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VIK 539.3

O PA3BUTHUU KOPPEKTHBIX TUCKPETHO-KOHTUHYAJIBHBIX
METO/0B MHOTI'OYPOBHEBOI'O PACUETA KOHCTPYKIIUI
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Poccuiickas akageMust apXuTeKTyphbl U CTPOUTENILHBIX HayK, . MockBa, Poccust
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3A0 «Hayuno-uccnenoBatensckuii neHTp «Cta/luO», r. MockBa, Poccust

1. TlonstHe O AMCKPETHO-KOHTHHYAJIBHBIX METOJAaX MHOTOYpOBHEBOI'O
pacueTa CTPOMTENBHBIX KOHCTpyKUui. Kak HM3BECTHO, COBpEMEHHBIH 3Tal
pPa3BUTHSI CTPOMTEIbHOM MEXaHMKHM, B YAaCTHOCTH 3a4ad OMNpeeeHUs
MHOTOYpPOBHEBOrO (B TOM  4YHCJI€  JIOKAJbHOIO)  HalpsDKEHHO-JIe-
¢dopmupoBanHoro cocrossaust (H/JIC) KOHCTpyKIWid, CBsi3aH C HIMPOKHM
HCIONB30BaHUEM YMCIEHHBIX MeTooB [4,16,17]. 3HauuTenbHbI nporpecc B
paseutun  OBM U BBIYMCIUTENHHOW MaTeMaTUKE, MPOJOJIKAIOLIUICS
TIOCIIEIHUE JIECATUIIETHS, OOYCIOBMJI CYIIECTBEHHOE W3MEHEHHWE COOTHO-
LIEHHUs] AaHAJTUTUYECKHX, SKCIHEPHUMEHTAIBHBIX (MOAENBHBIX M HATYPHBIX) |
YHUCIEHHBIX IOAXOJOB K aHAJIN3y CIOXKHBIX KOHCTPYKLUM, 31aHMHA U
coopyxeHuil. IlpakTuka BeIIBUTAET 3aJa4d MOHMTOPUHTAa M KOMILJIEKCHOTO
HayKOEMKOI'0  pacyeTHO-TEOPETHYECKOr0 OOOCHOBAaHUWS  HANpsDKEHHO-JIe-
¢opMupoBaHHOr0o (M HMHOTO) COCTOSHHS, NPOYHOCTH, YCTOWYHMBOCTH,
Ha/I)KHOCTH M O€30MacHOCTH OTBETCTBEHHBIX OOBEKTOB HMPOMBIIUIEHHOTO U
IPaXJaHCKOTO CTPOMTENBCTBA, aJEKBATHOE PEIIEHHE KOTOPBIX MOXET OBITh
3a4acTyl0 TONY4EeHO TOJBKO YHCIEHHBIM IyTeM. Kak mpasuio, Hailitu 3a-
MKHYTOE AaHAINTHYECKOE pEeHIeHHe Uil OONBIIMHCTBA TNPOOJEM He
MIPEJCTABIAETCS BO3MOXKHBIM, @ SKCIHEPUMEHTAJIbHBIE MCCIEOBAHUS YacTO
OKa3bIBAIOTCA BECBMA JIOPOTOCTOSIIMMH, a MOPOM M HE-NOJHBIMU. ODTUM, B
YaCTHOCTH, U OOBSCHSETCS JOMUHHPOBaHWE YHCIEHHBIX METO/IOB, MMEIOIee
MECTO, KaK B OTEYECTBEHHOH, TaK M B 3apyOe)KHOH pacyeTHOH IpaKTHKe.
BwMmecte ¢ Tem, oueBHIHO, YTO Ha Beex 3tanax usydenus HJIC crpourensHOro
o0beKkTa MaTeMaTHuecKas TeOopHus, WCCIECAOBAHUS aHAJUTHYECKUMH |
SKCIEPUMEHTANbHBIMA METOJaMH U YHUCIEHHBIM pacdyeT JOJKHBI IIpUMe-
HATbCA COBMECTHO M COIJIACOBAHHO, NMPHUYEM B KOHIIE MPOLUIOrO CTOJIETUS
MOSBUJICS OIMpPEECNEHHBIN MOTEHIMAN JUIsl PACIIUPEHUs JOJIU aHAJTUTUIECKUX
oxo/10B. JloCTUrHYTHIN ypoBeHb MOIIHOCTH DBM u umeromuiicst B apceHasne
WHCTPYMEHTApUHA aHAJUTHYECKHX MAaTEeMaTHUYECKHX CPEICTB B COYETaHUM C
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pa3HooOpa3reM MaTeMaTHYeCKHMX MOJIeNeil IMO3BOJIMII HayaTh pa3paboTKy
KOPpPEKTHBIX YHCIICHHO-aHAJIUTHYECKUX  (TOJIyaHAINTUYECKUX) METOOB,
COYETAIONINX KauyeCTBEHHBIE CBOWCTBA 3aMKHYTHIX pPEHIEHHH C OOIIHOCTHIO
YHCIEHHBIX MOAX0oA0B. [IpenMmylecTBa Takoro codeTaHusi, pa3yMeercs,
oTMevasnuch W pasbiie [18], HO MHOrHe M3 pa3padOTOK NPEKHEro BPEeMEHH
00 OBIIM HE pealn3yeMbIMH NMPAKTHYECKU HM3-3a OTCYTCTBHUS, MO KpaiHeH
Mepe, OHOTO M3 NepEeYHCIeHHbIX (haKTOpOB, JHMOO B TOW WIIM MHOW Mepe He
YUUTHIBAJACh BBIYMCIHUTENbHAS Criel(rKka 1 HEOOXOAUMOCTh ITOCIEAYIOMmEi
KOMIMBIOTEPHON  peanu3aiuu. [lomyaHalIuTHUECKHE METOABI TO3BOJSIOT
MoJydaTh pemieHust (B TOM YHUCIE JIOKAJbHBIE) B aHAINTHYECKOH QopMme,
CHOCOOCTBYIOIIEH YIYYIIEHUIO KadyecTBa HCCIENOBAHUS PAacCMaTPHUBAEMBIX
oO0bexToB. HalimenHas ¢ WX mnoMoOIIBI0 KapThHa MHoroypoHeBoro HJIC
pa3BUBaeT HMHTYUIMIO pacdyeTydKa M IOHMMaHHe paboThl KOHCTPYKIIHH,
XapaxTepa BIUSHUS Ha HUX Pa3JIMYHBIX JIOKAJIBHBIX U TII00ANBHBIX (PaKTOPOB.
[Nonyananutrieckne moaxoas! 0coO0eHHO 3((EeKTHBHBI B 30HAaX KpPaeBOTO
a¢dexta (3¢d¢ekTa Mayoro mapa-mMerpa), Tam, IJI€ YacTh COCTABISIONIMX
peteHust mpeacTaBiIseT cobol ObIcTpon3MeHsfonecs: (yHKIMH, CKOPOCTh
W3MEHEHHs] KOTOPBIX HE BCErJa MOXET OBbITh a/IeKBaTHO yYTEHa TPaJHIHOH-
HBIMH YUCJIEHHBIMH METO/IaMH. AHAJIUTHYECKHE MOJXO/bI, B TIPHHIMIIE, PE3KO
CHI)KAIOT Pa3MEpHOCTh UM OOBEM BBIYMCIEHUH, OCOOEHHO B MHOTOMEPHBIX
3ajayax, U B psJE€ CIy4yaeB aHajIU3a CO-CTOSHUS OTBETCTBEHHBIX U
KOHCTPYKTUBHO CJIOXKHBIX COOPYXEHHMH IEpPEeBOAAT TPEXMEPHYIO 3a-Jady
CynepOobIIONH BEIYUCIUTEIHLHON Pa3sMEPHOCTH U3 paspsia «HEpelaeMoi» B
«pemaemyto».  Crnegyer  Takxke  OTMETUTb, YTO  HpeABapUTEIbHOE
AQHAJMTUYECKOE M3yYEHHE OTIEIBHBIX JIOKAJHHBIX CBOMCTB MPOOJIEMBI MOXKET
OKa3aTh 3HAYUTEIBbHYIO IOMOIIb IPU YHCICHHOM PEIICHUM CIOXHBIX 3a]ad
CTpOUTENBHOM MexaHuku. Tak, HampuMmep, CpaBHEHHE C aHAJIUTUYECKUMU
peLIeHUsIMU CIIOKHOM 3a71a4ul B OoJiee MPOCTHIX U YaCTHBIX CIIydasix MO3BOJISET
JaTh OLEHKY MNpPUHATON PACUETHOM CXEMBl KOHCTPYKIMM, HCIIOJNb3yEMOro
METOZa, aJropuTMa M IOJYYEHHOIO pEIIeHUs, B YaCTHOCTH, OLIEHUTh
JIOCTUTHYTYI0O TOYHOCTH (YTO OCOOEHHO BaXKHO NPH BEPUPHKAIMOHHBIX
HCCIICIOBAHUSIX ).

