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CucreMHmMii miXi/ 10 OCBOEHHS
MiZI3€MHOTO MPOCTOPY MEramnoJiiciB B yMOBax
HeBH3HaYeHocTel Ta 6araroakTOPHUX PUIHUKIB

IIpedcmasneno unenom-xopecnondenmom HAH Yipainu H. /1. Ilankpamosoro

IIpedcmasneno cucmemmuii nioxio 0o 0C8OEHHS NIO3EMHO20 NPOCMOPY, WO YOPMANIZYE NPOUEC OUIHKU HeBUSHAUE-
nocmet ma 6azamoQakmopHux PUUKie i NPULHAMMSL Pllenis npo 0OUIIbHICMb BUKOPUCMAHH mepumopii (2e0-
N10214H020 cepedosuilya) 0st MiCbkozo nidsemiozo oydienuymea. Pospobieno mopdonoziuny moderv ouinku OLisHOK
Oydienuymea niozemmux 06°'ekmie, cmeopeno mop@onoziuni mabauyi, 00rPYHMOBAHO ANMEPHAMUGCH CINAIG | KA~
JU eKCREPIMHUX OUIHOK, NOOYI08aAHO MAMPULT 63AEMO36 SI3KI8 PaKmMOopie 6NaUsY Ma ALbMePHAMUE NAPAMEMPIE.

Kantouoei crosa: micvke niosemue 6ydisnuiymeo, 2eonoziune cepedosuiie, OuinKa PUSUKIG, NPUTIHAMMSL piuieis, mMe-
mod MOpPhos02iu020 anaisy.

3HauHi MOKJIMBOCTI II[0/I0 BUPILIEHHST MPOGJEM CYYaCHUX METraroJiiciB moTpebyioTh PO3BUTKY
mi13eMHOI ypOaHiCTUKY, OCHOBAHOI Ha CTBOPEHHI MaciITabHOI iHKeHEPHOT iHPPACTPYKTY P TILISI-
XOM PO3MIIIIEHHsT B Mi[3EMHOMY MTPOCTOPI MiCTa YUCJIEHHUX O0’€KTIB TPAHCIIOPTHOTO, €HEpTe-
TUYHOTO, TOCIIOAPYOTO, KOMYHAJIBHOTO H colliasibHOro npusHadenus. [Ipu mpomy edextrnBHO
CIJIAHOBaHA W MPaBUJIbHO €KCIUIyaTOBAaHA TifI3eMHA 1HMOPACTPYKTYpa MiIBUIYE SKICTb JKUTTS,
eHepreTuyHy e(eKTUBHICTD i €K0JIOTTuHy 6e31eKy GiIbIIo MipoIo, HiXK aHaJOTiYHa CUCTEMA Ha
nosepxHi. I[Tigzemua ypbaHicTHKa, SIKa € HEBi'€MHOIO CKJIAZ0BOIO CYyY4aCHOTO METAIIOJIiCy, BXKe BH-
HITa 32 MeXi OKPEeMUX JIOKaJIbHUX 00’€KTIB i cTae cucreMHUM (hakTOpoM PO3BUTKY MmicT [1].
HeoOxigHicTh BpaxyBaHHs PU3UKIB Pi3HOT IPUPON, BIAMOBIIHOI MiCHKOI IO TUKHM, IIJTAHYBaHHST
Ta YIPaBJIIHHS PO3BUTKOM METAIoJIiCiB 0OYMOBIIIOE HEOOXiHICTh CIUPATUCS HAa HaAiHHUN
HAYKOBO-METOAUYHUI (DyHIaMEHT, SKUil 6a3ye€ThCsl Ha CUCTEMHOMY IiAXOAi 10 OCBOEHHS IIijl-
3eMHOTO TIPOCTOPY.

[TizzeMHi 00’ekTH 3a3BMYAil TIPOEKTYIOTHCS B YMOBaX HEIOBHOI iH(hopMaIlii mpo reoJioriyse
cepeNoBUIIE I TEXHOTEHHI BIJIMBH, OCKIJIBKHY ITiI/IAI0ThCS /il BEJIUKOI KibKOCTI (hakTopiB. Toune
BCTAHOBJIEHHS 1X TTapaMeTPiB i XapaKTepy B3a€MOBILTUBIB He € MOKJIUBUM Ha TTPOECKTHOMY €Tarli.
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TakuM YMHOM, CIIOCTEPITAETHCS HEBU3HAYEHICTD, JIST IKOI MOKYTh OyTH BCTAHOBJIEHI Pi3Hi Ka-
TETOPii: IMPOCTOPOBA MIHJIUBICTD 1 T€OJIOTIYHI (haKTOPHU, MOMUIKHU, 1[0 BUHUKAIOTH TIPU 3MiHaX 1
OI[IHKaX TeOMEeXaHIYHUX MapaMeTpPiB, BKIIOYAIOYN 1X CTATUCTUYHUUN PO3MO/ILJ, HEIOBHE Bpaxy-
BaHHsI HABAaHTA/KEHD 1 YIYIIIEHHS, 10 BUHUKJIK B X011 OyaiBHuUITBA. KOKeH miazeMHnit 00’ €KT
Ma€ BapTicTh OYAiBHUIITBA, sIKa BU3HAYAETHCS CIIOYATKY HOTO XapaKTEPUCTUKAMU Ta PUHKOM, i
KOPEryeThes B X071i OyIiBHUITBA (DaKTUIHUMU 1H;KEHEPHO-TEOIOTIYHUME yMOBaMu. ToOMy MOBH-
HHi OyTH 36a/1aHCOBaHi BUTPATH Ha JIOKJI/[He BUBYEHHSI IIX YMOB i 3a1o0iranHs pu3nukam abo Ha
JIKBIiAMio X HacaiAKiB. B iHImomMy Bunaaky HeoOXisHi BUTpaTH Bce OHO OyayTh MoHeceHi abo
HaBIiTH TIepeBUIIEH] 3 KOHMIIIKTHUMU HACJIIIKAMU JIJIsT YYaCHUKIB OymiBHUIITBA [ 2].

