OcHOBHBIE MOHATHSA TCOPHUH IKCIICPUMCHTA.

JIro060¥ TEXHOJOTMYECKUN MPOLIECC WM TEXHUYECKOE YCTPOMCTBO MOXKHO MPEACTABUTH B
BUJIE CJIO)KHOTO OOBEKTA, XapaKTEPU3YIOIIErocss OONbIIUM YHCIOM Pa3JIMYHBIX COCTOSHUH, B
KOTOPBIX OH MOXET HaXoAuTbcs. COCTOSHHME TaKUX OOBEKTOB, KaK MPABUJIO OIHKCHIBAETCS
OOJIBIIMM KOJIMYECTBOM B3aMMOCBSI3aHHBIX IEPEMEHHBIX.
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[TepeMeHHBIE CIIOKHOTO 00BEKTA, ONPEACISIIONINE B CBOCH COBOKYITHOCTH €TI0 COCTOSIHUE
Ha3bIBAIOTCS (paKTOPAMHU (WM BXOJHBIMH MEPEMEHHBIMU - X, ®,Z ), @ IEPEMEHHBIC XapaKTepH-
3yIOIIKE B CBOCH COBOKYIMTHOCTH €0 COCTOSIHUE HA3bIBAIOTCS OTKJIMKAMU (WM BXOJIHBIMU IIe-
PEMEHHBIMHU - Y ).

Jlnst ymoOcTBa aHaJIM3a U CHHTE3a TaKMX 0OBEKTOB MHOXKECTBO (PaKTOPOB KIACCH(PHUIIU-
PYIOT Ha TPH TPYIIBI B COOTBETCTBHU C XapaKTePHBIMU MPHU3HAKAMHU WX Y9acTHS B TpOIlecce
yIpaBICHUS 00BEKTOM:

1.  Kontpomupyembie HeynpasisieMble (PaKTOPBI Z - MOTYT JIUIIh KOHTPOJIUPOBATHCS
(M3MepAThCs), HO HE TIOJIAIOTCS IEJICHANIPABICHHBIM W3MEHEHHUSM (HampuMmep, TeMrepaTrypa
OKpY’KaroIen Cpe/ibl, BIaXKHOCTh BO3/IyXa U T. II.).

2. Kontponupyemsie ynpasnsieMbie GakTOpbl X - MPEACTABISIIOT COO0H BO3ICHCTBUS
IUIS yTIpaBJIeHUsT 00BEKTOM U TIPU3BaHBl U3MEHATH €T0 COCTOSHHUE B TOM HJIM MHOM HaIlpaBJie-
HUM (HaIIpUMep, CKOPOCTh JIBMKCHHS pab0vero opraHa, 1aBjIeHUE B IWJIMHIPE | T. 11.).

3. HekonTtponupyemble (ciyuaiiHbie) Bo3MmylIaromime (aktopsl «. B 3Ty rpynmy
BKJIFOYAIOTCS (DAKTOPBI, BIUSHUE KOTOPBHIX HA OOBEKT OLIEHUTH HEBO3MOXKHO IO TEM WIIU UHBIM
[IPUYMHAM.

Taxkum 00pa3om, HHKCHEPHYIO 3a7a9y MOXKHO MPEACTABUTh JIU00 KaK 3a7auy Omnpeaene-
HUS Ha YK€ UMEIOIEeMCsl 00beKTe 3HaUYCHNUM ()aKTOPOB MPH KOTOPBIX 3HAYEHHUS OTKIMKOB IIPH-
HHUMAIOT 3aJjaHHOe (KaK MPaBHIIO SKCTpPEeMabHOE) 3HAUCHHE, JTMO0 KaK 3a7ady cHHTe3a (co3/a-
HUS) HEKOTOPOTO CI0KHOTO 00BEKTa Y KOTOPOTO MPH 3aJaHHBIX 3HAUCHHUAX KOHTPOJIHPYEMBIX,
YOpaBIsieMBIX W HEYNPaBISIEMbIX (DaKTOPOB (WJIM TIPH 3aIaHHBIX JHAMa30HaX WX 3HAUYCHUS)
BBIXOJHBIEC TIEPEMEHHBIC TAKXKE JOJDKHBI MPUHUMATH 3aJJaHHbIC 3HAYCHUS (MW M3MEHSTHCSA B
3aJlaHHBIX TIpejesiax).

Pemienve mepBoit 3aa4M TOCTUTAETCS COBMECTHO MPU MOMOIIUA aHATUTHUYECKUX pele-
HUM ¥ MPU TIOMOIIM dKCIIEpUMEHTa. B HEKOTOpHIX CllydasX aHAIUTUYECKasl 3aBUCUMOCTh BhI-
XOJIHBIX TIEPEMEHHBIX OT BXOJHBIX HEM3BECTHA. Torjaa 3agadyy MOXHO PEIIUTh TOJBKO DKCIIe-
PHUMEHTAJILHO.

Pemenre BTOpoO# 3a/1aun TOKHO, B OOIIEM BHUJIE€, COCTOSITh U3 CIEAYIONINX TAMOB:



1. OOGs3aTenbHO MPOU3BOJUTCA 0030p TEXHUYECKOU JTUTEPATyphl (CIPAaBOYHUKOB, KaTa-
JIOTOB, TEXHUYECKUX KYPHAJIOB), [0 BO3MOKHOCTH — IOMUCK B ceTu Internet u koncynbTanuu c
KosuteraMu. O4eHb 4acTO OKa3bIBAETCs, YTO 3aJaHHBIM O0BEKT yXke pa3paboTaH U MPOU3BOIUT-
Csl KAKUMU-TUOO0 MPEANPUITHIMHU U MOXKHO MPOCTO €ro npuoOpectu. MoxeT Takke oKa3aThCs,
YTO BBIITYCKAETCA HECKOJIBKO Pa3IMUHbIX OOBEKTOB, YIOBIECTBOPSIOUIUX 3aJaHHBIM TPeOOBaHU-
aM. B 3ToM ciyyae HE0OXOIMMO NPOAHAIM3UPOBATH BCE OOBEKTHI M BBIABUTH MX JIONOJHHU-
TeJIbHBIE TOCTOMHCTBA U HEJJOCTATKU U BHIOpAaTh O0BEKT, 00s1aatouil 0oJiee CyleCTBEHHBIMU
JOCTOMHCTBAMU M MEHBIIMMU HEJIOCTaTKaMU. DTa 3ajladya MOKET ObITh pelieHa KaK Mpu oM o-
II1 TEOPETHUUECKOTO aHAJIN3a, TAK U MPU MOMOILU SKCTIEPUMEHTAIbHBIX UCCIIET0BAHUH.

2. Ecnu 3amanHOro 00beKTa HAMTH HE yJajJoCh, YaCTO MOKHO HAWTH MOAOOHBIE, BBINOJI-
HAIOIIKE TaKue k€ (PYHKIHMH, HO UMEIOIINE OTINYHBIC AUana30Hbl U3BMEHEHHUS! BXOAHBIX U BbI-
XOJHBIX MIEPEMEHHBIX. B 3TOM ciyyae MOKHO MONBITATHCS PEIIUTh 3a7auy, BBIOpaB U3 Mo100-
HBIX OOBEKTOB OJMH, Haubosiee OJM3KUN MO CBOMM XapaKTePUCTUKAM K 3aJJaHHOMY, a 3aTeM
MOMBITATHCS, U3MEHSS 3HAaUCHHS (PaKTOPOB, JOOUTHCS HEOOXOAMMOT0 U3BMEHEHHS 3HaUCHUS OT-
KJIMKOB (MHOT/Ia MOKHO TMONBITAThCS CAENATh HEYINpaBisieMble HaOMogaeMble (paKkTophl yrnpas-
JISIEMBIMH ).

B sToMm cityyae HE0OX0UMO pelIuTh ABE MO/13a/1a4u:

a) OIpEeIeNUTh BIUACT JIU TaHHBIN (aKTOp HA TaHHBINA OTKIIHK;

b) ecnu BiusieT, TO KakuM 00pa3oOM.

DTy ABe MojA3aJaud MOTYT TakKe OBITh PEIICHbI KaK MpPU MOMOIIUA TEOPETHUYECKOTO
aHaiM3a, TaK U IPU MOMOIIH MPOBEACHUS IKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM.

3. Ecau Hu 3apaHHOrO0, HU MOJIOOHBIX OOBEKTOB HAMTH HE YAAJIOCh, MOKHO MOMBITATh-
csl pa30OUTh €ro Ha MOJOOBEKTHI U JIJIST KAXKIIOTO U3 HUX MOBTOPUTH MPEABIAYIINE 3TAIbl U T. 1.
B cinyuae Heygaum Jis HEKOTOPBIX MOAOOBEKTHI MPUXOIUTCS PEIIaTh 3a/1a4y CAMOCTOSITEIbHO
C HyJISI.

4. Tlocne cuHTe3a 3aAaHHOTO OOBEKTa HEOOXOJUMO ONPEIEIUTh COOTBETCTBEHHO I10-
JYYEHHBIX XapaKTEePUCTHK 3aJaHHBIM. DTa 3ajada MOXKET OBbITh PEIlleHa TOJBKO IKCIIEPUMEH-
TanbHO. YacTo Takke HEOOXOAWMO ONpPEAENUTh XapPaKTEPUCTHUKU HAJEKHOCTH. DTO MOXKHO
CeNaTh KaK IKCIIEPUMEHTAIBHO, TaK U aHATTUTHYECKHU.

Takum 00pa3oM, SKCIIEPUMEHT MOXKET OKa3aTh OOJBIIYIO MOMOIIL WHKEHEPY MPH pelle-
HUU TIOCTaBIICHHOM 3ajaur. Ha coBpeMeHHOM ypOBHE pa3BUTHs HAYKHM M TEXHUKHU SKCIIEpPH-
MEHT SIBJISIETCS CAMBIM JOCTOBEPHBIM CIIOCOOOM IMOJYYEHHUSI MCUEPIBIBAIOIINX XapaKTEPUCTHK
o0bekTa. Bo MHOTHX ciIydasiX 3TO caMblii OBICTPBIN CITOCOO OIEHKHU peajbHBIX CBOMCTB O0BEK-
Ta, @ B HEKOTOPBIX CIIy4asix ¥ €IMHCTBEHHBIN.

Ha ocHoBaHMM BbIIIECKa3aHHOT'O MOKHO BBIJEJIUTH 7 3aJa4, KOTOPbIE MOTYT OBITh pele-
HBI [IPY TOMOIIY YKCIIEPUMEHTA:

1. Onpenenute, BIMSAET JIM JAHHOE BXOJHOE BO3JEHCTBHE HA JTaHHYIO BBIXOAHYIO IEpe-

MEHHYO.

2. Ompenenutb, KaKUM 00pa3oM JTaHHBIH OTKIIMK 3aBHUCUT OT HaOIOAaeMbIX (aKTOPOB,

T. €. HANTH MaTeMaTUYECKYIO0 MOJENIb 00BbEKTa BUJA!

Y, = fl '(Xl’le'"xn)
Yo = f, (X, %p,0X,)
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Takas 3agaya Ha3bIBA€TCA HACHTH(UKALUEH.



3. Ompenenutb 3HaueHUsS (PAKTOPOB, MPHU KOTOPHIX 3HAUYEHHUSI OTKIMKOB OYIyT paBHBI 3a-
JTaHHBIM.

4. OrmpenenuTh 3HaUeHUS (PAKTOPOB, MPH KOTOPHIX 3HAUYEHUS OTKIMKOB MPUHUMAIOT DKC-

TpeMasibHbIe (Max Wik Min) 3HaueHus. Takas 3ajada Ha3bIBACTCS ONTHMHU3AIMEN.

Omnpenennuts, COOTBETCTBYIOT JIH PEAIbHBIC XapaKTEPUCTUKN 00BEKTA 3aJaHHBIM.

6. Onpenenuth, MOKHO JIM MPUHATH KaKyIO-TO TEOPETUUYECKYI0 METOIMKY ISl pacdyera
peabHbIX CBOMCTB 0OBEKTA.

7. OnpenenuTtb XapakKTEPUCTUKU HAJAEKHOCTU OOBEKTA.

[Ipu »KCTpeManbHBIX HCCIEAOBAHUAX CIIOKHBIE OOBEKTHl KIACCUPHUIUPYIOT MO HEKOTO-

PBIM TTpU3HAKAM:

1. OObexT, a1000€ U3 pa3IMYUMBIX COCTOSIHUN KOTOPOIO MOYKET 3a/1aBaThCsl U CTaOWIIU-
3UPOBATHCA MCCIEA0BATEIEM TI0 €T0 JKeTaHUI0, HA3bIBAETCS YIPABISEMBIM, €CITH yCII0-
BUE HE BBHITIOJHsETCS — HeynpaBisieMbiM. OObEKThl HHKEHEPHBIX HCCIEAOBAHUN OOBIU-
HO YaCTUYHO yIPABIISEMBI.

2. Ecnu Ha 00BEKT HE JCHWCTBYIOT CIy4aitHbIe BO3MYIIAIOIKE (PaKTOPBI, TO OH HAa3bIBACT-
Csl ISTEPMUHHUPOBAHHBIM, €CITH ICUCTBYIOT — HEJIETCPMUHUPOBAHHBIM.

3. Ecnu 00bekT uMeeT ofHy BXOAHYIO TIEPEMEHHYIO U OJHY BBIXOIAHYIO, TO OH Ha3bIBACT-
Csl OTHOMEPHBIM, €CJIA OOJIBIIIEe OJHON BXOIHOHN MEpEMEHHON — MHOTOMEPHBIM.