B pab6orax A.b.3omoroBa u II.A. AkumoBa [1,6-13,26-28] Obu10
MPEJIOKEHO CEMENUCTBO KOPPEKTHBIX JUCKPETHO-KOHTUHYAJIBHBIX METOJI0B
pacuera  CTPOMTEIbHBIX  KOHCTPYKIMH,  BKJIIOYAIOMIEE  JUCKPETHO-
KOHTHHYaJIbHBI MeTo/l KOoHeuHbIX 31eMeHToB (JJKMKD), nuckperHo-koHTH-
HyaslIbHBI MeToj TpaHW4HBIX onemMeHToB (JJKMID) wu  auckperHo-
KOHTHHYaJbHBI BapuanuMoHHO-pa3sHocTHBIH Meron ([JKBPM)). Ob6nacts
MIPUMEHEHHUS JCKPETHO-KOHTHHYaJIbHBIX METOJIOB COCTaBJISIOT
MIPEUMYIIECTBEHHO OOBEKTHI, HMEIOUIME pEeryJsipHble (NOCTOSHHBIE WIIH
KYCOYHO-TIOCTOSTHHEIE) (PU3UKO-TEOMETPUIECKHUE napaMeTpsl
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(XapaKTepHUCTHKH) TI0 OJJHOMY M3 KOOPIUHATHBIX HAMPABJICHHUI, KOTOPOE Jajiee
YCIIOBHO HA3bIBACTCS OCHOBHBIM. XapaKTepHOH OCOOCHHOCTHIO TaKUX
00BEKTOB SIBIISICTCSA TO, YTO MX OYCHb MHOTO — B Ka4eCTBE MPUMEPOB MOXKHO
MIPUBECTH BBICOTHBIC 3/IaHUSI U COOPYKEHUS, 3/IaHUS U COOPYXKCHHS OOJBIION
MPOTSHKEHHOCTH, THIPOTEXHIUYECKUE COOPYKEHHS, TOHHEIBHBIC KOHCTPYKITHH,
OOJIBIIIMHCTBO THUITOBBIX KOHCTPYKIWHA (TUTUTHI TIEPEKPHITUH, CTCHOBBIC MTAHEH,
pUreNy, KOJOHHBI, OalOYHBICE KOHCTPYKIIUH, OOOJOYCYHBIC KOHCTPYKIIHH,
CKJIaT9aThie KOHCTPYKIMHY, ()YHIAMCHTHBIE KOHCTPYKIIUH U T.1.). [Ipu ux pac-
YeTHOM  OOOCHOBAaHMH  WCKIIOYHTEIBHO  BA)XHO  MOCTPOUTH  TOYHOE
AHAIUTHYECKOE PEIICHUE BJIOJIL OCHOBHOTO HAIPABIICHHS, CIPABEIIIUBOC TPU
JIOOBIX BO3JICHCTBUSAX ¥ MPOMEKYTOUYHBIX 3aKPEIUICHUSX, CTHIKOBKAX W T.J.
[Tox TOYHBIM aHATUTUYECKUM PEIICHUEM 37eCh MOHMMAETCS HAIMYHC SIBHOM
¢dopmyinel BeraucineHus HAC KOHCTPYKIUU B MIPOU3BOJIEHOW TOYKE CEUYCHUS (a
BOBCEe HE pazyokeHue B psyx). CooTBeTCTBYIOMIas (opMyia B SBHOM BHIE
JIEMOHCTPHUPYET xapakrTep TTOBEICHUS BBIYHCIIIEMBIX (axTopoB
(mepeMenieHui, WX MPOWU3BOMHBIX W T.JA.). METOIBI SIBISIOTCS JTUCKPETHO-
KOHTHHYaJIbHBIMH B TOM CMBICIE, 4YTO [0 OCHOBHOMY HAaIPaBJICHUIO
COXpaHSCTCS KOHTHHYaJdbHBIM  XapaKTep 3aJa4yd W COOTBETCTBCHHO
AHAIUTHYCCKUH (a0COMOTHO TOYHBII) BHJI IOTYy4aeMOr0 PEIICHHS, B TO BpeMs
KaK IO OCTaJbHBIM MPOHM3BOJIUTCSA JUCKPETU3ANUs TOTO WJIM WHOTO BHIA
(xoneunodnementHass st JJKMKD, rpanmunosnementHas maist JKMID u
BapualoHHo-pa3HocTHast st JIKBPM) ¢ 000CHOBaHHO KOHTpOJIHMPYEMOI
CTCIEHBI0 TOYHOCTH. Pa3pa0oTaHHBIC METOMBI MO3BOJISIOT C IMPUMCHEHUEM
Teopuu 00OOIIEHHBIX (PYHKIUH CTPOUTH TOYHBIC AHATUTUYCCKUC PCIICHUS B
30HAaX COCPEOTOYCHHBIX BO3JICHCTBUI, H30eras «pa3Ma3oK» WIH OCPEIHCHUM.
Bynem paccmatpuBath nanee JJIKMKD, sBistonuiicss Hanbomnee 3¢ GeKTHBHBIM
Y YHUBEPCAJIbHBIM MPEACTABUTEICM CEMEHCTBA NUCKPETHO-KOHTHHYAIBHBIX
METOJIOB.

2. CyTh JUCKPETHO-KOHTUHYAJHHOTO METOJa KOHCUYHBIX DJIEMEHTOB JUIS
pacuera crpouTenbHbIX KoHCTpykimid. JIKMKD Bkitouaer Tpu OCHOBHBIX
JTara, OMUCaHHBIX HIKE.

Ilepsovuii 5man. BplmonHseTcd CBeAEHUE HCXOAHOM 3amauM pacdera
KOHCTPYKIIMM K OOBIKHOBEHHBIM JUGGEPEHIMATbHEIM ~ YPAaBHCHHAM  C
OIepaTopHbIMU KO3 (GUITUCHTAMH, COXPAHSIIOMUMHU OONIYI0 KOHTHHYAIBHYIO
MTOCTAHOBKY 3a CYET BBIICIICHUS MPOU3BOIHBIX 0 OCHOBHOMY HAIPABJICHUIO U
WCIIOJIB30BaHUsI METO/Ia CTaHAAPTHOH (pacimupenHoi) obmactu A.B. 3omoroBa
[5]. Tak, Hanpumep, UTSt TPEXMEPHOM 3aJITa4H TCOPUH YIIPYTOCTH OyJIEM HMETh:

1 T A= T — b b
=Ly 1 O3+ Ly Oty Ly g = Fy X3€(X34,X3 1), (D
rae
~ * * =~ — -,
Lk,uv :Lk,uv —Lkuy 5 Lk,vu =Liaw :_Lk,uv; F;c ZQka +af,kﬁc; (2)
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*

7 00 0 0 d
Linw=0 B 0 | Ly={0 0 &k |0 (3)
0 0 A +27 A g 0

. 1007 |00 0ody 0] |04d, 94, O
Ly =2 0710;0;|0 10|+ 050, ody 0+ 540, 40, 0f: (4)

A 001 0 0o ol o 0 0
x=(X},X,,X3) — IEKaPTOBBI KOOPJHHATBI; X; — KOOPJMHATA COOTBETCTBYIOLIAS

OCHOBHOMY HalpaBJIEHUIO; xé”k, k=1,.,n, — KOOpPOWHATHl CEUCHHH, B

KOTOPBIX 3aJ[af0TCS TPAHWYIHBIC YCIOBUS (B YaCTHOCTH, KOOPJMHATHI CCUCHHUM,
IJIe TPOUCXOMUT «CKAYKo0Opa3Hoe» (pa3phbIBBI IEPBOTO poja) U3MCHEHUE

(HU3UKO-TeOMETPUYECKUX MapaMeTPOB KOHCTPYKIMU; U, =[u1(k),u§k),u§k)]T
BEKTOp COCTABILIIONIMX IICPEMEIICHUN Ha WHTEpBAle X; e(xé”k,xé’ k1)
Ay, W — mapamerpsl Jlame Ha MHTepBale X; e(xé”k,xé” wi1); € — obmacts,

onuceiBaeMass  (parMEeHTOM KOHCTPYKIMH C TOCTOSHHBIMH  (hu3HKO-
TeOMETPHUYSCKIMH MapaMeTPaMH 110 OCHOBHOMY HAIIPABICHUIO M C TpaHHMICiT
Iy =0Q;; 6,=0,(x) — xapakrepucruueckas ¢GyHkuus obmactu Qg ;

Or=0r(x) — nenvra-pynkuus rpanunst [, =0Q,; F, =[Fl(k) Fz(k) F3(k)]T
u f,=[ fl(") fz(k) f3(k)]T — BEKTOPBI COCTABIISIIOIIUX HAarpy3oK, AEHCTBYIOIIUX
COOTBETCTBEHHO BHYTPU U Ha IpaHule obmactu Q. ; v, =[v1(k) vg‘) vgk)]T —

BEKTOpP COCTAaBJIAIOIINX HOpMaJIH K TpaHune [, = 0C;;

> Zk =0, 5 1y =0uy; ai:ai
X

i

1, erk aek
. Org=——
0,xeQ,; o

Bmopoii sman. Bemonusercs JUCKpeTU3aLHs OIEepPaTOPHBIX
KOO((QHUIMEHTOB Ha OCHOBE COOTBETCTBYIOUIMX WM (YHKIMOHAJIOB. B
pe3ynbTate MMEeM  JAWCKPETHO-KOHTHHYaJbHYIO  pPacyeTHYI0O  MOJEINb,
TIPE/ICTABISIONIYI0 COOOH aHCaMOJIb JWCKPETHO-KOHTHHYAJIBHBIX KOHEYHBIX
9JIEMEHTOB, TPUYEM Ha KaKIOM JUCKPETHO-KOHTHHYAJIbHOM KOHEYHOM
JJIEMEHTE  WCKOMble  (YHKUMM 1O  «HEOCHOBHBIM»  KOOPJUHATHBIM
HaNpaBJICHUSIM ~ alllIPOKCUMHUPYIOTCS, Kak IMpaBWIO, IOJIMHOMAaMmH, a B
OCHOBHOM HalpaBIIEHWHM HX BHJ OCTaeTcsi HMCKOMBIM. VIHBIMH ciioBamwy,
HeHn3BeCTHhIE (PYHKIMU (PaKTUUECKH OIPEIENSIOTCS CBOMM IIOBEJCHHUEM Ha
pedpax JUCKPETHO-KOHTHHYAIBHOI'O KOHEYHOT'O AJIEMEHTA.

