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CKpbITble napamMeTpbl U TPAHCNOHUPOBaHHas perpeccus
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Boruucnurensusiii nentp CO PAH B r. KpacHosipcke

Pemaercst knmaccuueckasi mpoOiemMa BOCCTAHOBIEHUS! HEJOCTAIOIIMX JAaHHBIX B
CIeNyIolIel TOCTaHOBKE: HAWTH Ui KaXAOoro oOBbEKTa HAWIy4lIylo ¢GopMyimy,
BBIPAKAIOLYIO €r0 MPU3HAKK 4Yepe3 MPHU3HAKU JIPYIHMX OOBEKTOB (KOTOPBIX JOJKHO
ObITh IO BO3MOXKHOCTH MeHbIlE). JTa ¢dopMyla JoJKHAa ObITh WHBapUaHTHA
OTHOCUTEJIBHO CMEHBI WIKal H3MepeHus. VHBapMaHTHOCTh JOCTUIAaeTCs TEM, 4YTO
pelIeHre MPEeACTaBIsAeTCS B BUIE CYNEPIO3UIIMH OAHOPOJIHBIX APOOHO - JIMHEHWHBIX
byHKINI.

CtpowuTcst oTHOIIEHHE "0OBEKT - OMmopHas rpynmna 00bekToB". OnopHas rpymnmna
BbIIEJIEHA TEM, YTO [0 TNpHU3HAKAM €€ DJIEMEHTOB HawIydlluM o0pa3zom
BOCCTAHABJIMBAIOTCS MPHU3HAKU HCXOJHOTO OOBEeKTa. PerieHue naeTcsi ¢ MOMOUIbIO
HEHUPOHHOM CeTH cHenualbHON apXuTekTypshl. Ilpemnaraercs cnocod MHUHMMM3ALUU
OTIOPHOM T'PYMIIbL, UCIIOIB3YIOLINN TPEUMYILIECTBA HEHPOCETEBOr0 MOAX0/1A.

MeTon TpaHCIIOHUPOBAHHOM PErpecCUr MPUMEHSETCS K 3ajady€ MHTEPHOISLIUU
CBOMCTB  XMMHMYECKHMX JJEMEHTOB. Mccienyercss TOYHOCTb — MHTEPHOJISLIUU
NOTEHIIMAJIOB MOHU3ALNHA XUMHYECKHUX 3JIEMEHTOB IPU MOMOILIX TPAHCIIOHUPOBAHHOMN
JUHEWHOM  perpeccun.  JlocTUrHyTass  TOYHOCTh  IIO3BOJSIET  IPEACKa3aTh
OTCYTCTBYIOILIIME B CIPABOYHOM JUTEepaType 3HaueHus BbicUX (¢ 5-ro mo 10-i)
MOTEHIMAJIOB MOHU3ALMH JUIsl SJIEMEHTOB C aTOMHBIMU HOMEpaMu OT 59-ro 10 77-ro u
PEKOMEHJ0BAaTh METOJ JJIi HHTEPIIOJIALNN UHBIX (PU3MUECKUX M XUMUYECKHX CBOMCTB

AJIEMEHTOB U COCIMHCHUM.

1. 'mnoTe3a 0 CKPBITHIX MapaMeTpax
[lycth  3aaHO  HEKOTOPOE  MHOXECTBO  OOBEKTOB M  COBOKYIHOCTb

(«<HOMEHKJIaTypa») MPU3HAKOB 3TUX OOBEKTOB. [[1s Kakaoro oObEeKTa MOXKET OBITh
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OTIpEJICIICH BEKTOp 3HAYCHHI €r0 MPHU3HAKOB - MOJHOCTHIO WM 4acTU4HO. Ecnu 3Tn
3HAUEHUsS I KAKUX-TUOO OOBEKTOB OIpPEAENIEHbl HE TMOJHOCTHIO, TO BO3HUKAET
KJIacCUYecKasi mpobJieMa BOCCTAHOBIIEHUS TPOOEIIOB B TaOIUIIAaX MaHHBIX [1].

Haubomnee pacnpocTpaHeHHBIN MyTh €€ PEIISHUsI - TOCTPOCHUE PErPECCHOHHBIX
3aBucumocteid. [Ipeamonaraercsi, 4T0 OJHU CBOWCTBA KAXJIOTO M3 OOBEKTOB MOTYT
OBITh C JIOCTATOYHOW CTETICHHIO TOYHOCTHU OMHUCAHBI KaK (DYHKIIMH JIPYTHX CBOMCTB.
OTH GyHKIMH OUHAKOBBI JUIS Pa3JIMYHBIX 00beKkTOB. [locnennee nmpeamnonoxeHue
BBINIOJIHSETCS JaJCKO HE BCEra.

Uto nenath, €ciiv HE yIaeTCsd MOCTPOUTH PErPECCUMOHHON 3aBUCUMOCTH, OOIIEi
JUIsE BceX 00BeKTOB? B 3TOM ciydae €CTECTBEHHO MPEIIONOXKUTh, YTO CYIIECTBYIOT
HEOIMCAHHBIE M HEM3MEPECHHBIE CBOMCTBA OOBEKTOB - © UIMEHHO B HUX U 3aKITFOYAFOTCS
CKPBITBIE Pa3IN4Us, HE JAIOMINE MTOCTPOUTHh UCKOMBIC 3aBHCUMOCTH. DTH HEYYTCHHBIE
U HEW3MEPCHHBIE CBOWCTBA; OT KOTOPBIX 3aBHUCAT HAOIIOJaeMbIe TapaMeTphl,
HA3BIBAIOT «CKPBITHIMH TTApAMETPAMI», a TIPEIOI0KEHHE O TOM, YTO BCE JEJIO B HUX -
TUNOTE30i 0 CKPBITHIX MapaMeTpax.

[IpoGneMa CKpPBITBIX MapaMeTpOB CTajla 3HAMECHHWTOW, Ojarojapsi KBaHTOBOM
MexaHuKe. MHOTOJIeTHUE TIOMBITKA CBECTHM KBAHTOBBIC HEOMPEACIICHHOCTH K
pPa3IMUMI0 B 3HAYEHUSX CKPBITHIX MAapaMeTPOB M MOUCK ITHX CaMbIX MapamMeTpOB He
YBEHYAINCh yCcTeXoM. B 3ToM ciydae mpoOiieMa OTCYTCTBUS OJHO3HAYHBIX CBS3EH
MEXIY  XapaKTEepPUCTHKaMH OOBEKTOB  OKaszajllach TIJIyOke, a  KBaHTOBBIE
HEONPEACICHHOCTH TMPU3HAHBI HECBOJAUMBIMH K  pPa3IUMYMI0 B  3HAYCHUSAX
HEHM3MEPEHHBIX, HO B MPHUHIIUIE JOCTYIHBIX W3MEPEHHUIO BEJIWYUH - JISI KBAHTOBBIX
00BEKTOB MUKPOMHUPA CKPBITHIX MTApaMETPOB HE HAIILIH.

