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BBEJIEHHE

B Hayke W TeXHOJIOTMM JIOCTATOYHO UYACTO BO3HMKAET 3allade IOKCKa
ONTUMAJbHEX YCJIOBUA NPOBEAEHKS MpOLIecca WUIY IOJYUEeHUs] MaTeMaTuyec-
Ko Mojaeau 1ipouecca 0e3 MCCJeNIOBAHUS MexannaMa. JIpyTUMH CJIOBaMi,
HeoOX04MO peliTh 3alady NMPOCTPAHCTBEHHO-BPEMEHHCH OpraHU3auud Cuc-
TeMH IIPU HEMOJHOM 3HAHWM MeXaHu3Ma SIBAeHUN, MPOUCXCISAUMX B CHUCTEME.
{anlpuMep,  QU3MYecKas CYWHOCTb B3aUMOJIeHCTBUS KOMIOHEHTOR OYyPOBHX U
UEeMEHTHHX PaCTBOPORB, WUCIOJbAayeMbX [PY CTPOUTENbCTBE CKBAMWH, J0CTa-
TOUYHO CJOXHA. JUIf LeJell NpakTUdecKoro NMPUTOTOBJIEHWST 3THX pacTBOPOB
B TI0JIEBHX YCJOBUSIX NOCTATOYHO YpaBHEHMNi, CBSA3HBaWIUX BakHHE Xapak-
TEPUCTUKN (CTPYKTYpHAH BH3KOCTb, HANpskeHUe cJBWra, BOJOOTIAYa W
Jp.) ¢ cocTaBoM. Jpyro¥ mpuMmep, INpY ONTUMM3ALAU TEXHOJIOIHYECKOI'o
[poUecca OYUCTKKM HePTH HaWTH TaKoe COUSTaHUE TeMIepaTypH, JaBJeHud,
KOHUEHTPALMA peareHToB, CTPYKTYPH [OTOKOB ¥ JPYrUX 3HayeHud, 4ToOH
NOJIyYNTL HedTh TpedyeMor'o KavecTBa.

ITH ¥ MHOKECTBO JAPYI'MX MOJOCHLX 3aJa4 MOMHC DEWMTH MO-Pa3HOMY.
MO¥HO MPOBECTH UCCAe)IOBaHWe (QU3UYECKON CYWHOCTH NPOLECCOB, MPOMCXO-
JAWMX B CUCTeMe, BHSBUTH CBA3M W KOJMUYECTBEHHBE 3aBUCUMOCTH, CO3-
JaTh TEOpU ¥ MaTeMaTyecKoe OMMCAHUe Ipolecca. JT0 NYyTh HAYYHOT'O
MTO3HaHUA TIPUPOKH ¥ NIPOIIECCOB MPCUCXOJALMX B Hed, OH JOCTATOYHO HJU-
TeJIeH U JIopor. OKCTEepUMEeHTATOp BHOMpAeT OJVH U3 HUX, OCHOBHBASICH HA
CBOEM ONHTE U MHTYMIHM. HO, KaK [paBWjo, CHCTeMH, IOJJeKauie aBTo-
MATUYECKOMY DPEeryJMpOBAHWUD WM ONTHMUA3AUAM OKAa3HBANTCS CTOJb CJOKHE
M, 4TO He I[OAJAnTCHd JKCIEPUMEHTAJBHOMY M TEOPeTHYeCKOMY U3YYeHHUD B
PA3yYMHHE CPOKHU.

SQPexTHBHOE YIpaBJEHNe CJOKHHM IIpolieccoM OypeHusi CKBAWHH BO3-
MO¥HO B TOM cJiydae, KoIjla ero OCHOBHHE 3aKOHOMEPHOCTHM NPEeACTaBJIEHb
B BUIE MATeMaTHUYSCKUX BHpakeHWid. g TNOJy4YeHus aleKBaTHOI'0 MaTeMa-
TAYECKOTO ONMUCAaHKA Tpoiecca, IHPH ACCTATOYHO OTPSHUYEHHOK HHPOpPMALUY
0 ero MexaHusme, Haubosiee YQQEKTUBEH IKCIEPUMEHTAJEHO-CTATUCTHYLC
Kyt MeToll. [ipy aToM McXonHas HHQOpMaLuUst MOXeT OHTL MoJiyueHa B De-
3ynbTare  "nmaccuBHOro" HabmoleHus 3a Ipoueccom Oyperud, JmGo B pe-
ByJbTATE M3MEHEHUS NapaMeTpoB lpouecca OYpeHWd 10  TOMY WM UHOMY
MJany. TIpUHIMIMAIBHOE OTJUUUE TexXHOJOrMy OYpeHUs CKBa¥WHH 0T 00Jib-
WMHCTRA IPYI'MX TEXHOJOTHI 3aKjnyaeTcs B TOM, YTO [apaMeTpH Ipoliecca
CypeHuss HEMPepHBHO U3MEHSTCA BO BPEMEHM M B MPOCTPAHCTBE - YBEJU-
yuBaeTesl TAyOMHA CKBaXUHY, MEHAETCH JUTOJIOTUS paspesd, [POUHCCTb
[I0POJi, HAr'pysKka Ha MHCTPYMEHT M CKOPOCTb er'0 BpalleHWd, pacxoj U ma-



-6 -

paMeTpH MPOMBIBOYHOA HUAKOCTH ¥ MHOIME Jpyrue (QakTopH, BJusRUMe HA
CKOPOCTb NPOXOAKK. MHOe Jiejio, HanpuMmep, B XMMHUYECKOH NPOMHIJIEHHOC—
TW: YpaBHEHUs, OIMCHBawie paboTy pas3jM4HHX alliapaToB YCTaHOBKH,
MoJIyYEHHHE B TNepuck Nycka U OTJAAKU PEXUMOB, TPUIOHHH Ajst patoTd
aBTOMATY3UPOBAHHOW CHCTEMH YNPABJIEHUS IPOLIECCOM B TEUEHWE JUUTENb—
HOI'0 BPEMEHHM JKClIyaTalud YCTAHOBKYU, T.€. [0 U3MEHEHHS KOHCTPYKTUB-
HHX XapakTepucTHK 000pyAOBaHUs, 34MEHBl KaTaJmM3aTopd, CMeHH ChHpbS U
T.0. B IIpouecce IIPOBOJAKM CKBaX¥iHH MaTEMATUYECKHE MOJEJM [pouecca
cjiellyeT l1epUoIUMYecKy MpoBepdTb Ha aJeKBATHOCTb M MNOJy4YaTb HOBHE MO-
JleJu [py CYleCTBEHHHX W3MEHEHUAX [apaMeTpoB IIpoliecca.

Tlpoueccy OypeHUsi CKBaXUH CBOMCTBEHHa HOCTATOYHO BHCOKAd CTe-
Nedb HETpPEeNCKa3yeMoCTH Pas3BUTUA Ipouecca. [IOCKOJbKY HapaMeTps Opo-
tecca OypeHusi CKBA®MH HEIPEPHBHO WM3MEHANTCS, COBPEMEHHHE HUCCJeloBa-
TENA paccMaTpUBanT [apaMeTps NPOXOAKM KaK CJjyuailHHe BeJU4uHb, WMEein-
e TO WA WHOe paclpeliefieHUe BepOATHOCTeR. C TOUKM 3PSHUs OCJOKHE-
HE#l B fpouecce OypeHus, 0O0CY%Jad BOIPOC O BO3MOXHEX OTKJIOHEHUAX Ia-
paMeTpoB OypeH#us B Ty UJM MHY® CTOPOHY, YMECTHO I'OBODUTHL O MaTeMa-
TUYECKOM OMMJIGHUM TOT'0 WA MHOT'0 napamMeTpa. COOTBETCTEEHHO, 3JKClie-
DUMEHTAJIbHO~CTATUCTHYECKAs MOJeJb CKalHBaelcs 60Jiee COOTBETCTBYOIER
peajibHHM YCJIOBUAM MPOXOAKY, & DEeKOMEHIAUUW TO0 YNpaBJIeHUD pPeRUMOM Ha
€& OCHOBe 0oJsiee SQOeKTUBEHMU, 4YeM JEeTepPMUMHUPOBAHHAN MoZesb. HabJmwo-
JieHAe, OCHOB3HHOE HA U3y4YeHUH npoﬁeoca OypeHusi 6e3 pMewaresbCTBa B
ero HOpMaJsbHOe (QYHKUMOHHDPOBAHWE (MeTOX TaCCHBHOI'C SKCIIEpUMEHTA),
JOCTATOYHO YaCTO HABAAETCH E€JAMHCTBEHHHM MCTOYHMKOM MHQOPMaLUU AIsd
[I0CTPOEHUS MaTeMaTUYeCKOW MOJAesNM Iipoljecca W ero onTuMusanmu. MeTog
[IaCCUBHOI'0 JHKCIEepUMEHTa MOXeT OHTbL [IoJie3eH 1N MOJNy4YeHUs OopManbHO-
0 OIMCAHWUA IPOLECCa NPH MOUCKE ONTUMAJNEHOR KOMIO3ULIMA CUCTEMH, [10-
UCKe ONTHUMAJBHHX YCJIOBUH MPOBGACHUA IIPOLEcca, aBTOMATU3aLMU Opouec-
ca, C MUHUMAJIbHBMM 3aTpaTaMy BDEeMeHU M cpellcTB. K JOCTOMHCTBAM 5T0-
I'0 [YyTX MOXHO OTHECTW CPaBHUTENbHO HEeOOJbmOA 06BEM OMBITOB U OTHOCH-
TeJbHY NPOCTOTY OOpPAGOTKM HAHHHX, & K HEeNOCTaTKaM - HeKOTopHe
MpoOJIieMH MaTpPHUYHBX OIepaiMil ¢ JAHHBMH, KpalHe OI'DaHUYEHHbR (u3uyec-
KUA CMHCJ lIapaMeTpoB IOJNYYEHHOT'O YPaBHEHWS, [PUMEHUMOCTb TOJIBKO B
U3YYeHHON 00JaCTU U3MEHEHUS HE3aBWCUMEX [EPEMEHHHX K HEe3HAYUTEJbHYD
poJib CaMOI'0 YPABHEHWS B Da3BUTHM HAYUHOH TEOpUM MCCJEL0OBaHHOI'O MPo-
Hecca. MOXHO TaKkge YHOMSHYTH TOT QaKT, YTO [PH IUAYYEHUW HealeKBaT-
HOI'0 YPABHCHHS 00Jblias YaCThb JKCHEPUMEHTOR OO0BABAACTCH HCYIAYHOW.
Ho 2To HpYyT'O#, OTHASJBHHA PA3TOBOP.