0, (x)= 10, =—0,, i=12. (5)
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[Ipu pacyere TpexMepHOW KOHCTPYKIUH (B paMKax MOJCITH TPEXMEPHOU
3aJa4d TEOPUU YIPYrocTH) UMeeM cucrteMy u3 ON;N, OObIKHOBEHHBIX

nmuddepeHanbHbIX ypaBHEHHUH MEPBOro MOPsAKA C TPAHMYHBIMU YCIIOBUSIMU
77 (k)N k D b b
O (x3)= 4T (x3)+ R (x3), x3€(x, x5 y), k=L =1 (6)
BiUM D (E, ~0)+B{UN (x5, +0)=g; +81, k=2,...0,—1;

BIU (x5, +0)+B, UMD (x5, ~0)=g +g,,. ()
rae
A= 710 71EN } Ek(XS):_|: 710— } ®)
Ko Kiar Kia K K Ry
Ly =K Lia = Kins L =K )
U0 =0 =[a" @} OPy=000:  (0)
=1, () =[G, ) G 2T @
T @ PN @
m@gk,l,zvz))r (ﬁ’gk,z,zvz))rm (ﬁrgk,Nl,Nz))T]T; (11)
=7 e) =) G RN
(RN (GERINT L (GENNT
m(;’gk,l,zvz))r (Vék’z’Nz))T... (Vrgk,Nl,Nz))T]T; (12)
(ul(k,p,q)) (vl(k,p,q))
uf,k’pm=ﬁ,$k’pm(x3)= (uék,p,q)) : g(k,p,q):‘jrgk,p,q)(xs): (ng,p,q)) . (13)
(ugk,p,q)) (ng,p,q))
E{,n ZEk’n(xs):[(E(k,l,l))T (E(k,2,l))Tm E(k,Nl,l))Tm
(R(k,1,2)) (R(k22)) (R(kNl,2))Tm
RGN RGP LRGN (14)
Efﬁ’q"‘)=17Lf,‘,’,"”k’(x3)=[(17Lfﬁ”q"‘)) (RW4H R(pa# @qu)]r; (15)
N,-1 m N,—-1 — KOIMYECTBO JUCKPETHO-KOHTUHYAJIBHBIX KOHEYHBIX

QJICMCHTOB 110  HAIIPABJICHUIO OCGf/i COOTBETCTBYIOIIUX  ICPEMCHHBIM

X1 X3 U (k,p q) (lf,;p"’),ug‘,;p"’) " v(k,pq) (kr;p ) (kn,p ) — Y3JIOBbIC HEU3BECTHBIC

(cocraBinsttomye nepemMenieHui ul(k) ug‘), ® Ha (p,q) -M y31€ U uX mHpo-
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K (k) (k
HU3BOJHBIC vl( ),v§ >,v§1> no X3 Ha HWHTEpBaie x3e(x§k,x§k+l);
k k k
Rb(,’l’p ’q),RTE’z’p ’q),RTE’z’p ) _ 3HaueHMs Y3JOBBIX HATPY30K, NPHIOKCHHBIX B

(p,q) -M y37e MO HaNpaBJICHUIO OCEH, COOTBETCTBYIOIIMX IEepEMEHHBIM

b b . — p+ + p-
X},Xp,X3 HA MHTEpBANC X3€(X34,X3441); Be,By, k=2,...m -1 u B/ ,B, -

3aJlaHHBIC MATPHIBl KOX((PHUIIMEHTOB TPAaHUYHBIX YCIIOBUH, KBaJpaTHHIC
6N,,N, -ro nopsaka; §;,§,:, k=2,..n,—1 wu §1+,§,,; - 3amaHHble ON,|,N, -

MEpHbIE BEKTOPHI MPABBIX YacTell TPAaHUYHBIX YCIIOBHUI.

Takum oOpazoM, B o0OmeM cioydae BBIIOJNHSIETCS TEPEXOn K
MHOTOTOYEYHOH KpaeBOW 3agaud JJIsl CHCTEMBI, COCTOSIIEH M3 HECKOJIBKHX
ThICSY (711 MHOTOMEPHBIX 3aj7ad) OOBIKHOBEHHBIX An((depeHIInanbHbIX
YpaBHEHHH IIEPBOrO MOPS/AKA C KYCOYHO-TIOCTOSIHHBIMH KO3((QHIMEHTaAMH,
COINPOBOXKJAEMBIH, KaK MPABUIIO, BBEICHUEM JOMOJHUTENBHBIX HEM3BECTHBIX.
Paspemarornass MHOroTouedHas KpaeBas 3ajaua B OOIIEM CclIydae HMeeT
(3% 0011207 8:370 8

V() =4y (x)+ £ (), (16)
B 7(x{ =00+ B{ Y0 +0)=g; +&, k=2m—L;
— b [ b - _—
B F(xf +0)+ By 3(xh ~0)=5; +T; . (17)
e X — TEepPEeMECHHAs COOTBETCTBYIONIAS MPOJOJEHOMY HAIPaBIICHUIO;
x,i’, k=1,...n, — KOOpIUHATHl TOYEK 3aJaHUs TIPaHUYHBIX ycIOBUH (oOIee

KOJIMYECTBO I'PAaHUYHBIX YCIOBHH 1, —1); ¥, (x) — ucKoMas n-MepHasi BEKTOp-

(G yHKIUS HA WHTEpPBAJC xe(x,f,x,fﬂ); A, 1 f,(X) — COOTBETCTBEHHO MaTpuUla
MOCTOSIHHBIX KOA()(UIMEHTOB N-T0 MOPSAKA W 7-MEpPHAs BEKTOP-(YHKIIHSI
TPaBBIX YACTEH Ha MHTEpBATE X € (X, ,Xp,,) .

Tpemuti oman.  BBINOMHSETCS ~ KOPPEKTHOE  IMOCTPOEHHE  TOYHOIO
QHAJUTUYECKOTO  pEIIeHHs  pa3pellalolliX  CHCTeM  OOBIKHOBEHHBIX
nmuddepeHmanbHbIX YpaBHEHUH € IIOCTOSHHBIMHA KO QUIHMEHTaMH. 3aMETHM,
YTO BCE CIOKHOCTH pEaIM3aliH JUCKPETHO-KOHTHHYAIBHBIX METO/IOB
OIIPEJIETISIOTCSl  XapaKTePHBIMU  CIEUU(PUIECKUMH  OCOOEHHOCTSIMH ~ 3THX
cucreM. Ilpexxae Bcero, BakeH (DaKTOp KOJIMYECTBA PACCMATPUBAEMBIX
muddepeHManbHBIX  ypaBHEHUH. B pamkax W3BECTHBIX TPaJUIIMOHHBIX
MetonoB JI.B. Kanroposuua, B.3. BrnacoBa n Meroma mpsimbix [18] mMoxHO
PELINTh CUCTEMY, HACUUTHIBAIOUIYIO0 OYEHb HEOOJBIIOE YHCIIO OOBIKHOBEHHBIX
muddepeHManbHBIX ypaBHEHUH, U Jake 3TO 3a4acTylo TpeOyeT 3ayacTyro
TIPUBJICYEHHS psijia CHEIUAIBbHBIX Mep (OrpaHnYeHHe JUTUHBI KOHCTPYKLIUH H
npo4.). YKa3aHHbIE METOJbI BOOOIIE W3HAYAIBLHO OBUIM OPHUEHTHPOBAHBI HX
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pa3paboTyrkaM¥i HCKIIOYMTENFHO Ha PYy4HOHM cyer. Tak, Hanmpumep, BBIOOP
0a3MCHBIX (YHKIMI B HUX Yallle BCErO HE MpEeIoyiaraeT HUKaKoi JUCKpeTH3a-
mun. Kpome toro, atm 6azucHble (QyHKIMH JaleKko HE BCETAa, a OCOOCHHO B
MPaKTHYECKUX 3ajauyax, yJAaercs Mojo0paTh TakuM o00pa3oM, 4YTOOBI OHH
YIIOBJIETBOPSUTM COOTBETCTBYIOIE YacTH 3aJaHHBIX T'PAaHUYHBIX YCIOBHM.
IIpu pemenun xe TpexMepHbIX 3aaad ¢ ucnonb3oBaHueM JKMKD umcno
YpaBHEHHH JIOCTHI'aeT HECKOJIBKUX THICAY, M BCE TPAJAUIMOHHO NMPUMEHSIEMbIE
MOAXOABI JUI AHAJMTHUYECKOrO pEIIeHHS] TaKUX CHCTEM OKa3bIBAJHCh
HECOCTOSATENbHBIMA. B CBSI3M C BBIIIE OTMEYEHHBIM, IIPAKTUYECKH BCE
WCCIIEIOBATENH UIYT HE TOYHOE aHAJIMTUYECKOE pelieHne B Bue GOpMYIIbI CO
CllaraeMbIMH  9KCIOHEHIIMAIILHOTO THIIA, & CTPOAT pEUIEHHE C IMOMOUIBIO
pasnoxenuit B psaael (Meromel JI.B. Kantoposuua u B.3. BmacoBa, meron
KOHEUHBIX II0JIOC), HCIIONB30BaHUHN CIUIAaHH-QYHKIMHA (METOX KOHEUHBIX
mosoc) u T.4. [18,30,31]. CraHmapTHEIC MOMyaHAIUTHYECKUE TTOAXOIBI OUCHb
IUIOXO CHPABIISIIOTCS C YYETOM COCPEJIOTOYSHHBIX HArpy3oKk M Harpysok,
pacIipe/ielieHHbIX Ha HeOOJBIIMX yJYacTKax. MeXIy TeM pacueT Ha TaKue
Harpy3KH SIBJISIeTCsl Hanbosiee BaXKHBIM ISl OOJIBIIMHCTBA CTPOUTENBHBIX KOH-
cTpyKumid. He MeHee KpUTHYHBI B 3TOM € CMBICIE M TPAHUYHBIC YCIIOBHS:
00 OHHM HECOCTOSITENIBHBI, JINOO Uil MX aJeKBAaTHOTO ydera Tpedyercs
HEKOTOPBINA CHECIUANBHBIA BUJ TAKUX YCIOBUH, HE UMECIONIUA MecTa B 00IIEeM
cirydae. TOYHOCTh M CXOAMMOCTD PEIIeHHH, MOTY9aeMbIX 110 TAKUM METO/aM,
YacTO CHJIBHO 3aBHCHT OT BHJa BEIOMpaeMbIX 0a3uCHBIX (DYHKIMH VIS arpoK-
CHMalli HEM3BECTHBIX, a TAKKe OT KOJIMYECTBA YYUTHIBAEMBIX UJICHOB psijia.
CX0MMOCTb K€ B 30HaX KpaeBBIX A(PQEKTOB, COCPENOTOYCHHBIX (HAKTOPOB,
KOHLICHTpALMi HarpshkeHud U nedopmanuii (T.e. B Hanbosee OTBETCTBEHHBIX
30HaX) BeCbMa MeIUIeHHas! U c1a00 3aBUCHT OT YMCIIA YYUTHIBAEMBIX UYJICHOB
psana @ypre. W naxe, HampuMep, €CIIM CXOAMMOCTh ISl TepeMelIeHnH
OTHOCHTEJIFHO BBICOKA, ISl ieOopMalii, HANPSHKEHUH U BHYTPEHHUX yCHITHH
OHa MHOT0 MeHbIle. /lanHblil pakT oTyacTh 0OBSICHSETCS H3BECTHBIM B TEOPUH
panoB 3ddexrom 'mbdca [15], cmocobam GOpPHOBI ¢ KOTOPHIM ITOCBSIIICHO
JIOCTATOYHO MHOTO pPa0OT KaK OTEYECTBEHHBIX, TaK M 3apyOenHBIX
cnenuanucToB. OTMEYeHHBIE HEJOCTATKH CTAHAAPTHBIX METONOB CIEAYIOT U3
MaTeMaTH4ecKol CyTH 3aJadyd, 5TH cja0ble MecTa JOCTaTOYHO IOAPOOHO
YKa3bIBAIOTCSI B 0030pHBIX CTAThIX M MOHOrpadusx (Harmpumep, [31]).
BeruncnurensHas crienu$uKa NpH  pPEIIEHHH CHCTEM OOBIKHOBEHHBIX
muddepeHManb-HpIX  ypaBHEHUH (6) ompeneNnaeTcs  MaTpUllaMU
Ay, k=1,...,n,, ¢ nocrosHHbIMH  Kko3(hduienrtamu. Pemenue, ero