4. OOBEKT Ha3bIBAIOT CTATHYCCKHUM, €CITH €r0 COCTOSIHHE B JIFOOOH MOMEHT BPEMEHHU HE
3aBHCHUT OT TNPEIIICCTBYIOIIETO COCTOSHUS, a OMPEACNSeTCS TOJIbKO KOMOWHAIMEH
YPOBHEH IEHCTBYIOMKX B JaHHBI MOMEHT (PAKTOPOB, U TUHAMHYECKHM, €CITH UMEETCS
yKa3aHHas BBIIIE 3aBUCUMOCTb.

KonTponmpyemblie (hakTopbl Kak yIpaBlsieMbIe, TaK U HEYIPABISIEMbIE MOTYT OBITh KOJIH-
YEeCTBEHHBIMH U KaueCTBEHHbIMH. KonnuecTBeHHBIMU (paKTOpaMU SIBISIFOTCS IEPEMEHHBIE, KO-
TOpBIE MOKHO OLIEHUTh KOJIMYECTBEHHO (M3MepuUTh). KauecTBeHHBIE TEpEMEHHbBIE MOXKHO Olle-
HUTb TOJBKO KakK OOJIbIlle MEHbIIE, JIMOO OHM BOOOILIE MPEICTaBISAIOT COOON pa3HOBUAHOCTU
pabo4nx OpraHoB U arperaTos.

[IpocTpaHcTBO ynpaBisgeMbIX (PaKTOPOB Ha3bIBAETCS (PAaKTOPHBIM NIPOCTPAHCTBOM.

3aBUCHMOCTb OTKJIMKA OT KOHTPOJMPYEMbIX (AaKTOPOB HAa3bIBAIOT (DYHKLIMEH OTKIIMKA.
Kaxxaolt Touke (pakTOpHOr0 MPOCTPAHCTBA COOTBETCTBYET OINpPENEICHHOE 3HaUeHUE (YHKIUU
oTkiuKa. ['eomeTpudeckuii 06pa3 pyHKIMN OTKJIMKA HA3bIBAIOT MOBEPXHOCTHIO OTKIIMKA.

3aBUCHMOCTb OTKJIMKA OT HEKOHTPOJIHPYEMBIX (PAKTOPOB HA3BIBAIOT IIYMOM, €CJIU U3Me-
HEHHUE BO BPEMEHU 3TUX (DAKTOPOB MPOUCXOJUT ¢ OONIbIIEH YaCTOTOW MO CPABHEHUIO C YaCTO-
TOW MMOCTaHOBKH ONBITOB Ha 00BEKTE U Apei(hoM B MPOTUBHOM CIIyYae.

o

JKCNEePUMEHTAIbHAS WIEHTH(PUKALMSA 0OJJHOMEPHBIX 1eTEePMUHHPOBAHHBIX 00bEKTOB.

IToctanoBka 3amayu.

Ecam s momydeHuss MOAEIM aHATUTHYECKUE METObI HACHTU(GUKAIIMA HEPUEMIIEMbI B
CBSI3U C HEJIOCTATOYHBIM 3HAHHEM aJITOPUTMOB (GyHKIIMOHUpOoBaHUA TO ympaBieHus, 1100 10
MPUYMHE CJIOKHOCTH M SKOHOMHUYECKON HeIeIeco00pa3HOCTH pa3pabOTKU MOJeIel Ha UX OcC-
HOBE, TO MPUMEHSIOTCS SKCIIEPUMEHTAIBHBIE METOIbI MOJTYYCHHS MOJIEIH.

Mopenu, oJIydeHHbIC Ha OCHOBE dKCIIEPUMEHTA, HE CTOJIb YHUBEPCAIbHBI, HO O0Jiee mpo-
CTBI [0 CBOEW CTPYKTYPE U MO3BOJISIIOT MPUMEHATh OJHOTUITHBIM MaTEMAaTHYECKHM armapar.

DKCIepUMEHTaIbHbIE METO/IBI UACHTU(DUKAIIMKU 0a3UPYIOTCS Ha MACCUBHOM, JTUOO aKTHB-
HOM 3KCIICpUMEHTE.



B nepBom ciyyae HCHOIB3YIOTCS PEXKUMBI €CTECTBEHHOM 3KcIutyaTanuu TO ynpasieHus,
BO BTOPOM 33J1al0TCS TaKHE, KOTOPbIE HAUTYUYIIUM 00pa30M BBISBISIOT €r0 CBOWCTBA.

Bo Bpems sKcnepuMeHTa HW3MEPSIOTCS 3HAYEHUS MHTEPECYIOUIMX Hac MapaMeTpoB
(ympaBisieMbIX BBIXOJHOW NEpeMEHHOH) M (PaKTOpPOB, HA HHUX BIUSIOMUX (YIPABISIOLIUX
BXOJIHOM MEPEMEHHON M BO3MYILEHUI). DTH JaHHBIE MO3BOJIIOT BBIOPATH MATEMATUYECKOE
BBIPAKEHUE U ONPEACIUTh BXOISAUIME B HETO KOA(DPUIMEHTHI, UCXOd U3 00eCredYeHus aJeK-
BaTHOCTH Mojenu o0bekTy. [lonydyeHHas TakuMm oOpa3oM MOJeNb J0KHA C 3aJaHHOM cTere-
HBIO TOYHOCTH COOTBETCTBOBATH PEAbHOMY OOBEKTY, T.€. PACUETHBIE U AKCIEPUMEHTAJIbHbIE
3HAYEHUS BBIXOJHOW MEPEMEHHON MpHU 3aJaHHBIX YIPABISIOUMX BO3IEUCTBHUIX U BOZMYLIEH M-
AX JI0JDKHBI COBNAAATh B IMHAMUYECKUX U CTATUYECKUX PEKUMAX.

[IpoBenenue sKCriepuMEHTa U Mocieaytonias oopaboTka ero pe3yiabTaToB YCIOKHSIETCS B
cBs3M ¢ TeM, uro TO ynpaBieHus, Kak IpaBuiIO, MHOTOMEPHOE U HEJIETEPMUHUPOBAHHOE, T10-
ATOMY MpPHU MPOBEJACHUM CEPUN MOBTOPSIOIIMXCS SKCHEPUMEHTOB MPHU MOJAa4Ye OJUHAKOBBIX
BXOJIHBIX TIEPEMEHHBIX HA BBIX0JI€ MOKHO IMOJYYHTh BBIXOJHBIE Pa3IMYHbIC 3HAUECHUS OJTHOU U
TOM e TEXHOJOTnYecKor nepeMeHHol. Takoe paznuune oObICHIETCS JEHCTBUEM CITy4ailHBbIX
coueTaHul, He yuTeHHBIX (hakTopoB. Eciiu pazOpochl HE 3HAYMTENbHBI, TO 3a7a4a CBOJUTCS K
OLICHKE CTENEHU MPHUOJIMKEHUS MOJEIH K pe3ybTaTaM dKcrepuMenTa. [Ipu 3HauuTeNbHbIX OT-
KJIOHEHMSIX [10JI COMHEHHUE CTABUTCS MPABUIILHOCTH BHIOOpA THITA MOJIEIH.

B psine ciydaeB BO3HHMKAET Jake HEOOXOJMMOCTh CHavajla YCTAHOBUTH caM (haKT HalTu4uus
3aKOHOMEPHOCTH MEX]Ty BXOJHBIMH M BBIXOJHBIMU BETUUHMHAMM.

B sToM cnydae pematoiiee 3HaueHHe MPUOOpETAeT 3ajavya onpesesieHuss o0beMa dKcre-
pUMEHTA.

[lon o6beMOM PKCIIEpUMEHTA MOHUMAIOT KOJIMYECTBO YUUTHIBAEMBIX (DAKTOPOB, YACTOTY
IIOBTOPEHHUSI OJTHOTUITHBIX SKCIIEPUMEHTOB U UX KOJIMYECTBO.

Yem Oosiblile YMCIIO MOBTOPEHUN OIMbBITA, TEM JIOCTOBEPHEE MOJAEINb, T.€. TEM OOJIbIIE Be-
POATHOCTb HAaXOX/IEHUS HCTUHHOIO 3HaUEHUs B 00JIee y3KOM MHTEpBaJe SKCIIEPUMEHTA.

Hcxonst u3 BBIIEU3II0KEHHOTO, MOKHO YCTaHOBUTH CIIEIYIOIINE dTalbl MOJIYYEHUS MOJIE-
JIM TEXHOJIOTMYECKOro 00BEKTa yIpaBIeHUs 110 SKCIIEPUMEHTAIbHBIM JIaHHBIM:

1. TlnanupoBaHue 0ObEMa IKCHEPUMEHTA — 3TO KOJIMYECTBO KOHTPOJIUPYEMBIX MapameT-
POB, YKclia U3MEPEHUN U KPAaTHOCTH UX IIOBTOPEHUS

2. Bpibop tuna M.M. (ypaBHEHHUS pEerpeccun).

3. BrimonHeHue SKciepuMeHTa 1 00paboTKa TaHHBIX.

4. OrmpeneneHne KOJIMUYECTBEHHBIX XapaKTEPUCTUK, T.€. KOA((ULIHUEHTOB NMPUHITOTO TH-
a MOJEJIEH.

5. TlpoBepka 3HAUMMOCTH TMOJYYEHHBIX KOA((DHUIIMEHTOB MO BIWSHUIO HA HUX pa3bpoca
PE3YJITATOB SKCIEPUMEHTA.

6. IIpoBepka ageKBaTHOCTH MOJIETH OOBEKTY.

Ecnu nBe nmocieqHue NpoBEpPKU JAKOT OTPULATENBHBINA pPe3yabTaT, TO IPOBOJUTCS YTOY-
HEHUEe 00beMa SKCIIEPUMEHTA, T.€. S3KCIIEPUMEHT ITOBTOPSETCS, YTOUHSAETCS MOJENb OO BEKTA.

Hoenmughuxayusi 00HOMeEPHBIX OemMepMUHUPOBAHHBIX 00BEKMO8.
3a/ada COCTOUT B MPEACTABICHUH B aHAJTUTHYCCKOM BHUJC CYIICCTBYIOMIECH CBSI3H MEXTY
BXO/JJHOM M BBIXOJJHOM MEPEMEHHBIMU OJTHOMEPHOTO 00bekTa. [lomaraem, 4ro nmpu 3KCIepuMeH-
T€ CIIy9aifHbIC TTIOMEXHU OTCYTCTBYIOT, M B OKCIIEPUMEHTAIBHBIX CHATHIX 3HAUYCHUSIX HET pa30opo-
ca. [{insg Takux 00BbEKTOB MOJEIb HAMOO0JIEE YaCTO OMUCHIBACTCS MOJHHOMOM BHJIA:
Y =aptax+ a2X2+. AFax" ()
CreneHb MOJWHOMA OPHEHTHPOBOYHO MOXKHO ONPEICIUTHh IO PA3HOCTAM 3KCIIEPUMEH-
TaJbHO CHATBIX OPAMHAT (PYHKIIMHA TIPH MOCTOSHHBIX IPUPAIICHUAX aprymenHTa. OHa mpuHUMa-



€TCsl paBHOM TaKOMY MOPSAKY Pa3HOCTU, IPH KOTOPOM OHA CTAaHOBUTCS MPUMEPHO IOCTOSIH-
HO BO BCEM /IMANa30HE U3MEHEHUS BXOAHBIX BEJIUYHH.

Hanpumep: npu HEeM3MEHHBIX PAa3HOCTIX MEXAY OpAMHATAMHU MOJENb OMUCBHIBAETCS IO-
JUHOMOM 1-0ii ctenenu. [Ipy HEU3MEHHBIX Pa3HOCTAX MEXAY PA3HOCTAMHU 2-TO MOPSIKA MMOTH-
HOMOM 2-i1 CTENIEHU U T.J.

OnTuManbHOM MOXKET CUUTATBHCS MOJENb, Y KOTOPOH MpU ONPEIEIEHHBIX PacyeToOM KO-
sdduLeHTax cyMMa KBaJpaTOB OTKJIOHEHHBIM PACUETHBIX M SKCIEPUMEHTAJIbHBIX 3HAYEHUUN
Oyzmet Min, T.e. MUHUMH3HPYETCS PYHKIIUOHAI:

n
A 2
F () =min D, (y>-Yp) (1)
1
rac N - YUCJIO OIIBITOB
Jlnist onpenenenrs K03 PUIUEHTOB MOJIEIN COCTABISAIOT CUCTEMY YPAaBHEHUM THIIA:
dF (a
da.

I

CoBMeECTHOE PEIICHUE YpaBHEHUW OTHOCHTEIIBHO i MaéT TaKWe WX 3HAYCHHS, IPH KOTO-
pBIX BbITIOTHSIETCS ycaoBue (1).

Jlns ynpoienus cucreMa (2) menecooOpa3Ho Havaia oTcuéra aOCIHMCCHI Xj TIOMeIIaTh B
CepeIMHY MHTEpBajia SKCIIEPUMEHTAIBHO CHATHIX 3HAUYCHUW U TOJb30BAaThCSI CHMMETPUYHBIMU
3HAUCHUSAMH X; (OJJMHAKOBBIMH, HO Pa3JIMYHBIMH 110 3HAYCHUIO). B 3TOM cilyuae Bce CyMMBI He-
YETHBIX CTEMECHEH X OyIyT 00OpamaThCsl B HYJIb, YTO CYIIECTBEHHO YIPOCTUT CHCTEMY ypaBHE-
HUM.

