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MIKROELEKTROMEXANIKi AKSELEROMETR VO

GIROSKOPLARIN PARAMETRLORININ MUQAYISOLI TOHLILI
(fcmal)

R.N. NOBIYEV, A.Z. MOMMODOV

Mogqalads multirotorlu PUA-nin stabilizasiyasin1 vo naviqasiyani tomin edon mikroelektromexaniki
akselerometrlorin vo giroskoplarin miigayisali tohlili aparilmigdir. Bu mogsadlo hazirda MEMS
duygaclarimin hazirlanmast ilo mosgul olan miixtolif firmalarin istehsal etdiyi yiiksok doqiqlikli
akselerometr vo giroskoplarin texniki xarakteristikalar1i toyin edilmisdir. MEMS akselerometr vo
giroskoplarinin hazirlanma texnologiyasi va totbiq sahalari arasdirilmisdir. Daqiqlik, hassaliq, kiitle qabarit
Olciilori vo enerji sorfiyyatt baximindan kigik 6lgiilii PUA-da mikroelektromexaniki akselerometr vo
giroskoplarin tatbiginin moqsadsuygunlugu miioyyanlasdirilmisdir.

Agar sozlar:  pilotsuz ucus aparaty, inersial navigasiya, giroskop, akselerometr, magnitometr,
duygac, tacil, hassas element.

Son zamanlarda pilotsuz ugus aparatlarinin (PUA) yaradilmasi dinamik inkisaf edon
istigamatlordondir. Osason bir sira parametrlori vo totbiq saholorino goro multirotorlu PUA-lar
xiisusi maraq dogurur. Bu tip aparatlarin osas totbiq sahasi aerofoto, aerovideo ¢akilislor, harbi vo
homginin bortda slavo avadanliglarin istifadosi ilo otraf miihitin miixtalif parametrlorino nozarstin
apartlmasidir [1-3].

Multirotorlu PUA “mini”, “mikro” vo “nano” sinifli helikopter tipli aparatlara daxildir. Belo
PUA-larin inkisafinda baglica istigamot ugusun avtonomlugunun artirilmasidir ki, bu da 06z
ndvbasinds aparatin etibarliligini artirir, istifadonin asanlagdirir, yliksok soviyyali ixtisaslasma tolob
etmir, homg¢inin tapsirigin icrasina qoyulan {imumi xorclori azaldir. Multirotorlu PUA-nin
stabilizasiyasin1 vo naviqasiyani tomin edon on ohomiyyotli hisso vahid inteqral sxemdo olan
ticoxlu akselerometr vo giroskop, homginin ayrica inteqral sxemdo olan tligoxlu maqnitometrdon
ibarot MEMS (mikroelektromexaniki sistem) inersial-6lgmo sistemi (I0S) sayilir [4-7]. Bort
hesablama kompleksi PUA-nin havada voziyysti haqqinda informasiyani voziyyot duygaclarindan
(giroskop, akselerometr) alir vo hesablama alqoritmino uygun olaraq icra organlarina omrlor
otlirorok onun havada voziyyatini tapsirilmis sokilds idars edir.

Son dovrlords ucuz qiymotli, kompakt hossas elementa, eloco do kicik gabarit dlgiilora malik
mikroelektromexaniki texnologiya osasinda hazirlanmis bucaq siirati vericilorino vo akselero-
metrloro malik yeni tip inersial l¢ii qurgular1 (IMU- inertial measurement unit) yaradilmisdir [6,7].
Haloalik xarici kompaniyalar torofinden seriyali istehsal olunan mikromexaniki duygaclar nisbaton
kicik doqiqliyo malikdirlor. Buna géro do onlar1 IMU-larda istifado edon zaman informasiyani
korreksiya etmok lazim golir. Peyk naviqasiya sahasindo oldo olunan miivaffoqiyyatlor, eloco do
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GPS, QLONASS, Galileo kimi sistemlorin totbiqi ki¢ik qabaritli vo asag1r qiymoto malik peyk
naviqasiya gobuledicilorinin genis nomenklaturasinin yaranmasina sabob olmusdur. Homginin belo
gebuledicilar siiratin vo koordinatlarin miisyyon edilmasinds kifayat qodar doqiqliyi tomin edirlor.
Peyk navigasiyasinin qgobuledicisindo qisa miiddotli signallarin olmadig1 halda, digor korreksi-
yaedici informasiyadan istifado oluna bilor. Masolon, Yerin maqnit sahosindos lickomponentli
mikromexaniki maqnitometrlordon, saquli kanalda iso tozyiq duygaclarindan istifads etmok olar.

Qarsiligh inteqrasiya olunmus kompleks naviqasiya sistemlori {i¢iin osas i rejimi inersial
vo peyk sistemlorinin inteqrasiyasi rejimi hesab olunur. Bir-birindon bu godor forglonon iki
naviqasiya sisteminin inteqrasiyasinin vacibliyi onlarin hor birindo olan prinsipial miixtolif
xarakterli metodik xotalarla izah olunur [8, 9].

Maqalads magsad mikroelektromexaniki akselerometr vo giroskoplarin xarakteristikalarinin
miiqayisoli tohlilini aparmaqla miiasir PUA-larda totbiq edilo bilon 10S-in yaradilmas: iigiin
optimal parametrloro malik MEMS duygaclarmin seg¢ilmosidir. Son illordo mikroelektronikanin
nailiyyatlorindon istifado olunmaqgla mikroelektromexaniki duygaclar mikrosxem formasinda
istehsal olunur. Qeyd etmok lazimdir ki, INS-do informasiyanin emali zamam inteqrallama
omoliyyati aparildigindan akselerometrik duygaclardan yiiksok daqiqlik tolob olunur ki, bu da sozii
gedon istigamotin asas problemlorindon biridir.

MEMS texnologiyalarin inkisafindaki ugurlar, onlarin 6l¢iilorinin kigilmosino vo inersial
duygaclarin giymaotlorinin koskin asagi diismasino sobab olmusdur. Bu da 6z ndvbasindo onlara
olan tolabatin sonayedo, naqliyyat vo horbi texnikada, moisot qurgular1 vo aylonco sahasindo vo s.
artmasina gotirib c¢ixarmigdir. Mikroelektromexaniki sistemlorin biitiin elementlori silisium
l6vhodon ibarot vahid yarimkegirici inteqral mikrosxemlor asasinda qurulur. Bir ¢ox istehsalgilar
bazarin toloblorino uygunlasaraq 6ziindo ligoxlu giroskop, ticoxlu akselerometr, elektron kompas
(magnitometr), barometr vo GPS (Global positioning system — peyk navigasiya sistemi)
gebuledicilorini bu bloka inteqrasiya etmok imkani olan inersial-peyk naviqasiya modullar1 toklif
etmoyo basglamisdir [9]. MEMS elementlorinin yeni tiplorinin tokmillogdirilmasi vo yaradilmasi
platformasiz inersial navigasiya sistemlorinin (PINS) inkisafina sobab olmusdur. Bu giin artiq bir
sira islords [10-11] miixtalif xarici firmalar torofindon miromexaniki hassas elementlordon ibarat
PINS sahosino aid patentlorin alinmasina dair molumatlar gostorilmisdir. MEMS qurgularmin
hazirlanmas1 zamani osason yaxsi emal olunmus vo idaro olunan texnoloji proseslar totbiq olunur.
Bu da arzuolunan xarakteristikalara malik momulatlar1 oldo etmoyo imkan verir. MEMS
duygaclarinin  hazirlanmasi  zamani  totbiq olunan miiasir borkcisim  mikroelektronika
texnologiyalar1 vo materiallarinin istifadasi kigik 6l¢ii, ¢coki va enerji sorfiyyati, yiiksok etibarliq,
xarici tosirloro qars1 dayaniqliq vo qiymetin ucuz basa golmosini tomin etmoyo imkan verir.
Elektron hisso, eloco do duygac vo mexanizm arasindaki elektrik rabito kanallar1 kicik 6lgiilora
malik inteqral texnologiya ilo hazirlandig1 fciin tezlik, signal/kily olagesi vo s. kimi
xarakteristikalart yaxsilagdirmaga sorait yaradir. Hossas elementlorin yiliksok doqiqliyi vo
tokrarlanmasi, eloco do onlarin inteqral yerino yetirilmoasi emaledici sxemls birlikds 6lgmonin
doqiqliyini shomiyyotli dorocodo artirmaga imkan verir. Hesablayici vo idaroedici elektron blok
MEMS komponentloring inteqrasiya olundugu tigiin qurgunun qiymatinin asagi diismosino sobab
olur. Mikromexaniki giroskop (MMG) va akselerometrlorin (MMA) elastik asqilarinda asason iki
nov mexaniki strukturdan istifado olunur vo onlara silisiumun emalinin iki tisulu: hocmi (bulk —
micromachined) vo sothi (surface — micromachined) emal iisullar1 uygun golir. Hocmi emal
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tisulundan istifado zamani materialin kristalogarfik strukturunun kimyovi asilnamasi ilo materialin
silinmasi bas verir. Bu tisulla bir ne¢o yliz mikrometr qalinlia malik strukturun hazirlanmasi
miimkiindiir. Sothi emal iisulunda silisium l6vhasinin planar sothino diffuziya, fotolitoqrafiya vo
anizotrop asilandirmadan istifado edorok, ossilyatorun relyefi formalasdirilir. Siiso altligli anod
birlogdirilmasi omoliyyatindan sonra ossilyatorunun relyefini askar edonadok silisiumun “asilanan”
qatinin silinmasi yerina yetirilir. Ossilyatorun alinan 16vhalarinin qalinligir 10-20 mkm qiymatlori
ilo mohdudlasir.

Miiayyan olunmusdur ki [11,12], miiasir giroskopik cihazqayirmanin asas problemloari kigik
Olciilii vo kiitloli, az enerji sorfli vo ucuz giymoto basa golon, yetorinco yiiksok etibarliga malik
inersial hassas elementlorin hazirlanmasi ilo baglidir. Miioyyon doracods bu taloblora bork cisim
mikroelektronikasi texnologiysinin totbiqi ilo mikromexaniki giroskoplarin vo akselerometrlorin
istehsal1 zamani1 nail olmaq miimkiindiir.

Hal-hazirda MMA vo MMG bir ¢ox xarici firmalar torofindon kiitlovi sokildo istehsal
olunurlar. MEMS duygaclarinin hazirlanmasi ilo ABS-da moasgul olan Analog Devices, Boeing
North American, Rockwell International Corporation, Northrop Grumman Corporation, Litton
Systems vo Motorola firmalari, mikromexaniki duygaclar asasinda naviqasiya sistemlori hazirlayan
Integrated Micro Instruments vo Charles Stark Draper Laboratory kimi firmalar1 misal gostor-
mok olar. Yaponiyada iso mikromexaniki qurgularin hazirlanmasi ilo Murata Manufacturing,
Fujitsu, Nippon Soken, Toyota, Matsushita Electric Industrial korporasiyalart masgul olurlar [13].

Umumiyyatlo inersial duygaclar genis dogiqlik diapazonuna malikdirlor. Bu nov
akselerometrlorin doqiqlik siniflori asagi (>3mg), orta (0.03mg) vo yiiksok (0.003mg), giros-
koplarin daqiglik siniflori iso asagi (>3"/saat), orta (orta 0.03%/saat) vo yiiksok (0.003%/saat)
olmagqla ii¢ qrupa ayrilir.

Mikromexaniki akselerometrlor. Qeyd etdiyimiz kimi kiitlo qabarit Olciilori vo enerji
sorfiyyati baximindan kicik Olcililii  PUA-da yalniz mikromexaniki duygaclarin tatbiqi
mogsadouygundur. PUA-nin naviqasiya vo stabilizasiya masalolorinds vacib elementlordon biri do
mohz mikromexaniki akselerometrlordir (MMA). Adston hom kompensasiyali, hom do birbasa
cevrilmo 1{iclin akselerometrin ii¢ sxemi reallagdirilir; hassas elementin iroli horokotli
yerdoyismosino malik MMA; raqqas tipli elastik yiikko malik MMA va vibrasiyali MMA. Hossas
elementin yerdoyismo duygact kimi tutum duygacalarindan, eloca do tenzorezistorlu va
pyezoelektrik duygaclarindan istifade olunur. Olgiilon inersial giivvenin vo momentin kompen-
sasiyasi elektrostatik vo maqnitoelektrik tipli moment vo ya giic duygaclarinin kdmayilo yerino
yetirili. MMA ilo 6lgiilon maksimal tocilin diapozonu 10° g -o qoder cata bilor [18]. Olgma
prinsipino goro akselerometrlor birbasa (diiziino) vo kompensasiyali olmaqla iki yers ayrilir.
Birbasa 6lgmoli akselerometrlordo tocil bilavasito otalotli kiitlonin (9K) yerdoyismosino vo ya
asqinin elastik elementlorinin deformasiyasina sobab olur. Kompensasiyali akselerometrlordo OK-
ya tosir edon qiivvo oks olago dovrosi ilo gismon vo ya tamamilo miivazinatlondirilir.
Akselerometrlorin asas xarakteristikalarina hossasliq, 6l¢ma diapazonu, tezliklorin buraxma zolagi,
miqyas omsali, doqiqlik, caldlik vo s. aiddir. Cadval 1-do MMA-nin miixtolif totbiq saholori
gostorilmisdir. Birinci soviyyayo avtomobil vo mobil sahs aiddir. Novbati soviyys sonaye sinfidir.
Taktiki soviyyayes aid olan inersial duygaclar kigik vo kommersiya noqliyyat vasitolorinde hom-
¢inin, GPS signalinin olmadig1 vaxtda qisa miiddotli naviqasiyada totbiq olunur. Naviqasiya va
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strateji sinfo aid olan yiiksok soviyyoyo malik inersial duygaclar iso doniz vo aviasiya naviqasiyasi
homginin, kosmik vo horbi texnikalarda totbiq olunur [19].

Cadval 1.
MMA-n1n tatbiq sahalari vo hassashq xarakteristikasi
Istifada saviyyasi Akselerometrin hassasliq xarakteristikasi

Avtomobil >50 mg
Sonaye (asag1 doqiqlikli fozada voziyyst vo 1-3 mg
istigamat baza sistemlori-AHRS)

Taktiki ~1 mg
Naviqasiya 25 mkg
Strateji 1 mkg

Sok. 1-do MMA tosvir olunmusdur. Bu tipli MMA-lar 10° g -0 goder tacillori 6lgmoye imkan
veran boyiik zarbalarin tasirine moruz qalan xiisusi harbi sursatlarda, miixtslif harokatli obyektlorin
naviqasiyasi vo orientasiyasi sistemlorindo istifads iigiin nozords tutulmusdur. Bu MMA-n1n xatasi
(10* - 107%) g toskil edir [18].

Bu MMA-larda bir va ya iki komponentli elastik asqi vardir. Burada informasiyan1 gabul
etmok tii¢lin daraq strukturunda hazirlanmis tutum duygaci totbiq olunur. Asqi 2 mkm qalinliginda
olan polikristallarda sothi mikromexaniki emal metodu ilo hazirlanmisdir. Silisium kristalinin
torkibindo vo polikristalik sothin gatlarinda HE-don basqa ilkin informasiya c¢eviricisi ¢ixisina
malik signal giiclondiricilori, analoq — raqom va rogom — analoq ¢eviricilori, demodulyator, dayaq
gorginliyi monboyi, diagnostika sxemlori vo parametrlorin termostabilizasiyas1 daxildir. MEMS
tipli MMA-nin istehsali ilo masgul olan firmalardan biri “Analog Devices” firmasidir. “Analog
Devices” firmast MEMS tipli MMA-nin hazirlanmasinda boyilik ugurlar oldo etmisdir. Xarici
firmalarin akselerometrlori arasinda boyiik maraga sobab olan monokristal Si akselerometrloridir.
Belo akselerometrloro  “Analog Devices” firmasi torofindon istehsal olunmus ADXL
akselerometrlorinin misal gostormok olar.

Horokat duygaclarinin (akselerometr vo giroskoplar) is prinsipi otalstli kiitlonin govdaya
nozoron yerdoyismosinin Ol¢lilmosi vo onu miitonasib elektrik signalina c¢evirmoyo osaslanir.
Olgiilon yerdoyismonin tutum metodu ilo ¢evrilmasi daha doqiq va etibarli metod sayildig iiciin
tutum tipli akselerometrlor genis yayilmisdir [15-19].

Tutum tipli akselerometrin strukturu miixtolif l6vhaciklordon ibaratdir. Onlardan biri
stasionar, digorlori isa gévde daxilindo sorbost
yerdoyismo edo bilirlor. Tutumlar rezonans
generatorunun konturuna daxil edilmisdir. idara
olunan elektrik signallarinin tosiri  altinda
astlmis kiitlo rogs edir. Burada tutumunun
Olciisli 16vhaciklor arasindaki mosafadon asili
olan kondensatordan omalo golir. Tacilin tasiri
altinda kondensatorun tutumu doyisir. Sok. 2-do
ST MEMS sensorunun topologiyasi gosto-
rilmigdir. MEMS sensorunun konstruksiyasinda
akselerometr vo giroskoplar {iglin kamerton

Sak. 1. MMA-nin daxili qurulusu
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elektrod sistemi istifado
olunur. ki odod asilmis
kiitlolor oks oxlar {izro
rogs edirlor.  Bucaq

siiratinin  yaranmasi ilo : e E |
b : .. . - l : :
Koriolis  qiivvesi  oks _ (1P | @ D o >

istiqgamato yonalir. Olgii-

Hassas kiitla Intigalin kiitlosi

lon diferensial tutum
togkiledicilori  yerdoyis-
mo bucagina miitonasib- ._I:

v F r Tutum intigalinin
. . . A » g
dirlar. Xotti tocil zaman T ““I

\ elektrodlan

har iki kiitlo tgtin qﬁwg i i Bucaq siiratinin tasiri ila

vektorlart eyni istiqa- L e tutumun dayismoasi elektron
. Bucaq siirati olmayan hal Bucagq siirati olan hal sxem vasitasils hesablanr

motdo horokot edir. Bu

zaman diferensial fgrq Sak. 2. MEMS sensorunun topologiyasi

sifira  borabor  olur.
MEMS sensorlarinda horokatli elektrodlarin kiitlolorinin fiziki yerdoyismosi hesabina tutumun
doyismasi elektrik signalina gevrilir.

Hazirki dévrdo “STMicroelectronics” firmast MEMS akseletrometrlorinin hazirlanmasinda
diinya liderlorindon biridir. Kompaniya 200 mm-lik silisium l6vhacik asasinda duygaclar hazirlayir.
Bunlar da 6z ndvbesindo digor raqgiblorlo miigayisade daha ucuz giymatin aldo olunmasina imkan
yaradir. ST akselerometrlori modeldon asili olaraq eyni anda bir, iki vo ya {i¢ istigamatdo tocili vo
vibrasiyan1 6l¢o bilorlor. Yerdoyismonin qiymati olgiiliir vo ¢ixis interfeysinin tipindon asili olaraq
analoq vo ya rogom c¢ixis signalina cevrilir. Codval 2-do “STMicroelectronics” firmasinin
akselerometrlorinin asas xarakteristikalar1 verilmisdir [18].

Hal-hazirda 16 doracali geviriciyo malik yiiksok doqiqliyi vo stabilliliyi tomin edon iigoxlu
ragemli LIS302DLH MEMS akselerometri (“Silicon Sensing” firmasi) bu tip qurgular arasinda
diinyada on naziyi hesab olunur. Onun gévdoasinin qalinligi 0.75 mm, sahosi iso 3x5 mm togkil edir.
LIS331AL vo LIS331DL akselerometrlori “Nano” sinfino aid {igoxlu, xotti, universal, gqonaatcil
MEMS akselerometrloridir. Kigik enerji sorfino malik yiiksok funksionalligl bu duygaclar 10000g
tocilo malik zorbolora vo vibrasiyalara garst cox yliksok dayanigligi tomin edir [16]. MEMS
akselerometrlorindon biri do metal — keramika govdoyo malik tutum tipli yiiksok doqiqlikli 2
komponentli Gemini CAS200 akselerometridir. Hor bir hossas element 6zliiylindo bir daraq
soklindo olan yayli kiitloni toskil edir vo bunlarin hor biri diger horokotsiz daragin igorisindo
mohdud yerdoyismo edo  bilirler.

Daragin “barmagqlar1” arasindaki mo- g 25

safoni artinb azaltmaqgla tutumun B
doyismasi xotti tocilo miitonasib olur
(sok. 3). Hossas element silisium-siigo
texnologiyast  iizro  hazirlanmigdir.
Kristalik silisium strukturu iki siiso
l6vhacik arasindaki mosafodo yerlos-

Lo Sak. 3. Gemini CAS200 ailasina aid ikioxlu akselerometrin
migdir. hassas elementi

11



R.N. Nabiyev, A.Z. Mommadov

Iki  ortogonal  akselerometrdon
ibarat olan blok ixtisaslagdirilmis idara-
olunan kontrollerlo birlikdo 10.4x6x2.2
mm Olciisundo olan azotla dolu gismon

vakuum boslugu
hermetik / k?idler

vakuumlanmis metal-keramika goévdodo

. til?ibxlu yerloasdirilmisdir. Belo konstruksiya digor
%ﬂ{im istehsalgilarin totbiq etdiyi plastik govds
%\ ilo miiqayisodo govdodo olan riitubatin
S kondensasiyasina qarst daha  yaxsi

i d;M qoruyur (sok. 4).
asast Hazirki dovrde o6lgmo diapozonu

(0.85-96) g olan 5 osas CAS2I1 —
CAS215 akselerometr novii vardir. Osas

i gostaricilori: analoq vo rogomli ¢ixisin
olmasi, yiiksok xottilik vo stabillik, ¢ox
ikioxlu kigik moxsusi kiiy, genis buraxma zolagi,
MEMS - ..
POt quragdirilmis temperatur duygaci, kigik

giic sorfiyyati vo kigik satig qiymati.
Osas totbiq olunma saholori

Govdanin

asagidakilardir:
* Naviqasiya qurgularn — kursover-
tikallar vo s.;

J5as1

Sok. 4. Gemini CAS200 ailasina aid ikioxlu akselerometrin
konstruksiyast
» Kameralarin, antenalar1 vo asqi-

larin stabilizasiya sistemlori;
* Nogliyyat qurgular1 va pilotsuz sistemlor.
Miixtolif firmalarin istehsal etdiyi genis totbiq edilon bir sira mikromexaniki akselero-
metrlorin miiqayisoli xarakteristikalari cadval 3-do gostorilmisdir.

