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KOHCTPYKLUWMA C nnockoi HWXHe# NMoBepXHOCTbIO, Croco® npeaBapUTEeNbHOrO HanpsiXeHUst Kpbille-MoToNoYHOM
KOHCTPYKLMU U cnoco® npuaayn yCTOMUMBOCTU KpbILLE-NOTONOYHOW KOHCTPYKLUUK

(57) Pedbepar:

Henpamo npepBapuTenbHO  HanpsikeHHast
XeneaobeToHHas KpbllLe-NOTONOYHasa KOHCTPYKLUKA
npeacraBnaeT cobo  COOPHbIA  CTPOUTESNbHLIN
3MEeMeHT Afs CTPOMTENbCTBA NPOMBILLIIEHHbBIX 30aHUI
c OGombwymu nponetamu. KoHCTpykuua wmeet
OTYETNMBO  LUMPOKYD U TOHKYlO  GETOHHYI
NOTONOMYHY MANTY (1) M BepXHOK OETOHHYyK Garky
(2) c nonepeyHbIM ceveHneM B popmMe obpaTHon "V,
coefuHeHHble Mexay cobol  MpOCTPaHCTBEHHO
pPa3HeCeHHbIMW TOHKMMW CTarnbHbIMKW  TpybyaTbiMu
cTpexHAMK (3), KOTopble MCnonb3ylT ANs npuaadn
YCTOWYMBOCTM OTHOCUTENBHO MPOAOSIbHOrO U3rmba
BepxHel Oankum (2) u ans npenoTBpalleHus
conmxkeHnss n pacxoxgeHnua petanen (1) n (2).
MpenBapuTenbHOE HanpsikeHWe NOTONIOMHOW MAWThI

(1) npuBoAWT K cCXaTuilo B BepxHeh Oanke (2),
KoTopasi naccUBHO (KOCBEHHO) TOrKaeT KOHUbl
KOHCTPYKUUW,  OEUCTBys C  OnpefeneHHbIM
3KCLLEHTPUCUTETOM BhILLE LIEHTPa Beca MNomnepe4Horo
CeYeHusl, NpuBOAA K MOBOPOTY €€ KOHLUOB MW
NOCPEACTBOM 3TOrO K BbIrMBaHWio NOTONOYHOW MAUTbI
BBepx. OnucaHbl  cnoco6  npedBapuUTENBHOrO
Hanps>KeHUs KOHCTPYKUMM U crnoco6 npupayn e
YCTOWYNBOCTH.
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cobctBeHHoCTh". KHura 1 "MsobpeTeHns, nonesHble
Mogenu, Tonorpadun  MHTerpanbHblX  MUKpocxem",
2006, N 6, 15.06.2006. ["ocynapCTBEHHbIN
AenapTaMeHT  MHTenneKkTyanbHoNn  CcobCTBEHHOCTM
MwuHMCTepcTBa 06Pa3oBaHNS U HAyKWU YKpauHbl.
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(57) Abstract:

The indirectly prestressed concrete
roof-ceiling construction is prefabricated
element for constructing industrial large-span
buildings. The construction comprises distinctly

wide and thin concrete soffit plate (1) and upper
concrete girder (2), of the inverse “V’- shaped
cross section, interconnected by slender steel
pipe-rods (3) that are used to stabilize the
upper girder (2) against lateral buckling and
prevent parts (1) and (2) to get closer or apart
each to another. Prestressing of the soffit plate
(1) causes compression in the upper girder (2)

which passively (indirectly) pushes the ends of
the construction, acting on some eccentricity
over the center of gravity of the cross section,
causing rotation of its ends bending in that way
the soffit plate upwards. There are two efficient
methods of prestressing these construction.
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(54) HEMPAMO NOMNEPEAHLO HAMPY>KEHA 3ANIBOBETOHHA JAXOBO-CTEJIbOBA KOHCTPYKLUIA 3
MMOCKOIO HMXHBbOIO MOBEPXHEK, CNOCIE NMONEPEAHBOIO HAMPYXXEHHA JAXOBO-CTEJIbOBOI
KOHCTPYKLJi TA CMOCIE HAQAHHSI CTIMKOCTI JAXOBO-CTENLOBIA KOHCTPYKL

(57) Pedbepar:

Henpsamo nonepenHbLo HanpyxeHa 3anizo6eToHHa
[axoBO-CTeNboBa KOHCTPYKLUis aBNsie coboto 36ipHMI
OynisenbHUn enemeHT Ansa 6yayBaHHS NMPOMUCIOBUX
Oyoisenb 3 BEMMKUMKW NporoHamu. KoHCTpyKuia Mae
BMPa3HO LUMPOKY Ta TOHKY OETOHHY CTenboBy NIWTY
(1) i BepxHto ©OeToHHy 6Ganky (2) 3 nonepevyHum
nepepisoMm y dopMmi 3BopoTHOI "V", Wo 3'egHaHi Mix
coboto NpOCTOPOBO PO3HECEHNMMU TOHKUMMU
cTtanesumn TpybuacTumu cTpwkHaMu  (3), ki
BMKOPUCTOBYIOTb ANA HafaHHA  CTIMKOCTi  do