1. TNIOCTAHOBKA 3ABAYH

3alaya moJiyyenus GOpMaJIbHOT'0 MATEeMATAYECKOTO OMUCaHHS HCCAendy-
eMOT0 mpoliecca BHIVIAAMT CHeLyowuM o0pa3oM: HYXHO IIOJIyudTb HEKOTOpOe
BHpakeHWe IJs8 MCKOMOH (DYHKLMU

U—f(x1' Loseeis xk)' betlt)

rjie Y - JUHKUUSL OMKAUKG, X - HE38BUCHMbIE lleDEMEeHHHe WM Jaxkmops; K
- KOJMUECTBO (AKTOPOB, BJMSIOIKX Ha MPOLECC, [PUUYEM COOGCTBEHHO BUJ
QYHKIMK f, KaK NpaBujlo, HeusBecTed. [lpocTpaHcTso, 06pa3oBaHHOe He-
3aBUCHUMLIMK [IEPCMEHHLIMA, HABHBAETCA HAKMODHLM TPOCMPAHCMEOM, a T'e0-
MeTpUYeCcKui 00pas, COOTBETCTBYOUMY QYHKIMU OTKJMKA, HA3HBAETCH NO-
8epIHOCMLI OomKAuxa. TepMUH "(QYHKUMS OTKJMKA" NpPUHAT A4 T0I0, YTOOH
0TJMYATh COGCTBEHHO QYHKIWMYM OT TaKk Ha3HBaeMHX 3KCHepUMeHTabHO-CTa-~
TACTUYSCKUX 3aBHCUMOCTEH, AJIS KOTOPHX XApaKTepHO MHOXECTBO 3Ha4EHUR
JJIS OfHOW M TOW Xe TOYKM (QaxTOpPHOT'0 MpocTpaHcTsa. 0COOEHHOCTH 3aja-
Y4 3aKJI0YAETCsl B TOM, YTO WCCJIEIOBaHKe MMOBEPXHOCTH OTKJIMKA [MPOU3BO-
JATCA TipW HEIOJHOM 3HAHHM MEXaHU3Ma U3YYaeMHX SBJIEHWAA. CUEeBHAHO,
YTO JIeTEPMUHUCTHUECKOe YPABHEHHE OCTAETCA HEeH2BEeCTHHM WCCJLA0BaTENo
W LN TIPEKTUYeCKUX LeJiedl 11eM3BeCTHYD QYyHKUUI MPeJiCTaRAsiT NOJMHOMOM

K Kk kK 5
v o= Bo t ZByTy + IBy XXy + ZPyyxy. .. (1.2)
J=1 =1 Jj=1
m=2
1=m

e v - XapakTepUCTHUKa Nporecca, NoANewalias WCCJeIPBaHun, OITUMU3A-
UMd W perynupoBannn; Bo. By, By p. Byy.... - TapaMeTpH (KOIHOALIM-
EHTH) YPaBHEHHs! PerpecCHm.

0O4eBnAHO, 4TO JAJd OlipellelieHus] Kos@UuLMeHTOB ypaBHeHusi perpec-
Ccnn HeOoOXOUMMO TNIOCTABUTH HEKOTOPOE KOJUYEeCTBO ONHTOB, T.e. AJd Hec-
KOJIbKMX KOMOWHALMN 2HaYEeHU/ HEe3aBUCHMBX MEepPEMEeHHBX OMpelesMTh 3HA-
Yeuusi XapakTepUCTUKX Iipolecca v, KOTOopHe npd a1oM o0003HAYALT na-
TUHCKOW OYKBOW Yy, U MOABEPrHYTh 3TH JAHHHE COCTBETCTBYMUEH MaTeMa-
TUYecKko# oOpaboTke. [lpAd aToM BO3HMKAET cJjefybmad TPYLHOCTb. B Xole
JKCTicpuMeHTa  Heul30ewHH — QUIYKTYaUUM HEe3aBUCUMHIX [EpPeMEHHHX X,
Typ,..., X ¥ HenM30eHHH OUMOKM IIPU U3MEpEeHUM XapaKTepuCTHKU lipolecca
y. Lcrecrpernio, 4TO W Te # Apyrue oumbkn BHOCAT OoJee WM MeHee cy-
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[ecTBeHHOe UCKAa¥eHue B HalswiaeMyb KApTHHY ¥ B Tipouecce 0o6paboTKu
JAHHBIX  3TM OWHUOKM KAKUM-JU60 00pas3oM HeoOXOIMMO y4YecTh. CJedyiouas
TPYIHOCTL 3akJjoyaeTcsds B TOM, YTO JKCIEPUMEHTATOD MOXET OCYHEeCTBUTH
TOJBKO HEKOTOPOE KOHKPETHOE, OTDaHAYEHHOEe YKUCJO ONHTOB, T.e&. 0CYy-
WECTBUTL 6HO0PKY U3 COBOKYNHOCTU (MOJ COBOKYNHOCTEWO M0APa3yMeRanTCS
BCE BO3MOXHHE ONHTH B UCCJAENYEeMOM (JaKTOpPHOM TpOCTpaHcTRe). [Ipu a'Tom
3KCTIEPUMEHTATOD HEe BCErJa MMeeT TNMpeiicTaBjeHue 0  (¢opMe TOREeDXHOCTH
OTKJHKA ¥ 0 TOM, Kakoe MeCcTO 3aHUMalT ero OfuTH B (QAaKTOPHOM HpoCT-
paHcTBe (Puc.1.1). OH MOXET JKCISPUMEHTHUDOBATL B Ipelesax JIOKasbHHX
YYaCTKOB @, b WM ¢, OH MOKET CJYYadHO OXBATHTL HECKOJBKUME OMLITAMA
BCH BHIEJIEHHYI 00J1aCThb Xy, Tp. BO BCEX CJyyasix pesyJbTaTH cllpelefe-
Hug QYHKLMU OTKJAMKA y; OYAYT I'Ae-To Bbile, CAe-TO HUKE MNOBEpXIOCTHA v
(Ha PUCYHKE He [0Ka3aHM) U Jake ecnmy Kakod-smbo pesynsTaT Oyler
CJIYHaARHO HAXOIMTHCS HA [OBEPXKHOCTH v,  DKCHEPUMEHTATOp 3Tor'0 He 6y-
JIET 3HaThL. [l03TOMY 110 De3yNikTaTaM BHOODKM MOXHO ONPEASJHTL  TOJBKO
anbopoyibe KO3QPUUMEeRTH YpaBHeHUs DErpeccuH, o000sHAYaASMbE JATHHCKM-
MP OYKBAMA Dy, by, 0y n. Dyy:

i by WS 5 $o. af )
Y= + H ol Ty 205385, .. (1.3)
0 ‘_}.;11 J 1:11 m1m J'=1‘” J
m=2
L=m

rne L - pacueTHoe 3Hauehne QYHKUUK OTKJIMKA. BoOOPOYHHE KOIGHHLMEHTH
bo. by, by, byy ele HAZHBANT oyeHkamu mapamerTpoB Bo, By, By oa.
Byj. ANsT ompesefenHus HAPaMeTpOR (MHOMA ['OBOPAT, 2EHEPANbHBIL KOof-
guyuenmos) Bg. By, By p. By; HEOOXONMMO TIOCTABUTH GECKOHEUHO O0Mb-
o8 YMCJO ONBTCE BO BCeX TOYKAX (aKTOPHODO UPGCTpaHeTBA (T.e. O0Cy-
HECTBUTH COBOKUNMHOCMG), UTO PeallbHy HEBO3MOXHO. ECTECTBEHHO, UTO
COOTBETCTBUE BHOGPCHEHX KOMGPULMEHTOB I'eHepaabHuM OyAeT NpH yIavyHoM
pacrpeliesieHd  YCJOBWA  ONETOB 110 00LEMY (aKTOPHOTO NpOCTpaHCcTBA U
PN OTHOCUTENbHO HeOONbWHY OTKAOHeUMAX JKCNePUMEeHTANBbHHX 3HAUSHHH Y
OT HEM3BECTHOM HOBEPXHOCTH OTKAMKE v.

