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CXATUE MOOENN

HacTtoswee nsobpereHmne OTHOCUTCS K NMMHENHON U HEMMHENHOW NMHBEPCUN PUSNYECKNX
AaHHbIX 1, 6onee KOHKPETHO, HO He OrpaHNYMBasaCb 3TUM, K AAHHbIM 3NIEKTPOMArHUTHON

CbEMKM C ynpaBnsieMbiMm NctodHnkom (CSEM) unm cencmmyecknum AaHHbIM.

PaspaboTtaH uenbin psg cnocoboB MCCNEAOBaHMA 3eMHOM TeonorMyeckon cpeabl,
KOTOpble OCHOBaHbl Ha nepejaye BOMH WNU CUrHanNoB B kakyl-nnbo obnactb
reonormdyeckon cpeabl. epegaBaembli CUrHanm B3aMMOAEWCTBYET C T€ONOrnM4YeCcKou
cpefon, Mpyv 3TOM, Kak MnpaBWMo, 4acTb CUrHamna pacnpocTpaHsieTcs obpaTHO kK
MOBEPXHOCTW, TAe OHa 3anunCbiBAETCA M UCMONb3yeTCs ANSA MOnyyYeHus Hdopmayum o
CTPOEHUN Cpeabl B 3aBUCMMOCTM OT TOrO, Kak CurHan B3auMOAEWcTBOBanm C
reonormnyeckon cpegon. B cnocobe CSEM MOryT npumMeHATbCS, Hanpumep, AWMOoribHbIN
WUCTOMHMK  M3NyveHusi, OyKCMpyeMmbld Hajg  MOPCKMM  AHOM  Ans  nepeaayuu
3NEKTPOMArHUTHOrO CUrHana, u rpynna npueMHUKOB, MOMELLEHHbIX HA MOPCKOM AHE AnS
perucTpaymm curHana, npolleawero u4epes opMauulo HKe MOPCKOrO  JHa.
3aperncTpupoBaHHbiM CUrHan 3arem HeobxoAuMO WHBEPTMPOBaTb ANA MNONyYeHUs
dumsnyecknx napameTpoB. DPuUsMYeckMe napameTpbl MOFYT B HEKOTOPbIX Crnyqasx
NCNONb30BaTbCs ANSA OLEHMBAHUSA HanWuusi YrneBOAOPOAOB MNU BoAbl. PU3MYECKUM
napameTpom, Norny4aemMbiM Yalye BCEro, SsBNSAETCA yaenbHas NpoBOAUMOCTb hopMaLmu.
YaenoHasa npoBOAMMOCTb MOXET MWCNONb30BaTbCA B KayecTBe MapameTpa npu
MOZENMPOBaHNN, NO3BOMSAIOLLEro MOAENNPOBATL 3anWCaHHble AaHHble. OnTuManbHbIMM
3HAYEHVSIMWU  YAENbHOW MPOBOAMMOCTM  SBMSIOTCA T€, KOTOpble  ONTUMU3UPYIOT

COOTBETCTBUE MEXAY AaHHBIMU MOAENUPOBaHUA U AaHHbiM1 CSEM.

HenuHenHas nHeepcus gaHHbix CSEM BknovyaeT B ceba pelleHne 60nbLUIOn NTMHENHOM
CUCTEMbl YPaBHEHUA [ANS  BbIMUCIIEHUA CKOPPEKTUPOBAHHbBIX 3HAYeHUA yAENbHOW
NPOBOANMOCTM MPU Kaxaon utepaymm cnocoba uUtepaTtmBHOW ONTUMM3AUUN C LENbHo
MUHUMU3ALUN PaCCTOAHMA MEXAY AaHHBbIMA N AaHHBIMW MOAENMPOBaHusA. Yncno ysnos
NPOCTPAHCTBEHHON TPEXMEPHOW CETKM, Ha KOTOPOM OCHOBAH BEKTOP MOAENU, Kak
npaBuno, NPEBbLILAET MUMMNUOH, NP 3TOM pelueHne BGOMbLUION CUCTEMBbI YPaBHEHUN Ha
3TON CeTKE CTaAHOBUTCH HEOCYLLECTBUMbIM UMM NO MEHbLUEN Mepe LOPOroCTOoALUM B
OTHOLLUEHUWN BbIYUCAUTENbHBLIX PECYpPCoB. ANropuTMbl onTuMmsayum, He Tpebyowme
peweHnss GOnbLION CUCTEMbI YPaBHEHWW, PELLaOT €e nub NPUOANSUTENBHO, UMK
peLLaloT YMPOLUEHHYIO BEPCUIO UCXOLHOW CUCTEMbl YPaBHEHWA (Hanpumep, MOXET
npumMeHaTeca  anroputm  bpongena-dnetuepa-lonbadapba-LLlaHHO ¢ orpaHnyYeHHbIM

ncnosnb3oBaHNEM I'IaMﬂTI/I), OAHaKO OHU Tpe6yr0T O4YeHb TOYHbIX Ha4albHbIX BEKTOPOB
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MOAENU ANS AOCTMKEHUA XOPOLUMX pPe3ynbTaToB WHBEPCUWN. YMEHbLUEHMEe 4ucna
napameTpoB MHBEPCUM, TaKKE Ha3blBaeMblx CBOOOAHLIMU NapameTpamu, NpeacTaBnser
cobon npeanoYTUTENBHbIN Cnocob noBbIWEHMS 3WPEKTUBHOCTN anroputmMa MHBEPCUU:
NPU MEHbLUEM 4YMChEe NapameTpoB NUHENHas CUCTEMAa YPaBHEHWA CTaHOBUTCS HAMHOrO
MEHbLLE, NPW 3TOM peLUEHNEe HOPMaribHbIX YPaBHEHUN MOXET CTaTb OCYLLECTBUMbIM UMK
noTpebyeT 3HAYUTENbHO MEHbLUErO OObEMA BbIMUCIEHUA/CTOUMOCTM BbIYUCTIUTENbHbIX

pecypcos.

