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OBIIIAA XAPAKTEPUCTUKA PABOTDI

AKTyanbHOCTh paboThl. HanéXHOCTh U SKOHOMUYHOCTh B SKCILTyaTalluu
JTH0OBIX KOHCTPYKIIMM BO MHOTOM 3aBHCHT OT KayecTBa MPOEKTUPOBAHUS
KOHCTPYKTUBHO — CHJIOBOM cxembl. OOecreunTh HaAjexalee KadyecTBO
NPOEKTUPOBAHUS BO3MOXXHO MPU yJTOOHOM M JOCTOBEPHOM armapaTe aHajan3a
BCEX TMapaMmeTpoB mpouyHocTU. Ecioum mepBoe oOecneynBaeTcss ypOBHEM
POrpaMMHO alMapaTHBIX CPEACTB, TO BTOPOE — YPOBHEM HAYUYHBIX METOJOB U
MoJieied, 3aJI0KEHHBIX B 3TU cpeAcTBa. Be€ 310, 0e3ycinoBHO, CIpaBeAJIUBO U
IPU IPOCKTUPOBAHUM aBUALIMOHHBIX KOHCTPYKLIUNA U, B YACTHOCTH, (ro3eishKeit
JIeTaTeNIbHbBIX alnaparoB.

Pa3BuTHE BBIYMCIHUTENBHON TEXHHUKH BBIBEJIO Ha TMEpPBbIE MecTa
YHUCIICHHbIE METOJbl aHaJl3a MPOYHOCTH M B TOM uuciae Meroa KonedyHbix
OnementoB. OmHOW U3 TMEpBBIX paboT B 00JlaCTH aHajIW3a MPOYHOCTH
KOHCTPYKLMH JIeTaTeNbHBIX anmapaToB M (ro3eispKeld B YACTHOCTH SIBIISIIOTCS
cratbu k. Aprupuca u C. Kencu. U3 ycnoBus ctanroHapHOCTH (PyHKIIMOHANIA
JOTIOJIHUTENBHON sHeprun KacTwibsiHO, OHU pa3paldoTaiu U pPeaTnu30BaIU
PaBHOBECHYIO KOHEYHORJIEMEHTHYIO MOJENb, COOTBETCTBYIOUIYIO WHIKEHEPHOM
monenn D0Hepa — bensieBa. JloCTOBEpHOCTh pPe3yJbTaTOB IO HAMPSKEHUSM,
nojilydyaeMbIX MO Mmozenu Aprupuca B (popme MeTona Cuil, HEOJAHOKPATHO
NOATBEpKIANach pacu€raMu €ro rmnocienoBarened B Hamieidl ctpaHe. OpHako
BMECTE C XOPOIIEH TOCTOBEPHOCTHIO pPE3yJIbTaTOB, IOCTAHOBKAa Aprupuca uMeer
HEKOTOpble HefocTaTku. lIpexae Bcero, 3TO oOmpenensieTcss OrpaHu4YeHHUsIMU
NPUMEHUMOCTH M OMNPEACIEHHON CIOKHOCTHIO ATOPUTMOB METOJA CHJI TPHU
peanuzauuu. C apyroit croponsl, MKD B mepemenienusx, Ha 0aze MpUHIIUIA
MUHMMyMa [OTCHIUAIbHOW dHepruu (¢dyHkiuonan Jlarpanxka) oOmamaer
JOCTaTOYHO TMPOCTHIMH U YHHMBEPCATbHBIMU QJITOPUTMAMH TPU peaTu3aliH.
OCHOBHOM  XapakTEPUCTUKON  TakOll  MOJEIU  SIBISIETCS  COBMECTHOCTh
NepeMelIeHn Ha TrpaHuie »ieMeHToB. OJHako pa3pblBHOCTh — MOJIEH
HanpsDKEHUH — BBIHYXKJAeT  Npujlaratb  JOMOJHHUTENbHBIE  YCWIHMS — IIpU
NOCTPacuE€THOM aHaIN3€e HAMPSKEHHOTO COCTOSHUSI.

Pacuérnas cucrema APC DPA-TIK2000 sBrisiercst pe3ysibTaTtoM Tpyaa He
OJIHOTO TOKoJIeHus pazpaboTunkoB. B cepennne 60x rogos 3.M.bypman Hauan
BHEJIPATH B PACUETHYIO MPAKTUKY Mojenb Aprupuca. B cepenune 70X B maker
nporpamm PK-75 na 3BM M-220 no3Bossii NpoBOAUTh CTaTUYECKUE PAacuEThl
npouHoctu ¢rozemspka mo MKD B dopme meroma cun. B kxonme 70x B
KOMILJIEKCE TMpOrpaMM TOsBIsieTcs mnoacuctemMa pacu€étoB no MKD B
nepeMenieHusx. B yka3aHHbId mepuos; B KOJUIEKTHB, BO3TJIABIISIEMbIN
3.1.bypmaHnomM, BomI€n u aBTop 3ToM padoThl. 24 utons 1983r. npukazom MAII
CCCP u MB u CCO PCOCP Ne 255/410 B KazaHCKkOM WHKEHEPHO-
cTpouTenbHOM HHCTUTYTe Ha 0Oaze rpynnsl HUC kadenpsl crpouTenbHOM
MeXaHuKH Obuta opranuzoBaHa OtpacneBas Hayuno—VccnenoBarenbckas
JlaGopatopuss aBTOMAaTH3UPOBAHHBIX CHCTEM MPOEKTUPOBAHMS W PACUETOB HA
IPOYHOCTH BEPTOJIETHBIX KOHCTPYKIMI. C MOMEHTa Mpuxoja B KOJJIEKTUB U 1O
HACTOSAIIEE BPEMSI aBTOP IMOCTOSHHO 3aHUMAETCSI COBEPIICHCTBOBAHUEM MO/IENEH
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¥ METOJIOB aHaM3a KOHCTPYKUUN B popMe MeToAa nepeMenieHuit. [Ipuaumas Bo
BHUMAaHWE MPUHLMIBI IPEEMCTBEHHOCTH, IOJIaraéM, 4YTO aKTyaJlbHOMN SIBIAETCS
3alaya  OOBENUHCHUS TIOJIOKHUTEIBHBIX KAadeCTB METOJHWK, COBMECTHBIX U
pPaBHOBECHBIX MOJIENIEH NP pacuéTe KOHCTPYKIMM (Pro3ersika BepToiETa.

Heobxogumo  3ameTwTh, YTO  OCHOBOW  MOJAETUpOBaHUS  pédep
MOJIKPEIUIEHHBIX 000JI0UeK SABJISAIOTCS ABYXy3ioBble KO crepxkueit u 6anok. s
3TUX 3JIEMEHTOB, HE3aBUCHUMO OT COBMECTHOM WJIM PaBHOBECHOMN IOCTaHOBKH,
sHeprug Jedopmanuu  yuMThIBa€TCA TOYHO. TakuMm 00pa3oM, OCHOBHBIM
dbakTopoM, OTBEYAIOUIMM 32 KA4eCTBO pacy€ToB, SIBISETCA MOJCIMPOBAHUE
paboThI OOIITUBKH.

Llenap paboThbl — MOCTPOUTH KOHEUHBIE DJIEMEHTHI 7151 aHaIU3a (Pro3eisbka
BEPTOJIETA B BHUJI€ MOAKPEIUIEHHBIX TOHKOCTEHHBIX 000JIOUEK B MEPEMEIICHUSX
U pa3paboTaTh aJrOpUTMbI, MO3BOJSIONIUE OMPEAENATh YCHIUs B pEOpax, C
y4€TOM HUX B3aUMOJEHCTBUS C OOIIMBKOM, a TaKXkKe peanu3anus 3THX
pa3paboTok B pamkax pacuétHoro komrmiekca APC DPA-I1K2000.

