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Anoranisi. Ilpu mpoekTyBanHi Gopm pododmx
MOBEPXOHb MAITMH i MEXaHi3MiB, TEXHOJIOTIYHOTO
YCTaTKyBaHHS, a TaKOX CKIAIHHUX OyHiBeIbHUX
KOHCTPYKITiH, IO MiIIAIOTHCSA BILTUBY 30BHINTHIX
CWJI, 1HXKEHEPH 1 OCIIAHUKY BIAIOTHCS IO BUKO-
puctaHHs ()i3MKO-MaTeMaTHYHUX METONIB OTPH-
MaHHS (GYHKIIH BiamoBigHux ¢opm. yxe dacto
¢GyHKIT Takux GopM OyayHOThCS Ha OCHOBI aHaIi-
3y KIHEMaTUKU PYXY LJIOTO KOMILJIEKCY KOHCTPYK-
THBHHUX €JIEMEHTIB po00Yoro obyiagHaHHs ab0 Ha
OCHOBI pO3B’ sI3aHHS 3a/1a4 CHCTEMHOI ONITHMI3aIlii,
10 0a3yOThCS Ha MOMIYKY YMOBHHX €KCTPEMYMIiB.
B pesynbrarti, ogepkana QyHKLisS MpuiiMae HeEsB-
Hy (opmy, a mporiec moOyaoBH ii rpadiky mnpea-
cTaBiisie COOO0I0 BUIUICHHSI OKPEMHX 130JTiHIHM MOs
Ha KOOPAWHATHIH IJIOIHHI.

B po6oTi po3riisiHyTo €peKTHBHICTH JBOX CIIO-
co0iB MOOYZAOBU ITUCKPETHUX 00pasiB (YHKIIIMH,
3aJaHMX Ha IUIOIIMHI B HesBHIN ¢opmi. [lepmmii —
nependadyae KOMOIHOBaHE BUKOPHUCTAaHHS METOMY
CKIHUEHHHX PI3HUIL Ta POPMYIT IS 3HAXOKECHHS
MOXIAHMX HEeABHUX (yHKUIH IudepeHmianbHOl
reoMetpii. Jpyruii cioci6 nependayae peanizariro
nporiecy GpOpPMOYTBOPEHHS JUCKPETHOI'O aHaliora
Mozeai (i3uvHOI CITYACTOi KOHCTPYKINI 3 moza-
JBIIUM YIPaBIiHHAM (QOpMOIO Ii€l Mozemnmi s
TepeMiIeHHs ii By3/IiB B TOYKH, IO 3aJ0BOJIHHSI-
I0Th 3a7aHiil HesBHOT QyHKINi. HaBeneHno npukia-
1 BUKOPUCTaHHS 000X MiIXOJIB 3 MOPIBHSIHHSAM
TOYHOCTI 1HIUJCHTHOCTI KOOPJIWHAT OTPUMAHHUX
IHACKPEeTHUX Mojeniel Tpadixy mociimKyBaHOl
HesiBHOT QyHKuii. [IpoanamizoBaHo mepeBaru Ta
HEJOJIKY 3aITPONOHOBAHMX ITiIXO/TiB.

KarouoBi cioBa: (GopMOyTBOpEeHHS, JUCKPET-
HAW 00pa3, HesBHI (YHKINI, YUCENbHI METOIH,
CKIHYEHH] pi3HHULI, AudepeHiagbHa TeoMeTpis,
rapaMeTPUYHI PiBHSHHS.

niaBoOAHI TEXHONOCrIT « 07/2017, 3-17
MpomMmucnoBa Ta UMBINbHa iHXeHepinA

Bonogumup Ckouko
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KOHCTPYKLLiN
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I[TOCTAHOBKA ITPOBJIEMU

Meroaun moOynoBu (GpyHKIIH GopM TexHIU-
HUX TOBEPXOHb Ta 00BOIIB (KpUBHX) OEpyTh
CBIM MOYATOK B PI3HUX PO3aAUIaX (I3UKU 1 Ma-
TEMaTUKH, TaKUX SK TEOPEeTUYHA MEXaHiKa,
BEKTOPHMI aHaTi3, Teopis mois, audepeHiiia-
JbHA TeoMeTpis (K, HapUKIaJ, B pasi Molry-
Ky PIBHSHB CIMEHCTBAa OTMHAIOYMX JIiHIM), TO-
MOJIOTis,, JMCKpPETHAa TeoMeTpis 1 T.JI., 10 €
HACJIIIKOM HEOOXITHOCTI MAKCUMAaIbHO TOYHO
BpaxyBaTu (i3uyHI OCOOIUBOCTI IMOAAIBIIO]N
poboTu oTpuMaHoi GopMHU B YMOBAxX EKCILTya-
tarrii. Kpim Toro, gacto mrykasi ¢opMu € Hac-
JIKOM crenudiuHOl KIHEMaTUKH PyXy CKJIajI-
HUX 0araTOKOMIIOHEHTHUX KOHCTPYKIIiH, a ix
(GyHKIIT BUBOIATHCS HAa OCHOBI NapameTpuy-
HOTO aHaJli3y 3 MOJAJIBLINM 3B'SI3yBaHHAM a00
BWJIYYCHHSIM OKPEMHUX TlapaMeTpiB, B TOMY
YHCIIl HaTypalbHUX.

B pesynbraTi, orpuMani (QyHKIIT HEpiaKo
3aMUCYIOTHCS B HESIBHIM (opmi, IO yCKIaa-
HIOE TIPOIIEC MOJANBINOI TOOYI0BH iX rpadikiB
1 JOCIHIIKEHHS TX BIACTHBOCTEH. 3HAXOKEH-
Hs TpadikiB HEIBHUX (PYHKI[IH B OCHOBHOMY
3BOJUTHCS 0 TOOYIOBH iX JUCKPETHOTO Kap-
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Kaca y BUIJISIL PSITY TOYOK, KOOPIAUHATH SKHX
3 Ti€l0 a0o0 IHIIOK TOYHICTIO 3aJ0BOJILHSIOTH
JOCITIDKYBAHOMY DIBHSHHIO. 3rajJiaHa TodY-
HICTh, @ TaKOX BIJCTaHI M)XK TOYKAMH OTpPHU-
MaHOT'O KapKaca, BiJIirpaloTh BEJIHUKY POJIb, TaK
SIK BOHH BILTUBAIOTh HA PE3YyIbTYIOUY TOUHICTh
oOumncieHHs: Iu(epeHIiaIbHIX XapaKTepuc-
TUK IIyKaHOI MOBEpXHi a00 KPUBOI, OJCPKY-
BaHUX B JIAHOMY BHUIIAJKy IEPEBAXKHO 3 BHKO-
PUCTAHHSIM aMpPOKCUMAIIHUX CITiBBIIHOIICHD
(manpukiam, CKIHUCHHHX PI3HUIL a00 MOjiIe-
HUX pi3HHUIL). ONHAK, TOYHICTH OOYHMCIICHHS
JAHUX XapaKTEPUCTUK JTy’Ke BaXKJIUBA B HACITI-
JIOK TOTO, IO ITyKaHi TUCKpPeTHI 00pa3u 4acTo
HE BigoOpaxaroTh (QI3MUYHUX OCOOIUBOCTEH
po0OTH caMMX KOHCTPYKILIH, OMUCYBAaHUX J10-
CII/DKYBaHMMH HESIBHUMH (DYHKITISIMH, a 3Ha-
YUTh PO BIACTUBOCTI 00pa3iB MOXKHA CYAUTH
BHUKIJIFOYHO 3a XapaKTepOM PO3MOAUTYy iX TO-
qok. [Ipu oMy He BapTo 3a0yBaTH, 10 KOHC-
TPYKIIi1, 10 BUMAararTh 3aCTOCYBaHHS METO-
1iB ()OPMOYTBOPEHHS, MPALIOIOTH B O1IBIIOCTI
BHIAJIKIB, TIepeOyBarO4M T/ BIUIUBOM BEJIH-
KHX HaBaHTAXEHB, 1 Mepen0avyaroTh BUCOKUIN
PIBEHb BIJMOBINATLHOCTI 1HXKEHEPIB 1 TOCIIJI-
HUKIB. /laHa mpobiieMa € JOCUThH TOUTUPEHOIO
B paMKax BHUPIIIEHHS 3aBJIaHb apXITEKTYpHOTO
(hOpMOYTBOPEHHSI.

AHAJII3 ITOITEPEIHIX TOCIIIKEHD

Skmo MoBa e mpo 3aaadyy OTPUMAaHHS
IUIOCKUX KPUBUX (HANMPHKIIA, TUIOCKUX Iepe-
TUHIB OOOJIOHOK TOKPUTTS apXiTEeKTYpHUX
KOHCTPYKIIii), TO HAWIPOCTIIINM BHXOJIOM
JUTSI Bi3yasizarii 1 MoAaIbIIoro aHaiizy hopmMu
JOCHIKYBaHOI HesABHOI (YHKIII € 3acTocy-
BaHHS OJHOTO 3 YHCEIbHHUX aJTOPUTMIB, IO
J03BOJISIIOTH IUISIXOM IOCTIIOBHOTO 3BYKEHHS
30HU TOUIYKY 3HAXOJUTH OKPEMI TOUKH KpHU-
BOI1 B 3aj1aHiil obnacti [1 — 5]. Taki anropurmu
MOXKYTh BUMAaraTtv 3HA4HOI MPOJYKTHBHOCTI
KOMIT'IOTEPHOI TEXHIKH 1 MOXXYTh HE IPUBECTU
JI0 ITyKAaHOTO PIIICHHs] B pa3l HEBAAJIOTO BHU-
6opy 30HM TonryKy. Tomy, Kpaiie BUKOPUCTO-
ByBaTH a00 YMCEIbHI METO/IH, IO JO3BOJISIIOTh
BU3Ha4YaTu (OpMy IIYKAHOI KPUBOi MpPHU TOY-
HOMY 3aBJlaHHI KpaHOBHUX 1 MMOYATKOBUX YMOB,
abo oauH 3 MeTONiB (hOPMOYTBOPEHHS IHC-
KpeTHOI Teometpii. B pobori [6] Oymo mpose-

MOHCTPOBAHO AJITOPUTM IOOYIOBH JHCKPET-
HOTO KapKacy KpHBOi JOBUIBHOI JOCIIIKyBa-
HO1 HESBHOI (PyHKIIIT:

(x,y)=0 (1)

3 BUKOPHUCTaHHSIM METOAY KIHIIEBUX PI3HHUIIb,
a TakoX (yHIAMEHTaJIbHHUX CIiBBIJHOIICHb
nudepeHIiabHOT TeOMEeTPIl JIs1 3HAXOIKEHHS
YACTKOBHX TMOXIJHUX BiJ HESIBHUX (DYHKIIIi.
Anroput™m nependadae mooyqoBy KOMOIHOBA-
HUX PI3HUIEBUX PIBHSAHB 3 MOXiMHUMHU 110 1
2-ro nopsaky Big ¢yHkmii ¢(X,y) 3 HOJaIbIIAM
BUPIIIECHHSIM CHUCTEMH OTPUMaHHUX pIBHSHb
BIJIHOCHO KOOPJMHAT YMOBHO BIJTLHUX BY3JIIB
(koopIUHATH SKHX HE € KpallOBUMH YMOBaMH).
JlaH1 piBHSHHSI MalOTh HaCTYMHY (Gopmy:

1. Jlnst 3HaXOIKEHHSI TUCKPETHOTO 00pasy
3 3aJJaHUM KpoKoM 110 oci abcruc (OX):

Vi =20 + Yy =

=h? (2L, (%, ) &, (%, ) &, (X, Y) -
- (¢, o)) ) - @)

e ) 0 ) (€ ()’ m:

by, +aly, +cOy, =
= (20, (% Y &, (% ) [y (% V) -

(6, (o) () - ©

6, ) &, ) 6, (x 9)'
b= 2/[Axi_li [ﬂAxi_Li + AX; M)] : 4)
a=-2/(4x_y, X, ), (5)
c= 2/[4’Xu+1 [ﬁAxi_Li + Axml)]. (6)

PiBHsiHHS (2) mpu3HA4YeHE IS BHIIAJKY,
KoJI 00paHo piBHOMIpHHIA KpOK hy mo oci OX,
Toji sk piBHsAHHSA (3) amanToBaHe ISl JOBLIb-
HOTO KPOKY BY3JiB.

2. JIns 3HAXOKEHHS AUCKPETHOTO 00pasy
3 3aJaHUM KPOKoM 110 oci opauHar (Oy):

X1 _ZD(i X =
=h? 2L, (x V)@, (XY &YX )~ (7)
(¢ o) @ (xy) -
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~(¢, (o y)) y))/ (€ ooy))
elX_, +d +glX,, =

= (20, (%, y) &, (x, V) Ty (%, ¥) -
-G o) @, (xy) -

(6, o)) @) 6 o))

(8)

e= 2/[Ayi—1,i [(Ayi—:Li +4y, ,i+1)] ) 9)
d= _Z/(AVi—l,i Lity, ,i+1)’ (10)
g= 2/[41)’1 i [ﬁdyi—l,i +4y, ,i+l)]' (11)

PiBusuus (7) mpu3HayeHe JUIS BHITAIKY,
KOJIM 00paHo piBHOMIpHHH Kpok hy 1o oci OY,
Toi 5K piBHAHHSA (8) amanToBaHe IS JOBIIb-
HOT'O KPOKY BY3JIiB.

VY piBasauax (2), (3), (7)1 (8) mpasi ix

CKJIQJIOBI MAIOTh HACTYITHUH CEHC:

¢, (%, ) =9g(x, y)/0x, (12)
(X, Y) =0%(X, y)/0x° . (13)
G, (X, ¥) =09¢(x, y)/ay, (14)
c), (X, y) =0%¢(x, y) /oy’ (15)
Gy (X, Y) =0%G(X, y) /0xdy - (16)

[ToyaTkoBI KOOpAWHATH BY3JiB MPOMOHY-
€TbCS OOYMCIIIOBATH, BUPILIYIOYH B MEPIIOMY
HaOIMKCHH1 HUKYE HaBE/ICH] PIBHSHHS:

1./Ins TOHANbIIOrO BHPINICHHS CHCTEMH
piBHsHB TN (2)1 (3) BiAMOBIIHO:

Yia— 20+, =0, (7)
bly,_, +aly, +cly;,, =0. (18)

2. Jlns mOoJanbIioro BUPIMIEHHS CHUCTEMH
piBusHb TUy (7)1 (8) BiAmosiaHo:

X4 ~20% +%,, =0, (19)
elx_, +d X +glx,, =0. (20)

Taki momepenHi pO3paxyHKH IMOYATKOBHX
KOOpPAMHAT HEOOXiAHI BHACTIJOK TOTO, IO
piBusiHHS (2), (3), (7)1 (8) MOXYyTh MaTH BU-
COKY HENIHINHICTh, a TpaBa TOJOBHHA IHUX
piBHSAHB 3 (DI3UYHOI TOUYKH 30pY SIBISIE COOOIO
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BEKTOpPHE TI0JIe, B IKOMY B TPOIIEC] iTeparlii-
HOTO YHCIICHHS PYXaOThCS JO IIYKAHUX TIO-
JIO)KEHb BUIBHI BY3JIM TUCKpETHOI Mozemi. To-
My, TIpH HEBIAJIOMY 3aJaHHI MMOYaTKOBHUX KO-
OpAMHAT BUIBHHMX BY3JIiB (TOOTO BCiX, KpiMm
MEpPUIOTO 1 OCTAHHBOTO, SIKI 3aJaI0ThCSI B 000-
B'SI3KOBOMY TOPSAKY 1 CIY)KaTh B SIKOCTI Kpa-
HOBHMX YMOB MOJICITIOBAaHH), BIIMOBI/IHI BY3JIH
MOXXYTb ONMMHUTHCS y BiIJaNeHii obnacti, e
1oJie BIUTUBY Ma€ pi3kuil ab0 HECHIPUATIMBUN
xapakTep. Y 1IbOMY BUNAJKY, Ha KOXKHIM Ha-
CTYMHIH iTepauii BUIbHI By3JIM MOXKYTh OIHHS-
THCA B IHINUX HE MEHII BIAJAJIEHUX 00JacTIX
nochipKyBaHoi o6macTi, abo HaBiTh 3a 11 Me-
Kamu. SIK pe3ynbrar, ITepaliiHui mporec
MOJ€E 1 30BCIM HE 31UTHCS.

[lle oqHIM METOIOM MTOOYIOBH TUCKPETHO-
ro KapKacy INIOCKOI KpUBOI, IPEACTaBICHUM B
pobori [6], Oymo MoaentOBaHHS JUCKPETHUX
00pa3iB, siKi € aHanoraMu (Pi3MYHUX CITYACTHX
O0E3MOMEHTHUX CTPYKTYpP, 3 BUKOPUCTAHHSIM
napaMeTpUYHUX  PIBHAHb CTaHy 3B'A3KIB
(cTpmxHIB) Moaeneil Ui CHCTEMHOIO YIIpaB-
JiHHA iX Popmoro. Meron nepenbayae moyar-
KoBe (DOPMOYTBOPEHHSI JTUCKPETHOTO 00pasy,
[IIIXOM TOOYAOBH 1 PIllICHHS PiBHSAHb PiBHO-
Barv MOro BUTBHUX BY3JIiB, III0 MAIOTh BUTJIS!

n

Z(Sj‘ﬁ)ﬂﬂi,ﬁﬂsi =0. (21)

=1

TyT: S — y3aranbpHEeHe MMO3HAYCHHSI KOOPIUHAT
(X 1Yy); n — KinpKicTh BimbHHX (He3adikcoBa-
HUX) BY3JiB Mojeni; [1s; — nmpoekiiii BEKTOpiB
By3ioBux cun L;; O — mapamerpu yMOBHOI
YKOPCTKOCTI 3B’ 13KiB, IO € CITIBBITHOIICHHIMU
a0CONIFOTHUX BEJIHMYWH TO3JIOBXKHIX 3YCHIb B
uX 3B'13Kax R j 10 X nosxwuH & j:

0, =R;/8, (22)
5, =06 =% )2 +(y, - v )2)*. (@3)

[Ticns mepBuHHOTO (HOPMOYTBOPEHHS KOHC-
TPYKIi IIISIXOM BUPILICHHS CUCTEMH PiBHSIHb
tuny (21) BIIHOCHO KOOpIWHAT BUIBHUX BY3-
7B, HEOOXITHO MUITXOM YIPABIIHHS PO3MO/Ii-
JIOM TMapaMeTpiB KOPCTKOCTI (a 3HAYNTH 1 BHY-
TPIMIHIX 3yCHJIb) B 3B'SI3KaX KOHCTPYKIIii, IIOMi-
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CTUTH 00paHi i By3/IM B TOUYKH Ha IUIOMIXHI, 1110
3a7I0BOJIHAIOTH JIOCHI/KYBaHii HesBHINA (yH-
ki ¢(Xy). Jas mporo HEOOXIAHO CKIACTH i
BUPIIIUTH CHUCTEMY MapaMETPUYHUX PiBHIHD
CTaHy BCIX CTpPWXKHIB. BiAmoBimH1 piBHSIHHSI
MOXYTh OyTH 3amicaHi B Takiil hopmi:

1) nast 3B'13KiB, IO 3'€IHYIOTH JBa BIIBHHX
By3na Mojieni (S 1 S,):

m-1 n-1
Zéi,i D:Da,i +X|:6§,b D:Da,b +26i j D:Db, i~
i=1 j=1

-(¢,+6¢,)+B,, =0;

(24)

2) [Uist 3B'13KiB, 110 3'€THYIOTh OJIUH BUIbHUI
i ouH HepyxoMuii By3iu Mozen (Sy1 Six):

|:l:Da,fix _¢a +

a, fix

m-1
Zai,i [M,; +X [
=

+ (R X + R . (Vi) + By =0,

(25)

e M Ta N — KIIBKICTh BY3JIIB, CIIOIYYEHUX 3
a-M Ta b-m By3nmamm; X — JesKa KOHCTaHTa
(x 2 0), BemuunHa sK01 0OYMOBIIEHA TOIOJIO-
TYHUMHE 0COOMUBOCTAMU Mozeni; §, Ta Py —
BY3JIOBI 3HAUEHHS CKAJIAPHOTO TIOTEHIATY
(monmst mocimKyBaHoi HestBHOT QyHKITT); Rix —
BEJIMYMHU 3YCHIIb Y 3B'AI3KaX, 110 3'€AHYIOTHCS
3 MIApHIPHUMH OTIOpaMu; Bap Ta Bafix — 3ara-
JIbHI OnepaliifHi KOHCTaHTH IHTETpyBaHHS.
OYHKIIIS CKaJIIPHOTO MOTEHINaTy TIpH Ja-
HIA ITOCTAHOBII 3a1a4l MOBUHHA BIJIIOBIIATH
JOCITIDKYBaHIA HeIBHIN (YHKIIII:

b =o(x,y)=¢(%,¥%), (26)

a BEKTOPH BY3JOBUX HABAHTAXKEHb L] MOXKYTh
3HAXOJUTHCSA B TPAMIEHTHINA 3al€KHOCTI BiJ
noTeHIany ¢:

O=06=(0¢/0x)(ex+(00/dy)ley. (27)

[Ipu cmiBmagiHHI BUTBHUX BY3IiB 3 Trpadi-
koM GyHKIIT ¢(X,y), KOOpAUHATA LUX BY3JiB
OyayTh 3a710BONbHATH Bupasy (1), a 3HAYUTH,
OYIKYBaHMMH 3HAUEHHSIMH BY3JIOBHX MOTEHIII-
ais GyayTs Hyii: ¢ = 0.

B [7] Oyno noka3aHo, 110 BUpIIICHHS 3a/1a-

4i (hOpPMOYTBOPEHHS 1 KOPUTYBAHHS BiJIITOBIJI-
HO{ ciT4acToi KOHCTPYKIIT B MaTpuuHil hopmi
Ma€ TaKU{ BUTJIAL.

[s)=[ ] e [om]-[]), @s)
(o}=[)]" or)-
o)+ [@)]do))

Tyr: [S] — maTpuist koopauHaT (PO3MipHic-
Ti0 kX2, e K — KiTbKicTh BUIBHHX BY3JIiB CHC-
Temu); [g] — MaTpuis KpaiioBux ymoB (po3mi-
paictio kx2); [(] — MaTpuIst 30BHIMIHIX BILIH-
BiB (po3mipHicTio kx2); [0] — marpuns mapa-
METpiB YMOBHOI JKOPCTKOCTi CiT4acTOi KOHC-
tpykiii (po3mipuictio kxK); {0} — BekTop-
CTOBIEIb IapaMeTpPiB yMOBHOi JKOPCTKOCTI
ciTaacToi KoHCTpyKuii; [87] — MaTpuLs reome-
TPUYHUX TIAPAMETPIB CITYACTOI KOHCTPYKITii
(po3mipHuicTio hxh, ne h — kxingbKicTh 3B’ A3KIB
mozemi); {¢} — BekTOp-CTOBMENH BY3JIOBHX
MOKA3HUKIB CKaJSPHOTO MOTEHINAIY; {$} -
BEKTOP-CTOBIICIIb OUIKYBAaHMX BY3JIOBUX IMOKa-
3HUKIB CKaJSIPHOTO TOTEHIany; P — 1HIEKC,
II0 BiJIOBi/Ia€ MOTOYHOMY KpOKY iTepamiiHo-
T'O YHCIICHHSI.

CuctemHi pimenns (28)1 (29) noBunHI BU-
KOHYBATHUCS TIOCIIIIOBHO 1 IUKIIIYHO, peati3y-
104M iTepamiiine yucnenHsa. [Ipu npomy cuc-
Tema (28) Moke MaTh BHUCOKY HEIHINHICTD, a
cucrema (29) — ckiagaerbes 3 JTHIKHEX (B
OLUTBIIOCTI BUIAAKIB) PiBHSIHb.

(29)

OCHOBHE JOCJIJKEHHA

PosrisiHeMo mpHKIIa BUKOPUCTaHHS 000X
BHUIIE 3TaJIaHUX CIIOCOOIB OTPUMAHHS JHCKpE-
THHX 00pa3iB Ha mpaktuli. J[as Toro, mob
MaTH 4YiTKE YSBJIEHHS IPO BUIJIAL 1 OCOOJINBO-
CTi TIOBEIIHKU JOCIIIKYBaHOI KPHUBOI CKOpHC-
TAEMOCS €JIEMEHTApHO1 (PYHKIII€I0 KBaIpaTHOL
napaboJu:

y(x) =x* (30)
[TpuBenemo o GyHKIiO 10 HEsSBHIN ¢op-

MU, 3aIMCABIIIH 1i B HACTYITHOMY BUTJISIII:
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(X y)=y-x*=0- (31)

[Tounemo 3 apyroro crocoOy, 3aCHOBaHOTO
Ha PO3B'SI3aHHI MMapaMETPUYHUX PIiBHSAHB. J[Js
IIBOTO 33/TAEMOCS TOTMOJIOTTYHOIO 1H(HOPMAIIIEID
100 Mai0yTHHOrO JHCKpeTHoro obpas. He-
xail 00pa3 CKIAAEThCsS 3 7/-MH BUIBHUX BY3JIIB
Ta 16-TM HEpyXOMHUX — 0a30BUX — BY3IIB, IO
3'€IHYIOTBCSI MK CO00I0 22-Ma 3B'A3KaMH B
MOpsIAKY, Moka3zaHomy Ha Puc.1, a.

B nmanomy Bumanky, Jmiie BUIbHI BY3JIH
JTMCKPETHOI KpUBOT1 OyayTh MICIs 3aBEpPIICHHS
npoIecy KOPUTYBaHHS IHIIUJICHTHUMH IITyKa-
Hill kpuBiii HesBHOI ¢yHkuii. IIpu 1BOMY,
oueBHaHO (K Oyi10 mokasaHo B [6]), cama mMo-
Jenb HE € TpooOpa3oM IiHii, KOXEH BY30JI
SIKOi CIOJTy4a€ThCSl BUKIIOYHO 3 HACTYITHHM
0 MOPSIIKY. 3ampOrOHOBaHA MOJIEh TOTOJIO-

g(x,y)=0 ¥y

J——

-3.0-20-1.0 90 1.0 2.0 3.0 x

a

riYHO €KBIBaJIEHTHA CKJIAAHIA OaraToKOMIIO-
HEHTHIA CTPM)KHEBIH KOHCTPYKLIi, KOKEH Bi-
JBHUNA BY30JI SIKOi 3'€JHAETHCS 3 YOTHPMA CY-
CiZIHIMU By3iaMu (SK BUIBHMMH, TaK i (ikco-
BaHUMH), TO3BOJISIOYHM PO3IMIMPHUTH 30HY I10-
IIYKY IIYKQaHUX TOYOK KPUBOI HESIBHOI (hyHK-
mii 3a MeXaMu PO3TallyBaHHS IOYaTKOBOTO
obpa3zy. CmpaBa B ToMy, 110, Oyaydu mpoood-
pa3oM peabHOI MEXaHIYHOI KOHCTPYKIIii, Ha-
BAaHTAXXEHOI 30BHIMIHIMUA CHJIAMH, L0 MAalOTh
MOJTbOBUH (DYHKITIOHAJILHUM XapakTep 1 3Mi-
HIOIOTh HAMPSMOK 1 BEJTMUMHY B KOKHIN TOMII],
MOJICJIb TIPOCTO HE 3MOKE B pasi BIAMOBIAHOC-
Ti €JIEMEHTapHOMY JIAHILIOTY JOCATTH CTaHy
CTaTUYHOI piBHOBaru. Y TOW ke 4ac, Oymaydu
TE€OMETPUYHO HE3MIHHOIO, MOJENb JIETKO Bpi-
BHOBQKUTHCS TiJ] BIUTMBOM IMPAKTHYHO OYIIb-
SIKMX 30BHIIIHIX HABAHTAXKEHD.

g(x,y)=0 ¥

L

—
o
=
|
1
1
A P T,

-3.0-20-10 o 1.0 20 3.0 x

o

Puc.l. IToGynoBa quckpeTHOro 00pa3y KpuBOi HeIBHY (DYHKIIIT 3 BHKOPHUCTAHHSAM MTapaMEeTPUIHUX PiBHIHBb
Ty (24)1 (25): a — nuckpetHuit 00pa3 K0ciiKyBaHOT (QYHKINT Ha MEPIIOMY eTarli MOACTIOBaHHS
(TomonoriyHa cxema); 6 — IMCKpeTHHUH 00pa3 MociimKyBaHoi (GYHKIIT Micist 3aBepLICHHS TpoLecy
KOPHUTYBaHHS.

YMOBHI NO3HAYCHHS (TYT 1 HaJajli); === — periepepBHUI Ipadik HESIBHOI (DYHKILIT; eeeeesssses —
JUCKpeTHUH 00pa3 rpadika HesBHOI ¢yHKLIi; © i @ — BiJIbHI BY3JH AUCKPETHOrO 0Opa3y B MOYaT-
KOBill Ta pe3ybpTyrouoi hopmMax BiAMOBiTHO, R —Gazosi (bixcoBaHi) By3IH JUCKPETHOTO 00pa3y

Fig.1. The construction of a discrete image of curved bhan implicit function using parametric equa-
tions of the types (24) and (25%)- the discrete image of the function on the firsigst (the topo-
logical scheme);6 — the discrete image of the function after the redion process.
Symbols (here and below= — continuous graph of implicit functio ssssss++ee= — discrete im-
age of the graph of implicit functiol@ and® — free nodes of the discrete image in the indizd

the resulting formsf — basic (fixed) nodes of a discrete image
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[To-mepiuie, ckIageMo cCHUCTeMy piBHSHbB PiB-
HoBark THmy (21) 1anst BCIX BUIBHHX BY3JIB
npencrasieHoi Ha Puc.l moxmenmi. Jlns mporo
BU3HAUYUMO (OpPMY BEKTOPHOI'O TOJS BIUIMBIB
BiamoBigHo 10 dopmynu (27). B pesynbrari
onepxumo Bupa3s (32).

CTaTUYHOI PIBHOBArW YyCiX BIIBHUX BY3JIB,
CKJIaJIeHa 3a aHaJorom piBHAHb TuUmy (21),
matume Burisa (33) — (46).

[To-npyre, ckianemMo CHCTEMY MapaMeTpH-
yHHX piBHAHB THIY (24)1 (25) s BCix cTpu-
xHiB (maHok) mopeni. Jlana cucrema Oyue

3 ypaxyBauusMm dopmymu (32) cucrema matu Burisig (47) — (58).

0=(0(y-2)/ox)e+ (0 (y -2 3y) By = 20X +108,

~(Hap tHest 0, 05 0) kg + 0,5 X + g, [ + g, [k + g ¢ [ 20 =0,
(g tUcst e +Ucp) B +0g ¢ Bxg + 0 30 + ¢ 4 IX, + 0 p B —20 =0,
~(Hep +Hps+0p 6 t0p e) B + e p o +0p 6 B + 05 g I + U ¢ [k — 20X, =0,
~(Up e +0g; +0eg+0g ) Oke +0p e g +0g 7 [k + U g O + 0 B =20k =0,
~(Her +0po ¥ Up o+ HUe ) Ok +0g ¢ Dk + 0 g O + U 3o By + U g B =20 =0,
~(Ore +0s 11+ U g 1) B +Ue 6 B +0g 4, 0, +0g 15 B, +0g y By =20 =0,
= (O + 0y 150y 10 +045 ) By + 05 5 B +0y 15005+ 0,y 1, B +0,y B 20, =0,
~(Uap tUgstUg, +Ug ) Bg +U g By + 05, Oy +05, B, +05 o By +1=0,
(g +0czt0c, *0cp) Be +Ug e Bp +Uc s B +Uc 4 B, +0c p Byp +1=0,
~(Uepo tUpst0p s +Up ) B +0c o e +Up s s +Up s B +0Up e B +1=0,
~(Upe *Ues tUeg *Ue ) e +Up e Op +0e, By +0e g Bg +0e ¢ Oy +1=0,
~(Ogp +0p o +0p 10t 0e ) e +0e e Ve 0 g B +0¢ 10 Byp +He o g +1=0,
_(DF,G +|:|G,11+DG,12+DG,H)D./G +DF,G Oe +DG,1113./11+DG,12 Eylz"'DG,H Oy, +1=0,
~(Uon + 013t 0p 00t 04 ) By 064 B + 04 1505+ 0, 1, B0, +0,,, O +1=0,

X B%g [ g+ 85, Mg, +83, Mg, + 83 Mae g +(R,, Ky + R, /0)+ B,g =0,

X5, Mg, +05 Mg +35, Mg, +85 My — by + (RX1 X, +R, [yl)+ Bs, =0,
X B, My, + &g Mg + 82, My, + 8 My = + (R, O, + R, )+ By, =0,

X e My +8, Mg +&, My, +&, My, +8 Mg+, ML, +& o M, ~(05 +c) +Byc =0,
X B2, e+ 8¢ M o + 8, M, + 85 Mo p ~ b + (R B + Ry, )+ B, =0,
X B2 Mg o+ 8 My ¢ + 85 Mo, + 8 Mo~ + (R, By + R, [,)+ B, =0,

X o Mg +&c Mo+, Mg+, [T, +8 5 My +& 6 Mg+ MMy ~(0 +p) +Bep =0,
X B2 5 MM g+ 82 o M o + 82 4 My + 85 ¢ My =0+ (R B + Ry, F5)+ By =0,

X8 g Mo+ & p Mo p + 835 My o+ 85 ¢ M e =0 + (R s + Ry )+ Bys =0,

X e Mo+ M +85 Mg +8 Mg+, M, +8 5 My +& - M ~(0 +) +Bye =0,

X2, M, + 8 My +82, M, + 8 M, — 0+ (R, B +R,, )+ B, =0,

(32)

(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)

(47)
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)
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X |:62E,8 |:I:DE,B + 62D,E D:DD,E + 62E,7 D:DEJ +62E,F |:I:DE

,F_¢E+(R<BD(8+Ry8|:y8)+BE,8:O ' (58)

X p MMy +& e M +8, [, +8, Mg+ o [k o +& 1o 0+ &F o Mk —(0 +0¢)+B =0, (59)

Xmlzag M q +6§,F M +6|2=;Lom]|:10+6i,e [
X[6I2:10DDF10+6E,F Me ¢ +6§,9 M +6|2:,G Me 6

F,G_¢F+(RXQD(9+Ryg Eyg)"'BF,g:O ’ (60)
— 0 +(R<10|3(10+Ry10|:y10)+BF,10:Ol (61)

X8 M+, T +8& o Mg +& 00Tk 10+, [y, + 8, MMk o+ &y My —(0: +06)+Bc =0, (62)

X|:6(23,11 D:DG,11+6|2:,G D:DF,G +6é,12 D:DG,].2+6(23,H D:DG
X[éélz Dﬂelz"'éi,e M 6 +6<2311 D:DGll+6(23,H Mg

H _¢G + (qu D(11+ Ryll B/11)+ BG,ll =0, (63)
st (qu [, + Ry12 Qﬁz)"' B;;.=0, (64)

X, M+ o MM+, My, +8 Mo+ 85 15+ 0,1 10+ &y Ty, —(06 +0) +B54 =0, (65)

XE6I2-|,13|IDH ;L3+6(23,H Ms +6ﬁ|14|IDH14+6i|,| [,

| _¢H +(R<135(13+ R/lg |:y13)+ 3413:0 , (66)

X[éa;m DDH,14+6(23,H s 1 +6ﬁ|13m]|~|13+6a,| Hiy —by +(R<14 D(14+R/14 W14)+3414:0' (67)

X[éiu [, , +6(23,H M n +6l2-113m:|H,13+62H14DI|

BukopucroBytoun cucremy (33) - (68), Oy-
JIYEMO KOMIIOHEHTH TOTOkHOCTel (28)1 (29).
Marpuus [SP] maTume Burms;

[s*]=[x® v, (69)

ne {X"} ta {YP} — BekTopu KOOpAMHAT By3IiB,
AKi MaIOTh TAKUH BUITIAL

{(x7F lxg xg xb x2 x2 x¢ xB], (70)

.
(vf'=lyz vz oy oy ve ve vl )
Marpuus [gPY] Burmsimarume Tax:

[g "‘1] = [@Jf‘1 95"1], (72)

ne {g p-1?(} ta {g"Yy} — BexTOpH KpaitoBHX
yMOB, K1 MAKOThb BUTJIAI.