KOPpPEKTHOCTh M 3(p(PEeKTUBHOCTH 3aBHUCAT OT CIIEKTpa. 3/1€Ch CIEIyeT OTMe-
TUTb, YTO JUIs OONBIIMHCTBA 3aJ1a4 CTPOUTENHEHON MEXaHUKU CIEKTP MaTPHULBI
A, ¥MeeT CIeayroLue 0COOEHHOCTH:
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— HaJu4ue COOCTBEHHBIX 3HAYCHUN C JICHCTBUTEIEHBIMU YaCTAMU PA3HBIX
3HAKOB;

—  «KECTKOCTBY» CHUCTEMBI, T.€. OTHOIIIEHHE MaKCUMaJIbHOTO COOCTBEHHOTO
YyciIa MaTPHUIEI K MUHUMAIHHOMY (TI0 MOJYJIIO) SIBJISICTCSI OOJBIIAM
YUCIIOM

|Ak,max | / |Ak,mm|2M > TAe M, — Oonblloe Yucio; (18)

- B CIICKTPAJIBHOM  PA3JIOKCHHUU  MAaTpPUIIbI Ak MNPUCYTCTBYIOT

JKOPJAAHOBBI KJIETKM HECAWMHWUYHOI'O IOpsAAKa W HNPHUCOCIUHCHHBLIC
(KOpHeBBIe) BCEKTOpa, HOpU O3TOM OHHU COOTBCTCTBYIOT HYJICBBIM
COOCTBEHHBIM 3HAYCHUAM,

- JKOPJIAHOBBI KJICTKW HCCIUHUYIHOT'O IMOpA/Ka UMECIOT KOHEUHBIN BUI U
MNpaKTUYECKNU HE  3aBUCAT OT TYCTOTBHL CETKU  OUCKPCTHO-
KOHTHHYAJIbHBIX KOHCYHBIX 3JICMCHTOB, AIMMIPOKCUMUP YIOIITUX
«IOMEPEYHOC» CCUCHHUC KOHCTPYKUHH, YUCIIO KOPAAHOBBIX KIJICTOK
HECAUHUYIHOT'O TOpsAAKa HeOOJIbIIIOE.

HTaK, CIICKTPAJIbHOC PA3JIOKECHUE MAaTPHUILIBI kA nmeer BU:

A =TT s (19)
rac
e, 1 0 ... 0]
Ji1 ‘
J 0 A, 1 .. 0
k2 .
Jip s Jkp=l e e e [ dIMY) ,=my 5 (20)
J 0 0 0 .. 1
o 0 0 0 .24,

T, — HEBBIPOXKAEHHAS MAaTPHULIA N-TO NMOPAAKA, CTOIOLAMH KOTOPOU SABIISIOTCS
COOCTBEHHBIE U KOPHEBbIE (IIPUCOSTUHEHHBIE) BEKTOPBI MaTpulbl 4, ; J, —
marpuua JKopaaHa n-ro mopsiika Juis Matpuiel 4 ; Jp, — XKopaaHoBa
KJIETKA, COOTBETCTBYIOIIAs COOCTBEHHOMY 3HAYCHUIO A p s Up — KOIMYECTBO

Pa3IUYHBIX COOCTBEHHBIX 3HAUEHUM MaTpULbl 4, .

TpaauunoHHbII MOAXO/I, PEKOMEHTyeMBIii B HeCIeHaIbHON
MAaTEeMaTUYECKOW JIMTEepaType W MyONUKAIUIX, TMOCBANICHHBIX CTPOUTEIHHOMN
MEXaHuKe, (paKTHYECKH Cpa3y MpeyiaracT UCKaTh PEHNICHUE CHCTEMBI THIIA
(mmxe y(x) — UCKOMas n-MepHas BEKTOpP-QYHKUUS; A W j (x) -
COOTBETCTBEHHO MATpHIlA MOCTOSHHBIX KOA((GUIIMEHTOB #-TO TOPSIKA H H-
MepHasi BEKTOP-(DYHKIIHS TPaBBIX YacTei)

F(x)=A5(x)+ £ (x) 1)
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B CJICAYIOUIEM BUIC
F(xr)=exp(4x)7(0)+ [exp(A(x~))f(£)dg (22)
0

@ynakuust ot Marpuisl B (12) BBYMCHSETCS 1O M3BECTHBIM IIpaBUIIaM,

pUYeM

exp(Ax)=Texp(Jx)T ", (23)
rne 7 — HEBBIpOXKIEHHAas: MaTpUla A-TO IIOpsAKa, CTOJIOLUAMHM KOTOPOM
SIBIISIFOTCSI COOCTBEHHBIE U KOPHEBBIE (ITPUCOEANHEHHBIE) BEKTOPBI MAaTPHLIBI A;
J —marpuna JKopaaHna n-ro nopsaka Juist MaTpuis! [2].

Pemenne tuma (22) B nepByto odepens OpHEHTHPYIOTCS Ha 3ajgaun Kormm.
Jlns ciydaeB, Koryia MCXOJHBIE YpaBHEHUs] MMEIOT SJUIMNTHYECKUH T, (22)
SIBIISIETCSI, IO CYTH, PEIICHWEM I10 METO/AY HavaJbHBIX IapaMeTpoB WIIU
HayalbHBIX (QYHKUIME. HecMoTpst Ha Haimuuyne B HEKOTOPOM OrpaHUYEHHOM
qucie 3aaa4 penieHuit mo gopmye (22), B obmeM ciydae nanHas Gopmysia
MPaKTHYECKH HepealnzyeMa. JTO CBS3aHO C TeM OOCTOSTEIHCTBOM, YTO B
pemennn (22) Bcerna umerorcs GyHKuuu Bupa exp(Ax), rae A>0, npudem

BEJIMYMHA JIOCTHTacT 3HAYUTEIBHBIX BeMWYUH (Hampumep, 12<Ax<300).
Peammzammst  takux QyHkimuii Ha OBM  sBisieTcsl  «BBIYMCIHMTENBHOM
karactpodoit». CremyeT OTMETHTh, YTO Ye€M TOYHEE AaIlpPOKCHUMAIHS I10
HEOCHOBHBIM HAaIlpaBJICHUsIM, TeM OOJbIIME 3HAYCHUS NMPUHUMAET BEIUYMHA
Ax .