3a mpeaenaMu MUPOB KBAHTOBOM MEXaHHMKHU Pa3IMUUsSI MEXIy OOBEKTaMH BCETaa
00BSICHUMBI HUIMYHUEM CKPBITHIX MMTApaMeTpoB. B HalreM 0ObIYHOM MaKpPOCKOTTMYECKOM
MHpe Tpo0jemMa COCTOUT HE B CYIIECTBOBAaHWU CKPBITBIX IapaMeTpoB, a B
s exTUBHOMN Mpolieype UX MOUCKA U yUeTa, a TaKKe B pa3eICHUN CUTYyallui Ha Te,

JIA KOTOPBIX PAa3yMHO HCKATb CKPBITBIC IIApaMCTPpbl, U TC, AJIA KOTOPBIX OoJbIIIe



HNOJXOJUT NPEJICTABICHUS O HEYCTPAaHUMBIX (B JaHHOM KOHTEKCTE) CIy4yalHBIX
pa3IumsIX.

Opna w3 mpocTedmmx (QOpM TPEANOIOKEHHS O CKpPBITBIX IapameTpax -
THII0TE3a 0 Ka4eCTBEHHOM HeOHOPOAHOCTH BbIOOPKHU. OHA 03HAYAET, YTO CKPBITHIE
napaMeTpbl IPUHUMAIOT CPABHUTEIBHO HEOOJIBIIIOE KOHEYHOE YUCIIO 3HAYEHUN U BCIO
BBIOOPKY MOXHO pa30OMTh Ha KIAcChl, BHYTPU KOTOPBIX CKpPBITBIE IapaMeTphl,
CYLIECTBEHHBIE JUISl PELICHUS MHTEPECYIOIIEH HAc 3aJaud PErpeccuH, MOCTOSHHBI.
Kaxmoit Takoil BbIOOpKE OyIeT COOTBETCTBOBATH «XOPOIIAs» PETrPecCHOHHAs
3aBUCUMOCTb.

[Moctpouts knaccubpukanmmuo (6€3 y4uuTens), COOTBETCTBYIONIYIO JIaHHOUN
TUIOTE3€ MOXHO TOJNBKO Ha OCHOBE TMPEANONOKEHHH O ¢GopMe HCKOMOM
pPETPECCHOHHON 3aBUCUMOCTH HAOJIIOAA€MBIX MMapaMeTpoOB OT HAONIOJAEMBIX Ke
napaMeTpoB BHYTPM KJaccoB (3aga4a o0 Mo3au4Hoii perpeccumn). Ecmu
IpernoiaraeTcs JMHEHHass 3aBUCUMOCTh, TO 9Ta 3ajada KJIACCU(PUKAIMH pPEelIaeTcs
METOJIOM JUHAMUYECKHUX SAJEP, TOIBKO MECTO TOYEK - LIEHTPOB TSAXKECTH KJIACCOB (Kak
B ceTsix KoxoHeHa) - 3aHMMAIOT JIMHEWHbIE MHOrooOpasus, KaxJo€ U3 KOTOPBIX
COOTBETCTBYET JTUHEHHOMY PErPECCUOHHOMY 3aKOHY CBOEro Kiacca [2].

PerpeccuoHHble 3aBUCUMOCTH, KOTOPBIE CTPOSITCS C IOMOILBIO HEUPOHHBIX
ceTell, Takke o0pa3yloT BIIOJIHE ONPENEIEHHBIM KJIacCc M s HUX TOKE BO3MOYKHA
COOTBETCTBYyIOIAsl Kiaccuukamusa Oe3 yuurens. M3smmHbi cmocoOOB pernieHus
npoOJIEMbl  CKPBITBIX IApaMETPOB [UIsl HEHPOCETEBBIX YpPAaBHEHUW pErpeccuu
peasm3oBan B makere «MultiNeuron» [2,3]. loctarouno OombInasi HEHpOHHAS CETh
MOKET OCBOHUTH JIIOOYI0 HEMPOTHUBOPEUYMBYIO OOY4YaOIIy0 BBIOOPKY, OJHAKO, Kak
MOKa3bIBAET OIIBIT, €CITU Majiasi HeWpOHHAs CeTh HE MOXKET OOYYHTHCS, TO U3 ITOTO
MOXKHO W3BJIeYb TMOJIe3HYI0 wuH(popmanumio. Ecnm He ynmaercs MOCTPOHTH
YIOBIETBOPUTENBHYIO PETPECCUOHHYIO 3aBUCUMOCTb MPHU 3aJaHHOM (HEOOJBIIOM)
qucine HEUPOHOB M (UKCUPOBAHHOW XapPaKTEPUCTHKE («KPYTHU3HE» (DYyHKIUH
aKTUBAIMH) KaXJI0TO HEHpOHa, TO U3 oOyyaromeld BEIOOPKH HCKIIIOYAIOTCA Hamboee

CJIOXHBIE TPUMEPHI 0 TEX IOp, MOKa ceTh He o0yuurca. Tak momywaercst Kiacc,



KOTOpBIM  MPEINOJOKUTEIBHO  COOTBETCTBYET  OJHOMY 3HAUEHHUIO  CKPBITBHIX
napameTpoB. [lanee o0ydeHrne MOXKHO IPOJAODKUTH Ha OTOPOIIEHHBIX PUMEpax U T.1I.

IIpumep. B ogHom u3 mpoBoauMmbix uccienoBaHuil [3] HelipoceTb oOyuanu
CTaBUTh JMAarHo3 BTOPUYHOIO HMMYHOAEePUIUTA (HEAOCTATOYHOCTH HMMYHHOMH
CHCTEMBI) TI0 UMMYHOJOTHYECKUM M METa0OIUYEeCKUM TapameTrpam JumdouuTtos. B
peaJIbHOM CUTyallMu IO CIABUIaM TaKMX IapaMeTpOB MHOTrJa ObIBaE€T TPYAHO CIENATh
BEPHOE 3aK/IIO4YeHHE (M 3TO XOpOLIO H3BECTHass B HMMYHOJIOTMHM Hpobiema
COOTHOIICHUS  KIMHUYECKOW  KapTUHBI M OHMOXMMHYECKUX  MPOSBICHHUN
UMMYyHOAEePUIMTOB). bblIu 00cnenoBaHbl 3710pOBbIE U OOJIbHBIE JIOJU, MApaMETPhI
KOTOPBIX HMCHOJB30BAINCH sl o0ydeHns. OqHaKo HeHpoceTh He 00ydanach, MpUIeM
XOpOILIO pacro3HaBaja BCE /10 €IMHOTO IPUMEpPHI 3A0POBBIX JIIOJIEH, @ YaCTh IPUMEPOB
OONBHBIX TyTaja co 3JA0pOBBIMU. Toraa OBLI CAENaH CIASAYIONINI IIar: KaXKIbli pas,
KOTJa CeTh OCTaHaBIMBaJa paboOTy, W3 OOydJaromeil BEIOOPKH yOupaincs mpumep, Ha
JAHHBIM MOMEHT CaMblii TPYAHBIA Ui pAaclO3HaBaHWs, W IIOCIE O3TOTO BHOBb
3amyckaics Tmporecc oOydeHus. [loctemeHHO wu3 oOydJaromieid BBIOOPKH ObLIH
UCKJTIOYEHA TIPUMEPHO OJHA TPETh OOJBHBIX (IIPH A3TOM HU OIHOTO 370poBOrO!), M
TOJIBKO TOTZa CeTh OOy4YMJIach MOJIHOCTHIO. Tak Kak HU OAMH 3A0POBBIM YEJIOBEK He
ObUT MCKITIOYEH U3 OOy4YeHHsI, TPYIIa 30POBbIX HE M3MEHUIIACh, a TPyMIa OOJBHBIX
OKazajach pas3felieHa Ha 2 MOATPYIIbl - OCTABIIMECS U HCKIIOUYEHHBIE MPUMEPHI
OonbHbIX. [locne mpoBeneHHs CTATUCTHMUECKOIO aHalIM3a BBIICHWIOCH, YTO TIpymmna
3I0POBBIX U UCXOJHAs TpyIIa OOJIbHBIX MPAKTHUYECKU HE OTIMYAIOTCS APYT OT Apyra
1o mokazaTtensiM MeTtabonuiMa auMdoruToB. OmHAKO MOTYYHUBIIHECS 2 TOATPYIIIBI
OOJBHBIX CTATUCTHUYECKH JOCTOBEPHO OTJIMYAIOTCA OT 3J0POBBIX JIIOAEH M APYyr OT
Jpyra M0 HECKOJBKHM IOKAa3aTeNsIM BHYTPHUKIECTOYHOTO MeTa0oiau3Ma JIMM(OIHUTOB.
[Ipruem B onHOW MOATpyNIe HAOMIONANOCH YBEIHMUEHHE AKTHBHOCTH OOJBITMHCTBA
TuMQOIUTapHBIX (PEPMEHTOB MO CPABHEHHUIO CO 3IOPOBBIMH, a B IPYrOM MOATPYIIIIE -
nenpeccus (CHUKEHUE aKTUBHOCTH ).

