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3ATAJIBHI METOOJIOI'TYHI HIAXOAH, ITOJTOKEHHS I MPUHIINIIN
INPOEKTYBAHHSA KOHCTPYKIIU 3ATJIMBJIEHUX KUTJIOBUX BY AIBEJIb
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AHoTauisi. Y crarTi npeJcTaBieHi 3arajbHi METOMOJNOIIYHI MiJIXOIH, IOJIOKEHHS 1 NPUHLMIM HPOSKTYBaHHA KOHCTPYKLIN
3arauOIeHNX )KUTIOBHX OyniBens. Mema. Po3poOka HAyKOBUX OCHOB PO3PaxXyHKY KOHCTPYKIIH 3arinOIeHIX KUTIOBUX Oy/IiBemb 3
ypaxyBaHHAM 3OBHIIIHIX BIUIMBIB 1 3a0e3leueHHs napaMerTpiB Oe3nekn Ta KOMQOPTHOCTI NpU MiHiMi3alii BHTpar HpoTAroM
KUTTEBOrO UMKy OyniBenb. Memoouka. 3anpolOHOBaHO 3arajibHy CXeMy BHMOI i OOMEXeHb, IO IpeAsBIAIOTBCA [0
XapaKTePUCTUK HECYYMX 1 Oropo/KyBaJIbHMX KOHCTPYKIiH, IHKEHEPHMX CHUCTEM, MIKpOKJIIMaTy NpPUMILIEHb JUIS 3aJ0BOJEHHS
napameTpiB Oe3rneky, (QyHKIiOHAIBHOCTI, caHiTapHOI TirieHn (KoM(OPTHOCTI), €KOHOMIYHOCTI Ta EKOJOTiYHOCTI 3arinOJIeHUX
XKHUTIIOBUX OyniBenb. Pesynsmamu. Po3poOneHa 3aranbHa cxXeMa BHUMOI i OOMEXEHb, IO HPEISBISIOTHCS J0 XapaKTEPUCTHK
HECY4YHX 1 OrOpOJUKYBAJIbHUX KOHCTPYKIIH, IHXEHEPHUX CUCTEM, MIKpOKIIIMATy NPUMIILEHb JUIS 33/I0BOJICHHS ITapaMeTpiB Oe3neKu,
(bYHKLIOHAIBHOCTI, CcaHiTapHOi TirieHn (KOMGOPTHOCTI), EKOHOMIYHOCTI Ta EKOJOTIYHOCTI 3amIMONIEHHX MKUTJIOBUX OyIiBelb.
3anpornoHOBaHO METOAM OLIHKM BapTOCTI JKMTTEBOIO LUKIY 3ariuOJIeHMX JKUTJIOBHX OyadiBelb, IO BKIIOYAIOTh BUTPATH Ha
3BE/ICHHS], SKCIUTyaTallil0 Ta JIKBiJalito (3HeceHHs) Oy/iBii 3 ypaXyBaHHSAM JMCKOHTYBaHHA. J[Jif palioOHAaJIbHOIO HPOEKTYBAHHS
KOHCTPYKIIH 3arau0IeHnX KUTIIOBUX OyaiBesb chopMylIbOBaHA MaTeMaTHYHA MOZIEJIb B JOpMi 3a/1adi HeJIIHIHHOrO MaTeMaTHYHOrO
[POrpaMyBaHHs: MiHIMI3yBaTH CYKYIIHY AMCKOHTOBaHY pPiuHY BapTiCTh JKHTTEBOrO LMKy OyniBii. 3amporoHOBaHa cHCTEMa
€KOJIOrivHOI cepThdikanii 3arianOIeHNX JKUTIOBUX Oy/liBeNb Ha BiJIIOBIIHICTH KPUTEPIsM cTajoro po3sutky. Haykoea noeusna.
Bnepme po3poGiieHO 3aralibHUK METONOJIOTIYHMH IJIXiJ, OCHOBHI IOJO)KEHHS 1 NPHMHLMIIM PO3PaxXyHKY 1 IPOEKTYBaHHS
KOHCTPYKLIH 3araubiIeHuX >KUTJIOBHX OyZiBesb 3 ypaXyBaHHAM 3OBHIIIHIX BIUIMBIB. IIpakmuuna 3nauumicms. MOXnuBicTb
CTBOPEHHS pAalliOHAJIbHUX KOHCTPYKTMBHUX pillleHb 3arnuOneHux OyniBenab i cHoco0iB iX pPO3MIICHHS Y HaBKOJIMIIHBOMY
MPUPOJHOMY CEpPEIOBMILI NPH BUKOHAHHI BUMOT HAJIHHOCTi, KOM(OPTHOCTI Ta eKoyoriuHoi Oe3neku 3 ypaxyBaHHSIM MiHiMizamii
BUTPAT JKUTTEBOIO LIUKITY.

Knrouosi cnosa: 3arnibineni sxutinosi OyiBii, XKUTTEBUN LUK, HaiHHICTb, BIIMOBA KOHCTPYKIIIH, KOM(OPTHICTH, palioHaIbHEe
[POCKTYBAaHHS, €KOHOMIUHA e()eKTHBHICTb, EKOJIOTIYHA OLiHKa
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AHHoTaumsi. B cratbe mpencTaBieHbl OOLIME METONOJNOTMYECKHE IOAXOABI, IIONOKEHUS M IPHUHLMIIBI [IPOSKTUPOBAHUS
KOHCTPYKLMH 3ariyOieHHbIX KWIbIX 31aHui. I]ens. Pa3zpaboTka HaydHBIX OCHOB pacdyeTa KOHCTPYKLMI 3arilyOJICHHBIX JKHIIBIX
3[aHUI C y4€TOM BHEIIHMX BO3IEHCTBUII U obecrieueHus mapamMeTpoB 0e30MacHOCTU U KOM(MOPTHOCTH NPU MUHUMM3ALUK 3aTpaT B
TEUCHUE >KM3HEHHOro LUKIA 31aHuil. Memoouka. Ilpemioxena obmas cxema TpeGOBaHMI M OrpaHMUCHHH, NMPEIbABIACMBIX K
XapaKTepUCTHKAM HECYIIMX M OrPaXKIAIOIIMX KOHCTPYKIM, HHKCHEPHBIX CUCTEM MUKPOKIMMATA IIOMELIEHHH JUls y0BIETBOPEHHS
rapameTpoB 0e30MacHOCTH, (YHKIIMOHAJIBHOCTH, CAHUTApPHOW TUrHeHbl (KOMGOPTHOCTH), SKOHOMMYHOCTH M 3KOJIOIMYHOCTH
3ariayOJIeHHBIX JKWIBIX 37aHui. Pesynbmamur. PaszpaGorana oOmas cxema TpeOOBaHMH M OrpaHUYEHHH, NPEAbSBISEMBIX K
XapaKTepUCTUKaM HECYIMX M OrPaXKIAONIIMX KOHCTPYKIM, HHXCHEPHBIX CUCTEM MUKPOKIMMATA IIOMELIEHHUIT 1Sl YI0BJIETBOPEHUS
rapameTpoB 0e30MacHOCTH, (YHKIIMOHAJIBHOCTH, CAHUTApPHOW TUrHeHbl (KOM(OPTHOCTH), SKOHOMMYHOCTH H OSKOJIOIMYHOCTH
3arayOJeHHBIX KWIBIX 3MaHud. [IpeluiokeHsl METOIbl OLIEHKHM CTOMMOCTH JKH3HEHHOrO LMKJIA 3arilyOJeHHBIX XWIBIX 3[aHHH,
BKJIIOYAIOLINX PACXO/bl Ha CTPOMTEIBCTBO, JKCIUIYaTalMIO M JIMKBHAALMIO (CHOC) 3JIaHHMs C y4eTOM JMCKOHTHpoBaHMs. Jlis
PALMOHATIBHOrO NPOEKTUPOBAHMUS KOHCTPYKIHUIA 3ariTyOIeHHBIX XKWIbIX 3aHuH c(opMyIUpOBaHa MaTeMaTHYecKas MOJeNb B hopme
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3a7audl HEJIMHEIHOro MaTeMaTHYecKOro IpOorpaMMHPOBaHMS: MHHHUMU3HPOBATh COBOKYIHYI JIMCKOHTHPOBAaHHYIO T'OJIOBYIO
CTOMMOCTb XM3HEHHOTO LKA 31aHus. [IpeasioxkeHa cucTeMa JKONOTMYECKOH cepTH(UKALUM 3arilyOleHHBIX JKHMIIBIX 3/IaHUH Ha
COOTBETCTBUE KPUTEPUAM YCTOHUMBOro paszsutus. Hayunaa noeusna. Briepsble paspaOoTaH 00U METOIOIOrMYECKHI MOIX O,
OCHOBHBIC TIOJIOXKEHUS U MPUHIIMIIBI PacyeTa U NPOESKTUPOBAHUA KOHCTPYKLMH 3ariayOJICHHBIX XKWIBIX 3/1aHUH C y4eTOM BHEIHHUX
BoszeiicTBuil. Ilpakmuueckaa 3Hauumocms. Bo3MOXXKHOCTD CO3/1aHHS PALMOHAIIBHBIX KOHCTPYKTUBHBIX PELICHUH 3ariyOleHHBIX
30aHUH M CIIOCOOOB MX pa3MEIICHHs B OKPYKAIOIIEH cpele IpU BHINOJIHEHUH TPeOOBaHUH HaJEXHOCTH, KOM(OPTHOCTH M
9KOJIOTMUYECKOH O€30MaCHOCTH € y4eTOM MUHUMH3ALMU 3aTPAT KU3HEHHOTO LIUKIIA.