Hayunas HOBU3HA pa0bOThI 3aKII0YAETCS B IOCTPOCHUH JBYX MOJEICH st
aHaM3a MOAKPETUIEHHBIX 00oiouek MKD B mepememenusx, mpu eanHON 0ase
BXOJIHBIX JaHHBIX. [lomydeHHass coBMecTHass Monaenb Ha 0a3e THOPUIHBIX
CIABUTOBBIX JJIEMEHTOB OONIMBKUA C YTOYHEHHBIM QJITOPUTMOM CTAaTHYECKOM
ajanTanuy NpuOIMKaeTcss K JCHCTBUTENbHOMY COCTOSIHHIO CHHM3Y IO IMOJIHOM
sHEpruu. Mojieab ¢ paBHOBECHBIMHU 3JIEMEHTaMU OOIIMBKU MPUOIIKAETCS K
JNEWCTBUTEIBHOMY  pe3ynbTaTy  cBepXy. OrmpeneneHa  KOJIMYECTBEHHO
DHEPreTUYECKAs JUCTAaHUINS MEXAY STUMHU MOJEIISIMHU.

Mertonel uccnenoBaHus. TeopeTHUECKHE pe3ysbTaThl TOJYYEHBI B
pe3yJIbTaTeé M3Y4YEHUs HAKOIUIEHHOTO OMNbITa MCCIENA0BATENE B YKa3aHHOU
obnactu. JIoCTOBEpHOCTh pe3yJIbTaTOB Ha MEPBBIX ATallax KOHTPOJIMPOBAIACh
JIBOMCTBCHHBIMU  pacuéramu (M0 METOoxy CWJI W [epeMElIeHuH) u
CONOCTaBJICHUEM C OJKCIEpPUMEHTaJbHBIMU JaHHBIMUA. B panbHeleMm,
JIOCTOBEPHOCTh OOECreunBaIach peanns3alieil pe3yibTaToB HAyYHOrO MOMCKa U
MPOBEPKOM Ha (DU3NYECKHM MOHSATHBIX TECTOBBIX MPUMEpPAX WM HEOOIBIINX
3a1a4ax.

Ha 3ammTy BeIHOCSTCH:

1. T'ubpuanas matpuiia KECTKOCTH TUIOCKOTO BBIMYKJIOT0 N-yrogsHOro KO3,
peanu3yroNIEro YUCThIM CABUT B IEKAPTOBOM CUCTEME KOOPAUHAT.

2. YHUBepcaJdbHBIH aNrOpUTM “3aKpYTKH IUIOCKHUX YEThIPeXy3JoBbIXx KD,
MOCTPOEHHBIN Ha 0a3e MEeTOJja HAMMEHBIINX KBaJPaTOB.

3. HaGop KOHEUHBIX JJIEMEHTOB, MOJCIUPYIOMUX JroOble  (HOPMBI
U3rM0aeMBbIX IIMAHTOYTOB.

4. ANTOpUTM CTaTUYECKOM ajanTallid — CTaTHYECKH HSKBHUBAJIEHTHOTO
npeoOpa3oBaHus ycuiauil B pEOpax, MpeANHCHIBAIONINN PAaBHOBECHYIO
paboTy C OOIIMBKOM.

5. Yerhpéxy3nmoBO  KOHEUHBIM  3JIEMEHT  CIBUTOBOM  OOIIMBKH,
MO3BOJISIOIINN yY€CTh PABHOBECHE € MOAKPEIUISIIOIIMMU pEOpamu.

[TpakTHyeckasi IEHHOCTh PabOThI 3aKIII0UEHA B TOM, UYTO BCE IpeaiaraeMble

pa3pabOTKN peann30BaHbl B pamMkax pacuértHoro komiuiekca APC DPA-
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[1K2000, mpumenénnoro Ha stamne npoektupoBanus B Kb OAO "Kazanckwii
BEpTONETHBIN 3aBoa . BHempenue pa3paOOTOK MOBBICHIIO JOCTOBEPHOCTH
pe3yJabTaTOB aHAJINW3a CTAaTUYECKOM M JWHAMMYECKOM IIPOYHOCTH IIpHU
IPOEKTUPOBAHUH.

Buenpenne pesynbratoB. PaspaboTaHHble airoputMbl MNPUMEHSIINCH B
pacuéTHoii mpakTuke KoHCTpyKkTopckux 0ropo KHIIII "Beptonérst MU” u OAO
" KazaHckuii BEpTOJIETHBIN 3aBO .

AnpoGamus  paGotel: OCHOBHBIE pe3yJibTaThl pabOThl HEOJHOKPATHO
JOKJAbIBAIUCh HA €XKETrOJAHBbIX HAyYHO - TEXHUYECKUX KOH(MEepeHIUIX
Kazanckoro rocy1apcTBEHHOTO apXUTEKTYPHO — CTPOUTEILHOTO YHUBEPCUTETA
(KICH, KI'TACA) B 1982 — 2007rr. Marepuaiibl MpeaioKEeHHOW pabOThI
NPOILIA anpoOanuio Ha MexAyHapoaHbiX kKoHpepenmusax: |l HamuonanpHoi
KOH(epeHIIMH MO YCTOMYMBOCTU W KoJieOaHUSIM J1IepOpMUPYEMBIX CHUCTEM. —
Codus, HPB, 1984 r.; Xl wMexXIyHapoAHBII KOHTpecC IO BOMpOCaM
NPUMEHEHHS MaTeMaTUKH B TeXHMYECKHX Haykax. Beiimap, I['/IP, 1987r. B
MOJIHOM 00BEME paboTa JOKIaAbIBaIach Ha pacmmpeHHoM cemuHape JJabHMO
MMM KHII PAH B okTts16pe 2013r.

OcHOBHOE cofiepx»)aHue paboThl U310KeHO B 16 meuaTHbix pabortax. M3 HUX
— oJHa MOHOTpadus U oJHA MyOIHKAIMI U3 CIIHCKA PEIICH3UPYEMBIX U3JaHHM,
pexomengoBanHbiXx BAK. Kommieke nporpamm CYMPAK-EC, npu co3nanuun
KOTOPOTO aBTOp SBJISUICS OJHMM U3 BEIyIIMX pa3paOOTUHUKOB, MPOIIEN
sKcrepTu3y M Obul BKIIOYEH B OTpacieBoil QOHI alropuTMOB U MPOrpaMm
(ODAII CAIIP-JIA), perucrpanuonnsiii Homep Ne589.2069625.00001-0k;ro
NPUPABHUBAETCA K MyOJUKAIMSIM OCHOBHBIX HAayYHBIX pPE3YyJbTAaTOB HAy4YHOM
nesrenbHocT. B 2005 ., B pesynbpTare TECTUPOBaHMS, CEPTUPUKAITUOHHBIM
nentpom “LIAT'M-TECT” Obuto BbIZAHO CBUACTEILCTBO, YAOCTOBEPSIOINICE, YTO
APC DPA-TIK2000sBnsiercs pazsutuem CYMPAK-EC.

OOBEM U cTpyKTypa paboThl. JluccepTaiisi COCTOUT U3 BBEACHHS, YETHIPEX
TJIaB, 3aKJIIOUYEHUS U CIIMCKA JIUTEpaTypsl U3 79 HauMmeHoBanuii; cogepxut 103
CTpaHUIbl MATUHOIIMCHOTO TeKCTa, 6 Tabnul, 54 pucyHka.

KPATKOE COAEP’)XAHUE PABOTEI.

