOJAEMBIX CJIYIaRHBIX BEJIUIUH X1, . . . , Ly, OIIICHIBAEMbIX
uccienyemoe spijienue. IIpesnonoxKum, 4To mbiTasich 6ojee IOJHO OIHUCATh
sIBJIEHHE, Mbl MEPEDOPIIUIN C IIEPEMEHHBIMA U B JEHCTBUTEJIHLHOCTH OHU
CBOJIATCST K MEHBIIIEMY YUCTY BeJmIuH f1, ..., fm, m <K n.

[TocraBum  3ajady  BBIABUTH  BEJUYUHBl f; 1O  X1,...,Tpn. ITO
3ajiada pakTopHOro anajusa. Ilpm  srom  fi,...,f; ~ Ha3BIBAKOTCS




daxTopamu.
PaxTOpsl f1, ..., fn BBILIEASIOTCT TaKdM 00pa30M, YTOOBI HAWJIYUIIIAM
00pa30M OIMUCATH KOPPEJISIUOHHYIO MATPHUILY JUIS X1, . . ., Ly

8.1 OcHoBHag Moziesib (paKTOPHOTrO aHAIM3A

DakTophl fi,..., [ AOYTCST U3 ypaBHEHUI:
m
T; = Z Lit F, (1)
k=1

Benuuunnabl xi Ha3bIBAIOTCS IMEPEMEHHBIMU,l;;, — HarpyskamMum k-ro
daxTopa Ha 1-Off IIepeMeHHO#, e; — OCTaTKAMH, I[PeICTaBISTIONIIMN
UCTOYHUKU OTKJIOHEHUH, JICUCTBYIONINE TOJIbKO HA T;.

[Ipenmonaraem, 9To x;, €;, f; IEHTPUPOBAHBI, T.€.

Mx;=Me; =0, i=1,n, Mfr,=0, k=1m
7 IJI KOBAPHUAIMOHHBIX MATPUIL

MI(fi = M fi)(f; — M f;)] = M[fif;] = bi;
]\4[(6Z — Mei)(ej — Mej)] = M[eiej] = 'Ui(;z'j
M[(fi — M fi)(ej — Mej)] = M[fiej] =0
rie 0;; = lupn ¢ = j, u 6;; = 0 mpu ¢ # j, T.e. PAKTOPHI M OCTATKH CUUTACM
HekoppesmpoBanubiMu. 13 ypasuenus (1) ciemyer, aro
lij = Mlxifj]

T.e. HArPY3KHU — 3TO KOPPEIALNN MEXKJY IIEPEMEHHBIMA B (PAKTOPAMHE, U
m m
2 o,
ki = I+ k= ik, 07 (2)
k=1 k=1

riae kz‘j = M[(mz — sz)(x] — MJJJ)] = M[I‘ij]

Benuunner [;;, Ha3BIBAIOTCA i-MU OOITHOCTSIMU, & VU; - CHEIAMUIHOCTIMIA.
O6mHOCTL TpejcTaBiser coboOit 4YacTb guctepcun  k;j ME€PEMEHHBIX,
00bsiCHEHHYIO (PaKTOPaMH, CIENU(PUIHOCTL - YacTh, He OObSICHEHHYIO
dakTopaMu JUCIEPCHTO.

B marpuunoit 3anucu 3Tu ypaBHEHUS BBIYUCIAIOTCA TAK:

K,=LL +V (3)



Ypasrenue ( 3) HA3BIBAETCsI OCHOBHOI MOJIEJIbIO (DAKTOPHOI'O AHAJIU3A.
T.x. KoBapnaronHast Marpuna K, cBg3aHa ¢ KOPPETAIMOHHOM

Ro=| R =l ()
To ypasHenusi ( 3)-( 4) garor npejcraBieHHe KOPPEJSIIIMOHHON MaTpUILbI
4yepe3 Marpully Harpy3ok L = ||l;;|| 1 nuaronampryio marpuiy V = ||v;dijl|
C TIOJIOKUTEILHBIMU COOCTBEHHBIME 31eMeHTaMu v;. OTMeTHM, 9TO MaTpuIia
LL' = L'IL, rne I-enunuunas. Muage rosopst, marpuna LL' - 310 pesynbrar
mpeobpazoBanust MmaTpuiibl I kK HOBOMY Oasucy. I[loaToMy ero cobcTBeHHBIE
YUC/IA TIOJIOXKATETHHDIL.

8.2 Pemnienue ypaBHeHUiT OCHOBHOI MO/IeJIN

HaXO}K,ZLeHI/Ie (baKTOpOB B OCHOBHOM CBO/JIUTCA K HaXOXKJACHUIO HAI'PDYy30K llk;

1 ommbOK €; 110 3aJaHHbIM X1, . . ., L,. Pemmaem ypasrenue (3) Bmecro (1).
1 ,
CﬂeBa % NU3BECTHBIX BeJINYNH - QJIEMEHTBI KOBapualiOHHON

mMaTpuilbl,ciipasa n(m + 1) HeusBecTHBIX [, U;.
e mpum+ 1> ”+1 He/Ib3s HAUTU €JIMHCTBEHHOE PEIeHNE;

e 1pu m+ 1”T+1 YHCJI0O HEU3BECTHBIX MEHBIIE YNC/Ia YPAaBHEHUN U 3a/1a4a
CTAHOBUTCS HEPA3PEITNMA.

CnenoBaresibHO, 4uCI0 (HAKTOPOB HE MOYXKET OBITH HEOOJIBIINM, HO
nx m HeJOJI2KHO 6]::IT]3 CJIMIIIKOM MHOT'O, MHa4Ye TepAeTCd CMBIC/I 3aJa4du I10
OTBICKAHUIO (PaKTOPOB.
dakTopHOe perieHne He eauHCcTBeHHO. [lepenumem (1) B Buje

X=LF+F
[Tycts U-opToronanbnas marpuna. dus nee UU' = I, T.x.
X =LUUF+E=(LU)UF)=LF+E (5)

, e F'= U'F — noswle dakropel, a L = LU — noBble Harpysku. IIpu sTom
OCHOBHasl MOJIe/Ib ( 3) MHBApUAHTHA OTHOCUTEIBHO ( D)

K,=LL +V =LUU'L' +V = (LU)(LU) +V =LL' +V

Takum 06pazom, HaKTOPHI OMPEIETISIIOTCSI ¢ TOYHOCTHIO 10 BPAIEHMS
F — U'F B m-MepHOM (PaKTOPHOM IPOCTPAHCTBE.



8.3 Meroa MakcCMMaJIbHOTO ITPaB/IOIIO 100N S

CDYHKL[I/IH MaKCHUMaJIbHOI'O HpaB,HOHO,Z[O6I/IH 66p6TCH B BUJE:

1 1
F =K = o(p—DSp(A K1), Ko=LL'+V
;oae Ay = |||a;j| — BBIOOpOUHAs KoBapuanuonHast MaTpuia. O0beM BBIOOPKI

KazK 101 HepeMeHHOﬁ XT; PpaBeH P. ,HJIH OIICHKN HEU3BECTHBIX IIePpEMEHHDBIX
lij, v; TIOJIATAETCS, YTO OHU MAaKCUMU3UPYIOT DYHKITUIO

0F  OF
(Slij (5’()1'

F(szavz) = Oa i = 17n7 ] = 1,77’L (6)

Marpuma L wmiercss tak, 9robbi (n x m) marpmma J = L'V — 1)L
Gbuia quaronaabHoii. [IpejmnonaraeM Tak:ke, 9TO JIMATOHAJBHBIE DJIEMEHTHI
J pacroJioKeHbl B IOpsi/iKe yObIBaHUsA (110 BEJININHE).

Pemenne cucrempr ( 6) numeer Bu:

V; = Qg5 — Z l?j (7)
j=1
L'=Jv-14,-V) (8)
Us ( 8) cuemyer, uro MaTpuna
H=LV YA, -V)V'L

pasHa J? 1 M03TOMY JMaroHabHbIe ypashenus ( 7) u ( 8) permaem MeToa0M
UTEpaIii.
Bamamum L), V(1) 1 npub/mzKaem 1o uTepanuonHoii cxeme:

™oL )

- —1
{QMH—J“%me%‘L@Q
V(N+1) = @i = D5 Lo

B JeficTBUTEeILHOCTH HTepalud IIPOU3BOJATCS 110 Oojiee  CJIOXKHOM
cxeme, geM ( 9). VeloKHEHHE CBA3AHO € BKJIIOUEHHEM B PACYCTHYIO CXEMY
3HAYEeHUil, IOJIyYeHHBIX B IPeJbLIYIIeil CTpOKe.

O6osuauum 1, I} i-e crpoxku L, L.
Borancianm

Wi =h)Vy,

V) = widy — lll(l)



U TIOJIOKHUTENIbHOE Yucao hy = vjwy — 1-it snement marpunp H.
Torma mo cxeme (9) 1-g CTPOKaA CIEAYIOMIETO MTPUOINKEHUST L?Q) MaTPHUIIBI

L' paBuna
1

/ _ 1 ! / -1 /
iy = T 71(51(1)‘/(1) Az = liy)

Ecan nmeercs Bropoit hakTop ,m > 2, TO
loggy = Lvé = L(55(1)‘/(51149: — Iy — Jaily(g))
Vha Vha
rie
Jo1 = W,2l1(2)7 2(1)V(_)
hy = vhwo, vh = whA, l()—j21l()
st TpeTbero dakTopa
1
/ _ / / . ! . /
l32) = \/7—3113 f( oV 'A, — U5y — Jarly(a) — Jaalye)
rie
. . Iy -1
Js1 = wsli(a), Js2 = wslaz), w3 = I3V
h3 = ’Uéwz;, 'U3 = CL)3A l 3(1) — jgll 1(2) — j32ll2(2)

u T.JI. IO M.

