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AHAJIN3 PE3YJIBTATOB ITPOIIECCA OITPECHEHHMS MOPCKOU
BO/JbI OKOJOI'MYECKHU DOPEKTUBHBIM MEMBPAHHO-
JNCTUIIIAIUMOHHBIM METOJ1OM

TexHonornueckas cxema THOpUAHON
TEXHOJIOTHMH Ha OCHOBE 00paTHOrO OCMOCa U
MEMOpPaHHOW TUCTWILISIMN BoIbl Kacmmii-
CKOro Mops npezacrasieHa B padote [1]. Co-
[JIACHO ATOM TEXHOJOTMH KOHIIEHTpaT 00-
pPaTHOTO OCMOCa C LIETbI0 OMPECHEHUs MOo-
JIaeTCsl Ha YCTAHOBKY MEMOpPAHHOM JWCTHII-
asiaun [2, 3, 7]. Cumysisaius 06paTHOTO oc-
Moca npoBeaena B mporpamme ROSA, a st
4acTH MeMOpaHHON IUCTWUIISALMM COCTaB-
JieHa pacyeTHasi MOJie]lb U MPOBEJIECHbI aHa-
JUTUYECKHE HCCIIEOBAaHMs aHAINU3 pe3ysib-
TaTOB, KOTOPBIX MpHUBEACHBI HIKE [1, 4].

B tabmuue 1 mpuBeneHs! pe3yabTaThl
pacueroB craauu RO B pexxume onTuMab-
HOT'O COOTHOIIECHMS BBIXOJIOB IepMmeara H
octatouHoro pactBopa (70:30%) npu mpo-
U3BOJIUTEIIBHOCTH YCTAHOBKHM IO TNEpMeaTy
paBHoit 50 T/ (OC «Simaly»). CornacHo
pacueram 1o nporpamme ROSA [5] TpeOy-
emMasi IJIolaJb MOBEPXHOCTH MEMOpaH Co-

craBwia — 1560 m? (6 moayseii no 7 Mem-
OpaH B KaxaoM), pabodee aaBieHue — 36,7
0ap, ynenbHBIH pPacxoi dSJIEKTPOIHEPTUU —
1,82 xB1-u/M°. Pacxoapl MOTOKOB, a TaKXe
MOHHBIE COCTaBBI MOPCKOW BOJIbI, MOJTYYECH-
HOTO TMepMeaTra U OCTaTOYHOTO pacTBOpa
NpUBEICHBI B Ta0IUIE 1.

Kak cremyer u3 naHHBIX TaOIUIBI TIPU
npousBoauTenbHOCTH RO mo mepmeary (or-
pecHeHHOM Bojie) paBHOU 50 T/4 pacxoj Hc-
XOJTHOM MOpPCKOM BOABI cocTaBisieT 71,4 /4,
a OCTaTOYHOI'O PacTBOpa, MOJJIEKALIETO YTH-
muzanuu — 21,4 1/4. Ilpu sToM comneconep-
’KaHUE ITOr0 pacTBopa AocTuraer 42,3 /v,
yto B 3,3 pas3a OoJiblIe CONECOEpKaHUS
MOPCKOM BOJIbI. Y AeNIbHAs IUIOIIAb MOBEPX-
HOCTH MeMOpaHbl coctapisieT 1560/50=31,2
M?/(1/4).

Cnenyer OTMETUTh, YTO TPHUHITOE B
npaktuke RO ompecHeHus CONEHBIX BO,

Ta0auna 1.
Iloka3arenu kayecTBa Bojabl cTagun RO
Ne ITokaszarenu PasmeprHocTh | Mopckas Boja” ITepmear Konnenrpar
1 Pacxon T/4 71,4 50 21,4
2 Ca’* mr/am® 320,6 1,26 1065,8
3 Mg? mr/am® 729,4 2,9 2424
4 Na* mr/ome 3172 34 10495
S) Cl~ mr/am® 5022 52,8 16616
6 S0Z- M/ M3 3302 12,6 10977
7 HCO3 mr/am® 215,8 2,93 697,6
8 CC mr/am® 12766 108,4 42290
9 pH - 6,7 7,0 5,2

IIpumeuanue: * CocTaB MOPCKOii BOABI MOCJI€ MOAKUCTCHUSA
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OJIM3KUX TIO COJIECOACPIKAHUIO K KACIIHIAC-
KOW BOJIC OrpaHMYCHHE HAa MaKCHMAaJbHBIN
BbIxo/ nepmeara (70%) oOycroBieH He00-
XOJIMMOCTBIO CHHM3HUTh HETaTMBHOE BIIMSHHE
SIBIICHUSI, TaK HA3bIBAEMOH, KOHIICHTpAIIH-
OHHOM TosIsIpU3aLuu [6].

CrnengyeT OTMETUTBH, YTO TPUHATOE B
npaktuke RO omnpecHeHus COJEHBIX BOJI,
OJIM3KUX IO COJECOJCPKAHUIO K KACTIHIA-
CKOM BOJIC OIpaHMYEHHE Ha MAKCUMAaJIbHBIN
BbIxo/ nepmeara (70%) oOycroBieH He00-
XOINMOCTBIO CHHM3HMTh HETaTMBHOE BIIMSHHE
SIBIICHUSI, TaK HA3bIBAEMOM, KOHIICHTpAIIH-
OHHOI moJisipu3anui [6].

Pe3ynbTaThl OIHOrO W3 BapuaHTOB pac-
yera 3TOM craguu MD, muraeMoro ocraroy-
HBIM pacTBopoM RO, mpuBemeHsl B TaOIUIEC
2. VicxomHbIMH TaHHBIMH JIIsI pacyeTa ObLIH:
pacxol  OCTaTOYHOTO  PAacTBOpPA  CTAJUH
RO-GRO=21,4 T1/4, ero cosecoaepxaHue —
CC=42,3 r/nm3; coneconepkaHue OCTaTOYHO-
ro pacteopa craguu MD-CMD=150 r/nm,
TEMITEpPaTypbl PacTBOpa Ha BXOJC TOPSIYETO
koHTypa — t1P=800C, mna Bbixome 12P=
=b350C; Ttemmeparypa mepmeara Ha BXOJE
xononHoro koHTypa — t1X=250C, Ha BbIXOJE

t2X=500C; TexHH4ecKHe JaHHbIE MEeMOpaHbI
— &= 60 MxMm; = 0,225 MrMm; €= 80%.

Kak cnenyer u3 pe3yibTaToB pacueTos,
B paccMaTpuBaeMbl ycloBUSX, u3 21,4 T/4
ocrarouHoro pactsopa RO wna craguu M/]
MOJKET OBITH ToJIydeHo 15,4 T/4 mucTuiuisATa
(mepmeara), 4TO COOTBETCTBYET KOA(PQHIIH-
€HTYy KOHBepcuu — 72 %, NPUMEPHO TaKXKe,
kak u Ha ctaauu RO. BeipaboTka onpecHeH-
HOW BOJBI B IIEJIOM 10 CUCTEME YBEJIUYHBA-
ercsa Ha 15,4-100/50=30,8%. CooTBETCTBEH-
HO, pacxoJ KOHIIEHTpaTa, MOAJIEKAIIEero
MpeIeIbHOMY BBITAPUBAHUIO CHUBHUTCA J10 6
T/4 unu Ha 72 %.

VY nenbHas mon@aab moBEpXHOCTH MEM-
Opansl MD B aBa pasa MpeBbIIIaeT aHAo-
ruunblid Tokazatens RO. Ilpoumecc MD xa-
pakTepusyercsi K.L.J. paBHbIM 55,1%. 310
XapakTepHO 1 Moayned MD npsmoro xos-
TaKTa ¥ 00YCIIOBIIEHO TeM, YTO 3HAUUTENbHAS
4acTh TEIUIa INepefaeTcsl yepe3 MeMOpaHy B
pe3ysbTaTe TeIUIONPOBOAHOCTU. B 3TOM OT-
HowmeHuu MD Mozynu ¢ BO3AYLIHBIM CIOEM
OoJiee MPEAMOYTUTENBHBI, HO JUIS HUX Xapak-
TEPHBI IPyTUE HEJJOCTATKH.

Taoanma 2
Pe3yabTaTel pacueroB craguu M/{
Ne | Ilokazarenun PasmepHOCTB Bennunna
1 | Pacxox nepmeara, G T/4 15,4
2 | Pacxon npoayBaemoro KoHmeHTpara, Gmp T/9 6
3 | Koadounuent ynapusanus, Ky - 3,55
4 | Cpennsis TeMnepaTypa MeMOpaHsl, T K 320,7
5 | Koadpdumuent nporuniaemocts, Bm kr/(m?-u-Tla) 0,00594
6 | KoadduimeHnt akTHBHOCTH BOJIBI, aB - 0,9477
7 | YnenbHBIN pacxop nepmeara, J Kr/(M?) 16,3
8 | [Tomaap MOBEPXHOCTH MEMOpaHBI, Fv M2 945
9 | YnenbHas moBepXHOCTh MeMOpaHsbl, fm M?/(Kr/4) 61,5
10 | K. mporecca, M % 55,1
11 | Koadpunment konsepcun, Kk % 72

KomMmmploTepHas cumynsimuu mpoiiecca
MD, cBs3aHHas C HMCCICIOBAaHHEM BIIHSTHHS
KOHIEHTPALIMU COJIEH B TOpsiuEM KOHTYpE Ha
BBIXO/JIHBIE TEXHOJOTUYECKHE TIOKa3aTeln
npolecca MPOBOAWIACH MPHU TEX K€ MPOYUX
HAaYaJIbHBIX YCIIOBUSIX. Pe3ymbTaThl mpen-
craBieHsl Ha puc. 1. Kak ciemyeT u3 nepBoro
pucyHka (puc.l, a), TOBBIIIICHHE COJIECOIEP-

JKaHUsl MUTATEJIBLHOTO PAacTBOpa MPUBOJAUT K
YBEIMUEHUIO JIOTIOJTHUTEIILHOTO KOJIMYeCTBa
JUCTWILIATA, TOJIYYEHHOTO M3 OCTaTOYHOIO
pactBopa ctaguu RO ¢ 12,3 no 17 1/4 (Kpu-
Basl). Torna mMakcuManabHOW KOHIIEHTpALUU
OyZeT COOTBETCTBOBATh MUHUMAJIBHBIN pac-
XO0Jl OCTaTOYHOro KoHueHrtpara MD, nomse-
JKaIIEro NpenebHOMY BblapuBaHuto: 21,4-
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17=4,4 t/4. A oOmas KoHBepcus (BBIXOJ
OIIPECHEHHOW BOABI MO ABYM CTaJMsAM) CO-
craBut (50+17)-100/71,4=94,4%, udto sBIsA-
€TCsl TOCTATOYHO BBICOKMM IMOKA3aTesIeM.
Kak cnemyer u3 Toro e rpaduka, mo-
BbllieHne Cmp TNPUBOAUT K CHHKEHHUIO
YACTBHOU MPOU3BOIUTEIHHOCTH MEMOPAHBI
(Kpusas 2) Ha 40 %: ¢ 20 mo 12 r/(m%-u).
OObscHsIETCA 3TO TEM, UTO C YBEIMUEHUEM
CMD CYILIECTBEHHO CHIDKAIOTCA 3HAYCHUS
KOd(p(UIMEHTa aKTUBHOCTH MOJIEKYJI BOMIBI
U IBUWXKYIIEH cuibl npouecca MD: puc. 1, 6
KpuBbI€ 3 U 4, COOTBETCTBEHHO.
[To3uTuBHBIN (aKT yBeTUYEHUS BbIpa-
OOTKH OIPECHEHHON BOJBI C YBEIHMYCHUEM
CMI1 B 3HAUUTETILHOW CTETIEHU HUBEIHPYET-
Cs POCTOM YICIBHOHM IIIOMAAN MOBEPXHO-
ctu MemOpansbl (Puc.1,B), MOCKOIBKY BBICO-
KUM 3HAYEHUSIM 3TOTO MOKAa3aTeNsi COOTBET-
CTBYIOT BBICOKHE KalUTAJIbHbIE 3aTpaThl.
Kak cnenyer u3 qaHHoro rpaduka yaeabHas
IIoIIab nmoBepxHoctu MmemOpansl (Kpusas
5) nosbimaercst ot 50 no 84 m%/(kr/4) — Ha
68%. OOBbsicHsieTCS 3TO 0OpaTHOW 3aBHUCH-
mocthio fm — J (cM. popmyiy 2). YBemuue-
Hue Cmp CHOCOOCTBYET TaKkKe CHUKEHHIO
K.1.1. miporiecca ot 60 mo 40% (Kpusas 6).
Takoil xapakTep 3aBUCHMOCTH CBSI3aH CO
CHIDKEHHUEM JIBIXKYILEH CHIIBI IIpoLecca.
[ToBbIlIeHUEe coJecoAep KaHusl OCTa-
TouHoro pactBopa craguu RO ¢ 42 r/nm® 1o
100+200 r/am® Ha ctaguu MD, HaXoauUT OT-
paXEHHE B POCTE KPATHOCTU YIIAPUBAHHS
(ITpsimast 7, Puc. 1, r). JlanHblil moka3aTens
U3MeHseTcs B nipenenax 2,4+4,7 u noguuHs-
eTcsl TMHeHHOMY 3akoHy. Habmromaercst Tak-
K€ TIOBBIIIEHHE KOA(pUIMEHTa KOHBEPCHH
ocTaTouHoro pactBopa cragun RO, ocoben-
Ho 3ameTtHoe B oonacti Cvp=100+160 r/am°.
MaxkcumanpHas BennmuuHa Kod(dduimeHra
KOHBepCcHH ocTuraet 79%.
N3 0000IIeHHOr0 aHaM3a JTUX JaH-
HBIX CJIeJIyeT, YTO JUIT MUHHMH3AIUU OCTa-
TOYHOTO KOHIleHTpaTa craanu MD meneco-
00pa3HO OCYIIECTBIISATH MPOIECC MPU BBICO-
Kux 3HaueHusix Cmp, a C TOYKU 3pEHUS MH-
HUMU3AIMA KalTUTATBHBIX 3aTpaTt - Ha000poT
HA00OpPOT, TPU HHU3KUX 3HAYCHHSIX 3TOTO
nokasaress. B cBsi3u ¢ 3TUM BO3HUKAET HE
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Puc.1. I'paghuxu 3a6ucumocmu mexHoio2U4ecKux
nokazameineti npoyecca MJ[ om conecodepacanus
nUMamenbHo20 pacmeopa: a) pacxooa OUCMuLIAma
(1) u yoenvnoti npouzeooumenvbHocmu Mmemopanvl
(2); 6) koapppuyuenma axmuenocmu 800vl 8 NUMA-
menbHoM pacmeope (3) u 0sudicywetl cuibl npoyecca
(4); 8) yOenvhotl niowaou nosepxHoCmu Memopansl
(5) u k.n.0. npoyecca (6); 2) KpamHocmu ynapusanus
noonumoynozo pacmeop (7) u koappuyuenma Kow-
sepcuu 5mozo pacmeopa (6).
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00XOMMOCTh PEIICHUS ONTHUMHU3ALMOHHOMN
3aJ1aud, KOTOpas SIBJISETCS MPEIMETOM I10-
CJICAYIOIIUX UCCIIEIOBAHUN aBTOpA.

Kak ormewanoch BbIlIE, CIETYIOLINNA
9Tal MCCIENOBAHUN OBUI TOCBSIICH U3y4e-
HUIO BJIUSHUS OCHOBHBIX TEXHHYECKHX Xa-
pPaKTEpPUCTUK MeMOpaHbl (TIOPUCTOCTh, pa-
JIUyC TIOp, TOJIIMHA) Ha TOKa3aTelu IPo-
necca MD. Ha puc. 2 npuBeneHsl JaHHBIE
10 COBMECTHOMY BIIMSIHHIO TIOPHUCTOCTH
MEMOpaHBI M COJIECOACPKAHUS MUTATEITHHON
BO/bI. M3 HUX cleayeT, YTO C yBEIHMUECHUEM
IIOPUCTOCTH MeMOpaHbl Oojiee ueM B 3 pasza
YBEJIIMYUBACTCSL yJAENbHAS TMPOU3BOIUTENb-
HOCTh MEMOpPaHBI ITPH BCEX 3HAYEHUSX COJIe-
COJIep)KaHUsl TTUTATEIBLHOM BOABI (PHC. 2,a).
OueBUIHO ITO CBSA3AHO C TEM, YTO C YBEIHU-
YeHHEM MOPUCTOCTH MEMOpaHbl yMEHbIIa-
eTCsl ee TUIIPABINYECKOE CONpOoTHBICHHUE. B
COOTBETCTBUU C OSTUM YMEHBIIAETCs IIJIO0-
1aJ1b yACIHHON MOBEPXHOCTH MEMOPAHBI 110
3aKOHYy, OJM3KOMY K TUIEpOOINYECKOMY
(puc. 2, 6). [Ipuyem, 3Ta 3aBUCUMOCTH OoJice
BBIp@)KEHA ISl BHICOKUX 3HAYEHH COJNECO-
JIEpKaHusl MUTATEIbHOW BOJbI. B cpegHem
BenmurHa fv CHMKaeTcss oOpaTHO Mpomop-
MOHaNBHO J - Oosee yem B Tpu paza. [lo-
TOMY HEOOXOJAMMO CTPEMUTHCS K pa3padoT-
K€ BBICOKOIIOPUCTHIX MEMOPAH.

Pa3zpaboTka ¥ HUCHOIB30BAaHUE TaKUX
MeMOpaH BBITOAHO W C TOYKH 3PEHHS IO-
BBIIICHHUS K.II.JI. Tpoliecca, KoTopas 1o J1aH-
HBIM pHC.2, B, yBenuuuBaroTcs B 1,9 pas,
nocturast 75+80%. YBennueHHWe TONIIMHBI
MemOpanbsl 0T 40 10 80 MKM MPUBOAUT K
CHIKEHUIO Y/IEJIbHOM MPOU3BOJUTEIBHOCTH
meMmbpansl 10 25 % mpu Cwmp=100 r/am® u
7,6 % npu Cmp=200 r/nm® (Puc.3,a). Ycra-
HOBJICHHBIM XapakTep 3aBUCUMOCTH J OT
TOJIITUHBI MEMOPAaHbI, BUAUMO, 00YCIIOBJICH
TE€M, YTO C YBEJIUYCHHEM TOJIIIUHBI PACTET
CONPOTUBIIEHUE TPAHCIOPTUPOBKE MOJIEKYII
BOJIBI Yepe3 MeMOpaHy. UTo kacaeTcs BIusi-
HUS COJIECOJEp)KaHUS TMHUTATEIHHOTO pac-
TBOpa, TO, KaKk OBUIO TMOKA3aHO BHIIIE, TIO-
BBHIIICEHHWE D3TOTO T[OKa3aTens MPUBOAUT K
CHIDKCHUIO JBIKYIIEW CHJIBI MpOUEcca, OT
KOTOpPOM 3aBUCUT 3HaUCHUE J.
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Puc.2. I'paghuxu 3asucumocmu mexuonozu-
yeckux noxazamerneil npoyecca MD om co-
J1eco0epIHCanus NUMAameibHO20 pacmeopa U
nopucmocmu MemopaHvl. a) yoeibHou
npou3sooumenbHocmu memopanvl; 0)
VOeNbHOU NI0OWa0u NO8ePXHOCIU MemMopa-
Hol: 6) k.1.0. npoyecca. 1 — Cvp=100 2/0um>;
2 — 150 2/om3; 3 — 200 2/om®,

OOpaTHas 3aBUCHMOCTb MEXIY y/I€Ib-
HOH MPOU3BOJUTENLHOCTBIO U yJENbHOU
IUTOIIA (b0 TOBEPXHOCTH MEMOpPaHbI IPUBO-
AUT K TOMY, UYTO C HOBBINICHUCM TOJIIIWHLL
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MeMOpaHbl TpeOyemasl TUIOMIa/lb YBEITUYH-
Baercs (puc. 3, 06). BnomHe oueBmzmHO, 4TO
pacTyT M CBSI3aHHBIC C HEW KalHUTaJbHBIC
3aTpathl. [103TOMY *XKelaTerbHO COBEPILIECH-
CTBOBaTh IMPOW3BOACTBO MeMOpaH B IUIaHE
MUHHMHU3AIUHU €€ TOJIIUHBI.
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Puc.3. I'pagpuxu 3a6ucumocmu mexnonocuye-
ckux noxazameneu npoyecca MJ] om coneco-
oeparcanus NUMamenbHo20 pacmeopa u moauu-
Hbl MeMOpaHbl: a) YOenbHOU RPOU3800UMENIbHO-
cmu memOpansl; 0) yOerbHOU nIowWadu no8epx-
Hocmu memopanwt; 1 — Cmp=100 2/om®; 2 — 150
2/om®; 3— 200 2/oM°.

Ha nponumiaemocts MeMOpaHbI BIUSET
U TaKoW BaKHBIM IMOKa3aTellb, KaK pajyc
nop. Kak nokazanu pacyeTsl, B OTIMYHE OT
IpYTHX TapaMeTpoB, paguyc IMOp TaKke
OKa3bIBAaeT CYIIECTBEHHOE BIIMSHHE Ha KO-
3¢ UIUEHT MPOHUIIAEMOCTH MEMOpaHbI H,
Yyepes Hero, — Ha YACITbHYIO TPOU3BOIUTEIh-
HOCTb MeMOpanbl (puc. 4, a). YBenuueHue
panuyca nop ot 0,175 mo 0,275 MM cmo-
COOCTBYeT yBENMUEHHIO Kod(duuneHTa
nporumaemoct Ha 12%. IlpumepHo Ha Ta-
KYIO0 K€ BEIIMYMHY TOBBIIIACTCS YAeIbHAs
MPOU3BOJUTENBHOCTh M CHIDKAETCS  ILI0-

11

MIagb YACTHHOH IMOBEPXHOCTH MeMOpPaHBI
(puc. 4, 6). [TosToMy *x)enaTenbHBI MeMOpa-
HBI C BBICOKMMH 3HAUYCHHUSMH pajyca Iop.
CpaBHHTEIBHBIN aHATN3 BIMSHHUS TEXHHYE-
CKUX TOKazaTesieii MeMOpaHbl Ha ee y/Aeib-
HYIO TIPOM3BOJUTEILHOCTh IOKA3bIBACT, YTO
HanboJiee CyIIeCTBEHHOE BIMSHUE OKa3bIBa-
€T MOPUCTOCTh MeMOpaHsbl. [Ipyrumu ciosa-
MU, B NEPBYIO Ouepeb HEOOXOIUMO CTpe-
MUTBCS K MPOU3BOJICTBY MEMOpaH C BBICO-
KO ITOPUCTOCTHIO.
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Puc.4 I'paghuxu 3a6ucumocmu mexnorocuiecKux
nokazamereil npoyecca M/ om conecodepoica-
HUSL NUMAMeNbHO20 pACmeopa u paouyca nop
MemMOpanvl: a) yoeavbHoU RPpou3eo0UmeIbHOCmU
Membpanbvl, 6) YOeabHOU NIOWAOU NOBEPXHOCHIU
membpanst; 1 — Cmp=100 2/om®; 2 — 150 2/om®;
3200 2/on’.

BaxxHO OTMETHTbH, UTO MpU MPOU3BOA-
cTBe 3(PPEKTUBHBIX MEMOpaH C KEITAeMbIMHU
TEXHUYECKMMHU XapaKTePUCTUKAMHU HEo0XO-
JIUMO yYUTHIBATh HEKOTOPHIE OTPAHHUYCHUSI:
UCKIIIOYUTh BO3MOXHOCTH BO3HHUKHOBEHHS
SIBIIGHUSI CMauMBaHUs TIOP, KOT/1a BMECTO Ta-
POB BOJBI OYAYT TPAHCTIOPTUPOBATHCS MOJIE-
KYJIbI KHUJIKOHM (pa3bl BMeCTe ¢ paCTBOPEHHBI-
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MU COJISIMH; 00€CIIEYUTh HEOOXOIUMYIO Me-
XaHUYECKYIO IPOYHOCTh MEMOpPAaHBbI U Jp.
BosBpamasice k Bompocy 3¢hdexTus-
HOCTU HcCTONb30oBaHuM MeToga MD Ha cra-
UM YTHJIU3AIUH OCTaTOYHBIX PAaCTBOPOB
RO oTtmeTnM nBa Ba)HBIX OOCTOSITENIHLCTBA.
Bo-niepBrix, Ha ctaguu MD BbeipabaThiBaeT-
Csl JIONOJTHUTENIbHOE KOJHMYECTBO IMepMeara,
NpUYEM C OYCHb HU3KUM COJIECOICPIKAHUEM.
IToaTomy cmech nmepmeatoB RO u MD 6yner
XapakTepu3oBaThcs 0Oojiee HU3KUM COJIECO-
JIEp>)KaHUEM IO CPAaBHEHHUIO C IEePMEaToOM
RO. Otu nokazarenu (CymMMmapHbIA pacxon
nepmeatoB - Geyw U oOlee conecoaepxa-
Hue ux cMmecu — Cos) OBUIM paccUMTaHbl U3
ypaBHEHUN MaTepuaibHbIX OanancoB. Co-

OTBETCTBYIOUIME TpauKd  3aBUCHMOCTH
ITUX TOKas3aTeled OT COJIECOAEPIKaHUs
OCTaTOYHOTO KOHIEHTpara craauun MD

NpUBEACHBI Ha pHUC. 5. Bo-BTOpBIX, CHMXKe-
HHUC KOJIMYCCTBA OCTATOYHOT'O KOHLCHTpPATA,
[0JJaBa€MOI'0 Ha JOPOTrOCTOSIIYIO CTaJUI0
NpeeIbHOTO BBIMTAPUBAHUS OYyJEeT CIIOCO0-
CTBOBATh CHIDKEHHUIO YJIENbHBIX NPHUBEICH-
HbIX 3aTpat (YII3) obuiero konuuecTa nep-
meata — Y, KOTOpas NpUOIM3UTEIHHO MO-
JKeT OBITh BBIYMCIICHA TIO Cieayromen Gop-
MmyJe:

Y= (Gro'Yro + GmpYmD +
+G173'Y173)/ (GRo+ GMD), manlm

rie Gro, Gmp, 1 Gz — pacxo/sl mepMeaToB
craguii RO u MD, a Takke OCTaTOYHOI'O
KOHIICHTpAaTa, MOJAaBaeMOT0 Ha CTaJHIO Mpe-
nenpHOro BeimapuBanus (IIB), coorBercT-
BEHHO, T/9; YRro, Ymp, YrB — YII3 cooTBer-
CTBYIOUIMX cTaauii oOpab®oTku, man/T. Ha
OCHOBaHWU JINTEPATYPHBIX JTaHHBIX OBLIH
NPUHATHL cieayroume 3HaueHus YII3 or-
JeTBHBIX cTanuid 00paboTku: Yro=1 MaH/T;
Ywmp=0,71 man/t; Yne=3 man/t. [Ipeamnona-
rajgoch, 4TO IUCTUJUIAT CTAIUU MPEeTbHO-
ro BBIMApUBaHUS OYJIET MCHOIB30BATHCS HA
COOCTBEHHBIEC HYXIbl CHCTEMBI.

Pe3ynbpTaThl pacdeTroB Takke MpUBE-
JIeHbI Ha puc.6.

AHanu3 MOy4YeHHBIX PE3yJIbTATOB T0-
Ka3bIBA€T, YTO C YBEJIUYECHHUEM COJEeCOIep-

12

JKaHUs OCTATOYHOI'O0 KOHIICHTpaTa CyMMap-
HBI pacxoj TEpMeaToB TIOBBIIACTCS OT
62,3 no 67 1/u4 (xpuBas 1). OMHOBpEMEHHO
ot 88 1m0 83 mr/mmM® cHUKAETCs COJIECcomEp-
JKaHHE CMECH IiepMmeaToB, (KpuBas 2) Mmpo-
iB 108 mr/am3, xapakTepHOH TOJBKO IS
nepmeara RO (cm. Tabnmmy 2). Ha 18%
CHIDKAIOTCSI TAK)KE YZCJIbHBIC NMPUBEIICHHBIE
3arpaThl (kpuBas 3). Takue xapakrepsl 3a-
BHCHMOCTEH OOBICHAIOTCA TEM, YTO C IIO-
BBIIIICHUEM COJIECOJICP>KAHMSI KOHIIEHTpaTa
YBEJIMYMBAETCS BbIpAOOTKAa Mepmeara cTa-
nuu M/ m ymMeHbmaercst pacxoj KOHUEHTpP-
ara, 10JIaBacMOro Ha TpeJeIbHOE BBIAPH-
BaHHE.
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Cygp T/m
Puc.5. I'pagpuxu 3asucumocmu cymmapno2o
pacxooa nepmeama (1), conecooepxcanus
cmecu nepmeamos (2) u yoeabHvix npuse-
OeHHbvix 3ampam (3) om conecooepiiHcanuis
ocmamounozo konyenmpama cmaouu MD.

B 3akiroueHuM aBTOp cuuTaeT HEoO-
XOJIMMBIM BEPHYTHCS K IPUHATOMY BBIIIE
YIPOILIAIOLIEMY AOIYILIEHUIO, O BO3MOXKHO-
CTH IMpeNOoTBpallleH!s] 00pa30BaHus KaJlblIH-
€BBbIX OTJIOKEHUU Ha ctaauu MD nmyrem uH-
ruOMpoBaHMsl ocTaroyHoro pactBopa RO
aHTHHAaKUNUHOM. [laHHas rumnore3a Tpedyer
TEOPETUYECKON U IKCIEPUMEHTAIBHON IIPO-
Bepku. C OONBIION /10JIell BEPOSITHOCTH 3Ta
rurnoreza OyleT OMpoBEprHyTa U MoTpedy-
I0TCsl JaJIbHEHINE UCCIIEIOBAHUs 110 pa3pa-
0O0TKE YCJIOBUN MpeNOTBPALLEHUS BbIMaje-
HUSI KaJbLIMEBBIX OTJOXEHWH Ha MemOpa-
Hax.
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B HACTOAIIUX 7K€ UCCIICAOBAHUAX BIICP-
BblC Ha npuMepe Bozabl Kacmmiickoro mops
pelIanach 3a7a4a 1o oueHke 3(h(HeKTHBHOCTH
YTUIIM3AaLUH OCTaTOYHBIX PACTBOPOB YCTAHO-
BOK OOpaTHOOCMOTHUYECKOTO  OHPECHEHHUS
MOpPCKOH BOABI METOIOM MEMOpaHHOH H-
cTwuisimMu. M pe3ynbTaTthl HCCIEIOBAHUM
HOATBEP)KAAOT  3P(PEKTUBHOCTh  JTAHHOTO
HO/IXO0/1a.

BriBoanl

[Ipennaraercsi TEXHOJIIOTHYECKAst CXe-
Ma, COTJIACHO KOTOPOl MeToaoM MeMOpaH-
HOW JUCTWUIALUK OCYIIECTBISICTCS Tpe/iBa-
pUTENbHAS YTUIN3AIH OCTATOYHOTO PACcTBO-
pa cTaguu 0OpaTHOOCMOTHYECKOTO OIpecHe-
Hus Boabl Kacrmiickoro mops. Ha npumepe
paboThl 0OPAaTHOOCMOTHYECKOW YCTaHOBKH,
skcrutyatupyemoit Ha OC “Simal” uccneno-
BaHO BJIMSIHUE COJIECOZEP)KAaHHUS KOHIIEHTpa-
Ta CTaaAUu MEeMOpaHHON AUCTUIUISIIIMU HA CO-
BOKYITHOCTb TEXHOJIOTHUECKHX ITOKa3aTesei
U TIOKAa3aHO, YTO KOJHYECTBO OCTATOYHOTO
pacTBOpa MOXKET OBITh YMEHBIIEHO C 21,4 T/4
10 4,5 T/4. IT0 MO3BOISAET, JOMOIHUTEIBHO,
Ha CTaJM¥ MEMOpPAaHHOW TUCTWIUISIINH, BBI-
pabotats ot 12,3 mo 16,9 1/4 onpecHeHHO
BOJIbI, TIOBBICUTH TPOM3BOAUTEIHHOCTD JIEH-
CTBYIOLEH ycTaHOBKM, Ha 18% cHuU3UTH
yIeNbHBIE TPUBEIEHHBIE 3aTpaTthl Ha 1 T
nepMeaTa (OmMpecHeHHOM Boxabl) M obecrme-
YHUTH SKOJIOTHUECKYIO YUCTOTY TEXHOJIOTHH.

[TpUOpUTETHBIMH HAMPABICHUSIMU CO-
BEPIICHCTBOBaHUS MEMOpPaH, UCIIOIh3yEeMBbIX
Ha CTaJu MEeMOpPaHHOUN NUCTHIUIALIUU SIBIIS-
IOTCSI TIOBBIICHHE TIOPUCTOCTH M paauyca
Mop, a TAaKXKE YMEHBIIIEHHE TOJIIIMHBI MEM-
Opanbl. [Ipu 3TOM, Oo0jiee NPUOPUTETHBIM
SIBJISIETCSI MTOBBIILICHHUE TIOPUCTOCTH MEMOpaH.
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Asepbaiioscanckuii I 'ocyoapcmeennwiti Yru-
sepcumem Hegpmu u Ilpomviuinennocmu

AHaJu3 pe3yJbTaTOB Npouecca
OIIPeCHEHHSI MOPCKOM BOABI
IKOJOrH4eCKH IP(PEeKTHBHBIM
MeMOpPaHHO-AUCTH/IIIUOHHBIM
METO010M

AHHOTANIMUA

J1 DKOJIOTrMYeCKOro COBEPIIEHCTBO-
BaHUs TEXHOJOI'MH OOPAaTHOOCMOTHYECKOTO
omnpecHeHus Boabl Kacnmiickoro Mops npen-
JaraeTcs nojyvarhb JOMOJHUTEIbHBIN 00beM
ONPECHEHHOW BOJBI TyTeM MeMOpaHHOU
JUCTUJUIALMM  OCTAaTOYHBIX pacTBOpoB. B
pe3ynbpTaTe MHHUMU3HPYETCS KOJIMYECTBO
0TpabOTaHHOI'O KOHIIEHTpAaTa, a TaKXkKe CHU-
JKAIOTCS 3aTpaThl Ha IOJIHOE BbIIApUBaHUE
JUISL TIOJIy4EHHMsI CyXUX COJIEH.
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Ha npumepe paboTbl ycTaHOBKH 00pat-
HOT'O ocMoca, dKcIuryaTupyemoro Ha 9C «Si-
maly, TTOKa3aHo 4YTo, 3a CYET MOBBIIICHUS CO-
Jiecofiep>KaHusl OCTaTOYHOI'O pacTBOpa Mpo-
necca obparHoro ocmoca ¢ 42 r/mm® 1o
100200 r/am® Ha craguu MeMOpaHHOM auc-
THUJUISIIAA MOYKHO TIOJTYYHTh JIOTIOJTHUTEIBHO
25+34% onpecHenHoi Boabl. [Ipu 3TOM pac-
XOJ pacTBOpa, OTIABA€MOT0 Ha TIOJHOE BHI-
napuBaHue, cHmwkaercs ¢ 21,4 /4 no 4,5 1/4,
a yJIebHO-TIPUBEICHHBIC 3aTPAThI OMPECHEH-
HO1 BoABI CHIDKAIOTCS Ha 18%.

Knroueswie cnosa:. Booa Kacnuiickoeo
mops, Ikonoeuyeckue acnekmot, Qopamuulil
ocmoc, Membpannas oucmunnayus, Ymunu-
3ayus coOpocHvix pacmeopos, I paguueckuii
aHanus.

9hmoadova C.A.

Azorbaycan Dovlat Neft
va Sanaye Universiteti

Daniz suyunun ekoloji samarali
membran distilla Gsulu ila
sirinlasdirma prosesinin
naticalarinin tahlili

XULASO

Xazar danizi suyunun oksosmoslu sirin-
logdirmo texnologiyasinin ekoloji baximdan
tokmillogdirilmasi tiglin qaliq mohlullarinin
membran distilo Gsulu ilo slava migdarda
sirinlogdirilmis suyun alinmasi toklif olunur.
Noticads tullanti konsentratin miqdar: mini-
muma enir va quru duzlarin alinmasi ilo tam
buxarlanma xarclori azalir.

“Simal” ES-do istismar edilon oks-osmos
qurgusunun misalinda gostorilmisdir ki, mem-
bran distilo morhalosindo oks-osmos prose-
sinin galiq mohlulunun duzlugunu 42 g/dm?-
don 100+200 g/dm3-o catdirmagla, 25+34%
olava sirinlosdirilmis su almaq olar. Bu halda
tam buxarlanmaya verilon mahlulun sorfi 21,4
t/saat-dan 4,5 t/saata-dok vo sirinlosdirilmis
suyun xususi getirilmis xarclori 18% azalir.

14

Acar sozlar: Xazar donizi suyu, ekoloji
aspektlar, aks-osmos, membran distillo, tul-
lanz: mahlullarin utilizasi, grafiki tahlil.

Ahmadova J.A.
Azerbaijan State Oil and Industry University

Analysis of the results of the sea

water desalination process by an

ecologically efficient membrane-
distillation method

Abstract

For the ecological improvement of the
technology of reverse osmosis desalination
of the Caspian Sea water, it is proposed to
obtain an additional volume of desalinated
water by membrane distillation of residual
solutions. As a result, the amount of waste
concentrate is minimized, and the costs of
complete evaporation for obtaining dry salts
are reduced.

Using the example of the reverse osmo-
sis unit operated at the Simal power plant, it
Is shown that, by increasing the salt content
of the residual solution of the reverse osmosis
process from 42 g/dm?® to 100+200 g/dm? at
the membrane distillation stage, it is possible
to obtain an additional 25+34% of desalina-
ted water. In this case, the consumption of the
solution given for complete evaporation dec-
reases from 21,4 t/h to 4,5 t/h, and the speci-
fic reduced costs of desalinated water decre-
ase by 18%.

Keywords: Caspian Sea water, envi-
ronmental aspects, reverse osmosis, mem-
brane distillation, disposal of waste soluti-
ons, graphical analysis.

Ha cmamuio om3zvle 0an
ooyenm kageopwi « Texnonoeuu npoussoo-
cmea snepeuu» Azepoaiiodncanckoeo eocy-
0apCcmeeHHo020 yHusepcumema Heghmu u
npomviuiiennocmu L. H. Hacupos.
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UOT 666.3

O9ZiMi M.Z.

Azarbaycan Memarliq va Insaat Universiteti

BETONUN XUSUSIYYOTLORINO TOSIR EDON OSAS KIMYOVIi OLAVOLOR

Beton miiasir tikinti materiallar1 arasinda
an ¢ox istifado olunan mohsullardan biridir.
Onun yiksok davamliligi, iqtisadi somaro-
liliyi vo mixtolif goraitlorda totbigi onu vacib
edir. Betonun tarkibindo sement, su, ¢inqil vo
qum kimi asas komponentlor mgvcuddur. Bu
komponentlarin diizgln nisbatlords qarisdiril-
mas1 naticasinds sartlosmis beton kiitlasi alda
edilir. Lakin, betonun keyfiyysti yalniz bu
komponentlorin diizgin secilmasi ilo tomin
olunmur. Mdasir tikinti proseslarinds kimyo-
vi olavalordon do genis istifads olunur. Kim-
yavi olavalar betonun xisusiyystlorini dayis-
dirarok onun performansini artirmaq Ugun tot-
biq edilir. Betonun erkon sartlosmo muddoti-
no tasir edan olavalor xlsusilo qis soraitinda
faydalidir. Plastik voziyystdo olan betonun
axiciligini yaxsilagdirmaq Gglin plastifikator-
lardan istifado olunur. Hava sirlklayan ola-
valar betonun donma-arima dovriindaki da-
vamliligini artirir. Betonun torkibina gatilan
suyun miqdarmi azaltmaq Ugln xdsusi kim-
yavi birlosmalor tatbig olunur. Bu olavalor
betonun sixligini artiraraq onun su kegirma
gabiliyyatini azaldir. Tikinti prosesindo mux-
tolif iglim soraitlorino uygun olavolor segilir.
Kimyavi olavalor betonun barkimo muddatini
sliratlondirs vo ya gecikdira bilor. Mduasir
kimyavi olavalor betonun ekologiya tglin toh-
likasiz olmasina da zomanot verir. Betonun
istehsalinda istifado olunan slavalar onun me-
xaniki xdsusiyyatlorini yaxsilagdirmaga im-
kan verir. Tikinti sektorunda betonun muxte-
lif toloblora cavab vermasi vacibdir. Kimyavi
alavalar betonun ¢atlamasini azaldir va elasti-
kliyini artirir. ©traf miihito uygun slavalorin
secilmosi mihim shamiyyot dasiyir. Betonun
istehsali zaman istifado olunan slavalor tiki-
nti muddstini qisalda bilor. ©lavalorin diz-
gln totbiqi betonun istismar middatini uza-
dir. Betonun xiisusi magsadlor tgun istifadasi
zaman slavalorin secimi ¢cox vacibdir. Beto-
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nun yiksak temperatur soraitindo dayaniqlh-
g1 artirmagq Ui¢iin istilik davaml slavalordon
istifado edilir. Bu sahodo todgigatlar davam
edir va yeni nasil alavalor hazirlanir. Betonun
igtisadi  somaraliliyini artirmaq tgiin olave
materiallarin totbigi vacibdir. Kimyavi olave-
lor sayasindo betonun sortliyino nozarst et-
mok mumkindur. Beton tikililorinin keyfiy-
yatini artirmaq tgtin olavolorin rolu danil-
mazdir. Beton ugun kimyavi slavalor hom ig-
tisadi, hom do texnoloji Ustlnliklori tomin
edir.

Kimyovi oslavalor betonun tarkibins ga-
rigdirilaraq onun xiisusiyyatlorini doyisdiran
xiisusi materiallardir. Bu olavalor betonun
keyfiyyatini artirmaq vo spesifik funksiyala-
rin1 tokmillagdirmok moagsadils istifads olu-
nur. Kimyavi olavoalorin istifadasi beton is-
tehsalinda daha az xammal istifadosine im-
kan verir. Olavalor mixtalif soraitlordo bet-
onun barkima prosesini tonzimloyir. Beton-
da gatlarin yaranmasini minimuma endirmak
ucun kimyoavi olavalordon istifado edilir.
Beton ugiin kimyavi olavalor asason (i¢ osas
funksiyani yerins yetirir: borkims, su miqda-
r1 vo davamliliq. Su miqdarin1 azaldan ola-
volar betona sixliq vo davamliliq qazandirir.
Plastifikatorlar betonun axiciligini artirir vo
onun formasimin qorumasini tomin edir. Su-
perplastifikatorlar iso yiiksok performansh
betonlarin hazirlanmasinda istifado olunur.
Hava sirlkloyan olavalor betonun donmaya
qarst miigavimatini artirir.  Siiratlondirici
alavalor betonun qisa miiddoat arzinds barki-
mosino komok edir. Langidici olavalor iss
betonun borkimo middostini artiraraq daha
genis isloma muddatini tamin edir. Betonun
su kegirmomozliyini artirmaq ti¢lin xiisusi
hidrofobik alavalardan istifads olunur. Asin-
maya qarst davamliligi tomin edan olavalor
betonun uzundémirliyiinii artirir. Betonun
Kimyovi tasirloro garst miiqavimatini artir-
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maq U¢iin korroziyaya garsi alavalordon isti-
fado olunur. Betonun temperatur doyisiklik-
lorina uygunlagsmasini tomin edon termiki
slavalor mdvcuddur. Betonun elastikliyini
artiran olavalor tikinti konstruksiyalarinda
genis istifado olunur. Inteqral olavelor beto-
nun eyni zamanda bir nega xususiyyatini
yaxsilasdirir. Oziibarkiyan beton tigiin xtsu-
si dizayn edilmis kimyovi olavalor totbiq
olunur. Yiingiil betonun hazirlanmasinda xii-
susi kimyavi olavalordan istifads edilir. Bet-
onun xususi texnoloji taloblars cavab vermo-
si Uglin modifikasiyaedici slavalordan istifa-
do olunur. Betonda suyun barabar paylanma-
sin1 tomin edon Kimyoavi oslavalor mévcud-
dur. Olavalorin dizgin segilmasi betonun
Umumi keyfiyyatino ciddi tasir gostorir.
Kimyavi alavalor ham yeni beton hazirlan-
masinda, hom do mdvcud betonun tomiri
zamanu istifado olunur. Bu slavalarin ndvlari
onlarin funksiyalarma vo torkiblorina goro
tosnif edilir. Kimyoavi olavalordon istifado
edorkon onlarin betona uygunlugu 6ncodon
test edilmolidir. Betonun muxtalif tikinti sa-
halarinds istifadasine uygun olavalorin segi-
mi vacibdir. Olavalar tikinti sahasinda xarc-
lori azaltmaga komok edir. Hor bir kimyovi
oslavonin 6z spesifik xiisusiyyatlori vo totbiq
sahosi moveuddur. Innovativ olavalor beto-
nun keyfiyystini artirmaqla yanasi, ekologi-
yaya zorori azaldir. Hazir beton qarisiglarin-
da olavalorin tatbigi istehsal prosesini asan-
lagdirir. ©lavalorin dozalanmasi betonun son
xUsusiyyatlorina birbasa tasir edir.