MOAOBXHLOrO BUIMHY BepXHin OGanui (2) Ta ans
3anobiraHHa 30MMXKEHHIO Ta PO3XOPKEHHIO AeTanewn
(1) i (2). MNonepenHe HanpyXeHHA CTeNboBOI MAUTU
(1) cnpuYMHAE CTUCHEHHSA y BepxHin Ganui (2), ska
nacuBHO (HeNpsMO) LUTOBXAe KiHLi KOHCTPYKLT,
Ailo4n 3 NEBHUM EKCLeHTPUCMUTETOM BULLE 3@ LEHTP

Barm  MNOMepeYyHoro  nepepisy,  CNpUHUHAYUN
obepTaHHa i KiHUIB | 4epe3 LUe BUMMHAHHA
CTenbOoBOI nanTK Bropy. Onucani cnoci6

nonepenHLOro HanpyXeHHsi KOHCTPYKUil Ta cnoci®
HagaHHS 1 CTIKKOCTI.
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Onuc BuHaxony

Llei BuHaxig BioHOCHTLCA OO CMOPYIKEHHS AaxiB 3 nonepenHbO HanpyKeHoro 3anisobeToHy Ans npoMucrioBnx abo
iHWKX nogibHux GyaiBenk i, 3okpemMa, A0 AeAKNX CTaneBuX YacThH, WO CTaloTb CKITagoBUMM YacTUHaMK Cropyau.

[anyab gaHoro BUHaxogy onwucaHa [y knacudikayii MMK E04B1/00], wo B3arani BiGHOCMTBCSA A0 KOHCTPYKUin abo
OynisenbHux enemeHTiB abo, GinbLw aetansHo, [y rpyni E04C3/00 abo 3/294].

[aHnii BUHaxig BiQHOCUTBCA OO0 KOHKPETHOI OaXOBO-CTENbOBOI KOHCTPYKLiI 3 MMOCKOK HUXHBOK MNOBEPXHED
OpUriHanNbHOrO pilleHHA Ta dopMu. [Monpu O4YEBUAHICTL LESKMX CXOXKOCTEW A0 depM abo apok i3 3aTsKKolo,
NMPONOHOBAaHa KOHCTPYKLiA CYTTEBO BiOPI3HAETLCH Bif HUX B TOMY, SIK BOHA Npautoe, Hecydn HaBaHTaxeHHs. MNeplu 3a
BCe, Ui KOHCTPYKUii npuaHayveHi ans ogHouacHoro 3abeaneqeHHs roToBOI CTeni 3 MMOCKOK HUXHBOK MOBEPXHEK Ta
KOHCTPYKLiT Aaxy. LIS KOHCTpyKLiA NpuaHadeHa TakoX ANA 3anyYeHHst LWMPOKOT NAUTKU cTeni 4o poboTU SK Hecy4uit
eNeMeHT 3aMicTb Toro, Wwob 6yTn nacuBHO nigpileHo Ha depmi abo apui.

YCi iHWi npakTUYHi NpU3Ha4YeHHs NPONOHOBAHOT KOHCTPYKLIl BKOYAOTh nepeBaru, AKi Ui KOHCTPYKUil MaloTb Y
NOPIBHAHHI A0 3BMYaNHNX gaxiB i cTenb, i aki po3kpuTti [B UA 61869, E04C3/294, 2003].

3a3Bryan BUKOPUCTOBYIOTb CNOCOOU NonepenHbOro Hamnpy»KeHHs, LWo BBOASATE CTUCKAKOYY CUY A0 KOHCTPYKTUBHOMO
ernemMeHTa 3 MomnepeyHUM MNepepisoM obpaHoi reomMeTpii 3 HanpyXyBaHOK apMaTypolo, Lo po3TalloBaHa Huk4e 3a
LeHTp Barn 6eToHy. AKLWO Ui cnocobu 3acTOCOBYIOTb A0 TaKMX KOHCTPYKLiA, TO BOHW He AocAraioTb NoTpibHoro edhekTy,
Yepes BIOCYTHICTb Takoro ekcueHTpucutety. LLo6 gocartn npornHy ©eTOHHOI MAWMTW Bropy, Hanpy)KyBaHi apmaTypHi
enemeHTn Tpeba Oyrno 6 OnycTUTM HWX4Ye 3a LEeHTP Bark yciel KOHCTPYKUIT, WO HEenpunycTUMO, OCKINbKU Le pynHye
i0et NNOCKOI HUMXHBOI MoBepxHi. OTxe, npobrnema KOHLEHTPYETLCA Ha MOLLYKY agekBaTHoro crnocoby nonepegHbLoro
Hanpy>eHHsl, Lo 3pobuTb MOXIMBUM ePEKTUBHE 3MEHLLEHHSI 3HaYHUX NPOTUHIB | YCYHEHHs1 ab0 KOHTPOIb TPILLMH , WO
MOXYTb BMHMKATU B GETOHI, y BUNagKy po3TArHEHHs CTeNbOoBOI NUTK. [JaHnin BUHaXIg NPOMOHYE e OAMH edpeKTUBHUI
cnoci6 nonepegHLOro HanpyXeHHs KOHCTPYKLIN 3 NIIOCKOK HWXKHBOK MOoBepxHeto. [ponoHoBaHa KOHCTPYKLIA Takox
BUpiWye npobrnemMy CTIMKOCTI BepXHbOI 6anku 4o NOOOBXKHBOIO BUTUHY.