Hafinennple  Lg), Vig)  uCHONB3YyIOTCA  JUIst  HAXOXKJEHUS  3-TO
IPUOJIVKEHUS .
Ilocsie ocTaHOBKN NTEPAIMOHHOIO HPOIECCa HOJTY TAI0T OIEHKH Z, v —OIIeHKH
L,V, K, — olleHKa KOBapUaIllMOHHON MATpHUIbl K, .
Ha npakTuke meTo]1 cxoauTcs.

8.4 Omnenka ymncya ¢pakKToOpoB

CxoIbKO HYKHO (PaKTOPOB?
Hy: tpebyerca M dakTopos.
[Ipennaraercs mpubIMKEHHBIT X2 - KpUTEpUii:

2= 1) - Len45) - Zm| e 3 i i (10)
— — — —(2n — —m Ny Y
X =|(p S ol R

311eCch BEJIMYUHBI C;, U — PE3YABTAT OIEHKYN KOBAPUAIIMOHHON MATPHUIIHI,
MaTPHUIBl HAIPYy30K L u MaTpunbl V, T.e. pe3yJibTaT peIleHUus] OCHOBHOM



daKTOPHOI MOJIeH.

3a/1a/IuM yPOBEHb 3HAYUMOCTU (¢ U BLMHCITIM X2.,4 1o ( 10). CpasanBaem
ey n—m)~—(n-+m

¢ Xiam C JHCJIOM TelleHell cBOOOIBI % . Eerm x2,, < X,%a@j, TO

runore3a Hg npuauMaercsa. B nmporuBHoM ciydae runore3a Hy oTBepraercs

u B PaKTOPHOIT Mojiesin TpedyeTcss Kak MuUHUMYM m + 1 daxTop.

8.5 CpaBHeHHE C KOMIIOHEHTHbIM aHaJIN30M

Takzke crpourcs Tadbauia HaOMoAeHN! "00beKThI-IIpu3HaKu ' .
11, 1

Homep obbekTa k | O0bekrhr | Ilpusnaku
1 Ob1 11221 ...Tnl
2 Ob1 127922 ...Tp2
p Ob, T1pT2p - - - Tnp

'maBHBIE KOMIIOHEHTBI — SIBJISIIOTCS  JIMHEHHBIMU — (DYHKITUSIMH ~ OT
HaOJIIO/IAEMBIX  TIePEMEHHBIX, a (AKTOPbl HE BLIPAXKAIOTCS — 1Uepe3
KOMOUHAITMIO UCXOJHBIX ITPU3HAKOB. [JIaABHBIE KOMIIOHEHTHI HE OObSICHSIOT
KOPPEJISIINIO MEXK Ty TIEPEMEHHBIMU, & (DAKTOPHI JJIst STOT'O U OTHICKUBAIOTCSI.

Ananns padHbix(npoposixkeHne). PerpeccnoHHbIii
aHanuns.

9 PerpeccuoHHblii aHAJIN3.

Jlumepamypa: Marxopma HK. Mapxrernmunzoswie UCCNCIOBAHUA.
Hpaxmuueckoe pyxosodcmeo. -M. Buavamc, 2002

Peepeccuornnti anasu3 - MeTOI yCTAHOBJEHUsT (POPMBI U HU3yUEHUS
CBA3El MEXKJIy METPUYECKONH 3aBUCUMON II€EpEMEHHONH U OJHOH Wian
HECKOJIbKIMH HE3aBUCUMBIMU TTepEMEHHBIMA. VICIOIB3YIOT B CIydasx:

1. eficTBuTeIbHO JM HE3aBUCUMbBIE II€PEMEHHBIE O0YyC/IABIUBAIOT
3HAYMMYIO BapHUAIIUIO 3aBUCUMON MEPEMEHHOI: JTeiCTBUTETHHO JIX 3TH
[IePEMEHHBIE B3AMMOCBI3AHDI?

2. B Kkakoif cTeleHH BapHalWi0 3aBUCHMON IEePEMEHHON MOXKHO
OOBbSICHUTD HE3ABUCUMBIMU IT€PEMEHHBIMU. TeCcHOTa CBA3M?!



3. Oupenenurnb dbopmy CBSABU: MaTeMaTu4YeCcKoe YpaBHeHUE,
OIMCBIBAIONIECE 3aBUCUMOCTb MEXKJY 3aBHCUMOI W HE3aBUCUMON
IepeMEHHBIMUA.

4. Ilpenckasars 3HaveHns 3aBUCHMO mepeMeHHoi. 5. KonTpoamposaTh
Apyrue HEe3aBUCUMbIC IIEpMEHHbIC opu OIIpeaeJICHUN BKJIa/J10B
KOHKPETHOH IIepEeMEHHOI.

[Tapuas perpeccusi (bivariate regression) - 9To0 MeTOJ| yCTAHOBJICHHSI
MAaTEeMaTHYECKOl 3aBUCUMOCTH MEXKJY OIHOI MEeTPUYECKON 3aBUCHMOI

IEPEMEHHON U OJHOW METPUYECKON HE3aBUCUMON IIEPEMEHHON.
CraTuCcTuKy, CBA3aHHbBIE C IAPHBIM PErPECCHOHHBIM aHAIU30M:

e Moyuenn napsoii perpeccun Y; = Bg + 51X +¢e; , tne Y — 3aBucumast
mepeMmenHas, X — He3aBUCHUMasl IepeMeHHasi, [y — TOYKa MepeCeHust
psiMoii perpeccuu ¢ ocbto OY', 31 — TaHTEHC yIJia HAKJIOHA MIPSIMOI, €;
— OCTATOYHBIN YJIeH, CBSI3AHHBIN C i-M HAOJIIOAEHUIEM.

o Kosddurmmenr merepMuHaiinm. Tecuoty CBSI3H U3MEPSIOT
koadbdummenToM aerepmunanun 72 , xKoropeii € [0,1] n ykassBaer
JIOJTIO TIOJIHON Bapuaruu Y , KoTopas obycjaBinBaeTcs Bapuarmein X .

e Brruncisiemoe 3Havenue Y. Y= a + bx, Y — BbIUUC/IgeMOe 3HAUYEHUE
Y;, a,b —BbIUMCIEeHHBIE OIEHKH [Fg u 1. b — HEHOPMUPOBAHHBIM
K03 DUIUEHT PErPEeCcChn.

e [lose koppessitiun~ —  TpaduIecKkoe  UPEJCTABJICHHE  TOYEK C

koopauHaTamMu X u Y.

e CranmapTHas omuOKa ypaBHEHUs perpeccuu. Sprp — CTaHIAPTHOE
OTKJIOHEHUE (DAKTHIECKOTO 3HAYEHUS Y OT TEOPETUIECKOTO 3HAYUCHUST
Y.

e CramapTHas omunbKa KO3 MUIIMEHTa PErpeCCHH. CranmapTHOE

OTKJIOHEHKE B 0b60o3HadYeHnn Sy Ha3bIBAIOT CTaHIapPTHON OIIMOKOA.

e Hopmuposannsbiit Koaddurment perpeccuun. Obosnadenne 1

e CymMa KBaJpaToB OMIMOOK Y e?

e t-cTaTuCTHKa C N — 2 CTEeleHsIMHI CBO60,IH>I MO>KHO HCIIOJIB30BaTh

ansg upoBepku Hy: mexay X m Y He cymecTByeT JIMHEHHOM

zaBucumoctu,T.e. 51 =0, rme t = SLEb



AJiropuT™ IAPHOTO PErpecCHOHHOIO AHAJIM3A.

1. Tlocrpoenue 1mosist KOpPEJIsInn.

2. @opMmyaupoBaHue OOIIEil MOJIEIN.

3. Borauciienune nmapameTpos.

4. Bpramciierne HOpMUPOBAHHOTO KOddbuimeHTa perpeccun.
5. TlpoBepka 3HAIUMOCTH.

6. OrpejiesieHne TECHOTHI U 3HAYMMOCTH CBSI3H.

7. IlpoBepka TOYHOCTH TIPEICKAZAHUS.

8. AHaJm3 OCTATOYHBIX UIEHOB.

9. IlepekpecTHasi MpOBEPKa MO/IEIH.

ITose xKoppensimun

3FaBUCHMbIE
nepereHHbIe
[ ]

f

h =i
HesaBHCHMbIE
nepeMeHHble

Puc. 1: ITome xoppesiun

Memod naumenvwuxr xeadpamos - MeTOJH pacdera KodPUIMEHTOB
yPpaBHEHHsI JTUHEHHON perpeccuu Ha OCHOBE MUHMMUBAINN PACCTOSHUSA BCEX
Tovek 1oJisi KoppeJsuu (puc.1 ) (o Beprukasn) or rpaduka perpeccu(puc.
2).