[ns yMeHbLUEeHMS1 Yncna He3aBUCUMbIX CBOOOAHbLIX MapameTpoB MOrYT MPUMEHSATLCS
CTpOrMe reoMeTpuyecKkne orpaHuyeHnsi. Hanpumep, sHavyeHus yaenbHON NpOBOAUMOCTM
B TEONOrMYeckn OnpeaensieMbix Tenax MoryT ObiTb 3ajaHbl MOCTOSIHHbIMW, U 3TU
MOCTOSIHHbIE 3HAYEHMA 3aTeM UHBEPTUPYIOT. OAHaKO HELOCTATOK 3TUX CNocoboB COCTOUT
B TOM, 4TO OHM TpebyroT Bonblioro obbema anpuopHON MHOPMAUUN U HEMPUIOAHLI,
Korga BbICOKOOMHbIE (MMOXOMPOBOASALUME) U MPOBOASALUME Tena MPOCTUPAOTCS Yepes

onpeaensieMble reOMeTPUYECKNE CTPYKTYPbI.
CywWHOCTb n306peTeHus

CornacHo nepBoMy acnekTy HacTodawero usobpeTeHus npegnaraeTcs crnocob OUEeHKU
Habopa bmsmyeckmx napameTpoBs, BKMOHaOWMN B cebst ntepatmBHoe UHBEPTUPOBaHUE
YPaBHEHNS C LENbi0 MUHMMM3AUUM LITPadPHOro 4rieHa B 3aBUCUMOCTUM OT AaHHbIX
MOZENNPOBaHNS M W3MEPEHHbIX JAaHHbIX W obecnevyeHnss  oueHmBaemoro Habopa
dumsnyecknx napameTpos, NPUYEM yKasaHHOE UTEPaTUBHOE MHBEPTUPOBAHME COAEPXKUT
Nno MeHbLLEN Mepe NepBbIn LWar MHBEPCUA 1 BTOPOW LLAr MHBEPCUU, U NpY 3TOM AaHHbIE
MOZENNPOBaHNS 3aBUCAT OT BEKTOpa MOAENW, npeicTaBnsowero Habop usmyeckux
napameTpoB, MPUMEHEHNE onepaTopa CKaTusi K BEKTOPY MOAENMW, NpenCcTaBnstoLemy
Habop M3MYEeCKUx napameTpoB, ANS YMEHbLUEHMSI Yncna CBOOOAHbLIX MEPEMEHHbIX U
MOMy4YEeHUsT CKaTOro BEKTOpa MOAENN U U3MEHEHME onepartopa CKaTus MEXAY NepBbIM

Lwarom MHeBepCcun 1 BTOPbIM LLIAromMm MHBEPCUI.

Cnoco6 MOXeT AOMNOMHUTENbHO BKMOYaTb B CeOA BbIMUCHIEHME KOMOMHAUMKM CXKaToro
BEKTOpa MOAENN, NONMYYEHHOro Ha NEPBOM LLare MHBEPCUN, N CXKaToro BEKTopa Mogenu,
MOMYyYEHHOrO0 Ha BTOPOM LUare WUHBEpPCMU. B 4acTHOCTW, BEKTOp Moenn MOXeT ObITb
onpeaeneH Ha CeTke, a onepaTop CXaTus MOXET ObITb NPEAYCMOTPEH C BO3MOXHOCTbIO

YMeHbLUeHNA Yyncna cB0OOOAHbIX napameTpos, onpejendemMblX Ha CeTKe.

Onepartop cxatnus MOXET NpeAcTaBnATb cobon MHTEpnonsaTop MeToaoM OGnvkauwero

cocefa, NPeAyCMOTPEHHbI C BO3MOXHOCTBIO WHTEPMONSUUM 3HaYeHUs PU3NYECKMX
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napamMeTpoB Ha cocefHux sivelkax ceTkn. Kpome Toro, Ans NPOMHTEPNONMPOBAaHHbLIX

3Ha4YEHUN MOXET MCMONb30BaTbLCA CriaXnBaHue.

YpaBHeHne MOXET npeacTasnaTb cobon HopmanbHOe ypaBHeHue no metoay [aycca-
HeloToHa. MHBEpcus moxeT Takke ObiTb ocHOBaHa Ha anroputme Okkama, anroputme
JleBeHOepra-MapkBapaTa,  KBa3WHbIOTOHOBCKOM  anroputMe  unu  rpagueHTHoOM
anroputme. M3MepeHHble faHHble MOryT npeacrasnate cobon gaHHble CSEM wunu

cencMmmyeckmne gaHHble. Cetka MoXeT ObITb perynspHOnN Unm HeperynspHou.

dusmyeckme napameTpbl MOryT ObITh CBA3aHbI C hopMaLMen, a ceTka MOXET 3aBUCETb OT
npegBapuTeEnbHbIX CBEAEHUMA O dopmaumun. MameHeHne onepartopa CxaTus Mexay
NepBbIM LLAroMm MHBEPCUM U BTOPbIM LLArOM MHBEPCUMWU MO3BONSET CABUraTb CBOOOAHbIE

napamMmeTpbl Mexay NepBbiM LIaroM MHBEPCUIN 1 BTOPbIM LLArom MHBEPCUU.

LTpadHonm uneH MOXET npeacTaBnsitTb COBOM OAHO WU3: MOTrPELUHOCTU MEXAY AaHHbIMU
MOAENMPOBAHUA U U3MEPEHHBIMU AaHHBIMW, LleneBon (OYHKUUK, 3aBUCALLEN OT AaHHbIX
MOAENMMPOBAHUA N M3MEPEHHbIX AaHHbIX, CYMMbl WUNX NpousBeaeHnsa (i) NOrpeLlHoCTU
MeXay AaHHbIMM  MOAENMPOBAHUA U U3MEPEHHbIMW  AaHHbiMKM KN (i)  AaHHbIX

mMmogennpoBaHud, B3BELLEHHbIX B COOTBETCTBUA C 3a4aHHbIM npeanoyYTeHnem.

CornacHo BTOPOMY acnekTy HacTosL|ero usobpeTeHus npeanaraeTtcsi KOMMbloTepHas
cucTemMa, BbIMOMHEHHas C BO3MOXHOCTbIO peanusauyum cnocoba nepBoro acnekra

n3obpeTenHuns.

CornacHo TpeTbemy acrnekTy HacTosiero usobpeTeHusa npegnaraetcs KOMMbITEPHOE
nporpammHoe obecnedeHne, kotopoe, OyayuuM YCTAHOBIMEHHbIM Ha KOMMbIOTEPHON
CMUCTEME COrMacHO BTOPOMY acrnekTy, BbIMNOMHEHO C BO3MOMXHOCTbIO WHULMMPOBAHUS

BbIMOMHEHUSI KOMMBIOTEPHON CUCTEMON crnocoba cornacHo NePBOMY acnekxTy.