Bo BBemenum maércs  o030p paboT, coiepKammx ~MOACIA |
aHAJUTUYECKUE METOJIbI, MPAKTUKA MPUMEHEHUSI KOTOPBIX OKa3aja BIMSHUE Ha
BBIOOp MOJIENel MpH Mepexojie K YUCIECHHBIM METOJaM aHalin3a. Y Ka3bIBaeTcCs
Ha TO, yTo padotel k. Aprupuca u C. Kencu SBISIOTCA OJHUMH U3 TEPBBIX,
MOCBSIIEHHBIX TEOPUM W TPAKTUKE Pacu€TOB Ha MPOYHOCTH (rozerspkeit JIA.
Tem Oonee, uro mojuenb, peanuzoBaHHas umu MKD Ha ocHOBe skcTpeMyma
¢dbynkuuonana KacTuiabsiHO, XOpOIIO COTJIACyeTcsi C  MPEaUIeCTBYIOUMMU
aHATTUTHYECKUMH cxeMamu (cxema DOHepa — bensera). OmHako 3Ta KOHEYHO-
AJIIEMEHTHAs] MOJENb, HECMOTPSI Ha XOPOLIME PE3yJbTaThl, HE HAIUIA IIUPOKOTO
pacIpoCTpaHeHus N0 psAy IpU4MH. B epByro odepenb, BBUY OrPAHUYEHUM 110
BHUJly KOHCTPYKLIHH, ¥, BO BTOPYIO OY€pEb, BBUY CIIOKHOCTH MAaTEMATHYECKON
YacTH IPU peanu3aluy aroput™MoB Ha OBM. BBICOKYI0 KOHKYPEHIIMIO B 3TOM
BOIIPOCE, BBHUAY CBOEW yHuUBepcalbHOCTH, 3aHsy1 MKD B mnepemenieHusx,
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peanuszyembiii Ha 6a3ze MuHUMyMa (yHKIMOHaNa Jlarpamxka. OTcCrofa BBITEKAET
aKTyaTbHOCTh PAOOTHI: peanm3anus MOeNH, ONM3KONW K Monaenu Aprupuca,
Metogom KoHeuHbIX DIEeMEHTOB OTHOCUTENIBHO mnepeMmenieHuid. Jlanee
NPUBOJUTCS OLICHKa HAyYHOM HOBHM3HBI U MPAKTUYECKOW 3HAYUMOCTH
JYcCepTalny. 3aKaHYMBAETCSl BBEJCHUE KPATKUM COJIEP>KaHUEM JIUCCEePTALINU.

L xaaniil [T
[

I e M-~y
o6e o °F
Puc. 2.Ilonepeunsie ceueHus pparmeHToB BepTosiéta MI-26.

B Havanme mepBoi IJIaBbI yKa3bIBaeTCs HAa HEOOXOAMMOCTH MPHUBIICUYCHUS
rHOPUIHON MOJENH JUTsl MOJCIIMPOBAHUS YETHIPEXY3TIOBBIX MAaHEJIEH CIBUTOBOM
OOIMBKA C TIOCTOSHHBIM TIOJEM HAaNpsDKeHWH, B TPOTHBHOM  Cllydae
HapymarTcs nuddepeHranbHble YpaBHEHNUS PAaBHOBECHSI B SJIEMEHTE.
W3BecTHO, 4TO THOpHIHAS MOJIENbh (POPMYIHPYETCSI HA OCHOBE CTAallMOHAPHOCTH

00o0meénnoro  gynkumonana  Kactunmesno.  Mcxomueiii  QyHKIMOHaN
JOTIOJTHUTEIILHON SHEPTUH 3aIUCHIBACTCS B CIICAYIONIEM BUJIC:

. =Y [[[B(gy)av, - [[Tuds, (1)
V, S,

3necs:  B(oy) = }é{a}T[B]{ o} - (GyHKOUS ~ JOTMOJHUTENBHOW  DHEPTUU

nepopmanuu, {0}’ =[o,, o, 0, 0O, 0O, 0,] BEKTOp, XapaKTEepU3yIOIHNI

TEH30pD HampsbkeHui, [B] - cooTHOWleHWs ynpyroctd, T, =o,n, a n, -

HanpasBJIAIOOMEC KOCHHYChI BHEIIHEH HOpMAJIX TpaHUlbl 3JICMCHTOB, S, -

u

o0JIacTh 3aJaHMs KHHEMATHYECKUX TIPAHMYHBIX YCIOBUH. DYHKIHOHAI
MOIM(DHUIMPOBAHHOIO PUHIIMIIA JIOTOJHUTEIBHON dHEprun jaedopMamun
KacTuiibsiHO mojtydaercs mo hopmyiie:
HMC:HC_ZGab1 (2)
rie G, =H u, (Ti‘a) +T® )dS - YCIOBHSI CONPSDKCHHS Ha MEXIJIECMEHTHBIX
S,

ab

TpaHMIlax, T00aBJICHHBIE C TIOMOIILI0 HEOMPEIEICHHBIX MHOXKUTENEH Jlarpamka
u,. B marpuunom Bume s KD, 3anumaromiero ob6macte V,, CHIpaBeJIMBO

{o}=[A QB}, tae {0} - BekTOp HamnpskeHWUM, {B} - BEKTOP HEHU3BECTHBIX
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napaMeTpoB, [P] - marpulla anmpoKCUMHUPYIOMMX (QyHKOui. Ycunusa {S} Ha
rpanuue S, KO Bblpaxkarorcs yepes napamerpsl {S} =[R {5} .

Bektop mnepememennii Ha rpanune KO {u} =[UJ dq}, rme {g} - Bekrop
HEU3BECTHBIX Y3JIOBBIX MEPEMEIICHUN, [L] - MaTpuua HWHTEPIIOIUPYIOLIUX
dbynkuuii. Torga rubpuanas matpuia nogatriupoctu K3

[H] = [[P] (IB] (JP] Cav..

Va
Tpanchopmupyromass maTpuiia o0paszyercs HHTErpHUPOBAaHHUEM [0 TPaHUIIC
[T]= I [R]' (IL] (tls 1 MaTpuIla KECTKOCTH KOHEYHOTO IJIEMEHTA OMPEACIIICTCS 110

Sa
bopmyiie:

[K]=[T]" QH]™ 7] (3)

Vickomble mapaMeTpsl HanpsbKeHUH Beipaxkarotess [P Q8 =[P H] ™ [0M] g} .
Jlanee paccMaTpUBaIOTCS KOHEUHbBIE JIEMEHTHI MPOCTON (OPMBI C TOCTOSIHHBIM
MoJieM  HamnpspkeHwil.  BbIBOJ  TMOpUIHBIX — MaTpHUIl  KECTKOCTH IS
MPSIMOYTOJILHOTO M TPEYTOJIBHOTO 3JIEMEHTOB HAXOJIUT O0OOIEHHE B BBIBOJIC
MaTpULbl KECTKOCTU JJIS MPOU3BOIBHOTO BBIMYKJIOr0 MIOCKOro N-yrojibHOro
AJIEMEHTA C MOCTOSHHBIM CIBUTOM. bpuia paccMoTpeHa B JEKapTOBOM CUCTEME
koopauHaT N-y31oBasi, BEIyKJias 0 KOHTYPY, MaHeNIb HOCTOSIHHOM TOJIIIUHBI t
(puc. 3).'uOpuaHas MaTpHIIa IOIATIIHBOCTH:

S, @+ V)t
H:jPTBPdv:N( 2
) E

rjae S, - yABOEHHas IUIONaab BhITyKJIoro N-yroipHuUKA.

Y
) 6
) )
—->
X
Puc. 3. Ny3noBoii KO
3nece E M v - yOpyrue XapakTepUCTUKH MaTepuaia, a BbIpaKeHue

N-1
Sy=). [ X Voo + %V ] = X Yo + X, Yy OomnpeneNnsieT  yABOCHHYH  IUIOIIAIb

BBIMYKJIOTO MHOTOYTOJIbBHHKA Yepe3 3HAuCHWs KOOPAHMHAT Y3JIOB (UTYPHI B
JIEKapTOBOW CUCTEME.
Tpanchopmupyromiass marpuna (CBs3u 00OOIICHHBIX ITapaMeTPOB HANPSHKEHUH

t
A y3JI0BBIX CHH) T= E [ﬁXZn’ Yn2s X315 Yazoe - Xiapyi-11 Y -1+ - Xyn-1) 1 y(n—l)l]'



B yacTHOM ciay4dac, s IwIGTI:IpCX}’BJ’IOBOI‘/JI CI[BPII‘OBOﬁ IMaHEJIN 3aIIUCHIBACTCH.

