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JOCIIIKEHHS MOAEJIEN, METO/IIB I 3ACOBIB OIITHIOBAHHSA
TEXHIYHOI'O CTAHY OF €KTIB BYJAIBHUILITBA B YMOBAX HABAHTAKEHb

I BILIUBIB TPAHCIIOPTHHUX MAT'ICTPAJIEA

Anomauin. Jlocniodceno 3a0aui OyYiHIO8AHH MEXHIYHO20 CMAHY 00 '€Kmie 6yOisHUYMEa, sKi ONUHUIUCH 6
30HI 6NAUBY BIOPOOUHAMIYHUX HABAHMAICEHb MPAHCROPMHUX Mazicmpaneu. Pozensnymo xomnnexc
NPUYUH ROSIPUWEHHS! MEXHIYHO20 CIANY HeCYyuux KOHCMpPYKYitl 6y0igenb i cnopyo, wo eKChiyamyiomscs
nobauzy Mmazicmpanetl WEUOKICHO20 pelikogozo mpancnopmy. Hadano modenv cneyianizosanoi
iHmMeneKmyanbHol cucmemu OYIHIOBAKHSA MEXHIYHO20 cmany 06 ekmig 6ydisnuymsa. Ilpu ybomy ocrhosna
yeaza npuodiisnemspCsi GUPIULEHHIO npobemu 0OTPYHMY8aHHs MoOeell | Memooi8 OYIHIOBAHHS MEXHIYHO20
CMany KOHCMPYKYil 00 €xmis, sKi ONUHUIUCL 8 30HI 8NAUBY OYdiebHol disibHocmi. /(s 3abe3neyenis
iH(hopmayitino-ananimuynoi  niompumku  OYOi6ebHO-MEXHIYHOI — eKChnepmusu  3anponoHO8aHO
suxopucmosysamu BIM-mexuonocito i wmyuny netipo-neuimxy mepeacy Takagi-Sugeno-Kang. [lokaszano,
WO 3acmocy8anHs yici MoOeni HA0ae MONCIUBICIb ABMOMAMUZYEAMU NPOYeC OYIHIOBANHS MEXHIYHO20
cmany 06 ’cxmie OydisenvHo-mexniunux excnepmus. OOIPYHMOBAHO OOYLILHICHb HAGUAHHSA WIMYYHOT
HeyimKoi HeUupoHHOI MepedxCi Ha pe3yIbmamax aHanizy HAMmypHUX CHOCMEPEdtCeHb |  YUCENbHUX
eKcnepumenmie 3 uKopucmauuam npozpamuozo xkomnaexcy JIIPA CAIIP. Ilpakmuune 3acmocy8aHHs.
Ppe3ybmamis 00CHONCeHHS OUIKYEMbCS NPU 6NPOBAOINCEHHI cUCmeMU NEOMPUMKY 0)Oi6ebHO-NEXHIYHUX
eKcnepmu3 3 NUMaHs OOIPYHMYSAHHS NPONO3UYIL U000 MICYs PO3MAULY8AHHS MA YMO8 OyOieHuymea

H08020 00'cKma 8 ymosax wjinbHoi Micokoi 3a0y008u nNOOIUZY MPAHCNOPMHUX Mazicmpanell.

Knrouosi cnosa: 6yoieenvno-mexniuna ekcnepmu3sa; peiikoguit mpancnopm; omouyoua 3a6yoosa

Beryn

B ocranHi poku B yChOMY CBITI CIIOCTEPIraeThCs
ypOaHizallis Ta cTpiMKe 3pocTaHHs MicT. [Ipu mpomy
BUHHMKA€ HEOOXIJHICTh y 3BelleHHI OyIiBeNb 1 Cropyn
pI3HOTO MpHU3HAYEHHS B MiCTax, A€ 1 0e3 HbOro HasiBHi
npobiieMH IMibHOI 3a0ynoBU. BHaciimok Takoro
OymiBHHUIITBA 3pOCTAa€ HE TUIBKH IMIIIBHICTH 3a0yIOBH, a
1 KIJTBKICTB 3a/1a4, SIKi TIOB’s13aHi 31 3MiHOIO HAIIPY>KEHO-
nehOpMOBAHOTO CTaHy HECYYMX KOHCTPYKINH paHilie
3BEIEHUX OO0’ €KTiB, BHACHIIOK 3MiHH KOMIUIEKCY
30BHIMIHIX HaBaHTakeHb 1 BIUmmBIB. [Ipote mi 3MmiHN
MOXYTh OyTH TOB’S3aHI HE IWIme 3 OyIiBEIBbHOO
TISITBHICTIO.

