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NPOEKTYBAHHA

NMPOEKTYBAHHA XBOCTOCXOBMULI rPHHY0-3BATAYYBANbHUX
KOMBIHATIB YKPAIHH ¥ BIANOBIAHOCTI 40 BUMOT
MDKHAPOAHUX CTAHAAPTIB

pu po3pobIIi KOPUCHUX KOITaJeHb, 30aradeHHi
Ta TiIPOMETAIyPTiiHOMY IepepoOIIsIHHI Py i
KOHIICHTPATIB HEeBi/l'EMHOIO YaCTHHOIO PyjoIepe-
poOHOTO BUPOOHUIITBA IPOMUCIOBUX IiAIPH-
€MCTB € XBOCTOBI T'OCIIO/IaPCTBA, SKi CTBOPIOIOTHCS
IJIs1 BUPIIIeHHsI TUTaHb TPAaHCIOPTYBAaHHSA 1 opra-
HI30BaHOTO CKJIAJyBaHHS MIHEpAJbHUX BIIXO[IB
Bzl 30aradeHHs pyan. OCHOBHOIO CIIOPYIOIO XBOC-
TOBOTO TOCIIOIAPCTBA € XBOCTOCXOBUIIIE — IPUPOT-
HO ab0 INTY4YHO CTBOpPEHA €MHICTH ISl CKIIALy-
BAaHHS XBOCTIB, SIKi II€PEMIIIYIOTh 3 MICIIb iX YTBO-
PEeHHSI IePeBaKHO TifpaBiIivHUM crocobom [1].
€MHICTb XBOCTOCXOBHIIIA IO KOHTYPy OOMEXy-
€THCS OTOPOKYBAJIbHUMH AaMbaMH KOMOIHOBa-
HOTO THITY, 5IKi CKJIaIalOThCS i3 MEPBUHHHUX JaMO
00BaJTyBaHHS, III0 BUKOHYIOTBHCS 13 CYTJIMHUCTOTO
I'PYHTY, 0aM0 HapoOIIyBaHHS, OTOPOIKYBaJIbHUX i
PO3AUTEHUX 1aMO 13 KaM STHOTO HaKUIAHHS (9acTo
BUKOPHUCTOBYETHCSI POSKPUB PYIHUX Kap €piB abo
6imHI pyau), 10 YTBOPIOIOTH CUCTEMY KapT, SIKi 3a-
MHBAIOTBCS XBocTamu. [Ipy mpoMy BHCOTa OKpe-
Mux 1am6 nocsirae 1o 100 M i Moske 301IbIITy BATUCS
B IIpOIieci MOJAIbIIOro HapoilyBaHHs. KpiMm Toro,
XBOCTOCXOBHUIIA BiTHOCATHCA OO 00 €KTIB 3 ITiIBU-
IIIEHOI0 eKOJIOTIYHOI0 Hebesmekoro [2]. Takum um-
HOM, XBOCTOCXOBHIIIA B 3aJIKHOCTI SIK Bil] BUCOTH
mam6 3rinHo 3 [3], [4], Tak i Big MokIUBOI HeOe3me-
KA Ta €eKOHOMIYHMX 30UTKIB 3rimHo 3 [5] MaloTh
Kiac Hacuainkis (Bigmosimanbuocti) CC3 1 BimHO-
catbest mo IV aboV kateropii ckimagnaocTi [5], [6].
IIpoexkTyBaHHSA TaKUX BIANOBITAIbHUX CIOPY,
B YKpaiHi 3[ilICHIOETbCS 3TiIHO 3 BUMOTAaMHU JIifO-
qux HOpM [3], [4], [6-9] i cranmapriB [10], [11], a
ix HapmifHICTh 1 6e3MeYHICTh eKCIUTyaTamii 3aje-
JKUTH BiJJ IPUUHATUX TeXHIYHUX pimleHb. MixHa-
POJHO BU3HAHMMH PEKOMEHJALISIMHU IPU IPOEK-
TYBaHHI aHAJIOTIYHUX 00 €KTIB € BUMOTHU CTAaHAAP-
1iB ICOLD [12-18] i ANCOLD [19], sKi € eTaynona-
MM KpaIllMX CBITOBUX MPAKTUK IIPU IPOEKTYBaHHI
NIPOMUCIOBUX TAPOTEXHIYHUX CHOPY/I.
MeTo10 JaHOI CTATTI €:
MOPIBHSUIBHUN aHAJII3 HOPM 1 CTaHAAPTIB YK-
paiHu 3 BUMOTaMU MIKHAPOJHUX CTaHOAPTIB;
AQHaJII3 TeXHIYHUX pilleHb, npuiiatux I
«YxkpH/IIBonokananmpoekT» y npoekti «ITAT
«ApcenopMirran Kpusuit Pir». PekoHCTpyK-
mist xBocrocxoBuia «O6’ennane. IV kapra»
o BigM. 166.0 M», Ha BIOIIOBIMHICTH BUMOTaM
MDKHApOJHUX CTaHIAPTIB.

2 © Orno6ns O.l., A3toHA34 T.B.

0.1. Orno6ns

JnpekTop

Al «YkpH/JIBOZOKaHANPOEKT»,
3aCMy)KEHWI LiSiY HAYKW | TEXHIKM
YKpaiHw, 4.T.H., npodecop

T.B. A3toHa34A
FO/IOBHWIA IHXEHep NPOEKTY
Ol «YkpH[IBOAOKaHANMPOEKT»

IlopiBHANBbHUIT aHaXi3 BHMOT CTaHOAPTIB
YKpaiHn [3—-11] 3 Mi>kHapOmHUMH CTaHAAPTAMH
ICOLD i ANCOLD [12-19] npu mpoekTyBaHHi
IIPOMMUCJIOBUX IiIPOTeXHIYHUX CIOPYA.

Knacugpixayis ziopomexuiunux cnopyd. Pos-
TJISTHYBIIN OCHOBHI IPWHIUINN Kiacudikarii cro-
PYZ BIANOBIAHO JO BUMOT CTaHAApTIB YKpaiHU Ta
MikHaponuux crangaprtie ICOLD i1 ANCOLD,
MO’KHA AIUTH BHUCHOBKY, IO MHiAXOAW A0 KJIACHU-
pikamii anamorivHi, a came BpaXOBY€EThCS:

MaTtepiajbHa IIIKOJA;

BIUTUB Ha HABKOJIMIITHE CEPEIOBUIIIEC;

Hebe3MeKa, 110 BUHUKAE IPU IMOIIKOKEHHI

criopyiu (KUIbKICTh MTOCTPasKAAJIHX).

Tako’x MOKHA BIA3HAYUTH 1 JedKl BITMIHHOCTI1
1110710 BUMOT. /151 cranmapriB Ykpainu 1e kiaacudi-
Kallisg HACJIIIKIB 3aJeKHO Bl BUCOTH OTOPOJXKY-
BaJbHUX Nam0, a I MDKHaPOIHUX CTaHIAPTIB —
kacudikailist HaCJiIKiB 3aIe)KHO Bil PiBHS TOBEHi.

OuyintoBanns ceiicmiunoi ne6esnexu. Ilopis-
HSUIBHAM aHami3 Bumor Ykpaimm ([IBH B.1.1-12
(8]) i mbkaaponuux (ICOLD B72 [14]) HopmaTHBiB
3 OLIIHKY CeMICMIYHOI HeOe3IeKH IPU MPOeKTyBaHHI1
TIIPOTEXHIYHUX CHOPYH NO3BOJISE€ KOHCTATyBaTU
HACTYIIHE: I CEIICMOJIOTIYHUX YMOB YKpaiHU BH-
6ip mepiogy moBToproBaHOCTI B 5000 poOKiB mist
OIIIHKY KOHCEPBAaTHBHOTO PiBHS CeliCMigHOI Hebes-
neky (MaKCUMaJIbHUU PO3PAaXYHKOBHI 3eMJIETPYC
(MP3) 3a 1IBH B.1.1-12 [8]), 3 ogHOrO OOKY, 33710~
BOJIBHSIE HAI[IOHAJIBHY HOPMaTHUBHY 0asy, a 3 1HIII0-
r0 — KUJIbKIiCHI OI[IHKM CEMCMIYHOCTI OYAyTh Ipak-
TUYHO OJJHAKOBUMH 1 IJIs1 IIepiofly IOBTOPIOBAHOC-
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ti 10000 pokiB (anamor MP3 — SEE o ICOLD-B72
[14]). Lle moB’s13aHO 3 TUM, IO B CEACMOTEKTO-
HIYHUX yMOBax YKpaiHu Mae Micre eeKkT Hach-
YeHHS CeMCMIYHOI IHTeHCUBHOCTI, KOJIH, IIOYMHATO-
YU 3 [EeSIKOTO Iepiloy MOBTOPIOBAHOCTI, CECMIYHA
IHTEHCUBHICTb IPAKTHYHO He 30LIBIIYETHCS IPH
30ibIIIeHH] Tepiofy MOBTOPIOBAaHOCTI. [lOHATTS
MP3 i3 nepiogoMm ctpycy 1 pa3 Ha 10000 pokis BTpa-
4a€ CEHC, OCKIJIBKU KPHUBA 3aJIeKHOCTI CeCMIYHOI
IHTEHCUBHOCTI BiJ] IIepiofly IIOBTOPIOBAHOCTI Ha
IIbOMY IIepiofii B’Ke BXOAUTH 10 001aCTi HACHMIECHHS
1 IPAaKTUYHO HE BIIPI3HAETHCA IJIS NePIoly IOBTO-
proBaHocTi B 5000 poKiB.

OujintoBannst nomenuiany 3ocepedskeroi gpinvm-
pauyii. TlopiBHsUIBHUIT aHaNI3 BHUMOT YKpaiHU
(OIBH B.2.4-5 [3]) i mbkuapomuux ICOLD B97
[17] HOpMAaTHUBIB CTOCOBHO SIBUIIA 30CEPEIKEHOI
inpTpanii mpum MPOEKTYBaHHI TiPOTEXHIYHUX
CIOPYH CBIIYUTH IIPO T€, IO OCHOBHI MIAXOOU
IO BU3HAYEHHs 30Cepe/ykKeHoi ¢iapTparii myske
6s113pKi. OCHOBOIIOJIO)KHUM TIPUHITUIIOM € CTiil-
KICTh TPYHTY, 3 SIKOTO BIICHIIAETHCS TLIO Hamo6w,
1o siBUIIA Cydo3il.

Ouyinrobanna pusuxib, wo B6unuxaromo npu
npopubi ozopodxyBanvroi dam6u. [lopiBHIbHUIM
anam3 Bumor Ykpaiau ([JbH B.2.4-5 [3]) i mikHa-
ponuux ICOLD B97[17] HopmaTuBiB i3 BU3Ha4YeH-
Hsl 1 OIIHIOBaHHS PU3HKIB, 1110 BAHUKAIOTh IIPU IIPO-
PUBI OrOpOIKYBaJIbHOI 1aMOU, TO3BOJISIE KOHCTA-
TyBaTH HACTYITHE: OCHOBHI MIIXOJHU [0 OIIIHIOBAH-
Hs1 PU3HKIB Ty>ke 6113bKi. OCHOBOIOJIO>KHUM IIPUH-
I[UIIOM € TiNOTeTUYHe MPUIYIIeHHS MOXJINBOCTI
IIPOPUBY JaMOM i BUSHAYEHHSI 30H 3aTOIUICHHSL.

Pospaxyuxu ¢inompauii, miynocmi ma cmiii-
Kkocmi. YnHHI OyiBeIbHI HOPMH YKpaiHU B raysi
IIPOEKTYBaHHs HAaIlIPHUX TIAPOTEXHIYHUX CHOPY/L
Ta iX OCHOB [OCHUTHb [I€TAJIbHO pPerIaMeHTYIOThb
SKICHUH 1 KUIBKICHU¥ CKJIaJ PO3PaxyHKIB, HE0O-
XITHUX VTSI pO3poOJIeHHST HAlIMHUX 1 TeXHIYHUX
pimeHb. 3iCTaBIISI0OYN YKPAaiHCbKI HOPMHU Ta PeKO-
menpanii ICOLD (ANCOLD), Mo)kHa BiI3HAaYUTHA
6araTo COUTHPHOTO B MiIXOMaX 1 METOMAX Y YaCTHHI
PE€KOMEHIOBAaHUX pPO3paxyHKiB. Hanpukian, y
gyuaHomy CHull 2.06.05 1. 5.10* [20] 3a3HadeHo:

«Pacuemvt ycmoituubocmu omxocog ... cnedy-
em BoinonHamMy 0151 KpyeaoyuauHopudeckux nobep-
xHocmeti c0Buza. Ilpu Hanuuuu 6 ocHoBanuu uau
mesie coopyxxeHust 0C1a0IeHHbIX 30H ... ¢ 00/1ee HU3-
Kumu npouHocmuvimu cBoiicmbamu... cnedyem Gui-
noaHAmMs pacdemuvl 015 npousbonvHoix nobepxHoc-
meti cobuza. IIpu pacuemax cnedyem ucnonv3obamo
Mmernoovl, yooBaembopsitousue ycaobusm pabrobecust
npusmovlL 006pyuieHust 6 npedensvbHOM COCMOSTHUU ... ».
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B ANCOLD [19] pekoMeHIy€TbCSI:

«6.1.2 ... The analysis of stability of tailings dam
embankments is usually carried out using limit
equilibrium procedures.

6.1.7 ... In the majority of applications, non-cir-
cular failure surfaces may need to be consideredy.

IMomo dinpTpaniitHux po3paxyHKiB [20] 3a3-
HA4eHO:

«5.4*. PuaLMPAYUOHHBIMU pacUemamu ... HAo-
sexxum onpedensimv caedyroujue napamempul Qu-
JILMPAYUOHHO20 NOMOKA:

a) nonoxeuue nobepxHocmu QuUALIMPAYUUOHHO-
20 nomoxa (denpeccuonHoti nobepxxocmu) 6 mene
na0MuHbL U bepezax;

6) punempayuonnwviii pacxod 600wl uepes mesno
naomumol, ocHoBarnue u bepezar.

B [19] pekomeHnnyeThCst:

«Seepage assessment is necessary as part of
detailed design to:

define pore pressures/phreatic surfaces for use in

stability analysis;

allow design of drainage and collection systems».

Hait6inb1mr 3HaYHOIO BIIMIHHICTIO B YKPAiHCh-
KUX Ta MDKHApPOJHHMX HOpPMax € BeJIWYMHA MiHi-
MaJIBHO JIOITYCTHMOTO Koe(illieHTa CTIMKOCTI yKO-
cy. B [20] maHo:

R n fc
k, — ——,
F
ne F— po3paxyHKOBe 3HaYeHHS y3araJIbHEHOTO CH-
JIOBOTO BIUIUBY; R — y3araJbHeHe pO3paxyHKOBe
3HAYeHHsS] CHJI TPAaHMYHOTO OIIOPY 3CYBY IIO IIO-
BEPXHI, I110 PO3TJIANAETHCA.

YucnoBi 3HaYeHHS KOeillieHTIB

BeleHi B Tabimuiax 1-3.

c

o Ta g Ha-

Tabmunga 1
Knac crniopyg, I Il 1l \Y
3HayeHHAa 1,25 1,20 1,15 1,10
Tabnuisa 2
MoegHaHHA OcHoBHe Ocobnvse BygaisensHoro
HaBaHTaXKeHb nepiogy
3HaYeHHsa ¢ 1,00 0,90 0,95
Tabauusa 3
MeToan Taki, W0 3a40B0JIbHAITb CnpoLyeHi
po3paxyHKy ymoBam piBHOBaru
3HaueHHA 1,00 0,95

Taxkum 4nHOM, MiHIMaTBbHUN KOeIlIEHT CTiil-
KOCTI JJIs crIopy I-To Ki1acy mpu OCHOBHOMY CIIO-
Jly4eHHI HaBaHTa)K€Hb Ta METOM1 PO3PaxXyHKY, IO
3aI0BOJIbHSIE BCl YMOBH pIBHOBAry, J0piBHIOE 1,25.
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3a pexomenpmarieo [19] MiHIMaTbHUI Tabauisg 4
Koe(biuieHT 3aHaCY CTaHOBUTDH 1>5 (Ta6ﬂ. 4)- Table 8 Recommended factors of safety
HeO6X1HHO BUISHatH/ITH) HIO TaKa 3Ha4- Loading Condition (Note 1) Recommended Minimum for | Shear strength to be used for
Ha PO3ODKHICTH 32 MiHIMaJIbHUMU Koedilri- : — I":"‘“"" ua— ] : i
. . ong-term dramned . fTective Strength
€HTaMH 3aHaCY y BITIM3HAHUX Ta 3apY61>K' Short-term undrained (potential .'l_“ Consolidated Undrained Strength
HUX HOpMaX (1’25 1 1)50) 6Y.Ha BlgoMa, HpI/I‘ loss of containment)
. . . . 6 Short-term undrained (no 1.3 Consolidated Undrained Strength
HaUMH]1, 3 KIHIA 80_X pOKIB' HHH 3a0e3I11e- potential loss of containment)
YeHHS (baKTI/I‘-IHOi CTifIKOCTi HaM6 CHOPYH) Post-seismic 1.0 -1.2 (Note 2) Post Scismic Shear Strength (Note 3)

3allpOEKTOBAHUX IHCTUTYTOM, BIAIOBIIHO

0O MDKHAapOJHMX PeKOMEHJALIi Ta NOTPUMYIO-
quch Bumoru [20]: m. 5.10% ... 3HageHHsT Koedirri-
€HTa CTIAKOCTI IPYU BIIIIOBIZHOMY CIIOJYy4Y€HHI Ha-
BaHTa)XeHb He [TOBUHHI IlepeBUIyBaTH (MiHIMaIb-
Hui KoedilieHT 3amacy) ... 6irbmn HiK Ha 10 %,
B IHCTUTYTI 3aCTOCOBYBaJIaCsd HACTyIIHA IIPaKTHKa:

BIITIOBITHO 1O pekomeHmariit [21] y pospa-

XYHKaxX CTIAKOCTI BUKOPHCTOBYBAaBCS METOJ

BHUMUI - Tepuaru;

TaK fK IIedl MeTOJl He BIAHOCUTBCS O TOYHUX

(ZOTPUMYETHCS PIBHICTD TUIBKA MOMEHTIB CIJT)

3acTocoByBaBcs KoedinieHnT 0,95 3rifHO 3 BU-

HIeHaBeneHOo Tabmnero 3. Toni MiHIMaJIbHUN

KoediIieHT 3amacy Oyie TaKUM, 110 JOPIBHIOE

1,25/0,95 = 1,32.

Binomo, 1110 metop Tepuaru (Ordinary) mae 3a-
HIDKEHUN KOedillieHT CTIMKOCTI IO BiTHOIIICHHIO
no touHux Metoxis (Morgenstern-Price, Spencer).
byno npoBeneHO NOpIBHAHHS YUCIEHHUX Pe3yJib-
TaTiB 32 BUIIeBKazaHUMU MeTonaMu. CepenHe Bif-
HoIIIeHHs KoedillieHTiB 3armacy Morgenstern-Price/
Ordinary cxiasno 1,080.

Bpaxosytoun Toit paxT, 10 po3paxyHKOBI 3Ha~
YeHHS IapaMeTpiB IPYHTIB Y BITIU3HSIHUX HOPMaX
IPU3HAYAIOTHCS 3 YPaXyBaHHAM KoeillieHTiB Ha-
mifHOCTI O TPYHTY [22], a B MDKHApOIHIN Ipak-
TUILl TPOEKTYBaHHSA B SKOCTI PO3PaXyHKOBHUX
NpUUMAIOThCS, K IIPAaBUIIO, CepelHl 3HaUeHHs Be-
JINYUH, TOOTO HOPMaTHUBHI 32 BITIU3HSHUM BU3HA-
YeHHSIM, OYJIO TaKO)X IIPOBEJIEHO aHAJOTiyHe IIO-
piBHsHHs. OTpUMaHO cepenHiit koedinienT 1,075.

TakuM 9YMHOM, SIKIIIO B pe3yJIbTaTi pO3PaxXyH-
KiB 32 3a3HaY€HOIO METOIMUKOIO OYJI0 OTPUMAHO KOe-
¢dimient 3amacy 1,32, pakTUIHO 32 MDKHAPOTHUMHU
peKoMeHpalisIMi BiH Bifmosigae 1,32 1,080

1,075 = 1,53. OTxe, 111e Ha paHHIX CTafisIX IPOEK-
TYBaHHS OTOPOIKYBAIBHUX TaMO riIpoTeXHIYHUX
CIOPYJ, IHCTUTYTOM BPaXOBYIOTHCS BAMOTH CTIH-
KOCTI, SIK1 BIIITIOBIIaI0Th MDKHAPOAHIN IPAKTHUII].

Ouintobannus 6oonozo 6anancy. IlopiBHsUIb-
HUI aHaji3 BUMOr YKpainu [23], [24] i mbkHapon-
Hux [13], [19] HOpMaTHUBIB 3 OIIHIOBAaHHS BOJHOTO
6aaHCy IPY IPOEKTYBAHHI TiIPOTEXHIYHUX CIIOPY
IO3BOJISIE KOHCTATyBaTH HACTYIIHE: OCHOBHI MIIXOIH
IO CKJIaJaHHS BOZHOTO 6aJlaHCy TOCHUTH OJIU3bKI.

AK y BIATIOBIZHOCTI 31 CTaHZApTaMu Y KpaiHU,
TaK 1 BIIMOBIAHO 1O MDKHAPOAHUX CTAaHAAPTIB IIpU
CKJIaaHHl OajaHCy HeoOXiTHO BPaxXOBYBAaTH I0O-
DATKOBUM NPUILIUB BOJU B Iepion oBeHl. OgHak
Yy BITYM3HSHHUX CTaHAapTaX CKJIaJaHHs OajaHCy
IIPOBOJIUTHCS 3 YPaXyBaHHIM PO3PAXyHKY PIIHOTO
o0csry Bonu [24], a B MDKHaApOJHUX CTaHAAapTax
6aaHCc HeOOXITHO PO3PAaXOBYBATHU 3 YPaXyBaHHIM
BUMOTH [13]: U1 TiIPOTEXHIYHUX CIOPY, SIKi Ki1a-
CUDIKYIOTHCS SIK «eKCTPEMaJIbHi», PO3paXyHKOBHIA
IIaBOJIOK CJIiJT BUBHAYATH 3TiTHO 3 PO3PAXYHKOBOIO
MaKcuMaJIbHOIO noBinHio (PMIT).

Bucoma nadBoonozo 6opmy. IlopiBHAIBHUI
aHaji3 BUMOT YKpaiHM Ta MDKHapOJHHUX BHUMOT
III0JI0 TOTPUMAHHSI BUCOTHU HaIBOTHOTO OOPTY HO-
Ka3asB, 1110 BOHU JIEIIO BiIPI3HIIOTHCS.

3riHO 3 BITYM3HSHUMHU CTAaH/IApPTaMU IIePeBU-
IIeHHsI TPpeOeHsT OrOpoKYBAJIbHUX CIIOPYZ HaJ
MO>KJIMBMM piBHEM BOZIM B YaIlli HOTPiOHO MpuiiMa-
TH 32 PO3PaxXyHKOM, ajie He MeHIIe 1,5 M [3]. ¥V pasi
IIPOrHO30BaHOIO HACTAaHHS IIABOJKIB, He Ii3HiIlIe
HDX 3a MICAIIb IO ITOYATKY ITOBeHi 200 3 TMBOBUX ITa-
BOJIKIB, HIJIPUEMCTBO IOBUHHO OPraHi3yBaTH Ma-
BOJIKOBY KOMICiIO Ha 90JIi 3 006010, Bi/IITOBiIa/Ib-
HOIO 3a eKCIUTyaTaIlil0 TiIpOTeXHIYHUX CHOpPY[ 1
po3pobuTn 3axomu IIOmO 6e3IMeYHOrO IIPOITYyCKy
IIaBOJIKA, SIKi TOBUHHI OyTH BUKOHAHI He ITi3HiIIe
HDK 3a 15 gHIB 10 mepen6avyBaHOTO MOYATKY ITa-
BOsIKa [23], 1 po3IIsIHYTH HEOOXITHICTh 3HM)KEHHS
PIBHS BOJU B Yallli 3aBYACHO.

3rimHO 3 MUKHAPOJHUMM CTAaHOAPTAMH BeJIH-
YUHA HAJIBOJHOTO OOPTY NPUUMAEThC Ha 1 M
BUIIle MaKCUMaJIbHOTO piBHs moBeHi [13]. V pasi
HacCTaHHS IIaBOAKIB K 3a BITYM3HIHUMH, TaK 1 3a
MDKHAapOJHUMU CTaHAapTaMU IIOBUHHA 30epiratu-
cs1 MiHIMaJIbHA JTOBXKMHA IUISDKY. Y BIATIOBIAHOCTI
IO CTAaHIAPTIB YKpaiHU MiHIMaJIbHA NOBXWHA IS
Ky cxiagae 50 M, 11 MDKHApOJHMX — BU3Haya-
€THCSI PO3PaXYHKOM.

AHami3 TeXHiYHUX pillleHb, NPUIHATHX Y
npoekti «IIAT «ApcemopMirran Kpusmuit Pir».
PexoHcTpykuia xBocrocxoBuiia «06’emHaHe.
IV xapra» go Bigm. 166.0 M», Ha BiIIIOBiTHICTH
BHMOTaM MDKHApOTHHMX CTAaHIAPTiB.
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3azanvna xapaxmepucmuxa x6ocmocxobuwya.
XBocrocxosuire «O6’enrane. IV kapra» posrario-
BaHe Ha IIPOMMANIaHYUKY TipHUYO0-30aravyBaib-
Horo kombiHaty «ITAT «ApceropMirran Kpusni
Pir» B Inrynenpkomy paitoni M. Kpusuii Pir. I1po-
eKTOM Iepe6adeHo CTBOPEHHS EMHOCTI JIJIS CKJIa-
IOyBaHHS XBOCTIB IIJISXOM PEKOHCTPYKUII ICHYIO-
YOTr0 XBOCTOCXOBHUIIIA HAPOIIYBAHHAM OTOPOMIKY-
BaJabHUX Ham6 Bim BimMm. 156.0 M 1o BimM. 166.0 M.
3arajapHl gaHi:

TJIOINA XBOCTOCXOBHINA — 245 ra;

icHyIO4a BigMiTKa rpebeHs qam6m — 156.0 M;

MaKCHMaJIbHa BHCOTA ICHYIOUMX OTOPOIKY-

BaJILHUX maMO — 88 M;

JIOB’KMHA OTOPOJKYBaJIbHOI faM6u — 5040 M.

OropomxkyBanpHa mamba 3 BigMm. 166.0 M Oy-
IY€ETbCA 13 XBOCTIB, SKI 3aKPIILIIOIOTHCS IO BEPXO-
BOMY YKICY CKeJIbHUM po3KpuBOM. Ilo HHU30BOMY
yKicy mepembadeHO IepeximHUIl IIap, sSKAU CKIa-
Ia€eThcs 3 IpiOHOTO CKeJIbHOTO po3KkpuBy. [llupuna
mambu 1o rpe6eHIo CTAHOBUTH 8,2 M.

IIpu po3paxyHKy CeMCMIYHOI CTIKOCTI BeJIH-
YMHA MaKCUMAJIbHOIO PO3PaXyHKOBOTO 3€MJIETPY-
cy ckiajmae 8 6ajiB, a NMPOEKTHOTo — 6 OaJiB 3a
mkaioo MSK — 64 [8].

Buxonauust dodamxoBux pobim i docnidkenv.
JIJ1s1 OL[IHIOBAaHHS BIAIIOBIIHOCTI IPUUHATHX y IIPO-
€KTlI TeXHIYHMX pillleHb BUMOIaM MDKHapOJHHX
CTAQHZIAPTiB TOAATKOBO OYJIO BUKOHAHO:

Ma60paTOpHi MOCTIIKEHHsI NUHAMIYHUX Xa-

PaKTepUCTUK HAMUBHUX I'PYHTIB;

reodisuyHi OCTIMKEHHS I BU3HAYEHHS

MOKJIMBOCT1 pO3P1IKEeHHS XBOCTIB;

PO3paxyHKHU CTIAKOCTI CUCTEMH CIOPYyHAa—O0C-

HOBa IIPU HApOIIyBaHHI XBOCTOCXOBMIIA IO

BimM. 166.0 M 3a NpsIMUM IUHAMIYHUM METO-

JIOM 13 BUKOPUCTAaHHSIM aKceJeporpam i3 ypa-

XYBaHHSAM MaKCUMAJIbHUX CEICMIYHUX HaBaH-

TaKeHb 8 6aiB;

OLIIHKY ITOTEeHIlaJIy PyHHYBaHHS OrOPOIKYyBaJlb-

HUX TaM0 BHACTIIOK 30CcepeyKeHO1 (piTbTparrii;

IepeBipHi BOJIOTOCIIONAPChKI PO3PaXyHKU.
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Pesynvmamu oyinku mexHiuHux piuieHv.

1. BignmoBigHO MO BUMOT MDKHAapOTHUX CTaH-
mapriB xBoctocxosuiie «[V kapra» kiracudikoBaHo
SIK «eKCTpeMaJjIibHe», 1110 BIIOBITA€ TUITY MOIIKO-
JKeHb — BeJIMKE, a «IIPOEKT II0BEHI» — pO3paxXyHKO-
BOMY MaKCHMAaJIbHOMY.

2. TimoteTn4Hi pU3NKH, 1110 BUHUKAIOTH IIPHU
IIPOPUBAX OTOPOJIKYBaJIBHOI TaMOU, He TPU3BOISTh
10 3MIHU TeXHIYHUX PillleHb, TPUIUHATUX Y IIPOEKTI.

3. Marepiai, 1110 BUKOPUCTOBYETHCS JIs1 OY-
IIBHUIITBA OTOPOIKYBAJIBHUX NaMO, € IPAaKTHUIHO
CTIMKMM /10 CY(O3iITHOTO BUHECEHHSI.

4. 3ocepemxkena urbTpamniss B Tl gaMbu
HEMOXUIMBA 4Yepe3 BIACYTHICTb CIOJTYYEHUX HUIS-
HOK IaM0, BUKOHAHUX HACUIIHUMU 1 HAMUBHUMU
MeTOIaMU.

5. Bemunna HagBogHOTO 60pTY Oyme Ha 1 M
BUIIle MAaKCUMaJIbHOTO PIBHS IIOBEHI 3 ypaxyBaH-
HSIM BUIBHOTO 00’€My (IUB. PUCYHOK), IIIO BHKO-
PHUCTOBYETHCS 1151 HEOOXITHOI aKyMYJISIIl BOIU B
Iepiofi MOBEHI.

6. [lyist ceficMiYHMX yMOB YKpaiHu BuOip Ie-
piony moBTOproBaHOCTI B 5000 pOKIB [l OLIHKU
KOHCEPBAaTUBHOTO PiBHS CeMICMIYHOI HeOe3IeKu, 3
OJHOTO OOKY, 3a/I0BOJIbHSIE HAIIOHATBHY HOpPMa-
TUBHY 6asy, a 3 IHIIIOr0 — KUIBbKICHI OI[IHKU Ce¥ic-
MIYHOCTI OYAyTh IPAaKTUYHO ONHAKOBUMH 1 IS
nepiony moBTopioBaHOCTi 10000 pokiB (BUMOrH
MDKHapPOJIHUX CTaH/IAPTIB).

7. Bu3HadYeHHsS MOXXJIMBOCTI PO3PIMKEHHS
XBOCTIB B 9Yallli XBOCTOCXOBHIIA reodisuaHumMu i
7a60paTOPHUMHU METOIaMU IT0KA3aJo, 10 IPYHTH
IUHAMIYHO CTIHKI.

8. Bukonani ¢inbpTpaniiini po3paxyHKH Iif-
TBEpAWIN TPAaBUIBHICTh 3alIPOEKTOBAHUX JIpe-
Ha)XIB Ta QUIbTPAIINHUAX IPUBAHTAXKEHb.

9. Pe3ynpTaTH pO3paxyHKIB HAIPYKeHO-Je-
¢opmoBaHOro cTaHy moIepeYHUX IepepidiB gaM6
IpU CTATUIHUX HABAHTAKEHHSIX ITOKAa3ajdu Bill-
CYTHICTb 30H 3 HEaJeKBAaTHUMHU II€PEMIIIECHHAMU
i Hanpy)XeHHsIMU (Tab1. 5).



NPOEKTYBAHHA

Tabaunsg 5
OcigaHHsA rpebeHs namoén
Po3paxyHKoBWUIA CTBOP Ha MikeTi 4+54 11+55 13 +60 15+72 24 +80 42 +10 56 + 60 58+ 00
OcigaHHs, M 0,35 0,35 0,35 0,35 0,35 0,30 0,70 0,30
Tabmuisg 6
Pe3ynbTaTn po3paxyHkKiB CTiliKOCTI
Po3paxyHkoBuii KoedpiyieHT 3anacy CTilikoCTi
nepepis Ha nikeTi . B .
Po3paxyHKOBi 3HAYEHHS1 XapaKTepuUcTnK HopmatuBHi (cepeaHi) 3HaYeHHA XapaKTepUCTUK
(HopmMK YKpaiHu) (pekomeHgauiii ICO1/1)
OCHOBHE aBapiiiHe aBapiliHe nasHk 50 m, ceicMmika, 6e3 nasy
noefHaHHA noeAHaHHSA noeAHaHHA Ks 1,5 Ks=1,0 1,2
HaBaHTaXKeHb HaBaHTaXKeHb HaBaHTaXKeHb
(nnsHk 50 m), (ceiicmika), (6e3 nnsxy),
Ks 1,25 Ks 1,0625 Ks 1,125
1 2 3 4 5 6 7

4+54 1,529 1,317 1,486 1,652 1,423 1,600
11+55 1,562 1516 1522 1,685 1,561 1,642
13+50 1,460 1,082 1,431 1575 1,186 1,539
15+72 1,599 1,121 1571 1,723 1,210 1,691
24 + 80 1591 1,293 1,566 1,679 1,369 1,648
42 +10 1,762 1,221 1,720 1,894 1,298 1,856
56 + 60 1,507 1,153 - 1,618 1,287 -
58 + 00 1,584 1,091 1,530 1,699 1,216 1,636

10. Jlna BciX po3paxyHKOBHUX I€pepisiB 1 CIO-

JTydeHb HaBaHTA)XeHb KOeIIieHTH 3amacy CTii-
KOCTI BIIMOBIAAIOTh BUMOTaM CTaHIApTiB Y KpaiHu
Ta MDKHapPOJHUX CTaHAApPTiB (TabII. 6).

