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Jlabopatopnas pabota Nel. HccnemoBanne CTaTUCTUYECKUX XapaKTEPUCTUK
CIIy4alHbIX BEJIMYUH

[lenb pabOTHI:

1.O3HaKoMIIeHHE C METOJUKON pacyeTa OILEHOK MapaMeTpOB paclpeesieHuUs
BEPOSATHOCTEH CIydyalHOW BEIWYMHBI — MATEeMATHYECKOTO OXHUIAHUS U
TVCTIEPCHH.

2.03HaKOMJICHHE C METOJUKON TPOBEPKH THUIOTE3bl O BHJAE 3aKOHA
pacmpesielieHns: BEpOATHOCTEH CITyJailHON BETMUHHBI.

3aganue:
1. Onpenenuth CTaTUCTUYECKUE OLEHKM MAaTeMaTHYE€CKOro OKHUJAHUs 51
JUCIIEPCUU M CCIIETyEMOU BBIOOPKH CIIy4ailHOW BEJIMYUHBI.
2. IIpoBepuTh TruIOTE3y O HOPMAJIBHOM 3aKOHE paCIpEleIeHUs BEPOSTHOCTEN
M3y4aeMOU CIly4alHOM BEJINYUHBI.

OcHOBHBIE TeOpeTHYECKHE MOJIOKEHHU S
Cmamucmuueckas oyeHKa napamempos
[Io BbIOOpKE U3 TEHEpPAIbHOM COBOKYMHOCTH TIOJYyYarOT BBIOOPOYHBIE
CTaTUCTUYECKUE XapaKTEPUCTUKHU (BBIOOPOYHOE cpeHee, BRIOOpOYHast AUCTIEPCHS U
T.I.), KOTOpbIE€  SIBISIOTCS ~ OLIGHKAMHU  COOTBETCTBYIOIMX  T'€HEPAJbHBIX
CTaTUCTUYECKUX XapaKTEPUCTHK.
Kaxmyto BBIOOpPOYHYIO XapaKTEPHCTHKY TaKXKe CIIEIyeT paccMaTpuBaTh Kak
CIIy4aliHYI0 BEJIMYMHY, U3MEHSIIOIITYIOCS OT BBIOOPKH K BEIOOPKE.
Cpenu BO3MOKHBIX OIIEHOK 0COOYIO IIEHHOCTh MPEACTABIISIOT COCTOSTEIbHBIC U
HECMEIIIEHHBIC OLICHKHU.
OrnieHKa Ha3bIBAETCA COCTOSATENBHOM, €CIU C YBEJIMYEHHUEM 00bemMa BBIOOPKHU
OHa cTpeMuTCA (110 BEPOSITHOCTH) K OLICHUBAEMOMY MapaMeTpy.
OneHka Ha3bIBACTCS HECMEILIEHHOM, €CIIM €€ MaTeMaTUYeCKOe OKUJAaHUE MpPHU
11000M 00beMe BEIOOPKHU PaBHO OIIEHUBAEMOMY TapameTpy.
CoCTOSITCIBHBIMA ~ HECMEIICHHBIMH ~ OIICHKaMH  SIBIIAIOTCS  CpeHUE
apudmeTnyeckoe Habt01aeMbIX 3HAYCHUI BEJIMYUHBI X:

n
2 xj
_i=1 X] + X2 + ...+ xp
X = = ) (1)
n n
a TaKXke CpeJIHEE KBAPATUUECKOE OTKIIOHEHUE CIIyYaiiHOM BEJIMYUHBI X
2 1 I )
ST = 2 (x; —X)°. ()

n—1;=1

Bemuuuaer X u S? ABIAIOTCS OLIEHKAMHM MAaTEMaTHUYECKOI'O OXXKUIAHUA U
JTUACTIEPCUU CIIYYANHOU BEJIMYUHBI X.

Pacuer onienok o ¢popmysiam (1), (2) CTaHOBUTCS TPOMO3JIKUM C YBEIIUUECHUEM
oObeMa BbIOOpKH. B 3TOM ciyudae 1enecooOpa3HO NPUMEHSTh MPUOIHKEHHYIO
MeTonuky. OHa COCTOMT B TOM, YTO BbIOOpKAa TmpeoOpasyeTcss B (HopMyiy
BAapUALIMOHHOIO psija:
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- JMamna3oH W3MEHEHUsS CIy9allHOW BEIIMYWUHBI B BBIOOPKE (Xmin, Xmax) METUTCSA HA k
WUHTEPBAJIOB, TJIe YMCIIO kK HAXOAT 110 TIOTYIMITUPHUSCKON (hopMmyIie

k=1+3,2 Ig n,

3)

YUCJIO0 k OKpyTJIsieTcs 10 Oykaiiiiero nenoro. JJIMHel UHTEPBaIOB OOBIYHO
BBIOMPAIOTCS OJTMHAKOBBIMH, PAaBHBIMHU

A =

‘max — *min

k

4)

- 3aTeM OIIPCACIIACTCA KOJIHUYCCTBO My 9JICMCHTOB BBI60pKI/I, MOMABIIMX B KaXXIbIi
HHTCPBAJI [Xm-], Xm] N PACCUYUTHIBACTCA OTHOCHUTCIIbHAA 4YaCTOTA p, IOIANAHUSA

cnyqaﬁﬂoﬁ BCJINYMHEI B COOTBGTCTBYI-OHII/Iﬁ HHTCpPBAJI

Pm =

'm

b

()

-BapI/IaLII/IOHHblf/'I pAa 3alIUCBIBACTCA B BUAC Ta6J'H/II_[I>I 1, IMpHUYCM JJICMCHTAM BBI60pKI/I,

MOIIABIIKM B m-HbIN HHTCPBAJI, IPUITUCBIBACTCA 3HAUCHUC Xm*

%k

Xm -1 + Xm

X, = :
m 2 ©)
TABJIULIA 1
« Nm
M (Xm-l, xm) Xm nim pm:?
1 (Xmin, XI) Xl nj p]
X,
2 (x1,x2) n; D2
3 *
X
k (Xk-l, xmax) nk Pk
x n 1

- BapUALIMOHHBIN PsAJT MOXKET N300pakaThCs B BUJE Tpaduka (THCTOTPaMMBI).

3ameyanue: 1lpenoKEeHHYIO IPOLELYPY IOCTPOCHUSI BapHALMOHHOIO ps/ia HE
CleAyeT CUMTaTh €IMHCTBEHHO BO3MOXHOM. KosmuecTBO MHTEpBAIIOB,

VX JUIMHBI MOT'YT BapbUPOBATHCS 110 YCMOTPEHUIO UCCIIEN0BATENA B 3a-

BHCUMOCTH OT PEIIaeMOU 3aJa4Hu.

[Io nmaHHBIM IOCTPOEHHOTO BAPHALMOHHOIO psiAa BBIYUCISAIOTCA OLICHKH
[1apaMETPOB PaACIIPENCIICHUS CIIyYalHOU BEJIUYHUHBI X:

1 k *
X =— 2 Xy =

k
)
m =

%

Xm P>
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k 2
1 ¥ _D h * )
L X on (-0 = -5 p, 2 )
m—1
KpOMG TOTO HAXOATCA HJOBCPUTCIIBHBIC HHTCPBAJIBI MATCMATHYCCKOI'O

OXKUIaHUA myx 1 AUCIICPCUN Gi B ITPCAIIOJIOKCHUHY HOPMAJIbHOI'O 3aKOHA paCIIUPCHUA.

ITocTpoenune 1OBEPUTENBHOIO UHTEpPBAIA JJISl M1y IPU HEU3BECTHOM JIUCIEPCUU G)ZC

OCHOBAHO Ha TOM, YTO BEJINYHHA ¢
~n ( — ) ©)

uMeet pacrpeneincaue CTeroieHTa ¢ v=n-1 cTeneHsIMH CBOOOIBI.
OueBUIHO, YTO BEJIMYMHA M, JIGKUT B Mpeeiax HHTEpBaja C TpaHUIIAMHU

Xttty % (puc.1):
n

_ S S
X—lp—F—<m <X + 1ty —F—. 10
Jn " n 1o
. L %

oy hy

¥—fp — My F4+fp —

- "

Puc. 1

Benuuuna fr HaxomuTcs 1o Tabnuue f—pacnpeaeneHus (pacrpeneneHus
CrerofenTa) (puc.2) ciiy4ailHOM BEJIMYHMHBI NPU BEPOATHOCTH HAJEKHOM OLEHKH
p=0,95 u crenenu cBoOOABI V=n-1.

HOBepHTeHLHbIﬁ HHTCPBAJI IJIA Gi CTPOUTCA HAa OCHOBAHHHU TOI'O, YTO BCIINYHUHA

2
(n —1)S8
> (11)
X
pacmpeneneHa mo 3akony y? (Xu-kBaapar) ¢ v=n-1 creneHsm cBobo sl ( puc.3).

(o)

B sTom CJIydac HaxXOoJiATCA TaAKHUEC ABA I-II/ICJ'IEI)(I2 n X% , 4TO BCPOATHOCTU:



p(d)

Puc. 2
p(37)
v=0
— v =23
v=1
%3 Ko K
Puc. 3
. 2
P{%qf}:ia (a= 0,05...0,1)
2
n—1)8? |
p=DS Lty
o, 2
CrnenoBaTtelbHO,
n—-1)8?
P i<l

X
IIpu 3TOM HOBEpPUTENBHBIN UHTEPBAI 1A Gi paBeH:

(12)

(13)

(14)

(15)

3HavYeHUs Xlz 51 X%H&XO}IHT U3 TabNIULbl y? - pacnpeiesieHue N0 U3BECTHOMY

YHUCILy CTENEHEN CBOOO bl V=r-11 BBIYMCIEHHBIM YPOBHSAM 3HAUUMOCTU P; 1 P>



2 2
Pz-{¢>x%}=1-mw<x%}=l-§ (16)
Gx Gx
(n—1)8*
Pr-{ o2 >X§}:% (17)

X
CraTucruueckas MMpoBEPKa rumorTe3

[Tox cTaTUCTUYECKUMHU TUNOTE3aMU MOHUMAIOT HEKOTOPBIE MPEANOJIOKECHUS
OTHOCUTEJNBHO 3HAYEHUW TEHEPAIbHBIX CTAaTUCTUYECKUX XApaKTEpUCTHUK U
TE€HEpaIbHbIX PaCIpPEIeICHUN BEPOSITHOCTH.

[IpoBepka THNOTE3bl 3AKIIOYAETCS B COIMNOCTABICHUM HEKOTOPBIX CTaTUCTHU-
YECKHUX MOoKa3aTeseil (KpUTepueB MPOBEPKHU ), BBIYUCISEMBIX IO JAHHBIM BBIOOPKH, CO
3HAYEHUSIMHU 3TUX MOKa3aTeseil, Onpe/leIEeHHbIMA TEOPETUUECKU B MPEAINOI0KEHUH,
YTO MpOBEpsieMasi TUIIOTE3a BEPHA.

JIsist KpuTeprueB MPOBEPKH BBIOMPAIOTCS OMpPEAENICHHBIE YPOBHU 3HAYMMOCTHU
(a=0,1; 0,05; 0,02 u T.71.), OTBEUAKOIIHUE COOBITHSIM, KOTOPHIE TMPH MPOBOIUMBIX
UCCIIEIOBAHUSIX CUUTAIOTCSA (C HEKOTOPBIM PUCKOM) MPAKTUYECKU HEBO3MOKHBIMU.

CrnenyromuM >TaroM SIBISETCS ONpeAciCHUE KPUTUYECKOM o0JiacTh Mpu-
MEHSIEMOT0 KPUTEPHsl, BEPOATHOCTh MOMNAJaHUs, B KOTOPYIO B Clly4yae, €CJIU TMI0Te3a
BEpHAa, B TOYHOCTH PaBHA YPOBHIO 3HAYMMOCTHU. ECIU a -ypOBEHb 3HAYUMOCTH, TO
BEpPOSITHOCTh TOMaJaHus KpUTepus B 00JIaCTh JOMYCTUMBIX 3HAUY€HUH paBHa 1 - a.
Ecnu 3Havenuwe Kputepus , BBIYMCICHHOE IO JIaHHBIM BBIOOPKH, OKaXKeTCs B
KPUTHUYECKOM 00aCcTH, TO TUIIOTE3a OpaKyeTcsl.

[Ipu 3HaUEHUSAX KpUTEPHS, MPUHAJICKAIIUX 00JIaCTU AOMYCTUMBIX 3HAYEHUH,
MOKHO JIUIIb CHAEJIaTh 3aKJIIOUYEHUE O TOM, YTO JIaHHbIE BHIOOPKHM HE MPOTHUBOpEYAT
TUIIOTE3E.

IIpoBepka THNOTE3bl O PABEHCTBE MATEMAaTUYECKOTO OXHUAAHUS 33JaHHOMY
3HAYEHHUIO C.

Opnna m3 HamboJee YacTO BCTPEUANONIMXCS 3a7a4 MAaTEMAaTHYSCKON MPOBEPKHU
TUTOTE3 3aKII0YaeTCs B CPAaBHCHHWHM IIEHTPOB paclpenelieHus IByX Wi Ooee
HOPMAJIBHO PAcCIpEIeICHHbIX BeIMUYMH X U Y WIM O PAaBEHCTBE MAaTEMAaTHYECKOTO
OKUJIaHUS KaKOMY-JTMOO MOCTOSIHHOMY 3HAUEHUIO M= C.

Takoro poja NpeanoyOKEHHs] Ha3bIBAIOT «HYJIEBOW» runore3oi (Hp). Ilpu
OTCYTCTBUM KOHKYPHPYIOIIEH TUMOTE3bl KPUTUYECKON 00JIaCThIO TPH TPOBEPKE
HYJIEBOW THIOTE3bI SBISECTCA 00J1aCTh OOJIBIINX 11O A0COMIOTHON BEJTMYMHE 3HAUCHHUI.
B kadectBe kpuTepusi mpoBepKku OepETCS BEMUNHA

ZZ\/n_xS;C, (18)

Ha3pIBaemas ¢ — kpurepueM. BennuunHa ¢ pacnpeaenena no 3akony CTbrOJICHTA.
Ecii  BBIYKCIEHHOE 3HAQYEHHWE ¢ HE IIPEBBIMIACT KPUTUUYECKOTO I7=lyq,,
HalJIeHHOTO 10 Tabiuie pacupeneincHuss CThIOJICHTA IPU YPOBHE 3HAUYUMOCTH O, U
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YUCIy cTeneHel cBo0oAbl v=n-1, TO UCXOJIHAsI TUIOTE3a HE OTBepraetcs. [1, 2].

IIpoBepka runore3nbl 0 paBeHCTBE ABYX JUCHEPCHIl
[TycTh 1O MAAHHBIM [BYX BBIOOPOK MOJYYCHBI OLEHKH AUCICPCHH SfUS3 €O
CcTeneHsIMUA ¢cBOOOabl v;=n;-1 1 vo=ny -1.
TpeOyeTcst BBISICHUTD, B3SITHI JIU JAHHBIE BBIOOPKU U3 T€HEPATbHBIX COBOKYITHOCTEH,
UMEIOIIUX OJIMHAKOBBIE JUCIIEPCUU

2 2
G i =03. (19)

JI1st mpoBepKU yKa3aHHOM TMIIOTE3bl MPUMEHSIETCS [ — KpUTepHil (qUCepCuOHHOE
OTHOIIICHUE)

_SE
Sy

rjae S12 SBJISIETCS OOJIBIICH W3 JIBYX OIICHOK, T.€. S12 =max (Slz,Si). Bemnunna F —

F (20)

OTHOIIICHHUS uMeeT F — pacmpenencHus (pacnpeaeneHue duiiepa) co CTEHEHIMHU
cBOOOBI Vi=n;-1 1 v>=n; -1. (puc.4).

p(F)
11.-'2_3"':":'
|
|
|
| U2=TD
ey L
S
0 1
FF
Puc. 4

Kputnueckast obnactb i F — KpUTEpHUs COCTOUT U3 JIBYX HHTEPBAJIOB:
0O0JIBIINX 3HAYEHUH, YIOBJIETBOPSIIOIINX HEPABEHCTBY

F>F» 1)
U UHTCPBaJIa MaJIbIX 3HAYECHUU
O<F<F). (22)
KPUTUYECKHE TOUYKHU TOJIOUPAIOTCS TaK, YTO MPU YPOBHE 3HAYUMOCTH ¢
P(F>F»)= % u P(F<F;)= % (23)

ITockonbKy nieBasi KpUTHMYECKAass TOYKAa [ — pacmpenesieHUs: COOTBETCTBYET

1

[V v !
IPaBOi KPUTHYECKOM Touke F :F - pacnpeneneHus, To Ajs onpeaenenus F; u F>

HEO0OXO0IMMO HAWTH TOJBKO MpaBbie TOUKK s F 1 F.

9



BBuay yka3zaHHOTO CBOWCTBa TaOyJWPOBAHBI TOJBKO IPABBIE KPUTUUYECKHE
TOUKU F' — pacripeneneHus s pa3inyHbIX 3Ha4eHu ceodoasl fi U f, [1,2].

[Ipunsito oTOpachiBaTh rUmotesy, Korga BenuuumHa F - (F>1) mpeBOCXOAUT
BEpXHEE KPUTHUECKOE 3HAUYCHHE ISl YPOBHS 3HAUUMOCTU o. Takum oOpazom, eciu
BBITIOJTHSIETCS HEPABEHCTBO

meop
F>F a; f15./2 (24)

TO THIIOTE3a O PABCHCTBE AUCIEPCHI G7 M G3 HE IIPUHIMACTCSL.

IIpoBepka runore3bl OTHOCHTEIbHO BH/IA 3AKOHA paclpeaeseHust
BEPOSITHOCTEM.

JIns mpoBepKM TMIOTE3BI O TOM, YTO JAHHAS BEJIMYMHA X ITOJYMHEHA 3aKOHY
pacupeneneHus F(x), UCHONB3YIOTCA «KPUTEPUU COOTBETCTBUSD), OCHOBAaHHBIE Ha
BIOOpE  OMpEACNEHHOW  MEpbl  PACXOXKACHHUS ~ MEXAY  TCOPETHUYECKUM
(TMIIOTETUYECKUM) U SMIIMPUYECKUM PACIIPEACIICHUSIMH.

Ecnu Takas Mmepa pacxoxaeHus (T.e. KpuTepuil) Iisl pacCMaTpUBAaEMOTr0 ciiydast
IIPEBOCXOJIUT YCTAHOBJICHHBIN MPEJIET, TO TUIIOTE3a HE TPUHUMAETCS.

Opnum 13 Haubosiee pacHpOCTPaHEHHBIX KPUTEPUEB SBIISIETCS KpUTEPUH X2
(xputepuii [lupcona).

[Iycth 1o maHHBIM BBIOOPKM TMOCTpoeHa Tabmuma 1, rae #, KOJIMYECTBO
IIOIAIAHUM CITyYalHOW BEJIMYMHBI X B M-HbIA HHTEPBAL.

Ilycts p,, - BEPOATHOCTb NONAAAHUsA B m-HbI HMHTEPBAJ, BBIYUCICHHAA C

VICIIOJIB30BAHUEM THIIOTETHYECKOTO pacrpeneneHusa. Torma kpurepuil I[lupcona
3aIMLLIETCS TaK:

2 _ % (1 = 1Dy’
— m m
D : 25)
m=1 np,

371eCh k—4UCII0 MHTEpBaJOB, n—00beM BbIOOpKU. Bemnuuna x> umeer f=k-/-1
CTemeHel cBOOONBI, TAe [ — 4YHCIO OIEHUBAEMBIX MAapaMeTpOB B 3aKOHE
pacrpenenenus. Tak, mpu HOPMaJIBLHOM pacupezeneHun /=2.

B ciyuae

2.2
X~ >XT; f=k=3;0=0,05 (26)

TUIO0TEe3a O BUJIEC 3aKOHA pacIpeiesieHUus He IPUHUMACTCS.
Iopsinok BbINOJIHEHNSI Pa0OTHI.

Coznatb BBIOOPKY 3HAYEHWUW CIy4alHOW BEJNMYWHBI V' - cpegHedl CKOpPOCTH
JBU>KEHUS THEBMOCHUCTEMbI, U3MEHSIOIIEHUCS B IpeiesiaX OT Viin 10 Vi (IPUHATH, UTO
Vinin= 0,4 m/c, Vinax=0,6 m/c). JIsis 3TOTO ClieyeT NCIOIb30BaTh MOCIEA0BATEIIBHOCTD
Henplx caydannelx yucen 0,1,... 9, noy4eHHyI0 y IpernogaBarTes.

Yucnam 0,1,2,... 9 OODKHBI COOTBETCTBOBATH OIPEICICHHBIE 3HAYEHUS
napamerpa V, Haxonsamuecs BHYTPU Auarnas3oHa OT Viin 10 Viax. 0 3TOrO MiHTEpBaAN
3HaueHuM V' pa3z0buBaroT Ha 9 paBHBIX OTPE3KOB. [[MHa OTpe3ka paBHA A:

10



B Ttabnure 2 ykazansl 3Ha4eHHsI )7 B M/C Ha KOHITAX OTPE3KOB, 0003HAYCHHBIX
yuciamu 0, 1, 2,...9.

TABJIULIA 2

Z
(i=0...9) 4 6

[locne 3TOro COCTaBIAIOT psif CIy4alHBIX 3HA4YE€HWW Mapamerpa V, mna-
paJIeNbHBIN 33JaHHOMY psAdy ciaydaiHbeix umcen oT 0 mo 9. Hampumep, BbIOOpKE
gucen (0....9)0, 9,1,1,5,1,8,6,3,5,1,2,2,5,3... COOTBETCTBYET PsiJl 3HAUCHUI
napametpa R (0,4...0,6) m/c....

Halitu OLIEHKYy MaTeMaTHYeCKOro OXKUIaHus R , OLEHKy aucrepcuu SR} n
IIPOBEPUTH TMIIOTE3Y O HOPMAJIBHOM pPacCIpe/IeICHUH BEPOSITHOCTEN BEIUYUHBI R.

JIist 3TOTO TPUMEHHUTH MNPUONIKEHHYI0O METOAHMKY, KOTOpas COCTOUT B
CleAyIOLIEM:

a) Auamna3oH WU3MEHEHUs CIy4aHoW BeMWYUHBI (Viuin, Vmax) nemurcs Ha k
MHTEPBAJIOB, I/l k Haxoautcs o popmyne k=1+3,2/g n, rae n - 00beM BBIOOPKH.

[TomyyenHoe 9HMCIIO k OKPYTISAIOT M0 OMMKANIIETo 1EJIoro; B HAIIEeM Clydae
caenyer B3Th k=(5...7)<9;

0) IJIMHBI UHTEPBAJIOB BHIOUPAIOT OJIMHAKOBBIMU, PABHBIMU

A = Am — Vmax _Vmin :
k

B) 3aT€M OMNPEACISAIOT KOJMYECTBO H, 3HAUCHUW V, MOMABIIUX B KaXKIbIHA

UHTEPBAJ, U OTHOCUTEIBHYIO YACTOTY

nonagaHus BEJINMYUHBI V B COOTBeTCTBYIOH_[I/Iﬁ HWHTCPBAJI.
F) ITOCJIC 3TOI'O BLI60pO‘{HLIe JaHHBIC 3aIIMCBhIBAIOT B BUJIC T3.6J'II/IIII>I 3u CTpOAT
TUCTOIrpaMMBbl

TABJIMIIA 3

1) OIIEHKH IMapaMeTPOB paCTIpeICIICHHsI BRIYUCISIOT 110 hopmyam (7)-(8)
) 3aTEM IPOBEPSIOT TMIIOTE3Y O HOPMAIIBHOM paclpeIeICHUH.
C 9TOH LENBI0 HAXOIAT BENUYUHY )’
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k ~ 2
2 Z (nm —np, )
X = =
m=1 np .,
nu CpaBHI/IBaIOT cC C Ta6HHqHBIM 3HAQUCHHUECM

s (253)

2
XT; f=k—-2-1;0=0,05
B cnyuae nepaBeHcTBa y? < )(% TUIIO0TE3a 0 HOPMAJIbHOM pacIpeeieHuu He
OTBEPraeTcsl.
Pe3ynbTaThl MpOBEPKU TUIOTE3bI YI00HO PEACTABUTH B BU/IE TaOIUIIbI 4.

B ta0muue 4:
{ — IGHTPUPOBAHHASI ICPEMEHHAsI, paBHAS
tzu; npu i=1,2,...k
S{R}

D,y - BEPOATHOCTbH IOINAJAHUSA CIIyYalHOW BEJIMYUHBI { B /m-HbI MHTEPBAJ IIPH
TUIOTETUYECKOM PACIIPEEIECHUN
Pm =P (tw)-P(tn-1)
B ciiydae mpoBepkH THUIIOTE3bl O HOPMAJIBHOM PACHPEICICHUM  3HAYCHUS

¢yskuun  P(tw)u  P(tn.;) HaxomaT B TaOJHIle HOPMAJIbHOTO pacHpeesieHus
BeposiTHOCcTeH [ 1,2].

TABJIMILIA 4
P(tn1) = (1, =1,,)’
m| n tm-1, t P Pm | MmN NP ) | T
RI—E
1 n] _w, S R 0} M
RI—E RQ—E
2 n2 W}W ceeyene
Rz—ﬁ R3—E
3 n3 W,W ceeyene
Ry-R  R4-R
4 ny4 S3R ’mR ceeyeee
50 ns stap ™ ol
k
Xn=n 2p,=1
m=1

KonTposnbHbIE BOIPOCH

1. KakoBa kpuBasi INIOTHOCTH BEPOATHOCTEN HOPMAJIBHOIO 3aKOHA PACIIPECIICHHUS?
KakoBa kpuBas HOpMaJIbHOT'O paclpeaesIeHNs BEPOSATHOCTEMN?

2. Kakue XapakTepuCTHUKHU PaclpeesICHNAs] BEPOATHOCTEN CIy4alHbIX BEJINYMH Bbl
3Haere?

3. Kakumu nmapameTpamu MOJTHOCTBIO ONPEAEAETCS HOPMAIBHOE PACTIPENEIICHUE U
KAaKOBBI UX CTaTUCTUYECKUE OLIEHKU?

4. Kak nmpoBepsieTcs rurnores3a O paBeHCTBE JIBYX JUCIIEPCHN?

5. Kaxk npoBepsercs runoresa o BUA€ 3aKOHa pacupeneacHus?

12




*

N —

Urto Takoe HOPMANBHBINA 3aKOH pacIpe/ie]ICHUsI BEPOSITHOCTH U €T0 IMapaMeTphi?
KpuBast pacnipenenenns rimoTHOCTA BEPOSTHOCTH.

Uro Takoe pacnpeneneHue y>?

Yro takoe pacnpenenenue CTbrofeHTa (-pacnpeaesieHue)?

Yro takoe pacnpenenenue Guiiepa (F-pacnpeneneHue)?

Jluteparypa
Bemyenv E.C. Teopus BepostHocTel. — M.: Hayka, 1964.

. I'mypman B.C. Teopust BEpOATHOCTEN U MaTeMaTU4YeCcKas cTaTUcTuka. — M.: B. 11,

2002.
Cmupnoe H.B., [lynun — bBapkosckuti HU.B. Teopuss BepoATHOCTEN U
MaTeMaTH4eCcKas CTaTUCTHKA B TeXHUKE. — M.: ®u3zmarrus, 1965.
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JlaGoparopunas padora Ne 2 HaxoxkxaeHue MUHUMYMA PyHKIUH

METOAOM 30J10TOI'0 CCHCHUHA

I. IEJIb PABOTABI.

. H3yuyeHne OCHOBHBIX OINPEICICHUM W TMOJOKEHUH OJHOMEPHOMN
MHHUMM3ALIY.

2. N3ydyeHne OCHOBHBIX METOJIOB YHMCJIEHHOTO PELICHMS 3a4ad OJHOMEPHOM
MUHUMMU3ALUY.

3. Pa3zpabotka u pemenue Ha OBM 3amaun MuHuUMH3aMU (QYHKIUNA OHOMN
IIEPEMEHHOM.

II. KPATKME TEOPETUYECKUE CBEJJEHUA.

1. OcHoBHBIE ONIpeeIeHUsI.
3amaua HaxoxAeHUS MUHIMYMa (QyHKIIH f(X), X €[a,b] cOCTOUT B HAXOXKICHUH
TaKol TOYKH X €[a,b], 4To
f(X)= min f(x), ¥ €[a,b]. (D)
x€la,b]
[lycte 3amana ¢gynkuwms f(x) Ha oTpeske [a,b]. Touka X €[a,b] Ha3bIBaeTCs
TOYKOM I100aTbHOTO MUHUMYMa, €CITU IS BceX X € [a,b] BBIMOTHSAETCS yCIOBUE:
f(X) <f(x), Vx €[a,b], X €[a,b]. (2)
Touka X Ha3bIBAETCS TOUKOM JIOKAIBHOTO MHUHUMYMa, €CIU CYIIECTBYET O -
OKPECTHOCTb ATON TOYKH, YTO BBIMOJHSAETCS YCIOBUE:
(X)L f(x), Vxe[x—0;X+0]. (3)
Ecmu nna Vx €[X —§,X + 0] BeimomnHsaetcs ycinoBue f(X) < f(x), To roBopsT,
YTO X SBJISETCS TOYKOM CTPOroro JOKajJbHOTO MUHUMYMa.

