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AzMIU
"YASIL IQTISADIYYAT" VO SU TOCHIZATI SISTEMLORININ
INKISAFINDA INNOVATIV ISTIQAMOTLOR

Xulasa: Mogalodo Azarbaycan Respublikasinda son illor arzinds 6lkamizin va
diinyanin global problemlarindon olan su catismamazligi, tomiz enerji layihalori, az
karbonlu nogliyyat, "yasil" binalar, tullantilarin idars olunmasi, tomiz sonaye va s.
kimi mdvzulara toxunulmus va bu moslalarls bagli icra olunmus layihalora baxilmis
vo miayyan tokliflor verilmisdir.

Acar sozlor: Otraf miihit, sirin su ehtiyatlari, "yasil" iqtisadiyyat, i¢cmali su,
gordlan layihalor
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AKOJIOTMYECKH YHWCTHIE SHEPreTUUYECKUE MPOEKTHI, HUZKOYTJIEPOIHBIA TPAHCIOPT,
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"GREEN ECONOMY™ AND INNOVATIVE DIRECTIONS IN
THE DEVELOPMENT OF WATER SUPPLY SYSTEMS

Summary: The article touched upon such global topics as water scarcity, clean
energy projects, low-carbon transport, green buildings, clean industry, etc., as well as
reviewed completed projects and made certain proposals.

Key words: Environment, fresh water resources, "green™ economy, drinking
water, implemented projects.



Dunyada otraf muhitin ¢irklonmasi, azalan tabii ehtiyatlar vo artan toslobat
fonunda dayaniqli inkisafa nail olmaq {i¢iin "yasil" iqgtisadiyyatin genislondirilmasi
istigamotinda hayata kegirilon tadbirlor boyik shomiyyst dasiyir.

Prezident Ilham Oliyev torofindon tosdigq edilmis "Azorbaycan 2030: sosial-
igtisadi inkigafa dair Milli Prioritetlor"do 5-ci prioritet "Tomiz otraf muhit vo "yasil
artim" Glkosi" adlanir.

Isgaldan azad olunmus orazilordo genismiqyasl borpa vo quruculug, iqtisadi
reinteqtasiya todbirlori aparilmaqdadir vo bu istigamotdo nozordo tutulmus strateji
baxislardan biri do bu orazilords yasil enerji zonasinin yaradilmasidir. 22 fevral 2021-
ci il tarixindo Energetika Nazirliyiilo BP sgirkoti arasinda iri miqyasda
karbonsuzlasdirilmis, inteqrasiya edilmis enerji vo noqliyyat sistemlori, o ciimlodon
Azorbaycanin sohor vo rayonlarinda barpa olunan enerji layihslari tigiin tolob edilon
potensialin va soraitin qiymoatlondirilmasi lizra amokdasliq etmok magsadilo Anlagma
Memorandumu imzalanmisdir. Memorandum ¢or¢ivasinda, tomiz enerji layihalori, az
karbonlu nogliyyat, "yasil" binalar, tullantilarin idaro olunmasi, tomiz sonaye, tobii
iglim  hollori,  inteqrasiyali  torofdashiglar, = homg¢inin  inteqrasiyali  vo
karbonsuzlasdirilmis enerji vo naqgliyyat sistemlorinin hazirlanmasi istigamotindo
omokdasliq imkanlarinin arasdirilmasi nozords tutulur.

Tabiatin boxs etdiyi avazsiz nematlordon sayilan sudan somarali istifade mohdud
sirin su ehtiyatlarina malik Azorbaycanda tarixin biitiin ddvrlorindo aktual
masalalardon olub.

Su kimi miigaddas nemsatin qorunmasi, onun keyfiyystinin tomin olunmasi,
galacok nasillar ligiin etibarli monbalorin formalasdirilmasi doévlst programlarinda
xususi geyd olunur. 2000-ci illarin avvallorinden etibaron Baki soharinin vo otraf
gosabalarin bdylimasi, yeni sonaye miiassisalorinin foaliyyato baglamasi igmali suya
olan tolabati ciddi sokildo artirmigsdi. Bu masalonin halli yollarini vaxtilo timummilli
lider Heydor Oliyev zorgar doqiqliyi ilo gostormisdi. Halo vaxtilo "Bakiya bol-bol su
gotiracoyik" deyan timummilli liderimiz Heydor Oliyev 2002-ci ilin dekabr ayinda
kecirilon miisavirado paytaxta yiikksok keyfiyyatli bulaq suyunun gatirilmasinin
vaxtinin ¢atdigini bildirmis va bu magsadle Oguz-Qabals zonasinin yeralti sulariin
Oyronilmasi barada tapsiriq vermisdi. Ulu Ondarin ideya miiollifi oldugu homin
layiha onun layigli davamgis1 Prezident Ilham Oliyev torafindon ugurla reallagdirilds.
2007-ci ilin martinda Oguz-Qabale-Baki su komarinin tomoli atildi. Dovlot Neft
Fondundan maliyyslosdirilon layiho ¢orgivesinde Oguz rayonu orazisindo
mohsuldarligi saniyado 5 kubmetr olan monbs yaradildi, buradan Abseron
yarimadasina 262,5 km 6ziiaximli magistral su kamoari ¢akildi. Tikintisinin boyuk bir
hissasi miirakkab relyefds aparilan komor 2010-cu ilin dekabrinda istismara verildi.
Bununla da, Baki goharinin oksor orazilorinin su tochizatinda sabitlik tomin edildi,
bazi yerlords iso fasilosiz rejimlora kegirildi.
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Bununla belos, siirotlo boyiiyon vo inkisaf edon paytaxti fasilosiz su ilo tochiz
etmok tigiin olavo su hocmlorino ehtiyac var idi. Abseron yarimadasindaki gosobo vo
kondlordo morkozlosdirlmis su sobokolorinin yaradilmasi ilo suya olan tolobatin
artmasi, ohalinin keyfiyyatli su ilo tomin edilmosi, magistral komorlordo qozalar
zamani su tochizatinda problemlorin yaranmamasi moqsadilo su monbalarinin
olagolondirilmasi nozores alinmaqla Baki sohorine yaxmm yeni su monbayinin
yaradilmasina qorar verildi. 2011-ci ilin sentyabrinda Prezident ilham ®Oliyevin
istiraki ilo Ceyranbatan goliiniin yaxinliginda ultrasiizgac texnologiyasina asaslanan
yeni kompleksin tomali qoyuldu. ©n son texnologiya asasinda tikilon kompleks 2015-
ci ilin oktyabrinda istifadoys verildi.

Ononavi tomizlomo qurgularindan forqli olaraq yeni kompleksdo su  ultrasiizgoc
texnologiyasina osaslanmagqla he¢ bir kimyovi tomizlonmo aparilmadan avtomatik
rejimdo mexaniki lisulla tomizlonir. Mohsuldarlig1 saniyads 6,6 kubmetr toskil edon
qurgu Abu Dabi Qlobal Su Sammitindo diinya su sonayesinin on Onomli
layihalarindan biri secilib.

Oguz-Qabolo-Baki su komorinin vo Ceyranbatan Ultrastizgocli Sutomizloyici
Qurgular Kompleksinin istismara verilmosi Kiir sutomizloyici qurgularinda emal
olunan vo Bakiya &tiiriilon suyun bir hissosinin igmoli su problemi ilo iizloson
rayonlarin tolabatinin 6donilmasing yonsltmoays imkan yaratdi. Qurguda emal olunan
suyun otraf rayonlara verilmosi mogsadila Sirvan-Mugan vo Sabirabad-Saatl qrup su
komarlori istismara verildi. Bununla da, Hacigabul, Sirvan, Salyan, Bilosuvar, Saatl
vo Sabirabad sohaorlori, homg¢inin komaorlorin marsrutu boyu 30-dan artiq kond
keyfiyyatli igmali su ilo tomin olundu.

2020-ci ilin martin 3-do Prezident ilham Oliyevin istiraki ilo regionlarda tikilmis
on boyiik igmoli sutomizloyici qurgu - Somkircay tomizloyici qurgusu istismara
verildi. Mohsuldarlig1 sutkada 140 min kubmetr vo ya saniyads 1,6 kubmetr olan bu
qurgu Gonco, Somkir, Samux goharlori vo otraf kondlords 450 mindon artiq insanin
dayaniqh vo tohliikosiz igmoli su tominatina hesablanib. Bu yasayis montogolorini
icmoli su ilo tochiz etmok mogsadilo qurgudan Gonco sohorino 27 km, Somkir
soharina 16,5 uzunlugunda magistral su koamarlori ¢okilib. Artiq hor 3 sohors yeni
monbadon suyun verilmasi tomin edilib.

Lonkoran vo Astara sohorlorinin igmoli su tochizatinin yaxsilagdirilmasi
maqgsadils  Xanbulancay su anbarmin imkanlarindan istifado edilmoklo yeni
texnologiyaya osaslanan vo mohsuldarligi sutkada 30 min kubmetr olan sutomizloyici
qurgular kompleksi insa olunub, buradan Lonkaoran gohorino 12 km, Astara soharina
159 25 km uzunlugunda magistral su komarlori ¢okilib.

Bolgoalords yasayan ohalini keyfiyyatli vo dayanigli igmali su ils tomin etmok
maogsadile Mingagevir, Quba, Qobustan vo Agstafa sutomizloyici qurgulart da
istismara verilib.



Morkozi Aran bdlgosinin sudan oziyyot c¢okon yasayls montogolorinin su
tochizatt moqgsadilo Girdmangayin yataginda mohsuldarligi saniyads 450 litr olan
Kiiliillii su monbayi yaradilib vo anbar kompleksi tikilib. Buradan Zordab, Ucar,
Kiirdomir vo Agsu sohorlorino 182 km uzunlugunda 4 magistral komor ¢okilib.
Hazirda bu sohorlor vo magistral komorlors yaxin yerloson 50-don artiq kond Kiiliillii
manbayi hesabina keyfiyyatli igmali su ilo tomin olunur.

Bundan olavo, global istilosmo vo quraqliq noticosindo bozi su monbolorinin
mohsuldarliginda bag vermis doyisikliklori nozors alaraq Tovuz, Godoboy, Samax1 vo
Lerik gohorlori {i¢lin alternativ monbolorin yaradilmasi layiholori icra edilib.

Azorbaycanda ilk dofs innovativ texnologiyalardan istifado edilmokls tunel tipli
kanalizasiya kollektorlarinin tikintisi hoyata kegcirilir. Bayil-Bibiheybot-L0kbatan,
Xocasan-Binagadi-Xirdalan,  Bilgoh-Pirsagi,  Darnogiil-Z1g-Hovsan, Novxani-
Sumgayit kollektorlar1 kanalizasiya infrastrukturunun yaxsilasdirilmasina vo Xozor
donizina tomizlonmadon axidilan tullanti sularinin qarsisinin alinmasina hesablanib.
14 km uzunlugunda Bayil-Bibiheybot-LOkbatan, 15 km-lik Novxani-Sumgayit
kanalizasiya kollektorlarinin istismara verilmoasi, eloco do Baki buxtasinin sahili boyu
movcud xatlorin reabilitasiyas1 Donizkonar1 Milli Park, Dovlot Bayragi Meydani, Six,
Novxani vo Sumgqayit ¢imorliklorinin ohato etdiyi boyiik bir orazido donizo axidilan
tullant1 sularinin garsisini alib.

Baki soharindo vo Abseron yarimadasinda soth vo qrunt sularmin yaratdig
problemlorin halli moaqgsadilo 21 {invanda layihoalor icra edilib. Bu layihoalor
corcivasindo 40 km-don artiq yagis-kanalizasiya kollektorlari insa olunub. Eyni
zamanda, Boyliksor, Mohommaodi, Kiirdoxan1 vo Tasagil gollorinds su soviyyasinin
tonzimlonmosi magsadils infrastruktur yaradilib.

Dovlot bas¢isinin 6lkomizin orzaq tohliikosizliyinin vo ixrac potensialinin
artirtlmasinin tomin edilmosi barado tapsiriglarima uygun olaraq “Azorsu” ASC
torofindon Zordab, Haciqabul vo Samaxi rayonlarinin orazisindo okin
sahalarinin suvarma suyu ilo tominatinin yaxsilagdirilmasi layihalori hoyata kegirilib.
Bu mogsadlo Kiir ¢ay1 sahilindo mohsuldarlig1 saniyodo 3 kubmetr olan sugotiiriicti
qurgu, nasos stansiyasi, hocmi 50 min kubmetr olan anbarlar tikilib, okin sahalorino
42 km uzunlugunda osas dastyici komoarlar ¢okilib vo arazilors suyun verilmosi tomin
edilib. Oton dévrds hayata kegirilon layiholor ¢ar¢ivasinde mohsuldarlig sutkada 830
min kubmetr olan 7 sutomizlayici qurgu, 250-don ¢ox su anbar1 va anbar kompleksi
tikilib va ya yenidon qurulub, 21 min km-don ¢ox magistral vo paylayict su, 4000
km-don artiq kanalizasiya xotlori ¢okilib, 120-don ¢ox su vo kanalizasiya nasos
stansiyas1 tikilib, 357 artezian vo subartezian quyusu qazilib. “Azorsu” ASC-nin
foaliyyoti dovriindo 1 milyondan ¢ox saygac qurasdirilib vo saygaclagsma soviyyosi 85
faizi kegib. Goriilmiis islor naticasinds abonentlorin say1 670 min artaraq 1 milyon
550 mina ¢atib.



2004-cii illo miiqayisado fasilosiz su ilo tomin olunan ohalinin xiisusi ¢okisi
Baki sohorindo 29 faizdon 81,5 faizo, regionlarda iso 9 faizdon 63 faizo yiiksalib.
Beloliklo, 6lko lizro ohalinin fasilosiz su tominatinin soviyyasi son 16 ildo 26 faizdon
73,6 faizo qalxib.

Qeyd edilonlor Azorbaycanda golocok iqtisadi inkisafin ekoloji tomiz
texnologiyalarin totbiqi, tomiz enerji monbolorindon istifads, tullantilarin tokrar emal
va ¢irklonmis orazilorin barpasi sahasinds islorin artirilmasi il six bagl olacagini
demoyo asas verir.

Milli Prioritetlors uygun olaraq, otraf miihitin saglamlasdirilmasi, yasilliglarin
siirotli barpasi vo artirilmasi, su ehtiyatlarindan vo dayanigli enerji monbolorindon
somarali istifado tomin edilocakdir.
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Qshramanh Y.V., Prof., Xslilova A.9., Dos., Maharramova S.Y., Ass.,
Hoasanova A.X., Ass.
AzMIU
KUR-ARAZ DUZONLIYINDO AGIR MEXANIKi TORKIBLI
SORLASMIS TORPAQLARIN YARARLI HALA SALINMASI
PRINSIPLORI

Xiilasa: Moqalads Kiir-Araz diizoenliyinin Sirvan zonasinda agir mexaniki
torkibli, zoif su sizdiran sorlasmis torpaqglarin yararli hala salinmasinda totbiq olunan
miixtalif yuma tisullariin prinsiplari vo mahiyysti sorh edilmisdir. Analoji soraitds
golacak iglords kimyoavi meliorasiyanin totbiqi ilo yuma toklif edilir.

Agar sozlor: sorlasmis torpaq saholori, yuma {sullari, drenaj, kimyovi
meliorantlar



npo¢. Kaxpamanasl 10.B., nou. Xanunosa A.A., Acc. MareppamoBa
C.sl., Acc. I'acanoBa A.X.
ASUCY

IMPUHIAIIBI O310POBJIEHUS 3ACOJIEHHBIX ITOYB C
TSI)KEJIBIM MEXAHUYECKHNM COJEPKAHUEM HA KYPA-
APABMHCKOM PABHUHE

AHHoTanusi: B crarbe W3MOXKEHBI CHENU(PUUECKHE MPUHIUIB U CYIIHOCTh
pPa3IUYHBIX CIIOCOOOB MPOMBIBKM NPUMEHSEMBIX MJI O3JI0POBIICHUS TSKEINbIX,
c1aboBOAOIIPOHUIIAEMBIX 3eMmenb B ycinoBuax Ilupsanckoit 30Hbl  Kypa-
ApakcuHCcKOM paBHUHBL. [Ipemnaraercs NpPUMEHEHHE TPOMBIBKM XHMHYECKOU
MeJIHOpalMy JaIbHEUIINX padOT B aHAJOTHUYECKUX YCIOBHSIX.

KuroueBble ci10Ba: 3aCOJIEHHBIE YYaCTKH MOYBBI, CIIOCOOBI POMBIBKH, IPEHAK,
XUMHYECKUE MEITMOPAHTHI.

prof. Gahramanly Y.V., Doc. Khalilova A.A., Ass. Magerramova S.Y .,
Ass. Hasanova A.Kh.
Azerbaijan university of architecture and construction

PRINCIPLES OF IMPROVEMENT OF SALT SOILS WITH HEAVY
MECHANICAL CONTENT IN THE KURA-ARAZ PLAIN

Annotation: The article describes the specific principles and essence of various
flushing methods used for the rehabilitation of heavy, poorly permeable lands in the
Shirvan zone of the Kura-Araks plain. It is proposed to use chemical reclamation
flushing for further work under similar conditions.

Key words: saline soil areas, leaching methods, drainage, chemical ameliorants.

Azorbaycanin imumi suvarilan 1,426 miln. hektar torpaq saholorinin 60
faizindon ¢oxunun yerlasdiyi vo suvarma okingiliyinin davamli inkisafinda xUsusi
yeri olan Kir-Araz diizoenliyinin tobii halda asason sorlagsmis olan torpaqlarin sistemli
sokilde yararli hala salinmasi ¢ox aktual massladir. Bununla bels bolganin xeyli genis
orazilorindo Sirvan diiziindo, Conubi Muganda, Xozor sahilindo vo s. osason agir
mexaniki torkibli, zaif susizdirma qabiliyystino malik sorlagsmis torpaqglar yayilmisdir
ki, onlarin da adi su ilo yuyularaq, yararl hala salinmasi olduqca ¢otindir. Odur ki,
agir mexaniki torkibli zoif su sizdirma qabiliyyotino malik sorlagsmis torpaqlarda
yuma prosesinin siiratlondirilmosi, onun somarsliliyinin yiiksaldilmasi vo yuma
miiddatinin azaldilmasi1 mogsadilo miixtslif yuma texnologiyalarindan (hidrotexniki,
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su-fiziki, mexaniki, kimyovi, elektromeliorasiya) istifado edilir. Hidrotexniki vo
fiziki-mexaniki iisulda daimi dorin drenaj fonunda agir mexaniki torkibli torpaq
gruntun st qatimin su sizdirmasinin yaxsilagdirilmast mogsadilo yumadan gabaq
dorin sumlama (40-60 sm), ya dorin yumsaltma (60-90 sm), ya da miivoqqoti
drendon, o ciimlodon krot drendon istifado nozordo tutulur. Kimyovi yuma iisulunda
1so miixtalif kimyoavi meliorantlardan (on ¢ox gips, goc vo sulfat vo ya xlorid
tursusunun zoif mohlulu) istifado edilir. Kimyovi meliorantlardan sorakatli vo sodali
sorlagmis torpaqglarin meliorasiyasinda da genis istifads edilir.

Beloliklo yuma zamani kimyovi meliorantlardan istifado edilmosi noticosindo
torpagin strukturu yaxsilasir, suke¢irmo vo duzvermo gabiliyyeti yiiksalir, eloco do
sorakot torpaqda udulmus natrium kationu kalsium kationu ilo avoz olunur, orada
olan goalovilik neytrallagdirilir.

Elektromeliorasiya lisulunda torpaga metal elekrodlar vasitasilo daimi corayan
buraxilir. Bu zaman suda hall olunmus duzlarin axi miisboat elektroddan monfi
elektroda dogru stiratlonir vo noticado yumanin somaraliliyi xeyli yiiksalir, onun
aparilmas1 miiddoti xeyli azalir.

AzETHvoMi-da zoif su kegiron sorlasmis torpaqglarin  yuyulmasi {izro
laboratoriya vo ¢0l tocriibolorini sabit elektrik coroyani kegirilmasi ilo aparilmasini
A.F. Vadyunina vo X.F. Coforovun rohborliyi altinda A.B.Abdullayev hoyata
kecirmisdir. Naticolor asagidaki cadvalds geyd olunmusdur.

Yumanin to’sirinden diizds sorlasmanin doyismasi

i Horizont, 25 m drenlorarasi 50 m drenlorarasi - j
sm Nozarot varianti elektromeliora- Nozarot elektromelio- 1
siya varianti raiya
Yumaya Yuma- Yuma- Yuma- Yuma Yuma- Yuma Yuma-
qgoadar dan ya dan ya dan ya dan
V= sonra gadar sonra qgadar sonra gadar sonra
Quru galig
I 0-20 2DSS 1.136 2.487 0.906 DR 1L A7/ 2.697 1,060
20-40 2.266 1.198 2.118 0.960 2414 5525 2.472 0.030
40-60 1.908 i 2232 1.974 0.784 25502 1.457 2,408 Q933
i 60-80 1.900 1.290 1.968 0.874 2-201 1EIE7/25 2.401 0,982
80-100 1.677 0.998 1,883 0,830 1.868 1.003 23O 0,783
i 100-125 1.409 0,883 2.130 0,788 18821 0.682 1953 0,933
[ 251150 1L 227/2) 0,858 2,145 0,754 15702 0.750 2,284 0,972
150-175 1.090 1.034 2,452 1,362 1.654 0.892 2.287 1.188
175-200 01992 0,844 2,106 1,269 1S3 0.972 2.148 15193
200-250 17272 1,182 1,764 1,349 1.628 0,902 7.743 1,398
250-300 1.278 1.500 2.450 1.420 1.187 0.398 1.524 1.471
gil?i)(; 0,202 0,066 0,214 0,025 0,279 0,033 0,279 0,034
20-40 0.185 0.042 0,173 0,021 0,186 0,071 0.228 0.037
40-60 ONISY, 0,066 OF 157 0,035 0,168 0.111 0,223 0.041
60-80 0,155 0.079 0,162 0,039 0,180 0,065 0.214 0.037
80-100 0.148 0,065 0.179 0,035 0,160 0.053 0.185 0,039
i 100-125 0.126 0.046 0.206 0.048 0,152 0.039 0.174 0,057
{ 125-150 0.124 0.048 0.219 0.045 0.168 | 0,042 0,249 0.053
v 150-175 0.101 0.089 0.346 0,072 0,162 0,042 Q252 0,054
l 175-200 0.104 (0),113172) 0.307 0.086 0,170 0,053 0,196 0.080
200-250 0123 0.104 0.233 0,085 0.148 0,052 0.260 0.082
! 250-300 Ji 01330 L ) O01SSE O 3 B ATEES MO O 0,123 0.037 QuLZ6 SROEE7 }

Onu da qeyd etmok lazimdir ki, “AzH vo MEIB”-do adlar1 ¢okilon biitiin yuma
tsullarinin totbiqi ilo kifayot qodor ohatoli laboratoriya vo istehsalat todqiqatlari
aparilmis, tokliflor verilmigdir. Homin tokliflor asasinda Sirvan diiziiniin vo Conub

10



Muganin miixtalif bolgslorinde xeyli genis orazilorindo agir mexaniki tarkibli ¢atin
yuyulan sorlasmis vo sorakotlosmis torpaq saholori yararl hala salimmisdir.

Bunlara misal kimiA.Q.Axundovun rohborliyi ilo yaradilmis Sirvan Tocriibo
drenaj sahosindo gOriilmiis genis miqyasl islori goéstormok olar. Burada A.Q.
Axundov, K.Q.Teymurov, B.M.Agayev, X.F.Coforov, A.C.Hosimov, T.M.Oliyev,
A.B.Abdullayev, M.Y.Isgondorov, I.N.Sirinov, Q.0.Xasayev vo digor alimlor
toraofindon miixtalif yerlordo bu istigamoatds ¢ox ohomiyyatli todqiqatlar aparilmis
oldugca miisbot noticolor almislar.

Bununla yanasi biitovliikdo Kiir Araz diizonliyinin, o ciimlodon agir mexaniki
torkibli, zoif su sizdiran torpaglarin Ustiinlilk togkil etdiyi Sirvan diiziindo bu
istigamotda hala ¢ox bdyiik islorin goriilmasina do ¢ox bdyuk ehtiyac var.

Bels ki, cox nohang hacmli meliorasiya va su tasarriifati islorinin goriilmasine
baxmayaraq hazirda Kiir-Araz diizonliyinin iimumi suvarilan 1,426 mln ha, sahasinin
60 faizindon ¢oxu miixtolif dorocodo sorlasmis vo hom do sorakotlosmisdir. Sirvan
diiziinds vaziyyst daha pisdir. Orada timumi suvarilan 231192 hektar okin sahslarinin
154344 hektar1 (66,76%) miixtalif dorocodo sorlasmis, 122926 hektar1 (53,17%) iso
hom do sorakotlogmisdir.

Azorbaycanda aparilmis todqiqatlarin  aragdirilmasi noticosindo  goldiyimiz
gonaata gora ekoloji-meliorasiya baximindan tam gane edici saviyyads olmayan, agir
mexaniki torkibli zoif su sizdirmasi ilo forglonon Sirvan diiziinlin sorlagsmis vo
sorakotlogmis torpaqglarinin yararli hala salinmasinda asason kimyovi iisulu totbiqi
daha faydal1 olardi.

Bu istigamotdo Sirvan vo Qarabag diizlori soraitindo sorlagsmis torpaqlarin
yuyulmasinda K.H.Teymurovun rohborliyi ilo S.Eminov, M.Y.Isgandorov,
[.N.Sirinov torofindon aparilms istehsalat tadgigatlarinin metodundan istifade oluna
bilor. Homin tadqgiqat metodunda avvalca 0,5%-li, ya da 1,0%-1i xlorid vo ya sulfat
tursusunun zoif mohlullar ilo torpagin 0,5 m vo ya 1,0 m-lik gati1 tam su tutumuna
godor doldurulur, sonra toyin edilmis normaya uygun yuma suyu verilir. Bununla da
yuma islori basa catmis olur. Aparilmis tocriibads torpaga verilon xlorid vo ya sulfat
tursularinin zaif mohlullar1 torpaqda olan xloridli duzlarla reaksiyaya girir, orada yeni
alman tursular yenidon basqa duzlarla reaksiyaya girorok movcud duz torkibini
miisbat istigamotdo doyisdirir.

Homin proses asagidaki reaksiyalardan aydin goriiniir:

2NaCl + H,SO, - Na,S0, + 2HCI
Na,S0, + 2HCl - 2NaCl + H,50,
MgS0, + 2HCl - MgCl, + H,S0,

CaCO; + H,S0, - CaS0, + Hzcogjsz’zo

NaCO0; + H,S0, —» NaS0, + Hzco3j,f,‘2)g
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Gorundlyd kimi yuma prosesinds bas veran reaksiyalarin tasirindon torpaqdaki
duzlarin torkibi doyisir. Onlar1 bazilori xloridli duzlar suda asan hall olunur, bazilori
IS0 CaS0,, CaCO4 va s. bitkilar tli¢ilin az zararlidir.

Sorakotli vo sodali sorlasmis torpaglarda kimyovi meliorantlarin (gips, goc,
sulfat tursusunun zoif mohlulu va s.) totbiqi ilo aparilan yuma prosesindo torpaqdaki
duzlarla kimyovi meliorantlar arasinda gedon vo K.K.Hedroytsun nozoriyyasino
osaslanan kimyovi ovozetmo reaksiyasini agagidaki kimi yazmaq olar.

1. Gipsin torpaqla qarsiligl tosiri zamani:

Na
Torpaq + CaS0, 2 torpaq = Ca+ Na,S0,
Na

2NaHCO; + CaS0O, = Na,S0,+ CaCO; + H,0+ CO, T

2. Sulfat tursusu ilo torpagin qarsiligl tosiri zamani:

CaC0O; + H,S0, — CaS0,+ H,0+ CO, 1

Na
Torpaq - + CaS0, 2 torpaq = Ca+ Na,S0,
Na
2NaHCO; + H,S0, —» Na,S0,+ 2H,0 + 2C0, 1
Na,CO; + H,SO, —» Na,S0,+ H,0+ CO, 1

Umumiyyatlo, yuma zamani istifado olunacaq kimyavi meliorantlarin miqdari
va dozasi torpaqlarin sorakotlik vo sorluq deracalorino miivafiq olaraq toyin edilir.
Yoni torpaga verilon kimyovi meliorantlarin dozasi ondaki zororli ionlarin comino
ekvivalent miqdarda gotiirtilmoalidir

Kimyavi meliorantlarin miqdar1 B.M. Agayeva goras asagidaki diisturlarla toyin
oluna bilar:

3. Gips ugun:

Q = [Na, — (S, 0,1) + (Sco,,nco, — 1,0)] - 0,86 - h - 10000d;

4. Sulfat tursusu ii¢iin:

Sk= [Na, — (Sk - 0,1) + (Sco, + Heo, — 1,0)] - 0,49 - h - 100004

Burada: Q — gipsin miqdari, kg/ha;

Ck — sulfat tursusunun miqdari, kg/ha;

Na, — udulmus natriumun miqdari, 100 qram torpaqda mg/ekvivalent;

Sk — udulmus kationlarin comi, 100 gram torpagda mqg/ekvivalent;

0,1 — natriumun zororsiz miqdarini ifado edon omsal, 100 qram torpaqda
udulmus asaslarin mq/ekvivalentls olan cominin 10% -na barabaordir;

1,0 — bitki ti¢lin zarorli olmayan galovinin miqdari, torpagin 100 qraminda
mg/ekvivalent;
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Sco, + Heo, — su ¢akimi analizinds timumi golavilarin (CO3+HCOs) comi, 100
gram torpagda mg/ekvivalent;

0,86 — gipsin (CaSOy4 2H,0) ekvivalent ¢okisi, mqg/ekvivalent;

0,49 — sulfat tursusunun (H,SO,) ekvivalent ¢okisi, mg/ekvivalent;

h — torpagin hesabat qatinin qalinligi, m;

ds — torpagin hocm ¢okisi, q/sm?;

10000 — bir hektarin sahosidir, m?.

Adaton gipsin miqdart hesablanarkon, torpagin hesabat qatt h = 30-60 sm
gotiriiliir. Belo ki, hazirki texnika ilo gipsin daha dorin gatlara verilmosi halslik
miimkiin olmur. Torpaga verilocok sulfat tursusu migdarinin hesabatinda iso agir vo
orta mexaniki torkibli torpaglarda h = 1,0 metr, nisbaton yiingiil mexaniki torkibli
torpaglarda iso h = 1,5 metr gotiiriilo bilor.
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Su ehtiyatlarinin idars edilmasinds cografi informasiya sisteminin
imkanlan

Xiilasa. Moqalo su ehtiyatlarinin idaro edilmosindo cografi informasiya
sisteminin imkanlarinin tohliline hosr edilmisdir. Todqgigat noticosindo molum
olmusdur ki, cografi informasiya sistemi su ehtiyatlarinin idaro edilmosi vo otraf
muUhitin planlasdirilmasi tiglin on doqiq vo alternativsiz vasitolorden biridir.
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Homginin, CIS su ehtiyatlarina dair mokan molumatlarinin sonadlosdirilmosi, idara
edilmosi, saxlanmasi vo vizuallasdirilmasi mogsadlori tiglin genis spektrdo istifado
edilo bilor.

Acar sozlar: su ehtiyatlar, mokan moalumatlari, peyk tosvirlori, CIS, AIS, otraf
miihitin planlagdirilmasi, su obyektlori, hidroloji masalalor.

Diinyada bas veran global iglim doyismolori, havanin temperaturunun artmast,
atmosfer yagimtilarinin iso azalmasi bir ¢cox Olkolords, o climlodon Azorbaycanda
koskin su qithgina sobob olmusdur. Olkonin osas su arteriyalari hesab edilon
transsorhod Kiir vo Araz c¢aylarmin suyu azalmis, daxili caylarin bir gismi iso
tamamilo qurumusdur. Orzaq tohliikosizliyi masalalorinin hall edilmosi mogsadilo
suvarilan torpaq saholarinin ildon-ilo artmasi vo yeni torpaglarin akin dovriyyesina
colb edilmosi, ohalinin igmoli-moisot, energetika, sonaye vo digor tosorriifat
saholorinin suya olan tolabatinin artmasi Olkonin su ehtiyatlarindan istifadado
gorginlik yaratmigdir. Biitlin bu sadalananlar su ehtiyatlarinin idaro edilmasinda
miiasir toloblorin se¢ilmasini vo onlarin tez bir zamanda vo operativ sokildo hoyata
kecirilmosini dikto edir.

Mohz buna goro do, Olkonin su tominatinin yaxsilagdirilmasi istigamatindo
islorin davam etdirilmasi mogsadilo Azorbaycan Respublikasi Prezidentinin «Su
ehtiyatlarindan somorali istifadonin tomin edilmasi ilo bagli slava tadbirlor haqqinday
27 iyul 2020-ci il tarixli 2178 nomrali Soroncamui ilo tosdiq edilmis «Su
ehtiyatlarindan somarali istifadonin tomin edilmesino dair 2020-2022-ci illor iigiin
Tadbirlor plani» tosdiq edilmisdir.

Bu Tadbirlor Planinin 2-c1 maddasinds qeyd edildiyi kimi, “Su tosorriifatinin
elektronlasdirilmasi, ugotun tokmillosdirilmosi vo informasiya tominati”nin hoyata
kecirilmasi su ehtiyatlarinin idars edilmosindo prioritet istigamot kimi garsimiza
goyulmusdur. Qarsiya qyulan mogsadlordon goriindiiyii kimi su ehtiyatlarinin miiasir
toloblor soviyyssindo idars edilmosini hoyata kegirtmok iiclin  innovativ
texnologiyalara {istlinliik verilmolidir. Homin texnologiyalardan biri do cografi
informasiya sistemi (CIS) adl1 texnologiyadir. Malumatlarm toplanmasi, saxlanmast,
emal1 vo vizuallagdirilmas: ilo moasgul olan CIS texnologiyas1 otraf miihitin idaro
edilimasindo operativliyi, doqiqliyi, cevikliyi vo iqtisadi somaraliliyi ilo ¢egilon bir
innovativ texnologiyadir. Digor torofdon molumdur ki, XX osrin 90-c1 illorindon
baglayaraq su ilo olagodar beynolxalq toskilatlarin konvensiyalarinin, direktiv
sonadlarin asasini su ehtiyatlarindan otraf miihite ziyan vurmadan adalatli istifadonin
tomin edilmasi prinsipi togkil edir [1-6].

Su ehtiyatlarinin miihafizo edilmosi va suyun keyfiyystinin yaxsilasdirilmasi
problemlarinin aktualligi Respublikamizda da ildon-ils artir. Bununla slagadar suyun
idars edilmoasino dair tapsiriglarin sayr da miivafiq olaraq artir. Su ehtiyatlarinin
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somoarali idaro edilmoasi ¢oxlu sayda amillorin nozoro alinmasini vo tohlilini, eloco do
bu tohlilin noticolorinin dovlot qurumlarindan tutmus ictimaiyyoto qodor genis
spektrdo maraqli togkilatlar vo soxslor iigiin olgatan olmasini tolob edir. Bu
istiqgamotda zoruri addimlardan biri do su ehtiyatlarinin idara olunmasi iigiin CIS
osasli avtomatlagdirilmis informasiya-analitik sistemlorin (AIS) yaradilmasidur.
Molumat iiclin bildirok ki, hal-hazirda informasiyalarin alinmasi va o&tiiriilmasinin
avtomatlagdirilmas1 mogsadilo Respublikanin suvarma sobokosindo SCADA tipli
6lemo qurgularinin yerlosdirilmasi isi ugurla hoyata kegirilir [7].

Su ehtiyatlarinin idaro edilmasinin miiasir morholosindo belo sistemlorin
vozifaloring agagidakilari aid etmok olar:

e Miixtolif molumat manbalorinin vahid sistems inteqrasiyast;

e Molumatlara, o ciimlodon internet vasitasilo tohliikosiz ¢oxsaviyyali ¢ixisin
tomin edilmaosi;

¢ Riyazi modellogsdirmonin miixtalif tisullarindan, o ciimlodon mokan analizi
metodlarindan istifads etmoklo sistemin genis analitik imkanlari;

e Hesabatlar, tosvirlar, is grafiklori, xaritolor daxil olmagla malumat sorgularinin
vo molumatlarin tohlilinin naticalorinin toqdim edilmasinin miixtalif formalarindan
istifado;

e Miixtolif kateqoriyali istifadogilor iiciin dostluq istifadoc¢i interfeysi togdim
edir.

Digor torofdon bilirik ki, adoton su ehtiyatlar1 aktiv movsiimi vo uzunmiiddotli
dinamika ilo xarakterizo olunur. Onlarin ¢ox hissasi ucqar vo olgatanligi ¢atin olan
boylk orazilordo formalasir. Biitin bu xiisusiyyatlor CIS texnologiyasmi su
ehtiyatlarinin formalasdigi miixtolif novlii su obyektlorinin imumi vo spesifik
voziyyeti haqqinda obyektiv vo operativ yenilonmis molumat oldo etmok ii¢iin on
etibarl1 vasitolordon birino ¢evirir. CIS-do istifado olunan peyk goriintiilori
molumatlarinin  olde edilmosi vo onlarin emalinin  yiiksok effektivliyi hom
uzunmiiddatli doyisikliklori, hom do siiratlo gedon proseslori (sellor, dasqinlar, iqlim
doyisikliklori, tabii falakotlor vo antropogen tosirlorlo bagli dayisikliklor) izlomayo
imkan verir.

Masafodon zondlama verilonlorinin, o ciimlodon peyk tosvirlorinin tshlili
noticasindo su obyektlorinin voziyyati haqqinda oldo edilon molumatlar miixtolif
kartoqrafik, statisttk vo analittk materiallar soklindo toqdim edilo bilor.
GIS texnologiyalarindan birgs istifade etmoklo qurulmus informasiya sistemlorini vo
tohlillorin noticalorini verilonlor bazasinda toplamaq mimkiindiir ki, bu da alinan
molumatin sonraki istifadosini xeyli asanlasdirir vo onu son istifadogiys c¢atdirmaq
ticlin lazim olan vaxti minimuma endirir.

Su ehtiyatlarmin idaro edilmosi sahasinda CIS-do daha ¢ox istinad edilon
mosafodon zondlama {isullari ilo asagidaki masalalori holl etmok miimkiindiir:
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o su obyektlorinin inventarlagdirilmasi, su kadastrt vo su ehtiyatlarindan
istifadoyo nozaratlo bagl operativ yenilonon molumatlarin hazirlanmast;

o bitiin ndév su obyektlorinin sutoplayict hovzolorinin Olglisii vo voziyyoti
haqqinda obyektiv molumatlarin slds edilmosi;

 su anbarlarinin vo ¢cay macralarinin sahillorinin imumi vaziyyatinin vo onlarin
handasi dl¢iilorinin dayisma dinamikasinin tohlili;

« kanal vo sahil proseslorinin faaliyystinin tohlili;

« su anbarlariin vaziyyetinin monitoringi, o climloden onlarn tutumunun va
¢okilmo intensivliyinin qiymotlondirilmaosi;

o hidrotexniki qurgularin inventarlagdirilmas1 vo ekoistismar voziyystinin
qiymaotlondirilmasi;

o sularin miihafizosi vo gadagan olunmus orazilorin  vaziyyatinin
qiymatlondirilmasi, o ciimlodon bu arazilords qanunsuz istehsal faaliyyetinin askar
edilmaosi;

o dasqin voziyystinin operativ monitoringi, onun prognozlasdirilmas: vo
modellosdirilmosi {i¢lin molumatlarin tomin edilmosi;

« caylarda vo gollords buzlasma vaziyyatinin operativ monitoringi;

« su obyektlorin ekoloji voziyyetinin giymotlondirilmasi, o climlodon mineral
suspensiyalarla cirklonmo zonalarinin, fitoplanktonun artan torkibinin vo su bitki
ortiiylinlin inkisafinin, istilik anomaliyalarinin miisyyan edilmasi;

o su obyektlorinin texnogen c¢irklonmasi hallarinin miisyyoan edilmasi vo
cirklonmonin miimkiin yayilmasinin tohlili.

Digor torofdon 6lkads arzaq tohliikesizliyinin tomin edilmosi vo sosial-igtisadi
voziyyatin stabillogdirilmesi iigiin kond tosorriifati landsaftlarinin qorunub saxlanmasi
homg¢inin mdvcud su tosorriifat1 obyektlorinin (meliorativ sistemlori, su tochizati
sistemlori, su anbarlari, sugétiiriicii hidrodiiylinlor va s.) texniki cohatdon qorunub
tokmillosdiriimasi ¢ox vacibdir. Tolob olunan vo movcud olan su ehtiyatlar1 arasinda
disbalans sosial-igtisadi mosalalorin hallini vo ¢ay hovzalorinin ekoloji soraitinin
normallagdirilmasini ongsllodiyindon innovativ texnologiyalardan vo vasitolordon
istifadoyas tistiinliik verilmalidir.

Belaliklo, su echtiyatlaarmin idara edilmosinda peyk tosvirlarindan istifads
etmayin agagidaki Ustlinliiklori vardir:

e Yerin mosafodon zondlanmasi texnologiyasindan istifads etmokls irriqasiya
sistemlorinin ~ vo hidrotexniki qurgularin texniki voziyyatinin qiymatlondirilmasi
Olkonin arzaq tohliikasizliyi problemlarinin halli kontekstindo fundamental shomiyyot
kasb edir.

e Mosafodon zondlama vasitslarinin istifadasi irriqasiya sistemlorinin voziyyati
vo tosarriifat foaliyyatinin onlara tosiri hagqinda tam vo etibarli malumat oldo etmoyo
imkan verir.
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e Kosmik ¢okiliglorin miiasir vasitalori genis arazilor liclin eyni anda malumatin
oldo edilmasini homg¢inin, keyfiyyot baximindan bircinsliliyi vo miiqayisaliliyi tomin
edir ki, bu da praktiki olaraq heg¢ bir yertstii todqiqatlar ilo oldo edilo bilmoz. Peyk
goriintlilorindan alds edilon molumatin vacib bir xiisusiyyati do onun miistaqilliyidir
yoni, molumatin “gizlonmasi” cohdlorinin vo ona olgatanligin mohdudlasdirilmasinin
miimkiinsiizliiyiidiir ki, bu da peyk molumatlarindan istifadoni effektiv vo aktual edir.

Cografi informasiya sistemindon hidroloji hesablamalarin operativ yerino
yetirilmasi va su tasarriifati obyektlarinin giymotlondirilmasi, eloca do bu obyektlorin
hidroloji rejiminin 6yronilmasi tiglin genis istifado olunur. Verilonlarin toplanmasi,
emalt vo interpretasiyasinda yaranan problemlorin hallinds, hidroloji sobakanin
layiholondirilmosinds  vo  operativ.  gorarlarin  qobul  edilmosinds  CIS
texnologiyasindan vo personal kompyuterlordon istifado etmoklo indiya godorki
hidroloji praktikadan asan, tez va effektiv (Somarali) naticalar alda etmoak mimkdinddr
[8-10]. CIS texnologiyas1 su obyektlorini onun biitiin hidrografik xarakteristikalar1,
hidroloji mantagalari va 6lgmoa molumatlar: ila rogemsal vo yaxud kagiz xaritolordo
oks etdiro bilocok imkanina malikdir. Bu xiisusiyyat bas veran proseslorin shatali
tosvirini almaq T{¢lin miisahido molumatlarinin interpretasiyasina vo kompleks
analizin doagiq vo operativ yerina yetirilmasina imkan verir.

Natica. Su ehtiyatlarmin idars edilmasinda totbiq edilon CIS texnologiyasi on
qisa miiddotdo elit kateqoriyadan genis miitoxassislor qrupu torofindon istifadoedilmo
miistovisine kecid almalidir vo miiasir Web texnologiyasi ilo birlikde ilk novbade
idaroetmonin keyfiyyatini artirmalidir. Bununla paralel CiS-n informasiya 6tiirmak
qabiliyyatino osaslanaraq suyun keyfiyyoti vo su ehtiyatlarinin qorunmasi
problemloring genis ictimaiyyati maraglandirmaq vo calb etmok lazimdir.

Digor torofdon coxillik tacriiba vo miivafiq tohlillor siibut edir ki, bilavasite
qorarlart gobul etmo sistemini deyil, molumatlarin hazirlanmas1 (toplanmasi,
saxlanmas1 va vizuallasdirilmasi) vo tohlili adli genislondirilmis idarsetmo sisteminin
secilmosi daha faydali olardi. Belo yanasma su ehtiyatlarinin idaro edilmasindo daha
rasional vo miiasir dovr li¢lin vaxtinda se¢ilmis bir yanagma kimi qobul edilmalidir.
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J.C.Kanbapos, I'.®.Patnaes
Bo3Mo:xHOCTH reoMH(OPMAIITUOHHOM CUCTEMBbI B YIIPABJIE€HUH BOIHBIMU
pecypcamMu
Pe3tome.  Crarhs mocBsilieHa aHAIM3Y BO3MOKHOCTEH reOMH(GOPMAIIMOHHOMN
CHUCTEeMBl B yMpPaBJICHUU BOJHBIMU pecypcaMu. B pe3ynbrare ucciaeaoBaHus OBLIO
YCTaHOBJICHO, YTO T€OMH(POPMAITMOHHAS CUCTEMA SIBJISICTCS IICHHBIM U HE3aMEHUMBIM
WHCTPYMEHTOM JUJIsl  YNPABJICHHUS BOAHBIMU PECypcaMHM U  HKOJOTHYECKOTO
minaHupoBanusi. A Tak ke, [MMC wmoxer OBITh UCHOJNB30BaHA IS IIeJei
JTOKYMEHTHPOBAHUS, YIPaBICHUS, XpPaHEHUS W BU3yaJIM3allMM MPOCTPAHCTBEHHBIX
JIAaHHBIX.
KiroueBble c¢jioBa: BOJHBIC pECYpChl, IPOCTPAHCTBEHHBIC JaAHHBIE,
kocmuueckue cHuMku, [MC, AWMC, »sKkosiornueckoe TIUIaHUPOBAHUE, BOJHBIC
00BEKTHI, THIPOJIOTHICCKHUE BOTIPOCHI.

E.S.Ganbarov, H.F.Fatdayev
Possibilities of geoinformation system in water resources management
Summary. The article is devoted to the analysis of the capabilities of a
geographic information system in the management of water resources. As a result of
the study, it was found that the geographic information system is a valuable and
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indispensable tool for water management and environmental planning. And also, GIS
can be used for the purposes of documenting, managing, storing and visualizing
spatial data.

Key words: water resources, spatial data, satellite imagery, GIS, AIS,
environmental planning, water bodies, hydrological issues.

Mommoadova V.V., Abdullayeva K.Q., Quliyeva T.Q.
Danizin dib qruntunun sartlik amsalinin geyri-xattilik parametrinin
miixtalif qiymatlorinds sart svaylarin ilkin machul parametrlorinin va
boyuna bohran qiivvonin (Nboh) hesablanmasi

Abstract: In the article, the change in the stiffness coefficient of the bottom soil layer
of the oceans and seas according to a parametric nonlinear law in depth, expressions
for determining the initial unknown parameters and the longitudinal crisis force of
rigid pile supports at various values of the parameter "B" on different soils were
obtained.

Key words: Offshore gas-oil mining hydrotechnical facilities, pile, unknown
parameters, hardness coefficient of the sea soil layer,

Kontinental self vo doniz neft-qaz modon hidrotexniki qurgularinin dorin
salinmig sort svaylarin yerlasdiklori donizin qrunt laymnin sortlik amsalinin derinlik
boyu parametrik geyri-xatti qanunla doyisilmasi miixtalif qruntlara gors "B" parametri
tclin B=1; 2;3 qiymatlori alinir (sokil 1). Qrunt tobagesinin svayin yan toroflordon
iliskanliyini vo slirtiinmosini xarakterizo elodon m¢ vo m, amsallarinin m, =0, m_ =0

vo m, =0, m, =0 qiymatlori iiglin sort svaymn biindvrodoki soth soviyyasindo iifliqi

deformasiyasi, dondormoa bucagi, eloco do Ny, qlivvoesinin toyini liglin niixtalif
hesabat diisturlarimi toklif etmok olar.

Xiisusi hallarda qrunt soraitinin sortlik amsalinin svayin derinliyi izra geyri-xatti
qanunla dayisilmasini xarakterizloyon amsalin f=1 qiymatindas iliskonlik va siirtiinma
omsallar1 m, =0, m_ =0 olarsa, Y, vo 6, asagidaki diisturlarla toyin edilir:

1,01

y -2 Q—(lm h+mj +8h.Q(3hp—h)+2h (3mfh m°j_

°K,Lh 2 K,h®-36(N+05G)h, (3.1)
1,(1

Q(3hp_h)+5h [Smfh mcj

K,h® =36(N +0,5G ),

0, =12
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X

Sakil 1. Sort svaylarin iifiiqi deformasiyalara hesablama sxemi.

B=1,m, =0, m =00lduqgda:

1
Q(3h, —h)+ = m,h?
Y, =2h 1 (Q 1m h}+4- i 6

K.hih 27 K,h®—=36(N +0,5G ), |
(3.2)
Qlah, —h)+Lhem,
0, =12 —— 6 .
K,h®—36(N +0,5G ),
B=1,m; #0, m =0 olduq:da iso
1 1 :
Yo= ZQr{Kth’A'(?’hp -n) K,h* —36(N +0,5G)h, } (3.3)

) Q(3hp _h)
K,h®—36(N +0,5G)n,

Analoji metodla, =2, m, =0, m_ =0-da,

0, =12

Ql4n —h)+h2(lmfh—mcj
Q (1 P 3 .
Yo =— —(mfh+mcj +15h- 3 ;
K, h (2 K,h® —80(N +05G)h, (3.4)
Q(4hp—h)+h2@mfh—mcj
K,h®-80(N +05G)h,

0, =20-
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B=2,m, =0, m =0 olarsa,

Qlén, ~h)+ <, b

Qlén, ~h)+ S m;h’

6, =

20- :
K,h®=80(N +0,5G )h,

B=2,m; =0, m =0 olduqda:

1

“K,h° —80(N +05G)h, |

Y, =3Qh %+5~(4hp ~h)

hh "K,h°—80(N +05G)n, |

1
K,h®—80(N +05G)h,

6, = 20-(4h, —h)-

Analoji olaraq g=3, m; =0, m, =0 hali Gigiin:

3, ,(1
Q(sh, —h)+2h2(3mfh—mc)

YO:i Q—(lm,h+mcj + 24h-
K.l h \2

9 =
® K,h®-150(N +0,5G

=3, m =0, m =0,

K,h® =150(N +0,5G )h,

30 3.,(1
n. '{Q(5hp —h)+§h (Bm,h—mcﬂ.

m
K,hlh 2

1
Q(sh, —h)+ > m,h°
Y04h{ : [9—1 fh)+ ( ) 2

Qlsh, —h)+ Em,h?
30- 2 :
K,h®-150(N +0,5G)h,

6, =

B=3,m, =0, m =0-da;

c

1

6-
K,h® -150(N +0,5G)

J

Y, =4Qh{ L velsh, —h)

K,h K,h® —150(N +0,5G )n,

1

6, =30-Q(5h, —h)

"K,h* —150(N +0,5G)h,

(3.5)

(3.6)

(3.7)

(3.8)

(3.9)

Sart svaymn donizindib qruntunun iist hissasi {izra hiindiirliiyii olmazsa (H=0),
belo svay doniz dibinin soviyyasi iizro doniz stasionar platformanin dayaginin

blokuna méhkomlondirilerso, h,=h olacaqdur.

Doniz qaz-neft modon hidrotexniki qurgulari derin salinan sort svaylarinin
yerloson dorinlik boyu qrunt miihitinin sortlik omsalinin parameti geyri-xatti qanunla
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doyisdikdo, boyuna tozyiq yiikiiniin tapilmasina mochul parametrlorin toyin
edilmosino gora tonliklor sistemini agsagidaki diisturda istifads olunur:

L _
G52 Y, {(ﬁ+2)(ﬂ+3)+(N +O,SG)hp}90 -
:th_i(me_chj; (310)
2 3
! Y, - h -0, = e 1 (lmfh+mcj.
B+l ° B+2 K,-h 2K, 2
(3.10) 1ifadesindo sistemin N=Nys, qobul etmoklo, Y, vo 6, machul

parametrlorinin omsallarina diizoldilmis determinantin sifira borabor edilmasi ilo
boyuna bohran qiivvasi toyin edilir:

Ky -{ Kooh® (N, +05G)h
(ﬂ+1)(1ﬁ+2)’ (ﬂ+2)(ﬂ+3);( on + 055K, 0 (3.11)
B+l B2

(3.11) disturu Nysn-na gora tayin etmak olar:

K, -h? h 1 K, -h’ _0:
(,B+1)(,B+2)(_ﬂ+2j_(_ﬁ+lj{(,B+2)(ﬂ+3)+(Nbdh'+0’56)hp}_0’
Kh 'h3 Kh 'h3 hp

(N,s, +05G)=0;

_(ﬂ+1)(,8+2)2 +(,B+1)(,B+2)(ﬂ+3)+,8+1

1- p+3
h, 05Gh, p+2

Nb‘”"'purl+ A+l +(ﬂ+1)(ﬂ+2)(ﬂ+3)'K“'

3

3 IB+3_ _
n K,h {ﬁ+2 1} 0,56(,6’+2)(,B+3)hp.

Nb““",B+1+ (B+1\B+2)B+3)
1
N, = h? p+2 g B+2(B+3)h+H) f+1.

K“'h+H'(ﬁ+1)(ﬂ+2)(ﬁ+3)_ T (B+1p+2)B+3) h+H'
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h® 1 (3.12)
heR (pr2P(peg) o

Npgn, = Ky,

Boyuna bdhran qiivvesinin (3.12) ifadesi ilo alinmis omsali dosent N.A.
Soforovanin digor yolla aldig1 ifads ilo tist-iisto diistir.
Boyuna bohran yukd:

1 K,k
36 h+H

B=1 olarsa, N, = -0,5G (3.13)

p=2 olarsa, N, :i.K“'hs -0,5G (3.14)
80 h+H
1 K. -h®
=3 olarsa, N,, =—- —1" -0,5G . 3.15
p 7150 h+H (3.15)

Xdisusi hal G¢uin H =0 oldugda, B=1;2;3 qiymatlori asagidaki sokildo toyin
edilir:

1

N,sn :%Khhz -0,5G , (3.16)
N, =—-K,-h?—05G » (3.17)
80
1
Noon =0 K,h? —0,5G (3.18)

omsallar1 ilo hesablanir. Boyuna bohran yiikiiniin (3.13) vo (3.16) ifadslori ilo A.N.
Snitko va N.K. Snitkonun aldig1 ifadslorls {ist-lista diisir.

Sort svay dayaqlar istor doniz qaz - neft modon hidrotexniki qurgularinin,
kontinental selfin stasionar platformalarinda, istorso do yasayis binalarinin vo sonaye
qurgularinin biindvralorinda totbiq olunduqda, toklif olunan hesablama iisulu bu
dayaqlar1 deformasiya hesablanma vo bohran yiikiiniin qrunt miihitinin elastiki-

plastiki, voziyystindo miioyyon edilmosine imkan verir.
ODOBIYYAT
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Sariyeva A.9.
Samur-Abseron massivinin suvarilan arazilorinin va kollektor-drenaj
sisteminin modvcud ekoloji-meliorativ vaziyyati va goriilocok tadbirlor.

Xiilasa. Mogalodo Samur-Abseron massivinin suvarilan orazilorinin indiki
mdovcud ekoloji-meliorativ vaziyyati va goriilocok tadbirlar oks olunur.

Acar sozlar: ekoloji-meliorativ voziyyat,qrunt sularinin yatim dorinliyi,
minerallasma, kollektor-drenaj, suvarma suyu.

Giris. Respublikamizda agrar sahonin inkisaf etdirilmasi \&) orzaq
tohliikosizliyinin tomin olunmas1 dovlot
siyasotinin istiqgamotlorindon biridir. Ilk ndvbado respublikanin kond tosarriifatina
yararlt torpaglarinin meliorativ voziyyatinin  vo SU tominatinin  yaxsi-lasdirilmasi
tolob olunur.

Ohalinin orzagla tominati istigamotindo toadbirlor gorilir vo agrar sahanin
inkisa-fina yonalon irimiqyash dovlst programlari hoyata kegirilir. Meliorasiya vo su
tosorriifati sahosindo aparilan aqrar islahatlar hidrogeoloji-meliorativ voziyyati
osasinda qurulur. Bura qrunt sularinin soviyyasi rejimind nazarati islorin aparilmast;
suvarilan torpaqlarin sorlasmanin doyismosino nozarot; suvarilan torpaqglarinin
meliorativ voziyyatinin qiymatlondirilmasi; suvarilan torpaqlarda yerloson meliorativ
sistemlorin texniki voziyyatinin qiymatlondirilmasi; suvarilan torpaqglarin meliorativ
voziyyatinin yaxsilagdirilmasi tizro todbirlorin islonib hazirlanmasi aiddir.

Meliorativ tadbirlar asasinda suvarilan torpaglarin sahalorinin genislondirilmasi,
o climlodon istifado olunmamis torpaqlarin okino colb edilmasi nozaords tutulur. Son
illordo respublikamizin okinoyararli torpaq saholorinin hidrogeoloji-meliorativ
voziyyatinin yaxsilagdirilmasi, yeni kollektor-drenaj sobokalorinin, hidroqovsaqlarin
va su anbarlariin yaradilmasi, okin saholorinin suvarma suyu ilo tomin edilmasi,
torpaqlarin bataglasmasinin vo sorlasmasinin garsisinin alinmasit mogsodilo goriilon
kompleks meliorativ  todbirlor noticosindo  kond  tosorriifatt  bitkilorinin
mohsuldarliginda shomiyyatli dorocods artim miisahido edilmisdir.

Hor il 120-150 hektar sahads su ehtiyatlarindan istifadays va torpaqlarin
meliorativ vaziyyatina nazaratin giiclondirilmasi, meliorativ sistemlords tomir-
tomizloms islorinin aparilmasi, su qurgular1 boyunca mesd zolagimin salinmasi
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nazardy tutulur. Nozards tutulan tadbirlorin hayata kecirilmasi respublikanin
suvarilan torpaq fonduna slava olaraq 100-120 min hektar torpaq sahasinin calb
edilmasind imkan veracok.

Samur-Abseron massivindo kond tasarriifatim inkisaf etdirmok moagqsadila
0lkd Prezidentinin xiisusi tapsirig1 ilo Samur-Abseron kanali sistemi yenidon
qurulmus, Sabran, Siyazon vo Xizi rayonlarinda suvarilan torpaq saholorini
genislondirmok maqsadilo Sabran rayonu orazisindo Taxtakorpii su anban su-
elektrik stansiya (SES) ilo birlikdo Taxtakorpii-Ceyranbatan kanah istifadoya
verilmisdir.

Monitoringin aparilmasi metodikasina miivafiq olaraq kadastr, fond
materiallar1 arasdirillaraq vo vizual miisahidalor apararaq Samur-Abseronu
massivinin suvarilan torpaqlarin meliorativ vaziyyati, iizarinds yerloson
kollektor-drenaj sobokasinin vaziyyati, kand tasarriifat1 bitkilorin mahsuldarhg:
arasdirlmsdar.

Tadgigat obyekti vo metodikasi.

Samur-Abseron massivi Abseron vo Quba-Xacmaz iqtisadi-cografi
bolgalordaon ibaratdir. Abseron bolgasi Boyilkk Qafqaz daglarimin conub-sorq
ucqarinda yerlosir. inzibati arazico Abseron, Xiz1 rayonlarimi, Baki vo Sumgqayit
sohorini ahata edir. Cox slverisli iqtisadi-cografi movqeys malikdir.

Abseron bolgonin oksor hissasinin relyefi dagliq vo maili dalgavari topali
diizanliklordon ibaratdir, az hissasi donizsahili diizenlikdir. Bolgenin algaq noqtasi
doniz soviyyesindon 28 m-don asagida, on yiliksok noqtosi simal-sorqdo Diibrar
dagmin ( 2205 m) zirvesidir. Bitki ortiiyii sohra (soran, qumluq), yarimsohra, bozqir
(¢ol), gomon-bataqliq bitkilordon qruplasdirilmisdir vo Xozor donizinin sahilindon
baslayaraq yliksok dag zir-voloro qgodor uzanmisdir. Bitki vo torpaq Ortliyiliniin
formalagsmasinda iglim miihiim rol oy-nayir. Yay1 asason quraq keg¢on bolgonin iqlimi
yarimsohra va subtropik tipdadir. Havanin orta illik temperaturu dagliq orazilords 11-
14°, qus foslinin orta temperaturu 0- 4,6%a, yayda orta ayliq temperaturu 24,5 - 27,4°
aras1 doyisir. Diizoanlik hissads yagintilarin miqdar1 144- 330 mm, dagliq hissads is9
545 mm toskil edir. Yagmtilarin maksimum miqdari yaz va payiz aylarina diistir, illik
buxarlanma 840- 1200 mm-o catir, bu da illik diison yagntilarin miqdarindan 2,5
dofa ¢coxdur.

Bolgonin vo Baki sohorinin torpaq Ortiiyiiniin torkibinde boz vo boz-qonur
torpaq tip vo yarmmtiplori genis yayilmisdir.Yovsanli-efemerli vo soran bitkili
yarimsohra soraitindo omolo golon bu torpaqlar yasca cavandir. Clriintii qat1 ¢ox
yuxaridadir, humusun miqdari 1-1,5% -don artiq olmur. Umumi torpagin 55,3%-don
¢ox hissosini togkil edon boz va boz-gonur torpaglar ant-barrem gillori {izorinds omolo
golmisdir. Qranulometrik torkibco osason gilli vo agir gilli torpaqlardir. Miihiti
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golovidir. Boz va boz-qonur torpaglarin 6ziinomoxsus xtiusiyyotlordon biri do, onlarin
miixtolif dorocodo sorakotli vo soranli olmasidir. Bu torpaqlarda kond tosorriifati
bitkilori yetisdirilmozdon ovval asasli meliorativ todbirlor heyata kegirilmoalidir.

Umumiyyatlo,bdlgo  daxilindo bu torpaqlar aqroistehsalat baximindan
monimsanilon orazilor sayilir.Suvarma soraitindo donli, bostan-torovoz, liziim vo s.
kond tesarriifat bitkilori yetistirilir. Hom do heyvandarligin yem bazasi olmagla, qis
otlaq sahalori kimi genis istifade edilir. Bolgonin kond tosarriifatinda istifads olunan
¢cimli-dag, ¢omon, tipik gohvoyi dag- meso, dag boz- gohvayi torpaglar, bigonok,
kondyani oriis ,otlaq saholori kimi vo donli bitkilori altinda istifads edilir.

Quba-Xa¢cmaz iqtisadi-cografi bolgasi  Boyilkk Qafgazin simali-sorqindo
yerlosir. Simali-qorbdon Dagistan MR, conub-qorbdon Bas Qafqaz silsilosi, sorqdon
Xozar donizi ilo ohatalonir. Bura Qusar, Quba, Sabran, Siyazon vo Xagmaz rayonlari
daxildir.

Relyef baximindan simal-qorbinds basi daima qarla ortiilii Sahdag (4552 m),
simal-sorqdo i1so Besbarmaq dagi (800 m),Quba-Qusar maili diizonliyi doniz
soviyyasindon 250-600 m yiiksokdo yerlosir vo Xozor donizino todricon algalir.
Bolgodo iimumiyyoatlo sorqo dogru horokot etdikco torpagomologotiron silixurlarin
monsayi vo keyfiyyoati doyisilir.

Buranin bitki alomi miixtolifdir — yiiksok dagliq orazilords gayaliq, subalp vo
alp comon bitkilori, orta dagliq vo qismen algaq dagliq orazilordo enli yarpaqlh
mesolor (palid, fistiq, valos va s. cinslar)meso-kolluglar genis yayilmisdir. Orazido
yarimsohra bitkilari ilo yanasi yabani taxil bitkinin genis yayilmasidir. Danizsahili
diizonlikdo osason soran vo qum bitkilori, yarimsohra vo bataqliq bitkilori omolo
gotirir.

Burada bitki alominin inkisafina tosir edon iglim soraitidir. Bélgonin diizonlik
vo dagotoyi hissosindo miilayim isti, yiiksok orazilordo soyuq vo riitubstli, Samur-
Sabran diizonliyindo yay quraq kec¢ir. Havanin orta illik temperaturu xeyli
miixtolifdir. Quba vo Qusarda orta illik temperatur 9,8°, Sabran ve Xacmazda
temperatur haddi 12,5-13,0° —dir. Yiiksok dagliq orazido iso 4,0-4,5%5 enir. Quba vo
Qusarda -10°, Sabran vo Xa¢mazda 2,3°-dsk enir.

Yagintilara golonds orazido asason borabor paylanilir. Quba vo Qusar
rayonlarinda ilin soyuq dovriinde 320- 350mm, Sabran vo Xa¢maz rayonlarinda iso
soyuq dovrde 190- 200 mm, isti dovrds iso 125 mm. Payiz aylarinda 113- 200 mm
arasinda doyisir. Havanin illik nisbi riitubetli dagotoyi vo yiiksok dagliq orazilords 66-
80%, diizonlikdo isa 75-78%, sath ortiiyiindon illik buxarlanma 700-790 mm togskil
edir.

Torpaq ortiiyiin torkibi 8 miixtaliftip vo yarimtip torpaqlardan formalagmigdir:
dagliq vo diizon orazilords - gohvoyi dag-meso, qonur dag-meso, dag-meso, sabalidls;
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maili dagotoyi diizenliyinds - ¢oman-qshvayi vo sabalidli;donizsahili diizenlik vo
gismon dagotoyi diizonlikdo subasar alllivial-comon torpaqlar, soranlar, takir vo
takirabonzor, ¢ilpaq gayaliglar, sotho ¢ixmus gilli siixtirlar.

Samur-Abseron massivinin Umumi sahoasi 1292922 ha toskil edir. Massivin
Umumi torpaq fondunun 579229 ha kond tosorriifatina yararli torpaqglardir, bunun da
154505 hektar1 suvarilandir. Massiv lizro suvarilan torpaqlarin 105063 ha okin vo
dinc, 48669,07 ha coxillik okmolor, 9424 ha hoyatyan1 saholor, 6643,7 ha Oriis vo
otlaglar, 2163,07 ha bigonoklor vo 1545,05 ha mesoliklor altindadir.

Umumi torpaq fondunun 748300 min hektar1 dovlot miilkiyyotindo, 344992
min hektar1 bolodiyys miilkiyyatino vo 199662 min hektar1 votondaslarin xiisusi
miilkiyyating verilmisdir.

Suvarilan torpaqlarin meliorativ voziyysti dedikds, hidromeliorativ sistemlorin
tikintisi, istismart vo digor tadbirlorin tasirindon formalasmis torpaq, hidroloji,
hidrogeoloji vo miihandisi-geoloji soraitlorin macmusu basa diisiiliir. Torpaglarin
meliorativ voziyyati tobii vo irriqasiya-tosarriifat amillorinin tosiri altinda formalasir.

Torpaqlarin meliorativ voziyystinin formalagmasina tosir géstoron tobii alimlor
asagidakilardir: iglim, geoloji, geomorfoloji, mithandisi-geoloji, torpaq, hidroloji vo
hidrogeoloji amillor.

Irriqasiya-tosarriifat amillorinin torkibina daxildir: suvarma iisulu vo texnikast;
suvarma suyunun keyfiyyeti; imumi suvarma suyu; drenajin tipi vo parametrlori;
drenaj aximinin hacmi vo mineralligi; kond tosorriifati bitkilorinin torkibi; torpagdan
istifado amsal1 vo suvarma sistemlorinin faydali is amsali; suvarilan sahslorin sothinin
hamarlanmasi.

Bu mogsadla todqiqatlar se¢ilmis Quba-Xagmaz zonasinin Xa¢gmaz, Sabran,
Siyozon vo Abseronun suvarilan torpaqlarmin movcud indiki ekoloji-meliorativ
voziyyetini Hidrogeoloji-Meliorativ Xidmaot Idarasi vo Dévlot Statistika Komitosinin
2022 va 2023 ilin yanvar-may aylarin molumatlarina asason aparilmisdir. Massivda
istehsal olunan asas kond tosorriifat1 bitkilori — bugda, arpa, torovoz, meyvo, gargidal,
kartof, bostan va giinoabaxan olmusdur. ©kin sahslarine gors biitiin rayonlarda birinci
yerds olan taxil bitkilori — bugda vo arpa okinloridir. Abseron, Xagmaz, Sabran va
Quba rayonlarinda iso meyvaogilik daha iistiinliik togkil edir.

On ¢ox okilon bugdanin Xagmaz va Sabran rayonlarinda - 26,1 sen/ha, Quba -
23.,9; Siyazon vo Abseron rayonlarinda 16,1; Qusar vo Xiz1 rayonlarinda iso 13-14
sen/ha olmusdur. Meyvogilik lizro Xizi, Siyozon, Quba vo Xag¢maz rayonlarinda
mohsuldarliq 56-98 sen/ha, Qusar, Abseron vo Sabran rayonlarinda isa 5-20 sen/ha
olmusdur.

Osas bitki sayilan vo orazico ¢ox okilon taxilin (bugdanin) vo meyvo
bitkilorinin mohsuldarhifina gore Xa¢cmaz,Sabran vo Quba rayonlarinin suvarilan
torpaglar1 qonastboxs (kafi), qalan rayonlarin suvarilan torpaqglari qonaotboxs kimi
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qiymatlondirilir vo yaxsilagdirilmas: iiglin meliorativ tadbirlorin aparilmasi tolob
olunur.

Respublikanin suvarilan torpaq orazilorindo qrunt sularinin yatim dorinliyino
vo sularin minerallasmasina Hidrogeoloji Meliorativ Xidmot idarasi (HMXI) méveud
miisahido quyular ilo nozarat edir. Samur-Abseron massivindo 686 quyu ilo qrunt
sularinin yerlosmo dorinliyi vo onun minerallasmast dyronilir. Massiv {lizra qrunt
sularinin yatim dorinliyi 6 vo minerallasma 4 qradasiya ilo qiymsotlondirilmisdir
(Cadval 1).

Qrunt suyunun yatim dorinliyi oksor orazilordo 3-4 m, onlarin minerallagsma
doracasi isa 1,0 vo 5,0 g/l-don ¢ox olan sahoalor toskil edir. Massivda torpaqlarin
tokrar sorlagsmasina tohliiko yaradan yer sothindon 1,5 m - o qodor dorinlikds yerloson
qrunt sulart olan saholor orazinin 15,7%-1 vo ya 24000 ha togkil edir. 1,5-3,0 m
dorinlikds yerloson arazilar 23,0% (34300 ha) vo qalan arazilards isa qrunt sularinin
yatim dorinliyi 3,0 m-don dorindo yerlosir. Qrunt sularinin tohliikoli 1,5-0 qgodor
dorinlikds yerlosdiyi orazilor asason Xagmaz, Sabran, Siyozon vo Abseron rayonlari
orazilorindadir[5, 6].

Qrunt sularinin minerallasma doracasi 1,0 g/l-o kimi olan torpaqglarda sorlagsma
yaratmaq tohlikkosi yoxdur vo onlardan suvarmada istifado  olunmasi
mogsadauygundur. Bels torpaqlar, massiv iizre imumi suvarilan torpaglarin 61%-1 vo
ya 94079 hektar toskil edir. Qrunt sularinin minerallagsma daracosi 3,0 g/l-don artiq
olan torpaglar massivin 9,2%-i vo ya 14157 hektarin1 ohato edir. Beloalikla, 2021-cCi
illin kadastr materiallar1 asasinda baxilan massiv iizre suvarilan torpaqlarin meliorativ
voziyyati miioyyanlosdirilmisdir. Qrunt sularmin yatim dorinliyino, minerallasma
doracolorine vo torpaqlarin sorlasma dorocosine goro Samur-Abseron massivi
suvarilan torpaqlarinin meliorativ voziyyati - yaxsi 75,2%-1 (116205 ha), 20,9%-i
(32382 ha) kafi, 3,83%-i (5918 ha)- pislogsmasi tohliikasi olan kimidir.

Massivin suvarilan arazilorinin boyiik oksariyyati dagliq srazilords yerlasdiyine
gora - Quba, Qusar vo Xizi rayonlarinin suvarilan torpaqlari tobii drenlosmis
saholordir. Massivin bozi orazilordo qrunt sularinin soviyyosi ¢ox dorindo oldugu
liclin drenajin qurasdirilmasina ehtiyac yoxdur, qrunt sularinin yer sothino yaxin
saholordo iso buna ehtiyac var. Sorlasmis orazilordon minerallasmis qrunt sularmi
konarlagdirmaq vo qrunt sularinin soviyyasini nizamlamaq mogsadilo Xa¢maz, X1z,
Sabran vo Abseron rayonlarinin diizonlik orazilorinds 24657 hektar suvarilan orazi
drenlosdirilmisdir, bunun 20094 ha ortiilii vo 4563 ha aciq drenajdir. Massivdo
drenlor asason 200 m drenarasi1 masafa, dorinliyi 3- 3,5 m ilo tikilib. Abseron
rayonunun suvarilan torpaglarinin 889 ha, Xagmaz rayonunun suvarilan
torpaqglarmin 10800 ha, Xizi rayonunun 768 ha vo Sabran rayonunun suvarilan
torpaglarinin iso 12200 ha drenajla tomin edilmisdir.
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Cadval 1

Suvarilan torpaqlarin hidrogeoloji-meliorativ vaziyyatinin asas gostaricilori
( grunt salarinin yatim dorinliyi vo minerallagmasi )

Rayonlar {izra suvarilan torpaqlarin qrunt
sularinin yatim dorinliyine gors (m)
boliinmasi, ha

Rayonlar iizra suvarilan torpaqlarin qrunt
sularinin minerallasma ( g/1) doeracasina gora

boliinmasi, ha
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Cadvaldon goriiniir ki, Xagmaz, Siyazon va Sabran rayonlarinda 1,0 m qadar olan
saholor ¢oxalib. Bu hec do yaxsi voziyyat deyil.
Cadval 2.
Suvarilan torpaqlarin sorlasma daracasina gora boliinmoasi ha, 0-100sm-lik
torpaqg qatinda

S/Ne- Rayonlar | Sorlasmamuis Zoif Orta Siddatli Cox
si sorlasmis | sorlasmuis | sorlasmus | siddatli
sorlasmis
1 Xagmaz 44728 4440 256 540 321
2 Sabran 14836 3031 490 136 -
3 Siyazon 4650 891 234 - -
4 Abseron 9397 3998 2213 2393 -
Cadval
3.
Suvarilan torpaqlarin ndrenlosmis sahalori
Rayonlar Suvarilan torpaqlarin drenlogmis saholori (ha)
Comi Aciq iifiiqi Ortulu tftiqi Saquli
Xagmaz 10800 3884 6916 -
Sabran 12200 - 12200 -
Siyazon - - - -
Abseron 689 679 210 -

1965-1985-ci illordo Samur-Abseron massivindo tikilmis Ortiilii vo agiq
drenlorin istismar voziyyetini miioyyoan etmosi moqgsadilo vizual miigsahidsler
aparilmisdir.

Monitorinqin aparilmasit metodikasina miivafiq olaraq Sabran rayonunda
(N.Norimanov savxozu) yerloson drenaj sobokosinin vizual miisahidolor apararaq
texniki voziyyati Oyronilmisdir. Molum oldu ki, arazids tikilmis (drenlor aras1 mosafo
200 m va dorinliyi 3-3,5 m ) 108 ufuqi drenin 30%-i islokdir, 70% drenin mansab
qurgular1 bogulmus voziyyatds isloyir, kollektorlarin vo suyigicilarin coxusu dagilmis
vo gqamis bitmisdir. Bazi baxici quyularin qapaglari yerindo yoxdur. Burada torpaq-
gruntlarin siiziilmo omsali 0,15- 0,5 m/giin, duzlagmas1 yiiksokdir ( >0,9 quru qaliga
gora). Duzlagma sulfathi-xloridli, qrunt sularinin minerallasmasi (5 g/1) ¢oxdur.

“Rohimli”yo goldikdo iso , sahodo 87 dren var, uzunlugu 101714 p.m. Ilkin
drenlorin uzunlugu 66101 p.m., ortiilii suyigicilarin — 5501 o.m. va agiq suyigicilarin
va kollektorlarin -30112 p.m. Demak olar ki, tikilmis drenlorin (200-400 m drenlor
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arast mosafo vo yerlosmo dorinliyi 3,0-3,5 m) coxusunun maonsoblori bogulmus
voziyyotdadir, baxis quyularn dagilib, gapaqglari yoxdur. Drenlorin suyigicilara
cixislart qamisla bitib, bogulmus voziyyettodir. Kollektorlarin ¢oxusunda da gamis
bitib. Vaxt vaxtinda tomizloys bilmirlor. Texnikalar1 ¢catmar.

Digor bir sobab is9, suvarilan arazilors verilon sularin planlasdirilmamis olmasi
vo suyun torkibidir. Samur-Abseron suvarma massivinda torpaqlarin meliorativ
voziyyotino tosir goOstoron amillordon biri do Xozor donizinin soviyyosinin
doyisiklikidir [4]. Doniz soviyyasinin qalxmasi donizkonar1 diizonliklords qrunt sulari
soviyyasinin qalxmasina vo diismosi, siixurlarin vo torpagin fiziki-kimyovi torkibinin
doylsilmasing, bitki ortiiylino vo mikroiqliming tosir gostorir.

2005-ci ildon iso Xozorin saviyyasindo davamli enmo miisahido olunur.
Molumatlara gora, oan ¢ox enmo 30 santimetr geydo alinib. Xozor gapali su hovzosi
oldugundan donizin soviyyesinin daxil olan vo gedon sularla slagodar doyismosi
tobiidir. O tizdon iqlim doyismalori ilo olagodar Xozori qidalandiran osas gaylarda
suyun asagi enmosi donizin soviyyasina tosir edir. Eyni zamanda bura son illor
yagmtilarin az olmasi da daxildir. Sonuncu diismo 1862-ci ildon baslayib vo proses
toxminon 2050-60-c1 illora godor 1-2 metr diismo ilo davam edacok. Miitoxassislor
geyd edirlor ki, 2050-ci ildon sonra Xozordo suyun soviyyasinin artmasi
prognozlasdirilir. Bu dovr do toxminan 200-250 il davam edacok. Qeyd edok Ki,
donizin soviyyasinin azalmasi miioyyan problemlarlo miisahido olundugu kimi, suyun
artmas1 da ¢otinliklora gotirib ¢ixarir. Ona gora do doniz sahilindo goriilon bltun islor
zamani X9zarin saviyyasinin doyismasi nozors alinmalidir.

Ekologiya vo Tobii Saorvetlor Nazirliyinin Bioloji Miixtolifliyin Miihafizasi
Xidmotinin  molumatma goro, 2022-ci ildo Volga c¢aymin sululugunun
prognozlasdirilandan asagi olmasi ilo slagadar Xozor donizinin orta illik soviyyosi
ovvalki 2021-ci ildokindon 20-23 sm asagi olacaq. Bu da 6z ndvbasindo Xozor donizi
regionunda sosial-igtisadi folakots, o ciimlodon donizin soviyyesinin azalmasina
sobob ola bilor. Soziigedon fosadlar sirasinda biomiixtaliflik vo baligciligin
azalmasini da geyd etmak olar.

Tadqiqgat orazisinin yerlosdiyi bolgads aparilmls kompleks eroziya todqiqatlar
gostorir ki, bolgado eroziyanin biitlin mdvcud tip vo novlari inklsaf etmlsdir [7]. Belo
ki, ¢cimli dag-coman torpaglar1 yayildigir sahado meylliyi 50 olan suayricidan 100 m
aralida 87,4 m3 /ha torpaq yuyuldugu halda, meylliyi 150 olan, suayricidan 564 m
aralt mosafodo 188 m3 /ha torpaq yuyulmusdur. Gilgil¢ay vo Sabrangay arasinda dag-
comon yay otlaglarinda 50 -200 godor meylliyi olan arazilordo yuyulmus torpaglarin
miqdar1 27,6-492,0 m 3 /ha togkil edir [7].

[rriqasiya eroziyasi osasan bolgonin Quba vo Xaumaz rayonlarinda daha ¢ox
yayllmlsdir. Kiilok eroziyast xiisusilo Abseron va Xozor sahilinds daha ¢ox
yayilmlsdir. Todqiqat obyektinin yerlosdiyi bolgads torpaglarin eroziyasina dair
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aparilmls kompleks todqiqat Islorinin naticolorino osason miioyyonlosdirilmlsdir ki,
orazinin 240,7 min hektar1 zoif, 163,7 min hektar1 orta vo 243,6 min hektar1 iso
yiiksok dorocads eroziyaya ugramisdir [7]. Yuxarida geyd edilonlorlo yanasi olaraq,

Xozor donizi soviyyasinin qalxmasi naticosindo respublika iizro donizkonari
diizonliklordo 420 km2 -don artiq saho su altinda gqalmis vo bundan 3 dofo ¢ox sahado
qrunt sularinin soviyyosi qalxmisdir. Xozor donizinin Abseron, Sabran vo Xa¢maz
rayonunun Nabran-Muxtadir sahillorinds dik yamacli hiindiir sahalords doniz quruya
dogru 40-50 m-o qodor irolilomlsdir. Samur-Davogi diizonliyinin nisboton algaq
saholorindo doniz 500 m-o godor quru sahosini Ortmiis, sahildon 1-1,5 km arali
orazilordo qrunt sular1 saviyyasinin 0,2-1,0 m qalxmasia sobob olmusdur. Sahil
xottini toskil edon orazilorin miirokkob geoloji-tektonik qurulusa malik olmasinin
noticosidir ki, sahil xattinin vo selfin relyefi geyri-sabitdir.

Aparilmls todqigat materiallariin imumilasdirilmasi naticasi olarag, belo
gonasta golmok olar ki, donizin soviyyasinin galxmasi sababindon otraf orazilordon
doniza dogru galon qrunt sularinin siirati avvalkine nisbaton bir ne¢o dofs azalmls va
noticodo qrunt sularinin soviyyosinin qalxmasi donizotrafi zolagda torpaglarin
sorlasma dorocosinin artmasina vo kimyovi torkibinin doylsmosino  gotirib
cixarmisdir. Daniz basqisindan yaranmls slsmonin kollektor-drenaj sistemlorino tosiri
10-45 km mosafoys ¢atir, bu da homin sistemlorin suaparma siiratinin 10- 15%-9
godor azalmast demokdir [4].

Massivda torpaq istifadaciliyi orazilori genislonmosi halda, onun bu giinkii
aqroekoloji durumu da xeyli forglidir. Torpagin asas aqroekoloji parametrlorindon
biri tobii miinbitlikdir. Miixtolif tosorriifat toyinatli saholorin uzunmiiddatli
istismarinin naticasi olaraq torpagin tobii miinbitliyi koskin sokildo pislogmosir.
Aparilmis soxsi todqiqatlarin, adobiyyat vo fond materiallarinin tohlili naticosindo
Samur-Abseron massivinin torpaqlarinin osas miinbitlik gostoricilori osasinda
keyfiyyatco qruplagdirilmasi aparilmlsdir. Miayyon edilmlsdir ki, bolgads kond
tosarriifati dovriyyasinds olan 578,6 min ha torpaqlarin yalniz 113 min ha yaxin vo
29,2%-1 1 aqroistehsal qrupunda vo ya yiiksok qrupunda yer tutmusdur. Cox toossiif
ki, bunun da 15,3 min (13,6%) hektardan bir qodor artiq hissosi kond tosorriifatina
yararli torpaqlarin payina distir. Hoyati shomiyyat kosb edon okin vo dinco qoyulmus
torpaglarin 127 min ha-dan ancaq 39,2 min ha (30,8%) I keyfiyyst qrupuna daxildir.
Umumi okin sahosinin 64,9 min ha (51,2%) 11, 21,3 min ha (16,8%), III vo hotta 1,6
min ha (1,2%) qadari IV keyfiyyat qrupuna transfer olunmusdur.

Umumi sahosi 485 min hektara catan ¢oxillik akmolor altindaki torpaglarin 8,4
min ha (29,9%) yiiksok keyfiyyatli torpaglardan ibarstdir. Bu torpaglarin asas hissosi,
yoni 14,3 min (50,7%) yaxsi1 keyfiyyatli torpaglardir. Yalniz 3,6 min ha (12,6%) orta
keyfiyyot qrupunda comlonmlsdir. Coxillik okmalor altinda istifado edilon sahalorin
clizi bir hissosi, yoni 1,9 min hektar1 (6,8%) asagidaki keyfiyyotli torpaqlara

33



cevrilmlgdir. Dovlat Statistika Komitasinin 2006- 2011-ci illor statistik macmualoring
goro, massivdo istehsal olunan osas kond tosorriifat1 bitkilori — bugda, arpa, torovoz,
meyvo, qargidali, kartof, bostan vo giinobaxan olmusdur. Okin sahslorine gors biitiin
rayonlarda birinci yerdo olan taxil bitkilori — bugda vo arpa okinloridir. Abseron vo
Quba rayonlarinda iso meyvaogilik daha iistiinliik togkil edir [2].

on c¢ox okilon bitki-bugdanin Xa¢maz vo Sabran rayonlarinda 26,1 sen/ha,
Qubada 23,9; Siyozon vo Abseron rayonlarinda 16,1; Qusar vo Xiz1 rayonlarinda iso
13-14 sen/ha olmusdur. Meyvagilik {izro Xizi1, Siyozon, Quba vo Xagmaz rayonlarinda
mohsuldarliq 56-98 sen/ha, Qusar, Abseron vo Sabran rayonlarinda isa 5-20 sen/ha
olmusdur.

Osas bitki sayilan vo orazico ¢ox okilon taxilin (bugdanin) vo meyvo
bitkilorinin mohsuldarligina goro Xagmaz, Sabran vo Quba rayonlarinin suvarilan
torpaqlar1 qgonaotboxs (kafi), qalan rayonlarin suvarilan torpaqlar1 dayanigsiz
gonastboxs kimi qiymsotlondirilir vo yaxsilasdirilmasi iiglin meliorativ todbirlorin
aparilmasi tolob olunur.

Xiz1 rayonunun iimumi sahasi 166789 hektardir ki, ondan da todqiqat aparilan
imumi suvarilan sahosi 12579,0 hektar, onun da 9609,0 hektar1 yeni suvarilan
sahadir. Todqigat islori zamani yerqurulusu planindan vo topoqrafik xoritolordon
istifado edorok torpaq kosimlori gazilmis vo onlardan torpag ve qrunt suyu
niimunolort gotlriilmiisdiir.Col todqiqatlari, laboratoriya, arxiv, fond, kadastr, layiha
vo adabiyyat molumatlarinin tohliline osaslanaraq todqiq edilon bolgonin Xizi
rayonunda iimumi suvarilan boz torpaqlar, imumi todqiqat sahosinin 3525,0 ha-n1 vo
ya 28,1%-ni toskil edir; Boz—qonur torpaglar, imumi tadqiqat sahasinin 5764,0 ha-ni
va ya 45,8%-ni togkil edir; sair torpaqglar, iimumi tadqigat sahasinin 2970,0 ha-n1 va
ya 23,6%-n1 toskil edir. orazido osason asagidaki torpaq tiplorinin inkisaf tapdigi
miioyyan edilmisdir: Tiind ¢omon—boz torpaglar, imumi tadqiqat sahasinin 320,0 ha-
ni vo ya - 2,5%-ni toskil edir.

Siyazon rayonunun tmumi sahasi 70341 hektardir ki, ondan da tadqiqat
aparilan imumi suvarilan orazi 12137, 0 hektar, onun da 6972,0 hektar1 yeni
suvarilan sahodir.

Tadqgigat islori zamani yerqurulusu planindan vo topoqrafik xoritolordon
istifado edorok torpaq kosimlori gazilmis vo onlardan torpaq ve qrunt suyu
niimunalari gotliriilmiisdiir.

Aparilmis ¢0Ol-todqiqat, laboratoriya, arxiv, fond, layiho vo odobiyyat
molumatlarinin analizi noticosindo miioyyon edilmisdir ki, todqiq edilon orazido
osason asagidaki torpaq tiplori yayilmisdir: Ag¢iq ¢omon — boz torpaglar, Gmumi
todgiqat sahasinin  1562,7 ha-n1  va ya 12,8%-ni toskil edir; Ag¢iq boz — ¢omon
torpaqlar, imumi tadqiqat sahasinin  3793,6 ha-n: va ya 31,3%-ni toskil edir; Boz -
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qonur torpaglar, imumi toadqiqat sahoasinin 1616,3 ha-n: vo ya 13,3%-ni togkil edir;
Sair torpaglar, imumi todqiqat sahasinin  5164,4 ha-n: vo ya 42,6%-ni toskil edir.

Sabran rayonunun timumi sahosi 108821 hektar, Volvologay — Taxtakorpii vo
Xanarx kanallarinin tosir zonasinda yerlogon kond tosorriifat1 bitkilori altinda olan vo
todqgiqat aparilan orazinin sahosi iso 32785 hektardir ki, ondan da yeni suvarilan
sahonin payma 14922 hektar diisiir. Todqiqat islori zaman1 yerqurulusu planindan vo
topoqrafik xaritolordon istifado edorok torpaq kosimlori qazilmis vo onlardan torpaq
va qrunt suyu niimunalori gotiirilmisdiir. COl-torpaq todqiqati, laboratoriya, fond,
arxiv, layiho vo odobiyyat molumatlarinin tohlilino osaslanaraq orazido asagidaki
torpaq tiplorinin yayildigi miioyyon edilmisdir: Boz gohvoyi torpaglar, timumi
todqgiqat sahasinin 1600,0 ha-n: vo ya 4,9 %-ni; Agiq boz-gohvayi torpaglar, imumi
todgiqat sahasinin 4116,8 ha-n: vo ya 12,5 %-ni; Comon- boz torpaglar, Umumi
todqiqat sahasinin 3267,6 ha-n: vo ya 10,0 %-ni; Boz - ¢gomon torpaqlar, imumi
todqiqat sahasinin 8045,7 ha-n1 vo ya 24,5 %-ni; Agiq boz—¢oaman torpaglar, tmumi
todqiqat sahasinin 14354,9 ha-n: va ya 43,8%-ni; Batagliq — ¢oman torpaglar, imumi
todqiqat sahasinin 1400,0 ha-n: vo ya 4,3 %-ni togkil edir.

Qrunt sularinin yatim dorinliyi vo minerallasma doracosi  Hidrogeoloji-
Meliorativ Xidmat Idarasinin, layiho vo Azarbaycan Respublikasi Ekologiya vo Tobii
Sorvatlor Nazirliyinin miivafiq qurumlarinin malumatlarindan istifads edilmisdir.

Samur-Abseron suvarma sisteminin yenidon qurulmasi” layihasine daxil olan
Xanarx kanalinin tikintisi 2006-c1 ildo, Samur c¢ayr iizorindo yerloson Bas
Suqobuledici qurgunun borpasi, Samur ¢ayr yaximliginda Bas sudurulducunun
tikintisi, Samur-Abseron kanalimin ilk 50 kilometrlik hissasinin vo bu hissado
yerloson uzunlugu 185,7 kilometr olan tasorriifatlararasi kanallarin yenidonqurulmasi
islori 2007-ci ilda basa catdirilmisdir.

