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Annomauyun: B cmamve paccmampusaromesi 60npocyl npumenenus 6emona 6
cmpoumenvcmee.  Bemon 6HOCUM CYUueCmeenHblll, eciu He peuarwuil, 6K1a0 6
co30anue MamepuaibHol 0OCHOBbL Cpedbl 0OUMAaHUsL co8pemenHol yusuiusayuu. bes
bemona mup 6Ovin 661 coeeputenno Opyeum. H3 ocenezobemona 603600amcs
NPOMbIWACHHBIE U JiCUIble  30aHUs, O00bEKmbl  COYKYIbmObIMa, — NIOMUHDYL,
9HepeemuiecKue KOMNIEKChl, meiebawHy u max oaee.

3a nocneonee osadyamunemue dicene3obemon u 6emon yeepeHHo pacuiupsem
obnacmu c60e20 NpuUMeHeHUs 8 CIPOUMeNbCHee, 8blMeCHss Opyaue CmpoumenbHble
mamepuanvl, npedcoe ce2o cmanvhou npokam. Ilocie o6pywenus eciedcmeue
nosicapa 30aHuil o CMAIbHBIM Kapkacom Bcemupnozo mopeosozo yenmpa ¢ Huio-
Hopxe, 6 Gonvuuncmee npoekmos 6bICOMHbIX 30aHUL CMATbHBIE KADKACH Oblau
3aMeHeHbl Ha Jicene300emonnble. JKenrezobemon HAMHO20 Jyuule COnpOMuUGIAencs
6030€liCmBUI0 02Hsl, ROCKONbKY €20 YOelbHas MeNnionpo8oOHOCb 8 COPOK pa3 HUDICE
AHANO2UYHO20 NOKA3amens y CmaJu.

Ilocmpoennvie  30anusi U coopysicenusi,  00vekmvl — UHPpacmpyKmypol
cocmasnaiom oonee 60% HakONIEHHO20 HAYUOHATLHO20 602aAMCMEa (UaU, KaK uHo20a
2o60psam — 0CHOGHbIX Gonoos) Poccuu. He menee 2/3 smux ¢gonoos cocmasnsirom
30aMus U COOpYACEHUs U3 GemoHa u dicene300emond, NoCmMpoeHHble 60 6MOpPOol
NON08UHE NPOULIOZ0 8eKd. B cmoumocmuom evipadicenuu s5mo comuu mpuiiuoHog8
pyoneu.Obvembl  npumenenusi Oemona u oJicene3obemona bonee ueMm  8080e
npegvlutaen 00beMbl NPUMEHEHUS. 6CeX OCHMAIbHBIX CMPOUMETbHbIX MAMEPUATLO8
emecme 635MblX.

Ilpobremuvl danvhetiweeo pazsumus 6emona u KHc/bemona 6aAI0MmMcs NPeoMemom

niizhb@cstroy.ru WUPOKO20 UHMEPHAYUOHATLHO20 cOmpyOHUYecmaa. B mupe cozoanvi u 3¢ghexmuero
pabomaiom yenvlii psaod  opeanusayuil, maxux xax Meocoynapoonas ¢edepayus no oicenezobemony (FIB),
Eeponetickan accoyuayusi no bemonnuvim oopoecam (EUPAVE), Esponeiickas accoyuayusi no 20mogvlM OemoHHbIM
emecam (ERMCO), Amepuranckutl uncmumym 6emona (QuCuAil), KoaeKkmugHbiM YIeHOM KOMOPO2O A6Iemcst Haul
uncmumym, Eeponeiickas ghedepayusi no coopromy sicenezobemony (BIBM) u mrozue opyeue.

Hanvnetiwee paseumue cmpoumenvroti ompaciu Poccuu ne6o3modcno npedcmagums 6e3 dicenesobemona u,
bonee mMozo, KA4ecmeo 9MO20 PAa3eUumus, Hanpumep, obecnedeHue poCCUlCKO20 HACENEHUs HCUNbEM, CO30aHUe
0e30nacHoll cpedbl OOUMANHUA 68 HAUWUX 20POOAX, 6 3HAYUMENbHOU Mepe 3A6UCUM Om PA3GUMUsT NPoU3800Cmed
OCHOBHO20 CMPOUMENbHO20 MAMEPUATA COBPEMEHHOCMU — JICeNe300emOoHA.

Knrwouesvie cnosa: bemon, scene306emoHn, npumenenue, cmpoumenbCmeo.

Summary: The article discusses the application of concrete in construction Concrete makes a significant, if not
decisive, contribution to the creation of the material basis of the habitat of modern civilization. Without concrete
world would be completely different. Of reinforced concrete built industrial and residential buildings, community
facilities, dams, powersystems, towerand so on. For the last two decades reinforced concrete, is broadening the scope
of its application in construction, displacing other construction materials, primarily steel. After the collapse due to
fire buildings with a steel skeleton of the world trade center in new York, in most projects, high-rise buildings steel
frames were replaced with reinforced concrete. Concrete is much better resists the effects of fire, since its thermal
conductivity forty times lower than that of steel. Constructed buildings and facilities, infrastructure facilities
constitute more than 60% of the accumulated national wealth (or, as is sometimes said — fixed assets) of Russia. At
least 2/3 of these funds are buildings made of concrete and reinforced concrete, built in the second half of the last
century. In value terms, it is hundreds of trillions of rubles.

The amount of concrete and reinforced concrete is more than double the amount of all other building materials
combined. Problems of the further development of concrete and reinforced concrete are the subject of wide
international cooperation. The world has been confirmed by a number of organisations such as the international
Federation for structural concrete (FIB), the European Association for concrete roads(EUPAVE), the European
Association for the finished concrete mixtures (ERMCO), American concrete Institute (Asia), a collective member of
which is our Institute, the European Federation for precast reinforced concrete (BIBM) and many others.

Further development of the construction industry in Russia is impossible without concrete and, moreover, the
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quality of this development, for example, the Russian housing, creating a safe environment in our cities, largely
depends on the development of the production of basic building materials of our time — concrete.
Key words: Concrete, structures, application, construction.

Xilasa: Mogalodo  insaatda betonun istifadasi  masalaloring  baxilr. Beton miiasir — sivilizasiyanin
Maskunlagma miihitinin maddi aSasimin formalagmasina  yaradilmasina holledici olmasa da, ahamiyyatli tohfs
verir. Betonsuz dinya tamamilo basqa ciir olardi. Damir-betondan sanaye vo yasayis binalari, sosial-maisat
obyektlari, bandlar, enerji komplekslori, teleqiillalaor va s. obyektlor tikilir.

Son 20 ilda damir-beton va beton tikintido 6z istifadaetma sahasini inamla genisiandirmaklo digor insaat
materiallarin, ilk ndvbads polad prokatt sixisduib aradan ¢ixarir. Nyu-York Dinya ticarat moarkazinin polad
karkasli  binasimin yangin naticasinda dagilmasindan sonra ¢oxsayda hindlrmortabali  binalarin layihalorinda
polad karkaslar damir-betonlara dayisdirildi. Damir-betonun yangina tosir migavimati yiliksakdir, amma, onun
xususi istilikkecirmasi poladin analoji gostaricisindan 40 dafo kigikdir.

Insa edilmis bina va qurgular, infrastruktur obyektlori Rusiyamn milli sarvatinin (hardon deyildiyi kimi
asas fondlarin) 60 %-ni toskil edir. Kegcon asrin ikinci yarisinda tikinlmis beton Vo damir-beton bina va
qurgular bu fondlarin 2/3-don az olmayan hissasini  togkil edir. Beton va damir-betonun istifads olunma
hacmi digor istifads olunan insaat materiallarimin cami hacmindan iki dafadan coxdur.

Beton vo domir-betonun golacok inkisaf problemlari genis beynolxalq amokdasliy mdvzusudur. Bu saha
Uzra diinyada bir swa toskilatlar yaradilib va Ssamorali islayirlor: Damir-beton Uzro beynalxalg Federasiya
(FIB), hazur beton yollar Uzro Avropa Assosiyasiyasi  (EUPAVE), hazir beton qarisiglart iizro Avropa
Assosiyasiyasi (ERMCQO), NIIJB-in kollektiv zvii oldugu Amerikanin beton Institutu (Eysidy), yigma domir-
beton lizro Avropa Federasiyasi (BIBM) va .

Rusiyanin insaat sahasinin bundan sonraki inkisafini domir-betonsuz tasavvir etmok mimkin deyil va bu
inkisafin keyfiyyati asason, miasr dovrimizin asas insaat materiali olan domir-beton istehsalimin inkisafindan
asthdir.: masalon, Rusiya ahalisinin yasayis eviari ilo tomin olunmasi, saharlorimizda tohlikasiz maskuniasma
miihitinin yaradilmasi va S.

Acar sozlar: Beton, damir-beton, tadbig, tikinti.

beToH BHOCHUT CyIIIECTBEHHBIM, €CIM HE PEIIAIOIIUK, BKJIAJ B CO3JaHUE MaTepUaIbHOU
OCHOBBI Cpellbl OOMTaHHS COBPEMEHHON NHBWIM3aNMUA. be3 OeTtoHa Mup ObUT OBICOBEPIIEHHO
apyrum. W3 kene3o0eToHa BO3BOJATCS TMPOMBINUICHHbIE M JKWIbIE 3JaHHS, OOBEKTHI
COLIKYJbTOBITA, MJIOTUHBI, YHEPTETHUECKHE KOMIUICKCHI, TeNICOAIIHN U TaK J1ajee.
3a mocnenHee ABAAIATHIICTHE JKEJIE300€TOH OCTOH YBEPEHHO pacuIupsieT 00JacTH CBOETO
NPUMEHEHUS B CTPOUTEIBCTBE, BBITECHSS APYTHE CTPOUTEIHHBIE MaTEpUaNbl, MPEKIE BCETO
ctanpbHOM mpokar. Ilocnme oOpymieHuss BCIEACTBHE TMOXKapa 3MaHUM CO CTAIhHBIM KapKacoM
BcemupHOro ToproBoro uentpa B Hero-lopke, B GOJBIIMHCTBE IPOECKTOB BBICOTHBIX 3IaHMI
CTalbHBIC KapKachl OBLIM 3aMEHEHbl Ha jkele300eToHHBIC. JKene300eTOH HaMHOTO JIydIle
COTIPOTHBIIACTCS BO3JICUCTBUIO OTHS, MOCKOJIbKY €r0 yAelIbHasi TEIJIONPOBOJHOCTh B COPOK pa3
HUKE aHAJOTMYHOTO TOKa3aTeNs y CTalH.
CoBpeMEeHHBIE MMO3HIINU KeJIe300eTOHA TI0 BUJIaM CTPOUTEIHCTBA MPEACTABICHBI B TA0IHUIE A .

Tabmuma a .
| Buncrpowrempersa | flosmums |

H(!Q_\"IIIHQ H Orpaxiamwiine KOHCTPYRKUHH ITAHMH
PALTHMHOTID HATHAMCHHA

—
MocThl aBTOA0POAKHBIE DATOYHBIE, APOUHBIE JoMunupylouas

Jlomunnpyronas

Ipaanpun, 06beKTH FHEPreTHEN,

Jomunupyrouas
JAMMTHBIE COOP]‘H\‘E HHH
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[TocTtpoeHHbIE 37aHUS M COOPYKCHHS, OOBEKTHI MH(GPACTPYKTYPBI COCTABISIOT OoJiee
60% HaKOIUICHHOT0 HALMOHAJIBHOTO OOTaTcTBa (WM, KaK MHOTJA TOBOPST —OCHOBHBIX (DOH/IOB)
Poccun. He wmenee 2/3 »Tux (GOHIOB COCTABISIIOT 3JaHHS M COOPY)KEHHMsI M3 OeToHa u
xKene300eToHa, TOCTPOCHHBIE BO BTOPOIA MOJIOBUHE MPOLIOro Beka. B CTOMMOCTHOM BbIpa)kKeHUHU
3TO COTHH TPUJIJIMOHOB pyOJIeil.

OObembl TpUMEHEHHUs1 OETOHAa M >Keyle300eToHa Oojiee YeM BJABOE IPEBBIIIAET OOBEMBI
IMIPUMEHEHUsI BCEX OCTAJIBHBIX CTPOUTEIBHBIX MAaTepuagoB BMecTe B3AThIX. B Poccum Ha
IPOM3BOJICTBO COOpPHOTO M MOHOJIMTHOTO JKene300eToHa pacxoxyerca Oonee 70% Bcero
BbIITycKaeMoro nemeHra W 30% HepyIHBIX CTPOUTEIBHBIX MATE€pUAIOB, B CTOMMOCTHOM
BBIPQ)KEHUHM BCEro Ha OETOH M JKEJIe300€TOH MPHUXOIUTHCS OKoJIo 60% OT CTOMMOCTH BCEX
MPUMEHSEMBIX B CTPOMTEIBCTBE  MarepuanioB. TakuM  o0pa3oMm, 3¢h(HEKTUBHOCTH
(YHKLIMOHUPOBAHUSL OTpAciId MPOU3BOJACTBA OETOHA M XKene300eToHAa B 3HAUMTEIBHOW Mepe
OonpeAesieT ypOBEHb BCEH MPOMBIIIIEHHOCTH CTPOMMAaTEpHaoB.

Opnena TpynoBoro Kpacnoro 3namenu, HaydHo-uccnenoBarenbckuii, MPOEKTHO-
KOHCTPYKTOPCKHH M TEXHOJOTWYECKH WHCTUTYT OCTOHA W Kene3o0eToHa uMm. A. A. ['Bo3zena,
KOTOpBIM 4epe3 TpH roga orMetuT 90-ymetue co AHS OCHOBAHMS, SIBJSETCS OJHOW M3 BEIYIIUX
OpraHu3alyii, OCyIIECTBIAIONINX HayYHO-TEXHUYECKOE OOECIeueHnEe pa3BUTHS CTPOUTEIHLHOTO
komIuiekca Poccutickont @enepanuu.

HUMXB um A. A. I'Bo3meBa IIMPOKO MPUBJICKAECTCS K PEMICHUIO MHOTOYHMCIEHHBIX
npobiem ctpoutenabHoi orpaciu crpanbl. Crenmanuctsl HUMKD, npuHumanyu akTHBHO ydacTue
B CTPOMUTENIBCTBE M HAYYHO-TEXHHUYECKOM CONPOBOKICHUNM MHOIOYUCIEHHBIX KpPYIHBIX U
YHUKaJIbHBIX 00beKTOB. ToJpK0 B MOCKBE, Cpeay TakKUX 0OBEKTOB MOXKHO Ha3BaTh XpaMm XpHCTa
Cnacutens, moaymeHT [lo6enbr nHa IloknonHo# rope, BeicoTHble 3maHuss MMJIIl «Mocksa-
Cutn», JlepopToBckuit TPAaHCIOPTHBI TOHHEIb, TPETbe TPaHCIIOPTHOE KOJIBLIO,
BOCCTaHOBJICHUE OcTaHKHMHCKON TenebalHu TOcie TOoXKapa, y4acTHe B PEKOHCTPYKIHH
Bbonbmoro tearpa, YcrbuHckoro, AcraxoBckoro u HoBocmacckoro MOCTOB, M MHOTHE JIpyrue
3MaHUSA U COOpykeHusa. B coTpymHmdectBe ¢ meramutypruyeckumu npeanpuarusmu HUMXDB
CO371aJ1 OCHOBHBIEC BHJbl HBIHE IIMPOKO IPUMEHSEMON CTEPKHEBOM U IIPOBOJIOYHON apMaTyphl
Pa3JINYHBIX KJIACCOB.

Baxnoit wacteio paborst HUMKDB sBisercs MOHHTOPUHT M OLIEHKAa COCTOSHHS
KEJIe300€TOHHBIX KOHCTPYKLUN Pa3IMyHOr0 Ha3HAYEHUSI, B TOM YHCIIE TAKUX OTBETCTBEHHBIX KaK
KOHCTpYKLUU 3kcmuryaTupyeMbix ADC bunmnbunckoit, HoBoBoponexckoii, Kypckoit, u ap.

HUMXB um. A.A. ['Bo3nmeBa sBiseTcs pa3pabOTYUKOM M aBTOPOM (IO HEKOTOPBIM
JOKYMEHTaM — COaBTOPOM) OCHOBOIIOJIAralOIIMX HOPMAaTHBOB, BKIIOYEHHBIX B Ilepeuens,
yTBepKAEHHBIN [IpaButensctBoM P®, HaUMOHANBHBIX CTaHIAPTOB W CBOJAOB MpaBWJ, B
pe3yabTaTe NPUMEHEHHUS KOTOPHIX Ha 00S3aTeNbHOW OCHOBE OOECIeyMBaeTcsi COOJIOJCHHE
TpeboBanuit denepanbHoro 3akoHa O3-384 «TexHUYECKUN periaMeHT 0€30MacHOCTH 3AaHUN U
COOPYKEHHII», B TOM YHCIIE:

- CHulI 52-01 «beronHbIC 1 KeI€300€TOHHBIC KOHCTPYKITUNY;

- CHull 2.03.11 «3amura cTpOUTENbHBIX KOHCTPYKLIMHA OT KOPPO3UN»;

- CHull 3.03.01 «Hecymue u orpaxaaromue KOHCTPYKIIUN.

- TOCT 53778«3nanust u coopyxenus. [IpaBunma oOcienoBaHus ¥ MOHHUTOPHHTA
TEXHUYECKOT'O COCTOSIHUS», U IP.

WHCTUTYT ABISETCS aBTOPOM OCHOBHBIX HOPMAaTHUBHO-TEXHMUYECKHUX JOKYMEHTOB I10
texHosiornu 6etoHa, B ToM uucie ['OCT 26633 «beToHsl Tsokenbie u Menko3epHuctoiey, [[OCT
25820 «Jlerkue 6eronb», [OCT7473 «Cmecu 6etonnbsie», [[OCT 24211 «J/lo6aBku st OETOHOB
U PacTBOPOB», BCETO OKOJO CEMUIECATH  HALMOHAIBHBIX CTaHAapToB. lcmosb3oBanue
YIIOMSIHYTBIX BBIIIE JOKYMEHTOB B 3aBOJICKHUX W TOCTPOCYHBIX JIAOOPATOPHUSIX, MPOEKTHBIX
MHCTUTYTaX, HaMCAaHWU YY€OHUKOB, JIEKLIMOHHON paboTe B CTPOUTENBHBIX By3aX U TEXHUKyMax,
CO3aJI0 MHCTUTYTY TOT BBICOKHI aBTOPUTET, KOTOPBIM OH IOJIb3YETCSl U TIOHBIHE.



MNe3.2015  AZORBAYCANDA INSAAT va MEMARLIQ

CBHIeTENbCTBOM TEXHHYECKOTO Mporpecca B TEXHOJOIMH OeTOHa sABIsETCS Bce Oolsee
BBICOKasi MPOYHOCTh moiydaembix OetonoB. B HUMXDB paspaGoranbl 0co00 mnpodHble U
JIOJITOBEYHBIC OETOHBI, OOJagaronme Mopo30cToKocThio 10 1000 HHMKIOB 3aMOpakKUBaHUS WU
OTTaWBaHUS U BOJOHENPOHUIIAEMOCThIO Tipu AaBieHund B 20 atmocdep. [IpumeHeHMEe Takux
OETOHOB MPAKTUYECKU CHUMAET MpoOIeMy MPexAEBPEMEHHOTO HCUEPIIaHUs IKCILTYaTallHOHHOTO
pecypca Kene300eTOHHBIX KOHCTPYKIMH. OCOOEHHO MepCreKTUBHO MPUMEHEHHE TaKuX OCTOHOB
B TpPAaHCIIOPTHOM  CTPOMUTEILCTBE, IOCKOIBbKY B Poccum CBbIIE TpeTH MNPOTAKEHHOCTH
ABTOMOOWJIBHBIX JOpOr (efeparbHOr0 3HAUEHUS M MOCTOBBIX COOPYKEHHUU Ha HHUX TPEOYIOT
pPEMOHTa H3-3a YCKOPEHHOW Jerpajaluy NPUMEHEHHBIX MaTepuajoB. AHamU3 (PaKTHYECKHX
CPOKOB CIYKOBbI JIOPOKHBIX TOKPBITUH TIOKAa3bIBA€T, YTO B COMOCTABHMBIX YCIOBHUSIX
9KCIITyaTalluu [EMEHTOOETOHHBIE TOPOKHBIE MOKPBITHS UMEIOT, B cpelnHeM, B 1,6-2 pa3a Gonee
IPOIOJDKUTEIBHBIN CPOK CITY:KOBI, 4eM ac(hanbToOETOHHBIE.

B nocnegnue roapl B CTpOUTENBCTBE, U OCOOEHHO B 00JIACTH TEXHOJOTUH OETOHA, IPOU30IIENT
3HAUUTENBHBIN TIporpecc. OH WHUIIMUPOBAH CTPOUTEIHLHBIM OyMOM, KOTOpPBIH Hawancs 15 mer
Ha3aJ] ¥ MPOSIBIIICS MOSIBICHUH YHUKAJIBHBIX COOPYXEHUH, CPeIi KOTOPBIX BbIIEISAETCS TaKON
BBIJIAIONIUICS, C MHXXEHEPHOM TOUYKH 3peHHs, KoMmiuiekckak '"MockBa-Cutu". Peanuzanus
VHUKAJIBHBIX TPOCKTOB OKaszajlach BO3MOXKHOU Omaromapsi pazpaborkam HUMKDB, Ha ocHoBe
KOTOPBIX Y/aJOCh B IIPENEIBHO KOPOTKUE CPOKH CO3/1aTh HAYYHO-TEXHUYECKYI0, HOPMATUBHYIO U
MPOU3BOJCTBEHHYI0O 0a3y [uisi TNPOEKTUPOBAHHUS M BO3BEACHUS YHHUKAJIbHBIX  CIOXKHBIX
COOpPY)KEHHUI - MOACPHU3UPOBATh TEXHOJOTHIO MPOM3BOJCTBA OETOHOB, BHEIPHUTH B HPAKTUKY
CTPOUTENIbCTBA HOBBIE MOIU(PUIIMPOBAHHBIE OETOHBI.

Cpenu pazpaborok HUMXKDB crnemgyer 0co60 OTMETUTH CIEIYIOIINE:

1. Beicokonpounsie 6eTonbI KiaaccoB oT B60 no B100. 3a mocnennue 15 mer Bo3BeneHo Oonee
3-X MJH. Ky0. M KOHCTPYKIHH, U3 KOTOpbIX okoio 400 ThIC. Ky0. M - u3 6eToHOB KiaccoB B80-
B90, 25 TeICc. Ky0. M - kmacc B100. IIpumepsr - o0bexTsl Ha "MockBa-CuTu'", KOHCTPYKIIUU
HEKOTOPBIX CIOKHBIX coopyxeHnit ADC

2. CamoymiotHsromuecs: 6eTonsl kitaccoB B35, B50, B60, B90, ne Tpebyro BUOPOYIIIIOTHEHHUS.
C npuMeHeHHeM TakuX OETOHOB BO3BEICHO OKOJIO 45 ThIC. Ky0. M ()YyHIAMEHTHBIX IUIUT TOJIBKO
Ha oOwvekTax "MockBa-CuTu'", a TakXe  BBICOKONPOYHBIE OeTOHBI KjaccoB B50-B60 c
KOMIICHCUPOBAHHOHN yCaJKOW M pacuIMpeHHeM uid myTernpoBonoB B Mockse u Kazanu. O0muit
00BbEM KOHCTPYKIIMMA U3 TAKOTO OETOHA COCTABUII OKOJIO 55 THIC. Ky0. M.

3.beToHBl  CBEpPXHM3KOM  IPOHHULAEMOCTH  IOBBIIIEHHOW  KOPPO3MOHHOM  CTOMKOCTH,
00ecIeunBaroIIie JTOJITOBEYHOCTh KOHCTPYKIMM 0Oe3 "BropmuHoi" 3amuthl. Beeapeno Ha
CTPOUTENBCTBE BOJIOOTBOJIHBIX coOopykeHul KOmary3unckoro Bogoxpanunuina B bamkupuu u ap.

4. CBepxBbIcOKONpouHbIi (hruOpobdeToH kiraccoB B119-B150 ¢ npenenom mpoyHOCTH Ha OCEBOE
pactsoxenue 8-12 MIla, npu uzrube 16-25 Mna.

B ocHoBe TexHOIOTMH YyKa3aHHBIX OETOHOB - HCIOJB30BaHWE HOBOTO THIA J00ABOK -
OpraHO-MHUHEPATbHBIX  MOIU(PUKATOPOB, KOTOphIE  SIBIISIIOTCS ~ TOJUKOMIIOHEHTHBIMH
MOPOIIKOOOPA3HBIMU TMPOAYKTaMH, COJEpXKallMUMH B CBOEM COCTaBe pa3Hble WHIPEIUCHTHI,
CHocoOCTBYyIONIME (POPMHUPOBAHUIO BHICOKOIIPOYHOM M TUIOTHOH CTPYKTYpPHI IEMEHTHOTO KaMHs U
OeToHa. DTH MPOAYKTHI BriepBble pazpadorans! cnenuanmucramu HUMKD 1 He nmeroT aHaoros B
mupe. C TOsSBIEHWEM HOBBIX MOIUPHUIIUPOBAHHBIX OCETOHOB pa3padaThHIBAINCh HOBBIE U
aKTyaJIM3UPOBAIUCH HEKOTOpbIe 'cTapble" HOpPMAaTUBHBIE JOKYMEHTh. Cpenr HUX HOBBIC
cranaaptsl :I'OCT 56178-2014. "BeToHBI BHICOKOIIPOUHBIE TSAXKEIJIBIE U METKO3EPHUCTBIE. MeTo1bI
KOHTPOJII KadecTBa MpPH BO3BEICHMM MOHOJUTHBIX KoHcTpyknui', T'OCT P 31914-3014
"Moauduxaropsl OeToHa opraHo-muHepaidbHble THIa Mb. OOmMe TeXHWYeCKHe YCIOBUS» U
akryanusupoBanHbiii CHull 52-01-2003 "beronnsie u xene3o0eToHHble KOHCTpyKiuu'", CHull
"3ammrTa KOHCTPYKIMH OT koppo3uu" [ns apmupoBanus xenezoberona HUMXXB mpemmaraer
HOBBIC BHJIbl CTJIBHOM M HEMETAUIMYECKOW KOMMIO3UTHOM apMaryphl. OTIWYUATEIBHOMN
0COOEHHOCTBIO HOBOW CTainbHOM apMmarypHOi kiacca AH600C, pexoMeHIyeMOM JAJisi MacCOBOTO
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INPUMEHEHMs, SBJIAETCS  COYETAHUE BBICOKONH IPOYHOCTU C BBICOKOH IJIACTUYHOCTBIO, YTO
o0ecreynBaeTcs CrielualbHbBIM XMMUYECKHM COCTAaBOM U TEXHOJIOTHEH MPOU3BO/ICTBA.

[IpuMeHeHne HEMETAIITMYECKON apMaTryphl 0COOCHHO A(PPEKTUBHO IJII apMHPOBAHHS
CTCHOBBIX TIIaHENeWd NPOMBIIJICHHBIX 3JaHUA C arpecCHBHBIMU CpeAaMu  (Harpumep,
IPOM3BOJICTBO KAayCTUYECKOM COJAbI, MUHEPAIbHBIX yJOOpEHUH, U Ap.); 3JIEMEHThI JOPOKHOIO
CTPOUTENBCTBA B YCJIOBUAX JIEHCTBHS colyieii-aHTHOONeneHuTeNnel (OopatopHble KaMHH, OJIOKU
pa3fAeIuTeNbHBbIX M10JI0C, IOPOKHBIE U TPOTYAPHbIE IUTUTHI); YKPEIUIEHHE T0POKHOTO OCHOBAHUS U
JIOPOXKHOTO TOKphITUS. Hemerarmmuueckast apmaTypa YCIEIIHO HpPUMEHEHA Uil apMHUPOBAaHUS
IUIUTHBIX ()YHJAMEHTOB psifia OQHUCHBIX 3/1aHUI B YCIOBUSX JIEHCTBHS arpeCCUBHBIX IPYHTOBBIX
Boj. M3roraBmmBaercst 3ta apmaTtypa mno paspaborannomy HUMKB ¢ yuactmem npyrux
opranuzaruii MmexrocynapcrseHHoMy ctanaapty 'OCT 31938 — 2012. [Ipumenenue ATUX
BUJOB apMaTypbl 00ECHeuMBacT HE TOJBKO CYIIECTBEHHOE YIyd4llleHHEe KayecTBa H
JOJITOBEYHOCTH KEJIe300€TOHA, HO U CHUKEHHUE €r0 CTOUMOCTH.

1300

1200

1100 + ATRO0D

-

Hanpsaenun, Himm®

8
(=]

=
=3

=

°T An600C i I
700 '

A500C

600

500

400

0 100 200 300 400 500 600 700 800 900

- 0.
I'emneparypa, C

Pucynok] - BansHie BTOPHMHOTO HATPERA HA MIPOYHOCTHEIE CBOficTEA apMaTypsl KiaccoB AG00C mapkmn
200 2CPBA n ATS00 mapru 2512C

1000
900 ]
.s \
=
% 800 \\ \\“\_
= \ —
= 700 AN
; \\ '-.._,_.__H.H
2 600 = —
E H___qm———_ .
=) e
=
=
400
300

160 -140 -120 -100 80 -60 40 20 0 20 40
Teuneparypa, rpag. ——AHB00C —+—A500C —— A400

Pucynok 2. 3MeHeHMe npejena TeKydecTd apMarypsl kiaacco A400, A500C u Ar600C, B H/mm?



MNe3.2015  AZIRBAYCANDA INSAAT va MEMARLIQ

CpaBHHUTENIbHBIE XapaKTEPUCTUKH apMaTypHoii cramu kinaccoB A400, A500C u Au600C. Tabnuma 1.