3MiHM 30BHIIIHIX HABAHTAXKEHb 1
MICBKHX YMOBaX MOXKYTb OyTH cripuunsesi [1 — 3]:

— TpUBAIOK JMi€l0 BiOPOAMHAMIYHMX BIUIHBIB
TPAHCIIOPTHUX MEPEK;

— BUIBHMMH KOJIIMBAaHHSAMH 1
BiOparissMu HOBOOY/IOB;

— 3MIHOIO  BiOpOAMHAMIYHOTO
pi3HUX iHPACTPYKTYP;

—  IHIIUMHA SIBUIIAMU
TEXHOT'CHHOT'0 XapaKkTepy.

BIUIMBIB B

BUMYIICHUMHA

HaBaHTaXCHHs

IIPUPOJHOTO qu

BuacHe mpoBeneHHS e(EeKTHMBHUX 3aXOIiB 3
apanTtamii 00’extiB OymiBHunrBa (OB) m0 30BHIIIHIX
YMOB, $IKI HE BPaXxOBYBaJHCh MNP iX MPOEKTYBaHHI Ta
3BEJICHHI, MOoTpeOye BUKOHAHHS OYIiBENbHO-TEXHIYHOT
excneptusu (BTE).

Otxe, BukoHanHs BTE mepenbauae po3B’s3aHHA
3amaui Hewitkol knacudikaiii TexHiunoro crany (TC)
00’€KTa 32 MHOJKHHOIO PI3HUX XapaKTEPHHUX O3HAK IPH
BHpIIICHH] 3aBJIaHb:

— 3a0e3meueHHs HANIAHOCTI 1 eKCIUTyaTaIliifHOi
MPUIATHOCTI 00’ €KTa Ha BCIX €Tamax >KUTTEBOTO IUKITY;

— OOTpyHTYBaHHS TMPOMO3HUIIA MIOAO MICII
po3TanryBaHHs Ta yMOB OyAiBHHUIITBa HOBOTO 00’ €KTa;

— TIATOTOBKM Ta TPOBEOCHHA OyIiBENbHOL
JISUTBHOCTI,

— BpPETYJIIOBaHHSA TpEIENCHTIB, SKi TOB’s3aHi 3
noripmeHasM TC o00’ekTiB  oTouyrouoi 3a0ymoBH
BHACITIJTOK BIDTMBY Oy/iBEIBbHO [iSUTBHOCTI.

Koxxkne 3 1ux 3aBmaHb Mae OCOOJIHMBOCTI, IO
Bi/IOOpaKarOTbCA HAa BHMOTaX IO METOMIB 1 3acoliB
JIIaTHOCTHKY, Ta BIUIMBAIOTh HAa BUOIp BXITHHUX NAHUX 1
npaBwi uist oniHtoBaHHS TC 00’ekta BTE.

— Bupimenss nux 3aBIaHp MOTpeOye MPOBEICHHS
TECOPETHYHUX 1  EKCIEPUMEHTAIbHUX  JIOCHIKEHb
MoJIeNeil i METOMiB, IO 3aCTOCOBYIOTHCS B CYYaCHHX
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3acobax wmonemoBaHHs OBb. Ocob0nmBo akTyalbHEM
BuOip Mozerneit i MeToniB omiHioBaHHS TC KOHCTPYKIIIH
OyniBens i criopyn crae npu BukoHaHHI BTE 00’ekTiB
yIIUTbHEHOT 3a0y/10BH 3 Ie)eKTaMH 1 MOIMIKO/KEHHSIMH,
0 MOTPAIUISIOTH B 30HY OyIiBeNbHOI IisutbHOCTI abo
eKCILTYaTyIOThCSI B YMOBaX BILIMBY HOBOOYIOBH ITOPYY 3
TPaHCIIOPTHUMH MaricTpaliiMH IIBHIKICHOTO PEHKOBOT0

TPaHCIOPTY.