KoHcTpykuis, wo onucaHa [B nateHTi UA 61869] nig HasBow "KomGiHOBaHa OaxoBO-CTENbOBA KOHCTPYKUiA 3
NoABIVIHUM MoMNepenHiM Hanpy>XeHHsIM 3 NIIOCKOK HWKHBOK MOBepxHeto Ans OydiBenb 3 BENUKMMU MporoHamu", €
HanbinbLL CXOXOK BiJOMOK KOHCTPYKLUielo. Y 3ragaii MponoHyeTbcs edheKTUBHMI Cnocibé nonepenHboro HanpyXeHHs
TaKMX 3BOPOTHUX KOHCTPYKLIN 3 HU3bKO PO3TALIOBaHWM LEHTPOM Barm NOMEpeYHoro nepepisy i posKpuBaeTbCs
HacTynHe pilleHHs: 0 3aBepLUeHHs BUIOTOBIEHHSI KOHCTPYKLIT, LWIMPOKY NAUTY nonepenHbO HanpyXylTb N0 LEHTPY,
BBOAAYM CTMCHEHHSA A0 CTENbOBOI NNNTK, 3aBOSKM YOMY BUPILLYIOTE Npobrnemy TpiluH Yy 6eTOHi; NOTIM BUrOTOBMEHHS
KOHCTPYKLii 3aBepLUytoTh, i 1 We pa3 nonepenHbo HanpyXKyloTb, BUKOPUCTOBYIOYM CTaneBUN KIWH, SKWA 3abuBatoTb y
crnevjanbHy AeTarnb, WO po3TalloBaHa BcepeanHi NporoHy BepxHboi 6anku, Wwob Aocartyu NporuHy NAnT 4Oropu Yepes
obepTaHHA i KiHUiB. [aHui BMHaXig BiQHOCUTBCA OO KOHCTPYKUiT fika CXoxka Ha KOHCTPYKUito, Lo poskputa [B
nateHti UA 61869] i, ska npoTe BiOpi3HAETbCS NO CyTi, 60 B KOHCTPYKUii 3a gaHWM BUHaxogom nepenbadaloTs Lie
ofHe JoOaTKoBe MoMnepenHe HanpyKeHHsi. Y MOpiBHSHHI 4O BULLe3ragaHoro BMHaxody, NPONoHOBaHa KOHCTPYKLUis Mae
YKOPCTKY BEpXHIO Barky Takoi KOHCTPYKLiT, WO € OAHOYaCHO KOPCTKO | TOHKOCTIHHOW, Ta Npu3HayeHa Ans 3MEHLUEHHS
po6oYOT AOBXUHW 3'€AHYBaNbHUX TPyO4acTMX CTPWXKHIB Yy MOPIBHAHHI A0 Oinbll >KOPCTKMX cTaneBux Tpyo. 3amiHa
XOPCTKUX CTaneBuMX TpyG TOHKMMU TpyOYacTUMK CTPUXHAMU YHEMOXIMBIIOE MNepepadvy 3rMHanbHUX MOMEHTIB 3
BEpXHbOI Gankn Ao NNUTK i HaBnaku. 3'egHyBarbHi TPyOYacTi CTPUXKHI PIBHOMIPHO pO3TaLLOBYHOTL MO MIOWMHI NANTH,
o6 noKpawmMTn B3aEMO3B'A30K Ta PIBHOMIPHICTb PO3MOAiNny BracHoi Barv NnMTU No BepxHin 6anui. OTxe, 3'eQHaHHA
MiKX TPYOUYaCTUMK CTPUIKHAMU Ta MAMTOIO CTalOTb MEHLL XXOPCTKMMMU, i, TAKUM YMHOM, CUIa NONepenHbOro HanpyxeHHs,
AKY BBOAATb A0 CTEMNbOBOI NIIUTU, HE CNPUYNHSIE 3HAYHOTO 3MMHAHHS TPyGYaCTMX CTPUXKHIB, WO AO3BOSAE NpUKnagaTu
OinbLUy BenNUYMHY NonepeaHLOro HanpyxeHHs 6e3 BUrMHaHHA nnuTu. OfHak, AKWOo nonepenHe HanpyxeHHs no LeHTpy
CTENbOBOI NANTW 3AINCHIOTL Y HE3HAYHIN Mipi, e HEe CnpaBrisie 3Ha4YHOrO BNAIMBY Ha NPOMMH NAUTU. AKLO, HABNPOTH,
NPUKNagaloTb 3HaYHY CUNY MOMepenHbOro HanpyXKeHHsl, BUCOKWWA piBeHb CTUCHEHHS CMpaBrisie 3Ha4YHWN BMSMB Ha
NPOrMHW cTenboBol NNUTU. OfHIe BaXnNMBOK 3adaqeld OaHOro BUHaxody € CTBOPUTM e oauH edeKTUBHUIA cnocit
nonepenHbLOro HanpyXeHHs KOHCTPYKLIMA 3 MIOCKOK HUXHBOK MOBEPXHEH, NPUYOMy NoABIiHE NonepenHe HanpyXeHHs
SIK BUCOKOEPEeKTUBHUI cnocib He 3anepedyeThbes.

