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Kak cBuneTenscTByeT Teopust ¥ IPAaKTHKa U3y9eHHs] TEOPUH BEPOSITHOCTEH, 3TOT Pa3aes MaTeMaTHKH HMEET

CTaTyc OIHOTO U3 CaMbIX TOIMYJIIPHBIX 00IacTeil MaTeMaTHKH 1 BBI3BIBACT HHTEPEC Y MHOTHX YYEHBIX H IIE/IaroroB,

BKJIaJ] KOTOPBIX B CTAHOBJICHHE TEOPHHN BEPOSITHOCTEH KaK yueOHOH IMCIMIUIMHBI HE MEHEE 3HAUHTEIICH.

Jluteparypa.

1. Anekcannpos I1.C. Hukomnait UBanoBuu Jlo6aueBckuii / KBanT. — 1976. — No2.

2. Jlo6zuna H0.B. A.JO. /laBunoB — y4€HBI-MaTeMaTHK U aBTOP YIEOHUKOB I10 AIIEMEHTApPHON MaTeMa-
Tuke // Te3ucel mokiagoB MexIyHapoIHOH HaydHO-00pa3oBaTenbHON KoH(peperunn «Hayka B By3ax:
MaTeMaTuka, pu3uka, HHpopmaTuka. I[IpoOeMbl BEICIIETO U CpeIHET0 MPOo(ecCHOHANEHOTO 00pa3oBa-
HUs». — M.: PYJIH, 2009. — 933 c.

3. Jlo63unHa IO.B. DneMeHTHI cTOXacTHKH B 00pa30BaHUM: KPATKUH SKCKypc B HCTOpHIO // MaTemaTuka B
mikone. — 2010.— Ne2.

4. IpynaukoB B.E. I1JI. YeOpmér u MockoBckuii yauBepcuteT 40-x rogoB XIX Beka // HMcropuko-
MaTteMaTH4YeCcKue uccieqoBadus. Bem. 1.

MATEMATHUKA B YPABHUBAHUU CBOBOJHOM 'EOJIE3UYECKOM CETH
A.A. Anumbemos, cmydenm ep. 10751,
HayuHbvii pykogooumens: I'une JLb.
FOpeunckuii mexnonoesuueckuii uncmumym (unuan) Hayuonanvruoeo ucciedosamenbckoeo
Tomcko20 noIUMexXHUHecKko20 yHueepcumema
652055, Kemeposckas o0x., 2. FOpea, yn. Jlenunepaockas, 26
E-mail:aaal 00@tpu.ru

[TpobGnemaM KOHLETIIMK W ypaBHUBAHMS CBOOOJIHBIX I'€OE3MUECKHX CETEH yIENseTCs] OrpOMHBIA
nHTepec. OHM MPUMEHSIOTCS [UIS PEIICHNUS 3a]ad OLCHUBAHUS JECTPYKINH, IPH YPaBHUBAHUU (OTOTpaM-
METPHYECKHX MOCTPOEHHH, B 3aJadax ONTHMH3aLUH ceTel. B kauecTBe oOpas3ua yCHenrHoro Mcrosib30Ba-
HUSI BBICOTHBIX CETEH MOKHO NPUBECTH 3aJ[ady aHaAJIN3a yCTOWINBOCTH PENEPOB BBICOTHOH OCHOBBI.

MO>XHO ere KpoMe 3TOr0 3aMETUTh, UTO C IMO3HUIUKM CHCTEMHOTO IT0X0/1a CBOOOIHBIE CETH TPEIo-
nararoT co0oi Hambosee 1esIoe MOCTPOSHHUE, TOTAA KaK CeTH HECBOOOIHBIE SIBIISIOTCS MX YACTHBIMH CITY-
yasiMu. BenencTBue 3Toro mopoi nienecoodpasHo reoie3nuecKe CeTH ypaBHUBATH KaK CBOOOHBIC, a 3aTeM
peoOpa3oBEIBaTh B HECBOOOIHBIE, 3aKPETIISISI BCEBO3MOXKHBIE HCXO/IHBIC JaHHBIC.

B HbiHemHEEe BpeMs Bece Oonbliiee yaenseTcss HHTepec MpodieMaM ypaBHUBAHMS CBOOOJHBIX reoje-
3UYECKHX CETEeH.