B nayuynoMm ¢onbkiope mpobiema CKpBITBIX IMTapamMeTpoOB OMHUCHIBAETCS Kak
3a/laya OT/AEJICHUS KOMapoB OT MyX: Ha CTOJIE€ CHUJAST BIIEPEMEXKKY KOMapbl U MYyXH,

TpeOyeTcs MPOBECTU PA3ACIAIONIYI0 MOBEPXHOCTh, OTACINSAIOIIYI0 KOMAapOB OT MYX.



JlaHHBIE 31€CH - MECTO Ha IUIOCKOCTH, CKpBITBIM @apaMerp - BHJAOBas

MMPUHAIJIC)KHOCTD, U OH YCPE3 JAHHBIC HC BbBIPAKACTCA.

2. Teopema 0 CKpPBITBIX IapaMeTpax
Psin anroputMoB perieHus MpoOsieMbl CKPBITBIX apaMeTPOB MOYKHO IOCTPOMUTH

Ha OCHOBC CJ'IGI[YIOHIGI\/II TCOPCMBI. HYCTB n - 4ucjio CBOfICTB, N - KOJITUYECTBO O6’I>CKTOB,

{x’}l]-\il - MHO>KECTBO BEKTOPOB 3Hau€HUI Mnpu3HakoB. Cka)xkem, 4YTO B JAHHOU IpyIiIe

O0OBEKTOB BBIMIOJHSAETCS YPaBHEHHs PETPECCHHM paHra 7, €CId BCE BEKTOPHI {x' },«]\il
NPUHAJIEKAT 1-F-MEPHOMY JHMHEHHOMY MHOrooo6pasuto. Kak mpaBuio, B peajabHBIX
3aj1a4ax BHINOIHsETCs ycinoBue N>n. Eciau xkxe n>N, TO BEKTOpPBI {x' }f\il MpUHAJIEe)KAT

N-1-MepHOMY JIMHEHHOMY MHOT0oOpa3ui0 M HETPUBHAJIBHBIE PETPECCHOHHBIE CBS3U
BO3HMKAIOT JIMIIb Npu panre r>n-N+1. Panr perpeccun r u3MepsieT, CKOJIBKO
HE3aBHCHMBIX JIMHEWHBIX CBSI3€M JIOMYCKAIOT HCCIIEyEeMbIE CBOICTBA OOBEKTOB.
Yucno 7 sABIAETCA KOPAa3MEPHOCTbIO TOTrO JIMHEWHOTO MOJINPOCTPAHCTBA B
IPOCTPAHCTBE BEKTOPOB MPU3HAKOB, KOTOPOMY IPHHAJIEKAT HAOIIOJAEMBbI BEKTOPbI
npU3HAaKoB 00BEKTOB. Pasymeercs, mpu oOpaboTKe peasbHBIX 3KCHEPUMEHTAJIbHBIX
JAHHBIX HEOOXOIUMO BCIOAY A00ABIATH «C 3aJaHHOH TOYHOCTBIO», OJHAKO TIOKa
OyzeM BECTH Peub O TOUHBIX CBS3SX.

Crnenyromas TeopemMa 0 CKpbITBIX MapaMeTpax MO3BOJIAET IpeBpaliaTh BOIPOC O
CBSI3X MEX]Y pPa3jIU4YHbIMM CBOMCTBAMH OJHOrO0 OOBEKTa (OIHOM M TOM XKe ISt
pa3HbIX OOBEKTOB) B BOIPOC O CBSI3U MEXKAY OAHUM U TEM K€ CBOMCTBOM Pa3IMYHBIX
00BEKTOB (OJMHAKOBOM CBSI3U JJISl PA3JIMUYHBIX CBOMCTB) - TPaHCIIOHUPOBAThH 3aJady
perpeccun. Ilpu 3TOM BONpPOC O KayeCTBEHHOW HEOJHOPOJHOCTH BBIOOPKHU
«TPAHCIIOHUPYETCS» B 3aJ1a4y MOMCKA JJISl KAKJOT0 O0BEKTa TaKOW TPYIIBI 00BEKTOB
(onmopHO# rpynmsl), 4epe3 CBOMCTBA KOTOPBIX pa3IM4HbIE CBOMCTBA JAaHHOTO O0BEKTa

BBIPKAIOTCS OJIMHAKOBO W HAWITYYIITUM 00Pa3oM.

Teopema. [lyctb myist HexkoToporo 7>0 cyliecTByeT Takoe pa3z0oneHue {x’}i]\il Ha

C =

oy (<1 =
J

Y;, aro r>n-N;/+1 (rme N; - 4ncno snemeHToB B Y)), u i



KayKJI0r0 Kjacca Y; BBINOJIHAIOTCS YPaBHEHUS] Perpeccuu panra 7. Toraa s Kaxaoro
o0ObekTa X' U3 {x’}i]\il HaMJIETCsA TaKOe MHOKECTBO W; (omopHas rpymma o0beKTa x') u3

k 00bexTOB, UTO 1-r+1 2k v 11 HEKOTOPOro Hadbopa K03PUINEHTOB A,

x'= Y Ay, DA, =1. (1)

yew;  yel;

ToceHee O3HAYACT, UTO 3HAYCHHE KaJcO020 TPU3HAKA 0ObEKTa X SBIAETCS
JMHEWHOW (PYHKIIMEH OT 3HaYeHW 3TOrO MpHU3HAKa i OOBEKTOB OMOPHOW TPYTIIIHI.
Ota nuHeHass PYHKIUS 00HA U ma dce ISl BCEX MPU3HAKOB.

