MaTemaTnyeckue

MoJenu CcucTem U
MPOLIECCOB 3aLUUTbI
MHGOopMaL UK

B smoit znaee
Obwasn xapakmepucmurxanpoonemvi cunmesza C3U

Hccnedosarnue npedmemmoti 001acmu ¢ yevko co30anust
mamemamuyeckoii mooeau C3H

Kpamxkuiiananuz mamemamuyuecxkux mooeneii C3H

Obwas xapakxmepucmukamamemamuyeCKUX Memooo8 0YeHKu u
obocrosanus mpebosanuii k C3H

OcHo8Hble NOHAMUS MEOPUU HEUETKUX MHOIHCECMEB
Memoovi onpedenenus sasxchocmu mpebosaruti, npeovssisemvix k C3U

Memoowt 6vibopa payuonanvrozo sapuanma C3U na ocHose 3KkcnepmHoil
urpopmayuu

Memoouueckue pekomenoayuuno npogedeHuI0 IKCRePMuU3bl NPU OYeHKe

cn

Jlumepamypa ons enaswvl

010 020 030 040 050
= 3aLuya npoLeccos n YnpaBnexue cuctemoin
0
g HanpaBneva >>> 3awwra obbekTos UIC Aporpam 3alwTa kaHaros CBS3n N3MUH ALl
= (¢} (9] (¢} (9] (¢} (9] (¢} (9] (¢} (9]
o t EEREREREEEEEEEEEREELETE
v s B B E PP EEEP GEEEILPRPEILEREIEIPLEFE E
v Q Q Q Q Q
v OcHoBbl >>> & g & g s g & g & g
011 | 012 | 013 | 014 [ 021 [ 022] 023 | 024 | 031 | 032 | 033 | 034 | 041 | 042 | 043 | 044 [ 051 | 052 | 053 | 054
100 | Onporenenveuncpopmaln, | qaq | 445 [ 443 | 114 | 121 | 122 | 123 | 124 | 131 | 132 | 133 | 134 | 141 | 142 | 143 | 144 | 151 | 152 | 153 | 154
noanexalen salyre
200 BeisBrienwe yipos 1 211 | 212 | 213 | 214 | 221 | 222 | 223 | 224 | 231 | 232 | 233 | 234 | 241 | 242 | 243 | 244 | 251 | 252 | 253 | 234
KaHarioB yTeuK\ MHdhopMaLmn
300 Mlposengke oLeri 311 | 312 | 313 | 314 | 321 [ 322 | 323 | 324 | 331 | 332 | 333 | 334 | 341 | 342 | 343 | 344 | 351 | 352 | 353 | 354
YS3BUMOCTU U PUCKOB
400 o”pe”e”e””cegﬁeﬁosa””” 411 | 412 | 413 | 414 | 421 | 422 | 423 | 424 | 431 | 432 | 433 | 434 | 441 | 442 | 443 | 444 | 451 | 452 [ 453 | 454
K
s | Ocvwecrenennensibopa | gyq | g5 | 543 | 514 | 521 | 522 | 523 | 524 [ 531 | 532 | 533 | 534 | 541 | 542 | 543 | 544 | 851 | 552 | 53 | 554
CPeLCTB 3aLLMTHI
goo | Breaperme nueroneaceaee | g4y | 615 | 13 | 614 | 621 | 622 | 623 | 624 [ 631 | 632 | 633 | 634 | 641 | 642 | 643 | 644 | 651 652 | 653 | 654
BLIBPAHHbLIX MEp 1 CPEACTB
700 Kormportuenoctioc | 240 | 745 | 743 | 714 | 721 | 722 | 723 | 724 | 731 | 732 | 733 | 734 | 741 | 742 | 743 | 744 | 751 | 752 | 753 | 754
V1 yNpaBrieHme 3aLUmMToit




Ocnosbl nocmpoenus cucmem 3auumst UHGopmayuu

6.1. O0wLas xapaKTepucTka npobnembl
CMHTE3a CUCTEM 3aLNTbI MHGOpMALUN
ansa UC (001)

Ouenku napamerpoB C3U B ycioBUSX BBICOKOH CTENEHU
HEOTPE/IEICHHOCTH YCIOBUI ee (DyHKIMOHUPOBAHUS J10JI-
SKHBI BBIYMCIISITBCS C MCIIOJB30BAaHMEM HE OIIHOM MaTema-
TUUYECKOI MO, a COITIACOBAHHOIO CEMEeNCcTBa Moeleil,
aalITUBHO KOHCTPYMPYIOLIMXCS OfAHA U3 IPYroil U, TaKUM
00pa3oM, HENpepbIBHO COBEPLIECHCTBYIOLIMXCS HAa OCHOBE
ONTUMAJIBbHOTO BbIOOpPA MCXOAHBIX JaHHBIX.

[1pu cuHTE3e ONTUMATbHBIX CUCTEM 3alLUTBl UCXOIHbI-
MU JOJIKHBI SIBUTbCS CJIEYIOILME JBA TMOJOXEHHUS:

Yactb Il

e BbHIOOp MaTeMaTUYECKU MPOAYKTUBHOIO KPUTEPUS OI-
TUMQJIBHOCTU B COOTBETCTBUHU C apXUTEKTYPOI CUCTEMBI 3a-
IIMTHl U TexHoJorueit oopadorku nHdbopmaunu B UC;

® YCTKad MareMaTudycckad (I)OpMyIlVIpOBKa 3afgaiu, y4du-
ThIBAlOIlast BCC alipMOPHbBIC CBCACHUWA W IMO3BOJIAIOLIAA pe-
HIUTh €€ B COOTBETCTBUU C NMPUHATBIM KPUTCPUCM.

Hmoecom pewenus 3adauu cunmesa onmumdaibHoOU cu-
cmembl 3auumst I €0 KOHEYHOM 11eJIbI0 TOJKHbBI ObITh Ue-
TBIPE COIEPXKATEJIbHBIX PEe3yJbTara:

® ApPXUTEKTypa CUCTEMBI 3alUTHI;
® KOJMYECTBEHHAas OlLleHKa KauecTBa e¢ PYHKUMOHUPO-
BaHUs,
® OlLIEHKA NPAaKTUYECKOW YYBCTBUTEIBHOCTU pa3paboTaH-
HBIX MOJEJIEH K OTKJIIOHEHUAM OT allpUOPHBIX JaHHBIX;
e (usnueckas peajrn3yeMOCTb CUHTE3UPYEMbIX CUCTEM
3alLMTHl B COBPEMEHHBIX CUCTeEMax OOMeHa ITaHHBIMU (CO-
OTBETCTBME TEXHOJOTMH 00paboTKM MHGOPMALUU YPOBHIO
€€ 3allUTHI).

cdopmaumn 6ypgem nNoHMMaTb 3PPEKTUB-
HOCTb €€ MCMOMb30OBaHMs B KayecTBe aKTMUB- .

HOro cpepcTea B onepauun obecnedeHus
KOHuaeHumanbHocTH 0bpaboTku, xpaHe-
HUS M nepepaym MHpopMaumm.

MNop adpPEeKTUBHOCTBIO CUCTEM 3aLUMUTbl MH-

[Npn 3TOM, OLEHKa 3PPEKTUBHOCTM onepaLm Onpegesecrne
3aKItoYaeTcsi B BbIPabOTKE OLIEHOHHOrO CyXK-

[EHUS OTHOCMTENBHO MPMrOAHOCTM 3afaHHoro crnocoba
[EUCTBUM CMELManMCTOB Mo 3aliMTe MHAPOPMAaLMM MM Mpu-
CMOcOBNEHHOCTH CPEACTB 3alUMTbl K PELUEHMIO 3apad.

Beenenue nokasarens adekTnBHOCTH TpeOyeT Takxke
onpeneneHust Kputepust >GHEeKTUBHOCTU KaK MpaBuia,
TO3BOJISIIOLIETO COIMOCTABIATh CTPATETUM, XapaKTEPU3YIO-
LIEMCS Pa3JIMYHON CTETNEHbIO TOCTUXKEHUA LIEIH, U OCYyLLE-
CTBJISITb BBIOOP CTpAaTernii U3 MHOXKECTBA JOIMYCTUMBIX.

Teopernueckue OCHOBBI MOCTPOEHUS ONMTUMATbHBIX
CHCTEM 3aLUUTBI UCKJIIOUUTEIBHO CJIOXHBI U, HECMOTPSI Ha
WHTEHCUBHOCTb MCCJIEI0BaHUIl B 3TOW MpeAMeTHOi obia-
CTH, €lle JAJIEKU OT COBEPILUEHCTBA.

Kpome Toro orcyrcrsue poctaTouyHo oOlleil Teopui,
dbopmupytolieit MmeTonosornyecKe OCHOBAHUSI U3YYeHUs
SIBJIGHUI C HEOTpeieJIeHHbIMU (haKTOpaMu, [eJlaeT HerpHu-
MEHUMBIMU 0alieCOBCKME METOABI KJIACCUYECKON TEOpUHU
CTaTUCTAYECKUX PEIICHUI M CMHTE3a ONTUMAJIbHBIX CHU-
CTEM 3allUTHI.

3awmnThl MHOpMauun Byaem MoHMMaTb @
pa3paboTKy TeopuM, CBA3bIBAIOLLEN MX .

CTPYKTYpPYy, NOrMHYECKYIO OpraHusaumio,

MeTofAbl U CPEeACcTBa AESNTENbHOCTU C LENbio [
hopMHpoBaHMS PyHKUMM BbiBOpa M Bblgene-
HUSI MOJAMHOMXECTBA HaMMNyYlIMX CTpaTeruu.

[Mon, metopgonorMen onNnTUMM3aLMM CUCTEM

Onpegecerue
OntumanbHbim BypeT cuMTaThcs peLueHue,

KOTOpOE B MPEANONaraembix YCMOBUSAX HauMy4lMm o6-
pPasoM y[OBMNETBOPUT YCNOBUSM PaccMaTpMBaeMOM
3apaun. ONTUManNbHOCTb PELUEHMS] JOCTMraeTcs 3a cveT
Hanbonee paLMOHANbLHOrO PacnpepeneH1s Pecypcos,
3aTpayYMBaEMbIX Ha pelueHue npobnembl 3alMThbl.

B npouecce cosnanus ontumanbHoit C3U HeusbexHO
BO3HUKAET 3a7aya KOPpeKLUN TPeOOBaHMI K CUCTEME 3a-
muThl. TPyIHOCTh ee pelIeHus 3aKJIoYaeTcs B TOM, UTO
BO3HMKAIOT HEONPEIEIEHHOCTH HE CTOXaCTUYECKOro Xa-
pakTepa, ompelnessieMble:

® HaJuyMeM LieJIeHANPaBJIeHHOTO MPOTUBOACHCTBUS CO
CTOPOHBI MPOTMBOOOPCTBYIOLIEN CUCTEMBI, CITOCOOBI JEii-
CTBUII KOTOPOM HEU3BECTHBI UCCIEL0OBATEIIO;

® HEJIOCTAaTOYHON M3YyYEHHOCTbIO HEKOTOPBIX SIBICHUH,
CONPOBOXAABIIMX Mpouecc HYHKUUOHUPOBAHUS CUCTEM
3alUUThI;

® HEYETKMM Ipe/CTaBICHUEM LIeJU ONepaluu, MpUBOAs-
el K HEOJAHO3HAYHO! TPaKTOBKE COOTBETCTBUS peabHO-
ro pesyjbpTaTa omnepauuu TpedyemMoMmy.

6.1.1. Mpobnembl KOPPEKTHOCTU NOCTAHOBKM
3agaq (001)

Npobaemn woppecinociia nociarobion 3agar. ..



Mamemamuueckue modeau cucmem u nPOYECcos 3auiumol UHGOpMayuu

TpyaHocTs uccief0BaHUsl BOIPOCOB obecreueHus Oe-
30I1aCHOCTY MH(MOPMALIMOHHBIX TEXHOJIOTUIl yCyryousieTcs
GOJIbILON HEONpPENEIeHHOCTIO YCI0BUIl (DYHKLIMOHUPOBA-
Hus UC.

IMosToMy mocTaHOBKa 3agauu 0OECIEUEHUS 3aLLUTHI
nHdopMalMy, KaK MPABUIO, OKA3bIBAETCSl HEKOPPEKTHOI,
MIOCKOJIBKY 3a4acTylo (popMyJIMpyeTcs B yCIOBUSIX HEMpPe/-
CKa3yeMOCTU MOBEJEHUSI CUCTEMbl B HECTAHIAPTHBIX U,
0COOEHHO, SKCTPEMaJIbHbIX cUTyauusix. BiusiHue Heompe-
JeJIEHHOCTU OCOOEGHHO CUJIBHO IPOSIBJISIETCSl B TpaHChOp-
MUpPYEMBIX, HeCTaOUIbHBIX, cl1abo opraHu3oBaHHbix UC
13-3a HETOJIHOTbI, HECBOEBPEMEHHOCTH, HE HOPMMPOBAH-
HOCTU U HU3KOi1 JOCTOBEPHOCTU MHMOpMaLuu.

3agaun obecrieyeHus: 6€30MaCHOCTU UH(GOPMALIMOHHBIX
TEXHOJIOTUH , KaK MPaBWIO, He 00J1aJal0T CBOIICTBOM €IMH-
CTBEHHOCTU pelleHUs, 3(P(MEeKTUBHOCTb U ONTUMAIBLHOCTh
KOTOPOTO ONpPEIEJISIIOTCSl CTEIIEHbIO YueTa OTPAHUUYEHUIL,
XapaKTepHbIX AJIS1 KOHKPETHON cuTyauuu. s nosbilie-
HUSI CTENEHU KOPPEKTHOCTU MOCTAHOBKU 3anay obecrede-
Hust BUT Heobxonumo noseiath 3HaHust o UC B Henpe-
PBIBHO U3MEHSIIOIUXCS YCJIOBUSIX €€ (DYHKLIMOHUPOBAHUSL.

IMTonyueHue u ncnoNb30BaHUE 3HAHUIT TOJKHBI OCYLIE-
CTBJISITBCSI HEMOCPEICTBEHHO B Ipoliecce (PyHKLUOHUPO-
BaHUSI CUCTEMBI ITyTeM IOCTENEHHOIO HAaKOIUIEHUs] HeoO-
XOOUMOI1 nH(pOpMaLMK, aHAIU3a U UCIIOJIb30BAHUS €€ JUIs
9((PEKTUBHOrO BLINIOJIHEHUSI CUCTEMOI 3alaHHOM 11eJ1€BOii
(byHKIIMM B U3MEHSIIOLLMXCS YCJIOBUSIX BHYTPEHHE U BHELLI-
HeW cperbl.

W3BecTHbIE MaTeMaTUUECKUE MOAEIU, UCIOJIb3yeMble
[UISL ONIUCAHUSI CTPYKTYpbI, NIoBeaeHUs U ynpasiaenus C3U,
B YCJIIOBUSIX HEKOPPEKTHOW IOCTAHOBKM 3aay He AT
KejgaeMmoro pesyibrata. ITostoMy Heobxonuma paspaboT-
Ka HOBBbIX, OPUEHTUPOBAHHBIX Ha CIELU(PUKY IPOLECCOB
3aIIUTBl MUHPOPMALUU METONOB U CPEICTB MOAEIUPOBAHMSL.

Jis nonyuenust uHGopmauuu o nosegenun C3U tpe-
OyeTcsl BbLIEAUTDH IPYIIILl 1aPaMETPOB U ONPENENUTb Bpe-
MeHa NpoBepKu uX 3HaueHuii. [Ipu sTOM paccmarpuBaror-
cs1 0c000 3HAYMMBbIE U BaKHbIE C TOUKU 3PEHUS Pealu3alun
ueau (PyHKLMOHUPOBAHUSI CUCTEMBI I1apaMeTphbl.

ITpoBepka u aHanu3 3HaUEHUIl yKa3aHHbIX IapaMETPOB,
HEOOXOAMMBI [UIsl TIOBBILIEHUS] 3HAHUI O CUCTEME, JOJIK-
HBI OCYILECTBIATLCSA TaKUM 00pa3oM, YTOOBI OOECIIEUYUTD
BO3MOXHOCTb IPUHATUSI CBOEBPEMEHHBIX U JIOCTOBEPHBIX
pelleHUl U KOPPEKTUPOBKY MOBELEHUSI CUCTEMBI B IPO-
uecce pyHkunonuposanus. Takum obpasom, B C3U 065-
3aTe/IbHO JOJLKHO OBITh IPELYyCMOTPEHO BBIIIOJHEHUE I1PO-
Heayp  KOHTpoJss ee  paboTocnocoOHOCTH U
JUarHOCTUPOBAHUS COCTOSIHUIA.

IMpunsTue penieHuit B GONBLIMHCTBE Clly4yaeB Oasupy-
eTCsl Ha SKCHEPTHBIX oueHKaX. OJHAKO B yCJIOBUSIX HEO-
IPENEIEHHOCTU UCXOAHBIX JAHHBIX U HEKOPPEKTHOCTH IO-
CTAaHOBKHU 3a/1a4 YIPaBJIEHUSI 5TU OLEHKU MOLYT BHECTU
JONOJHUTENIbHYIO HEKOPPEKTHOCTh B IPUHUMAEMOE peLlie-
HUE, YBEJIMUUB TEM CaMbIM MCXOAHYIO HEONPENe]EeHHOCTD

6.1.2. UccneposaHue npegmeTtHon obnacty ¢
Lenbio co3paHus matematnyeckon mogenu C3MN.

(001)

Pewenue npobaem mooeauposanusa C3H tpebyeT nosrarn-
HOTO BBITIOJIHEHUST CIIEAYIONINX MCCIENOBAHMIA.

maBa 6

1. Paspabomka npunuyunog, memoooé u cpeocme cokpa-
wenusn pazmepuocmu onucanua C3HU, eéxarouarowasn:

® aHanu3 UHOOPMALMOHHON CTPYKTYPbl CUCTEMBI U
B3aUMOCBSI3€il MEXIy pellaeMbIMU B Heil 3agayaMu;

® AHAJIN3 ITMHAMUYCCKUX XapaKTEPUCTUK PCIICHUA 3a-
nag;

® AaHaAJIN3 KOPPEIAINOHHBIX 3aBUCUMOCTEN Mexnay na-
paMeTpaMu CUCTEMBI, ABJISIOIUMUCS pE3yJibTaTaMU pe-
HICHUA OTACJbHBIX 3ada4,

® BbIIEJICHUE HAa OCHOBE aHalM3a COBOKYITHOCTEN 3a-
Ja4, pe3ysbTaT pellieHUus] KaXAol M3 KOTOPbIX MO3BO-
JISIET OTNpeNeNUTh OAVH U3 KOHTPOJUPYEMbIX MapameT-
POB CHUCTEMBI.

B pesyinbrare pazpaboTku DOJKHBI ObITH CHOPMYIUPO-
BaHBl TPeOOBAHUS U PEKOMEHIALMU MO PallMOHAIbHOM
opranuzauuu ctpyKrypsl C3U, nekoMmno3nupoBaHHOU MO
YPOBHSIM KOHTPOJISI U YIIpaBieHUs. DTO TO3BOJIUT MPOBO-
JUTDH JaJbHENIINEe UCCISAOBAHUS B YCIOBUSIX MUHUMM3U-
POBAaHHON Pa3MEPHOCTU OTMCAHUS CHCTEMBI.

2. Pazpabomkxa memodoaozuu, memooos u cpeocme peuie-
Hus 3adau obecnevenus BUT ¢ ycaosusax neonpeoenrenno-
cmu, GKANOMAIOWAS:

® 1CCJIE0BaHUE BOIPOCOB KOPPEKTHOCTU MOCTAHOB-
KM 3aJay Mpy HeJOCTATOYHOM MOHUMaHWUU KOHEUHbBIX
pe3yJbTaToOB U Lieeil pelieHus B pe3Ko MEHSIOLUXCS
YCIIOBUSIX;

® yccie0BaHKWE BOIPOCOB MCITOJIb30BaHUS HeEompe-
NEeJTEHHOCTH (HEMOJHOTBI, HU3KOW TOCTOBEPHOCTU U
Mp.) MCXOIHBIX JAHHBIX MPU peUIeHUM 3anay obecrie-
yenust bUT.

Peay/tbmamom uccaedosanuii TOJXXHA SBUTHCS pa3pa-
00TKa METOA0JIOTUYECKUX OCHOB, METOJIOB U CpeacCTB pe-
IMEHUA HEKOPPEKTHO IMOCTABJICHHBIX 3aa4 B YyCJIIOBHUAX
HEOINPEACICHHOCTHU.

Konmponb napamempoe cocmosiHusi C3U (751)

Paspabomxa uoeonoeuu, memooos u cpedcme adanmugHo-
20 KOHMPOASL napamempos u OUAHOCHUPOBAHUS COCMO-
SAHUL cucmembl, 6KarOMaem caeoyiouue 3ada4u:

e (GopMUpOBaHUE JUHAMUYECKUX 30H ( HOPMAJIBHOIO
(DyHKUMOHUPOBAHUS, MPENYNpPEXIEHUsI, TPEBOTH, KaTac-
TPOQBI), XapaKTePU3YIOIUX PA3IUYHbIE COCTOAHUA KO-
HOMMUYECKOH CUCTEMbl U AMHAMUYECKUX MOPOTOB, pasjie-
JSIOWKUX BTU  30HBI, BBIJEJIEHUE UHTErpajlbHBIX
JUHAMUYECKUX BEKTOPOB MHAUKALUU COCTOSIHUIL CUCTEMBI;
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® pPa3paboTKy MIEOJOTMU U CTPATerMU BHITIOJTHEHUS ajarn-
TUBHOI'O (II0 BpPEMEHU MPOBEIAECHUSI, KOJIUYECTBY U HOMEH-
KJIaType KOHTPOJUPYEMbIX MapaMeTpoB) KOHTPOJSI BEKTO-
POB MHAMKALMHU, TPOrHO3UPOBAHUS TEHACHLMNI U3MEHEHUS
UX 3HayeHuil B mpouecce (PyHKLUNOHUPOBAHUS CUCTEMBI;

® pPa3paboTKy METOAOB W JITOPUTMOB aJalTUBHOIO OJM-
HOYHOTO U TPYMIOBOTO KOHTPOJS U MPOrHO3MPOBAHUS
3HaUYEHMI KOMIIOHEHTOB BEKTOPOB MHIMKALUU;

® pPa3pabOTKy METONOB M AITOPUTMOB PACMO3HABAHUS U
UAeHTUGUKAINY TPUHAIEKHOCTH COCTOSIHUN CHCTEMBI
MUHAMUYECKMM 30HaM ¥ TOpOTaM Ha OCHOBAHWM aHalu3a
TeKyIIMX W MPOTHO3UPYEMbIX 3HAYEHMIT OTAENbHBIX KOM-
MOHEHTOB U BEKTOPOB WHIVKALIMU B LEJIOM;

® pPa3paboTKy METOJOB U aJITOPUTMOB IMArHOCTUPOBAHUS
CUCTEMbl HAa OCHOBE aHAJIN3a Pe3yJbTaTOB UICHTUDUKALUU
[0 BCEM BEKTOPAM MHAMKALMU.

PesynbratoM pazpaboTKu TOMXKHO OBITH CO3laHUE He-
OJIOTU, MaTEeMaTUYeCKUX METOIOB M CPENCTB ISl OpraHU-
3allMU aIalTUBHOTO KOHTPOJS U INATHOCTUPOBAHUS COCTO-
auuii C3U.

Paspabomka npuHyunos, Memodoe u cpedcme
camoopeaHu3ayuu C34 (001)

Pa3zpaboTka MpUHIIMIIOB, METOIOB M CPENCTB CaMOOP-
ranuzauuu C3U , BKIIOUaeT cienyolue 3aiaqu:

® KOHCTPYMPOBaHME aJalTUBHBIX MOJEIEH IS ONMUCAHNUS
CTPYKTYpPBI U TIOBEIEHNUA CUCTEMBI, ITPOrHO3MPOBAHME 3HA-
YEHUI ee mapaMeTpoB;

® KOHCTPyMpOBaHMUE aJalTUBHBIX Mogejeil 11 hopMu-
pPOBaHUS MOAMHOXECTB KOHTPOJUPYEMBIX [1apaMETPOB U
[1ara3oHOB 3HAYEHUI 30H UX KOHTPOJISI HA OCHOBE 3a/laH-
HBbIX TPEOOBAHUI K YCTOMUMBOCTU (PYHKLMOHUPOBAHUS
CUCTEMBI;

® KOHCTPYMPOBaHHUS aJalTUBHBIX MOJeJeil KOHTPOJIS pa-
60TOCNIOCOOHOCTH M IMArHOCTUPOBAHUSI HApPYLIEHUH pa-
06OTOCITOCOOHOCTH CHUCTEMBI;

® CaMOOPraHM3alMIo ¥ CaMOPa3BUTUE CEMENCTB MOJIEINeEi
JUISL ONIUCAHMS CTPYKTYPBI, OBEACHUS, TPOTHO3UPOBAHUSL,
KOHTPOJISI U AMarHOCTUPOBAHUS C YUeTOM oOecredyeHus
HEO00XOAUMON yCTOMYMBOCTU CUCTEMbI B YCIOBUSIX BJIUSI-
HUsl GakTOPOB BHYTPEHHEN U BHELIHEN Cpelbl.

Pemienuem uccnenoBaHuii TOJKHBI ObITh CO3IaHHBIE Ha
OCHOBE M3BECTHBIX U CIELMAIbHO pa3pabOTaHHBIX METO-
JIOB M CPEICTB alalTUBHbIE MOJAENU Ul ONMUCAHUSI CTPYK-
Typbl U noseaeHust C3U, a Takxke KOHTPOJISI, TUATHOCTHU-
pOBaHUSl ¥ MPOrHO3UPOBAHUS €€ COCTOSTHUIA.