Cepen cripob aTt HAYKOBO-TIPAKTUYHE 3a0€31eUeHHs UM TOTpebaM 3a3HAYMMO METOUKY
TUTIi3alli]l Te0JIOTIYHOTO cepe/IoBUINA, STKa BPaXOBY€E 3MIHHICTh BJIACTUBOCTEN He TiJbKU TOBEPX-
HEBOTO THapy A0CTiIHOI TepuTopii (110 € HaraJIbHOIO TOTPEOOIO /IS TUIAHYBAHHST HA3eMHOTO OY-
JBHUIITBA), a U yci€l TOBIII TeosoTivHOTO cepenoBumia [3]. [lix Tumizartiero reosorivnoro ce-
peloBUIIIA CJIi/l PO3YMITH BU/IIJIEHHSI TAKUX MOT0 30H, SIKi XapaKTepU3yIoThCs PISHUMU YMOBaMU
MPOTIKAHHA TEOJIOTIYHUX 1 TeXHOTeHHUX IPOIIeCiB i MalOTh Pi3HYy 3/IaTHICTb pearyBaTU Ha iH-
JKeHepPHO-TOCIIOIapChKe OCBOEHHS TEPUTOPII, IO PO3KPUBAETHCS CIEIN(IKOIO B3AEMO/IiI MixK Teo-
JIOTIYHUM CepEeZIOBUINEM 1 MITyYHUMHU ejeMeHTaMu (criopynamu). IlepcriekTuBHUM € 3acTocy-
BaHHs MeToy MonTte—KapIio, sikuiit 10TIOBHIOE TPUITHSITI KOMIT IOT€PHI MOIeIi /1715t O1/IbIIT TOYHOT
OIIHKHM IMOBIpPHICHOT IPUPO/IN (DAKTOPIB BIUIMBY MPHU TUII3AIlil MICBKUX TEPUTOPIN /IS 1Ti/13eM-
Horo OyaiBuuIirTBa [4]. IIpore MeToauka Trmizaiii moTpeby€e peTeJbHIX 1HKEHEPHO-TE0JTOTTUHIX
JOCJTIIKEHD BU/IIIEHUX TEPUTOPIil (CBEPIOBUHHI I TeodizuuHi MeToan), hinaHCcOBe 3a0e3re-
YEeHHS IKUX MOJKJIMBE JIAIIIE TPU PO3POOIT KOHKPETHUX MPOEKTIB.

HatowmicTb /1714 iHBECTOPIB /Iy:Ke BayKJTMBO MaTH TIOTepeHI0 (HaBITh 3arajibHy ) iH(hOopMaIlio
IO/I0 OYiKyBaHWX PHU3WKIB OYMIBHUIITBA HA PI3HUX ISHKAX MICHKOTO TiI36MHOTO TPOCTOPY.
EdexTHBHOI METOMOJIOTIEI /IS TIUX 33/1a4 B YMOBaX CKJIAIHUX CUCTEM i3 HasBHICTIO OaraTo-
(hakTOpHUX PU3UKIB Pi3HOI MPUPOAN BUCTYIAE CUCTEMHUN aHasi3. 3aCTOCYBAaHHS CUCTEMHOTO
MiIXO/y 3HAXOUJIO PiBHOMAHITHI peasizalii IS IJIaHyBaHHS ITOBEPXHEBOI 3a0yI0BH BEJIMKUX
MiCT, TIpOTE JIJIST TIi/I3eMHOI YpOaHiCTUKK He WIIIIO [asli 3arajbHOI IIOCTAHOBKY 3aB/laHb i aHAJII3Y
METO/IiB J0Ci/Kenb [ 1, 5].

[IepcrieKTUBHUM JIJ151 OIIHKY PU3UKIB 1 CTYIIEHIO PUIATHOCTI MiCbKUX TEPUTOPIil /1711 OCBO-
€HH4 T11/13¢MHOTO IIPOCTOPY € 3aCTOCYBAaHHS CUCTEMHOTO I/IXO/ly B YMOBaX HeBU3HAUeHOCTeH Ta
6arato(hakTOPHUX PU3UKIB i3 3aydEeHHSIM METOLY MOAN(DIKOBAHOTO MOP(OJIOTIIHOTO aHAI3y
(MMMA), stkuii 103BOJISIE OIIHUTH CTYMiHb (IMOBIPHICTH) i PiBEHb PU3UKY, TOOTO €KOHOMIUHI
BTpATH BiJI peasiizallii HeClpusTINBUX clleHapiiB [6].