B nepBoHauanbHy0 04epeHOCTh OOBSCHUM, YTO MBI OyJeM HMOHMMATh IO CBOOOIHON reoxesnye-
CKOHl CeThI0 B KOHTEKCTE MPENOCTaBICHHOW paboThl. ['eomesndeckoii CBOOOIHOM CEeThI0 HA3BIBAIOT TPHUTO-
HOMETPHYECKOE ITOCTPOEHHE, B KOTOPOM KOJMUYECTBO HAYAIBHBIX BEJIMYHH HEJOCTATOYHO /ISl OPUCHTALNH,
MacITabupoBaHus U (PUKCALIMN CETH B COOTBETCTBYIOIEM IPOCTPAHCTBE.

Henocrarok HayaabHBIX BENMYMH B CBOOOJHBIX I'€OIE3MUECKHUX CETAX, a CIECJOBATEIbHO HEHYJIEBOH
Je(eKT MaTpUIbl CHCTEMBI CTAHIAAPTHBIX YPAaBHEHUH NMPHUBOIUT K ONPENECICHHOMY M3MEHEHHIO METOANKU
YpaBHHBAHMS 3TOTO THIA CETEH.

Bonpocy ypaBHHBaHUS CBOOOTHBIX TEOAC3MUECKUX CETe 00paTUiIi HHTEpEC B COOCTBEHHBIX ITyOIH-
Kanusx Takue HayuyHble paboTHukHM Kak: [mmuckwit C.II., I'pewanwnosa I'U., {anmresna B.M., Komre-
eB A.l1., Mopozos b.H PaccmoTpuM KirodeBbIe yTBEP)KICHHMS, OMTUCAHHBIC B X paboTax.

I'maBHBIM IPEBOCXOCTBOM CBOOOIHBIX MOCTPOCHH SIBISETCS] HE3aBUCUMOCTD OT OMIMOOK HCXOIHBIX
JTAaHHBIX, YTO 1a€T BO3MOKHOCTB B ITOJIHOI Mepe NaTh OILICHKY Ka4eCTBO H3MEPEHHH.

B mcrouynnke mpezacraBieHa ciaeqyromas KiacCu(pUKaus CBOOOIHBIX CETeH B 3aBUCHMOCTH OT 3Ha-
4yeHus e(eKTa MaTpHULbl HOPMAJIBHBIX YPaBHEHHUH.

Lenpto u3y4eHUs sBISETCS: y4ET BO3AEHCTBHUS 1OAOOPA MCXOAHBIX CBEACHHH Ha JIOCTOBEPHOCTH
(hopMHpOBaHNS HHXEHEPHO-TEOIE3NUCCKHUX CETEH.

VYpaBHHBaHHE CBOOOIHBIX T€0JEC3UIECKUX MTOCTPOSHUH NMapaMETPUIECKUM METOAOM IPHBOIUT K TO-
SIBJICHUIO TTapaMETPUUYECKUX ypaBHEHHH CBSI3H MapaMeTpoB X ¢ (yHKIMEH M3MepeHHuH 1, KoTopble cocTaB-
JSIFOTCS JUTSA KQKIO0TO N3MEPEHUSI.

Marpuna k03 pHIIEHTOB MapaMeTPUICCKIX YpaBHEHHI TONpaBoK A oOmamaer nedekr d (a1 HuBe-
JWPHBIX ceTeit d=1, i miaHoBBIX cetelt d=4, Mt mpocTpaHcTBeHHBIX — d=7). 13 maHHO# MaTpHIb Ko3huim-
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Cexuus 10. IpukiaaHbie 3212491 MATEMATHKH

€HTOB HOPMaJIbHBIX YPaBHEHHMI SIBISCTCS BHIPO’KIICHHOW M BBIBOZIA CTAHAAPTHOTO YPAaBHEHMS HAXOIT 1o (op-
Mmyine: x =—R+b , [jie X — BEKTOP UCKOMBIX HEU3BECTHBIX; R - miceBnooOparHas marpuua; b= A™P

Kaxk MBI BUAUM pelIeHHe BBIOJIHASTCS ¢ UCIIONB30BaHUEM IICEBIO00OpaTHON MaTpHuubl R* = A4, , KO-

nk >

TOpasd yAOBJICTBOPACT CBOICTBaM:
+ —
Ank AknA k Ank

A/:rnAnkAl:rn = Al:;
(A4 = A4 (A" A) = A" 4

DTH JaHHBIE KOHCTATUPYIOT CAMMETPUIO OOOIOIHBIX MPOU3BENeHHM MaTpull AA" . A emie cooOuiaer
0 ToM, uto Matpuibl 44" 1 A" A SIBISOTCS 3PMHUTOBBIMH.