OrpejiesieHne mapaMeTpoB YpaBHEHUs] PErPECCHUT:



Puc. 2: I'paduk nuneitnoit perpecun

~ ~

Y, = a+bx; Y; — Teoperut 3uauenne Y;, a, b — 1 BEIYUCIEHHBIE 3HAUCHUS

Bou Br .

h— COny _ Z?:l(Xi - Y)(Yz - 7) _ E?:l XiYi — XY

2 — o —
S \/Z?:l(Xi - X)? Y XP—nY

a=Y —bX

HopMmuposanubiit KoaduimenT perpeccun

Hopmuposarnue — tuponenypa 1npeobpa3oBaHus KOODIUHAT IIOCHE
KOTOpOii 3HadeHue cpemrero pasuo (), aucnepcuu paBHO 1.
[Tociie HopMmupoBanus orpe3ok orcedenust or OY = 0.
Koaddunuent perpeccun obosnasaerca "6erakosacdbunuent By, 1 oH pasen
Koappunuenty xoppenarun Byy = By, = Ty

S,
By = by, (;) , byy — HEHOPMMPOBAHHBII KO3 PUIMEHT PEerpeccu.
Y

[IpoBepka 3HaUMMOCTH

lNunoress:Hy : f1 =0, Hy:061#0

b

b= —
SE,

¢ n-1 creneHsiMu CBOOOIBI



Tecrnora 1 3HAYMMOCTB CBsi3u(puc. 3)

TecHoTy CBA3M OIPEIEISIOT KOS DUIIEHTOM JIeTePMUHAIIH T2

[0,1]

L OcrarouHan

Bapnal.um‘rssres ,/
.f’/.fa".l‘ '/f
Monnaa // ff' 00 bACHMMan

BapMaupa 55 < . )
Y ,/‘ ‘?Bapuauml Ssreg

|
ki
y

N

Puc. 3: Pasmuunbre Bapunum Y

n

SSy = S8Sreg + SGpes, e S, = (Yi—Y)%

=1
SSreg — Z(i;z - ?)2, SSres = Z(Y; - 2)2
=1 i=1

TecHoTy BBIYHUCIAIOT:

2 _ SSreg _ 55y = SSres
SS, SS,

[Iposepka s3HauMMOCTH KOIDQUITTEHTA TeTEPMUHAIIN

. 2 —
Hy : RCOBOKyHHOCTb =0
Hy: R? >0
1 - flcopokymmrocTn

Kpurepuit F-craructuku:

SSreg

=95 =2

)

1"26



KOTOpasi ogunHsieTcs F-pacipeesiernto ¢ 1 u n — 2 cTerneHssMu CBOOO/IBI.

ToumnocTn npeacKa3aHnud

~

Jliss  OIEeHKM TOYHOCTH BBIYUC/ICHHS Y  [OJIE3HO  BBIYHCJIATH
CTaHJIAPTHYIO OIMMUOKY OIeHKN ypaBHeHusi perpeccun SEFE.

SEE = LSTES
n—2
st k He3aBUCHMBIX TTEPEMEHHBIX
SS
SEE = _Frres
n—k—1

SEFE MOXHO MHTEPIPETHPOBATHL KAaK BHJ, CPEIHEr0 3HAYECHMS OCTATKA HJIH
CPEIHIOI0 OIMUOKY IPEeACKA3aHus Y , UCXO/s U3 YPaBHEHUs PErpPecCH.
MoryT uMerb MeCTO IBa CJIydas IpeICKasaHus: I 3aJaHHOINO 3HAYEHUsI
X0 711 OJHOTO M3MepeHnsT M st Becex namepenuit, rae X = Xj. B oboux
ciaydasx Y =Y = a + bXy

OpHako craggapTHasi OMUOKa JJIsi STUX CUTYallWii pas3Hasi, XOTs B
oboux caydasx 3ro dbyukiusg SEE. s 00abIUX BBIOOPOK CTaHIapTHAs
omubKa TpeICKa3aHusI CpeJIHero 3HadeHust Y paBHA %7 a  oIruoKa
[IpeJICKa3aHusl OTIeJIbLHOro 3Havenus Y pasua SEE.
CremoBaTe/bHO, IIOCTPOEHUE JOBEPUTEILHONO WHTEPBAJIA BapbUPYyeTCd B
3aBUCUMOCTHU OT TOI'O, HEOOXOIMMO IIOCTPOUTH OIEHKY JIJIs OJTHOrO 3HAYEHUS
YT JIJIsI CPEJTHEro 3HAYEHUS.

IIpeanochLIKN PErpecCHOHHOTO aHAII3a

Homytmenns:

1. OmmbouHbBIl YIeH YypaBHEHHS] PErpecCud IOMUNHSIETCS 3aKOHY
HOpPMaJILHOI'O pacipeaesierns. s KaXK10ro omnpeaeaeHHOro 3HAYeHHS
X pacnpemenierne Y HOpMAaJIbLHOE.

2. CpesHee 3HavYEHHE BCEX STHX HOPMAJIbHBIX pacipejeseHuii Y, mnpu
3aJaHHOM X , JIEXKUT Ha MIPSIMON JIMHUN C YTJIOBBIM KOI(MPUITUEHTOM b.

3. Cpennee 3HadeHre OMMOOYIHOIO weHa pasHo (.

4. ucrepcust oMmmbOOIHOIO YjieHa MOCTOSIHHA. D Ta, JIUCIIEPCUs] HE 3aBUCUT
OT 3HAYEHU, TPUHATHIX X .



5. Mexy ommubOYHBIMU  YJEHAMHU ABTOKOPPEJAIUsl OTCYTCTBYET.
SHavyeHUsT OMUOOYHBIX BEJIMINH HE3ABUCUMBI MEXKTy COOOI.

10 MHoxkecTBeHHasl perpeccus.

Multiple regression — craTHCTHYECKUIT METO JJIsT MTOCTPOEHUST 3aBUCUMOCTH
MeXKIy JIByMs u 0OoJjiee HE3aBUCHUMBLIMU II€DEMEHHBIMUA U 3aBUCHMOIA
IIEPEMEHHOI, BBIPAXKCHHOW C MOMOIbI0O MHTEPBAJbHON WMJIA OTHOCUTEJIBHON
mkajel. Ob61mast popMa MOJIE MHOYKECTBEHHON perpeccuu MMeeT B

Y =00+ 51 X1+ BoXo+ ...+ B Xk +e

Mosesib OleHUBAETCST Y PaBHEHUEM

~

Y:a+b1X1+b2X2+...+kak

Ucnonp3yem MeToji HAMMEHBINIUX KBaJpaTOB, KOTOPLIA  OIEHUBAET
apaMeTpbl TaKOM 06pa3oM, 4TOObI MUHUMHU3UPOBATH CYMMAPHYIO OLIIHOKY
SSres - ODTOT TPOMECC TaKXKe MAKCUMUBUPYET KOPPEJSIIHI0 MEXKJLY
(baxTIIecKIM 3HaUeHEeM Y ¥ IIPEICKA3aHHBIM 3HAYEHTeM Y .

Bee 1peanochLike, KOTOpbIE WUCHOJIB3YIOTCS JIs  MapHO#  perpeccuw,
[IPUMEHUMbI ¥ JIJIsi MHOXKECTBEHHOIA.

10.1 CraTtucTuku, CBI3aHHbIE C MHOXKECTBEHHOI perpeccueii.

o CKOppeTHpOBaHHBIN KOY(DMUIUEHT MHOKECTBEHHO JIeTEPMUHAIINN.
OH KOppeKTHUpyeTcsi ¢ y4eTOM YHC/Ia HE3aBUCUMbBIX II€PEMEHHBIX
U pa3Mepa BBIOOPKHU, YTOObI CHU3UTHL BJIHUSHUE 3aBUCUMOCTHU
ko3 durmenTa JIeTepMUHAIINNA OT KOJIMIECTBA IEPEMEHHBIX.

e R? - Tecmora CBSI3H MEXKIy II€PEMEHHBIMH, HU3MEPSIOT, BBOJISI
KBIPATUIHDBIN KOI(MDDUINEHT MHOKECTBEHHON KOPPEJISIII.

o F - xpurepuit. Ucnosbsyercs s uposepku Hy: Kosddburmenr
MHOYKECTBEHHOH JIeTepMUHAIINN B coBOKymHOcTH R2,. = 0 mmuHy
Bo = 01 = ... = B = 0. Craructuka Jjisd IPOBEPKU TUIOTE3bI,

nouuHsiercst F-pacnpeenenuto ¢ k u (n—k — 1) crenersivu ¢cBoGOIBL.

e YacrHbrit Ko3ddumment perpeccun b; 0b003HAUYAET U3MEHEHWE B

IPEICKA3aHHOM 3HAYeHMH Y NOpU H3MeHeHud X Ha eIUHUILY,
KOT/Ia Jpyrue He3aBUCHUMbIe IepeMeHHble 0T Xo 10 X ocTaorcs
HEeU3MEHHLIMU.