Paspabomka memodoe u cpedcme nodoepxKu
npuHamus peweHud (501)

Pa3paboTka MeTO/0B M CpeiCTB MOANCPXKKU TPUHSITUS pe-
LIEHUH, BKIIIOYAET CIAELYIOIINE 3a0a4u:

® pa3paboOTKy METOJOB M CPEACTB BBIOOpA pelIeHMi U3
BCETO MHOXECTBA aJbTEPHATUBHBIX BAPHAHTOB Ha OCHO-
BaHWM aHAJTN3a COCTOSIHUS U MOBEICHUST CUCTEMBI U C yue-
TOM TpeOOBaHMII yNPaBICHNUS, PEATbHOTO pecypca, yIOoB-
JIETBOPSIIOLIETO STUM TpeOOBaHMSAM, KBAHTH(PHUIINPOBAHHBIX
OLICHOK OJTM3KMX M OTAAJTEHHBIX TTOCTEACTBUI BHITOTHEHUS
MPUHATBIX PELICHUN;

® pa3pabOTKy METOIOB M CPEICTB ACKOMITO3ULMU TPU-
HSATBIX PELIEHUI MO YPOBHSM YIpPaBJIEHUS CUCTEMBI;

® pa3paboTKy METOIOB M CPEACTB IMOIICPXKKU MPUHSATHUS
pelleHUil 10 caMOOPTraHU3ally CUCTEMBI B IIpOLiecCe €€
(byHKIIMOHMPOBAaHMS [IJIS1 COBEPILEHCTBOBAHMUSI BCEX BUIIOB
MEePEYMCIEHHbIX BbIILIE MOJeJIell U UX CEeMEHCTB.

UccnenoBanust 6a3upyloTcss Ha UCIMOJb30BAaHUM BCEX
MOJTyUYeHHBIX paHee pe3ylbTaTOB U OPUEHTUPOBAHBI Ha CO-
3naHue OaHKa 3HaHUi o cucteme 3U.

s pelieHusT MepevrcIeHHbIX U APYTUX TeopeTudec-
KX U MPUKJIATHBIX TTPoOIeM HeoOXoarMa IieJIeHarpaBieH-
Hasl, BBITIOJHSIEMasl B paMKaxX TOCYIapCTBEHHBIX MPOTPaMM
M Ha eIMHOIM KOHLIENTYaJbHOW M METOLOJOTMYECKOM OC-
HOBe, OpraHM3alusl KOMIUIEKCHBIX MCCIIeNOBaHUI TIpobieM
obecrnieuenust bUT.

KoHeuHbIM pe3ybTaToOM UCCIeIOBaHUN JOIKHA OBITH
monenbp C3U.

6.1.3. Kpatkmi aHanus obuyx
mogenex C3M (001)

OcHOBHOE HazHaueHUe OOLIMX MOJENEl COCTOUT B CO3/a-
HUM TIPEANOCHUIOK U OObEKTUBHON OLIEHKM OOILEro co-
crosiHust UC ¢ Touku 3peHust Mephbl YsI3BUMOCTH UJIM YPOBHS
3allMieHHOoCT nHbopMauuu B Heil. HeobxonumocTts B
TaKMX OLIEHKaxX OOBIYHO BO3HMKAET MPU aHaiu3e obuieit
CUTYalMU C 1IeJbI0 BBIPAOOTKU CTPATErMUYeCKUX pelIeHU
MpU OpraHu3alMM 3alUThl MHGOpPMALUU.
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OBLWHMMHK MOJENSIMNU CUCTEM M MPOLECCOB

3alMThl MHPOPMALIMM Ha3BaHbl TaKME, KOTO-

pble no3BonsT onpepensats (oueHWMBaThb)

obLpe XapaKTePUCTUKM YKA3aHHbIX CUCTEM M [
NPOLECCOB B OTAMYME OT MOMENEN NOKamb-

HbIX M 4YacCTHbIX, KOTOpre OseCl'le‘-lMBal'OT
onpepeneHne (OLEHKM) HEKOTOPbIX NOKarb- Ongegeceprae
HbIX UMK YACTHbIX XapaKTepMCTMK CUCTEM UITN

npoLeccos.

CucremHyto Kiaccudukaumio oblIMx Moaesel B HaCTo-
sfee BpeMsl MPOU3BECTU MPAKTUUECKU HEBO3MOXHO, TaK
KaK BBUIY MaJOro YUCJa TaKMX MOJeNel IJI 9TOr0 HeT
JOCTATOYHBIX TaHHBIX. [T09TOMY KIlaccubuUKalnio paccmar-
pUBaeMbIX MOJeJell MpPeACTaBUM MPOCTHIM TepeuyHeM U
KpaTKOW XapaKTepUCTUKOU JIMIIb HEKOTOPBIX MOJAENEH.

Obwas modeav npouecca 3awumot UH@opmayuu.

JlaHHast MOJiesib B caMOM OOIleM BUAE U ISl CAMOTO
00111eT0 00BEKTa 3alMTHI TOJKHA OTOOPaXKATh TIPOLIECC 3alllM-
Tl MH(MOpPMAIMK KaK MpoliecC B3aUMOAEUCTBUS eCTaOWITH-
3upyromx (HakTopoB, BO3AEHCTBYIONINX HA UH(OPMAIIHIO,
W CPEACTB 3allUThl MHMOPMAaLNU, MPETSITCTBYIOIUX Aei-
cTBUIO 5TUX (hakTopoB. TOrom B3auMoneiicTBUsI OyIET TOT
WIN WHOM ypOBEHb 3alllUILEHHOCTH MHOOpMAIIH;

Obobwennas modeavb cucmembl 3auiumot UHGopmayuu.

SBasisich JaNbHEHIUMM pa3BUTHEM OOLIEl MOJEIN MPO-
1Lecca 3aliMThl, 0000IIEHHAST MOJIECIb CUCTEMBbI 3allIUThI J10JI-
3KHa 0TOOpaxaTh OCHOBHBIE MPOLECCHI, OCYILECTBIISIEMbIE B
Hell C LIeJIbI0 PalOHATM3aLMY ITPOIIECCOB 3alllUThI. YKa3aH-
HBI€ TIPOLIECCHI B CAMOM OOIIIEM BUI€ MOTYT OBbITh MPEICTaB-
JIEHBI KaK MPOIIECCHl pacipenesieHus] U UCTIONb30BAHUS pe-
CYpPCOB, BBIIEISIEMBIX Ha 3aIIUTy MH(GOPMAaLUN;

Modeav o6weii ouenxu yepo3 ungpopmauuu.

OCHOBHOU HaIpaBIeHHOCTBIO TOM MOMETH SIBISIETCS
OLIEHKAa He TIPOCTO YTpo3 MHPOPMAIIMU KaK TAKOBBIX, a ellle
U OIleHKa TeX MOTepb, KOTOPbIe MOTYT UMETb MECTO IMpU
MPOSIBIIEHUI pa3IMUHbIX yrpo3. Mojenu NaHHOTO HaIpas-
JIEHMS BaXHBI elle U TeM, YTo UMEHHO Ha HUX B HAauOOJIb-
Iedl CTerneHW ObLTM BBISIBJIEHBI T€ YCJIOBUS, TIPU KOTOPBIX
Takue OLUEHKU MOTYT OBbITh aleKBATHBI PeaIbHBIM TPOLIEC-
caM 3almThl nHMOpMAaIK;

Mooeau anaauza cucmem pazepanuuenus oocmyna K
pecypcam HC.

Mopenu aTOTO Kiacca MpemHa3HaueHbl sl obecreve-
HUS pellieHus] 3a/1au aHalu3a U CHTe3a CUCTeM (MeXaHU3-
MOB) pa3rpaHUYEHUsT JOCTYMa K pa3InYHbIM BUIAM PeCcyp-
coB MC u mpexne Bcero K MaccuBaM NaHHBIX WIN TOJSIM
3Y. BeigeneHue 3TUX MOfeaell B CAMOCTOSITENILHBIN KJIacc
001X MOJIeTiell 00yCIOBIEHO TeM, UTO MEXaHU3MBI pasrpa-
HUYEHUS TOCTYMa OTHOCITCS K YMCIy Hambojee cylie-
CTBEHHBIX KOMITOHEHTOB CHUCTEM 3alllUThl HH(MOpMAIINU, OT
9 PeKTUBHOCTU (PYHKLMOHUPOBAHUSI KOTOPBIX, B 3HAUU-

TeJbHOI Mepe 3aBUCUT 0011ast 3@GEeKTUBHOCTb 3allUThI
uHbopmauuu B UC.
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6.1.4. Obwas xapakTepucT1ka
MaTeMaTHYECKMX METOf0B OLEHKM U
obocHosaHus Tpebosanui k C3M (001)

Cucrembl 3alMThl MTHGOPMALMK, C ONHON CTOPOHBI, SIBJISI-
IOTCSI COCTaBHOM 4yacTblo MHGOPMAIIMOHHON CHUCTEMBI, C
JIPYTOii CTOPOHBI CaMU 110 cebe MPEeACTABISIOT CIOXHYIO
TEXHUYECKYI0 cucteMy. Peuwenue 3adau anaiuza u cunmesa
C3U ycaooucusemes paoom ux ocoberHocmeii, OCHOBHbIMU U3
KOTOPBIX SIBJISIIOTCS:

® CJIOXHasl ONOCPEICTBOBAHHASI B3aMMOCBSI3b I1OKa3aTe-
Jeit kauectsa C3U ¢ nokasarensiMu KauecTBa MHGbOpMa-
LIMOHHOM CHUCTEMBI;

® HeoOXOAMMOCTDL yyeTa OOJIBIIOrO YMCiIa MmoKasaTesei
(tpeboBanuii) C3U npu oueHke U BIOOPE UX PALUOHANb-
HOTO BapUaHTa;

® [IPEUMYIIIECTBEHHO KAYeCTBCHHBIN XapakTep IMoKa3are-
Jieit (TpeOOBaHMit), YINTHIBACMBIX [IPU aHAIN3E M CUHTE3€
C3U;

® CYILIECTBEHHAsl B3aUMOCBA3b U B3aUMO3aBUCUMOCTb 9TUX
noxasaresieil (TpebOBaHUIt), UMEIOLMX MPOTUBOPEUUBBIiL
Xapakrep;

® TPYIHOCTb TIOJTYyYEHUS] UCXOMHBIX TAHHBIX, HEOOXOMMU-
MBIX JUIsl peleHus 3aaa4y aHanusa u cuHte3a C3U, B oco-
OEHHOCTH Ha paHHUX dTarax MX MPOEKTHUPOBAHUSI.

VYkazaHHble 0COOEHHOCTU IEJNAI0T MPAKTUUECKU HEBO3-
MOKHBIM MpPUMEHEHNE TPAIUIMOHHBIX MaTeMaTUYeCKUX
METOJO0B, B TOM YUCJIE€ METOLOB MaTeMaTU4YeCKON CTaTHUC-
TUKHU U TEOPUU BEPOSTHOCTEH, a TaKXKe KJIACCHUECKUX Me-
TOJIOB ONTHUMU3ALIUY IS PEIICHNsT TPUKJIATHBIX 3a1a4 aHa-
Jm3a u cuHresza C3U.

CIIOKHOCTD TIpoIiecca MPUHATHS PEIIeHNH, OTCYTCTBIE
MaTeMaTHYeCKOTO ammapara MPUBOAST K TOMY, UTO TIpU
OLIGHKEe M BBIOOpE aTbTEpPHATHUB BO3MOXKHO, (2 3a4acTyio
MIPOCTO HEOOXOAMMO) MCIOJb30BaTh U 0OpabdaThIBATh Ka-
YECTBEHHYI0 9KCHEepTHYI0 MHGpopmanuio. [lepcrnekTnBHbIM
HaTpaBJIeHIEeM pa3pabOTKN METONOB TMPUHSATUS PELICHUI
TIPU SKCIIEPTHOI MCXORHOW MHGMOPMANU SBISETCS JIMHT-
BUCTHYECKUIT TTOAXOI Ha 0a3e TEOPUM HEUETKUX MHOXKECTB
W JIMHTBUCTHYECKOI TIepeMeHHOI.

Teopust HEeUETKUX MHOXKECTB B OYEPELHON pa3 MOATBEp-
JVJIa OHY, U3BECTHYIO BCEM MCCIIeOBaTeIISIM UCTUHY: TIPH-
MEHSeMbIi (pOpMaTbHBII anmapar Mo CBOUM IOTEHIIMATb-
HBIM BO3MOXHOCTSIM M TOUHOCTH JOJIKEH OBITH ameKBaTeH
CMBICJIOBOMY COZIEPXKaHMIO M TOUHOCTH MCXOTHBIX TaHHBIX.
Maremariyeckasi CTaTUCTHKA U TEOPHS BEPOSTHOCTEH ncC-
MOJIB3YIOT BKCIEePUMEHTAIbHbIC NaHHbIE, obiagalonme
CTPOTO OTPEAETEeHHOI TOYHOCTBIO U JOCTOBEpHOCThIO. Te-
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Opus HECUCTKUX MHOXKECTB MMCCT NICJIO C "JeJIOBEUCCKUMU
3HaHI/I§[MI/I", KOTOPBIC MMPUHATO HA3bIBATH BKCl'IepTHOI‘/JI HUH-

dbopmarueii.
Ha OCHOBE€ aHanM3a U UCNOJIb30OBaHMS U3BEC- @

THOWM NUTEpPAaTypbl MO TEOPUM HEUYETKUX MHO- [
JKECTB MOKa3aTb, KaKk MOXHO MNMPUMEHUTb
3TOT COBPEMEHHBIN MaTeMAaTHMHECKMIM annapart

ANs PELUEHUS MPUKNAAHBIX 33AaY, CBA3AHHBIX 22, 7, 4,
C OLLEHKOM M BLIGOPOM BapHMaHTOB MoCTpOE-

HUSI CUCTEM 3aLLMTbl MHPOPMaLMK.

[Mpn Hanucanmn [AHHOH I1dBbl MOCTaB/IE-
Ha CKPOMHAas 33[34a:

HpI/IMeHeHI/Ie TCOpUN HCUCTKUX MHOXECTB Ul PCLICHUA
9TUX 3a[av, KaK MpaBujiIo, WUIIOCTPUPYETCA MPUMEpPaMU.

6.2 OCHOBHbI@ MOHATUS TEOPUN HEYETKMX
MHOXXeCTB

6.2.1 HeueTkne MHOXeECTBA: ONpepeneHme,
CBOWCTBA, OMEPALMM HAJ, HEYETKUMM
MHOX€eCTBaMM

JlaHHBIN paszjen HamucaH 1Mo Marepuaiam pab6or [1, 2, 3,
4], 06001IeHe KOTOPBIX MPOBEAEHO B padore [5].
Buumanue! Ilepeuens ucnoavzyemoii aumepamypol

npuee@eue KOHUe 2.1ae6bl.

[N

6.2.1.1. OnpepeneHrMe HEYETKOro MHOXe-
cTBa

Mycts X = {x} — yHuBepcanbHoe MHO>Ke-
CTBO, T.€. MONHOE MHOXECTBO, OXBaTblBa-
towee BCo npobnemHyto obnactsb.

Onpepenexune 6.2.1. HeueTkoe MHOXKeCTBO

A H X npepctaenset coboi Habop nap Oxgegeccrwe
{(x, i (X))}, ree x € Xwmu*: X = [0, 1] —

PYHKUMS NPMHAQNEXKHOCTM, KOTopas npegpcrasnseT
coboi HEKOTOPYI CYBbEKTUBHYIO MEPY COOTBETCTBMS
3MEMEHTa HEYETKOMY MHOXECTBY WUA(X) MOXET NpHHU-
MaTb 3Ha4YeHus OT Hyns, KoTopbli ob6o3HauvaeT abco-
NIOTHYIO HE MPMHAANEXHOCTb, A0 E€AMHMUbI, KoTopas,
Haob6opoT, roBopuT 06 abCcoONOTHON MPMHAANEMNHOC-
TM 3MEMEHTaA X HEYETKOMY MHOXecTBy A.

Ecnu HeueTkoe MHOXecTBO A onpefeneHo Ha KOHeu-
HOM YHMBEpPCANbHOM MHOMecTBe X = (X, Xy ,..ey X},
To ero ypobHo obosHauaTth cnepyrowmm obpasom:

A=pt ()1 +pt () Xy +o p (x)  x, =D u' (x,) ] x,
i=l

(6.2.1)
roe UA(x)/ x; — napa "dyHKuMS npuHagnexHoctn/ane-
MeHT", HasbiBaemas CHMHINTOHOM, a "+" — obo3Haua-

€T COBOKYNHOCTb nap.

IIpumep 6.2.1. Ilycte X = {1, 2, ..., 10}. Torna Hever-
KO€ MHOXeCTBO "0oJiblliMe yuciaa" MOXeT ObIThb MpeacTaB-
JICHO CJIeAYIOIUM 00pa3oM:

A = "6onpime yucna" = 0.2/6 + 0.5/7 + 0,8/8 + 1/9 + 1/10.

OT0 creayer NOHUMAaTh cieayommm odpaszom: 9 u 10 ¢
a0COJIIOTHOI YBEPEHHOCTbIO MOXHO OTHECTH K "OOJIBLIMM
yucaam”, 8§ — ecthb "Gosblnoe ynuciao" co crerneHbio 0.8 u
T.0. 1,2, ..., 5 aOCOJIOTHO HE SIBISAIOTCS "OOJBIIMMU YKCIa-
mu".

Ha npakTtuke yno6HO MCnosib30BaTh KYCOUHO-JIMHEH-
HYIO anmpoKCUMalNio GYHKIUY TPUHAIEXHOCTH HeueT-
KOTr0 MHOXECTBa, KaK 9TO MMoKaszaHo Ha puc. 6.2.1, Tak Kak
TpebyeTcs TOIBKO BAa 3HAYEHUS — a W a.

H(x)
1

a a

PUC. 6.2.1. Qyukyus npunadiexncHocmu Hewemxozo
MHOJICECMBA.

B cydyac HEIpPEPbIBHOIO MHOXKECTBA X HCIOJIb3yCTCA
cienypouree o0o3HauYeHue:

A= juA(x)/x (6.2.2)
X

(3nak J B 3TUX (opMmysax 0003HAUYAET COBOKYMHOCTh
nap HA(x)/x).

6.2.1.2. CBOMCTBA HEYETKMX MHOMECTB

1. Heuetkoe mHoxkectBo A C X nycToe, @
T.e. A= X, ecnm uA(x) =0, V x e X.

2. Heuetkne mHoxectBa A u B < X 3keu- [
BaneHTtHol, T.e. A = B, ecnn UA(x) = uB(x)
VYV x e X

3. Heuetkoe MHOxectBo A < X sensetcs

NMOAMHOMXECTBOM HEYETKOro MHOXECTBA
Bc X, 1.e. Ac Becin uA(x) < uB(x) vV x € X.

Onpegecerue

IIpumep 6.2.2. Ilycts X={1,2,3}, 4=0.3/1+0.5/2 +
+ 1/3, B=0.4/1+0.6/2+1/3. Torna A C B.

KapauHanpHoe 4ncio (MOLIHOCTb) HEUETKOTO MHOXeE-
CTBa n

A :,uA(xl)/xl +,uA(x2)/x2 +...+,uA(x,,)/x,, :Z,uA(x,-)/x,-
i=1
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HaxoauTCd CICAYIOLINM 06pa30M:

n
cardA =|A|=Zu’4(x,») (6.2.3)
i=1
Ipumep 6.2.3. Eciu X = {1.,2,3,4} A=0.1/1 + 0.4/2 +
+0.7/3 + 1/4, 10 card 4 = 2.2.

6.2.1.3 Onepayuu Had HeYemMKUMU MHOXXecmeamu

On&,émgcm rag nereducam moecibama...

1. HOHOHHCHI/IGM HEUETKOTO MHOXECTBa A Ha3bIBACTCS —
HCYCTKOC MHOXECTBO -lA, (I)YHK]_[I/IH MPUHAATIEXKHOCTU KO-
TOPOTro paBHa

M) =1-p?(x),Vxe X. (6.2.4)

2. IlepeceueHueM ABYX HEUETKUX MHOXeCTB A u B e X
Ha3bIBAETCS HEUETKOE MHOXECTBO A N B, dyHkuus npu-
HAJUIEXXHOCTH KOTOPOTO paBHa

wAB(xy = ut(x) A ub(x),vxe X, (6.2.5)

rne A — 3HaK onepanuu MUHUMYyMa.

3. OObeaIuHEHUEM ABYX HEUETKUX MHOXeCTB A u B e X
Ha3bIBAETCS HEYETKOE MHOXECTBO A U B, dyHkuus npu-
HAJUTEXXHOCTH KOTOPOTO paBHa

w7 = pt (v uP (x),Vxe X,
rie v — 3HaK ONepaluu MakCUMyMa.
IIpumep 6.2.4. Ilycte X = {1, 2,..., 10}, 4 = "mansie
yucna" = 1/1 + 1/2 + 0.8/3 + 0.5/4 + 0.3/5 + 0.1/6; B =
= "Gonpwue yuciaa" = 0.1/5 + 0.2/6 + 0.5/7 + 0.8/8 +
+ 1/9+1/10;
Torna
14 ="HE wmansre uncma” = 0.2/3 + 0.5/4 + 0.7/5 + 0.9/6 +
1/7 + 1/8 + +1/9+1/10,

(6.2.6)

A N B = "maneie yucna" W "6onpmme yucna" = 0,1/5 +
+ 0.1/6,
AU B = "mansle yucna" NN "6onbime yucna" == 1/1 +
+1/2+0.8/3 ++ 0.5/4+03/5+ +0.2/6+0.5/7+
+0.8/8 + 1/9 + 1/10.

[1puBeneHHble onpenesaeHus onepaunii Hal HEUYETKU-
MU MHOKECTBAaMU SIBJISIOTCS Haubosiee pacnpoCcTpaHEeHHbI-
MU.

maBa 6

Onpepenenne 6.2.2. a — cpe3om (MHo-
JKECTBOM ypOBHS a) HEYETKOro MHOME-
crBa A H X, Ha3biBaeTCcs 4YETKOE MHOXKe-
ctBo A, H X takoe, uto [

Ay = {XG Xipt(x)2 a}v(xe [0,1]. (6.2.7)
ﬂtt,éa;eytﬁeﬂe

IIpumep 6.2.5. Eciu A= 1/1 + 0.8/2+0.5/3+0.1/4, T0
Ay, =1{1,2,3,4}, 4,5~ {1, 2, 3}, 4,={1}.

[MpuHuun o6o6ueHus [1] naer dopmanbHbIil anmnapar
Ui TiepeHoca orepanuii (apudmMerrnueckux, aaredpanyec-
KHUX) C OOBIYHBIX MHOXECTB Ha HEueTKUe.

IMycte dynxkuus f npencrasisier codoil oToOpaxkeHue
f. X — Yu A ectb HeueTkoe MHOXecTBO B X. B coorBer-
CTBUU C MPUHUUIOM 00001eHus, HYHKIUS OTOOpaxKaeT
HEYETKOE MHOXECTBO A B HeueTkoe MHOXecTBo — B C ¥V
Takoe, 4To

supp” (x), £ (») % @5
wr) =3y =fx;
0./ '(»=2.

IIpumep 6.2.6. ITycts X = {1,2,3,4}, Y = {1,2,3,4,5,6}
ny=x+ 2. Eciu tenepb
A=0.1/1+0.2/2+0.7/3+ 1/4, 70 B=0.1/3 + 0.2/4 +
+0.7/5 + 1/6.

(6.2.8)

6.2.2. Heyemkue omHouweHusi

Mycte X = {x}, X5y ..., X,} U Y=Ap}, Voy oo, Vo)
Onpepenenne 6.2.3. Hewerkum oTrHoLueHm-
em R HasblBaeTCs HEYETKOE MHOMECTBO, Of-
peneneHHoe Ha OEKapTOBOM MPOM3BEAEHWM
X X Y, KoTopomy cooTBeTCTByeT (PyHKLMS [
npuHagnexHoctt m: X x ¥ ® [0,1]. 3pecs
uR (x, y) otrpaxaeT cuny 3aBMCMMOCTH

mexpy x € Xuye Y. Onpegecerue

Ilpumep 6.2.7. Tlyctb X = { KoHb, Oocen } U Y= { myu,
koposa }. Heuerkoe oTHouieHre "MOOOOHBII" MOXET OBITh
OTIpE/IeJIEHO CIEYIOUM 00pa3oMm:

R = "nono6Hwiit" = 0.8 / (xoHb, My;1) + 0.4 / (KOHB, KO-
posa) + 0.9/(ocen, myn) + 0.5/(ocen, KopoBa), T.e. KOHb
MOXOX Ha MyJa co creneHblo 0.8, KOHb MOXOX Ha KOPOBY

co crenenbio 0.4 u T.1.
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Onpenenenne 6.2.4. Ecou Rc Xx Yu Sc Yx Z, to
max-min Komnosuyueil Ha3bIBACTCSI HEUETKOE MHOXECTBO
R ° S, onpenenennoe Ha X x Z, GyHKUMS PUHALIEKHO-
CTH KOTOPOTO MMEET BUJ

1R (x,2) = supl R ey A 15 009)

yeY

(6.2.9)

Max-min KOMIIO3111MS IO3BOJISIET OTBETUTh Ha BOIPOC,
KAaKO€ HEUETKOe MHOXECTBO B Y clleyeT MOCTaBUTb B CO-
OTBETCTBUE HEUETKOMY MHOXeCTBY A’ C X, eciu U3BeCT-
HO, YTO HEYETKOE MHOXeCTBO B C Y COOTBETCTBYET He-
4eTKOMY MHOXeCTBY A C X. Onepauus HaXOXA€HHUs TAKOTO
COOTBETCTBHUSI HAa3bIBAETCSI HEUETKUM JIOTUUECKUM BBIBOLOM
1 BBITIOJIHAETCA O cleayloleil popmyire:

B =A .R=A AXB), (6.2.10)
rae R — HeueTKoe OTHOILICHUE:

[ m
R=AxB= ZZ{[J,A(X[)/\‘LI,B(yj)}/(X[,yj), (6.2.11)

i=1 j=I

° — max-mm KoMIIo3uluda, B COOTBETCTBUU C KOTOpOﬁ

L ' ' '
B= Yv {u/* (x,.)AuR(x,.,yj)}/yj,A,A CX,B,B CY.
j=Li=L1
(6.2.12)

6.2.3. Heyemkue yucna

BBeneHHBIT TpUHLMIT 00OOIIEHUS CITYXUT Ul TepeHoca
YeTKMX OTHOLUEHMI1 B HeueTkue. Hampumep, ero MoxHoO
MPUMEHUTH [UISI OTpeNeIeHUs] HeueTKoil apudmeTnku.
HeYeTKOe MHOXecCTBO A, onpepereHHoe Ha
MHOeCTBe OeMCTBMTENbHbIX uymucen K, ecnu .

ero yHKLMS MPMHAANEMNHOCTM HOpMarnb-
Ha M BbiNykna, T. e. [

Onpepenenne 6.2.5. HeveTkoe uucno 3to

supﬂA(x) = L
xeR

x<y<z= p'(y)2min(u (x), 1" ().

