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METOJOAOTITA TA EKCIIEPUMEHTAABHHUH

KOMIIAEKC 3 AOCALAXEHDb B I'AAY3I

BYJAIBEABHOI ®I3HUKHU

AHOTADIIA

IIporarom 6Ginbm Hixk 40 pokis y /epxaBHOMY
HAaYKOBO-AOCAIAHOMY  IHCTUTYTI  OyJiBeAbHHX
KOHCTPYKIi# (gqani — AIT HAIBK) npoBojATs-
CA CHCTEMHI JOCAIKEHHSI B TaAy3i OyaiBeAbHOI
¢izukn. BysiBeAbHA Pi3HKA € CYKYIIHICTIO HAYKOBUX
AUCITUIIAIH HPHUKAQAHOI (PIBUKH, SKI PO3rAsAAAIOTH
¢$izuuHI ABUIIA 1 IpoLlecH, OB A3aHi 3 6YA1BEABHOIO
TeNAOPi3UK0I0, OyAIBEABHOIO 1 apXITEKTYPHOIO aKy-
CTHKOIO, CBITAOTEXHIKOIO.

YKpaincbka OyJiBeAbHA HayKa 3a ITUM HalpsAM-
KOM Ma€e 3Ha4yHl JOCATHEHHS B PO3BUTKY Teopii
IEPEHOCY TEIAOTH Ta MacH B OTOPOJKYBAABHHX
KOHCTPYKIIAX, 3a6€3IeYeHHI0 AKYCTHYHOIO KOM-
$opTy B OyaiBASX, CHOPYAaX Ta Ha IPHUAETAUX
TEPUTOPiAX, PO3POOKH Ta YAOCKOHAACHHIO IIpa-
BUA IIPOEKTYBAHHA OyJAiBeAb Ta CIIOPYJ 3a BHUMOTa-
MU eHeproepekTUBHOCTI. [ pyHTOBHICTH HayKOBHX
PE3YABTATIB Ta IX NpPAKTUYHE 3HAYEHHs OOYMOBAe-
HO 3acrocyBaHHAM icuyiodoro B JIT HAIBK excne-
PHUMEHTAABHOTO KOMIIAEGKCY 3 JAOCAIAKEHb B TaAy3i
6yAiBeAbHOI (PI3UKH, IO CKAAZAETHCA 3 CHUCTEMH
€KCIIePUMEHTAABHOTO 00Aa/JHAHHA JAS IPOBEAECH-
Hs HAYKOBHX JOCAIZXKeHb OyAiBEABHOI IPOAYKIIL 32
TENAOPI3UYHUMH, AKYCTHYHUMU 1 CBITAOTEXHIYHHUMHU
BAQCTHBOCTSIMH.

BunpobyBaAbHH TENAOQI3HYHUIL KOMIIAEKC
AT HAIBK - ne ocobAuBUil HAayKOBO-JOCAIAHUIA
KOMIIAE€KC, OCHOBHHMH €AE€MEHTAMH SAKOTO €
YHIKAABHI KAIMATHYHI KaMepH JAs  BUIPOOYBaHb
TEIAOI3OAAIIIMHUX BAACTUBOCTEH OrOPOJKYBAAD-
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HHUX KOHCTPYKIH Ta BuIpoOyBarbHe OOAajHAH-
HS JASl BH3HAYEHHA TEIIAOTEXHIYHHMX ITOKA3HHKIB
Ta TemAO(PIBHYHUX BAACTHBOCTEH OyiBeABHUX
KOHCTPYKIIil, MaTepiaAiB Ta BUPOOIB. AKYCTUYHHII
BunpobysarpHuil kKommaexc AIT HAIBK - me
HAayKOBO-JOCAIZHHII KOMIIACKC, OCHOBOIO SAKOIO €
YHIKAABHI aKyCTHYHI 3BYKOMIpHI KaMmepH Ta iHIIe
BUIIpoOyBaAbHE 0OAaAHAHHSA, JOCAIAKEHHsA Ha
AKHX JO3BOASAIOTh BHUPINIYBATH KOMIIAEKCHI 3azadi
AKYCTHYHOro OAAroycTpolo Ta 3aXHCTy Bij IIyMy
npuMimenb B Oy4iBAAX PI3HOro IpHU3HAYEH-
HA, TepHTopiﬁ JKHUTAOBOI 3a6y40131/1, AangmadpTHO-
peKpeaniiiHuX TEPUTOPId IpH iX NPOEKTYyBaHHI,
HOBOMY Oy/AIBHHUIITBI Ta PEKOHCTPYKIII.

Y crarTi HaBeJeHI METOJOAOTIYHI OCHOBH IIPOBE-

AEHHA AOCALJKEHb T4 HAZAEThCA ONUC €KCIEPHUMEH-
TAaABHOTO KOMIIAEKCY AABOpATOPHHX YCTaHOBOK Ta
obAagHaAHHA.
KAIOUOBI CAOBA: 6yaiBAl,  OygiBeAbHA
TenAO(I3UKa, IOKA3HUKU €HEeProepeKTUBHOCTI, aKy-
CTHKA, 3BYKOI30AALIA, KAIMATUYHI KAMEPHU, AKyCTHYHI
KaMepHu.

METHODOLOGY AND EXPERIMENTAL
COMPLEX FOR RESEARCH IN THE FIELD OF
CONSTRUCTION PHYSICS

ABSTRACT
For more than 40 years, the State Research
Institute of Building Constructions (NIISK) has




been conducting systematic research in the field
of construction physics. Construction physics is a
set of scientific disciplines of applied physics that
consider physical phenomena and processes related
to construction thermophysics, construction and
architectural acoustics, and lighting engineering.

In this area, Ukrainian construction science has
significant achievements in developing the theory
of heat and mass transfer in enclosing structures,
providing acoustic comfort in buildings, structures,
and adjacent areas, and developing and improving the
design rules for buildings and structures according to
energy efficiency requirements. The thoroughness of
scientific results and their practical significance is due
to the use of the NIISK experimental complex for
research in the field of construction that comprises
a system of experimental equipment for conducting
scientific research of construction products on
thermophysical, acoustic, and lighting properties.

The test thermophysical complex of the NIISK
is a special research complex, whose main elements
are unique climate chambers for testing the thermal
insulation properties of enclosing structures and test
equipment for determining the thermal engineering
indicators and thermophysical properties of building
structures of materials and products. The main
elements of the acoustic testing complex of the NIISK
is a special research complex that employs unique
acoustic chambers and other testing equipment,
which allows solving complex problems of acoustic
improvement and noise protection of premises in
buildings of various purposes, residential areas, and
landscape and recreational areas during their design,
construction, and reconstruction.

The article presents the methodological basis for
conducting research and provides a description of
the experimental complex of laboratory units and
equipment.

KEYWORDS: buildings, construction thermophysics,
energy performance indicators, acoustics, acoustic
insulation, climate chambers, acoustic chambers.

ITIOCTAHOBKA ITPOBAEMHA

OcHOBHMM Tpu3HaYeHHAM OyJiBeAb € CTBOPEH-
HA YMOB JAS JKUTTEJIAABHOCTI AIOJUHHU, SIKI Xapak-
TEPHUIYIOTLCA TETAOBHMH, 3BYKOBHMH, CBITAOBHMH,
6AKTEPIOAOTIYHUMHE Ta FA30BUMH HapaMeTpamu. PiBeHb
KOMQOPTHOCTI 1epeOyBaHHA AIOAUHH Yy HPUMIIICHHSIX
Oy4iBAl € OCHOBHHUM  KPHUTEPIEM EKCIAYaTalidHOI
IpUAATHOCTI Oy AiBAL, o noTpebye BIAIOBIAHUX eHEp-
reTHYHUX BHTpAaT Ha Horo 3abesmedennsa. Temnosi
HapaMeTpH IOBITPs Ta NpPUMINIEHb, PiB€Hb aKyCTHY-
HOTO KOM(OPTY Ta CBITAOBOTO PEKHUMY BHBYAIOTh-
€A eKCHEPUMEHTAABHO 13 3aCTOCYBAHHAM KOMIIAEKCY
BUNPOOYBANBHOTO OOAQJHAHHS.

Y 21-My CTOAITTI KapAWHAABHO 3MIHIOETHCS
KOHCTPYKTUBHO-TEXHOAOTIUHUH napk, 110
3aCTOCOBYETbCA IIpH HOBOMY OVJAIBHHIITBI Ta IpH

PEKOHCTPYKIii. B MacoBoMy NOpAAKY IpUHAMAIOTh-
€Sl IPUHIMIIOBO HOBI TEXHIYHI PIIIEHHS TEIIAOIZOASLIT
6y4MHKIB 1 CIOPYA, BHKOPUCTOBYIOTbCSI HOBITHI
TexHoAorii 1 wmarepiaau. Ile mnorpebye cyrreBOl
pedopmariii METOAOAOTIi IPOEKTYBAaHHSA Ta CTBOPEHHA
HOPMATHBHOI 6331 3 BCTAHOBAECHHAM IIPABHA PO3pob-
KH Cy9aCHHX KOHCTPYKTHBHHX PillleHb Ta BUMOT JO HUX
3 ypaxyBaHHAM OCOOAMBOCTEHl PO3BHTKY SIK T€XHIYHOI
6a3M, Tak 1 €eKOHOMIYHOrO cTany Jep:xkapu. IligzcTaBoro
AASL TIDOBEJCHHS  BIAIIOBIZHOrO pePOPMYBAHHSA €
34IHCHEHHS /JOCAIKEHb 32 €HEPreTHIHHUMH I1apame-
TpaMU Cy9aCHHX KOHCTPYKTHBHHX pilieHb OyJiBeAb, Ha
OCHOBI AKUX IPHIMAIOThCS PIIIEHHS 1[040 X 3acToCy-
BAHHA B IIPAKTUIIl OYy/iBHUITBA.

Illym, sk oguH i3 PisMYHUX (PAKTOPIB HABKOAMII-
HBOTO CEPEJOBHUIIA, B YMOBAX CYy4ACHOTO CYCHIIABHOTO
JKUTTA CTAQB 3HAQYHMM HETAaTHBHHMM COLIAABHUM SIBU-
meM. Ilpobaema 3axucry Big IIyMy CTaAa OZHIEIO
13 HaMBAKAHUBIINIMX CKAQZOBHUX KOMIIAEKCY HpoOAeM
€KOAOTTYHOI 6€311EeKU HABKOAUIITHBOTO CEPEAOBUIIIA.

KOHCTPYKTUBHO-ApXITEKTypHI pIIICHHA Cy4aCHHX
IpOMaAchKUX Oy/JiBeAb BCE YACTIIIE PEAAIYIOTBCS 3
BUKOPHCTAHHAM CKAQ B 03400 eHHI pacagy. BignosigHo,
noTpeOyIoTh PO3BHTKY HOBI IPHHITUIHN IPOEKTYBAH-
Hs CTIHOBHX OrOPO/KYBAABHUX KOHCTPYKIH 3 ypa-
XYBAHHAM CYYaCHUX apXITEKTYPHHX BHUMOI Ta BHMOT
3 eHeproepekTuBHOCTI. OCHOBHE IPH3HAYEHHA
CBITAOIIPO30PUX KOHCTPYKINH IIOASTA€ y BHKOHAHHI
$YHKIT OCBITACHHS NpHUMilleHb Ta 3abe3nedeHH] Ipsi-
MOT'O 30POBOTO KOHTAKTY MiK 1HTep'€pOM 1 30BHIIIHIM
cepegoBHIleM. TennoTexHIYHI MOKA3HUKH BIKOHHUX
KOHCTPYKIIHM PEerAaMeHTyloThcsl Ha Iijcrasi 3abesre-
YeHHs TEIAOBOI I30AALNI NPHUMINIEHHA B XOAOAHMUIA
1epiog poOKy Ta TEIAO3AXHCTYy B AiTHI Micanl. Bikaa
€ He TIABKH EAEMEHTOM TEIIAOBTPAT, aAe 1 /JKepe-
AOM TENAOHA/AXO/KEHb B 3UMOBUH IEpiog POKY, IO
noTpedye CHEeIaAbHHUX JOCAIAKEHb  CBITAOIPO30POCTI
npu BHOOpI KOHCTPYKTHBHHUX PINICHb CBITAOIIPO30PHUX
€AEMEHTIB TEIIAOIZ0AALIIHOI 0OOOAOHKH OYAIBEAD.

AHAAI3 OCTAHHIX JOCAIZXEHBb TA
IIYBAIKAIIIM

MeToAOAOTIsE  €KCIIEPUMEHTAABHOTO  KOMIIAEKCY
1no6ys0BaHA Ha MOJEAl B3aEMOAIl eAeMEeHTIB OyAiBAl
SIK €AUHOI eHepreTHdHoi cucremu [l1]. OcHoOBHHUI
BIIAHB Ha (OPMYBAHHSA TEIIAOBOTO PEKUMY, aKyCTHY-
HOTO Ta CBITAOBOTO CEPEJOBHINA 1, BIAIOBIAHO, eHEp-
reTUYHOro Ccrarycy OyAiBAl (€HEpPreTHYHUX BHUTPAT
Ha 3abe3nedyeHHsA HeOOXIJHHX YMOB KOMQOPTHOCTI)
341HCHIOE Horo i3oadniiina oboaonka. O6’emHO-
IAQHYBaAbHE PpimeHHs Oy4iBAl Ta KOHCTPYKTHBHI
HPHHITUIN  130AAIIHHOI OG0AOHKH O6GYMOBAIOIOTH
CTyIiHb KOPHUCHOT'O BUKOPHCTAHHS €HEPrii COHIA NpH
KAIMaTH3anii BHYTPIIHBOrO Ipocropy OyaiBal. Kpim
TOTO, caMme I NiACUCTeEMA Ma€ HAMOIABIINUI MTOTEHIIAA
B IIABUIICHHI €HeproeeKTUBHOCTI OYyJIBEAb KHT-
AOBOTO Ta I'POMa/JChKOTO INpu3HadeHH:A. K 1iAbOBa
(PYHKIIS BCTAHOBAIOETBCSI 3aB/JAHHSA ONTHUMI3ALI ITiET
€HEPreTUYHOI MIACUCTEMHU 32 €HEPreTHIHUMH BUTPATa-
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MH Ha ii CTBOPEHHS Ta IOAAABIIY €KCIIAYaTaIiio Oy AiBAL
npu 3a6e3redeHHl HeoOXiJHOTO TEIIAOBOTO PEKUMY B 1i
HPUMIIIEHHSX.

Peanizaris 11b0ro NpHUHIMITY HA OCHOBI PE3yAbTATiB
€KCIIePUMEHTAABHUX JOCAIAKEHb CYJaCHHX KOHCTPYK-
TUBHUX CHCTEM 130AA1IIHOI 000AOHKH OY/iBEAb JO3BO-
AHAQ PO3POOHTH KOMIIAEKC HOPM Ta CTaHAAPTIB B
ranysi 6y4iBeAbHOI TEIAOPI3HKH Ta aKycTUKHU [2-21].

Mertoaonoria  mobGysoBH  HOpPM B TaAysi
eHeproepeKTUBHOCTI Oy/JiBEAb BHCBITA€HA Y poboTax

[22, 23].

IIOCTAHOBKA 3ABZAHHA

OCHOBHOIO 3a4a4el0 JaHOTO JAOCAIAKEHHA €
BHCBITACHHsI IIUTAHb METOZOAOTI] €KCIIEPUMEHTAABHUX
JAOCAI/AKEHDb B I'any3i 0yAiBeAbHOI PI3HKH.

BHKAA/J OCHOBHOI'O MATEPIAAY

I3oasAniitHa 060AOHKA CKAQJAETHCS 3 HEIIPO3OPHX T
CBITAOIIPO30PUX KOHCTPYKIIH, a 32 KOHCTPYKTUBHUMH
O3HAKAMU — 3 OTOPO/KEHb IIAIAAA Ta PYHAAMEHTY,
30BHIIIHIX CTiH, IEPEKPHTTIB, IOKPHUTTIB Ta Jaxy. Cy4da-
CHI OTOPO/KYBAABHI CTIHOBI KOHCTPYKIII € IEPEBAKHO
6araToIapOBUMH 1 CKAQJAIOTHCA 3 TEIAOIZOAALLITHOrO
mapy 1 3aXHCHHUX MIIJHUX Ta IJIABHUX HIapiB, sKi
06YMOBAIOIOTh TEPMIYHY HEOJHOPIAHICTh KOHCTPYKIHH
B 1iroMy. Tomy TemAOI3OAANIHI BAACTHBOCTI BH3-
HAYAIOThCSI €KCIEPUMEHTAABHO Ta XaPaKTePH3YIOThb-
csl IPHUBEJCHUM OIIOPOM TEIAOIEepeadl OTOpPOJAKY-
BAABHUX KOHCTPYKHiﬁ. Ileii 1mMOKa3HUK JO BBeEACH-
HsA CyJacHHX HOPM [3, 4] 6yB OCHOBHHM IMOKAa3HHKOM
€HeproepeKTHBHOCTI Oy AIBEAb.