Knrouesvie cnoga: 3arityGieHHble >KWIblE 31aHUSI, KU3HEHHBIH IMKJ, HAJEKHOCTb, OTKa3 KOHCTPYKIMI, KOM(OPTHOCTB,
paLOHATIBHOE IIPOEKTHPOBAHUE, IKOHOMUYECKast 3 (heKTUBHOCTD, HKOJIOrHUECKas OLIEHKa
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Annotation. The article presents general methodological approaches, provisions and principles of structural design of earth sheltered
buildings. Purpose. Development of scientific basis of calculation of structures of earth sheltered buildings taking into account
external influences and requirements of reliability and comfort and minimization of life cycle costs. Methods. There is proposed the
general scheme of requirements and restrictions imposed on the characteristics of bearing and enclosing structures, engineering
systems, microclimate facilities aimed to meet the safety parameters, functionality, health care (comfort), economic and
environmental efficiency of earth sheltered buildings. Results. There is developed general scheme requirements and restrictions
imposed on the characteristics of bearing and protecting structures, systems engineering, microclimate facilities to meet the safety
parameters, functionality, health care (comfort), economic and environmental efficiency earth sheltered buildings. The methods of
assessment of lifecycle of earth sheltered buildings, including the costs of construction, operation and utilization (demolition) of
building based on discounting are proposed. For the rational design of structures of earth sheltered buildings a mathematical model is
formulated in the form of nonlinear mathematical programming problem: to minimize total discounted value of the annual life cycle
of the building. The system of environmental certification of earth sheltered buildings for compliance with the criteria of sustainable
development is proposed. Scientific novelty. There are first time developed a common methodological approach, the main provisions
and principles of calculation and design of structures of earth sheltered buildings taking into account external influences. Practical
value. Possibility to create rational solutions of earth sheltered dwelling houses and methods of their placement in the environment,
which satisfy the requirements of reliability, comfort and environmental safety considering minimization of life cycle costs.

Keywords: earth sheltered buildings, life cycle, reliability, failure of constructions, comfort, rational design, economic efficiency,
ecological evaluation

Beryn maHmaQTiB  ICTOPUKO — TPHPOIHHUX 3aIOBiJHUKIB;
3pocTarova IHTCHCHUBHICTH IMPHUPOJHHMX 1 TEXHOI'CHHHUX
karacTpod, BIMCBKOBHX T, BUYEPIIaHHS
CHEePropecypciB BUMAraroTh CTBOPCHHS IPYTHX YMOB
cepeloBUIA  NPOXKMBAHHS  JIIOAMHA. B ymoBax

CorianapHi, €KOHOMIYHI, €KOJOTiYHI  CKJIaJO0Bi
cTifikoro (30aJaHCOBAHOr0) PO3BUTKY CYCIIiIbCTBA
BUMArarmoTh pO3MNISAAATH OYNiBII 3 ypaxyBaHHsAM iX
MOBHOTO  KHUTTEBOro mukiay. CBITOBI  TCHICHINT

. . . . nepepaxoBaHUX (axTopiB aJbTEPHATUBOIO
apXITeKTypHO-OYIiBEILHOrO TPOEKTYBaHHs OyIiBelb 1 . . .
) o7 TPaJULIHHOMY KHUTIIY MOXKYTh OyTH 3arin0JeH] )KUTIO0BI

CHOpYJ CBigYaTh IPO HEOOXIJHICT  ypaxyBaHHS L )
OyxiBii, 10 XapaKTepU3yIOThCA MOJKJIMBICTIO

KpHUTEpiiB CTIKOro pO3BUTKY, sIKi mependavyaroTh
MiHIMI3alil0 BUTpPAaT MaTepiabHUX 1 EHEePreTHYHHX
pecCypCiB YIIPOAOBK YChOTO MKHTTEBOTO IMKIY OYyIiBIIi:
3BENICHHS, CKCILTyaTallil Ta yTHIIi3allii.

HoBi cycniibHO-TTOMITHYHI Ta €KOHOMIYHI peadii, a
caMme: iCHyroua >KHTIIOBA IpoOjeMa; oOMEKEeHHI o0csr
€KOHOMIYHOTO TIpH OyIIBHHMLTBI, eKCIUTyaTalii Ta
JIKBIAAINT B KiHI JKUTTEBOIO ITUKIY JKUTIA;, 3a0ymoBa
MIPUMICBKUX TEPUTOPIil 1 BizyasibHe 3a0pyqHEHHS! HiIHHUX

rapMOHi3allii 3 HaBKOJWIIHIM JaHAIA()TOM, BHCOKOIO
€HEproe()eKTUBHICTIO 32 PaxXyHOK TepMOI3OJIiHHIX
BJIACTHBOCTEH IPYHTY 1 CTaOLIBHOTO TEIJIOBOTO PEKUMY
B IPYHTI, IiJBUIICHOIO XUBYYICTIO MPU E€KCTPEMATbHUX
BIUIMBAX.

Jiroui HOpMH YKpaiHU 3 NPOEKTYBAHHS J>KUTIOBHX
OyIMHKIB HE JIO3BOJISIIOTH PO3MIIIYBaTH  YKHUTIIOBI
NPUMILICHHS HWKYe PiBHA 3eMHOI noBepxHi [1]. Oxnax
YCIIITHAN 3aKOpJIOHHUN TIOCBIL Oy/IiBHHIITBA
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3ariMONIeHUX  JKUTIOBHX  OyaiBelIb  CBIAYMTH  IPO
MOXIIUBICTh MPOEKTYBaHHS 1 OYIIBHHITBA aHAIOTTYHHX
OymiBenb B YKpaiHi B 3aIeKHOCTI Bix  (i3HKO-
reorpagiuHOro paiioHyBaHHS TepuTOopii YKpaiHu npu
BUKOHaHHI  BUMOr  Oe3rnekH,  ()yHKIIOHAJIBHOCTI,
KOM(OPTHOCTI, EKOHOMIYHOCTI Ta EKOJIOTTYHOCTI.

CporofHi 'y BCbOMY CBITI NPOEKTYBaHHS 1
OyIIBHHMLITBO  3aryIMOJICHUX  JKUTJIOBUX  OymiBenb
PO3BHUBAETHCS IBUAKMMH Temriamu. Ha puc. 1 HaBenmeHi
OKpeMi MpUKIaad OyTIBHHUIITBA 3ariHOJICHUX KHUTIOBUX
OyniBenp B pi3HUX KpaiHax.

Bukonanuii iHpoOpManiiiHUil NOIIYK IOKa3as, IO
OCHOBHOIO TeHzeHIiero XXI cronmitrs Oyae OCBOEHHS
MiZI3EMHOT0 TMPOCTOPY B HACHIJOK MEPEHACENeHOCTI
BEJIMKUX MICT 1 HEOOXiIHOCTI IOIIYKYy i CTBOPEHHS
HOBOT'O CEpEIOBUIIA ICHYBaHHS JIIO/ICH.

Awnaniz myOmikanmidi 1 HayKOBUX pOOIT MPOBITHHUX
BYCHHUX PI3HMX HAYKOBHX WIKLT YKpaiHu, €Bporu, Pocii
MOKa3aB MpO  HEJAOCTAaTHIO  BHMBYCHICTh  ITUTaHb
3a0e3neueHHss  Oe3meku,  KOM(OpPTHOCTI,  EHepro-
e(peKTUBHOCTI 00 3araubiieHnXx OyiBens [2-9].

