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DETERMINATION OF THE MOST STABLE ARCHES OF DRAINAGE
AND COLLECTOR PIPES BY ANALOG AND MODEL STUDIES
Ph.d. Gabibov F.G. Azerbaijan Research Institute of Construction and Architecture,
d.t.s., professor Bogomolov A.N. Volgograd State University of Architecture and Civil Engineering,
engineer Salayeva H.B. Azerbaijan Architectural and Construction University

AHHoTanusi. B craTtbe M3ydeHbl NPUPOJHBIE U APXUTEKTYPHO-KOHCTPYKTOPCKUE aHAJOTUU
JUI BBISIBJIGHUS HauOoJyiee YCTOWYMBBIX CBOJOB JIPEHaXHbIX TPYO. BBIABIEHO, YTO BBICOKOM
YCTOWYMBOCTBIO O0JIAZIAIOT CTpeibyaThle CBOJABI, K TapaMeTpaM KOTOPBIX OYEHb OJIM3KH
penooOpasHble, MmapaboIMyYecKre M IMOJNY3JUTUNTUYECKHE CBOABI ApeHakHbIX TpyO. IIpoBenen
YUCJICHHBIM aHaNU3 MOJYKPYIJIBIX, TMOJYUIMINTHYECKUX M TOJyacTPOUJAIBbHBIX CBOJIOB.
HauOonpielt ycToHUMBOCTBIO 00JIaJjaeT MOJIyacTPOUAAIbHBIN CBOJ, K KOTOPOMY OYEHb OJM30K
CBO/JI IPEHAXHOH TPYOBI B BHJIE TIEPEKPEIIMBAIOIINXCS THIIEPOOJI, pa3padOTaHHBII aBTOPaMH.

KiroueBble ciioBa: japeHakHas TpyOa, aHaJIOTUs, YCTOWYMBOCTb, MOJYKPYIJIBIA CBOJ,
YHUCJIEHHBIA aHAIN3, KOHCTPYKLNS, TPOYHOCTh, TPEYTOJIbHUK.

Xiilasa. Mogaloda drenaj borularinin an dayanigliMiioyyan edilib ki, yiiksok dayanigla
oxabonzor tagtavanlar malikdirlor, ha taqtavanlarini toyin etmok iiglin tobii vo memarhqg-
konstruktiv analogiyalar1 sistemli oyronilib. nsilarin parametrlorino relobonzor vo  yariellipsli
tagtavanlari olan drenaj borular ¢ox yaxindirlar.

Yarimdairovi, yariellipsli vo yariastroidli taqtavanlarin rogomli tohlili aparilib.
on yiiksok dayaniqliga yariastroidli taqtavan malikdir, hansina miialliflor torafindon ingslinlmis
kasison hiperbol soklinds olan tagtavan ¢ox yaxindir.

Acar sozlar: drenaj boru, analogiya, dayaniqliq, yarimdairovi tagtavan, rogomli tohlil,
konstruksiya, méhkamlik, ticbucaq.

Annotation. The article examines natural and architectural design analogies to identify the most
stable arches of drainage pipes. It has been revealed that pointed arches have high stability, the
parameters of which are very close to the river-shaped, parabolic and semi-elliptical arches of
drainage pipes. The numerical analysis of semicircular, semi-elliptical and semi-astroid arches is
carried out. The most stable is the semi-astroid arch, to which the drainage pipe arch in the form of
intersecting hyperbolas, developed by the authors, is very close.

Keywords: drainage pipe, analogy, stability, semicircular arch, numerical analysis,
construction, strength, triangle.

Jns BbiABIEeHUS HamOojee paluOHANBHBIX M YCTOMUYMBBIX CBOAOB JUISl APEHAXHBIX U
KOJUJIEKTOPHBIX TPYO HECOMHEHHO TOJIE3HBIM SBJSICTCS UCIOJIB30BAHUE MPHPOIHBIX AHAJOTHUH,
OOHapyXEHHbIX TOPHOM Jelie U IOJ3E€MHOM CTPOHUTENbCTBE, a TaKXKe aHaJlOTMid U3 OIbITa
KOHCTPYMPOBAaHMUSI M CTPOUTEJIHCTBA CBOJOB, KYIOJIOB M apOK H3BECTHBIX aAPXUTEKTYPHBIX
COOPYKEHU.
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B ropHom nene W MOI3EMHOM CTPOUTEIBCTBE OJHOW M3 3aTPAaTHBIX CTAaTeil SBIAETCS
KpeIUIeHHE CBOJa BBIPAOOTKH JUIsI TMPENOTBpalleHHss ero oOpymeHus. YToObl yMEHBIIMTH
MaTepHanbHBIC 3aTpaThl, CBSI3aHHBIE C IPOBEICHHEM TaKOTro poaa paboT, B pa3HOE BpeMs
IpeUIarajuch pasiuyHbie (GOpMBI CBOJOB BBIPAaOOTOK, OOecreyrBaromume oOpa3oBaHHE CBOJA
«ECTECTBEHHOT'O PAaBHOBECHS».

Tak B pabore C.b. CraxeBckoro [l] mnpuBeaeHbl pe3yabTaTbl HATypHBIX H
HKCHEPUMEHTAJIBHBIX HCCIEAOBAHUI YCTOHYMBOCTU MOJ3EMHBIX BBIPAOOTOK B 3aBHCHUMOCTU OT
(GOpMBI MX TOMEPEYHOr0 CEYECHHS. YCTAHOBJIEHO, YTO BBIPAOOTKH C TONEPEYHBIM CEUYEHHEM,
OMu3KUM 10 (opMe K TPEYroJbHHKY, U CO CTEHKAaMH, OTKIOHEHHBIMH OT BEPTHKAIU Ha YTOJl

a <15+30°, UMEIOT COOCTBEHHYIO BBICOKYIO HECYIIYIO CIOCOOHOCTH, a B ClTy4ae HEOOXOAMMOCTH
MpoBeAeHUS PaboT MO UX YKPETUICHHIO, TPEOYIOT HE3HAUYNTEIBHBIX 3aTparT.

CyliecTBEHHOE YBEJIWYEHUE MPOYHOCTH TPYHTOB MU TOPHBIX MOPOJ B OKPECTHOCTSIX
BBIPAOOTKH TPEYTOJIBHOTO CEUYEHHUS MPOUCXOIUT U3-3a TOTO, UYTO B 30HAX, IPWJICTAIONINX U BEPIITUHA
TPEYTrOJbHHUKA, BEPTUKAIBHBIE M TOPU3OHTAIBHBIE COCTABISIONIME HAMPSDKEHUH JOCTUTAIOT
3HAYMTEJIbHBIX BEJIWYMH, KOTOPHbIE HMMEIOT BechbMa OJM3KHE 4YHCICHHBIE 3Ha4YeHHus (dpdext
BCECTOPOHHETO CKaTHs).

M.M. IlporoassikoHoB [2] ormeuaeT: «Ha ocHoBaHMM HAOMIONCHWH HAJ CTapbIMU
3a0pOIICHHBIMU IITPEKAMH, KPEIJIEHUE KOTOPHIX JAaBHO CTHUJIO U HE BO30OHOBIISIIOCH, U HAJl
KOTOPBIMU TIPU COOTBETCTBYIOMIMX OOKOBBIX MOPOJIax 00pa3yeTcsl €CTECTBEHHBIN CBOJ, KOTOPBIN
0e3 JanmpHEHIIero 3aKpeIuiCHUs JEPKHUTCS TOJaMU M JIECATUICTUSIMH, ObUIO PEIICHO TOOUTHCS
HEMOCPEJCTBEHHO IMOJIYYCHUs TaKoro ke cBojay». [lanee B pabore [2] oTMedaeTcs: «...IITPEKU
UMeIoT (POpMY OYEHb BBICOKOTO CBOJA...» U «...MOT'YT CTOSITh JAOJTHE T'OJbl 0€3 PEMOHTA.

C.K. Kunecco [3] nmpuBOAHUT JaHHBIE O TOM, YTO CYIIECTBYIOT TPEYTOJIbHBIC IITPEKH, KOTOPHIE
cToAT 0e3 kakoro-nmubo pemonta ¢ IV Beka 110 H. 3.

K BBIBOZTY O TOM, 9TO BBIPAOOTKH C CEUCHHEM OJM3KUM K TPEYTOJIBHOMY SIBIISTFOTCS HauOoJee
ONTHUMAJbHBIMU JJIsi OONBIINX TIIyOWH, OCHOBBIBaSICh Ha HATYPHBIX JaHHBIX U pPe3yibTaTax
pacyeToB, MPHILIM W aBTOpPhl paboTel [4]. Ha puc. 1 wuzo0pakeHBI CBOJABI €CTECTBEHHOTO
paBHOBECHS.

Puc. 1. Ce00b1 ecmecmseHH020 pasHOBeCUsL.
) €600, NOYUEHHbIL IKCNEPUMEHMANbHO,  0) C800 8 3A0POWEHHOU WMOTIbHE

HcTopust pa3BUTHA apOYHBIX CTPYKTYp B OOILIEH MCTOPUU CTPOUTEIBHOTO Jejia OTpakaeT
MPOILIECC M3MEHEHHUs B3aUMOCBSI3€M MEXAY pacTYUIUMU MaTEepPHAIbHBIMA M KYJIbTYPHBIMU
MOTPEOHOCTSAMU JIIO/IEH U PACTyLIUMHU BO3MOKHOCTSMHU YIOBJIETBOPEHHS 3TUX MOTPEOHOCTEH.

Apka Kak Hecylasi CTpyKTypa, OJJHOBPEMEHHO BOCIIPUHUMAIOIIAsI U [IEPEAA0IIasl Harpy3Ky,
yepe3 ThICSUeNIeTHsI JOHeCa JI0 HAallluX JTHEeil cBoe HEMOBTOPUMOE OYapOBaHUE.
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Kak ormeuator O. brortHep u O. Xamue [5]: «Yxke apXuTeKkTopam APEBHOCTH OBLIO
W3BECTHO, YTO €CJIM KaMEHHOW Oajke MpuaaTh apouHyio (opMy, TO OHa NMpUOOpeTaeT HOBbHIE
HECYIIME CBOMCTBA, KOTOPBIE MO3BOJISAIOT 3HAUUTENIBHO YBEJIUYUTH MIEPEKPBIBAEMBIN MPOJIET MIPU
TOM K€ CTPOUTEILHOM MaTepHae.

D.Toppoxa [6] maeT clemyronIyl0 XapaKTEpUCTHKY apke Kak HeCyIeMy >JIEMEHTY
CTPOUTENIBHON KOHCTPYKUUH: «C TOYKM 3pEHMs paclpeesIeHUs] HAPSHKCHUHM apKa IIPeICTaBIsIeT
co00i1 camyro OOJIBIIYI0 HAXOAKY 3a BCIO UCTOPHUIO KJIACCUYECKOM apXUTEKTyphl. Jlaxke B Halu
JTHU OHA HE MOTEpsJIa CBOETO 3HAYECHMSI, XOTs YEJI0BEUECTBO JOBOJIBHO J0JIT0 IMIPUBBIKAIO K MBUIN
0 TOM, YTO UMEHHO apKa SIBJISIETCS 3JIEMEHTOM, YBEIUUYHUBAIOIIUM IPOYHOCTH COOPYKEHUSI.

[TpoananusupyeM pasznuuHble GOpMbI apok. JlaHHBINA CUCTEMHBIN aHaau3 Oy1eT HaM OYEeHb
noJie3eH I BbIOOpa HanboJsiee panoHaIbHOTO CBO/IA APEHAKHOU TPYOBI.

Ecnmu B mapaGonumueckoil apke (puc. 2, a) KpuBas [aBJIECHUS IOJHOCTHIO COBIAJAET C
KOHTYPOM apKH, TO TAKOM apKe NnepeaaeTcs TONbKO COKUMAIOILEe YCUIIHE, T.€. paCTSKEHUE U U3rH0
B TaKOH apKe OTCYTCTBYIOT.

B nonykpyrioii apke U B IPpUIOJHATON MOJTYKPYTJIOH apke Kpast (CM. puc. 2, 6) KOHTYpPBI
apKu yAaJieHbl OT KpUBOH JaBieHus. Ecnu xke kpuBas JaBieHus NpoiaeT BOIM3U KOHTYpa apKH, TO
B 9TOM CJIy4ae KOHCTPYKIHMS 3TOM apKU MOXKET IOTEPATh YCTOMYUBOCTD.

KpuBast naBnenust Haubosiee G1aronpusTHO pacroiaraeTcs B HE O4YEHb Y3KHUX CTPEIbuaThIX
apkax (cM. puc. 2, ). KpuBass paBieHHs MHHUMAJIbHO OTKJIOHSETCA IMOYTH Ha OJMHAKOBOE
paccTosiHMe OT KOHTYpa CTpeNbyYaToil apku HapyXKy (B 30HE 3aMKa apKH M OT KOHTYpPa apKU BHYTpPb
B HIKHEH 30HE apku). OJTa 3aKOHOMEPHOCTh OblIa BBIBEJEHA HMIMPUYECKUM IyTEM
CPEIHEBEKOBBIMM Y4YEHBIMU. Tak Kak CTpeipdaras apka IO3BOJMIA CYIIECTBEHHO YMEHBIIUTH
TOJIIIIUHY apOYHON KOHCTPYKIHH, TO yke B X u X1 BB. X cTanu mmpoko NpuMeHsITh B KAYECTBE
apoK Yy TOPILOBBIX CTE€H CBOJIOB [7].

B orinume oT mosyKpyribIX apoK CTpelbyaThle apKH MPeICTaBIAI0TCS 0oJiee paliMOHAIbHON
apO4YHOM KOHCTpYKLUMEH (CM. puc. 2, 2), T.K. IPU OJAHOH U TOH K€ BBICOTE apKH MOKHO €IO
NIEPEKPHIBATh PA3JINYHBIE TIPOJIETHI.

TpexiapHuUpHbIE CTPYKTYpPbI, TaK Ha3bIBAEMbIE «IOKHBIE» apKH, 3TO MEpBbIE LIaru K
CO3aHHIO apKu. B TO e BpeMsl KpuBasi JaBJICHUS, IPOBEICHHAS YE€PE3 CTBHIKYIOIIUE IIOCKOCTH
OTJENbHBIX AJIEMEHTOB, COCTABISAIOIIUX apKy; MPEICTaBISIIOT HECYLIYIO CTPYKTYPY apKH yKe B
HOBOM KauecTBe (cM. puc. 2).

B snoxy npeBHerpedeckoid HUBUIM3ALMM B OCHOBHOM BO3BOJMJIMCH <JIOKHBIE apKu».
CaMbIMM M3BECTHBIMH MU CTapbIMU apOYHBIMU KOHCTPYKLMSAMU SIBIISIOTCS HAJABOPOTHAs apka U
apOYHbIN CBOJ], COXPAaHUBIIMNICA OT MUKEHCKON KYJIbTYpHI (pUc. 3). DTH KPUBOJIMHENWHBIE CUCTEMBI
C HENPEPBIBHOM apOUYHON JTMHUEHN BBICTYNAIOIINX KOHCOIBHBIX 3JIEMEHTOB Mbl HAXOIUM IIOYTH BO
BCEX JIPEBHEHIINX KYJIbTypax.

B MHOroumcieHHBIX TpyZax IO HUCTOPUU CTPOUTENIBHON TEXHUKU YUYEHBIX IPOLUIOTO U
COBPEMEHHBIX CITEIIMAIMCTOB MOIPOOHO OMMCaHa IBOJIONHS ApOYHBIX KOHCTpYKImi. JI. Amsep [8]
YKa3bIBAET, UTO «EIIe JI0 MOSBICHUS apOYHBIX KOHCTpYKUWH B JpeBHel I'pernn oHu yxe ObLTH
U3BECTHBI 3TPYyCKaM, MPOKUBAIOIIMM Ha TEPPUTOPHHM, NMO3JHEE 3aBoeBaHHOE [IpeBHMM Prmowm.
[loaToOMy MMEHHO STpYCCKHE apKH MOXHO CYMTAaTh MPEILIECTBEHHHIIAMM PHUMCKUX apoK H
CBOJZIOBY.

B xojae pa3BuTHs apOYHOT0 NpUHIUIIA KOHCTPYUPOBAHUS HECYILIUX CTPYKTYP MHOT000Opa3HO
BapbHUpoBajach reoMeTpust apok. OMNbIT, TpaaULUU, 3CTETUYECKHE COOOpaKEHWs, a TakKKe
TATOTEHHE K HOBBIM TEXHUYECKUM PEIICHUSM 00YCIIOBIIIN pa3inyHble ((OPMBI M NX MEXaHUYECKHE
CBOWCTBA (CTaTMYeCKHME W JWHAMHUYecKHe). OTH CBOWCTBA MPEXIE BCEro OIpPEeNsioTCs
KOH(Hrypamnued KpuBoi aaBieHus B apke U (Gopmoii apku. [lapabonnueckue, 3UMICOUTHBIE U
CTpeJsibyaThle apKH - BCE 3TO ATAIlbl Pa3BUTUS APOUHBIX CTPYKTYp (pHC. 2).
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<* ma ¥ <
Puc. 2. Cxemvl 015 ananuza pabomol paziuyHulx popm apok noo 0aieHUueM.:
a — apounas,; 6 — noayKpyanas, 8 — Cmpeibyamas;
2 — cpasHenue NoIYKpy2lou U cmpenvyamou apok, 1 — koumyp apku, 2 — kpueas 0asneHus

IocKan b
Crpeik IO YUHPICVIILHAA

Puc. 3. Hecywue cmpykmypul 8 KOMOpbIX NPUMEHAEMC NPUHYUN (JLOHCHOLLY apKU:
a — apku, 6 — c800bl; 8 — KYnoad,
1 — mpeyeonvuas; 2 — cmpenvuamas, 3 — nonykpyanas
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CtpemiieHHe MacTepoB TOTHYECKUX COOOPOB YMEHBIIUTh MAacCy COOPYKEHHUI U COXPaHUTh
HECYIYI0 CIMOCOOHOCTh APOYHBIX KOHCTPYKIMA MPHUBEIIO K CO3MAHHIO TMTAHTCKUX PEIIeTYAThIX
apoyHbIX meTenb (puc. 4). B apo4HbIX METNAX, MOJYYEHHBIX CPEIHEBEKOBBIMU ApXUTEKTOPAMH,
KOTOpbIE B TO BpEeMsl pellajii HE TOJIbKO XYAOKECTBEHHbIE HO M KOHCTPYKTOPCKHE 3aJayH,
SMIIUPUYECKUM IYTEM, B BEPTUKAJIBHO B3aMMOJICUCTBYIOIIMX IMAPHBIX apKax MPOCMATPUBAIOTCS
3JIEMEHTBHI COBPEMEHHBIX PEJIOUIHBIX KOHCTPYKIIUH.