OCHOBHBIE BBIYUCIIUTENbHBIE TPOOJIEMBI IPU YPaBHUBAHUHM CBOOOJHBIX CETEH CBSI3aHBI C YCTaHOBIIE-
HHEM TCEBI000PaTHON MaTpuIbl R .

CymecTByeT 60JbII0e KOJINYECTBO METOJOB HAXOXKIEHHS IICEBIO00OPATHOW MATPHUIIBI, TIEPEUNCIUM
TOJIBKO JIUIIB ONPeeSICHHbIE U3 HUX:

1) MeTo/ M03JIEMEHTHOTO BHIUMCIICHHUS MATPULBI R’ .

2) Meron okaiMIIeHHUS.

3) MeTo/, OCHOBaHHBIH Ha CIIEKTPATHPHOM PA3JIOKEHUH MaTpHIIBI R.

4) Meton I'peBuis.

Br16op HauanpHBIX CBEICHUN B HHKXCHEPHO-TEOIC3MUECKUX CETAX Pa3NuIHON KOH(PHUTypannu KpoMe
TOTO TIPOSIBIISIET CYIIECTBEHHOE BO3/ICHCTBHE HA JOCTOBEPHOCTh ITOJOOHBIX CETeH. Y CTaHOBHB IIPUEMIIEMOE
pacroyiokeHNe MCXOIHBIX JAaHHBIX MOJKHO TOBIHATH Ha BO3JACHCTBHE OIIMOOK B CETH, T. €. CYIIECTBEHHO
YBEJIMYHUTH IOCTOBEPHOCTH YPABHUBAHUS

[TocMoTpuM Ha XapaKTepHBIE YE€PTHI BBIOOPAa MCXOAHBIX JAHHBIX B HYJIb-CBOOOTHBIX IJIAHOBBIX CE€-
TAX. DTH CETH YYHUTHIBAIOT (QUKCAIMIO 3-X MapaMeTpoB, TPeOyeMbIX U YIJIOBBIX M JTHHEHHO-YTJIOBBIX IO-
crpoenuii. iMeetcs aBa crocoda (prKcanuy HCXOAHBIX TapaMeTPOB.

B cBolicTBE UCXOAHBIX JaHHBIX UCIOJIb3YHOTCS:

1. MecrononosxeHue Jir000i TOYKH CETH U JUPEKIHMOHHBIA PaKypc TOTO MM MHOTO HAIPABJICHMUS C HEe;

2. KoopavHaTa TOH WJIM WHOM TOYKH CETH M OJHA U3 MECTOTIOJIOKEHUH 10001 MHOM TOYKHU CETH.

B nByX BapmaHTax 3a1aeTcs HANPaBICHHOCTh HAYaJbHON TCHACHINN OTHOCHTEIIFHO YCTaHOBJICHHON
CHCTEMBI KOOP/AWHAT, OCTAIOIIASICS BIIOCIEICTBAN YPABHUBAHUS HEN3MEHHOM.

B mepBomM ciydae 3TO MOKHO BBIPA3UTh IIPH TIOMOIIIH 3aBUCHMOCTEH:

XHIX}i
Y//:Y/;

AY, AY,

— HK

A‘/‘(IIK A‘/Y}‘[K

rae X,,,Y,, - KOOpAMHATBI HCXOJAHOM TOYKHU CETH;

AX i ,AY,, - IpUPAIEHHE KOOPAUHAT UCXOHOM CTOPOHEIL;
Xk Y » AX

k> AY, - YPABHEHHbIE 3HAYEHHS YKA3AHHBIX BEJIMYMH.
MuHycoM 3TOro MeTo/a, BEIOOP HCXOIHBIX JAHHBIX CUMTAETCs HEOOXOAMMOCTh CO3/1aBaTh JJOIOIHHU-

TeILHOE YPaBHEHHE NONPaBok: V, —=dY,, cosecay, +1, .

Bropoii MeTon He3aBUCHM OT JaHHOTO HENOCTaTKa. B HeM MCHoib3yercst TPaJWIMOHHBIA CHOCO0
BBIYEPKUBAHUS CTOJIONA MAaTPHILIBI YPaBHEHUI MONPABOK, HAJIexalero GpukcupyeMomMy KOMIoHeHTy. [1pu
9TOM JlaHHasi CTPYKTypa MAaTpULbl yPABHEHUH IIONIPABOK OCTAETCs IIOCTOSIHHOM.