Lleli BuHaxig edekTuBHiWe BuMpiwye npobremy CTIMKOCTI BEPXHbOI .6ankun OO NMOZLOBXHLOrO BUTMHY, HiXX Crnocio,
PO3KPUTMI Yy BuULWe3ragaHoMy naTteHTi. [MpocTopoBO po3HeceHi 3'egHyBarnbHi TpyOYacTi CTPWXKHI, pPiBHOMIpHO
PO3MoAiNeHi No BepxHin NMOWWHI CTeNboBOI NNUTW Ha MEBHIM BU3HaYeHin BiacTaHi, noginsawTe pobody AOBXKUHY
BEpPXHbOI Garnkn Ha Kinbka MeHWWX Bigpi3kie, i nonepe4HUn nepepia BepxHbOi Ganku mae dpopmy 3BopoTHOI "V,
33BASKN YOMY 3MEHLUYETbCS poboYa AOBXKMHA 3'eqHYBanbHUX TPYOYaCTUX CTPUKHIB | 3MIHIOIOTLCS YMOBU Ha X KiHUAX,
O A40OAaTKOBO 3MEHLLUYE BUMMH TX poBoYnX JOBXKUH.

dir.1 npeacTtaenae coboo i30METPUHHUIA BUA KOHCTPYKLIT, Ha SIKOMY NoKasaHi CKNagoBi YacTUHU,

dir.2 npeacrtaeBnae coboo nepepia KOHCTPYKLIiT, Ha SKOMY NoKasaHi CKNagoBi YacTUHM.

dir.3 inocTpye Ha cnpoLleHin Mogeni NpMHUKUN NonepenHboro Hanpy»KeHHs (Bunagok 1).

dir.4 inocTpye 3MeHLUEHHA poboHoi AOBXKUHN 3'eQHYBanbHOro Tpybdactoro CTpukHs (3) i cnoci6, y akuii BepxHsi
Oanka (2) HabyBae CTIMKOCTiI 4O NOAOBXKHBOTO BUTUHY.

[axoBo-CTenboBa KOHCTPYKLiA 3 nonepenHiMm HanpyXeHHAM npeactasnse coboto 36ipHUIA eneMeHT, LWo € Hecy4nM
B OAHOMY HanpsiMi, i3 NMPOCTOPOBO PO3HECEHWMMW 3'eAHYyBanbHUMKU TpybyacTumu CTpukHAMU Ans OyaiBHMUTBA
NPOMWCIOBMX ByAiBenbs 3 BEMUKMMU NporoHamn. KOHCTPYKLiS Mae BUPa3HO LMPOKY Ta TOHKY BETOHHY nnuty

(1) Ta BepxHio G6eTOHHy Banky (2) 3 nonepedHMM nepepizoM y opMi 3BOpoTHOI "V", Ak nokasaHo Ha Pir.2, wo
3'edHaHi Mk cobol TOHKMMK cTaneBumMu TpybuacTumm cTpuxkHAMKU (3). TOHKY CTenboBy NnMTYy BMOpaHO BMpasHO
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LIMPOKOtO, W6 Bigpa3sy NOKPUTK BENUKY YacTuHY OyaiBni y nnaHi Ta 3abe3neynTy NIOCKY HUXKHIO MOBEPXHIO 3cepennHu.

Ak BuaHo 3 dir.2 Ta dir.4, obmasi TOHKI CTIHKM MonepeYvHoro nepepisy BepxHboi Ganku (2) npoxoasaTts Gnmabko
0o nnuTu (1), CKOPOYyHOYM TakUM YMHOM OOBXWHY BUTMUHY 3'eOHyBanbHUX TpybuacTux ctpuxkHiB (3). 3'egHyBanbHi
TpyOuacTi cTpukHi (3), WO 3akpinneHi 3 ofHiel CTOpoHM y BepxHi Ganui (2) i MalTb TakMid caMmuii KyT Haxuny, sk
i HaxuneHi TOHKi CTiHKM nonepeYHoro nepepisy, 3 APYroi CTOPOHW 3aKpinmfeHi y LWWPpOKin cTenboBin nnuTi (1) iy
Takui cnocib HagawTb BepxHin 6anui (2) CTiNKoCTi A0 NOQOBXKHLOrO BUTMHY.

TOHKI NPOCTOPOBO PO3HECEHi cTanesi TpyOyacTi CTpuxHi (3) BUKOPUCTOBYIOTL Takok, WOG NigTpuMyBaTu BigCTaHb
M CTenboBolo nnuTow (1) Ta BepxHbot Barkoto (2), 3anobirao4mn nepexony 3ruHanbHUX MOMEHTIB B 060X Hanpsimax
Ta 3MEHLLYIOYM TEMMONPOBIQHICTE MiXK BEPXHBOI Garnkoto (2) Ta cTenboBok nnuTo (1).