Xapamepﬂcnmﬂ, 00IacTH NpHMEHCHHS, Kaacc apma YPbI

pdexTHEHOCTE A400 (A-III) A300C A, 600C

Mapka craim 2512C C13lme-18T2C 20I2COBA
HopmaTHBHBIE TOKYMEHTHI IS MOCTABKH TOCT 5781 TOCT P 52544 TV 14-1-5596-
2010
B . : J G,
peMeHHOe c;mpommemle pa3peIBy G, He 500 600 240
menee, H/Mm
Ilpene. CTH §,(0
penen TEKY;IECTH +0o,), HE 190 500 650
menee, H/Mm
O g ] ) %
THOCHTeJILHOE YIIHHeHHe 05, He MeHee, %o 14 1 14
Yros .
ro1 H3ruba B rpaj. IpH JHaAMeTpe ONPABKH 90 180 180
C=3d
| . J e .
I;cqezmoe CONPOTHRIEHHE PacTsiKeHHI0 R, 150 55 560
MM
PacueTnoe conpoTuBiaenne c:RaTHI0 R,
H/mane? 350 435 500
MM
II )
pUMeHeHHe NPH OTPHIATeNbHBIX 10 -70°C 10 55°C 10 70
TeMIlepaTypax
II . HHil .
POIHOCTH C:?,ﬂpl-[blx COeIHHENHIl O, ,, HE 530590 600 200
menee, H/Mm
Bo3MoxHBIH JKOHOMHAYECKHI Y deKT
OTHOCHTEILHO apMaTYphI Kiacca A400 (A- = 10-25% 1o 57%

1))

CpaBHuTeNbHBIE (PU3NYECKHE XapaKTEePUCTUKH cTanbHON apMaTypsl 1 AKIIL. Tabnuma 2

Ne ~ CranbHasi apMartypa ApMaTypa KOMNO3HTHasA
XapakTepHCTHKA
n/n TOCT 5781-82 HOJIHMEpHas

KopposmonHnas ctoiikocTsh ITomBepraeTcss Koppo3Hn He moaBepraeTca xopposnn

Koaddpuuuent muneiinoii

0,5-0,9
2 TeMIepaTypHoil e opMariiH, 1,3-1,5 e
x1073/°C (BGTOH. 0,7-1,0
3 Koadpunuenr reruio- 46 0.35-0.5
npoBoguocTH, BT/(M'K)
n DIeKTpHYecKHe cBOIiCcTBa OIEeKTpOIPOBOIHA JHanexTpuk
MaruutHele cBolicTBa Maruuronposonna JlHaMarseTHK
KOIOIIECKIe CBOHCTEA IIpH 3KkcIiTyaTal[id He BRIJEIIET IIpn sKkcIiTyaTal[id He BBIJEIAET
BpE/IHEIX BEIECTB BPE/THBIX BEIIECTB

IIo CHulI 2.03.01-84

BeToHHBI OETOHHEI
7 JnamazoH pabounx TeMreparyp «Hetro Koilf;:enezo :TO ¢ Ot -70 mo +100°C

Ot -70 mo +50°C
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Odusuko-Mexanndeckue xapakrepuctuku AKII . Ta6mmma 3

Ilpenen NpoYHOCTH OPH pACTAKeHHH e
G, MlIla, He meHee

TIpemen ynpyrocTd mpH pacTsizKeHHH
E,, I'Tla, He MeHee

IIpenen npouHOCTH NPH CRATHH
Gy, Mlla, He Menee

IIpengen npouHOCTH NpH DONEpedHOM cpese, t,, Mlla,
He MeHee

O0Go3HaYeHHe ApMAaTYPhbI Ja€TCH MO THIIY HENPEPLIBHO ADMHPYIOIIEI0 HANOJHHTEIS

ACK — cTeKJI0KOMIIO3HTHAS

ABK — 0a2a1bTOKOMIOZHTHAS

AITK — yrileKOMIOZHTHASA

AAK — apaMHI0KOMIO3ZHTHAaS

AKK — koMOHHHpOBAHHAS KOMIO3HTHAS

Kak BumgHo, Henocratkom AKII siBisiercss HU3kuiA Moaynnb ynpyroctu. OnHako HE0OXO0UMO
OTMETUTh BO3PACTAIOIINN UHTEPEC K JAHHOW apMaType HE TOJIbKO B HAIlIEW CTpaHe, HO U BO BCEM
mupe. 3a nocinennue rogsl B HUMKD npoBenensl uccienoBanus no ynyuiieHuto cBoiicts AKIIL
B Tabmune 3 mokasansl cBoiictBa ACK, ABK, AKK

DU3NKO-MEXaHNUECKUE XapaKTepUCTUKH cTaibHOU apMmaTypsl 1 AKIT . Tabnuna 4

CrankHas apMaTypa ApMarypa KOMIIOZHTHAN
Ne /i1 XapakTepHCTHKA TOCT 5781-82 nomauMmepHans I'OCT 31938
ou: NN - o EEEEE -
Al 373 235 225
ACK 1100 — 850
Al 490 295 280
TIpoyHOCTE MPH
1 PACTAKCHHH, AT 590 390 355
H/nmn? ABK 1250 - 950
A-IV 883 590 510
AV 1030 788 680
AKK 1800 - 1150
A-VI 1230 980 815
A-l 250
ACK 2,12
ATl 19
A-III 14
5 O’THOCHTGIIB:IOE ABK o
YATHHEHHE, %o ATV 6
AV
AKK 1.2
A-VI 6
ACK 50 000 (50)
Monyne
) YOapyrocT, Ep, 200 000 (200) ABK 70 000 (70)
H/mm? (I'T1a)
AKK 120 000 (120)
TI1OTHOCTE, 78 19

r/em?
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IIpumeuanue:

B — BpeMeHHOE CONPOTUBIIEHUE PA3PhIBY

T — npenen Teky4ecT (HOPMaTUBHOE COIIPOTHBIICHUE apMaTypPhl)
Rs-pacuetnoe compotuienne pactsokeruto  (CHUIT  2.03.01-84 «beronHbie u  k/O€TOHHBIC
KOHCTPYKITUWY, Ta0J. 22)

1) OTHOCHTENBHOE YATTMHEHHE - 05;

2) OTHOCHTEBHOE Y/UTHHEHHUE TTOJTHOC-P.

3) IlpuBeneHsbl cpeiHUE 3HAUCHUS [TOKa3aTeIeH.

ACK — apmatypa CTEKIIOKOMITO3UTHAs

ABK — apmatypa 6a3anbTOKOMITO3UTHAS

AKK — apmaTtypa KoMOMHHPOBaHHAs KOMIIO3UTHAS

HopmaTtuBHo-Texanveckas qokymenTarus mo AKII. Tabmuua 5

Haumenosanue HT]I Craryc 10KyMeHTA

Apmatypa KOMIO3HTHas MOJIMMEpPHAas JIs
I'OCT 31938-2012 apMHUpPOBaHMU GETOHHBIX KOHCTPYKIHI.
OO6uMe TEXHHYIECKHE YCIOBHSA

Beenen B neiicteue
c01.01.2014 .

e «beroHHble H Kene300eToOHHBIE (A MR
CII 63.13330.2012 (2-s1 penakuus)
KOHCTPYKIHH. OCHOBHBIE MTOTOKEHHS

Koncrpykunuu 6eToHHBIE U 3Kene300eTOHHBIC
€ TTOJTUMEPHOI KOMITO3UTHOMH apMaTypoi.
[IpaBuna NpoeKTHPOBAHHS

CnaH npoekr
(1-s1 penakims)

KoncTpykuun u u3aends (udpoderoHHble. CHaH NMpoexT
IlpaBuna nmpoekTHpOBaHHS (1-s1 pemaxius)

KoHcTpyKiinH GETOHHBIE U Kelle300eTOHHBIE.
IMpaBuna NpoeKTHPOBAHUS, PEMOHTA U
YCHJICHHS] KOMITO3MIIHOHHBEIMH MaTepHalaMu

CrnaH npoekr
(1-s1 penaxius)

B coBpemenHom Poccum B MaccoBOM CTPOUTENIBCTBE MPUMEHSIIOTCS B OCHOBHOM
O0e3nabaBounbpie 1eMeHTHl. Pesynbrarel uccnempoBanuii HUMKB M. A.A. I'Bo3neBa mokasanw,
YTO Ha MHOIOKOMIIOHEHTHBIX IIEHTaX MOYKHO IOJY4HUTh OETOHBI KJIACCOB MO MpouHOCTH 10 BSS,
MapoK I0 BojoHenpoHunaeMoctd 10 W14 u no moposocroiikoctu o F1000, yto mo3sonuio
paclMpuTh 00JacTh NPUMEHEHUS MHOTOKOMIIOHEHTHBIX ILIEMEHTOB JUIsl  oOecleyeHue
JIOJITOBEYHOCTH O€TOHA M3/eHi U KOHCTPYKIHUH. C HCIOIb30BAHNEM MOYUYEHHBIX 3aBHCUMOCTEH
ObulM pa3paboTaHbl OCTOHBI HA MHOTOKOMIIOHEHTHBIX LEMEHTax Ui NPUMEHEHHUsS B TAaKHX
OTBETCTBEHHBIX COOPY)KEHUSX, KaK (yTOONbHbIE CTaIHOHBI B MOCKBE, CTPOUTEIBCTBO KOTOPBIX
BEJIETCS K MpeAcTosmeMy yemnuonaty mupa B 2018 roxy. Oaun U3 Takux ctagnoHoB «CrapTaky
y)K€ OTKPBIT M Ha HEM COCTOSUIMCH IE€pBble MarTuM, JIpyroil «boijblias crnopTuBHas apeHa
«JIyHMKM», HAXOIUTCS B CTQJAUU CTPOUTEIBCTBA U AOJKEH ObITh 3aKOHUYEH B CIEIYIOLIEM TOAY.
B JlyxxHukax yxe ynoxeHo Oonee 70 ThicSu KyOOMeTpoB O€TOHAa B KOHCTPYKIIMH MPOXOIHBIX
KaHAJIOB U (QYHAAMEHTHOM TUTUTHI TPUOYH.

s OeroHa, wHCHOJIB3yeMOro mpu crpoutenbcTBe craanona Jlyxxuuku, HUNXDB
PEKOMEHI0Bal MHOIOKOMITIOHEHTHBIE LIEMEHTHI ¢ MUHEPAJIbHBIMU JJOOaBKaMM IIIJJaKa U ONOKHU B
oobeme 20%. B kauectBe 100aBOK OBLIM MCIOJIB30BAHBI IIJIAK JOMEHHBIN IPaHyIUPOBAHHBIN 1
onoka Bonbckoro wmecropoxaenus. IIpumeHeHHBIE LIEMEHThl TI03BOJIMJIM TOBBICUTh
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TEXHOJIOTUYHOCTh ~ OETOHHBIX CMecell W  CHU3UTh TeMmIepaTypHble  HamlpsOKEHUs B
3a0€TOHMPOBAHHBIX KOHCTPYKIMSAX B Tpoliecce THapaTanuu nemMenrta. Cienyer OTMETUTh, YTO
IIOMUMO TEXHOJIOTHYECKUX MPEMYIIECTB IPUMEHEHHS] MHOIOKOMIIOHEHTHBIX LIEMEHTOB IO
CpaBHEHHIO ¢ 6e31100aBOYHMH, UX CTOUMOCTH Ha 10% HmXKe,

Baxxnpie pesynbratel 0b1n moaydensl B HUWMKD um A. A. I'Bo3neBa npu  ucciaea0BaHUN
pACIIUPSIONIUXCS  BSDKYIIMX, — OpeJHA3HAYCHHBIX  JUII  TPOM3BOJACTBA  OETOHOB  C
KOMITCHCHPOBAaHHOW ycaakoi. B 0GeToHax Ha 3TUX BSOKYIIUX HET aedopMmainuu ycaaku, YTo
UCKITIOYaeT 00pa3oBaHUE TPEIIMH B TPOIECCe TBEPACHUS OeToHA. DTO OCOOCHHO BAXKHO IS
MPOTSHDKEHHBIX MOHOJIUTHBIX KOHCTPYKIIMH, TakKWX KakK JOPOTH, B3JIETHO-IIOCAJOYHBIE IOJIOCHI
a’pOJIPOMOB, CIOPTHBHBIC COOpPYKEHHsI M T. M. bnarogaps 0COOEHHOCTSM CTPYKTYpBI, Takue
OETOHBI SBJISIFOTCS MPAKTUUYECKH BOJIOHETPOHHUIIAEMBIMH, 00J1aJIal0T BHICOKOM MOPO30CTOMKOCTHIO
U YCTOMUMBOCTBIO K BO3JEHCTBUIO arpecCHUBHBIX CpEl, UTO CYIIECTBEHHO CHHIKAECT
JKCIUTyaTallMOHHBIE 3aTPATHI.

Ha ognoit w3 paspaboroxk HUMXKDB crnemyer ocTaHoBUTBCS  0co00.  ITO
HU3KOTEIUJIONPOBOAHBIE OETOHBI HA CTEKJIOBUAHBIX 3AIIOTHUTENSAX.

W3BecTHBIN NOMM(PYHKIMOHATBHOCTh CBOMCTB OTpaKJalOIUX KOHCTPYKIUH, >XECTKHE
TpeboBaHuss 10 Je(OpMAaTHBHO - TPOYHOCTHBIM H  TEIUIOQU3UYECKUM  IOKa3aTessIM
MPEIOTPECIIAIOT ECTECTBEHHBIE MPOTUBOPEUHS NPU BHIOOPE MATEPUANIOB ISl peaTH3aIlii TaKUX
KOHCTpyKuui. OpHako, B JI0OOM ciydae JieTKHe KOHCTPYKIMOHHO-TETIOM30JISIUOHHbBIE
oeronsl, (JIKTB) MOTyT U AOKHBI OBITH MX COCTABISIONIAM DJIEMEHTOM, TaK KaK BO3MOXKHOCTH
TakUX OETOHOB K HACTOSILIEMY BPEMEHM JajeKko He HcuepmaHbl. B 3ToM acmekTe BechMma
aKTyalbHO pacmmpenue celppeBoi 6a3pl JIKTB u ynydineHue ux CBOWCTB 3a CYET MPUMEHEHUS
HOBBIX BHJIOB 3aII0JIHUTENEH, B YaCTHOCTU CTEKIOBUHBIX.

TexHonmorus  MPOU3BOJACTBA  CTEKJIOBUJHBIX  TMOPUCTBIX  3alOJHUTENEH  WiIH
crexsorpanyistToB (CI') uMEIOT CBOM OCOOCHHOCTH ISl KaXXIOTO M3 BUIOB, HO B OOIIEM BHIE
CyTh €€ 3aK/IIoYaeTcs B CMENIMBAHWU HCXOJHOW TMOPOJABI € KHUIKO(DA3HBIM MICTOYHBIM
KOMIIOHEHTOM, CYIIKOH, M3MENbYeHHEM TIpaHyJslueldl Macchl U OOXKHIOM BO BpAlAIOLIUXCS
nevax, aHAIOTMYHO TIONYYEHHUIO OOKUTOBBIX TEHOMATEpHUAJOB M3 MUPOIIACTHYECKUX MAacc,
HalpuMep Kepam3Hra.

Hcxonnoil ceipbeBoil 6azoit st mpousBojacTBa CIT MOTYT CIIyXUTh OCaJO4YHbIE U
BYJIKAHUYECKHE MOPObI, COAEpPKALIME aKTUBHBI KPEMHE3E€M M TJIMHO3EM: OIOKH, AUATOMHTHI,
Tpenenbl, MEPAUThI, BUTPO3UTHI M MH. Jp. 3amachl TaKUX MOPOJ MOUCTUHE HEUCUYEPIIaeMBbl,
HCYHUCIISIIOTCA COTHSAMU MIIPJA. TOHH M HMMEIOTCAd BO BCEX PErMOHAX CTPAaHbl, B OTIUYHE OT
JIETKOBCITYYMBAIOLIUXCSL TJIMH JUIsl POU3BOJICTBA KEPAM3HUTA.

B cpaBHenuun c¢ Haubosee pacHpoOCTPaHEHHBIM aHAJIOTOM OOYKUTOBBIX 3alOJHUTENEH
PaBHOIUIOTHBIM ~ Kepam3uToM npodHocTs CI' npu cpaBnuBanuu B nuiauHzape Bbiue no 100%, a
TETJIONPOBOIHOCTh M BojomnoriomnieHue Huxe Ha 30-50%. Peanuzanusi moBBIIEHHBIX (PU3UKO-
MexaHuueckux xapakrepucTuk CI' mpu HM3KOM HACBHITHOM IUIOTHOCTH HPEIONPENENAEeT HX
3¢ dexTBHOE U  palUOHANBHOE HCIOJIb30BAHHWE TIPEXKAE BCEr0 B  KOHCTPYKLHOHHO-
TEIUIOM30JSIIIMOHHBIX ~ OETOHAX OTpaKIAONINX KOHCTPYKIUK TioTHOCcThI0 500-800 kr/mM3 u
npouHocThio B2,5-B0,75.

beroH Ha CTEKIOBHIHOM 3amOTHUTENE 00JaAaeT JOCTATOYHOW 3alIMTHON CIIOCOOHOCTBIO
[0 OTHOILIECHHIO K CTaJbHOM apMaType MPH BBIIOJHEHHUH CIEIYIOLIIUX YCIOBHI: OrpaHUYEHUS B
MPUMEHEHUN MEIIKMX HAMOJTHHUTENCH WM MEeCKOB, 00JaaroIIUX MOBBIIICHHON THAPABIHYECKON
aKTHBHOCTBIO, OOECIIeUeHHUs ypOBHs KIWHKEpHOro (oHIa HEe Hmke aomyctumoro 250kr/m3 u
YMEpPEHHOU MopHu3aIiy paCTBOPHOM COCTABIISIONICH, HE MpeBbIIIatoniei 6-8%.

Uto xe Kacaercsl WICJTOYHOM KOppO3UM MJIsi KOTOpPOH, HECOMHEHHO, HWMEITCS
MPEANOCHUIKM, BCJIEICTBHE MOBBIIICHHOW THAPABINYECKON AKTUBHOCTU 3aIOJHUTEINSI, MOXKHO
KOHCTAaTHPOBAaTh, YTO OTOT MPOLECC HOCHT 3aTyXalOUMHd XapakTep W HE MNPUBOIUT K
TPEUIMHOOOPAa30BAaHHIO U CHIKEHHIO TPOYHOCTH BO BPEMEHHU.
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K HacTosimieMy BpeMeHH, HaKOTUJIEH TOCTATOYHBINA SKCIIEPUMEHTAIBHBIA U TEOPETUUECKHI
MaTepuai B BUJE Pe3yJbTATOB UCTIBITAHUHN U U3YYCHUS (PU3NKO-MEXaHUIECKUX U e(hOopMaTUBHO-
MpoyHOCTHBIX CBOMCTB CI° M OETOHOB Ha HMX OCHOBE, JICUCTBYIOIIHMX OIBITHO W OIBITHO-
MPOMBIIUICHHBIX TEXHOJOTUM M PEKOMEHJaTelabHOM surepaTypbl. OpHako A0 CHUX TIOp
texnosiorust CI' u 6eronoB Ha CI' He moyunsia MPOMBIIINIEHHOTO BHEIPEHUS.

Heo0xonuM WHHOBAalMOHHBIA TMPOPBIB, OOBEIMHSIONIMNA yCHWIMA HCCIIeAOBaTeNnei,
WHBECTOPOB U MPEJCTABUTENICH MECTHOU BiIacTH. AMOUIIMO3HBIN J03yHT «Haszaa Kk oTHOCTIOWHBIM
MaHeasiM!» MOXKET M JOJDKEH CTaTh OCHOBHBIM BEKTOPOM HANpaBJiCHUS MPOMBIILIEHHOTO
M3TOTOBJICHHS BBICOKO3(PeKTHBHBIX HapyKHbIX cTeH u3 JIKTD na CT'.

[TomuMo comuaHOro MaccuBa HOBBIX paspaborok, HUMXKB um. A.A. I'Bo3neBa
pacrnojaraeT BbICOKOKBaTU(UIIMPOBAHHBIM MEPCOHANIOM JUJIsi 0OecreyeHUs KOHTPOJS KauecTBa
CTPOSILIMXCA M DKCIUTYaTUPYEMBIX 3JaHUM W COOPYXKEHHM, I NPOBEACHUS OSKCIEPTU3BI
COCTOSIHUSI CTPOUTEIbHBIX KOHCTPYKIMKA, B TOM YHCIE MOCIE MOXKapa, I MPUHATHS PEIIECHUN
00 WX PEMOHTE WU YCUJICHHH M COCTABIICHUS HAYYHO-TEXHHUYECKHUX 3aKIIOYCHHUI, B TOM YHCIIE,
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no roroBeiM OeToHHBIM cMecsiM (ERMCO), Awmepuxanckuit uHCTHTYT OeToHa (DUCHAR),
KOJUIEKTUBHBIM YJIEHOM KOTOpPOTO SIBIISIETCS HAIl MHCTUTYT, EBpormeilickas denepanus 1o
coopromy kene3oberony (BIBM) u mHorue apyrue.

JanpHeiilee pa3BUTHE CTPOUTENBbHOW oTpaciau Poccur HEBO3MOXHO MPEICTaBUTH
0e3 kene3o0eroHa W, Oosiee TOro, KadyecTBO JTOrO Pa3BUTHSA, HANpUMeEp, obOecreueHue
POCCHUICKOTO HAaceNIeHUs KUJIbEeM, CO3JlaHue Oe30macHOi cpenbl OOMTaHUSl B HAIIUX rOpojiax, B
3HAYUTEIBHOW MEpe 3aBUCUT OT Pa3BUTHUsA IMPOU3BOJCTBA OCHOBHOTO CTPOUTEIIBHOTO MaTepuasa
COBpPEMECHHOCTH — ’KeJie300€eToHa.
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UCARIN YARANMA TARiXi Vo UCARDA SOHORSALMANIN iNKiSAFI
dissertant M.A.Valixanova, Azarbaycan Inasaat vo Memarlq Elmi-Tadqgigat Institutu

HCTOPHUSA OBPA3OBAHUSA YIKAPA U PASBUTHUE EI'O I'PAJJOCTPOUTEJIBCTBA
ouccepmanm M.A.Benuxanosa, Azepoaiioscanckuit HUH Cmpoumenvcmea u Apxumexmypol

HISTORY OF FORMATION OF UJAR AND ITS URBAN PLANNING DEVELOPMENT
dissertator M.A.Velikhanova, Azerbaijan Scientific-Research Institute of Construction and Architecture

Xulasa: Mogalods Béyiik Ipok Yolu Gzorindo yerloson Ucar sohorinin yaranma tarixi, noqliyyat sohori
kimi formalagmasi, sohorsalma, moskunlagsma va s. problemlori tohlil olunmusdur.

Acar sozlor: Boyiik Ipok Yolu, sohorin tarixi cografiyasi, infrastruktur, landsaft, urbanizasiya,
layihalondima.

AnHoTanusi: B 910l crartee mccnenoBaHBI MCTOpUS 00pa3OBaHMSI PACIOJOXKEHHOM B 30HE NPOXOXKACHHSA
Benukoro Ilenkoro Ilytm roponma VYipkapa, mpoOGnembl (OpMHPOBaHMM €ro Kak OJHOH M3 TPAaHCHOPTHBIX
LIEHTPOB, OCOOCHHOCTH TPaJI0CTPOUTENLCTBO, ypOaHU3AMKA U JIP.

KaoueBsie cnoBa: Benukuii 1llenkoseriit I1yTh, Mcropuyeckuit reorpadust ropoja, rpagoCTpOUTENLCTBO,
uHPpacTpyKTypa, JaHmmadT, ypOaHU3AIMs, TPOCKTHPOBAHIE.

Summary: The history of formation of city Ujar situated in the area of the passage of the Great Silk Way,
issues formation of it as one of the transportation centers, especially urban development, urbanization and others were
examined in this article.

Key words: Great Silk Way, the historical geography of the city, urban planning, infrastructure, landscape,
urbanization, design.

“Boyiik Ipok Yolu” b.e. | minilliyindon baslayaraq II minilliyin ortalarina qodor
Avropa vo Asiyadan carpaz sokildo kegon magistral sobokadir.

Boyiik Ipok Yolunun osas hissesi 6z baslangicim1 Cinin qodim paytaxti Canqandan
(Xiandan) gotiirmiis vo sonralar Orta Asiyadan - Toklomokan sohrasindan kegon simal vo
conub marsurutlarina ayrilmigdir.

Boyik Ipok Yolu igln osas tarixi foaliyyotlor dovrii Cindo Xan silalssinin
(e.a. 206-c1 ildon 220-ci illoro qodor), Cindo Tauk sulalssinin (b.e. 613-907-ci illor) vo
Mongol imperatoru Xanatanin hakimiyyati dovrlorino samil edilir.

| minillikdon baslayaraq II minilliyin ortalarma qodor “Béyiik Ipok Yolu” kimi
taninmig nohong ticarot marsurutlart sobokosi Avropa Vo Asiya xalqglarmi bir-biri ilo
alagalondirirdi.

“Boyiik Ipok Yolu”nun tarixi ticarot marsrutlart Cin, Yaponiya, Mongolustan, Iran,
Ozbokistan, Tacikistan, Azarbaycan va digor olkalori kegmoklo genislonmisdir.

Eyni zamanda bir ¢ox elmi vo texnoloji informasiyalar sorqdon gorbo mohz “Boyik
Ipok Yolu” vasitosilo aparilmisdir.

“Boyiik Ipok Yolu”nun Azorbaycan orazisindon kegmosi respublikamizin bir sira
soharlorinin formalagmasina vo inkisafina sobob olmusdur.

Azobaycanin  Boyiik Ipok Yolu (zorindo yerloson nogliyyat sohorlorinin tarixi
soharsalma qurulusunun arasdirilmas1 “Béyiik Ipok Yolu”nun borpasina zomin yaratmigdir.
Belo nogliyyat soharlorindon biri do Ucar soharidir.

Ucarin orazisi kegmisdo Sirvan baylorbayinin, sonralar iss Samaxi xanliginin, daha
sonra 1840-c1 ilin 10 aprelinds inzibati islahata asasan Kaspi vilayatinin torkibinds, 1846-c1
ildo iso Samaxi quberniyasinin tarkibinds olmusdur.

1859-cii ildo Samaxi1 zalzalo naticasinds dagilandan sonra quberniyanin morkozi Bakiya
kocurildi vo adi da doyisdirildi. Beloliklo, Baki quberniyasinin torkibino Samaxi, Susa,
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Soki, Lonkoran (ozalar1 daxil edildi. 1867-ci ilin dekabrinda Baki quberniyasmin torkibinds
GOycay Qgozast yaradildi, bu zaman Ucar rayonu GoOycay qozasinin torkibinds qaldi.

1930-cu ildo goza bolgusi logv edildi vo indiyadok mdvcud olan rayon inzibati orazi
bolglst kegrildi. Bu vaxt Ucar rayonu Goycay rayonunun tokibinds saxlanildi. 1939-cu ilin
yanvarin  14-do Ucar rayonu Goycay rayonunun tarkibindon ayrilaraq miistagil rayon oldu.

Ucar rayonunun moarkazi Ucar sohoridir. 1963-cu ildo Ucar rayonu orazisinds
doyisiklik edildi vo 1963-cii ildo Zordab rayonu logv edilorok onun orazisi, yoni 856 km?
sahosi ilo birlikde Ucar rayonuna verilmis, 1965-ci ildo iso Zordab rayonu yenidan
miistoqil rayon kimi borpa olunaraq 856 km? sahosi ilo birlikdo Ucardan ayrilmisdir. Hal-
hazirda Ucar rayonunun sahosi 853 km?2-dir.

Ihalisi: Ucar rayonunun ohalisinin sayt 82,9 min nofor, o cimladon Ucar soharinin
ohalisi iso 17,3 min nofardir. Hor km2-o ~ 90 nofor adam diisiir. Sohor ohalisinin milli torkibi
mixtolif olmagla burada 8 millatin, o clmlodon azorbaycanlilar, ruslar, lazgilar, turklor,
tatarlar, ukraynalilar vo digor millatlorin nimayandslori yasayirlar.

Iqlimi vo kond tasorriifati: Ucar rayonu Sirvan diiziinde, doniz soviyyssindon
asagida yerlosir. Burada yarimsohra vo quru ¢Ollor Gglin saciyyavi olan iqlim soraiti
miisahido edilir. Yayr cox isti olur. Gdycay vo Tiiryangay (Qarasu) caylari, conubdan bas
Sirvan kollektoru rayon orazisindon kegir. Orazisini asasan bozgomon Vo soran torpaglar
toskil edir. Bitki Ortiiyii seyrok Vo osason ovaliq vo yarim-sohra tipli bitkilordan ibaratdir.
Tiiryan ¢ay boyunca Tugay mesalori vardir. Bu mesolorin oksor hissasi hazirda qirilmis vo
okin saholorina verilmisdir. Siini yolla salinmis 380 ha-dan ¢ox tarla qoruyucu meso
saholorri salinmigdir. Rayonun florasinda osason biyan bitkisi muhim yer tutur. Darman
bitkisi olan biyanin koklori todariik edilorok basqa 6lkolors ixrac edilir. Rayonun faunasinda
canavar, tiilkii, dovsan, quslardan turac, qirqovul vas. genis yayilmigdir.

Osason agrar rayondur. Kond tesorriifatinin osas sahalori okingilik, maldarliq, kond
ohalisinin osas mosguliyyati taxilgiliq, pambiqciliq vo heyvandarhiqdir. Ucar soharinin
sonayesindo pambiq, konserv, domir-beton momulatlari, metal vo agac momulatlari istehsal
edon zavodlar va s. osas yer tutur.

Cografi movqeyi: Ucar sohori Bakidan 256 km qorbdo, Sirvan diiziindo- aranda
yerlogir. Ucar sohori simaldan-Goygay, sorqdon—Kurdomir, conubdan-Zoadab, gorbdon-Agdas
sohoarlari ilo homsarhaddir. Rayonun orazisi gorbdon sorge togribon 50 km., simaldan canuba
iso 25 km-dir. Soharin cografi moévqgeyi olduqca olverislidir. Baki-Thbilisi domiryolunun vo
magistral avtomobil yolunun Ucar sohorindon kegmosi, habelo Boyiik Ipok Yolunun borpa
olunmaqla Ucardan soharindon ke¢moasi igtisadi shamiyyatini olduqca artirir.

Baki-Thilisi domiryolu vo Baki-Qazax avtomagistrali bu sohorin orazisindon sorqdon
gorba dogru kegir vo sohor Baki-Thilisi domiryolu ilo borabar Baki-Gonca, Goycay-Zardab
magistral avtomobil yollarimin qovsaginda yerlosir.

Iqtisadi xarakteristikasi: Ucar sohorinin tosorriifati pambiqeiliq, baramaciliq, quru
subtropik meyvagilik, bostangiliq vo toyuqculugdan ibarotdir. Ucar biyan zavodu ssharin
tarixindo | sonaye miuoassisasidir, 1902-ci ildon foaliyyst gOstormis vo onu ingilislor idara
etmiglor. Baki-Thilisi domiryolu c¢akilib istifadoys verildikdon sonra Ucar Biyan zavodunun
mohsullart bu domir yolu ilo dasinmaga baslandi.

Biyan koklori zavodda cesidlonib preslondikdon sonra vaqonlara doldurularagq domir
yolu vasitosilo  xarici 6lkalora gondorilmisdir. Hal-hazirda iso homin zavod konserv zavodu
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kimi  foaliyyat gOstorir. Ucar soharinds eyni zamanda pambigtomizloms zavodu, asfalt
zavodu, ¢orok zavodu va s. vardir.

Tarixi: Ucar gohari 24 yanvar 1939-cu ildo toskil edilmisdir. Sohorin adi vo yaranma
tarixi  haqqnda  miixtolif ~ fikirlor ~ sOylonilir.  Orab  cografiyagiinast  OI-Sitokrinin
“Momlokatlorin yollar1” kitabinda Ucarin adi ¢okilir. Ucar sohari Azorbaycan tarixinds orta
osr sohori kimi geyd olunur. XV osrdo yasamig Azorbaycan sairi Bord Sirvaninin
yazilarinda “ucar” soziino rast golinir. Bozi milahizoloro g6ro rayonun adi Azarbaycan
dilindoki “ucar” s6zindon omolo golmisdir. Digor miulahizolords rayonun adinin godim
Sirvanda yasamis “ucar” tayfasinin adindan gotiiriildiiyii iddia olunur. “Ucar” soziiniin
“ucqar” sOzundon gotarilmasi fikrini  soyloyanlor do wvardir. Hazirda Ucar sohorinin
Olkomizin morkozi hissssindo yerlogsmasine baxmayaraq vaxtr ilo Sirvansahlarin paytaxti
Samax1 gaharindon on ucgar orazido yerlosdiyina goro adinin “ucqar” soziindon goturaldiyu
do ehtimal edilir.

Cografi adlarin (toponimlorin) todqigi ilo mosgul olan F.O.Nagiyev kitabinda Ucarin
tarixi cografiyasini, bu orazinin cografi adlarmi tohlil etmis vo Ucar haqqinda {imumi
molumatlar vermisdir. “Ucar” soziiniin monsayi Vo adinin monasit barodo miuxtalif fikirlor
sOylomoklo “ucar” séziiniin tayfa adi olmasini osaslandirmisdir.

Bozi turk dillorindo iso bu soz “bazar, alis-veris” kimi islodilir.