Cadval 2
“STMicroelectronics” firmasinin akselerometrlorinin asas xarakteristikalari
Hossasliq Olemo R o
Tipi oxlarmin Ugia, V Interfeys Hossashiq diapo- GOVd..QmP novu, onun
q V/g 6l¢iisii, mm
sayl1 zonu
AIS326DQ 3 QFPN-287x7x1,9 mm
AIS226DS 3..3,6 SPI - +2/+6 S0-16L
LIS202DL 2 2,16...3,60 I°C/SPI +2/+8 LGA 3,0x5,0x1,0
LIS244AL 2,40...3,60 Analoq 0,42 +2 LGA 4,0x4,0x1,5
LIS302DL 2,16...3,60 I°C/SPI - +2/+8 LGA 3,0x5,0x1,0
LIS331AL 3,00...3,60 Analoq 0,478 +2 LGA 3,0x3,0x1,0
LIS3LV02DL 2 LGA 4,0x7,5x1,0
LIS3LV02D0 3 2,16...3,60 1°C/SPI - +2/+6 QFPN 3,07 0x1.0
LIS3L02AL 2,40...3,60 Analoq 0,66 +2 LGA 5,0x5,0x1,6
LIS331DL 2,16...3,60 I°C/SPI - +2/+8 LLGA 3,0x3,0x1,0
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Inersial vericilorin istifado olunmasinin osas moqgsadi tocilin lgiilmosidir. Lakin bunun
osasinda oyilmoni, obyektin harokatini, fozada voziyyotin miioyyon edilmoasi, zorbonin giicli vo
vibrasiyani da 6lgmok olar.

Cadval 3
Mikromexaniki akselerometrlorin miiqayisoli xarakteristikalar:
Xarakteristikalar Gemini | MPU- [SCA3000-QA3000-MS9200.DADXL202ADXL335ADXL362ADXL354

CAS200 | 9255 DO1 30
di Crso spy | T8 | o4
1apazonu, +2.5; £10; o +2 +200 +2 +3.6  |+2;+4; 8| +£2/+8 +60
g analoq 130- +96 +8;£16
Hss.sashq SPI, 33500; 0.061 270 |
(miqyas 11000, 432
omsali) LSB/g, 1300: 1050- 0.122 1333 10 312 300 2 108 -
mg/LSB 3’00 ’| 0.244 330 4
Analoq |1150; 375; ) ) ) ) ) ) ) 1.20-1.46
mV/g |96; 36; 10 mA/g
Hossasligin
temperatur | SPI/ +0.01 <10 +0.01 0
doyismosi, | Analog 1.2 +0.026 e mg/OC +2 0.01 0.05 0,/°C <15 pg/'C
%
Hossashigin -
qeyri- SPI/  10,5;0,5; 2;
xottiliyi, % | analoq 2;2 0.5 ) <l 0.2 0.3 +0.5 0.1
Mefsus1 SPI 50; 150; 18
kiiy, analo 150; 350; | 300 - v /VES 500 150 175 20 -
ug/Hs 91 1200 mV/VHs

Cixis signalinin
Otiiriilmo tezliyi, Hs
Isci temperatur
diapozonu, °c

170/250 | 4-4000 260 >300 0>100 500 [0.5-1600|12.5-400| 1500

-40...+125 | 0...+85 | -40+85 |-28..+78|-55+125 | -40+85 | -40+85 | -40+85 | -40+125

1000 (yar1
Zoarboyo davamliliq, g [sinisoidal, 1 - - - 6000 1000 10000 - -
msan)
hamartanms amsal, | 01500, | - | - |10@0-| 2000 | 2000- | : :
2 ’ PO 500Hs) | 2000Hs) | 2000Hs)

mg/g 0,1
Isosalma miiddati, san 0,15 20 msan| 35 msan 1 msan 0.3 1 msan | 5msan | 10 msan

Qida gorginliyi, V. |+2,7..43,6] 2.4-3.6 | 2.7-3.3 | 13-28 | 2.5-55 | 3..525 | 1.6-3.6 | 1.6-3.5 | 2.25-3.6

szfoluﬁgcgrayan’ 3-5 | 450 A | 480pA | 16 0.5 0.6 350 1.8 | 150pA

Caki, q 0,4 2 - 71 1.5 5 0.26

Cadval 2 va 3-don goriindiiylii kimi MEMS akselerometrlori +2g; +4g; +8g; +16g; +60g;
+200g O6lgii diapazonuna, -40..+125 °C temperaturda islomo qabiliyyetino, 10000g-yo qodor
zorboyo davamliliga, az enerji sorfino vo 0.26 g-a qodor ¢ox kigik ¢okiyo malikdirlor.

Mikromexaniki giroskoplar. Nozori mexanika, elektronika, informatika sahalorinin inkisafi
naviqasiya mosalolorinin holli {iclin yeni mikromexaniki giroskoplarin yaradilmasi kicik vo
mikroki¢ik PUA-nin istehsalina imkan vermisdir. Hor bir sonaye cihazi kimi giroskoplar da
xarakteristikalarma gora uygun novlera bolmak olar. Kiitlo-qabarit dlgiilori, enerji sorfi, qiymati,
etibarlig1, vibrasiya vo yiliklonmo soraitinds islomo gabiliyyati giroskopun xarakteristikalarina misal
ola bilor. Ancaq birinci ndvbade giroskopun daqiqliyi ilo maraqlanirlar. Daqiqliys vo uzun-
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Omiirliilitys tolobatin daima yiiksolmasi alim vo miithondislori mévcud giroskoplari yeni ideyalar vo
ixtiralarla daha da tokmillosdirmoyo vadar edir. Istonilon giroskopik cihazin xotas1 osasen sifirin
dreyfi vo miqyas omsalinin stabil olmamas1 hesabina yaranir [11].

Ovvallor [12] mikromexaniki giroskoplar (MMG) nisboton asagi doqiqlikli cihazlar olaraq
elmi-miithondis islorinde az istifado olunurdu. Lakin son vaxtlar voziyyst koskin doyismisdir.
Internetdo vo miixtolif odobiyyatlarda mikromexaniki duygaclarin yeni sinfinin yaradilmas:
haqqinda molumatlar yer almigdir. Bunlar vibrasiya tipli, miiasir silisium texnologiyasi ilo
hazirlanmis giroskoplardir. MMG-do alinmis daqiqlik yetorinco yliksok soviyyadodir vo daha da
artmas1 gozlonilir. Hololik digor giroskoplardan doqiqliyi asagi olsa da, MMG-nin 6z {istiinliiklori
var va istifados sahasi do genisdir. Hor seydon oavval dlgtilori va ¢okisi basqa ndv giroskoplardan ¢ox
kicikdir. MMG-larin doqiqlik sinfi asagi olsa da 2020-ci il {iglin prognozlasdirilir ki, onlarin
doqigliyi 0.01 “/saat toskil etsin [13]. Bu da artiq yiiksok doqiqlik sinfi demokdir.

Elastik asqida hassas elementin (HE) horakat tipindon asili olaraqg MMG-ni {i¢ qrupa ayirmaq
olar [15, 18]: RR-tipli MMG — haor iki sorbostlik doracolari iizra firlanma harokotli HE; RL — tipli
MMG - bir sarbastlik doracasi iizro firlanma harokatli vo digari {izro iso irslilomo horakotli; LL —
tipli MMG — hor iki sorbastlik doracolori tizro irolilomo harokatli. Hor bir segilon qrupda MMG
sxeminin miimkiin variantlarinin say1 kifayat qodar ¢ox ola bilar.

Kamerton tipli MMG-nin (RL tipli) konstruksiyasi sok. 5-do gostorilmisdir. Bu giroskopda
vibrasiyali miihorriklo tomin olunan hossas elementin mocburi harokoti irali horokot sayilir. Digor
horokot iso informasiyali, firlanma horokoti adlanir. Konstruksiyast mikrokristalik silisiumdan
ibarat olub, 2 elastik elementlori vasitasilo 3 gargivasina birlogdirilmis iki adod 1 inersial kiitlo
soklindo realizasiya olunmus kamerton kimidir. Corgivo homg¢inin onun 2 oxu otrafinda
firlanmasin1 tomin edon 4 elastiki element vasitosilo asasla slagolondirilib. Bu MMG-nin on osas
xotalarindan biri — kvadratik, vibrasiya mihorriki torsfindon yaranan Ol¢li vo hoyacanlanma
oxlarmin qeyri-perpendikulyarligidir.  RR-tipli MMG kardan asqili giroskopun (KAG)
konstruksiyalarinda elastik kardan asqili HE qurulur. KAG giroskoplarinin alds olunmus tosadiifi
dreyfinin qiymati 5 dor/saat toskil edir.

LL-tipli MMG-nin (comlonmis kiitloli giroskop (CKG)) konstruktiv sxeminin osasini
polikristalik silisiumdan hazirlanmis iki iraliloyon sorbostlik doracali elastik asqili HE toskil edir.
Bu név MMG-nin {stlin cohatlori asqida hava amortizasiyasinin olmasit vo onun diferensial
strukturlar1 sayasindo xatti yiiklonmolordon, vibrasiya vo zarbalordon qorunmasidir. Digor bir iistiin
cohati iso hesablayici elektron blokun vahid mikrosxemds yerlosmosidir. Bu da ¢ixigsda parazit vo
kiiy signallar soviyyasinin ochomiyyatli derocods asagi salinmasini tomin edir. MMG-nin digor bir
istlin cohoti kimi girokopun goévdosindo vakuumun tomin edilmasino ehtiyac duyulmamasidir.
Burada tosadiifi dreyfin qiymoti - 0.3 dar/ san olur.

RL-tipli MMG-nin (halgasokilli rezonatorlu giroskop (HRG)) HE-do halqasokilli
rezonatordan (HR) istifado olunur. Bu tip MMG -nin istiinliiyii onlarin xarici mexaniki tosirlora
qarst davamliligidir. Bu da HR-in konstruksiyasinin vo onun asqisinin simmetrikliyi ilo tomin
edilir. Giroskopun tosadiifi dreyfinin qiymati 0,2 dor/san togkil edir. Sok. 6-da HR-li MMG-nin
xarici gorlinlislinlin bir variant1 oks olunmusdur [15].

Taocriibo gostorir ki, konkret texniki mosoloni holl etmok iigiin giroskop se¢imindo osas
meyarlar asagidaki parametrlordir: 6l¢iilon bucaq siiratinin diapazonu; buraxma zolaginin eni vo
moxsusi kilylin soviyyasi; interfeysin tipi — analoq vo ya roqomli; biitiin texniki xarakteristikalari
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nozoro almaqla doyeori. Yuxarida qeyd etdiyimiz kimi hal-hazirda bir ¢ox firmalar MEMS
duygaclarinin hazirlanmasi ilo maggul olurlar. Onlardan biri do “Silicon Sensing” firmasidir [16,
17]. Silicon Sensing firmasi onanovi olaraq 0z giroskoplart iiclin vibrasiya tipli dairovi hossas
elementlordon istifado edir. ilkin olaraq bunlar nisboton bdyiik silindrik formali xarici sathi
metallagdirilmis keramik rotorlar idilor (VSGI1, 1985-ci il). 1995-ci ildo keramikanin avozino
VSG2 noslino aid metallik halqalar yaradildi. Inkisafda osl sigrayis iso 1998-ci ildo MEMS
texnologiyasi ilo hazirlanmis induksion tipli VSG3 yaranmasi ilo bas vermisdir (sok. 7). “Silicon
Sensing” firmasi torafindon 2006-c1 ilde tutum tipli vibrasiyali halqalara malik yeni nosil VSG4
giroskoplar1 yaradilmigdir. Element bu dofo avtomatlagdirilmis montaj sathi {i¢iin nozords tutulmus
36 cixish metal-keramik govdodo yerlosdirilmisdir. Beloliklo, bu giroskop ailosinin on taninmis
tizvii olan CRG20 (sok. 8) CRS tipli an kompakt giroskoplarla miigayisads qurgularin oldugu yerds
20 dofs daha az yer tutur [16]. CRG20 giroskopu vibrasiyaya doziimliiliikk vo bucaq siiratinin genis
6lgmoa diapozonu ilo yanasi, alavo qurasdirilmis ixtisaslagdirilmis mikrokontrollerin komoyilo hom
analoq, hom do SPI rogom signallarim gobul etmok imkanina malikdir. VSG5 giroskopunda iso
3mm diametra malik pyezokeramik hossas element vo signalin idars edilmasi vo formalagdirilmasi
sxemi daha kompakt metal — keramik gévdodos yerlosdirilmisdir.
Bu giroskop vibrasiya vo zorbo tosirlorine dayaniqlt olmagla
yanasi, genis buraxma zolagina, kicik moxsusi kiiys malik olub,
1200-2700°/san ~ qodor bucaq siirotini Olgmok imkanina
malikdir.

Sok. 9-da VSG1 — VSGS5 naslindon olan qurgularin
hassas elementlorinin miiqayisali dlgiilori vo eloco do onlarin
osasinda giroskoplar gostorilmisgdir. 1

Orta doyarli giroskoplar kimi CRG20 giroskop ailasi (sak.

10) vo onlarin asasinda olan DMUO2 inersial 6l¢li modullar
gostormok olar [16]. Bu giroskoplar asas kigik 0l¢iiya, nisbaton S$ok. 5. RL-tipli mikromexaniki
ucuz satig qiymating, analoq vo roqamli interfeyso vo yiiksok giroskopun konstruksiyas:
stabilliyo malikdirlor.

Bu giroskopun osas totbiq saholori asagidakilardir:

* Ucuz avionika — kursovertikallar va s.;

» Avtomobillorin harokatinin parametrlorinin geydedicisi .
Vo naviqasiya sistemlori; -

* Mosafodon idarsolunan helikopter modellori; Sak. 6. Halq;akilli rezonatorlu MMG-

» Pilotsuz ugus vo donizalt1 aparatlart; nin xarici goriniisii

* Jestlorin taninmasi sistemlori;

* QPNS ilo birgo personal naviqasiya vo istigamatlonma
(orientasiya) sistemlori;

* Kameralarin, antenalarin va asqilarin stabilizasiyasi sis-
temlori.

Aragdirmalarimiza osason xiisusi totbiq saholorino vo
yiiksok satig miihitine malik “Silicon Sensing” firmasinin giros-

. . o o ayw
koplarm.m.uygun g9.1d1¥1n.1 qeyd edo bilarik. Onlar1.n. texniki Sok. 7. VSG3 noslindon olan hossas
xarakteristikalar optik lifli giroskoplarin (OLF) texniki xarak- elementin xarici goriniisii
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teristikalarina  ¢ox  yaxindirlar:  CRS09,
CRS39 CRHO1, SIRRSO1 (sok. 11).

Bu giroskoplar yiiksok istismar xarak-
teristikalarina, doqiqliys vo stabilliys, quras-
dirilmis temperatur duygacina malikdirlor vo
xaricdon korreksiya t¢iin olavo portlarla
tomin olunmuslar.

Osas totbiq saholori asagidakilardir:

* Yiikksok doqiqlikli navigasiya ava-
danlig1 — kursovertikallar;

* Nozarat vo idaraetms sistemlori;

* Cox doqiq 6lgmado;

» Kamera, antenna vo asqilarin ytliksak
doqiqlikli stabilizasiya sistemlori;

* Pilotsuz ugus vo donizalt1 aparatlari;

Rels yollarinin vaziyystine nozarat vo
rels naqliyyat vasitolorinin vaziyyatinin sta-
bilizasiya sistemlori.

Miioyyan olunmugdur [16] ki, xiisusi
versiya olan SIRRSO1 giroskopu Avropa
kosmik agentliyinin layihosinds ugurla totbiq
olunur vo tosdiglonmis radiasiyaya doziim-
liiliik soviyyasi vardir. Bu modelin MIL-
HDBK-21F metodikasina osason 300 000
saat imtinasiz orta islomo miiddatinin olmasi
miioyyonlosdirilmisdir. MEMS  giroskop-
larinin istehsali ilo mosgul olan digor bir
moghur firma iso “STM icroelectronics”
kompaniyasidir. 2008-ci ildon baslayaraq
“STMicroelectronics” kompaniyasi portativ
vo moisat elektronikasi, miihafiza, avtomobil
vo naviqasiya sistemlori {igiin MEMS duy-
gaclarinin hazirlanmasi sahasinds liderlordon
biridir. “STMicroelectronics” kompaniya-
sinin  giroskop ailasino {ligoxlu duygaclar
daxildir (Yaw, Pitch vo Roll). Sok. 12-do
govdoyo nozoron duygacin hassasliq oxla-
rinin adlart vo istiqamatlori gostorilmisdir
[18].

Bozi kigik 6l¢iilii mexaniki giroskop-
larin xarakteristikalart cadval 4-do gosto-
rilmisdir.

CRM100 CMS300

posbict CRGz0 CRM200  CMS390
=
Istehsaldan ¢ixarilmig
Q "
VSG1 VEG2 VSG 3 VSG 4 VSG S
1985 1995 1998 2006 2010
keramik silindr | metal dzik | silisium MEMS iiziik

Sok. 10. CRG20 ailasina
daxil olan giroskopun xarici

| VSG 3 - induktiv] VSG4-wmum | VSG5-pyezo |

Sak. 9. “Silicon Sensing” firmasinin giroskoplart

j

Tangaj
Sok. 11. MEMS giroskoplarinin
korpusa gora asas hassashq
goriiniigii oxlarimin yerlosmasi

Sak. 12. Giroskoplarin xarici goriiniigii:
a) CRS09; b) SiRRS01; ¢c) CRHOI d) CRS39-02; ¢) CRS39-01.
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Cadval 4
Mexaniki giroskoplarin xarakteristikalari
Xarakteristikanin I'BK-10 | KMUH/ TBI'-3 MGL MGL 80-50 | G2000
adi 05-049 80-3 SAGEM Litton

Olgiima diapazonu,doraco/san 128 30 3 50
Sifirin dreyfi, doraco/saat 0.2 0.03 0.01 0.36 2.16 0.1
Miqgyas amsalinin geyri-stabilliyi 0.1 0.03
Giic sorfi, Vt 4.0 0.45 1.5
Qabariti, mm 0.58x63 | 0.33x27 | 0.65x74 | 021x25 021x25 019x25
Cokisi, q 460 80 350 35 35 25
Resrusu, saat 30000 20000

Miixtolif firmalarin istehsal etdiyi genis totbiq edilon bir sira mikromexaniki giroskoplarin
miiqayisoli xarakteristikalar1 codval 5 vo 6-da gdstorilmisdir.

Cadval 5
Mikroelektromexaniki giroskoplarin miiqayisali xarakteristikalari
Xarakteristikalar CRM102, CRG20-02 CRS09-02 S@RRSO 1-03
CRM200, CRG20-22 CRS09-12 S1RRSO 1-05 CRS39-02
CRM202 CRG20-12 SiRRS01-09
Sifirin dreyﬁofssailsé,lttematik xata), 24-40: 80 5 ) ) 0.2
Olgii (()iiapazonu SPI/ +300;+900; +75; +£300 +100 ;£300; +25,+100;
/san analoq +1200; £2700 +50;+200 +200;+400
Temperatur
diapazonunda |SPI/analoq +3 <+0,4 <£3; <+£1 <+3 20
sifirin dreyfi, %/san
Tosadiifi bucaq gedisi, °/+/saat 0.28 0,3 0.1 <0,2 0,017
Hossaslh SPI,
(miqyas am(;lah) LSB/("/san) 48,248 32 20 18,18
Analog 0.012;0
mV/(¥san) 06;0.0(())1XVdd/3 26.67; 6.67; 2.5 80
V/"/san
Hassasligin
temperatur SPI/analoq +1-3; 36 <+0,7/+0,9 <+1 <£3 +2
doyismosi, %
Hossasligin qeyri- SPI 0.16-0.2 <£0,06 - - 0.2
xattiliyi, % analoq 0.16-0.2 <+0,1 0.1 +1
Mexosusi kiiy, SPI 0.018-0.025 0,2 - - 0.05
/san analoq 0.3 0.03 <0,35 -
Buraxma zolagi, Hs 5-160 40; 75; 90 55 >50 25
Isci temperatur diapazonu, °C -40...+105 —40...+105 —40...+85 —40...+75 —10...+110
Zorboya davamliliq, g 10000 5 - 60 250
Isosalma miiddati, san 0.25-1 0,5 <0,5 0,3 <120
Sorf olunan coroyan, mA 5 60 100 <50 60
Cokisi, q 0.1 0.8 60 <35 <50
Qida gorginliyi, V 2.7-3.6 +4,7-+45,2 +4,7-.+5,2 +5 +4,9-+5,25
Vibrasiyaya davamliliq, g |12(10-5000 Hs |9 (20 — 2000 Hs| 10 (20 —2000 | 10 (20—2000 )
zolaginda) zolaginda) | Hs zolaginda) | Hs zolaginda)
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Cadval 6
Mikroelektromexaniki giroskoplarin miiqayisali xarakteristikalari
Xarakteristikalar MPU6000 CRHO1 MPU-9255 |L3G4200D (3 oxlu)| ADXRS649
(3 oxlu) (3 oxlu)
Sifirin dreyfi 0,2;0,4;0,5;
(sistematik xatgg, %/saat £20 */san 1 £5 "/san 10 )
Olgii diapazonu +500;
0/can SPI/ +500; £1000; | £250;+100; £1000: +50 000 495
analoq +2000 +200; +400 42000
Temperatur
diapazonunda +0,2;+0,25;
s ﬁI;m dreyfi, SPI/analoq +20 0.5 +30 2 -
%/san
Tosadiifi bucaq gedisi, °/+/saat - 0,02 - 0.03 0.25
'Hsssashq SPOI, 131;65.5;32.8;1 ) 131;65.5;32. 01 30
(miqyas omsali) | LSB/("/san) 6.4 8;16.4 )
Analoq
mV/("/san) ) ) )
Hossasligin
temperatur SPI/analoq +0.2 <*1 +4 +2 +0,035
doyismosi, %
Hassashigim geyri- SPI 0.2 - +0.1 +0.1 0,006
xattiliyi, % analoq - - - - -
Moxsusi kily, SPI - 0.2 - 0.25 0.006
%/san analoq - - - - -
Buraxma zolagi, Hs 4-8000 90 4-8000 100/200/400/800 2000
Isci temperatur diapazonu, °C -40...+85 -40...+85 0...+85 —40...+85 —40...+105
Zorboyo davamliliq, g 10000 95 10000 - -
Isosalma miiddoti, san 30 msan <0,5 35 msan 10 msan 3 msan
Sorf olunan carayan, mA 3.6 50 3.2 10 35
Cokisi, q - 40 2 0.9 <0.5
Qida gorginliyi, V 2.3..3.46 +4,7-+5 +2.4..+3.6 +2...+5.5 +4.7-+5.2

Vibrasiyaya davamliliq, g

Coadval 4, 5 vo 6-dan goriindiiyii kimi MEMS giroskoplart 75%san; £150%san; +£300%/san;
+900%san; +1200%san; £2000%san; £2700%san va +20 000%/san Ol¢ii diapazonuna, -40..+110°C
temperaturda isloma qabiliyyatina, 10000g-ya qodar zorboys davamliliga, az enerji sorfino vo 0.1 g-

a qodor ¢okiyo malikdirlor.