BucHosBoxk.
Y pe3ynbpTaTi BUKOHAHOI OLIIHKY BCTAaHOBJIEHO,

10 pimreHHs, NpuiHATI B mpoekTi «ITAT «Apce-
nopMirran Kpusuit Pir. PexoHcTpyKIjis XxBocTOC-
xoBura «O6’equane. [V kapra» mo Bigm. 166.0 m»,
BiIOBIIaIOTh BUMOTraM MIKHApOJHUX CTaHOAPTIB
ICOLD i ANCOLD, sxki € eTajloOHaMHU KpaIIuX CBi-
TOBUX IPAKTHUK.
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VIK 624.014.2

BAWAHUE W3MEHEHHA CEYEHWUA CTEHKW HAR AMHAMHYECKUE
XAPAKTEPUGTHKH GTANbHBbIX BANOK OTKPbITOIO GEHEHHA

npeﬂCTaBﬂeHbl Pe3ynbTaThl YACNEHHOr0o MOAENPOBAHNA ANHAMWYECKOro NOBEAEHNA CTaNbHbIX 6anok OTKPbITOrO ce4veHns. PaCCMOTpeHbI BapuaHTbl ABYX
KOHCTPYKTVBHBIX PELUEHNA 6asok. VlccnenoBaHbl AMHamu4eckme XapaKkTePUCTUKY 680K C NOCTOSHHBIM 1 NEPEMEHHBIM MO [JIVHE NOMNEpeYHbIM CEYEHWNEM.
Ha ocHoBe MOJY4EHHbIX AaHHbIX CAENaH BbIBOS 0 BO3MOXHOCTY NMPUMEHEHNS BANOK C NEPEMEHHBIM MO [IHE NONEepeYHbIM CEYEHVEM NpU LEeNCTBAV OuHaMM-

YECKOit Harpy3ku.

The results of numerical simulation of the dynamic behavior of open section steel beams are presented in article. Two variants of constructive solutions
of beams are investigated. The dynamic characteristics of the beams with constant or variable cross section along their length were investigated. Based
on the findings, concluded that the possibility of using beams with a variable cross-section along its length under dynamic loading.

Kniouesbie cnosa: Ganku NEPEMEHHOM0 CeYEHNs, COBCTBEHHbIE YaCTOThI KOS1e6aHUA, COBCTBEHHbIE (DOPMbI KONEbaHWi, YNCNEHHOE MOLENPOBaHIE.

AKTYEUII)HOCTI) MCCIIeOBAaHUS JTUHAMUYECKUX Xa-
paKTepUCTUK OATOK OTKPBITOTO CedeHus 00yc-
JIOBJIEHA TIPUMEHEHWEM MHOXKeCTBa KOHCTPYK-
TUBHBIX DPEIIeHHUI pa3pe3HbIX OaJOK IPOJIETHBIX
CTPOEHUI KOHBEHEPHBIX Trajiepen, obragaronimx
MaJIo¥l MaTepuasoeMKOCThio. OJHO U3 HaIpaBie-
HUM YIY4IIeHUS BECOBBIX XapaKTEPUCTUK IBYTaB-
POBBIX OaJIOK — 9TO YMEHBIIICHHE PacXoia MaTe-
pHaJia Ha MeHee HaIlpsDKeHHBIX yYacTKax, Ihe Mpod-
HOCTb CTAJIM UCIIOJIB3YeTCs He MTOJIHOCTRIO [ 1, ¢. 7].
M3meHeHMe ITOIIepeTHOTO ceueHNs 6aIoK I10 [TIHE
BBIMIOJTHSIETCST ITyTeM KOHIIEHTPAllMH MaTepHaa B
HamboJIee HaIPsDKEHHBIX YYacTKax.

OTmeTHM, 9TO HMOMHMO TpeOOBaHUI MaJlo¥
MaTepUATOeMKOCTH, K KOHCTPYKIUSM IIPOJIETHBIX
CTpOEHUI KOHBEUEPHBIX Tajepel MpelbABIIAIOTCA
U 9KCIUTyaTalMOHHbIe TpeOOBaHMS, B YACTHOCTU K
OUHAMUIECKUM XapaKTepPUCTHKAM.

B Hacrosee BpeMsi IpOEKTUPOBAHUE 3/TaHII
U COOPY’>KeHHI HEBO3MOXKHO 0e3 ydyeTa AMHAMU-
YeCKUX BO3JEHCTBHUI. DTO OOBSICHSETCS YBeIude-
HUEeM [AWHAMHYeCKUX Harpy3ok OT MaIIUH U
000pyioBaHuUsl, IPUMeHEeHNeM BUOPAIINy, YIapOB
U IPOM3BOJICTBEHHBIX B3PHIBOB KaK 3JIEMEHTOB
TeXHOJIOTHYECKOTro Imporecca. Bnusaue atux gak-
TOPOB Ha KOHCTPYKIIUU COOPY>KEHUI NMeeT Hera-
TUBHBIN XapakTep U YacTO MPUBOAUT K aBapuUil-
HBIM CHTyauusm [2].

B cirydae, eciu kK Kos1e6aHUSIM IPOMBIIIIIICHHO-
IO COOpPY)KEeHHsI He IPeIbsBIIOTCS TpeOoBaHUS,
oIpesiessieMble CAHUTAPHBIMUA HOPMaMH FUIM TeX-
HOJIOTUYECKUMU YCJIOBUSIMU ITPOU3BOICTBEHHBIX
IIPOIIECCOB, TO IOMHUMO OTPAaHUYECHUs KOJIeOaHMIH
10 HeCYIel CIIOCOOHOCTU JOJDKHBI IPEIbsIBISTh-
cs1 TpeOOBaHUS OTrpaHUYEHUS [UHAMHYECKOTO
nporu6a. OTo TpeboBaHME OCHOBBIBACTCS HAa HEOO-
XOIMMOCTH 00eCIIeYeHHSI JOCTATOYHOM SKeCTKOCTHI
COOPY’)KEHHsI B €r0 COBMECTHOI paboTe Ha CTaTU-
YecKue U TUHAMUYeCcKHe Harpy3KU.

B Tabiuue 1 npuBeneHbI JaHHBIE O IPENEIbHO
IDONMYCTUMBIX AWHAMUYECKHX Iporubdax CTpou-

© Bonkosa B.E., Cmonuii N.C.

B.E. BonkoBa

npodeccop MBY3 «HaLmoHabHbIl
TOPHbIA YHUBEPCUTET, A.T.H.,
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1.C. Cmonuii

acnupaHT I'BY3 «HaunoHabHbIl
TOPHbIN YHUBEPCUTETY,

r. lHenponeTpoBck
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TeJIbHBIX KOHCTPYKLIMI IPeebHO JOITyCTUMBIM
TUHAMHYECKUM Tporudom [2, c. 19].

[lenpI0 HACTOAIIETO MCCIEJOBAHUS ABIISIETCH
OlleHKa BJIMSIHUS KOHCTPYKTHUBHOTO peleHus 6a-
KU Ha eé TUHAMIYECKIe XapaKTePUCTUKH.

Tabmauna 1
AMMNANTYbl KONeGaHNii KOHCTPYKLMIA,
COOTBETCTBYHOLLME NPEeAebHO A0MYyCTUMMOMY
OVHAMUYECKOMY Mporney

YacToTa, AmMnantyga, YacTtoTa, AmMnantyga,
Iy, MM My MM
1 10 10 0,1
2 25 15 0,067
3 1,111 20 0,05
4 0,625 25 0,04
5 0,4 50 0,02
6 0,278 75 0,013
7 0,156 100 0,01

banoynbie KoucTpyKiuu. B Hacrosiee Bpe-
M IIPUMEHSAETCS MHOKECTBO TUIIOB KOHCTPYKTHUB-
HBIX peIIeHUI CBaPHBIX IBYTaBPOBBIX OaJIoK.
PacripocTpaHeHue oyry9nian TOHKOCTEHHBIE, TO(-
pUpOBaHHBIE U TepHOPUPOBAHHBIE OATKYU 1By TaB-
poBoro cedenus. OmHako HamboJiee IIUPOKO HUC-
HOJIB3YIOTCS CITIOITHOCTEHYAThIe OAIKH.
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OpHuM U3 MOKasaTeiell 9KOHOMHYHOCTH ceve-
HUsL OaJIKU SIBJISIETCSI COBIAfIeHUEe JIIOP BHYTpPEH-
HUX YCIUIME 6AJIOK U SIIIOP HeCyIIei CIoCOOHOCTH.
OpHako npuMeHeHHe 0ATOK, IMEIOIINX KPUBOJIN-
HeMHOEe O4YepTaHHe MOSICOB WU CTEHKU, CYIIeCcT-
BEHHO IIOBBIIIAET TPYLOEMKOCTb U3TOTOBJIEHUS U
He BCer/ia yqoOHO C KOHCTPYKTHBHOM TOYKH 3PEHUSI.
[TosToMy Ha mpakTHKe MposeT 6ajKku pa3dUBarOT
Ha HECKOJIBKO YYaCTKOB, [ K&KIOTO U3 KOTOPBIX
MIPUHUMAIOT CBOU Pa3Mephl IIOIEePEeYHOro CeueHus!
6aJIKM COOTBETCTBEHHO JEMCTBYIOIINM YCUIIUSIM.

B cBapHBIX KOHCTPYKLUMSAX HCIOJB3YIOT [Ba
BapHaHTa U3MEHEHUs CeYeHU N — [Ty TeM U3MeHEeHUs
IIMPUHBI IT0sICa NN pa3MepoB cTeHKU. Hopmer pe-
KOMEHYIOT B 6asikax mpojeToM 10 30 M BBIIOJI-
HSITh U3BMEHEHUEe CeUeHUs OIUH Pa3 Ha PacCTOSIHUU
1/6 ipoJieta OT OMOPHI, TAKUM 0Opa3oM Hasika coc-
TOUT U3 Tpex dJeMeHTOB. CpeqHUI y4acTOK pac-
CYMTHIBAIOT Ha IeMCTBHE MaKCUMaJIbHOI'O MOMEHTA
B CepeluHe IIPOJIeTa, a Ba KpalfHUX — HA MOMEHT
B MeCTe U3MEHEHUs CeYeHUs U MOMePEeYHON CUJIbI
Ha omope |3, ¢. 252-253].

YucneHHoe mopenupoBaHue. B pabore pac-
CMOTpEHBI [IBa BapUaHTa KOHCTPYKTUBHOTO perle-
HUS JIByTaBPOBOM METAJTMIECKON GaJIK! — ¢ IOC-
TOSIHHBIM IIOTIEPEIHBIM CeYeHUEeM 110 IInHE OaKu
U C IepeMeHHBbIM cedeHueM. [liimHa 6aJoK cocTas-
snsta 12 M, BbIcoTa 2,1 M, TOJIIMHA ITOJIOK 1= 64 MM.
Banku yKperisuich monepevHbIMU pebpamMu sKect-
KOCTHU TOJINUHOM 17 MM ¢ 1m1arom 3 M.

banku ¢ nonepeynrIM cedeHreM MMeNH NPU-
BelIeHHYIO ruOKoCTh  ; 3,2, ., 2,5, TOJNIINHA
CTeHOK 21 1 27 MM COOTBETCTBEHHO. Y 0OAJIOK C ITe-
PEMEHHBIM CeYeHHeM COPOC cedeHUsT ObUT IPUHST
Ha paccrostHuM 3,2 oT Kpas 6anku. [IpuBenenHas
THOKOCTb TpeThell GaJKé B NPHOIOPHBEIX ydacT-
Kax cocraBjisia 5 1,7, B cepenuHe mpoJjera —

w32 2,5.IlpuBeieHHas rTIOKOCTD YeTBEPTOMH Oasr-
KM B IIPUOIIOPHBIX Y9aCTKaX COCTABJISAIA 2,5,
B CEpelluHe IpoJieTa — 5. 3,2.

MeTos KOHEYHBIX 3JIEMEHTOB OPUEHTUPOBAH
Ha MPpUMEHEeHHNe UCKJIIOYUTEIbHO KOMITBIOTEPHBIX
texnonoruii. OH o6benuHsIeT 0CO6EHHOCTH METOIA
COCPEeTOTOYEeHHBIX MAacC M MeTona 0OO0OIIEeHHBIX
koopauHaT. MKD 1o3BossieT mocTpouTh ynoOHyI0
1 000CHOBAHHYIO MOIeNb CUCTeMBI [4, c. 16-17].
[Ipu MmopenupoBaHUM KOHCTPYKIUS pacCMaTpuBa-
€TCsl KaK HEKOTOpasi COBOKYIIHOCTb KOHCTPYKTHUB-
HBIX 9JIEMEHTOB, COCJUHEHHBIX MEXHy co00il B
y3JIOBBIX TOYKaxX. [Ipy 3ajaHHBIX COOTHOIIEHUAX
MEXIy CUJIAMHU U I€pPeMeIIeHUs MU IS KaKI0TO
OT/MIeJIbHOTO 3JIeMeHTa MOKHO MCCIeIoBaTh IOBe-
IeHre KOHCTPYKIUU B 1eioM [5, c. 11].

w30

Pacdersl mpoBOOUINCHE METONOM KOHEUYHBIX
aneMeHToB B cpenie [IK SCAD. [lns onpenenenus
9acTOT U (popM COOCTBEHHBIX KOJIEOAHUI UCITOTb-
3oBaJicst 6;109HBIN MeTop JIanmomnta. Kak nokasaHo
B [6], mpuMmeneHnune Merona JlaHIonia B aHanu3e
OUHAMHYECKUX CUCTEM HMeeT PSifi MIPEUMYIIeCTB,
0COOEHHO IJISI CUCTEM C I'YCTBIM CIIEKTPOM HHU3IINX
9acToT.

MopnenupoBaHue BBINOJIHSUIOCH UISL pa3pes-
HBIX IIIAPHUPHO OIEpTHIX Oanok. Pe3dynprarsl mo-
JIy9eHbI Ha OCHOBE UCII0JIb30BAHUS IPOIPAMMHOTO
kommekca SCAD, peanusyromiero misi IUHAMU-
YecKkoro aHaamsa Meroq Jlanuomra [6, c. 102—105].
B mccnenmoBaHuu NpUMEHSJIACh PEKTAHTYJISIpHAs
ceTKa KOHEYHBIX 3JIeMeHTOB. lMcroab3oBanauce
wractuHbl pasmepom 100 100 MM ¢ TOoNIIMHAMUA
21-40 mM B crerke u 160 100 mpu Tonmune 64 MM
B noJike [5]. Hopmamu pexoMeHiyeTcst aHaTU3Upo-
BaTh 3—5 Hu3mux dopm Kosebanuit. Bo nzbexa-
HUe HAKOIUIEHUs OIIMOOK HHTeTPUPOBAHUS, B
MOJIeTMPOBaHUY 3a1aBaiock 10 dopm KorebaHmii.
JIJist manpHeNIINX UCCIIeIOBaHUN UCIIOIb30BATUCh
nepBbie 5 popMm.

YuciieHHBIN aHAJIN3 IPOBOMIICS IIPU pacdeTe
6aJIOK ¢ 3aJaHHBIMH T€OMETPHYECKMMH XapaKTe-
puctukamu. HMccrenoBanuch KojaeGaHus MIapHUP-
HO omepThIX Oanok. Pa3Mepsl momepeyHoro ceve-
HUs 62JIOK IPUHATHI B COOTBETCTBUH C PEKOMEH/Ia-
M [7]. JJaHHBIe 6BUIN TTOJTy9eHbI IJIsI CBAPHOM
6aJIK¥ IBYTaBPOBOTO CEYEHUSI IIPOJIETOM 12 M.

Tab6mumna 2
CoO6CTBEHHbIE YacTOThbl 6asiKu
dopma YacTtoTa COGCTBEHHbIX KOsle6aHni
Koneb6a-
Huii | MOCTORAHHOE |nepemeHHoe | NoCTORHHOE | nepemeHoe
w 32 o 245 w 25 w1 17
w2 3'2 w2 2’5
1 4,59 4,46 4,39 4,17
2 20,66 20,63 20,29 20,26
3 21,82 21,8 21,65 21,26
4 27,81 28,35 32,32 33,12
5 28,68 32,74 34,27 38,99

[IpakTyeckass CXOJUMOCTb pe3yJIbTaTOB MC-
CJIeOBaHMUM 00eCIednBaeTCsl COBIACHUEM IIOJTy-
YEHHBIX 3HAYeHMI IpU HU3MEHEHUU pPa3MepoB
KOHEYHBIX 3JIEMEHTOB [8].

Yucnennoe MOfEIMPOBAHKIE BHIIIOIHAIOCH JIJIs
IBYX BapMAHTOB KOHCTPYKTHBHOTO peIlleHHs 6a-
JIOK — C IIOCTOSSHHBIM M II€EPEMEHHBIM CEYEHUAMU
CTEHKH II0 JIJIMHE MPOoJjieTa. B MpronopHbIX y4yacT-
Kax TOJIIUHA CTeHKH! OaJIKU IPUHUMAJIACH f,,, = 27;
40 MM, U B cepenuHe mpojera f, = 21; 27 Mm.
YMeHbIIIeHre TOIIIUHBI CTeHKU GaJIKH II03BOJISIIO
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CHH3UTB BeC BCeH KOHCTPyKIuu Ha 4 % (500 kr
cTayn). AHAIU3UPYsI 9aCTOTHI IEPBBIX ISATU
opm konebanumit 6aI0K, MOKHO OTMETHUTD,
YTO yMEHBIIICHHE TOJIIUHBI CTEHKH OATKU B
CpefHHX IO JJIMHE IIpOojieTa CeYeHMSX He
OKa3bIBaeT CYIIEeCTBEHHOI'O BIUSHHUS Ha
3HAYEHUs IIePBBIX TPeX HIDKHHUX 4YacTOT.
YacToTsl BTOpO#t 1 TpeTheit popM Koseba-
HUW OJIU3KH IJI1 pacCMOTPEHHBIX BapHaH-
TOB OaJIOK. B TO ke BpeMs, U1 94eTBepTON U
narot (GopM KosleGaHMII CHIDKEHHE Beca
CTEHKH IPUBOJUT K YBEJIMIEHUIO YACTOT KO-
ne6anuii. Tak B yeTBepTOil PopMe paznudue
JacTOT MEXIY 6aJIKaM¥ CO CIUIOIIHBIM U ITe-
PeMEHHBIM Ce4eHHeM cocTaBiseT 2 %, a B
nsitoit popme yxe 12 %.

[TepBoit u BTOpOIt hOopMaM COOTBETCT-
BYIOT 6€3y3J10Bble H3THOHBIE KOJIeOaHUs KaK
17151 6aJIOK IMMOCTOSTHHOTO CeYeHHUs, TaK U Oa-
JIOK C IIepeMeHHBIM CcedeHHeM CTeHKU. OT-
JIUYUTENBHON 0COOeHHOCTRI0 3-5 dopm
Kosie6aHuiT 6aJIOK C TIepeMEeHHBIM CeYeHHEeM
CTEHKHU SIBJISIETCS YBEJIWYEHHE aMIUIUTY/L
KOoJIeOaHUN CTEHKU B CPeJHUX IO JJIMHE
ydacTKaxX CTEHKHA M YMeHBIIICHUE aMIUTUTY]]
KOJIeOaHUI CTEHKU B IPUOIOPHBIX YYacT-
kax. TakuMm o6pas3oMm, yBeJIMdeHHE TOJIIIIU-
Hbl CTEeHKU B IPUOIOPHBIX Y4YacTKaX CIIO-
COOCTBYeT CHIDKCHUIO YPOBHSI BUOPAIIMOH-
HBIX BO3IEUCTBHUH, II€pelaBaeMbIX C OaIKu
Ha OIIOPBI, T.e. YAYUIIAaeT SKCIIyaTallHOH-
HbIe CBOMCTBA OaJIKH.

BreiBoabl. Ha ocHOBe moy4eHHBIX pe-
3yJIBTaTOB MCCIEJOBAHUS MOKHO CJIEJIaTh
BBIBOJL O TOM, 4TO YMEHbIIIEHHE TOJIIINHBI
CT€HKH CBApHOI IBYyTaBPOBOI MeTaJlJInyec-
KOH OaJIKM B CpeJHUX IO [UIMHE IIpoJeTra
y4acTKaX He OKas3bIBaeT CyIIeCTBEHHOTO
BJIVSIHUSI HA XapaKTEePUCTUKY [IEPBO U BTO-
poit hbopm kosebanwmii. B To xe Bpemst, myst
TpeThbell, YeTBepTOoi U 1sToi popM Koseba-
HUI HAOJII0/IaeTCs CYIIeCTBEHHOE YMeHbIIIe-
HUe aMIUINTYJ KOJIeOaHUI B IIPUOIOPHBIX
yYacTKax, 4TO ITO3UTUBHO OTPa’KaeTcsl Ha
9KCIUTYyaTallMOHHBIX XapaKTePUCTHKAX OaIKH.

Yacrtora, My

40 L2
o7 —4#—[ocToRHHOE CeveHne
35 }_—_‘,——g— hw=3.2
30 - =
A

25 «+ [+ MocTosxHoe ceveHne

20 A hw=25

15 /

10 = # = [lepemeHHOE CEYEHUE
5 4/ A =LT: Agp=25
0

1 2 3 4 5 = == [EpemeHHoe cevenne

OROICRORNOIVICIONNOIONC RO

@opmbl coGCTBEHHBIX KonebaHni

Aw1=2.5; Awp=32

Puc. 1. Co6CTBEHHbIE YacTOTbl 6asiKn

YeTBepTas chopma

Martas doopma

Puc. 2. Cob6cTBeHHble hopMbl KonebaHuin 6anku:

a — NOCTOSIHHOE CeYeHUe CTeHKM 6ankn ,, 3,2, 6 — NepemMeHHoe CeyeHme
CTEHKMN Gasiku
w 25, T —nepemeHHoe ceyeHne CTeHkn bankm . 17, . 25

w1 25,2 3,2 B — NOCTOAHHOE CeYeHne CTEHKU Gasku

[1]

(2]

[3]
[4]

[5]
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YIK 625.717.02

YAOCKOHANEHHA METOAY BH3HAYEHHA HECYYOI 3AATHOCTI
MOHOAITHUX LEMEHTOBETOHHUX AEPOAPOMHUX NOKPHUTTIB

3anponoHoBaHO YAOCKOHANEHI METOf BIA3HAYEHHS HECYYOi 30aTHOCT LIEMEHTOGETOHHOTO aepOfPOMHOT0 NOKPUTTS 3 ypaxyBaHHAM 3MiHW TeMnepaTypu Brpo-

[I0BX 106U Ta POKY.

Improvement of method of airport pavement strength is offered for concrete airfield pavement subject to temperature variations during the day and year.

o
o +ao

Hecytla 3[ATHICTh MOHOJITHHX I[eMEHTOOETOH-
HUX aepPOAPOMHUX ITOKPHUTTIB BU3HAYAETHCS SIK
3/IaTHICTh HOKPUTTSI BUTPUMYBAaTH HaBaHTAKEHHS,
IO MPUKIALNeHe Bl OCHOBHHUX KOJIICHHX OIIOp
MOBITPSHUX CyJIeH.

B aeponpoMHiil mpaKTuLi I OTPUMAHHS J1a-
HUX PO HECY4y 3IaTHICTb IOKPUTTIB BUKOPUCTO-
Byerbest Meto ICAO (International Civil Aviation
Organization) ACN-PCN [1]. CyTb o1iHKH eKCIuTy-
aTalifHOI IPUJATHOCTI IOKPUTTIB MOJISITAE Y CITiB-
craBieHHi Kinacudikamirinoro gucita PCN (Pave-
ment Classification Number), mo xapakrepusye
HeCydy 3[aTHICTb KOHCTPYKLIi IOKPHUTTS, 3 Kja-
cudiKamilHUMKA YHUCIAMH IOBITPSIHUX CyJeH —
ACN (Aircraft Classification Number) npu BusHa-
YeHIH KaTeropii MIITHOCTI I'PYHTOBOI OCHOBH.

Knacudixkamiitane gucimo nokpurrtss PCN — 1e
YUCII0, 0 BUPA)KA€ HECYdy 3/IaTHICTh aepOIPOM-
HOTO IIOKPUTTSI IJISI €KCILTYaTaIlil HOBITPSIHOTO CY/-
Ha 6e3 oOMexxeHb (10000 3mITHUX OTepalliif 3a Pik)
IIPY BIATIOBITHIM CTaHAAPTHIN MIITHOCTI I'PYHTOBOI
OCHOBH.

CyTp BITYHU3HSHOTO HOPMAaTHUBHOTO METOMY
(2] Bu3Hauenns Benuannau PCN, po3po6ieHoro Ha
ocHoBI pexkomeHnpaniit ICAO, monsarae y BHU3Ha-
YeHHI BeJIMYWHM JIOITyCTUMOTO HOPMATUBHOTO Ha-
BAaHTQ)KEHHSI HA YOTHUPHUKOJIICHY CTAaHAAPTHY OIIO-
Py, TapaMeTpHu SIKOI BCTAHOBJIEHO YMHHUMU HOP-
mamu [3], i aucaa PCN 3a rpadikom mist He06-
XIIHOTO KOAY MINHOCTI HPHUPOJHOI IPYHTOBOI
OCHOBH.

Hosnit HopMatuBHU# nokymeHT AC 150/5335-5C
DenepanbHoi ABiamifinoi Apminictparii (PAA)
CHIA [4], 1o Ha6yB unaHOCTI Y 2014 p., 3arpoBa-
KY€ YINOCKOHAJIEHHS METONy BU3HAYEHHS 4YHCIIa
PCN, ocHOBHaA CyTb SIKOTO IOJISITAE y PO3IJIANL HE
OJTHOTO PO3PaxXyHKOBOTO IIOBITPSIHOTO CyJHA YU
YMOBHOI OIIOPH, @ PO3PaxXyHKOBOTO CITHICKY TIOBIT-
PSHUX CYIeH, 110 eKCITYaTyoThCs. I3 1iboro cimc-
Ky BHOHMpPA€ETHCS OJIHE NOBITPSIHE CYTHO (KPHTHY-
He) 3 HaMOLIBIIINM HaBaHTAKEHHIM Ha KOJIECO OC-

10 © PopayeHko O.B.

: LIEMEHTOGETOHHE aepOAPOMHE NOKPUTTS, NOBITPSAHE CYHO, OCHOBHA 0NOPa, KOEMILIEHT HAKOMYEHHS PYIHYBAHb Bif YTOMM, Nopa PoKy

0.B. PogueHKo

LOLEHT Katheapy KoMN IOTEPHUX
TexHosorii byaiBHULTBA
HauioHanbHoro asiaLitHoro
VHiBepCUTETY, K.T.H., [OLEHT

HOBHO{ OIIOPH, a pellTa NOBITPAHUX CyJl€H BPaXo-
BYETbCA IIUISIXOM II€PETBOPEHHS IiX KIJIBKOCTI
3JIITHUX OIlepalliil y eKBIBaJICHTHY KIJIbKICTb 3JIETIB
KPUTUYIHOTO MOBITpAHOTO cynHa. [Iponenypa Bus-
HaueHHs unciaa PCN peanizoBaHa y BUIJISAL IIPO-
rpamu COMFAA 3.0 ta 6a3yeTbcsi Ha KOHIEMIIiI
PYUHYBaHHS Bifl yTOMH.

Y pobori T'abpienss basi [5] mpomonyeThes
YIOCKOHAJICHHSI METONy BH3HA4YeHHs Kiacudi-
KaninHoro yuciaa PCN nuisixoM ypaxyBaHHS 3MiHU
Hecy4oi 3IaTHOCTI MPUPOAHOI I'PYHTOBOI OCHOBHU
BIIPOJOBX POKY Ta ypaxXyBaHHs /il OCHOBHUX OIIOp
HOBITPSIHOTO CyZiHA i3 HanbupIuM dnciom ACN
ab0 BCIX HOBITPSHUX CYZEH i3 pO3paxyHKOBOTO
CIIACKY, ajie IIOOJUHIIL.

Bapro 3a3HauuTy, mo y Hopmax AC 150/5335-5C
[4] Ta po6oTi [5] mpu BusHauenHi yucia PCN He
BPaXxOBY€TbCA BIUIMB KOJMBAaHb TeEMIIEPATYpHU
BIIPOJIOBX OOU Ta Iip POKY Ha MOHOJIITHE IleMeH-
TOOETOHHE aePO/IPOMHE IIOKPUTTSL. Y 3B SI3KY 3 YUM
BUHUKA€ HEOOXIHICTh y MOJAIBIIIOMY yJOCKOHA-
JIeHHI MeTony BusHadeHHs yuciaa PCN, 1o 3a6e3-
nevyBaTUMe pallioHaJIbHe BUKOPUCTAHHS MOHOJIIT-
HUX I[eMEHTOOEGTOHHHX aePOIPOMHUX ITOKPUTTIB
Ta iX Oe3IeYHy eKCILTyaTallilo.

MeTo0 HOCIHIIKEHHSI € PO3POOJIEHHS Teope-
TUYHUX OCHOB BH3HA4YeHHS KIACHDIKAI[IiHOTO
YHCIa MOHOJITHUX IIeMEHTOOETOHHHUX aepPOIpPOM-
HHX IIOKPUTTIB 3 ypaXyBaHHSAM 3MIHU T€MIIEpaTy-
PH BIPOJOBK TOOU Ta Iip POKY.

st mocsirHeHHs Ii€l MeTH OyJIM BUpIiIIeHi
HACTYIIHI 3a/a4i:
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1. YnockoHaneHo (opMyiy s BUSHAYCHHS
KoeillieHTa HAKONIMYCHHS] PYUHYBaHb Bifl YTOMH
IIpU BpaXyBaHHI 1iil HOPMaTUBHOI'O HABaHTAKEHHS
B1Jl YOTUPUKOJIICHOI CTAHJAPTHOI OIIOPU Ta 3MIHU
TeMIIepaTypH BIIPOJIOBX NOOU 1 Iip POKY.

2. Orpumano d¢opmyny mis BHU3HAYEHHS
KUIBKOCTI JOIYCTUMHUX MPOXO/IB YOTHPUKOIICHOI
CTaHIAPTHOI OIIOPU O MOMEHTY BIIMOBU ITOKPUT-
TS 32 KPUTEPIEM PO3TATYBAJIBHOTO HAIIPY)KeHHS Y
KparoBiil 30HI Ha HIDKHINM ITOBEPXHI I[eMEHTOOe-
TOHHOI IIMTU Bif mii KOJICHMX HaBaHTa)KeHb Ta
TeMIepaTypH.

3. BcraHOBIIEHO BILUIMB PO3NOALTY 3JIITHHX
OIlepalliii JliTaKa 3 YOTUPHUKOIICHOIO CTAHIAPTHOIO
OIIOPOI0 33 9YacoM fo0M Ta IOpaMH pPOKy Ha
quciao PCN.

4. PospobieHo pekoMeHpamii OO BU3HA-
YeHHs NONYCTUMOI IHTEHCMBHOCTI PyXy HOBITpS-
HUX CyZIeH 1 HeoOXimHux ii oOMekeHb 3a JacoM
nobu Ta IOpaMH POKY.

[Tpu Bu3HaYeHH] BeTUINHY KIacudikaliitHoro
YHUCJIa MOHOJIITHOTO IIeMEeHTOOETOHHOTO TTOKPUTTS
(HaOIIBII PO3MOBCIOKEHUIT PI3SHOBUJL )KOPCTKO-
IO aepOAPOMHOTO IOKPUTTA Y BITYM3HAHIN MpPaK-
THUII aepONOPTOOYAYBaHHS) IPOIIOHYETHCS BUKO-
PUCTOBYBaTH KOHIIEMIIIO PyHHYBaHHS Bifl YTOMH,
110 BUPA’KAETHCA TEPMIHOM «CTYIIIHb HAaKOIIMY€EH-
Hsl py#HYBaHb Bifg yromu» I (ananor Cumulative
Damage Factor — CDF [6] Ta mipu nomkomkens D
I[eMeHTOOETOHHOI IUITUTH IIPH i1 €KCIITYaTaI[IHUX
HaBaHTaXeHb [7]). Beanuuna IT 3MIHIOIOTBCA Bif
HYJIs (71 HEIOUIKOMKEHOTO MOKPHUTTS) JO ONH-
HUII1 — y BUNAJIKY JOCATHEHHS TPAaHUYHOTO CTaHY.
CTyniHb IONIKOAKEHb BU3HAYAETHCS SK BITHO-
IIIeHHSI KUTbKOCTI MPUKJIAICHUX ITIOBTOPEHDb HaBaH-~
Ta)KeHb BiJl KOJIICHUX OIOp HOBITPSIHOTO CyAHA 10
TOITYCTUMOTO YHCIA iX TOBTOPEHb /10 BIAMOBH I10-
KpuTTs. I BpaxXyBaHH:A PyHHYBaHb BiJl YTOMHU,
III0 BUHUKAIOTh y [IeMEeHTOOSTOHHI IIJINTI, BUKO-
PUCTOBYETBCA TIIIOTE3a JIIHIHHOTO NOJABAHHS IO
KoJI>)KeHb MaiiHepa.

CryniHb HaKONIUYEHHS PYWHYBaHb Bifl yTOMHI
I1 ipu Bu3HaveHHI KJ1acuIKaIifHOTO YUCIIa aepo-
IPOMHOTO IOKPUTTS IPOIOHYEThCSA BU3HAYATU 3
ypaxyBaHHSM 3MIHU TeMIIepaTypPH BIIPOLOBK POKY
3a popmynoro [8]

s 3
D=aall, (1)
=l j=1
me i — mopa poky (1 —3muma, 2 — BecHa, 3 — JiTO, 4 —
OCiHb); j—4ac 1o6wm (1 — meHsp; 2 — HIT).
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Y cBoto yepry gonaHku y ¢opmyii (1) BusHa-
4aI0ThCs 32 GOPMYIIO0
o= 365N ;T

" nC,;P(F,)’

ne N;; — KUTbKICTb (IHTEHCHBHICTB) 3JIITHUX OIle-
pamifi TOBITPSIHOTO CyoHAa 3 YOTUPHUKOJICHOIO
CTaHJAPTHOIO OIIOPOIO 3a i-TY IIOPY POKY B j-# 4ac
1no6u; 1; — KUIBKICTh JIHIB Y TIOpi poky; T — pospa-
XYHKOBHI TE€PMIH CIY)XOU MOKPUTTS, IO CTAHO-
BuTh 20 pokiB; Cj; — KUIBKICTH TOIYCTHMUX IIPO-
XOJIB YOTHUPHUKOJICHOI CTAaHAAPTHOI OHOPH [0
BIIMOBU IIOKPUTTS IPU BUKOPHUCTaHHI K po3pa-
XYHKOBOTO KPHUTEpII0 PO3TATYBAJIbHOIO HAIPY-
JKEHHS y KpaloBIf 30HI Ha HIDKHIA IIOBEPXHI
emeHToberonnoi mwintu; P(F,) — xoedillieHT,
110 BUPA’KA€ BIHOIIEHHS KUIBKOCTI 3JIeTIB MOBIT-
PAHOTO CyJHa 3 YOTHUPHUKOJICHOIO CTAHIAPTHOIO
OIIOPOI0 /10 KUIBKOCTI ii NMPOXOAIB 3a CMYTOIO
OXOIUIeHHsI, € aHaysorom koedimienta PCR, HaBe-
IeHoro y 4ynHHUX HopMmax PAA 3 mpoekTyBaHHS
aepoOJIpPOMHUX IIOKPUTTIB [6].