Kimyavi olavolor betonun keyfiyyatini
yaxsilasdirmaq vo spesifik soraitlordo onun
istifadasini asanlasdirmaq ti¢iin hazirlanmis-
dir. Bu olavalar betonun barkime muddatins,
mohkamliyina va elastikliyino birbasa tasir
gOstorir. Betonun oasas xususiyyatlori arasin-
da sixliq, mohkomlik, davamliliq vo su kegi-
ricilik gabiliyyati miihiim rol oynayir. Kim-
yavi olavolor betonun bu xisusiyyatlorini
istonilon sokildo doyisdira bilir. On ¢ox isti-
fado edilon slavalordan biri su azaldict plas-
tifikatorlardir. Bu olavelor betonun hazir-
lanmasi zaman1 suyun miqdarini azaltmaqla
onun sixhigini artirir. Six beton g¢atlamaya
daha az meyilli olur vo yiiksok davamlilig:
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tomin edir. Superplastifikatorlar betonun
axiciligmi  artiraraq  onun asan  for-
malasdirilmasina imkan yaradir. Hava
striklayan olavalor betonun donmaya vo
arimays qarsi dayaniqligini artirir. Bu alave-
lar betonun icinds mikrohacmli hava boslug-
lar1 yaradir. Mikrohacmli hava bosluqglar
betonun donma vo arima proseslorinds ge-
niglonan suyun tasirini azaldir. Siiratlondirici
olavalor betonun sortlosmo muddatini azal-
daraq tikinti prosesini stiratlondirir. Bu xisu-
silo soyuq hava soraitinds tikinti islori apari-
larkon mihum shamiyyat kasb edir. Loangi-
dici olavalor betonun borkima muddatini
uzadaraq boyuk hocmli beton tékmolarinds
istifado olunur. Bu slavalor tikinti prosesin-
do daha ¢ox vaxt va elastiklik tomin edir. Su
kecirmoyan olavalor betonun su udma qabi-
liyyatini azaldir vo suyun daxil olmasini an-
golloyir. Bu xususiyyst betonun hidrotexniki
tikililordo istifadosini artirir. Korroziyaya
gars1t olavalor betonun torkibindski metal
elementlarin paslanmasinin garsisini alir. Bu
olavalor betonun kimyavi tasirlors qarsi da-
vamliligini tomin edir. Asinmaya gars1 da-
vamliligi tomin edan olavalor betonun mex-
aniki tosirlora doziimliilityiinii artirir. Termik
davamli olavalor betonun yiiksok temperatur
soraitindo deformasiya olmadan iglomasini
tomin edir. Elastikliyi artiran olavalor beto-
nun seysmik zonalarda istifadosi Gglin mu-
hiimdur. Ozlibarkiyan betonlar Ggiin xiisusi
kimyavi olavalor beton catlarinin 6z-6zlino
baglanma qabiliyyatini artirir. Kimyovi ola-
valor betonun gokiya goro méhkomliyini ar-
tirmaga komok edir. Betonun erkon yas do-
vrindo c¢atlamasini minimuma endirmoak
ucun xususi slavalordan istifads olunur. Ola-
valar homginin betonun rangini va sath key-
fiyystini yaxsilagdirir. Betonun dekorativ
moqsadlar Ugln istifadasi zamani slavalarin
rolu xdsusi shamiyyat kasb edir. Kimyavi
olavalor betonun istifado middotini artiraraq
onun istismar dovriinii uzadir. Homginin, be-
tonun ekoloji zororlorini azaltmag ugun ola-
volorin se¢imi vacibdir. Innovativ olavalor
betonun istehsalinda enerjiya gonast etmoya
kdmak edir. ©lavalarin diizgiin tatbiqi beto-
nun {imumi keyfiyyatini vo funksionalligini
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artirir. Betonun sartliyini vo moéhkamliyini
artirmaq Uciin yiksak performansli slavalor-
doan istifado olunur. Kimyavi slavalar beto-
nun i prosesindo asan totbiq olunmasina im-
kan yaradir. Betonun spesifik layihalords is-
tifadasino uygun slavalorin secimi vacibdir.
Bu olavalor mixtslif muhit vs iglim sorait-
larins uygun hazirlanir.

Hava strukloyan olavalor betonun igari-
sindo mikrohocmli hava bosluglar1 yaradan
kimyavi maddalordir. Bu bosluglar betonun
donma va arimo proseslorina gars1 miigavimo-
tini ohomiyyatli dorocods artirir. Hava bos-
luglar betonun daxili tozyigini azaldaraq cat-
lama riskini minimuma endirir. Bu olavalor-
don istifado asason sort iglim soraitinds tikinti
islorindo genis yayilmigdir. Hava siirlikloyon
oslavalor betonun icarisindoki suyun donma
zamani geniglonmasine mane olur. Belo bet-
onlar donma-arimo ddvriinds uzunmiiddatli
davamliliq gostarir. Hava sirlklayan olavalor
betonun sixligin1 azaldaraq elastikliyini artirir.
Bu alavalor betonun daxilinds homogen hava
paylanmasimi tomin edir. Hava surikloyan
alavalar asason su osasl kimyavi birlosmalor-
don ibaratdir. Bu alavalordan istifads betonun
mexaniki xususiyyatlorini zoiflotmir. Onlar
betonun tokmo prosesi zamani daha vahid vo
islok olmasina komoak edir.

Hava suriikloayan olavalor betonun sot-
hindaki ¢atlarin yaranmasini shomiyyatli do-
rocads azaldir. Bu olavalor suyun betonun
torkibindon ¢rxmasini asanlagdirir vo quruma
muddotini qisaldir. Betonun daha hamar bir
soth aldo etmasi Gglin bu slavalordan istifads
olunur. Hava sirlkloyan olavalordon istifads
betonun yungullosmasini tamin edir. Bu,
xususiloe, betonun yiksok yuksokliklords tot-
biqi zaman1 ohomiyyatlidir. Hava strikloyan
beton konstruksiyalar1 daha az ¢okili vo asan
dagian olurlar. Bu olavalor betonun daha ¢ox
dozumliliyind tomin etmokls yanasi, su ke-
cirmo gabiliyystini do azaldir. Hava suriiklo-
yan olavalor betonun rang sabitliyina va sath
keyfiyyotino do musbot tosir edir. Bu ola-
valordan istifads su vo nam asasl tasirlordan
gorunma tolob edon beton konstruksiyalarin-
da vacibdir. Hava slrlkloyan beton konstruk-
siyalar1 kimyovi tosirloro daha davamlidir.
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Belo betonlar tez-tez yol ortiklori, korpulor
Vo digar agiq hava obyektlorinds istifads olu-
nur. Bu oalavalar betonun sart saraitlords isle-
mo middatini ohamiyyatli doracads uzadir.
Hava siriiklayan slavalor betonun harakot ga-
biliyyatini artiraraq tokmo prosesini asanlas-
dirir. Onlar betonun daha homogen bir tor-
kibdo barkimasini tamin edir. Bu slavalordan
istifado betonun struktur biitovliyilinii artirir.
Betonun istismar muddstini uzatmaqg Ugln
hava suruklayan slavalordan istifads vacibdir.
Bu olavalardan istifado etmoklo betonun me-
xaniki zodolora qarst miiqavimoti artirila
bilor. Betonun donma vo arima ddvrlorindaki
asmma riski hava surikloyan slavalarlo azal-
dilir. Bu olavalar betonun su udma gabiliyyo-
tini azaldarag, onun su kegirma xtsusiyyatlo-
rini yaxsilasdirir. Betonun moéhkomliyi ilo ya-
nasi, onun isloma gabiliyyatini do artiran bu
slavalor miithiim rol oynayir. Hava siiriiklo-
yan olavalardan istifads betonun torkibindaki
Kimyovi reaksiyalar1 optimallasdirir. Onlar
betonun sartlosma middatini sabitlosdirarak,
islomo  muddstinds ardicilligi tomin edir.
Hava surtikloyan betonlar tikinti middotinds
olava emal tolob etmadan daha tez hazirlanur.
Bu, tikinti iglarinin stratlonmasine va Xarclo-
rin azaldilmasina komok edir.

Su azaldici1 alavalar betonun hazirlanma-
st zamant istifado edilon suyun miqdarini
azaltmag Ucun nazords tutulmus kimyavi
maddolardir. Bu alavalor betonun sixligini vo
mohkomliyini artiraraq onun davamliligini
tomin edir. Su azaldici slavalordon istifads
betonun c¢atlama riskini shamiyyatli daracada
azaldir. Bu olavalor betonun islomo gabi-
liyyatini artirir vo daha homogen garisigi to-
min edir. Su azaldic1 olavalor betonun torki-
binds suyun barabar paylanmasini asanlasdi-
rir. Bu olavalordan istifado betonun barkima
prosesini slratlondirir vo erkon mdhkomlik
gazandirir. Betonun su kecirma gabiliyyatini
azaltmagq tg¢iin su azaldic1 slavalordon genis
istifads olunur. Bu slavalar betonun sartlosma
muddatine tasir etmoadon onun méhkamliyini
artirir. Su azaldict alavalor, adaton, tikinti
prosesindo Xorclori azaltmaga komok edir.
Onlar betonun axiciligini artiraraq tokmo pro-
sesini asanlagdirir. Su azaldic1 olavalordon
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istifado prefabrik beton elementlorinin isteh-
salinda genis yayilmisdir. Bu olavalor beto-
nun sathinds hamar vo gatlamaya davamli bir
natica tomin edir. Betonun icarisinds suyun
buxarlanmasini minimuma endirarok uzun-
muddotli dayanigliq tomin edilir. Su azaldic1
alavalordan istifads betonun su itkisindan go-
runmasi tigtin vacibdir. Onlar betonun ekoloji
tosirini azaltmagla daha davamli tikinti mate-
riallar1 hazirlanmasina imkan yaradir. Bu ola-
valar, asasan, ylksak keyfiyyatli tikinti kon-
struksiyalarinda totbiq olunur. Su azaldici
alavalar betonun agir yiiklonmays qarst mii-
gavimatini artirir. Betonun dekorativ moagsad-
lorlo istifadasi zamani su azaldict alavalordan
genis istifado olunur. Onlar betonun rang sa-
bitliyini vo soth keyfiyyatini yaxsilasdirir. Su
azaldici olavalor tikinti sahosinds daha az re-
surs istifadasi ilo daha ylksok keyfiyyatli be-
ton hazirlanmasini tamin edir. Bu olavalor be-
tonun isloma qabiliyyatini artiraraq onun tok-
mo muddstini qisaldir. Betonun méhkamliyi-
ni artirmaqla yanasi, su azaldici alavalor onun
Kimyavi tosirlora gargt miigavimatini do arti-
rir. Bu olavalordan istifads tikinti prosesinda
betonun deformasiya riskini azaldir. Su azal-
dic1 olavalor betonun homogen barkimasini
tomin edorok struktur zsifliklorinin garsisini
alir. Onlar betonun tarkibindoaki xirda boslug-
lar1 azaldaraq su kegirmazlik xususiyyati ya-
radir. Su azaldic1 olavalor betonun yuksok
temperaturda sabit qalmasimni tomin edir. Bu
alavalardon istifada xususils isti iqlim sorait-
indo beton tokms islorini asanlasdirir. Su
azaldic1 olavalordan istifado betonun daxili vo
xarici tasirlars qarst dayanigligini artirir. Bet-
onun Yyiklonma qgabiliyyatini artirmaq {igiin
bu olavalordon istifado vacibdir. Su azaldici
alavalar betonun prefabrik elementlordo daha
asan islonmasini tomin edir. Onlar betonun
uzunmuddatli istismar keyfiyyatlorini artirir.
Bu olavalordan istifads tikinti prosesinin sur-
atlonmasina Vs is¢i resurslarinin daha somo-
roli istifadasino imkan yaradir. Su azaldici
alavalar betonun igarisindoki kimyovi reaksi-
yalar1 optimallagdirir vo borkima muddstinds
catlamalarin garsisini alir. Bu alavalordan is-
tifado betonun tomiri zamani da genis yayil-
misdir. Onlar mévecud beton sothindo homo-
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gen birlasmani tamin edarak slava konstruk-
siya mohkomliyini artirir. Su azaldic1 slave-
lor, homginin betonun estetik gorundsiini
yaxsilasdirmaq tg¢tin istifado olunur. Bu sla-
valordan istifado betonun yiksak keyfiyyatli
sath naticasi alds etmasini tomin edir.
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XULASO

Kimyovi olavalor betona mixtslif xusu-
siyyotlor qazandirmagla onun timumi perfor-
mansini va dayanigliligini artirir. Betonun xti-
susiyyatlorini yaxsilasdiran bu olavalor, xUsu-
sila korroziya, istilik doyismalori, sixliq va su
kecirma kimi amillorlo mibarizo aparmaga
kémok edir. Betonun dayanighiligini artiran
kimyavi maddolar, hamginin onun méhkamli-
yini vo uzun omurlaliyunt tomin edir. Kim-
yavi olavalordan diizgun istifado etmok, beto-
nun muxtoslif totbiq saholorinds ugurlu vo toh-
lUkasiz naticalor oldo etmayas kdmok edir. Be-
tonun daha sabit vo etibarli olmasin1 tomin
edon bu maddolar, homginin tikinti islorinin
slratini artirir vo Xoarclori azaldir. Bu olave-
lorin istifads olundugu layihalor daha davaml
Va tohllikasiz olur, bununla yanasi, ekoloji ba-
ximdan da faydalidir. Kimyavi olavalor, insaat
sonayesinda betonun keyfiyyatinin artirilma-
sinda asas rol oynayir.

Acar sozlar: Kimyavi alavalor, hava su-
ruklayan alavalar, istilik dagidict, isti hava va
sixhq alavalori, dayamiqhigi artiran alavalor.
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PE3IOME

OcHoBHBIE XUMHYECKHE 100aBKH,
BJINAIONIAE HA CBOHICTBA 0€TOHA

XyUMUYeCcKue J00aBKH TMPHIAIOT OCTOHY
pa3IMYHbIC CBOWCTBA, TOBBIMIAS €r0 OOIIYIO
MIPOU3BOAUTEILHOCTh U YCTOMYUBOCTh. OJTH
JIOOABKHU MTOMOTAIOT OOPOTHCS C TAKUMH (haK-
TOpaMH, KaK KOPPO3HWs, TEMIICpaTypHbIC W3-
MEHEHUS, IJIOTHOCTh U BOJONIPOHUIIAEMOCTb.
Xumnueckue 100aBKY, MOBBIIIAIOIINAE YCTON-
YUBOCTh OETOHA, TaK)Ke€ O0ECIEUYMBAIOT €ro
MPOYHOCTh W JOJTOBEYHOCTH. lIpaBUiibHOE
HCITOJIb30BAHUE XMMHYECKHX J00aBOK CIIO-
COOCTBYET JIOCTM)KCHHUIO YCIEHIHbIX U 0e3-
OIACHBIX PE3yJIbTATOB IMPHU PA3IUYHBIX CIIO-
cobax mprMEHEeHHs1 OeTOHAa. DTH BEIIECTBA,
o0ecrieunBaroIre OONBITYI0 CTAOMIBHOCTD H
HAJICKHOCTh OETOHA, TAaKXkKe YCKOPSIOT CTPO-
UTEJIbHBIE paOOThI U CHUXKAIOT 3aTpathl. [Ipo-
€KThl, B KOTOPBIX UCIIOJIL3YIOTCS 3TU J00aB-
KH, Oosiee ycTOMUYMBBI U O€30IacHbI, HO OHU
TaK)Ke€ IIOJIE3HBI C DKOJOTHYECKOH TOYKH
3peHus. XUMHUUYecKue 100aBKU WIparoT oc-
HOBHYIO POJIb B TMOBBIIIEHUH KauecTBa OeTo-
Ha B CTPOUTEJIBHOM OTPACIIH.

Knwuesvie cnosa: xumuueckue 0obas-
KU, 8030yXo08081eKanuue 000asKu, menio-
omeooswue 000asxku, 000asKu OJisl Menio2o
6030yxa U NIOMHOCMU, 000ABKU, NOBLIULA-
rowue nPoOYHOCMb.

UOT 621.311.2.22

SUMMARY

Main chemical additives affecting
the properties of concrete

Chemical additives impart concrete with
various properties, increasing its overall per-
formance and durability. These additives
help to combat factors such as corrosion,
temperature changes, density, and water
permeability. Chemical additives that en-
hance the durability of concrete also ensure
its strength and longevity. Proper use of
chemical additives contributes to achieving
successful and safe results in various con-
crete applications. These substances, which
provide greater stability and reliability to
concrete, also accelerate construction work
and reduce costs. Projects that use these ad-
ditives are more durable and safe, and they
are also beneficial from an ecological per-
spective. Chemical additives play a funda-
mental role in enhancing the quality of con-
crete in the construction industry.

Keywords: chemical additives, air-
entraining additives, heat-dissipating addi-
tives, additives for warm air and density,
additives that increase strength.
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HUNDURMORTOBOLI BINALARIN ISTILiK SISTEMLORININ
ENERJi SOMOROLILIYININ ARTIRILMASI USULU

Giris. Bu todqgigatda fasad dizaynina dig-
got yetirmok segimi bir nega sobabdon iba-
rotdir. Birincisi, BOO-nin yiiksok glinos ra-
diasiyas1 Vo gucli istilik ilo xarakterizo olunan
iglim soraiti istilik gazancim va itkisini ton-
zimlomok Uclin effektiv strategiyalar1 tolab
edir. Bina fasadlarinin birbasa olaraq bu sort-
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lora moruz qaldigini nozars alsaq, onlarmn di-
zayni enerji somaraliliyina nail olmag va so-
yutma taloblarini azaltmaq t¢tin muhim oho-
miyyat kosb edir.

Nohayat, enerjiya gonasto nail olmaq
vasitesi kimi fasad dizaynin1 vurgulamagq ig-
tisadi naticaloro malikdir, ¢unki enerji xarc-
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lorinin azaldilmasi bina sahiblarina vo bi-
tovlikds xalga fayda verir .

Bu todgigat saho Uzra movcud biliklo-
ro osaslanarag, unikal ekoloji va iglim kon-
tekstindo ikigat dorili fasadlarin dizaynina
yonalmisdir. Soyutma tolabini azaltmaqda
ikigat dori fasadlarinin effektivliyini vo po-
tensial faydalarini arasdiraraq, todqigatimiz
bolgonin xiisusi sortlorina uygunlasdirilmig
davamli tikinti tocrubalorine tohfo vermok
mogsadi dastyir. Qabaqcil simulyasiyalar vo
malumatlara asaslanan tahlillor vasitasilo biz
ikigat dorili fasadlarin istilik performansini
V5 enerjiys gonast potensialini hartorafli giy-
motlondiririk. Bu tohlil davamli tikinti hallori
axtaran memarlar, muhandislor vo siyasotgi-
lor Ugun dayarli fikirlor togdim edaroak, ikigat
dorili fasadlarin daxil edilmasi ilo alds edilon
soyutma talobinin azaldilmasinin kamiyyatini
muoayyanlosdirir. Bundan slavs, todgigatimiz
material xdsusiyyatlori vo oriyentasiya kimi
parametrlari nazors alaraq ikigat dorili fasad-
lar Ugun optimal dizayn strategiyalarint mii-
ayyanlosdirir vo tohlil edir. Iglimo davamli
hallor toklif etmoklo, biz binalarin atraf muhi-
to tasirini minimuma endirmaya téhfa veririk
Vo BOO-nin dayisen iglim niimunolori ara-
sinda uzunmiiddatli davamliligr togviq edirik.

Bir nego aragsdirmaya gora, ikigat dori-
li fasadlarin (DSF) siiso xususiyyatlori bina-
larda gunos istilik itkisi vo gazancinin ton-
zimlonmasindo miihiim rol oynayir. Daxili
Vo xarici siigolor Uglin optik spesifikasiyala-
rin uygun kombinasiyalarini segmoklo giinos
istilik itkisinin boydkliyino noazarot etmok
olar.

Ac1q mexaniki havalandirilan DSF-lor
vaziyyatinds, daxili stisalorin Low-E siisasi
(asag1 emissiyal siisa) ilo avoz edilmosi adi
yay guniinds glnas istiliyi gazancin iki dofo
artira bilor, xarici siisolori iso 55% azaltmaq
gunas istiliyinin 40%-o godor azalmasina so-
bab ola bilor.

Bununla bela, muxtalif siiso hallarini
aragdiran hortorofli tohlillor yoxdur. Qeyd et-
mok lazimdir ki, isti iqlimlords asag1 aspekt
nisbatina (<0,1) malik olmaq boslugda qiz-
dirllan sorhod tobagalori arasinda qarsiligh
tasira goro ideal deyil, naticads optik itkilo-
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rin azalmasi va dar boslugda goxsayli oksle-
rin artmasi naticasinds havanin temperaturu
yuksalir. ©ksina, soyuq arazilor {igiin uygun
olan parametrlords daha bdyuk glinos istiliyi
gobulu vo daha yiiksok hava temperaturu
gozlanilir .

DSF-nin istilik performansi, ilk névbo-
do, radiasiya vasitasils istilik emissiyasindan
tosirlonir, kolga sisteminin radiasiya xusu-
siyyatlori miithiim rol oynayir. Son statistik
todgiqatlar bu aspekti genis sokildo aragdir-
migdir. Belo todqiqatlardan biri agkar etdi ki,
venesiya pardoalarinin 6n sothinin 6tirilmo-
sinin artirilmasi daxili miihito daha az istilik
axini ila naticalonir .

Bundan olave, DSF-nin istilik perfor-
mansi, boslugu gilines enerjisindon istifados
vasitosi kimi nazordon kecirmoklo daha da
artirila bilor. Buna venesiya poardalarinin ar-
xa interfeysinin udma omsalin1 giiclondir-
mokla nail olmaq olar ki, bu da daxili mihit-
do ikigat oksi azaldir .

DSF-ds bes miimkiin hava axii yolu-
nu forglondira bilorik: hava axini (giris/ ¢1-
x1s), istehlak edilmis hava (daxili-xarici), sa-
bit hava buferi (qapali quragdirma), xarici
hava pardosi (giris/cixig) vo daxili hava par-
dosi hava axini yolu .

Daxili hava pardasinin toravatlondirici
yanasmasi Ui¢lin otaqdaki istilik qazancinin
daha da artmasi islonmis tunellordon olds
edilo bilor.

Standart qis movsiimiinds vo hava tac-
hizat1 ventilyasiya sxemi ilo verilon havanin
istilogsmoasi istilik itkisi vo gunos istiliyinin
konsentrasiyasi sababindan toxminan 20 san-
tigrat kimi glnasli giinlords kritik ola bilar.
Gunos radiasiyasmin olmadigi dovrlords veri-
lon havada temperaturun artmasi miilayimdir.
Belo hava ¢okisi qigda istilik rezolyusiyalar
ucun istifado oluna bilor, belolikls, yerin
istilogsmasi Ugun enerji istifadssinin artmasina
sobob olur.

Goxmartobali DSF tipino diggoet yetir-
mok se¢imi onun artan populyarligi vo hiin-
dirmoartabali binalarda enerjiya gonast po-
tensial1 ilo asaslandirilir. Coxmortobali DSF-
lor guclondirilmis istilik izolyasiyasi, glinos
nazaroti Vo estetik imkanlar kimi tstinluklor
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toklif edir. Bu DSF novini 6yronmokls, bu
todgigat kontekstindo onun istilik perfor-
manst vo optimallasdirilmasi ilo bagli doyor-
li fikirlor togdim etmok moqsadi dasiyir.

Bundan slava, bosluq eni vo siliso NOVi-
niin se¢ilmis doyisanlori DSF-larin dizaynin-
da vo performansinda mithiim miilahizalor-
dir. Boslugun eni fasad sisteminds hava axi-
nina, konvektiv istilik otlrilmasina va tabii
ventilyasiyaya tosir gostarir. Mixtalif bosluq
genisliklorinin tasirini tohlil edarak, bu tod-
gigat praktiki mahdudiyyatlori nazars alaraq
istonilon istilik performansina nail olan opti-
mal diapazonu mioyyan etmok moaqgsadi da-
S1yIr.

Siiso novins diqgst yetirmok secgimi
onun DSF-nin istilik 6ttrdlmasi, glinas naza-
roti vo giin is1g1 xiisusiyyatlorina shamiyyot-
li tosirindon irali golir. Asagi Emissiyali
(Low-E) siiso, rongli siiso vo ya digar Xisusi
ortiklor Kimi muxtalif siiso névlari mixtalif
istilik xtisusiyyatlori niimayis etdirir. Mixto-
lif stiso novlarinin DSF-larin istilik perfor-
mansina tosirini arasdiraraq, bu todgigat
enerji somaraliliyini va Sarniginlorin rahatli-
g1 optimallagdiran uygun siiso hallorin se-
cilmasi ilo bagl fikirlor tomin etmok mogss-
di dasyrr.

Bu xlsusi aspektlora ohato dairasini da-
raltmagla, bu todgiqat yan bosluq vahidi ilo
coxmartobali DSF-nin performansint tohlil
etmok va giymatlondirmok magsadi dasiya-
caqdir. Bu tadgiqat bosluq bélmasinin 6l¢u-
st vo konfiqurasiyas1 vo siigo materiallarin
secimi kimi mixtolif dizayn parametrlorinin
tosirini aragdiracaqdir.

Natica

Icarisindo ikiqat siiso tobagodon vo Xa-
ricdo Low-E tabagoesindon ibarat 35 sm bos-
luga malik coxmartobali ikigat dorili fasadin
todqiqi digar sinaqdan kegirilmis doyisanlor-
lo migayisado U dayarini va soyutma isteh-
lakini azaltmaq baximmindan shomiyyatli fay-
dalar niimayis etdirdi. Bu xiisusi siigo novi
soyutma enerjisindan istifadonin nozaragar-
pacaq daracads azalmasina sabab oldu.
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Studiya blokunda dayisan carayan enerji
sorfiyyat1 551 kVt/saatdan 490 kVt/saata qo-
dor azalib. Eynilos, daha genis siisoli fasadli
bir otaql1 blokda soyutma istehlaki daha oho-
miyyatli doracads azalib, 948 kVt-dan 758,4
kVt/saata enib, bu da enerji istehlakinin 20%
azalmas1 demokdir. Bozi aylarda azalma fa-
izi 25%-o0 catirdi. Iki otaqli qurgu iiciin pik
vaxtlarda AC enerjisi 25% azaldi, istehlak
1345 kVt-dan 1076 kVt-a diisdi.

Siisaloma sahasi vo U dayari do daxil
olmagla siiso XUsusiyyatlorinin secimi AC
enerji istehlakinin azaldilmasinda vo rahat
istilik performansmin tomin edilmoasinda
halledici rol oynayir. Qeyd etmok lazimdir
ki, ikigat darili fasadin (DSF) effektivliyi iq-
limdon asili olaraq doayiso bilor. Simulyasiya
noticalori isti aylarda AC enerjisinin sho-
miyyatli doracads azaldigini gostarsa do, il
arzindo daha soyuq aylarda enerji istehlakin-
da mitloq azalma miisahido edilmomisdir.
Buna baxmayaraq, DSF dizayni ilin ¢ox his-
sosi Giglin 21°C-don 26°C-yo qodor rahat
temperatur diapazonunu saxladi, naticado
sakinlor Gglin enerji xorclori azaldi. Bundan
olavo, todqiqatin naticalori tortibatgilar tiglin
calbedici reklam rolunu oynayir, DSF bi-
nalarinin enerjiyo gonast edon usttnliklorini
vurgulayir, dizaynerlora muiasir vo unikal
dizaynlar yaratmaq imkanlar1 verir vo qorar
gobul edanlora enerji gonastindon birbasa
golir olda etmoayi toklif edir.

Yasayis hiindiirmartobali binasinda bos-
lug eni 35 sm olan ikigat dorili goxmartabali
tipli fasadin inteqrasiyas: otraf muhito uy-
gunlugu artirdi vo tobii ventilyasiya sistemi-
nin daxil edilmasi ilo mexaniki ventilyasiya-
dan asililig1 azaldib. ikigat ortiiklor fasadin
asagl hissasindo havanin onlarin arasinda
axmasina vo yuxaridan ¢ixmasina imkan ve-
rir, tobii ventilyasiya tgiin kilayin tozyigin-
don istifado edir.

Bu arasdirmada ikigat dorili fasadlarin
secimina tosir edon bir parametrs digqgot ye-
tirdiyimiz tictin golocak todgiqgatlar tgun ola-
vo amillori nozare almagq vacibdir. Ikiqat do-
rili fasadlarin faydaliligini olave giymatlon-
dirmak Gg¢un fayda-xarc tohlillorinin aparil-
mas1 vo belo fasadlarin istifadasinin igtisadi
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somoaraliliyinin - giymatlondirilmasi  tovsiya
olunur. Bu tohlil muxtalif amillori, o climlo-
don xarclor vo zamanla gonast edilon enerji
faizini nozoros alacaq. Bundan olavs, Kkegiri-
cilik va giin ig1g1 kimi doyisanlorin aragdiril-
masi ikiqat dorili fasadlarin enerji istilik per-
formansinin artirilmasina komok eds bilar.

Bu aragdirmanin noticalorino osaslana-
raq vo davamli bina dizayni {igiin ikiqat dori
fasadlarinin (DSF) istifadasini daha da inki-
saf etdirmok iiclin biz agagidaki tovsiyalori
toklif edirik:

Miuxtalif Iglimlords Faaliyystin Qiymot-
londirilmasi:  Muxtolif iglim boélgolarinda
DSF-lorin performans giymotlondirmalorinin
aparilmasi onlarin effektivliyi vo uygunlasma
gabiliyyati ilo bagli doyarli fikirlor vers bilor.
Forgli iglimlor DSF-lorin istilik performan-
sina va enerjiya gonast potensialina farqli tosir
gostara bilor. Buna gora do, muxtalif cografi
yerlarda totbiq oluna bilmasini tamin etmok
ucin hom isti, ham do soyuq iglimlords
onlarin faaliyyatini giymotlondirmok vacibdir.

Hoyat Dovrl Xarclorinin Toahlili: Galo-
cok todgigatlar binanin biitiin 6mrii boyu
DSF-lardon istifadonin igtisadi mogsadauy-
gunlugunu qiymoatlondirmok Gglin  hoyat
dovri xarclarinin tahlilini shato etmalidir.
Bu tohlil yalniz ilkin qurasdirma xarclarini
deyil, hom da texniki xidmot, tomir vo ama-
liyyat xorclorini nozors almalidir. DSF-lorin
uzunmuiddotli iqtisadi faydalarinin qiymat-
londirilmasi gorar gobul edanlora vo inves-
torlara dayaniqlt tikinti layihalori Gglin mo-
lumatli se¢im etmokda kdmok edacak.

Agilli Texnologiyalarin Inteqrasiyasi:
Enerjiya gonast potensialin1 daha da artir-
maq U¢glin avtomatlagdirilmis kolgo sistem-
lori vo adaptiv slisoloma kimi agilli texnolo-
giyalarin DSF-lorlo inteqrasiyasini arasdirin.
Agilli idaroetma sistemlori tobii ventilyasi-
yani, glindiiz is1gm1 va istilik performansini
optimallagdiraraq binanin samorali vo rahat
islomasini tomin edos bilar.

Material Se¢imi vo Davamliliq: DSF-
lordo istifado olunan materiallarin otraf ma-
hito tosirini giymotlondirin vo davamli alter-
nativlori aragdirin. Ekoloji cohatdon tomiz
materiallarin se¢ilmosi DSF-lorin Umumi da-
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vamliligina tohfa vera bilor vo yasil tikinti
prinsiploari ilo uygunlasa bilor.

Bosluq eninin optimallagdirilmasi: DSF-
lorin istilik performansina miixtalif boslug ge-
nigliklarinin tosirini aragdirm. Boslugun eni-
nin optimallasdirilmas1 daha ¢ox enerji gona-
atina va timumi performansin yaxsilagmasina
sobab ola bilar.

Borpa Olunan Enerji Monboalori ilo in-
tegrasiya: DSF-lorin giinas fotovoltaik pa-
nellari va ya kulok turbinlari kimi barpa olu-
nan enerji monbalari ilo inteqrasiyasinin
mumkanlaytnld giymetlondirin. Bu  sinerji
binanin enerji somaraliliyini artira vo tomiz
enerji istehsalina téhfa vera bilar.

Real-dinya Case Studies: Simulyasiya
naticalarini tasdiglomak va bu sistemlarin
praktiki noticolorini daha da basa diismok
ucun DSF-larlo méveud binalarin real diinya
nlmunolori Uzro todgiqgatlar aparin. Bu ciir
nimuno arasdirmalart goalocok DSF dizayn-
lar1 va totbigi Gglin dayarli roy vo Oyronilmis
dorslari tomin eda bilor.
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Hiindiirmoartabali binalarin istilik
sistemlorinin enerji somarsliliyinin
artirilmasi tisulu

XULASO

Bu todqiqat yiiksok mortobali yasayis bi-
nalarinda enerji  somaraliliyini  arasdirir,
burada siiso binalarin fasadlarindan istifade-
nin artmasi istilik qazanmasi sababindon kon-
disioner xorclorinin artmasina sobob olur.
Todqiqat davamliliq ve innovativ dizayn
prinsiplorini 6ziindo birlogdirorok enerji is-
tehlakin1 minimuma endirmok ti¢iin sliso no-
viinlin vo sliso fasadlar arasinda uygun bos-
lugun giymatlondirilmoesine yonolib. Bu mag-
sadlors nail olmaq ticiin bu isdo daxili soyut-
ma ylikii toloblorini yerino yetirmok vo sa-
kinlarin ehtiyaclarini 6domak {i¢lin xarici iq-
lim soraitino uygunlasan yiiksok performansl
fasad olan Ciit Dori Fasad (DSF) istifado
olunur. Molumatlar secilmis yasayis binasu-
nin sakinlori arasinda paylanmis onlayn sorgu
vasitosils toplanmis vo toplanmis malumatlari
tohlil etmoak tgiin keyfiyyat vo kamiyyat ya-
nasmalarindan istifado edilmisdir. Movcud
molumatlardan vo movcud toforriiatlardan is-
tifado edorak Tohlil enerji somaraliliyini ohe-
miyyatli doracads artiran optimal DSF di-
zaynin1 miioyyon etmok mogsadi dasiyirdi.
Bu tadgiqgatin naticalari yiiksok martobali ya-
sayls binalarinda optimal DSF dizayninin
enerji somoraliliyino shomiyyatli tosirini vur-
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gulayir. Moveud molumatlart modellogdir-
mok vo onlar1 har bir doyison {igiin yeni mo-
del naticalori ilo miiqayise etmokls, bu tod-
gigat gostorir ki, daxili hissads ikiqat siisoli
tok dori tobagesindon vo xarici tobago kimi
Low-E ikiqat stisali tok dori tobagosindon iba-
rot 35 sm bosluga malik DSF kondisionerin
imumi enerji istehlakini 25%-don ¢ox azalda
bilor. Bu naticalar isti iqlimlorde goxmarte-
bali yasayis binalarinin togqdim etdiyi unikal
enerji problemlorini hall etmak {igiin DSF-nin
totbigi ilo bagh doayarli fikirlori tomin edir.

Acar sozlar: ikiqat dorili fasad; yiiksok
enerji performansli bina; isti iqlim; hiindur-
maortobali yasayis binalari

Alasgharov G.A, Maharramov R.E.

Azerbaijan University of Architecture
and Construction

gulagha.alasgarov@azmiu.edu.az

Method of increasing the energy
efficiency of heating systems of
high-rise buildings

SUMMARY

This study investigates energy effici-
ency in high-rise residential buildings,
where the increased use of glass building fa-
cades leads to increased air conditioning
costs due to heat gain. The study focuses on
evaluating the type of glass and the appro-
priate spacing between glass facades to mi-
nimize energy consumption by incorporating
sustainability and innovative design princip-
les. To achieve these objectives, this study
uses a Double Skin Facade (DSF), a high-
performance facade that adapts to external
climatic conditions to meet internal cooling
load requirements and meet the needs of
residents. Data were collected through an
online survey distributed among residents of
a selected residential building and qualitati-
ve and quantitative approaches were used to
analyze the collected data. Using the avai-
lable data and available details, the analysis
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aimed to identify the optimal DSF design
that significantly improves energy effici-
ency. The results of this study highlight the
significant impact of optimal DSF design on
energy efficiency in high-rise residential bu-
ildings. By modeling existing data and com-
paring them with new model results for each
variable, this study shows that a 35 cm gap
DSF consisting of a single skin of double
glazing on the inner side and a single skin of
Low-E double glazing on the outer side can
reduce the total energy consumption of the
air conditioner by more than 25%. These re-
sults provide valuable insights into the appli-
cation of DSF to address the unique energy
challenges presented by multi-story residen-
tial buildings in hot climates.

Keywords: double-skin facade; high
energy performance building; hot climate;
high-rise residential buildings
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Cnoco0 noBbiIeHUs
3HepProdgGeKTUBHOCTH CUCTEM
OTOIVIEHUS BHICOTHBIX 3AaHU I

PE3IOME

B manHOM WcceIoBaHMM paccMaTpyBa-
eTcst PHeprod(pPeKTUBHOCTh BBICOTHBIX KH-
JBIX 37aHUM, T/Ie 0oJjiee IIMPOKOE HCIIOJb-
30BaHUE CTEKJISIHHBIX (DacajoB MPUBOIUT K
VBEJIMYCHUIO PACcXOJIOB Ha KOHIUITMOHUPO-
BaHHE BO3/yXa M3-3a MpuTOKa Teria. Mccne-
JOBaHWE OBUIO COCPEIOTOYEHO Ha OIICHKE
TUTA CTEKJIAa U COOTBETCTBYIOIIETO PacCTOs-
HUS MKy CTCKIITHHBIMH (pacagamu 11t MH-
HUMU3AIUUA TOTPEOICHUSI DHEPTUH C YUETOM
MIPHUHITATIOB YCTOHYHMBOTO PA3BUTHS W MHHO-
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BaIlMOHHOIO JAu3aiHa. JIJisi JOCTUIKEHUS STUX
Hesed B MPOEKTE HUCHOJIb3YeTCsl JIBYXCIOM-
Helii ¢acan (DSF) - BeicokoadekTuBHBII
dacan, KOTOpbIM aganTUpyeTcsl K BHEIIHUM
KJIMMaTHYECKUM YCIIOBUSIM, YTOOBI COOTBET-
CTBOBaTh TpeOOBaHMAM K BHYTPEHHEH Har-
pY3Ke Ha OXJIaXKJCHHUE U yJIOBJIETBOPATH OT-
peOHOCTH XKWiIbIOB. JlaHHbIe ObUTH COOpaHbI
IIOCPEJICTBOM OHJIANH-OIIpPOCa, pacnpocTpa-
HEHHOTO CPEeIH KUTENIel BHIOPAHHOTO KHUJIO-
ro JoMa, a JUIsl aHaJiu3a COOpPaHHBIX JTaHHBIX
HCTIOJIb30BATINCh KAYECTBEHHBIE U KOJMYECT-
BEHHBIC MMOAXO0Mbl. AHanu3 ObUT HampaBicH
Ha OIpeJIeIeHUue ONTUMAILHONW KOHCTPYKIIUU
DSF, xoTopasi 3HaUMTEIbHO NOBBIILIAET 3HEP-
rodGeKTUBHOCTD, HCIOJIB3YSI HMEIOIIHECs
JaHHble M MoApoOHYyI0 HHpopmanuio. Pe-
3yJIbTaThl JAHHOTO UCCIIEAOBAHUS TOAUYEPKU-
BaIOT CYIIIECTBEHHOE BIMSHUE ONTUMAIBLHOTO
npoektupoBanus DSF Ha sneproaddextun-
HOCTb BBICOTHBIX KHJIbIX 30aHui. [IyTeM mMo-
JEIMPOBaHMs CYIIECTBYIOIIMX JaHHBIX H
CpPaBHEHUsI MX C pe3yJibTaTaMH HOBOH MO-
JIeNH 111 KOKJIOW MEePEMEHHOW JTaHHOE HC-
cienoBaHue nokasbiBaet, 4yro DSF ¢ 3a30pom
35 cM, COCTOALIMM U3 OJTHOTO CJIOS IBOMHOTO
OCTEKJICHHsI C BHYTPEHHEH CTOpOHBI M OJ-
HOTO CJIOSI HU3KO3MHCCHUOHHOTO JBOMHOIO
OCTEKJICHHS B KQUe€CTBE BHELIHETO CJIOS, MO-
KET CHU3UTh oOliee MnoTpebiieHne SHepruu
KOHAHWIIMOHEpOM Oosiee ueM Ha 25%. Otm
pe3yNbTaThl JAlOT LEHHYI0 HH(opMaiuo o
npuMmeHeHnn DSF nns pemienust yHukamib-
HBIX SHEPreTMYeCKUX IMpoOjaeM, BO3HHUKAO-
[IUX B BBICOTHBIX KHWJIBIX 3aHUSAX B TCILIOM
KIIUMare.

Kniouesvie cnoea: osyxcnounviii ¢ha-
cao, 30auue ¢ BblCOKOU 3Hepeodqhhexmug-
HOCMbI0, MENblll KIUMAMmM, 6bICOMHbLE HCU-
Jible 30aHUsL.

Maqaloya AzMIU-nun “Miihandis
sistemlori va qurgulart” kafedrasinin
dosenti, t.e.n. G.H. Feyziyeva ray
vermisdir.
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IQLIM DOYISMOLORININ AZORBAYCAN RESPUBLIKASINDAKI SU
RESURSLARINA TOSIRI VO IQLIM DOYiISMOLORININ QARSISININ
ALINMASI MOQSODI iLO ALTERNATIV SU MONBOLORININ ISTIFADOSI

Giris. Hazirda iqlim dayigmolori diin-
yan1 narahat edon global problemlardan biri-
dir. Malum oldugu kimi, XVIII asrdan eti-
baran baslayan sonayelogsmo dovrindan, Xxi-
susan do XX oasrin ortalarindan sonra Yer
klrasinin iglim sistemino gox boyik monfi
tosirlor gostorilmis, digar atmosfer tullantila-
r1 ilo yanasi, istixana effekti yaradan qazlarin
global miqyasda siratli artimi bas vermisdir.

Azarbaycan da global iglim dayismolo-
rinin tosirindon konarda galmamigdir. Son
100 ildo Azorbaycan orazisindo orta illik
temperaturlar 0,4-1,3°C-yo godor artmigdir.
Iglim doyismolori fonunda Azorbaycan das-
qunlar, qar ucgqunlari, tufanlar, qasirgalar,
dalgalanmalar, giiclii kiiloklor, istiliklor, qu-
ragliglar, buzlaglarin orimasi, soranlasma,
torpaglarin deqradasiyasi, sohralagsma, ya-
gintilarin vo su ehtiyatlarinin azalmasi vo s.
bu kimi ekstremal iglim hadisolorinin
tasirlarina moruz qalir.

Azarbaycanin su ehtiyatlar1 Conubi Qaf-
gazin digar 6lkalari ilo miiqayisodo mohdud-
dur vo biitdv regiondaki su ehtiyatinin yalniz
15 %-ni ohato edir.

Olkonin yeriistii su ehtiyatlarinin mon-
bolorini caylar, gollor, su anbarlar1 vo buz-
laglar toskil edir. Yeriistii su ehtiyatlar
osason ¢aylarda comlonmisdir. Cay sularinin
ehtiyatlarinin = 67-70%-i qonsu  olkalorin
orazisinda, qalani iso (yerli axim) 6lkomizin
daxili ¢aylarinda formalasir. Cay sularinin
{imumi tobii ehtiyatlar1 28,5-30,5 km?3, qonsu
Olkalordon transsorhad gaylarla daxil olan su
ehtiyatlar1 19,0-20,5 km?, yerli axim 9,5-
10,0 km? toskil edir.
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Quraqliq illords su ehtiyatlar1 22,6-27,0
km3-o qodor azalir. Miivafiq olaraq, bu
sularin 17,1-14,3 km? transsorhod ¢aylarina
aiddir. Kiir vo Araz caylarinin su ehtiyatlari
gonsu Olkolorin orazisindo istifadasi natico-
sindo 20%-o godor azaldilir. Bu da 6lkads su
catismazliginin artmasina gatirib ¢ixarir (il-
do togribon 4-5 km®) vo Azorbaycanda su
tolabatinin 6donilmasinds ¢atinlik yaradir.

Iglim doyismolorinin tasiri noticosinda
su ehtiyatlarimiz son onilliklords azalmisdir
vo beynolxalq iglim modellorino asason
onlarin golocokdo do azalma ehtimali var.
Olko ohalisinin artmasi, iqtisadiyyatin
miixtolif saholorinin inkisafi vo suvarilan
kond tosorriifati sahoalorinin genislonmasi
sobabindon suya olan tolabat artan templo
iraliloyir.

Son 33 ilds yerli ¢aylarda 1991-2023-cu
illords sululugun 1961-1990-c1 illorlo miiga-
yisali 5,0 %-don 21,2 %-dok, Transsorhod
caylarda 1s9 9,1%-don 21%-dok azalmisdir.