Samur-Abseron kanaliin 50-ci km-don suyun Taxtakorpli su anbarina
verilmosi mogsadilo 2008-ci ilds tikintisino baslanilmis, uzunlugu 32 kilometr olan
Voalvalagay-Taxtakorpii kanalinin, timumi sututumu 268,4 milyon kubmetr olan
Taxtakorpii su anbarmin (imumi giicii 25 MVt olan su elektrik stansiyasi ilo birlikdo)
vo uzunlugu 107,93 km olan Taxtakorpii-Ceyranbatan kanalinin tikintisi iglori 2013-
cl ildo basa c¢atdirilmisdir. Eyni zamanda, ilk morhalodo Qusar¢ay, Qudyalgay vo
Caqacuqcay caylar1 tizorindo sugotiiriici qurgularin  vo nogledici  kanallarin
tikintisinin basa catdirilmasi ilo Samur-Abseron kanalina alave su verilmosi tomin
edilmisdir.

Samur-Abseron suvarma sisteminin yenidonqurulmasi layihosinin basa
catdirilmasi ilo 150 min hektar sahodo su tominatinin yaxsilasdirilmasina, 30 min
hektara yaxin yeni suvarilan saholorin okin ddvriyyesine daxil edilmosine imkan
yaranmisdir.
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2015-2016-c1 illorde Xiz1 rayonunda 7746 hektar vo Siyozon rayonunda 6172
hektar olmagla comi 13918 hektar sahodo meliorativ tadbirlar basa ¢atdirilaraq 10801
hektar yeni suvarilacaq saholor istifadoya verilmis vo 3117 hektar mévcud suvarilan
torpaqlarin su tominati yaxsilasdirilmisdir. Sabran rayonunda iso 2016-c1 ildo 13806
hektar yeni suvarilacaq torpaqlarin istifadoyo verilmosi vo 16401 hektar okin
saholorinin su tominatinin yaxsilasdirilmasi islorine baglanilmigdir.

Taxtakorpii su anbari zonasinda 2017-ci ildo meliorativ todbirlori davam
etdirmoklo Xizi, Siyazon vo Sabran rayonlarinda 20728 hektar, o ciimlodon 9759
hektar okin saholorinin su tominatinin yaxsilasdirilmasit vo 10969 hektar yeni
suvarilan torpaqlar suvarma suyu ilo tomin edilocokdir. Bundan Xiz1 rayonunda 4843
hektar (ondan 3575 hektar yeni suvarilan torpaglar), Siyazon rayonunda 6630 hektar
(ondan 2205 hektar yeni suvarilan torpaglar) vo Sabran rayonunda 9255 hektar
(ondan 5189 hektar yeni suvarilan torpaqglar) suvarma suyu ils tomin edilocokdir.

Azaorbaycan gadim suvarma okingiliyr 6lkasidir. Onun osas kond tesarriifati
bazalar1 Kiir-Araz diizonliyi vo Samur-Abseron massivin suvarilan torpaqlardir. Olka
orazisi quraq vo arid zonada yerlosdiyino goéro burada suvarma aparilmadan,
meliorasiya vo su tosorriifatini inkisaf etdirmodon kond tosorriifati mohsullariin
yetisdirilmosi miimkiin deyil.

Azorbaycan kigik torpaq fonduna malik 6lkalors aid oldugu iiglin onun hor
kvadratmetrindon rasional istifado vo miihafizasidir ¢ox vacib moasaladir.

Tadgiqat obyekti vo metodikasi. Todqigat obyekti Samur-Abseron suvarma
sisteminin yerlosdiyi bolgonin torpaqlari, o ciimlodon, suvarilan torpaglar, ¢aylar vo
yeralt1 sulardir. Meliorativ praktikada monitoringin aparilmasi metodikasina miivafiq
olaraq layiho vo fond materiallar1 asasinda movcud stasionar miisahido montogalori
nazors alinmagqla sistemin yerlosdiyi bolgads monitoring islori apartlmisdir [1].

Tahlil vo miizakiralar. Massivin imumi torpag fondunun 44,8%-ni (578583
ha) kond tosarriifatina yararli torpaglar togkil edir. Bunun da 26,6% vo ya 154216
hektar1 suvarilan torpaqlardir. Massiv iizra suvarilan torpaglarin 68,0%-i (104281 ha)
okin va dinc, 31,5% (48529 ha) coxillik okmalar, 6,15-1 (9428 ha) hoystyani sahalor,
4,3%-1 (6593 ha) oriis vo otlaglar, 1,4%-i (2246 ha) biganaklor va 1,0 %-i (1570 ha)
mesoliklor altinda suvarilir. Massiv {izro meso fondu torpaqlar1 134569 ha vo sair
torpaglarin miqdar1 579770 ha toskil edir. Bu gdstaricilor massivin ayri-ayri rayonlari
tizro oldugca miixtolifdir [3].

Samur-Abseron massivi iizra aparilmls torpaq islahatlar1 naticasinds imumi
torpaq fondunun 748,3 min hektari (57,9%) dovlot miilkiyyatinds saxlanilmls vo 345
min hektar1 (26,7%) baladiyys miilkiyyatina verilmlsdir. Massivin timumi torpaq
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fondunun 199,6 min hektar1 (15,4%) 6zollosdirilorak torpaq almaq hiiququ olan
votondaslarin xiisusi miilkiyyotine verilmlsdir.

Dovlat miilkiyystindo saxlanilmls torpaqlarin 23,5%-1 (179473 ha) kond
tosarriifatina yararl torpaqlardir vo bunun oksor hissasi 83,4%-1 oriis vo otlaglar,
11,55-1 okin va dinc vo qalan 5,1%-1 iso ¢oxillik okmalor, hoyatyani vo bigonoklor
altinda istifade olunur. Dovlat miilkiyyati torpaqlarinin comi 3,2%-1, kand
tosorriifatina yararl torpaqlarin iso 12,5%-i suvarilan torpaqlardir. Yararl
torpaglardan 13901 ha okin vo dinc, 4942 ha coxillik okmolor, 553 ha bigonoklor, 137
ha hoyatyan1 vo 2998 ha iso 0Oriis vo otlaqlar altinda suvarilir [3].

Bolodiyyo miilkiyyotino verilmis 344992 ha orazinin 205360 hektar1 kond
tosorriifatina yararli olub, 91,8%-1 oriis vo otlaglar, 6,3%-1 okin altinda vo galan
1,9%-1 iso coxillik skmolar, hayatyan1 saholor va biconaklor altinda istifadoe olunur.
Bolodiyyo torpaqglariin 5,0%-1, kond tosorriifatina yararli torpaqlarin iso 5,8%-i
suvarilan torpaqlardir. Balodiyyonin suvarilan torpaqlarindan 6772 ha okin, 806 ha
coxillik okmolar, 137 ha biconoklor, 899 ha hoyotyani saholor, 4521 ha oOrlis vo
otlaglar vo 97 ha mesoliklor kimi suvarilir [3]. Xiisusi miilkiyyoto verilmls torpaqlarin
(199622 ha) 97,0%-1 kond tosarriifatina yarali torpaqlardir vo bu torpaqlar asason okin
altinda istifada olunur. Ozal torpaqlarin 59,2%-i (118082 ha) suvarilandir. Suvarilan
0zal torpaqglarin 71,3%-1 (84148 ha) okin, 20,2%-1 (23888 ha) ¢oxillik okmaler, 7,1%-
1 (8427 ha) hayatyani, 1,4%-1 biconaklor altinda istifads olunur [3].

Samur-Abseron suvarma massivinin torpaglarinin suvarilmasi {i¢iin su monbayi
kimi Samur cayi, Boyik Qafqaz silsilosindon golon vo massiv orazisinde 7 dag
caylari, Samur cayindan qidalanan Samur-Abseron kanali vo Xanarxi kanali,
Ceyranbatan su anbarindan qgidalanan Abseron magistral kanali vo yerli SSi-nin
balansinda olan beton Ortiiklii vo torpaq mocrali suvarma kanallar1 sobokosindon
istifado olunur. Samur - Abseron suvarma massivinin rayonlar1 vo osas kond
tosarriifatt bitkilori tizra 2006—2011-ci illords suvarilmls 142514 ha sahadon toqribon
Ugdon biri (50707 ha) taxil bitkilori, tigdon biri (45371 ha) yem bitkilori vo galani iso
bostan-taravaz va ¢oxillik skmalar vo hayatyan1 sahalor togkil etmlsdir [3].

2006-2011-ci illar arzinds olan moalumatlarin analizino asason, Samur-Abseron
suvarma massivinin rayonlart {izro suvarilan torpaglarin qrunt sularinin yatim
dorinliyina goro paylanmasi aparilmisdir. Massivdo torpaqlarin tokrar sorlasmasina
tohliiko yaradan yer sothindon 1,5 m - o godor dorinlikds yerlogon qrunt sular1 olan
saholor orazinin 15,7%-1 vo ya 24000 ha toskil edir. 1,5-3,0 m dorinlikdo yerloson
arazilar 23,0% (34300 ha) va qalan orazilords ise qrunt sularinin yatim dorinliyi 3,0
m-don dorinds yerlogir. Qrunt sularinin tohliikali 1,5-0 qoder derinlikds yerlasdiyi
orazilor asason Xagmaz, Sabran, Siyozon vo Abseron rayonlari orazilorindadir,
massivin qalan rayonlarinda bels dayazda yerloson qrunt sularina rast golinmir [5, 6].
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Kadastr molumatlarinda qrunt sularmin minerallasma dorocosi yalniz {ic
gradasiya ilo 1,0 g/I-don az; 1,0-3,0 g/l vo 3,0 g/l-don ¢ox toqdim olunmusdur.
Monitorinq materiallarinda tigiincli qradasiyadan ¢ox mineralligli sularin yayilma
areali agiglanmir. Minerallasma dorocosi 1,0 ¢/l-o kimi olan qrunt sulariin
torpaqlarda sorlasma yaratmaq tohliikkosi yoxdur vo sorait imkan verdiyi bdtin
hallarda onlardan suvarmada istifado olunmasi mogsadouygundur. Belo torpaqglar,
massiv lizro suvarilan torpaqglardan 62,6% vo ya 96466 hektar toskil edir. Qrunt
sularinin minerallagsma doracosi 3,0 g/l-don artiq olan torpaqlar massivin 16,5%-1 vo
ya 25361 hektarin1 ohato edir. Beloliklo, 2006-2011-ci illordo olan kadastr
materiallar1 osasinda baxilan massiv iizro suvarilan torpaqglarin meliorativ voziyyati
mioyyonlosdirilmlsdir. Todqiqatlarin noticosino asason, qrunt sularinin yatim
dorinliyi vo minerallasma doracolorine goéroe Samur-Abseron massivi suvarilan
torpaqlarmin 62,1%-1 (95270 ha) yaxsi, 15,0%-1 (23121 ha) kafi, 7,2%-i (11180 ha)
dayanigsiz kafi va 15,7%-1 geyri-kafi voziyyotdadir.

2006-2011-ci illor orzindo aparilmls kadastr molumatlarina goére Samur-
Abseron massivindo suvarilan torpaglarin sorlasma vo sorakatliys goro paylanmasi
ust 1 m-lik qat tizro qiymaotlondirilorak onlarin meliorativ voziyyati toyin edilmlsdir.
Toplanmis todqiqat materiallarina osason, Samur-Abseron massivi torpaglarinin
74,1%-1 vo ya 114264 hektar1 sorlasmamls torpaqlardir. Massivin suvarilan
torpaqlarinin qalan hissasi bu vo ya digor doracads sorlasmaya moruz galmlsdir, o
cimlodon 5%-0 yaxin (7513 ha) torpaglari siddstli vo cox siddstli sorlasmls
torpaqlardir. Massivin Xi1z1 vo Qusar rayonlarinda sorlasmls torpaglar yoxdur. ©On ¢ox
sorlasmls torpaqlar Xagmaz vo Sabran rayonlarindadir, harada ki, iimumi suvarilan
torpaqlarin 8 — 45%-1 orta vo siddotli sorlasmls torpaqlar toskil edir [6]. Samur-
Absgeron massivinin sorlasma vo sorakotliyo goro 74,4% suvarilan torpaqlar yaxsi,
21,0%-1 torpaqlart kafi voziyyotdo vo 4,9%-i vo ya 7513 hektar1 qeyri-kafi
voziyyatdadir.

Tadqiqat arazisinin yerlasdiyi bolgads aparilmls kompleks eroziya tadqiqatlar
gostarir ki, bolgads eroziyanin biitlin mévcud tip vo novlari inklsaf etmlsdir [7]. Belo
ki, ¢cimli dag-coman torpaglar1 yayildigi sahado meylliyi 50 olan suayricidan 100 m
aralida 87,4 m3 /ha torpaq yuyuldugu halda, meylliyi 150 olan, suayricidan 564 m
aral1 mosafodo 188 m3 /ha torpaq yuyulmusdur. Gilgil¢cay vo Sabrangay arasinda dag-
comon yay otlaqglarinda 50 -200 qodor meylliyi olan arazilords yuyulmus torpaqglarin
miqdar1 27,6-492,0 m 3 /ha togkil edir [7].

[rriqasiya eroziyasi osason bdlgonin Quba vo Xagmaz rayonlarinda daha ¢ox
yayilmlgdir. Kiilok eroziyasi xiisusilo Abseron vo Xozor sahilindo daha ¢ox
yayilmlsdir. Todqigat obyektinin yerlosdiyi bolgads torpaglarin eroziyasina dair
aparilmls kompleks todqiqat Islorinin naticolorine osason miioyyonlosdirilmlsdir ki,
orazinin 240,7 min hektar1 zoif, 163,7 min hektar1 orta vo 243,6 min hektar1 isa
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yiiksok doracado eroziyaya ugramisdir [7]. Yuxarida geyd edilonlorlo yanasi olaraq,
Samur-Abseron suvarma massivindo torpaqlarin meliorativ voziyysting tosir gdstoron
amillordon biri kimi Xozor donizinin soviyyasindo bas veron doyisikliklorin rolu bir
sira todqgiqatlarda 6z oksini tapmisdir [4].

Doniz saviyyssinin qalxmasi donizkonar1 landsaftlara 6z tosirini bir nego
formada gostorir. Birinci halda qurunun su altinda qalmasi ilo miasir landsaft kokli
siirotlo  doyisorok sahilboyu orazilor sualti landsaftlara cevrilir. ikinci halda
soviyyanin qalxmasi donizkenari diizonliklorde qrunt sulari saviyyesinin qalxmasina,
stixurlarin vo torpagin fiziki-kimyovi torkibinin doyisilmosino, bitki Ortiiylino vo
mikroiqlimina tosir géstormoklo moévcud efemerli-sorakotli yarimsohra vo ¢ala-gomon
komplekslorinin  strukturu deqradasiyaya moruz qalir vo nisboton humid
yulgunlukollu, bataglig-comon va bataqliq komplekslori ilo ovoz olunur. Xozor donizi
saviyyasinin qalxmasi naticasinds respublika tizro donizkonari diizonliklords 420 km?2
-don artiq saho su altinda galmis vo bundan 3 dofo ¢ox sahodo qrunt sularinin
soviyyasi qalxmisdir. Xozor donizinin Abseron, Sabran vo Xa¢maz rayonunun
Nabran-Muxtadir sahillarinds dik yamacli hiindiir sahalords doniz quruya dogru 40-
50 m-o godor iralilomisdir. Samur-Davagi diizonliyinin nisboton algaq saholorindo
doniz 500 m-o gador quru sahasini 6rtmiis, sahildon 1-1,5 km arali orazilordo qrunt
sulart soviyyasinin 0,2-1,0 m galxmasina sobob olmusdur. Sahil xattini toskil edon
orazilorin miirokkab geoloji-tektonik qurulusa malik olmasinin naticasidir ki, sahil
xattinin va selfin relyefi qeyri-sabitdir.

Aparilmis todqigat materiallariin iimumilosdirilmasi naticasi olaraq, bela
gonasto golmok olar ki, donizin saviyyasinin qalxmasi sabobindon otraf orazilordon
donizo dogru golon qrunt sularinin siirsti avvolking nisbaton bir ne¢o dofo azalmis vo
noticado qrunt sularinin soviyyosinin qalxmasi donizotrafi zolaqda torpaqglarin
sorlasma dorocosinin artmasina vo kimyovi torkibinin doyismosino  gotirib
cixarmisdir. Daniz basqisindan yaranmig sismanin kollektor-drenaj sistemloring tosiri
10-45 km mosafoys ¢atir, bu da homin sistemlorin suaparma siirotinin 10- 15%-9
godor azalmasi demokdir [4].

Bolgodo torpaq istifadociliyin miqyast genis oldugundan onun bu giinkii
aqroekoloji durumu da xeyli forqlidir. Torpagin osas aqroekoloji parametrlorindon
biri tobii miinbitlik xassoalorino goro keyfiyyst qruplarinin bonitet skalasinda onun
dinamikliyidir. Miixtalif tosorriifat toyinatli sahslorin uzunmiiddotli istismarinin
noticosi olaraq torpagin tobii miinbitliyinin koskin sokildo pislosmasi onun hazirki
keyfiyyot durumunda olmasina gotirib ¢ixarmisdir. Aparilmis soxsi todqigatlarin,
odobiyyat vo fond materiallarinin tohlili noticasindo Samur-Abseron massivinin
torpaqglarmin osas miinbitlik gostaricilori asasinda keyfiyyotco qruplasdirilmasi
aparilmlsdir. Miisyyan edilmlsdir ki, bolgade kond tosarriifatt dovriyyesinde olan
578,6 min ha torpaqglarin yalniz 113 min ha yaxin va 29,2%-i | agroistehsal qrupunda
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va ya yliksok qrupunda yer tutmusdur. Cox toassiif ki, bunun da 15,3 min (13,6%)
hektardan bir qodor artiq hissosi kond tosorriifatina yararli torpaqglarin payina diisiir.
Hoyati shomiyyat kosb edon okin va dinco qoyulmus torpaglarin 127 min ha-dan
ancaq 39,2 min ha (30,8%) I keyfiyyat qrupuna daxildir. Umumi okin sahosinin 64,9
min ha (51,2%) II, 21,3 min ha (16,8%), III vo hotta 1,6 min ha (1,2%) qodori IV
keyfiyyot qrupuna transfer olunmusdur.

Umumi sahosi 485 min hektara ¢atan coxillik okmolor altindaki torpaglarin 8,4
min ha (29,9%) yiiksok keyfiyyatli torpaglardan ibarostdir. Bu torpaglarin asas hissosi,
yoni 14,3 min (50,7%) yaxsi keyfiyyatli torpaglardir. Yalniz 3,6 min ha (12,6%) orta
keyfiyyot qrupunda comlonmlsdir. Coxillik okmolor altinda istifado edilon saholorin
clizi bir hissosi, yoni 1,9 min hektar1 (6,8%) asagidaki keyfiyyatli torpaqlara
cevrilmlgdir. Dovlat Statistika Komitasinin 2006- 2011-ci illor statistik macmualoring
gora, massivda istehsal olunan osas kond tosorriifat1 bitkilori — bugda, arpa, torovaz,
meyvo, qargidali, kartof, bostan vo giinobaxan olmusdur. Okin sahslorina gore biitiin
rayonlarda birinci yerds olan taxil bitkilori — bugda vo arpa okinlaridir. Abseron va
Quba rayonlarinda iso meyvogilik daha tistiinliik togkil edir [2].

on cox okilon bitki-bugdanin Xaumaz vo Sabran rayonlarinda 26,1 sen/ha,
Qubada 23,9; Siyozon vo Abseron rayonlarinda 16,1; Qusar vo Xiz1 rayonlarinda iso
13-14 sen/ha olmusdur. Meyvagilik iizro Xizi, Siyozon, Quba vo Xaumaz
rayonlarinda mohsuldarliq 56-98 sen/ha, Qusar, Abseron va Sabran rayonlarinda iso
5-20 sen/ha olmusdur.

Osas bitki sayillan vo orazico cox okilon taxilin (bugdanin) vo meyvo
bitkilorinin mohsuldarhi§ina géro Xagmaz, Sabran vo Quba rayonlarinin suvarilan
torpaglart qonastboxs (kafi), qalan rayonlarin suvarilan torpaqlart dayanigsiz
gonaostboxs kimi qiymsotlondirilir vo yaxsilasdirilmasi tiglin meliorativ todbirlorin
aparilmasi tolob olunur.

Natico : Movcud suvarilan torpaqglarin vo yeni istifadoys verilon suvarilan
torpaqlarin effektivliyinin yiiksaldilmasi, suvarilan torpaglarda drenaj sistemlorinin
tikintisi Uizro islorin golocakds genislondirilmasi vo drenajin isinin samaraliliyinin
artirtlmas1 mogsado uygundur. Biitliin sorlasmis, sorakotlosmis vo ya sorlasmaya
meyilli torpaglarda drenaj hidromeliorativ sistemlorin ayrilmaz hissosi kimi hesab
edilmoalidir. Tobii drenlonmosi zoif olan vo ya tomin olunmamis yeni suvarilan
torpaglarin  drenaj sobokolori olmadan monimsonilmosine yol verilmomolidir.
Kollektor-drenaj sularinin  konar edilmosi tiglin  hidromeliorativ  sistemlorin
suqgabuledicilarlo tomin olunmasi masalasina birinci ndvbada diqgat yetirilmalidir.

Suvarilan oraziloro suvarma suyunun planlasdirilmis sokildo saholors
verilmalidir. Suyun minerallagmasi da boytik rol oynayir.
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Drenaj sular1 kortobii sokildo donizo axidilmamalidir. Onlardan suyun
catismamasi zamaninda tokrar suvarmada istifadosi mogsods uygundur. Bunun {i¢lin
xilisusi tomizloyici-suyigicilar tikilmalidir.
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Summary. The article reflects the current ecological-ameliorative situation of
the irrigated areas of the Samur-Absheron massif and the measures to be taken.

Pe3trome. B craTtbe OTPaA’KCHO TCKYHICC TCKYIICC 3JSKOJOIO-MCIMOPATUBHOC
COCTOSIHME  opomaeMblx  Tepputopuit  Camyp-ANIIEpOHCKOTO  MacchBa U
IMPUHUMACMBIC MCPEI.

41



Voliyeva S.A. , Dos.,i.e.n. Sariyeva A.9. ass.
Azarbaycan Memarhq va Insaat Universiteti
SU RESURSLARINDAN ISTIFADONIN iQTIiSADI
SOMOROLILIYININ YUKSOLDILMOSININ BASLICA
ISTIQAMOTLORI

XULASO

Mogalodo  Azorbaycan Respublikasinda orzaq tohlikasizliyinin - tomin
olunmasinin miihiim amillorindon biri  Kimi agrar sahodo foaliyyat g0Ostoron su
tosarriifatt obyektlorinin tokmillosdirilorok yenidon qurulmasi, bazar miinasibatlori
toloblori osasinda togkili, elmi-texniki toragqginin vo yeni texnologiyalarin totbiqi,
homg¢inin onlardan samoarali istifado problemlori arasdirilir. Qeyd edilir ki, 6lka Uzra
istifado olunan comi suyun 70 faizi agrar sahonin payma diisiir vo burada istehsal
olunan Umumi mshsulun 80 faizi suvarilan akin sahoslarindan alds edilir va 6lkamiz
ticlin onsuz da moévcud su ¢atismazligr soraitinds kond tesarriifatinda suvarma {igiin
istifado olunan suvarma suyunun 50 faizi itkiya moruz qalir. Todgigatda mahz, sudan
istifadonin igtisadi  somoraliliyinin  yuksaldilmasina tasir edon amillor nozaro
alinmagqla, elmi cohatdon asaslandirmus toklif va tovsiyyalor irali strdldr.

Acar s0zlar: su resurslari, su monbalari, su tosarriifati, irriqasiya vo meliorasiya
sistemlori, iqtisadi somoralilik, su balansi, suvarma suyu, suvarilan torpaq sahasi,
suyun cirklonmasi, mitoaroqqi suvarma tsullari, , suya gonast, siini yagigyagdirma,
damcili suvarma, kollektor-drenaj sulari

Olkado aparilan igtisadi islahatlarin névbati marhoalosinda hoalli qarsiya qoyulan
baslica mosalolordon biri do su resurslarindan istifadonin iqgtisadi samaraliliyinin
yuksaldilmasidir. Qeyd etmok lazimdir ki, aqrar bélmonin somarali foaliyyati bu
sahodo foaliyyot gOstoron su tesorriifatt obyektlorinin tokmillosdirilorok yenidon
qurulmasi, bazar miinasibatlori toloblori asasinda togkilindan, elmi-texniki toragginin
Vo yeni texnologiyalarin tatbigindon, hamgcinin onlardan somorali istifado
olunmasindan asilidir. Aqrar bélmada bazar minasibatlorinin somarali foaaliyyatinin
tomin edilmosi, istehsalin inkisafinin intensiv osasla yerino yetirilmasi ekoloji
cohatdon tomiz olan suvarma suyuna olan talobatin 6donilmasi vo ondan samarali
istifado olunmasini garsiya qoyur.

Su tosarriifatinin inkisafi dovlatin igtisadi siyasstinin baslica istiqgamatlorindon
biri olmagla 6lkads igtisadi vo sosial problemlorin hallinin, orzaq tohlikasizliyinin
aradan galdirilmasinda mithiim amillordon biri hesab olunur. Su tasarriifatinin inkisafi
tictin Milli Maclis torafindon Azarbaycan Respublikasimin “Su macallosi”, “Irriqasiya
Vo Meliorasiya” haqqinda, “Balodiyys sulart” kimi ganunlarin qoabulu, istifads
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olunmasi, su monbalorinoe axidilan ¢irkab sularin qarsisinin alinmasi, su toSarriifati
tikintilorinin yenidon qurulmasmin vo onlardan istifadonin iqgtisadi samaraliliyinin
yuksaldilmasi, yarimgiq qalan su tikinti obyektlorinin tikilorok basa ¢atdirilmasi,
suvarma suyundan pullu istifado edilmasini hlquqgi vo igtisadi cohatdon
tonzimlonmoasing, illik su balansinin sabit saxlanilmasina hortorofli  imkanlar
yaradir.[3]

Butlnliklo, Respublika iqtisadiyyatinin formalasdirilmasinda su toSorriifati
aparici sahalordon biri olub, 0lks igtisadiyyatinin formalasdirilaraq somarali foaliyyat
mexanizminin tomin edilmasinds oldugca miihiim rol oynayir. Tokca onu geyd etmak
lazimdir ki, 6lka Uzra istifado olunan comi suyun 70 faizi agrar sahonin payina diisiir.
Agrar sahado istehsal olunan Umumi mohsulun 80 faizi iso suvarilan okin
saholorindon oldo edilir. Lakin, buna baxmayaraq hazirda kond tosorriifatinda
suvarma ugtn istifade olunan suvarma suyunun 50 faizi itkiya sorf olundugundan, su
catismazligit mévcuddur.[5] Bunun da asas sebablorindon biri 38,5 min km suvarma
kanallarinin 95,9 faizinin istismar ti¢ilin yararsiz vo (iSmon siradan ¢ixmasi, 33,3 min
km irrigasiya sistemlorinin istifads ii¢lin yararsiz olmasidir ki, bunun da naticasinda
kond tosarriifatinda 93 min hektar okin sahosi su ¢atismazligi sabobindon istifado
olunmur. Birmonali geyd etmok olar ki, bu giin vo golocokds respublika agrar
igtisadiyyatinin inkisafini su tosSarriifat1 olmadan tosovvir etmok olmaz. Ona gors do,
sudan istifadanin igtisadi samoaraliliyinin yiksaldilmasina tasir edon bitin amillari
elmi cohotdon osaslandirmaqla nozoro almadan, Olko iqtisadiyyatinin biitiin
saholorinda iqtisadi somaraliliyinin yiksaldilmasina nail olmag mimkin deyildir.

Todgigatlar gostarir ki, 6lkado mdvcud olan su balansindan istifadanin iqtisadi
samaraliliyinin yiiksaldilmosinds bir sira amillor kompleks sokilda tasir gostarir.
Homin amillori imumi sokilda 7 qrupa bdlmayi magsadoauygun hesab edarak, belo
qruplasdirmaq olar: birinci qrupa - torpag-iglim soraiti; ikinci grupa - su resursunun
Olko orazisi Uzro yerlosmosi; Uglincl grupa irrigasiya vo meliorasiya amillori;
dordincl grupa - maddi-texniki resurslar bazasi vo texnoloji amillar; besinci qrupa
igtisadi amillar; altinc1 qrupa - ekoloji amillar; yeddinci grupa - sosial amillor aiddir.

Qeyd edilon amillorin hor birinin ayriligda sudan istifado olunmasinda
xususiyyatlori vardir. Masalan:

- torpagin fiziki vo kimyoavi xassalori, torkibi, struktur qurulusu, hava soraiti,
ritubat, yagmurlarin migdar1 vo S.;

- su resurslarmin orazi Uzro yerlosmosi, istifado gilin keyfiyyat vo komiyyat
saviyyasi, suya olan tolobatin 6danilmasi ehtiyatlari, suyun bir sahadon digear sahays
nogl edilmasi vo bununla slagoadar olaraq yaranan ¢oxsayli problemlor daxildir;

- irrigasiya vo meliorasiya amillori — igtisadiyyatin ayri-ayr1 sahalarine talab
olunan kanallarin g¢okilmasi, su borularinin yaradilmasi, su anbarlarmin tikilmasi,
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suyun keyfiyyotinin yaxsilagdirilmasi, torpaqlarin duzdan tomizlonmasi, cirkab
sularinin donizs axidilmasi, sularin ¢irkabdan tomizlonmasi;

- maddi-texniki resurslar vo texnoloji amillor — suyun paylanmasi, bir sahadon
digor sahoys axidilmasi vo suvarilmasi {i¢iin tolob olunan texniki avadanliglar,
qurgular, cihazlar, hidrotexniki qurgular, nasos stansiyalari, korpulor, kecidlor,
akveduklar, dukerlor, kollektorlar, qapali vo agiq drenajlar, suyun verilmasinin

mexaniklosdirilmasi,  elektriklogdirilmoasi, suvarma texnologiyasi, suvarma
modaniyyatinin yiksaldilmasi vo s. diger coxsayli amillor daxildir;
- toskilati-igtisadi amillor — su anbarinin, su kanallarinin, irrigasiya

qurgularinin yerlosdirilmasi, sudan somoarali istifads istigamotlori, tomizlonmosi,
omok bolgulsil, amok kooperasiyasi, amok rejimi, sudan istifadodo saholorarasi
olagolorin formalagdirilmasi, suyun tokraran istifadosi vo s.;

- ekoloji amillor - otraf mdahitin mihafizasi, eroziyanin qarsisinin alinmasi,
soranlasma vo torpagm ¢irklonmoasinin mdihafizasi, Xostoliklorin yaranmasinin
qarsisinin alinmast;

- sosial amillor — su tesorriifat sahoasindo calisan biitiin qrup is¢ilarinin
omoayinin stimullasdirilmasi, istehsal vo monzil soraiti, yasayis saviyyasi, mulkiyyat
munasibatlori va s. daxildir.

Bazar munasibatlori vo c¢oxukladli tesarriifatgiliq soraitinde sudan somaorali
istifado olunmasi tgiin ilk ndvbada, suya tasir edon amillor avvalcadon miayyan
edilorok askara ¢ixarilmali onlarin har birindon istifadodos asili xtisusiyyatlori, istifado
texnologiyalart doqiq nozora alinmali va har bir amildan istifadonin konkret yollar
miayyan edilmalidir. Sudan istifadonin iqtisadi semaraliliyino tasir edon amillor
kompleksinda, albatta har bir amilin 6z rolu va shamiyyati vardir. Bununla barabar,
bozi amillor sudan istifadodo daha holledici rol oynayir. Belo amillara birinci
névbada, mulkiyyst munasibatlari ilo bagli amillar daxildir. Bu amillor ham do, sudan
somoarali istifado olunmasi ti¢lin hiiquqi baza yaradir. Basqa sozlo desok, sudan
istifadonin pullu olmasi sahibkarliq tasarriifat subyektlarinin sudan genastlo vo daha
somoarali istifado olunmasina asas yaradir. Bu, ondan irali golir ki, suya gonast
olunmas1 golirin artirllmasimna vo suya Qonast edilorok torpaglarin soranlasmasi,
eroziyaya ugramasinin garsisinin alinmasina mohkom tominat yaradir.

Kond tosarriifatinda su resursundan istifadonin iqtisadi  samaraliliyinin
yuksaldilmasinds baglica rol oynayan problemlardon biri - su resurslarinin
cirklonmoasinin qarsisinin  alinmasidir. Toadqiqatlar goéstarir ki, suvarma suyunun
cirklonmasi kond tosarriifatinda bitkigilikdo vo heyvandarligda mohsuldarhigin asagi
diismasine Vo meso tosorriifatinda iSo mohsul istehsalinin azalmasina vo meso
fondunun siradan ¢ixmasina sabob olur.[6] Kond tosarriifatinda su resurslarinin
cirklonmasi flora va faunanin inkisafina oldugca manfi tasir gostorir.
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Lakin geyd etmok lazimdir ki, hazirda respublikada kond tosorriifati1 sahalarinin
suvarma suyu ilo tomin edilmasindo suyun keyfiyyot g0storicisi he¢ do nazors
alimmur. Bu sahads faaliyyat gostaran normativlor olsa da, onlardan istifads olunmur.
Dovlat torofindon bu problemin tonzimlonmasi halo do 6z hollini tapmamusdir.
Aragdirmalar gostorir Ki, kond tosorriifatinda suvarma moqsadilo ¢irkli sulardan
istifado olunmasi hor ildo min tonlarla kond toesarriifatt mohsullar1 istehsalinin
qarsisini alir va istehsal olunan mohsullarin keyfiyyotinin asag1 diismosine sabab olur.
Ona goro do, suvarma ugln istifado olunan suyun keyfiyyati bilavasito istifado
saholorindo  avvalcoadon mioyyan edilmalidir. Lakin respublikanin  biitiin
regionlarinda suyun keyfiyyatinin mioyyan edilmasi ancaqg su resursundan istifado
Ucln gotirilma monbalarindan misyyan edilir.

Qeyd etmok lazimdir ki, hazirda respublikada suvarma suyundan istifadodo
mdvcud olan nazarat sistemi muasir dovrin taloblarine heg do cavab vermir. Belos ki,
todgiqatlar gostorir ki, su resursundan intensiv istifado olunmasi onun ¢irklanma
saviyyasinin yuksalmasina sabab olur. Ona gora, suyun keyfiyyat gostaricilarinin
mioayyan edilmasi Uglin daha dogig normativlerin iglonmasi vo totbigq edilmasi 6z
hallini g6zloyan masalalardondir. Bunun {igiin garsida duran vo 0z hallini talob edan
problemlardan biri - hidrokimyavi laboratoriyalarin, su hdvzalarinin va regionlar tzra
nozaratgilorin saymin tolobat soviyyasino catdirilmasi probleminin hollini garsiya
qoyur.

Su resursundan samarali istifads edilmoasinds baslica toadbirlordan biri - suyun bir
sahodan digarina nagl edilmosi ilo slagodar olaraq, bas veran su itkilorinin garsisinin
alinmasidir. Arasdirmalar gostorir ki, hazirda respublikanin kond tosorriifatinda su
itkilorinin on az1 30 faizi tosorriifatlardaxili suvarma sistemlorinin payina diisir.
Bunun da baslica sababi - tosarriifatlararasi kanallarin olduqgca pis vaziyyatds olmasi
Va Su resursunun istismar edilmasinin diizgiin qurulmamasidir. Masalan, respublikada
1 hektar suvarilan torpaq sahosino 18-20 m® su sorfi tolob olunur. Todgigatlar vo
qabaqcil tosarriifatlarin is tocriibasi onu gostorir ki, suvarma sistemlarinin yenidon
qurularaq tokmillosdirilmosi yolu ile hamin ragemi 2 dofs, toxminen 11 m*-a godor
azaltmaq olar. Bu yolla, respublika tizra ilds 92 mIn.m® suya genast etmok olar. [3]

Todgigatlarla miiayyan edilmisdir ki, su ¢atismazligi golocokds orta sulu illards
70 mird.m®, quragliq kegon illords iss 80 mird.m® toskil edocokdir. ©n ¢ox su
catismazligi Abseron, Mugan-Salyan, Mil tabii-igtisadi bdlgalarinds go6zlanilir.
Perspektivdo movcud olan su gatismazliglarinin aradan qaldirilmasi yeni su
anbarlarinin tikilmasi, qis aylarinda su ehtiyatlarinin yigilaraq yay aylarinda istifado
olunmasi asas masalalordan biri hesab edilir.

Sudan istifadonin samoraliliyinin ylksaldilmasinde mihim oshamiyyat kash
edon vasitalordon biri do, igtisadi mexanizmlordon genis istifado olunmasidir. Homin
mexanizmlorin oan baslicalarindan biri - sudan, o cumlodon c¢irklonmis sudan
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istifadonin pulla 6donilmasidir. Suyun ¢irklonma saviyyasindon asili olaraq 6donilmo
tariflorinin mioayyan edilmasi ¢irklonmonin qgarsisinin alinmasinda oldugca miihiim
rol oynaya bilor.

Olkods su balansmin sabit saxlanilmasi iiciin bu sahado qarsida duran baslica
problemlordon on vacibi kimi - yeni su anbarlarinin tikilorok istifadoys verilmosi,
istismar middatlori bitmis su anbarlarinin, xidmat middati basa ¢atmis hidrotexniki
tikililorin, keyfiyyatini itirmis suvarma kanal vo sobokolorinin, qurgularin, irrigasiya
soboakalarinin yenidon qurulmasi vo on asast isa Ali bas komandanin vo ordumuzun
soyi naticasindo diismon tapdagi altinda qalmis torpaqglarimizin geri alinmasi
naticasindo monfur diismon torafindon dagintilara moruz qalmis su anbarlari, suvarma
kanallar1 vo soboakolorinin, hidrotexniki qurgularin yenidon qurulmasini hesab edirik.
baslica todbirlordon biri olmalidir. Bu problemin halli respublikada 100 min
hektardan ¢ox okin saholorinin vo ¢ox sayli yasayis montogolorinin suya olan
tolobatinin 6donilmasing sorait yaradacaqdir.

Qeyd edilon bu problemlarin halli 10 mlrd. manatlarla élgtlon boylik moblogds
investisiya qoyuluslari tolob edir. MOvcud olan bu itkilorin gargisinin alinmasi ti¢iin
tosorriifatlararasi kanallarin beton ortiiklorlo Ortlilmasi do tolob olunur. Bu yolla,
movcud olan itkilorin qarsisini 1,5 dofo azaltmagq mimkindir. Kond tosarriifatinda
suvarma suyundan istifadonin iqtisadi samaraliliyinin yiksaldilmasi va suya gonast
olunmasi ti¢iin asas todbilordan biri - akin sahalorinin damci iisulu ilo suvarilmasidir.
Bu Usulla suvarma hom do suyun bitki koklorina bir basa axidilmasina imkan
yaradilmasina vo suya gonast olunmasina sorait yaradir. Bu tisulla suvarma suyuna 2
dofa gonast olunur. Bu sahads politelin borudan istifado olunmasi ilo maliyys
xarclarina gonast olunmasina imkan yaradilir.

Sudan samorali  vo qQonastlo istifado edilmasi, suvarma islarinin
mexaniklosdirilmasi vo avtomatlasdirilmasindan da ¢ox asilidir. Bu istiqgamoatdo daha
genis yayillmig suvarma iisullarindan biri - siini yagisyagdirma hesab olunur. Bu
tisulla aparilan suvarmanin istiin cohotlorindon biri - on murokkab relyef soraitino
malik saholords belo suvarmanin hoyata kegirilmasinin mimkuanltytdur. Bu Usulla
suvarmanin effektli tasiri daha yuksak olur, bels ki, torpaqglar su eroziyasi prosesina
moruz galmaq tohlikasindon uzaq olur. Tadqiqatlar, respublikamizda miitaraqqi
suvarma Usullarimin genislondirilmasi sahasinds bdyiik imkanlar oldugunu gostarir.
Siini yagisyagdirma tsulu ilo ¢oaltik bitkisindon basqa digor kond tosorriifati
bitkilorinin suvarilmasi olverisli hesab edilir. Bununla bels, siini yagisyagdirma
Usulunun Gstinllylina baxmayaraq, bu Usul respublikamizda lazimi saviyyada totbiq
edilmir.

Tocrlbalar gostarir ki, yagisyagdirma tisulunu 6lkanin murakkab relyefa malik
olan mixtalif bolgslorinds totbig etmok olar, halbuki, sirimlarla suvarmani ¢ox vaxt
bels arazilords hayata kecirmok mimkin olmur. Hatta, tocribalor siibut edir ki, qrunt
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sulart yer sothino yaxin yerloson orazilords do siini yagisyagdirma iisulunu totbiq
etmok ohamiyyatlidir. Bununla bels, bu Gsulun totbig edilmasi Uglin sahalorin
suvarmaya hazirlanmasina boyiik maliyya vosaiti sorf etmok talob olunur. Galacokds
stini yagisyagdirma isulu ilo suvarilan saholori 200-300 min hektara catdirmaq
mUmkdindur. Qeyd etmok lazimdir ki, respublikamizda avvallor siini yagisyagdirma
Usulu ilo suvarilan torpaq sahosi 45-50 min hektar toskil edirdi.[6] Bazar
munasibatloring kegid basqa sahalords oldugu kimi, kond va su tasarriifati sahalorinds
do maddi-texniki bazanin zaiflomasino va suvarma texnikasinin siradan ¢ixmasina
Sobob olmusdur. Noticads, siini yagisyagdirma isulu ilo suvarma getdikca
dayandirilmisdir.

Siini yagisyagdirma tsulu ilo suvarmanin genislondirilmasi ilk névbads qrunt
sularmin yer sothino yaxin yerlosdiyi Kiir-Araz dizonliyinds torpaglarin sorlagmasi
tohllikasinin do qarsisim1 alardi. Golocokds, Kiir-Araz ovaliginda vo Abseron
yarimadasinda yem bitkilori sahosini genislondirarok, 150-200 min hektara ¢atdirmaq
Uclin olverigli sorait vardir. Hesablamalar gostorir ki, aran rayonlarinda miitaraqqi
suvarma iisullarindan istifade etmokls, 0,6-0,7 mird m® okin suyuna gonast etmok
olar. Bu da 6z novbasindos, alava investisiya qoyulusu sarf etmadon suvarilan torpaq
sahalarini 60-70 min hektar geniglondirmaya imkan veror.,

Suya boyuk genaot etmoayo imkan veran yeralti1 vo damcili suvarma iisullari,
nainki tacriiba sahalorinds, hotta istehsalatda totbiq edilmays baslanmisdir. Hazirda
dinyada 0,4 min hektara godar torpag sahasi damcili suvarma iisulu ilo suvarilir. Bu
iisul ABS-da, Avstraliyada, Meksikada, Israildo genis totbiq edilir. Damcili suvarma
Usulu asas etibarilo baglarin vo Uzlimliklorin suvarilmasinda genis yayilmisdir. Az
hallarda isa bu Usuldan teravaz va texniki bitkilorin suvarilmasinda da istifads olunur.
Azorbaycanda tacriibs stansiyalarinda alds edilon naticalor damcili suvarmanin bdyiik
perspektiva malik oldugunu aydin gostorir. Damcili suvarmada 1 ha vo 1 sent
mohsula uygun olaraq 15,2 adam/giin vo 0,53 adam/saat sorf olunursa, sirimlarla
suvarma Usulunda bu gostaricilor mivafig olarag - 33 adam/giina vo 20 adam/saata
barabar, yaxud damcili suvarmaya nisbaton 2,2 vo 3,8 dofs ¢ox olmusdur.[4] Damcili
suvarmada ham do, torpag sahasindon somorali istifado etmoys genis imkanlar
yaranir. Ogor sirimlarla suvarma Usulunda suvarilan torpaq sahasinin 10%-i
(Ti©=0,9) kanallarin, yollarn va digor hidrotexniki qurgularin altinda qalirsa,
damcili suvarmada bu 4% toskil edir. Fikrimizca, Respublikada, xtsusilo Abseron-
Xiz1, Soki-Zagatala, Quba-Xa¢maz regionlarinda ¢oxillik bitkilorin suvarilmasinda bu
mitaraqqi tisulun genislondirilmosi tomin edilmalidir. Hesablamalar g0storir Ki,
damcili suvarma {sulunun totbigi ilo 40-50 min hektarda coxillik bitkilorin
suvarilmasini hayata kegirmok va ilds 80-100 min m® okin suyuna genast etmok olar.

“Meliorasiya va Elmi-Tadqiqat Institutu” MMC-do aparilan tacriibalor, kond
tosarriifatt bitkilorinin suvarilmasinda aerozol suvarma tsulunun perspektivliyini
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muUayyan etmisdir. Aerozol suvarma asagidaki kimi totbiq edilir: isti vaxtlar (havanin
temperaturu 25° —don yuxari olduqda) sahslordo sudan siini duman yaratmagla
temperatur 4-5° agag1 salinir, bu ise bitki yarpaglarindan buxarlanan suyun miqdarin
azaldir.[7]

Asbessement borulardan ibarat gapali suvarma sistemlorinin yaradilmasi, sizma
Vo  buxarlanmaya gedon itkini aradan  qaldirir, suvarma islarinin
mexaniklosdirilmosine genis imkanlar yaradir. Agiq kanallara nisboton tomizlomo
xarclori aradan qalxir. Ag¢iq suvarma gobokolorinin tikintisi zamani torpaqlarin 10-
15%-i kanallarin, korpiilarin, kecidlorin altinda itirilirsa gapali suvarma sistemlarinin
tikintisinds bu az bir sahani (2-3%) ohats edir.[8]

Cadval 1.Su itkisinin garsisini almaq tigiin mixtalif tizliik materiallarinin tatbiq
edilmosinin igtisadi somaraliliyi

Uzluk material- 1m* sahanin|Xidmat |Su 1m? 1% su
larinin novlari Uzlonmasinin|muddati |itkisinin [Gzliys  |itkisinin
dayari, il azalmasi, |gatirilon |azalmasina
min man. dofa ¢okilmis |gakilan
xarclar, |xarclor,
man man
Damir-beton Gzluklor 16.0 50 95 320 320
Beton Gzluklor 20.0 40 95 400 4.0
Asfaltbeton Gzliklor 10.0 10 90 1200 12.0
Gil Gzluklor 4.0 10 80 200 2.4
Plastmas ekranlarla Gzlik 6.0 3 95 240 2.0
Qruntun neftlo emal1 1.2 4 60 320 2.0
Qruntun ddyaclonmasi 0.4 5 60 32.0 3.2
Qruntun dorin|1.2 6 70 48 4.8
moéhkoamlandirilmasi
Qruntun sothi|0.3 2 60 44 4.4
moéhkoamlandirilmasi
Qruntun dimriglanmasi 0.1 1 20 40 4.0
Maye miuhitinde gruntun|2.0 8 80 40 4.0
partlayis isulla
doyaclonmasi

Tadgigatlardan miisyyon olunmusdur ki, suvarmada ilde 0,8 mird m® -a godor
tullant1 ve drenaj sularindan, o ciimladen 0,3 mird m® saquli drenaj sularindan istifado
oluna bilor. Saquli drenaj sularindan kond taSorriifati bitkilorinin suvarilmasinda
istifado etmokla yanasi, ohalinin maisatinda, hamginin, bazi senaye va kommunal
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tosarriifatinda da istifado etmok olar. Malum olmusdur ki, 1 litr suda minerallagsma
doracasi 0,88-1,02 qram quru galiq oldugda pambigin mohsuldarligi 33,83 sentner,
suyun minerallasma doracasi 1,0 gramdan c¢ox olan yerlordo 33,67 sentnerdir.
Kollektor-drenaj va yeralt1 sulardan istifado olunmasi hesabina ildo 1,0-1,5 mlrd. m®
suya gonaat olunur ki, onlarin hesabina torpaq saholorini suvarmaya colb etmok olar.
ikincisi, 1 m® minerallasmuis suyun maya doyeri, kanal sularina nisboton xeyli
asagidir. Belo ki, drenaj sular1 okin sahalorinds oldugundan, onlardan istifade zamani
sularin nagl edilmasina va istehsal¢ilara ¢atdirilmasina alava xarc talob olunur. [3]
Hesablamalar gostorir ki, hamin orazilordo mévcud kanallarin rekonstruksiyasi ilo
olagadar olan xoarclor 1 hektar hesabi ilo 32,0 min manat asagi olur. Drenaj sulari ilo
okin saholorinin suvarilmasindan hor kektara aldo edilon Gmumi igtisadi somors 1,2
min. manat toskil edir.

Minerallasmis sularin nagl edilmasi zamani kanallarin lillonmoasi azalir ki, bu da
onlarin tamizlonmasina ¢akilon xarclori xeyli azaldir. Todgiqgatlar gostorir ki, mineral
sulart nogl edon suvarma kanallarinin lillonmosi adi suyu nogl edon paylayici
kanallardan 1,5-2,0 dofo az olur. Minerallasmis sulardan istifado zamam kanallarin
tomizlonmoasina ¢akilon xarclorin asagi diismasi ilo yaranan somoralilik 1 hektara 18
min manat toskil edir. [3]

Suvarilan torpaqlarda su tominatinin yaxsilagdirilmasi istigamatindo aparilan
islordon biri do kommunal vo digar saholorinin ¢irkab sular1 ilo okin yerlarinin
suvarilmasinda istifado olunmasidir. Tadqgigatlar gostorir ki, sohar kommunal ¢irkab
sularmin torkibinds bdyiik hacmds (izvi giibralor (orta hesabla 1 m* suda 50 q. azot,
10 g. fosfor, 30 g. kalium, 100 g. kalsium, magnezium vas s.) vardir.[5]

Qeyd etmok lazimdir ki, hazirda mévcud olan su 6l¢an cihazlarin say1 talabatin
ancaq 35-40 faizini toskil edir. Istifads olunan suyun ancaq 40 faizi cihazlar vasitasilo
muoyyan edilir. Qalan hissasi demok olar ki, manovi cahatdon asilanmis cihazlardan
istifado olunarag muayyan edilir.

Respublikada su tominatin1 yaxsilasdirmaq vo su ¢atismazligin1 aradan
qaldirmaq mogsadilo alava su manbalorinin tapilmasi vo kond tesarriifati bitkilarinin
suvarilmasinda onlardan istifads vacib masalalardan biridir. Bu cahatdon suvarmadan
qayidan kollektor-drenaj sularindan, hamginin, doniz suyundan, neft vo neftgaz
yataqglarinin lay sularindan istifado etmok olar.

NOTIiCO

Agrar bélmoanin somarali faaliyyati bu sahads foaliyyat gOstoron su tosorriifati
obyektlarinin tokmillogdirilorok yenidon qurulmasi, bazar miinasibatlori taloblori
osasinda toskilindon, elmi-texniki toragqginin va yeni texnologiyalarin tatbigindan,
hamginin onlardan somorali istifads olunmasindan asilidir. Olka (izra istifado olunan
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comi suyun 70 faizi aqrar sahonin payma diisiir vo burada istehsal olunan Gmumi
mohsulun 80 faizi suvarilan okin sahalarindan olds edilir vo 6lkomiz Uglin onsuz da
movcud su ¢atismazligr soraitinds, kond tasarriifatinda suvarma tigiin istifads olunan
suvarma suyunun 50 faizi itkiya moaruz qalir. Bunun da asas sobablorindan biri 38,5
min km suvarma kanallarinin 95,9 faizinin istismar {i¢iin yararsiz vo giSmon siradan
¢ixmasi, 33,3 min km irrigasiya sistemlarinin istifado tiglin yararsiz olmasidir ki,
bunun da naticasindo kond tesarriifatinda 93 min hektar okin sahosi su catismazligi
sababindan istifads olunmur.

Kond tosarriifatinda su resursundan istifadonin iqgtisadi semaraliliyinin
yuksaldilmasinds baslica rol oynayan problemlardon biri - su resurslarinin
cirklonmoasinin qarsisinin  alinmasidir. Hazirda respublikada suvarma suyundan
istifadodo mOvcud olan nozarat sistemi muasir dovriin toaloblorino he¢ do cavab
vermir. Su resursundan samarali istifads edilmasinda baslica tadbirlardan biri - suyun
bir sahodon digarina naqgl edilmasi ilo alagodar olaraq, bas veran su itkilarinin
qarsisinin alinmasidir. Sudan istifadonin somaraliliyinin yiksaldilmasindo muhim
ohamiyyat kasb edon vasitolordon biri doa, igtisadi mexanizmlordon genis istifado
olunmasidir. Homin mexanizmlorin on baslicalarindan biri - sudan, o climladon
cirklonmis sudan istifadanin pulla 6danilmasidir.

Olkads su balansmin sabit saxlanilmasi iigiin bu sahado qarsida duran baslica
problemlardon on vacibi kimi - yeni su anbarlarmin tikilorok istifadoys verilmasi,
istismar middotlori bitmis su anbarlariin, xidmat middsti basa ¢atmis hidrotexniki
tikililorin, keyfiyyatini itirmis suvarma kanal vo gobokoslorinin, qurgularin, irrigasiya
sobakalarinin yenidon qurulmasidir.

Sudan somoarali va gonastlo istifads edilmasinds daha genis yayilmis suvarma
tisullarindan biri - siini yagisyagdirma hesab olunur. Hesablamalar géstarir Ki, aran
rayonlarinda miitaraqqi suvarma tisullarindan istifade etmokls, 0,6-0,7 mird m°® okin
suyuna gonaot etmok olar. Bu da 6z ndvbasinds, oslave investisiya qoyulusu sorf
etmadon suvarilan torpaq sahalorini 60-70 min hektar genislondirmays imkan verar.

Suvarilan torpaqlarda su tominatinin yaxsilagdirilmasi istigamatinds aparilan
islordon biri do kommunal vo digar sahalorinin ¢irkab sulari ilo okin yerlarinin
suvarilmasinda istifado olunmasidir. Tadgiqgatlar gostorir ki, sahor kommunal ¢irkab
sularinin torkibinds bdyiik hacmds tizvi giibraler (orta hesabla 1 m® suda 50 g. azot,
10 g. fosfor, 30 g. kalium, 100 g. kalsium, magnezium vs s.) vardir.
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OcHOBHBbIC HANIPABJICHHS MOBBIILICHUA IKOHOMHUYECKOH 3P PeKTHBHOCTH
HCII0JIb30BAHMS BOJHBIX PECypCOB

Io1L., K.3.H. BemmmeBa C.A. velieva-sevda@mail.ru
accucteHT. CapueBa A.A. ayten.aliyeva94@bk.ru

PE3IOME

B cratbe wuccrmemyeTcss BOMPOCH yCOBEPIICHCTBOBAHUE W PEKOHCTPYKITUS
BOJHBIX OOBEKTOB, JCHCTBYIOMIMX B cdepe XUMHUECKOTO 3eMIICHCIHs, UX
OpraHM3aIi Ha OCHOBE TPEOOBAHUU PHIHOYHBIX OTHOIICHUH, MPUMEHEHHE HAYYHO-
TEXHUYECKUX JIOCTIKEHUH. M HOBBIX TEXHOJIOTUH, a Takke NpoOJieMbl UX
3¢ ()EKTUBHOTO HMCMOJIB30BaHUS, KaK OAHUM M3 BaXHBIX (PAKTOPOB OOECTICUCHUS
POJOBOJILCTBEHHON Oe3omacHocTH B A3sepOaiimkaHckoit Pecnybnmuke. OTmedeHo,
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4yT0 70 MPOLIEHTOB OT 001IEro 00beMa UCIOIB3YEMOM BOJIBI B CTPAaHE MPUXOAUTCS Ha
JOJIO CEJIbCKOXO3SHCTBEHHOTO CeKTopa, a 80 MpPOIIEHTOB BCETO MPOM3BOIUMOTO
3[IECh MPOIYKTA MOTYYAIOT C OPOIIAEMBIX MOJIEH, i B YCIOBUSIX CYIIECTBYIOUIETO IS
Hameil ctpanbl neduiuTa Bosl, SO MpoLeHTOB MOJIUBHOM BOJBI, UCIIOIB3YEMON IS
OpOILICHUSI B CEJIbCKOM XO3SHCTBE, TMOJUICKUT moTepsM. B  wuccregoBanuu
BBIIBUTAIOTCA HAYYHO OOOCHOBAHHBIC MPEAJIOKEHUS W PEKOMEHAAINU C YYETOM
(GakTopoB, BAMSIONIMX HA  TOBBIIIEHHE HAKOHOMUYECKOW  3(PexkTuBHOCTH
BOJIOTIOJIb30BAHUS.

KiroueBble cj10Ba: BOJIHBIE PECYpPCHI, BOJHBIE UCTOYHUKH, BOJTHOE XO3SHCTBO,
MENIMOpaTUBHbIE CUCTEMBI, SKOHOMHUYEcKas A(PQPEKTUBHOCTb, BOJHBIM OasaHc,
opocuTeNbHas BOJA, OpOIIAEMbIe 3EMENbHBIE YYaCTKH, 3arpsi3HCHHE BOJBI,
MIPOTPECCUBHBIE METOJBI OPOIIEHUS, BOJOCOEPEKEHUE, HMCKYCCTBEHHBIE OCAJIKH,
KaIrleJIbHOE OpPOILIEHHE, KOJIJIEKTOPHO-IPEHAXKHbBIE BOJIBI.

Main Directions for Increasing the Economic Efficiency of Water
Resources Use
assistant professor Candidate of Economic Sciences . Valieva S.A. velieva-
sevda@mail.ru
ass. Sarieva A.A. ayten.aliyeva94@bk.ru

SUMMARY

The article examines the issues of improvement and reconstruction of water
bodies operating in the field of chemical farming, their organization based on the
requirements of market relations, the application of scientific and technological
achievements. and new technologies, as well as the problems of their effective use, as
one of the important factors in ensuring food security in the Republic of Azerbaijan.
It was noted that 70 percent of the total volume of water used in the country falls on
the share of the agricultural sector, and 80 percent of the total product produced here
Is obtained from irrigated fields, and in the conditions of the current water shortage in
our country, 50 percent of irrigation water used for irrigation in agriculture economy,
subject to losses. The study puts forward evidence-based proposals and
recommendations, taking into account the factors affecting the increase in the
economic efficiency of water use.

Key words: water resources, water sources, water management, ameliorative
systems, economic efficiency, water balance, irrigation water, irrigated land, water
pollution, progressive irrigation methods, water saving, artificial rainfall, drip
irrigation, collector-drainage water.
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Aliyeva C.E.
Azerbaijan Architecture and Construction University
Study of mejon cycles in the Samur-Absheron region.

Abstract. In the annual (seasonal) regime of rivers, a number of characteristic
periods (phases) are distinguished, depending on the change of nutrition conditions
and the characteristics of the water regime. For most rivers of the world, the
following stages of the water regime are distinguished: high water, flood, low water.
Samur refers to rivers with spring floods and autumn floods. The summer-autumn
period is punctuated by separate rain floods, the maximum discharge of which
sometimes exceeds the maximum of the spring flood. Samur waters are distinguished
by high turbidity due to the presence of easily eroded rocks - shale, clay, marl - in the
basin.

Key words: river, regime, flood, erosion, period, annual, flood.

1.Introduction

High water- is a stage of the water regime of the river that repeats every year in
the same season under the same climatic conditions and is characterized by the
highest water content, high and long-term rise of the water level. It is often
accompanied by the release of water into the flood area. Melting snow on the plains
causes spring floods; melting of high mountain snows and glaciers, as well as long
and heavy summer rains (for example, in monsoon and tropical climates) - floods in
the warm part of the year (ie spring-summer or summer floods). The flood often has a
multi-peaked form.

A flood is a stage of the water regime that can be repeated many times in
different seasons of the year and is characterized by an intense, usually short-term
increase in water flow and level, and is caused by rain or snow melt during melting.
In some cases, particularly in small rivers, flood discharge may exceed flood
discharge. There are single and multipeak floods, single floods and flood cycles,
when a series of floods pass through the river. Sometimes a flood is superimposed on
a flood wave.

During high water (both spring and summer), the river plain is often flooded.
Except in catastrophic cases, floodplain inundation is a common, regular occurrence
and therefore cannot be unpredictable for the population and the economy. Unlike
floods, flash floods are usually less regular and harder to predict. Therefore, it is often
unexpected rain floods that lead to disastrous results.

Low water is a phase of the water regime that repeats every year in the same
season, characterized by low water levels, long periods of low water levels, and is
caused by a decrease in the nutrition of rivers. At low water, rivers are usually fed
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only by groundwater. In the zone of excess and sufficient moisture, rivers usually
have a stable groundwater supply, which ensures a fairly high flow of low water in
summer. In winter, the flow of such rivers is less watery than in summer. In the zone
of insufficient humidity, on the other hand, rivers are low in summer, usually with
less flow than in winter. Small rivers in this zone can dry up even in summer when
water is low.

Samur refers to rivers with spring floods and autumn floods. The summer-
autumn period is punctuated by separate rain floods, the maximum discharge of
which sometimes exceeds the maximum of the spring flood. Samur waters are
distinguished by high turbidity due to the presence of easily eroded rocks - shale,
clay, marl - in the basin. The average long-term sediment flux is more than 10 million
tons. This river is also characterized by a relatively high value of the annual erosion
module. It should be noted that, unlike other rivers of the Caucasus, where water
content increases against the background of global warming, the Samur River, on the
contrary, is characterized by a decrease in water content in a long-term context.

The channel has rapids along the entire length of the section, formed by rock
accretion, less often by rock sediments. This zone is characterized by the river cutting
into the terrain, the dominance of very high slopes (more than 7%) with a
longitudinal profile corresponding to the mountain type of channel processes.

In the middle course, the river flows in a relatively wide tectonic valley with
mostly terraced slopes. In some places, the stream narrows (up to 20-70 m along the
bottom). The slopes of the valley are mostly gentle, joining the slopes of the
surrounding mountains at narrowing points. The floodplain consists of stone and
sand-gravel sediments, its surface is crossed by dry channels and canals. The bed of
the river is weakly branched, it moves within the flood plains. During floods, the
width of the channel increases to 30-35 m, the depth to 2.0-5.0 m in different areas,
and the flow speed to 1.5-4.0 m/s. The slope of the river decreases to the values
corresponding to the semi-mountainous type of channel processes (0.6 - 7%).

2.Experimental details

Alluvial cone Samur is 21 km long and 40 km wide. Gravel is covered with clay
soils. Along the entire length of the site, a floodplain consisting of sediments of the
river and its tributaries is traced. The width of the wandering lane of the bed or
channel reached 1-2 km. The soil of the bed is gravelly, it becomes sandy-gravelly
towards the mouth. Except for the first 500 m, there was no complete flooding of the
floodplain along the entire length of the section, only the lowest parts were flooded to
a depth of 0.3-1.5 m. Previously, along the entire length of the section, the river, in
addition to the main channel, had a number of distant tributaries and channels.
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In the mid-1950s, large-scale water management reforms were implemented,
which began with the construction of the Samur hydroelectric complex in the upper
part of the delta in 1956, in order to solve the problem of the development of
agricultural land in the Samur-Devachi lowlands and the problem of providing
drinking water to certain areas. The most common form of manifestation of channel
processes as a set of events related to the interaction of the flow and the underlying
soil (rocks, sediments) is the longitudinal profile of the river. Its shape depends on the
distribution of partial slopes of the free-flow surface between local erosion bases
along the length of the river.

On the other hand, the shape of the longitudinal profile of the river depends on
the energy losses of the flow and the transport capacity along the length of the river
to overcome the hydraulic resistance. The constant desire of the flow of the river
from the source to the outlet reveals the physical nature and mechanism of continuous
direction changes in the longitudinal direction according to the law of automatic
adjustment of the flow carrying capacity to the formation of such a shape of the
longitudinal profile, which corresponds to the carrying capacity of the flow to the
sediment flow along the length of the river.

The change in the steepness of the longitudinal profile along the length of the
river leads to corresponding changes in the conditions of formation of river channels.
This is especially evident in rivers that start from the mountains and then go to the
plains and have a longitudinal concave profile. At this time, the successive change in
the steepness of the longitudinal profile of such mountain-leaf-plain rivers is first
accompanied by the transition of one type of mountain channel to another, then to the
sub-mountain, and finally to the plain.

3.Conclusion

Taking into account certain assumptions, the comparative analysis of
longitudinal profiles of the Samur River reveals significant channel deformations that
have occurred over the last 50 years along its entire length. Due to the natural process
of cutting the Samur River in accordance with the terrain in the upper reaches of the
river, a certain amount of descent is observed in the bottom traces. Rapid waterfall-
type channels are also present, which are associated with varying degrees of flow and
tectonic uplift.

The erosion-accumulation processes in the middle and lower reaches have
different directions and manifest themselves with different intensity. This zone is
characterized by mountain and semi-mountain channels with developed alluvial
forms. As a large amount of slope sediments enter the river bed, exceeding the
carrying capacity of the flow, their accumulation and siltation of the channel are
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recorded in some areas. At the same time, horizontal channel deformations are
limited by the presence of hard weathered rocks along the edges of the river bed.

In order to characterize seasonal changes in the water regime of rivers, graphs
(hydrographs) of changes in water discharges during the year are usually drawn up
for typical years according to water content: the year of the most and least water for
the entire observation period and close to the average years according to water
content.

Groundwater flow is usually understood as "the process of underground water
movement under the force of gravity in the fully saturated zone of the earth's crust,
which is formed as a component of the general water cycle." It is assumed that
groundwater flow in humid areas is formed under the drying effect of river systems
and depends on climatic, geological, hydrogeological, geomorphological,
hydrological and anthropogenic factors that determine the ratio of water balance
elements and groundwater flow conditions. Accordingly, the methods of assessment
of underground flows of such areas are based on the following:

1. division of hydrographs of the general river flow (hydrologo-hydrogeological
method);

2. Compliance with the conditions of water balance, whose elements are determined
by the discharge of river waters during the low water period (hydrometric
method), by measuring the level of groundwater and conducting lysimeter
observations or by calculating the average over a long period of time. term
period;

3. compliance with the hydrochemical balance conditions over a long period of time
on average (hydrochemical method);

4. groundwater movement laws in the form of systems of differential or algebraic
equations whose solution is found by analytical, numerical or physical modeling.
In the hydrogeological literature, the use of analytical solutions is often referred
to as the hydrodynamic method, and numerical solutions as mathematical
modeling, although both can also be referred to as mathematical modeling.
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protection of water resources of the Samur transboundary river. Baku city, December
21, 2010.

Zorbaliyev ML.S., t.e.n., dos., Agayeva A.T.
AzMIU
Mexaniki bahqqaldiran qurgunun hidrodiiyiinds yerlosdirilmasinin
tadqiqi

Hidrodiiytinlordo baliglarin asagi byefdon yuxar1 byefo kecidini tomin etmok
liclin movecud soraitdon asili olaraq baligqaldiran qurgular genis istifado olunur.
Qurgularin hidrodiiylinds yerlosdirilmasi, somaraliliyini tomin etmok ii¢lin hor bir
baliq noviiniin fordi xiisusiyyatlari, yerlosdirilocoyi mévqge, miqrasiya edon baliglarin
sayl, axin surati, baliglarin calb olunma siirati, baligburaxan qurgunun konstruktiv
elementlorinin Olgiilori vo s. nazors alinmalidir. Baligqaldiran qurgular isloma
prinsipino gora iki hissoyo ayrilir mexaniki vo hidravliki baliqqaldiran qurgular.
Umumilikdo baliqqqaldiran  qurgular asagidaki  konstruksiyalardan ibarotdir:
baliqyigict (giris hissosi), konteyner vo ya is¢i kamera, yuxari ¢ixis novu, ixtioloji
meydanga, qidalandirict system. Baliqyigici hissonin stasionar vo ya horokot edon
konstruksiyada olmasi qgabaqcadan toyin olunmalidir. Baligyigan hisss uzunluq
boyunca a¢iq formali nov soklinds layihalondirilir. Burada fasilosiz olaraq qidalanma
tomin olunmalidir. Baliqyigicim1 torkibinds asagida qeyd olunan mexanizmlor
layihalondirilir: baliglarin baligyigicidan konteynera yonoldilmasini tomin edon maili
formada qurasdirilmis metal 16vho (vo ya ekran), baligkeciron sliiz vo baliglarin
toplanmast vo noqli iiglin mixtolif konstruksiyaya malik olan mexaniki
baligqaldiranlar.
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Baliggaldiranlar1 layiholondirorkon bu sahads totbiq olunan digor qurgular
baliglarin yaxinlagma, colb olunma, tullanma vo sig¢rayis siirotlorinin hor birinin
giymotlorinin Oyronilmasi ¢ox vacibdir. Yaxinlagsma siiroti axmin elo minimal
sirotidir ki, bu silirotdo baliglar axina reaksiya gostorirlor, yoni reoreaksiyadir.
Migrasiya edon baliglar onlarin siirstinin axinin siiratina barabar oldugu hissalords
olmaga calisirlar. Bohran siiroti (D.S.Pavlova goro) axinin elo minimal siiroting
deyilir ki,, baliq 6ziinii saxlaya bilmoyorok axin istigamotino dogru horokot edir.
Sicrayis siirati axinin bdyiik siiratine deyilir. Bu halda baliq ani vaxt arzinds qisa
dmiiddoot tullana bilir. Baligin suyun horokotino nozoron olan optimal siiroti

_% . = R

asetrin ~ sevruqa somga sazan c¢apaq sif siyanak

R.Beynbridjema gors asagidaki sokilds ifads olunur:
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—3L 1
U=ZL(f - 1)

burada:U-baligin siirati, m/san;
L-baligin uzunlugu, mm
f-tezlikdir (orta 6l¢iido olam baliglar tigiin 15-20 hs).

Axinin siiratindon asili olaraq baliglarin siiratinin  doyismasi sokil 1-do
gostorilmigdir.

Sakil 1. Bahiglarin dorinlik iizrs paylanmasi

Miixtolif baliqg novlorino xas olan slirotin gqiymoati qurgunun yerlosdiyi
movgedon (¢aymn asagi, orta vo yuxart aximinda), suyun temperaturundan, su
soviyyasinin illik miqdarindan va. asili olaraq doyisir. aparilmis miisahidolor gostorir
ki, baligqaldiran vo baligkecgiron qurgulara daxil olan, baliyigicilarda toplanan
baliglar saquli ox boyunca paylanirlar.

Mexaniki baliqqaldiranlarin is prinsipi. Konteyneri qaldirmaq liciin metal
vo ya beton {ist tikili izorinds dastoklonon elektrik ving istifads olunur. Baliglar
kontyneri oymokla vo ya klapandan istifads etmoklo yuxar1 byefo axidilir. Baliglar
bosaltmagin iki yolu var. Bu zaman ya birbasa ke¢id borusu vasitosilo yuxar1 byefo
daxil olur vo ya konteyner yuxari byef divarina daxil deyilss, o zaman igori yuxari su
anbarma birlosdiron kanal vasitesilo konteynerdon daxil olur. Kanalda hom baligin
harakatini tomin etmak hom do yuxar1 byefo ke¢cmays tosviq edon daimi olaraq bir
corayan saxlanilir. Yuxartya dasinmasi tigiin ¢coxlu sayda baliq oldugda ve ya baliq
saxlanilmaga dozo bilmoyonds (masalon, kolgs baligi kimi), boyiik bir saxlama
sahosi tolob olunur. Inteqrasiya edilmis y18ic1 vo nagliyyat qurgusuna malik olan bu
tip konteyner ¢cox bdyiik vo agir oldugu fiiclin istifado etmok ii¢lin ¢otinlosir. Bu
zaman ¢ix1§ yolu olaraq tutma, yigma vo qaldirma funksiyalarinin ayrildig: yerlords
forgli qurgularin istifade olunur. Baliglar tutulur va miiayyan 6l¢iids giris hissasi olan
boytlik bir hovuzda saxlanmilir. Baliglar1 qaldirmadan avval yigilir vo harakat edon
saquli ekranilo itolonir. Eyni ekran, iki hissoli paneldon ibarstdir, {imumiyyatlo
panellor baliglar tutmaga (tolo yaratmagq ti¢iin aciq sokilds yerloagdirilir) vo onlar1 bir
yera yigmaga (panellor diiz ekran yarataq tigiin baglanir) xidmot edir
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Inteqrasiya edilmis baliqqalddiran ilo qaldirma. Baliq tutma marholosi:
konteyner asag1 voziyyotdodir. Horokot edon saquli konteynerin iist qurulusu ilo baliq

tolosi arasindaki ayirici ekran qaldirilir. baliq axin carayana calb olunur, taloys girir
vo tutulur. Konteynerin qaldirilmasi va bosaldilmast marhalasi: mobil saquli ayirma
ekran1 digar baliglarin ¢ixisinin qarsisini almagq ti¢iin asagi endirilir. Konteyner yuxari
qaldirilir vo yuxar1 axina bosaldilir. Konteynerin endirilmasi morholasi: bosaldigdan
sonra konteyner tolo mévqgeyins enir. Saquli ayirma ekrani yenidon qaldirilir.

Sakil 2. Mexaniki baliqqaldiran qurgunun sxemi: 1-ving mexanizmi; 2-6tirucd
kanal; 3-qgidalandirici sistem; 4-astana 5-distributor; 6-konteyner; 7-baliq qofasi; 8-
horokat edon ekran; 9-istigamatlondirici relslor.

Inteqrasiya edilmis tutucu konteyneri olan baliqqaldiran vo mexaniki y18icili
baliggaldiran arasinda se¢im baliglarin say1 vo ndviindan asilidir. inteqrasiya edilmis
tutucu konteyneri baliglarin sayinin ¢ox oldugu asanligla zadslonon va ya haddindon
artiq streso moaruz qala bilon zarif névlorin olmadig yerlar tiglin uygundur. Bir gayda
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olaraq, quzilbaliq populyasiyalari (somon, doniz alabaligi, alabaliq) tgilin illik
miqrasiya edon baliglarin sayinin bir ne¢o mindon ¢ox olmadigi yerlordo daha c¢ox
uygun golir. Bu tip baligqaldiran qurgular kolgo baliglari kimi hossas baliglar {iciin
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Sakil 3. Quzilbahqlar iiciin gafasin vo konteynerin sxemi vd ol¢iilari

Balhqqaldiran hidrotexniki qurgunun yerinin secilmasi. Qurgunun
yerlosdirilmasi tiglin istifado olunan meyarlar digor baliq kec¢id ndvlorindokine
oxsardir. Calbedici axinin ¢ay axini alagalondirilmalidir, girisdo asas mosafo (oksor
novlar tigiin 0,2 - 0,3 m) baliqlar i¢ari daxil olmaga calb etmok {i¢ilin saxlanilmalidir.

Xarici 6lkalards aparilmis todqiqatlara asason mexaniki baligqaldiran qurgulara
colb olunan baliglarin saymnin miixtolif aylar iliglin forgli qiymeato malik oldugu
Ooyronilmisdir. Baliglarin Tuvedo bondinin asagi axininda baliglarin nisbatlorini
miigayisa edorkon asagidaki har ii¢ ndv iigiin populyasiyanin miqdarinda forqlor askar
edilmisdir (sokil 4). Homginin mexaniki

Sakil 4. Baliglarin miqdarimin aylar iizra doyismasi
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baligqaldiran qurgularda vo ¢ayda olan baliglarin sayinin onlarin 6lgiilorindon asililig
grafiklori (sokil 5, sokil 6 vo sokil 7).
Sakil 5. Baligqaldiran kecon baliglarin sayimin onlarin dlciilorin asih olaraq
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Baliglarin uzuniugu

dayismasi (bigh bahglar ticiin).
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Baliglann uzunlugu
Sakil 6. Baligqaldiran kecon baliglarin sayimin onlarin él¢iilorin asih olaraq

doyismasi (qara burun bahgqlar ti¢iin)
Sakil 7. .Baliqqaldiran kecon baliqlarin sayinin onlarin ol¢iilorin asih olaraq
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Baliglanin uzunlugu

doyismasi (alabahiqlar iiciin).

Baliglarin sixliginin miisahide olundugu baliggaldiran qurgulara axin bir bir
hissasi konteynerdon yuxaridaki, bir hissasi 1s9 hovuzun yan divarlarinin i¢arisindoki
qidalanma noqtalarindon vurulmalidir. Ekranlarin igarisindon isa su 0,40 m/s-don az
siirotlo vurulmalidir. Suyun soviyyosi no qodor olursa olsun, injeksiyon ekrani
vasitosilo sabit slirat tomin olunur. Lakin buna baxmayaraq manfi cohati odur ki,
ciddi tomizlik tolob edir. Maksimum istifado ddvrlorindo hor bir baliq tligiin tolob
Olunan minimum su hocmi, suyun siiroti vo miixtolif novlor {i¢iin zoruri olan
minimum struktur ol¢iileri (uzunluqg, en, derinlik). Har 1 kq baliq ti¢iin toxminon 15
litr hocmindos su istifade edilmolidir, yani, gohvayi alabaliq iigiin 5-15 litr, Atlantik

quzilbalig1 va ya daniz alabalig: tigiin 80-150 litr vo Allis kolgs baligi ligiin toxminan
30 litr.
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Minimum struktur 6l¢iilori (uzunluq x en x dorinlik) kimi olmalidir:

- Quzilbaliq: 2,5 mx 1,5 mx 1 m (3,75 m®)
- Alabalig: 1,5mx 1,0 mx 0,8 m (1,2 m3)
- Kolgo balig: 5,0 mx 2,5mx1,5m (19 m%)

Giris yolunun agzinda baliglar1 calb etmak iiclin 0,6-1,0 m/s minimum siirati
saxlamaq lazimdir. Mentesali saquli zolaqlarin klapan rolunu oynamasi ii¢lin agiza
yerlosdirilmosi “qaytarmama” effektini giliclondira bilor. Sokil 2 vo 3 inteqgrasiya
olunmus tutucu konteynerin Olciislinii toyin edorkon nozoro alinmali olan osas
meyarlar1 gostorir. Mexaniki baliq toplayicilar1 olan baligqaldiran qurgularda
horokatli ekranlarin oldugu baligi tutan vo saxlama ekranlarinda tutucu hissodo iki
ekran arasindaki bosluq 30 sm ilo 40 sm arasindadir. Novdoan asili olaraq saxlayici
hovuzunun daxilindo maksimal siirot 0,3 ilo 0,6 m/s arasinda olmalidir. Konteynerin
minimum O6l¢iilorini tayin edarkon baligin 6l¢iisii nazara alinmalidir. Miivafiq olaraq
qizilbaliq va alabaliq tiglin minimum uzunluq 1,5 m va 1,0 m, minimum darinlik 1s9
0,3 vo 0,2 m olmalidir. Kolge baliglar tigiin, konteynerin minimum o6l¢iilort imumi
olaraq miioyyon edilir Miqrasiyanin pik dovriindo maksimum sayda baliglarin
qaldirmasi tolobino uygun olaraq konteynerin 6l¢iilori miioyyaon edilir.

Maksimum sarbast bosluq (e) asagidaki kimi olmalidir:atlantik qizilbalig1 vo
doniz alabaligi iiglin e = 4,0 sm; kolgo baliglart {iclin e =3,0 sm; gohvayi alabaliq
tclin e = 2,0 sm; e = doniz fonoari liglin 2,5 sm;-yuxar1 axinla horokot edon ko¢ edon
kicik ilanbaliglar tigiin e = 0,5 sm.

Ekranin sorbast soth sahasi elo olmalidir ki, baliq kecidi qurgusuna alave axinin
vurulmast Uclin miioyyon edilmis siirot (Vmax < 0,30-0,40 m/s) tamamlansin.
Mexaniklosdirilmis yigict ekranin harokat siirati toxminon 5-15 m/daq-dir. Saxlama
hovuzunun vo konteynerin 6l¢lisii hom miimkiin olan on qisa dovr orzindo qurguya
gola bilocok maksimum baliq sayina (Nc), hom do hocm meyarlarina gors toyin edilir.
(Nc) hom tobii migrasiya modelindon, hom do kontenerin isloma tezliyindon asilidir.

Saxlama hovuzu vo konteyner tigiin tolob edilon su hocmlori asagidaki diistur
ilo ifads edilir

V=C+ Nc Vmin
burada:
- N¢ an ¢ox yayilmig baliq ndvlerinin bir dovr orzinds hovuzda saxlanilan
maksimum sayidir;
- Vin @0 ¢ox yayilmis baliq novlarinin har bir fordi ti¢lin talab olunan hacmdir;
- C digor novlorin varligini nozors alaraq diizolis omsalidir.

Migrasiya edon populyasiyanin sayr (N;) vo minimum nozora alinmaqla
minimum dovrin miiddsti (d) doqigelorlo ifado edilir, bu dovr orzindo golon
baliglarin maksimum say1 (N.) asagidaki diisturla alinir:

N = (N;x 0,1 x 0,15 x d)/60.
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Mexaniki baligqaldiranlarin  baligkegiron qurgular ilo miiqayisodo osas

ustiinliiklori asagidakilardir:

- Nisboton asag1 qiymat;

- Kigik hesabi oOlgiilor (bu onlarin tikintisini vo strukturda yerlosdirilmosini nisboton
asanlasdirir);

- Suyun yuxar1 axini saviyyasindoki doyisikliklora qars1 az hossasliq;

-Yiiksok hiindiirliikdo bandlords istifads edils bilar;

-Baliglar passiv sokilds yuxar1 axia dasindigindan, mexaniki baliqqaldiranlar onlar
ticlin somaralidir;

-Zoif lizmo qabiliyyati olan ndvlorin dasinmasi tigiin olverislidir;

-Colbedici axinin olmasi.

Baligkeciron qurgularla miiqayisads mexaniki baliqqaldiranlarin asagidaki

catismazliglar1 var:

- Yiiksok amaliyyat xarclori;

- Texniki problem vo ya texniki xidmot sobobindon daha ¢ox dayanma halalarinin
olmasi;

- Kigik baliglar va ya kigik 6lg¢iilii novler (mosalon, ilanbalig1) {i¢lin somorasiz olmasi,
clinki proses zamani nozora alinan masalalar kifayst qodor inco ekranlarin istifadasing
mane olur;

-Baligqaldiranlar qurgular baliqlarin asag1 axina miqrasiyasi tigiin somarali deyil;

-Bu qurgular onurgasizlarin yuxari axina miqrasiyasi li¢iin somarali deyil;

-Sutullayan hissado su soviyyosinin doyismosi optimal soraitin tomin edilmosinda
problem yaradir.

Baliggaldiran qurgunun hor bir konstruktiv elementi se¢ilorkon yuxarida qeyd
edilonloro xiisusi diqgot yetirmok olduqca vacibdir. Mexaniki baliqqaldiran
qurgularin hidrodiiyiindo mévqgeyinin toyin edilmosi yalniz geyd olunan parametrlorin
hor birinin toyin edilmesindon sonra miimkiindiir vo alinan naticalora asason
qurgunun layihalondirilmasi hayata kegirilir.

Annotasiya

Baliglarin asag1 byefdon yuxari byefo tohliikasiz ke¢gmosi iigiin baliggaldiran
qurgulardan genis istifado olunur. Bu zaman baliglarin horokot siiroti, axin siirati,
baliglarin 6lgtilori, dorinlik {izro paylanmasi, miqrasiya edon baliglarin say1r kimi
miihiim faktorlar avvalcadon miisyyan edilmalidir. Mexaniki baligqaldiran qurgularin
da hidrodiiyiinds yerlasdirilmasi liciin yuxarida geyd edilon amillarin tadqiq olunmasi
miitlogdir. Qeyd olunan masalolor maqalodo 6z oksini tapmisdir.

Agar sozlar: baliqgaldiran qurgu, calbedici axin, bohran siirati, Gtiiriicii kanal,
hidrodiiyiin, yuxar1 byef, asag1 byef
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AHHOTAIIUA

Pr160onorseMHIKY IUPOKO MCHIONB3YIOTCS AJIs O€30MacCHOTO TIePEMEIICHHS
PBIOBI M3 HMYKHETO 3aJIMBa B BEpXHUIA. B 3TO Bpems cienyer 3apaHee onpeaeanTh
BaXKHbIE (PAKTOPbI, TAKHE KaK CKOPOCTb JBUKEHUS pbIObI, CKOPOCTh TEUEHUS, pa3Mep
PBIOBI, pacrpeiesieHre Mo TyOuHe U KOJTUYECTBO MUTpUpYIOIen pbiObl. [{is
pa3MelIeHHs] MEXaHMYECKUX PbIOOMOIbEMHBIX YCTPOMUCTB B THPOY3J1€ HEOOXOIUMO
M3YYUTh YKa3aHHBIE BbIIIE (PAKTOPBI. Y Ka3aHHbIE BOIIPOCHI HALIUIA OTPAKEHUE B
CTaThe.

KuiroueBble ciioBa: pei00NoOabEM, IPUTKEHNE, KPUZHCHASI CKOPOCTD,
nepeaTOYHbIA KaHall, THAPOY3€ell, BEpXHUH 3aJIMB, HUKHHUH 3aJIMB.

Abdurahimov' S.H., Haciyeva' i.Y.
'Azarbaycan Dévlat Neft vo Sanaye Universiteti
Milli Aerokosmik Agentliyi Ekologiya institutu
Domiraparancayda macra deformasiyalarimin oyronilmasi

Xiilasa. Moagalo Daomiraparangayda macra deformasiyalar1 vo onlar1 yaradan
amillorin todqiqino hosr edilmisdir. Burada tobii vo antropogen amillorin tosirindon
macrada gedan dayisiliklorin analitik vo empirik tohlili verilmisdir. Dag va dagatoyi
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caylarin macralarinda asas hidravliki parametrlorin hesablanmasi ticiin toklif edilon
bir ne¢o metod vo yanasmalar tohlil edilmisdir. Bolgo caylarinda tikilmis
sahilmiihafizo qurgularin dayanigliginin itirilmosino sobob olan amillorin tosiri
tosnifatlagdirilmisdir. Homginin, axim xarakteristikalarinin mokana goro paylanma
xiisusiyyotlori giymotlondirilmis, sahilmiihafizo todbirlorinin goriilmosino dair
tovsiyyoalor verilmisdir.

Acar sozlor: mocra proseslori, mocra deformasiyasi, ¢ay aximi, hidravliki radius,
sel, dasqin, kolo-kotiirliilik omsali, Sezi omsali, sahilmiihafizo qurgular:

Caylarda su ehtiyatinin idaro edilmosi baximindan mocra deformasiyalarinin
Oyronilmosi, onlara tosir edon amillorin vo ¢ayin mocrasinda yaranmis digor neqativ
hallarin bas vermo soboblorinin miioyyon edilmosi on aktual mosalalordon biridir [1-
4]. Oziiniin farqli hidrodinamik xiisusiyyatlorila farqlonen Domiraparangayda bu ndv
todqiqatlarin  yerino  yetirilmosi olduqca miirokkob xarakterlidir. Belo ki,
Damiraparancayin hovzasinda bas veran tektonik pozulmalar, zeif dayanigliga malik
olan dag siixurlarinda yaranan denudasiya vo asinmalar, dag yamaclarinda bas veran
eroziya proseslorinin getdikco siirotlonmosi, sel ocaqlarinin qirintt materiallar ilo
koskin sokildo dolmasi, meso zolaglarinin plansiz sokildo qirilmasi vo eloco do digor
antropogen amillorin tosiri noticosindo ¢ay ~ hovzosinin  su akkumulyasiya
qabiliyyatinin azalmasina sabab olmusdur. Cayda sel vo dasqinlar zamani
nizamlanmi§ ¢ay aximlar1 boylik miqdarda cay gotirmslori ilo ¢ay macrasina sarbast
sokilde daxil olaraq ¢ayda qurulmus sahilmiihafizs, sugdtiiron vao digor qurgularin
is rejimlorindo ¢otinliklorin yaranmasina vo onlarin miioyyon  bir qisminin
zadolonmosing, dagilmasina vo dayanighigini itirmosing, sugdtiiron qurgularin stabil
qidalanmasinin garsisinin alimmasina vo ¢ay macrasinin dib soviyyasinin 1-3 m
qalxmasina, hoamginin ¢ay otrafi orazilorin yuyulmasina vo ¢ay aximi ilo basilmasina
gotirib cixarmugdir. Noticode c¢ayatrafi orazilorin miioyyon mantagalarinin
yuyulmalara vo subasmalara moruz galmasi {liciin real tohliiko yaranmigdir.

Tadqigat zamani Domiraparancayda bas veran macra proseslorinin movcud
voziyyetinin vo onlara tosir gostoron amillorin dyronilmosi ilo slagodar asagidakilar
miioyyon edilmisdir:

- sel vo dasqin aximlarinin  ke¢mosi noticosindo bolgonin bir sira ¢aylarinda
coxqollu ada formali macra deformasiyasinin bas vermoasi naticasinds ¢ay aximlari
0zlorinin islok mocrasi ilo harokot etmomasi;

- sel vo dasqin aximlariin tosirindon caylarda enino vo dorinlik iizro mocra
deformasiyasinin bas vermosi noticosindo ¢aylarda tikilmis sahilmiihafizo
qurgularimin  miioyyon bir qisminin aximlarin birbaga tosirino moruz qalaraq
zadalonmosi;
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- caylarin ayri-ayr1 montogalorinde qurulmus bondsiz sugdtiiron qurgularin
garsisinda cay gotirmolorinin yigilmasi naticosindo qurgularin normal is rejiminin
¢otinlogsmasi vo onlarin stabil gidalanmasinin tomin olunmamast;

- ¢aylarin nogletmo zonasinda qurulmus sahilmiihafizo qurgularimin miioyyon
bir qisminin sel va dagqin aximlarinin tasirind maruz galmasi naticasinde qurgularin
dib hissasinds 0,3-1,5 m dorinliyinds yuyulmanin bas vermasi;

- sel vo dasqin aximlar1 dovriindes boyiik miqdarda ¢ay gotirmoalori caylarin
nogletmo vo akkumulyasiya zonalarina sorbast sokildo daxil olaraq ¢6kmosi
noticosinda ¢aylarin bir sira montagolorindo mocranin dib soviyyasinin 3 m-don artiq
galxmas1 va eloco do ¢aylarda mocratomizloms islorinin lazimi soviyyoado goriilmosi
noticosindo ¢ayotrafi orazilorin miioyyon montogolorinin yuyulmasi vo subasmalara
moruz qalmasi.

Qeyd etmak lazimdir ki, Damiraparancayda aparilan macratomizloma islorinin
va eloco do mocranizamlayici vo mocrabarpaedici tadbirlorin  lazimi  soviyyado
goriilmomasi naticasindo cayda halo ds ciddi problem masalalor galmaqdadir.

Bu sobobdon do cayda mocratomizlomo islorinin @ modvcud  voziyysti
Oyronilmis, onlarin zororli tosirlorinin aradan qaldirilmasi yollar1 arasdirilmis,
maocratomizloms islorinin aparilma miimkiinliilyii miioyyon edilmisdir.

Goriilocok mocratomizloms islori cayda qurulmus sahilmiihafizo, sugotiiron vo
digor qurgularin dayamgliginin  artirillmasimin - vo onlarin i rejiminin
yaxsilasdirilmasini tomin edocakdir.