BusHayeHHs IIbOro IIOKA3HHMKA 341HCHIOETHCS
y KAIMAaTHYHHUX KaMepaX, B AKHX IMITYIOTbCS
PO3PAXYHKOBI YMOBH €KCIIAYaTallii, Ha K1 IPOEKTYEThCS
6yaiBAd. ERcliepuUMEeHTaAbHI JOCAIAKEHHS JO3BOAS-
I0Thb 3A1HCHATH OOIPyHTOBaHHil BUGIp KOHCTPYKTUBHUX
HPUHITUIIB OrOPO/KYBaABHUX KOHCTPYKIIIH, IPOBOAU-
TH aHAAI3 IX €KCIAYaTaI[li{HIX BAACTUBOCTEH 3 ITOJANb-
IO ONTHUMI3AIEIO IX TEIIAOTEXHIYHUX MOKA3ZHHUKIB TA
€HEPreTHYHUX XAPAKTEPUCTHK OyAIBEAb.

JocnizsxeHHa B AaBOpAaTOPHUX KAMEPHHX YMOBAX
IPHU PO3PAXYHKOBHUX TEMAOBUX XapaKTEPHUCTUKAX IPO-
BOJATBCS 32 METOJAUYHHM aATOPHTMOM, HABEACHHM Ha
puc.l.

B mpomeci g0oCAlgKeHb BH3HAYAIOTHCSA HACTYIIHI
TENAOPIZUYIHI XAPAKTEPUCTHKH TEIIAOIBOAALIIHOI 000-
AOHKH OYAIBAlI Ta BHKOPUCTOBYIOTbCSI TaKi METOAMYHI
MPUHIIIH 1 3aco0u:

- TeMIepaTypHi IIOAS BHYTPINIHBOI Ta 30BHIIIHBOI
HOBEPXHI OrOPOAKYBAABHUX KOHCTPYKI 3 BUKO-
PUCTAaHHSAM KOHTAKTHHX Ta TepMOrpadiuHux
METOAIB;

- TYCTHHA4 TEIAOBUX IIOTOKIB dYepe3 XapaKTepHi
30HHM 3OBHIIIHIX CTIH KOHTAKTHUM METOAOM Ta
HEPYHHIBHUM (IIO TEIIAOBOMY IPUHIJUITY) METO-
JAOM JHCTAHIIITHOTO TepMorpadyBaHHs;

- BOAOTICHHUH PEKUM OTOPOAKYBAABHUX KOHCTPYKITH
(cepegHsi BOAOTICTH TENAOIZOASALIMHOIO IIApY
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30BHIIIHIX CTIH, XapaKTep PO3MOJIAY BOAOIOCTI
IO TOBII[I KOHCTPYKIHi, JHHAMIKA 3MiHH BOAOTOCTI
CTIHOBUX KOHCTPYKIiil) BArOBUM Ta KOH/JYKTOMe-
TPUYHUM METOJAMHU;

- TeMIIepATypH, BOAOTICTh Ta IIBHAKICTb PyXY
BHYTPIIIHBOIO T 30BHINIHBOTO MOBITPS.

MeToAUYHOIO OCOOAHMBICTIO JAOCAIAKEHb B yMOBaX
(PIBUIHOrO MOZAEAIOBAHHS IIPOLIECIB TEIIAOMACOIIEPEHO-
Cy B OTOPOJKYBANBHHX KOHCTPYKINAX €!

- KOMIIAEKCHE BHU3HAYEHHs ITOKA3HUKIB, IO XapaK-
TEPHU3YIOTh €KCIAyaTALIIHUI eHepreTuYHuil cTaH
6yaiBeAbHUX OO’€KTIB — omip Temaonepejadi,
TeMIlepaTypHUi pexRuM, BOAOTICTB,
HOBITPOIPOHUKHICTD, BO/JOINPOHUKHICTB,
CBITAOIIPOITYCKAHHSA TETIAOIZOAAIIMHOI 060AOHKH
Ta ii eAEMEHTIB;

- BUKOPHUCTAHHS PI3HUX (PIBUYHHUX METOAIB
IpH BHU3HAYCHHI TEIIAOBUX XAPAKTEPUCTHK
KOHCTPYKIIIi, a caMe: TEIAOBI31iHI BUMIPIOBAHH,
Ha II/]CTaBI AKUX OLIHIOETHCS 3araAbHUIM XapakTep
TEIIAOBOT'O CTaHy KOHCTPYKIIH Ta BCTAHOBAIOETHCS
HasBHICTD  A€(PEKTHHX 30H  TEIIAOI3OASAILII;
HIPOMETPUYHHUX BUMIPIOBAHb, HA I/JCTABI SKHX
BHU3HAYAIOTHCS YITKI FeOMETPHYHI XapaKTePUCTUKHI
A€(PEKTIB TEIIAOIZOAALI] KOHCTPYKIIH AAS TIO4aNB-
HIOr0 BHUMIPIOBAHHS TeMIepaTryp Ta TEIAOBHUX
IOTOKIB KOHTAKTHUMH MeToZaMu, o 3abe3redye
AOCTOBIPHICTh YHCEABHOIO BHU3HAYCHHS 3HA4€Hb
HPHUBEAEHOTO OIIOPY TEIAOIIEpeadl TepPMIdHO
HEOAHOPIAHHUX OTOPO/KYBAABHUX KOHCTPYKIIii,
IO JOCAIAKYIOTBCS;

- JOCAIZKE€HHsI BOAOTICHOTO CTaHy KOHCTPYKINH Ha
Hi/JCTaBl HEPYWHIBHOIO KOH/AYKTOMETPHYHOIO Ta
BaroBOTr0 MeTOZIB 3a6e31eduye MOKAUBICTh BU3HA-
YeHHsI AUHAMIKH 3MIHH BOAOTOCTI B 9aCl IIPH BHCO-
KOMY IIP€/CTAaBHUIITBI OTPUMAHHX JAHUX.

BunpobyBaHHs B KAIMATUYHHX KaMepax B yMOBax
CTalfloHapHOI TenAonepesadi 4aloTh OIABII a4€KBATHY
IHQOPMALIIIO PO TEMAOIZOAALIITHI BAACTHBOCTI OTOPOJ-
JKYBaAbBHUX KOHCTPYKINH B IIOPIBHSAHHI 3 HATypHUMH
BUIIPOOYBAHHAMH BHACAIAOK TOTO, IO B KAIMATHYHHUX
KaMepax CTBOPIOIOThCS TEIAOBOAOTICHI YMOBH, Ha fAKI
OTOPOAKYBAaAbHA KOHCTPYKIIiSl IPOEKTYETHCS.

/o KoMIAeKTanil KAIMATHYHOI KaMepH BXOJASATH
(puc. 2): KOMIIpeCcOpH; CHCTEMA PETYAIOBAHHA TeMIIe-
paTypu IOBITPSI ¥ XOAOAHOMY BiJCIKY JAS aBTOMATHY-
HOTO IATPUMYBaHHA 33a4aHOI TeMIlepaTypu 3 TOYHICTIO
+ 1 °C; BEHTUAATOPH, 1O 3a0€311€YyIOTh PIBHOMIPHY
1oJady XOAOAHOTO IIOBITPA Big OXOAOAKYIOUHX OaTa-
peil mo 06’eMy XOAOZHOTO BIACIKY Ta PO3PaxXyHKOBY
HMIBUAKICTb PyXy HOBITPsI OLAf 30BHIIIHBOI IOBEPXHI
KOHCTPYKLIH, IO BUIPOOYIOTBCS; CHCTEMA PETYAIO-
BAHHA TeMIIEpaTypu Ta BOAOTOCTI IOBITPS B TEIIAO-
MY BIACIKY, IO CKAQJA€ThCS 3 JATYUKIB TeMIIEPATypH
Ta BOAOTOCTI TIOBITPs, PETYASITOPIB TeMIIEpaTypH Ta
BOAOTOCTI 3 TOYHICTIO aBTOMATUYHOIO IATPHMYBaHHSA
3aganol Temneparypu =1 °C, Bororocti * 5 %; BHKO-
HYIOUHX MEXaHI3MiB; AAaTYHKH KOHTPOAIO TeMIlepa-
TYPH Ta BOAOTOCTI IOBITPSA B TEIIAOMY Tad XOAOZHO-
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Pucynok 2 — Cxema KAIMAaTUYHOI KaMePH JAA
BUIIPOOYBAHb OTOPOAKYBANBHUX KOHCTPYKIIIH 3
HATYPAAbHHMH PO3MIpAMH:

1 — BunpoOyBarbHA KOHCTPYKIiA; 2 — HarpiBaAbHi
HIpHAAAH; 3 — HMAPO3BOAOKYBAd; 4 — KOHAUIIOHEP;
5 — oxonogikylodi 6arapei; 6 — XoAn04HABHE 0OAAZ-
HaHHS; 7 — TPyGOIPOBOAU XOAOJ0ATE€HTY; 8 — BEHTH-
AgTOpH; 9 — cHCTEMa aBTOMATHYHOTO 360py AaHUX;
10 — AaTYHUK PEryAIOBAHHS BOAOT'OCTI IOBITPSI TEIIAO-
ro BiACiKy; 11 — 4aT4HK pEryAloBaHHSA TEMIEPATYpPH
MOBITPA TETIAOTO BiACIKY; 12 — JaTYMK peryAloBaHHA
TeMIIepaTypH IOBITPs XOAOAHOIO BiAciky; 13 — gat-
YUKH KOHTPOAIO TeMmIiepaTypH; 14 — gaTYuKH KOH-
TPOAIO BOAOTOCTi; 15 — maponposijg; 16 — peryaioioda
3acAinka; 17 — 3aTBopHHil KpaH

My BiACIKaX KAIMAaTHYHOI KaMepH; OOAagHAHHA JASA
peecrparii mapaMeTpis.

Ocobausictio kaimatuunoi kamepu /IT H/AIBK
€ Te, IO B Hiil MOJEAIOIOTbCA TEIIAOBI YMOBH, IO
€ TOTOXHHUMH JO YMOB, AKI (OPMYIOTH TEIIAOBUMH
PEKUM KOHCTPYKLIH IiJ 9ac eKcrnayaranii 6yAiBeAs.
Po3Mipu KAIMAaTHYHOI KaMepH JO3BOASAIOTH 3abe3nedy-
BaTH BIABHUI pPyX IOBITPS IO BHYTPIIIHBOMY BIACIKY
KAIMAaTHYHOI KaMepH Ta INPHUPOJAHE CIiBBIAHOIIECHHS
MUK KOHBEKTHBHOIO Ta IIPOMEHEBOIO CKAAJOBHU-
MH Yy TEIAOOOMiHI MUK ITOBEPXHEIO KOHCTPYKIHI, IO
AOCAIKYETBCS, Ta BHYTPIIIHIM CepesoBU-
meM. ITpu ripomy 3a6€311€9yI0ThCs TEILAOBI
YMOBHU €KCIIAyaTamil psgoBOi KBAPTHPH Y
6ararornosepxoBiil OyAiBAl

Y 30BHIIIHBOMY BIJCIKY KAIMAaTHYHOI
KaMepHu 3a4aI0ThCsA 3HAYEHH
PO3PAXYHKOBOI TEMIIEPATYPH 30BHIITHBOTO
HOBITPSA ~Ta  YMOBH  HPHMYCOBOTO
TENAOOOMIHY 32 PAXYHOK HAIIPaBAEHOI Aii
BEHTHAATOPIB, SIKI IMITYIOTb BITPOBI yMOBH,
IO € XapaKTePHUMH JAS KAIMATHYHUX
30H YKpaiHu.

By KOHCTPYKIH Iij Yac IX MOHTAXKY
y KAIMaTUYHY KaMepy Ta IijJ Jac IpoBe-
JA€HHsI EKCHEPUMEHTAABHUX JOCAIAKEHb
HaBeJ€HO Ha pHuc. 3.

Omnip  rtenAomepegadi  GIAbIIOCTI
CBITAOIIPO30PUX KOHCTPYKIIiii, IO 3aCTOCO-
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BYIOTbCSl Y IPaKTHIN OyiBHUIITBA, € MEHIIUM 1 M?K/BT,
TOMY 3a0€3II€YEHHS YMOB TEIIAOOOMIHY MIK JOCAIZHOIO
KOHCTPYKIH€EIO Ta OTOYYIOUHM CEPEJOBHINEM CYTTEBO
BIIAHBA€ HA TOYHICTb €KCIIEPUMEHTAABHOI'O BU3HAYCH-
HA 1bOro (QI3UYHOro moKazHuKa. SKio koeirieHt
TENAOOOMIHY MIK BHYTPIIIHIM cepejOBHIIEM Ta
BHYTPIIIHBOIO IOBEPXHEIO JOCAIAHOI KOHCTPYKIII
Hwkde HiK 8 Br/(M® K), a koeiieHT TenA00OMiHy MiK
30BHIIIHIM CEPEeJOBHINEM Ta 30BHIIIHBOIO [TOBEPXHEIO
awkde Hk 20 Br/(M® K), noxubka BU3HAYEHHS OHOPY
TenAonepeadi KOHCTPYKIII Moke cKAaactu 6inbiie 30%.
MexaHi3M yTBOPEHHSI BIABHOI KOHBEKIHi Oins
XOAOAHOI 130TePMIYHOI IOBEPXHI CKAIHHA Il d9ac
€KCIIAyaTalii y 3MMOBMIi IIepioJ POKy XapaKTepHHIi
THM, IO HPHUASTAIOYl 4O CKAIHHS OXOAOAKEHI IHIapHu
MaloTh TYCTHHY OiABINY, HIK IOBITPS B IPHMIIIEHHI.
OXOAOAKEHI HIAPH MOBITPS BUTICHSIOTH MEHIII IIIABHI,
Y PE3YABTATi 4OT0 BUHUKAE HOrO PyX 3BEPXy BHUS3.
Temneparypa B IPpUKOPAOHHOMY IIAapl MOHOTOHHO
HiBUIYETHCA, OIAA TEIAOI TOBEPXHI CKAIHHS MEXaHi3M
YTBOPEHHA BIABHOI KOHBEKIIl AHAAOTIYHUMH, 3 TIEIO
AHIIE PISHUIICIO, IO HPUAATAIOYl 4O CKAIHHSA IIapH
MaloTh MEHIIY IIABHICTh, HI’K HABKOAHIIHE IOBITPS, 1
HiAHOMHO-OIIYCKHHM PYX HOBITPsI BiAOYBa€TbCA Haza/
pyxy 6irst xoroaHOI moBepxHi. ITpoinl mBHAKOCTI,
Temneparypu i IHTEHCHBHICTh TENAOOOMIHY 3aneKaThb
B/ peKUMY pyxy HOBITPSI B MPUKOPAOHHOMY mrapi: Bin
MosKe OyTu J\aMlHapHI/IM HnepexifHuM, TyPOYACHTHHM.
KoHCTpyKIist KAIMATHUYHOI KaMepH JASL BHIIPO-
O6yBaHb CBITAOIIPDO30PUX KOHCTPYKIIH 3abe3nedye
BUKOHAHHs Ha3BaHUX YMOB IOJ0 KOe(illi€HTIB
TENAOOOMIHY, sKI € IJEHTHYHUMH 0 iX 3Ha4€eHb I Jac
€KCIIAyaTallii CBITAOIPO30PHX KOHCTPYKINH Yy CKAaJl
TEIAOIBOAALIIHOT 000AOHKH OygiBeAb. Posmipu Ta
reoMeTpis KAIMAaTHYHOI KaMepH /JO3BOAAIOTH 3abesie-
YyBATH BIABHHUI PYX IOBITPSA 110 BHYTPITHBOMY BiJCIKY
KAIMATUYHOI KaMepH Ta IPHPOJHE CIIBBIJHOIICHHS
MK KOHBEKTHBHOIO Ta IIPOMEHEBOIO CKAA/JOBU-
MH Yy TeIAOOOMiHI MUK ITOBEPXHEIO KOHCTPYKIHI, IO
JAOCAIKYETBCS, Ta BHYTPINIHIM cepegoBuieM. Bug
AOCAIZHUX CBITAOIPO30PUX KOHCTPYKIIH 1mijg dac

Pucysnox 3 — Bug 40CcAlfHEX KOHCTPYKIIH 1/ 9ac BHIPO-
6yBaHb 3 BHYTPIIIHBOTO (a) Ta 30BHIIHBOTO (6) BiACIKY
KAIMATHYHOI KaMepH




BUIIPOOYBAHb y KAIMATHUHiH Kamepi HaBe-
A€Ho Ha puc. 4.