Tranzit caylarda 1991-2023-ci illords
illik orta su sorfinin 1961-1990-c1 illorlo mii-
gayisado doyismasi.
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Sakil 1: 1961-1990, 1991-2023-ci illar Uzra
Kiir ¢caymmin Qiraq KaSaman mantagasinin su
sorfinin dayismoasi.
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Sokil 2: 1961-1990, 1991-2023-cl illar Uzra
Qanix ¢ayimin Calayir mantagasinin su
sarfinin dayigmasi.
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Sokil 3: 1961-1990, 1991-2023-cll illar Uzra
Araz ¢aymin Quzilvang mantagasinin su
sarfinin dayigmasi.

Yuxarida gostorilon molumatlardanda
goriindiiyii kimi iglim doyismalorinin tosiri
naticosinds su resurslarinin saviyasing ciddi
sokildo azalmalar bas vermisdir. Su tobii sor-
vot olmagla barabor, hoyatin davami {igiin
zoruri olan asas manbalordan biridir. Xususi-
lo son illordo ohali artimi, urbanizasiya vo
iglim doyisikliyinin tosiri ilo tobii su ehtiyat-
lar1 tiikkonmokdadir. Bu iso hom maisat, hom
kond tosorriifati, hom do sonaye sektoru
ucun ciddi ¢agirislar yaradir.Bu sobobdan al-
ternativ su monbalorinin axtarisi aktual mov-
zulardan birino ¢evrilmisdir. Bu baximdan
damiistii yagis sularinin yigilmasi ohomiy-
yatli vo ekoloji baximdan samorali bir Gsul-
dur. Diinyada artan ohali, tiikkonon tobii re-
surslar vo ekoloji problemlor sobabindon ar-
tiq bir ¢ox sahado ononavi yanagmalar kifa-
yat etmir. Bu sobobdon do insanlar miixtalif
saholordo — enerji, nogliyyat, kond tosorriifati
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vo su tominati kimi — alternativ yollar axtar-

maga baslayiblar.

Su masalasinds ds dunya yeni yollar ax-
tarir. Son illords 6lkoamizds su ehtiyatlarinin
todricon azalmasi va su qitligi problemi get-
dikca daha ¢ox hiss olunur. Okingiliklo mos-
gul olan bolgalords suvarma suyu catigmur,
bozi sohor vo kondlords isa ohali icmoali su
problemi ilo Uz-lizo qalir. Iqlim doyisikliyi,
yagintilarin azalmasi vo sularin diizgiin idaros
olunmamasi bu vaziyyati daha da ¢atinlos-
dirir. Belo bir soraitds artiq anonavi su man-
bolori ilo kifaystlonmok mumkin deyil vo
biz alternativ yollar axtarmaliyiq. ©nanavi
su monbalorinin kifayst etmodiyi yerlordos
insanlar artiq alternativ su manbalarina
yonalir.

Alternativ su monbalarine asagidaki nii-
munoalari misal gostarmak olar
1. Suyun duzsuzlasdirilmasi: Doniz suyu-

nun duzlardan tomizlonorok i¢moli vo ya
texniki suya ¢evrilmosi prosesidir.

2. Yags sularimin y1igimi: Dam Ortiiklorin-
don vo digar sothlordon toplanan yagis su-
yunun saxlanilmasi va istifadasi.

3. Tokrar emal olunmus su: Tomizlonmis
tullantt sularinin ikinci dofa (texniki maq-
sadlor, kond tosarriifat1 vo s.) istifadosi.

4. Boz suyun yenidan istifadasi: Dusdan,
paltaryuyan magsindan golon, amma ka-
nalizasiya ¢irkabma garismayan sularin
tokrar istifadosi

5. Qar va buzun oridilmasi: Orimis gar vo
buz sularindan i¢cmoali vo kond tosarriifati
suyu kimi istifado.

6. Duman tutma texnologiyasi: Xususi tor-
lar vasitosilo duman i¢indoki su damcila-
rinin toplanaraq maye suya ¢evrilmasi.

7. Atmosferdon su c¢ixarilmasi: Havada
olan riitubatin xiisusi cihazlarla toplana-
raq suya ¢evrilmasi.

Dilnyanin bir ¢ox yerlorinds alternativ
su monbosi kimi yagis sularindan istifado
olunur. Yagis suyu atmosferdoki su buxari-
nin soyuyaraq kondensasiya olmasi natico-
sindo buludlardan yers diison mayedir. Kon-
densasiyasi noticasindo amolo galdiyi Uglin
tobii olaraq tomiz sayilir. Homginin yagis
sularindan istifado metodu digor alternativ



Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ned, 09.2025

metodlardan daha ucuz basa golir. Yagis su-
yunun toplanaraq istifado olunmasi, hom gi-
giyenik baximdan tohliikasiz, ham do iqtisa-
di vo ckoloji baximdan olduqca sorfalidir.
Sads filtrloma sistemloari ilo bu suyu texniki
moqsadlarlo rahatligla istifado etmok mim-
kinddr. Bu, hom suya gonast edir, hom do
tobisti qorumaga komok edir.

Yagis suyu yigma iisulu. Son illords ya-
g1s suyu y1igma c¢ox populyarlasmisdir. Yagis
suyu y1gma, nisbi tomiz sathlordan, mosalan,
damlardan, yagmtilar1 toplamagq, 6tiirmok vo
saxlamagq {iglin davamli, iqtisadi va tohlUkasiz
bir texnologiya/metoddur. Umumiyyatla, su
yagis suyu tankinda saxlanilir. Bu, su catig-
mazhig1 dovriinds alternativ su manbayi kimi
xidmot edir. Saxlanilan yagis suyunu ev to-
sarriifati, kommersiya vo ya kond teSarriifati
moqsadlari Ugin istifado etmok mumkundur,
mosalon: suvarma, agiq saho tomizlonmasi,
tualetlorin yuyulmasi, paltarlarin yuyulmasi
Vo hatta icmali su kimi. Yagis suyu yigma su
bohrani ilo mubarizo aparmaga gadirdir. Ef-
fektiv vo ylksok keyfiyyatli yagis suyu yig-
ma sistemlori, dlizglin talimat v texnologiya-
larla biitiin su ehtiyaclarini toplayir vo suyu
galocak istifads tglin qoruyur (https://neoak-
ruthi.com/blog/rainwater-harvesting-metho-
ds.html).

Yagis suyu yigma sisteminin shamiy-
yati. Yagis suyu yigma, bir cox cohotdon
ohomiyyatlidir. ©On osas sobab, su catigsmaz-
ligindan qurtulmaga kémok etmosi vo diiz-
gilin sokildos toplanib saxlanildiginda keyfiy-
yatli su tomin etmosidir. Yagis suyu yigma
sistemi quragdiraraq, osas su istifadasini oho-
miyyatli dorocods azalda bilarsiniz. Bu sis-
tem homginin quraqliq kimi vaziyyetlorin
garsisini alma potensialina malikdir. Sistema
asagidakilar daxildir: toplama sothi, su xot-
lori, kanalizasiya borulari, ilkin filtrasiya sis-
temlori va ya "ilk axin" cihazlari, anbarlar vo
paylama sistemlori — bu sistemlords (yagis
suyunun istifado mogsodinizo goro tomiz-
lomo do daxil ola bilor).

Akrutih Enviro Solution-a (https://neo-
akruthi.com/blog/rainwater-harvesting-met-
hods.html) gora, asason iki yagis suyu yigma
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metodu movcuddur vo bunlar asagidakilar-
dur:

1. Soth Axini Yagis Sularinin Yigilmasi

2. Damiistii Yagis Suyunun Yigilmasi

Sath axim ils yagis suyu yigma meto-
du. Soth axini ilo yagis suyu y1gma, yagislar
zamani yers axan suyun toplanaraq yerin
altinda yerloson anbarlarda yigilmasi me-
todudur vo bu su daha sonra suvarma v di-
gor mogsadlor iigiin istifado olunur. Yagis
Suyunun saxlanmasi zamani suyun buxarlan-
Masinin qarsisini almagq tigiin somorali va ef-
fektiv su qoruma metodlarinin totbiqi vacib-
dir. Bu texnologiya asanligla totbiq oluna bi-
lor vo diizgiin istifado edildikds ¢ox golirli
ola bilor. Yiizey axini ilo yagis suyu yigma
metodunun osas mogsadi su tolobatini qgarsi-
layaraq su ¢irklonmasini, torpaq eroziyasini
va yollarin su basmalarini azaltmaqd.

Dam iistii yagis sularimin yigilmasi
Usulu. Damiistii yagis sularinin yigilmasi —
yagis suyunun diisdiiyii yerdoco toplanmasi
Usuludur. Bu iisulda yagis suyu fordi yasayis
evlorinin vo ya kommersiya binalarinin dam
sathlorindan toplanaraq xiisusi su anbarlarin-
da saxlanilir. Toplanan yagis suyu ya birba-
sa anbarlarda saxlanila, ya da siini yeralt1 su
manbalarinin doldurulmas sistemlorine yon-
londirila bilor ki, bu da ev vo ya kommersiya
ehtiyaclarinin 6donilmasi tgiin istifado olu-
nur.

Bu iisul sado, ekoloji cohotdon tomiz, az
xarc talab edon vo olduqca effektiv bir tisul-
dur. Damiistii yagis sularinin yigilmasi
(RRH) metodu, binanin vo ya evin damina
diison yagis suyunun yonlondirilmosi vo ya
toplanaraq saxlanilmasini shato edir.

Yagis sularmn yigilmasi dsulunun 8
asas faydasi vo Ustunliyd. Yagis sularinin
y1gilmasi, damlardan va digor su ke¢irmoyan
yeriistli sothlordon yagis suyunun toplanaraq
istifado liclin saxlanmasi prosesidir. Bu me-
todun totbiqi bir ¢ox fayda tomin edir vo asa-
g1da bunlardan on 6nomlilari siralanmigdir:
1. Yagis sularmin yigilmas: sistemlori qu-

ragdirmagq, islotmok vo saxlanmaq baxi-
mindan asandir.
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2. Filtrloma tolob etmadon landsaft sulamasi
tictin mitkommoal su manbayi kimi foaliy-
yot gostarir.

3. Hem su, hom do enerji gonastini ohomiy-
yatli doracads tosviq edir.

4. Yagis sularinin yigilmasi, yollarda das-
qunlarin qarsisin1 alir vo ¢irklonmonin
qarsisini alir.

5. Az su monbolorino malik bolgalords su to-
labatin1 qarsilayir.

6. Yagis sularinin yigilmasi sistemindon is-
tifads ilo su haqqi xarclorinds boyiik azal-
ma tomin edir.

7. Yagis sularinin  yi@ilmasi sistemi su
istehlakini 40%-o qodor azalda bilor.

8. Su tohliikesizliyini artirir vo daha yaxsi
bir otraf miihitlo davamli golocok oldo et-
moys imkan verir.

Akruthi Enviro Solutions-a goro, asagi-
da gostorilmis yagis sularinin yigilmasi sxe-
mi regionlarda totbiq oluna bilor: Akruthi
Enviro Solutions Pvt. Ltd | Bengaluru (ne-
oakruthi.com).

Filtrasiya
sistemi

Toplama sahasi

Sanitar ¢ani

| _lstifadaya
" hazrdir

Toplama gani

Sokil 4: Akruthi Enviro Solution-a géra
yvagis sularinin yigilmasi sxemi

Yagis sularinin y1§ilmast — nisbaton to-
miz sothlordon, mosalon, damlardan yagan
yagisi toplayaraq onu sonradan istifads ii¢lin
yonlondirmoys vo saxlamaga imkan veron
dayaniqli, iqtisadi vo tohliikesiz bir texno-
logiya/metoddur. Adoton su yagis suyu co-
ninds saxlanilir (Asagidaki sokildo gostaril-
migdir). Bu tisul, xiisusilo su ¢atigsmazligi
dovrlorinds alternativ su monbayi kimi xid-
mot edir.

Toplanmis yagis suyundan moisat, kom-
mersiya vo ya kond tosorriifati mogsadlori
ticlin istifado etmok miimkiindiir, masalon:
suvarma, aciq saholorin tomizlonmasi, uni-
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tazlarin islodilmosi, paltarlarin yuyulmasi,
hotta diizgiin sokildo tomizlonorse, igmok
tiglin do istifado oluna bilar.

Yagis sularinin yi8ilmast su qithgma
garst miibarizodo miihiim rol oynaya bilor.
Tolimatlara uygun sokildo qurasdiriimais,
somarali vo keyfiyyatli sistemlor biitiin su
ehtiyaclarin1 qarsilayaraq suyu golocok tigiin
gorumaga imkan yaradir.

Yagis sularinin y1gilmasi bir ¢ox baxim-
dan ohomiyyetlidir. ©On osas soboblorden
biri, su ¢atismazliginin garsisini almaq va su
dizgilin sokildo toplanib saxlanildigda key-
fiyyatli su oldo etmokdir. Yagis sulariin yi-
gilmast sisteminin qurulmasi ilo igmoali suya
olan tolabati shomiyystli doracads azaltmaq
mimkiindiir. Homginin bu sistem quraqliq
Kimi voziyyotlorin qarsisini alma potensi-
alina da malikdir.
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Ehtiyatlar1

XULASO

Bu mogalado, iglim doyisikliyinin Azar-
baycanin Kigik Qafgaz bolgasindoki ¢aylari-
nin su chtiyatlarina vo axim rejimina tosiri
giymotlondirilmisdir. Son onilliklords miisa-
hida olunan global istilosmoanin naticasi ola-
raq havanin temperaturunun artmasi, yagin-
tilarin azalmas1 vo buxarlanmanin giiclon-
mosi ¢ay axinlarinda azalma ilo naticalon-
misdir. Zoyomgay vo Kirokgay kimi yerli
caylarda aparilan miisahidalor naticasindo,
1991-2024-cl illordo su sorflorinde 1961—
1990-c1 illarlo migayisads shamiyyatli dors-
codo azalmalar oldugu molum olmusdur.
Todgigatda ham antropogen tasirlorin (su-
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varma, moisot mogsadilo su gotirilmasi,
aximin tonzimlonmasi va s.), ham do tobii
(iglim) amillorin ¢aylarin su rejimino tosiri
arasdirilmigdir.

Son illords temperaturun 1,2-1,5 °C
doroco artmasi vo yagintilarin azalmasi
caylarin su ehtiyatlarinin todricon azal-
masina sobab olmusdur.

Bundan slavs, iglim ssenarilari asasinda
aparilan modellogdirmoays goro 2040-c1 ilo
godor orta vo asagi hindurlukds yerlogon
hovzolordos su ehtiyatlarinin =~ 10-15%
azalacagi prognozlasdirilir.

Homginin mogalads Iglim doyismolarin-
in qarsisint almaq tg¢iin toklif olunan osas
adaptasiya todbirlori geyd olunur. Buraya
miiasir suvarma texnologiyalarmin tatbiqi,
su itkilorinin azaldilmasi, tokrar istifadonin
tosviqi, regional omokdaslhigin
guclondirilmasi va su ehtiyatlarinin inte-
grasiyali idaro olunmasi daxildir.

Acar sozlar: Transsorhod caylar, Su
catismazhig1, Sonayelosma, Istixana effekti,
Su tolabati, Su tohllkasizliyi, Duzsuzlasdir-
ma texnologiyasi, Filtrasiya sistemi,
Ekoloji davamlilig, Su ¢onlori, Suvarma sis-
temlori, Dayaniqli su tominati, Tranzit
caylarda.

Summary

This article evaluates the impact of cli-
mate change on the water resources and
flow regimes of rivers in the Lesser Cauca-
sus region of Azerbaijan. As a result of
global warming observed over recent dec-
ades, increases in air temperature, decreases
in precipitation, and intensified evaporation
have led to reductions in river flows. Obser-
vations conducted on local rivers such as the
Zoayamchay and Kirokchay revealed signifi-
cant decreases in water discharge levels dur-
ing the period of 1991-2024 compared to
1961-1990.

The study examines the influence of
both anthropogenic factors (such as irriga-
tion, domestic water withdrawals, and flow
regulation) and natural (climatic) factors on
river regimes. In recent years, a temperature
increase of 1.2-1.5 °C and a decrease in pre-
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cipitation have contributed to the gradual
reduction of water resources in the region.

Furthermore, modeling based on cli-
mate scenarios projects that by 2040, water
resources in medium and low-altitude basins
may decrease by 10-15% compared to cur-
rent levels.

The article also outlines key adaptation
measures proposed to mitigate the effects of
climate change. These include the imple-
mentation of modern irrigation technologies,
reduction of water losses, promotion of wa-
ter reuse, enhancement of regional coopera-
tion, and integrated water resources man-
agement.

Keywords: Transboundary rivers, Wa-
ter scarcity, Industrialization, Greenhouse
effect, Water demand, Water security, De-
salination technology, Filtration system,
Ecological sustainability, Water tanks, Irri-
gation systems, Sustainable water supply, In
transit rivers

Pe3rome

B nanHOi1 cTaThe AaHa OlEHKA BIHUSHUS
U3MEHEHHsI KJIMMaTa Ha BOJIHBIC PECYPCHI U
peXHUM CTOKa pek B pernoHe Mamoro Kas-
ka3za AsepOaiimxana. B pesynprare r110-
0aJbHOrO TMOTEIUICHUs, HAOII0AaeMoro B
MOCJIETHUE JIECATHUIICTHS, TIOBBIIICHHE TEM-
nepaTypbl BO3/yXa, yYMEHBIIEHUE KOJIUYe-
CTBa OCaJKOB W YCHJICHHE HCIIAPECHUS TIPH-
BEJIM K CHIDKEHHIO cToKa pek. Habmonenus
32 MECTHBIMH PEKaMH, TAKMMH Kak 3eeMyaid
u Kropekuaii, mokasanay 3HAYUTEILHOE CHU-
KCHHE pacxojioB BOJIbI B epuos 1991-2024
IT. 10 cpaBHEHMIO ¢ 1961-1990 rr.

B wuccrenoBanum TpoaHATU3UPOBAHO
BIUSHUE KaK aHTPOIOTEHHBIX (aKTOPOB
(opormenue, 3a00p BOJIBI IS XO35IHCTBEHHO-
OBITOBBIX HYXJ, PEryJIHMpOBaHHE CTOKa U
Ip.), TaKk U MPHUPOAHBIX (KIMMAaTUYECKUX)
($akTOpoB Ha BOAHBIA pPEXUM peK. 3a TOo-
CJIETHHE TOJIbl TIOBHIIIICHHE TeMIIepaTyphl Ha
1,2-1,5 °C u ymeHbIlIeHHE OCATKOB CIIOCO0-
CTBOBAJM  IIOCTETIEHHOMY  COKpAIICHHUIO
BOJIHBIX PECYPCOB.
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Kpowme Toro, coriiacHO MOI€IMPOBaHUIO
Ha OCHOBE KIIMMAaTHYECKHX CILIEHAPHEB, K
2040 romy OXHUAAETCS CHUXKEHHUE BOJHBIX
pecypcoB Ha 10-15% B OacceiiHax, pacro-
JIO)KEHHBIX Ha CPETHUX M HU3KUX BBICOTAX.

B crarbe Takke yKa3aHbl OCHOBHBIE Me-
pBI aAanTaiuu, IpeajaraeMbie JJis cMsrye-
HUS TIOCNIEACTBUI M3MeHeHus kiaumata. K
HUM OTHOCATCS BHEIPEHUE COBPEMEHHBIX
TEXHOJOTHI OpOLIEHHs, COKpalleHHUe II0-
T€pb BOJbI, MOOLIPEHUE MOBTOPHOTO HC-
MOJIb30BaHUsl, YKpEIUICHHE PErHOHAIbHOTO
COTPpYAHUYECTBA M HMHTETPUPOBAHHOE YII-
paBJIeHHE BOJAHBIMHU peCypcaMu.
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Knwuesvie cnosa: Tpancepanuunvle
pexu, Heoocmamoxk 6o0vl, Hnoycmpuanusza-
yus, Ilapnukoswiii 3¢hghexm, [lompedbrocms
6 600e, Boonas 6ezonacnocms, mexHonio2us
onpecHeHus, cucmema urbmpayuu, IKono-
eUuuecKas yCcmoudugocmn, 800sHble pe3epay-
apol, cucmemvl opouieHus, Ycemouiuugoe 60-
00CHabXdCeHue, 8 MPAH3UMHBIX PeKax.

Moaqalays ADSEAyaninda SIMDX-nin
“Kadastr, ucot va reystr” sébasinin midiri,
t.e.d. R.H.Verdiyev ray vermisdir.
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HYDROTECHNICS AND AMENITIES
HIiDROTEXNIKA VO MELIORASIYA
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QIZ QALASI HIDROQOVSAGI ARAZ CAYININ SU
EHTIiYATLARINDAN SOMOROLI iSTIFADONI TOMIN EDOCOK

Azorbaycanin isgaldan azad olunmus ora-
zilorinds barpa va yenidonqurma prosesi genis
miqyasda hoyata kegirilir. Bu kontekstdo Qa-
rabag vo Sorqi Zongoazur iqtisadi zonalarinda
okinoyararli torpaglarin yenidon istifadayo ve-
rilmosi, regionun aqgrar sahasinin potensialin-
dan somorali istifads edilmosinin reallasdiril-
mast vacib mosololordon birino ¢evrilmisdir.
XUsusilo Araz ¢ay1 boyunca yerlason diizan-
liklor meliorasiya baximindan strateji shomiy-
yato malikdir. Bu arazilorde hayata kegirilocok
meliorasiya tikinti layiholori torpaq munbitli-
yinin yaxsilagdirilmasi, suvarma sistemlorinin
yaradilmasi va bitkilorin mohsuldarlhiginin ar-
tirllmast baximindan olveriglidir. Regionun
hidroloji soraiti, torpaq Ortlyu va iglimi bu la-
yiholorin planli vo elmi asaslarla hoyata kegi-
rilmasino imkan verir. Tadgigatin mogsadi
Araz cay1 otrafindaki diizon orazilorin melio-
rasiya baximindan giymaotlondirilmasi, burada
reallasdirilmasi nozords tutulan miithondis tod-
birlarinin texniki vo iqtisadi osaslandirilmasi,
homgcinin otraf miihito miimkiin tosirlorin to-
hlil olunmasidir [4].

Isgaldan azad edilmis Qarabag vo Sorqi
Zongazur bolgoalorinin barpasi, yenidon quru-
Imast vo dayaniqh inkisafi miiasir dévrde
Azarbaycan Respublikasinin qarsisinda duran
strateji vozifolordon biridir. Bolgads okingiliya
yararli torpaqlarin genisliyi, su ehtiyatlarina
yaxinligl vo tabii-iqlim potensiali kond tosor-
rifatinin yenidon qurulmasi ii¢lin genis im-
kanlar yaradir. Araz ¢ay1 boyunca yerlagon dii-
zonlikdo torpaglarin meliorativ voziyyatinin
yaxsilagdirilmasi, suvarma sistemlorinin yeni-
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don qurulmasi xiisusi shomiyyot kosb edir.
Meliorasiya tikintilori bu erazilorin kond tosor-
riifat1 istigamatindo istifadoys verilmoasi {igiin
osas infrastruktur elementlorindon biridir. Su
tominatinin barpasi, torpagin fiziki-kimyovi
gostaricilorinin yaxsilagdirilmast vo soranlag-
ma ilo miibarizo kimi masalslor yalniz kom-
pleks meliorasiya tadbirlari ilo miimkiin olur.
Isgaldan azad olunmus bdlgalordo suvarma
sistemlori tamamilo dagilmis, torpaqlar uzun
illor istifadesiz qalmis va iqlim doyisikliklori
fonunda artan su qitlig1 moévcud voziyyati da-
ha da miirokkablogmisdir. Regionun sosial-ig-
tisadi dir¢olisinoe tohfo vermok {i¢iin dogma
yurd yerlorindo maskunlagdirilacaq soydasla-
rimizin kond tosorriifati sahosindo moggullu-
gunun artirilmast yerli icmalarin dayanmigh go-
lir manbalarineg sahib olmasi bu layihslorin ak-
tualligini artirir. Araz ¢ayr hovzesinds hoyata
kecirilocok meliorasiya todbirlori tokca becari-
lacak bitkilorin mohsuldarliginin yiiksaldilme-
si otraf miihitin qorunmasi, su ehtiyatlarindan
diizgiin istifade olunmasi, regionda ekoloji sa-
bitliyi tomin edocok [5].

Todgigat orazisino daxil olan Fizuli vo
Cobrayil rayonlar1 Kigik Qafqaz dag silsilasi-
nin conub-sorq atoklorinds, asason dagatayi vo
dizonlik relyef formalari ilo Saciyyalonan sa-
halards yerlosir. Fizuli rayonu inzibati baxim-
dan Beylogan, Agcabadi, Cobrayil vo Xoca-
vond rayonlar ilo, eyni zamanda conubdan
Araz cay1 boyunca iran Islam Respublikast ilo
sorhodds yerlasir. Orazinin relyef qurulusu
osason dagotoyi diizonliklordan ibarat olub,
mutlagq hindurluk gostaricilori 100-300 metr
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diapazonunda doyisir. Rayonun relyefindo
gorbdan conuba dogru enis miisahido olunsa
da, bazi sahalords bu enis miivaqgati olaraq
ufuqi forma alir va daha sonra tokrar yiksalma
ilo davam edir. Hom conub-garb, hom ds si-
mal-sarq istiqamotlorindaki yiksakliklorin ya-
maclarinda sathi siixurlarin yuyulmasi iigiin
olverisli sorait yaranir. Yagint1 vo Kulok tosiri
naticasinda siixurlar pargalanir axinda yaran-
mis bark hissaciklor sel sular vasitasilo cay
macralar1 boyunca nogl edilorok dizanlik sa-
halards gil, qum va ¢inqil tarkibli tikinti mate-
riallarinin toplanmasina sobob olur. Uzun illor
davam edan bu proseslarin naticasinds muoy-
yan sahalordo muxtolif tobii yataglar forma-
lagir [3].

Cobrayil rayonu da Kigik Qafgazin co-
nub-sorq hissasindos, Gayan diizii vo Qarabag
dag silsilasinin atoyinds yerlogir. Conubda
Araz cay1 boyunca iran Islam Respublikasi ilo
gonsudur, 1049 km? orazisi olan rayonun rel-
yefi asason dagliq va dagotayi sahalordon iba-
rotdir. Araz ¢ay1r boyunca toxminon 4-5 km
enindo uzanan sahalor vaxtilo XX asrin avva-
lorinds six Tugay meso Ortllyline malik ol-
musdur. Bu orazilorin torpaq 6rtlyu yuksak
minbitli tind sabalid1 torpaqglardan ibarotdir.
Arazboyu minbit torpaglara Cabrayil rayo-
nunun iri kond yasayis montogolori — BOyUk
Morcanli , Soltanli va digar kandlori yerloagib.
Rayonun yiksak relyefino goro Dag Tumasi
zirvasil580 metr hundurliydndadir [3].

Fuzuli vo Cobrayil rayonlar iqlim xiisu-
siyyatlarina goro asasan yarimsahra va quru
¢ol iglim tipina malikdir. Arazboyu diizon-
likdo yay movsimd isti va quraq, qis iso nis-
boton milayim kegir. Suvarma meliorasiya
todbirlori hoyata kecirilmadon bu arazilords
kond tosorriifat1 bitkilorini  becormak va
mohsul gotirmoak miimkiin olmayi1b.

Fuzuli rayonunda da Beylagan rayonun
sorhaddina kimi Arazboyu dizonlik orazisi
iglim baximindan isti-quru yarimsahra tipina
malikdir. Burada illik atmosfer yagintisinin
miqgdar1 400-500 mm dir. Yagmtilar asason
yaz vo payiz aylarina tosaduf edir, yay ayla-
rinda isa uzun middatli quraqliq miisahido
olunur. Rayon orazisinds havanin orta illik
temperaturu togribon 13-15°C arasinda doyi-
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sir. Yay aylarinda temperatur 24-28°C-yo
godoar ylksalir, qis aylarinda iss 0-2°C otra-
finda olur. Mimkdn illik buxarlanma 800—
1000 mm arasinda doyisir.

Fizuli vo Cobrayil rayonlarinin hidrogra-
fik sobokasi asason Araz ¢ay1 vo onun qollari
vasitosilo formalasir. Regionun iqlim soraiti,
relyef xususiyyatlori vo geoloji qurulusu bu
hidrografik sistemin qurulmasinda va inkisa-
finda miihiim rol oynayir. Rayonlarin su ehti-
yatlar1 osason Soth sular1 (gaylar, axinlar),
yeralti sular vo movsiimi axinlardan ibaratdir.
Fizuli rayonunun hidrografik sistemindo
Araz ¢ay1 vo onun asas qollart olan Kondo-
longay vo Qurugay mihum yer tutur. Hor iki
cay rayonun orazisindon kegarok simal-goarb-
don conub-sarq istigamatinds 1-1.5 km axir
Vo bir-birino paralel sokilds, masafads yerlo-
sir. Bu ¢aylar darin daralor boyunca axaraq,
gilcalorlo ortiilmiis qumlu ¢okintiilorlo mi-
sahido olunan ¢Okokliklor yaradir. Caylarin
gidalanmas1 osason atmosfer yagintilari he-
sabina bas verir vo yaz-payiz aylarinda mak-
simum saviyyaya gatir. Yay aylarinda iso, X{-
susilo iyul-avqustda, sululug minimuma enir.
Orazidoki digor caylar asason mévsimi xa-
rakter dastyir vo yaz-yay aylarinda yagis su-
lar1 vo daglardan golon sel axinlari ilo forma-
lagir [3].Cobrayil rayonunda hidroqrafik so-
bokonin sixlig1 oarazilora goro geyri-barabor-
dir. Cay sobokosi daha ¢ox orta dagliq qur-
saqda inkisaf edib, diizonlik vo yliksok dagliq
zonalarda iso seyroklosir. Bu rayonun hidro-
grafiyasi da osason Araz ¢ay1 vo onun qollari
ilo formalasir. Araz gay1 rayonun conub sor-
hadi boyunca axaraq iranla tobii sorhad toskil
edir. Onun asas qollarindan biri olan Hokori
cay1 Qarabagin dagliq arazilorindon baglaya-
raq Cobrayil orazisindon kegib Araz ¢ayina
tokdlir vo rayonun suvarma sistemlarinda
ohomiyyatli rol oynayir. Rayon orazisindon
axan digar caylara Bositcay vo Caxmaqligay
daxildir. Basitgay Kicik gay olsa da, bazi sa-
halords suvarma mogsadils istifads olunur va
Basitcay Dovlat Tabiot Qorugu arazisindan
kecdiyino gora ekoloji cohotdon hassas bolge
sayilir. Caxmaqligay iso Hokori ¢ayinin mov-
stimi qollarindan biridir. Har iki rayonun hid-
rografik sistemindo Araz c¢ayi halledici rol
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oynayi1r. Hokari vo Kdndoslongay ¢aylari iize-
rindo yeni hidrotexniki qurgularin tikintisi
nozardo tutulur. Fizuli vo Cobrayil rayonlari-
nin bazi hissalarinds yeralt1 su ehtiyatlar1 da
mdovcuddur. Bu sular asason ohongdasi vo
gumdas1 siixurlarinda toplanir vo i¢cmali su
tochizati, hom do akin sahalarinin suvarilma-
sida istifado olunur. Lakin su ehtiyatlarin
mohdudlugu vo orazilor Uzro qeyri-barabar
paylanmasi rayonlarin boazi saholorinds su
qithigina sobob olur. Har iki rayonun hidro-
grafik sisteminin mévcud potensialdan somo-
rali istifads olunmasi galacak illords kand to-
sarriifat1 istehsalinin artirilmasina, ekoloji ta-
razligin qorunmasina vo meliorasiya layiho-
lorinin effektivliyino ciddi téhfo vers bilor.
Isgaldan azad edilmis orazilordo hoyata ke-
cirilocok meliorasiya vo su tesarriifati layiha-
lori bolgada agrar sahanin inkisaf etdirilmasi-
no imkan yaradacaq [5].

Qarabag vo onun canub-sargindos yerlogon
Arazboyu duzanliklords kond tosarriifati fo-
aliyystlorinin dayaniql sokilds aparilmasi ya-
radilacaq suvarma infrastrukturunun ohomiy-
yatini daha da artirir. XX asrin 30-50-ci illo-
rindo Cabrayil rayonunun Maralyan vo Hasan-
Ii magistral kanallarinin tikintisi okingiliyin
inkisafinda vo ohalinin mosgullugunda oho-
miyyatli rol oynamigdir. Hor iki kanal 6ton os-
rin ortalarinda layihalondirilorok istifadoyo ve-
rilmis, Araz ¢aymin potensial su ehtiyatlarin-
dan istifado etmaklo minlorlo hektar sahonin
suvarilmasini tomin etmisdir [5].

1950-1960-c1 illorde Araz ¢aymin sol
sahilinds yerlogon Cobrayil rayonunun okina-
yararli sahalorinin suvarma suyu ilo tomin
olunmas1 magsadils hayata kegirilmis bir sira
layihalars asasan ¢oxsayli kanallar va kollek-
tor-drenaj sistemi qurulmusdur. Homin dovr-
do iglim vo torpaq soraitino uygun olaraq
pambiqgeiliq, taxilgiliq vo yemgilik sonraki il-
lordo isa asason uzumgulik sahalari prioritet
sayilirdi. Bu sababdan akin sahalarinin suva-
rilmasi zoruri hesab edilir vo suvarma infra-
strukturuna boyuk maliyys va texniki resurs-
lar yonoldilirdi [3].

Maralyan kanali bu kontekstdo Maralyan
kondindan baslamaqla Horodiz gaharina kimi
okin sahalarini suvarmagq tgin layihalondiril-
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mis vo Araz ¢aymin sol sahilindan su gotur-
moklo faaliyyat gostormisdir.

Hasanli kanali isa Cobrayilin conub-garb
hissasinds yerloson Hasanli kandindan basla-
magqla Horodiz gaharina kimi akin sahalarin
suvarilmast magsadils tikilmisdir [3].

Cobrayil rayonunda yerlogon Maralyan
Vo Hasanli suvarma kanallarinin texniki gos-
toricilori va istismar xtsusiyystlari bélganin
kond tosarriifat1 sahasi Uglin xdsusi shamiy-
yat dastyirdi. Bu kanallar Araz g¢ayinin su
ehtiyatlarindan istifads etmokls, rayonun oki-
noyararli saholorinin suvarilmast moagsadilo
layiholondirilmisdir. Hor iki kanalin insasin-
da dovrun ve meliorativ norma vo standartla-
rina uygun texniki parametrlor nozors alin-
mis, arazinin relyef xususiyyatlori, suya olan
tolobat vo torpaq strukturu kimi amillor asas
gotirilmiisdiir [3].

Azorbaycan Respublikasinin  igsgaldan
azad olunmus arazilorinds genis miqyasl bor-
pa Vo yenidonqurma islori ¢arcivasinds kond
tosarriifatinin inkisaf etdirilmasi vo dayanigli
SU tominati sistemlorinin qurulmasi xisusi
ohamiyyat kosb edir. Bu baximdan, Qiz qalasi
hidrogovsagindan su alacaq Magistral kanalin
layihalondirilmasi va icrast bolgonin meliora-
tiv inkisafi baximindan strateji bir layiha he-
sab olunur (sokil 1). S6ziigedon kanalin tikin-
tisinda asas mogsadi Cobray1l vo Fiizuli rayon-
larini Arazboyu diizonliklorinds yerloson tor-
paq sahoalarinin suvarma suyu ilo tomin olun-
masl, su ehtiyatlariin somorali idars olunmasi
Vo kond tosarriifati mohsullarinin istehsalinin
artirilmasidir. Uzun miiddot istifadosiz qalmis
Vo suvarma sobokalari tamamils siradan ¢ix-
mus orazilords kond tasarriifatinin dirgaldilma-
si yalmz dayaniqli vo muasir suvarma infra-
strukturunun yaradilmasi ilo miimkiindiir. Q1z
qalast hidroqovsagi bu baximdan asas su men-
bayi olacag. Hidroqovsaqdan baslayaraq insa
edilocok Magistral kanal, suyun sahalors cat-
dirilmasi funksiyasini yerino yetirmoklo yana-
st eyni zamanda bdlgads suvarma sisteminin
morkazi su manbayi rolunu oynayacag. Bu la-
yihanin hoyata kegirilmosi naticasinds on min-
lorlo hektar sahonin yenidon kond tosarriifati
dévriyyssina qaytarilmast planlasdirilir. Qiz
galas1 hidroqovsagindan ¢ixacaq Magistral
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kanali miiasir layiholondirmo prinsiplarine
asaslanaraq tortib olunmusdur. Kanalin uzun-
lugu ilkin marhaloda tagriban 50-60 km tagkil
etmosi planlasdirilir. Dib eni 5-8 metr ara-
sinda doyison kanalin dorinliyi orta hesabla
3,0-3,5 metr olacaqdir. Kanalin su buraxma
gabiliyyati toxminan 50 m3/s qgiymatlondiril-
misdir ki, bu da genis orazilorin eyni vaxtda
suvarilmasina imkan veracokdir. Suyun itkisiz
sokilda saholars gatdirilmasi magsadilo kanal
yataginin betonla {izlonmasi va sizma aleyhino
milasir texnologiyalarin tatbigi nazards tutulur
[1,6]. Hazirda hoyata kegirilon layiha natico-
sinda ilkin marhalods 18-22 min hektar okin
sahosinin suvarilmasi planlagdirilir ki, bu da
regionun aqrar potensialinin barpasinda mii-
hiim rol oynayacaqdir [1, 6, 7].

Sokil 1. Qiz galast hidrogovsaginin
asagi biyefdan goriiniisii

Sakil 2. Xudaforin su anbarinin
asag biefdon goriiniisii
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Su ehtiyatlarinin tonzimlonmasi, yeni su-
varma sahalorinin yaradilmasi vo elektrik ene-
rjisi hasilat1 6lkanin kond tesarriifati vo enerji
sektorunun inkisafinda miihiim rol oynayacag.
Bu layihalorin icrasi naticasinds tmumilikda
87.000 hektar okin sahasinin su tominat:
yaxsilasdirilacaq vo regionda kond tosarriifati
mohsuldarlig ohamiyyaotli doracada
artacaqdir. Eyni zamanda, layihalor ¢orgive-
sinda toxminan 40.000 nafar tigiin yeni is yer-
lorinin yaradilmasi nozords tutulmusdur ki, bu
da sosial-iqtisadi inkisafa tohfo veracokdir.
Xudafarin va Qiz galasi hidroqovsaglar: yal-
niz texniki vo iqtisadi baximdan deyil, hom do
geosiyasi baximdan miithiim shamiyyat kasb
edir. Bu layiholor Azorbaycan vo iran arasinda
su ehtiyatlarinin birgs idars olunmasi sahasin-
do amokdasligin méhkamlondirilmasing sorait
yaradir. Homg¢inin, Araz ¢ay1 boyunca nagliy-
yat vo infrastrukturun inkisafi tigiin zomin ha-
zirlayir. Xiisusilo su diplomatiyasi sahasinda
bu omokdasliq regionda sabitlik vo garsiligh
etimadin méhkomlonmasinda énamli rol oy-
nayir. Notico etibarilo, Xudafarin vo Qiz galasi
hidroqovsaqlart Azorbaycanin strateji inkisaf
planlarinda miihiim yer tutur. Onlarn istifads-
ya verilmasi 6lkanin su vo enerji ehtiyatlarin-
dan semarali istifads etmasina, ohalinin rifahi-
nin yiiksaldilmasina va regionda uzunmiiddat-
li sabitliyin tomin olunmasina imkan veracok-
dir[1, 3,6, 7].
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Q1z qalas1 hidroqovsagi araz cayinin
Su Va torpaq ehtiyatlarindan somarali
istifadani tamin edacak

XULASO
Bu moagalads Cabrayil vo Fuzuli rayon-

larinin Arazboyu diizonlik srazisinin cografi
maovqeyi, relyefi, tobii soraiti, iqlimi, torpaq
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Vo bitki ortliyii haqqinda molumat verilir.
Eyni zamanda, XX asrin 30-ci illarindon bas-
layaraq Ermanistanin isgalina qodorki dovrds
meliorasiya vo su tosarriifati sahasinds hoyata
kecirilmis layihalor, ham¢inin 44 ginlik Vo-
ton muharibasindan sonra regionda meliora-
siya tikintisi sahasinds goriilmiis islar va go-
lacokda hoyata kegirilmosi planlasdirilan la-
yihalor otrafli sokilds taqdim olunur.

Acar sozlar. Relyef, cografi movgey, me-
liorasiya tikintilari, kollektor, drenaj, ekoloji
tarazlg.

Hasanov F.H., Hummatova T.N.,
Xalilova A.M.

The Giz Galasi Hydrojunction will ensure
the efficient use of the water and soil
resources of the Araz River

ABSTRACT

This article provides information about
the geographical location, relief, natural con-
ditions, climate, soil, and vegetation cover of
the Araz River lowland area within the Jab-
rayil and Fuzuli districts. It also examines
land reclamation and water management pro-
jects that were implemented from the 1930s
up until the Armenian occupation. Further-
more, the article outlines the efforts carried
out in the field of reclamation construction
following the 44-day Patriotic War, as well as
the projects planned for future implementa-
tion in the region.

Keywords: Relief, geographical location,
reclamation constructions, collector, dra-
inage, ecological balance.

Maqalays AzMIU-nun “Meliorasiya va su
tasSarriifat: tikintisi” kafedrasinin professoru
Y.V. Qahromanli ray vermigdir.
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AzMIiU

SOVIYYOQALDIRAN HIDROTEXNIKI QURGULARIN BUNOVROSINDO SIZMA
PROSESI OLEYHINO TOTBiQ OLUNAN SPUNT COPORLORIN STATIKi VO
HIDRAVLIKi HESABLANMA METODIKALARI

Saviyyoqaldiran hidrotexniki qurgularin
blndvrasinds sukecirmayan tobagonin sot-
hindon ke¢moklo bitmis spunt divarlar vu-
rulur. Sizmanin prosesinin garsisini tamamila
alinaraq maksimal hidrostatik tozyiqin yarat-
dig1 yiku dof etmis olur.

. Su xegeTan
. tabaga

Hidrostatik tozyiq yukinin yaratdig: in-
tensivlik spunt ¢oparin grunta salinma dorin-
liyi Uzro duzbucagli trapesvari formasinda
dayisar (sokil 1)

q (X) = 7thes. (Hl + X) (1)

s

] 40

wegizma~

g T A
Uity

——
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Sokil 1. Sizma prosesinin aleyhina istifada olunan bitmis elastik spunt
caparin horizontal istigamatli yerdayismoalara hesablama sxemi.

Spunt ¢oparin st saviyyasine godar yer
sathindon olan darinlik hy (yuxaridaki biyefdo
suyun saviyya yuksokliyindon baslamagla),
spuntun gruntda yerlosma darinliyi hy oldug-
da, su muhitinin spunt gopars yuxaridaki vo
asagidak1 uc saviyyalorinds hidrostatik toz
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yiq yuklorinin ordinatlar olar [1; 2]:

& =20 a(h)=xb, (h+h) @
Saviyyoqgaldiran hidrotexniki qurgu kimi
suasiran banddan blindvradoki grunta 6étirilon
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T . . 1 h n 4n
normal gorginliyin orta giymoti o, :EX 43 (_1) (a ekv) 4
n=1
4n)!
X(Opmex +Omin ) Ekvivalent kimi gotiriilon ( )n
azoo 1 1 (ahekv) 4n+5
dorinliyin hy, = +ax;, (-1) (s x
N )
Xatti ganuna tabe olan qruntun gpunt ¢aparin x(2n2 +3n+ 1)+
uc saviyyalarindaki sartlik omsallari asagidaki -
ifadalorls tapil lar [3]: _ Oo na X"
alarla tapilmais olar [3] ®2(X)_X+zn:1(_1) (5n)! ar o

K, =mih,; K, =mh, (hy +h.). (3)

Elastik kateqoriyaya malik spunt ¢oparin
ayilmoda diferensial tonliyini asagidaki so-
kilds ifado etmok olar [4]:

EIVY ()= b (Hy +X)
_mbhes (hekv +X)Y(X)’

harada ki, m-blinévra gruntunun sartlik gos-
toricisi olub, vahidi t/m*-dir.

Baxilan statik kontakt masalonin holl
olunmasi ti¢iin asagidaki sokilds ifads olunan
baglangic adlandirilan sorhod sortlorindon
istifads etmok olar:

(4)

Y(0)=Y,;
. " M, ..
Y'(0)=6Y"(0)=F2=0 ()
wiy_ Q
Y"(0)=21=0

(4) diferensial formali tonliyi (5) baslan-
gic sarhad sortlorinin daxilinds Pikarin ardicil
yaxinlasma metodu ils hall olunduqda alariq:

Y (X) =Yy @, (X) + 6D, () +qd,(x)  (6)

(6) hallinds olan ssas tasir funksiyalari
asagidaki sonsuz formalardaki siralarin comi
kimi formalagir:

@, (x)=1+27, (-1) Wx

x[1x6x11x...x(5n—4) |+
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x[2><7><12><...>< 5H —3 ]+
(ahekv)n 4H+1
(4H +l).

o)
(5H)!
><(2H2 +4n+2)+

+X7, (—1)

+ax;y, (-1)

Xt
@,(x)= H{$+Zn_1(—1)H x

ahev n 4n+4 X5 B
ﬁ} 52D
aOX5H+5

(5H +5 [6><11><16>< x(5H +l)]

(7)
; . y5H+4
+HEL (-2 (ZOH +4)

x[5><10><15><...>< 5H ]+

(ahekv )n 4n+5

+2 (-1
(1) (4H +5)!