AHaJIi3 ocTaHHIX JOCTiMKEeHD
i myOsrikaniin

VY pobortax [4; 5] mpoaHasi3oBaHO BIUIUB Pi3HHUX
BiOpOJMHAMIYHMX TPAHCIOPTHUX HABAHTAXKEHb Ha
BJIACTHBOCTI I'PYHTOBOI'O MAacHBY OCHOBM OyIiBI 4H
cropynu Ta mpuierioi Tepuropii. [IpoBeaeHuit aHamis
MoKa3aB, MI0 HaWOIIbII 3MiHM (I3HMKO-MeXaHIYHHX
BJIACTUBOCTEH IPYHTY CIIOCTEPIratoThCsl HA TEPUTOPIsX,
SKi TPWISAraroTh 10  Marictpaiedl  IIBWAKICHOTO
peiikoBoro TpaHcnopty. Llei BIUTHB € TOBrOTpHBa UM i
MOXX€ MpPU3BECTH JO CYTTEBOIO 3HIDKEHHS HeCcydoi
3JIaTHOCTI KOHCTPYKIIiM 00’€KTIB OTOUYIOUOi 3a0y/10BH.

VY [6; 7] nociimKyeThes 3a/1aua reHepaiii XBIIb Bijl
PYXOMOro IOTATYy PEHKOBOrO  TPAHCIOPTY, IO
nepenaeThcsi Ha HeCcy4i KOHCTPYKIIT Oy/iBeNnb i criopys
4yepe3 CUCTEMY «pelika — IPYHT — OCHOBa — 00 €KT». Ale
B IMX CTaTTSAX 3HAYHO MEHIIE YBAarM NPHAIISAETHCS
JIOCII/DKEHHSIM BIUTUBY 1MX XBwib Ha TC OyxiBens i
cropyn, 1o posramoBani modmusy. Ilpore peaxiis
OyniBens (Criopyn) 1 xapakTep MOIIMPEHHs BiOpallii, 1110
nepenaroThes uepe3 rpyHt Ha 00’ekt BTE, 3anexurs He

O
r/ y b -

TUTBKK BiJl PIBHSA 1 CIIEKTPaJIbHOIO CKJaxy BiOparii
JoKeperna.

Peaxuist Ob Ha 30BHINIHI BIUIMBU TAKOX 3aJIEXKHUTh
BiJl XapaKTEPUCTUK OrOPOIKYBAJBHUX KOHCTPYKIIH Ta
KOHCTPYKTUBHOI CUCTeMH 00’€KTa B 1isoMy. ['oJoBHUM
YHHOM II€ CTOCYEThCS YaCTOT BIACHUX TOPH3OHTATBHHX
KOJIMBaHb OyniBelb 1 BEPTHKAJbHUX  KOJWBAHb
CNMEeMEHTIB TEPEeKPHUTTIB, THIYy IPyHTY HaBKoino OB,
BIJICTaHI JI0 JuUKepena 1 TpUBaJiocTi BiOpaii [3; 8].

HaBaHTaskeHHs 1 BIUIMBH OyIiBEIBbHOI JiSUTBHOCTI,
[0 TOIIMPIITECS B IPYHTOBOMY MacCHBi, TeX
BIUIMBAIOTh HA HECY4Yy 3JIaTHICTH 00’€KTIB OTOYYIOYOI
3a0ynoBu. BHacmizok mporo 3pocrae HMOBIPHICTB
BUHUKHEHHS CHTYalliif, B SKHX CIIJIbHUNA BIUTHB
(dakTOpiB cepemoBHUINa, IO CNa00 BIUIMBAIOTH Ha
BUXiJIHY O3HaKy, € 3HAYHAM 1 HOCHTh CKJIAJIHHH
HenmiHiHux xapaktep [9; 10]. Ille o3Hawae, 110
OyniBeNbHa MiSUTBHICTH MOOJIU3Y MaricTpalied pedHKoBOro
TPAHCIOPTY MOXKE CHPHYMHHUTH PO3BHUTOK HEraTHBHHX
MPOLIECIB, OIL[IHIOBAHHS MIpH BIUIMBY SIKUX Ha TEXHIYHUH
cran 00’ekTiB BTE Moe yCKIIaJHIOBaTUCS HEYITKICTIO
TpaHuIll MDK MipaMu BIUIMBY BiOpamiii BiJ pi3HHX
Jokepen (puc. 1).