2. YHUMOA/IbHBbIE (PYHKIIUN.
Ecnu Ha otpeske [a,b] onpenenena ¢pynkuus f(x) ¢ 0qHOM TOYKON JTOKATHHOTO
MUHAMyMa X H TpPH OTOM Uil BceX X<X (QyHKIUS CTpOro yOBIBaeT,
[f(x) > f(X),x < x], a 1 BceXx X>X  (QyHKUMS  CTpOro  BO3pacTaeT

[f x)>f(X),x >X ] , TO Takasi (DYHKIMS Ha3bIBACTCSl YHUMOIAJIbHOM.

3. O0yC/10BJIEHHOCTH 321a41 MUHUMHU3ALUM.
[TorpemHocTh oOmNpenesieHuss TOYKM MHUHMMyMa x CBS3aHa C MPEACiIbHOM
a0OCOJIFOTHOM TIOTPEIIHOCTBbIO BBIYUCIEHUS 3HaueHUs (GYHKIMK B Touke f(X)

CIEAYIOIIUM 00pa3oMm:
AX = v, * Af(X), (4)

rme vy =2/ \/ £ (X) - Af(X) - umciio 00yCIOBICHHOCTH 3a1a4d MUHMMU3ALIUH.
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OTCI-OI[a CJICAYCT, UTO IIOTPCUIHOCTL B OIIPCACICHUHN X YBCINYNBACTCA B vV 110

CPaBHEHHMIO C MOTPENIHOCTLIO BhiuMciaeHus Gpynkuun Af(x). Tak kak mpu Af — 0,
uMeeM v, >>1, To 3aja4a MUHUMU3ALUNU SBJISETCS II0XO 00YCIOBIECHHOM.

4. JTanbl NOUCKA MUHUMYMA.
Tak ke, Kak U B 3aJadye NOMCKA KOpHs, 3ajaya MOMCKa MHUHHMyMa
paszelnsieTcsl Ha J[Ba dTara: 3Tal JIOKAIU3AUK U 3Tall UTEPAITMOHHOTO YTOUHEHHUS.

Ha »rame nokanu3anuu BBIAEISETCS OTPE30K MUHUMAIBHOW  JIJTUHBI,
coJiepKalfii OJIHY TOYKY JIOKaJThbHOTO MHHMMYMa, Ha KOTOPOM (YHKIIHS SBIISICTCS
yHUMOJaTbHOM. Ha BTOpOM 3Tame MChoyib3yeTcs OJWH U3 METOJOB TMOMCKA TOUKH
MUHHUMYMa.

5. MeToabl npsiMOro noucka:

a) onTuMaJdbHBbIA mNaccuBHBI mouck. Ha orpeske [a,b] 3amaercs
ITOCJIEIOBATEIILHOCTh TOYEK X0,X1,...,Xn, TAKHX, 94TO Xk=Xotkh, k=1,...,n; Xo=a, Xx=b. B
ATUX TOYKaX BbIYUCIAETCS 3HadyeHue GyHkuu f(xx). 3a TOYKYy MUHHUMyMa X
IpUHUMAETCS Ta TOYKAa Xk, JUII KOTOPOM  BBITIOJHSAETCS  COOTHOIICHHE:
f(x;)=min f(x;). Crenosarenbho: x;_; <X < x;;. Otciona Ax = h.

0<i<n

6) MeTox JeseHusi oTpe3ka monoiaam. Ha otpeske [ay,b, | BbIOMpaeTcsa nBe
ay+b ay+b

TOUYKH: O :%—8, Bo = %+ 0. Beruncisitores 3Hauenus f(agy) 1 f(By).

Ecimm  f(0p)< f(Bg), TO TOYKa MUHUMYyMa HAXOIUTCA HA OTpPE3KE [aO,BO],€CJ'II/I

f(og)> f(By), TO TOUKa MUHUMYyMa HaXOIUTCSA HA OTPE3KE [oco,bo], T.K. pyHKIHUSA

SABJSIETCA YHUMOJAIbHOU. OTpe30K ¢ TOYKOM MHUHUMyMa MPUHUMAETCS 32 HOBBIU
OTPE30K [al,b1 ], Ha KOTOPOM OIISITh BBIOUPAIOTCA IBE TOUKH U T.[., 10 OTpE3Ka [an,bn]

JnuHa kotoporo < g.CienoBaTesibHO: Ax = €.

B) MeTO/1 30J10TOT'0 CeYeHUs1. 30JI0ThIM CEYEHUEM OTPE3Ka HA3bIBACTCS JCIICHUE
OTpe3Ka Ha JIB€ YaCTH, TaK YTO OTHOIICHUE JIJIMHBI BCErO OTPE3Ka K JJIMHE OOJbIIei
YaCTH PaBHO OTHOIIECHUIO OOJIBINEH YaCTH K MEHbIIEH (MPUHIIUT TO00ms ). 3010TOE
CEUYEHHUE OTpe3Ka [a,b] MOXHO MPOU3BECTHU JBYMSI CHMMETPUYHO PACIIOI0KEHHBIMU
TOYKAMM:

xp=a+(1-1)(b-a)=b—-(b-a)r,
(5)
X,=b—-(1-1)(b-a)=a+(b-a)1,
rie 1=(~/5-1)/2~0.6180339, x, >x,.

CedeHne Ha3bIBaeTCS 30J0THIM, MOTOMY, YTO TOYKa Xi B CBOIO oOuepelb

IIPOM3BOJIUT 30JI0TOE CEYSHHUE OTpe3Ka [a,X2], a TOUKa X2 - 30JI0TOE€ CEUCHHE OTpE3Ka

[x1,b].
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6. MeTobI MOMCKA MUHUMYMA JJISl TIAJAKUX (PYHKIHIL.
[Iycts f(x) siBnsieTcs yHMMOJanbHOW (yHKIMEH Ha oTpe3ke [a,b] m umeer
HENPEPHIBHYIO MPOU3BOJAHYIO Ha 3TOM OTpPE3KE, a TOYKAa X SBIAETCS TOYKOU
MuHHMYyMa. C1e10BaTENbHO, B TOYKE X UMEEM:

f'(x)=0, x €la,b]; (6)
npu 3ToM f"(X) > 0.
CremoBatesbHO 3a/1a4y oucka MUHEUMYMa (1) MBI MOXKEM 3aMEHUTH Ha 3a/1a4y

NOWCKa KOpHS ypaBHEHHUs (6), T.e. NMPUMEHUTb METOJbl PEIICHUS HEIWHEWHbIX
ypaBHEHUH K ypaBHEHUIO OTHOCUTEIHLHO MPOU3BOIHON (QYHKIIUU.

a) meroa omcekmuu. Tak kak f'(Xx)=0 u f"(X)>0, To B TOUke MUHUMYyMa

IIpon3BOaAHAsA .MCHACT 3HAK. HOBTOMY AJI1 TIOMCKAa MUHUMYMa OTPE30K JACIINUTCA HA ABC
YaCTHU M MCKIIOYACTCA TOT OTPE30K, I'’AC MPOU3BOAHAA HEC MCHACT 3HAK. HpOI[OJDKaH

a
ATOT NPOLIECC YMEHBIIIAETCSA OTPE3OK [, = BHYTPH KOTOPOTO (PYHKIUS TOCTUTAET

n

MUHUMYyMa. MeToJ1 OMCEeKLIUMU CXOUTCA M0 3aKOHY:
x—x|<(a-b)/2""" (7)

0) meroa HeroTona. IIpumenenne merona HerotoHa it pemeHuss ypaBHeHUs
f'(x)=0 maer cnenyroIyo pacueTHYIO GOpMyIy:
!

) )
n " :
1 (x,)
OH wuMeeT KBaAPAaTHUYHYK CXOJMMOCTh M  HWTEPALMOHHBIA  IIpoLEecC
3aKaHYMBACTCs MPH BBHINOIHEHUH yCIOBHS: (x, —x, )<€.

Jlmsa cXoaumMOoCTH METOJa HEOOXOAMMO M JTOCTATOYHO, YTOOBI BEITIOJHSINCH
YCIIOBUSL:

Xpp1 =X

n—1

2
P20, fOwx) =0
T.C. BTOpa}I U TpeTB}I HpOI/IBBOI[HBIQ 6BIJII/I 3HAKO IIOCTOJSHHBI Ha OTpGSKe
JIOKAJIN3alluHn.

III. 3SAJAHUE.

1. Hanmncath OCHOBHBIE COOTHOILICHHUS JIJII MUHUMH3AIMU METOJIOM 30J0TOTO
ceyeHus QyHKIIUU U3 TaOTUITHI 3aTaHHH.

2. IlpoBectn omeHKy umciia OOYCIOBIICHHOCTH 3aadydl MUHUMU3AINHN IS
YKa3aHHOW B TaOJuIle OTHOCHUTEIIBHOM MOTPEHIIHOCTH (PYHKIUU U OINPEICTUTh
MaKCHUMaJIbHO BO3MOKHYIO TOYHOCTh BBIYMCIICHUSI TOYKA MUHUMYMa.

3. Hanucars nporpammy u Ha 9BM paccuutars ¢ MAaKCUMAJIBHO BO3MOKHOM
TOYHOCTHIO TOUKY MUHUMYMa (QYHKITUH.

IV. IIOPAIOK BBIIIOJIHEHM S PABOTLI.
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3aganme. BpraucauTh TOYKy MuUHUMyMa GyHKmuu f(x)=ch x+In’x ¢

MaKCHMaJIbHO  BO3MOKHOM  TouHOCTBIO ecimu  Of(x)=107. OueHuTh YHCIO
00YyCJIOBIEHHOCTH JUIsl JaHHOU (yHKIUH, ecin df(x)=10" 1 ompeenuTh MaKCHMaIbHO
BO3MOKHYIO TOYHOCTb BBIUHCICHHS TOYKH MHHUMYMa.

1. IlpoBoguMm rpyOyr0 JIOKIM3alMI0 TOYKM MHHUMyMa. Tak kak oO0JjacTh
onpeneneHus jorapupma JeKUT oT Xx=0 A0 X—»00,TO TOYKA MUHUMYyMa JISKUT Ha
otpeske [0,00]. ITpu x1=0.1 umeem:

01 1
e+t

1
1 :f(o-l):Te+1n20.lzl+6z7;

npu X2=1 nmeem:

IIPHU X3=3 UMEEM:

y3=f(10)=——€+15%8.

Otcrona caenyer: y2<yi u y2<ys. ClieioBaTelibHO, TOUKA MUHUMYMa JIEKUT B
untepaie 0.1+ 3,t1.e. Ha otpeske [0.1,3].

2. CorunacHno (5) nns orpeska [0.1,3] 30510T0€ ceueHre naeTcsi TOUKaMu:
x1=b-(b-a)t, xo=a+(b-a)t,

J5-1
=

Tac:

a=0.1; b=3.0; t= 9).

3. Beruucnsgem 3Hauenus y, = f(x;), y, = f(x,) u cpaBHuUBaeM ux. Eciu

y1>y2, TO TOYKa MUHUMYyMa HaXOAUTCS Ha OTpe3Ke [X1,b], Mpu 3TOM TOUKa X2 SBIAETCS
TOYKOM 30JIOTOTO CEYEHHUs IJIA 3TOro orpe3ka. Ecnmm yi<yz, TO TOYKa MHUHUMyMa
HAaXOJMUTCS Ha OTpe3Ke [a,X2], a TOUKa X| SBJISIETCS TOYKOM 30JI0TOrO IJIsl 3TOTO
OTpe3Ka.

4. Ecnu y1>y2, TO OTpe30K [a,b] 3aMeHsIeM Ha OTPe30K [X1,b] MeHbIIEH JTMHBI U
nepe o0o3HavYaeMm:

a=x1, Xx1=b-(b-a)t1=x2, y1=y2, (10)
BeraucnuTh HOBbIE 3HAUCHUS
xo=at+(b-a)t u y>=f(x2). (11)

5. Ecnu y1<y», To oTpe3ok [a,b] 3ameHseM Ha OTpe30K [a,X2] MEHbIIICH JJIUHBI U

18



nepe 0003HaYaeM:

b=x2, xa=a+(b-a)1=x1, y2=y1, (12)
Beruncnsiem HOBbIC 3HAUCHHS:

x1=b-(b-a)t u y1=f(x1). (13)

6. CpaBHUBaEeM HOBBIC 3HAUCHUS Y1, Y2 U BRIOMPAEM OJIMH U3 ABYX OTPE3KOB T./I.
[Ipouecc 3akonunm, korga (b—a)<ce.

7. IlpoBoauM OlLIEHKY 4YHclia OOYCIIOBJICHHOCTH 3aJaqd MHUHHUMU3AIMH IS
byHKINUU:
y=ch x+In% x.:

va =2/ /()] A (), (14)
HNwmeewm:
Af (x) =8 (x)-| f ()| =107 [ f ()}
2-2In x
S'(x)=ch x+———.
X
Ha otpeske [0.1;3] nonyyaeM ciegayronme ONeHKH:
F@=L [f1@)=10.
CrnenoBaTenbHO:
Af (x)=1077, 2 2.0}

oo 2
*J107 10

8. OnpenensieM €. CornacHo (4) umeem
£<g,.. =V, A (x)x2-10°-107 =2.107%,

7. llpuMep mporpamMMbl AJsl HAX0KIEHUSI MUHUMYMA (DYHKIMH MEeTOA0M
30JI0TOr0 CeYCHUS:

program lab_zlato;
{HaxoxneHne MUHIMYMa (DYHKIIMH METOJIOM 30JI0TOTO CEUCHHUS }
{a -HKHSS, b- BEpXHSS TpaHUIIA OTPE3Ka JIOKATH3AIIH |
{e-TOYHOCTb BBIUUCIICHNS |
{X - Touka MUHUMYMa }
{1 - yncnO UTEpaIUii }
var a,b,e,t,x,x1,x2, yl,y2 : real;
var 1 : integer;
function f(y : real) : real;
{byHKIMS 17151 3aTaHHOTO HEJIMHEHHOTO YpaBHEHHUS |
begin
fi=(exp(y)+exp(y))/2+In(y)*In(y);
19



end; {f}

begin

writeln(‘BBeaute 3HaueHNEe HUKHEW IPaHULIBI OTPE3KA JIOKAIU3ALUU a’);
readln (a);

writeln(‘Beaute 3HaueHNE BEPXHETO TPAHUIIBI OTPE3Ka JOKATH3AIUU b’);
readln (b);

writeln(‘BBeauTe TOUHOCTh BBIUUCIICHUI €”);
readln (e);

begin

1:=0;

t:=(sqrt(5)-1)/2; BbIYHMCIICHUE 110 (9)

x1:=b-(b-a)*t;

x2:=a+(b-a)*t;

yl:=f(x1);

y2:=f(x2);

while abs(b-a)>=e do begin
1:=1t+1;
if y1>y2 then begin
a:=x1;
x1:=x2; BeIuncieHue mo (10)
yl:=y2;
x2:=a+(b-a)*t; BbIunciienue mo (11)
y2:=f(x2);
end else begin
b:=x2;
x2:=x1; BbIYMCIeHueE 1o (12)
y2:=yl;
x1:=b-(b-a)*t; BbIurciienue 1o (13)
yl:=f(x1);
end;
end;
x:=(a+b)/2;

writeln(‘3naduenue Touku MUHUMYMA X=,X,’....", " YUCII0 UTEpAIUH 1=",1);

end.
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V. COJEPXXAHUE OTYETA.

1. HazBanue nabopatopHoOil paboOThI.
2. UnnuBuayanbHOE 3a1aHUE.

3. TeopeTnueckas 4acTb.

4. Texct nporpaMmsi.

5. Pesynbratsl pacyera.

[TynaxTsl 1-4 1OMKHBI OBITH OOPMIIEHBI 10 Hauada 1abopaTopHO paboTHI.
VI. KOHTPOJIbHBIE BOITPOCHI.

. DTanbl TOMCKa MUHUMYMa (DYHKIIUH.

. Uto Takoe JIOKaJIbHBIN U I1100adbHbII MUHUMYM?

. Onpenenenrie yHUMOAAIbHON (DYHKIIUH.

. AGCOTIOTHOE YKCII0 OOYCIOBICHHOCTH 33/1aud MUHUMU3AIUU.
. MeToJ onTuManbHO NaCCUBHOTO MTOMCKA.

. Meroa neneHust oTpeska momnojam.

. MeToJ 30510TOr0 ceyeHus.

. Meroj1 OucCeKInH.

O© &0 3 O »n K~ LW N =

. Meton HrroTona.

10. Heobxoammoe 1 J0CTaTOYHOE YCIOBHE CXOAUMOCTH MeToaa HproToHa.
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VILTABJINIIA UHAUBUJTY AJTHHBIX 3AJAHAI.

Oyuxuus f(x) Xapakrep dKCTpeMyMa OTHOCUTENBHAS
Ne MOTPEITHOCTD Of(X)
1 2 3 4
2
~—+5cosx min 10"
2
2e" —%xz min 108
e +x? min 107
4 2
al >+ x? min 107
(x—1)
5 1
Vx+x2 + 5 min 108
1+x
6 arctg(sin x — cos x) max 107
7 2 _
X —6x+4 o min 10
3x—2
8 2x2 -1
x2 +x* min 108
x°=2
9 Sh2X+€x min 10_9
10 L +x? min 108
In x
t 1 + chx min 108
X
12 1 0
— tigx max 10
X
13 sinx? +sin’ x max 10-1°
14 b +x* min 108
shx
15 x=3
€ ilnx min 107
x—3
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JlaGopaTopHas padora Ne 3. UcciienoBanne 00beKTOB METOA0M

AUCIIEPCHOHHOTO0 aHA/In3a

[lenp paboOThI: 03HAKOMJICHHE C METOAOM AMCIIEPCHOHHOTO aHalu3a U
BBIYHCIIATEIBLHBIM AJITOPUTMOM IS 00paOOTKH SKCIIEPUMEHTAIBLHBIX JaHHBIX.
3amanue: MeToloM OJHOGAKTOPHOTO aHaiW3a OICHUTH BIHMSHHUE OHOTO
dakTopa Ha pa3dpoCc 3HAYECHUM HCCIETyEMOUN CIy4allHON BEITMYHHBI (BBIOOPKY
CITy4alHBIX BEJTUYHH MOJTYYNTh y TIPETIOAaBaTENs).

OcHOBHbBIE TeOpeTHYECKHE M0JIOKEHUS

1. 3agaya gUCHEpPCHOHHOrO aHanu3a. Bo MHOrumx oO0JacTsSX NpPaKkTUYECKON
NESTETPHOCTH  BCTPEUAIOTCS  OOBEKTHl  HMCCIEIOBAaHUS, COCTOSIHUE KOTOPBIX
onpenensiercs GakTopamu, He UMEIOIUMU KOJTMYECTBEHHOTO OMHUCAHMUS.

Hampumep, paccmaTpuBaeTcsi TpoIecc U3MEpeHus Kakou-mnbo Qusudeckoit
BEJTUYHMHBI PSIOM OTIEPATOPOB MapaAJIICIIBHO HECKOJIBKUM MPUOOpaM (MIH HECKOIbKUM
METOJIaM); TIPUYEM KaXAbId OTEPaTOp H3MEPSET 3Ty BEIUYMHY BCEMH MPUOOpAMH
(meromamu). CpenHue 3HAYCHUS  HAONIOAACMOW  BEIWYWHBI, TOJYYCHHBIC
ONEepPaTOpaMHM, OTIIMYAKOTCA APYT OT ApPYyra. DTU pa3INu4Ms CPEIHUX 3HAYCHUU MOXKET
OBITh CBSI3aHO CO CJIY4YallHOM MOTPEIIHOCThI0, CHUCTEMATHUYECKOW MPUOOPHOM
(MeToMUYECKOM) OMMOKON U BIUSHUEM OTepaTopa.

TpeOyeTcst ompenenuTh, HACKOJBKO CYIIECTBEHHO BIUSHUE Ha pe3yibTaT
u3MepeHus 1Byx (akTopoB: mpubdopa (MeToaa) U oreparopa.

AHaslorn4Has 3ajjaya BO3HUKAET IIPU UCIIOJIb30BAaHUU IETAIEH W3 HECKOJIBKUX
NapTUi, OpH 3TOM HAAO0 ONPEACIHTH CYIIECTBEHHO JIM OTJIMYAOTCA IapaMeTphl
JeTayiel pa3nuuHbIX naptuil. Mtak, s uzydenus BIUsHUsS (HaKTOPOB, HE UMEIOITUX
KOJINYECTBEHHOTO ONMUCAaHUS, HAa MCCIECAYEMYK BEIWYUHY NPUMEHATCS METOJ
JUCIIEPCUOHHOIO aHAJIN3A.

2. OpnHOo(akTOpHBIA AUCIIEPCHOHHBIM aHanmu3. B oOmem Buae 3amada
0/IHO()aKTOPHOTO JUCIEPCHOHHOIO aHAJIM3a CTABUTCSA cieayromuM oopazom. Ilycts
HAOMIOJIA0T m HE3aBUCHUMBIX CIy4YallHBIX BEJIWYMH X X2,. Xi. Xj, aCOPEICICHHBIX
HOPMAaJIbHO C LEHTPAMM Mix],Mx2, ... Mxm U HEU3BECTHOU, HO OMHAKOBOU ISl BCEX X;i
nucrniepeuei, b°.

[TycTh Ham KaXABIMU TIEPEMEHHBIMU Xi IPOU3BOAUTCS CEPUs U3 7 HAOIIOICHUH.
JlaHHBIE i-01 CepUU CIIEAYIOIIHUE:

Xil, Xi2,... Xij,...Xin (1=1,2,...m; j=1,2...n).

Onupasich Ha 3TH CTAaTUCTUYECKHE JaHHbIE TpeOyeTcs pOBEpUTH HYIb —

runotesy (Hy) 0 paBeHCTBE MaTEMaTUYECKUX OKUJIAHUN
Mx1=Mx2=...Mxm.

Ecnu mpoBepsiemasi runore3a BEpHa, TO COMOCTABICHUE CPEIHUX X1,X2,...Xm B
KaXXI0W CepUr He JOJDKHO J1aTh 3HAYMMOTO pacxokaeHus Mexay Humu. Y Hao0opoT,
€CJIM TaKO€ PacXOXKIEHUE OOHAPYKEHO, TO HYJIEBYIO TUIIOTE3Y CIEYET OTOPOCHUTb.

Bo3sBpamasce kK paCCMOTPEHHOMY MIPUMEPY, MOJIO0KHUM, YTO YUCIIO OIEPATOPOB
PABHO M U KaXAbI N3 HUX IPOU3BOAMT 1 3aMEPOB HEKOTOPOH (PU3NYECKON BETUUUHBI
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x (Tabmn.l).

Kaxnas cepust U3 n m3mepeHudt xi;, xi2,.. Xin (i=1,2,...m) mpeacraBisier coOoit
BHIOOpDKY 00beMa n U3 TEHEPAIbHOM COBOKYNMHOCTH W3MEPEHUU OTAEIBHOIrO
omnepatopa x; (i=1,2,...m).

Ntak, obiiee 4yuciio u3mMepeHud BeMMuuHbI X (i=1,2,...m — HOMep omeparopa,
j=1,2,...n — HOMEp U3MEPEHUS) PaBHO M.

TABJINIIA 1
Ne oneparopa X1 X2 X
Ne nzmepenuit
1 Xi1 X21 X Xml
2 X12 X22 Xi2 Xm2
J X1y X2j Xij
n Xin X2n Xin Xon
CpenHee 3HaYeHUE
B CEpUH X1 X2 Xi Xm
O6miee cpeanee X =

CpemnHee apudmMeTndeckoe U3 7 K3MEPEHHI | — TO oleparopa 0003HAYNM Yepe3 X;

m n
)Tiz—z ZXij (1)
-1 j=1
O6o3HaunMm yepe3 X oOmee cpenHee apupMeTUYECKOe 3HAYeHHE BCEX mn
U3MEPEHUN —

fz—Zng‘j (2)

Bce wnaGmiomaembie 3HaueHHs Xjj 0Opa3yrOT BBIOOPKY OOBEMOM mn W3
reHepaIbHOM COBOKYNMHOCTH X, MMEIOIIEH Takke HOpPMalbHOE paclpelesieHue C
LIEHTPOM 71x ¥ JAUCTIEPCUEH G2

OueBHIHO, UTO 3HAUYCHHE X (2) ABISAETCA OUEHKON MaTEMaTUYECKOTO OKHUIaHUS
My TIO TAaHHBIM BBIOOPKH.

CormacHO MeTOIy OAHO(AKTOPHOTO AWCIEPCHOHHOTO aHAM3a HAI0 CyMMY
KBaJpaTOB OTKJIIOHEHUW 3HaYCHHI OT 0011ero cpeaHero Jy pa3jaokUTh Ha COCTABHBIE
4acTH, OJHA W3 KOTOPBIX COOTBETCTBYET (HakTOpy HM3MEHUUBOCTH — (r (371€Ch:
omeparop), Apyras — (Qr —BIUSHUIO CIyYalHBIX NPUYUH (37ECh: MPUOOPHI WU
METO/IbI).

[Tpu 3TOM yKa3aHHBIC CyMMBI HAXOAAT 1O (popmyiam:

24



Q0=Zrnli(xif—)f_)2 )
i=1 j=1

Qr=mn> > (xi- x)?

i=1 j=1

4)
O r = Z Z (x5 — X:)°?
i=1 j=1
(5)
HzBectHO [1], uTO
Qo = Qr +Or (6)

Urak, BenmumHa (Jy MpeaCTaBIsieT cO0OM CyMmMMy KBaJpaTOB OTKIOHEHUUH
HAOMI0JaeMbIX 3HAYEHUNW X OT OOLIEro CpedHEeroX W HasbIBaeTcs ‘‘o0med” win
“NOJIHON™ CyMMOM KBaJpaToB.

Benmnuuna QO 53TO cymMMa KBaJpaTOB OTKJIOHEHUH CpEIHHUX MO TpyHmnam
(cepusiM) X1,X2,...Xn OT OOILETO CPEIHEro X, OHA Ha3bIBACTCA CyMMOW KBaJIpaToOB
OTKJIOHEHMM Mexay rpynmnamu. (Or  SBISETCS CyMMON KBaJpaTOB OTKJIOHEHWUH
3HAYEHHUH X;j OT CPEAHMUX Xi, B TPyIIIax U Ha3bIBAETCS CyMOM KBaJApaTOB BHYTPHU IPYIIII
(cepwmii).

B mpakTudeckux pacuerax oObIYHO BBIYUCISAIOT TOJIBKO OOIIyI0 cymmy Qo U
CyMMY KBaJpaToB MEXIy rpynmnamu (Jy;, CyMMy KBaJpaTOB BHYTPU I'PyIIN MOIYYarOT
o gopmyiie (6):

Or= Q0-0r (7)

Y TI03TOMY €€ Ha3bIBAIOT “OCTAaTOYHOI CYMMOM.

Cymmbl kBazipatoB Oy, Oy Or, ACICHHBIE HA COOTBETCTBYIOIIKME YHCIIA CTEIECHEN

CBOOO/IBI vi= mn-1, ve = m-1, vg = m(n-1), nagyT Tpu HECMEIICHHbIC OLICHKU
JUCTIEPCUH 6> B OOILEN BEIOOPKE X:
0
So? = L- o0111ast OLIEHKA JUCTICPCUH (8)
mn—1
F
S¥? = 0 - OLICHKA AUCIIEPCUU MEXKAY IPyIIIaMHU 9)
m J—
R
Sp? = _ O OLICHKA IUCTIEPCUU BHYTPH TPYIIII (10)
m(n—1)

BhINOIHEHHE AUCIIEPCHOTO aHAIN3a 3aKIK0YAETCA B CPABHUBAHUM OLIEHKU SF”
JUCTIEPCUM, BBI3BAHHOM H3y4aeMbIiM (PaKTOPOM HU3MEHYUMBOCTH F, U OILICHKOU
JIOCTaTOYHOM AUCTIEPCUH Sk, IMEIOIEN MECTO yIKe MOCIE TOr0, KaK BIusHue GakTopa
F 6b110 yeTpaneHo (T.e. 00yCIOBIEHHON UCKITIOUUTEIBHO CIIyYallHBIMU (PaKTOpaMu —
MOTPEIIHOCTHIO U3MEPEHUI).

Ecnu Hynb-runore3a 0 paBeHCTBE LEHTPOB PacCIIpeIe/ICHUs] BEPHA,
My =Mx2=... Mxm, (11)
TO OLIEHKM aucrepcuil Si7 M Sk’ DOIDKHBI Pa3aM4aThCsl MEXAY COOOM JIUIIb
cinydanHo. [IpoBepka maHHOM TMNOTE3Bl BBINOJHAETCS MO Kputepuro Pumepa. s
3TOr0 HaXOMST I — OTHOLICHUE U CPABHUBAIOT BEJIUYUHY F' C IPEAECIbHBIM 3HAUCHUEM
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Fm, xoTopoe HaxoasT mo Tabnuiie F — pacupeereHus Ipu CTENEHIX CBOOOIBI VE =mi-
1 u ve=m(n-1), a = 0,05[2,3].
B ciyuae
F<Fm (12)
PACX0XKIEHU MEXKY OLIEHKAMH Sp° M Sr” HECYILECTBEHHBI (C BEPOSATHOCTBIO p
>0,05). 910 03HaYaeT, YTO HYJb-THIIOTE3a MOATBEpKaAaeTca. MccnenoBarens MOKeT
CUHMTATh ONBITHBIC TAHHBIE OJTHOPOJHBIMH — 3TO O3HAYAET, UTO (PAKTOP U3MEHYUBOCTH
HE OKa3bIBAET CYIIECTBEHHOE BIMSIHUE Ha Cpe/IHEee 3HAaUCHHE U3MEPSEMbIX BEJIMUUH B
rpyIrmax.
[Ipn
F>Fm (13)
CJIeIyeT, 4TO (PaKTOp M3MEHUYMBOCTH OKA3bIBAECT CYIECTBEHHOE BIMSHHUE HA
JaHHBIC U3MEPEHUH B Tpynnax. Biusane gakropa N3MEHIYNBOCTH 3HAYUMO.