Elastik spunt ¢oparin ixtiyari kasiyi bo-
yunca meyl bucagi, ayilma momenti va kasmo
quvvesini tapmaq tliclin asagidaki diisturlart
aliriq:

D

(
M(
EJ
Q(x)

EJ

X) =Yo®; (X) + G, D, (X) + D, (X);

) =Y, @, (X) + 6,®, (X) + D, (X); ®)

Y,@; () + 6,0, (x) + G5 ().
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Yuxaridaki biyef torafdo bond oturacagi- Vo sizma aximindaki kasiyin sahosi asagidaki
nin dibindaki saviyyadon baslamaqla, sukegir- diisturla hesablanir:
moyan tabagonin sothinadok blindvradoaki
gruntun tam dorinliyi T, gruntun su sizdirma T- h
omsali Ky, yerlosmasi Uizro asma vaziyyatda v=K,, x H,—H +1, h ; (10)

spunt ¢oparin tam olaraq eni By olarsa (sokil
2), spuntun altindan kecon sizan sularin axma
sorfi asagidaki kimi tapilir: o= (T — hs ) X BS, (11)

QSIZ. = Uszz.a)szz.’ (9) P .. .
(10) va (11) ifadalorini (9) disturunda nozara

aldigda, spuntun altindan sizaraq kegon axinin

harada Ki, Vs, Vo @~ tu & | It i . .
9 (ki SPUTTIN UYEUN 0 ataq a sorfini asagidaki sokilda hesablana bilor [5]:

torafindaki hissasindon sizan axinindaki stirat

TH i
e P I‘ .
o O g L
LA ' bu\
L 2N\ &
A% 153
K
Ay T
//0 ° wiiE
: . K(ﬁ{ K+ | .
_—_7 % Mo . ¢
. +7!—11 :
D 5 o e s
¢ M
X _’Ey"&‘nS{ . -8 o
S xegivan 3

Su kegizmayan tabaga (3¢€)
Sakil 2. Su keQII‘ICI tobaqo Uzorinda yerlasan asma elastik spunt divarmin iifiigi
yerdayismaya hesablama va spuntunaly: sizan axinin sarfinin tayin edilmasi sxemi.

R.R. Cugayev metoduna goro iso sizma L H,-H+l+h
axminin miiqavimot omsalin1 agagidaki diis- &= P = (T h ) )
turla hesablamagq olar [5]: ;
L Q Q Q=K_B x (T-h) (12)
- =£. ; I UH, —H+1,+n
hN a) KSZZ. 5 KSlZ . ° ’
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L — yuxar biyefdon qurgunun yeralt1 konturu Xt N
boyunca asma spuntun alt {iziinodok sizma (Dg(x): H1$+Z”:1 (—1) X
yolunun uzunlugudur. ik enea
Asma elastik spunt gaparin ayilmosinin Xt +37, (A1) ax
diferensial tonliyini asagidaki kimi yaza bilo- (4n +4)_ n=1 (6n +4)
rik:
x[ 5x6x11x12x...x(6n-1)(6n) |+
YV(x H +X ny4n+10
()=a( : )= T Y () fai RS
—a,Y (x)—ax?Y (x) (4n+10)
X5 ny4n+s
(13) tonliyini Pikar ardicil yaxinlasma +§+2n:1(_1) jon 15 +
usulundan istifado edorak, baslangic sarhad | ( )
sortlori garcivasinda hall edorkan, bu tonliyin . aif‘x6“+5
umumi hallini agsagidaki kimi alariq: +Zn=1(_1) (6n n 5) [6 7-12-13x
Y(X)=Y,R(X)+F(x)+F(x)  (14) x(6n)(6n+1)]+=7, (-1)"" x
a1nX4n+1l
(14) hallinds olan F. (x)| j =1,2,3]tssir T

funksiyalar1 (13) diferensial tonliyinda birinin
basqasindan xotti asili olmayan ii¢ xiisusi
hallari olub, dayison isarsli cold y1gilan sonsuz
siralarin comi formasinda tayin edilirlor:

ny4n
O, (x)=1+37, (-1)" X4

(4n)!
o n+ nX6n
57, (-1) “’J‘%

1.2-7-8...x
( n)![ (15)

x(6n-5)(6n-4) |+

@, (x)=x+2r, (-1)°
agx4n+1 s _1n a1r1)(6n+1
Y G

x[ 2x3x8x9x...x(6n—4)(6n-3) |+ (16)

B o ahe n 4H+l
+Zn:l( 1) 1( (4klv‘|)+1) "
. . nX4n+7
+ax7, (-1)" 18}}—+7) o s

Asagi ucu sarbast vaziyyatds olan asma
elastik spunt divar1 tigtin M(hy)=0; Q(hs)=0
sartlorina goro yazilan tonliklor sistemindoki
machul Yo va 6o baslangic parametrlarini tap-
mag mumkundir:

Y, (h)+6,F; (h)=-aF; (h,) 18)
Y.F (h)+6,F; (h)=—aF; (h,)

(18) sistem tonliyi (machul) Yo vo 6o
baslangic parametrlorino goro hall olunarsa
alanq:

h

(h)
Fl(hé)
(n)

S En)er (h)—ﬁ"‘(@)ﬁ'(@q

Toklif olunan hesablanma metodu asma
elastik spunt divarmn tizlorine tozyiqgli sularin
sizma axininin siirati, Sorfi, Xtsusi sarfi, spunt
goparin istonilon kasiyinds tapila bilor. Yerdo-
yismanin va i¢ quvvalarinin tayin olunmasin-
dan bu metal olveriglidir. Homin Gsulla bi-
novra qruntundan basqili sizma axininin bas
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verdiyi hidrotexniki tikililorin oturacagi saviy-
yasinda yerloasdirils bilon spunt divarin yerdos-
yigsmoya hesablanma mosalalarinds istifadays
yararli ola bilar (sakil 3).

Sizma sularini toplamaqla konarlagdirila

K, =1 R

n (P-W+0,5qL, )tge, +(L, + B)C, + mE

bilon drenaj quruluslu ankerlonon ponurlasdi-
rilmis bondlordo kontakt sitirlismoasini azalt-
maq mogsadils Ks dayaniqliq amsali asagidaki
disturla tayin olunur (3).

> Kshed. ’ (20)

) m EsUr. - m
harada ki, R-qurgunu saxlayan qiivvo Esir-

qurgunu siirtisdiiron qlvvadir.

LTSRN
e

Y o R
e

Sakil 3. Ankerlanan ponurlu damir-beton
suagiran bandin yeralti konturunda drenajin
yerlasdirilmasi ila qurgunun siirtismaya
hesablanmast sxemi.

K, =--

X

n (W, +P-W, -W,)tge +(L, +B")C, + mE

E

sur.

Ankerlosmis ponurun 6ndan olan torafds
alt hissasi Uzra totbiq edilon spunt divar sizma-
nin yolunu uzadaraq, bu saquli kasik Uzrs hid-
rostatiki tozyiq epirindaki ordinatini qiyma-
tini agsagi salmis olur.

Sizan sular1 gobul edon vo qurgunun yer-
alt1 konturu boyunca davam etmosini dayandi-
ran drenaj qurlusu suasiran tipli bandin bungv-
rada yerlagon hissasinin asagi torafindoki disli
elementin arxasinda yerlosdiyi halda asag: bi-
yef zonasinda su olarsa vo qurguya tosir edon
hesabi basqinin H=VNBS - VABS oldugunu
nozars alaraq ankerlonan ponurlasan suasiran
bond oturacaginda siiriismoys qarst dayaniqli-
g1 oks etdiron omsal asagidaki diisturla he-
sablanir (sokil 4):

(21)

*m

Harada ki, B — saviyyaqaldiran suasiran
bondds yeralti kontur elementinin gevrilmis
hesab edilon uzunlugudur.

Sokil 4-do gostorilmis sxema goro anker-
lanan ponur elementinin baslangic kasiyinda
yerloson elastik spunt ¢oparin bindvradaki
grunta vurulma darinliyinin mosafasi godor
sizmanin tozyiq yukunin epirindoki ordina-
tin qiymatini azaltmis olur. Suagiran tipli ban-
din ¢ixisindaki kasikds yerlasan drenaj qurgu-
su isa bu kasik Uizra sizmanin tozyiq yikinin
eplrundaki ordinatin qiymatini azaltmis olur.
Suagiran tipli bandin ¢ixisindaki kasikdo yer-
loson drenaj qurgusu isa bu kosik zro siz-
manin tozyiq yikinin epurinds olan ordinati
sifiradok azaldir. Ona g6ro ki, drenaj qurgusu
sizma sularini toplamagqla, srazidon konaretmo

pas hed.
< >K!

Sur.

islorini yering yetirmis olur.

Spunt ¢aparin yerlosmoa movaeyini doyis-
modoan, drenaj qurgusunu suasiran bandin bi-
novrasindaki dis elementlarinin 6n va arxa te-
roflorinds yerlosdirmoklo, yuxari biyefdon si-
zan sular1 miixtalif formalarda konarlasdir-
maq, qurgunun miistovi siirlismoys Vo agmaya
goro dayamighgini artirmaq miimkiin olur.
Spunt ¢oparlori asag1 biyefo dogru asma ve-
ziyyotdo dorinliklorini azaaldaraq dis element-
lorinin alt Uzlorinds yerlogdirmoaklo, sizma
tozyiq yuklorinin tasirlorini bagqa variantlarda
da azaltmag mumkdin ola bilor. Bu hesablama
metodikas1 qeyd edilon variantlar Gzro do
rastlasacaq mosolalori do hall etmoyi imkan
VErir.
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Sakil 4. Ankerlagan damir-beton ponurlu suasiran tipli bandin yeralti konturunun
dis elementinin son kasiyinda drenajin yerlosdirilma hali iictin konttakt siirtismayo
qarsi dayanighga hesablanma sxemi.
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XULASO

Elmi mogalods suasiran band tipli soviy-
yoaqaldiran hidrotexniki qurgunun biindvrasin-
do sizma oleyhino drenaj, bitmis vo asma
spuntlarin tatbiqina baxilir. Asma gpuntun al-
tindan kegon sizma aximimin sorfi tayin edilir.
Asma va bitmis spunt divarlarin deformasiya-
ya hesablanmasi tiglin zoruri dusturlar sldo
edilir. Qurgunun biindvrasinds muxtalif mov-
gelorda yerlogdirilmis drenajlarin sizma axini
tosirini azaltmaqla, dayamigligin artirilmasin-
daki rolu nozari metodika ilo subuta yetirilir.

Acar sOzlar: sizma prosesi, saviyyaqaldi-
ran hidrotexniki qurgu, bitmis va asma spunt
Goparlor, sizma aximmmn sarfi, drenaj, daya-
niqhq amsall.

PE3IOME

B Hay4HoIi cTaThe paccMaTpUBaeTCs MpU-
MEHEHHE TPOTUBO(DHIBTPAIIMOHHOTO JIpeHa-
’Ka, TOTOBBIX U TOJIBECHBIX IIITyHTOBBIX CBAii
B OCHOBAaHHH BOJOCIIMBHOI'O THAPOTEXHUYECC-
Koro coopykenust. OrnpeneneH pacxoa Quib-
TPAIMOHHOTO ITOTOKA, MPOXOISIIETO O] O~
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BECHBIM IIIITYHTOBBIM cBaeM. [loiryueHbl HE0O-
XOAUMBIE POPMYJIBI JIJIsSI pacyeTa eopMaru
MOJIBECHBIX W TOTOBBIX IIITYHTOBBIX CTCHOK.
TeopeTnveckd METOAMYECKH OOOCHOBaHA
POJIb IPEH, pa3MENICHHBIX B PA3HBIX MOJIOXKE-
HUSIX B OCHOBAaHUH COOPYIKCHUSI, B CHIDKCHUT
BJIHSIHUSL (DMITBTPALMOHHOTO TIOTOKA W TTOBBI-
HICHUH YCTOHYUBOCTH.

Knrwouesvle cnosa: npoyecc ¢urompa-
yuu, euopomexHuieckoe yCmpoucmeo nogul-
WleHUsL YPOBHSL, 20Mosbie U NOOBECHble UINYH-
mosvle CMeHKU, CKOPOCb PUIbMPaYUOHHO-
20 nomoKa, openasic, Kodghguyuenm ycmoti-
YUBOCMU.

SUMMARY

The scientific article examines the use of
anti-seepage drainage, prefabricated and sus-

UCD 627.8

pended sheet piles in the foundation of a
spillway hydraulic structure. The flow rate of
the seepage flow passing under the suspended
sheet pile is determined. The necessary formu-
las for calculating the deformation of suspen-
ded and prefabricated sheet pile walls are ob-
tained. The role of drains placed in different
positions in the foundation of the structure in
reducing the influence of the seepage flow and
increasing stability is theoretically and metho-
dically substantiated.

Key words: filtration process, hydraulic
level raising device, prefabricated and sus-
pended sheet pile walls, filtration flow rate,
drainage, stability coefficient.
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DEVELOPMENT OF AN iMPROVED METHODOLOGY FOR MODELING
AND TESTING CONCRETE DAMS UNDER DYNAMIC LOADS

Before the advent of computers and at the
initial stage of their development, analytical
methods for solving problems of the theory of
elasticity and structural mechanics were wi-
dely used to calculate the stress-strain state of
structures [10]. With the increasing need to
solve more complex problems, methods for
calculating and assessing the strength of buil-
ding structures based on computer modeling
have become widespread. Gradually, the finite
element method (FEM) has pushed aside ana-
Iytical and engineering assessment approach-
es. Currently, FEM is used in various fields of
engineering to model phenomena described
by differential equations [11-13]. When per-
forming engineering calculations, it is custo-
mary to use universally certified commercial
software packages. However, in some cases,
special software developments aimed at sol-
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ving highly specialized problems are often

used, which allows for more complete control

over the solution process. As for GTS
calculations, one can note the developments of

A.M. Belostotsky, A.V. Vovkushevsky, L.A.

Gordon, B.A. Shoikhet [13].

The mathematical model of concrete
hydraulic structures can be characterized in
three main directions:

- how closely the geometry of the structure
and the area of the foundation under it are
taken into account to the real object;

- how accurately the behavior of the material
is described;

- how loads and effects are modeled.

Computational models should take into
account the conditions of interaction of struc-
tural elements not only with each other, but
also with the foundation [14]. The issues of
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accounting for the joint work of a foundation
with a structure, including dynamic loads,
were addressed, among others, by O.A. Sa-
vinov, A.G.Tyapin [13], A.M. Uzdin, L.U.
Albert [1], A.S. Bestuzheva [3], B.V. Zeytli
and others. For the correct modeling of the
joint work of the structure with the founda-
tion, it is necessary to take into account the
division of the interior of the region into
various engineering and geological elements,
which is especially important when modeling
the dynamic behavior of concrete dams. The
choice of the size of the computational do-
main depends on the problem being solved.
Researchers try to limit the intended area of
the foundation as much as possible by
specifying appropriate conditions along the
edges to reduce computational costs. It
should also be noted that the consideration of
tectonic faults when modeling rock founda-
tions is an important factor affecting the
strength of concrete dams.

The selection of calculated values of the
physical and mechanical properties of
materials is a separate, extensive problem. In
the simplest cases, the relations of the theory
of elasticity are used for the mathematical
description of the properties of materials. The
values of the parameters of the main mate-
rials taken into account in the calculations are
usually determined based on the results of
geological surveys. The elastic moduli of
concrete are taken on the basis of known stan-
dard values, and in some cases are determi-
ned by laboratory tests. It should be noted
that due to the presence of various inequali-
ties, the so-called elastic modulus of the
structure differs from the elastic modulus of
the concrete itself.

The first attempts to quantitatively assess
and take into account the seismic effect when
calculating dam structures can be attributed
to the beginning of the 20th century. The
Japanese scientist F. Omori proposed a static
theory for calculating structures under
seismic loads. In this case, the structure is
assumed to be completely rigid, and inertial
seismic loads are calculated without taking
into account the natural vibrations of the
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structure itself. Seismic forces are applied
statically at the center of gravity, and the
structure is calculated based on their action.
An obvious drawback of this method is that it
does not take into account the deformations
of the structure. Thus, the static theory is
valid only for sufficiently rigid structures, the
deformations of which cannot be taken into
account. However, thanks to its application,
it was possible for the first time to take into
account seismic forces quantitatively and
reduce the design of earthquake-resistant
structures to the solution of an engineering
problem. A simplified quasi-static approach
to modeling dynamic effects is still used in
engineering practice, for example, when ta-
king into account loads arising from the
impact of flying objects or explosions. In this
case, the calculated dynamic effect is rep-
laced by a static load multiplied by a dynamic
coefficient chosen in such a way as to ensure
sufficient conservatism of the results. In the
20s of the last century, the Soviet scientist K.
S. Zavriyev drew attention to the role of the
structure's own vibrations in dam damage
during the initial period of an earthquake. In
1934, the French scientist M. Bio developed
a spectral method for determining seismic
forces. The main idea of this method is that
the dependence of the dynamic coefficient on
the vibration frequency is obtained as a result
of processing records of ground vibrations —
accelerograms  corresponding to actual
earthquakes.

The pressure of the formation fluid on
the surface of the structure caused by seismic
vibrations has a significant effect on the
structural parameters of the structure itself. In
engineering practice, an easily implemented
method for accounting for the dynamic
interaction of the structure with the water
environment is widespread, which is based
on the assumption of fluid incompressibility.
Westergaard obtained the distribution of fluid
pressures under seismic action. He showed
that the interaction forces of the dam and the
reservoir in contact are proportional to the
seismic accelerations, and therefore, with
some assumptions, they can be modeled as
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additional masses distributed over the pres-
sure surface of the dam. The additional mass
method is widespread and forms the basis of
the methods recommended in regulatory
documents [4].

Modeling the effect of the dynamic ac-
tion of the reservoir using additional masses
usually allows us to obtain estimates of the
structure.

The following approaches to modeling
the fluid region taking into account compres-
sibility can be distinguished. One of them
uses the equations of acoustic oscillations,
where the pressure in the fluid is taken as an
unknown. Another is the application of equ-
ations for the fluid region similar to the equ-
ations for the "solid" part of the system. In
this case, it is recommended to use Poisson's
ratio values not less than 0.4995, which
allows to obtain a sufficient approximation of
the results of the solution of the problem of
interaction between the fluid region and the
structure [5]. When solving such problems
numerically by the FEM method, both 8-node
three-dimensional elements [1] and 20-node
elements [9] can be used to model the fluid
region. An important factor affecting the
calculation results when modeling a reservoir
is the correct definition of the boundary
conditions in the contact zone of the fluid and
at the bottom of the reservoir [14]. The
bottom of the reservoir and the sediments
accumulated on it have the ability to absorb
part of the energy of waves propagating in the
fluid. Issues related to this effect are conside-
red, for example, in [13]. The effect of sedi-
ments can be taken into account in the com-
putational model both by direct modeling of
the layer with the appropriate physical and
mechanical properties, and by an additional
term in the equations describing the contact
of the base with the liquid zone [5].

In general, the nonlinear behavior of
concrete is determined by both its plastic de-
formation and the formation of microcracks.
When concrete is destroyed, plastic flow is
practically absent, and almost the entire zone
of nonlinear deformations is the zone of pre-
destruction:
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I — ascending branch, increase in poten-
tial energy of deformations;

Il — initial stage of concrete destruction,
corresponding to localization of deformati-
ons;

Il — descending branch before macroc-
rack formation;

IV — development of macrocrack

Gy MPa
24

ex10°

0 20 40 60

80 100 120 140 160 180

Figure 1. — Full equilibrium diagram of
concrete deformation under tension

The second and third sections describe
the behavior of concrete that has not lost its
strength, but is associated with the active for-
mation of microcracks, which are characteri-
zed by the appearance of destruction, pro-
bably with the accumulation of irreversible
deformations. Microcracks are probably
evenly distributed in the pre-collapse zone.
The fourth, flatter section in the descending
branch of the deformation diagram is associ-
ated with an increase in the deformation gra-
dient during the destruction of the test speci-
men. The dependences of concrete stresses
on the deformations given in the literature,
obtained on the basis of experimental data,
are of a similar nature; only the division of
these diagrams into characteristic sections
differs slightly, which is self-evident.

The main three-dimensional computati-
onal model includes a dam, a hydroelectric
power station building, an adjacent area
of\u200b\u200bthe rock foundation and a
reservoir. When building the computational
model, the heterogeneity of the physical and
mechanical properties of the rock foundation
and a concrete dam is taken into account,
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which allows you to vary the degree of parti-
cipation of various structural elements in the
static and dynamic work of the structure.
When constructing the area of the rock
foundation, it is necessary to take into account,
if possible, the presence of tectonic faults, for
which reduced values of elastic moduli are as-
sumed. The documents study the influence of
tectonic faults on the stress-strain state of the
dam. In the presented diagram (Figure 2), ma-
terials with different physical and mechanical
properties are shown in different colors. An
enlarged fragment of the three-dimensional
model of the dam zone is shown in Figure 2.
The finite element model of the “structure-
foundation-collector” system consists of
288821 nodes and 1560435 elements [4].

Figure 2. — Three-dimensional finite element
model of the “structure-foundation-
collector” system

In the course of the test calculations,
along with spatial calculation schemes, the
calculation schemes of the plane problem
were also used. Based on the information on
the geometry and zoning of the parameters of
the materials of the middle parts of the
corresponding sections of the spatial model,
the author built two-dimensional models of
three typical sections [4]:

1. The section 16 model (blind) includes 6006
nodes, 19606 degrees of freedom, 5990 ele-
ments (4460 elements of type PLANE182,
1452 elements of type FLUID29, 12
elements of type FLUID129, 14 elements of
type COMBIN14).

2. Model of the 19th unit (station) 16263 no-
des, 51179 degrees of freedom, 15968 ele-
ments (13577 elements of type PLANE182,
2238 elements of type FLUID29, 15
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elements of type FLUID129, 138 elements
of type COMBIN14).

3. Model of the 29th unit (battlefield) 7707 no-
des, 20324 degrees of freedom, 7510 ele-
ments (5948 elements of type PLANE182,
1480 elements of type FLUID29, 12 ele-
ments of type FLUID129, 70 elements of
type COMBIN14).

RESULTS

Based on the analysis of the results of
computational studies of the stress-strain sta-
te of a concrete dam using various appro-
aches to modeling seismic action, the cha-
racteristics of the dynamic interaction of the
structure with the formation fluid and the
establishment of boundary conditions along
the edges of the computational domain, the
main advantages and disadvantages of the
considered approaches have been identified.
It is shown that when numerically modeling
the structure-line system without taking into
account the effect of the sediment layer,
overestimated peak values of the dam's
stresses and displacements are observed. In
this case, the damping effect of precipitation
depends on the thickness and dynamic
properties of the modeled layer, which
significantly affects the stress-strain state of
the dam model.

REFERENCES

1. bemnenaup, E.H. BeposgtHocTHble Me-
TOABl OLEHKH HAJIeKHOCTH TPYHTOBBIX
rUApOTEXHUYECKNX coopyxeHuir /E.H.
bemnengup, .A. MWpamumuuos, J.B.
Credpanummna, O.M. ®unarenos, C.I.
Mynsman // CI16.: OAO BHUUI um. BE
Beneneesa. — 2003. — T. 2004.

2. AxmenoB, M.A. 3emnerpsicenuss u 06e3-

omnacHocTh iotuH / MLA. Axmenos, K. /1.

CansimoBa // Bectauk benropojckoro ro-

CYJapCTBEHHOTO0 TEXHOJOIMYECKOrO YHU-

BepcureTa uM. B.I'. IllyxoBa. - 2015. - Ne.5.

http://blog.rushydro.ru/?p=3907

4. CIT14.13330.2018 CtpouTenbcTBO B ceiic-
MUYECKHX palloHax. AKTyaJM3UpOBaHHAS

w



http://blog.rushydro.ru/?p=3907

Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ned, 09.2025

penakius CHull 11-7-81. — M., 2018.

5. CIT 41.13330.2012 betoHHbIe U *ene30-
OCTOHHBIE KOHCTPYKIIMH THUIAPOTEXHU-
YECKUX  COOpPYXKEHUU. AKTyalu3upo-
BanHas pemakuus CHull 2.06.08-87. —
M., 2012.

6. CIT 58.13330.2012 T'mapoTrexHUYECKHE
coopysxkeHusi. OCHOBHBIE MOJIOKECHHS. AK-
TyanuzupoBaHHas penakuus CHull 33-
01-2003. — M., 2013.

7. CI140.13330.2012 [1moTHBI OETOHHBIE U
JKEJIe300€TOHHbIE.  AKTYyallM3UpOBAHHAS
penakuus CHull 2.06.06-85. — M., 2013.

8. CII 358.1325800.2017 Coopy>xeHust TUA-
porexHuueckue. IlpaBuina mpoekTHpO-
BaHMS M CTPOUTEIHCTBA B CEHCMHYCCKHUX
pationax. — M., 2018.

9. 'OCT 27751-2014 HanexxHOCTH CTpO-
UTEJIbHBIX KOHCTPYKLMM KM OCHOBAaHMM.
OcHoBHbIE TTOJIOKeHH. — M., 2015.

10. XpamnkoB, A.A. Marematndeckoe Moje-
JMPOBAHKE HATIPSKECHHO-/1e(hOPMUPOBAH-
HOT'O COCTOSIHUSI OETOHHBIX KETe300€TOH-
HBIX KOHCTPYKLIUH SHEPreTUYECKHX CO-
opyxxenuii /A.A. Xpankos, b.B. LeitiuH,
A.E. Cksopuosa //I'maporexHuyeckoe
cTpouTenbeTBo. - 2011, - No, 9. - C. 60-67.

11. Kopnees, B.I'. CxeMbl MeTona KOHed-
HBIX DJEMEHTOB BBICOKHX TOPSIKOB
toudoctu / B.I'. Kopuees. — JI.: U3na-
TEeNbCTBO JIGHMHTPaJCKOTO YHUBEPCH-
teta, 1977. — 208 c.

12. Aramos, B.I1l. MeToj KOHEUHBIX dJIEMEH-
TOB B CTaTUKE, JMHAMUKE U YCTOMYUBOC-
TH KOHCTpyKLUmii /B.I1. Aranos. — M.: U3-
JATeIILCTBO ACCOIMAIIMU CTPOUTEIIBHBIX
By30B. 2004. — 248 c.

13. 3enkeBuu, O. MeTOI KOHECUYHBIX JICMEH-
toB B TexHuke /O. 3enkeBuy. — M.: Mup.
1975. — 541c.

14. benoctoukuii, A.M. Hayuno-uccrneno-
Barenbckuil neHTp Cra/luO. 25 ner nHa
(GpoHTE YHUCIEHHOTO MOJAEIUPOBAHUS
/A M. Benocrouxuii, IT.A. Axkumos // In-
ternational Journal for Computational
Civil and Structural Engineering. —2016.
—T.12. — Ne. 1. - C. 8-45.

46

XULASO

Hazirda quivvads olan normativ sanad-
lords seysmik yiklor altinda beton hidrotex-
niki qurgularin dinamik davraniginin xisu-
siyyatlorinin daha dolgun nozoro alinmasi
tovsiya olunur vo hidrotexniki qurgularin,
mosalon, yiksak cokisi olan beton bandlorin
mohkomliyi seysmik mugavimatin dinamik
nozariyyasindan istifado etmokla giymatlon-
dirilmalidir [4-8]. Bu cur problemlarin halli
ucln xiisusi vahid metodologiya olmadiqda,
dinamik yuklor altinda "qurulus-tomal-kol-
lektor" sisteminin isinin modellogdirilmoasi
xususiyyatlori ilo bagli bir sira suallar yara-
nir. Konstruksiya elementlorinin gismon da-
gilmasina sabab ola bilacok goza yiklori al-
tinda konstruksiyalarin dinamik davranisinin
diizgun modellosdirilmasi [9] Ugln betonun
geyri-xatti davranisinin xisusiyyatlorini na-
zora alaraq holl olunan problemlors adekvat
hesablama modellarindan istifado etmok la-
zimdir. Todqigatin obyekti dinamik yiiklora
moruz qalan beton hidrotexniki qurgulardir.
Todgigatin predmeti dinamik yiiklorin, o
cumlodon seysmik tosirlorin yaratdigi “kons-
truksiya-bundvra-lay” sisteminin gorginlik-
deformasiya vaziyyatinin parametrlorini mu-
ayyan etmokdir.

Acar sOzlar: obyekt, hidrodinamik tor,
struktur-bunévra-rezervuar, hidravlik sicra-

VIS.
PE3IOME

B peiicTByrommx HOPMATHUBHBIX [IOKY-
MEHTaX pEeKOMEHIyeTcs 00Jiee MOTHO YUUThI-
BaTh OCOOCHHOCTH TUHAMUYECKOTO IOBEJe-
HUSl OETOHHBIX TUAPOTEXHUYECKHX COOpPYKe-
HUH 101 CEUCMUYECKUMHU Harpy3Kamu, U mpo-
YHOCTh THIPOTEXHUYECKUX COOPYKCHHMU, Ha-
npuMep, OETOHHBIX TUIOTUH C OOJBIIION Mac-
COM, TOJI’KHA OLICHUBATHCS C UCIIOJIb30BAaHUEM
TEOPUHU TMHAMHUYECKON CeHCMOCTONKOCTH [4-
8]. Ilpu oTCyTCTBUM CTIEIMATIBFHON €TUHON Me-
TOJIOJIOTUH ISl PELICHHSI TAKUX 3a/1a4 BO3HU-
KaeT Psi/I BOIIPOCOB, CBA3aHHBIX C 0COOCHHOCT-
SMH MOJICTIUPOBAHUS pabOThl CHUCTEMBI "CO-
opyxeHne—pyHaaMmeHT—pe3epByap" Mo Aei-
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CTBUEM JTUHAMHYECKUX Harpy3ok. s kop-
PEKTHOTO MOJICIUPOBAHUS TUHAMUYECKOTO
IIOBEJICHUSI KOHCTPYKLMH IIpU aBapUNHBIX
Harpy3kax, KOTOpbIE MOTYT BbI3BaTh YaCTHUY-
HOE pa3pyIIEHUE 3JIEMEHTOB KOHCTPYKILUHU
[9], HEOOXOMMMO HCITOJIL30BaTh PACUETHBIC
MOJIEJIH, aJICKBATHBIE PEIIacMbIM 3aJayaMm, C
Y4ETOM OCOOCHHOCTEH HETMHEWHOTrO MOBejIe-
HUA OeroHa. OOBEKTOM HCCIIEAOBAHHUS SIBIIS-
I0TCS1 OETOHHBIE THAPOTEXHUYECKUE COOPYIKe-
HUSl, MOJIBEPraoliyecss TUHAMUYECKUM Har-
py3kam. [IpenmMeTrom uccrnenoBaHus SBISETCS
OIIpe/ieJIeHNE MapaMeTPOB HAIPsKEHHO-JIe-
(bOpMHPOBAHHOTO COCTOSIHUSI CUCTEMBI "KOHC-
TPYKIHS—OCHOBAaHUE—CJION" TI0]T BO3/ICHCTBH-
€M JMHAMHYECKHX Harpy3ok, B TOM YHCIIE
CEHCMUYECKHUX.

Knrwoueewie cnoea: oovexm, cuopoouna-
Muyeckas cems, KOHCMPYKYUA—OCHOBAHUE—
pesepayap, 2uopasIU4ecKull NPLIHCOK

SUMMARY

Current normative documents recom-
mend a more comprehensive consideration of
the dynamic behavior characteristics of con-
crete hydraulic structures under seismic loa-
ds. The structural integrity of hydraulic faci-

VJIK 631.67

lities, such as massive concrete dams, should
be assessed using the dynamic theory of seis-
mic resistance [4-8]. In the absence of a uni-
fied methodology for solving such problems,
several issues arise related to the modeling
features of the “structure—foundation—reser-
voir” system under dynamic loading. For ac-
curate modeling of the dynamic behavior of
structures under accidental loads that may ca-
use partial failure of structural elements [9],
it is necessary to apply computational models
that are adequate for the problem being sol-
ved, taking into account the nonlinear beha-
vior characteristics of concrete.

The object of the research is concrete
hydraulic structures subjected to dynamic
loading. The subject of the research is to de-
termine the parameters of the stress-strain
state of the “structure—foundation-layer”
system under dynamic effects, including seis-
mic impacts.

Keywords: object, hydrodynamic net-
work, structure—foundation—reservoir, hydra-
ulic jump.
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TORTORCAYIN SU EHTIYYATLARINDAN SOMOROLI ISTIFADO
OLUNMASI iSTIQAMOTINDO HOYATA KECIRILMIS LAYIHOLOR

Giris. Dunya (izorinds su ehtiyatlarinin
somoarali istifadasi bir gox regionlar Gglin asas
mosalalordon biridir. Su ehtiyatlarinin forma-
lasmasinda daxili sularin payr Giirciistanda
vo Ermonistanda 80%-o godor toskil etdiyi
halda, Azarbaycanda bu gostarici comi 20%-
dir. Olkomizdo su ehtiyatlarinin toxminon
80%-1 transsarhad caylar - Kur va Araz hesa-
bina formalasir. Iqlim doyisikliklori natica-
sindo Olkads illik yagmtilarin azalmasi, bu-
xarlanmanin artmasi, okin sahoalarinin genis-
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lonmasi vo ohalinin saymin ¢oxalmasi ilo Su-
ya olan tolobat hor il daha da artir. Bu amil
aran bolgslorinds, su ¢atismazlhigindan yara-
nan problemlari daha da kaskinlosdirir. Kond
tosarriifatinda sahalorinds israfgiliqla miisa-
yiot olunan soth suvarma texnikasi va istis-
mar muddsti basa ¢atmis suvarma sistemlori
maovcud vaziyyati daha da cotinlosdirir. Bu
baximdan, Tortorgay hdvzasinin todqiqi xu-
susi shamiyyat kasb edir.

Tortorcay Azarbaycanin qarb bélgasinds


mailto:hidro.fh@mail.ru
mailto:hismayil0702@gmail.com

Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ned, 09.2025

yerlosan va Kiir ¢ayina tokiilon mihim sol
gollardan biridir. Onun hidrografik sobokasi
Vo su ehtiyatlart uzun illor arzinds bolganin -
xususilo Tartor, Goranboy, Agdam, Bards va
Yevlax rayonlarinin kond tosarriifati sahasin-
da va becarilon bitkisrin suvarma tominatinda
asas rol oynamigdir. Cay tizarinds insa edil-
mis Sarsong vo Sugovusan su anbarlari iso
meliorativ va enerji obyektlori olmagla ham
suvarma sahalarinin genislondirilmasi, hom
do ekoloji tarazligin qorunmasi baximindan
strateji ovozolunmaz ohamiyysto malikdir.
1990-cz illarin avvallarinda Ermanistan tors-
findon Tortorgay hdvzasinin yuxari axarinin
Vo hidroqurgularmin yerlosdiyi arazilorin is-
gal1 naticasinds ¢ayin idara edilmasi imkan-
lar1 Azarbaycan toroafindon itirilmis, su ehti-
yatlari siyasi tozyiq silahina ¢evrilmis, nati-
codo bolgada kond tasarriifati, okin sahalori-
nin mohsuldarligi va ohalinin hayat soviyyasi
ciddi sokildo zoror gérmisdiir. 2020-ci ildo
isgal altinda olan orazilorin azad olunmasin-
dan sonra, Tortorgay hdvzasinds hoyata ke-
cirilon va planlasdirilan meliorasiya vo Su to-

sarriifat1 sahasinds talob olunan layihalarinin
yenidan hoyata kecirilmosi aktuallagsmisdir.

Tortorgay hovzosi oroqrafik baximdan
muxtalif tobii sorhadlerlo shato olunmusdur.
HOvzonin simal hissesi Murovdag silsilosi
ilo, gorb hissasi xiisusilo Dolidag vo Keyti
daglari olmagqla Qarabag vulkanik yaylast ilo,
sorq torofi Yuxar1 Qarabag diizonliyi ilo, co-
nub hissasi iso Qarabag silsilasi ilo mahdud-
lagir. Tortor¢cayr monboyini Kicik Qafgaz
daglari, Qonqur, Alak6z vo Mixtokan silsilo-
sinin birlogdiyi orazido 3120 m yiiksaklikda
axan bulaglardan monbayini gotiirlir vo miix-
tolif cografi regionlardan kecorak Kiir ¢ay1 ilo
qovusan hissodo yer sothindon yiiksokliyi
15 m-dir. Kiir ¢caymin an boyiik sol qollarin-
dan biridir. Uzunlugu 184 km olan ¢ayin hov-
zosinin sahasi 2650 km?-dir. Tartorgayin hov-
zosi Azorbaycanin hom dagliq, hom do dii-
zonlik arazilorini ohato edir [1; 2].

Tortorgay Azorbaycanin Qoarb bolgosin-
do yerloson Kalbacor, Agdors, Tortor vo Bor-
do rayonlari arazisindon kegir (sokill).

N

Sakil 1. Tartorcay Azarbaycan Respublikasinin fiziki xaritasinda
(Manba: @ 39°55" sm. e. 45°58"s. u. Moansab: @ 40°26' sm. e. 47°18"s. U.)
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Bu orazido relyefin dikliyi ssabsbindan
axig1 siiratli olan ¢ay, Lagin rayonunun dar va
dik vadilorindan kecir, bu da suyun kaskin
eniglor yaratmasina sabob olur. Lagin rayonu,
Tortor¢ayin formalagsmasinda asas rol oyna-
yan cografi orazilordon biridir. Burada ¢ayin
dibinds ¢inqil, qum va digar ¢okuntt materi-
allarinin yi1gilmasi, ¢aym akvatoriyasini for-
malasdirir [4].

Tortor rayonuna daxil olan Tartorcay, bu-
rada torpaq resurslari ila zongin arazilords su-
varma sistemlorinin formalasmasina imkan
yaradir. Diizonliklorin genisliyi bu bolganin
kond tosarriifat1 sahasi U¢un alverisli gorait
yaradir [2].

Yay aylar1 isti vo quraq, qis aylari iso SO-
yuq Va nisbaton yagintili olan Tortorgay hov-
zosi, miilayim kontinental iqlim soraitino ma-
likdir. Tortorgayin kegdiyi Tortor rayonu, Ki-
¢ik Qafgaz daglariin conub yamacinda yer-
lasdiyi Gcun burada iglim gostaricilori, ham
dagliq, ham do diizanlik arazilordo muixtalif-
lik gOstorir. illik orta temperatur 8-12°C ara-
sinda doyisir, yay aylarinda temperatur 20-
30°C, qis aylarinda iso -5°C-don -15°C-ys
godor enir [4].

Iglim soraitinin formalagsmasinda mii-
hdm rol oynayan faktorlardan biri do, Tortor-
cayin axdigi orazilords yagiglarin migdari vo
paylanmasidir. Cay hdvzesindo illik yagint:
migdar1 600-1000 mm arasinda doyisir. Ya-
gish giinlor asason yaz vo payiz aylarinda da-
ha intensiv miisahids olur.

Tortorgcaymn iglimindo Kkulok rejimi do
muihiim rol oynaywr. Kiilok, bolgodoki at-
mosfer tozyiginin doyismolarindan tasirlanir.
Toartor rayonunda kuloklorin dominant istiga-
moti, adaton gorb va conub-garb istigamatls-
ridir. Kilok surati, ortalama olaraq 2-5 m/s
arasinda doyisir, lakin bozi zamanlarda bu
stirat 10 m/s-ya goadar cata bilar.

Caymn geoloji vo hidrogeoloji soraiti,
onun hidrografik xiisusiyyatlorini, su ehtiyat-
larin1 vo ekosistemini formalasdiran mithiim
amillorden biridir. Tortor¢ayin axdigi orazi-
lordoki geoloji qurulus, su ehtiyatlarinin
mOvcudluguna, suyun keyfiyyotina vo hidro-
l0ji rejimino tosir edir. Tortorgayin yuxari
axminda oasason effuziv siixurlar (porfiritlor,
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andezitlor va s.), tuflu piroklastlar Gstlnlik

toskil edir, bununla yanasi, miioyyon miqdar-

da argillitlor, qumdaslar1 vo ohangdaslarina
da rast golinir.

Tortor ¢ay1r hovzoasi, Azarbaycanin sha-
miyyatli tobii resurslarindan biridir vo bu re-
gionun torpaq ve bitki ortiiyii onun cografi vo
iqtisadi inkisafinda miihiim rol oynayir. Bu
orazi mixtolif landsaft vo ekosistemlorlo
zongindir ki, bu da bdlgenin kond tesarriifati
Vo iqtisadi potensialini miiayyon edir. Todqi-
gatlar gostorir ki, Tortorgay hovzasinin tor-
paq Ve bitki ortliyd, onun cografi mévqgeyina,
iglim saraitina va geomorfoloji xisusiyyatle-
rins osaslanaraq formalasib.

Tortorcay hovzasinin torpaq Ortlyl ¢ox-
saxalidir vo burada muxtalif tip torpaq névlo-
ri mévcuddur. Bu torpaqglarin asas Xxdsusiy-
yatlori asagidakilardir:

— Aluvial Torpaglar: Tartarcay boyunca ge-
nis yayilan aliivial torpaqlar, asason ¢ayin
gotirdiyi c¢okintilordon formalasib. Bu
torpaglar mohsuldarlig baximidan zon-
gindir vo suvarma soraitindo yiksok kond
tosorriifati mohsuldarligi tomin edir [4].
Aluvial torpaglar, xtususen pambiq, taxil
Vo taravaz bitkilarinin becarilmasinds ge-
nis istifado olunur.

— Qohvayi Dag-Mesa Torpaglari: Tartorgay
hovzosinin daglhq orazilorinds gohvayi
dag-meso torpaqlar istiinliik toskil edir.
Bu torpaglar, tizvi maddolorlo zongin olub
meso tosarriifatt vo heyvandarliq {iglin
ohomiyyatlidir. Qahvayi torpaqlarin yiik-
sok mohsuldarligi, asason meyvo agaclari-
nin va digar mesa bitkilorinin yetigdirilmo-
sina imkan verir.

— Coamoan-Bozqir Torpaglar:: Asagi diizon-
liklordo vo yarimsohra orazilorindo ¢o-
moan-bozqir torpaqlart genis yayilib. Bu
torpag novu osasen otlaglar va heyvan-
darliq Gi¢lin istifads olunur. Regionda ot-
laglarin ¢oxlugu, burada qoyunguluq vo
maldarliq kimi kond tasarriifat1 sahalarinin
inkisafina sabab olur.

Torpaq novlori muxtalif olduguna gors,
bu regionda kand tasarriifatinin diversifikasi-
yas1 miimkiindiir va iqtisadi potensial yiksok-
dir. Bu orazilords torpaglarin mohsuldarligi
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suvarma sistemloari ilo dostoklondikds, xUsu-
silo donli bitkilor, pambiq va toravoz becoril-
mosi artirtlir. Bundan olavs, yerli torpag re-
surslart qida, ham do heyvandarliq sahasinin
inkisaf etdirilmasi magsadi il istifads olunur.

Tortorcay, otraf orazilords kond tosorri-
fat1 ti¢iin asas su monbayidir. Caydan suvar-
ma Ugln istifads edilon sahalar, pambigq, ta-
x1l, taravaz va meyvas bitkiloridir. Hocmi 560
milyon kubmetr olan Sarsong su anbar1 vasi-
tosilo Tortorgayin hidroloji rejimini tonzim-
lonir va suyun daha semarali vo davamli so-
Kildo istifadasina imkan verir.

Tartor¢ayin baslica qollar1 soldan uzun-
lugu 36 km olan Levgay, 19 km olan Agda-
bangay, 35 km olan Toragagay, Dal Qilish
cay1, Alolar suyu vo Zoylik ¢aylaridir. Cayin
sag qollar1 igarisindo on sulusu Tutxun
cayidir, bundan basqa Araqcay, Umudlu ¢ay1
va digar bir neg¢a kigik ¢ay da bu gayin qollari
strasina daxildir.

Levcay: Tortor¢ayin sol qolu olan Lev-
cay, Kalbacar rayonunun orazisindon axir.
36 km uzunluga malik olan ¢ayin hévzasinin
sahasi 367 km2-a borabardir. Hinaldagin co-
nub yamacinda daniz soviyyasindon 3250 m
yiuksaklikdon monbayini gétiiron ¢cay aximini
qar, yagis vo yeralti sulardan formalasdirir.
Suyu osason suvarma magsadi ilo istifado
olunur.