MMMA nepenbayae 3anydeHHs sl OIIHIOBAHHS €KCIIEPTIB, sIKi MOXKYTh IIPUIIMATH PillleH-
Hs1, 6a3y104nCh Ha TOCBI/, iHTYIIIT i BITHOCHO HEBEJIMKIN KiJTbKOCTI HassBHOI iH(OPMAITil TIpo i-
JITHKY. MeToto poOOTH € po3poOKa CUCTEMHOTO IiAXO.LY, 0 (hOpMaTi3ye i CYyIPOBOIKYE TIPOIIEC
HPUAHATTS PillleHHs I0[0 BUKOPUCTAHHS ALISHKK Oy IiBHUITBA, 3MEHIIYE BiPOTiAHICTh IOMUJI-
KU Yepe3 HeBpaxyBaHHs TeBHUX (hakTOPiB ab0 0coOIMBOCTE, Hatae iHGOPMAIIIIO IJIsI TIPUITHSTTS
pillieHHsT y 3py4Hiil popmi TabIuUIb, Hiarpam abo rpadikis.

[Tobynosa mozerni B MMMA mae Taki KpoKu:

BU3HAYEHHS 00’ €KTiB (CyTHOCTEI ), IKMM BiAIOBIZaTUMYTh MOP(OJIOTiuHi TabJIuIl, Ta 3B’ A3KIB
MIK HUMU;
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Tabnuys 1. Mopdoaoriuna TaGauIs I AJISTHKE Oy 1iBHEITBA

ITapamerp

AJrbTepHaTHBY TTapaMeTpa

1. PiBenn aunamiqHOTO Ha-
BaHTa’KEeHHS

2. TIokasHWK CTaTUYHOTO
HABAHTAKEHHS Bifl TIOBEPX-
HeBoI 3a0y10B1

3. IlokasHUK CTAaTHUYHOIO
HaBaHTAKE€HHSA OTOYYI0Y0-
IO IPYHTOBOI'O MacCHUBY

4. BruuB icHyroouux mij-
3eMHUX 00 €KTIiB

5. TeneTryHuil Tui Ta Ji-
TOJIOTIYHUI CKJIAJ TPYHTIB

6. PospaxynkoBuii orip
IPYHTY

7. BrsmmB BOIOHOCHUX TO-
PU30HTIB i BEPXOBOJKHI

8. Tum penvedy i Mmopdo-
MeTpis

9. ImkeHepHO-TeOJIOTIUHI
mporecu

10. TeorexHosorii Oy aiBHMII-
TBA [3eMHUX CIIOPY/]L

1.1.
1.2.
1.3.
1.4.

2.1.
2.2.
2.3.
2.4.

3.1.
3.2.
3.3.
3.4.
4.1.
4.2.
4.3 Brummsoswmii (Bizcrans 10...20 m)

4.4 3arposmuBuil (Bigcranb 6amskde 10 M)

5.1,

5.2. Texnorenni Bizikaaan (HAMUBHI Ta HACUTIHI yIIiJIbHEH] PI3HOBHIIN )

Hwusbkwmit (46 ...53 1b)
Cepenniii (53...73 1B)
Migsumennii (73...96 1b)
Bucoxuii (6isbire 96 nb)

Hesnaunmii (K, < 1)

[Tomipnumit (1 <K, <2)
Binnocno sucokwmii (2 <K <3,5)
Bucoxwuit (K, > 3,5)

Hesnaunwmit (K, <0,05, MIIa)
Homipunii (0,05<K <0,3, MIla)
Bucoxwuit (0,3<K , <0,5, MIIa)
Benbmu sucoxnii (K, > 5, MIla)

Bincyrniit (Bizcrann monazn 50 m)
Hesnaunwuii (Bigcrans 20...50 m)

HeBusitpuiii ramHu Ta MicK cepeiHbol MiJIbHOCTI

5.3. JlesroBiasbHi MHKUCTI IpyHTH (BOJOHACHYEHI ), 00BOJIHEH] Ha/l3aTIaBHI TiCKH
3.4.

6.1. [lyxe mitai rpynToBi ocaosu >300 xlla
6.2. Mini 200...300 xI1a

6.3. rpyHTI/I cepennboi mirtHocTi 150...200 kIla
6.4. Birnocuo mitni rpyntu <150 xlla

7.1.
7.2.
7.3.
7.4.