Natica. MEMS akselerometrlorinin 6l¢ii giymotlorinin £2g + +£10°g, giroskoplarinin iso 0 +
+20 000 */san araliginda doyisdiklori vo on yiiksok hossasliq soviyyasin raqem ¢ixish akselerometr-
lords 0.061 mg/LSB, analoq ¢ixish giroskoplarda 2.5 mV/(%san), roqom ¢ixish (SPi) giroskoplarda
iso 131 LSB/(%/san) oldugu miioyyenlosdirilmisdir.

PUA-larda totbiq edilo bilon yiiksok doqiqlikli otalatli 6l¢ii sisteminin yaradilmasi ti¢lin hal-
hazirda miinasib parametrlors malik invenSense firmasinin istehsal etdiyi 3x3x1 mm qabarit dlgiilii
ticoxlu giroskop, akselerometr vo maqgnitometra malik MPU-9255 va 4x4x0.9 mm qabarit dl¢tlii
ticoxlu giroskop vo akselerometra malik olan MPU-6000 MEMS duygaclarinin istifadasi daha

moqsadouygundur.

18




Mikroelektromexaniki akselerometr va giroskoplarin parametrlarinin miigayisali tohlili

10.

11.

12.

13.

REFERENCES

Shilov K.E. Razrabotka sistemy avtomaticheskogo upravleniya bespilotnym letatelnym apparatom multirotornogo tipa.
Trudy MFTI. 2014. T. 6, Ne4.

IMInmos K.E. Pa3paborka cHcTeMBl aBTOMAaTHYECKOTO YIpaBieHHs OCCIMIOTHBEIM JICTAaTENBHBIM  aIllapaToM
MyabTHpOTOpHOro THna. Tpyast MOTH. 2014. T. 6, Ne4.

Zinchenko O.N. Bespilotny letatelnyy apparat: primenenie v celyah ayerofotosyemki dlya kartografirovaniya. — M.:
Rakurs, 2011.

3unvyenxko  O.H. bBecmmoTHbli  JieTaTenbHBIA  ammapar: NPEMEHEHHE B IEMIX  adpOOTOCHEMKH UL
kaprorpaduposanus. — M.: Pakype, 2011.

Hozorxanov 9.T., Korimli T.I., Neymotov V.A., Korimli V.I. Pyezoelektrik 6ziisazlanan giroskop-akselerometrin is
rejimlori // Azerbaycan Miihondislik akademiyasinin xoberlori, Nel, Cild 10, 2018. C. 7-15.

Seeger J., Lim M. and Nasiri S. Development of Hight-Perfomance, High-Voulume Consumer MEMS Gyroscopes,
InvenSense, http://invensense.com/

Matveev V.V., Raspopov V.Ja. Osnovy postroeniya besplatformennyh inercialnyh sistem / Pod obshh. red. V.Ja.
Raspopova. SPb.:GNC RF OAO «Elektropribor», 2009. 280s.

MartgeeB B.B., PacnonoB B.SI. OcHoBbI mocTpoenus 6ecriaTopMeHHbIX HHepIHanbHbIX cucteM / [lox obur. pen. B.41.
Pacnonioa. CII6.:T'HL] P® OAO «Qnexrporpudop», 2009. 280c.

Solovyev V.I., Shabalov P.G. Inercialnye navigacionnye sistemy. Uchebn.. posobie. Samara. Izd-vo Samar. gos.
aerokosm. un-ta, 2011. 72 s.

CoaoBbeB B.U., llla6anos I1.I'. VHepuuanpHble HAaBUTAIIMOHHBIC CUCTEMBL. Y4eOH.. mocobue. Camapa. M3n-so Camap.
roc. a9pokocM. yH-ta, 2011. 72 c.

Konstrukcii mikromehanicheskih giroskopov i akselerometrov inercialnogo modulya. Otchet o patentnyh issledovaniyah.
S.-Pb.: ZAO "GIROOPTIKA", 2005. 73 s.

KoHCTpyKIIMH MUKPOMEXaHHYECKUX THPOCKOIOB U aKCEIEPOMETPOB MHEPLUATIBHOTO MOAYyIA. OT4eT 0 MaTeHTHBIX HCCIIe-
nosanusx. C.-I16.: 3A0 "THPOOIITUKA", 2005. 73 c.

Stepanov O.A. Osobennosti postroeniya i perspektivy razvitiya navigacionnyh inercialno-sputnikovyh sistem. Sb. statey
dokl. SPb. 2001.

CrenanoB O.A. OCOOCHHOCTH TTOCTPOCHHS M NEPCIEKTUBHI PA3BUTHS HABUTALMOHHBIX WHEPIUATIBHO-CITyTHUKOBBIX CH-
crem. CO. crareit noki. CII6. 2001.

Jacenkov V.S. Osnovy sputnikovoy navigacii. Sistema GPS NAVASTAR i GLONASS. M.: Goryachaya liniya. Telekom,
2005.272 s.

SuenkoB B.C. Ocnoss! cnyTHukoBoi Hapuranuu. Cucrema GPS NAVASTAR u I'JIOHACC. M.: T'opsuas nunus. Tene-
xom, 2005. 272 c.

Razrabotka mikromehanicheskoy inercialnoy navigacionnoy sistemy s funkciyami nachalnoy vystavki v obespechenie
sozdaniya vysokotochnogo oruzhiya i upravlyaemyh sredstv porazheniya, v tom chisle artilleriyskih upravlyaemyh
boepripasov. S-P.: ZAO "GIROOPTIKA", 2006. 461 s.

Pa3paboTka MHKpOMEXaHHYECKOW MHEPIUAIbHONH HABHTAIMOHHON CHCTEMBI C ()YHKIMSIMU HAYAIBHOM BBICTAaBKH B oOec-
IIEYEHHE CO3JaHUS BHICOKOTOUHOI'O OPYXKHsI U YIPABIEMBIX CPEICTB MOPAXKCHUS, B TOM YHCJIC apTHUICPUICKUX YIIpaB-
nsiembix 6oenpumacos. C-I1.: 3A0 "TUPOOIITHUKA", 2006. 461 c.

Popova LV. Lestev A.M., Semenov A.A., Pjatyshev E.N., Lure M.S.,, Ivanov V.A., Shabrov A.A.
Mikromehanicheskie datchiki i sistemy, prakticheskie rezultaty i perspektivy razvitija HII S.-Pb Mezhdunarodnaja
konferencija po integrirovannym navigacionnym sistemam. S.-Pb., 2005, s. 262-267.

Ilonosa U.B., JlecteB A.M., CemenoB A.A., IIatbimes E.H., Iypse M.C., UBanoB B.A., IllaépoB A.A. Mukpomexa-
HUYECKUE TATYNKU M CHCTEMBI, IIPaKTHUECKUe pe3ysbTaThl U nepcnekTtussl passutust X1 C.-I16 MexaynapoaHas koHpe-
pEHIMS 110 MHTETPUPOBAHHBIM HaBUTAMOHHEIM cuctemam. C.-I16., 2005, c. 262-267.

Martynenko Ju.G. Tendencii razvitija sovremennoj giroskopii //Sorosovskij obrazovatelnyj zhurnal, 1997, Ne 11.

Maprtbinenko FO.I'. Tengenuun pa3sutusi coBpeMeHHOI rupockonuu //CopocoBckuii obpasoBarenbHbli KypHai, 1997,
Ne 11.

Ivanov P.A. Razrabotka i issledovanie metodov ispytanij mikromehanicheskih inercialnyh modulej [Tekst]: avtoreferat
dissertacii na soiskanie uchjonoj stepeni kandidata tehnicheskih nauk / P. A. Ivanov, SPBGETU im. V.I. Uljanova. Sankt-
Peterburg—2011.- 18s.

HBanos I1.A. Pa3zpaboTka 1 ucciieloBaHUE METOJIOB UCIBITAHUI MUKPOMEXaHUYECKUX MHEPLHAIbHBIX Moaynelt [Tekct]:
aBTOopedepaT aUccepTaMy HA COMCKAaHME YIEHOH cTeneHn KaHauaara Texandecknx Hayk / I1. A. ViBanos, CIIBI'OTY M.
B.U. YapsHoBa. Cankr-IlerepOypr—2011.- 18c.

19



R.N. Nobiyev, A.Z. Mommadov

14. «Russkaja Associacija MEMS» - shag vpered na puti razvitija MEMS-tehnologij v Rossii [Elektronnyj resurs]. — Rezhim
dostupa: http://www.mems-russia.ru/content/view/81/72/. (Data obrashhenija 18.03.2016)

«Pycckas Accoumanuss MOMC» - mar Boepen Ha mytd pa3Butus MOMC-texnonoruii B Poccuu [DnexTpoHHBIH pe-
cypc].— Pexxum nocryna: http://www.mems-russia.ru/content/view/81/72/. ([lata obpamuenust 18.03.2016)

15. Raspopov V.Y. Mikromehanicheskie pribory: Uchebnoe posobie. - M.: Mashinostroenie, 2007. 400s.
PacnonoB B.SI. Muxpomexanudeckue npubopsl: YdebHoe nmocobue. - M.: Mammnoctpoenue, 2007. 400s.

16. Bekmachev A. MEMS-giroskopy i akselerometry Silicon Sensing // Komponenty i Tehnologii, 2014, Ne4.
BexmaueB A. MOMC-rupockorms! u akcenepomerpsl Silicon Sensing // Kommnonentst u TexHonorun, 2014, Ne4.

17. Shahnovich I. MEMS-giroskopy — edinstvo vybora // Elektronika: nauka, tehnologija, biznes. 2007. Ne 1. S. 76-85.
Mlaxnosuy M. MOMC-rupockoIs! — eAMHCTBO BEIOOpa // DIIeKTpoHKKa: HayKa, TexHosorus, om3nec. 2007. Ne 1. C. 76-85.

18. Rajhman A. STMicroelectronics — mirovoj lider v proizvodstve datchikov dvizhenija//Novosti elektroniki, Ne 2, 2009.
Paiixman A. STMicroelectronics — MHpPOBOit JIAep B MPOU3BOACTBE AaTUYMKOB ABMKeHUs//HoBocTu anexTpoHuku, Ne 2,
2009.

19. http://www.nntu.ru/trudy/2015/01/269-273.pdf

CPABHUTEJILHBIN AHAJIN3 ITAPAMETPOB MAKPORJEKTPOMEXAHAYECKHAX
AKCEJEPOMETPOB U T'HPOCKOIIOB

P.H. HABMEB, A.3. MAMEJIOB

B crarbe npoBenieH CpaBHUTENbHBIM aHAIN3 MUKPO3JIEKTPOMEXaHHUECKUX aKCETEPOMETPOB U TMPOCKOINOB 0OecTeun-
BAIOIIMX CTAOMIN3aUUIO U HaBUTaluio MynTupoTopHoro BIUJIA. C 310if nensio, aHaIN3UpOBaHbl TEXHUYECKHE XapaKTEPUCTH-
ku paTunkoB MOMC pasHbeix ¢upm. ViccnenoBaHa TeXHONOTHS MPUTOTOBIEHHUS U NPUMEHEHHs] THPOCKOIIOB M aKCENePOMET-
poB MEMS. Omnpenenena neiaecoo0pa3sHOCTs NPUMEHEHHST MUKPOIIEKTPOMEXaHHYECKHX AKCEIepPOMETPOB M THPOCKOIOB B
masorabaputHsix BITJIA ¢ Toukn 3peHus! TOYHOCTH, TyBCTBUTEIIBHOCTH, FabapUTHBIX Pa3MEepPOB U IIOTpeOIIeHIE SHEPTHH.

Knrouesvie cnosa: Gecnunomuvlii nemamenbHulil annapam, YHUBEpPCAIbHAA HAsUcAYUs, CUPOCKOn, axkceirepomemp,
MacHumomemp, yCKoperue, quCmSumeﬂbell; ojlemenn.

COMPARATIVE ANALYSIS OF THE PARAMETERS OF MICROELECTROMECHANICAL
ACCELEROMETERES AND GYROSCOPES

R.N. NABIYEV, A.Z. MAMMADOV

The article provides a comparative analysis of microelectromechanical accelerometeres and gyroscopes providing
stabilization and navigation of the multi-rotor UAV. With this purpose, the technical characteristics of MEMS sensors of
different firms are analyzed. The technology of preparation and application of MEMS accelerometeres and gyroscopes has
been studied. The expediency of using microelectromechanical accelerometeres and gyroscopes in small-sized UAVs in terms
of accuracy, sensitivity, overall dimensions and energy consumption is determined.

Keywords: unmanned aerial vehicle, universal navigation, gyroscope, accelerometer, magnetometer, acceleration,
sensitive element.
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Y/IK 621.894

JIMCKOBO-KOJOAOYHBIE TOPMO3HBIE YCTPOMCTBA:
TEOPHUSA, PACYHET U KOHCTPYUPOBAHUE

(aactsb II)

A.X. JDKAHAXMEJIOB®, A.W1. BOJIbLMEHKO™, O.C. [IUPBEPJIMEB’,

ko

H.A. BOJIbUEHKO ™, A.B. BO3HbBII ', B.C. BUTBULIKUI

B craTtpe paccMOTpeHBI BapHaHTHl KOHCTPYKITHA CAMOBEHTIIIMPYEMBIX TOPMO3HBIX JHCKOB C Oero-
BBEIMH JOPOKKAMH TPEHHS € OXJIQXKJAIOIINMH 1eMeHTaMu. OTpeneneH pacxol OMBIBAIOIIETO BO3IyXa U
oreHeHa 3 (PEKTUBHOCTH MPEIIOKEHHBIX KOHCTPYKTHBHBIX PEIICHHUI.

Kniouegvle cnoga:  Oucko80-Kon000UHbIUE MOPMO3, CAMOBCHMULUPYEMBITE MOPMOZHOU OUCK, INEMEHNbL
oxaaxcoeHust, 6e206as O0POACKA MPEHUsl, OMBEPCMUSL U KAHABKU, 2e0MemMPUiecKue
U 8ecosvle XapaKmepucmuxu.

BBenenue. B nepBoil yacTH CTaTbH PACCMOTPEHBI: TEMIIEPATYPHBIE TOJS, BO3ZHUKAIOIINE
IpU AIIEKTPOTEPMOMEXAHNUECKOM TPEHHUH B Mapax TPEHUS «TOPMO3HON ANUCK — (PUKIMOHHBIC
HAKJIAJIKU KOJIOJIOK» TOPMO3a; HANPSHKEHHOE COCTOSIHUE CIUIONIHOTO JWCKA C (UIaHIeM; BIUSHHE
OPONYKTOB HW3HOCA, CKAIUTUBAIOIIMXCS MEXKIy TIIOBEPXHOCTSAMU TpPEHHS, Ha HX H3HOCO-
(bpUKITMOHHBIC CBOMCTBA.

Cocrosinue npo6Jembl. Ha coBpeMeHHOM 3Tare pa3BUTHSL CPEJCTB KOMIBIOTEPHOTO MO-
JeTUPOBAHUS TPOILECC MPOSKTUPOBAHUS TOPMO3HBIX JMCKOB JTUCKOBBIX M JAMCKOBO-KOJIOJOYHBIX
TOPMO30B aBHALMOHHBIX, TPAHCIIOPTHBIX CPEJCTB, IIAXTHBIX MOJBEMHBIX MAIIUH HEBO3MOXKHO
NpeACTaBUTh 0€3 MPOBEACHUS CHHTE3a UX (PPUKIIMOHHBIX Y3JIOB, HAXOSIIUXCS MO]] BO3ICHCTBHEM
JUHAMUYECKUX U TETJIOBBIX HarPy30K C YY€TOM OMBIBAIOIINX TOKOB BO3IyIITHOM CpEJIbI.

Cymectsyromas nporpamma COSMOSWorks B cpene SolidWorks [1] mo3Bossier npous-
BOJIUTH TEIUIOBOM pacueT MpH CIIOKHOM TEIIo0OMeHe (KOHBEKTHBHOM, KOHIYKTUBHOM U pajua-
IIMOHHOM) JUIS OTIPENEJICHHs] MMOBEPXHOCTHOTO TEMIIEPATypHOTO TPagueHTa M TeMIepaTypHOTro
HaNpPsHKEHHO-/1e(DOPMUPOBAHHOTO COCTOSIHUS UCCIIEAYEMBIX TOBEpXHOCTEH. HepocTaTkom qaHHOM
IPOTPaMMBI SBJISIETCS TO, YTO KO3()(UIIMEHT TeIuionepeadn Yepe3 CIION U3JENus 3a/1aeTcs cpasy
6e3 ydera K03((HHUIMEHTOB TEIIOOTIaYH K OMBIBAIOIIEMY BO3IYXY, KPOME TOTO, OHA HE MO3BOJISET
OTIPENIeNATh TITyOUHHBIN TeMIIEPATYPHBIH TPAJIUEHT UCCIIEAYEMBIX 00BEKTOB.

Asepbaiimkanckas Nmkenepras akagemus (T. baky)
VBano-®paHKOBCKUII HAIIMOHATIBHBIA TEXHUYECKUH yHUBEpcUTET He(TH U ra3a (1. MiBano-OpaHkoBck, YKpauHa)

ok o o o
Ky0GaHnckuii rocynapcTBeHHBIN TexHOMOrH4Yeckuil yausepeuter (r. Kpacnonap, Poccust)
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Bnusiaue nepdopannu TOpMO3HBIX AMCKOB HAa UX TEMIIEpaTypy B YCIOBHUSX B3JeTa W IO-
CaJIKM TPAHCIOPTHOTO CaMOJIeTa PACCMOTPEHO B pabote [2], B KOTOPOI OlleHeHa YHEPrOHArPy KeH-
HOCTh U HAIPSHKEHHO-Ie(POPMUPOBAHHOE COCTOSIHHE MEepPOPUPOBAHHBIX TOPMO3HBIX AUCKOB. Of-
HAKO 3/IeCh HE YUYTCHO YBEJIMUYEHHUE TUIONIANN TEII00OMeHa, 00yCIIOBICHHOE Tepdopariei amc-
KOB, 1 KOJJMYECTBO BO3/1yXa, OMBIBAIOIIETO UX MTOBEPXHOCTH, T.€. UHTEHCUBHOCTH TEIJIOOOMEHA.

IMocTanoBka 3anaun. B myOiaukamuy paccCMOTPEHbI CIEAYIONIUE BOMPOCH MPUMEHUTENb-
HO K JaHHOMH mpoObJiieme:

— 0COOEHHOCTH KOHCTPYKIIMHM M PaboTa CaMOBEHTHJIMPYEMBIX TOPMO3HBIX THCKOB C dJie-
MEHTaMU OXJIKICHHUS;

— OmIpezeieHrne Pacxo/ia BO3IyXa, OMBIBAIOIIETO MAaTOBBIE U MOJIHPOBAHHBIE MTOBEPXHOCTH
CaMOBEHTUJIMPYEMBIX TOPMO3HBIX JUCKOB C JIEMEHTAMH OXJIAXKICHUS;

— aHaJIU3 PACYETHO-IKCIIEPUMEHTANIbHBIX JAHHBIX.

Leab padoTbl — CHIYKEHUE YHEPTOHATPYKEHHOCTH CAMOBEHTUIIUPYEMBIX TOPMO3HBIX JIUC-
KOB ITyT€M IPUMEHEHUS OXJIAKJAIOIINX JIEMEHTOB HA MX OErOBBIX TOPOXKKAX TPEHHS.

Oco0eHHOCTH KOHCTPYKUMH U padoTa caMOBEHTHJIHMPYEMbIX TOPMO3HBIX JHCKOB C
3JleMeHTAMH OXJIakKIeHHsl. B kadecTBe 00bekTa HMcciaeloBaHUI BBIOpAH TUCKOBO-KOJIOAOYHBIN
TOPMO3 T'Py30BOr0 TpaHCHOPTHOTrO cpeactBa moaenu MAN. B maHHOM TopMo3e HCIONIB3YeTCs
CaMOBEHTWJIMPYEMbI TOpMO3HOU JuCK (puc. 1 a, 6). 3a00p BO3ayxa OCYLIECTBISIETCS 4Yepe3 OT-
BEPCTHS B CTYIHUIIEC WIK OCHOBAaHUM BEHIIA TOPMO3HOTO JuCKa. Bo3ayx BcachlBaeTCsl BHYTPb BEH-
THIAIUOHHBIX KaHAJIOB, TIPOXONT 10 HUM U BBIOpAChIBAETCS HApYXKy, OXJaxKIasi BHYTpEHHHE T10-
goctu gucka. [TombopoMm pamnoHaIBHOTO CEYEHHS! KAHAJIOB M PAJUYCOB 3aKpPYIJIEHHS CTEHOK
BXOJHBIX OTBEPCTHI yIaeTCsl MOBBICUTh CKOPOCTH OMBIBAIOIIETO IMOTOKA BO3/IyXa B Pa3IMYHBIX
toukax aucka ot 5,0 10 10,0 % [4, 5]. CamoBeHTHIIMpyEeMbIe TOPMO3HBIEC TUCKH OBIITH yCOBEPITICH-
CTBOBAHbI ITyTEM BBIMIOJIHEHUS Ha WX OETOBBIX JIOPOKKAX TPEHUsS] KAaHABOK U OTBEPCTUH, pacioio-
YKEHHBIX BEEPHO U MOJI YTJIOM.