B Takux ymoBax MOXe CKJIACTUCA CHUTyallis, B
pe3yabTaTi sIKOi MPOCTOPOBO PO3BUHEHI CIOPYIH
OINMHATHCS HAa MeXi KpuTH4uHOI crilikocti. [Ipu npomy
aHaJIi3 HOPMaTHBHUX JIOKYMEHTIB Pi3HUX KpaiH NOKa3as,
110 ypaxyBaHHs BiOpOJMHAMIYHOTO BILUIUBY
TPaHCIIOPTHUX MaricTpayieii BUPIIIYEThCS Ha BIIACHHUIM
po3cya MpoekTyBanbHUKIB [11].

Pucynox 1 — Cxema wieuokicnozo 3aniznuunozo mparcnopmy (micmo Kuis):
1 — ninii mempononimeny; 2 — mpameatini xonii; 3 — nomseu ma eneKmpuiKy
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Otxe, HamiliHa Ti Oe3meuyna ekcioryatamis OB B
CKJIaTHUX YMOBaX HaKJIaJlJaHHS HABAaHTaXXCHb i BIUIHBIB
BEJIMKHX MIiCT TIOTpeOye po3po0IIeHHS aBTOMATH30BAHUX
cucreM oriHoBaHHS TC, 3aCHOBaHMX Ha aJeKBAaTHUX
MOJENSIX 1 METOAAX

Mera crarri

Meroro mi€i poOOTH € JOCHIDKEHHS MOJCNCH,
METOMIB 1 3aco0iB OLIHIOBAHHS TEXHIYHOTO CTaHy
00’€eKTiB OyIOIBHHITBA, SIKi ONMHIINCH B 30HI BIUIUBY
BiOpOIMHAMIYHHX HaBaHTaXXECHb TPAHCHOPTHUX
Maricrpaei.

Bukiax ocHOBHOro marepiaiy

Huni mnpoBoAsThCs  pi3HI  JOCHIJDKEHHS, IO
CIpSIMOBaHI Ha pO3POOJCHHS Ta BIPOBAIKCHHSI B
nporiec BTE xoMIT’ FoTepr30BaHUX CHCTEM OIliHIOBAHHS
TC o0’exTiB OymiBHHITBA, IO EKCILIyaTYIOThCS B
CKJIaTHUX YMOBaX BEJIMKHUX MiCT.

PoGotu [12; 13] mnpUCBAYEHO MOJICITIOBAHHIO
Creliai30BaHoil IHTEIEKTYaIbHOI CHCTEMH OIlIHIOBaHHSI
TEXHIYHOTO CTaHy 00’ €KTiB OyJiBHULTBA.

Y [14] nns ouintoBanHs TC  OyniBenbHHX
KOHCTPYKIIMl 3  MOIIKO/DKEHHIMHU
BUKOPUCTOBYBATH IITYYHY HEUITKY HEHPOHHY MEPexXYy
Takagi-Sugeno-Kang (TSK). B miit pobori Takox
OOIPYHTOBAHO AallTOPUTM HAaBYaHHS HEWPOMEpexi 3
YUYHTENIEM 1 3[IaTHICTh HABYEHOI INTYYHOI HelpoMepexi
TSK nmo po3B’sizanHs 3amaui  omiHoBaHHa TC
OyIiBENbHUX KOHCTPYKIIIH 3 MOIIKO/DKEHHSIMHU B YMOBaX
BiOpOJIMHAMIYHHX BIUIMBIB 30BHIIIHHOTO CEPEIOBHIIA.

Ha puc.2 HaBeneHO Monenb CHUCTEMH, SKa
MPU3HAYAETHCS ISl MIATPUMKHU PillleHb P BUKOHAHHI
BTE 3 nuranp oOrpyHTYBaHHS MPOIMO3HMIIIH 111010 MiCIIs

3aIpoOIrIOHOBAaHO

po3TamryBaHHs 1 YMOB OY/HiBHHIITBA HOBOI'O 00'€KTa B
YMOBax MIUIGHOI 3a0yloBH IOOJU3Y TPAaHCIIOPTHHX

MaricTpaiei.