UepTexu

HekoTopble BapyaHTbl OCYLLECTBINEHUS M3006peTeHus GyayT Tenepb pacKpbiTbl TONbKO B

Ka4yecTBe npumepa Co CCbINIKOW Ha npunaraemMble YEPTEXU, Ha KOTOPbIX
Ha dour. 1 nokasaHa hursnyeckasa xapakrepuctmka doopmaynu;

Ha ¢ur. 2 nokasaHa oLeHKa PU3NYECKON XapakTeEPUCTNKA doopmaynu;
Ha ¢ur. 3 nokasaHa oLeHKa PU3NYECKON XapakTeEPUCTUKM doopmaynu;

Ha ¢ur. 4 nokasaHa ceTka, Ha KOTOpPOW ornpeaeneHa Mogensb;
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Ha cur. 5 nokasaHa oueHKka PU3NYECKON XapakTepUCTUKM doopmauuu;
Ha ¢pur. 6 nokasaHa ceTka, Ha KOTOpPOW onpeaerneHa Moaens;

Ha cur. 7 nokasaH cnocob casura ceTku;

Ha cur. 8 nokasaHa oLeHka PU3NYECKON XapakTepucTukm dopmauuu;
Ha cour. 9 nokasaHa oLeHka PU3NYECKON XapakTepUCcTukm dopmauuu;
Ha cour. 10 NokasaHo BbINOMHEHNE PasnUYHbIX CNOCOOOB;

Ha cur. 11 npegcrasneHa 6nok-cxema.

MoapobHoe packpbiTUe N306peTeHUs

Kak nokasaHo Ha dur. 11, npepgnaraetca cnocob oueHkn Habopa QUaNYeckmx
napameTpoB, BKMYawwmn B ceba nteparMBHOE UHBEPTUPOBaAHUE YPaBHEHUS C LEMbIO
MUHUMM3aUUM WTpadHoro dneHa (S1) B 3aBUCUMOCTU OT A@HHbIX MOLENUPOBaHUA U
N3MEPEHHbIX AaHHbIX U obecneveHnsa oueHmBaemoro Habopa PusnMyeckmx napameTpos
(S2), npuyem ykasaHHOE UTepaTMBHOE UHBEPTUPOBaHUE COAESPKUT MO MEHbLUEN mMepe
nepBbIA LWIar MHBEPCUM N BTOPOW LIAr MHBEPCUU, NPUYEM BEKTOP MOAENU YTOYHSETCS
(S3), npu 3TOM p[AaHHblE MOAENUPOBaHWA 3aBUCAT OT BEKTopa Mogenu,
npeacrasnsapowero Habop usnyecknx napameTpoB, NPUMEHEHME onepaTopa CxaTua K
BeKTOpy moaenu (S4), npeacrasnsawoowemy Habop QusMyecknx napameTpos, AnA
YMEHbLUEHMS Ymcna cBoBOAHbIX NEPEMEHHbIX U NOMYYEHUsI CKATOro BEKTOpa Mogenu u
M3MEHEHWEe onepaTtopa CXaTua MeXAY NepBbiM LIaroM WMHBEPCUM U BTOPbIM LLArom

VNHBEPCUN.

ABTOpPbI M300PETEHMSA MPULLNN K 3aKMIOYEHUIO, YTO BEKTOP MOAENU MOXET ObiTb CXar,
nocne 4ero nMPUMEHSAETCA METO[, HasbiBaeMblh B HacCTOALWEM  AOKYMEHTe
«packaumsaHnem cetkm». OnNpeaensitoT BEKTOP M MOAENN, KOTOPbIA COAEPXKUT 3HAYEHMSA
rOPU3OHTAaNbHON U BEPTUKANbHOW YAENBHOW NPOBOAUMOCTU B SiYENKE CETKU. Bektop m
MOAENN COAEPXKMT CBOOOAHbIE NapameTpbl, KOTOPble MOXHO W3MEHATb B npouecce
WHBEPCUN ANS HaxXOXAEHUSA BEKTOpa M, KOTOPbIN MWHUMMU3UPYET PaCCTOSHUE MEXAY
N3MEPEHHBbIMU 3HAYEHUAMU M 3HAYEHUSMW MOAENMPOBAHUS, HanNpuMep, amnnutTygamu
anekTpuyeckoro nonga. CeTtka mMoxeT OblTb onpeaeneHa Ha OcCHOBe rNyOuHbI U
pacCcToAHUS BHYTPU reorpaduyeckon opmaymm npyv UCMNONb3OBaHUN ABYMEPHOrO
NPEeACTaBMNEHUA NN HA OCHOBE TPEX PasMEepHOCTEN NPOCTPaHCTBA NPWU UCMOMNb30BAHUM
TPEXMEPHOro npeacrasneHus. [peanoxeHHas moaenb cogepxut N napameTpos. B

NPeACTaBNEeHHOM  HMXE  KOHKPETHOM  BapuaHTe  OCYyLeCTBNeHus  usobpeTeHune
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WNNOCTPYpYeTCa Npu nomowm anroputma [aycca-HbloToHa, HO u3obpeTeHue MoxeT

TaKKe NPUMEHATLCS U B APYrUX anroputmax. fkobuaH gaHHbIxX paBeH (ypaBHeHue 1):
J =0dd/om,

raoe d npeacrtaensieT gaHHble CSEM, B3BELUEHHbIE MO MHBEPCUMU HEOMNPEAENEeHHOCTU
JaHHbIX. Pasmep BekTopa AaHHbiX paseH N, Ona nonyvyeHusa HanpasneHust noucka p
cormacHo metoay [aycca-HbioToHa, HeOOXOAMMO pewnTb HOpMarbHblE YpaBHEHUS

(ypaBHeHME 2)

Jip=—g,
B KOTOPOM rpagueHT g 3agaH (ypaBHeHMEM 3)

g = ]J"Ad,

rae Ad — HEBSI3KM B3BELLEHHbIX AaHHbIX, @ 3Be3Aouka () ykasblBaeT Ha COMPSHKEHHOE
TpaHCnoHupoBaHue. [JonornHUTENbHbIE YNeHbl perynspusanyum, KoTopble YacTo BKoYatoT
B 3TOT TUN 3a4a4u MHBEPCUM, OMYyLLEHbI ANS NPOCTOThl. B Tpex usmepeHusix skobuan J
CTaHOBUTCSI O4eHb BOnbLUMM ANS TUMWYHBIX HAOOPOB AaHHbIX, YTO 3aTPYAHSET peLleHne

ypaBHeHUs 2 unun xpaHeHue akobunaHa J.