Bo3moxxHBI pyrue ypaBHEHHS IJI MOJEIUPOBAHUS OJHOMEPHBIX JETCPMHUHUPOBAHHBIX
00bekTOB. Bo Bcex ciywasx juis omnpeneseHus KodOPHUIIMEHTOB TPUMEHSIETCS COOTBETCTBYIO-
1ast METOuKa.

ITpu ucnonwszoanuu 1K u cnenmanuzuposannoro 10 Gomnee mpocto cuctemy (2) pemiath
B MaTpUYHOM BHJIe. E€ MOXKHO MpeICTaBUTh B CIEAYIOIIEM BHUJIC:

X-A=Y
[nxn] [nxl] [nxl]

rae X — MaTpulla BXOJHBIX BO3ACHCTBHM, A — MaTpHUIla-cTON0EI] HCKOMBIX KO3 uIineH-
TOB, Y — MaTpHIa-CTOJIOCI] BEIXOAHBIX IEPEMEHHBIX.
Marpuria ko3pHUIHESHTOB MOKET OBITh HaliZleHa B MATPUYHOM BHJIC:

A=X'Y



BKCHepI/IMeHTaJILHaH I/IIleHTI/I(l)I/IKaIII/IH MHOI'OMEPHBIX J€TCPMUHHUPOBAHHBIX 00bEKTOB

[TommydyeHre Moaen MHOTOMEPHBIX OOBEKTOB 1O PE3yJIbTaTaM JKCIICPUMEHTA OCJIOXKH SI-
eTCsl, TPEXKJE BCEro, TEM, YTO HMCCICAYeMBId TMapaMeTp BIHSICT MHOTO (PaKTOpOB, KOTOPBIC
MO>KHO Pa3eINTh Ha CYIIECTBEHHBIC M HECYIIECTBEHHBIE. [109TOMY TPYIHO OTIPEACIUTE YUCIIO
BXOJIOB O0OBEKTA, MOJICKAIMX yU€Ty. B oTiimune oT 0MHOMEpPHBIX 00BEKTOB 3aTPyIHECHA T€O-
MeTpHUYecKasi HHTEPIPETAIUS MOJICIICH.

Taxk, s IByX mapaMeTpoB, BIUSIOMIMX HA TPETHH, TPUXOAUTCS 00pAIIATHCS K ABYXMEP-
HOM 00JlacTh. YBEIHYCHHE BXOJI0B TPEOYET pacCMOTPEHHSI MHOTOMEPHOMN THIIEPITIOBEPXHOCTH,
OIMHMCHIBACMON YPaBHEHUSMH C HECKOJBLKMMHU apryMEHTaMU M HE TOIAIOIICHCS reoMeTprude-
CKOW MHTEPIIPETALUH.

Mogenb, oTpakaroliasi 3aBUCUMOCTh UCCEAYEMOTO MapaMeTpa Wid KPUTEPUs OT MHOTHUX
MEPEMEHHBIX JIOJDKHA OBITh JOCTATOYHO WH(DOPMATUBHOM, TOCTOBEPHON M YJIOOHOW B IMOJTB30-
BaHUMU.

[Tpy 3HAYUTEITHBHOM YHCIIE Xj MOJICTTh MOXKET OBITh HETMHCHHOW M MMETh CIIOKHBINA pebed
C BEpIIMHAMHM, BHAJAWHAMH, TpeOHAMU. [TOMCK dKCTpeMalbHBIX TOUEK BEPIIMH M BIAJAWH Ha
ATOU MOBEPXHOCTH ITYTEM M3MEHEHUS BEJIMYUH COCTABIISICT COJIEPIKAHUE ONMTUMAJIBHOTO YIIPaB-
nenusi. OOBIYHO Takas MOJCIIb Ha3bIBACTCS IICJICBOM (DYHKIIMEH WIIM IIOBEPXHOCTHIO OTKIWKA, a
ONTUMAJIBHOE yIpaBjiecHue obecrieunBaeT padboty TO ympaBiieHHs B 00JIaCTH 3KCTPEMaIbHOTO
3HAUCHUs KpHUTEepHus KadecTBa. [1oJydYnTh MO JIAHHBIM DKCIIEPUMEHTA MOJCIIb O0BEKTa YyIpaB-
JICHUS, TOYHO BOCIIPOU3BOJIAIIYIO IIOBEPXHOCTh OTKIIMKA, BECbMa MOXKHO. [ToaTOMy Ha mpakTH-
K€ 4acTO OTPAaHMYUBAIOTCS €€ JTUHCHHBIM WM KBaJAPAaTUYHBIM MPUOIMKCHUEM, BbIOUpas aua-
Na30H U3MCHCHHMS IIEPEMEHHON B OrpaHUYCHHOW 00J1acTH. DTO BO3MOXKHO, €CIIH (PYHKITUS He-
IpepbhIBHA U BBIMYKJIAs.

['panunbl 06macTu 0OBIYHO BBIOMPAIOT TaK, YTOOBI B HEE MOMAN SKCTPEMYM U MPEIeIbHO
JOTYCTUMBIE 3HAUCHHUS Y U X;.

Taxoit mogxoa MOXeT JaTh B OOJbIIEH CTENEHN KaYeCTBEHHOE, HEXKEIH KOJTUYECTBEHHOE
pemierre. OHO CBOAUTCS K OLIEHKE BIMSHUS PA3IMYHBIX (DaKTOPOB HA HCCIEIYEMYIO MepeMeH-
HYI0 Y 1 AT BO3MOXKHOCTh NMPEeHEOPEeUb HEKOTOPHIMU U3 HUX.

MeTto, TO3BOJIAIONINMA, TTOTYYUTh MHOTOMEPHYIO Mozelb OY Ha OCHOBE JKCIIEPHUMEHTA
MOJIYYHJT Ha3BaHUE (HaKTOPHOTO aHanu3a (METO| IUTAHUPOBAHHUS SKCIICPUMEHTA).

[IpyuMeHUTENBHO K IETEPMUHUPOBAHHOMY OOBEKTY METO/I 3aKII0YACTCS B CIIETYIOIIEM:

1. BriGuparoT ¢hakTopsl Xj, OKa3pIBAIOIIME CYIIECTBEHHOE BIMsHUE Ha Bhixon Y. Onpene-
JISIFOT 00/1aCTh U3MEHEHHUS X;.

2. CoCTaBISIOT MJIaH SKCTIEPUMEHTA.

3. IlpuHyauTenbHO M3MEHSAEM X; B BHIOPAHHBIX MPEEIaxX U COYETaHUAX, OMPEACIIIEMBIX
MPOrPaMMOi SKCTIEPUMEHTA, (PUKCUPYIOT 3HAUCHHE Y.

4. PaccuuThIBalOT KO3(PGUIIMEHTH YpaBHEHUS MOJIEIH.

OCHOBHBIM YCJIOBHEM IPOBEICHHUS SKCTIEPUMEHTA SBIISICTCS :

1. Bei6op HE3aBUCUMBIX APYT OT JAPYra BXOIHBIX BEIIMUUH X.

2. Bo3MOXXHOCTB 1 Ha0OJ10/1aéMOCTh U3MECHEHUS Y.

[Tpu mocTaHOBKE 3a/1auM BRIOUPAETCS IIEHTP 00JIACTH BAphUPOBAHMS C KOOPAUMHATAMH Yo,
X10, X0 ¥ T.JI. ¥ YCTAHABIIMBAIOTCS TPAHUIIBI 00J1aCcTH BapbupoBanwus. [1o BO3MOKHOCTH 007aCTh
BBIOMPAETCS MEHBINICH, YTO MOBBIIIAET TOYHOCTh MOJeei. BrIOOp rpaHMI] OCYIIECTBISIETCS C
y4€TOM BIIMSHUS TIOMEX TakK, YTOOBI MOCIEeAHHE ObUTH, << YeM IUITAHHPYEeMOE OTKIOHEHHE
BXOJTHBIX BEJIMYUH Xj max WIH Xj min OT HAYAJIBHOTO 3HAYCHHSI Xio.




[Tpupona YO TakoBa, 4TO X; MOTYT UMETh Pa3IHMUHYIO MIPHUPOAY U Pa3MEPHOCTD, IOATOMY
KEJIATEeIbHO MOJIb30BAaThCS OTHOCUTEIbHBIMU BETUUMHAMU BXO/JHBIX NEPEMEHHBIX. B kauecTBe
0a30BBIX YIOOHO BHIOMPATH MpeIeIbHbIE OTKIOHEHHS AX;. B aToM ciyuae:

i = | Jimax ~ X0 | _q
AX,

X imin = (—Ximi" — %o J =-1 (5)

AX,

X*imin = (—Xio _ Xio] =0
AX;

[Ipu TakoMm MOAX0/I€ OCh Y MOMEIIAETCS B LEHTP UASHTUPUIIUPYEMOI 00J1acTH, I KOTO-
poit Xip = (Ximax + Ximin)/2

[Tnan mpoBeneHUs SKCIIEPUMEHTA M METOJIMKAa pacuera Kod(D(PHUIIMEHTOB 3aBHCIT OT BbI-
OpaHHOTO THIIA MOJICIIH.

B Hanbonee yacto BCTpeHaronuMcsl BUI€ MHOTOMEpHas MOJIENb MPECTABISICTCS CTETCH-
HBIM TIOJIAHOMOM, COJICpAIllMM TaK)Ke YJICHBI, YUYUTHIBAIOIINE COBMECTHOE ACHCTBUE (PaKTO-
POB.

Mogenb, TopsI0K KOTOPOI HE TPEBOCXOAUT BTOPOTO, UMEET BHU/I;

V= QpXp T a1X1 + axXo + a12X1Xo (6),
r7ie Xo — (PUKTHBHAS TIEpeMEHHAs BBOAMMAs JUTsl YHU(DHUKAIIUY WICHOB MOJICIIN 1 Bceraa = 1.

[Tocne BBIOOpa THIA MoJENU OompeAessieTcss 00beM dKcnepuMenTa. HeobxoauMo yctaHo-
BUTBH CKOJIBKO pa3, B KaKOH IMOCJICI0BATEILHOCTH U COYETAHUSAX HAJ0 U3MEHSATH Xj, YTOOBI MPHU
MUHHUMAJIBHOM 00BEME SKCIIEPUMEHTA MOJYyUYHUTh JOCTATOYHO BEPHBIN pe3ybTarT.

[Ipu uneHTUUKAIIUE METOJIOM IIJIAHUPOBAHUS IKCIIEPUMEHTA MPUHUMAETCS CJICTYIOIast
MIOCJIEIOBATEIIBHOCTH OTEepaIIiA:

1. Bce wieHsl ypaBHEHHUS MOJENEH, coleprKaliie MepeMeHHbIe X, UX KBaJapaThl U MPO-
W3BEJCHUS 3allMCHIBAIOT B BUJIC JUHEWHBIX ypaBHEHUU aj; Xj © HYMEPYIOT IOCeI0BaTEIbHO
IIPU COCTABJICHUH MTOJTMHOMA.

Yi = aoXo T a1Xyj + aoXpj + asXsj + agXyj + asXs;

WIN B O0IIIEM BHUJIE:
yi = Z_Ola.i " Xi (7)

rae N — 4ucio ypaBHeHuit perpeccun; | = 1...N — HOMep SKCIIEPUMEHTA.
2. Jns ompenenenus Kod(p@UIMEHTAa YpaBHEHHS 8j B COOTBETCTBUU C METOJOM MUHU-

MyMa CyMMBI KBaIpaTOB OTKJIOHEHUH, 3aMMChIBAEM (PyHKITHOHAT:
2

N n
F =min Z Y. _Zaixij , TIIe
-1 i—0

N - uncno sxkcnepuMeHTOB. bepyT yacTHBIE TPOM3BOIHBIE 3TOTO (DYHKIIMOHAIA IO KO3 (-
¢buIeHTaM ¥ PUPABHUBAS UX K HYJIO, MMOTY4YalOT CUCTEMY YpaBHEHUN

oF

oa = VY, U3 KOTOPBIX OMPEACISIOT a;.
i

bonee IIPpOCTO MOJYYUTHh PEC3yJbTaT, €CJIIM CHUTATh YTO MHUHUMYM OTKJIOHCHUHN HUMEET Me-
CTO IIpHU COBIIAACHHH PE3YJILTATOB pvaéTHOﬁ MOACIN KW 3KCIICPHMMCHTA B TOYKAX IMOBCACHUA
OIIBITOB, T.C. I10JIaraTh, 4TO



n
Yy = Z a; X
i—0

B stom ciyuyae ko3pHULHMEHTBI JOMKHBI YOBIETBOPATh CUCTEME JIMHEWHBIX YpaBHEHUN

Buja (7). B matpuuHoii (popme 3Ta cucteMa UMEeT BU/L:
Y=X-A (8),

I'me Y — marpuna-ctonbern 3KCHepUMEHTANIbHOIO 3HAYEHHUS Y C YHUCIOM 3yieMeHTOB N,
PaBHBIX YMCIY OMBITOB; A — MaTpula-cTon0en Ko3PPULKEHTa 8; C YUCIOM 3JIEMEHTOB PaBHBIX
€My WICHOB MOoJIMHOMA N; X — MaTpulla BXOJAHBIX BO3ACHCTBUH X; pazmepoM Nxn.

Yro6sl MaTpuily X clenaTh KBaJpaTHOM M Jlajee TUaroHalbHOM, HEOOX0AUMO YMHOKHUTh
o6e uacty (8) Ha TPAHCTIIOHUPOBAHHYIO MaTpuiy X..