Jist po3paxyHKy 00’€KTa Ha JAWHAMIYHI BIUIMBH
MOXE  BHKOPHCTOBYBATHCh  METOJI  CHPOIICHOTO
HEMIHIIIHOTO CTaTHYHOro po3paxyHky — Pushover

Analysis. Ieif meTos 3acTOCOBYETHCS 1 TIPH BpaxyBaHHI
BIUIMBY METPOMOIITEHY Ha OyaiBelbHI KOHCTPYKIIi, sIKi
MalTh MOIIKO/XKCHHS, IIUIAXOM  IEPEeOIliHIOBAHHS
IHTErpalbHAX XapaKTEPUCTHK MKOPCTKOCTI CKIHYSHHHX
EJIEMEHTIB MOJIE]l Ha KOXXHOMY KpOIl MpUKIaIaHHs
HaBaHTa)xeHHs [15].

IMpu peanizamii Pushover Analysis ¢opmyerbes
OaraTomMacoBa pPO3pPaxyHKOBa MOJEIb 00 €KTa i
BHUKOHYETHCSI PO3PAaXYHOK Ha 3aj[aHy JUHAMIYHY Jif0 B
JiHiHHIA ocTanoBi [16; 17].

VY pe3yiabTarti po3paxyHKy BU3HAYAFOTHCS:

—  BEJIMYHMHH 30CePE/PKCHUX Mac y KOXKHOMY DiBHi
3a BHCOTOIO;

— YaCTOTH 1 MMEPiOar BIACHUX KOJHBAaHb,

— opauHatd (OPM BIIACHHUX KOJHMBAHb;

— BEJMYMHU IHEPUIHHMUX CHJI Y KOO)KHOMY PIBHI 3a
BHCOTOIO.

PesynpTaté po3paxyHKiB BUKOPHCTOBYIOTHCS AT
BU3HAYEHHS BY3JB KOHCTPYKLii, B SKUX HEOOXiZHO
BCTAQHOBJIOBATH JATYMKU U1 BHMIPIOBaHHS BY3JIOBUX
nepeMillieHb, IBHIKOCTEH, MPUCKOPEHb 1 HABAHTAXKEHb.
[Mpore cdopmyBati HauiliHy BHUOIPKY JOCTATHHOTO
00cAry 11l HaBYaHHS HEHpOMepeKi, BUKOPUCTOBYIOUH
TIIBKA IHCTPYMEHTaJbHI METOIM Ta JaHi HATypHHX
eKCIIePUMEHTIB, He 3aBXKI1 MOXIIUBO.

YucenbHEe MOJICIIIOBAHHS 13 3aCTOCYBAHHSIM Pi3HUX
NPOrpaMHUX KOMIUIEKCIB Ja€ 3MOTy HEOIHOpPa3OBO
BIJITBOPIOBATH Pi3HI YMOBH (DYHKIIIOHYBaHHS CKJIaIHOT
CHCTEMH «PYXOMHI TOI3]] — IPYHT — OCHOBa — 00’ €KT».

I
| .
Kopucrysaui
Pospaxynkosa Marepianu obcrexennst (Monitopunry) TC 06’ekra Ta
MOZEIIB IHKEHEPHO-TEOJIOTIYHHX CIIOCTEPEKEHb CTaHy IPYHTY
00’exta BTE nr -
OCHOBH OY/IBIII Ta MPHUJIETIIO TEPUTOPIT o o
s I Ekcnieptu
ITigcucreMa BBOIY AAHUX :
f Bank eranonis
* * \ 4
. . [Tizcucrema
[lincucrema MOAETIOBAHHS PYXY ITizcucrema MoaeIrOBaHHS oni a
. . J le— . . LIHKH T
BY3JIiB OYIiBEILHUX KOHCT i HaBaHTa)XEHb 1 BIUIMBIB
¥ A PYyKIL 00poOKH
[ pileHb
v A
[Mincucrema orinku TC GymiBenphux koucTpyKii (TSK) Basa 3HaHb
Heiipo-HediTka MOJeTTh BUBEICHHS
| Cucrema oninku TC 06’ekTa OymiBHHAIITBA

Pucynox 2—Modens cneyianizo8anoi inmenekmyansHoi cucmemu OYiHIO8AHHA MEXHIYHO20 CMAaHy 06 'ekmis 6yOJieHuymea
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Jns MonenmioBaHHS pyXy BY3JB OyiBeIbHHX
KOHCTPYKILiH (pHuC. 2) MOXHa 3aCTOCOBYBATH METOJ
mpsiMoro iHTerpyBaHHs pyxy [18], mo nmae 3mory
MIPOBOJINTH YHCENIbHI EKCIIEPUMEHTH 13 3aCTOCYBaHHIM
nporpamuoro komimiekcy (ITK) JIIPA-CAIIP (puc. 3).