Caylarda sel vo dasqin aximlarina gars1 qurulmus sahilmiihafize qurgulan yerli
soraitdon asili olarag ¢ay aximinin oxuna paralel vo miioyyon bucaq altinda
tikilmigdir. Caylarin asason noagletmo vo gotirmo konuslar1 zonalarinda tikilmis bu
qurgular daimi (domir-beton, dasli-beton, das-horgii, BUS konstruksiyali qurgular vo
s.) vo miivaqqoti (qabion qurgular, sax-soval horgiilor vo s.) qurgulardan ibaratdir.

Sel vo dasqin aximlarinin daxili strukturunu doyisdirmak vo onu nizamlamaq
baximindan c¢aylarda tikilmis daimi vo miivoqgeti sahilmiihafizo qurgularinin tasir
quivvalari nisbaton asagidir. Cay sahillorinin uzunlugu boyu istigamatinds tikilmis bu
qurgular passiv tosirli qurgular olub, sel vo dasqin aximlarina passiv tosir gostorir vo
sel aximlarmi c¢ay sahillorinin  yuyulma qorxusu olan mantogalorindon
uzaqlasdirmagla ¢ay sahillorinin miidafissini tomin edirlor.

Ayri-ayr illords bolgs orazilorini sel vo dasqin aximlarinin dagidici tosirindon
miidafio etmok moqgsadi ilo ¢aylarda miivafiq hidrotexniki todbirlor goriilso do onlarin
somoroasi az olmus vo bu istiqgamotdo bolgo caylarinda holo do ciddi problemlor
galmaqdadir [3,4]. Bolgo caylarinda holl edilmomis mosalolorin qalmasinin asas
sobablori problemin hollino sothi yanasilmasi, caylarda aparilmis nizamlanma
tadbirlorinin kompleks halda yox, lokal halda goriilmasi va selo qgars1 qurgularin
layihalondirilmasinda, tikintisinds vo istismarinda buraxilan négsanlarin olmasidir.
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Qeyd etmok lazimdir ki, bolga caylarinda tikilmis qurgularda dagilma vo
zadolonmoalarin 30 %-i layiha islorinds va 25 %-i tikintido buraxilan sohvlorin, 40 %-i
istismarin diizgiin aparilmamasinin, 5 %-1 1sa digor amillorin tosirindon bas vermisdir.

Aparilmis todqiqat arasdirmalar1 gostorir ki, bolgo caylarinda tikilmis
sahilmiihafizo qurgularinda yaranan dagilma vo zadolonmolor, qurgularin dib
hissasindo yaranmis yuyulmalar vo onlarin 6z dayanigligini itirmasi hallar1 va elaca
do qurgularin is rejimindo yaranmis olan ¢otinliklor asagidaki amillorin tosiri
noticosinda bas vermisdir:

-bolgo caylarinda vo onlarin hovzolorindo kompleks toyinatli hidrotexniki
todbirlorin aparilmamasi;

-caylarin nogletmo vo akkumulyasiya zonalarinda tikilmis sahilmiihafizo
qurgulariin arasinda zoif alagonin olmast;

-selo garst olan qurgularin layihoslondirilmasinds sel aximlarinin torkibinin,
dinamiki xarakteristikalarinin vo eloco do aximlarin hidravliki ve hidroloji
parametrlorinin diizgiin nazors alinmamast;

-selo garst olan qurgularin layihslondirilmasinds bir cox qurgularin tiplorinin vo
onlarin ¢ayda yerlosdirilms yerlorinin diizgiin se¢ilmomaosi;

-problemin praktiki hollino imkan vero bilon rasional konstruksiyali
sahilmiihafize qurgularmin az olmasi;

-sahilmiihafizo qurgularmin dayaniqligmma vo onlarin is rejimine monfi tosir
gostara bilon cay montogelorinds qum-¢ingil karxanalariin faaliyyst gostormosi;

-cayin akkumulyasiya zonasinda qurulmus sahilmiihafizo qurgularinin yerlosdiyi
montagalordo macratomizloms islorinin lazimi soviyyado aparilmamasi;

-cayda qurulmus sahilmiihafizo qurgularinin bir goxunun texniki voziyyatinin vo
onlarda ehtimal olunan qoza hadisolorinin vaxtinda miioyyan edilib aradan
qaldirilmamast;

-cayda movcud olan sahilmihafizo qurgularinin istismarinda buraxilan sohvlar;

-bir ¢ox sahilmiihafizo qurgularinin tikinti islorinin keyfiyyatsiz goriilmasi vo
layiha talablorinin 6denilmamasi;

-sahilmiihafizo qurgularinin miisyyon bir qisminin tobii folakatlora vo texnogen
qozalara ugramast;

-cayda mdvcud olan sahilmiihafizo qurgularinda tokmillogdirmo vo tomir-barpa
islorinin lazimi saviyyado aparilmamasi.

Caylarda foaliyyat gostoron qum-cinqil karxanalarina nozaratin zoif olmasi vo
eloco do karxanalarin istismarinin yaxsilagdirilmasindan 6trii miivafiq todbirlorin
gorilmomosi naticasindo ¢aylarin  bir sira montogolorinds mocra proseslori
intensivlosmis vo caylarda enino va dorinlik iizro deformasiyalar bas vermisdir.

Dag caylarinin konus ¢ixislari zonasindaki macralarinda ¢ay axini ile gatirilon lil
gaotirmalarinin iri fraksiyalari toplanaraq qalaq yaradirlar, nisbaton kicik fraksiyalari
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dib gotirmolori vo asilt lil gotirmolori dasqin axii ilo yuyulur vo yaxud nogl
olunurlar.

Beloliklo do konus cixisdaki iri fraksiyali gotirmolorin qalaqglari dasqin aximinin
yatirilmasina osaslt miigavimat gostorirlor. Ona goro do ¢ay macrasiin hidravliki
miigavimat xiisusiyyatlori miixtalif olur vo onun qiymatlindirilmasi {igiin ilk névbada
maocranin kolo-kotiirlityiinii toyin etmok lazimdir [1].

M.F.Sribniy ¢cay mocrasinin kolo-kotiirlilk amsali ilo onun mailliyi arasindaki
ifadoni agsagidaki kimi ifads etmisdir:

n=01544C-J ,
Burada C-Sezi omsali, J-iso ¢ayin uzununa dib mailliyidir.

A.H.Qadtunskiy dag caylarinda mocranin kolo-kotirlik omsalint agsagidaki ifado

ilo hesablamag: toklif etmisdir:

n=A(h,-D),
burada, h,,;,-Mocrada axmin orta dorinliyi, D —mocra c¢okiintiilorinin orta
diametridir.

(Cayim macrasinda axinin siiroti gotirmalorin horokotinin baglanma siiratino yaxin
oldugda macranin koalo-kétirliilityiinii asagidaki ifads ilo toyin etmok olar:

n=0,086(h,, -J )%,
Burada, h,,+,-Macrada axinin orta dorinliyi, /-iso ¢ayin uzununa dib mailliyidir.

Sonuncu ifadodon, eloco do bir sira natur miisahidolorin noticolorino osason
mioyyon etmok olur ki, ¢ayda axinin dorinliyinin artmasi ilo Sezi omsali artir.
Beloliklo, axinin daxilinds iki miiqavimot sahasi movcud olur. Belo miigavimot
sahalori h,.rq vo C-Sezi omsalinin giymatlorinin qarsilight miinasibatindon yaranir
[1].

L.A.Morozovun tovsiyyalarina asason ikinci miiqavimat sahosi {i¢iin Siizi omsali
bels tayin edilir (0,00018<7 <0,034q/m?):

C =11Lg(h, /d)+16Lg(i/r)—22

S.N.Zudinanin islorinds dag vo dagatoyi zonalarda:

Birinci miigavimat sahasi liclin

C/g =6Lg(h,, /d)+37, 2<h, /1d<70;
vo yaxud
C/\Jg =54Lg(h, /dg)+47, 15<h, /dg, <52.

Bir sira natur todqiqatlarin naticolorine osason miioyyon edilmisdir ki, cayin
hidravliki mailliyinin artmasi ilo onun iiglin Sezi omsali azalir. Belo ki,
P.A.Sestakovun todqiqatlar1 esasinda mailliyi J =0,002+0,011 vo eni B<50 m olan

cay macralarinin miigavimat va yaxud Sezi amsali bels toyin edilir:
C=72-07%

70



Gostormok lazimdir ki, sel vo dasqin tohliikali caylarda miigavimat omsalin
tapmaq {iiciin Q.B.Seleznyakov vo V.F.Talmarza, eloco do Y.O.Ibadzado vo
Antropolskinin do tovsiyyalorindon istifado etmok olar.

Uzununa dib mailliklori n < 0,003 olan dag caylarinda Sezi omsalini

M.I.Agroskinin % + 17.7lgR = C ifadasindon dos tapmagq olar.

Sel vo dashi-cinqilli dasqin gotiron dag vo dagotoyi caylarin kolo-kotiirliiyli vo
onlarin gotirdiyi dib vo asili gotirmolorinin fraksiyalarinin torkibini dyronmok iigiin
Kiscay, Oyricay, Voalvalogay, Qudyalcay, Qusargay vo digor ¢oxlu sayda caylarda
professor F.B.Bosirovun rohborliyi ilo genis todqigatlar yerino yetirilmisdir. Homin
tadqiqatlarin naticolorine asason asili vo dib gotirmalorin torkibindoki fraksiyalarin
minimum, maksimum vo orta diametrlorinin hesablanmasi {i¢lin riyazi ifadolor
alimmigdir. Prof. F.B.Bosirov cay macralarmin kolo-kétiirliikk omsalmin toyin
olunmas1 maqgsadilo asagidaki ifadodon istifads etmoyi tovsiyye edir:

1
. A,
1.9(Inhyye — Ind,e) + 10.98

burada, h,,:;-cayda axmin orta dorinliyi, d,,;,- macra gotirmalori torkibinin orta
diametridir.

Tadqiqat arazisinds ¢ay macralarinin kolo-katiirliikk omsalinin qiymatini tobii
soraiti nozoro alaraq F.B.Bosirovun tovsiyyo etdiyi diisturla toyin edilmasi daha
mogsadouygun sayilmalidir.
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Pe3tome. CraThsi TMOCBSIIEHA W3YYCHHIO PYCIOBBIX JedopManuii U
co3maronmx ux (¢akropoB B Jlemupanapanwae. JlaHo aHaNMTUYECKUA U
IMIIUPUYECKUN aHaIM3 M3MEHEHUH pycia TMoJ BIUSAHUEM TPUPOIHBIX U
aHTPOIIOTeHHBIX (PakTOpoB. [Ipoananu3upoBaHO HECKOIBKO MPEIOKEHHBIX METOI0B
U TOAXOJIOB JIJISl pacueTa OCHOBHBIX THAPABIMYECKHUX MMapaMETPOB B PyciaX TOPHBIX
u npearopueix pex. KnaccudunupoBano BnusHue GakTopoB, BHI3BIBAIOIIUX MOTEPIO
YCTOWYMBOCTH OEPEroBbIX 3alIUTHBIX COOPYKEHUH, COOpPY>KaeMBIX Ha peKax
peruoHa. Taxxe ObUIM OILIEHEHBI 0OCOOEHHOCTH HMPOCTPAHCTBEHHOI'O pAaCIIpeesICHUs
XapaKTepUCTHK  CTOKa M JaHbl  PEKOMEHIAIMM [0  IPOBEICHHUIO
OeperoykpenuTeIbHbIX MEPOTPUSITHIA.

KiueBble cjioBa: pyc/joBble MHpolecchl, AedopManusi pycia, peqHoi
CTOK, THAPABJIMYECKHIl  paamyc, cejldb, M0J0OBOAbE, KOIPPUIHEHT
1epoxoBaTocTu, ko3 unuent lle3u, Gepero3amiuTHbIe COOPYKEHUH

S.H.Abdurahimov, I.Y.Haciyeva,

Investigation of the deformations of the Demiraparanchay channel

Abstract. The article is devoted to the study of channel deformations and the
factors that create them in Demiraparanchay. An analytical and empirical analysis of
channel changes under the influence of natural and anthropogenic factors is given.
Several proposed methods and approaches for calculating the main hydraulic
parameters in the channels of mountain and foothill rivers are analyzed. The
influence of factors causing the loss of stability of coastal protective structures
constructed on the rivers of the region is classified. Also, the features of the spatial
distribution of runoff characteristics were assessed and recommendations were given
for carrying out bank protection measures.

Keywords: channel processes, channel deformation, river runoff,

hydraulic radius, mudflow, flood, roughness coefficient, Chezy coefficient, bank
protection structures.
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Iliyev F.Q. *, Salamov O.M., 9liyev F.F. *
AR ETN Radiasiya Problemlori institutu
*AR ETN Azarbaycan Memarhq vo Insaat Universiteti
GUNOS ENERJISININ HIDROGENIN KiMYOVi ENERJISI
SOKLINDO AKKUMULYASIYASININ PERSPEKTIVLORI
Xiilasa

Isdo giinas-fotoelektrik coroyan monboyindon (GFCM) istifado etmokla, sudan
yiiksok tomizlikli hidrogen va oksigen qazlarinin alinmasi yolu ilo giinas enerjisinin
hidrogen vo oksigen qazlarinin kimyavi enerjisi soklindo akkumulyasiyasi imkanlari
nozordon kecirilir. Bu moqgsodlo coroyan monbaoyi qismindo giinos radiasiyasinin
intensivliyinin (GRI) 1000 Vt/m? giymotinds 750 Vt ¢ixis giiciine malik GFCM-don,
elektrolizer qismindo iki ndév qolovili elektrolizerdon istifads edilir. GRI-nin genis
intervalda vo ixtiyari sokildo doyigsmasi zamani elektrolizerin optimal 1§ rejiminin
pozulma hallar1 va bu problemin aradan qaldirilma yollar1 nozerdon kegirilir. Isdo
homg¢inin do hidrogen vo oksigen qazlarinin tozyiqlorini baorabar soviyyada
saxlamagqla yiiksok tomizlikli qazlar almaq ii¢lin goriilon tobirlor agiglanir vo bu
maoqsadla istifads edilon tozyiq forqi tonzimloayici qurgular (TFTQ) tohlil edilir.

Acar sozlor: giinos-fotoelektrik coroyan monboyi, gilinos radiasiyasinin
intensivliyi, filtr press tipli elektrolizer, hidrogen vo oksigen, suyun pargalanma
gorginliyi, bir yuvadaki gorginlik, tozyiq forqi tonzimloyici qurgu, avtomatik
kommutasiya qurgusu, differensial manometr, elektroklapan, elektrolit.

Giris

Hazirki isdo mogsad olverisli (buludsuz) hava soraitindo giinos enerjisini
akkumulyasiya etmok, olverissiz hava soraitindo vo geco saatlarinda iso homin
enerjidon toyinat1 lizra istifado etmokdir. Bu mogsadls, avvalco GFCM-dan istifado
etmoklo gilinos enerjisinin elektrik enerjisino ¢evrilmosi, sonra iso hidrogen vo
oksigen gazlarinin kimyovi enerjisi sokilindo akkumulyasiya olunaraq saxlanilmasi
nozordon kecirilir. Bu {isulla GRI-nin giin orzindo doyismo xarakterindon asili
olmadan, morkozlogsmis qaz vo elektrik tochizati sobokolorindon uzaq mosafodo
yerlogon strateji, o climlodon do horbi vo sonaye toyinatli obyektlor, fermer
tosorriifatlari, yasayis evlori vo s. kimi enerji istehlak¢ilarini GFCM vasitosilo
fasilosiz vo etibarli sokildo elektrik va istilik enerjisi ilo tomin etmok miimkiindiir.

Qarstya gqoyulan moqgsodo catmaq tiglin giinos enerjisindon istifado etmoklo
sudan hidrogen alinmasiin miixtalif tisullart miiqayisali sokilds tohlil edilarak, har
bir ilisulun miisbot vo monfi cohatlori gostorilmisdir. Sonda istiinliik hidrogenin
elektroliz iisulu ilo bilavasito sudan alinmasina verilmisdir ki, bu da on baslicasi
hamin prosesin “- su — par¢alanma — hidrogen va oksigen qazlari — hamin qazlardan
yanacaq elementindo istifado - Su-” gapali dovrosi iizro reallasdirila bilmosi ilo
olagadardir. Bu zaman, ilkin marhslado elektrik coroyaninin tasiri ilo suyun hidrogen
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vo oksigen gazlarina cevrilmasi prosesi bas verdiyi kimi, ikinci morhslados, yoni
yanacag elementlorindon istifado zamani da, tamamilo birinciys analoji, lakin oks
istigamoatli proses bas verir. Belo ki, bu zaman heg¢ bir yanma prosesi getmodon
hidrogen vo oksigen qazlarimin kimyovi birlogmosi bas verir vo reaksiya mohsulu
tomiz su buxarindan ibarat olur ki, o da, yenidon parcalanmaq iiciin elektrolizera
qaytarilir. Odur ki, gapali dovra ilo reallagdirilan elektroliz prosesi otraf miihiti
cirklondirmomokls yanasi, hom do yeratrafi atmoster gatinin isinmosina sabob olmur.
Ondan basqa, istismarinin sadoliyi, horokot edon hissolorin olmamasi, adi
temperaturda islomosi, istilik i1zolyasiyasma, xiisuson vo vakkumlu izolyasiyaya
ehtiyacin olmamasi, sistemin avtonomlugu, isinin tohliikosizliyinin tomin olunmasi,
biitlin proseslorin avtomatlasdirilmasi vo s. kimi miisbot cohatlorino gora do elektroliz
tisulu daha perspektivli iisul hesab edilir. Elo geyd olunan bu {istiinliiklorino goéro
elektroliz tisulu hazirki halda vo golocok zamanda, senaye miqyasinda hidrogen
almaq tigtin praktiki cohotdon an miikommaol tisul hesab edilir [1-3].

Manfi cahatlorine goldikds, yegana moanfi cohati prosesin boylik enerjitutumlu
olmasidir. Belo ki, vahid migdarda (1 m® H, va 0,5 m® O,) qazin alimasi {igiin lazim
golon enerji sarfiyyati on yaxsi halda 4,2+4,5 kVt-saat toskil edir ki, bunun da elektrik
sobokasindon tochizati iqtisadi cohotdon o godor do sorfoli hesab edilmir. Mahz bu
sababdon do, hazirki halda elektrolizeri qida ilo tomin etmok maqsadilo ekoloji
cohotdon tomiz vo tliikonmoz enerji monbayi olan GFCM-don istifads edilmosi
mogsadyonlii hesab edilmisdir.

2. Eksperimental GEQ-nun sxematik qurulusu vo is prinsipi

Qarsiya qoyulan mogsadi nazors alaraq, eksperimantal giinos elektroliz qurgusu
(GEQ) islonib, yaradilib vo Baki soharinin klimatik soraitindo sinaqdan kegirilmisdir.
Sokil 1-do homin qurgunun blok-sxemi tosvir olunmusdur. Qurgu GFCM 1,
elektrolizer 2, avtomatik kommutasiya qurgusu (AKQ) 3, tozyiq forqi tenzimlayici
qurgu (TFTQ) 4, H, va O, gazlar iigiin resiverlar 5 va 6, elektrolozerin monopolyar
elektrodlardan gotiiriilmiis ¢ixiglart 7 vo 8, elektrolizerin bipolyar elektrodlardan
gotiiriilon ¢ixislart 9, H, vo O, qazlan tigilin qazyigici kollektorlar 10 vo 11, TFTQ-
nun H, vo O, gazlan ii¢lin qaz xattlorinin iizorindo qurulmus elektroklapanlar 12 vo
13, H, vo O, qazlan ii¢lin qazayirict kolonkalar 14 vo 15, H, vo O, qazlan iicilin
stizgoclor 16 vo 17, H, vo O, gazlar tigiin quruducu kameralar 18 vo 19, TFTQ-nun
H, vo O, gazlar iiglin girislorinds qurasdirilmis alovsondiironlor 20 vo 21, H, va O,
qazlar tii¢lin soyuducu kameralar 22 vo 23, homginin tonzimloyici ventillordon
24,25,26,27,28 va 29 ibarotdir [4].
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Skl L sudant?zyvig alt hda vuks?l temizlikli hidrogen v?

olsigen gazlar*almag ucun GEC-nun
sad ?1?sdirlimis blak sxemi:

Hidrogen generatoru kimi ilk 6nca, silindrik quruluslu biryuvali, daha sonra is9,
yuvalar1 0z aralarinda qaz xattlari lizra parallel, elektrik xattlori tizra ardicil qosulmus,
coxyuvali, filtrpress tipli elektrolizedron istifado edilmisdir. Bu elektrolizerlordon
birincisi sorti olaraq E-1, ikincisi iso E-2 adlandirilmisdir. Hor iki elektrolizerdo
lazimi kegiriciliyin alinmasi mogsadilo, elektrolit kimi 32,5 %-1i KON mohlulundan
istifado edilmisdir. Is¢i temparatur 80°C, isci tozyiq iso 0,6 MPa-a godor olmusdur.
Taocriibolor zamani tohliikasizliyin tomin olunmasi namino is¢i tozyiqin maksimal
haddi 0,4 MPa soviyyesindo saxlanilmisdir. Sokil 2-do E-1 tipli biryuval
elektrolizerin  konstruktiv qurulusu, Sokil 3-do iso E-2 tipli elektrolizerin
sadologdirilmis sxematik qurulusu tosvir olunmusdur. E-1 tipli elektrolizer
paslanmayan metaldan hazirlanmis, konsentrik olaraq biri digorinin igorisindo
yerloson iki odad silindrdon ibaratdir. Bu zaman xarici silindr anod, daxili silindr iso
katod rolunu icra edir. Anod vo katod bosluglarin1 biri-birindon izolo etmok {i¢iin
asagl hissodon divarinda desiklor acilmis vo dielektrik materialdan hazirlanmis
silindrik quruluslu arakesmo yerlasdirilmigdir. Els bu sabobdon da anod va katodun
sothlorindo yaranan yiiklu hissoaciklor (OH ", H* vo metal ionlari, hom¢inin do
elektronlar) ¢cox bdyiik masafo got etmoklo miivafiq elektrodlara catir ki, bu da E-1
tiplii elektrolizerin an bdyiik ¢atismamazligi hesab edilir (yiikli hissaciklorin gagis
yolu artdigindan, daxili miiqavimot, suyun parcalanma gorginliyi vo vahid migdarda
qaz almagq li¢iin lazim galon enerji sorfiyyati da artir).

Kecgan asrin sonlarinda yaradilan GEQ-nu qidalandirmaq moagsadile 100 Vt ¢ixis
giiciine malik (GRI-nin 950 Vt/m? giymotindo) GECM-dan istifads edilib, hazirda iso
750 Vt giico malik GFCM-don istifado edilir, hansi ki, Az ETN-nin Radiasiya
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Problemlari Institutunun girisindoki fasad hissenin iizorinda qurasdirilib. Sokil 4-do
homin coroyan monbaoyinin y1gi1lma prosesi tosvir olunmusdur [3,5].

Sakil 3. Filrpress tipli coxyuvall E-rin sada

sxematik gurulusu:
Sakil 2. E-1tipli eleltrolizerin konstrultiv
1-3- daimi gosulan yuvalar; 4-8- acihb-

gurulusu:
gosulan yuwalar; by va hg - kanar mo-
1- eyni vaxtda anod rolunu oynayan gévda; 2 nopalyar elektradlar; hy- hs - acilib
asagi hissasi perforasiya olunmus silindrik gosula bilan yuvalann arasmda guras-
arakasma; 3- katod; 4-saviyyadican; 5 st dirilan bipolyar elektrolardan gotiril-

e Bealt oaean: 7 L Y. A N " .
gapag; B-alt gapag; /Mg gazidedn gy 8 mus cxislar: Hs va 0w - mivafio ola-

M maw dhelin civies Goolabtesliv (DY 10

Sakil 4. 750Vt ¢us gucuna malik GFCV-nin Az TN Radiasiya
Problemlari Institutunun girisindaki fasadin Uzarinda yi-gilma
prosesi
AKQ vo TFTQ barado asagida miifossal molumatlar verilir. Qazyuyucu
kameralar, miivafiq olaraq alman H,; vo O, qazlarinin qolovi mshlulundan
tomizlonmasi, quruducu vo soyuducu kameralar, adlarindan da goriindiiyli kimi,
homin qazlarin qurudulmasi vo lazimi temperatura qodor soyudulmasi, alovsondiiron
kameralar iso hor-hansi sobobdon yangin va ya partlayis bas verarso, alovun qurgunun
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ayri-ayri hissalori, xiisuson do elektrolizer vo resiverlora daxil olaraq, daha boyiik
fosadlar torotmosinin garsisini almaq moqgsadi dasiyir.

Aparilan smaqlar zamani balli olmusdur ki, E-2 tipli elektrolizerin E-1 tiplidon
bir-sira tstiinliiklori vardir. Belos ki, avvala E-1 tipli elektrolizerlar bir-biri ilo heg bir
konstruktiv olagesi olmayan ayri-ayri elektrolitik yuvalardan ibarst oldugundan,
onlarin ardicil qosulmast zamani bir-sira problemlor omalo golir vo elektroliz
proseslorinin miixtolif  soviyyado getmosi sobabindon (volt-amper
xarakteristikalarinin (VAX) forqli olmasi {iziindon), hoam temperatur, hom do tozyiq
rejimlori forqlonir ki, bu da bir torofdon elektrolitin do gazla birgo sistemdon ¢ixmasi
vo aliman qazlarin ¢irklondirmosi, digor torofdon 1iso partlayis tohliikosinin
yaranmasina sabob olur. Ondan basqa, E-1 tipli elektrolizerdo optimal is¢i rejimdo
yuva gorginliyinin qiymati, hotta 10 V-a ¢atir, halbu ki, boyilik mohsuldarliga malik,
sonaye miqyaslt elektroliz qurgularinda bu gostoricinin maksimal qiymoati 2,5 V
hoddini ke¢mir. Odur ki, sonraki moarhslslords filtrpress tipli (E-2) eieltrolizedron
istifado edilmisdir. Belos ki, E-2 tipli elektrolizerde ayri-ayr elektrolitik yuvalar 6z
aralarinda elektrik xotti lizro ardicil birlosdiyindon, bu daha boyiik ¢ixis giiciine
malik, sonaye miqyash elektrolizer yaratmaga imkan verir. Ayri-ayr elektrolitik
yuvalar qaz xottlori lizro 6z aralarinda parallel birlogdiyindon, E-1 tipli elektrolizerdos
bas veran monfi cohatlor burada aradan qalxir, xiisusen do yiiklu hissaciklorin qacis
mosafaolori bir-ne¢o dofa azaldigindan, elektrolizerin daxili miigavimati do azalir ki,
bu da natica etibarilo suyun parcalanma gorginliyi vo vahid miqdarda qaz alinmasi
ticlin istifado edilon enerjinin analoji sokilds (bir-nego dofs) azalmasina sobab olur.
Ondan basqa, hom do, biitiin yuvalarda toqribon eyni temperatur vo tozyiq rejimlori
tomin olunur [3].

GRi, V/m’

o /j ;(31%\ h(’z
o Vi %
NEN7 IRV

N7 S|

4 5 5 MW o2 44 W 45 20 22 4
Gunun vaxt, saat

Sakil 5.1 m® Ofuai satha daxil olan GRI-nin gun 2rzinda

davyisma grafiki:
1 ayrisi — yay mdvsiimil Ugling 2 ayrisi— payiz va yaz

Bollidir ki, GRI giin orzindo giinorta saatlarma qodor artmagqla, giinorta
saatlarindan sonra iso analoji sokilds azalmaqla, toqribon parabolik qanunauygunlugla
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doyisir. Bu zaman GRi-nin is¢i qiymoti giin arzindo 150+950 Vt/m® arasinda doyisir.
Tobii ki, bu yay aylarinda buludsuz hava soraitinin miisahido olundugu giinloro
aiddir. Yaz-payiz vo xiisuson do qis aylarinda iso giin orzindo miisahido olanan
maksimal GRI, miivafiq olaraq, ~750 Vt/m® va ~550 Vt/m’ taskil edir. Sokil 5-do 1
m? {iftiqi setho diisen GRi-nin giin orzinde doyisma qrafiki tosvir olunmusdur. Sakil
5-don goriindiiyli kimi, buludsuz vo yaxud da tam buludlu (tutqun) hava soraitindo
GRI giin arzinds salist sokilde dayisir ki, bu da GFCM-den gidalanan har-hansi ndv
qurgunun, o ciimladon do elektrolizerin 1§ rejimini avtomatik tonzimlomayi
asanlagdirir.

3. GEQ-nun is rejiminin pozulma hallar1 vo onlarin aradan qaldirilma
yollar1

Yarimbuludlu hava soraitindo, xiisusen da yay aylarinda GRI giin orzindos genis
intervalda, stoxastik (ixtiyar1) sokilde doyisdiyi vo GFCM GRI-nin doyismesina qarsi
cox hassas oldugu tigiin, elektrolizerin is rejimi koskin sokilds pozula bilir. Belos ki,
optimal 1s¢i rejimdo elektroliz prosesi elektrolizerin yiikk VAX-nin diizxattli
hissasindo getmoalidir, harada ki, bir yuvaya diison gorginliyin orta qiymoti 2,25+2,3
V (E-1 tipli elektrolizer G¢iin 6,0-7,0V), VAX-nin geyri xatti baglangic hissadinda bu
gorginliyin qiymoati 1,9+2,0 V toskil edir. Lakin VAX-nin geyri-xatti baslangic
hissosinds elektroliz prosesi zoif getdiyi
uclin  ayrilan H, va O, qazlart =l A

elektrolizerdon c¢ixa bilmoyorak, anod va yrs

katod bosluglarinda toplanir vo homin 25,0 A
bosluglarin qazla dolmasi naticasindo 225 /4
elektrolizerin daxili miiqavimeati, suyun  20°

parcalanma gorginliyi vo vahid miqdarda i:;?) A

qaz almmasi lgclin lazzim golon enerji 125 //
sorfiyyati koskin sokildo artir. Belo hal 10.0 /|

xtsuson ardicil  qosulmus E-1 tipli :i //
elektrolizerlordon istifado zamani bas verir. 25 A

Bu Sokil 6-dan daha askar sokildo goriiniir. 0 20 40 60 80 100
E-2 tipli elektrolizerdon istifados zamani da, Uywa, V

ogor elektrolizerin  yuvalarinin  optimal  $akil 6. E-1 tipli bir yuvali elektrolizerin yiik
sayimn1  GRi-nin maksimal (950 Vt/m?) VAX-si

qiymetino uygun sokildo secsok, onda GRi-nin 250 Vt/m?-dan asagi qiymotlerindo
proses tamamilo dayanir. Bu sobabdon do, giin orzindo GRI genis intervalda
dayisarken, elektrolizerin isloyon yuvalariin sayini da avtomatik olaraq ona uygun
sokilds dayisdirilmasi daha miinasib hesab edilir. GEQ-nun is rejiminin bu yolla
optimallagdirilmasmin daha somorali oldugu barads fikirlor halo kegon osrin 80-Ci
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illorindo, eyni zamanda, Israil, Almaniya Federativ Respublikasi, ABS vo s. kimi
inkisaf etmis Olkolordo, daha sonralar iso ke¢misz SSRi EA Frumkin adma
Elektrokimya Institutunun alimlori torofinden iroli siiriilso do, eyni vaxtda,
torofimizdon artiq bu proseslori avtomatik sokildo reallasdiran AKQ-1 islonmis vo
onlara ke¢mis SSRI-nin aciglanmasi yasaqlanan Miiolliflik Sohadotnamolori
almmusdir [6,7]. Sokil 7-do sorti olaraq AKQ-1 adlandirilan kommutasiya qurgusunun
prinsipial sxemi tasvir olunmusdur [6].

E-2 tipli elektrolizerlo GFCM arasinda / I
olan razilasma variantini AKQ vasitosilo giin
orzindo GRI-nin doyismasine uygun olaraq
avtomatik doyismok moqsodilo monopolyar
elektrodlardan (anod vo katod) gétiiriilon osas
cixislarindan (Sakil 2-da hy va hg, Sakil 6-da by
vo bg) basga anod vo ya katod torofdon
elektrolizerin  bir-sira  bipolyar  (araliq)
elektrodlarindan olavo cixiglar da
gotlirilmiigdiir (Sakil 2-do hy+hs, Sokil 7-do
b;+bs). Bu sababdon do, E-2 tipli elektrolizer
konstruktiv cohatdon elektroliz texnologiyalari
sahosindo yenilik hesab edilir. Belo ki, stabil
CIX1S parametrloring malik carayan

monboyindon, o climlodon do elektrik  sakil 7. AKQ-1 tipli kommutasiva quriusu il
sobokesindon  qidalanan  elektrolizerlordo t@chiz olunmug GEQ-nun sxemi

elektrolitik yuvalarin say1 sabit qaldigindan, ayri-ayr araliq elektrodlardan olavo
cixislarin gotiirtilmasina do heg bir ehtiyac yox idi vo homin elektrolizerlor daha sads
qurulusa malik idilor. Sokil 7-don goriindilyli kimi AKQ-1 tipli kommutasiya
qurgusundan istifado edorkon olava ¢ixislar vasitasils elektrolizerin GFCM-o qosulan
yuvalarinm saymi GRI-nin giin orzindoki doyismesino uygun olaraq avtomatik
doyismok {iciin hor biri GRI-nin forqli qiymatina kdklonmis 6 adad fotovericiden
(fotodiod, fotomiigavimot vo s.) vo eyni sayda da kontaktordan istifado edilir. Bu
zaman hor ndvboti kontaktor iso diisorkon 6ziindon oavvalkinin gida dévrasini ayirir.
Qurguda elektrolozer daha boylik ¢ixis giliciino malik asas GFCM, AKQ isa nisboton
kicik giiclii ayrica GFCM-dan qidalanir. AKQ-2 tipli qurgu iso daha miikommal olub,
boyiik giico malik GEQ-nin isini optimallagsdirmaq ti¢lin miivafig hesab edilir. Bu
halda elektrolizer yuvalarimin say1 forqli olan va bir-biri ila bloklayici giic titistorlari
vasitasilo olagoali olan qruplar soklinds hazirlanir. Bela ki birinci qrupdaki yuvalarin
say1 bir odad har sonraki qrupdaki yuvalarin say1 iso 6zlindon avvalki qrupdakindan
iki dofs ¢oxdur, yani onlarin say1 handasi silsils ilo artir (1+2+4+8+16 va s. soklinda).
Bu AKQ-da har grup ciitiinii GFCM-nin ¢ixisina qosmaq li¢lin bir adod kontaktordan
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istifado edilir. Beloliklo do, 4 ciit, yoni 15 adad elektrolitik yuvani birdon on beso
godor olan biitiin variantlarda GFCM-nin ¢ixisina qosmaq liglin comisi 3 odod
kontaktor yetorlidir. Halbu ki, AKQ-1 tipli kommutasiya qurgusunda bu mogsadls elo
15 odad kontaktor lazzim golirdi. Goriindiiyii kimi, AKQ-2 tipli qurgu AKQ-1 ils
miiqayisado daha miikommoldir. Bloklayict tiristorlar1 miixtalif kombinasiyalarda
qosmaq tgiin isi reversiv mikromiihorrikdon idaro olunan horokotli kontaktlar
blokundan istifado edilir. Bela ki, horokatli kontaktlar GRi-nin fargli qiymsotlorino
koklonmis fotovericilorin signallarina asason reversiv mikromiihorrik torafindon
horokoto gotirilorok qurulmus moévqgeni tutur vo horokotsiz kontaktdan ke¢moklo
lazimi kontaktoru qosur. Sonuncu iso elektrolizerin bipolyar elektrodlardan
gotiiriilmiis miivafiq ¢ixisint GFCM-na qosur. Noaticods elektrolizerin qrup soklindo
hazirlanmig yuvalan 1, 2, 142, 4, 1+4, 2+4, 1+2+4, 8, 1+8, 2+8, 1+2+8, 4+8, 1+4+8,
2+4+8 vo 1+2+4+8 kimi 15 forgli kombinasiya ilo GFCM-na qosula bilir. Bu AKQ-
na da agiglanmasi xiisusi grifle yasaqlanmis Miualliflik Sohadotnamasi alinmusdir [7].

Eksperimantal GEQ miimkiin qoza hallar1 zaman1 elektrolizerin isini avtomatik
dayandiran sistemlorlo do tozhiz olunub. Belos hallara misal olaraq, elektrolizerin anod
va katod boslugunda, yoni azbest diafragmanin (arakosmo) hor iki torafindo H; vo O,
qazlar1 arasinda yarana bilocok tozyiglor forqi sabobilo elektrolitin soviyyasinin yol
verilon haddon asag1 diismasi, hor iki qazin tomizliyinin yol verilon minimal haddon
(96%) asag1 diismosi, elektrolizerdo limumi tozyiqin yol verilon makimal hoddi
(hazirki halda Pp= 0,6 MPa) kegmasi vo s.-ni gostormaok olar [8].

Miixtalif klimatik vo texnoloji soraitlorde aparilan sinaq islori naticesinda balli
olmusdur ki, GRI-nin stoxastik doyismolori zamani AKQ-dan istifado edilmodiyi
halda elektrolizerlo GFCM arasinda optimal razilagsma rejiminin pozulmasi ils yanas,
hom do GEQ-nun qurulmus is rejimi do pozulur ki, bu da hom elektrolizerin, hom do
biitlinliikkdo qurgunun isinin somoarliliyinin xeyli agsagi diismosino sobab olur. Natico
etibarilo, giinogin slia sokilli enerjisinin hidrogenin kimyovi enerjisino g¢evrilmasi
prosesinin f.i.a. da xeyli azalir. Qeyd olunanlarla yanasi, GRI-nin qiymeti giin arzindo
stoxastik sokildo doyisorkon GEQ-nun isinin tohliikesizliyinin, xiisuson do partlayis
tohliikosizliyinin tominatinda xiisusi shomiyyot kosb edon TFTQ-nun is rejimi do
ciddi sokilda pozulur. Qeyd edilon bu ¢atismamazliglar1 aradan qaldirmaq iigiin, GRI-
nin giin orzindo doyismo xarakterindon asili olamayaraq, GFCM-don, fasilosiz vo
stabil sokildo qidalana bilon, yiliksok hassasliga malik, ki¢ik 6l¢iiliit TFTQ-1n bir nega
modifikasiyas1 islonmisdir, hansilar ki, sorti olaraq TFTQ-1, TFTQ-2, TFTQ-3 vo
TFTQ-4 adlandirilmigiar [9-15]. Homin qur8ular o6ziindon  ovvolkinds olan
nogsanlarin aradan qaldirilmasi magsadilo tokmillosdirilmisdir. Belo ki, TFTQ-1 tipli
qurgu yiiksok hassaliga malik olsa da, homin qurguda tozyiq forqi vericisi kimi U-
sokilli kontaktli differensial manometrdon istifads erlilirdi, hansinin ki, qollar1 asagi
torafdon birlosmis gablar qaydasi ilo biri-biri ilo alagalidir. Ust torafden iso qollardan
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biri elektrolizerin hidrogen, digori iso oksigen ¢ixis1 ilo alagalidir. Manometrin igarisi
yarisindan bir godor yuxartya gador, eynils elektrolizerds oldugu kimi 32,5%-li KON
golovisi ilo doldurulmus vo qollardan biri {ist torofdon hermetik sokildo burularaq
onun govdosino borkidilon iynovari gokilli qisa (elektrolitin yuxari soviyyesi ilo
homin elektrodun araliginda 15-20 sm mosafo olmagqla), digori iso uzun (alt ucu
elektrolitin i¢arisinds, manometrin miivafiq qolunun dib hissasina yaxin olmagqla) iki
adad elektrod yerlosdirilmisdir, hansilar ki, miivafiq elktroklapanlarin dolaglarindan
kegmoklo ayrica GFCM-nin (kigik giiclii) qida dovrosi ilo olagolidirlor. Bu név
TFTQ-1n 151 qigilcimomoalogolmo ilo miisahido olundugundan, ogor aliman hidrogen
vo oksigen gazlarinin tosadiifi garismasi bas veroarso, bu zaman partlayis tohliikosi
yarana bilir. Bunu nozors alaraq, sonraki morhalalordo daha miikommol TFTQ-lar
yaradilib, hansilarda ki, kontaktsiz tozyiq forqi vericilorindon (masalon, foloelektron
tipli, maqnitlo idars olunan kontaktlara malik, tizgac tipli saviyya vericisine malik,
ionlasdirict siia monbayi vo qamma kvant saygaci ilo tochiz olunmus vs s.) istifads
edilmisdir. Sokil 8-do fotoelektron tipli tozyiq forqi vericisino malik vo sorti olaraq
TFTQ-2 adlandirilmis TFTQ-nun totbiq edildiyi GEQ-nun sxemi tosvir edilmisdir
[10,15].

Sakil 8. Fotoelekzron tipli, @ezyig farai vericising malil, sarzi
olarag TF1Q-2 adlandinimis TEIQ-nun tathig
edildiyi GEQ-nun sxemi

Bu TFTQ ¢oxyuvaly, filtrpress tipli elektrolizer 1, boyiik giiclii asas GFCM 2, H,
vo O, qazlar {i¢lin gazyuyucu kameralar, uygun olaraq 3 va 4, O, qaz {i¢iin ¢ixis 5,
O, gazinin ¢ix1s xottinin lizorindo qurasdirilmis elektroklapan 6, fotoelektron tipli U-
sokilli tozyiq forqi vericisi 7, kigik giiclii, ayrica glinos modulundan qidalanan
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elektron rele 8, H, gaz1 iiclin ¢ixis 9, “mono qodor” prinsipi ilo isloyon maksimal
tozyiq relesi 10, homginin do H, vo O, gazlarini toplamaq {i¢iin resiverlordon, uygun
olaraq 11 vo 12 ibaratdir. Qurguda U-soklli differensial manometr qeyri-soffaf
materialdan hazirlanan qutunun (Sokil 8-do 7-ci pozisiya) igarisindo yerlosdirilib. Bu
zaman U-sokilli manometrin qollar1 diizbucagli en kosiyino malikdir vo orta hissodon
yuxarida olmaqla, onlarin arasinda fotodiod yerlosdirilib. U-sokilli manometrin igorisi
geyri-soffaf maye ilo yaridan bir qodor yuxari hissoyo godor doldurulub vo homin
hissadon iistdo, manometrin sol qolunun qars1 torofindon qutunun divarinda kigik
desik agilib, hansinin ki, oniindos is1q monbayi yerlosir. Bu mogsadls is1q diodundan
istifado edilir (Sokil 8-do gostorilmoyib). Fotodiod ¢ixislari ilo elektron relenin birinci
kaskadinin baza dovrasino daxil edilib. Qurgu “mono qodor” prinsipi ilo isloyir. Belo
ki, adi halda ancaq H, qaz1 resiverds yigilir. O, qaz1 iso atmosfers atilir. Odur ki, O,
qazinin tazyiqi homiso hidrogen qazininkini ustalayir. Belsliklos, baslangic halda H,
va O, gazlarinin tayiqglori barabor olduqda, U-sokilli manometrin qollarinda mayenin
saviyyasi barabar olur vo fotodiodun iizoring is1q diisiir. Bu zaman fotodioddan daxil
olan gorginliyin sayosindo elektron rele baglanir. Elo ki, O, qazinin tozyiqi H,
qazininkini Ustoloyir, bu zaman manometrin sag qolundan maye O, qazi torofindon
sixisdirilir vo sol qolda onun soviyyesi yuxari qalxaraq, fotodioda diison is1q selinin
qarsisint kosir. Bu zaman elektron releys fotodioddan daxil olan oks gorginlik
kosildiyindon, elektron rele agilir vo onun vasitasilo elektroklapan da agilaraq oksigen
gqazimin artiq hissosini atmosfers atir vo H, vo O, qazlarin tozyiqlori yenidon
baraborlogdiyl liciin manometrin qollarinda mayenin soviyyasi do barabarlosir.
Bundan sonra biitiin proseslor eyni sokildo tokrarlanir. TFTQ-nun “mona qodor”
prinsipi ilo daha etibarli sokildo islomasini tomin etmok mogsadilo O, gaz ii¢iin olan
resiverin girisindoki gaz ventilinin bagli voziyysto gotirilmasi vacibdir. Ancaq O,
qazinin da yugilmasina xtisusi tolobat oldugda homin ventil agiq voziyystdo olur.
Gorinduyd kimi, bu TFTQ-da H, vo O, qaz xottlori ilo bilavasito alagodo olan
elektrik kontakti olmadigindan, he¢ bir qigiletm omalo golmasi bas vermir vo
partlayis tohliikasi do olmur.

Onu da geyd etmok lazimdir ki, geco saatlarinda elektroliz qurgusunun isi
dayansa da, TFTQ-nun isi dayanmamalidir. ©ks halda alinan H, va O, gazlir1 bir-biri
ilo qarigaraq partlayis tohliikoli qaz qarisigina gevrils bilor. Odur ki, avvalki TFTQ-
da ehtiyat coroyan nombayi kimi GFCM-nin ¢ixisina parallel qosulmus vo bufer
rejimindo isloyon elektrokimyovi akkumulyator batareyalarindan (AB) istifado edilir.
TFTQ-4 tipli daha miikommal qurguda iso, geco saatlarinda qida bilavasito E-2 tipli
elektrolizerin bipolyar elektrodlarindan ¢ixarilmis alavo ¢ixislarindan tomin olunur.
Bels ki, elektrolizer do AB kimi oks miigavimato malik, polyarizo olunmus qgeyri-
xotti element oldugundan, miioyyon miiddot orzindo o optimal ylik miigavimatini
qidalandira bilir ki, mohz hazirki halda bu prinsipden istifado edilib. Sakil 9-da
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TFTQ-4 tipli tozyiq forqi tonzimloyici qurgunun sadslosdirilmis sxemi tosvir
olunmusdur [3,12,15].
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Sakil 8. Uckonzakzli U-sakilli differensial manomeira malik va geca saatlarinda
elektrolizedrdan gidalanan TFTQ-nun tathig edildiyi GEQ-nun sxemi

Sokil 9-da tosvir edilon GEQ-da hom Hj;, hom do O, qaz xottinin {izorindo
elektroklapan k; va k, qurasdirilmisdir. Bununla da, hor iki qazin resiverds tozyiq
altinda yigilaraq saxlanilms1 miimkiin olur. Giindiiz saatlarinda elektrik klapanlarinin
qidasi kicik giico malik ayrica glinos modulundan 7 reallagdirilir. Bu GEQ-da hom do
elektrolizerin isloyan yuvalarinin sayinm GRI-nin giin orzinds doyismosine uygun
olaraq avtomatk doyisdirilmasi prosesi reallasdirildigindan daha miikommal sxem
hesab edilir.

Qeyd olunan bitin bu TFTQ-lar yiiksok hassaliga malik olduglarindan, onlardan
istifado zamani1 H, vo O, gazlarimin arasindaki tozyiq farqi 60-200 Pa saviyyasindo
saxlanilmis, notico etibarilo yiiksok tomizliyo malik (tozyiqin 0,1 MPa va 0,4 MPa
qiymatlorinds hidrogen qazinin tomizliyi, uygun olaraq 99,99% va 99,93 %, oksigen
qazinin tomizliyi 1sa 99,3% vo 98,6 %) hidrogen vo oksigen qazlarmmin alinmasi
miimkiin olmugdur. Qazlarin tomizliyi xromatoqrafik analiz noticasindo miioyyon
edilmisdir. Belo yiiksok keyfiyyatlorina goro torafimizdon islonmis TFTQ nisbaton
orta giiclii elekroliz qurgularinda totbiq oluna bilor. AKQ iso noinki GEQ-da,
homg¢inin do ¢ixis parametrlori ixtiyari sokildo doyison borpa olunan coroyan
manbalarinin digar ndvlarindon (kiilok elektrik miiharriki, dalga elektrik stansiyasi)
qidalanan boyiik gilica malik elektroliz qurgularinda da ugurla tatbiq oluna bilor.
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Naticalor

1. Aparilan aragdirmalar noticosindo balli olmusdur ki, hom hal hazirda diinya
Olkolorindo istifado edilon ononovi enerji monblori, hom do yanacaq nodvlori
tilkonondir. Ondan basqa homin yanacaq nodvlorindon istifado zamani yerotrafi
atmosfer gati istilik effekti torodon tullant1 qazlar vo digor zohorli qazlarla ¢irklonir.
Odur ki, otraf miihito ziyan vurmamaq sortilo galacok naslin dayaniqli sokilds elektrik
vo istilik enerjisi ilo tominati mogsadilo tiikonmoz vo ekoloji cohatdon tomiz olan
monbolordon, xiisuson do giinos enerjisindon istifado edilmosi daha mogsadydnliidiir.
Bu baximdan GFCM-dan istifads daha boyiik maraq dogurur. Bels ki, homin corayan
monboalari vasitasilo enerjinin daha universal vo istifadosi asan olan novii - elektrik
enerjisi hasil edilir.

2. Miioyyan olmusdur ki, giinos enerjisindon, xiisuson do GFCM-dan istifadonin
bir-sira problemlori vardir ki, onlardan da on baslicas1t GRI-nin ham giiniin vaxti, hom
ds ilin faslindon asili olaraq genis intervalda doyigsmasi va bu zaman istehsal olunan
enerjinin miqdart ils enerjiys olan talabatin bir-biri ilo uzlagmamasidir. Yarimbuludlu
hava soraitindo iso GRI stoxastik sokildo doyisdiyindon GFCM-nin ¢ix1s parametrlori
do analoji sokildo doyisir ki, bu da oksor elektrik enerjisi istehlakgisi tiglin yol
verilmoaz (mogbul hesab edilmoyan) haldir.

3. Askar edilmisdir ki, istehlak¢ilarin dayaniql sokilds elektrik va istilik enerjisi
ilo tomin olunmasi isiin olverisli (buludsuz) hava soraitindo gilinos enerjisini
akkumulyasiya etmok, tutqun hava soraitindo vo geco saatlarinda iso homin enerjidon
toyinati tizro istifade etmok lazimdir.

4. Movcud akkumulyasiya iisullarinin miiqayisali sokildo tohlili aparildigdan
sonra giinagin siia sokilli enerjisinin hidrogen va oksigen gazlariin kimyavi enerjisi
soklindo akkumulyasiyasi tisulunun daha perspektivli oldugu miioyyon edilmis vo
homin {isulun istiinliiklori gostorilmisdir. Hidrogen vo oksigen qaziarinin alinmasi
liclin daha proqgressiv tsulun suyun tozyiq altinda adi elektrolizi iisulu oldugu
gostorilmisdir. Bu moagsadlo GEQ-nun miikommal blok-sxem islonmis tocriiba-sinaq
qurgusu yaradilmis vo onun lizorindo Baki sohorinin klimatik soraitindo sinaq islori
aparilmisdir. Qurgu ceroyan monbayi kimi GRi-nin 950 Vt/m® giymotindo maksimal
cixis giicii 750 Vt togkil edon GFCM, elektrolizer, TFTQ, AKQ, alovsondiiranlor, H;
va O, qazlan tigiin soyuducular, quruducular, siizgoclor, resiverlor vo s. hissalordon
ibaratdir. Elektrolizer qismindo ovvalco silindrik quruluslu, biryuvali elektrolizerdon,
daha sonra iso filtrpress tipli, ¢oxyuvali elektrolizerdon istifado edilmisdir, hansilar
ki, sorti olaraq E-1 va E-2 adlandirilmiglar.

5. Bolli olmusdur ki, E-1 tipli elektrolizer bir-sira ¢atismamazliga malikdir. Belo
ki, daxili miiqavimati boylik oldugundan, suyun parcalanma gorginliyi vo vahid
hemdo (1,0 m® H, vo 0,5 m® O,) gaz almmas: igiin enerji sorfiyyati da sonaye
miqyasli elektrolizerlorlo miiqayisads xeyli coxdur ki, bu da arzuolunmayan haldir.
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6. Aparilan tocriibolor zamani balli olmusdur ki, GEQ-da hoall olunmasi vacib
olan ii¢ osas sort vardir: 1) GRi-nin genis intervalda doyismosi zamani elektrolizerin
optimal 1s rejimini tomin edilmasi; 2) alinan H; vo O, qazlarinin toyiqlorinin baorabor
saxlanilmasi yolu ilo onlarin bir —biri ilo qarismasinin garsisinin alinmasi; 3) miimkiin
ola bilacak partlayis tohliikesinin qarsisinin alinmasi. Bu zaman, birinci problemi hall
etmok ticlin, sorti olaraq AKQ-1 vo AKQ-2 adlandirilmis iki ndév avtomatik
kommutasiya qurgusu, ikinci masslonini holli iiglin TFTQ-1, TFTQ-2, TFTQ-3 vo
TFTQ-4 adlandirilan doérd ndv, yliksok hassaliga malik, kigik ol¢iilii tozyiq forqi
tonzimloyici qurgu yaradilmis, partlayis tohliikesinin garsisinin alinmasit mogsadilo
iso GEQ-da TFTQ-nun hom H, vo O, qazlan igilin giris, hom do ¢ixislarinda
alovsondiironlor qurasdirilmisdir.

7. Xromatoqgrafik analizlor naticasinds balli olmusdur ki, totbiq olunan TFTQ-
nin hor birt Hy vo O, gazlart arasindaki maksimal tozyiq forqinin 60-200 Pa arasinda
saxlanilmasina imkan verir ki, bu da yliksok tomizliys malik qazlar (tezyiqin 0,1 MPa
va 0,4 MPa qiymatlorinds hidrogen qazinin tomizliyi, uygun olaraq 99,99% va 99,93
%, oksigen qazinin tomizliyi iso 99,3% vo 98,6 %) almaga imkan verir. Alinan H,
qaz1 yiiksok keyfiyyotli yanacaq kimi asas toyinatindan basqa, hom do digor tisullarla
(masalon, metanin su buxari ilo konversiyasi tisulu il9) alinan hidrogenin tomizliyinin
xromatoqrafik yolla toyin olunmasi zamani etalon qaz kimi istifads edils bilar.

8. AKQ- 1 tipli avtomatik kommutasiya qurgusunun totbiq oluna bilmasi ii¢iin
E-2 tipli elektrolizerin anod (katod) torafdon ayri-ayri bipolyar elektrodlarindan slavo
cixislar gotiriilmiis AKQ-2 tipli kommutasiya qurgusunun totbiq oluna bilmasi iigiin
159 elektrolizer ayri-ayr1 qruplar soklinds hazirlanmisdir vo bu zaman birinci qrupda
bir yuva, har ndovbati qrupda iss 6ziindon avvalki qrupdan iki dofa ¢cox yuva vardir vo
bu sabobdon do E-2 tipli hor iki elektrolizer novii bu sahods tam yenilik hesab edilir.
Hom islonmis TFTQ, hom do AKQ-in hor birino agiqlanmasi xiisusi qriflo
yasaqlanmig Mialliflik Sohadstnamslori alinmigdir.

9. Aparilan tocriibalar naticasinda balli olmusdur ki, TFTQ-1 tipli qurguda tozyiq
forqi verici qurgu kimi acilib-baglanma proseslori qigilcimla miisahido olunan
kontaktlara malik U-sokilli differensial manometrdan istifads edildiyinden vo homin
manometrin girislorindon biri elektrolizerin H,, digori isa O, ¢ixiglart ilo oslagali
oldugundan, onun isi partlayis tohliikali hesab edilo bilor. Odur ki, TFTQ-1n sonraki
modifikasiyalarinda bu néqgsan aradan qaldirilmisdir. Belo ki, fotoelektron prinsipine
osaslanan kontaktsiz, maqgnitlo idaro olunan kontakta malik (U-sokilli manometrdon
konarda yerloson), lizgoctipli soviyyo vericisi ilo tochiz olunmus, tozyiglor forqini
daxili sistemdo boraborlosdiron, ionlasdirict siia monbayi vo qamma-kvant saygaci
ciitliiyii ils idars olanan va s.

10. Yekun olaraq belo naticoyo golinmigdir ki, yiiksok keyfiyyatlori nozors
almmagqla, torofimizdon islonmis TFTQ-2, TFTQ-3 vo TFTQ-4 tipli tozyiq forqi
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tonzimloyici qurgular orta giiclii elekroliz qurgularinda, AKQ-2 tipli kommutasiya
qurgusu iso noinki GEQ-da, homg¢inin do ¢ixis parametrlori ixtiyari sokildo doyison
barpa olunan coroyan monbaolorinin digor novlorindon (kiilok elektrik miihorriki, dalga
elektrik stansiyasi vo s.) qidalanan boyiik glico malik elektroliz qurgularinda da
ugurla totbiq oluna bilor.
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NEPCHEKTUBBI AKKYMYJISIUUA COJTHEYHOM SHEPTUU B BUJIE
XUMUYECKOW SJHEPT'MU BOJIOPOJIA
®.I'.AnueB, O.M.Canamon, ®.D.AnueB

AHHOTALUA

B nanHoii paboTe paccMaTpUBAOTCSI BO3MOYKHOCTH — aKKyMYJIMpPOBAHUS
COJIHEYHOM 3HEpPrMM B BUJE XMMHUYECKOM 3HEPrHU BOAOPOJA U KHCIOPOJA, IMyTEM
MOJIy4YeHUS] M3 BOABI BBICOKOYHCTOIO BOJOPOAA M KHUCIOPOJ, C INPUMEHEHHEM
COJIHEUHOTO (POTORJIEKTpUUECKOro uctouHuka s3Heprun (COUI). [lns sToit menwu, B
Ka4eCTBE MCTOYHHKA TOKa ucnonbzyercas COUT ¢ makcnmansHOM MOITHOCTBIO 750
BT, IIpH HHTEHCHBHOCTH comHeuHoii pagmanmu (MCP) 1000 Br/m®, a B KadecTBe
ANIEKTPOJIM3Epa WICIOYHBIE 3JIEKTPOJIU3Ephl B JABYX BapuaHTax. PaccmarpuBarorcs
MOMEHTBl HapylIEHUs ONTHUMAJIBHOTO peXHMa pabOThl 3JEKTposM3epa MpU
npou3BosibHOM u3MeHeHuu VMCP B mMpokuX mpeaesax W NMyTH YCTPAHEHHs ITHX
HeJ0CTaTKOB. B pabore paccMaTpuBaroTCsl Takke MEpONPUSATHS, POBOJUMBIE IS
MOJIyYeHHUs] BBICOKOYHMCTBIX Ta30B, MyTeM NOAJEpKaHUS JaBJIECHUM BOJIOpOJA U
KHCJIOPOJia B PAaBEHCTBE U AHAJIU3UPYIOTCS YCTPOMCTBA pEryJMpOBaHUS pPa3HOCTU
nasnenus (YPP/I) razos, ucnonb3yemsbIX AJid JAHHOM LIEIIH.

KiroueBble ciaoBa: (OTO3IEKTPUUECKUA HCTOYHUK TOKA, WHTEHCHUBHOCTH
COJTHEYHOHN paauanuu, (QUIbTP MPECHBIH 3JIEKTPOIMU3EpP, BOJOPOA M KHUCIOPOJ,
HaIIPSDKEHUE PA3JIOKEHUE BOJIbI, HAIPSHKEHUE HA OJHOW s4eilke, MaKCHMaJIbHas
MOIIIHOCTb, ~PEryJsATOp JaBJIICEHHS Ta30B, ABTOMAaTHYECKH IEPEKIIIOYAIOIINE
ycTpoicTBa, nudpepeHnanbHblii MAHOMETP, 3JIEKTPOKJIIAIAH, JIEKTPOIUT.

PROSPECTS FOR SOLAR ENERGY ACCUMULATION IN THE FORM OF
HYDROGEN CHEMICAL ENERGY
F.G.Aliyev, O.M.Salamov, F.F.Aliyev
Abstract
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In this paper, we consider the possibility of accumulating solar energy in the
form of chemical energy of hydrogen and oxygen, by obtaining high-purity hydrogen
and oxygen from water, using a solar photovoltaic energy source (SPES). For this
purpose, SPES with a maximum power of 750 W is used as a current source, with
solar radiation intensity (SRI) of 1000 W/m?, and alkaline electrolyzers in two
versions are used as an electrolyzer. The moments of violation of the optimal
operating mode of the electrolytic cell with an arbitrary change in the SRI over a
wide range and ways to eliminate these shortcomings are considered. The work also
considers the measures taken to obtain high-purity gases by maintaining the pressures
of hydrogen and oxygen in equality and analyzes the devices for controlling the
pressure difference (DCPD) of gases used for this purpose.

Key words: photoelectric current source, solar radiation intensity, fresh
electrolytic filter, hydrogen and oxygen, water decomposition voltage, voltage per
cell, maximum power, gas pressure regulator, automatically switching devices,
differential pressure gauge, electro valve, electrolyte.

Hasanova S.A., Aliyev F.G.
Azerbaijan University of Architecture and Construction
Study of chemical processes occurring in reservoir waters under the
influence of UV rays

Polluted water of various origins (domestic water, waste water of industrial
establishments, effluent water of oil industry establishments) has serious negative
consequences for biological diversity when toxic compounds in the water are
discharged into the sea. Production waters used in the oil extraction process pose
serious threats to the environment. Purification of industrial water is of great
importance for the release of negative environmental risks. Despite the existence of
various cleaning methods, the development of more effective technological processes
in this regard remains relevant in this field.

In this regard, the application of photochemical methods is of interest. With
this method, along with chemical treatment of water, biological treatment also takes
place.

The possibility of improving the quality parameters of production waters under
the influence of ultraviolet rays was studied in the work under consideration.

Production water taken from an oil well was used as a research object (the
water used in the research was taken from a dry field located in Garadag district).
Initially, the production water composition (ph, electrical conductivity, TDS, TSS,
turbidity, ions and metal ions, COD (chemical oxygen demand) and organic
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composition (aliphatic and aromatic compounds) were determined. water samples
were poured into quartz ampoules with a volume of 25 ml and different for periods
(30-480 min.) irradiated under static conditions. The products obtained in the gas
phase were analyzed in a computer-controlled gas-liquid chromatogram "Agilent
7890 A" made in the USA. Physical and chemical methods were measured by
standard methods. The emission of the lamp in the ultraviolet region the intensity of
the rays was measured by acetone actinometry and was 7.5 x 10™ quant/sec.

When the prepared samples were irradiated, changes in the values of pH, electrical
conductivity, salinity, and TDS parameters were observed, and a decrease in the
value of electrical conductivity, salinity, and TDS was observed as the irradiation
time increased. the obtained results are given in table 1.

Table 1. Dependence of pH, electrical conductivity, salinity, TDS parameters on
irradiation time

T, pH Electrical Salinity TDS
radiation conductivity
0 7.45 29.53 mS 17.7 ppt | 20.13 g/L
30 dog. 9.6 10.09 mS 85ppt | 14.18¢/L
60 dogq. 9.4 14.28 mS 7.9 ppt 9.75 g/L
120 dog. 9.8 14.20 mS 7.8 ppt 9.69 g/L
240 dog. 9.7 13.89 mS 8.0 ppt 9.87 g/L
As 480 dog. 9.1 14.11 mS 7.9 ppt 9.70 g/L can
be seen

from the table, unlike the pH parameter, depending on the irradiation time, the
samples decreased by 65%, 51.6%, 51.9%, 52.9%, 52.2% and 69.4%. An increase in
pH indicates an increase in alkalinity in the environment.
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! Elm va Tohsil Nazirliyi, Radiasiya Problemlari institutu
Azarbaycan Memarhq va insaat Universiteti
7-KVANTLARIN TOSIRILD nano-BeO,/H,0 SISTEMINDO® SUYUN
RADIOLIiZINDON MOLEKULYAR HiDROGENIN ALINMASI
MEXANIZMLORI

Son zamanlar bizim vo diinyanin digor todgiqatcilart torofindon aparilan
miixtalif todqiqat islorinds, ionlasdirict siialarin (y-kvantlar, elektronlar, protonlar,
neytronlar, o-zarraciklor, yiksok enerjili ionlar vo s.) tosirilo metal vo ya metal
oksidlari ilo tomasda mayelarin, xisusilo do suyun radiolizi prosesindon alinan
mohsullarin tadqiqi ham elmi cohatdan, ham da enerji yonimdan mihim shomiyyat
kasb edir. Tacriibalordon alinan mohsullarin radiasiya-kimyavi ¢iximmin metal vo ya
metal oksidlarinin hissacik Olcllorindon (6lgli effekti), suspenziyali sistemlorda
onlarin kiitlasindan (kitlo effekti) vo onlarin néviindan asililigir miisahids edilmisdir.
Nanodlgult metal vo ya metal oksidlorinds bu effekt 6ziinli daha gabariq sokildo
biruzs verir.

lonlagdiric1 siialarin tosirilo BeO/H,O sisteminda suyun pargalanmasindan
molekulyar hidrogenin alinmasi prosesini radiasiya fizikast vo kimyasinin moalum
mexanizmlori osasinda izah etmok olar. y-kvantlarin tasirilo asason nanohissacik
daxilinda geyri-tarazligh enerji dasiyicilar1 olan: -elektronlar(e™), desiklor (BeO*(h"))
Vo elektron-hoyacanlanma hallar1 (BeO”-eksitonlar) amalo galir. Bu prosesi simvolik
olaraq asagidaki (1) sokildo:

BeO ——>BeO*(h"),Be0",e" (1)
tosvir etmok olar. Ionlagdiric1 siialarin (y-kvantlar, elektronlar) tosirilo nano-BeO
daxilinds bir elektron-desik ciitiiniin amola golmosina sorf olunan enerji 19,1 eV
olarsa, onda elektron-desik ciitiiniin radiasiya-kimyavi ¢iximi1 G(h*-e")=5,2 cit/(100
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eV)-a borabor olur. ©molo goalon elektron-desik ciitiiniin bir hissasi Kulon qarsiliqlt
tosirindon hissacik daxilindo rekombinasiya oluna (Onzager -effekti) bilirlor,
Desiklorin digar hissasi dreyf mexanizmino g6ro migrasiya olunaraq, bir hissasi
hocmdoa qurulus defektlori torafindon tutula, bir hissasi do nanohissacik sathina godar
dasinaraq sothdo suyun adsorbsiya olunmus kompleksi [BeO-H,0,] torofindon
tutularaqg:

[SiO, —H,0,]+h*—[Si0, —H,0, | (2)
ion-kompleksini (2) oamolo gotirirlor. Homin ion-kompleksi istilik vo ya tunel
elektronlar1 ilo rekombinasiya edarok kompleksin elektron-hayacanlanma:

[BeO—H,0,] +&~ —[BeO - H,Of 3)
(3) sobab olurlar. Digor torofdon ionlasdirict siialarin tasirilo amolo golon eksitonlar
nanohissacik daxildo udula vo 6z enerjisin mosafodon sothdo adsorbsiya olunan su
kompleksina Gtiira bilirlor. Bu zaman da kompleksin elektron-hoyacanlanmast:

BeO® +[BeO — H,0, |—[BeO - H,0[ (4)

bas (4) verir. Yasama middati Kicik olan elektron-hoyacanlanma kompleksinin
(BeO -H,0,) enerjisi adsorbsiya olunmus su molekulasima otiiriilorok  onun
pargalanmasina sabab olur va naticads H, OH araliq mohsullart:

[BeO ~H,0] —BeO-OH +H (5)

(5) amoalo goalir. Su molekulasinin pargalanmasindan H vo OH araliq mohsullarimnin
alinmasi {igiin onlar arasinda rabitoni (E;;»=5,1 eV) qirmaq lazimdir. Demali 6trulon
eksitonun enerjisi (Eey) ilo rabito enerji arasinda E¢y > E.ap sortini 6domolidir.

Digor torofdon slialanmanin tosirilo nanohissocik daxilindo omolo golon
elektronlar1 vo onlarin yaratdiglart hor bir yeni nasil 6-elektronlar hissocik daxilindo
elastiki vo geyri-elastiki toqqusmada kinetik enerjilorini todricon itirarak, bir hissosi
hissacik daxilinds qurulus defektlori torafindon tutula, bir hissasi do hissacik sathina
godor dasiirlar. Sotho godor dasman elektronlardan kinetik enerjilori  soth
potensialindan kigik olanlarin bir hissosi sothdo lokallasa, bir hissasi do oks olunaraq
hissocik daxiline gayidir, boyiik olanlar iso hissocik sothini asaraq su daxiline
emissiya olunurlar. Bork cisim sothindon su daxilino emissiya olunan elektronlar su
daxilinda dipol relaksasiyasi, elastiki vo geyri-elastiki toqqusmada kinetik enerjisini
todrican itirarak avvalca istilik elektronlarina ¢evirilorak, sonradan solvatlasa:

e +nH,0 e, (6)

(6) bilirlar. Su daxilinds suspenziya etdirilon nano-BeO yaradilan sistemlordoe hom
tocriibi, hom do nozori olaraq slibut olunmusdur ki, maye fazada solvatlasan (6)
elektronlarin radiasiya-kimyavi ¢iximi tomiz su ilo miiqaisade daha boyiik alinir vo
bu qiymot nanohissaciyin 6lgiisiindon asili olaraq doyisir.

Hissociklorarast maye fazada salvatlasmis (e;q) elektronlarla su molekullari:
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2e,,+2H,0 > H, +20H" (7)
atomar hidrogen:

€ tH+H,0—>H, +OH" (8)
Vo protonlagmis su molekullar1 (H,07):

e, +HO0 ->H+H,0 9)
arasinda gedon radiolitik parcalanmadan molekulyar hidogenin alimmasini (7-9)
sokilda tosvir etmok olar. Nohayat molekulyar hidrogen asagida verilon sokildo (10)
do alina bilor:

H+H—H, (10)
Buradan belo molum olur ki, bir molekula hidrogenin alinmasi tigiin iki elektron-
desik ciitii vo ya iki sayda eksiton sorf olunur. y-kvantlarin tasirilo nano-BeO sathindo
adsorbsiya olunmus suyun radiasiya-heterogen parcalanmasindan molekulyar
hidrogenin alinmasinda asasan (1-5,10) reaksiyalari rol oynayirlar. Lakin y-kvantlarin
tosirilo nano-SiO, sothinds suyun adsorbsiyasi ilo yaradilan sistemlordo suyun
par¢alanmasindan aliman molekulyar hidrogenin radiasiya-kimyavi ¢iximi 3,36
molekul/(100 eV)-dan kigik giymat almigdir. Bu o demokdir ki, nano-BeO sathinda
enerji Otlrdct markoazlorin sathi sixligi ¢ox kigikdir. Hissaciklor arasi fazanin su ilo
dolmas1 zamani boark cisim sothindon maye fazaya emissiya olunan elektronlarin
maye fazada salvatlasan elektronlarin radiasiya-kimyavi ¢iximi artir va naticada (7-9)
reaksiyalara goro aliman molekulyar hidrogeni radiasiya-kimyavi ¢iximi da artmis
olur.
Deyilanlari nazars alsaq, BeO/H,0 sisteminda suyun radiolizindan molekulyar

hidrogenin alinmasi prosesini asagidaki mexanizmlorla:

e Nano-BeO sathinds suyun adsorbsiyasi ilo yaradilan sistemlorda
rekombinasiya va eksiton;

e Hissaciklor arasi fazanin su ilo dolmasunda rekombinasiya, eksiton vo
nanohissacik sothindon maye fazaya emissiya olunan elektronlarin
solvatlasmasi;

e Nanohissaciyin su daxilinds suspenziyasi ilo yaradilan suspenziyali sistemdo
rekombinasiya, eksiton vo emissiya olunan elektronlarin solvatlasmasindan
izah oluna bilar.

Nlkrouz Forouzandeh Ghojehbeiglou RASHID * Nigar Abbasova
Vahid 2#
*Architecture PhD student, Architecture and construction university
of Azerbaijan, baku, Azerbaijan
#Architecture and construction university of Azerbaijan, baku,
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Azerbaijan
Compatibility of the Passive HOUSES in cold climates
(case study: AGHDAM city AZERBAIJAN)

ABSTRACT

In this paper, in order to ensure the comfort of the building, the solar passive
urban form design (model) is presented using the energy consumption analyses
method for the cold climate of Aghdam city. The importance of applying structural
models and related costs has made it more sensitive to the use of software methods
and models. The main reason for this sensitivity is the ability to understand the
emotional and conceptual differences and concepts of comfort components from the
perspective of experts from different fields and Individuals with different geographic
and cultural characteristics.

However, the proposed strategy and plans for the non-active solar micro urban
form project, with the help of Climate consultant software, REVIT architecture
energy software (energy analyzing part of program) - as a complementary and
supporting software-micro-climatic features and ease factors, while defining the
future comfort conditions. The prominence of the proposed model templates is that it
makes use of energy standards, the amount of consumption and the cost-effectiveness
of the energy saving before the construction of the building.

Key words: energy, cold climate, passive urban forms, energy efficiency, climatic
design, sustainable design
1 INTRODUCTION
The criterion for the arbitration of architecture is its degree of adherence to the
requirements of environmental preservation, not imposed on the environment, [1].
Some Sustainable approach in design is:

1. It is desirable, wherever possible, to use the techniques of construction that
are inherited in the site, learning from local traditions in terms of material
and design.

2. Setting the function of the building and interior comfort in the first place,
which ensures the safety and flexibility of the building and makes it
adaptable for use.

3. Construction is required to be of adequate quality and duration (long life of
the object depends on the form, finish, and the installation process of the
applied materials).

4. Avoid using materials that are of non-renewable resources or those that can
not be reused or recycled. [2]
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Since cost savings and energy-efficiency issues in the architecture of buildings
and in the field of architectural knowledge are highly sensitive, the use of computer-
aided simulation of energy consumption in building design can be one of the most
effective methods,[3]. Over the past 50 years, more than hundreds of simulation
programs related to energy in the building have been designed and used by various
organizations involved in this area. The most basic software is the ones that
completely simulate the system and such things as consumption over different
periods, energy costs, temperature and humidity calculations, which are the results of
the main indicators of energy performance in the building, are in the form of different
output results, [4], [5]. Used climate data is in EPW (Energy Plus Weather) format
which resulted from Meteonorm software, [6].

2 BRIEF BACKGROUND ABOUT AGHDAM

Aghdam district borders with Agjabadi, Tartar, Barda, Kalbajar Askaran and
Khojavand, as well as Fuzuli districts. The area is 1.15 thousand square km, and the
population is 186.1 thousand (04.01.2013). Aghdam region was also involved in the
war started in February 1988 by Armenia, which built its current state on the ancient
lands of Azerbaijan, in order to annex Karabakh to itself. Tens of thousands of
Azerbaijanis who were expelled from their home, and then from Karabakh, took
refuge in Aghdam region. [7]

View of the region from the dome of Juma
Mosque (Aghdam).

[9]

Aghdam istrict destroyed during the
Armenian occupation [8]
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Aghdam has acold semi-arid climate (BSk) according to the KOppen climate

classification. [12]

City climatic information updated from “meteonorm” [6];

A: Temperature range
B: Radiation range
C: llumination range

D:Psychrometric chart
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3 DESIGNING SOLUTIONS

The first step in this design is to configure the meteorological data sheet of the
city of Aghdam (Tablel) (from the results and outputs of the Climate Consultant
software). After obtaining the climatic characteristics and its processing, it is
provided by the HEED software or the comfort criteria in the residential building of
the study area.
After defining the comfort range and determining the criteria for the map, the
specifications of the plan are as follows: Setting up the heating thermostat, for a
lower temperature. (Pic.1).
Getting heat from appliances, lamps and interior materials will reduce the need for
heat. Therefore, it is necessary that the living area is kept clear, insulated (used in the
summer of ventilation) (Pic. 2)
Using an efficient system (energy consumption), (Pic.3), while controlling the cost of
building, the heat is taken back to the building again. Use of external insulation
(requires efficient insulation) For the process of inspection, air flow under the ceiling
IS necessary, therefore, while using the ceiling insulation, consider the minimum
space of 5 cm for the air flow between the insulator and the final cover of the ceiling.
Is taken. Also, approximately 10% of the shear walls with a 40 cm (center-to-center)
gap in the mirror (connection) of the insulated thermal bridge, increasing the distance
from 40 cm to 60 cm, the thermal bridge decreases from 10% to 6%. (Pic. 5)
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Table.1: Design Guidelines for Analyzing Climate
Information in the Climate Consultant Software

HEATED AIR TO HOUSE

COMBUSTION
AIR FROM
OUTDOORS
BURNERS
{— COUNTERFLOW HEAT
FURNACE IS SO GAS EXCHANGER
EFFICIENT THAT
EXHAUST GASSES ARE
COOL ENOUGH TO BE
BLOWN OUT THROUGH
PLASTIC PIPE
HORIZONTALLY (NO
CHIMNEY REQUIRED)
EXHAUST GAS MORE EFFICIENT
BLOWER FURNACES (>90% EFVE)
USE A COUNTERFLOW
HEAT CONDENSING HEAT
EXCHANGER)
RETURN AIR FROM
HOUSE
CONDENSATE DRAINED
AWAY

energy consumption)

£ = 7

CONDUCTIVE HEAT TRANSFER OCCURS
THROUGH ALL ELEMENTS OF THE
BUILDING'S ENVELOPE

ALMOST 10% OF NORMAL 16" ON CENTER WALL SECTIONS CONSIST OF
UNINSULATED THERMAL BRIDGES AT THE STUDS. INCREASING THIS
VALUE TO 24" ON CENTER CAN REDUCE THERMAL BRIDGING TO 6%.

CEILING INSULATION

EAVE BAFFLE
FOR VENTING

2% MINIMUM
AIR SPACE

AIR FLOW TO RIDGE
OR GABLE END VENTS

@

CONTINUOUS
SOFFIT VENT

Pic. 5: Prevent thermal bridges in insulation
areas.
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DIRECT SOLAR GAIN
THROUGH GLAZING

£
W

s £
oY

===
| |
{

HEAT FROM
FEOPLE ¢

VENTILATIGN OF HOT
AND HUMID Al

F

TRANSMISSION
OPAQUE ENVEL(
AMBIENT AIR TE

INFILTRATION ©
HOT AND MOIST

Pic. 2: Feeling the heat through
people and appliances and domestic

5
>
y

“There goes the
neighborhood”

iy

Pic. 4: Small and compact building

(offcourse with correct size and
Pic. 3:Using efficient appliances (with low gcgje).

CEILING FANS CAN MAKE IT
FEEL AT LEAST 5°F (2.8°C)

COOLER (CAN BE USED ON HOT
DAYS WITH WINDOWS CLOSED)

Pic. 6: -The use of a ceiling fan on hot
days.



e Use of a ceiling fan during hot days with a boom closure, or by blowing up the
interior air can lower the interior temperature without mechanical ventilation of

2.8 degrees Celsius. (Pic.6)

e Excellent outdoor sunblock space (seasonal sunbeds,

enclosed patios,

backyards or porches) to enhance the room's living space in cold weather.

(Pic.7)

3

e

Pic.7: Use of an exterior sunscreen
environment that disturbs the wind.

DOUBLE PANE
TYPICAL LOW - E
SOLAR HEAT GAIN

42%

IBLE LIGHT
ANS = 43 >
57% %
43%

uuuuuuuuu

55% [y

45%

DOUBLE PANE
TYPICAL CLEAR

SOLAR HEAT GAIN
COEFFICIENT = 52 >
48% N
52%
VISIBLE LIGHT
TRANS = 57 >
43% %
57%

45%

Pic.8: Use of Maximum Glass Levels
in Contact with the Sun.

e Establishment of double-glazed glass surfaces with clear and clear insulated
frames in all geographical directions for maximum absorption of sun heating

and sunlight. (Pic.8)

\_1“ L.%,LQLLCLLEIE:

Pic.9: The garage is located on the side
facing the cold wind direction, that is
to the west, which is against the wind
and these spaces are a kind of obstacle.
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Pic. 10: Consider the maximum
absorption of the heat of the sun in
winter by shifting the direction for
spaces that need to absorb heating
energy throughout the day.



In this climate, ventilation of the air will always be necessary; however, if the
design of the building, upfront heating (fireplaces, etc.) is minimized, the need for air
ventilation can be reduced to a large extent. Window fronts (designed for these
geographic coordinates) or operator shadows - which extend out in the summer and
close in the winter - can reduce or limit the need for air ventilation. (Pic.11)

e Insulating parts of the covered building
Insulating the covered parts of the building helps to reduce the heat dissipation during
the night of the winter. The building's insulation ensures a 50% reduction in the
heating load in cold and temperate regions and 45% in tropical regions, as well as a
35% reduction in the cooling load in warm, temperate and even cold areas, Pic.13,
14, 15,

[]
<\__—’ s

’
i
MARCH 21 TO
JUNE 21
(90° - LATITUDE)
z1 N
25| | 88
4 | sourn I )

DECEMBER 21 o7 v ST
(-23.5°)
DO NOT VI E SOLAR ACCESS

Pic. 12: Avoid planting any tree (whether
or not a broad leaf) in front of the sun's
inactive windows. Of course, it can be
Pic. 11: the use of a leap forward that IS panted on the side of the building and in a

widespread in the summer and closes In 45 degree position relative to its corners.
the winter.

EAVE BAFFLE
FOR VENTING

E) W o Pic. 14: Use of more materials or heat

capacity, such as thick walls and thicker
Pic. 13:: Insulation of the external shell sheets inside the building, will be used to
of the building, store inactive winter and cool temperatures
during the summer.
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EXTERIOR INSULATION INTERIOR FINISHED
BELOW FROST LINE INSULATED BASEMENT
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Pic. 15:: If you use the ground, it should

be at least 45 centimeters below the line PIC- 16: Proper sealing of the building to
(ice) and its interior (with foam) or Preventenergy loss.

insulated from the wall (covered with

wool).

5 ANALYSIS AND CONCLUSION

In general, the following can be considered among the useful results of this

article.

Energy efficient homes are less expensive to operate, more comfortable to
live in, and more environmentally friendly.

Using proper amounts of insulation in the walls and roof, being sure to
reference regional standards.

Properly weatherizing the building using weather stripping and caulking
Installing high quality windows that utilize low-e coatings and gas filling,
while choosing the glazing and window frame material that will be most
beneficial in the environment.

Installing high-performance systems and appliances and evaluate their
performance over their life cycle.

Monitoring and verifying performance through energy audits to see where
energy is being wasted in a building and where it is most cost-effective to
make improvements through retrofitting.

1. In addition to overall environmental benefits that arise from a more energy
efficient building, there are also personal benefits. Reduced heating and electrical
bills are one major benefit to upgrading a home or building a more energy
efficient home. As well, installing these energy-efficient technologies effectively
works to "future-proof" the building by making investments that will be selling
points well into the future. [ 13]
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IONLASDIRICI SUALARIN TOSIR ILO HETEROSISTEMLORDO
SUYUN PARCALANMASI MEXANIZMI

Son zamanlar bizim vo diinyanin digor todqigatcilari torofindon aparilan

miixtalif todqiqat islarinds, ionlasdirict siialarin (y-kvantlar, elektronlar, protonlar,
neytronlar, a-zarraciklor, yiksok enerjili ionlar vo s.) tosirilo metal vo ya metal
oksidlari ilo tomasda mayeloarin, xisusilo do suyun radiolizi prosesindon alinan
mohsullarin tadqgiqgi ham elmi cohatdan, ham da enerji yonimdon mihim shamiyyot
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kasb edir. Tacrlboalordon alinan mohsullarin radiasiya-kimyoavi ¢iximimin metal vo ya
metal oksidlarinin hissacik Olcllorindon (6lgli effekti), suspenziyali sistemlordo
onlarin kiitlasindan (kitlo effekti) vo onlarin néviindan asililigi miisahido edilmisdir.
Nanodlcili metal vo ya metal oksidlorinds bu effekt 6ziinii daha gabariq sokilda
biruzos verir.

fonlagdiric1 siialarin tosirilo BeO/H,O sistemindo suyun parcalanmasindan
molekulyar hidrogenin alinmasi prosesini radiasiya fizikasi vo kimyasinin molum
mexanizmlori osasinda izah etmok olar. y-kvantlarin tosirilo asason nanohissacik
daxilinda geyri-tarazligh enerji dasiyicilar: olan: -elektronlar(e™), desiklor (BeO*(h*))
Vo elektron-hoyacanlanma hallar1 (BeO*-eksitonlar) amolo golir. Bu prosesi simvolik
olaraq asagidaki (1) sokildo:

BeO ——»BeO"(h*), BeO",e" (1)

tosvir etmok olar. Ionlasdiric1 siialarin (y-kvantlar, elektronlar) tosirilo nano-BeO
daxilindo bir elektron-desik ciitiiniin omolo golmosino sorf olunan enerji 19,1 eV
olarsa, onda elektron-desik ciitiiniin radiasiya-kimyavi ¢iximi G(h™-e)=5,2 ciit/(100
eV)-a barabor olur. ©mola goalon elektron-desik ciitiiniin bir hissasi Kulon qarsiliqlt
tosirindon hissacik daxilindo rekombinasiya oluna (Onzager -effekti) bilirlor,
Desiklarin digor hissasi dreyf mexanizmina goro migrasiya olunarag, bir hissasi
haocmda qurulus defektlori torafindon tutula, bir hissasi do nanohissacik sothina gadar
dasinaraq sothdo suyun adsorbsiya olunmus kompleksi [BeO-H,O,] torofindon
tutularaq:

[Si0, —H,0,]+h*—[Si0, —H,0, " (2)
ion-kompleksini (2) amolo gatirirlor. Homin ion-kompleksi istilik vo ya tunel
elektronlari ilo rekombinasiya edorok kompleksin elektron-hayacanlanma:

[BeO-H,O,]| +¢~ —[BeO—-H,O[ (3)
(3) sobab olurlar. Digor torofdon ionlasdirict siialarin tasirilo amolo golon eksitonlar

nanohissacik daxilde udula vo 6z enerjisin moasafodon sothdo adsorbsiya olunan su
kompleksina Gtiira bilirlor. Bu zaman da kompleksin elektron-hayacanlanmasi:

BeO" +[BeO —H,0, | — [BeO —H,0] (4)
bas (4) verir. Yasama miiddati kicik olan elektron-hayacanlanma kompleksinin
(BeO -H,0,) enerjisi adsorbsiya olunmus su molekulasma otiiriilorok  onun
par¢alanmasina Sabob olur va naticads H, OH araliq mohsullart:
[BeO —H,0] — BeO —OH +H (5)
(5) amalo galir. Su molekulasinin pargalanmasindan H vo OH araliq moahsullarinin

alinmasi ti¢lin onlar arasinda rabitoni (E,;»,=5,1 ¢V) qirmaq lazimdir. Demali Otlrilon
eksitonun enerjisi (Eeyc) ilo rabits enerji arasinda Eeye> E,4p sortini 6damalidir.
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Digor torofdon siialanmanin tosirilo nanohissacik daxilinds omolo goalon
elektronlar1 vo onlarin yaratdiglart hor bir yeni nasil 6-elektronlar hissocik daxilindo
elastiki vo geyri-elastiki toqqusmada kinetik enerjilorini todricon itirorak, bir hissosi
hissocik daxilindo qurulus defektlori torofindon tutula, bir hissosi do hissocik sothino
qodor dasmirlar. Sotho qgodor dasman elektronlardan kinetik enerjilori  soth
potensialindan kigik olanlarin bir hissasi sothdo lokallasa, bir hissasi do oks olunaraq
hissacik daxilina qayidir, boylik olanlar iso hissocik sothini asaraq su daxiling
emissiya olunurlar. Boark cisim sathindon su daxiling emissiya olunan elektronlar su
daxilindo dipol relaksasiyasi, elastiki vo geyri-elastiki toqqusmada kinetik enerjisini
todrican itirarak avvalca istilik elektronlarina ¢evirilorak, sonradan solvatlasa:

e +nH,0 e, (6)
(6) bilirlor. Su daxilinds suspenziya etdirilon nano-BeO yaradilan sistemlords hom
tocriibi, hom do nozori olaraq siibut olunmusdur ki, maye fazada solvatlasan (6)
elektronlarin radiasiya-kimyovi ¢iximi tomiz su ilo miiqaisodo daha boyiik alinir vo
bu qiymot nanohissaciyin 6lgiisiindon asili1 olaraq doyisir.

Hissociklorarast maye fazada salvatlasmis (e;q) elektronlarla su molekullari:

26, +2H,0 - H, +20H" (7)
atomar hidrogen:
€ytH+H,0—>H, +OH" (8)

Vo protonlagmis su molekullar1 (H,07):
e, +HO0 ->H+H,0 9)

arasinda gedon radiolitik parcalanmadan molekulyar hidogenin almmasint (7-9)
sokilda tosvir etmok olar. Nohayat molekulyar hidrogen asagida verilon sokildo (10)
do alina bilor:

H+H—H, (10)
Buradan belo malum olur ki, bir molekula hidrogenin alinmasi iigiin iki elektron-
desik ciitii vo ya iki sayda eksiton sarf olunur. y-kvantlarin tasirilo nano-BeO sathinds
adsorbsiya olunmus suyun radiasiya-heterogen parcalanmasindan molekulyar
hidrogenin alinmasinda asason (1-5,10) reaksiyalari rol oynayirlar. Lakin y-kvantlarin
tosirilo nano-SiO, sothindo suyun adsorbsiyasi ilo yaradilan sistemlords suyun
par¢alanmasindan alinan molekulyar hidrogenin radiasiya-kimyovi c¢iximi 3,36
molekul/(100 eV)-dan kigik giymot almigdir. Bu o demokdir ki, nano-BeO sothinds
enerji 6tlrict markazlorin sathi sixligi ¢ox kigikdir. Hissaciklor arasi fazanin su ilo
dolmast zamani bork cisim sothindon maye fazaya emissiya olunan elektronlarin
maye fazada salvatlasan elektronlarin radiasiya-kimyavi ¢iximu artir va naticada (7-9)
reaksiyalara goro aliman molekulyar hidrogeni radiasiya-kimyavi ¢iximi da artmis
olur.
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Deyilanlari nazars alsaq, BeO/H,0 sistemindo suyun radiolizindon molekulyar
hidrogenin alinmasi prosesini asagidaki mexanizmloarlo:

e Nano-BeO sathinds suyun adsorbsiyasi ilo yaradilan sistemlords
rekombinasiya vo eksiton;

e Hissaciklor arasi fazanin su ilo dolmasiinda rekombinasiya, eksiton vo
nanohissacik sathindon maye fazaya emissiya olunan elektronlarin
solvatlasmasi;

e Nanohissaciyin su daxilinds suspenziyasi ilo yaradilan suspenziyali sistemdo
rekombinasiya, eksiton vo emissiya olunan elektronlarin solvatlasmasindan
izah oluna bilar.

Hacizads F.M. (professor,t.e.d.), Qasimova S.B. (bas miiallim),
Abbaszads G.S. (doktorant)
Azarbaycan Memarlhq va insaat Universiteti
Neft-kimya istehsalatlarinda fovgoalada hallarin naticalorinin aradan
qaldirilmasinda idarsetmanin taskili haqqinda.

Fovgolado hallarin aradan qaldirilmasinda idaroetmonin togkili xilasetmo vo
digor toxirasalinmaz miivafiq islorin tam hocmdo, on qisa miiddotds, minimum itki ilo
hoyata kegirilmosi ii¢iin miixtolif mogsodlor dasiyan qiivve vo vasitolordon somorali
istifadoni tomin etmoyo yonolmis todbirlordon ibarstdir. Févgolado hallarin aradan
galdirilmasinda idaroetmonin togkili fovgolado voziyyat yarandigi andan baslayir vo
aradan galdirildigdan sonra basa catir. Bu proses giindolik dovrlora goro hoyata
kecirilir. Bu dovrlarin hor birino asagidakilar daxildir:

) T

vaziyyatin tohlili vo qiyma*andirilmasi

gorarin gobul edilmosi vo #Fifelerin icragilara ¢atdirilmasi

.