Iopsinok BbINOJIHeHHS]I PadOTHI.

1. IomyuuTs y npenoaBaresis JaHHbIE HECKOJIIBKUX BBIOOPOK CITy4aiiHOU

BEJIMYMHEI X.

2. JlanHble BBIOOPOK MPEACTABUTH B BUJIE TAOJIHUILIBI 1.

3. Beruucnuth cpennee 3HaueHue B cepusax xi(i=1,2,...m) u oOiee

cpenHee x

4. Onpenenuts 3HaueHHE cyMM KBaapatoB Or Qo Or

J7ist ynoOcTBa BEIYMCICHU PEKOMEHTyeTCs IEPEUTH K HOBBIM TIEPEMEHHBIM Yi;
o gopmyiie

Yij = Xij=X, (14)

rae X - onmxaiiiee K o0meMy cpeiHeMyY LIeTI0€ YHCIIO.

[Ipu TakoM mnpeoOpazoBaHUU MEPEeMEHHBIX (OPMYN Ui CyMM KBaJapaToB
MPUMYT CJIEAYIOIIUNA BU:

(X797
m n m n 2 —
D T (15)

i=1j=1 i=1 mn

m n 2
Qo=2 > (yi—X)

i=1 j=1
PRI W0 Wos

m n 21 m 1 m .
0r=Y 3 (yi=%) X Xyim- (LX) Ao (16)
i=1j=1 -y = mn =1 n mn
m n 2_m n m n —m m
Oe=3 Y (yi-7) 22 XD -215i_;11(-21 T)? (17)

i=1j=1 i=1j=1 ni-1 j=1
B dopmynax (15), (16), (17) BBeneHsl cneayroye 0003HauYCHHUS:
S TR Ll VR
i=1 j=1

Pe3ynbTaThl BEIYMCICHUH TIPEICTABIISIOT B BUAC TAOTHUITHI 2.

TABJIUILIA 2.
@PaKTOp U3MEHYNUBOCTHU
Howmep > v
. 1- b1 2- on .
WCTIIBITAHUI m- BbIW OIIEPATOP
() OIIepaTop OIepaTop
vi |2 lys |y Yoi | ymf’
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n
Si S 2 Sm D Si=

i=1

>

Ti=
ti t %) tm i=1
S 7.2 =

17 t’ 1’ tn® Zl

3atem o dopmyie (15), (16) ¢ MOMOIIBIO TOJTYYEHHBIX CYMM
iSi’ iTi’ i T,»2
i=1 i=1 i=1
Haxo AT BenuduHbl (Jp Oy OCTaTOUYHYI0 CyMMY KBaapatoB (Jr BBIYHCIISIFOT 10
dbopmye
Or= Qo-0Or
5. Tlomy4eHHBIC CTEIIEHU CBOOOIBI Vo, VE, Vr TIO OpMYyIIaMm:
vo= mn-1
vr = m-1
vr = m(n-1)
6. BbluMcIuTh HECMELEHHBIE OLIEHKH So°, SF, Sk’

sp= &

0’= =

Vo
. 9rF
Spr= =
o= L*
V R
7. Ilopcuurath 3HaUeHUE F- OTHOIIECHUS

Sr?
Se?

[Ipu dbopmupoBanuu F- OTHOIICHUS B YUCIHUTENE CTABUTCSA OOJbIIAs U3 JIBYX
OLIEHOK JIMCIIEPCHiA, T.€. B HAIIEM ciydae S¢° > Sg’

8. Haiitu u3 Tabnuiel F — pacnpeneneHus CaydaiHOW BEIMYUHBI MPEIeTIbHOE
3HaueHue F'm, COOTBETCTBYIOLEE YPOBHIO 3HaunMOCTH o = 0,05 1 cTeneHs M cBoOO1blI
VF U VR,

9. CpaBHuTh moslydyeHHO€ 3HadeHue F(n.7) c TabmuuyneiMu Fr U cnenaTh
3aKJIOYEHUE O IpoBepsemMou HyJsb-runorese Hy .Ecom F < Fru ,TO rumoresa
MIPUHUMAETCSL.

[Tpumep:

OnpenenuTs, OTHOPOIHBI JIU PE3yIbTaThl U3MEPEHUS HANPSKEHUS (B BOJIbTaX),
TpeMsi OIeparopamMu IpPHU HCIOJIb30BAHUU HU3MEPUTENIbHBIX MPUOOPOB pPA3ITHUHBIX
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TUIIOB. Pe3yabTaThl M3MEpEHM 1aHbl B TabauLe 3.

TABJINIIA 3
Homep 1-b1i1 onepaTop 2-0i1 oniepaTop 3-ui1 onepaTop
n3MepeHui, (f)
1 221 222 212
2 222 224 214
3 226 226 220
4 227 228 222
Xi 224 225 217
x=222
TABJINIIA 4.
Howmep 1- brit 2- ou 3- ni
o oreparop oreparop orepaTop
U3MEpeHUH () 3 3 3
Vi Vi Y2 Y2 Y3 Y3j
1 -1 1 0 0 -10 100
2 0 0 2 4 -8 64
3 4 16 4 16 -2 4
4 5 25 6 36 0 0
S; %)) 56 168 ES’ =266
T 8 12 20 ; fi=0
2
T? 64 144 400 ;T =008

B Tabnune 4 nmoka3zaHbl IPOMEXYTOUHbIE BBIUMCICHMSI, TTO3BOJISIONIUE OUYEHb
IPOCTO HATH cyMMBbI KBaapaToB Or Qv Or:

. ny?
Qo= 8i—-=L—— =226 -0=226;
i=1 mn
m 2 m
XTI (XD
Op= =! =1 = —-0=152;

n mn
Or= 0p-Or =268 — 152 =114.
OLEHKH AUCIIEPCUH TIPU DTOM:

PSR LU
m-1 4
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o Ok _ 114 _
m(n—1) 3(4-1)
F — oTHOIIEHME TTpIMEpPA PaBHO;

Sr

5 b

S:2 12,7
TadomuuHoe 3HayeHue I — OTHOILIECHUS
Fm =426 ipu o =0.05, fr = m-1, frR=m(n-1)=9

S¥* 76 iy

Tak xak
F=6>Fm=4.26,
TO CUUTAIOT U3MEPEHUS] HEOJHOPOJHBIMHU, T.e. DaKTOpP U3MEHUUBOCTH (OmepaTop)
WUTPacT CYIIECTBEHHYIO POJIb B PACXOXKICHUU CPEIHUX 3HAYCHHM [IOKa3aHUU
npuOOpoOB.

KOHTpOJIBHBIG BOIIPOCHI.

1. Yro Ha3bIBaeTcs (hakTOpPOM U3MEHUYMBOCTH U CllydaitHOCTH?

2. Kakoro Ttuma mnpakTU4YeCKHE 3aJauyd OOBIYHO PELIAIOTCS METOAO0M
JMCTIEPCUOHHOTO aHau3a’?

3. Kak maremaTnuecku popmupyeTcs 3aada 0JHO(PAKTOPHOTO aHaIH3a?

4. Kak dopmupyroTcsi oneHku gucnepcuii (oOmeil, MeXIy CepHsiMu,
octatouHas)? Pa3z0poc kakux ciydyailHbIX BEJIMYUH OHU XapaKTEePHU3YIOT?

5. B uewm 3akitogaetcsi cMbich F — kputepust Ouiepa?

6. Kak mnpumensierca kputepuih CTbhloAeHTa Il OLUEHKH 3HAYUMOCTHU
PAcCXOXKIEHUsI CPETHUX 3HAUYECHUN JBYX BHIOOPOK?

7. B ueMm coctout kputepui Ouiiiepa u ero IpUMEHEHUE I IPOBEPKU HYIIb-
runoressl Hy?

Jlureparypa.
1. Beumyens E.C. Teopus BepostHocTeil. - M.: Bricmias mkona, 2005

2. I'mypman B.C. Teopusi BEpOATHOCTEM U MaTEMaTHYECKas CTaTUCTUKA. —
M.: Breicmas mikoia, 2008.
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JlabopaTopHas padora Ne 4. DKcnepuMeHTAJIbHbIE METOAbI

PAHKHPOBAHHUSA MECPEMCHHbBIX

Lenp pa®oTel: O3HAKOMIIEHUE C METOJIAMU PAHTOBOM KOPPEISLNN

3amanue:
1. [IpoBepuTh TUTIOTE3y O HAJUYHHM CBSI3M MEKIY HECKOJBKUMHU DsIaMH PaHTOB,
MIPUCBOCHHBIX 0OBEKTaM B CBSI3M C U3YYaeMbIM SIBJICHUEM (ITPOIIECCOM, KAYECTBOM
U T. JI.). IPUMEHUTH Pa3InIHbIC METOIbI paHTOBOM Koppesiun (mo Kengany u mo
CrnupmaHy).
2. IlpuMeHUTH, METOJ  KOHKOpJAllMW JJS  BBIACHEHUS CTENEHH COIJIacus
HCCIIeIoBaTeNel B CBSI3U C PAHXKUPOBKON OOBEKTOB 110 U3y4aeMOMY MPU3HAKY.

OcHoBHbBIE TCOPETUIECCKHUE MMOJOKCHUS.

[Ipy m3y4yeHUM CIHOKHBIX MPOLECCOB, HE MOAJAIOIIMUXCSH KOJIUYECTBEHHOMY
ONMCAHUIO, MPUXOAUTCS HCIOIb30BATh MPAKTUYECKH ONBIT  CIELUAJIUCTOB,
paboraromux B 3THX obnactsax. [Ipu O0onbmoM yucie BAUAOMUX (GAKTOPOB MHEHUS
CHEUUATUCTOB OTHOCUTEIIBHO CTENEHU BIUSHUSA 3THX (PAKTOPOB HA MPOLECC MOTYT
pacxoauthes. [1loaToMy BO3HHMKaeT 3a7aya OObEKTUBHONM O0OpabOTKH CyObEKTUBHOMN
UH(pOpMaIH, KOTOpas MOXKET OBITh pelIeHa METOAAMH PAHTOBOUM KOPPEIALUH.

Memoowl paneosotl Koppenayuu.
Panoicuposanue.

Ecnim n  00bekTOB KakoW-mMOO COBOKYNMHOCTH N TNPOHYMEpPOBaHBI B
COOTBETCTBUM C BO3pAaCTaHWEM WA YOBIBAHHEM KaKOTO-THMOO TpU3HaKa X,
KOJIMYECTBEHHO HEU3MEPUMOT0, TO TOBOPST, YTO OOBEKTHI PAHKUPOBAHBI IO TPU3HAKY
X

Panr x; ykaspIBaeT TO MECTO, KOTOPOE 3aHUMAET i-il 0OBEKT Cpeau APYTUX n
00BEKTOB, PaCIOJIOKEHHBIX B COOTBETCTBUU C TIpu3HakoM X (i=1,2,..n).

PamxupoBaHue siBiIsieTCS MEHEE TOUHBIM BBIPOKCHUEM YIOPSIOYEHHON CBS3U
00BEKTOB OTHOCUTEIIBHO KaKOTO-JIM00 U3MEPUMOTO WJIU MOJCYUTHIBAEMOr0 KauecTBa
U B OTOM clIy4ae MpeJICTaBIIsSIET cO00M 3aMeHy MepeMEeHHOM MOPSIKOBBIM HOMEPOM B
MPUKHUIOYHBIX pa3Mepax B LEJISIX IKOHOMUU BPEMEHHU U YMEHBIIIEHUS TPYI0EMKOCTH
BBIUUCJICHUN.

Koagpgpuyuenm paneosoii koppensayuu.

KoaddurmenT panroBoit KOppeasinu OIIEHUBAET CBA3b MKy Ka4eCTBEHHBIMU
npu3HaKaMu O0OBEKTOB, HE TIOIIAIOIIUMHUCS TOYHOU KOJTUISCTBEHHOM OIICHKE.
[TycTh n 00BEKTOB paHXKUPOBAHBI ABAX/bI B COOTBETCTBUU CO CBOMCTBAMH X U
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Xq X X XXy
(1)
Y1 NYVieyi-Va

Jnst 0ObekTa i cBOMCTBA X M Y MMEIOT paHTUX;, y;; AT OOBEKTa j - X;, ).

HYCTB CBs3b MCXKIY paHTI'aMH X; H xj OIIPCACIIACTCA KaK al.j , 4 MCXKIIY paHI'aMH yl

U y.-Kak b... Hamoxum takue ycnoBus:
J Y

a; =—aj; (i;tj);aij =0 (i=));

. . . . (2)
by ==b; (i#));b; =0 (i=));
Torna koaduLmeHT paHTOBOI KOPPEISALIUU ONPEAETAETCS KaK
n n
2. 2 ayby
1 o1
I = =/
3)

Z Z a ;i Z Z b ij
i=1 j=1 i=1 j=1
CaoiicTBa K03 dUIIMEHTA PAHTOBON KOPPEISALIUU CIACAYIOIINE:
1. —1<7'<1;
2. I'=0 os3nHauvaer, yto mpu3Haku X U Y 18 n OOBEKTOB HE CBs3aHbI  (HE
KOpPpEIUPOBaHbI);
3. I'=1 o3nauaer, 4TO paHXUPOBAHHE OOBEKTOB MO MPHU3HAKY X IMOIHOCTHIO
COBIAJAET C PaHXUPOBAHUEM IO MPU3HAKY Y;
4. T'=-1 o3Havaer, 4TO paHXHpPOBaHUA OOBEKTOB MO mpu3Hakam X u YV
IIPOTHUBOIIOIOKHBI.
B 3aBucuMocTH OT crioco6a onpeesieHusi CBSI3U MEKTy pAHTaMU, BBIPAKEHHOTO

kooduimenTaMn  a; H by, MOXHO TONYYHTh Ppa3IMYHBIC MOAM(PHKALHIH

koa¢duirienTa panroBoii koppesnsiuu I
Kospppuyuenm paneosou koppenayuu no Kenoanny.

Omnpezenum BeMIHHY g;; CICIYIOLIIM 00pa3oM:
a; =0 mpu  x;=x;;
aij:+1 npu  x; <x; ; 4)
a;=—1 mpu x;>x;;

AHAJIOTMYHO 3allUIIEM 3HAYCHUS b :
by=0 mpu y;=y;;

by=+1 mpu y;<y;; ()
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b;=-=1 mpu y;>y;;
Torna
Zn: = a,? —n(n —1) npu i<y
(6)
Z al? =—n(n—-1) npu i<y,
o
U KO3(QPUIIMEHT paHroBOM Koppemsuu no Kenganny npuMeT BUI:
[ =g i=li=! ’ J_ S <j (7)
;n(n—l) —n(n —1)
1€ BCJIMYHUHA S paBHa

IIpumep. Ompenenuth, CyIIECTBYET JU CBSI3b MEXIY IBYMS (akTopaMu —
IPOU3BOJUTENBLHOCTEIO O000pPY/IOBaHUS W CTENEHbIO ero wu3Hoca. /[ storo
POU3BEIEM PAaHKUPOBKY 000py10BaHus1, 0003HaueHHOTo Kak Nel, No2, No3, Ne4, No5,
Ne6, mo mpousBoguTenbHoCTH (psin X) u mo crenenu u3zHoca (psna Y). Pesynbrarsl
paHXUPOBAHMS MPUBEICHBI B TaOuIiie 1.

TABJINUIIA 1
O6opynoBanue | Nel No2 Ne3 No4 No5 Neo6
X 2 4 3 1 5 6
Y 1 4 2 3 6 5

[IpuBenemM Mecta Mo MPOU3BOAUTEIBLHOCTH 00OpynoBanus (X) K HaTypalbHOMY
psny uucen (tadm. 2).

TABJIUIIA 2
O6GopynoBanne| Ne4 Nel No3 No2 No5 Nob
X 1 2 3 4 5 6
Y 1 2 4 6 5

Bcee koo dumentsr a; =+1, T. K. psAa X IPUBEACH K HATYyPaIbHOMY DSy YHCEIL.

KoadpunmenTs bij JTaHbI B Ta0IUIIE 3.

TABJIULIA 3.
I<j| 12 |13 | 14 | 15 | 16 | 23 | 25 | 26 | 34 | 35 | 36 | 45 | 46 | 56
by | -1 | -1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 [ +1 | +1

n n
Paccunras Bemuunny S = > a;b; =13 -2 =11, naiinem xo>dpduiment 1
i=1j=1
g n=06:
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o5 g
l—n(n—l) 6-5
2 2

JInst oTBeTa Ha BOMPOC O CBA3M ITHX (AKTOPOB HEOOXOIUMO OLIEHUTH
3HAYUMOCTD MOJTy4eHHOM BennuuHbl T =(,74.

Oyenka sHauumocmu ko3 puyuenma panzosoii koppearayuu no Kenoanny.

Bennunnsel S u T aBistorcs ciydailHbIMU. KpuBasi pacnipeieneHus I0THOCTH
BEPOSTHOCTU BEJIMYMHBI S CHMMETPUYHA OTHOCUTEIBHO OCH, MPOXOaAIIeH yepe3 S=0,
YTO COOTBETCTBYET OTCYTCTBHIO CBSA3U (haKTOPOB

JIJist OLIEHKM 3HAYMMOCTH MOJIy4eHHOM BenuuuHbl S=1 npu n=6 HeoOX0aUMO
CpaBHUTH €€ C TpeneNbHON Beau4uHOW STabnm , ompenenseMoil mo Ttadmuie 1
[Ipunoxenus npu ypoBHE 3HAUMMOCTU « =0,05, koraa n=6. Eciu S$>Stabn , To
runoTe3e 00 OTCyTCTBUHU CBs3M oTBepraercd. [Ipu S<Stabn runoresa 00 OTCyTCTBHM
CBA3U (aKTOPOB NPUHUMAETCS.

B paccmarpuBaemom npumepe Stadn = 10 mpu « = 0,05 u n=>6.

Tak kak S=11> Stabn=10, To runore3a 00 OTCYTCTBUM CBS3U (DAKTOPOB HE
OpUHUMAETCS. JTO O3HAYaeT, YTO CTeNeHb M3HOoca obopynoBanus (paxrop Y) u
IPOU3BOAUTENLHOCTE 000pyaoBaHus (hakTop X) B3aUMOCBS3aHBI.

Koagpgpuyuenm paneosoii koppensayuu no Cnupmsny.

Ecnu onpenenuth KO3)PUITMEHTHI TaK:

a; =Xx; =X,
npu  i#j
(11)
bij =YVi—=Vis
TO KO3 (PHIIMEHT PAHTOBOM KOppGJ’IHHI/II/I 110 CIMpMAHY IIPUMET BH]T
_z z (e, =x Xo; = )
F=p-= i=l/=l (12)
XYy -x) XXy -5)
i=1 j=1 i=1 j=1

OueBHIHO, YTO eciu psaabl X ¥ Y COBHAJalOT M MPEJCTaBIISIIOT HaTypajbHbIC
pANBI YuCen, T. €. ecli - X; = 1,2,..7; Y= 1,2,..n, TO

ii(X-—xiY=ﬁlil(yj—in (13)
i=1 = 1= Jj=
Torna koadgdunreHT p paBeH
ilil(xj ij_yi)
1= J=
>3 (e, - x )

i=1j=1

r:p:

(14)
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ITpusenem sty dopmyiny k Oonee ynooHomy Buny. Tak kak x; m y, 4ucia

HATYypajIbHOTO psijia, TO
n

DN CTEET (IR LD CTEE D (IR T

(15)
_ 1 & _ 1
rpe x = —Z X =—Zyi;
noi= M=)
YuutsiBas popmyiny (15), npeodbpazyem unciautens Gopmysl (14)
2
n _ _ n ) 1(& 1& )
=Xy =y =2 = x| 2=, (16)
i=1 i=1 R\ =1 25
rje Zn: x; = n(nz—+1) - CyMMa 7 4JIEHOB HaTypayibHOTO psiga (17)
i=1
i 1)(2 1
Z)Ciz:n(n—l- )N(2n +1) (18)
i=1 6
Torna yucaurens hopmynsl (14) npuaumaet Bu popmyssl (19):
n n n
» (xj - xi)(yj —y)=2 (x;=X)y; = y)2n=
i=1 j=1 i=1
2 n
o n(n+1)(2n+1) _2_n{n(n +1)} _anz(Xi _)’j)z _
6 n n 2.5
2 n
6 2 i=1
2,2
=z (”6 Dy ons (a?) (19)
rae
S(d?) =% (x; - y;)° (20)

i=1
3namenatenb Gpopmysl (14):
2 Z(xj_xi)z =2n2xi2—22 iny]' =
i=1j=1 i=1 j=1

112(112 -1)

2
:2anl-2—2[in] = (21)
i=1 i=1

6

Utak, ko purueHT panroBoit koppesiuu no CHupMIHY paBeH:

i énz(nz_n—nS(dz) L 65(d?) (22)
Pz an(nz—l) _ _m
6

[Ipu omenke 3HAYMMOCTU KOIPUIIMEHTA PAHTOBOW KOPPENSIIMU P HAXOIUM
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BEPOSITHOCTh CIIyYallHOTO TMOSBJICHUS JTaHHOW WIJIM MEHbIIEH BeIU4uHbl S(d 2),
NOJIYYCHHYIO TIpu 00bEMe BbIOOpKU 71, 0 Tabmuue 2 Ilpunoxenus. IlomydyenHyro
BEPOSITHOCTh CPAaBHUBAEM C MPHUHATHIM YPOBHEM 3HAUMMOCTHU 0., paBHbIM 0,05. Eciu
BEPOSITHOCTh OKaxeTcs: Ooisbiie a=0,05, To runore3a 00 OTCYTCTBUU CBS3U MEKIY
psAIaMu PAaHTOB MIPUHUMAETCS.

CornacHo tabmnutie 4 monydeH ko3P UIMEeHT paHTOBOM KOPPEISIIIUY P, PABHBIM

0,77
2
n(n”—1) 6(6—1)
TABJINIIA 4
[Tpon3BOAUTENTHEHOCTD | 5 3 4 5 6
o0opyoBaHus (X)

Crenenp n3Hoca () 3 1 2 4 6 5

d? 4 1 1 0 1 1

OnenuM 3HauMMOCTh Kod(durmenta p=0,77, MoIydyeHHYIO B IpUMEpe, MPHU
S(d*)=8 u n=6.

N3  Tabmuuer [12  (cM. npuiiokeHUWE) HaxXOAuUM, YTO  BEPOSTHOCTh
P[S(d2)38]z0,05. Tak kak 3Ta BEIMYMHA HAXOAMUTCS IMPAKTUYECKH HA TPaHUIIC

3HAYUMOCTH, TO IPUMEM TUTIOTE3y O HAIMYUU CBSI3H MEXKIY PSAIOM PAHTOB (Tabnuia
4).
Kounkopaaumus (nat. concordare — ObITh COTJIACHBIM)

Haunbonee MHTEpECHBIM MPAKTUYECKUM MPUIOKEHUEM PAHTOBOW KOPPEISIUU
SABJISIETCS BOIPOC O KOPPEILUOHHOMN CBA3U HECKOJIBKUX PAaHKUPOBAHHBIX PSAIOB.

TABJINIIA 5
00BeKT (7)
1 2 I n
HUCCJIIEI-Ib
1 X11 X1 Xi1 Xn1
2 X12 X220 Xi2 Xn2
] X X) X;i Xpj
m xlm 2m xim xnm
m m m m m
X D Xy PIETY 2 X 2 Xy
j=1 i=1 j=1 J=1 j=1




X;—a X —a _
2% JZ:I 1j géczj—a EXU a DXy —a
2

m
Dx;—al =
=1

[Iycts umeercs psa o0bekToB 1,2,...,n B pa3iInyHOW cTENeHU OO0IaJaroluX
OJIHUM U TEM K€ KadeCTBOM X, m HCCIENOBaTENIeH PAHXKUPYIOT 3TH OOBEKTHI B
COOTBETCTBHHM C 3TUM KauecTBOM. [lomyuaercs Tabiuua 5 paHros

MoHO OBLJIO HAUTH KOI(PPUIUEHT KOppensuuu (T WK p) A KaKJI0H mapbl

n

1

1

psinoB panroB. [Ipuniock Ob1 Beraucisate C ,i koahummenTos. [Ipu 3ToM pesynbTaT

NOJIyYHJICS Obl HEHATJISITHBIM.
Jlydmum ciocoOoMm sIBIIIeTCs onpeaenieHrne oomero koxgduirenTa paHroBon
KOppEJSALUU 11 BCEU TPYIIIBI U3 71 UCCIIENOBATEIICH.
B »sTroM ciiyyae paccMarpuBarOT psAl, COCTOSIIMA M3 CYMMApHBIX PaHIOB
UCclieioBaTeNeH I KaKI0TO 00BEKTa:
X X (23)

mn m
lej D Xa nj
j=1 j=1 j=1 j=1

OTOT psl pacCMaTPUBAIOT OTHOCHUTENBHO psAlla M3 7 YICHOB, KaXIbld U3
KOTOPBIX paBeH CpEeAHEMY 3HAaYeHUI0 CyMMapHbIX paHroB psana (23). Cpennee
3HAUYEHHE CYMMAapHBIX PAHTOB @ PABHO:

iixij

i M=
M=

_i=l1j=1 :1m+2m+...+im to. A nm
n n
_mn(n+1) m(n+1) (24)
2n 2

B dbopmyne (2) yunutsiBaetcs, yTo Kaxablid padr (i=1,2,...,n) MOBTOPSAETCI y m
HcclieJoBaTelIeH.

3aTeM HaXOJsAT CyMMY KBaJpaTOB OTKJIOHEHUM paHToB psaa (1) oTHOCUTENIBHO
CpeIHEro 3HAUCHUs PAHTOB:

2 n m 2
Sd°)y=2 12 x;—a (25)
i=1] j=1

MakcumanbHoe 3HaueHue S(d 2) MIPUMET TOT/A, KOTAa UCCIIENOBATENN 1a1yT
OJIMHAKOBBIC PAHTH, PAJIBI PAHTOB UMEIOT BUJ] HATYPaIbHBIX PSIOB uKcen. Toraa pss
13 CyMMapHBIX PAHTOB IPUMET BU/I;

m2m...im ... nm (26)
Brrurem u3 psga (4) cpegHee 3Ha4eHUE @ U HOTyYuM psif (5)
1 1
%m(l—n) Em(?’_n) Em(n—l) 27)
CyMMa KBaJpaToB WICHOB psija (27) paBHa
1
Sinax(d”) == m” (n* =) (28)
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Benuuuna W
S(d?)  128(d?)

Smax (dz) m2(n3_n)

Ha3bIBaeTCs K03 uyuenmom konkopoayuu. OH OIICHUBACT CTEIICHb COTJIACHS
MHEHUW HCCIeoBaTeNied O PaHXUPOBAHHH OOBEKTOB MO JAHHOMY TMPHU3HAKY H
u3Mensiercs B npegenax ot 0 go 1:

W=0 o3Hauaer, YTO CBSI3M MEXIy pPaHXKUPOBKAMHU HCCIIEIOBATENIC HE
CYILIECTBYET;

W=1 o3Ha4aeT, 4TO BCE UCCIIEIOBATEIN OJUHAKOBO PAHXKHUPYIOT OOBEKTHI.

(29)

Benuunna m(n-1) W umeet xz -pacnpenenenue ¢ v=n-1 creneHsiMu cBOOOIbI:

2
2 S

I (30)
Emn (n+1)

s oueHkn 3HauuMocTH Koddpduuuenta W, MOITYyYEHHOTO C TOMOIIBIO
BenuuuHbl S(d 2 ) st m uccinenoBaTened, HaxoAsIT MPeAesibHOE 3HAYCHUE x2 Tau.
cootBeTcTBytOmee a=0,05 npu v=n-1.

Ipi y”>%” s, THIOTE3y OO OTCYTCTBHH CBSI3H MEKLY PAHKHPOBKAMH
OTBEpraem.

IIput % <% ra6s. THIIOTE3Y 06 OTCYTCTBHH CBSI3H PHHAMACM.

Haiiném koaduimeHT KOHKOpAauuu sl TPEX paHKUPOBAHHBIX psAIOB (TalI.

6)
TABJIULIA 6
00BeKT (7)
HCCHE. (J) 1 2 3 4 n=>5
1 1 2 4 5 3
2 2 1 4 3 5
m=3 4 3 2 1 5
> 5 7 6 10 9 13
=
di= 3 xy - a 2 3 1 0 4
=
d? 4 9 1 0 16
o n(n+1) 9
2
S(d?) 30

n=5
B mociennei crpoke Tabimibl 6 ykazaHa cymma S(d 2y = Zd,-z =30.
i=1

Jlnst popmupoBanust kputepust W Haiiném S, (d*) (tabm. 7).

max

Koaddumument W npu 3Tom paBeH
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S(d*) 30 _
Smax(d*) 90
Jls onieHKW 3HaYUMOCTH Koddduimenta W ucnonb3dyeM aaHHbIe TaOauibl [14

0,33

NPUJIOKEHHS, T/Ie YKa3aHbl MPE/IEbHbIE 3HAYCHHUS CYMM Sragn(d?) JUISl PasIMUHBIX

3HadeHud m u n upu o=0,05. Tak, it m=3, n=5 Sran(d 2 )=64.

TABJINIIA 7
CyMMapHbIe paHru
IUI HaTYpaJIbHBIX m=3 2m=6 3m=9 4m=12 Sm=15
J03:0 (V)2
d! m—a=—6 2m—a=-3 | 3m—a=0 4m—a=3 Sm—a=6
d? (m—a)’ =3€ | @n-af=9 | Gn-af=0 | Gn-al=9 | (5m—a)’ =3¢
Smax(d”) llzmz(n3—n):9o

Tak kax S(d2)=30 MEHbIIIE STa6JI(d2), TO THUIOTE3a 00 OTCYTCTBHUH
CBsI3U(coryiacus) MOATBEPKAACTCSI.