YTOo4yHeHne mogenu Am = ap BbIMUCNSIOT NPU K&XA0N utepaumn. Ecnu 3agaya nuHenHa,
TO MPUMEHAEMOE YTOYHEHWE MOAENW paBHO TOYHO Am = p, nockonbky a = 1. Ons
HeNMVHEeMHbIX 33jad  skobwaH J nNpeacrtaBnsAeT  MMHEWHYIO  annpoKCUMMaumio
mMogenupytowero oneparopa. [oCKOMbKy 3Ta annpokcumauus He SABNSAETCA TOYHOM,
ny4ywe ncnonb3oBaTb YTOMHEHNE Mogenu Am = ap, rae a npeacrasnset cobon ckansp.
MoncCK BBLIMNOMHAETCA BAOMb HaMpaBMEHUsl, 334aHHOTO p, a CcKansp « MoKa3bIBaeT,
HacKonbkO Aaneko B 3TOM HarnpaBfeHUM AOMKHO 3alTW YTOYHeHue. [ns MeTonos,
HasblBaeMbIX OObIYHO NMHENHBIM MOMCKOM, MOXET OTbICKMBATLCS ONTUMAanbHOE 3Ha4YeHne

a, KOTOPOE MOXET CUINbHO OTNNYaTbCA OT 1 B HENMMHEWHbIX cny4yasax.

JInHenHbIn  nomuck TpebyeT HEKOTOPbIX BAaPUAHTOB  MOAENMPOBaHUA/MOCTPOEHUS
YNCMEHHbIX MOAENEN U HECKONMbKMX WUTEpaUUiA ANs OKOHYATEMbHOMO HaXOXAEHWUS
MOAXOASALLEro 3HAYEHUS ANS @, HO 3TU «BHYTPEHHMEY» UTEPALMMN BbIMOMHSIOTCSA NPOLUE U
BbicTpee, YemM 0OblyHbIE uTepauun. Nocne 3Toro wara BblMUCTAIOT YTOYHEHNE MOLENMW,
npyv 3TOM Mbl MOMyyYyaem YNyuylleHHYH Moaenb m + Am, Tak 4TO uenesas (PyHKUMS

MeHbLUe Ana m + Am , Yem oHa Obina ana m.
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Pa3mep BekTopa MOAENM MOXHO YMEHbLUWTL, NPUMEHSS cxaTue mogenu. MHTepnonaTop
R MOXeT UCMonb3oBaTbCs ANS CXKaTus pasmepa BekTopa m A0 YMEHbLUEHHOro yucna
napametpoB N, CoOOTHOLIEHNE Mexay oCXaTbiM BEKTOpoM i, cogepxawum N,

napameTpoB, N BEKTOPOM m COCTaBnseT (ypaBHeHme 4)

~

m = Rm

npmyem N, <K N. OtHoweHne N/N, npeactasndetr cobon KOIPPUUMEHT CxXaTms
napameTpoB. ABTOPblI U30OPETEHUS MPULLAM K 3AKMIOYEHUIO, YTO UHTEPMONATOP MOXHO
M3MEHSATb B MpOLECCe WHBEPCUMM, 4TODbI COYeTaTb YMEHbLUEHWE CrOXHOCTU C
YBEMNNYEHHbIM paspeLLIeHNEM OKOHYaTENbHOW OLEeHKU. B nMpocTpaHCcTBe CxxaTon MOoAenu

skobunaH ctaHoBUTCS (ypaBHeHue 5):

7 ad <6d><ad> IR
- am \am/\aAi/)
U CKaTbIN rPaAUEHT § MOXKET ObITb MOMyYeH U3 | Npy NOMOLLW YPaBHEHWUIA, aHaNOrMUHbIX
ypaBHeHMO 3. HoBasi cuctema ypaBHEHUW, 3HAYUTENBHO MEHbLLUMX, YEM YpaBHEHUE 2,
MOXET Ternepb ObiTb pelleHa ANS NOMyYEHUs CXaToro HanpasfeHus noucka p v Ans

MONYyYEHNS1 YTOYHEHUSI CXKaToh Moaenun Af = ap, rae a ONTUMU3MPYETCS JUHEWHbIM

NOUCKOM.

Bektop moaenu npu utepauun k paseH my = R, N 3aBUCUT TONbKO OT N, CBOBOAHbIX
napameTtpoB. Mogenb m; NO-NPEXHEeMy COAePXUT N pasnuyHbIX 3HAYEHWW, HO YUCNO
cBOOOAHbBIX MapameTpoB YMEHbLUEHO. Takum obpasomM, UHBEPCUS MOXKET BbINOMHATHCS
BbicTpee. OgHako okoH4aTenbHas Moaenb OyaeT B Nyyllem cnyvyae UMeTb paspelueHme,
CBSI3aHHOE CO CBOWCTBaMW WHTEPMONATOPa, KOTOPbIA, Kak MNpaBuMnO, MMEET HU3KOoe
NPOCTPaHCTBEHHOE paspelleHne npu Hebonbwom N, 3TO OrpaHuveHue paspelleHus
OyaeTr TakKe orpaHuuMBaTb CTEMEHb CXKaTusi, KOTOPYK MOXHO WCMNOMb3oBaTh Mpu

COXPaHEHUM UMELOLLIErO CMbICN pe3yrnbTaTta paboThl anroputMa MHBEPCUM.