\

Puc. 4. Ycunennvie apounvie nemu xageopanviozo cobopa 8 Yanvce (Beruxobpumanus), kotey
Xl gexa: a — 6uo apounvix nemenv cobopa, 6 — cxema pabomsl apoyHOU nem.iu

Jlns aHanmm3a mpolecca BbIOOpa ONTHMANBHOTO CBOJA JAPCHAXHBIX TPyO MpoBeneM
YHCJICHHbIE UCCIE0BaHUs YCTOMYMBOCTH TOPU30HTAIBHBIX MOA3EMHBIX BBIPAOOTOK C Pa3IMYHOM
reoOMeTpHUel CBOJOB. PaccMOTPUM yCTOWYHBOCTH BEIPAOOTOK C ITOTYacTPOUIATBLHOM, TOTYKPYTIIOHN
U TOJTY3JUIMITHYECKOM cBolaMu (pHc. 5).

| A
4 ‘y

a) 0) 8)
Puc. 5. @opmul ceuenuil 20pu30HMANILHLIX NOOZEMHBIX 8bIPAOOMOK C PASTUUHBIMU CEOOAMU:
a — NoIYyacmpoudanbHol; O — NOLYKPY2Iou,; 6 — NOAYILIUNMULECKOU
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[Tpu poBeIcHUN YUCIICHHBIX MCCIICAOBAHUN OyIeM UCXOIAUTh U3 YCIOBHS, YTO BHIPAOOTKH
0o0pa3oBaHbI B CYIIIMHKE ¢ (U3UKO-MEXaHMUYECKUE XAPAKTEPUCTHUKAMHU, KOTOPOTO M3MEHSIOTCS B
CJICIYIONIMX TpeJeNiaX: TIOTHOCTh TPyHTa y = 2 T/M°, MOmyNb HedopManuu E, =5+20 MIla,
k03 unuent 6okosoro gasinenus & =0,7, ynensHoe cuemnenue C =0,04-0,228 Mlla u yron
BHYTpPEHHEro TpeHus ¢ =12 +28°.

HamnpspkeHHOE COCTOSIHME B MAacCHBE TPYHTa, TOJOXEHHE, pa3Mepbl U GopMmy obiactei
MIPEICITLHOTO COCTOSIHHSI TPYHTA Ha KOHTYPE BBIPAOOTKH OMIPEIEIIsieM IIPH ITOMOIIN KOMITBIOTEPHOM
nporpamMMbl [9], B KOTOpoOil nJisi OmpelneseHHs HaNpsOKEHUH B HEOJHOPOIHBIX 00IACTAX
(dhopMaTM30BaH METO]] KOHCYHBIX JIEMEHTOB, a TPAHHIIBI 00JIACTEH MPEICIEHOTO COCTOSIHHS TPYHTA
OTPENCNAIOTCS KaK JIMHWHM, B KAXKIOW TOYKE KOTOPHIX BenmunHa Kod(dduimeHnta 3amaca
ycroitunBocTu paBHa equnuiie [10], T.e.

1(0'Z —0,)C0S 2 +1 (o,+0,)+7,8N2a+0,, [tQ@
2 2
kst = 1 :1’ (1)
5 (o,—0,)sin 2 +1,, COS 21

rae o,,0, - 0e3pasMepHble (B 10JsIX ¥ H ) KOMIOHEHTHI HaNpsKEHUS; ¢ - yroj HAaKJIOHA K

TOPU30HTY HauOoJiee BEPOSTHOM TIJIOMIA/IM C/IBUTA B pACCMAaTPUBAEMOM TOYKE TOJIIIU TPYHTA; O

c6

- IPUBCACHHOC NAaBJICHUEC CBA3AHHOCTHU,
-1.
o, =c(Htgp)"; )
¢ — yIeNbHOE CLEIICHUE TPYHTA; ¥ - INIOTHOCTh I'PYHTA; ¢ - YrOJ BHYTPEHHETO TPEHUS I'PYHTA;

H — rnyOuHa BbIpaOOTKH.

OtMmetumM, yto ycioBue (1) monayueno u3 ycinosus npounHoctu Kysnona.

Ha puc. 6 npuBeieHb! KAPTUHBI U30JUHUNA 0€3pa3MepHBIX KOMIOHEHTOB HAIIPSKEHUH BOKPYT
BBIPAOOTOK CO CBOIAMU C Pa3NIU4HOM reomeTpueii. M3 pucyHka BHIHO, YTO CTENICHb KOHIIEHTPAIIUH
HaNpsHKEHUH BOKPYT YKa3aHHBIX BbIPAOOTOK pa3ianyHa. DTO 00yCIOBUT, IPH BCEX NMPOUYMX PaBHBIX
YCIIOBHUSX, OTJIMYMSA B MPOTEKAHUHU Tpoliecca 0Opa3oBaHUS W Pa3BUTUS 0OJACTEH IUIACTHUECKUX
nepopmanuii, Hagajao KOTOPOro JUisd paccMaTpuBaeMbIX (hOpM BbIPAOOTOK MPUBEAEHO Ha puUC. 7.

CpaBHHTEBHBIEC UCCIIEIOBAHNUS MTOKA3BIBAIOT, YTO HAUOOJIBIIAs YCTOMUMBOCTD HAOIIOAaeTCS
B BBIPAa0OTKE CO CBOJOM B BHJE IOJIOBUHBI acTpOU[bl. Y BBIPAOOTOK C MOIYKPYIJIBIMH U
IOJIY3JUIMIICHBIM CBOJJaMU YCTOWYMBOCTD MPUOJIN3UTEIBHO OJIMHAKOBAS.

Hcxons U3 BhIlIEyKa3aHHBIX UCCIIE0BAaHUM MOXKHO MIPpeNoaraTh, 4To IpeyIoKeHHast HOBast
KOHCTPYKIIMSI CO CBOJIOM C IEPEKPEIINBAIOIIMMUCS TUTIepOoIaMu Hanboliee 0JIM3Ka K mapameTpam
CBOJIa B BHJIE TOJIOBUHBI aCTPOUbl. 3HAUYUT YCTOHYMBOCTH CBOJIa YKa3aHHOM HOBOW JApeHa)KHOU
TpyObI HanboIee BHICOKASI.

MoxxHo npenonaraTh, YTO CBOJ OI36MHOM BBIPAOOTKH U JIFOOOH KOHCTPYKIINH, B TOM YUCIIE
U JpEeHaXHOUW TpyObl, M3TOTOBJICHHOW H3 JIO00OTO MaTepuana (Mpexkae BCEro MOoJMMeEpa),
BBINOJIHEHHBII B BHJE yrja oOpa3oBaHHOIO JBYMsI CTOPOHaMH TpeyrojbHHMKa Peno obmanaet
MOBBILIEHHON YCTOMYMBOCTHIO (IO OTHOLIEHUIO K CBOJAM M3 MOJYKpyra WM IOJIY3JUIMIICA).
JlaHHO€ TPEeATNOoNIoKEHHE OCHOBAHO HA HCIBITAHUM MPOCTBIX MoJenel U TpedyeT AajbHeHIero
UCCJIEIOBaHUS YUCIICHHBIM MOJIETTMPOBAHUEM.
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8 8U0e NOJIOBUHBL ACMPOUODL, NOJYKPY2aA U NOLYIIUNCA COOMBEMCIEEHHO
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T

I(f<1——_________ ki< 1
ki< 1

a) 0) 6)
Puc. 7. Hauano obpazosanus obracmeu npedeibHo20 COCMOAHUS 2PDYHMA HA KOHMYpe
8bIPAOOMOK CO C800AMU PA3IUUHOU 2e0OMemPUlL;

a — NOJIOBUHBL ACMPOUObL, O — NOTYKpY2d; 8 — NOJYIIUNCA

BriBoaBI

1. M3ydeHbl OpUPOJHBIE M apXUTEKTYPHO-KOHCTPYKTOPCKHME aHAJIOTHMU IS BBISIBJICHHS

o robdPE

© N

HanOoJIee YCTOMUYMBBIX CBOJIOB APEHAXKHBIX TPYO. BBIABIEHO, YTO BEICOKOI VCTOMYUBOCTHIO

06nana10T TPEYTOJIbHBIC M CTPCJIHYAThIC CBOABI.
K mapameTpaM TpeyroJbHBIX M CTPEIbYATHIX CBOAOB OYCHBb OJIM3KHU DGJIOO6D3.3HBIC,

mapaboJIMUECKHE U HOJYDJUIMITHYECKHE CBOALI IPEHAXKHBIX TPYO. 3. [IpoBeieH YnCIEHHBIHI

AHaAJIN3 IMOJIYKPVYIJIBIX, TTIOJYI3JIHUIITHYCCKUX U ITOJYACTPONJAJIBHBIX CBOJOB.

HaunGousblieil yCTOMYUBOCTBIO 00Ja1aeT IOIYACTPOMIAILHBIN CBOJI, K KOTOPOMY OYEHb
OJIM30K CBOJ JIDEHAXKHOU TPYOBI B BUIE NEPEKPEUIMBAOIINXCS runepool1, pa3padoTaHHbBIN

ABTOpAMH.
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EROZIYA VO AKKUMULYASIYA PROSESLORININ PROQNOZU
tex gizra f.d. Habibov F.H. Azarbaycan Insaat vo Memarhq Elmi-Tadqiqat /nstitutu,
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FORECAST OF EROSION AND ACCUMULATION PROCESSES
Ph.d. Gabibov F.G. Azerbaijan Research Institute of Construction and Architecture,
engineer Habibova L.F. HALLIBURTON Company, USA

AHHOTanus. B cTaThe NMpHUBOIATCA OCHOBBI MPOTrHO3a 3PO3MOHHBIX MPOLECCOB B MOYBAX U
IpYHTax, oBparax M pyciax. [IpuBOASATCS METOAWYECKHE OCHOBBI 3MIIMPHUKO-CTATUCTHUYECKUX
Mozenei 3po3uu. JlaHa MeToaMKa OIpeleeHus IOTEHLHala OBpPaXHOU 3po3uu. PaccmorpeHo
HaIlpaBJICHUE U3Y4YEHHUs 3PO3HU C MO3ULIMUA TEOPUU BEPOSATHOCTEN U CIydalHbIX IIpoueccos. Ha
OCHOBE M3BECTHBIX OKCIIEPHMMEHTAJbHBIX HCCIIEIOBAaHUN AHAIWTUYECKHM OIMCAH IPOLECC
HEJIMHENHOTO Pa3BUTHs JUIMHBI OBpara BO BpeMeHU. lIpHBOAWTCA CHCTEMHBIM aHaIu3 METOJOB
OTIpe/IeNIEHUs] CKOPOCTEN pa3MbIBa OEpPETOB peK.

KuroueBble ciioBa: 5po3us, NPOTrHO3, [IOYBA, TPYHT, IPOLECC, MOJIEIb, OBpAr, Pycilo PEKH,
Oeper, METO/THKA.

Xiilasa. Mogqalodo torpaglarda, qruntlarda, yarganlarda vo ¢ay vadilorindo eroziya
proseslorinin prognozunun asaslart verilib. Eroziyanin empirik-statistik modellorinin empirik-
statistik modellorinin osaslari gostorilir. Yargan eroziyasinin potensialinin toyini metodikasi
gostorilir. Ehtimal vo tosadiifi proseslor nozariyyalori pozisiyasi torafindon eroziyanin 6yronilmosi
istigamatlori aciglanir. Molum  eksperimental todqiqatlar osasinda yarganin zaman {izro
uzunlugunun qgeyri-xatli inkisaf prosesi analitik yolla dyranilib. Cay sahillorinin yuyulma stiratinin
prognozunun malumatlar1 vo metodlar tohlil edilir.

Asar sozlar: eroziya, proqnoz, torpaq, qrunt, proses, model, yargan, ¢ay vadisi, sahil.

Abstract. The article provides the basics of forecasting erosion processes in soils and soils,
ravines and riverbeds. Methodological bases of empirical and statistical models of erosion are given.
A method for determining the potential of gully erosion is given. The direction of studying erosion
from the perspective of probability theory and random processes is considered. On the basis of
known experimental studies, the process of nonlinear development of the length of the ravine in
time is analytically described. A systematic analysis of methods for determining the rates of erosion
of river banks is given.

Key words: erosion, forecast, soil, process, model, ravine, riverbed, shore, methodology.

KonmvecTBeHHast TeppuTOpHaIbHas OIEHKAa COBPEMEHHOM 3po3uu noué OCHOBBIBACTCS Ha
pEIIeHUU IBYX 3a/1a4: a) OLIEHKE MHTCHCUBHOCTH TIPOIIECCOB HA CKJIOHE MM YYaCTKE TEPPUTOPUH
C OAHOPOJAHBIMH B OTHOHICHUH MTPOABJICHUA OCHOBHBIX q)aKTOpOB 9pO31H YCIOBUAM U C ITIOMOLIBIO
OMIUPUKO-CTATUCTUYECKUX W «ICTEPMUHUPOBAHHBIX» MOJENeH CMbIBa; O) BBIACICHUH U
KapTorpaMpoBaHUU OTHOPOJHBIX TEPPUTOPHUATBHBIX SUEEK IYyTeM COIOCTABJICHHS JaHHBIX O
pacnpeleNieHud M OLEHKH TOPOrOBBIX COCTOSHUM (KayeCTBEHHBIX KaTErOpHid) OTAEIbHBIX
(bakTopoB.
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MeTtoanueckue OCHOBBI AIMIUPHKO-CTATUCTHYECCKUX MOJieeil: 1) BIBO (DYHKIMI BIMSHUS
OTIENBbHBIX (AKTOPOB C TIOMOIIBED YHCTO CTATUCTHUYCCKOW HMHTEPIpPETAllMH  JaHHBIX
HKCIIEPUMEHTOB M HATYPHBIX U3MEPEHHUI; 2) CpaBHEHHE (PaKTUIECKUX MPOSBICHUI MPOIIECCOB C UX
MIPOSIBIICHUEM B «ATAJIOHHBIX» YCIOBUSAX. HaleKHOCTh U aleKBaTHOCTh MOJIENIEH Takoro pojia
OTpeNeNsIeTCs KaK aJeKBAaTHOCTHIO IIOJOKEHHBIX B OCHOBY (DM3WYECKHUX TPEICTABICHUA O
MOJICITUPYSMOM SIBJICHHH, TaK U KAYECTBOM H 00BEMOM UCTIOIB3YeMOT'0 IMITHPHUICCKOTO MaTepHIIa.

DOMIUPUIECKIE MOJICTU IIOBEPXHOCTHON 3PO3UH UMEIOT IIPOCTYIO CTPYKTYPHI, OTPAKAIOIIYIO
camble 00IIME MPUHITUIIBI B3AaMMOJICHCTBHSI TIPOIIECCOB U (haKTOPOB:

W = RK(LS) SP, 1)
rae W - Momynb CMBIBa TOYBBI OMPEACICHHOW 0OecredyeHHOCTH (OOBIYHO B T/Ta 3a roj);
R — ¢yHkous BIMSHUS OCAJKOB, IPEJICTABICHHAS  CPEJHE MHOTOJICTHUM 3pPO3UOHHBIM
MOTEHIIUAJIOM JIOK/Is, KOMIUIGKCHO YYMTHIBAIONIAs  MHTEHCHUBHOCTb, CIIOW U DHEPTHIO Kallelb,
K — ¢akrop 3poaupyeMOCTH UM MPOTUBO3PO3HMOHHOM CTOMKOCTH MoYB; LS — ¢akrop penbeda,
MpeICTaBICHHBIA (YHKIMEH BIUSHUS KPYTH3HBI U AMUHBI CKIOHA; C — (QakTop KOMILIEKCHOTO
BIIMSIHHUSI PACTHTEIBHOCTH W TEXHOJOTUH XO35UCTBEHHOTO HCIIOJIb30BAHUSI TEPPUTOPHH;
P — ko3 punmeHT BAUSHUS TPOTHBOIPO3ZHOHHBIX MEPOTIPUSTHH.
B nacrosiee Bpemst HauOosee HaieKHOH, UCIIBITAHHON BO MHOTUX CTPaHaX MUPA SIBJISETCS
MOJIEeIb JINBHEBOW 3PO3UHU — YHUBEPCAIbHOE YpaBHEHHUE TIOTEPh MOUBHI Y UIMelepa-CmuTa.

DMIUPHYECKUE MOJICIIH SPO3UHU TTO3BOJIIOT POTHO3UPOBATH TOJIBKO HHTEHCUBHOCTH CMBIBA
MPU U3BECTHOM COCTOSHHHM JIaHAmadToB. OHM HE OCBEIIAIOT 3aKOHOMEPHOCTEH TpaHCIOpTa U
AKKyMYJISIIIMA ~ HAHOCOB W IO3TOMY HEJOCTAaTOYHBI I OICHKH  IepepacipeIeICHUs
3arpsA3HUTENCH, HAKOTUICHUST MaTepraia B Oalikax, 3aWJICHHUS MaJIbIX PEK U T.1I.

JletepMuHupoBaHHble Mojenu noxnaeBoil sposun (Momenn WEPP, CREAMS cmyx0bl
oxpanbl mouB CIIIA) ocHOBaHBl Ha ONHCAHUH (UZUIECKUX 3aKOHOMEPHOCTEH IPOIIECCOB
o0pa3oBaHUsl CTOKAa M CMbIBAa Ha CKJIOHE, a TaK)Xe IMPOIIECCOB M3MEHEHHUS OCHOBHBIX (DAaKTOPOB
spo3uu. Mozaens WEPP, no cyrkam paccuutbiBaeT BakHEHIIHME MapaMeTpbl COCTOSHHS IOYB,
W3MCHEHHUE BIXKHOCTH, COCTOSIHHE PACTUTEIBHOCTH. B cilydae BBIMaJCHUS JOXKIS MOXKHO
MOJIYYUTh JAHHBIE O CJIO€ CTOKAa, MAacce YAAIEHHOTO MOYBEHHOTO CyOCTpaTa, PacloOXKEHHH
JIOBYIIIEK CTOKAa W KOJIMYECTBE 33JICPKAHHBIX B HUX HAHOCOB. JTa MOJIETb OTBEYAET OCHOBHBIM
LIETISIM OLIEHOK 3pO3UM Kak (haKTopa Jerpajallid MOYB M KaK IKOJOTHYECKHA OMACHOTO SIBICHUS.
OpHako B HACTOSAIICE BPeMsI €€ MPUMEHEHHE OTPAaHNYCHO HEAOCTATOYHON TOTHOCTHIO MCXOTHBIX
JAHHBIX U HEPa3pabOTAHHOCTHIO COMYTCTBYIOMIMX MOJIeIei u3MEeHEHHUH (PaKkTOpOB.

Metonvka ornpeeneHus MOTEHIMaaa OBPaXHOW 3PO3WH OCHOBBIBACTCS Ha OIpPECICHUU
MpeaCeIbHBIX Ta0apuTOB OBparoB Ha 3aBepmiaromieil craguu pasutus. Jmmua (l) ospara
onpenensiercs o ¢popmye [1]:

H 0,67
t= Kﬁ' )
p n
rac Q — pacxoa BOAbI B 3aMbIBAOIEM CTBOPC OBPAXKHOI'O Boz[oc6opa paC‘IeTHOfI

obecrieuennoctn, M>/c; H — riybuHa MecTHOTo 6asmca 3po3u, M; Vp - pa3MBIBAIOIIAs CKOPOCTH,
M/c;  N- KO3QQHUIMEHT MmIepoXoBaTocTH, u3MeHstoumwiics B mnpenenax 0,03-0,10;
K, A — xorddunmenTsl, 3aBucsAe OT (HOPMBI OBPAXXHOTO BoJ0cOOpa U GOPMBI MOMEPEUHOTO
CEUCHHUS TIOTOKA.