8.1. ITimacki rinsaHKM HA3AIJIABHUX TePac, MOPEHHO-JTbOOBUKOBI PIBHUHU (HAXUJT
MoBepxHi 710 1°)

8.2. Crabko HaxwJIeHi TOBEPXHI HA/3ATIIABHUX TEPAC, MISTHKN BOMOMITIB (HAXHIT
noBepxHi 1...4°, MibHICTh po3usieHoBaHOCTI penbedy 0...2 KM/KM2)

8.3. JlommHn Maaux pivok, c1abKo po3dyieHOBaHi CXMJIM, BUCOKA 3ariaBa (HaXuil
MTOBEPXHi 4...8°, MiIbHICTh PO3UJICHOBAHOCTI pesbedy 2...3 KM/ KM2)

8.4. 3cyBonebe3teyHi MiIsTHKY CXIJIIB 3 AKTUBHUM PO3BUTKOM SIPIB, [IPOBAJIB, HU3bKA
3arraBa (HaXWJI MOBepXHi > 8°, MiIbHICTh PO3UJIEHOBAHOCTI pesibedy 3...4 KM/KM2)

[Tpociani TpyHTH, TPYHTH 3 OCOOIMBUME BIACTUBOCTAMU (J1€C, TOP], MYJT)

Boponocni ropusonTu y P...N1np
[mbuHa 3aATaHHs TPYHTOBUX BOJ >3 M, HamipHux >10 M
Cnubuna 3ajsranis IPyHTOBUX BOj <3 M, HanipHux <10 M

Hagasni migromnreni gissaku 3 PI'B o 1m

9.1. Bincythi

9.2. Ilporecu 3acrabinizoBani

9.3. [IposiB 3cyBHUX 3MillleHb He3HAUHUX 00'€MIB

9.4. AKTUBHWMIT TPOSIB TIPOCIIAHHS, TiATOIJIEHHS, IPaBiTAIlITHUX TTPOIIECiB

10.1. BigkpuTi
10.2. Iligzemmi
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no6ymoBa Mmopdostoriauanx Tabmis (MT) 171t KoKHOTO 3 00’€KTIB;

OIIIHIOBAHHSI 3AJIEKHOCTEN MIXK MTapaMeTpaMu MOPMOIOTIYHUX TaOIUILb.

[Ticst 1bOTO MOJIENTh BBAKAETHCS TTOOY0BAHOIO | MOsKe Oy TH BUKOPHCTAHA JIJIs PO3paxXyH-
Ky OIIiHOK aJIbTePHATHUB MapaMeTPiB KOHKPETHOTO 06’€KTa Ha OCHOBI BBEIEHOI MIO/I0 HBOTO €KC-
MepTHOI iHhOopMAaTIii.

Jlst nanoi 3agadi o6pano aBoerarny mpoieaypy MMMA, To6To BUKOprcToBY10ThCst 181 MT
i3 IPUYMHHIM 3B’I3KOM MiK HUMU: TIEPIIIa OTMCYE 3eMeJIbHY MUISTHKY OyiBHUIITBA, IPYTra — OITH-
Cy€ pIllleHHs TO/I0 i€l TepUTOPIi (TEOJOTTYHOTO CEPEIOBUTIIA).

Jlst mobynosu MT BukopuctoByeMo kiracugdikaiiiio 06’ekta 3a PisHUMHU XapaKTepPUCTIKA-
MU, SIKi € peJIeBaHTHUMU BiJIHOCHO NMPUUHATTS pimerHs. Koxunii po3pis kaacudikaiiii crae ma-
pamerpom MT, a Mosk/inBi 3HaueHHsT a60 ialla30HM HOTO MapaMeTpa — aJlbTePHATHBAMU I[HOTO
napamerpa MT. [ToTpiOHO 3a3HAYNTH, 1O TAKKX MapaMETPiB MOKe OYTH [ysKe BEIUKa KiIbKiCTh,
110 pobuTh mporerypy MMMA 3aHasTo TPOMI3IKOIO 17T €KCIIEPTHOTO OIiHIOBAHHST i pO3paxyH-
Ky. ToMy /iesiki MHOKMHU XapaKTEPUCTHK, sIKi MPUOJU3HO OJHAKOBO BIUIMBAIOTH HA PE3YJIbTaT,
arperoBai y okpemi mapamerpu. Ocrarounmii surisg MT nasegero y Tabir. 1.