OCOOAHBICTIO B TEIIAOBOMY Bi/JHOIIEHHI
KOHCTPYKIIM  dacagHoi TeNAOIZ0AALIL
31 CBITAOIPO30OPHUM 3OBHIIIHIM HIAPOM
€ Te, IO Ieil BUJ OTOPO/KYBANBHUX
KOHCTPYKIIHl O/4HOYACHO BHU3HAYAE SK
TEIAOBTPATH HPHUMIIIEHH:A, TaK 1 HOro
Ternaonocradanua. /as  HemposopHx
KOHCTPYKIIH TENIAOBHH IOTIK B XOAOJ-
HY IIOPY POKY 3aB:KJAU HalpaBAeHUI y 6ik
30BHIIIHBOIO cepejoBuina. /IAst mpo3opux
KOHCTPYKINH TEIIAOBHH IOTIK B COHSYHY
IOrO/y Ma€ /JBOCTOPOHHIO HAIIPABACHICTH 1,
B 3aA€KHOCTI Bl BAACTHBOCTEH Iepepaxo-
BAHUX BHUIE KOHCTPYKTHBHHX EAEMECHTIB
CHCTEMH YTENAEHHs, OanaHC TEIAOBUX
[IOTOKIB  (TEHMAOIPHUTOKU-TEIIAOBTPATH)
Mo:ke OyTU NO3UTHBHHM 1 IpU HH3BKUX
TeMIIEPATyPax 30BHIIIHBOIO IOBITPS.

3a TEeIAOBUM HPUHITUIIOM POOOTH CTIHH
3 CBITAOIIPO30OPHUM 30BHIIIHIM IIAPOM €
HACUBHUMH TI'EAIOKOHCTPYKLIAMH, SKi
MOKHA BHKOPUCTOBYBATH fAK EACMEH-
TH TenAonocradandsa. OcobauBo 11e
BIAHOCHUTBCS 40 KOMOIHOBAHUX (pacafHUX
cucreM. /Iast 6yAiBEAD, IO €KCIIAYATYIOTHCS
y KAIMATHYHHX yMOBaX YKpaiHu, HacamIle-
pes HeoOXIJHO IPOBOAUTH JOCAIAKEHHS
e(pEeKTy BIIAMBY Ha €HEPIreTHYHI IOKA3HH-
KM KOHCTPYKIIH TEIAOHA/JXOJAKEHb BiJ
COHAYHOI paiamii y XOAOAHHUH mepioj
poky. /o CKAagy €KCIepUMEHTAAbHO-
IO KOMIIAEKCY OVAIBeABHOI (QI3UKH BXO-
AUTb EKCIIEPHMEHTAAbBHA YCTaHOBKA 3
HPOBEACHHS JOCAIAKEHb €HEPIeTUYHHX BAACTHBOCTEH
6yaiBeAb KOMOIHOBAHUX CBITAOIIPO30PUX KOHCTPYKINH
3 IMITAIllEI0 YMOB 3UMOBUX COHAYHHX AHIB. Cxema ycra-
HOBKH HaBeJ€HA Ha PHUC. 5.

I1pu nposejeHHi JOCAIAKEHb 3/41HCHIOETBCS IMITALILS
3MMOBOT'O COHAYHOIO JAHSA 3 IOCTIIHOIO J0OOBOIO TeM-
neparypoio  (-10 + -25) °C Ta 3MIHHUM 3HAYEHHAM
IHTEHCHBHOCTI  COHSYHOrO oOlpoMiHioBaHHs Big 10
20 100 B1/M2 B 3aAn€KHOCTI Bij BHU3HAYEHOTO PO3-
TaIIyBaHHs CBITAOIIPO30pOI KOHCTPYKLIl y d¢acaai
BIJHOCHO CTOpiH CBiTy. BuMipIoBaHHS e(EKTHBHOCTI
BCTAaHOBAIOETBCA 32 IIOKA3HUKAMH 3MIHH TeMIIEPaTypH
BHYTPIIIHBOI IIOBEPXHI OrOPOAKYBAABHOI KOHCTPYKILii
HPOTAroM 406H Ta 3MIHH 3HAYEHHS T4 HAIPABACHHSA
TEIIAOBHX IIOTOKIB KPi3b OrOPO/AKYBAABHY KOHCTPYKIIIO
IPOTATOM 4acy €KCIIEPUMEHTY.

3azHayuMo, IIO 32 pE3yAbTAaTaMH /JOCALAKEHb
BHU3HAYCHI KOHCTPYKTHBHI pIIICHHS KOHCTPYKLII 3
TEIAOAKYMYASLIIHAM Ta CBITAONPO30OPHM HIAPAMH,
AKI npu iMiTanii 4BOX 3UMOBHX 410 3 HE3MIHHOIO
TEMIIEPATypPOIO 30BHINIHBOTO IIOBITPSL 40 MIHYC
17 °C Ta gBOMA NOCIIAb COHAYHUMHU AHAMH 3abesre-
YyIOTh 3MIHY HAIPSAMKY TEIIAOBOTO IIOTOKY — Y APYIY
COHAYHY A00y TENAOBHUH IOTIK HAIPABACHUH BiKe

Pucynox 4 — /locAiAKEeHHSsI CBITAOIIPO30PHUX
OTOPOJKYBAANBHUX KOHCTPYKIIIH Y KAIMATUYHINA KaMepi

HE 3 NIPHUMIIICHHA HA30BHI, a 31 CTOPOHH <«BYAHI»
B npuMinieHHA. Bignosigno, BigbyBaerbcs o6irpis
HNPUMIIICHHS. COHSYHOIO €HEPTIEI0 IpU TeMIeparypi
30BHIIIHBOrO MOBITPs Minyc 17 °C.

KaiMaTnuHa Kamepa A BHIpPOOYBaHB TEILAOBOI
Ha1i{HOCTI TeNAO0iI30AANIIiHHX MaTepiaAiB Ta BHPOOiB

TenAoBa HaAIMHICTE — II€ BAACTHUBICTL 00 €KTa
(OrOpoOAKYBAABHOI KOHCTPYKIIi, TEIAOIZOAALIIHOrO
Marepiany abo Bupoby) 36epiraTu y 4aci B yCTaHOBAE-
HUX MEKaX 3HAYCHHs IapaMeTpiB, IO XapaKTepU3y-
I0Th 3aTHICTh BUKOHYBATHU ITOTPIOHI PYHKIII B 3a4aHUX
peKUMax Ta yMOBaX 3aCTOCYBaHHs, TOOTO 36epiratu cBoi
TEIAOTEXHIYHI TOKA3HUKHU Ta TEIAOPIZUIHI BAACTHBOCTI
y AOIYCTHMUX MEKAX y 3a4aHUil TEPMIH €KCIIAyaTariil
6yaiBAl. TermnoTexHIYHI IOKA3HUKU KOHCTPYKIIH BU3-
HAYAIOTh XAPAKTEPHCTHKY Oe3nexu OyJiBAL — eHepre-
THYHY Oe3leKy Ta piBeHb 3a0€3IEYEHHSI TEIIAOBOTO
KoMQOpPTy B NnpuMinjeHHAX. Ternaosa HaglifHICTh Oro-
POAKYBAABHUX KOHCTPYKINH € 000B’A3KOBOIO XapakTe-
PHUCTHKOIO eHeproepeKTHUBHOCTI OyAiBAl — OyAiBAS He
Mo:ke OyTH epeKTUBHOIO B €KCIIAYaTallii 3 HeHaIHTHUMH
B TEIIAOI30ASALIHHOMY BIZHOIIEHHI OTOPO/AKYBAABHUMH
KOHCTPYKITISIMH.
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Pucynok 5 — Cxema eKkcrmepuMeHTaABHOro obAaj-
HAHHA KAIMaTHYHOI KaMepHu AAs BHIIPoOy-
BAaHb CBITAOIIPO30PUX KOHCTPYKIIH 3 imiTamieio
KAIMATHYHHUX BIIAMBIB T4 COHSYHOI pajianii

1 - AocAigKyBaHA KOHCTPYKIA; 2 — Harpisaui;
3 — mocysguHa 3 PO3YMHOM JAS HiATPUMaHHSA
BOAOTOCTI; 4 — mepexigHa giadparma; b — Bumnap-
HUK; 6 — XOoAOguABHE OOAagHAHHSA; 7 — Tpybompo-
BOAU XOAOJOATEHTY; 8 — BEHTHAATOP; 9 — cucre-
Ma ABTOMATHYHOro 300py JaHUX Ta PEryAIOBAHHS;
10 — 4aTYHK KOHTPOAIO BOAOTOCTI IOBITPS B HpPH-
CTAaBHOMY TENIAOMY Bigciky; 11 — gaTdmk KOHTpO-
AIO Ta PErYAIOBaHHS TeMIIEpaTypU IOBITPS B IpH-
CTAaBHOMY TETMAOMY BiJCiKy; 12 — AaTYMK KOHTPOAIO
Ta PEryAIOBAaHHS TeMIEPaTypH MOBITPs B pobodomy
00’eMi KAIMATH4YHOI KamepH; 13 — gaT4UK KOHTpPO-
AIO T4 PETyAIOBAHHS BOAOTOCTI B pobodoMy 06’emi
KAlMaTHYHOT Kamepu; 14 - npucraBHUi Tenaui
BijgciK; 15 — KalMaTH4YHA KaMmepa

Ao CKAQAY BUIIPOOYBAABHOTO
tenrodizuanoro komrmnekcy JAIT HAIBK
BXO/ASTb KAIMATHYHI KaMepHu JAs BHIIPO-
O6yBaHb ITIOKA3HHKIB TEIAOBOI HaAlifHOCTI
TEMAOIBOAALIITHUX MaTepianiB Ta BUPOOIB,
KOHCTPYKIIHM  ¢acagHoi TemAOIZ0OAALIL
3 ONOPAAKEHHAM  INTYKaTypKaMH,
KOHCTPYKINH (acasHoi TenAOIZOAANil 3
BEHTHABOBAHUM IOBITPAHMM IIPOHIAPKOM
Ta IHAYCTPIaABHUM OIOPAAKECHHAM, CTCH/
AAA BHIPOOYBaHb y HATYPHHX YMOBax
€KCIIAyaTalii.

Bug KAIMATHYHUX Kamep JAs BHIIPO-
6yBaHb IIOKA3HHKIB TEIIAOBOI HaJiHHOCTI
TEMAOIBOAALIIHUX MaTepiaAniB Ta BUPOOIB
HaBeJ€HO Ha puc. 6.

CyTp MeTOAy IIOAATAE€ B TOMY, IIO
Marepian, AKUi BUIIPOOOBYEThCS, A 4AI0Th
IUKAIYHUM KAIMATHYHUM BIIAMBAM, IO
IMITYIOTh YMOBH €KCIIAyaTallil MaTepiary B
OTOPOAKYBAABHUX KOHCTPYKIIAX, T4 BU3-
HAYAIOTh 3MIHU TEHAOPISUIHHUX XapaK-
TEPUCTHK Marepiany. 3a pes3yAbTaTa-
MH BHMIPIOBAHb TEHAOPIBUYHUX Xapak-
TEPUCTUK OLIHIOITh TEPMIH e(PeKTHUBHOI
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EKCIIAyaTalii Marepiany B 3aA€KHOCTI Blg KOHCTPYK-
TUBHOTO PIIIEHHS TENAOIZOAALIl OropogKyBaAbHUX
KOHCTPYKITH.

MeToA0AOrIsE  €KCHEPUMEHTAABHUX — JAOCALKEHD
TEIAOBOI HaA1ITHOCTI OYAIBEABHUX KOHCTPYKIIH A€TaAb-
HO OCBiTA€HA y poboTax [1, 24] Ta peanisosana y craH-
Aaprax [10, 21, 25].

KaiMaTnuHa Kamepa A BHIpPOOYBaHB TEILAOBOI
HaZifHOCTI KOHCTPYKNii d¢acagHoi TemaoizoAAmii
3 BEHTHABOBAHHM MOBITPAHHM IIPOIIAPKOM Ta
IHAYCTpiaABHEM OIOPAAKEHHAM

OcHOBHA KOHCTPYKTHBHA OCOOAHBICTB IIBOIO KAQACY
KOHCTPYKINM (pacasHol TEIAOI3OAALlI — Ile BEHTHU-
ABOBAHHH MHOBITPAHUN IPOIIAPOK B TOBII CHCTEMH
YTEIIACHH:A, IO OOYMOBAIOE HEOOXIAHICTb 3aXHCTY
KOHCTPYKIIi Big HaCAIAKY 1€l BeHTUAAL. /As 3a6e3-
ne4eHHsA HEOOXiAHUX TEIIAOIZOAANIMHUX BAACTHBO-
CTeil CTIHOBOI KOHCTPYKIi IIPH 3aCTOCYBaHHI BOAOKHHU-
CTHUX TEIAOIBOASLIHHUX MaTepiaAiB, [0 MAIOTh BHCOKI
XAPAKTEPUCTHKH MOBITPOIPOHUKHOCTI, HEOOXIAHO
BBOAUTH KOHCTPYKTHBHI €AE€MEHTH, IO OOMEKYIOTh
MOKAUBICTh IPOHUKHEHHS XOAOJHOrO IIOBITPSA B
TOBIIY TEIIAOI3OASILIII.

HasBHICTh BEHTHABOBAHOTO IIOBITPSHOTO IPOIIAPKY
CYTTEBO BIIAUBAE HA NOKA3HUKU TEIAOBOI HaAllHOCTI
KOHCTPYKI#l. 3MiHAa eKCIAyaTaliiHUX ITOKa3HUKIB
OOYMOBAIOETBCS HE TIABKH KAIMATHYHOIO JECTPYKLIEIO
TETIAOI3OAAIIMHOTO MIAPY, AA€ 1 IOIIKO/KEHHAM I1bOTO
HIapy BHACAIZOK IOBITPAHHUX IIOTOKIB, fAKlI ITOCTIHHO
IUPKYAIOIOTh B3/OBK IIOBEPXHI TEIAOIZOAALIHHOTO
MaTepiany o BUCOTI KOHCTPYKIi. BoAOKHUCTHI CKAQJ
yTenAIOBad4a OOYMOBAIOE IOrO CYTTEBY CXHUABHICTH

Pucysnok 6 — Bug KAIMaTHYHHX KaMep i3 JOCAIZHUMH
3pasKaMu JAAA BUNPOOYBAHb MOKA3HUKIB TEIIAOBOI HaAlHHOCTI




A0 AepOJMHAMIYHOI AECTPYKIHI IIbOTO KOHCTPYKTHB-
HOro mrapy. Hampyrm postary B mepeTHHI BOAOKOH
Ta JOTHYHI HANPyrH B KpameAbKax 3B A3YI04OTo, IO
3aKPINAsE BOAOKHA B MaTepiaAi, IpONOpIiiiHi cepeaHiii
CHAlL aepojuHaMidyHOro BHAHBY. [Ipum mnopymenHi
I[IANICHOCTI  3B’A3YIOUOTIO 3HMUKYIOTBCS CHAU 3YCILACH-
HA BOAOKOH B MaTepiaai, fIKi NPONOPLiiHI Ipy:KHIHA
CHAl KOHTAKTy IIE€PEKPYYEHHX BOAOKOH B HIapi
Marepiany Ta KoedilfieHTaM TepTsl (CyXOro Ta B s3KOT0).
AepoArHAMIYHA CUAA CKAAQJAETHCA 3 KBA3ICTAIliOHAPHO]
CKAQ0BOI, KA IpoopLiiiHa cepeHiil NIBU/AKOCTI Pyxy
HOBITPSI, Ta IYAbCALIHHOI CKAAZOBOi, sIKa OOyMOBAe-
Ha XAOTUYHHMHU TypOYAEHTHHUMH HYAbCAIIAMH, IO
3aB3K/M IIPHUCYTHI B IIOTOI IOBITPA GIAA IOPCTKYBATOL
HOBEPXHI.

B 0oCcHOBY METOAUKH OLIHKU IOKA3HHKIB TEIAOBOI
HAJIMHOCTI KOHCTPYKLIH (acagHoi TEeIAOI3OoAALi 3
BEHTUABOBAHUM MOBITPAHUM TIPOIIAPKOM MOKAQZEHO
rinoTe3y HAKOIMMYEHHA HAPYTH Y BOAOKHAX MaTepiany
BHACAIZOK Jii aepoJUHAMIYHHUX BIIAUBIB 40 KpPUTHY-
HOTO PIBHS, IIPU AKOMY BOAOKHA BiAPHBAIOThCA BiJ
TiAQ MaTepiaay Ta BUHOCSATBCS IOBITPAHHM IIOTOKOM.
Metoguka mnepegbadae €KCHEPHUMEHTAABHY OINHKY
BIIAMBY QiAbTpallii Ha TEIAOBI IIOKA3HHKH CTIHOBOI
OTOPOAKYBAABHOI KOHCTPYKIII 13 CUCTEMOIO yTEIIACHHA
B IIIAOMY B PO3PAXYHKOBUX TEIIAOBUX YMOBAX — OLIIHKY
PIABTPAIIITHO-TEIINOBOTO €PEKTY Ta OLIHKY 3MiH B Jaci
TEIAOBHX IIOKA3HHKIB OTOPOJKYBAABHOI KOHCTPYKINI
BHACAIJOK €MicCii BOAOKOH Y BEHTUASAIIWHMIA IOTIK
HOBITPAHOTO TPOIIAPKY CHCTEMH YTENAEHHA —
PECYPCHO-I30AAIIMHOIO €PEKTY, 3 YPAXyBAHHAM TEIIAO-
AepPOAUHAMIYHUX OCOOAMBOCTEHl €KCIIAyaTamii ITuX
CHCTEM YTE€TAEHHS.