IIpumepsi Hewemkux uucen: "okojo 5", "uyTb Gospiue 7".
B cootBercTBUU ¢ MpuHLMITIOM 00001eHUS, apudmMeTryec-
KHUe Orepalny HajJ HeYEeTKUMHU YHUCIaMU UMEIOT BUI
® CJIOXEHUE

u)= max Lt A [ vxyze R
I=X+y

Onpegecerue

® BbIUUTAHUC
A-B, A B
w2 = max [u 0 A pt0)]Vx.eze R
z=x-y
® yMHOXEHHE

,uA*B(z) = max I_/,LA(X) /\,UB(}’)va’y’ze R

7=x%y

® JICJICHUC

utEz) = max LuA(x)AﬂB(y)Jx,y,ze R.
z=x/y

K coxanenuio, ucrnosb3oBaHre MpUHLMIIA 0000LIEHUS
Ui ompeneseHus: apudmMeTuyeckux ornepaluy Hall HeyeT-
KUMHU YUcJIaMu B 00lIeM J0BOJbHO HedhdekTuBHO. [1o-
3TOMY YacCTO MpeaIoaraeTcs, 4To HeueTKue yucia rnpes-
cTaBisoTcs B LR-ghopme, 4TO COOTBETCTBYET ONMCAHUIO
nesoit (left) u mpasoii (right) yacteit byHKUMU.

Heuerkoe uucno 4 npeacrasnsercss B LR-ghopme, ecnu

7= o >0.vx<m
p(x) = m?x :
R B>0,Vx<m

(6.2.13)

rie L u R — dbyHkuuu, obnagaioume cBOiCTBAMU
a) L (-x) = L (x);
6) L (0) =1;
B) L MOHOTOHHO YObIBaeT Ha mpomexytke [0, +oo].
3nech m — cpelHee 3HAYEHME HEYETKOro uucia A,
0 — OTKJIOHCHHUE CJieBa, J — OTKJIOHEHME CIIpaBa.
Eciu oo = = 0, To HeueTkoe YUCIO A MEePEeXOauT B
YEeTKOe YUCIIO M.
Takum obpazom, LR-dpopmy HedeTkoro umcia 4 MOX-
HO TIPEJICTaBUTh B BUme Tpoulku A = {m,, o, B.}. Apud-
METHYecKHe ONepaluu Hal HEYeTKUMU YHMCIaMU MOXHO
OTIPEAETUTb Yepe3 orepaluy Hal COOTBETCTBYIOLIMMU UM
TpOKaMHu

A+ B=(my,00y,B4)+(mp,0tp,Bp)=

=(my+mg,0 +0p,By+Pp), (6.2.14)
A=B=(my,00,B,4)—(mg,05,Bg)=
=(my—mg,0.,—0g,B,4—Bs), (6.2.15)
A-B=(my,04,B,) (mp,0p,Bp)=

=(my -mg,my-Og+mg-0ymy-By+mg-Bg), (6.2.16)

Ha npakruke LR-npencrabieHue yIPOLIAETCS 32 CUET
MPUMEHEHMS JIMHEHHBIX (DYHKLMIA, YTO PUBOIUT K Tpey-
TOJBHBIM HEUETKUM vuciaM (puc. 6.2.2a), KOTOpble NMe-
10T (PYHKLMIO MTPUHAMIEKHOCTH BUIA

(x—af)/(a—af),af <x<a
(@ —x)/(a" -apa<x<a®
Kpome Toro, mojiydusiv pacrpocTpaHeHue Tparerme-

BUIHBIE POPMBI, GYHKIUI TPUHAUIEXXHOCTH (pHc. 6.2.26),
KOTOpble UMEIOT (DYHKIUIl NPUHANIEKHOCTU BUAA

' (x) = (6.2.17)

(x—a")/(a—a"),a” <x<a
ux)={la<x<a ,
(a*-x)/(@ —a)a<x<a

(6.2.18)
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PUC. 6.2.2. Tpeyeonvrnas u mpaneyuesuonas gopma QyHKyui
NPUHAOAEIUCHOCU

6.2.4. Heuemkas u nuH2eucmuyeckas J102uku

Feneditcas worukd. ..

JlaHHBII pa3gen HamMcaH B COOTBETCTBUM C paboOTOM
[6]. deranbHOoe M3/I0XKEHNUE MPUMEHEHUIT HEUeTKOH JIoru-
KM B KOHKPETHBIX MPAKTUIECKUX 3alauaXx MOXKHO HalTH B
[7,8 u op.].

Heuemxum noeuueckum gvipadxcenuem HasbiBaeTcs: dop-
MyJa, B COCTaB KOTOPOil BXOIST HEUEeTKUe MpeaukaTsl. He-
uemkum npedukamom Ha3oBeM oTobpaxkenue P\ X* —[0, 1],
raie X = {x}, n — moboe HaTypaJbHOE YMCIIO, MPUHAJLIIE-
kaiee orpesky [0, 1]. Yucno, koropoe mpeaukar CTaBUT
B COOTBETCTBUE KOHKPETHOMY HA0OPY ( Xk, > Xk, »+» X, ), TA€
k; € Ln , OyZieM Ha3bIBaTh Cmenenvio npuHadaelcHocmy OT-
ChIBAEMOI0 JaHHBIM HaOOPOM BbICKAa3bIBaHUSI K MHOXeE-
CTBY MCTMHHBIX BbICKa3bIBAHUI WJIN KOPOTKO — CHieneHbvio
ucmunnocmu, VIHTepripeTauus CTeneHW MUCTUHHOCTU, KakK
n s GYHKUMY TPUHAIUIEKHOCTH, MOXET OBITh CIeNyio-
1ieii: cTeneHb UCTUHHOCTU 3TO BEPOSITHOCTH TOTO, YTO
nuuo, npuHumatoiee peutenue (JITTP) HazoBer Bbickasbl-
BaHUE UCTUHHBIM.

101
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Heuerkue nornyeckue BolpaxkeHus (1m HeueTkue dop-
MYJIbl) OTJIMYAIOTCS OT OOBIYHBIX HaJIMYMeM B UX Gopmy-
JINPOBKAaX JMHITBUCTUYECKUX U HEYETKUX MEPEMEHHBIX U
HEYETKMX OTHOLIEHUH (ITpeauKaToB).

[1puBenem nmpumepsl.

1. HeueTkuil npenukaTr npuMmepHoro paseHcTBa AE{x,y}: x
YV y, tne x,y € R
2. Heuerkuit npeaukat nopsinka G C,H): C > H, rne C,
H — Heuerkue yucina.

IMycTb w, m W, — cTeneHu UCTUHHOCTU BBICKA3bIBAHUI
P/ u P,f (B KOTOpBIE MpEBpaIIAOTCsl HeUeTKHe MpennuKa-
el P,/¥ u P,F mocie mojcTaHOBKM BMECTO MEepeMeHHBIX

(Xk] —an) aJIeMeHTOB MHOXecTBa X). Torma cremneHb uc-

TUHHOCTH CJIOXHOTO BbICKa3bIBaHUSI, 0Opa30BAHHOTO U3
P/fu P c momolpio onepanuii IM3bIOHKIINN, KOHBIOHK-
UMM M OTPULIAHUSI, MOXET OBbITH OMpe/esieHa CleayolnM
obpaszom:

w(PF v Py =y, uy); (6.2.19)
w(B" AP =@ 1y ) (6.2.20)
u(1pfy=1-p. (6.2.21)

3nech onepauuii @ U ® COOTBETCTBYIOT ONepaLusM
O00BEIMHEHNUS U MEepeceueHNs] HeUeTKUX MHoXecTB. [Ipn
MUHUMAaKCHOIl MHTeprpeTanny (GyHKIUN MPUHALIEXKHO-
CTH

® (1), fp) = max iy, 1y
® (g, 112 )= min{uy, p1p } (6.2.23)

HeueTkoit Ha3bIBaeTCs JIOTHUKA, B KOTOPOIi CTETIEHb MC-
TUHHOCTU BBICKa3bIBAHUU OIpeeNsieTcss BhIpakeHUsIMU
(6.2.19)—(6.2.23).

CreneHb UCTUHHOCTU 0OJiee CJIOXHBIX BBICKA3bIBAHMIA
MOXHO OTIPeIeSUTh, MOCIeN0BATEIbHO CBOpAUMBAs UX C
YUETOM CTApPUIMHCTBA OTepanuil U MpUMeHsIs HOpMYyIbl
(6.2.19)—(6.2.21). 3ananue HEYSTKUX MPEAMKATOB MPOU3-
BOIUTCS IyTeM creuuanbHoro onpoca JIIP niu ¢ momo-
IO HEUYETKUX aJTOPUTMOB. B pamKax He4eTKOW JOTUKU
000011IeH M3BECTHBIN METOJ PEe30TIOLNI.

PaccmoTpuM yciioBHBIII HeueTKUii omnepaTop obLiero
BHIA

(6.2.22)

(6.2.24)

rae YV — HEeKOoTOpoe HEYeTKOEe JIOTUUECKOE BBIPAXKEHUE
(ycmosue); @ u E — rpynmbl HEYETKUX OMEpPaTopoB (B ya-
CTHOCTH, B 5TU IPYIMIIbI MOIYT BXOAUTb U OOBIYHBIE YETKUE
oneparopbl). Pe3yabraT BHIIOJIHEHUS! YCIOBHOIO OIEPATO-
pa (1.24) onpenennuM BblpaxXeHHEM

Y (ectn YV to @ unaue E) = {u,/ND), (1 — p,)/ NE)}
(6.2.25)

ecru Y mo @D unaue E,
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rae Y(§) — pesysbrar BbloHeHuUst oneparopa &; (1, — cre-
TeHb UCTHHHOCTH yCIOBUS V.

Taxum 00pa3om, pe3ylTbTaTOM BBITIOJIHEHUS YCIOBHO-
TO HEYETKOTO OMepaTopa SBISIETCS HEYEeTKOEe MHOXECTBO
Pe3yJIbTaTOB BBIMTOTHEHUST COOTBETCTBYIOIINX TPYIINT HEUeT-
Kunx omneparopos. CozpepxarenbHo onpeneneHue (6.2.25)
03HAYaeT, YTO HAYMHAIOT BHITTOTHSThCS 00€ TPyl HevyeT-
Kux oreparopoB @ u E, omHako Kaxnmas Tpymma romMeva-
eTCsI CBOEH METKOW — CTENeHbI0 MCTHMHHOCTH.

[Ipu Heo6X0AMMOCTH OJHO3HAUYHOTO ONpeaeSeHUs
TPYIIIBI OMEPaTOPOB MOXKHO BOCIOJIB30BATLCS IBYMS CIIO-
cobamu.

1. 3angare nopor crernedu uctuHHocTH Y, € (0, 1). BoI-
YUCTUTD [,

Torna

Yactb Il

V(D), ecmu ), 2 ¥y;

Y(ecru Yy mo @ unaue E) = (6.2.26)

V(E),ecau lt, <.

3nech cienyer oOpaTUTh BHUMaHKWeE Ha 3HayeHue ¥ = 0,5.
OHO OTHOCHTCS K Clyyalo, KOrja rnepexof K BBIMOJHEHUIO
TPYIIBI HEUYETKUX OMepaTtopoB P OCYHIECTBISETCS, €CIH
yciaoBue Y 6ojiee UCTUHHO, YEM JIOXKHO. YBEJIUUYEHUE 7,
cepiire 0,5 o3HavyaeT MOBBINIEHUE TPeOOBAHMIT K YPOBHIO
OIpEIeJCHHOCTU 3aKJIIOUEHUSI 00 UCTUHHOCTU V.

2. Beruncmuts [, Paseirpate paBHOMEpHYIO pacrpene-
JeHHy1o Ha uHtepsaie (0, 1) ciayuaiinylo Beauuuny. Ilycts
MOJIy4eHHOE 3Hau€HUE eCTb %,. Torna MCKOMBIN pe3ysbTaT
onpejessercss BeipaxkeHuem (6.2.26). 3xech [, paccMaTpy-
BaeTcsl Kak BEPOSITHOCTb MCTUHHOCTU YCIOBUS V.

B o61iem ciyuyae creneHb NCTUHHOCTU OKa3bIBaeTCsl He
yuciaoM u3 orpeska [0, 1], a HeueTkuM yuciom. Jloruka, B
KOTOPOIi CTENeHN MCTMHHOCTH SIBJISIOTCS HEYETKUMU YHC-
JJaMM, Ha3bIBAETCSl TMHTBUCTUUECKON. 3aMETHM, YTO MUHOT-
Jla HEYEeTKYIO JIOTUKY Ha3bIBalOT MHOTO3HAYHOM, a TMHTBU-
CTUYECKYIO JIOTUKY — HEUETKOIA.

JIvHrBUCTHYECKAS CTETIeHb UCTUHHOCTH (€€ 3HAaUeHUST —
HEYeTKHe YMCla) MOSIBISETCS], B YaCTHOCTH, MPHU OLIEHKE
MCTUHHOCTHM OJHUX HEUETKUX BBICKA3bIBAHWI OTHOCUTENb-
HO apyrux. [lycte umerorcst BoickasbiBanust W: (X ectb Fy
u Q: (Xecrb Gy, tne Fu G — Heuerkue noamHoxecrsa U.
Torna uctuHHOCTL Q OTHOCUTETbHO W BBIUMCISIETCS KaK
crenieHb cooTBeTcTBUS G U F [7]

TW.0= W@,

7€[0,1]

rme

Ur(t)= sup Ugpu).
wT=Hgu)

O[[HI/IM U3 DJIEMEHTOB JIMHTBUCTUYECKOW JIOTUKU SIBJISI-
€TCs IMpaBUJIO WCTUHHOCTHOM MOZ[I/I(I)I/IKEIL[I/II/I YTBCPXKACHUS,

KOTOPOE 3aKJII0YaeTcs B cieayroiieM. [ycTh 3BECTHO, YTO
JIMHIBUCTUYECKAs CTENEHb UCTMHHOCTU BbiCKasbiBaHus Q:
(X ectb G) paBHa T. Torma cripaBeJIMBO BbICKa3bIBAHUE
W- (X ectb F), re

Fzmp(u)/u,

uell (6.2.27)
U= g (0) g (u) = (UG (w).

B nuHrBUCTMYECKOI JIOTMKE BBOISTCS OTIepalluiy HaJ
JIMHTBUCTUYECKUMU UCTUHHOCTSIMU, OTIpenessieMble Ha OC-
HoBe hopmyi (6.2.19)—(6.2.23) o npuHIMITY 000OIEHMSI.
Omepannu Mo3BOJSIIOT BHIYUCISTH TUHTBUCTUYECKYIO CTe-
MeHb UCTUHHOCTU COCTaBHBIX JIOTMYECKUX BBIPAKEHUIA.

OtnenbHOE HampaBieHWe paboT B JTUHIBUCTUYECKOI
JIOTHKE CBSI3aHO C M3yYEHMEM IMOCTPOEHUS BHIBOIOB U3 He-
YETKUX MOCBITIOK, BKIJIIOUAIOLIMX HEYETKME KBAHTOPBI THUIIA
"penko”, "oueHb yacto" u T.m. B [§] mpemnoxeHo petue-
HUE 33241 HaXOXIeHUs KBAHTOPA (P, TTO U3BECTHBIM KBaH-
TOpaM p, U Pz B cXeMe BbIBofa TUMa modus ponens

paAsA= ppB

0pB (6.2.28)

6.3. ObocHoBaHMe noka3atens kKauyectsa C3M

B camom o06uiem Bue Mojesb mpoliecca 3aiuThl MHbOop-
mauuu B UC mMoxer ObITh TpeAcTaBlieHa TaK, KakK 5TO MO-
KazaHo Ha puc.6.3.1.

ny

i D, }

\ Aw,
— &
C31

=1, e

iyep

PWUC. 6.3.1 O6was modeav npouecca 3a 3auumost UHPOPpMaAyuU.
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3JI0yMBILUIEHHUK C [TOMOILbIO HEKOTOPOrO MCTOYHMKA
yrpo3 (MY) renepupyer coBokynHocTbs yrpo3z UC (myThb
OoHa Oy/ieT KOHeyHo# u cuetHoil; i =1, ). Kaxnas i-g yr-
pO3a XapakKTepU3yeTcs BePOATHOCTLIO MosaBneHus Fy,, n
yiep6om Ag/”; npuHOCMMbIM MH(MOPMALIMOHHOI cHcTe-
Me. Buabl yuiep6a, nokasatenu yuiepba M CTyKTypHas cxe-
Ma MeXaHM3Ma BO3HUKHOBEHUS yliepba oT yrpo3 Ge3omnac-
HOCTU WHOOpMalUWK MpeacTaBieHbl Ha pucyHkax 19.1,
19.2, 19.3 (rnasa 19).

Cucrema 3amutel nHdopmauuu (C3U) BbIMOAHSIOT
(YHKUHMIO MOJTHON WJIM YaCTUYHO KOMITCHCAIINU YTPO3 IS
NC. OcHosHolt xapakrepuctukoit C3U sBisitoTcs Bepo-
SITHOCTH YCTPaHEHUsT KaXIoii i-i yrpossl P,»ﬁgzw

3a cuer ¢pyHkunoHupoBaHuss C3U obGecrneuyuBaercs
yMmeHblieHUe yuiepba W, nanocumoro MC BosneiicTBuem
yrpo3. O6o3HaunM 001U npenoTBpalleHHblil yuepo MC
yepe3 W, a mpenoTBpallleHHbIN yiiepd 3a cyeT JIMKBUAA-
LUK BO3ACHCTBUS i-U Yrpo3bl uepes ;.

[Tocne BBeneHHbIX 0003HaYeHU# chopmynarpyeM B 00-
IIeM BUJIE 3aa4y CHHTe3a CHCTeMBI 3alUTH MH(MOpMaIN
B MC: Heobxonumo BbiOpaTh BapuaHT peanusauuu C3U,
obecTeunBalOINil MAKCUMYM TIPEIOTBPAILEHHOTO YIIIep-
6a OT BO3IENCTBHS Yrpo3 MU AOMYCTUMBIX 3aTparax Ha
C3M1.

®opmManbHas MOCTAHOBKA 3a4aYM UMEET BUI:

T = arg max W(T)
HalTn

- (6.3.1)

(6.3.2)

3nech T-HEKOTOpPBI BEKTOp, XapaKTepU3YIOLIUI Bapy-
aHT TexHuuecKoil peanmsauuu C3U; Tr1o — JOTIyCTH -
MO€ U ONTUMAJbHOE 3HaueHue BekTopa T;

Cdon — nomnyctumele 3atparsl Ha C3U.

Jns pelwreHus 3agayd HeOOXOAUMO IPEXIe BCEro
c(OpMUPOBaTh MOKAa3aTeIb KayecTBa (PYHKIMOHUPOBAHUSA
C31U w (T).

OueBuIHO, NPENOTBPALLEHHBIN ylepO B 0o0lIeM BUIE
BBIPAXAETCSl COOTHOLUEHUEM:

nipu orpanmuenun C(T°) < Cdon

i B0, PRI (6.3.3)

IMpenorepauieHHblil yuiepd 3a cCueT JUKBUIALUU BO3-
NEUCTBUA i-H yrpo3bl

W =F(P, i=1,m)

@,=F (6.3.4)

le/l YCJIOBUM HE3aBUCUMOCTU YyIpO3 U aAAUTHUBHOCTU
WX MOCTEICTBUIA nojxydyacm

yep pyemp. . _ 1 —
.Aq[ 'Piyzp i=1n

(6.3.5)

n
W — . yep  p yemp
W= ZP"WIJ Ag; Piyep
i=1

OcraHoBuMcs 6oJjiee MOIPOOHO HA COMHOXUTENSIX, BXO-
msnux B hopmyny (6.3.5).

BeposiTHOCTB NOsIBIEHUS i-11 YTPO3bL Piyep orpenensieT-
CS1 CTATUCTUYECKU U COOTBETCTBYET OTHOCUTEJIbHOM YacTo-
TE €€ MOSIBJICHUS

maBa 6

Ai -
Py =n—’=)L[, (6.3.6)
DI
i=1
rae A; — 9acToTa MOSIBICHHUS i-# yrpo3bl

Viiep6, npuHocumblil i-it yrposoit Ag;, MOXeT ompe-
JESIThCST B AOCONMIOTHBIX eIMHUIIAX: SKOHOMUUECKUX TO-
TepsiX, BpPEMEHHBIX 3aTparax, o0beMe YHUUTOXCHHON MiIn
"ucrnopueHHoON" uHbopMaLUuU U T.I.

OnHako, MPaKTHMYECKN 3TO CHETaTh BeCbMa 3aTpyIHMU-
TeJIbHO, OCOOCHHO Ha paHHUX 3Tamax NMPOEeKTHUPOBaHUS
C3MU. Tlostomy nenecoobpa3HO BMeCTO abCOJIOTHOTO
ylepba UCNOJIb30BaTb OTHOCUTENbHBIH yl1epO, KOTOPbII
MO CYTH JieJIa TIPEACTaBIseT COOOIl CTEIeHb OMAaCHOCTH i-it
yrpo3sl i nH(opMannoHHO! cucTeMbl. CTeneHb ormac-
HOCTM MOXET OBITh OINpejieseHa SKCIEePTHBIM MyTeM B
MpeanoaoXeHuu, uto Bce yrposnsl aisi UC cocTtaBasior
[OJIHYI0 Ipyniy cooObituit [9], T.e.

n
0<Ag; Sl;ZAq,» =1

i=1

Hanbosnee CI0XHBIM BONPOCOM ABJIAETCSA ONpEIeTeHNe

BEPOSITHOCTU yCTPAHEHUS -1 yrpo3bl P,»ﬁgzw IIpU TPOEK-
tupoBaHun C3U. CpenaeM ecTeCTBEHHOE IOIMYLIEHUE, YTO
9Ta BEPOSITHOCTb OINPENEISIETCSl TEM, HACKOJIBKO TIOJIHO Yu-
TEHbl KaUECTBEHHbIE M KOJUYECTBEHHbIE TPEOOBAHUS K
C3U npu ux NpoeKTUPOBaHUU, T.€.

yemp _
Piyep - ﬁ(xil””xij s Xy )’ (637)
rae X;; — CTEeNeHb BbINOJIHEHUS j-ro TpeboBanus k C3U

IUIsl yCTPaHEHMs i-U yrpossl, j=1n; j=1m-.
[Tyctp nepBeie "k" TpeOoBaHUiT OyIyT KOJIMYECTBEHHBIMU

(/' = 1_k) ocTambHEIE "m-Kk" — KauecTBEHHBIMU (, —k+1, m)

CrerneHb BBITIOIHEHUSI j-TO KOJTMYECTBEHHOTO TPEOOBAHMS
OIIPENIEIISIETCS €ro OIM30CTbI0 K TpeOyeMoMy (ONTUMAIbHO-
My) 3HaueHUIo. [yl OLEHKM CTereHM BBIMOJHEHUsI j-TO KO-
JIM4eCTBEHHOTro TpeboBaHust K C3U1 ygoOHee BCEro UCIHOIb-
30BaTh €r0 HOPMUPOBAHHOE 3HAUCHUE X (J=1k),0<x; <1.

Kax nokasano B [10], ans HOpMHUpOBaHUS YAOOHO UC-
MOJIb30BaTh (DYHKIIMIO BUIA
=Xy HX

HA
HX ’
x[j - Xji

- X
Xj =

(6.3.8)
Iae X; — TeKyllee 3HaueHHUE j-TO TPeOOBaHU;

M HX
Xy, Xy

j
C yuerom dopmysl (6.3.8) monydaem cieyromme pac-
YEeTHBIE COOTHOILICHUSI:

— HaWjIy4dluee M Hauxyauee 3Ha4YCHUS.
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Yactb Il

H . _
opu X = Xjjma 5X5" = Xij min (6.3.9)
- Xjj — Xjjmin
Xj=—————
xy-max _xijmin
M _ L HX _
npu xij _x,/-min’xij _x,/.max (6310)
; Max ij
opn x; = ) (6.3.11)
x,j-max _x,.jmin
0 npu Xj > X min> X <X, max
1 npu Xij =X opr
— Xij _x,.jmin < <
Xj = ﬁ npu x,.jmin—xlj—x.opt
ij opt j min
x,.jmax _x,.j < <
x —x npu x,]-opt =i —x,.jmax
| "y max ij ot

CTeneHb BBITTOTHEHUS j-TO KaYeCTBEHHOTO TPeOOBaHMS
ompenensercsd GyHKINEH MPUHAMATEKHOCTH K HarTyylle-
My 3HadeHnIo H(x;) .