DAB |XA-H:]B,I Ex‘l +E|B,2 [__X|2
DC,S [__X|3 +DC,4 l‘_2k4
DD,S [}5 +E| D6 L_x|6
{g)’()_l}: |:]E,7 |}7 +E|E,8 |38 ! (73)
DF,Q [}9 +DF,10|310
|:]G;Llljll-'-DG,lZDk12
_DH13[}13+DH,14|314+DH,I |}I i
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ha~ Oy +(R<| X +R, @|)+34,| =0. (68)

UaeWatUe g, Y,
Ues¥stUc Wy
HUps s +Upe Ve
O E7 by, +0 ES8 s - (74)
Ue oo tUe 1010
Hen¥utUspWi,
_DH 1Y tUy Yty I, )

Marpuris [ p] Oy/e BUTIISIIATH TaK:
prl=lor o3l w9

ne {0 P} ta {0} — BekTOpH KOMIOHEHTIB
30BHIINIHIX BILUIUBIB, [0 MAIOTH BUTJIS;

(o) =[-omke 22 -2 -
L o-2XE -20XP -2XE -20XE,
(o =pf1111211. @7

(76)

Marpuis [0P?] Mareme Takuii B

o "‘ll{g - } (78)

Tyt 6moxu [APY, [BPY], [CPY i [DPY] marots
HACTYITHUU BUJI:
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[ (O, +0g, +
_ AB B1 DBCD(C O O
+DB,2+DB,C ,
I:IB,C-'-EICB-'-
DB,c: (g _(+D +0 Dc,D Xp 0
— c4 Cc,D
[A]= 0. +0. .+ ' (79)
C,D D5
O |:|C,D D(C ("'DD'G +DDYEJ |:]D,E |j(E
Ope+0c,+
0 0 Op e 3o - E TR
’ +DE,8+|:|E,F
0 0 0 Ogpx 0 0 0 Ogp X
[B]=lo 0 0 0 |, (80) [c]'=l[o 0 0 0 |, (81)
0 0O 0 0 0O 0
e 4D, + ;
_[ E.F F J DF‘GD(G O
+|:|F,10+|:|F,G
— |:||:,G+|:|G,:I.l+
[D]_ Oe o DX (+DG,12+DG,H Oen By (82)
O DGYH D(G _(DG,H +|:|H,13 +J
L +|:|H,].4+|:|H,I ]
Bekrop { 0P} Burnsaatume Tak:
T
{Dp} :[DA,B |:]B,l DB,Z |]B,C DCB l:|C,4 |]C,D l:|D,5 |]D,6 |]D,E l:|E,7 - (83)
- DE,B DE,F DF,Q DF;Lo DF,G DG;Ll DG;L2 DG,H DH;L3 DH;L4 DH,l]'
AHaNOTIYHUIA BUIJISIT MAaTHME 1 BEKTOP [ ) 2] E G
{OP%}, 3a BumsTKOM 3MiHM iHIEKCY HOMepa (6 ) “IE HI (84)

iTepariinoro yrcieHHs p-1.
Marpuus [(3P)?] 6yme BHrIsgaTH HacTyI-
HUM YHHOM:

_X [asi,s 523,1 523,2 623,0 0 0
8e XM O, O O 0
8e O XD, O O 0
B B %, xBe & B

0 0 0 &% x@, o,
B 0 o o & % xm,
o o0 o & & &,
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

10

Tyt [E], [F], [G] u [H] — marpuuni 610kH
(po3mipHicTio 11%11 koKeH):

0 0 0 0 0 |

0 0 0 0 0

0 0 0 0 0
5, 0 0 0 0
5, 0 0 0 0o |
&, 0 0 0 0 (85)

X [6(2:,0 62D 5 62D,6 62D,E 0

5%p XBbs Oos  Ooe 0
5o O%s XWBos O O
5%p  Os Oos XDBoe O,

0 0 0 Se XD,
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0 - 0 &, o,
0O -~ 0 635 6;7
[F]=lo - 0 0o o | (86)
10 0O O 0 |
X, & 0 0 0 0
62E s X [62E,F 6r2: 9 6r2: 10 6l2: G 0
0 & XB, &, Fo O
0 62E,F 612= o X [ﬁ 10 6i G 0
0 62E,F 612: 9 612: 10 X [612: G 6é 11
M=l o 0 o0 o & x®.
0 0 0 0o &, &,
0 0 0 0o &, &
0 0 0 0 0 0
0 0 0 0 0 0
i 0 0 0 0 0 0
Bektop {¢ "} Oyne Burnagaru Tak:
AT_[ 4P 4P AP AP AP AP
[(I)] _[¢AB ¢Ba ¢Bz ¢ac ¢c3 ¢c;4 -
- ¢2,D ¢B,5 ¢B,6 ¢B,E ¢E,7 -
- ¢E,8 ¢E,F ¢|E,9 ¢|E1o (I)IE,G -
~ 081 0% D% Ous Ohus O | = )

=[02 02 68 (6208 62 92 -
= ([b2+0p) 05 08 (05+08) 62 -
= 0p (0202) 02 0P (pp+08) -
L 02 02 (0z+08) of o8 on].
TyT 3Ha4YeHHs BY3JI0BUX MOTEHLIATIB BiJ-

noBiHO 10 BupasiB (26)1 (31) HeoOXiaHO 00-
YUCITIOBATH 32 (OPMYJIOIO:

o =y’ _(Xip)z- (90)

BekTop ouikyBaHMX 3Ha4YeHb IMOTEHIIIAJIIB
{$} noBuHeH BKIIOYATH TiNBKH HYJTHOBI 3HA-
YCHHS:

(0]7=[ 0 0% Ok Bc 0L 0Ly -
- ¢ é:,D ¢ 115 ¢ /D,6 ¢ {D,E ¢ /E,7 -
I ¢ /E,8 ¢’ /E,F ¢ /F,g ¢ /Flo ¢’ /F,G -

(91)
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Gzl 0 o o - o

(87)
&y By 0 - 0
&, 8, 0 o O]
0 0 0 0 0 |
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
&, & 0 0 0
&, & 0 0 0 | (88
XB, &, O 0 0
6(2; 2 X mé,H 6§| 13 6i| 14 6i|,|
0 S XBh B 3
0 6é,H 6§| 13 X [6124 14 6i|,|
0 6é,H 6|2-| 13 6|2-| 1 X |:62»-|,| i

= O sz Do Dhss Phse Ol ] =
=[o 0 0 (0+0) 0 0 -
~ (0+0) 0 0 (0+0) 0 -
- 0 (0+0) 0 0 (0+0) -
-~ 00 (0+0) 0 0 0].

[To6yayBaBmu Bupasu (69) — (91),mo yepsi
Bupimyemo cucremu (28) 1 (29), Bukopucro-
BYIOUM IUKJIIYHE ITepaliiiHe 4YHUCICHHSI. Y
Ta6un.1 HaBeneHI KpailoBi Ta MOYAaTKOBI YMOBH,
a TaKOX BUKOHAHI B SIKOCTI MPUKIIAJIIB pO3pa-
XYHKM KOOpJAMHAT 1 MapaMeTpiB >KOPCTKOCTI
JTUCKPETHOTO 00pasy, mokazanoro Ha Puc.1, a.

Jlnst naHoi TOCTAaHOBKHM 3ajadi MOYaTKOBI
rapaMeTpH dKOPCTKOCTI JJIS BCIX 3B'SA3KIB MpH-
jirsri pisanvu 0° = 5. IMouartkoBa (opma
MOJIeJi Ha TEepIIOMY eTari iTepauiiHoro ymc-
neHHs Oyrna oTpuMaHa 0e3 ypaxyBaHHS BY3J10-
BUX HAaBAaHTAXKCHb (3 BUKOPUCTAHHSAM KOOD/IH-
HaT (PIKCOBAaHMX BY3JIIB MOJENI, IPEacTaBlie-
Hux Ha Puc.l1, a).

Criz 3a3HaYUTH, 110 TP 33JIaHHI KPaoBUX
YyMOB — (PIKCOBaHUX BY3JIIB MOAETI — JIHIIE
OJIUH BY30J1 OyB IHIIMJIEHTHUM Tpadiky A0CTi-
mKyBaHoi (yHkuii (By3ou |). OnHak 30BciM He
000B'A3KOBO, MO0 XOY OJWH 0a30BHH BY30J
MOJIeJIi TOYHO 30iraBcs 3 IIyKaHUM TpadikoMm.
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Taoa. 1. KpaifoBi yMOBH 1 pe3ynbTaTH MOJEIIOBAHHS
Table 1. Boundary conditions and simulation results

Bun nanux

Howmep 3amaui

KinbKicTh iTepaniit 1 15

30

Ne 2

30 100

KoedimienT X 0 0

0

0 0

s |L1.3065 (1.0982)f 1.2537

1.1701

1.592 1.6033

1.7033 (1.3929)f 1.7132

Xc

1.6773

1.7156 1.7648

3
3
3

%o |1.8256 (1.4732)f 1.9538

2.0067

1.8257 _1.8746

Xg 1.8687 (1.5000)t 2.1178

2.2167

2.0008  2.0479

Xg 1.9016 (1.5268)1 2.2779

2.4075

2.22 2.2442

1.9771 (1.6071)f 2.452

e]

2.59

24154  2.428p

3

X:__ |2.2159 (1.9018)f 2.6681

2.7809

N Ll ENTESN SH BN 1S
N NN IR =
olP[rlololwlx

2.612 2.64

1.9268 (2.0000)t 1.9336

Y8

1.9283

2.5354 2.569

2.9072 (3.0000)1 2.965

Yc

2.9395

3.003§ 3.117

Vo |3.9021 (4.0000)f 4.089

4.1329

3.4744  3.516

KoopaunaTty BUTBHUX
By3JiB Mojieni (X, Vi)

3

4.9010 (5.0000)f 5.0879

Ye

5.119

4.1834 4.17]

5.9021 (6.0000)F 6.0509

Ye

6.0652

5.063] 5.04%

6.9072 (7.0000)1 6.9701

Yo

6.9758

5.9044 5.897p

7.9268 (8.0000)f 7.9264

YH

7.9418

oo B|w|N| k|

6.8624  6.864p

0.2199 0.3619

s

0.5597

-0.00 -0.0950.875

0.0058 0.0301

bc

0.1263

0.06( -0.0p8 1.5

0.5694 0.2718

oo

0.1063

0.141 0.0Qp41.875

1.4092 0.6028

e

0.205]

0.1§ 0.00p42.001

R
e}
e}
Q
N
<
o=}
o™

2.2860 0.862

e

0.2691

0.134 8E-§51.876

A
=)
8
=
jus]
O
H
o
=

2.9984 0.958

bs

0.2674

0.071 -2E-p41.501

»

3.0168 0.8075

-
3
=
]
=

A
=)
3
>
M
>
=
jas]
A

=
122]

O

0.208¢

0.037 -4E50.877

Uas 5.6977

6.8888

0.3 0.285 0.224

Ogs 6.0637

7.9506

0.3 0.261 0.15¢

Ogs 5.5931

6.4665

0.3 0.358 0.223

Ogc 5.3758

6.29

0.3 3.5763 2.149

Oca 4.7145

4.5658

0.3 1.591 1.543

Oca 4.4983

4.2408

0.3 1.8224 1.73(

Oco 5.5365

5.7206

0.3 10.83 12.14

Oos 55816

5.8237

0.3 2.661; 2.871

Upe 6.657

7.5612

0.3 4.104] 4.799

Ope 8.3207

9.7416

0.3 11.72 13.44

Oe; 6.2106

6.6247

WW‘I-IAUI-IAUIWI\JWI—'S

0.3 3.399 3.63(

Ueg 9.6376

12.389

0.3 7.8471  9.34]

Oce 11.117

13.6

NN RN RN ERENE

0.3 11.792  12.63

Oro 6.7019

7.2024

0.3 3.372 3.457

Or10 13.953

20.224

0.3 12.806 14.1(

Oro 13.878

17.197

0.3 13.53y  13.8(

Do 6.9394

7.4171

0.3 2.9764  2.99¢

S EIEIRED

Do 21.179

34.33

0.3 20.658 21.43

ITapamerpu xopcTrocTi 38's13KiB Mogeni ()

Oen 13.504

16.2

0.3 9.5555  9.654

Dy 6.3345

6.6281

0.3 1.7256  1.734

glloofojoijofojfojorforjorjorforforjorforforjorforf ool

Opiag 33.405

60.819|

0.3 29.869  31.24

(61

Oy 10.238

12.024)

NEINES

0.3 4.2194  4.274

*B 1yKaX HaBeJEeHO KOOPAMHATH BiIbHUX BY3JIiB MOJENI 0 IOYaTKy Aii Ha HUX mojist L.

PosrnsiHemo Temep mepmmii i3 3amporoHo-
BaHUX CMOCO0IB MOOYIOBH ITUCKPETHUX 0Opa-
31B HEesABHMX (YHKIIM Ha OCHOBI iX ampoOKCH-
MaIiiHUX  KIHIIEBO-PI3HUIICBUX  CITIBBITHO-

12

IIEHB 1 TPUBATHUX TOX1THUX.

Jlnst 3acTOCyBaHHA JTAHOTO METOAY HeoO-
XiTHO B Tepuly 4Yepry OTPUMATH NpHUBATHI
MOXi/Hi, 0 BXOJATh B IPaBY IMOJOBHUHY PiB-
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usauas (7). Y Hamomy BHIAAKY JOLIIBHO 3a-
CTOCOBYBATH CaMe 1€ PIBHSHHS, TaK SIK IS
MOJAJIBIIIOTO TIOPIBHSAHHS I[HOTO CIOCOOY 3
paHilie pO3MNIAHYTUM, OakaHO BU3HAUUTH 3
HOro JO0MOMOTOI KOOPJAMHATH BiAMOBIIHOI
KUTBKOCTI BIJIbHHMX BY3JiB Mojeni (ik 1 Ha
Puc.1), po3mileHux it MPOCTOTH 00YHCIIEHD
3 piBHUM KpokoM hy = 1 mo oci Oy. Otxe,
mrykani moxigni (12) — (16)0yayrs matu Ha-
CTYNHUM BUTJISN!

G (%, ¥)=ac(y; —x*)/ox=-20 ., (92)
o (X 1Y) =0%¢(y, —x7)/0x* ==2,  (93)
C'y (X, ) =0c(y, —xiz)/ay:]_, (94)
Gy (%, Y1) =0%(y, —x)/oy’ =0,  (95)
Go (X Y1) =0°(y, —xf)/axay:o. (96)

BukopucroByroun Bupasu (92) — (96),0y-
IAYEMO CHUCTEMY piBHSHB TUIY (7) Ui BIIBHUX
BY3JIIB MOjel, TmpeacraBieHoi Ha Puc.2, a.
Crig 3a3HaYUTH, M0 MEPIINA 1 OCTaHHIN BY3-
U JTUCKPETHOI MOJIei TOBHHHI HaJeXKaTh
rpadiky mocmimkyBanoi ¢pyukiii ¢(X,y). L1i 1Ba
By3J1a OyAyTh CIY)KUTH KpPaOBHMH yMOBaMHU
mojemoBants. CucreMa Oyie MaTy BUTIISL:

Xy~ 20 + % = —Y (403), (97)
Xg — 20X +X%; :_]/(45(2)’ (98)

X =20, +Xe :_]/(45(3), (99)
X =20 +% ==V (40¢), (100)
X =20k +xs =-1/(40¢8), (101)
X =20 +%, =-1 (40Q), (102)
Xe —20K, +x =—1(4%). (103)

Bupimryroun 110 cucTeMy BiTHOCHO KOOp-
JTUHAT BUIBHUX BY3JIiB, MU OTPHUMAEMO JIHC-
KpeTHUI 00pa3 rpadika 1ociiKyBaHoi GyHK-
11ii, BUKOPUCTOBYIOUH ITEpaIliiiHe YHUCIICHHS.
OpHak, B SIKOCTI TOXWMOKU JAHOTO YHUCICHHS
MOXKHA PO3IJISIIATH JIMIIIE aOCOTIOTHY a00 BiJi-
HOCHY MOXMOKY MIX IMOTOYHHUMHU 1 TOTIEPEIHi-
MU KOoOpIuHatamu By3iiB. [Ipu mipomy, BIIH-
BaTH Ha piBEHb TOYHOCTI 33JJ0BOJICHHS (yHK-
wii ¢(X,y) He MNPEACTaBIAETbCS MOKIHBHM.
TakuM 4YWHOM, JaHa METOAHMKA HE IO3BOJISE
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KOHTPOJIFOBATH TOYHICTh CITIBIQJIHHS TOYOK
JUCKPETHOTO 00pa3y, IO MOIEITIOEThCS, 31
cBOiM OesmnepepBHUM TpadikoMm. PesymbpTaTn
pimenns cuctemu (97) — (103)ipeacrasieHi B
Tabn.1 (3amaua Ne3). Ha Puc.1, 6 npencrasie-
HO pe3yibTyrouy ¢opMa ITUCKPETHOTO 00pazy
HesBHOI QyHkmii (31).

OueBuaHO, 1O TakWil crnocid noOynoBU
JUCKPETHO1 KPUBOI HEeABHOI (DYHKIIT B JOCITI-
JDKyBaHIN 007acTi € OUTBII 3aJIeKHUM BiJ| TIO-
YaTKOBUX YMOB MOJEIIOBaHHS, IO POOHTH
HOro MeHII ePeKTUBHUM.

JIst momaTKoOBOT IeMOHCTpaIlii mepesar Io-
MEePEeTHHOTO METOAY MOJICTIOBAHHS IHCKPET-
HUX 00pa3iB BHPINIMMO aHAJIOTIYHY JIO TTOTIe-
pPENHBOI 3a/ady 3 BUKOPHCTAHHSM IapameT-
pUYHUX DPIBHSHb CTaHY, 1 BHKOPHUCTOBYIOUHU
JTUCKpeTHUI 00pa3, TOMOJOTIYHO NOAIOHUH 110
mozeni Ha Puc.l1, a, oqHak 3MIMIEHUA HUXYE,
K Toka3aHo Ha Puc.3, a.

B nanomy mpukiani mu OyaeMo BUKOPHC-
TOBYBATH JICIIO IHIIUH MiAXiJ, SIKAM TOJSATAE B
TOMY, IO PIBHSIHHS PIBHOBard BUIBHUX BY3JIiB
MOJIeJIi TIOBUHHI CKJIagaTucs 0e3 ypaxyBaHHS
BEKTOPA 30BHIIIHBOrO BILIUBY L, TOOTO:

Ei :Oljfx +O|§y. (104)

MOXJIHMBICTh Takoro miaxomy Oyma mosic-
HeHa B [7]. Moro nouineHicTh monsrae B TOMY,
mo6 B pasi, KOJIM TpajlieHTHE BEKTOPHE I0JIe
3MyIye OUIBIIICTh BY3JIB IEPEMIIIATACS B
OJTHOMY 1 TOMY X HamNpsSMKY, 30CepeKYI0Un
iX B OZHIM 1 IpH TOMY HE AyXe iHpopMaTHB-
Hid 00nacTi, JaTH MOXJIMBICTh IIMM BY3JIaM
IOCATTA HaWOMmxynx abo MakKCHUMaIbHO 1H-
(hopMaTUBHUX MIJSHOK TOCIIIHKyBaHOT obOac-
Ti. [Ipn 1IbOMYy KIHIIEBE TOJIOKEHHS BY3JIiB
3aJIOKUTh TUIBKK BiJl PO3MOALTY MapaMeTpiB
XopcTKocTi (1 SIK HACTIZOK BHYTPIIIHIX 3Y-
CHJb) B 3B'A3KaX Mojeni, 1 mepedyBae mix
BIUTMBOM JIUIIIE BY3JIOBHX 3HAY€Hb IIJIbOBUX
¢byukmii (By3noBUX moTeHIiamis). Jns nanoi
MTOCTAHOBKHM 3aJ1aul TTOYaTKOBI MapaMeTpH KO-
PCTKOCTI ISl BCIX 3B'A3KiB MPUNHATI pIBHUMH
0°=0.3.

PesynmbTaT MOJENMIOBaHHS JUCKPETHOTO
o0pa3y 3 BUKOPHCTAHHSM BiIMOBIAHOTO Tij-
Xxoay mpezacrasieHi B Tabm.l (3amaga Ne2)
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Puc.2.

Fig.2.

g(x,»)=0 ¥ c(x,»)=0 ¥
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5.00- :
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[ToOGynoBa nuckpetrHOro obpasy KpruBOi HESIBHOT (PYHKIIIIO 3 BUKOPUCTAHHSIM CKiHUEHHO-PI3HULIEBUX
CITiBBIIHOIIEHD 1 YACTKOBHX MOXiTHUX B PiBHAHHSAX THITY (7): a — OUCKpPETHHH 00pa3 JOCIiIHKYBaHOT
¢yHKIIT HA TEpIIoMy eTarti (TOMOJOTiuHa cXeMa); 6 — IUCKPETHHH 00pa3 MOCimKyBaHOi (yHKIIi
TICIIs CXODKEHHS iTepaIlitHoro mporiecy

The construction of a discrete image of curved bfiean implicit function using finite-difference
relations and partial derivatives in equationshaf type (7)a— the discrete image of the function on
the first stage (the topological schemgy: the discrete image of the function after the tieraproc-
ess converges
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Puc.3. IloOynoBa 101aTKOBOIO JUCKPETHOrO 00pa3y KpHBOI HESIBHOI (PYHKIIIT 3 BUKOPHUCTAHHSM IapaMer-

Fig.3.

14

puuHMX piBHAHE TUIY (24)1 (25): @ — auckpeTHHit 00pa3 KoCiKyBaHOI (GYHKIII Ha TIEPIIIOMY eTarri
(TomornoriyHa cxema); 6 — NUCKPETHHWH 00pa3 MOCHiIKYBaHO! (YHKIIT Micisi CXOIDKEHHS MPOLECY
ITepaIiifHoro YUCICHHS

The construction of an additional discrete image of theved line of an implicit function using
parametric equations of types (24) and (25y: the discrete image of the function on the firsgst
(the topological schemey;— the discrete image of the function after the tieraprocess converges
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Ta mpoutrocTpoBani Ha Puc.3, 6. Sk BuaHO Ha
IOMY PUCYHKY, BUJIbHI BY3JIM MOJIEINI 3 BUCO-
KOIO TOYHICTIO 1HIUAEHTHI rpadiky (yHKIT
¢(X,y), 0OJIHaK PO3TAILIOBYIOTHCS HA HHOMY HE 3
peryJasipHUM KpPOKOM, Ha BiIMiHY Bia BY3IiB
IMCKPETHOTO 00pa3y, OTPUMAaHOTO 3 BUKOPHC-
TaHHSM PI3HUIIEBUX CITiBBITHOIICHbD.

Cnipg 3a3HaYUTH, IO METOJI, 3aCHOBAaHUH Ha
3aCTOCYBaHHI MMapaMeTPUYHUX PiBHSHB J103BO-
Jisl€ BU3HAYUTU KOOPAHMHATH 3 Oyab-SKOK 3a-
AHOI0 TOYHICTIO, sKa BIAIOBIZA€ TOYHOCTI
3aJJ0BOJICHHS LIbOBINH (PyHKIT, TOOTO mocii-
JDKYBaHii HesIBHIN QyHKIIT.

BMCHOBKMU I ITEPCITEKTUBU
IMOAAJIBIINX JOCIIIIPKEHD

OueBuaHO, THEpUIMHA 13 3aMpPOINOHOBAHUX
Croco0iB  OTpUMaHHSA JTUCKPETHHX 00pa3iB
HesBHUX (DYHKIIIH € OiIblI e()eKTUBHUM 1 THY-
YKUM T10 BiJIHONIICHHIO JO KpaloOBUX 1 MOYat-
KOBUX yMOB MojemtoBaHHs. [Tpu mipoMy icHye
MOJKJIMBICTh SIK BPaXOBYBAaTH, TaK 1 irHOpyBa-
TH BEKTOPHE TPAJIIEHTHE T0JIC BIUIUBY Ha Bi-
JIbHI BY3JIM MOjeli. BpaxyBaHHs JaHUX BIUTH-
BiB HAWOUIBII aKTyaldbHE y BHITAJKY, SKIIO
rpadik mocmipKyBaHOT QYHKINT SBISIE COOOIO
Bi3yauli3alilo 130JiHii ab0 XapakTepHUX 00BO-
IiB pealbHUX (i3MYHHUX MOJIB (TAKHUX SK TEM-
nepaTypHe, BOJIOTICTHe abo eJeKTpuuHe) abo
00'ekTiB (TexHIYHUX (OpM JeTayeil MaluH i
MexaHi3MiB) BimmoigHo. [lpu mpomy, SAKIIO
nociipKyBaHa (GyHKIIS Hece 1HGOpMAaIIiio Mpo
XapakTep PpO3BUTKY aOCTpaKTHUX HPOIIECIB
abo cucteM (Taku SIK €KOHOMIYHi, (DiHAHCOBI
YM COLiaJIbHI), TO JIOLLUIbHINIE IrHOPYBaTH
BEKTOPHI KOMIIOHEHTH TPAJIEHTHOTO TOJIS
30BHINIHIX BIUIMBIB, OCKUIBKH BOHH MOXYTh
NPUBECTH N0 HEIH()OPMATHBHOIO pO3TAIy-
BaHHS BUIBHUX BY3JIIB IIIYKAHOTO JUCKPETHOTO
o0pa3sy.

VY Toif ke uac, Apyruil cmocié moOynoBu
JTUCKPETHUX KapKaciB KPUBHUX HESIBHUX (YHK-
Iili 3 BUKOPUCTAHHSIM CKIHUECHHO-PI3HUIIEBUX
CIIBBIIHOIIEH, HE BUMAarac€ CKJIaJaHHs 1 BU-
pIIIEHHST JTOJIaTKOBOI CHCTEMHU PIBHSHB CTaHy
3B'SI3KiB, @ TOMY € OLJIBIII JIETKUM 1 IIBUJKUM B
3acToCyBaHHi. Moro cnaGKol0 CTOPOHOIO €
OOMEXeHHS PIBHS JOCSKHOI TOYHOCTI MOjIe-
JIOBAHHS.

Ha 3aBepimieHHs ciiji 3a3HAYMTH, IO KOXKEH
3 MPEJICTaBICHUX CIOCO0IB MOXe OyTH IIIIKOM
3aCTOCOBHUM I BUPIMICHHS PI3HUX KIIaciB
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3amau. [lepmmii cnoci® € yHIBepCcalbHUM 1
0co0JIMBO IIiIKaBUM, TaK SIK OJEP)KyBaHI Ha
OCHOB1 MOTO 3aCTOCYBaHHSI TUCKPETHI 00pa3u
MPEACTABISIIOTE  CO00I0  MOJEINI  pealbHUX
cTprkHeBUX (Ta/ab0 BaHTOBHX) OE3MOMEHT-
HUX KOHCTPYKIIIH, popMa SKHUX MOXKE 3 BHCO-
KOI0 TOYHICTIO BIJNOBIiZaTH Oe3MepepBHOMY
a”ajory TrpagikiB JOCTIKYBaHUX (YHKIIIH.
Januii cmoci® J03BOJISIE SKICHO PO3IIMPUTH
IHCTpyMeHTanbHy 0a3zy apXiTEeKTOpiB 1 KOHC-
TPYKTOPIB OO0 BUPIIIEHHS 3aBlIaHb (Hopmo-
yTBOpeHHs. J[pyruii 3 po3riiiHyTUX CIIOCOOiIB
TaK0X MOKe OYTH 3aCTOCOBHHIA TIPU MPOCKTY-
BaHHI apXITEKTYpHUX (opM 1 0OBOJIIB TEXHIU-
HUX TIOBEPXOHB, TPOTE B OUTBIIOCTI BUIAJIKIB
JUIIe Ha eram TMoOYAOBH €CKi3iB, OCKIJIbKH
TOYHICTh HWOTO HE JOCTAaTHS MJisi BHUPIIICHHS
3aBJIaHb KOHCTPYKTHBHOI HAIIMHOCTI 1 CTIHKO-
CTi.
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Shaping of the frameworks of technical forms,
which defined by implicit functions on a plane
Volodymyr Skochko

Abstract. During designing the shapes of work-

In this paper, the effectiveness of two methods
of constructing discrete images of functions, de-
fined on the plane in implicit form is considered.
The first method involves the combined using of
the finite difference method and formulas for find-
ing derivatives of implicit functions of differeati
geometry. The second method provides the realiza-
tion of the process of shaping a discrete analogue
of the model of a physical grid structure with the
subsequent control of the shape of this model to
move its nodes to points that satisfy to given im-
plicit function. An example of using both ap-
proaches is considered to compare the accuracy of
the incidence of the obtained discrete models coor-
dinates to the graph of the given implicit function
The advantages and disadvantages of the proposed

ing surfaces of machines and mechanisms, techno-approaches are analyzed.

logical equipment, as well as complex building

Keywords: morphogenesis, discrete image,

structures, which exposed to external forces, engi- implicit functions, numerical methods, finite dif-
neers and researchers resort to the use of physicalferences, differential geometry, parametric equa-

and mathematical methods for obtaining the func-
tions of appropriate forms. Very often, the func-
tions of such forms must be constructed on the
basis of analysis of the kinematics of the motibn o
constructive elements complex of the working
equipment or on the basis of solving the systemic
optimization tasks basing on the search for condi-
tional extremums. As a result, the received func-
tions take an implicit form, and the process of-con
structing their graphs consist in a search of indi-
vidual isolines of the potential fields on the atier
nate plane.
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Abstract. The article discusses issues oOf USING "
geological natural monuments (GNM) for scien- / N
tific and educational purposes. It is a part oka-g
eral problem of preservation and use of geological
heritage of the Earth, which has become interna-
tionally important lately. Local and international
practice shows the need for thematic geotours that
heavily rely on geological natural monuments.

Geological tourism has a potential to improve
socio-economic situation of local communities in
Ukraine, to preserve and popularize Earth sciences.
As of this day, there are no means to draw public
attention to Ukrainian geoheritage and geotourism,
which makes this research highly relevant.

Geoportals and web GIS components will en-
able ordinary citizens to interact with a map of
Ukrainian GNM, obtain interesting information,
thereby getting involved in geological tourism
themselves. To achieve this goal, the following
goals were accomplished: gathering information on
geoheritage in Ukrainian regions, designing and
filling a database, creating interactive maps, tdeve
oping a concept and a prototype of a corresponding
geoportal.

The article starts by explaining the concepts of
geological tourism, natural monuments and their
significance. Discussed are important related con-
cepts as geoheritage, geoheritage and geopark. Fur-
ther described is the classification of geological INTRODUCTION
landmarks. The main part introduces a concept of
geoportals and methodology to develop a geoportal ~ Research problem. Geological tourism is an
about geological tourism in Ukraine. It is expected important part of tourism, because it provides
that a developed geoportal with web GIS will en- essential insights into the past of a region and
courage sharing within general audience and sys- prospects for its future development. Despite
tematize information about objects of geological the economical crisis in Ukraine, tourism in-

heritage in Ukraine. dustry has been remaining stable. Conditions
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that allow it include advantageous geographi-
cal location, significant recreational potential,
favorable climatic conditions, well-developed
transportation network, abundant natural and
cultural heritage. Ukraine is a unique country

in Europe due to its various natural resources,

unique landforms, relict flora and fauna, di-

term focus on identification, certification and
the assignment of status of protected areas to
Ukrainian geological landmarks.

Subsequently, a fundamental work “Heolo-
hichni pamyatky Ukrayiny” (Geological land-
marks of Ukraine) [2] was published, the Eu-
ropean Association for the protection of geo-

verse and unique culture. However, there are logical heritage and the European register of

issues that prevent development of a novel
type of tourism, namely, geological tourism.
Aspects of the problem. Among unresolved
problems of geological tourism highlighted is
the problem of insufficient information cover-
age of geological heritage, lack of transporta-
tion infrastructure and facilities, inappropriate
conditions of the natural landmarks etc. In ad-

geological objects of Ukraine were estab-
lished; International Union of Geological Sci-
ences created a project Geosites under the aus-
pices of UNESCO etc.

Academics N.P.Gerasimenko, A.A.Ishchen-
ko, V.V.Manyuk, V.P.Gritsenko study issues
of identification and protection of geological
sites. M.V.Kosmachova’'s works are dedicated

dition, there are a number of obsolete laws and to ranking geological and geographical natural
regulations about protected areas that hinder landmarks according to of their scientific, edu-
the development of natural parks, hence, any cational and practical importance [9]. Since

form of tourism in the areas. It becomes a ma-
jor obstacle to popularize certain routes.

Relevance of the research lies in novelty of
geological tourism to engage people in recrea-
tional and scientific activity while preserving
geosites. Development of geotourism in
Ukraine, a country that has multiple prominent
geological landmarks, creates an opportunity
to promote this niche to an international level,
improve socio-economical situation, preserve
nature and popularize geosciences.

Recent research and publications. Ukrain-
ian Society for Nature Conservation and the
Ministry of Geology of the USSR publicized
first academic works on the importance of en-
vironmental protection and conservation of
geological heritage in the 1960 s. In 1984,
there was a geological map of attractions
Ukraine published (O.l.Zaryckyj, N.E.Koro-
tenko, K.O. Sukhodolskyi, O.S.Shyrytsya); in
1985 a publisher “Naukova dumka” printed a
reference book and a guide “Geologicheskiye
pamyatniki Ukrainy” (Geological landmarks
of Urkaine) (auth. N.E.Korotenko, O.S.Shyryt-
sya, A.Y.Kanyevskyy et al.). This followed
published guides to several regions of Ukraine
(V.G.Ena “Landshaftnyye pamyatniki’ (Land-
scape monuments), 1966; V.l.Lebedynskyy
"Geologicheskiye ekskursii po Krymu” (Geo-
logical tours of Crimea), 1976 etc. Thus, the
1960 — 1980 s was the beginning of a long-
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2006 there were two international conferences
in Ukraine on environmental protection in the

geological field and popularization of geo-

landmarks [12].

Application of geographic information sys-
tems (GIS) for the geological tourism was de-
veloped first for Crimean region [13]. In 2011,
National Service of Geology and Mineral Re-
sources of Ukraine announced a project “Ca-
pacity development of geographic information
industry in Ukraine” under a bilateral Finnish-
Ukrainian program. It included development
of a web portal with a section devoted to “Ge-
ological Tourism” [14]. Unfortunately, the
web portal does not function. All of this re-
sultes in a shortage of information resources to
draw public attention to geological landmarks,
popularize geoheritage and importance of geo-
conservation.

A term “geotourism” was first introduced
by a British scientist Thomas Hose: “The pro-
vision of interpretive and service facilities to
enable tourists to acquire knowledge and un-
derstanding of the geology and geomorphol-
ogy of a site (including its contribution to the
development of the Earth sciences) beyond the
level of mere aesthetic appreciation” [3].
Based on conducted studies, a Polish re-
searcher Piotr Mihon [1] indicated that a prefix
“ge0” relates to “geology, geomorphology and
natural features of the landscape such as land-
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forms, fossils, rocks and minerals, with a focus  The following are the most important char-
on identifying and understanding processes acteristics of geological tourism [8]:

that formed these elements of the environ- - protects and preservs the environment;

ment”. - stimulates infrastructure development and
Polish authors Tadeusz Slomka and Alicja socio-economic growth of local communities;

Kisieska-Svidzerska [1] emphasize educa- - involves educational activities within the

tional and emotional aspects associated with geosciences.

visiting geological and geomorphological Lack of available and integrated tourism da-

sites. According to them, geotourism is a type tabase rather reduces possibilities of promot-
of tourism based on studies of geological (geo- ing this new and attractive type of activity.
morphological) objects and processes, as well Therfore, systematic work aimed at registra-
as on aesthetic impressions about the naturaltion, accounting and visualization of informa-
site. tion on geosites is highly important.