Bir sozlo Ucar yer adimmin godimds yasamis tiirk soylu Uci (Ug) tayfasimnin adi ilo
bagli olmasi fikri soylonilir. Bozi monbalordo bu tayfa haqqinda molumat verilmis vo
demoali “ucar” sOzu *“uc” (uca, yuksok, qudratli) vo *ar” (or, kisi, doyiis¢ii) sozlorinin
birlosmasindan amoalo galmisdir.

Demoli, “ucar” uci elino monsub olaraq “uca kisi”, “qidratli kisi”, “qiidratlilor”
Maonasini Vverir.

Soharsalmasi: Ucar rayonunun moarkazi Ucar ssharidir vo Sirvan diiziindo, aranda
yerlosir.  Umumiyyatlo, Ucar rayonunda moskunlasmis qodim  tirk  tayfalan  ilk
moaskanlarindan yeni otlag, akin sahalorina, qislaglara, su monbalorina yaxin yerlori axtarib
tapmaq vo bu yerlordo daimi moskon salmagq moqgsadi ilo ko¢ etmiglor vo Ucar sohoarinin
indiki yasayis montogolori do mohz belo yaranmisdir. Azorbaycanda, eloco do Ucarda oksor
yasayls montagoalorinin kond formasinda moskunlagsmasi bas vermisdir. Moaskunlagma asason
orazinin relyefino goro formalasaraq yasayis moskanlorina g¢evrilmisdir.

Ucar sohori avvallor adi yasayis montagoasi, muiayyan bir middstdon sonra gossbs Vo
inkisaf edorok sohor olmusdur. Tobii soraiti alverigli oldugundan shalinin moskunlagsmasina
sorait yaranmisdir.

Ucar sohorindo comi 31 yasayis montogosi vardir. Bunlardan 1 sohor, 28 kond vo 3
gosaba tipli yasayis montagolori, Mususli gosabasi, Neftagiran qosobasi, Olikond domiryolu
stansiyast qosoba tipli yasayis montagalorindon ibaratdir [1] (soh.24).

Rayonda iri yasayis montogolori Borgiisad, Qazyan, Yuxari Silyan, Alpout vo S.
kondlordir [1] (soh.25).

Baki-Thilisi domiryolu 1870-ci ildon ¢okilmays baslamis vo 1883-cli ildo istifadoya
verilmisdir. Bu domir yolu Ucar rayonu orazisindon kecdiyindon Ucar domiryol
stansiyasinin tikilmosi zoruroti yaranmis vo nohayst Ucar domir yolu tikilmisdir. Bu
illordon baslayaraq domir yolu stansiyasi otrafinda fohlolor ¢lin hékumat torofindon yasayis
evlori tikilmis vo sonralar fordi yasayis evlori do tikilmisdir. Samaxi vo  Sokinin bozi
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boylori vo sahibkarlar1 da Ucar domiryol stansiyasinda 2 mortobali bismis korpicdon
muxtalif tosorriifat binalari, mehmanxana, doyirman, bir sira yasayis evlori vo digor binalar
tikmiglar [1] (soh.40).

Azorbaycanda, eloco do Ucar rayonunda oksor yasayis montogolori kond formasinda
yayilmigdir. Ucarin yasayis moaskanlori yerin relyefi soraitino goro dizanlik, qruplasmasi
xususiyyatlorina goro iss, yigcam, nizamsiz-parakonds vo koma-koma formalarina vo bir
neco kiico boyu yerlosmo formalarina bolindr [1] (sah.44). Ucarda godimdon yasayis evlori
bir qayda olaraq insa edilorkon asason c¢iy korpicdan tikilirdi.

Azorbaycanda yollar ¢okilona godar, yani karvan yolu, 6kiiz vo at arabasi, furgon, kol
arabast vo s. basqa poct yollar1 da olmusdur ki, bu yollardan biri do Ucardan kegirdi.
Goycay Qozasinda ilk pogt stansiyast 1867-ci ildo tikilmisdir.

Rayonda coxlu sayda sonaye miuoassisalori vardir. Ucar rayonunda 45 timumtohsil
moktobi, 22 usaq baggasi, 47 kitabxana, 18 modoniyyat evi, muzeylor, 1 musigi maktobi,
rabito qovsagi, ATS binasi, sadliq saraylari, kolxoz bazari, 13 xoStoxana, 1 usaq xoSto-
xanast (regionlararasi), 16 feldser-mama montogosi, 1 epidomoloji stansiya, 1 rayonlararasi
asob xastaliklori xoStoxanasi vo S. miassisalor vardir.

Rayonun Bas plan1 1980-ci ildo tortib edilmisdir. Rayonda moskunlagsma osason domir
yolu stansiyasi tikildikdon sonra baslamigdir. Rayon moarkozi osason domiryol stansiyasindan
simalda markozlosmisdir. Osason morkozdo Icra hakimiyyotinin binast (1987), kegmis
Rayon KP-nin binasi (1950-60), Moadoniyyat evi (1970), Ucar domiryol stansiyast (1870-
1883), kohno klub binasi (1950-60), kino-teatr vo yay kino teatr zali (1950-60), aptek
(1960-70), Musigi moktabi (1980-90), sahmat moktabi (2 mortobali), Mehmanxana
(2 mortobali, 1960-70), orta moktoblor, poliklinika, Usaq xoStoxanasi (1989), Pionerlor evi
(1960) hazirda wusaq yaradicilig morkazidir), Muzey (1980), Morkazi  kitabxana,
2 univermaq binas1 (1970), 1 mortobali ticarst morkozi, bank binalari, mahkomo binasi,
secki komissiyasinin 2 mortobsli binast (2007), moisot evi, avtovagzal, abidoslor, yasayis
binalari, parklar, kolxoz bazart vo s. vardir.

Heydor Oliyev adina park vo muzey, Zorifo Oliyeva adina park rayonun landstaftina
gozallik wverir.

Ucar sohori illor orzindo formalasaraq daha da boyiimiis vo inkisaf etmisdir.

Su tachizati: Rayonda boyiik su anbari vardir. Ucar domiryol stansiyasi yerlosdiyi
oraziys su 0z axim ilo golo bilirdi. Qonsu Qarabork kondi orazisindon kegon su arxindan
bura 6z axmi ilo su gotrilorok xiisusi tikilmis hovuzlara doldurularaq istifado edilirdi.

Maddi madani irsi: Ucar sohorindo hazirda 8 abido qorunub saxlanilir. Bu abidalor
rayon madoniyyat sobasi torofindon qeydiyyata alinmis vo Umumrespublika oshomiyyatli
abidolor hesab olunurlar.

Rayonun yasillagdirilmasina xiisusi diqqet edilir. Yeni park vo yasilliglarin salinmasi
rayon orazisini daha da go0zsllosdirir vo shalinin istirahatinds boyiik rol oynayir.

Siyasi vo strateji Baki-Supsa, Baki-Ceyhan ixrac neft komorlori, domir vo sosse
yollar1 da bu sahardon kecdiyindon Ucar sohari hom do nogliyyat qovsagi hesab olunur.

Boyiik Ipok Yolu (zorindo yerloson Ucar sohori formalasaraq inkisaf edir.

Sohor genislonir vo bu baximdan rayonun tarixi cografiyasi, yasayis maontagalorinin
monsayi Vo omolo golmasi tarixinin izahi indi daha boylik siyasi, elmi vo praktiki
ohomiyyat kasb edir [1] (soh. 49).
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Yenidonqurma islori zamani yollarin yenidon salinmasi, yeni tikililorin, yasayis
binalarinin, ticarat morkazlorinin planli  sokildo salinmasi, kommunikasiyalar sisteminin
tozolonmasi, kigo sobokolorinin reabilitasiyasi, rayonun landsaftina uygun yasillagdirma
islorinin  aparilmasi, yeni parklarin salinmasi, sohor daxili vo xarici avtomobil dairalorinin
yenidon insast memarlig-mokan planlagdirilmasi baximindan miasir tolobloro uygun yeni
tortibata vo yeni layihalorin iglonmasing, yoni rayonun Bas planmin yenidon islonmasi Ugln
zorurat yaratmigdir. Ucar soharinnin  sosial-iqtisadi  inkisafi vo yasayis maskanlorinin
genislonmasi gohorin Bas planinn yeni layihoalor osasinda tortibatini aktuallasdirir.

Bunun G¢lin  bu regionda sohorsalma infrastrukturunun inkisafina, noaqliyyat
infrastrukturuna, tobist Vvo sohor peyzajlarinin qorunub saxlanilmasina, moskunlagsmanin
muxtolif sortlor osasinda togkilina, urbanistikaya elmi cohotdon yanasaraq boazi toklif vo
tovsiyalor vermoklo problemlarin hollina imkan yaratmaq olar:

e Agir texniki miiassisolorin sohar Konarina kogiiriilmasi vo yenilorini tikilmosi;

e Kond ohalisinin gohoro axminin qarsisint  almaq Ugiin  kond toSorriifatinin
inkisaf etdirilmosi, yollarin yenidon tomir edilmosi, yeni is yerlorinin agilmasi,
moadani-maisat Vo tohsil ocaglarinin tikilmasi;

Yeni park vo yasilliglarin salinmas;

Sohar konarinda idman va turizm saholorinin insasi vo inkisaf etdirilmasi;
Sohar orazisinin yeni layihalor asasinda formalasmast,

Ekologiyanin miihafizasi vo inkisafi;

Kond vyerlorinds tabii yasilliglarin miihafizosi vo aqlomerasiyasi.
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Ob OJHOM METOJAE ONPEJAEJEHHUS YACTOT QBOBOI[HLIX KOJEBAHUI
OUWJINHAPUYECKUX OBOJIOYEK IMMEPEMEHHOUW TOJIIIUWHBI C YYETOM
HAYAJBHBIX HAINPSIKEHHBIX COCTOSIHUI
o.m.u., npog. Ceiighynnaee X.K., Azepoatiosicanckuti Cmpoumenvhuiti u Apxumexmyproiti HUH

ooxmopanm Maxmyou I'M., Azep6. Apxumexmypnuiti u Cmpoumenvuwiil Yuusepcumem

DOYIiSON QALINLIQLI SIiLINDRIK QABIQLARIN BASLANGIC GORGINLIKLI
HALLARI NOZORD ALINMAQLA SORBOST ROQSLORIN TEZLIYININ
TOYIN OLUNMA METODU HAQQINDA

t.e.d., prof. Seyfullayev X.Q. Azarbaycan Insaat vo Memarhq ETI
doktorant, Mahmudi Q.M. Azarbaycan Memarlhq va Insaat Universiteti

ON A METHOD OF DETERMINING THE FREQUENCY OF FREE OSCILLATIONS
OF CYLINDRICAL SHELLS OF VARIABLE THICKNESS WITH THE INITIAL STRESS STATE
doc. of tech.sciences, prof.Seifullayev Kh.K. Azerbaijan Scientific-Research Institute
of Construction and Architecture
Makhmoudi G.M., Azerbaijan University of Architecture and Construction

Annomauus: Onpedenenue uacmom c80000HbIX KOACOAHUU MOHKUX YUIUHOPUHECKUX 000JI0YEK NepeMeHHOU
MOIUWUHBL HA OCHOBE 2e0MemPUHeCKol HEMUHEUHOU MeopUl CONPSIICEHbL ¢ MAMEMAMUYECKUMU MPYOHOCMAMU U3-3d
HEIUHEUHOCMU U NePeMEHHOCMU KOIPDUYUEHMO8 UCXOOHbIX OUphEepeHYUanbHbIX YPAGHEHU, HO HOPMAMUGHbLE
OQ0KYMeHmbl Ok NPOEKMUPOBAHUS IMUX TMOHKOCHEHHbIX KOHCMPYKYUL Mpedyiom yuem HA4aibHO20 COCMOSHUS U
2eomempuyeckol Heaunetinocmu [2].

Kniouegvie cnosa: Ilepemennas monwyuna, c60600Hble KOACOAHUS, YACMOMA U POpMbL, YUIUHOPpUUEcKUe 000I0UKU.

Xillasa: Nazik dayison qalniiqlr silindrik qabiglarin handasi qeyri-Xatti nazariyya asasinda sarbast ragslarinin
tezliklarinin tayini yekun diferensial tanliklarin geyri-xatti vo amsallarmmin dayison olmast riyazi ¢atinliklorlo baghdur,
lakin nazikdivarli konstruksiyalarm layihalandirilmasi ticin moévcud normativ sanadlaor baslangic garginlikli hallart va
handasi geyri-xattiliyi nazara almag: talab edir. Magalada bu masalonin hallaring baximisdir.

Acar s6zlar: Dayison galinlig, sarbast ragslor, tezlik va formalar, silindrik qabiqlar.

Summary: Determining the frequency of free oscillations of thin cylindrical shells of variable thickness on the
basis of geometric nonlinear theory associated with mathematical difficulties due to non-linearity and of variable
coefficients initial differential equations, but regulatory documents for the design of thin-walled structures requires
consideration of the initial state and the geometric nonlinearity.

Key words: variable thickness, free oscillations, frequency and form, cylindrical shells.

B mocraHoBke, yKka3aHHOH BbIle, /Ui pEUICHHs 3aJady CTaTUKU M JAMHAMUKH pa3paboTaH
HOBBIII METOJ Ha OCHOBE OJHOIO CIOCO0a JIMHEApU3allMl TE€OMETPHUECKUX HEITMHEWHBIX
nuddepeHIaIbHBIX YpaBHEHHH [ 1], CYIIHOCTh KOTOPOTO M3JI0’KEHA HUKE.

Juddepenunanbaple ypaBHEHUSI TE€OMETPUUYECKONW HEIMHEHHON TEOpUH IMIMHIPUYECKHX
000J109eK MIEpEeMEHHON TOJIITUHBI IPUHSTHI B ciaeaytomemM Buae [1,3]:

2 2

10°¢p
ADAW) = (A =WLD,w) = pozz ~ LW, @) + M5 =gq;

M)

2

10w 1 _
A(HA@) — (1 +Vv)L(H, @) + Ea_/sz + EL(W, w) = 0.

B ypaBuenusix (1) o603HaueHbI:

92 092
A= 3z + 6_,82 — oneparop Jlanaca;
D(a,B) u H(a, ) - nepeMeHHbIE )KECTKOCTH 000JI0YEK:
ER®(a, ) yh(a, B)
D =— " . H = =7
(a, ) 20— v’ (a, ) Eh@ B)’ 7

Hubdepentmansabie oneparopst L(E, ¥) Hag AByMs QYHKIUSAMU TPUHSTHI B BHC:
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92¢ 62111+02§ 2¥ 9% 9%y
da® 9p% ' da? 0B2  “0adf 0adp

LEY) =

Korma B muddepenumansaom oneparope L(E,¥) dyukuun & u'¥  sBistorcs
HEH3BECTHBIMHU, TOT I 3TOT ONepaTop OyAeT HETUHEHHBIM.

B nanHOil paboTe 3aKOH W3MEHEHHWS TONIIMHBI 10 KPUBOJIMHEHHOW CTOpOHE
MUIMHAPHUYCCKUX OGOHO‘IGK MPUHAT B CICAYIOMIEM BUIC!

h(a) = ho[1 + eF (a)] (2)

I'ne ho - cpenHee 3HaYeHUE IEPEMEHHOMN TOJIIMHBI 000JIOUKH, € - MAJIBII TapaMeTp,
a F(B) - yHKIMs BO3MYIIECHHS TOIIINHBI, UMEIOIIAsT BH/I:

6a 6a’? O0F(a) 62a 0°F(a) 12 1
Fla)=1——+—; =—(——1); — ; h0=—fh(oc)da.
a a? doa a da? a2 a

[TepemeHHBIE )KECTKOCTH 000JIOUKH C y4eTOM (2) IPEICTaBISIOTCS B BUJIC:
D = Dy[1+ 3eF(a) + - ];
H= Hy[l+¢eF(a)—-]; (3)
M = My[1 + eF(a)].
VYuuTeiBas 3HaYCHHS TIEPEMEHHBIX BeMWuuH (3) B UCXOMHOU cucTeme AuddepeHInanbHbIX
ypaBHeHui (1), momydnm:

a

5 azq; OZW
DoA“w + 3DyeL4[F(a),w] — 7 6,82 —L(w, @) + My[1+ sF(a)] =q;
4)
2 1 6 w
HyA“@ + Hyel,[F(a), @] +- o T +- L(W w) = 0.

Ine L,[F(a),w] u L,[F(a), ] umeror crexyromuii Bu:

2

12 2a d w
Li[F(a),w] = F(a)A2W+;[Aw+ - 1)a—AW— (1-v) 0,82]'

2 d 02
L,[F(a), 9] = F(a)A?¢ +—[A(p+ _a_1>6_A(p_(1+v)6,8(§]

[Tonyyennass cucrema (4) ectb  auddepeHIHaTbHbBIE  ypaBHEHHUS  JABHKCHHS
WINHAPUYECKUX O000J0YEeK MEPEeMEHHOH TONIMHBI MONEPEeYHOro H3ruda mpu  OOJIBLIMX
nporubax. Pemenus 3Tux ypaBHEHUI pa3aemsioTcs Ha JIBE YaCTH:

w=wy+ w; b = o+ ¢. (5)
3nech Wy U ¢y - OCHOBHASI YacTh pelICHHs] HETMHEUHBIX N (epeHInaIbHBIX YpaBHEHUH
(4) ¥ CUMTAIOTCS M3BECTHBIMH, W M ¢ — KOMIIGHCHPYIOIIAs 4acTh PEUICHUH ypaBHEHHMi (4) n
CUHMTAIOTCS MAJIBIMU IO CPaBHEHUU ¢ Wy U ¢y. [loacrasnsas »tu pemenus B Buae (5) B (4)
MOJTYYUM:
) —

10
DoA*W + 3DyeL, [F(a), W] — RopT LW, ¢) — L(wo, @) + M[1 + sF(a)] atz =
2
9o

Ea—ﬁz — L(wyg, o) + My

— {DOAZWO + 3DyeLlq [F(a), wy] — } ++L(w, ¢);

(6)

10%w
R ap?

+ = L(WO Wo)} - %L(W,W).

HoA?¢ + Hoely[F(a), ¢] + = + L(w,wy) =

102 0w

= - {HoAquo + Hoels[F(a), dol + 5 p%
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Ha ocHoBanum aHanm3a ypaBHEHHH (6), MOXXHO 3aKJIIOUHUTH CIEAYIOIIME: BBUIY MaJIOCTH
W, n ¢ muddepeHLraIbHbIe OIepaTopsI L(W,a) u L(W,W) kak Maible BEITHYHHBI BTOPOTO
MopsiIKa B ypaBHEHHX (6) mpeHeOperarTcs;

BripaxkeHuss B ckoOkax TMpaBbIX dYacTeidl (6) XapakTepu3ylOT HadajJbHOE HEIMHEWHO-
MOMEHTHOE COCTOSIHME TMOJIOTUX IIWJIMHAPUYECKUX O000J0YEeK NEPEeMEHHOM  TOJIIUHBI.
[Ipennonaraercs, YTo eciau Kakue-HUOYIb MPUOIMKEHHBIE PEIICHHUSI HAYaIbHOTO COCTOSIHUS TPU
CTaTUYECKOM JIEHCTBMM HArpy3Kd W3BECTHBI, TOI/Ia IIPAaBble YacTU ypaBHEHWH (6) paBHAIOTCS
HYJIIO, T.€:

2
¢
DoAZWO + 3£DOL1 [F(a) Wo] R aﬂzo L(WO' ¢0) — q = 0’
()
, 10%w
HyA*¢pg + eHyL,[F (), po] + 7 aﬁz 042 L(WO,WO) =0.
Torna cucrema auddepeHnnanTbHbIX ypaBHEHUH (6) HpI/IHI/IMaeT CIICTYIOIINUN BHI:
. 10% — o*w
DoA?W + 3eDyL,[F (), W] — Rop? L(wo @) — L(W, ¢o) + My[1 + eF ()] o 0;
®
82
HoA?¢ + eHoLy [F(@), ] + = Rp? + L(wow) = 0.

Takum 00pa3oM, perieHus] HeMMHEHHBIX U PepeHINaTbHBIX YPABHEHUN JABUKEHUS TOJIOTHX
HUWIMHIPUYECKUX YpPaBHEHUI CBOAATCA K PEIICHHUIO MOCIEOBATEIbHBIX JTUHEHHBIX ypaBHEHUN
(7) u (8).

Cucrema  muddepeHIMaNbHBIX  ypaBHeHUH  (8) TpW  HM3BECTHOM  pEUICHUU
nuQdepeHIMaIbHbBIX YPaBHEHHH HadadbHOrO cOCTOstHUA (7), OynyT JTUHEHHBIMH M SBISIOTCS
OJIHOPOJAHBIMU YPaBHEHUSIMHU JIBU)KEHUM CBOOOJHBIX KOJIEOAHMI LMIMHAPUYECKUX 000JI04eK
NEPEMEHHO TOJIIIMHBI ¢ YIETOM Ha4aJIbHOT'O COCTOSIHUS IOJIOTUX 000JI0UeK.

B neiicTBUTENBHOCTH ypaBHEHHsS] HAYaJIbHOTO COCTOSIHHSI TOJIOTUX OOOJIOYEK SBIISIOTCS
HEJIMHEWHBIMHU U OHH JIMHEApU3YIOTCS, a 3aTeM HaXOJAT UX MPUOIKEHHbIE PEIICHNUS.

Ha mpakTuke, mpu NpPOEKTUPOBAHUM IMIMHIPHUYECKHX O000JOYEK HadaldbHbIE COCTOSHUS
MPUHUMAIOTCSI MOMEHTHBIMU WK 0e3MOMEHTHBIMU. [Ipu 3TOM penienust ypaBHEHUH HAa4aabHOTO
COCTOSIHUSL 00OJIOYEK B COOTBETCTBUU C (8), 3HAYMTENBbHO ympomaiorcs. Hampumep, npu
MOMEHTHOM Ha4aJbHOM COCTOSHUH HenuHelnsle oneparopsl B (7) L(wgy, ¢po) u L(wgy,wy)
npeHeOperarTcs U perieHus ypaBHeHuH (7) yrpouarTes.

Taxkum oOpa3oM, ompeaeneHus: YacTOT CBOOOAHBIX KOoleOaHUN Ha OCHOBE F€OMETPUUYECKUX
HenMHEHHbIX auddepeHnnanbabiX  ypaBHeHUd (1) muaumHApUYecKnX 000704YeK IepeMEeHHON
TOJIIIMHBI CBOJMUTCA K IIOCIEAOBAaTEIbHOMY pELICHUIO JIMHEHHBIX YpaBHEHUH HavaJIbHOTO
coctostaus (7), a 3aTeM K OJTHOPOTHOM JIMHEHHOM cucteMe (§8) ypaBHEHHI CBOOOIHBIX KOJIEOaHUH.
[Ipu sToM ypaBHenus (7) u (8) mpUHUMAIOTCS TUHEHHBIMHU.

VYrpouieHHOE — pelieHHe MOoJydaeTcsl TOrja, KOrjJa YpaBHEHHs HA4aJIbHOTO COCTOSTHUS
OPUHUMAIOTCA JUIsI O€3MOMEHTHOTO HAIPsDKEHHOTO COCTOSIHMA. B 3TOoM ciydae ypaBHEHUS
Ha4YaJIbHOTO COCTOSTHUSA (7) 1y1st 6€3MOMEHTHBIX 000JI09€K MPUHUMAIOT BU/I;

%o
8—182 = —qR; Wy = 0. (9)
Torna ypaBHEHUS ABUKEHUN CBOOOIHBIX KOJIEOAHUH C yquOM (9), npuHUMAIOT CIEAYIOMINNA BHI:
20 _ 2%¢p 0%
DoA*W + 3eDy Ly [F (), W] _Ec’)_ﬁz+ qR 322 Yy Mo[1+ eF (a)] = 5z = 0

(10)

2 ~

w

HoA%$ + Hoely [F(@), p] + === =0
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B xoHeuHOM HTOre 3HAYEHHS] YaCTOT CBOOOJHBIX KOJ€OAaHUIN HUIUHAPUYECKHX 000JI0UeK
MEPEeMEHHON TOJIIMHBI C YYETOM HAYalbHOTO COCTOSIHHSI OIPENCTSIOTCS W3  PEIICHUS
OMHOPOIHBIX nuddepeHnanpHbIx ypaBHeHu# (10) u pemienue 3a1aun B yKa3aHHON ITOCTaHOBKE
HE TPEJICTABIISAET TPYAHOCTEH.

[Tpenmonoxxum, 4To 000JI0UKa COBEPILIAET FrapMOHUYECKOE KojieOaHue B BUJIE:

W =sinwt-w(a,p); ¢ =sinwt-d(a,B); (11)
31ech w —YacToTa CBOOOIHBIX KOJIeOaHUHN ITUIMHAPUIECKON 000I0UKH IIEPEMEHHON TOJIIIHUHEI.

[oncrasnsas pemenus (11) B aquddepennmansapie ypaBHeHus (10), momydyum ypaBHEHUS
4acTOT CBOOOJHBIX KOJIEOAHMIT MOIOTHX HI/IJ‘II/IHILPI/I‘ICCKI/IX 000J104€K TepeMEHHON TOJIIIUHBI:

2
DoA?w + 3eDgL,[F(a),w] — R aﬁdz) qRF —N?[1+ eF(a)]w = 0;
(12)
HyA2 + Hyely[F(a), ] + 1%w_,
0 0 1 R aﬁz .

BBuny TOr0, 4TO YpaBHEHHS ABHKEHUS CBOOOTHBIX KOJIEOaHUI IIMIMHIAPUYECKUX 000JI0UEeK
nepeMeHHON TommuHbl (12) wuMeroT mnepeMeHHbIe KodhduuMeHTh, pemieHus ux (12)
MPUHAMAIOTCA B BUJIE PA/IOB, PASTIOKEHHBIX 11O CTENICHAM MaIloro napameTpa E:

(o0}
W= Z etwi(a f); &= Z (@) 2= o (13)

k=0
[lyrem noxacraHoBKHU pemeHH;I (13) B ;[Hq)(bepeHuHaﬂLHHe ypaBHeHus (12),
IpYNIMPOBAHHEM WICHOB IPH OJUHAKOBBIX CTEHNEHAX MaJoro mapamerpa &, a 3aTeM IMpUpPaBHSIB
UX HYIIIO, TIOJIYYUM CIIEAYIOUINE peKyppeHTHBIE Tu(depeHIaIbHble YPaBHEHHS C TIOCTOSHHBIMU

Kod(purmeHTaMu:
102y 9%wy,

DoA?w — R 0p? +qR EPS — 5wy = Fe(a, B);
(14)
HoA? Lo%w =C
AN R0 [32 (@ B).
3necs  Fy(a,f) u Cy(a,B) - SABIAOTCS TPaBbIMH YaCTSIMH  PEKYPPEHTHBIX

nuddepeHnrabHBIX ypaBHeHHH (14) 1 B KaXX10M TIPUOJIMIKEHUN CIYUTAIOTCS U3BECTHBIMHU.
B HYJICBOM WJIM HAYaJIbHOM HpI/IGHH)KeHI/II/I OHU UMCHOT BU:

Fo(a,B) = 0; Co(a,B) = 0.

Juddepenunansupie ypaBHeHus (14) B HyJaeBOM NPUOIMKEHUN SBISIOTCS OJAHOPOIHBIMU U
HEe OTIMYaTcs OT AuddepeHInanbHBIX ypaBHEHUH IMIMHIPUYECKUX OOOJIOUEK ITOCTOSTHHON
TOJIIMHEI, paSHI/II_[a 3aKJII0YaeTCsl B TOM, YTO 3[€Ch YYTCHBI BIMSHHS HAYaJbHOTO COCTOSHHS

qJICHOM R .
q aBZ
B k-oM npuOnmkeHru paBble YacTH PEKYPPEHTHBIX YPAaBHEHUH UMEIOT CICIYIOIIII BUI:
0

Fy(a, B) = —3DoL4[F (a), wi_q] + Z Wi—1-j [2F + Q%1 - F(@)];

j=0
Cy(a, B) = HoL4[F (), bg—1]

Pexyppentusie nuddepennuanpapie ypaBHeHUS (14) 1O CBOEH CTPYKType COBIIQAIOT C
muddepeHaIbHBIMI - YPABHEHUSMH CBOOOJHBIX KOJIGOAHUH LMJIMHAPUYECKUX 000J0YEK
HOCTOSIHHOM TOJIILMHBI, ITO3TOMY HM3BECTHBIE METOJbl PELICHUs ypaBHEHHUH CBOOOJHBIX KOJle-
0aHU MUIMHIPUYECKUX 000J0YEK C yCIIeXOM MPUMEHSIOTCS K PEKYPPEHTHBIM ypaBHEHHSIM (14).

31mech paccMaTpUBAIOTCS PEIICHUS PEKyppeHTHBIX ypaBHeHmi (14) B HadaabHOM
npUOJIMKEHUH, T.€. HWINHAPUIECKUE 000T0UYKH TOCTOSIHHOM TOJIIIUHBL
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B nmanHOl paboTe 0COOBIM WMHTEpPEC MPEACTABISICT PEIICHUS TP IEHTPAIBLHOM YIIPYTroM
COIPSDKEHUH KpaeB 000JI0UKH € IPSIMOJIMHEHHBIMUA KOHTYPHBIMU 3JIEMEHTaMH [ 5].

OTH yCIOBUS CONMPSDKEHUS UMEIOT BU/I:

mpua =0 na = a:

Ba4w ) ”_ 03w _

.., oo+ )

c 03w _ D 0°w is
dad? a:o__ 0(7 aﬁZ) (15)
10 (9% 9%\

inal,., =" (0ut 50

3d 2*dp
Bh'q)la:O: [aﬁ3+(2+ V) 20,8.

3nece B, C, By, u E4A - COOTBETCTBEHHO JKECTKOCTH KOHTYPHBIX AJIEMEHTOB NPHU H3THOE B
BEPTUKAJIBHOM IJIOCKOCTH, KPYYEHUH, PACTSHKEHUN U3rH0OE B TOPU3OHTAIBHOM IIOCKOCTH.

Korna kpast nuianHIpruueckoi 000JI0UKH YIPYTO CONPSKEHBI ¢ KOHTYPHBIMH 3JIEMEHTaMH,
anpOKCHMHUPYIOIIUE PELIEHUS IPUHUMAIOTCS B BUAE [S]:

w=wy,+ w5 b=y + d". (16)
3nmech Wy U Qg ABISIOTCS PEHICHUSAMU TJIaBHOM YacTH (16) M MPUHUMAIOTCS B BUJIC PEIICHUS
YIIOBJICTBOPSIIOIIMX YCIOBHSM IIAPHUPHOTO ONHUpPAHUs Ha Kpasx oOomouku; w* u ¢*

KOMIICHCUPYIOIIME PEIIEHUs,, KOTOpbIE MO3BOJSAIOT YIOBJIETBOPUTH YCJIOBUSM  YIPYToro
comnpspkenus (15). Dtu pemenus npuHuMaroTcs B Buje [S]:

Wy = Z z B sin A, asin u, f;
m n

by = Z z A Sin A sin y, S ;
m n

w*(a, B) = z {[1 + —(a — aaf)] E, — —(a' — aa)Nn} sin u, f;

(17)

2D,
(18)

1 v 1 )
b@p=-) {[— +5(a? - aa)] fn — 5o (a2 - aa)en}smunﬁ.
Hn 2 2HO
n
[ToacraBmsisi pemennst (16) ¢ yuyerom ux BbipakeHuss B Buzae (17) m (18) B ycrmoBusx

yrnpyroro conpsbkenus (16), mocie HEKOTOpBIX NpeoOpa3oBaHUil, MOIYYUM  CIEIyIOIIUe
anreOpanvecKrue ypaBHEHUS:

va#TZl E ¢ 1+ 2 N, =4, B,,,.,;
(19)
4 27V 4 2 —vapn 2-v)
- (6ba#n + a.un) E, — —— N = A "B
2 2 D
av a
= én 55 (1428000 = Ao * A )

B 1 v(2+v) B 2 +vau? n . (2+V)A
6ha3H127_ 2 nen 2 H
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3/1ech MPUHSTHI CIASAYIOMNUE 0003HAYCHUS:

S—B 6_C 5_Bh _EbAH
b~ ap’ € aD’ h Eha3’ AT g
mn nm
M= B+ QEV Aty A =5 =5 D= G+ )

OpUTrMHaIBHOCTh JAHHOT'O PEIICHUS 3aKII0YAETCs B TOM, YTO KO3 (UIIMEHTHl OJANHAPHBIX
TPUTOHOMETPHUUYECKHUX psAoB (18) Jlerko onmpenensorcess U3 pelieHus aaredpanuyeckux ypaBHEHUH
(19) u (20) yepe3 By, ¥ Ay KO3(DPUIIHEHTOB JTBOMHBIX TPUTOHOMETPHUECKUX PsoB (17).