4w Nepeuiges § w
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Pucynox 3— I paghixu pezynomamie po3paxyHky nepemiujerisi
(a), wsuokocmi (6) i npuckopenns (8) 63006d4¢c oci X y
KOHMPONbHIU MOYYi KOHCMPYKYTT

Pobora mizcucreMu MOIEIIOBAHHSA HABAHTAXKEHD 1
BILIMBIB (puc. 2) mepexdavyae 3afaBaHHs 3OBHIMIHIX
BiOpOJMHAMIYHMX BIUIMBIB y BHIJISI aKceleporpam
BiOpormpuckopeHs [18], siki MoxkyTh OyTH OOy0BaHI B
moayii «/Iunamika B uaci» [IK JIIPA-CAIIP (puc. 4).

0.934
0.782

MY /W\W\WW =

Pucynox 4 —[Ipuknao axcenrepoepamu 8i6ponpuckopers
810 Mempononimeny

Hdus  ¢opmyBanHs  icropii  HaBaHTaKeHHS
pO3paxyHKOBOi Mojeli, B SIKy MOCIHIZOBHO BXOISThH
MOBHE BEpTHKAJbHE HABAaHTa)KEHHS Ta TOPU3OHTAJIBbHI
JMHAMIYHI CHITH, PO3BSA3YIOTh PiBHSIHHS:

h=0@ = A;sin(w; - t,) + Ay 1Sin(Wipy * trer), (1)
ne A=Viv — BIOPOIPHUCKOPEHHS; Wi =27V — HUKIIIYHA
4acToTa, SKi OOYHCITIOITHCS MO0 KOXKHIA V B POOOUOMY
Jliara3oHi YacTOT BiOpaIliil BiI MIBUAKICHOTO PEHKOBOTO
TpaHCIIOPTY; tn — MOMEHT 4acy Bix 0 o 15 c, kpok 0,1 c.

Meroyka 9uCeIbHOT0 MOJIEITIOBAHHS JUHAMIYHIX
HaBaHTakeHb B daci y IIK JIIPA-CAIIP peranbnO
omucana y [18].

Yacroru BiOpalliii, 1110 MepefaloTbcs Yyepe3 IPYHT
BiJl METPONOJIITEHY Ha (yHOaMEHT OYiBJi, HaJleXaTbh
nianasony Big 20 qo 80 I'ix [5].

B mifi  pobOoTi 3ampoNOHOBAaHO  PE3yJIbTaTH
YHCENBbHOr0 MOJICNIOBaHHS HaBaHTA)XKEHHS 110J[aBaTH Ha
TPeTi HeNiHIMHMIA map mTydHoi HEHpOHHOI Mepexi
TSK [14].

Ha Bximuuii map TSK mnpomnonyerbcs nopaBaTH
napamMeTpy pyHHYBaHHS CTUKOBUX 3’€JIHaHb HECYYHX I
TOPU30HTAJIBHUX KOHCTPYKIIH CHIBHO PO3TATYKEHUX
TPIIIMH y KO)KHOMY PiBHI 32 BUCOTOIO, SIKi CBIAYATh MPO
3HAYHUI BIUIMB BIOPOJMHAMIYHUX HAaBaHTAXEHb BiJ
MaricTpainei 3aJli3HIYHOr0 PeHKOBOTO TPAHCIIOPTY.

Bucnosxu

BrnpoBa/pkeHHST IHTENEKTyallbHUX TEXHOJOTIH 1
nporpaMHuX KomiuiekciB BIM € BaxuBuM 1 BKpaii
aKTyalbHMM 3aBJAaHHAM HE TUIBKH Uil HPOEKTHHX
oprasizauii. 3acrocyBaHHs iHOPMALIHHOrO MiAX0AY B
npoleci BUKOHAHHS OY/iBENbHO-TEXHIYHUX EKCIIePTU3
BIJIKPUBAE HOBI MOXITUBOCTI JIJIsl EKOHOMIT pECypCiB.