Since 2004 UNESCO strongly supports

METHODOLOGY geotourism for educational, environmental and
socio-economical factors. The Division of

The aim of the work is popularization (and, Ecological and Earth Sciences at UNESCO
eventually, commercialization) of geological presented a new concept called “International
heritage on the Internet using a web technolo- Geosciences and Geoparks Programme”, and
gies and server GIS, which are cornerstones of in 2002 there was a special UNESCO program
a geoportal (geographical web portal). Geot- launched called “Global Network of National
ourism can be defined through a didactic func- Geoparks”. Currently, it includes 120 geoparks
tion, and its main goal is to interpret scientific in 33 countries [9].
knowledge in geology and geomorphology for This concept is consistent with the trend of
public. integration of science and culture, while rec-

The objectives are to design and fill a spa- ognizing the importance of preserving the
tial database of Ukrainian geological land- physical landscape. In addition to educational
marks, develop of a fully-functional prototype and training opportunities, tourism facilities
of a geoportal about geotourism with web have a great potential to increase awareness
maps, multimedia and informative content. and understanding of geological heritage and

The research object are geological land-  environmental protection. During geotourism
marks of Ukraine, attracting them to the hiking activities, the audience, children or adults, lo-
trails will promote their preservation and pro- cals or tourists, can learn about the geological
motion. history of the area directly and comprehend

various geological processes. This is a clear
RESULTS communication of science to the general pub-
lic.

To analyze the prospects of tourism indus- A geological landmark is a unique natural
try in Ukraine, one must emphasize that tour- or anthropogenic object that characterizes lo-
ism sphere intertwines both economical and cal and/or regional geological processes and
social factors. Precisely society should be cen- their results; has a scientific, historic, aes-
tral to novel national tourism policies, devel- thetic, and educational value [15]. To map
opment of which can positively influencee- these sites on web, we used the following clas-
conomic and social situation of Ukraine, sification of geological natural landmarks [10]:
stimulate a number of important sec- mineralogical — sights with mineral resources;
tors,improve an image of Ukraine in the global petrographic — rock outcrops that are charac-
arena. There was a SWOT analysis conductedteristic of certain petrographic formations;
(Table 1) to confirm the for geotourism devel- stratigraphic — outcrops of stratified forma-
opment. tions that characterize relative geological age

of these rockdyydrogeological — unique
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Table 1. SWOT analysis of geotourism developm

ent in Ukraine

Strengths

W eaknesses

* convenient economic and geographical positior

« significant natural and recreational potential of
protected areas (about 4% of the national ternitory
which can be a possible site of geoparks

» contributes to other alternative types of tourism
(educational, sports, green, agro- tourism etc.)

» abundant natural and recreational resources

* increasing rates of infrastructure development foistm area

recreational use

 wealthy historical and cultural heritage, unique
ethnic and cultural identity of Ukrainians; plentiha-
tional traditions and crafts, festivals

» multiple historical and cultural monuments (abg
130,000 monuments)

1;  negative image of the country due to politic
issues and conflict in the Eastern Ukraine

« slow economic development

« insufficient information provision

» underdeveloped social, industrial, service it
frastructure

« poor training of locals in the service and toy

1

=

* underestimation of the value of natural land
marks by locals

« unsatisfactory condition and quality of trang
port services

ut < poor maintenance of historical and cultural

monuments

» weak support from the government and pri
vate sector

» underfunded scientific research in earth scir
ences

Threats

Opportunities

* poor coordination between organizations involv
in geotourism and green tourism

* lack of common strategic objectives for geotour
ism development

* unstable political and economic situation is not
conducive to foreign investors

» damage and destruction of geological objects d
ing tourism activities

* overuse and depletion of natural resources

* negative impacts of natural disasters on theotdj
of geotourism

« insufficient control over the use of natural re-
sources (deforestation, unauthorized hunting, riighi
etc.)

« insufficient educational provision for geotourisn

ed e socio-economic growth, since geotourism d
velopment promotes capital inflow, creates em-
-ployment opportunities and improves the quality
of life
« influx of tourists contributes to protection ar]
restoration of cultural and historical monuments
ur- « geoparks (especially with a member status
the European Geoparks Network) can ensure p
ervation of geological heritage
e < new tourism infrastructure and trails
« improvement of rural dwellings, rural social
infrastructure, services etc.
* increased international cooperation and exj
change of experience in geotourism, green tour

d

of
res-

sm

activities

groundwater springgpaleontological — sights
with fossils of ancient organismggochronol o-
gical —reflecting the chronological sequence of
rock formationsjectonic — sites with evidence
of crustal movements, geological structures;
complex — several classes of geological land-
marks. This classification was expanded to
provide users with a more detailed information
to 15 classes. which belong to the classifica-
tion system developed in the work [4]. Addi-
tional classes includevolcanic, geomor-
phological, speleological, cosmogenic, histori-

cal mining, glacial, coastal and aquatic, mu-
seum collection. Although this classification
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provides types according to subject and ge-
netic principles, this expansion has a great ad-
vantage (namely, an opportunity to choose
from a greater number of classes) in the con-
text of interaction with future geoportal users.
For the last years, the use of GIS for tour-
iIsm management and planning has been in-
creasing [15]. Existing geographic information
systems, literature, reports from government
institutions, and public data provide a large
volume of material for identification of poten-
tial geotourism areas. Analysis of their tourism
potential in the context of other environmental
and infrastructure datasets can be done with
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GIS tools. It is also possible to analyze suit-

ability of these areas with several geoprocess-

ing tools, such as buffer analysis of potential
threat areas or analysis of access level for dif-
ferent visitors (analyzing types and slopes of
surfaces), distance to existing tourism clusters,
etc. [16].

those goals by transmission of spatial and at-
tributive information. Web technologies can
significantly improve “intelligence” of gener-
ated thematic maps (Fig.1) [15].
Phases of the web portal development for
geotourism industry are introduced on Fig.2.
The following features will be implemented

Despite apparent disadvantages, scannedon the geoportal about geotourism in Ukraine

paper maps are still widely used. However,
over time these static maps will be replaces
with interactive computer versions [15]. For

in the order of importance:
- publication and search for GIS resources;
- publication of information on geological

example, a user of a tourism geoportal has alandmarks and multimedia content;

possibility plan a route, click on symbols on

the map to obtain detail content make requests,
view photos, and navigate to related sites, and

receive information about accommodation and
tours.

Technological advancement provided new
tools, user interface and options to interact
with web maps. For instance, these platforms
include Google Maps, ArcGIS Online, Map-
Box, GISCloud, MangoMap, NextGIS, Car-
toDB and others. They provide to a publisher
web applications, mapping services, which can
be embedded with HTML code into other web
pages.

Web technologies are an extremely power-
ful tool and relatively inexpensive compared to
traditional printing. Geotourism as a new and
attractive industry can use these benefits to
popularize geological heritage and market
touristic activities on geosites. The conceptual
idea is to visualize a desired image of a spe-
cific destination for future visitors, while pro-
viding comprehensive information, interesting
and interactive science communication con-
tent. Web GIS is the best option to achieve

Fig.1. Increasing the "intellectual" level
of web maps
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- simple queries (identification of objects,
filtering of attributes etc.);

- support for multiple languages;

- individualization geoportals, namely, sup-
port for user profiles.

It was decided to use the existing web plat-
forms — ArcGIS Online and Web Applications.
Ready-made technological solutions can sig-
nificantly shorten a web development time and
allow to focus on concepts, purpose and design
of future web products. In addition, this plat-
form is free for a limited use and universal.
The problem of this solution is that web appli-
cations do not integrate a service and database
connection with a free license. As a solution,
open-source tools can be used such as Bound-
less Suite that packages several programs and
libraries for coherent data management and
building web maps. Open-source software is
low-cost, free to use and modify compared to
proprietary software. However, it is not
straightforward to use, which means longer
product development and need for technologi-
cal support; open-source software also often
has issues with compatibility.

A database management system (DBMS)
was used to manage spatial information on ge-
ological landmarks. The relational database
was designed to effectively store, create rela-
tions between stored items and query them.
Queried results are output as a table and pro-
vide necessary information on geosites. These
are further shown in a GIS software, on a web
map or geoportal. Such queries allow fast pro-
cessing of spatial data, such as changing the
geometry and projection, filtering and
modifing items etc.
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Data compilation

Data collection

Data import

|
NS

Overlaying data layers

Surface geology an
geomorphology

Infrastructure

Hazardous processes

NS

Proximity and availability of geosites to tourists

Multiple ring buffer

NS

Description of geological landmarks

Classification Geology

Ecological condition,
protection status

NS

Database of prospective geotourism sites

Data for querying and visualization on a geoportal

Fig.2. Phases of the geotourism web portal development

PostgreSQL is a popular open-source ob-
ject-relational DBMS. With the PostGIS spa-
tial extension, it allows organizing, visualizing
and analyzing spatial data. As a result, this
DBMS made it possible to efficiently store and
process coordinates and attributive information
of selected geological landmarks. This can al-
so be achieved in a GIS software (ArcGIS,
QGIS etc.). However, an object-relational
DBMS was chosen for several advantages:

1) it creates more complex spatial relations
and queries;

2) allows integrating data to any other data-
base or exporting to multiple file formats;

3) easily introduces relationships between
fields and hierarchical database models;

4) natively uses SQL language.

The first step was designing such a Post-

ple, after making a query for Precambrian geo-
logical objects, the user will be given objects
that span all eras and periods of Precambrian.
This is accomplished by using the server-side
programming language (e.g. PHP, Python).
There were nearly 400 geological natural
landmarks added to the database; the majority
of them are prospective geotourism sites. Spa-
tial and attribute information was collected
from the books “Geologichni pamiatky Ukray-
iny” (Geological landmarks of Ukraine) [2],
open Wikipedia data and governmental reports
on natural reserve fund. We should recognize
that there are potential limitations associated
with existing data on the geological monu-
ments and tourism in Ukraine. For less-
documented areas, more information can be
acquired through field studies and on-site doc-

greSQL database (Fig.3). Such relationships umentation.

and tables were created so as to provide a user

with a brief but informative description of a

geolandmark, such as name, location, coordi-

nates, text description, classification, tectonic
structure, official registration status of a pro-
tected area, web links to multimedia content
(photographs).

The classification table consists of 15 items
according to the previously given classifica-
tion of geological natural landmarks. A user is
able to obtain chrono-stratigraphic relation-

Subsequently, point features are visualized
using ArcGIS Online and ArcGIS Web Appli-
cation. The free license allows uploading geo-
spatial data files, viewing and editing them as
a table, customizing web visualization. Ar-
cGIS Web Application is simple analogue of
geoportals used by scientists, journalists and
organizations around the world to publish
maps and data visualizations, to present mul-
timedia and text content. Web Application is
generally used for storytelling or integration

ships due to the hierarchical relations between with enterprise solutions and server support for

tables (relations "father" — "child"). For exam-
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governmental and research projects.
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Class_Geoobject 4 Stratigraphy_Geoobject i
% ClassID: INTEGER (FK) Tectonic_Geoobject ¥ ObjectID: INTEGER (FK)
# ObjectID: INTEGER (FK) ¥ Stratigraphy_StratID: INTEGER. (FK)

& |

Class_has_Geoobject Geoobject_has_Stratigraphy

&

Classification -
¥ ClassID: INTEGER
& ClassMame: VARCHAR(25)

Tectonic - Stratigraphy -

# TectlD: INTEGER # StratID: INTEGER

& TectMame: VARCHAR(40) 4 StratMName: VARCHAR(35)
<% ParentID: INTEGER

Fig.3. Design of the geotourism database in PostgreSQUSB

In the absence of configured web server, the territorial unit (Fig.8). It allows identifying
local PostgreSQL database was exported in potential areas for geotourism development
.csv file extension with joined rows from re- due to larger clusters of geoheritage.
lated tables. Geographic coordinates were pre- A code popup window on the ArcGIS
sented in a popular web mapping projection Online web map can be edited, which allows
WGS84 3857. With enterprise server tech- changing display order of fields, customizing
nologies, such as ArcGIS Server, the web text and adding pictures. When a user clicks
maps or GIS on the web-portal could be di- on a location point on the map, a new window
rectly connected to the database, query it with popup shows visual and textual information
a server-side programming language, and up- from exported .csv file. For example, Fig.9

date the map for the user with results. represents popup window at a local geological
The prototype of geoportal on ArcGIS landmark “Kanevsky Cuesta”.
Online includes the following thematics maps, Furthermore, the database, web maps and

after the introduction to the concept and im- web GIS can be publicized offline, for exam-
portance of geological tourism (Fig.4) [2, 17 — ple, on CD/DVD, to popularize geotourism

20]: and geosciences. Maps can be imbedded into
- geoparks of Europe within the framework web sites of Ukrainian organizations and gov-
of the UNESCO Global Geoparks (Fig.5); ernmental agencies, or burnt to compact disks

- map of geoheritage. It provides users with with additional multimedia content in order for
important all available information from the educational activities in schools. This educa-
database about geological landmarks with a tional application of the geoportal may consid-
photo (Fig.6); erably enhance the interest of young people to

- map of classification of geological land- geological heritage, encourage further studies
marks. There users are able to browse classi-and protection of geological sites in their re-
fled landmarks according to a symbology gion.

(Fig.7). In the future, it is planned to integrate
this map and the previous larger dataset; CONCLUSION

- map that represent number of geological
landmarks (officially protected areas and not) Geotourism is an activity of exploring na-
listed in the database per an administrative- ture and geological sites, studying geo-
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Fig.8. Number of geological landmarks per Fig.9. Information popup window of a local
an administrative-territorial unit geological landmark “Kanivski kuesty”

sciences, and participating in environmental general public. Unfortunately, even simple in-
protection. On the other hand, geological tour- teractive web maps that exist on tourism web-
ism has been a promising field to invest in for sites in Ukraine often are unattractive and not
local communities, government, NGOs, tour- user-friendly, rely on outdated technology.
ism companies and researchers. Over the last This paper shows that it is possible to create
decade, UNESCO has been actively develop- a web resource to popularize and collect in-
ing the Global Geoparks Network, objects of formation on geological natural landmarks
geological tourism. with little or no financial cost. It provides po-
Databases and web technologies, such astential visitors with information in a visually
web GIS, web maps integrated into portals, appealing way. Geotourism as a novel field of
have an increasing influence on tourism and Ukrainian tourism, science communication
popularization of scientific knowledge to the and environmental protection should actively
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rely on GIS and web technologies to make 4. Newsome D., Dowling R., Leung Y.F., 2012.

geosites attractive not only to scientists and  The nature and management of geotourism: a
nature lovers, but average tourists. On the oth- ~ case study of two established iconic geotourism
er hand, databases and GIS can serve as means destinations. Tourism Management Perspe-

of collecting, storing, monitoring and manag- (Iif:a\:)ﬁhl\(/:ﬁx/ys lg'tiz)'lzm v Ukayini

ing geological landmarks. So, the concept of a = /2007266 22U2) (in Ukrainian).
geoportal “Geological tourism of Ukraine” g i vieeo VP, Ishchenko AA. Rusko
was developed to synthesize and visualization v A shevchenko V.. Hrytsenko V.P.,
information on geological heritage. 1995. Heolohichni pamyatky pryrody Ukray-

The prototype relies on PostgreSQL soft- iny: problemy vyvchennya, zberezhennya ta
ware and ArcGIS Online platform. The data- ratsionalnoho vykorystannya. Kyiv, 10-11 (in
base allows querying for different classes, geo-  Ukrainian).
logical age, tectonic structures of the geosites, 7. Domashevska M.S,, 2013. Zastosuvannya HIS
working with spatial data through PostGIS ex-  ta danykh DZZ dlya heolohichnoho turyzmu
tension, and creating cartographic representa- (1@ Pprykladi pivdennoyi chastyny Krymu).
tion of the data. Actualization of the database ~ Suchasni — problemy — heolohiyi. — Zbirnyk
with new data on geolandmarks is anticipated naukovykh prats do 155-ichchya z dnya

: . X ' narodzhennya akademika Pavla Apollonovycha
Thep, web mapping was gsed to v!suallzelspa- Tutkovskoho, Kyiv, Fiton, 345-348 (in Ukrain-
tial information and provide user interaction. ian).
Future work will include Updating the database 8. Eder F., Patzak M., 2004. Geoparks — geo-
and creating a fully-functioning geoportal with logical attractions: a tool for public education,
server technologies, querying possibility and a  recreation and sustainable development. Epi-
larger informative component. sodes, 27(3), 162-164.

The geoportal can facilitate publication of 9. Chomko D.F., Ostroukh O.A., 2009. Suchas-
other related products (e.g. printed guides, oral ~ Nyy stan ta problemy vykorystannya HIS-
geotours, interactive applications). It integrates ~ tékhnolohiy v heolohichnykh  doslidzhen-
scientific and educational components of geot- ~ "Yakh. Visnyk Kh\?rllsllvls(koho_ nat\ilolr;;azln%go
ourism, and more precisely, it generates under- ligg’ %ﬁﬁiﬁ:ir']rigi?' N Rarazina, vol.os, 99-
standing and appreciation of geological com- ;4 nor zaini A., Sharina AH., Ong P.L., Salsela

ponents of the environment.

The idea of creating a separate portal is at-
tractive because it will enable the average user

to get an interesting interactive information in

S., Ibrahim K., 2010. Public Education in Her-
itage Conservation for Geopark Community.
Procedia-Social and Behavioral Sciences.
Vol.7, 504-511.

one place, thus sklonyayuchy its direct partici- 11.Newsome D., Dowling R., Leung Y.F., 2012.

pation in the geological tourism.
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FeOl’lOpTaJ’lbl KaK CPEACTBO NMOMYyJAAPU3aAlINA
reoJIOrv4eCKoro HacJjieaus praI/IHBI

Bumanuii 3ayeprosnwiii, Hamanvs Obepemox,
Tlonuna bepe3una

AnHoTtanus. [lokazana mpoOiemMa HCIIONB30-
BaHUS TEOJIOTUYECKUX TaMITHUKOB MPUPOJBI
(TTIIT) permoHa B HAay4YHBIX M 0Opa30BaTEIBHBIX
IIETISTX, KOTOpas SBIISETCS YacThIO OOIIeH mpoobiie-
MBI COXPaHEHHUS W HCIOJIB30BAHUS T'€0JOTHYECKO-
ro Hacjieaus 3eMid, mpuodOpera MeXIyHapoIHOS
3HaueHue. OTEUYECTBEHHBIA U MEXKAYHAPOIHBIN
OTIBIT CBHJIETENIHCTBYET O HEOOXOIMMOCTH CO3/a-
Hust teMatuuecknx [EOTYP, onopHbeIME 00BEK-

MIOBOOHI TEXHONOCri « 07/2017, 18-27
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TaMU KOTOPBIX CIY’KAT T'€OJIOTHYECKUE MAMATHUKHU
npupoasl (ITIIT).

[IpencraBieHa KOHIENIINS T€OJIOTUIECKOTO TY-
pu3Ma, TaMSITHUKOB MPUPOILI U UX 3HAYUMOCTH.
PackpbIThl Takue Ba)KHBIE CMEKHBIE TTOHSATHS, KaK
reoHacieiue, TeoKoHcepBalus 1 reonapk. Kpartko
omHMcaHa uAed KIACCU(PUKAIUN TEONIOTHISCKUX
MaMATHUKOB. V3710KEHBI KOHIETIHUS U METO0JIO-
TUSl CO3J]aHHS TEOTOopTalia, MOCBSIIEHHOTO Te0JIo-
THYECKOMY TYpH3My B YKpawHe, C MOCIEAyIONH-
MU WTOTaMU pPe3ynbTaToB. Pa3paboraHHble BeO-
I'MC nmomkHBI CITOCOOCTBOBATH PACIIPOCTPAHCHHIO
3HaHUH cpedu OOImeld MacChl M CHCTEMAaTH3aIiH
uHpopMaIr 00 0OBEKTaX T'COJOTHYECKOr0 Ha-
caeaus.

T'eonornueckuii TypusMm B YKpaniHE UMEET IO-
TEHUMAN YIy4YlIUTh COLMAIBEHO-DPKOHOMUYECKOE
TMOJIO’)KEHUE MECTHBIX OOIIUH, COXPAaHUTh T€OJIOTH-
Yyeckre OOBEKTHI M TOMYJSIPU3UPOBATH HAYKU O
3emsie. Ha cerognst He CyIecTByeT peaqbHOTO HH-
CTpYMEHTa JJIs NMPUBJICUYCHUS BHUMaHUS 0OIIeCT-
BEHHOCTH K T€OHACIIEANIO U TEOTYPHU3MY, UTO MO~
TBEPXKTAaeT OOJIBIIYIO aKTyalbHOCTh JJAHHOW HaydY-
HOW PabOoTEHI.

Co3nanue reomoprajia MO3BOJUT TpakJaHaM
WHTEPAKTUBHO B3aMMOJIENCTBOBATh C KapTOil reo-
JIOTUYECKUX MaMSATHUKOB B YKpauHe, MOIy4yaTh
WHTEPECHYI0 MH(OPMAIUIO M0 00BEKTaM, TEM Ca-
MBIM TIPHOOMIASICH K TEOJOTHYECKOMY TYpPU3MY.
Jns mocTyKeHUsl OCTaBIEHHOM LENIM PEIIAOTCs
cleyroIue 3aaauu: cOop MH(OPMAIUU O T'eoJIo-
THYECKHX MaMSATHHUKAaX, CO3/JaHHe au3aiiHa O0a3bl
JAHHBIX W €€ HAIOJHEHHE, CO3/IJaHue MHTEPAKTHB-
HBIX KapT, pa3paboTkKa KOHIEHIIMH T'eoropTaia U
€ro MpOTOTHUIIA.

OcHOBHOE BHHMAaHHE COCPEIOTOYEHO Ha pac-
CMOTPEHHH KOHIICTIIIUM TEOTypH3Ma, MEXIyHa-
POAHOIO OMBITa €r0 MPUMEHEHUSI U BaKHOCTU HC-
nojib3oBanus BeO-I'MIC MHCTPYMEHTOB Ui €ro
nomysapuzaiun.  [IpoananmsupoBaB  HapabOTKH
YKPaMHCKHUX YYCHBIX B 3TOH cdepe, pe3ysbTaThl
MEXIYHAPOJHBIX KOH(EPEHIIUH U MPOEKTOB, Clie-
JYIOIIMM 3TaroM cTajia pa3paboTka cOOCTBEHHOMN
KOHIIENIMK TeOolopTaia ¢ HCIOIb30BaHUEM BeO-
TEXHOJIOTHIA U TeOMH()OPMAITMOHHBIX CUCTEM.

KuroueBble c10Ba: T€0TYypU3M, FE€OJOTHYECKUNA
TypU3M, TEOJIOTUYECKHE NaMSITHUKH MPHUPOJIBI,
reonoprtan, Be6-I'MC, TTIII, mpoctpaHcTBeHHas
0a3a naHHBIX.
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MopaepHi3auia ekckaBaTopa ABOCEKLiNHOO
NOBOPOTHOIO CTPINoK
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AHoTanis. Po3po0neHo ekckaBaTop IS BiJKO-
ITyBaHHS MPOTSDKHMUX IMII3EMHUX 00’ €KTIB 3 MOJe-
pHiI30BaHUM pPOOOYMM OONAIHAHHAM Y BHIJIALL
JIBOCEKIIIIHOT moBopoTHOI cTpinm. [lepmry cexiito
3MOHTOBAHO Ha TaTGopMi ekcKaBaTopa 3 MOMKIIU-
BICTIO TIOBOPOTY Y BEPTHUKAILHIN IUIOMINHI, a ApY-
Iy — IMIapHIPHO TMPUKPITUIEHO JO MEpIIoi CeKIii 3
MOXIMBICTIO TIOBOPOTY B TOPU3OHTAIBHIH TIIOTH-
Hi BiTHOCHO BiCi IIepeCyBaHHS MaIllMHA. MeXaHi3M
MMOBOPOTY CTPiJIM BUKOHAHO Y BUTJIS/I IIECTUTPAH-
HOI CHCTEMHU WIAPHIPHO 3 €THAHHWX BaXEIiB, IO
MpeICTaBiIsiE COO0I0 PO3TAIIOBAHI 110 OOMIBI CTO-
POHU CeKILii mapHipHO 3’ €AHaHI M c000I0 aKTH-
BHI #1 TACUBHI ABOIUIEY] BayKeJIl.

OYHKITIOHATBHI MOXJIMBOCTI €KCKaBaTopa po-
3MIAPIOIOTHCS TIUIIXOM 3MIIIEHHS Bici KOTTAHHS HA
MIEBHY BiJICTaHb 3a MEXI1 X0Z0BOI YaCTHHH, IO JI0-
3BOJIIE BIJKOMYBaTH TpAHILECIO MapajelbHO Bici
HOTO TIEPECYBaHHIO B CTHCIMX YMOBaxX MiChKOI
3a0ymoBu. MojepHizoBaHe OONaTHAHHS Ja€ MOXK-
JIUBICTh MiABUINUTH OE3MEKy €KCIUTyaTallii Maiu-
HU TIpY TIepecyBaHHI Ha OepMi MPOTSHKHUX TIia3e-
MHHX 00’ €KTIB Ta y HECTIMKUX I'PYHTOBUX YMOBaX.

KarouoBi cioBa: ekckaBaTop, JBOCEKIilHA
ITOBOPOTHA CTpiJia, 3MillleHAa BiCh KOIAHHS, CTHC-
JINB1 YMOBH.

BCTVII

ONHOKOBIIIEBI €KCKAaBaTOpHU 3aliMalOTh Be-
ayde Micie cepel OymiBeNIbHUX MAIUH s
MeXaHi3alii 3eMJIsSHUX pOOIT. Ixai Texuiko-
eKCIUTyaTalliiHi TOKa3HWUKA B 3HAYHIA Mipi
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Muxanno Cykau
npodecop kacdeapu
OyaiBenbHUX MaLLVH
O.T.H., npod.

BU3HAYAIOTHCS THUIIOM MPUBO/TY, JTOCKOHATICTIO
KOHCTPYKIIil, SKICTIO BUTOTOBJICHHS 1 OpraHi-
3aI[ifHO-TEeXHIYHUM PIBHEM EKCILTyaTallii.

VY xpainax CHJI oxHOKkoOBIIEBI OyaiBenbHI
€KCKaBaTOPH BHITYCKAlOTh 3 PI3HOMaHITHUMH
NPUBOAAMHU — TiJPABIIYHUMH Ta €JIEKTPUYHH-
mu. lllupoke po3nOBCIOHKEHHS TiAPOTPUBOTY
KOPIHHUM YHWHOM 3MIHWJIO KOHCTPYKTHBHI Ta
eKCIUTyaTaIliiHi TOKa3HUKW 1 3HAYHO TIiJ[BU-
IIWIIO iX TEXHIYHUHN piBEHb, TOMY B OCTaHHIN
9Yac OCHOBHY yBary NPHUAUISETBCS PO3BUTKY
caMme TaKuX MaIllvH.

Hapasi Benerbcst poboTa mo KOpiHHIN 3MiH1
TEXHIYHOTO PIBHS OJHOKOBIIEBHUX EKCKaBaTo-
piB. CKOpOYYy€eThCS BUITYCK MAIlIUH 3 MEXaH14-
HUM TIPUBOJIOM, HAPOIIYETHCS BUIYCK MAITUH
3 TIJIpaBIIYHUM TPHUBOJIOM 3 YpaxXyBaHHSM Pi-
3HOMAaHITHUX HAMPSAMIB iX YIOCKOHAJICHHS.

HaiiGinbiie po3moBCIOKEHHS Y OYyIiBHUII-
TB1 OTPUMAaJIA OJTHOKOBIIIEBI €KCKaBaTOPH BHA-
CIIIZIOK Kpamioi MpHUCTOCOBAHOCTI JO IepeBe-
3€HHS 3 MicCIs Ta yHiBepcaibHOCTI. CTae akTy-
AIbHUM BUKOPHUCTAHHS EKCKaBaTOPIB 31 3Mi-
IIEHOIO BICCIO CTPUIM 4Yepe3 Te, IO YacTo IO-
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Tp1OHO BUKOHYBATH POOOTH Y CTUCHEHUX YMO-
Bax — mopsia 3 OyauHKamu, Oinst GyHIaMEHTIB
Ta iH., @ TAKOXX B YMOBaxX Ji¢ BHKOPHCTaHHS
3BHYAIHOTO €KCKaBaTOpa HEMOXIIMBO (HAINPH-
KJIaJl, KOJIU TTOTPIOHO BIJIKOTIYBaTH KaHaBY Tia-
paJielbHO BiCi MepecyBaHHS €KCKaBaTopa, Ko-
MaHHs TPYHTY MiJ TPpyOONpPOBOJAOM Il HOTO
JOBUIBHOTO ONMYCKaHHS Y TPAHIICIO TOIIO). 3a
JIOIIOMOTr'OK0 3MIHHOTO OOJIagHaHHA Takl €Kc-
KaBaTOpH CTAlOTh HE3aMiHHUMM TpU Oprasi-
3arlii OyaiBeTbHUX POOIT.

Hapasi cTBopeHO psia eKCKaBaTOpiB i3 3Mi-
IICHOIO CTPUJIO0, TEXHOJIOT1sI CTBOPEHHS SIKUX
J0CTaTHRO po3BHHEHA. OCOOIMBO TOCTPUM €
MUTAaHHS BPIBHOB)XCHHS €KCKaBaToOpa IIij] yac
kormaHHsA. OCKIIbKHM BiCh KOIIAHHS HE CITIBIIA-
Ja€ 3 BICCIO €KCKaBaTOpa MOKJIMBE HOTO Tepe-
kunanHsa. Tomy € moTpeda BIOCKOHATIOBAHHS
Ta CTBOPEHHS HOBHX BHCOKOTEXHIUYHHX EKCKa-
BaTOPIB.

OngHuM 3 TaKMX €KCKaBaTOpiB, KM OYJ0
B35TO 33 MPOTOTHUII, BUTOTOBIIEHO 3aBOJIOM 1M.
Kominrepuy (BO ,TSAXKDOKC”) 50-5122 b.
Bin Brirouae B cebe 6a30By MaimiuHy, 10 SKOi

3a JIOTIOMOTOI0 MaHIIyJIsATOpa MPUETHAHO PO-
6oue oOsiagHaHHA TUITY OOEpHEHa JioTaTa, 10
BKJIIOYA€E B ceO€ CTPLIy, PYKOATH 1 KiBII, IIap-
HIpHO 3’ €/IHaHI MiX CO00I0 3 MOXKIIUBICTIO Ha-
MPABJICHOTO TEPEMIIICHHsI CTPIIM Y TEpIICH-
TUKYISPHIHN TUIOMIMHI BiTHOCHO BiCl KOMTAHHS.

OTxe, CTBOPEHHSI €KCKaBaTOPIB 31 3Mille-
HOIO BICCIO KOIMAHHS CIIij] BBaXATH TEPCIEK-
TUBHUM.

Meta po3poOKH TMOJsirae y pO3LIMPEHHI
(YHKIIIOHAIbHUX MOXJIMBOCTEH TIiJI 4ac KO-
NaHHS MPOTSHKHUX 00 €KTIB MapayieiabHO Bici
NepecyBaHHsl €KCKaBaTOpa Ta BUKOHAHHS pO-
0IT y CTHCITUX yMOBaXx.

KOHCTPVYKIIIA TA TIPUHIAIT A1
POBOYOI'O OBJIAJIHAHHA

3a3BHUYail MaIIMHU 31 3MIMIEHOIO BICCIO KO-
TaHHsI, K1 MICTATh IIAPHIPHO 3’ €IHaHI poOoUl
Opranu, po3MilIeHHI O0e3mocepeHb0 Ha iXHIN
moBopoTHii tutatdopmi [1 — 3] mMaroTh Taki
He/oiKi. BOHM He MOXXyTh BiIKOITyBaTH Tpa-

Puc.1. ExckaBaTtop 3i 3MIIIICHOIO BICCIO KOTIAHHS, BUI 300Ky
Fig. 1. Power-shovel with the displaced axis of diggieggl-view
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HIIICIO 32 MEXEI0 XOJI0BOT YaCTHHHU TMapayeib-
HO BICi MepecyBaHHs; MiJABUIICHI BUMOTH 10
3ac00IB KEpyBaHHS TIOJIOKEHHSIM POOOUYOTO
OpraHy BiJHOCHO BiCi KOTTaHHS.

Haii0mmxauM TeXHIYHUM PIIMIEHHSM € Po-
0ode o0yagHAHHS OJHOKIBIIEBOTO €KCKAaBaTO-
pa 31 3MIIICHOI0 BICCIO KOMaHHS, K€ MICTUTH
PYKOSITh, BUKOHAHY 13 IBOX YaCTHH, 3B’ sI3aHUX
[IapHIpOM 3 BepTUKaiIbHOIO Biccio [4, 5]. He-
MMOBOPOTHY YaCTHHY PYKOSTI BHKOHAHO 3 OIO-
PHHM CEKTOPOM, BHKOHAHHM Y BUTJISI JIBO-
IJICUOTO BaXKels, OJIHE IIeYe SIKOTO 3’ €IHAaHE
3 TIAPOIMWIIHAPOM KEepyBaHHS MEXaHi3MOM
MOBOPOTY pobovoro oOjagHAHHS B TOPU30H-
TaJIbHIN IJTOLINHI.

AJie pu KOMaHHI TpaHIIel mapanenbHo Bicl
MepecyBaHHsl €KCKaBaTopa Taka KOHCTPYKILis
PYKOSITI JI03BOJISIE PO3POOIATH IPYHT TIIHOH-
HOIO HE OUIbII, HIK JTIOBKWHA TTOBOPOTHOI Ha
BEPTUKAIILHOMY IIapHipi pykosri [6]. 3a no-
MOMOTOI0 Hel TaKOXX HE MOYKHA BiJKOITYBaTH
TPAHILEIO 32 MEKAaMHU XOJI0OBOi YaCTUHU BiIHO-
CHO BiCi mepecyBaHHs eKckaBaropa [7, 8.

ToMy 3amponOHOBaHO HOBY KOHCTPYKIIIFO
poboyoro oOsaHAHHS, K€ J03BOJISIE 3HAYHO
PO3MUPUTH (PYHKITIOHATBHI MOXIIUBOCTI €KC-

11

KaBaTopa IIiJf Yac KONAHHS MPOTSDKHUX
00’ €KTIB TapajeabHO BICI MEpecyBaHHS Ma-
[IIMHU Ta BUKOHYBAaTH POOOTH Yy CTHCIUX YMO-
Bax [9 — 13].

ExckaBatop 31 3MilIeHOI BiCCIO KOITaHHS
(Puc.1) npexacrasinsie coboro 6a30By MammHy 1
3 MOBOPOTHOIO MIaT(HOPMOIO 1 pobounM opra-
HOM y BUTJISAI KOBIIa 2, pyKOsTI 3, CTpiIH,
BHKOHAHOI 13 JBOX IIAPHIPHO 3’ €IHAHUX MIXK
coboro cekmiii. [lepmry cekmiro 4 3MOHTOBaHO
Ha TUIaThopMi EKCKaBaTopa 3 MOJXKIHBICTIO
MOBOPOTY Y BEPTHKAIbHIN IMJIOUIMHI, a APYTY
CEKIII0 5 IMapHIpHO MPUKPIMUICHO 10 Mepiioi
CEKIIil 1 BAKOHAHO 3 MOJIMBICTIO MTOBOPOTY B
TOPU3OHTAJIbHIN TUTONTWHI BIJHOCHO BiCl mepe-
CyBaHHSI €KCKaBaTopa. MexaHi3M MOBOPOTY
CTPUIM BHKOHAHO Yy BWIJISAAl IIECTHTPAHHOT
CUCTeMH MIAPHIPHO 3’€IHAHUX BaXelliB, sSKa
MpeACTaBIsiE COO0I0 PO3TAIIOBaHI MO OOWIBI
CTOPOHHM CEKLIHA CTpiAM HIApHIpHO 3’ €QHAHI
MDK co00r0 akTuBHI nBoruiedl 8, 91 macusHi
10, 11Baxeni (Puc.2).

Omne ki”Hens macuBHux Baxenis 10, 11
MPUKPIIUIEHO 10 BIAMOBIIHOTO Kparo MEpIIOi
cekiii 4 cTpinau, a 1HIIMH — 10 KOPOTKUX KiH-
I[iB aKTUBHUX JBOIUIeunX BaxkeniB 8, 9.Cepe-

ﬁ—ﬂ" =

Puc.2. ExckaBartop 3i 3MIIIICHOIO BICCIO KOIAHHS, BUJ 3BEPXY
Fig. 2. Power-shovel with the displaced axis of diggikigd from above
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JTHIO YaCTHHY OCTaHHIX 3’ €THaHO 31 ITOKaMHu
TiIPOLMIIHAPIB 6, 7, KOPIYCH SKUX PYXOMO
3aKpIMJICHO HA BIAMOBIAHUX CTOPOHAX JAPYTOi,
MOBOPOTHOI, CEKLii S TP, AKa MPUBOAATHCS
B PyX 3a JIOTIOMOTOI0 TPUKPIIUIEHUX OO Hei
JIOBIUX KIHI(B JBOIUIEYNX AKTHBHHUX BaXKEJIB
8, 9.