Koadduunentsl ABOHHBIX TPUTOHOMETPUYECKUX PAJOB  HAXOAATCA U3 pEIIeHUs
muddepenHmanbabX ypaBHeHH (14) nyneBoro mpuOmmxenus. Ilonacrasnss pemenus (16) B
cucreMe JudQepeHIUaIbHbIX YPAaBHEHUN HYJIEBOrO MPUOJIMKEHUS, UCIOJIB30BaB MPOLEAYPHI
NPUBEJICHHOM B padoTe [5], moay4yum cremyromnme CI/ICTGMI:I anreOpanyecKnx ypaBHEHU:

# 4[12D ’uz 2
(DA?nn —Afnn qR,un)an + I;Amn mr;: 1 _Vﬁ_ 2v _Drzg %
4 A2 4gR u?
1—1/”" E+“" 2+“"_ mn Nn+Q#nx
AN A
x |1 .un E 1 N 4v ¢ 4 6 -0
Ya2,)" "Dz | T Rmm ™ RmmH "
2 2 (2D
ﬂn 4v lln 4 4usH U2 4#71 #n
=3 Bmn + HA A + —— En oo Ny — ——— X 1+VK+2 g — 2+,17 6. =0

JIJist HaXOXKACHHSI YaCTOThI CBOOOTHBIX KOJICOAHWMI HAI0 HAWTH HETPUBUATHHOE PEUICHUE IIECTH
OJIHOPOJIHBIX anreOpanyeckux ypaBHeHui (19), (20) u (21).
N3 anrebpamuecknx ypaBHeHuid (19) um (20) HaxomsaT Kod(PGUIMEHTH OJUHAPHBIX
TPUTOHOMETPHUYECKUX PSIOB KOTOPBIE BHIPAKAIOTCS Yepe3 By, U Ay CIACIYIOIIAM 00pa3oM:
E, = eqg(m,n)Bpyn; N,, = e;(m,n)Byn;
(22)

$n = eoo(m; n)Amn; 0, = ell(m' n)Amn-

31ech NPUHATHI cJIeAyoUe 0003HAYECHHUS:

Al ( 2 )
Imbn 2 — ) = (1 +—5—
AZY Ay @-v 5ca?uf

eo(m,n) = . ;
o(m,m) aut v(2—v)+(5 +2—V)(1+ 2 )
2 b 2 S.a’uz
142V, ¥ L
e (m ‘I’l) AmDO . 25b 5b Am.un )
1 a v2-v) (1+2 )(1+ 2 )
261, 261, 5Ca2[1721
2+v)
2 +v+ (1 +25A)Am"
ego(m,n) = _tm, 2 mbz .
0om, a M+(1+25)( 1 +v(2+v)>'
2 A 6ha4l,l,;li 2
1 v2+v) VA,(,,f;;v)
e (m n) _ ZAmH 5ha4ﬂ;1i 2 Aml‘rzl
11\, = ) .
a v(22+v)+(1+25A)< 1 4_}_1/(224—1/))
a*ud
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YuurbiBasg pemeHusi (22) B OCHOBHO#M cucTeMe anreOpanyeckux ypaBHeHuu (21),
MOJIyYUM CHCTEMY OJHOPOJHBIX aireOpanvyeckux ypaBHEHHH OTHOCUTENbHO KO3()(PUIIMEHTOB
JBOMHBIX TPUTOHOMETPUUECKUX PIOB By, 1 Ay B CHIEYIOIIEM BHJIE:

[Li;(m,n) — K(m,n)22,,]1Bmn + L12(m,n) A, = 0;
(23)
LZl(m’ n)an + Ly, (m’ n)Amn = 0.

W3 ycnoBus HETpUBHAIBHOTO PEIICHHs OJTHOPOJHON CUCTEMBI alredpanyecKux ypaBHEHUN
(23), momyuyum cieayroiiee Y4aCTOTHOE ypaBHEHUE ITMIHHAPUIECKUX 000I0UEK:

[Lll (m' n) - K(mr n)'Q‘rznn]LZZ (m' n) + L12 (mr n)L21 (mr n) =0
OTCHOa HAXOAUM:

1 Li;(m,n)Ly;(m,n)
Qo = man(m, n) — -2 22

Lzz(m, n) (24)

B dopmyne (24) npussTH cieayroniie 0003HauCHUS:

12

4
K(m,n)=1—ﬁ<1— 2,2

4 1
es(m,n +——e m,n);
) olmm) + 5 e (m,m)

4_ R 2 2
Liy(m,m) = DAy — qRAZ, + =2 [(1 - v”—") eo(m,n) — — ey (m, n)]

D,u2

4utD 4 z
_h <1—v#—n—2v>eo(m n)+%<2+#n>el(m n);

mn A2 12
Hn  Av
Li,(m,n) = 7 %eoo(m, n) — men(m. n);
2
un o 4vud
Ly1(mn) = _?n Rmn eo(m,n) + Rl e;(m,n);

4puiH 4ugp
Ly,(m,n) = HA?, — fnr; <1 + vj—n+ 2v> ego(m,n) — :;T <2+ g;) e11(m,n).

m

3ajgaBasich mapaMeTpaMy XapaKTEePHCTHK KECTKOCTH KOHTYPHBIX 3JIeMeHTOB {}, O,
6p 1 84 B COOTBETCTBUM C TPAHWYHBIMU YCIOBHSMH, MOXXHO HAHTH YacTOTBI CBOOOHBIX
KOJICOAHNUH IWIMHAPUIECKUX 000JI0YEK MPH MPOU3BOJIBHBIX IPAHUYHBIX YCIOBUSAX M 3HAUCHHSIX
BHEILIHEW Harpys3KHu (.

PaccMoTpuM HEKOTOpBIE U3 HUX:

1. [TapHupHOE onMpaHue Ha UAcATbHBIC TUA(pPArMBbI

B COOTBETCTBUU K 3TUM YCJIOBHUSM, IMAPaMETPhI )KECTKOCTH KOHTYPHBIX JIEMEHTOB UMEIOT
cnenymomue 3HaYeHus: O, = ©; 6, =0; &, =0; §4 =0 u ciemoBaTeNbHO penieHus (22)
NPUHUMAIOT BH/I:

eo(mn) =0; e, (mn)=0; epimn)=0; e;(mn)=0 Te

E,=0; N, = 0; & =0, 6,=0.
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IoxcraBasisi 3TH peuieHuss B 0000meHHol ¢opmyie (24), moayuyuMm ciaeayroinei
(opmyuibl, n3BecTHOM B uTeparype [4]:

4

Hn

2 2
.an = DAmn +WA2mn

— qRA%, (25)

2. llapHUpPHO-HENOABMKHOE ONMPAHUE:

OTUM TpPaHUYHBIM YCIIOBHSIM COOTBETCTBYIOT CJCIYIOIIUE IapaMeTphl KECTKOCTH
KOHTYPHBIX 3JIEMEHTOB: 8, = 0; §, = 0; &, = ©; §, = 0o, cienoBaTe)IbHO U3 pemeHus (19) u
(20) Haxogum:

eo(m,n) =0; e (mn)=0; e;;(mn)=0;

a ego(m, n) umeeT creayroiee 3HaYCHHUE:

2 A
v(2+v) . au?

Jns ompeneneHust 4acTOTbl CBOOOJIHBIX KOJIEOAHMH TPU PACCMOTPEHHBIX TI'PAHUYHBIX
YCIIOBUAX, MapaMeTpsl GopMyibl (24) ¢ yd4eToM BBIIICYKAa3aHHBIX PEIICHUH UMEET CIEeAyIoIne
3HAYCHUS:

epo(m,n) = —

K(m,n)=0; Ly;(mn) =DA%, —qRA%;

2 (2+v) 2
HUn 8 Amn Hn
L n) =—+=+ ;L ) = ——;
12(m,n) R Rmm (2 +v)au; 21(m,m) R
(2+v) 2
8H A u
L , = HAZ UL 1 = 2 .
22(m,n) m"+v(2 +v)mnr  a +V/1$n+ v

IToacTaBasisi 3HAYEHHS ITHUX BeJUYUH B opMyJy (24), MOJTy4HM 4acTOTHI CBOOOTHBIX
KOJe0aHUi  IIMWIMHAPHYECKUX  O0OJOYEeK MNpHU  IIAPHUPHO-HENOJBM)KHOM  ONHPAHUHU
IPSIMOJIMHEMHBIX KPaeB.

3. HlapHupHoe  onMpaHue Ha  JKECTKUH  KOHTYp  0€3  KpaeBbIX  DIIEMEHTOB
(6,=0;6.,=0; §,=0; 8, =0).

[Tpu 5THX mapameTpax, HaXOAUM CIEAYIOLUIUE PELICHMUS:

2Hmn

eo(m,n) =0; e;(mn)=0; ey(mn)=0; e ;(mn)= PR

Benmnuunbl o0oOmeHnHol ¢Gopmynasl  (24) TP pPacCMOTPEHHBIX KPaeBBIX  yCIOBUU
NPUHUMAIOT CIICTYIONTII BHI:

K(m,n)=1; Ly;;(mn) =DA%, —qRA?;

2 8 2
Be i L = -2

LlZ(m'n) = R Raz ’ R )

8uiH U2
_ 2 n n
Lzz(m,n) = HAmn —7 2 +A_2 .
m

YuuTeiBas 3TU BeIWYHHBI B (hopmyie (24), HaxoauM (GOpMYIIbI Uil ONPEIEIEHUs] YaCTOTHI
CBOOOHBIX KOJeOaHHH IIMIIMHAPHYECKUX 000JI0UEK /ISl pACCMOTPEHHOM KpaeBoi 3aauu.

4. Kectkoe 3amemnenue (6, = o0; §, = 00; §, = ©; §4 = ).

Pemienns COOTBETCTBYIONIMX STHM IapaMeTpaM KECTKOCTH MTPUHUMAIOT BH:

eo(m,n) =0; e;;(mn)=0;

2Dmm 208
er(mn) = — az ' ego(m,n) = —m-
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[TapameTpsl hopmyiibl (24) MPUHUMAIOT CIETYIONIANA BHI:

8 ) , 8qR
K(mn)=1-——; Liy(mn) =DA%, — qRAm ——5;
pha a
2 (2+v) 2
Hn 8  Amp Un 8
L 7] = — + ) L ) = —;
12(m,n) R Rmm (2 +v)auz 21(m,m) R  Ra?

(2+v) 12
Ly,(mn) = HAZ, + $<1 +v—+ 2v>.

v(2+v)a A2

MoxHO paccmaTpuBaTh M JIPYrH€ TIpaHUYHBIC YCIOBUSA, PELICHUS KOTOPBIX IPYrUMU

METOJaMH HCEBO3MOKHBI UJIW ITPEACTABIIAIOT MaTEMAaTUIYCCKUEC TPYAHOCTH.

3akaoyeHus

1. Ha ocHoBe omHOrO crocoba, TeoMeTpUYecKHe HeNMuHeHble auddepeHnanIbpHbie

YPaBHEHUS MWIMHAPHYECKHX OO0OJIOYEK IIEPEMEHHOM TOJIIMHBI JIMHEAPU3UPOBHBI U
pemieHust  CBEJCHBI K JOBYM  IIOCIEAOBATEIbHBIM  CHCTEMaM  JIMHEHHBIX
muddepeHManbHbIX ypaBHeHUH. [lepBast U3 OBYX CHCTEM XapaKTepU3yeT HayallbHbIC
COCTOSIHUSl IIWJIMHAPUYECKUX O000JI0YEK, BTOpas OJHOPOJHAs CHUCTEMa IO3BOJISET
OIPENIeNIUTh YaCTOTy M (pOpMy CBOOOAHBIX KOJIEOAHUH MOJIOTUX 000JI0UEK.

. YpaBHEHHUsI JTBWKEHUU CBOOOIHBIX KOJICOAHWN C TEePEMEHHBIMU KOd(P(GUIIMEHTaMH Ha

OCHOBE METO/a MaJloro Tapamerpa CBEACHBI K PEKYPPEHTHBIM TuddepeHIHATEHBIM
YpaBHEHUSIM C IMOCTOSTHHBIMHU KO3 QHIIEeHTaMU.

Juddepennmanbpaple TUHEHHBIE yYPaBHEHHS CBOOOJHBIX KOJIEOAHW C TOCTOSHHBIMU
KO3 PHUIHMEHTAMH pEIICHBl MPU YIPYroM CONPSDKEHHH IMJIMHAPHYECKUX O000JO0YEK C
KOHTYPHBIMH 3JIEMEHTAMH U OMPEEICHBI YacTOThl M (HOPMBI CBOOOIHBIX KOleOaHUU B
3aBHCHMOCTH OT XapaKTEPUCTHK KECTKOCTH Op, O, Oy U 84 KOHTYPHBIX DJIEMEHTOB MPH
n3rude B BEPTHKAIBHOU TUIOCKOCTH, KPYYEHUH, N3THOE B TOPHU3OHTAIBHONW TUIOCKOCTH U
pacTshkeHHd. BapbhupoBaHHEeM 3HAUCHHH 3TUX XapaKTEPUCTHUK >KECTKOCTH KOHTYPHBIX
AJIEMEHTOB, TOJIYYEHBI 3HAYCHUsI YaCTOThI CBOOOJHBIX KOJICOAHWH TIPU TPOU3BOIBHBIX
TPaHUYHBIX YCJIOBUSAX HA MPSIMOJMHEWHBIX Kpasx 00oiouku. Takum oOpazom, perieHus
3amaun 0000IIEHbI B equHOM (hopmyrre.
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QEYRI-XOTTi DEFORMASIYA MODELi OSASINDA DUZBUCAQLI EN KOSIKLi
DOMIR-BETON ELEMENTIN 9YILMO MOSOLOSININ HOLLI
tex. Uzra f.d., dos. Xalilov H.A., doktorant Quliyev F.M.
Azorbaycan Memarliq va Insaat Universiteti,
dissertant 9sadov E.Z. Azorbaycan Insaat vo Memarlq ETI
PEHIEHUE 3AJJAYU U3T'UNBA KEJE30OBETOHHOI'O 3JIEMEHTA HA OCHOBE
HEJIMHEMHOW JE®OPMAILMOHHOM MOJEJIA
0.¢. no mexu. Xanunoe I'.A., ookmopanm Kynuee ®@.M.,
Aszepbatiocanckuii Ynusepcumem Apxumexmypor u Cmpoumensbcmea
ouccepmanm Acaooe 3.3. Azepoaiioscanckuit HUU Cmpoumenscmea u Apxumexmypoi
SOLUTION OF THE PROBLEM OF BENDING OF REINFORCED CONCRETE ELEMENTS
BASED ON NONLINEAR DEFORMATION MODEL
PhD on technical sciences Khalilov H.A., doctoral student Guliyev F.M.
Azerbaijan University of Architecture and Construction
dissertaton Asadov E.Z. Azerbaijan Scientific-Research Institution of Construction and Architecture

Xilasa: Mogalods betonun sixilmada Avrokod tarafindon toklif olunmus geyri xatti kosr-rasional diagraminin vo
axma meydangasina malik olan armaturla armirlonmis diizbucaqli en kosikli domirbeton elementlarin yiklomanin
ixtiyari soviyyasi Ucun ayilmods gorginlikli deformasiya halin1 xarakterizo edon parametrlorin toyini metodikasi
islonmisdir.

Acar sozlar: beton, armatura, moment, ayrilik, deformasiya, gorginlik, deformasiya modeli.

AHHoTanus: B craThe ¢ mpuMeHeHHEM i OETOHA MIPH CKATHN HETMHEWHOW IPOOHO-palMOHAIBHOM THarpaMMbl
W U1 apMaTypsl JHarpaMMBI C IDIOMIAKOW TEKyYeCTH NAaHO PeIIeHHs 3aJa4d M3Truda Kele300€TOHHOTO AJIeMEeHTa
MPSAMOYTOJEHOTO CEYEHUS LTSI IF0O0TO YPOBHS 3arpy>KeHHUSL.

KiroueBble cjioBa: 6eTOH, apMaTypa, MOMEHT, KpUBU3HA, e OpManis, HapsDKCHNE, TeOpManOHHAS MOIECTTb.

Summary: This paper deals with the use of concrete in compression nonlinear a rational charts and diagram with
the yield area is given for solving the problem of bending reinforced concrete element of rectangular section for any
level of loading proposed at Eurocode.

Keywords: concrete, reinforcement, the moment,the curvature, deformation, stress, deformation model.

Domir-beton konstruksiyalarin hesablanmasinda qeyri xotti deformasiya modelinin tstbiq
olunmasi bu konstruksiyalarin yiiklomonin ixtiyari saviyyasi ¢lin gorginlikli deformasiya halini
xarakterizo edon parametrlori, materiallarin méhkomlik ehtiyatindan maksimum doaracads istifado
etmays Vo s. tayin etmoys imkan verdiyindan son zamanlarda biitiin inkisaf etmis 6lkalorin insaat
normalarinda son layihalondirmods bu modelin totbiq olunmasi vacib sort Kimi irali suruldr.
Deformasiya modelinin totbiqi zamani materiallarin geyri xotti deformasiya diaqramlarindan
istifado olunur.

T,
R
A, *
.
A
F
" o » -
b

Sok.1.
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Domir-beton konstruksiyalarin hesablanmasinda betonun sixilmada qeyri xotti diaqramlari
kimi ham natamam, yani ancaq artan qolu olan diagramdan, ham ds tam, yani asag1 enan golu da
olan diagramdan istifado olunur. Aydindir ki, an mikoammal naticalor tam diagramin totbiqi ilo
oldo oluna bilor. Ona goro do materiallarin geyri xotti deformasiya diagqramlarinin totbigi ilo
ayilmo masalasinin - hall metodikasinin  islonmasi  mduasir  domir-beton  konstruksiyalar
nazoriyyasinin aktual problemlarindan biridir.

Forz edok ki, elementin en koasiyinin oélgllori vo armaturlanmasi sok. 1-do gostorilon
kimidir. Tutaq ki, sixilmada betonun deformasiya diaqrami Avrokodda toklif olunmus kosr-
rasional funksiya ganunu ilo asagidaki kimi tayin olunur [1,2,3,4].

_kp-p*

% =Ry 1+(k-2)8 (1)

£ : : : -
burada S =—"- betonda sixilma deformasiyasinin soviyyasi, &, - kesiyin Konar sixilan
€r

lifindo betonda yaranan deformasiyanin giymaotidir. Deformasiya modelino asason kasik gln

mustovi kosiklor hipotezinin dogru oldugu gobul olunur[1,2,3,4,5,6]. Onda deformasiyanin
kosik Uzro paylanmasi iiclin bu hipotez osasinda yaza bilarik Ki,

B, _b (x—ngzj (2)
Onda kasiyin sixilan hissasinda betondaki normal garginliklorin hindrluk tzrs paylanmasi tiglin
yaza bilarik ki,
k-B,-B;
z z 3

1+ (k - 2) - B, @)

Onda betondaki normal garginliklorin hesabina yaranan normal qiivvea ¢un materiallar
mugavimatinin malum disturuna asason aliriq ki,

o,(2)=R,-

z

h/2 h/2 k'f'(x—2+2j—€j'(x—2+ZJ
N, = [ o, (2)dA, =b- j o, (2)dz=b- j R, 5 - d
h/2-x h/2-x 1+(k_2).x.(x_2+zj

Bu inteqralin hesablanmasini asanlagdirmaq moqsadilo x= L. (x —2+ zj avazlomasini
X

daxil edok. Onda normal qlvvonin ifadssi daha sads sokildo asagidaki kimi yazilar:

_ k- p—p?
N I1+|< 2)- @)

Alinmis ifadodon gorindiyu kimi daX|I| normal quvvo daha sado sokildos

N, =R, -b-x-®@, (8,k) (5)
kimi gostorila bilir, burada sadalik xatirina
15 kepu—p?
D, (B K)=—"|—F———du (6)
0= k)

ovazlomasi aparilmisdir.
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Aydindir ki, bu inteqral elementar funksiyalarla ifado olunan inteqraldir. Onun
hesablanmas1 {iglin yeni #=1+(k—-2)-x ovozlomosini daxil edok. Onda (6) inteqralim

asagidaki kimi yazmagq olur:
1 1+(k-2)-8

PR 0-1 (0-1Y'| do
®1(ﬂ’k):E ! E'P('k—z_[k—z”'k—z

Bu ifadoni sadslosdirdikdon sonra yaza bilarik Ki,

1+(k-2)-8 Kk —1)
®,(fK)=— 2 . | - WY e o2 fas
,B-(k—2) 1 o
Bu inteqral artiq codval inteqralidir vo onu hesablayaraq alirq ki,
k-1 B (k-1)°
@, (p,k)= - - Inf1+(k-2)- 7
Analoji olarag betonda yaranan normal gorginliklorin yaratdigi oyici moment
materiallar migavimatinin malum disturuna asason asagidaki kimi hesablanir:

2 2
hi2 k-ﬂ-(x—2+zj—’gz-(x—2+zj
M, =[o,(z)-z-dA=b-R,- [ — X -
A h/2-x 1+(k—2)-€-(x—2+zj

Z-dz

Owvaldo daxil edilmis avazlomadon istifado etmoklo bu borabarliyi

M, =R,

—_—

X K- u—u? { X h}
B al+(k=2)-u |" B 2

kimi yaza bilorik. indi yuxarida oldugu kimi

isaralomasini  daxil etmoklo ayici momentin ifadssini qisa formada asagidaki kimi yaza
bilorik.

M, =R, -b-x-®,(5,k) (8)
Gorundayd kimi
1 (h ﬁk-y—yz XZﬂk,uz—,ue' ~
e S o
{g_ j.q>l(ﬂ,k)+q>;(ﬂ,k)-x2 (9)
N _i‘ﬂ k.lu2_lu3
Burada q)z(ﬂ,k)—ﬁz !Wdﬂ (10)

Bu inteqrali hesablamaq {giin ovvoldo oldugu kimi 1+(k—2),u:6? avazlomasini
daxil edok. Onda yaza bilarik ki,
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. 1 "6l re-1Y (e-1Y] de

@, (BK)=—5 j . k(_j _(_] 7

g 4 0| k-2) (k-2) | k-2

Burada inteqralalt1 ifadoni sadslosdirdikdon sonra aliriq ki,

. 1 1+(k-2)-8 , , , (k _1)2
®2(ﬁ'k):m' [ |07 +(K* -2k +3)-0—(2K —4k+3)+T do

Goriindiiyli kimi bu inteqral artiq codval inteqralidir, homin inteqrali hesablayaraq
aling ki,

q)’;(ﬂ,k):;-{—l[(k—z)sﬁ+3(k—2)2ﬂ2 +3(k—2)/3’}+

(k-2)"-p* L3
+%-(k2—2k+3)-[(k—2)2-ﬁ2+2(k—2)'ﬂ]+
(2K 4k +3)- (k-2) f+ (k-1 -In[1+ (k-2)- ]| (1)
Burada miivafiq sadslogsmolor apardigdan sonra tapiriq ki,
. (k—l)2 B (k—l)2 (k—l)2
k)= N k—2)-81- - 12
CDz(:B ) (k—2)4-ﬂ2 n[l-i—( ),B:I 3(k—2)+2(k—2)2 (k—Z)SIB ( )

Almmis ifadonin dogrulugunu yoxlamaq iigiin xatirladaq ki, (9) ifadasine osasen
®,(0) =0 olmalidir. Bunu yoxlamagq iigiin # — 0 sorti daxilindo

f K- p?— b du
. . l+(k—2)-,u O, ..
— 0 —| =
Iﬁlg(])cpz(ﬁ)_lﬁlg(\) 7 _[o}llmltlnl hesablayagq.

Bu limitin hesablanmasina Lopital qaydasini totbiq edorok (I f (T)J = f(x) oldugunu
0

nozoro alaraq yaza bilarik Ki,

k'ﬂz_ﬁs
. o 1+(k=2)-8 L ke p-pE
lim®, (5)=im 23 _,I/fl—rg2+2(k—2)~ﬂ_

Indi do almmus (12) ifadesinin do bu sorti 6dayib-6domadiyini yoxlayag. Bunun (igiin ali
riyaziyyat kursundan molum olan loqarifmik funksiyanin X — 0 sorti daxilindo

X2 X3 4

In(1+x) =x — g Tt siaya ayriligindan istifado edok [7]. Onda alinmis boraborlikdo

S — 0 oldugda (k-2)-8—0 oldugunu diqqoto almagla A=(k-2)-p4 isarolomasini daxil
etsok yaza bilarik ki,

(D;_(k—l)z{ln(lm) 1 1}_ 2

__+_
(k=2 [ 2* 2 2] 3(k-2)

Onda 4 — 0 sorti daxilinds yaza bilarik ki,
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. “1V [In(1+ 2
Iim@zzlim{(k 1) .{“( tA) LA L
A0 A0 k_2 y) ) 2

3(k-2)’
ol [ (552t )
(5 R ERTEI N I R

=Lm{[%jz.(§—%z+ ...... ]_ﬁ}zo

Bu bir daha onu gostorir ki, (10) inteqrali dogru hesablanmigdir.

Beloliklo, aldiq ki, betonda yaranan normal goarginliklorin beton Kkasiyin agirliq
morkazina nozoron yaratdigi momentin qiymati

Mb:Rb-b-x-{[g—xj-cbﬁx-cbz} (13)

Aydmdir ki, N, quvvasinin beton kasiyin agirliq morkazina nazoron qolunu tapmaq
tcln (13) ifadasini (5) ifadasina bélmak kifayatdir:

Rb~b~X'[(h—X)-®l+X-®2}
z*—Mb— 2 h
S=—b

o,
= =——X+X-—%
N, R,-b-X-¢ 1

() y . N
(DOZEZ gobul etsok qlvvenin golu Ugln zbzg—x+x-®0alar1q.
1

Sok.1-don goOrtndlyu kimi N, qlvvesinin dartilan zonadaki armaturun agirhq
morkazino gora qolu Ggun yaza bilarik ki,
z, =h, —2+ zy=hy —Xx+x-®y=h,-(1-E+&- D)

Burada & =x/hy- sixilan hissonin nisbi hiindiirlilytidiir. Onda betondak: goarginliyin
dartilan zonadaki armaturun agirliq morkazina géro momenti Ucun yazmaq olar ki,

M, =N, -z, =Rb-b-X-(Dl'ho-(l—§+§-CDO)=Rb-b-hg-@l-f-(1—§+§-®o) (14)
Bu ifadado

(k-1)° g (k=1 (k-1)
(k_zw-ln[h(k—z)-ﬂ]—B( -

k—2)+2(k—2)2 (k-2)-8
k-1 B (k-1)’
(k—zj _2(k_2)_(k_2)3.ﬂ'ln[H(k—Z)'ﬂ}

0

(15)

Armatur millori Uc¢in do istonilon geyri-xotti deformasiya diaqrami gotiiriilo  bilor.
Adi domirbeton konstruksiyalarda adoton axma meydangasina malik olan A400 sinifli

armaturdan istifado olunur ki, onlarin da deformasiya diaqrami miiasir terminologiyaya
asason ikixatli deformasiya diaqrami olur. Miistovi kasiklor hipotezino asason sixilan zonada
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yerlogon armaturun deformasiyasini sixilan hissonin hindlrliyl vo sixilan zonanin konar
sixilan lifindoki betonun deformasiyasi ilo asagidaki kimi ifads etmok olar.
[ gb !
gl="2.(x-a
= x-a)
Onda bu armaturda yaranan gorginlik Gclin yazmaq olar ki,

! ! ’
, {Es "€ |gs
o. =

S
R, |e/|>¢. oldugda

< ¢!, oldugda

Anoloji olaraq dartilan zonadaki armaturun deformasiyasi vo onda yaranan goarginlik
ticiin aliriq ki,

% . (x-h+a,)

E,-e, |&|<e, oldugda
& =—2 Vo =
X R,, | &, |Zgax oldugda

S

Aciq sokildo armatur millorinds yaranan gorginliklorin ifadslori asagidaki kimi olur:

g . 1& : :
E'.Zb.(x— ;—b — Idugd
e ey Epeacn o
US
. & .
R; [(x—a )=
S X(X aS) 83)(
&, &
Es'?b'(X—h"‘as); ?b(x—h+as)<gaxlolduqda
GS
R, ; %(x—h+as)2 &, oldugda

Umumi halda yuxaridaki barabarliklordon gorindiyi kimi,
o =oa.x)=0(fx)  vo o =0la.X)=08X)

Bu boraboarliklor asasinda oyilmodo diizbucaqli kosik ii¢iin asagidaki iki miivazinot
tonliyini yaza bilarik:

N, (B8.X)+ 0. (B.X)- A +o,(B,x)-A =0 (16)

M, (B,X)+ A -(%—as’)-as’(ﬂ,x)—As -(g—as)-os(ﬁ,x)zM 17)

Almmis  qgeyri-xotti  tonliklor  sistemi  oyilmods ikigat armaturlanmis  kasiyin
deformasiya modeli osasinda osas holledici qeyri-xotti tonliklor sistemi olurlar. Gortindiyu
Kimi Omumi halda mosolo B vo x parametrlorino osason qeyri xatti tonliklor sisteminin
hallino gatirilir vo tmumi halda onun analitik hallinin qurulmasi miimkiin deyildir. Bu sistemin
holli Ggun Turbo Pascal ABC alqgoritmik dilinds program modulu islonmisdir.Homin modul
muxtalif magsadlarlo adadi eksperimentlor aparmaga imkan verir. Misal olaraq en kasik 6l¢ilori
bxh=40x60smolan diizbucaqli kosik noazordon keg¢irilmisdir. Baxilan kosikde mihafizo
gatlarinin qalinhig1 a/ =a, =5sm. Birgat armaturlanmada dartilan zonada 42 28, ( A = 24,63 sm?),
ikigat armirlonmads isa olavs olaraq sixilan zonada 2222, (A =7,6 sm?) nozordon kegirilmisdir.
Noticalordan bir negasi asagidak: sokillords tosvir olunmusdur.
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Oyici momentin dyrilikdon asililigi KNm

OcHOBHOM

OcHOBHOM

OcHoBHOM /’

OcHoBHoOM

OcHOBHOM

OcHoBHOM /

OcHoBHoO /

OcHOBHOM /

OcHoBHOM /

OcHoBHoO

OcCHOBHOM
OcHoBHOl OcHoBHOM OcHoBHOM OcHoBHOW OcHoBHOM OcHoOBHOM OCHOBHOM

= hirqat armaturlanmada = ijkigat armaturlanmada

Sok.2.9yici momentin ayrilikdon asililiq diagrami.