B kauectBe wunnioctpauun, cBoOOAHbIE OT MNOMEX CUHTETUYECKMe paaHHble CSEM
reHepupoBannCb NMPU MNOMOLLUN KOHEYHO-Pa3HOCTHLIX METOAOB, MPUYEM MOAENUPOBAaNU
3anucb AaHHblX 10 NpUeMHMKamMM, PacrofOXEHHbIMU Ha MOPCKOM AHE C MHTEpBanom
1 kM. MHBepcuto cornacHo metoay aycca-HblOTOHa NPUMEHANMN KO BCEM 3anuUCaHHbIM
AaHHbIM npu 4vactotax anektpudeckoro nonsa 0,1, 0,25, 0,5, 1 n 2 Ty Ona kaxgown
4acToOTbl AaHHbIE NOAABNSANUCE NPU yAaneHun, Ha KOTOPOM OHU AOoCTuranm 107" B/AM®.
Ha dour. 1 nokasaHo yaenbHOe aneKkTpudeckoe conpoTmuBneHue opmauyuu, a Ha dwur. 2
nokasaH pesynbTaT uHBepcum 6e3 MCnonb3oBaHus Cxkatus. B 3TOM cMHTETMYECKOW

cUCTEME MOXHO M3bexarb UCMONb30BaHUA CKaTus, NOCKONbKY 3ajada BKIHO4YaeT B cebs
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TONMbKO ABE PasMEpPHOCTU MPOCTPaHCTBA, HO HEBO3MOXHO U3bexaTb MCMNONb30BaHUA
ckatusa B OOMbLUMHCTBE TPEXMEPHbIX 3a4a4 MHBEPCUU pearbHbIX AaHHbIX U3-3a pa3mepa
BekTopa m wmogenn. CeTka wuMeeT BepTuKanbHy AuckpeTtusaymio 50m  wu
ropusoHTanbHyo auckpetusaymio 100 m. MnybuHa dopmanum coctaBnsaeT 4 kM, Torga kak
ropusoHTanbHoe paccrosHne dopmaymm - 20 kM. AHOManuUM CONPOTUBMNEHUA B
dhopmaynn, CBNAETENLCTBYIOWME O HANUYMW YINEBOAOPOAOB, NOKa3aHbl BEPTMKANbHbIMM
YEepHbIMU NUHUAMKW. Pes3ynbTaT WHBEPCUMM, MoKasaHHOM Ha dur. 2, npaBUNbHO

naeHTnduympyeT aHomanmm B popmanum.

Ha cur. 3 nokasaH pesynbTaT MHBEPCUM NPU UCNOMNb30BaHUN KO3dhduLneHTa cxartms 4.
CeTka, Ha KOTOPOW BbINOMHAETCA UHBEPCUS, NokasaHa Ha dur. 4. KoadpprumeHT oxatms
4 pocturaeTca NyTEM YMEHbLUEHWS pPas3pelleHUs Kak rOpU3OHTAaNbHOW, Tak WU
BEPTMKaNbHOW AuckpeTtusauyum B 2 pasa. Kak MOxHO BuaetTb Ha dwur. 3, pesynbrar
WHBEPCUM MMEET TaKoe e paspeLUeHMe C CXKaTMeM, Kak cama ceTka, nokasaHHas Ha
dur. 4. YepHas obnactb HaBepxy hur. 4 npeacrasnseT cobon BOAHbIN CIOW, rae MOAENb
He yTouyHaeTcsa. Pur. 3 no-npexHemy npaBWMbHO WAEHTUULUUPYET aHoManum B

dopmaumn, HECMOTPS Ha Cxarue.

Ha dour. 5 nokasaH pesynbTaT MHBEPCUU NPU UCMONb30BaHUN KOIhULUMEHTA CXaTng
132, pgocTuraemoro nyTemM yMeHbLUEHUS paspeLleHUs B FOPU3OHTarNbHOM HanpaBneHun
Ha 22 N yMEHbLUEHNA paspelleHus B BepTUKanbHOM HanpasneHum Ha 6. Ha dwur. 6
nokasaHa CeTka, Ha KOTOpPOW BbINOMHAETCA WHBepcua. Ha cur. 5 nokasaHo, Kakum
obpa3om pe3ynbTaT MHBEPCUMU SBNAETCA TakMM Xe, KaK paspelleHne CEeTKM, NOKasaHHOoM
Ha c¢ur. 6. Ha cdur. 5 nokasaHo TaKke, 4TO aHomanuu B dopmauyum Bonblie He
NAEHTUDULMPYIOTCA NPaBUMbHO, MO3TOMY pe3ynbTaTbl MHBEPCUM HEHaAEXHbl, Kpome

TOro, paspeLLeHne YMEHbLLEHO.

ABTOpbl M300PETEHUS MPULLINN K 3aKIMIOYEHUIO, YTO BbIMUCIUTEMbHbLIE MPeuMyLlecTBa
CETKM C HU3KUM paspeLLeHNEM MOXHO couveTaTb C pesynbTatamu MHBepcun c¢ Bonee
BbICOKMM paspeLleHMEM, €CNN UBMEHNATb CXKaTue Kadkablii pa3 npu BblIOOpe HOBbIX
3Ha4YeHMn Ans cBOOOAHbIX MApamMeTpoB, YTO TaKKe HAa3bIBAETCH YTOMHEHUEM MOAENW.
Onepatop R MOXET U3MEHATLCA NPWU K&KAO0WN UTEPaLUn C COXPAHEHMEM TOW KE CTEMNEHU
ckatua. Onepatop R MOXET U3MEHATbCA CrydardHbiM obpasoMm uMnu C  paBHbIMU
npupaLieHnaMM Npu Kaxkaon utepauymun. Mpyn ntepauymm k MHBEPTUPOBAHHAS MOZAEMb
BEKTOpa m;, YAENbHOW MPOBOAUMOCTM HA CETKE C MOSHbIM pa3peLleHneM CBsizaHa C

BEKTOPOM 7, YAENbHOM NPOBOAUMOCTH, Kak NoKa3aHo ypaBHEHNEM 6
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mk = Tn1 + ER,{AT%R

=1
koTopoe ©Oonblle He wumeeT OPMbl YpaBHEHUS 4, pPaCCMOTPEHHOTO  BbILLE.
CyMMMpOBaHNE MHOXECTBa MOAUPULMPOBAHHbLIX BEKTOPOB YAENbHOW MPOBOAUMOCTM

YBEMUYMBAET paspeLLEHNE CETKN.