10.2 BsbimosneHne MHOKECTBEHHOT'O PErpeccuoHHOro
aHaIu3a.

PaccMOTpHM Ha IIpuMepe JIByMEPHOT'O CJIydasi:
Y =a+b X+ byXo (*)

[ne by - mpupoct Y npu ysenuuenuu X; Ha 1; be - mpupoct Y mupn
yBenudennn Xo Ha 1.
HopMmuposanubie ko3dbdumuenTs, nMerorue cpeaaee = 0 u aucrepcnio = 1,

IIoJIy4aeM:
le Sxk
By =b — ... Bp=b —
() e ()

s BBIYHUC/ICHUST a,by, ..., b HEOOXO MO ypaBHEeHne (*)
npoguddepeniupoBars 1Mo BceM X u npupaBHaTb nx 0. 3areM peniuTb
CHUCTEMY JIMHEWHDBIX ypPaBHEHUN.

10.3 Tecunora cBs3u.

[losayT0 Bapmanuio MOXKHO IPEICTAaBUTh

SSy = S8Sreg + SSres, e S, = (Yi—Y)%
i=1

n n

SSreg = Z(YZ - ?)27 SSres = Z(Y’ o Yi)Q

i=1 i=1

Koaddurment MHOXKeCTBEHHOI KOPPEJISIIIUT

o SSreg

2
B ="gs,

2 moboit
OTIebHON He3aBUCHMOM IepeMeHHON ¢ 3apucumoil. Ecim HesaBucumbie
IIepeMeHHbIe He KOPPEeJUPOBaHbl, TO 3HAUYCHUE R? = cyMMe KO3 PUITMEHTOB
IIapHOM JIeTepMUHAIIMN KaXKJI0 HE3aBUCUMON II€EPEMEHHON C 3aBUCUMOIA.

R2 HEe MOXKeT ObITb MEHbIIIEe, 9eM CaMO€ BbICOKOE€ 3Ha4Y€HUE T

Ho R? 3aBucHT OT  KOJIMYECTBA IIEPEMEHHBIX,  CJIEIOBATEJIBHO,
CKOPPETUPOBAHHBINI
k(1 — R?)

R=R- "7
n—k—1



10.4 IIpoBepka 3HAYMMOCTHU OOMIET0 ypPaBHEHUS U YACTHBIX
K03 PUIMEHTOB perpeccuu.

Hy : RgOBOKyHHOCTI/I =0~Hy:60=p1=...=0=0.
O611y10 TIPOBEPKY MOYKHO MPOBECTH, UCHONIb3Ys F-CTaTHCTHUKY.
o SSul R

SSyes/(n—k—1)  (1-R2)/(n—k—1)

KoTopast uMmeer F-pacnpenesenue ¢ k u (n — k — 1) crenensiMu cBOOOIBL.
Ecmu obmyo Hg OTKJIOHWIM, TO TO OJMH WX HECKOJbKO YACTHBIX
K03 DUIMEHTOB Perpeccuu B COBOKYITHOCTH UMEIOT 3HAYEHUE, OTJIMYHOE OT
0.

[IpoBepka KaKJIOT0O IPOBOJIUTCH TaKXKe KaK U BCJIydae [apHOW perpeccum,
ucnosb3yst t-craructuky ¢ (n — k — 1) crenensimu cBobozpl. 3adacryo F-
KpUTEPUil MPOBO/IAT Ha OCHOBE BbIUMCJIEHUs YacTHBIX F-kputepues. Pacuer
obmeit SSyeq pasziaraercs Ha KOMIIOHEHTBHI MOHE3aBUCHMBIM I€PEMEHHbIM
3HAYUMOCTh YACTHBIX KOIMDMUIIMEHTOB PErpeccuu Jijisi MepeMeHHOU [3;
IPOBEPSIIOT F-CTaTHUCTUKOIN:

F—
SSres/(n—k—1)’

F - pacn. ¢ 1 u (n-k-1) crenensimu cBoGOIBI

11 AmHaJJgm3 oCTATKOB.

OcraTtok — 9TO pa3sHOCTb MEXKJy HabII0IaeMbIM 3HaYCHHEM Y, n
TEOPETUUECKUM 3HAUEHUEM, I[IPeJICKa3aHHBIM ypaBHEHHEM Y;. 3HAUeHHUs
OCTaATKOB UCIIOJb3YIOT JJIsI BBIYUCJAECHUA HEKOTOPBIX CTATUCTUK, CBI3AHHBIX
C perpeccuen.

[IpoBeenne aHamM3a clAeaHHBIX JONyIleHuil. Jlomnyerne HOpMaJIbHOCTH
pacipejiejieHrs  OMMUOOYHOrO  YUCJa,  [POAHAJM3UPYEM,  IIOCTPOUB
TUCTOIPAMMy  OCTATKOB. DBusyajbHBII OCMOTPp MOXKHO  IOJKPEIUTH
IPOBEPKON IpaBUJIa TPEX CUTM:

B unTepBasie +1F nomkHo nexars 68%; B £2SE - 95%. JIubo nposegem
anaju3 kpurepus Konmoroposa-CMupHOBA.

[TpenmosoykeHne O MOCTOSHHOM 3HAYEHWH JIUCIEPCHAN OIMUOOYHOIO YJIeHA
[IpoaHaJIM3UPyeM, HaHecs Ha rpaduK 3HAYEHUS OCTaTKOB B 3aBUCUMOCTH
OT BBIYHNCJEHHBIX BHAUEHWI HE3aBUCUMOII mepemeHHo# Y;. Ecam Toukm
HaHeceHbl Ha IpadUK HEYIOPSAOYEHHO, TO IUCIEPCUs OMMOOIHOrO YIeHa —
BeJIMYNHaA ITIOCTOAHHAAI.



OcraroHbie

YneHel

BrluMcneHHoe
JHaueHue ¥

Puc. 4: mpumep

[Tpumep:(puc. 4) Iucnepcns — BeJmanHa HEOCTOSTHHAST, 3aBICAT OT Y .

I'pacduk 3aBHCHMOCTH OCTATKOB OT BPEMEHH HJIU IIOC/IEI0BATEILHOCTH

HaOJIIOJIEHUIl TIPOJIbET CBET Ha JOIYIIEHHE,

HEKOPPEJIUPOBAHBI.

OcTaroHee

YNEHE

qTO OIIUOOYHBIE

Puc. 5: mpumep

qJI€HbI



[Tpumep:(puc. 5) Ectb nuHeiiHasi 3aBUCUMOCTb 3HAYEHUN OCTATOUYHBIX
wWIEHOB OT BpeMmeHu. Bosiee popmasibHyo potenypy MpOBEPKU KOPPEJIAIUT
MeXK/Iy OITUOOYHBIME WIeHAMU jiaeT Kpurepuii lapbuna-YorcoHa.

I'pacduieckoe uzobpaxkenme 3aBHCUMOCTH 3HAYEHHUII OCTATKOB OT
HE3aBUCHMbBIX IIEPEMEHHBIX  IIPEJIOCTABJISAET JOKA3aTeJbCTBO O  TOM,
HaCKOJIBKO IIOJIXOUT TEOPETHUIECKAT MOJIE/Ib PEIPECCHH.

I'paduk joskeH  MOKa3bIBATH  CIydaiiHylo (GoOpMy  pPaclOJIOXKEHUS
OCTATOYHBIX YJIEHOB. J3HAYEHHUs] OCTATKOB DPACHOAraloTCs —CJIydailHbIM
00pa30M OTHOCHTEJIBHO OIMHAKOBO BOKPYT 0.

TakuMm 00pa30M, aHAJIM3 OCTATKOB IIO3BOJISIET IVIYO:Ke IOHSATH, KaK
COOTBETCTBHE JIEXKAIIMM B OCHOBHON DErPECCHOHHOI MOJEJH JIOIYIIEHUSIM,
TaK U COOTBETCTBHUE PErPECCHOHHOIN MOJIEIN.

[Tpumep:(puc. 6)Perpeccuonnasi MOjeb yI0BJIETBOPUTEIHLHOTO OINUCAHUST

% * . . - = . & -

T . ® . & ' . .
=

Eﬂ.l . .I-. L] ~ L

== » - - . . .

T . L] L]

< * s = * @ . H . #

BriyMcneHHbIE
JHavenna Y

Puc. 6: mpumep

JTaHHbBIX.

12 TIlomaroBas perpeccus.

Perpeccuonnas mporieaypa, B KOTOPOil IPEAUKTOPHI 110 0YEPEIU BBOIAT WU
BBIBOJISAT U3 ypaBHeHus perpeccuu. [loaxompr:
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[Ipsimoe BkJtOUeHue. BBoadT NOpPeaUKTOPHI 1O  OIHOMY, €CJIU
OHU VJOBJIETBOPSAIOT ompemesieHHOMY F-  kpurepuio. Ilopsmox
OTIPeJIeJISIeTCsT BKJIAJIOM B ODIIYIO0 BapHUAIIUIO.

ObpartHast mormaroBasi perpeccusi. VcKI0UaoT 10 OJTHOIA.

[Tomaroserit moaxoga. C  BKIIIOYEHHEM OJHOBPEMEHHO HCKJIIOYAIOT
epeMeHHbIE, HE YI0BJIETBOPSIONINE KPUTEPUIO.

MynbTUKOJIJINHEAPHOCTD.

Cocrognue O4YeHb BBLICOKOH CTeleHu KoppeJjdnuun MeEKAy HE3aBUCUMbIMHA

niepemeHubiMu. [Ipobiiembr:

1.