KiapKicTh IPOXOJIB 3a CMYTOI0 OXOIJIEHHS —
Ile KUIbKICTh IIOBTOPEHb BUHUKHEHHS MaKCHUMaJlb-
HOTO HAIIPY’KeHHsI Y HIDKHIN 30HI IeMEHTOOeTOH-
HOTO NOKpUTTs. KUIBKICTh IPOXOJIB 32 CMYTOIO
OXOIJIEHHSI IOBITPSHOTO Cy[HAa II€BHOTO THUIIYy €
(yHK1i€I0 Bif KITBKOCTI BUJIBOTIB, KUIBKOCTI 1 pO3-
TAlllyBaHHS KOJIIC OCHOBHOI OINOPHU IOBITPSIHOTO
Cy/[lHa, IIMPUHU BIIOMTKA ITHEBMAaTHKa KOJIECa,
pO3IOAUIy HPOXOAIB KOJIC OCHOBHOI OIOpU IIO-
BITPSIHOTO CYIHA 32 IIMPUHOIO IIOKPUTTS BITHOCHO
1Oro 0choBOI JiHii [6, 9]. OCHOBHOIO BiIMIHHICTIO
koedimienta P(F,) Bin PCR € Te, 1110 BiH He € KOH-
CTAHTOIO JJIsI IEBHOTO ITOBITPSIHOTO CYAHA (B DaHO-
My BHUIAIKy MIJIsI YOTHUPHUKOJICHOI CTaHIAPTHOI
OTIOpH), @ 3MIHIOETHCSI Pa30M 31 3MIHOIO HOPMATHUB-
HOTO HaBaHTa)XKEHHsI Ha ONOpPYy. 3Ha4eHHs Koedi-
mienta P(F,) 6yJi0o BU3HAYEeHO 3a JOTIOMOT OO0 METO-
nuku Bikropa ['oCanra [9].

KinbKicTh JONYCTUMHX IHPOXOAIB YOTHUPU-
KOJIICHOI CTaHJaPTHOI OIIOPH 10 BiIMOBH ITOKPUT-
TSI 32 KPUTEPIEM PO3TATYBAJIBHOTO HAIIPY)KEHHS Y
KpaioBii 30H1 Ha HIKHIN ITOBEPXHI IIJIUTU IPOIIO-
HYETHCS BU3HAYATH 32 POPMYJIOI0, OTPUMAHOIO Ha
OCHOBI miparii [7],

C; =107 11, (3)
ne f; — piBeHb BITHOCHOI HANPY>KEHOCTi, TOOTO
BIJHOIIIEHHSI PO3PaXyHKOBOTO HAIIpy)KeHHs, 10

BUHUKAE Ha HIDKHIN IMOBEPXHI IeMeHTOOETOHHOI
IUIUTH, 0O JOIIyCTUMOTO.

(2)
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BigHouieHHs f; BU3HAYa€ThCS 32 IOIIOMOTOIO
HACTYIIHOTO BUPa3y:

_ (S max +S T,ij )kp

= - , 4
: kr ktRZS ( )

Ie S .« — MaKCHMaJbHe PO3PaXyHKOBE PO3TATY-
BaJIbHE HAIIPY’KeHHS HAa HIDKHIN ITOBEPXHI IUIUTU
IpHu 11i HABaHTa’KeHb B/l YOTUPUKOJIICHOI CTaHIap-
THOI onopu, MIla; S 1 ;; — PosTATyBaJlbHe TeMIlepa-
TypHe HaIlpy>KeHHs Ha HIKHIN NOBepXHI IIUTH,
MITa; kp — KoeiIieHT, 1110 BpaXoBY€ NMOBIPHICTD
CYMH CepeJIHIX 3Ha4eHb BUMAIKOBUX BEJIMUUHS
Ta S 1 i NIPUIMAETHCS TaKUM, 110 AopiBHIOE 0,75
3rigHo 3 [7]; k., — mompaBkoBuil KOoedilli€HT, 110
BPaXOBYe€ IpyIly IUISHOK a€POJIPOMHUX OKPUTTIB
(nst rpynum oUISTHOK A mpuitMaerbes — 1, mis b —
1,13 tamna BiTl - 1,40), rpynu AisiHOK aepogpoM-
HUX HOKPUTTIB IPUUMAIOTHCA 3TiITHO 3 PEKOMEH-
marismu 9uHEUX HOPM [3]; k, — KoedimieHT, 110
BPAaXOBY€ 3POCTaHHS MIIIHOCTI IEMEHTOOETOHY Y
9aci, IPUUMAETbCS TAKUM, 110 HOpiBHIOE 1,3 [7];
ﬁzs — cepe/iHE 3HAYEHHS MIITHOCTI 0€TOHY Ha PO3TST
npu BUrHHi y Bini 28 1i6, MITa.

s neHHOTrO MEpiony no6uU TeMuepaTypHi Ha-
IpY)KeHHsI Ha HYDKHIN ITOBEPXHI IeMeHTOOETOHHOI
IUIUTHU Y 30HI ii KpallOBUX AUITHOK BU3HAYAIOTHCS
32 pO3paxyHKOBOIO (OPMYJIOK, OTPUMAHOIO Ha
ocHogi ¢popmyi JLI. T'operpkoro [10],

S .4 =L18akEt;;(0,04-0,29%4nh), (5)

n,il

e & — KoeiIlieHT JIIHITHOTO PO3IINPEeHHS IeMeH-
To6erony (mpuitmaernes 0,00001 °C™1); E— momyib
IpYKHOCTI HemeHTo6erony, MIla; ¢ — maxcu-
MaJIbHE BIIXWJIEHHS BiJl CEpeIHbOTO 3HAYCHHS TEM-
IepaTypu Ha IIOBEPXHI IOKPUTTS BlIeHb, °C.

MakcumanbHe BiIXWIeHHS f,; JUIA CIYHSA Ta
JIUITHS BU3HAYAETHCS 32 POPMYIaMU, OTPUMaHU-
MU Ha OCHOBI peKoMeHparii mpamnp [10, 11],

ki 4, %
ol =tay e (6)
3
ki M, %
t:fSl =ty t 33, (7)

3

ne fy), t43 — cepenHs no6oBa aMILIITy/1a TeMIIepa-
TypH CigHA Ta JIUIHA BifnosigHo (Tabdn. 2 ACTY-H
b B.1.1-27:2010), °C; k; — koedilieHT HOTITMHAHHS,
IUIST HOBOTO CYXOTO ITOKPHUTTSI, IPHUIMAEThCS Ta-
KM, 1110 nopiBHIo€e 0,76 BIAMOBIAHO 10 PeKOMEH-
maminn JL.I. Topernpkoro [10]; I} — iHTeHCHUBHICTH
MpsIMOI COHSIYHOI pajiamii y CidHi, 10 Ha/IXOUTh
Ha TOPU30HTAJIbHY MOBEPXHIO 3a SICHOro HeOa B
rofuHHUM iHTepBaa 3 13 mo 14 rox (tabm. 10-13
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JIICTY-H b B.1.1-27:2010), Br/m% I; — iHTeHCHB-
HICTb NPSIMOI COHSYHOI papianii y JWUIIHI, 1110 HaJ-
XOIUTh Ha TOPU3OHTAJIBHY IMMOBEPXHIO 3a SICHOTO
He6a B ropwHHUY iHTepBan 3 13 mo 14 rox (Tabi.
14-17 ICTY-H b B.1.1-27:2010), Bt/m?%; ks — xoe-
¢imient ocmabaenns papgiamii 3a paxyHOK 3a0py-
HEHHsI TOBITPsI Hal aepoapPOMOM, HPHUNMAETHCS
0,60 srigaHO 3 pexomenpauismu JI.I. T'openpbkoro
[10]; & ; — KoedilieHT TeIUIOBIAAYl 30BHIIIHBOI
[TOBEPXHI [[eMEeHTOOETOHHOI IUIUTH, JIsI PAKTHY-
HUX PO3PaXYHKIB MPUUMAETHCS TAKUM, 110 JOPIB-
HIo€ 23 Br/(M?>>XC) [12].

MaxkcumanbHe BiIXUIeHHS Bifl CepeIHbOTO 3Ha-
JYeHHS TeMIIEPATyPH Ha MOBEPXHI MOKPUTTS BIEHb
t,. Y KBITHIi Ta JROBTHI BU3HAYA€ThCA 32 DOPMyTTaMH:

Sy % %
tr =t ,, 1,037 5 (8)
aS
Sy X %
try =1, 1,237 8 (9)
as

ne ty, Ta ty, — CepefiHd 1000Ba aMILIITy/la TeMIle-
paTypu KBITHS Ta JKOBTHS BifmoOBigHO (Tabm. 2
HOCTY-H b B.1.1-27:2010), °C; Sy — cepenHst Mmi-
CSYHA CyMa IpsiMOI COHsYHOI papiamii (Tabi. 7
JOCTY-H b B.1.1-27:2010), 1110 HaIXOOUTH HA TOPU-
30HTAJIbHY IIOBEPXHIO 3a SICHOTO Heba y KBIiTHI,
M/]Ix/M%; Sy — cepenHs Mics9Ha Cyma MPAMOI CO-
Hs19HOI pamianii (taba. 7 ICTY-H b B.1.1-27:2010),
III0 HAIXOAWTH Ha FOPU3OHTAJBHY IOBEPXHIO 3a
sicHOTO Heba y KoBTHI, MIIx/M?.

BHoui BinOyBa€eThCsl 3HM)KEHHSI TeMIIepaTypu
1106JIM3y KpallOBUX Ta KYTOBUX JIITHOK LIEMEHTO-
6eTOHHOI IUITUTH aePOPOMHOTO IIOKPUTTSI, B ITbOMY
BUITAJKy TeMIIepaTypHE HAIIPY>KeHHS € CTUCKY-
BaJIbHUM 1 10TO He IMOTPiOHO BpaxoByBaTH y op-
My (4), B sKiil y 3B’a3Ky 3 num koediuient k,
MPUIMAETHCS TAKUM, 1110 JOPIBHIOE OIMHMII].

PyliHyBaHHS Bifi YyTOMH IIeMeHTOOETOHHOIO
HOKPUTTS (PO3BUTOK TPIIIIUHU Yy PO3PAXyHKOBOMY
repepisi MINTH) BimOyBa€THCS, KOJIU CTYIiHb Ha-
KOIIMYeHHsI pyiHYBaHb Bifi yromu II niemMeHTOOE-
TOHHOI IJIUTU NOpHU [ii eKCIIyaTaliifHUX HaBaH-
Ta)KeHb (KOJIICHUX Ta TeMIIepaTypPHUX) JOPIBHIOE
opuuui [6, 7].

BenmumHa HOPMAaTUBHOIO HaBaHTXEHHS Ha
YOTHPUKOJIICHY CTaHJAPTHY OIOPY BU3HAYAETHCS
B XO[Ii iTepaIiiffHOTO IPOIIeCY 3a eMITIPUIHOI0 Pop-
MYJIOI0, OTPIMAHOIO Ha OCHOBI rpadpivHmX qaHux (2],

F, =46,522PCN " - 40,8751, (10)

ne PCN ¢ —uuciio PCN mi1st Koy MIITHOCTI I'PyHTO-
Boi ocuoBu C.
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Y pasi AKIIO CTYNiHb HAKONIMYEHHA pyHHyBaHb
BiJI YTOMH IIeMEHTOOETOHHOTO aepOIPOMHOTO II0-
KpuTTs [1 6ibIIle OMUHUIT, TO HEOOXITHO 3MEHIIIN-
i BenmmanHy PCN, MeHIIIe ofuHUII — 30UIBIITUTH.

IIpoBeneHO TecTOBe BHU3HAYEHHSI BEJIMIUHU
KIacu]IKAIITHOTO YUCIa KOPCTKOTO aepOipOM-
HOTO TIOKPUTTSI 32 3aIIPOIIOHOBAHUM METOIOM.

BuxinHi maHi: TOPOXKHBO-KJIIMAaTHYHA 30HA —
IV; Tum rigporeoyIorivHUX yMOB — 2; aepOJpOMHe
MOKPUTTSI MaricTpaiabHOI pysibkuoi mopixku (MP]I)
— 1eMeHTOOEeTOHHE BOIIAPOBe; KIac meMeHToOe-
TOHY BEpXHbBOTO IIAPy 32 MIITHICTIO Ha PO3TST IIpU
sruHaHHI By 4,4, cepeHe 3HaYeHHs MIIHOCTI Lie-
MEHTOOETOHY Ha PO3TAT IPY 3TMHAHHI Y BiIli 28 116
TQZS =5,76 MlIla, cepenHe 3HaUeHHS MOAYJISI IIPYK-
Hocti Eg,, = 35300 MIla, ToBIIMHA BepXHHOTO
mapy 0,45 M; KJ1ac TiCHOTO 6eTOHY HIDKHBOTO II1apy
Ha PO3TAT IPU 3TUHaHHI By 1,6, ToBmunaa — 0,20 M,
cepeHE 3HAYCHHS MIITHOCTI IMiCHOTO OeTOHY Ha
PO3TSIT IpU 3TUHAHHI y Billi 28 1i6 ﬁzs =2,09 MI1Ia,
CepeflHE 3HAYECHHsI MOJYJSI IPYXHOCTI Ej,,
= 17000 MITa; mTy4Ha OCHOBAa — I'PYHTOLIEMEHT
31 3MINIYBaHHAM B YCTaHOBLI 3aBTOBIIKHU 0,15 M
13 MopyJieM npyxHOCTI Er = 4810 MIIa; rpyHT nipu-
POIHOI OCHOBU — CYIJIMHOK IMMJIYBAaTUI IPUPOTHO-
ro 3ajsranHs 3 Koedirientom mocreri 50 MH/m’.

Posnopin 3miTHUX onepaniil MOBITPSHOTO CY -
Ha 3 YOTUPUKOJICHOIO CTAHAAPTHOIO OIOPOIO 32
IIOpaMU POKY Ta 9acoM 1061 HaBesieHO y Tabiuili 1.
BubpaHo HaitOUIBIII HECIPUATINBHI BapiaHT, KON
OUTBIIICTD 3TITHUX OIEPAIliil 3MifCHIOETHCS BEHb,
a TPUBAJICTh BUKOHAHHS 3JI€TIB CTAHOBUTH 12 rox
3a 1o6y.

Iist 3umMu Ta JIiTa cepefHsl TPUBAIICTH [HS
NPUIMAETHCSA HAa OCHOBI JAHUX [JIs CIYHSA Ta JIUITHSA
(tabn. 10-17 ICTY-H b B.1.1-27:2010), He Bpaxo-
BYIOYH [IBl TOJWHU MICJI CXOAY 1 1Bl TONWHU [0 3a-
XOJly COHIIS JJIsl CIYHS MICSISL Ta YOTUPU TOAMHU
IICJISL CXOAY 1 TPH O 3aXO/y COHIS IJIsI JIUITHSL, TOO-
TO CepenHs] TPUBAIICTh AHS NPUNUMAETHCS SIK TO-

NUHHUN iHTEpBaJ, Ha sKui npunanae 95 % no6osoi
COHAYHOI papiamii. [T BeCHH Ta OCeHl cepemHs
TPUBATICTh MHS (M1 KBITHS Ta >KOBTHS BIIIIO-
BiITHO) MOKe OYTH BH3Ha4UeHa Ha OCHOBI PeKOMEH-
mamiit, HaBemeHUx y mpami ImurtpieBa M.M. [13].
Bin oTpuMaHOi po3paXyHKOBOI TPUBAJIOCTI IHS He-
00XigHO BIZHATHU 5 TOOUH.

Tabmung 1

KinbkicTe 3niTHUX onepadi NOBITPAHOro cyaHa
3 YOTVPMKONICHOI CTaHAAPTHO 0NOPOoIo
3a nopamu poky Ta Yacom fo6u

Mopa poky Yac pobu KinekicTe 3niTHUX
onepauin
3uma [eHb 1235
Hiu 1235
BecHa [eHb 1680
Hiv 840
Iito [eHb 2310
Hiv 210
OciHb [eHb 1660
Hiy 830
Bcboro 3a pik 10000

JlaHl Ipo 3MIHy TeMIlepaTypH, IHTEHCUBHICTb
NIPpsIMOI COHSIYHOI pafialii y ToAMHHUN 1HTEepBaJ 3
13 1o 14 ronuHU Ta CEPeNHIO MICAYHY CYMYy IPSAMOIL
COHSAYHOI pajiamii, 10 HAAXOOUTh Ha TOPU30H-
TaJIBHY IIOBEPXHIO 32 SICHOTO Heba, BIIPOJOBK POKY
npuiiagro BignosigHo 1o ICTY-H b B.1.1-27:2010
1 HaBe[eHO y TabuI 2.

Tabauns 2
KnimaTtunyHi gaHi
Ne Mopa poky ta, 1, S,
(micsiupb) °c B1/m° MO/ m>
1 3uma (ciyeHb) 6,3 183 =
2 |BecHa (kBiTeHb) 9,9 = 485
3 |Jlito  (nuneHb) 11,2 637 =
4 |OciHb (>k0BTEHB) 8,8 = 282

PesynbraTi po3paxyHKy HaBeJeHO y TaOIn1li 3.

Tabnuia 3
Pe3ynbTaTy po3paxyHKy 3a po3pobneHum meTogom
Po3paxyHkoBui Mopa poky Ta yac pobu
TR 3uma BecHa Iito OciHb
AEHb HiY AeHb Hi4 AEHb HiY AeHb Hi4
S max: Ml la 3,188 3,188 3,188 3,188 3,188 3,188 3,188 3,188
ST,ij ,Mla 0,410 -0,330 2,248 -1,807 2,696 -2,167 1,778 -1,429
Cl.]. 47378167 7795053 293189 7795053 84927 7795053 1076756 7795053
”ij 0,001 0,004 0,154 0,003 0,730 0,001 0,042 0,003
1 0,937
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BinmosigHO 00 pe3yJsbTaTiB pO3paxyHKy 3a 3a-
IIPOIIOHOBAaHUM MeTOJNOM (IuB. TabJ. 3) CTYIiHb
HAKOIIMYEHHsI PyIHYBaHb [] CTAaHOBHUTH OJIU3BKO
onunutli (0,937) mpu BeIMINHI HOPMATUBHOTO Ha-
BAaHTA)KeHHS Ha YOTUPHUKOJIICHY CTAHAAPTHY OIIOPY
809,4 xH, 1110 BigmoBinae kracu@ikamiiHOMy THC-
ay PCN >KopcTKOro aepofipOMHOrO HOKPHUTTS 75
(mpu wuci PCN 76 cTyniHb HaKOIIMYEHHS PYIHY-
BaHb [] nopiBHioe 1,014). ITosauit kon PCN matnme
HactynHui surisan: PCN 75/R/C/X/T. Ilpu pospa-
XYHKY 3a JIOIIOMOTOI0 HOPMAaTHBHOTO MeTomy [2]
BeananHa PCN nopiBHIOE 72.

PesynpraTi po3paxyHKy BeJUYMHH Kiacui-
KallillHOTO YHCJIa >KOPCTKOTO aepOIPOMHOTO ITOK-
PUTTS, OTPUMaHI Ha OCHOBI MeTomy [2], KOMIT TO-
TepHOi porpamu «Aepoxpom 380» [14, 15], mpor-
pamu COMFAA [4] Ta po3pobiieHoro metony, Ha-
BefIeHO y Tabsni 4.

Tabnuus 4
MopiBHANbHMIA po3paxyHok uncna PCN
MeTtop PCN
MOC HIF'3A 72
KIT «Aepogpom 380» 72
COMFAA (AC 150,/5335-5C) 76
Pos3pobneHuin meTop 75

3a nonomororo nporpamu COMFAA BrgHauva-
erbes BesmmunHaa PCN 11 eMeHTo00e TOHHOI IUINTY,
IIJ0 3HAXOAMUTHCSI HA I'PYHTOBIN OCHOBI. Y 3B 3Ky
3 TUM, 110 Y BUXIJHUX JJAHUX 3aJlaHa JBOIIApOBA
KOHCTPYKIid IOKPUTTS Ha YKpPIIUIEHINA INTY4HIN
OCHOBI, HEOOXITHO BH3HAYHUTHU IPUBENEHUN KOe-
¢imieHT mOCTeNl ANA MIapy MPUPOJHOTO IPYHTY,
YKpIIJIEHOI OCHOBU Ta HUKHBOTO 1IAPY ITOKPUTTSL.
[TpuBenennit xoedimieHT mocTesni BIIHOCHO IIO-
BEPXHI HIDKHBOTO IIIapPy ABOIIAPOBOTO KOPCTKOTO
aepoIpOMHOTr0 MOKPUTTS Ta IIAPY IITYYHOI OCHO-
BU, YKPIIUIEHOI B’SDKYYHMM, BUSHAYEHO 32 OTPUMa-
HOIO eMITIpUIHOIO (POPMYIIOI0

K =K,-179,33- 3,66%" +2,664nE, +
+68,28 %" +8,934AnE,

me K — xoedimieHT mocTesi IpUPOLHOI IPYHTOBOI
ocHoBu, MH/M>; ff — TOBILMHA IIapY YKpiIIeHoi
IITYYHOI OCHOBH (I'PYHTOIIEMEHTY ), M; Ef— MOZYJIb
IPY>KHOCTI Iapy IITY4YHOi OCHOBH, MITa; £ — TOB-
II[MHA HIDKHBOTO Iapy (IicHOro 6eTOHY) ABOIIA-
POBOTO JKOPCTKOTO MOKPUTTS, M; Ej ¢ — MOmyib
IPY>KHOCTI HUYKHBOTO IIapy IBOIIAPOBOTO KOPCT-
koro nokpurrts, Mlla. BenuuuHa npuseneHOro
koedilienTa mocresni craHoBUTH 59,4 MH/ M3,
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AKuIo cnaHyBaTH 3JITHI omepanii TUIbKU Ha
IeHb 3 OJHAKOBOIO IOTOAWHHOIO 1HTEHCHUBHICTIO
niist Oy Ib-sIKO1 TOPH POKY, To BemanHa PCN cxira-
matume 71 (tabs. 5). Iljist bOro BapiaHTa MPUIA-
Ma€EMO YMOBHY Ha3BY «JeHb».

[Tpu ninomo60BOMYy 3MmifICHEHHI 3JIITHUX OIIe-
pamiit noBiTpsiHuX cyneH BeanynHa PCN craHOBU-
tuMe 85. SIKIIO 3HaYHY 9acTKy 3JIITHUX OIEepalii
CIUTAaHYBaTU 3 BECHU Ta OCEHI Ha JIITO 1 3UMY, TO Be-
nuauHa PCN cknagatume 69. [Ins nporo BapiaHTa
IIpUIIMAaEMO YMOBHY Ha3By «ce3oH». HapemeHy y
CTOBIIISIX 3—6 Tabiuuni 5 IHTEHCUBHICTDH 3JIITHUX
oIepauiil IOBUHHI MaTU IOBITPSHI Cy/iHA, KJIacH-
ikamiitai uncaa ACN SKUX BiIIOBIAIOTH Besd-
yuHi PCN, BU3Ha4YeHIll 32 pO3p0oOIeHUM METOIOM
a6o Ha 10 % menre ii.

Tabauus 5

Bnnue posnogainy 3niTHUX onepadin 3a nopaMmn poKy
Ta yacom po6u Ha knacudikauiiHe uncno PCN

MNopa | Yac IHTEeHcuMBHiCTb 3niTHMX onepadin ana PCN
poKy | pobu BEJINYMHOI0
71 75 85 69
«OeHb» | «CTaHAAPT» | «Lifoao060BO» | KCE30HN
1 2 3 4q 5 6
3uma | [HeHb 1790 1235 617 2600
Hiy (] 1235 1849 0
BecHa | [deHb 2440 1680 736 1630
Hiy 0 840 1784 0
Nito | OeHb 3355 2310 1012 4160
Hiy (0] 210 1510 0
OciHb | OeHb 2415 1660 728 1610
Hiy o] 830 1764 0]
Bcboro 3a pik | 10000 10000 10000 10000

Y Bumankax, xonum BeaumumHa PCN MeHIre
4yuciia nositpssHoro cynHa ACN, 3rigHO 3 peKOMeH-
pamisMu [2] BBOOATHCS 0OMe)KeHHs Ha IHTEHCHUB-
HICTH 3JIITHUX omepaniil Ha no6y (10 omeparmiit Ha
no6y npu BigHOmeHHI PCN/ACN, 110 3HaXOIUTh-
cs1 B iHTepBaii 0,85-1,00; 2 onepanii Ha 100y 1pH
BigHOIIeHHI PCN/ACN B inTepsati 0,80-0,84; 1 ome-
pais Ha o0y npu BinHoIeHHI PCN/ACN B iHTEp-
Baii 0,75-0,79). O6bmexenns (2] 6yno ajanToBaHO
710 po3po6IEHOr0 METONY i HaBeIeHO y TabuIli 6.

Y tabnuri 7 HaBeIeHO OCHOBHI XapaKTePUCTHU-
KM YIOCKOHQJIEHOIO MeTOIy BU3HA4YeHHs HeCcydoi
3/IaTHOCTI a€POJPOMHOTO ITIOKPUTTSI, YUHHOTO HOP-
MatuBHOro Bitunsusaoro (MOC HI'DA [2]) Ta 3a-
kopaporHoro COMFAA (AC 150/5335-5C [4]) meTo-
niB. [IpakTU4YHy HIHHICTD 3aIIPOIIOHOBAHOTO METO-
Iy HaBe[eHO y TabiauIi 8 Ha OCHOBI BUXITHUX Ja-
HUX PO3TJISTHYTOTO BUILE TIPUKIIANY.
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Tabauusa 6
0O6Mme>XKeHHs! iIHTEHCUBHOCTI pyXy fniTakis
MNopa Yac IHTEHCMBHICTb 3NiTHMX onepauin Ha foby Ans BapiaHTIB
poKy nobu i
«AEeHbY «cTaHgapT» «uinopo6oBo» «CE30H»
1 2 10 1 2 10 2 10 1 2 10
1 2 3 4 5 6 7 8 9 10 11 12 13 14
3uma [eHb 1 2 10 1 1 5 = = 2 1 2 10
Hiu = = = = 1 5 1 2 8 - - -
BecHa [eHb 1 2 10 1 1 7 = = 2 1 2 10
Hiu = = = = 1 3 1 2 8 - - -
Tito [eHb 1 2 10 1 2 9 - 1 4 1 2 10
Hiu = = = = = 1 1 1 6 - - -
OciHb [eHb 1 2 10 1 1 7 - - 3 1 2 10
Hiu = = = = 1 3 1 2 7 - - -
Tab6mung 7
MeToan Bu3Ha4veHHs knacudikaLifiHoro 4mcna XXopcTkoro aepoapoMHOro NoKpUTTA
MeTop Po3paxyHkoBuii kKpy- | YpaxyBaHHSA KinbKOCTi YpaxyBaHHSA YpaxyBaHHSA Po3paxyHkoBa KoHLenLis
Tepiii — po3TarysasnbHe 3NiTHUX onepauin 3MiHN eKBiBaNeHTHOI B}
HanpyXXeHHS y KpanoBiil | NOBITPAHOro cyaHa 3a | TemnepaTypu | KinbkocTi anetig | PO3P8XYHKOEBE | pyVHYBaHHA
30Hi Ha HWKHIi NOBEPXHI | NOpaMK POKY Ta 4acoM | BNPOAOBX KPUTUYHOTO HOBIPANE BINVEOMU
nnuTM noéu poky NOBITPSHOrO cyAHa CyAHO
MOC HIF'3A Tak Hi Hi* Hi Tak Hi
COMPAA Tak Hi Hi Tak Hi Tak
Po3pobnenuin Tak Tak Tak Hi Tak Tak
mMeTon
Mpumitka. * — KoediuieHT ymoB poboTy BPaxoBYE Ajt0 HA aepPOAPOMHE MOKPUTTS PAAY YMHHUKIB (3MiHa TeMnepaTypHUX Hanpy>XeHb,
3POCTaHHA MiLHOCTI 6ETOHY 3 YacoMm), AKi LLie He B MOBHI Mipi BPaxoBYHTLCA MPY PO3PaxyHKy.

Tabauns 8
JonycTyma iHTEHCUBHICTb PyXy NOBITPAHUX CYAEH
LOinaHka BenuunHa PCN nokputta ACN nitaka IHTEeHcMBHiCTb, onepauiii/poby
noKpuTTa npwy 3niTHINA
MOC HIM9A Po3po6nexuin meton Basi, T MOC HIM3A 06mexeHHss MOC HIF9A
npu 3Ha4eHHsax PCN, Bu3HauyeHunx
3a po3pobrieHM MeToaoM
«CEe30H» «uinogoboBo» «CEe30H» «uinogoboBo»
A330-200 bes 10 bes
(231)72 obmexeHb obmexeHb
MPI | 72/R/C/X/T | 89/R/C/XIT | 85/R/C/x/T | 423330 2 1 10
A350-1000 1 He 10
(309) 93 [OMyCKaeTbCA
BucHoBku. 2. Orpumano ¢opmyiny [UIsi BH3HAYEHHS

1. YnockoHaneHo ¢dopMyiTy s BUSHAUEHHS
KoeillieHTa HAKONIMYCHHS] PYUHYBaHb Bifl YTOMH
IIpY BpaxyBaHHI /Jii KOJICHOTO HaBaHTAKE€HHS Bif
YOTUPHUKOJIICHOI CTAaHAAPTHOI OIIOPH 1 3MIHU TEM-
HepaTypu BIIPOJOBXK 100U Ta Iip POKY.
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KUIBKOCTI IOMYCTUMHUX IPOXO[IB YOTHUPUKOIICHOL
CTaHJAPTHOI OIIOPH 1O MOMEHTY BiIMOBH IIOKPUT-
Ts1 32 KPUTEPIEM PO3TATYBATBHOTO HANIPYKeHHS y
KparoBiil 30HI Ha HIDKHINM IMOBEPXHI I[eMEHTOOe-
TOHHOI IUIUTH BifA i KOJICHUX HaBaHTa)KeHb Ta
3MIHU TeMIlepaTypHu.

15



HAYKA - BUPOBGHUUTBY

3. BcraHOBIEHO BIUIMB PO3IOALIY 3JIITHHAX
oTepariif yMOBHOTO ITOBITPSIHOTO CyIHA 3 YOTUPU-
KOJIICHOIO CTaHJAPTHOIO OIIOPOIO 33 9aCOM 106U Ta
nopaMu poky Ha 4ucio PCN i 3amporoHoBaHO
BapianTu posnoaury. Yucno PCN 3anesxHo Bin Ba-
piaHTa Moke Oyt Ha 4,2 % MenIe abo Ha 18,1 %
611bIIIe, HIK TP PO3PaxXyHKY 32 YUHHUM HOpMa-
TUBHUM METOJOM [2] Ta y KOMIT IOTepHIN IpOr-
pami «Aeponpom 380», Ta Ha 9,2 % MeHIe abo
Ha 11,8 % O6inbme y nopiBusHHI 3 COMFAA (AC
150/5335-5C) [4].

4. OtpuMano eMuipuany GoOpMyITy IIsi BU3HA-
YeHHsI IPUBE/IEHOT0 KoedillieHTa IocTeIi BITHOCHO
IIOBEPXHI HIDKHBOTO IIIaPy JBOIIAPOBOTO IIeMEH-

TOOETOHHOTO aePOIPOMHOrO IMOKPUTTS Ta Iapy
IITYYHOI OCHOBH, YKPIIJICHOI B’ SDKYIHM.

5. Po3po6iieHo pekoMeHallii o010 BU3HAY€eH-
Hs JIOIyCTUMOI 1HT€HCHUBHOCTI PYXy MOBITPSHHUX
CyzeH i HeoOXimHUX ii 06MeKeHb 3a YacoM no0u Ta
IIOpaMHU POKY 1 Ha IPUKJIAl TPOUIIOCTPOBAHO iX
[PaKTUYHY IIHHICTh: Y BUIA/IKY BU3HAYCHHS IHC-
na PCN 3a YMHHUM HOPMAaTUBHUM MeTOmOM [2]
excuryaranis sitaka A350-1000 momyckaerbes 3
obMexeHHM 110 1 orrepartii Ha 100y, IpU BUKOPHC-
TaHHI pO3pOOJEHOr0 METOAy [JIsl BapiaHTa PO3-
MOMIUTY 3JITHUX OIlepariii 3a 4acoMm m06H Ta Io-
paMU pOKy «Ce30H» eKCILTyaTallisi He HOITyCKAETh-
csl, a I BapiaHTa «IIUIOZOO0BO» IOITYCKAETHCS
10 omepariit Ha 1OOY.
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atauum B CCCP I'A (MOC HI'SA CCCP), 1992. - 144 c.

[3] CHwulM2.05.08-85. Aspogpombl. —M.: LINTTM NoceTposa CCCP,
1885.-59c.
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Reporting Airport Pavement Strength — PCN [EnekTpoHHWi
pecypcl, US Department of Transportation, Federal Aviation
Administration, 2014. - 113 p. — Pexwum gocTyny:
http:/ /www.faa.gov/documentLibrary/media/
Advisory_Circular/150-5335-5c.pdf

[5] Gabrial Bazy Mechanistic-Empirical PCN Procedure [EnekT-
poHHuin pecypcl/ Gabrial Bazy/ / Airport Pavement Working
Group Meeting. Atlantic City, April, 2012. — Atlantic City,
2012. — 34 p. — Pexxum pgoctyny:
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[6]1 Advisory Circular 150/5320-6E. Airport Pavement Design
and Evaluation, US Department of Transportation, Federal
Aviation Administration, 2003. - 122 p. — Pexum gocTyny:
http://www.faa.gov/documentLibrary/media/
Advisory_Circular/150_5320_6e.pdf
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BOrHE3ARUCT BYAIBENLHUKR KOHCTPYKUIU

OTHE3ALUMTHBIE NAUTDLI. NOBBIWEHWE HAAEXXHOGTH,
AICATOBEYHOCTH W NO)KAPHOW BE3OINACHOCTH
CTPOMTENBHbLIX KOHCTPYKLIUH

PCI‘YJII/IpOBaHI/Ie MO’KapHOU 6e30macHOCTH B
CTPOUTEIBCTBE COCTOUT U3 IBYX B3aMOCBSI3aH-
HBIX 4acTel — obecIieueHre HOPMUPYEMBbIX XapakK-
TEPUCTUK OTHECTOMKOCTU 3[JaHUN U CO3[aHUe
ycnoBuil 7151 6€3011aCHOM 9BAKyaIUH JTIIOJEH ¢ MU-
HUMH3alUeld NOpakeHUsI IPOAYKTaMH TOPEHHUS B
cJly4ae BO3ZHUKHOBeHUA IOKapa. CTermeHb OrHec-
TOMKOCTH 3JaHUU KIaCCUDUITUPYIOT B 3aBUCHMOC-
TH OT IIpelesioB OTHECTOMKOCTU IIPUMEHEHHBIX
CTPOUTEIbHBIX KOHCTPYKIIUH U 3JIEMEHTOB B COOT-
BercTBuu ¢ JIBH B.1.1-7-2002 [1] (Tabu. 1). Bosee
JKeCTKAE€ HOPMAaTHUBBI II0 OTHECTOMKOCTH CTPOHU-
TEJIbHBIX 3JIEMEHTOB YCTAaHOBJIEHBI [IJIs1 BBICOTHBIX
3[aHUI1, OCHOBHbIE TPeOOBaHUS K CHCTEMaM IIO-
JKapHOU 6e30IIaCHOCTH KOTOPBIX M3JIO’KEHBI B pa3-
nene 9 JBH B.2.2-24:2009 [2].