Y 3B’A3Ky 3 MM BUHHKA€ HCOOXIIHICTH B
JIOCII/DKEHHSIX 3 PO3MIILEHHS, pPO3pOOJIeHHST 00’ €MHO-
TUIAaHYBAJIbHUX 1 KOHCTPYKTUBHHX DIllIeHb 3aryUONIEHUX
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OyniBenb, 3 ypaxyBaHHSM yMOB (hi3HKO-TeorpagiqHOro
paiioHyBaHHs TepUTOpii YKpaiHU NPH BUKOHAHHI BUMOT
Oc3nekn,  (YHKIIOHAJBHOCTI,  CAHITAPHOI  TiTi€HH
(koM(}OPTHOCTI), CKOHOMIYHOCTI 1 €KOJIOTIYHOCTI.

Meta

Po3poOka HayKOBUX OCHOB PO3paxyHKY KOHCTPYKIIH
3ariMOIeHUX OJKUTIOBHX OYMiBEelIb 3  ypaxyBaHHSIM
30BHINIHIX BIUIMBIB 1 3a0€3MCUYCHHS MTapaMeTpPiB Oe3MeKH
Ta KOM(OPTHOCTI TpH MiHIMI3allii BHTPAT MPOTATOM
JKUTTEBOTO IUKITY OYIiBEIb.

MeTtoauka

3arnpornoHoBaHoO 3arajbHy CXEMY BUMOT i 0OMEXEHb,
IO TPESBISIOTECS 0 XapaKTepUCTUK HECydux 1
OrOpO/KYBAIBHUX KOHCTPYKIIH, IH)KEHEPHUX CHCTEM,
MIKpOKJIIMaTy MPUMIlIeHb IS 3aJI0BOJICHHSI ITapaMeTpiB
Ocsmeku,  (YHKIIOHATBHOCTI,  CAHITAPHOI  TiTi€HH
(koM(OPTHOCTi),  EKOHOMIYHOCTI Ta  CKOJIOTIYHOCTI
3aMIMOICHUX  JKUTJIOBUX OyIiBeNlb 3 ypaxyBaHHSIM
MiHIMi3amii BHTpaT MpPOTATOM JKUTTEBOTO  LUKIY
OymiBeJb.

Puc. 1. 3acnubneni scumnosi 6yoieni 6 piznux kpainax / Earth sheltered dwelling-house in different countries:

a — 3aenubnenuil xcumaosutl Oyounok « Guldimanny, Llseiiyapis / earth sheltered dwelling-house « Guldimanny, Switzerland;

b — manonosepxoeuii srcumnosuii 6younok, 3aenubnenuti 8 nazop6, Hioepaanou / low-storey earth sheltered dwelling-house buried in
the hill, Netherlands; ¢ — nidzemnuii comenv-xmapouoc «Inmepxonmunenmans [lluman lanxaii Bandepnenoy, Kumaii /
underground skyscraper hotel «Intercontinental Shimao Shanghai Wonderlandy, China; d — npoexm niozemnozo xmapoiocy
«3emneckpeby, Mexcuxa / underground skyscraper project «Earthscrapery, Mexico
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Hapemiri, onmHi€ero 3 HaHBaKIMBINIMX BHMOT €

OcHoBHHUIT MaTepiaJ i pe3yabTaTn N . . .
€KOHOMIYHICTh OYIIBHHUIITBA i €KOJIOT1UHICTb.

OcHOBHa BUMOTa, IO MPEA'SBISETHCA A0 OYAiBI — Jns 3aJI0BOJICHHS rapameTpiB Oe3rexH,
¢yHKIIOHAaNBHEe TNpu3HaueHHs. Lliii BuMoOri mMOBHHHE (G YHKITIOHAJIBHOCTI, CaHITApHOI TirieHu (KOM(GOPTHOCTI),
migkopsATHCS K 00'€MHO-IUIaHyBaJlbHE,  Tak 1 €KOHOMIYHOCTI Ta EKOJIOTTYHOCTI 3aryIMONICHUX JKUTIOBHX
KOHCTPYKTHUBHE PIIlICHHS. OymiBedb poO3po0jieHa 3arajibHa CXe€Ma BHMOT 1

OyHKIiOHANIEHE TNPU3HAYSHHS! JKUTJIOBOI  OyamiBIi O0OMEXeHb, 10 TPEN'SBISIOTBCS JI0 XapaKTePHCTHK
BHU3HAYa€ BHMOTH [0 OCBITJIEHOCTi, TEMIIEPaTypH, HECYYHX 1 OrOPO/DKYBaJbHUX KOHCTPYKIIH, 1HKEHEPHUX
3BYKOI30JIAIN], BEHTWIALIi, OMaJIOBAaHHSI, BOMO- 1 CHUCTEM, MIKPOKJIIMATy IPUMIIIEHb (pHcC. 2).
ra3onocTaqyaHHs, KaHaJTi3alii, noOyTOBOMY Besnieka i xom¢opTHICTE TepeOyBaHHS JO/CH B
yCTaTKyBaHHIO, Teje- 1 pajiodikauii, 10 0370071eHHS 3ariMOIeHUX  KUTIIOBUX  OYIIBISIX — 3a0€3IeuyeThest
HPUMILIEHB 1 Oaroyctporo OyaiBii Ta iH. HECYYUMU KOHCTPYKIIisSIMH, OTOpOKYBAIbHUMHU

He w™eHm BaxxnuBumMH B 3ariuOneHiid Oyaisii KOHCTPYKIISIMH Ta 1H)KEHEPHUMH CHCTEMaMH OYiBIIi.
SIBIISIFOTHCSI BUMOTH 3a0€31eueHHs] HaIHOCTI OKpEeMHUX BractMBOCTI  KOHCTpPYKIiH, I1H)KEHEPHHX CHCTEM,
KOHCTPYKIIiH 1 OyaiBii B IIlIIOMY. OymiBmi B IWJIOMY € BUNAAKOBHUMHU (QYHKIISIMHU

Ecternuni BuMoru 10 OYIiBIi MOB'sI3aHI 3 HOHITTAM XapaKTEPUCTHK MaTepialliB, 30BHINIHIX BIUIMBIB 1 Yacy
KpacH B apXiTEKTypi a00 apXiTeKTypHil BUPA3HOCTI. (1).

1 3 - l . 7 -
Atmochepa Jlitochepa Tigpocdepa Biocthepa
| .
I Biok A .
Boga, ras,
KoncTpykiii IrkeHepHi | O3m00moBabHI elleKTpHKa,
Hecyui |Oropomxyeamemi creTent Ma::se%llanj'j " L
Bizxom |<_ TIalIHBO
HkicTh 3arJMGJIeHOr0 JKHTIOBOT0 GYTHHKY |
v baok b
L Besmexa
Baox B

! DYHKI OHATTBHICTh

Biok I’

CaHiTapHO-TiTi€HIYHL
—> BHMOTH
(KoMGpOPTHICTD)

Baok [

—»| EXOHOMIUHICTH

EBinok E

—>| EROTOTIUHICTD

y

Hi Bumoru
3a0BOIBHSIFOTHC

3arnuéaeHa JUTI0Ba Oy IiBJIfA, WO
BianmoBizae BUMoram HajaiiiHOCTi,
JOBropiunocri, kompopraocri,
eKOHOMITHOCTI i ekovtoriuHOCTI Ha
BeiX cTaiAX MRHATTEBOr0 MAKIY

A

Puc. 2. 3azanvha cxema sumoe i 0bmedicerb, wo npeod s16110mvcst 00 3a2IUbIeHUX HCUML08UX OY0ieels /
The general scheme requirements and restrictions imposed on the earth sheltered dwelling-house
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Y(0) = VLXK X X (Zi1s Zogss Zis s X 1]

V()= VX Xy X s X2 (Zigs Zagseos Zigs s X ]

, (1)
V(0 =YX, Xy o X oo X (1 2o oo Zys s X ) ]

Y (O=Y,[X,,, X,ses Xyyss X, (2,525,500 2y, 0)50, X, ]

Je Y; — BIacCTUBICTh KOHCTPYKIIH, 1H)KEHEPHUX CHCTEM,
OymiBi;

X;; — PO3PaxyHKOBI MapaMeTpu KOHCTPYKIiif;

Z;; — XapaKTEepUCTUKK MaTepialiB i 30BHIIIHIX BIUIUBIB;

¢t —Jac.