Cucrembr (16), kak yka3bIBaJOCh, SIBIISIOTCS JKECTKUMH. B wacTHOCTH,
OTCIO/Ia BHITEKAET XapakTep pelieHus BOMM3u rpanun (KpaeBoil 3¢ ¢dekT) u B
30HaX IPWIOKEHHS COCPEJOTOYEHHBIX Harpy3ok. TakuMm oOpa3oM, YacTh
COCTaBJISIFOIIMX PELICHHS CUCTEMBI SIBIISIETCS OBICTPOM3MEHSIOIMMUCS, & YacTh
MeHseTcss MemieHHo. Kak crencrBue, HUKakoW JHMCKPETHBIH —IOIXO[,
HalpyMep WCIIONB3YIONMH CIUIAiHBI, HE B COCTOSHHM YIIOBHTH BCE
KOMITOHEHTBl pEHICHHS OJHOBPEMEHHO U €ro AacHMNTOTHKY. BaXHbIM
rapamMeTpoM  SBJSIETCS TakXke M IMPOTSHKEHHOCTh — paccMaTpHBaeMOM
KOHCTpyKumH. Kak ObUIO IMOKa3aHO BEIIIE, €CITH, HAPUMEp, OHA 3HAYMTEIIbHA,
TO CTAHOBSTCS HEpPAOOTOCIIOCOOHBIMU T€ METO[BI, IJle Ha KaKOM-JHOO dTare
UCTIONB3YIOTCS THrnepbonuueckne ¢yHkuu. Yacro pemenue cucteM (16)
BeleTCs JIMOO HEKOPPEKTHBIMH METOJaMHU, HE YYMTBHIBAIOMIUMH CIEHU(DUKY
CTPOWTENBHBIX 3a7ad (HampuMep, METOJ HadalbHBIX MapaMeTpoB), JHOO
WCTIONB3YIOTCSI METO/IBI, HE TIO3BOJISIFOLIME MTOJYYUTh aHAINTHIECKOE PELIeHUe
(MeTozBl THIA TPOTOHKH, OPTOTOHAJIBHOW MPOroHKM W npyrue [18], mpuuem
METOJl OpPTOTOHAJIBHOH IIPOTOHKH COIpPSHKEH ¢  OoybIIUM — 00BEMOM
BBIUMCIIEHHH W  HEONpAaBAAaHHBIM  YCWJICHHEM (OpTOrOHATM3alMed |
HOPMHUPOBKO#1) MCUE3AIOUINX I10 JTHHE (PaKTOPOB).
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B nwureparype xecTkue cucTeMbl, 0Oe3ycioBHO, uccienyrorcs [19], HO B
OCHOBHOM TIIpHM pemeHud 3a7a4 Komm u, Kak MpaBwio, sl CHCTEM
muddepeHManbHBIX  ypaBHEHHH ¢ KOI((HUIMEHTaMH, 3aBUCAIIMMH OT
aprymMeHTa. B HameM ciydae Iieib COCTOsZIa WMEHHO B ITONYYEHHH
AQHAJMTUYECKOTO PELICHUs MPH TMOCTOSHHBIX KOA(PQUIMEHTaX, YTO SBISIETCS
XapakTepHBIM JUIsi OONBIIMHCTBA 33Jad pacyera THUIIOBBIX CTPOUTENBHBIX
KOHCTPYKIUH.

BakHO# 0COOEHHOCTBIO MPH MOCTPOEHHUH perieHus B popme (22) siBusiercs
HEOOXOANMOCTb BBIUMCIICHUS! JKOPJAHOBHIX KJIETOK M TIPHCOEAMHEHHBIX
BEKTOPOB. JTa 3a/laya TaKKe SIBISIETCS HEKOPPEKTHOW, HeoOXoaumoe sl ee
pelieHus MaTeMaTHYecKoe W TIporpaMMHOE oOeclieueHre B OOIIeM ciydae
oTcyTcTBYeT. B mutepatype mo nuHeiHON anredpe [20] moka3siBaeTCs, 4TO HE
MOXET CYIIECTBOBATh HU OJHOIO YHUCIEHHO YCTOHYMBOTO YHHBEPCAJIBHOTO
crocoba  BBIYMCIEHHS  JKOPJAHOBBIX ~ KaHOHMYECKMX  QopMm. J[laHHoe
00CTOSITENTLCTBO MOXKHO HPEOAOJIETh ITyTEM BO3MYIIEHHS MaTpHIBL, HO TIPH
9TOM BO3HHKAeT MpoOiieMa aJleKBaTHOrO BBIOOpa MapaMeTpoB BO3MYIIECHHS U,
KpPOME TOT'0, TePSIETCS] aHATUTUYECKUI XapaKTep MOIydaeMOro pPeIeHHsI.

Cyrtb npeyioxkeHHoro B [1,6-13,26,27] noaxona onvcaHa HUAXE.

Crpoutcst (¢yHAaMeHTallbHass MaTpula-QyHKIHS, CBEpTKAa C KOTOpOi
SIBIISIETCS. OMEPaTopoM, OOpaTHBIM K HCXOJHOMY AuddepeHnuraabaomy. Jlis
9TOW LENM HMCXOIHAas MaTpHuua Kod(QQUIMEHTOB CHCTEMBI IMpPEACTABISETCS B
BHJIE CIEAYIOLIEH CyMMBI:

A=Ay + A+ Ao, (24)
tne Ay =B Ay A =B Ay Ao=Fodi= A=Ay~ Ay
rge B, — TPOEKTOp Ha MOANPOCTPAHCTBO, OTBEYAKONIEE COOCTBEHHBIM

BCEKTOpaM, COOTBCTCTBYIOIIUM HCHYJICBbBIM COOCTBEHHBEIM 3HAUEHUSIM C
HCOTPULIATCIIbHBIMU ﬂeﬁCTBHTeHBHBIMH HacCTsAMU, Pk7 — TPOCKTOp Ha

noaANpoOCTPAHCTBO, OTBEYAIOLICEC COOCTBEHHBIM BEKTOpaM, COOTBETCTBYIOIIUM
HCHYJICBBIM COOCTBEHHEBIM 3HAUYCHUSIM C OTpULIATCIILHBIMHA ﬂeﬁCTBHTeHBHBIMH

HacCTsAMU, Pk,O — IMPOCKTOP Ha NMOANPOCTPAHCTBO, OTBCUAIOMICC COOCTBEHHBIM H

MNPUCOCANMHCHHBIM BCKTOpPAM, COOTBCTCTBYIOIIMM HYJICBbBIM COOCTBEHHELIM
3HAYCHUAM

& R & R .
Pk,+:7}c,+(7}c,+7}c,+) Ty s Pk,—:nc,—(z;c,—j}c,—) L N W (25)
Tt m f’k’+ — COOTBETCTBEHHO MATPHUIILI PA3MEPHOCTH 7y X 11y M My . X1y,

COACpIKaIue IpaBbIC W JICBLIC COOCTBEHHBIE BCEKTOPbI, COOTBETCTBYIOLIUC
HCHYJICBbBIM COOCTBEHHEIM  3HAYEHUSIM MaTpuibl € HCOTPULATCIIbHBIMU

ﬂeﬁCTBHTeHBHBIMH HacCTsAMU, Tk—’ Tk— — COOTBETCTBECHHO MATpHUIIbI pPa3-
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MCPHOCTH 11y X I’lk’_ u I’lk’_ X ny , COACPIKamue MMpaBbIC U JICBLIC COOCTBEHHBIE
BCEKTOPHbI, COOTBCTCTBYIOIINEC HCHYJICBBIM COOCTBEHHBIM 3HAYEHUSIM MaTpulilbl
Ak C HCOTpULATCIIbHBIMU ﬂeﬁCTBHTeHB-HBIMH HacCTsAMU,; E - CIUHUYHaA
MaTpuiia COOTBCTCTBYIOIICTO ITOpAAKaA, I’lk’+ u I’lk’_ — COOTBCTCTBCHHO

KOJIMYCCTBO HCHYJIEBBIX COOCTBEHHBLIX 3HAYEHHH C HEOTpHULIATCIBHBIMAU U
OTpULIATCIIb-HbIMU ﬂeﬁCTBHTeHBHBIMH yactamu. k
3aMeTI/IM, 4YTO MaTpHulbl T, k+ u T k- npeajaracrcsa Oomnpeacsitb U3

pelieHus J1eBOi Tpo-OeMbl COOCTBEHHBIX 3HAUEHUH Ul MaTpHIbBl A
(y4uThIBaETCS TOT (PAKT, UTO, KaK CICAYET U3 CKA3aHHOT'O BHIIIE, MPAKTHYCCKH

HEBO3MOYKHO Ha IPAKTHKE IIOCTPOUTH MaTpuupsl 7, u T, k_l B pasznoxkenud (19)
NpY HalIUYMU B MAaTpule J; >KOPAAHOBBIX KJIETOK HEEIMHHYHOTO MOPSIKA).