O6ozraunm X' - X =G = X'-Y=G-A

A=GXY (9)

Ecnu BeIOpaTh ONpeesieHHyI0 MOCiIe10BaTeIbHOCTh U3MEHEHUS BXOA0B Xj, TO KBaJipaTHas
matpura G u oGparHas eif Marpuna G 6yayT anaronansasivi. Torma cuctema (9) pasGuBaet-
Csl Ha N HE3aBUCUMBIX YPaBHEHUHN, KK0€ U3 KOTOPBIX OYyJIeT BKIIOYATh JIMILb OJJUH HEU3BECT-

HBIM KO3 PUIIUEHT.
N
j=

] - HOMep orbITA.
1
JlnaronanpHast Matpuna G onpenessieTcs TAKUM BapbUPOBAaHHEM X, KOTOPOE MO TIMHSCT-

Cs ONPENICIEHHBIM YCIOBUSIM. 3HAUYC€HUSI BXOIHBIX TIEPEMEHHBIX B OTHOCUTEIIbHBIX 3HAYCHUAX U
IOCJIEAOBATENBHOCTh TIPOBEACHUS ONBITOB, IPU KOTOPBIX MaTpulia G* Oyner auaroHaJabHOM
BBIOMPAIOT W3 CIIPABOYHUKOB.
B o6miem cinydae maTpuila BXOJIHBIX IEPEMEHHBIX UMEET BHI:
Matpsua GasucHeX pyHKUHA 7= MEPHOTO CHMMeTPRuHOrO Kaaka (LKD) sToporo nopsika

Kowmogenra ] 1 TR TR T I RO %, x% xg e xg '}? }g . qu
Hapo ! I —t =1 o0 =1 1 oo D, R =k =R =y
nAana
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d 4 2
B 310l MaTpuiie BMECTO KBaJpaTUYHBIX (PYHKIMI X° BBOJASTCS LIEHTPUPOBAHHBIE KBaJIpa-
TUYHbIE (DYHKLIHUH

N
~ A N |
K=xi— o B (), =x—hy
g=I
b M2 Ny 208
2 N N, +2n+-Ny

Koaddunment a onpenensercs no popmyie:

o — ‘/ V (N1 420+ No) Ny — N1’
2
rae N, =277 {p = ().

Bbruucnenue onieHoK K03(pPUIMEHTOB perpeccuu MPOBOAMTCS O MPOCTOM, 00IIeH IS JIto-
00ro OpTOroHaIBHOIO TIAHUPOBAHUS POpMYJIe
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bonee moapoGHO omnpenenenre Bcex KodhGUIMEHTOB OyIeT pacCMOTPEHO Ha MPaKTHY e-
CKOM 3aHSTHH.



JAunamuyeckass uaeHTUPUKANMSA

MHoTHe TeXHOJOTHYECKHEe OOBEKTHI yMpaBlIeHUs, (PYHKITMOHHUPOBAHMS KOTOPHIX B JHHA-
MUKE eII€ He JOCTATOYHO M3y4YEHO, HE MOTYT OBITh OMUCAHBI aHATUTUYCCKU. JIJI MOTydeHus
X JUHAMHUYCCKON MOJCIH TaKXKe MPUMEHSIOTCS SKCICPUMEHTAJIbHBIE MeToAbl. llenpro mo-
CJICHUX SIBIISICTCS HAXOXKICHHE aHAIUTUYECKHUX BBIPAKCHHH, OMHMCHIBAIOIINX TUHAMUKY O0b-
€KTa yIpaBICHUS ¢ TPEOYEeMO# CTETICHBIO TOYHOCTH.

B oTnuume oT cTaTHYeCKUX MOJCNICH, TMHAMHUYECKUE CBS3BIBAIOT BBIXOIHYIO BEITUYHHY C
BXOJIHBIM BO3JICHCTBHUEM B MPOIIECCE MX U3MEHEHHUS BO BPEMEHHU.

Kaxk mpaBuno, TO ynpaBieHus SBISIOTCS CUCTEMaMH, JIEMEHTBI KOTOPBIX UMEIOT HEJH-
HEWHBIN XapaKTep W OMUCHIBAIOTCS YPaBHEHUEM BBICOKUX TIOPSIKOB.

[IpuMeHeHnEe METOI0B MaTEMAaTHYECKOTO MOJEIUPOBAHMS M30aBJISET OT peUIeHUs Q-
(bepeHIMaNbHBIX YPaBHEHUH, HO TIPH 3TOM HEOOXOJIMMO MMETh aHAITMTHUYESCKUE MOJCIIH BCEX
3BCHBEB.

[IpuMeHEHnE METOI0OB MATEMATHYECKOTO MOJCIUPOBAHUS TO3BOJISICT IMONYYUTH (Hop-
MaJbHYI0 MOJENb MPAKTUYECKH JTI0O0T0 O0BEKTa MO pe3yibTraraM O0OpaOOTKH JIKCIEpUMEH-
TaJbHBIX JTAHHBIX.

CyIlIecTBYIOT aKTUBHBIH W TACCUBHBINA SKCIIEPUMEHTBI. AKTHBHBIA OCHOBAaH Ha 3aJaHUU
00BEKTY CHEIUANTBHO C(hOPMYIMPOBAHHBIX YITPABIISIONIMX WM BO3MYIIAONINX BO3ACHCTBUH.

[To peakuu 0O0BEKTa HA STH BO3JCHCTBUS YCTAHABIMBAIOTCS W OIICHUBAIOTCS €O JUHA-
MUYecKue cBoicTBa. OOBIYHO M3y4yaeTcsl peakilds Ha CKauKoOOpas3HbIC, TAPMOHUYCCKUC WM
UMITYJIbCHBIC BO3/ICHCTBHSI.

[Tomy4yeHHBIC TIEPEXOAHBIC WM YaCTOTHBIC XapaKTCPHCTUKHU MO3BOJISIOT ONPEICIUTh, Ha-
puMep, IS JTUHEWHON CUCTEMBI — MepeaTouHble KO3()PUIMEHTHI, TOCTOSHHBIE BPEMEHH OT-
JEeNbHBIX 3BeHbEB U JUHAMHUYECKUE CBOMCTBA 0ObEKTa B IEJIOM.

He muis Bcex crcteM MOXET OBITh IMOCTABIICH aKTHBHBINA dKCIIEpUMEHT. MIHOT/1a OH MOXeT
OBITh HETIPUMEHUM H3-32 JIOPOTOBHU3HBI CIEI000pYI0BaHMs, BEICOKOW CTOMMOCTH €r0 MOHTa-
*a. Hepenko ero peanu3aius HEBO3MOXHA TI0 YCJIOBHSIM TEXHUKH O€30MMaCHOCTH.

B »TOM citydae mpuMeHseTCsi TaCCHBHBIA dKCriepuMeHT. CyITHOCTh €ro 3aKIo4yacTcs B
(buKcanuu BXOAHBIX U BEIXOAHBIX IEPEMEHHBIX B HOPMAJIbHBIX KCIUTYTAITMOHHBIX PEKUMaX.

OmHUM W3 HECIIOKHBIX COBPEMCHHBIX METOIOB ITWHAMUYECKOW HICHTH(PHUKAIIUU, OCHO-
BaHHBIX, HAa pe3yJibTaTaX MaCCUBHOI'O dKCIIEPUMEHTA sBIIsieTcst MeTo Kanmana.

CyIIHOCTP €ro 3aKJIF0YaeTCs B CIICTYIOIIEM:

1. B mporiecce dKCIUTyaTalliy 4yepe3 cTporo (PMKCHPOBaHHBIE HHTEPBAJIbl BPEMCHH 3aITHCHIBA-
I0TCS 3HAYECHMSI BXOJHBIX U BBIXOJAHBIX TTAPaMETPOB.

2. Bopibuparor Hanbosiee MpoOCTON BUJ aHATMTHYECKOW MOJIETH, OMHMCAHHBIA B BUJE PAa3HOCT-
HOTO YPaBHEHHUS STOTO WJIM HHOTO BHJIA.

3. Mo pe3ylibTaTaM JKCIEPUMEHTa U MPHUHATOTO BUIA MOJEIU METOJOM MHUHUMYyMa CYMMbI
KBa/IPATOB OTKJIOHCHUN OTMPENETAI0T KOA(DPHUIIMEHT pa3HOCTHOTO YPaBHCHHS.

4. PemraroT pa3HOCTHOE YpaBHEHHE W CPABHUBAIOT TOJYYCHHBIE TUHAMUYECKHE XapaKTepH-
CTHKH C DKCIIEPUMEHTATHHBIMH.

5. mpu OONBIKUX OTKIOHEHUAX 3aJAI0TCS PA3HOCTHBIM ypaBHEHHEM 0Oo0jiee BHICOKOTO TOPSJIKA
Y TIOBTOPSIIOT pacyer.

CornocTaBiieHHE W3JIOKCHHOW METOJUKH IUHAMUYECKON HIACHTHU(UKAIMN C TOPSIKOM
BBITIOJTHEHUS CTATUYECKON HICHTU(DHUKAIUN CBUACTENbCTBYET 00 aHaimoruu. OTIndue COCTOUT
JUIIH B MOJIETSX. MOJIenh B CTaTHKE OMHUCHIBACTCS alreOpandecKuM ypaBHEHUEM, a JUHAMH-
YecKasi MOJIEJIb PA3HOCTHBIM.



s muddepeHantbHOro JTMHEHHOTO ypaBHEeHUs K-Toro mopsjaka aHaioroMm Oynmer pas-

HOCTHOE ypaBHEHHE BUA:
Yn=AoYn1tA1Ynot .. . FA Y it BoXna+BiXno ... By Xhk, roe

N — HOMEp ToYeK IKcnepuMenTa, A,B — koapuieHTs pa3HOCTHOTO YpaBHEHUS.

OT0 ypaBHEHHE MOKET ObITh MPUHATO B KAYECTBE MCXOAHOW MOJEIU MPU AUHAMUYECKOM
UJIeHTU(PUKALINY.

[TockonbKy MOPSAIOK UAECHTU(DULIHUPYEMOTO 00BEKTa OOBIYHO HEM3BECTEH, CIEAYET HauH-
HaTh C HauboJee MPOCTOW MOJENH, @ UMEHHO Pa3HOCTHOTO YpaBHEHUS 2-T0 MOPSAIKA U T. 1.

Hcnonb3yst METOIMKY MUHMMM3ALUA CYMMBbI KBaJpaTOB OTKJIOHEHHUH, T.e. (yHKIMOHAI
BUJA!

F =min Zn:(YQi ~Vpi)’
i=1

[Tonyuyum cucteMy ypaBHEHUN:

oA, oA, B, o8

MGTO}IOM HAaMMCHBIIINX KBAaJPAaTOB HAXOAWUM 3HAYCHHUA KOG)(l)(l)I/IHI/ICHTOB.

JKCNePUMEHTAIbHAS HICHTH(PUKALNSA HeleTePMUHUPOBAHHBIX 00bEKTOB.

Ha mpakTuke, Ha 3KCHEPUMEHT OKa3bIBAET BIIMSIHHE JI€MCTBHME MHOTMX MajO3HAdallux
(aKkTOpOB B Pa3IMYHBIX HEMPOTHOZUPYEMBIX COUYETAHMSIX, TOITOMY IMPH MOBTOPEHUU OIbBITA C
OJIHMU U TEMU K€ 3HAUEHUSIMH BXOJIOB MTOJIYYalOT HEMTOBTOPSOIIUECS 3HAYECHHS BBIXOJIOB.

Pa30poc BBIXOJHBIX BEIMYUH, €T0 MPUYUHBI U XapakTep MOTYT ObITh paznudHbl. OHU MO-
I'YT BBI3BIBATHCS CHUCTEMATHUYECKUMHU TOTPEIIHOCTSIMU, SBISIOMIMMUCST (QYHKIHEH BpeMEHH.
Pa3bpoc MoxkeT ObITh BbI3BAH MOPOTOBBIM JIEHCTBHUEM, KAKOTO — JIMOO HEYYTEHHOTO (akTopa u
IPU SKCIEPUMEHTE JaBaTh IMOBTOPSIOIIYIOCS 3aBUCUMOCTh, UMEIOLIYIO XapaKTep JIOMAHOU JH-
Huu. Bechbma yacTo Ha pa3dpoc BIUSIOT OTKJIOHEHMsS CIy9aliHOTO Xapaktepa. [[ns ycrpaneHus
CUCTEMATHYECKUX TMOTPEUIHOCTEN MNPUMEHSIOT MHOTOKPATHOE IOBTOPEHUE HOMEHKIATYPhI
OMBITOB MPY PA3JIMYHBIX COUYETAHUSIX 3HAYEHUN BXOJOB B CIy4ailHOM MOCIEI0BATEIBHOCTH.

CnydaiiHasg TOCIIEIOBAaTEIbBHOCTh HOMEPOB OIBITOB TOJYYAlOT, MOJIb3YSICh TaOIHIIaMU
CIIy4ailHBIX yHces (0TOpaChIBAIOT MOBTOPSIONIMECS YMCIa U 3HaYEHUsT OOJIbIe N) WU, UCTIOJIb-
3ys pa3jJWyHbIC AITOPUTMBI, HapUMep anroput™m HelimaHa.