IopsiioK BbINOJIHEHUS PadOTHI.

1. Yka3aTp (akTOphl, BIMSAIONIME HAa KadyecTBO Ie€4YaTH Ha LHUQPPOBOW IEYaTHOU
MalIMHe (TemrepaTypa, BIaXHOCTb BO3yXa, Kpacka U T.I1.).
2. CocTaBUTb psbl PAHTOB YKa3aHHBIX (PAKTOPOB.
3. IlpuMeHsss pa3auyHbIE METOJIbl PAHIOBOM KOPPEJSLMU MPOBEPUTH TMIIOTE3Y 00
OTCYTCTBUU CBSI3U MEXAY PAJAMH PAHIOB.
Jns sroro HaTu 3HaueHUs KOA(PGUIMEHTOB T, P IS JBYX INPOU3BOJIBHO
BBIOpaHHBIX PsAOB paHroB. Haiitu koagdunnent koukopaanuu W.
OueHuTh Ha 3HAYUMOCTD IIOJYYEHHBIE BEJIIMYUHBI T, P, W U cienaTs BBIBOJBI B
OTHOILLIEHUU IIPUHATHIX TUIIOTES.

PesynbraThl ccnenoBanuil IpeIcTaBuTh B Bue Tabnun 1, 2, 3, 4, 5 u dopmy (7),
(22), (29).

KOHTpOIBHBIE BOIIPOCHL.

. B Kakux ciy4asx NpuMEHSIOT METOJ] pAH)KUPOBAHUS IEPEMEHHBIX ?

. Kak 3anuceiBaercs gopmyna s kodpduuueHta panroBoil koppemsauuu [ u
KaKOBBI ITpefieIIbl ero u3Mepenusa? Uro oznavaer, eciu ['=0, +1, -1?

. Kak mpoBepsieTcst Ha 3HaUUMOCTb KO3()(PUIIMEHT PAHTOBOW KOPPESAIUH T?

. KakoB cmbich k03 duirienta koukopaanuu W?

. Kak ouenuBaercs BennunHa W Ha 3HAUMMOCTH?

W N —

(U AN

38



Hpuaoxenue.

Ta6numna I11-BeposiTHOCTh TOrO, 4TO NaHHas BenuuuHa S (s T) OyAeT
JIOCTUTHYTA WJIM TIPEBHITIICHA

S & S &
4 5 8 9 6 7 10
0 10,625| 0,592 | 0,548 0,540 1 | 0,500 0,500 0,500
2 10,375] 0,408 | 0,452 0,460 3 | 0,360 0,386 0,431
4 10,167 ] 0,242 | 0,360 0,381 5 | 0,235 0,281 0,364
6 10,042| 0,117 | 0,274 0,306 7 | 0,136 0,191 0,300
8 0,042 | 0,199 0,238 9 | 0,068 0,119 0,242
10 0,0083| 0,138 0,179 11 | 0,028 0,068 0,190
12 0,089 0,130 13 10,0083 | 0,035 0,146
14 0,054 0,090 15 10,0014 | 0,015 0,108
16 0,031 0,060 17 0,0054 0,078
18 0,016 0,038 19 0,0014 0,054
20 0,0071 0,022 21 0,00020 0,036
22 0,0028 0,012 23 0,023
24 0,00087 0,0063 25 0,014
26 0,00019 0,0029 27 0,0083
28 0,000025 | 0,0012 29 0,0046
30 0,00043 | 31 0,0023
32 0,00012 | 33 0,0011
34 0,000025 | 35 0,00047
36 0,0000028 | 37 0,00018
39 0,000058
41 0,000015
43 0,0000028
45 0,00000028
Ta6nuia I12 - BeposTHOCT BOSHUKHOBEHUS JAHHOW (MJIM MEHBIIIEH )
BenM4MHbl S(d?) (nus p)
n=4 n=5 n=6 n=T7 n=8 n=9 n=10
S(d®) P S@)P | S@P | SdP S(d®) P S(d®) P S(d*) P
10 0,542 200,525 | 340,500 560,518 840,512 120 0,509 164 0,500
80,458 180,475 | 320,460 540,482 82 0.488 118 0,491 162 0,486
6 0,375 16 0,392 | 300,401 520,453 80 0,467 116 0,474 160 0,473
40,208 14 0,342 | 28 0,357 500,420 780,411 114 0,455 158 0,459
20,167 120,258 | 260,320 | 480,391 76 0,420 112 0,440 156 0,446
00,042 100,225 | 240,282 46 0,357 74 0,397 110 0,422 154 0,433
80,175 | 220,249 44 0,331 72 0,376 108 0,405 152 0,419
60,117 | 200,210 | 420,297 70 0,352 106 0,388 150 0,406
40,067 180,178 40 0,278 68 0,332 104 0,372 148 0,393
20,042 | 160,149 38 0,249 66 0,310 102 0,354 146 0,379
80,012 36 0,076 710,146 116 0,203
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60,0062 34 0,066 70 0,0135 114 0,193
40,0034 32 0,057 68 0,125 112 0,184
20,0014 300,048 66 0,0115 110 0,174
0 0,00020 28 0,042 64 0,106 108 0,165
26 0,035 62 0,097 106 0,156
240,029 60 0,0b9 104 0,148
22 0,023 58 0,081 102 0,139
200,018 56 0,074 100 0,132
18 0,014 54 0,066 980,124
16 0,011 52 0,060 960,116
14 0,0077 50 0,054 94 0,109
12 0,0054 48 0,048 920,102
10 0,0036 46 0,043 90 0,096
80,0023 44 0,038 88 0,089
60,0011 42 0,033 86 0,083
4 0,00057 40 0,029 84 0,077
2 0,00020 38 0,025 820,072
0 0,000025 36 0.022 80 0,06
340.018 78 0,062
320,016 76 0,057
300,013 74 0.052
28 0.011 72 0,048
26 0,0086 70 0,044
24 0,0069 68 0,040
22 0,0054 66 0,037
20 0,0041 64 0,033
18 0,0030 62 0,030
16 0,0022 60 0,027
14 0,0055 58 0,025
12 0,0010 56 0,022
10 0,00066 540,019
8 0,00037 520,017
6 0,00018 500,015
4 0,000083 48 0,013
2 0,000025 46 0,012
0 0,0000028 44 0,010
42 0,0087
40 0,0075
38 0,0073
36 0,0053
34 0,0044
32 0,0036
310,0029
28 0.0024
26 0,0019
24 0,0014
22 0,0011
20 0,00080
18 0,00057
16 0,00040
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14 0,00027

12 0,00017

10 0,00010

8 0,000054

6 0,000025

4 0,000010

2 0,0000028

0,00000028

Tabnuua [13a - Koaddunment konkopaamuu. BepostHoCTh TOTO, UTO, TaHHAS
BeJMUMHA S OyJeT JOCTUTHYTA WM TIPEeBBIIeHA (11 n=3)

s 2 3 4 5 6 7 8 9 10
0 [1,000]1,000] 1,000 | 1,000 | 1,000 | 1,000 1,000 1,000 1,000
2 10,833]0,944] 0,931 | 0,954 | 0,956 | 0,964 0,967 0,971 0,974
6 |0,500]0,528| 0,653 | 0,691 | 0,740 | 0,768 0,794 0,814 0,800
8 10,167]0361] 0,431 | 0,522 | 0,570 | 0.620 0,654 0.685 0,710
14 0,194 0273 | 0367 | 0430 | 0,486 0,531 0,569 0,601
18 0,028 0,125 | 0,182 | 0252 | 0,305 0,355 0,398 0,436
24 0,060 | 0,124 | 0,184 | 07237 0,285 328 0,368
26 0,042 | 0,093 | 0,142 | 0,192 0.236 0,278 0,316
32 0,0046 | 0,039 | 0,072 | 0.112 0,149 0,187 0,222
38 0,024 | 0,052 | 0,085 0,120 0,154 0,187
42 0,0085 | 0,029 | 0,051 0,079 0,107 0,135
50 0,00077 | 0,012 | 0,027 0,047 0,069 0,092
54 0,00s1 | 0,021 0.038 0.057 0,078
56 0,0055 | 0,016 0,030 0 048 0,066
62 0,0017 | 0,0084 0,018 0,031 0.046
72 0,0001 | 0,0036 | 0,0099 0.019 0,0£0
74 0,0027 | 0,0080 0,016 0,026
78 0,0012 | 0,0048 0.010 0,018
86 0,00032 | 0,0024 0,0060 0.012
96 0,00032 | 0,0011 0,0035 0,0075
98 0,000021 | 0,00086 0,0029 0,0063
104 0,00026 0,0013 0,0034
114 0,000061 | 0,00066 0,0020
122 0,000061 | 0,00035 0,0013
12J 0.000061 | 0.00020 0,00083
128 0,0000036 | 0,000097 | 0,00051
134 0,000054 | 0,00037
146 0,000011 | 0,00018
150 0,000011 | 0,00011
152 0,000011 | 0,000085
158 0,000011 | 0,000044
162 0,0000060 | 0,000020
168 0,000011
182 0,0000021
100 0,000000099

Tabnuna 3b - Koaddunment korkopaanuu. BeposiTHOCTh TOTO, 4TO JaHHAS
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BeIMurHa S OyJeT JOCTUTHYTa WK IpeBbliieHa (s n = 4)

S m=3 m=5 S m=5

1 1.000 1.000 61 0,055
3 0,958 0,975 65 0,044
5 0,910 0,944 67 0.034
9 0,727 0,857 69 0,031
11 0.108 0,771 73 0,023
13 0,524 0,709 75 0,020
17 0,446 0,652 77 0,017
19 0,342 0.561 81 0,012
21 0,300 0,521 83 0,0087
25 0,207 0,445 85 0,0067
27 0,175 0,408 89 0,0055
29 0,148 0,372 91 0.0031
33 0,075 0,298 93 0,0023
35 0,054 0,260 97 0,0018
37 0,033 0,226 99 0,0016
41 0,017 0,210 101 0,0014
43 0,0017 0,162 105 0,00064
45 0,0017 0,141 107 0,00043
49 0,123 109 0,00021
51 0,107 113 0,00014
53 0,093 117 0,000048
57 0.075 125 0,0000030
59 0,067

Ta6muna 3¢ - Koadgdunment koukopaamnuu. BeposTHOCTh TOTO, YTO TaHHAs
BeMYMHA S OYJIET JOCTUTHYTA WUJIU TIPEBBINICHA

(msin =4

S m=2 m=4 m=6 S m=6

0 1,000 1,000 1,000 82 0,035
2 0,958 0,992 0,996 84 0,032
4 0,833 0,928 0,957 86 0,029
6 0,792 0,900 0,940 88 0,023
8 0,625 0,800 0,874 90 0,022
10 0,542 0.754 0,844 94 0,017
12 0,458 0,677 0,789 96 0,014
14 0,375 0,649 0,772 98 0,013
16 0,208 0,524 0,679 100 0,010
18 0,167 0,508 0,668 102 0,0096
20 0,042 0,432 0,609 104 0,0085
22 0,389 0,574 106 0,0073
24 0,355 0,541 108 0,0061
26 0,324 0,512 110 0,0057
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30 0,242 0,431 114 0,0040
32 0.200 0,386 116 0,0033
34 0,190 0,375 118 0,0028
36 0,158 0,338 120 0,0023
38 0,141 0,317 122 0,0020
40 0,100 0,270 126 0,0015
42 0,094 0,256 128 0,00090
44 0,077 0,230 130 0,00087
46 0.068 0,218 132 0,00073
48 0,054 0,197 134 0.00065
50 0,052 0,194 136 0,03040
52 0,036 0.163 138 0,00036
54 0,033 0,155 140 0,00028
56 0,019 0.127 144 0,00024
58 0.014 0,114 146 0,00022
62 0,012 0,108 148 0,00012
64 0,0069 0,089 150 0,000095
66 0,0062 0,083 152 0,000062
68 0,0027 0,073 154 0,000046
70 0,0027 0,066 158 0,000024
72 0,0016 0,060 160 0,000016
74 0,00094 0,056 162 0,000012
76 0,00094 0,043 164 0,0000080
78 0,00094 0,041 170 0.0000024
80 0,00072 0,037 180 0,00000013

Ta6muna 3d - Koapdunuent konkopaanuu. BepossTHOCTH TOTO, 4TO

JaHHasl BeIMYMHa S OyJeT JOCTUTHYTA WM MpeBbllIeHa (s n = 5)

S m=3 S m=3
0 1,000 44 0,236
2 1,000 46 0,213
4 0,988 48 0,172
6 0,972 50 0,163
8 0.941 52 0,127
10 0,914 54 0,117
12 0,845 56 0,096
14 0,831 58 0,080
16 0,768 60 0,063
18 0,720 62 0,056
20 0,682 64 0,045
22 0.649 66 0,038
24 0,595 68 0,028
26 0,559 70 0,026
28 0.493 72 0,017
30 0.475 74 0,015
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32 0,432 76 0,0078
34 0.406 78 0,0053
36 0,347 80 0,0040
38 0,326 82 0,0028
40 0,291 86 0,00090
42 0,253 90 0,000069
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JlabopaTopHasi padora Ne 5. HUcciienoBanue (paKTOPHBIX IJIAHOB HA

OCHOBC JIATHHCKHUX KBaApaToB.

OcHOBHBIE TCOPETHYECCKHUE IMMOJTOKCHHUS.

Jlamunckue keadpamol. OcHoHble onpeodeieHus.

MHuoxectBo OykB JnaTHMHCKoro andaButa a, b, c¢,... WIH LENbIX YHUCEN,
pacrojOKEHHBIX B BHJE KBaJIpaTHOM TaOmuubl nX n (n CTPOK, n CTOJOLOB),
Ha3bIBACTCS KBAJIpaTOM pa3Mepa 7 .

KBanpar Has3piBaeTcsd JaTHHCKUM, €CIM KaxJ0e IeJIoe YUCIO WiIu OyKBa
BCTPEYAETCS OIUH pa3 B KAXKIOU CTPOKE U B KaXJIOM CTOJIOLE.

[IprMepoM naTUHCKOTO KBaapara 2x2 sBISIETCA KBagpaT Ha puc.l, a Ha puc.2
M300paKEH JAaTUHCKUM KBajpatr 3%3.

10 012 0123
01 120 1230
201 2301

3012

Puc. 1 Puc. 2 Puc. 3

Ha puc.3 - natuHckui kBagpar 4x4. PazMep JaTMHCKOrO KBajpara
BOOOIIE HEOTPAaHUYCH.

[IpocToil crmoco® TOCTPOECHHS JAaTUHCKOTO KBajpaTa COCTOMT B
OJIHOIIIArOBOM IUKINYECKOoU nepectaHoBke 0, [, 2,... uiu OyKB a, b, c,..., HAaIpuUMep,
cripaBa HayieBo. [Ipu 3TOM KpaWHUN JJIEMEHT CleBa IEPEABUTAcTCSd B KpauWHEe
IIOJIOKEHHUE CIIPaBa, OCTAJbHBIE JJIEMEHTHI IEPEIBUTAIOTCS HA OJHO ITOJIOKEHUE
BJeBO. JlaHHBIM Ccnoco0 MNpuUMEHSETCs TPU MOCTPOSCHUU JIATUHCKHUX KBaJIPaToB,
n300pakeHHBbIX Ha puc. 1, 2, 3.

B o01ieM cityyae n X n JaTUHCKUHM KBaJpaT MOXKET ObITh MIOCTPOEH MMYyTEM 71-
| oaHOIMIArOBBIX MUKINYECKUX MEPECTAHOBOK 3JIEMEHTOB.

JlaTMHCKMI KBaJpaT HA3bIBACTCS CTAaHIAPTHBIM, €CIIM DJIEMEHTHI NEPBOU
CTPOKM M TEPBOro CTOJOLA MOCTPOEHbI B CTaHAAPTHOM MOpsAKE, T.€. B MOPSIKE
HATYpaJbHOTO PsAJa, €CIU dJIEMEHTAMU KBaJipaTa SABJISIIOTCS YHCIIA, WU B alI(DaBUTHOM
HOPSAJIKE, €CIIU IIEMEHTHI - OYKBBI.

CrangapTHbIi KBaJpaT Ha3bIBa€TCd KAaHOHWYECKOW (DOPMOM JIaTHHCKOTO
kBagpara. Ha puc.l, 2, 3 moka3zaHsl cTaHIapTHBIE KBAJAPATHI.

Yuciio kaHOHWYEeCKUX (OpM MOXKHO HalTH B Ta0uue 1.

TABJIUIIA 1 - Yucno kaHOHWYECKUX GopM
Pa3mep kBagpara 2 3 4 5 6 7
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Yuciio KaHOHNYECKUX 1 1 4 56 9408 16942080
(opm

Ha puc.4 moka3zansl 4yeTbipe KaHOHUYECKHE (HOpPMBI KBajaparta 4 x 4

0123 0123 0123 0123

1230 1302 1032 1032

2301 2031 2301 2310

3012 3210 3210 3201
Puc.4

Yucno TaTUHCKHUX KBAJIpaTOB 3aBUCUT OT Pa3MEpOB KBAJApaTa v i1 1 > 3 OHO
JOCTAaTOYHO BEJIMKO.

Jlyist moficueTa yucia KBaJapaToB CyLIECTBYET popMyia

N=1,T,,
rae N - 4uciio KBaApaToB; I, - YUCIO KAHOHUYECKUX popM; T, — YUCIIO pa3IMYHbIX
KBaJpaTOB B OJIHOM U TOM ke KaHOHHYEeCKOH popme. DopmMyiia KBaJIpaTOB B OJJHOU U
TOM k€ KaHOHUYECKOH dopme
T, =nl(n-1)!

3Ta (hopMyJia MOITy4yaeTcs CAEAYIOMMUM 00pa3oM: U3 CTAHAAPTHOIO #X 1 JIATUHCKOTO
KBajJpaTa MOXXHO monyuuth n!( n - 1) — 1 xBagpaToB, ciaenaB n! MnepecTaHOBOK
CTOJIOIOB U (7 — 1)! mepecTaHOBOK CTPOK, OCTaBJIsIsl IEPBYIO CTPOKY HA MECTE.

Tak, 115 TaTUHCKOTO KBajpaTa 4x4 UMEIOTCS YETHIPE Pa3INYHbIE CTAHJAPTHHIE
dopmbl. U3 kakoit kaHOHMYECKOM (OpMBbI MOTYT OBITH mocTpoeHsl 4!x3! - 1=143
pPa3JIMYHBIX HECTAaHAAPTHBIX KBAApPATOB. YUeTblpeM  pa3MyHbIM  KaHOHUYECKUM
dopmam cootBeTcTBYeT 4 X144 = 576 NaTUHCKUX KBaapaToB 4x4.

Jlis maTuHCKOTO KBaapara 3x3, MMEIOMIETO OJHY KAaHOHHYECKYIO (opMmy,
MOKHO OCTPOUTh 3!X2!—1=11 pa3nuyHpIX HECTaHAAPTHBIX KBAIPATOB.

JIBa KkBagpaTa OJTHOTO U TOTO K€ pa3Mepa Ha3bIBAKOTCA OPTOTOHAIBHBIMU, €CIIU
IPU HAJOXXEHUM MX Jpyr Ha Apyra Kaxzjas yIOPSAOYECHHas Iapa LENbIX YUCET
BCTPEYAETCSI POBHO OJUH Pa3s.

CymecTByeTr nmapa OpTOTOHAJIBHBIX KBAaJApPATOB, HA3bIBAEMBIX CTaHAAPTHBIMU,
KOTOPBIM OPTOTOHAJIEH JIF0OOW JJATUHCKUI KBaapaT 3TOro ke pasmepa. OIUH U3 ITUX
KBaJpaTOB COJEPKUT IMEPBYI0 CTPOKY U3 YHCIIA HYJIEW, BTOPYIO U3 €OUHUIl U T.[.
IPYyrou KBaaparT - TPAHCIIOHUPOBAHHBIN TIEPBBI.

Yuciio opTOroHaJIbHBIX JJATUHCKUX KBaJpaTOB pa3Mepa n He Oosee, yem 7 - 1.
MHoxecTBO #n - 1 mMONapHO OPTOrOHAIBHBIX JIATHHCKUX KBAJpPaTOB pa3Mepa n
HA3bIBAETCS MOJIHBIM MHOKECTBOM OPTOTOHAJBHBIX JIATHHCKUX KBAJPaTOB.

Bmecre co craHmapTHBIMH KBaJpaTaMy MONApHO OPTOTOHAJIbHBIE KBAJIPAThI
00pa3yroT MHOXECTBO U3 # +1 MonapHO OpTOrOHAJIBHBIX KBAJAPATOB.

Ha puc. 5-7 mokazaHo noysiHoe MHOKECTBO U3 n+1=3 nmonapHO OpTOrOHAJIBHBIX
JATUHCKUX KBAAPAaTOB pasmepa n = 2.

10 00 01
01 11 01
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Puc.5 Puc.6 Puc.7

Ecnu anemeHTamMu JaTHHCKOTO KBaJiparta sSBJSIOTCS Tpedeckne OYKBBI, TO TAKOK
KBaJIpaT Ha3bIBACTCS IPEUCCKUM.
KBaapar, mony4deHHBIN B pe3ysibTaTe HATOKEHUS JIBYX OPTOTOHAIBHBIX
KBaJIPATOB - JATUHCKOTO U TPEUECKOT0 - HA3bIBAECTCS TPEKO-JIATUHCKUM.
DNEeMEeHTHl TPEKO-JATHHCKOTO KBaJApaTa - 3TO HEMOBTOPSIONIUECS TIapHBIC
KOMOUWHAITUU U3 7 DJIEMEHTOB. [IpruMepom Takoro KBajapaTa MOXKET CIIY>KUTh KBaapat
pazmepa n = 3 (puc. 8).

oo. oy cf 00 12 21

op co oy 11 20 02

cy af oo 22 01 10
Puc.8 Puc.9

ITpu 00603HaUEHUH >IEMEHTOB I'PEKO-TATHHCKOIO KBajapaTa, IOKa3aHHOTO Ha
puc. 8, 4rciiaMy MOJTYYUThCS KBaApaT, M300pa’KeHHbIN Ha puc. 9.

KBaaparHasa Tabnuiia, moyydeHHasi pyU HAJIOKEHUU OoJiee 4eM JABYX MOMapHO
OPTOrOHAJIBHBIX JIATUHCKUX KBAJApPATOB, HA3bIBACTCA THUIIEP-IPEKO-JIATUHCKUM
KBaJpPaTOM.

DaKkTOpHbIE IVIAHBI THIA JATHHCKUX KBaJApPaToB.

JlaTuHCKME KBaJpaThl MPUMEHSIIOTCSI B TEOPUU IKCIIEPUMEHTA JJII TTOCTPOCHUS
dakTopHBIX TUTAaHOB. [lMaHBI SKCHEPUMEHTa, COCTABJICHHBIE HAa OCHOBE IOMApPHO
OpPTOTOHANBHBIX JIATUHCKUX M CTAaHAAPTHBIX KBaIPAaTOB, HMEIOT:

a) HEMOBTOPSIOUIMECS KOMOWHAIMU YPOBHEHW (PAKTOPOB B KaXKIOM OIBITE
(cTpoke TabJIHIIbI);

0) 0JIMHAKOBOE YKCJIO PA3JIMYHBIX YPOBHEH Kax0r0 (hakTopa.

DTO TO3BOJIACT MONYYHTHh (PAKTOPHBIE IUTAHBI TUMA MOJHOTO W JIPOOHOTO
¢dakropHoro skcrnepuMenta. [Ipu 3Tom Tabnuia (MaTpuia) GakTOpHOro IUIaHA JJIS 1
dbakTopoB popMHUpyeTCS U3 BEKTOP-CTOIOIOB X/, X2, ... Xn.

BekTop-cronbern coctaBnsieTcss U3 CTOJIOMOB KBajpaTa CICIYIOIIMM 00pa3oM:
CHayaja 3amuChIBaeTCs TEPBBIA CTOJOEN KBajapaTa, 3aTeéM BTOPOH CTOJOel
3aMUChIBACTCS TIOJ] IEPBBIM, TPETUH MO BTOPHIM U T.A4. Tabmuna (puc.10), umeroriast
JIBa CTOJIOIIAa ¥ YETHIPE CTPOKH, TIOJyYEHA U3 JIBYX OPTOTOHAJIBHBIX KBaJIPaTOB pa3Mepa
n= 2 (puc.6 , 7). JlamHas TaOnuma TNpeACTaBIACT COOOW TIUIAaH TMOJHOTO
JIByXyPOBHEBOTO (haKTOPHOTO dKCIepuMenTa N = 22 = 4, KOTOPBIA IPUMEHAETCS 1151
MOJyYEHUS] MAaTEMAaTUYECKOTO OMUCAHUS UCCIEAYEMOM CUCTEMBI B BU/IE TIOJTMHOMA:!

Ww=ao tarxi+ axx2t a2 xi xz2, (1)
No \ X1 X2 Ne \ XI X2 X3
1 {0 O L0 0 O
211 0 211 0 1
310 1 370 1 1



411 1 411 1 0
Puc.10 Puc.11

Ecnu nononnute Tabnuity (puc.10) TpeTbuM CTOJIOLOM X3, IPEACTABISIONINM
JNIATHHCKUI KBagpaT pasmepa n = 2 (puc. 11), To momy4nThes Matpuna miana 4:23,

VYka3anHoe 00O3Hau€HHE IUIaHA OHKCIEPUMEHTa CJEAyeT IOHUMATh TakK:
JIBYXYypOBHEBBIM TUTAH A7 TpeX (PaKTOPOB COCTOMT W3 dYeThipex OmbIToB. OH
npelHa3HayeH JUIsl TOJIyYeHHsS 3aBUCUMOCTH HCCIeAyeMOod (QYHKIMU OT Tpex
nepeMeHHBIX (PaKTOPOB B BUJIE JIMHEHHOTO YpaBHEHUS:

Vp=ao + a; x;+ az x>+ az x;, (2)
Ha ocHoBe IBYX OpTOrOHaIBHBIX JATUHCKUX KBaApaToB pazMepa n = 3 (puc. 8-9)
nojyueHa mMatpuia miana 9:3% (puc. 12).

Nol x; X> No | x; x2 x3 No| x; x2 x

3
110 O 170 0 O 110 0 O
211 1 211 1 0 211 1 0
312 2 312 2 0 312 20
411 2 4 11 2 1 411 0 1
512 0 512 0 1 512 1 1
6|0 1 60 1 1 6 0 2 1
712 1 712 1 2 712 0 2
8|1 0 2 8|10 2 2 810 1 2
991 O 911 0 2 911 2 2

Puc. 12 Puc.13 Puc.14

[Tnan (puc. 12) cocTOUT U3 ACBSATH OMBITOB, B KOTOPBIX JBa (hakTOpa X; M X 2
U3MEHSIOTCA Ha TpeX YPOBHAX 0,1,2, Ho mnpumensercsa sl IOIXy4YECHUS
MaTEMaTUYECKON MOJIETTH B BUJIE HEMIOJIHOTO KyOUYECKOTO YPaBHCHHUS:

Vo= aot ar xi+ ax xo+ apxi?+ anx:? Fapxixo+anzxi’x: +amxix2? (3)

Ecou Tabmumy (puc.12) 10mMOdMHUTH CTONOIOM X3 KOTOPBIM SIBISETCS
Pa3BEpHYTHIM 1O BEPTUKAIM CTAaHAAPTHBIM KBaapaToMm pasmepa n = 3 (puc.7), TO
nmoayuurcs IwiaH 9:3%. DTOT IUIaH NPUMEHSETCS NpPH M3yYEHWH BJMSHUS Ha
uccienyeMmyro (QyHKIMIO Tpex (akToOpoB, H3MEHSIOMIUXCS Ha TPEX YPOBHSX.
AHanornyHbeli 1iaH (puc.14) cocraBieH U3 JIATHHCKOrO KBajapaTra M JIBYX
CTaHJAPTHBIX KBAJpaTOB. DTOT K€ IJIaH MPEICTABIICH B BUJE Tabmuibl (puc. 15). rae
¢dakTop A coorBeTcTBYET (hakTOpy X; (puc.14), paxkropy B - x2, C - x3 . Paznuunsie
ypaBHeHus (akropa A 0003HAUEHBI KaK aj, a2, d3 U T.1.

[Imanbl SKCnepuMeHTa, IOKa3aHHble Ha puc.13 m 14, npumensrorcs A
MOJIyYEHHUsI KBaIPATHOTO YPABHEHUSL:

y=aotarxitarxotasxs +anxi’ +anx:? +aszx;’, (4)

Ecnu cosznmare Tabnuily u3 ABYX Map MOMAapHO OPTOTOHANBHBIX JATHHCKUX H

CTaHJAPTHBIX KBAJAPAaTOB OJIMHAKOBOTO pa3Mmepa (n=3) (puc. 16), To momydaercs
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ueTbipexPakTopupiii mian 9:3% JlaHHBIA IUIAH OPUMEHAETCS IJIS  I[IOJIyYEHHUS
KBaJIpaTHOTO ypaBHEeHHUS (5):

Y= ao + arxit axx:t azxst agxq+ an xi? + anx2?+ asz x3*+ ag x4’

C
B Cl c2 C3
bi aj a as
b> a as ai
b3 as aj a2
Puc.15
Ne | x; X2 X3 X4
1 0 0 0 0
2 1 1 1 0
3 2 2 2 0
4 1 2 0 1
5 2 0 1 1
6 0 1 2 1
7 2 1 0 2
8 0 2 1 2
9 1 0 2 2
Puc. 16

)

PaccmoTpenHsble IIaHBl DKCIIEPUMEHTA, COCTABJICHHBIE HA OCHOBE JIATMHCKUX
KBaJpaTOB pa3Mepa 71, Ha3bIBAIOTCA JATUHCKUMHU KBaaparamu. Ha puc. 17 nokasan
YETHIPEXYPOBHEBLIA NATH(AKTOPHBIN Twian 16:4°. [lo pe3yiabraram JaHHOIO
AKCIIEPUMEHTA MOJIyYaloT KyOU4eCKOe YpaBHEHUE CBSI3U.