L5
r 1sin holli {iciin natica va tei}' lorin hazirlanmasi
\ qarsiligh foaliyyatin toskili e
~~
quivve va vasitalorin horokatlorinin tomin edilmasi ]

Fovgolado hallarin aradan galdirilmasinda idarsetmonin toskili, miioyyon bir
fovgolado voziyyetin bas vermasi ilo tonzimlonon hor soviyyade ovvalcodon
hazirlanmis fovgolado hallarin qarsisinin alinmasi vo aradan qaldirilmasi igiin
Tadbirlor Plamina uygun olaraq hoyata kegirilir. Bunun osasinda fovgolads
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voziyyatin xiisusiyyotlorini nozoro alaraq févqalada vaziyyatin aradan qaldirimast
iizra islarin rahbori fovgolado voziyystin aradan galdirilmasi, tocili xilasetmo vo
digor toxirasalinmaz iglorin aparilmasi barado gorar gobul edir.

Neft-kimya istehsalatlarinda da fovqgolado hallarin naticolorinin  aradan
qaldiriimasinda idarsetmanin toskili yuxarida deyildiyi kimi aparilir. Burada qorarin
hazirlanmasinda tocili xilasetmo vo digor toxirasalinmaz islorin planlasdirilmasi
aparilir. Homin planlagdirilma miivafiq qorar qabul edildikden vo tabecilikds olan
personala tapsiriglar verildikdon sonra basa catir. Is plami xoritolor, diaqramlar,
grafiklor vo hesablamalar olavo olunmagla motn soklindo tortib edilir. Févgolado
voziyyatin aradan qaldirilmasi tizro islorin rohbori torofindon imzalanir vo bas rois
torofindon tosdiglonir. Is planindan ¢ixarislar tabeliyindo olanlara aid hissosindo
catdirilir. Qlivvalarin harokatlarini birbasa fovgoalads vaziyyst bolgasinds idars etmak
uclin

- 15¢1 qruplar yaradilir;

- stasionar idaraetma montagolori (IM) istifads olunur;

-mobil idaroetmo montagolori (IM) yerlosdirilir;

-osas elementi mobil rabito qovsagi olan rabito sistemi toskil olunur;

-idaroetmo sisteminin somorali islomosini tomin etmok {iclin Mobil Malumat

[daroetmo Morkozi (MMIIM) osasinda avtomatlasdirilmis idareetmo alt sistemi

yaradilir.

Idaroetmo sisteminin torkibi vo qurulusu fovgelads voziyyatin miqyast va
fovgolado voziyyotin aradan qaldirilmast iglorini  olagolondiron Azorbaycan
Respublikas1 Fovgolado Hallar Nazirliyinin bohran voziyyetlorindo idaroetma
morkozinin qorart ilo miisyyon edilir. Fovgolado voziyystin aradan qaldirilmasi lizra
islorin rohbari ils istonilon soviyyads gorargah vo ya isci qrupu yaradilir. Qorargahda
(emoliyyat qrupu), bir qayda olaraq, miivafiq saviyyeali Févgolado Hallar Nazirliyinin
isci qruplar yaradilir vo isloyir. Inzibati rayonun (sohorin) idaroetmo alt sistemino
onun orazisinds fovgelade vaziyyat yaranarsa, miilki miidafis, fovgolado hallar vo
tabii falakatlorin naticolarinin aradan qaldirilmasi iizra regional morkazin is¢i qrupu,
xiisusi hallarda iso dovlat icra orqanlarinin is¢i qruplart vo Azorbaycan Respublikasi
Fovgolado Hallar Nazirliyinin bir sira digor qurumlarinin qlivvelori daxil ola biler.
Regional vo global fovgolado voziyyotin aradan qaldirilmasini idars etmok iiciin
Azorbaycan Respublikasi Fovgolado Hallar Nazirliyinin dovlstin icra organlarinin
is¢i qruplarin1 ohato edon bir idaroetmo sistemi yaradilir. Fovgolads hallarin aradan
qaldirilmasina calb olunan biitiin qlivve va vasitalorin rohbarliyi vo onlarin qarsiligh
faaliyyatinin togkili fovgolado voziyystin aradan galdirilmasi iigiin toyin olunmus is
rohbarlori torafindon hoyata kecirilir. Fovgolads hallarin aradan galdirilmas1 iglorinin
rohborlorinin  gorarlari, Azorbaycan Respublikast qanunvericiliyindo basga hal
nozordo tutulmayibsa, foaliyyot zonalarinda olan biitlin votondaglar vo togkilatlar iigiin
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macburidir. Ovvalco foaliyyot zonalarina golon tocili xilasetmo xidmatlorinin, tocili
xilasetmo qruplarinin rohborlori Azorbaycan Respublikasi qanunvericiliyi ilo
mioyyon edilmis vo ya yerli hakimiyyot orqanlari, toskilat rohborlori torofindon
golmomisdon ovval tayin edilmis is rohbarlorinin solahiyystlorini miivoqqgati olaraq 6z
ohdoliklorino gotiirtirlor. Fovgolado hallarin aradan qaldirilmasi islori rohborinin
solahiyyotlori Azorbaycan Respublikast Hokumoti, Azorbaycan Respublikasisinin
tosis qurumlarinin dovloet organlari, yerli hakimiyyst orqanlart vo toskilatlarin
rohbarliyi torafindon qanunvericiliys uygun olaraq miioyyan edilir.

Abbasova Nigar Vahid
Supervisor: Professor Fagan Aliyev
Azerbaijan University of Construction and Architecture
"Titanium Dioxide: Illuminating the Path to Wastewater Degradation
and Synthesis Advancements™

Keywords: photocatalysis, synthesis of titanium dioxide, photocatalytic degradation

Title: Harnessing the Power of TiO2: Unveiling its Crucial Role in Photocatalytic
Wastewater Treatment

The growing global concerns regarding water scarcity and pollution have spurred
intense research into novel and sustainable solutions for wastewater treatment.
Among the diverse range of wastewater treatment technologies, photocatalysis has
emerged as a promising approach, capable of effectively degrading organic
contaminants and eliminating harmful substances. At the forefront of this
advancement lies titanium dioxide TiO,, a multifunctional and widely studied
photocatalyst. Its unique properties and remarkable efficiency in harnessing solar
energy make TiO, an indispensable component in the realm of wastewater treatment.
Photocatalytic treatment processes rely on the ability of certain materials, known as
photocatalysts, to catalyze chemical reactions when exposed to light. These reactions
generate highly reactive species, such as hydroxyl radicals, that possess potent
oxidizing capabilities. Consequently, these radicals can efficiently degrade a broad
spectrum of pollutants, including organic dyes, pesticides, pharmaceutical residues,
and even persistent organic pollutants that are notoriously challenging to remove
using conventional treatment methods.

TiO2, in particular, has garnered significant attention due to its exceptional
photocatalytic properties. It is a widely available and cost-effective semiconductor
material with a unique crystalline structure that enables efficient electron-hole pair
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generation upon light absorption. This property allows TiO2 to initiate a chain of
reactions that lead to the degradation of organic compounds into harmless byproducts
such as carbon dioxide and water. Moreover, TiO, exhibits excellent stability,
resistance to corrosion, and low toxicity, making it a safe and sustainable choice for
large-scale wastewater treatment applications.

The photocatalytic efficiency of TiO, can be further enhanced by various strategies,
including optimizing its crystal structure, modifying its surface properties, and
coupling it with other semiconductors or materials. These advancements have led to
the development of highly efficient TiO,-based photocatalysts with improved light
absorption, extended spectral response, and enhanced reactivity, thereby expanding
the range of wastewater contaminants that can be effectively treated.

Synthesis of titanium dioxide at the laboratory: firstly, 200ml demineralized water
was heated to 80°C. Then 60 ml ethanol absolute was added to 20 ml of titanium
isopropoxide bis (2,4-pentanedionatez, in 75 % in isopropanol-C.sH»306Ti) and then
stirred separately to get a well-mixed solution. Mixed ethanol absolute-TTIP solution
was added to demineralized water by the use of borosilicate glass and stirred on a
magnetic stirrer for 4 hours to obtain a homogeneous solution. After 4 hours, a
centrifuge was used to separate raw TiO, At least 5 times must be washed with
demineralized water and cleaned by centrifuge at 10 min with the maximum speed.
Formed and wet TiO,was placed in an oven at 60 °C. The yellow powder was
obtained through the drying process. Then the powder was ground in a porcelain
mortar and calcined at 500 °C for 2 hours. At the end of the process pure TiO, The
particle size was in the range from 60 to 70 nm.
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Figure 1. a) produced titanium after 6 hours in the oven; b) after grinding c) pure
titanium dioxide after calcination.

It is important to note that the degradation efficiency of TiO, may vary depending on
factors such as the specific pollutant, its concentration, pH, temperature, and the
characteristics of the TiO, photocatalyst used. Additionally, certain persistent organic
pollutants may require extended reaction times or the application of advanced TiO,
modifications for complete degradation.

Overall, TiO, photocatalysis presents a versatile and effective means of degrading a
wide range of organic pollutants, offering significant potential for the remediation of
wastewater and the preservation of water resources.
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A COMPARATIVE STUDY FOR THE AMELIORATIVE
CONDITION OF THE LANDS USING SATELLITE IMAGERY
WITH VEGETATION INDEXES

Abstract - Article devoted is based on vegetation indices to the study of land
reclamation condition, dedicated to mathematical-statistical evaluation using satellite
imagery (Landsat-8 OLI, Sentinel-2 L2A,SPOT-6). The analysis of various indices
(NDVI, MSAVI, etc.) is mainly based on accordingly to the study of satellite images
and a comparative analysis of the mentioned indexs was carried out. The statistical
analysis of area changes for diverse soil salinity (dry residue), humus and NDVI
level indicated. The statistical analysis of soil salinity (dry residue), humus and NDVI
was carry out and was determined relationship between parameters accordingly
different points . During the reclamation research and processing of collected data,
information technology (IT) have been used to solve various tasks and research
programs and LandViewer, ArcMap 10.3 Image Analysis, Spatial Analyst (ESRI)
software modules were used for this purpose.

Keywords: probablity-statistical, vegetasion index, amelaration candition
of lands, dry residue, humus.

Xulasa - Magalo peyk tosvirlorindan istifade etmoklo (Landsat-8 OLI, Sentinel-2
L2A, SPOT-6) vegetasiya indekslori asasinda torpaqlarin meliorativ vaziyyatinin
todgiqinag, riyazi-statistik giymetlondirilmasina vo todgiqina hasr edilmisdir. Uygun
olaraq peyk gorintularinin tadgiqi asason muxtalif indeks (NDVI, MSAVI va s.)
gostaricilorinin tohlilino  osaslandigini  nozoro alaraq, geyd edilon indeks
gostoricilorinin migaisali tohlili aparilmisdir.  Muxtalif torpaq nidmunalori Ggiln
soranliq (quru galiq), humus vo NDVI lcin mixtalif ndqtslor nozoro alinmagla
statistik tohlili aparilib vo parametrlor arasinda alago mioyyon edilmisdir. Meliorativ
todqiqatlarin aparilmasi  vo toplanmis molumatlarin emali zamani miixtolif tip
masololarin halli lazim golir ki, informasiya texnologiyalarinin (IT) totbiq edilmasi ilo
bu yoniimli mosalolora baxilmig, miixtalif toyinatli masalalorin hallinds istifado
olunan totbiqi programlardan, LandViewer, ArcMap 10.3 Image Analysis, Spatial
Analyst (ESRI) program modullarindan istifado edilmisdir.
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Intradaction
Diagnostics of lands, evaluation of land reclamation condition different
methods are used, one of which is the aerospace method. The mentioned method
includes: instrumental or visual examination of photographs of the earth's surface,
research in different ranges of the spectrum, etc.

At the same time, during the application of these methods, it is necessary to take
into account a number of important characteristics of soils - humidity, salinity,
density, humus. Find interdependencies between the mentioned parameters it is
necessary by probablity-statistical methods.

Research area and Methods

Research works were carried out for the purpose of comparative study of actual
and satellite images; for analysis of information capability of aerospace Earth
monitoring data; for digital image processing; for more accurate processing of
resolutions of space images, in Shirvan Experimental Amelioration Station (Sh.EAS),
which are considered as key objects. For this purpose, used various open internet
(earthexplorer.usgs.gov etc.) databases [2,3,4].

Figllre 1: Location map of the Smd}' area . Location schema of the points where soil samples were taken

The study site SEAS is located in Shirvan plane in the center of Azerbaijan,
between latitudes 40°30’45” N and longitudes 47°39'08" E (40.5033°N47.6985°E)
and it covers an area of 206.5 ha (Fig. 1). The area has an arid climate with an
average annual precipitation of 266 mm and annual evaporation from open pans of
2788.3 mm yr—1.

The total area was 206 ha. Soil samples were taken by soil drilling to a depth of 1
m layer by layer every 20 cm.

I11. Discussion

The condition of the plant and the soil around the study point. Initially, the
georeferencing of the soil sampling points was carried out, converted and defined
according to UTM (Universal Transfer Mercator), which is considered as the
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international coordinate system. The latitude and longitude of Sh.EAS have been
calculated based on the geodetic datum WGS84.

Table 1

Coordinates of soil sampling points and general situation around wells

Well | Universal Transfer The condition of the plant and soil around the
numbe Mercator point

r
SEAS Sh.EAS

1 38 N 729399 Phytomelioration area, Pomegranate garden (1-2
4486411 m), field overgrown with liquorice

2 38 N 729400 a field of barley 10 ha
4486992

3 38 N 729061 Former paddy field, salinity and broom plant
4486501

4 38 N 729018 Sweet Flag , area under water, reedy place
4486360

5 38 N 728515 saline soil
4486656

6 38 N 728597 Grassy, weeds
4487060

7 38 N 728117 Saline soil, tamariks, salt grass
4486953

8 38 N 728169 field of wheat
4487201

9 38 N 727583 Pomegranate garden, Sudan grass, a on the dry
4486319 landpine and the other trees

During the acquisition of the images obtained from the SPOT 6 satellite for all
four seasons (autumn, winter, summer and spring), the condition of 10% cloudiness
was assumed, accodingly to , along with the obtained image, coordinates, etc. (
BAND LIST = B2, B1, B0, B3, DATUM = "WGS84"; UTM_ZONE = 39)
analyzed. SPOT 6 satellite shave a resolution of 6 meters formultispectral and 1.5
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meters forpanchromatic, respectively [3,4,5,6,10].

General situation around wells in the Sh. EAS indicated in Fig 2

Fig. 2 General situation of the around wells

Vegetation indices are used as measures of biomass, amount of vegetative cover,
and vegetation condition. NDVI is the most widely-used vegetation index.
MSAVI minimizes the effect of bare soil. MSAVI is calculated as a ratio between
the R and NIR values with an inductive L function applied to maximize reduction of
soil effects on the vegetation signal. Vegetation indices are constructed so that higher
index values indicate higher amounts/cover of green vegetation. Consequently, both
NDVI and MSAVI use soil-adjust-ment factors.

Various research points were identified and research was carried out, for perform
a comparative study of the results of chemical laboratory analysis of soil samples and
the results of the satellite images in the territory of Sh.EAS. Both datas of laboratory
analysis and collected as a result of visual inspection, using the appropriate formula
of the Vegetation Index. Carrying out research in the research area based on the
database of Landsat 8, SPOT 6 and Sentinel-2 satellites image [ ]. In addition to the
Landsat-8 RT satellite image, SPOT 6 and Sentinel-2 L2A satellite data was also
used in this study to identify and compare the research areas[7,8,10]..

It was estimated using the Normalized Difference Vegetation Index (NDVI) which

is computed by the Equation NDVI = 2NMIRZPRED  \Nhere: py.» is the near infrared
PNIRTPRED

spectral wavelength, and pggp, is the red spectral wavelength.

B5 — B4
For Landsat 8 NDV]I = ——— , For Sentenental NDVI
B5 + B4
_ B84 -B04 d For SPOT — 6 NDVI = B8A — B04
~ B8A+ B04 T ~ B8A + B04
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The ratio of near infrared and the red band of space imagery is sometimes
referred to as the Simple Vegetation Index (SVI). The Normalized Difference
Vegetation Indices (NDVI) is given by: NDVI=(IR-R)/(IR+R) In which: IR is the
brightness of pixels in the near-infrared band. R is the brightness of pixels in the near
band. The NDVI index is very sensitive to the optical properties of the soil, and is
difficult to interpret with low vegetation cover when the soil is unknown.(Rondeaux
et al., 1996) (Gandbhi et al.,2015).

Modified Soil Adjusted Vegetation Index (MSAVI) is a modified version of
SAVI with parameter values derived by iterative analysis of images over a range of L
factor values and soil line slopes/intercepts in near-infrared versus red scatterplots.
Inputs should have reflectance values between 0 and 1. (Qi, J., A. Chehbouni, A. R.
Huete, and Y. H. Kerr, 1994).

It was general formula MSAVI  which is computed by

MSAVI = 2NIR+1_‘/(2NIR';1)2—8(NIR—RED)

wavelength, and pggp is the red spectral wavelength.

\Where: py;r IS the near infrared spectral

For Landsat 8 MSAVI

_2*Band5+1—\/(2*Band5+1)2—8*(Band5—Band4)
- z ,

The T-distribution is used in hypothesis testing when determining if one should
reject or accept the null hypothesis. Student’s t-test allows comparing means between
2 samples.

Student's t-test was used to examine the results of two different studies and
evaluate the difference between them. It is known that two hypotheses denoted by
symbols Hy and H; are put forward to make the initial hypothesis, based on the
observed result, it is said that the sample belongs to the same or different population.
A simple experiment like the one we denoted above, we must define two hypotheses:
the null (H,) and the alternative (H,). Students t-test is used to compare the mean of
two groups of samples. It helps evaluate if the means of the two sets of data are
statistically significantly different from each other [13].

Student's t-test is calculated using the following formula:

X

arith. mean(NDVI) ~*artith. mean(MSAVI) 2 ONDVI 2 OMSAVI
t = m =x m =+
’ NDVI nNDVI’ MSAVI /nMSAVI

2 2
\/ Mypvi—Mysavi

WHhere, X mean (\ovi) @Nd X mean usavi), average values of each of the sample sets, which
are average values compared.
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onpy; and o gy 1S Standard Deviation of each of the NDVI and MSAVI. nypy;
and ny;¢4p; -NUMber of records in sample set (count).

Degree of freedom represent how many values involved in a calculation have
the freedom to vary. Degree of freedom k = n; + n, — 2 is calculated using the
formula.

V. Results

In the territory of Sh.EAS with the percentage (%) indicator (based on SPOT-6
satellite data) was analyzed on the basis of a multispectral image taken on different
dates, accodingly to chronological change of the NDVI indicator.

Sh.EAS - S ey
AS - Summer season ; ‘ﬁ@u Sh. EAS  Autumn season
Legend: w’-«.t:_c'_ % Mﬁ Lt b Legend:

. @D Water, swamp, reeds ¥ :
S

2 ?ﬁ}g Slightly saline
A TR
%

No vegetation o
o D Highly saline, Extremely saline

Sparse vegetation, salinity plants
Highly saline, Extremely saline
Sparse vegetation

Moderately saline

gy B D Moderate vegetation

.
R D Sparse vegetation

i D SFarse vegetation
e Moderately saline

ightly and Moderately saline

=L 3 [ Moderate vegetation

A Slightly and Moderately saline ‘ D gﬁﬂl‘se vegetation reedy place

@ » X ghtly and Moderately saline
ense vegetation

Slightly saline = - Sparse vegetation, salinity plants
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Fig 3. Classification by the NDVI values of the satellite image from SPOT-6

In the summer season (on 17.08. 2022) from the total research area that it is
distributed in the following form on the territory it has been determined: water,
swamp, reeds - 2%; 22% - sparse vegetation, salinity plants, highly saline, extremly
saline; 23% - Sparse vegetation, moderately salinized; 25%- Sparse vegetation,
slightly and moderetly salinity; 21%- dense vegetation, slightly saline and moderately
saline; 9%- dense vegetation, slightly saline.

Accodingly to in the spring season (on 04.22.2022) from the total research area
that it is distributed in the following form on the territory it has been determined: 1%
- water area, swamp, reeds; 0.12% - black salt, swamp plants; 12%- sparse
vegetation, saline vegetation, highly and extremely saline; 33%- Sparse vegetation,
moderately salinized; 28%- dense vegetation, and medium salinity; 26%- dense
vegetation, slightly saline . In the same methods, calculated for other season
chapters, processing of spectral images for the winter season showed that there is a
lower accuracy estimate due to the weak vegetation cover. For research in this
direction plant composition, density and height are of great importance.

115



The invstigation samples for NDVI and MSAVI were basesed on the images, taken
on 24.03.2023, 08.04.2023, 13.04.2023, 28.04.2023, 08.05.2023, 23.05.2023 and
28.05.2023.

n “‘-. 28.05.2023 NDVI __—. 28.05.2023 MSAVI Legend
3 .
n‘l'f l- Vegetation Order
. Dens vegetation
Moderate vegetation

Low vegetation
’ Sparse vegetation,Sprouts
1y EBare soil,No vegetation

|

Fig 4. Classification by the NDVI MSAVI values

A general representation of the way the NDVI values distributed over the
territory in the following form on the territory it has been determined: dens vegatation
24% (50 ha); 24% (50 ha)- moderately vegetation; 24% (49 ha) -low vegatation; 19
% (39 ha)- Sparse vegetation, sprouts; 9% (18 ha) -bare soil, no vegetation as well as
values of the MSAVI distributed: dens vegatation 3% (6 ha); 19% (38 ha)-
moderately vegetation; 23% (47 ha) -low vegatation; 38 % (78 ha)- Sparse
vegetation, sprouts; 17% (36 ha) -bare soil, no vegetation.

There are Descriptive Statistics methods to analyses data from satellite image as
well as images taken from 24 March to 28 May 2023 were used.

To perform statistical characteristics and other calculations "Data analysis"
subprogram of the Excel table processor was used. The statistical data of NDVI and
MSAVI data are defined as follows.

Table 2
Statistical data of NDVI and MSAVI

Statistical indicators NDVI MSAVI
Mean 0,5532286 0,495457143
Standard Error 0,0446347 0,04068934
Median 0,553 0,518
Mode 0,546 0,17
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Standard Deviation 0,2640624 0,240721384
Sample Variance 0,0697289 0,057946785
Kurtosis -1,2201924 -1,152176806
Skewness 0,0723672 0,139053414
Range 0,819 0,756
Minimum 0,18 0,15
Maximum 0,999 0,906
Count 35 35
Largest(1) 0,999 0,906
Smallest(1) 0,18 0,15
Confidence Level(95,0%) 0,0907086 0,082690689

The calculated t-value is greater than the table value at an alpha level of 0.05. In
addition, note that the p-value is less than the alpha level: p reject the null hypothesis
that there is no difference between means.

It is determined NDVI and MSAVI indicators found out change in their

(0,18+0,99) and (0,15+0,90) interval accordingly. Degree of freedom is calculated
k=35+35-2=68.

0,553 npvn)—0,495msavy)

Student's t-test is calculated using the formula[6,9]: t =
\/ MY py1—Miysavi

0,956

Looking at the t-table we find and the corresponding critical value in the t-table
for a=0.05, is 1,98 > 0,956 .

The effect of vegetation on the results of research is very large and is considered
one of the main indicators for deciphering between aerospace measurements of the
soil.

Summarize the data was to ( dry residue, humus, NDVI) for evaluate soil salinity
based on soil samples which of taken from different soil layers in order to study
reclamation process by probablity and statistically methods in Sh.EAS. Statistic
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estimation are an important part of research which of search for better for effective
control the ameliorative situation.

Regression is a statistical term wherein a statistical tool is used to find relationships
within a given data.

The statistical analysis of area changes for diverse soil salinity (dry residue), humus
and NDVI level as well as empirical dependencies are defined as follows and
indicated in Fig.5.
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Fig. 5 Relationship between indices NDVI, different soil salinity values and humus
(measured by percentages) in Sh.EAS
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Results indicated that NDVI values and humus were better correlated with Humus
(Ryo—20 = 0,68, Ry_40 = 0,90, respectively) which indicates a strong relationship
than the other parament. Comparative results show that direction of the relationship
between, humus and NDVI, respectively, as NDVI increases, humus also trend to
increase. Humus have been decrease from topsoil layer (Ry—-,o = 0,69) to subsoil
layer (R,y_40 = 0,55), respectively [1].
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Aunes S1.111.
AzepOaiizkaHCcKMi ApXUTEKTYPHO-CTpPOUTEIBLHBIN YHUBEPCUTET
AJIT'OPUTMBI JJ151 TIPOEKTUPOBAHUSA
SHEPIOD®®EKTUBHBIX 3JIAHUI

AnHOTamus. Cmoumocms 3Hep2opecypcos u menioeoii IHEP2UU HenpPepovlGHO
pacmem, u 3ma MeEHOEHUUs NpPocHo3upyemcsa Ha Oyoywiee. Bmecme ¢ mem, 6
A3zepbaiidicane o3pacmaem nompeodieHue menao6oil IHEPZUU 8 CA3U C POCHLOM
CMpoumenbHol UHOYCmpuu.

o 70-x 20006 6 cmpoumenvHOM NPOEKMUPOBAHUU  OCHOGHbIMU
HOPDMAMUGHBIMU RAPAMEMPAMU CUUMAIUCL MENI0MmeXHuYecKue noxkaamenu
HAPYIICHBIX — 02PAdNCOAIOWUX KOHCMPYKUUIL, a 6aAdCHeUWuUM noKazamenem
IKCHIAYAMAYUOHHBIX  CBOUCME 30aHUA — HOOOEPIHCAHUEe  HOPMAMUGHBIX
memnepamyp enympu nomeuwienuii. Ilpu nopmuposanuu cmenenu menio3auiunvl
u nopmamuenvix memnepamyp 6 ovieuiem CCCP u 3a pybexicom 6 0CHOGHOM
OOMUHUPOGANU UX MUHUMATBHO OONYCHUMbLE 3HAYEHUA 6 PAMKAX CAHUMAPHO-
2UCUEHUYECKUX MmPeD0BaHUll, 4 MAKCUMAIbHBIE — C YYemom mpedosanuil
IKOHOMUU mMenio6oii Inepzuu. PaKkmop epemenu, KOmopwvlil PeaibHo 61uUsAem HA
U3MEHEHUe YKA3AHHBIX GHYMPEHHUX NAPAMEMmpPOoE He YUUmMDbI6AICcA Npu
Men10mexHu4eckoOM pacueme HAPYHCHBIX 0ZPAHCOAIOUUX KOHCIPYKUUIL.

KarwueBbie cJI0Ba: Hapy>KHbIE OTpaXKJAOIIIHE KOHCTPYKIIUH,
AHeprodPpHeKTUBHOCTD, TEIIOBAsI YHEPTHS, OTOILJICHUE, allTOPUTM.

Key words: external enclosing structures, energy efficiency, thermal energy,
heating, algorithm.

B crpoutenbHbIx HOpMax u mpaBwiax g0 70-X TogoB MPOLLIOTO BeKa
OCHOBHBIMU TapaMeTpamMHu TEIUIO3AIUThl OBUIM TEPMHUUYECKOE COMPOTUBIICHUE
TerJIonepeaaye - MUHUMAaJIbLHO JOMYCTUMOE TI0 YCIIOBUIO 00pa30BaHUs KOHACHCAIUH
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BOJIIHBIX TAPOB W IPU OTPUIATEIBHBIX TEMIEpaTypax Hapy>XHOTO Bozayxa (aJis
MAaCCUBHBIX KOHCTPYKIIMII — Temmeparypa HaumOojee XOJOIHOW MATUIHEBKH, IJIs
CpEeIHEN MACCHUBHOCTH — CPEIHSSl TEMIIEpaTypa MEXIY XOJOJHOM MATHIHEBKU H
XOJIOMIHOM CYTKH, JJisi JIETKOM MAacCHUBHOCTH — TeMIlepaTypa HaubOoJjee XOJIOIHOU
CYTKH) U 00I1le€ COMPOTUBIICHUE BO3TyXOMPOHUIIAEMOCTH.

[TocnenoBaTenbHOCTh MPOEKTUPOBAHUS 3aKITIOYAICS B BBIOOPE TOJIITHAHBI
OTJCJIBHBIX CIIOEB M MAaTE€pUAJIOB HAPYXKHBIX OTPAXKIAIOMIUX KOHCTPYKIUNA U
MPOBEpPKE 00pa30BaHUsI KOHJICHCAIIMU BOJSHBIX MapOB Ha BHYTPEHHEH MOBEPXHOCTH
CTEHBI (TemIeparypa JOJKHA Obula OBITh BBIIIE TOYKH POCHl Ha HOPMHUPYEMYIO
pasHoCTh Temrieparyp At = t, — 7, TA€ 7, - TEMIEpPaTypa Ha BHYTPEHHEN IOBEPXHOCTHU
HapyKHOW CTeHbI, t, — TeMmrepaTypa BHYTpEHHEro Bo3ayxa. [lamee mposepsuiach
TEIUIOYCTOMYMBOCTD ¢ HAPYKHBIX OTPAXKIAIOMINX KOHCTPYKIIMI B 3UMHUX YCIOBHUAX
U1 TeMmepaTypbl HaubOojee XOJOJHOM MSATUIHEBKM M BEIMYMHA 3aTyXaHUS
KoJieOaHUM TeMIepaTypbl HApY>KHOTO BO3/TyXa BHYTPU KOHCTPYKIIUH.

HaxonsieHue Biaru BHYTPU HAPYKHBIX OTpPa)XAaloOlIUX KOHCTPYKIUUA MOMKET
MPUBECTH K PA3PYLICHUIO BCEH KOHCTPYKUMHU, CHIXKEHUIO TETUIOTEXHUYECKUX
KQueCTB, YBEJIMYECHUIO MOTEPh TEIJIAa U CHUKEHHUIO TEMIIEpaTypbl Ha BHYTPEHHEU
MOBEPXHOCTU KOHCTPYKIMH. B 3TO CBSI3M MOMDKHO OBITh HOPMHUPOBAHO oOOIIIEe
CONPOTHUBJICHUE NApONPOHULIAHUI0 R,,, A Orpaxaaroneld KOHCTPYKIIHH,
PAacCoJIOKEHHOTO MEXAY MOMEIICHUEM U MIIOCKOCTHIO BO3MOKHOM KOHIeHcauuH [1].

B cBsi3u ¢ 3TUM BO BCEM MHpE MOSBWINCH HOBbIE HOPMATHUBHBIE M MPABOBBIC
JIOKYMEHTBI MO CHUXXEHUIO 3aTpaT Ha MPOU3BOJCTBO M HCMOJIB30BAHUIO TEIIOBOM
sHepruu. OIHUM U3 OCHOBHBIX HAMPABJICHUN 3KOHOMHUU SHEPTOPECYPCOB SIBISETCS
CTpOUTEIbHAS UHIYCTPHUS, TJ€ pean3alisi SHEProcOeperarmx MEPOTPUITHIA s
CUCTEM OTOIUICHMS,, BEHTWISILIMM U KOHJULUMOHUPOBAHMS  BO3AyXa J1acT
KOJIOCCAJIbHBIN SKOHOMHYECKUH 2hdexT [2].

Pemntenne manHod 3agayd O0COOEHHO HEOOXOOMMO Ui TEIJIOBOTO XO3AHCTBA
ropoga baky, rae B 3UMHEE BpeMsl TOJIbKO Ha OTOIUIEHHE, BEHTWISLUIO U
KOHJIUIIMOHUPOBAHUE BO3/IyXa KUJIbIX U OOIIECTBEHHBIX 3IaHUI PacXOAYyeTCsl OKOJIO
50 % Bcel MpOU3BOIMMON SHEPTUMU.

B nocnegnee Bpemsi B ropoje baky uerko HaOIIOJaeTCs TEXHUYECKOE
OTCTaBaHUE WHXKEHEPHOW MHEOPACTPYKTYPhI U BCETO KOMILIEKCA TOPOJCKUX CHUCTEM
WH>KEHEPHOT0 000pyIOBaHMUS. PazButne LEHTPATU30BaHHBIX CUCTEM
TEIUIOCHA0XKEHUsI UACT O4YeHb MeljieHHO. He HaOirogaeTcs KOOpAUHALIMS MEXITY
IpaioCTPOUTENSIMU, apXUTEKTOPaMHU, CTPOUTEIISIMHU u WH)XEHEepaMU
KOMMYHUKAIIMOHHBIX CUCTEM. DTO MPUBOJUT K HEPAIMOHATILHOMY PaclpeaeIeHUI0 U
HCIOJIb30BAaHUIO TEIJIOBOM SHEPTUHU. TaKoM MOIXO0]1 OKAa3bIBA€T HETaTUBHOE BIIMSIHUE
Ha OKpyXaroIlyto cpemy. Hamm ycraHoBineHo, 4To B Topoge baky BBIOpOCHI OT
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MECTHBIX HCTOYHUKOB TEIJIOBOW BHEpruu (KOMOHM) COCTaBisitoT Oosiee OHOU
YETBEPTU BCEX BPEAHBIX BEIOPOCOB B aTMochepy [3].

CoBpeMEHHOE COCTOSIHME SKOHOMMKH PECIyOIMKU B 00JIACTU CTPOUTEIHCTBA U
sHeprocOepekeHusi TpeOyeT OJHOBPEMEHHOIO pELIEHUS OOJBIIOr0 KOJIWYECTBA
npobsiem. Pemenue 3TUX nOpoOieM  BO3MOXKHO  TOJIBKO NPU  HAIUYHUU
CUCTEeMaTU3UPOBAHHON MH(pOpMAIUH, KOTopasi OyAeT CIyXUThb MyT€BOJHOW HUTHIO
JUISL pEeLIEHUs BO3HMKAIOIIMX 3aa4 M I03BOJUT B JAJbHEHIIEM CAMOCTOSTEIBHO
MCKaTh BBIXOJ U3 HECTAH/IAPTHBIX CUTYALIMI, BOSHUKAIOIINX B JAHHON 00IAaCTH.

Cnenyer oTMeTuTb, YTO 3(()EKTUBHOE HUCIOJIB30BAHUE TEIJIOBOW SHEPTUU B
AKCIUTyaTallil CHUCTEM KJIMMATHU3alMU JKWIBIX M OOILIECTBEHHBIX 3/1aHUMU, JTOJIKHO
ObITh TIEHEpaJbHBIM HANpPABICHUEM TIOJUTHUKU  CTPOUTENBHOIO  KOMILIEKCa
pecyOIuKH.

Hampumep, ¢ 1 suBaps 1995 roga B I'epmanum BaxHe#ieil 0COOEHHOCTBIO
MpaBUJl TEIUIO3AIUTHl 3JaHWIl SBISETCS BBEICHHE IOKa3aTelsl MOTPeOJICHUS
TEIJIOBOM 3HEPIHM HAa OTOIUIEHHE B TEUEHHE OTOMMUTENIBHOIO CE30HA, KAK OCHOBHOM
MEpBl CTENEHW TEIUIO3AIIMTHI 37aHUi, BbIpakaeMoro B kKBreu Ha 1 M2 mose3HoM
wioniaau B rofd. llpenenbHble 3HaU€HUs MOKA3aTessl CE30HHOM TEMIONOTPEOHOCTH
(E,) mocTaBieHbl B 3aBUCHMOCTH OT KOI((GUIMEHTa KOMIIAKTHOCTH 3JIaHHS,
OMPENEIIEMOr0 KaK OTHOILIECHUE IUIOIIAIA HAPYKHBIX OTPAXXJAIOIINX KOHCTPYKLIUN
(4) x orarumBaemomy o0bemy 31anus (V), 1 ycTaHOBIEHBI B Tipeaenax 54-100 (kBte
4) /(M2eron). HopMupyroTcs yke HE pacueTHbIE TEIUIOBbIE IMOTEPH 3AaHHs, a
YACNIbHBIA pPAcXoJ TEIUIOBOM 3HEPrMM Ha OTOIUIEHHE 3JaHMs 32 OTOIUTEIbHBIN
MEepHoJl, OTHECEHHBI Ha eAWHUIly o0beMa M Ha eAWHHIYy oOIIel (IOJIe3HOI)
IJIoIaau 1oja [4].

Ce3oHHOE mMOTpeOJEHHE TEMJIOBOM HSHEPrUM 3aBHCUT HE TOJIBKO  OT
TEIUIOTEXHUYECKUX XapaKTEPUCTUK HAPYKHBIX OTPaKIAlOUINX KOHCTPYKUUH, (POPMBI
Y pa3MEpoB 3[aHMs, a TAKXKE OT COJIHEYHOM paguanuu U BHYTPEHHUX UCTOYHUKOB
TEIJ1a, TEIIOBbIE MOTEPU OT CUCTEM BEHTUJISLIUU.
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IIpenesibHbIC 3HAYEHHS MOKA3ATEJISA CE30HHOM
NMOTPeOHOCTH TEIUI0OBOM 3Hepruu HA oTomienue E, (kBreu)/(M2+rox)
1 — nas 'epmanumn;

2 — nJas1 Azepoaiixana.

[To wHammM MHOTOJETHUM HAOJMIOAEHUSM, B 3[aHUAX, ITOCTPOCHHBIX B
MOCIICHUE TOBI, PAcXOJ TEIUIOBOI SHEPruu Ha oToruieHue cocrtasiser 130 - 240
(xB1'9)/(M2 ‘Tom), uro mouTH B 2 pa3za Oosblle, YeM B Pa3BUTHIX EBpomneickmx
CTpaHax C CYpOBBIMU KIIMMATUYECKUMU YCIOBUSIMH [5].

Cnenyer OTMETUTb, 4YTO, OFPOMHBIM TOTEHIMAN  3HEProcOepeKeHMUs,
UMEIOIIUKACS B CTPOMUTENIbHOM WHAYCTpUU A3zepOaiiykaHa, MpaKTUYECKU He
UCIIONb3YyeTCsd. B 4Wciie NOpUYMH, CAEPKUBAIOIIMX  HCIOJb30BAHUE  3TOTO
MOTEHIIMAJIA, CIEAYeT Ha3BaTh OTCYTCTBUE WIIM HECOBEPIIEHCTBO T'OCYJIapCTBEHHOM
HOPMATHUBHO-TIPABOBOM JIOKYMEHTAIlMU IO DHEProcOEPEeKeHUI0, HEI0CTATOYHYIO
HCCIICTOBAHHOCTh HOBBIX TEXHOJOTUM B JAHHOM 00JIACTH, OTCYTCTBHE Ha PBHIHKE
TpeOyeMOoro KadecTBa M JIOJATOBEYHOCTH HSHEProdPEKTUBHBIX H3OJISIIMOHHBIX
MaTepuajioB, HEIOCTATOYHOCTh HMHGPOPMAIMM  HACEJCHHS O  KOHKPETHBIX
HHEProcOEeperaroluXx MEpPONPUITHIX, YMEPEHHBIM KJIMMAaT, HaJIU4ue OTPOMHBIX
3armacoB OPraHUYECKUX UCTOYHUKOB YHEpruu (HedTH U ra3a) u T.1.

Mpb1 nmpeamnojiaraéM, 4YTO TEIUIOBAas M30JSIUS  HAPYKHBIX OTPaKIAIOIINX
KOHCTPYKIIUM 3/1aHMsI 10 ONPEACIICHHOM CTENEHU SBISIETCS HEOOXOIUMBIM, HO
HEJIOCTATOYHBIM YCJIOBHUEM JJIsl PEIICHUS MPOOJeMbl dHEProcOepexeHus, KoTtopas
TpeOyeT KOMIUIEKCHOTO IMOAXOJa W HCKIIOYEHHUS JPYyTMX HE MEHEe BECOMBIX B
sHEprodaliaHce 31aHUI IPUYUH TETUIOIHEPTETUIECKUX MTOTEPh.

Hamum pacuetsl mokasblBaroT, 4TO 151 ropojia baky B nepByro ouepeab B HOBBIX
U CTapbIX 3/IaHUAX HEOOXOJMMO PaJMKAJIbLHBIM 00pa3oM 3aMeHa CTapbIX OKOHHBIX
KOHCTPYKIIMA Ha 0ojee COBEPIICHHBIX U JSHEProd((OEKTUBHBIX OKOH CO
CTEKJIONIaKEeTaMH U TEIUIOOTPAKAIOIIMMHU CTEKJIAaMHU, KOTOPhIE UMEIOT 00Jiee HU3KHE
ko3 dunreHTsl Temonepeaayr. Takue OKHAa 00J1alat0T TOBBIIMICHHBIM YPOBHEM
TEIUIO3AIUTBl W TIO3BOJISIIOT CHU3UTH 1O MHUHUMyMa TPUTOK B TOMEIICHUU
MHOUIBTPYIOMIETOCS XOJIOIHOTO BO3TyXa.

B Aszepb6aiikane ceifuac CTposiTCs 31aHUs pa3HOTO Ha3HAYEHUs, OJHAKO ITO HE
O3HAYaeT, YTO BCE WHKCHEPHO-KOMMYHHUKAIIMOHHBIE CHUCTEMBI 3THUX OOBEKTOB
MIPOEKTUPYIOTCS TIO TMOCIEAHEMY YPOBHIO TEXHUKM W TeXHOJOruu. Kak TakoBbIX
CMHTEJUICKTYaIbHBIX»,  OOECIEUYEHHBIX  MOJHOCTHIO  ABTOMATHU3UPOBAHHBIMU
KOMMYHUKAIIMOHHBIMH ~ CHUCTEeMaMH M C  NPUMEHEHHEM  COBPEMEHHBIX
MH(OPMAIIMOHHBIX TEXHOJIOTHI 37aHUil B peclyOJiuKe Moka emie HeT. Yaie Bcero
MHBECTOPbl OrPAaHUYMBAIOTCA AMCHETYEPU3ANUEH KOMMYHUKAIIMOHHBIX CHUCTEM C
BBIBOJIOM TapaMETPOB SKCIUTyaTallMU HA IEHTPAJIbHBINA JUCIIETYEPCKUI TyHKT [6].
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Heo0xoaumMo OTMETUTH, UTO y3KHE MECTa B DHEProcOEPEeKEHUH COBPEMEHHBIX
3JaHUM HY)KHO HCKaTh C HAIIPABJICHUU COBEPILIEHCTBOBAHUS I'PaJOCTPOUTEILCTBA,
aApPXUTEKTYPHO-TIJIAHUPOBOYHBIX U MHKEHEPHBIX CUCTEM 3AaHUM.

K sHeprocOeperaromum pemeHusM TpajoCTPOUTENBHOIO XapakTepa MOKHO
OTHECTH:

® B3aNMHOE ONTHMAJILHOE pa3MelleHNe MOTpeOnTeNe U HCTOYHUKOB TEIJIOBOM
SHEPrUH, KOTOPhIE YMEHBIIAIOT PAacXOAbl Ha TPAHCIOPTUPOBKY TEIUIOBOW IHEPTHH,
3aTpaThl Ha COOPYKEHHUE TEIUIOBBIX CETEeH U PacXo/Ibl HA DKCIUTyaTalluI0 CUCTEMBI,

® BHEJPEHHE DHEProcOEperamnmx TPUEMOB BHYTPEHHEW apXUTEKTYpPHOM
IUTaHUPOBKY;

® COBEPIICHCTBOBAHUE CTPOMUTENIHCTBA MO ATAKHOCTHU, MPOTHKEHHOCTH MEXKIY
3aHUSIMHU ¥ UX KOHPUTYPALIUU C YIETOM KIMMAaTHYECKIX OCOOCHHOCTEH MECTHOCTH;

® ONTUMAIBHOE pa3MeIleHNEe HAPYKHBIX KOMMYHHKAITH;,

® BLIOOp M 00OCHOBaHUE COBMEILCHUS IICHTPAIIM30BAHHBIX TEIIOCHAOXKAIOIIUX
CHCTEM C JCIICHTPAIN30BAHHBIMH.

K sHeprocOeperaromum pemeHusIM apXUTeKTYPHO-TJIAHUPOBOYHOTO XapakTepa
MOKEM OTHECTHU:

®  yMEHbBIIEHUE YJENbHOM MOBEPXHOCTU  BEPTUKAIbHBIX  HAPY>KHBIX
OTPaKIAIONINX KOHCTPYKIUH, Yepe3 KOTOPHIX MPOUCXOTUT OCHOBHBIE TIOTEPH TEILIA,

® pa3JeNUTh Ha 30HBI C PA3TUYHBIM TEMIEPATypHBIM (OHOM U CHIKEHHE
WHQUIBTPAIIUU HAPYKHOTO BO3AyXa 10 MUHUMYMa,

® JICTIOJIb30BAaHUE SHEPTUU COTHEYHOMN paTuaIlH.

N3BecTHO, uTO MpobiemMa sHeprocoepexeHus u IHEProdPHEeKTUBHOCTH 3TaHUIMA
U COOpPYXKEHUH JOJDKHA peuiarbcsi Ha CTaJud TPOCKTUPOBAHUS COBMECTHO C
apXUTEKTOpaMH, TpaJOCTPOUTENSIMU M HHXKEHEpAaMHU 10 KOMMYHHUKAllMOHHBIM
cuctemMaM. BaxHoe 3BEHO 3[eChb — CHCTEMbl OTOIUIEHHUS, BEHTWIILMHU U
KOHAWIIMOHUPOBAHUS BO3yXa. Tak Kak pemeHus: apXuTeKTOPOB M TPajoCTPOUTENCH
ITO3BOJISIIOT CHU3UTh PACXO0 TEIUIOBOW sHepruu Bcero Ha 10 — 15 %, a nHxxeHepHble
pemenns Ha 50 — 60 %. Ecnu ydecTs, uto cBoiiie 50 % Bcell TpOU3BOANMON SHEPTUN
pacxoayeTcsi Ha 3TH CHCTEMbI, TO BaXXHOCTb IMPUMEHEHUs 3SHeprocOeperarmnmx
MeponpuATHii OyIeT siCHA.

Pa3paboTka HAy4yHO — TEXHUYECKUX OCHOB MPOOJIEMBI SHEPTOCOEPEIKEHUS IS
3MaHUN CEeroJHd M Ha ONmKaillylo NepcrnekTuBy OyJeT HauOoyiee 3HAYMMOU
po0JIeMOil pa3BUTHSI IKOHOMHUKHU HaIEH peciyOJIuKH.

Ham mnpencraBmsiercs, 4YTO s CO3MAaHUA OKOJOTHMYECKA YHCTOTO U
3¢ (HEeKTUBHOTO 3JaHUS HOBOTO TIOKOJICHHS HEOOXOIWMO peliaTh CIEeIyIONIYIO
TPUEIMHYIO 3371a4y B €€ OCHOBHBIX aCIEKTaX:

® OpraHu3alys B MIOMEIICHUAX SKOJOTHYECKH YUCTHIX U KOM(POPTHBIX YCIOBUIA;
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® MUHMMM3ALUS Pacxo/ia IEPBUYHON SHEPrUu, MPUMEHEHNUE BO300OHOBIISIEMbIX
MCTOYHUKOB SHEPIHH;

® COKpallleHHE PacXo/ia MaTePHAIbHO — TEXHUYECKUX PECYPCOB.

Bce acrnekTbl MOMKHBI OBITh HANpaBlE€Hbl HA ONTUMU3AIUIO TOTPEOJICHHUS
TEIUIOBOM  SHEPruM €  O0fA3aTENbHBIM  COOJIOJICHHEM  CYIIECTBYIOIIMX
3aKOHOJIATEeIPHBIX W HOPMATHMBHBIX JIOKYMEHTOB, YYUTHIBAaTh BCE (DAKTOPHI H
MpoI1IecChl, GOPMHUPYIOITHE TPEOYEMYIO BO3IYIIHYIO CPEY.

[IpoBeneHHbIE aHAINU3BI MOKA3bIBAIOT, YTO JJISI CO3JaHUS HAYYHBIX OCHOB
HKOJOTUYECKU YUCTOTO 37aHusl ¢ 3 (HEKTUBHBIM UCIOJI30BAHUEM TEIIOBOM SHEPTHUU
HEOOXO/IUMO TPUMEHEHHUE BEPOATHOCTHO — CTAaTHUCTHUYECKOro aHaiu3a. Takas
MOCTAHOBKA 3aJlayd UMEET Psiji JOCTOMHCTB: 3HAYMUTEIHHO paciiupsieTcsi 00JacTh
COTNIOCTAaBJEHUS PAaBHO JIOMYCTUMBIX BApPUAHTOB pEUICHUS MPOCKTa 3JaHUs,
OTIPENICNISIIOTCS peaJIbHble YHUCICHHBIC 3HAYEHUsl JI0JTOBEYHOCTH, O€30MacHOCTH,
HaJIe’)KHOCTH, YCTOMYMBOCTH 3/IaHMUS.

YuuThIBasi BBIIEU3JIOAKEHHOE MPEIoIaraéM, YTo OOIIYI0 METOJIUKY CO3JaHuUs
HKOJOTUYECKA YHUCTBIX U IHEProdp(HEeKTUBHBIX 3JaHUM HOBOTO IOKOJEHUS —
11eJIECO00Pa3HO MPEJCTABUTh B BUJIE aJITOPUTMA, COCTOSIBILIETOCS U3 MIECTH I1aroOB.

HepBbiii  mar aaropurma. Co3gaHue  ONTUMANbHBIX  BHYTPEHHUX
KJIMMaTUYECKUX YCIOBUM B TEUEHHE BCEro rojaa. PacueTHble BHYTPEHHHE
KJIMMaTUYECKUE YCIOBUS JOJKHBI COOTBETCTBOBATh 30HE KOM(POPTHOCTHU TEILJIOBOM
00CTaHOBKH, KOTOpas OIpeAeseTcs TeMIIepaTypHbIMHU, a’dpOAMHAMUYECKUMU U
TETUIOBJIAYKHOCTHBIMU MapaMeTpaMHu.

[Ipeanonaraem mpoBOAUTH MX BBIOOP MO METOJIUKE, B KOTOPOH palMOHAILHO
UCIIOJIB3YIOTCSl TTPEUMYIIECTBA METOAA JIBYX YCJIOBHM KOMGMOPTHOCTH MOJOKECHUS
teopun @anrepa [250]. Bce momenieHus TpaxJaHCKUX 3JaHUM B JCHCTBYIOIIMX
CTPOUTENBHBIX HOPMAax U MpaBWIAX JIENATCS HA YETHIPE KATETOPHUHU. JDTH KATETOPHUHU
COOTBETCTBYIOT YETBIPEM TpajalusiM CTerneHu (GU3NYECKOU TIKECTU pabdoThI,
BBITIOJTHSAEMOM YEJTOBEKOM MPHU PA3IUYHOM TeMmIlepaType BHYTPEHHEro BO3ayXa U
CTENEHH YTEIUICHHOCTH €ro OJeXAbl. TemioBas o0OCTaHOBKAa B TMOMEIICHUU
ompenenseTcs TeMneparypHsiMu ycioBusmu (i, — Temmeparypa momMemnieHus, t, —
TeMIlepaTypa BHYTPEHHETO BO3/yXa, lx — pajuaiiioHHas TeMIiepaTypa), OCHOBHBIM
HOPMUPYEMBIM ITapamMeTpaM MOCIEIHUX SABISETCS TEMIIepaTypa HoMenieHus t,,.

Bropoii mar ajaropurmMa. DTOT mar CBA3aH C OMNPEJCICHUEM pPaCUETHBIX
Hapy>XHBIX KJIMMATHYECKUX IMapaMeTpOB MECTHOCTH TocieaHux 10 Jjer, KoTopsie
npejyiaraeTcsi ONpeeuTh Ha OCHOBE BEPOSITHOCTHO — CTAaTHUCTHYECKOW MOJICIIH.
Ou4eBHIHO, YTO BO3JACHCTBHE HAPYKHBIX KIMMATHYECKUX MMapaMETPOB HA HAPY KHBIC
OTPaXKJAOIINE KOHCTPYKUIHUH 37aHUS HOCUT BEPOATHOCTHBIM XapakTep, MOATOMY
MOJICTUPOBAHUE  HAPYKHBIX  KIMMATHYECKUX  YCIOBHM  JIOJDKHO  OTpaXkaTh

125



BEPOSITHOCTh ~ NOSIBJICHUS M TNPOJOJKUTEIIBHOCTh  CTOSIHASI ~ OCHOBHBIX
KJINMATOJIOTMYECKHUX MTApaMETPOB U UX KOMIUIEKCHOI'O COYETAHUS.

BeposaTHOCTHBINM XapakTep HapyKHbIX KIMMATUYECKUX MMAPAMETPOB IMO3BOJISIET
ONPENEIIUTh BEPOSITHOCTh OTKJIOHEHUS [MAPAMETPOB MUKPOKIIUMATA OT PACUETHBIX.

OTMeTuM, 9TO ISl OTPAXKTAIOININX KOHCTPYKIIMM 3MaHUS BHIOOP HAapY>KHBIX
KJIMMAaTHYECKUX MapaMeTPOB HAZO0 MPOBOJHUTH C YYETOM TEINIOMHEPLIMOHHOCTH 3TUX
KOHCTPYKIIMM, MEXaHUUYECKHUE MTPUTOYHBIC BEHTUJISILIMOHHBIE CUCTEMBI — C YUETOM HX
OC3WHEPIIMOHHOCTH, CHUCTEMY OTOIUICHHS - C YYETOM TeIIOYCTONYMBOCTH
NOMEUIECHU. MopenupoBaHue KJIIMMaTUYECKHUX napaMeTpoB TOJIKHO
OCYUIIECTBJISITECS HA OCHOBE MHOIOJIETHUX METEOPOJOTUUECKUX HAOIIOACHUM
['unpometciykObl pecryOJIMKM, Tak KaKk OHU C JOCTaTOYHOW HAaJIEeKHOCTHIO
MO3BOJISIIOT CYIUTh O TOBEJACHWUU pPACUETHBIX TOKaszareled B OymymeM, 00 ux
BO3MOKHBIX OTKJIOHEHUSIX C YYETOM BBIOPAHHBIX PACUETHBIX MapaMeTPOB HAPYKHOTO
KJIMMara.

OTMmeTrM, 4TO Ha JTaHHOM CTaJAUM HM3YYEHHOCTH 3TOr0 BOIPOCA OJHOMY U3
KJIMMAaTHYECKUX NapaMETPOB MPUIAECTCSA ONPEAEIAIONIas pojiab B IPOLECCE U MO €ro
BEPOSITHOCTU HAXOJSTCS BCE IPYTUE COCTABIISIONINE ITAPAMETPHI KOMIUIEKCA.

Tpernii mar aaropurma. Pa3zpabotrarhb onTUMaldbHbIE BHYTPEHHHE
APXUTEKTYPHO — CTPOUTEIbHBIE, OOBEMHO — IJIAHUPOBOYHBIE M KOHCTPYKTHUBHBIC
pelIeHus T 30aHHus.

Kak yxe ynoMuHamoch BbIllI€, HECMOTPS HA TO, YTO TPETHUW IIAr OXBATHIBAET
JOCTaTOYHO IIMPOKHE JWANA30Hbl PEMIECHUS, MPOJCIAHHBIE MPUEMBI IO3BOJISIOT
CHU3HUTH pacxojl moTpebisieMoi TeruioBoid sHepruu Bcero Ha 10 — 15 %. Ilo nHammm
HaOMIOACHUSM, 3TU TPHUEMbl CJEAYIOIIME: TOBBIINICHUE TIJIOTHOCTH 3aCTPOMKH,
OpPUEHTALMsl 34aHHUsI O CTOPOHAM CBETa M MO HAIPABJICHUIO TOCHOACTBYIOLIMX
BETPOB, ab0E0 BHEIIHUX TOBEPXHOCTEH OTrpaKJAOIIMX KOHCTPYKIMHA, (opma,
pasMepsl M JTaXHOCTh 3/1aHMS, BBICOTA AdTa)ka, CTENEHb H3PEe3aHHOCTH dacaja,
KOMITAKTHOCTb 3JJaHHS], YTEIUIEHUE U TETUIOYCTOMYUBOCTh HAPYKHBIX OTPaKIAOIINAX
KOHCTPYKIIUN 37aHus, OCTEKJIEHHOCTh (hacajoB, PACCTOSHUE MEXIY COCECIHUMH
3IaHUSIMHU, [JTAHUPOBKA TOMEIICHU.

YerBepThlii mIAr aJNropuTMa. OTOT IIAr CBSI3aH C OLIEHKOM TEIJIOBOTO,
BO3AYIIHOTO U BJIAJKHOCTHOT'O PEXHUMa OTHAEJIBbHBIX MOMELICHUMN 3[aHKs, a TAKKE C
PaHKUPOBAHHUEM 3[ITaHUM MO TEIUIO3AIUTHBIM U SHEPreTUUECKUM MMOKA3aTEeIIsIM.

[IpennosiaraeM, 4To MO 3TUM JBYM NOKA3aTeJsiM 3JaHUS MOXHO JEIUTh Ha
YEThIPE KaTErOpUH.

I kareropus 3JaHNil — MUHUMAJIBHO JIOMYCTUMAs TEIUIOBAs 3allUTa HAPYKHBIX
OTPaXIAIOMINX KOHCTPYKIIMA TI0 CAaHUTAPHO — TUTHCHUYECKUM TPEOOBAHMSIM,
MOBBIIIEHHOE TTOTPEOJICHHE TETIIOBOW SHEPTHH.
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II kateropusi 3AaHMii — ONTHUMAIbHOE PHEPrONOTPEOICHUE U ONTHUMAJbHAS
TEIJIOBAs 3allUTa HAPYKHBIX OTPaXKAArOIIMX KOHCTPYKLUN.

III xareropusi 3MaHuii — BO3MOXXHO IOHW)XEHHOE JHEPTONOTPEOJICHHE H
CPABHUTEIBHO HM3KAsl TEIUIOBAsl 3aIMTA HAPYKHBIX OTPakKAAIOIIMX KOHCTPYKLHH,
OTBEUAIOIIas YCIOBUSIM SHEProcOepeKeHusl.

IV kareropusi 31aHMii — MUHUMAJIBHOE SHEPronoTpeOIeHNEe U MaKCUMAIbHO
BO3MOXKHasl TEIUIOBas 3alllUTa HAPYXKHBIX KOHCTPYKIHMA W MCIHOJIb30BAHHE
NEPBUYHOM TEIUIOBOM »JHepruu (3AaHus, OJM3KHE K pPEKUMY C 3aMKHYTBIM
HSHEPreTUUECKUM LIUKIIOM).

OrMeruM, dYTO I  KaXIOW M3 BBINICYKa3aHHBIX KaTETOPUM  3JaHMM
TEIJIOOHEPIE€TUYECKUE  XAPAKTEPUCTUKHU  ONPENCIAIOTCA TpeMsl I0Ka3aTessIMu:
MAaKCHMAJIIBHO BO3MOJKHAsl TEIUIOBas 3alUTA HAPYKHBIX KOHCTPYKLMU; PACXOL
TEIUIOBOM JHEPTHUM JUISI BCEX MHKEHEPHBIX CHCTEM 3JaHUS 3a TOJ; yCTAaHOBOYHAs
MOIIIHOCTh BCE CHCTEMBI YJHEPTrOCHAOKEHUS 31aHHUS.

HarTeiii mar aaropurma. Croga OTHOCHTCS - BBIOOp CXEMHBIX pEHICHUH
CUCTEM OTOIUIEHMs, BEHTWIILUMU W KOHIULMOHUPOBAHUA BO31yXa, TEIUIOBOM,
TUAPABINYECKUN U a3POJUHAMUYECKUN PACYEThI 3TUX CUCTEM.

JUis comocTaBiieHUs] 3apaHee JOJDKHBI ObITh 0a30Bble BapHAaHTHl PEIICHUM
JAHHBIX CUCTEM JUIS PA3JIMYHBIX IO HAa3HA4YECHMIO 37aHui. [Ipenmourenne Tomy niam
MHOMY BapHUaHTY OTAAETCA B 6-OM IIare anropurMa.

Ilecroii mar aaropurMa. JlaHHBIA IIAr 3aKIOYaETCs B  ONPEICICHHUU
nokaszarened 3(QQPEeKTUBHOCTH BCEX HWHXXEHEPHBIX CHUCTEM U apPXUTEKTYpHO —
CTPOMUTENBHBIX PELIECHUH, UX CPaBHEHUE U BHIOOP OKOHYATEIBLHOTO PEIICHUS.
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Cavadova M.M., t.e.f.d, dos., 9liyeva A.M.
AZORBAYCAN ELEKTROENERGETIKASIDA MUASIR
TEXNOLOGIYALARDAN iSTIFADONIN PRESPEKTIVLORI

Abstract: Azerbaijan has strong potential for renewable energy development.
The country has excellent solar and wind resources and significant prospects for
biomass, geothermal and hydropower. Electric power supply system remains one of
the important components of the engineering system of residential and industrial
complexes. Educated and correct power supply, which requires calculation of
possible emergency situations and shutdowns from the central network, is one of the
important conditions for the successful operation of their enterprises. Beside this rich
history and experience allow to take firm steps forward by ratifying contracts with
world’s developed, powerful and renowned companies which opens bright future for
the country name.

Acar sozlar: enerji inkisafi, kosf, iqtisadi transformasiya, barpa olunan enerji.

Keywords: energy development, discovery, economic transformation,
renewables energy
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Hazirda diinyada elektrik energetikasi sahosinin yeni inkisaf meyillori 6ziinii
gostormokdadir ki, bu da har bir 6lkonin tokco yaxin miiddstdos deyil, hom do golocok
onilliklorde dayanigli vo keyfiyyatli enerji tochizati ligiin miithiim ohomiyystli gorarlar
gobul edilmosi zorurati ilo baghdir. Azorbaycanda miixtolif tarixi dovrlorde bu sahado
verilon qorarlar respublikamizin hazirtki miistoqil elektrik enerjisi sisteminin
formalasmasini tomin etmisdir.

Ulu 6ndorin miistoaqil Azarbaycana rohborlik etdiyi dovrde do enerji sistemin
cari foaliyyati vo perspektivlori daim diggot morkozindo olub, 1990-c1 illorin
ovvollorindoki siyasi-iqtisadi béhran noticosindo ¢otin voziyyato diison vo hotta iflas
tohliikosi 1ilo tlizloson bu miihiim sahonin dirgolisi, Olkonin elektrik enerjisino
tolobatinin 6donilmosi tiglin biitiin zoruri todbirlor hoyata kegirilib. Mohz homin
doévrde ulu 6ndar Heydar Sliyevin tagabbiisii va rohbarliyi altinda xarici sarmayalorin
colb edilmasi ilo movcud elektrik stansiyalarmin  yenidon qurulmasit va
modernlasdirilmasi layihalari icra edilib.

Son illor arzinds respublikada, xiisusilo Bakida vo onun otrafinda nogliyyat
infrastrukturu giiclii inkisaf etdirilmisdir. Bununla olagadar olaraq, elektrik Otlrucu
xatlorinin doyisilmasi vo yeni xatlorin, yarimstansiyalarin tikintisi tizra islorin boytik
hissasi yerina yetirilmisdir. Respublika orazisindo ilk dofo Baki sohorinds yeralt1 110
kV gorginlikli yarimstansiya tikilmisdir. Eyni zamanda respublikanin mixtalif
regionlarinda 500, 330, 220 vo 110 kV-luq yarimstansiyalar vo elektrik otiiriicii
xatlori inga edilmisdir. Goriilmus islor enerjinin keyfiyystini artirmis, enerji sistemin
dayanigliligini va tohliikasizliyini daha da méhkomlonmisdir.

Biitiin bunlarla yanasi, goriilon islorin naticosinda, enerji sistemin foaliyyatinin
dayaniqliliq soviyyasinin sonraki marhalads yiiksalmasi optik-lifli kommunikasiyalar
vasitosi ilo energetika obyektlorinin moarkozlosdirilmis idaroetmo sisteminin SCADA -
nin inkisafi ilo tomin olunub. Layihoyo uygun olaraq yaradilan sistem real vaxt rejimi
ilo yliksokgorginlikli sobokolordo vo elektrik stansiyalarinda biitiin proseslori
izlomaya, vaziyyati qiymetlondirmays, tohliikali voziyyatlori lokallasdirmaga vo
aradan qaldirmaga imkan verir.

Dayanigli vo etibarli elektrik enerjisi tochizati sosial-igtisadi inkisafin on
miithiim sortidir. Evlorimizda isiglarin tez-tez soniib-yanmasi, noainki 6lkonin ucqar
nogtalorinds, eloco do paytaxtda vo iri soharlordo elektrik enerjisinin fasilolarlo
verilmosi yaxin tarixin sohifalorindo qalan gercoklikdir. Indi Azorbaycan o6z
ohalisinin vo igtisadiyyatinin elektrik enerjisino tolobatini tam 6ddomoklo yanasi, hom
do onun ixracaatini da hoyata kegirir.

Reabilitasiya Programinda nozords tutulan todbirlorin icrasi 2021-ci ildo har
kilovat-saat elektrik enerjisino sorti yanacaq sorfiyyatin1 280 qramdan 263,8 qrama,
xiisusi sorfiyyat1 2,89 faizdon 2,47 faizo godor azaltmaga imkan verib. Beloliklo,
generasiya giiclori vo otiiriicii sobaka iizra 85 milyon manat vasaito gonast olunub.
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Yasayis, qeyri - yasayis vo kond tosorriifatinin biitiin saholorindo elektrik
enerjisinin istehsali, bolgiisii vo totbiqi toroqqi vo inkisafin shomiyyatli amillorindon
biri sayilir.

Elektrik enerjisi tochizati sistemi - yasayls vo sonaye komplekslorinin
miihondislik sisteminin shomiyyatli komponentlorindon biri olaraq qalmaqgdadir.
Miisssisalorinin ugurlu faaliyyati iiglin morkazi sobokodon miimkiin qoza vaziyystlori
vo sondiiriilmalorin hesablanmasini tolob edon savadli vo diizgiin enerji tochizati
vacib sartlordon biridir.

Sonaya miiassisalarinin elektrik tachizat sistemi sanays isladicilorinin elektrik
enerjisi ilo gidalandirilmasini tomin etmok {igiin yaradilir. Azarbaycanda elektrik
enerjisinin gidalandirilmasinin miiasir saviyyada tomin edilmasi va samoaraliliyi tglin
muxtolif programlasdirma vo alternativ enerji potensiyali prespektiv olaraq
izlonilmakdadir.

Bu isladicilora mixtalif masin vo mexanizmlorin elektrik muharriklori, elektrik
sobalari, elektroliz qurgulari, elektrik qaynag: ti¢lin masin vo aparatlar, is1qlandirma
qurgulari va s. aid edilir.

Azorbaycanda barpa olunan enerjinin inkisafi {iciin giiclii potensial var. Olka ola
glinas va kiilok ehtiyatlarina, biokiitla, geotermal va hidroenergetika tglin shamiyyatli
perspektivliora malikdir. Bununla bels, 6lkonin moévcud resurslarinin miqyasi vo
uzunmdiddatli ambisiyalar ilo migayisads praktiki yerlosdirma mohdud olmusdur.

Azorbaycan ixracaatinin 90%-don ¢oxunu neft vo qaz toskil edir. 2000-ci illords
“Sahdoniz” gaz yatagmin kosfindon sonra neft vo qaz hasilat1 xeyli artaraq 2010-cu
ildo rekord saviyyays ¢atmigdir. Hokumoat va beynolxalq sirkatlor enerji sektoruna,
eloco do bir sira yeni elektrik stansiyalarmin tikintisino bOyilik sarmays qoyublar.
Cunki gaz vo -elektrik sobokalorinin barpast vo modernlagdirilmasi tachizatin
etibarliligini va tohliikasizliyini artirmigdir.

Diinyanin on boyuk 25 neft vo gaz hasilatgisindan biri olan Azorbaycan Xozor
donizinds boyiik karbohidrogen ehtiyatlar1 vo Rusiya, Turkiys vo Avropaya neft vo
tabii gaz nagledan iddiali boru kamarlari ilo daha ¢ox taninur.

Lakin Baki indi kiilok va glinas enerjisi ilo bagli ambisiyalarini geniglondirir. Bu
il Umumi dayari 400 milyon dollar olan iri miqyasl layihalor tglin iki yeni migavile
imzalanib.

Saudiyys Orobistaninin ACWA sirkati ilo sazislordon biri Azarbaycanin Xazor
donizi sahilinds, Olkonin on kilakli bolgasi olan Xiz1 vo Abseron rayonlarinda 240
meqgavat guicindo kulok elektrik stansiyasinin tikintisidir. ©bu-Dabids yerloson
Masdar firmasi ilo ikinci migavilo daha conubda, ©Olat yaxiliginda 200 meqavatliq
gunas stansiyasi ti¢lin baglanib.

Bunlar enerji dilinds “soboks miqyas1” kimi taninan shamiyyatli layihalordir.
Toxminon 275 fermasi olan yaxsi inkisaf etmis kiilok enerjisi sektoruna malik qonsu
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Turkiyado onlardan yalniz biri 240 meqavat giicindadir. Azorbaycanin giinos elektrik
stansiyast Avropada vo kegmis Sovet Ittifaginda dordiincii bdyiik enerji sektoru
olacag. Umumilikdo, iki layihonin 1,4 teravatt saata godor enerji istehsal edocoyi
go6zlonilir ki, bu da Azarbaycanin cari enerji talobatinin toxminon 5 faizini toskil edir.
Uzunmuddatli planlar daha da iddialidir: 2030-cu ilo godor barpa olunan enerji
monboalori Olkonin ehtiyaclarinin 30 faizini 6domalidir. AvropaYenidonqurma vo
Inkisaf Bankinmn komayiilo Azorbaycan borpa olunan enerji monbalorina 6zol
investisiyalar1 dostoklomok ticiin “barpa olunan enerji harraclar1” layihalor hazirlayir.
Xilasa
Elektrik energetikasi sektorunda qarsiya qoyulan prioritetlors mévcud anonavi
Vo alternativ enerji istehsali imkanlarindan tam istifado olunmasi, elektrik enerjisi
sisteminin davamli modernlogdirilmasi, elektrik enerjisi ixracatc¢ist kimi 6lkomizin
movqgelorinin - mOhkomlondirilmosi  aiddir. Azorbaycanda yalniz  hidroenerji
chtiyatlarinin deyil, hom do giinas, kiilok, bioenerji vo geotermal enerji kimi borpa
olunan resurslarinin yaxin golocokdo istifadasi 6lkomizin dayanigli enerjini tomin
edilmasino imkan veracok vo beynolxalq enerji bazarinda rogabot glicimuzu
artiracaqdir.
Summary
Full use of available traditional and alternative energy production opportunities
to the priorities set in the electric energy sector continuous modernization of the
electricity system, strengthening of the position of our country as an exporter of
electricity. The use of not only hydropower resources in Azerbaijan, but also
renewable resources such as solar, wind, bioenergy and geothermal energy soon will
allow our country to provide sustainable energy and increase our competitiveness in
the international energy market.
9dabiyyat
1. Muasir Azarbaycanin enerji tohlikasizliyi — Yeni Cag Media (yenicag.az)
2. Mustoqillik oldo edildikdon sonra elektroenergetikanin inkisafi (1991-ci ildon
sonraki ti¢lincii dovr) |Azorbaycan Energetika Nazirliyi (minenergy.gov.az)
3. Qudratli Azorbaycanin dayaniqli, etibarli vo modern enerji sistemi (respublika-

news.az)

Mehdiyev B.Q. Hasonov T.Q.
Azarbaycan Memarlyq va Insaat Universiteti
Elektrik intigalinda ¢evirici dovrayd yiiksok harmoniyalarin tasirinin
tadqiqi
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Mbaqalada elektrik intigalinda onun ¢evrici dovrasina yiiksok harmonikalarin
tasiri tadqiq edilmisdir. Miiayyan edilmisdir ki, idara olunan diizlandiricidon istifads
edildikds onun ¢ixisinda alinan garginlik ideal garginlik manbayi kimi qabul edilarak
aragdirila bilar. Eyni zamanda invertorun girisinda alinan gorginlik isa gorginlik
manbayi kimi gotiiriilo bilor.

Agar sozlar: elektrik intigali, ¢evirici, yiiksak harmoniyalar.

Asinxron - ventil iki kaskad sxemi iizra isloyan elektrik intiqalinda sabit caroyan
mombaindon istifads olunur. Dayison coroyanin sabit coroyana ¢evrilmasindo doyison
coroyan toskiledicilori yiiksok harmonika sokilinds asinxron miihorrikinin is rejimino
tosir gostorir. Bu prosesi aydinlasdirmaq mogsadilo yiiksok harmonikalarin tosiri
todqiq edilmis vo onlarin oradan galdirilmasi tisullar1 verilmisdir.

Malumdur ki, asinxron-ventil kaskad sxemi iizra isloyan elektrik intiqalinda
(El) sabit cozoyan monboli korpii sxemi genis totbiq olunur [1]. Burada cevricinin
qida gorginliyi asinxron miihorrikinin (AM) is rejimind ciddi tosir gostorir. Belo ki ,
qida monbayinin giicii ¢ox oldugu halda, bu gorginlik vo cozoyanin formasina tosir
edorak, yiiksok  harmonikalarin omolo golmosino sobob olur. Alinmis yiiksok
harmonikalar qida monboyins iki kanalla daxil olurlar.Naticads elektrik inteqalinin is
rejimine monfi tosir gostorir. Bu kanallardan birisi asinxron miiharrikinin hava
moasafosi, digori iso gevricinin saboka bloku - invertor (I) vasitosilo kegorok elektrik
intigralina tosir edir. Asagida to’cir edon faktoru arasdirmaq ti¢iin sxem verilmisdir
(sokil 1.)

Ir

@AM
ol
DIT:Ji

Sokil 1. Elektrik inteqalinin ¢evrici dovrasinag yiiksok harmonikalarin tosirini
arasdirmagq ti¢iin sxem
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S-soboko; El-elektrik inteqali; AM-asinxron miihorrik; D- diizlondirici; Dr-
hamarlayici drossel; I-invertor; Transformator- giic transformatoru.

Asinxron miihorrikindo rotor araliq mosafosindo yiiksok harmonikalarin
yaranmasi, statorda coroyanin formasi, rotorun siirlismosinin qiymstindon asili olur.
Omolo golmis yiiksok harmonikalar sabit corayan dovrasi vo 6tiirmo kanali vasitasilo
transformasiya olunaraq, rotorun vo soboko gorginliyi tezliyinin nisbatino miitonasib
alinir. Maqals bu faktorun aydinlagdirilmasina vo onun tadqiqine hosr olunmusdur.

Aparilan arasdirmalar gostorir ki, idara olunmayan diizlondiricinin ¢ixisinda
alman (Ud) vo invertorun girisinds alan (Uin) ideal gorginlik manbayi kimi gobul
edilo bilor. Bu gorginliklorin qiymatlorini asagidaki ifadoyo osason toyin etmok olar.

[1]

Uy =SUyg, +SU gy, cos(ayt + ) (1)
U in — U inm Cos(a)int + l//z)

burada; S-rotorun siiriismasi; Ugo,Uine- diizlondirici vo invertorun sabit
gorginliklorinin qiymatloridir; Ugm,Uinm- gorginliyin osas harmonikalarinin amplitud
qiymatloridir.

wy =6Sw; @;, =6@ uygun olaraq diizlendiricinin vo
invertorun dairovi

tezlikloridir; (W - sobokonin dairavi tezliyi; ¥, V¥, diizlondiricinin va
invertorun
baslangic faza gorginliyidir.
Yazilmis (1) ifadesi o zaman dogru olar ki, diizlandiricide diison gorginlik
nozoro alimmasin vo asinxron miiharrikinin rotorunun faza gorginliyi ideal sinusoidal
olsun.

AU = (SU do — U ino) + [SU dm COS(&)dt + Wl) + U inm COS(C()int + ‘//2)] =
~U, +U,, ) cosfo, t - ()] @

Bu sort daxilinds, hamarlayic1 dovrads diison gorginlik diisgiisii (A U) (2)
ifadasino asason belo tapila bilor. [1]
burada
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U, () =+/(SU,,)? +U2, +2SU,U,,, cosly, —y'(t)]

. SU g siny ' +U;,m Siny'(t)
l//(t) — arCtg SUym cosy'+U;,, cosy'(t)

VO =-Qtty,; Q=a, o,

Belaliklo, sxemdos (2) ifadosino analoji olaraq, iy ddyiinon (rogs edon)
corayan alinir ki, buda elektrik inteqalinin is rejimine manfi tosir gostorir.
Todqgigat vo arasdirmalar noticosindo alinmis qiymetlor gostorir ki, S > 0,5
oldigda
og = € almir, naticads A U gorginlik diisglisiiniin  doyisirilmasi ddyiinon
xarakterli alinir. Onun tezliyi asagidak: ifadoys osason tapila bilor.

w, =Q=w,01-95) 3)

S< 0,5 oldugda wq < Q alinir. Tacriibo gostorir ki tezliklor forqi Q
daha ¢ox farqlondiyi halda doylinmonin (rags etmonin) tezliyi (4) ifadosina gors
tapila bilar.

W, =04 =0;,S (4)

Doyiinon (rogs edon) amplitudanin tezliyi ikiqat olduqda, yaranan ragslor
toplanir, naticodo AU gorginliyi maksimal qiymst almis olur, yoni Ujnt S Ugn
giymotina catir. Bu o zaman bas verir ki, asas harmonikalarin giymoti Uy vo Uj,
qiymatlori list-lista diisiir, naticads asas harmonikanin qiymati maksimuma catir.

Noatico

Doyiinon amplitudanin tezliyi ikigat oldigda yaranan ragslor toplanir,
osas harmonikanin amplitudasi, invertorun giris gorginliyi ilo iist-listo diisdiikds asas
harmonikanin qiymati maksimum olur.
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UDK 621.321.6(075.34) VMccnenoBanne BO3ACHCTBHS BHICIIIX TOPMOHHUK
peoOpazoBaTeIs JICKTPOIIPOBO/IA.

MextHeB b.I'.
Pe3rome

B cmamve npuseden amanuz 603HUKHOGEHUS KOAeOaHUUl CYOLAPMOHUKU
8bIAGNIEHO BAUSAHUE OCHOBHBIX BbICUIUX 2APMOHUK 2moeo ¢axmopa. Ilokazano
gvlslGleHue Ha pabomy aCUHXPOHHO20 08UAMeENsl U 2JIeKMPONpuoo0a NUMaHusl cemu
KaK 31eMeHm cucmemsl npeoopazoeameis.

Knrouesvle cnosa: snexmpuueckue npusoovl, npeobpazosamenu, BblCOKAS

CAPMOHUKA.

UTC.621.321.6(075.34)
Research of effection of high hormonics in electrical drive transformer circuit.

An articlereveals the emergence of subhormonic fluctuations and discovers the effect
of basic higher hormonics of this factor. Shows the exposure of the work

Of anisochronous engine and the electrical drive of power supply, as an element of
transformer system.

Key words: electrical integal, transformer, high hormonic.

Bayramov Qiyas, Kimya iizra elmlor doktoru, professor
Baki Dovlot Universiteti
Mirzs Giilnara, Texnika tizra folsafo doktoru.
Azarbaycan Memarliq vo Insaat Universiteti
Neftayirma zavodlarinda istehsalat tullanti sularinin yaranma
manbalari va tarkibinin tadqiqi
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Xiilass

Neftayirma zavodlarinin istehsalat tullanti sularinin yaranma monbalori vo
torkibinin dyronilmosi mogsadilo «Azaorneftyag» neft emali zavodunun su tojhi-zat1 vo
kanalizasiya sistemlori torofimizdon todqiq edilmis vo alinmis notijolor mdveud
texniki adobiyyat materiallari ilo miigayiso edilmisdir.

Neft emali zavodlarinin istehsalat tullanti sularinin oksoriyyoti neft, neft
mohsullar1 vo mexaniki garisiqlarla ¢irklonmis olur. Ayri-ayr1 texnoloji qurgularda
yaranmig vo Umumi axina daxil olan istehsalat tullanti sularinin torkibi vo
cirklondiricilorin konsentrasiyasi emal olunan neftin keyfiyyotindon vo onun emal
olunmasi {i¢iin totbiq olunan texnologiyadan asili olaraq sabit olmur. MDB
mokaninda foaliyyot gostoron neft emali zavodlarinin oksoriyystinin istehsalat tullanti
sularinda xtisusilo neft vo neft mohsullarinin miqdart hatta glindéniimii arzinds kaskin
doyisorak orta hesabla 10 g/l - o qodor artir.

Acgar sozlor: neft emali, tullanti sulari, mexaniki qarisiglar, istehsalat sulari,
cirkli sular, neft mohsullari, neft hissociklori.

Summary

In order to study the sources and composition of production waste water of oil
refineries, the water supply and sewage systems of "Azarneftya” oil refinery were
investigated by us and the obtained results were compared with the existing technical
literature materials.

Most of the industrial waste waters of oil refineries are contaminated with oil,
oil products and mechanical impurities. The composition and concentration of
pollutants in industrial waste water generated in separate technological facilities and
entering the general flow is not constant depending on the quality of the processed oil
and the technology used for its processing. The amount of oil and oil products in the
production waste water of the majority of oil refineries operating in the territory of
the CIS changes sharply even during the day and increases on average up to 10 g/I.

Keywords: oil refining, waste water, mechanical mixtures, production water,
dirty water, oil products, oil particles

Molumdur ki, zavoda emal {i¢lin daxil olan neftin ilkin susuzlasdirma vo
duzsuzlagdirilmas1 bilavasito modonlorde yerino yetirilir. Aparilmis todqiqatlarin
noticalori gostorir ki, emal {i¢iin zavoda daxil olan neftin keyfiyyati birinci ndvbado
bu proseslori hoayata kecirmok {iciin totbiq olunan texnologiyanin tokmilliyindon va
proseslari idars edon istismar heyyatinin pese hazirligindan ¢ox asili olur.

Cadval 1.

Cirklandiricilarin Cirklandiricilorin migdari, mg/I

novlori orta minimal maksimal
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Mexaniki garisiglar 150° 59" 260"
100" 48" 165"

Neft mohsullari 10000" 814" 41500
567,5™ 275™ 860™

“Respublikanmin neft emali zavodlarimin birind> aparilmis tadgigatlarin
naticalarina asasan
Istehsalat tullant1 sularmdaki mexaniki qarisiqlar bir qayda olaraq qumdan vo gil
hissaciklorindon ibaratdir. Onlarin miqdar1 emal olunan neftin cirklilik doracesindon,
istifado olunan istehsalat suyunun keyfiyyotindon, ilin foslindon vo digor amillordon
asili olur. Qeyd etmok lazimdir ki, havanin yagish vaxtlarinda istehsalat tullanti
sularinda mexaniki garisiqlarin miqdarn artir.

Coadval 1.-don goriindiiyli kimi neft emali zavodlarinin istehsalat tullanti
sularinda mexaniki qarisiglarin miqdart 48-260 mqg/l, neft mohsullariin migdar1 iso
814-41500 mq/l arasinda doyisir. «Azorneftyag» zavodunda apardigimiz todqiqatlarin
naticalori gostorir ki, zavodun istehsalat tullanti sularinda mexaniki qarisiglarin
miqdar1 texniki odobiyyatda verilonlardon xeyli azdir vo 48-150 mq/l toskil edir [1].
Buna sobob zavodun orazisindo aparilmis abadliq islori notijosindo kanalizasiya
sisteming axidilan sothi sularin torpaq vo qum hissaciklori ilo az ¢irklonmosidir.

Istehsal tullant: sularmni neft vo neft mohsullarindan tomizlomok {iciin texnoloji
sxemin se¢ilmosindo onlardaki neft mohsullariin  fiziki voziyyati prinsipial
ohomiyyat kasb edir. Adaton neft vo neft mohsullarinin sonaye tullanti sularindaki
voziyyati bu mohsullarin kimyavi torkibindon, eloco do tullanti sularinin naql
etdirilmasinin  hidravliki  rejimindon  (laminar, turbulent) vo saxlanilma
Xususiyyatlorindon asilt olur. Fiziki voziyyatino géro neft vo neft mohsullar suda holl
olmus va hoall olmamis sokilds olurlar.

Neft emali zavodlarinin istehsalat tullanti sularindaki neft vo neft mohsullarina
iri damlalar, pards, emulsiya (hissajiklorin diametri 0,1- 100 mk) va az miqdarda hall
olmus sokildo tosadif edilir. Torofimizdon askar edilmisdir ki, doniz suyunda bu
cirklondiricilorin hall olma gabiliyyati 4-5 mg/l-don ¢ox olmur. Neft emulsiya halinda
dispers sistem yaradir. Sistemin dayaniqlig1 neft vo neft mohsullarinin disperslik vo
suyun mineralliq dorocosindon, temperaturundan, emulsiya halinda olan neftin
konsentrasiyasindan, suda sothi-foal maddolorin olmasindan, fazalar arasi sothi
gorginlikdon,dispers faza hissojiklorinin sothindo olan elektrik yiikiindon va digor
amillordon asilt olur.V.Q.Perevalov va V.A.Alekseyevanin molumatlarina goro neft
kiiraciklari sathinin elektrik yiikii manfidir [2]. Onlar bunu suyun hidroksil ionlarmin
neft hissaciklari torafindon adsorbsiya olunmasi ils izah edirlor.
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Istehsalat tocriibasi gostorir ki, zavoda daxil olan neftin torkibinda 1-2% su vo
50-1200 mqg/l duz olur. Neftin torkibindo duzun ¢ox olmasi onu emal edan texnoloji
avadanligin tez bir zamanda korroziyaya ugrayaraq siradan c¢ixmasina sabob
oldugundan, emaldan ovval onun torkibindoki duzu miimkiin qodor tam c¢ixarmaq
tolob olunur. Bu proses elektroduzsuzlasdirma qurgularinda yerino yetirilir.
«Azaorneftyag» zavodunda bunun {iciin Amerikada istehsal olunan qurgu insa
edilmigdir. Bu qurgu ayri blok halinda ELOU AVT 2 Nel texnoloji qurgusu
kompleksino daxildir. Qurgunun su tochizati sistemindo Ceyran-Batan suyundan
istifado edilir (soyuducu qiilloni qidalandirmaq tciin 458 m®saat, V-302 conini
yumaq Uciin 840 m¥saat vo doldurmaq iiciin 168 m*/sutka). Bundan basqa su 3 vo
10%-li golovi mohlullari hazirlamaq (81,3 m®/sutka) ve gidalandirict qur§unun
deacrasiyas1 (12 m%sutka) proseslorinde sorf edilir. Beloliklo qurgunun normal
texnoloji rejimini saxlamaq {i¢iin @imumi su sorfi 1509,3 m®/sutka toskil edir.
Dehidratorda neftin yuyulmasma sorf olunan 16 m*/saat su da nozero alinmagqla
qurgunun sutkaliq su sorfi 1893,3 m®-a borabor olur. V.A.Proskuryakov vo
O.V.Smirnovun molumatlarina goérs bu miqdar neftayirma zavodlarinda orta hesabla
ilde 500 min m*- a ¢atir [7].

Elektrik duzsuzlagdirma qurgusunda yaranan istehsalat tullant1 sularindaki asas
cirklondirici komponentlor neft mohsullari, deemulqatorlar vo duzlardir. MDB
mokaninda faaliyyot gostoron neft emali zavodlarinda belo sularin asas torkib
parametrlori codval 1.2-do verilmisdir [3].

Cadval 1.2.
Neft Deemulgatorl | Quru | Xloridl | Mexani | Sulfatla | Hidroge | Umumi
mohsulla ar qaliq or Ki r nsulfid | jodlug
11 qarisigl
ar
mq/I mq.ekv/
I
Cox kiikiirdli neftlordo
850- 350-750 5000- | 1700- 150- | 90-140 | 20-80 | 35-61
6200 450 11500 | 5200 850 125 35 42
4200 8500 | 3850 480
Kiikiirdli neftlords
450- 150-550 1500- | 820- 120- 130- 0-5 28-48
5000 280 5000 | 2850 700 225 2 35
3500 2650 1480 350 180

Qeyd: kasrlarin maxraclorindas ¢irklondirijilarin orta migdar: gostorilmisdir.
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Cadvaldon goriiniir ki, bu qurgularin tullant1 sularinda neft mohsullar1 (450-6200
mqg/l) vo deemulqatorlarin miqdar1 (150-750 mqg/l) boyiik hoddo doyisir. Bu sular
bilavasito imumzavod tomizlayici qurgular kompleksino daxil olduglarindan istifado
olunan deemulgatorlarin biokimyavi oksidlogsmoasi, toksik olmamasi, yaxud az
toksikliye malik olmasi vacib sortdir.

Istehsalat tullanti sular1 dosomelerin (18 m®*saat) ve neftin dehidratorda
yuyulmasindan (16 m*/saat) alinir. Yaranmus istehsalat tullant sular1 SU-301 markali
(ABS) nefttutan-ayiriciya daxil olaraq ilkin tomizlonir vo timumzavod tomizloyici
qurgular kompleksino verilir. Todqiqatlar zamani1 nefttutana daxil olan sugatirici
borudan su niimunoslori gétiirmok miimkiin olmadigina gora niimunolor dehidratorun
cixisindan, dovrii su tojhizati sistemindon, V-201 ¢onin-don vo nefttutanin ¢ixisindan
gotiiriilorak onlarda neft vo mexaniki qarisiglarin miqdar toyin edilmisdir (Codval
1.3).

Cadval 1.3.
Niimuns | Nimunonin gotiiriildiiyii yer Niimunolordo askar olunmus miqdari,
say1 mq/I
Neft Mexaniki
mohsullarinin qarisiqlarin
1 Dehidratordan sonra 34,0 3,70
2 Dovri su tachizati 1,6 1,20
3 sistemindon 158,0 15,0
4 V-201 ¢onindan 28,4 44,0
Nefttutanin ¢ixisindan

Cadvaldon goriiniir ki, dovrii sistem istisna olmagqla istehsalat tullant1 sularinda
neft mohsullarinin miqdart yol verilon haddan yiiksokdir. Zavodun istehsalat tullanti
sularinin timumi kollektorundan gotiiriilon niimunslorde neft mohsullarinin miqdari
600-750 mqg/l vo boazi nadir hallarda 1500 mg/l-o goadar olur. 5-ci sexin 501 sayli
qurgusunda yaranan istehsalat tullanti sularinin miqdar1 600 m*/sut, qurguda alman
istehsalat vo sorti tomiz tullant: sularinin imumi miqdari iso 15000 m%sut toskil edir.
Bu da iimumzavod tomizloyici qurgular kompleksina verilmozdon avval bu sularin
yerli qurgularda ilkin tomizlonmasini talob edir. Dovrii suyu soyutmaq lcilin hava
soyuduju aparatdan istifado edilir ki, bu da buxarlanma vo hava axini ils su itkisini
aradan qaldirir.

V.Q Ponomaryov, E.Q Ioakimis. vo I.L Mongaytin molumatlarina goro bozi neft
emali zavodlarinda elektroduzsuzlasdirma qurgularinda yaranan istehsalat tullanti
sularinda neftin miqdar1 10-25 g/l arasinda doyisir [3]. Belo sular {imumzavod
tomizloyici qurgular kompleksino noql etdirildikdo onlarda dayanigli, ¢otin
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parcalanan emulsiyalar yaranir. Bu hala xiisusilo istehsalat tullant1 sular
morkozdongagma nasoslart ilo noql etdirildikdo daha tez-tez tosadif edilir.
Pargalanmis kigik dispersli neft hissociklori bu emulsiyalarin sabitlosmosino sorait
yaradirlar.