[lo »TOMY anropuTMmy Hajisi MOJY4YEHUs CIydaiHbIX uncenl B mpenenax (...1 BeiOuparor
MIPOU3BOJILHOE YUCJIO MEHBIIE |, BO3BOIST €ro B KBaJpaT. bepyT u3 cepelnHsbl pe3yJibTaTa He-
00X0JIMMOE YHCIIO Pa3psAI0B, BHOBb BO3BOJAT B KBAJPAT U T.J.

Korma neiicTByeT moporoBo-IUCKpeTHBIN (akTop, MPUMEHSIOT criiakuanue. Hanboinee
MPOCTONM METOJ CIUIAKMBAHUE 10 CIOCO0Y CKomb3siiei cpeaHeii. COCTOMT OH B BBIYMCICHUHU
CpeIHel OpIMHATHI 7151 (PUKCUPOBAHHBIX 3HAYCHHI adcIucc.

Jlist mpuOIMKeHHOTO BBHIOOpA BHIIAa MOJENEH pe3yinbTaThl dKCIIEPUMEHTAa (PUKCHUPYIOT B
BUJIE TOUYEK B CUCTEME MPSIMOYTOJIbHBIX KoopauHat. [Tpu m000M AeiCcTBUU ClydyalHBIX MOMEX
pocMaTpUBaeTcsl OOLIUKA XapaKTep 3aBUCUMOCTH JIMHEWHAs] WM HEJIMHEWHasl, BO3pacTarolias
WM CHaJarolasi. 3aaBIIMCh BUJIOM YPaBHEHHSI PErPECCUM MOKHO MOJYYUTHh KO3 UIIUEHT
METOJIOM HAaMMEHBIINX KBAJpaToOB, M JAJEE€ OLEHUTHh AJ€KBATHOCTh YPABHEHUS PETPECCUU U
UCTUHOW MoJenu 00beKTOB. Eciin pa3dpoc CTONb 3HAYUTENEH, YTO BU3YaJIbHO HEBO3MOKHO



OLICHUTh XapaKTep 3aBHCHUMOCTU U MPEABAPUTEIbHO BbIOPATh MOJAEIb, TO MPUXOIUTCA YBEIH-
YUBATh CEPUH MMOBTOPSIIOUIUXCS OIBITOB.

[Ipu 3TOM Hale MOBTOPSIOTCS HanOoJiee XapaKTepHbIE U BEPOSITHbIE 3HAYEHHUS, OIpese-
asomue PU3NYECKy0 CYIIHOCTh 00BEKTa, YTO MO3BOJISET 334aBaThCA TEM WIM UHBIM THUIIOM
Mozenu. B psage ciryyaeB HEOOXOAMMO YCTaHOBUTH caM (DaKT 3aBUCUMOCTH.

VY CTaHOBUTH CTaTUCTUYECKYIO CBSA3b MEXKIY CIyYalHBIMHU MEPEMEHHBIMU U OLIEHUTh KO-
JMYECTBEHHYIO MEpYy €€ TECHOTHI MO3BOJISIET KOPPEISUOHHBIA aHanu3. OJIHUM U3 caMbIX pac-
MPOCTPaHEHHBIX MMaPaMETPOB OLIEHKU TECHOTHI CTATUYECKOH CBA3M MEXKIY MEPEMEHHBIMU SIB-
JSIeTCSL KOPPEISAUMOHHBIA KO PUIIUEHT:

> (x = MOO)(y, M (y)
no(x)o(y)

r =

(4)

a(x)z\/i(xi—M(X))zpi(X) M(X) =%, -P.(x) Pi(x):n%

AHQJIOTUYHO BBIPAXKEHUE MOXKHO 3aMUCaTh U JJIs Y.

[Tpu HamTMYMU MEXTy CIIydyalHBIMU NTEPEMEHHBIMU BEJIMYMHAMY JIMHEHHOM CBSI3U BHIA Y
= ap + a;x. Koadunuent koppensauuu r =1

[Tpu oOpaTHOM 3HAKE MEpe BTOPLIM WICHOM 1 =-1

UeM MeHblIIe CTaTUCTUYECKAs CBSI3b MEXKIY X U Y, TeM MeHbliie . OH NpUHUMAET 3Haue-
HUE PaBHOE HYJIIO IIPU MOJIHOW HE3aBUCUMOCTH UX APYT OT ApYra.

T.K. SKCIEpUMEHTAJIbHBIE JAHHBIE SBJIAIOTCA CIIy4ailHBIMU BEIMYMHAMH, TO U PACCUUTAH-
HBII 110 HUM KO3 (UIIMEHT I' TakKe OyJeT BETUUMHON CIy4alHOH, clieoBaTeIbHO, €ro OTIIN-
que OT HYJIS ABJIAETCS JIUIIb MPEIOIOKEHUEM U TPeOyeT MOATBEPKICHUS.

3HaueHue I mpoBepseTcs MyTEM CpaBHEHHUS BeIUYUHBI H = r/n—1 ¢ TaGIUYHBIMH JAHHBI-
MM, I'JI¢ TIPUBEIEHBI KpUTUYECKHE 3HaYeHUs H,, U151 pa3IMyHOro 4Kcia ONbITOB N U BEPOSTHO-
cThio P.

[Tpn H>H,;, npeanonoxenys 0 HaTu4uu CTAaTUCTUYECKOM CBA3M MEXAY Y B X MOXKHO
MIPUHSATH C BEPOSITHOCTHIO P, ykazaHHOM B TabyuIie.

K caygaitHpiM ¢akTOpaM MOXKHO Tak)K€ OTHECTH OIIMOKHM, BOZHHKAIOIIWE MpPU TPOBEJe-
HUU dKcriepuMenTa. [Ipu n3amMepennn Gu3nuecKx BETUYHH CYIIECTBYIOT YEThIPE OCHOBHBIX HC-
TOYHHKA OIUOOK.

1. dpeitd u mrym — HEBO3MOXXHOCTH 3a()MKCHUPOBATHh Ha JJIUTEIILHOE BPEMsI COCTOSHHE
00BEKTA.

2. OCHOBHOUW 4YBCTBUTEIIbHBIN JJIEMEHT HEMPABUIBLHO OTPAKaeT U3MEPSIEMYIO BEIHUMHY.
Ilpumep: ecau cnaii mepmonapsi n008epecsi KOPPO3UU UL HEKAYECMBEHHbIL, MO memMnepamypa
cnas 6yoem omauyamovCs Om memnepamypbl OKpyicaroujeli cpeobl.

3. HeciocoOHOCTh MHIWKATOpa WM KaKOW-THOO MPOMEXYTOYHOW YacTH TMpuOopa mpa-
BWJIBHO OTpa)aTh PEaKIUI0 YYBCTBUTEJIBHOTO 3JIeMEHTa. [Ipumep. nomenyuomemp npu noo-
KAIOYEeHUU MepMOonapvl MOJcem 0aeams HenpasuibHoe NOKA3aHUe HANPAICEHUsl 8Cle0Cmeue
HenpasuibHol CManoapmu3ayul, KaimopoeKku Uiy u3-3a HenpasuibHo20 QYHKYUOHUPOBAHUS
€20 MEeXAHUYeCKUX UIU NeKMPULeCcKUx 31eMeHmos.

4. HecnocoOHOCTH HaO0qaTENsl TPABUIIBHO PErUCTPUPOBATh MOKa3aHus npudopa. [lpu-
Mep: onepamop MOdjcem CHAMb NOKA3AHUE He C MOU WKAIbl NOMEHYUOMempPA.

[Ipu npoBeneHUN IKCIIEPUMEHTA 3T TPU UCTOYHUKA MOTPEIIHOCTEN MPUBOJIAT K IBYM OC-
HOBHBIM KJIaCCaM OLIUOOK: CIyYalHbIE U CUCTEMATHYECKUE.




CayyaliHasg ommOkKa UMEeT MECTO, KOrjia IpH MocJIeno-
BaTEJIBHBIX WU3MEPEHMSIX NMOCTOSIHHOM BEIMYUHBI MOJIYYarOT
pa3liuyHbIe YUCJIOBBIC 3HAUCHUS (puc). OgHAKO, TIPU YHUCIIE
OMBITOB, CTPEMSIIMXCA K OECKOHEYHOCTH, CpeJHEe 3Haue-
HUE MOKa3aHUM OyNeT CTPEMUTHCS K U3MEPSAEMON BEIUUU-
HE.
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CuctemaTtuyeckas omuOka HaOIIOJAeTCs B TeX clyda-
AX, KOTJa CpeJHee 3HAYEHHE MOCIIEN0BATENLHBIX OTCUETOB
OTKJIOHSIETCS OT M3BECTHOI'O TOYHOTO 3HAYEHUS U IPOJOJI-

’KAaeT OTKJIOHATHCS HE3aBHCHUMO OT UYHUCJIA MOCJIEN0BATENb- fég p
HBEIX 0TcueToB. OJHUM U3 CIIOCOOOB YMEHBIIEHHS CHCTEMA- gaol et [ ]
THYECKON OMUOKH SBIAETCS KaauOpOBKa, KOTOpas Hpen- Hamep usmepeHus
cTaBisgeT cob0M MPOBEPKY MPUOOpA BO BCEM JUANA30HE U3-

MepSAEMBIX BEJIMUMH C IOMOIIbIO H3BECTHOTO HTAJIOHA.

EcIii M3BECTHO, YTO CYLIECTBYET CllydaiiHas OmMOKa, HUKOTA HEllb3s YCTAHOBUTH ee a0-
COJIIOTHYIO BEJIMUMHY, ITPOU3BES €AMHCTBEHHOE M3MepeHHe. JIIs Mccie 0BaHMs CIIydailHbIX
OIIMOOK, BOSHUKAIOIIMX MPH ITPOBEACHUH SKCIIEPUMEHTA, HEOOXOIMMO 3HATh 3aKOH €& pachpe-
nenenys. B GOBIIMHCTBE CITy4aeB MOYKHO CUMTATh, YTO ClydaiiHble OMIMOKHU pacipe/ieeHbl o

HOPMaJIbHOMY 3aKOHY.
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IJIe Y — 4acToTa MOSBJICHUS HEKOTOPOTO OTKIIOHEHUS X OTHOCUTEJIBHO TOYHOTO 3HAYCHUS; ) -
94acTOTa MOSBJICHUS HYJEBOTO OTKJIOHECHHS, 4 | — HEKOTOpas MOCTOSIHHAS, XapaKTepHU3yoIIas
JaHHOE HOpPMAaJIbHOE pachpe/ielieHre, Ha3bIBaeMas Moodyiem I nokaszameem moyHoCHu.
[Tocne HekoTOPBIX MpeoOpa3zoBaHui, Gopmyny

MpEACTABIAIOT B CICAYIOIIEM BHUIC!
' © | Hemunnoe sHavenue Y= N _ gn2xs,
¥
= B atoMm ciywae y uMmeeT pasMEpHOCTh 1], a pa3Mep-
(] HOCTBb M 06paTHa pPasMEPHOCTH X.
1 BepOSITHOCTI) IMOABJICHHA OTKJIOHCHUA, JICIKAIIC-
0 ,« ro B MHTEpBaJe OT -X JI0 +X, BeIpaKaeTrcsa (PopMyson
- 2 .
- e gz OMKRONenUR .
b oniasase npudopa X' . Srodencn 2 o ) )
¢ P==| gt gy, P =“""=j€"” d (nx),
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WuTerpan BEpOITHOCTH OMUOKH BBIYUCITUTH TPYAHO U OOBIYHO MPUXOIUTCS 00pamaTbes
TabJIUIIaM.

ToyHOCTh M3MEPUTENHHON CUCTEMBI YIOOHO BBIpaKAaTh HEKOTOPHIM OJHUM YHUCIIOM, HIIU
MOKa3aTesieM TOYHOCTH, KOTOPBIA YKa3bIBA€T, C KAKOW TOYHOCTHIO MPUOOpP MOXKET H3MEPATH
TpeOyeMyIo BEJIMUUHY.

1. Cpeonee xsaopamuueckoe omxnonenue a (WM oucnepcus o’ paBHas KBaJpaTy Cpel-
HEro KBaJpaTH4e€CKOTO OTKIOHEHUS ). DTa BeJIMYMHA ONpPEENsAeTCs KaK KBaJpaTHbIN KOPEHb U3
CYMMBI KBaIpaTOB BCEX OTKJIIOHEHUH, AEICHHBINA Ha 00IIee YHCIIO TAKUX OTKIOHEHUH 7.

f] o e=—t_
o= p=l . 7/271

f

u n-6 = 0,707. BeposITHOCTh TOTO, YTO OTKJIIOHEHHUSI OyJIyT HAXOAUTHCA B MpeAenax +m-G
onpenensercs u3 Tabi. u coctasisier 68,2%.



2. Beposimnas owubdbka ®. Jta BenMUnHA ONpeeNseTcsl Kak Takoe OTKIOHEHHE, PU KO-
TOPOM B HHTEpBaJie = @ HAXOAUTCS POBHO ITOJIOBMHA BCEH COBOKYIIHOCTH. B cityyae HOpmaib-
HOI'0 pacIpenesIeHust U BEPOSITHOCTb HAXOXXICHHS OTKIOHCHUU B HHTEpBalle +@
cocrasisieT 50%. B cilydae HOpMaIIBHOTO PACIPENENCHNs CPEAHEE KBAAPATUYHOE OTKIIOHEHUE
U BeposiTHas oImMOKa CBA3aHbI MPOCTHIM COOTHOLIEHWEM. 3Has OJMH M3 3TUX MOKa3aresei,
MOYKHO HAUTH APYTHUE NIOKA3ATENHU.