LLlo6 npointocTpyBaTK, K Npautoe MexaHiaM KOHCTPYKLII, crig cnovaTtky Big3Ha4nMTW HacTynHe:

AKWO KOHCTPYKLiS He Oyna nonepenHbO HanpykeHa, To i crtenboBa nnuta (1), i BepxHa Ganka (2) matumyTb
TEHOEHLUil0 OO0 NPOrMHaHHSA BHM3, Npu4omy cTenboBa nnuTta (1) 4vepes ii Binblue BigHOWEHHS BRacHoi Barn go
BEPTUKanbHOI XOpCTKOCTi Byae npormHaTrcsa 3 GinbLUoi WBUAKICTIO, HiXX BepxHs Ganka (2), Wo NpuMyCcuTb 3'€qHyBarbHi
TpyO4acTi CTpUKHI (3) YNHWUTK ONip TX PO3XOAKEHHIO.

AKWO KOHCTpYKUif ©Oyna nonepegHbO HanpyXeHa Ta He HaBaHTakeHa, 3'eqHyBanbHi enemeHTu (3) 3asHaloTb
CTUCHEHHS, YMHSHN Onip HABnMXKeHHIO cTenboBol NAKMTK (1) Ta BepxHbOI Garnku (2) ogHa Ao ogHoi.

AKWo KOHCTPYKUisi € nonepenHbO HamnpyXeHow | HaBaHTakeHa Oyna nuie BepxHa 6Garnka, CTUCHEHHst Yy
3'egHyBanbHUX TpybyacTnx cTpuxkHax (3) nigBuwntbes, 60 y LbOMy pasi BepxHsi Ganka (2) Yepes npukriageHe
HaBaHTa)XeHHs BUMMHAETbCA YHU3, @ y TOW CaMWii Yac CTenboBa NNUTa BUIMHAETBCA TPOXWM Bropy, i BiATak
3'egHyBanbHi enemeHTU (3) YMHATL onip X AO4aTKOBOMY HabnMKeHHI0 ogHa Ao OfHOI.

Ko KOHCTPYKLiA € nonepedHbO HanpyXeHoK, a HaBaHTaXeHow € nuvlle crenboBa nnuta (1), TO CTUCHEHH: y
3'egHyBanbHUX TPYOGYacTUX CTPUNKHAX 3MeHLIYeTbCsl, 60 Y UboMy pasi cTenboBa nnuTa (1) BUTMHAeTbLCs YHU3 LBUALLE,
Hi>k BepxHs Barnka (2), i BiaTak BiacTaHb Mixk HUMUK 36inbLUYyETLCS.

Y 6yab-akoMy BUMNaaKy BepxHs Garka (2) fie Sk HeCy4uin enemeHT, Wo Hece MaiXe BeCb 3rMHanbHUA MOMEHT, B TOW
Yac sk KOHCTPYKLiA enemMeHTiB (3) € Tako, WO BOHW 34aTHI NepegaBaTtil e Marny YacTUHY 3rmHansHMX MOMEHTIB Ha
cTenboBy NAuTy (1), Aka Ay>ke Nerko NporMHaeTbCA HaBiTh Bid Ay)Ke Manunx 3rmHarbHUX MOMEHTIB.

ToHKi 3'egHyBarbHi TPyO4YacTi CTPWKHI SIK YacTUHa KOHCTPYKUl BigirpatoTe B3arani porfib Ha 3pasok "nacuMBHMX"
3'edHyBayiB, IO 3HAYHO HE HanpyXylTbca 3a OyAb-AKOro HaBaHTa)EeHHS, Xo4a BOHM i 3'eQHyloTb ABi MacuBHi getani
KOHCTPYKUiT, (1) i (2), yTpuMylo4M BiOCTaHb MiXK HUMW, KONW Ti HamarawTbcs 306nMMaUTUCS ofHa 3 ofgHok abo
BioOoanMTMCA ofgHa Big OOHOI Yy BUMNagKax pPi3HUX HaBaHTaXKeHb. TaKoXX MOXIIMBO 3HAWTW W TaKke ChOfyYeHHs
HaBaHTaXEeHHs1 Ta NonepedHbOro HanpyXXEeHHs, NPY SKOMY BHYTPIWHI CUMWM Yy Aeskux 3'egHyBarbHUX Tpyb4yacTmx
CTPWXHAX OyXe Marni abo npakTUYHO LOPIBHIOITL HYSo, WO MNiAKPECntoe BiOMIHHICTE MPONOHOBaHWX KOHCTPYKUIT Bif
depM abo apok i3 3aTsKKol, NOPIBHAHHA 3 KUMKW HaBedeHe Buwe. Lle cTaHe Ginbl 3po3ymMinMm gani, Kornm Mu
po3rnsAaTUMeEMO NonepenHe HanpyKeHHs.

IcHYloTE ABa cnocobun nonepenHbOro HanpyXeHHs! TaknxX KOHCTPYKLIN, npu LsoMy BUGIp 3anexuTb Big TOro, Yoro mMu
OakaeMo: MaTu Ginbll abo MeHLW CTUCHYTI i cTenboBy nnuTy (1) i BepxHio G6anky (2), abo y 6eToHi cTenboBoOl NnnTh
(1) npunyckaeTbca neBHe MOMipHe HanpyXeHHs. AKwo BMOpaHUi neplinin BapiaHT, TO MatTUMeMO BUNagoK cnocoby
NoABIMHOrO nonepenHLOro HanpyXeHHsi, poakpuToro [B nateHti UA 61869], y akomy BepxHio 6Ganky (2) Tpeba
BUFOTOBMTU 3 ABOX YaCTWH, WO po3'eqHaHi No LUEeHTPY MPOoroHy. AKWo BMOpaHUi Opyruil BapiaHT, BepxHs Garnka (2)
BMIOTOBIIEHA SIK OfHe Line.