Jluneiinass 3aBucumocth (1) oOTaMYaeTcss TeM, UYTO OHA WHBAapUaHTHA K
U3MEHEHUsAM C€IMHML UW3MEPEHMs CBOMCTB M CABUIaM Hayaja OTCYeTa.
JIeHCTBUTENBHO, IIyCTh KOOPAMHATBI BCEX BEKTOPOB IPU3HAKOB IOJBEPrHYTHI

HCOJHOPOJHBIM JIMHCHHBIM INIPEOOPa3OBaHMSIM: X, > a;Xx; +b;, TAe j - HOMEp

KoopaAuHATHl. HeTpynmHo yOemuThCsi, 9TO MPU ITOM JIMHEHHass CBsi3b (1) COXpaHUTCS.
WMHBapuaHTHOCTh OTHOCHTEILHO MpeoOpa3oBaHMsl MaciiTaba oOecreYrBaeTCs
JMHEWHOCTHI0O U OJHOPOJHOCTBHIO CBSI3M, a WHBAPHAHTHOCTh OTHOCUTENBHO CIIBUTA
HayaJia OTCYETa - EIlE U TEM, YTO CyMMa Kod(puimueHToB A, paHa 1.
CdopmynupoBaHHasi TeopeMa MO3BOJSET TEPEXOAWTh OT OOBIYHOW 3agauu
perpeccun (IMOWICKa 3aBHUCHMOCTEH 3HAYEHHWs TPU3HAKA OT 3HAYCHUH JPYyTUX
NPU3HAKOB TOTO K€ O0BEKTa) K TPaHCIIOHWPOBAHHOW 3ajjauye PErpecCHH - TOUCKY
JMHEWHOW 3aBUCHMOCTH TPU3HAKOB OOBEKTa OT TPU3HAKOB JIPYTUX OOBEKTOB H
OTBICKAaHHIO OMOPHBIX TPYIII, JJIsl KOTOPBIX 3Ta 3aBHCUMOCTD SIBIISICTCS HAMITYUIIICH.
Jokazamenbcmeo OCHOBAaHO Ha TOM, YTO Ha KaXKIOM KA-MEPHOM JIMHEHHOM
MHOroo0pasuu Juis 1o00ro Habopa U3 g TOYEK Vi, V2 ,..., Vq IPH q>k+1 BEIIOJIHEHO

COOTHOLICHUC

q q
Zlﬂ, ;¥ j = 0wt HekoToporo HaGopa A;, Zl/i ;i = 0 1 Hexoropeie 4; # 0.
J= J=

C MaremMaTH4ecKOW TOUYKHM 3pEHHUS TeOopeMa O CKpPBITBIX MapaMmerpax
npeacTaBisieT co0Oil  BapHMaHT YTBEPXKIEHUST O PABEHCTBE paHra MaTpHIbl,

BBIYHCIIEICMOI'O 110 CTPOKaM, paHry, BbIYUCIIACMOMY I10 CTOHGHaM.



3. TpaHcnOHMPOBaHHAsA 321242 JIMHEIHOW perpeccuu

N3noxenue B 3TOM paszfene cieayer paboram [2,5,6]. IloctaHOoBKa 0OBIYHOIM
3a/la4yi perpeccuu (WM MO3aHYHOM perpeccuu) UCXOAUT M3 TUIOTE3bl O TOM, YTO
OJIHA XapaKTEPUCTUKH OOBEKTOB MOTYT OBITh (YHKIMSAMHU IPYTHX U 3TH (QYHKIUU
OJIHU U T€ K€ JJI BCeX 00BEKTOB (MJIM COOTBETCTBEHHO KJIACCOB OOBEKTOB).

Tpancronupyem Ta0nuily JOaHHBIX (TIOMEHseM MecTaMHu ciioBa "0OBeKT"
"mpuzHak"). PaccMoTpuM runoresy oT TOM, YTO 3HAUEHHUS MPU3HAKA OJHOTO OOBEKTa
MOTYT OBITh (DYHKIUSMU 3HAYEHUN TOrO e NpU3HAKa APYTUX OOBEKTOB U OTHU
(GYHKIMM OJHU U T€ K€ JUIsl BCEX MPU3HAKOB (MJIM KJIACCOB Mpu3HakoB). [lomyuaem
dbopMabHO Te Ke 3aJjauM perpeccuu (TpaHCIOHUPOBaHHbBIE 3a7aun perpeccun). EcTs,
OJIHAKO, JIBa COACPKATEIbHBIX OTIIMYUS TPAHCTIOHUPOBAHHBIX 33/1a4 OT UCXOJHBIX:

1) MHBapHMAHTHOCTh K CMEHE WIKal M3MEPEHUS - KaXeTCs MaJlOBEPOSTHBIM,
YTOOBI CYIIECTBEHHBIE CBA3U MEXAYy IMPU3HAKAMHU PA3UYHBIX OOBEKTOB 3aBUCENU OT
HIKaJIbl U3MEPEHMsI, TOITOMY HEOOXOAMMO, YTOObI YpaBHEHUS TPAHCIIOHUPOBAHHOMN
perpeccuu ObLIM MHBAPUAHTHBI OTHOCUTEJIBHO CMEHBI IKaJlbl M3MEpPEHHs JIH00ro
npu3Haka (OOBIYHO - JIMHEWHOrO HEOJHOPOIHOTO TMpeobpazoBaHus x'=ax+b
OJIHOPOJHAsI YacThb KOTOPOTO OMHUCHIBAET CMEHY €IMHMIIBI U3MEPEHHsI, a CBOOOIHBIN
YJIeH - CJIBUT Hayaja OTCYETa);

2) B TpaJAMIMOHHBIX 3aJladyaX PErpeccHH MPEeNosaraercs, 4YTo OOBEKTOB
JOCTaTOYHO MHOTO (N), 10 CPaBHEHHIO C YHCJIIOM NPHU3HAKOB 7, WHaue (mpu N<n)
TOUYHbIE JUHEHHbIE COOTHOIIEHHS] BOZHUKHYT MPOCTO M3-3a MAJjoOro 4ucia 0ObEeKTOB,
Tak Kak uepe3 N TOYEK BCerJa MOXKHO TMPOBECTU JIMHEWHOE MHOroobOpasue
pazmepHoctu N-1. B mpoTuBoBec 3TOMy '"TpaHCIOHHpPOBaHHOE" MPEATNOJIONKEHUE O
JIOCTATOYHO OOJIBIIIOM YHMCIIe MPU3HAKOB (1>N) Ka)KeTCsl HepeaTuCTUUHbIM.

TpeGoBaHue HHBApPUAHTHOCTH K CMEHE WIKajl MPUBOAUT K CIEHHUATBHBIM
OTpaHHYEHUSM Ha BUJ (QYHKUUNA perpeccud, a HEeJAOCTaTOYHOCTh KOJIMYECTBa
NPU3HAKOB (B CPAaBHEHUU C YHCIOM OOBEKTOB) JUISl IOCTPOEHUSI TPAHCIIOHUPOBAHHOM
perpeccuu BBIHYXKIAeT HAac JUIsl KaKJoro oObeKTa HCKaTh HEOOJBIIYIO TPYIINY, MO

CBOMCTBaAM KOTOPBIX MOKHO BOCCTAHOBUTDL XaPAKTCPUCTUKU JAHHOTO.