Ecnu Ha npubope He ykazaHa €ro TOYHOCTb, MOKHO BOCIIOJIB30BAaThCS MPUOIMKEHHBIM
IPAKTHYECKUM MPABUIOM, KOTOPOE COCTOUT B CIEAYIOUIEM: MAKCUMATbHASL OWUOKA PAsHa No-
JI08UHEe HauMeHbule2o Oenenus Ha wKane npubopa. MOXHO 0KUIATh, YTO TOJIBKO B OJJTHOM CITy-
qyae U3 IBaALATH WIK JaXKE B OHOM CIIy4ac U3 CTa OTKIIOHEHUE NPEBBICUT JAHHOE 3HAYEHHUE.

Bo MHOrux skcriepumMeHTax HEBO3MOKHO YCTAHOBUTH TOUHOE 3HaueHue. B aTom ciydae
BO3HUKAET BOIPOC: KaK IOJYYUTh HAUJTYUYIIYH OLEHKY OTCYETa, UMES HEKOTOPOE MHOXKECTBO
orcueToB? Hanbonee BeposiTHOE 3HAUEHUE U3MEPSEMOI BEJIMUUHBI paBHO cpeaHeMy apudme-
TUYECKOMY 3HAYEHUIO MOJIYYEHHBIX 71 OTCYETOB:

[loBbIllIEHNE TOYHOCTH, CBSI3AHHOE C MEPEXOAOM OT BEPOSATHOMN OLIMOKHU JIO MOYTH MOJTHOTO
OTCYTCTBUS OIIMOKH, MPOUCXOJUT JOBOJBHO MEJJIEHHO, TaK KaK OwuUOKa cpeonezo 0Opamuo
NPONOPYUOHANILHA KE8AOPAMHOMY KOPHIO U3 YUCAA OMCYEmO8, N0 KOMOPOMY NOJYYEHO MO
cpeonee. Ilpu 16 oTcuerax TOYHOCTD JIMIIB B JIBA pasa BhIIIE, YEM MPU YEThIpEX, a mpu 64 ot-
cyerax — JIMLIb B TpH pa3a. Ecnu Haumyuinee 3Hau€HUE ONPEENeTcs TaAKUM CIIOCOOOM, TO
11eJ1IeCO00Pa3HO UCMOIb30BaTh 00Jiee TOUHYIO (HOPMYILY JUUIsl HAXOXKIACHUS CPEHEro KBaJApaTH-

S; _ rxt
YCCKOI'0O OTKJIOHCHUA . n—1

[Tpu omGoYHOM TOMYIIEHUU O HOPMAJIBLHOCTH pacIipe/iefieHUs] BEposiTHAsE OInOKa OyaeT
npuMepHo Jiniib Ha 20% MEHbIIIe €€ TOYHOTO 3HAYEHUS, TT0ITOMY JIONYIIEHHE 0 HOPMaIbHO-
CTH SIBJISIETCS YAOOHOM anmpoKcUMaIMen 1jis MHOTUX paclipeieleH, peaqbHO HaOI10JaeMbIX
IPU BBITIOJTHEHUH U3MEPEHHH ¢ IOMOIIbIO TPUOOPOB.

Ecnu yctaHoBi€eHO KOpelnpoBaHUE ABYX MEPEMEHHBIX, UX TECHOTA U JIOCTOBEPHOCTH CTa-
TUCTUYECKOM CBSI3H, TO HEOOXOIMMO J1aliee MOJIYIUTh MOJIENIb OOBHEKTa B BUJIC YPABHEHUS PET-
peccuu TpeOyeMon JOCTOBEPHOCTH, MOJTYyUYEHHON B PE3yJIbTaTe PErPECCUBHOTIO aHAU3A.

JJist moTy4YeHust JOCTOBEPHOTO YPaBHEHHUS PErpeccuu 00bEeKTa MO JAHHBIM aKTUBHOTO
IKCTIEPUMEHTA HEOOXO0IUMO:

1. Y6enutbes, uro pazdpoc 3HaueHU Y W X JOMYCTUMBI ISl MCIIOIL30BAHUS UX CPETHUX
3HAUEHUHN I BBIYUCICHHS KO03(PUIIMEHTOB ypaBHeHHUs perpeccuu. Ecmu pazdpoc Hemo-
MyCTHM, TO CIIETYEeT MOBBICUTh TOYHOCTh U3MEPEHUM, INOO YBEIUYUTH 00BEM IKCIIEPUMEH-
Ta, TMOO MEPEUTH Ha APYTON THUI MOJIETICH.

2. Omnpenenuth K03GOUIIMEHT ypaBHEHHUS PETPECCHM W YHMCIEHHBIE 3Ha4YeHHs pa3dpoca ux
3Ha4E€HUI, OOYCIOBICHHBIX CIyYallHBIM XapaKTepoM U3MEpEeHHBIX Y U X.

3. OIEHUTh 3HAYMMOCTH KaXKIOTO Kod(h(uImeHTa, CpaBHUB HAAEKHOE €ro 3HAYCHHE M pa3-
opoc.

Ecnu 3navenne koddurmenta << pazdbpoca, TO MbI BIpPaBe Mojarath, TO OTIMYNE KOD -
(buIMeHTa OT HyJsI CIIy9aifHO. DTO TIO3BOJIUT OTOPOCUTH He3Havamme KodhGUIMEeHTH U TOJTy-
YUTh YPaBHEHUS PETPECCHUU B OKOHYATEITLHOM BHUJIE.

OrneHuTh aICKBaTHOCTH TIOJYYCHHONW MOJICNIA TI0 OTKJIOHEHHIO CPEHUX 3HadeHu# Y, To-
Jy4EHHBIX PACYETHBIM MYTEM TI0 YPAaBHEHUIO MOJICTICH OT JTAaHHBIX HKCIIEPUMEHTA Ha PEaTbHOM
o0BekTe. 3anucaTh ypaBHEHHUE PETPECCHH B a0COTIOTHBIX SAMHUIIAX.

Bonee nmogpodbHo oOpaboTka pe3ynbTaTOB IKCIEPUMEHTa NMPU UACHTU(UKALIUKN HEJIETep-
MUHHPOBAHHBIX 00BEKTOB Oy/IeT pACCMOTPEHA HA MPAKTUYECKOM 3aHSITHH.

*



3KCHepHMeHTaﬂbHaH onTumMu3anui.

OOBIYHO KOHEYHOW LEJIbI0 BCAKOTO AKCHEPUMEHTAIBHOTO HMCCIEIOBAaHUS SIBISIETCS
JOCTH)KEHHE M TOJJEpKaHUE SKCTPEeMalbHbIX MOKa3zaTeleld mporecca (Hampumep, MNpu
CO3JaHUM PA3JIUYHBIX MALIWH, TPUOOPOB U MEXAHU3MOB).

3aaya ONTUMM3ALMKU CBOAUTCS K OTHICKAHWIO TaKMX 3HAUEHUU yNpaBiseMbIX (PakKTo-

0
poB X; = X%, X, =Xy, ..., Xy = X% o0bekTa uccieq0BaHUS, TPU KOTOPBIX €r0 OTKIUK
vy (KkpuTepuil ONTUMHU3ALMUK, 1ieJieBas (PYHKIHS) TOCTUTAaeT CBOET0 SKCTPEMAJIBHOTO 3HAYECHUS
Yorr =V(X\, X%, . .., X°,) — Makcumyma Wik MUHEMyMa. ONTHMAIBEHBIM OyJIEeM CUUTATh MaK-

CUMaJIbHOE 3HAYCHHUE OTKIIUKA Von (X) = ymax (X). K Takoit ¢popme npu He0OX0AMMOCTH BCe-
rJa MOXKHO MPUBECTU U 3aJlauy MHUHUMH3ALMHU, €CIM BMECTO HaUMEHBILIEro 3Ha4eHus! + ) UCKaTh
HauOOoJIbITIee 3HAYCHUE — ).

B Tex cnyuasx, xoraa ¢pyHkuus orkivka <p(X) U3BECTHA, KOOPAUHATHI TOUKH ONTUMYMa Xo
—|IX,, X2, ..., X4l MOXXHO HAWTH C TOMOIIIBIO U3BECTHBIX AHATUTUYECKHX METOI0B ONTHUMH3ALINH:
T PepeHIUATTBHOTO WITH BAPUALMOHHOTO UCUYUCIICHUS], TMHEHHOr0 MPOTrpaMMHUPOBAHUS U T.I.

OpnHako B OOJNBIIMHCTBE MPAKTUYECKUX CIIyYaeB aHAIMTHYECKas 3aBUCUMOCTH cp(X) Heus-
BECTHA, U €IMHCTBEHHOE, YeM PACIOJiaraeT UCCie10BaTelb,—3T0 BO3MOKHOCTh U3MEPEHHUS 3Ha-
YEHUU OTKIIMKA MPHU Pa3INYHbIX KOMOUWHAIUSAX BEJIMYUH BapbUpyeMbIX GakTopoB Xi, Xo, ...,X,,.
B takux ciydasx ais pelieHus 3aa4d ONTUMH3AIUH TOJb3YIOTCS IKCIIEPUMEHTATBHBIMUA METO-
JaMH, KOTOPbIE TOAPA3IEISAIOTCS Ha IBE TPYIIIIbI:

1) mOMCKOBBIE METOIbI, B KOTOPBIX OCYIIECTBIISICTCS 3KCICPUMEHTAIBHBIN  MMOUCK
TOYKA ONTHMyMa XpC TOYHOCTBIO JO BEJIMYMHBI MPUHITOTO paboyero mara mno KaxaoMy
daxropy;

2) MeTObl, OCHOBAHHBIC HA IMPEIBAPUTEIHHOM IKCIIEPUMEHTAIFHOM TOJIYYCHUH MaTeMma-
TUYECKON MOZeNIn 00bEKTa UCCIIEOBaHMs, KOTOpasi OMMCHIBAET €0 MOBEJEHUE B 00JIaCTH OIl-
TUMYMa, U IIpeAyCMaTpUBAOLME H3YYEHHE OOIIMX CBOMCTB MOBEPXHOCTH OTKIUKA B OIpeE-
JeNeHHON  o0nacTu (akTOPHOIO MPOCTPAHCTBA, II€ MPEANOJOKUTEIBHO HAaXOIUTCS ONTH-
MyM. /{15 onucanus o6nacTu ONTMMyMa MOXKHO MCIIOJIB30BaTh, HAIPUMEpP, MaTeMaTHUECKYIO
monenb Buza (1.6). Koopmunatel Touku omTuMyma Xg ' 9TOM CIIydae MOYKHO OIPEIEITUTE
C TIOMOIIBIO U3BECTHBIX TEOPETUUECKUX METOJIOB: TU(PPEpEeHINATBHOIO UCUUCICHHUS, TUHEWHHOTO
WIN [eJIOYUCIICHHOTO TPOrpaMMHUPOBAHMS U T. TI.

CymecTByeT 00bII0€ YHCIO Pa3HOOOPA3HBIX MOUCKOBBIX MeTOJ0B. OHAKO M3-3a HaAJU-
YUsl MOMEX (HEKOHTPOJIUPYEMBIX (PAaKTOPOB) MPHU IKCIIEPUMEHTUPOBAHUM Ha pPeabHBIX OOBEK-
Tax (HampuMmep, IpU UCCIEIOBAaHUU CEITbCKOX03HCTBEHHBIX MPOLIECCOB — 3TO LIYM CIIy4ailHOTo
XapakTepa, JAeTePMUHUPOBAHHBINA Jpeii() HCIOIb30BaTh MPAKTUYECKH MOXHO JIUIIb CPaBHU-
TEJBHO OIPaHUYECHHBII HAOOP METOIOB MOKCKA.

B moMCKOBBIX METOIAaX OCYIIECTBISETCS IOCJIEJOBATEIBHOE JOKAJIBHOE H3y4YEHHE
IIOBEPXHOCTH OTKJIMKA IO pe3yibTaTaM psifa SKCIEPUMEHTOB, CHEUUAIBHO CILNIAHWPOBAHHBIX
BOJIM3H BBIOpaHHOM ToukH. CTpaTerus MOMCKOBOIO METO/1a IIPEyCMaTPHUBAET:

— OIlpeJieJIeHNe HANpaBICHUs IBUKEHUS U3 HEKOTOPOIl BRIOpAHHON TOUYKH; 3TO HAIlpaB-
JIEHHE 3aBHCHUT OT JOKAJbHBIX CBOMCTB MOBEPXHOCTU OTKJIMKA BOJIU3U OT BIOPAaHHON TOYKH
U ompefersieTcsl TakuM 00pa3oM, YTOObI MPOABUKEHUE B BBIOPAHHOM HAINpPABICHUU TPUBO-
IO K 3HA4YeHHUIO0 QYHKIMH OTKIIMKA, Oojee OMM3KOMY K ONTHUMAaJbHOMY IO CPABHEHUIO
CO 3HAYEHHEM B UCXOJHOU TOUKE;

— OpraHM3aLMIO IB)KEHNS B HAlJICHHOM HalpaBJICHUY;

— MHOT'OKpaTHOE MMOBTOPEHUE YKAa3aHHBIX 3TAIOB B 3aBUCUMOCTH OT BHIOPAHHOTO IIpaBU-
Jla OCTaHOBA, KOI'/Ia HalJIeHHAsl TOUYKA MPUHUMAETCS 3a pPEeUICHUE 3aa4d ONTUMHU3alUU C TOY-
HOCTBIO JIO BEJIMYMHBI IPUHATOT0 pabovero mara ABHKEHHUS.