I'eomerpuuni po3Mipu 1 ¢opMy IIeCTH-
TPaHHOI CHCTEMH BXKENIB Ta BEIUYHHY XOIY
MITOKIB T1APOUUTIHAPIB 4 3 KOKHOI CTOPOHHU
CTPLIM KiHEMATHYHO TOB’ SI3aHO 3 IIHPHHOIO D
il cekuiii 4, 5Ta KyToM MOBOPOTY 0 PyXOMOi
YaCTUHU CTPLUIU Y TUIOIIHMHI, TIEPIEHIUKYIISIP-
HI Bicl KOMaHHS €KCKaBaTopa. Bincranp e
MDK BICCIO MEpEMIIIeHHsI eKCKaBaTopa Ta Bic-
CIO TIPOTSDKHOTO 00’ €KTa 00YMOBIICHO JOBXKH-
HOIO TEPIOT CEKIlli CTPLIM 1 KyTOM 0.

ExckaBaTtop 31 3MIIICHOIO BiCCIO KOIAHHS
npaioe TakuM unHoMm [14 — 17].TIpu Bigko-
MyBaHHI MPOTSDKHUX 00’ €KTIB MapaieabHo Bici
MepecyBaHHsI €KCKaBaTopa Ta PoOOTI B CTHC-
JTUX yMOBax, eKckaBaTop 1 BCTaHOBIIOIOTH
rapajieJIbHO BiCl MPOTSHKHOTO 00’ €KTa Ta IOo-
BEpTarOTh pobode 00aHAHHS HA TTOBOPOTHIN
maTdopmi Ha HEOOXIAHUI KYT o, SIKHH 3yMO-
BJIIOETHCS BiICTAaHHIO e MK ekckaBatopoMm 1 i
II030BXXHBOIO BicCrO 00’ €KTa.

Iuoporuninapu 6, 7 KkepyBaHHS TOBOPOTOM
CTpUJIH, SIKI PO3TAIIOBaHI MO OOMABI i1 CTOPO-
HU, 3a JOMOMOTOI0 JBOIUICUYMX AKTUBHUX Ba-
xemB 8, 9, MpUBOIATh B PyX APYry, MOBOPOT-
Hy, cekuio 5 crpinu. Hanpuknaa, npu ii no-
BOPOTI MPaBoOpyY, SK MOKa3zaHo Ha Puc.2, mTok
riiponmiaiHgpa 6, PO3TalIOBaHOTO 3 MPaBOi
CTOPOHU CTPILJIM, BUCYBAETHCS, IIOYN Ha cepe-
JHIO YaCTHHY TPaBOTO JIBOILUIEYOTO aKTUBHOTO
Baxkens 8, a MITOK TiAPOUMITIHApPa 7, pO3Tallo-
BAaHOTO 3 JIIBOI CTOPOHU CTPUIM, CUHXPOHHO
MPaBOMY TiAPOLMIIHAPY 6 BTATYETHCS, AIF0UN
Ha CEPeJHI0 YaCTHUHY JIIBOTO JBOIUICYOTO aK-
THUBHOTO Baxens 9.

Ile mpu3BOAMTH O CKIIAJaHHS MPaBOi CTO-
POHM UIECTUTPAHHOI CHCTEMH MIAPHIPHO
3’ €IHAHUX MK COOO00 aKTUBHOI'O IBOILIEYOTO
8 1 macuBHoro 10 BakemiB, pPO3TaIIOBAaHUX
MpaBopyd CTPUIH, Ta OO0 PO3KIAAAHHS JIiBOI
CTOPOHH WIECTUTPAHHOI CHCTEMHU IIAPHIPHO
3’ €IHAHUX MK COOO00 aKTUBHOI'O IBOILIEYOTO
9 i macuBHOrO 11 BakeniB, pO3TAlIOBAHUX JTi-
BOPYY CTPLUIH.
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[Tin nmiero cua CTUCKaHHS Ta PO3TIATYBAaHHS
BIAMOBIAHUX JOBIUX KIHI[IB aKTUBHHUX JIBO-
IJIeYNX BaxenmiB 8, 9, MpUKPIMIEHUX 10 MOBO-
pOTHOI cekuii S CTpinM, BOHA MOBEPTAETHCS B
TOPU3OHTAJIBHINA TUIONIMHI MPaBOPYY HABKOJIO
HIApHIPY 3 BEPTUKAJIBHOIO BICCIO HAa KYT d,
CIPSIMOBYIOYH KiBII 2 3 PYKOATTIO 3 mapale-
JBHO BiCl mepecyBaHHs ekckaBaropa 1.

BiakonyroTs mpoTsbkHI 00’ €KTH 32 JOTIOMO-
rOl0 KOBIIA 2, 3aKPIMNICHOTO HA PYKOSTI 3, Y
3BUYaliHOMY pexuMi. g po3BaHTaKeHHS
IPYHTY Micis MmigiioMy KoBina 2 ekckaBatop 1
pPO3BEpTalOTh Ha TMOBOPOTHIN TuIaTGopMi, BH-
BUJIBHSIOTH KiBII 2 1 MOBEPTaIOTH podoue 00-
JaHAHHS Y BHUXIJHE TIOJOKEHHS 13 3a3Hadye-
HUM EKCLIEHTPUCUTETOM e BiJIHOCHO OCi Imepe-
CyBaHHsI eKkckaBaTopa. Jlami poOoumil mHKI
MTOBTOPIOIOTH.

BHUCHOBKU

1. ®yHKIIOHATBEHI MOXKJIMBOCTI €KCKaBaTo-
pa 31 3MIIIEHOI0 BICCIO KOMAHHS PO3IIUPIO-
IOThCSl 3aBJISIKM BCTAHOBJIEHHIO poO0OYOTO 00-
JaJHAaHHS 3 MOJJIMBICTIO 0O€pTaHHS ApPYyroi
(moBOpOTHOT) CceKItii cTpiiy y Micii ii mapHip-
HOTO 3’ €THAHHS B TOPU3OHTAIBHIN IUIONMIUHI 32
MEXaMH XOJI0OBOI YaCTHHU €KCKaBaTopa Ha
BiJICTaHi € BIIHOCHO Bici HOTO MepecyBaHHs.

2. 3Ha4HO 30UTBIIYETHCS TIMOWHA BIJKOITY-
BaHHS TpaHILE] 32 PaxyHOK 30UIbIICHHS Bif-
CTaH1 MDXK KOBIIIEM 2 1 IIAPHIPHUM 3’ €THAHHSIM
CeKIill cTpisu, sika TOpPiBHIOE CyMi ii TOBOpO-
THOI YaCTHHH 51 TOBXKUHU PYKOSATI 3.

3. HoBa xoHcTpyKIIisi poboyoro obiaagHaH-
HSI €KCKaBaTopa J1a€ MOXKIUBICTh BUKOHYBATH
poOOTY y CTHCIMX yMOBaX MIChKOI 3a0y/0BU
Ta MABUIIUTU OE3MeKy eKCIUTyaTallii MaliuHA
MIpU TIEpECYBaHHI Ha OepMi MPOTHKHUX Ti3e-
MHHUX 00 €KTIB Yy HECTIHKMX TPYHTOBHUX YMO-
Bax.
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Modernization of power-shovel
by a two sectional turning arrow

Mykhailo Sukach

Abstract. An excavator for digging out long
underground objects with modernized working
equipment in two-section swivel boom form was
developed.

The first section is mounted on a excavator’'s
platform with the vertical plane rotation ability.
The second section is pivotally attached to thet fir
section to be rotatable in a horizontal plane rela-
tively to the axis of machine’s movement.

The mechanism of boom’s rotation is made in
the hexagonal system form with articulation be-
tween active and passive two-arm levers, located
on both sides of the sections.

The functionality of the excavator is expanded
by shifting the digging axis in a certain distance
beyond the chassis, which allows digging a trench
parallel to the axis of its movement in conditions
of tight urban planning.

Modernized equipment makes it possible to in-
crease the safety of operation of the machine while
moving on the berm of extended underground ob-
jects and in unstable ground conditions.

Keywords: excavator, two-section swivel
boom, digging axis shifting, tight urban planning.
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Abstract. The purpose is approximation of
mathematical model of processes of cutting and
loosening of the soil for the receipt of analytical
dependence of determination of critical depth of
loosening taking into account the working speed
at the combined tiered destruction of soil. An ap-
proximation based on regression analysis used in
the processing of data derived from experiments
with a number of parallel observations in the ex-
periment. Built graph of the dependency between
relative critical depth, working speed of the work-
ing body and angle cutting soil. Identify the value
of critical depth loosening for five types of sall
and full range of working speeds, depending on
the physical and mechanical properties of the soil.

Keywords: angle cutting, depth loosening, op-
erating speed, critical depth, free cutting, blatke
cutting, combined cutting

INTRODUCTION

To eliminate the overcritical zone soil
loosening and reduce the energy workflow [1
— 3, 22], need to know the critical depth of
cutting depending on cut conditions (upper
lower tier) and initial data for soil and speed
of the working body [4 — 7]. Process of tiered
combined cutting soil and mathematical mod-
el of determination the critical depth of loos-
ening were examined and described in previ-
ous articles [8, 9, 20].
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To study the combined critical depth con-
sidering working speed was considered the
destruction of soil unpin based on scheme
(Fig.1), at the same time as the initial condi-
tions were accepted the following assump-
tions:

1) soil - homogeneous isotropic medium
characterized clutch, external and internal
friction, density and moisture content;

2) the element of chip is viewing as a sol-
id body in the form of a triangular prism with
two symmetrical conical sectors on each
sides;
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3) the normal law of pressure distribution
on the frontal plane of the working body in
the chipping area is taken linear for the depth;

4) the critical depth is constant apart of
work of working body in landing mode or in
steady mode.

Because of these researches was obtained

mathematical model of the critical depth of
cut in the combined tiered destruction of soll
considering the working speed:

-B-+B%-4AC
th.K - 2A ' (1)
wherev, a,, y - speed, cutting angle shear

soil and cleaving soil angle; (look Fig.1y;,

— critical cutting speed at which changes the
nature of the destruction of soil [k -

p +cos3

sin(a

maximum soil pressure on the knife’s surface
in the upper tier by free-cutting process;,

— critical value of pressurdy, — width of the
knife; y.,, ¢ — specific gravity and friction
coefficient of soil; g — acceleration of grav-
ity; & — angle of soil external frictionp, —
angle of soil internal frictionk,, — the ratio

of the depth zone of guaranteed chipping soil
(Kyep= 0,9...0,95);qy — the minimum value
of pressure, acting on the surfadg;, hs,» -

depth of soil operation in a free and blocked
cutting respectivelyyy, v, — collapse zones
angles on combined cutting the soil in upper
and lower tiers respectively [21f, 6, A —

angles formed by lateral chipping plane with
the vertical plane.
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Fig.1. The scheme of interaction of a knife with soil ormment about combined cutting soil:
a — in the longitudinal plandg - in the transverse plane: the form of chip's element
in the knife hollowing process

Calculated value of the relative depth of whereb, — free member;
cleavage in view of working speed listed in by, by, b3, by 5, by 3, bysghy o5 — factors that take
the Table 1.

As the mathematical model is quite cum-
bersome and not easy to compute and further
research is necessary to make an approxima-
tion of the model. For realization of approxi-
mating will use the regression multivariate
analysis [11 — 13].

To determine théb — coefficient used re-
gression analysis based on the method of least

into account linear impact on the interaction
feedback factors of the first, second and third
orders [10].

Draw the transfer of levels™ factors natural
values in the code dimensionless quantities in
order to further build of standard matrix (Ta-
ble 2):

squares [18, 19]. X, = Xk = Xig , @3)
Will write the equation of theoretical AX

mathematical model of the critical depth of

cut COﬂSideI’ing the Speed in general VieW: Where X, — Coded Va'ues dk_factor’ Xk —

natural current value dfactor; Xy, = initial

Xmalx + ><min

y =l +bpq +byx; +byxg +
+DyoXg X + Dy 3% X3 +o3XoXs +,  (2) (zero) level X, =

+ b12,3X1X2X3 AX, - the interval of variation dé-factor.
the interval of variation df-factor [14 — 16].

- factor;
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After the coding level factors take values:
"1" - the upper level; "-1" - lower level; "0"

Regression coefficients calculated by the
formula:

— zero level. As zero level, take the center of

spacing, which conducted the study (Table 3). b, 1 Zn: @
= — yI y
. .. n =i
Table 1.Value ofrelative critical depth =
1 n
— b ==2 %V, (5)
Semi-solid loam niZ
m 10
sl o | 1 2 3 4 | 518 biy :HZ XXy Yi (6)
i=1
OLp, 10
20 [890|10,32] 11,44 12,69 14,13 16,24 Buc = =D X Xy Xc Vi » (7)
30 |76 9,02 | 10,44| 11,44 1407 17,13 Ni=1
40 |[578] 7,86 | 943| 11,29 13,70 17,69
50 |458] 6,63 825| 1020 12,76 17,27 _ : _
50 13551 547 7001 886 113t 1560 Where.x,,xu,xk natural values,.u,.k .factor
Longing clay experimentsy, — parameter optimization
m feedback.
s| o | 1 2 3 4 | 555 . .
\ Perform the calculations of approximated

Up: value of critical cutting depth:

20 | 8,28]10,80| 1156] 12,44 134f 1545
30 |6,83] 9,16 | 10,20] 11,44 1298 16,33 h
40 [559( 7,79 | 9,05| 1054 1258 17,10 i =ty +—(Xi - Xio) +
50 | 443| 6,39 | 7.73| 939 1158 1695 AX;
60 |3,33| 513 | 6,60| 844 1094 1764 . by (% = X)X, Xoo)+
Solid sandy loam v Avw NPT AONAN T Ao
— y AX;AX,, (8)
sl o | 1| 2| 3| 4] ass +%(Xi = Xi)X
” DX, AX AX,
20 |12,28 14,13| 16,000 1839 21,25 2299 % (Xy = Xyo)(Xk = Xko)
30 | 9,73| 12,10| 1442 1750 2199 2472
40 | 7,73] 10,47| 13,06 16,58 22,15 2588 When substituting numerical values of the
50 603|872 11,37] 1502 20,98 2507 components of the equation (8) for different
60 | 4,53| 6,94 | 929| 1264 1821 22,19

soil types, we obtain the following expres-

sion:

Table 2.Value factors and levels of variation for diffetéypes of soil
Level of variation

, B

Marking | 8|8 Natural
Factor | © | o @’E“ %%‘ % Semisolid loam | Solid sandy loam | Hardplastic clay Code

218ES 25| 28— _ _ _

z2|OF~ |Ea| E7 top| mid.| bot. | top| mid| bot. | top | mid| bot. | tog mid{bot.
Blade d d L . _

width, b, m X1 | x 0,1 0,1 0,1 0,250,15 0,05 0,25 0,1 0,05 0,25 0,B/0: |1 0 1

Knife's

cutting | X> | xo | 0,349| 0,349 0,349|1,0410,698 | 0,349 1,047| 0,698| 0,349| 1,047| 0,698(0,34¢ | 1 0] -1
angle,a, rag
Cutting
speed, | X3 | x3 | 2,09 | 1,729 2,275|5,18 3,09 1 4,45 2,72% 1 555| 327§ 1 1 o -1
V,m/s
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Table 3.Matrix of 3-factor’s planning

Yi Yi
N Xo X1 X, X3 X1 X2 X1 X3 X2 X3 X1XoX3 Semisgilid loam Sollid sandy Hardplastic
oam clay
1 [+ [ -1 1] 1 1 1 1 -1 0,516 0,707 0,54
2 |+ 1 -1 1 -1 -1 1 1 2,581 3,533 2,702
3| + | 1| 1| -1 -1 1 -1 1 0,274 0,347 0,257
4| + 1| 1| -1 1 -1 -1 -1 1,369 1,737 1,285
5 | + | -1 -1 1 1 1 -1 1 0,812 1,15 0,773
6 | + 1 [ -1 1 -1 -1 -1 -1 4,061 5,748 3,864
7 [+ [ 1] 1 1 -1 1 1 -1 0,785 1,11 0,882
8 | + 1] 1 1 1 -1 1 1 3,925 5,548 4,411
Average valuef feedbacly, 1,79 2,485 1,839
(for semisolid loam): Table 4.The coefficients of the regression equa-
tion b and approximated value
hkp = 1,79+11,9il(b— 015)— 05788+ of combined cutting critical depths
x\a, — 0,689+ 0,2894v — 309) -
@ ) 4v - 309) Coam | Sandy[ Clay
-38684b - 015)(0, -~ 0,689+ o joam
~ ~ by | 1,790 | 2,485 1,839
+1933b - 015)(v - 309) + 0.2207x b, | 1,194 | 1,657| 1,226
x (ap - 0,689)(v - 309)+ b, |-0,202]-0,300] -0,131
. b; |0,605| 0,904, 0,643
+ — — —_ 1 1 1
14806 - 015)(u, — 0,689y ~ 309) e
by; | 0,404 | 0,603| 0,429
(for solid sandy loam): b,; | 0,161 | 0,240 0,295
b 0,108 | 0,160| 0,197

hyp = 2485+1657(b — 015) - 0,8596x
x (0, ~ 0,689+ 0524v — 2,725) -
~57304b~ 015)(u, - 0,689+
+3495€b - 015)(v - 2,725+ 0,3986x
x (0, ~ 0,689Yv - 2,725 + 2,6577x

x (b~ 015)(a, - 0689v - 2,725

(10)

(for hardplastic clay):

hyp =1839+1226(b - 015) - 0,3752x
x (0, ~ 0,689+ 0,2826(y ~ 3275 -

- 2,4928b - 015)(a, ~ 0,689+
+1,8857b - 015)(v — 3275 + 0,3715x
x (0, ~ 0,689 v - 3275 + 24811

x (b~ 015)(a, ~ 0,689v — 3275

(11)

Puts the obtained coefficients of equations,
theoretical and approximated value of critical
cutting depth in Table 4 and 5.

38

Carry the appreciation of the regression
coefficients and adequacy test of regression
equations using dispersion analysis.

Determine the degree of deviation values
- research of a random variable from its aver-
age value:

§=3 (v - v\, (12)

i=1
wherey — average value of the research.
Dispersion of the research:

S S , (13)

whereN — numbers of researches.

The statistical significance of the regres-
sion coefficients is checked usirig— Stu-
dent's criterion [14 — 17]:

b
ty = |Sb_i|| : (14)
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Table 5.Plan Zand the results of calculations

3 SE[ o€ SE| o€ SE[ o€
3 2 8| 3| = | 85|23 | % |88 |55 =
E . 29 33| %8| £ | 39| %8| ¢ z3|%%| ¢
= & o¢ >0 3 < >0 3 S >0 3 S
3 = = 58| 8% | 2 | 58| 8w | &2 | 58| 8=| &
= =] B s .© = = s .9 = = s .9 =
N | 3 o O Lt | §E s | &= 2E | 8=
2 2 °l I5 °cl <5 °cl g5
ks £ -
m 8 E |©E >
g |88 8 Loam Sandy loam Clay
| n =
1] 005] 0349 10 10 10 o516 0516 0,03 0,707700] 03 | 054] 0,54] 0,04
2] 025] 0349 | 10 14 10 2581 255806 0,3 3533538 0,8 | 2,702] 2,702 0,04
3] 005] 1,047 10 14 10 0274 02786 0,03 0347340 055| 0,257 0,257 0,011
4| 025] 1047 | 10 1d 1,0 1,369 1,3686 003 1,737737, 044 | 1,285 1,285 0,04
5] 005| 0349 | 518 445 555 0812 08116 003 1[151,15 [ 0,88 | 0,773 0,773 0,011
6| 025| 0349 | 518 445 555 4,061 4,0606 003 548748 0,88 3,864 3,864 0,044
7] 005| 1,047 | 518 445 555 0,745 0,746 003  1[111,11 | 0,66 | 0,882 0,882 0,011
8| 025| 1,047 | 518 445 555 3,925 39446 003 5548548 0 | 4,411 4,411 0
S§ Tab.3.2.]. When,; >t , the coefficient of the
f=x (15) : o .
TN regression equation is significant. Otherwise,
this ratio should be excluded from the equa-
Defined by the formula (11) valug, is tion.

compared with tabulated values, [13,

Table 6.Research dispersion, the statistical significaofdbe regression coefficients, quadratic error of
regression coefficients

Semisolid loam Solid sandy loam Hardplastic clay

Ne S,Z Si Si t, Suz Si Si ty, Suz 83 Si ty,
1| 1,623 3,535 3,161 3,456 1,688 3,467
2 | 0,626 2,357 1,098 2,304 0,744 2,312
3| 2,298 0,399 4571 0,417 2,504 0,246
4 | 0,177 1,196 0,560 1,257 0,307 1,213
5 | 0,956 2,0511 0,506 0,266 1,782 41371 0,719 0,277 1,1372’251 0,530 0,164
6 | 5,157 0,797, 10,647 0,838 4,100 0,808
7 | 1,010 0,319 1,891 0,333 0,916 0,555
8 | 4,558 0,213 9,382 0,222 | 6,614 0,370
hep /b, M

“ Ihph/b M
200 e el — —— 500
O B

V=a = 160

8.0 1

— %" 00
20 30 10 50 g P 0 | 2 3 4 5

_Fig.2. Dependence of the apprbximated relative critiegitd combined cutting sdil, . fromthe speed
by changing the angle of cutting feemisolid loam

Lt P
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Fig.3. Dependence of the approximated relative critiegdtd combined

0 I 2 3 4 \Si
cutting sdil, .. fro

mthe speed by

changing the angle of cutting and dependence abappated relative critical depth combined cut-
ting soilh,,. from the angle when changing cutting spesatid sandy loanandhardplastic clay

The value of the research dispersion, statis-
tical significance of regression coefficients
and quadratic error of the regression coeffi-
cients are entered in Table Bependence of
the approximated relative critical depth com-
bined cutting soilhg,,. from the speed for
different types of soil are shown on Fig. 2 and
Fig. 3.

CONCLUSIONS

1. The possibility of regression analysis
applying of analytical model to approximate
the critical depths of combined cutting soil
has been shown.

2. Critical depth of combined cutting soil
is approximated by the equation with a com-
bination of factors like (8...15), approxima-
tion error is less than 1%.

40

3. Under the calculation dependence, in-
creasing operating speed of 0 m/s to 4 m/s
approximated value of relative critical depth
of combined cuttind, ... increases from 3,58
to 14,13 meters for semi-loam; from 4,53 to
22,15 for solid sandy loam; from 3,33 to
13,47 for hardplastic clay depending on the
cutting angle.
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AnnpokcuManus MaTeMaTHYeCKOi MOJeTH

KPUTHYeCKOH IIyONHbI KOMOMHHPOBAHHOT O

pe3aHusi TPYHTOB Ha OCHOBE PerpecCHOHHOI0
aHaJIN3a

Cessmocaae Kpasey, Poman 30ps

Annotamus. [IpencraBieHbl pe3ynbTaThl am-
MPOKCUMAIIMH MaTeMaTHYECKOH MOJICNH TPOIIeC-
COB PE3aHUs W PHIXJICHUS TOYBBI JUIS MTOTyYCHUS
AHAJMTUYECKON 3aBUCHUMOCTH OIpPEIeNICHUs KpH-
TUYECKOW TIyOHMHBI Pa3pbIXJIEHUS C YUYETOM CKO-
pocTH pabodero oprana mpu KOMOWHHPOBAHHOM
MOAPYCHOM pa3pyleHnu mouBkl. [IpoBeaeno an-
MPOKCUMALIMI0 HA OCHOBE PETPECCHOHHOTO aHa-
JIA3a, WCIOJB3YeMyI0 Tpu 0O0paboTKe HTaHHBIX,
MOJYYCHHBIX B PE3yJbTaTe 3KCIICPUMEHTOB C OII-
pEACICHHBIM KOJMYECTBOM TIApPAJUICIBHBIX Ha-
omoxnenuii B ombite. [locTpoeHsl rpaduku 3aBu-
CUMOCTH MEXJy amnmpOKCHMHPOBAHHOW OTHOCH-
TENBbHOW KPUTHUYECKOW TIIyOMHOH, paboueil cko-
POCTBIO pabodero opraHa U yriioM pe3Kd MOYBHI.
Ompenenensl 3HAYCHHUS] KPUTHYECKOW TITyOMHBI
Pa3phIXJICHUS IS TISITH TUTIOB TPYHTA W TOJIHOTO
nrana3oHa pabodnmx CKOPOCTEH, B 3aBUCHUMOCTHU
OT (PU3NKO-MEXAHUIECKHX CBOWCTB ITOYBHI.

KiroueBbie cioBa: yron pesanus, TyOuHA
pas3pbIxiieHus, padodas CKOpOCTh, KpUTHUYECKas
ryOvHa, KOMOWHHMpOBAaHHAs pe3Ka, ypaBHEHUE
perpeccuw, JUCTIEPCHsI UCCIIEIOBAHUSI.
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Abstract. Current rules do not take into ac-
count the peculiarities of glue laminated beams
under the conditions of slanting bending. In fact,
the rules do not consider the real change in the
stress-strain behavior of such elements upon the
load change from its initial application till frace
under the conditions of slanting bending due to the
fact that material (wood) behavior in the construc-
tion is currently assumed as nominally elastic.
What is more, this issue is not sufficiently stutdie
either theoretically or experimentally.

This article is devoted to the study of the work-
ing peculiarities of glue laminated beams made of
glued pine boards under the conditions of slanting
bending.

The main issues are as follows, the description
of research methodology and experimental proto- der the conditions of slanting bending will alloav t
types, analysis and processing of the research re-perform more reliable calculations of stress-strain
sults, working peculiarities of the material astpar behavior and design of glue laminated beams at
of the glue laminated wooden beams under the different stages.
conditions of slanting bending. Keywords: wood, bearing capacity, slanting

The article presents the results of experimental bending, strain, stress, stiffness.
studies on the bearing capacity and deformity of
glue laminated beams under the conditions of
slanting bending. The results will give the oppor- INTRODUCTION
tunity to design wooden constructions taking into
account the profound knowledge on material ca-

pacity as well as the working peculiarities of its WO_Od IS not_ only one of thg oldest con-
components, which will lead to a more practical struction materials, but also an important ma-

cross section of structural components. terial to be used both in the present and future.
Investigation of the process of laminar deforma- Considerable increase in its use in the con-
tion upon the section height and indication of the struction industry is an irresistible argument to
peculiarities of the stress-strain behavior of ¢hes this. Modern building wood has several bene-
layers due to the stress of physical force un- fits, such as light weight, easy manufacture,
firmness and relatively cheap cost, constant
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natural renewability, which help to create new
architectural forms. The appearance of lami-
nated wooden structures has significantly
stimulated and diversified the scope of use of
wood in construction. They are currently used
for raising one-storied industrial and sports
facilities as well as multi-storied residential

and public buildings.

The behavior of solid beams as well as glue
laminated beams which are under the condi-
tions of slanting bending is currently poorly
known. Operative rules and existing studies
[1] do not address the real behavior of the
beams under the conditions géntingbending
or make it impossible to establish the neutral
line position and the stress-strain distribution

slope angle for organizing the prototypes. The
supports were made of steel 4 mm thick and
were set in the places for the beams to rest on
them as well as in the points of application of

two concentrated loads. Loading of the beam
was executed with the help of a hydraulic jack

which was housed on a metal traverse. The
base of the traverse amounted 900 mm which
made 1/3 of the experimental beam span. The
load level was controlled with the help of a

dynamometer which was marked in advance.
The load was applied by degrees of 8...10% of
the assumed devastating load taking into ac-
count the guidelines and requirements [9]. The
scheme of the experimental installation and the
location of the devices on the prototype are

of the cross section at various stages of loading shown in Fig.1.

the construction in general.

PURPOSE AND METHODS

Pilot testing of a glue laminated block is the
principle method for solving the specified
problems.

Glue laminated wooden beams were made
from first pine wood with due account for the

The purpose of this research is the study of requirements [4 — 6]. Class D3 resorcinol resin

the working peculiarities of glue laminated
beams under the conditions of unsymmetrical
bending [2, 3].

Wood moisture content at the moment of
manufacture of the samples was within 12 %,
according to [7]. Glue laminated beams were

adhesive was used for gluing beams.

To reduce the impact of the rotational mo-
ment on the working peculiarities of the beam
[10, 11] ties were organized in the points of
load application.

Locking of the beam deformation was per-

manufactured from a set of seventh boards formed with the help of 6 PAO deflectometers
3250 mm long with the section of 100x150 and strain gauges. The latter were glued to the
mm. The study of the beams was carried out beam amid the span around the cross-section
on the previously made experimental installa- perimeter with BF-2 glue. The surface of the
tion [8]. Metal supports provided the required beam was polished and degreased prior to glu-

Hydraulic jack

Dynamometer
Traverse

Metal support

Metal support

Deflectometer 6PAD Wooden pad Wooden pad Deflectometer 6PAC

§ < | ‘ 7
Load weight ) M Load waeight ‘

1 1L
i "y

1

] 7
L

Deflectometer 6PAD
Wooden pad

Load weight

I

1

Load weith/\ﬂ& I!| \Deflectometer 6PAD

Wooden pad
Load weight Mgt support

900

Deflectometer 6PAD
Beam under study
900

Metal support
900

150 150

Fig.1. The scheme of the experimental installation &eddacation of the devices
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ing. Serviceability check of the strain gauges ting critical deflection values [12, 13]. Accord-
was performed in advance. The first check was ing to [12], the maximum allowed deflection
performed prior to gluing by at ester; the sec- of the beams is 1/190where | is the span of a
ond was performed after gluing and soldering beam. In our experiment, the maximum al-
by the computer software. The SIIT-3 strain- lowed deflection of the beams is as follows:
gauge station was responsible for sensor read-
ing. Deflectometers were set on the supports in w, =— =29 _ 42 mm 1)
the points of load application and in the middle s 1so
of the span to calculate deflections along the . :
Y-Y and Z-Z directions. All the devices that In the first |_olac_e, the deflections along the
were used in the experiment were preliminary Y-Y and Z-Z directions were ca}lculated [13].
approved by the State certification licensing Afterwa_rds load-strain  diagrams  were
authority. drawn, which were calculated by the formula:
The values of deflection of the beams were I
recorded prior to the load application which w = wy +w? 2)
ranged to 80% of the assumed devastating load
since further load application could lead to where:wy is the deflection along the Y-Y di-
immediate fracture of the prototypes and, con- rection, mmyw; is the deflection along the Z-Z
sequently, to the eventual fracture of the direction, mm.
measurement instrumentation. As reflected by the graph (Fig.2), at differ-
ent slope angles the critical deflection was
achieved at different values of the moment.
RESULTS The critical deflection for GLB-1 and GLB-2
beams occurred at 7,2 kNm and 8,28 kNm
Laminated wooden beams GLB-1 and moment, while for GLB-3 and GLB-4 beams
GLB-2 were tested at the slope angle of,10 at 10,35 kNm and 10,8 kNm respectively. This

GLB-3 and GLB-4 beams were tested at the can be explained by a greater slope angle of
slope angle of 25 the beam, since the secant line of the force

Five minute delay was permitted at each direction creates the cross-section which is
stage of the load application to take the read- Vertically more expanded at a slope angle of
ings from all devices. 25° in comparison with the cross section at a

During the experiment, control was exe- slope angle of 10
cuted over the level of load application permit- All prototype beams GLB-1 — GLB-4 frac-
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Fig.2. The full-scale deflections of glue laminated beams
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tured in the area of pure bending and so did the  The neutral line of all the prototype glue
beams at direct bending [14 — 17]. The first laminated wooden beams changed its position
cracking of the beams occurred when tested attowards increasing the area of the compressed

the slope angle of ZOat 30 kN moment,
whereas at the slope angle off#%ccurred at

32 kN. Afterwards, the rapid increase in strain
occurred under the further increase of the load
application, which lead to fracture of the unit
[18 - 22], which started from the marginal
board in the area of pure bending and was fol-
lowed by crack propagation towards the sup-
ports. The fracture behavior of the GLB-1 and
GLB-3 beams is shown in Fig.3 and in Fig.4.
The breaking moment for glue laminated
beams GLB-1 and GLB-2 at the slope angle of
10° amounts 17,1 kNm and 17,33 kN, while

this figure amounts 17,55 kN and 17,82 kN
accordingly for the GLB-3 and GLB-4 beams
at a slope angle of 25

The position of the neutral line at different
levels of stress in a normal section in the area
of pure bending of the askew-bended elements
made from glue laminated wood was also de-
termined by means of linear interpolation of
the sensor readings. This method of determin-
ing the neutral line is the most conventional.

Fig.4. Fracture of the GLB-3

NiABOAHI TEXHONOT i » 07/2017, 42-48
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zone under the increased load, simultaneously
its slight twisting could be observed. The posi-
tion of the neutral line for GLB-1 and GLB-3
beams under the different load levels are
shown in Fig.5 and in Fig.6.

On processing the results obtained from the
strain gauges, the deformation diagram was
carried out for the deformation of the layers of
wood in both the compressed and stretched
areas of the prototype beams under the loads
accommodation from the start of the load ap-
plication and towards the loads on the verge of
fracture while working under the conditions of
slanting bending at the slope angles of 10° and

o

\\ Muax

Fig.5. Change in the position of the neutral line
of the GLB-1

0,6 Muax
0,8 Muax

\ MNGX

Fig.6. Change in the position of the neutral line
of the GLB-3
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Fig.7. The diagram of GLB-1 deformation under the unswtival bending at a slope angle of 10°
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Fig.8. The diagram of GLB-3 deformation under the unswtival bending at a slope angle of 25°

These graphs are shown in Fig.7 and in whereF - is the load affecting the beam, kN;
Fig.8. The number of strain gauges and their | — is the calculated span of the beam, m;
location on glue laminated beams are indicated | — is the cross-sectional moment of inertia of
to the right of the diagrams. the prototype beam, in

Deflectometers were positioned in the areas wc — is the beam deflection in the middle of
of load application in order to determine the the span, mm;
value of the modulus of elasticity of glue lam- wy — is the beam deflection at the point of load
inated beams [16, 23]. The modulus of elastic- application, mm.

ity was calculated according to the formula: The values of the elastic modulus at differ-
ent levels of load application are shown in

F-I? _ Table 1.
E,= 5481 (w.—w,,’ (3) The elastic modulus of the glue laminated

wood for GLB-1 beam amounted 13814 MPa,
for GLB-2 beam — 13945 MPa.
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Table.1. The elastic modulus of the beams
at different load application levels

Load Applica- | Elastic Modu-
Beam tion L%F\)/el lus, E, MPa
GLB-1 0,2 Mmax 18476
0,4 Mumax 14105
0,6 Mumax 12091
0,8 Muax 10585
GLB-2 0,2 Mmax 18363
0,4 Mumax 14367
0,6 Mmax 12364
0,8 Mmax 10689

CONCLUSIONS

On the basis of experimental works the fol-
lowing conclusions can be drawn:
» the moment of fracture for glue laminated
beams GLB-1 and GLB-2 at the slope angle of
10° amounted 17,1 kNm and 17,33 kN, for

25°-17,55 kN and 17,82 kN, respectively

e GLB-1 beam reached critical deflection

values at the moment of 8.28 kNm, GLB-2
beam — at 7,2 kNm, GLB-3 beam — at 10,35
kNm, GLB-4 beam — at 10,8 kNm;

e the value of the elastic modulus of the
GLB-1 amounts 13814 MPa, for GLB-2 -

13945 MPa;

» fracture behavior of the glue laminated

wooden beams under the unsymmetrical bend-

ing at the slope angles of 1@8nd 25 was de-

termined;
» the position of the neutral line of the beams

under the slanting bending was determined and

the method of its defining was suggested,;
» the change in position of the neutral line of
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HccnenoBanne padoTsl 6a10K
U3 KJIeeHOoii ApeBecHHbI
B YCJOBHSIX KOCOI0 H3ruda

Cesmocaag I omon, Anopeti Ilasnok

AHHoOTanus. JleificTByrOINEe HOPMBI HE YUUTHI-
BalOT OCOOEHHOCTEH paboThl OajJOK M3 KICCHOU
JIPEBECHHBI TIpU KocoM m3rube. Taxxke HOPMBI HE
YYUTBHIBAIOT PEaTbHOE H3MEHEHHE HaINpsHKeHHO-
JIe(OPMUPOBAHHOTO COCTOSHUSI TAaKUX 3JIEMEHTOB
MIPU U3MEHEHUH HArpy3KH OT Hadalla MPHIOKEHHUS
0 pa3pylIeHus] B YCIOBUSIX KOCOTO W3ruba, Io-
CKOJIBKY B HAaCTOsIIee BpeMs paboTa marepuaia
(mpeBecHHBI) B KOHCTPYKIMSIX MPUHHUMACTCS YC-
JIOBHO YIPYTOH, U KPOME TOTrO, 3TOT BOIPOC Kak
TEOPETUUECKH, TaK M IKCIICPUMEHTAIBHO €lle He-
JOCTaTOYHO U3yYEH.