3ajaya MOCTPOEHUSI TAKUX TPyHI OOBEKTOB Obla UPE3BBIYANWHO MOMYJsSpHA B
XUMUH epe] OTKpbITHEM MeHieneeBbIM nepuoanyeckoro 3akona (1871 r.). C 1817 r.
([ebepetinep) ObutM OMyONMKOBAHBI NECATKH paboT Ha 3Ty Temy [7]. IMeHHO OoHUM
NOCTaBWJIM MCXOJHBI Marepuain JUIsl CcUcTeMaTu3aluuu 3JeMeHToB. Jlebepeiinep
0OHapyXWI TPUAJIbl, B KOTOPBIX CBOWCTBA CPEAHETO JIEMEHTA MOTYT OBITh OIICHEHBI
KaK CpeJHUE 3HAYEHUS HTUX CBOMCTB JUIsl KpallHMX WIEHOB TpHuaabl. Ero Tpynbl
nponopkwia ['menun, ['mancron, Qroma u apyrue. Bor HEKOTOpBIE M3 TaKUX TpHUAX:
K-Na-Li, Ba-Sr-Ca, Cl-Br-J, S-Se-Te, P-As-Sb, W-V-Mo, ...

OnuH u3 Hanbosee MOHBIX CIIUCKOB TpUaa ObuT omydsukoBaH Jlencernom (1857).
OH xe 3aMeTus, 4TO /Ui OOJBIIEH TOYHOCTH HWHOT/A IMOJe3HO OpaTh "PHHEanbl" -
JIEBSTKHU, COCTaBJICHHBIE U3 TPEX TPUAL.

MengeneeB mnucan: "...MEXKAYy BCEMH... YYEHBIMH, KOTOPBIE pAHbBLIE MEHS
3aHUMAJIUCh CPABHEHUEM BEJIMYMH aTOMHBIX BECOB 3JIEMEHTOB, sl CYUTAIO, UTO 00s3aH
MPENMYLIECTBEHHO ABYM: JIeHceny u Jlroma. S u3yumn ux ucciieioBaHus U OHU MEHS
NOoOYAMIN UCKATh JEeUCTBUTENbHBIN 3aK0H" (UUT. 10 [7], c. 220-222).

bonee oOmum 00pa3zom 3ajaua CTaBUTCA Tak: HAWTHU A KaXIOTO OOBEKTa
HAWIYYIYI0 JIUHEHHYI0 (OpMyiy, BBIPAXKAIONIYIO €ro BEKTOP IPU3HAKOB uepe3
BEKTOpBI TMPHU3HAKOB JIPYrUX OOBEKTOB (KOTOPBIX AOJIKHO OBITH MO BO3MOXHOCTH
MeHbIe). JTa hopMysia JOHKHA OBITh MHBAPUAHTHA OTHOCHTEIFHO CMEHBI IIIKAJL.

Urak, Tpebyercs MOCTPOUTH OTHOILIEHHUE, CBS3BIBAIONIEE OOBEKTHI C TPYIIaMH
00BEKTOB, IO KOTOPBIM JJISI HETO CTPOSTCS MHTEPHOISAIUOHHBIe (hopmyibl. [Ipomenar
3Ty pabory "B 100" ( o 6a3aM maHHBIX U 0e3 oOpalieHus] K UHTYUIIUA XUMUKOB) JIJIS
OOJIBIIOrO YUCIIa IEMEHTOB (0OBEKTOB) U MOTEHIUATIOB HOHU3ALUUU (TIPU3HAKOB), MBI
HOJIyYWJIM XOPOLIEE COTJacHe € 3KCHEPUMEHTOM W MpPEACKa3alu psJl HEU3BECTHBIX
paHee BBICHINX MOTCHIIMAJIOB HOHU3ANNH. Pe3ynbTarel OyIyT OMHMCAHBI B CICTYIOIIEM
paszzere.

[Ipennonoxum, 4YTO HEKOTOPBIM OONBIION HAaOOp CBOWCTB - BHEIIHUX,
SMITUPUYECKUX JAHHBIX 00 OOBEKTE (SBJICHHUE) SIBISIETCS CIOPBEKIMENW HEOOJbIIOTO
Ha0opa BHYTPEHHUX, TEOPETUUECKUX MEPEMEHHBIX (CYIIHOCTH). DTa UJES MO3BOJISIET

C/IeNaTh MPEANOI0KEHHE O TOM, YTO pa3Mep OMOPHOH IPyMIlbl 00BEKTOB, IO KOTOPOU



HAWTY4IIM 00pa30M BOCCTAaHABIMBAIOTCS CBOMCTBA JAHHOTO OOBEKTa, HE TOJIBKO HE
JIOJKEH MPEBOCXOAUTH pa3Mep Habopa CBOMCTB (MHAuU€ 3aBEIOMO BO3HHMKHYT TOUYHbBIE
JVHENHBIE COOTHOUIEHUS), HO U OBITh MaJIbIM HACTOJBKO, HACKOJIBKO 3TO MO3BOJISET
3aJaHHasi TOYHOCTH [2-5].

Ecnu mpeanonoxure, 94To A HEKOTOPOTO MHOXKECTBA OOBEKTOB 3aBUCHMOCTD
MEXIy TEOPETUUYECKMM M HMIMPUYECKUM JIMHEHHA, U BEKTOPbl TEOPETHUECKHUX
NapaMeTpoB OOBEKTOB JAHHOIO MHOXKECTBA JieXKaT B JIMHEWHOM MHOrooOpasuu
pa3MEepHOCTH ¢, TO pa3Mep ONOPHOM IpymIibl HE OyIeT NPeBOCXoauTh g+1.

Jlpyroe ycnoBue, HajaraeMoe Ha UCKOMYIO GopMyiTy, TpeOyeT HHBapUaHTHOCTH
K CMEHE IIKaJ W3MepeHHid. Pa3yMHO cumTaTh, 4TO TTyOMHHBIC CBS3M HE 3aBUCST OT
€IMHUII, B KOTOPBIX BBIPA)KEHBI 3HAYCHHSI CBONCTB OOBEKTOB:

fay'+b,...ay"+b) =a fiy',....,y))+b

Ecnu B kauecTBe nckomMon (HopMysbl pacCMaTpUBATh JTHHEWHYIO KOMOMHAIINIO
BEKTOPOB OMNOPHOW TIpymmbl, TO TpeOyeMOW HWHBAPUAHTHOCTU MOYKHO JIOCTHYb,
HAJIOXKMB HEKOTOPOE YCIOBHE Ha KOA(P(OUIMEHTHI paszioKeHHs. TaKOBBIM YCIOBHEM

SIBJISIETCS] PABEHCTBO CYMMBI KO (PHUIIMEHTOB €TUHUIIE:
< i
v=2ay, D=1
i i
JIns HEIMHEWHOW PpErpecCHr €CTECTBEHHO HCIOJIb30BaTh  OJHOPOJHBIC
pannoHanbHbIe GyHKIHH [2].
PaccmarpuBanuce nBa Buja pemenus. llepssiii:
q ‘ 1 14
=~ 1
y=my+2ﬁf(y —my),ai=ﬁf+———2ﬂk ()
i=1 9 9=

rae Y - BOCCTAHOBJIEHHBIA BEKTOP CBOWCTB, Y' - BEKTOP CBOMCTB i-I'O 0OBEKTA

ONOPHO¥ TPYIIIIBL, ¢ - MOIHOCTb ONIOPHOM TPYIIIBL, My =

-

g .
D'y, - cpennee 3HaueHUE
i=1

Bo BTOpOM Cilyyac B KayeCcTBe My BBIOMpAJCA OJUH M3 BEKTOPOB OIOPHOM

TPYIIIbIL.

q . q
V=y+ A ) @=h.a=1-24 3

i=l1 k=1

k#t



3aMeTuM, 4YTO JIETKO MOCTPOUTHh HEUPOHHYIO CETh, BBIUUCISIONIYIO TaKUe
dbopmyist [5,6].