Toragacay: onboyini Gamigdagin simal
yamacinda daniz saviyyasindon 3300 m yik-
soklikdon gotiiron cay Tortor¢ayin sol qolu
olub va Agdors istigamotine axir. Aximin
64%-i yeralt1, 21%-i gqar vo 15%-i yagis sula-
rindan formalasir. Yaz-yay aylarinda qar su-
lar1 hesabina cayda dasqin amalo galir. Cay
illik aximin dasqin dévriindo 65-70%-ni ke-
¢ir. Asili orta gotirmolor Illik 0,42 kq/s, lillon-
masi isa 137 g/m3-dir. Cay suyu asasan suvar-
ma moqsadi ils istifads olunur.

Tutxun ¢ayr: Hovzasinin sahasi 521 km?
olan Tutxun cay1 Tortor¢aym sag qoludur va
cayin uzunlugu 35 km-o borabardir. Cayn
monbayi Kigik Qafgazin doniz saviyyasin-
dan 2200 m yiksaklikdon baslayir. Aximinin
45-60%-i yeralt1 , 30-40%-i gar, 10-15%i
iSo yagis sular1 hesabina formalasir. Qar su-
lar1 hesabina ¢ayda yaz-yay aylarinda dasqin
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omolo goli. Illik aximin 45-50%-i aprel-iyun
aylarinda kegir. Yay movsuminds yagan ya-
gislar suyu bazon yaz dévrundoki dasqinlar-
dan forgli olaraq basqa tip dasqinlarin amala
golmasina sobob ola bilar. ©n az su sorfi cay-
da yanvar ayinda miisahida edilir. Illik axim
hacminin 2—3%-ni bu d6vrds kegon axim tos-
kil edir.

Qaraxancalli ¢ayi: Uzunlugu 24 km
olan Qaraxancalli ¢ay1 Tutxun ¢ayinin sol qo-
ludur. Hovzasinin sahasi 181 km? olan cay
Kalbacar rayonun arazisinden axir. Manbayi-
ni doniz soviyyasindon 2820 m yiiksoklikda
yerlasan Kigik Qafqazin simal-sorg yamacin-
da gotlrir. Qismon suvarma isloarindo istifado
olunan cayin aximi yeralti, yagis vo qar sulari
hesabina formalasir.

Qaraarxac cay1 (Sarkar suyu): Qaraar-
xac c¢ayl basqa adi ilo Sorkor suyu Tortor-
caym sol goludur. Manbayini Kegaldag vo
Allagollar-Sariyer yiiksokliklarindon gétlran
bu ¢ayin uzunlugu 15 km-2 barabordir. Cayin
aximu yeralti, yagis vo qar sularinin hesabina
formalasir; yaz vo yay aylarinda iso gar sula-
rinin tasiri ilo ¢ayda dasqinlar miisahido olu-
nur.

Zoylik cayr: Uzunlugu 12 km-o yaxin
olan monbayini Keyti daginin sorg, Qonur-
dag silsilasinin conub yiksakliklorindon go-
tron Zoylik cay1 Tortorcayin sol qolu oludur.
Aximi yeralti, yagis vo qar sularindan for-
malagir. Cayin aximi yeralti, yagis va gar su-
larinin hesabina formalasir; yaz vo yay ayla-
rinda is9 qar sularinin tasiri ilo cayda dasqin-
lar miisahids olunur.

Zar cayi: Monboyini Agduzdag daginin
sorq vo Qazanucan dag silsilosinin gimal-
sorq, Keyti dagiin conub-goarb va qorb, ylk-
sokliklarindan alan, uzunlugu 9 km-o yaxin
olan Zar ¢ay1 Zoylik ¢cayinin sag qoludur. Su-
yundan suvarma islorindo istifads olunan
cayda yaz vo yay aylarinda qar sularmin tasiri
dasqinlar miisahids olunur.

Kesdak ¢ay1 (Alolar suyu): Kesdok ¢cay1
basqa adi ilo Alolar suyu Tartorcayin sol
goludur. Manbayini Qonqur daginin sorg vo
Qumlu dagin conub yiiksakliklorindon goti-
rir. Aximi yeralti, yagis vo qar sularindan for-
malasir. Yaz-yay aylarinda qgar sulart ¢ayda
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dasqin omals gatirir. Cayin suyundan suvarma
islorinds istifads olunur.

Tortorcaydan su alan kanallar, osason
Azarbaycanin garb bolgslorinds, xtisusan Tor-
tor, Agdam, Bordos, Goranboy, Yevlax vo Ag-
cabadi rayonlarinin suvarma vo SU tominatinda
bdyiik rol oynayir. Bu ¢aydan miixtalif suan-
barlari, hidroqovsaqglar vo suvarma kanallart
cokilarok kond tosorriifatini inkisaf etdirmok
ucun istifads olunur.

Tortorcay Uzorinds insa edilmis vo Umu-
mi tutumu 550 milyon m? olan, 143,5 min
hektar okin sahasinin suvarma suyu ilo tomin
etmok giicino malik, Sorsong su anbari
istifadoys verilmisdir. Bundan olavs, eyni
dovrds hacmi 5,86 milyon m2 olan Sugovu-
san su anbar1 Tortorgay vo Turagagay caylari
Uzorindo insa edlirak, istismara daxil edilmis-
dir. Su tominatinin yaxsilagdirilmasi magsa-
dilo monbayi Suqovusan su anbari olan vo
tam beton ortiikls tikilmis bir nego magistral
kanallar da insa olunmusdur. Onlardan Sag
sahil Tartorgay magistral kanalinin uzunlugu
70,2 km, su buraxma gucu isa 50 m3/saniya
toskil edir. Kanal Agdors, Agdam, Tortor,
Bordo rayonlarinda kegir vo 50 min ha saho-
nin suvarilmasini tomin edir. Tortor vo Go-
ranboy rayonlarindan ke¢an 20 min ha sahani
suvarma suyu ilo tomin edan Sol sahil Tor-
torcay magistral kanalinin isa uzunlugu 22,4
km, sorfi 20,5 m3/saniyadir.

XX asrin 70-ci illarinds Qarabagin kond
tosorriifatinin inkisafi iiclin meliorasiya vo
irriqasiya iglori daha da genislondirildi.
Umummilli lider Heydor Dliyev Qarabag re-
gionunun kand tasarriifatinin su tominati mo-
solasi dovlat saviyyasinda xiisusi digqgat mar-
kozindo saxlanilmigdir.

Homin illards kolxoz va sovxoz tasarri-
fatlarinda 100400 metr dorinliys malik arte-
zian quyularinin qazilmasi tomin olunmus,

1971-1975-ci illar arzinds asas caylardan su-
yun okin sahalarina verilmasi t¢tin imumi-
likdo 86 mexaniki aqreqgat istifadoya veril-
misdir. Heydoar Oliyevin uzaqgoron siyasati
naticasinds hayata kegirilon kompleks melio-
rasiya todbirlori torpagdan daha somarali isti-
fadoni miimkiin etmisdir. Belo ki, suvarilan
okin sahalarinin tmumi hacmi 1970-ci ilds
41 726 hektardan 1985-ci ildo 57 938 hektara
goadoar artirtlmisdir (sokil 2). Qarabagda kand
tosarriifat1 sahasinds alds edilon nailiyyatlor-
do suvarma infrastrukturunun genislondiril-
mosi halledici rol oynamisdir (cadval 1).

Sarsong su anbar1 Azarbaycanin qarbin-
do yerlosir. Cografi baximdan Qarabag bol-
gosinin simal-sorginda, Tartar rayonunun in-
zibati orazisins yaxin bir sahads, doniz soviy-
yasindan toxminon 726 metr yiksoklikdo yer-
losir.

Sokil 2. Sag sahil magistral kanalinin taSir
zonasindaki sahanin sxematik Xaritasi.

Cadval 1.
Tartarcaydan su alan kanalar hagqinda malumatlar

Kanahin adx Istifadayo Uzunlugu Suvarilan Kecdiyi Su

verilma ili (km) saho (min ha) rayonlar manbayi
Tortorgay sol 1976 24,3 20 Tartar, Tortorgay
sahil kanali Goranboy
Tortorgay sag 1976 68,3 50 Agdors, Agdam, | Tortorgay
sahil kanal1 Tartor, Boarda
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Bu orazilords iglim quraqg vs yari-quraq
iglim tiplorino uygun golir. Illik yagmtinin
migdar1 400-600 mm arasinda doyisir. OKin-
cilik va suvarma sistemlorinin effektiv foaliy-
yatini tomin etmoak l¢lin alava su manbolarina
tolobat vardir.

Sorsong su anbar1 60 mln m? 61t hacmo
malikdir. Anbarin su saviyyasi normal dolma
saviyyasinds 726 m-a goadar qalxir vo dasqin
sular1 buraxildigl zaman maksimum 728,5 m-
o catir. Olii hocm soviyyoesi 662 m olan bu
anbar, normal dolma saviyyasinds toxminon
11,75 km uzunluga va 1,75 km ena malikdir,
suyun maksimal darinliyi isa 103 metr toskil
edir. Normal saviyyads Sarsong su anbarinin
su glizgusunun sahasi 1346 ha, 6lu hacm za-
mani iso comi 270 ha-dir. Anbarin sahil xatti
imumilikda 50,25 km. Su anbarinin bandi
555,1 metr uzunlugda olub, Ust eni 10,2 metr,
hindurliyd iss 125 metrdir (sokil 3) [5].

Ermoni isgali dovriinds, 1993-2023-cu
illards anbara vo onun qurgularina uzun miid-
dotdir ki, yetorli kompleks texniki xidmaot
gOstorilmadiyi ti¢iin anbarin texniki tohlliko-
sizlik baximindan gonastboxs olmadig: ehti-
mal olunur. Sarsang su anbari iggal olunmus
arazido yerlagdiyindon onun bandinin gaza va
ya toxribat noticosindo dagilmasi anbardan
asagida yerlogon yasayis montogolori Ugln
ciddi tohliiko yaradir.

Toartar rayonunun bir cox kendlori (Cayli,
Seydimli, Hacigarvand, Zolkaran, Diyarli,
Saricali, ©lasgerli, Bayandur, Buruc, Irovan-
11, Giilabath, Hacalli, Yenidaskond, Qapanli,
Satirli, Qasimboyli, Ziimiirxag, Imamqulu-
bayli, Dilangilor, Muganli) tam olaraq, bir ne-
¢osi iSo (Sixarx qgosebasi, Suqovusan, He-
sangaya, Sshlobad, Korpiisindiran, Qazaxlar,
Soyulan, Dargalar, Noazirli) gismoan suyun
altinda gala bilar.

Sugovusan su anbar1 Tortor rayonunun
Suqovusan orazisinds, Tortorgay Uzorindo
yerlason su anbaridir. Su anbari kond tasarri-
fat1 torpaqlarini su ilo tomin etmok mogsadilo
1975-ci ildo istismara verilmisdir. Madagiz
adlanmis su anbar1 Tortor rayonunun ermani
isgalinda olan hissasinds yerlosirdi.

Tortorcay vo Turagaycay ¢aylarindan da-
xil olan sular iggaldan avval su anbarinda ton-
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zimlonarok, Umumi suburaxma qabiliyyati
saniyado 70 m® olan osas magistral kanala,
kanalin 5,2 km-don sonra isa har birinin
suburaxma gabiliyyati saniyads 50 vo 20 m?
olan Sag Sahil vo Sol Sahil magistral
kanallarina verilirdi.

gy g £ g - v
Sokil 3. Sarsang hidroqovsaginda band

Uzunlugu 10 m olan bandin hiundurliyu
28 m, uzunlugu 630 m, su anbarinin imumi
hocmi 5.86 min.m? faydali hocmi 5.21
min.m3-dir. Anbara toplanmis su vasitasi ila
Tortor, Agdors, Goranboy, Yevlax, Bardo,
Agdam vo Agcobadi rayonlarinda timumil-
kdo 96217 ha kond tososrriifati sahosinin
suvarilmasi nozordo tutulur.

«\\ s L
- = -‘:.‘!{»,xg o
- e - : "\x‘?\"‘\ N

Sakil 4, Suqovusan su anbarimin gortiniigii

Hazirda dovlat tarafindon bdlgonin meli-
orativ-irrigasiya sistemlarinin barpasi istiqa-
motindo genismiqyash layiholor hayata kegi-
rilir. Bu layihalar gargivesinds nasos stansi-
yalari, suvarma kanallar1 vo kollektor-drenaj
sistemlori tomir olunur, yeni suvarma texni-
kalarimin tatbiri istigamatinds islor aparilir.
Eyni zamanda Sarsong su anbarinin texniki
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vaziyyati Oyranilir vo onun barpa olunaraq
yenidan bolgenin su tesarriifatinda miithiim
rol oynamasi istigamatinda todbirlor gorular.
Bu islorin naticasi olaraq yaxin illardo Tor-
torcaydan istifado imkanlarinin daha da ge-
nislonmasi vo Tortor, Goranboy, Boards, Ag-
dam orazilarinds kond tosarriifati istehsalinin
artmasi gozlanilir.

Miiharibs basa ¢atdiqdan sonra Suqovu-
san anbar1 vasitasi ilo 36 min hektardan artiq
kond tosasrriifati sahosi su ilo tomin olunub.
Homin kond tasarriifati sahosinin 20 min 450
hektar1 Tortor, 6300 hektardan artiq
Goranboy, 6038 hektar1 Bords, 1872 hektar1
159 Yevlax rayonuna aiddir. Artiq Suqovusan
su anbarinda oasasli tomir islorinin goriilmasi
liclin qiymatlondirmolor aparilaraq, goriilo-
cok islor miioyyon olunub. Borpa islorinin
aparilmasinda osas ¢otinlik yaradan faktor
orazido hoddon artiq mina olmasidir. Sugo-
vusan su anbarindan ¢ixan 5.2 km uzunlu-
gunda olan magistral kanalin har iki torofi mi-
nadan tomizlonib. Lakin kanal uzun miiddst
istifado olunmadigindan hamaisi dolub.
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XULASO

Mogalods Respublikamizda méveud su
ehtiyati, 6lkomizin orazisinds formalasan su
hocmi, osason Tortorcay vo onun hévzasi,
cayimn qollari, hovzoanin tabii soraiti, iglimi,
torpaq va bitki Ortiiyii, ¢cayin su ehtiyatindan
somarali istifado olunmast moagsadilo ¢ay
mMacrasinda tikilmis Sarsong vo Suqovusan su
anbarlari, bu anbarlarin layiha gostaricilori 30
illik ermoni isgalindan sonra movcud
meliorasiya sistemlorindo aparilan yenidon
qurma islarindon molumatlar verilib.

Acar sozlar: Sugovusan, su ehtiyati,
Macra, hidrografik sistem, relyef, ¢cayin qolu,
mexaniki agrigat.

Hasanov F.H., Huseynov L.Y.

Projects implemented for the efficient Use
of Tartar river's water resources

ABSTRACT

The article provides information about
the existing water resources in our republic,
the volume of water formed within the
territory of our country, with a particular
focus on the Tartar River and its basin, the
river’s tributaries, the natural conditions of
the basin, its climate, soil and vegetation
cover. It also covers the efficient utilization
of the river’s water resources through the
construction of the Sarsang and Sugovushan
reservoirs, the design parameters of these
reservoirs, as well as the reconstruction
works carried out in the existing reclamation
systems following 30 years of Armenian
occupation.

Keywords: Sugovushan, water resour-
ces, riverbed, hydrographic system, relief, ri-
ver tributary, mechanical aggregate.

Moaqalays AzMIU-nun “Meliorasiya va su
tasarriifat: tikintisi” kafedrasinin professoru
Y.V. Qohromanli ray vermisdir.
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IQLIM DOYISKONLIYININ AZORBAYCANDA SU TOMINATI
iLO BAGLI YARATDIGI PROBLEMLOR

Giris. Insan comiyyotinin dayanigh in-
Kisafi tobii resurslarin, o ciimlodan yeralt1 vo
yeriistii sirin su ehtiyatlarinin somorali istifa-
dosindon ¢ox asilidir. Muiasir dovriin an ak-
tual problemlarindan biri ohalinin vo mixtalif
tosorrifat sahalorinin etibarli su tominatidir.
Diinya shalisinin va tolobatlarin hadsiz artimi
yeni torpag sahalarinin okin dovriyyassins da-
xil edilmasina va sanaye saholorinin durma-
dan genislonmasine sobab olur. Ustalik, ig-
lim doyisikliklori noticasindo movcud su eh-
tiyatlarinin azalma tendensiyasi miisahido
olunur. Naticads, bir cox regionlarda su to-
minat1 kaskin pislosir. Bu iso shalinin orzag
tominatina vo regionlarin ekoloji tohllikasiz-
liyino birbasa tosir gostorir.

Tohlil va miizakira. Umumdiinya Me-
teorologiya va Sohiyyas Toskilatlarinin malu-
matlarina osason diinyanin iimumi su ehtiyat-
larmin 97,7%-i doniz vo okean sularma aid
olmagqla,diinyanin sirin su ehtiyati comi 2,5%
toskil edir. Bunun da 70%-don ¢oxu Arktika,
Antarktika, Qrenlandiya buzlaqlarinin payina
diisiir. Qalan 30% sirin su ehtiyati osasan yer-
alt1 su kegiran tobagolordo, torpag nomliklo-
rinds, ¢ay sularinda va.s.-dir. Dinya Uzro
movcud olan sirin su ehtiyatinin yalniz 1%-i
Va ya planetin imumi su ehtiyatinin 0,007 %-
i insanlarin miimkiin istifadasi tgln ol ¢atan
hodd hesab olunur. Minillikler orzinds in-
sanlarin su ehtiyatlarina tasiri gox zoif olmus-
dur. Tobii sularin unikal x{isusiyyati onlarin
0z-0zUina tomizlonmasi vo su dovrani natica-
sindo borpa olunmasidir. Buna goro do gox
uzun middat arzinds su ehtiyatlarinin miqda-
r1, demok olar ki, doyismomis vo keyfiyyati
pislosmamisdir. Bu, malum illuziya ils nati-
colonmisdir: su ehtiyatlart doyismozdir, tl-
konmir va tabistin pulsuz sarvatidir. Bu so-
raitdo tarixon su ehtiyatlarindan istifadoys
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etinasiz miinasibat, istifado olunmus sularin
tomizlanmasina va su obyektlorinin mihafi-
zosino minimal vosaitin ayrilmasi konsepsi-
yas1 formalagmisdir [1].

Su tominatin1 yaxsilasdirmaq tigiin yal-
niz ondan gonastlo istifado etmok Kifayot
deyildir, sirin su ehtiyatlarinin artirilmast isti-
gamatinds do todqiqatlar aparilmali, praktiki
islor gorulmalidir. Mahz bu yolla Azarbay-
canin su siyasatinin asas magsadina ¢atmag,
ohali vo iqtisadiyyatin biitiin sektorlarini to-
Iab olunan hacmds vo beynoalxalq standartlara
uygun keyfiyyatda su ilo tomin etmok mim-
kundr.

44-gunlik muharibadan sonra azad olun-
mus Qarabag torpaglarimizda, homginin res-
publikada shalinin va tasarriifat sahalarinin
su tochizatinin yaxsilagdirilmasi istiqgamatin-
do conab Prezidentimiz ilham Oliyevin gos-
torisi ilo ¢ox miihiim iglor goriilmiis, yeni su-
tutarlarin yaradilmasi, suvarma sistemlarinin
yaxsilagdirilmasi, sirin su manbalari ila iri ya-
say1s mantagolarini birlasdiran su kemarlori-
nin tikintisi Gzro iri layihalor icra edilmis-
dir. Hoyata kegirilon todbirlor hesabina su to-
sorriifatt  sisteminin inkisafi = siiratlonmis,
mohdud sirin su ehtiyatlarina malik Azarbay-
canda shalinin fasilasiz igmali su ils tominati
Vo irrigasiya sistemlori yaxsilagdiriimigdir.

Azorbaycan Respublikas1 Prezidentinin
2020-ci il 27 iyul tarixli 2178 ndmrali “Su
ehtiyatlarindan somarali istifadonin tomin
edilmasi ilo bagh slava tadbirlor hagqinda”
Saroncami va bu soroncamla tosdiq edilmis
“Su ehtiyatlarindan somarali istifadonin to-
min edilmasina dair 2020-2022-ci illar Ggln
Tadbirlar Plan1”, elaca da conab Prezidentin
dofalarlo miixtalif todbirlords etdiyi ¢ixislar-
da vo verdiyi tapsiriqlarda yuxarida qeyd edi-
lon ehtiyaclar1 noazara almagla, Azarbaycan
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elmi qarsisinda 6lkonin su tominat1 ilo bagh
movcud problemlar vo onlarin halli yollari ilo
bagl mithiim vazifalor qoyulmusdur.

Vaton torpaglarinin isgaldan azad edil-
moasi naticasinds Qarabagin yeralti va Sath su-
larmin moéveud voaziyyatinin 0yranilmasi, su
monbalarinin barpasi, inkisaf etdirilmoasi vo
tohliikasizliyinin tomin olunmasina da ¢ox
bdyiik ehtiyac yaranmisdir ki, miivafiq prob-
lemlarin hallinds Azarbaycan elmi 6z sozinu
deyir.

Qarabagn dagliq hissesi :
Cobrayil | )

——

Agdam | )

Fiizuli

0 20 40 60 80 100 120

Sakil 1. Qarabag regionunda koahrizlorin sayi.
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dagliq hissasi

Sakil 2. Qarabag regionunda
kohrizlorin su ehtiyati.

Burada xususilo Qarabag orazilari Ugin
aktual olan bir problem do digget morkazinda
durur. Respublikanin bazi dagliq vo dagatoyi
orazilorinds, xususen Naxgivan vo Qarabag
regionlarinda igmali su ilo bagli problemlorin
hallinds tobii bulaqlarla yanasi, ilin biitiin
fasillorinda shalini igmali vo suvarma suyu ilo
tomin edon kohriz sistemlori do shomiyyatli
rol oynaya bilor. Malumdur ki, Azarbaycanda
(Naxgivan MR istisna olmagla) movcud olan
623 kohrizdon 332-si 30 ilo yaxin miiddstds
iggal altinda olmusdur. Hesablamalara goro,
Agdam rayonunda 98 kohrizdon il orzinds
64,333 milyon kubmetr, Fiizuli rayonunda 71
kohrizdan 19, 016 milyon kubmetr, Cabrayil
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rayonunda 111 kahrizdan 34,658 milyon kub-
metr, Qarabagm dagliq hissasinds 52 kahriz-
don 4,225 milyon kubmetr, imumilikds isa
Qarabag orazisindaki kohrizlori barpa etmoklo
il arzinds 122 milyon kubmetr su slds etmok
mumkindir. Bu arazilords kohrizlorin barpasi
ilo kigik caylarin illik su sorfini do artirmaq
olar.

Moalum oldugu kimi, respublikanin oksar
orazisi quraq vo yarimquraq iglimo malik-
dir. Olkonin su ehtiyatlarinm miihiim bir his-
sasi su saviyyasi il arzindos ciddi toraddiidlora
moruz galan, oksar vaxtlarda iso kaskin aza-
lan, yuksak cirklonmoys malik tranzit gaylar
torafindon tomin edilir. Eyni zamanda son
illorda global iglim doayisikliklarinin tosiri al-
tinda yagintilarin paylanma rejimindos ciddi
forgliliklor yaranmis, oksor bolgslords riitu-
botlilik omsal1 asag1 diismiisdiir. Shalinin in-
tensiv artmasi, 6lko iqtisadiyyatinin, o clim-
ladon kond tosarriifatinin inkisafi, okin saho-
lorinin, suvarma va i¢mali su tochizati sobo-
kolarinin genislondirilmasi naticasinds suya
tolobat durmadan artir. Biitiin bunlarin, elaca
do su ehtiyatlarindan somorasiz istifadanin
naticasinda 6lkonin igmali vo suvarma suyu
ilo tominatinda halo do problemlar yasanmag-
dadir va respublikanin su tohlkasizliyinin to-
min edilmoasi istigamatinda elmi asasli toXirs-
salimmaz tadbirlorin hayata kecirilmasina, ye-
ni su manbalarinin tapilmasi vo muhafizosi-
na, kahrizlarin elmi asasli borpasina, miito-
rogqi suvarma texnika veo texnologiyalarinin
totbigino vo miivafiq todbirlorin hoyata kegi-
rilmosi zamani ekosistem yanasmaya riayat
edilmasina, butlin bunlar Gglin iso hortarofli
Vo mogsadyonli fundamental vo innovativ el-
mi aragsdirmalarin aparilmasina ehtiyac giic-
lonmokdadir [2].

Umumiyyatlo, Azorbaycan 6z yerli su
ehtiyatlarina géra qonsu 6lkalordan xeyli geri
galir. Giirciistanda daxili su ehtiyatlar ils to-
minat 85%, Ermonistanda 82% oldugu halda,
olkomizdo bu gostarici comi 28%-dir. Olko-
do kond tosorriifatt mohsullarinin taqribon
90%-i osason arid iglimo malik Kir-Araz
ovaliginda istehsal olunur. Yani bu orazilor-
do miimkiin buxarlanmanin miqdar1 ya-
gintilardan xeyli ¢oxdur.
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Xazar danizindan Kiir ¢ay1 boyu 78 km
mosafodo 19 nasos stansiyasi istismar edi-
lir. Nasoslar 12-14 g/l mineralliliga malik
olan daniz suyunu suvarma mogsadils akin sa-
halarino vurur. Naoticads okilon bitkilorin mo-
hsuldarlig1 asag1 diismoklo okin sahalari sor-
lagir. Kiir ¢ayindan 6z maisatinds istifads edon
Neftcala sakinlarina i¢mali su bazon Salyan
rayonundan su masinlari ilo daginir [3].

Olkamiz otraf miihits dair 14 Beynolxalg
konvensiyaya, 0 cimlodon “Transsarhad su
axinlarinin vo beynolxalq gollorin mihafizasi
va istifadasine dair Konvensiya”ya (17 mart
1992-ci il, Helsinki) qosulmus vo 14 mart
2000-ci il tarixinds onu ratifikasiya etmisdir.

Conubi Qafgaz dovlstlarinin (Azorbay-
can, Gurcustan, Ermonistan), Iran vo Tiirki-
yanin do daxil oldugu Kiir ¢ay1 hovzasi bey-
nalxalg su hovzaloarindan biridir. Bu hévzo-
nin an boyuk hissasi, yani 28,4%-i (52,9 min
kv/ikm)Azorbaycanin, 21,28%-i (40 min
kv/km) Iranin, 19,36%-i (36,4 min kv/km)
Gurciistanin, 15,85%-i (29,8 min kv/km) Er-
monistanin vo 15,37%-1 isa (28,9 min kv/km)
Turkiyanin payina diisiir.

Azorbaycanin Mugan-Salyan diiziini vo
Sorqi Sirvanin 16 min kv/km-nin ¢okok sahs-
sini do nozars alsaq, 6lks arazisinin 79,6%-ni
(68,9 min kv/km) Kiir ¢ayr hovzasi toskil
edir. Onun timumi su ehtiyatlarinimn 72,73 %-i
gonsu Olka orazilorindo, 27,27%-i iso Azor-
baycan orazisinds formalasir [4].

NOTICO

Umumiyyatls, 6lks shalisinin va igtisa-
diyyatinin miixtalif sahslorinin su tominati
gonsu olkalarin arazilarinds formalasan tran-
zit caylarin sulariin komiyyat vo keyfiyyo-
tindan bilavasits asilidir. Ona gora do Canubi
Qafqgazda su ehtiyatlarinin somorali istifads-
sini vo mihafizasini tomin etmok Gglin ilk
ndvbada Ermonistan vo Gurclstan respubli-
kalarinin Helsinki Konvensiyasina qosulma-
lar1 lazimdir. Eyni zamanda transsarhod su
ehtiyatlarmin ¢irklandirilmasine va tiikonmo-
sina yol veran 6lkalara garsi beynalxalq tos-
kilatlarin himayasi ilo igtisadi sanksiyalarin
totbiq mexanizmi hazirlanmalidir.
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Iqlim dayiskanliyinin Azerbaycanda su
tominati ilo bagh yaratdig: problemlar

XULASO

Muasir dévrds ohalinin sayinin vo tolo-
batlarinin artmasi, eloco do global iglim doyi-
sikliklori naticosinds diinyanin oksar region-
larinda igmali va suvarma suyu ila bagli prob-
lemlar kaskinlogmisdir. Bu problemlardon bi-
ri do Kiir ¢aymin deltasinda yaranmig voziy-
yatin kompleks halli ilo baglidir.Son illards
conab Prezident Ilham Oliyevin siyasati ilo
Azorbaycanda su tochizatinin yaxsilasdiril-
mas1 istigamotinds ¢ox miihiim islor goril-
musdir. Buna baxmayaraq, muxtalif sobob-
lordon 6lkanin igmali vo suvarma suyu ils to-
minatinda halo do problemlor yasanmaqdadir
Vo respublikanin su tohlikasizliyinin tomin
edilmasi istigamatinds fundamental vo inno-
vativ elmi arasdirmalar aparilir. Olko Prezi-
dentinin 27 iyul 2020-ci il tarixli “Su ehtiyat-
larindan samarali istifadsnin tomin edilmasi
ilo bagh olavs tadbirlor haqqinda™ Saranca-
minda, eloco do conab Prezidentin dafalorlo
verdiyi tapsiriqlarda dlkonin su tominati ilo
bagli mdvcud problemloar va onlarin halli yol-
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lar1 barado Azarbaycan elmi qarsisinda mii-
hiim voazifolor qoyulmusdur. Bu mogsadlo
Kiir ¢ayinin moansabindan layiha vo tikinti is-
lorinin aparilmasi ti¢iin an optimal va alverisli
mosafodo avtomatlasdirilms siilizlorlo idara
olunan hidrotexniki qurgunun tikilmasi toklif
olunur. Bununla yanast, 61ks Uzra torpaglarin
suvarilmasi miiasir metod vo normalara uy-
gun tortib edilmis hidromodul grafikino asa-
son hoyata kegirilmali, suvarma sistemlori
yenilonmali, Kiir ¢aymin asagi axarinda ya-
ranmis ekoloji vaziyyat nozors alinmagla 6l-
konin su ehtiyatlarinin kompleks istifadasi
nozorda tutulmalidir.

Son illords conab Prezident ilham Sliye-
vin gostorisi ilo respublikada ohalinin va to-
sorriifat sahoalorinin su tochizatinin yaxsilas-
dirtlmasi istigamatinds ¢ox miihiim islor go-
rilmiis, yeni sututarlarin yaradilmasi, suvar-
ma sistemlorinin yaxsilasdirilmasi, sirin su
monbalari ils iri yasayis mantagalorini birlos-
diron su kemarlarinin tikintisi Uzro iri layi-
holor icra edilmisdir. Azarbaycanda shalinin
fasilosiz igmali su ilo tominat1 va irrigasiya
sistemlori yaxsilasdirilmigdir.

Acar sozlar: Ohali, kiir ¢cayr, Xazor, su
tochizati,i¢gmali su problemi, kahrizlor.
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Problems caused by climate change with
regard to water supply in Azerbaijan

ABSTRAKT
In modern times, as a result of the increase

in the number of population and its needs, as
well as global climate change, problems
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related to drinking and irrigation water have
become acute in most regions of the world.
One of these problems is related to the com-
plex solution of the situation in the Kura River
delta. In recent years, very important work has
been done in Azerbaijan to improve water sup-
ply under the policy of Mr. President Ilham
Aliyev. Despite this, for various reasons, prob-
lems still exist in the country's drinking and
irrigation water supply, and fundamental and
innovative scientific research is being conduc-
ted to ensure the republic's water security. The
Decree of the President of the country "On ad-
ditional measures to ensure the efficient use of
water resources™ dated July 27, 2020, as well
as the instructions given by Mr. President re-
peatedly, important tasks have been set for
Azerbaijani science regarding the current
problems related to the country's water supply
and ways to solve them. For this purpose, it is
proposed to build a hydraulic engineering
facility controlled by automated sluices at the
most optimal and convenient distance from the
mouth of the Kura River for carrying out de-
sign and construction work. In addition, irriga-
tion of lands across the country should be car-
ried out according to a hydromodule schedule
drawn up in accordance with modern methods
and standards, irrigation systems should be up-
dated, and comprehensive use of the country's
water resources should be envisaged, taking
into account the ecological situation in the
lower reaches of the Kura River.

Keywords: Population, Kur River, Cas-
pian Sea, water supply, drinking water
problem, Kahriz.

Maqalaya Akademik H.O. Oliyev adina
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“JRI SOHORLORIN NOQLiYYAT PROBLEMLORI
VO ONLARIN HOLLI YOLLARI”

XX osr avtomobillogsmo osri kimi diinya
tarixino yazilmisdir. Kond tosorriifatt vo so-
nayenin biitiin sahslorini avtomobil dasima-
lar1 olmadan tosovviir etmok ¢otindir. Avto-
mobil noqliyyati olmadan digor noqliyyat
noVlarinin isi miimkiin deyildir, ¢iinki yiik vo
sarniginlorin domir yolu stansiyalarina, hava
va su limanlarina va oradan da- sinmasi asa-
son avtomobil nogliyyat1 vasitosi ilo hoyata
kegirilir. Eyni zamanda avtonagliyyat miixte-
lif arazilords yasayan insanlarin sosial-igtisa-
di, madoni, elmi vo monovi saviyyslorinin
mibadilo olunmasinda, soxsi dostlugun ya-
ranmasinda vo noticodo oOlkolor arasindaki
omokdaghgin inkisafinda boyiikk ohomiyyot
dasiyir.

Avtomobillogsma prosesi yliksok templor-
lo osason II-ci diinya miiharibosindon sonra
baslamis vo buna sobab miiharibodo dagilmis
Olkalorin iqtisadiyyatinin barpasi iigiin ¢oxlu
naqliyyat vasitaloring (ytiklorin va fahlalorin
dasinmasi zamani) ehtiyacin olmasi idi. Eyni
zamanda, insanlarin maddi durumunun yax-
silagmasi, beynalxalq slagalorin gliclonmasi,
turizmin inkisafi da yeni, komfortlu avtomo-
billorin istehsalina tolobati artirmisdir. Noti-
cado, avtomobil sirkatlori istehsal prosesindo
minik avtomobillorinin buraxilisin1 daha da
artirmis, onlarin rahatligini, ehtibarliligini vo
dinamiki gostaricilorini yiiksaltmisdirlor.

Lakin avtomobillogsmo prosesi 6z miisbat
taraflori ilo barabor comiyyat vo insanlar ii¢lin
bir ¢ox problemlor do yaratmaga baslamigdir.
Qlobal baximdan bu problemlori asason III
grupa bolmok olar:

I grup — ilden ilo yol-naqliyyat hadisale-
rinin saymin va onlarin yaratdigi maddi vo
moanavi itkilorin miqdarinin artmasi. Statisti-
kaya asason XX asrds diinyada avtomobil go-
zalarinda hoalak olan insanlarin say1 30 mln-
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dan ¢ox olmusdur. Azarbaycan Respublika-
sinda 2017-ci ildo 1833 YNH bas vermis vo
bunlarda 750 nofar 6lmiis 1719 nofar iso xo-
sarot almisdir. Aparilmis togatlara osason,
mUasir zamanda, inkisaf etmis 6lkolords yol-
noqgliyyat hadisolori naticesinds yaranan
maddi ziyanin miqdar1 homin dévlstlorin mil-
li golirinin toxminon 10%-no baorabordir.
Azorbaycan Dovlot Statistika Komitasinin
molumatina ssason bizim respublikamizin
yol tosarriifatina 2017-ci ilin 9 ay1 arzindo
YNH-lardan doymis maddi ziyan toxminon
504,6 min manat togkil etmisdir.

Il grup — ekoloji problemlar. Nogliyyat
vasitolorinin istismari vo tomiri prosesindo
yaranan ixrac qazlar1 vo miixtalif tullantilar
hava basseyninin, su hovzolorinin, torpagin
Girklonmosing, yoni otraf miihito vo insanla-
rn saglamligina ¢ox boyiik ziyan vurullar.
Bununla barabar iri sohorlords sosin soviyye-
sinin icazs verilon normalardan artiq olmasi
(80-100 dB, normalara asason 40-50 dB ol-
mal1 oldugu halda), geyd olunan manfi tasir-
lori daha da giiclondirir. Bunun gqarsisinin
alinmasi lictin XX asrin 80-c1 illorindos ilk ds-
fa ABS Kaliforniya statinda ekoloji normalar
tatbiq edil- moays baslanmis, sonra iso 1992-
ci ildo Avropanin inkisaf etmis dévlotlor tors-
findon avtomobillorin otraf miihito zorarli to-
sirini reglamentlogdiron Avro-I standarti qo-
bul edilmisdir. Hal-hazirda Almaniyada eko-
loji baximdan daha sart taloblar qoyan Avro-
VI standarti totbiq edilir. Bizim respublikada
da bu sahoado miixtalif iglor aparilir vo bu giin
bizdo artiq Avro-1V standarti totbiq edilir.
Eyni zamanda, naqliyyat vasitolorinin otraf
mMUuhito vo insanlara vurdugu ziyani azaltmaq
liclin comiyyot iri avtomobil istehsalgilari
garsisinda noagliyyat vasitalorini yeni, ekoloji
baximdan daha zararsiz, enerji monbalorina
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kecirmoyi mosalosini qaldirmisdir.

111 grup — yollarda langimalor va tixac
problemlori.

Yuxarida qeyd etdiyimiz kimi XX osrin
50-ci illorindon baslayaraq avtomobillogsmo
prosesi biitiin diinyada yiiksok templorlo get-
moya baslamigdir. Bu giin diinyada avtomo-
billarin say1 artiq 1,5 mlrd. adoeds yaxinlagir.
Statistik moalumatlara asason, 2017-ci ilin ov-
volino bazi MDB dlkoalorindo 1000 nofor
ohaliys diison masinlarin say1 asagidaki kimi-
dir:

— Azorbaycanda-138 odad
Rusiyada-377 adad
Belarusiyada-370 adod
— Gurctstanda-330 adod

[k baxisdan elo fikirlosmok olar ki, bizim
respublikada digorlari ilo miigaisado voziyyat
pis deyil. Lakin bu yalms fikirdir. Bunun
liglin statistik roqomlora nozor salaq. Statisti-
kaya goro respublikada olan biitiin avtomo-
billarin 60% (1357000x60%=852000 ad), yo-
ni toxminon 850 mini Bak1 soharindo comls-
sib. Bu avtomobillorin 80%-1, yoni 680 mini
(850000x80%=680000) minik avtomobillari-
nin payina diistlir. Baki sohorinds geydiyyatda
2,2 mln insanin oldugunu nozors alsaq, bels
naticaya galmak olar ki, paytaxtda hor 1000
nafor ohaliys 309 adod minik avtomobili dii-
stir. Rusiyanin boyiik soharlorinds (Moskva,
Sankt-Peterburq vo s.) bu roagoam toxminan
350-400 adado barabordir. Inkisaf etmis Av-
ropa 6lkelorinds ise bu rogam 550-600 odad
hadlarinds dayisir.

Beloaliklo, avtobillogsma prosesinin tempi-
ni nozars alaraq, bu giin yollarda longimalo-
rin yaranmamasi i¢lin onlarin uzunlugu vo
keyfiyyati tocili artirilmalidir. Lakin yollarin
tikintisi vo kiiga-yol sobokasinin (sonra KYS)
artirilmasi, haddindon artiq ¢ox sormays qo-
yulusu va bos arazilor tolob etdiyinden, xeyli
geri galir. Noticado, avtomobil yollarinda vo
XUsuson da iri goharlarin kiigalarinda, naqliy-
yat vasitolorin sixlig1 artmis, bu iso 6z novbo-
sinds longimolorin va tixaclarin yaranmasina
sobob olmusdur. Belaliklo avtomobil naqliy-
yat1, onun asas Ustiinliiyii hesab olunan — ra-
hatliq vo tez ¢atdirma xiisusiyyatlorini, itir-
mokdadir.
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Indi isa iri sohorlords longimalorin vo tixac.
larin yaranma sabablarini daha diqqatlo arasdi.
rag.

Bildiyimiz kimi soharlorin kii¢a-yol sabo-
kolori uzun miiddoat orzindo (on illorlo) yara-
nir vo onlarin formasi homin goharlorin yer-
losdiyi arazinin relyefindon vo tarixindon ¢ox
asilidir. Miiasir zamanin toloblorine uygun
olaraq kiico-yol sobokosinin doyisdirilmasi
vo inkisaft liclin bdyilk zaman vo sormayo
tolob olunur. Kiiga-yol sobokasinin strukturu
vo uzunlugu, adaton, homin soharlorin inkisaf
va tikinti planlarina uygunlasdirilir vo bu za-
man Olkodo olan avtomobillogsmo soviyyasi
nozoara alinir. Digor MDB ddvlatlorinin iri so-
harlorinds oldugu kimi, Bak1 goharinin kii¢e-
yol sabokasinin qurulma prosesi do, asason
sovetlor dovriindo bas vermis vo sohards, o
vaxtin toloblarina uygun noqgliyyat infrastruk-
turu yaradilmisdir. O zaman SSRi-nin biitiin
respublikalarinda noaqliyyat infrastrukturun
inkisafinda osas prioritet ictimayi naqliyyat
vasitolorino verilirdi. Ona goéra do, kiigo-yol
sobokosinin tikintisi zamam iri gohorlordo
avtomobillogmonin saviyyasi 1000 nafar oha-
liya 70 adod avtomobil haddinds qoabul edil-
mis vo naqliyyatin idaroetmo sistemlorinin
isinin toskili do bu rogomlora uygunlasdiril-
mugdir (qeyd etmok lazimdir ki, avtomobil-
losma soviyyasi iri soharlorde bu haddi artiq
1990-c1 illords kegmisdir). Biza sovetlor dov-
riindon miras qalan naqgliyyat infrastrukturu
vo idaroetmonin osas ¢atismamazliglar: asa-
gidakilardan ibaratdir:

— magqistral kii¢alorin xiisusi sixligmin (six-
liq dedikda, soharin orazisinin 1 km? diison
avtomobil yollarinin imumi uzunlugu ba-
sa diisiiliir) az olmas1 vo yerli kiigolor so-
bokasinin inkisaf etmomasi;

— kiigalarin vo yol ayriclarinin buraxma qa-
biliyyatinin asag1 olmast;

— ictimai naqliyyatin, minik va yiik avtomo-
billori axinlariin birlogsmosi;

— haroketin nizamlamasinda, naqliyyat axin-
larinin kigik sixlig1 iiglin nazords tutulmus
kohno texniki vasitalorinin vo metodlarin
istifadasi;

— sohor naqliyyati harokotinin togkilindo in-
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formasiya tominati sistemlorinin totbiq
edilmomasi;

— sohoarlords avtomobillorin dayanmasi ligiin
duracaglarin hoddindon artiq az olmast;

— kiico-yol sobokasinda ictimai noaqliyyat
vasitalarinin v yiikk avtomobillorinin ho-
rokati tigiin xiisusi marsrutlarin olmamasi

Qeyd olunan sabablordon, bu giin kegmis
sovet ittifaqina daxil olan respublikalarin so-
harlorinds kiigo-yol sobokosinin sixligi heg
10%-do toskil etmir. Avropa olkolorinin go-
harlarinds bu gostarici 20-25%, simali Ame-
rikanin sohoarlorinds isa 35% barabordir. Ya-
ranmis voziyyoti daha aydin asagidaki ro-
gomlordan ds gérmak olar:

Saharin ad1 KYS-nin sixhigi
Moskva 3,3 km/ km?
Baki 0,8 km/ km?
Paris 15 km/ km?
Nyu-York 12,4 km/ km?
London 9,3 km/ km?

Beloliklo, bizim soharlords tixaclarin vo
longimolorin yaranmasinin, “pik” saatlalarin-
da nogliyyat axininin siirotinin 10-12 km/sa-
ata dlismosinin asas sobabi, birinci ndvbado,
kiico-yol sobokasinin zaif inkisaf etmoasindon
irali galir (yani naqliyyat vasitalorinin soharin
bir basindan digor bagina, morkozs girmodan,
getmayo imkan veron magqistrallarin az olma-
s1, bu maqistrallarin bir-birils zaif slagolondi-
rilmasi va s.). Buna sorait yaradan digor amil-
da ictimai naqliyyat vasitolorinin kifayot qo-
dor olmamasi, onlarin isinin lazimi soviyyado
toskil edilmomosi vo minik avtomobillorinin
saymin ildon-ilo artmasidir. Eyni zamanda,
bu problemin yaranmasinda horokotin tog-
Kilindo miasir texniki nizamlama vasitalari-
nin vo lsullarinin totbiq edilmomasi, siiriicii-
lorin intizamsizlig1 vo pesokarliq soviyyasi-
nin agag1 olmasi da miihiim rol oynayir.