Mpouecc caura CeTkn, Kak MOXET ObITb Ha3BaHO M3MEHEHUe ornepartopa R, nokasaH Ha
dur. 7A, B n C. Ha dur. 7A nokasaHa nepsasi NpOCTPaHCTBEHHas ceTka rmybuHbl B
3aBMCUMOCTU OT PacCTOSAHUS, Ha KOTOPOW onpeaerieHa MOoAenb YAenbHON NPOBOAUMOCTU
m,. Ha dwur. 7B usmMeHeHns U3IMHECKMX MapamMeTpoB, MOKasaHHble B Buae
Am, = R,A#i,, BbINOMHAKTCS Ha APYron CEeTKe, CABUHYTOMW OTHOCUTENBLHO NEPBON CETKM:
nepeBas ceTka COOTBETCTBYET onepaTtopy WMHTepnonauum R, TOrga kak BTopas ceTka
COOTBETCTBYET oneparopy uHrepnonayum R,, otnuyHomy ot R, Ha dur. 7C cnepytowjas
utepayms Moaenu yaensHon NpoBOAMMOCTN m4 NokasaHa B Buge ms = m, + Am,. Ecnu
NPeANONOXUTb, YTO HaYanbHas MOAENb m, ABMAETCA O4HOPOAHOW, TO my, = my + Ry AR,
UMEeT TaKoe e paspelleHne, Kak nepBas cxatas CeTKa, HO paspelleHne Bo3pacTaer
npy BTOPOWN Utepauunm, nockoneky R, # R; 1 BO BPEMS UTEPATUBHOMO NpoLecca MHBEPCUN
paspeLleHne HapacTaeT. YTOYHeHHas Moaenb 6onblue He MOXET OMUCbIBATLCA CXKaTbIM

yncrnom ceoboaHbIX napameTpos N, HaNpUmep, kak B npumepe Ha cur. 5 un 6.

Ha dwur. 8 n 9 nokasaHbl OKOHYaATENbHbIE MOAENU YAENbHbIX COMPOTUBNEHUN,
Mony4YeHHble CNOCOOOM M3MEHEHMS onepaTopa UHTepnonauun. KosdduumeHT cxatms Ha
dur. 8 n 9 paseH 132 1 NonyyeH NyTeM cxatusa 22 B ropu3oOHTaNbHOM HanpaBneHUun u
coxatna 6 B BepTUkanbHOM HanpasneHun (no rnybuHe). Ha cour. 8 yTouHeHns mogenu npu
nobon ntepaumn ObinM NOCTOAHHBIMU B KaXKAOW AYEMKe CXaTOoW CeTKW, Kak B cnocobe,
nokasaHHOM Ha cur. 3—6. Kpome Toro, yToMHEHME MOAENN PaBHO AN BCEX AYEEK N'YCTON
CETKM, OTHOCSALUUXCHA K OAHOW M TOW e OOMbLUON S4YerKe CKaTon ceTku. PasnuuHble
CETKN, UCNONb3yeMbI€ NMPU UTEPaTUBHOM Mpouecce, ABMSTCS BMAMMbIMU. Ha cwur. 9
pasnuyHble ceTkn Gonblie He BuAHbL. Pasnunune mexgy cnocobom, NMpUMEHSEMbIM Ha
dur. 8, n cnocobom, NPUMEHsIEMbIM Ha ur. 9, 3akni4aeTcs B TUME WUCMONb3YyEMOro
oneparopa WHTepnonaAuum R, T.€. TUNE COOTHOLIEHUS Mexay oxXaTbiM Habopom
dusmyecknx napameTpoB M U PUINYECKUMU NapameTpamu m, OMNpPeAEeneHHbIMA Ha
«MNonHoM» ceTke. Ha dour. 8 COOTHOLIEHME MeXAY CKaTbiM YTOYHEHUEM MoOAenn A,
(onpepeneHHbIM Ha CXaTon CeTke, cogepxawen Oonblmne SYErKn) U YyTOUYHEHUEM
Mogenn Am, = R,Af, (ONpeneneHHbIM Ha CeTKe, CoAepKaLlen mMmarnble SHENKN) TakoBso,

YTO YyTOYHEHUE MoJenun paBHO ANA BCEX ManblX A4veek, OTHOCALLMXCA K 040N N TOW Xe
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BonbLLON AYerke CKaTton CeTkn. JTO O3Ha4vaeT, YTo onepartop Ry npeacrasnser cobou
WHTEPNONATOP METoAOM Onwxauwero coceja Mexay ysnamu, pacnorioKeHHbIMU B
LUeHTpax BonbluMX A4eek CeTKM k-20 cxatnda. Ha dur. 9 npMMeHSIoTCA NHTEPNONATOpbI,
fonee rnagkue, 4em WHTEPNONSTOPbl MeToaoM Onwkanwero coceaa. MOXHO TaKke
CHavyana ncnonb3oBaTb MHTEPNONALMIO METOA0M Brmkanero coceaa C nocnegyoLwmm

crnaxmsaHMem Nnony4vYeHHoro pesynbrara.

PesynbTtatom, Kak nokasaHoO Ha dur. 8 u 9, aBnseTca npasunbHas uaeHTUdmkaumns
aHomanuin B chopmaumn. PesynbTaTbl HE CMULLKOM OTNMYAIOTCH OT UHBEPCUN TOSTHOWY
MOAENN, NOKasaHHOW Ha dur. 2, XOTS WuUcnonb3yetrcs koadhduumeHt oxatus 132.
NHBEpCcUs NOMHOW MOAENU He SABMNSETCSA MNPUEMIEMbIM BapuaHTOM ANS peanbHbIX
Habopos gaHHbix CSEM, a komnpeccunsi B COMETaHUN C U3MEHEHNEM CETOK, pacKpbiTas B
HacTosiLemM AOKymeHTe, obecneunmBaeT nNPakTUYECKM BO3MOXHBIA cnocob  ans
AOCTMXKEHMS TOYHbIX OLEHOK YAENbHOW npoBOAMMOCTU opmauyun. pu cpasBHeHUU
pesynbTaToB Ha cur. 8 n 9 ¢ pesynbTatamu Ha cur. 5 cnegyet OTMETUTb, YTO cnocod Ha
dur. 5 He saBnAeTCS NONe3HbIM, NOCKONbKY AAeT O4YeHb nnoxue pesynbtartbl. OgHako

BblMUCNUTENbHLIE 3aTpaTthl cnocoba Ha dur. 8 1 9 CxoaHbI ¢ pe3ynbTaTom Ha dur. 5.