[Tnomrans oBpara mo OPOBKE CKIIOHA OMPEEIIETCs 0 3aBUCUMOCTH:
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0,5
F, =15 Vg +175h_ |7, (3)

p

rac hm- MaKCHUMaAJIbHas FHyGI/IHa 0Bpara, M:
h, =H-(L-x)tg 3, (4)
Xi- paCCTOHHI/Ie oT yCTLH 0 6pOBKI/I CKJIOHa, M, ﬂ - yKJIOH oT BOIIOpaB,Z[eJ'Ia K 6p0BKe CKJIOHA.
O06bem oBpara omnpeaensercs o hopmyne:
V=drh_, (5)

rae d- koaddurenT, npeacTaBisonui GyHKIHIO (GOPMBI CKIOHA, HA KOTOPOM pa3BHUBACTCS
oBpar (u3mensiercs B npeaenax ot 0,08 go 0,4).
KonmuecTBo 0BparoB omnpenensieTcs B MPUBS3KE K JOJWHAM PEK U CKJIOHAM OQJIOYHBIX (hopM
B COOTBETCTBHHM C KOJHUYECTBOM OBparooOpasyromux BoAocOOpHBIX OacceliHoB. KomnuecTBo
BogocOopoB (N) Ha CKJIOHE ompeaensieTcs KakK
N=Z/B, (6)
rje Z- JINHA y4acTKa PEeKH WIH MPOTHKEHHOCTh 0aI0UHOM (popMBL, M; B- makcumanbpHas
mupuHa BoJgocOopHOro OacceitHa oBpara, M. [IpOTSKEHHOCTh OBpPa)XHOM CETH Ha CKIIOHE
oTIpefieNisieTcsl Kak CyMMa IpeIebHbBIX JUIHH (pacYeTHBIX) ISl KOJIMYECTBA OBPAroB, MPUBA3aHHBIX
K paccMaTpuBaeMOMY YYacTKy PEeKH WM K Oanke Ha jiuuHe Z. JIJIg OIICHKH 3a0BPaKCHHOCTH
KPYITHBIX TEPPUTOPHI TIOKA3aTEIM KOJIWYECTBA M MPOTSKCHHOCTH OBPAaroB MPHHUMAIOTCS Kak
CpeIHue, XapaKTepHbIC I TPUPOJTHBIX YCIOBUH paccMaTpuBaeMoro perwoHa. KoimdecTBo
OBparoB, pa3BUBAIOIIMXCS HA CKJIOHE XapaKTepus3yeTcsi MoKa3aTelleM 4YacTOThl MpHBA3KH [7,
INTYK/KM; JUIMHA OBParoB — yAeIbHBIM YIITHHEHHEM 3pO3HOHHOH cetw I, km/kM. Mcxoms u3
JAHHBIX O TYCTOTE MOJNMHHO-OAJOYHOro pacmpenencHus p (KM/KM2), IUIOTHOCTh OBPAaroB
onpenensercs kak I7 = pIl (mtyk/km?); Tyctota oBpaxHoii cetn I” = gl (kM/kM?).
[lepuox Bpemenu 7, HeoOXOAUMBIA s (GOpMHpPOBAHUS OBpara, OMpEAeNseTcs II0
3aBUCHUMOCTH:
Vv
= (7)
CcVv
rae V- HHTEHCHUBHOCTB BBIHOCA TPYHTA 3a NPEIENIbl OBPAXKHOM (POPMBI 3a MEPUO MAKCUMYyMa
MHTEHCUBHOCTH pocTa, Mo/ros; C - SMIUpHYECKUii K03)QHUIMEHT, SBIIOMHCS ByHKINEH (OopMBI
CKJIOHA.
Jliist pacdeta MaKCHUMaTbHOH MHTCHCHUBHOCTH BBIHOCA TPYHTA MPEIOKECHA 3aBUCUMOCTH:
V'=V,P = -1, ,
0,2+0,65(1 —1,)
rae P — o0bemMHOe cosepikaHue TpyHTa B MOTOKE; Vo — CTOK BOJIbI B IEPUOJI, COOTBETCTBYIOIIUI
HauOOJBIIIAM CKOPOCTSIM CKIIOHOBOTO ITOTOKA B 3aMBIKAIOIIEM CTBOPE OBPAXHOU PopMBI; | - yKITOH

(8)

CKJIOHA B TPUOPOBOYHON YacTH; lo - KpUTHUECKUN YKIIOH:
0,61 72,7 42 0,67
l, ="V n? Q™ (9)
rae S - osmnupudeckuil koadhduumeHt 6au3kuil k 4.
[IporHo3 AMHAMUKK Tpolecca OBparooOpa3oBaHUS pacuwICHSETCS Ha J[Ba BpPEMEHHBIX

uHTepBana. B nepuon Beipabotku 70-80% namuHbl OBpara, uro cooTBercTBYeT 10-15% o61mero
BpeMeHu T, HapacTaHue 00beMa BO BPEMEHH MOXKET OBITh IIPEACTABICHO KaK
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v, t 0,87
via 2,5[_]_ j : (10)

rae Vi- coBpeMeHHbI 00beM oBpara; ti- Bpems BbIpaOOTKH COBpeMEHHOro oobema. B mepuon

BBIPaOOTKH MOJIHOM UIMHBI oBpara U okojo 80% ero obObema HapacTaHue 00beMa BO BPEMEHHU
MOJKET OBITh MPECTABICHO B BUJIE
0,48
V. t)
=17+ : (11)
\Y T

Hcxons u3 cpenquux ckopocTeit oOpazoBanus TuHeHHbIX oBparoB E.d.3opuna [2] npepnaraer
OPHEHTUPOBOYHYIO (HOPMYJy €XKEroJHOr0o MPHpPOCTa OBpakHoW ceth Al mpu peanusanuu
IIoTCHIHAaJIa IJIOTHOCTH:

Al =IIN1+ L V2 + I13Vs (12)

rae I, 1>, I13 - mnotHOCTH OBparos; Vi, V2, V3 - COOTBETCTBEHHO CKOPOCTH JTUHEHHOTO pOCTa
OBparoB, INIOTHOCTb KOTOPbIX /11, [l v I13.

L.E.Mupiixynaa [3] yka3bIBaeT, 4TO MPU PELICHUHU 33]1a4, CBA3aHHBIX C U3yUYEeHUEM Mpolecca
3pO3UMU C MO3ULUU TEOPUH BEPOSTHOCTH M CIY4YaWHBIX MPOIECCOB, MPUXOAUTCS IMPEOI0IEBATh
CIEQyIOIMEe TPYAHOCTH: CO3JaHUE MaTEMAaTUKO-BEPOSTHOCTHOTO amlapara, OMUCHIBAIOIIETO
JIOCTaTOYHO HAJNEKHO TMPOLECC DHPO3UU, M YCTAHOBICHUE BEPOSTHOCTHO-CTATUCTUYECKUX
rokasaTesieil, 00yCIOBIMBAIOIIMX Mpouecc 3po3uu. [Ipu 3TOM BEpOSATHOCTHBIM MPOIECCOM
HA3bIBAETCS CclyyailHO€ M3MEHEHHE MOBEPXHOCTH I'pyHTa (IOYBKI) Ipu 3po3uu. [loa cocrosHrem
MMOHUMAETCAd BEJIUMYMHA CMBIBA, IOJ] MPOLIECCOM — M3MEHEHHE MHTEHCHUBHOCTU CMbIBA. AHaJIN3
a00paTOPHBIX M MOJIEBBIX UCCIEAOBAHUA dPO3UHU Ja€T OCHOBAHWUE CUMTATH MEPCIIEKTHUBHBIM JIJIS
ONMCaHMS 3PO3UU NPUMEHECHUE KYCOYHO-JTMHEHMHON CTATUCTUYECKON alpOKCUMALMU U3MEHEHUS
(YHKIIMOHATIBHOTO MapaMeTpa U MapKOBCKOW MOJIETH MpoIiecca.

Ha ocHoBe s3kcniepumenTanbHbIX uccnenoBannii Ha moaenu .M. Hukonbckas [4] nomyunina
KpUBbIE H3MEHEHHsI pOCTa BO BpPEMEHH JJIMHBI OBpara (cM. puc.l).

losp,%| [ -~

75 1

50-

————

Al DIA|E
to 25t so t1 75 T%

Puc. 1. [Junamuxa pazsumus Onunsbl 08paza 60 8PEMeHIL:
1 — pacuemmsie dannvie; 2 — sKcnepuMeHmanbHule OAHHbIE
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Kax BugHO u3 rpaduka Ha puc.l, pa3Butue JUIMHBI OBpara BO BpeMeHHU B mpenenax 75%
HOCHUT HEJIMHEHHBIN xapakTep. Ecnu B3sTh yuacTok Ha rpaduke ot to 10 t, TO €ro MOXKHO OIUcaTh
B BHJIE€ OIPECIIEHHOI0 UHTETpalia

t
M=, dt. (13)
to
. J
Haitnem nmponsBoanyro E ,
Coy(®) At<AJ </, (t+AL). (14)
Hens (14) va At, nonydum
AJ
(1)< N <L, (t+A). (15)
[Mepexonst 3neck k npeaeny npu At — 0, momydnm
dJ
goe’p(t) < E < go@p(t) ! (16)
OTKY/J1a 3aKJII0OYAEM,
dJ
—=/_ (t). 17
dt {)Rp( ) ( )
s HeonpeeaeHHOro UHTerpaia
t
IQ =, @dt. (18)
4

[Iporuo3 omacHOCTH PYCJIOBBIX MPOIIECCOB OCHOBHIBAETCS, B MEPBYIO OYepe/b, HA aHAIIM3e
TOPU30HTANIBHBIX AepopManuii peuHbIxX pyces. OHU OIpeaeNsitoTCsl CPaBHEHUEM Pa3HOBPEMEHHBIX
CBEMOK pyCiia, HAJIO)KEHHBIX JAPYT Ha JApyra ¢ UCIOJIb30BAHMEM TBEPJIBIX TOYEK (perepoB). ITOT
IpUEM TIO3BOJISIET OMNPEAEIUTh TEHIACHLHIO MepeopMUpOBaHU pycesll TOr0 WIM HHOTO
MOp(oaMHAMIYECKOT 0 TUIIA, YCTAHOBUTH CKOPOCTH pa3MbIBa (HAMbIBA) OEPETOB B 3aBUCUMOCTH OT
CTaJUM Pa3BUTHUS KOHKPETHBIX (POpPM pyclia, a TakkKe CMEIICHHS KPYHMHBIX aKKyMYJISTUBHBIX
CKOIUIEHUH. DKCTpanoaupysl MOTyYeHHbIE JaHHbIE HA IEPCIIEKTUBY MOKHO MOJYYUTh TOCTATOYHO
00BEKTUBHOE TIPEJICTABICHHE 00 M3MEHEHHUSAX PYCia, BRISBUTH 30HBI pa3MbIBa (HAaMbIBa) OCpPEToB,
BEPOSITHOCTH MX aKTUBU3ALIUU WM 3aTyXaHHUS.

[lpu OTCYTCTBMM TakuMX MaTepHalOB B MEPBOM MPHUOIMKEHUH MOKHO BOCIOJIB30BATHCA
Mop(osoruueckuMu NpU3HAKAMU CTENEHH WHTEHCUBHOCTH pa3MbIBa, YCTAHOBJICHHBIMH JUIS
MOMMEHHbIX OeperoB M 00peIBOB HU3KUX (10  30-40 M) akKyMyJISITUBHBIX HaJ[IIOMMEHHBIX Teppac:
OYCHb CHJIBHBIH — BEPTUKAIbHBIM OOpBIB; CHWJIBHBIA — OOpBIB €O Cia00 BBIPAKCHHOM
CTYNEHYATOCThIO; CPEJAHUN — CTYNEHYAThId yCTyM (OTAENbHbIE YPOBEHHBIE CTYNEHBKH MOKPHITHI
TpaBoil); crmaboil - MOJIOTWH, MEIKOCTYNEHYaThlii YCTYN C pa3pekeHHOW pPacTUTEIbHOCTHIO.
CKopocCTh pa3MbIBa OEPETOB 3aBUCUT OT I'E€OJIOTHUECKOro cTpoeHus (Tabi.1).

CyIecTBYIOT TakK€ pacueTHble METOJbI JJIi ONpPENENIeHHUs CKOPOCTH pa3MbIBa OpEros.
OOJIBLIMHCTBO U3 HUX MPEIOKEHO IS MEAHAPUPYIOLIUX peK [5], HO MOTYT HCIIOJIb30BaThCS U IS
M30THYTBIX B IIJIaHE PYKaBOB peK. VX JOCTOMHCTBOM SIBISIETCS BO3MOXKHOCTBH IPOTHO3HPOBAHMS
pa3MbIBa OeperoB B MPOIEHTAaX KOHKPETHOH (hopmbl pycia. OaHako Oynyun pa3pabOTaHHBIMU Ha
SMIUPUYECKOM MaTepuaje, OHM HE YYUTHIBAIOT MHOTUX (AKTOpOB M HE o0OecrnedyuBaroT
HEO0OXOUMBII TOYHOCTH.
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CxopocTH pa3MbIBa Geperos peK ¢ pa3iMYHbIM re0JOrHYecKHM CTPOeHHEeM
[P.C.Yanos, 1995 r.]

Tabnuya 1

CkopocTu pa3mbiBa 0eperoB, M/rojl, cJI0KeHHbIX
XapakTrepucTuka
Meckamu u
pa3MbiBa CYIJIMHKAMH I'nunamu Topdamu
cynecsiMmu
OueHb CHIIbHBIN >10 >5 >2 >1
CUIIbHBIN 5-10 2-5 1-2 05-1
Cpennuit 2-5 1-2 05-1 0,2-0,5
Cra0brit <2 <1 <0,5 <0,2

st oOmiel OIEHKHM WHTEHCUBHOCTH pa3MblBa OEpEeroB MOKHO HCIOIB30BaTh (HOpMYITy
K.M.Bbepkosuua [6]:
Q’l
C=K , (19)
dH,
rne C— cKOpoCTh OTCTYNaHus Gepera, M/rof; Q- cpeHero0Boii pacxos Boakl, Mo/cex.; | - ykiIon;
d- cpenHumii nuaMeTp YACTHII OTJIOXKEHHH, ciarawmomux Oeper, MMm; Hs- BeicoTa Oepera Haj
MeXEHHBIM yPOBHEM BOABI B peke, M; K — kodddurment, uMeromuii pasmepHocts (M°/cex) ™ u

3aBHCAIMI OT pa3MmepoB peku (mpu Q > 5000 m%/cex n mmpuHa peku > 1500 M OH paBeH
0,95-10°, mpu  Q < 300 m>/cex u mupuHe pexn < 50 M, oH paseH 5,5-107),

bormee paspaboTaHsl METOABI pacyera BEPTHKAJIBHBIX PYCIOBBIX J1ehopMarimid,
OCHOBBIBAIOIINECS HA yyeTe OajaHca HaHOCOB:
oR ow
—+p—=0, (20)
OX ot

r7ie X u t - KOOpAMHATHI IJTUHBI U BpeMeHU; R- pacxo/ HAHOCOB; I' - UX TUIOTHOCTh; @ - IUIOMIAh
KUBOTO CEUEHHUsS. JTO BBIPAKEHUE IOJIO)KEHO B OCHOBY MOJIENICH Pa3MBIBOB pycell B HUKHHX
Obedax rumpoysioB, pazpadotanHbeix A.b.Bekciepom u B.M./lonen6eprom [7], y MOCTOBBIX OIIOD,
MIPU CTECHEHHWH PYyCJia BBIPABUTEILHBIMU COOPYKEHUAMH (J1amMOaMu), Mpu KapbepHO# J00bIYe U3
pycia nec4yaHo-TpaBUMHOW CMECH U T.J.

BriBoabI:

1. TIIpoananu3upoBaHbl METOAMYECKHUE OCHOBBI AMITUPUKO-CTATUCTUYECKUX MOJIEJIeH 2pO3Uu.
JlaHa MeToauKa onpeeseHus MOTEHIAa OBPAKHOM APO3UH.

2. PaccMOTpeHO HampaBiICHHWE W3YYCHHS DJPO3MH C TO3UIMH TEOPUH BEPOSITHOCTEH U
CIIy4alHBIX IIPOLIECCOB.

3. Ha ocHOBe U3BECTHBIX OKCIEPUMEHTAIBHBIX HCCICIOBAHUN aHATUTHUYECKH OMHCAH
MIPOLIECC HEJIMHEMHOIO pa3BUTHUSA JUIMHBI OBpAara BO BPEMEHHU.

4. IlpuBoaWTCS CUCTEMHBIN aHAIN3 METOJIOB ONPEEICHUS CKOPOCTEN pa3MbIiBa OEpPEroB peK.
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NANO SiO2-nin BETONUN XASSOLORINO TOSIRI
t.e.d., prof. Quvalov A.A. , k.e.n., dos. Abbasova S.1.
Azarbaycan Memarliq va Insaat Universiteti

BJIMSTHUE HAHO SiO2: HA CBOMCTBA BETOHA
o.m.H., npog., I'veanos. A.A., x.x.n., doy A6obacosa. C.H.
Asepbationcanckuii Apxumexmypro-Cmpoumenvhviil YHusepcumeme

INFLUENCE OF NANO SiO2 ON THE PROPERTIES OF CONCRETE
doctor of technical sciences, prof. Guvalov A.A., Ph.D., dos Abbasova. S.I.
Azerbaijan University of Architecture and Construction

Xiilasa. Mogalodo betonun méhkomliyini artirmaq {iclin maye nanoslavalorin totbiq imkanlar1
gostarilmisdir. Belo olavalordon biri nanohissaciklorin “asagidan-yuxariya” konsepsiyasi osasinda
alinan silisium-4-oksid zoludur. Betonun hazirlanmasi zamani zol superplastiklosdirici ilo birlikdo
suya olava edilir. Olavonin sementin kiitlosine nisboton az miqdarda qatilmasi miixtalif su/sem
nisbotlorindo betonun hom oyilmads, hom do sixilmada mohkomliyini xeyli artirir. SiO»
nanohissaciklori betonun mdhkomliyini, suya davamliligini vo uzunémiirliilityiinii shomiyyatli
doracads artirmaga imkan verir. Nanohissociklor eyni zamanda alitin  vo sementin digor
minerallariin hidratasiyasini siiratlondirir vo mikrosilikaya nisboton betonun mdhkomliyinin
artirtlmasinda daha aktiv rol oynaylr. 0,3% nano SiO2-nin superplastifikatorlarla birlikdo totbiqi
betonun 28 giinlilk méhkomliyinin nozarst niimunassi ilo miigayisads 66,8% artmasini tomin edir.
Hatta 0,25% nano SiO2-nin taotbiqi betonun 28 gilindo sixilmada méhkomliyinin 52,5% artmasina
imkan verir. Superplastiklosdirici istifado etmodon 0,25% nano SiO2-nin totbiqi zamani
niimunalorin 1-3 giinliik méhkomlik hoddinin artmasina baxmayaraq, 7 giindo méhkomlik hoddindo
artim miisahido olunmur. Zol slava etdikdo betonun moéhkomliyini yigma kinetikast yiiksolir.
Olavosiz niimunslordo 28 giinliik méhkomliyin 3 giinliik méhkomliya nisboti 1,92 oldugu halda
nano SiO; olave etdikdo bu gostarici 1,34 togkil edir.