JArst 3abesnedenHs imitamii  ymMoB
eKCIIAyaTalii 6araTonoBepxoBux 6yAiBeAb,
KpIM BITPOBOT'O IIOTOKY 30BHIIIHBOTO CEpe-
JAOBUIIIA, IIPU IIPOBEAEHHI JAOCAIAKEHb
3J1CHIOETBCS IIPUMYCOBA BEHTHAALISA iX
HOBITPAHUX IPONIAPKIB 3 BIAIOBIAHUM
3HAYEHHSAM HeOoOXiAHOI BHUTPATH IOBITPS
Kpi3h mpomapok. B ymoBax excriepumen-
Ty BCTAHOBAIOETBCS HE PI3HUIA THCKY, AKA
3aAEKUTh Bl 6ararbox mapamerpis i He
€ YITKUM €KCIIEPUMEHTAABHHUM IapaMe-
TPOM, a BUTPATH HOBITPs B PO3PAXyHKO-
BUX YMOBaX, fAKI 3a6e31e4yioTscs poboToro
BEHTUASTOPIB dYepe3 BHUTSLKHI Kopobu,
IO BCTAHOBAIOIOTBCA Yy BEPXHINA YacTHHI
AOCAIJHUX KOHCTPYKIIIH, Ta 341HCHIOETHCS
HPUMYCOBUIH PYX IOBITPs IO BHCOTI IPO-
IIAPKY 3HU3Y Bropy (pHc. 7) 31 HIBHAKICTIO
PYXy MOBITPA y MNpPONIAPKY CHUCTEM YyTe-
IIACHHS BiJg PpOOOYHX EKCIAyaTal[iiiHuX
3HAYEHb JO MAKCUMAABHO MOKAUBHX 3HA-
4eHb. KOHTPOAB IBUAKOCTI pyXy HOBITPS
341 CHIOETBCSI HA BXO/1 Y IOBITPAHUI ITpo-
MAPOK KOHCTPYKIi 1O HOro meHTpy Ta
BUXOJY.

B pesyabrati BUnpoGyBaHb BH3HAYA-

I0TBCA TIOKA3HUKHU OTIOPY TEMAONEpeadi B TOYaTKOBO-
MY CTaH1 KOHCTPYKLi Ry, Ta, B 3AA€KHOCTI Bi/] IIBU/KOCTI
PyXy HOBITps, B npomapky Ry (V), a Takox xapakrep
PO3MOJIAY TeMmIeparyp IO TOBIIMHI KOHCTPYKIIH B
3AAEKHOCTI Bl aepOJUHAMIYHHIX PEKUMIB.

PecypcHO-130AA1IINHI TIOKA3HUKU OL[HIOIOTHCA IIpU
JAOBrOTEPMIHOBOMY CTBOPEHHIII€PEINaiB THCKY IO BUCOTI
AOCAIZHOTO PparMeHTy 3 3ab6e3nedeHHAM IOCTIHHOrO
PyXy HOBITPsl y HPOMIAPKY KOHCTPYKII 31 IIBHAKICTIO
Big 0,3 20 1,5 M/c, TOOTO 3HAYEHHAX IEPENajiB THCKY
1, BIAIOBIZHO, IIBUAKOCTI PYXy IOBITps y Ipomiap-
Kax, Kl BIAIIOBIZAIOTh YMOBaM TE€IIAOACPOJUHAMIYHOTO
PEKUMy y HOBITPAHOMY HPOIIAPKY CHCTEM YTETIAEH-
HA AAs1 6araTonoBepxoBux OyAiBeAb. B TakoMy pesxumi
AepOJMHAMIYHOIO HABAHTA;KEHHS KOHCTPYKLII IIparjo-
10Th IpoTAroM He MeHire Hix 100 4i6. Bug gocnignux
KOHCTPYKIIH Iij dac BHUOPOOYBaHb y KAIMATHYHIM
KaMmepi HaBeJEHO Ha pHC. 8.

HarypHuii cTeHA AAA ZOCAIAKeHB TEIIAOTEXHIYHHX
IOKa3HHUKIB i TemAoBoi HagiiiHOoCcTi 6yJiBeAbHHX
TEIAOI3OAAIIHHUX MaTepiaAiB i BHPoO6iB

/1o cKAay eKCIIepIMEHTaABHOT 0 0OAA/JHAHH A BIAAINY
6yaiBeAbHOI PI3UKH Ta €HEProepeKTUBHOCTI BXOAUTH
CHEIIAABHUN HATYPHHI CTEH/, IO IPeACTaBAAE cO60I0
06’eM 3 BHYTpPIIIHIMU po3MipaMH 3 M HIMPHHOIO, 4 M
JAOBKHHOIO Ta 3 M BHCOTOIO, BUKOHAHHII 3 3aA1306€TOHY
saproBmiku 300 MM (ctinm) Ta 150 MM (mokpurrs). B
CTiHAX HATYPHOTO CTEHAY HepegbadeHi OTBOPH JAA
BAQIITYBAHHS BIAIIOBIAHOI CTIHOBOI KOHCTPYKIHi a0
TenAo0i30AAIIHOTO BUpoby. lllap (abo AeKinbKa pi3HUX
IIApiB) TEIAOIBOAALIHHOIO MaTepiaay MOHTYEThCA Ha
TOPU30HTAABHIN Ta BEPTHKAABHUX HOBepXHAX. Cxemy

Pucynoxk 7 — Cucrema 3abesnedeHns HeoOXIJHHX BUTPAT
HOBITPA B IPOIMAPKY KOHCTPYKIIH ITi4 9yac BUIIPOOYBaHb B

KAIMaTHYHIN KaMmepi

Pucynox 8 — IlpoBejeHHs AOCAIAKEHD IIOKA3HUKIB
TENMAOBOI HaJIHHOCTI KOHCTPYKIIH pacajHOl TEMAOIZOAATIT Y
KAIMaTHYHIHA KaMepi
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Ta BU/, HATYPHOTO CT€H/JY HaBe/J€HO Ha pHc. 9.

Y BHYTpPIIIHBOMY IIPOCTOPI BCTAHOBACHI IIPHAQAU JAS
06irpiBy, 3BOAOKEHHS Ta PYXY IOBITPsI BHYTPIIIHBOTO
cepeJOBHUINA, 3MOHTOBAHO BHMipIOBaAbHe o06Aag-
HaHHA A QiKcanii mapaMeTpiB BHYTPINIHBOIO Ta
30BHIIIHBOTO HOBITPSI.

B aBroMaTHYHOMY peRHMI IIATPHMYETbCS TeMIIE-
parypa Ta BiZHOCHA BOAOTICTh BHYTPIIIHBOIO IOBITPS.
KoAuBaHHA IOKA3HHUKIB HE IEPEBHINYE BIAIOBIAHO
1 KTab %.

TemneparypHuil nepemna/ KOHTPOAIOETbCA B MEKAX
MOKA3HHUKIB IIOYATKy ONAAIOBAABHOIO II€piogy Ta
npu  ¢ikcamii po3paxyHKOBOI TeMIIEpaTypH 3HUMOBO-
ro mepiogy mij 4ac IUSITHAEHHOTO poOOYOro THIKHSA
B ciuni. [Tpu HasABHOCTI B HATYPHHUX YMOBAX MEHIIIOTO
a60 GiABIIOro nepenasy TeMIepaTyp Ha BCTAaHOBACHHH
HPOMIKOK dYacy BUIpPOOYBAaHb IIepera/ aBTOMATHYHO
KOPHIYEThCSI 32 PAXYHOK IiJBHIIEHHA a60 3HMKEHHS
TeMIIepaTypPH BHYTPIIIHBOTO MOBITPAI.

Tennogpisumuni BAACTUBOCTI OyAIBEABHHX MaTepianis
(TEIAOIIPOBIAHICTb, HAPOIPOHUKHICTB,  copbuis,
HOBITPOIPOHUKHICTB) JOCAIAKYIOTBCSA §  €KCIEepH-
MEHTAABHUX YCTAHOBKAX, IO IOCTIf{HO IPOXOAATH
BIAIIOBIZHE METPOAOriyHe Kanibpysanusa. Ilpudomy,
TEIAONPOBIAHICTh BU3HAYAETHCSA SIK IPH TeMIIEpPaTy-
pax +(20+30) °C, Tak i npu temmeparypi +10 °C
3riZHO 3 BUMOTaMH €BPOIIEHCHKUX CTAHAAPTIB, & TAKOK
upu temneparypax Big 0 °C go -30 °C, mo € xapaxre-
PHUCTHKOIO IEPEHOCY TEIIAOTH 4Yepe3 OrOPOAKYBAABHI
KOHCTPYKIIi B KAIMATHYHUX yMoBax YKpainu. Bug
€KCIIEPUMEHTAABHHX YCTAaHOBOK JASl BUIIPOOYBAaHb
TEIAOIPOBIAHOCTI B 3aA€KHOCTI Bi/] TEMIIEpATypH HaBe-
AeHwuit Ha puc. 10.

KoHCTPYKTHBHO-apXITEKTypHI  pilllcHHA
Cy4acHHUX IPOMAJAChKHX OyAIBEAb BCE YacTile
PEAAI3YIOTbCS 3 BHKOPHCTaHHAM CKAQ B
03400 eHH] Pacagy. BignosigHo, morpeby-
I0Tb PO3BUTKY HOBI IIPUHITUIIN IPOEKTYBAH-
HA CTIHOBHX OTOPOJ/KYBANBHHX KOHCTPYKIIi
3 ypaxyBaHHAM CYYaCHHX apXITEKTYpPHHUX
BUMOI Ta BHMOI 3 €HEProepeKTHBHOCTI.
Ha nepmmuii mAaan BUXOAATh nIpobieMu
AOCAIKEHb E€HEPreTHYHUX XaPAKTEPUCTHK
CBITAOIIPO30PUX KOHCTPYKIH 1 34iliCHEHHs
po3pobOK Ha miACTAaBI IIUX AOCAIAKEHD
PalliOHAABHUX  IHXKEHEPHHUX  METOAIB
OLIIHIOBAHHS TA IIPOEKTYBAHHSA CTIHOBHX OTO-
POJAKYBAABHHUX KOHCTPYKLIH 3 BHCOKHMH
Koe(pilieHTaMH CKAIHHA (pacajis Hararono-
BEPXOBHX OY/JIBEAb.

OcHOBHE NIPHU3HAYEHHS CBITAOIIPO30PUX
KOHCTPYKINH IOAATA€ Y BUKOHAHHI (PYHKIII
OCBITA€HHs MpuMilleHs Ta 3abe3rnedeHHi
HPAMOTO 30POBOIO KOHTAKTY MK IHTEp'€poM
130BHIIIHIM cepeoBuIieM. BikHa € He TIABKH
€AEMEHTOM TEIIAOBTPAT, ane 1 /JKEPEAOM
TEIAOHAAXOAKEHb B 3UMOBUI IIEPiog POKY.
Tomy 1i muTaHHA NOTPEOYIOTh CHEIAABHHX
AOCAIZKEHb CBITAOIIPO30POCTI  CKAOIAKETIB
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Ta BIKOHHUX KOHCTPYKIIH, IO 34IHCHIOIOTBCS Ha
€KCIIEPUMEHTAABHIN YCTAHOBIY, 3araAbHHUIl BH/J SKOI
HapeJeHo Ha puc.11.

3BYKOI3OAALA — HaMOIABII ePEeKTHBHUH MeTO/
3aXMCTy NPUMIIIEHb Bij IIyMy BHYTPINIHIX 1 30BHIIIHIX
axepen. /Jas 3abesniedeHHS HOPMATHBHOIO HIYMOBO-
ro peKHMY B IPUMIINICHHAX KHUTAOBHX 1 TPOMA/ChKUX
6yAiBeAb 3BYKOI3OAAILNA BiJ IOBITPSHOIO IIYMY OrO-
POAKYBAABHUX KOHCTPYKIIH (BHYTPIIIHIX 1 30BHIIIHIX)
1 3BYKOI30ASALIA BiJ YAAPHOIO IIYMY MIKIIOBEPXOBHUX
[EPEKPHUTTIB IMOBUHHA BIANOBIZATH HOPMATHUBHUM
BHUMOI'aM.

3BYKOIIOTAMHAABHI KOHCTPYKIII (maBicHI
3BYKOIIOTAUHAABHI CTEAl, aKyCTU4YHE OOAMIIOBAHHSA
CTiH, TiABiCHI 00’€MHI INTYy4YHI 3BYKOIIOIAMHAYi) 3aCTo-
COBYIOTb JASI 3HI/KCHHsI PIBHIB IIyMy B HPUMIIICHHAX
3 A’KE€peAaMH IIyMy Ha IIPOMHUCAOBUX IJIPUEMCTBAX,
AAsl 3a0esniedeHHA KOMQPOPTHUX AKYCTHYHHX YMOB
B INPHUMINIEHHSAX TIPOMAJACBKUX 1 aAMIHICTPATHBHHX
6yaiBeAb (YUTaABHI 3aAH 6I6AIOTEK, BUCTABKOBI 3aAH,
3aAH 3aCigaHb, TOPTOBEAbHI 3aAM, CIIOPTHBHI 3aAH,
3aAH OYIKYBAaHHA 3aAI3HHYHUX, aepo- 1 aBTOBOK3aAiB,
HPHUMINIEHHs 3araAbHOTO KOPHUCTYBaHHs TOTEAIB,
3aAH i4aneHb, Kade 1 PecCTOpaHiB TOIIO), A TAKOXK JAS
KOPEKIIii aKyCTHYHUX XAPAKTEPHCTHK B TEATPAAbHHUX 1
KOHIIEPTHHUX 3aAaX, KOHQPEPEHII-3aAaxX TOIO.

/NS 3aXHCTy IPHAETAUX TEPUTOPIiH Bij TpaHCIOPT-
HOTO IIYMy 1 IIYMy AOKAABHHX JKE€PEA 3aCTOCOBYIOTh
IIYMO3aXHUCHI €KpaHH Pi3HUX KOHCTPYKTUBHUX PilllcHb
BiJ CaMHX NPOCTHX KOHCTPYKI (HanmpukAag, 6eToH-
Ha abo LerasiHa CriHKa) A0 CKAagHHUX OGaraTtorapo-
BUX IIOAETHIEHHX, BUKOHAHMX 13 PI3HHUX MaTepianis,
AKI OZHOYACHO MOKYTh BHKOHYBAaTH SIK (PYHKIIIO

%
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Pucysox 9 — 3ararbHUI BUTAAJ Ta CXeMa-IIAAH

CKCIIEPUMEHTAABHOTO CTCHAY

Pucynok 10 — Bug exkcriepuMeHTaAABHHX YCTAHOBOK JAASA
BUIIPOOYBAHb TEIIAOIIPOBIAHOCTI 6YAIBEABHUX MaTepiaAis B
3aAEKHOCTI BiJ TeMIIepaTypH




3BYKOI30ASALII, TaK 1 PyHKIHIO 3BYKOIIOTAH-
HAHHS.

3 orasgy Ha Te, IO HaJillHI TeOpeTHYHI
METOAU  PO3PAXYHKy  3BYKOIZOASALII
6y4iBEABHUX KOHCTPYKIH  po3pobaeHi
JAASL BIZHOCHO OOMEKEHOTO IIEPEAIKy KOH-
CTPYKTHBHHX PIII€Hb OrOPO/JKEHb, BUIO-
TOBACHHUX 3 MaTepianlB 3 JOCTaTHBO BHB-
YeHUMH (PIBUKO-TEXHIYHUMH XAPAKTEPUCTH-
KaMM, Ha JaHUH 4Yac OCHOBHHM MeETOAOM
AOCAIAKEHb 3BYKOI3OASAILII OrOPOAKYBAND-
HUX KOHCTPYKII{ B/ IIOBITPAHOrO 1 y4apHOTO
HIYMY CKAQJHHMX KOHCTPYKIIH, KOHCTPYKII
3 HOBHX MaTepiaAiB, 6araromapoBux
KOHCTPYKIIH, KOHCTPYKLIH 3 MaTepianis,
BUTOTOBACHHX 32 HOBHMH TEXHOAOTIAMH,
pobku 3 Hamepe] 3aJaHUMH AKYCTHIHHMHU
XAPAKTEPUCTHKAMH TOIIO € METO] eKCIie-
PHUMEHTANBHHUX JOCAIAKEHb B AabopaTop-
HUX 1 HATypHHX YMOBaX, SIKMH 3abesrnedye
HAHOIABII TOYHI 1 HAALHHI pE3yABTATH.