Ha dwur. 10 nokasaHa cpeaHekBagpaTUdHas MOrpelHocTb Mexay AaHHbimun CSEM u
AaHHbIMW MOAENUPOBaHUA, OCHOBaHHLIMWU Ha PACYETHOM YAENbHOM COMpOTUBNEHUU. Ha
BEPTUKANbHOW OCKM MOKasaHa MnOrpeLlHoCTb, @ Ha FOPU3OHTaNbHOW OCUM — YUCIIO
utepaymm nHeepcum. MNorpeLlHoCTb YMEHbLUAETCA NPU YBENUYEHUN Yucna utepayumn Ans
BCex cnocobos. HammeHee 3pdekTMBHbIM cnocobom € Hambonblueh OKOHYaTENbHOW
MOrpeLlHOCTbI0 ABNSAETCS Cnocob, B KOTOPOM MCMONb3yeTcs kO3ahdPULNEHT cxaTtua 132
06e3 naMeHeHus ceTkn. BekTop moaenn, ucnonbayowen KoddduuymeHT cxatma 132 u
AOMOMHUTENBHO M3MEHSOLWEN CETKY, UMEET OKOH4YaTeNbHYI MNOrpeLUHOCTb, HaMHOrO
Nyydlwyo, 4em HaumeHee 3hdeKTMBHbIN cnocob. [danbHenwero ynyudlleHUst MOXHO
AOCTUYb, MCMOMb3ysa TakkKe CcrnaxueaHue npu wuHTepnonauyun. Cnaboe coxatne c
koathdbuymeHtom 4 cHoBa okasbiBaeTcss 6onee 3ddeKTUBHLIM, TOrAa Kak BEKTOP

«NONHON» Mogenu 6e3 kakoro-Nnnbo cxxaTus AaeT nyylune pesynbTaThbl.

Cnocobbl, packpbiTble B HaCTOAWEM [AOKYMEHTE B KayeCTBE MpuMMepa, KacarTcs
HEeNUHEMHON wuHBepcun pAaHHbix CSEM, HO 3aaBneHHoe u3obpeTeHue MOXeET
NMPUMEHSITLCS TaKKe U K APYrMM crnocobam. Hanpumep, K HEMMHENHON UHBEPCUM APYTUX
TUNOB  reodU3NYECKMX  AaHHBIX, TaKUX KaK MarHUTOTENNYpPUYECKNE  AaHHbIE,
CENCMUYECKNE [aHHbIE U aKyCTMYECKME AaHHble, COOpaHHble B CKBaXKMHaX, a Takke
AaHHbIE 30HAMPOBaHUS reopagapoM. [Ons CeNCMUYECKMX AaHHbIX HacTosiee

nsobpeteHne MoxeT ObiTb MPUMEHEHO K TaK Ha3blBAEMOW MOSIHOBONTHOBOW MHBEPCUMW.
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Cnocob MoXeT TaKxke NPUMEHATBCA K KOMNNEKCHbIM MHBEPCUAM, rage HeCKOJIbKO TUMNOB

AaHHbIX NCNONb3YKOTCA O4HOBPEMEHHO.

HekoTopble ofWM CBOMCTBA rEOMOTrMYECKON  Cpeabl, KoTopble MOryT ObiTb
WHBEPTUPOBAHbI HA OCHOBE reoMU3NYECKMX JaHHbIX, BKMOYaAlOT B cebA CKOPOCTb
aKyCTUYECKOW BOMHbI, NIOTHOCTU MNOpoa opMauMn U TeKyuMx cped, akyCTUYeCKUK
umMmneaaHc, koacpduymneHT lNyaccoHa, KO3MDULUNEHT CHUMAEMOCTUN MOPOAbI, KECTKOCTb

npw caBuUre, NOPUCTOCTb U HACBILLEHHOCTb TEKYYEN CPeaon.

[eTePMUHUCTCKNE METOAbl MHBEPCUM OCHOBaHbl HA CPaBHEHWM BbIXOAHbLIX AaHHbIX
MOZENN reonormyeckon cpeabl ¢ HabnaaemMbIMM NONEBBIMA AaHHBIMU U HENPEPLIBHOM
YTOYHEHMM NapaMEeTPOB MOLENM reONOrMYeCKon Cpeabl C LENbo MUHUMU3aUUN OyHKLMK,
koTopast 00bIMHO npeacTaBnseT coOon HEKOTOPYK GOPMY Pa3HOCTU MEXAY BbIXOAHbIMU
AaHHBbIMM MOZENM M NoneBbiMU HabnwaeHnsmn. Habop napameTpoB MOAENW, KOTOPbIN
MUHUMU3NPYET LENEBY0 YHKUMIO, (POPMUPYET YUCMOBYIO CENCMOrpammy, KoTopas
Hamnyywmnm obpasomM COOTHOCUTCS ¢ COBPaHHbIMU NOMNEBBLIMN CENCMNYECKMMU AaHHBIMMU.
LLlar yTO4YHEeHMs1 TakKe BbIMOMHSAETCA Ha CEeTKe, KOTOpasi MOXET U3MEHSTbCA MEeXAy
utepaymamm. CToxacTMyecKne MEeToAbl WHBEPCUM MOTYT TakKe MNPUMEHATBCH AnS
reHepaymm Moaenen ¢ OrpaHNYEHMsSIMN B TOM CMbICIE, B KAKOM OHW MCMONb3YIOTCSA Mpu
MOZENMPOBaHNN NMOTOKOB TEKYYMX Cpej B Nnacre, ¢ NPUMEHEHMEM FreoCTaTUCTUHECKUX
WHCTPYMEHTOB, TakMX Kak KPUrMHr. B oTnnumne oT eTepMUHUCTCKMX METOA0B MHBEPCUM,
KOTOpblE TEHEepPVPYIOT E€AMHCTBEHHbIN Habop napameTpoB, CTOXaCTUYECKME METOAbI
reHepupyT CEMENCTBO anbTEePHaTUBHbIX NapameTpoB MOAENUN reonorndeckon cpegbl,

BCEe N3 KOTOPbIX NOAYUHAIOTCA OrpaHUyeHno moagenu.