Acar sozlar: nanoolavalor, beton, zol, hidratasiya, mohkomlik, superplastiklosdirici.

AHHOTanusi. B craThe mMoka3aHa BO3MOXXHOCTh NMPUMEHEHHS JKHIKUX HAHOIAO00ABOK IS
TIOBBIIIICHUSI MEXaHUYECKUX XapaKTepUCTHK OeToHa. OqHA M3 COCTABISIOMINX TAKHX JOOABOK —
30JIb JMOKCHJA KPEMHUs, TOJIYYeHHBIH W3 THIPOTEPMAIbHOTO pacTBopa. Bwmecte ¢
TUIACTU(UKATOPOM 3TOT 30J1b J00ABISIETCS B BOJAY 3aTBOPEHHS IEPEi MPUTOTOBICHUEM OCTOHA.
[Ipu OTHOCUTETHHO MAJIOM KOJIMYECTBE JJOOABKU OT pacxoja meMeHTa 3PPEKTHBHO MOBBIIACTCS
MIPOYHOCTh OETOHA HA TPU CXKATHE W MPH U3THOE IS Pa3IMIHOTO BOIOIIEMEHTHOTO OTHOIICHHSI.
Hanouactunpr SiO2 cHocOOHBI MOBBINIATH MPOYHOCTH OCTOHA, BOJOHEIPOHHIAEMOCTH U
J0ATOBeYHOCTh. OHH TaKXKe YCKOPSIOT THAPATAINIO aJUTa U APYrUX MUHEPAJIOB IIEMEHTa, TPUYEeM
HAHO- KpeMHe3eM 0oJiee aKTHBEH IPU YBEIUYCHHU MPOYHOCTH OETOHA, YeM MHUKPOKPEMHE3EM.
Beenenune 0,3 mac.% nHano SiO2 B KOMOMHAIMHM C CYNEPIIaCTH(PHUKATOPAMH  MPHBOAMUIO K
MTOBBIIIICHUIO IPOYHOCTH OeToHa B 28-THEBHOM Bo3pacTe Ha 66,8% 1o cpaBHEHHIO KOHTPOJIBHBIM.
Jaxe BBeaenue 0,25 mac.% Hano SiO2 crocoOCTBOBAIO TOBBIMICHUIO MPOYHOCTH OeTOHA B 28-
aHEeBHOM Bo3pacte Ha 52,5% . Ilpu BBemenun 0,25 mac.% nano SiO; 6e3 ruactugukaropa ot
pacxojia IIeMEHTa MOBbIIIATACh MPOYHOCTH TBEPABIX 00PA3IIOB MPHU CKATHU Tocie 1—3 cyToK HO, B
7-JTHEBHOM BO3pAacTe NPHUpAIICHUE MPOYHOCTH HE HaOmonanoch. [Ipy BBeieHUE 30714 KHHETHKA
Habopa TMPOYHOCTH OeToHa TOBbIIIaeTCsS. OTHONICHHE MPOYHOCTH HPU CHKATHU B 28-IHEBHOM
BO3pAacTe K MPOYHOCTH MPH CKATHUHU B 3-THEBHOM BO3pacTe COCTABIISLIIO /it oOpasia 6e3 SiOz 1,92,
a st oOpasia ¢ 3Toit nodaBkoi 1,34.
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KiouyeBble  cjoBa:  HAHOYACTHIBI,  O€TOH,  301b,  THApaTalys,  I[POYHOCTb,
cymnepIuiacTuukarop.

Summary. The article demonstrates feasibility of application of nanoadditives for improvement
of the mechanical characteristics of a concrete. One of the ingredients of such additives is sol of
silicon dioxide obtained from a hydrothermal solution. Together with a plasticizer this sol is added
to the mixing water before preparation of concrete. With a relatively small amount of additive from
the consumption of cement, the strength of concrete in compression and in bending effectively
increases for various water-cement ratios. SiO, nanoparticles are capable of increasing concrete
strength, water resistance and durability. They also accelerate the hydration of alite and other cement
minerals, and nano-silica is more active in increasing the strength of concrete than microsilica. The
introduction of 0.3 wt.% Nano SiO> in combination with superplasticizers led to an increase in the
strength of concrete at 28 days of age by 66.8% compared to the control. Even the introduction of
0.25 wt% nano SiO: increased the strength of concrete at 28 days of age by 52.5%. With the
introduction of 0.25 wt.% Nano SiO> without a plasticizer, the strength of solid specimens in
compression increased after 1-3 days from the consumption of cement, but no increase in strength
was observed at the age of 7 days. With the introduction of ash, the kinetics of concrete strength
gain increases. The ratio of compressive strength at 28 days of age to compressive strength at 3 days
of age was 1,92 for a specimen without SiO», and 1,34 for a specimen with this addition.

Keywords: nanoparticles, concrete, sol, hydration, strength, superplasticizer.

Giris. Nanonateriallar digor sahslorlo yanasi insaat materiallar1 sonayesindo do genis totbiq
olunur. Nanohissaciklorin betonun qurulusuna tosirini 0yronmak ii¢lin miiasir fiziki-kimyavi analiz
iisullarindan istifado etmoklo kompleks todqiqatlar aparilmisdir [1,2]. Alinmis naticolor asasinda
kalsium-hidrosilikat gelinin qurulusunun nano saviyyado yaranma Kkinetikasi haqqinda yeni
tosovviirlor formalagmisdir. Gelin qurulusunun 1-5 nm soviyyasinds olmasi miioyyon edilmis vo C-
S-H-n tobaqe halinda yi1gilmasi miisahido olunmusdur [2]. Ayri-ayri tobagolor adasindaki mosafa
bir-ne¢co nanometr togkil edir. Hidratasiya zaman1 onlarin miqdan artir, hissaciklor aqreqasiya edir
va miixtolif formada (asagi, yiiksok vo ultrayiiksak sixliqli) amorf gel (1mkm) amalo gotirir.

Miiayyon edilmisdir ki, gel vo ya sement donalorinin sathlori vo tobagalari arasinda qarsiligh tosir
elektrostatikdir, lakin bu fakt Deryagin-Landau-Ferbek-Ostvaldin (DLFO) klassik nazariyyasi ilo
osaslandirila bilmir. Sementin hidratasiyast zamani yaranan miixtolif quruluslu gellor forqli
mexaniki xiisusiyyatlora, o climlodon, forqli parametrloro malik yiiksok, ultra yiiksok vo asagi sixliga
malik olur. Betonda gellorin hocm nisbatinin sementdon vo qarisigin hazirlanma sortlorindon asili
olmasina baxmayaraq, yiiksok vo asagi sixliqli gellorin mexaniki xiisusiyystlori bir sementdon
digorino kegorkon doyismir. Gelin sabit stoxiometriyasi yoxdur, onun kimyoavi torkibi garisigin
miixtalif yerlorinde miixtalif ciir olur. Ona gora da gelin torkibi Ca-Si nisbati ilo xarakterizs olunur.
Elektron mikroskopunda goriindiiyii kimi bu nisbat 0,6-2,0 araliginda doyisir.

Bu proseslori nozors alaraq, hal-hazirda betonlarin nanomodifikasiyasi intensiv inkisaf edir [3,4]
O, bork vo maye fazalarda, homg¢inin fazalararasi sorhodlordo hoyata kecirilo bilor. Sement
sistemlorinds nanotexnologiyanin totbiqino nail olmagq {igiin asagidaki mosalalorin halli vacibdir:

* betonun hacmi {izra nanohissaciklorin homogen paylanmasi;

* laboratoriya naticolorinin sanaye saviyyasine kecirilmasi;

* nano slavalarin maya dayarinin azaldilmasi, onlarin totbiqi tisullarinin optimallasdirilmasi.
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1000 m?/q xiisusi sotho malik olan nanohissociklor yiiksok aktivliklori ilo forglonir. Onlar
hidratasiya reaksiyasini siirotlondiron morkozlor, eloco dos, betonun sixligini artiran vo
masamoaliliyini azaldan mikro doldurucular kimi tesir eds bilor.

Betonun xiisusiyyastlorini yaxsilasdirmaq tigiin nanohissaciklorin istifadosi ilo bagli islorin
oksariyyati nano SiOz [5] ilo olagodardir. Fe2Os [6], Al2Os [7] vo montmorillonit [8]
nanohissaciklorinin istifadosi, homginin sement hissaciklorinin nano soviyyado hazirlanmasi vo
nanoyapisdirici [9] kimi totbiqi iizro do todqiqatlar aparilmigdir.

Betonun texnoloji xiisusiyyatlorini yaxsilasdirmagq ii¢clin miixtalif nanohissaciklarin vo kompleks
nano alavalorin istifadosina dair bir sira todqiqat islori mévcuddur. Miivafiq tedqigatlarin qisa icmali
[10]-da verilmisdir.

Xiisusi sothi 20-1000 m?/q, hissociklorinin 6l¢iisii 3-150 nm olan SiO2 nano olavesini
superplastiklosdirici ilo kompleks halda istifads etdikdo su/sem=0,25 olan sement xomirinin 1 diindo
mohkomlik hoddi ¢ dofs, 28 giindo iso iki dofo artmusdir [11]. Superplastiklosdirici istifads
edildikds betonun 1 giinds sixilmada méhkomlik haddi 68,2 MPa, slavesiz tarkibin mohkomliyi iso
comi 22,7 MPa, uygun olaraq 7 giindo mohkomlik 77,3 vo 32,7 MPa, 28 giindo iso - 91,7 vo 45,2
MPa toskil edir [10]. Superplastifikatordan istifado edorok hazirlanmis niimunslorin sixilmada
mohkomlik hoddi su/sem nisbotindon asili olaraq doyisir. Su/sem nisbatinin artmast ilo 28 gilindo
sixilmada mohkomlik haddi asagidak: asililiga uygun olaraq azalir [11]:

R28 — 208’388-3.0881su [sem (RZ = 097)

Beloliklo, nanohissociklorin betonda totbigini genislondirmok {i¢iin  onlarin betonlarin
xiisusiyyotloring tasir mexanizminin dyronilmasi, eloca do superplastiklogdiricilorlo kombinasiyada
ucuz va effektiv maye nanohisiisaciklorin alinmasi texnologiyasinin islonib hazirlanmasi lazimdir.

Materiallar vo tadqiqat tisullar:

Todqgiqgatlar zamani beton niimunolorinin hazirlanmasi {icin NORM sement zavodundan
gotirilmis AZS EN 197-1 standartinin talablorina uygun CEM 1 52,5 portlandsementi totbiq
edilmigdir. Tacriibolordo olavasiz nozarat torkiblori vo olavalorlo modifikasiya olunmus beton
tarkiblori tadqiq edilmisdir. Hiperplastifikator kimi MisterFix sirkotindon gatirilmis, polikarboksilat
efirlori asasli Betonmix 1211-A, nano slava kimi Canlibel yataginin kaolin gilinin termiki emal
mohsulundan aliiminium-oksidin alinmasi zamani1 tullant1 kimi yaranan silisium zolu ilo kvars
qumunun garisigindan maye miihitdo xtisusi tsulla alinmig SiO2 zolu (MSZ) totbiq edilmisdir.
Betonmix 1211-A rongi agig-sari, sixligi 1,1 kq/l, pH=5 olan maye halinda mohsuldur.

Betonun hazirlanmasinda doldurucu kimi Bohramtops qumundan (irilik modulu 2,1) vo Qubanin
Qudyalgay karxanasindan gatirilmis qirmadasdan (fr.5-10mm, fr.10-20mm) istifado edilmisdir.
miioyyon edilmisdir. Betonun sixilmada mohkomliyi standart tisulla QOST 10180, méhkomlik iizro
eynicinsliliyi QOST 53231-2008, orta sixligt QOST 12730.1-78 {izro toyin edilmisdir. Beton
niimunslarinin hazirlanmasi siiratlondirilmis texnologiyadan istifads etmaklo hoyata kegirilmigdir.
Bunun {i¢iin onlar barkime kamerasinda asagidaki sxem tiizra termiki emala ugradilmigdir:

* 95% nisbi riitubatde temperaturun 23°C -don 50°C-o godor xatti yiiksolmasi - 120 doq;

* 95% riitubatdo 50°C-ds niimunslarin izotermik qizdirilmasi - 480 dag;

* 95% riitubatds niimunslarin 20°C-9 gadar soyudulmasi- 120 daq;

* niimunslorin 20°C temperaturda vo 50% nisbi riitubatdo - 24 saat orzindo saxlanilmasi.

Miizakiralar. SiO> zol asasli nano alavalorin (MSZ) ayrica va superplastiklosdirici ila birlikdo
betonun xiisusiyyatloring tosiri dyronilmisdir. Sementin kiitlosinin 0,01% va 0,1% miqdarinda SiO2
zolu olave edildikds betonun sixilmda méhkomlik hoddi nazarst niimunasing nisbaton uygun olaraq
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42,8%, vo 52,5% artir. Sixilmaga qarst mohkomliyin sinagi aparilan zaman nano olave
superplastifikatorla birlikdo istifado olunmusdur. Nozarot niimunolori hazirlayarkon beton
qarisiginda su/sem nisbati 0,5, superplastifikator olave etdikdo su/sem=0,4, superplastifikator vo
SiO2 zolunu birgs istifado etdikdo do su/sem=0,4 olmusdur. Superplastifikator olavo etdikdos 0,4
su/sem nisbotindo sixilmada mohkomliyin artmasi 40 % toskil edir. 0,3% MSZ vo 0,8%
superplastifikator slava etdikds 0,4 su/sem nisbatinds betonun sixilmada méhkoamlik haddi nazarat
niimunalaring nisbaton 66,8% artir (codval 1).
MSZ. slavasi ils superplastiklogdiricinin kompleks halinda betonun méhkamliyina tosiri

Cadval 1

Kompleks slavenin miqdari, % Sixilmada

Ne (sementin kiitlasi iizro) Su/sem méhkomlik

MSZ Betonmix 1211-A haddi, MPa
1 - - 0,5 36,2
2 - 0,8 0,4 49,3
3 0,01 0,8 0,4 51,7
4 0,1 0,8 0,4 55,2
5 0,3 0,8 0,4 60,4

Todqiqat naticalori gostormisdir ki, MSZ va superplastifikatordan ibarst kompleks oslavonin
smagl zamani su/sem nisboti 0,5-0,38 intervalinda, superplastifikatorun miqdar1 iso sementin
kiitlasinin 1,0%-1 migdarinda gotiiriildiiyli zaman su/sem nisbatinin artmasi ilo ganunauygun olaraq
betonun moéhkomlik hoddi azalir.

Goriindiiyli kimi eyni su/sement nisbatinda superplastifikatorun slave edilmosine baxmayarag
MSZ qarisigin 6zliiliiytinii va sortliyini artirir (cadval 2).

MSZ miixtalif migdarinda konusun ¢okmoasi (su/sem = 0,45) Codval 2

Olavolorin miqdar1 (sementin kiitlosi {izra, %-10) ] ‘
e MSZ Betonmix 1211-A Konusun ¢6kmasi, sm
1 0 1 8,085
2 05 1 4550
3 0 05 4550
4 0,25 0,5 2426
> 0 05 6,055
° 0.1 05 4,050
! 0 05 4,950
8 0,05 0,5 4,0-5,0

Sementin kiitlosinin 0,5% miqdarinda MSZ qatilmis betonun sixilmada mdohkomlik
hoddinin artma kinetikasi sok. 1-do gdstorilmlsdir.
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Zol olava etdikds betonun mdéhkomliyini y1igma kinetikasi yiiksalir. ©lavasiz niimunolordo 28
giinliik méhkomliyin 3 giinliik méhkomliys nisbati 1,92 oldugu halda bu goéstoricic  MSZ olava
etdikdo 1,34 toskil edir.

Cadval 3-do miixtalif miqdarda MSZ slavs edilmis niimunalorin eyni su/sem nisbatinda 3 va 28
giinliik moéhkomliklorinin nazarat niimunslori ilo miiqayisali naticalori gostorilmisdir. Gorlindiiyii
kimi betonun yas1 artdigca méhkomliyinin yiiksolmasi azalir.

MSZ miixtalif midarinda betonun méhmoamliyinin mazarat niimunalaring nisbaton artmasi

Cadval 3
Ne SiOy, Sixilmada moéhkomlik haddinin artimi, %
B (sementin kiitlasi tizra, %) AR3 ARz
1 0,5 63,0 13,8
2 0,25 39,0 10,0
3 0,1 38,8 13,6
4 0,05 20,0 0,45

Sok.2-do su/sem nisbati 0,45 oldugda MSZ miqdarindan asili olaraq sixilmada mohkomlik
hoddinin nisbi artmasi verilmisdir.

Umumiyyatla, aparilmis todgigatlar noticosinde miioyyen edilmisdir ki, SiO2 nanohissaciklorinin
xiisusi sothi (50-den 500-1000 m?/g-a qodor) betonun mexaniki xiisusiyyatlorinin artirilmasinda
halledici rol oynayir. O, kalsium silikatlarin hidratasiyasinin aktivlosmasina vo C-S-H hidratlarinin
omolo golmosing, hamginin C-S-H gelinin nanostrukturunun doyigsmosine komok edir. ©lavenin
istifadasi 40%-0 godor semento gonast etmaya, konstruksiyanin galinliginin azalmasina vo beton
momulatlarinin daha erkaon istifadosine imkan verir.