Crucso posrisineMo oOpaHi TTapaMeTpu, MeTOIO SIKUX € Bi0OpasKeHHST 3 MaKCHMAaJIbHOIO
00’€KTUBHICTIO BIIMBY Te0JIOTIYHOTO CEPEIOBUINA | TEXHOTeHHNX (DaKTOPIB HA PU3UKH ITiI3EMHO-
ro OyIiBHUIITBA Ta eKCcIUTyaTallii mijseMmuux cropyia. [lapamerpu 1..4 Ta 6 xapakTepusyrooTh 3a-
rposu cTiiikocTi (HaAiliHOCTI) MiA3eMHOI CIIOPYAM i Bio6paskaroTh BIUIMBY Ha Hel IMHAMIYHOTO
HaBaHTa)KeHHsI (aBTOMOOIJIBHI Tpacu, 3aji3HUIL, METPOIOJITEeH, MPOMUCIOBI IiIPUEMCTBA
TOI0); CTATUYHOIO HAaBAaHTAKEHHs [MOBEPXHEBOI 3a0y/I0BU 3 ypaxyBaHHAM ILILILHOCTI Ta BUCO-
THOCTI Oy/1iBeib; HABAaHTaKEHHS BiJl TIPCHKOTO THCKY MOPI/I YV IPYHTIB Ha OIPaBy CIIOPY/H; T€O-
MEXaHIYHOTO 30yPEeHHSI MAaCHBY OJIM3BKICTIO IHINMX II3€MHMX CIIOPY/] Ta OMIPHICTh IPYHTY Ha-
BaHTaKeHHsM. [lapamerpu 5, 7...9 XxapakTepusyioTh BJACTUBOCTI Ta MIPOIECH I'€0JIOTTYHOTO CEPE]I-
OBWIINA, SIKi 3HAYHOIO MipPOIO BIIMBAIOTH HA BAPTICTh i MIBUAKICTD CIIOPYIKEHHS] BHPOOOK, YMOBHU
6e3pEeMOHTHOI eKCILTyaTallil Mi3eMHUX CIIOPY/] Ta €KOJOTriuHy Oe31eKy. ABTOPU YCBiZIOMIIIOIOTH
MOSKJIBI B3AaEMOBILIMBY TIPUIHATUX (haKTOPIB B OKPEMUX MO3UILISIX, TIPOTE OOM/BI TPyTIH (hakTo-
PiB € KOHYe HeOOXiIHUMU JIJIsI aHAJTI3Y i Oy/yTh OJIHAKOBUM YMHOM CTOCYBATHUCH YCIiX MOCIIIKY-
BaHUX TepuTopiil (missiHok OyxaiBHuUIrTBA). [IpuitHsTi fianazonn ¢GakTopiB BiAMOBIAAIOTH YOTH-
PHOM AJIBTEPHATUBAM CIIPUSITINBOCTI T€OJIOTIYHOTO CepPeI0OBUIIIA OCBOEHHIO ITiZI3EMHOTO TTPOCTO-
PY: BeJIbMU CIPUSATIINBE, CIIPUATINBE, HeIOCTATHBO CIIPUATINBE Ta HECIIPUSTIINBE.

[lo npyroi MT ysilinim mapameTpu pillieHHs, SKe JAO0MIIbHO TPUUMATH JIJIST IJISTHKH, IO PO3-
TS IAETHCS. Ychoro o6paHo 6 mapamerpis (Tabir. 2).

[lo 3araspHuX XapakTepucTuk BifiHeceno mapametpu A, B, C. [lapamerp A (ipugaTHicTb 1i-
JITHKM) € 1HTerpylounM, npuiyomy ajasrepHaTuba A.1 (IpUAATHICTD ALJISTHKU) OXOILIIOE BeJbMU
CHPUATINBE, CIPUATINBE Ta HEJIOCTATHBO CIPUSATINBE Fe0JIoTiuHe cepe/loBullle, a aJbTepHaTHBA
A.2 (HenpUAATHICTD AIJITHKN ) — HECTIPUSTJINBE CEPENOBUIILE, ITOB’I3aHe 3 BUCOKUMU 3HAYEHHSIMU
dakropis pusuky (aus. mapamerpu D — F). ITapamerp B (Maciuitab 06’ekra) XapakTepusye TUITH
HiI3EMHUX CIIOPY/I, 1[0 IIPOEKTYIOThCS, 1 BioOpaKye migzeMui 00’€KTH iHKeHepHOI iHdpacTpyK-
TYPH MiCTa, Mi3K THITUM — KaHaJli3aililiHi kosektopu (anprepHaruBa B.1), TpaHciopTHI KOMyHiKa-
1ii (asprepHaruBa B.2), 6ararodyHKITOHAIBHI MiA3EMHI CIIOPYAN KAMEPHOTO THITY (aJbrepHaTH-
Ba B.3) Ta Kamepu BeJUKHX IepepisiB: Mmifi3eMHi TOPTiBeJbHI KOMILIEKCH, CIIOPTUBHI 00’€KTH,
eJIEKTPOCTaHIIi1, BUpOOHMYI mifnpruemMcTBa Tomo (anbrepHaTiBa B.4). OckilbKky B Pi3HUX reoJo-
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TIYHUX CEPEIOBUIIAX CTYIHb CIPUSTINBOCTI TMiA3eMHOMY OY/iBHUIITBY 3HAYHOIO MipOTO 3ajie-
KUTH BiJl MacmTaly Mi3eMHOI CIIOPYIH, TO Ui IPUAHSTTS pillleHHs 11010 BUOGOPY 00’e€KTa
Oy iBHUIITBA Ba)KJIMBO BpaxoByBaTH asibrepHatusy B. [nin6una 3abynosu (mapamerp C) mos’sizaHa
3 (DYHKIIIOHAJBHUM MPU3HAYEHHSIM CIIOPYIM Ta MPUUHSATOI Treo0yIiBeJbHOI TEXHOJIOTIE i
BITMBA€E HAa (JOPMYBaHHS HaBaHTA)KEHHS HA KPiTlJieHHs (OMpaBy) BiJl TIPCBKOTO THCKY, CTAaTHY-
HUX i AMHAMIYHUX HAaBAaHTA KEHb.