YMOBH (pyHKIIOHANBHOI MPUAATHOCTI KOHCTPYKIIH
Ta IH)KEHEpHHX CUCTeM OymiBII 3aJalOThCs Yy BUIJISII
cucTeMd OOMeXeHb. BHKOPUCTOBYEThCS TPU OCHOBHHX
BUAM HOpPMYBaHHS (yHKUIA BracTuBocTed (izuko-

TEXHIYHUX XapaKTEePUCTHUK) KOHCTPYKIIi i abo
IHKEHEPHUX  CHCTEM  JKHTIIOBOTO  OYIWHKY,  WIO
3a0e3mneuyoTh yMOBH KoM(popTHOCTI 1 Oe3neku B

NpUMilleHH]: 32 HaliMeHnmM (2), 3a HaiiOutemmM (3) i
OJTHOYACHO 33 HAaMEHIINM 1 HalOLIbIIMM (4) 3HAYEHHSIM
BJIACTHBOCTEH, SIKI BIJINOBIIAIOTH 3a/JIaHOMY PpiBHIO
3a0e3Me4eHOCTi HOPM.

02 5,0) Y0 <5,0)
V(02 5,() Y,(0<8,0)
vozso vossw ©
5,02 5,0) %,(0<58,0)
Sl,bot (t) < Yl(t) < Sl,top (l)
SZ,bot (t) < YZ (t) < SZ,top (l)
@

S, O<Y,0)<S,,,0) ’

Sn,bot (t) < Yn (t) < Sn,top (t)

Jie B HepiBHOCTSX (2)...(4):

Y, - BmacTuBiCTH KOHCTPYKILiH, OymiBIi, iHKEHEPHHX
CHUCTEM;

Si () IpaHUYHE  3HAYCHHS
PErIaMEHTYEThCS ~ HOPMaMH
BEJIUYMHOIO 30BHIIIHIX BIUIHBIB,
Sjbos (1) — HIDKHE TPaHMYHE 3HAUEHHs BJIACTHBOCTI, IO
PErJIaMEHTYETbCS ~ HOPMAaMHM  TNPOCKTYBaHHI  abo
BEJIUYHMHOIO 30BHIIIHIX BIUIHBIB,

Sjiop (1) — BEPXHE TPaHUYHE 3HAUEHHS BIACTHBOCTI, IIO
PErJIaMEHTYETbCS ~ HOPMAaMHM  TNPOCKTYBaHHSI  abo
BEJIMYUHOIO 30BHIIITHIX BIUIHMBIB.

BJIACTUBOCTI,
MIPOCKTYBaHHS

110
abo

HopmyBanHs 3a HailMeHIIIMM 3HA4YE€HHSM BCTAHOBIIECHO
JUISl HACTYIHHX XapaKTePUCTHK KOHCTPYKIIH 1 OymiBii:
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Hecyda 3[aTHICTB; OITp TeIlonepenadl OropopKyBaIbHUX
KOHCTPYKIIiH; ~Temmeparypa BHYTPIIIHBOI IOBEpPXHi
KOHCTPYKIIH;  Omp  MOBITPONPOHUKHOCTI;  OIIip
MAPONPOHUKHOCTI; 1HAEKC 130J1sMii MOBITPSHOTO LIYMY;
KOC(QII[IEHT TPUPOIHOTO OCBITJICHHSA IPHUMIIICHHS;
TPUBAICTh 1HCOJISIIT MPUMIILICHHS.

HopmyBaHHst 3a HaiOIIBIINM 3HAYEHHSIM: TpaHUYHA
LIMPUHA PO3KPUTTS TpilyH; Aedopmalis KOHCTPYKIi;
MMUTOME EHEepProCIOKUBaHHS OymiBii; Tepenax MK
TEMIIEPaTYPOIO BHYTPILIHBOI'O MOBITPS 1 TEMIIEPATypOIO
BHYTPIIIHBOI TOBEPXHI OrOpOJHKYBaJIbHOI KOHCTPYKIIIi;
aMIUTITYla ~ KOJWBaHb  TEMIlEpaTypu  BHYTPIIIHBOI
TIOBEPXHI  OTOPO/KYBAIBHOI ~KOHCTPYKIIi; IMOKa3HUK
TEIJI03aCBOEHHS TIOBEPXHI ITiUIOTH; 1HAEKC MPUBEICHOT0
piBHS yJapHOro IIyMy; IPHPICT PO3PaXyHKOBOI'O
MacoOBOT'O BIIHOIICHHS BOJIOTM B Marepiaji 3a Imepion

BOJIOTOHAKOITMUEHHS; MAacOBE BIJIHOIIEGHHS BOJIOTH B
MaTepiaii;  HOBITPOIPOHUKHICTH  OrOPOKYBaJIBHOI
KOHCTPYKIIIi; Koe]iIlieHT TETIONPOITYCKaHH S

COHILIE3aXHUCHOI'0 TIPUCTPOIO; 3MICT BYIJIEKHCIIOIO ra3y B
MIPUMIILEHH]; 3MICT paloHy B MPHUMillIeHHI (€KBiBaJCHTHA
piBHOBakHa 00'€éMHa aKTHBHICTB); WIBUAKICTH PYXy
TIOBITPs B IIPUMIIIICHHI.

HopmyBaHHS  omHOYacHO 3a  HaWMEHIIMM 1
HAWOIIBIIAM  3HAYCHHSIMH:  BIJHOCHA  BOJIOTICTH
BHYTPIIIHBOTO  IOBITPS  JKUTJIOBUX IPHUMIIIEHh B

3MMOBUI 4ac; TemIlepaTypa BHYTPIIIHBOIO MOBITPS;
napiiagbHUI THCK BOJSHOI Mapu IOBITPsI; TEOMETPUYHA
TOYHICTh KOHCTPYKIIH; HAMIWHICTh KOHCTPYKLIH abo
IH)KEHEPHUX CHUCTEM BiJHOCHO IMapaMETPUYHUX BiJIMOB
3arIMOJICHOT YKUTIIOBOI OY/IiBIIL.

Hepukonanus  HepiBHocTed  (2)...(4)  o3Hauae
BHHUKHCHHS BIIMOB HECYYHX KOHCTPYKIIiH, OymiBii abo
IHXKCHEPHUX CHCTeM abo cepemoBuina (MiKpOKIIMATY)
KUTIA 3a 3a3HauYECHUMU (YHKIII OHATBHUMHA
BJIACTHBOCTSIMH a00 XapakTepucTHKamu. Lli oOMexeHHs
BUIUISAIOTH 00JIacTh Oe3BiIMOBHOI podoTh. Tomi HamifHICTh
KOHCTpYKIiH, Oynini abo IHKEHEPHHX CHUCTEM IOJIO
MapaMeTPUYHUX ~ BIAMOB  3armmOneHol  OymiBmi  (TyT
MalOThCsl Ha yBa3l BHXIiNHI, (yHKI[IOHAJbHI Mapamerpu
a00 BIIaCTUBOCTI KOHCTPYKIIi# a00 Oy/IiBIIi) BUPaXKa€eThCs
HWMOBIPHICTIO 33JI0BOJICHHSI HEPIBHOCTEH:

B(1) = PIY, (1) 2 S, ()] = Y, (1) = 5,(2) 2 0]
B (1) = PIY, (1) 2 S, ()] = P[Y, (1) = S,(2) 2 0]

P (0= PLY,(02 8,0 = PIY, () ~S, )2 0" )
F ()= P[Y, ()2 S,(0)] = P[Y,()=S,(1) 2 0]
ne P;(t) — HaxilfHicTh KOHCTpYKUiH, OymiBmi abo

IH)KEHEPHUX CHCTEM.

TakuM 4MHOM, 3aBJJaHHS BU3HAYEHHS ITapaMeTPUIHOT
HAJIMHOCTI KOHCTPYKINM a0o0 OymiBii 3a 3a3HAYCHUMH
(YHKI[IOHAJHPHUMH BIIACTUBOCTSIMH a00 XapaKTepHc-
TUKaMH 3BOJUTHCS 10 OTPHUMAaHHS M-MIpHOI (QYHKIIi
LIUJTBHOCTI posmoiny BHIIAJIKOBOTO poriecy.
IMOBipHiCTE 0€3BiIMOBHOI pPOOOTH BU3HAYAETBCA SIK



CTPOUTEJBLCTBO, MATEPUAJIOBEJEHUE, MAIITMHOCTPOEHMUE. BBIII. 91 -2016

M-MipHWIA IHTETpaja BiA 3rafgaHoi (QYHKINI IMiIbHOCTI
po3noniny:

P(t)=

([

Y; ()-8 ,;(6)20

S5 Xy pseees Xysees 215 20 5 enes Zijnenes Xy s ) -
dx,dx,;..dz, dz,,..dz, ..dx,
(6)

TepmiH  choykOM  BHM3HAYA€THCS  TPHUBAJICTIO
eKCIUTyaTaIlii KOHCTPYKIli abo OymiBii 10 BHXOIY iX
BJIACTHBOCTEH 3a JOMYCTHMI MEXI.