Kaxk cremyer m3 Tabaunpbl 1, mokasatenu Ipe-
IeJIbHBIX COCTOAHUIT 10 orHecToMKoCcTH (R, E, 1 [3])
HEeCyIINX KapKacOB BBICOTHBIX 3MaHUU W 3HAHUMI
[-III cremeHWM OrHECTOMKOCTU HUMEIOT HOBOJBHO
BBICOKME HOpMHUpPYeMble 3HayeHus — or 120 mo
180 muH. [l obecriedeHns 3aJaHHBIX KJIACCOB OI-
HECTOMKOCTH KOHCTPYKIIMOHHBIX 3JIEMEHTOB 00513a-
TeJIbHO NPOBeJleHNe MEPONPUATUI 110 TaCCUBHOU

J1.H. BaxutoBa
3KCMepT Mo BONpPOCaM OrHe3alluThbl
YKpaunHckoro LleHTpa CtasibHoro
CTpounTensCTBa,

= CTapLUKin HAYYHbI COTPYAHUK HOOY
/ HAH YKpaviHbl

K.B. Kanadpar

PYKOBOAMTE/Nb KOMUTETA OrHE3aLMUThI
YkpanHckoro LieHtpa CrasibHoro
CTpouTesnbeTBa,

[VIPEKTOP PervoHabHoro
UCMbITATE/IbHOrO LieHTpa
«[lOHCTPOWTECT»

OTHE3allUTe 3[AaHUsA, KOTOpasd 3aKJII0YaeTcsa B UC-
IIOJIb30BAHUHU CIIEIMAIbHBIX OIHE3AIUTHBIX IIJIUT,
IITYKaTyPOK, KPAaCOK, TEIIJIOM30JIAIMOHHBIX MaTe-
pUajoB, YBEIMYMBAIOIIMX BpeMSA HACTYIUIEHUS
IpeleJIbHOTO COCTOAHUSA KOHCTPYKIUU 10 3Ha4e-
Huit, obosHavennsix B JIBH B.1.1-7-2002, JIBH
B.2.2-24:2009 u npyrux HalMOHAJIbHBIX HOPMaX Ha
3IAHMS Pa3IMYHOrO (PYHKIMOHAIBHOTO Ha3HAYCHIS.

Tabmnua 1
MWHUMasbHbIE 3HAYEHWS MPeAesiOB OrHECTOMKOCTU CTPONTENbHBLIX KOHCTPYKLMIA (R, E, I, MUH)
CrteneHb CTeHbl KONOHHbI | JIECTHUYHbIE ﬂeperblTVlH ONnemMeHTbI COBMeELLUEHHbIX
OrHECTOW- NIOWAAKN, | MEXOYSTax- MOKPbITUL
KOCTU KOCOYpbl, Hble (B T.u.
3jaHuAa Hecyuwune camo- BHeELWHNe BHYTpPEHHNe NEeCTHULbI yepgauHble NJINTbI, 6aﬂKl/|,
W NecT- | Hecylme |HeHecylyie | HeHecyliye o MapL’lJVI W Han HaCTU/bI, |hepMbl, apKu,
HUYHbIE (neperoponKu) NeCTHMUHbIX | noasanamu) | MPOTOHbI pambl
KNEeTKN KI1eTOK
[BH B.1.1-7-2002
| REI 150 REI 75 E 30 EI 30 R 150 R 60 REI 60 RE 30 R 30
I REI 120 REI 60 E15 El15 R 120 R 60 REI 45 RE 15 R 30
il REI 120 REI 60 E 15-30 EI15 R 120 R 60 REI 45 He HopmMupytoTCst
lia REI 60 REI 30 E15 EI15 R15 R 60 REI 15 RE 15 R15
6 REI 60 REI 30 E 15-30 EI15 R 60 R 45 REI 45 RE 15-30 R 45
v REI 30 REI15 E15 EI15 R 30 R15 REI 15 He HopmupytoTCst
Va REI 30 REI15 E15 El15 R15 R15 REI 15 RE 15 R15
\% He HopmupytoTcs
[BH 6.2.2-24:2009
EE‘,';HOMT:a'i'e AOREI180 | no REI 180 E 60 A0 El 180 R 180 R90 70 REI 180 R 180 EI 120
) 3paHus ¢ yc/oBHOM BbicoTo oT 73,5 10 100 m

© Baxwurtosa J1.H., Kanadar K.B.
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BOrHE3ARUCT BYAIBENLHUX KOHCTPYKUIU

OcHOBHBIE TPeGOBaHHA K OTHE3AINIUTHBIM
MatepuanaM. OOIIEeNPUHSTO, 9TO IPU IPOEKTUPO-
BaHUM KOHKpeTHOro oObeKTa BBIOOpP crocoba u
CpelCcTBa OTHE3AIIUTHl CTPOUTENbHBIX KOHCTPYK-
LU OTIPEIesISeTCs C YIeTOM:

TpeOyeMOoro Kjracca OTHECTOMKOCTH KOHCTPYK-

Oounu;

KOH(MUTYpAIMH KOHCTPYKIIMH U €€ PacIioyio-

JKEHUSI B IPOCTPAHCTBE;

IOITyCTUMOIT HATPY3KH Ha KOHCTPYKITUIO;

YCJIOBUH U CPOKOB IPOBENEHUSI OTHE3AIINT-

HBIX paboT;

9CTETHYECKUX M IKOJOTUIECKUX XapaKTepuc-

TUK OTHE3AI[UTHOTO TIOKPBITHS;

TeMITePAaTyPHO-BIKHOCTHOTO PEeKUMa IKCII-

JyaTalum;

CTOMMOCTH OTHE3aIIUTHOI 00paboTK;

9CTeTUYEeCKUX TPeOOBAHUM U JIp.

OpnHako coBpeMeHHBIE TEHEHIIUHN OTHe3allu-
Tbl, OCHOBAaHHbIE Ha IIOJOKeHMUSAX EBpPOKOIOB 1
HOPMAaTHUBHBIX JOKYMEHTOB [4, 5], Cy)XaloT 3TH
KPUTEPUH 10 IBYX OCHOBHBIX TPeOOBaHUIL:

1. OrHe3amIUTHBINA MaTepHuaa AOJKEH COXpa-
HSTH CBOIO IOTEHIIMAJIbHYIO OTHE3AIIUTHYI0 3-
(beXKTUBHOCTH B TedeHUe PacYeTHOrO CPOKa IKCII-
JIyaTaluy 3MQHMUS O KalIUTAJIbHOTO PEMOHTA.

2. B cryyae BOSHMKHOBEHUS ITOYKapa MEPOIIPH-
SITHSI TIO OTHE3aINUTe TOJDKHBI 00eCIIeIUTh 1eI0CT-
HOCTB 3[JaHUs, HepacIIpOCTpaHeHUe IbIMa U OTHS B
TedeHHe BpeMeHHU, HeOOXOMMMOTO /ISl 9BaKyaIliuu
JIIoiedt ¥ paboThI CIacaTeIbHBIX KOMaHI, a IIPOYK-
Thl TEPMHUYECKOT'O Pa3JI0KE€HUSI OTHEe3aIIUTHOIO
MOKPBITUS HE JOJDKHBI UMETh KPUTUYECKUX T10C-
JIeCTBUN [JI UX )KU3HU U 3JOPOBbSL.

JIJ151 KOHCTPYKIIMM 3TO O3HAYAET, YTO OHA 10JDK-
Ha OCTaBaThCs CTAOMIBHOM Ha IIPOTSDKEHUY 3a/1aH-
HOTO TIpefiesla OTHECTOMKOCTH, a K OTHE3allUT-
HOMY MaTepHuajy, B CBOIO O4epe/ib, IPEIbsIBIISIOT-
cs1 TpeOOBaHUS [0 MUHUMU3AIUY BBIJICJICHUS TOK-
CHUYHBIX IPOJYKTOB TOPEHUSI.

Kpurepuun BbIOOpa CcIoCO6a OTrHE3alIUTHI.
IIpeden oznecmoiikocmu. Vicxonst u3 pebGoBaHmIt K
OTHE3allIUTHBIM MaTe€pHrajiaM, UAC€AJIbHBIMU CIIOCO-
6aMy OTHE3aIIUThl HECyIero Kapkaca M3 MOHO-
JIUTHOTO >KeJIe300€TOHA M CTAJIbHBIX KOHCTPYKIUI
SIBJISIIOTCSI 0O€TOHUPOBAaHME M OOJIUIIOBKA Ta30- U
NeHOOECTOHHBIMU OJIOKaMH, KUPIUIOM U JIp. Tell-
JIOU3OJIAITNOHHBIMU MaTe€puajlaMu, KOTOPbIE obec-
MIeYUBAIOT IIpefiesl OTHECTOMKOCTU [0 5—6 4acoB.
Tem ne MeEHee, [IEpeIUCICHHbIE CTPOUTEIIbHBIE Ma-
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TepI/IaJ'H)I HpaKTI/I‘ICCKI/I HE HpI/IMeHHIOTCSI B npaK—
THKe OTHE3AIUThI COBPEMEHHOTO CTPOMTEIHCTBA
n3-3a CO30aHUA CYH_IeCTBeHHbIX OOITIOJIHUTEIIbHBIX
HATPY30K Ha KapKac U yBeJIMdeHHUs] 00beMOB KOH-
CTPYKIMI C yMEHBIIIEHHEM II0JIE3HON IUIOIIANN
IIOMEIIeHUM.

HocToitHOI 3aMeHO 00eTOHUPOBAHUIO U 00-
JINIIOBKE KUPpIINYaMU ABJIAIOTCA OTHE3aIIUTHBIC
IITYKaTYPKH (CIIpeu) U IUIATBI, CIIeLIAATBHO pa3pa-
60oTaHHbIe OOJerYeHHbIe MaTepHasbl, HMeEIoIue
MOBBIIICHHYIO YCTOMYUBOCTD K IEUCTBUIO IPSIMO-
TO IIaMeHU, KOTOpre MaCH_ITa6HO HpI/IMeHHIOTCH B
MHMPOBOY NIpakTuKe orHe3amuTel. lITykaTypku n
IIJINTHI ABJISIOTCA 6CSaJ'H)TepHaTI/IBHI)IM CHOCO6OM

WMHTymeCUEHTHBIE MOKPbLITUA = mnopt
BYkpanHa
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BOrHE3ARUCT BYAIBENLHUKR KOHCTPYKUIU

OTHE3AIIUTHI [JII HeCyIIUX KapKacOB BBICOTHBIX
smanuil U 3gaHuii [-I1II cremeHn OrHeCcTOMKOCTH,
rae TpeOyeTcs mpenes OrHeCTOMKOCTH CTPOUTENb-
HbIX KOHCTpyKuit R 90 R 180. Onnako, B mocien-
Hee JIeCATUJIeTHe Ha PhIHKE ITACCUBHON OTHe3aIllH-
Thl EBpoOIbI M YKpanHbl B 4aCTHOCTH JOMUHUPYIOT
TOHKOIUIEHOYHbIe UHTYMeCI[eHTHbIe (BCIy4YUBarO-
1[1eCs]) MTOKPBITHSI, KOTOPbIe BCe Yallle HAUMHAIOT
HPUMEHSTHCS 151 oOecriedeHus: mapametpos R 90,
R 120, a nnorpga u R 150. [IepecueT naHHBIX, IpUBe-
IOEeHHBIX Ha PUCYHKe 1, Ha YCJIOBHBIE KBaJpaTHBIE
MeTPbl IOBEPXHOCTH 3AIIUIICHHBIX CTPOUTEIbHBIX
KOHCTPYKUMI IIOKa3bIBaeT, YTO HOJISI OTHE3AIIUT-
HBIX TUTUT B OJIaTONIPUSATHOE /ISl PhIHKA OTHE3aII -
ThI Bpemst (2012 r.) B 06111eM 0O6bemMe OTHe3aIInT-

HBIX MaTe€pHUajoB, UCIOJIb3yEeMBIX B YKpauHe, He
npessblimaet 10 %.

B tabnure 2 mpencTaBIeHbl OCHOBHBIE XapaK-
TEPUCTUKH ¥ O0JIACTH TPUMEHEHUs CIOCOOOB
OTHE3AIIHTHI C YIeTOM TPeOOBaHUIT HOPMAaTUBHOM
ITOKYMEHTAIUH 110 IOXKapHO¥ 6e30I1aCHOCTH, 0CO-
6eHHOCTel OrHe3alUTHBIX MaTePUAJIIOB U CTPOU-
TeJIbHBIX KOHCTPYKIUH, MOJJIeKAIIUX OTHE3aIIUT-
HOM 00paboTKe.

Ha Ham B3rjs, HHTyMeCI€eHTHBIE TOKPBITUS
IJ1s mpefiena oruectoikoctu R>60 ciaenyer npume-
HSATB C 00JIBIIION OCTOPO’KHOCTBIO, IIOCKOIBKY IPH
OIIpefieJIeHNH OTHEe3aIUTHON CIOCOOHOCTH IaH-
HBIX IIOKPBITUH UCIIOJIb3YIOTCS METOIbI MaTEMATH-
YeCKOr0 aHaJIN3a, IIPU KOTOPBIX HE YYUTHIBAETCS

Tabnumna 2

OCHOBHbIE XapaKTepPUCTUKU 1 obnactu NnpMMeHeHunsa crnoco6oB orHe3alnTbl C y4eToM ux ocobeHHocTeN

noKpbITUA, Net

XapakTrepucTtuka OrHe3alnTHble OrHesaluTHble NAUTbI Kpacku MHTYMECLLEHTHOro Tuna
LEMEHTHO-BEPMUKY/INTOBbIE N NNCTOBbLIE BOJ/TIOKHUCTbIE
LITYKaTypPKun Martepuasbl
Knacc orHecTolikocTu [oR 240 [oR 300 [oR 90
Ycnosus akcnyataumm
Y, Z1,Z22 X, Y, 21,22 Z1 (c 3alUUTHBbIM NOKPbITUEM), Z2
no ETAG 0182 (c sauy peITMEM)
KoadhchuumeHt 0,5-1 0,5-1 500-700
[bIMOBbIfeNeHns, M=/t
CpokK akcnnyaraumm 10 20 1050 N015

CNOXHOCTb BOCCTAHOB/IEHMSI
N PEMOHTA, HA3KUNE AEeKOPATUBHbIE
KauecTtBa, cnabas aaresus

K MOBEPXHOCTY, MOHVKEHHASA
BMOPOCTONKOCTb

MpevmyLiecTBa BbICOKMI1 Npefen orHecToMKoCTH, BbICOKME npeen OrHecTolikocTu MUHMManbHas To/LLMHA 1 BecoBasi
HM3Kasi CTOMMOCTb MaTepuana, 1 CPOK 3KCM/yaTaLum, NOBbILLEHHAs |Harpy3ka Ha KOHCTPYKLUIO,
9KO/IOrMYHOCTL NPW 3KCMyaTaumMn | BUGPOCTOMKOCTL 3@ CHET MEXaHU- | TEXHONOrMYHOCTb paboT
N OTCYTCTBME TOKCUYHbIX NPOAYKTOB | YECKYMX KPEeMnIeHnii K KOHCTPYKLUAM, | MO OrHe3aluuTe,
ropeHusi, BOSMOXHOCTb PEMOHTOMNPUIOAHOCTb, OTCYTCTBME | PEMOHTOMNPUIOAHOCTb,
NPUMEHEHNS Ha OTKPLITOM BO3JyXe | KOPPO3MOHHOIO BO3AENCTBUSA Ha BMGPOCTONKOCTb, XOpoLLne

MeTaUI/1, XOpOoLLUME LEKOPaTUBHbIE [lEKOpaTVBHbIE CBOCTBA
CBOIACTBA, 9KOMIOMMYHOCTb NPU 3KC-
NlyaTauym n 0TCYTCTBUE TOKCUYHBIX
NPOLYKTOB FOPeHWsi, TOYHbIIA
KOHTPO/1b TONLMHBI OFHE3ALLUTHOTO
C0$1, CyXO0li CNOCO6 MOHTaXKa
HepgocTtatku TpyAoeMKOCTb paboT Mo HaHeceHuto, | HeobxoanMocTb ycTpolicTBa OrpaHnYeHHble yCnoBus

KPene>HbIX CUCTEM N S/IEMEHTOB,
orpaHVyeHHoe NpUMeHeHve ans
OrHe3alLTbl KOHCTPYKLUIA CNOXKHO
KOHhurypauum

aKcnnyaTaummn 1 orHe3aluuTHas
3(PhEKTUBHOCTb, BbICOKast
TOKCUYHOCTb MPOJYKTOB rOPeHust

O6nacTb NPUMeHeH

[na KOHCTpYKLMiA nto6oi
KOHdpMrypaumm (KONoHHbI, 6anku)

[Nna KOHCTPYKLMIA HECNIOXKHO
KOHGhUrypaumm (KONoHHbI, 6anku)

[N KOHCTPYKLMiA Nto6oii
KOHhUrypaumm (KONMoHHbI, 6anku,
KOCOYpbl, purensi, hepmbl, CBA3M)

CTtoMmocCTb MaTepmanaﬁ)

rpH/M2

0ot 415

Or 270

OT1 450

A Tunbl YCNOBWIA aKCMyaTauum orHe3aLlnTHbIX MOKPbITUIA:
X — B Nt06bIX YyCNOBUSIX (KaK BHYTPU, Tak 1 BHE MOMELLLEHWIA, B YCNOBUAX OKPY>KaloLLEN cpeabl);

Y — BHYTpY MOMELLLEHUI UM B NMOJTy3aKPbITbIX MOMELLEHUSAX C YaCTUYHBIM BIVSIHUEM OKpYXKatoLLeii cpefbl (Temnepatypa Hike O °C,
orpaHuyeHHoe BUsIHWE YbTPahoNeToBOro N3/yHeHNst), Ho 6e3 BO3AeCTBIS A0XKAS;

Z1 — BHYTPW NOMELLEHNI C NOBbILLEHHOW BNaXXHOCTbIO BO3yXa, 3a CK/IIOUYEHNEM TeX, KOTOPble NpefHa3HayeHbl 419 aKcnayaTaumum
npu Temnepatype Huxe O °C;

Z2 — BHYTPW NOMeLLeHW 6e3 BNMAHUA NOBbILLIEHHON BNAXKHOCTN BO3/yXa, 3a UCK/IOUYEHNEM TeX, KOTOPble NpefHa3HayeHsb!
ONA aKcnayaTaunmn npy Temnepartype Huxe O °C.

o Onsa R 90, npuBefeHHas ToNLWMHA MeTasina np = 10 mm [3].
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BOrHE3ARUCT BYAIBENLHUX KOHCTPYKUIU

«BpeMsI JKU3HI» KOKCOBOTO C1041. JIJIs1 TOHKUX CJI0-
€B MOKPBITUSA TEIJIOM3OJIAIIMOHHBIN CJION B YCJIO-
BuAX 90 120-MHUHYTHOTO IIOKapa IPOCTO BBITO-
paet, a st TOJICTBIX (2,5 MM) — 0OpyIIIHBaeTcst
IO, TSDKECTBIO BCITy4eHHOro MaTepuaia. Ho u nia
CJIy4aeB, KOT/Ia MHTYMeCIeHTHbIE TIOKPBITHSI 06ec-
IIeYNBAIOT COOTBETCTBUE NEMCTBYIOIIUM CTaHIap-
TaM Ha CTaJuy IIPOBENEHUS UCIBITAHUNA U COTJIa-
COBAaHUM, 3TO He 3HAYUT, YTO IPA BOSHUKHOBEHUHU
IoKapa OHU obecreyarT KeJaeMblil pe3yIbTar.

Konmponv xkauecmba ozunesauwjumuvi. Hena-
IE€KHOCTh TOHKOCTIOMHBIX ITOKPBITUM MHTYMeCIIEHT-
HOTO THIIA CBsI3aHA, B IIEPBYIO Odepenib, C HEBO3-
MO>KHOCTBIO KOHTPOJISI B YCJIOBHSIX CTPOUTENIBCTBA
Ka4eCTBEHHBIX XapPaKTEPUCTUK HMCXOJHOTO JIAKO-
KPacOYHOTO MaTepuaja, 9To 0OYCIOBIICHO PSIOM
OOBEKTUBHBIX U CyOBEeKTUBHBIX (PAaKTOPOB. DTO,
IpeXXJe BCEro, CJIOKHBIM XUMUYECKUN COCTaB M
MHOTOKOMITOHEHTHOCTb OTHE3aIIUTHOTO MaTepua-
J1a, KOTOpast MOIpa3yMeBaeT UCII0Ib30BaHUE CTPO-
TO perJaMeHTHPOBAHHOTO U IMOxYac neUIUTHOTO
HCXOIHOTO CBIPbSI, ITO IMPEIOoaaraeT HapyIeHus
B PeLeNTypax IIpU IPOU3BOJICTBE, a COOTBETCTBEH-
HO U CHIDKEHHE OTHe3almuTHOU 3¢ (dEeKTUBHOCTH.
He wuckimodyen takke MoMeHT ¢aabcudUKaUN
IyTeM 3aMeHbl MHTYMECIIEHTHBIX OTHE3aIUTHBIX
KPacoK Ha MeHee IOPOTOCTOSIIIIe KPACKH, CXOIHbIE
II0 BUZIy CO CPeICTBaMU IIACCHBHO OTHE3AIIIMTBHI,
C WCIOJIb30BAHMEM OPUTMHAJIBHOU YIAKOBKH.
Kpome Toro, npu oruesanuTtHoi 06paboTKe BO3-
MO>KHBI CIIEKYJISIIIIH Ha TOJIIIHE OTHE3aIIUTHOTO
CJI051, 3aMePbI KOTOPOTO MPO6IIeMaTUIHO TPOBECTU
Ha BCEX yYacTKax 00pabaThIBaeMOro 0ObeKTa.

HemoctaTkoB, CBsI3aHHBIX ¢ KOHTpadaKTHOC-
THIO IPOAYKIUH, JIUIIIEHBI OTHE3AIIUTHBIE TUTUTHI,
KOTOpbIe IPENCTaBISIOT COO0M [eJIO0CTHBIE, TOTO-
BbIe K YIIOTPeOJICHHUIO M3JEeJHs CO CTPOrO 3aIaH-
HOT1, COIJIACHO TeXHUYEeCKOU JOKyMEeHTAINH, TOJI-
muHoM. KauecTBeHHBIE XapaKTEPUCTUKA U COX-
PaHHOCTH OTHE3AIIUTHBIX CBOMCTB TAKUX MaTepHa-
JIOB OIIpeMIesIsieTCs] BU3YyaJIbHO Ha OCHOBAaHUU JIBYX
OCHOBHBIX ITapPaMETPOB: COOTBETCTBHE TOJIIUHBI
nOKpbITHS TaHHBIM CepTuduKaTa COOTBETCTBUS U
OTCYTCTBUE HApPYILIEHUs LEJIOCTHOCTU 3aIIUTHOM
KOHCTpYKuuu. OCHOBHON METOJI KOHTPOJISI KA4eCT-
Ba OTHE3AIINTHI IUTUTAMU B IIPOIecce IKCIUTyaTa-
UM COCTOUT B OCMOTpe 0OBEKTa: eCJId IOKPBITHE
HAXOJUTCS B YIOBJIETBOPUTEIBHOM COCTOSIHUH
(HeT TpeIuH U pa3pyIIeHNnil), a TAKKe He OBLIO OT-
KJIOHEHUI OT YCJIOBHI 9KCIUTyaTalllH, TO OrHe3a-
IIIUTHBIE CBOMCTBA IIUT COXPAHSIOTCSL.
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Ixonozuueckue acnexmolt. Henbssa Taxxke He
IIPU3HATDH, YTO MHOTOKOMIIOHEHTHAsI XUMUIeCKast
CHCTeMa UHTYMECLIEHTHBIX TOKPBITUN IIPU TePMU-
YeCKOH IeCTPYKIUHU BBIJIeJIsIeT TOKCUIHBIE IIPOTYK-
ThI TOpeHHs (Cpeau KOTOPBIX — apOMaTHYECKHe,
dochopopranndeckne coequHeHUsI, yrapHbBIN a3
U [Ip.), 9YTO IPU CUIBHOM IIOXKape JiesiaeT Ipobie-
MaTHYHOI 0e30IIaCHYIO 9BaKYaIUIO JIIOJEH, 0CO-
6eHHO M3 MHOTOJTa)KHBIX U BBICOTHBIX 3[aHUI. A
IIOCJIEICTBUSI TI0’Kapa B 9TOM CJIydae MOTYT OBIThH
CaMBIMU HeIIPe/ICKa3yeMbIMH JlaXKe IPHU yCJIOBUHU
COXpaHeHUs IeJIOCTHOCTU KOHCTPYKIIUI B IIpefe-
JIaX pPerIaMEHTUPYEMBIX IIpe/leJIOB OTHECTOMKOCTH.
[ToaTOMY OHUMHU U3 CAMBIX OOJIBIITNX JOCTOMHCTB
IJIUTHBIX U IITYKAaTYPHBIX OTHE3aI[UTHBIX MaTe-
pUAJIOB SBJIAIOTCA UX HEOCIIOPUMBIE DKOJIOIMYec-
KHe CBOICTBAa Ha BCeX 3TallaX )KU3HU, HAYUHAS OT
IIPOU3BO/ICTBA U 3aKaHYMBAsl MUHUMAaJIbHBIM BO3-
IeUCTBHEM Ha 4eJIOBeKa U OKPY KAIOLIyIo Cpely B
YCJIOBUSIX BOSHUKHOBEHUS ITOKapa. MI3BecTHO, 4TO
koo PurreHT ABIMOOOPAa3OBAaHUS INPU TOPEHUH
TOHKOCJIOMHBIX IMMOKPBITUIA NHTYMECIIEHTHOTO THUIIA
npessimiaer 500 M%/T, a aHAIOTMYHOE 3HAYEHUE KO-
apdunrenta fbIMOOOPA3OBAHUS IPU TOPEHUH CITe-
IIUAJIU3UPOBAHHBIX IUIUT He NOCTUTAET BEJIMIUHBI
0,5 M?/T. B CBSI3H € 9TUM IIUTHI HEOOXOIUMO PEKO-
MEHJ0BATh JIJIs 3aIIUTHI 0OBEKTOB MacCOBOTO IIpe-
ObIBaHMS JIIOJE — OOBEKTOB IPOMBIILIEHHOTO
Ha3HAYeHUs, CTAIIOHOB, PBIHKOB, TOPTOBBIX KOMII-
JIEKCOB, Pa3BJEKATEJIbHBIX II€HTPOB, BOK3aJIOB,
y4eOHBIX 3aBeJIeHUI.

HonzoBeunocmo ozHe3aUUMHO20 NOKPOIMUS.
3HaunTeNbHBIM (PAKTOPOM pUCKA IPH HCIIOIB30-
BAaHUU TOHKOCJIOMHBIX ITOKPBITUI SIBJISIETCSI HEU3-
6e)XHOe M3MEHEHUEe MX XMMHYECKOrO COCTaBa B
mpoliecce IKCIUTyaTaluu (BBIMbIBaHUE, BBIBETPU-
BaHUeE U BHIIIOTEBAHUE COCTABIISIIOIINX, UX B3aHMO-
IeNCTBHE MEKIY COO0II), ITO €CTECTBEHHBIM Ty TeM
IIPUBOJIUT K IIOTEPE OTHe3aIUTHOH! 9 (HEeKTHBHOC-
TH C Te€ICHHEM BPEMEHU M OTPAaHUICHHOMY CPOKY
OKCIUTYaTallid OTHE3AIIUTHOTO ITOKPBITUS. DTOT
PUCK yCyTyOIIsIeTCst M TeM 0OCTOSITeNbCTBOM, UTO B
YKpauHe OTCYTCTBYIOT METOAMKH WU CTAHJAPTEI
I10 OIIPEIeIEHHUIO I0JITOBEIHOCTH IIOKPBITHAI UHTY-
MeCIIeHTHOIO THIIA [6].

CreiyeT Taxke OTMETHTb, YTO U CPOKHU CITYXK-
Obl OTHE3AIIMTHBIX IUIUT [EKIAPUPHUPYIOTCS, B
OCHOBHOM, IIPOM3BOIUTEIISIMU U ITPOIABIIAMHU ITUX
MaTepHuaJIoB 6e3 IPOBENEeHUS HATYPHBIX YWIH YCKO-
PEHHBIX KJIMMaTUIeCKAX UCIbITaHi. OTHAKO CXO/I-
CTBO COCTaBa OTHE3AIIUTHBIX IUIUT U I[eMEHTHO-
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BEPMHUKYJIATOBBIX, LIEMEHTHO-TIEPJIATOBBIX, I'a30-
6EeTOHHBIX, CHIIMKATHBIX MAaTePUAJIOB OOIIeCTPOU-
TEJIbHOTO HA3HAYEHUs CBUMAETEILCTBYIOT O TOM,
YTO JIOJITOBEYHOCTh ITUX MAaTepPHaJOB OyIeT WC-
YUCISATHCS NeCSITUIETUSMHU 110 AaHAJIOTUU C IIPOTO-

Pe3ynbTaTbl OrHeBbIX UcnbiTaHnii nant no ACTY b B.1.1-14:2007

Tabnuia 3

TUIIAMHA. TaK, OTHE3aIIIUTHBIC IIJINTHI «SHHOTepM
210104», «Conlit 150», «Promatect-L500», «Dko-
IJTACT», KOTOPBIE MTPEICTABIEHbI B HACTOSIIIEe Bpe-
M3 Ha pbIHKE Y KpauHbI, COTJIACHO TapaHTUAM IIPO-
HSBOHHTCHCIZ SIBJIAIOTCSI CAMBIM JOJITOBEYHBIM OT'HE-

Tvn KOHCTPYKLUMN

Cnoco6 orHesawuTbl

Knacc

OrHecCToMKocTu R,

TonwuHa nantel 40,9 + 1,5 mwm.
OuMHKOBaHHasa cTaslb, TONWNHA O,7MM

MUWH
1 [:] KonoHHa fByTaBpoBoro ceueHns Ne 20 no FOCT 8239-89. 120
Mnuta «9HgoTepm 210104» nocne 7 NeT BbIAEPXKKN B aTMOCHEPHbIX YC/TOBUSAX. (125)6)
TonwwuHa orHe3awmtbl 40,2 MM.
E ] MOHTaX C MCMO/b30BaHNeM MeTaIMYeckoro Kapkaca
2 ﬁ KonoHHa ByTaBpoBoro ceueHns Ne 20 no FOCT 8239-89. 120%
Mnuta «9HpoTepm 210104 ». (122)
TonwuHa orHe3awmnTbl 41,2 MM. 120%
[ ] MOHTaXX ¢ MICNO/Ib30BaHVEM METa/I/IMYECKOT0 KapKaca (128)
3 KonoHHa aByTaBpoBoro ceyeHuss Ne 30 no FOCT 8239-89. 240
Mnuta «9HpoTepm 210104 ». (265)
TonwwuHa nantel 20,6 + 0,6 MM, TpY CNOS.
j E MOHTaX — camMoHecyLLnli Kopob
4 KonoHHa asyTaspoBoro ceveHnsa Ne 30 rno FOCT 8239-89. 240
Ej E] Mnuta «9HpoTepm 210104 ». (252)
TonwwuHa nantel 20,6 + 0,6 MM, TpK CNOS. 2405)
MoHTaXX C MCnob30BaHeM METaUTINYECKOr0 Kapkaca
5 KonoHHa asyTaBpoBoro cevyeHusa Ne 20 rno FOCT 8239-89. 120
E ] Mnuta «3Hpotepm 210104 ». (125)
TonwwuHa nantel 40,0 £ 0,5 Mm.
[ J OuMHKOBaHHas cTaslb Mo NnepuMeTpy, TonwmHa 0,7 Mmm.
MOoHTaX C MCMOb30BaHNeM MeTa/I/IMYecKoro Kapkaca
6 KonoHHa 13 ctanbHoi Tpy6b! ariameTpom 330 MM C TONLLMHONM CTEHKU 4 MM. 90?
Mnuta «3HpgoTepm 210104». (95)
TonwuHa namtel 40 Mm.
OuMHKOBaHHasA cTaslb N0 NepUMeTpy, TonwmHa 0,7Mm.
MoHTaXK — camMmoHecyLLnii Kopob
7 KonoHHa 13 ctanbHoi Tpy6b! arameTpomM 330 MM C TONLLMHON CTEHKU 4 MM. 90
Mnnta «9HpoTepm 210104» B BUAe nonycdepsl. (102)
TonwwuHa nantel 40,0 £ 0,6 MMm.
OuMHKOBaHHas ctasib, ToNWMHA 0,7 MM
8 KonoHHa n3 ctanbHoi Tpyobl gnameTpoMm 330 MM C TOMLLMHON CTEHKM 4 MM. 90
@ Mnuta «9HgoTepm 210104», noslyyeHHas nyTem 3a/IMBKU. (115)

A Ycnbiranns npoBegeHbl B 000 «[JoOHCTPONTECT».
® 3pech 1 faniee B CKOBKax peasibHoe BpeMs AOCTVXEHVS KpUTUYECKO TeMnepaTypbl.
) JaHHble NpoToKona cepTUUKaLMoHHbIX UcnbiTaHnin OO0 «TecT».
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3aIIUTHBIM MaTePUAJIOM, UX CPOK CITY>KOBI COCTaB-
sisteT oT 30 no 50 j1eT, YTO HAMHOTO IIPEBBIIIAET aHa-
JIOTUYHbBIE ITOKA3aTeJW [JI OTHE3AIUTHBIX IITY-
KaTypok. Takoe pasiamune CBsI3aHO, IPEeXIe BCETo,
C TeéM, 4TO B CJIy4ae OLUTYKaTypUBaHUSA KOHCTPYK-
ITUI CPOK CITY>KOBI OIIpeIeIIsieTCs], B OCHOBHOM, COC-
TOSIHMEM aHTUKOPPO3UOHHOTIO CJIOA METAJJIOKOHCT-
PYKINH, U B IPOLIECCE SKCIUTyaTalluy IIPU pa3pyliie-
HAY aHTUKOPPO3MOHHOTO ITOKPBITUA IIPOUCXOIUT
OTCJIOEHUE U PACTPECKABaHUE OTHE3AIIUTHOIO IOK-
portus. [Ipu 061HIIOBKe IUIMTAMU HET IPSIMOTO KOH-
TaKTa OrHE3AIUTHOIO MaTepHuaa C METaJUIOKOHCT-
PYKIMEN, U OrHE3AINUTHOE IIOKPBITHUE, IIPUA OTCYT-
CTBUM MEXaHUYECKUX Pa3pYILIUTEIbHBIX BO3IENCT-
BUIA, HE IIPETEPIIEBAET U3MEHEHNI OYEHb IINTEIIb-
HOE BpeMsl.