IllymMOBI XapaKTepUCTUKH (PiBHI 3BYKOBOI
HOTYKHOCTI) € MACIHOPTHOIO AKYCTHYHOIO
XAPAKTEPUCTHKOIO MAIIHH, TEXHOAOITIHOIO
Ta imKeHepHOro obAajnanus. Il xapaxre-
PHCTUKA € BaKAMBUM ITOKa3HHKOM SIKOCTI
MamuH 1 obragHanHa. Illymosi xapakre-
PHCTUKH € BHXIZHHUMH JAHUMH JAAS [IPOBeE-

JAE€HHS aKyCTHYHOTO PO3PAXyHKY O4ikyBaHux Pucynok 11 — 3ararbHHil BU/J €KCIIEPUMEHTAABHOI YCTAHOB-
PiBHIB IyMy, CTBOPIOBAHOIO JAHUM /sKepe- KH 3 BUSHAYCHHS Koe]illi€HTy HAIIPABACHOTO IPOIYCKAHHA
AOM (A:KepeAaMH) B HpUMIIIeHHAX ab0 Ha CBITAA Ta BUJ JOCAIJHHUX 3Pa3KiB CKAOIAKETY (a) Ta BIKOHHOI
TEPUTOPIAX, Ta NPOEKTYBAHHSA OyAiBeABHO- KOHCTPYKIII (6) y eKCIIepUMEHTAABHIM YCTAHOBIN

AKYCTUYHHX 3aXOZAiB IO 3HMIKEHHIO IIyMYy.

KpiM TOro, mymoBi XapakTepUCTHKH HEOOXIAHI AAs
HOPIBHAHHS O/ HOTUITHHX 1 PI3HUX MAIIIMH 32 ITYMHICTIO,
a TAKOK AASA 341HCHEHHA 3aX0/1B 31 3HI/KEHHS IIYMY SIK
ICHYIOUHX, TaK 1 MallluH 1 00AaZHAHHS, SIKI 3aHOBO KOH-
CTPYIOIOTb.

3BYKOBY IOTY/KHICTh JKEpeA IIyMy HA JaHHE dac
BU3HAYAIOTh TIABKH IIASXOM BHUMIPIOBaHb, F'OAOBHHM
YHHOM, B CIEIIAABHHX peBepOepariiHux abo 3arayiie-
HUX 3BYKOMIDHHX KaMepax.

B AIl HAIBK crBOpeHO YHIKaAbHUH, €4UHUN B
YKpaiHi akyCTUIHHI BUIIPOOYBAABHHI KOMIIACKC, SIKHIH
JAO3BOASIE TIPOBOAUTH BUIIPOOYBAHHS 1 AOCAIAKEHHS
OyAiBeABHHX KOHCTPYKIIi, BHPOOIB 1 MaTepianiB 3a
yciMa aKyCTHYHUMH ITIOKAQ3HUKAMH, 4 TAKOK BU3HAYa-
TH IIYMOBI XapaKTEPUCTUKH MAIIHH, TEXHOAOTTYHOTIO 1
IHKEeHepHOro obAagHaHHSA, TOOYTOBOI TEXHIKH.

AKyCcTUIHHH BUNPOOYBaABHUIT KOMIIAEKC
AT HAIBK ckAagaeThcss 3 TAaKUX BHIPOOYBAABHHX
YCTAaHOBOK!

— 3ByKOMipHA Kamepa AU(y3HOrO 3BYKOBOTO ITOAS
(peBepbepamiiina) — nos. 1, puc. 12;

— TpH 3BYKOMIpHI KaMmepu AHPY3HOrO 3BYKOBO-
ro mnoas (pesepbepauiiiai) A BHUMIPIOBaHb
3BYKOI30ASALIT OTOPO/KYBANBHIX KOHCTPYKITH:

a) pesepbepariiiHa 3ByKOMipHA KaMmepa BHCO-

koro pisus (KBP) — mos. 2, puc. 12;

6) pesepbepaniiiHa 3ByKOMipHa KaMepa HU3bKO-
ro pisasa 1 (KHP-1), posramosana cyMixKHO 3
KBP no ropusonrani, — nos. 3, puc. 12;

B) peBepOepaniiiHa 3ByKOMIpHA KaMepa HU3bKO-
ro pisas 2 (KHP-2), posramosana cyMikHO 3
KBP no Beprukani, — nos.4, puc. 12;

— 3BYKOMIpDHAa KaMepa BIABHOTO 3BYKOBOT'O IIOASI
(3araymrena) — nos. 5, puc. 12;

— AKYCTHYHHI KaHaA (1o3. 6, puc. 12) i akycruanuii
iHTeppepoMeTp (OKpeMa YCTAaHOBKA 3aBOJACHKOTO
BUPOOHUIITBA).

Pesep6epariiina 3BykoMipHa KaMepa IpH3HAYeHa:

— JAs BUMIPIOBAHb 3BYKOIIOTAUHAABHHX XapaKTepU-
CTHUK MaTtepianis, BUPODIB 1 KOHCTPYKIIi, a caMme:
peBepbepaniiiHOro KoeiljieHTa 3BYKOIOIAHU-
HAHHA 1 €KBIBAACHTHOI IIAOIII 3BYKOIIOTAMHAH-
Hsl TIAOCKHX 3BYKOIIOTAHMHAABHHX KOHCTPYKINIA
1 06’eMHHX (IITyYHHX) 3BYKOIIOTAMHAYIB B Tpe-
THHHOOKTABHUX (OKTaBHUX) CMyraX HOPMOBAHOTO
YaCTOTHOTO Aialla30HY;

— JAs BUMIpDIOBaHb IIIYMOBUX XapaKTEPUCTUK /JKe-
PEeAIIyMY (MaIllUH, TEXHOAOTTYHOTO 1 IHKEHEPHOTO
006Aa/JHAHHS), 4 caMe: PIBHIB 3BYKOBOI IOTY>KHOCTI
B TPETHUHHOOKTABHHUX (OKTaBHHUX) CMYyrax
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BUMIPIOBAABHOTO Jialla30Hy YaCTOT Ta KOPUIOBa-
HOTO PIiBHS 3BYKOBOI IIOTYKHOCTI.
BumipoBanus 3BYKOIIOTAMHAHH S
ASTBCSL 32 CTAaHAAPTHOIO METOAHMKOIO
ACTY ISO 354:2007 [26].
BuMmipioBaHHSI IIyMOBHX XapaKTEPHCTUK IPO-
BOAATBCA 3a CTaHAAPTHOIO METOAMKOIO 3TiAHO 3
JACTY EN ISO 3741:2014 [27].
HeobxigHa aAudys3HICTH 3BYKOBOTO IIOASL B
peBepbepariiifniii kamepi 3abe3medyeTbCsl 3aBASAKH
TAKUM BAACTHUBOCTSAM 1 3aX04aM:
— CKAQJHOIO HEIIPABHABHOIO GOPMOIO KaMepH, IIpH
SAKIA BiACyTHI OY/b-SIKi APAAEABHOCTI MizK 06010
CTIH, IIAAOTH 1 CTEAI;

— 3abesnedeHHsAM JAas peBepbepaniiiHux Kamep
HeOOXIAHOI YMOBH:

POBO-
3rigHO 3

L

MaKc

=1,9V1/3 (1)
Ae L. — AOBKHMHA HAHAOBIIOL IPSAMOL AlHII B MesKax
KaMmepu (HaiigoBIIa giaroHaas), M; V' — o6’eMm kamepw,
M3

— 3abesnedeHHAM BHMOTH A0 peBepOepamiiHux
KaMep 1040 CHIBBIAHOIIEHHS OyAb-KHX JBOX
reOMEeTPUYHUX PO3MIpiB KaMepu, HpU SAKOMY
1l CHIBBIAHOIIEHHsA HE IOBHHHI JOPIBHIOBATH
CHIBBIAHOIIIEHHIO MAAUX I[IAMX YHCEA;

— BHCOKIHl 3BYKOBIJOMBHIN 3/4aTHOCTI BHYTPIIIHIX
HOBEPXOHb  OTOPOJAKYBAABHHX  KOHCTPYKIIiil
KaMepH, IpH SAKii 3BYKOBI XBUAI NPAKTHYHO
MOBHICTIO BIJOMBAIOTBCA Bl JKOPCTKHUX 1 IAAA-
KHX TIOBEPXOHb KaMepH (KOePilli€HT 3BYKOIIOTAH-
HaHHA MTOBEPXOHL Kamepu He nepesumye 0,03, a
Koe]IIIEHT BiAOUTTs 3BYKOBHX XBHAB Bi/ IOBEp-
XOHb KaMepH CTAHOBUTH He MeHiie HUK 0,98);

— PpAalLliOHAABHOMY PO3MIIEHHIO /JKEPEA 3BYKY
(ry9HOMOBIIB) AASA 30yJKEHHsI 3BYKOBOTI'O IIOAS
B KaMmepl (a came, IOOAM3Y TPHUIPaHHHX KyTiB
KaMepH — B 30HI IIY9HOCTI 3BYKOBOT'O TUCKY), IIPH
AKkoMy 3abesneuyeTbcsa 30yAKEHHSA BCbOTO CIEK-
TPY BAACHUX 4acTOT 06’€My KaMepH;

— 3ACTOCYBAHHIO JAAS 30Y/KEHHS 3BYKOBOTO IIOAS B
KaMepi aKyCTUYHOIO CUTHAAY 3 CYLIABHUM CIICK-
TpOM (6LAOT0 YU POKEBOTO LuyMy) a60 IMITyABCHOTO
CHTHANY, HATPUKAAL, IOCTPIAOM i3 CTapTOBOTO
HICTOAETA.

I'eomeTpuyHi 1 AKYCTHYHI XapaKTePHCTHKH
pesepbepamiiinoi kamepu /JAIT HAIBK Bignosigaiors
Bumoram [27]. Tlpukragu nposejeHHs BHIPOOYBAaHb
HaBeAeHl Ha puc. 13, 14.

/Ao pesepbepariiHux 3ByKOMIpHUX Kamep, IIpHU3Ha-
YEHHUX JAA BHMIPIOBAHHS 3BYKOI30AALIl OYAIBEABHUX
KOHCTPYKIIH peBepbepariiifHIM METOA0M, BUCYBAIOTh-
Cs1 BUMOTH IIOJ0:

— o6’emiB i popMu Kamep;

— CHIBBIJHOIIEHHSA MUK 00’€MOM KaMepH BHCOKOTO

piBHsA Ta 00’€MaMu KaMep HU3BKOTO PIBHS;

— nAomi BUIPOOYBAABHHUX 3pasKiB CTiH, mepe-
rOpPOJOK, MUKIIOBEPXOBHX IEPEKPHUTTIB Ta
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Pucynox 12 - Ilaan akycrudHOro BUNpo6yBaAbHO-
IO KOMIIAEKCY:

1 — peBepbepaniiiHa 3ByKoMipHa KaMepa; 2 — peBe-
pbepaniiina 3ByKOMipHAa KaMepa BHCOKOTO PiBHA
(KBP); 3 — pesepbepanilina 3ByKOMipHa Kamepa
uusbkoro pisus 1 (KHP-1); 4 — pesepbepaniiina
3ByKOMipHa KaMmepa Hu3bKoro pisHa 2 (KHP-2);
5 — 3araymeHa 3BykoMipHa KaMmepa; 6 — akycTuu-
HUM KaHan; 7 — amaparaa Ne 1; 8 — amaparna
Ne 2; 9 — xoMopa JAsl BUMIPIOBAABHOI araparypu;
10 — BXigHI ABOCTYAKOBI BOPOTa B 3aA KOMIIAEKCY;
11 — ABOCTYAKOBI BOpOTa 3BYKOMIPHOI KaMepH BUCO-
KOTO piBHH (KBP); 12 — cxoam y pesepbepaniiiny
3BYKOMIpHY Kamepy HH3bKOTO plBHH 2 (KHP-2),
posramosany y HiABaAlL IiJ 3BYKOMIPHOIO KaMeporo
Bucokoro pisusa (KBP); 13 - zamacuuii Buxij i3 3aaun
KOMIIAEKCY; 14 — BigKOdYyBaAbHI ABepi 3arAyHIEHO]
KaMepH Ha peifikax; 15 — 3ByKomoramHaabHe OOAH-
I[IOBAHHS 3aTAYHICHOI KaMepH

CIIBBIZHONIECHHS X FEOMETPUIHUX PO3MIPIB;

— AUQY3HOCTI 3BYKOBOTO ITOASI B KAMEPAX;

— PpiBHIB IIYMOBUX 3aBa/j B KaMepax HH3bKOIO
piBHA (piBHIB IIyMy, IO IPOHUKAE B KaMepu
330BHI);

— HenpsAMoiepesadiOBITPSAHOIO1YAapHOTO IIyMy
00XiZHUMH MIAAXaMHU (B 00XiZ BHIPOOYBaAbHOI
KOHCTPYKIIii);

— mapaMeTpiB Hecydol CTaHAAPTHOI IIAUTH
MUKIIOBEPXOBOT'O HEPEKPUTTS AASL BUMIPIOBAHHSA
HOAIIIIEHHS 130AA1IT yAapHOTro NIyMy IAAOraMu
a60 MAAOrOBUMH HMOKPUTTSAMHU.

HeobxigHa Au@Y3HICTD 3BYKOBOIO IIOASL B KaMme-

pax 3abe3medyeTbCs  3aBAAKH CKAQJHIA  popmi;
HEIAPAAEABHOCTI CTIH, IIJAAOTH 1 CTEAl; BIAIOBLAHOIO




CHIBBIAHOIIEHHS T€OMETPUYHHUX PO3MIPIB Kamep;
BHCOKOI 3BYKOB14OHBHOI 34aTHOCTI BHYTPIIIHIX IIOBEP-
XOHb KaMep; 3aCTOCYBAHHA JAS CTBOPEHHS 3BYKOBO-
IO MOASl AKYCTHYHOI'O CHT'HAAY i3 CYIIABHUM CIIEKTPOM
TOILO.

Mipoio SKOCTi AUPY3HOCTI 3BYKOBOT'O IIOASl B KaMe-
pax € BEAHMYHMHA CEpPEeJHbOKBAJAPATHYHOTO BIJXHAY
PIBHIB 3BYKOBOI'O THCKY Yy BHMIPIOBAABHOMY 00’eMi
KamMep Big CepeAHbOTO 3HAa4YeHHA. Beawunna
IIbOTO TIOKAa3HUKA He Kamepax

HEpEeBUIIYyE B

Pucynox 13 — BumipioBaHHs 3BYKOIIOTAMHAABHUX XapaKTe-
PUCTHK MaTepiaAiB B 3ByKOMIpHIii peBepbepamniiiHiil kamepi

POAKYBAABHUMH KOHCTPYKIISIMU 6yAiBeAB PI3HOTO
INpHU3HAYEHHS: CTiHH, IEePEropoAKH, IepPeKpHUT-
Ts, ABepi, BIKHA TOINO) 1 130AALII0 YAAPHOTO IIyMY
MIKIIOBEPXOBUMH IIEPEKPUTTSAMU.

IcHye KiAbKa METO/IB BUMIPIOBAHHS 3BYKOI3OAALLII:
pesepOepamiitHuil MeToj, METOA 3 BHKOPHCTAHHAM
3ATAVIIEHUX KaMep, KOPEAALIHHHME 1 IMIyAbCHUIA
Merogu Tomo. Koxuuil i3 mux MeTojiB IpH3HA-
YeHUH JAsA BHUPIINICHHA IEBHHUX EKCIIEPHMEHTAAB-
HUX 1 IPHKAQAHUX 3ajad. HaiiGiabm yHIBEpcaAbHEM
€ pesepbepaniiinmii Metos. MixHapogHa
opraHizanis 31 CTaHAAPTU3ALIT PEKOMEHAYE
came 1eil MeToA AAA  BHMIPIOBAHHSA
3BYKOI30AALI OrOPOAKeHb B AaBOPATOPHUX
1 HATYPHHUX YMOBAaX.

3rigHo 3 peBepOepariitHuM METOAOM, JAAS
BUMIPIOBAHHA 3BYKOI3OAANI Ti€l 4u iHIIOL
KOHCTPYKIHI, I[I0 KOHCTPYKIHIO HEOOXigHO
BCTAHOBHUTH MLK /JBOMa peBepbepaniiinuMu
3BYKOMIPDHUMHU KaMepaMH, 3BYKOBE IIOAE B
AKHX € AUPY3HUM.

I[IpuHnumoBa  cxeMa  KOMIIAEKCY
TpboX 3ByKoMipHuX Kamep AAIT H/IBK,
HPU3HAYEHUX AN BUMIPIOBAHHA

Pucysoxk 14 — BuMipIoBaHHS 3BYKOIIOTAMHAABHHX XapaKTe-

PHUCTHK IITyYHHX BHPOOIB

1,5 4b B glanma3oHi HU3BKUX YaCTOT HOPMOBAHOIO
alammasony i 0,7 4B B giamasoni cepegHIX 1 BHCOKHX
9acToT, IO CBIAYUTH IPO JOCTaTHIO JUPY3HICTH 3BY-
KOBOT'O ITOAS.

HesnadHi 32 BEAHYHHOIO PiBHI IIYyMOBHMX 3aBaJ B
KaMmepi (K1 He BIIAUBAIOTh Ha PE3YABTATH BUMIPIOBAHB)
3a0e31euyIoThCs, MO-Ieplie, THM, 0 KaMepa po3Ta-
HIOBaHA BcepeAuHl 6yAiBAL HA OKpeMoMy (yHJAMEHTI
(mo mpuHnMIYy «KopobKa B KopoOui») 1, mo-gpyre,
3aB/SAKH BUCOKIN 3BYKOI3OAAIT MACHBHHUX CTiH, MACHB-
HOT'O IIEPEKPHUTTS 1 MACHBHUX 3BYKOI30AIOBAABHHUX
TaMOypHUX /JBEpeii.