Crathsl TOCBAIIEHA W3YYCHHIO OCOOCHHOCTEH
paboTHI AEPEBIHHBIX 0ATOK M3 KICCHBIX COCHOBBIX
JOCOK MpH KocoM u3rude. OCHOBHBIMH BOIPOCaMHU
SBIISIOTCS CJIEAYIONINE. ONMUCAHWE METOIUKU HC-
CJICIOBAaHMIA OTBITHRIX 00pa3IloB, aHAIN3 U 0bOpa-
00TKa TOJYYCHHBIX PE3YJIBTATOB HCCIICIOBAHUN,
u3yyeHne ocoOeHHOCTe paboThl MaTepHuaia B
COCTaBe JIOIIATOKJICEHBIX IEPEBSHHBIX OaloK B
yCcIoBUSAX Kocoro uiruba. B crathe mpuBeneHb
Pe3yNbTaThl AKCIEPUMEHTAIBHBIX HCCIICIOBAHUMA
HECYIIEeH CITOCOOHOCTH | Ie(hOPMATHBHOCTH 0aI0K
U3 KJIEEHOW IPEBECHHBI B YCIOBHSIX KOCOTO HM3TH-
0a. Pe3ynbTarhl MO3BONAT MPOEKTUPOBATH KOHCT-
PYKIIMH U3 IPEBECHHBI, UCMONB3Ys Ooyiee MOTHBIN
y4eT BO3MOXKHOCTEH MaTepuana U OCOOCHHOCTEH
paboThl BIEMEHTOB, YTO MpPUBEAET K Ooyiee KO-
HOMHOMY 1OI00PY MOMEPEYHOTO CEYECHUS HIIEMEH-
TOB KOHCTPYKITUHA.

Hccnemoanue mpoliecca MociaoiHoro aedop-
MHUPOBaHHUS TI0 BBICOTE CEUCHHS W YCTAaHOBIICHHE
0CcOOCHHOCTEH  HANpPsHKEHHO-IePOPMUPOBAHHOTO
COCTOSIHHSI 3TUX CJIO€B IOJ JCHCTBHEM Harpy3KH
npu paboTe Ha KOCOH M3rHO MO3BOJUT C OOJbIIEH
JOCTOBEPHOCTHIO TPOBOAWUTH pacyeT Ha Pa3HBIX
CTa[UAX HANPSHKEHHO-Ie(OPMUPOBAHHOTO  CO-
CTOSIHUSL TIPH MPOCKTUPOBAHUU KJICCHBIX JICPCBSH-
HBIX OaJoK.

KuioueBble cioBa: JapeBecHHa, HECyIIas CIO-
COOHOCTB, KOCOHM W3ru0, aehopMalivu, HampsHke-
HUS, )KECTKOCTb.
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Abstract. The intensive automobilization of
cities involves some problems relating to traffic
arrangement, and as a result, requires to extend th
transportation corridors of main trunk road net-
works, increase traffic capacity, and develop mod-
els of transportation flows in the conditions of ex
isting urban development. In such conditions, en-
vironmental pressures on urban areas increase.
The impact of technogenic factors on the areas
also increases, and as a result, the concentmttion
environmental pressures enhances. The desire to
increase the traffic capacity and city building den
sity can induce ecological instability of some ur-
ban areas. At the present time, there are normative
documents that regulate the conditions for devel-
opment and planning of urban areas.

The functionality of urban areas and environ-
mental pressures on the areas and their limits must
be clearly determined at the stages of developing
the general plans and detailed plans of the urban
area development.

In the conditions of decentralization and forma-
tion of territorial communities, which are entitled
to independently deal with their financial problems
and form social living environment, it is required
to use comprehensive professional methods for
designing strategic programs for the development
of cities and settlements.

At the present time, city planning specialists
are capable of taking into account various factors
relevant to the development and planning of urban
areas with consideration for future environmental
pressures and their limits. Due to this, it will be
possible to save financial costs when carrying out
actions required for decreasing the technogenic

niaBOAHI TEXHOMOCrIT « 07/2017, 49-56
MpomMucnoBa Ta UMBINbHa iHXeHepis

Oleksly Priymachenko

Assistant Professor of the City
Urban Planning and Development
PhD, Ass. Prof.

Tetiana Shilova
Assistant Professor of the City
Urban Planning and Development

h PhD, Ass. Prof.

impact on the ecology and living environment, and
planning the perspectives of regional development.

For this reason, the analysis of environmental
pressures from the city main roads network is rel-
evant for any city.

This paper contains the calculated data on the
results of analysis of the city main roads characte
ized by different planning concepts.

These data are required for determining the
corresponding planning actions.

Keywords: noise propagation paths, limiting
acoustic discomfort characteristics, isodecibels.

INTRODUCTION

Acoustic pollution of urban areas is one of
the negative results of the intensive automobi-
lization of the country cities. The determina-
tion of levels of noise generated by various
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ANALYSIS OF THE LATEST
RESEARCH AND PUBLICATIONS

noise sources, as well as the estimation of
noise propagation within the urban area is
characterized by specific features and depends
on the noise source characteristics and on the The results of analysis of scientific papers
city planning stage at which the noise propaga- and effective normative documents relating to
tion is estimated. With consideration for this, city planning demonstrate the actuality of this
at the detailed planning stage, an effective study issue, as the intensive automobilization
method was developed for drawing up noise of cities more and more promote the study of
charts for stationary and mobile noise sources. factors which have an effect on transportation
This method allows constant noise level lines flows simulation and on environmental pres-
(isodecibels) clearly to be drawn, and accord- sures on the urban area. The city transport and
ingly, the noise level in every specific urban the ecological state of the city environment are
area to be determined. For this purpose, it is subjects of studies by such well-known spe-
required to have cartographic documents for cialists as Solukha B.V. [3], Fuks H.B. [3],
the city planning area, at a scale of 1:500 Furmanenko O.S. [4], ShilovaT.O. [5],
through 1:2000, data on the road cross sectionsUstynova I.I.  [6], Solukha I.B. [7],
and road characteristics, and data on the pa-Diomin M.M., Reitsyn Ye.O., and others. The
rameters of transportation flows. But at the stable integrated approach in performing sci-
stages of technical and economic assessmentgentific studies will promote the introduction of
development of diagrams and projects accord- new practical methods in the planning and ar-
ing to the general city planning scheme, and rangement of urban areas at the corresponding
preparation of cartographic documents at a planning stage.

scale of 1:10000 through 1:25000, or even
1:50000, there are no need and possibility to
draw up the detailed charts characterizing the
noise pollution in the areas studied. At these
project stages, the estimation of acoustic pollu-
tion consists only in determining the predicted
noise levels from various noise sources and

LIMITS FOR ACOUSTICAL
POLLUTION FROM MAIN ROADS AT
THE STAGE OF URBAN AREA ZONING

For the predictive estimation of noise pol-

drawing up noise diagrams. In this case, it is
possible to compare different main roads de-
pending on noise levels and distinguish the
noisiest streets, but it is impossible to estimate
the degree of noise propagation within the ur-
ban area.

STATEMENT OF THE PROBLEM

The purpose of this study is to determine
the limits of acoustic impact of the city main
roads when specifying the functionality of the

lution of urban areas from line noise pollution
sources, a method was developed for analyz-
ing propagation of noise from the city main
roads inward the urban areas located near the
streets [23, 24]. Specifically, at the stage of
the urban area zoning, when different func-
tional zones in the urban area are to be identi-
fied, there is a possibility to take into account
the normative allowable noise levels and the
characteristic features of the corresponding
urban areas [25].
In this case, the following unbuilt and built-

up urban areas with various allowable noise

urban areas at the stage of zoning the urban levels are defined:
area and designing the detailed urban area. built-up areas with buildings for therapeu-

plan. The development of a model for envi-
ronmental pressures, with consideration for
their impact, and the prediction of extension
of the environmental pressures on the certain
planning area is one of the purposes of activity
in city planning.

50

tic, recreation, and
50 dB(A);

* unbuilt areas and built-up areas with low-
rise, high-rise, and mixed buildings:

55 dB(A);

fithess purposes:
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« areas with long-completed buildings, which fort characteristics, which separate noise-
are subjected to reconstruction, and areas polluted areas from areas with acoustic com-
of industrial enterprises and estates: 60 fort conditions, that is, from the areas where
dB(A). noise levels are less then the noise levels spec-
When performing acoustical analysis in ified in the sanitary standards [23, 24].

such a case, it is recommended to determine It is appropriate to determine the width of

noise pollution paths, that is, the areas located noise propagation paths according to the

near line noise pollution sources, such as au- method described in [26], using a noise re-
tomobile roads and railways, with noise levels corder developed in the Dnipropetrovsk Civil

arranged between the isodecibels correspond- Engineering Institute [27].

ing to the normative noise levels. It is accom-

plished by plotting limiting acoustic discom-
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Fig.1 (the beginniny Noise recorder data. The nomographic chart fordeténg the
decrease of noise levels in unbaifeas and in spacing’s of buildings located at the
specified distance from the border line [27]

niaBOAHI TEXHOMOCrIT « 07/2017, 49-56 51
MpomMucnoBa Ta UMBINbHa iHXeHepis



BHPOOHHIITBO Ta TE€XHOAOTII

; Spacing of buildings, m
@O 10 20 30 40 50

E
lfa 10

Spacing of buildings, m

20 30 40 &0

20

40

60

80

100

120

140

160

22 2018 16

d

20

40

50

80

100

120

140

160

Fig.1 (the end)Noise recorder data. The monographic chart fordeténg the de-
crease of noise levels in unbuilt areas and inisga®f buildings located at the
specified distance from the border line [27]

For the possibility to use a noise recorder,

Limiting acoustic discomfort characteris-

we determined, on the basis of the experience tics should be plotted as follows:

achieved in designing and analyzing various e

building projects, the following average spac-
ing of buildings for various building types:
 for industrial buildings, such as production
plant buildings, industrial facilities, ware-
houses, and garages: 10 m;
» for low-rise and mixed buildings: 15 m;
« for high-rise buildings: 20 m.
When performing overall calculations, it is

assumed that roadside planted land in areas-®

with individual and single-floor buildings de-
creases noise levels by 5 dB(A).

52

within unbuilt areas, noise propagation
should be determined according to the
characteristic describing the propagation of
noise from a line noise pollution source
[26], or according to the first part of the
noise recorder data [27] (Figd), obtained
for the unbuilt area in which decrease of
noise levels is caused only by distance
from a noise pollution source;

in areas with smallholding building, parks,
or gardens, where the decrease of noise
levels is caused by planted land, the width
of noise propagation paths should be de-
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termined in the same manner as for unbuilt
areas but with consideration for the noise
attenuation by 5 dB (A) due to the presence
of the planted land;

in areas with buildings of different types,
the width of noise propagation paths should
be determined according to the spacing’s of
buildings (Fig.1b, c, d, €) with considera-
tion for the characteristic features of the
buildings and the characteristics of traffic
arteries.

By using a noise recorder, for the specified
spacing’s of buildings and widths of traffic
arteries within the controlled building-up ar-

When determining the width of the noise
pollution path from a railway, it is assumed
that the basic normative requirements are ful-
filled for providing sanitary protection area
100 m in width and 50-percent planting of the
area. In this case, it should be considered that
the decrease of noise levels by plants in the
sanitary protection area is 6 dB (A) on an av-
erage. If the traffic artery is located within the
railway right of way, the noise levels caused
by both the noise pollution sources should be
added with consideration for the noise energy
generated by each source.

As an example, the use of the proposed

eas, it is required to determine the distance at method is illustrated by the data in Table 1,

which the calculated level of noise caused by

obtained in calculating the traffic noise levels

the presence of the traffic artery decreases to from the main roads in Solomianskyi District

the sanitary standard level.

in Kyiv.

Table 1 (the beginning). Propagation of noise from maiad®in the Solomianskyi District in Kyiv

Existing state
Main roads Noise St Note concernin% the
level, dB(A) istance, m noise propagation
conditions
1 2 3 4 5
Ringway
1 | From the railway to Odesa Square 76,5 90/120% bwilh area
Astronaut Komarov Avenue
2 | From the railway to V.Havel Avenue 76,6 93 Higderbuildings
3 From V.Havel Avenue to Industrialna 77.9 100 High-rise buildings
Street
Industrialna Street
From Peremohy Avenue to Borshcha- . N . -
4 hivska Street 80,8 170/100 Industrial buildings
5 grom Borshchahivska Street to Ushynskyi 78.0 115 High-rise buildings
treet
Chokoalivskyi Avenue
6 grom Ushynskyi Street to Sevastopolska 773 100 High-rise buildings
quare
V.Lobanovskyi Avenue
7 gzargtSevastopolska Street to A.Holovkp 775 97 High-rise buildings
8 From A.Holovko Street to Kirovohradska 80.0 120 Mixed buildings
Street
Peremohy Avenue
. . *Park
*%
9 | From the railway to Dehtiarivska Street 79,5 ¥85/85 *Industrial buildings
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Table 1 (the end)

1 2 3 4 5

10 gicr)ergtDehtlanvska Street to O.Dovzhenko 78.0 115/55+ *Industrial buildings
From O.Dovzhenko Street to " . , -

11 V.Vasylevska Street 78,3 125/70 Industrial buildings

12 | Borshchahivska Street 78,0 110 High-rise buildings
Povitroflotskyi Avenue

13 | From the ringway to Volynska Street 74,9 90 whlarea

*

14 From Volynska Street to Sevastopolska 751 73/30%/95+* Park _ .
Square **ndustrial building
From Sevastopolska Square to Solomian- . .

15 ska Square 76,7 93/50 Park

16 g;;)ergtSolomlanska Square to 1.Ohienko 78.7 115 High-rise buildings

17 From l.Ohienko Street to Borshchahivska 752 95 Unbuilt area
Street

18 | Metropolitan V.Lypkivskyi Street 76,1 87 High-rise buildings
Solomianska Street

19 g;;)ergtProtaS|v Yar Street to A.Holovko 725 40 High-rise buildings

20 From A.Holovko Street to Solomianska 72.4 20/27* *Park
Square

21 | Kirovohradska Street 75,1 30/37* *Cemetery
V.Havel Avenue

22 | oM Vasylenko Street to Komarov Aver 75 o 50/25* | *Industrial buildings

23 E:]?Jrg Komarov Avenue to Vidradnyi Av- 73,0 45/22* *Industrial buildings

24 | Medova Street 71,6 50 Unbuilt area
Nar odnoho Opolchennia Street

25 | From Sevastopolska Street to Ernst Street 72,1 38 High-rise buildings

26 | From Ernst Street to Medova Street 70,2 28/15* Inddstrial buildings

27 | A.Holovko Street 73,5 48 High-rise buildings

28 | Protasiv Yar Street 76,4 115 Unbuilt area
Vidradnyi Avenue

29 Elrjzm Symyrenko Street to V.Havel Ave 75,8 70/38* *Industrial buildings

30 | From V.Havel Avenue to Harmatna Street 74,3 35 ixelbuildings

31 | M.Hrinchenko Street 70,6 20 Mixed buildings
Vasylenko Street

32 From Peremohy Avenue to V.Havel Ave- 778 50/30* *Industrial buildings

nue
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The noise propagation paths caused by au-
tomobile and railway transportation vehicles
and determined according to the above-
mentioned method can be shown on the city
district development map at the map scale.
The data on the noise propagation paths can
be used as basic data for differentiating the
urban areas, developing more substantiated
noise protection facilities, and taking deci-
sions in relation to the planning and devel-
opment of the urban areas.

CONCLUSIONS

The calculated data presented in this paper
can be used as basic data in determining limit
environmental pressures on the urban areas
located near main roads, specifying the func-
tionality of the urban areas, and taking the
corresponding decisions for providing the
quality of the city environment, selecting
methods for the technical protection of the
urban areas, studying the urban areas in con-
ditions of compact planning, determining the
type of building-up along the city main roads,
and simulating the ecological state of the city
environment.
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Onpenenenne rpaHuL aKyCTHYECKHX
3arpsi3HeHHii 0T MAruCTPaJIH HA CTAAMHI
30HHHTA TEPPUTOPHUH

Anexceti Hputinauenxo, Tamvana Lllunosa

AnHorauus. IloBblieHre aBTOMOOUIN3ALIMHI
B TOpOJIaX BJCUYET 32 COOOH psij mpodieM 1o op-
TaHU3AIMHA JBWKCHUS TPAHCIIOPTA, YTO B CBOIO
odepenr TpeOyeT pacuupeHus] TPaHCIOPTHBIX
KOPHJIOPOB YJIUYHO-IOPOKHON CETH YBEIHMUCHUS
MPOIYCKHON CIOCOOHOCTH, pa3pabOTKU MoJeNei
TPAHCIIOPTHBIX IIOTOKOB B YCIIOBHUSAX CIIOKHB-
Ieics 3acTpoiiku ropoaa. Takxe B 3THX YCIOBH-
SIX YBEIMYUBACTCS U DKOJOTMYECKas Harpyska Ha

56

TEPPUTOPHUIO €€ TEXHOTCHHBIN MOTEHIMAN BIHA-
HUSl HaYMHAET PACTH, YTO MPHUBOIHUT K yBEJIHUe-
HUIO KOHIIEHTPALMU JKOJOTHYECKUX HAarpy30K.
Kenanue yBenudeHus: MpomycKHON CIIOCOOHOCTH
Y TUTOTHOCTH 3aCTPOUWKH MOKET MPUBECTH K KO-
JIOTUYECKON  JEeCTaOWIM3aIMi  OIpPEIeIeHHBIX
ropojackux tepputopuil. Ha cerogusmnuii neHb
CYLIECTBYET psAJ HOPMATUBHBIX JOKYMEHTOB, KO-
TOpbIE PETIAMEHTHPYIOT YCJIOBHS 3aCTPONKH U
TUTAHUPOBKH T'OPOJICKUX TEPPUTOPHI.

dopmupoBanre (yHKIIMOHAIBHOTO Ha3Haue-
HUSL TEPPUTOPHU W OTPEAETICHBI IKOJIOTUIECKHIX
BIUSHUMA ¥ MX TPAHUI] JOIDKHO OBITH YETKO Ompe-
JeNICHO Ha CTagusx pa3paboTKH TeHepalbHBIX
IJIAHOB U IUIAHOB JIETaJbHOM 3aCTPOMKHU Teppu-
TOpUH.

B ycrmoBusix peneHTpanuzanuu u GopMupoOBa-
HUSl TEPPUTOPUAITBHBIX OOIIWH, CAMOCTOSITEITLHO-
ro ompeaeieHus WX (UHAHCOBOTO Pa3BHUTHS B
OTIPE/IETICHHBIX OTPaciiax M (OPMHUPOBAHHS CO-
IUaTBHON CpeAbl oOuTaHusl TpeOyeT MHOTOrpaH-
HOTO MPO(ECCHOHANBEHOTO MOX0/1a K pa3paboTke
CTpaTeruu pa3BUTHUSI TEPPUTOPUNA U MOCETICHUM.

Ha cerognamuuii neHb chenUaIucTel B 00-
JacTH TPajOCTPOUTEIILCTBA CHOCOOHBI YYECTb
BCI0O MHOT'O()aKTOPHOCTH BJIMSIHUS Ha (QOpPMHUPO-
BaHME PAa3BUTUA U IUIAHUPOBAHUS TEPPUTOPHUH C
Y4ETOM MOCIEIYIOIHNX 3KOJIOTHUECKUX Harpy3oK,
WX TpaHWI] BIMAHUSA, YTO B JaJbHEWUIIEM aacT
BO3MOXKHOCTh SKOHOMHHW (PMHAHCOB TpPH pa3pa-
0O0TKE MEPONPUSTHH MO CHIKECHUIO TEXHOTEHHO-
TO BIUSHHS Ha DKOJIOTHIO U Cpexy OOWTaHUS de-
JIOBEKa W TEPCHEKTHB PETMOHAIHLHOTO Pa3BHUTHS.
[TosTomMy 3amada uMccieOBaHUS SKOJOTHYECKHX
Harpy30K OT MarucTpaJbHON YIUYHOU CETU SBIISI-
€TCsl aKTyaJbHOM ISl TOpoJa.

[IpuBenensr pacueTHbIE JaHHBIE 0OCIIEIOBaH-
HBIX MaruCTPaJIbHBIX YIUI[ C PA3IMYHBIMU IUIA-
HUPOBOYHBIMH PEIIEHUSAMHE, COOpaHbl [aHHBIE,
HeOOXOUMBIE ISl TIPHHSTHS COOTBETCTBYIOIINX
IJIAHUPOBOYHBIX PELICHUH.

KuroueBbie cjioBa: KOpHUIOpPHI paclpocTpa-
HEHUS 3ByKa, KPUBBIE aKyCTUYECKOTO IHCKOM-
(dopra, n3oaeHOLITHI.

MmAaBoaHI TEXHONONIT « 07/2017, 49-56
MpomMucnoBa Ta UMBINbHa iHXeHepis



BHPOOHHIITBO Ta TE€XHOAOTII

Ways of considering traditions when forming
the system of maintenance in Ukraine

Olga Petrunia

Kyiv National University of Construction and Architecture
31, Povitroflotskyi prosp., Kyiv, Ukraine, 03037
olga_petrunya@ukr.netr, orcid.org/0000-0003-3983-4494

The manuscript was received on 05.04.2017 and was accepted after revision for publication on 17.10.2017
DOI: 10.26884/1707.1803

Abstract. The size of the territory, the density
of the city dwellers, the number of cars for per-
sonal use, planning conditions and network con-
figuration of highways and roads are the main
components that influence the placement features
of maintenance of motor vehicles in cities of
Ukraine.

The article develops the structure of the distri-
bution of cities under types, factors, kinds ofdun
tions performed in relation to the economic level
and importance of the city as a part of the country
analyzes the impact criteria on the formation ef th
traditional system of management and living of the
people of Ukraine; reveals the traditional ap-
proaches to the formation of maintenance in
Ukraine.

Keywords: Cities of Ukraine, traditions, crafts
and trades, transport and planning structureseof th
city, motorization level, system of maintenance of
motor vehicles for personal use, methods of mar-
keting management.

INTRODUCTION

Ukrainian nation has a rich culture, a huge
treasure of which has been formed by valu-
ables and achievements of many generations.
Since the ancient times, Ukrainians have ac-
cumulated wisdom and guidance on lifestyle.
They resulted in the Ukrainian customs, rituals,
folklore and life and make the basis for sense
of the global consciousness of our people. This
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influences the relationship between people, the
value of spiritual culture of the individual and
the nation in general [1].

Today, the pressing issues include the for-
mation and development of Ukrainian ethnic
culture, the discovery of features of the tradi-
tional system of management, sustainment by
crafts and trades, settlement, housing, transport
vehicles and their maintenance.

Each city is a natural and technogenic com-
plex, a component of the landscape area con-
verted by the effort of many generations. It is
based on a range of complexes — ramparts,
moats, walls, houses, industrial and cultural
constructions, reservoirs with dams, bridges,
etc. A city is not just the structures with differ-
ent values put in a natural landscape, but also
the peculiar form of coexistence of people,
civilization cores, and centers of cultural at-
traction [2, 3]. The main task of the urban de-
velopment is to establish the best conditions
for living and welfare of the population im-
prove the transport system, streets and roads
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and localize the points for maintenance of mo-
tor vehicles for personal use.
Usually, most cities in Ukraine are small

and medium-sized that are located on the terri-

tory irregularly. These include centers of ad-
ministrative districts with different industrial

and agro-industrial social facilities. Cities are
divided into types depending on the number of

population, the size of the area, planning struc-

ture, geography, climate and transport infra-
structure and the type of functions performed.
Their ratio determines the level of the eco-
nomic role of city in the region or the country
in general [4].

From the period of establishing cities up to

currently, we can trace close ties between a

number of complex components.
Customs are those unwritten laws that gov-
ern daily and the largest all-national affairs,

such as the language; they were formed and

perfected throughout life and development of
every nation. Each former historic period in
the life of society brings scientific achieve-

The search and researches conducted
helped find out the following criteria on form-
ing the influence of the traditional system of
management and sustainment of the popula-
tion in ci-ties of Ukraine:

1) functions of the city:

- number of residents;

- Genesis (what nation has founded the city
and when);

- place in the settlement system (an ag-
glomeration center, a satellite city, a local cen-
ter, a recreational, scientific or industrial cen-
ter, a transit point)

- occupations of residents (mostly unrelated
to agriculture);

- type of construction of the territory;

- development of villages; traditions;

- density of the population; versatility of
trades;

- existence of a market as a constant com-
modity exchange at the settlement (commodity
character of production activities) [2, 6].

The main tasks of planning and urban de-

ment for the next generation. The method of velopment are, as follows: to justify future
trial and error leads to results, new ideas and needs and determine the preferred areas for the
opportunities, refines certain elements. Care use of the territories; take into account the
about the next generations requires forecasting state, public and private interests during plan-
and thinking what can occur in the environ- ning, construction and other use of the territo-
ment and with what consequences. ries; justify the division of lands for the in-
tended purpose and the use of the territories
for urban needs [7].

Function of the city determines its role in

The aim of the article is to identify the main society. The main activities of city dwellers
criteria of influence on the global conscious- cause the following features: city-forming (ex-
ness and the existing system of maintenance ofogenous) and city-servicing (endogenous).
motor vehicles for personal use in Ukraine; 2) Economic and geographical (transport
having analyzed the historical periods of its and geographical) location of the city is one of
development, traditions, development stages the main factors of the formation of the city on
up to the present times, to describe the existing the territory; it affects the development of pro-
system of maintenance of motor vehicles for duction and the creation of inter-territory rela-
personal use; highlight the issues and trends intions of different scale:
the development of this system in future. - industrial and geographical location de-

Tradition (lat. — transfer) — elements of so- pending on the source of energy, raw materials
cial and cultural heritage that are conveyed to (wood, metal), processing industry;
future generations and preserved for a long - agro-geographical — location depending
time by the society as a whole or in separate on the production bases and agricultural raw
groups. It appears as appointed, stereotypedmaterials;
behavior, customs, rituals, social ideas, moral - transport and geographical — location de-
and ethnic elements, etc. [5]. pending on sea and main-line tracks, transport

hubs;

PURPOSE AND METHODS
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- sales and geographical — location depend- wood were replaced by brick, the construction
ing on markets for sale of capital goods (coal, of buildings continued preserving the previous
ferrous metals), markets for consumer goods; forms, as they were considered natural, they

- demo-geographic — location depending on comply with local tastes and determined the
human resources, scientific and technical per- style of a particular area. Artistic features ini-
sonnel. Production and territorial relations are tially merged with national, traditional, folk
important, in terms of freight traffic flows —a and ethnic ones and became the signs of eth-
location foreign economic relations; concern- nicity.
ing passenger traffic — mostly domestic trans-  Along with the changing lifestyles, our an-
portations [2, 8]. cestors were acquiring more and more knowl-

3) number of residents. edge. It laid the basis for the global conscious-

In Ukraine, according to statistics as of ness as the system of view points concerning
January 2013, there are about 450 cities. Ac- the world and the place of man in it, the rela-
cording to DBN/State Construction Coe 360- tions of human with the surrounding nature
92* depending on the number of population, and science, changing scientific approaches
cities of Ukraine are divided into the following [12, 15]. For several thousand years, man has
groups: developed since the invention of the wheel to

- the most significant (larger) — the popula- the exploration of the universe. The role of
tion is over 1 million people (Kyiv, Kharkiv, transport in the life of the planet, state and city

Odessa); is really important because only movement
- significant (large) — the population is 1 leads to progress.
million — 500 thousand (Dnipro, Donetsk, The analysis of the history of transportation

Zaporizhzhia, Lviv, Kryvyi Rig). Cities in this  maintenance and repair of vehicles in Ukraine
group are the centers of industry, transport and enables to identify and study periods of forma-

service sector; tion and establishment of the industry.

- big — 14 cities with the population of 500- The beginning of change in the outlook on
250 thousand people and 22 cities with the the importance of a car is considered to be 15
population of 250 — 100 thousand people; May 1910, when the International Automobile

- average — 47 cities with the population of Exhibition was opened in Kyiv, aimed at
100-50 thousand people; “Drawing attention of everyone who has

- small — 341 cities with the population less doubts and prove that a car has been already in
than 50 thousand people [9 — 11]. our lives and there no distances for it” [13, 14].

The functional structure of the city actively In the first stage, the need for cars was met

influences the number of its inhabitants. Multi- due to their imports from abroad. Later, be-
functional cities are more densely populated cause of the necessity to decide first of all
with faster growth rates in the population. This more important national economic and defense
affects the age and professional composition of problems in the pre-war and post-war years,
the dwellers, their living standards. lorries were preferred. The critical stage of the
National peculiarities of beauty perceptions development transport is considered to be
are closely related to the specific local condi- 1929, when it was decided in Russia to con-
tions that are clearly seen on the architecture. struct two large plants in Moscow and Gorkyi.
Traditional housing in different regions is In 1927 — 1930 years, special garages were
mostly adapted to climatic and environmental organized in Kharkiv, Kyiv, Dnipropetrovsk
conditions and activities of the inhabitants. and Zaporizhzhia. It was time for preventive
Traditions of constructing a dwelling were maintenance of vehicles. Since 1932, the mass
conveyed from generation to generation, build- production of domestic cars has started. In the
ings were aesthetic zed; people got accus- post-war years, the automotive industry has
tomed to their home, it was the most beautiful increased considerably. There automobile fac-
to them. Even later, when the assortment of tories and enterprises appeared.
building materials increased, when clay and
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Fig.1. Example Car maintenance station in 1932  Fig.2. The facade of the station servicing
tires car 25 work stations in 1987

Until 1959 in Ukraine, there were no avto- - _ _ _
mobile plant. Therefore, its fleet was formed Ukrainian and foreign transportation organiza-
as a result of the acquisition of cars for import tions to Ukrainian transport law, rules of pas-
and manufacturing plants built in Russia and Senger and freight transportation, etc., regula-

other republics of the former Soviet Union tions governing the functioning of motor vehi-
(Fig.1). cles. It promotes within its area of competence

In 1975, the Main Information Center was the reduction of harmful effects of road trans-

formed, the chief directorate of “Ukrglav- POrt on the environment and the implementa-
avtotehobsluzhyvanie”/the ~Ukrainian Main tion of energy saving activities [13, 16].
Automobile Maintenance was reorganized into N 2016, there was a significant increase of
an independent Respublic Industrial Associa- €ars in Ukraine due to our own production
tion  “Ukrglavavtotehobslugovuvannia’/the ~Ccompanies: Zaporizhzhia Automobile Plant
Ukrainian Main Automobile Maintenance. CJSC — produces motor vehicles: Opel, Dae-

In 1984, a new industry began functioning W00, Chevrolet, Tavria, Slavuta and their lor-
on the territory of the CIS — automotive main- '€s: TATA, Dong Fend; Lutsk Automobile
tenance (Fig.2). Its creation was caused by a Plant, OJSC - VAZ, Izh, KIA, Hyndai; Euro-
high growth of the vehicle fleet. At the same ¢ar CJSC — Skoda, VW, Audi; UKrAVTO cor-
time, we can observe the acceleration of tech- Poration (ZAO “ZAZ’) [13, 17].
nological progress, technical reequipment and There is considerable competition and over-
reconstruction of existing production through Supply of the market for the sale of vehicles
improving the design of vehicles, consolida- (Fig.3).
tion of logistics of automobile enterprises and
due to better road conditions. RESULTS

In 2000 the State Department on Road _ N
Transport was established (within the Ministry  The main condition for the successful func-
of Transport and Communication of Ukraine), tioning of any enterprise is the correct market-
which is the administrative body of state man- INg management. It enables to predict the fu-
agement in road transport and operates within ture state of the enterprise and the environment,
the transport infrastructure. “Ukravtotrans” N Wwhich it exists; to identify the possible
performs respectively the following tasks and changes and weaknesses in the supply man-
functions: provides in accordance with the law agement system in all spheres, based on the
the state regulation in automobile transport and Predicted activities of the enterprise on the

exercises control over the adherence by Maintenance of motor vehicles for personal
use.
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alization of their conclusions on its develop-
ment in the future;

3) combined — include methods with mixed
information basis, when factual data is used as
initial together with expert opinions.

To account possible changes and improve-
ments in results and efficiency of activities of
the enterprise, one can use statistical methods.
The static analysis includes the process of as-
- sessing the quality of products and raw materi-
\ als, the composition of components and tools;
- estimates of changes in production and techno-
logical processes due to statistical manage-
ment (control cards, management cards). The
result is determined by the composition of the
original data, their volume, the registration or-
der, storage and verification of the validity; the
analysis of data; developed and documented
recommendations on the results of data [21].

The method of expert evaluations is rather
well-known as well, when experts conduct in-
tuitive and logical analysis of the problem with
the quantitative assessment of problems and
formal treatment of results. The result gained
f (the summarized expert opinion) is treated as
the solution to the problem. During the process
of management, experts form objects (alterna-
tive situation, goals, solutions, etc) and carry
out measuring of their characteristics (prob-
ability of an event, rate of importance of the
purpose) [22].

Based of the material provided, we can
conclude that in 2017 — 2018 years the number
of motor vehicles for personal use in the cities
of Ukraine will increase. The annual trend of
growth in certain brands of cars is associated
with the needs to use these types of facilities.
This automatically affects the necessity for
their maintenance. There is a directly propor-
tional relation between the size of the city, its
population, the level of car ownership and the
availability of facilities for servicing [23].

Thus, due to significant changes in the in-
ner transport environment of the city, there is a
problem in prognosis of service centers for
motor vehicles.

As for some time Ukraine was a part of
Fig.4. The distribution of economic Business Russia and had no independent automotive

of private enterprises in Ukraine in 2017

Fig.3. Example serviced individual use
of carsat the station in 2017

Due to the estimates of predicting sales,
lifecycle and profit potential of a particular
segment or product market, we can perform a
full analysis of the attractiveness of the market
(Fig.4). This approach is important for making
decisions on the volume of investments in
construction of such facilities in future and
their production capacity [18].

To this end, we use different methods o
prognosis. Based on inductive and deductive
approaches, methods of prognosis can be sim-
ple and complex [19, 20]. There are:

1) factual — based on facts, information ma-
terials on former and current development of
the object of prognosis;

2) expert (intuitive) — based on an expert
opinion about the object prediction and gener-
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Fig.5. Example design visualization service Fig.6. Example draft unified stations for cars
stations for passenger cars. A look at individual use. A look at the future
the future

3. We have provided methods of marketing
manufacturing and the car park was formed management for the successful operation of
due to the acquisition of vehicles via imports, the company for maintenance of motor vehi-
even now we use both domestic and foreign cles for personal use.

brands.
Traditional approaches to designing and
construction of maintenance facilities in REFERENCES

Ukraine should be aimed at improving the

economy (Fig.5). In order to gain fast profit 1. Bilan M.S, Stemashchuk G.G., 2000.
and return investment put in the project, it is Ukrainian formatlc_)n: Manual' for higher and
advisable to use standardized structural ele- Secondary educational establishments G.G., In-
ments and tested materials, improve software stitute of Ethnography of the National Academy

) ) of Sciences of Ukraine. Lviv Academy of Arts,
and hardware and technologies (Fig.6). Research Center, Lviv, Phoenix, 328.