TeopeTUdeckd pea3ybTaT UCCHEOBAHUA HE JOJKEH 3aBUCETh 0T TO-
I'0, B KaKOM JIOKANBHOM yuyacTKe (a, b, ¢ ¥ T.A.) MOCTaBNeHH ONHTH KJM
RCE OTBHITH PABHOMEPHO pacTpejie/ieHH 110 BCel 00JacTi BO3MOKHHX — 3HaYe-
HW lIepeMeHbxX X, ¥ X, (cM. puc.1.1). HO NpaxThueckn MOTYT CUIILHO
pasiruaTLes ANl YyMACTKOB @, b M ¢, He TOJBbKO TapaMeTphl HCKOMOT'o
YPABHEHUS, HO ¥ BUL YpPabHeHus! y=F(x;, &p) JUIF KaKJOrD  yuacTha 4



)

Puc. 1.1. Mwnotetwveckas sasmemvocts V=F(T,, Xp)
8 cucreme koopamHar (X, Lo, V).

Bceit obnacTd MoxeT OHTb pasjuyHeM. Jlesio B TOM, YTO 3KCIEepUMEHTHPYS
B KaKOM-Jin60 JIOKAJLHOM y4YacTKe a, b WM C, B KOTOPHX KPUBU3HA IO-
BePXHOCTY He3NaudTesbHA, U CoBepllas Heuzlbexuse OWMOKM Npu onpegede-
HMM 3UAYEHHA Yy, MOXHO IIOJYYWTH [OBEpXHocTd F,, Fy, W F., BecbMa
OTIYALIKEeCs OT KymoJa, H306paeHHoro Ha puc. 1. 1. lipd omuOkax, co-
V3MEPUMBX C KPUBU3HOW YyYacTKOB ¢, b U ¢, B pesyanpraTe OyIeT Mojyde-
HO JMHEeHHOe YDARHEeHHE BULA Y=Do+D T +Dy%,, TPUUEM LIS KamIOro 13
YYACTKOB ¢, 0 WM C KOOQPULMEHTH by, by ¥ by OYRYT pA3JMyHHMA. ECiu
¥e BCE OMHTH OYUYT DaBHOMEpHO pacrpejeliedd 10 Bceil 006JacTd BO3MOH-
HBX 3Ha4YeHW! TIepeMEeHHBX &y U &, (CM. puc.l1.1), TO ¥ YpavHEHWUE B pe-
3YALTATC NOJKHO OHTb HEJIMHEWHHM - TapaboMyecKiM, KRaAPATHEM W T. .
OJHAKO HeCcMeTpS Ha PacCMOTPEHHHe TpYIHOCTH, YPABHEHUst perpeccu BH -
na  (1.3) WMPOKO MCHOJL3YRTCH B HAYUYHHX UCCICUOBAHUAX U JUIS PElCHU:
38044 YiIpaBJeHust ¥ ONTUMU3AIMM, a MeTOIb WX IoJyUYeHWA BecbMa pasHO-
00PadHH. MCTOpPKYECKH TNMEpPBHM U3 HUX SBAAETCA METO) HAWMEHBUMX KBaj-
pPaToB, B 4YaCTHOCTH METOL [ACCUBHOI'0 JKCIEPUMEHTA.

[lpexne veM NepexXoiuTb K MoApofHOMY paccMOTPEHAN MeTOoAa TaCCUB-
HOT'O OKCNEPUMEHTA PACCMOTPUM ONpelesielrss HEKOTOPHX  TepMAnoR.  [pu
1eDBOM YTEHUM UX MOMHO IIPONYCTUTDH.
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1.1. OnpejesieHds1 HEKOTOPHIX TEPMHHOB

ApgekBaTHOCTh (fpury. adequat - agliekBaTHHR < aam. adaequatus -
COCTBETCTREHHHN, TOXKJACCTBEHHHN, TPUPABHEHHBX, DABHHHU; Jaam. adaequo
- CPaBHURATL, YDP3BHMBATL) - COOTBETCTBUE, COPASMEDHOCTH, BEPHOCTD,
TOYHOCTH, TIOJHOE COOTBETCTBUAE MCCNefyeMoMy TpeIMeTy. B Teopud moa-
HAHKMA TepMUH "3JeKBATHOCTB" CJYKUT Ajs 0003HAYEeHKS BEpHOI'0 BOCIPO -~
U3BeJeHusa OCLEeKTUBHLIX CBA3el U OTHOWEHWN ICUCTBHTENbHOCTM B IIpelc-
TABJEHUAX, [TOHATUAX U CYMACHUAX. B STOM CMHCJE UCTIHG OlpeleliseTcs
KaK AJEKBATHOCTE MBIMJIEHUS OHTH.

B MOJeJMpOBAdUR  aJeKBATHOCTL = KOAKUECTEEHHAH XapaKTepuCTHKA
COOTBETCTBUS MOJENM OpuruHay. HKpurepueMm QJeKBATHOCTH ABJAAETCH 0N~
HOPOAHOCTE ducnepeutl — AUCTIEPCUM BOCNPOU3B0BUMOCTIU S¥ oy W JACTIEPCUN
4IEKBATHOCTH 8%, ,:

2 Jon i) 2
S'onrAzl (U= </{ngy-1); (1< 5)
o n 25 2/
s*an=.21(y1~yi) /(n=1), (1.6)
1=
PIE Nyp — YUCHO OUHTOB B BHOGDKE HA BCCNPOUZS0OUMOCML, N -  YUCJH0

ONHTOB B BHOODKE, OCYUWECTHJGIEMON ¢ Uedabl NOJYYEHUs ypaBHeius (iyHK-
U OMKAUKQ, L = 4UCAo casizell, HAJIOKeHHHX Ha BHGOPKY (uMCao napa-
METPOB YPABHEHWUS, ONpEAeNeHHHX 10 BHOOPKE). EC/U JUCTIEPCHM OAHOPOM-
HH, MATeMATUYecKas MOLENb AJIeKBATHA, ECJM HeOAHOPOIHH, - HeajeKnar-
Ha. Dojee WM MeHee OOLEKTUBHBM KDUTEDHEM OJHOPCIHOCTH IMCIEPCHN
ABJASTCH SHAYSHHE ONBMTHOTO KPUTEpUs duwepa (1.44):

o

on Slan
F S i
v v ol
1» 2 oon

IIe v, - HUCAO cmenexel c80G00N YACHUTENS, Y, - YUCJO CTeNeHed CBO-
SoJH 3HaMeHaTeNs. [JOCKOABKY Kpurepuin duilepa radysupoRay, davuiast co
3HAYCHUS 1, B yUCAMTeNe JOJHHA ObTh O0JbLuwast JUCNepcud, B 3HaMenaTe-
Jie - menbliasi. TpakTUYecKH JMCHepcus alleKBATHOCTY OOHUYHG Oosble Inc-
Nepcur BOCTIPONIBOAMMOCTH.  ITO COBSCHAETCS TeM, 4TO NACTEPCHS aLeK-
BATHOCTYU BKAwYaeT B cebd IBa BUIA2 oumbox - owubrd pacueTHee, o0yc-
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JINBJIEHHLE TPUAOJIUKEHHBM XApaKkTepoM MaTeMarWyeCKol MOAeJM, U OUMOKK
OKCTepUMeHTaJbEbe, a OUCIepPCHs BOCIPOU3BOAUMOCTK (OIHTHAs AUCHIep-
CUA) XAPAKTEepU3yeT TOJLKO OWMOKM JKCHEepuMeHTa. ONMTHHA KpuTepud du-
Wepa CpaBHUBANT ¢ TAOJMYHHM 3HAYeHNeM Kpurepus Tuuwepa, F®, B3ATOrO
¢ TpeOyeMmbM YypoeHem 3Hauumocmu o. Ec/u  ONMTHHA KpuTepuin duliepa
MeHLlle TaOGMUMYHOTO, TO NPUHIMACTCS HY/AeRas aunome3a 00 OTCYTCTBUU
pazmuund MeRNy IKCIEepCHSAMU AJEKBATHOCTH M BOCIPOM3BOJUMOCTH, T.E.
5%,4 W 5%, ONHODOAHH M, COOTBETCTBEHHO, MoAesb aJeKRalha 3KcIepu-
MEeHTY, eciu OoJblie - HyJieBad I'MIOTE3a OTKNOHASTCH, T.€e. JUCHepcun
HEOIHOPOJHH, MOJIesh HeaJleKBarHa.