Yp=ao + arxit axx:+ azxst agxq+ asxs+an x;? + az x2?+ azz xs?+
+ agq x4? F ass x5 ap x17F azo x27+ asss x37+ g x40+ asss xs,

No X1 X2 X3 X4 Xs
1 0 0 0 0 0
2 2 0 2 1 3
3 3 0 3 3 1
4 1 0 1 2 2
5 0 2 2 3 2
6 2 2 0 2 1
7 3 2 1 0 3
8 1 2 3 1 0
9 0 3 3 2 3
10 2 3 1 3 0
11 3 3 0 1 2
12 1 3 2 0 1
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13 0 1 1 1 1

14 2 1 3 0
15 1 1 0 3 3
Puc. 17

OpTroronanbHbie (PpAKTOPHbIE IJIAHBI.

JIIsi moydeHus HE3aBUCHMBIX JPYyr OT Jpyra 3Ha4eHWHd KO3(PQPHUIIMEHTOB
MOJENM CHCTeMbl (PaKTOpHBIE IUIAHBI JO/DKHBI  YIOBJICTBOPATH  YCIIOBHIO
OpPTOTOHALHOCTH.

YcioBueM — OpTOTOHAIBHOCTH  JUHEHHOTO  (ABYXYypOBHEBOTO)  IIJIaHa,
PUMEHSIEMOTO JIJIsl TIOJy4YeHUs ypaBHeHUs (7):

W=aptarx;tax>t ...+ anx, , (7)

SBJISIEMCS] OPTOTOHAJIBHOCTH BEKTOP-CTOJIOIIOB X; - TIaBHBIX (P (HEKTOB MaTPHIIHI
¢dakTOpoB.

N
D X;xy =0 (ik) (8)
j-1

Jlns BeImosiHEHUs ycioBusi (8) TpeOyercs mepexoj OT YCIOBHOTO
0003Ha4YeHUs1 YpOBHA X;, 3aAaHHOr0 ynciamu 0,1,... K HOpMHUPOBAHHOMY 3HAYEHUIO
Xi , CAMMETPUYHOMY OTHOCHUTEIIBHO CPETHETO 3HAYCHUS:

N
Jj=1
HpI/I 3TOM 3HAYCHUC X ; OHpGI[@J'IHCTCSI 110 (1)0pMy.]'I€‘

N
> X jj
xi:k] X . — J=r

l (10)
N

oo

rne k- KodpUIUEHT, BEBIOUpaeMblii U3 YCIOBUS MOTYYCHHS X B BUJIE 11€JI0OTO
qrcra.
Ecnu npumenuts ycioBue (10) k aByxdakropHomy miany (puc. 10), To
MOJIYYHUTCSI OPTOTOHAJIbHAS MaTpuIla PaKToOpoB X .
X0 X1 X2

1 -1 -1
X= 1 1 -1
1 -1
1
NudopMaMoHHas MaTPHLA X’ X STOrO IUIAHA JUAarOHAJIbHA:
4 0 O
x'x= 10 4 0
O 0 4

Koadummentsr nuneliHoro ypaBHeHUs (7) TpH 3TOM HaXOMATCS U3
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IMPOCTOI0 MATECMATHYCCKOI'0 COOTHOIICHUS:

N
2V
a 0 0 =1
1 N ;
a —4—0 0 |x _lezy/
a, 0o 0 1 !
szjyj
j=1

Hucnepcun K03(pPUIMEHTOB OJIMHAKOBBI U PABHBbI:
c?lao} =c?{a;} =c?{az} =c?{y} /4
@aKkTOpHBIM IUIAH BTOPOrO IMOpsaKa, uMeronmd tpu ypoBHs 0,1,2,
IpeAHAa3HA4YEH IS IMOJyYEHUS KBaAPaTHOTO YPABHEHHUS:
Vo= ao +Z a; xi+ X aii zi, vne zi= f( x7°)
VYca0BUSMU OPTOTOHAJIBHOCTH (PAKTOPHOTO IIaHAa BTOPOrO MOpPsJIKa,
uMeroniero Tpu yposss 0,1,2, sensrorcs:
- OpPTOrOHAJIBHOCTH BEKTOP - CTOJOLOB X; , TVIaBHBIX 3((PEKTOB MEpBOTO
HOopsKa MaTpULbl (PAKTOPOB X:

N
> XXy =0 (i#k) (11)
j-1
- OPTOrOHAJIBHOCTH BEKTOP - CTOJIOLIOB II1aBHBIX 3()(PEKTOB NEPBOTO U BTOPOTO
pona:
N
j—1

B ¢dopmynax (11, 12) x; - HopMmanbHOe 3HaueHue dakropa. OHO MOAUMHSAETCS
YCIIOBHIO:

N

2 x; =05 (13)

j=1

IIPHU 3TOM X; PaBHO:
N
> X
xi=ki ()Ci-—j:1 ); (14)
N

Z ; - HOpMaJlbHOE 3HauyeHue (hakTopa, COOTBETCTBYIOIIEE TIaBHOMY 3(hdexTy
BTOpOTrO mopsika. OHO MOAYUHSETCS YCIOBHIO:

(15)
IIPH 5TOM BBIPAKEHUE Z ; UMEET CJICIYIOIINHA BU/T
zi =Mi(x? - Anixi - Ao), (16)
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rae A , Aoi, Mi- koappuruenTsr , onpenensiembie u3 ycnosui (11), (12),(15).

VCoBus OPTOTOHANBHOCTH NMPUMEHUM K (GakropHoMy Iwiany 9:3% mis
IIOJIyYEHHUSI MOJIENIA B BUJE YPABHEHHUS:

d=4 d=4

j-1

J=1

(17)

[Tomyuyenue 3Ha4YeHHH (HAaKTOPOB JUTSI TTOTYUCHUS TIIABHBIX IMHEWHBIX 3 (HEKTOB
omnpenaensercs no popmylie:

HopmupoBanHuble ypoBHH (akTOpoB Il TOJYYEHHUS TJIaBHBIX 3(P(EKTOB
BTOPOTO MOPsIIKA MOIYYaroTCs 10 GopMyJiaM:

=
Il

x,;,:ij-l (i: 1,2,3,4).
X] X2 X3 X4
0 0 0 0
1 0 1 1
2 0 2 2
0 1 1 2
1 1 2 0
2 1 0 1
0 2 2 1
1 2 0 2
2 2 | 0
Puc. 18

Z=3x2-2 (i=1234)
OpTOFOHaJILHaSI MaTpuna (I)aKTopOB X HUMECT BUI:

X0 X1 X2 X3 X4 Z] z2 Z3
1 -1 -1 -1 -1 1 1 1
/1 o -1 0 O -2 1 -2
1 I -1 1 1 1 1 |
I -1 0 0 1 I -2 -2
I o0 o 1 -1 -2 -2 1
1 I o0 -1 o 1 -2 1
I -1 1 I 0 1 1 1
I o 1 -1 1 -2 1 1
1 I 1 1 -1 1 1 -2

HH(I)OpMaHI/IOHHaSI MaTpula JuaroHaJibHa :
9 0 0 0 O 0 0 0
0 6 00 O 0 0 0
0 0 6 0 O 0 0 0
0 0 06 O 0 0 0
0 000 18 O 0 0
0O 000 O 18 O 0

S O OO OO

(18)



S
O
oo
S
S

0o o 0 18 O
0o o0 o0 o0 18

S OO
S OO
S OO
S OO

Koaddunments ypaBuenus (17) onpeaensitorest mo cieayomum GopMmyiaMm:
=1 N =9 =1 N -1 N -:
a=ly", sar=ly o sa=Lle (=1,2,3,4) (19)
9 j:0 6 j—l 16 =1

Onenku K03 GUIIMEHTOB AUCTIEPCUU TTPU ITOM PaBHBI:

2 2 2
Gz{aO}GT{y} , 62{a1 }GT{)/} ,G° {aij }Gl—;y} (i=1,2,3,4) (20)

3aoanue na evinonnenue pabomwr «VccnemoBanue (GaKTOPHBIX IUIAHOB Ha
OCHOBE JIaTUHCKHUX KBAJIPATOB).

1.CocraButh TabnMily IUIaHa OKclepuMmeHTa 9:32 s IomydeHHs
KBaIPaTUYHOU MOJENH UcCaeayeMon (DyHKIIMH.

2.IlpuMeHNUTh JAHHBIM TIIAH JJISI  WCCIEAOBAHHUS MEXAHUYECKOIO
MasaTHUKA. [lomyuuTh 3aBUCHMOCTH BO30yknmaromied cunbsl F(V,m) — ot
CKOPOCTHU JBWKEHHUSI U MAacCChl Ipy3a BOJM3U pe30HAHCA B BUJE KBAJPATHOIO
ypaBHeHus. [IpoBectu cratuctuuecknid ananu3. Crenatbh BIBOABI U3 aHAIU3a
MOJIENI O CTETICHU BIIMSHUS IEPEMEHHBIX (PaKTOpOB V, m Ha UCCIeayeMe. CUTy
U OTPEICIIUTh NapaMETPBI Mpe; .

HOpHI[OK BBIITOJIHCHUA paﬁoTLII

1. HapucoBath Tabmuily (akTOpHOrOo TIUIaHA [ JBYX HEPEMEHHBIX
napamMeTpoB, U3MEHSIOUIUXCS Ha TPeX YPOBHSAX (puc. 12).

2. JlaHHBIN IUIaH PUMEHUTH ISl UCCIEAOBAHUSI MEXAHUYECKOTO MAsTHUKA C
LEJIBI0 MOJTYUYEeHUS 3aBUCUMOCTH BO30Y KO CUITBI /' OT CKOPOCTH ABUXKEHUS V 1
MaccCsl rpysa m.

3. PexkomeHmyeTcsi TpOBECTH HCCIEAOBaHHE BOJIM3M pPE30HAHCA, MPUHSB
clenyIolre 3HayeHus: 0a3UCHBIX YPOBHEH U 11aroB BapbUPOBAHUS TAPAMETPOB:

VAV =5+1 [m/c] ;

m*+Am=10£3[kr].
4. Tlpu nmepexojie K HOPMUPOBAHHBIM YPOBHSIM (PakTOpoB (mapaMeTpoB) IJIaH
9:32 uMeeT BUJ, TIOKA3aHHBII B TaOIHIIE.

TABJINLA
J Xi X2 y
1 -1 -1 Vi
2 0 0 V2
3 1 V3
4 -1 1 V4
5 0 -1 Vs
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O 0 3 N

0
-1 0
1
-1

1

Y6
Y7
Vs
V9

5. Ilo pe3ynpTaram 3TOro IUIaHa MOJYYUTh KBAIPATHOE YPABHEHUE:
Ww=aotarxitaxxtanxix2tanzr+axz:,

rme

6. ®opmyisl 11 KO3(PGHUIIMEHTOB CIIEAYeT BHIBECTH Ha OCHOBE MATPHIIBI ‘xT x‘

z1 = 3X1 2—2;

I, Te x - MaTpuIa MapamMeTpoB:

7 =3%x22%-2.

z;=3x%2-2

X0 X7 X2 z1=3x12=2 X1X2
1 -1 -1 1 1 1
1 0 0 -2 -2 0
1 1 1 1 1 1
1 -1 1 1 1 -1
1 0 -1 -2 1 0
1 1 0 1 -2 0
1 -1 0 1 -2 0
1 0 1 -2 1 0
1 1 -1 1 -1
M T o
aTpuna |x' x| .
X7 X2 z1=3x12-2 | z2=3x2%2 X1X2
9 0 0 0 0 0
0 6 0 0 0 0
0 0 6 0 0 0
0 0 0 18 0 0
0 0 0 0 18 0
0 0 0 0 0 4|
ManHua‘xT x‘ 1
X0 X7 X2 21:3)612—2 22:3)622—2 XI1X2
1/9 0 0 0 0 0
0 1/6 0 0 0 0
0 0 1/6 0 0 0
0 0 0 1/18 0 0
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0 0 0 0 1/18 0

0 0 0 0 0 1/4
Hrak,
N=9 N N N
2 %0,¥ 25, 2%,V D X1%5;Y,
_Jj=l oA oA oAl
apyr———— , aj— , A2———; aA2=—
9
N N ) N N )
22Y; 2 (3x1j - 2)yj 272, 2(3’%' ‘2)yj
_Jj=l _ =l =l _Jj=l .
an= = sa2= = :
18 18 18 18

7. Paccuurath KOI(PPUUMEHTHI KBaApaTHOTO YPAaBHEHHUS, MPOBEPUTH
3HaYUMOCTh KOA((ULIMEHTOB U aJI€KBaTHOCTh MOJIEIIH.
8. IIpon3BecTy aHaIN3 YpAaBHEHHSI.

9.Pemuth cucTeMy ypaBHEHUHM, MOJYYAEMYIO MOCJE MPUPABHUBAHUSA K HYJIIO
HpOI/IBBOI[HbIX I10 HepeMeHHBIM HapaMeTpaM .
oy
o =0; y =0; (y~F;xi~V;x2~m);

Haiitn napameTpsl, COOTBETCTBYIOIIUE Fin (PE30HAHC CHII).

KOHTpOJIBHBIC BOIIPOCHI

1. Kakol kBajipaT Ha3bIBACTCSl JIATUHCKUM?

2. KakoBo yciioBHE OPTOTOHAIbHOCTH JJATUHCKUX KBaJApPaTOB?

3. Kak mony4uTh TpeXypOBHEBBIN IUIaH JJIs Cydasi IBYyX (pakTopoB?

4. KakuMu cBoicTBaMHU 00J1aJ1aeT IUIaH, COCTABJICHHBINM Ha OCHOBE JIATMHCKHX
kBagparoB? [TokaxuTe Ha mpumepe miad 9:32

5. Kax nomyunts KO5(p(UIUEHTH KBaJPaTHOTO MOJIMHOMA II0 PE3yJbTaTaM
miana 9: 327

Jlureparypa.

1. Hanumoe B.B., UYepnosa H.A. CratucTUYE€CKHE METOJbl IUIAHUPOBAHUS
AKCTpEeMalbHBIX 3KcniepuMeHToB.-M.:Hayxka,1966.
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JlabopaTopHass padora Ne6. IlpeanBapuresibHOe N3yueHHEe 00bEKTA

HCCJIeJOBAHUM METOA0M IKCIIEPTHBLIX OLCHOK

BBEJIEHHUE

UccnenoBanuto qr000r0 mpoliecca, MaliuHbl UiId UHOOPMAITMOHHONW CHCTEMBbI
OOBIYHO TMPEAINIECTBYET WX aHAINU3 — MPEABAPUTEIILHOE W3YUYEHUE MPEANnoIaraeMoro
0o0BeKTa HCCIEOBaHUSI C IIEJIbI0 TOJMy4YeHUs HHPOpMaluu, HEOOXOAUMOU IS
TIOCTAHOBKH 33J1a4¥ ¥ MIPUHSATHSI PEIICHUS O TIEPBOHAYAIHLHOM dTarie paboThI.

[{enpro MFOOOTO WCCIEAOBAHMS SBISICTCS] OIEHKA KaueCTBa TEXHUYECKOW WU
WH(OPMAITMOHHONW CHCTEMBL. [IpyM 3TOM pas3nuyaroT IMOKa3aTelNW KadyecTBa CaMoOu
CHCTEMBI Kak 00BEKTa, a TakxKe mpoiiecca e€ PyHKIHOHUPOBAHUS, XapaKTEPU3YIOIIETO
CTENIEHb TPHUCIIOCOOJICHHOCTH CHCTEMBI IS PEIICHHS ITOCTaBJICHHON mMepen Heu
3a7laun, ISl JTOCTHIKEHUS LEJIM OIepalvii, pPealn3yeMOM 3TOM CHUCTEMOM, T.e. €€
3 PEeKTUBHOCTH.

Oco0EHHOCTBIO OOJIBIIMHCTBA MCCIEIOBAHUA B TMPOMBIIUICHHOCTH SIBJISIETCS
HEO0OXOIMMOCTh B U3yUE€HUU CBOMCTB MPOIIECCOB, BEIOOPA CIIOCOOOB MX pean3allui,
WK pa3pabOTKU TEXHOJOTMM U OOOpYIOBaHUS, YTO XapaKTepU3yeTcs YUYETOM
OOJBIIIOT0 4YKCclia TPeOOBaHUHM, MPENBABISIEMBIX K WH(GOpMAIMH, KaK KOHEYHOMY
npoayKTy. JlaHHOE 0OCTOSITENIbCTBO 3aCTaBIISET MPOBOJAUTH UCCIIEIOBAHKE I 0TOOpa
HamOoJee 3HAYUMBIX TpeOOBaHUN, HEOOXOIUMBIX, MPEXIE BCErO IS MPaBUIHLHOM
MIOCTAHOBKHM 3aJ]a4y¥, a TaKXKe MPOBEICHUS HEOOXOJMMBIX HCCIICIOBATEIHCKAX H
KOHCTPYKTOpPCKUX padoT. [losTomy ocoboe 3naueHne mpruodpeTaeT npeaBapuTeabHOe
U3y4eHre 00BEKTa UCCIEIOBAHMUS.

2. TPEBOBAHUAA, HPEADBABJIAEMBIE K OBBEKTY
NCCIEJOBAHUAL.

[Ipu pa3pabOTKE HOBBIX MPOIECCOB, W3JICTHN MPOMBIIIJICHHOCTH, MAaIIUH U
amnmapaToB, TEpel HCCICNOBATEIISIMHU, TEXHOJOTaMHU W KOHCTPYKTOpPaMH BCTaIOT
3aJlaudl BBIMOTHCHUS pslla TPEOOBaHUH, MPEIBIBISEMBIX K O0BEKTY HCCIICOBAHMS.
AHanmu3 Bcell COBOKYMHOCTH TakKMX TpeOOBaHWN M BBHIOOp HamOoJiee 3HAYMMBIX, Ha
OCHOBE KOTOPBIX OYyJIeT OCYIIECTBISAThCA NajbHeHInas pa3dpaboTka (BbIOOp MeToaa
IPOCKTUPOBAaHUS,  Marepuana, OOOCHOBAaHHWE  KOHCTPYKIIMH,  TEXHOJIOTHH
W3TOTOBJICHUS U T.I1.) SIBJISIETCS HEOTHEMJIEMOHN YaCThI0 HAYYHO—MCCIIEI0BATEIbCKOM
paboTHI M XapaKTEePU3YET ATAI MPEIBAPUTEITHHOTO U3yUCHUS 00BEKTA UCCIICIOBAHMUS.

Breimonasist  HacTosimIyro  1abOpaTOpHYIO paboTy, CTYIEHTY TPEICTOUT
CaMOCTOSITENILHO pa3paboTaTh TpeOOBaHUS K OOBEKTY HCCIEIOBAHUS U BBIJACIUTH
HauOoJee BaXKHbIE U3 HUX.

Kaxmoit rpymnme CTyIeHTOB BBIIACTCS CHCTEMa B BHUAE KHOSPHETHYECCKOM
MOJICITH «9EePHOTO AITUKa» (CM. puc.l).

Hccnemyemast GyHKIMS ) B MPOIIECCe IKCIICPUMEHTA HUCIIBITHIBACT BIUSHUE HE
TOJBKO TE€PEMEHHbIX (PAKTOPOB X,...X;,...X,,, HO M BiIMsIHHE MoMexu (puc. 1),

n?e
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0003HaYEHHOH Yepe3 e:

y=f(x{,.x,)+e

e
X ——
X, __ |  Hecnedvemuan >y
Xn CHEMIEMLE

Puc. 1

[TonararoT, 4TO mMOMEXa e SBJISETCS CIYyYallHOM BEJIMYUHOM, HWMEIOIIEH
HOPMaJbHBIM 3aKOH pachpejeleHus ¢ mapamerpamu mie}=0, o°fe}=c’{y}. B cuny
BIIMSHUSL TIOMEXH IO SKCIEPUMEHTAIBHBIM J@HHBIM ) TOJYy4alOT HE MCTUHHOE
3HauYe€HHUE KOA(PPUIIUEHTOB, a UX CTATUCTUYECKUE OLICHKHU.

CornacHo 3TO# cxeme U3 BCEro rnepevyHs BXOIHbIX napameTpos (17 mapameTpoB)
CTYJICHTBI, pa30MBIINCH HA MOATPYIIIBI U3 3-X YEJIOBEK, IIOCIe 00CYKIAEHUS, OTOUPAIOT
10 6 BXOJHBIX MAPAMETPOB, KOTOPHIE UM MPEACTOUT PAHKUPOBATH.

CTpykTypa BBIXOJHBIX TAPaMETPOB, a TaKXKE KPUTEPUEB U TPEOOBAHMUIA,
PEIbABIIEMBIX K pa3pabaTbiBaeMOl CUCTEME, 33/Ia€TCs TTPETO0/1aBaTEIIEM.

HNanee, 3amaBasch 10-20% uHTEpBaIOM BapbUPOBAaHUS TO BHIOPAHHBIM
dakTopam, KaxIblid CTYACHT CAMOCTOSTEIHLHO CTPOUT MATPHILY BIIASHHS BXOJHBIX
(dbakTopoB.

[Tpu TakoM moaxoe KakaoMy (hakTopy COOTBETCTBYET CBOW YPOBEHB BIIHSIHUS,
0 KOTOPOMY MOXHO OIICHUTh 3HAYMMOCTh TOTO HWJIM HWHOTO BXOJHOTO (akropa,
MPUMEHUTENIPHO K KOHKPETHOM 3aJJaHHON CHCTEME.

Hcnonp30BaHre TEOPETUUECKUX 3HAHUM U3 YUeOHUKOB [1, 2] 1 KN TOIAKHO
IOMOYb CTYyJIeHTaM C(HOPMYJIUPOBATh COBOKYIHOCTh KOHKPETHBIX TpeOOBaHUU K
00BEKTY UCCIIEIOBAHMUS.

JInst  OlleHKM 3HAYUMOCTH TpeOOBaHMI MOMKET MCIOJb30BaThCS  METOJ]
anpPUOPHOTO paHKUPOBaHUS (HaKTOPOB.

3. METOIUKA AITPUOPHOT'O PAH’KUPOBAHUA ®AKTOPOB

Llenpr0 anmpyOpHOrO paHXUPOBAHUS (PAKTOPOB SBISETCS HCCIEOBAHUE,
POBOJMMOE Ha HAYaJbHOM CTaguU SKCIEPUMEHTAILHOM paboThl, B TEX CIyyasx,
Korja u3 OOJBIIOro yucia TpeOOBaHUI HY)XHO BBIIETUTh HauOoyiee Ba)KHbIE IS
JAJIbHEUIIIET0 U3YYEHUS U OTCEATh OCTAJIbHBIE.

Oco0eHHOCTh METOJ]a alpUOPHOT0 PaHKUPOBaHMS (PAKTOPOB 3aKIIOYAETCS B
TOM, YTO TPEOOBAHUS PAHKHUPYIOTCA B TOPSAKE yObIBAaHUS IO 3HAYMMOCTH JUIS
u3nenus. Bkiaa KaxxIoro U3 HUX OLIEHUBAETCS 110 BEJIMYUHE PAHTA — MECTa, KOTOPOE
OTBEJCHO MCCJEN0BATENEM (CHENUATNCTOM IIPU ONPOCE) JAHHOMY TPEOOBAHHIO IIPH
panmxupoBanuu. [Ipu coope MHEHUI MyTEM OIpoca CIEHUATMCTOB KaXKIOMY M3 HHUX
OpeajaraeTcsl 3arnojJHUTh AaHKETy, B KOTOPOM NepedrcieHbl TpeOOBaHUs, HX
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pPa3MEpPHOCTh M TMPEAIoJiaraéMble WHTEpPBAJIbl BapbUPOBAaHMS. 3allONHSSA AHKETY,
CIEHUAIIUCT OMPEACIISIET MECTO KaXKI0T0 U3 HUX B PAHXKUPOBAHHOM pany. Pe3yapTarhl
ompoca CHEIUATUCTOB (WM  PaHXUPOBAHUS MO JIUTEPATYPHBIM  JaHHBIM)
00pabaThIBAIOTCS CIEIYIOMIUM 00Pa30M.

3.1. OmnpenensieM cymMMy paHTOB Mo (pakTopaM — TpeOOBaAHUSIM:

mn
Z 2ij
1
II€  ajj — PaHT KaKIO0ro 1-ro ¢pakTopa u j-ro uccieaoBaTes;
m — YKCJIO UCCIEN0BATENEH.
3.2.  OmnpenensroT pa3HOCTh (Ai) MEXKITYy CYMMOM KaXX0T0 (hakTopa U cpeaHen
CYMMOU PAaHTOB
k m
i 2uda®y
b= z Ay~ ake L
1
rie  k — konmuuecTBo (aKTOPOB.
3.3.  OmnpenensroT CyMMy KBaJpaTOB OTKIOHEHUM:

I':AT‘

n
]
S=204)
1
3.4. Onpenenstor CTENEeHb COMNIACOBAHHOCTH MHEHUI UCCIEN0BATENCH:
125
o= —,
2 3
m*(k’—k) - mzl_'l T,
- 3 _
rae  tj — YMCIIO OJJUHAKOBBIX PAHTOB B j- OM PAHKUPOBAHUU.
3.5. Ecniu  wuccnemoBatenu  HEOJUHAKOBO  PAHXKHUPYIOT — (PaKTOPHI
(® 3HAYUTENLHO OTIMYAETCS OT EIUHHIIBI), OIIPEACISAIOT 3HAYEHHE ) > — KPUTEPHS:
g 125
1= —,

mk{k+1}—ﬁZT.

_ 1
1

3.6. Mcnonb3ys TaOaMIy B IIPUIIOKEHUH HAXOAAT 3HAYEHHE > — KPUTEPUS JUIs
CTereHeu cBooo b, f = k-1.

3.7. Tunore3a 0 HaJIWYUM COIJIACUS HUCCIENOBaTeNed IPUHHUMAETCS, €CIU
TaOJIMYHOE 3HAYEHHE Y° — KPUTEPUS MEHBIIE pPAaCYETHOrO, HANUJEHHOIO II0
npUBEACHHON BbIlIE popMyie, 1 5% ypOBHS 3HAUMMOCTH.

3.8. O11eHUB COTIIACOBAHHOCTh MHEHUM BCEX UCCIIEIOBATEINIEH, CTPOAT CPEAHIOIO
IUarpaMMy pPaHroB, OTKJIaAblBas IO OJHOM ocH (akTopbl, a MO APyrod -—
COOTBETCTBYIOIIME CYMMBI PAHTOB.

39. B cayyae  HEpaBHOMEpPHOIO  SKCIIOHEHIMAJIBHOTO  YOBIBaHUSA
pacnpeziesieHuss 4acTh (PaKTOPOB MOKHO UCKITIOYUTh U3 AAJBHEHIIET0 paCCMOTPEHUSL.
Ecin e pacnpeneneHue paBHOMEPHOE, PEKOMEHIyETCsl B JallbHEHIIEM
UCTIOJIb30BaHUU BKJIKOYATh BCE (DAaKTOPBHI.

['panuna 3HauumMoct GPakTOpoB M min MOKET OBITH OINpejaeseHa, UCXOAS U3
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IPEANOIO0KEHNS O PABHO3HAYHOCTH BCEX (DaKTOPOB.

4.ITOPAJOK BBIIIOJIHEHUSA PABOTBI.

4.1. CormacHo BBIJAHHOMY NPENOJABATENEM 3aJaHUI0, CTYIAEHTHI, UCIOJb3Ys
COOTBETCTBYIOIYIO HEPAPXUUYECKYIO CTPYKTYpYy TpeOoBaHUU, (OPMYyIHPYIOT BCIO
COBOKYMHOCTh TpeOOBaHMM K OOBEKTY HCCIEIOBaHUS, NPUCBAUBas KaKIOMY
NOPSIAKOBBINA UHIIEKC X, X, .. ..., X.

4.2. Beibupaetcs rpyIina 5KCrepToB (McclieJoBaTeNei ), KOTOPbIMU MOTYT OBITh
BCE, NMPUCYTCTBYIOUIME HA 3aHATHM CTyAEHTHL. Kaxxaomy sKkcrepTy ImpucBanBaeTcs
MOPSIKOBBIA HOMED.

4.3. CocraBnsgeTcst TabnuIa 1O CIeAyIoNei Gpopme:

Tabnuya 1. - Mampuya paneos

Heonemor aTens & ayropar (x) T=

m 1|22 [4]3 1 |k =
1 T=
. T=
1 T=
m T=

Za eT=
i}

(£ 9=

4.4. Kaxxaplil SKCIIepT Ha3HAYaeT KaxJaoMy (akTopy (TpeOOBaHUIO) BEIUUUHY
paHra 1o nATuOanbHON IIKaJe, BIUCHIBAs €ro B Ta0IuLy 1.

4.5. TlpousBoautcsi 00pabOTKa pe3yJabTaTOB HUCCIEIOBAHMS IO METOAMKE,
npuBeAEHHOM B pabore Ned HacTOAIMX METOAMYECKUX YyKazaHuil. Pe3ynbTaThl
BBIYMCIICHUN BIIMCHIBAIOTCS B TAOJIUILY.