2. Risnhard B., 2001. City: Definition and Func-
CONCLUSIONS tions. Economic Journal, XXI, Nr.9, 25-29.
3. Sergiy Polovko, 2015. Historical cut of geo-

1. The main tasks of planning and urban logical study of Azov Black Sea by the re-
development are: to justify future needs and  searchers of Ukraine. Underwater Technologies,
determine the preferred areas for the use of the Vol.02, 11-23.
territories; take into account the state, public 4- Mocherny SV., 2001. Economic Encyclopedia.
and private interests during planning, construc- _ KYiv, Academy, Vol.2, 848.
tion and other use of the territories; justify the °- Paviiuk H.Y., 1994." Ukrainian Ethnology:

.. s Manual. Lviv, Phoenix, 608.
division of lands for the intended purpose and ¢ g a0y A v/, 1981. Social and Demographic
the use of the territories for urban needs.

: . X Development of a Big City, Moscow, Science,
2. We have analyzed historical periods of g4

the automotive industry. Enterprises of road 7. Osetrin M.M., Petrunia O.M., 2003. Analy-
transport are relatively new types of structures,  sis of Placing and Operating Principles of
the occurrence of which is associated with the  Points for Maintenance in Kyiv (based on
rapid development of the car park, freight and  Solomianskyi District). Urban and territorial
passenger transport. Change of market poten- planning, Scientific and technical collection,
tial of services for motor vehicles depends on _ Kyiv, KNUBA, Nr.19, 263. o
time and external factors: the traditional ap- 8- Matiash S., 1990. Man in the City: Sociologist.
proach, habits, cultural values, income, tech- _ ESSays. Kyiv, Palitizdat of Ukraine, 223.

. L 9. http://www.ukrcensus.gov.ua.
nology, prices, legislation, etc.

62 naBoaHI TEXHONOrIT « 07/2017, 57-63
MpomMmucnoBa Ta UMBINbHa iHXeHepifA



BHPOOHHIITBO Ta TE€XHOAOTII

10DBN 360-92*, 1993. Urban Construction,
Planning and Development of Urban and Rural
Settlements. Kyiv, Ukrarhibudinform, 107.

11Boriak A.A., 2006. Ukraine: Ethnic and Cul-
tural Mosaic. Kyiv, Lybid, 328.

12.Skrypnyk G., 2005. Ukrainians. Historical and
Ethnographic Monograph. In 3 Volumes,
Vol.02, Kyiv, IMFE, 256.

13 Petrunia O.M., 2007. Development of motori-
zation and the system of maintenance of motor
vehicles in Ukraine. Urban and Territorial
Planning. Scientific and technical collection,
Kyiv, KNUBA, Nr.27, 388.

14Yudin V.A., Samoilov D.S., 1975. Urban
Transport. Moskow, Strojizdat, 287.

15Sigaev A., 1972. Motor Transport and Urban
Planning. Moskow, Strojizdat, 22.

16 Petrunia O.M., 2013. Influence of Planning
and Transport City Structures on the Formation
of the System of Maintenance of Motor Vehi-
cles for Personal Use. Urban and Territorial
Planning, Scientific and technical collection,
Kyiv, KNUBIA, Nr.50, 824.

17Markov A.D., 1998. Organization of Motor
Service. Leningrad, Oriana nova, 529.

18.Jean-Jacques Lambe, 1996. Strategic Market-
ing. European Prospects, Translation from
French, Sankt-Petersburg, Science, XV, 589.

19Mykola Osetrin, Oleksiy Dvorko, 2016. Envi-
ronmental criteria in a model assessment of the
effectiveness of simple intersections on the road
network of Kyiv. Underwater Technologies.
Vol.04, 80-89.

20Aniskin Yu.P., 1994. Planning inside the
Company: Manual. Moskow, MGIET, TU, 456.

21 A0 NITS KD SMTS. 2001. Statistical Man-
agement of Processes. SPC, Translation from
English, Novgorod Priority, ed. 4th, 181.

22 Beshelev S.D., Gurvich F.G., 1976. Expert
Opinions in Making Planned Decisions.
Moskow, Economics, 287.

23.Mykola Osetrin, Oleksandra. Bondar, 2016.
The town planning experience in implementing
the principle of roundabouts on the approaches
to bridges. Underwater technologies. Vol.03,
75-82.

niaBoOAHI TEXHOMOCrIT « 07/2017, 57-63
MpomMucnoBa Ta UMBINbHa iHXeHepis

Crnioco0bI HCIIOJIL30BAHUS TPAXHIMIA
npu (POPMHUPOBAHHHU CHCTEMbI TEXHHYECKOT0
00CJy:KUBaHHS B YKpauHe

Onvea Ilempynus

AnHoTanusi. Pazmep TeppuTopuu, pacueTHas
YUCJIICHHOCTh HACEJCHUS TOPOJa, KOJIUYECTBO aB-
TOMOOWIEH WHANBUAYAILHOTO TOJIH30BAHUS, IJIa-
HUPOBOYHBIE YCIIOBUS, KOH(PHUTYpaIsl CETH Maru-
CTPAJIbHBIX YJUI[ U JOPOr — OCHOBHBIE COCTaB-
JISTOIINE, KOTOPBIE UMEIOT BIHMSIHAE HA OCOOEHHO-
CTH pa3MEIIeHHs] CHCTEMbl TEXHHYECKOTO 00CiTy-
JKUBaHUS JICTKOBBIX aBTOMOOWIICH B ropomax Yk-
pauHBbL.

Pa3zpaborana cTpykrypa pacmpeneieHus ropo-
JIOB TO TumaMm, (akropaM, BUIaM BBITOIHSIEMBIX
(YHKIIMA B COOTHOUICHHH C 3KOHOMHYECKUM
YPOBHEM Ta 3HAUYEHHEM TOpOZa B COCTaBE CTPAHBI.
[Mpoananu3upoBaHbl KpUTEpHU BIHsIHUS Ha (op-
MUPOBAHUE TPAAUIMOHHON CHUCTEMBI BEICHUS XO-
3SCTBA U KU3HENEATEIbHOCTA HACEICHUs YKpaun-
HBI. BBISIBICHBI TpaJIMITMOHHBIE TOAXO0bI K (op-
MHUPOBaHUIO CHCTEMbl TEXHHUYECKOTO OOCITYKHBa-
HUA B YKpauHe.

KuoueBble cioBa: ropoja YKpauHbl, Tpaiau-
LMY, HApOJHBIC TPOMBICIBI M pEMEcia, TpaHC-
MOpTHasE U IUJIAHUPOBOYHAS CTPYKTYpBl TOpoja,
YpOBEHb aBTOMOOMIIN3ALINHN, CUCTEMa TEXHIYECKO-
ro 00CTy)KHBaHUsI JIETKOBBIX aBTOMOOWJIEH WHIU-
BHUIyaJIbHOT'O MOJIb30BaHUS, METOABl MapKETHHTO-
BOTO YIIpaBIICHUS.
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Abstract. The main city planning criteria of
residential area sanitation organization aimed at
optimizing the location of primary collection

points of waste management in residential areas

are examined.
The trends in the development of residential ar-

eas waste collection systems and disposal to pro-

vide comfortable living environment for the popu-

lation and to satisfy their household requirements
are confined to the following trends: progressive-
ness of household waste collection automation,
aesthetic, sanitary-and-hygienic, engineering solu-
tions of equipping the primary waste collection

points to ensure the technological and organiza-
tion-and-technological methods for waste collec-
tion.

Further planning of the waste collection and
disposal is impossible without taking into account
the city planning and development. A decision on
the technological or organization-and-technolo-
gical method for the household waste collection is
taken on the third or second technological level is
based on the city planning and development stan-
dards, the territory analysis and is taken in accor
dance with a number of conditions and limitations
specifying the territory.

The main city planning limitations when select-
ing a waste collection method are: the territorial
limitation, the residential density within the li®i
of the streets, or the zone of influence of a waste
transfer station, planning limitations of the eixigt
site planning etc. The main requirement to the res-
idential areas waste management and collection
system envisaged by the city planning is
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optimization of the location of the primary waste
collection points on the residential territories.

The locations of planned hubs of the primary
waste collection point are determined by the plan-
ning scheme of the territory waste collection sys-
tem.

Keywords: household waste, primary collec-
tion point, waste collection systems, planning
module, planned hubs, criteria, residential areas.

INTRODUCTION

The planning scheme of the waste collec-
tion points is developed for a territory at the
stage of a detailed master plan of the territory
at a scale of 1:2000, and is limited by the zone
of influence of a waste transfer station, the city
block area, or by the district of residential area
in accordance with the distribution of the so-
cial and cultural services provided to the in-
habitants. The main city planning criteria de-
fining the territorial location of primary waste
collection points are:
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» walking distance

« differentiation of the functional zone at the
stage of the primary waste collection point
planning

» lay of the land and landscaping

» economic models of planned hubs location

 residential density.

STATEMENT OF BASIC MATERIAL

The principle of the functional-and-planning
organization is created according to the
scheme shown in Fig.1.

D
R

Fig.1. Scheme of organization of the residential
area waste collection system planning
structure

PS— planning schemg@t a 1:2000 scale) of

Fig.2. A fragment of a planning scheme of loca-
tion of the primary waste collection
points with the definition of their influ-
ence zone on the example of a residential
area in Kyiv

PM — planning modul@loading equipment)

is the primary element in the waste collection

and disposal system. The calculation of the
planning module area depends on the equip-
ment for the household waste collection sys-
tem adopted according to [1] and pursuant to
the determined waste collection method for the
residential area, its constructive features and is
defined in accordance with the principle plan-

ning scheme, see Fig.3.

the waste collection system is based on the city A planning block is the smallest planning

planning requirements and residential area
limitations. In the area planning scheme the
places of planned hubs of the primary waste
collection point are defined. The area of the
planning blocks influence is limited by the ra-
dius of walking distance and defines the terri-
torial limits for calculation of the number of
planning units (modules) of the primary waste
collection point, see Fig.2.

PB — planning blockingor embedding the
planning modules in the primary household
waste collection point in a cartilage. The plan-
ning block area is calculated in accordance
with the household waste volume in the influ-

and organization unit of the waste collection
system. In accordance with the Order of the
Ministry of Regional Development, Construc-
tion and Housing, and Communal Services [2],
a planning block corresponds to the first, sec-
ond, third and fourth process flows. It is ap-
proved by the Order and is designed for one or
two containers which, when a planned hub is
formed, are blocked in accordance with the re-
quirements of the area and the established
technology.

The planning of the arrangement of a con-
tainer [3] includes the distance between the
equipment and fencing and the area under the

ence zone and the working area of the primary fencing. The state standards do not provide the

waste collection point, see Fig.4 Blocking the
planning modules.
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area of a module necessary for an individual to
dispose of the household waste; this area is de-
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fined by the anthropometric measurements and line with the State Standard of Ukraine

is located on the side of the equipment opening
[4, p.141-151], for PM2 the territory between
the equipment is also included.

1000

K

- -
[¢e] . L)
@0—[ _K_bsd_ x Troo

b

96

LEGEND
[ - equipment for the household waste col-
~ lection points
...) —direction of the household waste loading
1 -borders of a module area

Fig.3. Planning modules of the primary house-
hold waste collection point:
a— planning module of the primary
household waste collection point per one
piece of equipment (PM1ly;— planning
module of the primary household waste
collection point per two pieces of equip-
ment (PM2)

The length of the PM1 module for the land-
based method is calculated according to the
formula (1) [3]:

L=2b+K.

The length of the PM2 module for the land

N.B.B.2.2-7:2013 (1 m is accepted; — the
width of the module, m.

When defining the length and width of a
module for the undergrounchethod, the di-
mensions of the underground container are
taken into account at calculation. Collection
and transporting of the household waste by the
land-based and underground method are the
technically interconnected processes, whereas
the reloading of the household waste from the
equipment to the waste collection vehicle is
carried out mostly mechanically and, only oc-
casionally, manually. Both the land-based and
the underground method of container empty-
ing provide for the top, rear or side reloading
to the waste collection vehicle [5, p.235-245].

It is important that the equipment fixing and
size correspond to the technical capability of
the waste collection vehicle [5, p.235-245].
The containers and the waste collection vehi-
cle have special outlets for equipment, which
clutch the equipment by special auxiliary han-
dles thereon and with the help of the waste
collectors holding it up (if necessary) from the
opposite side when the container is being emp-
tied.

The experience of technological method
[6, 7] of the household waste collection system
in residential areas in Ukraine is not repre-
sented, the household waste is mostly disposed
by the land-based (Fig.5) and sometimes un-
derground [8, 9] organizational and techno-
logical waste collection method. The equip-
ment for the waste collection points is adopted

- based method is calculated according to the jn accordance with [1].

formula (2),
L =2b+2K + 035.

The width of the modules PM1 and PM2
for the land — based method is calculated ac-
cording to the formula (3) [3], with the addi-
tion of anthropometric measurements:

B=b+K +0875,
where:K - the overall dimension of the con-

tainer (length or width), mb - the distance
from the container to the module fencing in
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The morphological composition of the
household waste puts a number of require-
ments as to the equipment form and to its ma-
terial:

» food waste may attract stray animals, rats
etc., therefore they have to be collected in
the equipment with a lid, molded, and not
of grid structure

» paper, plastic waste, PET bottles, rubber,
fabric etc. are collected into the equipment
of the molded, not grid structure with a lid,
to avoid the waste scattering by wind in the
territory
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» glass waste is collected into the equipment
with the molded or grid structure

batteries, accumulators and suchlike are
collected into a specially allotted container
of molded structure with a lid.

Depending on the volume of the household
waste in the territory, the number of planning
modules for the primary waste collectipaint

is determined. For the household waste collec-
tion in Ukraine the containers with the volume
of 1,1 n? and 0,4 m are used, therefore a
planning module has been developed for this
type of equipment. Table 1 determines the area
of a planning module for the equipment al-
ready in use in 90% of the cases of the house-
hold waste collection in residential areas in
Ukraine.

Table 1 Area of a planning module for 0,4 m?3 and
1,1 m3 volume equipment

Waste col- Planning module area,’m
lection 1PM 2PM
method "o 48[ 1,1n%[0,8 nF [2,2 n?

Land-based| 7,47] 9,86 10,80 1597

Underground 3.43 540
vacuum

A planned hub is the second level of the or-
ganizational — and — planning structure of the
waste collection systenilocking the primary
modules into a planned hub is carried out us-
ing two typesthe front and off-center. The
front blocking of planning modules envisages
placing containers in one line, whdhee load-
ing is carried out on one side or on two sides.
The off — center location of containers envis-
ages blocking with offset of the one planning
module respective to the other, and loading is
carried out from two or more sides.

The number of planning modules shall cor-
respond to the limitations indicated in Chapter
lll of the Order of the Ministry of Regional

of equipment on the enclosure may vary from
two to five.

The blocking of planning modules into a
hub is based on the principle of decreasing
their area while interoperating on the average
per 2...5 M (see Fig.4). Principle scheme of
blocking the planning modules into hubs of
two types: front and off-center.

iy

.

)

P

J(GSO ;5@ 650 i

a

LEGEND

1 — equipment for the household waste col-
lection points.

...) — direction of the household waste loading

1 —borders of the module area

Fig.4. Principle scheme of PM blocking into
hubs of two types: with front and off —
center locationa — principle scheme of
PM blocking into planned hubs with front
location; b — principle scheme of PM
blocking into planned hubs with off-
center location

The decision on combining the planning
modules into a planned hub is taken locally in
accordance with city planning conditions and
the planning scheme of the waste collection
system, which is prescribed in technical re-
guirements:

» the square footage for the primary waste
collection point;

the location of the primary waste collection

point in the planning organization of the

city block area.

The number of planning modules in a

Development, Construction and Housing, and Planned hub is 3 to 5 in accordance to the pro-
Communal Services On Separate Household C€ss flow of the Order of the Ministry of Re-
Waste Management [2]. It is achieved by tak- gional Development, Construction and Hous-
ing into account the process flow of the house- N9, and Utilities Services [2], as well as aes-
hold waste collection system in residential ar- thetic, sanitary-and-hygienic norms. Negative
eas where the maximum planned hub number €xperience of blocking hub (see Fig.5).
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Fig.5. Blocking of planning modules of the
primary waste collection points, on the

ploanned hubs area, m?

planned hubs area, m?

example of Odessa city
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After the method for the household waste
collection and the planned hub type (its block-
ing) have been established, the functional zone
of the primary waste collection point is deter-
mined which meets the function of the house-
hold waste accumulation. The functional plan-
ning dependence of the type of planned hub
blocking is expressed through comparison of
the functional zone area of the primary waste
collection point with its accumulation volume
in different disposal methods (see Fig.6). The
criterion for optimizing the primary waste col-
lection points blocking is shown below,
where

Sf - min,

Sf - is the functional zone area.

The planned hub functional zone provision
can be expressed through the theory of sets,
Fig.7:

AOC; BUCG;

A/B; Bl A,
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16 —e— deep layout

—e— Moving layout

12

10 ——
=

planned huks area, m?
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Fig.6. Functional planning dependence of the type ofpifi@ary waste collection point planned hub
blocking: a — land-based methoth;, — land-based method witregetal zone¢ — underground
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method;d — vacuum method
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a b
LEGEND
Q - planned hub
A —loading zone (pedestrian area)
B —disposal zone (working area)
C - planned hub functional zone

Fig.7. Functional planning of the primary waste
collection point plannedhub blocking:
a — planned hub with zone overlapping;
b — planned hub differentiation

where: A — the household waste planned hub
loading zone (pedestrian areB):- the planned

hub household waste disposal zone (waste col-

lection vehicle working areal; — the planned
hub functional zone.

The walking distancgl ) determines the in-
fluence zone of the primary waste collection
point and the area of planned hub influence. A
maximum walking distance from a building
entrance to the primary waste collection points
is defined by the city planning norms and does
not exceed 100 meters:

| <100

To determine the primary waste collection
point influence zone, the walking distance of

100 1 ¥
%0
80
70
60
50
40
30
20 &3

0 X
s

Fig.8. Distance to planned hubs in accordance
with comfortable walking distance
schemex — resident comfort index on a
scale from 1 to 5, where 5 being the
highest comfort indexy — distance from
the apartment block entrance to a planned
hub

Determination of planned hubs of waste
collection points for a residential area on a
planning scheme is expressed by the equidis-
tance parameter after the service apartment
blocks have been defined.

With the increase of the distance from a
building entrance to the primary waste collec-
tion point the comfort index and accessibility
of the planned hub for the residents’ decreases,
see Fig.8. The plotting of the planned hubs lo-
cation is based on the parameter of decreasing
the distance for a person to be covered to the
primary waste collection point in order to im-
prove the living convenience through the

100 meters is accepted and expressed with duewg|king distance:

consideration of the nonlinearity coefficient as
a radius of the primary waste collection point
influence zone [10, p.107-112]. Location of
the primary waste collection point planning
hubs determining the borders of a maximum
influence zone has to be optimal.

The criterion for optimization of the
planned hub of the waste collection points is
comfortable residential area for all inhabitants.
Its provision indicators are expressed by the
equal walking distance from the building en-

trances to the places of the waste collection

disposal points with the equal utility payment
rates for the waste collection services for all
inhabitants of the residential area.
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| - min_

In practical application these two functions
have aseries of contradictions, as it is practi-
cally impossible to provide a minimum equal
distance from all entrances covered by the
primary waste collection point influence zone

with due consideration of the city planning

conditions.

Therefore, the optimization of the location
of planning hubs with the aim of increasing the
living convenience through walking distance is
based on the parameter of decreasing of the
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distance from the building entrances to the
planning hub within its influence zone. In or-

der to provide the minimum distance to the
primary waste collection point it will be expe-

dient to minimize the net distance from all the
buildings to the planning hub:

D=1+l 41 +1 )~ min

City block area (quarter) perimeter and
buildings depending on the territory configu-
ration, lateral length in the plan and the plan-
ning type, the primary waste collection points

may be located in the recess of the quarter —

on the main driveways and along the perimeter
of the quarter without entering the residential
area. In the city historical environment and

when the streets are crossed more often than in

400 m the approach to the quarter area is for-
bidden. The primary waste collection points
have to be located along the perimeter of the
quarter area. Architectural objects of the resi-
dential, cultural and social purpose, which un-
der this condition are located at a distance ex-
ceeding 100 m, are serviced by the vacuum
waste collection method. Location of the pri-
mary waste collection points allows to distin-
guish two major functional and planning types:
» the differentiation of the loading zone and
the disposal zone with delimitatiaof the
pedestrian and transport flow to the plan-
ning hub
« the combination of the loading zone and the
disposal zone with crossing the pedestrian
and transport flow.

The criterion by which the planned hub lo-
cation is optimized is the equal living conven-
ience for all the residents, the provision of
which for population is expressed through the
planning division of a hub into a waste load
zone and a waste disposal zone.

Urban road network system of resident ar-
eain accordance with [11] imposes a series of
requirements to the household waste planning
hub location within the red lines [12]. In ac-
cordance with Annex B, p.44-47 [11], the most
commonly used typical cross sections of
streets and roads, the following requirements
may be distinguished:

70

» location on the type | and IV trunk lines,
see the scheme at p.44, Annex B [11], may
only take place in zones allotted for the
landscaping, and servicing and removal
may be fulfilled through the local (side)
service roads;

» location on the type Il and Il trunk lines is
possible on the rumble and safety margin
strips, as well as on the barrier railings strip
providing their sufficient width.

The same requirements are imposed to lo-
cation of the planned hubs on other cross sec-
tions of the trunk roads and housing streets,
the main passages and local streets. When dis-
posing the household waste by the under-
ground method (container or vacuum), taking
into account the layout of utilities is obliga-
tory. The criterion by which the planned hub
location on the streets and roads is optimized
is the provision of unimpeded pedestrian and
traffic flow. The planning charting of the
planned hubs location is based on the parame-
ter of optimization of location of separation of
the traffic and pedestrian flow to the planned
hub.

Area lay of the land and landscapingne
of the criteria of the comfortable living of the
population is the city territory landscaping and
public amenities. In [13], certain requirements
to the enclosures for the household waste col-
lection are given, with the recommendation of
their landscaping, and in the State Sanitary
Rules and Regulations [14] and in [1] and [3],
the recommendations on the equipment selec-
tion are provided.

Having analyzed the standard efforts to
regulate the residential area landscaping and
public amenities, one can affirm that the waste
management system requires more significant
attention as it belongs to one of the popula-
tion’s primary needs. The waste management
system is an integral part of landscaping of its
residential environment and does not take into
account the existing lay of the land, the terri-
tory landscaping, the waste collection system
technology.

At the stage of the planning charting, when
locations of planned hubs and waste collection
method are determined, it is important to take
into account the natural and climatic factors,
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wind direction, temperature range and lay of
the land.

The lay of the land influences the waste
collection and disposal system if a curtilage is
located on a challenging lay of the land or on
one that is unfavorable or adverse for residen-
tial planning [15, Table 1.1]. In a curtilage on
a lay of the land where the battering walls,
bent surfaces, hills and barrows, junctions of
three plains [15, Fig.1.3] with the drop exceed-
ing 2 meters are present, the primary waste
collection points are built into the land with
due organization of the working and functional
zones. The walking distance to the primary
waste collection point where the challenging
lay of the land or a particularly adverse hill or

steps occur has to be decreased. When locating

the primary household waste collection points,
it is necessary to take into account the solu-

tions of the curtilage lay of the land organiza- |

tion to provide rinsing of containers and the
wastewater disposal for the public utility site.
The landscaping in the territory has to be
compulsory and not recommended for the
land-based enclosures as its additional isola-
tion from the household.
The wind direction and the curtilage aeration
influences the location of the primary waste
collection points and is a compulsory factor to
be considered for the land-based method.
The temperature range influences the proc-
esses running in food waste; therefore, for a

temperate climate zone it is necessary to con-

sider this factor to calculate the periodicity of
the household waste disposal. However, this
factor does not influence the planning location
of the primary waste collection points.
Economic models of planned hub location:
one of the principles of economically and ra-
tional location of the primary waste collection
points is its compactness principle. The com-
pactness principle is expressed through the
economic models of locating the primary
waste collection point and the volume of
household waste in its influence zone, see Fig.
9, a andb, the maximum influence zone of the
primary waste collection point equals the area
of the circle with a 100 m radius:

2

S =T1U°,

infl.z
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where S, — is the maximum influence

zone according to the walking distance radius
= 3,14 hectares. Fig.9 show the developed
economical models of the primary household
waste collection points location for a residen-
tial area within the maximum radius of acces-
sibility of the primary waste collection point
which constitutes an influence zone of 3,14
hectares. The residential density of the area de-
termines the economic effectiveness of each of
the location models:

in the centrally separated model and in the
centrally integrated economic model under
the condition of such population concentra-
tion it is difficult to find a territory in a city

to block 4 containers with a volume which
would satisfy all the requirements to the or-
ganization of a functional and working zone
of the primary waste collection point

the centrally separated and the centrally in-
tegrated economic models under the condi-
tion of such residential density may func-
tion only on condition that the household
waste would be removed twice a day,
which increases the cost of the system op-
eration and decreases the residents’ comfort

LEGEND
1 — places of the household waste formation
- influence zone

@ — primary waste collection point

Fig.9. Economic models of planning block loca-
tion in influence zonez — centrally sepa-
rated;b — fragmentary¢ — centrally united
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» the fragmentary model, on condition of the The underground method: such residential
population’s density in the territory requires density in the influence area gives evidence of
additional primary waste collection points the fact that such centrally separated and cen-
that increases the cost of the system con- trally integrated economical models may be
struction and operation. used without any additional expenses if this

does not contradict technical provisions. The
At the maximum residential density the fragmentary model, if the population is dense
influence zone of 1200 — 1400 persons at the in the territory, requires additional primary
rate of 400 — 450 persons per hectare the waste collection points that increases the ex-
household waste volume will reach 6...¢ m penses for the system construction and opera-
per day. The land-based method: such residen-tion and increases the inhabitants’ comfort by
tial density in the influence zone gives evi- decreasing the walking distance.

dence of the fact that location of one house- Based on the analysis of the models of the

hold primary waste collection point is not primary waste collection points location and

enough, as the maximum load on one primary the residential density it is necessary to stress
waste collection point through the land-based that the land-based method is not of economic
method is 5,5 m3 per day (4 containers with benefit for a territory with high residential
the volume of 1,1 m3). Thus, in order to satisfy density (mostly central and historical city
the household waste disposal by the land- parts), therefore there the underground method
based method the additional expenses in anycan be used efficiently.

economic model type are required. Generally, for a territory with high residen-
The underground method: such residential tial density it is better to use the fragmentary

density in the influence zone gives evidence of model, as these are the zones of compact plan-

the fact that such centrally separated and cen-ning and it is quite difficult on the conditions
trally integrated economic models may be used of such planning to find a significant territory
without any additional expenses if this does area to equip an enclosure for 4 containers, to

not contradict technical provisions. The frag- isolate it from the inhabitants and to provide a

mentary model if population is dense on the working and functional service zone for it; be-

territory requires additional primary waste col- sides, such enclosures look unaesthetic in the
lection points that increases the expenses for central and historical city parts. For a territory
the system construction and operation and in- with low residential density, the centrally sep-
creases inhabitants’ comfort by decreasing the arated or the centrally integrated models are
walking distance. When the residential density more appropriate, as they are rational from the
is moderate, in the influence zone of 470 — 600 economic point of view.

persons at the rate of 150...200 per hectare the

household waste volume will amount to 2...4 Vpf. - max

m3 per day.

The land-based method: such residential  The economic criteria by which the location
density in the influence zone gives evidence of of the planning hub is optimized the provision

the fact that locating one primary household of maximum accumulation of the household
waste collection point is enough, as the maxi- waste.

mum load on one primary waste collection

point by the land-based method is up to 5,5 m3 CONCLUSION
per day (4 containers with the volume of 1,1
m3). The fragmentary model, under the condi-  The functional and planning location of the

tion of the moderate residential density in the primary waste collection points is provided by
territory requires additional primary waste col- a number of criteria. To optimize their location
lection points, which increases expenses for two major city planning factors are taken into
the system construction and operation. account: the minimization of the walking dis-
tance from the buildings’ entrances and the lo-
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cation of the primary waste collection points in

the concentration places (places of high resi-
dential density) in the influence zone. This is
meeting the economic efficiency criterion

(maximum volume accumulation in the pri-

mary waste collection points) and comfortabil-

ity for the largest part of the population in the
influence zone.

This way of optimization may be provided 1q.

if the primary waste collection point can be
viewed as an attraction center. The second op-

timization criterion is the use of the planning 11.

conditions and territory limitations,

where Sf -~ min
when Vpf. - max
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MartemMaTHYecKHE NOAX0bI ONTHMH3ALUU
(PYHKIHOHATBHO-TIJIAHHPOBOYHOTO
pa3MellleHUs IePBUYHBIX IIYHKTOB cOopa
CAHMTAPHON OYMCTKHU IO KPUTEPUAM
rOpPOICKOr0 NJIAHMPOBAHMS

Jlroomuna 3onomape

AHHOTAIUSI. PACCMOTPEHBI OCHOBHBIE T'PajO-
CTPOUTEIbHBIE KPUTEPUU OpPraHU3AINU CaHUTap-
HOW OYUCTKHU >KWJIBIX TEPPUTOPHUH NJi1 ONTUMHU3A-
UM pa3MeIeHHs TePBUYHBIX MYHKTOB cOopa Ha
KUIIBIX TEPPUTOPHUSIX.

TeHneHIIMU pa3BUTHUS CAHUTAPHOM OYUCTKHU
KIJIBIX TEPPUTOpUE aisi obecriedeHus: kKompopr-
HOTO TPOXXUBAHWSI HACEIICHUS M €ro OBITOBBIX
HY)KJ] OTPaHMYUBACTCS HAMPABICHHUSIM: TPOTpec-
CHUBHOCTh aBTOMAaTH3aIH cOopa OBITOBBIX OTXO-
JIOB, 3CTETHUYECKOE, CAHUTAPHO-TUTHCHUYECKOE,
WHXXCHEPHOE PEeIlleHUEe 000PYIOBaHUS IMEPBUYHBIX
MyHKTOB cOOpa OBITOBBIX OTXOIOB JJIs oOecrede-
HUS TEXHOJOTHYECKOTO WM OpraHU3aI[iOHHO-
TEXHOJIOTHYECKOT0 crocoda coopa.
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JlanpHelee pa3BUTHE CAHUTApPHON OUYMCTKHU
HEBO3MOKHO 03 MPUHIHUITHAIBHOTO y4eTa Ipajo-
CTPOUTENBCTBA. PelleHne Mo TEXHOIOTUYECKOM
WM OpPraHU3allMOHHO TEXHOJIOTHYECKOM CIoco0Oe
cOopa OBITOBBIX OTXOJOB MPUHUMAETCS Ha TPETh-
€M WM BTOPOM TEXHOJOTHYECKOM YPOBHE U 0a3u-
pyeTcss Ha TpaJoCTPOUTENBHBIX TPEOOBAaHUIX U
aHanM3a TEPPUTOPHH, NMPUHUMACTCS B COOTBETCT-
BUM C PSAJIOM YCIOBUN U OTPAaHUYEHUM, XapaKTepu-
3YIOIINX TEPPUTOPHUIO.

OCHOBHBIE TPagOCTPOUTENBHBIE OTPAHUYCHUS
pu BBIOOpE cmocoba cbopa: TEeppUTOpHATHEHOE
oTpaHHYeHHe, MIOTHOCTh HACENIEHUS TEPPUTOPHUU
B NpeAeniax yIWL, WIK 30HE BIUSHHUS MycOpoIie-
pEerpy30YHON CTaHIMH, IUIAHWUPOBOYHBIE OTrpaHHU-
YEHUSI CYIIECTBYIOIIEN 3aCTPOUKH U P.

OcHoBHOE TpeOoBaHUE K CAHUTAPHOW OYUCTKH
JKUIIBIX TEPPUTOPHH, KOTOPYIO CTaBUT Tpajo-
CTPOUTENHCTBO — ONTHUMH3AIMS Pa3MEIICHUs Tep-
BAYHBIX ITyHKTOB COOpa Ha )KUIIBIX TEPPUTOPHUSIX.

KiroueBblie cii0oBa: OBITOBBIE OTXOABI, TIEPBUY-
Has To4yka cOopa, crocoObl cOopa OBITOBBIX OTXO-
JIOB, TUJIAHUPOBOYHBIM MOJYJb, TJIAHUPOBOYHBIN
y3€el1, KpUTEPUH, JKHUJIbIE PAOHBI.

MIABOOHI TEXHONOTrTi « 07/2017, 64-74
MpomucnoBa Ta UUBINbHa iHXeHepiA



ApxiTekTypa Ta OyAiBHHLTBO

The reasons for architectural monuments destruction
and methods of capacity reinforce for bases and fundaments

Mykola Orlenko

Ukrainian special scientific-restoration project-build-production corporation “Ukrrestavratsiya”
6, Boryspilska str., Kyiv, Ukraine, 02099
ukrrestavratsiya@ukr.net, orcid.org/0000-0002-4154-2856

The manuscript was received on 22.04.2017 and was accepted after revision for publication on 06.10.2017

DOI: 10.26884/1707.1901

Abstract. The main problem of monuments’

emergency state is poor condition of the bases and

foundations often due to their moisture. Uneven
foundations subsidence leads to redistribution of
efforts in bearing constructions and static ingtabi
ity of the base-foundation-building system. That's
why any restoration starts with the removal ofthei
emergency state.

Using the example of Mykola Pritisk’s Church
on Podil, where groundwater underflooding caused
the collapse in the south-eastern part of the build
ing, describes how the restoration works on the
monument, which began with the reinforcement of
damaged foundations and framework for static re-
covery of base-foundation-building system, meas-

Mykola Orlenko

President of Ukrainian special sci-
entific-restoration project-build-
production corporation “Ukrres-
tavratsiya”, Hero of Ukraine,

PhD eng.

The ways of overcoming these problems
should be considered using the example of the
church of St. Nicholas the Wonderworker
(Mykola Pritisk’s Church — architectural mon-
ument of XVII — XVIII c. of National impor-
tance in Kyiv at the Podil (security Nr.19),

ures to protect foundations and basements from where southeastern structures collapsed in

underflooding, ensuring reliable vertical and hori-
zontal waterproofing for the basement walls and
floors, and all the underground part of the church,
and works for antiseptic treatment of bio-damage °
and saline walls and plaster surfaces. After that,
organization of reliable geodetic control for the
structure deformation was ensured.

Keywords: bases and fundaments, groundwa
ter, intensification

INTRODUCTION

The problems of the alert condition for ba-
ses and foundations of buildings are the mal
problems of monuments restoration. That i
why all the work prior the restoration meas:
ures require liquidation of alert condition for
the bases and foundations [1 — 5].
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May 1983 due to groundwater underflooding
of basis and foundations resulting that the car-

Fig.1. General view of Mykola Pritisk’'s church
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RESULTS AND DISCUSSION

The main reasons for the alert condition of
the monument were raising the level of
groundwater in recent years after the construc-
tion of the subway at Podil, which was like a
dam and blocked the flow from Tarasivska and
Zamkova mountains in the Dnieper, uneven
subsidence of foundations that caused redistri-
bution for efforts in carrying structures, which
destroyed previously established balance in the
base-foundation-building system.