S,@+vt. - E t
H =M; H™ = T:*[X24 Yoo X1 Yz X2 Y X3 y31]' (4)

E s, @vt’ 2
Jlanee B rjaBe OTMeYaeTcCs,, YTO JJIsi BKJIIOUEHUS B PACUEThl HEPEryJspHBIX
dparmentoB B APC DOPA-IIK2000 npu wMoaenupoBaHHMM TOHKOCTEHHBIX
000JI0YEK TPUMEHSIOTCS ¥ MeMOpaHHbIe (TUIOCKO HANpsHKEHHBIC) KOHEYHBIC
DJIEMEHTBI W IUIOCKHE 000j04YeuHble (C 6-F0 eCTECTBEHHBIMU CTEICHIMHM
CBOOO/IBI B y3II€).
[TockonbKy CcOBpeMEHHbIE KOHCTPYKUUHU (DIO3EIsKEH OTXOOIT OT CTPOTUX
WIMHAPUYECKUX WM KOHMYECKHX (OpM, TNpU MOJAETUPOBAHUU OOIIMBKHU
HE00X0IMMO y4ecThb BO3MO>KHOCTb HEKOMIUTAHAPHOCTHU y3JI0B
YETBIPEXYTOJIbHOW mnaHenu. IIpuMeHeHue CIOoXKHBIX TEOpUH, B KOTOPBIX
YUUTBHIBAETCSI W3O, HE OMpaBAaHO. 37eCh Mpeajaraercs HCIojiIb30BaTh Ha
IPaKTUKE METOJ] HAaUMEHBIIUX KBaJpaTOB [JIsi YpPaBHOBEIIMBAHUS MAaTpPHII
weéctkoctu Twiockux KD. DTOT moaxoa Mo3BoOJIS€T MPUMEHATh HAa MPAKTHKE
MaTpUIbl KECTKOCTU DJIEMEHTOB, TIOJYYEHHBIX [UJIi MPOEKIUN HMCXOMHBIX
3aKpYYEHHBIX Ha HEKOTOPYI0 IUIOCKOCTb, J00aBICHHUEM MHHHMAJIbHBIX
YPaBHOBEIIMBAIOIIUX CHIL.
MaremaTuyeckl  YHUBEPCAJIBHBIM  aIrOpUTM  3aKPYTKH  KECTKOCTH
YeThIpEXY3JIOBOM MaHeNM 3akiioyaeTcs B cieaywolleM. PaccmarpuBaercs
naHenb B rio0anbHOM cucteme koopauHaT. Ha puc. 4  mokasaHbl
CaMOypaBHOBEIICHHBIE peakuu (CTOIOeI WM CTPOKa MATPHUIIBl KECTKOCTH) B
y3Jlax 3aKpy4eHHOTro M UcXoAHOoro miaockoro KD. s 3Tux cucteM peakiui
3aMuCchIBaeTCs (PyHKIIMOHAI METO/1a HAMMEHBIIINX KBAJApPaTOB B BUJIE:

F :Z(Pxi _Px'i)z +Z(Pyi - P;i)z +Z(Pzi _Pz,i)z (5)

C moMOIIBI0 HEOMpENENIeHHbIX MHOXUTeneil Jlarpamxa poOaBmsercs B
¢yHkumonan (5) mectb ypaBHEHUH paBHOBECHUS Ui PEAKIUil 3aKpy4EeHHOTO
AJIIEMEHTA U MOJTy4aeTCs:

P:vr 2 Py'3
(Z) r

21 i3 f e _P v

£ 25 =

P;_,
F 4 B
o x4
2 ¥

Puc. 4.VicxonHblii a) U 3aKpyYEHHBIH 0) YEThIPEXY3I0BbIC JIEMEHTHI B
IPOCTPAHCTBE

= :i(Pxi -Py)’ +i(Pyi _P;i)z +i(Pzi -P)’ +/11ipxi +A2ipyi +/13ipzi +
i=1 i=1 i=1 i=1 i=1 i=1

/14(24: P, I _24: Pyi &ij+A5(i P L _ipzi D(iJ+/16(i I:)yi X _ipxi Ey.}

371€ech X, Y,z - KOOPAUHATHI y3JI0B 3aKPYUYEHHOT'O 3JIEMEHTA.

(6)



Bapuaruu (6) mo P,,P

i+ PsisA; TIDHBOIAT K CHUCTEME JIMHEWHBIX YPAaBHCHUH B
P P’
MaTpuyHoMm Buzae: S,(R=R u R=LJ; R':{O} 3neck A, P u P - BekTOpa

MHOXXHUTEIICH HarpaHma, Y3JO0BBIX CHUJI 3aKPYUYCHHOTI'O OJIEMCHTA M Y3JIOBBLIX CHII
IIJIOCKOT'O 3JICMCHTA COOTBETCTBCHHO.

E, 0 0 0O E §
0O E,b 0 0 E S
s =L 0O 0 E, 0 E S :
210 0 0 E, E S
E E E E 0 O
S s; si s, 0 0]
E - enunnyHag Matpuna 3x3, E,= E[2;
Yi 0 —Z
S=|-% 1z 0
0 -vi X

YHHBepCaNnbHBIN aITOPUTM 3aKPYTKU OyJIET BHITIISAACTh CIEIYOIIM 00pa3oM:
1)  ¢dopmupyercs K' - MaTpuIa )KECTKOCTH IIOCKOTO AJIEMEHTA B
r700aIbHOM cUCTeMe KOOp/IMHAT,
2)  Belumcisercs S;' v U3 Hee BhIOMpaeTcs moaMaTpuia S [12x12]

sgl{s S*}

S, Su
3)  OKOHYATEJIHHO BHIUUCIISICTCS MATPHIIA )KECTKOCTU 3aKpydeHHOTO KD
K=S'[K'[S.

Bropas rinaBa nocesiiena KO pédep moakperiéHHonl 00004KU. Y Ka3bIBaeTCs,
YTO IS TIPABUIILHOTO yué€Ta pabOThl MIMAHTOYTOB HEOOXOAMMO YYUTHIBATH B
MOJENN OKCICHTPUYHOCTh CPEIMHHONW TOBEPXHOCTH TOHKOM OONIMBKU U
HelTpanbHOU ocu mmaHroytoB. Ilockonsky B APC DPA-IIK2000 pacuérnbie
Y376l TTOAKPETUIEHHBIX 000JI0YEK MPUHATO PAacIioaraTh Ha BHEITHEM KOHTYPE
MIMAaHTOyTOB, TpeHeOperas  TOJNIIMHON  OOIIMBKH, MPOIEAypy  yU€Ta
AKCIIEHTPUCUTETOB MPUMEHSIIOT K AJIEMEHTaM IMaHroyToB. OHa 3aKiItoyaeTcs B
CTaTUYECKH SKBHUBAJIEHTHOM IIEPEHOCE MaTpHI] KECTKOCTH U3  Y3JIOB,
pacroararolmuxcsa Ha HEUTPAIIbHOM OCH, B Y3JIbl PACUETHON CXEMBI.




A,

B
—_—
':-\.,_‘.
.

£)

z F
Puc. 5.Cxema yuyérta 3KCUEHTPUCUTETOB

PaccmatpuBaeTcs HEKOTOPBIH dmeMeHT mimanroyra (puc. 5, a). Heditpanbhas
ock KO pacrnionoxena B Toukax i' U j'. Pacu€THble y3JIbl KOHCTPYKUUHU B y3J1aX
i u j.Hapuc. 5,6 1 i ro y37a nmokasaHbl SKCHEHTPUCUTETHI B TTI00ATBHOM
JIEKapTOBOI cucTeMe KoopAnHAT. BBogum cneayroiue 0003HaueHUS:

P u U, - BEKTOpa YCWINHA U TIEPEMEIICHUI B TJI00IbHOM JIEKapTOBOM CHCTEME
KOOpJMHAT, COOTBETCTBYIOIIME TOYKAM HA HEUTPAIBHOM OCH JABYXY3JIOBOT'O
aneMeHTa, P, u U, - BEeKTOpa YCWIHM U MepeMelleHrui B III00aIbHON cucTeMe

KOOpJIMHAT, COOTBETCTBYIOIIME y3JIaM PAacUETHOM CXxeMbl. B MarpuuHOM BHAE
JUTSL BCETO IBYXY3J0BOTO AJIEMEHTA!

Pe=C.[F; U, =C U,

3neck C,, C,- MaTpHIlbl “IKCHEHTPUCUTETOB” — TPAHCHOPMUPYIOIIUNE MATPHUIIBL.

