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AHOTAIIA. Posensinymo cnpoujeHy KiheMamuyHy Mooeisb 8i0payitinoco cmoy i 0Jis 6I0N08IOHOT MEXAHIUHOT
cucmemuy 3HAtiOeHo ii KiHemMuuHy eHepzito, Oe3 AKOI HeMONCIUBO OMPUMAMU MAMeMAMU4Hy Mooelb pyxy yiei
MexaHniunoi cucmemu. 3aznaveHa Mooeib MOOeNoE pearbHUll OPUSIHATbHUL BIOPOCMIN, Y K020 0eOANAHCHUL
30Y021Cy8ay KOIUBAHb 3AKPINIEHO HA 8AMdCeNi NeBHOI 008IUCUNHU 6EPMUKATILHO NO YeHmpy nio gibponaumoro. Ilpu
00CHi0JICeHHT OYU BUKOPUCTNAHT Memoou MameMamudnol Qisuku ma @Qisuko-mamemamuine MoOen08aAHHS
Memooamu npuKkiaoHoi Mexauiku. B pezynomami ompumano Kinemuury eHepeiro 8i0pocmony AK CyMy KiHemuuHux
eHepeill mpboxX MAamepiaibHux min y ueisioi (QYHKYIOHANbHOL 3a1eHCHOCMI 6i0 THEPYIANbHUX | KIHeMamu4HUux
Xapaxmepucmux po3eisaHymoi Mexaniunoi cucmemu. B nooanvuiomy cxiagui Mamemamudny Mooeib po3sHymo2o
8i0po06NaAOHaANHA, OyOe NpPosedeHo BIONOBIOHe AHANIMUYHE OOCHIONCEHHs Yiel MameMamuyHoi Mooeni 3 Memoro
B8CMAHOBIEHHS ONMUMATbHUX 3HAYEHb KOHCIPYKMUSHUX NApaMempie iopayilino20 CIMoy y HANPAMKY HOKPAWEeHHs
11020 MEXHONO2IUHUX MONCIUBOCHIEU.

Knrouoei cnosa: kinemuuna enepeisi; 6iopocmin;, 8iopo30y0xcy8au; 8axciiv; amMniimyoda i0poKOIUBAHb.

Beryn. /[ 3°sicyBaHHS BIUTUBY OKpEMHX apaMeTpiB po3po0IeHOro MajiorabapuTHOro 0oaHaHHS
i BiopodhopMmyBaHHs OeTOHHHX BHPOOIB [ 1] Ha pyX #ioro po6odoro oprany Oyiia ckiiajieHa MaTeMaTHIHA
MOJIJIb 11i€1 MEXaHIYHOT CUCTEMH, YNCENIbHUI aHasi3 SKOi BUSBUBCS CKJIAJHOIO Ta TPOMI3IKOI0 337a4er0.
Jnst BupimeHHs Ii€i mpoOiieMu pO3MIITHEMO pyX CIPOIICHOI MEXaHIYHOI CHCTEMH Ta CKJIaueMo ii
MaTeMaTHuHy Mojenb. Ilepmioro gi€ro 1poro 3aBraHHs OyJae BU3HAUEHHS KIHETUYHOI €Heprii JaHoi
CIPOIIEHOT MEXaHIYHOI CUCTEMH.

AHaJni3 JliTepaTypHHX JKepeJl. Y CydyaCHOMY BUPOOHHMUTBI Juis (popMyBaHHS OCTOHHHX BHUPOOIB
BUKOPUCTOBYIOTh BIOpaliifHi MamuHU. barato nocnigkeHb Ta po3poOOK MPUAUISETHCS MHUTAHHIO
BUSIBJICHHS 0COOJIMBOCTEN POOOTH AAHUX MAIlUH, TOSCHEHHIO 1 3aCTOCYBAHHIO HA MPaKTHIl e(eKTiB, sKi
BUHHKAIOTH TiJ] Yac 1ii BiOpallii Ha MeXaHIuHI CUCTeMH [2-5], po3KpHBalOYu MPHU IILOMY TaKl MepeBaru
BiOpariiiHoro oOjajaHaHHA, SK BHCOKAa €(QEKTHBHICTh YIIUIBHEHHS, MPOCTOTAa KOHCTPYKIIi, BHCOKa
HaJIAHICTh Ta BIJIHOCHO HEBEJINKA METATIOEMHICTh 1 EHEPTOEMHICTb.