Kasiyin sixilan hissasinin hiindiirliiyiiniin(sm) kasiyin kanar
sixilan lifinds deformasiyanin saviyyasindon asili olaraq

dayisma qrafiki
OcHOBHoOW
] N
OCHOBHOI 7/ ™S ~——
= AN
\
OcHogHol ——
OcHOBHoOW
OcCHOBHOI1
OcHoBHO

OcHoBHoO#cHOBHOMACHOBHOUCHOBHOMCHOBHOMCHOBHOMCHOBHOMCHOBHOMCHOBHOMCHOBHOM

= birqat armaturlanmada = ikiqat armaturlanmada

Sok.3. Kasiyin sixilan hissasinin hiinddrltyinin kasiyin konar sixilan
lifinds deformasiyanin saviyyasindan asili olaraq doyisma grafiki.
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dartilan zonadaki armaturda yaranan garginkiyin (MPa)
kasiyin konar sixilan lifindo deformasiyanin saviyyasindon
asili olaraq dayisma qrafiki

OcHoOBHO

T

OCHOBHO —
/7
Y,

OcHoBHoO

OcHOBHOM

OcHoBHoO

OcHOBHOM

OcHoBHOM 7

OcHOBHOM

OcHoBHOM
OcHoBHAVCHOBHAMICHOBHAICHOBHACHOBHADICHOBHAVICHOBHACHOBHADICHOBHAMICHOBHOM

= irqat armaturlanmada = ikigat armaturlanmada

Sok.4. kasiyin konar sixilan lifinds betondaki deformasiyanin saviyyasindon
asilt olaraq dartilan zonada yerlagon armaturda garginliyin doyismo grafiki.
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UOT 539.3

DOMIR-BETON KARKASIN DAS DiVAR DOLDURUCULU MUST®VI
CORCIVOSININ GORGINLIK HALININ ARASDIRILMASI
Ayyubov 1.C., elmi is¢i, Azorbaycan Insaat vo Memarlig ETI

HCCJEIOBAHUE HANIPSIZKEHHOI'O COCTOSIHUS IIJIOCKOM PAMBI
KEJE30BETOHHOT'O KAPKACA C 3ANOJIHUTEJIEM U3 U3BECTHSKA
Aroboe U.JI., Asepoarioncanckuic. HUU Cmpoumenvcmea u Apxumexmypoi

INVESTIGATION OF STRESSED STATE OF A PLANE FRAME
WITH LIMESTONE FILLER WALL
Eyyubov 1.J., Azerbaijan Scientific-Research Institute of Construction and Architecture

Xiilasa: Moqalada miixtalif metodlar totbiq edilarak das divar dolduruculu miistavi ¢argivonin garginlik hali
tadqiq edilmigdir. Variasiya, sonlu farqlor va sonlu elementlor metodlarmmin kémayi ilo miistovi ¢or¢ivonin miixtolif
noqtalorinda meydana galan garginliklor hesablanmigdir. Das divar dolduruculu miistovi ¢ar¢ivanin gorginlik halinin
tadqiq edilmasinda sonlu elementlor metodunun tatbiginin daha faydali oldugu gostorilmigdir.

Agar sozlar: Miistavi car¢iva, ahang dagi, sartlik diafraqgmasi, garginlik hal.

Pestome: B smoil cmambe ucnonw3ys pasiuinsvie Memoobl UCCIe0Yemcs HANPANCeHHOe COCMOSHUE NIOCKOU PaMbl
arcloemonnozo kapkaca c¢ 3anoanumenem. HMcnonvzys makue memoobl Kak 8apuayus, Memoo cCemox u Memoo
KOHEUHbIX DIeMEHMO8 PACUUMBIEAIOMC HANPSNCEHUSL OJIs PA3IUYHBIX MOUeK NIOCKOU PAMbl KAPKACd.

Vkasvieaemes na spgpexmuenocmos uUCnoNb306anUsE MemoOd KOHEUHbIX INEMEHMO8 N0 CPABHEHUI0 C OpyeUuMu
Memooamiu.

Knrouesoie cnosa: Ilnockas pama kapkaca, useeCmHsx, OUAppazma #ecmrocmu, HANPINCeHHOe COCMOSIHUE.

Summary: In this paper, utilizing different methods it is investigated the stressed state of the skeleton-type
building's plane frame with limestone wall as a filler. Using methods such as variation, net method and finite-element
methods tensions at different points of the plane frame have been calculated. It is shown that the finite-element
method is more effective than other methods.

Key words: Plane frame, limestone, stiffening diaphragm, stressed state.

Domir-beton karkasin miistovi ¢argivasinin das doldurucu divar horgiileri ils giiclondirilmasi
metodu ¢ox mortobali yasayis vo ictimai binalarin tikintisindo genis istifado olunur. Burada daha
asagl mexaniki xiisusiyyotlori olan horgiinii yiiksok miiqavimatli domir-beton elementlordon
hazirlanan qapali ¢orcive igarisindo yerlosdirilmaklo daha boyiik miiqavimatli kompozit diafragma
sistemi yaradilir. Belo diafragma sistemi ¢ox maortabali binalarda domir-beton sortlik diafragmasi
yerina istifado edilo bilor.

Sartlik diafragmalarinin ¢ox martabali binalarda tatbigi AzDTN 2.3-1-5 gors binalarin tifiiqi
sortliyinin artirilmasinin on somorali tisuludur[1]. Bu o demokdir ki, lifiiqi sortliyi yiiksok olan
binalar giiclii zolzalolor bas verondo daha az zodslonirlor. Lakin sortlik diafragmalarinin domir-
betondan layihalondirilmasi ¢ox baha basa goldiyi {i¢iin son zamanlar karkas araliglarinin diizgun
dogranmis das vo ya boslugsuz bigmis korpic ilo horiilmasi ilo omolo galon diafragma divarlardan
istifads edilmoyo ¢alisilir. Belo diafragma sisteminde anonovi 190 x 188 x 390 mm dlgiilii kirac
daslar1 yerino yeni 300x300x 130 mm Olciilii daslarin istifadosi bu diafragmalarin effektivliyini
daha da artira bilar [2,3].

Coxmortobali karkas binanin das doldurucu divarli miistovi gorgivasi miirakkob gorginlik
halina malik olan bir dasiyic1 sistemdir. Bu dasiyic1 sistemin gorginlik halinin arasdirilmasi
vo tikinti tocriibasindo totbigi Uclin tovsiyalorin hazirlanmasi aktual bir mosaladir.

Domir-beton karkas elementlori vo das doldurucu divarin mexaniki xiisusiyyatlorini bir yero
gaotirmaklo meydana golon bu yeni yiikdasiyan elementin miixtolif kosiklorindoki gorginliklorin
gqiymatindon asili olaraq elementlorin en kasiklorinin sec¢ilmasi ¢ox martobali karkas binalarin
tikintisinin  asas problemlarindon biridir. Dag doldurucu divarli miistovi cor¢ivenin gorginlik
halinin bir ¢ox miihiim masoalolorin hollinds istifado olunan miixtalif nozori metodlarla todqiqi
noticolori agsagida verilmisdir.
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Das doldurucu divarli miistovi domir-beton ¢or¢ivonin gorginlik halinin variasiya metodu ilo
arasdirilmasi modeli sokil 1-do gostorilmisdir.

\ “}'
b

V=2

e M 2
\q\L

|
=
et
Il
|
koo

i a
1 | 1

Sok. 1 Variasiya metodu ilo miistavi ¢ar¢ivonin hesablanma modeli.

Miistovi ¢orgivonin perimetri iizro tosir edon toxunan gorginliyin sifra borabor oldugunu,
ifiiqi konar1 iizra iso normal gorginliyin kosinus ganunu ilo doyisdiyini vo Kostilyana tonliyindo
Puasson omsalinin sifira borabor oldugunu qobul etdikds das divar dolduruculu miistovi ¢or¢ivonin
xarakter noqtolorinds gorginliklor asagidaki kimi hesablana bilor [4,5].

Sokil 1-do gostorilon doldurucu divarmin sxemindo iist vo alt konarlarda meydana golon

gorginlik y=+ % olduqgda;

0y = 0,y[(£1 — 0.49 cos(+1)4m + n)] (1)

Iki  konarin  saquli sothlorindo meydana golon gorginlik qiymatlori iso X:i%
olduqda;

o, = aoy(%)z[(il — 0.49 cos(+1)4m + n)] (2)

diisturlar1 ilo hesablanar.
Sokil 1-do gostorilon doldurucu divarin morkozindo koordinat morkozi 0 (x=0; y=0)
olduqda gorginlik qiymatlori ~N

0y = Ooy[n — 0.49(1 — By)]

O = Ooy(3)*[n = 0.49(1 = By)] 3)
2a
Oxy = _ﬁo-oy/
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diisturlar1 ilo hesablanar.

Das doldurucu divarlt miistovi domir-beton ¢or¢ivonin miixtolif noqtolorinds gorginliklor
sonlu forglor metodu ilo do toyin oluna bilar. Sonlu forqlor metodu ilo dolduruculu miistovi domir-
beton car¢ivonin konarlarinda vo ya miixtalif noqtolorinds gorginliklori hesablamagq {igiin o, divar
miistavisi lizra dl¢iilori Ax va Ay olan diizbucaqli gozlii tor kimi gostarilir. Bu torun sxemi sokil 2-
do gostorilmisdir.

Ay |1 8 15 |22 |29 |36 (43 |50 |57 |64

Ay |2 9 16 |23 |30 |37 (44 |51 |58 |65

Ay |3 10 (17 |24 |31 38 (45 |52 |59 |66

Ay |4 11 18 |25 |32 |39 (46 |53 |60 |67

Ay |5 12 19 (26 |33 (40 |47 |54 |6l 68

Ay |6 13 (20 (27 |34 |41 |48 |55 |62 |69

¥ 14 21 28 35 42 49 56 63 70

I/AX ‘Ax /LAX AF( AB( AX AX AX AX AX
| 1 | | |

Sak. 2 Doldurucu divarinin 6lgiilori Ax va Ay olan tor kimi gostorilmasi.

Elastiklik nazariyyssindon molum olan bu metodun kdmayi il istonilon diiylin ndqtesi ligiin
gorginlik tonliyi yazila bilor[6]. Bu tonliyi misal olaraq 33 ndqtosi (Zi=Z33) ligiin agagidaki kimi
yaza bilarik.

Zi|6(n+7) +8] =4[+ 1) (Zoe + Zao) + (147) sz + Zs) + 2(Zay + Zs +

1
+ Zzg + Z41) + N(Z1o + Z47) +;(Z31 +Z35)] = 0] 4)
Burada Zss, Z2s, Z19 uygun olaraq 33, 26, 19, 34... noqtalorinds gorginlik funksiyasidir.
2
n= Eigz ; Ay=Ax oldugda n = 1 olur. Har bir diiylin ndoqtasi tiglin Z33, Z2s, Z19 qiymatlorini
tayin etdikdon sonra gorginliklor hesablana bilar:
\
_ Zpet2Z33+Z49 | _ Z3zp—2Z33+Z34
O-yi - Ax2 » Yxi — Ayz
f 5)

Gon = (Zys+Z41)—(Z7+2Z35)
xy 4AxAy
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SAP2000 bina analiz programinda das doldurucu divarli miistovi domir-beton gorgivo iki
yiikdasiyan saquli element, iki yiikdasiyan {ifiiqi element vo bunlarin arasini dolduran das divar
kimi modellosdirilmisdir. Bu modeldo doldurucu divarin ohatosi ¢orgivo elementlori ilo
mohdudlasdirilmisdir. Bu ¢or¢ivo sistemi iifliqi vo saquli yiiklor altinda analiz edilorok doldurucu
divarin ¢or¢ivo davranigina tosiri todqiq edilmisdir. Burada miistovi domir-beton ¢or¢ivo divarinin
yiiksokliyi 360 sm, uzunlugu 640 sm, iifiiqi yiikdasiyan elementlorin en kosiyi 25 x 60 sm,
siitunlarm en kosiyi 40x40 sm gobul edilmisdir. Betonun silindr miiqavimati iso 250kq/sm? gobul
edilmisdir. Qobul olunan bu model SAP2000 bina analiz programindan istifado edilorok
hesablanmisdir. Bunun ii¢iin niimuna 20 x 20 sm 06l¢iilii elementlora boliinmiisdiir.

Domir-beton ¢arcivo elementlorinin betonunun kub miiqavimeti (2,8-3) kN/sm? olmusdur.
Doldurucu divar horgli mohlulunun miigavimoti 0,42 KN/sm?,  horgii ohong dasinin
miiqavimoti iso 0,497 KN/sm? olmusdur. Hérgii divarinda dasla mohlul arasinda ilismo
miiqavimoti 0,02 KN/sm? olmusdur. Damir-beton corciveni dolduran divar hérgiisiinin elastiklik
modulu 300 KN/sm?, cor¢iveninin domir-beton elementlorinin betonunun elastiklik modulu
3000KN/sm? olmusdur.

Niimunonin alt tirinin yero sort baglandig1 gobul edilmisdir. Niimunodo normal gorginliklorin
analizi ti¢lin hor bir diiyiin ndqtosindo {ifiiqi vo saquli istigamotdo yerdoyismoloro vo niimuno
miistovisino perpendikulyar istiqgamoatdo donmoys imkan verilmisdir. Domir-beton ¢argivays tosir
edon iifiiqi yiikiin qiymeti 200KN, saquli yilikiin qiymati iso 30KN/m olaraq alinmigdir. Cargivaya
golon iifiigi  yliklin qiymati 10 martobali bir domir-beton binanin hesablanma naticasine gore
gobul olunmusdur. Saquli yiik iso tirin hor metrino diison miintozom yayilmis sabit yiiko goro
gobul olunmusdur.

Hesablamalar gostormisdir ki, miistovi domir-beton g¢argive niimunasinin Ust tirinin sttunla
birlogon yerina yaxin hissasindo tir vo doldurucu divarda iifiiqi gorginliklorin qiymatlori bir-birino
yaxindir. Masalon: igorisino dogru sol sutundan (1-1,5) m goder mosafads iso doldurucu

divarda meydana golon gorginlik %53 dofo tirdo oamolo golon gorginlikdon ¢ox olmusdur. Sag

slituna yaxinlasdiqca bu gorginliklor azalaraq bir-birine yaxinlasmisdir. Eyni miistovi {izro saquli
gorginliklor iso sol sutun-tir birlosmo yerino yaxin hissado tirde daha bdyiik giymotda
meydana golmisdir. Sol siitundan (50-60) sm mosafods iso doldurucu divarda gorginlik daha
boyiik olmusdur.

Sol siitunla doldurucu divarin tomas miistavisindo siitunla tirin birlogsmosina yaxin yerdo
siitunda gorginliklor daha boyiik olmusdur. Burada sixilma xarakterli olan gorginliklor siitunun
(40-50) sm yiiksokliyindo doldurucu divarda vo (1,5-1,6) m yiiksoklikdo siitunda dartilmaya
cevrilmisdir. Saquli gorginliklor iso sol siitun vo doldurucu divarin tomas miistovisi lizro bir-birino
yaxin qiymotdo olmuslar. Sag siitunla doldurucu divarin tomas miistovisindo meydana golon
garginliklor nlimunanin iist hissesindon asagiya dogru artaraq inkisaf etmigdir.

NOTIiCOLOR

1. Ufiigi gorginliklor doldurucu divarda siituna nisboton daha ¢ox, saquli gorginliklor iso
siitunda doldurucu divara nisboton daha ¢ox alinmisdir.

2. Hor li¢ metodla hesablamalarda bir-birino yaxin naticolor alinmisgdir.

3. Doldurucu divarin domir-beton siitun vo tirlorlo ohatolonmosi karkas binanin miistovi
cor¢ivasinin imumi miigavimatini artirdigi siibut olunmusdur.
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4. Domir-beton ¢or¢ivonin {ifiiqi vo saquli sortliyi azaldigca doldurucu divarin yiikgétiirmo
imkanlarinin artdigi miisahide edilmisdir. Doldurucu divarin mexaniki xiisusiyyatlori
carciva elementlorinin va ¢ar¢ivanin sartliyine uygun olaraq segildikdo karkas binanin dag
doldurucu divarli miistovi ¢arcivesi zolzolo yiiklori tesirino diafragma divari kimi
miiqavimat gostora bilar.
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HUIIK Uucmumym Cmpoumenvhovix Mamepuanoe um. C.A Jadawesa

ON PECULIARITIES OF ALTERATIONS AND SUPPLEMENTS IS NEW STANDARDS
AND NORMS FOR CONCRETE AND REINFORCED CONCRETE
STRUCTURES AND EQUIVALENCE OF STRENGTH CLASSES
OF CONCRETES WITH B AND C SYMBOLS
ph.d.techn. sciens Amrahov A.T., ph.d.techn. sciens Bayramov F.H.
The MES of the Azerbaijan Republic, the RD Institute for Building Materials named after S.A.Dadashev

Xulasa : Magalods beton Uzra standart vo normativlors daxil edilmis yeniliklor, bunlarin amali igde
istifadosinin  geniglondirilmosi, eloco do EN vo TOCT standartlar1 ilo nazords tutulan C va B simvollu
mdohkamlik siniflori arasinda ekvivalentliys baxilmig, standart vo normativ ssnadlors osaslanaragq miuvafiq
uygunlagdirma {izro osaslandirma aparilmisdir.

Qeyd edilir ki, mévcud TOCT standartlar1 hazir beton gqarisiglarimin vo domir-beton konstruksiyalarinda
betonun mohkomlik gostoricilorinin giymotlondirilmoasini variasiya vo tolob olunan méhkomlik omsallarinin,
EN vo TS standartlar standart doyismonin istifadosini nozords tutur. B Y* vo C X/Y simvollu mohkamlik
sinifli betonlarin ekvivalentliyinin birinci gostoricisi kimi kub sokilli nimunalorin  xarakteristik mdhkamlik
gostaricisinin  (Y) borabarliyidir. Ekvivalentliyin ikinci meyart Kimi mixtolif simvollu vo mdéhkamlik sinifli
betonlarin yiikdagimada hesablama miigavimatlorinin kemiyyatlorinin eyniliyidir.

Acar sozlar : Standart, normativ, beton qarisiq, mohkamlik, sinif, variasiya, smsal.

AHHoTanusi: B cratbe paccMOTpeHbl HOBH3HBI, BKJIIOYEHHBIE B CTaHAAPThl W HOPMATHBBI MO OETOHY H
pacuiMpeHre HCIHONb30BAHUS HMX B IPAKTHYECKOH paboTe, a TaKKe ODKBHBAJICHTHOCTH KJIACCOB IPOYHOCTH
cumBosiamu C u B mpenycmotpennsie B cranaaptax EN m 'OCT . OcHOBBIBasiCh cTaHAapTaM H HOpMaTHBaM
OCYIIECTBIICHbI COOTBETCTBYIIAsl COIVIACOBAHHOCTh M COOTBETCTBEHHOCTb.

IMom4epKkHYTO,9TO OIIEHKH MPOYHOCTHBIX XAPAKTEPUCTHK OCTOHA TOTOBOW OCTOHHOW CMECH U Kele30-
OCTOHHBIX KOHCTPYKIUI JEeHCTBYIOIIKME CTAHAAPTHl MPEAYCMATPUBAIOT IYTEM HCIOIB30BaHUs KO3 (UIIMCHTOB
Bapuaruu W TpeOyeMoil TpodHOCTH. [IepBBIM TMOKa3aTeNeM SKBUBAJICHTHOCTH KJIACCOB MPOYHOCTH OCTOHOB
cumBonamu B VY u C X/V sBnsercs paBeHCTBO MHHMMAJLHOM XapaKTEpHCTMUECKOH MPOYHOCTH KyOMUeCKHX
00pa3uos (Y) . BropeiM KpuTepreMm 3KBHBAJICHTHOCTH KJIACCOB IMPOYHOCTH OeToHOB cuMmBoiamu B u C sBusercs
PaBEHCTBO 3HAYCHUN pPACUYETHBIX COMPATHUBIICHUN OCTOHOB IO HECYIICH CIIOCOOHOCTH.

KiroueBble cjioBa: cTaHIapT, HOPMATHB, OETOH, CMECh, IIPOYHOCTb, KJIACC, BApHALIUS, KOI(PPUIIUCHT.

Abstract : The paper describes innovations in cluded into standards and naims for concrete and the
avidening of their use in practice as well as equivalences of strength classes with C and B symbols
envisaged in EN standards and GOST on the basiv of the standards and norms appropriate agreement and
conformity are made.

It is emphasized that astimates of strength characteristics of concrete in ready-mixed concrete and
reinfarced concrete structures in the acting standards are envisaged through the use of variation coefficients
and required strength. The first index of equivalence of strength classes of concrete with B Y**) and C
XIY symbols is the equality of minimal characteristic strength of cubic specimens (Y). The second criterion
of equivalence of strength classes of the said concretes with B and C symbols is the equality of values of
design resistances of concretes determined from the bearing capacity.

Key words: standard, norm, concrete, mix, reinferced concrete, strength, variation, coefficient.

*) X vo Y mbhkomlik siniflorinin kamiyyatlori bizim torofdon Umumilosdirilmis isaraloridir.
*)X/Y u Y 0600lIeHHBIE 3HAKK 3HAYEHUH MPOYHOCTH OETOHOB, OTMEYEHBI C HAINEH CTOPOHBI
**) X/IY and Y generalized denotations of values of concrete strength, marked by us
Son dovrlordo 6lkomizds gedon genis tikinti-qurasdirma islorindo istifado edilon
layiholorin yerli toskilatlarla yanasi, miixtalif xarici 6lko firmalarda hazirlanmast va buna
uygun istifado edilon betonlarin bu vo ya digor 6lko standartlarmin texniki sortalori ilo
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giymatlondirilmasi, hazirda beton wizro qlvvads olan standartlarin yeni reaksiyalarinin va ilk
dofa qlvvays minon standartlarin meydana golmosi, bu standartlar ilo xarici 6lke standartlart
arasindaki forqli cohotlor is prosesindo mioyyan anlasilmamazliq yaradir. Forgli cohatlor
arasindaki olagenin, standartda edilon olavo vo doyisikliklardon amala galon masalalarin halli
yollarinin miiayyanloasdirilmasi Vo istifadasi vacib masalalordon biridir.

I'OCT 26633-91 [1] , 01.01.92-ci il tarixindon 01.01.14-ci il tarixina godor quvvada
olmusdur. Bu standart ilo betonun mohkomliyinin marka gostoricisindon sinif gostaricisine
kegidi basa catdirilmigdir. Bununla yanasi, TOCT 26633-91-do verilmis betonun sixilmada vo
dartilmada mohkamlik Uzro sinfi ilo markasi arasindaki nisbat standartin alavasinds sorgu
soklindo  gostorilso do is prosesindo sorgu gostaricisi unudularag normativ kimi gabul
edilmays baglanmigdir. Masalon, B25 mdhkamlik sinifli betonun orta moéhkamliyinin 327,4
kg/sm?, buna yaxm markasinin M350 oldugu vo sinfin orta mohkomliyindon betonun yaxin
markasinin doyigsmasinin  +6,9 % gostorilmigdir. Biitiin bunlar variasiya omsali (V) 13,5%
oldugda va 95% tominatligda bas verir. Bununla yanasi, variasiya omsali 6% vo az olduqgda,
eloco do 16%- dok artdigda, B25 mohkemlik sinifi betonun orta moéhkemliyi 267,5 kg/sm?-
dan 357,5 kqg/sm?—a godor doyiso bilor. Bunlara uygun betonun yaxin markasiin M250; M350
olmast vo uygun olaraq betonun moéhkamlik sinfinin orta mohkomliyindon betonun yaxin
markasmin doyismasi -7,0% va -2,2% tosgil edir. B25 mdhkomlik sinifli betonun T'OCT
26633-91-do gostorilon 327,4 kg/sm? sixilmada orta moéhkomliyi norma olmayib, qeyd edildiyi
kimi variasiya omsalindan asili olaraq 267,5 kq/sm?-dan 357,5 kg/sm?—a qodar doyiso bilar.

Qeyd etmok lazimdir ki, TOCT 26633-91 2014-cii ilin yanvarin 1-don T'OCT 26633-2012
—ilo [2] ovoz olunub. Yeni redaksiyada EN 206-1:2000 [3] standartinin asas muddoalari
nozora almmisidr. 2014-cti ilin yanvar aymin 1-don istifado edilon TOCT 26633-2012 [2]
standartinda qeyri aqressiv miihitdo isloyon betonlar Ggin sementlorin  minimal sorf
normalar1 verilmisdir. Bu zaman istifads edilon sementlorin névlorinin T'OCT 10178-85 [4],
I'OCT 22266-94 [5] vo T'OCT 31108-2003 [6] Uzra nazards tutuldugu gostorilmisdir.

Yeni standartda dolduruculara olan taloblor ¢ox Umumilosdirilmis sokildo demosk olar
miivafiq standartlara istinadla tamamlanir. Standartda yol, aerodrom ortiik vo osaslar,
nogliyyat tikintisi, hidrotexniki qurgular tiglin betonlara xiisusi taloblor yarimbdlmalor
soklinda gismon genislondirilmisdir.

Eloco do I'OCT 26633-2012 [2]-do mitlog olave soklinds ylksok mohkomlikli
betonlara (B60 sinifli vo yuxari) xiisusi taloblor verilmisdir. Belo ki, standarta goro yuksok
miihkemlikli agir betonda sementin sorfi 550 kg/m® -don ¢ox olmamalidir. iri doldurucu kimi
yalniz xirdalamada markasi 1000-don az olmayan qirmadas, xirda doldurucu kimi irilik
modulu 2,2-3,0 haddinds doyison tobii qum istifado olunmasi normalasdirilir .

Qeyd edilonlorlo  yanagi  yiiksok moOhkomlikli  betonlarin  texniki  gostaricilorinin
tonzimlonmasi  Ggln ilk dofs Dovlotlorarast TOCT 31914-2012 [7] cranmapTsl islonmis vo
2014-cii ilin yanvarmn 1-dok qlvveys minmisdir. Standart monolit domir-beton konstruksilayar
ticlin sixilmada mohkomlik sinfi B60 vo yuxari olan yiiksok méhkamlikli agir vo xirdadanali
betonlara olan toloblori ohato edir. Eloco do standartda ylksok moOhkamlikli betonun
keyfiyyatinin yoxlanilmast va qiymatlondirilmasi betonun dolayr vo birbasa keyfiyyot
gostaricilorinin yoxlanilmasi qaydalar1 gostorilir. Standartda niimunanin goturilmasi qaydasi
diggoti colb edir. Qaydaya goro birinci 60m® beton garisigindan 2 ododdon az olmayarag,
sonraki har bir 60m?® qarisigdan isa 1 adoddan az olmayaraq qarisiq niimunasi gotirilir. Seriyada
mohkamliys smmaq niimunslorinin sayr  T'OCT 10180-2012 [8] zro lakin 4 ododdon az
olmayaraq layiha middatindo mohkamliyini toyin etmok (cln vo 2 odaddon az olmayaraq
araliq middotindo yaxud daha sonraki dovrlorde mdhkomliyini toyin etmok (gln nimunalor
gotaralur. B80 vo yuxart moéhkamlik sinifli betonlardan nimunolor hazirlandigda sokiilmayan
galiblordan istifads edilmalidir.

Adi  betonlarda oldugu kimi yiiksokmOhkomlikli ~ betonlarn  md&hkomlik  Uzro
giymatlondirilmasi va gobulu eyni zamanda I'OCT 18105-2010 [9]-a uygun aparilir.
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Standart [9] eloco do hazir beton qarisiginin, yigma va monolit domir-beton
konstruksiyalarinin ~ betonunun ~ mohkoamlik  gOstoricisinin -~ yoxlama  gaydalarmi  vo
giymatlondirilmasini shato edir.

I'OCT 18105-2010 nisbatan yeni gobul edilmis standart olub [9] burada EN 206-1:2000 [3]
standartinin asas normativ - texniki gostarici va taloblori nazors alindigir gostormisdir.

Standartda hazir beton qarigigmin har bir normalasdirilan néviinden asili olaraq hazirlanan
betonun talob olunan mdéhkomliyinin (Rt) asagidaki diisturla hesablanmasi gostorilir:

Rt = Kt Bnorm.

Bnorm - betonun layiho ilo méhkamlik sinfi;

Kt -standartda verilon, moagaloys daxil edilmis codval 1-don gotirtlir. Codvaldon gorindlyi
Kimi Kt-nin toyin olunmasi ii¢iin hazir beton qarisigt qovsagimin mohkomliyi toyin edilon
beton sinfi Gg¢tin, méhkamliyin orta variasiya omsalindan istifado etmok lazim goalir.

MoOhkamliyin yoxlanilmasi1 zamam

talob olunan méhkamlik amsah (K1) ('OCT 18105-2010)* Cadval 1
Mohkamliyin orta Tolob olunan moéhkamlik omsali (Kr)
variasiya Betonlarin biitiin novleri (six silikat vo 0zokli betonlardan basqa) vo
omsali V, % konstruksiyalar (massiv hidrotexniki konstruksiyalardan basqa)
6 Vo asag1 1,07

7 1,08
8 1,09
9 1,11
10 1,14
11 1,18
12 1,23
13 1,28
14 1,33
15 1,38
16 1,43
17 Icazo verilmoyan komiyyatlor sahasi
18
19
20

20-don boyik

*) Six silikat, 6zokli betonlar vo massiv hidrotexniki konstruksiyalar tigiin TOCT-la
nazords tutulan Kt—nin kamiyyatlori bu cadvalds verilmamisdir.

Yuxarida gqeyd edildiyi kimi standart [1]-in foaliyyat gdstordiyi dovrde mohkamlik sinfi
Vo marka arasinda asililign gostormok gun 13,5% variasiya amsali ilo sorgu {iglin verilmis
orta mohkomlik gostoricisindon istifado edilmisdir. Yeni standartin [2] torkibindon geyd
edilon codval ¢ixarilib vo bu normativ sonaddo geyd edilon masolo ilo bagli heg bir
gOstoris vo moalumat yoxdur. Monolit domir-betondan tikinti aparilan sahoys daxil olan beton
qarigiginin  betonunun talob olunan mdhkamliyinin  (Rt) miayyanlosdirilmasi vo qiymot-
londirilmasi hazirda qiivvado olmayan standartin [1] sor§u molumati osasinda hoyata
kegirilir. ©slinda hor bir betonun mohkomlik sinfi UGzro hazir beton qarisiginin  variasiya
omsali miioyyanlosdirilib, beton qovsagina uygunluq sertifikatt verilmali vo bunun ossasinda
monolit domir-beton konstruksiyasindan insa edilon bina vo qurgularin tikinti sahasino daxil
olan hazir beton garisigmin gobulu aparilmahidir, yaxud O6lks Uzro oavvallor gobul edilmis
13,5 % variasiya omsali yenidon saxlanilmalidir . Tikinti materiallarinin keyfiyyatinin dovlot
nozaratini hayata keciron icra hakimiyyati orqan1i bu masoalonin hallini tapmalidir.

Monolit domir-beton konstruksiyalarinda betonun mohkamliyinin yoxlanilmasi vo
giymatlondirilmosi qaydalar1 hazir beton tigiin miioyyon edilmis variasiya omsalin1 deyil,
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morhoalo Uzro bir partiyadan istifado edilmis vo layiho moéhkomliyini almis betonun naturada
mohkomliyini B sxemi Uzrs yoxlayitb variasiya amsalin1 hesablamaqla betonun konstruksiyada
faktiki méhkomlik sinfinin Bo toyinini nozards tutur [9] :

R
B(D: _m
KT

Harada, Rm partiyada betonun faktiki orta méhkamliyidir, MPa.

Kt - tolob olunan mohkamlik amsali olub variasiya omsalindan asili olaraq cadval 1-dan gabul
edilir. Variasiya omsali konstruksiyada betonun faktiki mohkomliyi osasinda hesablanir.
Standarta goro By = Bnorm olduqda konstruksiyada betonun moéhkomliyi layihays uygun qobul
edilo bilor.