Noatica
1.MSZ slavs edilmosi méhkomliyin yigilma siiratini artirir vo R2g/R3 nisbati nozarat nlimunalori

ilo miigayisado nanooalavali niimunslordo asagi olur.
2.S5102 nanooalavasi 0,05%-don baglayaraq 0,5%-0 qodor betonun 3 giinliik méhkomliyinin
artmasina shomiyyatli doracads tosir edir. SiO2 nano slavasinin  miqdar1 0,5-1,0% olduqda
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28 giinliik mohkomlik 3 giinlilk noticoloro nisboton zoif artir. Asagi su/sem nisbotindo
nanoaslavalorin tasiri 6ziinii daha qabariq gostorir.
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MSZ-nun miqdar, %.
Sak.2. Su/sem nisbati 0,45 oldugda MSZ miqdarindan
astl olaraq sixilmada mohkamlik haddinin nisbi artmasi
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HUCCJIEJOBAHUE ITPUT'OJHOCTHU K HUCIIOJIBb30BAHMIO HIEBHA PETMOHOB
JOJUHBbI PEK APAKC B KAPABAXE B KAYECTBE 3ANOJHUTEJIA AJId BETOHA

STUDY OF THE SUITABILITY FOR USE OF GRAVEL IN THE REGIONS AROUND
ARAZ RIVER IN KARABAKH AS A CONCRETE AGGREGATE

Xiilasa: ©Omtoo betonu istehsalinda doldurucularin fiziki-mexaniki vo kimyovi xassalori xiisusi
ohomiyyato malikdir. Bundan basqa, insa edilocok tikinti layihalorinds bina va tikililorin davamli vo
uzundmiirlii olmasi ti¢lin doldurucularin galovi-slikat reaksiyasi da dnomli xiisusiyyatlordon hesab
olunur. Qarabagin va Sorqi Zongazurun isgaldan azad edilon bolgolarinds aparilan yenidonqurma
layihalari {i¢giin istehsal edilocok betonlarin hazirlanmasinda hamin bdlgslorin doldurucularinin
istifadasi mithimdir. Bu baximdan, Araz Cayi atrafi bolgslords (Fiizuli, Cabrayil va Zongilan) olan
doldurucularin fiziki-mexaniki xassalorinin arasdirilmasi zorurati yaranmisdir. Bels ki, Araz ¢ay1
otrafi bolgolords yerlogon vo karxana qurulmasi nozords tutulan 7 forqli monbadon das niimunslori
gotliriilmiisdiir. Bu arasdirmada bohs edilon niimunolorin kimyovi oksid torkibi toyin olunmus, su
hopma va xiisusi ¢oki sinaqlari, xlor analizi, golovi-slikat reaksiya sinaqlari, silindrds xirdalanma
mohkomliyi, Los Angeles (asinma), saxtayadavamliliq (MgSO4 vo NaxSQO4) kimi sinaglar1 hoyata
kecirilmis vo naticolor miivatiq standartlara uygun qiymaotlondirilmisdir. Notico olaraq, Qarabagdaki
beton istehsallarinda istifads edilon betonlarin istehsalinda Araz ¢ay1 strafi bolgslords olan (Fiizuli,
Cabrayil vo Zongilan) doldurucularin standartlara uygun goldiyi vo somaorali istifado edilo bilocoyi
miioyyan olunmusdur.

Acar sozlor: Araz c¢ay1 otrafindaki bolgslorin (Fiizuli, Cabrayil va Zangilan) dolduruculari,
fiziki-mexaniki xassalori, golovi-slikat reaksiyasi, Qarabag, Azarbaycan.

AHHOTanusA: PU3MKO-MEXaHUYECKHE M XHMHUYECKUE CBOWCTBA 3alOJHUTEIEH WIParOT
CYLIECTBEHHYIO pPOJIb IPH MPOU3BOJACTBE TOBapHOro Oerona. lllenodyHo-cuinkaTHas peaxius
3al0JIHATENIEH C ILIEMEHTOM Ha TEPPUTOPUU CTPAHbl CUMUTAETCS OJHOM M3 3HAYUMBIX JUIsS
oOecreyeHus MPOYHOCTH U JIOJTOBEYHOCTH KOHCTPYKUMH 3JaHUN M COOpYKEHUH OymyIimx
CTPOUTENBHBIX MNPOEKTOB. Mcrmosib30BaHME 3aMONHUTENEH U3 OCBOOOXKICHHBIX OT OKKYIAIMU
perunonoB Kapabaxa n Boctounoro 3anre3ypa npu mpou3BoACTBE OCTOHOB, MPEAYCMOTPEHHBIX IS
BOCCTaHOBUTEIHHBIX MIPOEKTOB, PEATU3YEMBIX B 3TUX PETHOHAX, UMEET 0co00e 3HaueHue. B aTtom
OTHOIIIEHWH BO3HUKJA HEOOXOAMMOCTh B HCCIEJOBAHUM (PU3NKO-MEXAaHUUYECKHX CBOMCTB
HATIOJTHUTEJICH PETHOHOB B IOJIMHE peKu Apakc (paiionst @uzynu, [xedpann u 3anrenan). Tak, u3
7 pa3IMuYHBIX MPEANoJIaraéMbIX KapbepoB B JOJIMHE PEKH Apakc, NpeIHAa3HAYCHHBIX MJIs
WCIIOJIb30BAaHUSI B CTPOUTEILCTBE, OBLIN B3STHI 00pa3ibl ChIPhs. B paMkax mccienoBaHus ObLTH
OnpeleNIeHbl XUMUYECKUN OKCUAHBIA COCTaB, NMPOBEJACHbI HCIBITAHUS HAa BOJO-TOTJIOIICHUE U
YACIbHBIA BEC, UCIBITAHUS ISl OMPECICHUS MIEIOYHO-CHIIMKATHOM PEaKTUBHOCTH, MapKH IO
JIPOOMMOCTH U MOpo30cTorKocTH (B pactBopax MgSO4 n NaxSQOs), ucnbiTanue Ha UCTUpaHue (Ha
6apabane, JIoc-AHKeneC TecT) yKa3aHHBIX 00pa3loB, a TAKXKE aHAIM3 HA COJEp)KaHHE XJIOpHUIa.
Pe3ynbrathl OBUIH OLIEHEHBI B COOTBETCTBHUHU C ACHCTBYIONIMMH CTaHIapTaMH. bplia ycTaHOBIEHA
MPUTOHOCTh 3alOJIHUTENIE W3 PETHOHOB JOJMHBI peku Apakc B paiione Kapabaxa «
WCIOJIb30BAaHUIO NP MPUTOTOBICHUU OETOHOB Pa3IMYHOTO HA3HAYCHHUS.
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KioueBble cjioBa: 3aroqHUTENIM W3 PETHOHOB B JoJuHE pekn Apakc (paiionsl dusynu,
JlxeOpamn wu 3aHrenaH), (QU3MKO-MEXaHWMYECKHE CBOWCTBA, MICIIOYHO-CHIIMKATHAS PEaKIHs,
Kapabax, AzepOaitmkan.

Summary: Physical, mechanical and chemical properties of aggregates are of special
importance in the production of ready-mixed concrete. In addition, the alkali-silicate reaction of
aggregates is one of the important factors in construction projects for the durability and longer
service life of buildings and construction structures to be built. It is important to use aggregates from
the liberated regions of Karabakh and East Zangazur in the preparation of concrete to be produced
for reconstruction projects in those regions. In this regard, it is necessary to study the physical and
mechanical properties of aggregates in the regions around Araz River (Fuzuli, Jabrayil and
Zangilan). As such, gravel samples were taken from 7 different sources located in the regions around
Araz River and where the quarry is planned to be built. The chemical oxide composition of the
samples was determined, water absorption and specific gravity tests, chloride test, alkali-silicate
reaction tests, aggregate crushing strength test, Los Angeles test, frost resistance (into solution of
MgSO4 and Na2S04) tests were performed and the results were assessed in accordance with the
relevant standards. As a result, it was determined that the aggregates in the regions around Araz
River (Fuzuli, Jabrayil and Zangilan) conforms to the standards and can be used effectively in the
production of various concretes to be used for the projects in Karabakh.

Key words: Aggregates of the regions around Araz River (Fuzuli, Jabrayil and Zangilan),
physical and mechanical properties, alkali-silicate reaction, Karabakh, Azerbaijan.

Giris

Qarabagm vo Sorqi Zongozurun isgaldan azad edilon bolgalorinds aparilan yenidonqurma
layihalori {igiin istehsal edilocok betonlarin hazirlanmasinda hamin bélgalorin doldurucularinin
istifadosi mithiimdiir vo iqtisadi cohatdon daha slverislidir. Bunun ii¢iin bu doldurucularin betona
uygun olub olmamasinin arasdirilmasi vacibdir. Bu tadqiqat isi {i¢iin isgaldan azad edilmis Araz
cayl otrafinda yerloson bolgalordon (Fiizuli, Cabrayill vo Zongilan) 7 forqli karxanadan das
niimunolori gotiiriilmis, uygun olaraq laboratoriya tipli qiricida qirmadas halina salinmis vo sinaga
hazir hala gotirilmisdir. 7 forqli karxanadan olan doldurucu niimunalorinin kimyavi oksid torkibi
toyin olunmus, su hopma vo xiisusi ¢oki sinaqlari, xlor analizi, galovi-silikat reaksiya sinaqlari,
silindirdo  xirdalanma mdohkomliyi, Los Angeles (asinma) smagi, MgSOs Vo NaxSO4
saxtayadavamliliq kimi sinaqlar1 hoyata kegirilmisdir. Noticolor miivafiq standartlara uygun
giymatlondirilmigdir. Doldurucularin yoxlanilan biitiin xtisusiyyatlari nazars alinaraq miixtalif név
betonlarda istifadasi tiglin timumi giymatlondirms aparilmigdir.

Son illards 6lkamizds insa edilon Baki Alov Qiillalari vo Heydor Oliyev Adina Hava Limaninin
Yeni Terminal binas1 kimi iri layihalords beton doldurucularinin se¢imi zamani galovi-silikat
reaksiyasi sinaqlart aparilmis, ona asasan doldurucular va beton torkibi segilmisdir. Qarabagda vo
Sargi Zongozurdaki yenidonqurma layihalorinds istifads olunacaq beton doldurucularinda da bu
sinaqglarin aparilmasi vacibdir. “Norm Sement”in laboratoriyasinda bu sinaqlarin aparilmasi {igiin
sorait yaradilmisdir.

Qolovi-doldurucu reaksiyasinin 2 formasi var: galovi-silikat reaksiyasi (QSR) va galovi-karbonat
reaksiyasi (QKR). Qoalovi-silikat reaksiyasi dolduruculardaki silikatlar ilo sementdoki golovilor
arasindaki reaksiyaya osason, golovi-karbonat reaksiyasi isa dolduruculardaki karbonatlar (masalan,
dolomit) ilo sementdoki golovilor arasindaki reaksiyaya osason bas verir [1]. Silikatlar sementdoki
golavilarlo reaksiyaya girorok higroskopik golovi-silikat geli yaradir. Amerikada 1940-c1 illordo
tikilon beton konstruksiyalarinda zaman keg¢dikco golovi-silikat reaksiyasi sobabi ilo beton ¢atlari
omoalo galmisdir [2]. Qalavi-silikat reaksiyasi, beton sathlorda genislonma, catlama, gel yaranmasi
Vo zororli ag ¢okiintiilor kimi 6ziinii gostoron ciddi ziyanlara sobob olmusdur [3,4]. Beton
doldurucularinda zararli reaksiya olan golovi-silikat reaksiyasinin giymatlondirilmasi tigtin miixtolif
sinaq metodlar inkisaf etdirilmisdir. Diinyada bu sinaq metodlarindan on ¢ox istifads olunanlari
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ABS standartlaridir: ASTM C295: Doldurucularin petrografik giymatlondirilmoasi, ASTM C1260:
Siiratlondirilmis mahlul ¢ubuglarinin siagi, vo ASTM C1293: Beton niimuns siagi [5,6,7].

1. Doldurucularin kimyavi oksid tarkibinin tayini

Tadgiqgat isinds istifads olunan 7 doldurucu niimunasi ardicil olaraq K1, K2, K3, K4, K5, K6 va
K7 olaraq kodlasdirilmisdir. Bu doldurucularin kimyavi torkib analizi icra edilmis vo Codval 1-do
gostaorilmisdir.

Doldurucularim kimyavi tarkibi (X-Ray analizi) Cadvai 1
NE;‘SL“;’ K1 K2 K3 K4 K5 K6 K7
NE?&?Q Qurmadas | Qrmadas | Qumadas | Qumadas | Qurmadas | Qurmadas | Qirmadas
Kﬁz";trltg“"’d@ 222 | 4277 | 4147 2.94 6.10 1890 | 42.20

SiO; 62.75 1.19 4.03 54.34 60.49 35.86 1.50
AlO3 16.42 0.32 1.00 17.03 11.96 9.23 0.43
Fe20s 512 0.18 0.66 7.32 4.47 4.62 0.28
CaOo 5.50 54.64 51.44 8.31 9.32 25.64 54.41
MgO 2.09 0.60 0.83 3.25 1.39 1.66 0.47
SOs 0.05 0.10 0.10 0.09 0.11 0.29 0.43
Na2O 3.10 0.02 0.13 3.87 3.25 2.70 0.04
K20 1.74 0.04 0.12 1.54 2.03 0.45 0.07
TiO 0.53 0.06 0.09 0.74 0.50 0.34 0.06
P20s 0.17 0.02 0.03 0.23 0.13 0.07 0.03
Mns;O 0.11 0.00 0.02 0.14 0.09 0.11 0.02
SrO 0.05 0.04 0.06 0.06 0.04 0.06 0.04
ZnO 0.01 0.00 0.00 0.01 0.01 0.01 0.00
Cr,0 0.01 0.00 0.00 0.01 0.01 0.01 0.00

Kimyavi analiz naticalarine géra bu doldurucular asason 3 névs ayrila bilar:

* SiOzasash : K1, K4 va K5 kodlu niimunalar

* CaO ssash: K2, K3 va K7 kodlu niimunalar

* Hom SiO2, ham da CaO asash: K6 kodlu niimuns

Doldurucunun keyfiyyatino manfi tasir edobilocak bir sira oksidlar (MgO, SO3, Na,O, va K20)

biitiin doldurucularda ¢ox yiiksok deyildir.

2. Doldurucularn fiziki-mexaniki va kimyavi xassalari

Beton istehsalinda uygun materialin miioyyon edilmosi zamani doldurucularin xiisusi ¢okisi vo

onun su hopma xassasi ¢ox vacibdir. Doldurucularin xiisusi ¢oki, su hopma va xlor analizlori Cadval
2-do gostorilmisdir. Beton istehsalinda uygun materialin toyin edilmasi tigiin iri doldurucularin su
hopmasinin 1%-in altinda olmasi tvsiyys olunur.

2.1. Xiisusi ¢aki va su hopma %-nin tayini:

+ K2 va K4 kodlu niimunolorin xiisusi ¢okisi uygun olaraq 2.67 v 2.63 Mg/m? olmus vo normal
sayilir. Lakin, digor 5 niimunonin xiisiisi ¢oKisi nisbaton az (2.57-2.59 Mg/m? arasi) natico
vermisdir.

* Biitlin niimunalarin su hopma %-i 0.24-0.49 % araliginda toyin edilmis vo 1%-don az oldugu
liclin beton doldurucusu {igiin yararli hesab edilir.
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2.2. Xlor miqdar:
TS 706 EN 12620 standartina géra beton doldurucularinda suda hoall ola bilon xlor
miqdarinin 0.01%-don asag1 olmasi istonilir [8].
* K2 vo K4 kodlu niimunalarin xlor miqdari nisbaton yiiksok alinmisdir: 0.0180% vo 0.0173%.
Digor 5 niimunads iso 0.01%-don asagidir.

Doldurucularin xiisusi ¢aki, suhopma va xlor analizlari Cadval 2

Niimuna Niimuna Xtisusi Caki, (Mg/m) Su hopma Xlor

kodu Novi S:l::l igﬁgu;;ﬁ;hi Quru dano sixlig (%) (%)
K1 Qirmadas 2.59 2.58 0.41 0.0094
K2 Qirmadas 2.63 2.62 0.31 0.0173
K3 Qurmadas 2.58 2.57 0.24 0.0036
K4 Qirmadas 2.67 2.66 0.49 0.0180
K5 Qirmadas 2.57 2.56 0.45 0.0047
K6 Qirmadas 2.58 2.57 0.45 0.0014
K7 Qirmadas 2.58 2.57 0.42 0.0040

2.3.Silindirds xirdalanma moéhkamliyi (marka) vo parcalanmaya qarst miiqavimat
(asinma miigavimati)

DUST standartina géro doldurucularm silindirik niimuna qabinda agir yiik altinda ozilmasi ilo
onlarin moéhkomlik haddi toyin edilir. Bu smaqglar FHN, S.©.Dadasov adina institutun sinaq
markazinde hayata kegirilmisdir. DUST 32703-2014 [9] standartina géra doldurucularin silindrde
xirdalanma mohkomliyi (Marka) sinaq naticalori Cadval 3-do gostorilmisdir.

Sinaqlara gora, K4 kodlu niimuns an yiiksak notico vermisdir (1400 marka). K3 vo K6 kodlu
niimunalar isa 1000 marka, digor karxanalara aid niimunalor (K1, K2 va K5) isa 800 marka tayin
edilmisdir.

Tékmo sixiginin vo DUST 32703-2014 standartina géro doldurucularin markasmn tayini.  Cadval 3

Tékm Pargalanmaya qars1 miigavimat (Asinma)
Niimuna Niimuna sSchglg Mohkamlik o (L S
kodu Novii Y Marka tki 7o-1 (LOS naq
kg/m? ( ) Angeles IIEOS Angeles Naticasi, %
ateqoriyasi

amsalr)
-250/4-

K1 Qirmadas 1370 800 20q§3 9/: ° (L%s) 22.0
-200/4-

K2 Qirmadas 1380 800 15q§8 9/: 2 (L%O) 19.6
-2004-

K3 Qirmadas 1400 1000 15q§8 Voo (L%O) 17.2

K4 Qirmadas 1600 1400 15%-0 godor (Lﬁis) 14.6
-200/4-

K5 Qirmadag 1320 800 15q§3 9/: ° (L%O) 19.3
-200/4-

K6 Qirmadas 1385 1000 15q§g 9/;’ ° (L%O) 18.3
-250/-

K7 Qrmadas 1310 800 20q§39/: ° (LI;\I;S) 23.2
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Azarbaycandaki ¢ay yatagi doldurucular1 (Quba, Imisli, Qobalo vo s.) oasason 1000 markadir vo
bu materiallarla C50/60 sinif betonlara godoar yiiksok miiqavimatli betonlar istehsal edilo bilar.

K1, K2, K5 vo K7 kodlu niimunslor 800 markali doldurucular olub, Siyazon bdlgasinin
materiallarina oxsardir vo daha avval bu ciir materiallarla C40/50 vo asagi sinif betonlar istehsal
edilmisdir. K4 kodlu niimunas iso 1400 marka vo bu da dag siixurlar1 godor méhkom bir materialdir.
Bu doldurucu ila C60/75-2 gadar vo daha yuxar1t miigavimatli betonlar istehsal edils bilor.

Pargalanmaya qars1 miiqavimat sinaqlarina gora, K4 kodlu niimuns an yiiksok kateqoriya olaraq
toyin olunmusdur: DUST 32703-2014-0 goro (M1), EN 12620-ya gora (LA15).

TS 706 EN 12620 standartina gora LA15, LA20 kateqoriyalarina sahib doldurucular sadaca givili
qis tokarlori istifada olunan nagliyyat vasitalori iigiin nazards tutulan bolgaloards yol layihalarinin
sath tobagasi ti¢iin talob olunur. Standartin bu talabini, K4 kodlu niimuna (M1(LA15)) va K2, K3,
K5, K6 kodlu (M2 (LA20)) doldurucular tomin edir.

K1 vo K7 kodlu dolduruculari iso 13 (LA25) kateqoriyasi olaraq toyin olunmusdur v ¢ivili qis
tokorlori istifado olunmayan nagliyyat vasitalori iigiin olan yol layihalorinds bu dolduruculardan
istifado oluna bilar. Eloca do yol tikinti layihalarinds alt gat olaraq istifads oluna bilar.