JleBas mpoOnemMa COOCTBEHHBIX 3HAUEHMH MaTpuipl 4, KaKk H3BECTHO,
. T
cBoaMTCS K (TpaBoif) mpobiaemMe cOOCTBEHHBIX MaTpullsl 4, . OTMeTHM, 4TO

nocjie pemeHusl NMpoOsieM COOCTBEHHBIX 3HAUEHMH Jnsd Matpul A4, H AkT
CJIe/lyeT POBECTH TaKyl COPTUPOBKY WX COOCTBEHHBIX 3HAUYEHHH (M COOTBET-
CTBEHHO COOCTBEHHBIX BEKTOPOB), YTOOBI CHayajlla HYMEpPOBAJINCH BCE
HeHyJieBble coOCTBeHHbIe 3HauyeHWs. COIyTCTBYIOIIME ITPEeoOpa30BaHUS
ompezestorcss GopMyiTaMu (3HaK =  YCIOBHO 00O3Ha4aeT OIepaIuio
TIPUCBAVBaHMs)

~ ~ i~ - - e
Tk,+ = (Tk,+Tk,+) Tk,+; T = @ T ) IT"»* : (26)

Ho;:[qe KHCM, 4YTO IIPOCKTO] P, HC HYXAacTCa B CIICOUaJIbHOM
k,0

noctpoeHud. OH 3eMEHTapHO HaXOAUTCS KaK pPa3HOCTh €AMHUYHOM MaTpUIIbI
COOTBETCTBYIOILETO TOPSIKA C NApO NPOEKTOpoB F, . m P, _, KOTOpEIM OH

opToroHaies. 0

[Ipennaraemple mpouEAypsl TakXKe OOJIEr4aloT TNpPHUMEHEHHE MeToja
CTaHIAPTHON o0JIacTH [S], CBA3aHHOE C HAJTMYUEM JTUCKPETHO-KOHTHHYATBHBIX
JJIEMEHTOB HYJIEBOH KECTKOCTH.

CootBercTByrOmue (HyHIAMCHTAIBHBIC MATPHUIBI-QYHKIUUA I CUCTEM
(16) MoryT OBITH TIPEICTABJICHBI B CIICAYIOIIEM BHUJIC:

My max =1

~ k
e (X)=T} 14 0 ()T + 2(x0) B o+ Z %Alf,o ’ 27)
k=1

rac
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x(x),  Re(4 ,)<0

HOB I o) Relhy )5 9

Ek’o(x)zdiag {Z(xﬂik,p)exp(ik,lx)z"~nZ(xaik,l)exp(ik,lx)k (29)

Tk,lz[Tk,Jr Tk,—]; ﬁfZ[ﬁcT+ ﬁft]T; (30)

My max = lrn;;;; my ;, TPHYEM BEIMYUHA /My ., KOHEUHA M HEOOJbLIAs;

ly =ny 4 +ny _ — YUCIO HEHY-JIEBBIX COOCTBEHHBIX 3HAYCHUH MaTpuubl A ;
x, =x(x)-x.

Cnenyer  OTMETHTb, YTO B  TPHUBEAECHHOM  BBIPRKEHHH  JUIS
GbyHIaMEHTAIBHBIX MAaTpUI-QYHKIUA HeT KoMmoHeHT Tuma exp(Ax), e

A >0. Cueayer 0cob0 OTMETHTb, YTO TaKHE MPEICTABICHUS OCHOBAHHI Ha
TOM, YTO W3 CBOWCTB 3aJiad CTPOHMTEIHFHOH MEXaHWUKH BBHITEKAaeT, YTO BCE
KOPZAHOBBI KJIETKM HEEJUHUYHOI'O TIOPSAZKAa COOTBETCTBYIOT HYJIEBBIM
COOCTBEHHBIM 3HAUEHUSIM, SIBJSIFOTCSI HWJIBIIOTEHTHBIMH, T.€. UX HEKOTOpas
CTENEeHb NPUBOAUT K HYJIEBBIM KJIETKaM.

Bexkrop-¢ynkims pemenue 3agauu (16), (17) Ha mpon3BoILHOM HHTEpBAJe

X€E (x,f,x,f +1), 0003HauaeTcs y; (x) W ompenensercs popmynoi

= b N Z b b

Vi (0)=(e(x—xp)—&(x—x; ))C; +6(X)* [, (x),xE(x X 1), €2y
rae C, — BEKTOp TIOCTOSIHHBIX KOX((MHIIMEHTOB /1-TO IOPSIKA, OTPEIENSIEMBIX
u3 yenosuit (17); * — cuMBOJI, 0003HAYAFOIIUH OMEPAIIIO CBEPTKHY;

b b
F0= f WOl Ottt (32)
0,xe(xy,x;,)-

OOmmit Bux pemenust (31) sBisieTcss KOPPEKTHBIM MPH JIFOOBIX YCIOBUSX H
CBOOO/IHBIM OT BCE€X HEJOCTAaTKOB, IMPHUCYIINX, HAaNpUMEp, METOJaM THIIA
HavaJIbHBIX TapaMeTpoB. MeTo/pl TUIa HaYaJIbHBIX TAPAMETPOB IIPUMEHNUMBI C
MPAaKTHYECKOM TOYKU 3peHHs, TJIaBHBIM 00pa3oM, TOJIBKO JIMIIb NPU pacdeTe
0aJIOK ¥ IPOCTPAHCTBEHHBIX CTEPXKHEH IPH OTCYTCTBHH YIPYroro OCHOBAHHSI.

[lpsMoe wnM TOYHOE pelIeHWE MHOTOTOYEYHBIX KpaeBBIX — 3ajad
CTPOUTENBHOW MEXaHUKH JUIl CHCTEM OOBIKHOBEHHBIX I (depeHINaIbHBIX
ypaBHEHH B JATepaType (BBHIMONHEH aHamu3 Oonee 600 myOmukaruii, B TOM
yucie 0030pHBIX CTaTei, cM., Harpumep, [31]) He npuBoauTes. [lo-BumuMomy,
[JIaBHYIO POJIb B 3TOM CHITPAJM II€PEUMCIIEHHbIE OCOOEHHOCTH MOJO0OHBIX
3amad. OTMETUM, YTO OJTH OCOOCHHOCTH XapaKTepHbl HMEHHO JUIs
CTPOUTENBHBIX 3a/1a4 (pacyeTsl KOHCTPYKLHH, 31aHUH, COOPYKEHHUI) H, MOXKET
ObITh, IO OTOH NPUYMHE OHM HE SBIUINCH IIPEIMETOM IIHPOKOTO
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WCCIIC/IOBAHUS B MaTEeMaTHWKE, XOTS pEHICHHEM OJIM3KuX MpoldieM B
3HAYMTENIFHOM cTeneHu 3aHuManmuch B MI'Y um. M.B. JlomoHocoBa, B ToM
yyciae B HayuHblx Imkomax M.B. Kengeima, A.I. Koctrouenko [14],
B.M. JleButana, A.A. IllkamukoBa [21-25] u ngp. OmHako B paborax
MIEPEUUCIICHHBIX YYEHBIX HUCCIIEOBAINCH B OCHOBHOM KaY€CTBEHHBIE BOIPOCHI
(cymecTBOBaHUE, SMUHCTBEHHOCTh M T.J.), TOIJIa KaK MPOOJIEMBI YHCICHHON
peanuzanuu  MpaKTUYeCKH He  3aTparuBaiuch. A.b. 3010TOBEIM U
IT.A. AKUMOBBIM peau30BaH YCTOHYMBBIA  QJITOPUTM  AHATUTUYECKOTO
peIIeHHs TIPU JIFOOOM YHCIIe HEU3BECTHBIX B KOPPEKTHOW JIIS BBIYUCIICHHUI
dbopMe, KOTOpBIA SBJISICTCS OCHOBOM JUIS TIOCTPOCHHS TPOTPAMMHBIX
KOMIUIEKCOB MPOMBIIIJIEHHOTO TUTIA.

B uenom, npeacrasnsercs, uro JKMKD nocnyxat HajgexxHOH OCHOBON U
IS UX JanbHEWled «KOMMeplUaau3alyuy, TMPOBOAUMON MO JIBYM
HaIpaBJICHUSM:

— co3naHuWe, ampoOarus ¥ BHEIPCHUE B MPAKTHKY CaMOJOCTATOYHBIX
HCCIIEIOBATENILCKUX MPOrPAMMHBIX KOMILIEKCOB;

— «BCTpaWBaHHC» B KadyecTBe I((EKTHUBHBIX abTCPHATUBHBIX OJIOKOB B
MEPEIOBBIC  OTCUCCTBCHHBIC  KOHEYHO/CYTICPAIIEMEHTHBIC  IPOTPAMMHBIC
KOMIUIEKCBI, MHTCHCHUBHO JKCILTyaTHPYEMbIC TPU PACUYCTHOM OOOCHOBAHUHU
TUTOBBIX Y YHUKAJIBHBIX CTPOUTEIbHBIX KOHCTPYKIUM, 3JaHUA U COOPYKEHU I
METanojIrCcOB HAa CTAIUSAX UX MPOEKTUPOBAHUS U DKCILTyaTallMu-MOHUTOPUHTA
(maHHOE HampaBlieHHWE peanu3yercs B pamkax ucciemoBanmii O.A. Herpososa
[27)).