Previously, during the centuries of facili-
ties exploitation, the issue of infiltration water

Fig.2. Alert condition of the Mykola Pritisk’s derivation, leading to periodic waterlogging of
churct (Photo May 198) soils of the basis and material of the founda-
tion, was not solved.
Consequently, full or partial degradation of
* the mortar and bricks appeared.
Py Given the fact that also, a bus station and
w. s market were for many years located near the

e church, and the traffic of large trucks and bus-
- s es caused vibrating load on the foundation and
e basis.
4’ ; To elucidate and clarify the reasons for the
haii. | alert condition of the church, Ukrainian main
state institute of engineering studies (UkrDI-
INTD) performed a complex field, laboratory
' # and cameral geological studies technical report
in 1983 [11]. In 1984, 9 pits were made in ad-
Fig.3. Part of Mykola Pritisk’s church octagonal dition to the previous studies to clarify the soil
drum structure of the base and foundation material
(Fig.4).
Soil conditions at the construction site are
summarized in the Tables 1 and 2.
At a depth of laying the foundation, bear-
ing layers for the base are soils 2, 3 and 5.
The foundation material, as it is seen from
the pits, is uniform. In the pits number 1, 4 and
5, the foundation is made of bricks on lime-

_ The purpose of the article is as follows: 10 gtone mortar. In the pits number 2, 3, 6 and 7,
illustrate the consequences of moisturizing ba- {he foundation is made of rubble masonry

ses and foundations using the example of par- gjah and granite boulders of 100 cm). The
ticular architectural monuments, and how the- g6 rypple foundations are located at a depth
se problems are solved by experts of the ot 5 4 {9 3,55 meters. After the rubble ma-
"Ukrres_tavratswa" corporation. The m_ethods sonry, the brick masonry, which goes to the
of architectural and comparative analysis were ¢\, face is made. Sand and brickbat are used as
used in the article. The details were provided 4 fijer in the masonry. The masonry within the

for the elimination of the alert condition for  t5,ndation in the pits 5, 8, and 9 has a vertical
the foundations and basements moisture by . ack of 2 cm wide. Sections see Figs.5 — 8.

groundwater [6 — 10].

rier pylon and two reinforcing arches, which

were based on it, cylindrical vaults and three
sides of an octagonal drum were destroyed
(Figs.2, 3).

MATERIALS AND METHODS
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Table 1. Consolidated engineering-geological with a tdbtenormative and calculated

indices of soil

properties
Nermative values Calculated values Additional
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~ Unit fraction roienf | Rreiew? afiem? Teg ey deprecs Tlnit
traction
Bulk ground - sandy losam, sand with plant
residues, and inclusion of solid construction
1 debris up 1o 30% ol the burial 2dn
Fine, quartz, dense sand with sandy loam 103 103
2 14:\\:.|n wet vellow-gray dusty sand of 0,13 035 | 064 | 1,93 360 1004 | 1003 003 | 04 | 35 [ 36 27n
AVCIAge Sizc
Bandy loam plastic with thin interlavers and
Temses of dark gray sand with admixiure of 1.8 1,51 23| 26
3 N . 2 .03 1, 6 0, 73 A 2 . N 3
- 4 construction debris and houschold waste, 0.2 00 0.2 1 046 1 080  0.75 | 101 Ll 011 | =000 & 4 06 | £3 She3 L
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Sandy Joum with an admixture of plint
4 = —— residues, construction waste, household 0,23 | 0,05 | 0,24 =) 099 0 039 1.64 fild 1.64 0051007 117 (19 346 E
________ wasle, sand mlerlayers, dark sty

The table gives the values for normative and calculated indices of soil properties by monoliths selected from under the base of the

church [oundation above the groundwater level.

Table 2. Soil conditions construction site

. | Depth of
botiom,
m

Soils
description

Stratum
depth, m

Conditional marks
and designations
of sails

Groundwat
er level

2,30

Bulk ground.
sandy, sand
with plant
residues, the
inclusion ol
domestic waste

230 up fo 30%

0,00

1,00

4,20

Line, quarte,
dense sand with
an admixture of’
yellow-gray wet
dusty sand

Sandy loam
plastic with thin
interlayers, dark
gray, with an
admixture of
garbage and
household

25 waste

Sandy leam
solid with
interlayers of
dark gray sand
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State scientific and technological center for
the conservation and restoration of monuments
conducted studies for building material of
foundations and walls of the church to deter-
mine their composition, strength, salinity,
moisture, and biological damage.

It was found that brick walls were made of
yellow and dark red brick on lime-sand mortar
with the lime to sand ratio 1:5. Brick has a
fragile structure, and water absorption more
than 19%. The testing of the strength in com-
pression rate showed the result of more than
25 kg/cnf.

The main measures for the elimination of
alert condition foresaw:

- strengthening damaged foundations and
framework for establishing base-foundation-
building equilibrium;

- developing measures to protect the base
and foundation from underflooding;

- providing reliable vertical and horizontal
waterproofing for the basement walls and
floors, and for the entire underground part of
the church;

- works on the antiseptic treatment for the
surfaces affected by Micromycetes fungi com-
plex and eliminating salinity from the brick-
work and plaster of the walls;

- establishing a reliable geodetic control for
the structure deformation [12 — 15].
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STRENGTHENING OF THE DESTROYED
BASIS AND FOUNDATIONS OF THE
CHURCH

When the project of monument restoratic
was considered, several options to strengtl
the foundations and bases were discussed,
cluding eyeliner foundation pillars to expar
the sole foundation, strengthening the soil
injection, amplification using bored an
pressed piles, placing a solid base plate [.
19].

Analysis of the considered options show:
that during strengthening the foundation p
lars in wells, establishing outrigger bored al
pressed piles under the existing foundatio
uneven efforts will appear in structures th
need to be carried out in sections, as the eff
cannot be passed to the basis. The disad\
tages of the above options are also i
strengthening, complexity, and laboriousne:
the cost of these works within a constructic
site.

Comparing the technical and economic f
rameters, as well as the considered options,
most rational was the use of root piles (Fic
9 - 15).

The main advantages of this method we
the following:

- the possibility of arranging piles through
existing structures reinforcing the foundations
with the injection under pressure;

- the preservation of authentic exterior of
the architectural monument;

- pressing the mortar in well with simulta-
neous resume of its pressure, which provided
filling cracks in the construction of the founda-
tion, compacted surrounding soil, provided
roughness around piles surface, which in-
creased their carrying capacity;

- settling of root piles due to their pressing
usually no more than a few millimeters even
for loads close to the threshold of the material
strength;

- static equilibrium is not disturbed for ex-

isting foundations because of the arrangement

of piles is performed using small-sized equip-
ment with high speed without vibration trans-
mitted to the foundation.
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f

I 7/ Fa
Technological scheme for arrangement of root
piles with wells washing by concrete mortar: | —
boring with chisel drilling bits; Il — installinger
inforcement cages; Il — installation of injection
pipe and filling the hole with a mortar; IV - tam-
pons and establishing pressing of wells; IVa -
pressing of wells at the mouth of the pile. 1 -
drilling pipe; 2 - reinforcing cage; 3 — injection
pipe; 4 - reinforced foundation; 5 — mouth tray; 6
- swab with gland; 7 — extended part of the pile;
8 — finished pile.

Fig.9. Flowsheet of root piles use

The total number of root piles was 506
pcs., diameter 132 mm, the length of the pile
was 16 m, the angle 15 - 19 degrees.

The structure of the strengthening works
also included cement injection under pressure
to the foundations and rubble masonry. Ar-
ranging of piles was performed by SKB-4E
cutting chisel (Fig.12). Drilling of masonry
was conducted by blowing air and soil drilling
with flushing by pre-cast concrete using hy-
drocyclone pumping univCI'V-2. Construc-
tion deformation was stopped after strengthen-
ing the monument of architecture.

MEASURES FOR PROTECTION THE
BASE AND FOUNDATION OF THE
CHURCH FROM UNDERFLOODING

Scientific and technological inspection [20]
performed in 1998, was intended to establish
the real picture of the moisture state for the
church, identify the causes of soaking for the
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Fig.11 Test for the pile in the soil by axial load
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basement, and to develop technologies of wa- higher than the permissible limits and
terproofing, as well as other repair and restora- reached above 12...14%, resulting in lesions
tion works. of building materials with Micromycetes fungi

The samples of building materials were complex and caused the plaster and brickwork
taken during the inspection to determine their destruction. Moisture indicators in the interior
composition, strength, salinity at the surface of walls of the church basement were lower and
the plaster and brickwork; measurements of showed existing capillary suction of moisture.
moisture for the brickwork and air samples

were conducted; the samples of biological i 2 oo vl
damages were taken. Separately, an analysis of | , - f
the water, which was in the basement, was | ? \ ~
conducted. “’T\

Basement moisture condition (Fig.16) was _ —~— |
unsatisfactory, the basement was underflooded ~ ° ——— [ )

all the time and water was always there. The i
water level rose to a height of 40...50 cm from ‘
the floor and depended on changes in the level
of groundwater. Moisture of the plaster exceed
permissible limits, plaster was covered with
efflorescence. In some places, there was peel-
ing, breaking, and some heavy losses of laying
bricks. In the north wall, bricks inrush

Fig.13 S= f (P) plot for the studied root pile
DP-1 at strengthening the foundations
of the Mykola Pritisk’s church in Kyiv

00 4o 600 800 00 1200 _fo0 k00 400 000 P 1

amounted to 15 cm, cracks in walls and arch ]
—
reached up to 30 mm. s -
Analysis of the moisture condition for the ™
laying lower sections of the walls testified the X : i N

the moisture for the walls was significantly

Fig.14. S= f (P) plot for the studied cluster of
four root piles, connected with DR-1
rostverk at strengthening the foundations
of the Mykola Pritisk’s church in Kyiv
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Fig.15 S= f (P) plot for the studied root pile

DP-1 on the break at strengthening the
Fig.12 Drilling machineCKB-4E foundations of the Mykola Pritisk’s
church in Kyiv
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5. Plaster salinity is very high and should
be decreased.

6. It is urgent to perform landscaping, re-
construction of skirting for the drainage of sur-
face rainwater from the church.

In order to develop a reliable, durable and
cost-effective technology for waterproofing of
the church walls, technological schemes of
several companies were considered: the Dutch
«Dry works», Spanish «Drizoro», German
«Remmers» and «Deitermann.

These projects differ in cost, cost of materi-
als, their durability and guarantees having the
same technological schemes.

Due to the warranty over 10 years, the low-
est cost of materials for complex work, and
that the walls not only get a protection from
moisture, but also are strengthened, the tech-
nology of German company «Remmers» was
chosen.

Performing a full complex of works on drain-
age and protection for the walls from moisture
was divided into three main stages:

1. Horizontal waterproofing and applying
sanifying plaster for the walls in the church
basement in the interior and on the fagade;

2. Work on drainage and waterproofing for
the basement walls and floors;

3. Repair of paving around the church.

The work was carried out using waterproof
materials and sanifying plaster of the «Rem-
mers» company according to the company
technology.

1. Drainage for the moisture of the base-
ment (Fig.17).

The technology included the following
eps:

- removing destroyed plaster;

- destructive laying disassembly;

- surface dedusting;

) - replacing for the lost bricks with the new;
2. At a height of 1,5 meters from the floor, _ crack injection with the mortar:

high moisture of the church walls is caused by  _ bricklaying mortar restoration and joints
capillary suction of ground water. filling with AISIT Grundputz;
3. To normalize moisture and the state of - dust cleaning for the ho,IeS'
the walls, and to prevent the ingress of water filling holes by 2 - 3 injecti’on with AIDA
into the basement, vertical and horizontal wa- KEISOL:
terproofing must be performed. ’
4. The church walls and basement are af-
fected by Micromycetes fungi complex and
require antiseptic treatment of surfaces.

Fig. 16. Basement before the work

Conducted chemical analysis of water in
the interior of the basement testified that the
ground water source is wetting. This is consis-
tent with the fact that the water level in the
basement reduced in summer.

Increased groundwater level is typical for
Podil and caused underflooding in many hous-
es in this area.

Analysis of the water-soluble salts content
in the walls of the church basement showed
their significant availability and salts crystalli-
zation on the material surface. Over time, crys-
tals grow in size, are beginning to put pressure
on the building material, leading to its destruc-
tion.

Tests on the water absorption and strength
for wall brick were performed, and the results
of these studies for water absorption averaged
more than 19%, and the strength in compres-
sion - 25 kg/m

Based on technological research of the
church, it was concluded and the following st
recommendations were issued:

1. The main reason for the church base-
ment becoming soaked is the high level of
groundwater.

- two antifungal treatments for the walls;
- holes treatment with AIDA Borlochsus-
pension;

82 MIABOOHI TEXHONOTrIi « 07/2017, 75-86
MpomMmucnoBa Ta UMBINbHa iHXeHepifA



ApxiTekTypa Ta OyAiBHHLTBO

Fig.17. Basement before the work

- applying preparatory plaster AISIT Spe-

cial-Vorsspritzmortel;

- applying plaster AISIT Sanierputz Spe-

zial;
- plaster smoothing;
- leveling with AISIT Grundputz coating;
Horizontal waterproofing.

2. Drainage of walls and vaults of the

basement moisture.

Arrangement of horizontal and vertical we
terproofing.

Walls and vaults:

- pumping water out of the basement;

- removal of plaster;

- removal of debris;

- destructive laying disassembly;

- room dedusting;

- replacing for the lost bricks with the new

- crack injection with the mortar;

- drilling holes with a diameter of 30 mm;

- dust cleaning for the holes;

- filling holes by 2 — 3 injections of AIDA
KEISOL,;

- two antifungal treatment for the walls;

- holes treatment with AIDA Borlochsus
pension;

- applying preparatory plaster

- AISIT Special-Vorsspritzmortel;

- strengthening and alignment of brickwol
and joint filling with AISIT Grundputz;

- protection against moisture by applying
slurry saltproof

MIABOAHI TEXHONOTrIi « 07/2017, 75-86
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Fig.18. Drilling holes in the basement facade

AIDA Sulfatexschlamme;
- applying preparatory plaster layer on the

entire surface of the wall;

- applying plaster base layer;

- plaster grinding;

- painting walls.

Drilling of holes was performed according

to the technology (Figs.18 — 22).

Depth drilling holes

0,7-1,0 M N 06-1.0m
[ ERENYY [ 111,25 m
- 1,6-20m D not conducted

the direction of the drill

&I on the one hand E:j with the two sides

Fig.19. Layout for the holes drilling
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Fig.20. Layout for the holes

Holes were drilled in the walls around the
perimeter of the church outside the basement
(see Fig.19), in places, where the wall thick-
ness is more than 2 m — on both sides. At the
altar, the drilling was performed only from
outside. The depth of the holes and their loca-
tion are shown at the layout (see. diagrams at
the sheets).

After drilling holes, the dust removal was per-
formed.

Fig.21 Drilling holes in the basement facade After the full technological cycle of vertical
and horizontal waterproofing arrangement, the
moisture of the church walls, both outside and
inside, become normal (Fig.23).

solution
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CONCLUSIONS

1. Architecture monuments, which are in

8.

the state register and protected by the state ac-:

cording to the Art. 54 of the Constitution of
Ukraine and the Law of Ukraine "On Protec-
tion of Cultural Heritage of 08.06.2000{
1805-IIl, should be monitored for their correct
operation.

2. For the early detection of monument deg-
radation, it is necessary to provide geodetic de-
formation monitoring for the buildings, as well
as for the changes in the hydrogeological con-
ditions of the monument location.

3. To take timely measures to drain surface
water and protect the base and foundation of
the monument from the raising level of
groundwater.

4. Do not agree new construction projects
in the protected area of the architectural mon-
uments, which can lead to underflooding and
increasing groundwater level.
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[puyunbI pa3pymesns 10cTONpUMeYa-
TeJILHOCTEl apXUTEKTYPHI H IPA0OCTPOEHMUSI
U cI0CcOo0bI YCHIICHHS Hecyllel crioco0HOCTH

OCHOB M ()yHIaMEHTOB

Huxonaui Opaenxo

AnHotaunust OCHOBHOH TpoOIeMoil aBapHii-
HOT'O COCTOSIHMSA JTOCTOIPUMEYATENbHOCTEH SIBIIA-
eTcsi HEYJOBJIETBOPUTEIBHOE COCTOSHHE OCHOB U
(yHIaMEHTOB, 4acTO B pe3ylbTaTe HX yBIa)KHE-
Hus. HepaBHoMmepHBIE mpocaaku (yHIaMEHTOB
IPUBOJAT K IEPEpacHpeaeICHUI0 YCUINN B HeCy-
LIMX KOHCTPYKIMAX U HApYIIEHUIO CTaTUKU CUCTE-
MBI OCHOBa—(yHIaMeHT—copyxkeHue. I[loaTomy
J00ble peCTaBPALIMOHHBIE MEPOIPUATUS HAauMHAa-
I0T € JIUMKBUJAALUM HUX aBapUHHOIO COCTOSIHUS.

86

Ha npumepe nepksu Hukomas Ilputucku Ha Ilo-
JloJie, TAe MOJTOIJICHHE TPYHTOBBIMH BOJAMH TIO-
BJICKJIO 00BAaJI IOTO-BOCTOYHON YaCTH COOPYKEHUS,
OTMCaH MOPSATOK PecTaBpallHOHHBIX paboT Ha goc-
TOMPUMEYATETHHOCTH, KOTOPhIE HAYaIUCh C YCH-
JICHUs1 pa3pylIeHHBIX QYHIAMEHTOB ¥ OCHOBBI JIJIS
BO30OHOBJIICHUSI ~ CTaTUKH  CHUCTEMBI  OCHO-
Ba—(yHIaMEHT—COOPYKCHHE, MEPONPUITHHA 10
3aIIUTe OCHOBHI M (DYHAAMEHTOB OT TOJATOILICHHS,
¢ obecrieueHrEeM HaJEKHOW BEPTUKAIILHON U TOPH-
30HTAJIBHON THAPOHU30JIALNHN CTCH M MOJIOB I10/Ba-
Jla ¥ BCEH MOJ3EMHOHM YacTH IIEPKBH U paboOT IO
AHTUCETITHICCKON 00paboTKe MOBEPXHOCTEH OMo-
NOPaKEHHBIX U 3aCOJICHHBIX CTEH M IUTYKaTyPKH.
[locne storo oOecmeunBaigach OpraHW3aLusl Ha-
JIE)KHOTO Te0JIe3NYeCKOro KOHTpoId 3a Aedopma-
Uel coopyKeHUs.

KuaroueBble cjioBa: ocHOBaHHA U (yHIAMEHTHI,
TPYHTOBBIE BOJBI, YCHIICHHE.
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Abstract. Conditions and stages of formation
of the fractally embedded set of concentric zones
of accessibility of cities on the example of Kige a
considered. The number of “levels of embedding”
of such a set depends on the attractiveness and sta
tus of the city.

It was established that discontinuity of space
developing is associated with economic develop-
ment and engineering and transport networks. A

Iryna Ustinova

Professor of the Department
of Urban planning

ScD arch., Ass.Prof.

rapid growth of these networks leads to the trans- INTRODUCTION

formation of the traditionally central type of ir- -

regularity of developing the space into the multi- ~ Under contemporary conditions, the effec-
nuclear clustered systems of settlement. tiveness of city’s functioning becomes, more

In the zone of Kiev influence, there are five and more, dependent on the speed of city’s
qualitatively differed by intensity of socio- transport. However, in the up-to-date world of
economic links and speed of movement belts are means of mass communications that allow
distinguished. On the base of quantitative charac- pegple to contact without moving in space, the
teristics of these belts, it was established that i problem arise whether it will lead to the radi-

successive transition —of developmental processes .o ety ctures in the spatial organization of
from local to regional and interregional levels of . L .
life activities of population?

integrity of the ecologic-urban planning system - . . . .
“population—environment”, the expansion of its Usually the intensity of traffic in the cities
spatial boundaries and peculiar “compression” of changes dependent on the distance to the city’s

temporary ones occur that is manifested by inter- center that is the objective reflection of general

mittent increase in the radius of city’s influerare heterogeneity of city’'s space. In this non-
ea — the center of system of settlement expressed i uniformity prevails a directed to the center
kilometers. tendency of city’s activity and appropriate to it

For analysis of processes of multi-level devel- type of spatial organization. Along with this,
opment of ecologic-urban planning systems, the the increase of significance of transport com-
dynamics of indices of development is not as much munication network and in particular systems
important as characteristics of their accelerations of high-speed communications, leads to a cer-

Keywords: sustainable development, fractality, . ) !
spatial structures, ecologic-urban planning sys- tain tra_nsformatlc_)n of_tradltl_onal central type
tems, areas of cities influence. pf spgtlal non-uqurmlty. Th|§ process shows

itself in the formation of multi-clustered plan-
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ning structures and group systems of settle-

ment [1, p.62-66]. Problems mentioned had been studied with
many Ukrainian scientists-urbanists, in par-
MATERIALS AND METHODS ticular Yu.Belokon, M.Dyomin, G.Zablotsky,

G.Filvarov, I.Fomin.

According to I.Fomin’s studies, “...for great
cities, a concentric development in lo-cal set of
inhabited localities is typical. How-ever, in

The objective of investigation is in deter-
mination of fundamental principles of constant
?evelogmggt of ecologic-urban planning sys- ..c of their excessive growth, a need arises in
en|15 (h )- ¢ . hi K dispersal of planning structure ...up-to-date

n the course of carrying out this WOrk, & pnhase of development of the greatest cities re-
system approach, methods of modelling and qyired to return to group forms, but already on
comparative analysis were used. The analog the |arger scales not only on a lo-cal, but on
method was chosen as the basic one that is thethe regional level as well” [6, p. 51-53].
instrument of comparative analysis and is  «There are two typical varieties of the proc-

widely applied in ecology. ess of agglomeration for inhabited localities:
concentration — growth in the central direction
STARTING POSITION that leads to combining settlements; dispersal

— growth in the direction from the center that
In comprehension of modern science, de- s completed in the group form of settlements.
velopment of any system — it is, first of all, the ~ These two forms of development are inher-
changes in its states that are determined by aent in the same city’s agglomerations. Under
set of values of basic characteristics of the sys- certain conditions, arises a group form in the
tem. For a town planning system — it is dimen- arrangement of cities, then due to intensifying
sions of the area of its territory, the number of functional links and development of general
population, functional-and-planning structure, infrastructure, preliminary conditions are cre-
engineering-and-transport network and form of ated for their planned unifying. With time,
settlement. again preliminary conditions may be created
Development is a motion without which the for the new phase of dispersal” (Fig.1)
nature cannot exist even for an instant. On the [6, p.49, 50].
scale of planet, the acceleration of tempos of
this movement is observed to which a devel- ARAREAS OF INFLUEENCE
opment of any system is obeyed, including a
town planning one [2 - 5]. In this plane, «...development of cities
FORMS OF SETTLEMENT should be considered taking into account a

Deconcentration

Concentration

Fig.1. Cyclicity of forms of development of inhabited #&dities according to I.Fomin
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possible alternate transition from one struc- Intensity of trips to the city-center is deter-
tural form to the other. Development of mined by «the outer boundary of the second
planned structure in its certain form as if it belt of great cities” that allows consider it as
comes to a certain critical point — boundary “the boundary of labor attraction” — 45 km?*.
when its advantages become minimal and The third — outer belt of the area of recrea-
drawbacks — hypertrophied. In this period, new tional and everyday influence depends on the
radical measures must be undertaken for its size of the city-center, its administrative func-
implementation on the greater scale and at the tions, character of national-economic and town
higher level of structural complexity» (see planning development of district territory, na-

Fig.1) [6, p.54-55].

As the criterion of estimation of spatial in-
teraction level in the group systems of settle-
ment of different level of their spatial integrity,
M. Dyomin considers mobility of population.

ture of external transport communications” —
70 km (Fig.24) [8, p.73].

Metropolitan status of Kiev determined the
appearance of the fourth — interregional belt
that covers the territory of Kievs'ka, Zhi-

In this sense, he proposes to adopt “relation of tomirs’ka, Chernigivs’ka and Cherkas’ka re-

population movability” to the institutions of

gions (see, Fig.2b) [8, p.98-99]. Parameters

everyday and periodic usage as the index thatof belts indices of areas of Kiev influence are

characterizes “power of influence” of the city-
center [7, p.71]. Probably, it is this difference
of powers of influence of city-centers of local,

shown in Table 1.
The fifth belt of area of Kiev influence
(transnational) is being formed nowadays. As

regional and world levels causes the origin of Yu.Bilokon’ notes, a new significance of

the set of concentric zones in the cities’ acces-

sibility (Fig.2).

FRACTALITY OF SPATIAL
STRUCTURES

Fractality of concentric structures in the
multi-level developing of ecologic space, we

Ukraine in European space and multi-sectoral
ties with countries of Western Europe urge
“...the need of not only political and economic
integration of all countries of European conti-
nent, but in spatial-planning aspect as well”
[9, p.107].

Taking into consideration a geographic lo-
cation of Ukraine and a zone of three-hour ac-

have considered on the example of formation cessibility of Kiev airports that practically co-

and development of areas of influence in Kiev

vers the whole Europe and the north of Africa,

according to the data of studies conducted by Yu. Bilokon’ puts forward a conception of “...

M.Dyomin and Yu.Bilokon’ [7, 8]. As M.Dyo-
min notes, «in structural relation on the terri-
tory of areas of influence of the largest cities,
we can with sufficient certainty to single out a
number of belts qualitatively notable for the
nature and intensity of socio-economic links”
[7, p.71]. As for the areas of Kiev influence,
its «first belt that directly adjacent to the agy
created, for the most part by agricultural and
working townships”, that «...are located at the
distance of 10...12 km from the city. The sec-
ond belt covers the territory with settlements
the inhabitants of which regularly make use of
services of city’s institutions of periodical and
episodic service” [7, p.72].
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planned integration of countries of Eastern Eu-
rope into a general European territorial struc-
ture...it is a question of the urbanistic concep-
tion of organization of “expanded” European

space for a faraway perspective taking into ac-
count general trends of integrational political

and economic processes” (Fig)49, p.107].

In the context of our studies, the area of in-
fluence of city-center has been considered as a
multi-level space of support of life activities of
the ecologic-urban planning system
—“population—environment” [9 - 11]. Data
shown in Table 1 allowed obtain additional in-
dices of degree of development and perspec-
tives of continuous development of this system
(Table 2).
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‘ y Kiev

Fig.2. Space-donut development of Kyiv city agglomematie) and Kyiv capital region b
by M.Dyomin. Ukraine in structure of European spacé [Bilokon (c)
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Table 1. Parameters of indices by the levels of spatiglgrity of urban planning system accord-

ing to M.Dyomin [7, p.89].

Level of integrity
Indices and their measurements
primary topical local regional

Number of population of city-center, 1-2 5.7 50-150 1000-2000
(P, ths. persons)

Number of population in the area of int 0.3-1 8-20 50-90 2000-5000
fluence, (B, ths. persons)

Area of territory, (S, ths.kf 0,08...0,12| 0,3...0,7 3...5 70...120
'(T_a?(';i of area of influence in space, | g 4 10...15 30...40 150...200
(RTaer‘frs])Of area of influence with time, |5 55 | 39,40 60...90 120...150

Table 2. Averaged parameters of indices according to thel$eaf integrity of ecologic-urban
planning system “populatierenvironment”

Level of integrity
Indices and their measurements
primary topical local regional
Number_ of population EUPS: city-center — 22 20 170 5000
area of influence, (R ths. persons)
Population densityp{ persons/kr) 21,5 40,0 42,5 52,6
Module of space of human life activities,
(M, ha/person) 0.5 03 0.2 02
Average speed of movement,
(v, km/hour) 20,6 21,4 27,9 77,8

However, for the analysis of constancy of esses of EUPS development to the higher terri-
developmental processes not as much “the ex-torial level of integrity of ecologic space
ternal” characteristics of dynamics of EUPS [2,9 - 11].
components that are caused by a change of in- In Fig.3 all vertical triangles (solid line)
dices taking into account the levels of its integ- have scales of relative accelerations of the rate
rity as “the internal” characteristics that are of changes’() considered indices. Here, the in-
caused by the change of their speed and accelternal vertical triangles (more saturated shade)
erations [10, 11]. characterize the rate of relative accelerations in
changes of indicated indices in the transition
of developmental processes from topical to lo-
cal level, in relation to those that have oc-
curred in the transition from primary topical

Having based on the data of Tables 1 and 2, level. The external vertical triangles character-
“triangles of spatial changes” of rates and ac- ize the rate of relative accelerations of changes
celerations of indicated indices are constructed of the same indices in the transition of devel-
in Fig.3 in consecutive “transition” of proc- opmental processes from a local to regional

MULTI-LEVEL ACCELERATION
OF PROCESSES OF DEVELOPMENT
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C

Fig.3. Changes of rates and accelerations of develo@inemicesses of ecologic-urban
planning systems in “the transition” of spatialdés/

level in relation to those that have occurred in In the group of acceleration indices of the
the transition from topical to local level. In its area of influence radius increase of the city-
turn, horizontal triangles (dotted line) have center in the space (L) and time (T) as well as
scales of changes of relative accelerations of the rate of movement (V) in the transition of
considered characteristics) that characterize  developmental processes for the levels of
angular acceleration of relative changes of EUPS, spatial integrity, the rate (V", index)
wave process (see Table 1, 2; Fig.3). and the acceleration of the rate of movement
In the group of indices of the territorial area (V", index) increase most rapidly (Figo3,
increase acceleration (S), population density In Fig.3b, a certain inversibility in the di-
(p) and spatial module of human life-support — rections of acceleration of changes in the ra-
the inverse value to the population density dius of area influence of the city-center in
(M), in the transition of levels most likely the space and time is traced. Thus, in the process
rate of EUPS area increase (S", index) and its of increase, in the consecutive spatial expan-
acceleration (S™, index) (Figd&,are changed. sion of the radius of area of influence of the
city-center in kilometers, occurs a reduction of
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radius of the area of its influence in hours. RESULTS AND EXPLANATIONS
«Time compression» is shown by the fact that
in Fig.3p the external triangle by the scale The result, that is obtained, coincides with
«T"» «enters» into the middle of the internal the results of I. Fomin’s studies and, to the cer-
one. Noted above may be a peculiar manifesta- tain extent, describes the above dynamics of
tion of toral structures dynamics of the space- toral structure that this time shows itself in the
time continuum when “the exterior shows it- varieties of agglomeration process, where the
self inside of the interior” [11 — 13]. forms of “to the center and from the center”
In the group of indices of acceleration of development are inherent in one and the same
the increase in the total number of population city’s agglomerations. Dynamics of this struc-
(Ps), the number of population in the city- ture reflects a concentration of population and
center (R and the number of population in the spatial development directed to the center at
area of its influence (B in the transition of  the primary-topical level of development of
developmental processes in accordance with urbanization process; dispersal of population
the spatial levels of integrity, the rate,(Pin- and such development directed from the center
dex) and acceleration of relative increase in in the transitions of developmental processes
the number of population in the area of influ- from a local to a regional level (see Figs.1 - 3;
ence (R"™, index) are most likely changed Tables 1, 2).
(Fig.3,¢). Process, directed from the center, yet more
In Fig.3¢, a jump-like transition of signifi-  graphically reveals a horizontal triangle in
cance of changes in the increase of the numberFig.3.c that characterizes the acceleration of
of population is traced. So, in the internal ver- relative changes in the number of population
tical triangle that characterizes the rate of rela- in the area of influence, in the transition of
tive changes of the considered characteristics processes of development from local to re-

in the transition from topical to a local level, in
relation to the transition from a primary to the
topical level prevails the rate of increasing the
number of population of the city-center (pro-
portion between P and R" is equal to
18:1).

In the external vertical triangle that charac-

gional level and in relation to the transition of
processes of development from topical to local
level (see, Table 1). This triangle reveals sig-
nificant dominance (by two orders) of accel-
eration of increase in the number of population
in the area of influence {P, index) over the

acceleration of increase of population in the

terizes the rate of relative changes in the samecity-center (R", index). Proportion between
characteristics, in the transition of processes of Py and R" is equal to 198:1 (see, Fig43,

development according to spatial levels from
the local to regional in relation to the transition
from topical to local level, the inversed change
in the direction and location of action of the
urbanization process is observed, in which the
rate of increase in the number of population of
the area of influence in considerably less sig-
nificance of dynamics in the number of popu-
lation in the city-center (proportion between
P," Ta P" is equal to 11 : 1) becomes domi-
nating.

Space-time transitions of urbanization proc-

It should be noted that in the space-time
[LT] system of measurement [3, 17] of pa-
rameters of development of ecologic-urban
planning systems P" has the valuéT[t], that
according to our studies corresponds to the an-
gular acceleration of mass [2, 12, 13]. Rela-
tively angular acceleration. According to O.
Kuznetsov, this acceleration is the cause of
gravitation [3, 17]. In this sense, cities can be
considered as “gravitation” centers, “the power
of influence” of which extends concentrically
in the space of ecologic-urban planning sys-

esses of development can be considered attems (see Fig.2). In the process of urbaniza-

various points of view: in the aspect of elabo-
ration of principles of the underwater urban
planning [14], reconstruction of centers of his-
torical places [15] or social history [16].
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tion, the author investigated and other physical
parallels [2, 18 — 20].

From the mentioned above, it follows that
cyclically wave character of development of
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cities and city’s agglomerations (see Fig.1) is 2. Ustinoval.l., 2016. The Methodological Founda-
caused by the change in the rates and accelera- tions of Sustainable Development of Ecological
tions of changes in the EUPS basic parame- and City-Planning Systems. Abstract of a Thesis
ters: number of population of the city-center ~ ©On Achieving of Degree of Doctor in Architec-
(Po) and the area of influence P radii of the tral Sagnces, S_pec.ff.or?_.m Thle%lry of Archi-
areas of influence of cities-centers in hours (T) tlf;t;"ié (iﬁslﬂ?(rrztiﬁgnc)’ rehitectural Monuments.
and in kilometers (L) at the primary, sectional, 3 znetsov O.L., Bolshakov B.E., 2002. Sustain-
local and regional levels (see Fig.3). able development: Scientific Fundamentals of De-
That is in the multi-level transitions of de- signing a System Nature-Society-Man: Training.
velopmental processes, agglomeration form of  [For the students of Higher Educational Estab-
group settlement gains the signs of the system  lishments]. St.-Petersburg—MosceRubna, Hu-

that reduces the time interval (+D,9) and manystyka, 616 (in Russian).
significantly expands it in space (33,8) 4. Melnyk L.G., 2005. Secrets of development.
(see Fig.3)). Indicated changes in the multi- Sumy, University book, 378 (in Russian).

level dynamics of space-time boundaries of S- Zhurovskyy M.Z, Hvyshyany A.D., 2008,
ecologic-urban planning systems and modern Global modeling of processes in the context of
world of Internet communications that syn- sustainable development in the context of quality
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. Kyiv, NTU KPI Polytehnyka, 331 (in Russian).
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DpaKkTATbHOCTh KOHIEHTPHYECKHX
CTPYKTYP B MPOCTPAHCTBE IKOJIOTO-
rPaIoCTPONTETBHBIX CHCTEM

Hpuna Ycemunosa

AHHoTauMs. PaccMOTpeHbl YCIIOBUSI U HTallbl
¢dopmupoBaHus (PpaKkTaTBLHO BIOKEHHOTO MHOXKE-
CTBa KOHIIEHTPHUYECKHUX 30H JOCTYNHOCTH FOPOJIOB
Ha npumepe Kuesa. KommuecTBo «ypoBHEH BiO-
KEHHOCTU» TAaKOr0 MHOXKECTBA 3aBUCUT OT IpHU-
BJIEKATEIBbHOCTHU U CTaTyca ropoja.
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YCTaHOBIEHO, YTO HEOJHOPOJHOCTH OCBOEHUS
IPOCTPAHCTBA CBs3aHa C SKOHOMHUYECKUM pa3BU-
THEM U Pa3BUTOCTHIO HMH)KEHEPHO-TPAHCHOPTHBIX
ceTeil. BeICTpBINl pocT 3THX ceTeill BeOeT K Ipe-
BPALICHUIO TPAJULUOHHO LIEHTPAIBHOIO THUIIA He-
PaBHOMEPHOCTHU OCBOEHMS IIPOCTPAHCTBA B MHOI'O-
sIIepHBIE TPYIIIIOBBIE CHCTEMBI PACCETIEHMS.

B 30ne Bnmuanusa Kuesa BeinenseTcs naTh Kade-
CTBEHHO OTJIHMYAIOIIUXCA II0 MHTEHCUBHOCTU CO-
II1AJIbHO-3KOHOMHUYECKUX CBSI3€H U CKOpPOCTH Iie-
peaBmxeHns nosico. Ha ocHOBE KOIMUECTBEHHBIX
XapaKTePUCTUK 3TUX IIOSCOB YCTaHOBIIEHO, 4YTO
IpU NIOCJIEI0BATEIbHOM IIEPEX0/Ie MPOLIECCOB pas-
BUTHS OT JIOKAJIBHOTO K PETHOHAIIBHOMY U MEXpe-
THOHAJIBHOMY YPOBHSM IIEJIOCTHOCTH 3KOJIOTr0-Tpa-
JOCTPOUTEJIBHOH CHCTEMBI <«HACEIEHUE<«>Cpena»,
MIPOMCXOANT PACIIUPEHUE €€ MPOCTPAHCTBEHHBIX
TpaHUIl ¥ CBOEOOpa3sHOE «C)KaTHe» BPEMEHHBIX,
YTO NPOSABISIETCS CKAYKOOOPAa3HBIM YBEIMUYCHHUEM
panuyca 30HBI BIMSHHUS I'OpOJAa-LIEHTPa CHCTEMBbI
pacceneHus B KWIOMETpax.