Jlo pusukiB migsemuoro OyaisHuirTBa BigHeceni mapamerpu D, E, F. Cepen anbsrepHaTuiB
(hakTOpiB PU3MKY BU/IIJIEHO PYHHYBAHHS KOHCTPYKIIii 1 TOpyieHHsT (yHKIIIOHAIBHOCTI Ta 6e3-
nexu cnopyz (D.1), Hebesneunuii BIIMB HOBUX BUPOOOK Ha HazeMHi Ta migzemui o6’extu (D.2),
iHimianis 3cyBuux sput moxuaoro pesabedy (D.3), minronnenns (D.4), ekonoriuni pusuku (D.5),
TpaHcopTHi mpobsemu (D.6), a Takosk 3pocTaHHs BapTOCTi OYIiBHUIITBA Ta €KCILIyaTallil CIIOpy /1
(D.7). Crymninb pusuky (mapametp E) Bkasye Ha iMoBipHicTb peasizaitii Hebakanux moziit (D.1...
D.7), a piBens pusuky (mapamerp F) oriHioe ekoHOMIUHI BTpaTH Bijl peasisaiiii HebakaHUX MO/
y BiJICOTKaX BiJl TOYATKOBO1 BapTOCTI criopyau Q.

[Ticsist BU3HAYEHHS TTapaMeTpiB i anmbrepHaTuB M'T BCTaHOBJIIOETHCS CUIA 3B’SI3KY MiXK aJlb-
TepHATUBAMU PI3HUX MAapaMeTPIiB, SKIO TAaKUH 3B’SI30K € MPUCYTHIM. PO3PIi3HSI0TH 3B’ 43K1 /IBOX
TUITIB: B3aEMO3aJIeKHICTh anbrepHaTuB (7151 napametpis oiHiel MT) 1 BILTUB O/iHI€T asibTepHATH-
BU Ha iH1TY (/17151 TapamMeTpiB i3 1Box pisHux MT). 3B’3K1 O11iHIOBATNCH 32 IOTIOMOTOIO TTPOTIELYP
eKCcrepTHOTO otliHoBaHH4 /i MMMA, onucanux B [6].

BBaskaeThcs, 110 €KCIIEPT MPH OI[iHIOBaHHI 00’€KTa 1a€ He3asleKHe 3HaYeHHST JIJIsT HMOBIPHOC-
Ti aTBTEPHATUBY TTapaMeTpa, ke He BPaXOBYE BILUIUB iHIMNX aibrepHaTuB. OHAK aTbTepHATIBU

Ta6auys 2. Mopgosaoriyna TabuIs pillieHHs 0[O AUISHKH Oy IiBHUIITBA

3arajibHa XapaKTepucTUKa

A. TTpugaTHicTh AIIAHKI B. Maciurab o6’ekry C. Iubuna 3abynoBu
A.1. Tlpunarua B.1. [Lnoma nepepisy 10 10 m? C1.0..10 M
A.2. Hermpumataa B.2. [1io1mma epepisy 1o 35 M C.2.10..20 m
B.3. [noma nepepisy mo 70 M C.3.20..50 m
B.4. ILnoma nepepisy 10 i 6ibie 70 m* C.4. rmubmre 50 m

Pusuku st 3a0y10B1

D. @axkrop pusuky E. Crymninb pusuky F. PiBenb pusuky
D.1. BizmoBa koHCTPYKIIiii, mopyuienHs: dyHkiionansHocti Ta | 1. <3 % F1.0,1..5% Q
GesIeKy MiBEMHUX CIIOPY/I
D.2. Hebesneunuii BruiMB Ha moBepxHeBi uu cyciani migzemni | E.2. 3..10 % F2.5.20% Q
o6’ekTn
D.3. Iuimiarist 3CyBHUX STBUTI] E.3.10..20 % E3.20..50 %Q
D.4. Tligrorienns E.4.20..50 % F4.>50 % Q
D.5. ExoJtoriuni pusuku E.5.>50 %
D.6. TparcnoptHi pobiemu
D.7. 3pocranHst BapTOCTi OYAIBHUIITBA Ta €KCILTYATAIli CITOpY/T
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MOKYTh OyTH TIEBHUM YHMHOM TIOB’si3aHi 1 TOAI Taki KoMOiHaIlil anbrepHatus OyayTh Oiabi abo
MEHIII UMOBIPHUMU TIPH PO3TJIsii KOH(Irypaitiii 00’ekta B 1ijiomy. Y BiIOBITHOCTI /10 TIPOIELYP
MMMA oriHka cuiu B3aEMO3B’ 3Ky Cirjiingy € [-1;1], ne 3nauenns “—1” o3HAUAE HECYMICHICTh
aJIBTEPHATUB a( i) (12) , “0” — He3aJeXHICTh IUX aJTbTepHATUB, “1” — IX B3a€EMOIIOB SI3aHICTh.
[TpomizkHi 3HaquH51 03Ha‘{aIOTb JacTKOBE 301IbIIIeHHS a00 3MEHIIIEHHS HMOBIPHOCTI MOTPATLISTH-
Hs1 000X aJIETEPHATHB B OJ[HY KOH(DITypaltito.