N3-3a mpenrosnoxeHus: 0 MajoCTH OMOPHON Tpymmbl OOBEKTOB B KAa4eCTBE
OJTHOTO M3 IyTel pelleHus mpeniaraeTcs nepedop Bcex HaboOpoB 3aJaHHOTO pa3Mepa.
bbuo npennokeHo uckaTb MUHUMYM OJTHOTO U3 ABYX KPUTEPHUEB:

a) ||y - §||2 + 52||oc||2 — min, 0) ||y - §|| + 8||oc|| — min.

B cayuae a) TouHoe perieHue HaXOAUTCS M3 CUCTEMBbI JUHEHWHBIX YpaBHEHUH.
Beenem 0003HaueHUs:

Y - Marpuiia BEKTOPOB OIMOPHOW TPYMIbI, # CTPOK, ¢ CTOJOIOB. 7 - YHUCIO
U3BECTHBIX KOMIIOHEHT BOCCTaHABIIMBAEMOI'0 BEKTOPA Y.

Y = (yi-my) - MaTpuna Y B KOTOPOH M3 KaKIOrO CTOJIOLA BBIYTEH BEKTOD My
(y' B ciyuae 2).

M - maTpuua, BCe 3IEeMEHThl KOTOPOU paBHBI 1,

m - BEKTOpP, BCE KOMIOHEHThI KOTOPOTO PaBHHI 1,

E - enunnynasg matpuua,

o, - BEKTOpa pa3MepHOCTHIO ¢.

Jlnst BeIpaskeHus (2)
~ o 1 1
y=my+YB,a=—m+ E-—MB.
q q
Judbdepenmupys BeIpakeHUE a) U MPUPABHUBAS HYIIIO, MOJTyYaeM:

(?Th {E _éijB ¥ T(y-my).
Js Beipaxkenus (3),
€’ - BEKTOp, 7-as1 KOMIIOHEHTA KOTOPOro paBHa 1, ocTanbHble 0.
L, = (€') - maTpuna, cTos615I KOTOPOii paBHBI BEKTOPY €.
LIL, =M,Lle’ =m
Nmeem
y= yt +SA{[3 , O =e +(E—Lt)[3

(\A(T\A{ +&(E+ M))B = YT(y - y’) +em



Cucrema ypaBHEHUH pellaeTcs JUisl U3BECTHBIX 3HAYEHUH KOMIIOHEHT BEKTOPA
Y, IIOJIy4EHHOE PEIICHUE UCIIOJIb3YETCsl IS IPEACKAa3aHUsl HEU3BECTHBIX 3HAUYCHUM.

B cnydae xpurtepus 0) B KauecTBe HAYaIbHOTO MPHOMMKEHUS UL KaKIOTO

UCIBITYEMOr0 Ha0opa paccMaTpUBAIIUCH [ MUHUMHU3UPYIOIIUE HEBSI3KY A=||y—§||.

Munumym kputepus Haxoawicss BEFGS-meronom [8].

Hamu paccMoTpeH BapuaHT HAaXOXJEHHUS ONTHUMAJIBLHOM OMOPHON TPYIIIBI
(buKCHPOBAaHHOTO pa3Mepa B 3a/1aue TPAHCIIOHUPOBAHHOM JIMHEHHON perpeccuu, Koraa
ONTUMAaJIbHAsl OMOpHAasg Tpylna oTOWpaisach B XOJe IMOJHOTO TMepedopa Bcex
BO3MOXKHBIX OMOPHBIX Tpymil. [pyroil mpennoKeHHbI BapraHT (ONTUMU3ALUOHHBIN)
npeJroiaracT NepBOHAYAIbHOE 3a/laHie M30BITOUHOTO YHUCIa OOBEKTOB B OMOPHOM
rpyfnmne W TMocjeaylollee COKpallleHHe ee pa3Mepa B pe3ylibTaTe OTOpachbIBaHUs
HauMeHee 3HAYMMBbIX TapaMeTpPOB.

[IporpamMMHas peanuzanusi U MepedOPHOro, U ONTHUMH3AUOHHOIO BapUAHTOB
pelieHus] TPaHCIIOHUPOBAHHOM 3aJauM JIMHEWHON perpeccuy BBHIMOJIHSIACH B Cpelie
MS DOS c¢ wucnonb3oBanuem Tpanciaaropa Borland C++. Tekct mporpammbl
cootBeTcTBYeT ANSI-crangapty sa3pika C++, 4TO Je1aeT BO3MOXKHBIM MEPEHOC
mporpaMMbl Ha Jpyrue ammapaTHble TUIaT@opMbl (4TO M JAeNaaoch OOJbIue Oa3bl
MEIUIIMHCKUX JaHHBIX 0OpabaTrkiBajach Ha kommbloTepe Alpha Station koproparuu
DEC). Ilpu sToM 3aBHCHMBIE OT ONEPAIIMOHHOM CHUCTEMBI ()parMeHThI MPOTrpaMMBbI
MOJIKJIIOYAIOTCS MPU MOMOIIM YCJIOBHBIX JUPEKTHB Mpernpoueccopa si3bika. Tak, s
obecnieueHust paboThl ¢ OonpIMME (paitiamu JaHHBIX B cpeae MS DOS ucnonb3yercs
obpamenne k wuHTepdeiicy DPMI (mpenocraBmsercs DPMI—pacmupurensmu  u
oneparronHsiMu cucteMamu OS/2, Windows 3.xx, Windows 95, Windows NT) s
MEePEKITIIOUCHUSI B 3alIUIIEHHBIN PeXXUM B 00Xo1a orpannyenus B 640K mamsaru.

[IporpaMMa  mO3BOJISIET  MOJIB30BATENIO  ONpeNeNsaTh  (ailm  JaHHBIX,
obpabaTeiBaeMble CTPOKH (0OBEKTBI) M CTOJNOIBI (CBOMCTBa OOBEKTOB), BBHIOMpPATh
MEX/1y BapUaHTaMU PelIeHUs U BUAaMHu GYHKIMHU KPUTEPUs, 3a]1aBaTh 3HAYCHUS UHBIX
napameTpoB Mmetona. Jig oOpaOOTKM  MOPSIIKOBBIX  IPHU3HAKOB  BO3MOKHA
cneuuUKalus HEKOTOPBIX CTOJOIOB, Kak COJAEpXkallluX 3HAYeHuss He U3

HENPEpPhIBHOTO, a M3 JUCKPETHOTO MHOXECTBa 3HaueHWW. [IporHo3Hble 3HaYEHUS



OTCYTCTBYIOIIMX JaHHBIX B O3TOM ciy4yae OyayT MNPHUBOAUTHCA K Ommkaimemy
3HAYCHHIO U3 TUCKPETHOTO MHOXKECTBA 3HAUCHUH.