CnpaseaiuBo u obpartHoe:. P =C;'P, u U, =(C,)"'U,,. Ilpu 3ToM cIpaBeiInuBo

re
C.' =C, . Ilocne nmpeobpa3oBanuii monydaem K, =C_[K, [T}

B xoHCTpyKkIMM (Pro3esnska UMEIOTCS U3rudaemMble 3JIEMEHTHI, K KOTOPHIM
OoOIIMBKAa TPUMBIKAET KaK MO HIDKHEW, TaK W 10 BEPXHEH IOJKE CEUCHUS
mmnaHroyta. s 3Tux ciiyyaeB NpeniaraeTcs 4YeThIPEXY3JI0BOM MaKpPOIJIEMEHT
0anka — CTeHKA, MOCTPOEHHBIN CYNEPIO3ULIUeN YeThIPEXY3IOBONH CTEHKH U JBYX
OAIOYHBIX TOSCOB C AKCIICHTPUCUTETOM. DKBUBAIICHTHOCTh M3rMOaeMOi Oalku
YETBIPEXY3JIOBOIO  DJIIEMEHTA  ONpPEAENIIEM PAaBEHCTBOM T'€OMETPUYECKHX
XapaKTePUCTHK. IUIOMAAN W HW3THOAIONMX MOMEHTOB wHepiwi (puc. 6). s
MOJICTTUPOBAHUS YETHIPEXY3JTOBON CTEHKU OBLIT MPUHSAT IUIOCKUH TPEXY3T0BOM
K3 o6omnouku, nonyueHHbld cyneprno3uipein KO narubaeMoit TOHKOM MIaCTHHBI
u miockoHanpsukéHHoro KO beprana. MemOpanHoe coctosiHue ObUIO MPUHSTO
MIOCJIE TECTUPOBAHHUS HECKOJIBKUX Mpounx KO.

Hanee npenaraercs 1Byxy3a0Boi KO mmaHroyra nepeMeHHOrO CEYEHHUSI.
Puc. 6 Tak e nocmy>xuit Jyuisi BBI0OOpa 3aKOHOB alllpOKCUMAIIUK FT€OMETPUUYECKHUX
XapakTepUCTUK IO OCH JJeMeHTa. /[l T[oilydeHHss HMCKOMOW MaTpHULbl
KECTKOCTU CHayalla CTPOUTCS MaTpHlla MOAATAMBOCTH O 6-T0 MOpsaKa JUis
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KOHCOJIBHOM OajiKu NEPEMCHHOIO 11O AJTMHEC CCUCHMA. OKOH‘I&TCHBHYIO MaTpuny

KECTKOCTH moJayduM 10 ¢opmysie K =B [ﬁé’]_ltB. 3nece B - wmarpuia
paBHOBECHSL.

L 7
Puc. 6. Ceuenune n3rndbaemMoro sjeMeHTa U SKBUBAJIEHTHOI'O EMy

CCUYCHUSI MAKPOIJICMCHTA Oanka-cTeHKa

Ha ocHoBe makposnemeHTa Oanka — CTEHKa NpeNIaraeTcsi COSAMHHUTEIbHBIN
AJIEMEHT, MO3BOJIIOIIANA NPUMEHATh B PACUYETHOM CXEME OJHOBPEMEHHO M

Oankd € SKCLUEHTPUCUTETOM M JIBYXIOSCHbIE MakposneMmeHTel. Ha puc. 7.
IIOKA3aH BAPUAHT TAKOI'0 COEINHECHMUS.

(™
u:4 .

Puc. 7 a) Cxema cBsI3M TpeX JIEMEHTOB; 0) Y3JI0BbIC IEPEMEIIICHHS B
AJIEMEHTHOM CHCTeME KoopauHatT pedpa 3-4



B coorBercTBMM ¢ THNOTE30M IUIOCKHX CEYEHUM, IPUMEHEHHOM IIpU
dopmynupoBkax mis KD 2, momaraem pebpo 3-4 snementa 1 (puc. 7a)
abCoMOTHO KECTKUM. [[s pemieHust 3Toi 3a7aun mpejyiaraeTcs ABa Crocooa:
NEPBBI CITOCOO OCHOBAH Ha MOAKIIOYEHUHU K CTaHIApTHBIM BhIpaxkeHussM MKO
(K U= F) JOIIOJTHUTECIIbHBIX ypaBHeHHﬁ CBSI3U C MOMOILBIO HEONPEACIEHHBIX
MHOXxUTenen Jlarpamxka. I'eoMeTpuyecku, ¢ TOUHOCTBIO 1O 3HAKa, YPaBHEHUs
CBSI3W BBITIISAAT cleaytommM obpazom (mo puc. 7, 6): u, —U, =@,V =0,
Uy, —Uys +@,5%,, =0, Uy —Up +@y3Yas ~PyXy =0, @,y =0, =0, 4, -0, =0,
P4~ 9,3 =0.

[Topsnok MaTpUIbl KECTKOCTU YBEIUYUTCA 32 CYET HEM3BECTHBIX MHOXKHUTEIEH
Jlarpan:xa Ha MIECTh, OAHAKO C IIOMOIIBIO AITOPUTMA CTATUYECKON KOHICHCAUU
Mbl MOXXEM HCKJIIOYHTh IMOAMATPHULbI, COAEpPKAUIUE KECTKOCTh 4-TO0 y3na u
ypaBHEHHUS CBs3M, 00pa3oBaB MPHU 3TOM MaTpuiy >kEcTkocT 1810 mopsinka,
IIOJIEKAILYIO BKIIFOUEHHIO B IIOJIHYIO MaTPHULy KECTKOCTH.

Jlpyroii ajiropuTM OCHOBAH Ha Y€ H3BECTHOM, OINKMCAHHOM HaMH, croco0e
CTaTUYECKH OKBUBAJICHTHOro mepeHoca kéctkoctu (puc. 5). Ilepenocs
KECTKOCTh 4-TO y3/1a B TOUKY C KOOpAMHATAMM 3-TO y3I]1a, IPOCTO A00aBIsiEM
IIOJlyYEHHBIE BCE HOBBIEC, 3a UCKIIOUEHUEM B3aUMHOM, )KECTKOCTH 4-To K 3-€My,
nojyyasl, TakuM o00pa3oM, MmaTpuily >kécTkocT 1840 mnopsaka HEKOTOPOro
TpéxysnoBoro KO. [lns peann3anuu NpUHIT BTOPOM BapUaHT.

Cnenyer ormetuth, yTo B APC DPA-I1K2000, Ha 6a3e npexHux pa3paboToK,
aBTOPOM pPEaav30BaH AJITOPUTM BBIYMCICHHUS I€OMETPUUYECKUX XapPAKTEPUCTUK
CEYEHHUH IIMAaHTOyTOB B (popmaTe, YHU(PUIIUPOBAHHOM ISl BCEX MPEATIOKEHHBIX
DJIIEMEHTOB.

OcHoBHbIM HenocTatkoM MKD B nepemeneHusix sSBIseTcsl pa3pbiBHOCTh MOJIEH
HanpspkeHuid. Ha mpakTuke 3TO BbIpakaeTcss B TOM, 4TO Ipu (opMaibHOM
IIOCTPOECHUH JIIOP BHYTPEHHUX YCWJIMH B COOTBETCTBHUU C AJITOPUTMOM METOJIA
NepeMeIeHHH, B y3/1ax HaOMI0Jal0TCs Mepenaibl B 3HaueHus1X. [1ist Toro, 4To0s!
[0JIy4aTh IPUEMIIEMYH0 KapTHHY HANPSKEHHOIO COCTOSHUSA U1 MoJenen
HOJIKPEIUIEHHBIX 000JIOUEK, MPEAJIOKEH NPAKTUUECKUN aJITOPUTM CTATUYECKOU
anmantanuu. OH 3aKJIIOYaeTCsl B MPEANNCAHUM PABHOBECHOM pabOThl MEXAY
aneMeHTaMu 00oJiouek ¢ pébpamu. Ha puc. 8 mokazan (epMEHHBIM 3JIEMEHT,
CONPSKEHHBIN ABYM DJIEMEHTAM CIBUIOBBIX ITAHENIEW. YCWIMS B y3JaX | U |
SIBJISIFOTCS. CYMMOM YCHJIMHM OT BCEX TPEX AJIEMEHTOB U IIOTOMY, IIPU MOCTPOEHUH
SMIOP MPOJOJBHBIX YCUIIUI, pa3pbIBOB HE OyeT.
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Puc. 8. epmennoe peGpo ¢ CONpsHKEHHBIMU CBUTOBBIMH TTAHEIISIMA

Ecnmu mpoBecT mO »ieMEHTaM TMaHeNed CeYeHus, MapajlielibHble peopy,
HOJIy4YMM KapTHHY, COOTBETCTBYIOIIYI0 Mojiesin DOoHepa — bensesa (puc. 9).