Qeyd olunan problemin daha tez vo somo-
roli hall olunmasi yollarinin axtaris1 bu giin
mutoxassislori ¢ox diisiindiiriir. Bir ¢oxlari,
daha asan goriinon vo ilk agila golon toklifi
verirlor - kiiga-yol sobokosinin uzunlugunu
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artirmag. Onlarin fikrinco, magistral kiigalo-
rin uzunlugunun mexaniki olaraq artirilmasi,
harokat hissalorinin eninin va zolaglarin sayi-
nin ¢goxalmasi, yol ayriclarinin buraxma gabi-
liyyatinin yiiksoldilmasi bu problemi 6z-6zu-
no hoall edacok. Lakin beloa deyil, ¢lnki har
hansi bir magistralda yolun buraxma gabiliy-
yati artdiqda, nagliyyat vasitalorinin siriici-
lori mas bu yoldan daha ¢ox istifado etmoya
calisir vo bir miiddotdon sonra longimalor vo
tixaclar orada da yaranir. Misal olaraq Ziya
Blnyatov prospektini gdstormak olar. Burada
aparilan yenidonqurma iglorindon sonra Baki
soharinin naqliyyat axinin bir ¢ox hissasi mas
bu magqistraldan istifads etdiyindon, orada,
“pik” saatlarinda, daim longimolor yaranir.
Bu prospektdon konara ¢ixma imkanlari moh-
dud oldugundan (magqistralda yol otiirticiilo-
rinin vo yeralt1 tunnellorin ¢ox olmasini no-
zors alsaq) yolda har hansi bir fovgelads vo-
ziyyat bas verdikds (yol gozasi, NV-nin na-
sazliga goro dayanmasi vo s.) burada horokot
iflic voziyystino diisiir. Bunun qarsisini al-
maq Ugcilin yeni magqistrallarin tikintisi vo
yenidonqurulmasi zamani, onlardan yerli
ohomiyyatli kiigalors miimkiin gadar ¢ox ¢1-
xislar vermak, bu yolla onlart markazi kiice-
lorlo vo magistral yollar1 bir-birilo slagalon-
dirmok lazimdir.

Beloliklo, kiico-yol sobokosinin sixliginin
mexaniki olaraq artirilmasi nozors ¢arpan ef-
fekt vermomoklo borabor, homds haddon artiq
sarmayo qoyulusu tolob edir. Masalon: MAY -
nin miitoxassislori torafindon aparilmis todqi-
qatlar gostormisdir ki, Moskva sohorindo kiico-
yol sobokosinin sixligimi ilde 1% artirilmasi
170 mlrd rubl (toxminan 2,5 mlrd dollar) vasait
goyulusu tolab edir. Ona gors do, iri soharlorin
naqliyyat infrastrukturunu birden-bira doyis-
mok miimkiin deyildir. Bu proses yalniz tod-
ricon aparila bilor vo uzun miiddat tolab edir.

Miisahidalor gdstarir ki, longimalorin va t1-
Xaclarin yaranmasinin sabablorindon birido, iri
sohorlords insanlar torafindon soxsi minik av-
tomobillarinin ¢ox istifado etmosidir. Ona goro
do, iri sohorlordo nogliyyat infrastrukturunun
inkisafi planlarinda ictimai nogliyyata x{isusi
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digget verilmoalidir. Birinci novbados, iri so-
horlorde metropolitenin inkisafina, yoni stan-
siyalarin sayimnin artirilmasina, onlarin soharin
miimkiin godor boyiik orazisini ohato etmosing,
daha iri tutumlu vo rahat vaqonlarin totbiqino
Onom verilmolidir. Bununla barabar sarnisinlo-
rin dasinmasinda daha miiasir, komfortlu, iri
tutumlu avtobuslar istifads edilmolidir. Insan-
larin ictimai nogliyyatdan daha ¢ox istifado et-
molori iiclin sarniginlore gostorilon qullugun
keyfiyyatini miitloq artirmaq, dasinmalarin
tohliikosizliyini tomin etmok lazimdir. Bu isti-
gamoatds respublikanin rohbarliyi vo miivafiq
qurumlar torsfindon bir sira iglor goriilmiisdiir.
Lakin voziyyot holo lazimi saviyyads deyil.
Avtobuslarin marsrutlarini planlagdiran zaman
elo etmok lazimdir ki, onlar sohards metro-
politenin ohato etmadiyi orazilordon kegmaoklo,
avtobuslarin intervallart “pik™ saatlarinda sor-
nisin axminin intensivliyini nozare alsin. Icti-
mai naqliyyatda xtisusi diqqgati siirticiiliik kadr-
larinin se¢im masalosine yonsltmok lazimdir,
cunki, bir cox hallarda, ictimai nogliyyatda yol
gozalari mos striiclilorin intizamsizlig1 vo pe-
sokarliq soviyyosinin agagi olmasi sobabindon
bas verir. Eyni zamanda, ictimai naqliyyatin
isinin effektivliyinin artirilmasi, onlarin yollar-
da longimalarinin azaldilmasi {i¢iin, Baki soho-
rindo kanallasdirilmis harokatin togkilina va
onun genis tatbiqina ehtiyyac var. Yoni ¢ox zo-
lagl yollarda avtobuslar tiglin xiisusi zolaglar
ayrilmali vo bu zolaqlara digor nogliyyat vasi-
tolorinin daxil olmas1 qadagan edilmalidir.

Yuxarida geyd olunan todbirlorin hoyata
kegirilmasi, KYS-nin artirilmasi ilo miigaiss-
do, daha az sormayo tolob edir vo naticolori
0zUnU tez gOstorir.

Az sormayo qoyulusu tolob edon vo nis-
boton qisa miiddot orzinds miisbat naticolor
alds etmays imkan veron tadbirlordon biri da,
iri goharlordo miiasir texniki nizamlama va-
sitolorinin vo effektiv nizamlama iisullarinin
totbiqidir. Artiq biitiin sohorlorin vo hatta iri
gosabalorin yol ayriclarinda, onlarin buraxma
gabiliyyetini artirmaq vo horokatin tohliiko-
sizliyini tomin etmok mogsadi ilo svetofor
nizamlamasi vo eyni zamanda, ohalisi 300
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min nafordon ¢ox olan sohorlords yol haroke-
tinin avtomatlasdirilmis idaraetma sistemlori
totbiq edilir. Bu sistemlorda, yol ayriclarinin
horokoti buraxma qabiliyyatini artirmaq
iclin, miixtalif nizamlama proqramlarindan
istifado olunur:

- bir proqramli sort nizamlanma;

- cox programli sart nizamlanma;

- cevik (adaptiv) nizamlanma;

- koordino edilmis nizamlama va s.

Bu giin Baki sohorinds ¢ox proqramli sort
nizamlama tsulundan daha ¢ox istifads edi-
lir. Belo ki, proqgramda nozards tutulmus gii-
niin “pik” saatlarinda, svetoforlarin is rejim-
lorinin doyisdirilmasinin hesabina, harokat
intensivliyi yiiksok olan yollarda, yol ayricla-
rinin buraxma qabiliyyatini artirmaq miim-
kiin olur, va belalikla ds o yollarda longime-
lor nisbaton azalir. Lakin bu nizamlama tisu-
lu, miiasir zamanda, iri soharlords 6ziinii tam
dogrultmur, ¢linki, bu nizamlama iisulunda,
yalniz proqramda gostarilon vaxtlarda sveto-
forlarin is rejimlori doyisdirilir, gliniin digor
vaxtlarinda yol ayricinda bag veron horokot
intensivliklorinin doyismalari iso nazars alin-
mir. Naticodos, digor zamanlarda yol ayricin-
da lazimsiz longimalar yaranir ki, bu da artiq
yanacaq sorfiyyatina vo otraf miihitin daha
cox ¢irklonmasino sobab olur. Bu giin Baki
soharinds daha ¢ox ¢evik nizamlama tsulu-
nun totbiqins ehtiyyac var. Bu tsul butiin gin
orzindo, xiisusi texniki vasitolorls, yollarda
nogliyyat axinlarinin intensivliyina nozarat
etmoys vo lazim goldikdos svetoforlarin is re-
Jimlorina miivafiq doyisiliklor etmays imkan
verir. Tadqiqatlar gostarir ki, naqliyyatin av-
tomatlasdirilmig idaroetmo sistemlorine qo-
yulan sermayalor 6zlorini 1-2 il miiddatinds
dogruldur.

Miiasir zamanda, inkisaf etmis Avropa
Olkalorindo vo ABS-da nogliyyatda longimo-
lar vo tixaclarla slagodar yaranan problemls-
rin halli ii¢iin asason Nogliyyatda informasi-
ya tominati sistemindon (intelligent Trans-
portation Systems — ITS) genis istifado olu-
nur. Bu sistem ilk dofo ABS miitoxassislori
torofindon, Nogliyyat Nazirliyinin tapsirigi
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osasinda 1991-ci illordo hazirlanmisdir. Mii-
taqil ekspertlorin qiymatlondirmasine asasan,
bu sistemdo nozords tutulan todbirlorin
hoyata kegirilmosi, 20 il orzindo 6lkodo lon-
gimolor vo tixaclardan yaranan ziyani 8%,
yollarmn yiiklonma daracasini 20% va il arzin-
do yollarda bas veran YNH-larin saym1 400
min azaltmaga imkan veror. ITS sistemi mii-
asir idarsetms {tisullarin1 va texnologiyalari-
nin nailiyyetlorini, kompyuter avadanligin
Vo proqram tominatini yeriistii noqliyyatin fo-
aliyyetinin yiiksaldilmosi vo tohliikasizliyin
tomin olunmasi sahasinds istifadesine imkan
yaradir. Noticods yollarin buraxma qabiliy-
yati taxminan 20% arta biler.

Qeyd olunanlarla barabor, Bak1 soharindo
longimalarin azalmasi vo yollarin bu- raxma
gabiliyyatinin artirilmasina avtomobillorin
duracagq yerlorinin koskin artirilmasida boytik
komoklik gdstors bilar.

Aparilan miigahidolor asas verir demoya
ki, avtomobillorin duracaq yerlorinin prob-
lemlori holl olunmadigda, yollarin horokot
hissalorinin enlarinin vo zolaglarin saylarinin
artirilmasi lazimi effekt vermir. Bir ¢ox hal-
larda, yollarda dayanan naqliyyat vasitalori
horakat hissosinin bir, bozon iso hotta iki
zolagin1 tutaraq (esason metro ¢ixislart va iri
ticarot obyektlori qarsisinda) yolun buraxma
gabiliyyatini koskin azaldirlar. Belo hallarda
coza tadbirlorinin totbiqi belo miisbat natico
vermir. Avtomobil duracaqlarinin effektiv
istifadasi ticlin onlarin togkil olunma yerlori
diizgiin se¢ilmali, say1 artirilmali, tariflor iso
differensiallasdirilmis vo miinasib olmalidir.
Eyni zamanda, intizamsiz siiriiciilorin noqliy-
yat vasitolorini dayanmagin qadagan oldugu
yerlordo saxlanilmasinin qargisimt  almaq
liclin sohorin osas kiico vo magistrallarinda
XUsusi ¢okilis kameralarinin quragdirilmasi
lazimdir. Belo kameralar avtomatik rejimdo
durma qaydalarin1 pozan naqliyyat vasislori-
ni geyds almali vo malumati miivafiq corima
protokollarinin tirtib edilmoasi {iglin lazimi
qurumlarin kompyuter markazlorine 6tiirme-
lidirlor.
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Biitiin yuxarida geyd olunanlardan belo
naticoya golmok olar ki, bu giin iri soharlorin
osas problemlorindon biri olan naqliyyat lon-
gimolori vo tixaclar masalasinin holli {igiin
ona kompleks qaydada yanagsmaq lazimdir.
Yoni bu istiqgamotdo goriilon todbirlor asagi-
dakilar1 ohato etmalidir:

— memarlig-tikinti islori (sohorin moarkozin-
don konar kegon, yerli kiigalorlo six olaqge-
do olan yeni magistrallarin tikintisi);

— mdasir texniki-nizamlama vasitalarinin vo
texnoloqiyalanin totbiqi;

— horokotin toskilindo miiasir tsullarin va
metodlarm (mosolon ITS sistemi) totbigi;

— noqliyyat infrastrukturunun inkisafinda
prioritetin ictimai nagliyyata verilmasi;

— sohords avtomobillarin diiracaq yerlorinin
moasalasinin halli;

— gadagan olunmus yerlords avtomobillorin
parklanmasinin qarsisin1 almagq iiciin ora-
larda xiisusi nozarot kameralarinin quras-
dirilmast;

— siriiciilorin (xiisusilo do ictimai nogliyyat-
da) intizamlilig1 vo pesokarliq soviysinin
artirtlmasi istigamotindo effektiv tadbirle-
rin hazirlanmasi.
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TpaHcnopTHbIe P00JeMbI KPYIHbIX
ropo/0B U IMYTHU UX pPelleHus

AHHOTANUA

CoBpeMeHHOE BpeMsi XapaKTepHU3yeTcs
BBICOKMMH TE€MIIaMH aBTOMOOMIIU3ALINHU, KO-
TOpasi HapsiAy € MOJIOXKUTEIbHBIMU CTOPOHA-
MU CO37aeT U MHOXeCTBO npobieM. OgHUM
u3 Hauboyiee cephe3HBIX MpoOieM, co3aa-
BAEMBIX OBICTPBIM POCTOM KOJUYECTBA aBTO-
MoOuJIel Ha 10porax KpyImHbIX TOPOJIOB, SIB-
JSFOTCST TPAHCTIOPTHBIE TpoOsiembl. OHU B
IIEPBYIO OUEpE/lb BBIPAXKAIOTCS B 3aJIepiKKax
TpaHCIOPTa U 00pPa30BaHUKM MHOTOKHIIOMET-
POBBIX 3aTOPOB, KOTOpPbIE OTHUMAIOT y aB-
TOMOOMJIBHOTO TPAaHCIOPTa €r0 OCHOBHOE
IIPEUMYIIIECTBO — BBICOKYIO MAHEBPEHHOCTb,
CKOPOCTh TepeaBuxKeHust U koMmpopt. MHo-
TOUYHMCIIEHHBIE MCCIEN0BAaHUS I10Ka3bIBAIOT,
YTO OCHOBHOW IMPHUYMHON TPAaHCIOPTHBIX 3a-
JepKeK sABJseTcs cinadoe pa3BUTHE YIMYHO-
JIOPOXKHOM ceTH OOJBIIMX TOPOJOB, TEMIIbI
pocTa KOTOPOr0 CHJIBHO OTCTArOT OT TEMIIA
aBTOMOOWIIM3AIMH, & TAKKE HEIOCTaTOYHOE
BHE/]PEHNE HOBBIX MHHOBALlMOHHBIX TEXHO-
JIOTUH MPH pEIIeHNUH BOIIPOCOB OPTaHU3alNH
JIOPOKHOTO JIBUKEHUS.
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saocennocmo  VJ[C, memoowl opeanuzayuu

00POACHO20 OBUICEHUSL.

Transport problems of major
cities and their solutions

ABSTRACT

Modern times are characterized by high
rates of motorization, which, along with the
positive aspects, creates many problems. One
of the most serious problems created by the
rapid increase in the number of cars on the
roads of large cities is transport problems.
They are primarily expressed in traffic delays
and the formation of multi-kilometer jams,
which take away its main advantage from
motor vehicles - high maneuverability, speed
of movement and comfort. Numerous studies
show that the main cause of transport delays
is the weak development of the road network
of large cities, the growth rate of which is far
behind the pace of motorization.

Keywords: automobilization, density of
the road network, length of the road network,
methods of traffic management.
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MUHONDIS QURGULARI VO INSAAT KONSTRUKSIYALARI

UOT 621.311.2.22

MOMMODOV N.Y., OLIYEVA S.R.

Azarbaycan Memarlq va Insaat Universiteti

BINALARIN ENERJi SOMOROLILIYININ ARTIRILMA USULLARI

Giris. Enerji somoraliliyi mohsul vo xid-
motlori tomin edarkon daha az enerji istifado
etmoya c¢alismaqdir. Yoni, eyni isi gormok
Ucun daha az enerji sorf etmok vo bu yolla
enerji xarclorini va girklonmani azaltmaq de-
mokdir. Enerji somaraliliyi enerji resurslarinin
itkilorini azaltmag, muasir texnologiyalardan
istifado edorok istehsali azaltmadan enerji
tolobatini azaltmaq vo alternativ enerji manbo-
lorini daha ¢ox istifado etmok kimi todbirlori
ohato edir. Bu, ekoloji v igtisadi baximdan bir
cox fayda gotirir. Ekoloji faydalar1 arasinda,
barpa olunmayan mineral yanacaglarin istifa-
dasini azaltmagq v istixana gazlarinin azaldil-
masina komok etmok var. Eyni zamanda, ene-
rji somoraliliyi enerji idxal edon 6lkalar Gglin
do faydalidir, ¢iinki enerji istehlakini azalt-
maqla enerji asililigim azaldir.

“Yasil igtisadiyyat”a sahib olan saharlo-
rin yaradilmasinda dekarbonizasiya masoalolo-
ri ¢ox onomlidir. Iqlim doyisikliyi, istixana
gazlarinin, xiisusila do karbon gazinin ¢ox sar-
bost buraxilmasi sabsbindon bas verir vo bu
problem halo do davam edir. Beynalxalq Ene-
rji Agentliyinin malumatina géro, bina tikin-
tisi sektoru imumi enerji istehlakinin tigdo
birindon ¢oxunu taskil edir vo istixana gaz-
larinin buraxilisinda bu pay 40%-o yaxindir.
Sohar ohalisi artdiqca, ekoloji cohotdon da-
vamli binalarin tikilmasi 6nomli olmalidir. Bi-
na tikintisi sektoru istilik, soyutma vas isiglan-
dirma kimi miixtalif taloblari olan bir gox bina
noviini (ictimai, yasayis, sonaye, kommersiya
Vo S.) ohato edir.

“Yasil igtisadi taloblar’’s uygun soharlorin
yaradilmasinda enerji-effektiv binalarin tikil-
masi Vo bununla bagl emissiyalarin azaldil-
masi 9sas hadaflordandir. Bu mogsads ¢atmag
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Ucun U¢ osas istiqamotda islor gorilmalidir:
sohorlords enerji tominatgilar torafindon "ya-
sil enerji" istehsalinin artirilmasi, moveud bi-
nalarin enerji gonastini tamin edan yenidon-
qurma islorinin aparilmasi vo asagi enerji to-
lablorina malik miiasir binalarin tikintisi. Bina
tikintisi sektorunun muxtslif dovrlords istixa-
na qazlarinin artiminda rolu da forglidir [5].
flkin inkisaf morholosi tikinti materialla-
rinin istehsali, dasinmasi vo tikinti prosesini
ohato edir. Bu marholods atmosfers atilan isti-
xana gazlarinin miqdar1 10-40% arasinda olur.

Istismar morholosi binalarm istifade dév-
rind shats edir. Glindalik istifads naticasinda
atilan istixana qazlarinin miqdart 60-90%
arasinda doyisir.

Tomir-borpa marhalosinds istifado olu-
nan materiallar vo borpa prosesi naticasinds
yaranan qazlarin miqdart 0-10% arasindadir.

Dagitma marholasinds iso sokiintii islori
Vo tullantilardan yaranan qazlarin miqdari da
0-10% arasinda olur.

Davamli inkisaf vo “yasil mogsaodlor”
liclin binalarin tikintisindo nozoro alinmali
osas amillor binalarin togdim etdiyi xidmot-
lor, xarici fiziki qurulus vo barpa olunan ener-
ji manbolorinin istifadasidir.

Bina xidmatlori isiglandirma, isitmo, SO-
yutma, ventilyasiya, lift vo digar xidmotlori
ohato edir. Masalon, davamli inkisaf ti¢iin tiki-
lon binalarda enerjiya gonast edon lampalar,
giin i5181 va harakat sensorlari (lazimsiz enerji
israfin1 azaltmaq ti¢tin) va agill isiglandirma
sistemlori istifads olunur. Isitma tiglin morkaz-
losdirilmis sistemlor, enerjiys gonast edon in-
duksiya sobalar1 vo agilli sistemlordan istifado
edilmalidir. Ventilyasiya, soyutma va lift xid-
motlori do diizgiin enerji Sorfiyyatin1 tomin
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edon somorali sistemlorls tomin olunmalidir.

Binalarin qurulusu, insaat zamani nazaro
alinan xarici elementlari ohatos edir. Bu ele-
mentlor arasinda dam, divar, pancars va izol-
yasiya materiallar1 var. Binalarin tikintisindo
xarici mahitin tasirlorini nazors alarag, bu
elementlorin diizgun secgilmasi vacibdir. Mo-
solon, xarici sathlorin tikintisinds optimal
temperaturu qorumaga komok edon material-
lardan istifads edilmalidir.

Borpa olunan enerji moanbolarinin istifa-
dasi, binalarda taqdim olunan xidmatlords bu
enerji monbalarinin istifadssini ohato edir.
Masalan, enerji tominatinda “yasil enerji sa-
tinalmalar1” vo isitmo Uglin gunas, bioenerji
va kilok turbinlarinden istifads edilo bilar
[10]. Tikinti marhalosinds iso, glindiiz istiliyi
udub, geca istifado etmoys imkan veran agill
materiallardan istifade olunmalidir.

Biitiin bu faktorlarla yanasi, binalarda
yasayan insanlarin da enerji vo digor resurs-
lara gonast etmo vardislorini doyisdirmalori
vacibdir. Insanlar arasinda enerji qonastine
dair maariflondirms islori aparmagq, bu islarin
effektivliyini artirmaq ti¢iin 6nomlidir.

Diinyada yasay1s binalar1 otraf muhits zo-
ror veran amillordon biridir. Masalon, Ingilto-
rodaki iqlim emissiyalarinin 15%-i yasayis bi-
nalarindan golir [4]. Amerikada iso karbon
emissiyalarinin 40%-i binalardan, enerji isteh-
lakinin 20%-1 iso yasayis evlorindon gaynag-
lanir. Yasayis binalar1 6lkads istehsal olunan
elektrik enerjisinin 70%-ni istehlak edir [7].
Bu emissiyalar vo artan enerji istehlaki ABS-
da global temperaturun va doniz saviyyasinin
yliksalmosina, quraqgliglara, qasirgalara vo
meso yanginlaria sobob olur. Hokumat <2050
Xalis Sifir Karbon Emissiyasi” plani ilo bi-
nalardan istixana qazlarinin azaldilmasinin
vacibliyini vurgulayir.

Monzil vo yasayis binalarinin ekoloji
standartlara uygunlagdirilmasi ti¢iin maliyya
monbalarindon biri “yasil ipoteka” kreditlori-
dir. “Yasil ipotekalar” miiosyyon meyarlara
uygun olan evlar Ugln glizastlari ohato edir.
Bu meyarlar asason enerji somoraliliyi ilo
baglidir. Enerji somaraliliyi dedikds, manzil-
lordo alternativ enerji moanbalorinin istifadasi
Vo enerji gonasti nazardo tutulur.

“Yasil ipoteka” borcalanlara daha asag1
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faiz doracasi ilo enerji somarali monzillori al-
maq imkani verir. Bu, tikinti sektorunun otraf
muhits tosirini azaltmaga komok edir va in-
sanlarin davranisini doyisdirarok manzillarin
sosial va ekoloji dayarini artirir. “Yasil ipote-
kalar” homginin mistorilorin davamli davra-
nigina yonalir. Diinyanin mixtalif 6lkslorin-
do “yasil ipotekalar” forgli meyarlara ssasla-
naraq secilir vo mixtalif glzastlor togdim
edir. Masalon, Birlogsmis Kralligda manzillo-
rin enerji somaraliliyi asas goturalur va enerji
performansi sertifikati tolob olunur. Burada
“yasil ipoteka” almaq ligtin manzillarin A, B,
bozon iso C enerji kateqoriyasina uygun ol-
mast lazimdir. Ingiltorods homginin “yasil
yenidoan ipotekalasdirma” sistemi do var Ki,
bu da mévceud ipoteka sartlarini ekoloji cohat-
don dost sokilds yenidan diizaltmoys imkan
verir. Hom ipotekalarda, hom do yenidan ipo-
tekalagdirmada enerji performansi sertifikati
osasinda agag faiz doracalori vo nagd pulun
geri gqaytarilmasi kimi giizostlor toklif olunur.

“Yasil ipotekalar”la bagli genis siyasot-
lorin hazirlanmas1 {i¢iin Avropa Ipoteka Fe-
derasiyas1 (EMF) vo Avropa Tominatli istig-
raz Surasi (ECBC) ilo birgs Enerji Effektivli-
yi Ipoteka Foaliyyot Plan1 (EEMAP) layihosi
baglamigdir [13]. 2015-ci ildan etibaran bu la-
yiho gorgivasindos enerji somoroliliyini artir-
maq Ucun ipoteka kreditlori hazirlanmigdir.
Bu kreditlorin mogsadi enerji gonast edan
omlaklarin alinmasini asanlasdirmaq vo ya
movcud omlaklarin enerji somaraliliyini ar-
tirmaqdir. Masalon, Avropada ekoloji stan-
dartlara uygun evlar Uglin ipoteka faizlorinda
1% endirim toklif edilir. Kanadada ise Kana-
da Ipoteka vo Monzil Korporasiyasi enerji so-
morali evlor almaqg va ya tomir etmok (gln
ipoteka kreditinin sigorta haqqinin 10%-ni
geri qaytarir vo 35 ilodok uzadilmig 6donis
muddoti toklif edir [14].

“Yasil ipotekalar” yalniz yeni binalara
deyil, ham ds yenilonon va ekoloji cahatdon
uygunlasdirilan evlaro do aiddir. Belo evlor
“yasil ev sarmayasi” krediti adlanir. Insanlar
0z evlorini “yasillagdirmaq” istadikds, bu
kreditdon istifado edo bilorlor.

“Yasil bina” vo ev sigortasi masalasing
goldikda, ananavi sigorta sistemlari “yasil tiki-
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nti” layihalarinin tolablarine uygun goalmir [6].
Buna gora do, “yasil bina” va evler t¢lin xsusi
sigorta proqramlari hazirlanmalidir. Yiiksok
keyfiyyatli vo ekoloji cohotdon tomiz binalarin
zararlarini qarsilayan sigorta mohsullart “yasil
ev” sigortalar1 adlanir. Bu sigortalar, ekoloji
materiallardan istifads edilon binalarin tikintisi
Vo tomiri zamani bas vero bilocok zorarlori
kompensasiya edir va sigorta haglarinda endi-
rimlor toklif edir [3]. Yasil bina vo ev sigorta-
larina yalniz ekoloji magsadlorls tikilmis bina-
lar deyil, ham da ekoloji mogsadlor tgiin asaslt
tomir edilmis binalar da daxildir.

Ononavi enerji manbolorinin azalmasi vo
onlarin istifadasinin otraf muihito zoror ver-
masi sababindan inkisaf etmis 6lkalor boarpa
olunan enerji manbolarindon daha gox istifa-
do etmoys baglayiblar. Barpa olunan enerji
monbalari, daima mdvcud olan va ya mite-
madi yaranan enerji novloridir [15]. Bunlara
hidroenerji, kilok enerjisi, glinos enerjisi, ge-
otermal enerji, biokitlo enerjisi, daniz va
okean dalga enerjisi, qabarma vo ¢okilmo
enerjisi, su axmlarinin enerjisi vo digarlori
daxildir [2]. Har bir 6lka, iqlim soraitino uy-
gun olaraq, giinas, kiilok vo biokutlo enerjisi
istehsal etmoys calisir. Bu sahanin inkisafi
ucun Azorbaycan Prezidenti 2004-cu ilda
“Alternativ vo barpa olunan enerji manbals-
rindon istifado olunmasi iizro Dévlat Prog-
ram1”n1 tasdiq edib [12].

“Azorbaycan 2030: sosial-igtisadi inki-
safa dair Milli Prioritetlor” planinda “yasil
enerji” istifadasi, enerjidon samarali istifado
Vo yeni dayaniqli enerji manbalorina Gstinlik
verilmoasi moagsad qoyulub[1]. Bu, indiki va
golocak nasillarin talablorini 6domok Gglin
ekoloji cohatdon uygun “yasil” texnologiya-
larin totbiqini artirmag1 nazords tutur. Iqtisa-
diyyatin biitiin sahalorinds alternativ vo barpa
olunan enerji manboalarinin istifadasi artiril-
mali va iglim doyisikliklarins tasir azaldilma-
lidir. Ekoloji tamiz nagliyyat vasitalori da ot-
raf muhito musbat tosir goéstoracokdir. Pos-
tpandemiya dovrunds “yasil artim” prioritet-
lardan biri olub, 2030-cu ilo gadar barpa olu-
nan enerji manbolarinin elektrik istehsalinda-
k1 paymin 30%-9 catdirilmasi planlasdirilir.

Azaorbaycanin Energetika Nazirliyi ya-
ninda Barpa Olunan Enerji Manbolori Dovlot
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Agentliyinin molumatina gors, 2023-cu ilo
gadar barpa olunan enerji monbalari ilo Azar-
baycanin enerji istehsal giiciine 440 MVt ola-
Vo olunacaq. 2023-2025-ci illordo 460 MV1,
2026-2030-cu illards iss 600 MVt slave edi-
lacok. 2022-ci ildo barpa olunan enerjinin
Umumi enerji istehsalindaki paymnin 22%-2
catdirilmasi planlasdirilir[8].

o

istehsal 26 275 278 28 283
M istehlak 23 235 239 24 24.3

Qrafik 1. 2022-2025-ci illordo elektrik

enerjisinin istehsall Vo istehlaki barada
prognoz, milyard kVt/st

Umumilikds, 2025-ci ildo 28,3 milyard
kVt/saat elektrik enerjisi istehsal edilocayi
g0zlonilir. Eyni zamanda, 2025-ci ildo elek-
trik istehlakinin 24,3 milyard kVt/saat olaca-
81 prognozlasdirilir.

Azorbaycan artiq bir cox taninmis enerji
sirkatlori ila tozo enerji sahasinds danisiglar
aparir. Olkonin barpa olunan enerji potensiall
ilo bagli aragdirmalar gostorir ki, kilok,
glinas, biokiitls, doniz dalgas1 va su axinlari
enerjisi Uzro imkanlar moévcuddur.
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XULASO

Bu gilin enerji somoaraliliyinin artirilmasi
vazifasi istehsalin va insan faaliyyatinin bi-
tlin saholari Gglin an mihium vazifalardon bi-
ridir. Muasir diinyada aparici sahalardan biri
tikinti sonayesidir. Miasir binanin yaradil-
mas1 va istismari ilo bagli problem ondan iba-
rotdir ki, oksor hallarda onun layiholondiril-
Mosi zamani enerjiya gonast amili tmumiy-
yatla nazors alinmir vo ya kifayat godor nazo-
ro alinmir. Beloliklo, hansi tisullar yasay1s bi-
nalarmin imumi enerji gostaricilorinin arti-
rilmasina on ¢ox tasir gostorir. Bu suala cavab
vermok ucuin alava emal talab edon asas usul-
lar, hamg¢inin texnoloji, toskilati, iqtisadi vo
omoliyyat migayisesi meyarlart miiayyan
edilmisdir.

Acar s0zlar: enerji samaraliliyi, binalar,
yasil ipotekalar, ekoloji, barpa olunan enerji

67

PE3IOME

CerojHs 3aa4a MOBBIICHUS SHEPT03(]-
(EKTUBHOCTH SIBJISICTCS OJHOW W3 BaKHEH-
MIMX 3a7a4 i BceX cep Mpou3BOJCTBA H
JeSITeIbHOCTH ueoBeka. OMHOM U3 BEAYIIHNX
OTpacyieil B COBPEMEHHOM MHPE SIBISAETCS
CTpoHTeNbHAs 0Tpacib. [Ipobiema cozmanus
Y DKCIUTyaTalliil COBPEMEHHOTO 3aHus 3aK-
JIFOYAETCS B TOM, 4TO B OOJIBIIMHCTBE CITy4a-
eB (akTop dHEpProcOEpeKeHUs HE yIUTHIBA-
eTcsl BOOOIIE MITM YYUTHIBACTCSl HEIOCTATOY-
HO TIpY €ro MpOoeKTHpoBaHWU. WTak, Kakue
)K€ METOJbl OKa3bIBAIOT HAHOOJIbIICE BIIHS-
HUE Ha TOBBINICHHE 0OMmIeH 3Heprodddek-
TUBHOCTH XWIBbIX 3maHui? [[ns oTBera Ha
3TOT BOIPOC OBLIM BBIICIICHBI OCHOBHBIC Me-
TOJBI, TpeOyromme naapbHeHed mpopadboT-
KH, & TAaK)Ke TEXHOJIOTHYECKHUEe, OpPraHu3aIlu-
OHHBIC, YKOHOMHYECKUE M IKCILTyaTallMOH-
HBIC KPUTEPUU CPABHCHHSI.

Knrwouesvie cnosa: suepeospgpexmus-
HOCMb, 30aHUsl, 3eleHdsl UNOMeKd, IKOJL02US,
60300HO6IsIEMbLE UCMOYHUKU DHEPSUL

SUMMARY

Today, the task of increasing energy
efficiency is one of the most important tasks
for all spheres of production and human
activity. One of the leading industries in the
modern world is the construction industry.
The problem with the creation and operation
of a modern building is that in most cases, the
energy saving factor is not taken into account
at all or is taken into account insufficiently
when designing it. So, what methods have the
greatest impact on increasing the overall
energy performance of residential buildings?
To answer this question, the main methods
that require further processing, as well as
technological, organizational, economic and
operational comparison criteria, have been
identified.

Keywords: energy efficiency, buildings,
green mortgages, environmental, renewable
energy

Magalaya AzMIU-nun Miihandis sistemlori
Vo qurgularinin tikintisi” kafedrasinin
dosenti G.A. OlasgaroVv ray vermisdir.
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Aszepbatiodcanckuii Yuusepcumem Apxumexmypot u Cmpoumenbcmea

PEKOMEH/IALIMH 11O MMOBBIMEHAIO YCTOMYUBOCTH
KEJIE30BETOHHBIX KOHCTPYKIIUMN C YCUJIEHUEM

Beenenne. XKene300eTOHHbIE KOHCTPYK-
UM 3aHUMAIOT Ba)KHOE MECTO B COBPEMEH-
HOM CTpOWTENbCTBE, OOecneunBas HaJexK-
HOCTb, JOJITOBEYHOCTh U BBICOKHE DKCILTyaTa-
LIMOHHBIE XapaKTEPUCTUKHU 3JIaHUH U COOpy-
KEHUH. OTH KOHCTPYKLIMM HCIOJIb3YIOTCS B
Pa3IUYHBIX 00JIACTAX CTPOUTENILCTBA: OT KU-
JBIX ¥ TPOMBILUIEHHBIX 00BEKTOB J10 HH(pa-
CTPYKTYPHBIX OOBEKTOB, TAKUX KaK MOCTBI,
JIOpOTH, BOJOEMBI ¥ IPYTHe NH)KEHEPHBIE CO-
opy>xeHus. OJJHaKO O BPEMEHEM, B CUJTy BO3-
NeWCTBUS BHELIHUX U BHYTPEHHUX (PAKTOPOB,
KeJIe300€TOHHBIE KOHCTPYKIIMH MTOJIBEPTat0T-
Csl pa3IMYHbIM [TOBPEXKACHUSAM U PA3PyLLIECHU-
M, YTO MOKET IPUBECTH K CHMKEHHIO HX
IIPOYHOCTH U IOJITOBEYHOCTH. B ¢BsA3U € 3THM
BO3HUKAET HEOOXOJMMOCTb B YCHJIEHUHU Ta-
KHX KOHCTPYKLIMH, YTO MO3BOJISIET HE TOJIBKO
BOCCTAHOBUTH MX II€pPBOHAYAJIbHBIE XapaKTe-
PUCTUKH, HO U MOBBICUTH UX YCTOWYUBOCTD K
pa3IMYHBIM BHEIIHUM BO3eicTBUSAM. OCHOB-
HOW NPUYMHON CHUKECHHS YCTOMUUBOCTH K€~
J1€300€TOHHBIX KOHCTPYKIUI SIBIISETCS KOp-
po3Hs apMaryphl, KOTOpas BO3HUKAET B pe-
3yJIbTaTe XUMUUECKUX MPOLIECCOB B OETOHE U
BO3/ICIICTBUM arpecCUBHBIX BHEUIHUX (haKTO-
poB. IToMuMo 3TOr0, MEXaHUYECKHUE TOBPEK-
JIEHUs, TPEIIMHBI, a TAKKE yXyALICHUE Ka-
yecTBa OETOHA C TEYEHHEM BPEMEHHM MOTYT
3HAUUTENIBHO CHUXXaTh NPOYHOCTh M CTa-
OMIBHOCTH KOHCTPYKIIHH. J[J151 60pbOBI € ATH-
MH TpobjemMaMu pa3pabOoTaHbl Pa3UYHbIE
METO/]Ibl YCUJICHUS], HAIIpaBJIEHHbIE Ha YJIy4-
IIEHHE ITPOYHOCTHBIX XaPaKTEPUCTUK KEJe-
300€TOHHBIX AJIEMEHTOB, ITPOJIEHUE UX CPO-
Ka caykObl M TOBbIIIEHHE 001el Oe3omac-
HOCTH KOHCTPYKITUH. [lenbro nanHo# paboTsl
ABJIsieTCA pa3paboTKa peKOMEHIAIMi 1Mo Mo-
BBIIIEHUIO YCTOMYMBOCTU >KE€JI€300€TOHHBIX
KOHCTPYKLUH C ycuieHueM. s mocTuke-
HUS 3TOW e B paboTe paccMaTpUBAIOTCS
OCHOBHBIE NPOOJIEMBI, KOTOpPBIE BIMAIOT Ha
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IIPOYHOCTb U JIOJITOBEYHOCTh KOHCTPYKLUU,
a Tak)Ke MPEJIaratoTCsl COBPEMEHHBIE METO-
JIbl YCWJICHMsI, TaKH€ KaK HCIIOJIb30BaHUE
KOMITO3UTHBIX MaT€pUAJIOB, BHELITHETO apMHU-
poBaHusi, OETOHUPOBaHUA U Apyrue. BaxHo
OTMETHTb, YTO BBIOOP METOJIOB YCUIICHUS 3a-
BHCHT OT COCTOSIHHSI KOHCTPYKIINH, €€ Ha3HA-
YEHHUs U YCJIIOBUHM JKCIUlyaTaluuu. B mepsBon
4qacTH paboThl Oy/eT MpoaHAIM3HUPOBaHA AK-
TyaJbHOCTh TEMbl YCHJICHHUS >K€JIe300€TOH-
HBIX KOHCTPYKLHUMH, a TaKK€ PacCMOTPEHBI
IIPUYMHBI IOBPEXIEHUIN, KOTOPBIE MOTYT I10-
BIIMATH HA UX YCTONYMBOCTh. BO BTOpOM Hac-
TH OyIlyT NPEJIOKEHBI Pa3IMYHbIE TOIXObI
K YCHJICHUIO KOHCTPYKLUH C y4E€TOM COBpE-
MEHHBIX TEXHOJIOTUI U MaTEPUAJIOB, a TAKKE
PEKOMEHJALMU TI0 BBIOOPY ONTHMAIIBHBIX
pELICHUH B 3aBUCUMOCTH OT THUIIA TOBPEXKIE-
HUW M YCIOBHMH JKCIUTyaTanuu. B 3akiroue-
HUe OyAyT MOJIBEJICHbI PEe3yIbTaThl UCCIIE0-
BaHMS, KOTOPBIE IOMOTYT YJIYYIIUTh ITPOEK-
TUPOBaHME M SKCIUTyaTalHIO0 >KeJIe300€TOH-
HBIX KOHCTPYKIIMH, IOBBIIIAs UX JOJIOBEY-
HOCTh 1 Oe30macHOCTh. COBpeMEHHbIE METO-
JIbl YCUJICHUS KEJI€300€TOHHBIX KOHCTPYK-
Uil TpeOyroT NPUMEHEHUS] THHOBAIIMOHHBIX
MaTepuaroB M TEXHOJIOTUM, YTO IMO3BOJSAET
JIOCTUTaTh BBICOKOTO YPOBHS IIPOYHOCTH U
HAJEKHOCTH Ja)Xe B YCIOBUAX CIIOXKHBIX
JKCILTyaTallMOHHBIX Harpy3ok. B mocnegnue
JIECATUJICTUSI YCWIMBAETCS WHTEPEC K WC-
MIOJIb30BAHUIO KOMIIO3UTHBIX MaTEpHUAJIOB,
KOTOpBIE 00J1aAa0T PSIIOM IIPEUMYIIECTB I1e-
pel TpagulIMOHHBIMU CTPOUTEIILHBIMUA MaTe-
puasiaMu, TaKUMHU Kak ctajib u OeroH. [lpu-
MEHEHHME apMHUPOBAHHBIX IOJIMMEPHBIX Ma-
TEpPUAJOB, YIJIIEPOAHBIX BOJOKOH M JAPYIHX
COBPEMEHHBIX PELICHUN JAaeT BO3MOXKHOCTh
3HAYNUTEJIBHO YJIYYIIATh IPOYHOCTHBIE Xa-
PAKTEpUCTUKU KOHCTPYKLIUM, a TAKKE YCKO-
PUTB MPOLECC UX BOCCTAHOBJIEHUS M PEMOH-
ta. OZHOM M3 KIIOYEBBIX 3a7ad, CTOSALIUX
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nepe MH)KeHEpaMu U CTPOUTEIISIMH, SIBIISICT-
sl BBIOOP ONTHUMAJIBHBIX METO/I0B YCUIICHUS
B 3aBUCHUMOCTH OT THIIa KOHCTPYKIIMHU, COC-
TOsiHUA O€TOHa, a TaKkKe OT BO3ACHCTBUSA
BHEITHEH Cpe/Ibl. Y CUIICHHE MOXKET OBITh BBI-
IIOJTHEHO HECKOJIBKMMM CIOCOOaMH: Kak ¢
NPUMEHEHUEM BHEUTHETO apMUPOBAHUS, TaK
U C TIOMOIIbIO 100aBJICHUS HOBBIX CIIOEB Oe-
TOHA WJIU UCTIOJIb30BAHUS CIICUAIBHBIX TEX-
HOJIOTMH, TAKMX KaK MHBEKIIUOHHBIE METO/IbI
JUIS TePMETU3ALUHU TPEIIMH U MpeI0TBpalle-
HUS JJaJIbHEHIIEro pa3pyuieHus.

Marepuanbsl U METOJbI, HCIIOJIB30BaH-
Hble B JaHHOM HCCJICIOBaHUHU, HAlpaBJICHbI
Ha TIYOOKHMH aHAJIM3 pa3IMYHBIX TEXHOJIO-
M yCHJIEHHUS KeJIe300€TOHHBIX KOHCTPYK-
Ui, a TaKKe OLEHKY UX d(PPEKTHBHOCTU B
YCIOBUSX peanbHOM 3KcIutyatanuu. OCHOB-
HBIM MaTepUaIOM ISl UCCIIEIOBAHUS SBIISIFOT-
Csl IaHHBIE, MOJyYEeHHbIE U3 aHalU3a Cyllec-
TBYIOIIUX MPOEKTOB, CTPOUTEIBHBIX HOPM U
CTaH/JapTOB, a TaKXe pPe3yJbTaTbl SKCIEPU-
MEHTOB M JJADOPAaTOPHBIX UCCIIEIOBAHUH, TIPO-
BE/ICHHBIX Ha Pa3IUYHbIX oObekTax. J{i1st BbI-

MOJTHEHUsI pabOThI UCTIOIB30BaHbI KaK Teope-
TUYECKUE, TaK U IPAKTUYECKHE METOIbI. Teo-
peThyecKasl 4acTb MCCIIEI0BaHHUs OCHOBBIBA-
€TCsl Ha aHAJIN3€ JIUTEPaTyPHbIX UCTOYHUKOB,
a TaKKe Ha U3YyYEHUU COBPEMEHHBIX TEHJICH-
Uil B 00J1aCTH CTPOUTENBCTBA U YCUJICHUS
JKEJIe300€TOHHBIX KOHCTPYKIMH. B mporecce
paboThl ObLTa MpOBEAEHA JeTalIbHAs OLICHKA
MPUYKH, BIUSIOUMX HA CHXKEHUE YCTONYHU-
BOCTH KOHCTPYKLIM, TAKUX KaK KOPPO3Us ap-
MaTypbl, MEXaHUYECKHUE MTOBPEKICHUS U BO3-
JICCTBUE arpecCUBHBIX BHEIIHUX (DaKTOPOB.
B mnpakTudeckoi 4YacTM HCCIEIOBaHMUS HC-
MOJIb30BAJIMCH JTAaHHBIE TA0OPATOPHBIX UCCIe-
JIOBAaHUH, TIOTyYECHHBIE B XOJIC aHAIM3a 00pas-
LIOB MaTe€pHaJIOB U KOHCTPYKLM, MOJABEPT-
IIUXCS PA3IMYHBIM BO3AeHCTBUSAM. [[1s Oo11eH-
Ki 3(PGPEKTUBHOCTH METOJIOB YCHUJICHHUS WC-
MIOJIb30BAIMCH JaHHBIE O TIPOYHOCTH OETOHa,
JIOJITOBEYHOCTH apMaTyphbl, a TAKKE pe3yJIbTa-
ThI UCTIBITAHUI HA CIIBUT, PACTSDKEHUE U CXKa-
the. Jns Kaxmoil U3 TEeXHOJOTUM YCUJICHHS
IIPOBOJWJICS pacyeT HuX BO3JEHCTBUS Ha
MIPOYHOCTHBIE XapPAKTEPUCTUKN KOHCTPYKIIUH.