Paznoxus ¢ynkunio(6.3.7) B psn MakinapeHa u orpa-
HUYUBIINCH JIMIIb TIEPBBIMU WICHAMH psfia, TONYIUM

p.remp

yemp _ o yemp t yep
Plyep Plyep (0)+2 Xjj (6.3.12)

yemp
Pi yep

[IpU HEBBbINOJIHEHUU TpeboBanuii u C3U;

rae (0) =0 — BeposITHOCTb yCTpaHEeHHUs! i-il yrpo3bl

op,Yemp
iyep
_a[‘ — BCJIMYMHA, XapaKTepusylumass CTCICHb
0x;:: Y
ij
BIIUSAHUA Tp€6OBaHI/IH Ha BEPOATHOCTb YCTPAHCHUA -1

YIpO3bl (Ba)KHOCTb BBITTOJIHCHU A j—FO Tpe6OBaHI/I9{ IJI ye-

TpaHeHusl i-i1 yrposel). OueBUIHO, 4TO

0<a, _12%_1 s i= 1,0

l'[ocne TIOICTAHOBKY B (6.3.12) COOTBETCTBYIOIINX 3HA-
YEHUI T0JIyd4aeM

yemp
P’yep —2% Xyt Za’/ HCxy)

Jj=k+1

(6.3.13)

O_KOanTeano dopmya (6.3.5) a1 OLEHKU BeIUYU-
Hbl W NpefoTBPAIEHHOro yllepba NPUHUMAET BU

k

n m
W=Y T Agay -y + D, D % Agy -ty p(xy)

i=1 j=1 i=1 j=k+1

=

(6.3.14)

Taxum obpaszom, 3amaua cuHteda C3U B Bume (6.3.1),
(6.3.2) cBOAUTCS K ONTUMATBHOMY OOOCHOBAHMIO KOJIUYE-
CTBEHHBIX M KauecTBeHHBbIX TpeboBanuii k C3U npu no-
MyCTUMBIX 3aTparax W MPUHUMAeT BUI:

Haiitu maxW( X3 =1,7n;j=1,7m) (6.3.15)

npu orpannyernu C(x;) <Cdon ;i=Ln;j=1,m

B cootBeTcTBUU Cc dopmyaupoBkoil 3agaun (6.3.15)
OCHOBHBIMU 3TalaMM €€ PEIICHUs SBISIOTCS:
e cOop u 0OpaboTKa 5KCMepTHOI MHbOpMALMU O XapakK-
TEPUCTUKAX YIPO3: YACTOTE MOABJIEHMSA i-i yrpo3bl Z "
yiep6e Aq; (i=1,n);
e cOop u oOpaboTKa dKCrepTHON MHbOpMALUK A ON-
peneneHusi BaXHOCTH BBITTOJIHEHUS j-TO TPeOOBaHMSI TSI
yCTpaHeHusd i-il yrpo3bl @; ¥ QYHKUMM NPUHALIEKHOCTH
wxy, (i=Ln,j=Lm);
e oueHka croumoctu C3U 1si KOHKPETHOro BapuaHTa
€e pealn3alyy, 3aBUCSIIAS OT CTCMEHU BBIMTOJIHEHUS Tpe-
oosanmnit C (x;i=Ln; j=1,m);
® pa3paboTKa MaTeMaTHMYeCKOW MOJIETHN ¥ aJITOPUTMA BbI-
6opa paumoHanabHOro BapuaHTa nocrpoenust C3U (pauu-
OHAJILHOTO 33JaHUs TPeOOBAHUIT) B COOTBETCTBUU C MOCTA-
HOBKOI1 (6.3.15) KaK 3a7auyu HEUETKOTO MATeMaTUYeCcKOro
MPOrpaMMUPOBAHUS.

B zaxioueHne OTMETMM, YTO MPU OTCYTCTBUM UHMOP-
Manuu o6 yrposax ais pemreHus 3amauu (6.3.15) moxer
OBITb MCTOJNTB30BAH MOKa3aTelb BUIA

k
w =i2a[j g+§n: ia[j '.U(Xij)

i=1 j=1 i=1 j=k+l1

(6.3.16)

6.4 MeToabl onpeaeneHns BaXHOCTH
TpeboBaHui, npeabsaBnsembix K C3U

ITpu npuHATUM peleHus! O BBIOOpPE HAUIYYILETrO BapUaH-
Ta CUCTEMbI 3alUThl MH(OPMALUU B COOTBETCTBUU C MO-
JIy4eHHBIM KpuTepueM (6.3.14) Bo3HMKaeT 3amaya ompese-
JIEHUSI BaXHOCTU (Beca) TPEOOBAHMUIA, NPEIbIABIIEMbIX K
napamerpam C3U.

Haubonee nonHblit 0630p MeTOOB ompeeneHus: Koad-
(bULMEHTOB BaXHOCTU NpuBeieH B autepatype [9]. B co-
BPEMEHHOI MaTeMaTU4eCKOil TEOpUU U3MEPEHUS pasinya-
I0TCSl [Ba BUIAa WU3MEPEHMUI: B MEPBUUHBIX lIKalax
(HaMMEHOBaHUI, NOPsAKA, UHTEPBAIOB U T.J.) U B IIPOU3-
BOAHBIX LIKanax ((PyHKLUMIA MOJE3HOCTU U YACTOT MPEAIoy-
TEHUI).
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Cpefm nepBuYHbIX U MPOU3BOJHBIX M3MeEpe-
HWI BbIAENSIOTCS ABa MOJKacca TUMNOB U3Me-

peHuM.
1 knacc — nepeunuHbie uamepenus: 1A knacc — [
nonapHble cpaBHeHnus; 1b knacc — ToyeuHble

OLIEHKM Ha LUKane; 2 Knacc — MpOM3BOAHbIe
M3MepeHus: 2A knacc — PYHKUMM LUEHHOCTH; 2.2, frrzzae
2b knacc — 4acToTbl MPEANOUTEHHN.

Hepapxuueckas kiaccupukanus MeTOLOB ONpesese-
HUS KO3(P(HULUEHTOB BaXHOCTU TPEOOBAaHUII B COOTBET-
CTBUU C BbILIE U3JI0KEHHBIM I1OIXON0M IPUBEIEHA Ha PUC.
6.4.1.

Wcnonwsys aureparypy [9] , npoBeaeM KpaTKuii aHa-
JIU3 NPUBEAEHHBIX METO/IO0B.

1 knacc. Memodbi o6pabomku uHghopmayuu e
nepeuYHbIX WKanax

1A .Metoapl MONapHOro CpaBHEHMUS.

1A.1.Metoap! aHaJIM3a MaTPULIbI TIOMAPHOTO CPABHEHMUS.

OTa rpynmna MeTol0B COJEPKUT IBE MOATPYIIbI.

1A.1.1. MeTtonbl COOCTBEHHBIX BEKTOPOB.

1A.1.1. MeTroabl HAUMEHBIIMUX KBaaApPATOB.

1A.1.1. MeTtonbl COOCTBEHHBIX BEKTOPOB MaTpPULIbL.

W3 s10i1 rpynnsl MeToq0B HaubosblIee pacpocTpaHe-
Hue nonyyuau Mmeroasl YOS [10],Caatu [11] u Korrepa
[12].

a) Memoo Y.

MeTo cOOCTBEHHBIX BEKTOPOB Y351 OCHOBBIBAETCS Ha
JAHHBIX MaTpUIIbl MOMAPHBIX CPAaBHEHUIA.

A=|lay|.a; € 1,01}

tie a; =—1 o3HayaeT MPEBOCXOJICTBO MapaMeTpa X; Ha fa-
pameTpoM X, d; =0 — paBHOLIEHHOCTb X; M X, @ a; =1 —
TNPEBOCXOJICTBO MApaMETpPa X; HAJl X;.

BBuny HeynoGcTBa paGoThl ¢ OTPULATENbHBIMU YKMC/IA-
MU MaTpHILy TONApHBIX CPABHEHUI MOXHO MPEBPATUTh B

HEOTpULATEIbHYIO MaTPUILy
+ +
A" = a0, € fo1.2}

rae uncna (0,1,2) UMEIOT BBIICO3HAUYEHHBIN CMBICI.

CnoXMB yKcaa MO KaxIoi U3 CTPOK MaTpHLibl, OyaeM
MMETb YMCJIOBBIE XapaKTEPUCTUKU BaXXHOCTU MapamMeTpoB,
a pasfesuB MX Ha OOLLYI0 CyMMYy — IOJYYUM BECOBbIE KO-
3 PULUUEHTB TapaMeTpOB:

Aii = . (6.4.1)

Henocratkom 510l (pOpMyIIbI SIBJISIETCS TO, YTO OHA HE
YUUTBIBAET BAXHOCTh "HUYEHHBIX"(PABHOLIEHHOCTU X; U X))
U "IIPOUTPBILHBIX" (KOTAA X; IPEBOCXOIMT X;) CPABHEHMI.

Ecnu ycTpaHUTB 5TOT HENOCTATOK, TO BECOBBIMU KO3(-
(uLIMeHTaMU 1O CYTU SIBJISIIOTCS. KOOPAUHATHL COOCTBEHHO-
rO BEKTOpa, COOTBETCTBYIOLIETO MaKCUMaJlbHOMY Xapak-
TEPUCTUYECKOMY UMCIY MATPULBl OMAPHBIX CPaBHEHUN
[11].

6) Memoo Caamu.

IMpeanonoxum, 4To pe3y/bTaThl OMNAPHOIO CPaBHEHMUS
MapaMeTpoB OMUCBIBAIOTCS OTHOLUEHUSIMU UX BECOB, T.C.
MPEACTaBUMBL B BUAe MaTpulibl A (MaTpuubl CaaTn).

A=|A /A i e Tn.
CnpaBeanuBo cienyoliee paBeHcTso [11],

(A-nE)A=0

maBa 6

(6.4.2)

rie £ — eaMHMYHas MaTpuua; A — BEKTOP BECOB.

Jlist HaxoXIeHMs BEKTOpa BECOB  HEOOXOIUMO PELIUTD
ypaBHeHue (6.4.2). [TockonbKy paHT MaTpHUIbl paBeH 1, To
n — €IMHCTBEHHOE COOCTBEHHOE UUCJIO STON MaTpULBl U,
cleoBaTeNbHO, ypaBHeHHE (6.4.2) MMeeT HEeHyIeBoe pe-
uieHue. boisee TOro, sTo €IMHCTBEHHOE pelleHue, obJa-
Jarouiee CBOMCTBOM

Y=
i=1

OTO pelieHre U eCTb UCKOMBIN BEKTOP OTHOCUTEIbHBIX
BecoB INapameTpoB — BekTop CaaTu.

8) Memood Koeeepa u IO.

B sToM MeTone B KauecTBe BEKTOpa BecoB OepeTcs pe-
HIeHNE YpaBHEHUs

A'TA=A, (6.4.3)

e T=Ht,»j , ty=a;npuj=1,

ty =0 mpuj < i
A =||dlj||’dlj =}1—i+1npn i=j

d; =0 mpn i#j.

[MpenmyiecTBOM MeTOAa SIBJASIETCS TO, YTO OH MEHee
TPYAOEMOK B BBIYMCIUTEIbHOM OTHOUIEHWM, YEM METO[
Caaru.

A.1.2. Memoobl naumenvuiux Keaopamos.

B stom MeToze BecoBble KOBDOUIMEHTHI ONpeesoT-
csl TyTEeM pelIeHUs] ONTUMU3ALMOHHOrO ypaBHeHus [13].

2

ii a; —% — min
J

i=1 j=1

(6.4.4)
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5% = .

—————— > - - - o

Aediogw rawmeniuway cbagpaiol...

Jlist pelieHus! 5TOr0 YpaBHEHUSI UCIOJb3YETCsl UTepa-
TUBHBII anroput™M Mapksapara [13].

1.A.2. PaHroBble METOABI.

1.A.2.1. MeToapl CpefHUX PAHIOB.

Kax u3BectHO 13 Teopuu KBaaumerpuu [9], ais onpe-
JIeJIEHUSI BECOB IPUMEHSIETCS BbIPAXKEHUE

A= iR,.} ii&j
j=1

i=1 j=1
1 y :
rie R; — mpeoOpa3soBaHHbIl paHT MapameTpa iy SKCIep-

(6.4.5)

Ta j.
1
[peoGpasoBaHue R; COCTOUT B TOM, 4TO 3HayeHue 0 —

rnapaMeTp ¢ HauMEeHbLUIUM paHTroM; | — clenyIonuii 3a HUM
U T.I.

1.A.2.2. Memoodvt mpancghopmuposanuslx paneos

Ora rpynmna MeToloB MOApa3IeiseTcsl Ha IBe MOArPYI-
TIBL:
® anmnpokcUMallM PpaHIOB MOHOTOHHOUN (dyHKuUeEl
(1.A.2.2.1)
®  aNNpOKCHMMAIIMU PAHXUPOBKM MApaMETPOB CUCTEMOWA
JIMHENHbIX nepBeHCTB(1A.2.2.2.).

1A.2.2. 1. Memoduvl annpokcumayuu paneo8 MOHOMOHHOU
ynkyued.

OTa rpynna MeTofoB 0a3upyercs Ha pasjMyHbIX Tpe-
00pa3oBaHusIX (TpaHchOpMaLUU) PAHTOB 3HAUYEHUSIMU MO-
HOTOHHO yObIBatoOlINX (GYHKUMI LEJOUYUCIEHHOTO apry-
MEHTa

a) A =4, + ::i (A =2,), — B pabore [14] (6.4.6)
2 m(n+1)—2r[k
0) 4 - k=1 |, — B paGore [15] (6.4.7)

mn(n+ 1)

Tl r, — PaHT, IPUCBOCHHBIN i-My TIapaMeTpy k-M dKcIep-
TOM;

n, m — 4uciao napametrpoB C3U u skcrepToB cOOTBET-
CTBEHHO.

B) A =

»(0) _
. , Toe y; —ﬂ, — B pabote [16] (6.4.8)

2
i=l

1.A.2.2.2. Memoodvt annpoxcumayuu pauicuposxu AuHell -
HOU cucmemoll HepageHcma.

a) Memod Yepumena-Axocha [17]

B pesyinbrate nmonapHbIX CpaBHEHUII CyMM IapamMeTpoB
oOpasyercs cuCTeMa HepaBEeHCTB, KOTopas oIpeaesseT
MHOTOTPaHHUK, JI100as TOYKa BHYTPU KOTOPOrO MOXKET
OBITH MPUHSTA ISl TIOJTYYEHUs BECOBBIX KOB(GhULIMEHTOB.

0) Memoo aekcukoepagpuu I[lodunosckoeo [18]

3analoTcs ynopsiiodYeHHbIe 0 BaXKHOCTU MapaMeTphbl
(f,fz,...f,,) U JieKcukorpaduyeckoe OTHOILEHUE MPEeAIoy-

TCHUSA TAKOEC, YTO X>Y TOorga M TOJIBKO TOraa, Koraa
D f(x) &5 ()
) H(x)=A0kAE) &K
0 f,x)=f0)rr=12.0-1 £, (x) &7, ()

Jnst anauTuBHON (YHKIMU

L(y)=2n,/1rf,(y)

B KauecTBe BECOBOIo Koadduiuenta A, BbIOMpaeTcs Jo-
00€ MOJOXUTETbHOE YNCI0, OCTAIbHBIE BECOBbIe KOd(DbhU-
LUMEHTBl A, , e r=n—1,n—2,.,2,1 ONpeACISIIOTCS U3 He-
PaBEHCTB:

(6.4.9)

1 n
2, > ~Zkiy[’,rzn—l,n—2,...,2,l (6.4.10)

roj=r+l

e O<u, <v, =inf/f, (x)-f.(y)
x,ye X
U+> 64= max fﬁ(x)— min fﬁ(x),x eX
BecoBbie K0ahGbUIMEHTH BHIOGUPAIOTCST TPOM3BOIBHO B

npezeyiax yKa3aHHbIX HEPABEHCTB.
1b5.1. baanvuble memoovt
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I[J'IH OaJUTBHBIX OLICHOK BBOAMTCS DTAJIOHHAS hiKaiaa, T.€.
Takas LiKajia, B KOTOpOﬁ MOT ObI OBITh BBIPpAXCH MIAHHBIA
IMPpU3HaK, €CiIn ObI BApPYT O6Hapy)KI/U'[0CL, 4YTO OH ABJIACTCA
AIIUTUBHBIM WJIK MOXET OBbITh BBIPpAXXEH Ye€pe3 Apyruc an-
JUTUBHBIC MPU3HAKU.

ITycTh 3a1aHO KOHEUYHOE MHOXECTBO A; ={x1,..,xM},

cocrosiiee U3 M BapuaHTOB, MPEACTaBICHHBIX KOMUCCH-
eit u3 N sKcrepTos.
OueHka kaxzaoro BapuaHta x; (i = 1,..., N) uMmeer Bun

(94 (x; ) £ (x;)], tne k — nomep skemepra (k =1,..,N), npu-

yem gy (X)S Jr (x) 3amaya cOCTOUT B MOCTPOEHUM UTOrO-
BOTO PAaHXMPOBAHMS BAPUAHTOB U3 MHOXecTBa A.

s pelieHus €TOi 3ajauyv BO3MOXHO MpPUMEHEHUE
TpeX TPyNI METOAOB: YMCIEHHBbIE METOJbl 00pabOTKU MH-
TepPBAJIbHBIX OLIEHOK, TYPHUPHBIE METOJbI, alpoKCcuMa-
LIMOHHBIE MeTOnbI [9].

2 knacc. Memodbi o6pabomku u uHghopmayuu e
MPOU380JIbHbLIX WKaax

DTOT KJIACC COLEPKUT [Ba MOAKJacca.

2A. Meroasl annpokcuMauuy (GyHKUUU MOJE3HOCTH.

2Bb. Meroabl TpaHcoOpMaLUU 4aCTOT.

OTU NOAKJIACCHI COAEPXKAT [0 TPU IPYIIBI METOLOB.

2A.1. Metonbl o6o61uieHHoro kpurepusi [lonnHoBcKo-
ro.

2A.2. Metoabl GYHKUMI LIEHHOCTHU.

2A.3. Metoab! "yKJIOHEHUI".

2B.1. Meroas! TpaHchOpMALUU YACTOT MPEANOYTEHUI.

2B.2. Metonbl TpaHcopMaLUuU YAaCTOT OTHECEHUS K
KJIaccy.

2b.3. Metonpbl ciyyailHbIX BEKTOPOB (PaHAOMU3ALUN)H,
HakoHel, rpynmnel MetofoB 2A.1, 2b.1. cogepxur no ase
TIOATPYTIIHI, TIPEACTaBIeHHBIC Ha prc.6.4.1.

2A.1.1. Memodvt adoumuenoil ceepmki.

OTU METOAbl MOXHO MCIIOJNb30BaTh TOra, Koraa (yH-
KLY NOJIE3HOCTU INpeAcTaBleHa B alIUTUBHOI (dopme:

TISWNAS S WHI)

(6.4.11)

OTO MnpejacTaBieHUE CYIIECTBYET, €C/IM BBIMOJIHSIOTCS
aKCHMOMBI HE3aBUCUMOCTHU [9].

2A.1.2.Memodot ceepmiu.

OTU METOABl MPUMEHSIIOTCS TOrJa, KOrja YyacTHbIe Ma-
pameTpsl Jjornyecku cBopauuBatorcs [19]. KomrmiekcHblit
KpUTEpUii TTPU 5TOM UMEeT CIEAYIOLUI BUJ

f:max[/l[f[(x[)] win F =min[f;(x,)/4,] (6.4.12)

2A.2. 1. Memodvt myasmunaukamuenot ceéepmku Kunu [20].

MynbTunaukaTiBHask GYHKIMS MTOJ€3HOCTH CYLLECTBYET
TOT/Ia M TOJBKO TOTAa, KOT/a MmapaMeTpbl B3aMMHO He3a-
BUCHMBI TIO TTOJIE3HOCTHU

(6.4.13)

maBa 6

n
A RES) § [RGB
i=l1
rae k — KOHCTaHTa.
2A4.2.2. Memodvl noauaddumueHotli ceepmiu.
B ciyyae He3aBMCHMMOCTM MapaMeTpoB OT CBOErO 10-
MOJTHEHUSI TI0 OTHOILIEHWIO WHTEPBATOB (DYHKIIMS 1IE€HHOC-
™1 umeet Bua [20].

V)= s P i)+ 3 Sy )

i=l j&
n=2 n-1
+2 zaijkVi(xi)Vj(xj)Vk(xk)+
i=1 j# k®

+ a0 Vi (30 W2 (02 ) 7, () (6.4.14)

2A.3.1. Memoodwr "ykaonenus" om udeanvHol mouku.

a) Memoo Yapnca—Kynepa [21].

Bce nmapameTpnl cBOAATCS B 00OOLIEHHBI IapaMerp,
MMEIOLIMI CMBICIT PACCTOSTHUSI OT paccMaTpUBaeMOil OLIEHKU

m
JI0 HEKOTOPOIA MI€aIbHOM TOYKH @ = zai (f (xi)—3 i*).
i=1

Yaute Bcero NpuHUMAaOT 0OOOLLEHHBII MapaMeTp BUAA

m

(Dzzai(f(xi)—e i*)

i=1

(6.4.15)

0) Memodvl HOpMUpOGAHHOU CMeneHHOU MempuKu.
Llesnenu B pabote [22] UCHONB3YIOT CIEAYIOLIYI0 METPU-
Ky
e
) p

L(x)=Y A firohil) (6.4.16)
i=l :

Tk
i
*
f;’ _f;'w
rae f;* — onTuMaibHOE 3HAYECHHE MO i-My Iapamerpy;

fi,w — MAakKCUMaJIbHO JOCTHXKHMMOE€ 3HAYCHUCE I10 i—My na-

pamerpy.
8) Memod komnpomuccroeo ykaonenus [20].
KomnpomuccHas nmpouenypa pelieHuss MHOTOKPUTEpU-
aJTbHOM 3aJa4M MOXKET OBITh 3alMcaHa B BUJE:

maxk; (x): k; (x)= ki*i=12,.,S;
xeV

i s 2
I’;;l;l[y, k; *—k; (x)]S n (6.4.17)

i
BecoBrre KO3 (GUUMEHTE ONPEAENAIOTCA PAaBEHCTBAMU
.
Ay =——;i
k; *—k;
o
k;* = mink; (x)

1

=12,..,5:

(6.4.18)
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Merto bt OIIpEACIICHUS KOS(i)(l)I/II_H/ICHTOB BaXXHOCTU KPUTEPUECB

Metopl 00paboTku HHpOpMALUH
B NIEPBUYHBIX LIKAJIAX

1 knacc

Metopl 00paboTku nHpOpMaLUH
B [IPOM3BO/IHBIX LIKAJIAX

2 Kiace

MeTo/1p! arnpoKCHMALHH Mertop! TpaHchopMaLu
MeTob! OmapHbIX MeTo 1Bl TOUSHUHBIX OLEHOK (1)yHKL[I/II/I TI0JIC3HOCTH Y4acToT
CDAaBHEHUI
1A kinacc 1B knacc 2A xmacc 2b knacc
Metone! anasa Metoast Metoast Metoast Metoast
MaTpHubl Panrosbie MeTo1bI Bamwibubie Mertox ouenok Ha oGoGuennoro Merons dyskumii Meroast ¢ i
Honipiin i . Kpirepia o i wation ofccens wexropon
cpasnenuii npenoueHIs Kacey (¢1010)
1A.1 1A.2 15. 1 15.2 2A. 1 2A.2 2A.3 2B. 1 2B.2 2B.3
[ [ [ \'—\
Metoast Metoast Metoast Merozst Merozst Merozst Metoast Merozst Merozst Merozst Merozst Meron
COBCTBEHHBI HAMMeH X cpenHmx Tpacopyit- MHTEPBATHHEIX OleHoK Ha AITHBHOI Meroust MyTHTHILIHKG- nomAAITIE- yKIOHeHHii 0T yKIOHeRHii 0T Merox npexmouTeti
X BekTOpOR KBapaton panros POBAHHBIX oteHok e cBeprn ‘max (min) TiBHOi ‘Ot cBEpTKH e B ROI Tou Tepcroymia P
Soron oo : oy o pommoncens
1A.1. 1A.1. 1A.2. 1A.2. 15.2.1 1B.2. 2A.1. || 2A.1. 2A2. || 2A.2. || 2A.3. 2A.3. 2b.1. || 2B.1.2
[ 1 [ ————
Metoast Merozst Meron Meroast
annpokcuMaw mxxg;tﬂﬂ:f::::‘x yropazounBaA MHTEPBATLHOTO
pvimanei nepanccrs Herpre Ky S PWUC. 6.4.1. Hepapxuueckasn kaaccupurxayus memodog
1A2.2.1 1A2.2.2 16.2.1.1 15.2.1.2 onpedeneHus Ko3p@duyueHmos 6aicHoCmu Kpumepues

Kputepun onTMManibHOCTH COCTOMT B MUHMMU3AIUU
KoMmIpomucca Y.

2A4.3.2. Memoduvt "ykaoHenuil” om mouxKu pagHogecus
("emamyc-k60"). B amux memooax npumeHsiomcs pasiuiHole
MOYKU YKAOHEHUS OM MOYKU PABHOBECUS.

A) Memod koonepamuenoii meopuu uep

Meton Cumpaposckoro [23] ucnosib3yeT cieayioluit
BUJ Mepbl YKJIOHEHUS

n
q(x)zH[fi(x)—fi o (6.4.19)
i=1
rne — 3HaueHUe
("cratyc-kBO").
0) Memod meopemuko-uepogoui [24].
B TeopeTnko-urpoBoii Mozien KOMIPOMUCCHBII Bapu-
AHT MLIETCS B BUIE BBIMYKJION ONTUMAaIbHON KOMOMHALIMU
COBOKYITHOCTH 3ajiay

-TO MapaMeTpa B TOYKEC PaBHOBCCHUA

C,»T-x — max;i=12...,5;
Ax<B;x>0;

S
1_ .
x —Zl,»x,»,
i=1

(6.4.20)

S
npu Zl,» =LA; ®0
i=1

2b kiacc. Metonbl TpaHchOpMalMy YacToT.

2Bb.1.Metoanbl TpaHcoOpMaLUU 4ACTOT MPEIINOUYTEHUI.

2b.1.1. Meron Tepcroyna [25].

Merton mpencTaBieH ClIeAyIOUUM aIrOPUTMOM:

[ar 1. CocraBasercd Tabauua, xapakTepusyrolas
YMCJIO CJIy4yaeB, KOIZa mapamerTp X; ONpenesseTcs: Kak 0o-
Jiee BaXHBI, 4eM napamerp x; (MaTpuua A).

IHar 2. Crpourcst matpuua P ni4 BbSIBIEHME IPOLIEH-
THOTO 4MCJIa CIydyaeB, KOIZa MapaMeTp X; OKasblBaeTcsl 00-

JIee 3HAUMM, 4eM x; (Matpuua P =||Pij||, rae Py =4a; /C’C —

YHUCJIO 5KCIEPTOB)

IHar 3.Marpuua wucnoab3yercs Il IpeoOpa3soBaHUs
9JIEMEHTOB MAaTpULIbl B CTAHIAPTHBIE U3MEPUTENU Pa3jIU-
st

Zij 12

P =Glz)=- J' 424 (6.4.21)
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[IIar 4. PaccuurteiBaloTcs
n ._ 1 n
= ZZ,»j,Z,» =—~ZZ,»
n
j=1 i=1

[lar 5. z; npeoOpasyeTcs MyTeM MPUMEHEHUsI TabIMIL

(6.4.22)

HOPMaJIBHOTO pacrpejieJIeHUs] B MPOLIEHT TUIOIaAu HOp-
MaJbHOTO pacrpeeseHusl, COOTBETCTBYIOUIUI 3HAYEHUIO
BECOBOTO KO3 PUIMEHTA.

2b.1.2. Memod uacmom npednoumenuti auya, NPpUHUMAio-
weeo pewenue (JIIIP) [26].