B 3anesxkHOCTI Bij crocoOy 36y/4:KeHHA KOAUBAHB
6yAiBEABHUX KOHCTPYKIH pPO3pPI3HAIOTH /JBa BHUAH
I30AAIIT: 130AAIII0 HOBITPAHOrO MyMy 6y4iBeAbHUMH
KOHCTPYKLISIMH (BHYTPINIHIMH 1 30BHINIHIMU Oro-

3BYKOI30AANIT OyZiBeABHHX KOHCTPYKIIA
peBepbepariiiiHuM MeTOAOM, HaBeJ€HA Ha
puc. 15.

ITapa CyMIKHEX 110 TOPHU30HTAAI
3BYKOMIpHUX peBepbepaniiiHux Kamep
(KBP i KHP-1) npusnauena:

— AAS BHMIPIOBAHHSA 130AsLIT HOBITPS-

Horo mymy (R, ab) BepTHKaAbHH-
Mu  Oy4iBEABHUMU KOHCTPYKLIsIMU
(BHYTpimIHIMHE cTiHaM#, ¢acasamu,
neperopojKaMu, BIKHaMH, ABEpH-
Ma, KOHCTPYKIIAMH INyMO3aXHCHHX
€KpaHiB TOIIO) B CMyrax 4acToT HOp-
MOBAHOTO Alalla30HYy;

—  AASABHMIPIOBAHHSA HOAIIIIICHHA 130ASA LT
nosirpsaHoro mymy (AR, ab) Bepru-
KaAbHHX Oy4IBEABHHX KOHCTPYKIIIH
IpPU 3aCTOCYBAHHI JOJATKOBHX OOAH-
I[IOBaHb (OOIIMBOK) PI3HUX KOHCTPYK-
TUBHHX PillleHb B CMYraxX 4acTOT HOP-
MOBAHOTO Jialla3oHy.

ITapa CyMiKHEX 110 BEpPTHKAAl 3BYKOMIpHHX

peBepbepaniiinux kamep (KBP i KHP-2) npusnavena:

—  JAAA BUMIPIOBaHHA 130AALI1 OBITPAHOTO IIyMY (R,
AB) MIKIIOBEPXOBHMH IEPEKPHUTTSAMHU 1 IIOKPUT-
TAMH OyJiBeAb PI3HOTO IPU3HAYEHHSA B CMYTax
9acTOT HOPMOBAHOTO Jlalla30HY;

— JAAA BUMIPIOBaHHA 130AANI  yZapHOTO IIyMy
(L,, 4B) MIKIIOBEPXOBUMH HNEPEKPHUTTAMHU B CMY-
rax 4acToT HOPMOBAHOTO A1aIla30HYy,

— JAAA BUMIPIOBAHHSA HOAIIIIEHHS 130A1I1 yAapHO-
ro mymy (AL,, 4B) MiZKIIOBepXOBHX IEPEKPUTTIB
3aCTOCYBAaHHAM  IIAABAIOYHX  migaor — abo
HiJAOTOBHX HMOKPHUTTIB B CMYTaX YacTOT HOPMO-
BAHOTO Jlalla3oHy;
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AASL  BUMIPIOBAHHS  HMOAIIIIEHHS

13oAs1il oBiTpsAHOTO (AR, 4B) 1 yAap-
Horo (AL, Ab) myMy MIKIIOBEPXOBHX
HEPEKPHTTIB  NpPU  3aCTOCYBAHHI
niABICHUX 3BYKOI3OAIOBAABHHX
CTeAb B CMYIax 4acTOT HOPMOBAHOTO
Alana3oHy.

/IAsl CTBOPEHHS BIAIIOBIAHUX PIBHIB 3BY-
KOBOT'O THCKy B KaMepl BHCOKOIO PpiBHA
[IPU BUMIPIOBAHHSAX 130ASALIl MOBITPSHOTO
HIYMY CTiH, HEePeropojoK, IEepPeKPHUTTIB
3aCTOCOBYETBCS IEPEAABANBHUU  TPaKT,
SIKHH MICTHTB!
reneparop 6iroro (abo pokeBOro)
HIyMYy;
TPETHUHHOOKTABHI (OKTABHI) EACKTPHYHI
PirbTpH;

Ii/[CHAIOBAY 3BYKOBOI IIOTY>KHOCTI;
I'YYHOMOBIII.

IIpun BUMIPIOBAHHAX 130AANHI ygapHO-

ro IyMy sK JKEPEAO YAAPHOrO HIyMY

3aCTOCOBYETHCS CTAHAAPTHA yJapHa Mallu-
Ha, sdKa BIAIIOBIAAE€ TAaKUM BHUMOTAM:
5 MOAOTKIB Baroio 110 0,5 Kr, po3raiosani Ha
OAHIN IPsAMIN AlHIL. BigcTanbs MK MOAOTKA-
mu cranoBuTb 100 mMm. HIBuAKIiCTh TTagiHHA
MOAOTKIB BIAIIOBiZa€ BIABHOMY Ia/iHHIO 3
Bucotd 40 MM. TpuBanicTs yacy MiK JBOMa
HOCAIZOBHHMH yZapaMH MOAOTKIB — 100 mc.
Yacrora ygapis MoAoTKiB — 10 I'ny.

BumipioBaHHsI piBHIB 3BYKOBOTO THCKY
B KaMmepax 1 dacy pesepbepariii 3ByKy B
KaMepax HHU3BKOIO PIBHA 3A1MCHIOETHCA 32
AOIOMOTOI0 TIPUUMAABHOTO TPAKTY, AKUH
MICTUTh HEHAIPABAEHI BHUMIPIOBAABHI MIKpPO(OHH,
AHAAI3ATOP 3BYKY (CIIEKTPOMETP), CAMOIIMCEIb PiBHSA.

By KOHCTpYKIIiil Ipu IpoBeseHHI BUIIPOOYBAHBb IX
3BYKOI30AAIIT 3 60Ky KaMepH HHU3bKOI'O THCKY HaBe/e-
HO Ha puc. 16.

BirbHe 3BYyKOBE IIOAE — Il€ 3BYKOBE IIOAE Y 6e3-
MEKHOMY I'OMOI'€HHOMY 130TPOIIHOMY CEpPEJOBHII, B
SAKOMY IOIIHPIOIOTHCS TIABKH OLKYdl 3BYKOBI XBHAI i
BIZCYTHI BiZOUTI 3BYKOBI XBHAI Big Oy/Ab-sAKHX Iepe-
HIKOZ,.

OCHOBHOIO XaPAaKTEPHCTHKOIO BIABHOI'O 3BYKOBOTO
HOAA € 0OEpHEHO NPONOPIIIHHA 3AAE€KHICTh PIBHS 3BY-
KOBOT'O THCKY /K€PeAa 3BYKY BiJ BIACTaHi O A:KepeAa,
TOOTO, IPH KOKHOMY IIOABOEHHI BiACTaHi BiJ AKepeAa
pPiBEHb 3BYKOBOTO THCKY 3HHKY€TbCS Ha 6 4B (3akon
00€pHEHO HPOHOPLIHHOT 3ANEKHOCTI).

BirbHe 3BYKOBE IIOAE CTBOPIOETHCSI Y 3arAYIIEHIH
KaMmepi, B sAKId eHeprisg 3BYKOBHX XBHAb IIpPaK-
THUYHO IIOBHICTIO IOTAMHAETHCA IIPU MajiHHI HA
OTOpPO/ KYBAAbHI IOBEPXHI, 1110 JO3BOASIE BUMIPIOBATH:

— IIYMOBI XapaKTE€PHUCTUKH /JKEPEA IIyMY (MAIIHH,

TEXHOAOTIYHOrO 1 IHK€HepHOro obAagHaHH:A), a
caMe: piBHIB 3BYKOBOI IIOTY;KHOCTI B TPETHHHO-
OKTaBHHUX (OKTaBHMX) CMyrax 4acTOT Ta KOPHIO-
BAHOTO PIBHS 3BYKOBOI IIOTY/KHOCTI;

BHUCOKOIO
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Pucynok 15 - IIpuanunosa cxema AabopaTopHOro
KOMIIAEKCY peBepOepaniifHux KaMep JAsl BUMIPIOBAHHSA
3BYKOI30AALIT 6y/4iBEABHUX KOHCTPYKIIi 1 BUp0O6iB

1 — AXKepeAao HOBITPSAHOTO IyMy (I'YYHOMOBII) B KaMmepi

piBasa (KBP); 2 — HenampaBaeHI BHUMIpPIOBAAbHI

MiKpodoHH; 3 — JKEPEAO YAAPHOTO MIYMy (CTaHAApPTHA yAap-
Ha MamuHa); 4 — npopis Mizk KBP 1 KHP-1 gAs BcranoBaeHHS
BEPTUKAABHHUX BHIIPOOYBAABHHX KOHCTPYKIIH (CTiH, mepero-
poaok tomo); 5 — npopi3 Mizk KBP 1 KHP-2 gas BcTanoBAGH-
HsI BUIIPOOYBAABHOTO MIKIIOBEPXOBOI'O MEPEKPHUTTS

— XapaKTePUCTHKH CIPAMOBAHOCTI BHIIPOMIHIO-

BAHHS  IIyMy  /JJKE€PEAOM,  ITOKAa3HHKA
CHPSIMOBAHOCTI 1 KOe@ill€HTa CIIPAMOBAHOCTI
BHUIIPOMIHIOBAHHS.

KpiMm TOro, B Kamepi HPOBOASATHCSA BHUMIPIOBAHHS
XApPAKTEPUCTUK  EACKTPOAKYCTHYHHX IPHAAJIB,
CHCTEM 1 BHUIIPOMIHIOBAYiB (AMIIAITYAHO-4aCTOTHI
XapaKTePHUCTUKH, JlarpaMu CIPAMOBAHOCTI TOIIO), a
TAKOK EKCIICPHUMEHTAAbHI JOCAIAKEHHSI AKYCTHYHOI
epeKTUBHOCTI 3acOo0iB 3HHKEHHs INyMy B yMOBax
BIABHOI'O 3BYKOBOT'O IIOAA.

/IAsl CTBOpEHHS B KaMepi BIABHOTO 3BYKOBOT'O IIOAS
KOEPILIEHT 3BYKOIIOTAMHAHHSA KOHCTPYKLII aKyCTHY-
HOTO OOAHINIOBAaHHSA BHYTPIIIHIX IIOBEPXOHb KaMepH
nosunen 6yru He menrre uizk 0,97 — 0,99 B giamazoni
YaCTOT BUMIPIOBAHb.

A 3abesnedeHHA 1€l YMOBH JAsS OOAHIIIOBAH-
Hsl KaMepH 3aCTOCOBAHA HAMOIABII epeKTHBHA 3BY-
KOIIOTAMHAABHA KOHCTPYKLisA — KAHHOBHAHA, fKa
3abesredye MAABHUN Iepexij Big MAAOro aKyCTHYHO-
IO ONOPY HOBITPA B KaMepl 40 BEAHKOTO AKYCTHYHOTO
OIIOPY OrOPOAKEHb KaMepPH.

Big AOBKHMHHM KAMHA 3aA€KHTh HIUZKHS 9acToOTa
BHUMIPIOBAABHOTO /Jialla30HY, IPH AKii 3a6e3redyeTbes
HeoOXigHA BeAMYHMHA Koe(illieHTa 3BYKOIOTAMHAHHSA




Pucynok 16 — BunpobyBaHHS 3ByKOI30AALII

CBITAOIIPO30PHUX KOHCTPYKIIL

I
l

Pucysnok 17 — BumipioBaHHS XapaKTePUCTUK aKyCTHYHUX
CHCTEM 1 'YYHOMOBIIIB B 3arAyIIEHINH KaMepi

epEeKTHBHUM BOAOKHHUCTHM 3BYKOIOTAH-
HAaABHHUM MaTepiaAoM. 3araAbHa TOBIMHA
3BYKOIIOTAMHAABHOI KOHCTPYKIIIl KaMepH
craHoBuTh 1,2 M. Koe@ilieHT 3ByKOIIOrAH-
HAHHSA Takoi KOHCTpyKuii craHoButh 0,99,
noyuHaoyu 3 yacroru 63 I'n.

Bua BUpOOIB Ta KOHCTPYKLIH mig dgac
BUIIPOOYBAHb Y 3arAylIeHIH aKyCTHYHIM
KaMmepi HaBeJeHuit Ha puc.17, 18.

BHCHOBKH

HayxkoBo-gocaiganii  «ExcnepumenTans-
HUM KOMIIAEKC 3 JOCAIAKEHb B TaAysi
6yaiBeabnoi ¢pisuxkn» AIT HAIBK BrAIOUae
YHIKaAbHE €KCIEPHMEHTAABHE YCTATKYBaH-
H 3 KOMIINCKCHHX JOCAIZKeHb OY/iBEeABHUX
MaTepianiB, BUpPOOIB 1 KOHCTPYKLIH 3a
TEIAOTEXHIYHUMH, TENAOPI3SHUHUMH, AKY-
CTHUYHUMH Ta CBITAOTEXHIYHUMH TOKa3HUKA-
MH 132 CBOIMHU TEXHIYHUMH XapaKTePUCTUKA-
MH € YHIKAABHHM CIICI[IaAI30BAHUM LIEHTPOM
HAYKOBHX /[OCAI/ZKEHb B TaAy3i OyAiBeABHOL
$i3uKHU 1 eHeproepeKTHBHOCTI, 1[0 MAE BU3-
HAYHE HAYKOBO-IIPAKTUYHE 3HAYEHHSA JAA
6yAiBeABHOI raAy3l Ta €KOHOMIKH Y KpaiHu.

PoGorn  Ha  eKCIEpPUMEHTAABHOMY
KOMIIAEKCI HampaBAeHl Ha 3abe3nedeH-
Hs JIEBOCTI TEOPETUYHUX 1 KOHCTPYKTOPCh-
KHX pO3POOOK, PO3BHTOK HAYKOBHX OCHOB
6yAiBeABHOI TENAOPI3HUKH, JAOBrOBIYHOCTI 1
Ha/ifHOCTI OyJiBeABHHX BUPODIB MaTepianis
1 KOHCTPYKIIi.

Ha 6a3i Bunpo6yBaAbHOI 0 KOMIIAEKCY IIPO-
BOJATBCA KBaAipikamiiiHi 1 cepTudikaniiii
BUNPOOYBAHHA 1 AOCAIAKEHHs BAACTHBO-
creif  OygiBeABHHX MarepianiB, BHpPoOOGiB
1 KOHCTPYKIIH 3a IIOKa3HUKAMH: OIIp
TenAonepesadi,  HOBITPOINPOHUKHICTS,
BOZOIIPOHHKHICTD, OIIip BITPOBOMY HABaHTA-
JKEHHIO, OIIIp CTATHYHOMY HABAHTAKEHHIO 40
Ail Ha 0OMesKyBad KyTa BIJYUHEHHS CTYAKH,

Pucynok 18 — ExciepuMeHTaAbHI JOCAIAKEHHS AKYCTHIHOT
ePEKTHBHOCTI ITYMO3aXHUCHUX €KPAHIB B 3arAYIIEHIH KaMepi

(Ha PIBUIHUX MOJEASAX)

(arM GiABIIA JOBKHHA, TUM HHKYa HIGKHS TPAHUY-
Ha 9acToTa).

KAMHOBH/AHOIO KOHCTPYKIIEI0 OOAUIIBOBaHI Yyci
HOBEPXHI KaMepH, BKAIOYAIOYH 1 HIZAOTY (Kame-
pa AT HAIBK — xame-
pa i3 3ByKOIIOTAHMHAABHOIO IIZAOrOIO, Ha BiAMIHY Bij
IHIIIOrO THITY ICHYIOYHX 3arAYIICHHUX Kamep i3 TBep-
010 3BYKOBIZOUBHOIO IIAAOTO0I0). /IAsl MiABHIEHHS
3BYKOIIOTAMHAHHS Ha HHU3BKHUX YaCcTOTaX MIK KAH-
HOBUAHOIO KOHCTPYKII€IO 1 IOBEPXHAMH OIOPOJ-
JKeHb Iepej0adeHo 3aKAMHOBHH HMOBITPAHUN IIPO-
mapox mupuHoo 200 MM, HAaIIOAOBHUHY 3aIIOBHEHHH

3araAbHHIl KOe]iI[leHT IPOIYCKAaHHSA CBITAQ,
TOYKA POCH, AOBIOBIYHICTH (CTIHKICTB 40
KAIMAaTHYHUX BIIAHBIB I BIAHMBIB arpeCUBHUX
cepeAOBUILL), TEPMOCTIHKICTD, 3MiHA KOABOPY
HICASL yABTPAPIOAETOBOIO BUIIPOMIHIOBAHHS,
TEIAOIIPOBIAHICTh, TYCTHHA, COPOLIMHA BOAOTICTS,
KOe(IIIEHT MAapONPOHUKHOCTI, TePMIH ePEeKTUBHOI
eKCIIAyaTanii i30AAIRHUX MaTepianiB, 3MiHA AIHIHHHX
PO3MIpiB IIpH 3HAKO3MIHHHX TeMIIEPaTypHUX YMOBAX,
MOpPO3OCTIHKICTh, BO/JOIOTAUHAHHS, 3BYKOI3OAALA
Bi/ HOBITPAHOIO 1 YAAPHOrO IIYMY OTOPO/KYBAAb-
HUX KOHCTPYKLIH O6y/4iBeAb, KOHCTPYKLIH IIymo3a-
XHCHUX €KPaHiB, 3BYKOIIOIAMHAAbHI XapaKTE€PUCTHU-
KM MarepianiB 1 KOHCTPYKINH, ITyMOBI XapaKTepHCTU-
KH MAIIHH, TEXHOAOTIYHOTO 1 IHKEHEPHOro 0OAagHAH-
HsI TOILO.