Otpumaty QyHKIIO (6) B SIBHOMY BUIJISIII, YacTilie
3a Bce, HE TMPEACTaBISETHCS MOXIMBUM, TaK SK
HEMOJXJINBO BHKOHATH 3BOPOTHE MEPETBOPEHHS MO0
Yyacy 3aJIeKHOCTCH BIIACTHBOCTSH KOHCTPYKIIH abo
OymiBmi. ToMy JOCUTh BH3HAUUTH IapaMETPHUHY
HAIAHICTh KOHCTPYKIH a00 OymiBii MiCis 3aKiHYCHHS
NEBHOI'0 Yacy iX eKkcIulyaTamii, TOOTO BH3HAYWTH IS
(ikcoBaHMX MOMEHTIB dYacy, a0o, iHaKIIe, JaTh TaK
3BaHy TOYKOBY OmLiHKY HaziiHocTi [10]. YV wmpomy
BUNAJIKYy 3aBJaHHS 3BOJUTHCS 0 OTPUMAHHS M-MipHOI
¢GyHKIiT po3MoAiTy BHIIaIKOBUX BEJTMYUH

S5 Xy jsees Xyjseans 215 2y jrenes Zyjaeens 2y nepepisi
BHITQJKOBOTO TPOLECY B 3aJaHUN MOMEHT 4Yacy I
OOYHUCIICHHIO BHpasy:

B

Pj(t:tk):

-1l

Y, (1=1,)=5, (1=1; )20

S (X5 Xy jsees Xjsenes 215 20 e 2y

s X, 0) X, dx, L dz, dz, o dzy L dx,

(7
SIKnIo BiOMI IIUTBHOCTI PO3MOJITY BIACTHBOCTEH
KOHCTpYKIi abo  OymiBii f(yl_)t:“i BEITUYUHU

30BHIIIHIX BINUBIB £ (S ) TO BUpa3 JJIsl BU3HAYEHHS

t=t; °
HWMOBIpHOCTI 0€3BiIMOBHOI po0OOTH (32 YMOBH, IO
BJIACTUBOCTI KOHCTPYKIIA a0o OymiBiai Ta 3OBHIIIHI
BIUIMBH He3aJIexkHi) Mae Burysin [11]:

P=t)=[ fS)|[rX)dv, dS,. (3

[Ipum BiACYTHOCTI CTATUCTUYHUX AaHUX IPO 30BHIIIHI
nii abo JeTepMiHOBaHMX BEJIMYMH TPAHUYHHUX 3HAUCHBb
BIIACTHBOCTEH:

P,-(t: L) = P{Yj 2 Sj,u} = ]20 f(Y/)dy/ > ©)

o

ae  Si. 3YyCWIISL  BiJi MaKCUMAaIbHO MOXIIUBHX
(pO3paxyHKOBHX) HaBaHTQXCHb HAa KOHCTPYKINI, IO
3a[af0ThCSl Ha CTajii TPOEKTYBaHHS TPU  PO3TIISII

HaJIAHOCTI 3a MIIHICTIO; 3YCHILIISI BiJ
XapaKTePUCTUYHUX  HABAHTAXKCHb  MPH  PO3TJIAMI
HaJIHHOCTI 3a TPIIUHOCTIHMKICTIO; JOMYCTUMHI TPOTUH
IpU  PO3PaxyHKy HamidHOCTI 3a  nedopMarlisiMu;
JIOITyCTUMA IITMPHHA PO3KPUTTS TPIIIMH MPH PO3PAXYHKY
HaJIAHOCTI 3a TPIIUHOCTIHKICTIO; MiHIMaJIBHO

I[OHyCTI/IMI/Iﬁ Ol'[ip Termonepez[aqi Oropo’KyBaJIbHUX
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KOHCTPYKIiH; MaKCUMalbHO [ONYCTHMHUH Iepenaj
TeMmepaTyp Ha MTOBEPXHI OTOPOIKYBAIBHUX
KOHCTPYKIIiH;  MakCHMaJbHO  JIONYCTUME  IHTOME

TEIUTOCTIOKUBAHHS, MIHIMAJIBHO JOMYCTUME 3HAYCHHS
MOBITPOOOMIHY; MaKCHMAaJbHO IOMYyCTHMA IIBUAKICTH
pyXy MOBITpS BCEepeOuHI NPUMIMICHHS; MiHIMaJIbHO 1
MaKCUMaJIBHO JOIYCTHMa BOJIOTICTh B IIPHUMIIICHHI;
MaKCUMaJIBHO JOMYCTHMMa KOHIICHTpPAIlisl BYTJICKHCIOTO

razy B NPUMIIICHHI, MaKCHMaJIbHO  JOIYCTHMa
KOHIEHTpAIlisl pPaZoHy B IPUMIIIEHHI; MiHIMaJbHE
3Ha4YeHHs Koe(illieHTa MPUPOIHOI OCBITIEHOCTI B
NPUMILIEHHI.

Konctpykiis abo OymiBiis 3aJ0BOJNBHSAIOTE BUMOTaM
HAJIMHOCTI 3a j -0K0 BJIACTUBICTIO SKIIO BUKOHYETHCS

yMOBa:
(10)

j-oi

Pj(t)ZRj,u’

ne R,

BJIACTHUBOCTI.

HOPMOBaHWH piBeHb HaJIHHOCTI

Ha puc. 3 npuBenena 3aranpHa cxema (OpMyBaHHS
BiIMOBH KOHCTPYKILIi abo OymiBii B yMOBax BIUTUBY
30BHILTHBOT'O cepenoBHIIa npu HOPMYBaHHI
HaiiMeHmoro (puc. 3 a) 1 Ha#Outemoro (puc. 3 b)
T'PaHUYHOTO 3HAYECHHSI BJIACTHBOCTI.

BinmoBa BUHMKA€ TIpU TOCATHEHHI Y} -01 BIACTUBOCTI
KOHCTPYKLii a0 OymiBii TPaHUYHOTO 3HAYEHHA S, 1O
CTaHEThCS uepe3 MCSIKUI BUIAIKOBUN MPOMIKOK Yacy

ekcrutyararii. Ha cxemi moka3aHi OCHOBHI eTamu
¢bopMmyBaHHS 3aKoHY po3mominy p(t). Crnodyatky wae
MiCIle  pO3CIIOBaHHS  BJIACTUBOCTI  IOJO  CBOT'O

MaTEeMaTUYHOT'O OYiKyBaHHS, i€ TIOB'SI3aHO C MIHJIUBICTIO
(i3MKO-MEXaHIYHUX XapaKTepUCTUK MaTepialis,
TEOMETPUYHHUX 1 CWIOBHX (BEJIMYHMHA MONEPEIHBOIO
HANPYXXCHHS) TMapaMeTpiB KOHCTPYKIH abo OymiBii,
IHXKCHEPHUX CHUCTEM, IO 3aJIeKaTh BIJ TEXHOJOTIT
KyIbTYpd BUpOOHHMUTBa. JlaHWii po3mofinm  Moxe
XapakTepu3yBaTH "TIOYaTKOBY" HaMiWHICT KOHCTPYKIIH
abo OymiBIIi.

BrumB 30BHIIIHBOIO CEpeNOBUINA NPU3BOJHUTH JI0
3MIHM JESKUX I1apaMeTpiB KOHCTPYKLiH, OymiBimi,
IH)KEHEPHUX CHUCTEM, IO BU3HAYAIOTh BIIACTHUBICTH. B
pe3ynbratri  BimOyBaeThcs  (OpMyBaHHS ~ 3aKOHY
posmiofiny p(t), sIKMH BU3HaYa€ WMOBIPHICTH BHUXOIY
napaMerpa Y; 3a Mexy Sj, TOOTO HMOBIPHICTb BiJMOBH
F(t)=1-P(t) abo 6e3BimMoBHOI pobotu P(?).

Cepenmiii  Tepmin  cnyxOH  KoHCTpykuiii T
BHU3HAYAETHCSI YacOM  JIOCSATHEHHS  MaTeMaTHYHOTO
OYiKyBaHHSI BJIACTUBOCTI TPaHUYHOTO 3HAuYeHHs. SIKIIO
periaMeHTOBaHa WMOBIPHICTH 0€3BiIMOBHOI poOOTH, TO
BIJMIOBiIHE 3HAYEHHS TEPMiHYy CIYXO0M € Tamma-
BiZICOTKOBHM pecypcoMm - T,,.