Table 1:
Causes of Damage to Reinforced Concrete Structures
puuuna Onucanue Pexomenganuu Craructu
TOBpPeKIeHUs ka (B %)
Kopposus Koppo3ust apmarypel, BbI3BaHHas | Mcnosib30BaHHE aHTUKOPPO3HIi- 40
apMaTypbl BO3JICHICTBHEM BIIATH M arpecCHB- | HBIX MOKPBHITUN U 3AIUTHBIX
HBbIX XMMHUYECKHUX BEIIECTB, 0CIa0d- | COCTABOB IS apMaTyphl.
JISIeT IPOYHOCTh KOHCTPYKITUU.
MexaHnuyeckue MexaHnnueckue MOBPEKICHUS, TAKUE | YCUIIEHUE KOHCTPYKLUUHA € MO- 25
TTOBPEXKICHUS KaK yAapbl WIA YpE3MEpHbIE HArpy3-| MOIIBIO BHEIIHETO apMUPOBAHHS
KH, MOTYT TIPUBECTH K Pa3pylICHUIO | WIK JOOABJICHHS HOBBIX CJIOCB
0eToHa U apMaTyphl. OeroHa.
Bo3zneiicTBue Bo3znelictBue cuUIbHBIX MOpO30B, | I[IpuMeHeHNe BBICOKOKaYECTBEH- 15
arpeCcCUBHBIX KHUCJIOTHBIX JOXKJICH, COJTA ¥ APYTUX | HBIX M YCTOMYHUBEIX MAaTEPHUAIIOB,
BHEIIHUX arpeCCHBHBIX BEIIECTB BBI3BIBACT | a TAKXKE PETYJISPHAS] JHATHOCTH-
(hakTopoB paspylieHne 6eToHa. Ka COCTOSIHUSI KOHCTPYKIIMH.
Tpeuuus B TpeluHbl BOZHUKAIOT B pe3ynbTaTe | Mcnonb30BaHNe HHBEKIIMOHHBIX 10
OeToHe YCTaJIOCTH MAaTepuajoB, MEXaHH- | TEXHOJOTHH JJIs TepPMETH3AIINN
YECKUX Harpy30K WM TEepPernagoB | TPEIIUNH U BOCCTAHOBICHHE
TeMIEePaTyphl. MTPOYHOCTH OETOHA.
Ycrapesmive Hcnonp3oBanue cTapbix U 3aMEHUTh yCTapeBIINE MaTepua- 10
MaTepHraIbl HU3KOKAYECTBEHHBIX MaTepHajoB mel Ha Oojiee COBpEMEHHBIC H
MOJKET CHU3UTH JOJTOBESYHOCTh 3¢ dEeKTUBHBIC IS TMOBBIIICHUS
KOHCTPYKIIMH. YCTOMYMBOCTH.

Hcrounuk: Kruglov, V. M., Ustinov, V. P., Bobylev, K. B., & Bokarev, S. A. (2003). Obespecheniye
nadezhnosti inzhenernykh sooruzheniy. Transportnoe stroitel'stvo, 1, 13-14.
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MeTto/1bl, UCTIONIB3yEeMbIE JIsi YCUIICHUS
JKeJIe300€TOHHBIX KOHCTPYKLUH, BKIIHOYAIOT
KaK TpaJUIIMOHHbIC, TAK U MHHOBAIIMOHHbBIC
noaxozpl. B kauecTBe TpaJuIIMOHHBIX METO-
JIOB paCCMaTPUBAIOTCS TAKUE, KaK YCUIICHUE C
UCMOJIb30BAHUEM BHEIIHETO apMHUPOBAHMS,
n00aBJIeHUE JAOMOIHUTEIBHOTO Clos OeToHa
Y HCIIOJIb30BaHKE CTAJIbHBIX SJIEMEHTOB.

Kopposua apmamyper (40%). Kopposust
apMaTypbl SIBIISIETCSI OJTHOW M3 TJIaBHBIX MPH-
YHH Pa3pyIICHUs jKeIe300€TOHHBIX KOHCTPY-
Kuuid. OHa MPOUCXOAUT B Pe3yibTaTe BO3-
JIGUCTBUS BJIary, KACIBIX JOXKACH WIIM XUMH-
YEeCKHUX BEILECTB, KOTOPbIE MTPOHUKAIOT B Oe-
TOH W HApYyIIAIOT 3alUTy apMaTypbl. DTOT
nporiecc ocaabisieT MPOYHOCTh KOHCTPYKIIHH
U MOXET IMPUBECTH K €€ paspymieHuro. s
O00pb0OBI C KOppO3UEH pEeKOMEHAYEeTCs HC-
M0JIb30BaTh AHTUKOPPO3UNHBIE TOKPBITHS U
3alIUTHBIE COCTaBbl, KOTOPBIE MPEAOTBpAIIa-
10T BJIUSTHUE BHEIIIHEH CPE/bl HA apMaTypy.

Mexanuueckue nospexcoenus (25%).
MexaHudeckre TMOBPEKICHUS TMPOUCXOIST
BCJIEJICTBHE YPE3MEPHBIX HArpy30K, yIapoB
WU JIPYTUX MEXAHWYECKHX BO3JCHCTBHUI Ha
KOHCTpYKLHMIO. Takue MOBpEKICHUS MOTYT
OBITh CBSI3aHBI C ABAPWIHBIMH CHUTYAIUSIMH,
/1€ KOHCTPYKIMS IOJBEPTaeTCsl BBICOKUM CH-
JaM, 4TO TPUBOJUT K pa3pylleHUI0 OeTOoHa

WM apMaTyphl. Y CUIIEHHE KOHCTPYKIUM C 110~
MOIIbIO BHELIHEr0 apMUPOBaHUs WU 100aB-
JIeHUS  JIONOJIHUTENBbHBIX CJIOeB OeToHa
II03BOJISIET BOCCTAaHOBUTH IPOYHOCTb MU J10JI-
TOBEYHOCTh TaKUX KOHCTPYKLIMH. Bo3snenct-
BHE arpeccuBHBIX BHEHNIHUX (hakTopos (15%)
Bo3znelicTBue BHEIIHEN Cpebl, TAKUX KaK MO-
PO3bI, COJIM, KUCIIOTHBIE JIOXKAW W JApyrue
arpecCUBHBIE BELIECTBA, YCKOPSIET pa3pylie-
HUe O0eToHa. OTU (HaKTOPHI BIUAIOT HA XUMU-
YeCcKHe CBOWCTBAa OETOHA, YTO CO BPEMEHEM
HPUBOJUT K €r0 3pO3UU U CHIKEHHUIO IIPOY-
HOCTH. /{7151 31U TBI OT ATUX BO3ACUCTBUH pe-
KOMEH/1yeTCsl MCII0JIb30BaTh Oojiee ycTonuu-
BbIE€ M KAUECTBEHHbBIE MaTEPUAJIbL, a TAKIKE pe-
I'YJIIPHO NPOBOJUTH JUArHOCTUKY COCTOSIHUS
KOHCTPYKLIMH Il CBOEBPEMEHHOI'O BBISIB-
JICHUS TIPOOJIEM.

Tpewunvr 6 b6emone (10%,). TpemHb
0o0pa3yloTcsi B pe3yJbTaTe MEXaHHMYECKHX
Harpy3okK, YCTaJOCTH MaTepuasoB WM Iepe-
naJ1oB TeMneparypsl. HecMoTps Ha uX Masblii
pasmep, TPELIMHbI MOTYT 3HAUUTEIBHO OCJIa-
OUTbh KOHCTPYKLIUIO M IPUBECTH K €€ AaTbHel-
LIEMY pa3pyLIECHUIO.

Yemapeswue mamepuanwvr (10%). Uc-
M0JIb30BaHNUE CTapbhlX U HU3KOKAYECTBEHHBIX
MaTepUaAIOB C TEYEHUEM BPEMEHH MOXKET
CHU3UTH APPEKTUBHOCTH U MPOYHOCTH KOHC-

TPYKLIMH.

Table 2:
Evaluation of the Effectiveness of Strengthening Methods
Merton dddexTUBHOCTD Puckn Craructun
YCHJICHUS ka (B %)
Buemnee Beicokast a¢dektiBHOCTS Npu HEoO- |[IpobiaeMsl ¢ pacmpeneneHreM 40
apMHpOBaHUE XOIUMOCTH YIYYIINTh MPOYHOCTHh Ha |HArpy3KH U B3aUMOJIEHCTBUEM C yxKe
C/IBUT U PACTSDKEHHE. CYIIECTBYIOUIMMH KOHCTPYKLMSMH.
VYeunenne ¢ 10-| OddeKTHBHO MOBHIMIAET IPOYHOCTH U | BeIcOKHE 3aTpaThl HA MaTepHaibl U 35
MOIIBI0  KOMIIO- | yCTOWYMBOCTh K TPEMNWHOOOpa30Ba- | TEXHUKY,  TpeOyrolpe  JOmod-
3UTHBIX MaTepHa- |HUIO W BO3JICHCTBHIO BHENIHMX (aK- | HUTEIHFHOTO MOHUTOPHHTA.
JIOB TOpPOB.
betonnpoBanue |Jlaer yBenuueHHE Ce4E€HHA W Npod- | PUCKM HeaaeKkBaTHOW aare3uu npu 15
HOCTH KOHCTPYKIHH, HO TpebyeT|crapom OeToHe.
TIIATEIFHOTO KOHTPOJISI Ka4eCTBA BbI-
MOJTHEHHSI PaloT.
IIpumenenune D¢ddexTBHO BoccTaHaBNmMBaeT yc-|HeoOXoauMocTh TOYHOTO BHINOII- 10
CTaIIbHBIX TOWYUBOCTH KOHCTPYKIIMH, OCOOEHHO | HeHUS, YTOOBI M30eXaTh CO3MaHHA
3JIEMEHTOB B MECTax C IBHBIMHU IOBPEXACHUSIMH. | N30BITOUHON Harpy3Kku Ha
KOHCTPYKIHIO.

Hcrounuk: Shilin, A. A. (2001). Strategiya remonta zhelezobetonnykh konstruktsiy podzemnykh sooruzheniy.
In Nauchnoye obosnovaniye podzemnogo stroitel'stva (pp. 301-344). Moscow: Izdat-vo Akademii gornykh nauk.
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Buewmnee apmuposanue (40%). Buemi-
HEee apMUpOBaHUE 00JIaJaeT BBICOKOW 3-
(EKTUBHOCTBIO MPH HEOOXOAMMOCTH yIyd-
IIUTh MPOYHOCTh HA CABHUT U PACTSDKCHUE.
OTOT METO/1 OCOOEHHO NOAXOUT JIsl yCHIIE-
HUSI KOHCTPYKIIHMA, TIOJIBEPTaIONIUXCsl BBICO-
KUM Harpy3kaM ¥ MEXaHHYECKUM BO3JCHCT-
BusiM. OJTHAKO CYIIECTBYET PUCK HETIPABHIIb-
HOTO PaCHpeeNICHUsT Harpy3kd U B3aUMO-
NCHCTBUSL C YyXKE CYIICCTBYIOIIUMH KOHC-
TPYKUHUSMH, YTO MOXET CHU3UTH d(H(HEeKTHB-
HOCTh ycwiieHHs. J[Js MUHUMH3AIMHA 3TUX
PHUCKOB TpeOyeTCsl TIIATeIBLHOE TPOCKTUPO-
BaHUEC U pacyer.

Ycunenue ¢ nomowpro Komnozumuuix
mamepuanog (35%). YcuneHnue ¢ moMOUIbIO
KOMITO3UTHBIX MaTepUAJIOB, TAKUX KaK yTJie-
POJIHBIC U CTEKJIOBOJIOKOHHBIC BOJIOKHA, (-
(EKTUBHO MOBHINIACT IPOYHOCTH U YCTONYH-
BOCTh KOHCTPYKIIMH K TpPEHIMHOOOpa3oBa-
HUIO, a TAaKXKE K BO3JICHCTBUIO arpeCCHUBHBIX
BHEIIHUX ()aKTOPOB. DTOT METOJ| TAKKE OT-
JINYAeTCsl BBICOKOW THOKOCTBIO U JIETKOCTHIO.
OpnHako OH CBf3aH C BBICOKMMH 3aTpaTaMu
Ha MaTepUAIBI M CIICIIHATU3UPOBAHHYIO TEX-
HUKY, 4YTO TPeOyeT JOMOIHUTEIbHBIX PacXo-

JIOB ¥ MOHUTOPHHIA KAa4eCTBA BBIMOJIHEHUS
pabor.

bemonuposanue (15%). beronnpoBanue
YBEIMYUBACT CEYCHUE W IPOYHOCTh KOHC-
TPYKIMH, YTO TIO3BOJISIET YIIYUIIUTh YCTOWYH-
BOCTh JKE€JIE300€TOHHBIX 3JIEMEHTOB K BHEIII-
HUM BO3JICHCTBUSIM M Harpy3kam. OpHako
3TOT METOJ TpeOyeT THIATEILHOTO KOHTPOIIS
Ka4yeCTBa BBIMOJIIHEHUS PA0OT, MOCKOJIBKY CY-
IIECTBYET PUCK HEaJCKBaTHOW aJlre3uu HOBO-
ro cjosi OETOHa K CTapoMy, YTO MOXKET IpH-
BECTU K CHW)KCHHUIO OOIIEH MPOYHOCTH yCH-
JICHHOW KOHCTPYKLIUU.

Ilpumenenue  cmanbHLIX — IEMEHMOB
(10%). IlpumMeHeHHE CTalbHBIX DJIEMEHTOB
WK KapKacoB 3(PPEKTUBHO BOCCTAaHABIMBACT
YCTOWYMBOCTh KOHCTPYKLIMH, OCOOCHHO B
MecTax C IBHBIMH TIOBPEKICHUSIMHU. ITOT Me-
TOJ 00ECIeUNBAET HaIS)KHOE YCUIIEHHE, 0CO-
OCHHO B KPUTHYECCKH HArpy)XCHHBIX Y4acT-
kax. OgHaKo ero peanuzamys TpeOyeT BBICO-
KOM TOYHOCTH, YTOOBI H30€KaTh CO3/JaHUS U3-
OBITOYHON HAarpy3Kd Ha KOHCTPYKIHUIO, YTO
MOYET HETaTUBHO CKa3aThCs Ha €€ JI0JITOBeY-
HOCTH U O€3011aCHOCTH.

Table 3:
Methods for Strengthening Reinforced Concrete Structures
Merton ycusieHust Onucanue Craructun
ka (B %)
Bremnee apMupoBaHue Hcnonp3oBaHue CTaJbHBIX CTEPHKHEN WIM apMUPOBAHHBIX 35
JICHT I YBEJIMYCHUA MPOYHOCTU KOHCTPYKIIUH.
YcuseHue ¢ TOMOIIBIO Hcnonb3oBaHue yriepoaHbIX, CTEKIOBOJIOKOHHBIX U JIPY- 30
KOMITO3UTHBIX MaTepUAIOB | TUX KOMIIO3UTHBIX MaTePUAIIOB JJIsI IOBBIIICHUS IPOYHOC-
TH.
betonuposanme JlobGaBneHne MOMOTHUTENBHBIX CIOEB OCTOHA ISl YBEJIH- 20
YeHHsI CEYCHHUS U YITyUIICHUs IPOYHOCTH KOHCTPYKIINH.
[IpumeHneHne cTambHBIX BcraBka cTanmbHBIX 3JIEMEHTOB WM KapKacoB JUIS YCHIIE- 15
3JIEMEHTOB HUS CJIA0BIX YYaCTKOB KeJIe300€TOHHBIX KOHCTPYKITHH.

Hcrounuk: Shilin, A.A., Pavlov, O.N., & Kirilenko, A.M. (2000). Ekspluatatsiya i remont nesushchikh
konstruktsiy tonnel'ey inzhenernykh kommunikatsiy v g. Moskve. In Problemy stroitel'noy geotekhnologii (pp. 102-

116). Moscow: MGSGU

Brewmnee apmuposanue (35%). Baennee
ApMUpPOBAaHME  BKIIFOYAET  HCIOJIb30BAHHE
CTaJIbHBIX CTEP)KHEH MM apMUPOBAHHBIX JICHT
JUISL YBEJIMYCHUSI MPOYHOCTH KOHCTPYKIIHH.
3T1oT MeToa 0co0eHHO 3 (EKTUBEH NMPH He-
00XOIMMOCTH YJTyUIIIUTh TPOYHOCTh HA CABUT
U pactspkeHre. OH TO3BOJISIET 3HAYUTENBHO
HIOBBICHTh YCTONYMBOCTH KOHCTPYKIIUH K Me-
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XaHUYECKUM TIOBPEKICHUSM M TTOBBIIIIEHHBIM
Harpy3kam. Tem He MeHee, 1 3 HeKTUBHO-
ro IpUMEHEHHS HeOOXOMMO TIIATENHHO OIle-
HUBATh paclpeieicHue Harpy3KH U TIPaBUIIb-
HOCTB PacyieToB.

Ycunenue ¢ nomowwro kKomnozummvix
mamepuanog (30%). Ycunenue ¢ MoMoIIbIo
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KOMITO3UTHBIX MaT€pPHAIOB, TAKUX KaK yriie-
pOZHBIE WJIM CTEKJIOBOJOKOHHBIE BOJIOKHA,
SIBJISIETCSI COBPEMEHHBIM M BHICOKOA((HEKTHB-
HBIM METOJIOM. DTH MaTepHalbl 0OecreunBa-
IOT 3HAUUTEIBHOE YBEIUYEHHE IPOYHOCTH
KOHCTPYKIIMM TP MEHBIIEM YBEINYCHUU
MacChl, YTO JeNaeT MX IPUBJICKATEILHBIMU
JUTSl IPUMEHEHHSI B MECTaX C OTPaHNYCHHBIMU
pa3MepaMu WM NOBBIIICHHBIMU TPEOOBAHHS-
MH K J0nroBedyHOCTH. OJHAaKO 3TOT METO[
MOXET NOTPeOOBaTh JOMOTHUTENBHBIX 3aTPaT
Ha MaTepHaibl ¥ 000pyI0BaHHE.

bemonuposanue (20%). beronnpoBanue
3aKJII0YaeTcsl B JJOOABICHUM JOTOJIHUTENb-
HBIX CJI0OEB O€TOHA, YTO IO3BOJIET YBEJH-
YUTh CEYEHHE KOHCTPYKIIMU M MOBBICUTH €€
IPOYHOCTh. DTOT METOJ OCOOEHHO IOJIE3€H
Ipyu HEOOXOIUMOCTH YIYyUYIIUTh YCTOWYH-
BOCTbH KeJIe300€TOHHBIX AJIEMEHTOB K BHEI-
HUM BO3JEHCTBUSAM U Harpy3kam. OgHaKo
CYHIECTBYET PHUCK HEaJeKBATHOW aJare3uu
HOBOTO CJI0s1 OETOHA K CTapOMYy, YTO MOXKET
CHHU3UTH 3P (PEKTUBHOCTD YCHIICHHS.

Ilpumenenue  cmanbHblX — B1EMEHMOB
(15%). IlpumeHeHHE CTalIbHBIX 3JEMCEHTOB
WIM KapKacoB MO03BOJIsIET 3((EKTUBHO YCHU-
JTH cllabble yYaCTKH jKeIe300€TOHHBIX KOHC-
TPYKLHH, OCOOEHHO B MECTAX, [TOIBEPIKEHHBIX
BBICOKMM Harpy3KaMm WIH TTOBPEKICHHSIM.
3T0T MeTo1 0OecreunBaeT NPOYHOCTh U CTa-
OMIIBHOCTH KOHCTPYKIIMH, OJTHAKO €TO pealln-
3alus MOXET OBITh CJIO0XKHOH, 0COOEHHO B
TPYAHOJOCTYITHBIX MecTaX. BaskHo mpaBuiib-
HO UHTETPUPOBATH CTAJILHBIE HJIEMEHTHI B 00-
IIyI0 KOHCTPYKIIMIO, YTOOBI HE CO3/aTh JO-
MOJTHUTENIbHYIO Harpy3Ky.

3AKVIIOYEHUE

B Xxone mnpoBeneHHOro HcciaeI0BaHUs
OBUTM PacCMOTpPEHBI OCHOBHBIC TPUYHHBEI
CHIDKEHHSI YCTOMUMBOCTH KeIe300€TOHHBIX
KOHCTPYKIUH, a TaK)Ke NpeIoKeHbl dPek-
TUBHBIE METOJIbl UX YCHJICHMs, HalpaBIeH-
HbIC Ha TOBBIIICHUE TPOYHOCTH, JOJITOBEY-
HOCTH U YCTOMUMBOCTU K BHEIIHHUM BO3JIEHi-
CTBHSIM. Ba)XHO MOJYEPKHYTH, YTO JKEIE30-
0OETOHHbIE KOHCTPYKLIUU UIPAIOT KIIIOUYEBYIO
pOJIb B COBPEMEHHOM CTPOUTEIBCTBE, U HX
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JIOJITOBEYHOCTh HANpPSIMYIO 3aBHCUT OT Ipa-
BUJIBHOCTH BBIOOpPA METOAOB YCHJICHMS, a
TaKXe OT CBOCBPEMEHHOI'O MPOBEJICHHS Me-
POIPUATUI 110 BOCCTaHOBIEHUIO.OHUM U3
HamboJee pacIpOCTPAaHCHHBIX (HaKTOPOB,
BJIMSIIOIMX Ha CHW)KEHHE IIPOYHOCTHU HKeJle-
300€TOHHBIX KOHCTPYKLHUH, SIBISETCS KOp-
po3us apMaTypbl. ITOT MPOLECC YacTO IPHU-
BOJIUT K CHMIKCHHUIO TIPOYHOCTHBIX XapakKTe-
PUCTUK U TOSIBICHUIO TPEIIUMH B OETOHHOMN
obomnouke. PaccmoTpeHHble B paboTe MeToO-
JIbl YCUJIEHUS, TAKHE KAaK BHELIHEE apMUpPO-
BaHUE, UCIIOJIb30BaHNE KOMIIO3UTHBIX MaTe-
puagoB M OETOHHMPOBaHME, OKa3aJd CBOKO
3¢ (HeKTHBHOCTE B 0OPHOE C TaHHBIM SIBJICHHU-
eM. [IpumeHeHre cOBpeMEHHBIX TEXHOJIOTUH,
BKJIFOYasl YIJIEPOJHBIE BOJIOKHA W CTEKJIO-
IUTACTUKOBBIE MaTe€pHalbl, II03BOJIET 3HAUU-
TENILHO TOBBICUTh MPOYHOCTh KOHCTPYKIUH
IPU OTHOCUTEIBHO HU3KUX 3aTpaTax U COKpa-
[IEHUH BPEMEHU Ha BBINOJIHEHUE paboT. Kpo-
M€ TOro, B X0J1¢ MCCIEeJ0BaHUs ObLIO BBISB-
JICHO, YTO BBIOOpP METO/a YCHJICHUS JOJKEH
3aBUCETh OT COCTOSIHUS KOHKPETHOM KOHC-
TPYKLMHU U €€ IKCIUTyaTal[HOHHBIX yCJIOBUH.
TimaTenpHast IUAarHOCTUKA COCTOSIHMA 371a-
HUS WIN COOPY)KEHUS, BBISIBIICHHE TTOTECHIIN-
aJIbHBIX MTPOOJIEM U HCIIOIB30BAHNUE COOTBET-
CTBYIOIIIMX METOAOB YyCWJICHHs olecreyar
Ha/IeKHOCTh U 0€30M1aCHOCTh KOHCTPYKIIUU B
JOJTOCPOYHON TepcreKTHBe. BakHpiM ac-
MIEKTOM SIBJISIETCS] M KOHTPOJIb KayecTBa Mpo-
BEJICHUsI paboT, 4TO MO3BOJSET HCKIIIOYUTD
BO3MOYKHBIE OLIMOKM U JIE(PEKThl, KOTOpPbIE
MOTYT CHU3UTH 3(P(EKTUBHOCTh YCHIICHUS.
Pe3ynbTathl Hccne0BaHUS TaKKe TOKA3aIIH,
YTO KOMIUIEKCHBIN MOIXO0J] K YCHIICHUIO XKe-
71€300€TOHHBIX KOHCTPYKIIMH, BKIIIOYAIOIIUI
KaK MEXaHMYECKHE, TaK U XUMHUYECKHE Me-
TOJIbI, 1a€T HAWITYYIIHE PEe3ybTATHI.
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Recommendations for improving
the stability of reinforced concrete
structures with strengthening

ABSTRACT

This paper discusses recommendations
for improving the stability of reinforced con-
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crete structures. Reinforced concrete structu-
res are widely used in construction due to
their strength, durability, and cost-effective-
ness. However, over time, these structures
can be subjected to various damages caused
by both natural processes, such as material
aging, and external influences, including cha-
nges in climatic conditions, mechanical lo-
ads, aggressive environments, etc. As a re-
sult, strengthening and improving the stabi-
lity of reinforced concrete structures become
essential aspects of their design and operati-
on.The first part of the paper reviews the
reasons that lead to the reduction of stability
in reinforced concrete structures. These can
include technological defects in production,
as well as operational factors, such as corro-
sion of reinforcement, cracks, mechanical da-
mage, and degradation of concrete material.
Special attention is given to issues related to
the corrosion of reinforcement, which is one
of the main causes of the deterioration of re-
inforced concrete structures. The mechani-
sms of corrosion are explored, along with
methods to combat this phenomenon, inclu-
ding the use of anti-corrosion materials and
technologies.The paper then describes
various methods for strengthening reinforced
concrete structures. These include both tradi-
tional and more modern approaches, such as
the use of external reinforcement, strengthe-
ning with composite materials, steel and alu-
minum elements, and strengthening through
additional concreting. The principles of cal-
culation and design of reinforcements are dis-
cussed, taking into account the specifics of
each type of structure. Strengthening met-
hods include both simple techniques, such as
increasing the cross-section, and more com-
plex technologies involving the use of high-
strength materials and innovative solutions.
The second part of the paper provides practi-
cal recommendations for selecting reinfor-
cement methods based on the type of structu-
re, its condition, and operating conditions.
Recommendations are made for diagnosing
the condition of structures and choosing opti-
mal reinforcement methods, which not only
enhance their strength but also improve their
operational characteristics.
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CeupnoB H.T'., I'yineBa J1.Z.

Azepbatiodcanckuil Yuusepcumem
Apxumexmypwvl u Cmpoumenscmea

PexomeHnaanum no noBbIIEHUIO
YCTOMYHUBOCTH KeJIe300e TOHHbIX
KOHCTPYKUMI ¢ yCHJIeHHeM

AHHOTAIUA

B HacTtosimieli pabore paccMaTpuBarOTCS
PEKOMEH/IallMK [0 TOBBILIEHUIO YCTONYHM-
BOCTH KeJIe300€TOHHBIX KOHCTPYKITUH C YCH-
nenueM. JKene300eTOHHBIE KOHCTPYKIIHH I~
POKO HCIIOJIB3YIOTCSI B CTPOMTEIBLCTBE OJia-
rojapsi CBOe MPOYHOCTH, JOJITOBEYHOCTU U
HKOHOMUYHOCTU. OJHAKO CO BPEMEHEM 3TH
KOHCTPYKLIMU MOTYT MOJBEpPrarbcs pa3iny-
HBIM TIOBPEXJICHUSIM, BBI3BAHHBIM KaK €CTeC-
TBEHHBIMH TIPOLIECCAMHU, TAKUMHU KaK CTape-
HUE MaTepPUAJIOB, TAK M BHEIIIHUMH BO3/ICHCT-
BUSIMHU, BKJIIOUAs U3MEHEHUS KIMMaTHUYECKUX
YCIIOBUH, MEXaHWYECKHE Harpy3Kd, arpec-
CUBHBIE CpeJibl U T. 1. B pe3ynbrare, BaXKHbIM
aCIMeKTOM MPOEKTHUPOBAHUS U HKCILTyaTalluu
JKEJIe300€TOHHBIX KOHCTPYKIUNA CTAaHOBHUTCS
UX YCWJICHHE U MOBBIIIEHUE YCTOMYUBOCTH. B
nepBoi 4YacTH paboThl MPOBOIUTCS 0030p
MIPUYHH, BIUSIOMUX Ha CHIDKCHUE YCTOWUH-
BOCTH KeNIe300€TOHHBIX KOHCTPYKIUN. DTO
MOTYT OBITh KaK TEXHOJIOTHYECKHE Ne(PEKThI
MpU MPOU3BOJCTBE, TaK M IKCIUIyaTallMOH-
HbIe (DAKTOPHI, TAKKE KaK KOPPO3HUs apMaTy-
PBl, TPELIMHBI, MEXaHUYECKUE TTOBPEKACHUS
U Jerpajaauus marepuaina OetoHa. B uact-
HOCTH, 0CO00€ BHUMAaHHE YJEIeHO Mpoliie-
MaM, CBSI3aHHBIM C KOPPO3UEH apMaTyphl,
YTO SIBJIIETCS OAHOM M3 OCHOBHBIX NMPUYUH
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paspyleHsl JKeJe300€TOHHBIX KOHCTPYK-
WM.

PaccmaTpuBaroTCsi ME€XaHU3MbI KOPpO-
31U, a TaK)Ke METOJIbl OOPHOBI C ITUM sIBIIE-
HUEM, BKJIIOUYasi IPUMEHEHNE aHTUKOPPO3Hii-
HBIX MaTepUaJIoB U TexHoioruil./lanee onu-
CBIBAIOTCS PA3JINYHBIE METO/IbI YCUIIEHUSI JKE-
1e300eTOHHBIX KOHCTpyKIMi. K HUM oTHOC-
ATCS KaK TpaJuIMOHHbBIE, TaK U OoJiee coBpe-
MEHHBIE TOJXOJbI, BKIIOYas IPUMEHEHUE
BHEUIHETO apMHPOBAHUS, YCWIEHHUE C IIO-
MOILBIO KOMIIO3UTHBIX MAaT€pHalIOB, CTAJIb-
HBIX U QJIOMMHUEBBIX JJIEMEHTOB, a TaKKe
METOJl YCUJICHHs C MOMOILIbI0 OEeTOHUpPOBa-
Hus. [longpoOGHO paccMmarpuBaroTCs MPUHIIM-
IIbl pacueTa U NMPOECKTUPOBAHUS YCUJIEHUH C
YYETOM CIEHU(PUKU IKCIUTYaTaAIUH KaXI0TO
TUIIA KOHCTpYKUMU. {1 ycuneHus: ucnob-
3YIOTCS KaK IIPOCThIE METO/IbI, TAKUE KaK yBE-
JMYEHHE CEYCHHUs, TaK U Oojee CIOXKHbIE
TEXHOJIOTMH, BKJIIOYAIOIINE HCIIOJIb30BAHUE
BBICOKOIIPOYHBIX MaTEpUalOB U MHHOBALM-
OHHBIX penieHuil.Bropas yacts paboTsl noc-
BAILEHA [TPAKTUYECKUM PEKOMEHIALUAM I10
BbIOOPY METO/IOB YCWJIEHHSI B 3aBUCUMOCTHU
OT TUIIAa KOHCTPYKLIUHU, €€ COCTOSIHUS U yCIIO-
BUI dKCIUTyataniuu. PazpaboTaHbl peKOMEH-
JIaIUY 10 TIPOBEACHUIO AUATHOCTUKH COCTO-
SIHUSI KOHCTPYKIMH U BBIOOPY ONTHUMAaJIbHBIX
METOJIOB YCHUJIEHUS, YTO MO3BOJISIET HE TOJIb-
KO TIOBBICUTH X IPOYHOCTH, HO U YIYUIIUTh
AKCIUTyaTallMOHHbIE XapakTepucTuku. Oco-
00e BHHMMAaHME YJEJIEHO IpoleccaM KOH-
TPOJIS 32 KQueCTBOM BBINOJHEHHUs padoT 1o
YCHJIEHUIO, a TaK)Ke ITPOBEPKE COOTBETCTBUS
IIPOEKTHBIX PEIICHUH JEHCTBYIOIUM CTPO-
UTEJBHBIM HOPMaM U CTaHAapTaM.

Kniwouegvie cnoea: oicenezobemonnuvle
KOHCMPYKYUU, YCMOU4UEOCMb, YCUleHUe,
KOppO3Usi apmamypbl, Memoobl YCULEHUs,
KOMNO3UmMHblE  Mamepuabvl, sHeuHee
apmupoeanue, 6emoHuposanue, NPOYHOCMb.

Om3v16 0an Ha cmamio 0oyeHm Kagpeopwvl
«CmpoumensHvle KOHCMPYKYuu» 00Kmop
Gunocagpuu no mexruxe J1.B. Ackepos.



Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ned, 09.2025

UOT 621

CAVADOVA M.M., URUSANOY K.N.

AzMIU

ELEKTRIK OTURUCU XOTLORINDO iQTISADI KOSISMO DOYORININ TOHLILI

Giris: Enerji sistemlarinin somorali tos-
kili vo idara olunmasi miiasir dévrda XUsusi
shomiyyat kasb edir. Bu mogalodo elektrik
Oturuci xatlarinds igtisadi kasisma dayarinin
tohlili moagsadilo genis tahlillor aparilmisdir.
Elektrik enerjisinin istehsaldan istehlaka qo-
dor olan marhoalasindo somarsli 6tirms tex-
nologiyalart vo onlarin iqtisadi asaslandiril-
mas1 xiisusi aktualliq dasiyir. Mévcud resurs-
lardan optimal istifado etmokls, iqtisadi so-
maraliliyin artiritlmast magsad qoyulmusdur.
Elektrik oturucu xotlor enerji sistemlarinin
asas komponentlorindandir. Onlarin texniki
xususiyyatlori, masalon, kegiricilik gabiliyys-
ti, izolyasiya soviyyasi, Xatlorin uzunlugu vo
digar parametrlor xattin tmumi samaraliliyina
tosir gostarir. Bu parametrlorin har biri 6tirmoa
zamani yaranan enerji itkilorinin migdarini
muoayyonlosdirir. Enerji itkilorinin azaldilmasi
Vo resurslarin effektiv istifadasi nazars alina-
raq, optimal otiricli xott layihalondirilmasi
muasir dovrdoa zoruri toloblordondir. igtisadi
kosismo noqtasi elektrik dtlirma sisteminin ig-
tisadi baximdan on optimal foaliyyst ndqtosi-
dir. Bu ndgtoadoa xarclorin minimum oldugu,
kapital qoyuluslari ila istismar xarclorinin bs-
rabarlogdiyi vaziyyst aldo olunur. Hesablama
zamani xottin uzunlugu, garginlik saviyyasi,
yiklonma doaracasi va digar parametrlor no-
zora alinir. Bu fasildo mixtalif metodlardan —
analitik vo grafik tsullardan istifads edilorok
igtisadi koasismo doyorinin hesablanmasi ge-
nis sokilds izah olunur. Tadqiqatin bu moarho-
losindo  mixtalif gorginlik soviyyalarinds
enerji 6turilmasi modellasdirilarok tahlil edi-
lir. Modellogdirma naticasinds kapital go-
yuluslari ilo istismar Xarclori arasinda qarsi-
liglt asililiq miioyyan olunur. Iqgtisadi kosis-
mo doyori igtisadiyyatda tolobin vo toklifin
eyni oldugu hissoni gostorir. Bu hissads ba-
zarda toklif olunan mohsulun giymeati ils is-
tehlaksilarin almagq istadiyi qiymot barabar
olur. Bu kasigma noqtasi, yaranan ¢atismaz-
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liglar1 aradan qaldirir. Homda giymat do-
yisikliyi bu kosigmoni doyisdira
bilor.Kasismo noqtesini rahat basa diismok
ticiin asagidaki niimunays baxaq:

Talab: Istehlakgilar ucuz giymeto daha
cox mahsul ala bilir. Toklif: Istehsalgilar yiik-
sok giymato daha ¢cox mohsul vers bilirlor.
Kasigsmoa noqtasi, har iki quwanin eyni key-
fiyyatda oldugu yerdir. IKD- iqgtisadiyyatda
¢ox mithiim bir rol oynayir.

Iqtisadi kesismo doyori (IKD) - miixtolif
texniki variantlar arasmda se¢im zamam tot-
big olunan muhiim igtisadi gostaricilordan bi-
ridir. Bu gostarici, osason, investisiya va istis-
mar Xarclorinin migqayisali tohlili asasmda
muayyan edilir va iki va ya daha ¢ox alterna-
tivin tmumi Xxarclarinin zaman Gzrs barabor-
lasdiyi ndqtoni ifads edir. Xususilo elektrik
otlrich xatlorin layihalondirilmasi zamam,
IKD uzunmiiddotli igtisadi somoraliliyin giy-
motlondirilmoasinds avazsiz vasito kimi ¢ixis
edir.

Praktik nimuno olarag, biri asag ilkin in-
vestisiya tolob edon, lakin yiiksak istismar vo
enerji itkisi olan xott varianti ila, digar torafdo
daha ytksak kapital qoyulusu, lakin azaldil-
mig istismar vo enerji itkilori ilo xarakterizo
olunan ikinci bir alternativ goturuls bilor. Bir
muddotson sonra bu iki layihanin Gmumi
xarclori eyni saviyyayo catir vo hamin nogto-
ya igtisadi kasismo ndqtosi deyilir. Bu analiz
osasinda muoayyan edilo bilor ki, layihonin
hans1 marhalasinds va hansi istismar middati
ucun konkret variant daha somarali olacaqdir.
Elektrik enerjisinin istehsal oldugu miiassise-
dan son istifadagiya godar 6tlrilmosi zamani
enerji itkilori bag verir. Bu itkilor enerji siste-
minin somoaraliliyina moanfl tasir gostorir vo
naticada hom texniki, ham do igtisadi baxim-
dan zararlora sabab olur. Elektrik enerjisinin
oturilmasinds bas veran itkilar asasan elek-
trik coroyanmm fiziki vo elektromagnit xas-
salorindan irali galir va bir negs osas kateqo-
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riyaya bolundr.
Aktiv enerji itkilori (Ohm itkilori)

2
P=vi=Y_—I’R
R

burada: P - enerji itkisi (Watt); I - 6turtlon co-

royan (Amper); R - nagilin migavimati (Om).

Demali, caroyanm artmasi va nagilin
mugavimatinin ylksok olmasi enerji itkisini
do artmasma gotirib ¢ixarir. Bu tip itkilor Xx{-
susilo uzun mosafali Oturiici xotlords she-
miyyatli doracads olur. Transformator itkilori
enerji 6tlirmosi zamani garginliyin artirilmasi
Vo ya azaldilmasi mogsadilo istifado olunan
transformatorlar da azda olsa enerji itkisinin
yaranmasina gatirib ¢ixarir. Bu itkilor asagi-
dak1 kimi tosnif edilir:

— Aktiv sarg itkilori (Cu losses): Transfor-
matorun mis sargilarmda bas veran istilik
itkiloridir.

— Magnit navasi itkilori (Fe losses): Nuvada
yaranan histerezis vo girdab coroyanlari
naticasinds meydana ¢ixir.

Transformator itkilorinin azalmasi {igiin
yiksok keyfiyyatli materiallardan istifado
olunmasi vo optimallagsdirilmis dizayn mii-
hiim shamiyyat kasb edir. Dielektrik va izol-
yasiya itkilori

Yuksak gorginlikli kabellordo vo hava
xatlarinds izolyasiya materiallarmda yaranan
enerji sizmalan da itkilarine tasir edir. Bu it-
Kilor adaton kéhnalmis, zodalonmis va ya ri-
tubsto moruz qalmis izolyasiya ortiiklorindo
misahido olunur. Naticods sizmalar va qisa
gapanmalar bas verir.

Korona itkilari.

Yuksok gorginlikli hava xatlorinds naqil-
lorin otrafmdaki hava ionlasaraq "korona bo-
salmalar1" adlanan hadisoysa Sabob olur. Bu
proses zamani hom sas, ham das is1q miisahida
edilo bilar va noticads enerji itkisi bas verir.
Korona effekti daha ¢ox rutubot olan vo girkli
hava soraitinds, nagillor arasinda mosafo az
olduqgda yaranur.

Reaktiv glc vo sistem balanssizligi nati-
casindas itkilar elektrik sistemlarinds giic (cos
(p) asag1 olduqda reaktiv giic dovriyyasi artir
Vo bu zaman 6tlirma Xatlorinds slave yuklon-
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ma bas verir va enerji itkilorino sabab olur.

Reaktiv gilic faydali is yerino yetirmodiyi

tictin, bu itkilorin azaldilmasi ii¢iin kompen-

sasiya qurgular1 (kondensator batareyalar1 vo
ya STATCOM sistemlori) istifads olunur.

Avadanliq vo mexaniki komponentlords
yaranan itkilor elektrik 6tlirma sisteminds is-
tifado olunan kegid cihazlari, kontaktorlar,
acarlar, birlosdirici mantagalar va digor ava-
danliglar da enerji itkilorina sabab ola bilar.
Xususils, bu komponentlar texniki baximdan
kohnaldikds vo ya nasaz oldugda enerji
somaraliliyi azalir.

Elektrik enerjisi itkilorinin azaldilmasi
yollart. Enerji 6tlrtlmasi zamanu itkilori ara-
dan qaldirmagq tigiin asagidaki tadbirlor haya-
ta kecirilo bilar:

— Yiksak gorginlikli 6tirmo sistemloarinin
totbigi: Coroyanm azalmasi naticasinda
I'R itkilori ohomiyyatli dorocode azaldila
bilor. Effektiv transformator v naqil segi-
mi: Asagl miigavimatli vo ylksok kegiri-
cilikli materiallardan istifads itkilorin gar-
sisin1 alir.

— Reaktiv giiciin kompensasiyasi: Giiciin ar-
tirilmast  Otlirmo  sistemdoa  yiiklonmoni
azaldir.

Notica: Toadqigat noticasindo muoyyan
olunmusdur ki, elektrik 6tiiriicii xatlorinds ig-
tisadi kosismo dayarinin tohlili enerj1 sistem-
lorinin samoarali togkili vo idars olunmasi
liciin vacib rol oynayir. Otiiriicii xatlorin tex-
niki parametrlori - kegiricilik gabiliyyati, xott
uzunlugu, garginlik saviyyasi va digar goste-
ricilor enerji itkilorino vo istismar xarclorina
gucli tasir gostarir. Elektrik 6tirma sistemlo-
rinin layiholondirilmosi zamani iqtisadi ko-
sisma dayarinin nozors ahnmasi ilo enerji it-
Kilori azaldila, resurslardan daha effektiv isti-
fado-6lunmasi vo Umumi sistem samaraliliyi
artirila bilor. Elektrik otlirtict xsttlorinds ha-
va xatti ilk illords daha asag1 investisiya tolob
etso do, onun istismar vo enerji itkisi xarclori
yiksak oldugundan 11-ci ildon sonra kabel
xatlori daha sorfoli alternativo gevrildi.
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Elektrik 6turici xatlarinda igtisadi
kasisma dayarinin tahlili

XULASO

Magaloads, elektrik oturtict xatlorinds ig-
tisadi koasismo doayarinin tahlili, enerji sistem-
lorinin samarali layihalondirilmasi vo idars
olunmasi torafdon mihim oshomiyyast kosb
edir. Bu anlayisi moqsadi 6tirici xatlor Gigiin
optimal kegciricilik gabiliyyatinin mioayyan
edilmosidir. Magsad hom ilkin investisiya
xarclorini, ham do enerji itkilorindon yaranan
istismar xarclorini  minimuma endirmakdir.
Iqtisadi kosismo doyari dedikdo, otiiriicii Xot-
tin tikintisi zaman1 aparilan texniki vo igtisadi
analiz naticasindo alds edilan, xarclarls effek-
tivliyin balanslagdirildigi noqte nazards tutu-
lur. Bu noqtads Xottin kegiricilik gabiliyyati
artdigca itkilor azalir, lakin tikinti vo material
xarclori artir. Analiz zamani xattin uzunlugu,
kegirici materialin novii, carayan gorginliyi vo
enerji tolobat1 kimi parametrlor nazors alinir.

Acar sozlar: Elektrik oturicu xatlori,
igtisadi kasisma, enerji itkilori
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Analysis of economic intersection
cost in power transmission lines

ABSTRACT

In the article, the analysis of the econo-
mic cross-sectional value of power transmis-
sion lines is of great importance for the effi-
cient design and management of power sys-
tems. The purpose of this concept is to deter-
mine the optimal conductivity for transmis-
sion lines. The goal is to minimize both the
initial investment costs and the operating
costs arising from energy losses. The econo-
mic cut-off value is the point at which costs
and efficiency are balanced, as a result of a
technical and economic analysis conducted
during the construction of a transmission line.
At this point, as the line's capacity increases,
losses decrease, but construction and material
costs increase. Parameters such as line length,
type of conductor material, current voltage,
and energy demand are taken into account
during the analysis.

Keywords: Power transmission
economic intersection, energy losses

lines,

Magalaya AzMIU-nun Miihandis sistemlori
Vo qurgularimin tikintisi” kafedrasinin
dosenti B.Q. Mehdiyev ray vermisdir.

9LISGIROV G.A., 9OHMOIDOVA X.V.