BriBoa. KoHneniys ypaBHHBaHHsI CBOOOIHBIX T€0JIE3MYECKUX CETEl MolydaeT 0000eHe, 1 UMeeT
SIBHBIW TIOBBIIIEHHBIH HHTEPEC K HEl CO CTOPOHBI MHOTHX Y4€HbIX. be3yciioBHO, YTO psiji BOIPOCOB CBOOOA-
HOT'O ypaBHUBaHMSA I'€0Ie3UUECKUX CEeTel 000 aBTOp TPaKTyeT I0-CBOEMY, TEM He MeHee o0lee Halpas-
JICHUE U3Y4YEeHHUS] COCTOUT B OOBEMHEHNH Pa3IMYHBIX MOJX0/I0B K YPaBHHBaHHIO. Y paBHUBaHNE CBOOOHBIX
re0JIe3NUECKUX CeTeil MMEeT 3HAUYMTEIbHOE NMPAKTUYECKOe 3HAau€HHE, TaK KaK pa30MBOYHBIE CETH CTPOU-
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TEJIFHOH IUTOIIAIKN 00s3aHbl rapaHTUPOBATh BBICOKYIO TOUYHOCTH pa30MBOYHBIX IMOCTPOCHUH M MCKIIIOYATH

OIIMOKHU NCXOJHBIX TaHHBIX.

Bei0op ¢ukcanmn HavaabHBIX JAHHBIX B CETSX PA3HBIX KOH(UTYpALUHA TAaKXKe MTO3BOJIET CYIIECT-
BEHHOE BO3/ICHCTBHE Ha YBEIMYEHHE TOYHOCTH PE3yJIbTATOB yPaBHUBAHMS, YTO HEMAJIOBA)XKHO B COBPEMEH-
HBIX YCJIOBHSIX, KOTJIa BO3POCIM TPEeOOBaHUS K TOYHOCTH T€OJE3MYECKUX IOCTPOCHUH, HEOXOIUMBIX IS
Te0/Ie3NIECKOT0 00ECIIeUEeHNs CTPOUTEIHCTBA MHKCHEPHBIX COOPYKEHHUH.

Jluteparypa.

1. Amnponenko B.U. MccnemoBaHne TOYHOCTH CO3aHUS CeTEH CIENHMANBHOTO HAa3HAYCHHUS U pa3paboTka
METOJIOB T€0/Ie3NIECKOT0 00ECIIeUeHUsI CTPOUTENHCTBA peakTOpHBIX oTneneHnit ADC. Jlucc. Ha couc-
KaHUE y4. CTeTIeHH KaH1. TexH. Hayk. — M.: MUNT'AuK. 1987. — 146 c.

2. TI'BosmeBa B.A., I'muackuii C.I1., I'pewannnosa I'.1., Jlanmnesua B.M., Komeer A.l1., Mopo3os b.H.
I'eonesust: yuebHoe mocobue s TexHuKyMoB. Kaprreouentp — ['eonesnsaar, Mocksa, 1995 — 485 c.

3. Tpumues C.II., [oxmag I'.I'. ['eonesnst: yueObHOE MOcOOME 7S BYy30B. AKaleMIUUECKHUi MPOeKT, MOCKBa,
2007 — 590 c.

4. HWurynos W.II. UmkeHepHast reoie3usi B CTPOUTEIHHOM TPOU3BOACTBE: YUeOHOE TIOCOOHME ISl BY3OB.
Boponexckuii rocytapcTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBIA YHUBEpcuTeT, Boporexk, 2004 — 330 c.

MATEMATHUYECKUE METO/AbI MOJAEJIMPOBAHUS B 'EOJIOI'MA
A.T. Anuwes, cmydenm epynnet 10751,
HayuHbvil pykogooumens: I'une JLB.
FOpeunckuii mexnonoesuweckuii uncmumym (unuan) Hayuonanvruoeo ucciedosamenbckoeo
Tomcko20 noIUmMexXHU4ecKko20 yHueepcumema
652055, Kemeposckas o0x., e. FOpea, yn. Jlenunepaockas, 26

MATEMATHUYECKHE METO/IbI MOAEJINPOBAHIS B I'EOJIOI'MN — ncnons3oBaHue Mare-
MaTHYECKHUX METOJOB B T'€OJIOTMYECKHX HCCIEIOBAHHAX, KOTOPOE 00ECIeYnBaCT BOCIIPOU3BOANMOCTD pe-
3yJIbTAaTOB, MO3BOJIAET MaKCHMaJIbHO YHH(HUIHPOBaTh (OpMY MPEICTABICHHS MaTepuaja W MPOM3BOANTH
ero o0paboTKy cooOpa3HO CHCTEME CTPOTHX, JIOTHIECKHA HETIPOTUBOPEUUBBIX TIPABHLI.