B nanbHeiiiiem npu pacCMOTPEHUU OUCKOBBIX METOJIOB OyI€M MpeIoiaraTh:

1 OOBeKT uccieq0BaHus CTATUYECKUMN.

2. IloBepXHOCTh OTKJIMKA HEMpepbiBHAsA 0€3 0CcOOBIX Touek, auddepeHunpyemas Bo BCeX
TOYKaX, OJTHOPKCTpEMaJIbHAI.

3. B MeTomax onTuMu3aiuu, UCMONB3YIOMUX MaTEMAaTUYECKUE MOJICIIU, BBIMOJIHSIIOTCS BCE
JOMYIIEHUS PETPECCUOHHOTO aHAIH3a.

4. O0BEeKT UCCleI0BaHUs CTallMOHAPHBIN (0€3 HaTMYusIBPEeMEHHOTO aperida).

5. OTCYTCTBYIOT OTpaHUUYCHUS HA BO3MOXKHBIC 3HAUEHUS (DAKTOPOB WM UX KOMOWHAIIUH.

METOIl TAYCCA — 3EHIIEJIA

Nnesa merona:

1 Bcemu pakTopamMu BapbUPYIOT MOOYEPETHO.

2. Kax el (hakTop moodepeaHo U3MEHSETCS B CTOPOHY yBEIMYeHHS (WM yMEHBIICHUs
Mpy TIOMCKE MHUHHMYMAa) YPOBHS OTKJIMKA JO0 JOCTHXKEHHUSI YaCTHOT'O DKCTPEMYMa €ro MOBEpX-
HOCTH.

3. I[lo okoHUaHUM BapbUPOBaHUS 1 -20 (DAKTOPa BO3BPAIIAIOTCS K BApHUPOBAHUIO TIEPBOTO
daxropa.

4. JlocT>KeHUE TOYKH, JBUKEHUE U3 KOTOPOH B JIFOOOM HampaBlIeHUHM OyAeT HeyAad-
HBIM, CIY’)KUT KpUTEPUEM IS MIPEKPAICHUS TTOUCKA.

5. locTurHyTtasi ToOUKa MPUHUMAETCSI B KAYECTBE OIICHKH TOYKH IKCTPEMyMa C TOUHOCTHIO
710 BEJIMYMHBI TPUHSATOTO I1ara BapbUPOBAHUS 110 KaXIOMY (HaKToOpYy.

3anada noucka skcTpemyMa metogoM ["aycca — 3eiiens pemaeTcs CiaeayomuM 00pa3oMm.
BriOupator HagaiapHyt0 TOUYKY My, COOTBETCTBYIOIIYIO TOUKE HAMIIydIlleHd W3 M3BECTHBIX pabdo-
YUX PeKUMOB 00beKkTa. MHOTIAa HaYanbHYI0 TOUKY Mg BRIOMPAIOT B IIEHTPE UCCIEIYEMOU 00-
nactu. [locne 3Toro BEIOMPAIOT IIar BapbUPOBAHMS IO Kaka0My (aKTopy, KOTOPBII HE JI0JKEH
OBITh KaK CJIMIIKOM MaJibiM, MHAuU€ ABUKEHHE K DKCTPEMYMY OKaKeTCs 3aMeJJICHHBbIM, TaK U
CJIMILIKOM OOJIBIIIMM, MIOCKOJIBKY BO3MOXKHBI IPYOBI€ OITUOKHM B HAX0KICHUH SKCTPEMyMa.

[To meTony I'aycca — 3aiinens BoiOpaHHBIE TPOOHBIE U paboune MIard MO KaxJIoMy
dbakTOpy Ha BCEX ATamax MoMCKa IKCTPEMYyMa OCTAIOTCS MOCTOAHHBIMU. OCHOBHOE JTOCTO-
MHCTBO JaHHOTO METOJa — HArJAJHOCTh U MPOCTOTA CTPATETUHU, a TAKKE JOBOJIBHO BBICO-
Kasi TOMEXO03aIuIeHHOCTh. K HerocTaTkaM 3TOro MeTo1a OTHOCATCA: a) €ro Hed((HEKTUBHOCTD,
TaK Kak JUI TOrO0 4TOOBI TOYHEE OMPENEIUTh TOYKY abCOIIOTHOIO JKCTpEMyMa, HEOOXOIUMO
YMEHBIIUTh paboure mard mo KaxaoMy (GaxTopy, a 3T0 MPUBOIUT K 3HAUYUTEIHLHOMY yBelIUYe-
HUIO YKCJIA OTIBITOB, OCOOEHHO TIPH OOJBIIOM KOJUYECTBE YIPABISEMBIX CYIIECTBEHHBIX (haKTO-
poB; 0) MHOTIa B TOJIEBBIX YCIOBHUSX TPYAHO 3aUKCHpOBATh Ha JJIMTEIBHOE BpEMsI BCE
yrmpasiigseMbie (GaKTOpPbl, KPOME OJHOTO, YTO BBI3bIBACT JOMOJIHUTEIbHBIC MOTPEITHOCTH B Ha-
XOXKJI€HUM YaCTHBIX SKCTPEMYMOB; B) B TOM CIy4dae, KOI/la MOBEPXHOCTh OTKJIMKA UMEET CIIOXK-
Hyto popmy, meton ["aycca — 3akifenss MOKET J1aTh JTOKHBIA OTBET HA PACIoOJIOKEHHE TOUKU a0-
COJIFOTHOT'O 3KCTpEMYMa.

CUMITJIEKCHBIH METO/] DKCITEPUMEHTAJIBHOM OHTUMH3ALIHU

Bynem Ha3piBaTh N-MEpHBIM CHUMIUIEKCOM MHOTOIPaHHUK, 0Opa30BaHHBI B N-MEpPHOM
npocTtpancTBe (N+1)-Mu BeprmHAMH, HE TPUHAIICKAIIUMA OJHOBPEMEHHO HU OJHOMY ITOJ-
MPOCTPAHCTBY MeEHblIEH pazMepHocTd. Ha mimockoctu (N = 2) CUMILIEKCOM SIBIISIETCS Tpe-
YrOJIBHUK, B TPEXMEpPHOM TpocTpaHcTBe (N = 3)—rtetpadap u T.4. CUMIUIEKC Ha3bIBacTCs Tpa-
BUJILHBIM (PETYJISIPHBIM), €CIIH JIJII HETO PAaCcCTOSHUE P MEXKIY ABYMS JIOOBIMH BEpPIIMHAMU
€CTh BEJIMUMHA TIOCTOSIHHAS (B TIPOCTPAHCTBE HOPMUPOBAHHBIX (PaKTOPOB). Y CIOBUE MPABHUIIb-
HOCTHU CHUMILIEKCA MOXKET OBITh 3aMUCAHO CIEIYIOUIUM 00pa3oM:

{0y = %/} (g — %) =p* = const;

g*=hLg=1...(a+1.



Ilepexoa OT pa3MepHBIX BEJIMYMH (PAKTOPOB K HOPMHUPOBAHHBIM OCYILECTBIIAETCS C IOMO-
IIbI0 HOPMUPYIOLIETO TPeoOpa30BaHuUs.

JUIsl CUMIUIEKCHOTO METO/1a MpeIaraeTcsl MpocTasi HemapaMeTpruieckas mpoienypa «rpyoo-
ro» ONMCAHUs MOBEPXHOCTH OTKJIMKA, 3aKIIOYAOUIAsCs B IPEACTABICHUH JIOKAJIBHOIO yda-
CTKa MMOBEPXHOCTHU 10 OTHOCUTENIbHBIM 3HAYEHHSIM OTKJIMKA B ()aKTOPHOM IPOCTPAHCTBE BOJIU-
31 TOYKH paboyero pexuma. CpaBHUBas 3HAYEHUS OTKIMKA B ATUX TOUKAX, MOXKHO CPEAN HUX
BbIOpaTh HAUXYJUIYI0 U HAaWJIY4YIIyI0 TOYKU (B KOTOPBIX 3HAUEHHS] OTKJIMKAa COOTBETCTBEHHO
HaMMeEHblIee U HauOoJblllee MPU MOUCKE MaKCUMyMa (PYHKIUU OTKJIMKAa U HA000pOT — MpHU
MOMCKE €€ MUHMMYMa) M, TaKUM 00pa3oM, MPUOIU3UTENBbHO ONpPEAEIUTh MPEANOYTUTEIbHOE
HaIpaBJICHUE JKENATEJIBHOTO CMElIeHUs padoueil Touku Kk ontumymy. Ilocie peanusanuu Bbl-
OpaHHOTO CMEUIEHUSI B OKPECTHOCTH HOBOTO paboOYero pekrma BCs MpoLEeaypa BHOBb IOBTO-
psieTCs — U TaK MPOJI0JKAETCA 10 TOCTUKEHUS 00JIaCTH ONTUMYMa.

Ecnu tenepp mpoBecTH ombIThl B N+1 BepmMHAX N-MEPHOTO MPABUIBHOIO CUMILIEKCA U
CPaBHUTH MOJYYECHHBIE B HUX 3HAYCHHS OTKIMKA, MOYKHO BBIJEIUTh HAUXYALIYIO BEPLIIMHY U
eil mpoTuBoJeKaIly (N—1)-MepHyr0 rpanb, 00pa30BaHHYIO OCTAJIbHBIMH BepIIMHAMU. Eciu
Jlajee HAaWTU TaK Ha3bIBAEMYIO 3€PKAJIBbHYI0 TOUKY, CAMMETPUYHYIO HAUXYIIIEH BEPLIMHE OT-
HOCHUTEJIBHO IIEHTpa YKa3aHHOW I'paHU, TO ATH 3€pKajbHas TOYKAa W I'paHb 00pa3ylOT HOBBIN
CUMIUIEKC MPEXHEN pa3MEPHOCTH, HO LIEHTP €ro OyJeT CMEIIeH B CTOPOHY dKCTpeMyMa (yHK-
UMM 1EJEBOr0 OTKJIMKA HAa OJWH MIar. MHOroKpaTHOE€ NOBTOPEHHE TAKHUX IIAroB, IIpe-
JTYCMOTPEHHOE CUMIUIEKCHBIM METOOM, MO3BOJIUT IOCTUYH 00JIACTH IKCTPEMYMa, a TaKkKe OT-
ciexuBarh ero jpeid. [IpenmyinecTBo 3TOro MeToja COCTOMT B TOM, YTO MEPEX0] K HOBOMY
CUMIUIEKCY KaXKIbId pa3 OCYUIECTBISETCA OTOpAachIBAaHWEM OJHOW CTapod BEpIIMHBI U IO-
CTPOEHUEM HE3aBUCHUMO OT PA3MEPHOCTH CUMILJIEKCA TOJIBKO OJJHOM HOBOW. Takum oOpa3om, Ha
Ka)X7IOM I11are TpeOyeTcsi He3aBUCUMO OT 4Hciia (aKTOPOB ONTUMU3AIUMU PEATU30BAThH YCIOBUS
TOJIBKO OJTHOTO OIIBITA.

[IpaBuiio 1. Bce onbIThI HY?>KHO TPOBOJIMTH COTJIACHO YCJIOBHUSIM, OTBEYAIOIIMM BEPIIMHAM
IPAaBWIbHBIX N-MEPHBIX CUMILIEKCOB.

HayvanbHast Touka xo moucka 0ObIYHO COOTBETCTBYET YCTAHOBIEHHOMY TEXHOJIOTMYECKOMY
pErIaMEHTy WJIM HAaWIy4llIEMY U3 U3BECTHBIX PEKUMY BEIECHHUS IMpPOILEcca. JTa TOYKA MOMKET
OBITH MPUHATA 32 BEPUIMHY HAYAIBHOTO CUMMETPUYHOTO CUMIUIEKC-TutaHa. OJHy U3 BEpUIUH
C°1 MOMEIIAOT B HAYAIBHYIO0 TOUKY Xp, @ MOJOKEHHE OCTANbHBIX BEPIIMH OMPEAEIIAIOT C IO-
MOILBIO BEKTOPOB:

=X+ e(PAX,, gAX, ..., gAX )
g D+p(qAX]| pé‘Xz)! ey qAXn),
@ =X, HoGAX, gAX,, .., pAX)

! STy 1w ] =
—(n— 14y L g= ——=( A1 —1);
=14V ntD), = —= (/1 —)

p — pa3Mep cuMILIeKca (BenuunHa Oe3pa3MmepHas); maru BapbupoBanus AX (I = 1 ... n) mo
KaXI0My (hakTOopy BRIOMPAIOTCS Ha OCHOBAaHWUUW ampHOpHOW WH(poOpmaruu; N — 9ucio (HaxkTo-
pOB.

[IpaBuno 2. /IBuKeHHE K SIKCTPEMYMY MOBEPXHOCTHU LEJIEBOTO OTKJIMKA HA KAXKJIOM IIare
JOJKHO OCYIIECTBIISITHCSI MOCPECTBOM MEPEX0JIAa OT paccMaTpUBaeMoro (peajin3yemMoro) CuM-
miekca Kk HoBoMmy. lIpu 3TOM B paccMaTprBaeMOM CHMIUIEKCE HAJIO0 OTOPOCUTH HAMXYAIIYIO
BEPUIMHY U TMOCTPOUTH TOUYKY, CUMMETPUUYHYIO (3€pKaJbHYIO0) K HEH OTHOCHUTEIBbHO LEHTpa
(n—1)-mMepHO¥ OCTaBIICHCS TPaHU CHUMILIEKCA, a M3 OCTaBIICHCS TPaHW M 3€PKATBHONH TOYKH
00pa3oBaTh HOBBIM CUMILIICKC.