Oco0muBO 1€ CTOCYEThCA CKOPOUEHHS Yacy
npoBeieHHsT  OyIiBEeIbHO-TEXHIYHUX  €KCHepTH3 1
HaJIIHHOCTI MPOTHO3YBAaHHS TEXHIYHOTO CTaHy 00’ €KTIB
orodyrouoi 3a0yIOBH NPH HAKJIAJaHHI HaBaHTAXXEHb 1
BILUIMBIB PI3HOTO XapakTepy.

Iomampmi pobGotm OyayTe COpsMOBaHI Ha
NpEeICTaBNCHHS  BXiAHOI iHopMmamii y  BUIS,
MPUMHATHOMY JUISl OIPALFOBaHHSI IUTYYHOI HEHPOHHOIO
Mmepexero TSK.
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RESEARCH OF MODELS, METHODS AND MEANS OF ASSESSMENT
OF TECHNICAL CONDITION OF CONSTRUCTION OBJECTS IN THE CONDITIONS
OF LOADS AND INFLUENCES OF TRANSPORT MAGISTRALES

Abstract. In the statistic, the tasks of assessing the technical camp of the construction industry, which are located in the
inflow zone of high-speed transport lines. A complex of reasons for the destruction of a technical mill of non-loadable structures
is been discerned, and it is possible to operate close to the main lines of the railroad rack transport. A model of a special intelligence
system and assessment of a technical camp is been given. At the same time, the main respect is to come up with the problem of
designing models and methods of assessing the technical standard of constructions, which has found in the zone of awakening
activity. To provide information and analytical support for construction and technical expertise, it has proposed to use BIM-
technology and artificial neural-fuzzy network Takagi-Sugeno-Kang. To model the motion of components of building structures, it
has proposed to use the method of direct integration of motion, which allows conducting numerical experiments using the software
package LIRA-CAD. It has proposed to apply to the input layer of the model the parameters of destruction of butt joints of load-
bearing and horizontal structures of strongly branched cracks in each level in height, which indicate a significant effect of
vibrodynamic loads from railways. The results of numerical simulation of the load has proposed to be presenting on the third
nonlinear layer of the artificial neural network Takagi-Sugeno-Kang. It has shown that the application of this model makes it
possible to automate the process of assessing the technical condition of construction and technical examinations. The expediency
of teaching an artificial fuzzy neural network on the results of the analysis of field observations and numerical experiments using
the software package LIRA CAD has substantiated. The practical application of the results of the study has expected in the
implementation of a system of support for construction and technical expertise to substantiate proposals for the location and
conditions of construction of a new facility in a dense urban development near highways. Further work will focus on presenting
input information in a form acceptable for processing by an artificial neural network TSK.

Keywords: building-technical expertise; rail transport; surrounding buildings

108


https://orcid.org/0000-0002-3655-780X

Vnpasninns pozeumxom ckraonux cucmem (43 — 2020) ISSN 2219-5300

References

1. System of ensuring the reliability and safety of construction sites. Loads and effects. Design standards: DBN. V. 1.2.-
2: 2006. [Effective from 2007-01-01]. Kiev: Steel. 2007. 60 p. (State building norms of Ukraine) /http://www.dbn.at.ua. [in
Ukrainian].

2. System of reliability and safety in construction. Construction in the conditions of the condensed building. Safety
requirements: DBN B. 1.2-12-2008. — [Effective from 2009-01-01]. — Kyiv: Ukrarchbudinform, 2009. 34 p. (State building norms
of Ukraine). http://www.dbn.at.ua. [in Ukrainian].

3. Dorofeev, V., Bulykin, 1., Nazmov, N. (2006) Methods for determining the period and logarithmic decrement of the
fundamental tone of natural oscillations of buildings and structures. Industrial and civil construction, 4, 28-29. [in Russian].

4. Banach, V. (2011). Modeling of work of building designs of the operated buildings at transfer of dynamic influences
through the ground massif. Bulletin of Dnipropetrovsk National University of Railway Transport. Academician V. Lazaryan.
Dnipropetrovsk: DNUZT Publishing House, 39, 18-22. [in Ukrainian].