B tabnune 3 (tum 1) mpuBeneHbI JaHHbIE UC-
NOBITAHUN OTHE3AIUTHON IUIUTBL «OHIOTEPM
210104», BBIOEPKAaHHOU B T€YEHHE 7 JIET B YCIIOBU-
SIX OTKPBITOM aTMOC(ephI IIPU TEUCTBUH OCATKOB U
nepernajia reMreparyp ot —25 no +40 °C (Tun axcr-
ayartanuu X o ETAG 018 [7]). PesynbTarsl aTHX
VICIIBITAHUI ITO3BOJIAIOT KOHCTaTUPOBATH, YTO OT-
He3alUuTHasE 3(P(PEKTUBHOCTD IUIUTHI «DHAOTEPM
210104» mmocire 9KCIIyaTaliy B IIOTOJHBIX YCJIOBU-
AX BHE IIOMEIIEHUs U HaBeCca OCTAeTCA HEU3MEH-
HOW, 110 KpaitHell Mepe, B TedeHue 7 JIeT (Cp. IoKa-
sarenu R mast tunos 1 u 2).

IIpoBedenue oznezawyumnoii ob6pabomxu.
OrHesanuTHBIE IUIUTHI IPEACTABIISIOT OO0, KaK
IIPaBIJIO, IIEPIIUTOBLIE, BEPMUKYJIUTOBbIE, TIEPIIH-
TOIIEMEHTHBIE, BEPMUKYJIUTOIIeMEHTHBIE, MUHEPa-
JIOBaTHBIE, TUIICOBOJOKHUCTBIE AHAJIOTH OTHe3a-
IIUTHBIX INTYKAaTYPHBIX CMeCed M IPAKTUYECKH
UJICHTUYHBI ITOCIIeIHAM I10 00eCIIeYBaeMBbIM IIpe-
menxaM OrecToikoctu. OmHAKO croco6 MOHTaXKa
OTHE3AIMHUTHBIX IUIUT OTHOCHTCS K CYXHM CTPOH-
TeJIbHBIM TEXHOJIOTHSIM, YTO CO37aeT psm mpede-
PEHIUI IIPY BBIIIOJHEHNN paboT 11O OTHe3aIuTe:
He TpeOyeTCcsl JOPOTOCTOSIIIIETr0 000PyIOBAHIsT, MOH-
TaX IUIAT IPOU3BOAUTCS B JTI000€ BpeMs roja, a
TaKKe B YCJIOBHSX, KOT/IA ITO KAKUM-JTIOO TeXHOJIO-
TUYeCKUM WU HHBIM IPUYUHAM IIPUMEHEHIE MOK-
PBIX TeXHOJIOTUI SIBJISIETCSI HeloIry CTUMBIM. Kpome
TOTO, B IPOHM3BOICTBEHHOM IIMKJIE OTCYTCTBYIOT
9TaIl CYIIKH MOKPBITUS ¥ MEPOIIPUATHS 110 €T Jie-
KOPUPOBAHHIO, YTO 3HAYUTEIBHO COKpAIIAeT IIPO-
ITOJDKUTEIBHOCTh OTHE3AIIUTHON 00pabOTKH.

CyIecTBYIOT IBa OCHOBHBIX CII0cO0a MOHTa-
’Ka OTHEe3aIIUTHBIX IUINT:

cbopKa caMoHecyIero Kopo6a u3 IUIHT C UC-

HI0JIb30BaHMEM B Ka4eCTBe KPEIe)KHbIX dJIEMeH-

TOB CAMOPEe30B, CKOO 1 KJIeeBbIX MATEpUAJIOB;
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O6JII/II_IOBKa C UCITIOJIb3OBAHUEM IOOIIOJIHUTEIIb-
HOTO METAJJIMYECKOTO KapKaca U COOTBETCTBY-
IOMINX KPEIIEe)KHbBIX 3JIEMEHTOB.

[TepBoiit crioco6 MoHTa)ka siBisieTcst Ooitee
OBICTPBIM U 9KOHOMHYHBIM, a BTOpPOil Oosiee Ha-
Ie>KHBIM B IUTaHE 9KCIITYyaTallHOHHBIX XapaKTepuC-
TuK. [Ipn 9TOM, KaK IIOKa3aau UCIIBITAHUSI OTHe3a-
IIUTHOM IUTUTBHI «DHmotepMm 210104» (tabis. 3,
TUNLI 3, 4), c1oco6 MOHTa)ka He OKa3bIBaeT BJIMA-
HUS Ha 9(PPEeKTUBHOCTH OIHE3AIUTHL: KJIacC OTHe-
CTOMKOCTH CTaJIbHOTO AByTaBpa cocraBigeT R 240
IpY TOJIIIMHE OTHE3AIUTHOIO €104 63 MM, IIOIY-
YEeHHOTO M IyTeM COOPKM CaMOHecCyIero kopoba
(Tab:. 3, TUN 3), ¥ ¢ UCIIOJIb30BAHUEM MeTaslIndec-
KOTo Kapkaca (Ta6:. 3, Tumsl 3, 4).

Cmoiixocmv ozHe3auumvl U3 naum K oeiicm-
6uto memnepamyp u paspywarouux paxmopoé.
HecomMHeHHBIM IPEeUMYIIIeCTBOM IIAT KaK OTHe3a-~
IIUTHOTO MaTepuaja SBJSETCS MX CIOCOOHOCTH
KPaTKOBPEMEHHO BBIIEPKUBATH )KeCTKUE TeMIepa-
TypHBIE YCJIOBHS, BILUIOTh IO TEMIIEPaTypbl BOMO-
POIHOTO IUIAMEHH, KOTOPBIMH XapaKTepU3YIOTCS
noxapbl Ha ADC. MHTepeCHBIMU B 3TOM OTHOIIIE-
HUM SIBJISIOTCS UCIBITAHUS 110 OTIPeJIeIeHUIO OTHe-
3amuTHOM 9(PEKTUBHOCTH Pa3HbIX TUIIOB CPEICTB
OTHEe3aIIUTHI IIPHU BO3/IEUCTBUU HA HUX IUIAMEHH
areTuIeH-Kucoponuoir ropenku (2350 °C) [11],
TZIe yCTaHOBJICHO, YTO HanboJiee IpreMIeMbIMH IS
3aIUTHI METAINYECKUX KOHCTPYKIIUI MAIIMHHO-
ro 3aina ADC oT BO3[efiCTBUS BBICOKUX TEMIIEPATY P
SIBJISIIOTCSI OTHE3aIIIUTHBIE IUIATHI (Tabu. 4). Paspy-
IIIeHHE TOKPBITUS U TOCTIKEHUE MeTaJIJIOM KPUTH-
YeCKOU TeMIIepaTyphl CcOCTaBisieT Oojee 12 MuH,
YTO BIIOJIHE JOCTATOYHO IJIs1 BKJIIOUEHUSI BCEX CUC-
TeM IPOTUBOIOKAPHON 3aIIUTHI, IPEIyCMOTPEH-
HBIX HEIITATHBIMU cATyanuamu Ha ADC.

Pe3ynpTaThl 3TUX HCCIENOBAaHUM MOKHO pac-
IIPOCTPAHUTH M Ha APyrre OOBEKTHI CTpaTerndec-
KOTO 3HAYEHUsS: COOPYKeHUs! HeTeXUMUIECKOTO
KOMIUIEKCa, CKJIaibl OOCMPHUITACOB IPEIIIPUSTHIT
MuHOGOPOHBI, METPOIIOJIUTEH, & TaKKe OOBEKTHI
[IOBBIIIEHHONW TEXHOT€HHOWM, 9KOJIOTUYECKOU U pa-
IUAIIMOHHON OIACHOCTH, B KOTOPBIX B Cllydae IO~
)Kapa BO3MO>KHBI KOMOMHUPOBaHHBIE BO3/IECTBUS
THTIA «yIap—B3PbIB—II0Kap» WJIA «B3PBIB—TIOXKAP».
[Ipu 3TOM TeMIepaTypHBIil peXKUM CaMOTO ITOXKapa
OTJIMYAeTCS OT HPHUHATBIX IPU CepTU(UKAIHOH-
HBIX UCIBITAaHUSX YCIOBUN CTAHIAPTHOIO II0Kapa,
YTO He rapaHTUPYeT MOJOKUTEIbHOT'O pe3yabTaTa
OT OTHE3alUThl, CIPOEKTHPOBAHHOU Oe3 ydeTa
0cobeHHOCTel 00beKTa U BO3MOKHBIX UCTOYHUKOB
BO3TOpaHUSL.
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Tabnuna 4

Bpemsi JocTvxeHus TemnepaTypbl 500 °C
CTa/IbHO NIAaCTMHOW C OrHe3alw M THbIMU NOKPbITUSMUA
pas3nnyHbIX TUNOB NPY BO34eCTBUN NaMeHun
aLeTUNeH-KNCI0POAHO ropenkn
(no gaHHbIM NpoToKoNa ucnbitadnii HINM «Cneymarepuasbi»)

Tun NOKpbLITUA TonwmHa Bpemsa
MOKPbITUSA, | AOCTUXKEHUSA,
MM ©
CranbHasn nnactuHa 6e3 noKpbITA 19
WHTyMeCLEeHTHOE MOKpbITVEe 2,00 40
MokpbITHE Ha OCHOBE 2,06 122
TepmopacLUpsAIoLLEeroca rpagura
OrHesalimuTHas LTykatypka 20,52 250
OrHesaluTHas namTa 20,60 732
OrHesalyutHas naTa 20.60
C MOKPbITUEM Ha OCHOBE > 60 873
TepMmopacLUMpsAoLLEeroca rpaura '

CTabMIBHOCTD OTHE3AIUTHOM IITUTHI B YCIIO-
BUAX LIMPOKOTO MHTEpBajla TeMIIEPaTyPHBIX BO3-
IeMCTBUI 0COOEHHO Ba)KHA NP IPUMEHEHUH pac-
YEeTHBIX METOJOB OLIEHKU OIHECTOMKOCTU CTPOU-
TeJIbHBIX KOHCTPYKIH# 3naHuit no EBpoxony 3 [8],
MO3BOJIAIOIINUX PacCYUTaTh BpeMs OOCTHKEHUS
KPUTUYECKON TeMIIEpATyphbl CTAJIBLHBIX KOHCTPYK-
U [0 TeIIo(pU3NIeCcKUM IapamMeTpaM OrHe3a-
IIUTHOM cUcTeMbl. HU3Kas 9yBCTBUTEIBHOCTD ILJIU-
TBI K ITOBBIIIICHUIO TEMIIEPATYPBI (PUC. 2) IIO3BOTUT
n30e’KaTh HEIPOTHO3UPYEMBIX OLINOOK IPU pac-
YeTax, KOTOpble OCHOBBIBAIOTCS Ha BBIOOPE BO3-
MO>KHBIX CIIeHapueB I10Kapa.

HoBble TexHMYeCKHe pelIeHus I OTHE3a-
IUTHI TUIMTaMu. [IpefaraeTcst YCHIEHHBIN CIIO-
€00 KOHCTPYKTHBHOI OTHE3AIIUTHI INTUTAME «DH-
norepm 210104», KOTOPBIN 3aKJII0YAETCS B OOJIH-
I[OBKE KOJIOHHBI IJTUTAMU C MOHT2)KOM Hapy>KHOTO
CJ104 U3 IJIACTUYHOM JIMCTOBOM cTann. B TakoMm uc-
IIOJIHEHUH OTHE3aIIUTHOE IOKPHITUE U3 TUIUT CIIO-
COOHO BBIIEPKUBATH OoJblne fedopManuu npu
yIOapHBIX (B3pbIBHBIX ) BO3IEHCTBUSX Ha 3MaHIe NN
COOpY’)KeHHe, COXpaHssl MPU ITOM CBOK paboTo-
CIIOCOOHOCTD B YCJIOBHSIX MTOKapa, KOTOPBII MOXKET
IIOCJIeNOBaTh 3a B3pbIBOM. McribiTanus apdexTus-
HOCTHU TaKOT'0O CIIocoOa orue3arnuTsl (Tabir. 3, Tum 5)
IeMOHCTPUPYIOT, YTO KOPOO M3 OIMHKOBAHHO CTa-
JI He CHIDKaeT IOKa3aTel! Ipejieia OTHECTOMKOC-
TH KOJIOHHBI, O’KHJAeMOT0 JIsI KOHCTPYKIIUU 6e3
Hapy>kHOU 060s0uku (Tab:. 3, Tum 1). Ha pucynke 3
IOKa3aH BHEIIHMI BUJ 00pasia, 00IHUIIOBAaHHOTO
OTHE3aIIUTHBIMU IUIMTAaMU «OHIoTepM 210104» ¢
HAPY)XKHBIM CJIOEM M3 OIIMHKOBAaHHOM CTaJH C IO-
KPBITHEM U3 MOPOIITKOBOM KPACKH JI0 U TTOCTIe TIPO-
BeleHUsd UCIBITaHUI. Takoi crioco6 orHesaminThl

NMpomucnose 6yAiBHALTBO Ta iHXeHepHi cnopyau, 2015, Ne 4

KOJIOHHBI II03BOJISIET 00ECIIEYNTh BHICOKHE ICTETH-
YeCKre XapaKTePUCTUKUA KOHCTPYKIUU U IIeJIOCT-
HOCTh KOHCTPYKIIMH U TIOKPBITUS B TeUYeHHUe 2-9a-
COBOT'O BO3MIEUCTBUS OTHA.

Biusaue 0607109KM M3 OIUHKOBOHOM CTaJIM
Ha OrHE3aIUTy IUIMTaMu «OHHoTepm 210104»
6BUIO MCIBITAHO Ha KOJIOHHE U3 CTAIBHOU TPYyOBI
nuameTpoM 330 MM (TOJIIIIMHA CTEHKU 4 MM) IIpU
Tpex BapMaHTaX OTHe3aIUThI:

Kopob4arast orHesamura (Tabm. 3, Tu 6);

OTHe3aIHUTa 10 KOHTYPY KOJIOHHBI moycde-

pudeckumu mintamu (tabi. 3, tum 7);

OTHe3aIUTa 10 KOHTYPY KOJIOHHBI ITyTeM 3a-

JIMBKUA B OOOJIOUKY M3 OIMHKOBAHHOW CTaJN

pabodero pacTBopa, U3 KOTOPOTO MU3TOTABIIH-

BaroTCs IIUTHI (TabiI. 3, Tum 8).

ITo maHHBIM OTHEBBIX UCIBITAHUI (Ta0. 3, TH-
bl 6-8), BCe TPH Criocoba OrHe3aIuThl obecnedn-
BAIOT KJIACC OTHECTOUMKOCTH TPyOUIaTOi KOJIOHHBI
R 90, mpu 3TOM peanbHBIH Ipefesl OTHeCTOMKOCTH
KOJIOHH 0OJIbIIIe TaM, TJie OTHE3AIUTa TPOU3BeIe-
Ha 110 KOHTYpy (Tabi. 3, tumnsl 7, 8). Heobxonumo
OTMETHTb, YTO HANOOIBIITYIO 9(PHEKTUBHOCTH 06ec-
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Puc. 2. 3aBucMMOCTb TemMnepartypbl o6pasua
OT BPEMEHU NPOBeAeHNs NCTbITaHN Ha OrHECTOMKOCTb
MeTa/I/INYEeCKOl KOMOHHbLI (Tabn. 3, Tmn 3)

Puc. 3. BHewHuii BUA obpasua c 0611LoBKo
OorHesalnTHbIMU NanTammn «HgoTepm 210104»
C Hapy>HbIM C/T0EM 13 OKpaLLeHHOW OLMHKOBAHHOW CTanu
0o (a) u nocne (6) NnpoBeAeHUs UCTIbITAHN
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IeyrBaeT KOHTypHas OTHe3allluTa, IIOJy4YeHHas
IyTeM 3aJIUBKHU JKUIKOrO pabodero pactBopa st
U3TOTOBJIEHUS TUIUTHI «DHHoTepM 210104» B 060-
JIOYKY W3 CTAJIM BOKPYT KOJOHHBI. DTOT CHOCOO
OTHE3AIIUTHI MOXKeT OBITh BKJIIOUEH KaK 3Tall MPo-
M3BOJICTBEHHOI'O IIMKJIa M3TOTOBJIEHUS CTAJIbHBIX
CTPOUTEIBHBIX KOHCTPYKUMI C 3aJaHHBIM IIpefe-
JIOM OTHECTOMKOCTH B 3aBOJCKHMX YCJIOBUSX, YTO
3HAYUTEIbHO CHUSUT OO0 CTOMMOCTH OTHe3a-
IIATHOI 0OPabOTKU B CTPOUTEIBCTBE U3 MeTaJIIa.

Bo3MOXHOCT HaHeCEHU CITeIMaIbHbBIX JTaKO-
KPaCOYHBIX MaTepUaJOB Ha CTAIBHYIO 00OJIOUYKY
II03BOJIIeT TOMUMO OTHE3AIIUThl KOHCTPYKLMI
pemrath Ipo6IeMbl XUMUIECKON, TEPMUIECKON U
paguanOHHOM CTOMKOCTH, CHIDKAET CTEIIEeHb cop6—
LMY BPeJHBIX BeIlleCTB MOPUCTBIMU IUIUTAMU, YBe-
JINYWBAET [OJITOBEYHOCTh OIHE3AIIMTHOI'O CJI0s,
obecrieynBaeT BO3MOKHOCTb OYHMCTKH OT 3arpsi3He-
HUUI 1 OOHOBJIEHUS ITOBEPXHOCTH. TaKoil crroco6
OTHE3aIUTHl PEKOMEH/IYeTCs IJIsl IApKUHTOB, XU-
MUYecKuX npousBoacTs, ADC, 00111ecTBeHHBIX 3/1a-
HUI — CTaJilOHOB, Pa3BJIEKATEJIbHBIX I[€HTPOB,
MapKeTOB U JIp.

YuuBepcanvnocmo 8 pewenuu 3adau oznesa-
wumol cmpoumenvHvix 00vexmob. O6macTy npu-
MEHEeHUsI OTHE3AITNUTHBIX IUTUT He OTPAaHUIUBACTCS
TIOBBIIIIEHUEM TIpefesa OTHECTOMKOCTA MeTaJlIu-
YeCKHX CTPOUTENIbHBIX KOHCTPYKIUI, 9eMy ObLIO
yIleJIeHO OCHOBHOE BHIMaHUe B HACTOSIIIeH Iy 6IH-
karuu. OHU SBIISIIOTCST HE3aMEHUMBIM MaTepPUaIoM
JJISL OTHE3AIIIHUTHI JKeJ1e300e TOHHBIX KOHCTPYKITUH,
KOTOpBIe, BOIIPEKH YCTOSIBILIEMYCSI MHEHHUIO, B 3a-
BUCHUMOCTH OT C€YeHUsI, TAK)KE UMEIOT OTPaHINYIeH-
Hble KJIacChl orHecTonkocTu. CorjacHO TpeboBa-
HusiM JICTY b B.2.6-2:2009 uanenust 1 KOHCTPYK-
MY U3 JKeJle300eTOHA I0JDKHBI BBIITYCKaThCsI C HOP-
MHUPOBAaHHBIMH KJIACCAMH OTHECTOMKOCTH, TIO[I-
TBEP)KICHHBIMU ITyTeM IIPOBEIECHUS OTHEBBIX HC-
MIBITAHUH COTJIACHO CYIIeCTBYIOIIUM CTaHAAPTAM.

OruesamuTHbIE IIJIUTHI B MUPOBOH IIPAKTHKE
IPOTHUBOIIOKAPHOU 0€30MaCHOCTU ITPUMEHSIIOTCS
MPAKTHYECKH JISI BCEX CTPOUTEIBHBIX KOHCTPYK-
OUI W W3O MEeTANINYeCKUX KOHCTPYKIIHM,
BO3I[YXOBOJIOB, >KeJIe300€TOHHBIX IUIHT, IIIaXT Ibl-
MOyIaJeHus, KabeJIbHBIX IIPOXOMIOK, a TaKXKe IS
M3TOTOBJICHUS HETOPIOYHX U TETUION30JISIIINOHHBIX
BEHTUISIIIUOHHBIX U KaOeJbHBIX KOpoOOB. B Tabiu-
e 5 IpeacTaBiIeHbl OCHOBHBIE 00JaCTU IPUMEHe-
HUS OTHE3aIUTHBIX IUINT C ITOKa3aTeasaMH WX
OTHe3aIIUTHOM 9P (PEKTUBHOCTH IIPH PEIICHUH Ca-
MBIX Pa3HOOOPa3HbIX TEXHHYECKUX 3ajad IO I0-
BBIIIIEHUIO IIpefieJla OTHECTOMKOCTH OCHOBHBIX
CTPOUTEJIBHBIX 3JIEMEHTOB U Y3JIOB.
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Tabauna 5

O6nacTu NPMMeHeHNs OrHe3aLMTHbIX N/INT
(no peknamHbiM maTepranam PROMAT )

061 0BKa Xe/1e300eTOHHbIX NANT NePeKPbITUIA

TonuwmHa REI
MTbl, MM
10 120
20 180
30 240

MpoTrBOMNOXapHble NePEropoaKu

TonwmHa El
MIUTbI, MM
87 120
110 150
155 180

B034yX0BOAbl, LUAXTbl AbIMOYAA/IEHUS

TonuwmHa El
MUTbl, MM
Bo3ayxosogpbl
20 120,180

LLlaxTbl AbIMOyAaneHus

20 120, 240

Ka6enbHble KaHaslbl Y MPOXOAKM

Kpartkuii 0630p ppIHKa OTHE3aIINUTHHIX IUTUT
B Ykpaune. [Io nannbiM ['ocymapcrBeHHOTO 11€HT-
pa ceprudukanuu [ICHC VYkpaunbl, Ha HIOHBb
2015 roga B Ykpaune ceptuduiiupoBaHo 7 oraesa-
IATHBIX MaTepHaioOB MJIsi CTAJbHUX, Kee300e-
TOHHBIX KOHCTPYKIIMI, KOTOPbIe OTHOCSATCS K THO-
KO (MaThl) M )KECTKOM (IJIUTHI) KOHCTPYKITHOHHOIM
oruesamure (Tabi. 6).

[Tpu BbIOOPE IUTUT 1JIsE OTHE3AIIUTHI CTAIbHBIX
KOHCTPYKIIMIT PENIAIOIIAMA MOMEHTAMH SIBJISIETCSI
pacxon Marepuaja U ero meHa, HOCKOJIbKY TOJITo-
BEYHOCTb M IKCIUTyaTAl[MOHHBIE XapPaKTEPUCTUKH

MNMpomucnose ByAiBHULITBO Ta iHXeHepHi cnopyaun, 2015, Ne 4
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Tabauua 6

OrHe3salMTHblE KOHCTPYKLMOHHbIE MaTepuasibl, cepTUrLpoBaHHble B YKpauHe [10]

Cob6cTBEHHUK cepTudmkara/
MNMponssoautesnsb

OrHe3aluTHbIl
MaTepuan

Cpok nenctaus
cepTudmkarta

Tuvn orHe3awmTHoro
Martepunana

00O «MTK A+B YkpaunHa» (YKkpaunHa)
dupma «Promat GmbH» (FepmaHus)

Cuctema an1a orsesalunTbl
«Promatect-L500»

UA1.016.0039654-15
25.06.2015 -22.06.2020

CunukaTHble
TENI0U30/IAUNOHHbIE MINTbI

000 «3aBog, Tennon30/ALNOHHbIX
marepuanoB TEXHO» (YkpanHa)

MnuTbl MMHEpanoBaTHble
«TEeXHOHUKO/b»

UA1.016.0205041-13
09.09.2013 -08.09.2015

OrHe3aluTHasa nanTa

000 «KHayd 'vnc Knes» (YkpanHa)

MnnTbl FTMNCOKapTOHHbIE
«KHayd»

UA1.016.0209544-13
24.09.2013-16.10.2017

fmncokapToHHasa nanta

000 «OBVO» (YkpaunHa)

OrHesalyyTa CTasbHbIX
KOHCTPYKUMii «|lzovat»

UA1.016.0102959
30.09.2014 -29.05.2016

MnTbl TENNON30NMALMOHHbIE
n3 MVIHepafIbHOVI BaTtbl

000 «PokByn YkpauHa» (YkpavnHa)/
«Rockwool Polska Sp.z 0.0.» ([MonbLua)

CucTtema orHesalluTHas
«Conlit 150»

UA1.016.0070769-11
03.06.2011 -03.04.2016

JlncTtosble nsapenua
13 KAMEHHOM BaTbl

000 «Hay4yHOo-Npor3BOACTBEHHOE Npej-

MNnntbl «9HR0TEPM 210104 »

UA1.016.0113391-12

OrHe3awmTHasa nauTa

npusitne «Cneumarepunanbi» (YKpanHa)

16.07.2012 -27.05.2017

1107

30 Conlit-150
=
=
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=
5 7o)
s Sxonnact
] p,/ 3naoTepm 210104
g ,/ rumuff::l.’-ﬁﬂ
§ sod - o
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304
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30 [:1s] a0 120 150 180 210 240

Mpegen orHecToRKoOCTW, MUH

Puc. 4. TonwmHa orHe3almTHOro NoKpbITUA (MM)
019 npeaenoB orHecTokocTn R60 — R210 A/19 KOMOHH
1 610K C NPUBEAEHHON TONMHONR pp = 3,4—6,6 MM
no JaHHbIM CepTUINKATOB COOTBETCTBUSA

9TUX CPENCTB OTHE3AIIUTHI IPUOIU3UTETHHO OIH-
HakoBbl. Ha pucynke 4 mpencTaBieHbl TOJIINHBI
MOKPBITUI M3 OTHE3AIIUTHBIX IUTUT, HeOOXOIMMbIe
U1 0OecIiedeHnsl KJIACCOB OTHECTOMKOCTA R60 —
R210, st cTanbHBIX KOJIOHH U 0aJIOK C IIPUBE/IeH-
HOU ToNmIuHON 3,4-6,6 MM. Kak cienyer u3 npen-
CTaBJICHHBIX JAHHBIX, OTHE3AIIUTHbIE BEPMUKYJIH-
TOBBIE TUTUTHI «DKOILIACT», «DHAO0TEPM 210104», a
TakoKe CUIMKaTHbIe IINThI «Promatect-L500» ume-
10T OYeHb OJIU3KUE TapaMeTPhl OTHE3aAMUTHOM (-
(bexTUBHOCTH, C TeM pa3nTuIreM, YTO ITUTHI « DH/IO-

tepM 210104» ucnertansl o ICTY b.B.1.1-17:2007
1 00ecIeqnBaIoOT Ipefesl OorHecTornKocTu no R240
IJIsL CTAJIbHBIX KOHCTPYKUMMA C IPUBEIEHHOM TOJI-
IIUHOM np BBIIIE 7,1 MM.

IleHOBas MOJMTUKA OTHE3AILUTHI U3 IIJIAT HA
YKPAaHCKOM PBIHKE IO3UIIMOHUPOBAHA B JOBOJILHO
IIMPOKUX Ipefeax — OTe4eCTBEHHbIE MaTepPUAJIb
(«Dumorepm 210104») merrieBie MMIIOPTHBIX aHa-
noros (Hamp. «Promatect-L500») 1my1st Bcett TrHe-
Ku mnpepnena orHectrorkoctu R60-R240 cranpHbIX
KOHCTPYKIIH JTI000¥ IPUBEIEHHON TOJIIIIIHEL.

B 3axiioueHue ciemyeT OTMETHTh, YTO raba-
PUTHOCTDb, TEXHOJIOTUYECKass  HaCBIIIEHHOCTD,
CTpeMJIeHHe K OPUTMHAJIbHOMY JU3aliHy, MHHOBA-
OUOHHOCTb COBPEMEHHOTO CTPOUTEILCTBA CYIIEeCT-
BEHHBIM OOpPa3OM IIOBBIIIAIOT IOTEHIUAIBHYIO
IIOKaPOOIIAaCHOCTh BO3BONUMBIX 3[AHUM, a COOT-
BETCTBEHHO U YK€CTOYalOT HOPMBI OTHOCUTEIBHO
MEpOTIPUSTHI IO OTHE3AIUTHON 06paboTKe CTPO-
UTEeIbHBIX KOHCTPYKIMH. B 9TOM cBA3M nomyrapu-
3alMsA U IPUMEHEHNEe OTHe3alllUThl U3 IUIUT, KaK
CaMOTO HaJeKHOTO ¥ Ka4eCTBEHHOTO CII0c00a, cep-
TUUKAIS U BHEIPEHUE HOBBIX TEXHOJIOTUIECKUAX
pa3paboTOK ¥ IOJXO0B KOHCTPYKTUBHOM OrHe3a-
IIUTHI IO3BOJIUT MpefylpeXaaTh BOSHUKHOBEHUE
II0KapOOIIaCHBIX CUTYALUA, a B CJIy4ae UX BO3ZHUK-
HOBEHUS — MUHUMH3UPOBATh BO3MOSKHBIN yIIepO.
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006BEKTOB CTPOUTENBLCTBAY.
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DEFORMATIONS OF THE STEEL SHELL OF A VERTICAL GYLINDRICAL
TANK CAUSED BY UNDERPRESSURE

PospimxeHHs B pe3epByapi 3 ikcoBaHMM NOKPUTTSM MOXE BUHUKHYTW Ha 3aBepLUanbHil cTapii 6yaiBHULTBA, a Takox Y Npoueci oro ekcnnyaradii. Micns
3aBEpLUEHHs BYAIBHMLTBA, KON PE3epByap NOPOXKHIN | BCi IHOKM Ta K1anaHu, Yepes ki NoBITPS MOXE NOTPaniTy B pe3epsyap, LWinbHO 3aKpuTi, BaKyyMETPUYHIRA
TUCK MOXE BUHWKHYTW Y pa3i piskoi 3MiHW MOrogu — TUCKY i TEMNEepaTypu noBiTps, Lo 0cobniBo He6e3ne4Ho HaBecHi abo BAITKY.

Y npoueci ekcnnyatalii pe3epeyapa po3piMKeHHs MOXE BUHWUKHYTY, AKLLO OyXanbHi KnanaHu NepekpuTi, Hanpuknag, NoKpuTi CHIroM nif Yac BiakavyBaHHs
NpOAYKTY, Lo 36epiraeTCs B pe3epsyapi .

BakyymeTpryHIiA TMCK MOXE BUKIIKATW 3Ha4Hi aedhopmaLii 060moHkK abo nokputTs peaepsyapa. OgHak, 060M0HKa nipaaeTbes AechopmaLii YacTillie, ocKinbky
MOKPUTTS Mag XXOPCTKY OMOPHY KOHCTPYKLtO.

VY craTTi npeacTaBneHo cTapii nedopmalli 060n0HKI pe3epByapa i ix po3BMTOK, NOYMHAIOYM Bif NOSBI NepLUoi AedopmMalli 10 YCYHEHHS MPUYMH PO3PIMKEHHS
ab0 BUHUKHEHHS TPILLMH CTaneBoi 060MOHKY i, TakiM YMHOM, 8BTOMAaTUYHOrO BUPIBHIOBAHHS TICKY BCEPeaMHi pe3epByapa 3 aTMOCHEPHIM TUCKOM.
Underpressure in a tank with a fixed roof may arise in the final stage of its construction as well as during its exploitation. After completion of the construction,
when the tank is empty and all manholes and valves, through which air could get into the tank, are closed tightly, underpressure may arise in case of sudden
change in weather — air pressure and temperature, which is particularly dangerous in spring or summer.

In the process of tank exploitation underpressure may arise if breathing valves are obstructed, for example covered by snow during pumping out a product
stored in the tank.

Underpressure may cause extensive deformations of the shell or the roof of the tank. However, the shell undergoes deformation more frequently, since the
roof has a stiff support structure.

The article presents stages of deformations of the tank shell and their development from the occurrence of the first deformation to either removal of causes

of underpressure or crack of the steel shell and thus automatic equalization of pressure inside the tank with atmospheric pressure.

Keywords: cylindrical tank, steel, shell, underpressure, deformations

1. Introduction

Authors of this article have already published
a number of papers on the subject of underpressure
in steel vertical tanks [1]-[6]. Papers [1] and [2]
present original methods of repairing the deformed
tank shells, while paper [3] describes causes of
underpressure (Fig. 1). Apart from obstruction of
breathing valves during pumping out liquids stored
in the tank, underpressure may be caused by
changes in weather conditions even if there is a
constant level of stored liquid.

Analysis of the tank with a capacity of 10000 m’
(shell diameter d = 29,0 m) revealed that the first
deformations of the shell in the hermetically sealed
tank shall occur in case of temperature drop of 10 °C
and pressure difference of 32 hPa.

Paper [4] shows that the value of underpressure
causing the first shell deformation depends not only
on the thickness of sheets, which the upper part
of the shell is made of (Fig. 2), but also on the level
of liquid in the tank. The more liquid, the more
underpressure is needed to cause deformations,
which however shall be of a narrower extent due to
the amount of liquid (Fig. 3 and 4). Paper [5] deals
with theoretical issues and model research on local
loss of stability of cylindrical shells caused by
underpressure.

This article is a summary of above publications
concerning underpressure in steel vertical cylind-
rical tanks. It analyses the behaviour of the tank
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shell after its first deformation caused by under-
pressure. These deformations, however, do not
mean a serviceability limited state of the tank as the
shell is still sealed. Along with changes in under-
pressure, there will be a change in location and
shape of deformations as well as in deflection value.
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Fig. 1. Tanks injured by underpressure:
a) developed during the productivity test of the sucking pump
on the product pipeline
b) developed due the freeze up of the breathing valves
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Fig. 2. Influence of the amount of H(m) liquid in the tank
on critical underpressure value pmax-1 [kPa] [4]
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Fig. 3. State of tank shell deformation [m] - empty tank [4]
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Fig. 4. State of tank shell deformation [m] — tank filled with

a product to a maximum level [4]
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3.000
Paers = 2750 kPa
P IkPa] o
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Pumin-1= 2254 kPa
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i - number of iterations
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Fig. 5. Value of underpressure p [kPa] during a nonlinear
static FEM analysis

2. Behaviour of the steel shell of a vertical
cylindrical tank after occurrence of the first
deformation caused by underpressure

Underpressure in a steel vertical cylindrical
tank with a fixed roof arises when the tank is
hermetically sealed (all manholes and valves are
closed tightly) and the product stored is being
pumped out of the tank or there is an adverse
change in temperature and air pressure. When
underpressure reaches the limit value (P, —
Fig. 5) resulting in loss of stability of the cylindrical
shell in the upper part of the shell made of the
thinnest sheets, the first deformations, deflections
of tank, occur. In case of an ideally shaped tank,
these deformations would be evenly spread around
the tank perimeter. However, in reality, they will be
located in places with some imperfections, for
example angle crossings of sheets at vertical edges of
welded sheets constituting a ring of the shell. Local
deflections of side surface of the tank cause a
reduction of steam and air area in the tank (area
limited by a fixed roof from the top and a surface of
liquid stored from the bottom). Such a reduction of
the steam and air area will also cause a decrease in
underpressure inside the tank (Fig. 5 — part of a line
graph from p...1 t0 pnini) and a temporary
stopping of new deformations or expansion of the
existing ones. If the cause of underpressure increase
is not removed, for example, if pumping out a
product stored continues, deformation of the shell
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will begin again (Fig. 5 — part of a line graph from
Prmin-1 1O Pmax2) and the number of deformations
will grow or they will join together and change their
location. This cycle of temporary stability of the
deformed shell and redeformation of the shell will
persist until occurrence of a crack at the crossings of
sheets. The crack shall result in equalization of
underpressure in the tank with atmospheric
pressure and thus no further deformations shall
occur. This state of the tank will mean a service-
ability limited state. The tank will no longer be
sealed and the hydrocarbon vapours (in case of
tanks for liquid fuel) will be emitted to atmosphere,
which is unacceptable (environment protection
regulations).