Jlo 3a3HaueHoro BiOpaliiiHoro o0aJHaHHs BITHOCUTHCS M OpUTiHATIbHA KOHCTPYKIIis BiOpaliifHoOro
CTOJYy JJsi BUTOTOBJIEHHS MajorabapuTHUX OETOHHMX BHPOOIB, y SIKOTO BIALIEHTPOBHMH jaeOanaHCHUN

36yz[>1<yBa11 KOJIMBaHb SaKpiHHCHO Ha Ba)keJll EBHOT JOBXHWHU / saoe. BEPTHKAJIBHO I10 HEHTPY Hi)l IIJIMTORO

BiOpocTOIly, sIKa € HOro poOoYMM OpraHoM. Y poOoTi [6] pO3IIIsHYTO W OMMCAHO CKJIQAHUN MPOCTOPOBHIA
PYX BIAMOBIIHOT MEXaHIYHOI CUCTEMH 1 BU3HAUYEHO ii KIHETUYHY €HEPriIO.

Merta poOoru. [[ng miATBEpIKEHHS TEXHOJOTIYHHUX MOXKJIMBOCTEH KOHCTpYKLii BIOpOCTiTy 3
BAXUIbHUM 3aKpIIJICHHSIM BIOpo30y/KyBauya HaMU 3alpONOHOBAHO PO3POOUTH HOro MaTeMaTUyHy
MoJieNb, Aka O 00’e€qHyBana MK COOOI0 KOHCTPYKTHBHI 1 TEXHOJIOTIYHI MapamMeTpu BiOpocToly 3
BaXUTbHUM 3aKpIIUIEHHAM BiOpo30yaKkyBaua, BKa3ylO4M iX BIUIMB Ha aMIUNTYAY KOJIHMBaHb po0OOYOi
noBepxHi BibpoobnanHanus. OnepkaHa 3a1eKHICTh JO3BOJIUTH POBOAUTH MaTEMATUYHE MOJICITIOBAHHS 3
METOI0 OINTHUMI3allil NepeliueHuX NapaMeTpiB y HalpsMKY IOKpallleHHS eHEepro30epeXeHHs Ta
TEXHOJIOTIYHUX MOXKIIMBOCTEH JJaHOTO BiOpPOCTOIY.

[lepmiuM KpoKOM JJisi OJiep’KaHHS MaTeMaTU4YHOI MOJENl € BHU3HAUEHHS KIHETMYHOI eHeprii
BiOpocToiy.

Bukiiag ocHoBHOro Martepiajy. Buuaroun poOOTy Ta TEXHOJIOTTYHI MOXIJIMBOCTI CIIPOEKTOBAHOTO
i CKOHCTpYHOBAHOIO JOCITIZHOTO 3pa3ka BIOpAIiifHOro CTONMy Al BUTOTOBJIEHHS MajorabapuTHHX
0eTOHHUX BUPOOIB, BI3yaJIbHO 1 32 IOIOMOTI'OI0 BIJIIOBIIHUX MPHIIAJiB OyJIM BCTAHOBIIEHI BCl HASIBHI pyXU
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CKJIaJIOBUX €JIeMEHTIB BiOpocTouy. BusiBuiocs, mo #oro o JHO3HaYHE IMOJI0KEHHS B IIPOCTOPI Ta peabHUi
TIACHUN PYX BU3HAYAIOTh CIM HE3AJIC)KHUX MIXK CO000 mapaMeTpis [ 1], yepes 1o MexaHiuHa CUCTEMA, STKa
MOJICITIOE 3a3HAYCHHI BIOpaIliiHUN CTUT Ma€ S =7 CTYIEHIB BUIBHOCTI, a MATEMaTHYHA MOJIEIb I[bOTO
CTOJIy € CUCTEMOIO 3 CEMU HENIHIMHUX AudepeHIliaIbHUX PIBHIHB JIPYroro nopsaky. YucenpbHuil aHami3
MaTeMaTHYHOI MOZEJ BUSBISETHCS HAA3BUYANHO CKJIAIHOIO Ta TPOMI3IKOI0 337ayero, B SKIH BaXKO
JOCIIIUTA BIUIMB yCiX (200 HaBiTh JEKUIBKOX) MapaMmeTpiB Ha pyX W €PEKTHBHICTH JTOCIIIKYBaHOTO
3paska.

s 3’ acyBaHHS 3arajgbHOi TeHACHIIT pyxy IuMTu 1, sika 3a CyTTIO € poOOYMM OpPraHOM BiOpOCTOIY,

Ta BIUIMBY Ha 1eif pyx noBxuHu (. Baxels 2 PO3rIIHEMO PYX CIIPOIICHOI MEXaHIYHOI CHCTEMH.
CrpoiieHa MexaHI9HA CHCTEMA, [0 MOJICIIOE BiIOpaIiitHUI CTiJT JJI1 BUTOTOBIICHHS MaJIOTa0apUTHUX
GETOHHHX BUPOOIB, CKIaIa€Thes 3 mectd (isudaHuX Tin (prc. 1), KoxkHe 3 AKuX pyxaerbes B miomuni OYZ

, ¥ 3aJ1a4a po JOCHIKEHHS pyXYy 1€l CHCTEMU MepeTBOPIOEThCs Ha ABOBUMIpHY ( 2D ) 3amauy.