Meton ucnonssyer dhopmanusm TepcroyHa U ominya-
€TCsl TOJBKO BUJIOM IOJIyY€HUS] UCXOQHOU MHbOpMaLNH,
T.e. dopmupoBaHuemM marpu A u P.

2b5.2. Memoowvr mpancgopmayuu wacmom npuHaoNe’CHOC-
mu Kk kaaccy (caoto).

a) Memoo Posnepa [27].

3a cueT MHOTOKpPAaTHOIO MpPEeAbsIBIECHUSI MapaMeTpoB
9KCIEepTy, KOTOPBIN OMycKaeT Mx B oAHYy U3 M siueek 00-
pasyeTrcd MaTpulla YCIOBHBIX BEPOATHOCTEN P[(k), rae
k=12,..,.M;S, (l' = 1,2,..N) — rapaMeTpsbl.

Jlns ompenesneHUs] BECOB MUCIMOJIb3YETCS COOTHOLIEHME

(=2, P = 7o (k). p, %)) (6.4.23)

CpenHue UIKajJbHbIE pa3inyus MEXAy Mapamerpamu
MpU CYMMUPOBAHUU COCTABISIIOT LIKAJIUPOBAHHYIO BEJU-
YUHY BECOB MapaMeTpoB.

2b.3. Memoout cayuaiinvix éexkmopoé (pandomuszayuu) [9].

Beca MoryT npuHMMarh JMLIb KOHEYHOE MHOXECTBO
BO3MOXHBIX 3HAYEHMUIA
A€ Ry = O,L,..,N—_l,l ,

N N
raie N — 3aaHHOE HaTypaJbHOE 4uciIo, N &m .
O61ee uncio L BO3MOXHBIX pealu3aluii #-MEpHOTO

CJly4ailHOrO BEKTOpa TakXke KOHEYHO, P:(N+m—1).

CunTaeTcs. 4TO BEKTOP BECOB MOMYMHEH paclperese-
Huo Jupuxie (/11,.../1,,, )e ﬂ(ocl,..,am), T.€. IUIOTHOCTh pac-
TpefesieHnsT UMeeT BUI:

m

S G B)= T o0t ) TT 27 /T (e1)

i=1

(6.4.24)

st mo6oro k <m BeKTOp BECOB CXOMUTCS MO (HYHK-

LAY PACTIPENENECHNS K CIyYalHON BEIUYUHE Vi,..., Vi .

(l‘l,””’}l‘k )—> (yl,...,yk )

TaKOU, 4TO

k
Viseeos Vies I—Zy,» e,ZZ(l,...,m—k)
i=1

[1pu pelreHun npakTryeckux 3anady 0OOCHOBaHUS Tpe-
OGOBaHMIT U OIIEHKU CHUCTEMbI3AIIUTH WHGHOOPMALIUY BO3HU-
KaeT eCTeCTBEHHBIl BONPOC pallMOHAIbHOIO BbIOOpa Me-
TOJa Orpe/eseHus] BecoBbIX KoaddulineHToB U3 yncia 19
TPYTI M3JI0XEHHBIX MeTONOB. HempaBuiabHBIN BBIGOp Me-
TOJA MPUBOAUT, KAaK MPaBUIO, K HEJOCTATOUHON 00OCHO-
BaHHOCTU TIPOM3BOIMMBIX OINEpauuii HajJ Majlol0CTOBEp-
HBIMU UCXOJTHBIMHU DKCIEPTHBIMU NAHHBIMU.

Ananu3s nurtepatypsl [9, 19 u ap.] nossossieT onpeze-
JIUTb OCHOBHbIE (AKMOpbl, eAUAIOUUE HA 8bI60P Memo0a OUeH-
Ku gecogbix kKo3gpuyuenmos. PaccMoTpuM 5TU (QakTOpbI.

1. Qusuueckaa cywHocms napamempos u omHouleHue medic-
dy Humu.

IMapamerpsl (1K B HaweM ciyvae TpeboBanus Kk C3U)
OIPEIEISIIOTCS UCXOIS U3 CMbIC/IA TIPOBO3IIALLIEHHOMN LEJIN.
Jlasee HEOOXOAMMO ONPEAETUTb CTEMEHb B3aMMOCBS3EH U
B3aMMOOTHOIIEHU MeXAy HUMU, T.€. 3aBUCUMOCTU WM
HE3aBUCUMOCTHU. XapaKTep 3aBUCMMOCTU WJIM HE3aBUCUMO-
CTU (HE3aBUCUMOCTD M0 TMOJIE3HOCTU, MO MPEeaNOYTEHHIO,
1o 0e3pa3avuuIo U T.A.) BIUsET HA BBIOOP METONA OLIEHKMU.

2. Caoorcrocms nposedeHus Kcnepmussl U TPYLOEMKOCTb
MOJTyUeHUsT SKCIEePTHON MHbOpMAINH.

C0XHOCTb M TPYAOEMKOCTb BKCIEPTU3bl OIpereser-
csl peaJbHbIMU YCJIOBUSIMU M BO3MOXKHOCTSMU €€ MpOoBe-
JIeHMSL.

Kax noxazano B [9], HauMeHbllIero BpeMeHU OOLIeHUs!
¢ 9KcIlepTaMy TpeOyeT paHKUpoBaHUe U MeTol TepcroyHa;-
METOJ1 JINHEIHOI CBepTKMU U TpeOyeT HauOOJIbILIEro BpeMEHU
obeHust ¢ akenepramu (B 12 pa3 Gosbliie, 4YeM paHXHpoBa-
Hue; B 2 pa3a Oosblie, yeM meton Yepumena—Axkoda)u T.1.

3.Cmenend coenacoeanHocmu MHEHUI 2KCNEPHIOS.

maBa 6

Cireners cornacobannocinu muehud swcnepiiol...

CreneHb COracoBaHHOCTU B TMEPBYIO OYepelb 3aBUCHUT
OT KOJINYECTBA MPUBJIEKAEMbIX SKCIIEPTOB U YPOBHS MX KBa-
nudukanuu. B To e Bpemsl Ha Hee BAMSET BHIOpAHHBIN
METOJI OLIeHKHM BecoB. Tak, HauOOJIbIIYIO COIIACOBAHHOCTh
9KCIEPTOB 0OecreynBaeT JMHEeHHas CBEPTKA, HAMMEHBLIYIO
— HeTNocpelNCTBEHHAasl YMCIeHHas olleHKa BecoB [9], mpu
9TOM paHXXUpPOBaHME TMPU BCEil €ro MpoCTOTe MO3BOJISIET
MOJIYYUTh BeCOBble KOSGhOUIMEHTbI JOCTATOYHO TOYHbIE U
6JIM3KMe K MX 3HAUEHMIO, MOJYYEeHHOMY METOJOM JIMHEM -
HOW CBEPTKU.
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4. Tpyooemkocms o6pabomiu 3KcnepmubiX OAHHbIX.

OT1oT hakTop He SBISETCS INIABHBIM MPU COBPEMEHHOM
YPOBHE Pa3BUTHUS BBIUMCIUTENbHOM TexHUKU. OHAKO NpU-
MEHEHHE CIOXHBIX METOA0B 00pabOTKU DKCHEPTHON MH-
dbopmauuu mMoxer norpedoBaTh pazpabOTKU CreLMATbHOM
nporpamMmbl 00pabOTKHM, UTO MOBJIUSIET HAa CPOKHU MPOBE-
neHust skcneptussl. O4eBUAHO, YTO Hambosee MPOCTbIMU
METOIaMU C 3TOM TOYKM 3PEHUS SIBJSIOTCS PaHTOBbIE Me-
TOIBI U OAJJTbHBIE METOMIBI.

VYyer Bblllle MpUBEAEHHBIX (HAKTOPOB MO3BOJISIET HA
MpakTUKe BbIOpaTh palMOHAJIbHBIN BapMaHT OLEHKU Be-
COBBIX KOG (UIIMEHTOB.

B 3akioueHne paccMOTpUM NpUMeEp OIpeneseHus Ko-
3(hbULMEHTOB BaXXHOCTU TPEOOBAHUIA, MPENbSIBISIEMBIX K
C3MU, Ha ocHOBe MeToa MapHbIX cpaBHeHUH (Metona Ca-
atu). lkana a1 OLEHKU OTHOCUTEIbHON Ba’KHOCTH Tpe-
GoBaHMiI MpuBeneHa B Tabm. 6.4.1.

Tabnuua 6.4.1. LLikana oTHOCUTENbHON BaXXHOCTH

HUnmencus- Onpedenenue

HOCMb ONMHO-

CUMenbHoU

edalicHocmu

1 PaBHas BaXHOCTb CpaBHMBaEMbIX
TpeboBaHui

3 YmepeHHoe (cnaboe) npeBOCX0ACTBO
OJHOro Hapg Apyrum

5 CunbHoe (CyL,eCTBEHHOE) MPEBOCXOACTBO

7 OyeBMAHOE MPEBOCXOACTBO

9 AbBconioTHOE (NofaBnsiolLee) NPeBOCXOACTBO

2,4,6,8 [MpomexyToYHble pelueHns mexay AByMS

coceHMMN OougeHKamMu

ITycTe HEOOXOAMMO OIPENETUTh OTHOCUTEIBHYIO BaX-
HOCTb YeThblpex TpeboBaHuii (mapamerpos C31). B pesyib-
TaTe SKCIEPTHOTO OINpoca IMOJyuyeHa CIIeAylolas MaTpula
MapHBIX CPAaBHEHMIA:

1 5 6 7
s 146
16 1/4 1 4
/7 1/6 1/4 1

Kaxk cnenyer u3 coortHomenust (6.4.2), HeoOXOIUMO
PELINTD 3a1auy HAXOXIEHNs COOCTBEHHBIX 3HAUYCHUH (A4 —
AE)-W =0, tne W — coGCTBeHHBII BekTOp, a A — c00-
CTBEHHOE 3HaYeHUe MaTpULIbl. DTa HEOJHOPOIHAsH CHCTe-
Ma MMeeT HeTpUBUAJIbHOE pellIeHre TOrAa U TOJIbKO TOTAa,
Koraa omnpeneauteib Matpuiibl A — AE paBeH Hymo. Haii-
IIeM ero

-2 5 6 7

5 1- 4

/ A 6 =24 —423-6,9141-2,715=0
16 1/4 1-1 4

Y7 16 14 1-A

VpaBHeHME UMeEET pellieHre

A= —0,362; 4, = — 0,140 + 1,305i; A, = —0,140 —
1,305i; A, = 4,390.

CuenoBatesbHO, A
LIUI BEKTOp:

= 4,390. Haiinem coOTBETCTBYIO-

‘max

1-4390 5 6 7 o,
15 1-4390 4 6 | ez _,
1/6 /4 1-4390 4 | |o;
17 1/6 /4 1-4390| |o,

BBeneM ycioBue HOPMUPOBKU ) + @, + W3+ @, =1.

Paccmorpum cucremy

-3,390w, +5w, +6w; + 7w, =0

0,20, —3,3900, +4w; + 6w, =0

0,166w, +0,25w, —3,390w; + 4w, =0

0,142w, + 0,166, +0,25wm5 — 3,390, =0 (*)

Cucrema (*) MMeeT TOJIBKO HyJieBoe pelieHue. Jist Haxox-
JIeHUsT coOCTBEHHOTO BekTopa W MCIONb3yeTcsl 3aMeHa OIHOTO
13 ypaBHEHUI (*) yciioBMEM HOPMUPOBKU. B pesynbrare pette-
HMSI CUCTEMbl TMOJiydaeM COOCTBEHHBII BEKTOp BECOB
W = (0,0,,05,0,), 0 =0619,0,=07235 0;=0,01,
w, =0,045.

OTMeTHM, 4TO MaTpulla TTApHBIX CPABHEHUI OTpaxkaeT
COTJIacOBaHHbBIE CYXIEHMS TOrJa M TOJbKO TOTAa, KOria
Amax = 1. Kpome toro, Bcerma A, i #, moatomy A, — #
AT MEpPY HECOTIACOBAHHOCTU U YKa3blBaeT, KOrga CyXk-
JIEHUE SKCIIEPTOB CliefyeT MpoBepUThb. B paccMoTpeHHOM
npumepe mipu n =4 A, = 4,390 Mepa HecOrTaCOBAHHOCTU
paBHa 0,6390, 4To SABASETCS LOMYCTUMBIM TIPH TPUHSTOM
mkajne (tabm. 6.4.1).

Kaxk cnenyer u3 npumepa, omnpenesneHne BECOBbIX KO-
a(hduureHToB ¢ MoMolIbio TTOXOXIeHUsl BekTopa W mar-
PUIIBI TAPHBIX CPABHEHUH SIBJISIETCS] TOBOJILHO TPYAOEMKOM
3agaveil. Jlns pelueHus MpakTUUECKUX 3afay HEKOTOpble
aBTophl [5, 8] mpeanaraioT onpeneauTb BecoBble Koaddu-
LIMEHTHl MYTeM pacyeTa CPelHEero reOMeTpUuYecKoro 13 co-
OTHOUIEHUSI

) (6.4.25)

TIe da; — KO3 NIMECHTbI MAaTpULIbl ITAPpHBIX C ABHCHMUIA.
ij

B nawem npumepe noayuaem: w; =0,614,0, =0,239,
@3 =0,103,w, =0,044.

OwmnbKu onpejpeseHusi BeCOBbIX KO ULIMEHTOB B
JNAHHOM TIpUMepe He TpeBbIaoT 5%, 4TO TOBOPUT O BO3-
MOXHOCTHU TIPUMEHEHUS] MeToja.
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6.5 MeToabl NOCTPOEHMS (PYHKLMU
npuHagnexHoctn tTpebosanui k C3U
33/laHHOMY YPOBHIO KauecTBa

CylecTByeT 3HaAUYUTEIbHOE KOJMUYECTBO METOJOB MOCTpOe-
HHUS 10 DKCIEPTHBIM OLeHKaM (DYyHKLMIT MPUHAUIEXHOCTH
HEYEeTKOro MHOXecTBa UA(X). Boimensior 1Be rpynms MeTo-
JIOB: TIpSIMbIE€ M KOCBEHHbIE MeTOAbI [4].

Ilpameie memodv: XapaKTEPU3YIOTCS TEM, YTO DKCIIEPT
HEIOCPEICTBEHHO 3a/1aeT MpaBuiia ONpeaeaeHs] 3HaUeHU
GYHKIMU NPUHAIUIEKHOCTH UA(X), XapaKTepu3yloLen aJie-
MEHT X. ODTU 3HAYeHUs COIJIACYIOTCSl C €ro MPEANOoYTeHUs -
MU Ha MHOXECTBE 3JIeMEHTOB X CJEeIYyIOLUIMM 00pa3om:

1) st MoGBIX X, X, € X UA(X;) < UA(X,) Toraa U TOIBKO
TOrna, KOTja X, MpearnoyTUTe/lbHee X, T.e. B OoJblleil cTe-
MEeHM XapaKTepusyeTcsl CBOICTBOM A;

2) mis MOOBbIX X, X, € X PAX,) = UA(X,) TOraa M TOJIbKO
TOr/a, KOrIa X, U X, 0e3pa3inyHbl OTHOCUTENILHO CBOICTBA A.

[pumepamu mpsSIMBIX METOAOB SIBISIOTCS HEMOCPE/-
CTBeHHOe 3a1aHue (GYHKUMU MPUHALIEXKHOCTU TaOIuLeH,
rpadukom mnau dbopmynoit. HegocrarkoMm 3Toit rpymmbl
METONIOB $IBJIsieTcsl OoJibllasi A0Sl CyObeKTUBU3MA.

B koceennvix memooax 3HaueHns GyHKUMM TPUHALIEXK-
HOCTH BbIOMPAIOTCSI TAKUM 00pa3oM, 4TOObI YIOBJIETBOPUTH
3apaHee cOPMYJIMPOBAHHBIM YCIOBUSIM. DKCIEpTHAs] UH-
dbopmanus sBiseTcss TONIBKO UCXOAHON MHbOpMaLeil s
nanpHeieit 06paboTku. JJonoaHUTeIbHbIE YCIOBUSI MOTYT
Hajlaratbcsl Kak Ha BUJ, MojTy4aeMoil nHdopmaumu, Tak 1 Ha
npouenypy oopaboTKu.

Jlanum KpaTkylo XapakTepuCTMKY Haubojee 4acTo Hc-
MOJIb3YEMbIX KOCBEHHBIX METOJOB MOCTpOeHUs (DyHKU M
MPUHAMJIEXHOCTH.

6.5.1 MocTpoeHne dyHKLMA NPMHAANEKHOCTU Ha
OCHOBE MapHbIX CpaBHeHwi [4]

Nociapoerue qpynwceud wpURAGuE R ROCIHRAL. . .

111

maBa 6

Merton ocHOBaH Ha 00pabOTKEe MATPULbl OLIEHOK, OTpa-
KaIOIMX MHEHUE DKCIIepTa 00 OTHOCUTENLHON TPUHAITEXK-
HOCTH 3JIEMEHTOB MHOXKECTBY WJIM CTENEHM BBIPaXEHHOC-
TU Y HUX HEKOTOPOTrO OLEHMBAEMOIO CBOWCTBA.

IMorpebyem, 4TOOBI IS BCEX SJIEMEHTOB MHOXECTBA A
BBHITIOTHSTIOCH PaBEHCTBO

iuA(x,»)ﬂ
i=1

CrerneHb MPUHAJIEKHOCTH DIEMEHTOB MHOXECTBY A
Oynem orpenesnsaTb MOCPeCTBOM MapHbIX CpaBHeHMit. s
CpaBHEHUSI DJIEMEHTOB UCIONb3YIOTCS OLEHKU, MPUBEIEH-
Hble B Tabauie 6.4.1.

OLIeHKY 2JIeMEHTa X; 110 CPABHEHHUIO C BJIEMEHTOM X; €
TOYKM 3pEHMs CBOMCTBA A 0603HauMM uepes a;. [lna obec-

(6.5.1)

TMIEYEHUs COTJIACOBAaHHOCTH npumeM a; = 1/a;. OueHku a;
COCTaBNAIOT MaTpuiy S = [la.

Haitnem W = (w,,...,w,) — COOCTBEHHBI! BEKTOp MaT-
puibl S, peliasi ypaBHEHUE
SW=1W, (6.5.2)

rie A — cOOCTBEHHOE 3HAYCHUE MATPHUIBI S.

BbruncieHHble 3HaUYECHUS, COCTABIISIIONINE COOCTBEHHBII
BekTop W, MPUHUMAIOTCSI B KQUECTBE CTENEeHU MPUHALIEK-
HOCTH 9JIEMEHTa X K MHOXecTBY A: UA(x;) = w;; i =1,n. Tax
Kak Bceria BblMosHseTcs paBeHCTBO S* W=n-W, To Haii-
JCHHBIE 3HAYEHNS TeM TOYHee, ueM ke A, K n. OTKI0-
HEHUE A, OT 1 MOXET CIyXUTh MEPOil COIIACOBAHHOCTH
MHEHU DKCIIEPTOB.

6.5.2 [TocmpoeHue yHKYul NpuHadIexHocmu ¢
ucrnosib308aHUeM cmamucmu4ecKux 0aHHbIX

[Mpennonoxum, 4to HabiOnas 32 00OBEKTOM B TeUEHHUE
HEKOTOPOrO BPEMEHMU, UEJOBEK n pa3 (PUKCUpYeET CBOE
BHUMaHMUe Ha TOM, uMmeeT Mecto dakT A winu HeT. CoObI-
TUE, 3aKJII0oYalolleecsl B n MPOBepKax Hanuuus daxkra A
Oynem HasblBaTh olleHOUHbIM [28]. IlycTb B k& mpoBepkax
umen mecto dakt A. Torma skcrnepT perucTpupyer yacro-
Ty p = k/n nosiBieHusi Gakta A U OLIEHUBAET ee C MOMO-
1IbI0 CJI0B "yacTo", "penko” M T.II.

Ha yHusepcanbHoii mxane [0,1] Heobxonumo pasmec-
TUTb 3HAUEHUS JIMHIBUCTUYECKON nepeMeHHoil: BECbMA
PEAKO, BOJIEE — MEHEE PEJKO, BOJIEE MEHEE
YACTO, BECbMA YACTO. Toraa creneHb NpUHALIEX-
HOCTU HEKOTOPOTO 3HAUEHMS BBIYMCISIETCS KaK OTHOLLIE-
HUE 4MCIa SKCIEPUMEHTOB, B KOTOPbIX OHO BCTPEYalIOCh
B ONpeNeJeHHOM UHTEpBaje LIKAlbl, K MAKCUMaIbHOMY
ULl 5TOTO 3HAUEHUSI YMCIY SKCIIEPUMEHTOB 110 BCEM MH-
TepBajaM. MeTon TpeOyeT BBIIIOJHEHUS yCI0BUSI, YTOOb! B
KaXJblil MHTEpBaJ LIKaJbl MONAaJal0 OJUHAKOBOE YMUCIIO
9KcIepuMeHToB. Eciu 5T0 ycioBue He BBIIOIHSETCS, Tpe-
OyeTcd ITOMOJHUTENbHASA 00pabOTKa DKCIEPUMEHTATbHBIX
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6.5.3 lMocmpoeHue hyHKyuli npuHadnexHocmu
Ha ocHO8e 3KCrepMmMHbIX OUEHOK [4].

PaccmoTpuM 0coOGeHHOCTH MOCTpoeHUsT (PYHKIMI MpUHa-
JIEKHOCTH JUISL TIPUONMKEHHBIX TOYCUHBIX (Hampumep, X
npubM3nTensHO paBeH 10) M MHTEPBAIBHBIX OLICHOK (BUAA
X HaxomuTcsl MpUOIU3UTEIBHO B MHTEpBaje oT § no 11).
Ha puc 6.5.1. n3o6paxeHsl GYHKINUN MPUHALIECKHOCTH
MHOXECTB, KOTOPbIE COOTBETCTBYIOT STUM OLIEHKaM.

EcrecTBeHHO NPeaNnoNoXuUTh, 4TO (GYHKIMIO, IPEACTAB-
JICHHYIO Ha puc. 6.5.16, HEOOXOIMMO CTPOUTH CIEAYIOINM
obpazom:

ecm o < x < B, 10 U, p(x) = 1;

ec x < O, TO U, 5y(X) = Ue(X);

ecit x < B, TO g, (%) = pp(x),

e U, p(X) — QYHKIMSA NPUHALIEKHOCTU HEYETKOMY MH-
tepany (o, fB);

Ue(X) 1 Lp(x) — QYHKIMM TIPUHAIUIEXHOCTH HEYETKUM
MHOX€eCTBaM 4MCeJl, NPUOIMKEHHO PaBHBIX COOTBETCTBEH-
HO a u B. OHu crposiTcsi aHanornyHo (yHKuMM, rpadux
KOTOpOIi mpuBesieH Ha puc. 6.5.1a.

ITpu mocTpoeHNM GYHKUNM NMPUHALICKHOCTH YHCEN,
NpUOIU3UTEIBHO PABHBIX HEKOTOPOMY A, MOXHO UCIOJIb-
30BaTh (pyHKIMIO [4]

—ou(k—x)? ,

yk(x)ze (6.5.3)

rIe o 3aBUCUT OT TpeOyeMoil cTerneHW HeYeTKOCTH
U,(x), ¥ OTIPENENSIETCS U3 BBIPAXKECHUS

4In0,5
rie § — paccrosiHue MEXIy TOYKaMK Iepexona Uit f,(x),
T.e. TOYKaMH, B KOTOPBIX (yHKIMs Buna (6.5.3) mpuHuma-
et 3Hauenue 0,5. Ha puc. 6.5.1a) 9Tu TOUKM 0603HAUEHBI a
n 6.

Takum obpa3oMm, 3amaya MOCTPOEHUS (L, (X) Ul HEKO-
TOPOTO YMCNIa CBOIUTHCS K OTBHICKAHMIO TTApaMeTpPOB a U B,
4TOOBI MOXHO OBUTO ompenenuts [(x), ¢ momolibio B(x) — o
U, UCIIONB3YS (f, TIOCTPOUTD L, (x).

(6.5.4)

6.5.4 Mapamempuyeckuli MoAxo00 K MOCMPOEHUIO
¢yHKyut npuHadnexHocmu [29]

OnucbiBaeMblil METOJ, TOCTPOeHUST QYHKUMUI MPUHALTEK-
HOCTM OCHOBaH Ha MpPEINOJOXEHUU, YTO SKCIEepPT Xapak-
Tepu3ysl IMHTBUCTUYECKOE 3HAYCHUE KaKOro-110o npusHa-
Ka, C MUHUMaJbHBIM HaMpsKEHUEM MOXET yKas3aTb TpU
touku 1wkanel: A, B, C, us xoropsix B u C — touku, no
€ro MHEHMIO, elle (MU yXKe) He TpPUHAIexXalIne OMUChI-
BaeMOMY JIMHTBUCTUYECKOMY 3HaYeHUI0, A — TOYKa, OTpe-
JEJIEHHO MpUHaiexanias emy.

[lycts uMeroTcsl mapaMeTpuyeckoe onMcaHue TepMOB
t v t' IByX 3HaYEHWIT HEKOTOPOU JIMHTBUCTUYECKOU Tepe-
MeHHOU. OIUH U3 TePMOB MOXET MPEACTABIIATh COO0I MO-
nudukanuio (orpanuueHue) apyroro: t' = h(t), rme h —
orpannyenue Ha t Tuna JOBOJIbHO, BOJIEE — MEHEE,
HE OYEHDb u 1.nn. 3amaya coCTOUT B TOM, YTOOBI MCIOJIb-
3ysl mapaMeTpbl TepMOB t: (Z,, 7,, z;) U t": (®,, @, ®,) onu-
catb mepexoq oT t K t' (mapamMeTphbl CYUTAIOTCS YIOPSITOYEH-
HBIMU OTHOIIIEHWEM "MeHbIIe").

6)

ux) A

1

0,5

>

X

PUC. 6.5.1 Oyukyuu npunadnsexcnocmu Hewemiux MHONCECME COOMEEMCMEYIOUUX NPUOAUNCCHHOU MOYEHHOU OUYeHKe
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OcHoBHbIE BUbI PYHKLUI PUHALIEKHOCTU NPUBELIC-
HBI Ha puc. 6.5.2.