2.

YacrHble KOS(I)CI)I/IL[I/IGHTBI HEJIb34 TOYHO OIIPEJC/INTD.
Beanmunnbr yacTHBIX KOS(b(pHHHeHTOB MEHAIOTCA OT BbI60pKI/I.

Tpymnao OIICHNTDH OTHOCHATEIBbHYIO Ba’KHOCTb HE3aBUCUMOIT
IIEPEMEHHOM.

IIpeauKTOpbl MOI'YT OBITH HEKOPPEKTHO BBEJIEHBI U BBIBEJIEHBL.
OTHOCHuTEbHAST BAXKHOCTD ITPEIUKTOPOB:
CratucTuveckass 3HAYUMOCTb. Kciam dacTHble KO3(MDUITMEHTH He

ABJIAIOTCA SHAYUMbIMU, TO IIEPEMCHHYIO HE CHUTAIOT BaKHOM.

Kpaipar JmHEiHOro Ko3bdUIIenTa KOPPEIsIu 2.

2

Ksaapar gactHOro kosdduimenta Koppessin Ryvizia-

Kgaspar dactuunoro xosdduimenta Koppensimu . Usmepss R? npu
BBO/I€ II€PEMEHHO.

ITokazaTenn, ocHOBaHHBLIE HA HOPMHUPOBAHHBIX KO3(MPUIMEHTAX U
"oerakoaddurimenTax.



14 Brbipe3ka u3 JieKIuii.

14.1 OrmeHKa KOpPPEJISIIMOHHOIO MOMEHTA CHCTEeMbl [IBYX
cJIydallHbIX BeJauduH X m Y.

N
— 1 . =
Koy =57 ;(Xi —z)(Yi—9)
a X Ko3PPUINEHT KOPPESIINN:
Ky
Poy = =<
RCACH

Pexkkypenrtnas dopmya:

—

N
1 —
Koy =37 Z;Xzyz — Nynzn

OL[eHKOIU/I BEPOATHOCTU COCTOAHUA T CIIYy2KHUT JaCTOTa €ro IIOABJICHUA:

L
=
N
raie N, — KojmdecTBOo peasusanuii (u3 obmero wmcsia N), B KOTOPBIX

HabJIIOAAJIOCh MHTEpecyloliee Hac cobbiTue. B HenmpepbIBHBIX Mouenax [N
3aMeHSIIOT Ha ob1ee BpeMmst T', a N, Ha BpeMs HaOJIOAEHUSA 1, COCTOSTHUSI

T.
~ T
Pr="r

D — 9TO BHIOOPOYHOE CpemHee M3-3a BIMAHNAS HAYAJbHBIX YCIOBHH Oymer
CMEIIEHHOM OIIEHKOI HCTUHHOIO 3HAYEeHH . 1 paJullMOHHBIM METOIOM 60PHObI
SIBJISIETCsT OTOpPAChIBAHUE JaHHBIX 3a IEPUOJ, BXOXKJIEHHUS B CTAITHOHAPHBIM
PEXKUM, OJIHAKO HE SICHO, CKOJIBKO JIJIUTCS TIEPEXOJIHBIN TIePHO/I.

Bce mepeunmcieHHBbIe OIEHKH  COCTOSITENbHBIE, TIPU  HEOTPAHUIEHHOM
Bozpacrannu N (nymresaproctu T') CXOASATCS MO BEPOSITHOCTH K UCXOTHBIM
napamerpaM. OpHako mpu JiroboM KoHedHoM N uau 1’ OleHKU CJIyJailHbI.
Bompoc: kakoBa mporpenHocTb 3Toi OIeHKn !

Jlucriepcus OUEHKH Up-IO HAYAJILHOTO MOMEHTA!:

~2

Vor — Vp

D7) = 2



(B IpaByl0 4YaCTb BXOAAT TeOopeTUudeCKHne 3HadeHUd COOTBETCTBYIOIIUX
MOMEHTOB). B gactHOCTH

14.2 Kiaccuydeckuii moxo/1 K MTHTEPBAJIBHBIM OIIEHKaM.

NmMest omeHky M ee JMCIEPCUIO, MOXKHO IE€pedTH K IIOCTPOEHHIO
JOBEPUTEILHOIO WHTepBaJsia. IIpakTuvueckme TpebOBaHUS K OIEHKAM
GOPMYJIPYIOTCS B TEPMUHAX MX TOYHOCTH M HAIEXKHOCTH. 1101 TOYHOCTHIO
[MOHUMAETCsl IIOJIOBMHA O JJIMHBI JIOBEPUTEILHONO MHTEpBaJia, a IOl
HaJeXKHOCTBbI0 — BEPOSITHOCTH P TOro, MCTUHHOE 3HAYeHHe IapaMerpa
OKaKeTCsl [PUHAJJIEXKAIMM  YIOMSIHOTOMY HHTEpBaJy (JoBepuTesbHast
BEPOSITHOCTD). YBesinueHue § BeJleT K yMeHbIeHno P 1 Hao6opoT.

[Iycte ompemensiercs cpemaHee BpeMs w — OXKHUJAHUS — HAIAIA
00CITyKUBAaHUS, NPUYEM JIUCIEPCUST BPEMEHU OXKUJAHUS PaBHA 0"2,[,. IIpnu
XapaKTEePHOH I UMUTAIMOHHOTO MOJIEIMPOBAHNS KPATHOCTU HAOJIIOIEHMI
N pasnocts (W —w) MOxkHO Ha ocHoBanuu Teopembl A.M Jlsmynosa

2
o w O
CYMTATh paclpeJle/IeHHol HOpMaIbHO ¢ jucnepcueit —p-. CreloBaTebHO
JOBEpUTETbHAS BEPOSATHOCTD:

P{lo—w| <o} =a (U‘;\/jé) .

rie O(-) - dbyuknus Jlamnaca.
[Tepexons x obpaTHO (DYHKIUN, TMEEM

p-ip— OV ,
ow V2

OTKyZa TpebyeMoe 9rcjio HaOJIIOMeHTi

N2 (PP (7)< kr) () (11)

Kosddummenr k(P) Bolbupaercs wu3  Tadsaunsl(tabauma  5)

Tabmuna 5: Koaddurmenr k(P)
P 10.900/0.950(0.970]0.980]0.990{0.995|0.999
kE(P)| 2.69 | 3.84 | 4.71 | 5.43 | 6.66 | 7.90 |10.82




CiteroBaTebHO, HEOOXOINMOE THCIIO UCTIBITAHNN OOPATHO IPOTIOPITHOHAIBLHO
KBa/JIpaTy JOIIyCTUMO} IOI'DEIIHOCTH M PE3KO BO3PACTACT C IOBBIIICHUEM
JIOBEPUTEILHOU BEPOSITHOCTH.

Bo BCEX dopmytax BMECTO TEOPETUYECKIX 3HaYEHU
CPEeJTHEKBAJIPATUIHOIO  OTKJIOHEHUSI Oy  IPAKTHUYECKH  ITPUXOJIUTCH
[IOJIb30BATHCS €TI0 CTATUCTUYIECKON OreHKoi. [losromy BakHBI (OpPMYyJIBI
PEKKYPEHTHOI'O  BBIUUCJICHHUSI  Juciiepcur. Bo3MOXKeH  JIByX3TallHbIi
9KCIIEPUMEHT:

1. ompenensem rpy6o oy, , mocse gero coraacuo dpopmysie 11 onpenemnsen

N.

2. HpOBO,ILI/IM HeO6XO,ZLI/IM06 KOJIMYIECTBO JOITOJTHUTEJIbHBIX UCIIBITAHUIA.

B ciywae majoro kosaumuecrBa HaOMOEHHN (~ HECKOJBKO JIECSTKOB)
JOBEpPUTEIbHbIE HMHTEPBAJIbI JJIT HOPMAJBLHOI'O PAaCIIPEJIeJICHUs] BEJIMYUNH
crpodT ¢ momombio pacupeneneruss CroiomenTta. BBemem ciemyiornryio
BEJIMYUHY

rae

1

5= N D) ;(Wi - Q)2

MoxkHO J0Ka3aThb, 9UTO Cjedylolasd BejwduHa 1 WMeeT ILIOTHOCTh
pacrpe/iesieHus

N
2

r(3)

L -
i = J(n = D)al (B1) ' <1+Nt—1> ’

3aBUCAILYI0 TOJBLKO OT apryMenTa t u umciaa Habmogenuii  N.
CrenoBaTebLHO:

t

P{lo—w| <ts} = Q/SN(t)dt.
0
OyHKIMSA B paBoil yacTu u eif obparHast TabysupoBanbl. C UX MTOMOIIBIO
MOXKHO BBIYUCJUTH JIOBEPUTEJIbHBIE BEPOSTHOCTH U  JOBEPUTEIbHBIE
unrepBaJbl. [Ipu onenke BepositHocTeil B bopmysy (11) BMecTo o cieyer
nojcrasuthb /p(l — p) = moxuo (11) nepernmcars:

NZk(P)~p(1(;p).



[Ipu omnpenenennu BepoOATHOCTEH OOBIYHO 3aJAI0TCS WX OTHOCUTEJILHOMI
TOYHOCTBIO, TO €CThb CIUTAIOT 0 = £P = JJIsI MaJIBIX BeposaTHoTed 1 — p &~ 1
MOXKHO IIepernucaTh:

k(P)
pe?