Koo durment rermooraaun KOHBEKIMEH Yy CAMOBEHTHIMPYEMOTO UCKA MPHUMEPHO BIBOE
6onbiie, yeM y crutomHoro. OmHaKO OXJIaXIaromas ClIoCOOHOCTh CaMOBEHTHIMPYEMOTO IHMCKa
CHIDKAeTCS Ha BBICOKMX CKOPOCTSX TPAHCHOPTHOTO CPEACTBA M3-3a YBEJIMYECHHS CTATHUYECKOTO
Hamopa ombIBaroIero Bosnyxa. Hacocnoe nelictue poropa (pedep, 00pa3yromux Mexay CBOUMHU
OOKOBBIMH MOBEPXHOCTAMHU (D (Y30pbl UM KOH(Y30pbl) 0cHabseTcss U3-3a CTPEMIICHHUSI OMbI-
BAIOILET0 BO3/yXa MOKUHYTh POTOP B MEpeHEN YacTu MOMyOKpYyKHOCTH Aucka. [loaTomy Ha Gero-
BOW JTOPOXKKE TPEHHSI BBIIIOJIHEHBI OTBEPCTHA IOJ YIJIOM M BeepHO (puc. 1 0, e, o, 3, u, k), KOTO-
pBle TP TOPMOXKEHUH 32 OAMH 00OpOT AMCKA IMOCIEN0BATENBHO Bee MepekphiBatoTes. [Ipu sTom
KaXJI0€ CEKTOPHOE MEePEKPhITHE Mapoi «HAKJIAJKH KOJOJOK — OeroBast JOPOXKKa TPEHHS JHCKa C
OTBEPCTUSIMU» SIBIISIETCS BO3OYIUTENIEM HUPKYIUPYIOMIHUX MTOTOKOB B IMyCTOTENBIX 00bEeMax JUCKa.
OTOT (PaKT ABISAETCS PELIAIOIIMM B CHI)KEHHUH HACOCHOTO JIEHMCTBHs poTopa aucka. Kpome toro,

HMEEM IOJIOKUTEILHBIN U OTpI/IL[aTCJ'IBHHﬁ T'paAuCHTHI INIOTHOCTHU BO3AYHIHOI'O IIOTOKA IO JJIMHE

muddy3opa u kKoHDYy30pa.
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8

Puc.1 a, 6, 6, 2, 0, e, y1¢, 3, u, K — I naenwtit (a) u cH0Ky (6) 6UdbI CAMOBEHMUNIUPYEMO20 MOPMOZHO20 OUCKA C (hranyem, e2o
npooobHblil paspes (8), oumempus (2) u munvl OUCKOE C INEMEHMAMU 0XNaHcOenus (0, e, e, 3, U, K):
1 — OOKOBBIE MOBEPXHOCTH JAUCKA; 2 — OCTOBBIC JOPOKKH TPEHHUS; 3 — paanaibHble pedpa; 4 — BeHTUIIAIOHHEIC

KaHaJbl, 5 — uaHen Aucka; 6 — KperexKHbIe OTBEPCTUs; 7, 8 — OTBEPCTHS PACIIOIOKEHBI O] YIJIOM U BEEpHO;
9, 10 — kaHaBKH PacIOJIOKEHBI 1O/ YTIIOM U BEEPHO

CaMOBEHTHIIUPYEMbIE TOPMO3HBIE JAUCKU OBLIH YCOBEPIICHCTBOBAHBI ITYTEM BBITOTHEHHUS
Ha WX OETOBBIX JOPOXKKAX TPEHUSI KAHABOK U OTBEPCTHIA, PACIIOI0KEHHBIX BEEPHO U IO YTIIOM.

Koaddurment rernooraayn KOHBEKIMEH Yy CAMOBEHTHIMPYEMOTO JUCKA MPUMEPHO BIBOE
Ooubire, yeM y croiomHoro. OIHAKO OXJIaXIaromas CIIOCOOHOCTh CaMOBEHTHIIMPYEMOTO JTUCKa
CHIDKAETCS Ha BBICOKMX CKOPOCTSX TPAaHCIOPTHOTO CPEACTBA M3-3a YBEIMYCHUS CTATHYECKOTO
Haropa oMbIBaroIero Bo3ayxa. HacocHoe neiictBue potopa (pedep, 00pa3yronmx MeKIy CBOMMHA
OOKOBBIMH TTOBEPXHOCTAMHU (D (HY30pbl WM KOH(GY30pbI) OCIAOISETCS M3-32 CTPEMIICHHSI OMBI-
BAIOIIETO BO3/yXa MOKUHYTH POTOP B MEPEAHEN YaCTH MOyOKPYKHOCTH aucka. [loaTomy Ha Oero-
BOU JIOPOYKKE TPEHUS BBITIOIIHEHBI OTBEPCTHS IO YTIIIOM M BeepHo (puc. 1 0, e, o, 3, u, k), KOTO-
pBIe TIPH TOPMOKEHUU 32 OJUH 00OpOT JUCKA IMOCIEA0BATENIFHO BCe MepekpbiBatoTcs. [Ipu sTom
Ka)JI0€ CEKTOPHOE TEPEKPhITHE MApOil «HAKJIAJKH KOJIOJOK — OeroBasi TOPOXKKA TPEHHS JHCKA C
OTBEPCTHSAMIY» SBISETCS BO30YIUTENIEM IUPKYIHPYIOMINX TIOTOKOB B ITyCTOTENBIX 00BEMax JNCKA.
OTOT akT SBISETCS PEHIAIONIMM B CHIDKCHUH HACOCHOTO JICHCTBUS poTopa aucka. Kpome toro,
UMEEM TOJIOKUTENLHBIA U OTPULATEIbHBIA TPAJIMEHThI TUIOTHOCTHA BO3YIIHOTO MOTOKA IO JJTUHE
muddy3opa u kKoHDYy30pa.

OnpeneneHue pacxoaa Bo31yXa, OMbIBAIOIIEr0 MaTOBbIE U MOJHPOBAHHBIE IOBEPXHO-
CTH CAMOBEHTHJIHPYEMBIX TOPMO3HBIX IHCKOB C JJIeMEHTaAMH OXJaxaeHus.. B anckoso-
KOJIOJIOYHBIX TOPMO3axX IMPHUMEHSIOT KaK CIUIONIHBIE, TaK U CAMOBEHTHIIUPYEMBIE TUCKH C Pa3BUTOU
CHUCTEMOW BEHTWIISILIUOHHBIX KaHAJIOB B TEJE JUCKA MEXKIy MOJMPOBAHHBIMU U MAaTOBBIMH €r0 00-
KOBBIMH MOBEPXHOCTSIMH. YKa3aHHBIE TIOBEPXHOCTH B3aUMOJACHCTBYIOT CO CKOPOCTHBIMU TOKaMH
OMBIBAIOILIETO BO3/yXa MPH JBWKCHUH TPAHCIIOPTHOTO CPEICTBA, TEM CaMbIM CHIDKAsh YHEPro-
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HArpy>KeHHOCTh CAMOBEHTHJIMPYEMBIX TOPMO3HBIX JHCKOB C JIEMEHTAMHU OXJIQXKJICHHS TOPMO30B
(puc. 1 0, e, ac, 3, u, ).

JIBI>KeHHE MOTOKOB BO3/yXa Yepe3 KaHallbl, BHIMOJIHEHHBIE B BUAE AU(PHY30pOB UIH KOH-
($y30poB (Takke BO3MOXKEH BapHAHT WX KOMOMHALIMH), U Yepe3 LIINHIPUIECKHE OTBEPCTHSI, pac-
MOJIO’KEHHBIE HAa OErOBOM JTOPOXKKE TPEHHs JUCKA TOPMO3a, COMPOBOXKIAACTCSA MOTEPSIMU SHEPTHH.
D10 00YCIIOBICHO TPEHHEM, MPEOJIOJICHUEM IMOJBEMHBIX CHJI U HEPAaBHOMEPHOCTBHIO JIBHIKEHUS
BO3/1yXa IpU HEM30TEPMUYECKOM TEUYECHHUH, a TaKke 00pa3oBaHHMEM BHUXpEH B MecTaX W3MEHEHHs
3a30pOB MEX]ly BHYTPEHHUMHU MOBEPXHOCTAMU OOKOBBIX CTEHOK JUCKOB M MIOBEPXHOCTSIMH BBICTY-
noB, oypebep, pedep, kaHanoB u Ap. BeepHoe pacmosnoxkeHne KaHaBOK U OTBEPCTUN Ha OEroBoOit
JIOPOXKKE TPEHHUSI CIIOCOOCTBYET W3MEHEHMIO HANpaBJICHUS JIBHKEHUS MOTOKOB Bo3ayxa. [loTepu
MEXaHMYECKOW SHEPruM MOTOKAa BO3JyXa BbI3BAHBI MOJIEKYJIAPHOW M TYpOYJIEHTHOU BSI3KOCTBHIO.
OTO MPOSBISIETCS TP JBIKCHUN OXJIAXKIAIOIIETO BO3/AyXa U SIBIISETCS pe3ylbTaToM OOMEHa KO-
JMYECTBOM JBIKEHHUS MEXIY MOJIEKyJIaMHt (IIpH JJAMUHAPHOM TE€YEHHH) COCETHUX CJIOEB BO3/1yXa,
KOTOpBIE NIEPEMELIAIOTCS C Pa3IMYHBIMU CKOPOCTSIMH.

[Torepu MexaHNYECKOI HEPTHH, KOTOPBIE OTHOCATCS K 0OBEMHOMY PAaCcXOIy BO3IyXa, BbI-
pakaroTcs B BUJE Nepernaja JaBIeHUs U Ha3bIBAIOTCS TUAPABINYECKHMMU CONPOTUBICHUSIMH 3a30-
POB, KOTOpbIE UMEIOT MECTO KaKk BHYTPH, TaK U CHApPYKH TOPMO3HOro jAucka. ['mapaBiuyeckue
HOTEPU SHEPTUU MOTOKOB BO3YyXa, OMBIBAIOIIETO Hapy>KHbIE U BHYTPEHHHE MOBEPXHOCTH CaMO-
BEHTWJIUPYEMBIX TOPMO3HBIX TUCKOB C 3JIE€MEHTAMU OXJIaXKJIEHHS TPy30BOr0 TPAHCIOPTHOIO Cpell-
ctBa mosienit MAN, nipuBeieHb! B Ta0I. 1.

Onu 00yCIOBICHBI MECTHBIMH MOTEPSIMUA Ha Bxoae AH,, B CaMOBEHTHIMPYEMBIH TOPMO3-
HOH JMCK U BbIXoAe AHg,, W3 HEro, CONPOTUBIECHUEM TpeHus AH,,, 10 MOBEPXHOCTSAM: BHYTPEH-
HUM M Hapy>KHBIM, OOKOBBIM C KaHaBKaMU M OTBEPCTHSAMH JUCKA; BBICTYIIOB, HOIypedep, pedep u
BEHTWIALIMOHHBIX KAHAJOB BHYTPU TOPMO3HBIX JUCKOB, a TaKXe YCKOPEHHEM IOTOKOB BO3yXa
AH,y,;, BCIAEICTBUE €r0 HArpeBaHus MPH OOTEKAaHUH YKAa3aHHBIX BBIIIE KOHCTPYKTUBHBIX AJIEMEHTOB
CaMOBEHTWJIMPYEMOTO TOPMO3HOTO IHCKa. TeIuioBas SHEPrus, YCHICHHas Te€HEPUPYIOUUMHCS
AIIEKTPUUYECKUMH TOKaMH, aKKyMYJIHpPYeTCs Ha Mosiceé TpPeHHs IUCKa U padouell MOBEPXHOCTH
HAKJIaJ0K KOJOAOK. DTa SHEepPrusi pacCHpOCTPaHAETCs 10 BCEMY TNy AMCKAa, KOHBEKTHUBHBIM U pa-
JUALMOHHBIM TETITIOOOMEHOM IepelaeTcsl BO3IyXY, KOTOPBI OMBIBAET €T0 BHEIIHUE U BHYTPEHHHE
MOBEPXHOCTU. B pe3ynbrare HarpeBaHusi BO3[yxa €ro MIOTHOCTh YMEHBIIAETCS MO0 CPAaBHEHUIO C
IUIOTHOCTBIO OKPY’KAIOIIENW CPENBl, BO3HUKAET PA3HOCTh MNABIEHWUW, IMOJ NEUCTBHEM KOTOPOU
HarpeThlid BO3AYX Yepe3 KaHaJbl U OTBEPCTHUS B IMCKE BBIXOMT, & HA €r0 MECTO MOCTYIAIOT HOBBIE
MOPLUH BO3/lyXa OKpyXkaromien cpenpl. Takum oOpa3om, nepemnaj JaBieHHd Bo3ayxa 00yCIoBIIu-
BaEeT SBJICHUE CAMOTSTH, OH OMPE/IEsieTcs o BeIpakeHuro [1]:

chg(an+d)(,00 _pn)’ 1)

d — nuaMeTpbl OTBEPCTHUIl: MPUBEIECHHBIN TuaMeTp (BHYTpHU) AKMCKA U Ha €ro 0eroBoit

rne D

np >
JIOPOIKKE TPEHHUS, M; O — IUIOTHOCTH OKPYIKAIOIIETO U O, - CPEAHSA INIOTHOCTh BO3/1yXa B IO-

JIOCTU TOPMO3HOI'O AMCKA, KF/MS.
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[Ipn nBW)XEHUM TPAHCIIOPTHOTO CPEACTBA C MOCTOSHHOM CKOPOCTBIO MEpEmnaj, NABIEHUU,
00YCITOBJICHHBIN CaMOTSITOH, ypaBHOBEIINBACTCS TUAPABINICCKUMH MTOTEPSIMHU B CAMOBEHTHIINPO-
BaHHOM Jucke. Crie/JoBaTeIbHO, PABEHCTBO MMeeT BU (Tadu. 1):

N N
Hq.=Y AH,; D AH,=AH,_ +AH,, +AH, +AH,,; (2)
i=1 i=1
Pes Vas
rae AH, =¢& ; (3)
2
' ' 2
:l.Al_i_Az.pO'UO. (4)
"4 A 2
2
t -t -
AHKHH :2 8blx 6x pH 11 : (5)
t 2
p(ihl)f : 082!:[)(
AHBMX = 6blX A (6)
2
rae A'1; A"; A's — Iiomaan HarpeThIX JIEMEHTOB CAMOBEHTHIIMPYEMOT'0 TOPMO3HOTO JIMCKA U MPH-

BEJICHHOE TIONEPEUHOE CEUCHHE PACCMATPHBAEMOTO KaHala, M, y — K09Q(HUIUEHT CONPOTUBRICHHS
JBMKEHHUIO BO3JTyXa Ha BXOJI€ M BBIXOJE U3 TOPMO3ZHOIO JUCKA; Cayy Comy — KOIDHULIIMEHTHI COIPO-
TUBJICHHS JIBHJKEHHUIO BO3/lyXa Ha BXOJAE M BBIXOJE U3 TOPMO3HOIO JIUCKA; Pgyx — CPEIHASA ILIOT-
HOCTb BO3/lyXa Ha BBIXOJE U3 TOPMO3HOTO JHUCKA, KI/M’; Ugy, V77, Dy — CPEIHHE CKOPOCTH BO3IyXa
Ha BXOJI€, BHYTPH MOJOCTEH TOPMO3HOTO TUCKA U HA BBIXOJIE U3 HUX, M/C; ey, lgyy — CPEITHSS TEM-
neparypa BO34yXa, KOTOPBIA MOCTYNAET U BBIXOJIUT M3 3a30pa MEX1y BHYTPEHHUMH 3JIEMEHTaMH
mucka, K; #7 — cpenusis abcontoTHas TeMnepaTypa Bo3ayxa B KaHaiax aucka, K.

Kpome ykazaHHBIX IOTEpb SHEPrUU OMBIBAIOIIEIO BO3yXa MPHU MPUHYIUTEIBHOM OXJIa-
KJICHUU TUCKOBBIX TOPMO30B TPAHCIIOPTHBIX CPEJICTB UMEIOT MECTO TaKKe MOTEPH IHEPTUU MOTO-
Ka BO3JlyXa Ha BUXpeoOpa30BaHUE KaK B CAMOM CaMOBEHTUJIMPYEMOM JUCKE, TaK U Ha €ro 0eroBoit
JIOPOXKKE TPEHUS M3-3a BEEPHOTO PACIIONOKEHNS KaHABOK U OTBEPCTHH (puc. 2).

VYpaBHeHUE SHEPTHH I XOJIOJHOU YacTu BUXps umeeT Bux [1]:

n,—1
2 2.2
:47t R-m, -t -n,-r -v 1| 2|

2”1‘(na_1)'F2 pa

EH H (7)
rne R — rasoBas moctosiHHas Bosmyxa, Lx/(kr -K); m, —
o0Imiasi Macca BO3JlyXa B BHXpE, KT; f, - YCTaHOBHBIIASICS
TeMIepaTrypa BHYTPEHHUX KOHCTPYKTHBHBIX 3JIEMEHTOB
TOPMO3HBIX JHUCKOB, K; 1, — moka3zarenp aguadatel; r, —
panuyc BUXpsl BO3AyXa, OOTEKAIOIIero BHYTPCHHUE KaHa-

JIbI TOPMO3HOT'O JTUCKA, M; v'? - umeitHas CKOpPOCTb CJIO-
€B BO3JYIIHOTO BUXpS, M/C; 1] — MaTeMaTHYECKOE OXKH[a-
HUE TONAJaHMs BUXpPsI B 30HY pa3ZelICeHUs €ro ropsued u
XOJIOJTHOM YacTew; p, — NaBIeHUE BO3ayxa B Buxpe, Mlla;

Puc. 2 Teomempuueckue napamemput camo-  Pa — aTMOChEpHOE naBienue, Mlla; I” — KOINYECTBO CMEH

GCHMUIUPOBGAHHO20 MOPMO3HO20 oucka: Bogﬂyxa B ITOJIOCTHU TOpMO3HOFO ,I[I/ICKa.
1, 2 — kananwt Konghyzopul u oughghysoput
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Tabnuua 1

I'mppaBianyeckue NoTepu IHEPruu MNOTOKOB BO31yXa, OMbIBAIOLIEI0 HAPYKHbIEe 1 BHYTPEH-
HHE MOBEPXHOCTH CAMOBECHTHJIMPYEMbIX TOPMO3HBIX JUCKOB C 3JIEMEHTAMM OXJIAKACHUS
TPY30BOr0 TPAHCHOPTHOrO cpeacTBa moxeau MAN

[ToTepu 3HEprUM ABMKYIIETOCS MMOTOKA BO3yXa:
Ne IToBepxHOCTH Camo- yCKOpeHHUe 3aMejl- | BUXpe-
/Tl | BEHTHJIMPYEMOTO JTUC- Ha Bxone | COTPOTHBIIE- neHue | oopa- | Ha
Ka | Hue TpeHuto |Harpesa- nuaddyso- KOH(Y-| 30Ba- [BBIXO[IE
HHUCM pom 30pOM | HUE
3aBUCUMOCTH IJISI X OTIPEICICHUS
ToprieBbie KaHAIBI AH
1 | ;DuMcKa U BO3JIE €ro AH, (3) |AH,, (4)| 4Hqw (5) - - - ( 6“)“"
CTYTIHIIBL.
MaroBbie TOBEPXHO-
CTH:
2|~ okopmmsi IUCKa U B AH At - B - B
ero (hanIa;
— BHYTPECHHUE Oy~ AL
3 | INCKOB U «HAUHHKHY AH AH,, AH 0 AH, AH, (7“5"“’ -
X o0beMa.
— TIOJINPOBAHHBIE TTO-
BEPXHOCTU OCTOBBIX
4 | ZIOPOKEK TpeHus ¢ 3 AH,; AH . 3 B 3 B
3JIEMEHTaMH OXJIa-
KICHHS, PACITIOJIO-
JKEHHBIMU:
5 CTIIfIlei[ yrHOM OTBep AHKXZ - AHKMI! - - - AHGlel
6 | —BeepHO OTBEPCTHH; AH 4 — AH,,, — = |A4H g1 | AH g2
7 | —mop yriioM KaHaBoOK; - AH 4 AH,, - - — |4Hg5
8 | — BeepHO KaHABOK; - AH,,,ps AH,,, - - |AHupm| —
9 | — ux KOMOMHALINU AH 4 AH 6 AH,,, - - - -

Ha ocnoBe 3aBucumocteii (3-7) sHeprus, 3aTpaunBaeMasi Ha BUXpeoOpa3oBaHue, /s pai-

yca R; 1 R, BBIpakaeTCsl 3aBUCHMOCTBIO:
n,—1

2 a 2 g —
m-v )2 Ma 2 m- Yy )2 M 2
E, = 2l1-| £= ‘R, E = 1-| % ‘R5. 8
2 2”2' P, 1 1 2}”2' . 2 ( )

min min

rae Ry, R, — paauychl: BHEIIHEH U BHYTPEHHEH MOBEPXHOCTH TOPMO3HOIO JUCKA: Fiin — MHHHU-
MaJIbHBIN MpeebHbIN YCIOBHBIA paNyC, B KOTOPOM MPOUCXOAUT B3aUMOJICHCTBUE OXJIaKICHHO-
r'O ¥ HarpeToro CloeB BUXPS, M.