Hazirda miitoxassislor torafindon birmonali qiymatlondirilmayan gostericilordon biri do
EN206-1:2000 [3] ilo TOCT 26633-2012 [2] ilo nozordo tutulan betonlarin sixilmada
mohkamlik siniflori arasinda olan miinasibatlordir. Xarici Olkalords islonmis layihalords
betonun mohkamlik sinfi  mioyyan hallarda masalon, C50, digor hallarda C50/60 kimi
gostorilir. Layihalorin yerli norma vo standartlara uygunlasdirilmasi, eloco do tikinti-
quragdirma islori  yerino yetirilon zamani C simvollu moéhkamlik sinfinin B simvollu
mohkamlik sinfi ilo ovoz olunmasi mosolosi ortaya ¢ixir. Qeyd etmok lazimdir ki, betonun
mohkamlik gostaricisinin  tayini oavvollor Britaniya standarti BS 5328-2:1997 [ 10 ] ilo
150x300 mm silindir sokilli nidmunalordo  aparildigindan bu standarta, eloco do  Turkiya
respublikasinin TS 500/ subat:2000 [ 11 ] standart1 ilo betonun méhkomlik sinfi C simvolunun
yaninda rogom  Kasirsiz sokildo yoni yuxarida misal {igiin gostorilon C50 soklindo , diger
avropa Olkalorinds betonun méhkomlik sinfi 150x150x150 mm Olculi kub ndmunalarinin
smagr ilo  muoayyanlosdirildiyindon EN206-1 2000 [3] -do ham silindir, ham do kub
nimunalorin sinagr tigin mohkoamlik Uzra sinif gostorilmisdir (cadval 2).

Normal vo agir betonlar iiciin sixilmada mohkamlik siniflari. Cadval 2
. o On agag1 xarakteristik silindir On asag1 xarakteristik silindir
Stailmada mShkemlik sinfi mohkemliyi, sil. N/mm? mohkemliyi, kub. N/mm?

C8/10 8 10
C/12/15 12 15
C16/20 16 20
C20/25 20 25
C25/30 25 30
C30/37 30 37
C35/45 35 45
C40/50 40 50
C45/55 45 55
C50/60 50 60
C/55/67 55 67
C60/70 60 75
C70/85 70 85
C80/95 80 95
C90/105 90 105
C100/115 100 115

Turkiya Respublikasi torafindon EN206-1:2000 [3] standarti TS EN 206-1/Nissan 2002
[12] standartt soklindo gobul edilmisdir. Masalon, coadvaldo g0storilon C50/60 betonun
mohkamlik sinfindo C50 betonun silindir sokilli ndmunalorin - mohkamliyi Uzra, C 60
betonun kub sokilli nimunalorinin sinaginda qiymatlondirilon méhkamlik sinfidir.

B moéhkomlik sinfi yalniz kub sokilli nimunalorin sinagir osasinda miioyyan edilon
mohkamlik sinfidir [ 2 ]. Forq, EN 206-1:2000 [3] ilo T'OCT18105-2010-da [ 8 ] nazords
tutulan  siniflorin  tominat  verilon (tolob  olunan) mohkamliklarina  olan  talablarin
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muxtalifliyindadir. EN206-1:2000 [3] mohkamliklorin giymatlondirilmasinds standart doyismo
gostaricilarini nozora alir, T'OCT 18105-2010 isa variasiya omsalina oasaslanaraqg mohkamlik
sinfino tominat veran, talob olunan méhkomliyin misyyan olunmasini nazards tutur.
Bunlarla yanasi qeyd etmok lazimdirki, Crammapr COB ) 1406-78 [13]  sonodindo
Olclari 150x150x150 mm olan kub ndmunalarinin B simvollu  méhkomlik sinfi ilo 6lculori
150x300 mm olan silindir nimunalarinin C simvollu mohkamlik sinfi arasinda ekvivalentlik
goOstorilmisdir. Cranmapt COB 1406-78-un mivafiq cadvali magalonin 3-cli cadvalinds verilir.

Betonun sixilmada méhkamlik Gzra siniflori (CT C9B 1406-78)**)

. Etalon Betonun sixilmada md&hkamliyi tzras siniflori
numuna,mm
Kub B10 | B125 | B15 | B20 | B25 | B30 | B35 | B40 | B45 B50 B55 B60
150x150x150
Silindr C8 Cl0 |Ci12 | Ci6 | C20 | C25 | C30 | C35 | C40 | C45 C50 C55

Codvaldo, eloco do beton garigigindan hazirlanmis niimunalarin 13,5% variasiya omsali
ilo méhkamlik sinfilorinin talob olunan moéhkomliklori verilmisdir.

Cadval 2 va cadval 3-do verilon naticalorin migayisasi gostorir ki, silindr nimunasi Uzra
sixilmada mohkamlik sinfi  C50 olan betonun EN206-1:2000 uzro kub nilmunasi Uzrs
sixilmada mohkomlik sinfi C60 CT C3B lizra isa B55 verilmisdir.

Bununla yanasi, layiho xarici 6lkads islonibsa vo betonun moéhkamlik sinfi C X/Y
(sorti olacaq) ilo isaralonibsa layihanin yerli standart vo normalara uygunlagdirilmasinda vo
yerli standart Gizro beton qarisiginin moéhkomlik sinfi B Y kimi gobul edilmalidir.

Belarus Respublikasinin CTB1544-2005 [4] normativ sonadinda B ilo C simvollu
mohkamlik siniflori arasindaki asililiglar vo tolob olunan mdhkamliklori  xarakterizo edon
cadval magalonin 4-cli cadvalinds verilmigdir. C vo B simvolu mdéhkamlik siniflori arasindaki
asililiglar bizim yuxarida gostorilon yanasmalari tamamlayir.

Qeyd edilon gostoricilorlo yanast B vo C mohkomlik siniflarinin - ekvivalentliyini
aydinlagdirilmast  miixtalif ~ simvollu ~ mohkomlik  sinifli  betonlardan  domir-beton
konstruksiyalarin yiikdasima qabiliyystino hesablanmas: aparilan zaman istifado edilon
betonlarin hesablama mugavimatlorinin  komiyyatlorinin  miqgayisasi ola bilor. Hesablama
mugavimatlori eyni olan mixtalif simvollu moéhkamlik siniflori ekvivalent hesab edilo bilar.
EN 1992 -1-1 : 2004 + AC : 2008, IDT Eurocoder [15], TS 500 Subat 2000 [11], CH u I12
03.01-84" [16], AZDTN 2.16-1 [17] vo CHB 5.03.01-02 [18] normativ sonadlori osasinda
hazirlanmis domir-beton konstruksiyalarin yiikdasimaya hesablanmasi zamani istifado edilon
mixtalif mohkamlik sinifli vo simvollu betonlarin hesablama migavimatlori cadval 5-do
verilmisdir.

Asagr mohkomlik siniflorinds Rp ilo fcd-nin bir qodor forglonmasi CH u IT ilo asagi
Vo yuxart mohkomlik sinifli betonlarin prizma mdohkomliyinin toyininds istifado edilon
empirik asililiglarin ~ farglonmosi  [19], muoyyon yuvarlaglasmalarin  vo hesablama
mugavimatlorin kemiyyatlori, arasinda miioyyan nisbotlorin saxlanilmasi ilo izah edilo bilar.

Miuollif [19] geyd edir ki, méhkemliyi 200 kg/sm?-a qodor olan betonlarda prizma
mohkomliyi ilo kub mohkomliyi arasinda asiliq A.A.Qvozdyevin disturu ilo, 300-600 kg/sm?
mohkamlikli betonlar Gglin B.Q. Skramtayevin dusturu ilo dizgun naticalor verir.

*)Sonad B va C mohkamlik siniflorinin mugayisesi baximindan maraq dogurur.
**) Standartda B1-don B 7,5 daxil olmagla nozords tutulan gostoricilor bu cadvalds oksini
tapmamisdr.
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Betonun moéhkamlik siniflori arasindaki asilihglar sixilmada va dartilmada
xarakteristik mohkamliklori (CTB 1544-2005) Cadval 4

R R Betonun talab olunan
Betonun moéhkamlik sinfi mohkamliyi, MPa
CTB 1544-2005 {izra Dartilmada,
Betonun sixilmada an betonu_n Kubik
262305 [;l;ra a$ﬁlgl Xaqutferistik m%%rgl?rg:\;ti nlimunasinin | Dartilmada
Isarasi modhkamliyi, MPa sixilmada
fck fc?cube
B10 C8/10 8 10 0.85 12.9 1.2
B12.5 C10/12.5 10 12.5 1.0 16.1 14
B15 C12/15 812 15 1.1 19.3 15
B20 C16/20 16 20 1.3 25.7 1.8
B22.5 C18/22.5 18 22.5 14 28.9 2.0
B25 C20/25 20 25 15 32.2 2.1
B27.5 C22/27.5 22 27.5 1.6 35.4 2.2
B30 C25/30 25 30 1.8 38.6 2.5
B35 C28/35 28 35 1.9 45.0 2.6
- C30/37 30 37 2.0 47.6 2.8
B40 C32/40 32 40 2.1 51.4 2.9
B45 C35/45 35 45 2.2 57.8 3.0
B50 C40/50 40 50 2.5 65.3 35
B55 C45/55 45 55 2.7 70.7 3.7
B60 C50/60 50 60 2.9 77.1 4.0
- C55/67 55 67 3.0 83.8 42
B75 C60/75 60 75 3.1 90.0 43

C vo B mohkamlik sinifli betonlardan domir-beton konstruksiyalarin
yiikdasimaya hesablama zamani betonlarin hesablama mugavimatlari.  Cadval 5

Betonun mohkemlik sinfi Yiikdagimaya hesablllarna_da b_etonun hesablama
S/s mugavimati
rocTt TS EN-206-1 | CHull voa AzDTN lzrs, B Eurocod -2 TS 500 fcd Gzra C
26633-12 Uzrs lzra mohkamlik sinfinin R,, MPa mohkamlik sinfinin fcd, MPa
1 B10 C 8/10 6,0 5,34
2 B12,5 C10/12,5 7,5 6,67
3 B15 C12/15 8,5 8,00
4 B20 C 16/20 115 10,67
5 B25 C 20/25 14,5 13,34
6 B30 C 25/30 17,0 16,67
7 B35 C 28/35 19,5 18,67
8 - C 30/37 - 20,0
9 B40 C 32/40 22,0 21,34
10 B45 C 35/45 25,0 23,34
11 B50 C 40/50 27,5 26,67
12 B55 C 45/55 30,0 30,00
13 B60 C 50/60 33,0 33,33

Son dovrlorin tadgigatinda 600 kg/sm2-dan yuxart mohkomliyi olan betonlar (igiin
prizma mohkomliyi ilo kub mohkomliyi arasindaki asililiq 0,783 omsali ilo Xarakterizo
olundugu gostorilir. B 10 mohkamlik sinfi betonun kub prizma mohkomliyino kecid omsali
orta mohkomlikli betonlar Gclin nozords tutulan 0,7 omsal gobul edildiyi halda R, = 5,45
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olub C 8/10 mohkamlik sinifli betonun hesablama migavimotinoe fcd=5,34-0 borabor oldugu
gorundr.

Eurocod 2-do yiikdasimada hesablama miugavimatin komiyyati prizma mdhkomliyinin
deyil, Olculor nisbati h:d=2:1 olan ndmunanin silindir méhkamliyini betonun tohliikasizlik
omsalina (yc =1,5) bolinmasi ilo tapilir.

Yaxud bunun alternativi kimi qgeyd etmok olarki, kub mohkamliyinin  silindr
mohkamliyino kecid Uciin kub mdohkamliyi 1,2-ys, silindr moéhkomliyindon yiikdasimada
hesablama mugavimati toayin edildikds isa sonuncu betonun tshlikasizlik amsalina (yc =1,5)
bolundr. Kub  mohkomliyini 1,8 ododine bOlmoklo betonun yiikdasimada hesablama
mugavimati tayin edilo bilor.

CHull 2.03.01-84" [16] AzDTN -2.16-1 [17] normativ sonodlori (izro betonun kub
mohkamliyi prizma mohkomliyino daha sonra bu mdhkomliyin  komiyystinin  betonun
tohliikasizlik omsalina C=1,3-0 bolunmasi ilo tapilir.

Nozora alsaq ki, kub nidmunasindan mdhkamlik gostoricisini, prizma mohkamliyi ilo
ifado etmok Ggun kub nlmunosi orta hesabla 1,429 omsalina boliniir(yaxud 0,7-ya
vurulur), yiikdasimada hesablama migavimatini toyin etmok (cun  prizma mdohkomliyi
betonun tohlikasizlik omsalina (yc=1,3) bolunmoklo tapilir. Bu zaman kub md&hkomliyini
(1,429x1,3=1,86) omsalina bolmoklo yiikdasimada hesablama migavimati toyin edildiyi
halda, nstico demok olar ki, Evrocod-2-ys uygun alinir. Bununla olagedar AzDTN 2.16-1-in
golocok redaksiyalarinda yiikdasimada hesablama migavimatin hesablanmasi qaydasinin
Evrocod-a miivafiq aparilmasmna baxila bilor. Molumat Gglin  nozoro  catdirlir ki,
'OCT10180-2012-ilo [ 8] kub mdohkamliyi ilo h:d=2:1 silindr moéhkomliyi arasindaki nisbati
1,2 nozorda tutur.

Beloliklo, B 'Y vo C X/Y simvollu vo mohkomlikli betonlarin ekvivalentliyinin
birinci gostaricisi kimi kub nimunasinin méhkomlik gostaricilorinin (Y) eyniliyidir.

Ekvivalentliyin ikinci meyar1 kimi miixtolif simvollu vo mohkamlik sinifli betonlarin
yiikdasimada hesablama mugavimatlorinin komiyyatlorinin eyniliyidir. B Y md&hkomlik
sinifli betonlar CX/Y mohkomlik sinifli betonlara ekvivalentdir. Qeyd edildiyi kimi Xva'Y
sorti isarolor olub uygun olaraq betonun silindir vo kub nimunalorinin xarakteristik
mohkamlik gostaricisini ifado edir.

Istinad edilmis normativ-texniki sonadlor

T'OCT 26633-91 beToHs!I TsKENBIE M MENKO3EPHUCTHIE. TeXHUYECKHE YCIOBHS

T'OCT 26633-2012 beToHBI TSXKENBIE M MEIKO3EPHUCTHE. TEXHUUECKUE YCIOBUSI.

EN 206-1:2000 Concrete-Part 1:Spesification, performance. Production and conformitu

T'OCT 10178-85 IlopTiaHAUEMEHT W NUIAKONOPTIaHAUEMEHT. TeXHUYHNCKUE YCIOBHUS

T'OCT 22266-94 Lements! cynbdaTtocToiikue. TexHndeckue yCiuoBHs

I'OCT 31108-2003 LlemeHTBI 001IECTPOUTENBHBIC. TEXHUUECKHE YCIOBHS

I'OCT 31914-2012 bBeToHBI BBICOKONMPOYHBIC TDKENBIE M MEJIKO3EPHHCTHE IS MOHOJMTHBIX

KOHCTpYKIMiA. [IpaBuiia KOHTPOJIS U OLIEHKH KayecTBa

8. T'OCT 10180-2012 Beronsl. MeToap! onpeaeneHns: IPOYHOCTU IO KOHTPOJIBHBIM 00pa3lioM

9. I'OCT 18105-2010 Beronsl. [IpaBuina KOHTPOJIS U OLIEHKHA MPOYHOCTH

10. BS 5328-1997 concrete Parts: Methods for speciying concrete mixes

11.TS 500/subat:2000 Betonarme yapilarin tasarim vo yapim kurallar

12.TS EN 206-1/Nisan 2002. Beton bolim 1: ézellik, performans, imalat vo uygunluk

13.Crangapt COB 1406-78 KOHCTPYKIIMKM OCTOHHBIC KEJI€300€TOHHBIC OCHOBHBIC TOJIOKCHHS

14.CTb 1544-2005 BetoHbl KOHCTPYKLIMOHHBIE TXKENbIE. TEXHUUECKUE YCIOBUS

15. EN 1992-1-1:2004 Eurocod 2:Design of concrete structures Pact 1-1 General rules and rules for
buildings

16. CHwuII 2.03.01-84" BeToHHBIE U KeNE300€TOHHBIE KOHCTPYKIMH

17.AzDTN 2.16-1 Beton vo domir-beton konstruksiyalar. Layihalondirms normalari

18.CHB 5,03,01-02 BeToHHbIe M KelIe300€TOHHBIC KOHCTPYKIHH

NogkrwbdE
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MASSiV DOMIR-BETON KONSTRUKSIiYALARDA TERMOGORGINLIKLORIN VO
CATOMOLOGOLMOLORIN TONZIMLONMOSI UCUN SEMENTIN iSTILIKAYIRMASINDAN
BETONDA YARANAN TEMPERATURUN HESABATININ APARILMASININ XUSUSIYYOTLORI

tex. Uzra. f.d. Bayramov F.H., tex. Uzra. f.d. Mammadov F.Y.
Azorbaycan Respublikasi FHN S.9.Dadasov adina ETLK Insaat Materiallar: Institutu

OCOBEHHOCTH PACYKETA TEMIEPATYPbI BETOHA OT T'HJAPATAIIMUA LIEMEHTA JJIsI
YPEI'YJIMPOBAHUS TEPMOHAIIPA)KEHUS U TPEHIUMHOOBPA3OBAHUS
B MACCHUBHBIX KEJIE3OBETOHHBIX KOHCTPYKIUAX
0.¢. no mex. baiipamos.d.I., 0.¢h. no mex. Mameoos.®.I0.

HUIIK Uncmumym Cmpoumenvuvix Mamepuanoe um. C.A./[adawesa

THE PECULIARITIES OF CALCULATION OF CONCRETE TEMPERATURE DUE TO
CEMENT HYDRATION FOR CONTROLLING THERMAL STRESS AND CRACK FORMATION
IN MASSIVE REINFORCED CONCRETE STRUCTURES
doc.of phd.in tech. Bayramov F.H., doc.of phd.in tech. Mamedov F.Y
The MES of the Azerbaijan Republic, the RD Institute for Building Materials named after S.A.Dadashev

Xdilass : Bu mogalodo sonaye vo miilki binalarin vo qurgularin massiv domir-beton konstruksiyalarinin
betonunda sementin istilikayirmasindan yaranan temperaturun hesabat yolu ilo toyin olunmasimin
mimkdnluyina  baxilmigdir. Bu mogsed Ucgun tocriibs materiallart  osasinda, nozori Yyolla muxtolif
temperaturlarda vo zaman muddatlorinds sementin istilikayirmasinin kinetikasi vo intensivliyi hesablanmigdir.
Otraf miihitin temperaturu 5°C, 40°C olduqda sementin istilikayirmasinin komiyyati, 20°C temperaturda sementin
hidratasiya neoticesinde ayirdigi istilik miqdarma nisboton faizlo verilmigdir. Sementin istilik ayirmasmin
kinetikasindan istifado etmoklo, otraf mdihitin temperaturundan vo zamandan asili olaraq betonda sementin
istilikayirmasindan yaranan temperaturun komiyyatinin giymatinin toyininin hesabat Usulu islonmis vo betonda
temperaturun tonzimlonmasi lizro mioyyan tovsiyslor verilmisdir.

Hazirlanmis hesablama disulunun mitkommolliyi guci 506 MVt olan buxar-qaz turbininin Sumgqayit
soharindo 6ziil tavasinin tikintisi zamani tosdiqini tapmusdir.

Acar sozlor: istilikayirma, kinetika, intensivlik, massiv, sement, beton, hesabat.

AnHoOTamusi: B 3TOH cTaTthe paccMOTPEHBI BOMIPOCHI BO3MOXKHOCTH OIPEICIICHHS BEIUYMHBI 3HAYCHUS
TeMIepaTypbl OETOHA OT THIPATAIlMKA I[EMEHTA B MACCHBHBIX KEJIC300CTOHHBIX KOHCTPYKIHUSX TPAXKTAHCKUX H
MPOMBIINUICHHBIX 3IaHUI U COOPY)KECHUIH pacy€THhIM myTeM. Iy 3TOM LeNu Ha OCHOBAHHHU SKCICPUMCHTATIBHBIX
JIAHHBIX TEOPETHYECKUM IyTeM IPH PA3JIUYHBIX TEMIIepaTypax ¥ BPEMEHH THPATAIlMU OCYNICCTBICHBI PaCcUeTh
KMHETUKM W HMHTEHCUBHOCTHM TEIUIOBbIAENEHUS LeMeHToB. [[nst temneparyp 5°C u 40°C okpyxaromeil cpepl
3HAYCHUS TETUIOBBIJICIICHHSI IIEMEHTA TPUBEIEHBI B MPOIIEHTAX MO OTHOIIEHUIO 3HAYCHUS TEIIOTHI THAPATAIIUH TPH
20°C. C ucnonp30BaHMEM [JAHHBIX MO KHMHETHKE THAPATAldM LEMEHTa pa3paboTaH METOJ pPacyéra BEIUYMHEI
3HAYCHUS TeMIIepaTyphl OETOHA U IaHbI ONPE/ICIICHHbIE PEKOMEHIAINH 110 €€ PETyJINPOBAHHUIO.

JlocToBepHOCTh pa3pabOTaHHOIO MeToJa pacuéTa IMOATBEp)KIEHA Ha TPAaKTUKE TPH CTPOUTEILCTBE
(yHmamMeHTa ra3o-napoBoit TypOMHBEI MoImHOCTRI0 506 MVt B ropoxe Cymranr.

KiloueBue cioBa: TeIUIOBBIAEICHHE, KUHETHKA, WHTEHCHMBHOCTh, MACCHB, IIEMEHT, O€TOH, 3IaHHS,
COOpYKEHUS, PaCCUET.

Summary: This paper deals with the problems of possibility of determining a value of concrete
temperature due to cement hydration in massive reinforced concrete structures of civil and industrial building
and constructions by calculation . For this purpose calculations of kinetics and intensity of cement heat
release were performed on the basis of experimental data at different temperatures and time of hydration in
theoretical way. For ambient temperatures of 5°C and 40°C values of cement heat release are given in percent
relative to a hydration heat value at20°C . With the use of dataon kinetics of cement hydration a method of
calculation of a value of concrete temperature is developed and certain recommendations mendations for its
control are offered.

The reliability of the developed method for computation is proven practically in the process of constructing a
foundation of the gas-steam turbine having capacity of 506 MVT inthe city of Sumgayit.

Key words : heat release, Kinetics, intensity, massive, cement, concrete, buildings, structures, calculation.

Elmi-texniki odobiyyatda norma vo standartlarda, massiv hidrotexniki beton istisna
olmagla, milki vo sonaye binalarinin massiv domir-beton Kkonstruksiyalarinda sementin
istilikayirmasindan betonda yaranan temperaturun tonzimlonmosi demak olar ki, 6z hallini
¢cox mohdud sokilds tapmisdir. Malumdur ki, massiv hidrotexniki beton bandlorin tikintisinds
istifado edilon betonun mohkamliyino tolabat yuksok olmadigindan az sement sorf edilir.
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Lakin boandlor daha boylk kitloys malik olur. Sonaye vo miilki binalarin massiv domir-
beton konstruksiyalarinin, mosalon &ziil tavalarinin, 6zok konstruksiyalarinin  betonunun
mohkamlik sinfinin B60 vo daha ylksak olan hallar olub, bdyik sement sorfi vo kitlasinin
azlig ilo xarakterizo olunur.

Gostorilon  forgli  cohotlor massiv  hidratexniki beton tiglin igslonmis normalarin  vo
qayadalarin miilki vo Sonaye binalarinin massiv domir-beton konstruksiyalarinda birbasa
istifadasini miimkinstz edir. Bunlardan olavo noinki mulki vo sonaye binalarinin massiv
konstruksiyalari, eloco do  hidrotexniki beton Uclin do sementin istilikayirmasindan yaranan
temperaturun komiyystini  mioayyanlosdirilmasinin hesabat tisulu islonmomisdir.

Sementin istilik ayirmasindan betonda yaranan temperaturun hesabatinin aparilmamasi

bu vo ya diger texnoloji vasitonin temperaturun komiyyatina tosiri vo bunlarin idars
olunmasit hesabat iisulu ilo deyil empirik yollarla aparilir Belo ki, sementin istilik
ayirmasinin  komiyyatina mohdudiyyatlor goyulur [1], massiv domir-beton konstruksiyalarinda
temperaturun qalxmamasi ti¢lin texnoloji vasitalor, termogorginliyin vo ¢atomalagalmonin
azaldilmas1 t¢iin  konstruktiv hoallor g0storilir[2]. Hesabat {isulu islonmadiyindan , bu
vasitalorin tasiri sayssindo betonda temperaturun komiyyatinin avvalcadon musyyanlosdirmak
mimkiin olmur. Yalniz massivdo betonun temperaturunu 6lgcmoklo magsads nail olunub-
olunmadigi qiymatlondirilir.  Hidrotexniki beton Uglin sementin termos metodu ilo istilik
ayirmasi toyin edildikdo  istiliyin 3 gin orzindo 50 kkal/kg-dan 7 gun arzinds iss 60
kkal/kg-dan ¢ox olmamasi gostorilir[1]. Hazirda az istilikayiran sementlor istehsal
edilmadiyindon oksina vaziyyst daha yiksok mohkomlikli sementlorin istehsalina dogru
doyisildiyindon sementin istilik ayirma qabiliyystinin ilkin hidratasiya zamanlarinda idara
olunmasinin vo normalagdirilmasinin - miimkiinsiizliiyiinii yaradir.  Bunun {i¢iin birinci
novbado operativ. molumat oldo etmok (gun sementlorin  betonda borkima prosesinds
hidratasiyasi noticasinds ayrilan istiliyin nazori yolla kinetikasinin va intensivliyinin tayini
boylk praktiki ohomiyyato malikdir.Qeyd etmok lazimdir ki, sementin istilikayirmasinin
nozori osaslar1 iglonon zaman osason termos Usulu ilo almmis tocribs materiallarindan
istifado edilmisdir. Buna goro betonlama islorindon ovval istifado edilon sementin faktiki
istilikayirmasinin - toyini zamani  ASTM C 186-05 ilo nozords tutulan termos Gsulundan
istifado etmoklo sementin istilik ayirmasmin tayinino Gstunlik verilmolidir.
Fundomental todgiqatlara géro [3] sement klinker minerallarinin tam hidratasiyasi naticasinda
ayirdigr istiliklorin miqdart asagidaki kimidir: Qcss=120 kkal/kq; Qc25=62 kkal/kq; QcsA=207
kkal/kq; QcsAF=100 kkal/kg.Bu gostaricilor osasinda istifado edilon sementin  torkibindoki
minerallardan  asili olaraq onlarin tam hidratasiyasi noticosinds sementin ayirdigi istiliyin
miqdar1 asagidaki kimi hesablanir:

Q - C3Ssem . Q CZSsem Q
sem 100 C3S 100 C2S

C3ASem C4AF

Qc3A m Qc4AF (l)

Uygun olaraq C3zSsem; C2Ssem; C3Asem; CaAFsem — istifado edilon sementdo minerallarin faizlo
miqdaridir.

Monografiyada [3] dorc edilmis vo bizim uzunmiddstli todgigatlar [ 4-6 ] asagidaki
naticaya golmoys imkan vermisdir.
Mioayyan zaman muddstindo ayrilan istiliklorin miqdar1 tam ayrilan isitilik miqdarlarinin
muoyyon faiz gostoricilori ilo xarakterizo olunur. Betonun barkimo middstindon asili olaraq
sementin ayirdigr istiliyin miqdar1 faizlo tam istiliyin asagidaki faiz gostoricilori ilo toyin
edilir:

14saat — 1g 2 Q tam

tam 24saat Qtam 3gin _
sem 100 '’ sem =28, 8 100 ' sem 48,94 ——

@)

7 guin _ . 28 gin _ ay _
79— 6315 2 — 5 Qe =76, 83 2 — 03 = 8342 2 —
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Digor miiddotlor iiglin mosolon, 2 saat,7 saat, 14 gun,

6ay, 1il, 3il Gglin tam istiliyin

faizlori uygun olaraq 0,24; 5,0; 68,0; 85,9; 87,29; 90,1% toskil edir.

Miuixtalif sement zavodlarinin istehsal etdiklori sement klinkerlarinin

mineraloji  tarkibi vo 20°C temperaturda hidratasiya neticesinds zamandan
asith olaraq ayrilan istiliyin kinetikasi Cadval 1
Hidratasiya muddati ( saat,giin )
. . Sementin mineraloji torkibi, % istili
S/ Klinkerin J Tam 'St}{!{':l ayrilan istiliyin miqdar1 Khal
S tsyinat1, ayirma v kq
6lka CiS | CS | CA | CAF 14 | 24 ) 3 7o) 28
saat saat | gin gin gin
1 PO”'aTRseme”t 694 98 | 52 |107 | 11105 199 | 31,8 | 540 | 69,8 | 849
Sulfatadavamli
RF
Mineral olavali
3 | sulfatadavamli | 606 | 165 | 7,9 | 11,6 11111,0 199 | 320 | 543 | 70,1 | 853
portlandsement
RF
Portlandsement
4 Iran Islam 23,2 8,8 10,5 1108,1 19,5 31,1 52,9 68,3 83,1
Respublikasi
Portlandsement
5 Tirkiys 56,9 | 18,5 7,3 12,6 107,3 19,3 30,9 52,5 67,8 82,4
Respublikasi

Muxtalif sement zavodlarimin istehsal etdiklori sement klinkerlarinin mineraloji
torkibi vo 20°C temperaturda hidratasiya neticasindo zamandan asih olaraq

ayrilan istiliyin intensivliyi Cadval 2
o Sementin mineraloji torkibi, Hidratasiya mdddoti (saat,gtin)
Klinkerin % Tamistilik |ayrilan istiliyin miqdar1
S/s toyinati, avirma kkal kq saat
6lko Cs | s | CoA | coar | T ke | 14 [ 240 3 |7 | 28
saat | saat | gln | gln | gin
Portlandsement
1 Azorbaycan 69,1 9,2 52 10,4 1109,8 14 113|107 | 04|01
Respublikasi
Sulfatadavamli
p | portlandsement |5 | 330 | 50 | 160 | 97.2 13 | 12 |07 |04 | 01
Rusiya
Federasiyasi
Mineral slavsli
sulfatadavamli
3 portlandsement | 61,1 | 17,0 7,9 11,6 G112,4 1411308 04|01
Rusiya
Federasiyasi
Portlandsement
4 Iran Islam 54,4 | 24,2 8,8 10,5 1109,1 14113107 |04 |01
Respublikasi
Portlandsement
5 Tarkiys 56,8 | 17,1 7.3 12,6 106,4 14 113|107 | 04|01
Respublikasi
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Beloliklo, istifado edilon sementin mineraloji torkibindon asili olaraq (1) diisturu  ilo
ayrilan istiliyin tam miqdar1 hesablanir.