Beca pe3yJibTaTOB M3MEPEHHWH - 4icJsa, BHpakawuye OTHOCHTEJbHYD
‘POYHOCTDb pPe3yllbTaTeB MaMepeHWi. Beca pesylihbTaToR M3MepeHud 00paTHo
NPONOPLUMOHAJILHE OUCREPCUAM COOTBETCTBYOINX OWMOOK. WCHOPWPOBATL 3TH
PABIHYMS  1PA  UCTIOJL20BAHUK Pe3ynbTaToB IOA0OHHX U3MepeHMA HeNbud,
Tak KAk 3TO 00eclUeHusano Oul Jiyywde M3Mepeliusi, CTapsdg UX H3 OIud ypo-
BEHb C MaJoUalexHEMU. [l0aToMy O0Jiee TOUYHHM KU3MEPEHUsM TpUCBSUBASTCS

Gonbliid  Bec. B ciaydae  HECKOILKUX — HE3aBHUCGHMBIX UMEPEeHnR
Ty, Ly, .... Ty OJHOA M TOH e BEJUUMHH @, B NPENNOJNOKESHHM, YTO M3-
MEDEeHUs1 JAWeHH CHCTEMATUYCCKON OUWMOKW ¥ UMENT COOTBETCTBEHHO Beca
Wy, Wo,..., W,, Haubosiee HAAGKHOM JNUIIEHNONA ONEHKOR BEJWYMHH G ABJA-

BTCSI e3seuenioe cpediee:

Wiy + Wolp +...t Wy,
Wy + Wy +. . Wy

973

(1.7)

KOTOpuE UMecT Bec W=W,+W,+...+W,. Cpemu BCeX JIMHEHHHX OLeHOK BaBe-
WeHHOe cpefHee S 00JajacT MHHHMANLHOR AUClepCUein.

BOcnpoU3BOAHMOCTE B TEOPMM U NPAKTUKE YKCIEPUMEHTAJbUBX HCCJE -
JICBAHUE - XaDPAKTEPUCTUKA TOUHOCTH JIaO0PATOPHOLO UMM IIPOMBUNICHHOIMO
AKCNEPUMEHTA, & Takke NOATBCDKAEHHE DE3YJbTATOB TeX WA WHbX HAOM0-
denult B NMPUpOLe U OOWECTBE APYI'MMU UCCJeROBATENsIMYA, aBTOPAMU B JpY-
I'0C BpEMAA, B TEX WU UHHX YCJOBHAX. OCHUYHO BOCIPOU3BOJMMOCTb Xapak -
TEPUSYLTCST KOJUYECTBEHHO (T.e. UUCJOM, B IIPOLIEHTAX WM IOJAX €UMHU-
UH), HO MOXeT xapakTepu3oBaTb SBJEHME WJM NPOLUECC W KAYECTBEHHO.
(CM. Takke Adexeammocms, Jucnepcus GoCnpoussodumocmu) .

BOCCTAaHOBJIEHUE 3IABMCHMOCTH - TPOLEAYpa LQJAYUEHUA aHaJuTHYeCKO#
GYHEIPM )10 pesyabTaTaM HabJlofleRnit,  9KCIepUMElTANBHEX UCCAeN0BARUR
U/ 110 QYHKUMKM 3alaHHo#l TabmiyHo.  BOJILUWWHCTRO CTATHCTAYZCKUX MO-
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Jlenel - 3aBUCHMOCTH B0CCMAHOBACHMBE KAK I10 CBOEH CTPYKTYpe, Tak #
Mo rnapaMeTpaMm (Hallpumep, YpaBHEHUS PEerpeccuy).

3allaya BOCCTAHOBJIEHUA 3aBUCUMOCTM BO3HUKAET Takke Mpu ofpaboT-
Ke JAUHHX [0 JeTEPMUHUCTUYECKUM YDABHEHUSM C IIOMOUBH CTATUCTHYECKUX
MEeTOJ0B. 3HaUUTEJIbHAS YaCTb YPaBHEHW! CTPYKTYPHOI'O BAZA OTHOCUTCH K
3aBUCHMOCTSAM B80CCMAHOBAEHHbIM BCJEACTBUE TOI'0, UTO UX TapameTpH I10-
NYYEHH 110 pe3yibTaTaM 3KCHepPUMEHTAJBHEX KCC/EI0BAHUMA.

HaumHawipe uccienosaTe i 00LMUYHO ¢ TPYAOM BOCHPUHUMANT (AKT He-
BOSMOXHOCTH DeueHus 3aJauyd BOCCTEHOBJIEHUS 3aBUCAMOCTH B 00iieM Buie.
[lpoGJyieMa B TOM, UTO 3allayia BOCCTAHOBJIEHUS 38BUCHMOCTH KMEET MHO-
KECTBO peWeHWd, Kakhoe U3 KOTOPHX YLOBJETBOPAET TOMY MM UHOMY KpW-
TEpUO ONTUMANLHOCTH U HE WMES ONHTa TPYIHO [PUHATE TO WM HHOe
ypaBHeHNWe g 00palOTKU AAHHHX (CM. HampuMep, [Ipeobpasosanue fax-
MOPHO20 NPOCMPAHCMBQ) .

HeomnpeneNEéHHOCTh 3a444¥ BOCCTaHOBJICHUS 33BUCKMOCTH 06YCIIOBJEHa
TeM, YTO TPU TPOBEJEHNHM HAYYHHX U NPUKJJHLX UCCHAeLOBAHWN ilen30exHb
ONUOKU (PUKCALMU HE3aBUCHMBX IICPEeMEHHBX Xy, Xp...., L U OUKMOKM K3~
MepeHus XapaKTepUCTUKM Ipouecca v. ECTeCTBEeHHO, 4TO ¥ Te W Apyrue
ounbKkyM BHOCAT 060JEeC WM MEHee CYWECTBEHHOE KCKaXeHue B pesysbTar
UCCNeIOBSHUA W peanbHO HaO/ojlaeMas kapTHHAa npouecca MoxeT OHTb 60—
Jee w MeHee OJU3KOA K HeACTBUTESBLHOW, a MOoXeT U He OHTb. [IpMunHA
$AKTHYECKON MHOKCCTBEHHOCTH SHAYEHWH [EpeMeHHHX KDOeTCsl B TOM, 410
Kaxjioe CcOOHTHE B MUpe SIBASCTCS DPE3YJbTAaTOM B3auMOJEHCTBAS HEKOTOpO-
o MHOXGCTBA JeTePMUHUPOBAHHHX (GaKTOpOB (T.e. (QAKTOPOB, UMEWUX Ol -
pPEIENEHHYR  [IPDUYUHHO-CJICACTBEHHYD CBA3b). Pasjuurbe KoMOMHALMU e
TEepPMUHHPOBAHKHX (AKTOPOR B TOT WY MHOH MOMEHT BDEMEHM NPUBOJAT, B
HeJioM, K CAydailHOMy XapakTepy COOHTUSI KaK MO CUJe (MHTEHCHBHOCTH),
TE&K W 10 BPEMEHW ero OCYWeCTBJEHWs. B parHOW CTENEeHM 3TO OTHOCUTCH
Kak K OMKCAlUd W/UM W3MEpeHWl 3Ha4veHus GaKTopa, Tak W K U3MepeHun
fuHkyul omkauka. ECTECTBEHHO, YTO COOTBETCTRUE TMOJYUYEBHOH B peayib-
TaTe 00paboTKM MaTeMaTWYeCKOd MOAeSM peaslbHoMy npoueccy OyIeT 11pu
YIAuyHOM pacrpesiesieHnd YCJIOBUE ONBTOB MO 00bEMY (QAKTOPHOTO IPOCT-
paHcTBA W MPU OTHOCUTENHHO HeOONBUMX OTKJIOHEHUAX IKCIePUMEHTANbHHX
3HAYEHNH Y OT HEeM3BECTHOW IIOBEDXHOCTA OTKJMKA V.

Crenywouas TPYAHCCTh 38KJANY2ETCs B TOM, 4TO 3KCIEPUMEHTATOD MO-
®ET OCYWECTBATh TOJbKO HEKOTOPOE KOHKpeTHOe OIpAHMUEHHOEe HUCJIO Ofb-
TOB, T.€. OCYWECTBUTH 8LOODKY U3 COBOKYnHOCMU. [IpU 3TOM HKCIIEPUMEH-
TATCp HE BCErja ¥MeeT IIPGJICTABJCHWE O dopMe MOBEDXHOCTH OTKJMKA M ©
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TOM, KaK0e MEeCTO 3aHUManT ero ONuTH B (akTOPHOM IPOCTPaHCTBE (CM.
puc.1.1). B HTOre HccJefoBaTe)b OK43HBAETCA Nepel mpobJeMoll anpuop-
HO20 npuxamusi euda gyHxyuu. [VaJeKTVKa HAYYHOro [103HAaHUA IPOsiBIAET-
cd B TOM, 4TO, #Mes MaccuB HaOJoZeuuii, HCcJenoBaTesb Ha OCHOBE 3Ha-
HU#, ONbTa, MHTYWTUBHBX COOCpaxeHH# MpexpnosaraeT BUl 3aBUCHMOCTA
OYHKIMH OTKJYKA OT (aKTOPOB M TOJIBKO I0CJE 3TOT0 KakuM-Jn60 MeTOLOM
BUYUAC/AHET OUBHKU TapaMeTpoB npuHamou gyHmkuyuu. LCJM B pes3yibTaTe
oKaspBaeTed, 4TO OpuHsTad QYHKLMS (MaTeMaTH4ecKasl MoJeJb) Healek
BATHA, T.e. HE COOTBETCTBYET pEe3yJNbTaTaM 3XCIIEPUMEHTA IIPU HOCTHUI'HY-
TOW 'TOYHOCTU OMHTOB, TO Yy MCCAELoBaTeNs] €CTb TPH BHXOJa:  1101po6o-
BaTh Apyrod MeTon 06paloTKU NSHHBX, MNPENNIOJNORUTL APYI'oON Bu. QYHKIM-
OHANLHON 3aBUCHUMOCTH Y=f(Xy, Xp,..., Ty) WA NOBTOPUTH (MPOJOJKUTH)
SKCTEPUMEHTH. Hanpumep, MoTepler Heylady pH o6paboTie I8HHHX [0
ypaBHeru y=bg+b,&, TOMpoGUBATb ypaBHEHHMEC BUJA UY=by+b,/X, JIpyroe
u=6/(by+byx) W T. 0.