LLlo6 kpalye nosiCHATW BiOMIHHICTb, Aani No TeKCTy BMNadoK LinbHOT G6ankn no3HauYeHnn sik Bunagok 1, a Bunagok
BEpPXHbOT 6anku 3 ABOX YaCTUH MO3HAYeHUI AK BUNagokK 2. (BUNadok 2 He € NpeaMeToM [aHOro BUHaxXoay i aragyeTbes
Y LUbOMY ONMWCI NLLE AK MOXIUBUWIA BapiaHT.)

BUMALOK 1

Lleli Bunagok intoctpyetbea Ha dir.1. Ak BugHO 3 i€l dirypn, BepxHio banky (2) BUroToBnAOTL SIK ogHe uine. i
KiHUi (4) MOXHa po3rngaatv K KOPOTKi KOHCoSi (He Mae 3HaYeHHsA, po3rnagaeMo MU 1X SK CKagoBy YacTUHY
CTENbOBOI NIUTU YU BepxHbo! 6anku), XXOpCcTKo 3'edHaHi 3 cTenboBok nnuToto (1) i 3gaTHi nepemaBaTy 3rvHanbHi
MOMEHTWN 3 BepxHbol Ganku (2). BepxHtio 6anky (2) cnodatky 6eToHytoTh Y Ti BnacHili onany6bui, a notiM nomiwawTs B
onanybky ans crtenboBol nnutu (1). OpoTu nonepenHbOro HanpyXeHHs HaTAaryloTb | 3akpinnwowTe B onanybui ans
CTeNboBOI NnWTK, i NAMTy (1) G6eToHywoTb. Micna 3aTBepaiHHs ©eToHy BepxHs Ganka (2) Ta cTenboBa nnuta (1)
CTalTb 3'€gHaHMMK cneuianbHolo AeTanno nobnuay onop, apmaTtypHi eneMeHTV MonepenHboro HanpyKeHHs
BUBINbHAOTL 3 onanyokuy, i 4o 6eToHy cTenboBoi NnUTK (1) BBOAATL NO LEHTPY CUITY NONEPEnHbOro HanpyXkeHHs. Cuna
nonepenHLOro HamnpyXeHHs CKOpoudye cTenboBy NANUTy (1), CPUYMHSIOMM B3aeEMHE nepemiieHHs obox KiHuis (4)
BepXxHbOi Banku (2) y HanpsMKy oauH Jo ogHoro. O6uaBa KiHUi BepxHbOI Gankun (2) KOpCTKO 3'€4HaHi 3 CTENbOBOK
nnuToto (1) B3AOBX AOBIMX MiHi 3'€AHaHHSA, TOMY Y LUX MICUAX 3rMHarbHUA MOMEHT MOXe nepefaBaTucsl Y CTenboBy
nnuty (1). Yepes ix B3aeMHe nepemilleHHA-aedopMaLito BepxHs G6anka (2) i ctenbosa nnuta (1) npuiiMmaioTe Ha cebe
NEBHY YacTUHY CUIN MONEpPenHLOro HamnpyKeHHs, Wo BBOAUTLCHA. Poarnagatoymn onipHi KiHUi (4) BepxHbOi Ganku (2) sk
KOPOTKi KOHCOSMI, sIKi € CKNagoBO YaCTUHOK CTernboBoi NMTK (1), 04EBUOHO, WO CKOPOYEHHSA cTenboBoi nnuth (1)
CNPUYUHSIE CTATYBaHHS KiHUIB BepxHboOi Gankn (2), i BepxHa Oanka (2) BUIMHAETLCA Yropy, YUHAYM omip ix
CNiNbHOMY CKOpOYeHHto. Pearyioum Ha Ue, KiHUi BepxHboi Oankm (2) i3 3Ha4YHOK BHECEHOKW YacTUHOK CUSK
nonepenHLoro Hanpy>KeHHs LTOBXalTb KOHCONI (4) Ha KiHUSX cTenboBol nnutu (1), obepTatoun iX KiHLi 1 yTBOPKOKYM
HeraTUBHI 3rMHanbHi MOMEHTU y cTenboBili nnuTi (1), WO BUrMHaTL Ti Bropy. Yepes ue 3'egHyBanbHi TpybdacTi
cTpwxkHi (3) Mix cTenboBot nnuToo (1) i BepxHbot Gankoto (2) ninaaTbes cnabkoMy CTUCHEHHIO, OCKINbKW BOHM
YMHATL onip ix 36nuxeHHo. CTenboBa NnUTa 3a3Hae 6eanocepeqHbOro MonepenHLOro HanpyXeHHs, Wwo 3anobirae
nosiBi TPIWWUH y GETOHi, CNPUYMHEHNX BUCOKUM PIBHEM PO3TSTraHHs, ane rofloBHUIA edekT nonsirae y NporuHi Bropy