5. Barabash, M., Romashkina, M. (2016) Determination of vibrational influence of moving transport in densely populated
cities. 19th Conference of Young Scientists "Science - the Future of Lithuania". Vilnius Gedimino University of Technology, 30-
33. [in Ukrainian].

6. Barabash, M. (2014). Influence of the subway on the load-bearing structures of nearby buildings. Proceeding of the 17th
Conference for Junior Researches «Science-Future of Lithuania». Transport engineering and management, Vilnius, Lithuania,
176-183. [in Ukrainian].

7. Antonovskaya, G., Kapustyan, N., Basakina, 1. (2010) Experimental assessment of dynamic effects from man-made
vibration sources on structures. Building constructions. Construction in seismic regions of Ukraine: interdepartmental scientific
and technical collection of scientific works. K: DP NDIBK, 73, 655-660. [in Ukrainian].

8. Balkin, V. (2013) Elements of transport impact on buildings and structures. Their protection against transport noise and
vibrations. Bulletin of SGASU. Urban Planning and Architecture, 3 (11), 44-45. [in Russian].

9. Banach, V. (2012) Application of static-dynamic calculation models of long-operated buildings together with the base
under dynamic influences from construction processes. Urban planning and spatial planning: coll. Science. wash. K.: KNUBA, 46,
38-47. [in Ukrainian].

10. Barabash, M., Genzersky, Yu., Ovcharova, V. (2013) Numerical modeling of the impact of dynamic subway loads on
nearby buildings. Urban planning and spatial planning: coll. Science. wash. K: KNUBA, 48, 46-52. [in Ukrainian].

11. Koth, M., Ghaleb, A., Hashad, A., Helal, E. (2012). Assessment of different standards for evaluation of buildings
vibrations. In: Proceedings of Al-Azhar Engineering Twelfth International Conference, Cairo, Egypt.

12. Yeremenko, B. (2015) Modeling of intelligent system for diagnostics of technical condition of construction objects.
Technological audit and production reserves, 1/2 (21), 44-48.

13. Kartavykh, S., Komandyrov, O., Kulikov, P., Ploskiyi, V., Poltorachenko, N., Terenchuk, S. (2020) Adaptation of fuzzy
inference system to solve assessment problems of technical condition of building objects. Technology audit and production
reserves, 3(2(52)), 52-55.

14. Terenchuk, S., Pashko, A., Yeremenko, B., Kartavykh, S., Ershova, N. (2018) Modeling an Intelligent System for the
Estimation of Technical State of Construction Structures. Eastern-European Journal of Enterprise Technologies, 3(2(93)), 47-53.

15. Pikul, A., Barabash, M. (2016) Problems of modeling dynamic influences. Implementation in PC LIRA-CAD. Collection
of abstracts of the international scientific-practical conference dedicated to the 90th anniversary of the birth of Professor V.K.
Egupova "Problems of theory and practice of earthquake-resistant construction”. Odessa: ODABA, 124. [in Ukrainian].

16. Nemchinov, Yu. (2008). Seismic resistance of buildings and structures. K.: 480. [in Ukrainian].

17. Nemchinov, Yu., Matsenko, A. (2000) Method for calculating free vibrations of the dynamic system "structure-foundation-
Sfoundation". Building construction. K.: NIISK, 52, 229-242. [in Ukrainian].

18. Gorodetsky, D., Barabash, M., Vodopyanov, Yu. (2015). LIRA-SAPR software package, 376. [in Ukrainian].

Iocuaanus Ha my6Jikauiro

APA  Komandyrov, O. (2020). Research of models, methods and means of assessment of technical condition of construction
objects in the conditions of loads and influences of transport magistrales. Management of Development of Complex
Systems, 43, 104 — 109, dx.doi.org\10.32347/2412-9933.2020.43.104-109.

ACTY  Komanoupos, O.B. [Jocriodcenns: mooeneil, memooig i 3aco6i6 oyinio8aHHs MEXHIYHO20 CIMAaHy 00 €kmie 6yJigHUYmea
6 YMOBAX HABAHMAICEND | NAuUsie mpancnopmuux mazicmpaneil [Texcm] / O.B. Komanoupos Il Ynpaeninus poseumxom
cknaonux cucmem. — 2020. —Ne 43. — C. 104 — 109, dx.doi.org\10.32347/2412-9933.2020.43.104-109.

109


http://www.dbn.at.ua/