Bubopka -~ [OHSITHE MATEMATUYECKOW CTATHCTHKM, O0O0beluiidplee pe-
3yAbTATH KaKAX-J1400 OLHOPOZHLX HaOJwopeunit /8, 16/. BHOOpKO#A, B WMpPO-
KOM CMHCJIe CJI0BA, HA3HBALTCA KOHEYHAd COBOKYIHOCTb Pe3ynbTaToB Haf-
JOCcHuR Xy, Xa, ..., Xp. NPEICTABJALLAX COO0H HE3aBHCUMHE OIMHAKOBO
pacrnpesieNléHHHE CJyYadHHe BeJHUUHH. OnpeleséHHast Takum o0pasdoM  Bhi-
fopka HA3HKBAETCH CAYYaHHOW, a G2 KOLUKpPeTHHe 3HAYeHWs B KamJoM OT-
JeJILHOM cliydae &y, Lp,..., &, - [POCTOM BHOODKOH. B Y3KOM CMHCJE
HOHATHE BHOODKK CBSI3AHO C TEOPHEN CTATUCTUYCCKOI'O BHOOPOUHOTO METO-
Ja 1 ilpelilosaraeT HaJudle HEeKoTopol KOHEUHOM COsOKYnHOCMU, U3 KOTO-
poii aTa BHOOpKA U3BJEKaeTcd (paccMaTpuUBalTCd, HalpuMep, IOBTOPHHE 1
6eCcrioBTOPHHE BHOOPKH). C TOUKH 3PEHUs UCcJelopaTend, OCyuecTBJsoue-
[0 3KClIepUMEHTalNbHBE MCCICNOBaHMsl C L2JIb MOZSJMpOBaHust Tpoliecca,
BHOOPKOH OyNeT HasbBaTbCH KOHKPETHOE KOMYECTBO AHAJM30B, OIHTOB,
UBMEPEHMA W T.1., & TOJ COBOKYIHOCTBE OyJeT noxpasyMmeBaThCd aGc-
TPAKTHAs! (OeKOHEeUHOCTb BO3MOXHLIX aHAJM30B, OMHTOB, W3MCPEHWH M T.II.

JlauHple - OOWENpUHATOS BHpaXeHUe JUid MHOOpMALyU, HCIOJNb3YeMoH
Uil MATeMaTUYeCKOd (MJM ApYro, 1o, 10 CYNECTBY, YKCJEHHON) obpa-
060TKM. B TNpakTUKe HAYYHHX WCCJENOBaHUA LAHHHMU ABJANTCH YCJOBUS M
pe3yAbTaTH 9KCIEPUMEHTOB, De3yJbTaTh HAONWIEHWA B TEXHUKE, B TEXHO-
JIOTUYCCKUX Tpolieccax WM IIpUpofie, a TakKke LPOMEXyTOYHNe PesySbTaTH.

Iucnepeus (< sam.  disperse - paccesHHo, pasfpocaHHO, TaM U
cam; dispersio - paccesinde, pa3dpOCaHHOCTH) B MATEMaTHYECKO# cTa-
TUCTAKE WU TEOPUM BEPOSTHOCTEN - OJHa U3 XapakTepUCTHK paclipeliesieHust
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BEPOATHOCTEN CJIYYaNHON BEJMUYMHH, HauboJee yrnoTpeOUTeJbHas Mepa pac-
CesiHUs1 ee 3HAueHMH, T.e. OTKJOHEHUs] e€ OT CPe/IEero; JUCNepcus -
LEHTPAaJIbHBE MOMEHT BTOPOTO IOpSAKa. B Teopud BeposiTHOCTER Iucrep-
cus, DX, CJy4arHOM BeJWUMHH X ONpelesdeTcd KaKk MaTeMATHYEeCKOS OKU-
ranne E(X-My)? xBagpata OTKJIOHEHUSt X OT €€ MATEMATHUECKO'd OXMLAHNS
My =EX. Jas chiyyaiHO# BeMUYMHH C JAUCKPETHHM pacripelleJeHUeM JMCIIepCUs
onpegeiseTcs GopMyJion

o
DX :Zl(li_MX)zpl‘ (18)
i=

rlle BEePOATHOCT py=P(X=x;), Tp{ YCJOBUM, YTO PAA CXOIMTCA. JJs CJay-
YafiHOU BeJMYUibH X C HelpEepHBHHM DACHpefieieHNeM, WMEDWUM TJIOTHOCTh
BEpOSITHOCTH P(X), (hopmy.Jioi

oo
DX = f(x-My)?p(x)dx, (1.9)
-0

eCJU 3TOT MHTerpaJl cXo)MTcd. JIMCTepcust uMeeT BakHOe 3HAYCHHe B Xa-
PaAKTEPUCTHKE KavyecTBa CTATUCTUYECKOH OLCHKUA CJyyadHOl BeJMYMHH. Ha-
paLy ¢ Iuchepcuell B KayecTBE MEpH paccedHusi (TOoW #e pasMepiocTy,
YTO W caMa  cJiyvadHas BeJMUMHE) UCHOJb3YeTCs! KBalpaTHHA EODeHb W3
Jucnepcud: 6=)/DX, HazHBaeMHEA xeadpamuunsMm omkacHexuem X. Ecam DX=0,
TO cAaydaiHas BesJuuuHa X NPAHAMAET ¢ BEpOSITHOCTLO 1 eIUHCTBEHHOE
3HaueHne My . Jlucrepcusi o0aa)laeT CBOMCTBOM MUHMMANBHOCTH B 'TOM CMHC-
Je. 4To

DX = min E(X-a)®, (1.10)
--00{ (<00 _
py 9TOM min joctruraeTcd UpM a=EX. (cM. Takge Adexsamnocme, Jucnep-
cusi adexesamiocmu, Jucnepcusi 80CNPOU3goduMocTiL) .

IMcnepcua afeKBAaTHOCTH (om .sam. disperse - paccesiHO, pasbpo-
CAHHO, Tam W csiM; dispersio - paccesiHre, pasOpoOCaHHOCTH U adaequo -
CpaBHUBATL, YpaBHUBATH, adaequatus - NPUPaBHEHHHHA, DARHHEA) - KOJHM-
YeCTBEHHAN XAPAKTEPUCTUKA PACKOMJCHUS 3SKCILPHMEHTANbHHX 3HaYeHu#
OYHKLMY OTKJMKA W 3HAUEHUN QYHKLWM OTKJMKA, PACCUYATAHHBX M0 ypaBHe-
HMD, TIapaMeTph KOTOpOro OINpefiedleHH [0 ewbopre. (CM. Takke Adexeam-
1Hocme ) .

Increpcua BOCNPOM3BOAMMOCTH - KOJIMYECTBEHHAS X4paKTepUCTUKa
TOYHOCTY 3JKCIHEPUMEHTA WUJ 80CNPOU3B0OUMOCTIL Pe3YJIbTATOR HaGJ0ASHIA
B TIpUPOZe; BHUACASETCSi TI0 QOpMyJie:
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1 Ton
§2 = — ¥ (y,-D)%, (1.11)
o ngp-1 1=t
1 n
y= ¥ Ui (1.12)
i =1

THE Ny, - Y4CJO ONHTOB HA BOCHPOU3BOIUMOCTB; Von~=Non-1 - 4uCa0 cme-
newelt  cg00006 JCNEPCUH BOCLPOU3BOJMMOCTH.