B oOmiem ciyvae, He3aBHCHMO OT BHJA MOAKpEIUISAIOIEro pedpa (MImaHroyt,
JBYXIOSICHOW  MakKpOdJIeMEHT  WJIW  CTpUHIep), noiaydaem  p&opa,
ypaBHOBEIIMBaeMbIe ITIOTOKOM cBHra ot oomuBku (puc. 10).

Puc. 9.OnemeHnT ¢pepmMeHHOr0 pedpa ¢ yCHIIUSIMU MOCIE CTaTUYECKOU
ajanTaluuu

Puc. 10.Crarnueckas aganramnus yCuiaui B u3rudaeMbix peopax

Yeunus B pEOpax mocie CTaTUYECKON ajanTaiid UMEIOT BU/L:
S=5+ fi(a) + f,(q,), (7)

11



OJIHAKO HEOOXOAMMO YTOYHHUTDH BUJ (PYHKITHIA.

Jlanee mpUBOASTCS pe3yJbTAaThl TECTOBBIX TMPUMEPHI, MOATBEPKIAIOIINX
paboTOCTIOCOOHOCTh TPEMIOKEHHBIX BO BTOPOM TJIaBe DJIIEMEHTOB U
METOJIOB.

B Tperbeli rnaBe, ¢ [edabl0  yrouHeHWs monoxeHws  (7),
paccMaTpuBaeTCsl JUCKPETHAs MOJAENb IUIOCKOM, MNOJKPEIUIEHHOM IO
KOHTYpY manenu (puc. 11). Uneanu3amnusi TUCKPETHBIX JIEMEHTOB: B TIAHEITH
JEHCTBYET TIOCTOSTHHOE TIOJIE HAMPSIKEHHsI CIBUTA B HEKOTOPOU JE€KapTOBOMH
CUCTEME KOOPJIMHAT; B MOJAKPETUIAIONINX CTEPIKHEBBIX AIIEMEHTaX JIEHCTBYIOT
YCUIIMSL PACTSDKCHHUS — CXKaTHsl, HAXOMSIIUECS B PAaBHOBECUH C YCHIHMEM
(motoxoMm) caBura, oOpa3yroLIeMCS HAMPsDKCHUSMH 110  HAKIOHHOW
TUTOIIAIKE.

1)}*3
3
y 823+ qa3la3 Py
% 92 S34
PVZ
2 S23
P, 934
Si2 +qi2h2
q =1t =const
1 S34 +q3al34
q» P,_;
Py
: 4
41
Sz B qn
S +qguil;
p P4 q41414

l x1
Puc. 11.]luckpeTHast MoJI€Ib MOJKPETUIEHHOW MaHeIn

[S] ={s, S, S, S, q - Oa3sWCHBIi BEKTOpP,  ONMCHIBAIOIIMII
51

HalpspKEHHOE  COCTOSIHME NOAKPEIUIEHHOM IMaHenW. BBoauM  BeKTopa
BHEIIHUX Y3JIOBBIX CUII " IIEPEMEILICHUM!
[85] = {le I:)yl I:)x2 I:)y2 Px3 Py3 I:)x4 I:>y4} !

[u]:{uxl U, U, U, Ug Ug U, uy4}. 3anuieM st MOAENH MOJIHYIO
8x1

CUCTEMY YPAaBHEHUI CTPOUTEIbHON MEXaHUKU:

A S+P =0 (8)
[8<5] [5<]  [84]
Al u+B S =0 (9)

[58][8<1] [55][54]
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31ech: [ Bé] - MaTpula Y3JIOBOIO DPaBHOBECUS YCWIHH, [5Bs] - Marpuua

BHYTpEeHHEH noaatianBocTu. Beipasus S u3 (8), u moacrasus B (9), momydnm:
- ABMA u+P =0 (10)

[8%5] [5%5] [5x8] [8x1] [8X1]

O6o3nawaem K = AB' A" - wMarpumy xéctkocth KD  caBurosoii
(B8] (8] [5] (58]

noakperyiéHHod  maHenu.  KosdduumeHnTsl  MaTpuilbl  MOJATIMBOCTH
MOJIy4aeM, BapbHUPys TMOJHYI SHEPruio jaeGopMaiuu MO KOMIIOHEHTaM

0asuca S. DHeprus aedopmaruu i paCCMOTPEHHOMN TaHEIH 3aIUIIIeTCSI
4

s S
2 = z#@sz +3§q||I + q|2||2)+ﬂ

GEFiJ. I i il 4G
Spaa=X4oYs — X1Ys, - YABOEHHAS IUIOLIAAbL YETHIPEXYTOJIbHOM NaHenu, t -

TonuHa, E u G- MoaynM YHNPYrocTd M caBura marepuaina. llomydaem
MaTpUIy BHYTPEHHEH MOIaTIMBOCTH BUA!

‘b, 0 0 0 by
0 b, 0O 0 b,

B=[0 0 by 0 by

0 0 0 b, b
_b51 bs, Bs; Dby, b55_
3ameTuM, 4To b, XapakTepu3ylOT B3aUMHYIO pabOTy KOMIIOHEHT UCXOJAHOIO

6a3uca. BBogum mist ynmoOctBa Oe3pasmepHyto koopauHaty & [[01]. Torma
nojgHoe ycwine B pebpe i-j mocne pemenuss (10) B xommoHeHTax
MCXOAHOro Oasuca Oyner mmeTb BUA. S; +q;l;¢. PaccMOTpuM HEKOTOpBIHA
HOBBIN 0asuc S :{8{2 S, S, S, q}. CBsI3b HOBOTO U CTaporo 0as3ucoB
OTIpe/eIIsieM U3 PaBCHCTBA S; +(;l;¢ = S,’; +S;, +;l;¢ . §jp - HEKOTOpAsd, MOKa
HEU3BECTHAsA, BEIMYMHA TOTO K€ MOps/Ka, 9To U ;. B nannom ciyqae u §
M S, - BEIMYMHBI IOCTOSHHBIE. 3alMIIEM SHEPTUIO Je(pOpMalUK OJHOIO

CTCPIKHA B HOBOM 0a3uce OTHOCHTEIBHO &

: Jl‘(sh S0t qijlijf)zdf

D = li
ij
29 EF,

L |3 ,
EII]: ,[Sj(Sjo’Lqu'ijf)df’LZEJFI(Sjo+qij|ijf) d¢ (11)

ijo

Iij 1 * \2
2EF j (Si) de
ijo ij 0
3mech cilaraeMble WHTETPabl CTPYNIUPOBAHBI TaK, YTOOBI BBIICIUTH S’; A

S, OTHECEHO K DPaBHOBECHOW COCTaBIIsAtOIIeH. Torma cpeiHuid WHTETpal

MMeEET CMBICII B3aMMHOM paboThl KOMIOHEHT HOBOro Gasuca. [TotpeGyeM ero
_Gl
2

paBenctBo 0, OTKyzma M momy4mm: S, = . Marpuna nonatiamBOCTH B

HOBOM Oa3zuce:
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b, O 0 0 O
0O b, 0 0 O
B=l0 0 b, 0 0
O 0 0 b, O