Buxpu Bo3ayxa, cozmaBaeMble BEPHO DPACIOJIOKEHHBIMH KaHaBKaMU OErOBOM JTOPOXKKHU

TPEHUA JHCKAQ, CHOCO6CTByIOT OXJTAXKACHUIO BO3AYyXa IEPEa MomnagaHueM 4€pe3 OTBCPCTUA B I10-
JIOCTb CAMOBCHTHUIIMPYEMOT'O TOPMO3HOI'O JUCKA.
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Paszauna suepruit E,-E=AFE sBIsSeTCS MOTEpPEH 3HEPTUN HA BHXpeoOpazoBaHue. Takum 00-
pazoMm, Moxy4aeM:

n,—1

12
m-v p | 2 p2
AE=——|1-| & (R?=R?). 9
Zrﬁin pe (1 2) ()

Hcxons u3 onpeneneHus: THAPABIMYECKOTO COMPOTUBIICHNUS, 3alTUCHIBAEM IOTEPU SHEPTHU
Ha BUXpeoOpa3oBaHue:
AH,,.,=AE, . /V, (10)

8bIXD

rae V' — o0beM BO3ayxa, KOTOPBIM MPOXOANUT Yepe3 TOPMO3HON JHCK MPH BBIHYKICHHOM OXJIaXIe-

HUH, M.

n,—1

AE m-v'"
wop D 1| Lo | ™ L(R =R, ) (R, +R,) (11)
vV 2¢,V Py
[Tocne mpeoOpa3oBaHus MOTydaeMm:
AE d +d
_ 6bIXD . 1 2 .
AHebtxp - % =Pn 83 2 <t3ebucp ’ (12)
TIC Gopp - KO3 GUITUESHT TTOTEPH SHEPTUU Ha BUXPEOOpa30BaHUE TIOTOKA BO3/IyXa, PABEH:
n,—1
by |1 2| " 2 (13)
o V4 8 2’ rn%in .
B cBOM0O 0uepenb, 71min HAXOIUM I10 3aBUCUMOCTH BH/IA!
-1 I’
o =M (14)
&n"-n, t;-R
TOr/1a

n,—1

Lo Lo | ] M ‘tn-R-AU’Z

, (15)

E.)euxp =
Pa n, =1 m R -0;

rae U, - IMHEHHas CKOPOCTh TOYEK BHYTPEHHMX IOBEPXHOCTEN IONYANCKOB B OTHOCHTEIHHOM

IBIDKEHHUH, M/C.

[ockomsky U, = 0,85V, To noCIE KOHEUHOTO NIPEOOPA3OBAHHUS 3aBHCUMOCTH (22) THOIy-

4aeM CJIEyIOIee BEIPaKEHHUE:
n,—1
| Lo | | ty-R AV

a

Pa n =1 R -(+R) ]

Coup = ; (16)
Taxum o6pa3om, 3Hast KOAPPHUIMEHT MTOTEPU YHEPTHH HA BUXPEOOpa3OBaHUE, a TAKKE JPY-
THe paHee yKa3aHHbIe KOA(QGUIMEHTH, MOKHO ONPEACITUTh PAacXOJ BO3IyXa, KOTOPBIH OMBIBAET
BHYTPCHHHUE [TOBEPXHOCTH CAMOBEHTHIIUPYEMOTO TOPMO3HOT'O JTUCKA.
CornacHo 3aBucuMocTsiM (4) u (5) BBOIUM 0003HAYCHHS:
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X Al, + Aé temx — tex
<tDmp 4 A:,: E.muu tH ( )

[ToncraBus Beipaxenus (5), (15) u (17) B ypaBHenue (4), nocie npeoOpa3oBaHu HAXOIUM:

2 2 2
-V V) SV ds+d
gDC(pO _pﬂ)ziex : sz £ +(<t?mp +E.'mm). pH = +<t?8b1x ' peblx £ +<t:8uxp 'pH63 £ 2 = . (18)

Ha ocHoBe ypaBHEHHS HEPEPHIBHOCTH HOT%)Ka z[BI/DKymerozc;{ BO3JlyXa 3alMCHIBAEM:
ps V3 =ps-G2/(42), (19)
oV} =py- G2 /(43), (20)
PV = P - G2 /(42,,). 1)

rie G, — Pacxosl BO3ayXa MPH MOCTOSHHOM JaBJIeHUH, M*/C.
C yuerom ypaBHeHuss MenzaeneeBa-Knaneiipona [1] B (19)~(21) moxcrasisiem
p=p,/(R-T), Torna
2 2 2
Gp'pB 2 _ Gp'pH . 2 _ Gp.pBle
pH 'UH - 2 eoix  Pebix

Rt A%’ Rt A}, Rt A

8bIX BbIX

2
Pp Vg =
[TpuBeaeHHbIE 3aBUCHMOCTH TIOJICTaBUM B ypaBHeHHE (15), B pe3y/IbTaTe 4ero moayJyaeM:

G2 . G2 ) G2 '
2gDc(_ Py _ Py J:%W R T ) e . S R

R- t{iX R- Z17 R- tex ’ Aezx R- t17 ’ A127 R- t@btx ’ Aezbtx (22)

+ E.!f;u)(p ’ Rp.—lzﬂs() (dl + dZ)’

TIE pp — NaBJIEHUE OKpYyKaromero Bo3ayxa, Mlla; p;; — cpenHee naBlieHHe B MOJIOCTH TOPMO3HOTO
nucka, MlIla; p,. — cpelHee AaBIeHUE BO3/IyXa Ha BBIXOJE M3 TOpMo3HOro aucka, MlIla; R — razo-

Bas MOCTOSHHAs Bo3ayxa, Jx/(xr-K); O, - TonmuHa qucka, MM.

ITocne mpeoOpas3oBaHuil U pemeHus 3aBUCUMOCTH (22) oTHOcuTenbHO G, a TaKKe ee Jie-
JICHUSI Ha TUIOTHOCTB pp MOJTy4aeM TaKO€ BbIpaKEHHE:

P P p
[2gDC[t_B - t_HJ - &suxp : t_n63 (dl - d2 )J =

6x 17 7

2 P p p@bzx
= Gp(E.aex .ﬁ—i_((:mp +éKuH). 5 +é8blx —zJ

2
6x 6X t -’ AH )
B xoneuHoM urore nojrydacm (I)OpMyJ'Iy AJI1 OIpEACTICHU pacXoJda BO3ayXa, IIpoXoaaliero
qcpe3 TOpMOSHOﬁ JUCK IIPpH €TI0 BBIHYXXJICHHOM OXJIAXKJICHUU

(2gDC(‘tDB_fHJ_aauxp %83(6111 _dZ)J

8x 11 11

B8bIX BbIX

(23)

pB pH peblx
E.mx : + E.sm + E.muu : + é(?blx T
tex : Aazx ( " ) tH : A127 t A,

6blX 6blX

Amnanuz BeipakeHus (23) okas3pIBaeT, YTO PACXO] OXJIKIAIOIIETO BO3AyXa 3aBUCHUT OT €r0
TEPMOJIMHAMHUYECKUX TApaMeTPOB (Zey, P, P Pesro L Lewx) A TEOMETPUUECKUX MapaMeTpoB (d;, d,
00, Aex, A1, Agyx) KOHCTPYKTHBHBIX IJIEMEHTOB CAMOBEHTHIIMPYEMBIX TOPMO3HBIX TUCKOB, KOTOPHIE
BBI3BIBAIOT MIOTEPU MEXAHMUECKOUW SHEPTUU BO3/IyXa.
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Takum o0Opa3om, 3HaHHE pacxoja BO3IyXa, OMBIBAIOIIETO HApPYXHbIE U BHYTPEHHHE MO-
BEPXHOCTH 3JIEMEHTOB CAMOBEHTHIIMPYEMBIX TOPMO3HBIX JIUCKOB IIPU UX BBIHYKICHHOM OXJIaXK]e-
HUM, TO3BOJIAET Pa3padoTaTh MEPONPUATHUS AJIS TOBBIICHUS UX () (HEKTUBHOCTH.

AHa/IN3 pPacyeTHO-3KCIEePUMEHTAIbHBIX JAaHHBIX. TermIooTBOAANIAs CIOCOOHOCTH ca-
MOBEHTHJIUPYEMBIX TOPMO3HBIX JMCKOB 3aBHCHUT KaK OT MX TEIJIONPOBOAHOCTH, TaK U OT I€OMET-
pUU BHEIIHUX U BHYTPEHHUX NMOBEPXHOCTEH TeriooomeHa [3].

B Ta6un. 2 mpuBeneHbl 3HAUYCHUS TUIONIAICH TTOBEPXHOCTEH CaMOBEHTHIMPYEMOTO TOPMO3-
HOTO JTUCKA C Pa3iIMYHBIMU KOHCTPYKTHUBHBIMU PELICHUSMH IO BBIHYKICHHOMY OXJIQXKJIEHUIO €r0
0eroBoil TOPOKKU TPEHHS IHCKOBO-KOJIOJOYHOTO TOPMO3a I'PY30BOTO TPAHCIOPTHOTO CPEICTBA
mozenn MAN.

Ha ocnoBanuu ta6i. 3 u puc. 3 npou3BeIeHO CPAaBHEHUE SHEPTOHATPY>KEHHOCTH BEHTHIIU-
PYEMBIX TOPMO3HBIX TUCKOB C Pa3BUTHIMHU MOBEPXHOCTSAMH (KaHABKAMH M CKBO3HBIMH OTBEPCTHS-
MH), pacroJ0KEHHBIMU Ha UX OETOBBIX TOpOXKKax TpeHus. U3 puc. 3 cneayert, uto 3¢ (HheKTUBHOCTH
CHIDKEHHUSI 00OBEMHBIX TeMIIEpaTyp CaMOBEHTUIMPYEMBIX TOPMO3HBIX JTUCKOB C 3JIEMEHTAMU OXJIa-
JKIeHus (KaHaBKaMU U OTBEPCTUSMH) cocTaBisieT B cpeanem 11,4 % u 15,2 %.

140,0
135,0 -

130,0 \
125.0 \

120,0 \ R
|

115,0 "

110,0
KaHAaBOK OTBepCTHIT

105,0

CpenHss o6beMHas Temneparypa, *C

CepHITHBIH BeepHO I0JI YITIOM BEEPHO ToJ1 YIIIOM
I l 1 l |

100,0

Puc. 3 3nauenun cpeoneii 00vemMHol memnepamypsvl 6 MOPMO3HBIX OUCKAX ¢ (hnanyem ¢ pasnuyHbim
KOHCIMPYKMUGHBLM 6bINOJIHEHUEM UX 0e20601l 00POIHCKU MPEHUA

O0603HaYMM BeepHOE PACIIONIOKEHNE KaHaBOK U oTBepcTrit yepes [ u 11, a mox yrmom kaHa-
BOK M oTBepcTrid — uepe3 [l u IV.

[IpoBeneHHbI aHAMU3 3aHUMAEMbIX IJIOLIAAEH A KaHAaBOK U OTBEPCTUU Ha OEroBOM H0-
POKKE TPEHHS CAMOBEHTHIIMPYEMOIO TOPMO3HOIO JUCKA MOKA3aJl CIIETYyIOLIee:

— otHomenue A(I) / A(IIT) = 34394,33 / 29486,17 = 1,166 nipu ToM, 4T0 OTHOLIEHUE Kys (1)
/ kg (111) = 0,108/0,105 = 1,029;

— otnomenne A (I) / A (IV) =35633,48 / 35633,48 = 1 npu Tom, uto oTHOmeHHE kg, (II) /
kgs (IV) =0,096 / 0,096 = 1;

IIpoBeneHHBIN aHANU3 YHEPrOHATPYKEHHOCTH Pa3IMYHBIX TUIIOB BEHTHWIINPYEMBIX TOPMO3-
HBIX JINCKOB ITOKa3aJ CIeayrolIee:

— oTHouIeHHe o0beMHbIX Temreparyp coctaBuio (1) / () = 127,3 / 131,4 = = 0,969; #(11)
/t(IV)=129,2 / 133,5 = 0,968;
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— OTHOIICHHE TpagueHTa TEeMIIepPaTypsl IO CPEJUHHOW TOJIIWHE [UCKAa COCTaBHIIO
At / Ay(11T) = 1,01 / 0,85 = 1,188; A¢(1I) / A«(1V) = 0,96 / 0,79 = 1,215 (tabmn. 3).

Tabnuua 2

ILiromaau noBepxHoOCTEl CEPUITHOIO U YCOBEPIIEHCTBOBAHHBIX IUCKOB
AHUCKOBO-KO0JIOI0YHOI0 TOPMO03a I'PY30BOIr0 TPAHCHOPTHOrO cpeacTBa Mmapku MAN

T110111a/1b TOBEPXHOCTH TOPMO3HOTO JHCKA, MM~ Koaddu-
KOHCTPYKTHE- OUIUHApHYC- — O0bem I[AEHT
CKHX TOPIIEBBIX TOPMO3- |B3aMMHO-
HbIE 0COOCHHO- . |Hepabo- JSIMOH- |[KaHa- |OTBep-
paboueit . -~ |moro mwmc- |ro mepe-
CTH JTUCKa yei BHEII- |BHYT- |HBIX BOK cTuit 3
o . Ka, MM~ |KpBITHS,
HE pEHHel [KaHaJIoB K
B3
CepUITHBIN 147340,69 301008,01 - — 4219824,53| 0,092
S = BeepHO | 125413,58 301008,01|34394,33 - 4133357,55 0,108
2]
<
% = ;:;OM 128912,61 301008,01|29486,17 - 4148203,30] 0,105
5} »':d
| < [Beepro| 141057,51| 79168.13137824.7729845. 13594708 1]~ [35633.48]4117016.87] 0,096
S| &
= Q IO
Q| & 141057,51 294728,01 - 35633,48/4117016,87| 0,096
& a |yriaom
ol 6
Tabnuya 3
OHeProHarpyKeHHOCTh JUCKOB ¢ GuIaHIeM THCKOBO-KO0JIOI0OYHOTO TOPMO3a
TPY30BOr0o TPAHCHOPTHOTO cpeacTBa Mapku MAN
Cpenusis
oObeMHas .
KoHcTpyKTHBHBIE pelieHus 1o TeMIEDATVDA ['pagrieHT TEMMepaTypsl IO CPETUHHOM
OEroBOIi JOPOIKKE TPECHHUS JUCKOB Patyp JIUHUM TOJIIIMHBI aucka, °C/MM
TeJa JINCKa,
°C
CepuiiHbIit 148,1 0,68
b
= 2 BECPHO 127,3 1,01
<
= I
§ S O] YTJIOM 131,4 0,85
s |
3 = BEEPHO 129,2 0,96
5 2
8 0
o g 101 YTJIOM 133,5 0,79

OcTaHOBHMCSl Ha BapuaHTe KOHCTPYKIMHM CaAMOBEHTHIMPYEMOIO TOPMO3HOI'O AMCKa, B KO-
TOPOM JIEBBIN JUCK BBIMOJIHEH 3a0JHO C (pJIaHLIEM, a IPaBbIi AUCK SABJISETCS HE3aBUCUMBIM (pHcC. 4
a, 6). Kpome Toro, Ha puc. 4 a, 6 BblIeTIeHbI OEroBbIe JOPOXKKH TPEHHS HA JIEBOM U MPABOM TIOJIY-
JTUCKaXx.

JIis peioKeHHOM KOHCTPYKLMU CaMOBEHTHIIMPYEMOT0 TOPMO3HOTO JUCKA MPOAHATU3HU-
pyeM IUIOLIa i NOBEPXHOCTEN U MAacCy KOHCTPYKTHUBHBIX 2JIEMEHTOB.
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[Tnomann MOBEPXHOCTEH, pacmoiioKeHHBIX HaJ (A,) u 1ox (4,) OETOBBIMH TOPOKKaAMHU
TPEHHSI, B COOTHOIICHUH K WX TUIOMIAISM IIOBEPXHOCTEH (A5) B KQXKIIOM U3 TTOJTYIUCKOB:

B JICBOM
A, 1639518 . A, 2680171 _ o
A, 7367035 A, 73670,35
B [IPAaBOM
A, 1639518 4, 991565 o
A, 73670,35 A, 73670,35

YCTaHOBIEHO, YTO aKKyMyJHpyemas TEIUloTa MpU (PPHUKIMOHHOM B3aUMOJCHCTBUH Iap
TpeHHS TOPMO3a YPPEKTUBHEE OTBOJUTCS KOHBEKTUBHBIM TETLIOOOMEHOM B OKPY)KAIOIIYIO CPEITY
OT JIEBOTO TOJIyIMCKA C TIOBEPXHOCTH TIOJ] OETOBOM JTOPOKKOW TPEHUS, YeM C TIOBEPXHOCTH IO
Hel, oHa cocrtaisieT 24,14 %. Jlyis mpaBoro moyaucka — Ha000pOT, ¢ TOBEPXHOCTH HaJ| OETOBOM
JIOPOKKOM TpeHus coctasisieT 24,36 %, yeM ¢ MOBEPXHOCTHU IO HEM.

AHaIOru4HO MMpoaHAJIM3UPYEM I10 BECOBOM XapaKTECPUCTUKE BBIIICYKA3aHHBIC ITOBCPXHO-
CTU CAMOBCHTHUIIMPYEMOI'O TOPMO3HOI'O JHMCKa (C (I)J'IaHLICM) C €TI0 MMOJIyAUCKaAMM:

B JICBOM
1,933
m,_ 1933 o m, 11007 _ oo
m, 11,160 m, 11,160
BHpaBOM
m 1,933
—t == b ; MH:1’177 20911
m, 11,160 m, 11,160
J 2
1 3
- 2
7 "
_ A .
slelr| sl Helzls
RREITEMERIS
‘:
4
L7
00

Puc. 4 a, 6 I'nagnwtii (a) u co0Ky (6) 6Udbl CAMOBEHMUIUPYEMO20 MOPMOZHO20 OUCKA C (hranyem u ux cocmaensaouue:
1, 2 — neBBIi ¥ IIPaBBIi MOTYIUCKH; 3 — OEroBast JOPOXKKa TPEHHUS; 4 — (IaHell JIEBOTO MOy IHCKA; 5 — KPEHeKHbIE OTBEPCTHUS;
A, b, B — noBepXHOCTH JHCKa PACIIOIOKEHEI HA, TI0J ¥ Ha er0 OETOBOM JOPOIKKE TPEHUS
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Tabnuua 4
IInomaau moBepxHocTei U Macca 3J1eMEHTOB CAMOBEHTHJIMPYEMOI0 TOPMO3HOI'0
JMCKA IPY30BOr0 TPAHCHOPTHOIO cpeacrsa Mmoaeau MAN

IToBepxnOoCcTH NHAC-
Ka, pacroJIOKEHNE [Tmontaam moBepxXHOCTEN Macca nosyAucKoB (BKIFOUUTEIBHO C
10 OTHOLIEHUIO K TIOJTY/IUCKOB, MM pebpamMy BEHTWISILIMOHHBIX KaHAJIOB), KT
0eroBoii JOPOKKE
JIEBOTO MpaBoro JIEBOTO MpaBoro

§ 26801,71 9915,65 11,007 1,177

5 16395,18 16395,18 1,933 1,933

S 73670,35 73670,35 11,160 11,160

AHanu3 MoJy4eHHBIX YHUCIEHHBIX BEJIMYMH IOKA3bIBAET, YTO TEIUIOBBIE TOKH, LUPKYIUPY-
IoIMe Mpyu (PPUKIIMOHHOM B3aUMOCWCTBUM Map TPEHUS TOPMO3a, B TeJle MOIYANCKA PEaTH3yIoT
KOHAYKTHBHBIH TEMJI000MEH B 30HY 0] 6ETOBOW JOPOKKON TpeHus. B ocHOBHOM Bo (uianern mpo-
TekaeT ux Ha 70,44 % Oombiue, yeM B 30HY HaJ Hel. B Tenme mpaBoro momsyaucka TEIUIOBBIE TOKH
KOHAYKTUBHO TOMNAJa0T B 30HY HaJ OeroBod JOPOXKKOHM TpeHus, ux Ha 21,42 % OGomnblie, yem B
30HE I0J] HEH.

3akiro4yeHue. PacCMOTpeHbl BapUaHTBl KOHCTPYKIMH CaMOBEHTHWIMPYEMBIX TOPMO3HBIX
JTUCKOB C OXJIQXKJIAIOLIMMHU JIEMEHTaMU U OlleHeHa uX 3()(HEeKTUBHOCTb.
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DiSK-KUNDOLI 9YLOC QURGULARI: NOZORiYYO, HESABLAMA VOLAYiHOLONDIiRMO
(IT hiss?)

9.X. CANDHMODOV, A.I. VOLCENKO, E.S. PIRVERDIYEV,
N.A. VOLCENKO, A.V. VOZNIY, V.S.VITVITSKIY

Maqalade soyuducu elementli siirtiinme qagis yolu ilo dziiventilyasiya olan aylocli disk konstruksiyalarin variant-
larina baxilib. Hava axinin sarfiyyati tayin olunub va taqdim olunmus konstruktiv hallsrin effektivliyi qiymotlandirilib.

Acar sozlar: disk-kiindali ayloc, oziiventilyasiya olunan aylac diski, soyutma elementlori, siirtiinmonin qagis yolu,
yuvalar va qanovlar, handasi va ¢aki xarakteristikalart.

SHOE-DRUM BRAKE MECHANISMS: THEORY, CALCULATION AND DESIGNING
(part II)

AKh. JANAHMADOV, A.I. VOLCHENKO, E.S. PIRVERDIYEV,
N.A. VOLCHENKO, A.V. VOZNY, V.S. VITVITSKY

The article examines various design options of the self-ventilated brake drums with frictional running path and cool-
ing elements. A consumption of the washing air is defined and the efficiency of solutions for the proposed design is estimated.

Keywords: shoe-drum brake, the self-ventilated brake disk, cooling elements, frictional running path, holes and
grooves, geometrical and weight characteristics.
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YJIK 621.365

K BOITPOCY KOHCTPYKIIMU U METOJUKU CTEHJIOBBIX
HUCHBITAHUU HA YCTOMYHUBOCTH OBOJIOYEK U IIJIACTUH

U.P. CAJIBITOB”

B cratbe paccMOTpeHBI MCCIeOBaHUs, KOTOPEIC MOKA3bIBAIOT, YTO JUIS UCTIBITAHUN HA KOJCOAHUs,
YCTOHYMBOCTh U CONPOTHBIICHHE YCTAJIOCTH MPH M3THOE 000I0YEK W IIACTUH NPHUHITA METOIHMKA
CTCHJIOBBIX UCHBITAHUIN 00pa3IoB 000JOYCK W TUIACTHH HAa NUKIMYECKUi n3rud. [IpenoxeH oquH
U3 BO3MOXXHBIX BapHAHTOB KOHCTPYKIIMM W METOJUKHA CTCHAOBBIX HCIBITAHWHA C MPUMCHCHUEM
CTeHJa PE30HAHCHOTO THIA, PEICTABIICHB COOTBETCTRYIOIINE pekoMeHaarmu. OTpeneneHsl cxema
u (hopMa IFKIIA HATPYXKEHUS 00pa3ia MpH IUKINIECKUX UCTBITaHNAX oOpa3ia miacTussl. [Ipemio-
JKeHa METO/IMKa pacdeTa IMapauIeIbHOTO CABUra 00pa3IoB.