OueBuaHoO, 4TO0 S — oOpasHyo ¢yHkIUIO (puc. 6.5.2
6,B) MOXHO paccMaTpuBaTh, KaK BBIPOXKIEHHBIN CIydait
TpeyronpHOi pyHkumu (puc. 6.5.2 a), B KOTOPOil OIWH U3
apaMeTpoB Z, UM Z, CTPEMUTCS K OecKOHeuHOoCTU. Takum
0o0pa3oM, 3aaya COCTOUT B TOM, 4TOOBI ONUCATb MEPEXO,
MEXJy JII0ObIMU ABYyMs (hopMaMu, MPENCTABICHHBIMU Ha
puc. 6.5.2.

Jlist peleHust 5TOR 3alaud UCIOJIb3YeTCs armapaT aB-
ToMopdHBIX PyHKUMI. PaccMoTpuM npoOGHO-IMHENHOE
oTOOpaxeHue NpsIMoil Ha cebsl Buaa

T:x—>ax—+ﬁ,(x5—/3}/¢0 (6.5.5)
w+6
npeobpaszosanue T~', o6parHoe T, Toy4yaercs, eciiu ypas-
oo+
HeHUe Z = -—— paspeimnrb OTHOCUTENBLHO @:
Yo+ 4
-1, —5Z + ﬁ
T 0=—— (6.5.6)
Y-

Takum oOpaszoM, IIpU MapaMeTpUYECKOM IpeAcTaBlIe-
HUM DYHKIUA MPUHALIEXKHOCTH 3a1aya ONMUCAHUS Tepe-
X0Jla OT OJHOTO TepMma t: (z,, z,, Z;) K aApyromy t': (m,, @,
;) pelaeTcss HeToCPeCTBEHHBIM MOICUETOM YeThIpeX Ma-
pameTpoB — Ko3(bULKMEHTOB IpOOHO-IMHEHHOro Mpeood-
pasoBaHus 1o dopmyiam [4]

0 =7122(0) — 07) + 2123(03 — O1) + 223(W2 —O3);

B = 010:25(2 — 25) + 00325 (23 — 7)) + 02,0321 (25 — 23);
Y =25(0) —03) + 71 (03 — ;) + 23(0, —Wy);

0 = 0,0, (2 — 22) + ©03(23 — 7)) + W,03(2, — 23)

Otu xe Kod3DOUIMEHTH MpU MOACTaHOBKe B (6.5.6)
OTIpeNIeNISIIoT O0paTHBI mepexoa oT t! K t.

PaccmoTrpum Tenepbs mepexon oT TepMma t TpeyroJbHoi
cdopmel kK TepMy t' ¢ S — obpasHoil GyHKIMeN MpuHAaI-
JiexHocTH. st ApoOHO-TMHEHHBIX MpeoOpa3oBaHuii 3TO-
My ClIy4alo COOTBETCTBYET IIEPEXOL OT OAHOM U3 KpanlHUX
3alaHHBIX TOYEK B TOJIOXKEHHE 0EeCKOHEYHO-YIaleHHOMI
TOYKH.

Ecnu z, = o (mepexon ot puc. 6.5.2,a x puc.6.5.2,8), TO
MapaMeTpsl IPOOHO-JIMHENHOro nmpeoOpa3oBaHus

maBa 6

a=2(0) — o)) + z3(0; — @3);
B = w,23(03 — ) + 032, (0] —,);
Y =0, — 03,0 =0, (W; — 0,) (6.5.8)

Ecnu z, = o (mepexon ot puc. 6.5.2.,a x puc.6.5.2.,6),
TO
a=2(0; —03) + 2, (03 —0,);
B =12, (0, —03) + 0,7, (03 —@y);
Y=0, —0,;0 =0 (W, —®;) (6.5.9)

Paccmotpum ciyuvaii, korga ¢GyHKUUM NPUHALIEXKHO-
CTU TIPEACTABJIAIOTCA S — 0Opa3sHOi MM MPOCTO HAKJIOH-
HOI1 KpuBOii. B 5TOM cilyuae MMeeT MECTO JIMHEIHHOE OTO-
OpaxeHue NpAMON

L:x—>ox+B,00#0 (6.5.10)

IMapametpsr mpeobpasoBanus (6.5.10)

o=

N—r B = Y1X2 — Vo Xy
X=x
(6.5.11)

O6parHblii iepexon (y — x) ocyuecTsisiercs 1no dop-
MmyJie

Xy =X

(6.5.7) 1 ( ﬁ]
X=—-y+|-— (6.5.12)
a a
0) AL
1
> > >
Z 0 z 7y Z Z

PWUC. 6.5.2 [lapamempuueckoe 3adanue mepmog



OcHOoBbl NOCMPOEHUs cUcCmeM 3auumsl UHgopmayuu

6.5.5 lNocmpoeHue hyHKyuu NnpuHadnexHocmu
Ha ocHoge paH208bIX OUeHOK [5]

Yactb Il

Haunnblil Meton paspadoran A.Il. PorwreiiHoM u 6asupyercs
Ha UJiee PacIpeNesCHUs] CTEIIEHU NPUHALIEXXHOCTH DJIEMEH-
TOB YHUBEPCAILHOIO MHOXECTBA COIVIACHO C UX PaHIaMMU.

Bynem noHumarh MO paHroM sjeMeHTa X; € X YUCIO
r(X;), KOTOpO€ XapaKTepU3yeT 3HaYMMOCTb STOTO 3JEMEH-
Ta B (OPMUPOBAHUU CBOWCTBA, KOTOPOE ONUCBLIBAETCS HE-
qeTKiM TepMoM S . JIOMyCKaeM, 4TO BHITIONHSICTCS TIPABH-
JIO: yeM OOJIbIIMII paHT 3J1eMeHTa, TeM OoJblie CTENEHb
NPUHALIEXHOCTHU.

Bsenem taxke 0003HauEHUS:

re(X;) =13 g () = Wysi =1,n

Torma NpaBUIO pacrpeesieH sl CTEMeHel TPUHAIIEX-
HOCTU MOXHO 3a1aTh B BUJIE COOTHOLLEHUS:
M _Hy . _Hy

non ) (6.5.13)

K KOTOpOMY A00aBiisieTcsl yClI0BUEe HOPMHUPOBAHUS

W+ +o+ =1 (6.5.14)

Ucnonb3yst cootHomenue (6.5.13) gerko onpenennTb
CTeTeHN TPUHAIIEXHOCTA BCEX DJIEMEHTOB YHUBEpPCAb-
HOTO MHOXECTBA Yepe3 CTeTeHM MPUHAMTEKHOCTH OIOp-
HOTO BJIEMEHTA.

Eciu onopHBIM 9JIEeMEHTOM SIBIISIETCS 9JIEMEHT X, € X C
MPUHAIIEKHOCTBIO [, TO

Lo, B, L
Hyp === M Uz === Hy5. sy = 4 (6.5.15)
n n n
Jl71s1 ommopHOro »j1eMeHTa X, € X ¢ MPUHALIEKHOCTHIO
W,, ToJaydyaeM

" 3 'n
ﬂz=r—'.uz§.us=r—'.uz;m;.un=_'.uz (6.5.16)
2

2 n
Jl1s1 omopHOro sjieMeHTa X, € X € MPUHALIEKHOCTHIO
W,, “MEeM
n r r,
1 . — 2 .o _ 'n-1
By = sy = =2 s g =
r, r, ry

n n

(6.5.17)

VYyutsiBas yciaoBue HOpMHUPOBKHU (6.5.14) U3 cOOTHO-
meHuit (6.5.15)—(6.5.17) naxonum:

~1
I I r,
=1+ 2+ 24 v
noon n
-1
F I I,
T R e A
ry r r (6.5.18)
-1
F I I
U, =]+ +2+2 4+ 41
rn rn rn

IMonyuennsie dopmynsl (6.5.18) nar0T BO3ZMOXHOCTh
BBIYMC/ISITh CTENIEHU MPUHALJIEXKHOCTH [g(X;) OIBYMSI He3a-
BUCHUMBIMU MYTSIMU: .

1) Mo abGCoIOTHBIM OLIEHKaM YpOBHeil 1, i=1,n, KO-
TOpble omnpeaessoTes no 9-tu GanbHol 1ikane (1 — Hau-
MEHbLUNI paHT, 9 — HauOOJIbLINI PAHT).

2) MO OTHOCUTEIBHBIM OLIEHKAaM PaHIoB —L = aj, i,j=1,n,
KOTOpble 00pa3yioT MaTpuily: Ty
1 5 Tn
oo n
ho B T
e
r2 r2 r2
(6.5.19)
1 Iz F-
A28
,rn rn rn J

Orta MaTpuua objagaer ciaeqylollMMU CBOHCTBAMU:

a) oHa auaroHanbHadg, T.e. a,.=1, i=1n;

0) 3JeMEeHTBI, KOTOPble CUMMETPUYHBI OTHOCUTEIBHO
TJIaBHOM JIMaroHajv, CBsA3aHbl 3aBUCUMOCTBIO: a; = 1/ay;

B) OHAa TPAaH3UTUBHA, T.€. d;-d;, MOCKOJIbKY

Hanuuue sTux cBONCTB MPUBOAUT K TOMY, YTO MPU U3-
BECTHBIX BJIEMEHTaX OJHOI CTPOKM MAaTpULIbl A JIETKO OIl-
peleUTh SJEMEHTBl BCeX Ipyrux crpok. Eciu usBecTHa
r-s1 CTPOKa, T.€. SJIEMEHTHI &y, Kk, j=1,n, To mponssob-
HBIA BJIEMEHT a; HAXOMUTCS TaK

a; = akj/ak,- i, j=1n

IMockonbky MaTpuma (6.5.19) MoxeT ObITH MHTEpPIIpe-
THPOBaHA KaK MaTpHUIia MMapHBIX CPABHEHUI PaHTOB, TO JUIS
9KCIIEPTHBIX OLIEHOK DJIEMEHTOB 3TOIl MaTPUII MOXHO
UCIIONB30BaTh 9 — Tu GanbHylo wkany Caatu: a; =1 / .
Ora mKkana nmpuBeaeHa paHee, B Tabn. 6.4.1.

TaxkuM o6pa3oM, ¢ MOMOIIbIO MOJYYEHHBIX (GOPMYI
(6.5.18), sKcnepTHBIE 3HAUEHUST O PaHTax dJIEMEHTOB WU
UX TIapHBIE CPaBHEHUS MpeodpasyloTcss B GYHKUUIO TPH-
HAJUIEXXHOCTH HEYETKOTO TepMa.

ANTOPUTM TOCTPOCHUS (YHKIMHU MPUHAIIEKHOCTH
BKJIIOUAET B ceOsl ClENyIOLUe ONepaLum:

1°. 3amaTh JMHTBUCTUUYECKYIO MTEPEMEHHYIO;

2°. OmpenenuTh YHUBEPCATBHOE MHOXKECTBO, Ha KOTO-
poM 3ajaeTcs JTMHTBUCTUYECKAas MEpeMEHHas;

3°. 3amath COBOKYMTHOCTb HEYETKUX TEPMOB {S,, S,, ... ,
S,.}, KOTOpBIE MCMONB3YIOTCS AJSI OLEHKH TepeMeHHON;

4°. lna kaxporo tepma S;, cOpMUPOBATL MATPULLY
(6.5.19);

5°. Ucnonndyst popmysl (6.5.18) BBIUMCIUTD DIeMEH-
THI QYHKUMI TPUHANTEXKHOCTH AT KaXIOro TepMma.
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HopmupoBaHue HailIeHHBIX (QYHKIMI OCYILECTBIISIETCS
IyTEeM JIeJIEHUS] Ha HauOoJblIKMe CTENEHU IPUHALIEXHOC-
TH.

['MaBHBIM MPEMMYILECTBOM METONA SIBJISETCS TO, UTO B
OTJIMYME OT METOJAa MapHBbIX CPAaBHEHUIl, OH He TpebyeT
pelleHts XapaKTepUCcTuuecKoro ypaBHeHus. [loayueHHble
COOTHOILIEHUS Jal0T BO3MOXHOCTb BBIYHCISATh (YHKIIUU
MPUHALIEKHOCTU C UCHOJb30BAHUEM PAHTOBBIX OLEHOK,
KOTOPbIE JOCTATOUHO JIETKO MOJIyYUTh NPU SKCIEPTHOM
ormpoce.

Kpome omymcaHHBIX METOZOB MOCTPOCHUS (PYHKIMIA
NPUHAUIEKHOCTH, HalleAIUMX HauboJjee LIUMPOKOe MpakK-
TUYECKOE MPUMEHEHME, UMEETCS elie 3HAYUTEIBbHOE YUC-
JIO METOIOB, ONMCAHHBIX B JauTepaTtype [4] (MeTon MHTEp-
BAJIbHBIX OLIEHOK, METOJ CEMaHTU4ecKOro auddepeH-
uuana u T.m.).

[Tpu BBIOOpE MeTOa HEOOXOIMMO YUUTHIBATH, KaK Ipa-
BUJIO, CJIOXHOCTb IOJIyYEHUs] SKCHEPTHON MHdOpMauuu,
0COOEHHO OPraHU3ALUU U MPOBELEHUSI DKCIEPTU3DI, 1OC-
TOBEPHOCTb KCITIEPTHOI MH(MOpPMALUY, TPYLOEMKOCTb aJl-
roput™Ma 00paboTku MHGOpMAaLUU NPU NOCTPOeHUU (GYH-
KIWUN TPUHAUIEKHOCTH.

B nanrem cinyyae pyHKUMS NPUHAMIEXKHOCTH H(X;;),
Bxozsmas B dopmyny (6.3.14) m1s OleHKM KayecTBa CHC-
TeMBI 3alIUTHl WH(OPMAINK, XapaKTepU3yeT JMHTBUCTH-
YEeCKYI0 NEPEMEHHYIO "CTENEHb BBINOJIHEHUS j-TO Tpebo-
BaHus K C3U npu 3awmte ot i-0if yrpo3sl". B 3axioueHune
pPaccMOTPUM TPUMeEp MOCTPOCHUsT (PYHKIUN TPUHALIEK-
HocTH W(X;) = W(X;) MeTomom Poruireiina.

PaccMoTpuM JTMHIBUCTMUYECKYIO MEPEMEHHYIO " Kaue-
ctBo C3M", xapakrepusyeMoe CTEeNeHblO BBITIOJTHEHUS He-
KOTOPOro TpeboBaHMs. DTa JUHIBUCTUYECKAs MTEPEMEHHAs
onpeseseHa Ha YHUBEPCAIbLHOM MHOXECTBE BapUaHTOB
C3U: x;, i=15. Yposenb kayectsa C3U Oynem olieHUBATh
TaKMMU HedeTkuMu Tepmamu: H — Husknit; C — cpeqnmit;
B — BbIcokuit.

IMycts B pe3ysbTaTe s5KCHEPTHOrO omnpoca chopMupo-
BaHbl MaTpuisl (6.5.19) mnsa kaxmoro Tepma. [lpu cpaBHe-
HUW BapUaHTOB MCHOJB3yeTcs Taba. 6.4.1.

IMocne o6pabotku oTHX Marpull no dhopmyaam (6.5.18)
noxyduM (GYHKUUH TPUHAUIEKHOCTH, KOTOPbIe B HOPMU-
pPOBaHHOM BHJE TPHUBEICHBI Ha puc. 6.5.3.

maBa 6

6.6 Metogbl BbibOpa pauuoHanbHOro
BAPMAHTA CUCTEMbI 3aUThI UHPOPMALMM HA
OCHOBE 3KCMEPTHOM MHOPMALMK

Aediogu bubopa...

6.6.1 AHanu3 memodoe peuleHus1 3ada4u ebibopa
pauuoHanbHo2o0 eapuaHma C3U

Ipunyunuanvhuvimu ocobennocmamu peuieHus 3ada4u 6bl00pa
payuonasviozo eapuanma C3HU, onpedearsrouyumu memod ee
peuleHus A8ASIOMCA:
® MHOTOKPUTEPUAJIbHOCTb 3aa4d BbIOOPA;
® HE TOJIbKO KOJIMYECTBEHHOE, HO U KaUeCTBEHHOE (HEUeT-
KO€) oInucaHue rmokasateneit kauectsa C3U, 3amaBaeMbIX B
BUE TPeOOBAHMIA;
® TIpU HEYEeTKOH MOCTAaHOBKE 3a/a4u BJUSHUE Ha BHIOOP
METoJa €€ pelIeHUs] SKCIepTHON MHdopmauuu, onpene-
JIIoUIeil MpeArnoYTeHre TOro UM MHOTO MoKas3aress.
PaccmoTrpuM ykazaHHble OCOOEHHOCTM peLIeHMs 3aja-
yyu Oosiee MoapoOHO.
OOu1ast moctaHOBKA 3aayl MHOTOKPUTEPUAIBHON OT-
TUMU3aLWUUA UMeEeT ciienytonuii Bua [8].

IMyctp X=|x1,...,x,»,...,x,,| — BEKTOpP ONTUMHU3UPYEMBIX

rnapaMeTpoB HeKoTopoii cuctemsl S. Hekoropoe j-e cBoii-
CTBO CHCTEMBI S XapaKTepU3yeTCsA BEIMYMHOM j-ro IoKa-
sarens ¢;(X);j=1,m. Torna cucrema B LeJIOM Xapakre-

X Xy | X3 [ Xy4 |X5 X Xy | X3 [ Xy4 |X5 X 1 Xy | X3 |Xyg |X5

X, (1 7959039 |19 X1 3 |5 |7 |9 X, |1 75195751
TS il I T2 TG A R e BN EEA AL EE X, [57]1 [5/7(1 |57
0 19 (7511 (35 (15 |78 “x5 (5 |35 (1 | 7/519/5]7%¢ x5 [5/9 791 [7/9]5/9
XL 9373155311 |13 XL T 375711 |97 AN ANRE
X519 [7 |5 |3 |1 X5 |19 [3/9 509791 xs |1 75195751
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0,2

pusyercst BeKTopoM Tokaszateneit O =|qy,...,q .5 G| . 3a-
Jaya MHOTOKPUTEPUAIbHOI ONTUMU3aLUU CBOLUTCS K
TOMY, YTOOBI U3 MHOXeCTBa M BADUAHTOB CUCTEMBI S BbIO-
parb TakoW BapUAHT (CUCTEMY S,), KOTOPbIii 00IafaeT Hau-
JIydiinM 3HaueHueM BekTopa Q. [lpu sTom mpeanonaraer-
Csl, YTO MOHSATUE "HAWIYYIINI BEKTOP 0" MPEIBAPUTEIBHO
chOopMyJIMPOBAHO MaTeMaTU4YeCKH, T.e. BbIOpaH (00OCHO-
BaH) COOTBETCTBYIOLUMI KPUTEPUI MpearnouyTeHus: (OTHO-
LIEHUE MPEANOYTEHUS).

Ananu3s autepatypsl [8] MOKa3bIBa€T, YTO BCE MHOIO-
YUCJIEHHbIE METO/Ibl PEILIEHUSI MHOTOKPUTEPUAIbHBIX 3a1a4
MOXKHO CBECTU K TPEeM IpyIIaM METOLOB:
® METOJ ITIaBHOTO MOKAa3aTess;
®  METOI pe3yIbTUPYIOLLETO TOKa3aTeNs;

e Jekcukorpapuueckue MeTOAbl (METOLbl MOCIEN0Ba-
TEJIbHBIX YCTYIOK).

Kparko paccMOTpUM CyTb 5TUX METOLOB PELIEHUSI MHO-
FOKPUTEPUAIBHBIX 3a/1a4.

Memod enasnoeo noxazamens OCHOBaH Ha MEPEBOIE BCEX
IoKas3aTeJsieil KauyecTBa, KpoMe KaKoro-ambo OZHOPOIHO-
ro, Ha3blBA€MOIO IJIABHBIM, B pa3psii OTPAHUUYEHUI TUIA
paBeHCTB U HepaBeHCTB. [IpucBoUM I1aBHOMY MOKa3aTeso
HoMmep ¢,(S). Torna 3amaya cBOAMTCS K OAHOKPUTEPUAIIbHOIM
3anaye BblOOpa cucteMel S € M, obianaronieit MUHUMAaJb-
HBIM 3Hau€HUEM IoKasaTens ¢,(S) IpyU HaJIMUUU OrpaHUyYe-
HUIi TMIA PaBEeHCTB U HEPABEHCTB, T.€. UMEET BUM

ng‘g 71(S) (6.6.1)
[pU OTPAHUYCHUSX

q;,(8)=4;05J =2,....1;

g (S) <gyosk=1+1,...,p;

q,(S)=q,g:r=p+1,...,m (6.6.2)

Memody enaenoeo nokazamens npucyuyu ciedyroujue Hedo-
cmamiu:

>

Xy X3 X4

1. B GosbluMHCTBE ClyyaeB HET JOCTaTOYHBIX OCHOBA-
HUI 1711 TOTO, YTOOBI CUMTATh KAKOW-TO OAMH W MPUTOM
BIOJIHE OMpeNeJeHHbIN MoKa3aTelb KayecTBa SIBJISIETCS
[JIaBHBIM, @ BCE OCTalbHbIE — BTOPOCTENIEHHBIMMU.

2. JIns nokazateneil kauecta ¢,(S), ..., g,(S), nepeso-
OUMBIX B pa3ps] OrpaHUYEHUI, JOCTATOYHO TPYAHO ycTa-
HOBUTb UX JOIMYCTUMbIE 3HAYECHMUS.

Memoo pesyavmupyroujeeo nokasamens Ka4ecmea OCHOBaH
Ha ¢opMUpOBaHUM OOOOLIEHHOrO MoKaszaTessl MyTeM MH-
TYUTUBHBIX OLIEHOK BJIMSIHMSI YAaCTHBIX MOKa3aTeseil Kaye-
cTBa ¢, ..., 4, Ha pe3yJbTUpPYIOLIEe KAUeCTBO BBIMOJHEHNUS
cucteMoit ee pyHKIMIA. OUEHKU TaKOTo BIUSIHUS NAIOTCS
IPYNIION CIEUaluCcTOB — 3KCIEePTOB, UMEIOLUIUX OMBIT
pa3paboTKM MOJOOHBIX CHUCTEM.

Haubonbiiee npuMeHeHue cpeau pe3yabTUPYIOLIUX
rnokasareseil kayecTBa MOJYYWJIHU alAUTUBHbBINA, MYJIbTHU-
[JIMKATUBHBIA ¥ MUHUMAKCHBIN MTOKA3aTeIN.

AIIMTHBHBI MOKa3aTesb KayecTBa IMPEACTaBISIET CO-
00i1 cyMMY B3BELUEHHBIX HOPMUPOBAHHBIX YACTHBIX MOKa-
3areyield 1 UMEET BU

i —
j=1

(6.6.3)

rac qj — HOPMHPOBAHHOC 3HAYCHHNEC j-FO ImoKasaTeidd,

@; — BECOBOM KOB(M@PUUMEHT j-r0 MOKa3aTess, MMEIOIIi
TeM OOJIBbIIYIO BETMYUHY, YeM OOJbllle OH BIMSET Ha Kaye-

m
CTBO CUCTEMBI; ij =L w; >0;J =1,m‘
j=1
OO0O00IICHHBIN aIIUTUBHBINA TTOKA3aTeNlb ST CUCTEMBbI
3alMThl HGOPMALIMY TIPUBENEH B pasil. 6.3, a METOIbI Orl-
peneieHusl BeCOBbIX KO3 (GUILUEHTOB PAaCCMOTPEHBI B
pasn.6.4.
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InaBHBIM HEJOCTATKOM AIAUTUBHOTO I1OKA3aTeJsl SIBJISI-
eTcs TO, YTO IPU €ro NPUMEHEHUU MOXET IPOUCXOIUTD
B3aMMHAasl KOMIIEHCALIUs YaCTHBIX MOKa3arejeil. DTo 3Ha-
YUT, YTO YMEHBIIEHUE OJHOIO U3 IOKa3aTeseil BILUIOTb 10
HYJIEBOTO 3HAYEHUSI MOXET ObITb KOMIIEHCUPOBAHO BO3pa-
CTaHueM Jpyroro nokasaress. s ociabieHust sToro He-
JOCTaTKa BBOASTCS CIELIMAIbHbIE OTPAHUYEHUSI HA MUHU-
MaJIbHbI€ 3HAUEHMSI YACTHBIX ITOKa3aTesled, Ha UX Beca, a
TaKXe UCIOJIb3YIOTCS Apyrue rnpuemst [8].

My JabTUILIMKATHBHBINA MOKA3aTeNlb KauecTBa oOpasyer-
Csl yTeM MEePEMHOXEHUSI YAaCTHBIX [10Ka3aTesleil ¢ yueToM
UX BECOBBIX KOS(Q(HULUEHTOB U UMEET BUL

, (6.6.4)

j=1

rac qj u CO/ UMECT TOT XK€ CMBICJI, YTO MU B aJAUTHUBHOM

rnoxasareJe.

Haubosnee cyiectBeHHOE OTAMYME MYJIBTUILIMKATUBHO-
ro rnokasaresisi OT aJJUTUBHOIO 3aKJII0YaeTcsl B TOM, UTO
A[IUTUBHBIN MOKa3aTelb 0a3upyercss Ha MPUHLIKIE Crpa-
BE/IJIMBOI aOCOJIIOTHO! YCTYIKU MO OTIeJNbHBIM MOKa3aTe-
JISIM, @ MYJIbTUIUIMKATUBHBI — Ha MPUHLMIIE CIPaBEIIN-
BO#l oTHocuteabHoil yerynku [33]. CyTb mociaenHero
3aKJII0YAETCSl B TOM UTO CIIPaBEIMBBIM CUMTAETCS TaKoii
KOMIIPOMMCC, KOT/1a CyMMAapHBbIil YPOBEHb OTHOCHUTEIBbHO-
IO CHUXXEHMSI OJHOTO WJIM HECKOJbKMX IOKaszaTesieil He
MpeBBILIAET CYMMapHOTO YPOBHSI OTHOCHUTEJIILHOTO YBEJH-
YEHUsI OCTAJbHBIX MOKa3aTesei.