3. Doldurucularin galavi-silikat reaksiyasinin tayini

Doldurucularin golovi-silikat reaksiyasi sinagt ABS-in ASTM C1260 standartina goro
aparilmigdir. 7 Kkarxanadan gatirilon daslar qirilaraq forgli fraksiyali qumlar halina salinir.
Bu fraksiyali qumlardan miiayyan kiitlolords toplanaraq 990 qram qum, 440 gram portlandsement
vo 206.8 gram su ilo hazirlanan mahlulu 25x25x285mm-lik prizmalar soklinda tokiiliir, +80+2°C
temperaturda olan 1N NaOH mohlulunda 14 giin saxlanilir vo nisbi uzanmalar baslangic, 3, 7, 10
Vo l4-cli glinlordo Ol¢iiliir. Bu todgigatda, 21 vo 31-ci giinlor iso standartdan slavo olaraq
Ol¢iilmiisdiir. Siaq naticalari Codval 4-do gostorilmisdir.

ASTM C1260 standartina gora galavi-silikat reaksiya sinaq naticalari Cadval 4
Niimuno | Niimuno 3 giin 7 giin 10 giin 14 giin 21 giin 31 giin
kodu Novii sonra sonra sonra sonra sonra sonra

K1 Qirmadas | 0.12% 0.13% 0.12% 0.11% 0.12% 0.11%

K2 Qumadas | -0.04% | -0.01% | -0.01% -0.02% -0.02% -0.01%

K3 Qmrmadas | 0.08% 0.01% -0.05% 0.05% 0.06% 0.06%

K4 Qummadas | -0.03% | 0.01% 0.01% 0.02% 0.03% 0.04%

K5 Qmrmadas | 0.02% 0.03% 0.03% 0.03% 0.09% 0.10%

K6 Qmrmadas | 0.01% 0.02% 0.03% 0.02% 0.05% 0.06%

K7 Qurmadas | 0.02% 0.02% 0.02% 0.03% 0.04% 0.05%

ASTM C1260 standartinin talobine gors 14 giindon sonra doldurucularin nisbi uzanmasi 0.2%-
don ¢ox olmamalidir. Bu sinagin 14 giinliik olmasina baxamayaraq niimunalor NaOH mahlulunda
31 giina godor saxlanilmis vo 3, 7, 10, 14, 21 vo 31 giinds nisbi uzama faizlori miioyyan edilmisdir.
Cadval 4-dan va sokil 2-don goriindiiyii kimi 7 karxanadan gatirilon daslardan hazirlanan prizmalar
14 giin qalandan sonra nisbi uzanma faizlori -0.02% ilo 0.11% aras1 doyismisdir vo 0.2%-don az
olduguna gora bu doldurucularin heg birinds galavi-silikat reaksiya riskinin olmadigr miisahido
edilmisdir.

K1 kodlu niimuns 0.11% uzanma il an yiiksok natico vermisdir. 31 giindan sonra nisbi uzanma
faizlori -0.01% ils 0.11% arasinda doyismis va bu naticalar do 14 giinliik naticalor kimi standardin
maksimum nisbi uzanma faizinindon asagidir.

Karxanalarda doldurucu istehsali baglayandan sonra dolducurularin ilde bir dofo olmagla bu
sinaglarin tokrar edilmasi vacibdir.
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0,40%

0,30%

Nisbi Uzanma, %

—B—K1 Araz cayi otrafi bolgosinin qirmadasgi
=l=K?2 Araz ¢ay1 otrafi bolgosinin qirmadasi
#—K3 Araz ¢ay1 otrafi bolgosinin qirmadasi
K4 Araz cayi otrafi bolgosinin qirmadagi
—*—KS5 Araz cayi otrafi bolgosinin qirmadasgi
K6 Araz cayi otrafi bolgosinin qirmadagi
—8—K7 Araz gayi otrafi bolgosinin qirmadagi

ASTM C1260 standartina gors 14 glinden sonra nisbi uzanma maksimum 0.2% ola bilor

0,20% .
. .
0,10% wa . y —"
— _——— i — = | : ‘
,00% |
3 giin 7 gin Sll(:laq Miiddoati (%un) 21 gin 31 glin

Sakil 2. Doldurucularin galovi-silikat reaksiyast sinaq naticalari

Doldurucularin saxtayadavamhiliginin tayini

Araz cay1 otrafindaki bolgolords (Fiizuli, Cobrayil vo Zongilan) miixtalif karxanalardan
gotiiriilmiis doldurucularin saxtayadavamliliq smaglart DUST 33109-2014-0 uygun MgSOs Vo
Na,SO4 mohlullar istifado edilmoklo aparilmisdir [10]. AZS 472-2011 (DUST 8269.0-97) [11]
standartina goro doldurucularin saxtayadavamliliq markasi toyin edilmis vo naticalor Cadval 5-do

gostorilmisdir.

Bu sinaglar, FHN, S.8.Dadasov adina ET vo LK Insaat Materiallar1 Institutun stnaq morkazindo
hoyata kegirilmisdir.
AZS 472-2011 (DUST 8269.0-97) standartina gors doldurucularin

saxtayadavamhliq markasinin tayini Cadval 5
Na, 504 MgSO4
Niimuna . - Dovrlarin mohlulunda mohlulunda Saxtayadavamliliq
Niimuns Novii qirmadas qrmadas
kodu say1 . N . 7 markasi
niimunoasinin itkisi numunasinin
(%) itkisi (%)
1 7.
K1 Qirmadasg > 8 8 F50
10 - -
5 4.3 6.7
K2 Qirmadasg 10 58 : F50
5 2.84 3.44
F1
K3 Qurmadas 10 4.65 5.07 00
5 3.73 2.79
K4 Qrrmadas 10 479 4.08 F100
5 - -
K5 Qirmadasg 10 6.3 : F50
> - - F50
K6 Qrmadasg 10 74 i
K7 Qirmadasg 5 3.2 - F100
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Umumiyyatlo, TS 706 EN 12620 standartina goro doldurucularin su hopmasi 1.0%-dan asagi
olduguna gora doldurucularin saxtaya davamli oldugu hesab edils bilor. Yoxlanilan doldurucularin
hamisinin su hopmasi 1.0%-don asagidir vo saxtayadavamlidir. Bunu dagiglosdirmok iigiin DUST
33109-2014 standartina goro sinaqglar aparildi vo sinaglarin naticalorine gora doldurucularin
saxtayadavamliliq markasit F50 —F100 arasinda oldugu miiayyan olundu.

Naticalor

Har torofli aparilan sinaqlar, isgaldan azad edilmis Araz ¢ay1 otrafi bolgolordoaki (Fiizuli, Cobrayil
Vo Zoangilan) doldurucularin beton istehsali tigiin istifadesinin magsads uygun oldugunu gostorir:

K2 va K4 kodlu doldurucularin xiisusi ¢okisi uygun olaraq 2.67 vo 2.63 Mg/m?® natico
vermisdir. Lakin, digor 5 niimunonin xiisusi ¢oKisi nisbaton asag1 (2.57-2.59 Mg/m? aras1)
olmusdur. Betonda, iri doldurucularin suhopmasinin 1.0%-0an az olmasi tdvsiya olunur vo
sinaq naticalorine asasan 7 forgli qaynaqdan olan doldurucu niimunasinin suhopmasi 0.24-
0.49% araliginda doyismisdir.

TS 706 EN 12620 standartina gora beton doldurucularinda suda holl ola bilon xlor
miqdarini 0.01%-don asag1 olmasi istonilir. Yalmz K2 vo K4 kodlu niimunslorin xlor
migqdari nisbaton yiiksok uygun olaraqg, 0.0180% va 0.0173% olmusdur. Digar 5 niimunads
1S bu natics 0.01%-don asagidir.

Silindirds xirdalanma méhkamliyino géroa K4 kodlu doldurucu an yiiksok 1400 marka, K3
vo K6 kodlu doldurucu isa K4 kodlu doldurucu ilo miigayisads asagi 1000 marka, digar
doldurucular iso 800 marka natico vermisdir. Azarbaycandaki cay yatagi dolduruculari
(Quba, Imisli, Qabalo vo s.) asason 1000 markadir.

Parcalanmaya garsi miiqavimat (Asinma miigavimati) sinaqlarina gora, K4 kodlu niimuna
on yiiksok Kateqoriya olaraq toyin olunmusdur: DUST 32703-2014-5 goro (M1), TS 706 EN
12620-ys gora (LAL5). TS 706 EN 12620 standartina gora LA15, LA20 kategoriyalarina
sahib doldurucular sadaco ¢ivili qis tokorlori istifado olunan nagliyyat vasitalori iigiin
nozoards tutulan bolgalords yol layihalarinin soth toboagasi tigiin talob olunur. Standartin bu
tolobini, K4 kodlu niimuns (M1(LA15)) vo K2, K3, K5, K6 kodlu (112 (LA20)) doldurucular
tomin edir.

K1 vo K7 kodlu doldurucular iss M3 (LA25) kateqoriyasi olaraq toyin olunmusdur va ¢ivili
qis tokorlori istifado olunmayan nogliyyat vasitolori {igiin olan yol layihalorinds bu
dolduruculardan istifade oluna bilar.

Qolovi-silikat reaksiyasi smagqlarimin naticalorine asason 14 vo 31 giindon sonra nisbi
uzanma faizi -0.02% ilo 0.11% arasinda doyismis vo hor bir qaynaqdan alinan
doldurucularda golovi-silikat reaksiya riski olmadigi miioyyan olunmusdur. Karxanalarda
doldurucu istehsali baglayandan sonra dolducurularin ilds bir dofs olmagla bu sinaglarin
tokrar edilmasi vacibdir.

DUST 33109-2014 standartina goro aparilan sinaqlarin naticalorine géra doldurucularin
saxtayadavamliliq markas1 F50 —F100 arasindadir vo standarta uygundur.

Saxtayadavamliq toloblorino goro soyuq aylarda temperaturu -5-15°C olan iglimli
zonalarda agir betonlar vo miivafiq olaraq 0°C-don -10°C-doak digar iglimli zonalarda F100
saxtayadavamliq markasi tomin edilon doldurucular Hidravlik betonlarda istifads edila bilor.
O ctimladan, F50 vo F100 marka doldurucularin yol materiallar1 kimi istifadasi standartlarda
nazards tutulmusdur.

Todgiqatlar gostordi ki, isgaldan azad edilmis Araz ¢ayi otrafindaki bolgalords (Fiizuli, Cabrayil
Vo Zangilan) méveud olan doldurucu yataqlarindan Qarabagda vo Sarqi Zangozurda amtas betonu
istehsal1 vo yol materiali kimi istifadosi miimkiindiir.
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ABSERONUN ISTISMAR OLUNAN OHONGDASI YATAQLARININ
TULLANTILARINDAN SUNI UZLUK MATERIALLARININ
ISLONILMOSI MUMKUNLUYU
kicik elmi isci Yusifov Y.N. Azarbaycan Insaat vo Memarliq ETI

BO3MOKHOCTHU PABPABOTKU UCKYCCTBEHHBIX OBJIMIHOBOYHbBIX
MATEPHAJIOB N3 OTXOAOB PASPABATBIBAEMbIX
N3BECTHSKOBBIX KAPEPOB ABHIEPOHA
HOcugpos FO.H. Azepodationcanckuti HUH Cmpoumenscmea u Apxumexmypul

THE POSSIBILITY OF DEVELOPMENT OF ARTIFICIAL CLADDING
MATERIALS USING STONE MILLING WASTE DEVELOPED
LIMESTONE CAREERS OF ASHBERON'S
Yusifov Y.N. Azerbaijan Scientific- Research Institute of Construction and Architecture

Xiilasa: Moqgalo ohangasi tullantilart istifado olunmaqla sement yapisdiricisi asasinda
qarisim texnologiyasi istifado olunmagla “Sahqaya” iizlik dasi yatagmin xirda fraksiyali
tullantilarindan siini {izliik materiallarinin islonilmasi perspektivliyinin arasdirilmasia hosr
olunmusdur. Tortib olunmus ohongdasi dolduruculari osasinda islonilmis torkiblorin fiziki-
mexaniki xassalorinin sinaq naticalari tagdim olunmusdur.

Agar séozlar: Ohongdasi tullantilari, siini {izliik materiali, hiper vo super plastiklosdirici,
havacalbedici, sixilmada va ayilm zamani dartilmada méhkomlik.

AnHotauusi: CTaThsl MOCBSLIEHA W3YYEHHUIO MEPCIEKTUB Pa3pabOTKH HCKYCCTBEHHBIX
OGJIPILIOBO‘IHLIX MaTepuajioB n3 MCJIKO(I)paKI_[I/IOHHBIX OTXOJ0B MCCTOPOKACHUA O6JII/IL[OBO‘-IHOI‘O
kamHs1 «IIlaxras» c NPUMCHCHUCM TCXHOJIOTHU 3aMECa Ha OCHOBC LCMCHTHOI'O BSXKYIHICTO.
Hpe,I[CTaBJ'IeHBI PE3YyIbTaThI HWCHOBITaHUHN (1)I/I3I/IKO-M6X8.HI/I‘ICCKI/IX CBOICTB COCTaBOB,
pa3paboTaHHBIX HA OCHOBE COCTABJIEHHBIX U3BECTHAKOBBIX 3aMOJTHUTENCH.

KuaroueBble ciaoBa: OTXO0Jbl W3BECTHSIKA, MCKYCCTBEHHBIM OOJIMIIOBOYHBIM MaTepual,
Tuncp u CYHepHJIaCTI/I(I)I/IKaTop, BOSHYXOBOBHGK&EMHﬁ, IMPOYHOCTH Ha CKATUC U PACTIKCHUC
MIpU U3rUoeE.

Summary: The article is devoted to the study of the prospects for the development of
artificial facing materials from fine-fraction wastes of the "Shahgaya" facing stone deposit using
cement adhesive-based mixing technology using limestone waste. The results of testing the physical
and mechanical properties of compositions developed on the basis of composed limestone
aggregates are presented.

Keywords: Limestone waste, artificial facing material, hyperplasticizer, super plasticizer,
air entrainer, compressive and tensile strength.

Miiasir dovriimiizds enerji vo resurslara gonast baximindan istehsalat miiossisolorinin genis
hocmli tullantilarindan istifado olunmagla tikinti materiallarinin istehsal1 vacib mosalolordon biri
sayllmaqdadir.

Tikinti materiallarinin xammal bazasinin genislondirilmasinin patensial manbolarindan biri

misardas1 istehsali tullantilaridir. Hal-hazirda Azarbaycan Respublikasinda misardasi vo ohangdasi
osasinda tabii lizliikk materiallarinin illik istehsal hacmi ¢ox yiiksokdir. Qeyd olunan bu materiallarin
istehsali zaman1 ohongdasi qaya siixurlardan materiallarin ¢ixim miqdar totbiq olunan daskasmo
texnologiyasindan va siixurlarin strukturomoalagalms xiisusiyyatlorindon asili olaraq orta hesabla 30-
40% toskil edir. Keyfiyyatsiz blok, but, ¢cinqil, qirint1 va stibt kimi siixurlarin qalan kiitlosi birbasa
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toyinat1 iizro istifado olunma bilmir. Misardasinin moveud utilizasiya texnologiyasi, bir qayda
olaraq, iri vo orta fraksiyali tullantilarin sement istehsalinda, yol tikintisinds dolgu materiali olaraq
istifadoasine yonalmisdir.

Bununla belo geyd olunan tullantilarin faktiki istifado olunmayan xirda fraksiyal
tullantilarin faktiki olaraq hacmi halodo kifayat godoar yiiksok olaraq qalmaqdadir.

Sorh olunanlarla bagli misardasi tullantilarinin miixtalif foaliyyst vo sonaye sahslarinds
totbiginin yeni yollar1 va istigamatlori axtarilmaqgdadir.

Bu problemin halli, shongdasi yataqlarinin istifadasi Somarsliliyinin artirtlmasi, istehsalat
prosesi zamani yaranan tullantilarin effektiv totbiq sahalorinin tapilmasi, bu tullantilar osasinda
alternativ yeni materiallarin igslonilmasi diinyanin inkisaf etmis dovlatlori {i¢iin aktual oldugu kimi
Respublikamiz ii¢iinds ¢ox vacib masalalordan biridir.

Sanayenin va tikinti-qurasdirma islarinin artan tempini, bu vo ya digar xammal monbalarinin
gonaotcil istifadasi, istehsalat prosesinds yaranan tullantilarin va elaco do bu tullantilar asasinda
standartlara uygun yeni v ya da alternativ tikinti materiallarinin istehsalt masalasi respublikamizin
ingaat kompleksi qarsisinda duran aktual problemlardan biridir.

Problemin vacib sayilan digor aspektlori otraf miihitin ekoloji tomizliyinin saxlanilmasi,
yaranan tullantilarin yeni ingaat materiallarinin istehsalinda istifadosi effektivliyinin todqiqi,
movcud tobii resurslardan daha somorali vo gonaotcil istifado olunmasi yollarinin
mioyyanlosdirilmasidir.

Beton va mohlul tarkiblarinin islonilmasinds shongdasi, marmoar, tobasir va s. kimi kalsium
karbonat mongali tullant1 vo materiallardan, ¢inqil, qum vo narindispers dolduruculardan istifads
olunmagqla mixtalif fiziki-mexaniki xassalora malik materiallarin alinmas1 miimkiinliiyii tocriibasi
gliniimiizo gadar aparilmis tadgigatlarin natico vo materiallarindan malumdur.

Bu problemin halli istigamatlorinin miixtalif aspektlori iizro AzZIMETI-da son illor arzinds
bir sira todqigatlar aparilmis vo miisbat naticalorin alds olunmusdur.

Hazirki todqiatlar ohongasi tullantilart istifado olunmagqla qarisim texnologiyasina
osaslanmaqla “Sahqaya” iizlik das1 yataginin xirda fraksiyali tullantilarindan siini iizlik
materiallarinin islonilmasi perspektivliyinin aragdirilmasina hosr olunmusdur.

Todgigatlarin moqsadi ohongdasi tullantilart osasinda Azorbaycan {igiin oanonavi Vo
xarakterik olan tobii narinmosamoli {izlik ohongdasi siixurlarinin fiziki-mexaniki xassalorina,
strukturuna, xarici goriiniisiine oxsar vo yaxin siini tizlik materiallar torkiblorinin islonilmasi
miimkiinlilyliniin vo Xassslorinin diapazonunun, doldurucularin optimal fraksiya torkibinin
mioyyanlosdirilmasindon ibaratdir.

Todgigatlarda ohangdasi tullantisi olaraq “Sahqaya” yataginin dasinin sex soaraitindo emali
Vo lizliik dasi istehsali zamani yaranan tullantilardan tortib olunmus xirda dolduruculardan istifads
olunmusdur.