Recurring increase in deformation of the tank
shell cannot be usually observed since the user of the
tank, after the occurrence of the first deformation,
tries to remove causes of that deformation as soon
as possible and to deliver it for repair for restoring
the proper shape of the shell and to enable its
exploitation. Due to lack of possibility to observe
the behaviour of the shell after its first deformation
caused by underpressure, a computer simulation of
the situation was carried out. For this purpose
MSC/Nastran for Windows v. 2002 [6], which is the
application of finite element method, was used. The
static analysis of a model tank with the following
types of elements was conducted:

shell elements — a shell, a perimeter ring
supporting a load-bearing structure of the roof
and wind ties;

beam elements — elements of roof supporting

structure.

The following data was adopted for the
purpose of calculations:

E =210 GPa - Young’s Modulus of Elasticity;

v=0,3 — Poisson’s ratio for steel;

= 78,5 kN/m’ — steel weight;

R, =235 MPa - yield strength of steel used.

The analysis was carried out:

for characteristic loads;

for an adopted model of elastic-perfectly plastic
body (nonlinear material analysis);

with regard to the influence of deformation on
the internal force distribution (nonlinear
geometric analysis).

The behaviour of the shell of a completely
empty tank was analysed. Results of the simulation
are shown in Figures 6 to 9.
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Fig. 6. Deformation of the tank shell corresponding
to the limited value of underpressure pyax-1 = 2,750 kPa
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Fig. 8. Deformation of the tank shell corresponding
to the value of underpressure pyax-2 = 2,450 kPa

Fig. 7. Deformation of the tank shell corresponding
to the value of underpressure pmin-1 = 2,254 kPa

Figure 6 presents the first deformations of the
shell of the tank with V = 10000 m’ caused by
underpressure. Since the model tank has an ideal
shape, deformations are evenly spread around the
perimeter. They are vertical. Spacing between def-
lections corresponds to spacing between radial ribs
of a supporting structure of a fixed dome roof. The
ribs are attached to the inner perimeter ring located
at the upper edge of sheets of the tank shell (roof
ribs are marked by a thin line).

Figure 7 shows the state of the shell defor-
mation after its stabilization and after completion

NMpomucnose 6yAiBHALTBO Ta iHXeHepHi cnopyau, 2015, Ne 4

Fig. 9. Deformations of the tank shell corresponding
to the value of underpressure pgpg = 2,436 kPa

of the first cycle of deformation (point p;,; in
Fig. 5). There may be observed the occurrence of
densely arranged, local elliptic deformations.

Figure 8 presents deformations after completi-
on of the second cycle of the underpressure increase
in the tank (point p,,,,). There are fewer elliptic
deformations. Neighbouring deformations joined
together and their extent is wider than earlier.

Figure 9 demonstrates deformations of the
shell after 300 iterations (adopted end of numerical
analysis). Deformations are still irregular, they take
different form and value.
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Fig. 10. Deformations of the upper part of the tank shell caused by underpressure

Figure 10 is a photograph of deformation of the
upper part of the tank shell, where underpressure
was generated. These deformations are permanent —
they remain unchanged after opening of manholes
and equalization of pressure inside the tank with
atmospheric pressure.

3. Summary

Deformations of the shell of a steel vertical
cylindrical tank with a fixed roof occur when un-

derpressure inside the tank reaches a limit value
after the cycle of underpressure decrease and
increase. During the cycle, the deformations change
their location and type (local deformations or
deformations covering a larger area of the shell).
The cycle continues until the user of the tank
removes the cause of underpressure, or the shell
cracks, which will result in the equalization of pres-
sure inside the tank with atmospheric pressure.
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0 HAAEXXHOCTH VGTEI]ﬁGTB, CO3AAKLIAX NPEABAPHTENbHOE
HANMPAXKEHHUE B NPONETHbIX BANKAX IPY30N0ABEMHBIX KPAHOB
C UCTEKILIHMH CPOKAMM CAYXbbl

aK CJemyeT U3 OIpe/esIeHUs] HaJ&KHOCTU Ma-
IITMTHHOTO ITapKa (110 HOBOMY HAIIPaBJICHHUIO B €€
TEOPHH) 3a1adell PacIeTOB SIBJISIETCS OIleHKa Oy Iy-
IIIETO COCTOSIHUSI MCCIIEyeMOro OOBeKTa, T.e. KaK
moiro oH 6yznet pyHKIIMoHMpoBats [1]. Panee mpu-
MeHsieMast IOBCEMECTHO CTATUCTHUKA TAKOH OIIeHKH
IaTh He MOIJIA, T.K. B OCHOBHOM Pa3BHUBAJIOCh TO
HaIpaBieHHe B MpobieMe HaIEKHOCTH, KOTOpOe
paccMaTpUBAJIO OTKA3bl, CBSI3aHHBIE C IIPOYHOCTHIO
IeTayell M Y3JIOB, HAIlpUMep KPaHOB MOCTOBOTO
THUIIA, KOTJa JeTaIu IepecTaBaiu (PyHKIIMOHUPO-
BaTh U3-3a paspyurenus [2, 3]. [Ipu HoBoM mogxone
paccMaTpPUBAIOTCS OTKA3bl MAINH, CBSI3aHHBIE C
BBIXOJIOM €¢ TeXHUYEeCKHX XapaKTepPUCTUK 3a J0-
ITy CTUMBIE IIPeTIesIbl ¥ C IIOCTEIIeHHBIM CHIDKEHUEeM
KadecTBa U 9 HeKTUBHOCTH PabOTHI MAIITUHBI.
Kak m3BecTHO, ypOBeHb HAI&KHOCTU KpaHa
IOJDKeH OBITh TaKUM, YTOOBI IIPU €TO SKCILTyaTa-
IIUU BO BCEX OTOBOPEHHBIX TeXHUIECKUMU yCIIOBU-
smu (TY) cutyanusx He BO3HHKanu oTKasbl. Kpo-
Me TOTO, JKeJaTeJbHO, YTOObI KpaH HMMeJ 3ariac
Ha/I&KHOCTHU M1JIsI TOBBIIIEHUS CONIPOTUBIISIEMOCTH
9KCTPEeMaJIbHBIM BO3JEHCTBUSM, KOI[Aa MaIllHa
IIOTIalaeT B YCJIOBHUS, He IpeaycMoTpeHHble TV.
Hanpumep, mpu He06XOIUMOCTH TOBBICUTD IPY30-
MOABEMHOCTD KpaHa WU YBEJIMYUTh CKOPOCTHBIE
XapaKTepuCTUKH. FI3BeCTHO TakKe, 9YTO OLbEMHO-
TPAHCIOPTHBIE MAIIUHBI OTHOCATCSI K KaTeTOPHUH
«TPaHCIIOPTHBIE» (3/1eCh JKe U CaMOJIETHI, AaBTOMO-
61y, SKeJIe3HOLOPOYKHBIN U BOAHBIN TPAHCIOPT),
OCHOBHBIMU TEXHMYECKMMH XapaKTepPUCTUKAMU
KOTOPBIX SIBJISIETCSI CKOPOCTb, 6€30I1aCHOCTD, IPY-
30II0BEMHOCTb. MOCTOBBIE U KO3JIOBBIE KPAHBI, B
0COOEHHOCTH KOTZIa KpPaH OJUH B TEXHOJIOTHYEC-
KOM IIpOJIeTe IIPOU3BOACTBEHHOTO IIPEANIPUSTHSL,
TpeOyIoT GOJBIINX 3aTPAaT BpeMeHH U CPEICTB IS
BOCCTAQHOBJICHHSI PabOTOCIIOCOOHOCTH B CiIydae
BBIXOJ]d UX M3 CTPOs, He TOBOPSI O MOTEPSX M3-3a
OCTaHOBKH TE€XHOJIOTMYECKOTO IMKJA, B KOTOPOM
KpaH 3ajeiicTBOBaH. VcX0/s1 U3 BBIIIEN3JI0KEHHO-
0, ONTUMAJIbHBIM PeIlIeHIEeM ITOBBIIIICHUS Y POBHS
HaJI&KHOCTU KpaHa MIOJDKHO OBITh IIPUMEHEHUe
CIIeI[UAJIBHBIX METOIOB, IIOBBIIIAIOIIIX er0 HAIEX-
HOCTb, HO UMEIOIINX MHHHMMAJIbHbIE 3aTPAThl KaK
II0 BPeMeHH, TaK U 10 (pUHAHCAM. B mpoTuBHOM

© CnobogsaHuk B.A., CbITHUK H.I1.

B.A. CnoboasHuk
000 «MBLl «MocToKpaH», K.T.H.,
I. XapbKoB

H.I. CbITHMK

Impektop 000 «HTLY
«MOHTaXCneyTeXHNKa», A.T.H.,
r. Kues

cIydae «C/leJTaHHbIe 3aTPaThl HA 9TH MEPOIIPUSTHS
MOTYT OBITh CTOJIb BBICOKH, 4TO 3(PEKT OT MOBBI-
IIEHHOM HAAEKHOCTA OOBbEKTa He BO3MECTUT UX, U
CYMMapHBIH pe3yJIbTaT OT IIPOBEJCHHBIX MEPOIIPH-
ATH OyIeT OTpUIaTeIbHbIM» [1].

B kauecTBe mpuMepa pacCMOTPUM pelIeHHe
IIPOM3BO/ICTBEHHON 3a/1a4yy, CBA3aHHON C HEOOXO-
IOUMOCTBIO ITOBBICUTH HAIEKHOCTD U TEXHUIECKYIO
XapaKTEePUCTHUKY (TPY30IOABEMHOCT) KO3JIOBOTO
KpaHa Ipy3onofabEéMHOCTHIO 20 T, 0TpabOTaBIIIETO
CBOI CPOK CITY>KOBI.

OcCHOBHBIE TeXHHUYECKUE XaPaKTePUCTUKU Kpa-
Ha CJIefyIOLIue: IIPOsIeT 32 M, BBIJIETHI KOHCOJIEH 8 M
u 6 M, BbICOTa mTorbéma — 10 M (puc. 1).

IedeKThI: ycTaHOBKA ITO/ITEJICKETHOTO PesIbca
OJJHOTO 13 II0JIyMOCTOB KpaHa Pa3HUTCS 110 BBICOTE
OT pejbCa, PaclOJIOKEHHOTO Ha IIPOTHBOIIOJIONXK-
HO CTOPOHE MOCTa (10 BCEH ero JIJINHE) B CPeTHEM
Ha 60 MM (1Ipu HOpMe 18 MM); HayTM4He IIpeIeIbHO-
rO 3HaYeHUsI YIIPYTUX IPOrHOO0B KaK B IIPOJIETe, TAK
Y Ha KOHCOJISIX.

[Tpu aTOM OZHOIT M3 KOHCOJIEH (6O0JIbIIIeiT ITH-
HBI 1 HanboJlee MHTEHCUBHO paboTaroieit) Tpedy-
€TCsI TIOBBIIIIeHNE KECTKOCTH.

J71s1 perieHust yKa3aHHOM 3afayul ObUIa MIPH-
MeHeHa MEeTOJUKa YCHJIEHHUSI MOCTa KpaHa IIpH II0-
MOIIM YCTPOMCTBA MJIsI CO3NAHUS IpeIBaPUTEIIb-
HOTO HAIIPSDKEHUSI B MOCTE METaJIZIOKOHCTPYKIIHH.
OcCHOBHBIE Y3JIBI M 9JIEMEHTBI YCTPOMCTBA, a TAKXKe
HIPUHIUI pabOThI OIMCAHEI B 60JIee paHHUX pabo-
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TaxX aBTOPOB [4, 6, 7]. OCHOBHBIE OTJINYHUSI B IPHMe-
HEHHHU MeTOIa IPeIBAPUTEIBHOTO HAIPSDKEHNS,
OIHUM M3 IIPEUMYIIECTB KOTOPOTO SIBJISIETCS BO3-
MOJKHOCTB BBIIIOJIHUTB TpebyeMoe yCHIeHHe KpaHa
6e3 ero JeMOHTa)Ka, 63 OCTAHOBKM KpaHa B TEXHO-
JIOTUYEeCKOM TIpoliecce, CIefyIoIue.

1. ITocne ycumeHUss MOCTa KpaHa BBIIIOJIHEHA
YCTQaHOBKA IIO[ITEJIEKEYHBIX PEIbCOB Ha OJHOM
YPOBHE ITyTéM 3aKpeIyIeHUs Ha I[eJIbHBIX TOAKIAM-
KaX peJIbca, KOTOPBIN PACIOJIaTaICsl HUKe IO OTHO-
IIIEHUIO K PeJIbCy Ha BTOPOM ITOJIyMOCTe (puc. 2).

2. JKécTKoCTbh OHON M3 KOHCOJIEN yBeJIndeHa
IIyTeM YCTaHOBKHY IIPe/IBAPUTEIHHO HATIPSDKEHHBIX
KaHATHBIX BaHT (puc. 1 u 3).

HcnplTaHusl KpaHa IOATBEPIUIH COOTBETCT-

BU€ TeXHUYECKHUX ITapaMeTPOB PEKOHCTPYHUPOBAH-
HOTO KpaHa pacYéTHBIM 3HAYECHUSM.

Puc. 1. O6wuii BuA MoaepHU3MPOBaHHOIO KO3/10BOr0 KpaHa
rpy3onoabEMHOCTLIO 20 T nponetom 32 m

Puc. 2. YcTtaHoBKa pesibCoB Ha nogkiankax
(cTopoHa NonymMocTa, BEpXHUIA MOSIC KOTOPOro Huxke Ha 60 Mm)

32

C TOYKU 3peHUsT HAIEKHOCTH KPaHa PaCcCMOT-
PHUM TOKa3aTelb IeHbl HA/IEKHOCTU U PETaKCAITUIO
HAMPSDKEHNS] B KAHATHBIX 3aTSDKKAX, KaK MMOKasa-
TeJIb COOTBETCTBUSI TEXHUIECKOTO IMapaMeTpa pac-
YeTHOMY 3HAYEHHUIO.

[Tokasaresb 1eHbI HAMEKHOCTH OTIPE/IEIIM 10
cIeqyomei 3aBucuMoctu [1]:

K= Qmou + Qlaxc / Qn3r + QueM + QMOHT + QHyCK +
+Q,.<1, (1)
rae Quop = 0,25Q,, — CTOMMOCTb MOJEPHU3ALMH
kpana; Q', . = 0,1Q,,, — 9KCITyaTallnOHHbIE 3aTpa-
ThI MOJJePHU3UPOBAHHOTO KpaHa; Q,, — CTOUMOCTb
M3TOTOBJIEHUS KpaHa; Q. = 0,005Q,, — crou-
MOCTb pa0oT IO TPAaHCHOPTUPOBKE KpaHa; Q. =
= 0,05Q,,, — CTOUMOCTH paboT IO IEMOHTAKY CIIU-
CaHHOTO KpaHa; Qqur = 0,1Q,,, — cTONMOCTH paboT
I10 MOHTXY HOBOTO KpaH; Qe = 0,05Q,,, — cTou-
MOCTh ITyCKOHAJTaJOYHBIX pabOT HOBOrO KpaHa;
Quxe = 0,001Q,,,; — 3aTpaThl Ha IKCILIyaTAI[UIO HO-
BOTO KpaHa.
31ech NPUHATHI CefyIoline NOMYIIeHHs: 3a
eIMHUITY — CTOUMOCTD U3TOTOBJIEHNUS KPaHa, a B OT-
HOCHUTEIBHBIX €IMHUIIAX — CTOMMOCTH OCTaJIbHBIX

X K

Puc. 3. ¥Y>kKecToueHne KOHCO/IM KO3/10BOr0O KpaHa
C NMOMOLLbI KaHaTHbIX 3aTAXeK
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3aTpar. HOI[CTaB.HHSI OTHOCUTECJIbHBbIC 3HAYCHUA B
opmyiy (1), momydnMm cilefyIonuil pe3yabTaT:

K=10,35Q/1,1Q=0,318 < 1,0.

B xauecTBe KOHKPETHOIO IpUMepa NPUBELEM
pacder LeHbl HaNEKHOCTU IJI KO3JIOBOTO KpaHa, O
KOTOpOM HAET pedb B OTAHHOU CTATheE. Tak crou-
MOCTBb U3TOTOBJICHUSI KpaHa HAa MOMEHT IIpOBefe-
Hus ero moaepuusaruu (jaeto 2010 r.) cocraBisiia
Qusr = 6,0 MIIH. TPH.; Q0 = 39,0 THIC. TPH. — cTOU-
MOCTB TPAaHCIIOPTHBIX PacX0[0B, BKJII0Yas IIOTPy3-
Ky W pasrpysKy KpaHa; Q. = 55,0 ThIC. TpH. —
IE€MOHTAX KpaHa, 3alIPeIeHHOr0 K 9KCILTyaTalluy;
Quour = 110,0 TBIC. ITPH. — MOHTaX HOBOTO KpaHa;
Quyex = 25,0 TBIC. TPH. — Pa0OTHI Ha KPaHe, BKIIIO-
9as MyCKOHanago4uHele; Q.. = 600,0 ThIC. TpH. —
CTOMMOCTb MOJEPHU3ALUNU JAEUCTBYIOIIETO KPaHa;
Q,xc = 80,0 ThIC. TPH. — OKCILTyaTaIlMOHHbBIE 3aTPAThI
MOJIepHU3UPOBAHHOTO0 KpaHa; Q,.. = 5,0 THIC. IPH. —
3aTpaThl 10 IKCIUTyaTalluu HOBOro Kpasa. Ilopc-
TaBJIsIs IPUBEJIEHHbIE 3HAUCHUsSI B (OPMYITY, O~
JIY9HM:

K=680/6237,0=0,109 << 1,0.

Huskoe 3HaueHume moOKaszaTelsi OOBSICHIETCS
TeM, 9TO 3aTPaThl IPH MOJEPHU3ANNM ObLIN Ha-
IIpaBJIeHBI TOJIBKO HA TO, YTOOBI 06ecriednTh pado-
TOCITOCOOHOCTD KpaHa. TakuM 06pa3oM, COKOHOM-
JIEHO OKOJIO 5 MJIH. I'PH.

PaccMoTpHuM BTOPYIO COCTABIISIONIYIO ITOKa3a-
TeJIsI Haf&KHOCTH, CBA3AHHYIO C obecredeHueM
TeXHUYECKOTO IMapaMeTpa KpaHa (’KeCTKOCTeH Ipo-
JeTHOU 6aJKy U KOHCconu). B HammeM cirydae Heo6-
XOJIUMO PacCMOTPETh CTATHYECKUI 3aKOH COCTOSI-
Husl (3akoH ['yka), yCTaHaBIMBAIOIIMI IIPSIMYIO
IPOIIOPIMOHAIBHOCTD MEXKy HAaIIPsDKEHUEM U Jie-
(opmarueir ynpyroro TBepyioro Tea, KaKUM SIBJIS-
eTCsI KaHaTHAs 3aTsDKKa (3JIEMEHT yCTPOMCTBA IS
CO3JIaHUs IIPeIBaPUTEIBHOTO HanpspkeHus). [Toc-
nenHsis (B HAYaIbHBIN Tepuo paboThl KpaHa) MOI-
BeprKeHa TAKOMY SIBJICHUIO, KaK peJlaKcalus Hallpsi-
JKeHWUSI, YTO IPUBOIUT K CHIPKEHUIO PACIETHBIX Xa-
PaKTepPUCTHUK.

[Ipm BHempeHNM aBTOPCKOTO CBHIETEIbCTBA
[4] B pa3paboTKy yHHMKaJIBHOTO KO3JIOBOTO KpaHa
YKII-100-81 (rpysomomgbémuocts 100 T, mposnéT —
81 M ) mpeBapuUTeIbHOE HAIPSDKEHHE CO3[aBAJIOCh
C IIOMOIIBIO IIOAHUMAEMOTO U ITOCTOSIHHOTO IPy-
30B (puc. 4)[5]. Yka3aHHBIE CXeMbl HMEJIU IIPEUMY-
II[eCTBO, TaK KaK BBITSDKKA CTAJIBHOTO KaHaTa He
OTpa’KaJIaCh HA CHIDKEHUM B HEM PACYETHBIX YCH-
nuit HaTspKeHust. OfHaKO IPUMeHeHHe TaKUX CXeM
B JICUCTBYIOIINX KpaHaX B OOJBIIINHCTBE CIydaeB
OKa3bIBAJIOCh HEONITHMAJIbHBIM BapwaHTOM. [loa-
TOMYy BO BCeX BHEIPEHHBIX IpUMepax HPUMEHs-
JIaCh CXeMa, KOT/a YCHJINSI B KaHATaX CO3/IaBaJIuCh B
YKECTKO 3aKpeIUIEHHBIX KPOHIITeHaX (CM. puc. 1).

ey 47

JZ2Y90max
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Puc. 4. YHukanbHbI KO3M10BOM KpaH YKIM-100-81;
a — cucTema npeaBapuTesIbHOro HanpsXKeHUs C MOMOLLLbHO MOCTOSHHOIO rpy3a; 6 — TO >Ke, C MOMOLLIbIO MOAHMMAaeMoro rpysa
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B HavanpHBIN Teproz paboThI YCTPOIICTBA BbI-
TSDKKA KaHaTa IPUBOAMIA K CHIDKEHHIO B HEM pac-
YETHBIX yCUINMN.

W3BecTHO, YTO 3HAYEHHE pelaKCalluyd HaIlps-
JKEHUsI B IIUKJINYECKU paboTaroIell KaHaTHOM 3a-
TSDKKE OIIpelleIsIeTCsl 110 OMIIMPUYECKOM 3aBUCH-
MOCTH [6]

Pen=1,25 10°2”/E < [Pen], (2)

TZie Z— YUCJIO IUKIOB paboTel KpaHa; E, — Monyb
YIPYTOCTH CTaJIbHOTO KaHata; [Pex] = 5-10 % — no-
ITyCTUMOE 3Ha4YeHUe peslaKCaIluH.

Kak BumHO M3 opMmynsl, A perakcaluu
OCHOBHBIM ITapaMeTPOM, BIUSAIOIINM Ha eé 3HaJe-
HUe, SIBJIETCS MOMAYJIb YIPYTOCTH KaHaTa. Hoiib-
IIMe 3HAYeHUs MOV MHUHHMUSHPYIOT peJlak-
CallvIo, a 3HAYMUT — YBEJIUIUBAIOT [TapaMeTpudec-
KYIO HaJIe’)KHOCTh MOJIEPHU3UPOBAHHOTO KpaHa.

IIpoBeném aHamM3 3HaAYEHUN MONYJIEH yIpy-
TOCTH CTaJIbHBIX KaHATOB, KOTOPbIe IIPUBE/ICHBI B
paborax psima ucciemoBaTesieir 1 0600IIeHbI B pa-
6ote [8]. Tak 11t HOBBIX KAHATOB MOJYJIb YIIPYTOC-
T cocrasiser E, = 0,8 10° kr/cm?, a muist otpabo-
TaHHBIX, T.e. OOTSHYTBIX B IIpOllecce IKCIUTyaTa-
nun, E, = 1,2 10° kr/cm?. OnHako, yKa3aHHbIE 3HA-
YeHHs OIpelesIeHbl IIPU YCUIHUAX, COCTaBIISIOIINX
80 % OT pa3pbIBHOTO yCUJIHSA KaHaTa, B TO BpeMs
KaK KaHaThl B Ka4eCTBe 3aTSDKEK B YCTPOUCTBE IJISI
CO3[IaHUS TIPeABAPUTEIBHOTO HAIPSDKEHHS IO/
BEPrHyTHI ycunuam Bcero 10—-15 % oT paspeIBHOTO.
Ananmus 60JybIIIOTO 00BEMA MPOBENEHHBIX paboT,
B T.4. ¥ aBTOpPaMHU, YKa3bIBaeT Ha 3aBUCUMOCTD MO-
Iyl YOPYTOCTH OT YCWJIMS B KaHATe, AeUCTBYIO-
I[eT0 TPH JKCIUTyaTalluu ycTporicTta. OmHAKO
npennoxxerHast b.C. KoBanbckum dpopmyia, o xo-
TOPO¥ OIIpeJiesIsieTCst MOIYJIb YIpyrocTtu [9]:

E=E,+c , (3)

(rme E, — HavapbHOE 3HAYEHNE MOMYJISI YIIPYTOCTH;
¢ — OTIBITHBIN KO3 (PUITHEHT, B 3aBUCUMOCTH OT JIeH-
CTBYIOIIIETO HANPSDKEHUs B KaHATe; — CpemHue
HAIPSDKEHHS] B KaHaTe), COMEPKUT OOJIBIION pas-
6poc koadduImeHTa ¢ M0 TaHHBIM IKCIEPUMEH-
TOB U HE YYUTHIBA€T KOHCTPYKTHUBHBIE OCOOEHHOC-
THU CTAJIbHBIX KAaHATOB.

B pa6ore [6] npuBenena ¢popmyia, yauThIBaIO-
Ijasi IMEHHO KOHCTPYKIIMIO KaHaTa PsIoM Ko3ad-
(uieHTOB, 3HAYEHUS KOTOPBIX OIPEIEISUINCH
9KCIIEPUMEHTAIBHO IIPU HAIPSDKEHUSX B KaHATAX,
OJIU3KHX K IEHCTBYOIIUM:

E =047 10°k k, k, (FY/g)*E,,, (4)

H "VKp
rne k., ky , kg, — Koo duimentsr, saBucsmme ot
TUIIA CepleYHUKA, HAIpPaBJIeHWUs CBUBKH, Kpat-
HOCTHU CBMBKHU COOTBETCTBeHHO; F — rmiomanp ce-
YeHUsI BCeX MPOBOJIOK; Y — IUNIOTHOCTh MaTepuasa
IIPOBOJIOK; ¢ — Macca OHOTO MeTpa [IMHbBI KaHATa;
E,, — MOyJib YIPYroCTH MaTepuajia MPOBOJIOKHU
(2,1 10° kr/cm?). TlepBble 3aMephl (haKTHIECKOTO
3HAaYeHHs] MOJyJIeil KaHAaTOB, pabOTAaBIINX B pas-
JUYIHBIX MeXaHM3MaX, YKas3blBalOT HAa MeHbBIIINe
suavenus monyss (0,6 — 0,8 10° kr/cm?), geM mpu-
HSTBIE B CIPABOYHON U HOPMATUBHOM JIUTEPAType.
Takum 06pa3om, ompeieIéHHOCTD B Bompoce (dak-
TUYIECKOTO 3HAYEHUSI MOIYJISI YIPYTOCTH MTOBBICUT
HaJE€XKHOCTh PAacY€TOB, a 3HAYUT — U HAAEKHOCTD
9KCIUTyaTalliy MOIEPHU3UPOBAHHBIX KPAHOB.

[TpoBe/ieHHBIT aHAIN3 CBUIETEIBCTBYET O I1e-
7ecoobpasHocTH OoJree TITyOOKOTO U3y deHUsT BIIHSI-
HUS IEeUCTBYIOIIET0 HANPsDKeHUsI B paboTaroIer
KaHATHOU 3aTsDKKe Ha MOMYJb YIIPYTOCTHA CTaJib-
HOTO KaHaTa, KaK ¥ 3aBUCHMOM OT Hero (MOmyJis)
HA/I&KHOCTU YCTPOICTBA JIJISl CO3MaHUsI IIpeBapU-
TeJIbHOTO HAIPSDKEHUSI.

[1] [TpoHukos A.C. MapameTpryeckas HaaEXHOCTb MaLlvH. — M.
N3a-80 MI'TY nm. Baymara, 2002. — 560 c.

[2] TOCT 27584-88. KpaHbl MOCTOBbIE 1 KO3/I0Bble 3/1EKTPU-
yeckune. ObLLye TeXHUYeCKre yCnoBus.

[3] Cranuncnasckas B.3., Cno6oasHyvik B.A. O HagéXHOCTM MOCTO-
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—1991.— Ne 3.-C. 34-35.

[4] A.c.CCCPNe1318508,kn.B66C 19700, Kosnosoii kpaH/
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To4ka 3opy

EBPONEACHKI HOPMH HA LLEMEHT | BETOH

0COBAUBOCTI, MEPEBATH TR PU3HKH

EUROPEAN STANDARDS FOR GEMENT AND GONGRETE
FEATURES, ADUANTAGES, AND RISKS

BnpOBamKeHH;{ €BPOCTaH/IAPTIB Y OYyIiBesbHY Ta-
Jy3b YKpaiHU € aKTyaJIbHOIO IPO6JIEMOIO ChO-
TOIEHHSA 1 IIOSICHIOETHCA HATaJIbHOIO HEOOXIIHICTIO
MDKHAapOJTHOTO CIIBPOOITHHIITBA Ta OKPEMHMH
CYTTEBUMU IIepeBaraMu €BPOINEHCHKUX HOPM Ha
HAI[IOHAJBHUMU CTaHIApTaMU. 30KpeMa, BUKOPHC-
TaHHSA €BPOIEMCBKUX HOpPM Ha memeHT EN197-1
CTBOPIOE IepeJyMOBHU ISl TapMOHI3allii MeTomiB
OILIIHKY BJIACTUBOCTEI II€MEHTIB, O€TOHIB 1 31130~
6eTOHHUX KOHCTPYKIIiil Ta OLIII OO PYHTOBAHOTO
iX 3acTOCYBaHHS SIK IJIS1 IPOEKTYBAaHHS 1 PeryJIio-
BaHHsI CKJIaJiB OETOHY, TaK i pO3po6IIeHHsT KOHCT-
pykniit. [Ipn mpaBmiIbHOMY pO3yMiHHI Ta 00’ €k-
TUBHOMY ITIIXO/Ii 10 MPOOJIeMU IIe 1aCTh CYTTEBUI
eKOHOMIYHUIT eeKT i MiABUIIUTD HAIINHICTH Oy/Ii-
BeJIb Ta CIIOPY.

OpHoOYacHO, € MeBHI HEMOPO3YMIHHSA y BUKO-
PUCTaHHI IMX CTAaHAAPTIB, IO YHEMOKIINBIIIOE IX
3aCTOCYBaHHs y HasiBHIN (OpMI 11t BUPOOHHIITBA
6eTOHIB, OyIiBEJIbHUX PO3YMHIB Ta 3aJ1I300€ TOHHUX
KOHCTPYKIIiil. 30Kpema, (yHIaMeHTaTbHI E€BPO-
nencbKi HopMu Ha 1ieMeHT EN197-1 BusBisAOTHCA
HEeIPUJATHUMHU JIJIs1 e(PeKTUBHOTO BUKOPHUCTAHHS
BupoOHHKamu OeToHy, a EN206-1 — OyniBepHUKa-
Mu. [TOSICHIOETBCS TIe TUM, 1110 PO3POOHIKY HOpMa-
TUBHUX [IOKYMEHTIB, [I€TaJbHO BpaxyBaBIIU BCl
npo6yieMu BUPOOHUKIB, He B3sUIH 10 yBaru Oymi-
BeJIbHO-TEXHIYHI BJIJACTUBOCTI MaTePiaJliB Ta yMOBH
crioxuBada. MoxJinBo, oTpuMyoun (iHaHCyBaH-
HSI BiJI BUPOOHUKIB, PO3POOHUKY CBITOMO He BKJIIO-
YUJIM O HOPM OKpeMi BaXKJIWBI BJIACTUBOCTI
MarepiajiB Ta MeToau ix KoHTpo. [leBHi Tpyn-
HOIIIi ITOB’s13aH1 3 HAllIOHAJILHUMY O0COOIIMBOCTSIIMU
KpaiH-y4acHUIIb €BpOCOI03y Ta NPUUHATOIO Y HUX
HAyKOBOIO TepMiHosoriero. Hanmpukian, 3abesme-
YUTHU CIIOKHUBA4eBl 00CAT BUOOPKU [JIsI OIIHKHU
SIKOCTI I[eMeHTIB 1 6eTOHIB JIJIsI IeBHOI MapTii KOH-
CTPYKIIii IPaKTUIHO HEMOXKJIUBO, X04a y BUPOOHU-
Ka BiH OLIBII HIXK HOCTATHIM. A ITOKJIAamaTHUCh Ha
pe3yJIbTaTy BUIIPOOOBYBAaHb BUPOOHUKA HEIOIIb-
HO X04a 0 TOMY, II[0 He 3aBXKAM BOHU 00 EKTUBHI
Ta ¥ 3a KOHCTPYKIIIO Bigmosifae ii BUPOOHUK.
Amnasnorivuna a6o e TipIia CUTYallis 3 BJIaCTUBOC-

© daiiHep M.LL.

M.LL. daiiHep

ronosa HB® «Komnosut»,
3aCNy>XeHUI BUHAXiAHWK
YKpaiHu, A4.7.H., M. YepHiBLiji

here is an urgent need for international coope-

ration and some significant advantages of Euro-
pean standards over Ukrainian ones. In particular,
the use of European standards for cement EN197-1
facilitates harmonizing methods for evaluating the
properties of cement, concrete, and reinforced con-
crete structures and for using them more reasonably
for concrete proportioning regulation, as well as for
structure design. With proper understanding and
objective approach to the subject matter, it will have
significant economic benefits and improve the
reliability of buildings and structures.

At the same time, there is some confusion in the
implementation of these standards, which prevents
use of their current form for the production of
concrete, mortars, and reinforced concrete struc-
tures. In particular, basic and elegant European
standards for cement EN197-1 is unsuitable for
efficient use by concrete manufacturers, as well as
EN206-1 is unsuitable for builders. The reason is
that the developers of regulatory documents, while
considering all the manufacturers’ problems in
detail, did not take into account construction and
engineering properties of materials and consumer
conditions. There are reasons to believe that, in spite
of receiving funding from the manufacturers,
developers deliberately did not include in the stan-
dards some important properties of materials and
control methods. There are certain difficulties
related to the national peculiarities of European
Union member states and scientific terminology
adopted there. For example, it is almost impossible
for consumers to have a sample size to evaluate the
quality of cement and concrete for the specific
parcel of construction, even though the manufactu-
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TSIMU, 1110 BU3HAYAIOTh JOBrOBIYHICTb KOHCTPYKIIII.
Tak, HapuKIIaz, BXKe NECITKH POKIB BUPOOHUKU
IIeMEHTY He FApaHTYIOTh 1 He X04yTh OpaTu Ha cebe
BIINOBINAJIBHICTh 332 MOPO3OCTIAKICTD 1 KOPO3IAHY
CTIMKICTH B’SDKYYOTO, 6€3 90T0 HeMOJKJINBO BU3HA-
YUTU TAPAaHTOBAHUN TEPMIH eKCIUTyaTalii KOHCT-
pyKuii i k1ac OyaiBiIi 94U cCriopyau.