Zavodlarin rezervuar parkinda yaranan tullanti sularinda neft mohsull-rinin
miqdar1 bazon 100-120 ¢/l- o catir. Oksor hallarda bu miqdar 0,5-15 g/l hiidudunda
doyisir.

Neft emali zavodlarinin osas texnoloji qurgularinda yaranan istehsalat tullanti
sularinin torkibindoki neft mohsullar1 vo mexaniki qarisiglarin miqdar1 cogval 1.4-do
gostorilmisdir [3].

Codval 1.4
Texnoloji qurgular Sorf, Neft Mexaniki
m°®/saat mohsullar qarisiglar,
ma/I
Elektrik duzsuzlasdirma 50-60 450-6200 120-850
AVT 15-25 300-800 50-250
Termik kreking 5-8 800-3000 80-300
Katalitik kreking 8-10 700-1000 200-700
Hidrotomizlomo 7-10 750-850 50-250
Zif siiratli kokslasma 10-15 300-500 250-300
Yanajagin 30-50 95-6000 55-150
parafinsizlogdirilmasi 3-5 150-300 50-150
Asfaltsizlagdirma 8-12 200-500 150-350
Yaglarin tomas tomizlonmasi 5-10 300-900000 50-300
Estakadalar

Cadval 1.4-do verilmis vo MDB mokaninda foaliyyot gostoron neft emali
zavodlariin ayri-ayri texnoloji qurgularinda yaranan istehsalat tullant1 sularina xas
olan gostaricilor bir daha siibut edir ki, bu sular iimumzavod tomizloyici qurgular
kompleksina verilmozdon ovval bilavasito yerindo neft mohsullari vo mexaniki
qarisiglardan ilkin tomizlonmoys moruz qalmalidir. Bu da tomizloyici qurgular
kompleksina daxil olan timumi axinin ¢irk yiikiinii xeyli azaltmaqla bu qurgularin
tomizloma somorasini yiiksoltmoyo vo tutduglar istehsal sahosini xeyli azaltmaga
imkan verar.

Istifado edilmis odobiyyat
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KoncranTun Ilpeayn, npo¢. Knesckuii HANMOHAILHBIA YHUBEPCUTET
CTPOMTEJILCTBA U APXUTEKTYPbI
Jxamuinb Kyanes, CTpouTeabHbIN KOJJIEAK IPH A3epOaiimKaHCKOM
ApxutektypHo CTpouTeibHOM YHHUBepcure; acnupant Kuesckuii

HALMOHAJIbHBII YHUBEPCUTET CTPOUTEIbCTBA U APXUTEKTYPHI.
JxaBanmmp Kyiaues, 1okropanr, Typeukuii HANMOHAJIbHbBIH

YHUBepcUTeT 000poHbI, MHCTUTYT CTPaTern4ecKuX UCCACA0BAHUNA U

MOCJICAUIIJIOMHOI0 00Pa30BaAHUS M. ATATIOPKA

METO/bI OHNPEAEJIEHUA KOJIMYECTBO PE3EPBHBIX

COJIHEYHBIX KOJUIEKTOPOB U TAHEJIEM TEJTMOCUCTEM

JIJIA MUKPOKJIMMATA IIOMEIIEHUIA

AnHoTauus. OCHOBHOE COJIEp’KAHHUE CTAThHM 3aKJIOYAeTCS B TOM, YTO 3JI€Ch
pacKpbIBaeTCs pe3yJbTaThl, pa3paOOTaHHBIX HaMH, JBa METOJA PE3EPBUPOBAHUS
coniHeuHbIX KoJuiekTopoB (CK) u manHenel ceTw TEemio U 3IEKTPOCHAOKEHHUS B
reauocucteMax. IlepBblii METOJT OCHOBBIBAETCS HA AHAIMTHUYECKUX pacueTrax HOJIH
IIOTEeph HEOOECIIEUEHHOCTH TMOTpeOuTene sHeprueidl. A BO BTOPOM METOJE
ompeaeneHus koiaumyectBa pesdepBHbIXx CK M manenel mpesajaraercs 3TO AejiaTh C
Y4ETOM HSKOHOMHMYECKHX M COLMAIBHBIX acrnekToB. CHuctema oOecreueHus CETH
TEIUIO- U AJIeKTpocHaOkeHus pe3epBHbIMM CK-mMu M maHensmu, paccMaTpuBaeTcs
KaKk CHCTEMa MaccoBOro oOcmyxkuBanus. [Ipu permieHun 3Tod 3aa4u ¢ MOMOIIBIO
TEOPUU MACCOBOTO OOCITY>XKHMBaHUS MCHOJIb30BAIUCH OOIUE U3ACPIKKH, COCTOSIIUE
W3 HSKOHOMHYECKHMX W COLMalIbHBIX 3aTpaT. IloaToMy IMpuU STOM YUHUTHIBAKOTCA
HHTEPEChl KaK IIOTPeOMTEeNeH JHEpPruM, TaK MW HHTEPEChl MPEANPUITHH,
MIPOM3BOJIAIINX SHEPTHUIO.

KuroueBble cj10Ba: COTHEYHBIN KOJUICKTOP, TSINIOCHAOKEHHUE,
AJIEKTPOCHAOXKEHHUE. PE3EPB, COJTHEUHAs CUCTEMA, COJTHEUHAs TTaHeJIb.

BINALARIN MIiKROIQLIMi UCUN OLAN HELIOSISTEMLORDO GUNOS
KOLLEKTORLARI VO PANELLORININ REZERYV SAYININ TOYIN
OLUNMASI METODLARI
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Xulasa. Mogalonin asas mozmunu ondadirki,burada heliosistemlorin istilik va
elektrik tochizati tiglin, bizim torafimizdon, islonmis giinos kollektorlart (GK) vo
panellorinin rezervlosdirilmosinin iki metodu agiglanir. Birinci metod analitik
hesablamalar Gzorinds qurulub. Ikinci metodla GK-1 va panellorinin sayinin tapilmasi
Ucln iqtisadi vo sosial aspektlorin nazara alimasi toklif olunur.Giinos enerjisi ilo
istilik va elektrik tochizatinda rezerv GK vo panellorlo tominati masalasinin hallino
totbiqi riyaziyyatda olan kitlovi xidmot sistemi vo ehnbmal nariyyasi masalasi kimi
baxilib.Bu masalonin Kkitlavi xidmat nazariyyasinin totbigi ilo hallinds iqgtisadi va
sosial baximdan yaranmig xorclorin comlonmis moasroflori meyyarindan istifado
olunmusdur.Ona gora rezervlosdirmo layihasinda ham enerji istifadacilorinin hamdo
enerji istehsalgilarinin marag1 nazars alinmisdir.

Acar sozlar: ginas kollektoru, istilik vo elektrik tochizati, rezerv, heliosistem,
gunaos paneli.

METHODS FOR DETERMINING THE NUMBER OF RESERVE
SOLAR COLLECTORS AND SURFACE PANELS FOR INDOOR
MICROCLIMATE
Konstiantyn Predun, professor Kyiv National University of Construction and
Architecture ORCID: 0000-0002-2634-9310 31172@ukr.net
Jamil Guliyev, College of Construction under Azerbaijan University of Architecture
and Construction, graduate student of Kyiv National University of Construction and
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Javanshir Guliyev, doctoral student, Turkish National Defense University, Institute
for Strategic Studies and Postgraduate Education. Ataturk ORCID: 0000-0001-9067-
3177cavansir8l@gmail.com

Annotation. The main content of the article is that it reveals the results
developed by us, two methods of reserving solar collectors (SC) and panels of the
heat and power supply network in solar systems. The first method of detection in the
analytical calculation of the share of losses of consumer insecurity.
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And in the second method for determining the number of backup SCs and
panels, it is proposed to do this taking into account economic and social aspects. The
system for providing the heat and power supply network with backup SCs and panels
Is considered as a queuing system. When solving this problem using the theory of
queuing, the total costs from economic and social costs were used. Therefore, the
interests of both energy consumers and energy producing enterprises are taken into
account.

Key words: solar collector, heat and power supply. reserve, solar system, solar
panel.

Beeoenue. B HaCTOoAIICC BPCMS BO BCEM MHPEC AKTHUBHO BHCAPAIOTCA HOBBIC
BO300HOBIIIEMBIE HCTOYHUKH OQHCPIrur, N IPCKIAC BCCrO, TAKHUC HCTOYHHUKH KaK
COJIHCUYHAasA paaruanusi. COJ’IHC‘-IHYIO OHCPIrur0  MCIOJB3YIOT [JId TCIUIO H
ANEKTPOCHAOKEHUSI T.€. JUIsl TOJYyYeHHs Topsyed BOJAbl (TEIUIOrO BO3AyXa) H
BBIPaOOTKH 3yeKTpuueckoil sHepruu. ConHeuHasl MaHenb-OaTapesi mpucrnocoOsieHa
JUIsl IPeoOpa30BaHUS AJIEKTPOMArHUTHOTO M3iydeHus CoJHIIa B AJIEKTPOIHEPTHI0. A
COJIHCYHBIC KOJIJICKTOPLI ITIO3BOJIAIOT UCIIOJIBb30BATh S9HCPIUIO COHHHa HJIL IO A0IrpeBa
BOJBbI. HpOI/I3BOI[HT€JII>HOCTI> CK-au I1aHCJIIN, KaK YCTpoﬁCTBa JJIA Hp606pa30BaHI/I$I
COJIHEYHOTI'O CBC€Ta, OIIPCACIIACTCA KOJIMYECTBOM 3JIEMCHTOB, KOTOPBIC
HCTIOCPCACTBCHHO YYAaCTBYIOT B HArpeBC BOAbI W IIOJIYYCHHUS OJICKTPOIHCPIHH.
COBpeMeHHBIe INIOCKUE KOJUICKTOpPbI € OJHOI'O KBaApaTHOIO MCETpa INIOIain
YCTAHOBKM ITO3BOJIAIOT Toiy4yaTb okoino 900 Bt monesnor mommuocty [1].
Omnpenenenne norpedHoro koiamyectBO CK-B M maHene OCYLIECTBISETCS NpH
terioBoM pacuete CK-a u mpu pacuere COMHEUHBIX CHCTEM DJIEKTPOCHAOKECHHUSI
KOoTopas mpuBeleHa B juteparype [2,3]. OgHako mpu 3TOM B HEAOCTATOYHOM
CTeneHu oneHuBaeTcsi A(PHEKTUBHOCTh (HYHKIIMOHUPOBAHUE TeTuocUcTeM. Tak Bcs
cetb CK-B miM maHesned 4acTO MOJBEPrarOTCsS BBIXOAY W3 CTPOSI MO TEXHUYECKUM
HCUCIIPABHOCTAM. 910 CcBsA3aHaA TEM, UYTO OHH pPasMCHICHBI B OTKPLITOM BO3AYXC.
[ToaTOMy KIMMaTHYECKOE BO3JICMCTBUE: KApa-XOJOHA, HOOXKIAb-CHET, BETEp U T.I.
BBI3BIBAIOT TSDKEIBIE YCIOBUS KCILUTyaTalluy, YXYAIIAloNMe ee HaJAeKHYyH padoTy.
[Ipu pacyete renrocucTeM He yUUThIBaOTCS (PakTopsl nosiomok CK-B uim mnanenew,
a CJII€A0BAaTCcJIbHO, U HGO6XOI[I/IMOCTI) HNX 3aMCHBI PC3CPBHLIMHU, II0 H3BCCTHBIM
MCTOAUKAM HC IMPCACTABILACTCSA BO3MOIKHBIM.

Heabo HacTosimeid padoTBI  SBISICTCS  TOBBIMICHHE  A(PPEKTUBHOCTH
oOecrieueHus TEIJIO U BJIeKTpOCHa6)K€HI/I$I FCJ’IHOCPICTCMOfI, yiaydaromme KadcCTBO
oOcny>KMBaHUE TOTpeOUTENe TIMyTeM yMEHBUIEHUS 3arpaT BpPEMEHU Ha
BOCCTaHOBJICHUE HOpMalibHOM pabothl cetn CK-B u maneneit. OcyiiecTBieHUE
yKa3aHHOW 11es TpeOyeT pelieHne CAeAyOmuX 3a4a4:

- OIIPCACIICHUC CTaTUCTHYCCKUX 3aKOHOMepHOCTefI BCPOATHOCTHBIX
XapaKTCPUCTHUK I'CIIMOCUCTCM,
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- pa3paboTka 3(PexTuBHBIX MeTOMIOB pe3epBupoBanusi CK-B u manenel Ha cetu
TEIJIO U 3JEKTPOCHAOKEHUSI.

Hayuynass HoBu3Ha pa0orbl. Pe3ynbTaThl MPOBEIECHHOIO HUCCIECAOBAaHUS
colepKaT dSJEMEHThl HAay4HOM HOBU3HBI B pa3pabOTKE TEOPETHUYECKUX U
METOJIOJIOTUYECKUX OCHOB TMOBBIMIEHUS A(P(HEKTUBHOCTH CHUCTEMBl TEIUIO U
ANEKTPOCHAOKEHUSI C MCIOJb30BAaHUEM COJHEYHOro wu3inydeHus. K ux yucny
OTHOCATCS:

- B MEpBBIE HCCIEAOBAHbl MPHUHATHIE KPUTEPUU METOAA PE3EPBUPOBAHUS C
YCTAHOBJIECHHEM OCHOBHBIX CTATHCTUYECKHX 3aKOHOMEPHOCTEHW BEPOATHOCTHBIX
XapaKTEPUCTUK PAOOTHI TEIIMOCUCTEM;

- OpemIOKEHHBIM MeTof pe3epBupoBaHuss CK-B M maHened ¢ NPUMEHEHUEM
AHAJIMTHYECKOTO pacyeTa uX MOTpeOHOCTH;

- HOBBIM MOJXOJ K PEIICHHUIO 33Ja4d ONpEeIeTeHUs MOTPEOHOro KOJUYECTBa
pe3epBHbIX CK-B 1 naHenel ¢ MpuMEHEHUEM TEOPUU MacCOBOTO OOCTYKUBaHMUS.

IIpakTHyeckasi HEHHOCTb. Pe3ynbTaThl BBIIOJHEHHBIX MCCIEAOBAHUNA MOTYT
OBITh PEKOMEH]IOBAHbI HAYYHO-TIPOCKTHBIM OpPraHU3alMsIM 3aHUMAIOITUECS TeOpHEH
U pa3paboTkoi renuocucteM. lIpuMeHeHWE MNpeasIoKEHHON METOAMKH pacdera
pesepBHbiXx CK-B M TmaHene B MPAaKTUKE MPOEKTUPOBAHUSI U CTPOUTENIHCTBA
COJIHEYHBIX TEIUIO U AJIEKTPOCTAHLIUM, COJHEYHBIX BOJOHArpeBaTese NMPHUBEAET K
CYILLIECTBEHHOMY IOBBIIIEHUIO HAAEKHOCTU U 3(P(HEKTUBHOCTU CETU TE€IMOCUCTEM C
Y4E€TOM MECTHBIX YCIOBHI 3KCIUTyaTallud. DTH BOIPOCHI LETECO00Pa3HO BKIIOUUTH B
y4eOHyI0 MporpaMMy MarucTpaHTOB OOYYarOIIMXCS 1O COOTBETCTBYIOIIEH
CIELUATBHOCTH.

1.Ilocmanoeéka 3a0auu. BpiOOp KpuTepHs ONTUMM3AIUMU TIPU OIMPEICICHUH
KosimuectBa pe3epBHbIX CK-B wiam maHeneil 3aBUCUT OT IOCTAaHOBKU 3aJlayu.
Bo3MOXHBI ~ HECKOJIIBKO  BapUaHTOB  MOCTAHOBKH  3a/Jlaud  ONPEEIICHHS
1es1Ieco00pa3HOTO UCMOJIb30BaHUs uucia pe3epBHbIXx CK-B wiau maHenei, BMeCTO
HeucIipaBHbIX. Hampumep, MOXHO 3aJaTbCsl TEOPETUUECKUMU 3HAUYECHUSIMHU JIOJIH
MOTeph OOECHEUYEHHOCTH CETHU TEeIMOCUCTEM M OIpEeAeNIUTh HUX MOTpeOHOe
KOJINYECTBO. MOKHO MUHUMH3UPOBATh CYyMMapHbIE SKOHOMHUYECKUE U COIUATIbHBIE
U3JIEPKKU, KOTOPBIE CJIAraloTCsl M3 MOTEph BPEMEHU MOTpeOUTeNnel Ha OXKHJIaHUE
BOCCTAHOBJICHUE TEIUIO WJIM 3JIEKTPOSHEpPruu W mpocTtosi pe3epBHbIX CK-B wium
MaHeliel B OXWUJAHWM BKIIOYEHUS B CETh (AJi1 3aMEHbl HEUCIPABHOTO) C
MIPUMEHEHUEM MaTeMaTHYECKUX METOJIOB [4,5] Teopuru MacCOBOTO OOCIIYyKUBAHUS U
TEOpUU BEPOATHOCTHU. VICXOMHBIMU NTaHHBIMHM U1 TUIAHUPOBAHUS U OpraHu3aIuu
pe3epBa SBISIOTCS PE3yJIbTaThl aHAJIM3a YCTAHOBICHHOTO 3a1aHUs JJIsI HOPMAJIbHOTO
(YHKIIMOHUPOBAHUS TEIJIO AJIEKTPOCHAOKEHHUSI ¢ HMCHoJb30BaHueM cBeta ColHIIa.
IIpu pe3epBUpOBaHMK BaKHBIM SIBJIIETCS MPABHIIBHOE OIPEACICHUS KOJIMYECTBA
pesepBHbIX CK-B 1 maneneil. Co3nanue 3aHMKEHHOTO pe3epBa MPUBOJUT K CphIBaM
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3aIJIaHUPOBAHHOTO YPOBHS TEIUIO 3JEKTPOCHAOKEHUS M, HA00OPOT, 3aBBIIICHHBIN
pe3epB npuBogUT K HedpdekTtuBHOMY wucnosb3oBaHuio CK-B u  manenen.
WcxonHbIMU JTaHHBIMU JUTsl TUTAHUPOBAHUS M opraHu3anuu pabotel pesepBa CK-B
ABJISIIOTCS ~ pe3yJbTaThl  aHajdu3a  BBINOJHEHUS  YCTAHOBIEHHOTO  3ajaHus,
IIPOBOJIMMOTO B ciIy»k0ax skciutyaranuu. [lorpedHoe konmuecTBo pe3epBHbIX CK-B 1
MaHeJel ompeAensercss Ha Mecdll WM KBapTajl [0 MaTephajlaM aHajau3a
MpeAbIAYIIEro nepuoaa. MeToapl pe3epBUPOBAHMS XOPOILIO OMHMCAHBI B JIUTEPATYPE
[6].

2. Ananumuueckuii memoo. Onpenenutb unucio pesepBHbIX CK-B MoxHO Ha
OCHOBE aHAJIUTHUYECKOro pacuera. BbiBoa aHanuTHuecko (opmyisl pacuera
konnuecTBa pe3epBHbIX CK-B MOXHO Mpou3BecTd cleAyromuMm odopa3zom. Brauane
onpeaensercs obmiee yncao CK-B, moiiekaniiux BeIMTyCcKy K paboTe Ny :

— — n-1 —
Ng =N, + Ny =N, +X-N, +X- XN, +...+x- X" N, =
2 n 1
=N,L+x+x*+...+x")=N,——  (npun— o)
1-x
rae N, — kommuectBo CK m masenell, paboTalOIKUX HA MECTE JKCILTyaTallly,
en.;
N, — xonmuectso pesepBHbiXx CK-B nim naxeneu, ex.;
X —TEOpeTH4YeCcKoe 3HAYCHHE JI0JM HEOOECIECYEHHOCTH TMOMEIICHUMN
sHepruen wim reauocucrem CK-mu, T.e. noisa HexBatku CK-B 1o npuunHe
BBIXOJA U3 CTPOSL.
KomuuectBo pesepBHbix CK-B MOXKHO onpenenuTs 1mo Gpopmyie:
1 1 X
N,=Ng =N, =N, —~—-N, =[N, ——-1|=N, =N, -K,,
1-x 1-x 1-x
rae K, — Kod(uureHT pe3epBUpOBaHHsL.

[Ipu BBIBOAE 3TOW (POPMYIIBI JOMYCKAETCS, YTO BEPOSITHOCTH CXOAa KaxKIOTro
3arjaHupoBaHHOro U pe3epBHOro CK-aP, paBHBI W IpU KOJIMYECTBE PabOTAIOLIUX
CK paBHOM N , BEpOATHOCTb BOSHMKHOBEHHS COOs IpoLecca BbIpaOOTKN HEPIuH P,
MOYET ONPEAEIISITHCS BBIPAKEHUEM:

P =1- (_ Pl)N

[Ipu OGosbmom konmuyectBe CK-B B 3KCIUTyaTalud HEOOXOJIHMMO YYHUTHIBATH
BEPOSITHOCTH COOsI Mpoliecca BEIPAOOTKHU PHEPTUHU B INIAHOBOM MOPSAKE U UCXOJIS U3
ATOTO OMPEACIISITh KOIU4ecTBO pe3epBHbIX CK-B 1 maHeneil.

[Ipn aHasMTHYECKOM MeTO/E omnpeneneHus yucia pe3epBHbIXx CK-B B kauecTBe
KpuTepus 1enecooOpa3Ho MPHUHATH KoiludecTBO Bbixoga u3 crtposi CK-B ¢
DKCIUTyaTalluM 3a OINPENEJICHHbIM IIEPUOJ C YYETOM OXHUAAEMOIO HM3MEHEHHUS B
mIaHupyeMoM nepuone. Kpome Toro, B KayecTBe KpUTEpPHUS ONTHUMHU3ALMU MOMKHO
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OPUHATH  TEOPETUYECKOE  3HAYCHHE JIOIM  HEOOECIEeYEeHHOCTH  TeIIo U
anekTpocHaOxkenue CK-mu. DT Kputepuu AOKHBI MPUMEHATHCS C  YYETOM
KOHKPETHOTO pacnpeseneHus: cooeB B pabore CK-B uiin naHeseit BO BpeMEHH.

3.Pesepeuposanue no kKpumepuio onmumuzayuu. llo mnpennoxeHHOMY
BTOPOMY BapHaHTy KOaM4ecTBO pe3epBHbIX CK-B 1 maHenel onpenensercs ¢ y4eTom
OOILIECTBEHHO-XO3SIIICTBEHHBIX 3aTpaT, YTO IMO3BOJSET COYETaTh HKOHOMHUYECKUE U
COLIMAJIBHBIE aCIEeKThl pe3epBUpOoBaHbl. IIpu pemeHun JaHHOM 3agaud ¢
NPUMEHEHHEM TEOpUHU MacCOBOTO  OOCIY)KMBAaHHS  HCIOJIb30BaH MHUHUMYM
OOIIIECTBEHHO-XO3SIMCTBEHHBIX ~ 3aTpar. B yclOBHUSIX TNPUHATOTO  KpUTEpUs
ONTUMH3ALMU TeIIMOAHEPTreTUYECKas cucTeMa oociykuBanus ¢ pesepBHbiME CK-mu
U TIAHEJISIMU MOJKET paccMaTpHUBaThCsl KaK CUCTEMa MaccoBOro oOciykuaHus. [lpu
3TOM OOCTyKHBaromiei cuctemoit siisiercst pesepB CK-B, a ornenpabie CK u manenn
U3 pe3epBa pacCMaTPHUBAIOTCA KaK 0OCTYKUBAIOUIUE alllapaThl, KaXIbIH U3 KOTOPBIX
MOXET YAOBJIETBOPUTh OJHOBPEMEHHO TOJIBKO OJHO TpeOOBaHME — 3asBKy Ha
noaMeny Bbimenumero u3 crpos CK-a mo texmudecknm npuunHam. IIpm stom B
oOcCiTy’KMBaIOUIel cucTeMe BO3HUKAET MOTPEOHOCTh B ammapare AJis HOMOJHEHUs
pesepBa, Kotopas ynosieTBopsiercs 3a cueT CK-B n manenel, OTpeMOHTUPOBAHHBIX
mocie BeIxoga M3 cTposs  IIpoBeneHHBIE  MCCIENOBAaHHS ~ BEPOSTHOCTHBIX
XapaKTEPUCTHK MPOIECCa TEIJIO U JJIEKTPOCHAOXKEHMSI Ha COJIHEYHBIX CTAaHIUSAX
MO3BOJIMJIM YCTAHOBUTH, YTO BbIXOJ W3 cTposs CK-a miu maHenu 3a CyTKH HUMEIOT
ONPEIEICHHYI0 CTATHCTHYECKYIO 3aKOHOMEPHOCTh, KOTOPAasi OMUCHIBAETCS 3aKOHOM
Ilyaccona:

R()=e "
k!

rze: P (t)-BeposaTHOCTh BHIXOJA U3 CTPOS K COIHEYHBIX MaHeNeil 3a Bpems t;

A —TIIapaMeTp NOTOKAa BBIXOJIa U3 CTPOSI;

k —uncio CK-B BbILIEIIINX U3 CTPOSI U TPEOYIOIIMX 3aMEHBI 3a BpeMs t

Bpemenem obOciyxuBanusi — OyA€T SBISATHCS BpEMsl, 3aTPAYEHHOE HAa PEMOHT
CK__wnm ma”ened  BeleqmmMx W3 crpos. MccnmemoBanue — BETWYMHBI
npoaoskuTensHOoCTH npoctoss CK-a Ha peMoHTe MO NpUYMHAM HEUCHPABHOCTH
MMEET Ba)XKHOE 3HAYEHHUE IMPHU OMNpE/IeTIEHUU HEOOXOAMMOro KOJUYECTBA PE3EPBHBIX
CK-B u manenei.

JUist omnpeneneHuss 4YMCIOBBIX XapaKTEPUCTUK M 3aKOHA paclpeiesICHHs
UCCIEAYEMOIO TpPU3HAKA, CTATUCTUYECKUW psAd KOJMYECTBA HEUCIIPABHOCTEM,
YCPEIHEHHOI'O 32 CYTKH, C COOTBETCTBYIOIIMMHU 3HAUEHUSIMHU IPOIOJIKUTEIBHOCTH
npocras CK-B Ha pemMoHTe U pe3ynbTaToB OOpaOOTKM JaHHBIX, I[OCTPOEHA
SMIIMPUYECKass  KpUBas  paclpelesieHus]  HEUCHpPaBHOCTEW, KoTopas  Jaer
MIPE/ICTABJICHUE O TOM, UTO OHA UMEET BUJ SKCIOHEHIIMAIILHOTO PACIPEIEICHUN U B
00111eM ciTydae BhIpa)kaeTcs CIEIYIOIUM 00pa3oM:
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Ca—ix
f(X):{lu e ) x>0
0 , X<0,

rAe: u—IIapaMeTp  pacClpeleieHHs  XapaKTEpU3YIOIIMH  HWHTEHCUBHOCTD
1
pEMOHTa, BeJINYMHA O0OpaTHasi CPeIHEMY BPEMEHU PEMOHTA: 1 = 2

r7e: a—MaTeMaTUYeCKoe OXHMJIaHWe MNpoAoLKUTENbHOCTH mpoctos CK-B u
MaHEJEH B PEMOHTE.

Craructrueckass MOJENb HM3MEHEHHUs IPONOJDKATENbHOCTH Ipoctod CK-B B
PEMOHTE TIOCIIE BBIXOJIA UX U3 CTPOS, SBISACTCS KOJIMYECTBEHHBINH XapaKTEPUCTHKOU
BJIMSIHUS COOEB Ha MPOLECC CHAOKEHM S, TOKA3bIBAIOIINN BPEMSI UX JIEUCTBUS.

OnpeneneHHas cTaTUCTHYECKAs: 3aKOHOMEPHOCTh pacnpeneneHus Boixonos CK-
B C CETH W NpoAoukuTenbHOCTH npocTast CK-B B peMOHTE Mociie BBIXOAA CO CTPOS
MO3BOJISIET  UCIIOJIb30BaTh ~ MAaT€MAaTHYECKHE  METOJbl ~ TEOPUU  MAacCOBOIO
oOcnyxxuBaHus. [Ipy 3TOM ydTeHO, YTO 3aKOH pacHpeleleHUs] BXOMSIIEr0 MOTOKa
TpeOOBaHUI COOTBETCTBYET CTATUYECKON 3aKOHOMEPHOCTH PACIIPEIETICHUS BHIXOJ0B
C CeTH , NOUMHSIoIMIicA 3akoHy [lyaccoHa, a BpeMs 00CiIy>KMBaHHsI COOTBETCTBYET
nporospkuTensHocTH npoctass CK-B B peMOHTE IMOCE BBIXOAA C CETU ONMCAHHBIN
IIOKa3aTEJIbHBIM 3aKOHOM.

N3yuenue noroka tpeboBanuii B pe3epBHbIX CK-B siBisieTcss mepBoil 3amayei,
KOTOpasi HEeU30€KHO BO3HHUKAET KaK IMPU TEOPETHYECKOW pa3paboTke Mpoodsiem
MacCOBOTO OOCIYKMBaHUSA, TaK U MPU MPAKTHUYECKOM NPUMEHEHHH €€ METOAOB K
pELIEHNIO 3aja4yu omnpeneneHns KoandectBa pe3epBHbIX CK-B. C TOUYKM 3peHUs
TEOPUU MAacCOBOT'0 OOCIIYy>KMBaHHsI BO3MOXHBI TPU CUTYallMU: pe3epBa HE XBaTaeT U
oOpa3zyercs ouyepenp Ha nonojgHeHue CK-B pezepBHbiMH B3ameH CK-B, Bblleammx
U3 CTPOS; 4acTh pe3epBa MPOCTAMBAET BBUIY IOJHON YKOMIIJIEKTOBAHHOCTU CETH
CK-mu; pe3epB MOJTHOCTHIO UCTOJIB30BaH U CETh TAK)KE MOJTHOCTHIO YKOMIUIEKTOBAH
CK-mu. Tperpsa curyanuss wmanoBepoATHa. [lo3ToOMy BO3MOMKHBIE IOTEPU MPH
pEe3epBUPOBAHUU HYKHO CBECTHU K IOMYCTUMOMY MUHUMYMY.

JIns NpakTUYECKOW peanu3aluy TEOPETUYECKUX IMOJOKEHUNW W Pe3yJIbTaTOB
UCCIIEIOBaHMs pa3paboTaHbl METO/Ibl YIPABISIOIIUX BO3/ICHCTBUM, HalIpaBJICHHbIE HA
NOJJIEPKAaHUE CUCTEMbl TEIJI0O WM DJIEKTPOCHAOXKEHHS B CIyyasX IUIAHOBBIX
OTKJIOHEHHH IO TEXHUYECKUM NpPHYMHAM.B COOTBETCTBUU C NMPUHATBIM KPUTEPUEM
ONTUMHU3ALUMN KojaudecTBa pe3epBHBIX CK-B ¢ MCNOJIB30BaHMEM TEOPHUH MacCOBOTO
oOcny>kuBaHUs 1ieseBas QyHKUUS PELIeHUs 3aJa4ll UMEET BU:

o(r)=S(r)+F(r)= AZAt + gr,, — min
rae: I —xonuuectBo CK-B B pesepse;
S(r)-cymmapHasi CTOMMOCTb HOTEPh BpeMeHH (0XKUIAIOIIMX MOTpeOuTENei) Ha

OXXHNAaHNHU BOCCTAHOBJICHUA COJIHEYHOM CHUCTEMBI TEILJIO BHGKTpOCHa6)KeHI/I$I;
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F(r)—cymMMapHble 3aTpaThl CHCTEMBI TEIUIO MIM DJIEKTPOCHAOKEHHS Ha
coaepxanne CK-B B pesepse;

A— CTOMMOCTHAsl OIICHKa MOTE€PU OT HEOOECNEYEHHOCTH MOMEIICHUN u Ap.
00BEKTOB SHEPIHEH;

At —CpellHEE YBEJIMYEHHE BPEMEHU OKHUJAHUS BOCCTAHOBJICHHS COJHEYHOMU
cucTeMbl u3-3a HexBaTku CK-B NpegHa3HauYeHHBIX ISl SKCIUTyaTaluu;

[ —3aTpaThl Ha cojepkanue oHoro pesepsHoro CK-a;

I, —CpelHee KOJIMYECTBO MpocTanBaromux pesepBHbix CK-B.

JlaHHBIN METOJ ONpPEACIICHUSI ONTUMAILHOTO KoaudecTBa pe3epBHbIX CK-B mmm
NaHeJel MpeCTaBIIeH Ha puc. 1.

r

1(2)

min

P |

. (2)
o e —

Puc. 1. 3aBucuMocTh CyMMapHBIX 3aTPaT OT yKcjia pesepBHbIX CK-B 1 manesiei
Jlns onpeneneHuss HEU3BECTHBIX IApaMETPOBAt M I, BXOJAIIMX B BBIIIE

yKa3aHHYIO (GopMyiy, HEOOXOJMMO BOCIIOJIB30BaThCS OOIICTIPUHATHIMUA METOAaMU
OTIpe/IeICHHS 3aTpaT BPEMEHH MOTPeOUTEeNeH Ha 0OXKUAAHNE BOCCTAHOBIICHUS COOS |
OCHOBHBIX TIOJIO)KCHHH TEOPUHM MaccoBOro oOcmyxuBaHus. OUYeBHIHO, YTO
paccMaTpuBaeMas CHCTEMa MOXET HOPMalIbHO (PYHKIIMOHHPOBATH, KOT/JA TEMIT
MOCTYIJICHUs TPEOOBaHUN B CUCTEMY HIDKE TeMIla OOCIYy)KMBaHUSA CUCTEMBI. Tak,
YCJIIOBUEM HOPMaJIbHOUM pabOThI CUCTEMBI SBJISIETCS CIEYIONIEE: A < ur

[1moTHOCTB MTOTOKA 3asBOK, paBHAsI CPETHEMY UMCITY 3asBOK Ha 3aMEHY HEUCTIPABHBIX
CK-B, nmpuxoasumxcsa Ha cpegHee BpeMs pemonTa ogHoro CK-a, onpenensgercs no

bopmye: p = 4
7

MunumansHoe uyucino CK-B B pesepBe R = p.Illpy MUHMManbHOM KOJHUYECTBE

pe3epBHbIX CK-B erie He gocTUraeTcst JOCTaTOYHas SKOHOMUYeCcKast 3 PEeKTUBHOCTh
(YHKIITMOHUPOBAHUS CHUCTEeMbl. JlJi1 omnpeneneHuss ONTUMAIBHOTO KOJUYECTBA
pesepBubix ~ CK-B  ciegyer  IPUMEHHUTH aHAJIUTHYECKHUE  3aBHCHUMOCTH,
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paccMaTpuBaeMble IIPH PACYETAX CUCTEM MACCOBOTO OOCIY)KMBAHHS U BBITEKAIONINE
W3 TIPUHATOM Moaenu. BeposTHocTs Toro, 4to Bech peseps CK-B MMeeTcs B Hamu4um
u3-3a OTCYTCTBHA cOoeB B pabore CK-B 10 TEXHHYECKMM HPHYMHAM,
1
i
o
< it r(r-p)
BepostHOCTS TOTO, uTO Bech peseps CK-B HCIONb30BaH, onpenensercs 1o Gopmyie:

paccuuThiBaeTcs 1mo hopmyne: P, =

r r+l

r

PR
(r-1)r-p)

Cpennee uncio npocranBaromux pesepBHbIX CK-B onpenensercs u3 BbIpaXeHUS:

r,=r—p.Cpennee konmnuectBo CK-B BbIIENINX U3 CTPOS IO TEXHUYECKUM

I -
IPUYHHAM, 0XKHIAIOMIAX 3aMEHY, PACCIMTHIBACTCS 10 hopMyIe: M = -
r-p

B cToMMOCTHOM BBIpaXE€HUU TOTEPH BPEMEHU MOTpeOUTENed B CETU Ha

OKUJAaHUE BOCCTAHOBJIEHHS COOs COCTaBISCT: S, =aXAt. B mnpunaroil uenesoi
(yHKUMH, UCTHOJIB3YyEMOM Il pelleHus JaHHOM 3ajauu, S; SBISETCS OJHOM U3

COCTaBJISIFOIIMX KPHUTEPUEB ONTUMAIBHOCTHA. BTOpoN cocTaBisomIerd LENEBOM

(QyHKIMM SBISIOTCA 3aTpaThl Ha COJEPIKAHME PE3EPBHBIX aBTOOYCOB: F =g (r—p).

Takum 00pa3oM MOXKHO ONPENETUTH paloHadbHOe KomdecTBO CK-B miiv nmaHenei

B pe3epBe MPUMEHUTENBHO K CIOKUBIIUMCS YCIOBUSM SKCIUTyaTallud U PEaJbHOMY

TexHuueckomy coctosauto CK-B u nanenen.

BBIBO/1bI

1. Ings noBbimieHus 3G(HEKTUBHOCTH  PE3EPBUPOBAHUA, pPACUET KOJIUYECTBA
pesepBHbix CK-B W maHeneil 1enecooOpa3HO OCYIIECTBISATh C MPUMEHEHUEM
AHAJIUTUYECKOTO METOAA HCIOJIb3ysl KpPUTEpUN JOJIM MOTEPh 00ECIEeUEHHOCTH
cetu renrocucteM CK-Mu 1 maHensimu.

2. Jlns ©Oonee TOUYHBIX pacueTax pa3paboTaH BTOPOM METOJ  KOTOPBIN
npeAyCcMaTpPUBAET UCIIOJIb30BAHUE  OCHOBHBIC MOJIOKEHHS TEOPUHU MACCOBOTO
oOCIy>KMBaHUSI C TPEIJIOKCHHOW I11e71IeBOM (PYHKITMEH, SBISIONICHCS CyMMOM
3aTpaT BpPEMEHHM TOTpeOuTeNe Ha OXKHMJAaHWE BOCCTAHOBIIEHHE €004,
BBIPQKEHHOM B CTOMMOCTHOM OLIEHKE, M 3aTpaT MPOU3BOJUTENICH SHEPrUM Ha
cougepxkanne CK-B u manenei B pesepre. OnpeneneHne pe3epBHOIO KOJNYECTBA
CK-B u maHenedl ¢ MpUMEHEHHWEM NPHUHITOW IEIeBON (DYHKIIMEH W OCHOBHBIX
MOJIOKEHUN TEOPUHM MACCOBOTO OOCTY>KUBAHHS MO3BOJISIET PEMIMTH ITY 3a/7a4y C
MO3UIIUU OTpeieTIEHHOTO 3¢ deKTa MPUMEHUTETHLHO K CIOXHUBITUMCS YCIOBHUSIM
AKCIUTyaTalli U peaibHOMY TeXHUUecKkomMy cocTtosauto CK-B 1 naHenen.

Cnucok numepamypol:
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KynueB Anu Mamen oriibl, K.T.H., JOLEHT,
®dei3nesa 'oabHap I'acan KbI3bl, K.T.H., IOLEHT.
A3epOaiizkaHCKUIl ApXUTEeKTYPHO-CTpPOUTEIbLHBIA YHUBEPCUTET
HHP®OPMAINMOHHBIE TEXHOJIOI'NU B PACYETAX
TEIIVIOTBOPHOHN CITIOCOBHOCTH OPTAHUYECKOT O
TOIIJIMBA

KuroueBble cioBa: OpraHMYeckoe TOIMIMBO, TEIMJIOTBOPHAs CIOCOOHOCTD,
MPOJIYKThI CTOPAHMSI, BOJSHOM Map, KOHAEHCAIUS.

B ycranoBkax BbIpaOOTKM Teruia (TEIUIOBBIX  JABHUraTeNsX)  CHUCTEM
TEIUIOCHA0KEHUS B KAauecTBE MCTOYHMKA TEMJIa B OCHOBHOM HCIOJb3YIOTCS
razoo0pasHble, XKUAKUE U TBEPAbIE BUAbBI OPraHUYECKOrO TOIUIMBA, MPU TOPEHUU
KOTOPBIX BBIIEISETCA OIPOMHOE KOJIMYECTBO Teria. K TBEpIoMy TOIIIMBY OTHOCATCS
yIrojib, AHTPAUUT, JPEBECHHA, JPEBECHBIM Yrojib, TOpQ, TrOpsIIMe CIaHIbL, K
KUAKOMY — HEPTh, Ma3yT, KEPOCUH, OCH3UH, IU3EJIbHOE TOIIUBO; K Tra3000pa3HOMY
—TMPUPOJHBIMN Ta3, raspl, MOJy4yaemble OpU A00bide HedTHU (MONMyTHBIE Ta3bl),
JIOMEHHBIN T'a3, KOKCOBBIN ra3 v JIp.

OCHOBHBIMM COCTaBIISIFOIIIMMH TBEPIOIO U KUAKOTO TOIUIMBA SIBISIOTCS YIIIEPO.L
(C) u Bomopoxn (H). TormimBo Takxke CONEPKUT JIETYUyIO cepy (S, ), KOTopas BXOIUT
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B COCTAaB OPraHUYECKUX BEIIECTB M KonuenaHa. OHU COCTABISAIOT TOPAIIYIO YacThb
torumBa. Kpome toro, TomnuBo coaepxuT a3oT (N), kuciopon (O), 3omy (A) u

Biaary (W). CocraB ra3oBoro TOIUIMBA COCTOUT U3 cMecu CO, CO,, Ny, Hy,
H,S, C,H,, razoB. Pabouunii cocTaB TBEpJOTrO U JKHJIKOTO TOIUIMBA YKa3bIBACTCS B

IPOLIEHTax MO Macce, a COCTaB razo00pa3HOro TOIUIMBA - B MPOLEHTaX MO 00BEMY.
Bce pacueTsl oTHOCATCS K 1 KT TBEpAOTO WIIM KUAKOTO TOIIMBA WM K 1 aM® (06BeM,
MIPUBEICHHBIN K HOPMAJIBHBIM YCIIOBHSIM) Ta3000pa3HOro Torumsa [1-4].

KonudecTBo BbIAENsIEMOro Temia (TEIUIOTBOPHAS CIOCOOHOCTH) NPH MOJHOM
cropaduy | KT TBEPAOrO HIIM JKMAKOrO MM 1 HM® ra3006pa3HOro TOILIHBA (faiee -
€AMHUIA KOJIMYECTBA TOILJIMBA) OINpPEACNICTCS SKCIEPUMEHTAILHO B JIaOOpaTOpuu
WIM paccuuThiBaeTcss 1o ¢GopMmyjaaM B 3aBUCUMOCTH OT COCTaBa TOILUIMBA.
KonuyecTBo TemnoThl, BbIACISIEMOE MPHU MOJHOM CrOpaHUU TOIUIMBA, OXJIAXKICHHUU
MPOAYKTOB CrOpaHus 10 TEMIIEpAaTyphl TOIUIMBA M KOHAEHCALIMM BOJSIHOTO Tapa,
00pa3oBaBIIETrOCs] MPU OKUCIEHUM BOAOPOJAA, BXOASIIETO0 B COCTAaB TOILUIMBA
HAa3bIBACTCSI BBICIHIEH TEIUIOTBOPHOM CHOCOOHOCTBIO Q,, @ KOJWUYECTBO TEIUIOTHI,
BBIJICJISIEMOE TPU TMOJHOM CTOpPAHMM TOITMBAa 0€3 KOHICHCAIIMU BOJSHOTO TMapa —
HU3IIEH TEMJIOTBOPHOM CIIOCOOHOCTBIOQ,, -

To ecTp, ecnu BOJASHOM Map B MPOAYKTAaX CrOPAaHHsI HE KOHIEHCHPYETCS, TO
TEIJIOTA UX UCMAPEHUs] UCOIb3YyeTCs HEAP(EKTUBHO, IPYTUMHU CIIOBAMHU, 3TO TEILIO
MEPEHOCUTCS TMPOAYKTaMHU cropanusi 0e3 3¢h()EKTUBHOTO HCIOJIB30BAHUS, U B
pe3ynbTaTe 3TO TEeIIo TepsieTcs. B 3aBucumocTn 0T pabodero cocraBa TBEPAOrO WIH
YKUJIKOTO TOTUTMBA 3HAYCHMSI HU3IICH 1 BBICIICH TEINIOTBOPHOM CITOCOOHOCTH MOKHO
paccuuTaTh 1o cieayromuMm Gopmynam (kx/xr) [3]:

Q, =338CP +1025HP +1085(SP? —OP)-25W P, ¢))
Q, =338CP +1250HP +1085(SP —OP). (2)

Husmass 1 BbICIIAsi TEMJIOTBOPHAs CHOCOOHOCTH CYXOTO Ta30BOT0 TOIUIMBA

MOTYT GBITh PACCUMTAHBI 110 CiIeayrommM dopmyaam (k x/am’) [3]:
Q, =358CH, +640C,Hg +915C3Hg +1190CHqg +

+1465C5H1, +126 5CO +1075H 5 +234H,S , (3)

Q, =398CH, +700C,Hg +995C3Hg +1285C4H1g +
+1575C5Hq5 +1265C0O +127 5H o +257H5S. (4)

[Ipu TeopeTHHYEeCKOM OIpPEACIICHUH BBICHICH TETUIOTBOPHOW CIOCOOHOCTH
TOIUIMBA IPEIIOJIaraeTcsi, YT0 BOASHOM IMap B MPOJYKTaX CrOpaHUs TEOPETUYECKU
MOJTHOCTBIO KOHAEHCUPYETCS. DTO MPAKTHUYECKH HEBO3MOXHO, MOTOMY 4YTO MpH
OXJIAKJICHUU MPOJYKTOB CrOpaHus Aa)Xe OO0 OYE€Hb HU3KOU TeMmepaTypbl BOASHON
rmap B COCTaB€ CMECH Ta30B HMMEET ONPENEICHHYI IUIOTHOCTh, T.€. MOJIHOCTBIO
KOHJEHCUPOBATh BOJSHOM mMap B NPOAYKTAX CropaHus HE MPEICTaBIACTCS
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BO3MOXXHBIM, B pPE3yJbTaTe 4Yero paccuuTaHHyro Qopmynamu (2) u (4) BbICHIYIO
TEIUIOTBOPHYIO CLIOCOOHOCTh HEBO3MOYXHO HCII0JIb30BATh B IIOJHOM Mepe.

PasHua MEKAy BBICIICH W HHU3IICH TEIUIOTBOPHOW CIIOCOOHOCTHIO TOILTHBA
(xJlx/xr i kJDx/am°) [2-4]:
AQ=Q, ~Q,. ()
ITOCKOJIBKY TPH HCIOJIB30BAHUU TEIIa IPOIYKTOB CrOpaHHs HEBO3MOXHO
MOJTHOCTBIO KOHICHCHPOBATh BOJASHOMN Map B TEIIOTCHEPUPYIOIIUX YCTAHOBKAX, TO B
3TOM Cly4yae TeIJIOTBOpHAs CIOCOOHOCTh TOIUIMBA B IPOIECCE HEMOJHOU

koHxercamud (Q, , , KJDK/Kr mwin kJ[x/HM®) ompeessieTcst o ceayomeii hopmyie:

mf _ m”
H,0 "MH,0
QB.H = QH +AQ- ) ) (6)
My.0
rac m’ - HaydallbHad MacCa BOISHOIO IIapa B IIPOAYKTAX CIrOpaHU,

H,0
OTHOCAIIAasACA K CAMHUIC KOJIMYCCTBA TOIINIMBA HA BBIXOAC M3 TCHHOFCHepaTOpHOﬁ
YCTaHOBKH B CJIy4ac IMOJHOTO CropaHus C CbaKTI/I‘IeCKI/IM KOJIMYCCTBOM BO3aYyXa,

4

My.0

- KOHCYHAA MacCcCa CyYyXOro HACBIICHHOI'O BOAAHOI'O IIapa, OCTAOIICTOCA B

MPOAYKTaX CTrOpaHus MOCJe KOHACHCAIlMU U OTIEJEHUS YacTH BOASHOIO Iapa B
MPOAYKTaX CrOpaHusi, OTHOCSIIETOCA K €IUHUIIC KOJMYECTBA TOIJIMBA HA BBIXOJE U3
TEIJIOTEHEPATOPHON YCTAaHOBKM B CIIyd4a€ IOJIHOTO CropaHus ¢ (aKTUUYECKUM
KOJINYECTBOM BO3/yXa.

Ecnu BoasiHOM map, coaepKaluics B NPOJYKTaxX CropaHus TEIIOT€HEPATOPHBIX
YCTAaHOBOK  (yTWJIM3HUpyEMble OTpaOOTaHHBIE Ta3bl TEIUIOBBIX MAIllMH) HE

! =m’ a 3HAUEHUE HU3IIEH

KOHACHCUPYCTCA, TO YAOBJICTBOPACTCA PAaBCHCTBO mH 0 H.0°
2 2

TEIJIOTBOPHON cmocoOHOCTH  (Qu, =Q,) momywator 1o dopmyne (6). Ecmau
TEOPETHUYECKH TMPEATNOI0KHATh MOJHYI0 KOHEHCAIIMIO BOISHOTO Mapa B MPOAYKTaxX

CrOpaHusi, TO YJIOBJIETBOPSETCA PABEHCTBO m;’_|20 =0, a 3Ha4YC€HUEC BBICIICH

TEIUIOTBOPHOM CMOCOOHOCTH mojiydaroT mo ¢dopmyne (6). Kak oTmedanoch BbIlle,
HEBO3MOJKHO TMOJTHOCTHIO KOHJICHCUPOBATh BOJSHOW Tap B MPOJYKTaX CropaHus 3a
CUET CHIDKCHHUS TEMIEepaTyphbl. B CBsI3U ¢ 3TUM, HUKE MPUBOJUTCS METOAMKA pacyeTa
TETJIOTBOPHOM CIMIOCOOHOCTH ITyTEM OIPECIICHHs] HaYaIbHBIX KOJIWYECTB MPOIYKTOB
CropaHusi W BOJSJHOTO Iapa B HHUX, a TaK)Ke KOJUYECTBA BOASHOTO Tapa IpHu
HETIOJIHOM KOHJICHCAIIUH.

dakTryeckas Macca BOASHOTO IMapa B MPOAYKTaX CropaHUs TOILIUBA MOJXKET
OBITH OTpe/eieHa CASAYIOITUM 00pa3oM (KI/KT WK Kr/HM3):

A
Mh,0 _(\/Hzo“LAVﬁzo)'pb’ (7)
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e Vlg o~ TEOPETHYECKNI 00BEM BOJSHOIO Mapa B NPOAYKTaX CTOPaHMs MPH
2
TOPEHHH C TEOPETHYECKUM KOJMUYCCTBOM BO3AyXa (IPH HOPMAJBHBIX YCIOBHSIX)
3 3, 3.
(HM’/KT W HM/HM);

3 3, 3
AV} 5~ 00BbeM BOLSHOTO napa (HM™/KI WM HM/HM) B KOJIMYECTBE U30BITOYHOTO
2

Bo3ayXa (AV =V" -V 0 - (oyx =1V O), BBIJIEIISIEMOI0 Ha C)KUTAHUE TOIUINBA,

3
p, - TWIOTHOCTH BOJSIHOTO Tapa (Kr/HM").

3
Macca BomsHOTO mapa (KI/KT WM KI/HM ) B W30BITOYHOM BO3ayxe (AV) B

COCTaBe ra30B, BHIOPACKIBAEMBIX TEIJIOTEHEPATOPHBIMH YCTAHOBKAMH:
0
((x —1)\/ dp
Am = s 2 ' (8)
H20 1000

3
rie p,, d- IVIOTHOCTh BO3AyXa (KI/HM ) M BJIAarOEMKOCTH (I/KT), PU pacyuere

npuHUMaroTcs d =10 I/KT U p, =1,293 KI/HM".

Teopetnyeckuii o0beM BO3ayXa (HM3/KF), HEOOXOMUMBIA I IIOJHOTO
CKUTaHUsA 1 Kr TBEPAOro WJIM >KUJIKOTO TOIUIMBA, OMPEACISIETCA CIETYIOUUM
obpasom [1-4]:

vO = 0,0889(CP + o,375s§)+ 0,265H P —0,03330° . (9)

Teopetndeckuif 00BEM BO3ayXa (HM3/HM3), HEOOXOIUMBII JUIA TOJIHOTO

cxuranmst 1 Hm° CyXOro Tra30BOr0 TOILJIMBA, OMPEACISIETCS CIAEAYIOMMM o0pa3oMm [1-
4]:

vO = 0,0476{0,5CO+0,5H2 +15H,S +Z(m+2ijHn —02] (10)

Ha MMPAaKTHUKEC JI IMOJHOI'0 CropaHusA TOILUIMBA IMOAACTCSA OobIIIe BO3ayXa, 4eM
TCOPCTUYICCKHU PACCUHUTAHO. KonuuectBo BO31yXad, IIOJaBacMOro Aajasd IIOJHOI'O

cropaHusi, Ha3pIBaeTcsd (aKTUUECKUM KOJIM4ecTBOM Bo3ayxa (V") um ompegensercs
CICAYIOIIMM 00pa3oMm:

" 0
V% =d,on V", (11)
raca,, - KoOOPPUIUEHT U30bITKAa BO3AyXa B TOINKE TEMJIOTCHEPATOPHOI

YCTaHOBKH.
Teopernueckuii 00beM BOJSHOIO Mapa B MPOAYKTaX cropaHusi 1| Kr TBepaoro
I JKHIKOTO TOTUINBA COCTABIISIET HM /KT [2]:

0o _ p P 0
V) o =OLLIHP +00124WP +0016v°. (12)

. 3
Teopertnueckuii 00beM BOJSHOTO Tapa B MPOAYKTaX Cropanus 1 HM® Cyxoro

3, 3ro7.

ra30BOT0 TOIUIMBA COCTABIACT HM /HM® [2]:

Voo :o,ol{Hﬁst +Z%CmHn}+O,016VO_ (13)
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. 3
daxTryecknii 00beM BOASHOTO Mapa B MPOIYKTaX CrOPaHUs COCTABISIET HM /KT

[2]:

0 0
Vi,0 =Vi,0 +0016(ay ~VO. (14)

Taxkum oOpaszoM, (akThyeckas Macca BOISHOTO Tapa B MPOAYKTAX CTOPAHUS

TOILIMBA MOXKET OBITH OIPEIEIICHA CIISAYIOMIM 00pa3oM (KI/KT MM KI/HM'):
My,0 =Vh,0 P (15)

YacTp BOASHOTO MMapa B TPOAYKTaX CrOpaHHs MOXKET KOHJEHCHUPOBATHCS U
OTIENATHCS TPU YCIOBUHU, YTO €CIU TEMIIEpaTypa MPOJYKTOB CTOPAHHS HUXKE, YeM
Temreparypa HachlmeHus: (i) BOASHOTO Tapa, COOTBETCTBYIOIIAS MapIUATBHOMY
TAaBJICHUIO BOAsSHOTO mapa. Ilocime Toro, Kak 4YacTh BOJSHOTO IMapa B MPOTYKTax
CropaHusi, TEIUIOTa KOTOPBIX HCIIOJIB3YEeTCS B TEIJIOTEHEPATOPHBIX YCTaHOBKAaX,
KOHJICHCUPYETCS M OTHAENSAETCS OT HETo, KOHEYHAas Macca CyXOTO HACHIIICHHOTO
BOJSHOTO Tiapa, COACPIKAIIErocs B TMPOAYKTaX CropaHus, MPOTMOPIIMOHAIBHA
MJIOTHOCTH HACBIIIEHHOTO BOJISIHOTO I1apa, COOTBETCTBYIOIIEH paccMmaTpuBaeMoun

TeMIIepaType:

m;’_bo =V7> -pl (16)

rae V.- gaktuueckuii 00beM IMPOIYKTOB CropaHus Ha 1 Kr >KUJIKOTO WU TBEPAOTO
TorumBa win | HM® ra30006pasHOTO TOIUIHBA HA BBIXOAE M3 TEILIOrEHEPATOPHON
YCTaHOBKH; p”. - MJIOTHOCTh CYXOI'O HACBHIIIEHHOIO BOJSHOIO Iapa, OCTAIOLIErocs B
MPOAYKTaX CrOpaHWs MOCJI€ KOHJCHCAIMM YacTH BOASHOIO Iapa B MPOAYKTax
CropaHus (xr/HMY), 1 OTIpEIEIISIETCS CACAYIOITUM 00pa3oM:
ph =1/vg , (17)

IZI€ V), - YAEIbHBII 00bEM CYyXOro HACBIILIEHHOTO BOJSHOIO Mapa, OCTAOIIErocs
B MPOAYKTaX CrOpaHus Mociie KOHACHCAMW W OTAEJIICHUS 4acTU BOJSHOIO Iapa B
IPOXYKTAX CropaHus (KI/HM"), H OIPEACISETCS U3 YPABHEHUS COCTOSHHUS PeanbHBIX
ra3oB WM U3 TaOJIUIIBI CYXOr0 HACBIIIIEHHOTO Mapa.

HauanpHoe napunanbHOE JaBJI€HUE BOASIHOTO Mapa B MPOAYKTax Cropanus [2]:

VH,0
PH,0 =P VZ , (18)

B
T

IJie p - JaBJIEHHUE JILIMOBBIX T'a30B, Oap.

dakTudecknii 00bEM TMPOAYKTOB CrOpaHHSs, BBIICISIONIMXCSA IPH IOJHOM
CropaHud ¢ (aKTHYCCKUM KOJMYCCTBOM BO3JyXa, TAKKE MOXKHO OIPEACIUTH I10
crenyromeii hopmyie (EM/Kr mwim HM/HMY):
0 0
Vy.r =VRro, +VH,0 +VNZ +(oyr —V . (19)

Teopernueckuii 00beM TPEXaTOMHBIX CYXHX Ta30B W a30Ta B TPOIYKTaX
CrOpaHHsI [PH MOJTHOM CTOPAaHHH TBEPAOTO U JKUIKOTO TOILHBa (HM/KT) [2]:
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Vro, =Vco, +Vso, =00187(CP +03755F), (20)
vgz =0,79v % +0,008NP. (21)

. 3, 3
Teopetnueckuii 00beM (HM/HM®) TpPEXaTOMHOTO CYXOro Tra3a M a3oTa IMpHu
3
IIOJIHOM CropaHud 1 HM~ CyXOro ra3oBOrO TOIUIMBA OIpPEAENIAETCS CIEAYIOLIUM
obpazom [2]:

Vro, =001]CO, +CO+H,S + 3 mCpHy |, (22)
N

V0 —079v0+ 2, 23

N> 100 (23)

CornacHO HW3BECTHBIM COCTaBaM Ta3000pa3HOr0 W JKHIKOrO TorwuBa [1-4],
TEOpETUIECKHEe 00hEMBI BO3AyXa JIJIsl TOPEHHUS TOIUIMBA, BOASHOTO TIapa U MPOIYKTOB
CTOpaHHUs, 3HAYCHHUS HUBIICH U BBICIIEH TEIJIOTBOPHOM CITIOCOOHOCTH TETIOEMKOCTH
PACCUYUTHIBAIIUCH 110 MIPUBEIACHHBIM BBIIIE (POpMyIiaM, a UX PEe3yJIbTaThl IPUBEICHBI B
tabmunax 1 u 2.

Tabmnma 1
CocTaB 1 XapaKTepUCTHUKA Ta3000pa3HOTO TOIINBA
0 3 P
anMEHOBaH CH C,H ICsH CaHy CeH, co HM /HM KJ[>x/HM
ue N, H, VAT
4 | 6 8 0 2 2 A Gl VAR (o T (o
93, 1, 2,1 {11,0 |3711 |4118
I"apamar 9 3,1 11,1 /10,3 [0,1 3 0,2 |- 19,85 9 4 0 0
2,1 {10,6 |3580 |3980
Meran 100 | - - - - - |- |- 1952 5 7 0 0
23,8 14,3 26,2 (9150 |9950
[Tponan - - (100 | - - -1 - - ol 8 o 0 0
10 1,0 1075 (1275
Bomopon - - - - - - |- 0 2,38 4 2,92 0 0
Tabauma 2

CocTaB 1 XapakTepUCTUKA KUJKOTO TOTLIMBA

3
HanmenoBanwue HM /KT kJx/Kr

SP |cCP HP |OP | NP | AP |WP Vo VSZO Vro o o,
Masyt 1,4 183,8|11,2|05 |- |0,1|3 |10,45/1,45 |11,28|39827|42422
Huzens 0,3 |86,3(13,3|0,1 |- |- |- |11,20|1,62 |12,12|42823|45816
Kepocun 0,2 |86 |13,7/0,1 |- |- |- |11,28|1,7 |12,22|43121|46204
bensun 0,05/85 |14,9(0,05|- |- |- [11,51|1,84 |12,52|44003|47355

[Tocne onpenenenus GpakTudeckoro o0beMa MpPOyKTOB CrOpaHUsl, TOTYyYEHHBIX
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MpU CTOPAHWM EAWHUIBI TOIUIMBA, a TaKXe (PAKTUUECKOW MAacCChl, TUIOTHOCTH U
yIeIbHOTO0 00BbeMa BOMSHOTO Mapa B HEM OMNpENesieTcs MapliralbHOE TaBICHHE
BOJISTHOTO TIapa B MPOJIyKTaX cropaHus. JlaBIeHNe HACHIIICHHUS CYyXOTr0 HACBIIIIEHHOTO
BOJISTHOTO TIapa B 3aBUCHMOCTH OT TEMIIEpaTyphl MPOIYKTOB CTOPaHUs, yICITbHBIN
00BEM U TIOTHOCTH OMPEIEISIOTCS COOTBETCTBEHHO.

Ecnm nmaBiieHWe HACHIMICHWS CYXOTO HACBHIMIEHHOTO BOJISHOTO Tlapa B
COOTBETCTBHM C TEMIIEpATypOl TMPOAYKTOB CrOpaHUS MEHBIIEC MapIHaIbHOTO
JABJICHUSI BOJSIHOTO Tapa B MPOAYKTaX CrOpaHUs, TO BOJSHOW Tap HAXOJUTCS B
COCTOSTHMM HarpeBa M MEPEHOCHUTCS MPOAYKTaMU CTOpaHus 0e3 KoHaeHcanuu. [Ipu
ATOM HE HCHOJB3YETCS CKpBITasl TEIJIOTa UCHApeHUs BOISHOTO TMapa B MPOTyKTax
CTOpaHHus, T.C. MCIOJIb3YETCSl HU3INAs TEIJIOTBOPHAs CHOCOOHOCTH ToruuBa. Ecim
JIABJICHUE HACBHIIICHUSI CYXOTO HACBHIIIEHHOTO BOJSHOTO Tlapa B COOTBETCTBUHU C
TEeMITepaTypOi MPOIYKTOB CTOPAHKS OOJIBIIE, YeM MapIUaIbHOE JTaBICHUE BOISHOTO
mapa B MPOAYKTaX CTOpaHMs, BOASHOW Tap HAXOAUTCS B BHUJIE BIJIAXKHOTO ITapa,
KOHJICHCHPOBAHHAs 9acTh KOTOPOTO TEOPETHUYECKH OTACIICHA OT raza, a OCTaJbHas
4acTh MEPEHOCUTCS MPOAYKTAaMHU CTOpaHHsS B BHUJE CYXOro HACBHIIIEHHOTO Tapa ¢
yJIeTbHBIM 00BEMOM U TIOTHOCTHIO, COOTBETCTBEHHO JABJICHUIO HACKIIIEHUs. B aTOM
Cllydae BbICIIAs TEIUIOTBOPHAST CHOCOOHOCTh TOIUIMBA HCIOIB3YETCS YaCTUYHO.
Pa3paboTana KOMIIBIOTEpHAs MporpaMMa [JIsl OMPEISICHUS METOJAWKH pacydera
TEIUIOTBOPHON ~ CIIOCOOHOCTH  COOTBETCTBEHHO  pacCMaTpUBAEMOMY  CIIy4Yalo.
Pacuetnbie 3HaueHUS (HAKTUYECKOW TEIUIOTBOPHOW CITOCOOHOCTH JJIS Ta30BOTO U
KHUJAKOTO TOTUTMBA B 3aBUCHMOCTH OT 3Ha4eHHsS Kod(dduimeHTa n30bITKa BO3IyXa H
TEeMITepaTyphl BBIXJIOMHBIX Ta30B, MPUBEIEHbI B Tabnuiax 3-10.

Tabnuna 3

Temnepatypa npoayKTOB cropanus MeTaHa, t, °C

30 35 40 45 50 55

1,0159,9| 38879 38598 38247 37813 37279 36630

1,1 58,1 38807 38504 38126 37658 37084 36384

1,2 56,6 | 38737 38413 38008 37507 36892 36142

1,3|552| 38668 38323 37892 37358 36703 35905

Tabnuua 4

TemmnepaTypa nIpoayKTOB cropaHus npormasa, t, °C

30 35 40 45 50 55

1,0 1559 | 97305 96635 95799 94764 93493 91946

1,154,2| 97134 96412 95511 94395 93026 91500

1,2152,7| 96967 96195 95230 94035 92569 91500

1,3151,3| 96803 95981 94954 93682 92122 91500
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Tabmuna 5

Temneparypa npoAayKTOB cropanusi Bogopoja, t, °C

¢ | 30 35 40 45 50 55 60 65 70
1,0 72,6 | 12480 | 12397 | 12294 | 12166 | 12010 | 11819 | 11589 | 11313 | 10984
1,1]70,9 | 12460 | 12371 | 12260 | 12123 | 11955 | 11751 | 11503 | 11207 | 10854
1,2 169,2 | 12440 | 12345 | 12227 | 12081 | 11901 | 11683 | 11419 | 11102 | 10750
1,3167,8 | 12420 | 12320 | 12194 | 12040 | 11848 | 11616 | 11335 | 10999 | 10750
Tabnuma 6
" ¢ Temmnepatypa npoaykToB cropanus ['apamarckoro rasa, t, °C
! 30 35 40 45 50 55
1,0 595 40229 39940 39578 39129 38580 37910
1,1 |57,8 40156 39843 39453 38970 38378 37656
1,2 |56,3 40083 39749 39331 38814 38180 37407
1,3 [54,9 40012 39656 39211 38661 37985 37110
Tabnuua 7
" ¢ TemmepaTypa mpoAyKTOB CrOpaHus AU3EIBHOTO TOILINBA, {, °C
" 30 35 40 45 50
1,0 | 51,7 44822 44519 44140 43672 43097
1,1 |50,1 44745 44419 44011 43507 42887
1,2 48,6 44671 44322 43886 43346 42824
1,3 | 47,3 44598 44226 43763 43189 42824
Tabnuna 8
o i Temnepatypa npoayKTOB cropanus kepocuna, t, °C
" 30 35 40 45 50
1,0 52,1 45198 44892 44509 44034 43453
1,1 50,5 45121 44790 44378 43867 43240
1,2 49,0 45045 44692 44250 43704 43121
1,3 | 47,7 44971 44595 44126 43545 43121
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Tabmuma 9

o ; Temmeparypa npoayKToB cropaHusi 6ensuna, t, °C

! 30 35 40 45 50
1,0 | 53,2 46315 45998 45602 45111 44509
1,1 | 51,5 46234 45893 45466 44938 44289
1,2 |50,1 46156 45790 45333 44768 44074
1,3 | 48,7 46079 45690 45204 44603 44003

Tabmuua 10

" ‘ TemnepaTypa npoayKToOB cropanus MasyTa, t, °C

! 30 35 40 45 50
1,0 | 54,7 42438 42199 41901 41533 41080
1,1 53,1 42378 42121 41801 41404 40917
1,2 | 51,7 42320 42045 41703 41278 40758
1,3 |50,3 42263 41971 41607 41155 40602

TemnepaTypa pochl AJjis ra3000pa3HOTO Bojoponaa cocrtasisier 68—73 °C, mus
npyrux razos 51-60 °C u 47-53 °C nia xkuakoro tormsa. i KOHAEHCauu YacTH
BOJSHOTO Tlapa B MPOJAYKTaX CropaHus, MX HEOOXOOUMO OXJaJuTh OO0JbIIe
yYKa3aHHBIX 3HaueHui. [Ipu cHIDKeHNU TeMmepatypbl TpoAaykToB cropanus no 40 °C,
JUTSI Ta3000pa3HOr0 BOJOpOJa KoHAeHCUpyercs 75%, mus apyrux razoB 55-60 %,
st xkuakoro TormauBa 3045 % BoAsSHOTO mapa, HaXOJAIIETOCs B €ro COCTaBe.
VYBenuuenne 3HadeHUs KOIPGUIMEHTa U30bITKA BO3AyXa YBEIUYHUBACT OOBEM
MPOIYKTOB CrOpaHUs, YTO MPHUBOJAUT K CHIDKCHHMIO TMapIMaIbHOTO JIaBJICHHUS
BOJSIHOTO Tiapa B TMPOAYKTaX CrOpaHWsl W, COOTBETCTBEHHO, YMEHBIICHHUIO
KOHJICHCAllMOHHOTO  COJIEep KaHUs Pe3ynpTaThl  pacueToB
MOKa3bIBAIOT, YTO NpH TeMmiepaTrype npoaykroB cropanus 40 °C, B pe3yibrare

yBenuueHus: koddduimenta u30biTKa Bo3ayxa Ha 0,1, 3HaueHwe ¢akTUUECKON

BOJITHOTO  Tiapa.

TETJIOTBOPHOM CIIOCOOHOCTH CHIDKAeTcs Ha 3-5 % Iiist ra3000pa3HOro TOIUIMBA U HA
4 % nnd KUAKOTO TOIUIMBA. B CBSI3M € 3TUM NOJIHOE CrOpaHUE TOIUIMBA JOJIKHO
OCYIIECTBIISTHCSA NPU MUHUMAJIBLHO BO3MOXKHOM 3Ha4eHHH Kod(hduimeHTa n30ObITKa
BO3/yXa.

[Ipy wHCMONB30BaHMM  HUBLIEH  TEIUIOTBOPHOW  CHOCOOHOCTH  TOIUIMBA
11eJ1IeCO00pa3HO  PACCUUTHIBATh (PAKTHUYECKYI0 TEIUIOBYKD MOIIHOCTh, TaK Kak
KO3(GULIMEHT TOJIE3HOTO JEHCTBUSI APHEPIETUUYECKUX YCTPOUCTB MPUHUMACTCS IO
HUBIIECH TEIUIOTBOPHOM CIIOCOOHOCTH, a BBICHIAS TEIJIOTBOPHASI CHOCOOHOCTH
TOIUIMBA Hcnosib3yercss 4actuyHo. Ilpm onpenenenun KIIJ[ sHeprernueckunx
YCTPOMCTB B CJIy4a€ YAaCTUYHOIO HCHOJIb30BaHWs BBICHIEM TEINIOTBOPHOU
CIIOCOOHOCTH TOILTMBA, YYHUTHIBAECTCS HU3IISAA TEIUIOTBOPHAs CmocoOHOCTh. [lpum
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ATOM, HECMOTPSI Ha U3BECTHbBIC MOTEPU IHEPTUU B TEIJIOTCHEPATOPHBIX YCTAHOBKAX,
3acuntanHoe 3HayeHue KIIJ[ tennoreHepatopHoOil yCTaHOBKHM B HEKOTOPBIX CIIydasix
nonydaercss  6omee 100 %. OT1oT dakr OOBACHAIOT  COBEPILICHCTBOM
TEIJIOTEHEPATOPHON YCTAaHOBKH. DTO HE COOTBETCTBYET 3aKOHY COXpaHEHHUs MU
peoOpa3zoBaHUs FHEPTUM U 3aKOHAM TEPMOJIMHAMUKH.
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UZVI YANACAQIN ISTILIK TOROTMO QABILIYYOTININ
HESABLANMASINDA INFORMASIYA TEXNOLOGIYALARI
XULASO
Asagr vo yuxart istiliktdorotma qobiliyyatlori lizvi yanacaqlarin  asas
xarakteristikalarindan biridir. Istilik generasiya qurgularinda korroziyaya davamli
konstruktiv materiallardan istifado etmoklo yanacagin yanmasindan alinan yanma
mohsullarinin istiliyindon ¢ox istifads etdike onlarin seh temperaturundan asagi
soyumasi naticosindo onun torkibindoki su buxarlar1 kondensatlasir. Bu halda
yanacagin yuxari istiliktorotmo gabiliyystindon qismon istifado olunur. Mogalado
yanacaqlarin lazimi xarakteristikalar1 verilmis, baxilan hala uygun istiktérotmo
gabiliyyatinin miioyyon edilmo metodikasi islonilmis, kompiiter hesablama proqrami
tortib edilmisdir. Istiliyinden istifads edilmis qazlarin temperaturundan asili olaraq
qaz vo maye yanacaqlar uglin faktiki istiliktorotma gaobiliyyatlorinin qiymatlori
cadvallords verilmisdir.

WHO®OPMAIIMOHHBIE TEXHOJIOTH B PACYETAX TEILJIOTBOPHOM
CHHOCOBHOCTHU OPTAHNYECKOTI O TOIIVINBA
PE3IOME
OnHMMH M3 OCHOBHBIX XapaKTEPUCTUK OPTraHUYECKOTO TOIUIUBA SABJISIOTCA
HU3IIasl ¥ BBICIIASI TEMJIOTBOPHBIE CIOCOOHOCTH. C MCIOJIL30BAHUEM KOPPO3UOHHO-
CTOMKUX KOHCTPYKIHMOHHBIX MaTE€pPUAJIOB B TEIION€HEPATOPHBIX YCTAHOBKAX, IMpHU
OOJBITIEM HMCMOJIb30BAaHUM TEIUIa MPOAYKTOB CTOPAaHUS C OXJIKICHUEM HX HUXKE
TEMITIEPATYpPbl POCHI BOJSIHOTO Iapa, 4acTh BOASHOrO Iapa KOHAEHcHUpyeTcs. B aTtom
Cilydae YaCTUYHO WCIOJIb3YeTCs BBICIIAsl TEIJIOTBOPHAS CHOCOOHOCTH TOIUMBA. B
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CTaTbC IMMPUBCIACHDLI HGO6XOI[I/IMBIG XapaKTCPUCTUKHU TOIIIMBA, pa3pa60TaHa MECTOJHKA
AJIA OIMpCACIICHHA T€HJ'IOTBOpHOﬁ CITOCOOHOCTH TOIINIMBA, COCTAaBJICHA KOMIIBIOTCpHAs
pacuc€THas  IIporpamMma. B Ta6J'II/IHaX IMIPUBCACHDBI q)aKTI/I‘IeCKI/Ie 3Ha4YCHUA
TCHHOTBOpHOﬁ CITOCOOHOCTH B 3aBHCHMOCTH OT TCMIICPATYpPhI IIPOAYKTOB CIOpPaHUA
TOIIJINBA.

INFORMATION TECHNOLOGIES IN THE CALCULATIONS OF THE
HEAT CAPACITY OF ORGANIC FUEL
SUMMARY

One of the main characteristics of the organic fuels is lower and higher calorific
value. With the use of corrosion-resistant structural material in the heat-generating
installations in an increased use of heat from the cooling of the combustion products
below their dew point temperature of water vapor, the water vapor condenses. In this
case, the upper part is used calorific value of the fuel. The article presents the
essential characteristics of the fuel, the methods for determining the calorific value of
the fuel is made computer calculation program. The tables show the actual calorific
value depending on the temperature of the combustion products.

Mammadov N.Y., Akbarova S.M.
Azerbaijan University of Architecture and Construction
ENERGY PASSPORT OF A BUILDING

Abstract. The energy passport of a building project is a regulatory document
that reflects the balance of consumption and performance indicators for the use of
fuel and energy resources (FER) in the process of economic activity of the building,
as well as containing energy-saving measures [2]. In order to develop a
comprehensive energy efficiency management system in a building, it is necessary to
create a system for accounting, monitoring and regulating energy consumption. Such
a comprehensive control system should be based on a document that fixes the energy
efficiency of the facility [3]. In view of the sharp increase in recent years in the cost
of heat and energy supply of residential, budgetary funds, the issue of developing
energy passports for buildings has become acute.

The article examines the structure of compiling the energy passport of a civil
building.
Keywords: energy passport, building, structure, energy efficiency, data management

Mommaoadov N.Y., 9kbarova S.M.
Azarbaycan Memarlhq va insaat Universiteti, Baki, Azorbaycan
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BINANIN ENERJI PASPORTU

Abstrakt. Bina layihoasinin enerji pasportu binanin tosarriifat foaliyyati prosesindo
yanacaq-enerji ehtiyatlarinin istifadosi iizro istehlak balansin1 vo somoralilik
gostaricilorini oks etdiron, habelo enerjiyo gonaot todbirlorini 6ziindo oks etdiron
normativ sonaddir. Binada enerji somoarsliliyinin kompleks idarsetmo sistemini
inkisaf etdirmok {i¢iin enerji istehlakinin ugotu, monitoringi vo tonzimlonmasi sistemi
yaratmaq lazimdir. Belo hortorofli nozarot sistemi obyektin enerji somaoroliliyini
miloyyan edon sonods asaslanmalidir [3]. Son illords yasayis, ictimai bina fondlariin
1sitmo vo enerji tochizatr xorclorinin koskin artmasi nozoro alinmagla, binalar tigiin
enerji pasportlarinin hazirlanmasi mosolosi aktuallagib. Moagalods binanin enerji
pasportunun tortib strukturu aragdirilir.

Acar sozlor: enerji pasportu, bina, struktur, enerji somorsliliyi, molumatlarin idars
edilmaosi

The limited energy resources, the high cost of energy, the negative impact on the
environment associated with its production - all these factors lead to the need to
reduce energy. One of the most active consumers of energy in our country is the
building complex. The design of energy-efficient buildings and their structures is
becoming the direction in architecture and construction that allows the most rational
use of limited fuel, energy and material resources while obtaining the maximum
economic and environmental effect [1].

The energy passport of a building project is a regulatory document that reflects
the balance of consumption and performance indicators for the use of fuel and energy
resources (FER) in the process of economic activity of the building, as well as
containing energy-saving measures [2].

In order to develop a comprehensive energy efficiency management system in a
building, it is necessary to create a system for accounting, monitoring and regulating
energy consumption. Such a comprehensive control system should be based on a
document that fixes the energy efficiency of the facility [3]. In view of the sharp
increase in recent years in the cost of heat and energy supply of residential, budgetary
funds, the issue of developing energy passports for buildings has become acute.

According to SNiP 23-02-2003 "Thermal protection of buildings"”, the energy
efficiency of a building is characterized by an indicator of thermal energy efficiency,
which is numerically equal to
specific consumption of thermal energy for heating and ventilation of the building
during the heating period. Minimization of this consumption is achieved by insulating
the building - increasing the thermal protection of individual external enclosing
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structures, improving the automatic control of heat supply for heating and reducing
heat consumption for heating non-required for ventilation of outdoor air while
ensuring a comfortable thermal and air conditions in the premises [4].
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Figure 1. The Building Passport as an instrument for case-based information
exchange [9]

At the design stage of residential buildings and public buildings, it is impossible
to predict with sufficient accuracy the consumption of thermal energy for hot water
supply and electrical energy for lighting, and the need for air conditioning in
residential buildings and municipal buildings is not standardized [5]. Therefore, it is
advisable to standardize energy efficiency according to the specific consumption of
thermal energy for heating and ventilation during the heating period with a check of
the calculated values in the section "Heating and ventilation" of the project, with the
obligatory implementation of energy-saving measures [6], lighting and the use of
reactive power compensation devices, namely the use of:
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- individual heating points that reduce energy costs for circulation in hot water
supply systems and are equipped with automated control systems and accounting for
the consumption of energy resources, hot and cold water [7];

- lighting systems for common premises using energy-saving lamps, equipped
with motion and light sensors, as well as devices for compensating the reactive power
of elevator engines, pumping and ventilation equipment, figure 1;

- apartment-by-apartment metering of heat energy, hot and cold water and
electricity, using heating systems mainly with horizontal apartment-by-apartment
wiring, equipped with a heat meter and thermostatic valves on heating appliances, or
with apartment heating units;

tami connected to the house heating system. When implementing per-apartment
heat metering for heating in apartment buildings, when determining the energy
efficiency indicator, a 10% reduction in heat consumption for heating and ventilation
Is introduced, which will be refined as practical experience in using this measure is
gained [8].

An increase in the resistance to heat transfer of non-translucent fences is
achieved by choosing a more efficient insulation, increasing its thickness and
applying technical solutions to improve the thermal uniformity of the structure by
reducing the influence of heat-conducting inclusions. The manufacturer of wall
panels, hinged stained-glass structures, including insulation, substructures of a
ventilated facade, etc., must submit calculations confirming the magnitude of the
thermotechnical uniformity of the external enclosing structure under the conditions of
its use for the designed building. It is also advisable to include in the technical
specifications for each system being developed an indicator of the coefficient of
thermal uniformity for a reference fragment of a wall with a window, the size of a
room.

For a translucent structure, a certificate of conformity should be submitted with
a test report confirming the heat transfer resistance of the window, the resistance to
air penetration, including together with embedding in the opening, coefficients that
take into account the shading of the window by opaque elements and the relative
penetration of solar radiation.

The energy efficiency class of buildings in operation is determined based on the
results of an energy audit by comparing the deviation, %, of the actual normalized
annual specific heat consumption for heating, ventilation, air conditioning (cooling),
hot water supply, lighting and for the operation of general building engineering and
elevator equipment (in apartment buildings, lighting - only common premises) with
the requirements of the basic level
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values of the energy efficiency indicator of the building, provided that the air-
thermal regime is ensured in apartments or public premises, hot water is supplied in
accordance with sanitary standards, and electricity of the required quality.

In addition, the energy passport should include information on the design values
of the estimated costs of thermal energy in the heating system and in the supply
ventilation. This will allow you to identify the level of stock in the selection of
heating appliances, comparing the design and calculated in the passport values of
estimated costs, and depending on this adjust the calculated parameters of the
temperatures of the coolant circulating in the heating system, and thereby prevent
excessive heat transfer from heating devices during operation, ensuring the calculated
savings in heat from building insulation.

The use of the design value of the calculated consumption of thermal energy for
ventilation makes it possible to normalize the heat consumption for heating the
supply air for heating period in public buildings. After evaluating the thermal
protection of the building for the conditional values of air exchange, we find the
conditional volume of supply air, based on the design values of the estimated costs of
thermal energy of the supply ventilation and air conditioning systems, taking into
account the efficiency of energy saving devices when heating the supply air during
working hours.

Then, the consumption of thermal energy for heating this volume of air during
the heating period is determined, taking into account the number of hours of
operation of the air handling units per week, and is substituted into the formula for
determining the specific consumption of thermal energy for heating, ventilation and
air conditioning for the heating period.

If the obtained value of the specific consumption of thermal energy for heating,
ventilation, air conditioning and thermal curtains of the building exceeds the standard
value, then the ventilation system of the building has insufficient energy efficiency.

In this case, one should either provide for additional energy-saving measures
(for example, the use of extract air heat recovery to heat the supply air) or use of heat
pumps) and repeat the calculation with new values of heat demand for ventilation, or
choose a heating system with a higher coefficient
efficiency of auto-regulation, or apply other energy-saving solutions (figure 2).
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Planning and construction
activities in relation to building

Design and refurbishment, renovation and Building inventory
construction activities alterations (including building and operation and
in relation to new build inventory and diagnosis) maintenance

Figure 2. Sectoral activities supported by the Building Passport

The energy passport, drawn up according to the described form, allows not only
to evaluate the energy efficiency of the designed and operated building, but also, by
detecting the greatest heat losses or inefficiency of automatic regulation of its
consumption, outline energy saving measures, calculate the energy effect from their
implementation and determine which energy efficiency class the building in question
will correspond to. Actual energy consumption obtained from metering devices
should be compared with the calculated values \u200b\u200bgiven in the energy
passport.

The energy passport of a building is a document containing the geometric,
energy and thermal characteristics of buildings and building projects, enclosing
structures and establishing their compliance with the requirements of regulatory
documents. The section of the project "Energy Efficiency”, including the energy
passport, was first included in the SNiP 23-02-2003 as a mandatory one [1]. This
section should contain all the indicators that characterize the energy efficiency of the
decisions made, as well as a comparison of these decisions with the corresponding
standard values. The “Energy Efficiency” section includes the building’s energy
passport, an explanatory note with the necessary calculations, the building’s energy
efficiency class adopted in accordance with [2,3], a conclusion on the compliance of
the project’s decisions with regulatory requirements, and, if necessary,
recommendations for improving energy efficiency [4].

The energy passport is filled out:

1) at the stage of development of project documentation.

The result is data on the energy and heat engineering features of the building;

2) at the stage of putting the object into operation - to confirm the values taken
at the first stage or to analyze their discrepancies with the values taken as a result of
construction. If necessary, the customer or the GASN inspectorate has the right to
initiate field tests;
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3) at the stage of operation of the facility - selectively and after one year of
operation - for a more accurate assessment of the decisions made and implemented.

Livchak and Yu.A. Matrosov [5] note the following advantages of energy
certification of buildings: control over the compliance of decisions made with
regulatory requirements; transparency of the "energy quality" of the building for
future consumers; gradation of buildings according to the degree of energy
consumption; impact on improving the energy efficiency of buildings.

In [7], the author expresses a controversial idea that one of the functions of the
energy passport is to control energy efficiency in the construction process. The
energy passport is developed on the basis of the project documentation, and the
compliance of the actual values with the design decisions made at the development
stage is confirmed by the results of full-scale tests carried out only at the stage of
completion of work.

The structure of the energy passport is based on system thermal design; the
result is the determination of the specific energy consumption of the building during
the heating period, which includes various energy sources.

The energy passport includes the following data: data on the type and functional
purpose of the building, space-planning solutions, geometric characteristics,
orientation of the building in space, data on the building envelope, climatic features
of the construction area; design values for thermal protection of the building,
microclimate control systems, design heat and power characteristics of the building;
actual data on the thermal and energy parameters of the building after the stage of its
construction, the energy efficiency class of the building, recommendations for
improving the energy efficiency of the building; the results of the energy
consumption expertise after the annual operation of the building; normalization of
indicators of a comfortable microclimate for the stay of people.

Since the energy passport is developed on the basis of project documentation,
and the correspondence of the actual values to the design decisions made at the stage
development, is verified by the results of full-scale tests carried out only at the stage
of completion of work, then increasing the reliability of the energy passport data at
the commissioning stage, as well as developing a methodology for calculating the
energy passport during the construction process, are urgent tasks.
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Cupamxias: I'.M.
A3epOaiizKaHCKUIl ApXUTEeKTYPHO-CTpOUTEIbHbIN YHUBEPCUTET
PASPABOTKA MEPOIIPUSATHUH IO SHEPT OCBEPEKEHHUIO

AHHOTAWUsA. DHepeocOepediceHue AGNAemcs OOHOU U3 CAMbIX NPUOPUMEMHBIX U
sadicHblx 3a0ay 21-20 eexa. Om pe3yibmamos peuleHus OaHHOU 3a0adu 3aeucum oyoyuee
Mecmo 8 IKOHOMUYUECKOM OMHOUEHUU CIPAH U YPOBEHb HCUZHU HACENeHUS.

Cecoonss  Aszepbaiioxcan  pacnonazaem 8ceMu  NPUPOOHLIMU — pecypcamu U
9Hepeemuyeckum obecneueHuem, HO U OOHOBPEMEHHO A81Aemcs pecypcHou 0azou Ons
MHORUX e8PONELCKUX U A3UAMCKUX 20CYOapCme, IKCNOPpMuUpysi Heghmo, HepmenpooyKmsl u
npupoomsili 2as. Bmecme ¢ mem, nanuuue 8 0ocmamouyHOM KoOauvecmee mMoNniUeHO-
IHep2emuyecKux pecypcog He Oaem Npaso Ha 3HepzopacmodumenvsHocms. Ommemum,
ymo 8 Hauteli pecnyOniuKe MpPAHCNOPMUPOBKA MENIOHOCUMENs N0 MeNI08bIM Cemsm
conposodcoaemcs OONbUUMU HeNnpou38ooumenvHuiMu sampamamu. Ilo cpaeumenuro co
cmpanamu 3anaonou FEeponvt u Coedunennvivu ILllmamamu Amepuxu 6 Hawell
pecnyoniuke 3Hepeopecypcybl UCNONb3YIOMC HedoCcmamouto 3¢gexmusno. Azepbaiioxcan
obnadaem camviM 6bICOKUM NOMEHYUATIOM dHepaochepediceHusi 8 pecuone. Ilo oyenkam
PA3HLIX UCMOYHUKOS IMOm nomenyuan cocmaegnsem om 35 oo 45 % monaugno-
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HEPeemuYecKo20 banauca PpecnyonuKu. Ilosmomy 0151 obecneuenusl
KOHKYDEHMOCHOCOOHOCMU OMeYeCmBeHH020 NPOU3B0O0CMEd, HNo0beMd IKOHOMUKU U
VPOBHA JHCUZHU HACENeHUsl 8 Nep8yio oyepedb HeoOX0OUMO CHUNCAMb IHepeemudecKue
3ampamol HA eOUHUYY NPOOYKYUU, PACX0008aHUe MeNnio8ol U INeKMPUYECKOL IHepeUU 8
CMpOUmMenbHOU UHOYCIPUU U KOMMYHATbHO-0bIMOBOM X03sUCMEe.

Kurouesrbie cJI0Ba: HEprocOepexeHue, HHEPro0e30nacHOCTb,
9HEPT03(h(HEKTUBHOCTH, TEIUIOBASI SHEPTHUSI, TEIIJIOBAS U30JISITHS.

Key words: energy saving, energy security, energy efficiency, thermal energy, thermal
insulation.

[IpoBeneHHbIE HAMU MHOTOUYUCIICHHBIE HATYypHBIE MCCIIEOBAHUS MOKA3alld, YTO MPHU
AKCIUTyaTalliM COBPEMEHHBIX MHOTOATAKHBIX JKUJIBIX 3/IaHUNA 4Yepe3 Hapy>KHbIE CTEHbI
Tepsiercs okoso 40 % TEerIoBOM SHEPruM, Yyepe3 HapyKHble okHa — 19 %, yepe3 Kphliry
nociemHero staxa — 19 %, gepes o mepBoro staxka — 10 %, yepe3 BenTusuio — 12 %.

[lopToMy TOJIBKO 4Yepe3 HapyKHbIe OrPaXKIAONUME KOHCTPYKIIMU J1OOUTHCA
MaKCUMaJIbHOTO YMEHBIIICHHSI TETUIOBBIX MOTEPh HEBO3MOXKHO, MOCKOJBKY 3HAYUTEIbHAS
4acTh MOTEPh TEIUIOBOM YHEPTUU MPUXOJUTCS Ha TaK HA3bIBAEMbIE «MOCTHKHU XOJOJa»,
KOTOpbI€ 00Pa30BBIBAIOTCS B HAPYKHBIX OTPAKAAIOIIMX KOHCTPYKIUAX [1].

TeroBast sHeprusi ABJISETCS CaMbIM JIOPOTOCTOSAIIAM JHEPTETUYECKUM PECYPCOM.
[ToaToMy BCe MepONpHATHS, CBS3aHHBIE C COCPEKEHHUEM TEILIOBOW SHEPTUU SBISIOTCS
MPUOPUTETHBIMU. OTH MEPONPHITHS JIOJDKHBI OBITh HANpPAaBJIICHBI Ha paliOHAIBHOE
UCIIOJIb30BAaHUE TEIUIa, CHIKEHHE YTEYEK, YBEIMYEHHUE CpOKa CIyXObl CHCTEM
oOecrieueHns TEIJIOBOW HDHEPTHEH W TOPSYEr0 BOJOCHAOKEHHS, a TaKKe OTIEIbHBIX
KOHCTPYKTHUBHBIX 2JIEMEHTOB THX CHUCTEM.