JUis  aHanm3a MPOLECCOB MHOI'OYPOBHEBOI'O
PasBUTUS  3KOJIOTO-TPAOCTPOUTENBHBIX CHUCTEM
BaXKHBI HE CTOJIKO JIMHAMHKa [TOKa3aTeslel pa3BH-
TOCTH, CKOJIBKO XapaKTEPUCTUKHU UX YCKOPEHHUH.

KiaoueBble cioBa: yCTOHYMBOE pa3BUTHE,
(pakTanbHOCTh, NPOCTPAHCTBEHHBIE CTPYKTYPHI,
3KOJIOTO-TPaIOCTPOUTENBHBIE  CHCTEMBI,  30HBI
BJIMSHUS TOPOJIOB.
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Abstract. Kyiv is ancient city with a unique
history. A huge role in its development the temples
have played [19]. Down t&XX of century they
influenced formation of city structure, appearance
of building, general impression from urban envi-
ronment and life of the population.

In XX century the most part of temples was de-
stroyed, the ancient town-planning structure is
destroyed too [3]. But the historical past contmue
to influence life of modern Kyiv today.

In a history of Kyiv it is possible to allocate
three periods, which differently formed a religious
situation in life of the city and process of tengple
construction. The period Kyivan Rus was charac-
terized by intensive town-planning activity and
construction of temples. In the Polish-Lithuanian
period the building activity was less active. Dgrin
conquest by the Russian empire the active con-
struction of temples has brought new styles and
types of temples into Kyiv [12, 13].

Generally such different history of Kyiv has re-
sulted in formation of specific types of sacral ob-
jects and urban environment, in which they located
down. In the combination with the peculiarities of
natural environment, rich events of the past have
created that unigue look of Kyiv, which many con-
temporaries admired with [2].

Keywords: history, Kyiv, influence of histori-
cal events, period, a temple.

INTRODUCTION

Kyiv is the city, in which the religion has
played a huge role of its development. The
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religion influenced formation of the city plan,
appearance, construction of new buildings; it
has created to city the special status, which
attracted everyone, who wanted it to subdue
and to subordinate to itself. The religion, as the
important component of city development, was
not studied enough. The scientists considered
temples by the separate periods. There are no
researches, which would show a history of
religions and temples of Kyiv as a whole. The
history of religions and construction of tem-
ples in Kyiv is necessary for studying for bet-
ter understanding a role of historical temples
on territory of modern city.

THE PURPOSE OF RESEARCH

Likewise, it is necessary to research a his-
tory of religions and construction of the Kyiv
temples, in order to characterize the main peri-
ods of temples construction, and to identify
more detailed periods, specific only for terri-
tory of Kyiv, to define principles and tenden-
cies in construction of temples.
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METHODS OF RESEARCH

In order to get scientific result of re-

nors tried to imitate it in all. Later prince
Yaroslav in Kyiv constructed structures simi-
lar to the main structures of the city of Con-

searches, it is necessary to apply such meth-stantinople. Constantinople was one of major

ods. The first method is the analysis of a his-

tory of Kyiv and choice of those events, which
influenced on religion of Kyiv, both temples

cities of the Christian world and had the large
importance for the Christians. Therefore Kyiv
was built similar on Constantinople — the spiri-

and their architecture. The second method is tual centre of east Christians. As well as in

the consideration of historical events influenc-
ing religions and temples of Kyiv in a se-
guence in time. This method is revealing and
analysis of the certain periods in religious life
of city and construction of temples, character-
istic only for territory of Kyiv.

RESULTS AND EXPLANATIONS

The Kyivan Rus period. The Slavs occu-
pied territory of Kyiv in the beginning of its
history. Paganism was their religion. It was the
first religion in territory of Kyiv. Then Chris-

Constantinople, the main state temple of St.
Sofia, monasteries St. Heorhiy and St. Iryna,
palace, Golden gate (entrance gate in city)
were constructed in Kyiv. It was the period of
intensive construction in ancient Kyiv.

Kyivan Rus was the strong state. Its gover-
nors actively were engaged in construction.
The large means put in construction of capital
of the state — city of Kyiv. Feature of Kyiv was
that the city was the administrative and reli-
gious centre simultaneously. Its temples were
richly decorated and were best in the state.
Kyiv was small on the area, but there were

tians appeared among the Slavs. The first men-many temples in it. In addition, temples and

tions about Christianity in Kyiv appeared 866
(Table 1). The patriarch Fotiy in the letter to

monasteries were stopped up round Kyiv on
hills along the Dnipro RiverThe most part of

east bishops wrote, that the local inhabitants these objects further became a basis for devel-
profess Christianity and had accepted bishop opment of the large monasteries and religious
and priest. When Kyiv became the centre of complexes.

Slavic territories, approximately 100 vyears,

The architectural style of Kyivan Rus struc-

pagans and Christians peacefully lived in the tures came from Byzantium. Also the influ-
city, where the places of pray to the pagan ence of local building traditions and architec-
gods and even temples were located. A pagantural school was visible in the Kyiv structures.

temple of Perun above Borichev lovering was
mentioned in the documents. The Christian
churches built in city also. Missionaries of
many religions came to Kyiv, as mentioned in
the documents per 989. But the Christianity

gradually became stronger among the inhabi-

tants of city.
The important period for Kyiv came per

The first Kyiv temple was Desyatynna church
constructed near the princely palace. All tem-
ples in Kyiv, which built later during Kyivan
Rus, had common features [1].

Brick temples, since the first constructions,
had a cross-domed structure, a semicircular
apse in the chancel, semicircular domes. Their
walls spread from a thin brick with addition of

988. This year prince Vladymyr has accepted stones. Cement solution by means of that con-

christening inKorsun (Khersones) and became

nected bricks haddifficult composition and

the Christian. He destroyed the pagan gods andwas pink color. The walls decorated arches,

christened the population of Kyiv in the river,

niches and thin vertical columns. Inside the

when had returned home. From this moment temples were painted by frescos and decorated

paganism had disappeared in Kyiv. Kyiv be-

came the centre of Christianity, whence Chris-

tianity was distributed to territory of residing
by Slavic tribes.

At Kyivan Rus there was a strong political
connection with Byzantium. The Kyiv gover-

niaBOAHI TEXHOMOCrIT » 07/2017, 96-105
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with mosaics made from small pieces of col-
ored glass and stone. The features of the Kyiv
School were shown in a plenty of domes and
other detalils.

Kyiv settled down on several hills. The
craft area was below. The top part of city set-
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Table 1 Religions of historical Kyiv and their origin

Date of the
Historical qu_e Type Da_te_ CO“F“FV appearance| Name of
yp pp
Ne Reliai of religious o of origin of origin I
eligion I of religion 2 2 of religion |the temple
organization of religion of religion in Kyiv
1 |[Paganism |Pagan com- |polytheism |VI Kievan Rus, Vi temple
munity modern Ukraine
2 |Orthodoxy |Orthodox monotheism| 38 Byzantium, mod- 866 chapel,
Byzantine ern Turkey church,
Church cathedral
3 |Orthodoxy |Orthodox monotheism| 1448 Russia 1686 chapel,
Russian church,
Church cathedral
4 | Orthodoxy |Orthodox monotheism| 68 Armenia 1433 chapel,
Armenian church,
Church cathedral
5 |Orthodoxy |Old Believer |monotheism|1653 Russia 1811 church
Church
6 |Greek Ca- |Greek Catho-|monotheism|1596 Rzeczpospolita, | 1596 chapel,
tholicism lic Church contemporary church,
Ukraine cathedral
7 |Catholicism | Roman Catho monotheism| 1054 Italy 1320 chapel,
lic Church church,
cathedral
8 |Lutheranism|Lutheran monotheism| 1517 Germany 1765 church
Church
9 |Judaism Jewish com- | monotheism| X BC Judea, modern |XIII temple,
munity Israel synagogue
10 |Karaimism |Karaite com- |monotheism|VIII Golden Horde, |1850 kenas
munity modern Ukraine,
Crimea
11 |Islam Islamic com- | monotheism| VI Arab Caliphate, |XIX mosque
munity modern Saudi
Arabia

tled down at tops of hills. The form of hills and above. Probably the ancient builders visu-
dictated the form of city. The city consisted of ally focused on already constructed objects at
separate areas, which freely adjoined one to construction of new temples. Then there were
another. The city had no precise geometrical no perfect drawings and tools so precisely to
structure. Each of areas had from one up to arrange temples on curve surfaces of the Kyiv
several temples. There were main temples, the hills.

biggest streets and main square in the city. The In the middle ofXI centuries the tragic pe-
temples settled down in urban building riod began in Kyiv. Natural disasters
through different composite principles. They drought, fires, earthquakes and solar eclipse
could stand on one, till two, till several tem- had resulted in famine, illnesses and mass de-
ples in a line, till three as a triangle. On the struction of the city dwellerdnternal wars in
general plan of Kyiv it is possible to see axes, the state to take a city ended with fires and
on which the different temples stand. The tem- robberies. In 1237 the Mongolian army has
ples on this axis settle down at different height attacked Kyiv. People of Kyiv were coura-
in city — in the bottom of hills, in the middle geously protected, but could not defend the
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city. It was the period of destruction and rob-
bery of the Kyiv temples. In this tragic period

Catholics. Kyiv had many royal privileges, but
it influenced well-being of city a little. In 1605

there came the new inhabitants — Jews to thethe decree issued, according to which they

city. They have brought to Kyiv new religion —

have forbidden for Jews to settle in Kyiv.

Judaism. The period of destructions and wars Therefore only Orthodox and the Catholics

in Kyiv was finished by transformation of
beautiful temples into ruins. The ruins of

lived at city. The Catholics tried to impose the
religion Orthodox. For this purpose it was cre-

churches stood as early as long years in deso-ated the Greek-Catholic branch of Christianity.

lation (Fig.1).

The period Kyivan Rus in Kyiv was time,
when in city the Orthodox religion dominated.
Kyiv was capital of the strong state. It was

incorporated and many temples and monaster-

ies were constructed in the city and around of
it[17, 18, 21].

The Polish-Lithuanian period. In 1320
Lithuanian prince Hedimin conquered Kyiv.

The sense of new religion was to that subordi-
nate Orthodox to Roman Catholic Church. The
Greek-Catholics tried to grasp all Orthodox
churches of Kyiv and monasterilyievo-
Pecherska Lavra, occupied the castle, which
belonged to the Kyivan metropolitans.

Then Kyiv got in the complement of the
Polish state. Poland was the Catholic state, so
struggle between the Catholics and Orthodox

Since 1054 the Roman Church was separatedbecame stronger. In 1632 — 1648 the city head

from other Christian churches and has gener-

ated a Catholic direction in Christianity [14].
The Lithuanian governors appeared in Kyiv,
which were the Catholics (see Table 1). From
now on inhabitants — Catholics appeared in
Kyiv. The Lithuanian governors tried to sub-
ordinate Orthodox — the local population — to

divided into two parts. The Catholic chapter
owned one part with the Cathedral temple. The
townspeople lived at other part, the temples of
different religions settled down there. In Kyiv

the Catholics owned four temples; Orthodox
owned ten temples according to the description
of the French engineer Boplan. An ancient

the Roman Church. Orthodox were oppressed state temple St. Sofia also belonged to the

in comparison with the Catholics. The orders
to not repair existing and to not build new Or-

Catholics and Greek-Catholics. Orthodox used
any indulgences on the part of Poland to im-

thodox churches were issued. Restrictions to prove a situation with the religion. But the
present ground monasteries were entered. Kyiv attacks to Orthodox religion on the part of the

periodically attacked by the Tatars to plunder
and to set fire to city. But the Orthodox tem-

Catholics became more and more severe. In
1621 the Poles plundered the churches, monas-

ples were not destroyed up to the end. The teries and Brotherhood School. In 1630 the

pilgrims visited them. One of the Lithuanian
princes was Orthodox. He constructed the
church of ruins in the monastery &fjievo-
Pecherska Lavra. Many Catholic temples were
built in Kyiv. The Armenians lived at the city
too. The Armenian church was constructed for
them in 1433 (see Table 1).

In the XVII century Kyiv became the centre
of the voivodership West Russian Duchy of
Lithuanian — since 1471. The Orthodox gover-
nors had headed of Kyiv and Orthodox be-
came easier to live in city. The destroyed tem-

Poles have attacked the monasté&yievo-
Pecherska Lavra, which was saved from a rob-
bery with unusual events.

In conditions of interreligious struggle Pet-
ro Mohyla made the huge contribution to Or-
thodox religion. He returned an ancient temple
Sofia Orthodox; he transformed Brotherly
school to Academy. He had the large incomes
and support of the Russian kings. Petro Mo-
hyla could build new temples. But he restored
the old destroyed churches, which stored
memory about an outstanding history of Or-

ples and the monasteries restored, the attentionthodox religion on territory of Kyiv. Petro
has given to the Orthodox temples. In 1569 the Mohyla received money and gifts from the

Polish constitution was authorized. The equal
rights were given to Orthodox inhabitants and
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Orthodox churches Temples of other religion:

Pseud-Russian styl Pseud-Byzantine styl Iron style Synagogue. Moorish sty

— I ot - ﬁ
“
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Style classicisl
17

Catholic Church. Classicism
style

Conventions:
I:' - The period of Kyievan Rus
I:' - The period of Polish-Lithuanian
I:' - The period of the Russian Empire

. - The period of natural disasters

- The period of wars between the local
populations
10 . o .
. - The period of invasion of other nations
9 )
Byzantine styl
Fig.1. Periods in the construction of churches in Kyiv
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Kyievo-Pecherska Lavra, St. Sofia,
Vidubitsky, Nicholas, Bratsky Monastery. But
the prosecution of the Orthodox Kyiv inhabi-
tants of proceeded despite of Orthodox relig-
ion support. In 1648 the war between the Cos-
sack army and the Polish army begun. Kyiv
was conquered by both one army and the
other. The war brought ruins both Catholic
temples and Orthodox temples too.

In this period there were two main religions
— Orthodox and Catholics in Kyiv. The Catho-
lics tried to subordinate to themselves Ortho-
dox. They grasped Orthodox temples and built
Catholic temples. Orthodox used any opportu-
nity to keep the ancient religion. The law,
which forbade to build and to repair existing
temples, resulted in the further destruction of
temples, injured of wars. In such conditions
the political and religious figure Petro Mohyla

is very perfect; in the Moscow and Russian
state such city does not find” — the pilgrim

from Moscow, the wise old man Leontiy had

written down so, when he travelled to Jerusa-
lem through Kyiv in 1701.

The Russian kings and emperors visited the
Kyiv: since 1706 Petef was three times in
city; Empress Elizaveta Petrovna, Emperor
Paul T with the wife Empress Maria
Feodorovna, Empress Catheritie Emperor
Alexanderl, Empress Alexandra Feodorovna,
Emperor Nicholag, the Emperor Alexandéi
was two times and second time with his wife
Empress Maria Alexandrovna visited our capi-
tal. Also Emperor of Austria Josephvisited
Kyiv. During visits of Russian kings and em-
perors the time for worship sacred places was
allocated necessarily. In the Russian state Kyiv
returned meaning of the orthodox centre,

had appeared who put all means to restoration Which has lost during gains.

of ancient orthodox temples. The Orthodox

In the beginningXVIII centuries Kyiv suf-

temples were kept due to him [18, 21]. fered from natural disasters. In 1710 — 1711
The Russian period.In 1666 Kyiv came  €pidemic of a plague happened. The inhabi-
into a structure of the Russian state. The con-tants of Kyiv escaped from the city; the
nection with the Orthodox state affected posi- churches and monasteries became empty. Then
tively on Kyiv. The Catholics could not un- invasion a locust happened, in result the crop
punished plunder urban monasteries and tem-0n fields, in gardens and kitchen gardens was
ples. But the temples and monasteries were gone. Per 1713 — 1716 the Turkish armies
destroyed still some time. Since 1686 Kyiv did nearly have not grasped Kyiv. In 1718 the ex-
not submit to Constantinople and the Church tensive fire captured two areas of cityievo-
of Constantinople hierarchy, as Orthodox city. Pechersk monastery and Podil with churches
The Moscow church hierarchy and the Mos- (see Fig.1). Despite of troubles the city gradu-
cow kings subordinated of Kyiv (see Table 1). ally developed and was under construction.
Russian kings and emperors understood im- New structures and the churches decorated
portance of city and its religious history. The Ccity. “Kyiv had a perfect look on the part of
Kyiv monasteries and the temples have begun the Dnipro River and settling down on a
to revive. The new churches, refectory, bell mountain; the set of churches was finished by
towers built for money of the rich people. hills and made a landscape charming” - the
They gave their means to cover of a dome of doctor of medicine the having high grade lo-
churches with gold, ordered iconostases also. ann Lerkhe had written down during visiting
The Kyiv Brotherly Academy became the best Kyiv in 1770. The foreigners settled in Kyiv.
educational university in the state. The pil- They had brought new religions. Per 1770 -
grims visited Kyiv. For them the city remained 1771 the first Protestant Lutheran church was
sacred, despite of all destructions. “We have constructed in city (see Table 1). In 1786 Or-
seen the glorified city of Kyiv; it stands on thodox churches and the monasteries were
high mountains; and we were glad; we were ordered in united system. Classification of
lowered from the horses and have bowed to building was entered, named "classes”. Posi-
sacred city to Kyiv and praised the God”, “the tions for implementation of different duties
City of Kiev stands on the Dnipro River, on Wwere entered under the name “clerical posi-
the right bank, on the high mountains; the city
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tions". The financing of monasteries has im- churches. The old and wooden churches were
proved their material situation. replaced by new stone, on the same place. The
At the end ofXVII centuries the arrival separately worth urban churches were built
Empress CatherinH created a push of devel- less. But all constructed urban churches were
opment for the city. The industry began to large and represented complexes from several
develop in Kyiv; the standard of living was structures. Fronfirst one thirdXVIII centuries
improved after her arrival. The people of dif- it was begun the construction of urban church-
ferent nationalities lived at Kyiv: the Polish es and occasionally temples of monasteries.
noblemen, Armenians, Kirghiz Tatars. When The urban churches were large and small.
there was a revolution in France, the French Among them, there were outstanding objects
emigrants had arrived to Kyiv. The Jews lived of world importance — St. Andrew's Church,
at Kyiv also. Since 1827 for 1858 they were Vladimir Cathedral. From the endVIII cen-
forbidden to live in city. But then interdictions tury’s chapels have appeared in Kyiv. From
were softened, and the Jews again settled atthe second halXIX centuries of church at
Kyiv. In 1797 46 wooden and stone temples hospitals, educational institutions and military
were in Kyiv. Natural disasters were destroy- institutions appeared in Kyiv [6, 16]. The
ing city. In 1811 the fire burnt out almost all types of churches were different. The styles
Podil area. The wooden temples completely used in bilging, also different, since Ukrainian
burned down together with building. Podil was baroque, classicism and finishing pseudo- and
of the beginnings to revive only after 1815. In neo- by styles eclecticisnXIX centuries —
1831, 1847, 1853, 1855 epidemic of cholera Pseudo-Russian, Neo-Byzantine, Neogothic
was in the city. In 1839, 1848, 1849 strong [18, 20, 21] (see Fig. 1). The city developed,
rains flooded of a Kyiv streets and the hurri- the building grasped new territories. The city
cane created destructions. In 1844, 1845, 1853 developed from two centres [4, 5]. One centre
the Dnipro River was widely spilled and has became ancient Kyiv with temples. The sec-
flooded all lowered parts of the city (see ond centre becam&yievo-Pechersk monas-
Fig.1). But the city continued to be under con- tery, which was transformed into a military
struction. The negative influence of a nature fortress. The city incorporated to a monastery
pushed necessity of the city beautification. The by an earth road, since autumn till spring it
transport infrastructure began to develop. Edu- was difficult to pass on a road. So lengthways
cational universities, museums and theatres roads specially built urban structures to con-
were built in city. They laid the railway and nect two parts of Kyiv. When the city became
constructed the first railway station. The large large enough, its temples were not uniform
and beautiful Orthodox temples have deco- compositions. Each area had the temples,
rated of Kyiv (see Fig.1). The city territory which settled down depending on the form of
was of a beginning to extend. The new quar- area, chosen site necessary, quantity of tem-
ters built up with houses. The churches con- ples.
structed in new quarters too. There were open The Russian period was a period, when Or-
the ancient frescos during repair in temples of thodoxy again became dominant religion [11,
St. Sofia, St. Cyril's and Savior on Berestov 15] in the city. Many new temples had con-
churches. The old images caused the large structed; had ordered system of churches and
interest. In 1900 Kenais — Karaite community monasteries. The new religions had appeared
prayer house — was constructed (see Table 1).(see Table 1). But Kyiv remained sacred city
In Kyiv the representatives of different relig- [7, 10]; its importance only was increased.
ions lived, but the city kept the status of the

Orthodox religious centre. THE CONCLUSIONS
After Kyiv got in the Russian empire, they
began to build actively Orthodox temples in it. The history of Kyiv is unique. Religion

At first they built temples in monasteries - greatly influenced its development [8, 9].
churches, refectory of churches, hospital Temples were the main buildings of the city.
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An analysis of the construction history of the
sacral buildings of Kyiv showed:

1. The historical events that took place on
the territory of Ukraine strongly influenced the
life of Kyiv, its development, planning. The
smaller periods of Kyiv development can be
identify. Among them there are periods in
which the city actively developed and built,

later from the ruins. There were a lot of tem-
ples in Kyiv, which were parts of the buildings

of different eras, combined together. To the
walls that survived as a result of the destruc-
tion, they built up pieces in a later era to create
the whole building. Or they built a new object

on the site and the foundations of the de-
stroyed church. This also affected the new

and there are those in which wars and natural building, since the site of the new building

disasters devastated Kyiv. Different periods
alternated in the history of Kyiv, the period of
active development was followed by a period
of destruction. This was the reason why Kyiv

already had its own important history, which
could not be ignored.

5. The period of conquests and destruction
influenced on the temples of Kyiv so that for

developed less than other cities located close some time it did not build Orthodox churches.

to it. At a later time, the destruction was
pushed to a new construction of buildings in
the city.

2. The city received a high status of the
capital in ancient times, which influenced its
future life. Other states often tried to subdue it.
When they conquered the city, they tried to
keep life in it, as in an important local center.
But at the same time they forced the local
population to accept the traditions and religion
characteristic of the conquering state.

3. As a result of its position and permanent
conquests, Kyiv had many religions. But the
Orthodox religion, established in ancient

Therefore, not all the historical styles that were
on the territory of Ukraine are represented in
the architecture of the Kyiv temples. The first
style in which temples were built was Byzan-
tine. As evidenced by historical documents,
there was a pause in their construction, during
which many Orthodox churches turned into
ruins. Petro Mogila began the reconstruction
of destroyed Orthodox churches. Only when
Russia conquered Kyiv, intensive construction
of churches not only Christian, but also other
religions was started.

Thus, the monasteries and temples, which
were laid in antiquity, became the basis for the

times, as a state religion, has survived. Other development of sacral complexes in the next

states could not destroy Orthodoxy. The mem-
ory of the time when the city was the capital
and religious center after the model of Con-
stantinople, the capital of Byzantium, is pre-
served. As a result, Kyiv became a city in
which pilgrims came and also visited it when
they went on pilgrimage to Jerusalem. The city
was considered a saint, which greatly influ-
enced its life and development. Its holiness

centuries. As the city developed from two cen-
ters, the sacred buildings — monasteries and
temples — were the main ones in each of them.
6. In the structure of Kyiv, the temples
played an important role; they dominated the
construction and towered over one-story or
two-story houses. One of the reasons for this
was that the city developed slowly. Only at the
end of the nineteenth century did appear high

was recognized by Russia, which conquered houses in Kyiv. The study of the master plan
the city later. It was Russia that began to ac- made it possible to identify the axes when sev-

tively develop the religious function of Kyiv —

eral temples were located on the same line.

to build churches, monasteries, to finance their But they were at different heights in the space

development.
4. As a result, Kyiv, like the ancient capital,

of the city — some temples were located on a
hill, others were under a hill. This can be ex-

was one of the first cities to build temples. It plained by the fact that when constructing new
was the main city of the state, and its temples churches, builders visually oriented on existing
were the main in the state, and therefore they buildings. Therefore, there were such axes in
were to be the largest and most beautiful. As a terms of the city. There were many temples,
result of wars, conquests, natural disasters, and they formed groups in the structure of the
many temples were destroyed and restored city. It is possible to single out different prin-
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ciples for the creation of such groups. Ap-
proaches of the location of the temples: one
temple, two churches side by side, three tem-

straight line and several temples were built
along a broken line. These principles were laid
back in Kyivan Rus and developed in subse-
guent centuries.

7. The principles incorporated in the Ky-
ivan Rus, in many respects have defined de-
velopment of city and its history per the fur-
ther centuries. Their influence is felt on a his-
tory of Kyiv till now.
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Bansinne ncropnyeckux coOBITHI HA CTPOH-
TeJbCTBO XpaMoB B Kuese 10 1917rona

Bauunckas Onvea

Annotauus. KueB — npeBHMil Topoj c Hero-
BTOpUMOH HcTOpHuei. OrpoMHYIO POJIb B €ro pas-
BUTHHU ChITpali xpambl. Bonots 1o XX Beka oHU
BIMSIM Ha (DOPMHUpPOBAHUE CTPYKTYPHI TOpPOJA,
BHEIITHETO BUJIA 3aCTPOWKH, OOIIETO BIIEYATICHUS
OT TOPOJCKOM CPEe/Ibl, ’KU3HU HACETICHUS.

B XX Beke OomnbInasi 4acTb XpamMoB OblIa YHHY-
TOXKEHA, JAPEBHAS TPAJOCTPOUTETbHAs CTPYKTypa
paspyuiena. Ho ucropudeckoe mpouuioe mpoaosi-
’)KaeT BIUATH Ha KU3Hb coBpeMeHHoro Kuesa u
CETOMHS.

B uctopun Kuea MOXHO BBIIETUTH TPHU Iie-
puoJia, KOTOPBIEC MO-Pa3HOMY (OPMHUPOBAIU PEITH-

MIABOAHI TEXHONOTrIi « 07/2017, 96-105
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THO3HYI0 CHUTYallMI0 B JKM3HM TOpoja M IMpoLEecc
ctpoutenbcTBa XpamoB. Ilepuon Kuesckoit Pycu
XapaKTepU3yeTcsl WHTEHCUBHOW T'PallOCTPOUTENb-
HOU 1eATENBHOCTBIO U CTPOUTEIBCTBOM XpaMoB. B
MOJIbCKO-TUTOBCKUM TIEPUOJ] CTPOUTENbHAs Jes-
TeTFHOCTh ObUTa MEHee aKTHBHOW. B mepwon mo-
KopeHusa Poccuiickoil uMIepueil akTUBHOE CTPOH-
TENIBCTBO XPaMOB IIPUHECIIO HOBBIE CTHJIM U THUIIBI
xpamoB B Kues.

B nenom Takas paznas ucropusi Kuesa npusena
K (opMupoBaHnio crnenUpUUECKUX THIIOB Ca-
KpaJbHBIX 00BEKTOB M TOPOJACKON CPeIsl, B KOTO-
poit oHM pacmonaranuck. B coequnennn ¢ ocobeH-
HOCTSIMH TIPHPOJHOM cpenpl Goratoe COOBITHUSIMH
MPOIJIOE CO3JaJi0 TOT HEMOBTOPUMBIN 00muK Kue-
Ba, KOTOPHIM BOCXHIIAIINCH MHOTHE COBPEMEHHHU-
KH.

Kuarwuessie caoBa: ucropus, Kues, BausiHue
HUCTOPUIECKHUX COOBITHI, TIEPHOJT, XPaM.
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MDKHAPOOHWVV HAYKOBO-BMPOBHUUMM JXKYPHAJI

MpaBuna ny6nikauii
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2) [Hosidky npo aBTopi (Ctatyc: h-index, npissuile, im’s, No-6aTbKOBi; HAYKOBWIA CTYMiHb, BYEHE 3BaHHS, MicLie poboTw,

agpeca, nocaga. KoHTtakTHi BigomocTi: dpoTo aBTOpa (.jpg), MobinbHWMIA TenedoH, e-mail, ineHTudikatopu ORCID Ta
Scopus Author ID) — ¢bopma 2

3) PeueHnsito (iM’'st Ta Npi3BuLLE peLieH3eHTa MOBOIO CcTaTTi) — ¢hopma 3

4) PekomeHdaujto [o APYKY (BUTSAr 3 NPOTOKONY YCTAHOBK, A€ NpaLioe aBTop)

5) Yeody npo BinbHe BUKOPUCTaHHS aBTOPCLKOro npasa — ¢hopma 4

Bumoau do cmammi
BazarbHi NoNoXeHHs:

e napameTpu apkywa: oopmat A4, BEpXHE Ta HWXKHe nongd 2,5 cm, niee Ta npaee 2 cM; wWpudT Times New Roman; Ko-
NoHTMTYNM 1,3 cM, ab3auHui Bigctyn 0,5 ¢M; po3Mip OCHOBHOTO TEKCTy 12, aHoTauin i nitepatypu 11, MiXXpsakoBui
iHTepean 1

e cTatTio (.docx) dopmaTyioTb Yy ABi KOMOHKM MO 8 CM 3 NPOMIDKKOM 1 CM; BCTAHOBIOTb aBTOMaTUYHE NepeHeCceHHs
cnis

e Hassu Tabnuub Ta nignucum nig pucyHkamm (po3mip 11) po3smilLytoTb fiBopyY rpadiyHOro 06’ekTy; B KUPUUYHMX TEKC-
Tax — AybnoTb aHrMiNncbKo (PSAKOM HUKYE)

e B CNUCKy niTepaTypu — He MeHwe 20 nocunaHb (y ToMy Yuchi Ha xypHan [1ideodHi mexHonoeil); nicnsa npiseuwlia 3a-
3Ha4aloTb pik BUuAaHHS (ctaHgapT APA)

e CMUCOK NiTepaTypu AyOntoTb aHIMiCbKO; SIKLLO BUKOPUCTOBYETLCA http://translit.net (kpiM Ha3Bu axepena, siKy ne-
peknagalTb AOCMIBHO), B AYXKKaxX BKa3yTb MOBY opuriHany, Hanpuknag (in Ukrainian), (in Russian), (in Poland)

e MOCWUNaKYnNCh Ha iIHTEPHET-pecypc, chig BkadyBaTu Ha3By i BUXIOHI AaHi nybnikauii

e B KiHLi aHrMOMOBHUX CTaTeln AaloTb aHOTaLil0 POCIACHKOIO; B iHLUMX CTATTAX — aHrMiNCbKO

CmpyKkmypyeaHHs:

e BuxigHi gaHi (wWpudT Arial); HasBa pykonucy (H/X, ¢.14), iM’'a Ta npissuwe aBTopa (Kypcus, ¢.12), micue poboTu,
nowitoBa agpeca, e-mail, ineHTugikatop ORCID (¢.10); sKLio aBTOpiB AeKinbka — 3a3HayaloTb LMPPOBMMM 3HOCKA-
MW; 3anuLiaTb No 5 NyCTUX pAOKiB MiXK BEPXHIM MOieM apKyLlua, BUXiAHUMU AaHWMW | OCHOBHUM TEKCTOM CTaTTi

e CTPYKTYPHI Nigpo3ainuv crtaTTi:

- AHOTALIA (He meHwe 1800 3HakiB — 0,5 cTop. ¢.11)
- KINKO4YOBI CIOBA (5 — 8 cniB)

- BCTYN

- META | METOON

- PESYJIbTATU TA NMOACHEHHA

- BUCHOBKW/ TA PEKOMEHLOALLIT

- NITEPATYPA

e HasBa cTaTTi — iHpopmMaTMBHA Ta KOPOTKA; CTPYKTypa aHoTauii — aHarnoriyHa CTpyKTypi cTaTTi, 663 BUKOPUCTaHHS
CKOpoYeHb Ta abpesiaTyp, YCi NOSACHEHHS AAK0Tb B TEKCTi; NOCUNAHHA — He Binblue 5 mkepen B 0gHOMY MicCLi

e Tabnuui Ta pUCYHKM PO3MiLLyIOTb MNiCMsi NepLUOro 3ragyBaHHsi MPO HUX, @ BENWKI (Ha NOBHY LUMPWHY apKyLua) — 3Bepxy
abo 3HU3Y CTOPIHKK (HE PO3pMBaOUMN OQHOYACHO OOWABI KOMOHKM TEKCTY)

e imocTpauii — y dpopmartax .jpg, .tif 3 posginbHoto 3gaTHicTio He MeHLwe 300 dpi

OgpopmreHHst:

e NUWYTb NPAMO — UMdpw, rpeubki BYKBM, KMPUMMLIIO, TPUrOHOMETPUYHI dyHKUiT (tan, sin Ta iH.), ycTaneHi Bupasu
(max, const Ta iH.), XiMi4Hi eneMeHTU; KYpCUBOM — aHIMIACbKi CUMBOMY POPMYIT, PUMCBKI LMdpy, HOMepW ekcnnikauii

*  Mix chbopmynamm, pucyHkamu, TabnuuaMm i TEKCTOM 3anuiuaroTb No 1 nyctomy psgky

e copmynu (po3mipom 12-9-7-16-12) HabupatoTb B EQ.3 abo MathType 6.0 i LeHTpyoTb; HyMepaLis — paBopy4y KOro-
HKW; Tabnuui i pUCyHKM — He NepeBuLLYI0Tb 06nacTb ApyKy apkyLia

e ckopoueHi cnoBa «Tabn.» (Table), «Puc.» (Fig.) nuwyTb 3 Benukoi 6ykBu (B TEKCTi — CBITNO, B Ha3Bi — H/X); TEKCT Ha
noni pUCyHkiB 3B0AsiTb A0 MiHIMYMY, MOSICHEHHS AaloTb B nignucax nig pucyHkamm

e B SIKOCTi pPO3AiNoBMX 3HaKiB BUKOPUCTOBYHKTH TiNlbKW Kpanky i komy (ctaHgapT APA); KinbKiCTb CTOPIHOK (aianasoH)
BKa3yoTb 6e3 X No3Ha4YeHHs

¢ npuknagu ooopMIIeHHs cTaTel i apxiB xXypHanis — ame. www.uwtech.at.ua, http:/library.knuba.edu.ua/node/867)
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CraTTi nybnikyloTbCcs B aBTOPCbKin peaakuii

¥ OcdbopMneHHs], CTUMb Ta 3MICT XXypHany € 00’eKTOM aBTOPCbKOro npaea i 3axuLaeTbcs
3aKOHOM

BignoBiganbHiCTb 3a 3MICT Ta AOCTOBIPHICTb HABEOAEHNX OAHUX HECYTb aBTOpPUW NyGnikauin
Pepakuis 3anuwae 3a coboto npaBo pegaryBaTtu Ta CKOpoYyBaTu NoAaHi maTepianu

Yci cTatTi ogepanu No3MTUBHY OLIHKY He3aneXHUX peLeH3eHTIiB

Mepeapyk po3mMillleHMX y XypHani maTepianis 4O3BOMNSETHCS TiNbKU 3a MMCbMOBOKO
3rofo10 penakuii
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OpwuriHan-MakeT BUroTOBIIEHO B pepakuii xxypHany 1ideodHi mexHonozii
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Komn'totepHe BepctaHHs  Jlee Cykay
PepnarysaHHs i kopektypa OnekcaHOpa HaHiniHa
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+38 044 2479337, +38 044 4509196
www.lira-k.com.ua, lira-k@ukr.net

KHYBA, 31, MNMosiTpodnoTcekuin npocn.,
nab. kopn., od. 2313, Kuis, Ykpaina, 03037
+38 044 2454217, +38 095 6297417
www.uwtech.at.ua, uwtech@ukr.net

MignucaHo go apyky 30.10.2017. dopmat 60x84 1/8
Manip odpceTHun. pyk odpceTHmn. MapHitypa Times New Roman
YM.-gpyk. apk. 12,55. Haknag 100 npum.