C TOYKW 3DeHus MeTojla MOMEHTOB IKCIIePCHSl BOCHPOU3BOLUMOCTH fAB-
AseTCs UEHTPAJIbHEM MOMEHTOM BTOPOI'O HOPAJAKa ¥ MOXET OHTL BHYMUCJEHA
no Qopmy.Jam:

ANt AUCKPETHOR CAyuaiHol BeJMMUHH:

« 3 e s (1.13
#2—_&:1(-i R AR -13)
I II@HpepHBHCH (‘-le‘laﬁfIOﬂ' BCQJIWYYIHEL:
- [ (@ -M)pwdx = s° (1.14)
pz'_w'1 x) P b e :

IS IPDAKTHYECKOr0 pacuiTa  IUCTEPCUM  BOCHPOM3BOAUMOCTH  GoJiee
yhnoGHa u TovyHa (QopmyJia

1 n n
2 om— (no" Ty - [ 2°"y1J2}. {1.15)
Ot flgn (Mge-1) =1 i=1

s OLEHKM JOCTOBEPHOCTH Pe3yJblaroB HaOMoAeHUud OAHOM Jyciep-
CAW BOCTIDOU3BOJUMOCTH HEJOCTATOuHO. KopeHb KBaJpaTHHA U3 AUCIEPCUR
BOCAPGU3BOLUMOCTY HA3HBAETCS! KBUODAMUUHBM OMKAOHEHUEM,  CMAHOQPMHHM
OMKAOHRHUEM W cTaHjapToM. HauyuHaoujie uccjefopaTesd OOHYHO ¢ TpYy-
JIOM pa3BHBAOT WHTYWTUBHOE BOCTPUATHE YHCJIEHHO0 3HAYEHMS IMCIIEpCHM
WM CTEHAAPTHOI'O OTKJOHEHWUs. FBJSETCH JU IMCTEpPCHs BOCIPOM3BOLUMOC-
TW, paBHad, HalipuMep, 77, COJbWOA WM MaJo@? YTO 3HAUMT CTaHIApTHOE
OTKJOHEHUE 0,51-10"%? OkaspBaeTcA, IS MHTEPNPETAlMU KaK JHCIIEPCHN
BOCIPOU3BOAMMOCTH, TaKk W CTAHAAPTHOI'O OTKIJOHEHUS [JIaBHOE HEe [oJy-
YW'Th  UMCJCHHBE 3HAYEHUd MOCACUHUX, & [PaBWIBHO CPABHUTL AUCIIEPCUD
ROCUPGUBBOAUMOCTH C KaKoi-Jiib0o Apyrod LUcnepcuen, Hanpumep, oucnep-
cuelt  adexsamHocmi WIH CTAHZAPTHOE OTKJUHEHUE ¢ COOTBETCTHYOWMM -
NAMETPOM,  HTOOH MPOBEPUTH HYAERUW 2unomesy (rumoTesy 006 0TCYTCTRUM
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pasmuust). Ha HavyaJbHHX 3TallaXx UCCNEeJOBAHUIA CTaHIApTHOE OTKJCHEeHHE
+Sy CPaBHUBAKT CO CPeJHUM 3HA4YeHUeM BHOOPKM, Ycp. ECIM |Sy[<€Yep. TO
rOBOPAT 0 3HAYUMOM OTJIMYAY DE3YJbTATOB HAOMOZEHUA OT HyJsS U npeasa-—
PUTEJNIbHY® OUEHKY TOUYHOCTHM DKCIEPUMEHTa OCYWNECTBJAKNT [0 OTHOUEHUID
Sy/Yep- ECHM 3TO OTHOWEHHE JIEKUT B Npefesax 3+4%, TO B TIEPBOM Oput-
JIUXEeHAN pe3yabTaTh Hal/AEHUA CUUTANT BOCTIPOM3BOMMMHME; B TDPOTUBHOM
chydyae HeoOXOIUMH JIOTIOJIHUTEJhHHE M3HCKAHKUS.

JloBepuTeNbHAaA BEPOATHOCTb - BEDPOSITHOCTL JOCTOBEPHOCTH IIpUHMMA--
EMOH TUTMOTEe3H; XapaKTepUCTHKE HALEXHOCTH OUCHKU TOr0 WM WHOTO Na-
paMeTpa, NOJYYeHHOH# N0 enbopre:

P=P{|B-b|<t,), (1.16)

rae B - reHepasbHHR TapaMeTp; b - ero oueHka; &p=f(p) - oumbka on-
peleseHua  TeHepasibHOro napamMerpa; P - BeposiTHOCTb HACTuJbKO 60Jb-
wasi, UTO CoOHTHE |P-b|<E, MOKHO CYATATL [PAKTHYECKU JLOCTOBEPHLIM.
O4eBUAHO, YTO JUANA30H BOSMOKHLX C BEPOATHOCTHL P 3HAYEHUA OWUOKH
OT 3aMeHB B Ha b paBeH *€,. BepUATHOCTb NOSIBJIEHUs OWMO0K,  GOJBUMX
Mo a6COJOTHOW BeNMYMHEe, YeM €, WM BEposTHOCTH COOHTHMM |B-b|>Eg,
HEZHBAETCS YPOBHEM 3HUNUMOCTIU:

a=1-P=P{|B-b|2¢,) (1.17)

Mxave BHpaxeHude (1.17) moxer OHTH UHTEPHPETUPOBAHO KaK BEPOATHOCTH
TOT'0, 4YTO WCTHHHOE 3HauYeHUe riapameTpa B HaXOJWUTCH B Ipelesax

b-e,<Bebre,. (1.18)

rie BHOODOUHBH TlapameTp b, N0 CYWECTBY, CAUYHAUNHAS SEAUMUHU, a- Omub-
Ka ero onpejeseHus (P-b) B BepaweHudx (1.16) u (1.17) Taxkke cJyyai-
Had BeJMunHa. UHTepsas I,=bie, HASHBALTCH OOBEPUMEALHLIM LHMEPBIAOM.
T'panulltl UHTEpRaJA bpyn=0-€5 U Opay=b+Ep, HABHBANTCH UOBCPUTENBHEMU
rpaHulaMy.  JOBepuTENbHEA MHTEpPBAJ NPA TPUHATOR NOBEPUTENbHOR Bepo-
STHOCTH ONpEAeJiieT TOYHOCTb OLEHKM. BeslMyWHA ACBEpPHTeNLHOTO HHTEp-
BaJIA 3aBUCHT OT TIPUHUMAEMOW NOBEPUTENLEHOH BEpPOATHOCTH, T.e€. OT 7O
REPOATHOCTH, C KOTOPOW TapaHTUpYyeTCsl HAXOEAEH)E UCKOMOI'o NapaMeTpa
B BHYTpY JLOBEDUTEJBLHOT'O MHTEDPBAJA; JPYI'MMA CJIOBaMY, UeM BHiie rapas-
THSI HAJIEXHOCTU OlIeHKH, TeM OoJiblie BeJMYMHA MHTEpBana. B KOTOPOM MO~
KET HaXOAUTCA TeHepaJbHBA NapaMeTp. (CM. Takke Ypogelih 3HAUUMOCTIL) .

JloBepuTeNbHOE OTKJOHEHWE -~ PUHKUUA OT Pe3yJbTATOB HaONOIeHdRn U
00BEPUMEALHOT BEPOAMHOCTU, [TO3BOJANNAA OLLHUTE A08epUMenbHml uHmep-
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6an, KOTODHIA C BEPOSTHOCTbO P=1-0 "HAKDHBAET" HEM3BECTHOE 3HayeHHe
napameTpa:

SX a
—X 1., (1.19)

e

rie sy - Ksadpamu4ioe (cmandapmioe) OMKAOHEHUE; n - KOJUYECTBO Hab-
JUGJICHUA B BHOOpKe; § - cJayyYadHad BeJMYMHA, 3aBUCAUAH TOJibKO 0T uuc-
a0 cmenguel,  ce06odut v BHOOPOUHON QUCTIEPCHUM W YPOBHA JIHAHUMOCTU O,
HasHBaeMas wpumepuem Cmoowderma. HeoOXOJUMO OTMETUTbL, MTO JAOBEpU-
TeJIbH0e OTKJIOHEHHE HEe 3aBUCAT BU OT MUMEMANUYECKO20 OXUDUHUA My, Hu
0T SEHECPAABHOZ0 NAPUMEMPA 6y, 9TO CAYHAUMAA BEAUHUHQA, 3aBUCALAA
TOJSKO OT KBAAPATUUHOTO OTKJOHEHUS S, ¥ [IPUHUMAEMOTO HCCJeACBATEJEeM
UPOBHSL 3HaUUMOCTU O.  (CM. Takxe JosepumenbHus seposimHocme, Josepu-
MEALHBIL UNHINEPBUN) .

JoBepuTenbHbE TPaHHL - CM. JosepumencHast sepodmHocms, Josepu-
MEALHOC OMKAOHeHUe,  JIoBepUMeNbHNIL UHINeDEAL.