Bundan sonra tocriibo aparmadan (2) diisturunun komoyi ilo betonun lazim olan
barkimo miiddotlorinds sementin ayirdigi istiliyin kinetikas1 vo intensivliyi hesabat yolu ilo
toyin edilir. Bir ne¢o Olknonin sement zavodlarmin miixtolif mineraloji torkibli sementi
cin  20°C temperaturda hidratasiya noticosindo zamandan asili olaraq ayrilan istiliyin
kinetikas1 codvel 1-do, intensivliyi iso cadvel 2-do verilmisdir. Sementin 20°C istilik ayirmasi
cadval 1-do otraf miihitin temperaturu 5°C, 40°C oldugda 20°C-yo nisbaton faizlo istilikayirma
gostaricisi cadval 3-do verilmisdir.

odtraf miihitin temperaturundan asili olaraq miixtalif zaman oarzinds

sementin istilikayirmasinin 20°C temperatura nisbaton %-lo ifadasi. Cadval 3
g/s | Otraf miihitin Istilik ayirmanin %-lo ifadosi, zaman
temperaturu, °C
14 saat | 1gln 3 gln 7gun 28 glin 90 glin
1 5 63,4 63,2 62,5 66,2 95,0 98,2
2 20 100,0 100,0 100,0 100,0 100,0 100,0
3 40 152,0 151,7 149,3 119,2 104,7 102,9
Otraf miihitin temperaturu cadval 3-do gostorilondon forqli oldugu hallarda istilik
ayirmanin gostaricisi interpolyasiya yolu ilo toyin edilir.
Sementin zamandan asili olaraq miixtolif temperaturda hidratasiyast naticosindo
hesablanmisg istilik miqdarlarinin  komiyyotlorini istifado etmoklo vo otraf miihitin
temperaturu  nozoro  alinmaqla massiv  domir-beton  konstruksiyalarinda  sementin

istilikayirmasindan yaranan temperaturlarin hesabati aparilir.
1. Ovvalco massiv domir-beton konstruksiyasimin hacmi (V) torin edilir, m3.
2. Sonra massiv domir-beton konstruksiyasmmin 1m3-da  armaturlarin miqdarina goro
massivde armaturun miqdar1 toyin edilir (kq):

3
Maym =V Marm 3)

Massivdos istifado edilon polad armaturun hocmi tapilir:

mas

Ve = M @

¥ =7800 kg/m? poladin sixligidir.
3. Massivda betonun hacmi mioyyan edilir :

Voet® =V - Varm® (5)

4, Massiv domir-beton konstruksiyanin hor 1m3-do istifado edilon sementin sorfino osa-

san (mgg,‘;; kg/m?;) massivin betonlanmasinda istifado edilon sementin kiitlosi toyin edilir (kq):
mys = Vel -mi, )

5. Otraf mihitin temperaturundan (t) vo sementin hidratasiya middatindon (t) asili

olaraq massivds istifado edilon sementin istilikayirmasi (stgr)l(mas)) tapilir (kkal) :

QT ® — .mas . nT() ©)

sem(mas) ~ Mgem sem(kq)
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t-hidratasiya zamam (1 giin, 3 giin, 7giin vo s.), t otraf miihitin temperaturu °C, mosolon 5°C,
20°C, 40°C va s.
kal

. . . C e . K
stem(kq)- sementin  1kg-nin t hidratasiya zamaninda ayirdigi istiliyin miqdari, oa

(cadval 1 vo cadval 3 iizro miioyyan edilir.)
6. Massiv domir-betonun kiitlosi toyin edilir (kq) :

mgp =VY dib 8
Yai= 2500 kg/m? gobul edilir.
7. Otraf miihitin temperaturu (t) barkimo zamani (t, saat, giin, ay) arzindo massiv

domir-beton  konstruksiyasinda istifado olunmus sementin (Q;E,?l(mas)) hidratasiyasi

noticasindos ayrilan istiliyin tasirindon massivin temperaturu (T,fggs 0C-ilo asagidaki kimi
toyin edilir.

®
TT(L’) _ Q;em(mas)-'_cmgl/%sst . OC 9
mass C mmass ’ ( )
d/b
. kkal s
C- betonun istilik tutumu olub 0,2 T C qobul edilir.

Alman komiyyat istilik itgisi nazors alinmadan t miiddstindo otraf muhitin temperaturu
t oldugda massivin temperaturunun °C — ya godoar qalxdigini gostarir.
itgi

Massiv domir-beton konstruksiyasinin sathi ilo iton istiliyin miqdart (Q,,4s ) istilik-kegirmoa
omsalinin vasitosi ilo Furye diisturu ilo hesablanir:

o A-F-At-T
Hol =— kkal (10)
Harada:
kkal

A - betonun istilik kegirmo omsali olub 1,6 ———
F- massiv domir-beton konstruksiyasinin sothlorinin sahasidir, m?:

gobul edilir.

At - massiv domir-beton konstruksiyasinin temperaturu (Trflggs) ilo otraf
miihitin temperaturu (t) arasindaki temperaturlar farqi
t- sementin hidratasiya zamani (1giin, 3giin, 7giin, vaS.)
8- massiv domir-beton konstruksiyasimin galinligr, m
Massiv domir-beton konstruksiya saquli olub istilik itgisi oSasen gqarsi-qarsiya olan iki
boyik soth vasitesilo gedirsa qalinliq § ,2 ; horizontal oldugu halda istilik itgisinin daha cox

itgisi bas veron mosafodon, masolon 0ziil tavasi qalinliginin 28 soklinds gotiiriilmasine
baxila biler.

Beloliklo, massiv domir- beton konstruksiyasinin otraf miihitin temperaturu t oldugda 7
- hidratasiya dovriinds istilik itgisi (10) dusturunun komayi ilo tapilir.Massiv domir-beton

konstruksiyasinda sementin T zamaninda ayrilan istilikdon (an(fl)ss)a massiv konstruksiyanin

yan sathi ilo iton istilik miqdarim Qrfla(sistgi) cixmaqla massiv konstruksiyanin faktiki istilik
miqdari (erfals(fakt)) toyin edilir.
() _ AT T (itgi)
Qm(tzss(fakt) - m(tISS B Qmass (11)

Beloliklo, T hidratasiya middotinds otraf muhitin temperaturu (f) Vo itgi nozero

alinmaqla faktiki istilik migdar1 miioyyan edilir vo massiv konstruksiyasinin betonunun

o (© o( - .. . -
faktiki temperaty (Tmesscrarn)s Cilo asagidaki kimi toyin edilir:
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7(p)
7@ = Ombssgarg * Mt o 12
mass(fakt) ~ C masp ’ (12)

Hesabatin miikommolliyi en kosik 6lgiilori 2,5mx13,5m uzunlugu 27 m hocmi 911m?,
sothinin modulu 1,0 olan buxar-qaz generatorunun Ozulinin betonunun temperaturunun
tonzimlonmosinda  tosdiqini  tapmusdir.ilkin  hesabatla, nozordo tutulan materiallarin  vo
tisullarin  istifadosi  noticosindo,  Oziiliin  istilik  itgisi nozoro alinmadan, betonun
temperaturunun  103,8°C-yo qgodor qalxa bilocoyi miioyyon edilmisdir.  Alternativ
materiallardan vo texnoloji Usullardan istifado edilmasi ilo hesabat yolu ilo 6zilun
betonunun 60°C — yo qodor qalxa bilmosi gozlonilmisdir. Oziil betonunun hesabat yolu ilo
gozlonilon temperaturu praktiki 6lgmo yolu ilo tesdiq olmusdur [6] .

Alternativ material vo texnoloji tisullar: codvol 1-do gostorilon 1 sayli sement ovozino
asag1 istilik aymrma qabiliyyetli 2 sayli sementin, temperaturu 70°C olan 1 sayli sement
ovozing, temperaturu, uzaq mosafodon noql etmo vo saxlama yolu ilo, 30°C-yo qodor
endirilmis sementdon, yiiksok plastiklik qabiliyyotine malik olavolordon , irilik modulu 2,5-
3,0 olan yuyulmus qumdan istifado edilmesi, qirmadagin iriliyinin miimkiin qodor bdyiik
gotiirlilmosi  betonun dartilmada mohkomliyinin vo bircinsliyinin artirilmasi, goliblonmis
betonu intensiv qizmadan (cardaq sokilli Ortiiklo) vo soyumadan (goliblori penoplast
lovholorlo  iizlomoklo vo tavanin st sothini penoplast lovholorlo 6rtmoklo) miihafizo
olunmasindan vo s. bu kimi todbirlordon ibarat olmusdur.

Eloco do normativ sonadlorin toloblorine uygun olaraq beton qarisiginin temperaturunun
20°C -don asag1 olmasi [7], konstruksiyanin merkozi ilo yan sothlori arasinda temperaturun
16-18°C -don yuxar1 olmamasi [2], qolib sokiilorkon betonun xarici qati ilo otraf miihitin
temperaturlar forqinin 20°C -don yuxari olmamasi taloblori [7] tomin edilmisdir. Noticada
buxar generatorunun domir-beton 0ziil konstruksiyasinda hec bir c¢atomologolmo olamoti
miisahido edilmomigdir.

Sementin istilikayirmasinin  nozori  yol ilo toyin edilmosi vo betonda yaranan
temperaturun komiyyetini miioyyanlosdirmak {i¢iin islonmis hesabat lisulu miilki vo sonaye
binalarinin massiv domir-beton konstruksiyalarinda sementin hidratasiyas1 zamani betonda
yaranan temperaturun tonzimlonmaesi {i¢lin miivafiq tolimat, normativ-texniki sonadlorin
hazirlanmasinda vo betonda catomologolmalorinin qarsisinin  alinmasi zamani omoli islords
istifado edilo bilar.
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MOBBINIEHUE JOJI'OBEYHOCTU U IKOJIOTUYECKOMN BE3OIMACHOCTHU 3I[AHI/II7[
U COOPYKEHMM B YCJIOBHUSX BO3I[EﬁCTBHH ATPECCHUBHBIX, B TOM YHUCJIE
BUOJIOIT'NYECKHN AKTHUBHBIX CPE]]
o.m.H. Pozenmane H.K., 0.m.n. Cmenanoea B.®., x.m.n.Qexnui I.B. HUVDKE um. A.A.T6030e6a
INCREASED DURABILITY AND ENVIRONMENTAL SAFETY OF BUILDINGS AND
STRUCTURES IN AGGRESSIVE CONDITIONS, INCLUDING
BIOLOGICALLY ACTIVE ENVIRONMENTS
N.K.Rozental, V.F. Stepanova, Q.V. Cexniy, NIIZHB them. A.A. Gvozdev

AQRESSIV VO BIiOLOJi AKTiV MUHITLORIN TOSIiRi SORAITINDO BINA VO QURGULARIN
UZUNOMURLULUYUNUN VO EKOLOJI TOHLUKOSIZLIYININ ARTIRILMASI
t.e.d. Rozental N.K,, t.e.d. Stepanova V.F., t.e.n. Q.V.Cexniy, A.4.Qvozdyev adina NIILJB

Annomayusa: B cmamve paccmMampuaiomcs, 60NpOChbl NOGbIUEHUS O00N208EYHOCU U IKOJIOSUHECKOU
bezonacHocmu 30aHull U COOPYICEHUL 8 YCIOBUAX 8030€CTNBUSL ACPECCUBHBIX, 8 MOM HUCTEe OUON02ULEeCKU AKTNUGHBIX
cped. Iloo 6buonocuyeckoll KOpposueu NPUHAMO NOHUMAMb PA3PYULEHUEe CMPOUMENbHLIX MAMeEpPUudaios npu
8030€liCmBUY JHCUBLIX Op2anHu3mo8. [lpu Oelicmeuu MUKpooOpeanusmos 2080pam 0 MUKPOOUOLO2UHYECKOU KOPPO3Ul
Mamepuanos.

B oicunvix u obwecmeennbix 30aHUAX 8 30HAX C 8bICOKOU BIANCHOCMbIO (6 NOOBANAX, CAMY3NAX, 8 YOKONbHOU
yacmu, 8 Mecmax omeo0o08 600 C Kpoeu, 6 bacceunax u 0p.) MUKpOOUON02UEeCKAs KOPPO3UA CMAHOBUIMCSL BAICHIM
Gakmopom, BIUAIOWUM HA HAOEHCHOCMb U 00J208€YHOCMb KOHCMPYKYUll U3 Oemona u dwcene300emona.
3uauumenvuyio ponv npu OUOKOPPO3UU USPAIOM MAKUe MUKPOCKONUYECKUe Op2aHusmvl Kak baxmepuu, cpubbl,
akmuHomuyemsl, O pa3eumus U pasmMHOJICEHUs KOMOPbIX NPU ONpedeNeHHbIX YCI06UAX IKCNIyamayuy 30aHull u
coopyocenutl, cozoaémes Onazonpuamuas cpeda. bBaxmepuu aenaomcs  OOHUMU U3 OCHOGHBIX —A2EHMIOS
Mukpobuonozuyeckol Kopposuu. Pasnuunvie udbl Oaxmepuil Mo2ym Cyuwjecmseosamsv 6 WUPOKOM OUAnazoHe
snavenutt pH om ouenv xucnvix 00 wenounvix cped. OOHaxo 01 OorbuUHCMEa bakmepuil ONMUMATbHLIMU OJisL
pocma AGAOMCS Heumpanbhivle U crabowenounvie cpedvl (pH=7-1,5).

baxmepuu pazeusaiomca npu Hanuuuu JHCUOKUX cpeo, mo ecmv HaA MAMEPUalax U uzoeiusnx, 00CmamoyHo
VBIANACHEHHBIX UTU NOSPYICEHHBIX 8 ICUOKOCHb, YMO XapaKmepHo, Hanpumep, O cayh, 6accelinos, KOJIIeKmopos,
mpyoonposooos u m.0. Haubonee axmusHviMu KOPPOZUOHHLIMU — ALEHMAMU  ABNAIOMCA  MUOHOBbIE U
HUmMpuguyupyrowue oaxmepuu, cozoarwue KUCIble azpeccugHvle cpedvl, d Makdice cyrbghampedyyupyrouue
bakmepuu, obpaszyouue KopposuonHo-axmusHvle memaboaumer (NH3, CO2, H2S, opeanuueckue u munepanibHble
kuciromst). Kpome moeo, 6 npoyecce 6uonospesicoenus pasiuimblx Mamepudaiog MOSym y4acmeosamv U maxue
epynnel bakmepuil, Kaxk dcese3obaxmepuu, amMMoHupuyupyrowue, Humpuduyupyowue, deHugpumpuduyupyrowue,
6000P000OKUCTAIOWUE, VeLe8000PO00OKUCTIOWUe, YETNI0N030paspyuanuue u m.o.

Kniouegwie cnoga: Jloneoeeunocms, 6€30nacHocme, 30aHUs, COOPYIHCEHUSL.

Smmary: In article questions of increase of durability and ecological safety of buildings and constructions in
the conditions of influence of aggressive, including biologically active environments are considered.

Biological corrosion is commonly understood as the destruction of building materials when exposed to living
organisms. Under the action of microorganisms speak of microbiological corrosion of materials.
In residential and public buildings in areas with high humidity (basements, bathrooms, on the ground, in places of
bends water from roofs, pools, etc.) microbiological corrosion is becoming an important factor affecting the
reliability and durability of structures made of concrete and reinforced concrete. Significant role in the bio-corrosion
is played by microscopic organisms such as bacteria, fungi, actinomycetes, for the growth and reproduction which,
under certain conditions, operation of buildings and structures, to create a favorable environment.
Bacteria are among the main agents of microbiological corrosion. Different types of bacteria can exist in a wide
range of pH from very acidic to alkaline environments. However, for most bacteria for optimal growth are neutral or
slightly alkaline environment (pH=7-7,5).Bacteria thrive in the presence of liquid media, i.e. materials and products,
moist or submerged in the liquid, which is typical, for example, saunas, swimming pools, reservoirs, pipelines, etc. the
Most active corrosion agents are tinavie and nitrifying bacteria that create acidic corrosive environment, as well as
sulphate-reducing bacteria, forming corrosive metabolites (NH3, CO2, H2S, organic and mineral acids). In addition,
in the process of biodeterioration of different materials, may be involved such groups of bacteria, iron bacteria,
ammonifiers, nitrifying, deliverybecause, bogoroditsye, uglevodorodokislyayuschih, cellulose-decomposing, etc.

Key words: Durability, safety, buildings, constructions.

Xilase: Bu moqaloda aqgressiv va bioloji aktiv muhitlarin - tasiri  soraitinds  bina va qurgularin
uzundmarliloyinin va ekoloji tohlikasizliyinin  artirilmast  yollart  tahlil olunur. Canli  orqanizmlarin  tasiri
naticasinda tikinti materiallarinin dagilmasi proseslori bioloji korroziya kimi gabul olunur. Mikroorganizmlarin
tosiri ilo materiallarin mikrobioloji korroziyasi bas verir.
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Yasayis va ictimai binalarim yiuksak namlik (anbarlarda, sanitariya qovsagi, kiirsii hissasinda, damlarin su
Otiransahalorinda, hovuzlarda va s. zonalarda) beton vo domir-beton konstruksiyalarimin etibarliigina vo
uzundmarliloyiina tasir edan asas amillordan biri mikrobioloji korroziyadir.

Biokorroziyamin yaranmasinda bakteriyalar, goébalaklar, aktinomisetlor kimi  mikroskopik organizmlarin
rolu boylkdir, bina va qurgularmn istismart zamant yaranan alverisli miihit onlarin inkisafina va artmasina
sabab olur. Bakteriyalar mikrobioloji korroziyamin yaranmasmin 2sas Sabablarindon biridir. Bakteriyalarin
mixtalif novlari galovi va turs miihitlords do yasaya va arta bilirlor, amma, bir cox bakteriyalar asasan
neytral va ya zaifgalovi (pH=7-7,5) mihitlorda artiriar.

Maye mihitlorda, yani, yas vo ya maye icarisinds yerlosdirilmis material vo momulatlarda bakteriyalar
daha ¢ox inkisaf edirlor (mas: saunalar, basseynlor, kollektorlar, suborularr va s. Kimi yerlards). On aktiv
korroziya agentlorine tursagressiv miihit yaradan tion va nitritlagmis bakteriyalar, hamginin, aktiv korroziya
metobolitlari  (NHs, CO,, H.S) vyaradan zsifsulfat bakteriyalardir. Mixtalif materiallarin  biozadalanmasi
proseslorinda domir bakteriyalar, ammonilogmis, nitritlogmis, denifitlogmis va s. bakteriyalarda istirak eds bilor.

Acar sozlar: uzundmarlilulk, tahliikasizlik, bina, qurgu.

[Tong Owonormyeckoil KOppO3WEH MPHUHATO TIMOHWMATh pa3pyImICHHE CTPOUTEIbHBIX
MaTepuaIoB MPU BO3ACHCTBUM KUBBIX OpraHu3MOB. [Ipu gelicTBUM MHUKPOOPTaHU3MOB TOBOPST O
MUKPOOHOJIOTHYECKOM KOPPO3UHM MAaTEPUATIOB.

B kunblx M OOIIECTBEHHBIX 3JaHHSIX B 30HAX C BBICOKOW BIAXHOCTHIO (B TOJBajax,
caHy3Jlax, B IIOKOJIbHOM YacTH, B MeCTaXx OTBOJOB BOJA C KpoBiu, B OacceiiHax u Ap.)
MUKPOOHOJIOTHYECKAsT KOPPO3HsI CTAHOBUTCS BAKHBIM (DaKTOPOM, BIHSIONIMM Ha HAJCKHOCTh U
JOJITOBEYHOCTh KOHCTPYKLUN U3 OETOHA U Kene300eToHA. 3HAYUTENIbHYIO POJIb P OMOKOPPO3UU
UTPAIOT TaKHEe MHKPOCKOMUYECKHE OpPraHM3Mbl KakKk OaKTepwuu, TpHObI, aKTUHOMHUIICTHI, IS
pPa3BUTHUSL M PAa3MHOKEHUS KOTOPBIX MPHU OMNPEICNIEHHBIX YCIOBUSAX HKCIUTyaTallMd 3/aHUN U
COOpYKEHHH, co31aéTes OaronpusTHas cpefa.

bakTtepun sBNSAIOTCS OJHUMH M3 OCHOBHBIX areHTOB MHKPOOHOJOTHYECKOW KOPPO3HUHU.
Paznuunblie BUIBI OaKTepHUil MOTYT CYIIECTBOBATh B IIMPOKOM JHarna3oHe 3HaueHuil pH oT oueHp
KHUCIIBIX J0 IIeNOoYHbIX cpel. OpHako i OOJBIIMHCTBA OakTepuil ONTHUMAalbHBIMH JJIS POCTa
SIBJIIFOTCS] HEUTpaJIbHBIC WM Citaborienounbie cpeabl (pH=7-7,5).

bakTepun pa3BuBaIOTCS MpPU HATMYHUH KHUJIKHX CPEl, TO €CTh Ha MaTepuanax U U3JeusX,
JOCTaTOYHO YBJIIAXKHEHHBIX WIU TMOTPYKEHHBIX B KHUIKOCTh, YTO XapaKTEpPHO, HAMpUMEp, IS
cayH, 0acceifHOB, KOJIJIEKTOPOB, TPyOONpoBOJOB U T.1. Hambonee aKTUBHBIMU KOPPO3HMOHHBIMU
areHTaMu SBISIOTCS THOHOBBIE W HUTpUUIUpYOMME OaKTepuH, CO3MAIONIUE KHUCIBIE
arpecCUBHBIC CpEJbl, a TakXkKe Cylbharpeaynupyronme 0akTepruu, oOpa3yroIrue KOPpPO3HOHHO-
aktuBHbIe MeTabonuThl (NH3, CO2, H2S, oprannyeckue 1 MUHEPAIbHBIE KUCIIOTHI).

Kpome Toro, B mpoiecce OHOMOBPEKIACHHS PA3TUYHBIX MaTE€pPHaOB MOTYT y4acTBOBaTh U
TaKue TPYMIbl OaKTepUi, KaK jKele300aKTepuu, aMMOHUDUIMPYIONUE, HUTPUPHUITUPYIOIINE,
neauurpuduuupyromume, BOJOPOJOOKUCIISIONINE, YIIEBOAOPOAOOKHUCISIONINE, —IEIITI0JI030-
paspymarornue u 1.1. /1,2/.

TuoHoBbIE W HUTpUPHUUUpPYIOIIHE OAKTEPHM, a TaKXKE >KEJIE300aKTePHH SBISIOTCS
BO3OYIUTENAMH a’pOOHON KOPPO3WH, KOTOpas HAOMIOAACTCS B TEX CIydasX, KOTJIa HMEETCs
JIOCTAaTOYHOE KOJIMYECTBO CBOOOJHOTO WIJIM PACTBOPEHHOrO0 B BOJE KHCIOpoaa. A3poOHOM
KOPpPO3UU TOJIBEP>KEHBI BOJIOCTOYHbIE OETOHHBIE U BOJOIPOBOAHBIE CTAJbHBIE TPYOBI, HACOCHI U
paznu4yHOe OOOpYAOBaHME B IIIaXTaX, CTAIbHBICE KOHCTPYKIIMH TMOJ3EMHBIX COOPYKCHHIA,
KaMEHHbIE U OETOHHBIE COOPYKEHUS U T. 1.

B pe3ynbrate )xu3HEACATEILHOCTH THOHOBBIX U HUTPUDUIIUPYIOMIUX OaKTEPHl CO3IAl0TCs
arpeccuBHbIE KOPPO3UOHHBIE CPE/bl 332 CUET HAKOIUIEHUS CEPHOI M a30THOW KUCJIOT - KOHEUHBIX
NPOAYKTOB WX MeTa0onu3Ma. THOHOBBIE OakTEpUM OTBETCTBEHHBI 3a OKUCICHHE DPa3IMYHBIX
BOCCTAHOBJICHHBIX CO€IUWHEHUI cepbl. lccrenoBaHusiMH OTEYECTBEHHBIX U 3apyOemHBIX
MHUKPOOHOJIOTOB JIOKAa3aHO, YTO OCHOBHAsI POJIb B OKHMCJICHUU LIMPOKOTO Kpyra COCIUHEHUN Cepbl
10 cynb(haToB MPUHAJICKUT NpeAcTaBuTe M poaa Thiobacillus.

OO6cnenoBaHue COCTOSIHHMSI OOJBIIOTO YHUCIA COOPYXEHHH OMOOYMCTKM TIOKa3bIBACT
3HAYUTENIbHOE pa3pylLIeHHE XKeJle300€TOHHBIX KOHCTpYKIMM. [loBpexaeHuss oTMeueHbl B BUJE
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MOHM)KEHHOM MPOYHOCTU U MOJHON AECTPYKIMH OeTOHA B TIOBEPXHOCTHOM CJIOE€, MOBBIILIEHHOTO
BOJIOTIOTJIONICHUS, CHIKeHUs pH xunkoit ¢assl.

B nacrosimee Bpemsi B MOCKBE BBITIOJTHSIETCS OOJIBIIION 00BEM paboOT MO CTPOUTEIBLCTBY U
PEKOHCTPYKITUU KHIIBIX M OOIIECTBEHHBIX 3MaHUi. OTIOeNbHbIE KOHCTPYKIIMH 3/IaHUN, TAKUE KaK
CTEHBI M MEPEKPHITHS MO/IBAJIOB, CAHTEXHUYECKHE KAaOUHBI, TOMEILIEHHUS C BIaXKHBIMHU CpelaMu, a
TaKKe 3/IaHus, JITUTEIIbHOE BPEeMs HaXOIUBIIHECS B CTAIUU CTPOUTEILCTBA O€3 KOHCEPBAIIMH UITH
C TIOBPEX/ICHHOI KpOBJIEH, MOABEPraloTcs BO3ACHCTBUIO OMOJOTUYECKH aKTUBHBIX arpeCCHUBHBIX
Cpell, 4TO MPUBOAUT UX K MPEXKIEBPEMEHHOMY pa3pyIICHUIO.

[ToMUMO TEXHHUYECKOTO, CYIIECTBYET OJKOJOTHYECKHUU acmekT mpodiembl. OOpactanue
KOHCTPYKIIUH MHKPOCKONIMYECKUMHU TpudaMu, pa3MHOKEHHE B TOPHCTOM CTPOUTEIHLHOM
MaTepuaine OakTepuil yXyJllaeT TMTHeHMYECKUEe YCIIOBUS B MOMEIIEHUsX. bakrepun u cropbl
rpuboOB, BEIIECTBA, BBIICISICMbIE OaKTepUSIMU M TpUOAMH, MOTYT BBI3BIBATH CEPHEIHBIE
3a0oyieBaHusl JIIOJICH, MPOXKMBAIOIIUX WM PAa0OTAOIMUX B 3apaKEHHBIX MOMEIIECHUSAX, B
YaCTHOCTH, Pa3BUBAIOTCS aieprudeckue 3aboyeBaHus W 3a00JCBaHUS BIXATEIBbHBIX MyTEH,
0co0eHHO y neteil. HekoTopble U3 BbLAENAEMBbIX MUKPOOPTaHU3MAaMHU BEIIECTB OTHOCSTCS K YHCIY
OITACHBIX TOKCUHOB.

OO0cnenoBaHUSIMU CTPOUTEIBHBIX KOHCTPYKIIHI B T. MOCKBE 0OHApYKEHO OOJIBIIIOE YUCIIO
3IaHUM ¥ COOPYXEHUM, B KOTOPBIX CTEHBI M EPEKPHITHS MOpaKeHbI rpubaMu. B umcno 3xanuit ¢
HEOJarompusATHOM  SKOJOTMYECKOW  OOCTAaHOBKOW  BXONAT  JKWJIbIe, OOINECTBEHHBIC U
MIPOU3BOJICTBEHHBIC 3/IaHUS. AHAOTUYHASI CUTYyallHsl HaOJII01aeTcss He TONbKO B MOCKBe, HO U B
npyrux ropogax Poccun (BnaguBocTtok, SIKyTck u ap.).

buonoBpexaeHne KaHATU3AIMOHHBIX TPYO CAMOTEUHBIX KOJUIEKTOPOB MPOUCXOAMT TPHU
HAIMYUU B CTOYHBIX BOJAax cepoBojopoja. Ha moBepxHocTn OeToHa B MOABOJHOM YacTH
o0pa3yeTcs OMOIIJIeHKa, B COCTaBE KOTOPOH CYIIECTBYET MHOYKECTBO MUKPOOPTraHu3MoB. OTHU U3
HUX - THOHOBbIE OakTepuu, HCHOJIB3Ys OENKH W Ccynb(aTbl M3 COCTaBa CTOYHBIX BOJ, B
aHadPOOHBIX YCIOBHSX BBIIEISIOT cepoBoaopoa. CepoBOIOpOl YACTUYHO PACTBOPSIETCS B BOJE,
YaCTUYHO BBIJENIAETCS B BO3AYIIHOE IPOCTpaHcTBO. Hamuune cepoBogopoia, KUCIOPOaa, BIard U
MOJIOKUTEIBPHOW ~ TeMmmepaTypbl  co34aéT  ONarompusiTHbIE  yCIOBUS OIS Pa3BUTHSA
cynbhaTpeyIupyomux O0akTepuil, MPOIYyKTOM >KU3HEAEATEIbHOCTH KOTOPBIX SIBJSETCS CepHast
KHCT0Ta, TIpu 3ToM pH MoskeT moHmxkathes 10 1. Kucnora XumMudecku pearupyer ¢ leMEeHTHBIM
KaMHeM OeTOHa, TIOJIHOCTBIO pa3pylias ero. /3/.

JlesITensHOCTh HUTPUQPUIIMPYIOMIUX OaKTepUil dalie BCEro MPUBOAUT K Pa3pyLICHHUIO
MOPUCTBIX CTPOUTENIBHBIX MAaTepPHANIOB, COCTOSIIIMX M3 HEOPTaHMUYECKHUX COCTUHEHUH KalbIus,
KPEMHUS ¥ alIOMUHUSA. JTU OAKTEpUU OKHUCIISAIOT aMMHUAK, UMEIONIUIICS B BO3AyXe WJIHM BOJE, 110
HUTPATOB WJIM A30THOM KHCIOTHI, KOTOpbIE, B3aMMOJCHCTBYs ¢ KapOOHATOM Kallbliks, IMPEB-
pamaioT nociegHui B pactsopumyto popmy Ca(NO3)2. O6pa3yromuiicss a30THOKUCIBINA KaJIbIIMNA
JIETKO BBIIIETaUYMBAETCS U3 LIEMEHTHOTO KaMHsI, CHUKasl CLIETIJICHHE MEX Ay YacTULlaMU TIeCKa.

Yuactue xkene3obakrepuii (Leptolhrix, Crenothrix, Gallionella, Siderocapsa, Ochrobium,
Sideropliilluin u ap.) B KOppO3WHHOM TIpolecce SBISETCS MPUYMHOW BO3HHUKHOBEHMSI TajibBa-
HUYecKkux map auddepeHnmanbHoi a’panuu. OTH  OakTepuu OOpa3ylOT Ha BHYTPEHHEH
MOBEPXHOCTU BOJAOIPOBOAHBIX TPYO CIM3UCTBIE CKOIUICHMS - YYaCTKH METajula, KOTOPBIE IJIOXO
AIPUPYIOTCS U JCHCTBYIOT KaK aHOJ, B TO BpeMsl KaK BEHTWJIMPYEMbIE y4acTKH UMEIOT Ooliee
BBICOKMH TMOTEHIMAl W JEHCTBYIOT Kak KaroJ. B aHOAHON 30HE METa/uIM4ecKOoe 3Kee30
pacTBopsieTCsl B COOTBETCTBUHM C ypaBHeHHMeM Fe—> Fe2+ +2e, T. e. HauMHaeTCs Mpolecc
koppo3uu /1/. OteuecTBeHHas U 3apyOekHas CTATHUCTHUKA MOKA3bIBAET, YTO U3 MUKPOOPTaHU3MOB
HauOoJbIlIee MOBPEKIAIONIEe BO3JCHCTBIE HA MPOMBIIIJICHHBIE M CTPOUTEIHHBIC MaTEPUAIIBI
OKa3bIBaCT THOHOBBIE OAKTEPUU U MHUKPOCKOTHMYECKUE TpHUObI /1,2/, BBICOKAs AECTPYKTUPYIOIIAs
AKTUBHOCTh KOTOPBIX OOYCIIOBJI€HA CIOCOOHOCTHIO aqalTHPOBATHCS K MaTepHallaM pa3iudHON
XUMHUYECKOW MPUPOJIBI.