B rnoGansHOM Macmtabe ceromHs SHEpProdd(PEeKTUBHOCTh SBISETCS OCHOBHBIM
AIIEMEHTOM YEJIOBEYECKOM NeATeTbHOCTH, BKIIOYAIOIIEH €CTECTBEHHbIE (IIPUPOIHBIC) U
HUCKYCCTBEHHBIC  DHEPrOCHUCTEMBI, KOTOpbIE  TpEIHA3HAYEeHbl JUISI  TIOJyYEHHS,
npeoOpa3oBaHus, PEryJIMPOBAHUS, PACIIPENCIICHUs U pacXxoJoBaHusl sHepropecypcos. [1o
OLICHKaM OTE€YECTBEHHBIX CIEUUAIUCTOB, MOTEHIMAT YHEPrOCOEPEKEHUS B CTPOUTEIBHON
Y1 KOMMYHaJIbHO-XO03MCTBEHHOW WHJYCTPUM HAILEH PECHyONMKH COCTaBISET OKOJIO 55 —
60 % ot ob6miero nmorpedeHus [2].

Cucrembl OTOIJICHUSI COBPEMEHHBIX 3/IaHUM JTOJDKHBI padOTaTh TakK, YTOOBI PacxXof,
MO/IaBaEMOM B Ka)kJ10€ MOMEIICHHE TEIIOBOM SHEPIHH COOTBETCTBOBAJ MOTPEOHOCTH B
COOTBETCTBMM C Ha3HAYEHHWEM IOMEIIECHUS. OTH YCJIOBUS MOTYT OOECIEeUUThH
aBTOMATU3UPOBAHHBIC CHUCTEMbI OTOIUICHHS, KOTOPBIC OCHAIICHBI IMPUOOpaMU ydeTa
TEII0BOM »Heprun. KomiiekcHass aBToMaTH3aIus BKIIIOYAET PETYJIMPOBAHNUE TapaMeTPOB
TEMJIOHOCHUTENISI B MECTHOM TEIIJIOBOM MTyHKTE, MECTHOE PEryJIMPOBaHUE TIOJa4YH TETIIIOBOM
DPHEPTUU B OTOMUTENBbHBIC MPUOOPHI U aBTOMATHYECKOE TMOAJICPKAHUE THUAPABINYECKOTO
pexuma B cetH [3].
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[Ton »Hepro’pHeKTUBHOCTHIO B  CTPOUTENBHOM HHAYCTPUM U SKHJIUIIHO-
KOMMYHAJIbHOM XO3SIIICTBE CIEAYyEeT NMOHUMAaTh KOMILJIEKC MEPONPUATUIN, HANpPaBICHHbBIX
Ha YMEHBILIECHUE HCMOJIb3yEMON B 3JaHUU TEIUIOBOM SHEPIHM, KOTOpas HEOOXoauMa JUis
HOJJEepkKaHUsl B MOMEIICHUSIX 3/aHUN HOPMATHUBHBIX MAapaMETpPOB MUKPOKIMMATa. OTH
MEPOIPHUATHS JODKHBI OBITh TEXHUYECKH OCYHIECTBUMBI, SKOHOMHUYECKH OOOCHOBAaHBI U
O6esomacHel. Bwmecte ¢ Tem, dHeprodd(PeKTUBHOCTh HEpPa3phIBHO CBSI3aHA C
sHeprocoOepexkeHuem [4].

DHeprocOepeKeHUe JOIKHO ObITh OTHECEHO K CTPATErMYECKUM 3a/1a4uaM peCITyOJINKH,
ABJIAACH KJIFOUEBBIM METOJOM OOECHeueHUs SHEProOe30NacHOCTH, a TAaKXKE pealbHbIM
YCIIOBUEM COXPAaHEHUS] MAaKCUMAJIbHBIX JOXOJO0B OT 3KCIOPTAa SHEPreTUUECKUX PECYpPCOB.
[Tomumo 3TOrO, HEOOXOIMMBIE JJI1 BHYTPEHHUX NOTPEOHOCTEN IHEPTrETUUECKUE PECYPCHI
MO>KHO TIOJTyYUTh HE 3@ CUET YBEITUUCHUS TOOBIYH, HO U C MEHBIIMMU 3aTpaTaMu, 3a CUET
MOBBIIIEHUS  AHEProdPGEeKTUBHOCTH BO BCEX OTpacisix >KU3HEOOeCreueHus U
NpOMBIIIIEHHOCTH. OHON M3 OCHOBHBIX 337]a4 COCTOUT B TOM, YTO ONPEICIUTh, KAKUM
IIyTEM U HACKOJIBKO MOHO OCYIIECTBUTH 3TO MOBBILICHUE [5].

OTMeTHM, 4TO B HACTOSIIEE BPEMS OPUEHTUPOM Ui YNPABISIOLUIUX BO3JACHCTBUI
HCIOJIb3YETCS MOTEHIIMAJ SHEProcOepeKeHus, 101 KOTOPBIM MOJPa3yMEBaIOTCs PE3EPBHI,
KOTOpblE MOTYT OBITH oOIpeneiaeHsl BO BpeMeHUu. OaHAako MNpPOBOJS  OLEHKY
SHEPronoTeHIMAIa JIOOro O00bEKTa HEOOXOAUMO YYECThb KOJUYECTBEHHYIO H
KauyeCTBEHHYIO XapaKTePUCTHUKY.

[Ipennaraem kiacc sHEProdPPEeKTUBHOCTH 3IaHUN M COOPYKEHUH OIpPEACTUTH IO
CIIEIYIOIIUM TTapaMeTpam:

1. VY nenpHbIE TEMIOBBIC TOTEPU YEPE3 HAPYKHBIE OTPAXKIAIONINE KOHCTPYKITUH.

2. Pacxonpl Ha cUCTEMbI OTOIUICHUS, BEHTUJISIIUY, KOHIUIIMOHUPOBAHUS BO3/IyXa
U TOPSTYETO BOJOCHAOKECHHUSI.

3. Pacxopl Ha XOJOAHYIO BOAY.

4, Pacxonpl Ha 3JIEKTPOIHEPTHIO.

AHanu3upys SHEPreTHYECKUid KOMIUIEKC PEeCIyOIMKY HaMU MIPEAJIaraeTcs Cieayomas
MOCJIEIOBATEILHOCTh IPOBEACHUSI MEPONPUATUNA MO pa3paboOTKe NporpamMm Jis

sHeprocOepeKeHUS:
1. [IpoBenenue sHeproodCiIeIOBaHUN 3IaHUN U COOPYKEHHM.
2. COop u ananu3 undopmaruii 00 IHEPronoTpedIeHUN JaHHBIX 00BEKTOB.
3. [IpoBeneHre KOMIUIEKCHBIX MEPOIPUSATUNA 1O BBIABICHUIO (DAKTUIECKUX

MOTPEeOHOCTEHN MO BUJIaM SHEPTETUYECKUX PECYPCOB.

4. IToBpIlIEHNE TEIUIOBOM 3allUThl HAPYXKHBIX OTPAXKIAIOIINUX KOHCTPYKLIMHI
3JIaHUI U COOPYKEHUM ImyTeM pa3pabOTKH KOHCTPYKLUA HOBOTO TOKOJICHHUS.

5. OcHareHue 37aHUd U COOpPY)KeHH mpubopamMu ydeTra U KOHTPOJIS
JSHEPreTUYECKUX PECYPCOB.
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6. @opMHUpOBaHME HOBOM CHCTEMBI IIOKA3aTeNed W WHAUKATOPOB, KOTOPHIE
OTPaXKarOT IIEPEX0J HAa KAYECTBEHHO HOBBIM YPOBEHb HCIIOIB30BAHUS JHEPTETUYECKHUX
PECYPCOB BO BCEX OTPACIAX KUZHEOOECIIECUECHNUS.

7. Pa3paboTka anpTEpHATUBHBIX MEPOIPUATHH, KOTOpble OyayT oOecreunBaTh
JNOCTHKEHNE BBICOKMX 3HAYECHUM IOKA3aTENIe U UHAUKATOPOB.

8. CrouMoCTHas JOCTYIHOCTh U O0OBEKTUBHOCTh MPEIJIOKEHHBIX MEPOIPHSITHIA.

Q. CocraBneHue CIHCKa TEXHHMYECKMX M TEXHOJOTMYECKUX MEPOIPHUATUH I10

pealiv3allii  TPEUIOKEHHONM TMPOTrpaMMbl IO SHEProcOEpPEeKEHUI0 M MOBBIIICHUIO
AHEpreTUYecKor 3PEeKTUBHOCTH.

[IpoBeneHHble HaMU HaTypHBIE HCCIEJOBAaHUS TOKAa3bIBAIOT, YTO OCHOBHBIC
MEPOTIPUATHUSA 110 COEPEKEHUIO TETUIOBOM SHEPTUU B CUCTEMAX TEIUIOCHAOKEHUS 3JaHUM 1
COOPYKECHUU CIICIYIOIIUE:

- peryimpoBaHHUE pexuMa TMOJa4u TEIJIOBOM YHEPTHH MOTPEOUTENSIM B 3aBHCUMOCTH
OT KIMMAaTHYECKHUX IapamMeTpoB M Teorpaduyeckoil MIMpPOTHl pailOHa CTPOUTEIHCTBA,
OpUEHTAIlMM W yKJaJa IKU3HM HaceleHuss (C TPUMEHEHHEM COBPEMEHHBIX
MH()OPMAITMOHHBIX TEXHOJIOTUH);

- ONITUMU3AIIHS IKCILTYyaTallUOHHBIX PEKUMOB;

- pa3paboTKa W OpraHM3aIus MEPONPHUSTUN IO JMKBUIAIMU HETPOU3BOIUTEIHHBIX
ITOTEPH TEMIOBOM YHEPTUH.

[Tpu pazpaboTke U OpraHu3aluyu MEPOIIPHUATHIA 10 SHEPTOCOEPEIKEHUIO U TUKBHIAITUN
HEMPOU3BOJAUTEIBHBIX MOTEPh MpejaraeM IpeaycMaTpyuBaTh BBIOJHEHHE paldoT B
CIIEYIOIINX HAMPaBICHUIX:

1. [IoBpIlIEHWE  TEIUIO3ALIMTHBIX  CBOWCTB  HAPYXHBIX  OTPa)KIaroLIMX
KOHCTPYKIIUH.
2. [IpumeHnenne mMpephIBUCTYI0O U TO(acagHyld CHUCTEMY OTOIUICHHS C

TIEPEMEHHBIM TETIJIOBBIM PEKUMOM.

3. Pa3paboTka  METOIWKH  PEKOHCTPYKIIMM  CHUCTEMBI  OTOIUICHUS  IIpH
BBIHYKJICHHOM U3MEHEHHUH PEXMMa dKCILTyaTalliuu.

4, MojepHu3als CXeM MPHUCOCAUHEHUS CHCTEM IEHTPAJbHOTO OTOIUICHUS K
TETUTOBBIM CETSIM.

[TpoBeneHHBIC HATYpPHBIC HCCICAOBAHUS IMOKA3BIBAIOT, YTO YMCHBIIUTH YJICITbHBIC
TETUIONOTEPH Yepe3 Hapy)KHbIE OrPaXKIArOIIAe KOHCTPYKIIMH BO3MOXKHO CIIEAYIOITUMHU
criocobamu:

- CTPOMTENBCTBO INMMPOKOKOPHYCHBIX 3maHuil. IllupuHa 3maHHS HEMOCPEICTBEHHO
BJIMSICT Ha IJIOMIAb HAPYKHBIX KOHCTPYKIIUH U COOTBETCTBEHHO, YMEHBIIACTCS TEIJIOBBIC
MOTEPH Yepe3 HUX.

- IPUMEHEHNE OKOH C TPEXCIIONHBIM OCTEKJICHHUEM U TEIJIOOTPAXKAIOIINM MOKPHITHEM
¢ 00erx CTOPOH.
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- TPUMEHEHHUE TEeIUIOM3OJSIIIMOHHBIX MaTEpPUaJOB C HU3ZKUMHU KO3 (dULIMEeHTaMH
TEIUIONPOBOAHOCTH. TEIUION30ALMs HapyKHBIX OTPAKIAIOLIMX KOHCTPYKLUHN 31aHUN U
COOPYKEHHI OJJHOBPEMEHHO MPECIIEyeT HECKOJIBKO MPAKTUUECKHUX LIETIEeH, KaK SKOHOMMUS
TOIUIMBHBIX ~ PECYPCOB,  TIOBBIIIEHHE YPOBHS  3BYKOM3OJSILIMH, KOMQOPTHOCTU
MUKpPOKJIUMATA U T.J.

- IPUMEHEHNE COBPEMEHHBIX TETNIOM3O0JISIIMOHHBIX (PacagHbIX CHCTEM.

VYuuteiBasg, 4to 3HEProd(HEKTUBHOCTh 3MaHUM M COOPYKEHUH OINpeAenseTcs
COBOKYITHOCTBbIO MHOTUX (DaKTOPOB, HAMU TpEAJIaraeTcs METONKa, KOTOpasi OCHOBaHA Ha
KOMIUIEKCHOM TOJXOJE€ U OXBAaThbIBA€T BCE KOHCTPYKLMH, y3Jbl M JCTANM 3AaHUNA U
COOPY’KEHMI, a TAK)KE€ CUCTEMbI OTOIUICHUS, BEHTUISILMU, KOHIUIMOHUPOBAHUSI BO3yXa,
rOpsIYEro U XO0JIOJHOTO BOAOCHA0XKEHNUS, DIIEKTPOCHAOKEHMS.

Husko3arpaTHeie MEpONIPHUATHS:

- IPOMBIBKA U YHCTKA CUCTEMBI OTOTUICHHUS 3aHUS;

- TUJpaBIMYECKas, KAuYEeCTBEHHAs M KOJIMYECTBEHHas OaJlaHCUPOBKA CHCTEMBbI
OTOIUJICHUS 3[IaHUS;

- 00ce10BaHNEe OTOMUTENBLHON CUCTEMBI;

- YCTaHOBKA TEPMOCTATHYECKUX KJIAIIAHOB HA PailaTopax;

- YCTAaHOBKAa CHEIHUAIBHBIX TEIUIOOTPAXKAIOIIUX HKPAHOB 3a OTONMTEIBHBIMU
npudopamu;

- YTEIUIEHUE HapY>KHBIX JABEPHBIX MPOEMOB;

- TEIJIOBU3MOHHASA CheMKa (pacazioB 3AaHMS.

CpennesaTpaTHble MEPOIIPUSTHS:

- OCHalIlleHHUE 37aHKsI TPUOOPaMH yueTa TeIJIOBOM SHEPTUH, BOJbI U AJIEKTPOIHEPTUH;

- YTEIUIEHHE CTBIKOB U «MOCTHMKOB XOJOJa» Ha BEPTUKAJIbHBIX HAPYKHBIX
OrpakIArOIIMNX KOHCTPYKIIUSX;

- YTEIUIEHUE YEPAAKOB U MOBAJIOB;

- 3aME€Ha CBETUJILHUKOB Ha 3HEProd((HEeKTUBHEIE;

KpynHo3aTpaTHble MEpOTIPUSATHS:

- YTEIUIEHUE HAPY>KHBIX OTPaKIal0IINX KOHCTPYKIIUI;

- 3aMEHa HapyXHbBIX OKOH Ha HOBBIE, 00JaJaroIIMe BBICOKUM TEPMUUYECKUM
CONPOTHUBJICHUEM TEIUIONIEPEAAYE;

- MOJEPHU3ALa CUCTEM OTOILJICHUS;

- YCTAaHOBKA MHJIMBHUIyaJIbHBIX TEIUIOBBIX ITYHKTOB;

- 3aMEHa OTONUTENbHBIX KOTJIOB HA COBPEMEHHBIE C BBICOKUM KOIPPULIHUEHTOM
MOJIC3HOI'O JICHCTBUS,

- 3aMeHa TEIUIOBOM M30JISIMU HAa MaruCTpajibHBIX TPYyOONpOBOAAX;

- peryJupoBaHHE OTIYCKa TEIUIOBOM JHEPrHMHM MOTPEOUTENSIM B 3aBUCUMOCTH OT
Hapy>KHbIX  KJIMMAaTHYECKMX I[apaMeTpoB  (TeMIlepaTypbl, CKOpPOCTH BeTpa H
OTHOCHUTEIHHOMN BIAXKHOCTH);
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- 3aMeHa 000PYA0OBaHUI MarkuCTPaIbHBIX TEIUIOBBIX CETeil Ha HIHEProd(PPEeKTUBHBIE;

- YCTaHOBKa YaCTOTHO-PETYJIMPYEMOIO IPHUBOJA HA LEHTPOOEKHBIX HACOCHBIX
000py10BaHUSX;

- 3aMEHA IEKTPUUYECKUX JIaMII Ha SHEPro3(pPEeKTUBHBIE.

JlJis cucTeM OTOIUIEHUSI U TOPSIYEro BOJOCHAOKEHHS] B KA4ECTBE MEPBOOUYEPEIHBIX
IpejlaraéM  CIEAYIOIMIME MEpPONPUITHS IO 3HEProcOEkKEHUI0 U MOBBILIEHUIO
9HEPTrodh(HEKTUBHOCTH:

- YCTaHOBKa OaJaHCHUPOBOYHBIX BEHTUJIEH HA BCEX CTOSAKAX CUCTEMbI OTOIUICHHS U
rOpsi4ero BOJAOCHA0KEHNUS;

- MPOMBIBKA MAarucTpajbHBIX TPYyOOIPOBOJOB, CTOSKOB U 3allOPHO-PETYIHUPYIOLINE
apMaTypbl CHCTEMBI OTOIUICHUS;

- YCTAHOBKAa TEIUIOOTPAXAIIIMX DKPAHOB 34 paguaropaMy B NOMELIECHUAX 3JaHUU
(31O MenmpusATHE NO3BOJISIET YBEIMYUTH TEMIEPATYpPY B noMemeHusix Ha 1,0-1,5 °C);

- 3aMEHa CTapbIX HarpeBaTeIbHbIX MPUOOPOB;

- YCTaHOBKA LIEHTPAJIBHOTO JUIA BCErO 3AaHUS M MOKBAPTUPHBIX CYETYUKOB TEIUIOBOU
DHEPI'UU U TOpsYer BOJBI.
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Azarbaycan Dovlat Daniz Akademiyast
*Azarbaycan Texniki Universiteti
MUASIR USULLA GOMIiDO SUYUN TOMIZLONMOSI

Xulasa: Suyun tamizlanmasinin maasir isullari, sirin su istehsalinin ticarat
donanmasi gomilari iiciin an optimal hall yolu oldugu qanaatina galmaya imkan
verir. Bu metodlar hamg¢inin gamids giindalik hayata verilon suyun hacmina va
keyfiyyatina nazarat etmaya sarait yaradir.

Abstract: Modern methods of water treatment allow us to conclude that own
production of fresh water is the most optimal solution for merchant fleet ships, and
there is also control over the volume and quality of water supplied for everyday life
on board.

Annomayun: CospemeHHble Memoobl OYUCMKU 600bl NO360AI0OM
coenamsb  6bl800, UMO COOCMBEHHOE NPOU3BOOCMBO NPECHOU B00bl SBJIAEMCSl
Hauboiee OnNMUMATbHLIM peulenuem Ol Cy008 mopeo8o20 (haoma, a makKxice ecms
KOHMpONb 0bvbema U Kawecmea NnooasaemMou 600bl Ol  NOBCEOHEBHOU
AHCU3HEOesAMENIbHOCIU HA OOpM).

Acar sozlar: sirin su, gami, keyfiyyat, su qizdirict, nasos

Key words: fresh water, vessel, quality, water heater, pump

Knroueevle cnosa: npecnas 600a, cyoHo, Kauecmeo, 6000HA2Pe8amelb, HACOC

Giris.Su vo insan ayrilmaz sokildo baghdir, eyni zamanda su olmasaydi,
insanlar sadaco olaraq sag qalmazdilar. Su bizim hoyatimizda daim istifade olunur.
Biz ondan susuzlugu yatirmaq, yemok hazirlamaq, yuyulma, ¢immok vo s. istifado
edirik [1].

Suyun boyik hissasi donizlords va okeanlardadir. Amma bu formada
onun torkibinds coxlu duz var va insanlar iiciin tamamilo yararsizdir. Hor
birimiz sadaco susuzluqdan olordik, ¢iinki badon bu qadar duzun 6hdasindan
2319 bilmir, buna gora ds i¢gmali su miivafiq doracads tomizlonmalidir.

Noazari hissa. Igmoli su tomiz, spesifik qoxu vo dadsiz, epidemioloji
cohatdon tohliikkesiz olmalidir yoni torkibindo patogen bakteriyalar vo zororli
qarisiglar olmamalidir. Onun keyfiyyoti ISO 19458:2006 (Suyun keyfiyyoti -
mikrobioloji analiz {igiin niimuna gotiiriilmasi) [2] talablarina cavab vermalidir.
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“Guide to Ship Sanitation” 3 rd ed. sanitariya qaydalarina uygun olaraq
biitiin gomilor kifayat godor tomiz (sirin) vo texniki su ilo tomin edilmoalidir.
Belolikla, sahildon 100 mildon ¢ox moasafodo olan va bir sutkadan ¢ox davam
edon saforlor edon gomilor giindo adambasina 100 litr sirin su ehtiyatina (40 litr
icmali va 60 litr yumagq iiciin) malik olmahdir [3]. Gomilards i¢cmali va texniki su
sistemlorini maisot sirin su sistemi adlandirirlar; eyni zamanda, texniki suyun
saxlama soraiti vo keyfiyyat baximindan icmali suya uygun olmasi tolob olunur,
yoni su t3zd, tomiz, soffaf olmahdir vo torkibinds zararli qansiqlar,
mikroorqanizmlor olmamahdir.

Gomidoki igmali su sistemina bir sira miixtalif avadanliglar daxildir. Bu sistem,
suyun qobulu vo saxlanmasi iigiin ¢on, pnevmatik con (hidrofa), su qizdiricilar1 vo
elektrik qazanlari, dayaq borular1 (fovvarslor), boru komorlori, doniz suyunun
tomizlonmasi vo bakterioloji emali liglin qurgudan, nozarst vo idaroetmonin
avtomatlasdirilmasi ii¢iin cihazlardan va sanitar nasoslardan ibarotdir.

Icmoli su gomido ayrilmis ¢conlords saxlanilir. Gominin gévdasinds vo onun
iist tikililorinda hasarlanmis sisternlardon istifadaya icaza verilir. Eyni zamanda,
conlor doniz suyu vo har hansi digor mayelor iiciin tutumlarla tomasda
olmamahdir. Coni yuxaridan mohdudlasdiran goyartonin icorisinds bir sira
sisternlar ola bilar.

Icmoli vo texniki sular iiciin istifado olunan su ¢onlori doldurma, gabul va
hava borulan ils tachiz edilir. Conlords icmoli suyun migdarim o6l¢gmak iigiin
cirklonmd ehtimalim istisna edon avtomatik vo digor cihazlardan (sensorlar,
gostoricilor va s.) istifado etmok lazimdir. Bunun iiciin 6l¢gmd ¢ubugundan
istifado etmoays icazs verilmir. Yuyucu suyun miqdar1 goyartads sabitlonmis
daimi saygac cubugqlari olan 6l¢cma borular vasitasils ol¢iils bilar.

Bununla bels, geyri-mohdud naviqasiya sahosi olan gomilorin 6z sirin su
istehsal1 var.

Duzsuzlasdirma tsuluna osason avadanliq sathli vo sothsiz tipli qurgulara
bolindr. Bundan olava, onlar toyinatina (duzsuzlasdirma, buxarlandirici,
birlosdirilmis), istilikdasiyici noviine (buxar, qaz, su, elektrik), istilik istehsal tisuluna
(sixilma va pillali) va is soraitine (miistoqil vo geyri-miistoqil) gora tosnif edilir.

Osas texnologiyalar iki asas qrupa boliiniir. Birinci qrupda suyun aqreqat
halinin dayismasi nazards tutulmur (emalin biitiin marhaldlorinds maye olaraq
qalr). ikinci qrupda miidyyan morhslodo mayenin bark vo ya qaz halina
ke¢cmasi nazarda tutulur.
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Miuasir donanmada duzsuzlasdirilmis su aldo etmoyin an ¢ox yayilmig tisulu
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distilladir (sok. 1) [4,5].
Sakil 1. Suyun distills prosesi

Suyun distillo edilmasi (doniz suyunun termik duzsuzlasdirilmasi) ii¢iin
qurgular adoton iki hissadon ibaratdir: doniz suyunun buxarlandigi buxarlandirict vo
kondensator. Buxarlanma iisuluna goro buxarlandiricilar sabit tozyiq ve yliksok
temperaturda isloyonlors (qaynama prosesi) vo asagi tozyiqds isloyanlora boliintir.

Xarici suyun buxarlanmasini tomin etmok iisuluna gors qaynayan v
tobagali buxarlandiricillardan istifado edilir. Qaynayan buxarlandiricilarda
qizdiric1 elementlor birbasa suyun icindd yerlasir, temperaturu qaynama
daracasing gatirilir. Bunlara tozyiqi asagi temperaturda qaynamagi tomin edan
vakuum buxarlandiricilar1 daxildir; qaynama noqtasindon asagi avvalcadon
qizdirilan selin vo ya axinlarin sathlorindon buxarlanmanin bas verdiyi
adiabatik buxarlandiricilar; beld buxarlandiricilarda vurulan suyun miqdar:
buxarlandiricinin__isindon 8-16 dofo ¢ox olmahdir [4]. Tobagali
buxarlandiricilarda buxarlanma quzdirict sathds amals galon 0,02-0,03 mm
galinhiginda su tobagasindan bas verir ki, bu da daha intensiv istilik otiiriillmasi
ilo naticolonir [4]. Onlarin tstiinlityii ¢oki vo ol¢iilorin kicik olmasidir. Suyun
duzsuzlasdirilmasi qurgusunda doniz suyu elektrik enerjisi vasitasilo buxarla vo
tullantilarin soyuducu suyundan v ya miiharrikin islonmis qazlarindan istiliyi
barpa etmaklo qizdirila bilor. Tomiz icmoali suyun hazirlanmasi iciin distillo
(buxarlanmis su) Jlave olaraq minerallasdirihir vo xiisusi qurgularda vo
filtrlords dezinfeksiya edilir.

Duzsuzlasdirtlmis daniz suyu (distillo) i¢mok Ggilin yararli deyil. Yalniz
yuyunma, yumagq Vva digar sanitar moagsadlor tg¢ln istifads edilo bilor. Duzsuzlasdirma
Ucln doniz suyu sahildon 20 mildan ¢ox olmayan masafods aparilmalidir. Qablarin
yuyulmasi {i¢iin asag1 tozyiqli (vakuumlu) buxarlanma qurgularinda 80°S-o godor
buxarlanma temperaturunda alinmis duzsuzlasdirilmis sudan yalniz xlor torkibli
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preparatlarla vo ya ultrabondvsoyi siialarla miivafiq qaydada dezinfeksiya edildikdon
sonra istifado etmok mimkandr.

Icmok mogsadi iiciin duzsuzlasdirilmis doniz suyundan minerallasmadan
sonra va onun duz tarkibi talablarina tam uygun olaraq istifada edila bilar. Bu
halda onun dezinfeksiyas1 macburidir. Har bir kimyavi komponent Ugun
minerallasdirma xotalart1 +10-15%-don ¢ox olmayan qarisdirici qurgudan
istifado etmaklo aparilmahdir [5]. Distillo edilmis sudan i¢mali suyun
hazirlanmasi tibb iscisinin nazarati altinda gominin texniki iscilori tarafindan
hayata kecirilir.

Doniz suyunu tomizlomoyin kimyavi iisulu da moévcuddur. Duz ionlarim
baglayan vo onlarin ¢6kmoasina kémak edon reagentlor suya daxil edilir. Giimiis vo
barium duzlar1 reagentlor kimi istifado olunur vo onlardan duzsuzlasdirilmig suyun
imumi miqdarinin 5%-o0 qodori lazimdir. Reaksiya zamani zohorli maddolorin
ayrilmasi bas verir, buna gora do bu Usul praktiki olaraq istifads edilmir.

Daniz suyunu tomizlomayin bagqa bir tisulu elektrodializdir (sok. 2). Duzlu su
vannasinda elektrokimyovi aktiv diaqramlar soklinds iki elektrod (plastik vo ya rezin
govdo, qatran doldurucu ilo) qurasdirilir, bundan sonra birbasa coroyan kegirilir.
Doniz suyu ilo doldurulmus vanna miisbot vo monfi diafragmalarla mohdudlasir.
Duzsuzlagdirma {ic¢lin nozords tutulmus on vacib kameralar qalan hissolordon
ionlagsmis yarimniifuzetma qabiliyyatli membranlarla ayrilir.

KATIOND®YiSDiRICi MEMBRAN . ey
ANIOND®YISDIRICI

DEZONASIYA QARISIE! MEMBRAN
KONSENTRAT ! / KONSENTRAT

@ I
. -
=) -
o - -
- - -
== - - | - @ -
P 4 - ©® =i —
ELEKTROD < -
- - @
= =
=
- -
bas
KONSENTRAT
k3 ) -

Sakil 2. Elektrodializ prosesi

Xlor va oksigenin atmosfers buraxilmasi ilo kimyoavi reaksiya bas verir. Su
araliq kameralarda toplanir vo bosaldilir, duzlu mohlul iss ¢ands galir.

Bu iisula 1on miibadilosi ilo duzsuzlasdirma deyilir: doniz suyunun duzlulugu
ilkin olaraq asag1 olan yerlords istifads olunur.

Ultrafiltrasiya iisulu (sok. 3), '""oks osmos'" kimi do tanimir. Bu vaziyyatds,
duzlu mahlul su ke¢iron, lakin duz ke¢irmayon bir membran vasitasilo tazyiq
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altinda verilir. Belo membranlar seliilloz asetat lifindon hazirlanir vo su

Sutkada 4 kubmetr tutumlu va duzlu suya taxminan 160 kqq/sm’ tazyiq
gostaran xiisusi tors osmos sistemlori selilloz asetat membranlar ilo tachiz
edilmisdir. Membranlarin arxa torafindo giiclii tozyiqo tab gotira bilon
biiriincdon masamali plitolor var. Prosess nazarat avtomatik va yar1 avtomatik
rejimds miimkiindiir, burada sabit su tachizat1 t3zyiqina nazarat vacibdir. Duzlu
sudan sirin suyun ¢ciximi 70%-3 qadardir [6,7].

Ultrafiltrasiyanin catismazhqlar1 arasinda membranlarin qisa istismar
miiddati va filtrasiya ticiin nazards tutulmus sathin tasir edici ol¢iisii var.

TozviQ ARALIQ MEMBRAN
' = /

=
=
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Sokil 3. “Oks osmos” tomizloms Usulu

Dondurma {tsulu. Tabii soraitdo okeanlar1 vo donizlori Orton buz tomizdir.
Yavas dondurma siini sokildo hoyata kecirilir ki, bu da iynali kristal quruluslu buz
olds etmoys imkan verir. Yaranan buz aridilir ki, bu da duzlulugu 500-1000 mqg/I-don
cox olmayan su aldo etmoyo imkan verir [6]. Dondurma {i¢iin suyun qazli vo ya maye
soyuducu ilo tomasi tomin edilon kristalizatorlar (slago, vakuum, divar vasitosilo
istilik miibadilasi) istifado olunur.

Daha keyfiyyatli yaxsi duzsuzlasdirmaq iiciin donmus doniz suyu 20°C
temperaturunda odridilir: ariyon su duzlar1 buzdan daha yaxs1 suziir. Bu
vaziyyatdd duzlu su ¢okiir vo buzun qalinh@na diismiir. Bu iisul sadaliyi vo
gonadtciliyi ilo secilir, lakin dondurma iiciin boyuk va pesokar avadanhq
zaruridir.

Notica. Beloliklo,arasdirmalar sirin su istehsalimin ticarat donanmasi
gomilari iiciin an optimal hall yolu oldugu gonastina galmays imkan verir, ¢iinki
onun tomin edilmasi gomids giindalik hayata verilon suyun hacmino vo
keyfiyyatina nozarat aparmaga sorait yaradir.

Hal-hazirda an populyar aks osmos texnologiyasi membranlarin istehsah
vd istismar uciin shamiyyatli xarclor, eloco da qurgularin islomasi tciin boyik
enerji tutumlarn tlob edir. Bundan slavy, duzsuzlasdirildigdan sonra, tez-tez
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okeana va ya donizd qaytarilan yiiksak konsentrasiyali duzlu su qalir vo bununla
da suyun duzluluq saviyyasini artirir. Hor il bu hallar duzsuzlasdirmanm getdikea
catinlosdirir va bahah edir.
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Oli-zads Sadaqat Tofiq quz1
Azarbaycan Memarlhq va insaat Universiteti
GUNOS ENERJISINDON ISTIFADO ETMOKLO DONiZ
SUYUNUN DUZSUZLASDIRILMASI

XULASO

Basariyyatin yaranmasi su lizerinda qurulub. Su planetin sathinin dordds Gglini
ohata edon yer (izlinds an zongin ehtiyatlardan biridir. Bununla bels, yer Gzarindoaki
suyun taxminon 97%-i okeanlardaki duzlu su, 3%-i iso sirin sudur. Insan vo heyvan
chtiyaclariin boytik hissasini tomin edon yerin suyunun bu kigik faizi yeralt1 sularda,
gollords va caylarda movcuddur. Daniz suyunun duzsuzlagdirilmasi ila su
catigsmazligi (sirin su ) problemini hall etmok moagsadouygun olardi. Lakin duzlarin
doniz suyundan ayrilmasi boyiik miqdarda enerji talob edir. Buna gora do, daniz
suyunun duzsuzlasdirilmasi ti¢iin ekoloji cahatdan tamiz alternativ enerji
monbalarindan istifadays ehtiyac var.
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Acgar sozlar: suyun duzsuzlasdirilmasi, alternativ enerji manbalori

ABSTRACT

The origin and continuation of mankind is based on water. Water is one of the
most abundant resources on earth, covering three-fourths of the planet's surface.
However, about 97% of the earth's water is salt water in the oceans, and a tiny 3% is
fresh water. This small percentage of the earth's water - which supplies most of
human and animal needs - exists in ground water, lakes and rivers. It would be
appropriate to solve the problem of water shortage by desalination of sea water.
However, the separation of salts from seawater requires a large amount of energy.
Therefore, there is a need to use environmentally friendly alternative energy sources
for desalination of sea water.

Key words: desalination of water, alternative energy sources

GIRIS

Diinyada bas veran ekoloji proseslor, iglim doyisikliklori igmali su qithginin
yaranmasina gotirib ¢ixarib. Doniz suyunun duzsuzlagdirilmasi su qitlig1 problemini
aradan qaldira bilor. Clnki doniz suyunun duzsuzlasdirilmasi etibarli vo davamli
sirin su manbayi kimi nazards tutulur.

Doniz suyunun duzsuzlasdirilmasi dedikds, doniz suyundan duz vo digor
minerallarin insan istehlaki vo digor istifads {igiin yararli hala gotirilmasi prosesini
ohato edir. Duzsuzlasdirmagq {igiin bir ne¢s tisul mévcuddur:

Termal distillo - doniz suyunu qizdiraraq buxar hasil edir, daha sonra sirin su
hasil etmok i¢iin kondensasiya olunur.

Oks 0smos - duz vo digor minerallar1 doniz suyundan ayirmaq {igiin
yarimkeg¢irici membrandan istifado etmoklo sirin suyun kegmasina imkan verir.

Elektrodializ - doniz suyundan duz va digor minerallar ¢ixarmagq iiglin elektrik
Coroyanindan istifado edir.

Nanofiltrasiya - doniz suyundan duz vo digor minerallar1 ayirmaq ti¢lin tors
osmosdan daha kigik masamalara malik membrandan istifads edir.

Termal distillo nec¢a illordi siibut edilmis texnologiyadir, lakin yiiksak miqdarda
enerji talob edir vo baha basa goalir. Elektrodializ va nanofiltrasiya halo do inkisaf
etmokdo olan texnologiyalardir vo onlarin effektivliyi vo miqyasi halo do
giymatlondirilir. Oks osmos iisulunda isa su bdyiik tozyiqlo membranlara vurulur.
Membran vasitasilo su molekullarini buraxir, tullantilarin vo duzun molekullarini isa
saxlayir. Bu iisulda su, duz, xlor vo bagqa torkiblordon tomizlonir. 9ks osmos iisulu
hom miasir tsul vo hamg¢inin an c¢ox istifado edilon Gsuldur. Cinki o, yiksok
samaralidir vo barpa olunan enerji monbalari ilo tachiz edilo bilor. Bu sobabdon
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duzsuzlasdirma proseslorindo borpa olunan enerjilorin on perspektivli  totbiq
olunmalidir. Termal giinos enerjisi 1lo doniz suyunun duzsuzlasdirilmasini misal
gotirmak olar. Giinos enerjisi ilo doniz suyunun duzsuzlasdirilmasi prosesi siirotlo
boyliyon todqiqat sahasidir. Giinos enerjisindon istifado elektrik enerjisi sorf etmadon
suyun duzdan daha siiratli vo somorali tomizlomoys komok edacok.

Son illor orzinds biz tomiz enerji istehsalin1 artirmaq {i¢lin damlarda vo giinos
fermalarinda qurasdirilmis paylanmis PV giinos sistemlorindon istifadosinin artimini
sahidi olurugq. Bu sektorda todqiqgat vo inkisaf davam etdiyi ii¢lin indi diinyanin bir
cox Olkolarinde “Uzon giinas panellori” ni tadbiq edirlor. Olkomizds do Boyiiksor
goliinds do timumi giici 100 kVt olan fotovoltaik sistemin qurasdirilmasi nozardo
tutulub.

“{Uzon giinas panellari” doniz vo barpa olunan enerji texnologiyasini birlosdirir.
Elektrik enerjisi istehsal etmak ti¢iin ekoloji cshatdon tomiz bir tisuldur. Bundan
olava, gilinas panellorinin su iizorinde iizmasi sirin su obyektlorindo yosunlarin
cigoklonmaosini azaldir. Yosunlarin ¢igoklonmasi igmali su monbalarinds goriindiikdo
saglamliq problemlorino sobab ola bilor. Onlar homginin su hévzalorindo heyvanlarin
vo bitkilorin 6liimiino sobob ola bilor. “Uzon giinos panellori” su anbarlarinda,
gollordo vo doniz, okeanlarda qurasdirilmis PV modullaridir. Su obyektinin iizorindo
tizon har hansi bir giinas massivine aiddir. Giinas panellort su hovzasinin sathindo
tizon strukturlara yapisdirilir. Elektrik bu {izon panellordon sualti kabellor vasitasilo
otiiriicii qiilloyo gondorilir. Uzon giines qurgusu giines modulundan, pas oleyhina
materialdan, saquli vo 1fiiqi ¢orgivolordon, tlizmo govdesindon, yoxlama
ayaqaltiligindan vo modul montaj qurgusundan ibarotdir. Giinos modulu yiiksok
rituboto davamli, toz kecirmoyon, qurgusunsuz vo suyun tosirindon yaxsi
qorunmalidir. Uzmo qabiliyyati 2,5 dofo ¢oki saxlaya bilon polietilendon hazirlanir.
Uzon struktur korroziyaya yiiksok davamli olan maqnezium orintisi ortiikdon
hazirlanmigdir.

Uzon giines panellorini qurasdirmaq ii¢iin daha ¢ox mablog tolob olunur. Dsas
saboblordan biri texnologiyanin yeni olmasi vo buna gors do xiisusi bilik vo avadanliq
tolob etmasidir. Ancaq, texnologiya inkisaf etdikco onun qurasdirilmasi xarclorinin do
asag1 diisocoyi golocokdo gozlonilir.

Aparilmis yeni todgigata osason “Uzon giinos panellori” planetin muxtolif
nogtalorinds olan minlarlo sohara enerji Oturarok biitiin diinyanin elektrik enerjisi
tolobatinin 1/3 hissasini tomin etmoaklo yanasi, homginin suya gonast etmok imkanini
da vera bilor. Todgiqatgilar agkar ediblor ki, nazori olaraq diinyanin 124 6lkssinin
imumi 6256 sohari yaxinligda yerloson su anbarlarima qurasdirilmis Giinos
batareyalart hesabina biitiin elektrik enerjisi tolobatlarin1 6doys bilorlor. Giinos
panellori Cin, Fransa, Hindistan, Yaponiya, Conubi Koreya, Boylik Britaniya,
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Singapur vo ABS-da mévcuddur. Yaponiya da mohdud torpaq sahasi vo ya ¢ox bahali
torpaqlar sababindon iizon giinos fermalarina boyiik sormays qoyur (Sakil 1.).

Sokil 1.

NOTICO

Mdasir dovriimiizds doniz suyunun duzsuzlasdirilmasi va icmali su vaziyyatina
gatirib ¢ixarmaq t¢iin, glinas enerjisindoan istifado etmok magsadsuygundur. Ciinki,
doniz (zarinds yerlosdirilon gilinos panellori tomiz enerji yaradir vo homginin ekoloji
cohotdon otraf miihito yaxs1 tosir gdstorir. Gilinag panellorinin tikintisi daha ¢otin vo
baha basa golsado, elektrik enerjisino vo suya gonast etmo imkani, homginin giinog
panellorinin su tlizarinde iizmasi sirin su obyektlorinde yosunlarin ¢igaklonmasinide
azaldir.
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TASKS FOR APPLICATION OF ABSORPTION
MACHINES FOR SOLAR COOLING OF BUILDINGS IN THE
CONDITIONS OF UZBEKISTAN

Abstract. In the article the developed schemes of cooling buildings based on
absorption heat pumps and solar energy are analyzed. The optimal temperature's
characteristics of refrigerants and absorbents are shown, as well as the generation
temperatures in an absorption heat pump due to solar energy. The main types of
absorbents used in absorption heat pumps are compared. An economic assessment
of the use of an absorption heat pump in the cooling supply of a building is
presented. High temperature combined systems with scheme using absorption heat
pump and concentrator solar installations are shown. There are defined tasks for
researches such system of cooling systems in building

INTRODUCTION
In areas of the republic with a large number of sunny days and a hot climate, the use
of solar energy for air conditioning in buildings is very attractive, since it is at the
same time that there is a great need for cold [1]. Modern climate control systems
include compression refrigeration machines. These installations are characterized by
high power consumption. An interesting alternative to refrigeration systems is the
absorption refrigeration machine, which generates cold based on two materials that
are separated when heat is supplied and combined when output.
For heat and cold supply of heating, ventilation, and air conditioning (HVAC)
systems the following can be used: direct heating of a coolant (air, water, non-
freezing aqueous salt solution, ethylene glycol or propylene glycol) by solar
radiation, followed by heat transfer in a single-loop or double-loop system (Fig. 1);
conversion of solar energy into thermal energy using semiconductors; conversion of
solar energy into mechanical energy according to the Rankine cycle (steam generator
- turbine - electric generator or refrigeration compressor) or according to the Stirling
cycle (external combustion engine with solar heating using Fresnel lenses and a
refrigeration compressor); conversion of solar energy into electrical energy using PV
panels., At this time and in the near future technically and economically the most
profitable the first way [2].
Solar HVAC differs from a traditional system in the presence of solar receivers
(collectors), heat accumulators, additional circulation pumps and automatic control
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devices. Therefore, the capital cost of solar HVAC is always higher (by 50%) than
the capital cost of traditional systems [3].
Solar HVAC should be designed simultaneously and in close conjunction with the
design of hot water supply and heating systems, which in some cases can reduce
capital and operating costs, since the same solar receivers, accumulators and
circulation pumps can be used in different seasons [4].
The greatest effect from the use of solar energy in HVAC can be obtained in areas of
the republic where cooling periods are compared in duration with heating periods and
a complex solution of HVAC is possible.

METHODOLOGY
To reduce the heat losses of collectors, it is advisable to build them directly into the
walls of buildings. At the same time, the collectors simultaneously perform the role
of thermal insulation of the walls and proofs. With an increase in the temperature
difference between the coolant and the surrounding air, the efficiency of the collector
decreases.
This circumstance determines the particular feasibility of using solar energy in low-
temperature hot water systems (for example, for outdoor swimming pools) and makes
it difficult to use it in HVACs equipped with absorption lithium bromide and lithium
chloride machines [6].
The choice of the area of the solar collector and the calculated cooling capacity of the
absorption refrigeration machine is a solution to the optimization problem for the
conditions of each separately designed facility [7].
In the estimated cold period of the year, heat accumulators of a relatively small heat
capacity are needed to cover the need for heat on rainy and cloudy days and at night,
or a large heat capacity for seasonal heat accumulation in summer with its subsequent
release in cold weather.
The main equipment of the "solar circuit” HVAC is a collector (solar receiver), an
accumulator, a refrigerator. In areas with a dry and hot climate, it is advisable to
combine the operation of refrigeration machines with a preliminary two-stage (direct
and indirect) evaporative cooling [8].
Known open absorption machines and hybrid compression-absorption machines, the
inclusion of which is shown in Fig.1. This scheme is characterized by greater
operational flexibility, less dependence of cooling capacity on solar radiation, and
smaller surface areas of heat exchangers. The generator of a lithium bromide
refrigeration machine is fed with hot water from a collector with a temperature of
75°C and over. The temperature of the chilled water entering the air conditioner is
9°C [9].
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From the sewers
From the water pipes %;

Down the drain

Figure. 1. Scheme of solar double circuit air conditioning system:
| - compression refrigeration machine - heat pump; Il - absorption heat transformer;
I11 - room; 1 - solar collector;
2 - thermal accumulator; 3 - additional heat generator (can be connected in parallel
with the solar collector);
4 - hot water heat exchanger (it can also be supplied with heat from its own
collector); 5 - wastewater heat recovery unit for heating water from the water supply
system; 6 - heating system; 7 - absorption heat pump generator; 8 - condenser of the
absorption refrigerating machine; 9 - evaporator; 10 - absorber; 11 - heat exchanger;
12 - cold water accumulator; 13 - cooling towers; 14 - two-case water-cooled
condenser; 15 - compressor; 16 - evaporator of a compression refrigeration machine -
a heat pump that uses wastewater heat; 17 - ejection closer; 18 - central air
conditioner; 19 - regenerative rotary heat exchanger and cold of exhaust air

Solar systems are promising, in which, instead of glazed collectors, unglazed
absorbers of solar radiation and the heat of the ambient air are used. Absorbers are
massive external walls, walls made of "sandwich" type panels, coverings (“energy
roofs"), stacks of flat heat exchangers similar to stamped steel radiators, metal fences
made of pipes and stamped elements, and balcony railings [10]. Non-freezing coolant
circulates through the absorbers.

The relative humidity of the air in the air-conditioned room, the air consumption per
1 kW of cold, the coefficient of performance of this system largely depends on the
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enthalpy of the ambient air’s temperature t,;, expressed by its wet bulb temperature
two1. Characteristics are shown in table 1.

Table 1. HVAC characteristics (20°C< t; <40 °C)

Parameter Air temperature according to wet bulb
twaOC
10 15 20 25
Relative humidity in the room, % 40 42+45 | 52+55 | 68+70
Specific air consumption in the room, 0.05 0.06 0.09 | 0.16-0.
kg/s 2
Cooling coefficient 0.61 0.55+0. | 0.43+0. | 0.28+0.
62 6 35

Considerable advantages are associated with the use of absorption heat pump
installations as heat recovery units, which, in one case, allow to obtain a higher
temperature of the working agent, and in the other, in the presence of a consumer, to
convert low-grade heat into cold. Splitting schemes are also possible, when high-
potential heat is produced simultaneously along one branch, and cold is produced
along the other. Absorption heat pumps are characterized by high reliability, a wide
range of load changes, and low power consumption. They can be used both
individually and in combination with heat exchangers, in particular, with upstream
scrubbers for the utilization of dusty and sulfurous gases.

Their action is based on the use of the phenomenon of vapor absorption of the
working fluid by the solution. They are most effective at a temperature of the spent
coolant of 100 °C and above. In these heat pumps, as a rule, two substances are used:
a working agent and an absorbent. The most promising working agent is water, the
absorbent is cyclically absorbing and releasing it: caustic soda NaOH, caustic potash
KOH, calcium chloride CacCl,, lithium bromide LiBr [11]. As shown in Fig. 2, due to
the heat supplied from an external source, the absorbent solution is evaporated in the
generator. The resulting vapor enters the condenser. The resulting condensate is
throttled in the control valve and enters the evaporator, where heat from the
environment is supplied for its evaporation. From the evaporator, the absorber vapor
enters the absorber and is absorbed by the absorbent solution. The heat of absorption
released in this process is removed by cooling water, and the enriched absorbent
solution is fed into the generator.
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Figure 2. Scheme of a single-stage absorption lithium bromide refrigeration machine:
| - evaporator; Il — absorber; Il — generator; 1V — capacitor; V - recuperative heat
exchanger; VI - refrigerant pump; VII — mortar pump.

After the release of absorbent vapors, the solution in the generator becomes weak and
enters through the second control valve for enrichment in the absorber. Compared to
conventional evaporators of refrigeration machines, the use of absorbers makes it
possible to extract 10+15% more heat from the environment, without the use of fans
and devices for defrosting, while the conversion coefficient increases. Their use
makes it possible to reduce fuel consumption by 30% compared to heating a gas-oil
boiler house.

The advantage of absorption heat pumps is the low pressure. The disadvantage is
severe corrosion of conventional structural materials caused by the absorbent. The
use of special materials undoubtedly affects their cost.

A characteristic feature of absorption heat pumps is that the only source of primary
energy is heat. The energy characteristic of absorption heat pumps is the
transformation ratio, which is the ratio of heat or cooling capacity to the amount of
heat supplied from the heating source. Currently, the technically achievable value of
the transformation ratio lies in the range of 20 + 60%. In practice, this means that
such a proportion of the usually lost low-potential heat is converted into heat suitable
for use in the solar cooling system [12].

To operate this type of installation, a heat carrier with a minimum temperature of
85°C is required for gas-fueled absorption heat pumps - a promising type of energy-
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saving equipment for heat supply to civil and industrial facilities [13]. Saving is
40+53% of gas fuel consumption.
In the presence of cheap low-grade heat sources with a temperature of 25°C + 40°C
(waste heat from cooling systems, waste water, thermal water and solar energy), year-
round production of water with a temperature of 60°C for hot water supply and
seasonal production of hot water up to 80°C for heating (winter period) is possible,
and cold water with a temperature of 7°C+10°C for comfortable air conditioning
(summer period) [14]. Thermal coefficient of absorption heat pumps single-stage up
to 1.7, two-stage up to 2.2. The share of cheap low-grade heat utilized in absorption
heat pumps to generate useful heat is single-stage ~ 40%, two-stage ~ 53% [15].
During the transitional period of the year and the partially cold period, absorption
chillers can operate in heating mode. In this case, the cooling tower is turned off and
the heating system is powered by water passing through the absorber and condenser.
Since the water temperature does not exceed 70 °C, then to prevent excess
consumption of metal, heated floors, fan and ejection closers are used as heating
devices [16].

RESULTS
An absorption heat pump for generating 100 kwh consumes no more than 1.5 kWh
of electrical energy. This energy is used to drive the mortar pump and two water
circulation pumps. The specified amount of electricity can be obtained per day from a
photovoltaic solar panel with a power of 100+120 Watts [17].
The price of equipment for absorption heat pumps ranges from 0.7 to 1.0 thousand
Euro per kilowatt of design capacity [18]. At the same time, capital investments for a
monovalent scheme (heating only due to heat pumps) and a bivalent scheme (heat
pumps and a gas boiler in peak mode) are almost the same. The payback period of
heat pumps is not more than 10 years, and their estimated physical degradation is 20
years or more [19].
A relative disadvantage of absorption heat pumps is their increased dimensions by
1.5+2 times compared to vapor compression heat pumps [20]. However, in this case,
the specific power consumption is reduced by a factor of 5 or more. In the case of
using a without pump circuit and heating the generator with waste heat, the need for
high-quality primary energy - electricity, gas, liquid fuel - practically disappears.
The economic feasibility of using heat pumps is shown by comparing various heating
systems. The calculation was made for a residential building with an area of 235 m®.
The required amount of heat for heating (cooling) of such a house is 30 kwh. Table 2
shows the results of the analysis.
Table 2 Comparison of technical and economic characteristics of air conditioning
systems.

Fuel for Type of equipment Primary fuel | Unit cost | Price 30
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heating utilization of fuel kwh of
factor heat
energy

Heating with a heat pump

Electric Ground source heat pump COP=35 | $0.085/ | $0.729

Energy KWh
Electric Heat pump with heat from COP=22 | $0.085/ $1.159
Energy ambient air KWh
Solar Absorption heat pump with COP = $0.000/k $0.000
energy heat source from solar water 0.75 Wh
heaters
Electric heating
Electric Resistance heater COP=1.0 | $0.085/ $2.550
Energy KWh
Natural gas heating

Natural gas | Furnace or boiler Efficiency =| $0.55/ $2.074

80% m3

Heating with liquid fuel
Petroleum | Furnace or boiler Efficiency =| $0.63/ $2.333
fuel 80% liter
1 2 3 4

Fiqure. 3. Solar air conditioning system with absorption heat pumps
1. zone of energy use; 2. energy storage area; 3. energy conversion zone; 4. energy
collection zone; 5. space heating; 6. water heater with heat pump; 7. solar collector;
8. thermal reserve device; 9. domestic water tank; 10. energy storage tank
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The use of absorption heat pump with a source of solar thermal and electrical energy
makes it possible to completely abandon hydrocarbon fuels and network electricity.
Heat and electricity are obtained using a combined solar collector. The cost of a 30
kW absorption heat pump containing a water cooling tower is equal $8,000. The cost
of one combined solar collector together with thermal and electric energy
accumulators is equal $600+700.
The solar air conditioning system shown in Figure 3 is mainly composed of a solar
collector, an ammonia adsorption plant (heating/cooling), a thermal energy storage
device, and a central control system. This system uses the natural environment
MR717, the ozone depletion coefficient is zero, and the global warming index is less
than 1. The solar collector is designed to collect heat energy and heat the working
environment (> 300°C) by absorbing and reflecting solar radiation.
With the help of a heat-resistant medium, heat energy is transferred to the air
conditioner and directly drives the heating functions, and water is also supplied to the
air conditioners with this medium. In addition, a thermal energy storage device is a
device that is used to store excess solar energy. That is why it can be used for heating
or cooling in night, cloudy or rainy weather.

CONCLUSIONS
The use of an absorption heat pump with a source of solar energy pays off in 4+4.5
years. The total dry weight, the amount of absorbent filling in absorption heat pumps
of the new generation is 3 times less. The service life is 3.5 times higher (25 years
and 7 years).
The solar air conditioning system has not only the function of heating and cooling,
but also the function of providing domestic hot water. With a cooling capacity of
72kw to 504kw, it is widely used in places where there is sufficient space for
installing a solar collector, such as hotels, airports, gyms, factories, shopping malls,
office buildings, exhibition pavilions, etc.
Thus, the priority area in the use of absorption heat pumps is a wide range of
technological processes, accompanied by the release of waste heat, that is, the
utilization of low-grade thermal secondary energy resources. Housing and communal
services also have significant thermal discharges, the use of which will minimize the
need for primary energy for heating and hot water supply.
Absorption heat converters (refrigerators, heat pumps) are highly efficient energy-
saving equipment for heat and cooling supply of various public and industrial
facilities, which can be used as technical means for recycling secondary energy
resources.
High efficiency absorption heat pumps (over 50 kW) are used in modern air
conditioning technology. Small power units up to 2 kW can be used, for example, in
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self-contained propane refrigerators for camping. For the efficient use of these heat

pumps in the medium power range, there are no optimal solutions yet.
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Ucaxomkaes - VX.C., UBanncosa'A.P.

1 Tamkentckuii I'ocynapcrBeHnblii TexHudecknidi Y HUBEPCUTET UM.
N.A.KapumoBa, yj1.YHuBepcuTerckas,2, TamkeHT, Y30eKUCTaH
PACYET APAMETPOB KOHIUIIMOHUPOBAHUS BO3/IYXA
B IBYXCTYIIEHYATOM UCITAPUTEJIBHOM OXJIAAUTEJIE

AHHOTauus. B 1aHHON cTaTthe mpeacTaBieHAa METOJHMKA pacueTra mapaMeTpoB
KOHJUIIMOHUPOBAHHS BO3/JyXa B HCHAPUTEIIBHOM OXJAAMUTENIE ABYXCTYIEHYATOrO
Tuna. BeiBegeHsl GopMynbl s ONpEAeNieHHs TaKuWX  [apaMeTpoB  Kak
BJIArOCOJICPXKAHUE, DHTAJBIUS, TEIUIOEMKOCTh, OTHOCHTEIIbHYIO  BJIQXXHOCTb
KOHJUIIMOHUPYEMOTO BO31yXa. Takke TMOKa3aHbl pe3yJbTaThl COMOCTABIICHUS
MOJIYYEHHBIX JAHHBIX C JAHHBIMH TOYHBIX pacdyeToB. CpaBHUBAETCA OTHOCHUTEIIbHAS
MOTPEUIHOCTh B pacyeTax.

BBenenue. OCHOBHBIMH MapaMe€TpaMu COCTOSIHUSI BO3JlyXa B CHUCTEMax
KOHAUIMOHUPOBAHUS B COOTBETCTBUU C [1,2] dABASAOTCA TeMmmeparypa W
OTHOCHUTENbHAS  BJAXHOCTh. BCE  OCTaJbHbIE  IMApAMETPbI, TAaKHWE  Kak
teroconepxkanue (1), Bmarocoxepxkanue (d), yaemnbHas TeroemkocTh (Cp) mpu
3aJIaHHBIX 3HAYEHHUAX OapOMETpUUYECKOro aaBiieHus (pOap) ABIAIOTCS (PYHKIUSIMU
TEMIIEpaTypbl 1 OTHOCUTEIBHON BIAXKHOCTH.

Takum o00pa3om, 3amada omnpenereHus MOTEHLHANa, pa3padaThIBAEMOI0 HCIa-
PUTENBHOTO OXJIAJUTENS BO3/yXa [3] MOKET OBbITh CBEJEHA K ONMpPENEICHUIO TeMIIe-
paTypbl U OTHOCUTEJIbHOM BJIAXKHOCTH IPUTOYHOIO BO3/1yXa MPH 33JaHHBIX 3HAYCHU -
ax KodhureHToB 3PGEeKTUBHOCTH HUCTIAPUTEIBHBIX OXJIAJAUTENICH W Bpallaronux
pEereHepaTUBHBIX TETNIO0OOMEHHHUKOB.

Metononorus. Ilpexne Bcero, ompeaenuM (yHKIHMOHAJIbHYIO 3aBUCHUMOCTD
BJIArOCOJICPKAHUSI KOHAUIMOHUPYEMOTO BO3JlyXxa OT €ro TeMmmepaTypbl H
OTHOCUTEJIBHOU BIAKHOCTH.

Kak yxe ormeueno [3], npumenenue 1-d muarpammel st pelieHus: MOCTABICHHOM
3a/1a4l, XOTS U BO3MOKHO, HO TPHUBOJUT K CYIIECTBEHHBIM MOTPEUIHOCTSM TMIpPU
3HAYCHUSAX 0apOMETPHUUYECKOrO JIaBJIICHUS, HIKE, 4eM 715 mm.pm.cm., KOTOpHIE Xa-
paKkTepHbl 11 peruoHoB TamkeHTckoil, Hamanranckoii u CaMapkaHACKOH
Pecniybnuku Y306ekucraH.

ATMOC(epHBIi BO3yX B OCHOBHOM COCTOUT M3 CyXOI'0 BO3[yXa M BOASHBIX MapoB
[2,4]. Bnara B BO3AyX€ HaXOJIUTCS B IEPETrPETOM COCTOSHUH, CJIEA0BATEIILHO, Macca
M ke armocdepHoro Bozayxa (T.e. HEHACHIIIEHHOTO BJIAXXHOTO BO3/yXa)
CKJIQJ[IBAETCS] U3 MACChI CyXOro Bo3ayxa M., ke 1 MaccChl BOASHBIX NapoB M,,, ke T.e.:

Mgy = Mg + Mgy, (1)

OTtHolieHre Macchl BOASHBIX mapoB (M) k Macce cyxoro Boszayxa (M) or-

penensieT BIarocoiepkanue, KoTopoe obo3Havaercs uepes d , T.e.:
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d = Mg , KI'BI (2)

M.~ KI'CB
Jlns  onpenenenus 3aBucumoctd d or t W ¢ BOCHOJB3yeMCs ypaBHEHUEM
MenneneeBa Knaneiipona [4] 17151 uaeanbHbBIX T'a30B:

PV = MRT, (3)
rae P - naBnenue; V - 00beM; R - ra3oBas MOCTOSIHHAS TAHHOTO BEIIECTBA (B TAHHOM
ciydae cyxoro Bo3ayxa R, w BomsHoro mapa R,,); M - MaccoBOoe KOJHYECTBO
BelecTBa (B JAHHOM ciIydae Macca cyxoro Bo3ayxa (M.,) u BogsHoro mapa (M,,)); T
- a0COJTFOTHAs TeMIIepaTypa.

CormacHo 3akoHy JlambToHa, JIJIsT CYXOTO BO3AYyXa M BOJSHBIX MapOB BO BIIAYKHOM
BO3/yX€e, KaK MIeaJbHOTr0 ra3a, ypaBHeHHe (3) MOKET OBITh IPEICTABICHO B BUJIC

PCBV = RCBMCBT’ (4)

PBI'IV = RBI'[MBI'[T’ (5)
N3 (4) u (5) onpenenum oTHoteHUst M,, k M,,:

MBH RCBPBH

Mo RonPos’ ©)

C ydetom 3HaueHUN R, = 287.1}(’?—_”;< u Ry, = 461.5}51—_”; oTHoIIeHUE (6) MOXeT

OBITH IpcacTaBjJICHO B BUIC!:
MBI'[

= 0.6222, (7)

CB CB

Obmee 6GapoMeTpUYecKoe JaBIEHHE BIaXXKHOTO Bo3nyXa (Ps,) B COOTBETCTBUH C
3akoHOM JlanbTOHa [4] CKIAABIBAETCA W3 MAPUUAIBHBIX JABJICHHUM CyXOro BO3/yXa
(P.,) u BogsHoro mapa (P,,) T.e.:

P6ap = PCB + PBI‘I ’ (8)

B cBorw ouepenp, 3HaueHue P,, B 3aBUCUMOCTH OT OTHOCHUTEJIBHOM BJIAXHOCTH
BO3AyXa (@) U YNPYrOCTU HACHIIMICHUS BOJSHBIX MAapOB BO BJIAXKHOM BO3JyXE MpPHU
JAHHOM JABJICHUU U TEMIIEpAType ONPEAECTACTCS U3:

Pon =0 PHBH' (9)
745t
rae P, = E, 10235+ (10) - ynpyrocTs HACHIIIEHHs BOJSHBIX IIAPOB BO BIIAXKHOM

Bo3ayxe sipu t [4].
[Toncrasinss (10) B (9), nonyunm:

7.45t

Pon = @ - Ey10zs5+¢, (11)
Onpenenum 3HayeHue P, u3 (8):
PCB = P6ap - PBI‘I ’ (12)
IToncrasnsas 3navuenus P,, uz (11) u P, u3 (12) B (7):
d = 0.622[——], (13)

®-4.579:10235+t
Kaxk BUJHO H3 TMOJYYCHHOIO pPCHICHHA, IIpU HIPOYHUX PABHBIX YCIIOBUAX
BJIAroCOACPIKaHNEC BJIAKHOTIO BO3yXd, KaK U OXKHUAAJIOCh, IIPAMO ITPOIIOPHHUOHAIIBHO
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€ro OTHOCHUTEIbHOW BIAXHOCTH (@) MW OOpaTHO MPOMOPLUOHAIBHO  €ro
OapomeTpuueckomMy aaBieHuto. Kpome Toro, kak cnenyer wu3 (13), mrobas
IOrPEIIHOCTh TPH OHpeAelNeHud FPg,,, XOTS W HE3HAYMTENbHAs, NPHUBOAMT K
COOTBETCTBYIOIIEH MOTPELUTHOCTH MPHU ONPEICICHUH BIArocoiepKaHusi BO3ayxa.

Eme omHuM BaXKHBIM MapaMeTPOM COCTOSIHHS BIQKHOTO BO3IyXa SIBISICTCS €0
Tertocoaepkanne win SHTabmus (l,,).

Ha ocnoBanuu [2] yaenbHas (OTHECEHHAs K €AMHUIIE MAacChl CyXOro BO3/yXa)
SHTAIBIHS BJIAKHOTO BO3AyXa MOXKET OBITH OIIPEIeNieHa U3 BHIPAKCHHUS:

lpp = IIWBB = (Cpcs + CPgp) " t + 7, (14)
[MoxcraBiss 3nadenre d u3 (13) B (14), momyunm
. Pga -
igg = CPpeg " t + 0.622 (Cpgy - t + 1) = 775t — 1] L (15)

©+4.579-10235+E

Kak noka3bIBatoT pe3yJibTaTbl OTHOCUTEIBHO HECIIOKHBIX pacueros, npu t = 30°C,
¢ = 0,5 u Psyp =715 mm.pm.cm., 3HaUCHUE iz AT BIAXKHOTO BO3IyXa COCTABIACT
66493,18 JIx/kr cB. 1oy 3HTaIBIUU CyXOro Bo3ayxa IpH 3ToM coctasiseT 30150
Jbx/kr (T.e. 45.3%), a BomsgHbIX mapoB - 36349,18 Jx/kr cyxoro Bo3ayxa (T.c.
54.7%).

Kax BuzHO, npeHeOpekeHre OTHOCUTEIBHON BIAXHOCTHhIO KOHIUIIMOHHUPYEMOTO
BO3JlyXa MPHU pacyeTe ero yJAeIbHOU SHTAJIbIIUU MOXKET MPUBECTH K CYIIECTBEHHBIM
(6onee, uem 100%) moOrpenIHOCTAM.

Ha ocnoBe Bbipaxenuil (13) u (15) MOXHO BBIBECTHM COOTBETCTBYIOIIWE BbI-
paXeHus Ui OMpeeNIeHUs] APYTUX MapaMeTpOB TEIUIOBOTO COCTOSHUS KOHIUIIHO-
HUpyEeMOTo Bo3ayxa. Hapsiay ¢ BiaroconeprxanueM (0) ¥ yIenbHBIM TEIIOCOIEpIKa-
HUEeM (T.e. YACTbHOW DHTAJbIMEH - 1) B pacyerax CHCTEM KOHIWUITMOHUPOBAHHS
BKHOE 3HAYEHUE UMEET yJIeIbHasl TEIIOEMKOCTh KOHIUIIMOHUPYEMOT'O BO3/1yXa.

Cornacho [2, 4] ynenbHas TermoeMkocTh (I+d) ke BnaxHoro Bosmyxa Cp,, paBHa
CyMME VIeNbHOW TemoeMkocTd [ke cyxoro Bo3ayxa (Cp.,) U yICIbHOU
TETJIOEMKOCTH COJIEPKAIIUXCS B HeM d ke BojsiHoro napa(Cpy,), T.€.

CPss = CPe + d - Cpyyy (16)
[Moncrapiss 3nauenue d u3 (13) B (16), momyuum:
Psa _
CPsp = CPcp + 0.622 Cpyy| ey — 1177, (17)

©+4.579-10235+t
Kak BuaHo, u3 Beipaxkenus (17) yaenbHas TEIIOEMKOCTh BIAXHOTO BO3AyXa MpHU
IPOYUX PaBHBIX YCIOBUSAX (MMEETCS B BUAY aTMOC(EpHOEe naBieHUe - Pg,, U €ro
Temneparypa - t), npsiMo MPOMOPIIMOHAIBHO €r0 OTHOCHUTEIHHOW BiIaXKHOCTH. Tak,
Hanpumep, npu P, = 715 Mm.pr.cT. u t=24°C npu M3MEHEHMH OTHOCHUTEIBHOM
BiaxkHoctH Bo3ayxa ot 0,2 no 0,8 poct Cp,, cormacho (17) cocrasnser or 1012,58
Jic/(ke 68) no 1035,92 Jlc/(ke 66), T.e. moBbimenue Cp,, cocraBiser 2,3%. K
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COKaJICHUIO, 3TOMY (aKTOPy MPH CYHIECTBYIOIIUX MOIX0aX MO TEIJIOBOMY PAaCUETy
CUCTEM KOHIUIIMOHUPOBAHHUS BO3/1yXa HE YAENSIEeTCs JOKHOTO BHUMAHUSI.

BriBenieMm BbIpakeHUs Uil pacyeTa OCHOBHBIX MapaMeTPOB TEIUIOBOIO COCTOSIHUSA
KOHIUIITMOHUPYEMOTO BO3yXa MPHU €ro TEIJI0-BIaKHOCTHOM 00paboTKe B cUCTeMax
KOHJUIIMOHUPOBAHMS BO3AYXa.

B paccmarpuBaeMoM pexuMe MpU NPOXOKIECHUM KOMHATHOIO BO3JyXa Yepe3
CYXOH BO3JIyXOOXJIQAUTENb €r0 BJIArocoAepkanue He n3MeHurcs. [loBblmenne oTHo-
CUTEJIBHOW BIJIAXXHOCTH MPOTOYHOIO BO3AYyXa MPOUCXOAUT 32 CUET CHUIKEHHUS €ro
TeMIiepaTypbl. B JaHHBIX BapraHTa KOHCTPYKTUBHOI'O MCIOJHEHUSI CUCTEMbI KOHIM-
[IMOHUPOBAHUS BO3JyXa CHUCTEMbl HCIAPUTEIBHOTO OXJIXKICHHUS M Bpallarolnx
pPEreHEepaTUBHBIX TEIUIOOOMEHHUKOB MOTYT OBITh YCTAaHOBKHM 3a IpeJeiamMu
MIOMENIEHHS. DTO, B CBOIO OYEPEb, TO3BOJSET MOJHOCTHIO UCKIFOYUTH MOIMAJaHUE B
MIOMEIICHUE HEMNPUATHBIX 3alaxoB, IUIECEHH, OOpa30BaHHBIX B CHCTEMax
MCIIAPUTENBHOIO OXJIAXKACHUS BJIAXKHBIM BO3IyXOM. PacdeTrsl 1O ompeleseHuto
3HAUCHHUS lpy, M (g, TOKA3bIBAIOT, YTO B PE3YNbTaTe BBCICHHUS B CHCTEMY

PEKyNEepaTUBHOIO TEIUIOOOMEHHUKA (KOMHATHOTO CYyXOIro BO3AYXOOXJIaJMUTEIs)
yAaeTCs CHU3UThH TeMIepaTypy nputoyHoro Bo3ayxa Ha 1.0-1,5 °C (1.e. no 18-19°C)
Y OTHOCHUTEJIbHYIO BJIaKHOCTh Ha 25% (T.e. 10 0,5) MO CpaBHEHHIO C MPEABIAYIIUM
BapuaHToM [1].

B cyxux BO3AyX0OXJaAUTENAX KOMHATHBIA BO3AYyX OXJIAKAACTCS B CYyXOM BO3-
IyXO0OXJIaIUTEIe, HAXOJAIEMCS] BHYTpHU noMelleHus. Kak npaBuio, npouecc oxJja-
KICHUS BO3JyXa B CYXUX BO3AYXOOXJIQJUTENSX IMPU TeMIepaTypax BbBIIIE TOYKU
pockl (T.e. t > 1;) MPOUCXOAUT B PeXUME IOCTOSHHOTO BIIArOCO/AEpKaHus, T.e. d =
const.

[IpeacraBisieT MHTEpeC OMPENEICHUE MOBBIIIEHUS OTHOCUTEIBHON BIAXKHOCTH
KOHIUITHOHUPYEMOTO BO31yXa IPU CHIDKCHHH €T0 TEMIIEPATYPHhI OT 10 thy 10 Loy

JIns onpenesneHus U3MEHEHUS] OTHOCUTEIbHON BIIAXKHOCTU KOHIUIIMOHUPYEMOTO
BO3/lyXa BeIpaxkeHue (13) nmepenumiem asst €ro IByX COCTOSIHUH, T.€.:

d’ . = 0.622[ T 1], (18)
@l .-4.579-10235+thp
d!’ = 0.622[—5® ~1]1, (19)

745 th,
(,0;;'4.579'10235+tg§3
HOCKOHBKy HpOHeCC OXJIAXKACHUA KOHJII/H_II/IOHI/IpyeMOFO B0311yxa B CYXOM BO3-

AYXO0OXJIaAUTCIIC IMPOUCXOAUT B PCKHUME IMOCTOSAHHOI'O BJIAroCOACp:KaHUsA, MOKEM

CUNTATh, YTO:
dpn = dgg (20)
noAcTaBiisis 3Hauenus d, u3 (18) u dj; u3 (19) B (20) momydum:

5 trp(235+th)—tps(235+t ;) (21)
(235+t};)(235+t} '
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HaHpHMep IIpHU CYXOM OXJIAXKJACHHUU KOHAWMIHOHHPYCMOI'O BO31yXa M3 COCTOSAHUIA

tis = 28°Cu @), = 0.3 mo ti, = 20°C poct ¢, cornacuo (21) cocrasmsier ot 0,30
28:(235+20)—(235+28)

Ao (pé; =03- 107.45 (235+28)(235+20) = ().485
C TOYkM 3peHUusl PHEProcOEpEeKEHHs] B CHCTEMaxX KOHAMIIMOHUPOBAHUS BO3AyXa

BA)KHO OIPEJEIICHUE 3HAUECHHSI TOUYKH POCHI IPH 33JaHHBIX 3HAYEHUSX ty U ¢p.
AHanornyHo mpeAblaylIEMY IpUMEpy 3amnuiieM BbipaxkeHue (13) i HeHa-
coImeHHOTO (1o , o) 1 HackIIeHHOTO (1, 1 @=1) COCTOSIHUI BJIAXKHOTO BO3/yXa, T.C.:
P6ap
dO = 0'622[ 745Tg 1]’ (22)

(P0'4.579'10235+t0

dyy = 0.622[— e — 1], (23)

1:4.579:10235+tu

B cBsi3u ¢ Tem, 4TO B IpoOIeCcCe OXJIAXICHHS BJIAXKHOTO BO3JyXa JIO IIOJHOTO
HaChIIeHUS (T.€. ¢,,—1) B pexkrMe 0=CONSt, UMeeT MECTO PaBEHCTBO ty Wty

B cBs3u ¢ atuM Ha ocHoBanu (20), (22) u (23) MoxkeM 3anucaThb
745tg 745tp

QDO - 10235+t0 = 10235+tp’ (24)
7.45-t, .
ATIIIPOKCUMHUPYST 3aBUCUMOCTD P f (t,) B mpsiMOii B ipenenax n3MeHeHus t,
ot 8 1o 20°C, mory4nm:
745t, B
Z35et, 1.7+ 0.17(t, — 18), (25)

MaxkcumanbHasi OTHOCHUTEIILHAs MOrpC€mHOCTL IIpHU OIPCACICHHUN tp IIpu 3TOM

cocrapmsieT 3,8%. [loacrapmnss (25) B (24), momydnm:
745-tg

7200 - 1.7 4 0.17(t, — 18) win t, = 5.88¢, 10250 — 2,

Po 235+t

(26)
IIpu t,=30°C, ¢o=0,3°C 3nauenue t, onpenenenHoe B [1], cocrasmnser 18,1°C, aty,
onpenesieHHoe 1o (26), mpu 3Tom coctasisiet /0,3°C.
3akiarovyenne. Kak moka3pIBalOT pe3ysIbTaThl COMOCTABJICHHUS MOJYYCHHBIX TaKUM
o0pa3oM JaHHBIX C JAaHHBIMH TOYHBIX PAacUYCTOB, OTHOCHUTEIIBHAS IOTPEITHOCTH
omnpezeneHus ty o anmpokcuManuoHHoN popmyie (26) coctaBiser He 6onee 4%.
Jluteparypa.
1. A.B. Hecrepenko, OcHogbl mepmOOuHamMuyeckux pacuemos GeHMuIAYuu u
KOHOUyuonuposanusi 603oyxa, (1971)
2. O.4.Kokopun, Ucnapumenvhoe oxnadicoenue 05 yeneti KOHOUYUOHUPOBAHUS
6030yxa, (1965)
3. P.P.ABe3oB, MexayHapoaHblil xypHam «/I eruomexuuxa», Ned
4. P.M. JlagppkeHckuit, Konouyuonuposanue 6o30yxa, (1962)
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AouraeBa Y.H. , maructpaunr, Cunoposa H.B., k. T. H,
accouMMpoOBaHHbIN npodeccop
Ka3axckuii Hanmonaabublid Texunueckuii UcciienoBarebckuii
ynuBepcutetr uM. K.M.CaTtnaesa, Kazaxcran
UHTEHCU®UKALIUSI PABOTHI OUMCTHBIX COOPYKEHUN
INTUIHE®ABPUKHU B PECINIYBJIMKE KASAXCTAH

OOpa3oBaHUE CTOYHBIX BOJ SBJISIETCSI CEPHE3HOM NPOOJIEMOW I OTPaciH,
MMOCKOJIBKY €KETOJHO MHUJUIMOHBI IITHII BBIPAIIMBAIOTCS TSI MPOU3BOJICTBA MsCA U
aull. Eciiu crounbie BoJibl, oOpasyromuecs: Ha ntulieadpukax, He 00padaThIBalOTCs
JOJDKHBIM 00pa3oM, 3TO MOKET HAHECTHM BpEJ OKPYKAIoIIEeW cpene, 3arps3Hssd
HMCTOYHHUKHU BOJIbI, CIOCOOCTBYS HBTPO(PUKAIMM W PACIPOCTPAHECHUIO OO0JIe3HEH.
Hannexaias o4nucTka CTOYHBIX BOJ] MOXKET MOMOYb CMATYUTH ATO BO3JICHCTBUE HA
OKPYXAIOIyI0 CpeAy W YKPENUTh 3/I0POBbE HACEIICHUS 32 CYET YMEHBIICHUS
pactpoCTpaHEHUsT TATOTCHHBIX MHUKpPOOpPraHU3MOB. (OIHAKO MHOTHE OYHCTHBIC
COOPYKCHHSI HE ONTUMHU3HPOBAHBI C TOUYKHU 3peHUS d3P(HEKTUBHOCTH, YTO MPUBOIUT K
BBICOKMM 3aTpaTaM Ha OYHCTKY W HEraTHBHOMY BO3JICHCTBHIO Ha OKPYKAIOIIYIO
cpeny.

[lepcrieKTUBHBIM pEIICHUEM JTOW MPOOJIEMBI SIBJISETCS HMHTCHCU(PUKAIIMS
OUYMCTHBIX COOpYykeHui Ha nTuiedadpukax. [loBbimas >3pPeKTUBHOCTH MPOIECCOB
OUMCTKHM, WHTEHCU(UKAIUS MOXKET CHHU3UTh 3aTpaThl, CBSI3aHHBIE C OUYMCTKOU
CTOYHBIX BOJ, U CBECTM K MUHUMYMY HEraTMBHOE BO3/ICWCTBHE CTOYHBIX BOJ Ha
OKPYXKAIOILIYI0 Cpeay. YBEJIMYEHHE KOJIMYeCTBa JAeHCTBYIOMMX mnTuiie)adbpuk B
Kazaxcrane nenaer akTyalnbHOM MNpoOieMy NOBBIIEHUS 3(PPEKTUBHOCTA OUHUCTKU
MPOU3BOJACTBEHHBIX CTOYHBIX BOJA. COINIACHO MCCIIEIOBaHUIO, B TIEPBOM KBapTaie
2022 rona cpennee nmotpebnenue msica u ntuiel B PK coctaBuno 11,5 kr Ha mymry
Hacenenusi. [lo ganueiM Coroza ntuneBogoB Kazaxcrana, €XeromHO Ka3axCTaHIIbI
chemaroT okosio 300 ThICSY TOHH Msica TMTHUIIBI, a MOTPEOJICHHE SUI[ COCTABJISIET B
cpenHeM 194 mTyku B roj Ha 4YeJIOBEKA.

[TTunieniepepabaTpIBaOIIUe MPEINPUATHI SBISIOTCS OJHAUMH M3 KPYITHEHUIITHX
MOTpeOUTENe BOJBI Cpelr OTpaciied HapoJHOro xo3siicTBa. KomudecTBO BOJIBI,
pacxoayeMoil Ha HEKOTOpbIX NTuiledadbpukax, KoiaedieTcss B JOBOJBHO IIUPOKUX
npejienax, ¥ 3aBUCUT OT MOITHOCTH MPEANPHUSITHS, €T0 TMPOU3BOJICTBEHHOTO MPOQUII,
TEXHUYECKOTO 000pyaoBanus. OTBeICHUE CTOYHBIX BOJ Ha NTUIE(haOpUKaX SUIHOTO
HampaBJjeHus: Ooyiee paBHOMepHOe. Ha mnrurnedabpukax MsICHOTO HampaBICHUS
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UMEIOT MECTO «3aJITIOBBIE» COPOCHI CTOYHBIX BOJ OT YOOHWHBIX IIEXOB. DTO TOBOPUT O
TOM, 4YTO B 00JIaCTH MPOU3BOJCTBA KYpPUHOTO MsCa MOTYT MMETh MECTO ClIydaw,
Korja cpasy cOpachIBalOTCsl OOJIbIINE 00BEMBI CTOYHBIX BOJI, 0COOCHHO C OOMHU, YTO
MOTEHIIMAJIBHO CcO3JaeT IMpobsieMbl JJi1 3(P(EKTUBHOTO YIPaBICHUS CTOYHBIMU
BOJAMH M UX OYHCTKH.

OCHOBHBIE  TEXHOJIOTMYECKHE TMPOILIECChl MPOU3BOJCTBA MscCa  ITHIIbI
OCYIIECTBIISIIOTCS B CIICAYIOIIEN ITOCIEIOBATEILHOCTH: OTJIOB, JIOCTABKA NTHULBI U
npueMkKa ee Ha y0oil m 00paboTKy; mepBHYHAs 0OpabOTKa NTHUIIBI, BKIIOYAIOIIAS
yOOii, OIIMapuBaHWE M CHATHE OIEPEHHUS;, IMOTPOIICHUE WM TOJYIMOTPOILICHHE
TYHIEK; TPOMBIBKA;, OXJaXICHUE; pa3JeiKa; YINakoBKa TYIIEK; XpaHCHHE U
peanuzanus Msca NTyibl. Ha craauu moTpoiieHruss ¥ TPOMBIBKUA MTHIBI 00pazyeTcs
OTPOMHOE KOJIMYECTBO CTOYHBIX BOX - 7,57 n/mitunia u 4,35 n/nTrIla COOTBETCTBEHHO,
Kak MoKa3aHo Ha pucyHke 1. B cpennem ntuna Becom 2,3 Kr notpediisieT 26,5 J1 BOJIbI
B mpomecce maHHBIX TEXHOJOTMYECKUX OMEpalii o0pa3yroTcsi CTOYHBIE BOJIBI,
3arpsi3HEHHBIC PAa3IMYHBIMU BelecTBamu. [1,2]

[ToTrpebnenue BOabI IUTP/TITHIL

0,19 /ot V6oii 0,19 n/m
Pucynok 1 - Vv
[ToTpebnenue Boasl 0,95 n/nT 5 Ommapusanue | 0,95 n/nTE
pu nepepadboTke
\
IITUIIBI
1,14 n/nt OmunsiBaHuE | 1,14 n/ l'ITE
o JIro¥oun ourcr >TOYHBIX
20,49 7,57 n/or 7,57 n/ut 20,49
JUTPOB/IITUIIA P —_— HOTpOHIeHI/Ie — > JUTPOB/IITUIIA JTo
Cx bl, v
> 4,35 n/ut 4,35 n/ut >
Yucras BoJa 29 WNT | TIpombiBKa —_— CrouHas Bojia
V
YPOBHU 212 n/mr 3arpsA3HSIONUX
) Oxnaxnenune _ 2,12 J'I/HT;
BEILICCTB npu > HUCIOJIb30BAHUU
HEKOTOPBIX IDHOOVOB U TECTOBBIX PEarcHTOB.
[TapameTpamu, M Pasnenka M VCIIOJIb3YEMBIMUA IS
OMMCAHMUSA CTOYHBIX v
BO/I
1,14 n/ur VIakoBka | 1,14 n/ur
nrutieadpuku,

spisitorcst pH, XIIK, BIIK, o6mmii opranuwdeckuii yriaepon (TOC), o6miee
KOJIMYeCTBO B3BemeHHbBIX BemecTB (TSS), oommii azor (TN), obmuit hochop (TP) u
MAaTOT€HHbIE MHUKPOOpPraHu3msel. [3,4] OTu mnapaMmeTpbl BapbUPYIOTCA OT OJHOU
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nturepabpuke K APYyrol B 3aBUCUMOCTH OT MHOTHUX (PAaKTOPOB, TaKMX KaK THI
CUCTEMBI, cI0co0 pabOThl M MPOU3BOAUTENBLHOCTH 10 nepepadoTke. KoHuenTpanuu
OCHOBHBIX 3arpsi3HSIOIIMX BEUIECTB B CTOYHBIX Bogax aocturaroT mno BIIK mo 2500
MI‘/I[M3, [0 B3BEIIEHHBIM BemiecTBaMm 10 2800 Mr/z[M3, no XIIK mo 4700 MI‘/I[Mg, 10
sxupaM 10 1000 mr/ov’. [5]

JIumutel cOpoca u TpeOOBaHHA K MOHUTOPHUHIY CTOYHBIX BoJA B Kazaxcrane
ycTaHaBiauBaOTCs KoMuTeTOM 1O BOJHBIM pecypcaM MHHHCTEPCTBA CEJIbCKOro
xo3stiicTBa Pecniyonuku Kazaxcran B cootBeTcTBUU ¢ Bomubeim kogekcom Kazaxcrana
U JIPYTUMU COOTBETCTBYIOIIMMHU HOPMAaTUBHBIMH akTaMH. KOHKpETHbIE mpenesibl
copoca 1 TpeOOBaHMSI K MOHUTOPUHTY 3aBUCST OT THIA CTOYHBIX BOJ, MecTa cOpoca
Y IOTEHIMAIIBHOTO BO3JCHCTBUS HA OKPYKAIOIIYIO CPELY.

B crpane pelictByer 65 Oonpmux u Manbix nrunedadpuk (34 sMUHOTO

HarnpaJieHUs, 24 — MSCHOTO U CEMb IIJIEMEHHBIX).
AHanmu3 3(pQEeKTUBHOCTH OYUCTKH CTOYHBIX BOJ Ha npumepe ntunedadpuku AO
«Anens Arpo» PecnyOnuku Kazaxcran. O0beM 00pa3yroniuxcsi NpOMBIIIIEHHBIX
cTouHbIX BojJ Ha nruriedadpuxe AO «Anenp Arpo» cocrasisger 550-600 ME/CYT,
cpeHedacoBoi PUTOK 25-30 M°/uac, muKoBas Harpyska 33-35 m/aac. Ha 3aBoze
OCYILECTBISICTCS TMOJIHBI LUKI OT 3a00s Kyp OpoOiiepoB 10 BBIIyCKa T'OTOBOM
OXJIQXKJICHHOM M 3aMOpOKeHHOW mpoaykuuu. [Ipeanpusrue paboTaeT B JBE CMEHBI
o 12 yacoB. B cmeny npoucxoaut 3a6oi 32000 kyp (10 65000 kyp B CYyTKH).

B cootBercTBUM ¢ TpeOOBaHUSMH Ha COpPOC M HOPMATUBHBIMHU JOKYMEHTAMH
ObLTM  pa3paboTaHbl  CIEAYIONIME TEXHOJOTMYECKHE PEHIeHUS 10 OYHUCTKE
IIPOMBILUIEHHBIX CTOKOB 3aBOJA:

1.IIpenBapuTenbHO MPOLIEAIINE CYIIECTBYIOIIYI0 TI'pyOyl0 MEXaHHYECKYIO
OYHUCTKY OT Iepa U KPYIMHOIO0 MycOpa CTOKHM HaIlpaBIIAIOTCS B )KUpOYyIoBUTENh Argel
OT-10 g oTneneHMs MIaBAIOIIUX KUPOBBIX U B3BEILICHHBIX BEIIECTB.

2.COop ¥ ycpeHeHHE CTOKOB MO 00BheMaM M KOHIICHTPAIUSIM 3arpsi3HCHUN B
emkoctu-ycpenuurerie  ARMOPLAST HE-50, ocHameHHyr0 TuapaBiIddeCKUM
nepeMeIMBaHUEM.

3.PearentHass 00paboOTKa CTOYHBIX BOJ KOAryJsHTOM U (DIOKYJISTHTOM,
pPacTBOPHI KOTOPBIX TOTOBSTCS U IO3UPYIOTCS ¢ TOMOILBIO PEar€HTHOIO X035 CTBa.

4.]IByxcrynenuaTtasi (UIOTAllMOHHAs OYUCTKAa B amnmapare HamopHOro THUIa
IPOU3BOAUTEILHOCTBIO 40 M>/4ac.

5.IIpuem u HakoIUIeHUE 1IJIaMa ¢ (pyioTaTopa B OTACIBHON €MKOCTH.

XKupoynoButenb, YCpeAHHTENIb W €MKOCTb IJis MUlaMa — HapyXHOTro
MO/A3EMHOTO HCMOJIHEHUs. PeareHTHOe XO035SUCTBO M (IOTATOp pacrojaraioTcs B
3JJaHUH OYHCTHBIX COOPYKEHUH.

OcuoBuoit Bua nestenpHocTn mnpeanpusatus TOO «Capital Projects Ltdy,
OJTHOTO W3 KPYMHEUIINX TPOW3BOAUTENEH Msica MTHUIBI B AKMOJIMHCKON 00yactu
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SIBJISIFOTCSI TIPOW3BOJICTBO M peau3aIiysi Msica IBIUIIT-OpoityiepoB, moiyhadpukaToB
NEPBUYHON PA3ACIKHM U CYONpPOIYKTOB B 3aMOPOKEHHOM U OXJIAKIEHHOM BHJIE
npou3BoAUTEIbHOCTHIO 10 20 000 T B ro.

Kak

HCCIIEIOBATENbCKOM J1abopaTopuu «DKOJIOTUU BOIb» EBpa3suiickoro HallMOHAJIBHOTO

MOKa3ajld  TPOBEJICHHbIE  MCCIENOBaHMA Ha  0a3e  Hay4yHO-
yauBepcutera umenn JI.H. I'ymunesa., coctaB CTOYHBIX BOJ, 00pa3yroIIUXCS MpU
y0oe u 00pabOTKe MTHUIIbI, XapaKTEPU3YETCs] BHICOKMM KOJMYECTBOM PACTBOPEHHBIX
KEpaTUHOB, COJIEPKAIIUXCS B MyXe W NEPhAX NOTHUILI, )KUPOB M OEJIKOB, a TaKXKe
KOHIIEHTpAIIMEN B3BELICHHBIX BEIIECTB B Mpenenax 150-284 Mr/ILMg. Kpowme Ttoro, B
BOJE 1Il€Xa TMOTPOILIEHUS COJEPKUTCS OOJbIIOE

OCTaTOYHOM KpOBH.