XoTa Hactosiee U3o0peTeHne packpbiTo Ha NpuMepe MNpPeAnoOYTUTENbHbIX BapuUaHTOB
OCYLLECTBMNEHMS, W3MOXEHHbIX BbIWe, Cneayet MnoHUMMaTb, YTO 3TU  BapWaHThbl
OCYLLIECTBMNEHMS SBMNSIOTCS NULLb UNNIOCTPATUBHBIMK, N YTO hopmyna M3obpeTeHns He
orpaHmyeHa atumm BapuaHtamu. Cneymanunctbl B AaHHOW 0ONactv TEXHUKM CMOryT
BHECTU MOAMUMKALUMM N MPUMEHUTb anbTEPHATUBHbIE BapuaHTbl C YYETOM AaHHOro
OMMCaHusi, KOTOpble paccMaTpMBaKOTCA B KavyeCTBE BXOASALMX B OOBbEM MPUTS3AHWN
opmynbl n300peTeHns. Kaxabid NpU3HaK, pPackpbITbiA UM NPOUNMIOCTPUPOBAHHLIA B
HacTosILLEM OMMUCaHUN, MOXET ObITb BKMIOYEH B M30OPETEHME, CaMOCTOSTENBHO UMK B
nobon cooTBETCTBYOLEN KOMOMHALUK ¢ NIOOLIM APYTMM NPU3HAKOM, PacKpbITbIM UNn

NPOUNMIOCTPUPOBAHHBIM B HEM.
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®OPMYIIA N3OBPETEHUA

1. Cnocob oueHkn Habopa pusmyecknx napameTpoBs, CogepXallmn cneayoLlee:

BbIMOMHAT UTEPATMBHOE VHBEPTUPOBAHUE YPaBHEHUS C LENblo MUHMMU3ALUM
LUTPadHOro YneHa B 3aBUCUMOCTU OT JaHHbIX MOAENUPOBAHUSA U U3MEPEHHbIX AaHHbIX U
obecneyeHus oLeHmBaemoro Habopa hnusndecknx napameTpos,

NpUYEM yKasaHHOE UTEPaTMBHOE MHBEPTUPOBAHUE COAEPXKMT MO MEHbLUEN Mepe
MepBbIA Lar UHBEPCUM M BTOPOW LIAr UHBEPCUM, MPU 3TOM AaHHble MOAENMPOBaHUS
3aBUCAT OT BEKTOPA MOAENM, NPEeACTaBnAoLWEro Habop MU3MYECKUX NapameTpoB;

MPUMEHSIIOT onepaTop CXaTusi K BEKTOPY MOZEnW, npeacTasnstowemMy Habop
dusnyecknx napameTpoB, ANSA YMEHbLUEHUS u4ucna CBOOOAHbLIX MNEPEMEHHbIX U
MOMYYEHNS CKaTOro BEKTOPa MOAENY;

N3MEHSIIOT OMnepaTop CXKaTus Mexay NepBbIM LIaroMm UHBEPCUUN U BTOPLIM LLAroM

MNHBEPCUN.

2. Cnocob no n. 1, 4ONONHUTENBHO COAEPXKaLLUA cnejyoLlee:
BbIYMCMIAIOT KOMOWHALMIO CXaToro BeKkTopa MOAENM, MONYYEHHOr0 Ha MNepPBOM

ware MHBepCcun, N CKartoro Bekrtopa mogenun, nony4eHHoOro Ha BTOpPOM LUare MHBepCun.

3. Cnoco6 no n. 1 unn 1, B KOTOPOM BEKTOP MOAENMU ONpefeneH Ha ceTke, Npu 3ToM

onepaTop CKaTus YMEHbLUAET YMCNO CBOOOAHbLIX MAPaMETPOB, ONPeaensemMbiX Ha CETKe.

4. Cnocob no n. 3, B KOTOPOM YKasaHHbIN onepaTtop CxaTusi nNpeacrasnseT coboun
WHTEPMONATOP MEeToAoM Onvkamwero cocena, NPeayCMOTPEHHbIN C BO3MOXHOCTbIO

WHTEPNONAUMM 3HAYEHUS] PU3UYECKUX NapPaMEeTPOB Ha COCELHMX SUYEMKAX CETKM.

5. Cnocob no n. 4, AOMNONMHUTENBHO coaepaLun crnaxvBaHue

NPOVHTEPMNONUPOBAHHbIX 3HAYEHWUIA.

6. Cnocob no no6omy 13 n.n. 1-5, B KOTOPOM yKazaHHOE UHBEPTMPOBaAHNE OCHOBAHO
Ha ogHom u3: metoaa [aycca-HbioToHa, anroputma Okkama, anroputma JleBeHbepra-

MapkBapTa, KBasHbIOTOHOBCKOrO anropuTma Unm rpagMeHTHoro anroputma.

7. Cnoco6 no nwbomy M3 n.n. 1-6, B KOTOPOM YyKa3aHHblE M3MEPEHHbIE AaHHbIE

npeactaenstoT cobon gaHHble CSEM nnun cencmmyeckne gaHHble.

8. Cnocob no n. 3, B KOTOPOM CETKA ABNAETCA PaBHOMEPHOMW UMM HEPABHOMEPHOW.
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9. Cnocob no n. 3, B KOTOPOM hU3NYECKNE NapameTpbl CBA3aHbI C popmaumen, npu

3TOM CeTKa 3aBMUCUT OT NPEeABapUTENbHbIX CBEAEHWI O chopMaLmn.

10. Cnoco6 no n. 3, B KOTOPOM YyKasaHHOE M3MEHEeHWe oneparopa CxXaTtus Mexay
NepBbIM LLAroM MHBEPCUM U BTOPbIM LLAroM UHBEPCUM cABUraeT cBobOAHbIE NapameTpbl

MeXAy NepBbIM LLarom MHBEPCUU 1 BTOPbIM LLIArOM UHBEPCUN.

11. Cnocob no nobomy 13 n.n. 1-10, B KOTOPOM LUTPAHON YNEH ABNSETCA O4HUM U3:
MOrpeLUHOCTM MEXAY AaHHBIMU MOAENNPOBAHNS U U3MEPSEMbBIMU SaHHbIMW;
ueneson (YHKUMM, 3aBUCALLEN OT JaHHbIX MOAENMPOBAHUA WU U3MEPSEMbIX

AaHHbIX;

CYMMbI Unu npoussegeHuns (i) NOrpelHoCTN MEXAY AaHHbIMU MOAENNPOBAHUS U

M3MEPEHHBLIMWN AaHHbIMU U (ii) AaHHbIX MOAENNPOBAHUSA, B3BELLEHHbIX B COOTBETCTBUM C

3ajaHHbIM npeanoyYTeHUeMm.

12. KomMmnbloTepHas CUCTEMa, BbIMNOMHEHHAs C BO3MOXHOCTbIO peanusaumu cnocoba

no nodomy u3 n.n. 1-11.

13. KomnbloTepHoe nporpammHoe obecnedeHune, kotopoe, 6yayum yCTaHOBIEHHbIM B
KOMMNbIOTEPHOM cucteme no n. 12, o6ycnosnmBaET BbINOMHEHNE KOMMBIOTEPHOW CUCTEMOWN

cnocoba no nodomy u3 n.n. 1-11.
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