®yHk1ii, 110 ONKUCYI0Th (YHKIIOHATIBHI BIACTUBOCTI
KOHCTPYKIIH, IHKEHEpHUX  CHCTeM, OymiBii B
3araJbHOMY BHIAJIKy HE BUPAXKAIOTBCI B SBHOMY
Burssini. Kpim toro, yHKIii BiracTHBOCTE KOHCTPYKITH
Ta IH)KEHEPHHX CHUCTEM € He TiIbKHM HEJTiHIHHUMU, aie
KYCOYHO-TJIQJIKUMH  (DYHKIISIMH, TOOTO MarTh pi3Hi
aHATITHYHI BHpa3W Ha JUISHKaX, TOMY OTpHUMaTH B
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QHATITHYHOMY BHIVISAI pO3KiIagaHHs (QyHKLIT B psn
Teiinopa st miHeapu3anii QyHKIIT HE MPEICTaBIAETHCS
MOXIIUBHM. 3  METOI0  BHUKOPUCTAHHS  METOIY
JmiHeapu3amii Ui BH3HAYEHHS PO3MOAUIIB  (YHKIIN
BJIACTHBOCTEH IPU BIJOMHX DO3IONLIAX BHU3HAYaJIBHUX

napamerpiB  (aprymMeHriB) (QyHKIIH 3amnporoHOBaHO
L)
PLI=0)  p(Yr=t)
PGI=T)
Py
5.
0 I T, T
& it :
1
Pt P1) F(1)

e

F(t)
h(1)

a
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3aMiHUTH YaCTKOBI TOXiAHI (YHKIIi BIacTHBOCTI iX
KIiHIICBO-Pi3HUIIEBOIO (OpMOI0 ab0 BHUKOPHUCTOBYBATH
LIEHTPaJIbHO-Pi3HHUIICBI aNPOKCUMAIIi i YaCTKOBHX
MOXIJHAX  MEepUIoro 1  Jpyroro  MOpsKY, IO
€KBIBAJICHTHO BHKOPHCTAaHHIO arpokcumaiii QyHKii
IHTEPIOJALIHHIMH TTOJTIHOMaMHU.

0 PT=T)

pLGt=t)

plLi=0)

hft)

P1)
F(1)

b

Puc. 3. 3acanvha cxema ghpopmyeants 8i0M0o6U KOHCMPYKYIU, IHHCEHEPHUX cucmem abo OYOi6/i npu HOPMYSAHHI 3a
Hatimenuwium (a) i natioinowum (b) snauennsm / The general scheme of formation failure of structures, systems
engineering or building at least for the normalization (a) and largest (b) value:

P(t) — ¢ynryis naoivinocmi / reliability function; F(t) — ¢pynxyis éipocionocmi eiomosu / function of the probability of failure;
h(t) — inmencusnicmo 6iomos / failure rate; Y;(t) — pynxyis j -oi enacmueocmi / function of j-s properties; S;, — epanuune snavenns
pynryii enacmusocmi / limit value function properties; p(Y,t) — winbnicmo po3nodiny enacmusocmeii koncmpykyiil / density

properties of structures; p(t) — winvhicmes po3nodiny eipocionocmi b6e3giomoenoi pobomu / probability density of uptime; T, —

camma-

npoyenmuuil mepmin cayxucou (pecypc) / gamma-percent lifetime (resource); T - cepeoniii mepmin cyxcou / average lifetime

XapakTepuCTUKU HaOMKeHb (PYHKIIT MHOTOYJIEHOM
Teitmopa 1 IHTEPHONAIIHHAM MHOT'OYWICHOM JETAJbHO
BHUKIaAeHI B poboti [12]. Tak sk BeaHMYHWHA MOXUOKH
HAONMWKEHHS 3aJI©KHUTh B BEJIWYMHH KPOKY (UMM
Oinbllle KpPOK THM Oinblie MoxuOKa), TO JOLIJIBHO
obupatn  JIOBXKMHY Bimpi3ka [X, —h(x,),X, +h(x,)],
oOMexeHy HMOBipHiCTIO 3HaueHb aprymentiB 0,9987, B
pasi HOPMaJIBHOTO 3aKOHY PO3MOIIITY KPOK BapilOBaHHS
apryMmenty h(x;) = 3o(x;).

[Moxnbka ampokcumanii  QYHKIIT MHOTOWIEHOM
Teiinopa 3pocrae y KiHIM BiJpi3Ka i 3MEHIIYETHCS 0
cepenviHd  BiApiska.  [loxuOka  IHTEPHONSALIHHOTO
MHOT'OWICHA OLTBII PIBHOMIPHO PO3IOIiICHA HA BiIPi3Ky
1 BUSIBISIETBCS HAa BCHOMY BIJIPI3KYy MEHIIE, HIXK Y
MHorowieHa  Teimopa.  Ampokcumarist  GyHKIil
IHTEPIOJIALIHHIM MHOTOYWICHOM JI03BOJISIE 3MEHIIUTH SIK
3arajbHy IMMOXUOKY HENHIHHOI (YHKIIT, Tak 1 BpaxyBaTu
MOXIIUBICTh TIepeOyBaHHS (YHKIIT Ha PI3HUX AUISHKAX.
Skmio Bimomi Tepmi  YOTHPH MOMEHTH PO3IOALTY
¢yHKIIT B Tmepepi3i BHIAAKOBOrO IpoIEcy, TOIi
MOXITUBO MiAi0OpaTH anpoOKCUMYIOUUHA po3moain (yHKIT
3 cimeiictBa posnoxainiB JkoHcoHa, abo 3 Kiacy
posmoninie Ilipcony. Pa3om 3 periamMeHTOBaHUMH
MOKa3HUKaMU TPaHMYHUX 3HAYEHb BJIACTHBOCTEH NpHU
BIJOMHX pPO3NOMAiIaX (YHKIINA BIACTHBOCTEH MOMKIIHBO
BU3HAUUTU IapaMeTPUyHy HaAidHICTh KOHCTPYKIIiH,
IH)KEHEPHUX CHCTeM, Oy/IiBIli B IEBHUH MOMEHT 4acy.

103

Ha puc. 4 npusesnena anpoxcumanis GyHKIIT ofHi€eT
3MiHHOI MepepaxoBaHUMH JIIHIHHUMH MOJIIHOMaMH.

yi »
Py
z /A
:4 2
4 ;
1 ~
Pix)
X h X xrth X

i

Puc. 4. Cxema anpoxcumayii pynxyii pisnumu
mHoeounenamu / Driving function approximation
different polynomials:

1 - epadhix suxionoi ¢ynryii' / the graph of the original
function, 2 - epaghix ¢hynxyii Teiinopa / Taylor graph functions;
3 - epaghix inmepnonayitinoeo noainoma / the graph of the
polynomial interpolation
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3anexxHocrTi, 10 OIUCYIOTh BJIACTHBOCTI
KOHCTPYKIIiH, € He TUIbKM HENIHIHHUMHU, a W KyCOYHO-
IIagKUMH (DYHKIISIMH, TOOTO MAlOTh Pi3HI aHATITHYHI
BUpPa3H Ha AUISHKaX.

Anpokcumarii byHKIii IHTEPIOJIALI HHIM
MHOTOYJIEHOM, TaK caMoO sK 1 JiHIfiHA METOIOM
HAaWMCHIIIMX  KBAJpaTiB, JO3BOJIAE 3MECHIIUTH SIK

3arajbHy IMMOXUOKY HENHIHHOI (YHKIIT, Tak 1 BpaxyBaTu
MOXKJIMBICTh NepeOyBaHHs (QYHKIIT Ha PI3HUX TIISHKAX.
Slkmo BijoMi mepmIi YOTHPH MOMEHTH PO3MOALTY

¢yHKIII B mepepi3i BHIAAKOBOrO IpoIECy, TOIi
MOXXJIMBO MiAiOpaTd  ampOKCHMYIOYi pO3MOALTY 3
cimeiictBa posnoainiB  JkoHcoHa, abo 3  Kiacy

posnoninis ITipcony.