KOJIMYECTBO IeMOrjIo0uHa

TOO «Makunckas ntunedadbpuka», OIUH UX KPYMHEUIIUX MPOU3BOIUTENCH
msica ntunbl B Kazaxcrane, npousBoaut okoso 60 000 ToHH MsAca OTHUUBI B TOJ
22% C unenbro oOmnpeneyeHuss KayeCTBEHHBIX
XapaKTEPUCTHK CTOKA, a TaKXKe C LEeJbl0 omnpeneneHus 3PQPEeKTUBHOCTH pPadOThI

3aHUMAET BHYTPEHHETO pPBIHKA.

CYIIECTBYIOIIEr0 000pyIOBaHMs OBbLTH B3AThI 4 TPOOBI, a Pe3yJIbTaThl AHAIHM30B
CBEJICHBI B CBOIHYIO Tabmwuiy . [6]

Tabmuua 1 - KauecTBeHHBIE MOKAa3aTENN pa0OTHl OUMCTHBIX COOPYKEHUI

IIpo6a Ned
IIpo6a | IIpoda (IpdexTuBH| IIpoda |(IPppexTuBH| Ilapamerpsl
auMeHoBaHue| Nel Ne2 OCTh Ne3 0CTh o01mero copoca
pKaszareJs, el. [lapamerp| [lapamer | ouucrku |Ilapamer| ouucTKHM | (XO035IlICTBEHHO-
N3mepenust blHA pbiHa |uoTauuoHH| pbiHA |(JIOTAUMOHH| OLITOBbIE CTOKH,
BXOJe | BbIXOJe oi BbIX0/1e oif NMPOMBIILICHHbIE
cpeaHecyT|/(pIoTanMO| YCTAHOBKH |(JIOTAMO| YCTAHOBKH CTOKH)
.TMpooda) H. [9%0] H. [9%6]
YCTaHOBK YCTaHOBK
" "
BOD/ XIIK 637,0 79,0 9,67 370,0 0,46 70,0
(Mr/m)
COD/ BIIK5 589,0 63,0 9,84 54,0 0,88 70,0
(mr/n)
SS/ B3B. B-Ba o578 3 6,64 4 531 57

200




(mMr/i)

litrogen total/ | 19,84 19,22 1,46 58,10 0,57 82,28

A30T 001N

(Mr/n)

|Phospho

rus

otal/ ®ocdop 2,09 ,19 6,29 ,68 8,53 1,55

)O1mia (M

/1)

OCHOBBIBasICh Ha BhIIIE€ YKa3aHHOW MH(POpPMAIIUU, MOKHO CIENaTh BBIBOJ, YTO
CTOYHBbIE BOJbBI OosbIMHCTBA nTHUE(haOpuk Ka3zaxcraHa mnoaBepraroTcs TOJBKO
MexaHudeckoil ounctke. HecMoTpst Ha 3QpeKTUBHOCTD (DJIOTALMOHHBIX YCTAHOBOK U
BU3YQJIbHYIO YUCTOTY Ipo0, cOpacbiBaeMasi BoAa MO-MPEKHEMY COJEPKUT BBICOKHE
YPOBHH 3arpsi3HAIOLIMX BEIIECTB NPH NOMNAJaHWUM B BOAOeMBI. JlocTmkeHue
’KEJIaeMbIX IapaMEeTPOB KauecTBa BOJbI TOJBKO C MOMOUIbIO (PU3UKO-XUMUYECKOM
OUUCTKM SIBJISIETCSI YPE3BBIYAHO CIIOKHOM  3ajaued M3-3a mpeoliajaHus
PAaCTBOPEHHBIX  OPraHMYECKUX  3arpsi3HUTENEH.  YUWUTbIBasg  yYHUKaJbHBIC
XapaKTEPUCTHKU TTULIEBOJTYECKONM OTpaciid, TaKWe KaK HaJIU4Hhe PACTBOPEHHBIX
3arpsI3HAIOIIMX BEIIECTB M BBICOKOE COJEp)KaHUE a30Ta, OMOJIOrMYecKas OYHUCTKA
He0o0XoarMa JJIsl COOTBETCTBUS TPEOYyEMBIM CTAHIaPTaM OUYHUCTKH CTOYHBIX BOJ.
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Summary

The article reviews the current state of the treatment facilities at poultry farms
and identifies areas for improvement. Poultry wastewater is a source of pollution of
soils, reservoirs, groundwater, as well as the cause of the emergence and spread of an
unpleasant odor, the development of many microorganisms that are the causative
agents of dangerous diseases. Increasing the efficiency of the cleaning process can
help reduce environmental pollution. Thus, studies aimed at substantiating and
applying technical solutions for improving and optimizing the wastewater treatment
technology of poultry farms are relevant.

Key words: wastewater; poultry farm; treatment facilities; flotation

Ka3pik0aeBa Axapa /laHMSIPOBHA, MATHCTPAHT
Hypneuncosa Kyasimu MaxmeToBHa, KaH/. TEXH. HAYK, aCCOIl.
npodeccop
Anmumosa Kyasm KanbacoBHa, KaH/I. TeXH. HayK, accoll. mpogeccop
Ka3zaxckuili HAIMOHAJIBHBINA UCCIEI0BATEIbCKUN TEXHUYECKUM
YHUBEPCUTET
umenu K. . CarnaeBa, Pecnyosimka Ka3zaxcran, r. AiiMatsl
AHAJIN3 TEKYIIENA CUTYAIIMHA 11O IMTOBBIINIEHUIO
SHEPTOP®P®EKTHBHOCTH B TIPOMBIIIJIEHHOM
BEHTWJIAALINU B PECITYBJIMUKE KA3AXCTAH

AHHOTAIIMS

B nmanHOM cTaTthe paccMaTpuBaeTCs psii MEP, HANPABICHHBIX HA CHUXKCHHUE
SHEPronoTpeOICHUs U MOBBIIEHUE YHEPTrodH(HEKTUBHOCTH BEHTUISAIIMOHHBIX CUCTEM
Ha TPOMBINUIEHHBIX mpennpusatusix PecnyOonuku Kazaxcras. VYka3zaHo, 4TO
BCHTWISAIIMOHHBIE CHUCTEMBI SBJISIOTCS OJHUMH W3 HanboJee HDHEProeMKUX
WHKCHEPHBIX CHUCTEM B 31aHusaX, morpedmss mo 40% temroBor u g0 70%
AJIEKTPUYECKON  HsHepruu. B cratbe  ocBemiaercsi  aKTUBHOE — Pa3BUTHE
npomelluieHHOCTH B Pecnybnmuke Kazaxcran u  CBSI3aHHBIM C  ATUM  POCT
MIPOMU3BOJICTBA U MOTPEOJICHUS FJIEKTPOIHEPTHH, a TAK)KE YKa3bIBAETCS Ha MPOOJIEMBI,
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CBSI3aHHBIE C HW3HOCOM OOOpYIOBaHMSI U HCIHOJB30BaHUWEM HEIPPEKTUBHBIX
TEXHOJIOTUH B MpOIECCe MPOU3BOICTBA SHEPTUH.
KiwuyeBble cJI0Ba: BEHTWIAIMOHHAs CUCTEMa, JHEPromoTpedieHHe,

SHEpPro3arparsl, sHeprocOepekeHue, sHeprod(PpheKTUBHOCTD, OLICHKAa
SHEPronoTpeOIeHus, MPOMBIIIEHHAS BEHTUJIALNSA, SHEprocoeperaromme
TECXHOJIOTUN.

Abstract

This article discusses a number of measures aimed at reducing energy
consumption and improving the energy efficiency of ventilation systems at industrial
enterprises in the Republic of Kazakhstan. It is indicated that ventilation systems are
among the most energy-intensive engineering systems in buildings, consuming up to
40% of thermal and up to 70% of electrical energy. The article highlights the active
development of industry in the Republic of Kazakhstan and the associated growth in
electricity production and consumption, and also points to the problems associated
with the wear of equipment and the use of inefficient technologies in the process of
energy production.

Keywords: ventilation system, energy consumption, energy consumption,
energy saving, energy efficiency, energy consumption assessment, industrial
ventilation, energy-saving technologies.

CucteMbl BEHTWISAIIUYA UTPAIOT CYIIECTBEHHYIO POJIb B 00ECIIEYEHUH BHICOKOTO
KauecTBa BO3JyXa B MOMEIICHHUSIX. BEHTWISIIMOHHBIA BO3AYX 2((PEKTUBHO yaayser
W3 TIOMEIICHWW BHYTpeHHUE 3arps3HeHus. [lpu  ymenwsiieHun  obbema
BCHTWIAIIMOHHOTO BO3AyXa DJHEPro3aTpaThl YMEHBIIAIOTCS, HO B TO K€ BpPEMs
KauecTBO BO3/yXa yxyamaetcs. [lois 3aTpatr Ha HarpeB BEHTWISIIIHOHHOTO BO3/1yXa B
o0111eM SHepronoTpeOJeHNH CUCTEM MHKPOKIMMATa OOIIECTBEHHBIX M IKHUIIBIX
3nanuii coctaBisieT npudau3utenbHo 33%. Takum 00pa3oM, COBEPIIEHCTBOBAHHE
CUCTEM BEHTUJISIIIMU OIIYTUMO TIOBJIUSET HA SHEPronoTpeOIeHue B 3/aHugX. Takum
o0pa3oM, C SKOHOMMYECKOH TOUKHM 3pEHHUs, JHEProcOepeKeHne | 3/10pOBbE
OJIMHAKOBO B&XHBI W HE CJEAYeT DKOHOMHUTH DHEPTHI0, €CIU ITO MPUBOIAUT K
YXYIIICHUIO COCTOSHUS BO3JyXa B IOMEIICHHSAX. B COBpeMEHHOM OOIIECTBE BCE
OoJplIe ¥ OOJbIIE HAPACTAIOT TEHAEHIIMU SKOHOMUU pecypcoB. OauH u3 Haubosee
3aTpaTHBIX KOMITOHEHTOB D3HeproOajgaHca 37aHUS - 3TO BEHTWIIHUA. CHCTEMBI
BEHTWIALIUUA BO3yXa SBISETCA OJHUM U3 CAMBIX YHEPTrOEMKUX WHKCHEPHBIX CHUCTEM.
Ha #ux npu TpaauiimoHHOM HCHOJHEHUH npuxoautcs 1o 40% termoBoi u g0 70%
AIEKTPUYECKON JHEPIHH, MOTPEOIIeMON WHKEHEPHBIM OOECIICUeHUEeM 3JaHHs TI0
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MOIIHOCTU. 3@ MOCJEIHUE TO/Ibl CUCTEMBbI MOJYYHIIM TEXHOJIOTMYECKOE PA3BUTHE B
4acTH SHEeProdPHeKTUBHOCTH.

JHeprocoOepexeHrue U MOBBILICHUE HEPreTuyeckoi 3GpGpeKTUBHOCTH - TO
peanu3alys OpraHu3alMOHHbBIX, TEXHUUYECKUX, TEXHOJOTUYECKUX, IKOHOMUYECKHUX U
ApYTUX Mep, HaNpaBICHHBIX B TMEPBYI0 OdYepeAb HaA COKpalleHHe O0BEMOB
UCIIOJIB3YEMBIX B CTpaHe sHepropecypcoB. C pocTOM 3KOHOMHUKH CTPaHbl OOBIYHO
HaOIIOAAaeTCsl MapajuIebHbII  POCT TOTPEONEHUS] SHEPrOpPECYpPCOB, KOTOPHBIM
COOTBETCTBYET  YBEJIIMYEHUIO  BajoOBOro BHyTpeHHero nmnpoaykra (BBII).
OKOHOMUYECKHM POCT NPUBOJUT K YBEIUYEHHUIO MPOU3BOJICTBA U TMOTPEOSICHUS
PECYpPCOB B pa3lIMYHBIX CEKTOpax. Bce BUBI 3HEPropecypcoB, TakKue Kak yroiib, Tas,
OCH3MH, OJJIEKTPOSHEPTHUS M TEIJIO, HCHBITHIBAIOT POCT TOTPEOJICHUS] B HTHUX
cerMeHTax. BmecTte ¢ TeMm, C yBEIMYEHHEM HACEJICHHS U OJaroCOCTOSIHMSA,
MOTpeOIEHUE IHEPTOPECYPCOB CTPEMUTENBHO Bo3pacTaeT. OOBIYHO 3KOHOMUYECKHA
POCT OCYHIECTBJISIETCS 3@ CYUET YBEJIMYEHHSI KOJUYECTBA PECYpPCOB (3KCTEHCHBHBIM
¢dakTop pocta). OgHAKO, UHTEHCUBHBIA (PAKTOP pOCTa OMPENEIAETCS MOBBIIIEHUEM
KauecTBa YIPABJICHUS CHUCTEMaMH, TEXHOJIOTHM, WCIOJIb30BAaHUEM WHHOBAIIWM,
MOJCpPHH3aLMEN IMPOU3BOJACTBA M IOBBIIICHUEM IPOU3BOAUTENBHOCTH TpyAa. B
CBSI3M C ATHM, B@)XHO MPUMEHSTb MEPbI MO 3HEPrOCOEPEKEHUIO U IOBBIIICHUIO
SHEprodPGeKTUBHOCTH, HE TOJBKO [JJii OOECIEUECHHUS DHEPreTUYECKOM U
HKOJIOTUYECKOM 0€30MaCHOCTH, HO M KaK CPEACTBO MOJEPHU3ALNH TPOMBIIIIEHHOCTH
(OOHOBJNEHME TPOM3BOJACTBEHHBIX MOIIHOCTEH, BHEJIPEHUE TEXHOJOTMH U
MHHOBALM), JKAJIUIIHO-KOMMYHAJIBHOTO XO3SMICTBa (TE€PMOMOJECPHUBALIMS KUAIIOTO
dboHAa, PEKOHCTPYKIMS ¢ MOACpHU3AIUS HHPPACTPYKTYPhl), HHKEHEPHOU U
KOMMYHUKAIITMOHHOW ~ WHQPACTPYKTypbl, a TakKe TpPAHCIOPTHOTO CEKTOpa
(oOHOBJIEHME TPAHCIOPTHOM HWHGPACTPYKTYPhl, OTPAaHUYCHHE HCIIOIH30BAHUSA
ycTapeBIMX M HEI(D(EKTUBHBIX BUIOB TPAHCIOPTA, CTUMYJIHWPOBAHUE TOKYIIKH
SKOHOMHUYHBIX  aBTOMOOWIel HaceneHueM). lIpomeinuieHHocTs  PecnyOnuku
KazaxcTan HaxoguTcs B akTUBHOM (pa3ze mporpeccuBHOro pa3sutus. [loutu Bo Bcex
CEeKTOpax OTMEYaeTcs pOCT MPOU3BOJACTBA, YTO BMECTE€  CIOCOOCTBYET
3HAUUTEITFHOMY TOJIOBOMY YBEIMYEHHIO BajoBOro BHyTpeHHero mpojaykra (BBII)
pecnyOnuku. Jlonss TpoOMBINIUIEHHOTO cektopa B crpykType BBII cocraBmsier
HeMHoro MeHee 40%.

B Hacrosimiee Bpemsi pa3BUTHE MPOMBILUIEHHOCTH OCYIIECTBISETCA ITyTEM
yYBEIMYEHUS] OOBEMOB MPOMU3BOACTBA, YTO MPUBOAUT K POCTY MOTPEOICHUS
anekTposHeprun. Kak yxke ynoMuHanoch paHee, dHEpreTuka SBIAETCS OCHOBHBIM
noTpeduTeneM TMEPBUYHBIX HJHEpropecypcoB. Ha mpou3BOACTBO 3IEKTpo- W
TerodHeprun pacxoayercst 35% oOrero oobeMa nmoTpedaeHus IEPBUIHON SHEPTHH.
VYBenuueHue npor3BOJCTBA 3JIEKTPOIHEPIMU B HACTOAILEE BPEMS OCYILECTBIIACTCS
IIyTEM 3arpy3Kd CYIIECTBYIOIIMX TEIJIOBBIX 3JEKTPOCTAHLMMA, YTO MOIATBEPKIAET
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pocCT moTpeOIeHUS TOTUTMBHBIX PECYPCOB H, CIIEI0OBATENILHO, YBEIMUEHHUE 3aTPaT. ITO
yKa3bIBa€T Ha NPOOJIEMbI, CBSI3aHHBIE C 3HAUYUTEIbHBIM H3HOCOM OCHOBHOI'O
0o0Opy/IOBaHUSI M MHCIOJNb30BAaHUEM HEI(PPEKTUBHBIX TEXHOJOIMM B Ipolecce
Opou3BoACTBa H3Hepruu. [lomMuMo aHanmM3a W OLEHKM DSHEPronoTpeOsIeHus B
Kazaxcrane cyimiecTBeHHBIM (AaKTOpPOM /Jis aHalu3a CUTyalldd B peCcIyOinKe
ABJISIIOTCSI PE3YJIbTaThl MPOBEJACHHOIO 3HEProayIuTa ¢ IPUBJICUEHUEM 3apyO €IKHBIX
U OTEYECTBEHHBIX JKCIEpPTHbIX opraHu3anui (['epmaHckoe sHepreTuuyeckoe
areHTcTBO M KasHUUM mM. YokuHa) Ha 4YeThIpeX Ka3aXCTAHCKUX MPEINPUATHIX —
METAJUTypru4eCcKOr, 3HEPronpoM3BOIAIIECH W MAaIIMHOCTPOUTEIBHOM OTpacie
OPOMBILIIIEHHOCTH.  Pe3ynprarel  JHeproayaura  IOKa3ald  CyLIECTBEHHBIN
NoTeHIMaN »HeprocOepexxkeHus, coctapistomuii ot 13 % mo 40 % (ma AO
«Kazumnax» - 13 %, AO «Axcyckumii ¢eppocmiaBubeiii 3aBoa» - 15 %, AO
«Xumpapm» - 32 %, AO «IleTponaBioOBCKHI 3aBOJ TAKEIOTO MAIIUHOCTPOCHUS -
40 %) [1].

Ounenka »3HeprodpeKTuBHOCTH COBPEMEHHBIX CHCTEM BEHTHJISIIMU
NPOMBIIVICHHBIX MPOU3BOACTB SBIISICTCS BAaXXHBIM AaCIIEKTOM ITPOCKTUPOBAHMS U
HKCIUTyaTallul TaKUX CUCTEM. DHEprod(p@eKTUBHOCTb CHUCTEM BEHTHJILIUU MOXKET
OKa3bIBAaTh 3HAYNTEIBHOE BIMSHHAE HAa SKOHOMHYECKHE 3aTpaThl NPEANPUATHS U HA
oKkpyxarouryto cpeay. g oneHku sHEproddhHEKTUBHOCTH CHUCTEM BEHTUJISALIUU
MIPOMBIIUICHHBIX MPOU3BOJICTB HCIOJB3YIOTCS Pa3IUYHbIe IMOKa3aTeNHd, TaKHe Kak
AHEPronoTpedIeHue, DHEPreTUYECKAS 3¢ (PEeKTUBHOCTS, K03 PUIeHT
UCIIONIb30BaHUsI JHepruu u  jAp. Kpome TOro, UCHOJB3YIOTCS  METOJbI
MaTeMaTH4YECKOr0 MOJAEIMPOBAHUS, KOTOPBIE MO3BOJIAIOT ONPEACIUTh ONTUMAIbHBIC
napaMeTpsl pabOThl CUCTEMbI BEHTUJISALIUY.

CoBpeMEHHBIE CHCTEMBl BEHTWISILIMM IPOMBILUIEHHBIX IPOU3BOJCTB MOTYT
ObITh 2HEProdhPEeKTUBHBIMU OJlarofgaps HCIOJIH30BAHUIO HOBBIX TEXHOJOTHH H
MHHOBAallMOHHBIX pemieHni. Hanpumep, cuctemsl ¢ peKynepamnuei Ternsia mo3BoJstoT
UCIIOJIb30BaTh TEIUIO, KOTOPOE€ OOBIYHO yHajsieTcs W3 IOMENIEHU BMECTE C
OTpa0OTaHHBIM  BO3AyXOM.  Takke,  HCHOJB30BaHHE  HHEProd((HEeKTUBHBIX
BEHTWISILIMOHHBIX YCTPOMCTB U KOHTPOJSI UX pabOThl MOKET 3HAUUTENBHO CHU3HUTH
sHepromnoTpebnenue  cuctembl.  OpHako,  HEOOXOJUMO  YUUTHIBaTh,  YTO
HHEProd3(pPeKTUBHOCTh CUCTEM BEHTWISILIMM MPOMBIIIIEHHBIX MPOU3BOJCTB 3aBHCUT
OT MHOTUX (DaKTOPOB, TAKUX KaK TUII MPOU3BOJICTBA, XaPAKTEPUCTUKH MOMEIICHHH,
KJIMMaThyeckue ycnoBus u  Ap. [losTomMy [ JOCTHOKEHHST MaKCUMAalbHOM
HSHEProd((HEKTUBHOCTH HEOOXOAMMO TNPOBOAUTH WHJMBHUIYAIbHYIO OIIEHKY U
ONTHUMM3ALMI0 CUCTEMbl BEHTUJISILUU JUISI KaXJI0r0 KOHKPETHOIO MPOM3BOACTBA. B
LIEJIOM, OLIEHKa U TOBBIIIEHUE 3HEProd(PGEKTUBHOCTH CHUCTEM BEHTWISLIUU
IIPOMBILUICHHBIX MPOU3BOJICTB SABJISIETCSI BaXKHBIM IIArOM Ha MyTH K YCTOMYHMBOMY
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Pa3BUTHIO MPOMBILUICHHOCTH W OXpaHe oOKpyxkawoiehd cpensl. CylecTByer
HECKOJIbKO METOJI0OB OIIEHKU SHEPT03((HEKTUBHOCTH CUCTEM BEHTUJISIIMU, BKIIIOUAS:
1) Ouenka mNOTpeOJICHUS SHEPTHUH. DTOT METOJA MpPEaIojaracT H3MEpPCHUE
AIEKTPOINOTPEOICHUSI CUCTEMBbl BEHTHJIALIMM, WCIONb3YyS JaTYUKU H
CUETUYMKHU 3JIEKTposHepruu. OneHka NOTpeOJeHUsS SHEPTUU MOXKET OBITh
UCIIONIb30BaHA I ompezeNieHus:  3HEeprodHEeKTUBHOCTH  CHUCTEMBI
BCHTWISIIMA ® I BBIABICHHS TpobieM ¢ 3((PEKTUBHOCTHIO.
Hcnonp3oBaHue mepeioBbIX TEXHOJIOTUN, TAKHX Kak 3HEProddHeKTHBHbIE
CUCTEMBbl ~ BEHTWJIALMH, H(P(PEKTUBHBIE HACOCHI M  KOMIIPECCOPHI,
peryiaupyeMbie MPUBOAbI, MO3BOJSET COKPATUTH MOTPEOJICHUE SHEPIHHU U
NOBBICUTH 3(PPEKTUBHOCTh BEHTWIALMOHHBIX cucteM [2]. ObecneueHue
HaJUIeKaled M30UMA U TePMETU3ALMH CUCTEM BEHTWISALUU IMO3BOJIAET
CHU3UTHh TMOTEpPH TEIUIa M DHEPruu, a Takke obecnedyutb Ooiee
3¢ (hEeKTUBHOE UCTIOJIB30BAHUE PECYPCOB.

2)  Ouenka sHepreTHyeckor 3(PPEeKTHBHOCTH. DTOT METOJ MpPEaIojaract
CpPaBHEHHE SHEPronoTpeOIeHUs] CUCTEMbl BEHTUISILIMU C €€ MPOU3BOAUTEIBHOCTHIO.
O} PeKTUBHOCTh CUCTEMBbl BEHTHJISIIUU MOXKET OBITh OLICHEHAa Ha OCHOBE 00beMa
BO3[yXa, KOTOpBIH CHUCTEMa MOXeT o0ecneunBaTb B MHHYTY, U 00beMa
noTpednsieMoil sHepruu. OILIEHKa 3HEPreTH4eckorl 3(PPEeKTUBHOCTH BEHTUIISALUU
3aBUCUT OT HECKOJIbKMX (PAKTOpPOB, TaKMX KakK IPOEKTUPOBAHUE CHUCTEMBI
BEHTWSILIUM, BBIOOpP OOOpYyAOBaHMS, PETYJSIPHOE TEXHUYECKOE OOCTyKUBaHUE,
WCIOJB30BAaHUE  DHEProcOeperarommx  TexHojdorud u  T.4. s oneHku
HHEPreTUUecKol A(P(HEKTUBHOCTH BEHTWIALIMKA MOTYT HCIOJb30BaThCS CIEIyIOIINE
ITOKa3aTeIIN:

KIIJI BeHTHJISTOPOB - TMOKa3bIBaeT, Kakas YacTh SHEPIUH, MOTPeOIsieMOoi
BEHTWJIITOPOM, UCIIOJIB3YETCS JUUISl IEPEMEILICHHSI BO3AYXa.

CrerneHb UCHOJIB30BaHUS TeIJla - TIOKa3bIBAaeT, Kakas 4YacTh TeIa,
BBIJICJISIEMOT0 B TMPOM3BOJCTBEHHOM IOMEUIEHUM, HCIOJIb3yeTCsl JJid Harpesa
BO3/lyXa B CUCTEME BEHTUIISILINU.

[TorpebnieHue SNEKTPOIHEPTUM - TOKA3bIBAET, CKOJBKO AJIEKTPOIHEPIUU
noTpedIsieT CUCTeMa BEHTWISILINY 32 €IUHUILY BPEMEHH.

KonnyecTBOo mepeMemaeMoro BO3JayXa - IOKa3bIBa€T, KAKOE KOJIMYECTBO
BO3/lyXa IEpEMELIAET CUCTEMA BEHTUIISILUY 33 EUHUILY BPEMEHH.

YpoBeHb 1IymMa - TIOKa3bIBaeT, HACKOJBKO IIyMHas paboTa CHUCTEMBbI
BEHTWISALMUA. YeM HUKe ypOBEHb ILIymMa, TeM sHepreruyecku Oosee 3¢ddexTuBHA
CUCTEMa BEHTWJISLIUU, MOCKOJIBbKY 3BYKOBBIE BOJIHBI SIBJISIOTCS (POPMOM SHEPTUU U
U3ITYyYaIOTCsl B OKPYKAIOIIYIO Cpely B Mpoliecce padboThl CUCTEMBI.

3) Hcnonb3oBaHME BTOPUYHBIX HCTOYHHKOB DJHEPrHH. IJTOT METO[
MIPEANOJIAraeT UCIOJIb30BAaHUE BTOPUYHBIX MCTOYHUKOB SHEPIUH, TAKUX KakK BETED,
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COJIHEYHAs] DHEpPrusi, TEIUIOBAas JHEPrusi U Jpyrue, sl TUTAHUS CHUCTEMBI
BEHTUJISIMU. MCronb30BaHWE BTOPUYHBIX HMCTOYHUKOB SHEPIUM MOXKET CHU3UTH
3aTpaThl Ha DSHEPromnoTpedsieHrue | clejgaTh CHUCTEMY BEHTHIALMH —Ooliee
HKOJOTUYECKH YCTOWYMBON. B TNpOM3BOJICTBEHHBIX TMOMEIIEHUAX MOXKET OBITh
3¢ (HeKTUBHO MCIOIB30BaHa BTOPUYHASI SHEPTHUsA, KOTOpas MOIy4yaeTcsl B pe3yiabTare
paboThl APYTUX TEXHOJOTHYECKHMX CHUCTEM WU mporeccoB. Hampumep, TerioBas
SHEPrusi, BBIICIAIONIAsICS B Mpolecce padoThl MPOMBIILICHHOTO 000pYyI0BaHMUS,
MOXET OBITh HCIOJBb30BaHa i 000OTpeBa BO3[yXa B CHUCTEME BEHTWJISIMH, YTO
CHU3UT MOTPEOJICHUE DIIEKTPUUECKON IHEPTUH ISl 000TpeBa TOMEIICHHM.

4)  Ouenka >(PQPeKTHBHOCTH  OOpabOTKM  BO3AyXa. ODTOT  METOJ
IpernoiaraeT OleHKy TOro, HaCKOJIbKO 3(P(GEKTUBHO CHUCTEMa BEHTUJISIIIUN OYHUIIIAET
BO3lyX OT 3arpsasHeHuid. OIeHKa MOXKET MPOBOJUTHCS C IOMOIIBIO JIaTYUKOB
KauecTBa BO3JlyXa M U3MEPEHHsS KOHIIEHTPALMM BPEIHBIX BEIIECTB B BO3AYyXE N0 U
Mocjae MPOXOXKACHUS Yepe3 cucreMy BeHTWIIuu. OueHka 3(QpekTuBHOCTH
00pabOTKM BO3AyXa SBISETCA BAXKHOM YacThO OLIEHKU A(P(HEKTUBHOCTH CHUCTEMBI
BEHTWISALIUA B TIPOU3BOJICTBEHHBIX MOMEIIECHUAX. I(hPEKTUBHOCTH 00pabOTKU
BO3/lyXa 3aBUCHT OT TOrO, HACKOJIBKO XOpOLIO CHCTEMA OYMINAET BO3AYX OT
3arpsi3HEHUM M TOJAJIEPKMBAET €ro B 3aJlaHHBIX IMapameTrpax (Temmeparypa,
BJIQXKHOCTb, COIEPKAHUE KHCIIOPOAa U JIp.).

[logBonga wrorn, ¢ pa3BuTHeM SKOHOMUKHM Kazaxcrtana Bo3pacTaeT
NOTpeOHOCTh B 3Hepropecypcax. OCHOBHasi MOTPEOHOCTh B SHEPIHMH B CTpaHE
CBfA3aHa C MPOMBIILJIEHHBIM CEKTOPOM, KOTOPBIA moTpedssier 67% mnponu3BOAUMON
anektposHeprun [3]. B HacTosinee Bpemsi 3HeprodhGeKTUBHOCTh CTajia TJIaBHBIM
TPEHIOM B MHPOBOM SKOHOMHKE. (OHa OXBaThIBA€T pA3JIMYHbIC ACHEKTHI
TEXHOJIOTMYECKOTO Pa3BUTHS, MOJIEPHU3ALUUA W AUBEPCUPUKAIMN SKOHOMUKH, a
caMoe TJIaBHOE - POCT KOHKYPEHTOCIIOCOOHOCTH M 3 (PEKTUBHOCTH SKOHOMHUKH. B
Kazaxcrane »HepronPeKTMBHOCTh TakXe SBIACTCS MOJIUTHYECKUM TpeHaAoM. B
Crpaternueckom 1utane pazsutus Pecriyonuku Kazaxcran go 2025 roga nocrasieHa
3a/laya CHU3UTh SHEPrOEMKOCTh BaJoOBOro BHyTpeHHero npoaykra (BBII) ctpansl He
MeHee uem Ha 25% x 2025 romy. 3a mnepuon HeszaBucumocTH Kazaxcrana
sHeproemkocth BBII cokparunace Ha 52%, B TO BpeMsl Kak B MHUPOBOW 3KOHOMUKE
CHIKEHHE SHEPrOEMKOCTH cocTaBuiio 21%.

JINTEPATYPA
1. XKypnan «BectHuk OuHepretuka» No2 (41) ot 05.2012 r. Jlokman AsekcaHIpsl

CamoBckoii  «O0  sddexktuBHOCTH  CHUXKEeHHS ~ HopmMaTuBHBIX  TOTEph
AIEKTPOIHEPTUI (r. AJMaTBbl, 02.03.2012 r.) [Tonpobuee:

207



http://meganauka.com/education/890-problemy-energo sberezheniya-
ienergoeffektivnosti-v-ekonomike-kazahstana.html.

2. JapxanoB, T.H. [IIpoGnembl  SHEprocOEpekeHUs W TOBBIIICHUS
sHeprodddextuBHocT B Pecnmybuke Kazaxcran / HayuyHoe coo0111ecTBO CTYI€HTOB
XXI cronerus. Texandeckue Hayku: cO. cT. mo mat. XLVI MexayHap. cTya. Hayd.-
mpakT. kKoH(®. Ne 9(45). URL: https://sibac.info/archive/technic/9(45).pdf. (mara
obpamenus: 07.11.2017), 335 c.

3. XKanaeB b.b. CoctosHue sHepreTuku u sHeproapdextuBHOCTh B Kazaxcrane.
Co6opuuku koH(pepeHuit Hu corpocdepa, 2015

4. https://www.gov.kz/memleket/entities/comprom/activities/2371?lang=ru

5. https://adilet.zan.kz/rus/docs/P1300000904

Kabip0aeBa A3u3a AMaHTeJIAUKbI3bl, MATUCTPAHT
Hypneucosa Kyasimu MaxmeTroBHa, KaH/A. TEXH. HAYK, aCCOIl.
npodeccop
Ka3zaxckuii HALMOHAJBbHBIN HCCJI€0BATEILCKUN TEXHUYECKH I
YHUBEPCHUTET
umenu K. U. CarnaeBa, Pecnyosimka Ka3zaxcran, r. AiiMatsl
IOPEKTUBHOCTb KOMBUHUPOBAHHBIX CUCTEM
OTOIVIEHHUA

AHHOTALUA

B cratbe paccmaTpuBaeTcsi KOHIICHIIUS HMCIIOJIB30BaHUS KOMOWHHUPOBAHHBIX
CHUCTEM OTOIUICHHS, KOTOPBIE MOTYT OBITh OOCCHEYeHbl MyTeM OO0BCAUHCHUS
Pa3IMYHBIX HCTOYHUKOB Teria. OgHUM H3  paclnpoOCTPAaHEHHBIX TMPHUMEPOB
KOMOWHHPOBAHHBIX CHCTEM SBJISETCS COYECTAHHE Ta30BOTO WM DJICKTPUYECKOTO
KOTJa C BO300OHOBISIEMBIMM HCTOYHHMKAMHU TeEIJla, TaKUMHM KaK COJIHEYHEIE
KOJUICKTOPHI WM TeoTepMabHble Hacochl. OTMedaeTcs, 9To d3(PPEKTUBHOCTDh TaKOM
CHCTEMBbI 3aBHCUT OT CIOCOOHOCTH WCIIOJIB30BaTh BO300OHOBJIIEMBbIE HCTOUYHHKHU
TeIUIa B MOAXOAANINX yCIOBHUAX. [ TOCTHIXKEHUS MaKCHMMalbHOU 3(pdeKTUBHOCTH
KOMOMHUPOBAaHHON CHCTEMBI, OTMEYAeTCs HEOOXOJMMOCTh IPaBHIBHOrO Ioadopa
KOMITOHEHTOB, X MHTETPAIlMU U HACTPOUKH, a TaKKe yuyeTa OCOOCHHOCTEH 3/1aHus,
€0 Pa3MepoB M KJIMMATHYCCKUX YCIOBHUH.

KaroueBbie ciioBa: KOMOWHUPOBAHHBIC CHCTEMBl OTOILICHHWS, WCTOYHHKHU
TeIia, KOMIIOHEHTHI U HACTPOMKA, BO30OHOBJISIEMbIC UCTOYHHUKHU TEILIa, COJTHCUHBIC
KOJUIEKTOPBI, T€OTePMabHBIE HACOCHI, KIMMATHYECKHUE YCJIOBHS, MOTPEOHOCTH H
YCIJIOBHSI.

Abstract
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The article discusses the concept of using combined heating systems, which
can be provided by combining various heat sources. One common example of
combined systems is the combination of a gas or electric boiler with renewable heat
sources such as solar collectors or geothermal pumps. It is noted that the
effectiveness of such a system depends on the ability to use renewable heat sources in
suitable conditions. To achieve maximum efficiency of the combined system, the
need for the correct selection of components, their integration and configuration, as
well as taking into account the features of the building, its size and climatic
conditions is noted.

Keywords: combined heating systems, heat sources, components and setup,
renewable heat sources, solar collectors, geothermal pumps, climatic conditions,
needs and conditions.

KoMOuHupoBaHHbIE CUCTEMBI OTOIUICHUS IIPEACTABIISIOT cobon
MHHOBAIIMOHHBIN MOAXO0J K 00ECIEUEHHUIO TeIjla B JOME WJIU 3JaHUU. ITU CUCTEMBI
OOBEIUHSIOT PA3JIMYHbIE HCTOYHUKM TeIUia [JJis JOCTHIKEHHUS ONTUMAIbHOU
adpdexktuBHOCTH U KOoMpopTta. OHU coueTaroT B ce0€ TPaTUIIUOHHBIE METO/IbI
OTOIUJICHUS, TaKME€ KAaK Ta30Bble WA DJIEKTPUUYECKHE KOTJBI, C BO30OHOBIISIEMBIMU
HMCTOYHUKAMU TeIUla, BKJIIOYas COJTHEYHBIE KOJJIEKTOPHI U T€OTEpMallbHbIE HACOCHI.
OcHoBHas ujies KOMOMHUPOBAHHBIX CHCTEM OTOIUICHHS 3aKJIIOYAeTCs B TOM, YTOOBI
WCIIOJIb30BaTh PA3JIMYHbIE MCTOYHUKH TEIJla B 3aBUCHMOCTH OT CIEeIU(PUUIECKUX
noTpedbHoCcTe U ycinoBuil. Hanmpumep, B COMHEUHBIN JI€Hb COTHEYHBIE KOJIJIEKTOPHI
MOTyT 3¢(})EKTUBHO MOCTABIATH TEIUIO, TOTAa KaK B HOYHOE BpPEMS WM B MEPUO/IBI
HHU3KOM COJTHEYHOW aKTUBHOCTH, Ia30BbIA WJIM JIEKTPUUYECKUN KOTET MOXKET B3SITh Ha
ce0s1 OCHOBHYIO Harpys3ky [1].

OfaHUM H3 TIaBHBIX MPEUMYIIECTB KOMOWHHUPOBAHHBIX CHUCTEM OTOIUICHHUS
ABJISICTCSl  TOBBbIIEHHE  A(G(EKTUBHOCTH U HKOHOMHM  dHepruu. llyrem
KOMOWHHUPOBAHUS PA3IMYHBIX UCTOYHUKOB TEIJIa M WCIIOJIB30BAHUS MX B Hauboiee
ONTUMAJILHBIX PEXUMaxX, CUCTeMa MOXKET JOCTHYb BBICOKOU 3(P(HEKTUBHOCTH, YTO B
KOHEUHOM MTOT€ CHIKAeT 3aTpaThl Ha OToIUieHHe. Kpome Toro, MCHoJIb30BaHHE
BO30OHOBJISIEMBIX HMCTOYHUKOB TeEIJa TIOMOTAeT COKPATUTh 3aBUCUMOCTh OT
HEe(TSIHBIX M Ta30BBIX PECYPCOB, a TAKKE CHIXKACT BHIOPOCHI BPEIHBIX BEIECTB B
OKpYXaromyto cpeay. Pomb KOMOMHHPOBAaHHBIX CHCTEM OTOIUICHUSI B TOBBINICHUU
3¢ ()EKTUBHOCTH TaKKe MPOSIBISIETCS B YJIy4IIeHHH KoMdopTa KUIbIoB. brarogaps
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UHTETpallMi  PAa3lUYHBIX  HCTOYHUKOB TelJa W  CHUCTEMBl  YyNpaBJICHHUS,
KOMOMHHUPOBAHHBIE CHCTEMBl OTOIUIEHUSI MOTYT TOAJAEPKUBATh CTAOMIIbHYIO
TEMIIEpaTypy B TIIOMEIICHUAX, a Takxke oOecneunBaTb Oo0jee pPaBHOMEPHOE
pacnpeziesieHue Teria. OTo co3laeT 0ojiee KOM(OPTHBIE YCIOBUS MPOKUBAHUS U
paboTsI [3].

KOMITOHEHTH KOMOMHUPOBAHHBIX CUCTEM OTOIUICHHS UTPAIOT KIOYEBYIO POJIb
B oOecnieueHNH 3(P(HEKTUBHOTO W YCTOWYMBOTO OTOIUICHUS JOMOB U 3maHuii. OHH
MPEJICTaBISIOT co00i pa3nuyHble TEXHOJOTUU U YCTPOMCTBa, KOTOPhIE pabOTalOT B
CUHXPOHM3ALUH, YTOObI 00ECIEYUTh ONTHUMAJIBHOE HCIOJIb30BAaHUE PA3IMYHBIX
UCTOYHUKOB Teruia. PaboTa KOMOMHMPOBAaHHBIX CHUCTEM OTOIUIEHUS OCHOBaHA Ha
UHTETpallMd pa3jIMYHbIX KOMIIOHEHTOB M pEryJMpOBKE TEIUIa, 4YTOOBI JIOCTHYb
onTUMaIbHON PPEeKTUBHOCTH U KoMpopTa [4]. DT cHUCTEMBI IPEACTABISIOT COOOH
CIIOKHBIE CETH, KOTOpblE OOBEIMHAIOT pa3IUYHbIE HMCTOYHUKU TeEIJia, BKJIOYas
ra3oBble WJIH D3JEKTPUYECKUE KOTJbI, COJIHEYHBIE KOJUJIEKTOPBI, T'€OT€pMalbHbIC
HAacoOChl U JpYrue BO30OHOBIIIEMbIE HCTOYHUKH. PaccMoTpuM mpuHIMI padOThI
KOMOMHHMPOBAHHBIX CHUCTEM OTOIUIEHUS M UX PETyJUpOBKY M oOOecrnedeHus
onTUMaIbHON () (PEKTUBHOCTH.

OcHOBHOM mnpuHIMIN PabOTBl KOMOWHUPOBAHHBIX CHCTEM  OTOIUICHUS
3aKJII0YAETCS B MCIOJB30BAHUM PA3JIMYHBIX MCTOYHHKOB TEIJIa B 3aBUCUMOCTH OT.
NOTpeOHOCTEM 17} YCIIOBUH. Korna cucrema BKJIIOYECHA, OHa
aBTOMAaTUYECKU BBHIOMPAET. HamOoJiee MNOAXOMAIIMH HMCTOYHUK TeIuia IS
o0OecrieyeHuss ONTUMAIBHOIO OTOIUIEHHS. OJTO MOXET ObITh Ta30BbIA HWIH
ANEKTPUYECKUN KOTEJ, COJIHEYHBIE KOJUIEKTOPBI, T€OTEPMAJIBbHBIA HACOC WU
KOMOMHAIINS 3TUX UCTOYHUKOB.

WuTerpaius pa3inyHblX KOMIIOHEHTOB SIBJISIETCS KIIFOUEBBIM acleKTOM paboThl
KOMOMHHMPOBAHHBIX CUCTEM OTOIJICHUs. KaXplii KOMIOHEHT MMEET CBOIO pOJib U
¢yHkuMio B cucteme. Hampumep, ra3oBbli WIH AJIEKTPUUYECKUH KOTEN MOXKET
CIIy’)KUTh OCHOBHBIM MCTOYHUKOM Te€IJIa, KOTOPBIM AaKTUBHPYETCS NPH HU3KOU
3 PEKTUBHOCTU APYrMX HCTOYHUKOB WM TPU JOMOJHHUTEIHHON MOTPEOHOCTH B
teruie. ColHeYHbIE KOJUIEKTOPBI UCIOIB3YIOTCS JIJIsl cOOpa COTHEUHOW SHEPrUH U €€
npeoOpa3oBaHus B TEIJIO, OCOOEHHO B COJIHEUHbIE JHHU. ['eoTepmanbHble HACOCHI
HCIOJIb3YIOT TEIUI0, XpaHAIIEeCcs B 3eMJI€ WM MOA3EMHBIX BOJaX, AJisi o0ecredyeHus
OTOIUIEHUS M OXJIAXKICHU.

PerynupoBanue Temia B KOMOMHUPOBAHHBIX CHCTEMaxX OTOIUICHHUSI HUIPAET
BAXKHYIO pOJIb B 00€CHEUYEHUH ONTUMAIbHON 3((PEKTUBHOCTU. DTO JOCTUraeTCs C
MOMOILIBIO CUCTEMBI YIpaBJIEHUS, KOTOpas KOHTPOJHMPYET paboTy Kaxkaoro
KOMIIOHEHTa U ONTUMHU3HUPYET UX paboTy B 3aBUCUMOCTH OT TEKYLIUX YCIIOBHUH.
Hampumep, B COJHEYHBIA JEHb CHCTEMA MOJXKET IPEANOYECTh HCIOIb30BATh
COJTHEUHBIE KOJIJIEKTOPHI AJisi 00ecredeHus Terjia, B TO BpeMs Kak B HOYHOE BpeMs
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WA B NEPUOAbl HU3KOMW COJHEYHOW AKTUBHOCTH AKTHUBUPYIOTCS Ta30BbIA WIIU
AJEKTpUYECKU KoTesd. Takke, cHCTEMa YIPABJICHUS MOXKET PEryJIHpOBaTh
pacripefiefieHde TeIula B Pa3MYHBIX 30HAaX IOMEIICHUH, 4YTOOBI O00ECIICUUTH
KOM(OPTHYIO TEMIIEpaTypy B KaX0M MOMEIICHUU.

OntumanbHas 3(PGEeKTHBHOCTh KOMOWHHUPOBAHHBIX CHCTEM  OTOTUICHHUS
TOCTUTAETCS OJIaroapsi MHTETPAMA U PETYIHPOBKE PA3IMYHBIX KOMIIOHEHTOB. JTO
MO3BOJIAET MCHOJB30BaTh Hambonee >()PEeKTHUBHbIE HUCTOYHHKHU TEIJIa B KaXKIbIN
MOMEHT BPEMEHU U NPH PA3IUYHBIX YCIOBUAX. Hanmpumep, ecinu coiHeUHast S3HEPTrus
JOCTYITHA, CUCTeMa MPEANOYTET UCIOJb30BaTh €€, YTOObl CHU3UTh 3aBUCHUMOCTH OT
raza WM DOJEKTPUYECTBA. ITO HE TOJBKO YJIY4YIIA€T JHEPreTUUYECKYIO
3 PEKTUBHOCTh CHUCTEMBI, HO M CHIKAET 3aTpaThl HA HSHEPIHI0 M HETaTUBHOE
BO3JICHCTBUE HA OKPYKAIOIIYIO CPELY.

Pabora KOMOWMHHMpPOBAHHBIX CHUCTEM OTOIUICHHSI OCHOBaHa HAa COBMECTHOM
paboTe pa3IMYHBIX KOMIIOHEHTOB M UX MHTETPAIMU Yepe3 CUCTEMY YIPaBJICHUS. ITO
1mo3BoJisIeT 3(P(HEKTUBHO MCIOJIB30BAaTh JIOCTYIHBIE HCTOYHUKHM TEIUIA, CHIXKATh
AHEpro3aTpaThl U yJIydiaTbh KoMpopT B momerieHusx. KoMOMHUPOBaHHBIE CUCTEMBI
OTOIUICHHS SIBJISIOTCS BaXKHBIM IIIarOM B HamNpaBiICHUU 3HEProdHPEeKTHBHOCTH H
YCTOMYMBOTO  pa3BUTHUs, TpeAocTaBisiss  A(PEGEKTUBHOE HM  IKOJOTHUYECKHU
JPY>KECTBEHHOE pelIeHue sl 00ecTieueH s Teria U koM@opTa B IoMax U 3/1aHUX.

KoMOuHUpOBaHHBIE CHUCTEMBbl OTOIUICHHUSI TpEIiaratoT psifi 3HAYUTEIbHBIX
MPEUMYIIECTB, KOTOPHIC JEJIAIOT UX MPUBJICKATEIbHBIM BHIOOPOM [IJIsi 0OeCreueHUs
Teria B IoMax U 3JaHusIX. OCHOBHBIMHU NMPEUMYIIECTBAMH TAKUX CUCTEM SIBIISIFOTCSI:

OKxoHomus dHepeun - KOMOWHHUPOBAHHBIC CHCTEMBI OTOIICHUS TO3BOJISIOT
OITUMAaJIbHO HCIIOJIB30BaTh pa3IuYHbIe MCTOYHUKU TeIIa, BKJTIOYAs
BO30OHOBJISIEMbIE HCTOYHHUKH OHEPIHMH, TaKHe KaK COJIHCUHBIC KOJUICKTOPHI
WJIU TeOTepMalIbHbIE HAcOCHL. VCIonb30BaHUE ATHX BO300OHOBIISIEMBIX HCTOYHHUKOB
MO3BOJISIET CHU3UTh 3aBUCHUMOCTH OT TPAJUIIMOHHBIX MCTOYHUKOB DHEPIUH, TaKUX
KaK Ta3 WIK 3JEKTPUYECTBO, U 3HAYUTEIBLHO COKPATUTh MOTPEOICHUE DHEPTUU ISt
OTOTIIJICHHUS.

CHuodrceHue 3ampam Ha OmonieHue — UCIOIb30BaHUE PA3IMYHbIX UCTOYHHUKOB
TEeIIa W ONTHMAJIBHOE YNpPaBICHUE CHUCTEMOH, KOMOWHHPOBAHHBIC CHCTEMBI
OTOTJICHUSI TIO3BOJISIIOT CHU3UTH 3aTparhl. Hampumep, MCMOIb30BAHUE COJHEUHBIX
KOJIJISKTOPOB ISl cOOpa COTHEYHOM SHEPTUHU IMO3BOJISICT CHU3HUTH MOTpeOIeHHEe raza
WJIA 3JIEKTPUYECTBA, UTO MPUBOAUT K SKOHOMHUHU HA SHEPTUM U CHIKCHHUIO CYETOB 3a
OTOIIJICHHE.

CHuoicenue 6pedHblx  6blOpocos: OIHUM W3 OCHOBHBIX IPEUMYIIECTB
KOMOMHHUPOBAHHBIX CHCTEM OTOIUICHUS  SIBJISIETCS 10,4 HKOJIOTrHYecKast
JPYKECTBEHHOCTh. VCcIomp30BaHne BO3OOHOBIISIEMBIX HCTOYHUKOB TEIUIA, TAKMX KaK
COJIHCYHAS WM TeoTepMallbHash JHEPrus, IIOMOTaeT COKPaTUTh BBIOPOCHI
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MAapHUKOBBIX Ta30B MW BPEIHBIX BEMmIECTB B arMocdepy. ITO CHOCOOCTBYET
yAY4IIEHUIO KauecTBa BO3AyXa M CHIDKEHHIO HETaTUBHOTO BO3JEHCTBUA Ha
OKPY>KaIOIIyIO Cpery.

Vayuwenue  komgpopma:  KOMOMHHpPOBAHHBIE  CHCTEMBI  OTOIUICHUS
oOecrnieunBarOT 60JIee paBHOMEPHOE U CTAOMIIBHOE pachpeeeHne Tera Mo BCeMy
nomenieHuio. brarogaps BO3MOXHOCTH HCIOJB30BAHUS PA3IMYHBIX HCTOYHHUKOB
TeIUla B 3aBUCHUMOCTH OT BHEUIHHX YCIOBUH, cHCTeMa MOXeT 3()PeKTUBHO
MOJJIEPKUBAaTh KOM(MOPTHYIO TEMIEpaTypy B IMOMEIICHUU 0€3 pe3Kux Mepernaon
WM KOJIeOaHUH.

['nbkocts u MacmTabupyemocTh: KoMOMHMpPOBaHHBIE CHUCTEMBI OTOILICHUS
HPEAOCTABIISAIOT BO3MOXKHOCTh THOKOTO 1Moadopa M KOMOMHHUPOBAHUS Pa3TUYHBIX
KOMIIOHEHTOB B 3aBUCHUMOCTH OT MOTPEOHOCTEH M YCIOBHMI KaXKIOTO0 KOHKPETHOTO
MpPOEKTa. OJTO TMO3BOJISIET CO3AaBaTh HamOoliee ONTUMalbHble M 3(PQEKTHBHBIC
CUCTEMBl  OTOIUICHHWS,  Yy4UTbIBag  (akToppl,  TakWe  Kak  IUIOHIaJb
MOMEIIEHUS, KITMMATUYECKUE YCIOBHS U OIOKET.

Honzoeeunocms u Hnaoexcrnocms: KOMOMHUPOBAHHBIE CUCTEMBI OTOILJICHMS,
UCIOJIB3YIOUINE  pa3IUYHble KOMIIOHEHTBHI, 00JaJal0T BBICOKOM  CTENEHBIO
JOJITOBEYHOCTH U HAAEKHOCTH. KaXKablil KOMIOHEHT pabOTaeT B CUHXPOHU3AlUH, U
B CIydya€ BBIXOZa M3 CTPOsS OIHOTO KOMIIOHEHTa, JPYrHe KOMIIOHEHTHI MOTYT
MIPOJI0JKATh 00eCeunBaTh OTOIIEHUE. DTO oOecrneunBaeT 00jee HaASKHYIO padoTy
CHUCTEeMbl 1 MUHUMHU3UPYET MPOCTOM B CIIy4ae PEMOHTa WIIU 3aMEHBI KaKOTO-JIN0O
KOMIIOHEHTA.

KomOuHMpOBaHHBIE CHCTEMBI OTOIUIEHUS MPEAOCTABISAIOT P NPEUMYIIECTB,
BKJIIOYAsi 5)KOHOMUIO HEPTUU, CHU)KEHHUE 3aTpaT Ha OTOIUICHUE, CHUKEHHE BPEIHbIX
BBHIOPOCOB, yiIydllleHHEe KoMm@opTa M THOKOCTh B MOAOOpe KOMMOHEHTOB. OHH
ABISAIOTCS 3((EKTUBHBIM M YCTOMYMBBIM pELIEHUEM [UIsi OOecrieyeHHsl Teria B
JOMax W 3JaHMsIX, CIIOCOOCTBYSI JKOJOTHYECKONH OTBETCTBEHHOCTH M CHIDKEHHUIO
HETaTHBHOTO BO3ACHCTBUSI Ha OKPYIKAIOIIYIO CPEy.

KoMOuHMpOBaHHBIE CHCTEMBI OTOIUICHHS TpeiaraloT pasHooOpa3HbIe
NOJIXOJAbl ¥ BapUaHTbl, KOTOpPbIE YCIEUIHO MPUMEHSIOTCS Ha IMPaKTHKE.
PaccMOTpuM HECKOJIBKO NPUMEPOB KOMOWMHUPOBAHHBIX CHUCTEM OTOIUICHHUS C
OINKMCaHUEM UX OCOOCHHOCTEH U MPEUMYIIECTB.

Kombunayus e2azosoco xomna u coimeyHvlx KOJLIEKMOPO8: TA30BbIM KOTEI
paboTaeT Kak OCHOBHOW WCTOYHUK TeIJja, HO JOMOJHSIETCS COJHEUYHBIMU
kotekropamMu. CONHEYHBIE KOJUIEKTOPBI COOMPAIOT COJHEYHYIO JHEPTUi0 U
npeoOpa3yloT ee B TEIUI0, KOTOPOE HCIOJb3yeTCs ISl TMOAOTPeBa BOABI WM
NOMEIeHUI. DTO MO3BOJISIET CHU3UTH MOTpPEOJIEHHWE Ta3a M CHHU3UTh 3aTpaThl Ha
OTOIUIEHHE, OCOOEHHO B TEIJIOE BpEMS T'Ofa, KOIr/la COJIHEYHAs] aKTUBHOCTH BBICOKA.
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[IpeumyiecTBa BKIIOYAIOT SKOHOMUIO SHEPTUU, CHUKEHUE BHIOPOCOB U YITYUIICHHUE
YCTOMYHUBOCTH CUCTEMBI [S].

Kombunuposannasa cucmema ¢ eeomepmanbHbiM HACOCOM U INEKMPUHLECKUM
KOMAOM - T€OTEPMAJIbHBIA HACOC UCTIOJIB3YETCA JIJIsl U3BJICUEHHUS TEIIa U3 3€MJIU WIIN
MOA3EMHBIX BOJI, KOTOPOE 3aT€M UCIOJb3YETCA [Ji1 OTOIUICHUS TOMEIICHUI.
ONEKTPUYECKUM  KOTEA  BKJIIOYAETCAd TOJIBKO B  ClIydyae HEOOXOJIUMOCTH
JIOTIOJIHUTENIBHOTO o0orpeBa. ['eoTepmanbHbli Hacoc sBIsSETCS 3(PPEKTUBHBIM
UCTOYHUKOM TeIUla, OCOOEHHO Mpu CTaOWIBHOW TeMmmeparype B 3eMI€.
[IpeumyinecTBa BKJIIOYAIOT SKOHOMHUIO DHEPTUHU, CHUKEHUE 3aTpaT U yMEHBIICHHUE
BpPEIHBIX BHIOPOCOB.

Kombunuposannas cucmema ¢ mennogviM HAcOCOM U 2a308blM KOMJIOM -
TEIUIOBOM HACOC HCIOJB3yeTCs I M3BJICUCHUS TEIUIAa U3 OKPYXKAIOUIEH Cpelbl,
TaKOW KaK BO3AYyX WJIM BOJA, U €r0 MEPEJAYu B CUCTEMY OTOIUICHUS. ['a30BbIA KOTEN
aKTUBUPYETCS B ciydyae HU3KOHM 3(P(HEKTUBHOCTH TEIUIOBOIO HAcoca WM MpHU
JOTOJHUTENBHOW NOTPEOHOCTH B Teruie. TeraoBoil Hacoc sBisieTcsl 3((HEKTUBHBIM
MCTOYHHUKOM TEIUIa, OCOOCHHO B YMEPEHHBIX KIMMATUYECKHUX YCJIOBHSX, a Ta30BBIN
KOTe OO0ecrneynBaeT JIOMOJHUTEIbHYI0O MOIIHOCTh B  XOJIOAHBIC TMEPHOIBI.
[IpenmyiiecTBa BKIIIOYAIOT 3KOHOMHUIO SHEPTUH, CHUKEHUE 3aTpaT W yIy4YlICHUE
YCTOMYHUBOCTHA CUCTEMBI.

Kombunuposannasa cucmema ¢ mennogoti 6ombOOU U CONHEUHLIMU
Kolekmopamu - TeryioBas 00M0a, WU Te€OoTepPMaIbHBIM KOJUIEKTOP, HCIOIb3YeTCs
JUIS U3BJICUCHUS TEIUIA W3 MOYBBI WM BOJIbI, @ COJHEYHBIE KOJUIEKTOPHI COOMPAIOT
CoJIHeUHYI0 sHepruro. O0a MCTOYHMKA TeIla UHTETPUPYIOTCS U MCIIOIB3YIOTCS IS
MOJIOTPeBa BOJABI WJIM OTOIUICHUS TMOMEIICHHH. DTO 00ECIeUYrBaeT YBEIMUYCHHYIO
3¢ (PEKTUBHOCT, U HAAECKHOCTh CHUCTEMbI, a TaK)Ke€ CHHXACT 3aBUCUMOCTH OT
TPAAUIIUOHHBIX HICTOUHUKOB SHEPTUHU.

Kaxnaplii U3 3TUX crnocoO00B KOMOMHUPOBAHHBIX CHUCTEM OTOIUICHHUS HUMEET
CBOM OCOOCHHOCTH W TMPEUMYIIECTBA, BHIOOP KOHKPETHOM CHUCTEMBI 3aBUCUT OT
MHO€CTBa (PaKTOpPOB, BKJIIOUAsl KJIMMATHYECKHE YCJIOBHS, IOCTYIHBIE PECypChl U
MOTPEOHOCTH TOTPEOUTENA. B II€JIOM, KOMOWHUPOBAHHBIE CHUCTEMbl OTOILICHUS
MpPEeAOCTaBIAIOT  A(PPEKTUBHBIC, DKOJOTMYECKH YCTOWYMBBIC PEIICHUS IS
obOecrieueHus Teria W KoMmdopra B JgoMax U 3AaHUAX. O(PPEKTUBHOCTH
KOMOWHHPOBAHHBIX CHCTEM OTOIUICHUS 3aBHCHT OT psga (HaKTOpOB, KOTOPHIC
HEO0OXOJIMMO Y4ECTh IIPU UX MPOCKTUPOBAHUHU U IKCILTyaTaIUH.

3akioueHue.

KoMOuHUpOBaHHBIE  CHUCTEMBI  OTOIUICHUS  JIEMOHCTPUPYIOT  BBICOKYIO
2 ()EKTUBHOCT, U SBISIOTCS TPUBJICKATEIBHBIM PEHICHUEM I 00eCTIeUeHUS
KoMdopTHOI TemriepaTypbl B 3mMaHusIX. OHU OOBEAMHSIOT PA3IMYHbIE MCTOYHUKU
TeIIa, TAKUE KaK ra30BbI€ KOTJIbI, COJIHEYHBIE KOJUIEKTOPBI, TEIJIOBBIE HACOCHI U
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Apyrue, 4Toobl 00eCcneunTh ONTUMANBHBIA YpoBeHb dHeprodddextuBHOCTH. OTHUM
M3 OCHOBHBIX TPEUMYILIECTB KOMOMHHUPOBAHHBIX CHUCTEM OTOIUICHHUS SIBJISIETCS
BO3MOXXHOCTh HCIIOJIb30BAaHUS PA3UYHBIX HCTOYHHUKOB TEIJIa B 3aBHCUMOCTH OT
KOHKPETHBIX YyCIOBUH u moTpeOHOocTel. Mcmonb3oBaHHE BO300HOBISIEMBIX
MCTOYHUKOB SHEPTUH, TAKUX KaK COJHEYHAs SHEPTUs WIM reoTepMaibHasi SHEPIHUs,
MOMOTaeT YMEHBIIUTh 3aBUCUMOCTh OT HE(TETPOIYKTOB U ra3a, 4TO MOJIOKUTETHHO
CKa3bIBaeTCsi HA HKOJOTMYECKON  ycToWuuBocTHM cucTeMbl. bonee  Toro,
KOMOMHHPOBAHHBIE CUCTEMBI OTOILJICHHSI MOTYT oOecriednBaTh 0ojiee paBHOMEPHOE U
KOM(OPTHOE paclpelelieHne Telula B TIOMEIICHUSX, YTO YIIy4IIaeT YCIOBUS
OpOoXKMBaHUS U paboTy BHYTpH 34aHUs. OHU TakKe MOTYT ObITb MHTEIPHUPOBAHBI C
APYTUMH CHUCTEMAaMM, TaKUMH KaK CHCTEMBbl BEHTWISIMHM W KOHIUIIMOHUPOBAHUS
BO3/yXa, JJIs1 00ecreyeHns IOJIHOro KIMMaTHIeCKOro KoMgpopra.
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KOTOpBhIE MMEIOT OOJbIIME MPEeMMYIIECTBa Mepel] TPAAULMOHHBIMU, TAKHE Kak:
KauyecTBO OYMIIAEMON  BOJbI, MEHbBIIME TabdapuTbl M  PECYpPCOEMKOCTb
000pyI0BaHUsl, OTCYTCTBUE PEAareHTOB.

CucremaTnuecke ucciae0BaHusl MEMOPAHHBIX SIBJICHUN BEAYTCS YUYEHBIMU C
18 Beka. JXan-Autyan Hose BmepBble HaOMOAal 3TO SIBIEHUE W NpUAyMal
Ha3BaHHUE «OCMOCY» JIJI ONMUCAHUS MPOHUKHOBEHUS BOJABI uepe3 MemMOpany B 1748
romy. OcMoc — 93TO mpoIecc OFHOCTOpOoHHEeW  auddy3mm  yepe3
MOJIYIPOHHUIIAEMYIO MEMOpaHy MOJIEKYJl paCTBOPUTENSI B CTOPOHY 00jiee BHICOKOM
KOHIIEHTpAIlMM BEIIeCTBO M3 o0beMa ¢ OoJjiee HHU3KOW KOHIEHTpalue
PacTBOPEHHOT'O BEUIECTBA. OOpartHbIi OCMOC — 3TO MPOIIECC, B KOTOPOM
UCIIOJIb3YETCs AaBJICHUE, YTOOBI MPOTOJIKHYTh PAaCTBOPUTENH Yepe3 MPOHUIIAEMYIO
Meperoposiky (MeMOpaHy) u3 0OoJjiee KOHIIGHTPUPOBAHHOTO PacTBOpa B MEHeEe
KOHILICHTPUPOBAHHBIM. Cytp MeMOpaHHOM TEXHOJIOTUU
3aKJIF0YAETCS B IEPEHOCE BOJIBI UepE3 MOTYNPOHUIAEMYIO TUIEHKY MOJT JaBJICHUEM.
[Ipu 3TOM, B 3aBUCUMOCTH OT pazMepa Nop B IUVICHKE, YEPE3 HEE MOTYT MPOXOIUTH
BOJA, MHKPOYACTHUIIbl, OpPraHMYECKUE U  HEOPraHWYECKHE  COCAUMHEHUS.
HccnenoBanus, HamnpaBjieHHbIE Ha onpezeneHue 3(p(HEeKTUBHOCTH UCIOIb30BaHUS
MEMOpPAHHBIX TEXHOJIOTMH B NUTHEBOM BOJOCHA0XEHHM, WMEIOT, HECOMHEHHO,
OOJIBIIIYI0O HAYYHYIO U MPAKTHYECKYIO IEHHOCTh. TakuMm o0pa3oM, He10CTaTOYHAas
M3YYEHHOCTh MEMOpPAHHBIX METOJOB OYUCTKH BOJIbI, HEOOJBIIOW MPAKTUYECKUI
ONBIT WX MPUMEHEHUs, pa3HOOOpa3ue cocTaBa M KauyecTBa MPUPOIHBIX BOJA
MPENSATCTBYIOT UX BHEAPEHUIO B 00JACTh IPUPOAHON OUUCTKHU BOABI [1].

TenaeHMM B pa3BUTUM U COBEPILICHCTBOBAHUU
MeMOpaH JABHKYTCS 110 CJIEAYIOIIUM HalpaBICHUSIM:
- YBEJIMYECHHE CPOKA CITYKObl MeMOpaH;
- CHIDKEHUE CTOMMOCTH MeMOpaH;
- CO3/laHH€ YCTOMYMBBIX K TEMIlepaType, MEXaHWYECKUM U XUMUYECKHUM
BO3JCUCTBUSIM MeMOpaH Ha OCHOBE IICJUIIOJIO3bl, KEpaMuKH, cepedpa u
KOMITO3UIIMOHHBIX MaTepUaJIOB;
- co3lanre MeMOpaH JiJist paboThl B MaJIO 3arpsI3HAIONIMX OMOpEaKkTopax;
- co3JaHMe MeMOpaH, NMpeAHa3HAuYEHHBIX A pabOoThl B pa3jiMuYHBIX JMara3oHax
JaBJICHUS.

B Hacrosimiee BpeMsl TOSBIAIOTCS HOBBIE TEHACHIMU B Pa3BUTUHU
MeMOpaHHbIX TexHoJoruid. IlpenMerom (yHIaMEHTaIbHBIX HCCIEIOBAHUMN
ABIsieTcsl pa3paboTka MEeMOpaH M3 HEOPraHWYeCKUX MaTepuaioB, HampUMep
KEPaMUKH, MOTYyYaEMbIX XUMUYECKUM MyTEM.  DTOT METOJ uMeeT
CYILLIECTBEHHBIE IPEUMYLIECTBA MEPE] APYTUMH METOJAAMH ONPECHEHUS: MEHBIIINE
SHEPro3aTpaThl, MPOCTOTAa U3TOTOBJIEHUS, MOHTa)Xa M 3KCIUIYyaTallUH YCTaHOBOK,
ux Manele rabaputsl W aAp. OH mnpuMeHsieTcss AN ONPECHEHHs BOJ C
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MuHepanu3zauumenn no 40 r/m, a Takke  00JacCTH NPUMEHEHHUS TOCTOSHHO
paciupsIoTcs. Y CTAaHOBKM OYMCTKU BOJbI HA OCHOBE OOPAaTHOIO OCMOCA YCHEIIHO
AKCIUTYaTUPYIOTCS MHOTOUNCIEHHBIMU OTPEOUTENSAMH. [ 2]

HanodunpTparmonasie MeMOpaHbl - MeMOpaHbl ¢ pazmepamu mop ot 0,001
o 0,01 MxkM 3amepKMBarOT TOJBKO ITOJIMBAJIEHTHBIE HMOHBI M PAacTBOPEHHBIE
opranuyeckue ¢GopMbel KpymHee HaHoMeTpa (T. €. ¢ MOJIEKYJSIPHOM Maccoid
npumepHo 300 r/Moinb), OTCIOJa M Ha3BaHHe Impoiecca. PaGouee maBieHue
HAaHO(PHIBTPALIMOHHBIX MeMOpaH Bapeupyetcs oT 3,5 1o 20 6ap. ConeBoil mpoxon
HaHODWIBTPAIIMOHHBIX MeMOpaH cocTtaBigeT:10-80% i1 0JHOBAJIEHTHBIX
noHOB;10% 11t IByXBaJleHTHBIX MOHOB.  Mcnonb3oBanue MEMOpaHHBIX
TEXHOJIOTMA B TEXHOJOTHYECKOW CXEME OYMCTKH MUTHEBOM BOJBI JOJIKHO: -
00ecreynBaTh MOBBIICHHYIO 3aIIUTy OT IPUPOJHBIX U AHTPONOTEHHBIX TPUMECEH,
MOCTYMAIOMIMX B MUTHEBYIO BOJY. s MOBBIIICHHUS
CTENIEHU 3a/IepKaHUsl OPraHUYECKHUX NpuMecen u 06osee 3(h(PEeKTUBHOTO CHUKEHHUS
LIBETHOCTU MNPUMEHSIOT MPEIBAPUTEIbHYIO KOAryJSIUI0 NPHUMECEl B HMCXOIHON
BOJIE IIEpe]] €€ Mojauei Ha YCTaHOBKM HAHO(UIIbTPALIUU. Uccnenys
TEXHOJIOTUYECKYI0 CXEMY BOJOIOATOTOBKH, OTMETHUM, YTO B CAMOM Hadaje
TEXHOJIOTMUECKON CXeMbl HJET 00e33apakuBaHHE BOJbBI YJIbTPapUOJIETOBBIMU
Jy4yaMH, 3aT€M KOaryJjsilus, OTCTauBaHUE U (PUIbTpALMs, [P 3TOM YUUTHIBAIOT
pa3Mepbl TOp HAHO(MUIBTPALMOHHBIX YCTAHOBOK BO U30€XKaHUE 3aCOpPEHUs
MeMOpaH, MPUXOJUM K BBIBOIY, YTO MEMOpaHHbIE 3JIEMEHTBl HEOOXOIUMO
pa3MellaTh B TEXHOJIOTHYECKON CXEME TOCIIE CKOPBIX (PUIIBTPOB.

Jis Toro yTtoOBl MPaBUIBHO CIPOECKTHUPOBATH U PAcCUUTATh
HEOOXOAMMOE KOJIMYECTBO MEeMOpaH, XMMHUYECKHHA COCTaB (PUIbTpaTa, CTENEHb
OUYUCTKH, KOJIMYECTBO IPOMBIBOK M MHOIME JpYrue CBOMCTBA M KayecTBa,
CYILLIECTBYET MHOKECTBO Pa3JIMYHBIX METOJOB M IIporpamm pacyera. B ocHOBY
MOJIOKEHBl TEXHOJOTMYECKHE pPacyeTbl MPOIECCOB OOpaTHOrO ocMoca |
HaHO(UIIBTPALIMH, KOTOPbIE: - TIO3BOJISIFOT TPAMOTHO MPOEKTUPOBATh
MIPOMBIIUICHHBIE YCTAHOBKH, - JaTh pEeKOMEeHJaluuu 1o
ONTUMAJIBLHOMY PEXHUMY paOOTbl, MO3BOJISIONIEMY MOJYYUTh TpEOyeMoe KauecTBO
BOJIbI IPY MUHUMYME SKCIUTyaTallMOHHbIX 3aTpaT[3], - ONPENEIUTh  BpEMs
paboThl 1O TMpoBeneHUs MPOYUIAKTUUECKUX MEPONPHUATHI UM  KOJIUYECTBO
HCIIOJIb3YEMBIX PEAreHTOB.

WcXOHBIMU JTaHHBIMU [IJIS PACUETOB SBIIAIOTCS aHAJIM3bl COCTaBa BOJIbI U
XapaKTEPUCTUKU UCTOYHHUKA BOJOCHA0XKEHUS, TPEOOBaHUS K TPOU3BOAUTEIBHOCTH
YCTAHOBKM U TMIOKa3aTelsiM KayecTBa IepMeaTra, a TaKXe CYUIECTBYIOLIUE
OTPaHUYEHUS IO BOAOMOTPEOJSCHUI0O U BOJOOTBEICHHUIO, HSHEPTrOCHAOKEHHE H
BO3MOYXHOCTH HCIIOJIb30BAHMSI TEXHOJIOTMI MPEABAPUTEIBHON OUNCTKU BOBI.

B pesynbrare pacueToB OIpenessioTcs: pabodee JaBiIeHHE,
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KOJMYECTBO M THUIl HCIOJIB3YEMBIX MEMOpPAHHBIX JJIEMEHTOB, KOHCTPYKIIHS
YCTAHOBKHM, TEXHOJIOTHSI TPEABAPUTENBHON OYMCTKH BOJbI, JHEPrOEMKOCTb
YCTAaHOBKHU, COCTaB U PAcXoj MepMeaTa M KOHIICHTpATa, ONTUMAJIbHOE 3HAYCHHE
ruapasinnyeckoro KIIJ[, moTpeOHOCTh B MCIIOJIB30BAHUU M PACUETHBIC PACXOIHbBIC
JI03bI PEareHTOB (KUCIOTHI, IEI0UYH, UHTUOUTOPHI COJICOTIIOKEHUN ).
B 3aBUCHMMOCTH OT cocTaBa MCXOJHON BOJIbI
M3MEHSETCS U CKOPOCTh 00pa30BaHMsI OCAIKOB HA MeMOpaHax (KapOOHAT KaJbITus,
TUAPOKCHUJ >Kelie3a, KOJUIOMJHBIE U B3BEIICHHBIE BEIIECTBA, OPraHUYECKHUE
BemiecTBa). [IporpaMMbl  TPOTHO3UPYIOT  CHUIXKEHUE  IPOU3BOJUTEIHLHOCTH
YCTAaHOBKM BO BpPEMEHHM M HW3MEHEHHE IOKa3aTelled KauyecTBa (PuiIbTpara, uToO
MO3BOJISIET OMNPENEIUTh MPOJIOJKUTEILHOCTh PA0OThl YCTAHOBKHM 0 «IIPOPBIBAY
HEXeNaTeNbHBIX coeAnHeHu B ¢GuiabTpaT. OHH TO3BOJSIOT OBICTPO M JIETKO
BBINIOJIHATh MPEIBAPUTENIBHBIE pacueThl Pa0OTOCIOCOOHOCTH DJIEMEHTOB B
KOHKPETHBIX YyCJIoBUAX. sl OleHKH paboThl YCTAHOBOK OOpaTHOTO OcCMOcCa
HEO00XO0JIMMO MPOU3BECTH HECKOJIBKO PACUE€TOB C Pa3HBIMU MapaMeTpPaMH.
®dupmbl - MPOU3BOIUTEIN MEMOpPaHHBIX YCTpoHcTB (3;memMeHToB) - Filmtec,
Hydranautics - mnpemyaralor  3aka34vMkaM  KOMIIBIOTEPHBIC  ITPOIPaMMBI,
MIOMOTAIOIIME PACCUUTATH ONTUMAIBHYIO CXEMY THPABIMYECKOTO paclpeeICHUs
U ONpEeACIUTh XUMHYECKMM CcOcTaB (uiabTpaTa UCXOAs W3  3aJaHHBIX
XapaKTEPUCTUK YCTAHOBKHU. Pazpabotannsie kommanueii WATERLAB
MporpaMMbl JUIsl pacueTa yCTAaHOBOK HaHO(MWIbTpalMM U OOpaTHOro OcMOca
OTJIMYAIOTCA BO3MOXKHOCTBIO TPOTHO3UPOBAHUS PabOTHI arperatoB M BhIOOpa
KOJIMYECTBA MOTPEOIIIEMBIX pEarcHTOB.
[Iporpammuoe o6ecnieuenne ROSA, paspaborannoe Dow
Chemical mo3BonsieT pa3paboOTYMKAM W TPOCKTHUPOBIIMKAM JIETKO U TIPOCTO
IPOTHO3UPOBATh MPOU3ZBOJUTEILHOCTh U OKCIUTyaTallMOHHBIE PAcXoJbl Ha
COJIep>KaHNE YCTAHOBOK B PA3JIMUHBIX YCIOBUIX DKCILTyaTallUu.
Jns  Toro, 4roObl y  pa3pabOTYUKOB U
MPOEKTUPOBIIUKOB OblIa MaKCHUMaJbHO TOJIHAS W JOCTOBEpHass HHQpopmalus,
POCA comep uT MHTEPAKTHUBHYIO TEXHMUYECKYIO 0a3y naHHbIX. Ecim mpuHsATO
pelieHrue O TNPUMEHEHWHM HWHTHOUTOPOB  COJICOTJIONKEHUH, O0s3aTEIbHBIM
TpeOOBaHUEM SIBISICTCS JOTOJHUTEIBHBIM TEXHOJIOTHYECKUN pacyeT mpolecca
WHTUOMPOBAHUS.
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£ ROSA System Selection and Data Entry
File Options Calculation Help
Project Name: |metodl System Perm Flow: 5,00 m3/k

System Feed Flow: | 734 m3an
Case Number: |1 -~ Add Remove System Recovery: | 70.03 %%

ot o

#of Pass(es):[1 ]

Current Pass: | Pass 1 ']

Configuration for Pass 1 = =
PermFlow: | 5.,00m3/h Recirculation Loops

Hecoveiys 5603 0o | Blemd Permeate

& T Pass 1 Conc. to Pass 1 Feed:
| B Fouling Factor: 0.85 Eeed Elow: 7,14 m3/h
| Operating Temp: 10.0 € Perm Flux: 26,91 Imh

Configuration for Stage 1 in Pass 1 System Configuration

" | Number of Stages In Pass: | 2 ﬁ

y

Select a Stage in the Pass:|{Stage 1 ~

= N | 21 Stase
Feca Pressure: [ one bafSEENEN

=
| § Back Pressure: None bar ;tﬁciency 80 0% Conc =
| Same Back Pressure for all stages: ~ Feed
— Number of Pressure Vessels in Stage: 1
1= Number of Elements in Each Vessel: | 3 Permeate
'é Total Number of El in Stage: 3
E Product Name: | BW30-400 ~| _Spees
| Use the Same Element in the pass: ~ Perform Calculations l
Unit set used: m3/h (Flow): bar (pressure) -html 16.01.2009

Pucynok 1 — IIporpamma POCA

Cnenyer OTMETUTh, YTO B CBSI3U C OOJBIIMM pa30pOCOM CBOMCTB HAHO
(UIABTPALIMOHHBIX MEMOpaH M HMX 3aBUCUMOCTBIO OT KOHKPETHOTO COCTaBa
MCXOIHON BOJBI MPU MPOCSKTHUPOBAHUH YCTAHOBOK C HCIOJIb30BAHUEM TEXHOJIOTHH
HAaHOQMJIBTpPALIMU MOTYT MOTPeOOBATHCS, TOMUMO PAacueTOB, MOJIHOMACIITaOHbIE
OTIBITHO-IIPOMBILIUIEHHBIE HUCIBITAHUSA, OCOOEHHO €CIM MOTPEOUTENI0 HYKHBI
rapaHTUH OIPE/IEJICHHOIO COCTaBa NepeMara U KOHIIEHTpaTa.

OCHOBHBIM TIPEUMYIIECTBOM CHCTEMBI SBISETCS BO3MOXHOCTH YIAJIAThH
TOJIbKO HM30BITOK TPYAHOPACTBOPUMBIX COJIEH, YTO MPEMSTCTBYET IMOBBIIMICHUIO
CTCTICHH W3BJICYCHHS, U YACPKUBATh PACTBOP B TMpeJeiax MPOTUBOHAKUITHOM
aKTUBHOCTH. PacTBOpHMBIE COJM HE OCENAIOT B OJIOKE OCaXACHHUS COJEU H
CO3/1al0T MaKCHMaJIbHOE OCMOTUYECKOE JaBJI€HHE B KOHIE LIMKJIA, B TO BPEMsI Kak
MajopacTBOPUMBIE COJIM MOCTENIEHHO YAANSAIOTCA B OJIOKE OCaXKJEHUS COJEeH U UX
KOHIEHTpalusl MOJJICPKUBACTCSI HUXKE Ipeaesa MakCUMallbHOM eMkoctu. Tor
¢dakT, 94TO BO BpeMs LHUKIA YAAISETCS TOJIBKO HM30BITOK TPYAHOPACTBOPHMBIX
COJIEH, 3HAYUTENBHO CHI)KAET JKCIUTyaTal[AOHHBIE pPAacXOIbl  YCTAaHOBKH
OCAQXJICHUS COJIEH MO CPABHEHUIO C KOHKYPHUPYIOUIMMHU METOAAMH SKCILTyaTalllu
[4].

TexHoorus TO3BOJSET 3HAUUTENBHO COKOHOMHTH OSKCIUTyaTallHOHHBIE
pacxoabl 3a CYET CHIDKEHHUS pacxoja pPearecHTOB M KOJMYECTBa OTXOJOB,
NOJJISKAUX ~ YTWIM3ALUU. 3HAaYUTeNbHAs OSKOHOMMS  KalWTaJIOBJIOKEHUH
JocTuraerca Onarofaps BBICOKOMY BBIXOJYy IlepMeara, KOTOPbII MOXET ObITh
JOCTUTHYT B CUCTeME. XOTsI PHEpPromnoTpedsieHne CIPOCKTUPOBAHHOW CHUCTEMBI
BBIIIIE, YeM Yy OOBIYHOM CHCTEMBbI OOPATHOIO OCMOCA, SKOHOMHUS Ha MOTPEOICHUH
XUMHKATOB KOMITEHCUPYET 9T 3aTPaThI.
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Summary
It should be noted that due to the large spread of properties of nanofiltration
membranes and their dependence on the specific composition of feed water, when
designing plants using nanofiltration technology, in addition to calculations, full-
scale pilot tests may be required, especially if the consumer needs guarantees of a
certain composition of rewind and concentrate . The main advantage of the system
is the ability to remove only an excess of sparingly soluble salts, which prevents an
increase in the degree of extraction, and to retain

Keywords: reverse osmosis; nanofiltration; The groundwater; membranes.

Aoayanaesa H.A.
TexHo10rUn, NPUMEHSIONIHECSH IPH COXPAHEHUH M PEKOHCTPYKIUH
NAaMATHUKOB /I[peBHell APpXUTEKTYpPBbI.

Xulasa. Mogaloda Qadim memarlq abidalorinin barpasinda, qorunmasinda
totbiq edilon BIM va digar muasir texnologiyalardan bahs edilir. BIM sadaCa
kompiiter layihalandirilmasi olmayib, abidanin texniki va funksianal gostaricilorini
0ziinda ehtiva edir. Bununla yanasi togdim olunan materialda Qarabagda 2020-Ci
ildon baslayan yenidonqurma va barpa islorida geyd edilir.

Knwueevie cnosa: TPOCKTHPOBAHUE, PECTABPAIIOHHOE MPOSKTUPOBAHHE,
KOMITbIOTEpHAsI rpaduka.

219



CrpeMuTenbHOE pa3BUTHE KOMIBIOTEPHBIX TEXHOJIOTMM, KOTOPOE MBI
HaOJI0Ja€M B IOCJIEAHUE TO/bI, BHI3BIBAET MPUHIMIINAIBHBIE U3MEHEHUS! BO MHOTHX
IPUBBIYHBIX JJI1 HAC TEXHOJIOTMYECKUX Ipoleccax. Pe3ko yBenMuuBIIMECS MOTOKU
BXOJAIIEH HHPOpMAUU MPUBEIM K TOMY, 4YTO MPAKTUYECKH BE3/A€ IPOCTOE
KBJIM(UIIMPOBAHHOE y4YacTHE YENIOBEKa B TEXHOJOTWYECKOM IIETIOYKE 3aMEHSETCs
KOMIIBIOTEPHBIM ~ MojenupoBanueM.  [locinennee,  mpaBma,  OPOXOAHUT €
KBJIM(UIIMPOBAHHBIM yYacCTHEM STOr0 e 4YeloBeKa, HO Temepb yxke Ha Ooiee
BbicOkoM ypoBHe. Ceromnsa Texuonmoruss WudopmanmonHoro MopaenupoBanus
3nanus (BIM) aktuBHO BHenmpsieTCsi BO MHOTHUX CTpaHax MHpa, MPUYEM YacTo Ha
roCy/lapCTBEHHOM YpPOBHE, Haudajcsi 3TOT Ipouecc U B AsepOaiimxane. Ho ato
BHEPEHUE MPOUCXOUT IJIaBHBIM 00pa30oM B CTPOMTEIBbHOW MHAYCTPUH, 3aTparuBas
BCIO LENOYKY «IMPOEKTHPOBAHME — CTPOMTEJBCTBO — JKCILIyaTallusi — CHOCY,
MIOCKOJIBKY M3Ha4yalbHO TexHoJorusd BIM nms mpoekTHO-CTpOUTENbHON OTpaciu H
pa3pabaThiBasiach. 3ajada HACTOSIIEN CTaTbU — IOKa3aTh, YTO CO3/1aBaeMble IS
peanuzauuu BIM TexHonorum MoaenupoBaHUs M NPOrPAMMHBIA MHCTPYMEHTApHiA
OTKPBIBAIOT HOBBIE BO3MOKHOCTH U B 00JIACTH U3YyUEHUSI APXUTEKTYPHOI'O HACIEAUs,
npuueM 3TH HapaOboTku BIM MoxkHO NpUMEHATH KakK K CYIIECTBYIOIIUM IMaMATHUKAM
apXUTEKTYpPHI, TaK U K paboTe ¢ HeKoel «0000IIeHHO» nH(popMaluel, He UMEoILEeH
HEIMOCPEJICTBEHHOIO OTHOIICHHS K KaKHUM-TO KOHKPETHBIM OOBEKTaM, a CKOpee
OTHOCAILIEHCS K BBIIEIIEHHBIM UCTOPUYECKUM MEepuoaaM, reorpapuueckuM pailoHam
WJIU CTHJISIM.

Texunomorus ~ Mudopmanmonnoro  MonenupoBanus  3ganmii  (Building
Information Modeling - BIM) — 3T0 He mNpoCTO TpPEeXMEPHOE OTOOpakeHHUE
MPOEKTUPYEMOTO OOBEKTa B TOM HJIM MHOM TIpaHUuecKoM CTHIIE C ONpeesIeHHOU
CTETEHbIO YCIOBHOCTH (3CKM3bl, YEPTEXKU, NEPCIEKTUBHbIE BUIbI, BU3yaJIU3alUs C
MarepuaniamMu U TeHsmu). BIM — 3To kommbploTepHOE MNPOEKTUPOBAHHUE, KOT/Ia
CO3JaeTcsl BUpPTyalbHas MOJEIb 3JaHUS CO BCEMHU 3aJ0XKEHHBIMHU B HErO
TEXHUYECKUMU U (DYHKIMOHAJIBHBIMU MapameTpamu. 31aHue (GaKTHUYECKH CTPOUTCS
TaKMM, KakuM OHO JOJDKHO ObITh, B HATypaJbHYIO BEJIMYUHY, HO BHYTpPH
KOMITBIOTEPA, TOYHEE, KOMIIBIOTEPHOM NPOrpaMMbl, KOTOpas M  MO3BOJISIET
MPOEKTUPOBILMKY T'€HEpUpOBaTh HH(GOPMALMOHHYIO Mozelb. KoHedyHo, Mojaenb
npuoOpeTaeT CBOW 3aKOHYEHHBIM BHUJ HE cpa3y, Mpeanonaras 3KCHEPUMEHTHI,
MepesIeIKh U TOCTEIIEHHOE HaChIeHne Bce Oounblneit mHbopmaruei. [Tocae atoro
(wn Ha J1F0O0M IPOMEKYTOYHOM 3Tare paboThl) MOKHO KaK OOBIYHO F€HEPUPOBATH
JMO0bIe YepTeX U, MEPCIEKTUBHBIE BUIbl U BCEBO3MOXKHYIO BU3YalIM3aIMIO, & TaKXKe
0 KOMIIBIOTEPHOH MOJEIM MOKHO MPOU3BOJUTH BCEBO3MOXKHBIE PaCUETHhI,
(baKkTUYECKU CUMYIHPYsI SKCIUTyaTalHIo 3/1aHHUS.

PecraBpaiiioHHOE€ TPOEKTUPOBAaHHWE — Ta 00JACTh, KOTOPYIO MOKa B HaWMEHBIIEH
CTENEHU 3aTPOHYJIM COBPEMEHHBIE KOMIIBIOTEPHBIE TEXHOJOTMU. BO3MOXKHOCTH,
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MPEIOCTABIIIEMbIE KOMITBIOTEPHOW MOJENBIO, TOpa3fo IMUpe, W BCE 4Yalle
NPUMEHSEMBI B TMOCJHEIHHWE TOABl CIOCOO PEKOHCTPYHPOBAHMSI IOCTPOEK
CpeICTBAaMU KOMITBIOTEpHON Tpaduku (aBTOMATU3MPOBAHHOE IMPOCKTHPOBAHHE B
npodeccuonanbubix mporpammax (AutoCAD, Autodesk 3D Max, CATIA, ArchiCad
U Jp.) YK€ Ha CErONHAIIHWN JeHb BBIBET pabOTy IO COXPAaHEHUIO HCTOPHKO-
KyJIbTYpPHOTO HACIIeIusi Ha HOBBIM YpPOBEHb. A BeIb WCCICIOBAHUE HCTOPHKO-
ApPXUTEKTYPHOTO HACJEeAUs TMpEAroiaraetT OOJBIIYI0 aHaJTUTHUECKYyI0 paboTy ¢
ApPXWBHBIMU U TIPOCKTHBIMH TOKYMEHTaMH, CTapbIMU (hOTOTpadusIMH.

Bo3MOXHOCTH HCTIONB30BaHusI MPOEKTOB 3D-peKOHCTpyHMpOBaHUS TaMSITHHKOB C
IIEJIBI0  COXpPAHCHHsI HCTOPUKO-KYJIBTYPHOTO HACIEAUs YPE3BBIYANHO IIIHUPOKH.
Oco0eHHO BaXHBIM TaKOW MPOEKT MOXKET CTaTh JUIsi TMaMSITHUKA CO CJIOXHOU
Cyap00M, KOTJa UCCIIeOBaHHE MEPBOHAYAILHOTO OOJMKAa COOPYKEHUS 3aTPYIHEHO
WM HEBO3MOJXKHO BCIICJICTBHE YTpaThl WJIM MACIITa0HBIX TIEPECTPOCK B TEUCHHE
JOJITOTO BPEMEHH.