4.6. OueHUB COTJIACOBAHHOCTh MHEHHMM O3KCIIEPTOB, CTPOUTCS AHarpaMma
paHroB, U B COOTBETCTBMM C TPAaHULEH 3HAYUMMOCTH OIPEIEISIFOTCS Hambosee
3HAYUMBIE U3 HUX.

4.7. CoctaBisiercst OTYET 110 J1abopaTOpHOM paboTe.

5. COAJEP)KAHUE OTUYETA IO PABOTE.
OTtuéTt mo mabopaTopHOt paboTe JOKEH CONEePKATh:
- (OpMyYITUPOBKY BBIIAHHOTO 33]JIaHUS,
- COBOKYITHOCTh TpPeOOBaHHI K OOBEKTY HCCIICIOBAHUS B COOTBETCTBUU C
MOPSIKOBBIMU WHJICKCAMMU:
X1-
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X2-

Xi-

- (amMmIHu YKCIIEPTOB U UX COOTBETCTBYIOIINE HOMEPA,;

- MaTpuily paHroB B ¢opme TabauIs! 1;

- BBIUHCJCHHS TI0 GopMyJiaM U B TIOPSAKE YKa3aHHOM B paszfene 3 JaHHOU
padoTHI;

- JAWarpaMMy paHroB C YKa3aHHEM IpaHUIlbl 3HAYUMOCTH TPeOOBaHMIA,

- TIepedeHb HauboJiee 3HAUUMbBIX TPEOOBAaHUN K 0OBEKTY UCCIIEOBAHUSI.

- BBIBOJIBI U PEKOMEH/IAINH 10 Pe3yJIbTaTaM padoThI.

OT4€T MOANMUCHIBACTCS BCEMHU IKCIIEPTAMHU.

Jlurepartypa

1. PpikoB, A.C. Monenu 1 METOApl CUCTEMHOTO aHAJIN3a: IPUHATHE PELICHUN
U onTUMU3aIms : yaueoHoe nocooue s By30B / A.C.PrikoB .— M. : MUCHUC: Pyna u
meTtaniasl, 2005 — 352 c.

2. AtreTkoB, A.B. Meroasl ontumuzanuu : yd4eOHHMK 1Jis BTy30B / A.B.
Artrterkos, C.B. I'ankun, B.C. 3apyoun; nox pen.: B.C., 3apyouna,A.I1. Kpumienko .—
2-e u3., crep. — M. : U3n-Bo MI'TY um. H.D. baymana, 2003 .— 440 c.
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JlabopaTopHasi padora Ne 7. DKcnepTHbIE CHCTEMBbI JJIS BLIOOpPA
TEXHOJIOTUM YIIAKOBOYHOI0 MPOU3BOACTBA: MPOEKTHPOBAHUE 0a3bI

3HAHUUI

1. KpaTkue TeopeTnieckue cBeeHUs

DKCHEepTHBIE CUCTEMBI MOKHO paccMaTpHUBaTh Kak UHPOPMAIMOHHBIE MOCIIH
MPOLIECCA IPUHSATHS PELICHUN.

B cocraB m00601i SKCIEPTHOM CHUCTEMBI BXOIUT 0a3a 3HaHUH, MaIllMHA BBIBOA U
UHTEPQEIC MOIB30BaTEA.

baza 3nanwmii (b3) B cuMBOJIBHOM BHJZle (MaKCUMalbHO MPUOIMKEHHOM K
€CTECTBEHHOMY S3BIKY) COACPKHUT (DaKThl M CBEIEHUS 00 HcciaeayeMoil o0IacTu u
HA0Op JIOTMUECKUX MPaBUil, KOTOPbIE IOCTPOEHBI HA OCHOBAHHUH OIIbITA HKCIIEPTOB U
CIPaBOYHON MH(POPMAIUH.

ba3za 3HaHMil ycIOBHO MOXKET OBITH pa3zefieHa Ha ABe dYacTu. llepBas dvacThb
BKJIIOYAET MepeyeHb (PAKTOB: pa3pellieHHble 3HAYEHHUS, T. €. BOZMOXKHBIE MapaMeTPhI
TEXHOJOTUYECKOI0 MPOIIECCca, U BOOPOCHI, UCIOIb3yEMbIE SKCIEPTHOM CUCTEMOM B
auanore JJisi  BbIOOpa KOHKPETHOTO 3HadeHus. BTopas 4acThb COCTOMT W3 IpaBUIl
BbIBOJIA. DTO JIOTMYECKHE MpaBuia (Tak Ha3bIBa€MbIE «IPOAYKIIMN»), B KOTOPBIX
UCIIOJIb3YIOTCS KOHKPETHBIE 3HAUEHUsI pa3pelieHHBIX MapaMeTpoB HJsl MOJyUEeHHS
HEKOTOPBIX BBIBOJIOB.

B ucnons3yemoii B nabopatopHoii paboTe SKCIEPTHON CHCTEME YCTaHOBJICHA
cleayrolas CTpyKTypa 6a3bl 3HAaHHH.

Kaxxnomy k-omy mapameTpy COOTBETCTBYET CTPOKA C IEPEUNCICHUEM BCEX €ro
7 pa3pelICHHBIX 3HAYEHUN:

paspem3H(napamemp k)=3unauenue 1,3nauenue 2,...3nauenue n

Hanpumep:

pa3pe3H(OpUruHa)=TUNorpadCKui,pyKOMMCHBIN, 3K TPOHHBII

pa3pel3H(TEeKCT)=B_3JIEKTPOH BHUJE,Ha_Oymare

pa3pemi3H(ecTb WIUTIOCTP)=1a,HET

pa3pem3H(TEKCT CKaHHP)=/aa,HET

KoHkpeTHOE 3HaUeHHE HTOr0 MapamMeTpa MOXKET ObITh ONPEEICHO CHCTEMON Ha
OCHOBAHHH TMPABUJI BBIBOJIA WUJIU OINPEIEIICHO B X0JI€ HEMOCPEACTBEHHOIO JUaora ¢
nojp3oBateneM. B ciayyae nuanora B b3 qomkHa ObITh ciieyromiast CTpoKa:

Bomnpoc(mapameTp k)= TEKCT BOIpoca

B paccmarpuBaeMoM mpumepe K TaKuM HapameTpaM OTHOCATCS MEpPBbIE TPH,
BOIIPOCHI K HUM MOTYT UMETh BUI:

BONPOCc(TeKCT)= B kakoM BHjie IPE/ICTaBICH TEKCTOBBIN OpUruHa?

Bonpoc(opuruHan)= KakoBo kauecTBO TEKCTOBOTO OpUTrHHAIA?

Bonpoc(ects WLTOCTP)= MIMeroTcs Jn B U31aHUH UIUTKOCTPALu?

B mpouecce paboThl 3KCHEPTHOM CUCTEMBI HEOOXOAMMBIE BOMIPOCH OYIyT
3aJ1aHbl MOJIb30BATEI0 UMEHHO B TAKOW PEJAKIIMH, 4 B KAYECTBE OTBETOB MPEJIOKEHBI
BCE pa3pellIeHHbIE 3HAYEHHUsI COOTBETCTBYIOIIETO MTapaMeTpa.
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[Ipu npoekTupoBanuu 0a3bl 3HAHUKW HEOOXOAMMO YUYUTHIBATH TO, YTO TEKCT
BOIIPOCOB W OTBETOB (Pa3pelICHHBIX 3HAYCHWI) JIOJDKEH OBITh TIOHSTEH
noJjib3oBaTento. Ha3BaHusi mapaMeTpoB SABISIIOTCS BHYTPEHHEH HHQpOpMaluen
CUCTeMBl M 33/Ial0TCAd pa3pabOTUUKOM IO COOCTBEHHOMY YCMOTpeHuto. B
npejjiaraeMol CTYJIGHTYy Ha JabopaTopHOMl paboTe SKCHEepPTHOM CUCTEeME Bce
HAaUMEHOBAHUSA MOTYT COCTOATh U3 OYKB PYCCKOTO M JIATMHCKOTO aidasuta. [lpu
3aMicy  3HA4YeHMM MpoOenbl HE JOMYyCKAalTCAd, NP HEOOXOJUMOCTH MOXKHO
UCIIOJIb30BaTh 3HAYOK HM)KHETO MOTYEPKUBAHNS, OJTHO 3HAYEHNE HE JOJKHO 3aHUMAaTh
6onee 17 cumBonos. [Ipu 3amucu TekcTa BOIPOCOB MOKHO MCIOI30BaTh MPOOEIIHI.

[IpaBuna BbIBO/IA, COCTABIISIONINE BTOPYIO YacTh b3, umetor hopmar:

npaBWwiIoON: eciau

napamemp_k=3nauenue i

TO clleocmalue.

[IpaBuno 3akaHuMBaeTCs TOYKOW. B yCIIOBUM MOXKET UCIOJIb30BATHCA
Joruyeckas omnepauus «w» (cM. npumep naiee). CieAacTBue MpeacTaBiIsieT coOOi
PaBEHCTBO, TJil¢ NPUCBAMBACTCS OMNpPEACICHHOE 3HAYEHUE JUOO OYEPEeIHOMY
napameTpy, JIM0O BBIXOTHOW BEJIMUMHE, KOTOpas SIBISETCS pe3yJIbTaTOM paOOThI.

B paccmarpuBaemoil cucremMe TaKMMHU BBIXOJHBIMU BEJIMYMHAMH SIBIISIFOTCS
CTEXHOJIOTHS» M «HIpOoayKuus». JId omnpeneneHus 3HAYCHUM KaxkIOW W3 HUX
HEe00Xo UM cBOM Habop npaBwi. TakuMm oOpa3om, B 0a3e 3HAHHM JTOJKHBI OBIThH JIBE
TPYIIbI MPaBWI, B KaXJOW M3 KOTOPBIX Hymepauus HauuHaeTca ¢ Hyus. llepBbie
NpaBujia KaXXJI0W TPYNIbI ABISIOTCS CTAHAAPTHBIMU:

npasuiio(: ecau

CTapT=HEU3BECTEH

TO NMPOAYKINSI =HEU3BECTHA.

npasmwio(): ecan

CTapT=HEU3BECTECH

TO TEXHOJIOTUSI =HEU3BECTHA.

JIns 3amucU KOHKPETHOTO 3HAYEHHUs BBIXOJHOTO TapaMeTpa OTBOJMTCS HE
6osee 70 CMUMBOJIOB, IPOOEIBI UCTIOAH30BATH HEIB3S.

[IprMepbl HEKOTOPBIX MPABUI IJI ONPEAEIEHUS IPOMEKYTOUHBIX [TapAMETPOB
(«TEeKCT CKaHWpP») U BBIXOJHOM BENUYUHBI (KTEXHOJIOTHS») MPUBEACHBI HUXKE.
Heobxoammo oTMETUTD, UTO ISl pacCMaTpUBAEMBIX IMapaMeTPOB ATOT HAOOP MpaBuUII
SIBJISIETCSA HETIOJIHBIM.

npaBuJio4: ecjau
TEKCT=B_D3JICKTPOH_BUJE U
€CTh_HWJUIFOCTP=HET
1o Texnonorus=lIeuats Koppekrypal Bepcrka Koppexrypa2 BwiBox
dboTtodopm.
MPaBUJI0S: ecJIu
TEeKCT=Ha_Oymare u
OpUTHHAN=TUIOTpadCKUii
TO TEKCT CKaHUP=Ia.
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NpaBmwIo6: ecan
TEKCT CKaHUp=Ha U
€CTh_MJUIFOCTP=HET
10 TexHonorus=Ckanup Pacnos3n Ilewats Koppekrl Bepctka Kop-
pext2_BpiB_doTodopm.

[Ipu cocTaBnennu 6a3bl 3HAHUI HEOOXOIUMO CIIEAUTH 3 TEM, YTOOBI OJTUHAKOBHIE
BEJIMYMHBI Be3/ie (B pa3pelIeHHbIX 3HAYEHUSIX, BOMPOCAX U MpaBuiiaX) ObUIM 3alKCaHbl
a0COJIIOTHO OJIMHAKOBO (C TOYHOCTBIO JIO KaKJIOrO0 CUMBOJIAa U ero HauepraHus). [Ipu
3aMCH LIETIOYKM TEXHOJOIMYECKHX ONEpaluidi HE HY>XHO CaMOCTOSTENBHO [ENaTh
IIEPEHOCHI Ha CIICAYIOILYIO CTPOKY.

2. Conep:xxanmne padboThbl

1. Ilpoananu3upoBaTh  HMCXOJIHYIHO  TEXHOJIOTHYECKYH0  cxemy  (mpu
HEO0OXOIMMOCTH — JIOTIOJTHUTh €€). YKa3aThb YCJIOBHS BbIOOpa ONpeeTIeHHOM
orepaluy TaM, TJIe TEXHOJIOTHYECKas CXeMa MMEET pa3BeTBICHUS (T. €. BOZMOMXHBI
pa3NUYHbIC BAPUAHTHI BHIIIOJHEHUS ONPEACICHHON CTaJANuK U3TOTOBICHUS MPOAYKIIUU
WIM HEKOTOopas OIlepanusi MOXET OTCYTCTBOBaTh). 3amucaTh B TETPagud BCe
COOTBETCTBYIOIIIME CXEME BO3MOXKHBIE LEMOYKH TEXHOJIOTUYECKUX OIepaluil
(JIUHEWHBIE).

2. CocTaBUTh TEKCT BOIIPOCOB U MEPEUCHb Pa3pElICHHBIX 3HAUCHU I MTapaMeTpOB
B COOTBETCTBMU C YCJIOBHSIMH BbIOOpa ormepainuid. 3amucaTh BCE HEOOXOIUMBIC
npaBuUiia BBIBOAA JJISl ONpPEIEICHUS HYXHBIX MPOMEXKYTOUHBIX MapaMeTpoB W JUIs
MOJIyYEHHUsI 3HAYEHUsI BBIXOJHOTO MapaMeTpa «TexHoyorus». CocTaBieHHBIE paHee
[ETTOYKH TEXHOJIOTUUECKUX OTEPAINil U SBJISIOTCA STUMH BBIXOIHBIMU 3HAYCHUSIMHU.

PaccmaTpuBaemMoil TEXHOJOTMU JOJKEH COOTBETCTBOBATH IOJIHBIM HaOOp
pa3pelleHHBIX 3HAUEHUH U MIPaBUJI BHIBO/IA.

3. [locne KOHTpOJISI MpernofaBaTeIeM BBIMOJHEHUS MPEAbIIYIINX JTANoB BCE
pa3zpabotanHbie aneMeHThl b3 3amuceiBatoTcs B crnenuanbHbld (aitn. Ha srtame
IPOBEPKH PAOOTHI IKCHEPTHOU CHCTEMBbI HEOOXOIMMO MPOBEPUTH BCE BO3MOMKHBIC
BApUAHTHI JUAJIOTA.

3. UcxoaHble JaHHDBIE

1. ITpu U3roTOBIEHUN OPUTHHAI-MAKETa KypHalla MOKET OBbITh MCIIOJIb30BaHA
CleAyIoNIas TEXHOJIOrNYECKas cXxema:
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TCKCTOBAsA

uHpopmanus 1300pasuTeIbHas
nHpopmanus
3JIEKTPOHHBIN Ha Oymare
3IIEKTPOHHBIH \ 4
CkaHupoBaHue
HET l CkaHupoOBaHuE,
pacno3HaBaHUE
Hab6op
v
O6paboTka TEeKCTO- O6paboTka n300pa3u-
BOM mMHpOpManuu TeJIbHOW nHpoOpMauu

A4

BepcTka

2. TexHoMOrMUECKass cxema OpOITIOPOBOYHO-TIEPEIICTHBIX MPOIIECCOB:

IIe4yaTHbIC OTTUCKH

OJIOKHOTHI OTKPBITKH

NPOAYKIIAU Y,

. ONlaHKU
HUTKOIIBENHOE C Trc-

CKpEenJIeHNA ] HeHuem?
¢ Pa3peska

HU3roroBaenue 610kKa. Tucuenune
H3roroBinenue 1mepe- KJICeBOC HET
TUIETHOM KPBIIIKH. OecuiBeiiHoe
KpsiThbe O10Ka KpbllI- v
KOH HsroroBiaenne O01o0Ka BLicouxa

cnocobom KBC.

Ckpemienune Oyoka c

00JI0KKO.

Oo6pe3ka.

YnakoBka rOTOBOH
NpOAYKIUU

3. BapuaHT TEXHOJIOTMHM JIONEYATHBIX NPOLECCOB NPU  U3TOTOBJICHUU
PEKJIaMHOW POAYKLUH:
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n300pa3uTeabHAS
uHpopmanus

Ha Oymare

DIIEKTPOHHBIU
CkaHupoBaHuE

v

O6paboTka nzo0pasu-
TeJIbHOU HHDOpMALINHU

OJHOKpacoudHas MHOTOKpaco4Has
Bu [[BeTonenenue.
- IITPUXOBBIC BriBog 1BeTOAENIEHHBIX

HIIJII0CTpa-

01078, dboTtopopm Ha DHA.

AHanorosas 1nBeTonpooa.

BriBoa potodom

IMOJYTOHOBEIC Ha J]a3epHOM
MIPUHTEpPE
BreiBoa dpoto-
dbopm Ha DHA
|
v
N3roroBnenue

MeYaTHBIX GopMm

4. KoHTpOJIbHBIE BONIPOCHI
1. Uto Takoe 6a3a 3HAHUI SKCIIEPTHON CUCTEMBI, KAKOBA €€ CTPYKTypa?

2. KakoBa ctpykTypa mnpaBuia BbeiBoAa? Kakue morudeckue omnepanuu

HCIIOJIB3YIOTCA B HpaBI/IJ'IaX?

3. Kak wmamunHa BbIBOJA HAXOJAUT AJI1 JAuajIora BO3MOXXHBIC OTBCTBI Ha

KOHKPETHBIN BOIIPOC?
4. Yem 00ycOBIIEH MOPSIOK 3a/IaHUsI BOMPOCOB B XO/I¢ auajora?

5. B kakux o0nactsax ynakoBKH ILiesiecooOpa3Hee UCIOJIb30BaTh KCIEPTHBIE

CHUCTEMBI?
JlaGopaTtopunasi padora Ne 8. Bb10op kpuTepusi ONTUMAIBHOCTH
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TCXHOJOI'MH 1I0 METOAY paHFOBOﬁ KOppeJasiliinu

1. KpaTkue TeopeTnieckue cBeeHUs

Just  Toro, u4ToObl oOecneyuTh BBHIOOp HamboJee  palruOHAIBHOTO
TEXHOJIOTMUECKOI0 BapuaHTa, HEOOXOIMMO 3HATh KPUTEPUH, MO KOTOPOMY OyIyT
CPaBHUBATHCSI BOBMOYKHBIE BAPUAHTHI MU3TOTOBJICHHS IPOYKUINHU. J{7s pa3HBIX BUIOB
U3JJaHUK M KOHKPETHBIX IPOM3BOJACTBEHHBIX YCIOBUN 3TH KpUTEpPUH (LEIEBBIC
YCTAHOBKH) Pa3JIUYHBI.

K uucny nambosee BaKHBIX KPUTEPHEB Yallle BCETO OTHOCHT: C€OECTOMMOCTh
K1, mpu6suis K2, kauectBo K3, moTpeOHOCTH B KOTMYECTBE U ACCOPTHUMEHTE M3JaHHI
K4, mnpownssogurensHOoCTs mnpouecca K5, wucnosnb3oBaHue IMPOU3BOACTBEHHOU
momtHocTH K6, ncnosb3oBanue coipbs 1 MaTepuainoB K7, CTOMMOCTb peann30BaHHON
npoaykiuu K8, mnpousBoautensHocTh Tpyna K9, coOmiogeHue yCTaHOBIECHHBIX
cpokoB wu3roroBieHuss K10, 3arpatel pabouero Bpemenu K11, HempepbIBHOCTH
TexHoyiorunyeckoro mnpoiecca K12, nokasarens 3¢ dextuBHOCTH Tpon3BoicTBa K13.

B 3aBucuMoCTH OT OCTaBIEHHOM 3a/1a4l, MOKHO BHIOMpaTh Hau0o0JIee BaXKHBIM
KpUTEpU ISl KAKJIOT0 BUAA U3JAHUS WIIN JUIsl TPYIIIBI U3JaHuii. YUCIO KpUTEpHUEB U
UX COCTaB MOXKET U3MEHATHCS B 3aBUCUMOCTH OT XapakTepa IpOr3BOJICTBA.

Jis  ompeneneHus KpUTEpHsl ONTUMAIbHOCTH MOXET OBbITh HCHOJIb30BaH
JKCIEPTHBIM omnpoc. KadecTBO Takoro ompoca BO MHOIOM 3aBUCHUT OT YHCIA H
KBaJTM(UKALIMU HKCIIEPTOB.

MeToa paHrOBOW KOPPEJAIMHA OCHOBAH HA TOM, YTO KaXKJIbIA W3 1M SKCIIEPTOB,
YyYacTBYIOIIMX B OINPOCE, NMPHUCBAMBACT KAXKIOMY HU3 OIICHMBAEMBIX 71 OOBEKTOB
(KpuTEepreB) HEKOTOpoe paHroBoe yucio. IIpu 3TomM Hanbonee BaKHBIA KpUTEpU
3aHuMaeT l-oe Mecto (mosrydaer par 1), cieayrommii — paHr 2 U T. 4. B TOPSAJIKE
yOBbIBaHMSI TPEANOYTEHUS. YUCTIO pAHTOB kK MOYKET HE COBMAJIAaTh C YHCIOM OOBEKTOB
1, B 3TOM Clly4ae 3KCIEPT MPUCBAUBAET Pa3HbIM 0OBbEKTaM OJIUH U TOT K€ PaHT.

O0603HaYMM 4Yepe3 u; paHTOBOE YHUCIIO, KOTOPOE i-bIif SKCIEPT MPUCBOUI j-MY
o0bekTy, npuueM i=1,2,...m u j=1,2,.,n Ilycts, Hanmpumep, 5 3SKCHEPTOB
OLICHUBAIOT 6 KPUTEPHEB IO YETHIPEXOAILHON cHUcTeMe (HauMEHEe BaKHOMY
KPUTEPUIO MPUCBaUBaeTCs paHr, paBHbld 4). [lo pe3ynpraraM omnpoca 3amoJjHAETCS
crienuaiibHas Tabnuna (cM. Taom. 4.1).

Ta6numa 4.1 - Tabmmma 53KCIEPTHOrO OIpoca MO METOIy PaHTOBOMU
KOPpeISAIun
Ne kputepus

DKCIEPTHI 1 2 3 4 5 6

1 2 3 3 4 11 4 6 12 3 5

2 I 1 2 2 2 3 3 5 2 4 4 6

3 1 4 1 3 2 4

4 2 3 1 4 3 2

5 2 2 1 3 2 4

Yarie BCero 4ucio paHroB MEHbIIIE, YEM YHCIIO OLICHUBAEMBIX 00BEKTOB (k<.n),
MOATOMY JJIsl 00€eCcTieYeHUsI BOZMOXKHOCTU IPUMEHEHHUS METO/Ia PAHTOBOM KOPPEIIALIUU
00bEKTaM MPUCBANBAIOT TaK HA3bIBAEMbIE HOPMUPOBAHHBIC PAHTH.
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B kaxnoil CTpoke paHroBbIM 4YHCIAM IPUCBAWBAIOTCS IOCJIEI0BATEIBHO
HETIOBTOPSIOIINECS MECTa, a 3aTEM OIpeNessieTcsl cpeiHee apu(pMeTuIecKoe CyMMBbI
MECT, KOTOpBIE 3aHUMAIOT OOBEKThl C OJMHAKOBBIMH paHraMu. OTO 3HAUYECHHE
3aMKMCBIBAETCS B HOBYIO HOPMHUPOBAHHYIO MATpPHUIy Ha MECTO COOTBETCTBYIOIIETO
paHra.

Hanpumep, nis nepBoro skcnepra paHr 1 moBTOpsieTCs Ba pa3a, OH IMIPUCBOCH
TPEThEMY U MATOMY KPUTEPHUSIM, KOTOpbIE, TAKUM 00pa3oMm, UMerT mecta 1 u 2.
3HAuUUT, HOPMUPOBAHHBIA pPAHT ATUX OOBEKTOB, MPEJCTABISAIOMIMIA COOOHM cpenHee
apupmMeTHIecKoe ux MectT, paBeH (1 +2) /2 =1,5. 310 4ucio 3anuchiBacTCsl B HOBOM
matpuiie (Tad. 4.2) B IepBOil CTPOKE TPEThEH U MATOM STUCHKeE.

Jliist ynoOGcTBa MecTa MOYKHO TIOJIMKUCHIBATh B KCXOTHON MaTpHIIE, KaK B TIEPBOM
U BTOpPOH CTpoKe Tad. 4.1, B BEpXHEM IIPABOM YTy STUCHKHU.

Panrosoe uncno 2 nmoBTOpsieTCs B MEPBOM CTPOKE OJMH Pa3, €My ITPUCBAUBACTCS
CIIe/IyIoIIee MECTO — 3, KOTOpoe U OyAeT HOBBIM HOPMHPOBAHHBIM paHroM (TepBast
syeiika). Panry 3 Oymyt mpucBoensl mecta 4 u 5, mostomy 3Hauenue (4 +5)/2=4,5
3aliMET B HOBOW MATpHLIe BTOPYIO U LIECTYIO TYECHKHU.

AHanOruyHO ONPENENSIOTCS HOPMUPOBAHHBIE pPAHTU M JUISL  OCTAJIbHBIX
KpuTepueB. B pe3ynpTaTe HOpMHpPOBAaHUS MaTpulia MPUOOpPETAET CIAEAYIOIIHUNA BUA
(tabx. 4.2). [locnenHsist cTpoka 3TOM TaOIMIBI COACPKUT CYyMMbl HOPMUPOBAHHBIX
PAHTOB ISl KaXKJIOTO KPUTEPHUSI.

Tab6nuua 4.2 - Tabnua HOpMUPOBAHHBIX PAHTOB

Kputepun

DKCIEPTHI 1 2 3 4 5 6 T
1 3 4.5 1.5 6 1.5 4.5 12

2 | 3 3 5 3 6 24

3 1.5 5.5 1.5 4 3 5.5 12

4 2.5 4.5 1 6 4.5 2.5 12

S 3 1 S 3 6 24
CvMmma 11 20.5 8 26 15 14.5 84

B Ta61n. 4.2 BBeneH cronben 7;, KOTOPHIN OyJET Janee UCIOIb30BaH IS OIEHKH
JIOCTOBEPHOCTH TOJIYYEHHBIX pe3yJabTaToB. Bemuuuubl 7; paccUUTHIBAIOTCS TI0

dbopmyie
4.1
Tizz(fj3‘tj) @b
t:

TA€ ¢ — YMCIIO MOBTOPEHUM j-TO PAHTOBOI'O YHCJIA B i-OM CTPOKE.

B mpumepe ¢ yeThipexOATIIbHON CHCTEMOM OIEHOK YMCIIO ClaraeMblX 3TOU
dbopmyinel paBHO 4. /{151 mepBoro skcrnepTa panru 1, 2, 3 u 4 noBropsuuch 2, 1,2 u 1
pa3, COOTBETCTBEHHO,

i=2-2)+(1P-DH+23*-2)+(13-1)=12.

[TockonbKy GoJiee BaXKHBIA KPUTEPUN UMEET MEHBIITUN PaHT (3TO YCIOBHE NIPH
HOPMHUPOBAaHUU  COXpaHSETCS), TO  HAUBAXKHEUIIEMY KpuTeputo  Oyner
COOTBETCTBOBaTh MUHHUMallbHasi CyMMa HOPMHUPOBaHHbIX paHroB. Kak BuaHO u3
IPUBEIEHHOTO TIPUMeEpa, IIEPBOE MECTO U HaWOOJbIIIEE MPEANOYTCHUE TOJKHBI ObITH
OTJIaHbI TPETbEMY KPUTEPHIO, BTOPOE MECTO — MEPBOMY U T. 1.
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CreneHb COrJacOBaHHOCTH MHEHUN 3KCHEPTOB OLIEHMBAETCS C IOMOUIBIO
ko3¢ unrienTa koHkopraunu Kenpanna, KOTOpslid pacCUUTBIBAETCS 1O (hopmyJie
125 @)
W= 2(. 3 ’
m-\n°—n)-b

A BCJIMYKMHA S BBIYUCIIACTCA 110 q)OpMy.HC

€)

n m

2
s=) ul-j—lm(n+1) , b=m)_ T.
j=1li=l1 2 i=1

m m

Ucnons3yembie B (2) u (3) cymMbl zlluy u Zti oepyTcs U3 TO-

i= i=1

cienHelt ctpoku Tad. 4.2.

Kosdpdumment Kennanna moxet uamenstoes ot 0 1o 1, npuyem, yem Oimske ero
3HAYEHHE K €AUHHUIIE, TEM BBIIIE COTJIACOBAHHOCTh MHEHUU 3KkcniepToB. [lpu W > 0,5
(MHEHHE DKCIIEPTOB coriacoBaHo Oosiee yeM Ha 50%), pe3yJIbTaThl ONMPOCa MOTYT OBIThH
UCIOJIb30BaHbl B naibHeimem. [lpu W < 0,5 (MHeHHE He COTJlacOBaHO) HEOOXOAMMO
IIPOBOJIMTH HOBBIN KCIIEPTHBINA OIMPOC.

Jlns mpuBeneHHoro npumepa  m(n+ 1)/2=5(6+1)/2=17,5.