Ha aannit 3agadamM 1

qac AKTYaAbBHHUMHU
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AOCAIZKEHHAMH B TaAysi OygiBeAbHOI (Pi3UKH 1
€HeProepeKTHBHOCTI 3AAUIIAIOThC:

— IHoJaAblle po3poOAEHHS 1 YJOCKOHANCHHS HOP-
MaTuBHOI 0azu 3 npobAaeM eHeproepeKTHBHOCTI
1 OyAIBEABHOI aKyCTHKH 3 METOI0 TapMOHI3arii
HAIlIOHAABHMX 3aKOHO/JABYHMX Ta HOPMAaTHUB-
HUX JOKYMEHTIB 3 BUMOTaMU JHPEKTUB Ta CTaH-
AaptiB €C, BIPOBAAKEHHSA E€BPOIEHCHKOI
HOPMATHBHO-IIPABOBOI 631 B YKPAIHCHKY;

— PO3POOAECHHSI HAYKOBUX OCHOB AEP KaBHOI ITOAI-
THKH y cpepl 3abe3nedeHHA EHEPreTHYHOI
epeKTUBHOCTI 6y AiBEAb 1 CIIOPYA;

— po3poOAeHHS TEeXHIYHHX pPIIIeHb, HaIpas-
ACHUX Ha MiJABUINEHHSA €HEPreTHYHUX Ta aKy-
CTUYHHX XapPaKTePUCTUK KOHCTPYKIii, 6yaiBeAn
1 cropya. OIiHIOBaHHA TEIAO3AXHCHUX BAQ-
CTUBOCTEN OrOpOAKYBAABHHX KOHCprKuiﬁ, jbe
BOJAO- 1 IOBITPOIPOHUKHOCTI 3 PO3POOAEHHAM
PEKOMEHAALNH I[OA0 IOAIMIIEHHS TEXHIYHHUX
pllieHb;

— po3pobAeHHS cucTeMu cepTudikanii 6yiBeas 3a
IOKa3HUKAMH TEIIAOBOrO KOMOpTy, eHeprosbe-
PEKEHHsI, AKYCTUIHOTO KOMPOPTY 1 3aXHUCTY Bij
HIyMy, HPHUPOAHOTO Ta INTYYHOIO OCBITACHHS,
€KOAOTii 3 ypaxyBaHHSAM CBITOBOTO JOCBIZY 3eAe-
HOro OyAIBHHIITBA;

— pO3poOAeHHS cucTeMH cepTUiKarii Ta MapKy-
BaHHA OyZiBeAbHOI HpPOAYKINi 3a XapakTepH-
CTUKAMH €HEProepeKTHBHOCTI 3 MeTolo 3abes-
IeYEeHHsA JAudepeHIianii NpogyKLil IPOBIHHX
BUPOOHHMKIB 3 IMOAAABIINM 1i BIPOBA/’KEHHSIM B
6yA1BHHIITBO;

—  PO3pOOGAEHHAKOHCTPYKTUBHHX PiIIEHb BHYTPIIITHIX
1 30BHIIIHIX OrOPOAKYBAABHHX KOHCTPYKIIiil
KHTAOBHUX Ta IPOMAJChKUX OyJiBeAb i3 3aja-
HOIO 3BYKOI3OASIIIEIO BiJ IOBITPSHOTO 1 yAapHO-
IO MyMy; pO3pOOAEHHA KOHCTPYKTUBHUX PillleHb
I10/0 i/ BUIIICHHS 3BYKOI3OAALI OTOPOJKYBAND-
HUX KOHCTPYKIIH B icHyIouuX OyZIBAAX 40 HOp-
MAaTUBHUX BEAHYUH; PO3POOACHHA €PEKTHBHHX
3BYKOIIOTAUHAABHHX KOHCTPYKIIi;

— ONTUMI3alisg KOHCTPYKTHBHHX PIIIEHb TEIIAOI30-
AALIAHUX  000AOHOK OyJAiBeAb Ha IiACTaBi
MOZEAIOBAHHS TEMIIEPaTypHHX PEKUMIB KOH-
CTPYKTUBHHUX CHCTEM YTEIIACHHs. ATecTaris i
ceprudikanisa 6ysiBeAbHHX MaTepianis, BUPOOIB,
KOHCTPYKIIM 3a IX TENAOTEXHIYHUMH IIOKA3HH-
KaMH TOILO.

HaykoBo-gocaigunii  «EXciepuMeHTaAbHHI  KOM-
IIAEKC 3 JOCAKEHb B TaAy3i OyaiBeAbHOI Pi3HKN»
HOBHICTIO 3a6e3ledye yBeCh CIEKTP IIOCAYT, HayKO-
BUX pPO3POOOK 1 EKCIEePHUMEHTAABHUX JOCAIAKEHDb
y OyaiBHunTBi B cpepi OyaiBeabHOI PisHKH i
eHeproepeKTUBHOCTI 3 MeTOI0 3abe3e4eH s HaJIHHOTO,
€KOAOTIYHO 6e311evHoro 1 KOMpOPTHOTO CepesoBU-
Ija IpOXKHUBAHHA 1 nepeOyBaHHA AloJel B OyAiBASX
1 Ha TepuUTOpiAX HpH ePEeKTHBHOMY BHKOPHCTaHHI
pecypcis i enepro3bepeskeHHs. € IPOBIHUM HAYKOBUM
1 EKCIIEPTHUM IIEHTPOM B YKpaiHi B ranysi 6yiBeAbHOI
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$i3uKHU, AOBroBiuHOCTI 6yAiBeABHOI NpOAYKLHi Ta
3aXMCTy JOBKIAAS BlJ BIIAHUBY HIKIZAHBHX (aKTOPIB
30BHIIIHBOI'O CEPEAOBHIIA.
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PROTECTION OF LARGE PANEL BUILDINGS
AGAINST PROGRESSIVE COLLAPSE

ABSTRACT

With the large panel buildings being widely
used, effective protection of buildings against the
destructive effects of extraordinary loads becomes an
important issue. Therefore, the article delves into the
history of developing standards that regulate design
basics of buildings made of large-scale elements.

The article deals with characteristic properties such
as spatial stiffness by using a system of rigid transverse
and longitudinal walls. The author emphasizes that a
characteristic feature of the design of large panel
buildings is the presence of monolithic joints between
prefabricated elements in the ceiling and wall slabs.
The article identifies the components that play an
important role in ensuring sufficient reliability of
large panel system buildings.

The article stipulates methods of accounting for
accidental loads in designing large panel system
buildings and covers application methods. The article
covers the guidelines for protecting large panel
buildings against progressive collapse.

The authors outline that the local destruction of
a load-bearing wall in the zone adjacent to the outer
edge is extremely dangerous due to a progressive
collapse, and that is why it is important to take into
account progressive collapse in structural design.

The article contains basic design recommendations

for protecting large-panel buildings against the effects
of extraordinary loads.

In conclusion, the authors opine that the
methodology of protecting large panel buildings
against the effects of a progressive collapse may be
used for assessing the state of a structure damaged
due to warfare.

In the case of war damage to large-panel buildings
occurring in Ukraine, due to the extent of the
destruction, the article recommends developing
procedures aimed at reliability assessment with partial
use of the methods described in the article. On top of
that, the catalog of strengthening solutions for each
large panel system should be developed and available
in case if reconstruction is needed.

KEYWORDS: large panel buildings, spatial stiffness,
monolithic joints, reliability, accidental loads,
progressive collapse

3AXHUCT BEAHKOIIAHEABHHX BYJIBEAD
BIJ ITPOI'PECYIOUOI'O OBBAAEHHA

AHOTAIIIA

Y 3B'A3Ky 3 IIMPOKMM BHUKOPHCTAHHAM BEAHKO-
naHeAbHUX OyJiBeAb epeKTHBHUI 3axucT OyJiBeAb
Bi4 PYHHIBHOTO BIIAHUBY €KCTPEMAAbHHX HaBAHTa-
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JK€Hb CTA€ BAKAUBHM NHTAHHAM. ToMy B CTaTTi
PO3TAAAAETLCSA ICTOPisA PO3POOKH CTAaHAAPTIB, SKI
PeryAIOBaTHUMYTh IIPUHITUIIN IIPOEKTYBAHHSA Oy iBEAD
3 BEAUKMX EAEMEHTIB.

Y crarti  pO3TASAAAOTBCA TaKl XapaKkTepHi
BAACTHBOCTI, K IPOCTOPOBA JKOPCTKICTH 32 JOIIOMO-
rOI0 BUKOPHUCTAHHS CHCTEMH JKOPCTKHUX MOIEPEIHUX
1 IO340BKHIX CTIHOK. ABTOP HIAKPECAIOE, IO Xapak-
TEPHOIO OCOOAUBICTIO MPOEKTYBAHHS BEAHKOINAHEAD-
HUX Oy/JiBeAb € HASIBHICTD MOHOAITHHX IIBIB MIK
30IpHUMHU €A€MEHTAMH B IIAUTAX CTEAl 1 CTIH. Y CTaTTi
BKA3aHI KOMIIOHEHTH, sIKI BIiZIrpaiOTh BA’KAHUBY POAb
AAA 3abe31edeH A 40CTaTHLOI HAAIHHOCTI BEAHKOIIA-
HEABHHUX OYAiBeAb IIPH IXHBOMY IIPOEKTYBAHHI.

Y cTarTi poO3rAsSigaloThCsl MeToAU OOAIKY HaBaHTa-
JK€Hb IIPU BUHUKHEHHI apapii 1ij 9ac NPOEKTyBAHHA
BEAHKOIIAHEABHHX OyJAiBeAab 1 cdepa 3acrocy-
BAHHS IIUX METOAIB. Y CTaTTl KOHKPETH30BaHI Ta
IIpOaHAAI30BaHI HACTAHOBH 1I]0J0 3aXUCTY BEAHKOIIA-
HEABHHUX 6YAIBEAD Big IPOrpecylodoro oOBaA€HHS.

Yepes AOKaAbHE PyHHYBaHHS HECYdOi CTIHU B 30Hi,
HPHUAETAIH 40 30BHIMIHBOIO KPalo, IO € Ha/j3BHYAli-
HO HeOe3MeYHO Yepe3 MOKAHBICTH IPOTPeCcyivdoro
o6BaA€HHS, ABTOP HAIIOASITAE HA TOMY, IO AOKAAb-
HOMY PYHHYBAHHIO HEOOXiZHO NPHAIAATH OCOOAUBY
yBary IpH IPOEKTYBaHHI OyAIBAL Y CTATTI MICTATbCA
OCHOBHI IIPOEKTHI peKOMEHJAAIIII 1[040 3aXUCTy BEAU-
KOIIAaHEABHHX OyJiBeAb BiJ BIAMBY €KCTPEMAABHUX
HABAHTAKEHbD.

Y BHCHOBKaxX aBTOP BHCAOBAIOE JYMKY, IO
METOJOAOTIA 3aXUCTY BEAUKOIIAHEABHUX OY/AIBEAD BiJ
HACAIAKIB IIPOTPECYIOUOro 0OOBANECHHS MOKE BUKOPU-
CTOBYBATUCSA JASl OL[IHKH TEXHIYHOro cTaHy 00'e€kTa,
HOIIKOAKEHOTO B PE3YAbTATI 60HOBUX 1M,

Y BUNAJKy HOIIKOAKEHHS BEAUKOIAHEAbHHX
6y4iBeAb BHACAIAOK BiifHH B YKpaiHi, B 3aA€KHOCTI
Big MacmTalby pyiiHyBaHb, PEKOMEHAYETHCS PO3-
POOHUTH TOCAIJOBHI HNPUHIIUIK OLIHKH HAAIHHOCTI
00'€KTIB 3 YACTKOBUM BHKOPHUCTAHHAM METOZIB, OITH-
CaHHUX Yy CTATTi, @ TAKOK PO3POOUTH KATANOT PIIIEHb
1040 TIOCUACHHS BEAUKOIIAHEABHOI CUCTEMHU OyiBAl
y BUIIAAKY MOKAHBOCTI IPOBEACHHS PEKOHCTPYKIII.
KAIOUOBI CAOBA: BeAukomaneAbHl 6y4iBAl, mpo-
CTOPOBA KOPCTKICTb, MOHOAITHI IIBH, HAaAgIHHICTD,
HABAHTAKEHHS IPHU aBapii, mporpecyiode o6BareHHs

INTRODUCTION

During the use of buildings, in special situations,
in addition to the standard permanent and variable
loads included in the calculations, loads of accidental
character may also occur. In most design situations,
it is impossible to clearly determine both the type,
size and frequency of occurrence of extraordinary
loads. Therefore, effective protection of buildings
against their destructive effects becomes an important
issue. Despite difficulties, it is necessary to ensure
that a building structure meets the minimum level
of safety by adopting an appropriate combination of
influencing factors during static-strength calculations
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and thus already taking the influence of additional
accidental loads into account. Furthermore, satisfying
design requirements developed on the basis of the
results of experimental research and theoretical
analysis is mandatory.

The issue of protecting structures from the eftects
of special loads applies to all types of structures.
However, due to the limited degree of monolithicity
and the fact that the load-bearing structures include
simply supported systems, prefabricated structures
are characterized by their lower ability to redistribute
internal forces and are therefore more susceptible to
a progressive collapse in typical monolithic structures.

THE BASIC PRINCIPLES OF DESIGNING THE
STRUCTURE OF LARGE PANEL BUILDINGS

Standard setting regulations

Constructing  buildings from large scale
prefabricated elements was a new technology in
Poland in 1960s, which is why textbook studies on
designing such structures [1], [2] were considerably
ahead of standard setting provisions [3].

During the early stages of the evolution of large
panel buildings, two international organisations
were working vigorously to develop international
guidelines regarding the principles of designing
buildings made of large scale elements [4]: CEB-FIP
(European Committee for Concrete - International
Federation for Prestressing) and CIB (International
Council for Research and Innovation in Building
and Construction), especially in the CIB W23 "Wall
Structures” sub-committee; representatives of Poland
actively participated in these efforts as well.

The first national standardisation deliverable
regarding the designing of large panel system
buildings was industry standard BN-74/8812-01 [3],
approved in 1974.

In order to make the structure adequately
resistant to local damage and limit the scope of
potential damage, the PN-B-03264:1999 standard
for designing concrete structures [5], harmonized
with PN-EN 1992-1-1:2008 [6], emphasized the need
to ensure that buildings are sufficiently cohesive
by systematically connecting ceilings to walls and
columns. The rules of shaping the reinforcements
of specific components and their joints specified in
these documents were generally consistent with the
requirements of standard [3].

In the period of designing large-panel construction
systems, the existing standards and guidelines allowed
most of the technical problems that occurred during
the development of these systems to be solved. In the
cases that involved the use of entirely new solutions,
which had not been tested practically and were
not covered by existing standards or instructions,
many experimental studies were carried out (Fig. 1),
primarily in the Building Research Institute (Instytut
Techniki Budowlanej). They generally concerned
structural strength issues, but they also included the




Figure 1 - Studying the horizontal joint of the
WKk-70 system (A. Pogorzelski, 1982)

verification and evaluation of insulation and acoustic
properties of building envelopes. Additional analyses
were focused on the issues of production, transport
and storage of prefabricated elements [7].

Characteristic properties

The basic rule of designing large panel system
buildings was to give them adequate spatial stiffness
by using a system of rigid transverse and longitudinal
walls which pass through vertically through the
entire building and, usually, through its monolithic,
underground part.

The walls constituted vertical partitions whose main
task was to take over loads (mainly vertical ones) and
transmit forces to the foundations of the building. In
addition, due to their significant resistance to plane
strain, the external walls prevented the twisting of the
building's spatial structure in the course of bending.
Therefore, the design assumptions posit that under
the influence of wind, the cross sections of the
structure move in parallel.

Transverse and longitudinal walls, which were the
main components of the building's spatial structure,
were treated as supports fixed in the monolithic,
underground part of the building or in the ground.

Ceilings in large panel system buildings were
treated as rigid horizontal partitions in the calculations
(when taking over horizontal forces they act as beams
walls bent in their plane), which was equivalent to the
assumption that the horizontal contour of the cross
section of the building structure would not change in
the case of its strain.

A characteristic feature of the design of large
panel system buildings is the presence of monolithic
joints between prefabricated elements in the ceiling
and wall slabs. These joints are locations where the
strength properties of the slab changes, places in
which its strains caused by internal forces induced
by external influence on the structure, concrete
shrinkage, temperature changes or incorrect filling of
the joints are concentrated. The internal forces, both

perpendicular (to the plane of the joint) and tensile,
as well as parallel and shearing may cause cracks to
appear in the joint.