Ha ocHOBI MIXHApOAHUX CTaHAAPTIB OpraHizaii
00’emqHaHUX Haii 3 npomuciaoBoro po3putky (FOHIZO)
3alpOIOHOBaHI METOJM OI[HKA BapTOCTI JKUTTEBOTO
LUKy — 3ariuOJIeHNX — JKUTJIOBUX — OyIiBenb, IO
BKJIIOYAIOTh BUTpPATH Ha 3BEJCHHS, EKCIUTyaTallifo Ta
JIKBIJAI0 (3HECEHHSI) 3 YpaXyBaHHSIM JHCKOHTYBaHHS.
3aCTOCOBYIOTHCS TPH METOIM IJIsi BpaxyBaHHsS BHUTpPAT
KUTTEBOI'O  LHUKIY OKUTJIOBHX  OYAWHKIB:  METO[
po3paxyHky umcroi norouHoi Baprocti (UIIB) (NPV -
net present value) (11); MeTom pO3paxyHKy CYKYITHOL
BapTocTi  (CyKYmHHMX BHUTpar, 3arajbHUX BHTparT)
(aggregate value - AV) (12); meronm po3paxyHKY
3araJibHOi piyHOi BaprocTi (aggregate annual value -
AAV) (13).

E K(r=t
Ci,O = Ki,O +_l,+L,)a (11)
pg pg
g -1
Ci,z ZKi,Ogl_{_Ei 1 +K;(T=t)a (12)
-1 -1
C.=K,2 g +E+K@=nE"¢, (13)
' g -1 g -1

ne B 3anexHocTsax (11)...(13):

C; - 4MCTa TTOTOYHA BapTICTh KUTTEBOTO LUKITY OyHiBIi
o i-My BapiaHTy, IpUBEJEHA JI0 MTOYaTKOBOTO MEPioay
eKCIUTyaTallil;

C;, - CyKyIIHI BUTpaTH Ha Oy/AiBHUIITBO, €KCILTyaTallifO0 Ta
JIKB1AIi0 OyIiBIi;

C;. - CyKynHi BUTpaTH Ha OYAiBHHUIITBO, €KCILTyaTallifo
Ta JIKBIAaMi0 OyIiBIi;

Kip - xamitanpHi BkuazenHs  (iHBecTHIii) Ha
OyniBHHIITBO OyiBIIi MO i-My BapiaHTy;
E; - piuHi ekcIulyaralliiiHi BUTpaTd Ha YTPUMaHHS

Oy[iBIi NpH i - OMY BapiaHTi;

¢ - TEpMiH CITYXOH (eKcIuTyaTarii) OyniBaii, pik;

P - HOpMa JIUCKOHTY;

K; (t=f) - xaniTaJibHi BUTpATH HA JIKBIJALIO (3HECEHHS)
OymiBii 1o i-My BapiaHTy.

g - koediieHT HaKonu4YeHHs: g=1 + p;

g' - Koe(illieHT TMCKOHTYBaHHS (IMCKOHTHMI MHOKHHUK)
JI0 KiHIIS po3paxyHKoBoro mepioxy: g = (1 + p)';
(g'-1)/(g-1) - xoedillieHT 3pOCTAaHHS MOTOYHHX ILIATEXKIB,
MIPUBENEHUX 10 MaiOyTHHOr0O MOMEHTY 4acy JUisl sy
OJTHOPIZIHUX 3a TIepiolaMH TUIATEXKIB.
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Haii0ipi momyyIsspHuii METOJ OIIHKU e()eKTUBHOCTI
IHBECTHIIIH B yMOBax pPHUHKOBOi EKOHOMIKH - METO[
YUCTOI JMCKOHTOBaHOI (morouHow) BaprocTi (NPV)
CTaHOBHUTD HAMOUIBIINIA IHTEPEC IS IHBECTOPA KaIliTaly.
[Ipu mopiBHIBHIA OMWiHII MeTogoM NPV ocCHOBHMM
NIOKa3HUKOM € [epBicCHa BapTicTh OyAiBHUITBA abo0
KamiTanbHi BKJIAJEHHS 1 MEHII ICTOTHUM TOKa3HHKOM -
piBeHb BUTpaT Ha ekciuryaraiiro Oymismi. Lli Butpaty,
MOB'si3aHl 3 MalOyTHIM, MaroTh NOPIBHSHO HEBEIIUKE
3HAYEHHs, OCKIJIbKHM 1X YacTKa y BapTOCTi B JaHUH 4yac
TIOPiBHSHO HEBEJIMKA.

Meron po3paxyHKy CYKYHNHOI —(JIIMCKOHTOBaHOI)
BapTOCTi (CyKYNHHX BHTpaT, 3araJibHUX BUTpar - AV)
ToJIsArae B TEPETBOPEHHI BCIX BUTpAT Ha OYIiBHHIITBO,
BUTpaT Ha EKCIUTyaTallilo >KUTIOBOro OyIMHKY 32 BECh
nepeabdadyBaHuid TepMiH HOro ciyxOM Ta BHUTpaT Ha
JiKBiZamito OymiBIi B pO3paxyHKOBY CyMy Ha piK
OYIKyBAaHOTO 3HECEHHs OyiBmi (Tak 3BaHi HAKOMHUYEHI
Butparu). Lleit Mmero npencraisie HalOLTBIINIT iHTEpEC
JUTSL IOMOBJIACHUKIB, OCKLIBKU TIPH HOTO BUKOPHCTAaHHI B
HAJIOKHI Mipi BpaxoBYEThCS SK pIBEHb BHUTpaT Ha
eKCILTyaTallifo 3a TepMiH ciIyOu OyaiBili, TaK i IepBicHa
BapTICTh OYy/IiBHUIITBA.

[lpu BuBenenni piBHsHHS (12) 1018 BU3HAYSHHS
CYKyITHOi BapTocTi (TOOTO KamiTalbHUX BHUTpPAT |1
CKCIUTyaTaIlifHUX BUTPAT) 3a PO3PaXyHKOBHH TEPioJ
BUXOIATh 13 MPUMYIIEHHS, IO KamiTalbHI BHUTpaTH
OJTHOpPA30Bi, a piuHi eKCIuTyaTaliliHi BUTPATH MPOTIIOM
YChOTO PO3PaXyHKOBOTO TEpMiHy TmocTidHi. OOumsa
NPUIYIIEHHS B OUIBIIOCTI BHUIAIKIB  BIJIIOBIAIOTH
IiACHOCTI. Y 1bOMY METOII BCi BHUTpaTH, BHPOOJICHI
HOCTIHHO B OKpEMi POKH IPOTAIOM TEPMIiHY CIyXOu
OymiBJIi MPUBOJATHCS A0 TX MalOyTHHOIO 3HAYCHHSIM Ha
PO3paxyHKOBUH MOMEHT TepMiHy ciyxOu Oymismi. J{ns
LBOr0 BHUKOPUCTOBYIOTh JUIS KalliTAJILHUX BHUTPAT
NpOLEeHTHUH piynuii npupict g = (1 + p)', a w1 pivnux
eKCIUTyaTalliiHUX ~BUTpaT HakonudeHns (g'-1)/(g-1),
TepeTBOpeHi B (pOpMYy MiJICYMKY BUTPAT B KiHIII KO>)KHOT'O
POKYy.

CyTh METOIY PO3PaxyHKY 3arajibHOi PiuHOI BapTOCTI
(AAV) nonsirae B TOMY, IO SIK OJHOPa30Bi BUTPaTH Ha
OyIIBHMIITBO 1 YTWINi3amilo, TaK 1 MaiOyTHI BUTpaTH Ha
eKCIUTyaTaIlifo i PEMOHT TPOTArOM pPO3PaXYHKOBOT'O
TEpMiHY NEPETBOPIOIOTHCS B CEPEAHBOPIUHI BUTPATH.

TakuM YUHOM, HA OCHOBI 3aIPOITOHOBAHHMX METOIB

OLIHKK BapTOCTI JKUTTEBOrO LUKIY 3ariUOIEHHX
KUTJIOBUX  OyHiBellb  MOXJIMBO IX  pallioHaJbHE
NPOEKTYBAaHHS 3 YpaXyBaHHsIM MiHIMi3allii BUTpar

YIIPOIOBK YCHOT'O KHUTTEBOI'O IIMKIY OYiBIIi: 3BEACHHS,
eKCILTyaTalli Ta JIiKBiaarii.