Torna

s=(11-17,5%+(20,5-17,5*+ (8 —17,5*+ (26— 17,5)* +
(15-17,5+ (14,5 - 17,5)* = 229;
b =15 x84 =420;
W= (12 x229)/ (5%(6> - 6) — 420) = 0,57.
MHeHMe 3KCIEepTOB B 3TOM ClIydyae cOrjacoBaHo Ha 57%.

2. Cogep:xanne padoThl

l. Ins 3agaHHOrO BHAA YNAKOBOYHOM MPOAYKIMU COCTaBUTh B TETPAIH
TaOJIMIly METO/Ja paHroBoi Koppemsuuu (cMm. Tabm. 4.1) ¢ TpUHAILATHIO
NPEIJIOKEHHBIMU BBIIIIE KpUTEPUsIMHU, T. €. n = 13. B 3arosoBke TaOMuIBl yKa3aThb
OIICHMBAEMBbII BUJI TPOAYKIUHU (MCXOJAHBIC IAHHBIE).

2. 3amnojgHUTh MEPBYK CTPOKY TaOJMIBI B KauyeCTBE MEPBOTO IKCIEPTA,
UCIIO/Ib3YA MSTHOAIIBHYIO CUCTEMY PAHTOBBIX YHCEIL.

3. B kauecTBe OCTAIbHBIX IKCIIEPTOB JOJKHBI BEICTYUTh APYTUE CTYICHTHI (HE
MeHee ceMu 4eNoBeK (m >7)). Takum oOpa3oMm, KaxAblii CTYJEHT OIEHHUBAET
pa3iMuHble BUJLI TPOAYKIUHU (71 ATOr0 YAOOHO TIOCJIEIOBATEIHHO MEHSThCS
TETpPaAsIMU C COCEISIMU IO ydeOHOH rpymme). DKCIepTHYI padoTy HEOO0XO0IuMO
MPOBOJIUTH C YYETOM CIIeU(UKN KaXKIOT0 U3 OLIEHUBAEMBIX 0ObEKTOB.

4. Jlanee KaxkIbIil CTyIEeHT oOpabaThIBaeT pe3yibTaThl OJHOTO IKCIEPTHOTO
orpoca (TadJuIly B CBOCH TETpaau) MO METOIYy paHTOBOW Koppensiuuu. [lepBoie nBe
CTPOKH TaOJHIIBI CJIEAYyeT MPOHOPMUPOBATH BPYUHYIO JJIA JIYYIIETO MMOHWMAaHUS
ornepanu HOPMUPOBAHUS.
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5. IlpoBecTH aBTOMAaTHU3UPOBAHHYIO OOpPabOTKY pe3ylbTaTOB, HCIONb3YS
nporpaMmy Ha s3bike llackane (mpuiiokeHue 1), WM CaMOCTOSITENIBHO COCTaBUB
nporpammy B nakere MathCAD (mpunoxenue 2 cOmEpXKUT IPUMEpP MNPOLEAYPHI
HOpPMHpOBaHUs). B KkauecTBe 5IE€MEHTOB HCXOJHOW MATPHUIBI BBICTYNAIOT BCE
COOTBETCTBYIOIINE YHMCIIA UICXOAHOMN TaOIHIIBI.

6. CBepuTh pydYHbIE W aABTOMATU3MPOBAHHBIE pPE3yJIbTaThl HOPMHUPOBAHUS
nepBeIX CTpOK. [Ipoananu3upoBaTh pe3yJIbTaThl.

3. UcxoaHbie JaHHBIE

1.11IxonbHBIM y4EOHHK IO MATEMATHKE JJI CPEAHUX KIIACCOB.

2. Xyn0’keCcTBEHHAS JIUTEPATYpa U3 ceprn «bUOIMOTEKa KITaCCUKI.

3.Y4yeOHuK 111 BY30B.

4.KaTtanor-npocnekT K aBTOMOOUILHON BBICTABKE.

S.bnaHo4Hass MPOMYKLHs, KOTOpas HE SABJISIETCS OCHOBHOM INPOIyKLIHEH B
oO011el MPOU3BOICTBEHHON MTPOrpaMMe MPeaPUSITHSL.

6.E>xenHeBHas rasera.

7.Pa3roBOpHUK HAa UHOCTPAHHOM SI3BIKE.

8.bII0KHOTBI, BBIIyCKaEMble Ha NPEANPUATHN, HE CIIELHATN3UPYIOIEMCS Ha
O€OBBIX TOBapax.

9.11onmaTHNEHOBAs YITAKOBKA ISl MTUIIEBBIX POIYKTOB.

4. KoHTpOJIbHBIE BONPOCHI

1.B ueMm cyTh MeTO/1a paHTOBOM KOPPEIISLIMU Ha OCHOBE IKCIIEPTHOTO OIpoca?

2.TTosicauTe HA MpUMepe MpoLEeAypy HOPMUPOBAHUS.
3.Kaxk BbiOupaercst HauBakHe Mt kpurepuid ontTumanbHocTu? [Toyemy?
4.Yto Takoe k03(PUIMEHT COTIACOBAHHOCTH, KaKWE 3HAYCHHS OH MOXET

PUHUMATH?
S5.Korma MHEHHE 3KCHEPTOB CUYUTAETCS COTJIACOBAHHBIM, KaK OHO

UCIIOJIb3YETCs B ajibHENHeM?
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JlabopaTopnasi padora Ne 9. MeToa napHbIX CpaBHEeHUH ISl BBIOOPA

HANJYYHICTO TEXHOJIOIHYECCKOI'o BapuaHTa

1. KpaTkue TeopeTnueckue cBeeHUs

Kputepun onrtumManbHOCTH IO CBOEMY  XapakTepy MOTYT  OBITh
KaK KOJIMYECTBEHHBIMU, TAK U Ka4ECTBEHHBIMU. KOIMUYECTBEHHBIE KPUTEPUUA MOTYT
OBITh BBIPAXKEHBl YMCIEHHO B KOHKPETHBIX €IMHUIAX U3MEPEHUs: ceOeCTOMMOCTh
IIPOAYKIMHU, BpEMs U3rOTOBJIIEHUA U T. J. KauecTBEHHBIE KPUTEPUHU OLICHUBAIOTCS
JOBOJIBHO CYOBEKTUBHO: YJIOOCTBO MCIOJIb30BAaHMs, 3CTETHUYECKUA BHI U Ap.,
KOTOpPBIE HUKAKUM YHMCJIOM HE BBIPAKAIOTCH.

J171s TOro 4yTOOBI BHIOPATh TEXHOJIOTMYECKUN BapUAHT, OTBEUAIOIUI KPUTEPHUIO
ONTUMAJILHOCTH, MOKHO HETIOCPEICTBEHHO PACCUMTATh 3HAYCHUS KPUTEPHS, @ TAKKE
WCIIOJIb30BaTh CPABHEHUE BAPUAHTOB METOIaMU perpeccru. OHaKO BCE 3TO JOBOJIBHO
TPYIOEMKO 151 HE BCErJa BO3MOJKHO,
€CJIM HEeJIOCTATOYHO JAHHBIX WM KPUTEPUHU ONTHUMAIBHOCTU BOOOIIE HE MOJJAI0TCS
KOJINYECTBEHHOMY ONMCAaHHI0. B 3TOM ciydae 1e1ecoo0pa3Ho HCIIOJIb30BATh
DKCIIEPTHBIHN OIPOC.

Meron mNapHBIX CpPaBHEHHH OCHOBaH Ha TOM, 4YTO JKCHEPTHI IIONAPHO
OLICHUBAIOT IIPEIJIOKEHHBIE TEXHOJIOTMYECKUE BapUAHThl B COOTBETCTBUU C LIEJIEBON
YCTAHOBKOM — KPUTEPUEM ONTUMAIBHOCTH. YHMCIO 3IKCIEPTOB — m, KOIUYECTBO
BapUaHTOB — A.

Kaxprit sxciept 3amoaHseT oy Tadnuiy (cMm. Tabm. 5.1), 31eMeHThl KOTOPOi
aij = 1, €CIM i-bIi BADUAHT C TOUKHU 3PEHUS KPUTEPHUSA ONITUMAIIBHOCTH JIYULIE j-TO, ECITU
i-bIf BapUaHT XyXke j-ro — a;; = 0. TakuM 00pa3oM, Bcer/ia BBIMOIHIETCA YCIOBUE a;f +
@i =1, U 3KCHEPT MOXET 3aMOJHUTh TOJIBKO 4YacTh TaOMMIbl (BBILIE WIM HIXKE
JMAaroHajan), a B OCTABIICHMCS 4acTH TaOMUIBI MOKHO 3alKMCaThb COOTBETCTBYIOIINE
IPOTHUBOIIOJIOKHBIE DJIEMEHTHI.

Tabnuma 5.1
Tabnuma napHbeIX cpaBHEHUH 1-r0 dKCmepTa
TexHoJIor. BApUAHT 1 | 2 | 3 | 4
1 — 1 0 0
2 0 — 1 1
3 1 0 — 0
4 1 0 1 —

Bce m 3anonHeHHBIX TaOJWIl MO3JIEMEHTHO CKiaabiBatoTcs (Tabdi. 5.2). B
pe3ynbTaTe MmojgydaeTcs Tabyiuia ¢ dIeMeHTaMu by, TI€ MaKCUMAJIbHBIN 2JIEMEHT HE
OombItie m. [ pe3yabTUpyoIIei Ta0IuIlbl BHITIOHSIETCS ycnoBue b + b = m.

Bo3MoskHBI# pe3ynbTat orpoca 6 3KCIepToB NpecTaBieH B Tab. 5.2.

Tab6nunma 5.2 -CBojnHas TabnuIa MapHBIX CPABHEHUI

Texuomor.

BAPHAHT 1 2 3 4 Cymma Panr
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1 - 5 4 2 11 2
2 1 - 6 5 12 1
3 2 0 - 2 4 4
4 4 1 4 _ 9 3

CyMma B KaXJIOM CTpPOKE IOKa3bIBAaET, CKOJBKO BCEro pa3 ATOT BapUaHT
OPEANnoOwId BCEM OCTAJIbHBIM. MakcuMaiabHOE 3HAUY€HHE CYMMBbI COOTBETCTBYET
HaWJIy4llIeMy BapUaHTy TEXHOJIOTMH, KOTOPOMY IPUCBAaUBAETCS MEPBBIM paHT U Janee
0 TOPAJIKY. MOXET 0Ka3aThCs, UTO HECKOJIbKO BapHUAHTOB PAaBHO3HAYHBI, TOTAA JJIS
BBIOOpA UCTIONB3YIOT CIEIYIONINI M0 BaXKHOCTH KPUTEPUIA (C paHTOM, PaBHBIM 2).

CreneHb COrjJacOBAaHHOCTH MHEHHUH 3KCIEPTOB OLICHUBAETCS C IMOMOIIBIO
kodhuIreHTa, KOTOPBIA pacCCUUTHIBAETCS 1O (HOpMyJie

(5.1)
V = 10
m-n(m—1)n-1)-
rjae BeauduHa Q BBIUUCIACTCS 10 popmyJie
(n—1) m(m— §5'2

0-% 3 (b, F-mY b, +" =1,

i=1 j=i+l i=1 j=i+l 2 2

Cnenyer o00paTuTh BHHUMAHHE, YTO MPU BBIUUCIECHUU () CYMMHPYIOTCS
AJIEMEHTBHI, 1151 KOTOPBIX HOMEp CcT01011a j 00JIbllle HOMEpA CTPOKHU | — 3TO 3JIEMEHTHI,
PaCIOI0KEHHBIE BBIILIE THATOHATIN.

MHeHME KCTIEPTOB CUUTAETCS COTIIACOBAHHBIM, eciu V> 0,5.

2. Cogepxanue padoThl

1. Ins ananu3upyeMoro paHee BHUAA MPOAYKIHMH (CM. UCXOJHBIC JaHHbBIE K
nabopatopHoii padore Ne4) coctaBuUTh He MeHee 4-X BO3MOXKHBIX BapHaHTOB
U3rOTOBJICHUA. BapuaHTbl MOXKHO NpPENCTAaBUTh B BHJIE CXEM, TEXHOJOIMYECKUX
LENOYEK, MOONEPALMOHHBIX KapT WU CIIOBECHOT'O OMUCAHUS TEXHOJIOTUH.

2. CpaBHMBasi TEXHOJOTHMM C TOYKH 3PEHHSI YJOBJIETBOPEHHS KPHUTEPUIO
ONTUMAIBHOCTH, 3allOJIHUTh MEpBYI0 TaOnuily Buga 1 (TONBKO BBIIE JUATOHAIH).
OcTanbHBIMU 3KCHIEPTaMH, KakK U paHee, OyIyT Jpyrue CTYACHTHI IpyNmbl. DKCIEPTOB
JOJDKHO ObITh He MeHee ceMu. [IpenocTaBisist skcnepTaM TaOJIUIBl s 3all0JHEHUS,
CIIEAyeT YKa3aTb KpPUTEPUH ONTUMAIBHOCTUM JJII CPaBHEHUS TEXHOJOIMYECKUX
BapUaHTOB.

4. CocTaBUTh peE3yNbTHPYIOIIYIO TaOMUIly ¥ BBIOpaTh ONTHUMAIbHBIN
TE€XHOJOTUYECKHUI BAPUAHT BPYUHYIO.

5. IlpoBecT aBTOMAaTU3WPOBAaHHYIO 0OpabOTKY pe3yJbTaTOB, COCTaBUB
nporpammy B makere Mathcad (mpumep npuBeneH B npuiiokenuu 3). B kauectse
AJIEMEHTOB MCXOAHBIX MAaTPHI] BBICTYIAIOT BCE COOTBETCTBYIOIIME YHUCa TaOJIHII,
3alIOJTHEHHBIX IKCIIEPTAMH.

6. CBepUTh py4HbIE U aBTOMATU3UPOBAHHBIC Pe3ysbTaThl. [Ipoananu3upoBath
HaWJCHHYIO BEJIMYUHY KPUTEPHS COTIACOBAHHOCTH.
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3. KoHTpOJIbHBIE BONPOCHI

1. B yem 3akiroyaeTcsi CyIIHOCTh METOJa MapHBIX CPABHEHHMM Ha OCHOBE
HKCHEPTHOTrO onpoca?

2. IToueMy SKCIIEpPTHI MOTYT 3aIIOJIHATH JIUIIb OJTHY YacTh TaOIUIIbI?

3. Kax BeiOupaercsa Haunyumas texaonorusa? [Touemy?

4. Ecniu B pe3ynbTaTe oOmpoca 8-MHU IKCIEPTOB b3s =6, TO yeMy paBeH
3JIeMEHT bs3?

5.B kakux chaydasx IenecooOpa3HO MCIOJIb30BaTh METOJ MapHbBIX
CpPaBHEHUM /11 BbIOOpA ONTHUMAJIBHOTO TEXHOJIOTHYECKOrO BapuaHTa?
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JlabopaTopnas padora Ne 10. OnTumManbHbIN NOPAIOK 3aIIyCKAa

YIAKOBKH B IPOU3BOACTBO

1. KpaTkue TeopeTnueckue cBeeHUs

TexHonoruueckuii  mpouecc MpeNCTaBIseT COO0OM  OmpellesIeHHYIO
[OCJIeI0BATENIbHOCTh omnepanuil. [lopsaok mnpoxoxkaeHHEe 3aKka30B IO LEXaM,
yd4acTKaM, OIepaiusiM, MalluHaM He MOXeT ObITb H3MEHEH (MOTYT TOJBKO
OTCYTCTBOBAaTh HEKOTOphIE omepainun). OAHAKO MPH BHIIOJTHEHUH TaKeTa 3aKa30B
€CTh BO3MOKHOCTb ONTHUMHU3UPOBATh MPOU3BOIACTBEHHBIH MpPOILIECC MO BPEMEHH,
MyTeM U3MEHEHHUS 0YEPETHOCTH BBIMOJHEHUS 3aKa30B.

JIns KakIoM W3 BO3MOXKHBIX TOCIIEOBATEIBHOCTEW 3aKa30B OIPENCIACTCA
IPOJIOJDKUTENIFHOCTh BCErO MPOM3BOJCTBEHHOIO TMpoliecca M BhIOMpaeTcs HauMeHee
pOIOJDKUTENBHBIN BapuaHT. Kpome 00111eli po10KUTEIbHOCTH MPOIIECca, PH OIICHKE
K@XIOTO BapuUaHTa pacCMATpUBAIOTCA ©  JAPYIHe TOKa3aTeld PUTMHUYHOCTH
POM3BOJICTBA.

[TycTh u3BEeCTHO BpeMsi 00pabOTKHU Kaxk10ro i-ro 3akasa (i =1, 2,..., m) Ha j-oi
mamuHe  (j=1,2,...,n)—1t;. Bpems o00buHO 3amaeTcs B Yacax, TOI/la BcCe
XapaKTEepPUCTUKHU MTPOU3BOACTBEHHOTO Tpoliecca paccuuThiBatoTcs B yacax. Ho, ecnu
paccMaTpuBaeMble MalllMHbl UMEIOT Pa3HYyI0 CMEHHOCTh PabOThl, TO HEOOXOIUMO
NIEPEeBECTU BpeMsi 00pabOTKH ¢; B paboune THU, HHAYE MOKHO TMOJIYYUTHh HEBEPHBIC
pe3yabTaThl (CM. IPUMEP HUKE).

Matpunia 3aTpar BpeMeHH Ha 0O0paOoTKy (B uacax) HMEET CTPYKTYpY,
aHaAJIOTUYHYIO TaouI. 6.1.

TabOnuma 6.1 Tabnuma 6.2
Bpewms 006paboTku, u Bpewmst 06paboTku, 1H.
MarmuHbl MamuHb!
3aKa3sbl 1 2 3 3aKa3sl 1 2 3
1 16 56 24 1 | 7 3
2 64 40 48 2 4 5 6
3 32 64 72 3 2 8 9

3arpaTbl BpeMEHHU B AHSIX OyayT MOJyYeHBl JEJIEHUEM BPEMEHHM B yacax Ha
YHCII0 paboYnX 4acoB B JIEHb JUIsl COOTBETCTBYIOLIEH MamuHbl. [lycTh (11 npumepa
u3 Taoi. 6.1) mepBas MamrHa pabOTaeT B ABE CMEHBI, @ BTOpPas U TPEThsI — B OJIHY,
T. €. B JIEHb OHU paboTaroT 1o 16, 8 1 8 4 COOTBETCTBEHHO. 3aTpaThl BPEMEHU B JHAX
npeAcTaBiIeHbI B Ta0d. 6.2

PaccMoTpyuM BhIUKCIEHUE OPOIOKUTENHHOCTH 00PaOOTKH djj.

[Tpo10KUTENBHOCTh 00PabOTKM — 3TO BpeMs OKOHYAHHS OOpaOOTKU i-TO
3aKa3a Ha j-0il MallluHe OT Havaja MPOU3BOACTBEHHOrO Mpoiiecca (cM. Tabi. 6.3 u 6.4).
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TabOnuma 6.3 Tabnuma 6.4

[TpooIKUTENBHOCTD [TpoaoIKUTETBHOCTD
00paboTKH, U 00paboTKH, TH.
Manmmabl Manmabl
3aKa3el 1 2 3 3aka3sl 1 2 3
1 16 72 96 1 1 8 11
2 80 120 168 2 5 13 19
3 112 184 256 3 7 21 30

[TonsitHO, uTO d11 = #11. [locne okoHyaHust 0OpabOTKU MEPBOTO 3aKa3za Ha MEPBOU
MaIlIMHE OH MOCTYMUT Ha BTOPYIO U BBIMAET U3 HEe 4epe3 f12 YacoB (JIHEH) B MOMEHT
di2=du + tiz=ti1 + t12. loGaBUB K 3TOMY 3HAYEHHUIO BpeMs €ro oOpabOTKHU Ha TPETheil
MallliHE #13, TOJlyYUM MOMEHT TOJHOTO 3aBeplieHHss 00padOTKH MEPBOro 3akasa di3
=dn+ti3=t + it ts.

Bropoii 3aka3 mocTynuT Ha MEpPBYIO MAIIMHY TOTAa, KOTr/a Ha HEel 3aKOHYUTCS
00paboTka mepBoro 3akasza (di1), 3aBepIIUTCS €ro oOpaboTka Ha ATOW MallMHE B
MOMEHT dz1 =di1+ t1 =t + f1; ¢ DTOr0O BPEMEHH Ha TMEPBOM MAaIIMHE HAYHETCS
00paboTKa TPETHETO 3aKa3a U 3aKOHYUTCS Yepe3 f31 YaCOB B MOMEHT d31 = da1 + 131 =
=t Tt B

Bropoii 3aka3 mocTynuT Ha BTOPYIO MAIlIMHY MOCJE TOro, Kak 0ynet oopadoTan
Ha MEpPBOM M KOTJa BTOpas MalllHa CTaHET CBOOOJHA IMOCJE BBIMOJHEHHS MEPBOTO
3akaza. T. e. mporecc 00pabOTKH i-Tr0 3aKa3a Ha j-0il MallIMHE HAYHETCS B 3aBUCUMOCTH
OT TOrO, YTO MPOM3OMAET IMO3KEe: OCBOOOAUTCA ATa MallMHA OT MPEAbIIYIIEro
3aKaza d,-1,; WK 3aBepIIUTCS 00paboTKa paccMaTpUBAEMOI0 3aKas3a Ha Mpeablayien
MaimuHe d;j-1. B mepBoMm ciydae i-blif 3aKa3 MpOJIEKUBAET MEXAy j—1-0Ml u j-oif
orepanusM, BO BTOPOM — IIPOCTAMBAET MalllMHA B OKUJIAHUM OYEPEIHOTO 3aKasa.
Tornma okoHuanue oOpabOTKH BeIUUCsAETCs o0 popmyde d;;=max(di1,, dij-1) + tij.

Hanpumep, 115 paccmatpruBaeMoi 3a1a4uu:

dry = max(diz, dz1) + t22 = max(72, 80) +40 =120 yu;
d32 = max(da, d31) + 32 =max(13, 7) + 8§ =21 nueit.

Bpems okoHuaHusi 00pabOTKU MOCIEHETO 3aKa3a Ha MOCIEAHEH MaluHe dpn
— ecThb 001Ias IPOJOJDKUTENBHOCTD IMpolecca. B nmpumepax ona paBHa 256 u u 30
OHEH. 3aMeTHM, 4TO IpU OAHOCMEHHOW padore 256 4 OyAyT SKBUBAJCHTHBI
256 / 8 = 32 pabouuM AHSIM.

Ha ocHoBaHMM MaTpuil BpeMEHU U MPOJAOIKUTEILHOCTH 00paboTku (f U d)
pPacCUUTHIBAIOTCA CICAYIONIME MOKa3aTeJdu PUTMHUYHOCTHU POU3BOJICTBEHHOIO
nopolecca.

Yucroe Bpemss 00paboTKu i-ro 3akaza — OTO CyMMa D»JIJIEMEHTOB B
COOTBETCTBYIOILIEH CTPOKE:

L= 2t (1)
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OO01mast mpoJIOJKUTENBHOCT 00pabOTKU I-T0 3aKa3a — 3TO pa3HHUIA MEXIY
MOMEHTOM 3aBeplieHus 00paboTKHY 3aKa3a Ha MOCIeAHEH (77-0ii) MallTiHE U MOMEHTOM
Hayajga ero oOpaOOTKM Ha mepBoMl wmamuHe (T.€., Korja IiepBas MalluHa
0CBOOOIUIIACH OT MPEBIAYIIEIO 3aKa3a):

Di= dip—di. 2)
Bpewms nposiexxuBanus i-ro 3aka3a B mpoiiecce 00padoTKu:
Li=D;-T. 3)

Honst addextuBHO paboThl B mporecce oOpabOTKH i-ro 3akaza d; —I3TO
OTHOIIIEHUE YMCTOTO BPEMEHH 00paOOTKH K MPOJAOIIKUTEIIHPHOCTH C y4€TOM ITPOCTOCB;
cpenHee apu(PMEeTHIEeCKOe 3TOTO MOKa3aTeNsl M0 BCEM 3aKa3aM €CTh 3HAYCHUE JIOJH
s exTuBHON PabOTHI HAJT 3aKa3aMHU:

_1m 4
ai=1Ti/D;, Aep=—24a; . #)
i=1
[ToHsATHO, YTO HJI TEpPBOrO 3aKasa, MEpell KOTOPHIM MAIUHBI HE 3aHSATHI,
s dexruBHOCTH 00padoTku 100%-nas: L1=0, a1= 1.
AHaJIOTHYHBIM 00pa30oM BBOIATCS (HOPMYJIBI, XapaKTepHU3yIOIIHe padoTy j-oi
MaIIUHEI.
Yucrtoe BpeMs pabOTHl j-Oif MaIIWHBI (CyMMa BpPEMEH B COOTBETCTBYIOIIEM
cToobIie):
i 5
iz
OO1as 3arpyska j-oil MallIMHBI OT Havaja ee paboThl HAaJl MEPBHIM 3aKa30M (MOMEHT
OKOHYaHUs O0OpabOTKM TIEPBOTO 3aKa3a Ha MPEIBIIYIIEH MallldHE) 10 3aBEPIICHHS
00pabOTKU MOCIEAHETO 3aKasa (m-ro):
Bi= dn;j—di1 1. (6)

IIpocTowu j-0i1 MaIIHBL:
S= B~ M (7

YpOBEHb HCHOJIB30BAHUS j-OM MAIMHBI p; U CPEAHUN YPOBEHBb HCIIOJIb30BAHUS
MOIIIHOCTEN BCEX MAaIlIUH:

pi=M/B;, , 14 (8)
Dep nzp]

Jj=1

2. Conepxanue padoTbl

1. Inst MaTpuiibl BpeMeHH 00paboTku (TTpH MOCTIEA0BATEIIbHOCTH

—2—3, 1—2—3—4 wm 1—2—3—4—5) 3anucate MaTpUIly
IPOAOKUTEIBHOCTH 00paObOTKU, ONPEIEIUTD OOIILYIO TPOOIKUTEILHOCTD MpoIlecca
B yacax (BpYy4YHYIO).

2. Ucnonb3yss Martemathueckuid maker Mathcad, Hailtu  Matpuibl
NPOAODKUTENBHOCTH JUISI BCEX 3aJaHHBIX BapHAaHTOB 3allyCka YIAaKOBKH B
IPOU3BOCTBO (MPIIIOKEHNE 4 COEPKUT MPUMEP BEIYUCICHUS TPOAOKUTEIHLHOCTH).
[Ipyu wu3MeHeHHM  TOpsAOKAa 3alycka YHaKOBKM COOTBETCTBYIOIIMM 00pa3oM
NEPECTABIISIIOTCS CTPOKU UCXOTHOM MATPHUIIBI.
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3. CpaBHI/ITI) PYYHBIC 1 aBTOMATU3HUPOBAHHBLIC PACUCTBI IJIA IMOCICA0OBATCIIb-

HOoCcTH |—2—3,

—2—3—4 wmm 1—2—3—4—5. Cpeanm paccMaTpuBaeMbIX

BapUaHTOB BbIOpATh HAUMEHEE MPOIOJKUTEIbHBIMN.

4. J1nst BBIOpaHHOTO ONTUMAJIBHOTO MOPAJIKA 3aIlyCKa 3aKa30B pacCUUTaTh BCE
NOKa3aTeJd PUTMUYHOCTH TPOM3BOJICTBA B dYacax (C HMCIOJIb30BAHMEM IIaKeTa
MathCad). HaiiTu anamornuHele mokasaTesid ¥ MpoI0JKUTEILHOCTh 3TOTO Mpoiiecca

B JHAX C YYCTOM SaﬂaHHOﬁ CMCHHOCTH pa6OTBI 060py,IIOBaHI/IH.

COOTBETCTBYIOIIHNE KOIPPUIIUEHTHI.

CpaBHUTH

3. UcxoaHbie JaHHBIE

1. Bpewmst 06paboTku, u
MaruHs Bo3MoskHBIE TTOCIIEI0BATEIBHOCTH 3aITyCcKa
3akasbl (4MCII0 CMEH) 3aKa30B B IPOHU3BOJICTBO:
1(2) | 2(1) | 3(1) 2-3-1-4
1 48 32 96 1-3-2-4
2 32 36 64 2-4-1-3
3 32 48 88
4 48 32 72
2. Bpems 06paboTku, 4
MarmuHsl Bo3MoskHBIE TTOCTIEIOBATEIBLHOCTH 3aITyCcKa
3akasbl (4MCII0 CMEH) 3aKa30B B IPOU3BOJICTBO:
1) | 22) | 3(1) 1-2-4-5-3
1 56 32 8 3-1-5-4-2
2 48 16 16 5-4-2-1-3
3 40 32 12
4 40 48 14
5 48 32 14
3. Bpewms 06paboTku, u
Mamunst Bo3moxHbIe MOCJIEIOBATEIbHOCTH
3akasbl (4uciio cMeH) 3aIycKa 3aKa30B B IPOU3BOJICTBO:
I 2 31 [42) 2-3-1
16 8 48 16 1-3-2
2 8 24 16 32 2-1-3
8 12 32 32
4. Bpewmst 06paboTku, u
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MariuHb! Bo3MoOHBIE TTOCIIEIOBATENBHOCTH 3aITyCKa

3akassl (4UCII0 CMEH) 3aKa30B B MPOU3BOJICTBO:
1() | 2(1) | 32 1-2-4-3
1 48 8 48 3-1-4-2
2 64 16 32 4-2-1-3
3 40 28 32
4 32 24 40

Bpewms 00paboTku, 4

ManmmHbr

Bo3moxHbIE IIOCJIEA0OBATCIBbHOCTH

3akassl (4uCII0 CMEH) 3amycKa 3aKa30B B MPOU3BOJICTBO:
1) 22 |32 [40D) 3-2-1
16 24 48 16 1-3-2
2 24 16 32 32 3-1-2
32 32 64 40
Bpewms 00paboTku, 4
MamninHbl Bo3MmoxkHbIE OCJIEI0BATCILHOCTH
3akasbl (4ucCII0 CMEH) 3amycKa 3aKa30B B MPOU3BOJICTBO:
L(1) | 2(1) | 3(2) |4(1) 3-2-14
1 40 16 48 16 1-34-2
2 48 16 48 32 3-4-1-2
3 32 24 64 40
4 40 40 48 24
Bpewms o6paboTku, 4
MarmuHbl Bo3MoxHbIE II0CJIEI0BATENb-
3aka3bl (4ucI0 CMEH) HOCTHM 3aIlyCKa 3aKa3oB B IIPO
W3BOJICTBO:
1) | 22) | 32 [41)|5D)
16 24 48 16 | 16 2-1-3
2 24 16 32 32 | 8 2-3-1
32 32 64 40 | 8 3-2-1
Bpewmst 06paboTku, u
MamuHbl Bo3MmoxHbIE MOCJIEAOBATEIBHOCTH
3akassl (4uciio CMEH) 3amycKa 3aKa30B B MPOU3BOJICTBO:
1) | 212) ] 3(1) |4 2-3-1-4
64 16 40 16 1-2-4-3
2 48 16 32 32 4-1-3-2
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32 32 40 8
4 64 32 48 16

4. KOHTpPOJIbHBbIE BONPOCHI

1.YTo 03Ha4aeT 2IE€MEHT MaTpHIIbI 7

2.49t10 Takoe npoAoJKUTEIBHOCTh 00pa0OTKH d;j, KAKMM 00pa3oM OHA HAXOIUTCs?