Bapto 3a3nauuty, 1mo He Bci mapamerpu MT nipgMo BIJIMBAIOTL OJIMH Ha ofiHOTO. [InTanHus
IO/I0 THUX MAapaMeTpPiB, M’k SKMMU OYEBU/IHO BiJICYTHIH 3B’SI30K, HE CTABUJIUCS [IJId 3MEHITICHHS
HaBaHTAKEHHS Ha eKCITepTa.

Matouu OIliHeHy MaTPHIIO B3aEMO3B’SI3KiB [7ist MOPhOJIOTiuHOl Tabvili i BXi/HI MaHi y BU-
TJIS/11 OIIHOK He3aJiesKHol HMoBipHOCTI anbrepHatuB MT Bij ekcriepTa, MOKHA OIIHUTU SIK MMO-
BIPHOCTI aJIbTEPHATUB 3 YPaXyBaHHIM B3a€EMO3B SI3KiB MizK HUMHU, TaK 1 UMOBIPHOCTI BCIX MOKJTH-
BUX KoHirypariit M T niepiioro ertary, i TaKM YITHOM OTpUMATH (hOPMATi30BAHUI OMTUC MiTISTHKA
y BUTJISA/II BipOTIZIHOCTI peari3ailii piBHIB KOKHOTO 3 (haKTOPiB.

Jaui 6yJio orinero BB napamerpis MT mepmioro eramy (auB. tabu. 1) Ha mapamerpu MT
apyroro etamy (auB. Tabs. 2). AHAJIOTIYHO 10 TTOOY/I0BM MATPHIl B3a€EMO3B’SI3KiB, TIPU OIiHIO-
BaHHI 1[bOTO BIIINBY BUKOPHCTOBYBANACh OIIHKA C; ;i € [~1;1], ne 3madenns “~1" o3Hayae
HEMOKJIUBICTh BUOOPY a00 HeeeKTUBHICTD aJIbTePHATUBH aj, 2) MT apyroro eraily npu mnossi
QJIBTEPHATUBU a§1) MT mnepmioro etamny, “0” — He3aJeKHICTh OIIHKHA a(22) Bijl TOSIBU a(”)
“1” — rapanToBaHicTh BHOOPY ab0 HAHOIIbITY e(heKTUBHICTD “;22) IIpH TIOSIBi a§11) Bigmosizi
OyJii OTPUMaHi 3a JJOMOMOTOIO OIIMTYBAJIbHUX (HOPM, TIepeBe/IeH] Y YncaoBy (opMy i 3aHeCeHi B
MaTPHUITIO 3B SI3KiB.

BukopucroByioun iiMoBipHOCTI KoH(irypaitiii MT mepmioro erarry, obuncieHi Ha momepe-
JIHBOMY KPOIIi, 1 OIIHKY CUJIK 3B’13Ky Mixk anbrepHaruBamMu MT mepiioro i gpyroro etarnis, po3-
paxoByioThCst oiliHku ansrepHatuB MT apyroro eramy (auB. Tabu. 2). Ili orinku MicTsTh iH-
(hopmaitito Tpo Baru BiZITIOBITHUX aJIbTEPHATUB TTApAMETPIB PillleHHs MO0 TISTHKY, B TOMY YHCJI
PMBUKIB, MOB’sI3aHKX i3 OyAiBHUIITBOM. [Ipu 1IbOMY BpaXOBYEThCSI HEBHU3HAYEHICTh iH(MOPMAILil
OJI0 caMol JIJISTHKH, OCKIJIBKU PO3TJISIAI0THCST BCl MOXKJIMBI 11 KOHMIrypaitii i3 BiZimOBIHUMET
IMOBIPHOCTSIMH.

3a JIOIOMOT0I0 CTBOPEHOI MO/IeJTi, BUKOPUCTOBYIOUM /IBOeTaITHy Tporierypy MMMA, moxkHa
OLIIHIOBATH PU3UKMU JJISI PI3HUX AiJISHOK ITiI3eMHOro Oy IiBHUIITBA. BXi{HUMM TaHUMU JJIsT TAKOT
3ajlavi € eKCIlepTHA JyMKa 100 WMoBipHOCTel aibrepHatuB nepinoi MT (aus. tabi. 1), To6TO
xapakTepucTuk auistHku. CrocoOu oTpuManHs 1€l iHdopmartii Bix excrepra omucani B [6].
3arajioMm, Ipole/iypa po3paxyHKy Bar KoxHoi 3 ansrepHatuB MT apyroro etamy ckiafaeTbes 3
TaKMX OCHOBHUX KPOKIB:

OTpUMaHH iH(opMaIlil Biji ekcriepTa 3a I010MOT0i0 ONUTYBaJIbHOI (popMH;

nepeBe/IeHHs Bi/IOBIi/Iel eKkciiepTa y YucjaoBy (popMy i pO3paxyHOK OIIHOK aJbTePHATUB I1ep-
moi MT 3 ypaxyBaHHSIM B3aEMO3aJIEKHOCTEH MisK HUMU;

PO3paxyHoK OIiHOK Jipyroi MT Ha ocHOBI MHOKUHYN MOKIMBUX KoHbirypartiit nepmoi MT i
MaTpUIIi 3B’I3KiB.