Knroueewte cnosa: ycmodqueocmb, KO]le6aHu}l, conpomuejieHue ycmajiocmu npu u32u6e,
niacmuHa, 060.710117((1, CMeHO080¢e UCNbIMAHUe.

BBeagenne. Onpeznenenue ¢GopM U 4aCTOT MaJIbIX KoseOaHUH SBIsETCS HEOOXOAUMBIM 3Jie-
MEHTOM HCCJIEJOBaHUS TUHAMHKU KOHCTPYKIIMH, COJEepsKaliel 000mouku u miaacTuHbel. PadoTto-
CHOCOOHOCTh 000JI0UEK U MJIACTUH HAMPSIMYIO 3aBHCUT OT 3HAUCHHH KPUTUYECKUX HArpy30K MpU
JEHCTBUM HAa HUX CTaTHUECKUX cUJI. B TO ke BpeMsi MPOUCXOUT MOoTepst ycToiunBocTH [1].

Jlns ucnpITaHWN Ha KoseOaHWs, yCTOWYMBOCTh M CONPOTHBIICHHE YCTAJOCTH HpPU H3rube
000JI04YeK ¥ IJIACTUH MPHHATA IPUMEHseMas B HACTOAIIEEe BPeMsI METOJMKA CTEHIOBBIX HCIIBITA-
HUIl 00pa3ioB 000JI0YEK U TUIACTUH HA UUKIUYECKUI U3THO.

Ieab padoThbl 3aKIIOYAETCS B COBEPIIEHCTBOBAHNN KOHCTPYKLIMU U METOIUKH CTEHJOBBIX
ucnbiTaHuil. OCHOBHBIMHM TOJIO)KEHUSIMU METOJMKH CTEHJIOBBIX HCIIBITAHUN SBISETCS CXema
Harpy>kKeHusi, Ipu KOTOpoi oOpasen; 000JOUKHM WM IJIacTHHbBI JuiMHOHM 1.2-1.3 M pacmnonaraetcs
TOJIOBKOW BHU3 (30HA PaCTsDKCHUS).

Harpyska npuknagsiBaeTcss K cepenuHe oOpasua. McnbiTanus 1o onpeneseHuio mpenesia
BBIHOCIIMBOCTH MPOBOJATCA Ha 0aze 2% 10° UKIIOB 110 ACHMMETPHYHOMY HUKITY ¢ KO3(PHUITHEHTOM
acummetpuu 0,1.

VYcranoctHele HCTBITAaHUS OOpa3lloB MPOBOAAT HA THAPABIMYECKUX CTEHAAX C YaCTOTOM
HarpyxkeHus oT 2 a0 5 I'u. IlomydeHHas npu 3TOM BeIMYMHA IpPEEna BBIHOCIMBOCTH SIBIISETCS

*
AsepbaiikaHCKI YHUBEPCUTET apXUTEKTYPHI U CTPOUTENBCTBA
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YCJIOBHOM, TaK KaK MPHUHUMAEM JIOMYyIIEHHE, YTO HET YETKO BBIPAKEHHON TOYKHU MepesioMa, Xapak-
TEpHOU ISl KpUBOM yctanoctu Bénepa.

[ToaTomy nis mosydeHusi NaHHBIX, OoJjiee MPUOMIKEHHBIX K MPEesy BBIHOCIMBOCTH, IO
TIpeIaraeMoii MeToIMKe NCIIBITAHMS IPOBOAATCS Ha Oase 107 ukioB Harpyxenns [2, 3].

VunThIBas, YTO IS TIOTyUEHHS TpeJieNia BEIHOCIMBOCTH Ha 6ase 107 LHKIOB JOCTATOUHO
(mo HopMmam) ot 4 10 6 06pasuoB, TpedyeTcs oT 8 n0 10 MecsleB HENpepbIBHOM pabOThl OJHOTO
CTEH/Ia, TIPEJIaraeTCsl METO/ YCTAIOCTHBIX MCIIBITAHWN Tipu OoJiee BBICOKHX (10 15 - 20 I'm) ga-
CTOTax Harpy>KeHUs ¢ UCMOJIb30BAaHUEM CTEHJAa PE30HAHCHOTO THIIA, MPUHIUIHAIbHAS CXeMa KO-
TOPOro MpHUBE/IeHa Ha puc. 1.

~4000

~500

Kapday

Odpazey

1
t++ + 1

Budpamap

Puc. 1. IIpunyunuanvnas cxema cmenoa pe3oHAHCHO20 MUnaQ

IMocTanoBka 3agauu. VcrbeiThiBaeMbIil 00paserl (B JaHHOM cllydae IJIaCTHHA) YCTaHAaBIIHU-
BaeTCs B 3TOM MallMHE HA JBYX LIAPHUPHBIX OMOpaX, KPEIsIIUXcs K AByM MaccaMm C pa3InyHbIM
BECOM, KOTOpPbIE MOKOATCSA Ha MPYKWHAX, YCTAHOBJIEHHBIX HEMOCPEICTBEHHO Ha MOJ 3JaHus 0e3
UCTIOJIb30BaHMS JIOTIOJTHUTEIBHOTO (DyHIaMEHTa.
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JluHaMHUYecKue Harpy3ku B o0pasiie CO3AaloTCs ¢ MOMOIIbI0 BHOpaTOpa HampaBIEHHOTO
neiictBusi. OCHOBHOW YacThIO BUOpATOpa SBJISIOTCS JIBE HAXOJSAIIMECS B 3AICTIIICHUH IIECTEPHU C
HEYpaBHOBEILIEHHBIMU I'Py3aMH, PAaCHOJIO0KEHHBIMU B CTPOTO OIMpPEIEICHHOM MOJ0KEHUH OTHOCH-
TENBHO APYT Jpyra.

[Ipu BpamieHuu rpy30B TOPU3OHTAIbHBIE COCTABIISIONINE LEHTPOOEKHBIX CHI B3aUMHO
KOMIICHCUPYIOTCSI, @ BEPTUKAJIbHbIE CYMMHPYIOTCS, Oaroaps ueMy BUOpaTop CO37aeT Harpyxke-
HHE 00paslia TOIbKO BEPTUKAIBHBIMU ycuiausiMu. Bubpartop pasBuBaer pabouee ycunue no 80 kH
npu n = 2000 o6/mMuH. CymMMHpYSCh C CHJIaMH MHEPLMU KOJIEOIIONMXCs YacTed npu padote Ma-
IIMHBI HA BOCXO/ISIIEH BETBH PE30HAHCHOM KPUBOMH, 3Ta cuiia MoxeT Bo3pactarh A0 200 - 250 kH.
BuGparop nmpuBOaUTCS B IBHKCHHUE AJICKTPOIBUTATENIEM [4].

HcnpiTanus Ha CONMPOTUBIICHUE YCTAJIOCTH JAETajeil MOXKHO MPOBOJIUTH MPH HATPyKEHUH
00BEKTa UCIIBITAHUN B CHMMETPUYHOM M aCHMMETPHYHOM LUKJIax. [Ipu 3TOM cTatndeckoe Harpy-
JKeHue, o0ecrevnBarollee aCUMMETPHIO 1MKJIA, CO3/IaeTCsl ¢ MOMOIIBIO CIEUUANbHON MPYKUHBI,
paccuutanHoi Ha ycuiue 70 kH.

CreHJt IO3BOJISIET pean30BBIBATh B CpeIHEH yacTu o0pasia Ha JUIMHE 4 M HApsHKCHUS 13-
ru0a B COOTBETCTBHUH C AMIOPON U3THOHBIX HANPSHKEHU, PECTaBICHHBIX Ha pHC. 2.

yIII74

—P1 ¢ ‘-1‘32 A(amplituda)

7777

| zajimov

Puc.2. Cxema nazpyscenusn oopazya (cummempuunolit YUK)

Peanu3anusi mpeasaraeMoil MeTOAMKH MCIbITaAHUIA. VcTIBITRIBaeMbIe 00pa3ibl MpeBa-
PUTENBHO MEpe UCTIBITAHUAMU 0OKPAIbIBAIOTCS TEH30PE3UCTOPAMHU, PACIIOI0KEHHBIMU B CpeiHEH
gacTu 00beKTa ucnbITaHnil. OHM UCTIONB3YIOTCS NIPU 3a/IaHUH PEXMMA HATPY>KEHHS U MTOCIIeTyIO-
IIEM €ro KOHTPOJIE B IPOLIECCE UCTIBITaHu [5].

Takoit BEIOOp CXeMBbl HarpyXeHHUs MPUHAT K3-3a TEXHUUYECKUX BO3MOMXKHOCTEH KOHCTPYK-
M cteHzaa (yno0cTBO KperyieHus BUOpaTopa K IUIACTHHE) U TTO3BOJISET MOJIYYHUTh pa3pyllieHHe B
BHJIE YCTAJIOCTHOM TPEIIMHBI B IJIACTUHE. VICTIBITAaHUS TPOBOJMIIUCEH HA CTEHJIE 110 CXEME Ha IoIe-
peuHBIi U3rubd, HArpy3Ka MPUKJIAAbIBAJIAch MO0 BEPTUKAIBHON OCH CEUeHHS IUIACTHHBI C YaCTOTON
13-15 T'n.

KonTponupyeMbIMi npu UCHBITAaHUSAX MapaMeTpamMH SBIISIOTCS MEXaHHMUYECKUE Hampsoke-
HUs B TeH3opesuctopax 1(3), 2(4) (puc. 3).

Cxema 1uKIa Harpy>keHust 00pasia npu MUKJINIEeCKUX UCTIBITAHUAX MIPECTaBIeHa Ha pHC. 3.
dopma 1uKIIa Harpy>keHus 00pasia npy MUKINIECKUX UCTIBITAHUSAX PECTaBIeHa Ha PUC. 4.
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P/ Y _AE/ z P,xHA
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L/2
L
Puc. 3. Cxema yukna nazpysy#cenusa oopasuya Puc. 4. ®opma yukna nazpyscenus oopazya npu
RPU YUKAUYECKUX UCHBIMAHUAX YUKIUYECKUX UCHbIMAHUAX

[Ipu »TOM mIar mogbeMa WIM CHIKEHHUS 3aJaBacMOW BEIMYUHBI HANpsOKEHUH cienyeT
OCYIIECTBIISITh B 3aBHCHUMOCTH OT pe3yJibTaTa MpebIayniero ucnbiTanus. Eciam oOpasern paspy-
mrascst 1o ueredeHust 3aaanaoi 6a3sr (10000000 mUKIIOB), TO BETUYHMHA 32/1aBa€MOTO HATIPSHKEHUS
— Harpyska CHMXXaJlach, 1 HA00OpOT. 3a BEJIMYHMHY IlIara Mo HANpsHKEHUIO cliefAyeT npuHuMartb 10
MITa. [Ipu 3TOM 3a BenU4YMHY Mpejesia BHIHOCIMBOCTH MPUHUMAEM MUHHUMAIBHYIO BEJTUYHHY -
HAMUYECKHX HaNpsHKEHHUH, IPU KOTOpPOM 00pasell MpeanoyoKUTENbHO MPOoiIeT 3aJaHHylo 0a3y
WCTIBITAHUI.

J7iss I3MEPEHHBIX 00pa3IoB CTABUTCS 3a/1a4da ONpeaesieHUs] TAKOTO JMHEHHOTO Mpeodpaso-
BaHUS, COXPAHAIOIIET0 PacCTOSHUE (CIBUT), MPH KOTOPOM pazinyhe MexIy oOpas3liaMu MUHU-
MaJbHO.

OpHako Tpy MapauieIbHOM CIIBUTE 00pa3llOB OTHOCHUTENBHO NPYT ApPYyTa, a TaKkKe MPH UX
MOBOPOTE MEHSIETCA 00JacTh OIMpeneieHns Kaxaoro oopasua. s yuéra 3Toro 00CcTosTeNbCTBa B
o0miem ciydae BBOJIUTCS HOBasl IEPEMEHHAs — yroJl TOBOPOTA ¢ JJIsT KayKI0Tro o0pasiia.

[Tocne 3TOro METO/IOM HAUMEHBIIUX KBAJAPATOB PeEIIaeTCd 3aja4a MUHUMU3AINHA CPeTHe-
KBaJIpaTUYHOTO OTKJIOHEHUs Il Habopa U3 i o0pa3loB AJs MepeMeHHbIX ¢;, AY;, rae ¢ — yrona
npeoOpazoBaHus OBOPOTA, AY; — CIBHUT BIOJIH OCH OpJUHAT i-OT0 00pa3lia OTHOCHTEIHHO CHCTE-
MBI KOOpJIUHAT.

[TapamnensHbIi cIBUT 00pa3IOB OCyIIeCTBIsIETCS Mo hopmyram [6]:

AX =-b (1+1gf-sina)—atgp;

L (1
AY =b sina+a,
IJIe 0. — CPEIHUI YTroJl KOHYCHOCTH; f — CpeIHUH yroj rpeOHel (OTHOCUTENILHO OCH OPJUHAT); d; —
CpelHee 10 OpJIWHATe 3HAYCHHUE TPSIMOU; b; — cpemHee 1o adcIycce 3HaUeHUE MPSMOH, pUOITH-
*Karouieil rpedeHs (T. €. cpeHee 3HaueHue 1aéT abCUUCcCy CMEIIeHHS).

[MockonbKy nmapanienbHbIi CIIBUT OCYIIECTBIISIETCS 0€3 MPHUBICUYEHUS YIiia IIOBOPOTa KOOP-
JUHATHBIX OCEl, TO pe3yabTaT yCpeaHEHUs Oy/leT Mallo 3aBUCETh OT YyIila, IPH KOTOPOM IPOUCXO-
T ycpeaHeHue. Paznuure Moxet ObITh TaM, r/ie 00pa3ibl CYIIECTBEHHO OTIMYAIOTCS OT MPSIMO-
JIMHENHOU 3aBUCHMOCTH.

Cpennuii yromn ¢ (puc. 5) MOKHO ONIPENIEIUTh ABYMS ITyTSIMH [6]:

2 — KaK cpejiHee apuhMEeTHUECKOE BCEX YIIIOB;
(0 —KaK yroJj, MpH KOTOPOM CyMMa HpPOEKIMH BEKTOPOB Ha IMPSIMYIO, ONPENEIIEeMYI0 YIJIOM ¢,
MaKCUMaJIbHa.
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Puc. 5. IIpouyedypa npeodbpazosanus noeopoma npu cpagHeHuu napvl 00paA3n06 u nociedyiouem napaiieibHom coguze
001020 00pa3ya OMHOCUMENLHO OPY2020 HA MOOYIb 6EKMOPA 60016 OCU OPOUHAM

HepBLIfI CHOC06 HCXOJUT U3 PABHO3HAYHOCTHU KaXX10I'0 06pa3ua, BTOpOI71 (I)aKTI/I'—ICCKI/I Ipu-
CBaMBaeT KaxJaoMy 00pasily Bec, NMPOMOPIHOHAIBHBIN H3HOCY. B mocnemnem cirydae permmaercs
HEJIMHENHOE YPaBHCHHUEC OTHOCUTECIIBHO @y:

> |77 sin(g, - @) =0
,. @

Opnaako B OONBIIMHCTBE MPAKTHYECKUX CIIyU4aeB OYCHb XOPOIIUM NMPHUOIMKEHUEM K TOY-

HOMY PEHICHUIO MOXKET CITY>KUTh OIIEHKa MPU MAJIBIX 3HAYSHUSIX perneHus [7]:

> sinp)
Z\m\cos<@) “

Ecmu Bce yriwl ¢; 6mu3ku K TpsMoMy (ITO O3HAYAET, YTO OTCYTCTBYET M3HOC), TO M3 (2)
CIIE/TyeT, 9TO (g PABEH MPSIMOMY YTITY:

?,

O =7/2 — @y 4)

[TockonbKy (9 — yroil ¢ OChIO OPAMHAT, TO YTOJ MPeoOpa3oBaHUs MOBOPOTA MPOTHUB Yaco-
BOU CTpeNKu @ B 3TOM CiIydae paBeH HYIIIO.

3axuouenue. [lokazan oMH W3 BO3MOXKHBIX BapHAaHTOB KOHCTPYKTHUBHOTO HWCITOJIHCHHUS
MPUHIUITHAIBHON CXEMbI CTEHIAa PE30HAHCHOTO THIIA IS WCIBITAHWN Ha KOJEOAaHWs, yCTOWUH-
BOCTb W COTIPOTUBJICHUE YCTAIOCTH MPU U3TrHOE 000JI0UEK U IIIACTHH.

[IpumeHeHue cTeHAa PE30HAHCHOTO THUIA JJISi UCMIBITAHWM HAa CONMPOTHUBICHHUE YCTAJIOCTU
M0 CUMMETPUYHOMY IUKIY Ha 0a3e 10 MWIITMOHOB IWKIOB HAarpyKEHHWs, MMEIOIIETO YacTOTy
HarpyxeHust 15-20 ', mo3BoJsSET pe3KO MOBBICUTh 00bEMBI UCTIBITAHHUA, CHU3UTH CPOKH WX MPO-
BEJICHUSI, T. €. TOBBICUTH 3()(PEKTUBHOCTH UCTIOIH30BAHMS CTEHIOBOTO O0OPY/IOBAHMS.

[IpemnoxeHpl peKOMEHIAIUN TI0 UCTIBITAHUIO 000JIOUEK ¥ TUIACTHH TI0 METOJIUKE CTEHIO-
BBIX UCIIBITAHUM,

Omnpenenensl cxeMa U (GopMa ITUKIa HATPYKEHHsI 00pa3iia Mpu MUKINISCKUX HCIIBITAHUIX
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K 6onpocy koncmpykyuu u MemoouKu cmeHO008biX UCNBIMAHUL HA YCMOUYUBOCb 000I0YEK U NAACTMUH

o0pas1a MmiIacTHHBI.

[Mpemnoxkena MeToAWKa pacdera HapalieNlbHOTO caBura oOpasmoB. [lpu mapamiensHOM
c/IBUTE 00PAa3IoB OTHOCUTENBHO JIPYT APYra, a TAKXKe MPU UX MOBOPOTE MEHSIETCS 00JIaCTh OTpe/ie-
JeHHs Kakoro oopasia. [[ist yaéra sToro o0CcToATebcTBa B 00IIEM ClTydae BBOJUTCS HOBas Tiepe-
MEHHas — YTOJI TIOBOPOTA (b JJIsl K&KA0To 00pasia.
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LOVHO VO QABIQLARIN DAYANIQLIGA STEND SINAQLARININ KONSTRUKSIiYA
VO METODIKA MOSOLOSINO DAIR

I.R. SADIQOV

Magqalada baxilmis todqgiqatlar gostarir ki, 16vha va qabiqlarin ragslers, dayaniqliga vo ayilmads yorgunluga miiqavimatae
gora sinaqlar ticiin 16vhas va qabiq niimunslarinin dovrii (tsiklik) ayilmays stend sinaglarinin metodikasi gabul olunmusdur. Bu
magqsadlar liciin rezonans tipli stend totbiq etmoklo stend sinaqglarmnin konstruksiya ve metodikasinin miimkiin variantlarindan
biri toklif olunmus, miivafiq tovsiyeler verilmisdir. Lévhenin niimunasinin tsiklik sinaqlarinda dovrii yiiklonmenin sxemi vo
formas1 miioyyanlosdirilmisdir. Niimunslorin paralel siiriigmo metodikasi toklif edilmisdir.

Agar sozlor: dayaniqliq, ragslor, ayilmada yorgunluga miigavimat, 16vha, qabiq, stend sinagi.
THE QUESTION OF CONSTRUCTION AND METHODS OF BENCH TESTS
FOR STABILITY OF SHELLS AND PLATES
LR. SADIGOV

Studies show that for tests on vibration, stability and fatigue resistance in the bending of shells and plates, the method of
bench testing of shell and plate samples for cyclic bending is adopted. One of the possible variants of the design and technique
of bench tests with the use of a resonance type stand, recommendations on the test procedure. The scheme and shape of the
loading cycle of the sample during cyclic testing of the plate sample are determined. A technique is proposed for calculating

the parallel shift of samples.

Keywords: stability, vibration, fatigue, resistance in bending, plate, shell, bench test.
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UZUNOMURLULUK HESABLAMALARINDA iSTIFADO OLUNAN
KORROZIYA YORGUNLUQ OYRISININ RiYAZI MODELLORI

9.S. DHMODOV", F.M. QAFAROV", M.S. ROHIMOVA®, G.I. NAMAZOVA"

Oksar konstruksiya materiallar1 korroziya yorgunluq dagilmasina meruz qalirlar. Bu proses miixtalif
korroziya miihitindo bas verir. Hava vo korroziya miihitindo istismar olunan masin hissolori {iglin
yorgunluq oyrilori miixtolif formalarda rast golinir. Yoni onlar1 xarakterizo edon oyrilor miioyyon riyazi
modellorlo ifado olunur. Homginin, korroziya yorgunluq oyrisinin vaziyyotino miixtolif faktorlar-
materiallarin vo miihitin xassolori, konstruktiv, texnoloji va istismar faktorlari tosir edir.

Agar sozlar: korroziya yorgunlugu, dagilma, yiik, tacriiba, zadalonma.

Giris. Korroziya miihitindo masin hissalorinin yorgunluq miigavimatinin doyismasi kifayot
gadar Oyronilmomisdir. Korroziya yorgunlugunun miqdarca doqiq gqiymatlondirilmamasi aqressiv
miithitdo dagilma prosesinin inkisafi haqqinda fikir séylomoyo imkan vermir. Bu sobobdon do
korroziya miihitindo masin hissolorinin mohkomliyo hesablama metodikasinin  yaradilmasi
miioyyan problemlorlo olagalidir.

Bir sira miiolliflor hissolorin tsiklik yiiklomosindo zamanin artmasi ilo yorgunluq
miigavimatinin fasilosiz olaraq azalmasini iddia edirlor [2]. Bununla barabar, poladdan hazirlanmis
nliimunslords gorginliyin azalmasi 10...55 milyon tsikllorinds kasilmis olur vo yorgunluq oyrilari
havadaki yorgunluq oyrilori kimi absis oxuna paralel yerlosmis olur. Bu da hissalorin {izorindo
oksid pordasinin yaranmasi ilo izah edilir. Ancaq sonraki tadqiqatlar naticasinde omalagalon oksid
pardosinin kifayot qodor mexaniki moéhkomliys malik olmadigi miisyyon olundu. Dayison
gorginliklorin tasiri noticosindo oksid pardesi dagilir vo magin hissolorinin sothi miihitin tosirino
moruz qalir.