EMHICTb [ cm- .
/Fn/r.:ll N <
0. C £ 2
= )% < 3
¢ ('4;’ 2
S N0
1€ 2
7777777777777 >
HedeghopmosaHuli
npyXHul
enemeHm

Puc. 1. MexaniyHa cucTteMa B MOJI0KeHHI CTATUYHOI piBHOBAru

Jli1st po3B’si3aHHS 33724l CKOPUCTAEMOCH PIBHSHHIME Jlarpanka Ipyroro poay
d{oT | oT
dti oq, ) oo,
J171st BU3HaYEHHS MOJIOKEHHS M OTHCY PYXiB T pO3IIIAyBaHOI MEXaHIYHOI CHCTEMH 3aCTOCYEMO TPH
. . 151 . . .
cuctemu koopauHat: Hepyxomy OYZ i pyxomi Cy'z' ta Cy,z; . Ilouatok Bijtiky O HEpyXOMOi CHCTEMH

=Q, (i=12,...5). (1)

OyZ noB’smxemo 3 eHTpoM iHeprii C mmtH 1 Y MONOKEHH] CTATHYHOT PIBHOBATH MEXaHIUHOI CHCTEMH,
sIKE TI0J1aHO Ha pUCyHKY 1. [TodaTok BiJTiKy 000X pyXOMHX CHCTEM KOOPIMHAT PYXa€ThCS Pa30oM 13 TOUKOIO
C ; mpu mpomy cuctema CY'Z" pyxaerscs mocrynanbHo, gepes 1o if oci THIIAIOTHCS MapaneTbHUMHI OCIM
HEepyXxoMoi cucTeMH KoopauHaT, a cuctemMa Cy;z; JKOPCTKO MOB’s3aHa 3 mmMToro 1. Y mHONOXKeHHI
CTaTUYHOI PIBHOBAru BC1 TPU CUCTEMH KOOPJIUHAT CIIBIIAJal0Th, a PU pPycl MEXaHIYHOI CUCTEMH Touka C
XapaKTEPHU3ye PyX LEHTpa 1HEPIi IUTUTH Y HEPYXOMIil CUCTEMI Oyz.

3 HECKJIAJHOTO aHali3y BUIHO, IO TOJOKEHHS B MPOCTOPl YCIX MaTeplalbHUX TiJT MEXaHIYHOI
CHCTEMH, SIKa MOJIEIIIO€ BIOPOCTLNI, OJTHO3HAYHO BU3HAYAIOTH TaKi HE3aJIEXKHI MapaMeTpu:
® JIeKapToBi KOOpAMHATH Yc =Y (t) i ze =Zc (t), AKi BU3HAYAIOTH MONOKEHHA NeHTpa C iHepui

it 1 B Hepyxomiii cucremi koopaunar OYZ ;

o co . ()
e xyr = f(t),aKkuil BU3HAaUA€ NIOIOKEHHS ITMTH 1 B pyXoMiit cucTemi koopauHaT Cy7'.
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TakuM 4KMHOM, PO3IJIsAyBaHA MEXaHIYHA CUCTEMa MAa€ S =3 CTYIEHI BUIBHOCTI, y3arajJbHEHUMU
KoOpauHaTaMu € O, =Y, O3 =Zc i 05 =, a y3arabHeHUMH IWBHAKOCTIMU — U, = Yo, U3 = Z¢ i

ds = 5.

J1st HA0OYHOCTI ¥ 7151 TOJTANTBIIIMX MipKYBaHb ySIBIMO Ta 300pa3uMo Ha PUCYHKY 2 KIHEMAaTUYHY CXeMY
MEXaHI4YHOi CUCTEMH y JIOBUIbHUI MOMEHT 4acy t Tak, 100 yci y3araibHeHi KOOPIUHATH Ta KyT ¢ , AKHI
y 10 MHUTh BU3Hauae nojoxkeHHs Touku Cg, Oyam O 1OZaTHUMH, i yBaKarouy, IO y IO MUTH KOXKHA

y3arajbHeHa KOOPJAUHATA 30UTBIIYETHCS (32 TAKOTO MPUIYIIESHHS YC1 MOX1AHI 32 4acOM BiJl y3araJlbHEHUX
KOOP/MHAT TaKOX OYAYTh TIJIbKU TOJATHUMHU ).