5.
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TOHKOI Ta rHy4Kol, ane BaroMoi CTenboBOi NANTU, KU JOCATaeTbCA Yepe3 HenpsiMy NacuBHY peakLuilo BepXHbOi Hanku
(2), wo pie Ha obuasi ceoi onopwu, Wo nogibHa Ao koHconi. OTXe, edekT KiHUiB, WO TUCHYTb, OOCAralTb Y TaKuih
camuin cnocib, y Akuii Woro gocsaranu [y BuwesragaHomy nateHti UA 61869). dosra i ToHka cTenboBa nnuta (1)
BUIMHAETLCA LWIBWALLE, HiXK BEpXHS Garnka (2), i Yepes e oOMeXeHi pisHULi MiK TX MpOrMHaMm ClpuYMHSAIOTE CTUCHEHHS
y 3'eQHYBanbHUX TPyOGYacTUX CTpUMXKHAX (3).

BMNALOOK 2

BignosigHo go onucy [y natenti UAB1869)], BepxHio Ganky (2) 6yno BMIOTOBNEHO 3 ABOX YacTWH i nonepenHbo
HanpyeHo y cnocib nogBiiHOro NONepPenHbOro HanpyXeHHs, Wo 3aiiicHioBany y Aei ctagii. Ha nepuwin ctagii ctensoBy
nnuTy (1) nonepenHbO HanpyXyrTb NOCEPEnnHi MiXX ABOMAa BiOKPEMIEHUMMN YacTUHAMKN BEPXHLOI Ganku, Wo 3'egHaHi
Mo LieHTpY MPOroHy, Mpu4yoMy neplle nonepenHe HanpyXeHHs He BUKNUKae OyAb-AKkuX HanpyxeHb Y pos'eqHaHuX
nonoBuHax BepxHboi Ganku. Ha gpyrii cragii y micyi nepepuBaHHA BepxHbOi Ganku ycepeouHi nporoHy craneBui
KMWH, Wo 3abuBatoTb y chelianbHy AeTanb, CnpuyrHae edekT 4BOCTOPOHHBOMO PO3LLTOBXYBaHHS OMNOP 3 MPOrMHaHHAM
CTENbOBOI NNNTK Bropy Yepes obepTaHHs i KiHUiB.

B o6ox cnocobax, Lo NopiBHIOKOTLCS, HEraTUBHWUI 3rMHANbHUA MOMEHT [ocAraeTbesi Yepes obepTaHHs KiHUiB
KOHCTPYKLUi, Wo6 34iiCHUTU MpOrMHaHHA Bropy. Ane MK BunagkoM 1 Ta BUNagkoM 2 iCHye 3Ha4dHa pisHMUA, WO
[O3BOSSIE HAaM NonepenHbO HanpyXXyBaTh KOHCTPYKLi0 3 MeHLWot abo BinbLuoto cunoto, BUTpadarun Yepes ue binblie
abo MeHLWe cTani ana nonepenHeoro HanpyXeHHs.

Ha npaktuyi y geskux Bunagkax KOXHWIA 3 ABOX cnocobiB, WO po3rnsaaloTbesi, MOXe MaTtu neBHi nepesarn abo
Hepgonikn, abo 3 pisHMX NPUYMH TX 3aCTOCYBaHHSA MOXe obMexyBaTmcs.

Y Bunagky 1 B3arani noTpiGHO nNpuknagaTti GinbLly cuny nonepenqHbOro HanpyXeHHsl, HiXX y BUnagky 2, To6Tto cuny,
O 34aTHa O4HOYAaCHO CKOPOTUTU CTenboBY MAnUTy (1) Ta BUIHYTWM Bropy BepxHw Ganky (2). MNoTim cTenboBy nnauty
HanpyxytoTb 3 BWCOKMM pPIiBHEM CTUCHEHHS. TakuM YMHOM, B LbOMY BWMaAKy MU Maemo niaBuLleHi BUTpaTW, Yy
MOPIBHAHHI 3 BMNagKoM, KON BUKOPUCTOBYIOTb KIWMH i MEHLUY KiNbKICTb HanpyXyBaHOi apmaTypu. AKWO 3 NeBHUX
NpUYnH cTensoBy NnUTY (1) He Tpeba nonepenHLO HaNPYXXYBaTU Y 3HAYHIN Mipi, AOLINBHO NPUKNaaaT NeBHY NOMIpHY
cuny i 3aBOsikv LbOMY BMTpavaTh MeHLUE HanpyKyBaHol apMaTypu. Y LbOMYy BUNafKy BCe ofHO NOTpibHo 3abesneynTu
BUIMHaAHHSA CTenboBOT NAnMTK (1) Bropy, ToMy BUNagok 2 6ye 61 GinbLl eKOHOMIYHUM.

3BMYanHoO, icHye 6arato MOXIMBUX KOMOIHALIN 3 pi3HOK BUCOTOK abo PisHWMMK BifHOLEHHSIMU PO3MIpIB BEPXHBOT
Ganku, pisHUMK hopMamu, TOBLUMHOK abo LUMPUHOK CTeNboBOI MAMTK, abo i3 3acToCyBaHHAMMW MatepianiB pisHol
ryCTUHM (NpuMipoM, nerkoro GeToHy), 3i 3MIHOK CUNKM MONepenHbOro HanpyXeHHs B obox enemenTax (1) i (2),
33BASKN YOMY NeBHe ONTUMAaribHe pilleHHS 3aBXAW iCHYE.