Isin yering yetirilmasi: Hal-hazirda korroziya miihitindo masin hissolori vo materiallarin
uzundmiirliilik sahosinds  fiziki doéziimliiliik hoddinin olmamasi ideyasi qobul edilir. Masin
hissolorinin miigavimatinin  doyison gorginliklorin vo korroziya mihitinin tosiri altinda
giymatlondirilmasi yorgunluq oyrisinin sol qolu iizro hoyata kegirilir. Ona goro do korroziya
yorgunluq oyrilorinin formasinin aydinlagdirilmast vo yorgunluq tocriibslorinin naticalori
analizindo statistik metodlardan istifado olunmasi xiisusi shomiyyat kosb edir [1].

* Azorbaycan Dévlot Neft vo Senaye Universiteti
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Yorgunluq tocriibalorindo istifado olunan materiallar yorgunluq miiqavimati xarakteris-
tikalarinin sopslonmosi ilo xarakterizo olunurlar. Ona gors do yorgunluq oyrilori tosadiifi xarakter
dasiyir vo tocrilbadon alinan noticolor  masin hissolorinin  xassolorini miioyyan ehtimalla
giymatlondirilir. Onlarin qiymotlondirilmasi doqiqliyi tocriibado istifado edilon niimunslorin
sayindan, tocriiba naticolorinin emal metodlarindan va s. asilidir. Yorgunluq oyrilorinin miixtalif
formalarda istifado olunmasi da oks miilahizalora gotirib ¢ixardir.

Korroziya yorgunluq oyrilorinin formalar1 kifayot qodor Oyronilmomisdir. Materiallarin
tacriibo naticalorinin analizinin statistik metodlart genis yayilmamisdir. Oksor hallarda korroziya
yorgunluq oyrilori mohdud sayda miisahidoalorin asasinda qurulur, bu da gorginlik vo ona miivafiq
olan uzunomiirliiliik arasinda olagonin  giymatlondirilmosini ¢otinlosdirir. Bu sobabdon do
korroziya yorgunlugu haqda olan malumatlarin nizama salinmasi yorgunluq ayrilorinin formasinin
Vo riyazi tosvirinin miioyyon olunmasini tolob edir.

Adoton, korroziya yorgunluq oyrilori 815 odod nilimunslorin  tocriibasi naticasindo
yarimloqarifmik koordinat sistemindo qurulur. Tabii ki, az sayda tocriibslor va onlarin sapalonmasi
doqiq yorgunluq oyrilorinin qurulmasini tomin etmir [1-5, 8].

Korroziya yorgunluq oyrilorini vahid sokildo tosvir etmok ii¢lin hesabatlarda yorgunluq
ayrisinin sol golunun riyazi modelindon istifado etmok toklif olunur.

Yorgunluq oyrilorini tosvir etmak ii¢iin Beybul torofindon

(c-or N+N) =B (1)
riyazi ifadesi iroli siiriilmiisdiir. Burada N,B,B—tonliyin parametrloridir; o, —qeyri-mohdud
bazaya (N =) uygun doziimliilik hoddidir.

Ig N,Igo logarifmik koordinatlarda korroziya yorgunlugu iizra tocriibalorin naticalori diiz

xott tonliyi ilo gostarilir [2]:
IgN=C-mlgo )
burada G — dagilmaya sabab olan cari gorginlik; N —dagilmaya uygun cari tsikllor sayidir; m vo
C - miivafiq olaraq IgN,lgo

lgo koordinatlarinda bucaq amsali ila
25 baslangic absisin qiymatloridir.
24 | Qeyd etmok lazimdir ki,
23 m vo C parametrlorini toyin
5s etmok T{clin reqressiya anali-
) T ,,,,, - zindon istifads edilir. ¢ vo N
20 , parametrlori arasindaki slagonin
sixlig1 korrelyasiya omsal1 (7 )
+ ilo xarakteriza olunur. Tacriibalor
'8 naticosindo  korrelyasiya omsa-
1.7 linmn  miixtelif miihit  ii¢giin
16 ~— 0,80..0,98 intervalinda qobul
I5-L . : edilmosi moslohat goriiliir.
5.5 5.5 6,0 6.5 70 IgN

Sokildo azkarbonlu polad

Sakil. Polad 3 markali materialdan hazirlanmis niimunalarin korroziya . .
yorgunlugu ayrilori; 1-hava; 2-4%-li NACI mahlulunda. materiallardan hazirlanmig  nii-
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munolorin havada vo korroziya miihitindo korroziya yorgunluq oyrilori verilmisdir. Sokildon
goriindiiyii kimi tocriibadon alinan ndqtalor reqressiya xotloring kifayot qodor yaxindirlar.
Asagida 4%-1i NaCl mohlulu miihitinds polad 3 markali materialdan hazirlanmis niimunslor
ticlin korroziya yorgunlugu oyrisinin riyazi ifadosi gostorilmisdir:
lgN=14981-4801-Igc 3)
Korroziya yorgunlugu oyrilorinin basqa riyazi modeli M.N.Stepnov torofindon irali
stiriilmiisdiir [6]. Yiingil xalitolor ii¢lin o,
o=allg(NV +N,)[* @)
riyazi ifadesini iroli siirmiigdiir. Burada N,a, o —parametrlordir. N, parametri yorgunluq oyrisinin

sol qolunun formasina yalniz N <105(N1 ~ 103+5-103) sorti daxilindo tosir edir. N >10’

uzundmiirliiliiylinde Veybul tenliyi ii¢iin N, =0 qobul edilir. Bu sorti (4) ifadesindo nazers alsaq,

(3) tonliyini
c=a(lgN)™* Q)
Yuxaridaki tonliyi logarifmik koordinat sistemindo
lgo=C—-alg(lgN) (6)

formasinda yazmagq olar. Burada C — parametr, C =lga.

Miixtolif aqressiv miihitlor {iciin oldo edilon yorgunluq oyrilorinin havadaki yorgunluq
oyrilori kimi stlii funksiyaya tabe olmasi qobul edilir. Bu zaman yorgunluq oyrilorinin tosvir
olunmasi ikiqat logarifmik koordinat sisteminds qobul edilir.

Tacriibalor zamani olde olunan naticalor dagilma mexanikasinin miiddealart ilo ziddiyyat
omola gotirmir. Malum oldugu kimi yorgunluq ¢atlarinin inkisaf siirati gorginlik intensivliyi omsali
funksional asililiq toskil edir. Sonsuz kicik catin uzunlugunun 4/ artimi gorginlik intensivliyi
omsalinin dk, , homg¢inin zamanin d¢ arttimindan asilidir:

dl = @,dk, + @,dt (7
Burada ¢, vo @, —xarici miihitin vo miihitin ayri-ayr1 torkib hissalorinin konsentrasiyasinin
temperaturdan asililigini ifado edon parametrlordir.

Korroziya miihitinin moévcud olmasi ¢atlarin inkisaf mexanizmini doyisdirir. Bu zaman
sothdo gqabarma, elektrokimyoavi vo kimyovi korroziya miisahido olunur. Biitiin bu mexanizmlor

lokal xarakter dasiyir, ancaq catlarin topasindoki proseslordo bag verir. Catin inkisaf siirotinin k1

omsalindan vo miitloq temperaturdan asililigi [7].
dl _—
—=flk)e ¥ 8
=) ®

U enerjisi ¢atin topasindaki bas veran fiziki-kimyovi prosess uygun galir.

Natica. Beloliklo, korroziya yorgunlugu oyrisi tonliyinin istlii funksiya soklindo gobul
edilmoasino asaslanaraq aqressiv is¢i miihit liclin korroziya yorgunluq oyrisi tonliyinin parametr-
lorini toyin etmok olar vo bu da korroziya miihitindo isloyon masin hissolori hesablamalarinin
tokmillosdirilmosine imkan yaradir. Aqressiv miihitdo tsiklik ytiklomolorin tosiri altinda isloyon
magin hissalorinin uzundmiirliililys  hesabinda materiallarin vo miihitin xassalorini, miixtolif
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konstruktiv, texnoloji va istismar faktorlarini nazors almaq lazimdir. Ciinki yuxarida qeyd olunan
faktorlar kifayot qodor korroziya yorgunluq oayrisinin voziyystindon asili olur.
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MATEMATHYECKAS MOJEJIb KPUBOI KOPPO3HOHHOM YCTAJIOCTH,
HUCHOJIB3YEMAS ITPU PACYETAX HA JOJT'OBEYHOCTD

A.C. AXMEJIOB, ®.M. TA®APOB, M.C. PATUMOBA, I'.1. HAMA30BA

BoNbIIMHCTBO KOHCTPYKIIMOHHBIX MAaTepHaoB MOABEPKEHO KOPPO3HOHHOMY YCTaJIOCTHOMY pa3pylIeHHI0. OTOT
TIpoIecc MPOUCXOAUT IIPU PA3NUYHBIX YCIOBUSIX KOppo3uH. Berpewarorcst pasmmyuHble (GOPMBI yCTaTOCTHBIX KPUBBIX IS
Jerajeldl MamuH, paboTalomuX B BO3AyXE, B YCIOBUSAX KOPpPO3UM. XapaKTePU3YIOIIUMe HX KPHUBBIE BBIPAXKAIOTCS
OIpPEJCICHHBIMU MaTeMaTHYeCKMMU MozenasMu. Ha cocrosHue KpHUBOW KOPPO3UOHHOM YCTaJIOCTU BIIUSIOT pa3jIduHbIC
(haxTOpHI: CBOMCTBA MaTEPHAIOB U OKPY)KaIoIIast Cpeja, KOHCTPYKTHBHBIC, TEXHOIOTHUECKUE U HKCINTyaTallHOHHBIE (DaKTOPHI.

Kniouesvle cnosa: xoppo3uonnas ycmanocms, paspyuienue, HazpysKa, SKCnepumenm, nogpesicoenue.

MATHEMATICAL MODEL OF CURVIOUS FATIGUE CURVE,
USED AT LONGEVITY CALCULATIONS

A.S. AHMADOV, F.M. GAFAROV, M.S. RAGIMOVA, G.I. NAMAZOVA
Most structural materials are subject to corrosion fatigue failure. This process occurs under various corrosion
conditions. There are different forms of fatigue curves for machine parts working in air and in corrosion conditions. That is, the
curves characterizing them are expressed by certain mathematical models. Including, the state of the curve of corrosion fatigue

is affected by various factors-the properties of materials and the environment, structural, technological and operational factors.

Keywords: corrosion fatigue, collapse, loads, experience, damage.
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DAXILI SILINDRIK SOTHLORIN SURTMO
OMOLIYYATI iLO EMALININ OSAS XUSUSIYYOTLORI

O.S. SARVAN"

Mogqalads daxili silindrik sathlorin son tamamlama emalinda siirtmo prosesinin asas xiisusiyyatlori
aragdirilmus, keyfiyyato tosir edon faktorlar miioyyonlosdirilmis vo emalin optimal soraiti toyin edilmisdir.
Yiiksok keyfiyyotli yonaldicilorin istehsali ii¢iin texnoloji lisullarin segilmasi, materialin fiziki-mexaniki
xuisusiyyotlorinin sothin formalagmasina tosiri vo emal rejimi parametrlorinin se¢ilmosi qanunauygunlugu
arasdirilmsdir.

Acgar sozlar: abraziv donacik, siirtma prosesi, barklik, xiisusi tozyiq, firlanma tezliyi.

Giris. Daxili silindirik sothlora qoyulmus yiliksok doqiqlik, soth keyfiyyoti vo yeyilmoyo
davamliliq onlarin emalinda silirtmo omoliyyatinin totbiqini qagilmaz edir. Bu mogsadlo yeni
kompleks emal texnologiyasi vo rejimlori islonmis - yonaldicilorin siirtma ilo emal edilon sothinin
doqiqlik vo keyfiyyetinin yiiksaldilmasi vo onun texnoloji imkanlarinin kompleks sokildo artiril-
mas1 masalalorine baxilmisdir.

Tadqiqat isi B40X (I'OCT 8731-74) markali, 127x12 ('OCT 8732-78) dl¢iilii vo HRC 32-38
borklikli poladdan hazirlanmis yonoldicilorin istehsal prosesi iizorindo qurulmus vo siirtmo
omoliyyatinin asagidaki iistiinliiklori miioyyonlosdirilmisdir:

-emal edilon sothin yiiksok keyfiyyati vo doqiqliyini tomin edir, detallarin hondosi forma
xotalarint minimuma c¢atdirir - buna yliksok borklikli abraziv hissaciklor vo togkiledici pastalar
vasitasilo ¢oxlu miqdarda tozgokilli yongarlarin ¢ixarilmasi hesabina nail olunur. Prosesin diizgiin
aparilmasi zamani bu név tamamlama emal ils islonilon sothdo 14-cii doqiqlik sinfino malik kols-
kotiirlik oldo etmok olar, bu zaman 6l¢ii vo hondasi formalarin (konusluq, ovalliq, ¢ollokvarilik)
daqiqliyi 0,001-0,002 mm gata bilor.

-yiiksok borklikli materiallar1 emal etmoyo imkan verir. Bu, yiiksok borklikli abraziv
hissaciklarin va tagkiledicilari alagalondiran pastanin kimyavi tasiri ilo miimkiin olur;

-proses detallarin ohomiyyatli dorocade qizmamasi ilo gedir ki, bu da nazik divarh
momulatlarin emali zamani halledici faktorlardan sayilir;

-detallarin fiziki-mexaniki xassalorini yiiksaldir, emal edilon sothlorin yeyilmays davamliginm
artirir, onlarin kontakt sahasini demok olar ki, iki dofoys qodor artirir [1, 2].

%
Azarbaycan Respublikast Dovlet Serhod Xidmotinin Akademiyasi
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Daxili silindrik sathlarin siirvtma amoaliyyati ilo emalinin asas xiisusiyyatlori

Osas hissa. Yonoldicilorin yekun emali iiglin asagidaki torkibdo pastalardan istifado edilir:
masin yagl — 83%; araxin — 8,5%; xrom-oksid OX — 8,5%. Bu pastalar tolob olunan hondosi
parametrlori vo sothlorin yiliksok kolo-koétiirliiylinti oldo etmoyo imkan verir. Legirlonmis vo alot
poladlarinda (XBI, 2x13, 25X5MA, 38MIOA, 12X2H4A, P18 vo s.) iri hissocikli pastalarin
torkibinds xtlisusi mahlulun miqdarma 1-2%-2 godoar, xirda hissacikli pastanin torkibinds iss 0,5-
1%-o godar xotasina miisaido verilir. Xiisusi hoalledicinin (intensifikator) torkibina 12% kanifol,
4,6% etil spirti, 32% tomizlonmomis skipidar, 10% ag neft daxildir.

Soyuducu-yaglayict maddonin torkibine miisyyon miqdarda Vud arintisinin (Bi-50%; Pb-
25%; Sn-12,5%; Cd-12,5%) tozu olave edildikdo emalin mohsuldarlifi vo alotin dayanighg:
ohomiyyotli dorocods artir. Bunun osasinda metallik orintilorin tosiri altinda bork cisimlorin
adsorbsiya mohkomliyinin azalmasi durur. ©On yaxsi noticolora pastanin torkibindo adi ¢okilon
tozun 1%-don 4%-o qodor hacminds nail olunur.

Abraziv materiallarinin konsentrasiyasinin 70-75%-o qodoar yiiksaldilmasi pastanin qatiligini
azaldir vo onun is¢i aloto ¢okilmosi sortlorini pislosdirir. Bork pastalarda hissaciklorin
konsentrasiyast hom do abraziv materiallarin tobiotindon asilidir. Almazli mikrotozlar ii¢iin bu 2%-
don 10%-o godor, digor abraziv materiallar {i¢iin iso 10%-don 50%-9, bozi hallarda iso 70%-o qodor
toskil edir. Siirtmo aloti abraziv hissaciklori vo pastani dasimali, saxlamali, homginin yiiksok
sortliyo malik olmalidir - emali tamamlanmis sothin yekun qurulusu onun formasindan asilidir.
Oksor hallarda siirtmo alatinin is¢i sothinin formasi detalin sothinin formasma uygun golir. Emal
edilon sothin keyfiyyatino silirtmo alotinin nisbi horokoti do boyiik tosir gostorir. Diizalislor vo
qurasdirmalar zamani siirtmo alatlorino trayektoriyasi tsikloid, epitsikloid, sokkizvari, bdyiik
radiuslu ayrilar, diiz xatlor va s. soklindo ayrilarls tosvir edilon horokatlor verilir [3].

Cuqundan basqa, bozi hallarda miixtolif tozvari materiallarin qizdirilib yapisdirilmasi ilo oldo
edilirmis siirtma alatlorinin tatbiqi do miisbat naticolor verir. Tozsokilli materiallar qisminds domir,
mis, qalay, qurgusun, nikel, paslanmaz polad, volfram karbidi, keramika vo s. birlosmolordon
istifado edilo bilor. Almaz mikrotozundan istifado etdikdo qrafitli toskiledicilorin orta statistik
diametri, yaxud da eni tozun hoddi denovarliyinin, grafitli toskiledicilorin enindoki orta kvadratik
sapma iso pardagalama liclin 4-7 mkm, tamamlama emali {iciin 1,5-5 mkm diapazonunda
yerlogmolidir. Yuvalarin emali iigiin nozordo tutulmus silirtmo alotlorinin klassik formasi konus
soklindo morkozi yuvaya malik oymagin oxu boyunca hamar koski soklindadir. Daxili sothin
konuslugu adoton 1:50, yaxud da 1:30-a qobul edilir. Belo soth siirtmo alotinin dayaqda yaxsi
galmasint tomin edir. Daqiq yuvalarin tamamlama emalinda istifado olunan siirtmo alotinin
dayaqda yanvurmasi 0,01-0,02 mm-dan, onun diizgiin hondasi formadan sapmasi isa 0,005-0,01
mm-don artiq olmamalidir.

Siirtmo alotinin vo konik dayagin konusluq bucaglarinin {ist-listo diismosino, homg¢inin
onlarin oxlarinin diizlondirilmasine xiisusilo sart toloblor qoyulmusdur. Bucaglarin tist-iisto diismosi
stirtmo alotinin dayaq iizro horokot etdirilmosi zamani alotin borabor sokildo agilmasina, oxlar
arasinda ¢opliyin olmamasi is9 alotin silindrik sathinds slava xatalarin yaranmamasina komak edir.

Agilan stirtmo alotinin xarici is¢i sothi tokco hamar yox, hom do miixtolif név ganovlu olur.
Bunlarin asagidaki novlori totbiq olunur: sag vintvari, sol vintvari, ikili vint, eksentrikli, “yolka”
tipli, “sahmat” tipli, uzununa, birgs uzununa vo vintvairi vo s. Profilinin formasindan basqa
ganovlar1 eni vo dorinliyino goro do forqlondirirlor. Qanovlarin ssthdo yerlosmosi vahid sahoya
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diison qanovlarin say1 (n) ilo xarakterizo olunur. Vintavari qanovlarin hom do addimi (P)
mioyyanlosdirilir [4].

Soth keyfiyystino xiisusi toloblor qoyuldugu hallarda basqa ndv qanovlar da yaradilir,
mosalon is¢i sothindo xagvari sirimlart vo spiralvari uzununa kosiklora malik siirtmo alotlori.
“MotorPal” zavodunda (Cexiya Respublikas1) 6-10 mm-o qador diametrli yuvalarin tamamlanma
emal1 li¢iin nazik polad voragodon hazirlanmis siirtma alotlorindon istifado edilir. Siirtmo aloti
0ziindo emal ii¢lin nozordo tutulmus pastani saxlamaga xidmot edon vo bir név ganovlar rolunu
oynayan c¢oxlu yuvalar1 olan silindrik borunu ehtiva edir. Siirtmo alotinin elastiki yarpaqlari
ovvolcodon ddyonoklonmis polad, yaxud da berelliumlu tuncdan diizoldilmis yay moftilindon
hazirlanir. Belo siirtmoa alotlorinin totbiqi doqiqliyine yiiksok taloblorin qoyulmadigi 1-5 mm-o
godar diametrli yuvalarin tamamlama emali ii¢clin daha magsadouygun sayilir. 5-500 mm-a gador
diametrli yuvalarin tamamlama emali ii¢lin TOS zavodunda (Cexiya Respublikasi) sokiilo bilon
yayalti siirtma aloti toklif edilmigdir.

Bucagli qanovlar soth keyfiyyetinin yiiksoldilmosinds daha yaxsi naticalor verir. Bu halda
stirtmonin dayanighigmi 10-15%-0 qodor artirmaq olar. Yaponiyada miixtolif diametrlords
hazirlanmig oxlar1t macburi yerdoyismoli emal disklorine malik NSK firmasinin dozgahlar1 genis
yayilmisdir. Almaniyada diyircoklorin sothi iki ¢arxin faskalar ilo yaradilmis bucaq ganovu ilo
emali toklif edilmisdir. Bu halqalar miixtolif spindellorde barkidilmisdir vo miixtalif istiqgamatlordo
firlanirlar. Yuxari torpanmaz disk diyircoys lazimi tozyiqi tomin edir.

Yonoldicilorin emali zamani siirtmo alotinin yeyilmosino bir sira faktorlar tosir gostorir:
prosesin davamiyyati - t, detalin firlanma tezliyi - n, siirtmo alatinin iroli-geri horokot siirati — Vi,
vo pastada abrazivin konsentrasiyasi. Cuqun silirtmo disklorinin texnoloji xiisusiyyatlorini
yaxsilasdirmaq T{ciin onlarin legirlonilorok miixtolif omoliyyatlarla tamamlanmasi hoyata
kecirilmisdir. Legirloyici element kimi fosfor, kiikiird, titan, siirma vo nikeldon istifado edilmisdir.
Miioyyon edilmisdir ki, galay vo siirmonin 0,1%-don 1%-0 qodor artirilmasi siirtmo alotinin
borkliyini demok olar ki doyigmir. Kiikiirdiin paymin 1%-o qoder artirilmasi ilo onda sorbest
sementit togkiledicilori hesabina agarmis struktura malik disklor oldo edilmisdir. Sinaq naticolori
gostormisdir ki, digor materiallarla miigayisads torkibinds 0,16-0,2% kiikiird olan ¢uqun disklor
daha az yeyilmoyo moruz qgalir vo emal edilon sothds daha kigik dl¢iilii kolo-kotiirliik yaradir.