MakcumMuHHBINA noka3artenb. B psige ciyyaes Bun pe-
3yJbTUpYIOLIEH 1LeJeBOil GYHKUMHU TOCTATOYHO TPYIHO
000CHOBATh WU MPUMEHUTb. B MogoOGHBIX ciyyasix BO3-
MOHBIM MPOCTBIM IyTEM pEILeHUs 3a1a4u SIBISETCS Mpu-
MeHeHUe MaKCMMHMHHOro nokasaress. [IpaBuio Beibopa
ONTUMAJILHOW CHCTEMBI S, B 3TOM Clyyae MMEET CIeaylo-
WA BUJ

max. min g, (),...4, (). dy ()],

SeM 1<j<m

(6.6.5)
€CIM BECOBbIe KOA(POUUMEHTH YaCTHBIX TTOKa3aTeleil oT-
CYTCTBYIOT;

max min {471“" (8)seensl; (S)svoosl " (S)} , (6.6.6)

SeM 1<j<m
eciii BecoBble KOADOULUMEHTBI OMpeIeIeHBl.
MaxkcuMUHHBIN ToKa3aTesb obecreuynBaeT Hauyuliee
(Haubosblliee) 3HAUEHUE HAMXYIIIETro (HAMMEHBIIEro) u3
YACTHBIX MMOKa3aTesieil KauecTsa.
Jlekcukorpaduueckmii meTon.

[Ipennosnoxum, 4To MoKazaTeau YHopsiA0ueHbI MO BaXK-
HOCTH, Hanpumep, q,(S) > ¢,(S) > ... > g,(9).

CyTb MeTOa 3aKJIIOYAETCS B BBIACJICHUM CHavyajla MHO-
JKECTBA aJIbTEPHATUB C HAWIyYllled OLEHKON Mo Haubosee
BaXXHOMY mokaszarento. Eciu Takas anbrepHaTMBa €IMH-
CTBEHHAasl, TO OHA CUMTAETCS HaAWJyyllel; ecld UX He-
CKOJIBKO, TO M3 MX TMOAMHOXKECTBA BBIIEISIOTCS T€, KOTO-
pble MMEIOT JIYYILIYIO OLIEHKY [0 BTOPOMY MOKa3aTesaio U
T.I.

Jlns paclumpeHusi MHOXECTBa paccMaTpUBaeMBbIX allb-
TEpPHATUB U YJIyYLIEHUS KayecTBa pelleHUs MO COBOKYII-
HOCTM ToKa3zaTeseil MOXEeT Ha3HauaTbCsl YCTyMKa, B Ipe-
nenax KOTOPOW aJbTepHAaTUBBI CUMTAIOTCS 5KBUBA-
JIEHTHBIMHU.

[MpuHuMNUaTbHON 0COOEHHOCTBIO paccMaTpUBaAEMON
3aaun BblOOpa panmoHaibHoro BapuaHta C3U sBinsercs
MPEerMYILECTBEHHO KauyeCTBEHHbIN XapakTep IoKasaTreseit,
TpakTyeMbIX Kak TpeboBaHus, 3a1aBaembie K C3U. B cBs-
31 C 3TUM paccMarpuBaeMble METOJbl MHOTOKPUTEpHUab-
HOI ONTUMU3ALMY J0JKHBI (OPMYJINPOBATHCS B HEUETKOM
nocraHoBke. B sToM ciyuae mokasaresnu KauecTBa Ipel-
CTaBJSIOT cO00I HEeYTo MHOe KakK (YyHKIIUW MPUHALIEXK-
Hoctu BapuaHTtoB C3U 3amaHHOMY ypOBHIO KauecTBa.

Kak B xiaccuueckoil, Tak U B HEUETKOIl MOCTaHOBKE
BbIOOp METO/A pellieHMs] MHOTOKPUTEpUaIbHON 3a1auu OIl-
penensiercss TeM, B KaKOM BHJIE IpeAcTaBieHa dKCIepTHast
nHdopMalus 0 MPEANOYTeHNH MoKa3aTeleil Win X Bax-
Hoctu. [TosToMy B 3aKiloueHUE 5TOrO pasjiesna MpUBELEM
TabJau1ly, KOTopasi o3BoJIsieT 000CHOBAaHHO BbIOMpPATh Me-
TOJ HEYETKON MHOTOKPUTEpPUAIbHON ONTUMU3ALUU B 3a-
BUCHUMOCTHU OT BKCIEepPTHON MH(OpMALMK O MPeanoYTeHUN
rokasareseit (tabma. 6.6.1).

Ucnonb3yss pekomeHaaluuu mno BbIOOpPY MeToda pelle-
HUS, B JaJIbHEHLIEM PAacCMOTPUM psiJi KOHKPETHBIX METO-
OB U MPUMEPOB pelleHUs 3aJaul MHOTOKPUTEPHUAIbHOMN
ontuMusauuu C3UW B HEUeTKON MOCTaHOBKe.

maBa 6

6.6.2. Boi6bop eapuanma C3U npu pasHoll
sakHocmu mpeboeaHull

HYCTI) HNMECTCA MHOXKECTBO M3 M BApUAHTOB IMOCTPOCHUA
C3n

A = {ala aZa ceey am}
Jnsg HekoTtoporo tpeboBaHust C (KpUTepUsl OLLEHKU)
MOXKET OBbITb PACCMOTPEHO HEUETKOE MHOXKECTBO

C={u,(a)/a;p (@) /ay;.... 1. (a,)]a, } (6.6.7)

rae U(a) € [0,1] — omenka BapuaHra a; no kpurepuio C,
KOTOpasi XapaKTepu3yeT CTeleHb COOTBETCTBUSI BapHaHTa
TpeboBaHuUIO omnpeneseHHOMY Kpurtepuem C.

Ecnu umeercs n tpebosanuii: C,, C,, ..., C, j=1,n, 10

JIYYIIUM CYMTAETCSl BAPUAHT, yJOBJIETBOPSIOLUIMI U Tpebo-
Banuto C,, u G, ..., u C,. Toraa npasuio ajis BbiOOpa Hau-
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Tabnuua 6.6.1.

Yactb Il

Drcnepmuas ungopmayus o cmenenu npeonovmeHus
UAU 8adCHOCMU NOKa3zamenell

Memoo pewenus
MHOOKPUMEPUANbHOU 3a0aqu

OTCYTCTBYET
nokasarenu ynopsaoyeHsl Mo BaXHOCTH
onpeneneHsbl BecoBble KO3IhGULIMEHTbI Nnokasarenen

MaKCUMWHHbIA MeTop, (6.6.5)
nekcukorpaduyecknii MeTop,

1. apouTUBHBIN nokasaTtenb (6.6.3)

2. MyNbTUMNNKATMBHBIA NokasaTenb (6.6.4)

3. MakCUMMWHHbIV nokasaTtenb (6.6.6)

JIy4HICTO BapuaHTa MOXCT OBITH 3aITMCAaHO B BUIE rnepece-
YCHHUA COOTBETCTBYIOLIMX MHOXKECTB!:

D=CnCyn..nC, (6.6.8)

OHCpaL[I/II/I NEepeCcCUCHUsT HEUETKOTO0 MHOXECTBA COOT-
BETCTBYCT OIl€palua min, BBIINTOJIHAEMAA Hald UX (I)yHKIH/I—
SAMU IIPUHAJICKHOCTU:

uD(aj)=m]Lnuc,. (a;),j=1m (6.6.9)
1=1,n

B Ka4yeCTBC JIy4llICro BLI6I/IpaeTC$I BapuaHT a*, NMCIO-
H.[I/II71 HauboJbllIee 3HaUCHUE (I)yHKL[I/II/I MpUHAMJIEXKHOCTU

fp(a )= max i1, (a;)
j=lm

(6.6.10)

PaccmoTpuM npumep BbIOOpa BapuaHTa MOCTPOEHUS
C3U npu paBHOI BaxXHOCTU TPEOOBAHMUIA.

Jlist onpeneaeHHOCTH PacCMOTPUM 3anady BblOopa cu-
CTEMBI S3ALUUTBl IPUMEHUTEIBHO K 3alLUTE MPOLIECCOB U
nporpaMM. OCHOBHBIMUM TPeOOBAaHUSMU IIPU BBIOOPE SIB-
JIFI0TCA CIeyIolne TpeOoBaHus:

e K 0ase (IIOJIHOTA OTPAXEHUSI B 3aKOHOAATEJIbHBIX, HOP-
MaTUBHBIX U METOAUYECKUX JOKYMEHTaX BOIPOCOB, OIpe-
nenstioninx Bei6op C3U B mpoueccax M mporpaMMmax MH-
(bopMaLIMOHHON CUCTEMBI);

® K CTPYKType (CTemeHb KBaTn(UKAINKU COTPYIHUKOB,
OTBETCTBEHHBIX 3a paszpaborky C3U);

® K IIOJIHOTE U 0DOCHOBAHHOCTU MEPONpUsTUil, obecre-
yyBawoux pa3padorky C3U1 kauecTBEHHO U B 3aJaHHbIE
CpOKU;

® K COCTaBy U XapaKTepUCTUKAM TEXHUUYECKUX CPEICTB
paspaborku C3U, umeroluxcs B pacnopsiKeHUU paspa-
6oTumnKa.

ITycTtb umeeTca 3 mpeTeHIeHTa — UCIOJHUTENA TIPO-
exta C3U B mpoueccax u nporpammax UH(OpMaLMOHHOMN
cucreMbl. [IpeTeHAEHTBI OLleHUBAIOTCSL O 4 TpeOOBaHUAM
(xputepusiM), onucaHHbM Bblle: C, — 6aza, C, — cTpyK-
typa, C; — mepsl, C, — cpencraa.

B pesysibrare 5KCHnEepTHON OLEHKU MOJNYUYMUIU CIIEAYI0-
HiMe JaHHBIE, XapaKTepU3yIOLlUe CTENeHb COOTBETCTBUSA
UCIIOJTHUTEJIEN 3alaHHBIM TPEOOBAHUAM:

Cl = {079/31; 0,7/32; 0,8/33};
CZ {078/31; 079/32; 076/33};

C3 = {077/31; 0,8/322 079/33};
C4 = {078/31; 076/32; 0,7/33}.
B cootBeTcTBUM C mpaBuIoM BBIOOpA IMOJNyYaeM:
D = { min (0,9; 0,8; 0,7; 0,8/a,);
min (0,7; 0,9; 0,8; 0,6/a,);
min (0,8; 0,6; 0,9; 0,7/a;)}=
= {0,7/al; 0,6/a2; 0,6/a,}.
W3 npaBuna (6.6.4) ciemyer, 4TO HAMTYUIIUM SIBJISIETCS

MePBBIN UCTIOTHUTENb TTPOEKTA
a, = {0,9; 0,8; 0,7; 0,8}.

6.6.3 Bri60op eapuaHma C3U npu pa3nu4Hol
saxxHocmu mpeboeaHuti

B cinyuae, ecau tpeboBaHus C UMEIOT Pa3jIUYHYIO Bax-
HOCTB, KaXIOMY M3 HUX MPUTHCHIBaeTCS Yncao o = 0 (vem
BaxHee TpeOOBaHME, TeM OoJblle ;) U obulee MPaBUIO
BbIOOpa MpUHUMAeET Bun [4]

D=cf‘1 NC2 N..nCyr (6.6.11)

n
02050 =1m Y o =1 (6.6.12)
i=1

.Hy‘II_UI/Iﬁ BapUaHT a* HaxXoAUTCS U3 COOTHOILIEHUS

* .
Upla)= mleﬁmlmuc,. (a;)
Jj=l,mi=l,n

(6.6.13)

KoabduimeHTsl OTHOCUTENLHON BaXKHOCTH ai HAXOST-
csl B COOTBETCTBUU C METOIUKOI, ONMCAHHOII B paszierne 6.4.

PaccmoTpum B KadecTBe MpuMepa BHIOOP BapvaHTa TpH
pelIeHnNn 3aauu 3aluThl 00BEKTOB MHGPOPMAIIMOHHON
CUCTeMbI C TOYKU 3PEHUST BBISIBICHUS MOTEHIIMATbHBIX Ka-
HAaJIOB yTe€UKH MHGMOPMAIINK.

IMycTb uMeercst 1Ba BapuaHTa pelIeHMs 3a1auyd 3alliv-
Tel 00bekTOB UC (a,, a,). BapuaHTsl oueHMBalOTCS M0 TeM
xe TpeboBaHusm: C, — 6aza, C, — cTpykrypa, C; — Mmephl,
C, — cpexacrBa. BaxxHocTh TpeboBaHuUit onpeneneHa: o, =
0,15; a, = 0,2; o3 = 0,25; oy, = 0,4.

HeueTkune MHOXeCTBa, XapaKTepu3npyolre albTepHa-
TUBHBIE BAPUAHTBI, UMEIOT BUI

C, =1{0,9/a;; 0,7/a,};
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C, = {0,8/a;; 0,9/a,};
C; ={0,7/a;; 0,8/a,};
C, =1{0,8/a,; 0,6/a,}.

Moaudunupyem MHOXeCTBa
CI(D,IS — {0,90,15/31; 0770,15/32} = {07984/3[) 07984/32}
C,"? = {0,8"%/a;; 0,9*/a,} = {0,956/a,; 0,979/a,}
0% ={0,7%/a,; 0,8"/a,} = {0,915/a,; 0,946/a,}
C,*=1{0,8%/a,; 0,6%%/a,} ={0,916/a,; 0,815/a,}

B cootBerctBum ¢ (6.6.7) moiayuyum MHOXeCTBO D
D = {0,916/a,; 0,815/a,}

MaxkcuManbHOe 3HaYeHUE MUMEET ajibTepHaThBa a, — ee
1 BbIOMpaeM B KauecTBe BapuaHTa peanusanuu C3U.

6.6.4. Bbi6op eapuaHma C3M no addumusHomy
Kpumepuro

ITycte HeoOxonumo ynopsinouuts m Bapuantos C3U a,,

a,, ..., 4,; OLIEGHMBAEMBIX MO "n" TpeOOBaHUSIM (KpPUTEpH-
am) C,, C,, ..., C,. CooTBeTCTBYIOLIYIO OLEHKY 0003HAYNM
Ry; i=Lm;j=1n. oTHOCHTEIbHASA BaXHOCTb KaXIOTO

n
TpeboBanua 3amaetcsa Kospduunentom W, E W,=1.B
J=l
9TOM cilyyae B3BelIEHHAs! OlleHKa i-ro BapuaHTa BBIYKC-
nsiercs 1o dopmyie

n
R, ZZWj “R; (6.6.14)
j=1

maBa 6

Bubop bapuaniia CSU...

ITycTb OoLleHKM BapUAHTOB 110 KPUTEPUSIM U Koshduuu-
€HTbl OTHOCUTEIbHOI BAaXHOCTHU 3a1al0Tcs (PyHKLUSIMU

TMPUHA/IEKHOCTH COOTBETCTBEHHO [lg, (r,-j) u Uy, (w j) .

Tax kax B naHHOM ciyyae Ryu W, ABISIOTCS HEYETKH-
MU yuciaamu, R;omnpenensiercss B COOTBETCTBUU € (hopmy-
Joii (6.6.14) Ha ocHoBe mpuHLUINA 06061eHus [35]. Bu-
HapHYI0 orepanuio * (B JaHHOM cilyyae 5TO Olepalus
CJIOKEHUS WJIM YMHOXEHHUS) MOXHO O00OOIINTh Ha ciyyaii
HeueTKux uucea (Hanpumep, X u Y), 3anaBaeMbiX (QyHK-
LMSMU TPUHALIEXKHOCTH W (X) U [Ly(Y) COOTBETCTBEHHO.
Pesynbrar 000011EHHO onepauuu * — HEYeTKoe Yucio Z,
onpenenseMoe GyHKLUMEH MPUHANTEKHOCTU

1, (2) = sup min(iL,(x). 1y ()
z=x*y
(6.6.15)
Paccmorpum cnyvaii Berumciaenus R;, xorma R; u W,
3a1aHbl GYHKUMSIMY MPUHAIIEXKHOCTH TPEYrOJbHOTO TUIA
(puc. 6.6.1).

u
1

PWUC. 6.6.1. Ipanuysl u eéepuuna Hewemkoeo 4ucia
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OmpenenM JieByio X' 1 mpaByto x'' rpaHMIBI HEYETKO-
ro uncna X, a TakXke ero BepLINHY X*:

Yactb Il

Vo ux!y=0u(x’ -8)=0;u(x" +8) #0;
Vo uxy=0,ux =8y 20 u(x™ +8)=0,u(x") =1

Hoxkaszano [6], uro HeueTKoe uucio Z = X*Y Takxke
onpeaensiercss GyHKIMEN MPUHALTIEXKHOCTA TPEYyTrOJbHOTO
BUAA, a TPAHULIBI U BEPLUMHBI HAXOAATCS CIEIyIOIUM 00-
paszoMm:

71 = X! * YI; 7 = X * YII; 7F = X* * Y* (6616)

[Tocne Toro, xak B3BeLIEHHbIE OLIEHKM R; moay4eHsl,
HEOOXOIMMO CPaBHUTb BapMaHThl Ha UX OcHoOBe. s 3TO-
rO BBOJIUTCS HEUYETKOE MHOXeCTBO I, 3amaHHOe Ha MHO-
JKeCTBe MHIEKCOB BapuaHToB {1, 2, ..., m}. 3HayeHue co-
OTBETCTBYIOILEH (DYHKIMMU NMPUHALIEKHOCTH MHTEpIpe-
TUPYETCSl KaK XapaKTepUCTHKA CTENEHHM TOro, HACKOJIbKO
BapMaHT a; SIBJSIETCS JIyYIUUM. 3HayeHueM L (i) BBIMOIHS-
etcd no dopmyiie

pp@y= sup  min g (r;) (6.6.17)
Py oFy ey o 205 J=1o0

PaCCMOTpI/IM NpuMEp CpaBHCHUWA NBYX BAPUAHTOB IIO

JIBYM 3alaHHBIM TPEOOBAHUSAM (KPUTEPUSIM), MMEHOIIIM

OLIEHKM, TIpUBEJeHHbIE B Tabs. 6.6.2.

Tabnuua 6.6.2. KputepumanbHble oLeHKM aiis 2-X
anbTepHaTUB (BapuaHTOB)

Kpumepuii Bapuanm

1 2
1 xopotuas YposneTsopuTesnbHas
2 YposnetBopuTenbHas xopoluas

epeslit kputepuii onpeneneH kak OUEHb BAXHDBIN,
sropoit — JIOBOJIbHO BAKHBIN. Tepmbi 3ananbl byH-
KUUSAMU NPUHALIEXHOCTU, NMPEACTAaBIEHHbBIMU Ha PUC.

6.6.2, 6.6.3.

WRy) A

YIOBJIETBOPHUTEbHAS
1

0,8

0,6

0,4

0,2

Xopo1mas

0 0204 0,6 0,8 1R;

PUC. 6.6.2 @yukyuu npunaosexncHocmu oyeHok 0151 08yx
6apuanmog

W JloBOIBHO
HWD) A HEBAXKHBIN
! i
I
0,8 L0 OucHb
(Y o
0.6 J U\ BaXHBIA
04 / Y
1 \
0,2 _/l [
h 1 \
;b
AR
1
I ! \ |

0 02040608 1W,;

PUC. 6.6.3 @yukyuu npunadnsexcnocmu Kodpduyuenmos
eaxcnocmu W, W,

Ha ocHoBanuu (6.6.16) momyuaem:

Rl =R - W' + R, Wy =0,6.08+0,4-0=0,48
R =R - wi" +RE W) =1,0-18+08-0,4=1,32
R =R, W, +R> W, =08-1,0+0,6-0,2=0,92

Ananornuno Ry =0,32; R, =1,2; R,* =0,76.

[Mony4yeHHbIe HYHKIUY TPUHALTCKHOCTUH N300PakeHBI
Ha puc. 6.6.4. Torna B cootBeTcTBUU C hopmynoit (6.6.17)
w(H=1; w,(2)=0,76. CnenoBaTeabHO HAWIYYIINM SIBISIET-
csl BTOPOIf BapMaHT, a CTENEeHb TOTO, YTO BTOPOIl BapMaHT
nyunre pasHa 0,76.

6.6.5 Bbi6op sapuaHma C3U
Jlekcukozpaghuyeckum Mmemodom

[TpumeHeHMe 5TOro MeToAa MpU HEYeTKOH MHpOpMalny o
nokasareJssix kauecrsa (Tpedosanusix) C3U cBonures K cie-
OyolKUM orepauusm [8].

1°. Yropsimounts TpeboBanust K C3U mo BaxHOCTH

C>Cy>..>C; >...>C,,;j=1,_n

2. C cornacus JIIP a4 kaxmoro TpeboBaHUS Ha3Ha-
yaeTcs BeJMYMHA JOMYyCcTUMOit yerynku AC; j=1,n B npe-
nesax KoTopoit paccMmatpuBaeMble BapuaHTel C3U cumra-
10TCS "MPaKTUUECKU PaBHOLIEHHBIMU'".

3°. Jlnga mepsoro Tpe6oBanus C; popmupyercs MHOXe-
CTBO "NPaKTUYECKU PABHOLEHHBIX' BapUAHTOB, YIOBJIET-
BOPAIOLINX YCJIOBUIO — MHOXECTBO 7.

max e (a;) = K, (a;) < AC

J=lm k=lm
k#j
4°. Ecnu 7, — MHOXECTBO COIEPKHUT POBHO OJMH Ba-
pHUAHT, TO OH W cuuTaercs HawaydymmM. Ecmu m; — MHO-

JKECTBO COIEPXKHUT 00Jee OAHOI albTEPHATUBBI, TO MEpe-
XOAVMM K PAaCCMOTPEHUIO BCEX BapMAHTOB MHOXECTBA T, MO
TpeboBaHuio C,.
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PUC. 6.6.4 Dyuxyuu npunaoieincHocmu 636eueHHbIX OUYeHOK
R, uR,

5°. Ins Broporo Tpe6oBanus C, hopMupyercst 1, — MHO-
3KECTBO BapMaHTOB M3 MHOXECTBA T, YIOBJIETBOPSIOIINX
yCIIOBUIO

max Ue (a;) = e, (a,) SAC,
JEm kem,
k#j

6°. Ecim T, — MHOXECTBO COIEPXUT POBHO OIWH Ba-
PUAHT, TO OH U CUMTACTCS] HAWIYYIINM; eciy 6oyiee OfHO-
ro — paccMaTpuMBaeM 5TH BapHaHTBI 0 TpeboBaHMio C; 1
T.IL.

7°. Ecnu Bce TpeGOBaHUS IIOCIENOBATEILHO MEPEeCMOT-
peHbl M B pe3yabTaTe Mojy4yaeM T — MHOXECTBO

T =T XTyX...XT, , conepxallee 6oaee OIHOI arbTepHa-

TUBBI, TO BO3MOXHO MPUMEHUTb ABA MOAXOAA:
®  YMEHBUIUTH BEJIMYUHY IOIYCTUMOM ycTynku AC, Ha-
YYHasl ¢ IEepPBOro M0 BaXXHOCTU TPeOOBAHUS U MOBTOPUTH
BCE 1LIAry pelleHMs];
e npencraBuTh JIITP okoHYaTebHBIA BEIOOD JIyUlLEro Ba-
puaHTa.

B 3akioueHne paccMOTpUM Npumep BblOOpa BapuaH-
Ta JIEKCUKOTPa(PUUECKUM METOLOM.

ITycTtb B pesysnbraTe 5KCIEPTHON OLEHKU MOJYUYUIU
ClIeflylole JaHHbIE, XapaKTEPU3YIOIINE CTENEHb COOTBET-
crBust C3U 3agaHHBIM TPEOOBAHUSM:

¢, ={0,9/4,;0,9/a,0,8/a;;0,6/a,;0,7/as }
C, ={0.8/4,;0,9/a,:0,7/a3;0.8/a,;0,9/as }
C;=10,5/4;0,7/a,,0,8/a3;0,9/a,;0,8/as }
C, :{0,6/01;0,7/02;0,6/03;0,7/04;0,4/05}

1°. TpeboBaHUS YIMOPSOYCHBI IO BAXXHOCTH CIIEMYIO-
UM 00pa3oM

C,>C>C>C,

2°. 3aganuMcs BEIMUMHON TOMYCTUMON YCTYIKH
AC; = 0,1 st Bcex i=14.

121

maBa 6

3°. ®opMupyemM MHOXECTBO T; MO MEPBOMY TpebGoBa-
Huto. [Tpu makcumansHom 3HaueHun C, = 0,9 u AC, = 0,1
B 9TO MHOXECTBO BXOIAT BapUaHTHI T, = {a,, a,, a;}.

4°. U3 s71eMEHTOB MHOXECTBA T, (JOPMUPYEM MHOXKe-
CTBO T, IO  BTOPOMY TpebOOBaHUI. IIpu

max C, =0,9uAC, =0, MHOXECTBO T, = {a,, a,}.
Jjem,

5. V3 a1eMeHTOB MHOXECTBA T = T, X T, (hopMupyem
MHOXECTBO T, IO TpeTbeMy TpeboBanuwo. I[lpnu

max C3=0,7uAC;=0,1 370 MHOXECTBO COMEPXKUT

JET X,
OIVH SJIEMEHT Ty = a,.

Taxum 0Opa3oM, HAMITYYIINM BapHAHTOM SIBJISICTCSI BTO-

poit Bapuant C3U.

6.7 MeToanyeckne pekomeHaaLuUu no
NPOBeAEeHNI0 IKCNePTM3bl NPY OLLeHKe
an

MeTonbl 5KCIEPTHBIX OLIEHOK — 3TO METOAbl OpraHu3a-
uuu paboThl CO CIELMATUCTAMU-IKCIIEpTaMU U 00paboT-
KM MHEHUIl 5KCIEPTOB, BBIPAXEHHBIX B KOJIUYECTBEHHOIA
1/WAIYA KAUeCTBEHHOI (opMe ¢ LeJIbI0 OATOTOBKU UHMOP-
Maluy ULl IPUHSTUS PELLCHUI TULaMU, IPUHUMAIOILUMU
peweHus (JITTP).

Jl1s mpoBeeHMsT SKCIEepPTU3bl CO3Jal0T pabouylo rpyr-
ny (PT), xoropas u opranusyer no nopyuyenuto JIIIP ne-
STEJIbHOCTb SKCIEPTOB, 0OBEIUHEHHBIX ((POPMAIbHO WIU
[0 CylLIeCTBY) B sKcHepTHylo rpynmy (39@).

Opeanusayus onpoca Koarekmugéa 3Kcnepmog — OIHA U3
BaXXHEHIIMX NPOOJIEM, CBSI3aHHBIX C IPOBEIEHUEM DKCIIEp-
THBIX OLleHOK. HenooueHka 5Toil nmpobeMbl npu Mpose-
JEHUU SKCIEPTU3bI CTABUT MO COMHEHUE LIEHHOCTD €€ pe-
3yJbTaTOB U BBIPAXAETCSl B MOCIELIHOM, HEIIPOLYMaHHOM
onpoce skcrneproB. Huskoe kauecTBo COOpPaHHBIX TaKUM
00pa3oM MHEHMII HE MOXET OBbITb CKOMIIEHCMPOBAHO MpPU-
MEHEHMEM Ul 00pabOTKU COBPEMEHHBIX MATEMaTUYECKUX
METO/OB.