T'EOJIOTUA — omHa w3 BakHEHIIUX HayK, o 3emie. ['€oJOrusl mpoIuIo [UIUTENBHBIA U CIIOKHBIN
MyTh pa3BUTHsL. Kpyr 0OBEKTOB €€ ncciietoBaHusl pacIupHIICs, M PACHPOCTPAHHIICS HA BCIO 3EMITIO.

MOJEJIMPOBAHUE — 3T0 mccienoBaHue pealbHO CYMIECTBYIOMNUX MPUPOIHBIX OOBEKTOB, SIBIIC-
HHUH U TPOIIECCOB, MMEIOIINX OTHOLICHHUE B HAIIEM CIIydae K Kpyry IpoOJieM, BXOAAIINX B 001acTh HHTEpe-
coB ruzposorud. Ho Takoe onpeneneHne Ha MEpBbIA B3I SIBHO HEOCTATOYHO, HOO BCe, UTO JAenanach U
JIeNaeTcsl B THAPOJIOTHH, (JOPMAIBHO YAOBIETBOPSET ITOMY ONPENEICHUIO

ITo mpuHIMITY TOCTPOSHNSI MAaTEMAaTHIECKON MOZEIH Pa3IMdaloT CTaTHYECKOE W TUHAMHYECKOE MO-
nenupoBaHue. CTaTHUECKOe MOAEINPOBAHNE COCTOUT B MaTEMaTHYECKOM OIIMCaHWHU CBOIMCTB MCCIEIyeMbIX
00BEKTOB TI0 pe3ybTaTaM WX M3yYCHHs BBIOOPOYHBIM METOJOM Ha OCHOBE MHIYKTHBHOTO OOOOIICHUS AM-
MUPUYECKUX JTaHHBIX. J[MHAMUYecKoe MOAENMPOBAHNE HMCIONB3YyET MPHUEMBI JEIyKTHBHOTO METO/A, KOTJa
CBOHCTBA KOHKPETHBIX 00BEKTOB BBIBOJATCS M3 OOLIMX IIPEACTABICHUI O €ro CTPYKTYype M 3aKOHax, oIpe-
IEISIOIMUX €r0 CBOMCTBA.

B Hacrosee BpeMs B IPaKTHKE TEOJIOTMYECKNX MCCIIEIOBAHNI NCIONB3YIOTCS, KaK TPABUIIO, CTATHUECKHE
MozenH. OT0 00YCIIOBIICHO CIIOKHOCTBIO U PAa3HOOOpa3HeM TEONIOTHUYECKIX OOBEKTOB, W TPYAHOCTBIO OMHCAHUSA
TEOJIOTMYECKHX TTPOLIECCOB AAKE B CaMbIX 00X yeprax. CTaTideckoe MOIETMPOBAHIE IPEyCMaTpUBaET:

- MpeoOpa3oBaHUe TeOJOTHUECKON MH(POPMAITIH B BU, yIOOHBIH IS aHAIIN3a;

- BBIIBJICHUSI 3aKOHOMEPHOCTEH B MACCOBBIX M B M3BECTHOW CTENEHU CITy4ailHBIX 3aMepax CBOMCTB
N3y4aeMBbIX TOPHO-TEOIOTHYECKUX 00BEKTOB;

- MaTeMaTH4IeCKHe ONMCAHNE BBIIBJICHHBIX 3aKOHOMEPHOCTEH (ONpe/ieTIeHHe MaTeMaTHIeCKOM MOJIEITH);

- WCTIOJIb30BAHHE TOIYYCHHBIX KOJIMYECTBEHHBIX XapaKTEPHUCTHK JUIS PEIICHUS KOHKPETHBIX I'e0JI0-
THYECKHX 3a7ad;

- IPOBEPKH I'€0JIOTHIECKUX TUIIOTE3, BBIOOPA METOAOB JalbHEHIIETO H3ydIeHUsI 00BEKTa 1 T.11.;

- OLIEHKY BEpOATHOCTH BO3MOXHBIX OIIMOOK B PEIICHUH ITIOCTABJICHHON 33/1a4H 3a CUET BHIOOPOTHOTO
METO/IaM M3y4YeHUs] 0OBEKTA.

Pemenne reonornyeckux 3aaaq Ha OCHOBE TMHAMHYECKOTO MOJICIIUPOBAHUS MTPEIyCMaTpUBAECT HHOH
MOJIXO/ K PEIICHHUIO 3a/1a4, a UMEHHO: HCXOMAS U3 OIIMOOK COOOpa’keHMI O TeHE3UCE T€ONOTHIECKOTO 00b-
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