0 0 0 0 by

JlnaroHasibHasg MaTpuia NOAATIAMBOCTH MO3BOJISIET MOJIYYaTh MOJHYK MAaTPHUILY
KECTKOCTH MPOCTBIM CJI0KEHHUEM BKIIAJIOB OT OTHAENIBHBIX 3JIEMEHTOB. B HOBOM
0a3uce mUCKpeTHas MOJENb o0pena CMBICT KOHEYHO-3JeMeHTHON Moxaenu. [Ipu
ITOM KECTKOCTH pEOep - 3T0 kEcTkocTH (depMeHHBIX KD, a KECTKOCTh
IJIACTUHBI TOJlydeHa C YYETOM paBHOBECHOM palboThl ¢ pébpamu. [lanee
MPOBOAUTCSL 0000IIEHNE Ha Ciiydyad U3ru0aeMbix pEOEp ¢ IKCIEHTPUCUTETOM
HEUTpaJIbHONH OCH CO CPEIMHHOW IIJIOCKOCTHIO OOIMBKH. PaccMoTpeH ciydait
3aKpy4eHHON TlaHenu U pébep C TEepeMEeHHOW IO JJIMHE KECTKOCTBIO.
3aBepiaT riaBy 3 YMCIEHHBIE MPUMEPHI C MPOCTHIM (PUIUYECKUM CMBICIIOM,
WUTIOCTpUpYIOLE padoTy paBHOBECHOTO 3JjieMeHTa. [IpoBoauTCs CpaBHEHHE 110
pe3ysibTaTaM, I[IOJYYEHHBIM COBMECTHBIMU JJIEMEHTAMH W  CTaTHUYECKOU
ajanTtagyued pe3yJbTaToB. MakcuMalibHass pa3HOCTh B MEPEMEMICHUSX 10
pa3HbIM MojelsaM gocturana 11.5 %.

B 4eTBEpTON IIaBE OMUCHIBAKOTCA MNPAKTUYECKUE 3a4a4yd, PEIIEHHBIE C
MIPUMEHCHUEM MIPUBEAEHHBIX pa3paboToK, MIPUBOJSITCSA MIPUMEPBI
COITOCTABUTEIIBHBIX PACUETOB.

[lepBoe mnpuMeHEHHE alropuTMa CTATUYECKOM ajanTaluu ObUIO TpH
COTOCTAaBUTENIbHBIX pacu€Tax KOHCTPYKIMU 0a30BOM MOJEIM BepToJETa
MUBMT u mogeneir BeproniéroB MUSMIIC u MUSMTPAB (puc. 12), no
3aka3zy KHIIII "Bepronérer M.

Puc. 12.Pacuéransie moaenu BepronétoB MUSMT, MUSMIIC u
MUBSMTPAB
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Pesynprartel pacu€ToB NPHBOAWINCH B BHIE TaOJHMII COOTBETCTBYFOIIMX
HaNpPSHKCHUH ¢ MAaKCUMAaJIbHBIMU [0 MOJYJIIO 3HAUEHUSAMH, Kak B pEOpax, Tak u
B oOmmBke (puc. 13).

MaxkcumanbHble 110 MOJYJIIO 3HAYSHHS HOPMAJIBHBIX HANPSHKEHKT B
3 PeKTUBHBIX MOsCAX B KI/MM2.
MU-8MT - Ipassiii 6opr.
1 2 2a 3 4 5 6 7 8
Tt
8 0.37(04) -0.93(14) -1.07(14) 1.03(02) 2.56(02) 3.30(02) 2.51(02) 2.52(03)
9 0.54(02) 0.58(13) 0.56(13) 1.08(04) 2.42(02) 2.21(02) 1.20(03) 1.69(03)
10m 0.60(02) 0.77(13) 0.77(13) 1.27(04) -1.06(02) 0.64(01) -0.93(04) 1.18(01)
lin
1211 0.46(04) 2.54(04) 2.54(04) 1.02(14) -0.18(04) -0.54(04) -0.71(04) 1.00(01)
136 0.84(02) 1.06(09)
1411 0.40(04) 0.41(02) 0.41(02) 0.20(14)-0.45(04) -0.59(04) -0.19(09)
151 0.17(08) 0.24(14) 0.24(14) 0.30(14) 0.53(14) 0.62(14) -1.27(09)
1611 -0.29(02) 0.97(02) 0.80(14) 0.69(14) -1.32(09)
1711 -0.55(02) -0.43(02) -0.43(02) 1.02(14)-0.99(02) -1.31(09)
17a -0.65(02) 1.15(14) 1.12(14)-2.12(02) -2.46(02)
181 0.67(14) 1‘435(14)
19n
20n 0.50(12) 0.85(14) 0.85(14) 1.01(14) -1.59(02) -1.68(02) -2.53(02)-2.85(02)
21 0.59(12) 0.80(14) 0.80(14) 0.98(02) -2.00(02) -2.04(02) -2.66(02)-3.01(02)

220 0.51(12) 0.58(14) 0.58(14) 2.53(02) 4.36(02) 5.06(02) 3.73(02) 4.87(03)

MakcimabHsle 10 MOJYJIIO KacaTeIbHbIC HAIPSIKEHUS B ITOAX OOLLMBKY B

KI/MM2.

MU-8MT - Ipassiii Gopr.

I 2 2a 3

Tn

1.61(02) 3.28(02) 1.35(03) 2.94(04) 2.92(04) 3.37(04) 7.30(04) 4.28(02)

811

1.52(02) 2.82(02) 1.94(03) 3.54(04) 3.16(04) 4.40(04) 6.79(04) 4.17(02)

O

1.47(02) 2.22(02) 2.07(04) 4.09(04) 3.30(04) 4.68(04) 6.30(04) 3.49(02)

10

1.60(02) 1.79(02) 1.77(04) 4.63(04) 3.18(04) 4.53(04) 5.62(04) 3.13(08)

Iln

2.31(02) 1.28(02) 1.28(02) 4.69(04) 2.68(04) 5.03(02) 5.32(03) 3.07(08)

12n

2.89(02) 3.34(03) 3.34(03)
13n

2.96(02) 3.19(02) 3.19(02)
14n

3.07(02) 2.98(02) 2.98(02)
150

3.03(02) 2.96(02) 2.96(02)
1611

2.87(03) 3.01(02) 3.01(02)
17n

2.64(03) 3.29(02) 3.29(02)
17a .
2.22(03) 3.55(02) 3.55(02)
18m

4.51(02) 4.77(03) 4.75(03) 2.96(08)
4.32(02) 4.98(03) 4.78(03) 2.64(08)
4.26(03) 4.93(03) 4.57(03) 2.26(08)
428(03) 4.81(03) 4.47(03) 1.89(08)
4.38(03) 4.61(03) 4.32(03) 1.56(08)
4.48(03) 4.22(03) 4.20(03) 1.20(08)

4.95(03) 3.65(03) 4.03(03) 1.03(10)

2.02(03) 1.34(03) 1.34(03) 5.10(02) 2.08(03) 3.34(03) 3.66(03) 0.81(10)

19n

1.61(03) 1.62(03) 1.62(03) 5.45(02) 2.22(03) 2.62(03) 3.34(03) 0.74(01)

200

1.36(03) 1.82(03) 1.82(03) 5.06(02) 2.34(03) 2.28(03) 2.73(03) 0.78(09)

2In

1.16(12) 2.01(03) 2.01(03) 4.21(02) 2.49(03) 2.10(03) 2.07(03) 0.98(09)

22n

Puc. 13.1Ipumep mpencraBieHus pe3yabTaToOB PaCYETOB HATYPHBIX U3IEIUN

B pamkax xo3zmoroBopubix pabor ¢ OAO "Ka3zanckuii BepTONETHBIN 3aBOX

NPOBOJWIINCh CTAaTHYECKHE W JWHAMHYECKUE WCCIEHAOBAHUS BEPTOJETOB
MUBMTBS u paznununsix moguduranuii AHCAT (puc. 14).