3. Cyrb BeiiBJIeT-peaju3aliu JAUCKPETHO-KOHTHHYAJIBHOI0 MeETOJa
KOHEYHBIX 3JIEMEHTOB JIJIsl JIOKAJBLHOI0 PpacyeTra CTPOMTEJIbHBIX
KOHCTPYKIHI. XapaKTepHBIMH OCOOCHHOCTSIMH DPa3BUTHS CTPOHUTEIBHOTO
KOMIUIEKCa B IMOCJEAHUE TOAbl SBJSIOTCS 3HAUUTENbHBIA POCT YHUCIA JIOMOB,
BO3BOJIUMBIX MO0 MHUBUYaJIbHBIM MPOEKTAM C IPUMEHEHUEM HECTaHAapPTHBIX
CTPOUTENIbHBIX MaTepUaioB M OPUTMHAIBHBIX KOHCTPYKTHBHBIX pEIICHUH,
00YCIIOBIICHHBIX PEAJIbHBIMU YCIIOBHSIMH U TTOXKCIAHUSIMH 3aKa34rKa, a TAKKe
VBEIMYMBAIONIMIACS  00BeM  paboOT, CBSA3aHHBIH C  TEPEACIKOH U
PEKOHCTPYKIMEN CYIIECTBYIONIMX 3/IaHUN U COOPYKEHHI, B TOM YHCJE U IO
pe3yapTaTaM MOHUTOPHHTA CTPOUTENBHBIX O00BEKTOB. [l HemomymieHus
aBapUUHBIX  CUTyalldii  HEOOXOJWMMO  TOATBEPKIATh  NPUHAMAEMbIC
KOHCTPYKTUBHBIE pELIEHUS HajjexamuMu pac-uetamu. CoBpeMeHHbIe
YuCcIeHHbIe (TIPekAe BCero, MeTox KOHEWYHBIX 3jeMeHToB (MKD)) u umc-
JICHHO-aHAJIUTUYECKUE METOJbl  IO3BOJISIIOT  MOJEIMPOBATH  IOBEICHUE
CIIOKHBIX CTPOUTENFHBIX OOBEKTOB B IIEJIOM, YTO MOXET NPUBECTH Ha
MPAKTUKE K  BBIYHCIHWTEIBHBIM ~ CXEMaM  HCKIIOYHTEIBFHO  OOJNBIION
pasMepHOcTH. BMmecTe ¢ TeM, KBaau(UIIMPOBAHHOMY PAaCUCTYMKY H3BECTHO,
YTO HauOOJIee OMACHBIM C TOYKU 3PEHHS MPOYHOCTH SBISCTCS HAIPSHKEHHO-
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nepopmupoBanHoe cocrosaue (HC) B OTHOCHTENHHO HEOOJBIIOM YHCIIE
JIOKAJIBHBIX 30H KOHCTPYKIWH, IPUYEM PacIiojoKeHHEe 3TUX 30H, KaK IPaBHIIo,
n3BecTHO 3apanee. K mocnenHnM ciemyeT oTHECTH 30HBI KpaeBoro addekra,
T.e. pa3HOro poja YIJIbl, TPEUIMHBI, IIENH, MecTa KOHTAaKTOB U CBs3eH
Pa3IMYHBIX KOHCTPYKTHUBHBIX JIJIEMEHTOB, MECTa JIOKAIBHBIX H3MEHEHHH,
0OYCIIOBJICHHBIX PEKOHCTPYKIMEH o00beKkTa (HampuMep, NPOOMBKAa HOBBIX
MIPOXOZIOB, CHOC OIOp, YCWJIEHHWS W T.O.) W 1p. Takum oOpa3om, BO3HHKAET
3ajada pa3pabOTKH, MCCIEOBAHNUS M Pa3BUTHS METOAOB JIOKAIBHOT'O BBICOKO-
TOYHOTO pacyuera CTPOMTENBHBIX KOHCTPYKIMH, TeM Oojiee akTyajbHas, C
MO3UIMKA TOTO, YTO KOP-PEKTHAsl JIOKAJU3alMsl PAacueTHOr0 OOOCHOBAaHUS
MO3BOJISIET CYIIECTBEHHO COKPAaTUTh KOJMYECTBO HEW3BECTHHIX. BeliBier-
aHanu3 [3,29], no3BOAIOMUIT BCECTOPOHHE OLEHUTH BIUSHHUE PA3JIUYHBIX C
TOYKH 3pEHHS JIOKAJIU3aluK (aKTOPOB, SBIISETCS 3/lech BechbMa 3P (EeKTHBHBIM
nHcTpyMeHTapueM. [IpeaMeToM ucciieloBaHuii aBTOPOB CTaThU B HACTOSIIEE
BpeMsi, B YaCTHOCTH, SIBJISETCS NPUMEHEHHUE ammapara BeWBIET-aHaIM3a IS
KOPPEKTHOTO YHCIIEHHO-aHAJIMTUYECKOrO pacdyeTa M aHaim3a paboThI
KOHCTPYKLMH Ha OCHOBE HcHoib3oBaHus u passutus JKMKD [28]. B
Ka4yecTBe MPOCTEHIIEro BeHBIeTHOro 0a3nca 3/1ech MPUMEHSIOTCS AUCKPETHBIE
0a3ucel Xaapa.
OnHOMEpHBIN TUCKpETHBIN O0azuc Xaapa Ha oTpe3ke [a,b] umeer BU:

I, 27 (j-D<i<2”(2j-1)
yh)=a,' -1, 2°Q2j-D<i<2”j  i=12,.5, 0<p<M; (33)
0, i<2P(-1) U i>2",

il ()=o), i=1,2,.0m, (34)
rae y/f (i) — j-1 ¢dyskmms Xaapa YpOBHA p, OIpEICICHHAas B TOYKaX
pa3oueHuns oTpe3ka x;=a+({-Dhi=12,...n (h=(0b-a)/(n-1));

n=2M_ xommuecto wuacreil, Ha KoTopsle pa3bmBaeTcs OTpe3ok (M —
HEKOTOPOE IIe10e YUCTIO).

JIByMepHBI JUCKpeTHBIH ©Oasuc Xaapa Ha NPSMOYTOJIBHOW 001acTH
Q={(x,x%,):0<x, <}, 0<x, <1} OIIpeNieNIAeTCs CIIeYIOIUMU
bopmymamu:

2 1 (Hp+les
277 (i~ lHk 12)A

o =1 klsl+kzsz’
)=t v M N <27 (G, =124k, 2) - (35)

p
14 -
q=1 kq

515525,

0, BOCTaJIBHBIX CIy4asx

L=L2,...n; i,=12,...n; 0<p<M;
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M . -1 . L.
Voor ()=, i=12,...n H=12,...n, (36)
p . . v
Y O (i1,1,) — ¢ynkums Xaapa, orpeeNeHHas B y3Jlax paBHOMEPHOM

CeTKH, aNMPOKCUMUPYIOIIEH obnactb Qc KOOp/JMHATAMHU
;=@ =Dh, i =L2,....n, x5, =0, —Dhy, i =1,2,...,n (mpuuem

HEJIOIyCTHM ciIydait s; =5, =0); n= oM (M — HEexoTOpOE LIENIOE YHCIIO);

V- {n/2p+1=2M(p”),0Sp<M o N2 0spem
"L p=M; P N2M =, p=M.
B [1,8] paccmoTpeHBl KOppEKTHBIE OBICTpblE aJrOpUTMBI BEWBIIET-

npeoOpa3oBaHMil IO OJZHOMEPHOMY U JByMepHoMy ©Oasucam Xaapa,

KOPpEKTHbIE  QITOPUTMBI  OCpEIHEHWS  (QYHKIMH, Ppas3loKEHHBIX  II0

OJIHOMEPHOMY M [BYMEPHOMY JIUCKpeTHOMY Oasucy Xaapa, a Takke

KOPpPEKTHbIE aJITOPUTMBI  MHOTOYPOBHEBBIX  ANNPOKCHUMALUA  (YHKIIHH,

Pa3lIoKEHHBIX 110 OAHOMEPHOMY U ABYMEPHOMY AUCKpETHOMY Oa3ucy Xaapa.
B onHOMepHOM cirydae rmpon3BosibHast YHKIMS f, ONIpEAEIeHHas B TOUKaxX

pa30ueHus paccMaTPUBAEMOr0 OTPE3Ka, MOXKET OBITh pa3lloxkeHa B psj Xaapa:

(37)

M N,
F@O=22 V0wl (38)
p=0/=1
rae vf, j= 1,2,...,Np, p=12,.,M — xo3hGUIMCHTEI pPa3IOKECHUI

¢yakmmn (7)) mo Oasmcy Xaapa, ompeaenseMble Kak —CKaJsIpHOe
MIPOU3BEICHUE

_ M
=(f W= w?0), j=12,..N,, p=12,..M; (39)

p=0
AW O o kT O v L vim)] @)

®opmyiy (39) MOXXHO TeperncaTh B MAaTPUYHO-BEKTOPHOM BH/IE

v=DQ"f. (41)
rie Q° — MaTpuua HEHOPMHDOBAHHBIX GasMCHBIX (yHKUM Xaapa (T.c.
¢yakmmit  Buma  (33), (34), HO Yy KOTOpBIX OTCYTCTBYET JIClIEHHE
COOTBETCTBEHHO HA BEIMYMHY «, s dopmynst (1) u o), st popmysl

(26)), 3amucaHHBIX MO CTpOKaM; [D — MUaroHaJbHAs MAaTpHIla, HAa TJIABHOMN

JIaro-HaJli KOTOPOM pacnojaratroTcsi BeTUUHHbBI o,, p=L2,..M; v —

BEKTOp, COCTaBJIEHHBIX M3 HUCKOMBIX KO3((HUIIMEHTOB pas3iioxeHus: (pyHKIUU
f (i) mo 6a3zucy Xaapa (33), (34).
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HpI/I OCPEAHCHNHU Ha HCKOTOPOM YPOBHE JJII BCEX UMCCM:

(Dup)z_H z(Dup)zj z(Dﬁp)z_H, vfj,l =v§’_/-, j=1,2,...,Np+1, (42)
rae
(D", oy =(f—ud; )2 h) . (43)
CrnenoBatenbHO, GOPMYIIBI OCPETHEHHS MOTYT OBITH 3alicaHbl B BUJIE:
1 .
v =l = BT =12, N (44)

rae f= 1/(2\2).
MatpudHo-BeKTOpHAs (hopMa 3aIHCH AITOPUTMA OCPETHCHHUS:
vE=R V", (45)

rae R, = B@ 1 Nyeop? B =f [ﬂ, R; — MaTpuna pekyppeHTHOro nepexosa Ha k-

i ypoBeHb; [, — eIVHHMYHas MaTpula 7-ro Mopanka; ® — o0o3HayeHue
olepanuu NpsMoro NpoU3BeICHHS.