PesynpraTomM  wH(pOpMaTHM3amMM  3TOTO  HANpPABJICHHS  SBISETCS  CO3/IAHHC
AJIEKTPOHHBIX KaTajJoroB C MCIOJb30BaHMEM 0a3 JaHHBIX - JIOKAJBHBIX H
oOmerocyaapcTBeHHbIX. OHU BKJIIOYAIOT B ce0si HAOOpbl OOBEMHBIX MOJIEeH
MaMATHUKOB apXUTEKTYpbl M HUX DJIEMEHTOB, a TaKXE€ HMCTOPUUECKUX TEPPUTOPUI
rOpoJIOB, U TOKa cojepKaT B cebe nulb 001y uHpopMamuioo o0 o0bekTe. ITo
TEKCTOBOE OIHUCAaHUE, M300paxeHus, kaprorpadguyeckas unpopmarms. 3D-monenu
MPUMEHSIOTCS KaK TMPU TPOBEICHWH PECTaBPAIMOHHBIX paboT (moabdop IBeTa H
(haKkTyphl OTIACIOYHBIX MAaTEPUAJIOB M Jp.), TAaK U B AKCIIO3UIIMOHHOHN JEATEIHHOCTH
My3€eB, a TaKXe CIIy>KaT OCHOBOM [JIi TEOPETHUYECKOTO OCMBICIICHHS MaTepuala,
npeacTaBiisisi MHOrooOpasue Gopm u aetaneid. ['maBHas TpyaHocts BHeApenust BIM B
pECTaBpaIllMOHHOE TPOEKTUPOBAHUE — CO3JaHUE HWH(POPMAIMOHHOW MOJIETH
HUCTOPUUYECKUX OOBEKTOB, KOTOPHIE B OOJIBIIMHCTBE CBOEM BBIJICIISIOTCS CJI0KHOCTBIO
1 00oraTcTBOM (JOPM M BHENTHUX apPXUTEKTYPHBIX AJIEMEHTOB. Hy»XHO CKpymy/Ie3HO U
TOYHO BOCCO3/aTh T'COMETPHIO MaMsATHUKA apXUTEKTyphl. Ecim Ha 3TOM 3Tame Bce
CICIIAaHO TPAaBWJIBHO, JAJIbIlIE B pPyKaxX CICIHAIMCTOB OKAa3bIBACTCS BCS MOIIb
COBPEMEHHOTO  KOMIBIOTEPHOTO  MPOCKTUPOBAHMS, TOCKOJIBKY TOCTPOEHHAs
KOMITBIOTEPHAST MOJIeTTb aBTOMATHYECKU SBIACTCS HMHGOPMAIIMOHHONW MOJIEIBIO
3MaHUsIT W TPUTOJHA JUIsi HEOOXOJUMBIX pPAcueTOB U TMOJy4deHus pabodeit
nokymeHTaru. CoBpeMEeHHBIC MTPOTPaMMBbI, CO3at0NIMe HHHOPMAITMOHHYIO MOJICIb
3IaHHSI, XOPOIIO TPHUCIIOCOOJICHBI K YCIOBHUSM HOBOTO TpOSKTHpoBaHusA. Jla wu
apXUTEKTOPY JIETYE — HCIIOJIB3YeIlh CaMble COBPEMEHHBIC (DOPMBI W TIEpeOBBIC
TEXHOJIOTHH, JeNaelib TaK, «Kak HykKHO». [lpm pecTtaBpanuu cioxHee — HYKHO
cIeNaTh Tak, «Kak Obu1o». [IpyM 9TOM BO MHOTHX CiIydasx TpeOyeTcsi MaKCUMaIbHO
MPUCTIOCOOUTh 3/IaHME K YCJIOBHSIM COBPEMEHHON OJKcrutyaTanuu. DakTudecku
pemaeTcss obpaTHas 3a7a4a, ¥ WHOOPMAIIMOHHOE MOJEIUPOBAHUE SIBISETCS 371ECh
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CEPbE3HBIM MOACHOpPbEM. PecTaBpallMoHHAs JEATEIbHOCTh HMMEET UENbId P
crienupuyecknux o0coOeHHOCTeH, B KoTophix wuMeHHO BIM sBusercs Becbma
3¢ (deKkTUBHBIM UHCTpYMEeHTOM. Hanpumep, yacto B Xo/ie pecTaBpaliii IPpOU3BOAATCS
OCTaHOBKM paboOT sl (UKCALMK PACKPBITBIX YacTed MaMsATHUKA, a HMHOIIA U
pa3padOTKHM HOBOIO PECTABPALMOHHOTO PELICHHS, €CJIM B MPOLECCE PACKPBITUA
NaMsITHUKA BCIUIBIBAIOT HOBBIE HEHM3BECTHBIE paHee o0cTosTeNnbcTBa. B Takoi
CUTYyallMX HH(POPMALIMOHHAS MOJEIb IT03BOJIAET OBICTPO M ONTUMAJILHO POU3BOIUTH
KOPPEeKTUPOBKM B  MPOEKTHOW  HWHGPOpMAIMU, KOTOpbIE  HE3aMEIIUTEIHHO
YUUTBIBAIOTCSI BO BCEM MOJENM M HCIIOJIHUTENbHBIX uepTekax. [losBiseTcs Taxxke
BO3MOKHOCTb IIPOAQHAIM3UPOBATh IPOEKTHOE PEIIEHHE B PEXKHUME PpEalbHOI0
BPEMEHHM, YK€ Ha CTaJUU NPOEKTUPOBAHUS MPOU3BOJAS MHAMBUAYAIBHYIO OLIEHKY
00BEKTa HA OCHOBE BCECTOPOHHETO PACCMOTPEHUS Pa3IMUYHBIX ACMEKTOB, OyAb TO
KOMIIO3UIIMOHHBIE W  CTWJIMCTUYECKHE CBS3M MEXKAY MaMATHUKOM M  €ro
APXUTEKTYPHOM CpENOM, WM OTHOLICHHWE K ITO3JHEUIIMM HAaCIOCHUSAM. BaxHoe
YCIOBHE TMPOMJIEHUA JKA3HM TNaMSATHUKA — €ro AakTUBHOE BKJIIOYEHHE B
CYLIECTBOBAaHME COBPEMEHHOTO O0O0IlecTBa IyT€M HaJEJICHUs IPaKTUYECKOU
byHKIMEH, npeaycMaTpuBaloliee HaChIIIEHUE 3JaHUsI HEOOXOJUMBIM HHKEHEPHBIM
o0opynoBaHueM. A 3TO, KO BCEMY IpPOYEMY, HOBbIE HH)KEHEPHbBIE DEIIECHUS U
JOTIOJTHUTENbHBIE HArpy3Kd Ha KOHCTPYKUMHM M KOMMYHHUKALIMM, & TO U IPOCTO
YCUJIEHHE KOHCTPYKIMI U HOBbIE KOMMYHHUKAIMH, HA YTO CTAapOE 3/IaHUE PACCUUTAHO
He Obuto. B »3T0if curyaumn TtexHonorus BIM mno3Bossier aHanM3upoBaTh
KOHCTPYKIIMM U CaMO COOPYXEHUE JI0 TOro, KaK BCE 3aMbICIbl BOILIOTSTCS B
pealbHOCTb,  YTO  OYEHb  BAXXHO TIPU  COXPAaHEHUH  MaMATHHUKA  Kak
(YHKIMOHUPYIOIIETO B COBPEMEHHBIX YCIOBHUSX IEJIOCTHOIO apXUTEKTYPHOIO
opranu3ma. Crenyer ocob0 OTMETUTh BO3MOXKHOCTb INPOM3BOJICTBA pPAcyeTOB Ha
OCHOBE MOJIENIM Cpa3y MOCJE BBIITOJHEHUS T'€OMETPUYECKUX NOCTpoeHUi. Takum
o0Opa3zoM, oOecreynBaeTcs BBICOKas CKOPOCTb U YPOBEHb MOATOTOBKM MPOEKTHOU
JOKYMEHTAIMH, MPOTHO3UPOBAHNE IKCILTyaTalAOHHBIX XapaKTEPUCTHUK, MOBBIILICHNE
KauecTBa M TOYHOCTU IMPOEKTHBIX paldOT 3a cueT 3(P(HEKTUBHOTO B3aUMOIECHCTBUSA
MEXJy YYaCTHUKAMHU HPOEKTHOro Tmpouecca B opraHuzauuu. CreruanucTsl
Pa3IMYHOTO NPOQPUIL MOTYT OJHOBPEMEHHO padOTaTh C OJTHOM U TOM e MOJEIBIO.

KoHeuHo, KOMIBIOTEPHBIN pacyeT XapaKTepUCTHK 3/1aHUs — BECbMa OTBETCTBEHHOE
3aHATHE, TpeOyroriee 0co00i TOCTOBEPHOCTH BBOJIMMOM mH(MOpMaruu. B ycrnoBusix
MaMATHUKOB apXUTEKTYpbl OHO OCJIOKHSETCS TOYTH TMOJHBIM OTCYTCTBHEM
MPOEKTHOM JTOKYMEHTAllMd U U3MEHEHHUSIMU, MPOU3OUIEAIIMMHA B 3JaHUU 3a BpeMs
ero cymectBoBaHus. [lodTOMy apXuUTEKTypHOE U OCOOEHHO HWHXEHEPHOE
oOcneoBaHNe COOPYKEHHS JOJDKHBI OBITH Oe30mmOoYHbpIMUA. Ha mpakTuke ke 3Tu
ommOKu ciydarorcd. Jlydiie HaXOOUTh M UCHPaBIATh 3TH  OUIMOKM Ha
KOMITBIOTEPHOW MOJENW, a He B peanbHOM ku3HU. HWHpopmanmoHHoe
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MOJCIIMPOBAHUE 3JaHUM NOJHUMAET PECTABPALMOHHOE IPOECKTUPOBAHHE HA
KAaUECTBEHHO HOBBIA YpoBeHb. I »TO wuAeT Ha mNoOJb3y BCEM YYaCTHUKAM
rpasoCTPOUTENBHOTO Tporecca. KoHeuHo, ropos JOKEH CTPOUTHCS, Pa3BUBATHCH,
HO HE 3a CYET YHUYTOXKEHUS MCTOPUUYECKOM MaMaTH, a 3a CYeT OEepeKHOro
OTHOIIICHUS] K COXPAaHUBIIUMCS O0OBEKTaM apXUTEKTYpPHOTo Hacieaus. BaxHo, 4ToObI
npeo0aaat KOMIUIEKCHBIA MOAX0J K PECTaBpallMOHHBIM MPOOJIeMaM, NIl PEILICHUS
KOTOpbIX TexHosorus BIM oTkpbIBaeT nepes HaMu HOBbIE BOBMOYKHOCTH.

Takum 00pa3oM, MOXHO CHAeNaTh CIEAYIOUIMEe BBIBOABI: 1) wucmonb3oBanue 3D-
PEKOHCTPYKIIMMA NaMSITHUKOB HMCTOPUKO-KYJIBTYPHOTO HAcleIHsl TO3BOJSET HE
IPOCTO BU3YAIU3UPOBaTh OOBEKT, HO U MPOBECTH €ro KOMIUIEKCHBIM aHalIu3 C
Y4E€TOM MCTOPUYECKOTO KOHTEKCTa; 2) TIOCTOSHHOE OOHOBJICHHE TEXHOJOTUU
noctpoenuss 3D-moneneil u pazpaboTka apXUTEKTYpHBIX MOAYJEH MJis IpPOrpaMm
KOMIIBIOTEPHOTO MOJICTTUPOBAHUS BBIBOJST PA0OTy MO CO3AaHUI0 PEKOHCTPYKIIMN Ha
HOBBIN YPOBEHb, MPU TOM IOBBIIIAS KAU€CTBO U JJOCTOBEPHOCThH KaXKJOTO JIEMEHTA
u obOpaza B 1eioM; 3) TMOCTPOCHHUE MOJEIU YyXKe caMo Mo cebe sBiseTcs
MCTOYHUKOBEIUYECKUM HCCIeOBaHUEM; 4) COBpEeMEHHasi cHUTyalus TpeOyeT ot
CIIEHHAIMUCTOB  JTaIbHEUMIIIEr0  pAacHpOCTPAaHEHUS] M PA3BUTHS  METOAOJIOTHH
HMCTOPUYECKOTO HCCIEOBAHMS, OCHOBBIBAIOUIEIOCS HAa U3YYEHHH HE TOJIBKO
MCTOYHMKOBEAYECKOM 0a3bl, HO U BHU3YaJM3HUPOBAHHOIO OOBEKTA B BOCCO3AaHHOU
cpelne, a TaKkKe MOJIENM B3aMMOJICHCTBUSL YHACTHUKOB UCTOPHYECKOTO Ipouecca; 225
5) yBenu4eHuUE B JIOCYrOBO-pa3BIEKaTEIbHBIX 00JacTsX (Urpbl, (PUIBMBI)
BU3YaJIbHOTO Psifia, COJAEPIKAILEr0 CMOJECIMPOBAHHBIE KOMIIBIOTEPHBIMU CPEJICTBAMHU
MaMATHUKU UCKYCCTBA, CIOCOOCTBYET MOIMYJISIPU3AlUUA NCTOPUH UCKYCCTB.

27 centsiops 2020 roga B OTBET HA MIMPOKOMACIITAOHYIO MPOBOKAIMIO apPMSIHCKUX
BOOPYKEHHBIX CHJ BAOJL (poHTa A3sepOaifjpkaHCcKas apMusi Hadalla KOHTP
HaCTyINaTeJIbHYI0  ONEpaluio, IMO03[Hee Ha3BaHHYK <« Kenme3Hbll  Kymaky.
OredecTBEHHAs BOMHA, MPOAOJLKUBIIASCA 44 NHS, 3aBEpIINIIACh OKOHYAHUEM TTOYTH
TPUMLIATUIICTHEN OKKyNallMM MW BOCCTAHOBJICHUEM HAIIEH TEPPUTOPHUATIBLHOU
uenoctHoctu. Benukas [loGena, onepskaHHas 1mMoJ pyKOBOACTBOM IMOOEIOHOCHOTO
BepxoBHoro rnmaBHokomanayromiero Mibxama AnneBa, BIUCAIACh B HAITY UCTOPHUIO
3070TbIMU OykBaMu. OZHUM M3 CaMbIX Ba)KHBIX 3HAYEHUW JTOW omepanuu ObLIo
B3SITUE MOJI KOHTPOJIb TJIABHOM MarucTpaibHON JOPOTH, COCAMHSIONIEN APMEHUIO C
cenapaructamu B Haropnom KapabGaxe. Ouepennoit menbto A3sepOaiimkaHCKON
apMuu, ocBoOonuBIIEH ¢ 28 OKTsI0pst mo 7 Hos0ps 53 cena W HECKOJBKO
CTPAaTETMYECKUX BBICOT, OBLJIO OCBOOOXKIEHUE ApeBHEro ropoaa lyia.

Cpazy mnocine Ilobenpt B OTeuecTBEHHON BOWHE HA4YaloCh BOCCTAHOBIICHHE
OCBOOOKJICHHBIX TeppHUTOpUi. s TOro dYToOBI BOCCTAHOBUTH IPEKHUM BHJ
OKKYNUPOBAHHBIX paHEE TEPPUTOPUU HYNKHO [JI1 HAyajo OYUCTUTh HUX OT MHUH
MMEHHO 53TO OCTAHABJIMBACT CICIMAIMCTOB JeJaTh Kakue JM00 MacTiiaOHbIe
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pectaBparmonabie pabdoTel. Jlo ITlepBoii Kapabaxckoii BoiHBI (1988-1994 r1r.) B
Kapabaxckom paitone AzepOaiikaHa HacuuThiBaIioch 706 MaMSATHUKOB MCTOPUU U
KyJbTYpHI, U3 HUX 11 MexaTyHapoaHBIX (6 apXUTEKTYPHBIX, 5 apXeoJoruyeckux), 240
rocygapctBeHHbIX (119 apxutektypHbix, 121 apxeonorudeckuit), 455 u3 HUX
MecTHOro 3HaueHUs (393 apxXUTEKTYpHBIX, 22 apXeoJOrMuecKux, 23 TMapKu H
MeMopualbl, 17 U3 HUX — MPOU3BEACHUS JEKOPATUBHO-TIPUKIIATHOTO UCKYCCTBA.

[Tocne IToGeapt B x0/1€ MHOTOUMCICHHBIX TT0e370K [Ipe3nnenta Mnpxama AnueBa u
nepBor jeau Mexpuban AnueBoid (puc.l) Ha 3TH TEPPUTOPUU 3aKJIABIBAIOTCS

(byHIaMEHTBI HOBBIX 00BEKTOB MHGPACTPYKTYPBHI, 3aITyCKAIOTCS HOBBIE MMPOEKTHI

|

o

e T R e T
g : e

esa 6 Kapabaxe

EeR = Bl satc

Pucl. Ilpezuoenma Unoxam Anues u Ilepsas nreou Mexpuban Anu
3aBepiiieHo cTpouTenbeTBO nposioxkeHHow k [lyme loporu TloGens, siBistomeincs
cumBosioM Benukoi [loOensi. [lepsriit koctep HoBpysa B Illymie Ha JKbabIp 110310
cnyctst 27 net, opranuzanus ougom [eitnapa AnmeBa My3bIKabHOTO (hecTHUBAIIA

«Xape10romp0t01e» W JIHE# mo33um Barmda, cgada B IKCIUTyaTalldio B3JIETHO-
ITOCAaJOYHON TOJIOCHI MEXAYHApoaHOro a’ponopra dusymm, xotopseii I[lpesmaeHT
Nnsxam AnueB Ha3zBall BO3MyIIHBIMUA BopoTamu Kapabaxa (puc2.)

V% M" i s n e S\ R
Puc 2. Mossanei Baeupa u Medsicoynapoonwuii asponopm Pusynu ¢ Kapabaxe.
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A3epO0alilKaHCKUI YHUBEPCUTET APXUTEKTYPbl H CTPOUTEJIbCTBA
I'yceitnoB Anu I'yceiin.

bakuHckuil rocy1apcTBeHHbI YHUBEPCUTET
BbaiipamoBa Aiinypa HUca.
A3epOaliIzKaHCKHUI YHUBEPCUTET APXUTEKTYPbI H CTPOUTEILCTBA
DoTo3/IeKTPUIECKHE PeodPa30BaTe/ M JHEPIMU HA OCHOBE
rerepocTpykTypsbl N-CulnsSgp-Si

AHHOTanus. B pabore npuBOASTCS METOIbI MOIYUYEHUS U PE3YJIHTATHI
UCCIIeIOBaHMS (POTOTIEKTPHUUECKUX CBOMCTB TeTepoCcTpyKTyphl N-CulnsSg-p-Si.
Omnpenenensl nuana3oH SHeprur (POTOIYBCTBHTEILHOCTH TOHKHX TUIEHOK N-CulnsSg
Y reTepoCTPYKTypbl. DakTOp 3anonHeHus] BonbT-AMnepHON XapaKTEPUCTUKN
ocBelleHHou npu ycnoBun AMO cocrasisieT 56%.

KiroueBble ciioBa: (oTOdICKTpHUSCKUN ITPe0Opa3oBaTeib, FeTePOCTPYKTYpa,
CulnsSg, Tonkas rrenka, N-CulnsSg-p-Si.

Annotation. The paper presents the methods of obtaining and the results of
studying the photoelectric properties of the n-Culn5S8-p-Si heterostructure. The
range of the photosensitivity energy of n-Culn5S8 thin films and heterostructures has
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been determined. The filling factor of the volt-ampere characteristic of the
illuminated one under the condition of AMO is 56%.

Key words: photoelectric converter, heterostructure, Culn5S8, thin film, n-
Culn5S8-p-Si.

[Toucku BbICOKOI(PPEKTUBHBIX IMpeoOpazoBaTeniell BO30OHOBISIEMBIX JHEPIHid
SABJISIIOTCS.  NPUOPUTETHBIMM  3aJadyaMyd  IIUPOKOM  ayIUTOPUU  HAYyYHBIX
uccienoateneii. Cpeau  BO30OOHOBISIEMBIX — DHEPrHil  OOJBIIOE  BHUMAaHHUE
MIPUBJICKAIOT COTHEUHAS YHEPTHUA, CIOCOOHAsT 00ecneynBaTh NOTPEOHOCTh OTPOMHOM
JI0JTM HEOOXOAMMOW SHEPTHH IS KU3HEIEITSIbHOCTH YeloBedecTBa. KoamdecTBo
COJTHEYHOM PHEPTUH, JOXOASIIas 10 36MHON MOBEPXHOCTU cocTaBiisieT 49,9 108 JIx
B rog, uyro B 10% pasa mpeBOCXOAMTH HBIHENIHME TOJOBOH  MOTPEOGHOCTH
yenoBeuecTBa. Teopermueckuil mpeaen wmakcumanbHoro KIIJ[ mpeoOpa3zoBanus
COJIHEYHOM SHEPTUH B JIEKTPUUYECKYIO COCTABIAECT OKOJIO0 50%, 0MHAKO, TEXHUYECKAs
MIPOU3BOAUTEIILHOCTh B COBPEMEHHBIX COJHEYHBIX OaTapesx coctasisieT oT 13 go 17
npoueHToB [1-3]. B kxpeMHueBbIx MOHOKpUcTaunueckux Oarapesx KII/I Heckosbko
Boillie 18-22% [4,5]. OrpoMHble MOTepU B HUX OOYCIOBJIEHBI OTPAKEHUEM YacTH
CBETA OT KPEMHHEBBIX IUIACTUH W HArPEBOM CaMOM KOHCTPYKIUU. J[s yBenuyeHus
s dexTuBHOCTH TIpeoOpa3zoBaTesell UCIIOIb3YIOTCS TaHJEMHBIE 3JIEMEHTHI, KOTOPhIE
MOJTHEE MCHOJIB3YIOT COJIHEUHBIA CHEKTP. B 4acCTHOCTH, COJTHEYHBIE SJEMEHTHI Ha
OCHOBE KPUCTAJUTMUYECKOTO KPEMHHS TJIaBHBIM 00pa3oM 3(PGeKTUBHO MpeoOpasyroT
MH(paKpaCHYI0 YacTh COJTHEYHOTO H3JIYUYEHHUSI B DJCKTPUUECKYIO, B TO BpeMs Kak
IITUPOKO30HHOE coeanHeHne, kak CulnsSg addexTuBHO mpeoOpa3oBaTh BUANMYIO
4acTh CHEKTpa, JIeas JJIeMEeHT 0oJiee BICOKOA((HEKTUBHBIM.

B nmanHOll paboTe oOMUCHIBAE€TCS CHOCOOBI M3TOTOBJICHUS UM H3YyYCHHS
XapaKTEPUCTUKHU TaHAEMHOTO (hOTORJIEMEHTA HA OCHOBE reTepoCcTpyKTyphl N-CulnsSg-
p-Si.

Coenunenne CulnsSg OBIIIO CHHTE3MPOBAHO HEMOCPEICTBEHHBIM CILIABJICHHEM
OTAEJIbHBIX JJIEMEHTOB, B3STHIX B CTEXHOMETPUYECKUX COOTHOIICHUSX, B
ABAKYMPOBAHHBIX /10 JaBieHUs Bo3ayxa 1,33 MPa u 3anasHHBIX KBapLEBBIX aMITyJiax.
ITocne cuHTE3a COEIMHEHUS aMITyJia B MEYH Jiepkayiachk npu temmeparype 1090 °Cu
MEepUOANYECKH MOJIBEprajiach BUOpAIIMU B TEUCHUHU 5 4acOB, 3aT€M OHa OXJIAXJIaJI0Ch
MEIJICHHO B  TOPU30HTAJIBHOM  TIOJIOKEHUHM. VI3BIIeueHHAass W3  aMITYJIbI
MOJIUKPUCTAIIIMYECKUI CIIUTOK HMMEJ OJHOPOJHYIO COCTaB MO BCEW JJIMHE, a Ha
MMOBEPXHOCTU YIro HAOJIONANMCh YETKUE PAaBHOCTOPOHHHE TPEYTOJbHbIE (PUTYPHI.
[Tomy4eHHBIH CTUTOK 00JaAaIT 72-THUIIOM DJIEKTPOIPOBOTHOCTHIO.

Toukue mnenkun CulnsSg Ha mnoBepxHOCTH P-Si OBUTM TOJAYYEHBI METOJOM
MTHOBEHHOTO TEPMHUYECKOrO0 HCHapeHusi NbUIMHKA B Bakyyme. llpu wmertoxe
MTHOBEHHOTO TEPMHUYECKOI0 UCHAPEHUs CUHTE3UPOBAHHBIN KPUCTAIII U3MEIIbYAETCS
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Ha TBUIMHKA C pazMepamu okojgo 100 MKM u 3arpyxaerca B KOHTEUMHEp
CIIEUAIILHOTO YCTPOMCTBA B BaKyyMHOM Kamepe. JIOIOYHBIM HarpeBaresb
HarpeBaercs 10 temmneparypsl 1120 °C u Ha Hero moaeTCs MBUIHHKH KpUCTaJLIA.
HNcnapeHHoe BEHIECTBO OCAXIAETCS HA TOMIOKKH W3 KPEMHHS M CTEKJa
onHoBpeMmeHHo,  [lomyuennsie  ToHkme  TuieHkun — CulnsSg  moaBeprammch
CHEKTpajibHOMY U cocTaBHOMY (MeTonoM EDAX) ananusy.

20
g0 F 2
70 |
60

Photocurrent, maA
=
)

A, pm

Puc. 1. Cnextp dporoToka Tonkoi miieHku CulnsSg: 1- criekTp goToToKa,
AKCIIEPUMEHTAJILHO CHATHIA B CTAIlMOHAPHOM PEKHUME; 2- CIICKTP, BBIYUCICHBIN
TeopeTudecku 0e3 yuera BKJaja B POTOTOK MOBEPXHOCTHON PEKOMOUHAITUH.

Ha puc. 1 m3o0paxken criektp ¢oTtoToka TOHKON mieHku CulnsSg, BEIpaIieHHBIH
Ha crekie. Kpuas 1 uzo0paxkaer cnektp (OTOTOKa, SKCIEPUMEHTAILHO CHSATHIN B
CTaIlMOHAPHOM PEXHUME M PpACCUYMTAHHBIM Ha enuHU4YHBIN QotoH. Kpuas 2
BBIYHMCIICHA TEOpEeTUYECKH ©Oe3 yuera BKIaga B (POTOTOK TOBEPXHOCTHOMU
PEKOMOUMHAIIMK HEPAaBHOBECHBIX HOCUTENEH Toka. Kak BUIIHO M3 CIEKTPOB, TOHKHE
mieHkn CulnsSg mMmeroT Xopomryio (OTOYYBCTBHTEIBHOCTh B AHANA30HE JJTHHBI
BoyHBI 0,6...1,3 MKM.

Ha puc. 2 npexacraBieH cnektp (poTtoToka TaHAEeMHOro (HOTORJIEMEHTa Ha
OCHOBE TeTepoCTpyKTypbl N-CulnsSg— p-Si. CriekTp OXBaThIBACT AMANa30H SHEPTHU
anekTpomarHutHeiX BoJH 0,7...1,4 »B. B pgaHHOM nmanasoHe »>HEPruM BOJIHBI
HaxXOJATCS YaCTUYHO TMEPBOE U IMOJHOCTBIO BTOPOE M TPEThe aTMOCHEpPHOE OKHO
COJTHEYHOT'O U3JIyYEHHUS.
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Puc. 2. Cnektp goroToka poTos1eMeHTa Ha OCHOBE T€TEPOCTPYKTYPHI N-
CulnsSs- p-Sl

Bonbr — ammepHas xapakTepHCTHKA TeTepocTpyKTypbl N-CulnsSg_ p-Si mpwu
ocBenieHM co cTtopoHbl CulnsSg, B ycmoBum AMO mnpencraBieHa Ha puc. 3.
Hamnpsixenue xonoctoro xona pasHa V.= 0,385 B, a Tok KOpOTKOTO 3aMbIKaHUS
coctaBisieT 1= 6.75 MA.
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Puc. 3. BonbT — amnepHas XxapakTepucTHKa TeTepocTpyKTyphl N-CulnsSg-p-Si.

®akTop 3anonHeHuss BAX cocraBusier 56%. Mcxoas U3 3TUX AAHHBIX MOKHO
MPUATH K BBIBOJBI O TOM, YTO JAaHHAs TE€TEPOCTPYKTypa MPENCTaBIACT OOJBIION
MPaKTUYECKUA UHTEPEC ISl U3TOTOBIICHUS BBICOKOA(D(PEKTUBHOTO Mpeodpa3oBaTes
COJIHEUHOTO M3TyUYCHHSI.
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ISTILIK TOCHIZATI SISTEMLORINDO SU HAZIRLIGININ
SOMOROLILIYININ YUKSOLDILMOSI YOLLARI
9lasgarov G.A.
Azarbaycan Memearliq —insaat Universiteti
E-mail: gulag2014@gmail.com
Acar sozlar: istilik enerjisi, istilik manbayi, istilik sabakasi, islonmis moahlul,
axint1 sulari, iki selli siizgac, aks axintil siizgac, baslayici su, reagent.

Istilik tachizatt sistemi istilik sabakasindan, talabatcilardan, istilik
manbayindan, tanzimlayici-avtomatika avadanhglarindan ibarat murakkab
muhandisi sistemdir.

Maqgalada istilik gabakalari UGcln Dbaslayici suyun ananavi Usula
hazirlamasi, su emalimin hocmini artirmaga imkan veran va iki selli
suzgaclardan axintisiz va proqresiv su hazirlama sxemlarinda istifada edilmasi
Nazardan kegirilir.

Istilik monbadan tolabatgilara istilik dasiyicist vasitasilo, yani su vo ya su
buxar1 nagl edilir. Istilik monboayindon istilik tolabatgilara nagl edilorkan miioyyan
itkilora maruz qalir. Bu itkilari avaz etmok va istilik monbalorinin normal igini
to’min etmok U¢ln sistemos alava su verilmalidir.

Asagidaki sokildo istilik tochizati sistemlorinds totbiq edilon mixtalif
sxemlor gOstorilmisdir. Har U¢ sxemdo istilik sobokasi su hazirlayici qurguda
hazirlanan oalava su ilo gidalanir. Suyun keyfiyyati sistemin noviindon asili olaraq
muxtalif norma va talabloria cavab vermalidir.

229



# GDD‘ ; ESS

Sokil 1. Istilik tochizati sxemlorinin ndvlori
BSQ - buxar su qizdiricisi, BN - basloyici nasos, SN - soboka nasosu, ATQ - vo
YTQ - alcaq vo yuksok tozyiqli su qizdiricilari, KN - kondensat nasosu, $SQO-1 vo
SSO-2 1-ci va 2-ci pillo sobokoa su qizdiricilari

Istilik tochizati sistemlorindo su itkilorini ovoz etmok vo sistemin uzun
omarlaliyind tamin etmok Gctin verilon olava suyun keyfiyyatini artirmaq vacib
sortlordon biridir. Istilik-glic vo soboko avadanlhiglarinin qizma sathlorinds arpin
¢Okmosinin, suda slamin yaranmasinin vo daxili Sathlorin korroziyaya ugramasinin
qarsisini alimaq tUgiin soboka suyunun torkibindaki misyysan maddalor, 0 ciimladon
Ca® Mg? jonlar1 ya tamamilo xaric edilmoli, ya da misyyan hodds godor
azaldilmalidir. Orpin vo slamin amolo golmasi ilkin suda codlug va golavilik
ionlarinin olmasi ilo muoayyanlosdirildiyindon bu ionlarin qatiliglarint miiayyan
buraxila bilon hoddo godor azaldilmasi {igiin miixtalif metodlar molumdur. Bu
metodlara reagentlorlo emal, iondoyismo tsullar1 ilo yumsaltma, tursulasdirma,
magqnit aparatlarindan kec¢irmoklo emal va s. aid etmak olar. Orp amala gatiron ionlari
logv etmok Gglin sistema verilon su yuxarida sadalanan emal prosesinin har hansi
birino ugradilir. Bu zaman oldo edilmis su keyfiyyotco istilik tochizati sistemlori
Uclin gabul edilmis normativ sonadlords nazards tutulmus sortlori 6domalidir[1-3]

Istilik tochizati sistemlorindo istifado edilon su (¢ ndévds olur. Bunlar:
duzsuzlasdirilmis, dorin yumsaldilmis vo istilik sobokosi {i¢lin hazirlanan az
codluglu su kimi novlarilo xarakterizs edilir.

Toqdim edilon mogalodo dorin yumsaldilmis vo istilik sobokalori Gglin
hazirlanan xiisusi torkibli sularin istehsalinin an’anavi va ekoloji cahatdon tomiz,
muiasir texnoloji sxemlorinin EKOLOJI ASPEKTLORInin tohlili verilmisdir.

Su emalinda istifads edilon texnologiyada tullanti sularindaki codluq ionlar1 slava
reagentdon istifado etmodon vo ya reagentsiz olaraq su hazirlama prosesinin 6ziindo
¢okdiriilir, islonmis mahlullar emal va regenerasiya prosesinds logv edilarak su
hazirlama qurgusunun axmtisizhgini tomin edir. Istilik sobokalorine verilon alavo
suyun emali tathiq dairasi genis olan iisullardandir[1-3].

Axinti sularinin azaldilmasi reagent sorfinin stexiometrik miqdarinda istifadosini
tomin edon texnologiyalarin totbiq edilmosilo baglidir. Bu zaman emal edilmis
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sularda ¢0kmo ehtimali daha ¢ox olan cod ionlarinin qalmasi karbonat vo geyri —
karbonatli ¢okiintiilorin amologalmo prosesini artirir. Bu isa ekoloji yanasmada bir
sira todbirlorin gorilmasi vo normalara tam miivafig olmamasi aspektindo olave
tamamlayici todbirlorin gorilmasini tolob edir.

Asagidaki sokildo (sokil 2) onanovi axintisiz su hazirlama texnologiyanin prinsipial
sxemi gOstorilmisdir.

Regenerasiyga
ER l |
. 5
Ikit s 5 4
2,3
Fumsaldilmis su
5 Qlaz
G Sheng 10 S
11

Sakil 2. @nanavi axintisiz su yumsaltma qurgusunun prinsipial sxemi

Bu cur on-onavi texnoloji sxemda ilkin su 1- soffaflagdiricisinda emala
ugradilaraq 3- soffaflasmis c¢oninindon 2- su nasosu vasitasi ilo 5- mexaniki vo 4-
kationit stizgaclorindon  kegirilorok yumsaldilir vo istilik sobokasina verilir.
Regenerasiya edilmis axint1 sulart 7- ¢anino yigilir, ordan isa 6- nasosu vasitesi 8
¢onina verilir. Bu zaman islonmis mohlul slavs olar shang — soda usuliu ilo tokrar
emal edilir. Sonra isa 9- ¢onino yigilmis axintt suyu 10- nasosu vasitesi ilo 11-
buxarlandiriciya verilir. Buxarlandiricida qalan axmtilarin 100 -250 g/l qatiligindaki
mohlulu 12-buxarlandiricida quru duz halina gatirilir. Bu zaman qati duz halina olan
mohlullar damir — betondan hazirlanan va izols edilmis yeralt1 anbarda 13- gizladilir.

Gorilindiiyti kimi baxilan sxem, mirokkab va artiq enerji sarfiyatina malik olan
iri hacmli avadanliglardan va utilizo edilmadon yerin darinliklorinds basdirilan duz
mohlularinin anbarlarindan, iqtisadi cohotdon tikintisi baha basa golon Vo istisimarini
mimkiinstz edon ekoloji baximdan sorfali olmayan bir sxemdir. Sxema goro otraf
mdihiti ¢irklondiran axinti sularinin lagvi miimkiin olsada, bu ciir sxemla suyun emal
xarclori li¢ dofadon ¢ox artir[4] .
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Regenerastya mahluy
R ]

Tumsaldilmig su

akil3 Awmntilan bilavasita emal prosesinda istifada olunan axintisiz teznologiyalarin
2 21y
prinsipial sxemlan

Belolikla, istilik sobokalori iiglin gidalandirict ¢ sski 3a. lanmasinda va eloca do
digor su hazirlama prosesindo istifado edilon reagentlorin sarfini vo regenerasiya
zamani amolo golon axinti sularinin migdarimin azaldilmasi ti¢iin toklif edilon va
yuxarida nazordon kegirilon texnologiyalar tglin 6zlinomoxsus c¢atismamazliglarin
movcudlugu onlarin genis tatbigine imkan vermir. Nohayat, goyulan mogsods nail
olmag Ucgln yegana perispektiv istigamot movcud qurgularda texnoloji proseslorin
tokmillasdirilmoasidir Ki, bu maqgsadlo do mixtalif texnoloji Gsul vo sxemlar
islomakdadir[5].

fon miibadilo Usulu ilo olavo suyun hazirlanmasinmn bu ciir anenovi
texnologiyalar1 1ionitin is¢i miibadilo tutumunun az olmasi, tullant1 sularinin
_,_'Esak”;b“‘ raranmasi Ye | onlarin logvino elav_e VQsa!tin

goyulmas1 kimi ¢atismamazliglar1 saciyyalonir.

Digor bir istigamot iso su hazirligmin
ananavi ion mubadilo texnologiyasina miidaxila

Tkinsu !

etmodan axint1 sularmin xiisusi qurgularda emal
Vo utilizasiyasini nazords tutan texnologiyalarin
totbiqidir

Sokil 3-do toklif edilmis texnologiyalara uygun olaraq emal edilacok su 1-
soffaflagdiriciya daxil olaraq 2- ¢onina, oradan iss 3- nasosu vasitasi ilo 4 vo 5-
stizgaclorindon diiz axim istiqgameotilo yumsaldilaraq istisimara verilir. Islonmis
mohlul 6- ¢anina ordan isa 7- nasosu ilo 8- saturatorundan soffaflasdiriciya verilir.
Sakil birincinin regenerasiya, ikincinin isa emal prosesinin ikiaximli olmasi ilo
forglonir.

Sokil 3a— da suyun Kationit stizgacinds yumsaldilmasi onun siizgacdan
yuxaridan - asagiya istiqgamatdo suzilmasi ilo tomin edir. Bu zaman regenerasiya
prosesinda regenerasiyaedici mohlulun stizgoco ikiselli yuxaridan vo asagidan
verilmasi va islonmis mohlullarin ionit tobagosinin araliq fazasinda yerlosdirilmis orta
drenaj sistemindon goétirulmasi ilo yerino yetirilir. Sokil 3 b — do iso ikiaxinli
stizgaca emal edilacak su ikiselli — yuxaridan vo asagidan — daxil olur, yumsaldilmis
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Su iso ionit tobogasinin araliq hissasinds qurasdirilmis orta drenaj sistemindon Xaric
edilir. Slizgacin regenerasiyasi, regenerasiya mohlulunun yuxardan - asagiya dogru
horokatlonmis istigamoatindo aparilir.  Gostarilon birinci texnoloji sxemdon ylksak
keyfiyyatli yumsaldilmis su tolob olundugda totbiq etmok mogsods uygundur.
Yumsaldilmis suyun keyfiyyatino ylksok tolabat qoyulmadigda iso ikinci sxemdan
istifads etmok daha munasibdir.

Ekoloji baximinda regenerasiyaedici mohlulu kimi Na,SO4 —don istifados
kationit stizgaclorinin islonmis mohsullarinin miqdarini azaltmaga imkan verir. Bu
zaman islonmis mohlullarin torkibindon kifayat gqador gips ayrilmis olur.

Qeyd etmok lazimdir ki, shanglo emal zaman1 suyun galiq codlugu shong — soda
emalina nazoran Xxeyli ylksak olur, ona goro do yumsalmis suyun duzlulugu onun
Ilkin duzlulugunu asmamas: iiglin suda olan goalaviliyin talob olunan hadd giymatlor
asasan regenerasiyaya verilon duzun xususi sarfindan asili olur. Odur ki, sokil 3 a—da
tosvir edilon sxemdon istifads edildikdo duzun xisusi sarfinin m = 1,3 + 1,65 g-
ekv/g-ekv togkil etmosi tolob olunur va sitizgaclor SK-2 vo KU - 2 Kationiti ilo
doldurulur.

Buna gorado toklif edilon texnoloji sxemlor deyilon catigmamazliglart nainki
aradan qaldirmaga imkan verir, o hamginin kéhna vo islok voziyystdo olan
stizgaclorda konstruktiv doyisiklik etmoadon onlarin is rejimlarine muayyan olavalor
etmoklo, texnoloji gostaricilarini yiksaldilmoys vo tullanti sularin logv edilmasine
imkan yaradir. Ona goro do emal vo regenerasiya rejimlorini tokmillosdirarok,
stexiometrik miqgdarda regenerasiya edilmis ionit siizgacinin texnoloji gostaricilorini
yuksaltmaya yonalmis bu ciir axintisiz ekoloji tamiz va igtisadi somarali su hazirlama
texnologiyasinin islonilmasi va todgiq edilmasi aktual masaladir[1].

Bu zaman asagida nazordos tutlan masalalarin ekoloji aspekdan hall edilmasi
moagsadauygun hesab edilir:

o oanenavi regenerasiya usulu ilo islayan ionit slizgaclorin is rejimloarini
todqiq edotok, su hazirlanma tisulunun samoaraliliyini ylksaltmok Gglin
daxili imkanlarin miiayyonlosdirilmasi;

o stexiometrik migdarda mohlul ilo regenerasiya olunmus siizgoclorin is
rejiminin todqigi etmoklo onlarin emal prosesinin totbig  sahasinin
arasdirilmast;

o ikiselli diiz vo oksaximli siizgaclordon istifads edorok ionit mibadilo
prosesinin  todqgiqi vo onlarin is¢i miibadilo tutumunun mixtalif
hidrodinamik faktorlarindan asilliliginin araidirilmast;

o olda edilmis naticalor asasinda somorali va ekoloji tomiz su hazirlama
texnoloji sxemlarin islomasila igtisadi Somaranin tayini.

Hal hazirda totbiq edilon su hazirlanma tisulun bir sira tstiinliklora malik

olmasina baxmayaraq onu yenidon isllayib tokmillogdirmoak, az tullantili vo az reagent
sarfli texnoloji sxemin islonib hazirlanmasi magsadouygun hesab edilir.
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Natica:

1. Istilik sobokalori ticiin olave su hazirlanmasmin anonavi sxemloinin
mugqaisali tohlili aparilmisdir;

2. Istilik sobakalori iglin olave su hazirlanmasi zamani islonmis -iki selli
stizgaclardan ham regenerasiy, hom do su emali zamani istifads edilmisdir;

3. Ekoloji tomiz, axintisiz va igtisadi cohatdon samorali olan yeni su
hazirlayict sxeminin islonmosi istigamodo todqiqat islori aparilmisdir.

WAYS OF IMPROVING THE EFFICIENCY OF WATER PREPARATION IN
HEAT SUPPLY SYSTEMS
Alaskharov G.A.
Azerbaijan Architecture and Construction University
E-mail: gulag2014@gmail.com

SUMMARY

For the heating networks, in addition during the water in preparation the
calcium gruffness and general alkalinity should de degrade, that the shown towate
quality of main requirement carbonate index shouldnt be above a normative price.
For this purpese, it is used widely b softening of water complete or partiy, degrade of
alkalinity by using the different methods.
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Beton ingaat momulat1 kimi godim zamanlardan bari tikintids totbiq edilir, tarixi
bizim eranin 5600-cii ilino tosadiif edir. ilk avvalor beton ohong yapisdiricisi asasinda
hazirlanirdi. Belo betonun suyadavamliligi asagi idi. Daha sonralar romalilar betonu
hidravlik ohang osasinda hazirlamaga basladilar. Yuli Sezarin dovriindo beton artiq
on genis yayilmis insaat materiali idi vo bu dovrds tikilmis Panteon moabadi, Flaviy
amfiteatr1 vo digor arkalar, kupollar artiq iki min ildir ki, Romada 6z gozalliyini
qoruyub saxlayirlar. Roma imperiyasinin siiqutundan sonra betonun istifadasi
dayandi vo onun hazirlanma gaydalari unuduldu. Betonun yenidon istifadasi XVIII
asrda Avropada basladi. i1k sement osasinda betonun totbigi vo inkisafi 1844-cii ildan
baslamisdir. Daha sonra 1908-ci ildo Rusiyada ilk dofo beton {igiin texniki sortlor
totbiq olunmaga basladi. Miasir tikintido an ¢ox isladilon materiallardan biri
betondur. Hal-hazirda istifado sahosindon asili olaraq Azorbaycanda vo Xxarici
Olkolordo mixtolif betonlar istehsal edilir vo demok olar ki, biitiin ingaat
layihalarinds shamiyyatli rola malikdir. Istifade olunma magsadine va totbig sahasine
gora diizgiin torkibi secilmis beton uzun miiddat keyfiyyatini saxlamaqg gabiliyyatine
malikdir. Tikinti sahalorinds istifado olunan hazir beton qarisiglart avtomatlasdirilmis
vo miasir kompyuterlo tochiz edilmis beton qovsaginda istehsal edilir ki, bu da
layihaya uygun xiisusi, keyfiyyat etibarilo davamli, yerlosdirmaya, bitirmoys vo s.
hazir beton garisigina sahib olmaq imkani yaradir. Mamulat vo ya konstruksiyanin
novindan vo onlara qarsi qoyulan toloblordon asili olaraq, beton talob olunan
mo6hkomliys malik olmalidir. Beton miilki vo yasayis binalari, yol ortiiklori, korpulor
Vo metro tikintisinda, habelo hidrotexniki tikililords, genis miqyasda istifado edilon
asas insaat momulatidir.

Domir-betonun uzundémiirlii, odadavamli vo eyni zamanda hazirlanma
texnologiyas1 kifayat qodor sado olduguna gore tikintido ingilab etdi ki, bunun
mohtasom niimunalarini 6lkamizdsa do gérmok olar. Nisbaton ucuz material sayilan
betonu hazirlamaq tgiin doldurucular tatbiq edilir, keyfiyyatli yapisdirict madds va
das materiallarindan istifado etmoklo mixtalif xassali beton alds edilir. Doldurucular,
sement vo su betonun baslica maddoslori olmagla yanasi olavelorin beton gaisiginda
totbiqi avozolunmazdir. Olavalorin beton kimi gqodim tarixi vardir.

Aparilan aragdirmada GLENUIM 303, RHEOBUILD 878 vo EPOCAN SP 980
plastiklosdirici alavalarinin betonun xassalarins tasiri 6yronilmisdir.

1. GLENIUM 303 plastiklasdirici alavasinin betunun xassalarina tasiri
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GLENIUM 303 plastiklosdirici alavesinin beton qarisigimin axarhhigna
tasiri. Tocriibslords aktivliyi 32.5 olan portlandsementdan (1 m® beton qarigigma 530
kq hesabi ilo) istifado edorosk B 25 sinifli beton garisigi hazirlanmisdir. 1 m®
betona istifado olunacaq material sorfi hesablanmisdir. Istifade olunacagq meterialin
miqdari: sement — 350 kq; su — 165 I; qum — 570 kq; qirmadas — 880 kg (on
boyiik iriliyi 20 mm olan qirmadas istifade olunmusdur). ilikn olaraq plastiklosdiric
olavesiz beton qarisigl hazirlanmigdir. Hazirlangmis beton qarigiginin axarliligi 10, 20
va 30 dagigadon sonra toyin olunmusdur. istifado olnacaq material sarfi eyni olmagla
beton qarisig1 yenidon hazirlanmis vo torkibina GLENIUM 303 plastiklosdiric alavasi
slava olunmusdur. GLENIUM 303 plastikloadirico alavasi beton qarisigina sement
sarfinin 1.1 %, 1,4 % vo 1.8 % - i miqdarinda slavo olunmusdur. Hazirlanmis beton
qarisiginin axarliligi 10, 20 vo 30 dogigodon sonra yoxlanilmigdir. Alinmis naticalor
coadval 1- do gbstorilmisdir.

Coadval 1
GLENIUM 303 slavasinin beton qarisiginm axarliligima tosiri
Olavanin miqdari Beton garisiginin miiddotdon asili Beton
sementin kitlasino olaraq axarlig1, sm qarisigmin orta
goro, % 10 dog. 20 dag. 30doq. | sixligi, kq/m®
0 20 17,5 14 2300
1,1 22 17 15 2420
1,4 24 21 17 2425
1,8 26 24 20 2435

Sinaq naticalorindo miisahido olundugu kimi plasytiklosdiric alavesiz beton
qarisigindan forgli olaraq plastiklogdirici alava qatilmis beton qarigigmin axarlihig
daha ¢ox olur va bu axarliliq zamandan asili olaraq asagi diisiir. Plastilkosdirici alava
istifads olanaraq beton garisiginin axarliligi 20 % artirtlmigdir.

GLENIUM 303 plastiklosdirici alavasinin betonun sixilmada méhkamlik
haddina tasiri: Beton qarisiginin axarlilligr tayin olnaduqgdan sonra plastiklosdirici
olavesiz beton qarigsiginda 3 odod 150 x 150 x 150 mm Olsiilii kub niimunalor
hazirlanmigdir. Beton niimunslarinin 28, 60, 90 vo 120 glindon sonra sixilmada
mdhkamlik hoddi toyin olunmusdur. Eyni zamanda GLENIUM 303 plastiklosdirici
olavasi ilo hazirlanmis beton qarisigindanda 9 odod  sinaq  niimunslori
hazirlanmigdir. Sinaq niimunalori TOCT 4799 — 69 talablorins uygun olaraq 150 x
150 x 150 mm 6lclds hazirlanmis, 28, 60, 90 vo 120 giindon sonra betonun dasinin
sixilmada moéhkomlik haddi TOCT 10180 — 90 toloblorine uygun olaraq toyin
olunmusdur. Alinmis naticalar cadval 2 — do gOstorilmisdir.

Coadval 2
GLENIUM 303 olavasinin betonun méhkamliyins tasiri
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olavanin Betonun sixilmada mohkomlik
miadart sementin Betonun orta haddi, MPa
kuﬁgsins oy | shi kg/m® 28 60 90 120
gora, gln gln gin gin
22, 26,
0 2400 20,2 05 25 4
23,5 24, 26, 28.
1,1 2400 4 5 9 5
27, 31, 33,
1,4 2400 25,6 55 67 05
22, 24, 25,
1,8 2400 21,3 6 1 9

2. RHEOBUILD 878 plastiklasdirici alavasinin betonun xassalarina tasiri.

Tacriibalords aktivliyi 32,5 olan portlandsementdan istifado olunmusdur vo B25
sinifli beton torkibi layihslondirilmisdir. 1 m® betona sorf olanacaq materiallarin
miqdari: semet — 530 kq; su — 150 I; qum — 550 kq; qirmadas — 820 kq (en boytk
iriliyi 20 mm olan qirmadas istifadi olunmusdur). Ilk olaraq plastiklosdirici olavasiz
beton qatisi@l hazirlanmigdir. Hazirlanmis beton garigigmin 10, 20 vo 30 doagigoadan
sonra axarlilig1 toyin olunmusdur. Istifado olanan material sorfi eyni olmagla beton
qaris1g1 yenidon hazirlanmis vo torkibine sementin miqdarmin 1 %, 1.3 % vo 1.5 — i
godor RHEOBUILD 878 plastiklosdirici alavesinin slave olunmusdur. Hazirlanmig
beton qarisigmin axarliligi 10, 20 vo 30 dogigedon sonra yoxlanilmigdir. Alinmis
naticalor cadval 3 — do gbstarilmisdir.

Codval 3

RHEOBUILD 878 plastiklosdirici alavasinin beton qarisigmin axarlili§ina tosiri
Olavanin Beton qarisiginin miiddatdon asili olaraq Beton

miqdari axarliligi, sm 5
. qarisiginin
sementin rta sixlig1
kiitlasina gora, 10 dag. 20 dog. 30 dag. © 3g ’
kg/m
% - lo

0 17 15 13 2350
1 19 17 14 2380
1,3 21 19 16 2400
1,5 18 16 14 2390

RHEOBUILD 878 plastiklosdirici alavasinin betonun sixilmada méhkomlik
haddina tasiri. Beton garisiginin axarliligi tayin olundugdan sonra plastiklosdirici
olavasiz beton qarisigindan 3 adod 150 x 150 x 150 mm 6lglds kub nimunalor
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hazirlanmigdir. Niimunaloarin 28, 60. 90 va 120 glinden sonra sixilmada mohkamlik
haddi tayin olunmusdur. Eyni qayda ilo RHEOBUILD 878 plastiklosdirici alavasi ilo
hazirlanmis beton qarisigmin axarliligl toyin olunduqdan sonra smaq niimunalori
hazirlanmisdir. Sinaq niimunalori T'OCT 4799 — 69 toloblorina uygun olaraq 150 x
150 x 150 mm Olglds hazirlanmis, 28, 60, 90 vo 120 glndon sonra betonun
sixilmada mohkomlik haddi TOCT 10180 — 90 toloblorino uygun olaraq toyin
olunmusdur. Alinmis naticalor cadval 4 — do g6starilmisdir.

Codval 4
RHEOBUILD 878 plastiklosdirici alavasinin betonun méhkemliyinna tosiri
Olavanin Betonun sixilmada méhkomlik
. . Betonu .
migdar1 sementin 1 orta sixlizt haddi, MPa
Kiitlosine gora, % - | = 01 o SIXIS 28 60 90 120
, kg/m N ) ) N
I gun gun gun gun
0 2384 24,3 26,2 27,8 28,9
1 2370 25,6 28,4 31,9 35,1
1,3 2387 329’7 32 36,78 38,39
15 2390 30,1 33,9 37,4 39,1

1. EPOCAN SP 980 plastiklasdirici alavasinin betonun xassalarina tasiri.

Tacriibalordo B25 sinifli beton torkibi layihslondirilmisdir. Ovvalca 1 m® beton
qarisigma sorf olnacaq materiallarin miqdart toyin olunmusdur: sement — 530
kq (aktivliyi — 32,5); su — 135 I; qum — 600 kq; qirmadas 890 kq(on boyuk iriliyi 20
mm olan qirmadas istifado olunmusdur). Plastiklogdirici olavesiz beton qarisigi
hazirlanmigsdir vo hazirlanmis beton qarisigmin axarliligi 10, 20 vo 30 dogigodan
sonra toyin olunmusdur. Eyni torkib ilo beton qarisigi hazirlanmis vo torkibina
sementin miqdarmin 1.1 %, 1.3 % va 1.6 % - godor EPOCAN SP 980 plastiklosdirici
olavasi olava olunaraq beton qarigigl hazirlanmigdir. Hazirlanmig beton qarigigmin
axarlilg1 10, 20 vo 30 dagigodon sonra yoxlanilmisdir. Alinmis naticalor codval 5 -
do gOstarilmisdir.

Coadval 5
EPOCAN SP 980 plastiklasdirici alavasinin beton qarisigimin axarliligina tasiri
Olavanin Beton qarisiginin miiddatdon asili olaraq
miqdar1 axarliligi, sm Betonun
sementin orta sixligi,
kiitlosine gora, 10 dog. 20 dog. 30 dog. kag/m?
%
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0 11,5 7 3) 2385
1,1 21 20 17,5 2415
1,3 23 21 18 2415
1,6 24 21 18 2415

EPOCAN SP 980 plastiklasdirici alavasinin betonun méhkamliyina tasiri.

Plastiklosdirici alavasiz beton qarisigimin axarliligini tayin etdikon sonra 3 adad
150 x 150 x 150 mm olculi kub nimunalor hazirlanmisdir. Hazirlanmis beton
nimunalarin 28, 60. 90 vo 120 glindon sonra sixilmada mohkamlik haddi toyin
olunmusdur. Eyni gayda ilo EPOCAN SP 980 plastiklosdirici alavesinin beton
qarisigina axarliligma tosirini  toyin etdikdon sonra
hazirlanmigdir. Sinaq niimunslori TOCT 4799 — 69 toloblorina uygun olaraq 150 x
150 x 150 mm ol¢udo hazirlanmus, 28, 60,90 vo 120 glndon sonra sixilmada
mohkamlik hoddi TOCT 10180 — 90 tolablorina uygun olaraq toyin olunmusdur.
Almmus naticalor cadval 6 — da gostorilmisdir.

sonra smaq nimunalori

Codval 6
EPOCAN SP 980 plastiklosdirici alavasinin betonun méhkamliyina tasiri
: Betonun sixilmada méhkomlik hoddi
olavanin Betonun MPa
miqdar1 semenyin orta sixlig1
kiitlosina goro , % kq/m® ) 28 ) 60 ) 90 "120
glin glin gln gln
0 2385 17 20, 22,7 24,
1 6
23, 26,
1,1 2422 21.6 4 25,7 4
24, 27,8 29,
1,3 2420 22,5 1 4 1
1,6 2430 15,5 3 17 20,9 6 23,

Natica: Laboratoriya isinda beton garisigina alava olanan plastiklosdiric alavalor
beton qarigigina sementin miqdarinin 3 fargli nisbati godor olave olunmusdur. Alinan
naticalordon molum olmusdurki GLENIUM 303 plastiklosdirici olavesi sementin
miqrdarnin 1,4 % - godor, RHEOBUILD 878 plastiklosdiric olavesi sementin
miqdarinin 1,3 % - i godor, EPOCAN SP 980 plastiklosirici alavasi 1,3 % - 1 godor
alava olunduqda naticalor daha ylksak olur. Alinmis naticalor asagidaki cadval 7 vo 8
—do geyd olunmusdur.
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Codval 7
Plastiklosdirici alavalorin beton garisiginin axarliligina tasiri.

- Beton garisiginin axarliligi Beton
,§ garisiginin
g : 10 20 30 orta sixligi,
= doq. daq. daq. kg/m®
Olavasiz 20 175 14 2300
GLENIUM
303 4 24 21 17 2425
olavasiz 17 15 13 2350
RHEOBUILD
879 3 21 19 16 2400
Olavasiz 11,5 7 5 2385
EPOCAN SP
930 3 23 21 18 2415
Cadvoal 8
Plastiklosdirici alavalarin betonun méhkomliyins tosiri
g S Beton Betonun sixilmada mohkamlik
S | Unorta haddi MPA
_— -
© g suha 28 60 90 120
gl ka/m giin glin giin glin
) 20 22
olavasiz 2400 P 05 25 26,4
GLENIUM 25 27 31
303 4 2400 6 55 67 33,05
) 24 26 27
Olavasiz 2384 3 P 8 28,9
RHEOBUILD 29 36
878 3 2387 7 32 78 38,39
Olavasiz 2385 17 1 20 ; 22 246
EPOCAN SP 22 24 27
980 3 2420 5 1 84 29,1

Coadvaldonds goriindiiyii kimi beton garigigina sementin miqdarmin 1,4 % - i
godoar alava olunan GLENIUM 303 plastiklosdirici alavasi alavasiz beton qarisigina
nisboton axarlihgmi 10 dagigedan sonra 20 %, RHEOBUILD 878 plastiklasdirici
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alavasi 1,3 % olavs olundugda 23 %, EPOCAN SP 980 plastiklosdirici slavasi 1,3%
olave olunduqgda isa toxminon 2 dofo artirmusdir. GLENIUM 303 plastiklosdirici
olavasi beton qarisigina sementin miqdarinin 1,4 % - godar slava olundugda betonun
28 glndon sonra sixilmada mohkomlik hoaddi 26 %, RHEOBUILD 787
plastiklosdirici alavasi 1,3 % oslava olundugda 22%, EPOCAN SP 980 plastikloasdirici
alavasi 1,3 % olava olunduqda 32 % artirmusdir.
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MUHONDIS KOMMUNIKASIYA SISTEMLORINDO
IQTISADIYYATIN ONOMi

XULASO

Miuasir dinyada hoyatin hor bir sahasini iqgtisadi gaydalar mioyyan edir.
Yasanan hor bir hadiss, ictimai-modoni hoyat, muharibslor, siilh, insanlarin va
comiyyatlorin rifah saviyyasi, hayat saviyyasi, agliniza galon har bir hadisanin sabob
Vo naticalari iqtisadi sorait vo gaydalarla misyyan edilir.

Bu magaloda hoyatimiza belo tosir edon “Igtisadiyyat” elmi ilo {izvii oldugumuz
“Miihandislik™ pesasinin kasismo ndqtalorini, mihandis kommunikasiya sistemindo
igtisadiyyatin shamiyyati gostoarilmaya ¢alisilmisdir.

Acar sozlar: Mihandis, Iqtisadiyyat, Miihandislik iqtisadiyyati

SUMMARY

In today's world, the rules of the economy determine every aspect of life. Every
event experienced, social and cultural life, wars, peace, welfare level of people and
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societies, living standards and the causes and consequences of every event you can
think of are determined by economic conditions and rules.

In this article, we have tried to remind the intersection points of the
"Economics” science, which has such an impact on our lives, and the in the engineer
communication system profession, which we are a member of, and the weight and
Importance of economics courses in engineering education.

Key word: Engineer, Economics, Engineering economics

GIRIS

Illor ovvel, gonc mihondis kimi peso hoyatima basladigim zaman, peso
muhitimdoaki s6hbatlorin vo mizakiralorin mévzusu asasen istehsal texnologiyalari,
totbiq olunan proseslor va texnikalar, istehsal kamiyyatlori, imkanlar va isgilarin na
daracads idars olunmasi kimi mévzularda idi.

Butlin hamkarlarimiz an son, an mikammal texnologiyalar1 neco ugurla tatbiq
etdiklarindan, yiksak istehsal giclarini irali strdiklarindon danisirlar. Demak olar ki,
bu mosololor kontekstindo bir-biri ilo rogabst aparirdilar. Bir sozlo, asas mdévzu
texnologiya, material va enerjidon an samoarali istifads idi.

Moalum oldugu kimi; Miihondislik aid oldugu pesa sahasinda elmi biliklori,
tapintilari vo molumatlari, hamiligla razilasdirilmis texnoloji bilik va tatbiglori ilo
ictimai moanafeys, giindalik hayatimiza vo istifadomiza tagdim eds bilon bir pesadir.
Basga bir baximdan miihandislik, elmi va riyazi prinsiplordan, tacriibadon, dizgin
gorardan vo Umumi ideyalardan istifada etmokls insan va ictimai monafe ti¢iin faydali
mahsullar istehsal etmak sonatidir.

Muhandislar; 6z sahalarinds texniki bilik va tocriibays malik olan, material,
enerji, masin vo avadanliglardan an somorali sokilds istifads edorok mal vo xidmatlor
istehsal edo bilon texniki iscilordir. Bu mallarn vo Xidmatlorin  maksimum
somaralilikls va an alverisli iqtisadi soraitds istehsalina géra cavabdehlik dasiyir.

Iqtisadiyyat; Istehsal, ticarat, bolgii va istehlak, idxal vo ixracdan ibarat biitiin
ictimai foaliyyatdir vo insanlarin ehtiyaclarint 6demak Ggtin gorilon butiin ndv
foaliyyatlori ohato edir.

Igtisadiyyat miiayyon bir saha daxilinds igtisadi davranis sistemidir. Bu sistemo
homin orazids olan is¢i qiivvasi, Sormayso, tobii ehtiyatlar; istehsal, ticarat vo bolgu ilo
moasgul olan igtisadi qurumlar, hamin sahado mal va xidmatlorin istehlaki daxildir.
Iqtisadiyyat texnoloji tokaml, tarixi vo sosial qurulus vo cografiya, tobii ehtiyatlar,
galirlar va ekologiya kimi asas amillarin birlosmosindon formalasir.

Miuhandislik layihalari, dizayn va istehsal foaliyyatlori “igtisadi sistem” deyilon
mihitdo hoyata kegirilir. Buna gdro do istehsal bolmasinin foaaliyystino nozarst etmok
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vo bu faaliyyatlora tasir edon igtisadi sebablori tapmaq Uglin osas iqtisadi anlayis vo
qaydalar1 bilmak lazimdir.

Lakin bu anlayislar1 vo qaydalar1 6yranmoak va tathig etmok tgtin talob olunan
tolim, toassuf ki, muhondislik tahsilinda kifayat deyil. Sonaye mihandisliyi, biznes
miihandisliyi vo son zamanlar mashurlasan Iqtisadiyyat miihandisliyi kimi fonlardon
basqa miihondislik sahalarinin tohsilinds igtisadiyyat dorslorinin say1 kifayot godor
azdr.

Miuhandislik foaliyyati; Gorulocak is no olursa olsun, an uygun texnologiya ilo
birlikda an samarali, an galirli, an sarfali vo satis imkanlar1 baximindan an uygun
olan1 se¢gmok demoakdir. Bu sababdan mihandislor, texniki bilik va tacriibs ilo yanas,
pesalorini daha ugurla yerino yetiro bilocok sokilds igtisadiyyat, maliyys, idarsetma
Vo toskilatgilig, biznesin idaro edilmasi, biznes vo insanlarin idaro olunmasi kimi
biliklara yiyalonmalidirlor.

Miuhandislar pesalarini hayata kecirmok liglin avvalca istehsalat sahasins ehtiyac
duyurlar. Bu istehsalat sahasi bazon emalatxana, bazan fabrik, bazan tikinti sahasi,
bazon do ¢ox inkisaf etmis bir obyekt ola bilar.

Mihoandislorin igtisadi qaydalar il ilk garsilasmalar1 bu istehsalat yerinin, yani
bir igtisadi muoassisanin, obyektin yaranma moarhalasidir.

1. Biznesin qurulmasi1 marhalasinda muhandislar

Bir 6lkonin iqtisadiyyatin1 formalagdiran on miithiim amil ehtiyaclari oan uygun
sokilda, dogru yerds, dogru zamanda vo dogru ol¢iido garsilayan investisiyalardir.
Tabii olarag, Muhandislor istehsal bolmalarinin, fabrik vo obyektlorin yaradilmasinda
on zoruri elementlordir. Mihandislor do pesokar formalagsmalarina géra on mikommaol
Vo etibarli texnologiyalari se¢mok istoyirlor. Enerji, is¢i vo xammal problemlori
yasamaq istomirlor. Bununla bels, biznesin, obyektin yaradilmasi, yeri va
texnologiyasinin miioyyon edilmasi {i¢iin basqa avadanhglar da talob olunur.

Istehsal miiassisasi qurarkan bu suallarin cavablari olduqca vacibdir.

Biznesi (fabriki) harada quracagiq? Hans1 mal vo ya mallar istehsal edacayik?
Hansi istehsal texnologiyasindan istifado edacoyik, hanst masin vo avadanliglardan
istifado edocoyik? Hansi bazarlar iiglin vo hansi sortlorlo istehsal edacoayik? No vaxt
istehsal edacayik?

Bu suallara duzgiin cavab tapmaq Ucun texniki malumatlarla yanasi, iqtisadi
molumatlar, informasiya va statistik molumatlar da lazimdir. Bir ¢ox parametr yeni
bir investisiyanin qurulmasi gorarina tasir edir.

Bu parametrlari qisa sokilds asagidaki kimi timumilasdirmak olar;

eXammal: Xammalin keyfiyyati, onlarin mévcudlugu vo davamliligi, qiymati
Vo dasinma dayari mithiim meyarlardir.
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eEnerji: Enerjinin keyfiyyoti vo qiymoti, onun prosesimizo uygunlugu,
movcudlugu vo davamliligi, miiassisomizin enerji istehlakinin miqdar1 bu parametrin
meyarlardir.

elsci giicii: Keyfiyyat, maya doyori (emok haqqi) ve smayin méveudlugu, sosial
Vo modani sorait nazors alinmalidir.

eKapital va Maliyya: Moévcudlug, faiz va kredit sortlori vo dovlatin igtisadi
siyasati ¢ox vacibdir.

eNaqgliyyat va catdirilma: Magistral yollara, domir yollarina vo hava limanlarina
yaxinliq, dasima soraiti vo Xarclor nozors alinmali meyarlardir.

eMarketing: Istehlakgilara yaxinligi, mohsullarimizin asan vo ucuz catdirilma
soraiti, mohsulun bazar taloblorina uygunlugu, mohsulun qiymati vo miistorilorin
aliciliq gabiliyyatinin hesablanmasi obyektin yerlosdiyi yeri miiayyanlosdirmokdo
muhim rol oynayir. .

e Tabii Sarait, iqlim, tachizat saraiti: Gorllocak isin xarakterino, iglim garaitine
gora suyun movcudlugu va giymati, buna goro do istilik vo soyutma (kondisioner)
xorclori, texniki xidmat, tomir, ehtiyat hissolori vo s. Istehlak materiallarinm
movcudlugu, sosial obyektlorin rahatlhigi vo yasayis soraiti cox vacibdir,

eOrazi, tikinti va icara xarclari: Orazinin uygunlugu vo giymotlori, tikinti
sartlori vo giymatlori, icara giymatlori vo golocok artim imkanlari se¢ima tasir
gostoarir.

eRagabar sartlari: Biznesin qurulacagi yerdoki rogiblor, potensial ragiblor,
istehlak¢1 davranisi vo meyllor. Sosial vo modoni qurulus. Reklam imkanlart vo
xarclor nazars alinacaq meyarlardir.

o Yerli Idaraetmalar va Tohliikasizlik: Biznesin qurulacagi regionda sahibkarlara
vergi vo idaralorin yanasmalart vo siyasatlori. Tohlikasizlik sortlori va harbi vo
tohliikasizlik baximindan risklar nazars alinacaq magamlardir.

Butlin bu parametrlorin tohlili naticasinds alinan notico musbat olarsa, yeni
investisiya goyulur. Bu obyektin faaliyyati va idars olunmasi biznesin qurulmasindan
sonra gundamo golir. Burada da on vacib kadrlar muhondislordir. Sanaye obyekti
muhondissiz islaya bilmoz. Ancaq bir isi idara etmok G¢iin tokco muihandislik biliklori
kifayat deyil.

2. Fabrikin taskili, istehsalin planlasdirilmasi va idaraetma marhalasinda
muhandislar

Biznesdo on osas mogsod monfooti maksimuma g¢atdirmaqdir. Miiassiso
qazancini maksimuma catdirdigca, magsadine ¢atmis hesab edilir vo yalniz izafi
doyor istehsal etmoklo, yoani monfoot oldo etmoklo mdvcudlugunu qoruya bilar.
Moanfaoat olda edarkan Xxorc, satis mablogi va satig galiri (galir-dovriyys) anlayislari
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son doraco vacibdir. Monfoot faktoru; giymotin, maya doyorinin vo komiyyatin
(hacm-dovriyys) bir funksiyasidir.

Bitin muhandislik va idaraetmo foaliyyatlorinin moagsadi slava dayar (manfaat)
yaratmaqdir. Bir sozlo, Xorclorimizi azaltmaq, satisin miqdarini artirmaq vo is
hacmini boyditmokdir.

Bu mogamda qisaca olaraq; Xorc, satis migdar1 va galir (dovriyys) anlayislarina
nozor salmaq faydalidir.

Xarc, qisa olaraq, istehsalin hoyata kecirilmasi guin ¢okilon biittin xarclor kimi
muoyyan edils bilor. Miayyan Xarc konsepsiyalar1 nazards tutulmaqgdadir.

= Sabit masraflar: Istehsaldan asili olmayaraq miiossisado bas veran vo istehsalin
olub-olmamasin1 doyismoyan masraflora sabit xarclor deyilir.

=Dayisan masraflar: istehsalin miqdarindan asili olaraq artan vo ya azalan,
istehsal olmadigda movcud olmayan xarclordir. Adoton bu xarclor diiz mutonasib
olub, istehsal artdigca artir.

=Umumi xarclar: Musssisadoki sabit vo doyison xarclorin comi imumi xarclori
verir. Dayigson mosroflor istehsal hacmindon asili olaraq doyisdiyindon Umumi
xarclords oxsar meyl gostarir va istehsal hacmi artdigca iimumi xarclor do artir.

»Vahid Xarc: Mioayyan bir middat arzinds istehsal olunan mal va xidmatlars
¢okilon mumi xarclorin istehsal olunan mal vo xidmat vahidino nisbatinin vahidino
diisan dayari verir.

Vahid doyori, istehsal hacmi ilo tors mitonasib olaraq doyisir. Yoni, istehsalin
hocmi artdigca, vahido diison sabit masraoflorin pay1 bir 0 godor azalir, doyison
masraflor isa doyismoz qalir. Basqa sozlo, istehsal hocmi artdigca, vahids diison
istehsalin maya doayori azalir.

eSanis Mablagi (Hacmi) va Goalir (DOvriyya): Miassiso mal va xidmatlorini
satdigda miioyyan g@olir oldo edir. Bu goliro satis goliri deyilir. Biznesin
mogqsadlarindan biri da bu galiri maksimuma ¢atdirmaqdir.

eBasa bas ndqtasi va galirlilik tahlili: Bir isdo golirliya kecid ndqtesindo
istehsal vo satis miqdarin1 tayin eds bilmok va bu ndqteys ¢atmaq ¢ox vacibdir,
Biznes hansi mogamda gazanc slds edacoayini, hansi satig ragqomlari va giymatlorlo
gazanc alda eds bilacayini yaxs1 miiayyanlosdirmali vo bu noqgtalora ¢atmalidir. Oks
halda moévcudlugunu etdira bilmoz.

Miassisado, galirliliys kecid ndqtasinds istehsal va satis kamiyyatlorindoki sabit
xarclor, vahid satis qiymatini vahid doayison xarc forgino bolmak yolu ils tapilir. Bu
istehsal mabloginda satis galirlari istehsal xarclorina barabardir. Bu istehsal migdari
“basa bas noqtosi” adlanir.

Basa bas ndqtesi konsepsiyasi; Istehsal vo satis mobloglorimizi mioyyan
etmokda, sabit xarclorimizlo satis moblogimiz arasindaki alagoni mioayyan etmokdo,
hanst satig moabloglorinds istonilon manfast doarocalorina nail ola bilocoyimizi
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mioyyan etmokdo, cari prosesimizlo alternativ proseslor arasinda alternativlori
miiayyon etmokda bizo kdmak edir. Istehsal, satinalma vo zavodun genislondirilmasi
alternativlorini, xammal, maliyyslosdirma va digar tochizat ehtiyaclarimizi miioyyan
etmoak, satis qiymatimizi va 6doma sortlorimizi miayyan etmoak Ugln istifado olunur.
Bu marhalods istehsalin planlasdirilmasi, istehsalin idara edilmasi vo fabrikin togkili
on plana cixir. Icragi, imumiyyatlo, bir isi, sistemi, obyekti idaro etmokdo bacarigl,
tochiz edilmis vo tocrlboali soxs demokdir. Maliyyalosdirmo vo maliyys foaliyyati
bitlin idareetmos isinin boyiik hissasini togkil edir. Realligda sonaye mduassisalarinin
icragilar1 istehsal faaliyyatini hoyata kegirmok tclin xammal, material, enerji vo
omoayin iqtisadi koordinasiyasi {i¢iin ¢alisirlar.

Miuhandisin muassisads vozifasi; Layihalorin hazirlanmasi, layihalorin icrast vo
layihalorin istifadoys verilmosi vo ya istismara verilmosi vo bitin moévcud
resurslardan somoaroli istifado edilmosidir. ©On osas1 biitiin bunlart iqtisadi sokildo
etmokdir. Bu noOqtodo Mduhondislik iqtisadiyyati ¢ox vacibdir. Mduhondislik
igtisadiyyati  texniki  layihalorin ~ xorclorinin ~ vo  golirlorinin  sistematik
giymatlondirilmasidir.

Mihondislik  alternativlorini  giymatlondirorkon, materiallar, masin va
avadanliglar, omok obyektlori Uglin kapital toloblori yarandigda on yaxsi alternativi
miiayyan etmok tiglin iqtisadi tohlil {isullarmdan istifade olunur. Umumiyyatls, pul
doayarlari har bir alternativin hoyata kecirildiyi togdirdo yaranacaq xarc vo faydalarin
golacak toxminloridir. Bu toxminlor tarixi moalumatlardan, tocriibadon va ya oxsar
layihalarlo miigayisadon istifado etmoklo edilo bilor. Cox vaxt bu tohlillar igtisadg,
mihasib vo ya maliyys analitiki deyil, texniki detallar1 yaxsi bilon muhondis
torafindon aparilir. Miithandislor ii¢iin analiz tsullarin1 dyranmok va tatbiq etmoak,
digar sahalards olan insanlarin texniki detallar1 dyronmoakdon daha asandir.

Mihoandis sisteminin iqtisadiyyat1 mahdud resurslar altinda alternativ istifadalori
muoayyan edon, lazimi molumatlar1 toplayan va an yaxsi alternativi segmok U¢ln bu
molumatlar1 tohlil edon amoaliyyat saviyyasinds iqtisadiyyatdir.

Muihondislik iqtisadiyyatinin asas qaydalari;

* Miihondislik iqtisadiyyati homiso pulun pul qazanmasini nozoro alir. Pulun
zaman dayari ¢ox vacibdir. Bu giin pul galocokds puldan daha dayarlidir.

* Alternativlor (variantlar) arasindaki farglor ¢ox énamlidir va har bir hadisanin,
hor bir layihonin alternativi olmalidir.Yalniz bir variant varsa, miithondis iqtisadiyyati
tohlilino ehtiyac yoxdur.

* Galirlarimiz homiso Xarclorimizdon ¢ox olmalidir.

» Monfoat alds etmok miimkiin olmadiqda risk edilmir.

Miuhoandislor torafindon verilon qorarlar, maliyys resurslarinin neca istifads
olunacagin1 miiayyanlogdirir. Bu gorarlar; yeni bir mohsulun hazirlanmasi, mévcud
mexanika vo avadanliglarin yenilonmasi, istehsal vo ya satimalma qorarlari, yeni
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istehsal xottinin olavo edilmasi vo ya yeni bir obyektin tikintisi vo ya obyektin
genislondirilmosi, birdon ¢ox dizayn, model, mohsuldan birini segmok kimi gorarlar
ola bilor. alternativ. Bunlar, texniki Qorarlar olmaqla yanasi hom do iqtisadi
Qorarlardir.

Istonilon migyasda hoyata kegirilocok layiholords; Qoarar gobul etmok iglin
analizlor vo sintezlor aparmaq lazimdir. Miihondis kommunikasi sistemindo
igtisadiyyat, sistematik yanasma ilo riyaziyyat, statistika, ekonometriya vo maliyys
tohlili biliklorindan istifads edorok gorarlarin gobulu proseslorinds istirak edir.

Qarar verma prosesinin marhalalari;

1. Problemin tosviri. (Tullantilar vo otraf muhit, Mohsul va ya prosesin inkisafi,
Yeni obyektin yaradilmasi, boyiimok vo s.)

2. Hodoflorin milayyon edilmasi (Obyektin qurulmasi, Yeni bazarlar, Istehsal
gucl va s.)

3. Tolob olunan molumatlarin  toplanmasi (Resurslar, Bazar tohlili,
Maliyyalosdirma Analizi va s.)

4. Alternativlarin miayyan edilmasi va real prognozlarin verilmasi.

5. Qorar vermo meyarlarinin  miioyyon edilmosi (Monfoot, Miistori
Mamnuniyyati, Problemlarin Halli va s.)

6. On uygun alternative ti¢lin qorar vermok

7. Qorarin icrasi

8. Monitoring Naticalori

Ogor gobul edilacak gorarlar va hayata kegirilocak tacriibalor pul ifadasi ilo ifads
oluna bilsa, alternativlari an yliksak golir asasinda miiqayiso etmok daha asandir.
Buna uygun olaraq layihalords gorar gobul etmok Ggtin igtisadi tohlil aparilmalidir.

Notica etibari ila, biznesin davamli olmasi onun gazanc alda etmok
gabiliyyatindan asilidir. Bu sababdan muassisads ¢alisan miithandislor, texniki
biliklorlo yanasi, iqtisadi anlayislara da balod olmaq vs igtisadi-maliyys savadina
malik olmaq ehtiyacini hiss edirlor.

3. Kommersiya faaliyyati marhalasinde mihandislor (Satinalma va Satis-
Marketing Idaraetmasi)

Bir miossiss is foaliyyatini davam etdirarkan, igtisadi vo ticarst hoyatinin bir
COX nogtasinds yer alir.

Bu mogamlardan biri do satinalmalarin idaro edilmasidir. Bir sirkat, bir ¢ox
mohsulda alis-veris etmolidir. Bu maddoalor asason; xammal alig1, ehtiyat hissalori vo
logistika alisi, enerji vo tobii ehtiyatlarin satin alinmasi vo naqliyyatin dasinmasi
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xarclori, omoak Xoarclori vo s. Coxlu maddslor saya bilorik. Alinacaq xammal vo ya
materiallarin texniki sortlori mihondis-texniki iscilor torafindon hazirlanmis texniki
sortloro osaslansa da, giymot vo Odonis sortlori maya doyari baximindan ¢ox
onomlidir. Bu sababdon satinalma bolmalori biznesimiz tglin an uygun va keyfiyyatli
xammal vo materiallarin on munasib giymot vo 0domo sortlori gargivasinds tomin
edilmasino vo daima alternativ tochizatgilarin tapilmasma vo davamlilifinin tomin
edilmasina cavabdehdir.

Ikinci vacib mogam satis vo marketingin idaro edilmosidir. Marketing bolmolori
buginkl biznes idaragiliyinds an vacib mogamlardir. Ciinki no godor keyfiyyatli
mohsul istehsal olunsa da, marketing nogtasinds zaif cohatlori varsa, itkiloro moruz
galacaqg va sonda biznesin iflas1 glindoma galacak.

Homg¢inin, bugiinkii is diinyasinda miiossisolor tokco son istehlakgilar {igiin
mohsul istehsal etmirlor. Pesokar satinalma agentlarinin gorar vermoa noqtasinds
oldugu oksor muoassisalor miistorilor tigiin mal vo ya araliq mallar istehsal edir. Buna
gora do satilacaq mohsullar1 daha ohatali sokilda tanitmaq vo togdim etmoak ti¢iin satis
mihandislarina ehtiyac var.

NOTIiCO

Mihondislik tohsili verarkan tolobalora verilon igtisadiyyat vo biznesin idars
edilmosi kurslarmin nisbatinin artirilmasi1 mithandislarin galacak pesa hayati {igiin ¢ox
faydali olacaq. Bu faydalar iki osas basliq altinda miizakira etmok olar. Muassisalor
torofindon oldo edilocok faydalar (Mikroiqgtisadiyyat) veo Milli (Makroiqtisadi)
faydalar. Biznes Ucun faydalar (Mikroigtisadiyyat):

1. Igtisadi qorarlarin alinacagi ekonometrik vo statistik molumatlar baslangic
ndqgtadan bizim Gglin an uygun va biznesimiz Ug¢iin an faydali sokilds hazirlanir.

2. Mihondis vo texniki iscilor miossisa daxilinds batin toskilati iqtisadi
baximdan tahlil edo bilor Ki, Xarclorin va xarclorin minimuma endirilo bilacayi
mogamlar asanligla goriina bilsin.

3. Texniki problemlarlo bagli gorarlarda gorarin iqtisadi torafi do goriina bilar.
Belaliklo, birdlcilu va yanlis gorarlar gabul edilmir.

4. Isci qiivvesi mioyyon edilorkon igtisadi Olcli nozero almmagla hoyata
kecirilir.

Milli (Makroiqtisadi) faydalar

1. Biznes Uglin verilon gararlar va 6lkanin igtisadi soraiti bir-birina uygundur.

2. Muhandis-texniki iscilorin igtisadi doyisikliklara Vo yeniliklora qarsi
yanagmasi tokmillosdirilir.

3. Texniki-igtisadi inkisafin vo dayisikliklarin bir-biri ilo ahangdar olmasi tomin
edilir.
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Sonaye sahasinds inkisaf etmoli olan Azorbaycanin iqtisadiyyatini anlayan
muhondis-texniki kadrlara boyiik ehtiyaci var. Azarbaycanin iginds oldugu struktur
igtisadi problemlardan xilas olmaq tgun real igtisadiyyata, diinya ilo rogabst apara
bilocak istehsal igtisadiyyatina vo texnoloji inkisafa ehtiyaci var. Bu, diisiina, tahlil
eds va igtisadi goararlar gabul eds bilan insanlar vo miihandislarls olur.
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KORPULU KRANIN YUKQALDIRMA MEXANIZMININ TODQIQI
Acar sozlar: kran, reduktor, disli ¢arx, dinamiki model, burucu moment.
Key word: crane, reducer, gear wheel, dynamic model, torque

Miiasir tikintinin aparici texniki vasitolorindon on osas1 korpllii kranlardir. Isin
daha mohsuldar vo daha tez yerino yetirilmasi liciin yiikqaldirici kranlardan istifade
olunur. Yiikqgaldirict kranlardan domir vo polad, tokmo vo Gomiqayirma kimi agir
sonaye saholorindo istifado olunur.

Korpili kranlar layiholondirilon zaman konstrutorlarin qarsisina qoyulan osas
mogsad on somoarali vo on optimal parametrloro malik Korpull  kranlarin
layihalondirilmasidir.

Masinqayirmada kompleks masinlar vo avadanliglar sistemi yaradilir. Istehsalatda
islorin daha da siirotlondirilmasi {iclin somorali vo optimal kranlar layiholondirmok
miihandis vo alimlar qarsisinda qoyulan asas mosalalorden biridir. Umumiyyatlo miiasir
maginlar mohsuldar olmagla yanasi, hom do asan idaro olunmali, uzun miiddst isloyo
bilon, etibarli, iqtisadi cohotdon olverisli vo asan hazirlanan olmalidir. Masin vo
mexanizmlar layihalondirilon zaman siraladigimiz biitiin keyfiyystlor nazars alinmalidir.
Harokatin noviinli vo onun kimematik parametrlorini doyismok mexanizmlor vasitasilo
hoyata kecirilir. Maosolon, mexanizmlor vasitosilo firlanma horokotini iralilomo
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harakatina cevirmok,qayis oOtiirmasi vo disli carxin kdmoyi ilo bucaq stirstlorini
doyismok olur.Masin idaroedici, Otiiriicti vo miiharrikdon ibarat olan qurgudur. Masin —
faydali miiqavomot qiivvasini dof edon enerjini bir ndvdon digorino ¢eviron qurgudur.
Funksional toyinatina géro masinlart belo bolmok olar: miihorrik-masin, nozarat vo
idaroedici masin, montiqi voya kibernetik masin. Yiiklori nogl etmok, hissalorin forma
vo dlgiilorini doyismok iigiin is¢ci masinlardan istifade olunur. Is¢i masinlara kranlar,
miixtalif dozgahlar, pres, transportyorlar vo s. aiddir.

Mexanizmlordo burucu momenti artirtb, bucaq siirotini azaltmag, eloco do
mexaniki horokotin noviinii va istigamotini doyismok {i¢iin reduktorlardan istifado edilir.
Yoni reduktor mexanizm vo masinlarin mexaniki intigalidir. Burucu moment vo
harokotin Gtiiriilmasi reduktorlarda disli ¢arxlarin ilismosi vasitosilo hoyata Kkegir.
[lismado olan disli garxlar, dislor 6tiirmosini yaradir. Disli ¢arx 6tiirmoesinda texnikada
vo sonayedo c¢ox genis istifado edilir. Qaldiricilarda, kranlarda, konveyerlordo,
nasoslarda, kompressorlarda va.s asas mexaniki intigal rolunu oynayir. Manbalorda
mexanizmlarin dinamiki analizlori haqqinda xeyli sayda molumatlar verilmisdir. Bu
mosalolorlo bagli on son asagida qeyd edilon islor verilmisdir.

Umumiyyatlo apardigim arasdirmamlara géro dinamika ndqteyi — nozorindon
todqiq edilmisdir.

Monim apardigim tadqiqatda Delphi 5.0 programinin osasinda yazilmis olan hazir
“ISFAT” dinamiki modelloma programu vasitosilo osas gotiiriilmiis vo hesablamalar
aparmisam. Hesablamalar noticolorino gors timumi dinamiki model tortib edilmisdir.

Dinamiki modeldas kiitlalor (atalot momentlori) va sortliklor, kranin baraban valina
kogtirtilmisdir.

Korpiilii kranlarda 2 pilloli reduktorlardan istifado edilir. Monim isimds bu
reduktor qaldirilan yiiko gora 6z isini tam yerino yetiro bilmodiyino gors tez siradan
c1xdigi tigiin qosalagmus pilloali silindrik reduktordan istifado edilmisdir.

Isin mogsadi layiholondirilon yeni kranlarin dinamika ndqteyi nozorinco daha
optimal olmali, praktiki shamiyyati yliksok olmalidir.
Reduktorun vallarinin stalot momentlari, yumusaqliglari vo
sartliklorinin dinamik modelloma program ilo hesab1
Reduktorun otalot momentlori, yumusaqliglar1 vo sartliklori “DELPHI 5.0”

[ ek o |
proqrgmlama dilindo " ISFAT V.01 (agilisi: ISFONDIYAR — FATIH)
yazilmis hesablama proqramui ilo hesablanmisdir [6]. Hazirlanmis dinamik modelleme

programinda otalot momentlerinin hesaplanmasi qaydalar1 asagidaki sokillorls verilir.

Texniki todqiqat vo optimallagdirma islori tortib edilon riyazi vo ya dinamiki
modellora asason yerino yetirilir. Dinamiki modellomo iisullari, ideallasdirilmis bir
metoddur olaraq elmin biitiin sahslorinds istifads edilir. Bu metodun kdmaokliyi ila,
hesablamalarda vaxta gonaot edilir, sintez, analiz vo optimallasdirma mosalalorinda

250



cox ohomiyatli sayilir vo burada alinan naticalor hoqiqi sistemlors daha yaxin olur.

Reduktorlarin dinamiki modellarinin tortibi asagidaki ardicilligla aparilir:

1. Sistemin toxmini sokli tortib olunur.

2. Dayisonlor vo onlarin giymotlori toyin edilir.

3. Fizikanin ganunlarindan istifads edorok, hor bir hissa tigiin uygun tonliklor
yazilir.

4. ©ldo edilon tanliklorlo, sistemin soklino gors birlosdirilorak bir tonlik
tortib edilir.

5. Tortib olunmus bu tonlik, sistemin riyazi modelini toskil edir.

6. Riyazi modelin tonliyi hall edilir.

7. Riyazi modelin diizgiinliiylinii yoxlamagq {i¢lin tonliyin holl naticolori,
tocriibo naticalori ilo qarsilasdirilir.

7. ©lda olunan naticolor arasindaki forq, miivafiq doziimliiliik haddindon

boyiik olduqda, toxmini modelda dayisikliklor aparilir va optimallagdirma

adlandirilir.
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Noatica cadvali
Reduktorun ekvivalent dinamik modelinin tartibi
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252

3IKID




MILLERIN DINAMIK MODELLENMEST ICIN HAZIRLANMIS BIR PROGRAMDIR.
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Cixis (aparilan) valina gatirilmis dinamik modelin sohifasi

Naticalar
Apardigim arasdirmalardan asagidaki noticolor aldo edilmisdir.

Korpiilii kranlarda 2 pillali reduktorlardan istifado edilir. Monim isimds bu
reduktor galdirilan yiiko gora 6z isini tam yerino yetiro bilmadiyino gors tez siradan
c1xdigi tigiin qosalagmus pillali silindrik reduktordan istifade edilmisdir.

Qosalasmis 2 pillali silindrik reduktorun layiho hesabi aparilmis vo miisbot
tistlinliiklor oldo edilmisdir.
Korpiilii kranin layihe edilmis reduktorunun dinamik modeli tortib olunmusdur.

Kran intigalinin optimal layiho hesabi edilmasi iigiin onun dinamik modeli
islonarok hazirlanmisdir.

Dinamik modelin yerina yetirilmasinds Delphi 5.0 programinin osasinda
yazilmis olan hazir “ISFAT” programi osas gétiiriilmiis vo hesablamalar aparilmisdir.

Hesablamalar naticalorino gora iimumi dinamiki model tortib edilmisdir.

Dinamiki modelda kiitlalor (stalot momentlari) vo sortliklor, kranin baraban
valina kog¢tirtilmiisdiir.

Reduktorun yigim cizgisi Al (594 x 841 mm) formatinda 1:2 miqyasi ilo iki
gorliniisdo cokilir.

Reduktorun yigim cizgisi Al (594 x 841 mm) formatinda 1:2 miqyasi ilo iki
gorliniisdo cokilir.
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