Nrak, mHeobOXommMoOe UHCJIO HUCHBITAHUN OOpATHO IMIPOIOPIIMOHAILHO
UCKOMOIl ~ BEPOSITHOCTH ¥ KBaJparTy  JIONYCTUMOW  OTHOCHTEJIbHOI
norperrHoctu. Hampumep, [js  ompesescHust BEPOSTHOCTU IMOPSAIKA C
OTHOCUTEILHON HMOrpeImHocThio B 1% u mosepurenboit BepograocThio 0, 98
JIOJI?KHO OBITH IIPOBEIEHO:

N >

N >5.43-10°.10* ~ 5-10'°

HCIIBITAHUMN. 910 06CTOSATETHCTBO 3HAYNATEJILHO 3aTpyIHAET
HEIIOCPEJICTBEHHYIO OIEHKY BEPOSATHOCTEH PAa3HBIX COOBITHI METOJIOM
IMUTAIAOHHOTO MO/JICJIMPOBAHUA.

,D,I/IHaMI/l‘-IeCKI/le CnNctemMbl.

15 OpHOMepHBIE AUHAMUYECKNE CHUCTEMbI C OJHUM
orepaTopoM M ux oudypkaimu.

0
?{:f(mvﬂ)

f(z,p) =0, x — nepemenHasi, ;i — napameTp, t —BpeMsi.

x = x(p) HAXOUTCS OJHO3HAHO, KaK pernenus ypasaenus f(x(u), u)

Ero MoxXHO permmTh, ecjin BBIOJIHSIETCsST TeopeMa "0 HesiBHBIX (DyHKIUsIX".
Ecmu ona Beimonusiercst o f(x, ) — onma kpusas (cM. puc. 7).

OJIHAKO €CJIM YCJIOBHE T€OPEMBI He BBIIIOJIHACTCS, TO

) )
f(xo, po) = 6—f(:170, o) = 6—f(:z:0, to) =0 — JIeXKUT KAaK MUHUMYM Ha JIByX KpUBBIX.(12)
x 7

U rosopsit, uTo B TOUKE (X0, fto) TPOUCXOAUT OrdypKaIys, T.e. Pa3BOCHUE
KPUBBIX, paBHOBecHsI (CM. puc. 8).
Yeqosue (eMm. dopmyiy 12) — yesioBue cyiiecTBoBanust TOYKU 6udypKamum.



X=X(m)
e

EL ;,?T /J{_J-#—'—

o sy
g 7/\\ T

Puc. 8: HECKOIBKO KPUBBIX

16 Tumbl Touyek OmdypKamum.

16.1 IBoitHasi TouKa OudypKaimm.

JlBoitnast Touka 6udypKanum — 3TO TOYKa OudypKaluum, depe3 KOTOPYIO
IIPOXOJILAT JABe I'JIaJKHNE KpHUBLIE.

v=wz1(p), w=w2(p) wm p=p(x), p=pz)

Jl1s Hee BBITIOJIHSAIETCsT HEPABEHCTBO:

1" 1" "

D= [fam]2 ($0,M0) - fxm('anMO) : fuu(xOHuO) >0



16.2 DkcrpemasnbHas (ABoiiHasi) TouKa 6udypkarum.

DkcTpeMasibHast (J(BoiiHAsI) TOUKa OudypKarmm — 9TO TOYKA JIBOHHON
budypkanuu, y KOTOPOIl OJHA BeTBb KPHUBOH pPaBHOBECHS HMEET
KacaTeJbHYIO Hapa/lIeJIbHyI0 ocn X, W JIEXKAT [0 OJHY CTOPOHY STOii
KacaTeJabHON (cM. puc. 9).

o X=X2(m)

N

X0 - — —

Puc. 9: DkcrpemasibHast TouKa 6udypKanum

16.3 Touka Bo3Bpara.

Touka Bo3BpaTa — 9TO TOUYKA JIBOHHON OGudypKanuu, Jjisi KOTOPOHl BETBH
UMeIOT OOIIYIO KacaTeJbHYIO B TOUKe (I, (o) (cM. puc. 10).

X[ - — ===

Puc. 10: Touka Bo3BparTa



16.4 TpoitHas Toka budypkanumn.

Tpoitrast Touka 6udypKauu — 3To ToUKa budypKaIuu, 1yt KOTOPOil mMeeM
TPU BETBU KPHUBOIl paBHOBeCHUsi. BBIIIHsIETCS PABEHCBTBO:

1" 2 1" 1
D = [fw] (20, 10) = [z (0,5 o) - [ (0, o) =0

17 Ilpumepbl AUHAMUYECKUX CUCTEM.

17.1 Mogaeab "Xuniuuk - 2Keprsa'.

Mogesnp "Xumnnk - 2Keprsa'" (mozens Jlorka-Bosbrepa):
P — "Xunauk " (predator), V' — "2Keprsa" (victim).

oP oV
— =(bp—dp) - P+aPV, —=(by—dy)-P—aPV
ot ot
b— "born", d — "die", o — BeposiTHOCTH TIOeHaHKsA "xumuukoM"  "kepTBYy".

[Tpumep:
b,=0, b,=0, d,=04, d,=0, «a=0.005 (cm. puc. 11)

.:'I

Puc. 11: "Xumuuk - 2Keprsa"

17.2 Three traffic food web.

R — resource(pecypest), C — consumer(morpeburens), P - preda-
tor(xurnHuk ) (cM. pucio 12).

To ectr C - consumer mnoemaer ToJbko R - resource, a P-predator
[0EJIAeT U TeX U JAPYTUX, C OIPEJIETHHON BEPOSITHOCTHIO.



i

':P)':-‘_\

“

™y
I ]
/

',_i"_‘—n.

i S

I
a\%

(R

Puc. 12: Three traffic food web

Cama MOJIEIIb:

oR _ R [T <1 B R) B ArcC B UrpArpP ]
ot K 1+ hrcArcR 1+ UgrpArphrpR+ UcpAcrhepC )’
C erRcARC R UcpicpP
6t [1 + hrodrcR 1+ UrpArphrpR + UcpAophopC mc] ’
oP UrpArpPerpR + UcpAcpecpC
5t 1+ UppArphrpR + UcpAcphcpC P] ’

Tjle 7 — MaKCHMaJbHAs CKOPOCTh pocTa pecypcos [0.3h71],

K — "BMecTuMOCTB " PecypcoB B OKPYKAIOILYIO CPEIy [0..20%90],

AR — CKOPOCTBH IOWCKAa ITOTPEOUTEIEM PECYPCOB [0.037%],

ARP — CKOPOCTb TOMCKA XUIIHUKOM PECYPCOB [0.025$} ,

. L
AP — CKOPOCTH TIOUCKA XUIHUKOM ITOTpedbUTEIei [0'025W] ,

Urp — BEPOSITHOCTH HalajeHus XUITHUKA Ha pecypce [0... 1],

Ucp — BEpOSITHOCTDb HallaJleHUsl XUIHUKA Ha norpeduress [0. .. 1],

hrc — BpeMms, HeODXOIMMOE MOTPEOUTENIO [/ IIePEBAPUBAHUS PECYPCOB
[3h]7

hrp — BpeMsi, HEOOXOUMOE XUIIHUKY JIJIs TlepeBapuBatus pecypcos [4h],
hop — BpeMsi, HEOOXOIMMOE XUIIHUKY ISl IepeBapuBaHUsi OTPEOUTEIs
[4h]7

erc — dbdexkruBHoCTh yeBOEHUSsT pecypca norpeduresem [0.6],

erp — 3 dexkTuBHOCTL yeBOeHUsI pecypca xuriHukoM [0.36],

ecp — 3ddexruBHOCT yeBOCHUSsT TTOTPEOUTEsT XUITHUKOM [0.6],



me — CKOpocTb oTMupanus norpeburess [0.03h71,
mp — ckopocTh ormupanms xunanka [0.03h 1.

f(R) =R [r (1 — %)] — YHKIUS IPUPOCTa PECYPCOB, OIPAHIIHNBAET

cucremy (cum. puc. 13)
[Tpumep:

FR)

Puc. 13: dyukuus npupocra pecypcos f(R)

Craenaem yupomennst hro =0, Ugp = Ugp = 1.
IIpoMmogennpoBaB 3Ty CUTEMY, HAIILIA JIBE TOYKUA PABHOBECHSI:
1) Korga BBIMEPJIN XUITHUKIL:

B ( mc  r(KArcerc —me) )
RC — 5 P ) 0]).
ARCERC KM goero

2) Korjia BBIMEPJIN TOTpebuTe N n:

ERP = < mp . . TeRP(R)\RP(eRP - mPhRP> - mP))
Arp(erp —mphrp)’ KX2,(erp — hrpmp)?

[Monygaem, 9o npu onpeiejieHHbIX coderanusax erp u K (npu ecp = 0.3),
MOTYT TOJIYyIAThCA DPA3JIUIHBIE CUTYAIH, KOTJIA BBLIKUBIIMIME OCTAIOTCS
R, P,C (cwm. puc. 14).