BonpmmHCTBO TPUOOB, BBI3BIBAIOIINX TMOBPEKACHUE U KOPPO3HIO, 00IaNal0T OrpOMHOMN
SHeprueil pa3MHOXKEHHS. MHOrHMe W3 HUX pa3MHOXalTcid crnopamMu  (KOHUAMSIMH),
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o0pa3yomuMHucs B KOJWYECTBE, HMCUUCISIEMOM COTHSMHM ThICAY U MWIUIMOHAMHU Ha MAalylo
MOBEPXHOCTh cyOcTpaTa. CHoOphl CIIOCOOHBI PACIPOCTPAHSITHCS MOTOKOM BO3MyXa, OCENaTh Ha
YacTUILIAX OPTaHWYEeCKOW M MHMHEpAIbHOM MbUIM, a 3aTeM Ha Pa3M4HbIX MoBepxHOCcTAX. [Ipu
MasbIX pasmepax (1o 10 MKM) ciopsl BECbMa YCTOWYMBBI U JUIMTEIBLHOE BPEMSI MOTYT COXPAHSTh
YKU3HECTIOCOOHOCTh B HEOJIATOTIPUSITHBIX YCITOBUSX.

Ha poct rpu0oB u ux pU3MOIOrHUECKYI0 aKTUBHOCTH BIMSIOT MHOTHE (DaKTOpPBI BHELTHEH
Cpelbl: TemrepaTypa, KUCIOTHOCTb, CTETIEHb a3pUpPOBaHUs, CBET, BIAXXHOCTh, JaBJICHHUE U .
OCHOBHBIM k€ (PAKTOPOM, CIOCOOCTBYIOLMM Pa3BUTHIO TPHOOB Ha MaTepUalie WM KOHCTPYKLIUH,
ciyxutr Boja. Ee conepkanme B Marepuane SBISETCS OJHUM W3 pelaromux (pakTopos
MPEeTHbHOr0 HAKOIUICHHE OMOMAcChl M CKOPOCTH POCTa HAa CTPOUTEIHHOM Marepuaie. ['puObl
HAUYMHAIOT Pa3BUBATHCS MPH BIAXXHOCTHU BbIe 75%. OnTuManbHas BIaXHOCTH 1715 rprooB - 90 %
U BbIIe. bonbioe 3HadeHue i pocTa TPUOOB HA KOHCTPYKIMSX M U3JSIHUSIX UMEET HAUJHe
BJard Ha MOBEpXHOCTU cybOcTpaTta. Ecnum marepuan mmeer HE3HAYUTEIbHYIO BIAXXHOCThb, TO
CHayaja TOSBISIOTCS MEHee TpeOoBaTelbHbIE K BIAKHOCTH TpHOBI, a yke 3areM - Oolsee
BJIAroJIf0OMBbBIE BUBI MU TPUOBL, JUIsI KOTOPBIX MEPBbIE MUKPOMMIIETHI SBJISIOTCS MUTATEIbHOMN
cpenoii. Biara Mo)xeT BHOCUTBCS 3a CUET CaMUX MUKPOOHBIX KJIETOK, KOTopble coaepkar ee 80 %
u 6osee. PocT oTaenbHBIX BUAOB IPUOOB MOTYT CTUMYJIUPOBATH BO3YILIHBIE CPEbI, COJAEPIKAIIIIe
aMMUaK, YIJIEKUCIIBIA U CEPHUCTHIN ra3, OpraHN4ecKue COeTUHEHUSI.

[ToBpexxnenne rpubamMu HaYMHAETCS, KaK MPaBUJIO, C HEOOJbIMUX Y4acTKOB. OCOOEHHO
OJIaroNpUATHBL JJIS pOCTa MUKPOMHMIIETOB YCJIOBHS MOBBIIICHHONW BIAKHOCTH U 3aTPYIAHEHHOTO
BO3JyX000MEHa, HEPENKO CO3JAIOLIUecs] NpPHU OKCIUTyaTallid pa3iMdyHOro oO0OpyHOBaHUS B
3aKPBITHIX MMOMEIIEHUAX. B 3TOM ciiydae pocT rpubOB HE MpEKpaIaeTcs 10 MOJTHOTO UCUePIaHUs
MCTOYHUKA MUTAHMSI, TTOCIIE YEro MOruomas KOJIOHUS CIYKUT UCTOYHUKOM MUTAHUS AJIS APYTUX
MUKPOOPTaHU3MOB.

AKTUHOMUIIETHI, WIHA JTYYUCTBIE TPUOBL, - 3TO OJTHOKJIETOYHbIE OPraHU3MBbI, 00JIa1a01I1e
CIIOCOOHOCTBIO BETBUTHCH. [l0 CBOEMYy XHWMHUYECKOMY COCTaBY M CTPOCHHUIO KIETKH OHU
HAlIOMHUHAIOT OaKTepHH, a MO CIOCOOHOCTH OOpa30BBIBATH MULETUN - TpuObL. OJHU W3 HHX
(COOCTBEHHO AaKTHHOMHIIETBI) PAcTyT B BHJE TOHKUX BETBAILIUXCS HUTEH - TU] Amamerpom
0,5 - 1,0 MxM, 00Opa3yrOmUX MHUIEIHHN, IPYrUe TOX0XH Ha OOBIYHBIC MMAIOYKOBUIHBIC OaKTepUH,
HO WCKPHBJICHBI WM UMEIOT HEOOIbINEe OOKOBBIE BBIPOCTHI /2/. AKTHHOMUIIETHI SBIISIOTCS KaK
OBl IepexXoqHBIMU MUKPOOPTaHU3MaMH MEXly Tpubamu u OaktepusiMu. OHHM TakKe y4yacTBYIOT B
nporecce OMOTOBPEKICHUN MaTEPUAIOB U U3/IEIHN.

VYcunennoe BHUMaHHUE K TIpoOsiemMe OMOopa3pylIeHHs 3JaHui U COOPYKEHUH, TPHOOPOB 1
anmapaTtoB OOYCIOBJICHO TPOMATHBIM YIIEPOOM, HAHOCUMBIMH OWOJIOTUYECKH aAKTUBHBIMU
cpenamMu. OTOT ymiepd NpoAOHKAaeT BO3pacTaTh MO Mepe HAKOIUIEHUS 4YeJIOBEKOM 3aIlacoB
MaTepuaioB W u3Jenuid. B Hacrosmiee BpeMs MPAaKTUYECKU BCE TEXHOJOTHYECKHE MAaTepUAIbI U
U3JIeNHsl CIOCOOHBI MMOJBEprarbcs Ouosiornyeckoil koppo3uu. B crpourtensctBe u B
MPOMBINIICHHOCTH CTPOUTENBHBIX MaTepHaliaXx MmpodiieMa 3alliuThl MATePUAIOB M W3JACTHH OT
OuoierpalanTOB OCOOCHHO aKTyalbHa.

Mukpockonmuyeckne TpuUObl WrparOT 3HAYMTEIBHYIO pOJIb B  Pa3pyIICHHUSX Ha
MPEANPUITHIX TUIICBOW, XUMHUYECKOW, MEAUITUHCKON, MUKPOOHOJIOTHYECKOW TTPOMBITINICHHOCTH,
a TaK)Ke B CENbCKOXO3SICTBEHHBIX, TPAHCTIOPTHBIX, TUAPOTEXHUYECKUX 3JAHMIX U COOPYKEHUSX,
rAe A1 UX Pa3BUTHS U Pa3MHOXKEHHS CO3JaroTcsl OnarompusaTHble ycioBus. [lopaxeHuro
MUKPOOPTaHU3MaMHU TIOJIBEPKEHBI TAKXKE KUIJIbIE U OOIIECTBEHHBIE 3/IaHUs, TaK KaK MeTbYalIne
YacTULIBI OPraHWYEeCKOro BELIECTBA IOYBBI, PACTEHUM, >KUBBIX CYLIECTB, CIyXallue Irpudam
MUTATENBHBIM CyOCTPaTOM M MPAKTUYECKH BCETJa MPUCYTCTBYIONIME B BO3JAyXe, OCENAIOT Ha
MMOBEPXHOCTb KOHCTPYKIIHIA.

[Topaxenus: HaOIIOIAIOTCSA KaK B CTAPBIX, TAK M B HOBBIX MOCTPOHKAX. DKCIIEPUMEHTHI 110
M3YYEHUIO TOBEJICHUS MaTepUalioB B YCIOBUSAX BO3ICHCTBHS MHKPOOPTaHU3MOB M HATypHBIE
oOcrienoBaHusl 3[JaHUH W COOPYKCHUU CBUJIETEILCTBYET O CHIDKCHHHM MPOYHOCTH OETOHa,
pa3pylieHUH OETOHHBIX U KUPIHYHBIX KOHCTPYKIIMM, OTCIAaMBAaHUU IUTYKATYpPHBIX MOKPBITHH,
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oOecuBeYMBaHUM WM OOpa30BaHUMU MUTMEHTHBIX MATEH Ha JAKOKPACOYHBIX IOKPBITHSX,
pacTBOpEHUH CTeKJa, pa30yXaHHH HIMATIEBOK.

[Tpomeccyl  OWOpa3pylmIeHHH  MPOTPECCUPYIOT €  KaXIbIM ToJoM. BwibopouHoe
oOcliefioBaHNE 3/IaHUH U COOpYXKEHUH pazauuHoro HasHaueHus B Mockse, Cankt-IlerepOypre,
BnaaguBocrtoke, SIkyTcke M Opyrux ropojax mokasano, YyTo OOJbIIOE MX KOJIWYECTBO MOPAKEHO
MUKPOOPTraHU3MaMHU.

[Ipouecc BO3AEHMCTBUS IUIECHEBBIX T'PUOOB HAa CHIIMKATHbIE MaTepuaibl MOXET ObITh
XUMHUYECKHM M MEXaHUYECKUM /4/. XUMHUECKOe pa3pyIIeHUe CBA3aHO C BO3JEHCTBHEM Ha OETOH
MPOAYKTOB XHU3HEAesATeNbHOCTH TpuboB /5,6/. Takue opraHMYeckue KHUCIOTHI, KaK YKCyCHas,
JUMOHHAs, MOJIOYHAsl, MypaBbUHAsl, MOTYT HAaKaIlUIMBAThCsS TUICCHEBHIMU I'pUOaMU B OOJBIIOM
KOJIMYECTBE. DTU KUCIOTHI MOTYT 00pa30BbIBaTh C CHIIMKATaAMH IIEMEHTHOT'O KaMHSI pacCTBOPHMBIE
KOMIUIEKCHBIE COETUHEHUS.

MexaHnuyeckoe pa3pyllieHue CBA3aHO C POCTOM OuMomacchl TPUOOB M BHEAPEHHUEM HX B
nopsl pacTBopa miu 0etoHa /7/. Kpome 1iecHeBbIX rpuOOB MEXaHMUYECKYI0 KOPPO3HI0 OETOHHBIX
KOHCTPYKITMW BBI3BIBAIOT JEpeBOpaspylIamime rpudsl, Takue kak Serpula lacrimans, Poria
vaporaria. Munenuii rpuboB pa3BUBAcTCS Ha IMOBEPXHOCTH MaTepuaia, OJHAKO, Pa3pacTsch,
MOKET TJIyDOKO NpPOHUKATh B NOphl OETOHa B TIOMCKaX HOBBIX HCTOYHUKOB IHUTAHUS.
JlepeBopaspyiaromiye rpuObl B 30HE HEITOCPEICTBEHHOTO KOHTAKTa ¢ OETOHOM CO3/al0T YCIOBHS
JUTst 00pa30BaHUs PACTBOPUMBIX B BOJIE COJIEH, TAKMX Kak aneraT U popMHUar KaJblus U Jp., 4TO B
KOHEYHOM UTOT€ CHI)KAET MEXaHUYECKYIO IIPOYHOCTh OeToHa /4/.

B nocnennue ronapl MOSBUIOCH JOCTATOYHO MHOTO CBEAEHUMN, CBHUJAETEIBCTBYIOIIUX O
pa3pyLINTEIbHOM JICHCTBUM Ha OETOHHBIE U KeJIe300€TOHHBIE KOHCTPYKLIMU MUKPOOPTaHU3MOB B
YCIIOBHSIX TEXHOTEHHBIX cpefl. IIpuuem mopakeHHMeM MUKpOOpraHM3MaMHu OXBAdeHbl 37aHUS U
COOPYKEHMSI PAKTUYECKU BCEX OTPACIIEN MPOMBIIIJIEHHOCTH U CEIBCKOT0 X03SMCTBA.

buopaspyiienre KOHCTPYKIMI 3/1aHUN JKAJIOTO W OOIIECTBEHHOTO Ha3HAYEHUS BBI3BIBACT
CHIDKEHHE YPOBHS 3[0POBbS JIIOJIEH, MPOMCXOTUT MOTEPs] UX TPYLOCIOCOOHOCTH 3a CUeT
YXYALIEHUS TOPOACKOW cpeapl oOuTaHus. MuUKpOOBI, coaepxkamuecss B CTPOUTEIbHBIX
KOHCTPYKLUSX, B OTAEIOYHBIX U 3alUTHBIX MaTepHallaX, MOTYT OCEaTh Ha KOK€ WJIN IONaaaTh
yepe3 JIErKhe B KpOBb, @ TAKXKe C MHILEH B OpraHu3M uenoBeka. DHHCKMMM cnenuaaucTaMu
MOJICUMTAHO, YTO Ha JICUCHHE OJHOTO OOJBHOTO C aJIEPTUYECKUM 3a00JIeBaHUEM 3aTPAauMBACTCS
okosio 3400 momtapoB B ToJl. PUCK BO3HUKHOBEHUS W PA3BUTHS OMOIMOBPEKICHHUHN TOKEH OBITh
UCKJIIOYEH HAa CaMOM paHHEW CTaguH, TO €CTh IPU IPOCKTUPOBAHUM CTPOUTEIBHBIX HU3LCIUNA U
KOHCTPYKIMUA. JlOJITOBEUHYIO IKCIUTyaTalUI0 3JaHUNA M COOPYKEHHI B YCJIOBHUAX BO3JICHCTBUS
OMOJIOTUYECKH AaKTHBHBIX Cpell MOXKHO OO0ECIeYHUTh TOJBKO TpPU 3HAHUU MPOIECCOB
Ouoerpaaium.

N3yuenune paboOT OTEUYECTBEHHBIX U 3apyOCKHBIX aBTOPOB B 0O0JACTH OMOTEXHOJIOTHH
MO3BOJIUJIO O0OOIIUTh OCHOBHBIE METOABI OOpPHOBI C OHOMOBPEKACHUSIMU CTPOUTEIBHBIX
MatepuaioB U u3nenuid. OHU MOTYT OBITh BPEMEHHO MPUMEHSEMBIMH U JUIMTEIbHBIMH. UTOOBI
MPaBWIBHO U 3(PPEKTUBHO MPUMEHSATH T€ UM MHBIE METO/IbI 3AIIUTHl MAaTEPHAIIOB U KOHCTPYKIUI
HEOOXOJMMO 3HAaTh BHUIOBOM COCTaB cCHEIU(PHUECKUX BO30OyIaUTENCH OHOMOBPEXKICHUH B
Pa3IUYHBIX YCIOBUAX OKcIutyaTanuu. CyIIecTBYIOT pa3IU4HbIE METOJbl OOHApy>KEHUs u
BBIJICJIEHUS] MUKPOOPTaHU3MOB, KOTOpble 0000111eHbI B padoTtax /8,9/.

MuKpoOGHOJIOTH CYUTAIOT, YTO K HACTOSIIEMY BpeMeHH u3ydeHo He Oozee 1/10 wactm
CYIIECTBYIOIIUX B Tmpupone Oakrepwil. I[Iporeccel B3auMONEHCTBUS MHKPOOPTAaHH3MOB CO
CTPOUTENIbHBIMU MaTepuajaMH 4Ype3BbIYaHO CIOXKHBI M MHOTooOpa3Hbl. UYucio BHIOB
MHUKPOOPTIaHU3MOB, CHOCOOHBIX OKa3blBaTh HETaTHBHOE BO3JCHCTBUE Ha CTPOUTEIbHBIC
MaTepHualbl, UCUUCIISIETCS COTHAMU. He MOJIHOCThI0O M3ydEeHHbIE MEXaHU3MBbI B3aUMOJCHCTBUSA CO
CTPOMUTENBHBIMM ~ MaTepHallaMH, BBICOKAs  IPUCIOCOOISIEMOCTh  MHKPOOPTaHU3MOB K
U3MEHSIOIIEHCS OKpY)Kaolllel cpele NenaroT mpoliaeMy 3alluThl CTPOUTEIbHBIX MAaTepUaloB U
KOHCTPYKLMI BECbMA CJIOKHOW U AKTYaJIbHOM.
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CoBMECTHO ¢ MHKPOOHOJIOTaMU BBINOJHEHBI HCCIEAO0BAHUS MO OMPEIEICHUIO BHIOBOTO
coctaBa crneun(uyeckux Bo30yauTenel  OMOMOBPEXKIEHHMH B PAa3IUYHBIX  YCIOBHAX
skcrryaranuu. [Ipu oOcnenoBaHuy psiia CTapbiX KHIBIX IOMOB ObUIO YCTaHOBJICHO 3apaKeHUE
MUKPOOpPraHU3MaMy CTE€H B IOJBAJBHOW YacTU 3JaHUM. MHKOJIOIMYECKUMH aHalu3 I10Ka3all
HaJu4re rpuooB, oTHOCsImMXCcs K pogam: Penicillium, Fusarium, Rhizopus, Mucor, Trixoderma.

[Ipu oOcnenoBaHMM MY3€HHOrO 3IaHHS OOHAPYKWJIM TOBPEKICHHUE KOHCTPYKIIHH
rpubamu. [lopaxkenne rpubaMu OTMEUEHO Ha CTEHAX CTPOEHHUS OT MOJBaja J0 TEXHHUYECKOTO
sraxa. KadecTBeHHBIN aHanu3 rpuOKOBOW (IIOphl MOKa3ad HaTU4KMe B OTOOpPAaHHBIX MPoOax
MOBPEXKICHHOTO MaTepuaia Tpulbl, mpuHamiexamue poaam: Penicillium, Fusarium, Rhizopus,
Trixoderma, Cladosporium, Scopulariopus.

OmauM u3 Hambosiee A(PPEKTUBHBIX W JUTUTEIHHO JEUCTBYIOIIHUX CIIOCOOOB 3aIUTHI
CTPOUTENBHBIX MAaTEPUAIOB M KOHCTPYKIUN OT TMOpPaXEHUH MHUKPOOPTraHU3MaMu SIBISIETCS
npuMeHeHne OuoruaHblx coenuHenuit /10/. Ilocnemnue BBOAATCS B COCTaB MaTepuaia B
MPOLIECCE €ro U3rOTOBJICHUS UM METOJOM MpOonuTKU. Kpome TOoro, Ha MOBEpXHOCTh MAaTepUaIoB
U U3JeNui, MOABEPKEHHBIX MHUKPOOHOMY MOPAKEHUIO, HAHOCAT OMOLMAHBIE JTAKOKPACOYHBIE U
KJIEAIE TOKPBITHS.

Ha ocHOBaHMM TOJNYY4EHHBIX pE3yJIbTATOB pa3paboTaHbl METOAbI  OOpBHOBI  C
ounonoBpexkaeHUsIMHU. [IpoBepeH 1enblil psii OMOLMIHBIX MPEmapaToB IS TOJABICHHS POCTa
rpu0OB Ha MOBEPXHOCTU CTPOUTENBHBIX KOHCTpYKUMN. Hawmmydmme pe3ynbTaTbl MOIy4deHBI C
npuMeHeHneM OumouuaHoil mo6aBku  BI[-5.  BroimonHeHHBle wHcCIeOBaHUS IO OLEHKE
3¢ pexTUBHOCTH OMOLMIHON TO0OABKHM MPH BBEJACHUH B COCTAB PAacCTBOpA MM OETOHA IMOKAa3aJlH,
YTO TMPHU COAEPKaHUM €€ B KoiaudecTBe 2% OT Macchl LIEMEHTA, Pa3BUTUE MHUKPOOPraHM3MOB B
pacTBope WM OETOHE TMOJHOCThIO Tpekpamiaerca. lloaydeHHble pe3yibTaThl IMO3BOJIHIN
PEKOMEH/I0BaTh JTO0AaBKY JUIS OMBITHOTO MPUMEHEHHS B JKHIIBIX TOMEIICHHSX, MOMEIICHHUSX
MEIUIMHCKUX YUYPEXKICHH, B 3JaHUSIX MNHUIIEBOM mpoMbinuieHHOCTH. [locme 4-5 ner
JKCIUTyaTalliy KOHCTPYKIMI TOBTOPHOE MOBPEKICHNE UX MUKPOOPTraHU3MAMH OTCYTCTBYET.

Ha ocHoBaHMM BBIMIOJIHEHHBIX JIaOOPATOPHBIX MCCIEIOBAaHUM, ONBITHOM NPOBEPKH Ha
HATYpPHBIX OOBEKTax pa3paboTaHbl PEKOMEHAAIMH 10 HM3TOTOBJICHUIO U TMPUMEHEHHIO CYXUX
OmonuMIHBIX cMecel. [IpuroroBneHne cMecel BBITIOJIHICTCS OOBIYHBIMH METOAAMH IO OOBIYHOMN
TEXHOJIOTUM B 3aBUCUMOCTH OT Ha3HAa4YeHHWs cMecH (IITyKaTypHas, KIaJo4Has | T.IL.).
OCcoOCHHOCTBIO SIBIIETCS BBEJCHHUE B CMECh MPU €€ 3aTBOPCHHUH PACTBOpa OMOIMIHON T0OaBKHU.
l'oToBass cmech OTIMYaeTCs TOBBIIMICHHOM CBSI3HOCTBIO M THUKCOTPONMHOCTHIO. JloGaBka
MPAKTUYECKHU HE BIIMSAET Ha CPOKU CXBAThIBAHUS TOTOBOM CMECH M Ha MPOYHOCTH 3aTBEPECBIIETO
0eTOHA U CTPOUTEIHHOTO PACTBOPA, HE CHMUKAET X MOPO30cToKocTU. Cyxue OHOIUIHBIE CMECH
MOTYT OBITh MCIIOJIb30BAHbI KaK JJIi HOBOTO CTPOUTENBCTBA, TAK U JJISl PEKOHCTPYKIUH KUJIBIX U
OOIIECTBEHHBIX 3TaHUN.

Jlnis mpenynpexIeHns yBIaXKHEHHUs] CTPOUTENbHBIX KOHCTPYKUIUN M UCKIIOYEHUS YCIOBUI
pa3BUTUS MHUKPOOPTaHU3MOB BBINOJTHEHBl HCCIEAOBAHUS HOBBIX THUJIPOU3OJISILIMOHHBIX U
3ammTHBIX MatepuanoB Cunop, YTK-M, Konconun, BYK u apyrux. Martepuasnsl BKIIOYEHBI B
MOCKOBCKHUE ropojckue crpoutenbusie HopMel MI'CH 2.08-01 «3amuTa 0T KOppo3un OETOHHBIX
1 JKEJIe300€TOHHBIX KOHCTPYKIUH KUIBIX U oOmecTBeHHBIX 3qaHuit 1 MI'CH 2.09-03 «3amura
OT KOPPO3UU OETOHHBIX M KeJe300€TOHHBIX TPAHCHOPTHBIX coopyxkeHuit», B 'OCT 31384-2008
«3Gammra OETOHHBIX M KEJIe300€TOHHBIX KOHCTPYKIMH OT koppo3uu. OOmiye TeXHUYEeCKue
TpeOoBaHUs». J[0 HACTOAIIETO BpEMEHU HE PEHIEH BOMPOC O 3aIIUTE OT 3aTOIUICHHS TOIBATHbHBIX
MOMEIICHUH, CBSA3aHHON C ATUM OWojerpafaiuell CTPOUTEIBHBIX KOHCTPYKIIUU, YXYIIICHUEM
HKOJIOTUH KUJIMILA, YTO BECbMa PaCIpOCTPAHEHO B palOHaX MACCOBOM 3aCTPOMKH.

JlanpHeHmuii mporpecc B 00JIACTH TIOBBIIIICHUST OWOJIOTHYECKOW 3allMThl KUJIBIX |
OOIIECTBEHHBIX 3aHUI BUIUTCS B CO3/IaHUU HA MPEANPUATUIX, U3TOTABIUBAIOIINX OCTOHHBIC U
JKEJIe300€TOHHbIE KOHCTPYKLMH, YCIOBHM [UIsi HaJlaKWBAaHUS TECHBIX KOHTAKTOB MEXIY
WHKCHEPHO-TEXHUYECKUMU pabOTHUKAMU, OWOJIOraMH, XHMHKaMH, MEIUKAMH € JPYyTUMU
CHEIMAIUCTaMH, 3aHATBIMH  HCCJIEOBaHUSIMU B oOjacTu OMOKOpPpO3WH  MaTepHalioB,



MNe3.2015  AZORBAYCANDA INSAAT va MEMARLIQ

MIPOCKTUPOBAHUEM TPUOOPOB, allapaToB, HW3JCIUN, 3MaHUA W COOPYKCHHI; B TIOBBIIICHUU
HAyYHOU KBATU(DHKAITUN HHKEHEPHO-TEXHUIECKUX PAOOTHUKOB MPOMBIIUICHHBIX, CTPOUTEIbHBIX,
CEJIbCKOXO3SMCTBEHHBIX M JPYrUX OTpaciei, cleuuaiucroB B 00JacTH Ouoaerpagalnuu U
OMOCOTIPOTHBIICHUS MAaTepUajoB; OpraHU3allid OOCIICOBaHMS 3JaHUN TOPOJIOB, MPOBEICHUHU
OKCTEPTU3 W aHalu3a PE3yJbTAaTOB. YUWTHIBAs 3HAYUTENBHBIA  yIiepO, HAHOCHMBIN
OMOJIOTUYECKUMH PA3PYIICHUSIMU 3JaHUSIM M COOPYKEHHUSM, HECYIIUMHU Yrpo3y 3J0POBBIO U
KU3HU JIoJIel, HeoOXOJUMO TPUCTYNUTh K pa3paboTKe MporpamMmbl MPOTUBOJCHCTBUS
OMOpa3pyIICHHIO TOPOJOB; TOTOBUTh KBAIU(DUIMPOBAHHBIX  CIEIUAIMCTOB, CIIOCOOHBIX
YIPaBIsATh OMOXUMUYECKHUMH IPOIECCAMH B CTPOUTENILCTBE U 00ECTIEYNBATh JOJIKHYIO 3aIIUTY U
0€3011aCHOCTb 3/1aHUI U COOPYKEHUH.
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Elmi-texniki maqalonin hazirlanma qaydalart
Elmi-texniki moqalo elmin asagidaki istigamotlorine uygun olaraq elmi yeniliklori oks
etdirmoklo hazirlanmalidir:

1. Memarliq va soharsalma.

. Zazaloyadavamli tikintilor.

. Insaat konstruksiyalari, bina vo qurgular.

. Geotexnika va ingaatin ekologiyasi.

. Insaat materiallar1.

. Insaatin toskili vo idare olunmasi.

. Tikinti norma va qaydalarinin tokmillagdirilmasi.

. Tikinti praktikasinda beynalxalq va respublika yeniliklori.

Elmi moqalolor azorbaycan, rus vo ingilis dillorindo hocmi 3 sohifodon az, 8 sohifodon
cox olmamagqla formati: A4,faylin formati:MS Word vo ya RTF; Times New Romanda 12 sriftlo,
1 intervalla y1gilmahidir; veraqin konarlart: yuxari vo asagi toraflor-2 sm, sol torof-1,0 sm,  sag
toraf-3 sm. Ogor moqalads sokillar olarsa, sokillor matna uygun olaraq elektron sokilds 1 dylimda
300 pikseldon ( vo ya 300 dpi ) az olmayaraq jped, tiff vo ya eps formatinda yerlosdirilmalidir.

Sokillar sokilaltt yazi va siralama ilo miisayiot olunmalidir .
Istifado edilmis odabiyyat siyahist AAK-1n tolobloring uygun tortib olunmalidir.
Fiziki qiymatlorin Ol¢iilori va parametrlori CU sistemi ilo verilmalildir.
Maqalslor asagidaki ardicilligla yigilmalidir: varaqin solunda yuxarida UOT; 1 intervaldan
sonra moaqalonin adi1 12 keql adi sriftls, qara; 1 interval, miisllifin (-lorin) ad1, atasinin adi, soyadi

12 keql sriftlo kursiv,gara; 1 interval, togkilatin tam adi, sohar 12 keql sriftlo, kursiv; 2 interval,
maoqalonin matni.
Yuxaridaki toloblors uygun olmayan moagalslor gobul olunmur.
Mosul katibin elektron iinvani: e-mail: azimeti_elmikatib@mail.ru;
elmikatib@azimeti.az
tel. (012) 596 37 60

Hpaeuﬂa noozomoeKu Haylmo-mexuulteamﬁ cmamou

[IpyHuMaroTCsl OpUTHHAJIbHBIE CTaThU IO  IIUPOKOM  TeMaTHKE  apXUTEKTYpHI,
IPaJOCTPOUTEIBCTBA,  CTPOUTEIBHBIX  KOHCTPYKLUH, CEMCMOCTOMKOIO  CTPOMTEILCTBA,
TEOTEXHUKH BOJOCHAOXKEHHS M KaHaJW3alluM, COBEPIICHCTBOBAHUS CTPOUTENBbHBIX HOPM U
IIpaBWJI, OPraHU3alMK CTPOUTENBHOIO IPOU3BOJCTBA U CTPOUTEIBHON IKOJIOTHH.

CraThbM NMPUHUMAIOTCS B II€YATHOM M JJIEKTPOHHOM BHZE, 00beMOM OT 3-8 cTpaHuIl
TEKCTa, HAOpAaHHOTO  Ha KOMIIBIOTEPE M HamedaTaHHoro  mpudrom 12-ro kerns ¢
OJIMHOYHBIM MHTEpBaJIoM ). [lomsi: crmeBa, cBepXy W CHH3Y - 2CM, cripaBa- 1 cMm.

CraTby MPUHUMAIOTCS Ha a3epOaiiPKaHCKOM, WIIM aHTJIIMHCKOM , WJIK PYCCKOM SI3bIKaX.

B nauvasie crateu B JieBoM yriy ykassiBaercs Y K.

Crateu compoBoxgatorcss aHHoTammsmu (1o 100-150) crmoB Ha aszepOaifKaHCKOM,
AQHTJIMICKOM H PYCCKOM s3bIKaX, a TakKe CIMCKOM KIIO4YeBbIX cioB (5-10 cnoB) Ha
azepOailKaHCKOM, aHTIIMICKOM M PYCCKOM SI3bIKaX.

Ha3Banue cratbu, haMuivs ¥ MHUIIMATIBI aBTOpa (aBTOPOB), TAIOTCS Ha a3epOailiKaHCKOM,
aHTJUICKOM U pyccKoM si3blkax. Pammnus (M) aBTOpa (OB) CONPOBOXKAAKOTCS JOJKHOCTBIO,
MECTOM paboThl U AJIEKTPOHHBIM ajapecoM. CTpyKTypa cCTaTbd JOKHA IO BO3MOXHOCTHU
BKJIIOYAaTh  BBEJEHHE, METOAMKY HMCCIEIOBAHMS, XapaKTEPUCTUKY OOBEKTa MCCIICAOBAHMUS,
pe3yIbTaThl U BHIBOJIBI (3aKITIOUCHUE).

EnexTpoHHast mouyta oTBECTBEHHOTO cekperapsi: e-mail: azimeti_elmikatib@mail.ru;

elmikatib@azimeti.az
tel. (012) 596 37 60
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