Kaxnayro iI-10 pa3MepHy0 KOOPIUHATY 3epKaIbHON TOUKU X+ N-TO CHMILIEKCa JeTKO BbI-

YUCIUTH TIO hopmyIie
nt1

En}h.i = '%‘;I Xei ™ ‘1%—2_ Kb
rne Xqi— I-s1 pasMepHas koopauHata g-i u3 m + 1 BepmH paccmatpuBaemoro (h—1)-ro cum-
IeKca, a Xqi — I-5 pa3MepHast KOOpAWHATA €ro (- OTOPOIICHHO! BEPIINHBL.

Ota ¢popMmyrna UMEET aHAJOTMYHOE HAYepTaHHWE U AJI1 HOPMHUPOBAHHBIX KOOPJIMHAT BEP-
IIMH CUMIUIEKCa, HO yJI0OHEee MoJIy4yaTh cpa3y pa3MepHbIe KOOPAUHATHI 3epKAIbHON TOYKH, KO-
TOPBIE ONPEIEISIIOT YCIOBUS MTPOBEACHUS CIEIYIOLIErO ONBbITa HA 0OBEKTE.

[IpaBuno 3. Eciiv 01HO U TO e HauXyAlllee 3HAU€HUE OTKJIMKA HAOII0JaeTCsl B HECKOJIb-
KHX BEpIIMHAX PACCMATPUBAEMOr0 CHUMIUIEKCA, TO BOIPOC 00 OTOpachlBaHMU OJHOW U3 HHUX
JOJIKEH OBITh PEIlEH CIy4yallHbIM 00pa3oM.

HenpepobiBHOE cMellleHrne CUMITIEKCa MOXKET IPUBECTH K BbIXOAY HOBOM 3€pKajJbHOM TOY-
KM 3a TPaHUILy IOMyCTUMOW 00J1acTH BapbupoBaHUs (HaKTOPOB.

[IpaBuno 4. Ecnu B 3epKajibHOM TOYKE HOBOI'O CHUMIUIEKCA HapyliaroTcs (akTOpHbIE WIH
(GyHKUMOHAIBHBIE OTPAaHUYEHUS, HEOOXOJUMO BEPHYTHCS K MPEIbIAYLHIEMY CUMIUIEKCY U OT-
OpocuTh B HEM XYAIIYIO0 BEpIIMHY Mocie Hauxyamen. [lpu HeoO6XoaAuMoCTH 3TO MPaBUIIO Clie-
JyeT TPUMEHSTh MOBTOPHO, MOOYEPEJHO COTIACHO PAHKUPOBKE OTOpPACHIBAsl BEPUIMHBI Ipe-
JBITYIIET0 CUMIUIEKCA, MOKa, HaKOHEl, He OylIeT HaiiJieHa HOBas 3epKalibHas TOYKa, YJOB-
JIETBOPSAIONIAS] BCEM HAJIO)KEHHBIM OTPAaHUYEHUSIM, T.€. MPUHAJIeKaIas J0MyCTUMOM obnactu
(baKTOpHOro MPOCTPAHCTBA.

IIpaBuno 5. Ecim 3epkanbHas TOYKa HOBOT'O CUMILIEKCA SIBJIIETCS €ro HauXyAlIeHd Bep-
IIMHON, HEOOXOAMMO BEPHYTHCS K CUMILIEKCY MPEABIIYIIEr0 HOMEPA U OTOPOCUTH B HEM XY I-
Iy BEpUIUHY Tocie HauxyAmen. [Ipu nonaganuu TOYKU, 3€pKaIbHOM K 3TOM (BTOpOM cpenu
IUIOXHUX) BEPIIMHE, B OJIHY U3 PEAIM30BaHHBIX paHee HEOOXOUMMO OTOPOCUTD TPETHIO BEPIIUHY
C KOHIIA PAaH)XMPOBKU BEPIIMH CUMILUIEKCA MPEAbIAYIIEr0O HOMEPA U T. ., 32 HCKIIOUYEHHUEM
Hawnydiiei. B cioydae HeynauHoro nepedopa BcexX BEPIIMH BIUIOTH 0 HAWJIydlIed HaJ0 Bep-
HYTbCA K ele 06ojee paHHEeMY (Ha OJIMH HOMEP) CUMIUIEKCY U OTOPOCUTH B HEM XYAUIYIO BEp-
HIMHY MOCJI€ HAUXYAIIEH U T. 1. aHAJIOTUYHO MPEAbIIYIIEMY.

HenpusitHas cutyanusi, peayCMOTpPEHHAs! MPaBUIOM S5, MOXKET BOBHUKHYTh JIUOO MpHU pac-
0J10’KeHuH (N—1)-MepHO# rpaHy U3 71 BEPIIMH CUMILICKCA BOIHM3H IpeOHs (0Bpara mpu IMouc-
K€ MUHHMYMa) WJIH SKCTPEMYyMa MOBEPXHOCTH OTKJIMKA, Korjaa («+1)-s BepuinHa UMEET Xyj-
1ee 3HaYeHUE OTKIIMKA, MO0 M3-3a OIMMOOK HaOMro[eHUs. B mepBoM cityuae nmepeoprueHTamnus
CUMILIIEKCA MO0 NpaBuily 6 MO3BOJIUT MPOJIOJKUTh ABUKEHUE K IKCTPEMYMY, BO BTOPOM — HeE-
CKOJIBKO 3aTSHET €ro MOMUCK.

[IpaBusno 6. Ecian kakast-nn0o BepIIMHA COXPAHAETCS B MOCIEA0BATEIbHOCTH HECKOIBKUX
CUMIUIEKCOB I10CJI€ IPUMEHEHHUSI TPEABIAYIINX IPABU, T. €. SIBISETCS TOYKON BpAIllCHHs CUM-
IUIEKCa, HEOOXOJMMO B HEH M BEPIIMHAX COJEpXKAIIUX €€ CUMILJIEKCOB IIPOBECTH HOBBIE Ha-
OomoneHust oTkiauka. llonydyeHue cpend HUX HAWTYYIIEro 3HAYEHHUs OTKJIMKA BHOBb B TOUKE
BpAlllCHMs yYKa3bIBa€T HA JOCTH)KEHUE 00JIaCTH HKCTPEMyMa, a camMa TOYKa BpALIECHUs MPUHU-
MaeTcs 3a OLEHKY TOYKH 3KCTPEMYMa C TOYHOCTBIO, 3aBUCAILEN OT pa3MEPOB CUMILIEKCA.

Teopusi no100Us U METO AHAJIN3A PA3MEPHOCTEIA.

JI71s1 mpaBUIJIBHOTO MMPUMEHEHUST aHAJIM3a Pa3MEpPHOCTEN MCCIIeIoBaTEelb JOJIKEH 3HATh Xa-
paKTep U 4ucio PyHIaMEHTaIbHBIX IEPEMEHHBIX B €70 SKCIIEpUMEHTe. PYyHOAMEHMAbHOU ne-



pemenHOol Ha3bIBAIOT JIIOOYI0 BEJIMYMHY, OKAa3bIBAIOLIYIO BIMSHHUE HA 3KCHEPUMEHT M CHOCO0-
HYIO U3MEHSITHCSI HE3aBUCUMO OT JIPYTUX MEPEMEHHBIX.

Ecnu skcnepuMeHTaTopy JeHCTBUTENBLHO U3BECTHBI BCE IEPEMEHHBIE, TO OH MOXKET Cpazy
xe TmpeoOpa3oBaTh HMX, IPUMEHHB MEPBYIO YaCTh T€OpeMbl bykuHrema:

«Ecnu kaxoe-nubo ypagnenue 00HOPOOHO OMHOCUMETBLHO PA3ZMEPHOCHMENl, MO €20
MOIHCHO npeodpazoeamv K COOMHOWEHUIO, COOEPHCAueMy HAOOp 0e3pazMepHbIX KOMOUHa-
UL BeSTUYUUH ).

OOHOPOOHBIM OMHOCUMENbHO pasMepHOoCmell SIBIIETCsl ypaBHEeHHE, (opMa KOTOPOTo HE
3aBUCUT OT BBIOOpPA OCHOBHBIX €UHHUII.

bespasmepnvie kombunayuu, 0 KOTOPBIX YIIOMUHAJIOCh B Teopeme bykuHrema, npejcras-
JSA0T cO0O0M MPOU3BENEHUST WM OTHOIICHUS BEJIMYMH, COCTABICHHBIE TAKUM O0pa3oM, YTO B
K10 KOMOWHAIIMU pa3MEpPHOCTH cokpatiatorca. Hampumep, ypaBHeHue miis koddduireHta
tpenns AP = f(L/D)V?/2g (rae L — wmna tpy6s1, D — muametp, V — CKOPOCTb TEUCHHUS IKHIKO-
cti). B 9TOM cilydae MOXKHO COCTaBUTb TpH Ge3pasmepHbie komOuHarmm: AP/(V?/2g), f u L/D.
Teopema Bykunrema He SIBISI€TCS CTOJb TPUBUAIBHOM, KaK 3TO MOMKET MOKa3aThbCs MPH pac-
CMOTPEHHUH HTOTO MPOCTOTO MPUMEPA, U €€ J10Ka3aTEIbCTBO JOBOJBHO CIOMKHO.

MO>XHO HE 3HAaTh BCEX MEPEMEHHBIX, BIMSIOUUX HA SKCIIEPUMEHT, HO HEOOXOIUMO Mpe-
CTaBJISAITH cede, YTO 3T MEPEMEHHbIE U CBA3BIBAIOIIEE UX Oe3pa3MepHOE YpaBHEHUE CYIIECT-
BYIOT HE3aBHCHMO OT TOTO, U3BECTHBI OHM WU HET. Eciu He ynaercs moly4uTh cuctemy 0e3-
pa3sMEpHBIX KOMOWHAIIMM, TO ITO SABISECTCS BEPHBIM MPU3HAKOM TOTO, YTO OBLIO YTO-TO MPOIY-
IICHO.

B cinywae ypaBHenus st koadduimenTa TpeHuss B ero Haubosnee oOmieM Buae 0OBIYHO
npencrapisier uHTepec BennunHa AP. M3BecTHO, 4TO 3Ta BeIMYMHA 3aBUCHUT OT JJIMHBI TPYObI
L, nuametrpa D u ckopocTt moToka V. Bec 3T BeNTUYMHBI SBJISIOTCS HE3aBUCUMBIMU TIEPEMEH-
HBIMH. XOTSI YCKOPEHHUE CHJIbI TSKECTH J MPAKTUYECKH BEJIMYMHA MOCTOSIHHAS, €T0 TaKKe He-
00X0IMMO paccMaTpuBaTh. JIerko yoeauThes, 4To TaKhe CBOMCTBA )KUIKOCTH, KaK IUIOTHOCTh U
BSI3KOCTh, SIBIIAIOTCSI HE3aBUCHUMBIMHM NEPEMEHHBIMH (3aBUCSIIMMHU OT BHAA XUIAKOCTH U €€
TeMIiepaTypsl). M3yueHue BHYTPEHHUX MOBEPXHOCTEN Pa3IMYHBIX TPYO MOKAa3bIBAET, YTO BHI-
COTa HEPOBHOCTEW MOBEPXHOCTU € TaKKE SIBISIETCS NMEPEMEHHOW BenWUMHOM. MTak, nomyyaem
BOCEMb (h)YHIAMEHTAIBHBIX MIEPEMEHHBIX U 00IIee YpaBHEHHUE MOXHO 3alKcaTh B CIEIYIOIIEM
BUJIE:

&.P:tp (L; D1 Vr P: }-]': el g)

CornacHo TeopeMe bykuHrema, 310 GyHKITMOHAIHLHOE COOTHOIICHHE (€CITU OHO OJTHOPOI-
HO) MOKHO BBIPa3HTh 4epe3 Oe3pa3sMepHble KOMOWHAIMKU Benu4uH. M3 OmbITa M3BECTHO, YTO
TaKO€ COOTHOIIICHHE UMEET CIEAYIOIINMA BHUI:

AP s f L VDp e
Vg =% (7 -D-).-

Mo>kHO TIOKa3aTh, YTO 3TU KOMOWHAIIUU SBISIOTCS 0e3pa3MEpPHBIMH, €CITH HCIOIb3YIOTCS
COBMECTHUMBIC €IMHUIIBI. DKCTIEPUMEHTATOPY 3HAYUTENBHO JeTue HAaWTH (QYHKIHIO (' B TaHHON
dbopmyre, ueM QYHKIHIO ¢ B IPEIbIAYIICH Ghopmye.

T-meopema:

«Ecnu cywmecmeyem oonoznaunoe coomnowenue @ (A, A, ..., Ap) = 0 mexncoy n gpuzuue-
CKUMU GeIuYUHAMU, 01 ONUCAHUSA KOMOPBIX UCHOoAb3yemca K ocHoeHbIX edunuy, mo cy-

+
m,, T . ]
wecmeyem maxxnce coomuowenue ¥ (T4, .oy Ty g)==0 medxncoy (n — K) oespazmepnot-
MU KOMOUHAUUAMU, COCMABIEHHBIMU U3 IMUX PUIUYECKUX 6ETULUH).
Cnoco0 HaxOoXIeHUs TAaKUX KOMOUHAIUMN OyleT pacCMOTPEH Ha MPAKTUYECKOM 3aHSATHH.