€BPOIIEIChKI METOIH BUIIPOOOBYBAaHb IIEMEH-
Ty, SKI Tepen6adaloTh OJIMKYIe [0 MPAKTUKU
B/1 = 0,5 Ta nomidpakiiiHuit micCOK, He 0OMEeXY-
I0Th IIPU IbOMY HOPMaJIbHY I'YCTUHY IIeMEHTHOTO
ticta. Ta i TOHATTS KiIacy IeMeHTy i 6eToHy 6e3
YTOYHEHHS YMOB TBEP/IHHS TeK € HEJTOCKOHAINM,
aJKe TTOKa3HUKH MIITHOCTI 6eTOHY IIpU TBepHiHHI
Ha IIOBITP1 4 y BOJI 33 TeMIIepaTypu, HalIpUKIaJ
10 °C a6o 20 °C, pisHi. [lo npuxiamy, 3aMOBIISIIOUH
kiac 6erony C20/25, cioskuBad CIOIBAETHCS OT-
pumartu depes 28 mib mirHicTh 32,2 MITa. OT TisibKH
3a temnepatypu 10 °C BiH orpumae 24 MIla. [lo
YOro IPHU3BOJATH TaKli MaJeHbKI «JeTaai» MOXKHA
MIePeKOHATHUCH 1 Ha POCTOMY IPUKIIA[I, KOJIH IPU
onHakosoMmy B/II, sike nopiBHIOE 0,5, IIEMEHT 3 HOP-
MaJIbHOIO TYCTHHOIO II€MEHTHOTO TiCTa, HAIIPUK-
nag 25 % 1 32 %, nokaxyTb Malike OJHAKOBI pe-
3YJIBTATH MIITHOCTI, X04a OCTAHHIN ITOTpeOyBaTH-
Me 36UIbIIeHHST BogonoTpebu 6eTOHHOI cyMmimti i,
BIJIIIOBITHO, BUTPATH IleMeHTy Ha 10—15 % Ta 1me i
3HIDKEHHSI MOPO30CTIMKOCTI, BOJOHEIIPOHUKHOCT1
Ta KOPO3iitHOi cTitikocTi 6eTony. [Tomi6HI HemomiKu
€ 1 B HalllUX HalllOHAJIBHUX cTagaapTax. [lo Toro x,
SK HAlllOHAJbHUMH, TaK 1 €BPONMEHCHKUMH CTaH-
ImapTaMu He nepenbOadeHa JiTKa Ipoleaypa pekia-
Marii marepiani. HemocraTHicTh 06csTy BHOOPKH
Ta BIICYTHICTb CTAHOAPTHOI METONUKHN BU3HAYEHHS
MOPO30CTIHKOCTI 1 KOPO3IMHOI CTIMKOCTI IIeMEHTIB
Ta IUX K€ BJIACTUBOCTEN y OeTOHI KOHCTPYKIIil
IMPaKTUYHO YHEMOXUIMBIIIOIOTh €KCIIEPTHY OIIHKY 1
peKIaMalliio I[eMEeHTIB Ta OETOHIB CIO’KHBAaYaMU.
BopgHouac Taki HeiIMIUIEMIHTOBaHI y CTaHAapTax
METOIMKU B)Ke 0araTo pOKiB BHUKOPHUCTOBYIOTHCS
OKpPeMUMH IIJIPUEMCTBAMU KpaiH €BpPOCO03y Ta
kosmutraboro CPCP!2,

CepliO3HUMHU IIE€pPEeIIKOJAMU B aKTyali3amil
€BPOIIEVICHKUX HOPM € BU3HAYEHHS OCHOBHHX 10~
HATD 1 IPUHIUAIIB PO3PaXyHKIB.

rer has it to the fullest extent. However, it is not
expedient to rely on the manufacturer test results as
they are not always objective, and themanufacturer
is responsible for the construction in the end. The
case regarding the properties that determine dura-
bility is similar, and even worse. For example, for
decades cement manufacturers do not guarantee
and do not want to take responsibility for frost and
corrosion resistance of binder, without which it is
not possible to establish a guaranteed structure
lifetime and building or facility class.

European cement testing methods that involve
variations of W/C = 0,5 and multifraction sand do
not restrict standard density of the cement paste.
And the notion of grade of cement and concrete is
also imperfect without specifying hardening condi-
tions, as indicators of concrete solidification on the
air or under the water at different temperatures,
such as 10 °C or 20 °C, are different. For example,
orderinga concrete grade C20/25, consumer expects
to have 32,2 MPa strength in 28 days. However, at a
temperature of 10°C he would be surprised to see
that it is 24 MPa. The consequences of such small
«details» can be seen in the following example,
when two cement types, at the same W/C = 0,5 with
the standard cement paste density of 25 % and 32 %,
show almost identical strength, although the latter
will require consumer to increase water require-
ment of the concrete mix and, therefore, cement
consumption by 10-15 %; frost resistance, water
resistance and corrosion resistance of concrete will
also be reduced. Such flaws are present in our
national standards as well, but if we are to start
improvements, we need to improve everything.
Moreover, neither our national standards nor Euro-
pean ones provide a clear claim for replacement
procedure. Insufficient sample size and lack of
standard methods for determining frost and cor-
rosion resistance of cement and the same properties
of concrete make it almost impossible for con-
sumers to give an expert review and lodge a claim
for replacement . However, such methods, though
not implemented in standards, exist and have been
used by individual enterprises of EU and the former
Soviet Union for many years 2

1 ®anHep M.LLI. HoBble 3aKOHOMEPHOCTM B 6€TOHOBEAEHNU 1 UX NPaKTUYeckue npunoxeHue. — K. «<HaykoBa aymkax», 2012. — 472 c.
M. Fayner. New trends in concrete technology and their practical application, Kyiv, Naukova Dumka, 2012, 472 pages.

2 ®avHep M.LL. BeToHHi Ta apMOGETOHHI po6oTy. — YepHisui, YUHY. — 2012. — 308 c.
M. Fayner. Concrete and reinforced concrete works, Chernivtsi, Chernivtsi Natonal University, 2012, 308 pages.
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Hanpuknan, y €éBponeiicbKuX CTaHAApTax Ha
6eTOH IIMPOKO 3aCTOCOBYETHCS BU3HAUCHHS «Xa-
pakTepucTHYHA (HOpMaTHBHA)» MIIIHICTH OETOHY.
s €Bponuy, e NPUHIUNY 1 METOAUKA IIPOEKTY-
BaHHS KOHCTPYKIIi{l 3aCHOBaHI Ha ITOKa3HUKAX 1M~
JIHJIPUYHOI MIITHOCTI 3pa3KiB AiaMeTpoM 15 cMm Ta
BHCOTOIO0 30 cM, I1e AifiCHO HOPMAaTUBHA MIITHICTb.
JIJ1s1 HalmuXx »Ke CIeliaJlicTiB, BUXOBAHUX Ha METO-
nuii CHull 2.03.01-84* «betoHHBIE U Xele300e-
TOHHBIE KOHCTPYKIIUN», HOPMAaTUBHI Ta pO3paxyH-
KOBI XapaKTePUCTUKM BU3HAYAIOTHCS 32 ITOKA3-
HUKaM¥# BUIPOOOBYBAaHHS CTAaHAAPTHUX IIPU3M
15 15 60 cm. Hamaranmua y IBbH B.2.6-98:2009
OTOTOKHHUTH XapaKTepUCTUIHY MIIHICTh OETOHY
Ha CTHCK 1 po3TAT fy Ta fop 3 Rpr Ta Ryrgor ¥
CHull 2.03.01-84* npusBeso 10 cepiio3HUX ITOMHU-
JIOK, TaK SIK B OCTAaHHbOMY (C. 75) Ili TIO3HAYEHHS
O3HAYAIOTh «PacYeTHBIE COMPOTHUBIEHHUS OeTOoHa
CKaTHIO M PACTSDKEHUIO JIJISL IIPefieSIbHBIX COCTOSI-
HUI IepBOY ¥ BTOPOM TPyHII». A Te, IO pO3paxyH-
KOBI XapaKTepHCTUKH OeTOHIB 3a €BPOHOPMaMH
ta JIBH 65m3bki 3a BeJIMYMHAMU TOSICHIOETHCS
He MONiOHICTIO METOMUK, a TUM, 110 BIIHOIIIEHHS
IUTIHAPUYIHOI MIITHOCTI 10 KyOiKOBOi CTAaHOBUTH
0,8—0,85, a mpu3mMoBOi 1O Ky6iKOBo'1' -0,75-0,8.

SIx BiZOMO, OCHOBHHMMHM BHMOTaMH OO CTaH-
IapTiB € HayKoBa OOIPyHTOBaHiCTh, JAKOHi4-
HICTb, ACHICTB i IPO30PicThb, BIICYTHICTb HBO-
3HAYHHUX NOHATH, TEPMiHIiB i BU3HaUeHb Ta CTH-
MYJIIOBaHHS BUPOOHUKIB i CIIO’KMBaviB.

[Topsin i3 HayKOBOIO OOTPYHTOBAHICTIO B €BPO-
HefCbKUX HOPMax, sIK MOOIYHe sIBHUIIE, 3yCTpiva-
I0ThCsI 6araToCIIiB’sl, TABTOJIOTIS, HAYKOIONIOHICT
1 3apo3ymuinicte. Hanpukian, mis MOHATTS «KJIac
eMeHTy abo 6eToHy» mocTaTHBO O6yn0 6 opmy-
nmoBaHHS «['apaHTOBaHa MIIIHICTh CTaHTAPTHHUX
3pa3kKiB 3 95 % moBipyoro BiporigHicTION. A y nes-
KMX HallOHaJIbHUX BUJAHHAX MOKHA HaBITh 3yCT-
PITH TaKi HEKOPEKTHI BU3HAY€HH, SIK «MIHIMaJIbHa
abo cepenHsI XapaKTepUCTUYHA MIIHICTb». To Ha-
BIIIIO 3aIUTYTYBaTH KOPHUCTYBada TEPMIHOM «XapaK-
TepucTuyHa (HOpMaTUBHA)»? J[0 90TO 1€ MPU3BO-
IOUTb MOKHA HAOYHO II€PEKOHATUCh HAa NPUKIALL
OJJHOTO 3 OCHOBHMX HaI[lOHaJIbHUX CTaHOAPTiB
JCTY b B.2.7-215:2009 «beronu. [TpaBuna min6o-
Py cKiIazy», po3po0IeHOro roJIOBHUMHU OpraHi3a-
nismu Minperiony IIT HAIBK, HIIBMB, HIIIEB
ta 3aBosoM 3bK im. C. KoBasnbcbkoi, cepen aBToO-
piB SIKOTO 5 HOKTOPiB HayK-Tpodecopis, sIKi Of-
HOYAaCHO € pOo3pOOHMKaMU HAI[iOHAJbHUX BUIAHb
EN206-1 ta IBH B.2.6-98.

NMpomucnose 6yAiBHALTBO Ta iHXeHepHi cnopyau, 2015, Ne 4

Updating European regulations is significantly
impeded by in the basic definitions and principles
of calculations. For example, European standards
for concrete widely use the definition of «charac-
teristic (standard)» strength of concrete. For Euro-
pe, where the principles and methods of structure
design are based on the cylinder strength para-
meters of samples with a diameter of 15 cm and a
height of 30 cm, it is really a standard strength.
However, for our own specialists trained on the
methodology of Construction Rules and Regula-
tions CHill 2.03.01-84%, «Concrete and Reinforced
Concrete Structures», standard and design charac-
teristics are determined by testing standard prisms
of 15h 15 60 cm. Attempt of the State Construction
Standards [IBH B2 6-98:2009 to equate the concrete
strength and tensile strength fck and fctk with R, ,,,
and Ry, ., in CHullI 2.03.01-84* led to serious mis-
takes, as these designations in the latter (p. 75) mean
«design resistance and tensile strength of concrete
for the limiting conditions of first and second
groups». And the similarity of concrete estimated
characteristics in European standards and Ukrai-
nian JIBH is not due to the similarity of methods,
but due to the fact that the ratio of cylinder strength
to cubic strength is 0,8-0,85, and the ratio of prism
strength to cubic strength is 0,75-0,8.

It is commonly known that the basic requi-
rements for standards include scientific validity,
conciseness, clarity and transparency, absence of
ambiguous concepts, terms and definitions, and
stimulation of producers and consumers.

At the same time, along with scientific validity,
European standards are often verbose, tautological,
pseudo-scientific and dogmatic. For example, the
concept of «grade of cement or concrete» could be
sufficiently defined as «guaranteed strength of stan-
dard samples with 95 % confidence coefficient».
But some national publications contain such ina-
ccurate definitions as «minimum or average charac-
teristic strength». What is the point of confusing
users with the term «characteristic (standard)»? The
consequences of this can be clearly seen in the example
of one of the main State Standards of Ukraine ICTY
b B.2.7-215:2009 «Concretes. Rules of Selection of
Composition» developed by major organizations of
the Ministry of Regional Development, Construction,
and Communal Living of Ukraine (Minregion), such
as State Enterprise «State Research Institute of Building
Constructions», Ukrainian Scientific-Research and
Design Institute of Building Materials and Products,
Scientific- Research Institute of Building Production,
and famous Svetlana Kowalska Reinforced Concrete
Structures Plant, with 5 Professors, Doctors of
Science, who are also the developers of national
publications EN206-1 and /IbH B.2.6-98.
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Tak 3a JJBH B.2.6-98 (Tabxn. 3.1) cepemus
MiIHICTD 6€TORY (f,,, upe) 3HAXOAUTBCA 3a op-
MYJIOIO:

fcm,cube = fck,cube/(l - 1>64V) )

7€ f ok cube — XapaKTePUCTUYHA MIIIHICTB(KJIac) 6€T0-
HY; v — KoedillieHT Bapiarii, sskuit mopisHioe 0,135.

Aute B [lomaTKy A mpOTO CTaHOAPTY HaBOJUTH-
CSl PAKTUYHUN MPUKIIAJ, B IKOMY IPOMOHYETHCS
BUPIIIIEHHs 3a/1a4i IPOEKTYBaHHSI CKJIany OeToHy
kiacy C25/30 Ha nemenTi Mapku 400 1 npu nibomy
3aMicCTh f,, 4. = 30/(1 — 1,64 0,135) = 38,5 MIIa
npuitMaerses f,, ., = 300 kre/em” (~30 MITa), o
IPU3BOANUTE Y PO3paxyHKaX [0 MOMMJIKA BH3HA-
genns B/L] 3amicts 0,51 — 0,59 i pakTUIHOTO 3MEH-
LIIEHHS BUTPATHU LIeMeHTY 3 33310 288 Kr/M°.

Sximo Taki rpy6i MOMIUIKH JOIYCKAIOTh JOK-
TOpU Hayk-Ipodpecopu Ta BifioMi BUPOOHUYHUKH
(i aBTOp He BUHATOK), TO YOTO YeKaTH Bif Iepe-
CIYHUX IH)KeHepIiB Ta CTYMEHTIB (3a TaKi IOMUJIKH
y4eHb KOJIEIKY OTPUMYE IBINIKY).

Buknukarors cymuiB y EN206-1 sanpomnono-
BaHi 3HadeHH:a B/II, gAKi He IIOB sA3aHi 3 BUIOM Ie-
MeHTy ([onatok E), HemocraTHRO 0OrpyHTOBAHI ¥
KJacu OeTOHY 3a MOBrosiuHicTIO. Ha Hamr morssn,
tert JlonaTok nmoBuHeH OyTH MOMOBHEHUI (OpieH-
TOBHI peKOMeH/1allii HaBeneHi B Tab. 1).

For instance, according to [IBH B.2.6-98
(Tab. 3.1), average concrete strength (f.,, cupe) 1S
calculated by the formula:

me,cube = fck,cuhe/(l - 1364V) )

where fg .. 1s characteristic strength (grade) of
concrete; v is variation coefficient equal to 0,135.

However, the Appendix A of this standard
provides a practical example, which includes the
solution for designing the concrete of C25/30 grade
using cement of 400 grade, although instead of
Fomeme = 30/(1 = 1,64 0,135) = 38,5 MPa, f,,, ... =
=300 kg/cm® (~30 MPa) is taken, which leads to an
error in the calculation of W/C: 0,59 instead of 0,51,
and decreases actual cement consumption from 333
to 288 kg/m’.

If Professors, Doctors of Science make such
unfortunate serious errors (and the author is not an
exception), what could we expect from engineers
and students (college student would get an F for
such errors).

The values of W/C not related to the type of
cement proposed in EN206-1 (Appendix E) are also
questionable; concrete durability grades are insuffi-
ciently justified. In our view, this Appendix should
be amended (preliminary recommendations are
given in Table 1).

Tabnuusa 1. PekomeHaauii LWoa0 ckiagy 6eToHy 3a/1eXKHO Bif, Kfiacy cepenoBuia (40NOBHEHHS)
npw 3acTocyBaHHi LleMeHTIB i3 BMicToOM C3A 6—8 % Ta BMICTOM eMy/1bCOBaHOro nositps 4o 4 %

Table 1. Recommendations for the composition of concrete depending on the medium (additive)
grade when using cements containing 6—8 % C3A and up to 4 % of emulsified air

Knac BnnunBy cepenoBuLla ekcnayatawii
Operating environment impact grade

XC1 | XC2 | XC3 | XC4 | XS1 | XS2 | XS3

XD1 | SD2 | XD3 | XF1 | XF2 | XF3 | XF4 | XAl | XA2 | XA3

MakcumanbHe
3Ha4eHHA B/ 06 | 055 | 05 | 045 | 045 | 0,40 | 0,35
Max. W/C value

045 | 04 |[035| 05 | 045 | 04 | 035|045 | 04 | 035

MakcmanbHuii
BOZOBMICT, KT/ M
Max. water
content, kg/m

190 | 185 | 180 | 170 | 170 | 165 | 160

170 | 165 | 160 | 180 | 170 | 165 | 160 | 170 | 165 | 160

Hait6inpIie 3aHEITOKOEHHSI BUKJIMKAE TOTMa-
TU3M TEOPETUIHUX OCHOB €BPOIIENUCHKUX (SIK 1 BiT-
YU3HSIHUX) CTAHIAPTIB Ha I[eMeHT i 6eToH i3 dop-
MaJIbBHUM BHUKOPUCTAHHSM 0e3 BiAIIOBITHUX 0OMe-
’K€Hb BIIOMOT0 MaTeMaTUYHOIO anapary. B ocHoBy
BCIX po3paxyHKiB 6e3 00yMOBJIEHUX BUHSTKIB I10-
KJIaJileHa HayKOBa TiloTe3a BUIAJKOBOCTI BHOOPKH
Ta 3aKOHY HOPMAJIBHOTO PO3IOAUIY BIaCTUBOCTEN
neMeHTIB 1 6eToHiB. Hisikoro cymMHIiBy y mepeBak-
HIfl KUIBKOCTI BUIIAQAKIB PO3IOALLY BJIaCTUBOCTEN
32 HOpMaJIbHUM 3aKOHOM HEMae, a BIPOTiIHICTB Bif-
XWIeHHS BiJl HhOTO MaJIOIMOBIpHa. AJle 11e rinoresa,
XO04a Il HAyKOBa, 1 He 3aBXKIY BIATIOBIIA€ IPAKTHUIIL.
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The greatest concern is the dogmatism of theo-
retical foundations of European (and our) stan-
dards for cement and concrete with a formal use of
the known body of mathematics without appro-
priate restrictions. All calculations without condi-
tional exceptions are based on scientific hypothesis
of sample randomness and the law of normal
distribution of properties of cement and concrete.
Most cases of distribution of properties according to
the normal distribution law are not questioned, and
deviations from this law are unlikely. But this is still
a hypothesis, albeit scientific, and not always true
when applied in practice.
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Man. 1. Po3nogin BnactnBocTel LLleMeHTIB (260 6eToHIB)
3a HopMaUslbHUM 3aKOHOM (Kpusa [Maycca)

Mo>kHa HaBeCTH AECATKHU NPUKIALIB, KOJIU B
YMOBaxX BUPOOHHIITBA BJIACTHBOCTI BUCOKOSIKICHOI
NpOAYKIIl He MIANOPSIKOBYIOTbCS 3aKOHY HOP-
MajpHOTO posnoxiny. [Ilo pobutn y Takux BUIAmI-
Kax — IUIAIITOBYBATH BUPOOHHIITBO IO Teope-
TUYHOI KPUBOiI YU, HAaBIIaKu, OOYMOBUTHU y CTaH-
OapTi HeBHI eKcIlecH Ta BinxuieHHs! O4eBUIHO
Ipyre HalOUIBII peanbHe 1 BiAmoBimae morpebam
MPAaKTUKU. 3 ypaxyBaHHSAM IIbOTO 3ayBak€HHs, Ha
Halll IOIJIS/l, ITOKAa3HUKUA TapaHTOBAHOTO Ceper-
HBOTO BJIACTUBOCTI HEOOXI/THO MOTIOBHUTH IIOKa3-
HUKaMU OpaKyBaJIbHOTO MiHIMyMYy Ta KoedilieHTa
Bapiarii. Xo4a Bce Iie 30BCIM He BUKJIIOYAE Mapa-
IOUTMY KJIACiB IIeMEHTIB 1 € TOHIB Ta CTUMYJTIOIOTHIT
e eKT IMiTBUIIEHHS CTaOLTPHOCTI BIACTHBOCTEH Ma-
TepiaiiB. PosristHeMo 1o mpo6iemy eTaibHiIIe.

Hopmansnauit (I'ayccoBuit) posnoain Biporin-
HOCTeH BJIACTUBOCTEN Marepiajlly BHUIIAJIKOBOTO
3Ha4YeHHS fCi IJIs1 IPAKTUIHOTO KOPUCTYBAHHSI BU3-
HAYAETHCS, SIK Bimomo (puc. 1), 3amexHicrio™:

1 fe el
f(fei) ——e® * . (1)
V2
ne f(fci) — opauHaTta (BipOrifHICTD); fci — OMUHUY-
HUI [TOKa3HUK Y MeKax BUOOPKH; fc— cepefiHE 3HA-
YeHHSI BUOOPKH; s — cepeqHE KBApaTUYHE BiIXM-
JIEHHSI TIOKa3HUKIB BUOOpKY; = 3,14, e = 2,72.

=

Fig. 1. Distribution of the cement (or concrete)
properties acc. to the normal law (Gaussian curve)

There are dozens of examples of properties of
high quality products not complying with normal
distribution law in production. How to deal with
such cases: to adjust production to the theoretical
curve, or, on the contrary, to include certain
excesses and deviations in the standard? We believe
that the latter is more practical solution that is
appropriate to the production needs. In consi-
deration of the foregoing, in our opinion, indicators
of guaranteed process average quality should be
supplemented by indicators of rejected minimum
and variation coefficient. However, all this does
not preclude frameworks of cement and concrete
grades and stimulating effect of increase stability
of material properties. Let’s consider this issue in
more detail.

As it is known, the normal (Gaussian)
distribution of probabilities of random material
properties fci for practical use is determined (Fig. 1)
by the following dependence®*:

1 fei fe :
f(fei) ——e® * (1)
V2
where f(fci) is an ordinate (probability); fci is a
single value within the sample; fc is an average of

the sample; s is a standard deviation of sample indi-
cators; =3,14,e=2,72.

3 BaxeHos t0.M., BozHeceHckuit B.A. TlepcneKTvBbl MPUMEHEHNS MaTeEMAaTUYEeCK/X METOA0B B TEXHOOMMU CEOPHOTO ene3o6eToHa. — M.

«CTpoiinzpar», 1974. - 192 c.

Yu. Bazhenov, V. Voznesensky. Prospects of application of mathematical methods in precast reinforced concrete technology. Moscow,

Stroyizdat, 1974, 192 pages.

4  @anHep M.LLI. BBeaeHvie B MaTeMaTUYECKOE MOAENPOBaHNE TEXHO/OM N 6eToHa. — J1bBiB.: «CBiT», 1993. — 243 c.
M. Fayner. Introduction to the mathematical modeling of concrete technology, Lviv, Svit, 1993, 243 pages.
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dopma KpuBOi (KPYyTiCTh, ITOJIOTICTH) Ta 1 PO3-
TAITyBaHHS BH3HAYAIOTHCSI CEPENHBOIO BETHMIH-
HOIO (y LEHTpI po3Imoaity) — fc Ta cepelHbOKBAI-
PaTUYHUM BIiIXUJIEHHSM (S), sIKe 3HAaXOIATHh 3a
dbopmysoro (2)

Iie 1 — KUTbKICTh 3HAYeHb Y BUOIPIII.

Posmax xonmBaHb, a BiJHOBITHO BJIACTUBOC-
Tel, € MOKAa3HUKOM cTadiabHOCTi. Bennuynua ce-
PeIHbOKBAIPATUIHOTO BIIXUJIEHHS BKJIATAETHCS
3ne6uTbIIIoro y Mexax fc  3s, aje myske 9acTo 10Xo0-
muth 100 0,3 %. s BUpoOHHUKA [IEMEHTY Iie, 3BH-
4JaiHO, OpiOHMIS 1 HISK He BIUIMBA€E Ha OIIHKY
SIKOCTI B’SDKY9O0T0, aJ)Ke Ha 1 MUIBIIOH TOHH BHPOO6-
JIGHOTO ILIEMEHTY Iie BCbOro 3 TuC. TOHH. [y cro-
)KUBada X — 11e 7—10 Tc. M° 6eTOHY KOHCTPYKIIift
MOCTOBUX OaJIOK, [T, cToAKIB JIEIT, mimas To1mo.
I KOXeH 3 OOUMHWYHUX 3HAYEeHb IIMX [TOKA3HUKIB
CBOTO pOAY IIa CYKYITHICTH IJISI CHOJKMBada Iie-
MEHTY, SIKHI 32 YMOB HEHAJIE)KHOTO BXITHOTO KOHT-
POJIIO BUIYCTUTHh OpaKOBaHy IPOAYKIIiIO. AHAJIO-
rivHa cutyanis i 3 6etoHoM. Buxomuts, mo dop-
MaJIbHEe 3aCTOCYBaHHSA TEOPETUYHOI KPUBOi He 30B-
ciM BigmoBifnae nmorpebam Ha mpakrtuii. Came ToMy
IIPOIIOHYETHCS POMMUCATH Y HOPMaX Ha IIEMEHT 1
6eTOH IPOCTY i MPO30Py IPOLEAYPY peKIaMaliii 3a
6paKyBaJbHUM MIHIMyMOM BIacTUBOCTI y 90-95 %
rapaHTOBAHOTO CepeHbOro abo y mepepaxyHKy Ha
BIIIOBIAHUN Ki1ac. BuMarae yTouHeHHs, Ha Halll
HIOJISAN, 1 3HAYEHHS f-KpHUTepiio, ToOTO Koedimi-
€HTa 3a0e3MmeyeHHsT IPU OTHOCTOPOHHIN OIIHIN —
t=1,96 4u 1,64 9K npu po3paxyHKy KOHCTPYKIIiH.

Y HOpMax Ha IIeMeHT i 6eTOH, Ha Hallle IIepeKo-
HaHHS, Manu 6 OyTy nepen6adeHi i MaJOBIpOTi/HI,
ajie peaJIbHO MOXIJIMBI BUIIAJKHU BiIXWUJIEHHS BJIac-
TUBOCTEN BiJ KPHUBOI HOPMAJIBHOTO PO3IOALIY.
Taxi MO>KJTUBI peasibHi BUITAKH ITi]] 9aC BUPOOHMUII-
TBa I[eMEHTIB 1 0€TOHIB HaBe/IeHi Ha PUCYHKY 2.

OnuH 13 BUIAAKIB MOXJIMBUI, HaNpPUKIAL,
IPHU HITYIHOMY OOMEKeHHI MOTY)KHOCTI MJIMHA Y
pa3i BUXOJy LIEeMeHTY MiBUIIEHOI AUCIEePCHOCTI,
IPYTUil — IPU He3HAYHHUX 1epe6osiX y poOOTi BUIa-
JIIOBaJIbHOI ITeYi.

He 3aitBuM, Ha Hamn noriisn, Oyio 6 mepen6a-
aut y EN197-1, EN196-1 ta EN206-1 meTonuku
HMPUCKOPEHOI OIIIHKU MIITHOCTI IIeMEeHTIB 1 6e TOHIB.
An>)ke TPOTHO30BaHI 3HAaY€HHS IUX IIOKa3HUKIB
BKa3yIOThCs Y cepTudikaTax sIKOCTi 10 BUTPOOOBY-
BAaHHS MaTepialiB Y IPOEKTHOMY BIIIi.
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The shape of the curve (slope, flatness) and
its location are determined by the average value
(in the centre of distribution) fc and standard
deviation (s), which is calculated by the formula (2)

where 7 is the number of values in the sample.

Range of fluctuations and, therefore, of the
properties is a measure of stability. For the most
part (but not always), mean square deviation value
is within fc = 3s. However, the values beyond «the
most part» often reach up to 0,3 %. For cement
producer, it is, of course, a negligible value and does
not affect the binder quality evaluation (yet it is also
sometimes hidden) because it just makes 3,000 tons
of produced cement out of one million. For consu-
mers, however, it is 7-10 t. m’ of concrete structures
of bridge beams, plates, power line risers, cross-
sleepers, etc. And each of single values of these para-
meters is a whole set of a sort for cement consumer
that may manufacture defective products under
conditions of undue receipt control. The situation is
similar for concrete as well. It turns out that the
formal application of the theoretical curve does not
meet the practical needs in full. That is why it is
proposed to amend standards for cement and conc-
rete with a simple and transparent detailed proce-
dure for claim of replacement based on the
defective minimum for properties at the rate of
90-95 % of guaranteed average, or in terms of the
relevant class. In our view, the value of t-test, i.e.
assurance factor for single-ended estimates, should
be clarified: either = 1,96 or 1,64 as in calculations
of structures.

In our opinion, standards for cement and conc-
rete should take into account unlikely, but practi-
cally possible cases of deviations of properties from
the normal distribution curve. Fig. 2 shows such cases
possible in the production of cement and concrete.

One of the cases is possible, for example, when
artificially restricting mill capacity in case of in-
creased dispersion cement output. Second case is
possible if kilns experience minor failures.

We believe that it would be expedient to amend
EN197-1, EN196-1 and EN206-1 with a procedure
for fast evaluation of cements and concrete
strength. After all, predicted values of these para-
meters are specified in the certificates of quality for
test materials in the design age.
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MiLHiCTb cTaHAApPTHUX 3pas3kKiB

Puc. 2. MoxknuBi BapiaHTu rictorpam po3nogisly MilHOCTI
LemMeHTIiB (abo 6eTOHiIB)

SKm10 camMa KOHIENIiA KJIACiB y IIIJIOMY BH-
pinrye nmpo6seMy rapaHTii OFHOPiTHOCTI IleMeHTiB i
0eTOHiB, MPUMYLIIyI0YH BUPOOHUKA IiTBHIIyBaTH
CepeIHIO MilIHiCTh (a, BifmmoBigHo, i BUTpaTH) y pasi
HeCcTa0lIbHOCTI BJIaCTUBOCTEM, TO TAKUIA, HE MEHIII
Ba)K/IMBMII TTOKa3HUK SIK HOpPMaJIbHA I'yCTHHA Iie-
MEHTHOTO TiCTa 3aJIMIIAETHCSA 11032 YBAroxo sAK BH-
po6HuKa, Tak i cnoxuBaya. He 3aiiBum 6yno 6 i
BKJIIOUEHHS O IIepelliKy meMeHTy Kiaacy CEM22,5
11 HU3BKOMIITHUX OeTOHIB ((dyHIaMeHTH, MiAro-
TOBKa IIiJI Ti/IJIOTY 1 HOPO’KHE TTOKPUTTS TOIIIO).

Ha >xanp, HemocTaTHil 0OCSAT eKCIIepUMeH-
TAJBbHUX JOCIII)KeHb He I03BOJISIE aBTOPY IIPOIIO-
HYBAaTHU iX SIK IOKa3HUKH [JIs CTAaHAAPTIB. AJe sIK
noTiepe/iHi 3HaYeHHSI BOHU MOXKYTbh Oy TH IiKaBUMU
(Tabm. 2).

1 LeMeHTIB, 110 BUKOPHUCTOBYIOTbCS IJIS
TPAaHCHOPTHUX CHOPY, Ta KOHCTPYKIIiH, IPU MIPO-
eKTYBaHHI SIKMX 3aCTOCOBYETBHCS PO3PAXyHKOBHI
MOKa3HUK MIITHOCTi 6€TOHY Ha PO3TT, aBTOP PEKO-
MeH/lyBaB OM perIaMeHTYyBaTH 1 IMOKa3HUK Mill-
HOCTI IIeMeHTY Ha pO3TAr IPU 3TUHI, HAIPUKIIAL,
mis neMenty CEM32,5 npu HOpMasbHINA T'yCTHHI
IeMeHTHOTO TicTa mo 26 % — He Mmenine 5,1 MIla,
42,5 —5,8 MITa, 52,5 — 6,4 MITa.

NMpomucnose 6yAiBHALTBO Ta iHXeHepHi cnopyau, 2015, Ne 4

Strength of standard samples

Fig. 2. Possible histograms of cement (concrete)
strength distribution

While the concept of grades itself generally
solves the problem of guaranteeing cement and
concrete uniformity by forcing the manufacturer
to increase the average strength (and, accor-
dingly, the costs) in case of instability of pro-
perties, equally important indicator of normal
paste density is ignored by both producers and
consumers. It would also be reasonable to address
the problem of cements for low-durability conc-
retes (foundations, pre-processing for flooring and
the road surfaces, etc.) by inclusion of CEM22.5
grade cement in the list.

Unfortunately, insufficient volume of experi-
mental studies does not allow the author to offer
them as indicators for standards. However, they
may be of interest as preliminary values (Table 2).