U xak cjencrBume mpu omnpeseseHHOM codetanun Benumdwn R, P,C' moryt
OBITH PA3/INIHbIE MHUIIEBBIE MENOUKH (CM. puc. 15).



|
| %
R I 25 % |
I % Rrep "~ _
: RC -1'
] 2P g
0 20 K
Puc. 14: egp u K
e Al o BN L i e e
( E.' ': [ o | (’ﬁ“\l I
.Jl'k__ A ;{,l eGPy C )
Xl | /R X
P ey ! o
( (_P ;:I I \:t-‘,;‘ | { l: P } | PJI |
; - : i
i} Y | l\':(R \.' ; \\ .fj: - ; :
LA e g W
1 =) 1 &
R i P =

Puc. 15: paznmumunble nuinesbie MEMOYKN

Cnyyaiivble 4yncna.

18 T'eneparus cay4daiiHbIX duCeJI.

18.1 Cxema moJry4eHus CJIyYallHbIX YUCEJI.

It mostydeHHs CJIyYailHBIX dHces,TpebyeMoro 3aKoHa pPacIpeiesIeHHs
HEOOXOIMMO:

1. @opmuposBanue ciaydaiiubix uauces U;, paBHOMEPHO pPaCIpeIeIeHHbIX
Ha [0...1,i=1...n

2. IIporpammubiit npexon or U; K ciyuaitnomy umciay X, uMmeroniemy
Tpebyemoe pacnpejenerne F(x).



18.2 T'enepamusi paBHOMEPHO pacOpeelIeHbIX CJIyYaillHbIX
quceJ.

N  HIGHTWYHBIX  TPUITEPOB CO  CYETHBIM  BXOJIOM, KaKJblii U3
KOTOPBIX (PUKCHPYEeT HE3aBUCHMBI IIOTOK WMMYJIbLCOB OT JIAMIbI HJIA
paguoamnmaparypbl. Takoil HOTOK — MPOCTEHMINHil, IPU HHTEHCUBHOCTH A
u uHTepBasamu orcyera At, u B unrepsasie [0...1] pasmumuabres mex Ly
coboii Ha e AL, [Ipu mocrarodno 6obiux AAL aucbaaHc MEXKILY STHMU
HaYeHUSIMUA HE3aMEeTCH.

18.3 MeTon ob6paTHBIX (DYHKITHIA.

F'.l¢|I

Puc. 16: F(x) n x

U — ciaydvaiiHast BeJIMYMHA,PABHOMEDHO pacupejenennas ua [0...1],
F[X]=U= X = FY(U) (cm. puc. 16).

1. SKCHOHGHHI/IaHBHOG pacipeiesieHue:

In(1-0U)

3 .
Bamena: (1-U) Tak »xe paBHOMepHO pactpesenena Ha [0...1| kak n U.
IIpencrasum U B Buge U = m x 2P. CienoBarenbno InU Mbl MoOzKeM
BoranemTh Kak InU = —In2(p — 2.6797 + 4.0391m — 1.3594m?) ¢
IorpenrHocTbio He mnpesbimatonieir 0.001.

Flz)=1—e™ 1-e™M=U=X=—

[IpaByia Hy:KHO yYHTHIBATH YTO BCE PABHOMEPHO CreHEPUPOBAHHBIE
qucia Ha [0,1) uMeroT HeHyJIeBYIO0 BEepOSTHOCTD, uro U = 0.



. Pacrpenenenne Pesnest:
x2
Fz)=1-e€2? = X =0v—-2InU
. Pacnpenenenne Beiibyna:
k

F(x):l—eXT:>X:a3 ~TIn(1-0)

. Pacnpenenenue Ko, ¢ meauanoit y u Macimrabom o'

@) = == E’x e P - %—%-arctg <X[; “) X = oy <7T(U _ ;)>

. Jloructuuaeckoe pacupejesienme:

1 1
Floz)=——=X=a—-b-In(=—-1).
1+e 8 U
[Tpumep:
1 U
a=0, b=1:F(X) 1+€_I:> n(l—U)

Haxoxk meHne MmakcuMyma
F(X)=U=F"'(X)= X = FY{(Un),

U MUHUMYMa

1

T,(X)=1-(1-FX)"=U=X=F11-Un).
. TpeyrosbHOE paciipeeieHue:

F(X):2<X—X2>:>X:a(l—m)

a 2a

. Pacnpenenenne Ilaperro:




18.4 Amnpokcumaiiusi oOpaTHOI (pyHKIINU pacripeeIeHus.

it HaxXOXKJEeHWd CJOyYaflHbIX dYHCeJ C 3aJaHbIM  paclpellesleHneM
HEOOXO/IUMO PEIINUTh yPaBHEHHE, KOTOPOE 3a4aCTyI0 PellaeTcs NTePAIMOHHO,
B 9TOM CJIyYae/ydIlle HUCIOJb30BATh TaOJIMIHO-TIPUOJIMKEHHBI MeTOM, —
Kycono-nuneitnas anpoxcumarinst 00paTHON (yHKITUN:

crpourcs g(U) = F~1(U) — kycono-ymmeiinas byHKIHs.

1. (Aemopuvi: Ode u Hesnc) anpokcumarust g(U):

B)’ —2In(U)

g(U) riet =

, e Koaddunments! MuorowieHoB A(t) u B(t) npu cOOTBETCTBYIONIX
crenensix t gaHbl B Tabauie. [IpuMensiercst st 10720 <U < %

2. Anpoxcnmanus g(U):

B 2.30753 4 0.27061 - ¢
04 0.99229 - ¢ + 0.04481 - 2’

¢ morperrHocTeio 3 - 1073,

t=+v—2InU,

18.5 /luckpeTHble pacnpeaeeHnsl.

Ins  dopMmupoBaHusi JUCKPETHON CJIyYAHON BEJUYUHBI HEIPEephIBHAS
dbyHKIWs pacipeiesieHnst 3aMeHsieTcsi cTyieHdaroil (M. rabimuity 6).

Tabauma 6: uckpeTHble pacipeae/eHus.

U' = maz{U;1-U}

Panpenerenne ITapameTpnl P(x =1) Jnamazon
IIyaccona A>0 e % 1 >0
Bunomunansnoe n,p Cip'(l —p)n" i=0.n
OrpuraresibHoe GUHOMUAJIBHOE n>1p ct pig (1= p)t 7>
Jlorapudmuyeckoe 0<f<1 —“n(@%o) 1>1
T'eomeTpueckoe O0<p<l1 p(1—p)—! 1>1

18.6 MeTo mociie1oBaTeJIbHBIX CPABHEHUMA.

Merto moceoBaTe/IbHBIX CPABHEHUI sIBJISITCSI aHAJIOTOM METOa OOpPATHBIX
dyHKIUi, 3aK/I049aeTcs B mepedbope X, 0Ka HE OKAXKETCsI:

FX=1)=) p<U<) pi=

<X 1<X

F(X)



, pu stom: P(x =i) = F(i) — F(i — 1) =p;
[Tpumep:

1. Pacnpenenenne Ilyaccona:

1X=0 b=e? S=b.

.l
m.2 ChopMupoBaTh pABHOMEPHO pacipeesieHnyto Bejnanny U.
m.3 Iloka U > S

X=X+1, b=b-2, S=S5+b.

x>
m.4 BepHyTb 3HaueHue X.

2. BunoMunaJibHOE pacipeieeHne:

n—z P

bo=(1—p)", b=b P
0o={-p)" z+1 1-—p

3. OrpurareabHoe OUHOMHUAJILHOE PACIIPE/IC/ICHIE:

n-+x p

x—i—l'l—p

4. Teomerpuueckoe pamnpejenenue: b =b- (1 — p)

18.7 MoaenupoBaHue CJIy YaiiHOM BEJIMYUHBI.
BocnpousBesenrne BEpOSITHOCTHOM CXEMBbI.

e Pacripejiesienne JdpJanra ¢ mapamMeTrpamMmu A U 7
X—ZT: —lan ——lian ——lln ﬁU
- k=1 A ) A k=1 . A k=1 ’

o lamma-panpenenenue:

m.l mmka
CdopmMupoBaTh paBHOMEPHO paclpe/le/IeHHbIE CJIydailHble YnCiIa
U1 n UQ.
1 1
Boranciurs S1 = U, Sy =U, °.
moka S1 + 52 <1

.2 ChopMUpOBATL PABHOMEPHO DACIPEIETEHHO CIyIalHOe TUCIIO

Us.




SnU.
X —__°21nYs
A(S1+ S2)
m.4 Bepuytb X.
o Hopwmasibnoe pacmnpesesnenue:
1 _e-w?

202

flz) = e
oV 2w
I/I3BeCTHO, 9TO CyMMa 7N-BEJIMYNH C MaT€MaTUIECKUM OXKUIaHUEM
ZW u gucnepcueit dV) mpum n — 0o crpeMHTCH K HOPMAJBHOMY

pacupezesennio ¢ napamerpamu Z = nZW0 d = dW),

Ipmmep:
ycrs ZW) = %7 d = L

Ho sTor METO/ HE ABJIAETCA TOYHBIM U HCIIOJIB3YyETCsI ,prFOfII

3(X(5)) — X°(5)

100
Kpome Toro moxkmO wumonb3oBarh Apyrue wmerombl. Harmpumep
pactpenenerne Penes. Pampeneniene Pesies onucbiBaeT pajinabHOE

OTKJIOHEHHE OT IEHTPa, IPULICTMBAHUS DU PABHON JUCIEPCUU 10 OCSIM
XnY.