PesynbratoM paboTel mporpammbl sBIsieTcst (Qaitnm  ordera. s Kaxkmoro
oOpabatbiBaeMoro 00bekTa (CTpOKM 0a3bl JaHHBIX) B Qailie oTyeTa COACPKUTCS
uHpopMams 006 ONTHMaJIbHBIM 00pa3oM HpuOIMKaromeld OOBEKT OMOPHOM Tpyrre
(HOMepa 0OBEKTOB, BXOJSIINX B OMOPHYIO TPYIIY, U KO3()PUIUEHTH pazIoKeHHs),
3HaueHue (DYHKIIUU KPUTEPHs], ONTUOKU WHTEPIIOISAIINN U3BECTHBIX CBOMCTB OOBEKTA U
NPOTHO3HBIC 3HAUEHUS I HEU3BECTHBIX CBOMCTB. B KoHIe (aiina oTyera BHIBOAATCS
MaKCUMaJIbHbIE U CpPEAHHME OMIMOKM amMpOKCHMAIlMH W3BECTHBIX IAHHBIX IS BCEX
00pabaTbIBaeMbIX CTOJIOIOB 0a3bl JAHHBIX (CBOWCTB OOBEKTOB).

TectupoBanue mpemIaraeMoro MeTojaa MPOBOJWIOCH HA MOICIBHBIX TaHHBIX.
[Ipy mocTpoeHMM MOJENBHBIX JaHHBIX 33Jal0TCS Pa3MEPHOCTb TEOPETHUECKOM
NOPOEKIUH (YHCIO CKPBITHIX TEPEMEHHBIX), Pa3MEPHOCTh AMIMPUYECKON MPOEKINU
(4UCIIO CBOMCTB OOBEKTA) , YHCIIO PA3IMYHBIX KJIACCOB, BEKTOP CPEAHEro U pa3dpoca
JUI TEHEPUPYEMBIX JAaHHBIX B KaXJOM Kimacce. s Kakaoro kiacca CilydailHbIM
00pa30M MOPOKAAETCS JIMHEHHBIN OIepaTop, 0TOOpaKaIOIIUIl MPOCTPAHCTBO CKPBITHIX
MIEPEMEHHBIX B TPOCTPAHCTBO CBOMCTB O0BEKTOB. (Il KaKI0r0 00BEKTa CITyH4aiiHBIM
00pa3oM BBHIOMPAIOTCS] 3HAYCHHS CKPBITHIX TIEPEMEHHBIX M PACCUUTHIBAIOTCS 3HAUCHUS
cBOMCTB. TecTHpoBaHME MPOBOJMIOCH B CKOJB3SIIEM PEKHME IO BCEMY 3aJa4HUKY.
[Tomyaennsie pe3ynbrathl (Tadu. 1) MO3BOJISIOT 3aKIIFOUUTh, YTO MPEIIOKEHHBIA METOT
BechbMa AP eKTUBEH, Kputepuii Buaa 0) ¢ Oombiuell 3((HEeKTUBHOCTHIO ONpenesseT
OTIOPHYIO TPYIITY IPH U30BITOYHOM M HEIOCTATOYHOM Habopax 0OBEKTOB (JIydIle, yeM
MHK a) ), a pemuenue Buzaa (2) gaet jdydilue MO CpaBHEHUIO ¢ (3) pe3yabTaTsl HpU

U30BITOYHOM HAOOpEe OOBEKTOB.



Tabauua 1.
KauecTBO BOCCTaHOBIEHMS MO MOJICTILHBIM JAHHBIM C TEOPETUIECKON Pa3MEPHOCTRIO 3

CPeIHsI OTHOCHUTENbHAs OInoOKa, %o
& KpuTepuit BH/L IIpU pa3Mepe OMOPHOI IPyIIIbI

3 4 5 18

0.01 a 1 5 0 15 66
a 2 5 0 15 66

0 1 5 0 13 40

0 2 5 0 13 66

0.1 a 1 10 16 30 72
a 2 10 16 30 72

0 1 6 10 14 40

§ 2 6 10 14 66

[Ipu pemeHun 3amaud 3amoJHEHUs] MPOOEOB B TaOJIUIAX NAHHBIX I JHO00M
TaOIUIBI O0IIEeH PEKOMEHIAIUeH SBISICTCS TPOBEICHHE CEpUU MPOOHBIX MPOTHO30B

AJIA OIIPCACIICHUSA OIITUMAJIBHOT'O COYCTAHUA ITapaMETPOB.

4. UaTepnosinusi CBOMCTB XUMHYECKHUX IJIEMEHTOB
Wnesa uaTEpnoNsuuy CBOMCTB 3JIEMEHTOB BO3HMKJIA B XUMHH €II€ O CO3JaHus

nepuonuveckoit cucremsl [7]. B Tpuamax [eOepeitnepa (1817r.) xapakrepucTuku
CPEIHEro »JIEMEHTa TPUAAbl HAXOJWINCh KaK CpelHUE apu(PMEeTHYeCKHe 3HAYeHHU
XapaKTEepUCTUK KpalHUX 3yneMeHTOB. bpumm monbiTku paboTath ¢ TeTpagami,
“sHHeafgamMu’’ (COCTaBICHHBIMM M3 Tpex Tpuan) u T.m. [lepuoanyeckas Tabnuma
MenneneeBa Mo3BOJIIET MO—PA3HOMY OIPEENATh TPYIIy OMMKAWIINX COcene s
MHTEPIIOJISILUM: OT JIBYX BEPTHKAIbHBIX COCEAEH IO psAAy TaOIUIBI JO OKPYKEHHS U3
BOCBMHU 3JIEMEHTOB ([IBa M3 TOTO K€ psAlla U MO TPpU U3 coceaHUX psaoB). OmHAKO
UHTEPIOJSAIMS CBONCTB IMyTEM B3ATHS CPEAHETO apu(hMETHUEeCKOTo Mo OirKaimMm
3JIeMEHTaM TaOJIUIIbl He Beeraa (He U BCeX CBOMCTB M JIEMEHTOB) AAa€T MpUEMIIEMbIe
pe3ynbraTtel — TpeOyercss nuO0 HMHOM BBIOOp cocenei, MO0 apyras mpouesypa
MHTEPIIOIALMUH.

Bonee oOmmmM 06pa3zom 3a1aqy HHTEPIIONSIIIMKA MOKHO TTOCTABUTh TaK: HANUTH JUIS
KaXJIOTO DJIEMEHTa HAWIY4IIyi0 ()OPMYITy, BEIPAXKAIOIIYIO €r0 BEKTOP CBOWCTB 4epes
BEKTOPbl ~ CBOMCTB  JIpYIMX 3JEMEHTOB. OTy 3ajadyy U  peumaer METOJ

TPaHCIIOHUPOBAHHON PETPECCHH.




B pa6orax [9,10] uccrnenoBaucs momrysMIMPUIECKUA METOM, OJMU3KUN 1O Uaee K
METOAY TPAHCIOHUPOBAHHOW perpeccur. EIWHCTBEHHOE W TJIaBHOE OTJINYHE
3aKII0YaJIoOCh B TOM, UTO CpeIu IapaMeTpoB cpaszy (¢ukcupoajics Habop
«TEOPETHUYECKUX» M CTPOWJIUCH 3aBUCUMOCTH OCTaJbHBIX CBOWCTB OT HUX (B

YaCTHOCTH, 3aBUCUMOCTH MOTCHIMAJIOB HOHU3AaIIUHU OT aTOMHOI'O HOMepa).