3.Kak onpenenuts onTUMaIbHBIN MOPSAOK 3aITyCKa YIIAaKOBKH B IIPOU3BOJICTBO?

4.Yemy paBHa 0011as1 TPOIOJKUTEIBHOCTH MPOU3BOJICTBEHHOIO Iporiecca?

5.Kakue mapameTpbl XapakTEepU3yIOT PUTMUYHOCTh paboThl 00opynoBanus? Urto
XapaKTEPU3YIOT BEIUYHUHBI @ U dcp?

6.MoxeT a1 ObITh p1 MEHbLIE €ANHUIIBI, TOUEMY ?

7.B KakuxX €IUHUIAX OIPENEISAIOT ITOKA3aTeIM IIPOrpaMMBbl BBINYCKA, €CTh JIH
Pa3HMIA [IPU UX UCIIOIb30BAHUU?
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JlaGopaTopnasi padora Ne 11. CocraBjieHre TeXHUKO-

IKOHOMHUYECKOU MOIEIH MMpoU3BOACTBA

1. TeopeTnueckmne CBeIeHUs

OCHOBOM 11 TOCTPOEHUSI MOJIENIH CIIYXKUT CX€Ma TEXHOJIOTMYECKOro Impoliecca
(puc. 7.1), B KOTOpOW MOKa3aHbI CBSI3M MEXKIY 3JIEMEHTAMU (CTPEIKH), KOJIHMYECTBO
IPOIYKIIMU, TPOU3BEACHHON Ha KXo omepamnuu Texmporecca (Iudpsl BHYTpH
IPSIMOYTOJBHUKOB), W KOJWUYECTBO NPOJAYKIMHU, IMEPEIaHHOW HA TMOCIEAYIOIIYIO
orepaiuio B kKadecTse noiydadpukarta (Ludpbl 0Koio crpenok). Onepanuu ogHOM
TEXHOJIOTUYECKOU CTaJIuM HE CBSI3aHbI APYT C IpyroM. Beixogom mocneaHen ctaauu
SIBJISIETCSA TOTOBAs MPOAYKIIUSL.

Ha puc. 7.1 ykpynHeHHO mpencTaBiieHbl Tpu TexHoJorndeckue craauu: El, E2 u
E3 — noneuatHast moAroToBka (Hampumep, oOpaOOTKa W H3TOTOBIEHUE (QopM st
TEKCTa, JIJIS IITPUXOBBIX N300pKEHUM 1 JJ1s1 TOJTHOIIBETHBIX

pPacTpoOBBIX H300pakeHui cOOTBETCTBEHHO); E4 n ES — neuats (Hanpumep, TekcTa
Ha OJHOCEKIMOHHOM MalllMHE U BKIEEK Ha YEThIPEXCEKIIMOHHOM MaIlHiHEe);
E6 — OporrtopoBodHO-TieperieTHbIe  Tpoliecchl. Takum 00pa3oM, YHUCIO Y4YacTKOB
(TeXHOJOTUYECKUX omeparuii) n = 6.

El E2 E3
60 200 380

60| 180 |80 120| 200

E4 E5
130 6|0
130] 160
E6
40
140

Puc. 7.1. CxeMa TE€XHOJIOTHYECKOI0 MpoIliecca

Cxeme TeXHOJIOTUYECKOTO MPOIecca COOTBETCTBYET TabauIla MPON3BOACTBEHHBIX

cBa3edl (tabn. 7.1), roe, KpoMe KOJWYECTBA MPOAYKLHH, IMEPEAAaHHOW C OIHOMU

omepalMy Ha JPYrylo, yKa3blBaeTcs oO0mmii 00BbeM MPOU3BOACTBA IO

oTepaIsM — BEKTOP X, BKJTFOYAIOTITHIA KOJIMYECTBO TIPOU3BOIUMBIX

nonypabpruKaToB — BEKTOp p, U TOTOBOM MPOAYKIIMU — BEKTOp W. Bce BeKTopsI
UMEIOT 71 DJIEMEHTOB.

Tab6aunma 7.1

Tabnuiia mpou3BOACTBEHHBIX CBSI3EH
Ilepenaua ot Ei k Ej ‘ | ‘
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Ej| El E2 E3 E4 ES E6 pi Wi Xi
Es

El 60 60 60
E2 80 120 200 200
E3 180 | 200 380 380
E4 .. 130 130 130
E5 60 60 60
E6 40 40
X; 60 | 200 | 380 | 130 | 60 40

ousiTHO, yTo X = P+ W . Ha OCHOBaHHH TabIIMIbI IPOM3BOACTBEHHBIX CBSI3CiT
COCTaBJISIETCSI MaTpula CBA3€H M C 4YHMCIOM JJIEMEHTOB #XH, JJIEMEHT KOTOpPOH
m;; — pacxoq nmnonydabpukara ¢ omnepauuu E; Ha eIMHUIly TPOAYKIHUH,
npousBoauMon Ha E;, T.e.COOTBETCTBYIOIIMNA 3JEMEHT TaONMUIbI CBSI3EH cleayer
paszaenuthb Ha X; . J{ist Taba. 7.1 maTpuiia csizeit OyaeT ciaeayrome:

0000,4600
0000,6220
0001,383,330
000003,25 |
000001,5
000000

[Tpou3BOICTBO KOHEYHOM MPOIYKIIMH CBS3aHO C KOJMYECTBOM IPOU3BEICHHBIX
1oy pabpuKkaToB MPOU3BOJCTBEHHBIM YpaBHEHUEM

w=(E-M)x (1)
rie  (E—-M) — npousBoncrBenHas Matpria (E — /MHIYHAS MATPHIIA).

Jns  ompenenenuss oObeMa MPOU3BOJCTBA TMOJy(HaOpPUKATOB IJisl BBIMYyCKa
33JJaHHOTO IUIAHOM KOJIMYECTBA TOTOBOM NPOAYKLIHMH HCIOJIB3YETCS CleIyHoIIast
MOJIeNb IIJITAHUPOBAHUS IIPOU3BOACTBA:

X=(E-M)"w, 2)
rae (E-M)"' — MaTtpuna Ko3QQPHUIIMEHTOB MOJIHBIX 3aTpaT (MaTpula miaHa), KoTopas
ABJIIETCS 0OpAaTHON MaTpUILIEH JIJIsl IPOU3BOACTBEHHON MAaTPUILIbI. DJIE€MEHTHI MaTPHULIbI
HOJIHBIX 3aTPaT — 3TO HEOOXOAMMBIH O0BEM NMPOM3BOJACTBA HAa KaXJOW OIepalui,

qTOOBl B pE3yJbTaTe MOJYYUTh OJHY EIUHMILy TOTOBOM NpPOAYKUMU (pacxon
nonygabpukata Ha €TUHUILY TOTOBOTO HU3nemus). i1 paccMaTpuBaeMoro npumepa:

80



100-0,4600 1000,4601,5
010-0,62-20 0100,6225
. 001-1,38-3,330 | ;| 0011,383,339,5
(I'-M)= (I'=M) " = :
00010~ 3,25 000103,25
00001-1,5 000011,5
000001 000001

B Mogenb miaHupoBaHMs MPOU3BOJCTBA HEOOXOIUMO BBECTU PECYPCHI IS
MOJIyYEHHUSI IOJTHOM TEXHUKO-IKOHOMUYECKOW MOJIEIH.

Pacxon HEKOTOPBIX PECYpCOB MPOMOPLMOHANEH KOJIUYECTBY BBIITYCKAEMOM
IPOAYKIIMH, a PACXOJ IPYTUX — BPEMEHH, 3aTPAaY€HHOMY Ha MPOU3BOACTBO. Pacxox
PECYpCOB TMEPBOTO BHA, HEOOXOJUMBIX [JIsl BBINYCKA EIUHUIIBI TPOAYKIUU, U
KOJIMYECTBO PECYPCOB BTOPOIO BHJIA, UCIIOJIB3YEMBIX B €IUHUILy BPEMEHH, — €CTh
KOd(hDUIMEHTH TPSAMBIX 3aTpar. ITU KOIDQPUITUEHTHI I BCEX TEXHOJOTHYECKHUX
omnepaiui coctaBsaT MaTpuilbl J1 U (J» — MaTpUIbl MPSAMBIX 3aTpaT MO CTaThSIM,
3aBUCALIMM OT 00BbeMa MPOU3BOJICTBA U BPEMEHU COOTBETCTBEHHO. YHUCIIO CTONOIOB
MaTpPHUI] PABHO 71, YUCIO CTPOK — KOJMYECTBY COOTBETCTBYIOIIMX 3aTPATHBIX CTaTEH
m.

[TonHble 3aTpaThl Ha MPOU3BOACTBO, 3aBUCAIINE OT €ro 00beMa U BPEMEHH
(BEKTOpa @1 U a2 COOTBETCTBEHHO) OMPEAEIATCS U3 YPABHEHUM:

51 :le, c_iz IQZZ’ (3)

Iie 7 — BEKTOP BPEMEHHM BBIMOIHEHHS KX ION OTIepaIiiy (JUTUHOM 7).

C wucnosip30BaHHEM COOTHOIICHUS (2) mepBoe ypaBHeHHe u3 (3) mpuMmer
CIICIYIOLINN BUJL;

i, =0, (E-M)"w. 4)

B o0mem cayuae Bompoc 00 00€CreueHHOCTH pecypcaMu IMpOrpaMMbI
BBIITyCKa KOHEYHOH MPOYKIIUU B 33JJAaHHOM 00BEME +w PEIIaeTCs C UCITOJIb30BAaHUEM

(2) m (4).

Paccuntannbie 00beM TPOM3BOJACTBA IO ydYacTKaMx H TOTPEOHOCTh B
pecypcax d, CpaBHMUBAIOT C HAMMYHBIME MOIIHOCTSIMU K ¥ HMEIOIHMUCS PECYPCAMH 7
(c yueToM 3aTpart, He 3aBUCSIINUX OT 00beMa MPOU3BOJICTBA).

HeoOxoaumbiM  yClIOBHEM BBITIONIHEHUSI TPOU3BOJACTBEHHOW IMPOTPaAMMBI
SIBJISICTCSI BBITIOJTHEHUE COOTHOIICHHM

PaccMmoTpuM npumep miaHupoBaHHsS pabOTHI IE€YATHOTO U OPOLIIOPOBOYHO-
NEPETUIETHOTO YYacTKOB IO MPOU3BOJCTBY ABYX BHAOB NPOAYKIMU. B OTYETHBIN
NepuoJ Ha MEpBOM ydacTke Obu1o mosrydeHo 1100 Teic. nmeyatHpIx JucToB 3a 1100 g
pabouero Bpemenu. Jlanee n3 800 ThIC. MEYaTHBIX JIUCTOB MOTY4YarOT 80 THIC. 9K3. KHHUT

nepBoro Bujaa, a u3 300 Teic. TUCTOB Moay4aroT S0 ThIC. 3K3. KHUT BTOporo Bujaa. Ha
U3rOTOBJIEHUE | THIC. 3K3. 3TUX KHUT 3aTPa4€HO, COOTBETCTBEHHO, 4 4 u 3 u. IIpu sTom
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Ob0 m3pacxomoBaHo 2400 emwHUIl TMeYaTHBIX MaTepuainoB u 110 emxwHUI
NEepPEeTIETHBIX MaTepHUaIoB.

[InanupyeTcs yBEeTWYUTH BBIMTYCK MPOAYKIMU TPU TEX KE MaTepUaIbHBIX
pecypcax, HO pacxojys Ha H3rOTOBJICHHE | ThIC. TEYATHBIX JIUCTOB 2 €IUHUIIBI
MEYaTHBIX MaTepuajgoB M Ha | TeIC. 3K3eMIUIApoB KHUT mo | wm 0,5 eguHUIlBI
neperyieTHoro Marepuana. [Inanupyemsiii GoH1 BpeMeHU

Ha reyatb 1200 4, Ha OpoITIOPOBOYHO-TIEpETUIeTHBIE paboThl — 500 .

Crenyet onpenennTb, BO3MOXKEH JIM BBIMYCK 82 ThIC. 3K3. U 60 THIC. IK3. KHMUT,
COOTBETCTBEHHO, IIEPBOTO U BTOPOT'O BUJIA.

Jlns oTyeTHOTO TIeproaa TabauIla TPOU3BOICTBEHHBIX CBSI3CH IPECTaBIICHA B
TabmI. 2.

Tab6numa 2 - TabGauia MpoOU3BOJICTBEHHBIX CBS3EH

Ilepenaua ot Ei k Ej
Ej| El E2 E3 Di Wi Xi
Ei
El 800 300 1100 1100
E2 80 .| . 80 .
E3 50 50
X; 1100 80 50
CoOTBETCTBEHHO, MaTpulla cBsize M U Marpuua miaHa (E-M)"' OynayT UMETh
BU/L:

0 10 6 1 -10 -6
M=l0 0 O, E-M=[0 1 0],
0 0 0 0 0 1
110 6
(E-m)'=[0 1 0.
0 0 1
Huxe npencrarieHbl: 00beM BbITyCKa KOHEUHOU MPOIYKIMH ISl TIJIAHOBOTO

nepuoja — BeKTop W, maTpulla MaTepuajbHbIX 3aTpaT, 3aBUCIIIUX OT O0beMa
IPOU3BOJICTBA, — MaTpulla (J1 M HMEIOIIMECs PECYpChl, 3aBHUCSIIME OT 00beMa
IIPOU3BOJICTBA — BEKTOP 7 (PECypChl, 3aBUCAIIME OT BPEMEHH HE pacCMaTpUBAEM):

0 20 0 2400
5 1o 1 05| - |10
W=82\, o-=] ¢ ¢ 7=|i200

60 04 3 500

I7Ie TepBas CTaThsl pPacxXo/]0B — IEYaTHbIE MaTepuaibl Ha | ThHIC. €Y. JIMCTOB.,
BTOpasi — MEPEIICTHbIC MAaTEpPUAIIbl HA | THIC. 9K3. KHUT, TPEThS U YETBEPTAst — BpEMH,
COOTBETCTBEHHO, Ha TI€YaTHBIE ¥ OPOITIOPOBOYHO-TICPEIUICTHRIC OIEPAldU  TI0
W3TOTOBJICHUIO 1 THIC. 9K3. KHUT,.

Torma u3 (4)

o1 oos| [ 106107 |33

“a=1 o o0 L Op81=11g9
0 0 1|60

0 4 3 508
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HpI/I CpaBHCHHHU a4, C 7 BHOHO, YTO JIA BBIIIOJTHCHHA IIJIaHA HC XBaTacCT 2-X

€IMHUIl TIEPEIUICTHBIX MaTepuaioB U & 4 (oHJAa BpPEeMEHU OpPOIIIOPOBOYHO-
NEPEIJIETHOTO y4acTKaA.

2. Cogepxanne padoThl

1. Ilo 3amaHHON CXeMe TEXHOJOIMYECKOTr0 MpoLecca COCTABUTh TaOJIHILY
IPOU3BOJICTBEHHBIX CBA3EH.

2. C ucnonp3oBanuem cucteMbl MathCad HaiiTk MaTpuily IutaHa (f -M )_1.
[Ipu 3TOM B KadecTBE MCXOIHBIX JAHHBIX WCIOJIB30BATh BEKTOPHI p M w WU MATPHILY
nepenaun ot E; k E; (3 Tabnuiibl mpon3BOACTBEHHBIX CBsI3eit). Jliist pacyera BekTopa x U
MaTpHIIBI CBsA3el M 3amucaTh HEOOXOIUMbIC COOTHOIIICHUSI.

3. ITo Tabmurie pecypcoB, MOTPeOOBABIINXCS Ha BBIMTYCK MPOAYKIIUU B 00BEME
w, HaTH Matpubl Q1 u (>, 3ammcaB IJI 3TOr0 HEOOX0AuMbIe cooTHoIIeHuS. [Ipu
ATOM B KaU€CTBE UCXOIHBIX JAHHBIX UCIIOJIb30BaTh BEKTOPHI X M 7 U MATPHIILI OOIIETO
KOJIMYECTBA PECYPCOB, 3aBUCAIIUX OT OOBbEMa IMPOHM3BOJICTBA, a TAKXKE PECYpCOB,
3aBUCSIIUX OT BPEMEHHU.

4. Vicnionp3ysl HaIEHHBIE MATPHIIBI, ONPEICIUTh MOXKET JId ObITh BBITOJIHEHA
HOBas IPOM3BOJICTBEHHAS IIPOTrPaMMa BIITyCKa POIYKIUN B 00beMe 7 3a BpeMs T TpH
HUMEIOIINXCSI MOIITHOCTSX & U Pecypcax 7 .

3. UcxoaHble JaHHDBIC

1. Cxema TEXHOJOTUUECKOTO MPOIIecca MPH BHIMTYCKE MPOAYKIIUH 00BEMOM # HMEET
CIICIYIOIINI BU/L:

El (3 u) E2 (1)
200 53
|
48| 140 160 5
E3 (1 1) E4 (2 9) E5 (2 u)
4 10 20
| |
4] 10| |20
E6 (10 )
120

[Tonabie 3aTpaThl HAa TPOU3BOACTBO 20 €. TOTOBON MPOIYKIIMH IPHUBEICHBI B
TadIIuIe

3arpartsl 3aBucsmye oT o0beMa Mpou3B. | 3aBUCAIINE OT BPEMEHU MTPOU3B.

El | E2 | E3 | E4 | ES|E6 | El|E2|E3|E4|ES5|E6

Marepnainbl 100 53 |04 | 1 8 110]05(0310,1(0,1(0,8]1]0,6
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Tpynoemkocts | 2 | 4 1 |25 6 2 1011(0,11(0,011]0,110,1]10,1
3apruiata 10 | 20 | 5 [12,5| 6 4 102102(02(02]0,210,2
Hp. pacxonasl 0 0 0 0 0 2 0 0 0 0 0 |05

[InanupyeMbiii 00beM BBIIYCKA U HMEIOLIUMECS MPOU3BOACTBEHHbIC U
MaTepualibHbIC PECYPCHI:

0
0
0
0
0

1000

2. Cxema TeXHOJIOTHYECKOTO MpoIlecca MPHU BBITYCKE MPOIYKIIMH 00BEMOM
MMEET CJIECAYIOIIUNA BUI:

~,

30
9
8

30

19

20

J

9000

700

—

3000 |
30

14000
3000
200
500
1000
1000

48

E2 (100 1)

El (110 )
1100
100
E3 (190 )
1600

11600

1000| |16
E4 (200 1)
500
1500

132
E5 (200 u)
500
1500

[Tonneie 3arpartsl Ha npousBoacTBo 1600, 500 u 500 ex. roTOBON MPOAYKLIHH
a3JMYHBIX BUJOB MPUBECHBI B TAOIUIIE

3aTparsl 3aBucsume oT 00beMa Mpou3B. | 3aBUCALLME OT BPEMEHH MPOU3B.
El | E2 | E3 | E4 | ES | E1 | E2 | E3 | E4 | ES
Martepuaibl 55 | 48|01 (100} 03|03 ]|05]|0,1]1]081] 0,2
Tpynoemxocts | 2 8 05115101 1]021|02]021]02] 0,2
3aprata 10 40 5 20 5 01101101710, 0,1
Hp. pacxonasl 2 4 0 3 0 1 1 0 0 0

[Tnanupyembiii  00bemM
MaTepHUAIbHBIE PECYPCHI:

W =

0
0

3000 §;
1000
2000

BBIIIYCKA W HMCIOIIUCCA IIPOU3BOACTBCHHLIC U

200
200

250
250

210 §;

3000
200
4000 |
1000
2000

3. Cxema TEeXHOJIOTHYECKOro IMpolecca MPU BbIMYCKE NPOAYKIUU O0BEMOM 1w
VMEET CIEAYIOIIUN BUA:
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E1 (1000 u)
1000

1000

E3 (51)
100

E2 (500 u)
275

25

E4 (10 u)
100

100 100

E6 (2000 1)
100

100

250

E5 (1200 u)

1000

11000

[Tonnkie 3atpatel Ha npouszBoAcTBO 1000 u 100 en. roToBoOM NPOAYKIHUU ABYX
BUJIOB IPUBECHBI B TAOJIHIIE

3arpartsl 3aBucsmye oT o0beMa Mpou3B. | 3aBUCALINE OT BPEMEHU MTPOU3B.
El1 | E2 | E3 | E4 | ES | E6 | E1 | E2 | E3 | E4 | E5 | E6
Marepuanbt 10 {27,5| 10 | 5 1 1 102(03(01|0,1] 0 |0,6
Tpynoemkocts | 2 | 5 | 2 05 114(01(01]0,0]0,1]0,1]|0,1
3apmata 2050|1515 2 |4 1]02]0,2|0,11/0,11]0,1]0,1
Jp. pacxosl o(ofojo0}joj210/10]0]07]O01]05
[Inanupyembrii  00beM BBITyCKA M HUMEIOMIMECS NPOU3BOJCTBEHHBIE U
MaTepuaIbHbIE PECYPCHI:

0 1100 20000

0 900 600 630

- 0 |- 7 . | 160 |- | 2000

W= 1= 7= k= .

0 15 1200 2000

500 2000 50 500

2000 1900 3000

4. KoHTpOJIbHBIE BONIPOCHI

1.Yto ABisieTcs OCHOBOM ISl COCTaBJICHUS MOJIEIU IJIAHUPOBAHUS TTPOU3BOICTBA?
2.Yto Takoe KO3 PUIIMEHTHI NPSIMBIX 3aTpaT?
3.IlosscHUTE WCNONAB30BAaHUE NPOU3BOJACTBEHHOIO YPaBHEHUS W YpaBHEHUS

IJTAHUPOBAHUS IIPOU3BOJCTBA.
4.Yt0 0003HAYAIOT JIEMEHTHI MaTPUIIbI TJIaHA?
5.Kakue uMeroTcs BUJIbl PECYypCOB, KaK PaCCUUTHIBACTCS MX MOTPEOHOE KOJIMYECTBO?
6.Kakue ycioBus HEOOXOOUMBI [Jisi BBITIOJHEHMS 3aJaHHON MPOM3BOJICTBEHHOU

porpamMMbl?
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HPUJIOKEHHUE 1

METO]I PAHI'OBOI KOPPEJIAIIUM.
BbIYNCJIIEHUE HOPMHUPOBAHHLIX PAHI'OB

program norm;
uses crt;
const n=6; m=5; r=4;
var 1,3j,k:integer; s:real;
mt: array[l..m,1..n] of integer;
nmt: array[l..m,1l..n] of real;
kr: array[l..m+1,1..r+1] of ineger;
nr: arrayl[l..m+1l,1..r+1] of real;
begin clrscr;

3]:

1]:

mt[l,1]:=2; mt[l,2]:=3; mt[1l,3]:=1; mt[l,4]:=4; mt]
t[l,6]:=3; mt[2,1]:=1; mt([2,2]:=2; mt[2,3]:=2; mt[2
mt[2,5]:=2; mt[2,6]:=4; mt[3,1]:=1; [3 2] :=4; [3
mt[3,4]:=3; mt[3,5]:=2; mt[3,6]:=4; mt[4,1]:=2; mt[4,
t[4,3]:=1; mt[4,4]:=4; mt[4,5]:=3; mt[4,0]:=2; mt[>5
mt[5,2]:=2; mt[5,3]:=1; mt[5,4]:=3; [5 5]:=2; mt]

{ucxomHasa MaTpMla}
for i:=1 to m do begin
for j:=1 to n do write(nmt[i,]Jj]l:6:1); writeln; end;
writeln;
for i:=1 to m do
for j:=1 to n do
for k:=1 to r do
if mt[i,jl=k then kr[i+l,j+1]:= kr[i+l,j+1]+1;
for 1i:=2 to m+l do
for k:=2 to r+l do
if kr(i,k]=0 then nr(i, k]:=0
else begin s:=(kr[i,k]1+1)/2;
for j:=1 to k-1 do s:=s+kr[i,]j];

r{ii,k]:=s;
end;
for i:=1 to m do
for 3:=1 to n do nmt[i,]]:=nr[i+l,mt([i,]J]+1];

{HOpMMpPOBaAHHAasA MaTpuLla }
for i:=1 to m do begin
for j:=1 to n do write(nmt([i,]J]:6:1); writeln; end;
end.
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HPUJIOXKEHUE 2

METO/]] PAHIOBOM KOPPEJISIAN.
BbIUMCJIEHUE HOPMHMPOBAHHBIX PAHI'OB

ORIGIN =1
(23141 3]
mMaTpuua n:=5 KOmn-BO
12232 4| 3kcneptHoro 3KCNepToB
a.=|1 41 3 2 4| onpocapansa m:=6 KOIn-BO
5> 31 4 3 2| MeToAa paHroBow Kputepuen
Koppensauum
221324 PPeTal r:=4  Kon-Bo
- - paHros
1:=1.n J:=1.m ] )
k:i=1.r 00O0O0O
ti+1,k+1:=0 02121
. \ 01311
bprapr Sy =ttty )t 02112
k:'=2.r+1 1:=2.n+1 01221
0131 1]
k-1 t'k+1\ 00 0 0 0
nn.  :=if|t. . =0,0, Z t 4
i,k i,k 1,u o) / 0 1.5 3 45 6
u=1 01 3 5 6
nn =
P 015 3 4 55
0 1 25 45 6
R 01 3 5 6
(3 4515 6 1.5 4.5]
1 3 3 5 3 6
) maTpuua
an=|15 55 15 4 3 55 HOPMUPOBaHHbBIX
2545 1 6 45 25 paHros
'3 3 1 53 6
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ORIGIN:=1
(01 10]
001 1

al =
0001
1100 0]
(010 1]
1011

a4 =
1000
001 0]

1.=1.m

A ‘=al+a2+ a3+ a4+ a5+ a6

n n
- (A V2 _
Q: Z Z i) m

V.=

(0 5 4 2]
2065
2002

MNPUJTOKEHUE 3
METO]I ITAPHBIX CPABHEHMI. OSPAFOTKA PE3YJIbTATOB

SKCIIEPTHOI'O OITPOCA
n.=4 KOJ1-BO TEXHOHOFMVI
m:=6 KOJN-BO 3KCNEepToB

(01 10] (010 0]
001 1 0010
a2 .= a3 .=
0000 1001
101 0] 110 0]
(0011 1] (001 0]
0011 101 1
as .= a6 .=
0000 0000
001 0] (101 0]
j:=1l.n
n
As. = Z A
J,1
=1 11
cyMMapHas 13
MaTpuua napHbIX As =
CpaBHeHMA 4
9

i=1 j=i

4Q

3

n
1=1 j

) mn-(m-1)(n-1)

89

=1

Q=156

n
Z Aj T

n(n-1) m(m-1)
2 2

V=0.622



HPUJIOKEHUE 4

BBIUMCJIEHUE IMTPOJOJDKUTEJIBHOCTHU

OBPABOTKU 3AKA30B
ORIGIN=1
n.=3 KONin4ecTBO 3aKa3oB
m:=3 KOJIN4YeCcTBO MAaLUUH
(0 0 0 0]

0 16 56 24| maTpuua 3aTpaT BpeMeH!
0 64 40 48| Ha obpaboTKy 3akasoB

|0 32 64 72]
1:=2.n+1 7:=2. m+ 1

dd. =0 dd, .:=0
i1 1,]

g/
d¢J~q¢hkfd¢_uﬂq¢4ﬂ¢_uw4u

im1,j—1-4d; ;
(16 72 96 |
) MaTpuua NPOAOCIKUTENIbHOCTH
d=180 120 168 o0paboTKkn 3aka3oB
| 112 184 256
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HPUJIOKEHHUE 5

Tabnuia 3nauenus kBantuiaed X21-o(m) B 3aBUCUMOCTH OT YKCIIa CTETICHEN
CBOOOJbI M 1 BEPOSTHOCTH .

a
0.050
3.84146
5.99146
7.81473
9.48773
11.07050
12.59159
14.06714
15.50731
16.91898
18.30704

m

O || R[N DN WN -

-
(=]
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