Jis  palioHaJbHOTO MPOEKTYBaHHS KOHCTPYKIIN
3ariMOIeHUX  JKUTJIOBUX OyniBenb  cdopmynboBaHa
MaTeMaTnyHa Mozenb B (opMi 3amadi  HeliHIHHOTO
MaTEeMaTUYHOIO MPOTrpaMyBaHHS: MiHIMI3yBaTH CYKYITHY
JIMCKOHTOBaHY pIYHY BapTiCTh IKHTTEBOrO LMKy
OymiBimi, WO BKIIOYAE BHUTpAaTH Ha MaTepiaim 1
BUKOHAaHHS pOOIT mpu OYAIBHUITBI, BUTpPAaTH Ha
onayieHHs OyaiBI, BUTpPAaTH Ha TMOTOYHUI PEMOHT Ta
JIKBIJALIIO Ticas 3aKiHYEHHS TEPMiHY eKCIUTyaTalii
oymiBimi [13]. OOMeXEHHSIMH 3aJadi €. TPHUBAJIICTD
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OIANIIOBAIBHOTO Tepioay; BapTicth 1 I'kan TteruoBoi
eHeprii; MiHiManbHUI omip Temtonepenaui (R i),
periiaMeHTOBaHUH HOpPMaMH; TEpMIH  eKCIUTyaTaiii
OymiBIIi; MPOIICHTHA CTaBKa Ha KamiTaj. PairioHaabHHUN
BapiaHT 3aJIeKUTh BiJ: KIIMaTHYHUX YMOB pailoHy

OyIiBHMIITBA, IO XapaKTEepU3YIOThCS  TPHUBAJIICTIO
OTAJTIOBAJIILHOIO nepionys; TEIUTOTEXHIYHIX
XapaKTEePUCTUK MaTepiaiB OrOpOJKYBaJIBHUX

KOHCTPYKIIHN Ta TEIIO(pi3UUIHUX XapaKTEPUCTUK IPYHTY;
IiH Ha OyniBeNnbHI Marepiaii; BapTOCTI BUKOHAHHS
po0iIT; PO3PaxyHKOBOTO NEpioAy eKcIuryartarlii OyiBii;
Tapu@iB HA EHEPrOHOCIT 1 HOPMH JMCKOHTY Ha KarliTaJl.
Ha ocHoBI aHaizy 3apy0i’>kKHOT0 TOCBITy Ta iCHYFOUOT
HOpPMaTHBHOI 0a3u YKpaiHU 3alpolioHOBaHa CHCTEMa
exonoriunoi  ceprudikamii  o0'ekTiB  OymiBHHUIITBA,
30KpemMa, 3arTUOJIeHHX  OJKUTJIOBUX  OyaAiBenb  Ha
BIJIMIOBITHICTH KPUTEPIsSIM CTAJIOTO PO3BUTKY.
ExosoriuHicTh 3ariavOICHUX JKUTIOBUX OYIMHKIB
BU3HAYAETHCSI CYKYIHICTIO Kputepii: 1. IHHOBamiiHui
MeHemKkMeHT; 2. Bubip ginsakm; 3. EdexTnBHE
BUKOPUCTAaHHS NPUPOIHHUX pecypciB; 4. IHTerpariiina

apxiTektypa; 5. Marepianu 1  KOHCTpyKuii; 6.
Opranizanis BHYTPILIHEOT'O poCTOpY; 7.
Excrutyarartiiini BigXoIM; 8. Enepreruuna
epextuBHicTh; 9. EkxoHomiuna edexruBHicTh;, 10.
CoIOKyIbTYpHA OpraHi3allis.

OIiHKy BIAMOBIAHOCTI  3arIMOJICHUX  KUTJIOBUX
OynmiBeab  MIHIMAJIBHUM  CKOJOTIYHMM  BHMOTaM

BHUKOHYIOTh METOJIOM MPSIMOIO 3iCTaBJICHHS MMOKa3HUKIB
MPOCKTY ab0 TOTOBOrO OYIWHKY 3 HOPMAaTHBaMHU.
Metoau OINIHKU CTyIeHs 3a0e3IeucHHs EKOJOTTUHUX

BUMOI  OymiBii, 110 THependavyaloTh  JOCSITHEHHS
PEKOMEHI0BaHUX MOKa3HHKIB i MiHIMaJIbHUX
€KOJIOTIYHUX BUMOI, IIOBMHHI BIJIOBIJATH YHMHHUM

Jiep>)KaBHUM HOpMaM i CTaHgapTam.

BiamoBimHO 10 HOPMATUBHHX BUMOI 3a KOXXHUM
KPUTEpIEM  BHCTaBISIETbCS ~ Oan,  SKUH  IOTIM
migcymoByeTbcsa.  OTpumaHa B pe3yabraTi  cyma
MHOXUTbCs Ha 100% 1 JUTUTBCS Ha MaKCHMAJIbHO
MOXJIMBHH 3arajpHUid 0aja JUIs JaHOTO KPHTEPIIo.
3aranpHi Oayu 3a KPUTEPiISIMH CYMYIOTh 1 CKJIaJaloTh
cymapHuii Oan st jaHoro of'ekta (3arimMOJIEHOTO
YKHUTIIOBOTO OY/IMHKY), IO BUPAXKAETHCS Y BiJICOTKAX.
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3a  pesynpraTaMM  €KOJNOTiYHOi  cepTH(ikarii
TIPUCBOIOETHCS OJJMH 3 YOTHPHOX BHIIB cepTH]ikaTiB
€KOJIOTIYHOI SIKOCTI 00’€KTa HEPYXOMOCTI BIATIOBIZHO /10
po3pobIeHol HAI[iOHAJIEHOIO CUCTEMU OIIIHKH
€KOJIOT1YHUX TTOKa3HUKIB [14].

HayKOBa HOBH3HA i NpaKTUYHEC 3HAYCHHSA

Briepmie  po3po0iieHO 3arajgbHUNA  METOMOJIOTIUHUMN
IiAX1/1, OCHOBHI IOJIOKEHHSI 1 MPUHIMIIN PO3PaXyHKY 1
MIPOEKTYBAaHHS KOHCTPYKIIH 3ariuOJIeHUX IKUTIOBHX
OyniBenb 3 ypaxyBaHHSIM 30BHIIIHIX BIUIMBIB, HA OCHOBI
SIKAX MOXITUBE CTBOpEHHS pallioHATBHUX
KOHCTPYKTUBHHMX pillleHb 3ariiMOieHux OymiBenb 1
Ccroco0iB  iX  pO3MIIIEHHS Yy  HAaBKOJIUIIHbOMY
NPUPOJHOMY CEpEIOBHUILNI TPH BHUKOHAHHI  BHMOT
Ha/liiHOCTi, KOM(pOPTHOCTI Ta EKOJOriyHOi Oe3reKku 3
ypaxyBaHHSIM MiHIMi3allii BUTPAT )KUTTEBOTO IUKITY.

BucHoBku

1. Po3pobinena 3araibHa cxemMa BUMOT 1 OOMEXKCHB,
IO TPESBISIOTBCS 0 XapaKTepPUCTUK HECYy4YHx 1
OrOpO/KYBIBHUX KOHCTPYKIiH, IH)KEHEPHUX CHCTEM,
MIKpOKJIIMaTy MPUMIlIeHb IS 3aJI0BOJICHHSI ITapaMeTpiB
Ocsmekd,  (GYHKIIOHATBHOCTI,  CAHITAPHOI  TiTi€HH
(koM(OpPTHOCTI),  CGKOHOMIYHOCTI Ta  EKOJOTIYHOCTI
3arITMOICHUX )KUTIIOBUX OY/IiBEIb.

2. Ha ocHoBi Mixnapomuux crangaptie FOHIJIO
3alpOIOHOBaHI METOJM OI[HKA BapTOCTI JKUTTEBOTO

LUKy — 3arJauOJIeHnX — JKUTJIOBUX — OyIiBenb, IO
BKJIIOYAIOTh BUTpPATH Ha 3BEJCHHS, EKCIUTyaTallifo Ta
JmiKBiZamito  (3HeceHHs) OyamiBIl 3 ypaxyBaHHSIM
JIMCKOHTYBaHHSI.

3. Jlns pauioHaNbHOTO TPOEKTYBAaHHS KOHCTPYKIIiH
3ariMOIeHUX  JKUTJIOBUX OyniBenb  cdopmynboBaHa

MareMaTtuuHa Mozenb B (opMi 3ajadi  HeNiHIHHOTrO
MaTEeMaTU4HOI'O MPOTrpaMyBaHHS: MiHIMI3yBaTH CYKYITHY

JMUCKOHTOBAaHY pIYHY BapTICTh JKUTTEBOTO  IIUKIY
OymiBIIi.

4, 3anpornoHoBaHa cucTeMa €KOJIOTIYHOT
cepTudikaii 3arJuOJCHUX JKUTIOBUX OymiBelnb Ha

BIJIMIOBITHICTH KPUTEPIsSIM CTAJIOTO PO3BUTKY.
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