1"'4‘-; %-

Puc. 14.Pacuérnbie moaenu BeptosiétoB MUUSMTBS u AHCAT
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HNuuamuueckuit anaim3 B APC  DOPA-TIK2000 He orpanudeH
onpezaeneHueM 4actoT U ¢Gopm coocTBeHHbIX Kosebanuii. B APC OPA-IIK2000
YCHWIMSMHU aBTOpa peajn30BaH METOJ CIOXKEHHs GopM KojleOaHWl HA OCHOBE
moznenn MKD. HeoOxomumpiM ycnoBueM (GOpMYIHPOBKH JAMHAMUYECKOTO
OTKJINKA MOJETHM B  HOPMaJbHBIX KOOpJAMHATaX SBJISETCS  CTporas
OpPTOTOHANBHOCTH (DOPM U, KOHEUHO, Mpoueaypa HopMmupoBaHus. s m00bIxX

m-o0if U n-oif GOpM OKHBI BBIIONHATECA yenosus: #.m@, =1 u ¢,m@, =0,
3necb m - marpuua Mace, ¢ - i-s1 opma. [Ipu ycTraHOBUBIIMXCS KOJEOAHUSIX

OT JEUCTBHUS TAPMOHHMYECKON BBIHYKJAIOLIEH HArpy3Ku IO 3aKOHY CHHYca
BBIpQKEHUE U1 AaMIUIMTY[, B HOPMaIbHBIX KOOpPJMHATaX C YYETOM
neMiupoBaHUs TPUHUMAET BU/I;

Yn(t) = z% (1_ '18 2)2 [(1— ﬁz)sina - 2&, fcosat

3necy P, (t) =@, p(t), &, — koodpduument nemnpupoanus n-oif GopMel, w, -

w
KpyroBasi 4acTtora n-oi (opmsl, P = (0 ' G- Kpyropag HacTora
n

BBIHYK/IafoIIell Harpy3Kku. [10JIHbIE y3II0BBIE TEPEMEICHHS BO BPEMEHH:
V(t) =@, y,(t) +@,Y,(t) + .y, (1) +...

Ha puc. 15. npuBenenbl rpaduku 3aBUCUMOCTH AaMIUIUTYJl KOJeOaHUS
pacuétHoro y3na mojnenu Beproineéta AHCAT or u3MeHeHus BbIHYXAAloIen
YacTOTHI, IPUKJIA/IIBAEMOM Ha BTYJIKE HECYILErO BUHTA 10 3aKOHY CHUHYCA.

Aux 43n1a N 45F NO OCH Y 4-f PACUETHEA CAYUAR Aux 43na N 45F NO OCHM 2 4-R PACUETHEA CAYUAR
Macca = #s5%s K[ AMANA3I0H K-TOE AENMN.: 0T 0.0200 40 0.0200 Macca = s37s K[ AMANA3OH K-TOB AENM. 0T 0.0200 40 0.0200
TECTBANSEM44 - - SO3BYMAEHME FACUETHHE O 4-F TECTBANSBM44 - - BO3EYKAEHME FPACUETHHE CA 4-F

1 B0 &1 ¥ & 1 BB S S S S

1k L R e e e

.

iy, ,58598
1R BEsE
#g.5Q808
aH.9898
25.3111
86:8489s
87.589%
Uo . 20E8

y

El
1y.e598 L "
1R BEaE
18 :P0d5
20,3633 1 —
yo . z088 L

Puc. 15.1'paduku aMmimuTy JHO — 4aCTOTHBIX XapaKTEPUCTUK y3ha 153

B 3aBepriennn npuBOASTCS pe3ybTaThl CPABHEHUS MO MEPEMEIICHUSIM U
HANpsDKEHUSIM pacd€ToB Mojenu TpéxcnoitHoi obonoukn B APC OPA-ITK2000
U pacu€THpIM KoMmiuiekcoM ANSys. Ha puc. 16 mokasansl B Macmirade
ne(OpMUPOBAHHbBIE COCTOSIHUS MOJeNH. PaccmarpuBaioch Tpu BapHaHTa
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HArpyKCHUS: a) COCPENOTOYCHHAs CIUWHMYHAS CHUJa [PHIOXKEHa B
BEPTUKAJIHHONH IUIOCKOCTH CHMMETPUM HOPMAJIBHO K IOBEPXHOCTH; O)
pacnpeenéHHas Harpyska, MPUIOXKEHHas B BEPTUKAJIBHOM IUIOCKOCTH BIOJb
oOpa3yrolieid 1o Bcell JUIHMHE; B) paBHOMEPHOE BHEIIHEE JaBiieHue. | paHnIHbIe
yCIIOBUS — 3alllEMJICHHE TOPIIA.

TectupoBanue npoBoauiaoCh s TpoBepku dPdextuBHoctn KD
TPEXCIOWHOW TMaHenu Ha O0a3e TUOPUIHONW MOCTAaHOBKH, aJAaNTHPOBAHHOTO
asropom B APC DOPA-IIK2000. Ha puc. 17, 18 npuBeneHbl pe3ysbTaThl
CpaBHEHUS 10 MEPEMEILICHUSIM U HANPSHKEHUSAM B/IOJIb BEPXHEH 00pa3yroliei.

g2 EE 688885 3
SRR EEERELR R

Puc. 17.CpaBHenue no nepemMenieHusIm

2000404 1000E+04 8ODOEL

0.000E400 -
*

Eo00Ra 0L 02 02 04 05[06 07 08 09 AOBOEOE

oW -1000E+04 \

4000E401

0.000£400 T

o1 o2 o2 os fos| a6 o7 og o - 20006404

-LOODE+O4

00ROy 20008401

—W—SIGYYLL_ANS

-2000E104 l ——SIGNLLAPC | | 3000E+04 r —#—SIGII3 APC SO AP C

—B—SIGVZ ANS 0.000E400 ——SIG0_ANS
“ o1 5“ 04 5 0|6 07 08 09

_3000E:04 ] -5.000E+04 l ,

- 2000401

-6.000E+04

-1.000E404
’ -7.000E+04

-2000E401
-2000E+04 \ /

-6.000E0L
-9.000E+04 V

-5.000E404

-G.O00E+0Y

7000404 - 1000E+05 -8000E01

Puc. 18.CpaBHenue o HanpspKEHUSIM IS IEPBOTO 3arpy KeHUs

Ha puc. 18a u 186 mnokaszaHbl SmIOpbl HOPMAJIBHBIX HAMPSHKEHUW BIOJH
oOpasyromield B Hapy»KHOM U BHyTpeHHeM ciosix. Ha puc. 181 — xacarenbHbIe
HaNpsDKEHUSI B CPEIUHHOM ciioe. PasHuila OOBSICHSETCS TeM, YTO >KECTKOCTh
o6omouku B APC OPA-TTIK2000cmonenupoBana 0e3 yuéra 00xkaTus CIoeB.
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B nuccepranimoHHoi paboTe NOJAYUYEHBI CAEAYIOUINE PE3YIbTATHI:

1). Tlomy4yeH yHUBEpPCAIbHBI KOHEYHBIH JIIEMEHT, peA3YIONIHN
HaIlpsDKEHUS. TOCTOSHHOTO  CIBUIA B HEKOTOPOM JEKapTOBOM CHUCTEME
KOOpAUHAT.

2). IlpennoxeH yHHBEpPCAIBHBIA AJITOPUTM, TO3BOJISIIOIIAN TPUMEHSTH
IJIOCKME MEMOpAHHBIE U CABUTIOBBIE KOHEYHBIE 3JIEMEHTHI IIPYU MOJIETUPOBAHUH
3aKpy4E€HHOM OOIIMBKHU peOPUCTHIX 00OIOUEK.

3). [Toxy4eHn HabOp KOHEYHBIX AJIEMEHTOB, IMO3BOJSIOIINX MOACIHPOBATh
nu3rudaembie péOpa CIOKHBIX 0 (OpME MOAKPEIUIEHHBIX 000JI0UEK.

4). TlpemtoxkeH NPAKTUYECKUH AITOPUTM CTAaTUYECKOW aJanTanuu
ycuiui B péOpax, MO3BOJSIOUINI TPAKTOBAaTh PE3yJbTaThl aHAIN3a MPOYHOCTU
peOpUCTBIX 000JI0YEK B COOTBETCTBUU CO cxeMoi DOHepa — bensiena.

5). Ilony4eH KOHEYHBIH 3JIEMEHT TOHKOW CIABHUIOBOM OOIIWBKH, TOYHO
YUUTHIBAIOUINI SHEPTUIO B3aUMOJIEHCTBHS C peOpamu.

6.) Bce npemoxenHbie pa3pabOTKH pealu30BaHbl B PAMKaX pac4E€THOTO
komiuiekca APC OPA-ITK2000.

CIIMCOK PABOT, OITYBJIIMKOBAHHBIX 11O TEME IMCCEPTALIUN
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