MOXHO BbIIEIUTD Ba OCHOBHBIX TUIIA MPOLELYpP DKC-
MePTHOTO ompoca: 1) mpouenypa ¢ JMYHBIMA KOHTAKTaMU
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MEXJ1y 9KCIepTaMM, 2) MHOTOTYPOBbIE (UTepaTUBHbIE) MPO-
Lenypbl 6€3 TUYHBIX KOHTAKTOB C KOHTPOJMpPYyeMoi obpar-
HOI1 cBsI3bIO [34].

K nepsomy muny omnocumcsa TpaaiULIMOHHAS "UCKYyCCUS
3a KPyIJIbIM CTOJIOM" Ha3blBaeMas TakKe METOJOM KOMHUC-
CUIl, METOABI Cyla, MO3TOBOM aTakKy, OTHECEHHOU OLICH-
KM, TpOLeLypbl HOMUHAIBHON rpynmnsl. B Xxone auckyccun
9KCIEepPT UMEET BO3MOXHOCTb HEOJHOKPATHO BbICKA3bIBATh
CYX/IEHMS, YUYUTBIBAsI TOUKU 3PEHUS APYTUX YYACTHUKOB
omnpoca. B TpanuimoHHoit nuckyccum GhakTUYecKu aeii-
CTBYET MEepPMaHEHTHAs U HEKOHTpoJupyemas obpaTHas
CB$I3b, TI0 KOTOPOIi KCMEPT MOJIyyaeT MHEHUE APYTUX K-
CIEPTOB, a TakXke MX Oosiee o0y peakuuto. duckyccus
MOXET MPOBOAUTBLCS M B HECKOJbKO YETKO BBIPAXXEHHBIX
TYpOB.

JlocToMHCTBA M HEAOCTaTKM METoJa TMCKYCCUU yKa3a-
Hbl B [34]. OgHako He3bIOJIEeMOl OCTaeTcsl OCHOBOTIOJIAra-
Iollasl yepra BCeX 3TUX MPOLEAYp — MpsSIMble KOHTAKThI
9KCIIEPTOB, YTO MPUBOAUT K JOCTATOYHO CUJIbHBIM IIPOSIB-
JIeHUsIM KOHGOpPMU3Ma CO CTOPOHBI BKCIEPTOB, MpHUCOE-
JTUHSIOUMX CBOM MHEHUSI K MHEHMIO 00Jiee KOMITETEeHTHbIX
Y aBTOPUTETHBIX SKCIEPTOB Jaxe MPU HAIUYMU MPOTUBO-
MOJIOXKHOIM COOCTBEHHOU TOUKM 3peHust [6].

IIpoyedypsl 6mopoeco muna 0CHO8bIGAIONCA HA OJHOM U3
Hanbosiee pa3pabOTaHHBIX U PaCHpPOCTPAHEHHBIX B Mpak-
TUKEe DKCMEePTHBIX OleHOK MeTone "dendu” [6]. 3mech oK-
CIepThl M30JMPOBAHBI IPYyr OT JIpyra, a mpoleaypa pea-
JIU3yeTCsl 32 HECKOJIbKO Pa3lleJIeHHbIX BO BPEMEHU TYpOB
(utepauuit). Ha xaxaom Type skcmepr nosyyaer 1no oo-
paTHO# CBS3M MHGOOPMALIMIO O CYXACHUSIX APYTUX YWIEHOB
rpynibl (00€3TMYEHHO) U MepecMaTprUBaET CBOU CYXIEHHUS.

CoracHO 5TOMY METOAY BBIIEJISIOT CJIEAYIOLIe BTarbl
MPOBEACHUS DKCIEPTU3BI:

1) ¢popmupoBaHuEe SKCIEPTHOI TPYIIIBL;

2) MJIaHUpOBaHUE U TPOBEIEHUE DKCIEPTU3DI;

3) aHayiM3 U MHTEPNpEeTaLUs MOJYYEHHBIX Pe3yJbTaToB
u noxaroroska 3akitoueHus JITTP.

Paccmorpum Gosee nonpoOHO MEpPBbIi Tall SKCIEPTU-
3bl — (OpPMUPOBAHUE BKCIEPTHON TPYIIBI, TaK Kak OH
SIBJISIETCSl HanboJsiee OOLMM JUTSl Pa3IMYHbIX BUIOB 9KCIEp-
TU3 U KaK MpaBWIO HE 3aBUCUT OT METOJO0B cOopa sKcIep-
THOI uH(popmauuu. OH COCTOUT U3:

1) ompeneseHUs YMCIEHHOIO COCTaBa 3KCMEPTHOM
TPYIIIBL;

2) onpeneneHus Kos(hGULUEHTOB aBTOPUTETA DKCIIEp-
TOB;

3) moxbopa sKCHepTOB B COOTBETCTBUM C UX KOMITETEH-
THOCTBIO.

Omnpenenntb HEOOXOAUMBIIA UUCIEHHBII COCTAB DKCIIEP-
THOI TPYMNIbl O4eHb BaxHO. [Ipu HenocTaTouHOM uwucie
BKCIEPTOB Pe3yJIbTaThl SKCIEPTU3bl HE OYAyT HaAEXHbBIMMU.

Yactb Il

MHOTOUNCIICHHYIO TPYNITy KBaIN(UIMPOBAHHBIX BKCIIEp-
TOB TPYAHO c(hopMMUPOBATh U TPYIHO OPraHM30BATh €€ pa-
oory.

CornacHo [33], uMCIIEHHBII COCTaB DKCIEPTHOH IpyIl-
IIBI, BBIUMCIISIETCS TI0 (hopMyIIe:

k=B t,./0l, (6.7.1)
rie k — 4YuCIo 9KCmepToB; § — Bapuanus (Mepa Hagex-
HOCTH INIPOBEIEHHON BKCIEPTU3HI); f,—; — KODOULUEHT

CTbIOIEHTA; O — OTHOCHUTEJIbHAS IIMPUHA JOBEPUTEIBbHO-
ro UHTepBaja.
Bapuauus onpenensiercs: Kak:

B=o/x , (6.7.2)

rie ¢ — CpelHEeKBaIpaTUUeCKHil pasbpoc dKCMEepPTHBIX

OLICHOK; X — CpE€AHEC 3HAYCHUC OLCHKU.
OTHOCUTENbHAS HIMpUHA NJOBEPUTCIBHOIO MHTEPBAJia
BBIYUCIIACTCA U3 COOTHOILICHUSA:

o= Ax/ X,
rae Ax — JIOBEpPUTEIbHBIA MHTEPBAJI OLIEHOK.
Kak BumHO U3 (6.7.2) BenTUUMHA Bapualluiu OTIPeNessi-
eTcsl M0 pe3yJbTaTaM 5KCIEepTU3bl, HO ISl 3TOTO B CBOIO
ouepellb HEOOXOAMMO 3HAThb TPeOyeMblil COCTaB DKCIEPT-
HoM rpynmnbl. YTOObI MPeonoieTh BO3HUKILYIO JIOTUYECKYIO
TPYAHOCTb INPELIAraeTcsl CIEAYIONiA MOIXO.
bynem cuutarb, 4TO 411 CTATUCTHYECKON 00pabOTKM
JOTIYCKaeTCsl JUIIb TaKhe HKCIEPTHbIE OLEHKH, OTHOCHU-
TeJIbHOE OTJIMYME KOTOPBIX OT CPEAHEero 3HayeHus 1o ao-

(6.7.3)

COJIIOTHOI BEJIMUMHE HE MPEBbILIAET ‘AX/X‘ . B npenenax

UHTepBala TAx OKOJO X OTIEJbHBIE OLEHKU MOIYT pac-
[10J1araThCs pas3jIMYHbBIM 00pa3oM, OT 4ero OydeT 3aBUCEThb
BeanurHa Bapuanuu . OMHAKO NP TUITMYHOM XapakTepe
paccesiHUsl OTAEJIbHbIX OLEHOK U CTPOrOM COOJIOLECHUU
MpaBuiIa O TIPUBJIEUEHUN K DKCIEPTU3E TOJIBKO KBaTUGbU-
LUPOBAHHBIX CIIEIUATMCTOB U3MEHEHNE Bapualluy TIpU 13-
MEHEHMHU YUCJIa OLEHOK OyleT He OUEeHb 3HAYUTEIbHbIM. B
Ka4yecTBe MJUIOCTPALMU Ha puc. 6.7.1 npuBeaeHbl 3aBUCH-
MocTH f3 B IOJISIX Ax/ x ot yucna k. Kpupas a nocrpoeHa
B TIPEITIONIOXEHNH, YTO TIOJIOBMHA BCEX OLIEHOK IPEBbIIIa-
eT cpeHee 3HaueHue Ax, a MOJOBHMHA OIEHOK Ha CTOJBbKO
ke MeHblle X . KpuBas 6 maeTt Ty 3aBUCUMOCTb JUISI CITy-
yasg, KOrja BCe OLEHKM PAaBHOMEPHO paccesiHbl B UHTEp-
Bajie oT x—Ax 10 x+ Ax . KpuBas ¢ mocrpoeHa mis ciy-
qyasi, KOTJa OILIEHKM paclpeneseHbl CUMMETPUIHO
OTHOCUTENTbHO X TI0 TPEYTOJbHOMY 3aKOHY: YeM MeEHbIIle
OTKJIOHEHHUE OLIEHKU OT CPEIHEro 3HaueHusl, TeM OO0Jblle
TaKUX OLIEHOK.
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PWUC. 6.7.1 3asucumocms B 6 doasx Ax/X om uucaa
KCnepmos

N3 rpadukoB BUAHO, 4TO C yBeJMYeHUEM k, BO-Tiep-
BBIX, BEJIMYKMHA [3, U3MECHSIETCSI HE OUCHB CYLIECTBEHHO; BO-
BTOPBIX, YTO OCOOCHHO BaXKHO, BEJMYUHA [3 MOHOTOHHO
yMeHbLIaeTcs ¢ Bo3pactanueM k. [Tostomy. Eciau Ha oc-
HOBAaHUHU TPEAbIIYLIIMX DKCIEPTU3, 3alaAMMCSI HEKOTOpOii
BEJMUYMHON [§, COOTBETCTBYIOIICH HEOOBIIOMY k, a 3aTeM
¢ momoIibio (6.7.1) BEIMMCIUM k, TO MOKHO OBITH YBEpEH-
HBIM, YTO MPU HAHIEHHOM 3HAYEHUU Kk JOBEPUTEJbHbBIN
UHTEpBaJl He MPEBLICUT BbIOPAHHOI BeauuuHbI [33].

Ha ocHoBaHuM ombiTa MPUMEHEHUS] METO/IA SKCIEepT-
HBIX OLIEHOK JUISl PelIeHUs pa3IuyHbIX He HopMaIn3yeMblx
3a[ay YCTaHOBJIEHO, YTO Pe3yJbTaThl BKCHEPTU3bl MOXKHO
cuuTath yaosierBoputenbHbiMu mipu B < 0,3 u xoporimmu,
ecmu 3 < 0,2 [32]. icxomst u3 9TOTO, MPU OMPEIETCHUH YKC-
JICHHOTO COCTaBa 3KCIIEPTHOI IPYMIIbl alipruoOpHOE 3HAYECHUE
Bapuauuu cieayer BblOMpath B npepenax 0,2—0,3.

Kospduuument Crhlonenra #,,_, onpenensercs 1o Tad-
Jquuam. BelGpaB noBepUTEIbHYIO BEPOSTHOCTD P, NS pas-
JMYHBIX K HAXOIMM COOTBETCTBYIOLINE 3HAYEHUA 7,, ;. 3a-
TeM MU KaXJoi mapwl k u t,,, U3 ypaBHeHud (6.7.1)

HaxonuM f3 /¢ U [Jis BBIOPAaHHOW p Oy/eT mony4yeHa 3aBu-

cumocts fB/a= f(k) 2, KOTOPYIO MOXHO TPaKTOBAaTh KaK
k=F(B/a)(puc.6.7.2).

Taxum o6pa30M, BbBIYMCIUB COOTHOLICHUEC ﬁ/a n 3a-

JaB JOBEPUTEJIbHYIO BEPOSITHOCTb P U3 rpaduKoB (puc.
6.7.2) HaXOAMM YMCICHHBIN COCTAB HKCIEPTHOI TPYIIIHI K.

Ka

25r _______ / /

20

\\\\\
NN

\

1 2 3
PUC. 6.7.2 Ipaguru pyncuyuu k=F(B/a) npu pazauunvix

3HaueHusx dosepumenvroll geposmuocmu P.

Pacrnipenenenne CTblofieHTa, MCMONL30BaHHOE B (hopMy-
ne (6.7.1) mpu yBennyeHnn k CXOAMTCS K HOPMATbHOMY
pacnpenenenuto. [Tostomy 4mMcio 9KCrnepToB MPUOIMKEH-
HO MOXHO OIpEIeJIUTh C MOMOLIbIO BBIPAXEHUSL:

Blo=nlk1z(k) (6.7.4)

rae z(k) — 3HayeHMe MHTerpaja BepOSITHOCTH, KOTOpOe
onpenensercs no Tabnuuam. Ominyne BeJIMYUHBI K, BblYKC-
JsieMoii ¢ momoupio (6.7.4) ot HaliieHHOTo Mo hopmyIe
(6.7.1) mokasano B Tabia. 6.7.1.
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Tabnuua 6.7.1. OTHOCUTEeNbHas NOrPeLLHOCTb Bbluncie-
HWUA 3KCNepTHON rpynnbi no (6.7.4)

Yucao sxcnepmos Jlosepumenvhas Ak/k , %
8epoAMHOCMb

10 0,8 7

10 0,9 10

15 0,8 5

15 0,9 7

20 0,8 4

20 0,9 5

Ha crienyroniem 1mare mpoBeaeHUsT S9KCIEPTU3bI BBIYMC-
JII0TCS KOO GOULIMEHTH aBTOpUTeTa (CTENeHb KOMITeTeH-
THOCTHM ®KCIIEpPTa) — 3TO YUCJIO, KOTOPOE MOKAa3bIBaeT, ¢
KaKMM BECOM BKJIIOYAIOTCS B CTATUCTUYECKYIO 00pabOTKy
OLIEHKM NAaHHOTO 9KcrepTa. BaxkHOCTh MPaBUIBLHOTO OI-
peleneHusl ero BeIMYMHBI UMeeT OOJblIoe 3HauYeHue, IMo-
CKOJIBKY OH TpSIMO BJIUSIET KaK Ha JOCTOBEPHOCTb PE3yJib-
TaTOB HKCMEPTU3DI, TAK U MMEET BaKHOE MCHXOJIOTHUECKOe
3HaueHue Jis1 9KCIEPTOB.

Cy1iuectByeT psiji crioco6oB onpeneaeHus: KoahduimeH-
TOB aBTOPUTETA KaK HA OCHOBE CTATMCTUKU TIPEIbIAYLINX
akcnepTus [33], Tak ¥ HEMOCPEeACTBEHHO IO pe3yjbTaTaM
9KCTEPTU3bI, Ui KOTOPOil Kak pa3 M TpedyeTcs 3HaHUE
Takux KosdduimeHTtoB [6]. OqHaKo B 5TUX Crocobax Ko-
a9 GUIMEHTBl aBTOPUTETA OTPENeISIOTCS HEeTOCPENCTBEH -
HO, KaK HeKoTopble yucia u3 untepsaia [0,1]. Ho Taxk xak
YeJI0BeKY TIpOIIle 1aTh CPAaBHUTENLHYIO OLIEHKY JBYM Kaue-
CTBEHHBIM TIOHSITHSIM, Ye€M Mpumnucartb uM mepy [34], mo-
3TOMy 0oJiee palMOHAJIbHBIM CIIOCOOOM OMpejeseHus Ta-
Kux KkKoo(pOUIMEeHTOB SBIsETCS WX BBIYUCICHUE
MOCPENCTBOM TAPHOTO OIIEHWUBAHUSI CTETIEHU KOMITETEHT-
HOCTHU 9KCIEPTOB.

3nech MOXeT BOBHUKHYTh BOMPOC O JAOCTOBEPHOCTH,
MOJYUEHHBIX TaKUM 00pa3oM, Kod((PULUEHTOB aBTOPUTE-
ta. OMHAKO €CIM Yy4ecTb, YTO K 9KCIepTU3e, Kak MpaBuio,
MPUBJIEKAIOTCSl U3BECTHBIE CHEIMATMCTHI B COOTBETCTBYIO-
el npeaMeTHoi 00JacTH, TO B3aMMHOE CPaBHEHHUE UX
KOMIIETEHTHOCTU J1aeT OOBEKTUBHbBIE PE3YJIbTATHI.

IMycts nana rpynmna skenepros O = (94, ..., 3,). Cornac-
HO [30] cyOBeKTHBHBIE OLIEHKM KOMITETEHTHOCTH SKCIep-
TOB U3 D B BUJIE OTHOIICHUN MPEATIOYTEHUSI TIPENCTaBIIS-
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I0TCSl B BUJE OOpaTHO CUMMETPUYHOI MaTpULlbl JOMUHU-
poBaHus

Yactb Il

a ap ... q,
a1 an @
M= g
ay Apa e Gy
rae a; = 1; a; MOKa3pIBaE€T BO CKOJNBLKO Pa3 KOMIIETEHT-

HOCTb 9KCIIEpTa 3i MPEBOCXOAUT KOMIIETEHTHOCTb DKCIIEp-
Ta 9;, a a; = 1/a;. TIpu MapHbIX CPaBHEHUAX UCIIOJB3YETCS
craHaapTHas 9-Tu OajbHas LIKaJa.

B kauecTBe Mepbl OLIEHKM HECOIIACOBaHUSI CyObEKTUB-
HBIX OLIEHOK UCIOJIb3yeTCSl TaK Ha3blBAEMOE OTHOLIEHUE
coracoBaHHocTH (OC), KOTOpOE ONpeENsAeT CTeNeHb Ha-
PYLUEHUSI CBOWCTBA TPAH3UTUBHOCTU MEXJY OLEHKAMU:

oc =€
ccC

rne UC — unnekc cornacoBanHoctu; CC — ciyyaiiHas
COTJIACOBAHHOCTb MaTPUIILI TOTO e TMOpPSIKa.

CoayyvaiiHast COTJIaCOBAHHOCTb MATPUIIBI TOTO e MOpSsii-
Ka 9TO YHMCIO, KOTOPOE TOJTYYUIOCh OBl MPU CIydyallHOM
BbIOOPE KOJIMYECTBEHHBIX CYXAeHUN u3 mkaisl 1/9, 1/8,
1/7,..., 1, 2,..., 9, 1 oObpazoBaHMM OOPATHO CUMMETPUYHOIA
MaTtpuisl (Tadmn. 6.7.2).

WNHaexke coriacoBAaHHOCTU MAaTPUILII BBIYUCISETCS MO
dbopmye:

(6.7.5)

Amax —1)
HC — ‘max

s (6.7.6)
rane n — pasMepHOCTb MAaTpUIbI, a lmax — HauboJblIee

COOCTBEHHOE 3HAYCHMUE.

M3BecTHO, 4TO 3amaya HAXOXICHUS COOCTBEHHBIX UM-
cen Marpuilbl M cBsi3aHa C BBIUMCIIEHUEM KOpHEH Xapak-
TEePUCTUYECKOTO YpaBHEHUS
det(M —AE)=0 (6.7.7)

MeTo/bl HAXOXIEHUST COOCTBEHHBIX YKCesl MAaTPUIBI M
JOCTATOYHO TOJAPOOHO M3IOXKEHBI B pasmene 3.

W3 ombITa MPOBOAMMBIX SKCIIEPTU3 BEIUUMHA OTHOIIE-
HMS COIJIACOBAHHOCTH JOJIKHA ObITh He Gosee 10—15% [33].
Ecnu ero BeTMYMHA BBIXOMUT M3 DTUX MPEAETOB, TO 9KC-
nepTaMm MpeajaraeTcss MpoBepUTh CBOM cyxkneHus. [1pu
3TOM Tpoliecc "CryIaKMBaHUS" paccoriaCcOBAaHHOCTH JaH-
HBIX, KaK MPaBWJIO, HOCUT IIMKIUYECKUN XapakTep. DTO
MPOLIECC MOXKHO CYLIECTBEHHO YIPOCTUTb, €CIU MPenoc-
TaBUTb BO3MOXHOCTb DKCIEPTaM YTOUHUTH CBOM OLIEHKU
Ha oTane GOpMUPOBAHUS MATPUIIBI MPEATIOUTEHMIA.

IMpu nposenenun cnoxusix skcneptus C3U unorna
3aTPyIHUTENbHO cHOPMUPOBATH KOMIIETEHTHYIO I'PYIIITy
9KCIEPTOB CMJIAMU OJHOTO CTPYKTYPHOTO IMOIPAa3eIeHHUS.
B sToM ciyyae oGpalleHust K 5KCIEpPTaM COTMPSIKEHBI C
omnpeaeseHHbIMU (DUHAHCOBBIMU U3JEPKKaMU. YUYUTbIBas
3TO 0OCTOSITENbCTBO, MPU (HOPMUPOBAHUU BKCIEPTHOM
IPYIIIBI MOKHO MCIIOJb30BaTh CJIELYIOUIYI0 METOAMKY.

Jl1s 3aiaHHOM J10BEPUTENIbHOI BEPOSITHOCTH P U3 Tpa-
dukoB (puc.6.7.2) HaXOAUTCS] YMCIEHHBINM COCTAB BO3MOX-

HBIX KaHIUAATOB DKCTEPTHOU TPYMIBI (9,, 9y, ..., 3,) U
BBIYMCISIOTCS UX BecoBble KOdhGUUUEHTH (WU,,..., WL,).
[Hainee , myctb h;, — ycioBHast CTOMMOCTb OOpallleHus! K i-

My 5KCHepTy, a hy — rpaHuYHasl CyMMapHas yCJI0BHasl CTO-
UMOCTb OOpallleHUsI KO BCEM SKCIEpTaMm.
BBenem nepemeHHblE:

_ 1, ecrn 1 - i 9KCIEPT BKITIOYEH B COCTAB IKCIIEPTHONTPY MBI
M= {0, B IIPOTUBHOMCITyUae

Torna 3amauy GopMupoOBaHUS SKCHEPTHOI T'PYIIHI,
obJjamaroleidi MaKCMMaJlbHOM KOMITETEHTHOCTbIO, MOXKHO
3anucaTh Kak 3afady JUHEWHOTrO MPOrpaMMUPOBAHUS Clle-
IyIOIIKUM 00pasom:

n
Z,u,» - X; —> max
i=1

npu OrpaHUYCHUAX

(6.7.8)

< 1
h-x; <hy,x; = .
Z, X < g, X; 0 1€ {1,...,n}

(6.7.9)

Jlng ynpouieHus: npoueaypsl coopa u obpaboTku pe-
3yJIbTaTOB 3KCIEPTHOIO OIMpoca LeJ1ecoo0pasHo aBTOMa-
TU3MPOBATh 3TOT MPOLIECC C MOMOIIBIO JHATOTOBBIX
CPEACTB B3auMoneicTBus "skcnepT—IBM".

Jlornueckas cxema MnosyyeHust sKCrnepTHoi mHpopma-
LMK C TPUMEHEHUEM AMAJIOTOBBIX CPEICTB MpHUBEIeHa Ha
puc. 6.7.3.

B namstu DBM conepxarcsi 00beKTbl OLEHKH, 0a30BbIe
JIMHTBUCTUYECKNE KATeropuM, a TaKXe JMHIBUCTUUECKHUE
KOHCTPYKUMU opraHusauuu auanora. [Iporpamma nocieno-
BaTeJbHO (hOPMUPYET BOIPOCHI MJIsl BKCIEPTOB, Mpeiaras
6a30Bbli1 HAOOP JIMHTBUCTUYECKUX OLIEHOK. DKCIEPT BBOIUT
B OBM cBou 3HaUeHUS OIICHOK, 3allMChIBAEMBIC B MTaMSITh.
BeeneHHble olieHKM 00pabaThiBalOTCS W MPEACTABISIOTCS
PYKOBOIUTENIO 9KCIIEPUMEHTA. YBSI3KOI OpraHu3auuu au-
ajiora 1 006paboTKK UHGOpMALMK YIIPaBISIeT TPOrPaMMHBIi
nucrneryep. B KoHIle 9KCMepTHOro onpoca OlleHUBAEeTCs
CTeNeHb COIIACOBAHHOCTH MHEHMI 5KCIEepPTOB.

Tabnuua 6.7.2. CpegHUe COrNacoBaHHOCTU CJIy4aNHbIX MAaTPULy

Pasmep matpuubl 1 2 3 4

CnyyanHasa cornacoBaHHOCTb 0 0 0,58 0,9

5 6 7 8 9 10
1,12 1,24 1,32 1,41 1,45 1,49




Mamemamuueckue modeau cucmem u nPOYECcos 3auiumol UHGOpMayuu -

FnaBa 6
Bocnpusitue
Beox 2JIEMEHTOB
uHpOpMAaTHH onpoca
OkcnepT
Onenka DopmupoBaHue
BXOI[HOﬁ 3alauy Ha mare
UHpOpMaLUH Jajora
O6paboTka
9KCTIEPTHOH
Mamsrs oneriox [ Popumpoaie wiopua | @
OLICHOK
HCIIETYE]
ITamsTe ¢ A P
00BEKTOB OIICHOK
ITamsaTe
JIMHTBUCTHYECKUX ¢
KOHCTPYKLUI1 uanora N
—1 pouenypa
OpraHu3aluu
+ Jasora
Ba3zoBbie
JIMHIBUCTHYECKUE
OLICHKH <
Oo6paboTka
HCXOHBIX Brisoj
JTAaHHBIX > Ppe3yNIbTaToOB <
Texuuueckue cpenctea D BM
OpraHusarop
9KCIIEPUMEHTA
Tonyuenue
Bson 3agaun pe3yibrara
omnpoca
OKCIIEPTOB

PUC. 6.7.3 Jlocuueckas cxema noayveHus 5KCHepmHOU UHGOPMAyUU ¢ NPUMEHeHUeM OUan0208biX
cpedcme
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