Azarbaycan Memarliq va Insaat Universiteti

MUASIR DOVRDO ALTERNATIV ENERJi MONBOLORININ ROLU

Giris. Hal-hazirda alternativ enerji moan-
balori yasadigimiz dévrdos golocayin enerji to-
minatinda avazedilmoz rol oynayir. Xiisusila
guinas va kulok enerjisi kimi tamiz vo barpa
olunan enerji ndvlori, hom igtisadi, ham do
ekoloji baximdan enerji balansinin qorunma-
sinda asas vasito kimi gobul edilir. Bu enerji
novlarinin istifadasi otraf mihito manfi tasir-
lorin azalmasina, karbon izinin azaldilmasina
Va tabii resurslarin qorunmasina boyiik tohfo
verir. Alternativ enerji monbolorinin tatbigi
ilo yanasi, enerji effektivliyi vo dayanigli in-
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kisaf prinsiplori 6n plana ¢ixir ki, bu da 6lke-
lorin uzunmuiddatli enerji strategiyalarinda
2sas yer tutur.

Azorbaycan Respublikasinda kiilok ener-
jisindan istifads {igiin genis imkanlar mov-
cuddur. Olkamizds il orzindo kiiloyin orta
sirati saniyada 3 metrdon 7 metra godor do-
yisir ki, bu da kiilok enerjisinin toplanmasi vo
istifadosi baximindan kifayoat godar olverisli
gostoricilordir. Bu molumatlara osaslanaraq,
Azorbaycanda ildo togribon 800 meqavattliq
kllak enerjisinin olds olunmasi miimkiin he-
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sab edilir ki, bu da 6lkonin enerji balansinin
diversifikasiyas1 vo ekoloji cohotdon tomiz
enerji monbalarinin artirilmasi tigliin mithiim
potensialdir.

Hazirda diinyada 70-o yaxin 6lkads guinas
elektrik stansiyalar1 ugurla foaliyyst gostorir.
Gunos elektrik stansiyalarinin mohsuldarlig
asason cografi movqe, tobii iglim soraiti vo
gunos radiasiyasinin intensivliyi ilo  six
baglidir. Azarbaycan Ugln bu gostaricilor gox
alverislidir: 6lkamizds il arzinds gunssli giin-
lorin say1 260-280 giin arasinda doyisir. Bu
fakt 6lkads glinas enerjisindon effektiv sokildo
istifado olunmasma genis imkanlar yaradir.
Belo soraitds glinos enerjisi yalniz elektrik is-
tehsalinda deyil, ham do istilik taminatinda,
suyun duzsuzlasdirilmasi va digar sanaye sa-
halarinds tatbiq oluna bilar.

Son asrlar arzinds diinya shalisinin igtisa-
di vo sosial saholordo suratli inkisafi, tobii
ehtiyatlarin intensiv istismari naticasinds otraf
mihito monfi tesirlor artmisdir. Iqlim dayi-
sikliklori, hava va suyun c¢irklonmoasi, bioloji
mixtalifliyin azalmasi kimi problemlar global
miqyasda ciddi narahatliq dogurur. Bu prob-
lemlorin qarsisinin alinmasi {iglin bir ¢ox 6l-
kalar, 0 climlodon Azorbaycan da, alternativ
Vo barpa olunan enerji manbalarina yonalmis
siyasat hoyata kecirir. Belo ki, respublika-
mizda tobii sorvatlordon samorali istifads vo
otraf muhitin mihafizasi masalslarine xisusi
onom verilir.

Bu istigamotdo miihiim addimlar Prezi-
dent Ilham Oliyevin rohborliyi ilo atilmigdir.
2004-cii il oktyabrin 21-do imzalanmis “Azor-
baycan Respublikasinda alternativ vo barpa
olunan enerji monbolarindan istifads olunmasi
Uzro DOvlot Programi” 6lkodo alternativ enerji
sahosindo inkisaf strategiyasini miioyyan et-
mis vo bu sahonin ganunvericilik bazasini
mohkomlondirmisdir. Progqramin  magsadi
enerji sektorunda davamliligin tomin olunma-
s1, tobii ehtiyatlarin qorunmasi vo enerji re-
surslarindan somorali istifadonin genislondiril-
masidir.

Dovlot Programindan irali galon vazifalo-
rin sdratli vo effektiv icrasmi tomin etmak
ticin 2009-cu il iyulun 16-da Prezident Ilham
Oliyev “Sonaye vo Energetika Nazirliyinin
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nozdindo Alternativ vo Barpa Olunan Enerji
Monbalori Gizra Dévlst Agentliyinin yaradil-
masi1 haqqinda” forman imzalamigdir. Agent-
liyin yaradilmasi ilo boarpa olunan enerji sahs-
sindo kompleks va koordinasiyali iglorin apa-
rilmas1 miimkiin olmusdur. Bu qurum alterna-
tiv enerji layihalarinin togviqi, tatbigi va ton-
zimlonmasi sahasinds 6lkads aparici rol oy-
nayir.

Alternativ enerji manbalarindan istifado-
nin asas mogsadi tabii ehtiyatlarin davamli vo
somarali istifadasini tamin etmokls otraf mu-
hitin ¢irklonmasinin garsisini almag, istixana
gazlarinin emissiyalarini azaltmaq, enetji is-
tehsalinda ekoloji dayaniglilig1 artirmaq vo
enerji strukturunu daha miasir vo somarali et-
mokdir. Bu, Azarbaycanin enerji tohlikasiz-
liyini tamin etmoklo yanasi, 6lkanin igtisadi
inkisafin1 da giiclondirir, yeni is yerlarinin
yaradilmasma vo innovasiyalarin tatbigina
Zomin yaradir.

Bununla yanasi, alternativ enerji manbo-
lori, xtisuson do kiilok va giinas enerjisi, ener-
ji idxalindan asililig1 azaldaraq, 6lkenin val-
yuta chtiyatlarinin qorunmasina da komok
edir. Bu da Azorbaycan Ugln strateji oshomiy-
yat kash edir, cunki enerji sektorunun mixte-
lifliyinin tomin olunmas1 ham daxili bazarda
stabil giymatlors, hom do beynalxalq bazar-
larda rogabot gabiliyyatins tasir gostorir.

Bu sahonin inkisafi {i¢iin hal-hazirda da
elmi aragsdirmalar davam etdirilir vo yeni mo-
lumatlar toplanir. Toplanan molumatlar vo
aparilan tocribalor elmi-metodoloji baxim-
dan shamiyyatli hesab olunaraq muxtalif sa-
halords totbiq edilir. Hazirda insanlar diinya-
da yeni nov enerji moanbolorinin axtariginda-
dir. NASA artiq yanacaq istehsali texnologi-
yasinda ucuz kanalizasiya axintilarindan vo
yosunlardan istifade yollarin1  arasdirir.
Agentlik okeanlarda tizon, igarisi axinti sulari
ilo dolu plastik paketlords yosunlar: yetisdir-
mok vo bioyanacaq istehsali moagsadils istifa-
do etmoys hazirlasir. NASA-nin Kaliforniya
Todgigat Markazindan aparici elmi is¢i Con-
atan Trent bildirir ki, bu todqiqatin moagsadi
Uc asas hadofi ohats edir: mohdud ehtiyatlarla
kicik orazilords bioyanacaq istehsal etmok,
karbon dioksid emissiyalarini azaltmaq vo
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axint1 sularin1 tamizlomoak. Proses kifayat go-
dor sadadir: “OMEGA” — “Yosunlar ii¢lin
Sahilyan1 Membran Ortiiklori” adli sistema
yosunlar vo axinti1 sular1 alavs edilir. Astro-
navtlarin uzunmiiddotli kosmik uguslarinda
istifads etdiklori bu membranlar igmali suyun
oldo olunmasina, sor sularin iso qarsisinin
alinmasina gorait yaradir. Axinti sularinda
olan gidalandirict maddslor hesabina yosun-
lar suratlo inkisaf edir vo bu proses naticasin-
do lipidlor (yagli molekullar) yanacaq kimi
istifado olunur. Daha sonra tomizlonmis su vo
oksigen yenidon okeana qaytarilir. Proses
tozyiqin 6z-06zlina yaranmast hesabina hoyata
kecirildiyindon olava enerji sorfi tolob olun-
mur. Hotta bu paketlords ¢atlar yarandiqda
bels, yosunlar okean suyunun tasiri ilo mahv
olur va bu, yoluxucu xastaliklorin yayilmasi-
nin garsisini alir. Biitiin bunlarla yanasi, bor-
pa olunan enerji monbalarinin ham misbat,
hom da manfi teraflori vardir. Bu manbalarin
osas Ustlinliiklari onlarin ekoloji baximdan te-
miz olmasi vo genis yayilma imkanina malik
olmalaridir. Lakin bu enerji moanbalarinin bo-
zi catismazliglart da mévcuddur. Onlardan
istifads tigiin genis arazilor talob olunur va bir
cox hallarda bu manbolor vaxta goro doyis-
konlik gostarir. Bu, enerji qurgularmin boyiik
saholorda yerlosdirilmasina, dolayisi ilo do
boyiuk maliyys vosaiti yatirilmasina sabab
olur. Dogrudur, ilkin sarmays qoyulusu ytik-
sok olsa da, sonradan asagi istismar xorclori
sayasindo bu xarclor 6ziinii dogruldur. ©n
problemli magam isa bu enerji manbalarinin
geyri-sabit olmasidir. Moasalon, gabarma-co-
Kilma enerjisi xarakter dasisa da, giinos ener-
jisi hava goraitindon asili olaraq doayiskan ola
bilor. Kilok enerjisi iso tmumiyystlo daha
cox doayiskanlik gostorir. Digar torofdon, ge-
otermal enerji qurgular1 daha sabit vo fasilo-
siz enerji tominati ilo segilir.

NOTIiCO

Alternativ enerji qaynaqlarindan elektrik
istehsal edon sistemlorin zamanla inkisaf
edon texonologiya ilo borabor qurasdiriima
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Va yenilonma Xarclorinin az olmasi sababin-
don istifadoasi siiratlo artib. Giinas, kiilok, hid-
roelektrik, geotermal enerji istehsali qaynag-
lar1 son dovrlards giivenlo dovlstlorin elek-
trik sabakalarins inteqrasiya edilir.

Alternativ enerji monbalarinin tatbiginds
mixtalif innovativ texnologiyalar va totbiq
usullart toklif olunur. Masalan, giinas panel-
larinin va kiilok turbinalarmin modernlagdi-
rilmasi, enerji saxlama sistemlarinin yaradil-
masi, smart sobakalar vo enerji idaroetms sis-
temlarinin tatbigi bu sahoanin inkisafin1 siirat-
londirir. Belo yanasmalar enerji istehsalinin
somoraliliyini artirmaqla yanasi, enerji toc-
hizatinda fasiloasizliyi v stabilliyi tomin edir.

Azarbaycan bu sahads oldos etdiyi ugurlu
naticalarlo hom regionda, ham do beynolxalq
miqyasda 6z yerini méhkomlondirir. Olkomiz-
do alternativ vo borpa olunan enerji sektoru-
nun inkisafi, enerji miistagilliyinin giclondi-
rilmasi Ucun asas amillardan biridir. Bu istiga-
motdos hoyata kegirilon layihalor yalniz enerji
istehsalin1 artirmir, ham doa 6élkanin igtisadiy-
yatina miisbot tosir gOstorir, yeni is yerlori
yaradir, yerli sonayenin inkisafina dostok olur
Vo xarici investisiyalarin calb olunmasina so-
rait yaradir.

Alternativ enerji moanbolorinin genis tot-
bigi Azorbaycanin enerji tohliikasizliyini to-
min etmakls yanasi, 6lkonin dayaniql inkisaf
strategiyasini hoyata kegirmokds muhim rol
oynayir. Enerji sektorunda miasir texnologi-
yalarin totbiqi, ekoloji tarazligin qorunmasi
Vo iqgtisadi somaraliliyin artirilmasi baximin-
dan bu istigamotdo atilan addimlar golocok
nasillar ti¢iin saglam va tohliikasiz enerji ma-
hiti yaradilmasina xidmat edir.

Umumilikds, alternativ enerji monbalo-
rinin istifadesi yalniz enerji istehsalinin di-
versifikasiyast ilo mohdudlagmir, hom do
Azarbaycan tliglin davaml iqtisadi artimin,
ekoloji cohatdon tomiz vo rogabstodavamli
enerji sistemlorinin formalagmasimin tomal
dasidir. Bu isa 6lkanin beynalxalq enerji ba-
zarinda daha giiclii vo etibarl torofdas kimi
¢1X1$ etmasing sorait yaradir.
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A3zepbatiodcanckuii Ynusepcumem
Apxumexmypwvi u Cmpoumenvcmea

Poanb AJbTCPHATUBHBLIX HCTOYHUKOB
JHEPIrui B COBPEMEHHOEC BpEMS

PE3IOME

Kak wu3BecTHO, B 3HEprocucremax mnpo-
UCXOJAT NOTepH 3Hepruu. B pezynprare 310-
T'0 HEraTUBHO CKa3bIBaeTCs Ha 3 (HEKTUBHOC-
TH pabOThI CUCTEMBI M HAPYIIAETCS HOPMaJlb-
Has pabota cucrembl. [TomuMo ycTpaHeHus
[0TEph, KOTOPbIE OyIyT UMETh MECTO B HaC-
TOSIILIEE BPEMsI, OZIHUM M3 Ba)KHBIX YCJIOBHIl
SBIIsIETCS 0OecriedeHne MpuObLTEHON paboThI
cuctembl. [109TOMy MOBCEMECTHOE HCIOJIb-
30BaHME aJIbTEPHATUBHBIX UICTOUHUKOB SHEP-
UM SKOHOMHT TOIUTMBO U HETATHBHO BIIUSET
Ha 9KOJIOTUIO, BBIAETISASA BPEIHbIE I'a3bl U3 UC-
TOYHHUKOB 3HEPTUH B OKPY’KaIOIIyIo cpeny. B
pe3yabTaTe CropaHus TOILIMBA B aTMochepy
BBIOPACBHIBAETCS YIJIEKUCIIBIA Ta3 U Jpyrue
NapHUKOBBIE Ta3bl, YTO HETATUBHO CKa3bIBa-
€TCs Ha KHUTEJSIX, MPOKUBAIOIINX HA MIPHJIe-
ramoomeil TeppuTopuu. 3amachkl 3TUX HCTOY-
HUKOB DHEPTUH OTPaHUYEHBI U CO BpEMEHEM
MOTYT UCCSKHYTh. B cTarhe paccmarpuBaercs
BO)XHOCTh MCIIOJIb30BAaHMsI aJIbTEPHATUBHBIX
MCTOYHHUKOB YHEPTHUH, a TAK)KE UX COBMECTHO-
IO HUCIOJIb30BaHUS C BETPOBOM M TEIUIOBOM
SHEpruel B KayecTBE TPAJULMOHHBIX UCTOY-
HUKOB PHEprud. Takas MHTETrpamus Mmo3BoJi-
S€T clenaTh MPOU3BOJCTBO HEPruu Ooiee
ruokuM U npuObUIbHBIM. Hanmpumep, sHep-
TUsl BETpa MOXKET UCIIOJIb30BaThCs JIIsl o0ec-
MIEUEHUs HIIEKTPOIHEPTUEHl B BETPEHBIE JTHHU,
B TO BpeMs KaK TPaJWIMOHHBIC WCTOYHHKH
SHEpruu (MPUPOAHBINA ra3 WIK TEIUIO) MOTYT
UCIIOJIb30BaThCs B KAYECTBE PE3EPBHBIX, UTO-
Obl He ObUIO Mepe0oeB ¢ IEKTPOIHEPTHEN B
NepUOJIbl, KOT/Ia YHEPTUsl BETPa HEJOCTYITHA.

Knwouesvie cnosa: Anvmepnamusnas
SHep2emuKd, 6empo3HepemuKa, Mmenioeas
9Hepaus, IKON02Us, OKpYdcaowjas cpeoa,
8peoHble 2a3bl.
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Muasir dovrds alternativ enerji
manbalarinin rolu

XULASO

Bildiyimiz kimi energetika sistemlarinda
enerji itkilori bas verir. Notico sistemin somo-
rali is rejimino manfi tosir gostorir vo siste-
min normal i1 pozulur. Hal hazirda bas vera-
cok itkilori aradan galdirmaqla yanas1 siste-
min rentabelli is rejiminin tomin edilmasi va-
cib sortlordan biridir. Buna gors do alternativ
enerji moanbolordon genis istifado olunmasi
ilo yanacaga qonast edilir vo enerji istehsalci-
larindan monbalarindon otraf mihita zarorli
qazlarin ayrilmasi ilo ekologiyaya monfi tasir
gOstorir. Yanacaglarmin yanmasi naticasinda
karbon dioksid vo diger istixana qazlar at-
mosfers atilir, bu da otrafda yasayan sakinlo-
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ro manfi tasir gostarira. Bu enerji manbalori-
nin ehtiyatlart mahduddur vo zamanla tiikan-
mo tohliikasi ilo Gzlogir. Magalods Alternativ
enerji monbalordon istifado olunmasinin
vacibliyi ilo yanasi ananavi enerji manbalori
kimi kilok va termal enerjisilo birgs istifads
edilmasi nozardo tutulr. Bu inteqrasiya, enerji
istehsalinin daha cevik vo Sorfoli olmasina
imkan verir. Masalan, kiilok enerjisi ktlokli
gunlardo elektrik enerjisini tamin etmak ¢iin
istifado edilo bilar, eyni zamanda anonavi
enerji monbalari (tobii gaz vs ya istilik) ehti-
yat kimi istifads oluna bilar, belslikla, kiilok
enerjisinin olmadigi dovrlardas enerji kasintisi
bas vermaz.

Acar sozlar: Alternativ enerji, killok
enerjisi, termal enerjisi, ekologiyaya, atraf
muhit, zararli gazlar

9lasgarov G.A., Akhmedova Kh.V.

Azerbaijan University of
Architecture and Construction

Role of alternative energy sources
in modern times

SUMMARY

As we know, energy losses occur in
energy systems. The result is a negative im-
pact on the efficient operation of the system
and the normal operation of the system is dis-

UCD 33.336

rupted. In addition to eliminating the
losses that will occur at present, ensuring the
profitable operation of the system is one of
the important conditions. Therefore, the
widespread use of alternative energy sources
saves fuel and has a negative impact on the
ecology by releasing harmful gases from
energy sources into the environment. As a
result of the combustion of fuels, carbon
dioxide and other greenhouse gases are
released into the atmosphere, which has a
negative impact on the residents living in the
surrounding area. The reserves of these
energy sources are limited and face the threat
of depletion over time. The article considers
the importance of using alternative energy
sources, as well as their use together with
wind and thermal energy as traditional energy
sources. This integration allows energy
production to be more flexible and profitable.
For example, wind energy can be used to
provide electricity on windy days, while
traditional energy sources (natural gas or
heat) can be used as a backup, so that there is
no power outage during periods when wind
energy is not available.
Keywords: Alternative energy, wind
energy, thermal energy, ecology, environ-
ment, harmful gases.

Magalaya AzMIU-nun Miihandis sistemlori
Va qurgularinin tikintisi” kafedrasinin
dosenti G.H. Feyziyeva ray vermisdir.

THAJIYEV J.J., 2HUSEYNOVA K.Ch.

tAzerbaijan Tourism and Management University
2State Tourism Agency of the Republic of Azerbaijan
jamal.hajiyev@atmu.edu.az, ORCID: 0000-0002-6409-3010
2kamala.chingizgizi@gmail.com, ORCID: 0009-0007-7735-0948

THE IMPACT OF HYBRID AND REMOTE WORK MODELS
ON HUMAN RESOURCES MANAGEMENT IN AZERBAIJAN

Introduction. One of the key changes
observed in the development of labor relati-
ons in the 21st century is associated with the
implementation of remote and hybrid work
models. In particular, the COVID-19 pande-
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mic has had a significant impact on the global
labor market, creating conditions for repla-
cing traditional office-based work mecha-
nisms with flexible and technology-driven
new formats. At this stage, many organizati-


mailto:jamal.hajiyev@atmu.edu.az
mailto:2kamala.chingizgizi@gmail.com

Journal ecology and water economy
Ekologiya va su tasarriifatt jurnal,

Ned, 09.2025

ons, in order to ensure continuity of operati-
ons, provided their employees with the op-
portunity to work either from home or in a
mixed (hybrid) model.

Until recently, most employers used the
hybrid format purposefully, applying it only
for certain operations within companies.

The idea of remote work (telecommu-
ting) was first introduced in 1973 by the
American specialist and former NASA en-
gineer Jack Nilles. He proposed it as a soluti-
on during the oil crisis to reduce traffic con-
gestion and energy consumption. Nilles put
forward the idea that people could work re-
motely via satellite rather than commuting to
the workplace.

The hybrid work model, however, dates
back even earlier. The development of mo-
dern hybrid work is primarily based on the
“flexi-time” concept introduced in Germany
in the 1960 s. This concept envisaged more
flexible start and end times for the working
day.

The first theories regarding the economic
efficiency of remote and hybrid work models
are mainly associated with Jack Nilles’ “tele-
commuting” concept. His works in the 1970s
are considered the first fundamental research
in this field.

Jack Nilles explained the economic be-
nefits of remote work through the following
aspects:

— Reduction of energy consumption;
— Increase in employee productivity;
— Decrease in office expenses;

— Elimination of commuting costs.

Nilles’ theories were mainly directed at
the microeconomic level, that is, at the bene-
fits for individual employees and companies.
He presented the “telecommuting” concept as
a broader economic model with ecological
and social benefits. Hybrid work models, in
turn, emerged as a more flexible and modern
version of these theories.

Although Ronald Coase in “The Nature
of the Firm” (1937) did not directly address
remote work, his theory of transaction costs —
an economic concept analyzing the costs ari-
sing in the process of transferring property
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rights from one party to another—was later
used to explain the economic advantages of
remote work [9, p. 28].

The main idea of the theory is that if
transaction costs within the market (mana-
gement, communication, transportation) can
be reduced through technology, the structure
of firms may change. Since remote work re-
duces these costs, it corresponds with Co-
ase’s theory.

Nicholas Bloom empirically determined
the impact of remote work on productivity. In
2013, through an experiment conducted at the
Chinese company Ctrip by him and his
colleagues at Stanford University, it was fo-
und that employees working remotely incre-
ased their productivity by 13%, employee
satisfaction rose, and turnover decreased. As
a result, this study became one of the first ma-
jor academic works to empirically prove the
economic and operational benefits of remote
work [7, p. 42].

Although Peter Drucker did not provide
direct theoretical foundations for remote
work, through the concepts of the “knowledge
economy” and the “self-managed worker,” he
predicted the development of this model in
advance. He stated that “in the future, work
will not be a place but an activity” — which
forms the philosophical basis of remote and
hybrid work [10, p. 28].

International experience shows that in
the post-pandemic period, remote and hybrid
work models have already been accepted not
only as temporary measures but also as long-
term forms of employment in the labor
market. Leading companies operating in the
United States, Europe, and Asia — Microsoft,
Google, Deloitte, and other multinational or-
ganizations — have allowed their employees
to work in the office on certain days of the
week and from home on others, thereby achi-
eving both increased productivity and higher
employee satisfaction. Various research fin-
dings also show that these work models cre-
ate a positive link between employee well-
being and organizational efficiency, and ne-
cessitate new approaches in human resources
management (talent acquisition, motivation,
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performance evaluation, preservation of or-
ganizational culture, etc.).

In 2021, Anne-Laure Fayard, John Weeks,
and Mahwesh Khan published their study
“Designing the Hybrid Office” in the Harvard
Business Review, proposing the transformation
of the workplace into a “cultural space” [5].

Additionally, in the same journal, on
February 24, 2021, Mark Mortensen and
Martina Haas presented a study titled “Ma-
king the Hybrid Workplace Fair” [6].

Microsoft and LinkedIn published their
annual Work Trend Index Report for 2021
under the title “The Next Great Disruption Is
Hybrid Work — Are We Ready?”. Moreover,
the authors of the Work Trend Index prepared
various other reports on the subject.

As noted in the Hybrid Offices report, in
2008, only 8% of employees in Europe so-
metimes worked outside the office. By 2019,
this figure had not changed much, reaching
only 11%. Currently, one of the regions
seeking the fastest transition to this model is
the Gulf countries. In the UAE, this indicator
stands at 21%, while in Oman and Kuwait it
is 14%. All this demonstrates that although
hybrid and remote work models are very po-
pular in Western countries, there are still cer-
tain difficulties in making a rapid transition
to these models.

Analyses show that since the pandemic
period, a number of enterprises in the
Republic of Azerbaijan have also taken steps
toward the application of hybrid and remote
work practices. The use of this model in labor
relations has created conditions for the ef-
ficient utilization of modern technological
opportunities and for the more optimal
organization of employees’ work—life balan-
ce. Within the framework of the amendments
prepared in 2019, the concepts of “remote
work” and “telework” were incorporated into
the Labor Code. These innovations were
revised in Articles 4 and 55 of the Code [1].

Furthermore, the State Program on the
Implementation of the National Strategy for
the Development of the Information Society
in the Republic of Azerbaijan for 20162020,
adopted on September 20, 2016, also envisa-
ged such developments [2].
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However, analyses indicate that serious
preparatory work is underway in the country
regarding the updating of legal and regulatory
acts in this field. One of the main reasons
hindering the transition to this model both glo-
bally and in Azerbaijan is that, along with the
many advantages of hybrid and remote work
models, there are also certain drawbacks.

These drawbacks affect both individual
employees and companies.

Challenges for employees:

— Blurring of boundaries between work and
personal life;

— Social isolation;

— Both positive and negative stress;

— Slowing down of career development.

— Challenges for companies:

— Difficulties in monitoring and control;

— Weakening of team cohesion;

— Information security risks;

— Problems related to labor legislation;

— Additional technology costs, etc.

These challenges require a serious ap-
proach for both employees and managers to
successfully integrate into this new work mo-
del. To address these issues, it is important to
establish effective communication channels,
train staff capable of maintaining a work-life
balance, and invest in technological infrastruc-
ture.

As a result of the research, a survey was
conducted among more than 100 respondents
working in the country to examine their
successful integration into the new work
model.

The survey considered the gender and age
distribution of the participants. The results
showed that 80% of respondents were women
and 20% were men, which indicates the
predominance of female participants in the
survey. Analysis of responses by age groups
revealed that the majority of respondents
belonged to the middle-aged category: 35%
were aged 45-54, 25% were aged 25-34, 20%
were 55 and older, and the remaining 20%
were aged 35-44. These figures de-monstrate
that the survey mainly covered age groups
with work experience actively participating in
the labor market.
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The main purpose of the survey was to
study the attitudes of representatives of dif-
ferent sectors toward the hybrid and remote
work regime. The analysis revealed that
approximately 60% of participants preferred
the hybrid work regime, 25% preferred full
remote work, and the remaining 15% favored
the traditional office model. The vast majo-
rity of respondents emphasized the positive
impact of hybrid work on productivity but
also noted several challenges. The most fre-
quently cited problems included disruption of
work—life balance (45%), weakening of com-
munication with the team (50%), and tech-
nical infrastructure issues (40%).

When compared across sectors, it was
found that most employees in the IT and
finance industries had a more positive view
of this model, and favorable opinions were
also dominant in the service sector. However,
in the public sector, only 38% of participants
accepted the advantages of hybrid and remote
work, while other respondents primarily hig-
hlighted technical difficulties and weak mo-
nitoring mechanisms.

At the same time, the survey results
showed that 65% of participants generally
evaluated the hybrid and remote work model
positively. Among them, 54% considered the
strengthening of technical infrastructure,
particularly high-speed internet and cyberse-
curity measures, to be essential prerequisites.
In addition, 61% of respondents emphasized
the necessity of strengthening the climate of
trust between employees and employers.

Overall, the survey results confirm that
the hybrid and remote work model can be im-
plemented gradually in Azerbaijan. Howe-
ver, for this to happen, improving the le-
gislative framework, strengthening technical
infrastructure, and increasing organizational
support stand out as crucial conditions. A
large proportion of respondents are open to
the broader application of this model in the
future, and it is possible to conclude that,
under the right mechanisms, it could enhance
labor productivity and employee motivation.

Conclusion and recommendations. Ba-
sed on the conducted analysis, it can be stated
that both hybrid and remote work models are,
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individually, strategically important trends in
shaping the modern labor market. Global
experience also confirms that these models
create new opportunities for enterprises in hu-
man resources management: the digitalization
of recruitment and selection processes, resul-
ts-based performance management, enhan-
cing employee motivation and engagement,
and aligning the legal frameworks of labor re-
lations with contemporary requirements are
among the key mechanisms in this regard.

In the Republic of Azerbaijan, certain
steps have been taken toward the implemen-
tation of hybrid and remote work models; ho-
wever, their potential has proven to be more
effective in the IT and service sectors. In the
public sector, the development of e-governa-
nce may create conditions for hybrid appro-
aches in the future. It should be noted that im-
proving the regulatory and legal foundations
of labor relations, strengthening the climate
of trust in employer-employee relations, and
further development of technical infrastruc-
ture are considered crucial factors for the
wider application of this model.

Providing relevant proposals and recom-
mendations related to the research is of cur-
rent importance, and based on the conducted
study and international academic sources,
several solution directions and recommenda-
tions can be identified:

Improvement of the regulatory and legal
framework.

It is necessary to introduce specific pro-
visions regulating remote and hybrid work
regimes into the Labor Code of the Republic
of Azerbaijan. Clarifying mechanisms related
to the measurement of working time and the
distribution of responsibilities will not only
ensure the protection of employee rights but
also guarantee the transparency of emplo-
yers’ management mechanisms.

Strengthening technical infrastructure.

The availability of high-speed internet,
digital collaboration platforms, and the deve-
lopment of cybersecurity standards are essen-
tial prerequisites for the effective imple-
mentation of remote and hybrid work models.

Results-based performance manage-
ment. Traditional evaluation criteria based
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on employees’ physical presence should be
abandoned, and instead, internationally tes-
ted methodologies such as KPI (Key Perfor-
mance Indicators), OKR (Objectives and Key
Results), and 360-degree feedback (an excel-
lent method to encourage people, help them
achieve business goals, and further develop
their strengths) should be applied [11].

Strengthening trust in employee—emplo-
yer relations.

A climate of mutual trust in remote and
hybrid work is a decisive factor for mainta-
ining productivity; thus, transparent HR poli-
cies, continuous feedback, and the appli-
cation of motivation programs are advisable.

Health and well-being measures. To
reduce the health risks associated with long-
term sedentary work, it is important to intro-
duce ergonomic solutions in workplaces, pro-
vide employees with opportunities for physi-
cal activity, and improve ventilation and ligh-
ting conditions in office environments [12].

Specific recommendations for the public
and private sectors are as follows:

Implementation of pilot projects

For the public sector: A hybrid work
pilot can be applied in ASAN service centers,
which provide extensive electronic services,
for selected functions such as online docu-
ment submission and digital consultations.

For the private sector: In banks and insu-
rance companies, a pilot hybrid regime can be
tested in departments such as online customer
services and report preparation units.

For the education and science sector:
Remote meetings and document circulation
practices can be tested in university governing
bodies and administrative departments.

Monitoring and evaluation of implemen-
tation

Productivity indicators: Comparison of
KPIs and OKRs before and after implementati-
on; volume of work performed per employee.

Employee satisfaction: Motivation, work
— life balance, and communication quality
should be measured through regular (quar-
terly) surveys.

Employee turnover: Statistics on turno-

ver rate, recruitment duration, and loss of
competencies.
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Health and well-being: Employee self-
assessment surveys measuring stress levels
and work-life balance.

Assessment and expansion of results.
Pilot projects should be tested over a period
of 6-12 months, and the results should be
shared with relevant institutions. In sectors
where positive results are achieved (IT and
financial services), the model can be expan-
ded. In cases where results are unsuccessful
(sectors requiring direct customer interac-
tion), the hybrid regime should only be appli-
ed in a limited manner.
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Hajiyev J.J., 2Huseynova K.

The impact of hybrid and remote work
models on human resources management
in azerbaijan

ABSTRACT

The COVID-19 pandemic, as in many
other countries, has significantly affected the
labor market in Azerbaijan, forcing a transi-
tion to remote work and accelerating the ado-
ption of digital technologies, which in turn
led to a reconsideration of traditional appro-
aches to work organization. Similar to other
countries, the wide application of remote and
hybrid work models, which allow employees
to perform their duties both from home and
from the office, has begun in our country.

The newly implemented work models
have affected not only employees’ individual
productivity but also corporate culture and in-
teractions among colleagues. Furthermore,
they have created new opportunities for em-
ployers by optimizing office costs and expan-
ding geographic possibilities for attracting
specialists. The greater flexibility gained by
employees in terms of working time arrange-
ments has made a significant contribution to
their productivity. However, the implementa-
tion of these new work models has created
many new requirements. These include ensu-
ring a reliable digital infrastructure, mainta-
ining employee motivation in a remote wor-
king environment, and adapting management
approaches to the new reality. In addition, the
legal regulation of remote employment and
the protection of employee rights have gained
particular importance. From this perspective,
the research is highly relevant under current
conditions and, and remains one of the rela-
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tively less explored issues. Thus, the rele-
vance of the topic is explained by two main
factors:

The widespread use of hybrid and remote
work models in the global labor market;

The increasing opportunities for the ap-
plication of this practice in modern labor re-
lations in the Republic of Azerbaijan. These
features make it necessary to study the topic
scientifically from both socio-economic and
organizational management perspectives.

The aim of the research is to examine
the impact of remote and hybrid work models
on labor productivity and employee satisfac-
tion under changing working conditions.

The chosen research methodology is an
analytical approach based on current practi-
Ces.

The practical significance of the study
is to provide practical recommendations for
human resources management and the ef-
fective organization of a hybrid work envi-
ronment, thereby contributing to manage-
ment decision-making on a scientific basis.

The scientific novelty of the study lies
in analyzing the technical, administrative,
and psychological aspects of work models for
the post-pandemic period and presenting
practical solutions for organizations.

Keywords: remote work, hybrid work
model, human resources, human resources
management, working conditions.
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Azarbaycanda hibrid va masafadan is
modellarinin insan resurslarinin idars
olunmasina tasiri

XULASO

COVID-19 pandemiyasi bir ¢ox 6lkalor-
do oldugu kimi Azarbaycanda da amok baza-
rina ohomiyyatli tosir géstormis, mosafodon
is rejimina Kegidi zaruri etmis vo rogomsal te-
nologiyalarin totbigini sirstlondirmisdir ki,
bu da 6z ndvbasinds ananavi isin togkiline ya-
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nagmalarin yenidon nazardon kegirilmasina
sobab olmusdur. Digar 6lkalords oldugu ki-
mi, is¢ilorin ham evdon, hom do ofisdan vozi-
falarini yerina yetirmasina imkan veran mo-
safodon vo hibrid is modellorinin genis tot-
bigino 6lkamizds da baslanilmigdir.

Yeni totbiq olunan is modellari tokca isci-
lorin fordi mohsuldarligina deyil, ham ds kor-
porativ madaniyyato Vo omakdaslar arasindaki
garsiligh miinasibatloro tosir gdstormisdir.
Bundan olave, onlar isog6tirenlor tctin ofis
xarclarinin optimallagdirilmasi vo mitoXassis-
lorin colb edilmasi t¢iin cografi imkanlarin
geniglondirilmasi baximindan yeni fursatlor
yaratmusdir. Iscilorin is vaxtinm toskili baxi-
mindan alds etdiklori daha boytk geviklik on-
larin mohsuldarligina miihiim téhfs vermisdir.
Bununla bels, bu yeni is modellarinin tatbigi
bir cox yeni toloblor do yaratmigdir. Bunlara
etibarli ragomsal infrastrukturun tomin edil-
masi, masafodon is mihitinds is¢i moti-vasi-
yasinin saxlanilmasi va idaraetms yanasmala-
rinin yeni realliga uygunlasdirilmas: daxildir.
Bundan olava, masafadon amak miinasibatlo-
rinin hiiqugi tonzimlonmasi va is¢i hiiquglari-
nin qorunmasi xiisusi shamiyyat kosb etmis-
dir. Bu baximdan, tadgigat mévcud soraitdos
oldugca aktualdir va nisbaton az Oyronilmis
masalalordan biri olaraq qalir. Beloliklo, mov-
zunun aktualligi iki asas amills izah olunur:

Hibrid vo masafodon is modellarinin glo-
bal omok bazarinda genis istifadasi;

Bu praktikanin Azorbaycan Respublika-
sinda muasir amak minasibatlorinds tatbiq
imkanlarinin artmast.

Bu xususiyyatlor mgvzunun sosial-iqti-
sadi va toskilati idarsetmoa baximindan elmi
todgiqini zoruri edir.

Tadqiqatin magsadi doyison is soraitin-
do masafadan va hibrid is modellarinin amak
mohsuldarligina va is¢i mamnuniyyatins tasi-
rini aragdirmagqdir.

Secilmis tadqiqat metodologiyas1 mov-
cud tocriibalors asaslanan analitik yanasma-
dir.

Tadgigatin praktiki ahamiyyati insan
resurslarmin idars edilmasi vo hibrid is miihi-
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tinin somarali toskili tiglin praktik tovsiyale-
rin hazirlanmasindan ibaratdir ki, bu da ida-
roetmo gorarlarinin elmi asaslarla gabul edil-
masina tohfo veracokdir.

Tadgigatin elmi yeniliyi pandemiyadan
sonraki dovrda is modellarinin texniki, inzi-
bati vo psixoloji aspektlorinin tohlil olunma-
sida va togkilatlar ti¢iin praktik hallorin tog-

YK 518.517.944/947

dim edilmasindadir.

Acar soOzlar: mosafodan is, hibrid is
modeli, insan resurslari, insan resurslarinin
idara edilmasi, is soraiti.

Magalaya AzMIU-nun “Xidmat sahalarinin
iqtisadiyyatli va memnecment” kafedrasinin
mudiri, prof. A.M. Agayev ray vermisdir
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YNUCJIEHHOE PEHIEHHUE 3AIAY TIUPUXJIE C OCOBEHHOCTBIO

1. Ilycte D onHocBsizHast obmacte ¢
KyCO4YHO-TNaKoi rpanuneit I'. Paccmorpum
3agauy upuxne mis ypaBHenus Ilyaccona:

(1)
(2)

W3BecTHO, 4YTO eciu (QyHKIUS HMEeT
pa3pbiB BTOPOrO POJA B BEPIIUHE YIJIa, TO B
OKPECTHOCTH 3TOH BEPUIMHBI CIpaBeINBA
acumnroTHyeckas popmyia (cm. Hamp. [1]):

Au=f 6 D
u=¢(s) Ha r

rze I —paccTosiHKUE OT YIJI0BOM TOYKH, N — IOp-
AN0K TNPOU3BOJHOM. YUHWTHIBasl 3Ty aCHMII-
TOTHUKY B [2] JJIsl HOTPEIIHOCTH METOAA CETOK
B Cllydac IMATUTOYEYHONW Pa3HOCTHOW CXEMBI
MOJTy4€Ha CIIEAYIOIAs OLICHKA:

1
0o(h?), <=,
( ) npu o 5
o, = 1 1
O(h””), npu aZE, >0,

IZle Q7 - pacTBOp yIJa.

B cnydae, koryia HEIPEPHIBHO MPOXOIUT
4yepe3 BEpIIMHBI YIIIOB, IS BRITYKIIBIX (0<1)
YIJIOB YUUTHIBASI aCUMITOTUKY

y® o~

nonyuena onenka h=0(h?); a 11 BOrHYTHIX
(0>1) yrIioB Moyb3ysCh aCUMITOTHKOM
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(n) 1/a-n

u ~r (3)
B [3] monyueHa cieayromas OneHKa:
5, =0 r ™) @

Mbl niepeuucinsaiid ciiy4au, Korja rpa-
HUYHBIE YCIOBUS alllIPOKCUMHUPYIOTCS TAKUM
K€ MOPSIAKOM, KaK Y YpaBHEHHUE, T.€. MOPSI-

2
kom O ( h ) B KJ1ACCC IIaIKuxX peH.IeHPIﬁ.

B Hacrosieii 3aMeTKe paccMaTpUBaeTCs
3anava J{upuxie B odnactu D, rpanuna /" xo-
TOPOH COCTOHMT M3 OTPE3KOB MapajuIebHBIX
KOOPJMHATHBIM OCSIM, MPUYEM 3TH OTPE3KU
COU3MEPUMBI; (@ s)- HeTpepbIBHAS (QYHKIHSI
JUIMHBI TyTd [, T.e. JUIS TOYHOTO peIleHHs
BepHa orieHka (3).

2. Bribepem ho>0 Takoe, uTo KBagpaTHAs
cerka s obmacty D =DUJ ¢ 1arom
h,0<h<ho Oputa cormacoBanHas. MHOXeCT-
Ba y3J10B Jekamux B D u Ha I, 0003HaYMM
yepe3 Dpu [h, COOTBETCTBEHHO.

PaccMoTpuM [neBSITH TOUYEUHYIO pas-
HocTHyI0 cxemy (cm. [4], [5]):

1
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[MorpemHocts  §;, =U— U, NpUOIMKEH-
HOT'O PEIICHHUS ABIIECTCS PELICHUEM 3a1a4u:
_ 4
A8, =h'M, B Dh,} ©)
6,=0 mHa [,
rae Me - JIuHEWHas KOMOWHAIUS MIECTHIX
MIPOU3BOAHBIX OTU .
3. Ilycte Z,- mpowu3BOJIbHAs YIJIOBas

TOYKA, TJI€ PAaCTBOP yIila paBeH OLTT , TPAHUIIBI
I’ u 3Hauenue QyHKIMHM @ B TOUKE Z,0003-
Ha4YMUM 4epes3 P, .

Crnenys Texnuke padoTsl [3] uccnenoBan-
HOM JUI NATUTOYECYHOM CXEMBI JOKa3bIBa-
ercs.

Jlemma. B okpecTHOCTH Z ), T1I€ BBIIIOI-
HsETCA OIeHKA (3) i peleHus pa3HOCTHOM
3amauu (5) cpaBeIMBa OIICHKA.

— Y
U, -, =0(r"), )
rae O<y<1l/a.

Ha ocHoBannu JIeMMbI 1 COOTHOIIIGHUM
(6) yuutbiBas oueHKY (3) moka3bIBaeTcs

Teopema. Jlns morpenrHocTd mpuoIu-

JKEHHOTO pelIeHus 3ana4yu (6) BEpHBI OIEH-
KHU:

4. 3ameuanue. [lonydeHHbI pe3ynbTaT
MOKa3bIBAET, YTO MPUMEHSS NIEBATH TOYEY-
HYIO CXE€MY pe3ynbTaThl JlaacoHeHa 1 pac-
CMaTpUBaeMbIX HaMU 00JIACTEH, MOKHO YITy4-
IIUTH TOJIBKO At @ =1/ 2, T.¢. MpaKTHYECKUX
pacuerax aisi obsactel ¢ yrimamua >1/2,
a #1, He cnenyet yenoxHATh cxemy. OeHKn
(8) Takxe MOATBEPKAAIOT CICAYIOIIMA TPU-
Mep, aHajoruuyHeii nmpumepy E.A. Boikosa
[6]. ITpu pelieHnu C MOMOIIIBIO IEBATUTOUECY-
HOM cxeMbl 3a1aun Jlupuxiie s ypaBHEHUS
[lyaccona B cekTope JeBATUTOUCHHON CXEMBbI
3agauun Jupuxie mis ypaBaenus Ilyaccona B

cextope I, = {0 <r< 1,|(9| < 0c7r/2}, TOYHBIM pe-

MEHHUEM KOTOpOﬁ SABJICTCA q)YHKHI/IH

U(X,Y)Z rl/a COS@/(I, rae r:m,

0= arg(x + iy) , TIOTPEIIHOCTh PUOINKEHHO-

ro pewenus, npu 1/2<a<2, a=#l,
0O<h<h o » YIOBIIETBOPSIET HEPABEHCTBY:

1 _
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5. UncaeHHple pacyerhbl IMOATBEPKIA0-
K€ CIPaBEIINBOCTE OLIEHKH (7).
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u(x,y)=r""sin 6/a.
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rax, M3MeHSIonmxcsd B cooTHomennu 4:2:1, a

89

umMenno 1/8, 1/16 u 1/32; N — KOIU4eCTBO

HaITpaBJICHUN

B KOTOpPBIX
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yj,j:l,2,4. OTHOCHUTENBHO 3aIIOJIHEHUS Ta0-
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Numerical solution of Dirikhle
problems vvith singularity

SUMMARY
The Dirixle problem for the Puasson

equation is considered in the region with the
boundary parallel to the coordinate axes.
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Given the property of the solution at the
corner points, the error of the grid method is
estimated. It is shown that the results of the
finnish mathematician P. Laasonen can be
improved only and only in rectangular
regions by means of the eight-point scheme.

Balakisiyev B.B.
BDU

Maxsusiyyata malik Dirixle
masalasinin adadi hallina dair

XULASO

Koordinat oxlarina paralel sorhada
mailik oblastda Puasson tanliyi tgln Dirixle
masalasine baxilir. Kiinc ndqtalorinds hallin
moXsusiyyati nozors alinaraq, soboko Usulu-
nun Xatast qiymatlondirilir. Gostarilir ki, fin
riyaziyyatcisi P.Laasonenin naticalorinin yal-
niz vo yalmz diizbucaqli oblastlarda dog-
quznégtali sxemin vasitasilo yaxsilasdirmaq
olar.
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