JloBEepUTEeNbHbA HMHTEpPBAJl -~ CTATHCTUYECKAsh OIEHKA ilapameTpa HUcC-
JIEJIlyeMOro BEpOATIOCTHOIO pachpelielenus, UMeblas BuJi UHTEpBaJa, I'pa-
HUALIAMI KO'TOPOI'0 CJYHAT QVHKLUUK OT De3yJbTaToB HadJwiAeHWd U  dosepu-
MmeaLHol Gepodgmitecmit, KOTOPBH ¢ BeDOSITHOCTL P "HAKpHBAET" HEW3BECT-
HO® 3HAUeHWe TapaMerpa. [leslo B TOM, YTO 3HAYEHME OLEHKH B KaxJoM
KOHKPETHOM CJiydae MOKeT OTJMYaThCy OT UCTHHO20 3HAYEHUS napameTpa
(Mamemamuyiecko:20 OxUOaHUs) W,  CNEJOBATEeNbHO, B UHTEpPNpeTaldu pe-
3YJbTATCR 9KCIEpUMeHTa HUMeeTCs HeKoTopas NoJs HeonpelesnéHHOCTH. ipu
IpYOHX OLEHKAX BeJI{UMHA 3TON HEeONPEeNeJEHHOCTH BLpakaeTCA ¢ TOMOWbI
GHOOPOYHOT JUCTICPCUL WM Ke(0DAMUYHO20 OMKAOHEHUS, T.e. BIIOJIHE B03-
MOXHO, YT0 HEU3BECTHHA 2eHepaavHuil napamemp X HAXOLUTCS B MHTepBafe
LoptSy. TAKKC BO3MOKHO, YTO OH HAXOIUTCS B MHTEDBANE X,,*2Sy U T.I.
JlpyruMy cJIOBaMy, Ui BEPHOW MHTEpNpeTaudd pe3ybTaToB 3KCNEpUMeHTa
BAMHO YCTAHOBUTE /S OUEHKU CEeHEepaJibHOTO NapameTpa X HHTEepBajl BMEC:
TO OTAEJbHOH TOUKM Lop, MOPUYEM XOTst Obl OJIHA TOUKA STOTO MHTEpBAJA,
4 HMeHHO X.p,, ¥ paccmaTpubanack Ob KAk "Haujydwas" oneHka ans X.
3alaya oupeleseHuss LOBepUTENbIOTO AiTepBalia pewatacs OH  JoCTaToYHO
nMpoctTo, ecyjy Ob OWI U3BECTEH 3AKCH paclpelefieHusi CleHku Lo, (1.11):

+g,
P{|M,-k{<e,} = [ p(x)dx=P. (1.20)
~£
P
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Takke IPOCTO pewasach OH 3T 3a4aya NPU U3BECTHON I'eHepaNbHOM  Juc-
mepcur 6%, (3HaHMe reHepaJsbHOM AMCIEPCHM 6%, MO3BOJSET OLEHMBATDH
JIOBEPUTEJNIbHB MHTEpBaJ Jake M0 OINHOMY HAOJOIEHWO), HO, K COXaJeHMo,
reHepasibHyl  IMCTepcHi 6%, HEBO3MOKHO 1O0JIy4UTh M3 HabJsoleHuid, eeé
MOXHO TOJIbKO OLEHWTb IpH MOMOIM EBHOOPOUHON IUcrepcud S%,. Hampumep,
Jind BoOOpKKM 00BEMA n:

t n , 1 n
T=— I sy = -2 (2y-3)%,
n i=1 n-1 1i=1

rjle Top - OLUEHKA MAaTEMATHYECKOI'O OHUAAHUA My, a s?, - OLIEHKA rexe-
paabHOM JMCTIepCHd 6°. W3BECTHO, YTO HOPMAAbHOE pacnpedenerue Haubo-
Jlee WHMpOKO pACIpPOCTpPaHeHo B INpupode. 3ajava OleHKH JO0BepUIesbHOTo
WHTEpBaJia LJif MaTeMaTWYecKoro OXUJaHWs HOPMAJIbHO pAcHpeleNieHHOR
chaydadHed BesauuuHs Objia peweHa B 1908 r. Y. [occeTOM, USBECTHHM ITOX
ncepJloHnMoM Student:

Sx Sx
o= ———F € My € T # ———si, (1.21)

Vn Vn

rae t - Kpdtepuit CTbOAEHTA, CJaydahHas BeJyuuHa, 3aByUcAllas TOJLKO OT
yucad cmenexell ¢e0600b vV BHOOPOUYHOR AUCIEPCUA W YPOBHS BHUMUMOCTU
0. Y3 OLUEHKM AOBEPUTEJIbHOI'0 MHTEpBasa BUJHO, 4YTO ero yMeHbuleHue 00—
PATHO TPOMNOPLMOHANBHO KOPHI KBaApPATHOMY U3 4ucrna HalJAEHUR; Ipyru-
MUA CJIOBaMK, WISl TOT'O 4TOOH I[I0BHCUTb TOYHOCTbL DPe3yJbTATOB HaOJWIEHUN
B JBa paza, HecOXOAUMO YBeJMUWTE O0bEM BLIGOPKU B 4eTLpe pasa (CM.
Takke Josepumeashas 8eposmHocms, JlosepumeabHoe omkaoHeHue, losepu-
MEAbHBE 2PAHUUL, Cmbiderma Kpumeputl) .

3HaYuMOCTh KOo3dduuueHTa - CcM. JlosepumeasHoe omxaoHexue, Keud-
pAMUYHOE OmKAOHEeHUe, CmaHAapmHoe OmKaAoHChue, Cmbodexma Kpumepul.

KBazpaTHyHOE OTKJIOHEHHE, K8adpamuuHoe UYKAOHEHUe, BeJUYUH Ty,
p,..., Ty OT O - KBAJpATHHI KOPEHb U3 BHPaKeHUA

(Xy-a)2% F (Zp-a)% +...+ (Bg-a)?
. (1:.:22)
n

HavMeHblilee 3HAYEHHE KBAJpaTW4HOE OTKJIOHEHUE uUMeeT TIpu U=lgp, THE

Tep — CpelHee apudMeTHyecKoe BeJUYMH Ty, Xp. ..., Lp:
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- Ty + Ty +...+ Ty
Lep= T = - 4 (1.23)

ynoTpebasieTcs Takie Gojiee ofuee NMOHATHE B3BEWEHHO20 KBAaApAaTHY-
HOTO OTKJOHEHYS, OTIpelieNseMor0 KaK KBalpaTHbi KOpeHb M3 BHpakeHUs

Wy (T-a)% + Wyp (Xp-a)2 +...+ Wy (2y-a)?
Wy + Wy ...+ W,

) (1.24)

qucia Wy, W,...., W, HA3HBAWT TipH 3STOM 8ECIMu, GOOTBETCTBYOUMMA Be-
JUuvHaMm I,, Tp, ..., &,. B3BCUEHHOE KBaipaTWyHOe OTKJIOHEHHE JOCTHI'a-
eT HAUMEeHBLIIEr0 3HAYGHMA NpW d, DPABHOM B2BellenyoMmy cpeiHemy. Takoe
peicTaBneHne 0 KBaADATUUHOM OTHJOHEHUM COOTBETCTBYET WCMONb30BAHUN
KBaApaTU4HOI'0 OTKJOHEHUS B TEOPHH OWMOOK.

B Teopuyu BEpOATHOCTeHd KeadpamuuHoe OmKAOHeHue 6y CJAYYaHHON Be-
JUYUHE X (07T e€ MATEMATAYECKOI'0 OXUIAHHS) OlPelelsiuT K4k KBaLpPATHHA
KODeHb M3 JucriepcHd DX ¥ Ha3bBawT TaKKEe CMAHOGDMHLIM  OMKAOHEHUEeM
BeAWYMHE X. g J0C0#A CJAydYarHOM BeJMYHHH X C MATEMATUYECKUM OXAja-
HyeM My Y KBaDATUUHHM OTKJIOHEHNeM 6y BEDOATHOCTDL OTKJOHeHMA X OT
My, GOJbIMX MO abCOJIOTHOM BesuyuHe K6y, K>0, He TpPeBOCXOMMT 1/k*. B
CJIy4ae HODPMaJbHOI'0 pacllpele/ieHus YKA3aHHas BepoaTHOCTh (pu k=1 paB-
Ha 0,3174, 1pu k=2 pasua 0,0456 v mpu k=3 papda 0,0027. B npaxkTu-
YECKUX 33JauaX, [IpUBOLAUMX K HOPMaNbHOMY paclpelelicHUD, OTKJIOHEHAS
6oJibile, 4YeM YTDOEHHHA CTAHAAPT (K8adpamivHOe OMKAVHEHUE) MpaKThUec
KU HEBO3MONHH, WJM, IPYIMMM CJIOBAMM, HA NPaKTUKe NpeHe6peranT Bo3-
MOXHOCTBI OTKJIOHEHW!: OT cpejiHero, O00JIbUMX 36y ([IPaBuilo TPEX CUI'Ma).

B MATEMATHYECKOW CTATHCTUKE KBAIPATHYHOE OTKJOHAHUE yrmoTpetnsd-
01 KAk Mepy KaueCTBA CTATUCTHYECKMX OLUEHOK ¥ HA3HBALT B HTOM cly4ae
K8QApUmU4HOU nocpewrHocmslo (OWUOKONR). (CM. Takxke CmandapmHoe omao-
HEeHue.