Puc. 2. KinemaTnuHa cxemMa MeXaHi4YHOI CHCTEeMH

OckiTbku MacaMu Bakesst 2 1 1ebaiancHOTO Bana 4 HEXTyeMo [6], a Maca nebananca 5 € mkeperom
€Heprii, To po3risiyBaHe BiOpoOOIaHAHHSI MOJEIIOETHCS MEXaHIYHOK CHUCTEMOIO, L0 CKIIAJA€ThCS 3
TPHOX MaTepialbHUX TUI, KIHETUYHA €HEePris AKOi

T=T,+T3+T;, )

ne T, T3 i Ty — BignoBinHo kiHeTnuHi eneprii mtn 1, xopmycy 3 BiOpo30ymKyBaua i Tina 6 ,

SIKMM MOJIEJTIOETHCS] EMHICTD ((hopMa) pa3oM 3 3aBaHTAKEHOIO B HeT OETOHHOIO CYMIIIIIIO.
BuznauuBmu BiAMOBIIHI KIHETUYHI €HEPTIi

My (2 L2\, M-bf
T1=71-<yé+zé)+%-ﬂ2, (3)
_ , m;-(*+RS) .
T3:%.(yé+zé)+m3-€-yc-,B-cosﬂ+m3-€-z'c~ﬁ-sinﬂ+¥-ﬂ2, 4)
2 ap2
Mg (.2, . i M (B +4%6 )
T6=76'(Yé+zé>—m6'hﬁ‘yc'ﬁ'cosﬂ—me'hG'Zc‘ﬁ'3|n,B+ ( 5 )'IBZ' ©)

Ta miacraBisgoun 3HaueHHs (3), (4) 1 (5) y dopmyny (2), nicTaHeMO KiIHETHYHY €HEpriio JOCIHIIPKYBaHOTO
B1OpaliifHOTO CTOJY y BUIJISIII CYMH I SITH IOJAHKIB:

_Moye Mz

> +(mg -0 —mg -hg)- Y - B-cos B+(my- £ —mg -hg )- 2 - B-sin B+ (o),
ne M =m; + My + Mg — 3aranpHa Maca BiGpocTony, pyx sIKOro reHepye obepraHHs aedamaHcy 5
m, -bZ +3m, (RS? +£2)+m6 (b62 +4h62)
3

n2
T P
2

macoro M; 9= — 3BEJICHUII MOMEHT 1HEepIil pyXOMOi 4aCTUHU
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BiOpOCTOITY BITHOCHO OC1, 1110 B PO3TJISAYBAHOMY ITOJIOKEHHI MEXaHIYHOT CHCTEMH IPOXOAUTH Yepe3 TOUKY
C meprneHAUKYISIPHO 0 IUIOUIMHNA PO3TAIlyBaHHS CUCTEMHU.

BucHoBku. OOpaBmu CHPOLIEHY KOHCTPYKTHBHY CXEMY MOJENi BIOPOCTONY 3 BaXiUIbHHM
3aKpiIJIeHHsAM BiOp0o30yKyBauya Ta BUKOPHCTABINM PiBHAHHS Jlarpamxa Ipyroro poay, BU3HaUeHa HOTO
KiHeTHYHA eHepris. B mopanpmioMy, BH3HAUMBIIM JIif0Ui y3arajdbHEHI CHUJIM, B PE3Yy/IbTaTi MaTHMEMO
MO>KJIUBICTh CKJIACTH MAaT€MaTU4YHY MOJIETb, sika 00’€Hae MIX COOO0 KOHCTPYKTHBHI Ta T€XHOJOTI4HI
napaMeTpy 3 BaXUIBHUM 3aKpIIJICHHAM BiOp030yKyBada, BKa3ylOUd iX BIUIMB HA aMIUTITYAy KOJUBaHb
po60Y0i MoBepxHi BIOPOCTOITY.
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ABSTRACT. The features of creating translucent structures are analyzed, taking into account modern
requirements for energy efficiency of buildings and structures with minimal total energy consumption for heating,
air conditioning and lighting of premises. Ways to increase energy efficiency are considered by improving the designs
of double-glazed windows with different numbers of chambers, choosing the optimal distance between the sheets of
glass, using special types of glass and the type of gas filling of the chamber, as well as the influence of the thickness
and material of the structural profile, installation depth, and type of spacer frames. The positive effect of using
"warm" installation with the use of special vapor and waterproofing tapes, as well as structural means of thermal
insulation of slopes and warm base profiles has been shown.

Keywords: translucent structures, double-glazed window; energy efficiency; heat transfer resistance;
low-emission glass; inert gas, window profile system; distance frame; «warmy installation

Introduction. An important task for Ukraine during the post-war reconstruction of destroyed housing
and infrastructure facilities is not only to maintain the quality of their construction, but also to comply with
the “green principles” specified in the EU directives on energy efficiency and determining economic
development and environmental safety [1]. Translucent structures of residential buildings, namely
windows, play a key role in shaping the energy efficiency of a building, influencing it both through heat
loss and through its inflow. Thermal energy losses through such structures can reach 20...40%. Modern
requirements for the energy efficiency of windows have significantly increased and require the installation
of more effective translucent structures to reduce heat loss [2].
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