Y = X(5) -

3. Merox Bokca nu Mrotepa:

Zy =W -cos(2nlUs), Zo =W -sin(2nUsz), W =+/—2InU;.

4. Meton Mapcubst:
m.l ¢opMupoBaTh PABHOMEDHO PACIIPEJIEJIEHHBIE CJIYUAlHbIE YUCTIA
U1 n UQ.
m.2 S =U?+ U3
.3 Ecoun S > 1, To m.1.



m.4 Borancanrn

_2lnS
B

m.5 Beimate X =W Uy, Y =W-U,.

W =

18.8 TI'eHepanusi mapbl KOJIJIEPUPOBAHHBIX BEJIMYNH.

Ecmm wmam myx#Ha mnmapa ciaydaiiupix Bequmdman X u Y  TakWX, 9UTO:
ko3 durnment koppessiun X u Y ObUI paBeH p, U COOTBETCBYIOIINE

MaTeMaTU1IeCKUEe OXKUJIaHudA T, Y U JUCIICPCUN 0'22:7 0'5 TO:

Y = aX +b+ 2 11e a = %,b = y—azr, u z = 4/1—ployn,

rIe 7 — CaydJaifHoe YHCJIO, PACIPEeIeIEeHHOe 110 HOPMAJbLHOMY 3aKOHY C
napamerpamu 77 = 0,0, = 1. sectionMonenmmpoBanue STHUYECKUX CHCTEM.
JIL.H. lymunes: "9mmuozenes u buochepa semau.”

DTHOC — HEKas COBOKYITHOCTB JIIOJIeil, KOTOPbIE OIIYINAIOT cebsi KaK €/IMHOe
1eJioe, He OTesomas cebst OT Apyrux saeMeHToB(cM. puc. 17). Koncoprust

YenoBewecTso

3
i

£
CynepaTtHoC
{BOCTOYHBIE [:]'IEIB!IHEE}

",

B
J1HOC
| (pyecrame)
-
&
Cy0aTHOC
-~ (Tarapbi} -
e N
s =
KoHcopupma KoHBHKCHA
(GaHObl..} (CTapooOpAJYECKHE ODWMHBI)

Puc. 17: 9THOC

— BpPEMEHHOE OPTaHU3AIUsT JTIO/eH, 06 e TMHEHBIX OJTHON TEbIO.

I'ymuieB BBOIUT MOHATHE TACCUOHAPHOCTH — M30OBITOK ACCUOHAPHOM
SHEPTUH, TOJABJSIIONIE B YeJOBeKe WHCTUHKT CAMOCOXPAHEHUS U
croCcOOCTBYIOIIEN  COBEPIIEHNIO  CBepXHampsikeHusi. (CaMOCOXpaHeHUWe —
CTpEMJIEHIE YeTIOBEKA COXPAHUTE CBOIO XKU3HDb W YKU3HB CBOUX OJIN3KUX.




Cymuiie nojipasjessier el B 9THOCe He Tpu Kareropuu (cum. puc. 18).

Moawu atHoca |
-

F 4
& =
I‘;'.- e,
NacCHOHAPMH CYDNaccHOHapHK

[
i

FrapMOHMYHbBIE NHODM

Puc. 18: JItongm aTHOCA

ITaCCuOHapHasl dHEPIrusd

HaCCI/IOHapHOG HallIpA2KEHUE —
KOJINYEeCTBO YJIEHOB 9THOCA

[Cymusies paszesisier mporecc STHOreHe3a Ha HEeCKOJIbKO cTauii(cm. puc. 19):

naccHoHapHOoe
HanpAHKeHHe

(
/

] |
[
.fr‘_\L' 3 : 4 I 5 , 7
] : 2 : [ |ﬁ'\\ i
L | | h g
e,
300 600 1200 1500 7 -
EPERMA, TO0,

Puc. 19: IIporecc sTHorenesa



[TaccuoHapHBIN TOTIOK.
[IpouncxoauT HEKUI TOJIIOK U MOSIBJISIETCST MHOTO [TACCHOHAPUER.

®Daza moabeMa.
IIpoucxomur poct u moabeMm 3THOca. JloasiM STHOCAa IpHCYyIIe
cTpeMaeHne K HOBOMy.

Axmarndeckast dhasa.
Bo Bpewmst 3T0it dhasbl TPONCXOIAT BOMHBI, PEBOJIIOIINM . . .

®dasza HaII0MA.
Muorux maccuoHapueB yOMBAIOT, BBICHLIAIOT, B OCHOBHOM MOTOMY YTO
sTHOC "ycTan"oT HalpsIXKEeHUsI.

Nueprnumonnas daza.
PasmepenHnast »kus3Hb, 6€3 BOIH. OCIOACTBO TAPMOHUYIHBIX JIFOIEH.

®aza obckyparuu.
YHUTOXKEHHE 3THOCA KaK CHCTEMBI.

@aza perenepanuu(3THOC BO3POXKJIAETCSI B KadecTBe JIPYrOro) WK
pesiuKTa(CyIecTByer, JOXKUBAET, PACTBOPUBIIKCH B JAPYTUX ITHOCAX).

l'ymmiies Boinessier cTpyKTypy rHoca(cm puc. 20):

1.

Opranuszanusi.
D10 cuTeMa yIpaBJIeHnst STHOCOM(IOC. CTPOi, PETUIHO3HBIE CUCTEMBI

).

Hayka n TexHmKA.
(HocTuzkeHust HAYKU ¥ TEXHUKU . . . ).

Kynprypa um ucckycrso.

Jlanmmadr.
Tot apeasi, B KOTOPOM HAXOIUTCS THOC.

18.9 Moaenb sTHN4YecKoii cucrembl. Aemop:A.K.I'yy,

X = X(P,H,5,0,T,C,L))

— = F(x,t) — sHepreruveckasi ¢popmya.
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Puc. 20: Crpykrypa 3THOCA

[Tpumep:

oP 00
E:W(t)_CPOP_CPTTa ﬁ

,HJIH MOJE/INPOBaHUA 3TOIl CHUCTEMBbI HY?KHO 3aaTb BCE€ ITapaMeTpPbI 3TOMH

= CpoP

cucrembr: Cpo,Cpr ...

P+H+S
m=-——_""°
N(t)

KpUBasi IACCHHAPHOIO HanpsizkeHusi(cm. puc. 21).

18.10 Moaesp 3THUYECKOTO II0JISI.

BzamMmomecTBie MeyKIy ~WJAeHAMH 9THOCA — OCYIIECTBIISETCA  COTJIACHO
stHudeckomy mnomo(cm. puc. 22). G — O6jacTh  paclpocTpaHeHwust
9THNUYECKOI'O II0JIdA.
w;(z,1,t) — MIOTHOCTH STHUYECKOTO TOJIs.
Ui(t) = [ [ui(z,y,t)dxdy — naccmonapras sHeprusi.

G
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Puc. 21: KpuBble maccuoHapHOrO HAIPSYKEHUS
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Puc. 22: pacnpocTpanenne STHIIECKOTO MO
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— U3MEHEeHMe NMaCCHOHAPHON 3HEPTuu.
7{ &i(x,y,t (:L‘ y,t)dy — mpolecc paBHOMEPHOTO PACIPOCTPAHEHMs] SHEPIUU.
&i(x,y,t) — croiicTBo stanmadra.

Pi(t) = }1{ —(aj, M)u;(x,y,t)dy, — Kyza 3THOC XOUET [ePEMEeCTUTHCL.
r



(17; = —VQOZ'(ZL‘, Y, t)
150 = [ [ 6] @ ule.y. dody
G
— IIPUTOK HaCCI/IOHa,pHOﬁ QHEPpIrun 3a CcYeT MHAYKIIUHA.
G

— yObIBaHME SHEPIUU.

k
K; = //Z'yij(x,y,t) ~ui(x,y,t) - uj(z, t, t)dedy
G i=1

— MOTOK 3Hepruu, "BKaunBaeMoil" IpUCTOJKHOBEHUEE ¢ APYTUMUA STHOCAMU.

IloncraBu  Bce 3T dopMysibl  BHaYaJbHOE  ypaBHEHHE U
npo/uddepeHIpoBaB, MBI ITOJLY YUM:

k
0 _
5(5 = & AU+ VEV U+ Vo, Vu+Vou+u, ,Bj—Fﬁi_—Z’yijUj , 1=1.k.
j=1
Ine
A2() ) (o)) + (o () —)?)
o(r,y,t) = e~ MO0 o=y - O(t
(vt =50 0
(¢ — dynKuus, omnmchlBaolas 3aBUCUMOCTL Kodddunuenta § or THIa

nanmgmadTa. [, — GYHKIMS 3a1a0Iasl TUAI JIAHIIAMTa B y3Jie CETKH.
B (t) = maz{0,8° — g1(t — T%)},
T° — moment Bpemenn, (Y, 31 — KOHCTAHTBI.
B (zy) = Ia(&p - lw)(@,y)

In — omeprop muTepnonanym 1o obmactu (). {g — ONIpeJeNAIOT MOTePIO
SHEPruu OT THUIIa JIaHIIadTa.