Koppenauust (0T moz3jHesaT. correlatio - COOTHOWEHWE) - BEpPOAT-
HOCTHad WM CTATUCTUVECKasds 3aBUCHMMOCTb MeXAy JAByMd U 0OoJiee cJjydaii-
HHMU BeJUYMHAMU. B oTapume OT (YHKUUOHAJLHOW 38RMCHMOCTU KOppeJALds
BO3HUKAET TOTAZ, KOI'lla 3&8BUCMMOCTD OJIHOI'C NIPU3HAKA (CJYy4YahHOA BeJu-
YuHE Y) OT JApyroro (OT ApPYro# cJiyualHo# BeJMuMHE X)  OcJloRHseTcs
CAYYQUHHMYA  (OKMOPAMU VJIA KOLN2 CDELM YCJOBUR, OT KOTODHX 3aBUCAT
ABE CJIyYaHHe BeNUYUHB, HampuMep, Y U Z. uMewTtcd obupe Ans Hux obe-
ux ychnobus X,, X,.... TaKkero poja 3aBUCUMOCTU UHOT/iA BLSIBISOTCH BA-
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3YaJIbHO C IOMOUbL 'Pa@UKOB U NOCJELYHUET0 pPe2pecCuoHHo20 aHAAU3a,
MHOI'Ia KOpPeJsilMOHHAA 3aBUCHMOCTb He OYeBUJHA, U €€ BHABJANT C MMO-
MOWBI0 KOPPEsAUUOHHO20 aHAAU3A. HeoOXOIUMO OTMETUTb, YTO CTATUCTU-
Yyeckas 3aBUCUMOCTb, KAk O HU ObJla OHA CMJIbHE, HUKOTZA HE MO®ET yC-
TAGHOBUTDH NPUUUHHOU CB8A3U. TIPEJIIOJIOKEHUA O NPUHUHAX U CaAedCmeUAT
clelyeT MCKAThb BHE CTATUCTHKM, Hampumep, B chepe QU3UYECKUX CYUHOC-
Tell SBJICHUsI.

B 0oCHOBe MaTeMaTHYeCKOW TeOpUM KODpesslUdd JeWUT MPelrnosoXeHue
0 TOM, YTGC BCe fBJEHW B IpHApOle B GoJbWEN WM MeHblled Mepe NoLvu-—
HeHH ONpelesi®HHBM BEPOATHOCTHEM 3aKCHOMEDHOCTSIM. 34BUCHUMOCTL MERIY
JBYMA CJyYyarHBMUA COOHTHSMU TPOSIBASETCA B TOM, YTO YCJIOBHAS BepofT-
HOCTb HACTYIUIEHUS OJIHOI'O M3 HUX IIPH HACTYIJIEHMM APYIOT'0 OTJIMYEETCsI
0T 0e3ycJIOBHON BepOATHOCTH. Wi, JpYTMMU CJOBaMyi, BJUANWE OIHOA U3
HUX (Hampumep, X) Ha Jpyryw (ﬁanpuMep. Y) He BIOJHE KOHKPETHO, He
¥ECTHO (QYHKUMOHBJBHO, XOTS [PKM BOBPACTAHUM CJAYYSVMHOA BeJMYMHH X
Jpyrag, Y, uUMeeT TeHIEHIM0 BO3pacTarlb MM yOHBaThb. OT0 XapakTepusy-
eTCH TeM, 4YTO INPUA KakJOM (MKCHPOBAHHOM 3HayeHuum X B peayJibTaTe Had-
JUOJIEHUN IOJlyYaeTcsd MHOXEeCTBO 3HAUeHUM Y, XapaxkTepuayoueecs HEKOTO -
PHM paclripellcJieHueM BepodTHOCTeH. B Tarux cayyasx @uukuus y=f(x) Ha-
3HBaeTcd pezpeccuelt BeaMYMHH Y 1Mo X, & TpaduKk TakoW 3aBUCHMOCTH
Ha3. Jauxuel pespeccuw Y no X. (CM. Tak¥e Koa@uyuenm xopeasyull,
Koppeasiyuonroe noae).

Ko3p@uUHEHT KOppeJsiUMH - KOJMUYEeCTBEHHasl XapakTepUCTUKa CBfA3U
MEXIY CJIyYaVHBMU BeJuuuHamu. Halpumep, XapaxTepUuCTUKOA CBS3U CJy--
YalHHX BeNUYUH X ¥ Y ABAfeTCS 0e3pas3MepHHil  KOXQOUUMEHT KOpelsuuy,

pxy: :
EL(X-My) (Y-My)]
Pxy = f (1.25)
646y

rne 64 U 6, - UeHepalibHble KBAADATHYHHE OTKJOHEHAS BeJwduH X ¥ Y, E
- MaTeMaThyeckoe oxuaaHue. KosgPUUUEHT Koppessliuy XapakTepusyeT He
RCSAKYK 3aBUCUMOCTb, & TOJBKO JUHEHHYb. JiuHeldHas BCPOATHOCTHAS 3aBH-
CUMOCTbH CJIyYalHbX BEJMAYVH 3aKJ0UaeTcsi B TOM, YTO IpY BO3PACTAHUK
ONHOM CJYy4YaHOW BeJIMUUHH JApyrad UMeeT TeHJAeHIMO BO3pacTaTb UU YOH-
BaThb 110 JIMHEWHOMY 3aKOHY. KooQ@UIMEHT KOoppesalvn XapakTepusyeT CTe-
IIEHb TECHOTH JIMHEMHOW 3aBUCHMOCTU. Ecay clyvyajiHHEe BeJWUMHH X u Y
CBfI3aHH TOYHOW JIMHENHON (QYHKLMOHANLHOA 3aBUCUMOCTBI Y=Dy+by;X, TO
Pxy=t1, 1IPUUEM 3H4K COOTBETCTBYET 3HAKY KovpduiertTa by. B o6uem




cayuyae, Korja BeJUUYMHH X M Y CBfi3aHb INIPOM3BOJILHOX BEpPOSTHOCTHOW 3a-
BUCUMOTHO, KO3QOPULUMEHT KOppeJsiMM MOXET MMeTh 3HayeHue B [pelenax
~1<pyy<+1.  Ilp¥ pyy>0 cymWecTBYET MOJNOXUTENBHAS KOPPENsUMOHHAsT CBfi3b
MEHLY BeqMuuHaMu X U Y, TIPH pxy<0 - oTpuiiarenbHas. [t HE3aBHCUMHX
CJIyUaHHHX BEJUYUH pyy=0.

[lOCKOMIBKY B pesyabTale JKCIIepUMEHTa UCCJe/ioBaTesb MoJyyaeT
cJiyvyaiHylo BHOODKY, TO [0 pesyJibTaTaM BHOOPKH OlipeledsieTcd subopoyu-
Hbltl  KOSQOUUMEHT KOPPEJSLMH T'yy. BHOODOUHBI KOSQOUUUAEHT KOpPEeJsiiin
OllpeliesIIeTcsl TaK ¥e, KaK M TeHepaNbHb KOSGOULMEHT pyy, TOJBKC NMpU
9TOM KCIIOb3YNTCS BHOOPOUHHE CDPEIHUME Lo, U Ugp M BHOODOUHBE AUCHED-
cum s%y; u s*y:

n
2 (2 -R) (Uy-D)
i=1

Tey=
o (n-1) 84Sy

i (1.26)

P 2y,- 33,3
n2Xil- Ty Yy
T g i

— .
// n o, n 2 i g n 2
[n.z Ty = (.E mi] ]'[n.z U - (.Z Un) ]
V i=1 1=1 =1 i=1

Jucao cmenexell ceehodyl i HAWJIEHHCTC TakuM NyTEM KoadduimeHTa
KOpPessiiMy r'yy PAaBHO ¥=n-2, TIOCKOJBKY BHUUCJEHAE Lop W Uep (COOT-
BETCTBYET HAJIOHEHWO Ha BLOOPKY IBYX CBA3EH.

HooddUIMeHT KOppeJisuvy OIHHAKOBO OTMeYaeT U CGJUWKOM 0oJbllyio
JI0JI0 cJiydyanHoCcTH (OoJibliie OowMOKM HAOJOAEHUA), ¥ 3HAUNTENILHYD KPUEO-
JUHEHHOCTD 3TOW CBA3W. Mexkny BesMuMHaMd X ¥ Y MORET OHTBH HOCT2TOYHO
onpesieNéHHad HeJuHenHas QYHKIMOHAJIbHAH 3aBUCUMOCTL, 4 KOoIQPUUUAEHT
KOppendiud Bce-Takd OyleT MeHblie egutMli. B TarUX Cchayyadx MOMHO
NPOU3BeCT  NPeodpa30saHue JaKMOPHO20 NPOCMPAHCMSE C LeJsbld HAXOMAC-
HUS CUCTEMH KOODAMHAT, B KOTOPON JUHEapusyercs UCXOAHAA IKCIEePUMEH-
TajbHad 3aBUCHUMOCTD.

HeobxoIMMo OTMETUTH, YTO CTATHCTUYECKAS ZaBUCUMOCTH, KaK OH HU
OnJia OHa CUJbHA, HUKOTJA HE MOKET YCTAHOBUTE 1IPUYMHHOH CRSISU: HAUM
WAeUu O lpAYMHEe HOJIKHH IPUXOIMTb H3BHE CTATUCTHKM, B KOHEUHOM CUETe
U3 HCKOTOpOM Jpyroil Teopud. HamnpuMep, OuyeBHIHA CBS3b MeXDY KOJIK-