“Sahqaya” yatagimin narinmasamali lizliik ohangdast slixurlarinin formalasmasindan asili
olaraq laylarina perpendikulyar vo paralel istigamotdo quru halda sixilmada moéhkomliyi miivafiq
olarag R=15,53+25,22 MPa va R,;=30,0-51,3 MPa, su ilo doymus halda iss miivafiq olaraq
R,w=15,53+25,22 MPa vo R,;=30,0+51,3 MPa ilo xarakterizo olunur. Bu material iigiin oyilmo
zamani dartilmada méhkamliyi miivafiq olaraq Ri.y=7,57+8,21 MPa va R, ,y=7,43+8,36 MPa toskil
edir. Qeyd olunan yatagin shongdasi siixurlarinin yumsalma amsalin minimal qiymati kyum=0,6 ilo
xarakterizo olunur.
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Ohongdas1  siixurlarinin  geoloji-morfoloji  formalasmasinda tobii laylarin  olmasi
materiallarin anizotrop xassaloro malik olmast ilo Saciyyalonir.

“Sahgaya” yataginin narinmoasamoli tobii iizlik ohongdasinin minimal moéhkomlik
parametrlori sixilmada Rp>15,0 MPa vo ayilmo zamani dartilmada iso Rye>7,5 MPa toskil edir.

Yuxarida sorh olunan bu gostaricilor baza kimi gobul etdiyimiz materialin fiziki-mexaniki
xassalor ilo islonilocok materiallarin miigayiso olunmasi mogsadi ilo bizim todqigatlarda aparilmig
sinaqlarda alinmisdir [4].

Sinaqlarda baza olaraq istifado olunmus iizliik dasi istehsali sexinin tullantilarinin
granulometrik torkibi codval 1-dos verilmisdir.

Codvaldon goriindiiyii kimi gotiiriilmiis ohongdasi tullantisinda narin fraksiyanin miqdari
kifayat godor yiiksokdir. Baza kimi gobul olunmus shangdasi tullantilart denavarlik torkibine gors
orta qumlara aid olunur va irilik modulu 2,14 toskil edir.

Idhangdasi tullantilsrinin qranulometrik tarkibi. Cadval 1
Ohongdast Doldurucugarisigindadonslorinmiqdari, mm-lo irilik
tullantist >4 42 | 21 | 105 | 05025 | <0,25 moduli
Olokdatam | 319 | 395 | 1095 | 2009 | 1980 | 41,12 2,14
galq, %

Molumdur ki, garisiq torkiblorindos nisbaton zoif méhkomliys malik dispers doldurucu va toz
fraksiyasi, irilik modulunun az olmasi kimi amillor islonilon torkiblorin méhkomlik gdstariciloring
tosir edir vo bir ¢ox hallarda bu parametrin azalmasi, sement yapisdiricisinin sorfinin vo qarigim
suyunun miqdarmin artirtlmasi ilo naticolonir. Bu baximdan todqiqatlarda ohongdasi
doldurucusunda 0,25 mm-don narin fraksiyanin miqdar1 tonzim olunmagla doldurucu gqarisigi
formalasdirtlmigdir.

Stini ohangdag1 torkiblorinin hazirki tadqiqatlarda islonilmasinde ohangdasi tullantisi
fraksiyalarina ayrilmaqgla sonradan miixtolf asililiqlarda doldurucu torkibi tortib olunmusdur.
Sinaglarimizda tortib olunmus doldurucu sisteminin qranulometrik torkiblori codval 2-do
verilmigdir. Tartib olunmus doldurucu qarisiglarinda shangdasi qumunun irilik modulu 1,91+3,06
intervali ilo xarakterizo olunur vo bu amilin islonilmis torkiblarin fiziki-mexaniki xassalora tasirinin
qiymatlondirilmasi baximindan gabul olunmusdur.

Tartib olunmus shangdasi1 doldurucusunun qranulometrik tarkibi. Cadval 2
Doldurucu Doldurucu garisiginda donalorin miqdari, %-lo L,
fraksiya (Ijr11|1k F
markas: | 4.0-20 | 2,0-1,0 | 1,0-05 | 0,5-0,25 | 0,25-0,106 | 0,106< | MOAUIU, Fm
F1 0,4 1,53 45,6 11,7 6,0 1,7 3,06
F2 0,1 20,2 33,5 26,0 18,7 1,5 2,52
F3 - 8,9 31,2 32,4 25,7 1,8 2,19
F4 - 7,5 15,6 38,4 36,9 1,6 191

Qeyd: Burada Fm —finenex modul (irilik modulu). Cadvado ohangdasi tullantilarinin
qgranulometrik torkibi EVROSTANDART alaok sistemina uygun gabul olunmusdur.

Tortib olunmus ohongdasi doldurucular fraksiyalarindan F1 vo F2 iri qumlara, F3 orta vo
F4 xirda qumlara aid olunur.
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Todqiqatlarda yapisdirict kimi  Tiirkiyo istehsaliolan “Cimsa” ag sementindon,
havacolbedici kimi Master Air 200 vo hiperplastiklosdirici alavo kimi Master Glenium ACE 450-
don istifads olunmusdur.

Sementin xassolori asagidakilarla xarakteriazo olunur. Aktivliyi 540 kqg/sm?,
normal qatiliq amsal1 30,75%, tutma baslangic1 75 daqige, sonu 120 daqigataskil edir. Todqiqatlarda
istifads olunmus semen “I'OCT 310.3-76 Llementsl. MeTo b1 OTIpeieNieHUsI HOPMAJILHOU TYCTOTHI,
CPOKOB CXBAaThIBAaHHsI M pABHOMEPHOCTH M3MeHeHus1 oobema” [2] vo “T'OCT 310.4-81* IlemeHTHI.
MeTtonsl ompeseneHus mpeaena mpouyHocTd Tpu u3rube u cxarmm” [3] vo eloco do [1]
standartlarinin taloblori nozors alinmaqla sinaqlar aparilmisdir.

Soth olunmus fraksiya osasinda islonilmis torkiblordo plastiklosdirici vo havacolbedici
olavalorin miqdar semento nozoron biitlin torkiblordo standart olaraq 1,5% gobul olunmusdur.
Torkiblorin islonilmosi doldurucu:matrisa (D/M) nisboti osas gobul olunmusdur. Islonilmis
tarkiblorde D/M nisbati 0,25 intervali ilo 1,75+2,75 diapazonunda qiymetlondirilmisdir. Matrisa
dedikds sement, kimyavi olavalor vo garisim suyu nazords tutulur va biitiin torkiblordo matrisa
komponentlari standart gabul olunmusdur. Matrisada qarisim suyunun miqgdart su:sement nisbati
0,8 gabul olunaraq segilmisdir.

Sinaqlar ii¢iin tortib olunmus shangdasi doldurucusunun qranulometrik tarkibi. Cadval 3

Yapisdirici Doldurucu garisiginda donalorin miqdari, %-lo Su/Sem
matrisasi sement su Master Air 200 | Master Glenium ACE 450 '
MT 54,65 43,71 0,82 0,82 0,8

Siini Gizliik materiali torkiblorinin hazirlanmast AZS EN 196-1-2005 standartinda geyd
olunmus metodikaya uygun aparilmisdir [1]. ilk avval matrisa elementlori, yani ki, doldurucusuz
biitiin komponentlor hazirlanacaq torkibin miqdarina uygun olaraq 0,1 qr doqiqgliklo elektron
torozido ¢okilmisdir. Eyni qayda ilo torkibdo islonilocok doldurucu fraksiyasida talob olunan
migdarda eyni daqigliklo ¢okilmisdir. Seriyalarda matriza doyismoz saxlanilmisdir. Bundan sonra
matrisa komponentlori eynicinsli hala godor garisdirilmis vo sonra doldurucuya slave olunaraq
tokrar qarisigin eynicinsliyi tomin olunana godar qarisdirilmisdir. Tarkiblorin garigdiriimasi ilkin
olarag 30 saniys asagi siirotlo vo daha sonra 60 saniys qarisdirici uclugun yiiksok siiotilo
aparilmigdir. Torkibin timumi garisdirilma miiddoati 90 saniys toskil etmisdir. Standart garisdiricinin
gortntiisii sokil 1-do gostorilmisdir.

Hazir garisigdan 40x40x160 mm o6lgiilorinds hor seriyada 3 niimuns olmagla sinaq
niimunolari hazirlanmisdir. Islonilmis torkiblor codval 4-da verilmisdir.

Hazirlanmis niimunalor 1 giin sonra su miihitino qoyularaq 28 giin saxlanildigdan sonra
sinaglar1 aparilmisdir. Suyun temperaturu 20+2°C toskil etmisdir. Sinaglardan avval niimunalorin
su ilo doymus halda ¢oakilari 6l¢iilmiis vo sonra stabil kiitlays gadar 105°C-ds qurutma sobasinda
qurudulmusdur. Smaglarin aparilmasi sokil 2-ds va alinmis naticalor cadval 5-do verilmisdir.

Cadvalds Ry, R"v— miivafiq olaraq islonilmis torkiblorin quru halda vs su ilo qiymus halda
sixilmada mohkomlik gostoricisi; Rp—ayilmo zamani dartilmada moéhkomlik gostaricisi miigavimaot
gostaricisi; Kyum. —toriblorin yumsalma omsalini xarakterizo edir.
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Sakil 1. Standart qarisdiricinin va hazirlanmig niimunalarin goriiniigii.

Sinaglar ii¢iin tortib olunmus shangdasi doldurucusunun granulometrik tarkibi. Cadval 4.

Doldurucu (D)

Torkibin - : Matrisa miqdari D/M Hazirlanmis garisigin
sira say1 rFr::rklfagz M(I)/(gfllzn’ (M), %-Clla Nisbati haocm gakisis,yi, ksq}gm3
1 63,60 36,4 1,75 1705,0
2 67,00 33,0 2,0 1550,0
3 F1 69,27 30,8 2,25 1508,5
4 71,40 28,6 2,5 1424,0
5 73,30 26,7 2,75 1430,5
6 63,60 36,4 1,75 1715,3
7 67,00 33,0 2,0 1560,0
8 F2 69,27 30,8 2,25 1515,6
9 71,40 28,6 2,5 14440
10 73,30 26,7 2,75 14345
11 63,60 36,4 1,75 1758,5
12 67,00 33,0 2,0 1568,6
13 F3 69,27 30,8 2,25 1524,1
14 71,40 28,6 2,5 1464,0
15 73,30 26,7 2,75 1464,0
16 63,60 36,4 1,75 1725,3
17 67,00 33,0 2,0 1568,6
18 F4 69,27 30,8 2,25 1522,6
19 71,40 28,6 2,5 1464,0
20 73,30 26,7 2,75 1514,5
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Sokil 2. Islanilmis siini iizliik torkiblarinin niimunalarinin
ayilma zamani dartilmaya va sixilmaya sinaglarinin apariimast.

Islonilmis siini iizliik das tarkiblorinin fiziki-mexaniki xassalori.  Codval 5.
@ Hacmookisi, v,kg/m? Miigavimathaddi, MPa
c Sixi1lmada Yumsalma
IS ) Siilo . omsali Sugokmo,
= Suils Quru Quru halda, dovmu Oyilmado, K ’ %-ls
2 | doymus halda Rb )F\/)Wb » Rot yam
1 1842,46 | 1697,93 17,96 15,99 5,35 0,89 8,52
2 1610,66 | 1391,91 10,53 9,20 4,16 0,87 15,71
3 1624,34 | 1391,29 9,33 7,87 4,02 0,84 16,75
4 1636,05 | 1311,21 6,86 5,95 3,13 0,87 24,78
5 1638,01 | 1346,99 6,94 6,92 3,13 1,01 21,61
6 1801,45 | 1653,63 16,15 14,13 5,73 0,88 8,94
7 1635,43 | 1476,56 12,80 10,65 5,02 0,83 10,76
8 1599,61 | 1444,02 11,43 9,52 4,26 0,83 10,78
9 1555,35 | 1416,68 7,04 5,91 3,22 0,84 9,79
10 | 1551,45 | 1386,72 9,39 7,87 3,65 0,84 11,90
11 | 2010,43 | 1892,58 15,54 14,42 5,09 0,93 6,23
12 | 1653,63 | 1520,82 14,30 11,55 4,81 0,81 8,73
13 | 1568,36 | 1437,50 12,37 9,93 4,39 0,80 9,11
14 | 1554,02 | 1417,97 10,85 8,92 3,85 0,82 9,60
15 | 1564,45 | 1425,12 10,41 8,55 3,98 0,82 9,78
16 | 1803,40 | 1681,64 18,41 17,07 6,63 0,63 7,24
17 | 1629,57 | 149152 14,01 11,58 4,90 0,83 9,25
18 | 1565,12 | 1431,64 12,21 10,97 4,78 0,90 9,33
19 | 1541,68 | 1403,63 11,53 9,87 4,48 0,86 9,83
20 | 1593,75 | 1458,98 11,53 10,12 4,79 0,88 9,24
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Sinaglardan goriindiiyii kimi islonilmis torkiblor hazirlandiqda 1424,0 = 1758,5 kq/m? vo
tam quru halda 1311,2 + 1681,6 kq/m® hocm ¢akisinoe malik siini iizliik materialinin yaradilmasina
imkan verir. Eyni zamanda bu tarkiblorin sixilmada miigavimati quru halda 6,86+18,41 MPa, su ilo
doymus halda 5,91+17,07 MPa vo oayilmo zamam dartilmada 3,22+6,63 MPa intervalinda
mohkomliya malik siini iizlik materialinin islonilmoesi miimkiinlilyiinii tosdiq edir. Islonilmis
material torkiblorin strukturundan va shangdasi doldurucularinin fraksiya torkibindon asili olaraq su
¢okma qgabiliyyati aparilmig sinaq naticalori asasinda 6,23+24,78% intervali ilo giymatlondirilmis
Vo bu materiallarin yumgalma omsali 0,83-don yiiksak oldugu miiayyanlosdirilmisdir.

Stini iizlik materialina samil olunan toloblor olaraq “Sahqaya” yataginin
narinmosamali tobii iizliikk ohongdasi siixurlarinin fiziki-mexaniki xassolori vo [4] sonadinin toloblori
nozors alinmagla asagidaki sortlor gobul olunmalidir.

“Sahqgaya” yatagmin narinmosamoli tobii iizliik ohongdasinin minimal mdhkomlik
parametrlori sixilmada Rp>15,0 MPa va ayilma zamani dartilmada ise Rpe>7,5 MPa togkil edir.

Digor torofdon “IlnuThl nekopaTHBHBIE HAa OCHOBE MPUPOJHOTO KaMmHsS. TexXHHUYECKHUE
yeaouss” T'OCT 24099-2013 [4] sonadinin talablori baximindan 1 tip (preslonmis vo formaya
tokiilmiis bloklar) vo Il tip (siini sokilds formaya tokiilmiis bloklardan misarlanmis) materiallar ti¢iin
sixilmada mohkomliyi >20,0 MPa, ayilmo zamani dartilmada méhkamliyi iss >3,0 MPa, sugcokmao
qabiliyyati <8,0% vo saxtayadavamliligi F>50 qobul olunmalidir.

Sinaq naticalori asasinda grafik asililiglar qurulmus va sokil 3-5-do verilmisdir.

Sement miqdarnin tarkibin hacm Sement miqdarmin torkibin su ilo doymus
¢okisino tosiri halda hacm ¢okisina tasiri
2000 2100
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Sakil 3. Sement migdarinin torkiblorin hacm ¢akisina tasiri.
F1—F4 cadval 2-da viirilmig ahangdasi qumu fraksiyalaridir.
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Sement miqdarinin torkiblorin sixilmada Sement miqdarmin torkiblorin su ilo doymus
mohkomliyina tosiri halda sixilmada mohkamliyina tosiri
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Sakil 4. Sement migdarinin torkiblorin sixilmada mohkamliyina tasiri .
F1—F4 cadval 2-da viirilmig ahangdasi qumu fraksiyalaridir.
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Sement miqdarinin torkiblarin ayilmads méhkamliyina
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Sakil 5. Sement migdarinin torkiblorin ayilmada méhkamliyina va su¢akma qgabiliyyatina tasiri.
F1—F4 cadval 2-da viirilmig ahangdasi qumu fraksiyalaridir.
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Sokil 3-5-do verilmis grafiklordon goriindiiyli kimi tortib olunmus F3 vo F4 ohong qumlari
biitliin parametrlor iizra, o climlodon sixilmada vo oyilmads maksimum mohkomlik, minimum
sukokma vo hacm ¢akini tomin edir va digar iki torkibindon daha olverisli sayila bilor. Bu halda
tortib olunmus ohongdast qumlarmin irilik modulu 1,9 vo 2,2 toskil edir. Torkiblordo D/M nisbati 2-
2,25, basqa sdzlo sement sorfi 230+280 kq/m? intervalinda olduqda gostoricilor hor iki doldurucu
osasinda torkiblor tizro daha yaxindir vo bu praktiki olaraq onlarin istifads oluna bilmasino dolalot
edir. Lakin bu ohongdasi qumlarimin tortib olunmus fraksiya torkiblorinin optimal olmast kimi
anlagilmamalidir. Bu istigamatds todqiqatlarin golocokds davam etdirilmasina ehtiyac duyulur.

Islonilmis 1, 6, 11, 16 torkiblori sixilmada miiqavimati (Rp=15,5+18,4 MPa), ayilmo zamani
dartilmada (Rp=5,1+6,6 MPa), sucokma qabiliyyati (6,23+8,94 %) toskil edir. Bu torkiblorin quru
halda hocm ¢okilari y=1653,6+1892,5 kq/m®, yumsalma amsali 0,88+0,89 ilo xarakterizo olunur.

“Sahqaya” yataginin gostoricilori ilo miigayisodo qeyd olunan torkiblor oyilmo zamani
dartilmaqga miigavimat istisna olunmagqla samil olunan taloblori 6dayir. Sinaqglarda biitiin torkiblorin
oyilma zamani dartilmaya gore miiqavimoti [4] senadinin toloblorini ddayir.

Aparilmis sinaglarda matrisada (sement: su : plastiklosdirici : havacolbedici) nisbatlori sabit
gobul olundugundan, eloco dos hidrofob oslavalordon istifade olunmadigindan sorh olunan gostaricilor
materialin maksimal parametrlorini giymsotlondirmays imkan vermir. Bu baximdan golacok
tadqiqatlarda plastiklosdirici, havacalbedici vo hidrofob olavelarin siini {izliikk materiali torkiblorida
tosirinin tadqiq olunmasi mogsadsuygun sayilir.

NOTICOLOR

1. Ohongdas1 tullantilar1  osasinda  siini iizlik materiallarinin islonilmasinds  doldurucu
fraksiyalarinin miqdarlari tonzim olunmali vo optimal qolqurucu qarisigi tortib olunmalidir.

2. Doldurucularin qumu va narin dispers doldurucu qarisiginda islonilmis doldurucu fraksiyasinda
qumun irilik modulu 1,91+3,06 intervalinda taskil edir. Todqigatlarda doldurucu qarisig1 olaraq
4 kompozisiya tortib olunaraq bu qarisiglar ssasinda siini iizliik materiallarinin yaradilmasi
miimkiinliiyii aragdirilmisdir.

3. Toarkiblorin iglanilmasinda plastiklasdirici, havacoalbedici vo hidrofob slavalorin migdarlarinin
tonzim olunmasi ilo alavalorin sements nazoron optimal miqdari miiayyanlosdirilmalidir. Bu
mogsadlo olavelorin miqdarinin  sementa nazoron 0,5+1,5% intervalinda qobul olunmasi
magsadouygun hesab olunur.