Apart from the intensity of the influencing factors,
as a result of which internal forces appear within the
structure, the shape and width of such cracks may also
affect the effectiveness of the reinforcement which
ensures that the building retains spatial cohesion,
i.e. the peripheral reinforcement (tie beams) which
surrounds the structural walls at the ceiling level

. and the supporting reinforcement of the ceilings

anchored in these tie beams or spreading from
one ceiling span to another. The tie beams and

; the support reinforcement connect prefabricated

panels into ceiling and wall slabs, thus ensuring that
the building has adequate spatial stiffness. These
components also play an important role in the
creation of the secondary load bearing structure
above the potentially damaged part of the building
and in compensating for the strains in the interface of
walls bearing diftferent loads, as well as in taking over
the tensile forces which appear in the wall as a result
of an uneven settlement of the building.

The adoption of such assumptions when designing
large panel buildings was intended to ensure their
sufficient reliability.

Accidental loads

When designing large panel residential and public
buildings, the possibility of extraordinary loads caused
by the following factors were taken into account:

e gas explosion in enclosed rooms,

* an impact caused by a wheeled transport vehicle
if the building is located near an active traffic
lane.

Until the development of the standard [3],
accidental loads were included in the design on the
basis of CEB/FIP recommendations [4]. Some of the
requirements of these documents can be applied
directly to extraordinary events caused by other
factors, e.g., warfare.

METHODS OF ACCOUNTING
ACCIDENTAL LOADS IN THE DESIGN
LARGE PANEL SYSTEM BUILDINGS

Method I

The first method consists in estimating the most
approximate magnitude of the extraordinary load
and including it in the design of a building structure.
In such approach, cracks with significant gap widths
and permanent deformations in close proximity to
the occurrence of extraordinary loads, are allowed.
However, the structure should remain unchanged and
capable of transferring loads safely, as well as allow
the evacuation of residents and rescue operations.

FOR
OF

Method II
In the second method, the possibility of local
destruction of the structure is permissible. The
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magnitude of the extraordinary load, as in the first
method, is not determined but the extent of local
destruction is estimated. The essence of the protection
is to endow the structure with a capability to shape a
secondary load bearing structure around the site of
local destruction, capable of transferring loads in a
changed static diagram. The secondary system may be
composed of, in addition to the supporting elements
of the structure located outside the place of local
destruction, elements which are non-structural in the
primary system (e.g. concrete curtain walls), provided
that the load bearing capacity of these elements
and the method of connection with the rest of the
structure ensures their appropriate contribution in
the operation of the secondary system. In the zone
of the secondary structure, significant cracks and
displacements of structural elements are allowed in
relation to each other, provided that the safety of
residents is ensured.

Scope of application of the methods

Method I, consisting in allowing for extraordinary
loads in the design, leads to increasing cross-sections of
structural elements and their reinforcement. For this
reason, its application is recommended for protecting
structures with limited capabilities of creating a
secondary load bearing structure in the event of
local destruction. This type includes skeleton frame
structures. According to observations, an explosion
in a building with a skeleton frame structure usually
destroys the infill walls and, sometimes, the ceilings,
while the columns have a chance to resist the force
of the explosion. On the other hand, designing a
skeleton frame structure that would be resistant to
a progressing collapse, when one of the columns is
destroyed, is possible only to a limited extent.

Wall structure buildings (large panel system
buildings) should be secured using method II. In
special cases of the construction system of these
buildings, certain parts of the structure or the whole
require being secured in accordance with method I.

Combinations of both methods are possible, i.e.,
transferring extraordinary loads up to a specific
magnitude by the primary structure and creating a
secondary structure under higher load conditions.

In both methods of securing a building against
the effects of extraordinary loads, due to the lower
probability of the occurrence of these loads, the safety
of the structure should be verified for the typical
strength properties of materials and the magnitude
of loads.

In the analysis of the structure, all strength reserves
can be taken into account, including the full plasticity
of the reinforcement, consequences of large rotations
and displacements.

In the case of method I, the extraordinary load is
added to the normal load, and in the case of method
II, the normal load is only the load impacting
the structure, but depending on the secondary
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structure in question, this load can be increased by an
appropriate dynamic coefficient.

In the calculations, the permanent load, a long
term variable load and 1/3 of the short-term variable
load are adopted as the normal load, while the wind
load is omitted.

GUIDELINES FOR PROTECTING LARGE
PANEL BUILDINGS AGAINST PROGRESSIVE
COLLAPSE

Protecting buildings according to Method I

Protecting buildings with the method I involves
designing a structure capable of transferring
extraordinary loads in addition to ordinary loads
(permanent loads and long and short- term variable
loads). The dynamic load caused by a gas explosion in
a closed room can be replaced by a static force acting
evenly on the walls and ceiling slabs. The value of
this force depends on the strength and surface of the
weakest partition or part of the partition in the room
(window, door), which at the time of explosion is the
first to be destroyed and acts as a valve, reducing the
gas pressure on the remaining partitions and on the
room where the explosion took place.

The magnitude of the horizontal forces caused by a
vehicle impact is determined by the standard for the
loading of structures with vehicles [6], where these
forces range from 40 to 500 kN. For the calculations,
it is assumed that the forces are applied at a height of
1.2 m above the level of the surrounding area.

Protecting buildings according to Method I

Local destruction of the structure is defined as the
destruction of two walls conjoined in the corner of
the room where the explosion occurred and when
one of these walls is the outer wall [4]. Two cases of
the local destruction zone range can be distinguished
depending on the resistance of the wall to a uniformly
distributed load (blast) less or more than 10 kN/m?

In the case of walls which can withstand a blast
below 10 kN/m? the length of the destroyed section
({,) is equal to the distance between the vertical
stiffeners of the wall or between the stiffener and
the free edge. However, in the case of walls which
can resist a larger blasts, the length of section [, can
be assumed to be 3.6 m (for end walls or 1.8 m (for
internal walls in cases where there is no weakness
in the section of the wall adjacent to the estimated
destruction zone in the form of a vertical joint, the
edge of a door or window opening.

The secondary load bearing structure, located over
a part of the locally damaged building, is shaped
in accordance with the newly emergent conditions.
Depending on the location of the zone of local
damage to the load bearing walls, this may be a
cantilever, tension rod or beam structure.

One of the most frequent cases of local damage
in buildings with walls as the load bearing structure
is the destruction of a fragment of internal walls.

&)



Depending on the structural solution, there are two

possible situations [8]:

* in the case of insufficient connection between
the ceiling, tie beams and the wall the ceiling
above the damaged part may fall off or hang
from the tie beam acting as a tie rod. This
situation is undesirable due to the necessity to
transmit tensile forces through the wall above

the destruction zone (Fig. 2a),

* in the case of an effective connection, the tie
beam remains attached to the wall above it,
and the loads above the destruction zone are
transferred by the walls and tie beams, which

undergo stretching (Fig. 2b).

Figure 2 - Situations following the destruction of a

section of the external wall

a) a building with a longitudinal load bearing

structure (secondary beam structure)

b) a building with a transverse girder bearing

structure

a dynamic load on the ceiling below. When the
connection between adjacent ceilings or between a
ceiling and a load-bearing wall is made on a support,
the load-bearing capacity of the ceiling is usually
sufficient to take over this load. If such a connection is
absent, the shock caused by the fall of the upper slabs
may cause the ceiling slab to slide off the support and
result in the rapid successive collapse of all the ceilings
down to the ground floor (Fig. 3a). Such disasters
occurred several times during the installation of
staircases when stair flights and platform slabs were
not connected with appropriate anchors.

In the event that parts of the load bearing wall
adjacent to the edge are destroyed the upper storeys
of the wall form a multi storey or single storey
cantilever structure (Fig. 4).

If the ceiling can freely move horizontally over the
wall, then the wall works as a flat support in which the

=~ | tensile force is transmitted only by the reinforcement

of the tie beams. Meanwhile, when the joint between
a ceiling and a wall can transmit a certain tangential
force, a spatial structure is created in which the ceiling

> d takes over a portion of the horizontal force caused by

= | the bending moment.
: The curtain (external) wall usually constitutes the
load of the cantilever only. However, when this wall
is sufficiently rigid and properly connected to the
structure, it can work in conjunction with the load
bearing wall as an additional component of the spatial
cantilever.

In a building whose ceiling rests on its perimeter,
the situation is more favourable due to the work of
the ceiling without a support, the upper floor wall, as

Without the central support (which is a part
of internal load bearing walls), the ceiling may
form a tie rod structure (Fig. 3b), in which the
reinforcement placed along the span of the ceiling
and the reinforcement of the tie beam transmit tensile
forces together, thus forming a structure that spans in
two directions; in addition to a relatively significant

well as the beam broken in the plane.

WORKING CONDITIONS OF THE LOAD
BEARING CANTILEVER STRUCTURE

Local destruction of a load bearing wall in the zone
adjacent to the outer edge is extremely dangerous
due to the possibility of a progressive collapse, which

cross section of the reinforcement, it must
have the correct shape in order to prevent
the bars in the collapse zone from breaking
oft the concrete. When creating a secondary
structure, the preferred solution is to connect
the floor panels using a loop with threaded
reinforcement (Fig. 3c) Stirrups connecting
the upper and lower bars further prevent the
bars from breaking off.

When the ceiling spans more than
4.0 m, it is assumed that the destruction of
the central support causes the ceiling joint
above this support to be broken and the
ceiling collapses. However, the ceiling joint on
an undamaged support should be sufficiently
strong and elastic to prevent the ceiling from
falling oft said support. Loop connections
work very well in such conditions (Fig. 3c¢).

A ceiling falling off a support imparts
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Figure 3 - Consequences of damage to an internal
load-bearing wall
a) parts of the ceiling in the destruction zone fall off
b) forming a secondary load-bearing structure of tie rod type
¢) loop connection in the collapse zone
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Figure 4 - A secondary cantilever structure after the
destruction of external walls in the corner of the
building
a) a multi-storey structure
b) a single-storey structure

is why particular attention is paid to this scenario
when designing a building. The resulting structural
protections in horizontal tie beams, appropriate
vertical joints and lintel reinforcements applied
throughout the building also provide adequate
protection in other cases of local damage to a load
bearing wall.

The secondary load bearing cantilever (multi-
storey) structure is characterized by structural
continuity in its vertical joint. In this case, the shear
forces occur on the lowest storey, in the immediate
vicinity of the destroyed part. The strength of these
forces and their distribution along the joint depends
on the height of the cantilever and the size of the
displacements of the joint's edges ¢, which accompany
shear forces T' (Fig. 5).

Separating the lower part ofa multi-storey cantilever
from the rest does not yet equate its destruction. If
the part is properly connected to the rest of the storey
at the ceiling level (with a tie beam or a tie beam and
a ceiling), a new single-storey cantilever structure may
be created there. In addition to individual components
working together, this structure is accompanied by
significant displacements and cracks, and the shear
force in the vertical joint is no longer opposed by its
cohesion, but by the frictional force in the horizontal
force pressure zone caused by the bending moment.
From a utility centred perspective, the part of the
building in which such a secondary structure was
formed is destroyed and requires thorough repair, as
opposed to the preservation condition of the multi-
storey cantilever, which needs practically no repairs.
However, due to the fact that there is no danger to
human life, it can be assumed that the limit state of
the structure's load bearing capacity has not been
exceeded, which means that in a post-emergency
situation, the structure will meet safety conditions.
The conditions in which the partially damaged
structure is used are very complex and related to the
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fact that the formation of a secondary load bearing
structure is a dynamic phenomenon with unspecified
parameters. Therefore, the following findings are
used in the calculations, depending on the maximum
shear force Q,,, = T,,. - h (where T,,,., — maximum
unit force shear in the vertical joint, h- height of the
storey) in the vertical joint section equal to the storey
height of the multi-storey cantilever, calculated on
the assumption that the rigidity of the joint C= Cy,
(rigidity of the joint under stress):

* when the analysis of the operation of the multi-
storey cantilever shows that Q,, < Uy - the
structure can be considered sufficiently safe,

* when U;<0Q,,<2U; - the possibility of creating
a single-storey cantilever should be ensured for
the construction, whereby at 0, < 1.5 ; a
dynamic coefficient of 1.1 is adopted for
calculations, and when Q,,. > 1.5 Uy, -1.2,

* with Q,,>2Uy, the situation requires structural
intervention; the simplest procedure is to
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Figure 5 - Working conditions of a vertical joint in a
multi-storey cantilever
a) T'(6) dependence

b) distribution of stresses T' in the case

when 6< 8§(Uq)
¢) distribution of stresses T' in the case

when §(Uy) < §< Smax"

d) distribution of stresses T’ in the case

when 6> Smax"




increase the load bearing capacity of the joint
so that Q,,, < 2.0 Uy or look for other solutions.

In principle, the possibility of local damage to
the wall should be verified for all storeys of the
building. However, usually, the consideration of the
consequences of damage to the wall only on the
lowest storey and on the third storey from the top is
sufficient. In the first case, the largest Q,, will occur
due to the greatest height of the cantilever, and in
the second case, a single-storey cantilever is the only
possible solution. The structures on the remaining
storeys should be shaped according to the obtained
results.

The multi-storey cantilever is connected to the rest
of the building structure by ceilings, therefore, in
the analysis of this static diagram, it can be assumed
that the cantilever may deform only in the vertical
direction by a value of 6 equal to the displacements of
the vertical joint.

The single-storey cantilever in the building can
be loaded with one or two ceilings, depending on
whether the ceiling above the lower storey has
detached from the wall of the upper storey or is still
joined.

BASIC DESIGN RECOMMENDATIONS

Due to the protection of large-panel buildings
against the effects of extraordinary loads, the
construction requirements complement the general
construction requirements in terms of joining
prefabricated elements and maintaining spatial
rigidity of buildings specified, among others, in the
industry standard [3].

A distinction should be made between the buildings
with ceilings anchored on the cantilever (supporting
reinforcement connected with the reinforcement of
adjacent spans or anchored in a tie beam) and the
buildings with simply supported ceilings. In the first
case, in the conditions of the secondary load bearing
structure, the cooperation of the ceiling with the
load bearing wall may be taken into account, and in
the second case, this cooperation cannot be taken
into account. In both cases, on the other hand, an
appropriate connection of the tie beam with the
load-bearing wall is required (except when the entire
reinforcement of the tie beam is located in the wall
slab, the so-called concealed tie beam). It is also very
important to connect the rods of the tie beam in a
way that ensures full load bearing capacity of the
reinforcement.

The safety of the building under extraordinary
load conditions may not be checked analytically if the
cross-section of the tie beam reinforcement (made of
class AIII rebars) is not less than:

* 2.3 cm’® - in the case of anchored ceilings, with

a span of up to 6 m (in all walls or in the case of
simply supported ceilings with a span of up to
4.8 m (in internal walls),

* 3.4 cm® - in the case of simply supported ceilings

with a span of up to 4.8 m (in the end wall) or in
the case of simply supported ceilings with a span
of 4.8 to 6.0 m (in the internal walls),
* 4.6 cm® - in the case of simply supported ceilings
with a span of 4.8 to 6.0 m (in the end wall)
The cooperation of the ceiling with the load
bearing walls reduces the longitudinal reinforcement
in the tie beam, but does not reduce the shear forces
resulting from the connection of the tie beam with the
load bearing wall

Figure 6 - Effects of a gas explosion in a large-panel
building (£.6dZ, Retkinia housing estate)

CONCLUSIONS

When creating systematic solutions for large panel
buildings, rules were developed to protect these
constructions against a progressive collapse, which
may occur in extraordinary situations, e.g. as a result
of gas explosion [1]+[4].

The recommended method of verifying the safety
status of large panel buildings with a wall load bearing
structure is method II (point 3.2) which assumes
the possibility of creating secondary load bearing
structures in the main structure after the local
destruction of the fragments of support elements.

The methodology of protecting large panel
buildings against the effects of a progressive collapse
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may be the basis for assessing the technical condition
of'an object after the occurrence of damage related to
warfare (Ukraine).

In Poland, extraordinary events occurred
occasionally, a spectacular example of which was
the gas explosion in December 1983 in the Retkinia
housing estate in £.6dz (Fig. 6). As a result, the outer
(load bearing) end wall at the height of the two lower
storeys was damaged, but the building remained
stable (after the creation of a multi-storey cantilever
secondary structure. As a result of the explosion,
8 people were killed. In the aftermath of the incident,
it was decided to place valves shutting oft the gas
supply outside each building in Poland and mark
them accordingly as well as to reduce the pressure
in the gas pipelines directly supplying inhabited
facilities. After the removal of the debris, the missing
part of the building was rebuilt in June 1984.

In the case of war damage to large-panel buildings
occurring in Ukraine, due to the extent of destruction,
it is recommended that consistent principles be
developed for assessing the reliability of facilities (with
partial use of the methods described in the article)
and, in the case of the possibility of reconstruction
that a catalogue of reinforcement solutions dedicated
to each large panel system be created.
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