TaxkuM YMHOM, OCHOBOIO CHCTEMHOTO Ii/IXO/Y /10 OCBOEHHS Ti36MHOTO MIPOCTOPY, aHATI3y
PUBHKIB AIJITHOK MiCHKOTO MiZI3eMHOT0 OyAiBHUIITBA 00paHo MOAM(biKOBaHUIT MeTOI MOPHhOJIO-
riYHOTO aHasi3y, IKUil 100pe 3apeKoMeHIyBaB cebe y MOieioBaHHi TIpobJieM, 00’ €KTH SIKUX MO-
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JKYTh MAaTU BEJIUKY KIJBKICTh aJbTePHATUBHUX KOH(DITypaIliil 3a paxyHOK KOMOIHYBaHHS Pi3HUX
3HavyeHb napameTpiB. BiH 103B0JIsI€, cClIMpalOYMCh HA BUJIIJIEH] TPYIIM Te0JIOTTYHUX 1 TEXHOTeHHUX
GakTopiB, PO3TJIIHYTH HU3KY PIillleHb 1 IPYIl PU3UKIB /I OIIHKU JIOTIJIBHOCTI PO3BUTKY IIi/I-
3eMHOI ypOAHICTHKHY Ha PO3TJISTHY TUX JIIJISTHKAX. 3aCTOCOBAHA METO/MKA BIIEPIIIE I03BOJISIE Ol HU-
TU PI3HOMAHITHI TUIIX PU3WNKIB, IMOBIPHICTH peasi3allii HeraTUBHUX CIIEHAPIiB Ta JI0/IaTKOBi BU-
TPATH, 3 HUMU TIOB’sI3aHi, I1le Ha [ePeITPOeKTHiiT cTaIil criopy/pKeH s mizeMunx 00’extis. e nae
B PYKHU 1HBECTOPIB Ta MiCHKUX JIEPKABHUX aJIMiHICTpalliii eheKTUBHUI IHCTPYMEHT YIIPaBJIiHHS
pU3MKaMU Ta IHBECTUITIAMU TIPU OCBOEHHI 1113 MHOTO TIPOCTOPY METAIIOJIICIB.

IIpedcmaeneni peayrvmamu ompumani 6 pamax naykoso-odociionozo npoexkmy MOH Yxpai-
nu Ne 01170002414 “Pozeumox nidzemnoi ypoanicmuru ax cucmemu 0C60EHH 2e0Pecypcis ée-
AUKUxX micm”.
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CHUICTEMHBIN TOJIXO/ K OCBOEHUIO ITO/I3EMHOTO
[MTPOCTPAHCTBA METAIIOJIMCOB B YCJIOBUAX
HEOIIPEAEJEHHOCTU 1 MHOTO®AKTOPHDBIX PUCKOB

IIpencraBien cucTeMHBIH MOAXO/] K OCBOEHUIO TIOZ3EMHOTO TTPOCTPAHCTBA, (POPMATUIYIONTUI TTPOTIECC OIEHKHT
HEOMpeIeIeHHOCTEN M MHOTO(MAKTOPHBIX PUCKOB U MIPUHSTHS PEIIeHUsI O 11e1eCO00PasHOCTH UCTIONb30BaAHUS
TeppuTopur (reoJIOrmYecKoil Cpeibl) ISl TOPOACKOTO MOA3EMHOTO CTPOMTEIbCTBA. Paspaborana Mopdosioru-
yecKas MOJIeJIb OIIEHKHM YYaCTKOB CTPOMTEIBCTBA TIOA3EMHBIX 00BEKTOB, CO3/laHbl MOP(OIOrHIecKre TabIuIIbI,
000CHOBAHbI AJIBTEPHATHBBI COCTOSTHUI U TIKAJIBI 9KCIIEPTHBIX OIIEHOK, IOCTPOEHBI MATPUIIbI B3ANMOCBsI3eil (hak-
TOPOB BIUSHUS U JIBTEPHATUB MTapaMeTPOB.

Katoueewie caosa: 20podckoe nodsemnoe cmpoumenscmeo, 2e0J102Uudeckas cpeoa, OUeHKa PUckos, NPUHsImue peule-
HUtl, MEMo0 MOPPONOZUUECKO20 AHATUSA.

N.D. Pankratova, 1.0. Savchenko, H.I. Haiko, V.H. Kravets

NTU of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
E-mail: natalidmp@gmail.com, savil.ua@gmail.com, gayko kpi@meta.ua, kravets@geobud kiev.ua

A SYSTEM APPROACH TO DEVELOPING
THE UNDERGROUND SPACE OF METROPOLISES UNDER
CONDITIONS OF UNCERTAINTY AND MULTIFACTOR RISKS

A system approach to developing the underground space that formalizes the evaluation of uncertainty and mul-
tifactor risks and the decision-making regarding the suitability of a location (geological environment) for the
urban underground construction is presented. A morphological model for evaluating the construction sites of
underground objects is constructed, morphological tables are created, the parameter alternatives are justified,
and the cross-consistency matrices for impact factors and parameter alternatives are estimated.

Keywords: urban underground construction, geological environment, risk estimation, decision-making, morpholo-
gical analysis method.
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