4. Seni iizluk materiallarinin iglonilmasinds ohangdasi doldurucusunda 0,25 mm-don narin
fraksiyalarin miqdarlart azaldilmast mohkomlik gostoricilorinin  artirmasi  baximindan
effektivliyi giymatlondirilmalidir.

5. Torkiblorin islonilmasindo doldurucu kimi orta va xirda qumlara istiinliik verilmalidir. Qumlarin
irilik modulu 1,8+2,5 intervalinda qabul olunmalidir.

6. Sorh olunan todgigatlarda hocm gokilori  1300+1900 kq/m3 sixilmada  mohkomliyi
Ry=10+20 MPa, ayilmo zamani dartilmaya moéhkamliyi Rp0y>3,0 MPa, su ¢okmo qgabiliyyati
W<8% ilo xarakterizo olunan siini {izlik materiallarinin iglonilmoasi mimkinliiyii tosdiq
olunmusdur.

7. Aparilmis hazirki todqgiqatlar ¢argivoasindo misardasi tullantilar1 asasinda tolob olunan fiziki-
mexaniki xassalora malik siini iizliik materiallarinin islonilmasi boyiik hacmds olan misardasi
tullantilarinin istifadoys yararsiz sayilan xirda fraksiyalarinin tokrar istehsala calb olunmasina vo
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das ocaglarinin islanilma Samaraliliyinin artirilmasina sorait yaradacaqdir vo bu istigamatdo
golacok tadqgiqatlarin aparilmasi perspektivli sayilmalidir.
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TiKINTIDO TEXNiKi TONZIMLOMODO CiN TOCRUBOSI
tex. iizro f.d. Sirinzada N. 9. Azarbaycan Insaat vo Memarlq ETI

KUTAUCKAS IIPAKTUKA PET'YJIMPOBAHUE B CTPOUTEJIBCTBE

x.m.H. Hlupun-3ade H.A. Azepoaiioscanckuti HUU Cmpoumenvscmea u Apxumexmypoi
CHINESE REQULATORY PRACTISE IN CONSTRCTION
Shirinza-deh N. Azerbaijan Scientific-Research Institute of Construction and Architecture

Xiilasa: Moqalodo geyd olunur ki, Cin iqtisadi yiiksolisin dayanigligini tomin etmoys
istigamoatlonon 10 addim programini hoyata kegirmoklo, aparici korpii-insaat 6lkosino ¢evrilmisdir.
Daha sonra moagalodo Cinin normativ sonadlorinin inkisaf tarix¢asi lakonik sorh olunur. ©vvallor
Cin tikinti normalar1 Sovet ittifaqi normalarina asaslanmis, daha sonra milli normalarin tortibino
baslanilmisdir.

Acar sozlar: Cin layiholondirmo normalari; milli standartlar; Cin standartlasdirma sistemi;
Cindos naqliyyat tikintisi; kdrpli qurgularinin layihslondirma normalart.

AHHoTanus: B cratbe oTMeuaeTcs, uro Kurail npeBpatuiics B BEAYILYIO J€pKaBY, peaausys
nporpamMmy ux 10 miaros, HampaBJICHHYIO Ha MOAIEPKaHNE SKOHOMUYECKOT0 pocTa. J[anee B ctaThe
IIPUBOJUTCS KpaTKas MCTOpUsS pa3BUTUS HOpPMATUBHBIX JoKymMeHTOB B Kwurtae. ChHauana
cTpoutenbckre HopMbl Kurtast opuentupoBanuch Ha HopMbl CoBeTckoro Coro3a, HO 3aTeM Haudajau
pazpabaThIBaThCsl CBOU HAI[MOHAJIBHBIC HOPMBI.

KiaroueBble ciioBa: HOpMI)I IIPOCKTUPOBAHUA KI/ITaH; HallMOHAJIBbHBIC CTaHJAAPTHI; CUCTEMA
crangaprusauuu Kwuras; TpaHCOpTHOE CTpOMTENBCTBO B KuTae; HOpMBI IPOEKTHPOBAHHUSA
MOCTOBBIX COOPYKEHHH.

Abstract. The article notes that China has become a leading bridge-building power,
implementing a program of their 10 steps aimed at maintaining economic growth. Further in the
article the brief history of development of normative documents in China is resulted. First, China's
norms were guided by the norms of the Soviet Union, but then their norms began to be developed.

Key words: China's design standards; national standards; transport construction in Ching;
China's standardization system; bridge design standards.

Cin Xalq Respublikasi hazirda artim templorino, colb olunan sormayolorin hocmino goro
diinya liderlorindon biridir. Nogliyyat infrastrukturuna qoyulan sormayslor timumi calb edilon
sormayslorin hacmindos xiisusi ¢okiys malikdir. Molumdur ki , hazirda Cinin ohalisi 1,4 mlrd insan
toskil edir va bu gostericiya géro Cin Hindistandan sonra ikinci yerdadir. Eyni zamanda tutdugu
orazinin sahasina gora, 9,6 mln.kv. kilometr gdstarici ilo, Cin yalniz 3-cii yerdadir.

Tohlil gostorir ki, Cindo iqtisadi resurslar vo ohali orazi lizro borabor paylanmamisdir: gorbdo
va simalda tobii ehtiyatlarin asas hissasi tomarkiizlagse do, iqtisadi inkisaf vo ohalinin sixlig1 daha
cox Cinin sorq regionlarinda yiiksokdir, bu iso tobii ehtiyatlarin sorqo dogru vo ya ohalinin qorbs vo
simala dogru istigamatlonmaosini zoruri edir. Halo 2008-ci ilds Cindos iqtisadi yliksalisi tomin etmoyo
istigamoatlonon 10 addim proqramu tortib olunmusdur. Bu programin bozi miiddealar1 nogliyyat
sisteminin inkisafini nazords tutmusdur:

1. 6lkonin naqgliyyat infrastrukturunun inkisafi;

2. kond rayonlarinin infrastrukturunun inkisafi;

3. innovasiyalarin totbiqi ilo sonayenin inkisafi, yiiksok texnologiyali sahalarin inkisafi.
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Tohlil gostarir ki, siiratli avtomagistral xattinin bir kilometrinin ingsasina 1000 ton polad, 9000
ton sement, 1900 ton asfalt talob olunur. Bununla yanas1 avtomobil yollarinin tikintisina yatirilan
100 mlIn. yuan, 1800 nofar is yerinin birbasa yol-insaat sonayesindo, 2000 nafordon ¢ox is yerinin
olagali sonaye saholorindo yaranmasini ehtiva edir. Bu zaman elmi-tadqigat, layiha-konstruktor
tosisatlarinin foaliyyati foallasir vo beloliklo, kadrlarin ixtisas soviyyesi artir.

Cindo layiholorin tortibatinda vo naqliyyat qurgularinin tikintisinde miixtalif normativ
sonadlar tatbiq olunur. Hesab edirik ki, magalodaki masalalar tikintido normativ sonadlar sisteminin
miiasir voziyyati Azarbaycan naqliyyatgilar vo insaatcilar {igiin maraq kasb edo bilor.

Cinds normativ sonadlarin qisa tarixc¢asi

Birinci besillik milli plana goro, 156 ingaat layihasinin hoyata kegirilmasi nozords tutulmusdu.
Bu layiholorin hamisi SSRi-nin komayilo hoyata kegirilmisdir. Tobii ki, homin dévrde Cin
standartlasma sisteminin osasinda Sovet Ittifaqinin layiholondirma normalart durmusdur. 1960-ci
ilo godor Cindo istifads olunan Sovet Ittifagmin osas normativ sanadlori bunlardir:

* Tabii qrunt osasda sonaye vo miilki binalarin layiholondirme normalar1 vo texnoloji

reqlamentlori;

* Sonaye vo miilki binalarin layihalondirmo normalar1 vo geoloji axtariglari;

* Ingaat qurgularinin biindvralorinde qruntlarin sinaq gaydalart;

* Geoloji qazma islorinin togkili lizro istehsal¢inin sorgu kitaba.

1960-c1 ilo godar Cinin ilkin layiholondirmo normalari:

* Geotechnical test manual (Geotexniki sinaglar iizro rohbor sonad), 1953-cii il; (tortibat¢1 —
Su Ehtiyatlar1 Nazirliyinin Nankin hidravlik todqiqatlar institutu).

* The tentative code of natural grounds ( Qrunt osaslarinin layihslondirilmasinin miivaqqati
normalart) 1954-cii il.

* The tentative code of Design Load ( Layiha yiiklorinin miivaqqati normalar1) 1954-cii il.

1960-70-ci illordo Sovet Ittifaginin normativ sonodlori osasinda oldo olunmus miihandis
tocriibosino osaslanaraq, Cinin layiholondirmo normalart tortib olunmaga basglandi. 1970-1990-c1
illorde normalarin hazirlanmasi istiqgamatinds iki irimiqyash layiho hoyata kegirildi:

* Birincisi, Su Ehtiyatlar1 vo Energetika Nazirliyi, Rabito Nazirliyi, Damir yollar1 Nazirliyi
moxsusi normativ sanadlarini hazirladilar;

* Tkincisi, normativ sonadlosmaonin islahatlar prosesindo miintozom olaraq {imummilli sahavi
normativ sonadlor tortib olunaraq, tosdiq edildi. Homginin bozi iri sohorlorin normativ
tikinti sonadlori hazirlandi. Onlarin tortibatinda ABS-in, Boyiik Britaniyanin, Avropa
6lkalorinin, Yaponiyanin normayaratma tocriibalorindan istifads olundu.

* Foundation design specification for industry and civil construction (TJ 21-77,1974) sonaye
vo milki tikinti tiglin layiholondirms normalari.

* Yellow soil district building standards (1979, TJ 28-78) — sar1 qruntlarda layihalondirmo
normalari.

* High building’s case shape foundation design and construction rule (1981, JGJ -6-80) -
yiiksokmaortobali binalarin tomallorinin layiholondirms vo ingaat qaydalari.

*Industry and civil building pouring pile design and construction

(JGJ-4-80,1985) - sonaye vo miilki tikinti ii¢lin beton qaydalarin layihoalondirilmasi vo insasi.

1990-c1 illordon sonra normativ senadlorde yeni texnologiyalar oks olunmaga baslandi, iSO
beynslxalq standartlar normalarina uygunluq tolob olundu, standartlasma sistemi formalasmaga
baslandi.
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Standartlarin tasnifati.

Mocburi standartlar. Onlar saglamligin miihafizosini vo ganunlara riayoti, s$oxsi
tohliikesizliyi, habelo amlakin miihafizosini va tohliikasizliyini tomin edirlor.

Tovsiya xarakterli standartlar. Bu, macburi standartlar ¢or¢ivosindon ¢ixan standartlardir.

Cinin Insaat Miithondisliyi Komitosi torafindon hazirlanan standartlar, CECS abbreviaturasi
ilo sifralonon standartlar, imummilli status vo tovsiyavi saciyye dasiyirlar.

Cinin Insaat Miihondisliyina aid olan standartlar sistemi 24 sahoys boliinmiisdiir.

(1) planlagdirma, (2) axtarislar, (3) miilki tikinti, (4) geotexnika, (5) konstruksiyalar,

(6) dagintilarin aradan qaldirilmasi, (7) mithondis doysrlondirilmasi, (8) yangindan miihafizs,
(9) otraf miihit, (10) su tochizat1 vo drenaj, (11) istilik tochizat1 vo ventilyasiya, (12) yayin vo rabita,
(13) avtomatlagdirma, (14) domir yollar1, (15) noqgliyyat, (16) hidravlika, (17) elektriklagdirilma,
(18) dag-modon isi, (19) sonaye sobalari vo quruducular, (20) boru komorlori, (21) sonaye
avadanligi, (22) sonaye texnikasi, (23) qaynaq, (24) digoarlori.

Natica

Qlobal ticarat mokani unifikasiya olunmus asas meyarlar1 6ziinds oks etdiron beynalxalq
norma vo standartlarin totbiqini aktual edir. Bu, ticaratin hocmini vo siiratini artiran 9sas amillordon
biridir. Bununla bela, sahalor iizro milli norma ve standartlarin hazirlanmasi giiniin talabidir. Toassiif
ki, 6lkomizdo dovlot saho qurumlar foaliyystlorinin tikinti layiholondirmo normalari vo standartlari
corcivasindo qurulmasinda, sahovi tikinti normalarinin tortibatinda aktiv deyillor vo bu prosess ciddi
yanagma miisahido olunmur. Cin tocriibasi do gdstorir ki, normalar miintozom tokmillogdirilmali vo
yeni texnologiyalarin totbiqi togviq olunmalidir.

Xiisusi vurgulanmalidir ki, 6lkomizin miigoddes Qarabag savasinda zofori isgaldan azad
olunmus orazilorin barpasi vo yenidonqurulmasi prosesi tikinti vo tikinti materiallar1 sektorlarinin
inkisafina ciddi zomin yaratmigdir. Bu, soziigedon sektorlarda mosgul olan hor bir subyekt, o
climlodon normayaradicilar qarsisinda yeni vazifalor miioyyon edir. Normayaratma prosesinin bir
6lkonin, yaxud bir siyasi blokun tortib etdiyi normativ sonadin hiiquqi, texniki ¢or¢ivasindon azad
olmasina artiq skeptik yanasilmir. Mohz bu ndqteyi-nozerden do Cinin tikintido normayaratma
siyasotini Oyronmok, normativ sonadlorin konseptual miiddsalarini tohlil etmok vo faydali
moqgamlarini milli tikinti norma vo standartlarinda nozors almaq cazibodar goriiniir.
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3. Ovchinnikov 1.6, Chen Tao 8 others. The system of normative documents in construction
of China. Russian journal of transport engineering 2018.
4. Ilycroprap A.Il O6ocHOBaHUE ¥ IPUMEHEHNE METOJIOB HOPMHUPOBAHHSI B CTPOUTEIIHCTBE;
Mocksa, 2016.
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Elmi-texniki maqalonin hazirlanma qaydalar

Elmi-texniki moagalo elmin asagidaki istiqgamotlorina uygun olaraq elmi yeniliklori aks
etdirmoklo hazirlanmalidir:

1. Memarliq va ssharsalma.

. Zolzoloyadavaml tikintilor.

. Ingaat konstruksiyalari, bina vo qurgular.

. Geotexnika va insaatin ekologiyasi.

. Insaat materiallar1.

. Insaatin toskili vo idaro olunmasi.

. Tikinti norma vo qaydalarinin tokmillagdirilmasi.

8. Tikinti praktikasinda beynoalxalq va respublika yeniliklori.

EImi moagalalor azarbaycan, rus va ingilis dillorindo hocmi 3 sohifadon az, 8 sohifadon ¢ox
olmamagqla formati: A4, faylin formati:MS Word va ya RTF; Times New Romanda 12 sriftlo, 1
intervalla yigilmalidir; voroqin konarlari: yuxar1 vo asagi toroflor-2 sm, sol torof-1,5 sm,  sag
torof-3 sm. ©gor moqalads sokillar olarsa, sokillor motna uygun olaraq elektron sokildo 1
dyiimdo 300 pikseldon ( vo ya 300 dpi ) az olmayaraq jped, tiff vo ya eps formatinda
yerlosdirilmolidir.

Sokillar sokilalt1 yazi vo siralama ilo miisayiot olunmalidir .

Istifads edilmis odobiyyat siyahis1t AAK-1n toloblorine uygun tortib olunmalidir.

Fiziki qiymotlorin Olgiilori vo parametrlori CU sistemi ilo verilmalildir.

Mogqalolor agagidaki ardicilligla yigilmalidir: voraqin solunda yuxarida UOT; 1
intervaldan sonra moqalonin ad1 12 keql adi sriftlo, gara; 1 interval, miiollifin (-lorin) ad1, atasinin
ad1, soyadi 12 keql sriftlo kursiv, qara; 1 interval, togkilatin tam adi, sohor 12 keql sriftlo, kursiv;
2 interval, magalonin matni.

Yuxaridaki toloblora uygun olmayan mogqalalor gobul olunmur.

Mosul katibin elektron tinvani: e-mail: azimeti elmikatib@mail.ru;
azimeti@arxkom.gov.az

tel. (012) 596 37 60 vo ya 597 51 46 (alava 205)
Hpaeuﬂa nH0020MmMo6KU HayuHo—mexHuueCKoﬁ cmamobu
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[lpuHuMaroTCsT OpUrHHAJbHBIE CTAaThM 1O  IIUPOKOW  TEMaTHKE  apXUTEKTYpHI,
IPAaOCTPOUTENBCTBA,  CTPOUTEIBHBIX  KOHCTPYKIMH, CEMCMOCTOMKOIO  CTPOUTEIBCTBA,
TEOTEXHUKH BOJOCHAOXKEHHUS W KaHaJW3allMM, COBEPILIEHCTBOBAHHS CTPOUTEIbHBIX HOPM U
[IpaBWJI, OpPraHU3aIM1 CTPOUTEIBHOIO IPOU3BOCTBA U CTPOUTEIBHOMN 3KOJIOTUH.

CraTbu NPUHMMAIOTCA B TEYATHOM M DJIEKTPOHHOM BHIE, 00bEMOM OT 3-8 CTpaHMHIL
TEeKCTa, HAOpaHHOTO Ha KOMIIBIOTEpPE M HameuyaTaHHoro  mpudrom 12-ro kernga c¢
OJMHOYHBIM HHTepBanoM ). [lons: cieBa, cBepXy U CHHM3Y - 2CM, clpaBa- 1 cM.

CraThu NpUHUMAIOTCS Ha a3epOaliPKaHCKOM, WJIM aHTJIUICKOM , WJIM PYCCKOM SI3bIKaX.

B Havasne craTtbu B 1€BOM yriy ykassiBaercs Y K.

Crarbu compoBoxaatroTcs aHHoTamussMu (mo 100-150) cnoB Ha azepOailKaHCKOM,
aHIJIMICKOM H PYCCKOM $f3bIKaX, a TaKKe CIHMCKOM KIOYeBbIX cioB (5-10 cnoB) Ha
azepOaiHKaHCKOM, aHTJIUHCKOM U PYCCKOM SI3bIKaX.

HaszBanue crathy, (paMuins 1 MHUIUAIBI aBTOpa (aBTOPOB), JAOTCA Ha azepOaiiPKaHCKOM,
AHTJIMICKOM M PYCCKOM si3biKax. Dammius (u) aBTOpa (OB) CONMPOBOXKIAIOTCS JIOKHOCTHIO,
MECTOM pabOThl U 3JEKTPOHHBIM aapecoM. CTpyKTypa CTaThu JIOJDKHA IO BO3MOXHOCTH
BKJIIOYATh  BBEJCHHE, METOAMKY HCCIEIOBaHUS, XapaKTepUCTHUKY OOBbEKTa HCCIIeOBaHMUs,
pe3yJabTaThl U BBIBOJBI (3aKJIFOUEHUE).

EnexTpoHHast mouTa OTBECTBEHHOIO cekpeTaps: e-mail: azimeti_elmikatib@mail.ru;

azimeti@arxkom.gov.az
tel. (012) 596 37 60 va ya 597 51 46 (slava 205)
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