HpI/I HeO6XOJ_'[I/IMOCTI/I OCpCAHCHHM Ha HCKOTOPOM YPOBHE UMECCM:

V=, v, p=0]12,...q, (46)
e
q _
Wp:HRs wi W,=p, &I ,M’ﬂpq =g e, Cgi1> (47)
s=p
W, — MaTpula peKyppeHTHOro repexona Ha k-i ypoBeHb; €,,; — BEKTOp

pasMepHOCTH N, ,;, COCTAaBICHHBII W3 eAWHMIL B nBymMepHOM crydae i

npousBoibHOM (yHKuMM f(7),i,), ONPENENCHHOH B y3JIaX PacCMOTPEHHOMH
BBIIIIE TIPSIMOYTOJIBHOM CETKH, Oy/IeM HMETh:

M N, N,
o » b b b
FGi)=3 23 0 1 W lo s @i HVEy W G+l vl ),

p=0j=1j,=1
(48)

J=120uN,, =12, N,, p=12,.,M -

P P P

V. .. V, .. V; ..
LOji, /27 0L 1,27 TLLj g2 p
kod(duruents! pasnoxenuss ¢ynkuumu f(ij,i,) MO AUCKpeTHOMY Oa3ucy

Xaapa,
N N
91»92»/1»12 _(f u/fl»gz»jl»./'z):sz(ll’lz)u/sﬁsz»jl»./'z(ll’lz)’ (49)

ii=li,=1

5120, 5,20, 1=12, N, =12, N, p=12,...M;
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f=ran oAy fQ L f@a) e S fn]s (50)
P —l,P p P P
WS[ S25J15)2 _[1//51 S25J15 )2 (Ll) o WS[ S25J15 )2 (1,7’!) o WS[ S25J15)2 (2’1) o WS[ S25J15 )2 (2”1) o

Py )] (51)

MartpudaHO-BeKTOpHBIH BH (hopMyItsl (49) caemyromuid:
v=DQ"f, (52)
rie Q' — MaTpuua HEHOPMMPOBAHHBIX OasMCHBIX (YHKIMHA Xaapa,

3alMCAaHHBIX 10 CTpOKaM; D — nuaroHaiabHasi MaTpuUlla, Ha TJIABHOM IMAroHaJIN
KOTOpPOM pacroyaratroTcsi BeJIUYUHbBI A, P= ,2,...M ; v — BekTOp,
COCTABJICHHBIX U3 HMCKOMBIX KOI(PQUIUEHTOB KOI(DOUIMEHTHI Pa3IoKEeHUI
byakuuu  f(j),i,) 1o 6a3ucy Xaapa.

IIpu ocpeaHeHnn Ha HEKOTOPOM YpPOBHE ¢ AJisl Bcex p =1,2,...,q UMeeM

(amxe s =0,1; 5, =0,1 (xkpome s, =5, =0); j =1,2,...,Np, Jo = 1,2,...,Np)
(Du? )2_ ji-1,2j,-1 =D, ”p)z_ 12, =D, ”p)z_ Jin2jp-1 =(Dy ”p)z_ i) ~D, Ep)z_ 219 ; (53)
(Dzup)2jlfl,2_ jp-1 :(Dzup)2_/'l—l,2jz =(D2up)2 2/ :(D2up)2jl,2jz N(DZEP)Z/'IA,Z/'Z%Z i (54)
(D; D1+“p)2 11,2, =(D; D1+“p)2 1,2, =(D; D1+“p)2 /1,2, =(D; D1+“p)2 1.2,

z(D;DlJrﬁp)szl,zjz* G

12_/71;
(56)

p —_,P —_,P —_,P
VSI 52,2 /1=1,2 j,—1 vsl’sz’z./pz./'zfl vsl’sz’z./ﬁl’z./z vsl,sz,Z_/'l,Z_/'z'
CJ'IeI[OBaTeJ'H)HO, (bOpMyJ'H)I OCPEAHCHUA MOT'YT OBITH 3aIIMCAHEI B BHUJC:
1
v (57)

p —,P —,P —,P —
vsl,sz’z./ﬁl’z./zfl vsl,sz,Z_/'l,Z_/'zfl vsl,sz,Z_/'lfl,Z_/'z vsl,sz,Z_/'l,Z_/'z ssl’sz S1582,J15J2 "

rae
B10=0.25; Sy, =0.25; B, =0.125. (58)
MatpudHo-BeKTOpHAs (hopMa 3aIHCH AITOPUTMA OCPETHEHHUS:
V=R ", e R =®I, ; (59)
a+l
Re=p=pI111]"; B=diagiB,o.Bo,.P,} (60)
HpI/I HeO6XOI[I/IMOCTI/I OCpeI[HeHI/IH Ha HeKOTOpOM ypOBHe q NUMEEM .
V=, v, p=0]12,...q, (61)
rae
q
W,=[ R, win W,=p,,®1,, )= """ e, (62)

s=p
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— o 2
eq+1 — BCKTOpP, COCTABJICHHLIN U3 €AUHUI], Pa3SMCPHOCTHU Nq+1 .

IMocne mepexona B (6), (7) kK AUCKpeTHOMY AByMepHOMY Oa3ucy Xaapa 1o
HEepPEeMEHHBIM X, U X, , Peajn3allid NPOLEAYP PEAYKINH M OCPEIHEHUS
MOJTYYMM COOTBETCTBYIOIIYIO PEAYLUPOBAHHYIO MOCTAHOBKY MHOTOTOYCYHOM
KpaeBoWl 3aJaud ISl CHCTEMBI OOBIKHOBEHHBIX U (depeHINaIbHBIX
YpaBHEHHIA:

[7/!:14/{[7/("'[?/(3 x3e(xé),kﬂx§,k+l)ﬂ k=L,...m =1 (63)
BV (x5, ~O+B{V (x5, +0)=8 +&{, k=L,...;1,—L;
BIV(x5,+0)+B,, V,, (x5, —0)=8/" +2,,, (64)
rae
77(k) 2 Sk 0 T
U, (x3)=Sp Vi (x3); Spp= 0s s Se=F20pRp 15 (65)
k
rae
Ry 0 0 000
Ryy= 0 Ry 0§ 0= 000w (x)=R w"" (xy), i=123; (66)
0 0 Ry 000
it (x3)
Pyl (ey)= 5t (xy) | k=12,.m, -1 (67)
53(,1;1)(353)
1M (x,)= {u;’f) (x{PD x5 x, }p:l,z ,,,,, Np» =123, x36(x5x8,); (68)
q=12,..,N,
0 Ek - 0 _ v—vred _ _
A= 1 1 Fo=—| o - [Ve=—| 2k V=05V
T Ach s Ay Ak,z,sAk,OJ g |:Ak,2,sbk,s , e
(69)
Ak,z,s:SkT A Sk Ak,l,s:SkT A Sk Ak,o,s:SkT A S bk,s:SkT b, (70)
17 =03w{ %, k=125 b=Kj 1, Ry 3 (71)
By =B Sy k=2,om By =B Sy, k=1..n —1; (72)
Ay — MaTpuia pasMepom 2(N£2,1 + N;Zfa),,z + Nﬁfa)u) X

XE(Nfifa),,l + N;Zfa),,z + Nﬁfa)u) ; I7k u F - BEKTOpBl  pa3MepoM
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2(N(k) N(k) ) Bk u Bk — NPSIMOYTOJIbHBIE MATPHULbI PA3MEPOM

red red }"6
6NNy X 2Ny +N§Zf 2+ Nad) mONINy X 2N+ Nyga 2+ Njey )
COOTBETCTBEHHO.

Jlanee U1 TOYHOTO aHAJIMTHYECKOTO PEIICHHS MHOI'OTOYEYHBIX KPaeBBbIX
3aa4 CTPOUTENbHOW MexaHuku Tuma (63), (64) MoxeT OBITh HCIIOIb30BaHA
METO/IMKa, OITMCAaHHAsl BO BTOPOM ITYHKTE HACTOSIIEH CTaThH.

3ameuanmue. VccrieoBanust MpOBOAMINCH B paMKax CIEIYIOMINX padoT:

1. I'pant 7.1.7 Poccuiickoll akaieMuu apXUTEKTYPbl U CTPOUTENIBHBIX HAYK
«Pa3paborka, wuccinenoBaHre W BepUPHUKAIUS KOPPEKTHBIX YHCIEHHBIX
METOJIOB  pEIICHUS] T'€OMETPUYECKH, (U3NYECKM M  KOHCTPYKTHBHO
HEJTMHEHHBIX 3a7ad  J1e(OpMHUPOBAHHUS, YCTOMYMBOCTH W 3aKPHUTHYECKOTO
TIOBE/IEHHS TOHKOCTEHHBIX 000JI09€YHO-CTEPIKHEBBIX KOHCTpYKuui» Ha 2013-
2015 rr.

2. I'pant 7.1.8 Poccuiickoil akaieMuu apXUTEKTYpbl U CTPOUTENBHBIX HAyK
«Pa3paborka, nccienoBaHne W BepUHKALIUS KOPPEKTHBIX MHOTOYPOBHEBBIX
YHUCIIEHHBIX W YHUCJIEHHO-aHAINTHYECKUX METO/IOB JIOKAJIBHOIO pacdera
CTPOUTENBHBIX KOHCTPYKIIMA Ha OCHOBE KpaTHOMAacIITaOHOrO BEWBJIET-
aHamus3a» Ha 2013-2015 rr.
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