Ak ocobnMBMin BUNAQoK, MOXHA TaKOX BUKOPUCTATK KOMOGiHauito 06ox BULLe3ragaHux BUNagkKie, i B LbOMY pasi KrivH
ANa OOAaTKOBOrO MOMepenqHbOoro HanmpyXeHHs po3MmillytloTb Y 3'eqHyBanbHii AeTani OO nonepeqHbOoro HanpyXeHHs
CTENbOBOI NSANTU, | KIMH BUKOPWUCTOBYIOTb NIiCMS MEPLUOro NOMepenHboro HamnpyXeHHs AN TOYHOro BWCTaBfIEeHHS
NPOrUHY CTEMNbOBOI NANTK Bropy.

BepxHio Banky (2) cnodatky GeToHytoTb Y i BnacHii onanybui, a noTiM nomiwawTs B onanybky Ans crtenboBoil
nnutr (1). poTu nonepenHLOro Hanpy:XeHHs HaTAarylTh | 3akpinnoTe B onanybui ana crensoBol nnutk (1), a nnuty
OeToHyloTb. Micna 3aTBepaiHHA 6eToHy cTenboBoi NMTK (1) obuaBa enemMeHTH - BepxHsa banka (2) Ta cTenboBa nnuta
(1) - 3'egHaHi cneuianbHUMKU aeTanamu nobnuay onop. lNicna posbupaHHs onanyGku cTenboBoi NAUTM Ao 6eToHYy
cTenboBoi NnMTK (1) BBOOAATE MO LEHTPY CUry MonepedHboro HanpyXeHHs. CTyneHi CTUCHEHHS | PO3TArHEHHs, Lo
NpuKNagarTsCs, MalTb 0OMpaTcs iHXKEHEPOM Ha MiACTaBi NONepPenHiX po3paxyHKiB.

dopmyrna BMHaxony

1. Henpamo nonepedHbO HanpyxeHa 3anisobeToOHHa [axOoBO-CTeNbOBa KOHCTPYKUis 3 MIOCKOK  HUXHBOI
noBepxHetlo AK 36ipHUN OyaiBenbHMI enemeHT ansa OyaoyBaHHA npomucrioBux OydiBenb 3 BENWKUMKU NPOroHamu,
fKa BiAPI3HAETLCA TUM, LLO Mae BUPA3HO LLUMPOKY Ta TOHKY GeTOHHY nnuTy (1), TOHKOCTIHHY BEpXHI0 GeTOHHY Ganky (2)
y chopmi 3BopoTHOI "V", Wo 3'egHaHi Mk cobo MPOCTOPOBO PO3HECEHUMWU TOHKMMW CTanesumu TpybOyacTvmm
CTPWKHSIMM (3), NPMYOMY CTENBOBY NIUTY NONepenHbO HanpyXylTb Mo LEeHTPY.

2. Cnocib nonepenHbOro HanpyXeHHsi 0axOBO-CTENbOBOI KOHCTPYKLUil 3a n. 1, AKAA  Bigpi3HAETbCA TUM, WO
KOHTPOMb NPOrMHy CTenboBoi MMTK (1) 3AINCHIOITL HENPAMUM MONEepPenHiM HanpyXeHHAM, NpuyYoMy nonepegHe
HanpyXXeHHs cTenboBoi NNUTK (1) CNpUYNHAE NacuBHY peakuito BepxHboi Ganku (2) y Hanpsamky obox i KiHuie (4),
O, TAKUM YMHOM, BUTMHAE CTeNboBY NNUTy (1) Yepes obepTaHHs i KiHLiB.

3. Cnoci6 HagaHHsi CTIMKOCTI OaxoBO-CTENbOBIA KOHCTPYKUil 3a n. 1 abo 2, Ak  Bigpi3HAETbCA TUM, LWO
NOOOBXHBOMY BUTMHY BepxHboi Banku (2) 3anobiraoTb 3aBASKM HaXWSIEHUM MPOCTOPOBO PO3NOAINEHUM CTaneBum
TpybuacTum CTpuxHAM (3), npudomy Tpy6dacTi cTpuxkHI (3) MaloTe TakMin caMmuin KyT Haxumy, SK i NonepeYHnii nepepis
y cpopMi 3BOpoTHOI "V" BepxHbOi Ganku (2), i 3a3Ha4veHi TOHKI CTiHKM CKOpOWyloTb pobody AOBXKUHY Tpyb4acTux
CTPUXHIB (3).
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OdbiliiHnii GroneteHb "lMpomucnoaBa BnacHicTe". Knura 1 "BuHaxogn, kopucHi mogeni, Tonorpadii iHTerpansHux
MikpocxeM", 2006, N 6, 15.06.2006. [depxaBHUA OenapTaMeHT iHTenekTyanbHoi BnacHocTi MiHicTepcTBa ocBith i
Hayku YkpaiHu.
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