For cement used for transport infrastructure
facilities and structures, the design of which involve
estimated indicator of tensile strength of concrete,
the author would recommend to specity values for
bending tensile strength indicator of cement as well,
for example, the value of CEM 32.5 cement with
standard density of the paste of 26 % should be at
least 5,1 MPa, for 42,5 5,8 MPa, for 52,5 6,4 MPa.
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Tabnuusa 2. PekoMmeHA0BaHWI OPIEHTOBHUI B3aEMO3B’A30K rapaHTOBaHUX MOKAa3HWUKIB SIKOCTi LLleMeHTIiB 3a EN197-1

Table 2. Recommended preliminary relationship of guaranteed quality parameters of cements under EN197-1

MOKa3HWKY SKOCTI HopmasnbHa ryctnHa | CepefHsl MiLHICTb CTaHAapTHYX 3pa3kiB fc knacy uemeHTy, MMa
Quality indicators LeMEHTHOro TicTa, % | Average strength of standard samples of fc grade cements, MPa
Standard density
of cement paste, % EES 2E HEE A
CepefHsa MilHICTb, MIa, Npy KoegiLjieHTi 26 24 35 46 57
BapiaLji 5 % npv HOPMasIbHINA FYCTUHI 28 25 36 47 59
LleMeHTHoro TicTa, %
) _ 30 28 38 49 62

Average strength, MPa, with a variation
coefficient of 5 % at standard density 32 31 41 52 65
of paste, % 34 35 45 56 69

MpumiTka. Mpwu KoedilieHTi Bapiawji, Lo BiApi3SHAETLCA Bif 5 %, BUKOHYETLCS BiAMOBiAHNI NepepaxyHoK cepeHboi MilHOCTI fC .
Note. If the variation coefficient is different from 5 %, appropriate recalculation of the average strength fc should be performed.

Taxuit migXin 103BOJIMB O He TIIBKYU PO3IIIH-
puTH OOIPYHTOBaHI 00CSITH 3aCTOCYBaHHS I[eMeH-
TiB, OUIbII e(eKTUBHO BUKOPUCTOBYBATH IX MIill-
HICHI XapaKTepUCTUKH, a I EKOHOMIYHO CTUMYJIIO-
BaTU BUPOOHUKIB 10 3MEHIIIeHHS BOJOTIOTPeOH 11e-
MeHTIB (HaIpHKIal, 3aCTOCYBaHHSAM ILIACTU(IKY-
109UX 106aBOK). 3 iHIIIOI CTOPOHU, HECTAOUIHHICTD
BJIACTUBOCTEN LIEMEHTY Ta MiIBUIIIEHA 1OTO BOJO-
noTpe6a KOMITEHCYIOThCS OUIBII BUCOKUMU TTOKA3-
HUKaMH TapaHTOBAaHOI MIIHOCTI B spKydoro. [lis
CIIO)KUBAYIB IIEMEHTY, sIKi BUPOOJISIOTH 30ipHI KOH-
CTPYKIIii, Ta THX, XTO BUKOPUCTOBYE OETOHHI CyMiIIIi
B 3UMOBHX YMOBaX, BYKJINBUM ITOKa3HUKOM SIKOCTI €
MIIHICTh IIeMEHTY IIpY IIPONapIoBaHHI. Y TOJaTKax
IIpoeKTy HalioHaabHOI pepakuii EN197-1 nHaBo-
IUTHCS KIacuQiKaIlisi [eMeHTIB 3a MIIHICTIO TIPU
IIpONAapIOBaHHI, ajle BKa3aHI B HINl NOKa3HUKU He
OOI'PYHTOBaHI eKCIIEPUMEHTAJIFHO 1 He IOB’sI3aHi 3i
CTaTUCTUYHUMU MOKa3HIUKAMU MIITHOCTI IIEMEHTY.

Hapermri, cmokuBaya LIeMeHTY IiKaBJIAThb
He CTIJIbKHM HOT0 KJIAC, CKIIBKM TaKi MOKa3HUKH
oTpuMaHOI mapTii (a Mo)Ke i MaIlIUHM), SIK BUI,
pevoBHI1 CKJIA[, cepelHs MiIIHiCTh, HOPMaJIbHa
I'YyCTHHa 1IeMEHTHOIO TiCTa, TeIJIOBHU/iTeHHs
(B OKpeMHX BHITagKax), KOpo3iifHa CTiliKicTh Ta
MOPO30CTIilKiCTh, KoeillieHT Bapialrii.

[lomo BKIIOYEHHS IO €BPOIEMCHKUX HOPM Ha
neMmeHT EN197-1 moka3HUKIB MOpPO30- Ta KOPO3iii-
HOI CTIMKOCTI, TO, Ha HAIII IIOTJISI/I, TEXHIYHUX IIepe-
KO/l TYT HEMAE, aji’kKe € Po3pobiieHa Ta IIUPOKO
BUIIPOOOBaHA METOMINKA, SIKY Tpeba TiIIbKHU TOTIOB-
HUTH eKCIIEPUMEHTAIBHUMHU IAHUMU IIOJ0 IIeMEH-
TiB, BunpoOysauux 3a EN196-1 npu B/I] = 0,5. Ha
Ii/ICTaBi HETOBHUX €KCIIEPUMEHTAIBHIX JTAHUX BUTI-
poboByBaHb 3paskiB, BurotosneHux 3a EN196-1,
aBTOp MO’Ke HaJaTU TUIBKU IOIepe/iHi 1aHi BUMOT
10 MOPO30CTIAKOCTI (Tabi. 3) Ta KOPO3INHOI CTili-
KocTi (Tabi. 4) 1eMeHTIB.
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Such an approach would not only expand the
reasonable scopes of cement applications, and allow
using their strength characteristics more efficiently,
but also economically stimulate producers to reduce
water requirement for cements (e.g. the use of
plasticizing additives). On the other hand, the insta-
bility of the properties of cement and its high water
requirement is offset by higher values of guaranteed
strength of the binder. Strength of cement during
steam curing is an important quality indicator for
cement consumers — manufacturers of prefabricated
structures and those using concrete mixtures in cold
season. Appendices to the Ukrainian edition of
EN197-1 include a classification of cements accor-
ding to the strength during steam curing, but values
there are not proven experimentally, nor are they
related to the statistical values of the cement
strength.

At the end of the day, consumers are
interested not so much in the cement grade,
rather than such values for a purchased lot (or a
truck) as the type, material composition, average
strength, standard density of the cement paste,
heat emission (in some cases), corrosion and frost
resistance, and variation coefficient.

Regarding the inclusion of indicators of frost
and corrosion resistance in European standards for
cement EN197-1, we believe that there are no
technical obstacles to that, as there is a developed
and extensively proven method, which should only
be complemented with the experimental data on the
cement tested under EN196-1 at W/C=0.5. Based
on incomplete experimental data of testing samples
produced under EN196-1, the author can only
provide preliminary data for requirements for
frost (Table 3) and corrosion resistance (Table 4)
of cements.
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Tabnvua 3. NMonepegHi OpiEHTOBHI pekoMeHaauii Lo40 BUMOT [0 MOPO30CTINKOCTI LueMeHTiB 3a EN197-1
Table 3. Preliminary tentative recommendations on the requirements for frost resistance of cement under EN197-1

PeKoMeH0BaHa MapKa LIEMEHTY KinbKicTe UMKniB

3a MOPO3O0CTiliKicTto, F,

NaCl, He meHLwe
Recommended brand of cement

BUMPOOYBaHHA Yy 5 % po34nHi

MOTeHLUiHI MOX/IMBOCTI 419 OTPMMaHHA MOPO30CTiliKOro
6eToHy, unkn, F,
Potential for frost-resistant concrete production, cycles, F,

acc. to frost resistance, F, Numl’)\le;é)lfst;a';i(c))l/qclgs"ln SR 3BuyariHoro Jl0pPO>KHBLOTO
' ' Standard Pavement
50 10 50-75 -
100 25 100 -
150 50 150 -200 100
200 75 300 150
300 100 500 200

MpuMiTKa. 3HWXEHHA MILHOCTI 3pa3KiB MiC/A NOBHOIO LKy BUNPo60oByBaHb He binblue 10 % Ta Macu — He 6inbLue 5 %.
Note. Reduction in strength after a full cycle of samples testing of no more than 10 % and reduction in weight of no more than 5 %.

Tabnvua 4. NMonepeaHi OPIEHTOBHI pekoMeHaau,ii LoA40 BUMOT 0 KOPO3iiHOI CTIMKOCTI LeMeHTiB 3a EN197-1
Table 4. Preliminary tentative recommendations on the requirements for cement corrosion resistance under EN197-1

Mapka LieMeHTy 3a KOPO3iiHO Moka3HWK cynbgaToCTINKOCTI A/15 3pa3kKiB, NpUroToBieHnx 3a EN196-1 npy BUNpo6yBaHHAX
CTiliKicTiO y 10 % po3unHi Na,SO, , yepes fi6
Brand of cement acc. to frost Sulfate resistance coefficient for samples prepared under EN196-1 when tested
resistance in a 10 % solution of Na,SO,, in days
60 90 180
ni 1 0,75 -
n2 1 09 0,8
n3 1 1 0,75

Ta KHYBA (4.7.H., npoc. PyHoBa P.®.).

MpumiTKa. EKcnepumeHTasbHi gocnifxeHHs gybntosanvck npy B/L, = 0,4 3a TOCT 310.4 y XTYBA (4,T.H., npody. YepHABCbKWiA J1.1.)

Note. Experimental research were duplicated at W/C = 0,4 under FOCT 310.4 in Kharkiv National University of Construction and
Architecture (prof. L. Cherniavsky, D.Eng.Sc.) and Kyiv National University of Construction and Architecture (prof. R. Runova, D.Eng.Sc.).

[Mlnpoxa HOMeHKIaTypa (27 BUAIB), mpependa-
yena EN197.1, — mosutuBHu# GHaKTOp CTaHAAPTY.
A sxmio BpaxyBaTH poOOTy Ile Haj CiIMOMa, TO
MOYKHA BBa)KaTH, 1110 €BPOIIENCbKI HOPMHU OXOILTIO-
IOTh IIPAKTUYHO MaiKe BCl MacOBI BU/IM LIeMEHTIB,
AK1 BUITyCKalOThCA B €Bpomi. Ajie He BCi, 1 Ile Bif-
KpUBa€ MOKJIMBOCTI IS TOJAJIBIIIOTO JOTIOBHEHHS
Ta yjockoHaseHHs. KpiMm Toro, Hopmamu nepen6a-
YEeHUI CYTTEBUI pecypco30epiraloyuil MoTeHIial,
AKUN IIOJIATA€ Y IIUPOKIA HOMEHKJIATYpPl KOMIIO-
3UIIHUX [[EMEHTIB i3 BMICTOM MiHepaJIbHUX 100a-
BOK 1 HAaIIOBHIOBAYIB /10 95 %. 3BUYatHO XX, BUPOO-
HUKHU II€MEHTY CKOPHUCTAIOTbCS TAKUM PE3ePBOM
3MEHIIIeHHS KIIHKepHOi CKJIafloBOI, TUM OuIbIIe,
III0 BUCOKa e(PeKTUBHICTh CeNapaTOPHUX MIIMHIB
II03BOJISIE I1e 3pO0OUTH, 3a0e3MedyI0un BUCOKY TOH-
KICTh IIOMeJIy Ta MIIHICTb B SDKY90ro. Ajie TyT BH-
HUKAIOTh Ba NUTaHHs. [lepie, sax OyTu 3 migBu-
II€HOI0 HOPMAaJbHOIO I'YCTUHOIO IIEMEHTHOTO TicC-
Ta, MEXI SIKOi CTAaHIApTOM HE perjaMeHTYIOTbCs,
Ta BUKOPUCTAaHHSAM TaKUX IIeMEHTIB Y apMOBaHUX
KOHCTPYKIIiAX. AJ)Ke JIy)KHE CepeloBUIIle y TiIi
OeToHYy 3a0e3IedyeThbcsi B OCHOBHOMY CaMe IIpO-
OYKTaMH TifpaTarii KJIIHKePHOI CKJIaJOBOi, 1 3MeH-
1ieHHs ii HaBiTh M0 150 Kr/mM° GeTOHY 3HWKyE 3a-
XHUCHI BJIaCTUBOCTI apMaTypu. Came TOMY, Ha Halll
HOTJISA], BIPOBAIKEHHS €EBPOIENCbKUX HOPM Ma€
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A wide range of cements (27 types) specified by
EN197.1 is a benefit of the standard. And consi-
dering that the work is in progress regarding seven
more, we can assume that European standards cover
almost all types of cements mass-produced in
Europe. Almost, but not all, which opens oppor-
tunities for further additions and improvements.
On the upside, the standards provide a significant
sustainable potential that lies in a wide range of
composite cements containing mineral additives
and fillers up to 95 %. Of course, the manufacturers
take advantage of this margin of clinker content
reduction, especially as the high efficiency of
separator mills allows it by providing high grinding
fineness and strength of the binder. But then two
issues arise. Firstly, what to do with high standard
density of the cement paste, the limits of which are
not specified in the standard, as well as with the use
of such cements for reinforced cement structures.
Given that alkaline environment in the concrete
body is provided mainly by resultants of clinker
component hydration, reducing it even to 150 kg/m’
of concrete threatens to reduce the protective
properties of the reinforcement. That is why, in our
view, European standards should be introduced
systematically, with simultaneous publication of
the document on the effective use of cements.
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6yTu 3abe3nedeHUM METOJUYHO, 3 OJHOYACHUM
BUIAHHSM TOKYMEHTA IION0 e(eKTUBHOTO 3aCTO-
CyBaHHS II€MEHTIB.

OxpeMe IUTaHHS — 3alIOBHIOBAYi i 0OaBKH.
TyT € cBO1 mpo6IIeMH, ITOB’sI3aHi 3 TPAHYIOMETPUI-
HUM CKJIaJIOM 33aII0BHIOBAa4iB Ta METOAUKOIO OLiH-
K1 e(peKTUBHOCTI TOOABOK.

3BUYaHO, BCl PO3IVIAHYTI HETOYHOCTI, IIO-
MUJIKH 1 IPOPaXyHKU He MOKYTb OyTH YCYHYTI He-
raifHo, a MPOMO3uIii — peasi3oBaHi y’Ke IIBUIKO.
AJle BUIIPaBUTU HETOYHOCTI B TEPMIHOJIOTI], perya-
MEHTYBaTU HOPMaJIbHY I'yCTHHY IIEMEHTHOTO TiCTa
Ta 1 3B’I30K 3 MIIIHICTIO IIeMEHTY, BCTAHOBUTH JiTKE
HOHSATTSI 6PaKyBaJbHOTO MIHIMYMY Ta TOIIOBHHUTH
BUMOIAaMU JI0 MIIJHOCTI LIEMEHTy IpU IpPOIapIo-
BaHHI MOKJIUBO IIPOTATOM 4—6 MicAliB. 3a e Ke
HepioJi CJIil BAKOHATU TUTAHIYHY POOOTY 3 IPOCy-
BAaHHS PO3IJIAHYTUX HOPM, BKJIIOYalOYU TeMAaTHUYHI
HaBYaHHS Ta BUJAHHS BIANOBIZHUX METOAUYHUX
noci6HuKiB. Po6oTa X, MOB’s13aHa 3 MOKa3HUKAMHU
MOpPO030- Ta KOPO3IMHOI CTIIKOCTI IIeMEHTIB, MOXe
OyTH BUKOHaHa pOTAroM 18-24 micsis.

BNCHOBKW

1. €BpormericbKi HOPMH Ha IIEMEHT i 0eTOH y
IIIIOMY HayKOBO OOTpPyHTOBaHI, MAalOTh IIeBHi IIepe-
Bary HaJ HAI[IOHAJBHUMU CTaHIAPTAMU, a X KOM-
IIeTeHTHEe BUKOPHUCTAHHS IapaHTY€e CYTTEBUI €KO-
HOMIYHUH eeKT BUPOOHHMKAM 1 CIIO)KMBAadaM Iie-
MEeHTIB Ta OeTOHIB.

2. BogHowuac, i HOpM# He BUKOHYIOTh (PYHKIIIi
miaJory MDK BHpPOOHHMKOM Ta CIOKHBAdeM, a,
CKOpillle, € MOHOJIOTaMU BHUPOOHUKIB, SIKI HE Y
BCHOMY IOCTYXaIOThCS JO BUMOT 1 MMOTPed CIOKU-
Ba4iB, 1110 YHEMOJKJIUBIIIOE, 03 BiIIOBITHOTO YTOY-
HeHHs1 (HallOHAJIBHUX IPUMITOK), iX IIMPOKe 3a-
CTOCYBaHHS y Oy/IiIBHUIITBI.

3. [17151 MacoBOTO BIPOBA/I)KEHHS Y Oy IiBHUIIT-
BO IIPOIIOHYETHCS IPOTATOM 4—6 MICAIIIB YTOYHUTH
OCHOBHI IIOHSITTSI, TEPMIHU T4 BU3HAYEHHS, pPeriia-
MEHTYBAaTH HOPMAJIbHY I'yCTUHY I]eMEHTHOTO TicTa
Ta ii 3B 130K 3 ITOKAa3HUKAMM MIITHOCTI IIeMEHTIB,
BCTAHOBUTH IIPO30Pi M MPOCTI MOKa3HUKU OpaKy-
BaJIbHOTO MIHIMYMY Ta JOCTeMEeHHI BUMOTH JI0 110~
Ka3HHUKIB MIITHOCTI [IeMEeHTIB IIpU MPOIaplOBaHHI,
YITKO IPOIUCATU IPOLEAYPY €KCIEePTHUX OI[IHOK
Ta pekJlaMaliil npoaykumii, a 3a 18-24 micami —
IIPOBECTH JOCTI/IKeHHS III0JJ0 BUMOT Ta METOINKH
BU3HAYEHHS ITOKAa3HUKIB MOPO3OCTIMKOCTI Ta KO-
PO31IHOI CTIKOCTI, @ TAKOX IPUCKOPEHOI OIL[IHKA
MIIIHOCTI IIeMeHTIB Ta OETOHIB.

44

A separate issue concerns fillers and additives.
There are some problems associated with particle
size distribution of the fillers and the method of
evaluating effectiveness of the additives.

In our opinion, not all of considered
inaccuracies, errors and failures require to be
eliminated immediately and proposals to be
implemented very quickly. However, 4-6 months
would be enough to correct inaccuracies in
terminology, specify standard density of the cement
paste and its relation to the cement strength, give a
clear definition of defective minimum, and add
requirements for cement strength during steam
curing. During the same period, it is likely that a
titanic work needs to be done to promote
considered standards for consumers, including
thematic trainings and publication of relevant
manuals. The work associated with indicators of
frost and corrosion resistance of cements can be
done in 18-24 months.

CONCLUSIONS

1. In general, European standards for cement
and concrete are scientifically based, have certain
advantages over national standards and their
competent use promises substantial economic
benefits for producers and consumers of cement
and concrete.

2. However, these rules do not facilitate pro-
ducer and consumer dialogue, but rather are
monologues of the producers that do not always
take into account the requirements and needs of
consumers, rendering their widespread use in
construction impossible without specifications
(national notes).

3. We suggest that their wide-scale implemen-
tation in construction industry should be accom-
panied by 4-6 months period to clarify the basic
concepts, terms, and definitions, specify standard
density of the paste and its relation to indicators of
cement strength, establish clear and simple indi-
cators of defective minimum and proper requi-
rements for indicators of cement strength during
steam curing, defined process of expert evaluation
and claims of replacement of products clearly. We
also suggest conducting a study on the requirements
and procedure of determination of frost and
corrosion resistance, as well as fast evaluation of
cement and concrete strength in 18-24 months.
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4. Illupoxe Ta edpeKTUBHE 3aCTOCYBAHHS €BPO-
IIeMIChKAX HOPM HeMO>KIUBe 6e3 BIJIIOBITHOTO Me-
TOAMYHOTO 3a0e3ledeHHs] Ta MacOBOTO Iiepe-
HABYAaHHS CIEIIaIiCTiB [[eMEHTHOTO Ta OETOHHOTO
BUPOOHUIITB, IPOEKTYBAIBHUKIB 3aJ1i300€TOHHUX
KOHCTPYKIIii, IPALiBHUKIB [ep)KaBHUX CIYKO
KOHTPOJIIO.

5. 3 ypaxyBaHHAM PO3IJISHYTHUX 3ayBa’keHb 1
IPOTIO3UIIIN, IIIMPOKE BIPOBA/I>KEHHST Y BUPOOHUII-
TBO €BPOIIEMCBKUX HOPM Ha I[eMEHT, 0eTOH Ta
3aJ1i300€TOHHI KOHCTPYKIIii BOA9a€ThCsI HAM TIepC-
NEeKTUBHUM Ta €KOHOMIYHO JOIIUIbHUM.

3 rpyaua 2015 p. y m. Kuesi nig erigoro acoyiayii

«Yupaincokmii Lentp Cranesoro bygiBHnyrea
Big6ynacs IV HayionanbHa KoHhbepeHyin

«IMEPCITEKTHBHI HATNIPSIMKH PO3BUTKY
rAny3i CTAJIEBOIro bYIBHUL TBA>

4. Widespread and effective application of
European standards is impossible without the
proper methodological support and massive
retraining of specialists in cement and concrete
industry, designers of concrete structures, workers
of state control services.

5. Taking into account all comments and
suggestions considered, we consider wide-scale
implementation of FEuropean standards in the
production of cement, concrete and reinforced
concrete structures as promising and economically
feasible.

Haoditwna 08.10.2015 p. ‘

TRCTBA

K BbIUTPATB?

Y po6oTi koHdepeHwii B3snu y4acTb 6ing 200 npeacTaBHuKIB
MPOBIQHUX HAYKOBMX i MPOEKTHWX OpraHisalin, nignpuemcTs
i3 BWrOTOBIIEHHA OYMiBENbHUX METaneBux KOHCTPYKLUIi,
CrevianioBaHNX MOHTaXHWX OpraHi3aliil, a TakoxX Mnocra-
4anbHIKIB Pi3HOMAHITHOI METANONPOAYKLUIT HA BITYN3HAHMIA
BYAIBENBHNNA PUHOK.

Maxisyi MivicTepcTBa EKOHOMIYHOTO PO3BUTKY i TOpriBni
Ykpainu, a Takox MiHperiony YkpaiHu npoiHdopMyBanu y4acHuKiB KOH(EPEeHLi oA ronoBHUX 3aX0AiB i3 AepXaBHOi
NIATPUMKI eKCNOPTY NPOAYKLIT BITYN3HSHIX BUPOBHUKIB METANEBMX KOHCTPYKLiV s 06'eKTiB ByQiBHALTBA.

Y nepeniky ronoBHUX Tem, Wo 6ynu Ha KoH(EepeHLii NpeaMeToM MpUCKINMMBOro Ta NpoQECiHOro 06roBOPeHHs, — MIACYMKM

nisnbHocTi rany3i metano6ynisHuuTea B 2019 poui Ta NepcnekTvBX Po3BUTKY Y HaNBRMKYOMY MaiByTHEOMY, pO3pPOBIEHHS
Ta BMPOBAKEHHS 3aXOAIB i3 OCBOEHHS HOBMX PUHKIB
ANS BITYM3HIHUX BUPOBHMKIB y EBponi Ta kpaiHax CHL,
BMPOBAZKEHHA EBPOMENCHKIX HOPM Ta CTaHAapTIB, nig-
BULLIEHHS 9KOCTi METanonpoayKLii, LU0 BATOTOBNAETLCS,
Ta NMOKPALLEHHS CUCTEMM MISrOTOBKY KaapiB.

KepiBHVKY NPOBIgHMX Ta YCILLHMX BITYA3HAHMX | 3aKop-
NOHHMX BYOiBENBHUX (hipm Ta NiQNPUEMCTB NOAIINANCA
i3 y4aCHMKaMK KOHepeHLil HabyTM [0CBiNOM E(EKTNB-
HOI eKCMNepTHOI QiNbHOCTI LWOM0 30iMbLUIEHHS 06CAriB Noc-
Ta4aHH$ CBOEI NPO/yKLil Ta NOCIYr Ha 3aKOPOOHHI PUHKN.

Y4acHuKN KoHepeHUii Manu MOXMWBICTb 03Halo-
MUTWCb i3 PO3p0o6Kamm, L0 CTanu MNepemMoXLuaMu
HaljioHanbHOro apXiTeKTypHOrO CTYAEHTCHKOMO KOHKYpCY
«STEEL FREEDOM 2015».
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Llosopabsaem ¢ 7 O-nemmem

EFOPOBA
EBI'EHNA APKAOBEBNYA

AOKTOpa TeEXHUYeCcKnx Hayk, npodeccopa,
3aBepyroLero kaegpom metanimvyeckunx,
LepeBAHHbIX M MN1acTMacCcoBbIX KOHCTPYKLMIA
MpnaHenpPoOBCKOM rocyapcTBEHHOW aKagemMum
CTpOUTEeNbCTBA N apXUTEKTYPbI,
yneHa pefaKuMOHHOW KOJINEernm >xypHana
«[MpomucnoBe 6yAiBHMLUTBO Ta iHXXEeHepHI cnopyam»

EBz2eHul Apkagbenu4 E2opoB 3akoH4un [JHenponempoBckul UH-
»KeHepHO-cmpoumerbHbIl UHcmumym. B 1980 2ogy ycnewHo 3awumuri
KaHgugamckyro guccepmauuto B MUHX u I'Ml um. 'y6kuHa (2. MockBa),
Komopas 6bifia NoCBsAW,EeHa uccrnegoBaHU0 BO3MOXKHOCMeU ucnosib3oBaHUs ynpy2o-naacmuyeckux csolicmn
cmanu B KOHCMPYKUUSX cmarsibHbIX pe3epByapoB.

C 1976 2oga paboman B go/bKHOCMU accucmeHma, a 3amemM goueHma Ha Kacphegpe memanau4eckux,
gepeBsHHbIX U NJlacmmMaccoBbiX KoHcmpykuul NMpugHenpoBckol 2o0cygapcmBeHHOU akageMmuu cmpou-
mesnbcmBa U apxumekmypbl. B nepuog 1982-1985 22. 6bin 3amecmumernieMm gekaHa ¢akysibmema me-
mannu4yeckux KoHcmpykuud.

FnaBHbIM Hay4HbIM HanpaBneHuem E.A. E2opoBa aBngiomcs BONPOCbl, CBFI3aHHbIE€ C HAgeXXHOCMbIO
CcmanbHbIX pe3epByapoB gnsa XpaHeHus Hecpmu u HechmenpogyKkmoB, a marK>Ke Hay4Ho-npakmu4eckue
pazpabomku no oueHKe Hage>KHoCmu cmpoumersibHbIX MemassloKkoHcCmpykuuid B uenom. lNMog e2o pyko-
BOGCMBOM BbINOJIHEH UebId psig NPOEKMOB HecmaHgapmHbIX CmaJibHbIX pe3epByapoB, CUusiocoB, pas-
JIUYHbIX 2PaXKgaHCKUX U NPOMbIWJ/IEHHbIX 3gaHul, aKmuBHO Begymcs pabombl ho mexHu4eckomy obcre-
goBaHUI0 cmpoumersibHbIX 3gaHul u coopy>keHul. B 1982 2ogy 3a pa3pabomky u BHegpeHue KOHCMpyKuuu
ycurnieHus cmarbHbIX pe3epByapoB EB2eHul ApkagbeBu4 HazpakgeH bpoH3oBol meganbto BAHX CCCP.

B 2004 2ogy 3awumusi goKmMopCKyro guccepmauutro Ha memy «KomMmnsiekcHbil aHanus u ynpasseHue
Hage>XHOCMbIO CmarbHbIX pe3epByapoB g/a XpaHeHus Hedpmu u HecobmenpogykmoB». B pesynbmame
MHO204uUc/nIeHHbIX HamypHbIX o6cregoBaHull cmarnbHbIX pe3epByapoB EBzeHuld ApKagbeBuY BbINOJIHUI
OUEHKY mexHU4eCcKo20 COCMOosiHUS pe3epByapHO20 hapKa YKpauHbl, BbiaBus 3aKoHoMepHocmu cgusu4yec-
KO20 U3HOCa yKa3saHHbIX KOHCMPYKUUl B npouecce 3KkcnJiyamauuu, hokasaJsi, Ymo UMeHHO 3Kcniyamauu-
OHHble (pakmopbl B 3Ha4YumersibHOU Mepe onpegesiarom KUuHemuky ¢u3u4ecko20 U3HOCa CmaJsibHbIX
pe3epByapoB. Ha ocHoBe UH>XeHEePHbIX OUEeHOK Hage>XHoCmu € y4emom 3KCnslyamauuoHHbIX chpakmopoB
goKasas BO3MO>XHOCMb NPOEKMUPOBAHUS CMasibHbIX pe3epByapoB € 3agaHHOU goJsi20Be4HOCMbIO.

C 2005 2o0ga u go Hacmosiu,e20 BpemeHu E.A. E2opoB 3aHUMaem go/mDKHoCmb 3aBegyrouw,e20 Kacpeg-
pol Memannu4eckux, gepeBsHHbIX U NjlacmmaccoBbiX KOHcmpykuud NMpugHenpoBckol 2o0cygapcmBeH-
Hol akagemuu cmpoumeJsibcmBa u apxumexkmypbl, B 2006 2ogy nony4un 3BaHue npocpeccopa. EB2eHul
ApKagbeBuY pykosogum Bcel y4ebHo-memogu4eckol pabomol Kadegpbl, aKmuBHO y4acmByem B pas-
pabomke y4e6HbIX hpo2pamMmmMm, y4e6HO-Memogu4vecKux KOMNIeKCoOB gucuunsiuH, YumaemMbiX Ha Kacpegpe,
a maioke Yyumaem JieKuuu, nposogum npakmu4eckue 3aHsmus, pykoBogum KypcoBbiM U guNnsIOMHbIM
npoekKmMupoBaHUeM, e)xe20gHO hog €20 PYKOBOgCMBOM YyChewHO 3awuw,aromecs Masucmepckue pabombl.

E.A. EcopoB umeem 6onee 150 ny6siukayud B pa3siudHbIX HayYHbIX U3gaHUsIX, NOCBAW,eHHbIX, NOMU-
MO cmpoumeJsibHOU memMamuKu, Bonpocam, CBI3aHHbIM € (puHaHCOBO-3KOHOMUYecKol gesmesibHOCMbIO
npegnpusmui YKpauHbl, Nnpo6/ieMHbIM BONPOCAaM meopuu omHocumesibHocmu u gp.

TpygoBas gesmenbHocmb E.A. E2opoBa ommevyeHa 3HaKamu «OMJIUMHUK y4e€6bi» U «3a aKmMuBHYIO
Hay4Hylo gesimesibHOCMb».

VickpeHHe >xenaem EBreHunio ApkabeBundy KPpenkoro 340p0Bbs,
HevicueprnaeMoii SHepPrn 1 ycnexoB BO BCEX Aeax.
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IOBINEUHI OATU l'E

%@%&MJM@M ¢ SO-nemmem

LHYJIbBMAHA
SMHOBUA AJIEKCAHOAPOBWYA

M3BECTHOrO creymanmncTta B o61actu
3KCNepuMeHTa/IbHbIX UCCrieA0BaHUi MeTa/l/INYEeCcKnNX
KOHCTPYKLMI, KaHAnaaTa TEXHUYECKMX HayK,
TEXHUYECKO/ITO ANPEKTOpa Kopnopauyum
«MpPOMCTaNIbKOHCTPYKLNSA»

3uHoBulu AnekcaHgpoBu4 LlynbmaH 3akoH4un [JHenponempoBcKuli uHCmumym >esfie3Hogo-
po>kHOo20 mpaHcnopma u B 1960 2ogy nocmynun Ha pabomy B uHCmumym «jHenpnpoekmcmarib-
KOHCMPYKuUUs», 2ge npowesl nymb om UH)XeHepa-KOHCMpPyYKmMopa go 251aBHo20 cheyuanucma.

B 1982 2ogy B JINMVDKTe 3awumust KaHgugamckyro guccepmauuio «JKchepumMeHmarnbHoe uccre-
goBaHue guHamu4eckux BEpmuKasibHbIX Cusl B 30He KOHMakma KoJieca u penbca». B 1986 2ogy 6bin
Ha3Ha4eH Ha4as/ibHUKOM €cO03gaHHO20 ho €20 uHuuuamuse Omgesia HamypHbIX uchbimaHul yHu-
KaJibHbIX 3gaHuli U cOopy>keHuUli 3mo20 uHcCMmumyma.

3a Bpemga pabombl 3uHoBUS AsiekcaHgPoOBU4a U NpU €20 HenocpegcmBEHHOM y4acmuu uHcmu-
mym npeBpamuJsicg B OgHy U3 Begyuw,ux op2aHusayuld Ha meppumopuu 6biwezo CCCP, 3aHUmaB-
wuxca BonpocamMmu HamypHbIX uccsiegoBaHuUll UHKEeHEPHbIX coOopYy>KeHUU.

C 1998 2oga u go Hacmosiw,e2o BpemeHu 3.A. LLlynbmaH gaBngemcas mexHu4eckuMm gupeKkKmopom
Kopnopauuu «[fpoMmcmanbKoHCMpyKuus» (2. lHenponempoBcK).

3uHoBUU AnekcaHgpPoOBUY U3BECMHbIU cneyuanucm B o6s1acmu 3KcnepuMeHmMasnbHbIX uccriego-
BaHul gedcmBumesibHoU pabombl Memanau4deckux KOHCMpPyKUuUld u HamypHbIX uchbimaHul 3gaHud
u coopy>keHul pa3fniu4Ho20 Ha3Ha4veHus. NMog e2zo pykoBogcmBom 6bisiu pazpabomaHbl U BHEGPEHbI
He umeBwUe paHee aHas020B MemMogbl U cpegcmBa usmepeHul, BbINOJIHEHblI MHO204UC/IEHHbIE
pabombi Ha gelicMBYOW,UX U BBOGQUMbIX B 3KCNJlyamauuto KOHCMPYKUUgax 6osibwenposiemHbIX BaH-
MOBbIX U BUCAYUX aBMOMOOGUSIbHbIX MOCMOB, MPYy60NPOBOgHbIX NepPexogoB, >Kesle3HOGOPOXKHbIX
nymenpoBogoB, aH2apoB, paguomesieBU3UOHHbIX 6aweH, aHMeHHO-MaYmoBbIX COOpPY>KeHul
pa3siu4HO20 Ha3Ha4YeHus, KOHCMpPYKuul nog myp6oazpez2ambl 3Hep2emu4eckux npegnpusmud,
cneyuasibHbIX KOHCMPYKUUl JOMEHHO20 KOoMNnJieKca Mema’sijlyp2u4ecko2o nhpou3BogcmBa
u gpy2ux o6bekmoB Ha meppumopuu YKpauHbl, Poccuu, JTamBuu, Y36ekucmaHa, TypkmeHUcmaHa
u gpy2ux cmpaH.

B pa3Hbie 2ogbl 3.A. LLlynbmaH 6b1n1 yneHom Komuccuu PAH no memogam u cpegcmBam usmepeHud.
Pe3synbmambl pabom 3uHoBusi AfleKcaHgpoBu4a ompa)keHbl B pa3gesiax HOpMamuBHbIX goOKy-
MEeHMOB U CNPaBOYHUKOB, Kacarow,uxcs ucnbimaHul U UHCMpyMeHmarnbHbIX uccregoBaHul meman-

Jlu4ecKux KOHCMpyKyuli, BO MHO204UC/EHHbIX Nnyb6sukayusx u goksagax Ha MeXgyHapogHbIX
KOHcepeHUUsX, a maioke B KHU2e «/IcnbimaHug U MOHUMOPUHZ UH)XXeHEPHbIX COOPY>KEHUU».

VickpeHHe >kenaem 3MHOBUIO AnlekcaHapoBUYYy
340POBbS N TBOPYECKOrO AO/TON1IeTUA
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