Hcnonp3dyeM  MeTOn  TPAaHCIOHMPOBAHHOW  JIMHEMHOM  perpeccud s
MHTEPIOJISILIMU U MPOTHO3a BhICIIKUX NoTeHIanoB nonuzanuu (I1N). Hanomuum, uro
n—¥ TOTeHLMANT WOHM3AIMH A — DHEPrus, KOTOPYI0 HEOOXOIUMO 3aTpaTUTh, YTOOBI
OTOpBaTh 7—M BJIEKTPOH OT HOHA AT (n-] pa3 HMOHU3UPOBAHHOTO aToma A).
3aBucumocts [ ot atomHOro HOMepa (puc.l) HeauHEelHa U CI0XKHA.

Crnenys ¢opmanbHOMY cMmbIcTy, n—it [IM atoma A criemyer OTHOCUTH BCE K TOMY
xe aromy. OJJHAKO CTPYKTypa 3HEPreTUUECKUX YPOBHEH MOHA OIpPEAEISAETCS 3apsiioM
s/ipa M YHUCIIOM 3JEKTPOHOB. [l aTomMa 00a 3THUX 4YHMClla COBHAJAIOT C aTOMHBIM
HOMEpPOM, HO IS MOHOB Yyxe pasnmuuHbl. Kak u B paborax [9,10], n—it moreHmman
MOHHM3ALMM aTOMa C aTOMHBIM HOMEpOM m OyJaeM UCKaTh Kak (yHKIHUi0 oT m-n+1.
O6bexktamu OyayT CIYXKHTb, CTPOTO TOBOPS, HE aTOMBI C aTOMHBIM HOMEPOM M1, a m-
AJIEKTPOHHBIE CUCTeMbl. Takum obOpa3zom, Bropoit [IM renmst (aToMHBI HOMEp 2),
tpetuit [11 nutus (aTromubiii HOMep 3) U T.A. OTHOCATCS K OJTHORJIEKTPOHHON CHCTEME
IpU pa3auyHbIX 3apsaax sjapa. OcyllecTBisieTcsl MPUBsI3Ka MOTEHIMAala MOHU3AINU
y’K€ HOHU3UPOBAHHOI'O aToOMa HE K ITOMY JK€ aToMy, a K 7-3JIEKTPOHHOU CUCTEME C 71,
paBHBIM UMEIOIIEMYCSI UUCITY 3JIEKTPOHOB B HOHE.

Paccmorpum  pe3ynbTaThl  MPOOHOTO  MPOTHO3a  BBICHIMX — HOTEHIHAJIOB
nonm3anuu. [IpuBeneM pe3ynbTarhbl, MOJYYCHHBIE NMPU HUCTIOIB30BAHUU B (DYHKIIUU
KpUTEpUST HOPMBI B BHJIE CYMMBbI aOCOJIIOTHBIX 3HAUEHUW KOMIIOHEHT BEKTOpa U
3HayeHns &=0.1, MOCKOJIBKY TaKOe COYETaHWE MPU TECTHPOBAHMU TOKa3ajo cels
HawIyduM oopazom. i Toro, yToObl HEBSI3KM 110 KaXJAOMYy CBOMCTBY PaBHOMEPHO
BXOJIMJIM B JICBYIO YacTh (DYHKIIUU KPUTEPHUS, BBHITOIHIOCHh HOPMUPOBAHUE KAXKIOTO
CBOICTBa (NPUBEIEHUE K HYJIEBOMY MATEMAaTHUYECKOMY OXHIAHUIO U €IUHUYHOMY

CpEIHEKBAIPaTUUYECKOMY YKIOHEHUIO).



Ha puc.2 moxazansl ommOku mporuoza IIM (¢ 3-ro mo 10-i) mpu pa3HbIX
pa3Mmepax omopHbIX rpymnm (2, 3 u 4 snemeHTta B onopHoi rpynne). [lpu stom s
kaxnoro IIM omopHble rpymmsl crpownuch 1o npeabigymuMm I, BennuuHbl
MaKCUMAaJIbHOW M CpeIHel OmMOOK MOKa3aHbl B MPOIEHTAX OT JUara3oHa U3MEHEHUs
BenmuuH cootBercTBytomero I[IM. Ha ocHoBe mnpuBeneHHBIX TpapuKOB MOMKHO
PEKOMEHI0BATh MCIIOJIb30BAHNE KaK MOKHO OOJIBIIEr0 HaOOpa OAHOPOAHBIX CBOMCTB
JUISL TOCTHKEHUS ONTUMAJIBHOTO IIPOrHO3a.

JI1sl TOMBITKM TNPOTHO3a OTCYTCTBYIOIIMX B clpaBo4yHOM juteparype [11,12]
3Hauenuit Beictux 1 (¢ 5-ro mo 10-i1 I[TN g5 51eMeHTOB ¢ aTOMHBIMU HOMEPAMH OT
59-ro 1o 77-ro) U3y4uM BIMSHHE Pa3Mepa OMOPHON IPyINIbl HA TOYHOCTH IPOTHO3a
OpU TOCTPOEHUH ONOpHOM rpynmnbel 1o mnepBbiM  uyerbipem [IM (Puc.3).
VY 10BIETBOPUTENbHAS TOYHOCTH JOCTHIaeTCsl NPH TPEX M YETBIPEX 3JIEMEHTAX B
OIIOPHOM TpyIIIE.

JlanbHelilee yBEIMUYEHUE 4YHUCIIA JJIEMEHTOB B OMNOPHOW Tpymme cebs He
ONpAaB/bIBAECT. YBEJIWYEHHIO TOYHOCTH IPOTHO3a MEHIAIOT M TOrPEIIHOCTH IpU
sKkcnepuMeHTabHOM omnpeneneHuu [11, ocobenno Beicimx. B tabnuie 1 npuBoautcs

IIPOTHO3 OTCYTCTBYIOIIMX 3HaUeHuu [11.
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Tabaua 2.

HpOF HO3 BbICHINX ITOTCHIMAJIOB MOHU3AallUHU OTACIBHBIX XUMHUYCCKUX 3JICMCHTOB

ATOMHBIH | DJjieMeHT 5-1 6-i 7-1 8-i 9-i 10-i
HOMED 1M1 1M1 111 111 I I

59 Pr 50,7
60 Nd 492 69,6
61 Pm 53,6 67,7 97,1
62 Sm 55,9 72,9 87,9 123,7
63 Eu 56,3 76,3 93,9 110,8 153,6
64 Gd 61,9 77,2 98,4 117,7 135,9 186,9
65 Tb 67,4 84,9 99,8 123,8 142,9 163,8
66 Dy 48,3 92,2 110,2 125,9 151,5 171,3
67 Ho 52,6 65,8 119,5 138,0 154,5 181,6
68 Er 54,5 72,1 84,6 149,7 169,1 185,7
69 Tm 54,9 74,5 93,4 106,1 182,8 203,5
70 Yb 52,4 74,8 96,1 117,3 128,6 219,9
71 Lu 57,8 71,7 96,2 120,6 143,9 154,0
72 Hf 63,1 79,2 92,2 121,0 147,8 173,2
73 Ta 85,8 102,4 115,2 147,4 177,1
74 W 110,5 128,2 140,7 176,6
75 Re 139,0 156,9 168,7
76 Os 170,1 188,6
77 Ir 203,7