Tamamlama proseslorinin mexanizmini todqiq edarkan, iki asas amili nazors almaq lazimdir:

1) abraziv hissaciyin sarbastlik doracalorinin sayz;

2) hissaciyin emal edilon metal sothlo qarsiligli slagasinin novii;

Abraziv hissociyin sorbastlik doracalorinin sayr onun siirtmo alstinin sathino borkidil-
mosindon asili olaraq, 1-don 6-ya qodor doyisir. Abraziv hissaciklorin siirtmo alstinin vo detalin
sothino yiiklonmasi dorocosi xiisusi ¢oki, siirtmo alotinin vo detalin borkliyi, onlarin nisbi
yerdoyismosinin kinematikas1 vo abraziv hissociklorin donovarliyi ilo miioyyan edilir:

T, S,
T o, S det.

Burada T, vo Ty slirtmo aloti vo detalin barkliyi; Sy vo Sy hissociyin siirtmo alati va detal ilo
kontakt sahasi; Ry silirtmo alati vo detalin siirtgii maddosi ilo nisbi riitubotlonmasi (nomlonmosi);
Rix - slirtmo alotinin vo detalin sothinin nisbi kolo-kotiirliilik omsalidir. B<1 olduqda abraziv
hissaciyin slirtmo alstino yiiklonmasi, B>1 olduqda iso abraziv hissaciyin detala yiiklonmasi
ehtimal1 realdir.

B = Rs RkAk (1)
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Hissociyin detalin sothi ilo garsilighh slagosinin giymatlondirilmasi iiclin 4/p nisbatindon
istifado etmok olar, burada 4 — hissociyin sotho batma dorinliyi, p-iso hissociyin doyirmilik
radiusudur. Metali cizan indikatorun / batma dorinliyinin onun zirvesinin p doyirmilik radiusuna
nisbati soth qatinin deformasiyas1 xarakterini toyin edon parametr kimi gotiiriilo bilor. 4/p<0,02
oldugda elastiki, 0,02<h/p<0,5 olduqda plastiki deformasiya, A/p>0,5 olduqda iso metalin
kosilmosi prosesi bag verir [5]. Abraziv hissaciklorlo metalin mikrohacmlorinin plastiki vo elastiki
deformasiyalar1 ehtimalinin, homginin mikrokasilmasinin toyin edilmosi {igiin tosadiifi ehtimalin
paylanmasi - y= A/p tapilmisdir.

Tocriibalor gostorir ki, bir doqiqe orzinds ¢ixarilmis metalin hocminin emal miiddstindon
asililigr oyrixotli xarakter dasiyir. Bu todricon igo ovval iri hissociklorin, sonra iso digor
fraksiyalarin daxil olmas ilo slagadardir. Tablandirilmis niimunslorin yuvalarinin siirtms ilo emal
zamani elektrokorund hissaciklorin dayanigligi elborlu ilo miiqayisodo 2-3 dofo asagi, almazli ilo
miigayisads isa 5-6 dofoyo qadar az olur.

Abraziv hissociklor va ig¢i mayenin suspenziyada optimal nisbotindon istifado abraziv
sorfiyyatini 50-90%-9 qader azaltmaga imkan verir. Maye c¢atismazlig1 olduqda abrazivlorin siirtma
aloti, homginin detalla kontakti vo hissociklorin alotlo tutusmasi artir, noticodo do emal edilon
sothds xarakterik dorin ciziglar yaranir. Maye haddon artiq ¢ox olduqda iso demok olar ki, biitiin
hissaciklor yerdoyisma edorok-firlanir. Buna goro do bu halda emal edilon soth ¢oxsayli ¢okiiklorlo
vo tutqun rangda alinir [6]. Inersiyali dairavi siirtmo omoliyyat: zamani abraziv vo mayenin optimal
miqdarinin miioyyon edilmasi ii¢lin eksperimentlor aparilmisdir. Hissocik niimunosi kimi oktaedr
gobul edilmisdir. Hesablamalar gostorir ki, emal diskinin iizorindoki abrazivin maksimal miqdari
5,6 g/m’ toskil edir.

Stirtma prosesi vo onun effektivliyi tokco abraziv materialin tobisti vo hissaciklorin dl¢iisii ilo
yox, hom do silirtmo pastasinin torkibi ilo miioyyon edilir. Pastanin vo suspenziyanin torkibino
soyuducu-yaglayici, disperloyici vo yuyucu maddolor daxil edilir. Qeyri-abraziv hisso yaxud da
pastalarin vo suspenziyalarin maye-axici torkib hissolori asagidaki osas funksiyalar1 yerino
yetirmolidir:

1) abraziv hissociklorin vo mayenin siirtmo alstinin, eloca do detalin sothindo borabor
paylanmasini tomin etmok;

2) yapismis yonqarlari, istifads edilmis va siradan ¢ixmis abraziv hissaciklori, eloca do xirda
fraksiya hissaciklorini konarlagdirmag;

3) emal edilon detalin sothinds formalasma va dispersiya sortlorini yaxsilagdirmag;

4) emal edilon sathlori soyutmag.

Hava vo bark cismin sorhoddindo mayenin sothi gorilmasi no godor kigik olarsa, maye bork
cismin sathinds bir o qadar yaxs1 yayilacaqdir. Axiciliq haddine on bdyiik tosiri mayenin 6zliiliiyli
gostorir. Tacriibalor almazsiz va torkibinds 1% almaz hissaciklori olan pastalarla aparilmisdir.
Miioyyan edilmisdir ki, pastaya almaz tozunun daxil edilmasi ilo onun yaglayici xassolori pislosir.
Bu xassonin doyismasi pastanin qgeyri-abraziv hissasinin torkibindon asilidir. Tacriibalor ikidiskli
SLZAZ-400 tipli dozgahda, 38 m/dag kosmo siiroti, 49 kN/m’ tozyiq altinda aparilmis, emal
miiddati 6 doqiqe toskil etmisdir. Sinaq niimunalori HRC 63-64 borkliyino malik olmus, onlarin
nahamarliglarinin orta hiindiirliiyti ise 2-2,5 mkm haddinds olmusdur.
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Isci mayenin prosesin mohsuldarligima olan tosirinin todqiqi gostoerir ki, dzliiliiyiin 1,18-den
10,7 °Eago-0 qodor doyismosi mohsuldarligin texminon 2,5 dofoye qodor artmasia gotirib cixarir.
On bodyiik mohsuldarliq 6zliilityiin 2,25 °E,g qiymetindo bas verir.

Pasta vo suspenziyalarin qeyri-abraziv hissosi dispersiyalasmani vo emal edilon sothin
formalagmasini yaxsilagdirir. Bu homin sathdo miixtalif tobistli ortiiklor yarada bilacok mayelorin
xassalori ilo slagodardir. Belo xassalor mayelorin torkibing bazi sathi-aktiv, adi polyar maddslorin
(APM) daxil edilmasi ilo miimkiindiir [7]. APM-in tosiri ondan ibaratdir ki, onlar dislokasiyalarin
xarico c¢ixmasini asanlasdirir vo bununla da metalin xarici sothinin enerjisini azaldir,
deformasiyanin yiingiillosdirilmosinin effektivliyi deformasiyanin toyin edilmis siirotindo daha
ohomiyyatli olur.

Siirtmo ilo emal prosesinin effektivliyina xiisusi tozyiq miihiim tosir gostorir. 147-196 kN/m?
tozyiq diapazonunda yast1 siirtmo ilo emal zaman1 metalin ¢ixarilmasi tozyigo proporseonal olaraq
doyisir. Tozyiqin sonraki artimi zamani mohsuldarligin artmasi asagi diisiir, 245-295 kN/m’
tozyiqdo iso miioyyon dorocado azalma da miisahido edilmisdir.

Q=cVptR (2)

Burada: Q - ¢ixarilan materialin miqdari, ¢ - materialin emal olunmasini nozors alan oamsal, p
— xiisusi tozyiq, t - zaman, R- slirtmo rejimindon asili olan amsal, V — siirtma siiratidir.

Stirtmo ilo emalin mohsuldarhigini artirmaq vo emal edilon sothin yiiksok keyfiyyatds
olmasina nail olmaq {igiin prosesi ilkin olaraq 50-75 m/dog, sonda iso 25 m/doq siiratlorindo
aparilmadir. Qeyd edilir ki, 6-10 mm diametrli yuvalarin siirtmo ilo emali zamani tablandirilmis
polad detallarin emali ilkin olaraq 50-100 m/daq, sonda iso 10-20 m/daq siiratlorinds aparmaq
lazimdir.  Siirstin tamamlama emalina tosiri haqqinda basqa fikirlor do mdvcuddur. Masalan,
tamamlama emalinin siirotinin 8-don 12 m/dag-o gador artirilmast metalin ¢ixarilmasina elo do
miihiim tosir gostormir.

Maye miihitin-siirtma alati ilo emal edilon soth arasindaki toboqgonin qalinliginin 6l¢iilmasi
haqqinda tocriibolor gostordi ki, mayenin Ozliliiyli ilo tobogonin qalinligi arasinda hec bir
ganunauygunluq yoxdur. Lakin, bels tobagoalorin qalinlig1 siirtms alstinin detalin sothino gostordiyi
tozyiqdon ohomiyyatli doraceds asilidir. Tozyiqin artmasindan asili olarag, tobagonin qalinligi
kaskin sokilds azalir.

Stirtmo alatlorinin dozgahdan ¢ixarilmadan yiiksok doqiqliklo diizonlondirilmasi layiholon-
dirilmis xiisusi qurgu vasitoasilo miimiikiindiir. Diizlondirms xiisusi dozgahda oldugu kimi, ii¢ diskin
(asag1 vo yuxart disklorin, eloco do yoxlama diskinin) ardicil garsiliql siirtiib uygunlasdiril-
masindan ibaratdir.

Miiayyan edilmigdir ki, siirtmo alatinin yuvalardaki yerdoyisma siiratlorindaki 1-2 dovr/daq
forq ona gotirib ¢ixarir ki, yuvanin konuslugu kobud emalla, eloco do tamamlama-siirtma emali ilo
miigayisads 1,5-2 dofo artir. Yuvalarin geyri-doyirmiliyi demak olar ki, elo homin hadlords qalir.
Yonoldici yuvalarin oyrioxlugunun 0,002 mm-o godor azaldilmasi ii¢ ardicil siirtmo ilo emalin
aparilmasini tolob edir. Bu zaman konusluluq vo konsentriklik artiq ilk iki slirtmo amoliyyatindan
sonra  miisaido hoddino catir. Yuvalarin oyrioxlugunun aradan qaldirilmasi intensivliyinin

giymatlondirilmasi omsali-
H, - H,

R=—"— 3)
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Diisturu vasitosilo aparila bilor. Burada H;, H, - siirtmo ilo emaldan ovval vo sonra oyri
oxluluglar arasindaki forq, AR - tamamlama emali zamani ¢ixarilan materialin miqdaridir.

Siirtmo ilo emal prosesi 6zliiylindo abraziv hissociklorlo yiiklonmis siirtmo aloti vo detalin
qarsiligh kasilmosini gostarir. Sotho yiiklonmis hissocik dedikdo onun yiiklondiyi sothlo iki vo daha
cox kontakt sothlori olan hissacik basa diismok lazimdir. Detalin emali zaman1 hissocik siirtmo
alotino sdykonorok kosmo prosesini hayata kegirir, lakin onun kosma qiivvasino miiqavimati kifayot
etmoadikdo homin sathdon ¢ixarilmasi bas vers bilar.

Stirtmo alotinin vo detalin satholori arasinda qalxmis vaziyyotdo olan hissacik sothlorden
birins yapisib digori ilo toxunmayan hissacik kimi kasma prosesini hayata kegira bilmoz. Buna gora
do detalin vo slirtmo alatinin sathi ilo konatkata malik olan hissocik onlara eyni qiivva ilo tosir edir
va kasma prosesi kasma-cizma zonasinda yaranan tozyiq hesabina gedir.

Stirtmo ilo emal prosesinin sxeminin kinematik analizi gostorir ki, kosmo prosesi kosmo
qiivvasinin oxboyu - Py, radial - Py vo tangensial - P, toskiledicilorinin birgs tosiri ilo xarakterizo
edilir. Bu qiivvalorden hor biri uygun olaraq tig¢ - Oy, Oy vo O, istigamatlorinde yénolmisdir vo emal
prosesi zamani yaranan kosma qiivvelorinin miivazinat sistemini togkil edir.

Bucagq siirati - Vg4, toxunma oyrisinin uzunlugu - ¢, detalin radiusu - R va s. aid edildiyi
siirtmo ilo emal prosesinin kinematik parametrlori sothlorin formalagmasina vo emal prosesing
ohomiyyatli doracads tosir gostorir.

Kinematik parametrlorin qiymatlori arasindaki miitloq asililiq dozgahin tonzimlonmasindon
sonra, kinematik zoncirin qapanmasi hoyata kegirildikdo miioyyonlosdirilir. Kinematik
xtisusiyyatlorin tadqiqi hondasi vo kinematik asliliglart vo onlarin asasinda aparilmis hesablama-
larla emal prosesi zamani bas veran qanunauygunluglarin tosvir edildiyi riyazi formalar1 toyin
etmoyo imkan verir. Kinematik parametrlordon asili olaraq, 6z novbosindo siirtmo alstinin
yeyilmosi xarakterino vo bununla da emalin daqiqliyina, keyfiyyatino vo mohsuldarligina 6nomli
tosir gostaran xatti va bucaq siiratlori doyisir. Siirtma ilo emal prosesinin kinematik parametrlorinin
solis vo ya koskin sokildo doyismosi bir ¢ox hallarda prosesin gedisinin dayanigliginin
qiymatlondirilmasinds halledici amil olur. Siirtma alatinin is¢i sathinin yeyilmasi xaraktering tosir
gostoron miixtalif kinematik amillorin daha miikommol aragdirilmasi ii¢iin biitiin név horokotlori,
stirtiinmo qiivvalorini, siirtinmo omsalini, xiisusi tozyiqi vo s.-i xarakterizo edon qiivvelori do
nazors almaq lazimdir.

Stirtma ilo emal prosesinin texnoloji imkanlariin todqiqi zaman1 oksor hallarda niimunsnin
va siirtma alotinin horokot xarakteri vo emal siirotinin doyismasi asas holledici amillor olur.

Natica. Daxili silindrik sothlorin slirtmo prosesi ilo emal1 zaman yliksok soth keyfiyyati vo
0l¢ii doqigliyi almagq tigiin asagidaki asas texnoloji masalalori hall etmok lazimdir:

Stirtmao ilo emal prosesinin asas parametrlorini nozors almagla, kinematik vo dinamik analiz
aparmag;

Stirtmao ilo emal prosesinin asas parametrlorindon asili olaraq, toskiledici kosmo qiivvalorini
tadqiq etmok - bu parametrlorin miimkiin minimal qiymatlori asasinda kosmo qiivvalarinin
parametrlorini optimallagdirmaq;

Stirtmo ilo emal edilmis daxili silindrik sothlorin doqiqlik gostoricilorinin formalagmasi
ganunauygunluqlarini analiz etmak.
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Kosmo rejimi elementlorindon vo siirtmo ilo emal prosesinin digor parametrlorindon asili
olaraq, kolo-kotiirliiyli todqiq etmok. Sothin minimal kolo-kotiirliikklo emalini tomin etmok mogsadi
ilo bu elementlori va parametrlori optimallagdirmaq.

Soth qatinda qaliq gorginliklorin xarakterini vo paylanmasini, eloco do sothin ddyonoklon-
maosini siirtmo ilo emalin asas parametrlorinin tonzimlonmasi vastosilo idars edilmasi maqgsadi ilo
tadqiq etmak.

Urtmo ilo emal prosesi zamani texnoloji varisliyin sothin doqigliyine va keyfiyyatino tosiri
mexanizmini tadqiq etmak.

Asag sortlikli, yiiksok doqiqlikli nazik divarli detallarin emali zamani siirtmo ilo emal
texnologiyasini v alot sazlamalarini tortib etmak, onlarin sonaye sinagini hoyata kegirmok.
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OCOBEHHOCTH OBPABOTKH BHYTPEHHEN ITWJIMHIPUYECKOMN
MNOBEPXHOCTH NPOIIECCOM INPUTUPKHN
A.IIl. CAPBAH

B crarbe nokazaHbl OCOOCHHOCTH HPUTHPKH BHYTPEHHUX LMJIMHIPHUYECKMX MOBEPXHOCTEH IPH OKOHYATEIbHOH
00paboTke; ompeneneHbl (aKTOphl, ACHCTBYIOLIME Ha KAadeCTBO W ONTHMAJbHBIE YCJIOBUS 00paboTKM; caenaH BBIOOP
TEXHOJIOTMYECKUX METOJOB JUIS IIPOM3BOACTBA BBICOKOKAYECTBEHHBIX HAIPABIIAIOIINX, ONPENEICHO BIMAHUE (H3UKO-
MEXaHMYECKHX CBOMCTB Marepuaiga Ha (OPMHPOBAHUS MOBEPXHOCTEH, ITOKAa3aHBI 3aKOHOMEPHOCTH DPEXHMa IIapaMeTpoB
00paboTKH.

Kniouesvle cnosa: abpasusnoe 3epho, npoyecc npumupku, meepoocmn, yoeibHoe 0agneHue, Yacmoma 6paujeHus.

THE MAIN FEATURES OF PROCESSING OF THE INTERNAL CYLINDRICAL
SURFACES BY LAPPING OPERATION
A.Sh. SARVAN
The article shows the features of grinding in the internal cylindrical surfaces at final processing, the factors which in-
fluence the quality and optimal processing conditions. We have investigated the choice of technological methods for the pro-
duction of high-quality guides, the influence of the physical and mechanical properties of the material to form surfaces and
have shown the choice of patterns of processing parameters mode.

Keywords: abrasive sand, rubbing process, hardness, special pressure, rotational frequency.
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DIFFUZION METALLASDIRMA USULU iLO BORPA OLUNMUS
PRESIZION HiSSOLORIN CATDIRMA PROSESININ NOZORi
OSASLARI

O.G. HUSEYNOV', X.A. KAZIMOVA', S.A. 9SODOV"

Magqalads presezion ciitlarin abraziv ¢atdirma prosesinin keyfiyyast parametrlorinin qarsiliqlt tosirina
vo mohsuldarliq mosaloloring baxilmigdir. Malum olmusdur ki, karbidxromlu sothlordo ¢atdirma
omoliyyat: ii¢iin abrazivin barkliyi 2720030600 MPa haddleri civarinda olmalidir. Bu planda karbid
titan1 daha boyilik maraga sabab olur.

Acar sozlar: abraziv, ¢atdirma, diffuziya, barklik, emal, ortiik, detal, material.

Abraziv c¢atdirma prosesinin fiziki mahiyyati. Movcud todqgiqatlara vo istehsalat
tocriibolorino osaslanaraq hesab etmok olar ki, abraziv ¢atdirma prosesi mexaniki vo fiziki gozto-
ricilorlo tayin olunur. Bu gdstaricilora osaslanan nozori tadgiqatlar A.V. Subnikov, 1.V. Qrebensi-
kov vo P.A. Rebinder kimi akademiklor, homginin do digor todqiqatcilar torofindon dyronilmisdir.

Bork cisimlorin abraziv hissociklorlo ¢atdirma prosesinin mexaniki hipotezi siisonin
cilalamas1 vo pardaqlamasi {iciin ilk dofo R. Qukov torofindon toklif edilmisdir. Hissolorin qopmasi
v kasilmasi, emal edilon materialin diizlosdirilmasi, yonqarin vo doyanayin ¢ixarilmasi elementar
mexaniki proseslorinin macmusu kimi bark cisimlorin abraziv dagilmasi A.V. Subnikov torafindon
inkisaf etdirilmisdir. Istonilon prosesin iistiinliiyii emal edilon materialin vo abrazivin (barkliyi,
mohkomliyi, elastikliyi, abraziv hissociklorin formasi) fiziki-mexaniki xiisusiyyatlori ilo
saciyyolanir vo kasmo rejimindon, prosesin kinematikasindan asilidir.

Sarbost vo borkidilmis abraziv hissaciklorin qarsiliqli tasiri zamani bark cisimlorin  dagil-
mast mexanizmin forqlondirici xilisusiyyati kimi c¢atdirma prosesi gostaricilorinin (mshsuldarlq,
detalin soth qatinin vaziyyati) catdirma prosesi faktorlarindan - siirat, tozyiq, emalin névii va s.
asililigini gostormok olar. Alinan todqgiqatlar naticosindo gostorilmisdir ki, dagilma prosesi asason
abraziv hissaciklorin miivaqgati barkidilmasi zamani1 mikrokasilmonin hesabina bas verir.

N.I. Bogomolov vo bir sira alimlor torafinden abraziv ¢atdirma prosesinin todgigati zamani
molum olmusdur ki, abrazivin siirtkiido miivoqqati borkidilmo dovriinds sorbast abrazivlo gedon
emal edilon sothin mikrokosilmo prosesi borkidilmis abrazivli kosmo prosesino oxsardir.

" Azorbaycan Texniki Universiteti
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Borkidilmis, eloca do sarbast abrazivli ¢atdirma prosesinin asas faktorlarinin mohsuldarliga vo emal
olunan sathin kolo-kotiirliiyiine keyfiyyotco eyni tosiri miisahido olunur.

L.V. Qrebensikov torofindon toklif edilon kimyovi-mexaniki nozoriyyade metallarin
catdirma prosesino baxilmisdir. Abrazivin rolu metallik sothdo fazilosiz olaraq amolo golon oksid
pordolorin mexaniki yolla tomizlonmosindon ibaratdir. P.A. Rebinderin fikirlorino gérs, metallarin
va digor matriallarin abrazivlo emal prosesindo, detalin materialinin abraziv mexaniki dagilma
prosesilo eyni zamanda fiziki-kimyavi vo adsorbsiya proseslorido bas verir. Molum olmusdur ki,
materiallarin abraziv ¢atdirmasi zamani hom fiziki-kimyoavi, hom do mexaniki proseslor bas verir.
Naticalar bu vo ya digor prosesin hocmindon va iistiinliiklorindon asili olur.

Detallarin miixtalif abrazivlorlo emal prosesinin masin hissalorinin istismarinda siirtiinon
sothlorin abraziv yeyilmosi prosesi ilo bir cox {imumi cohotlori vardir. I. V. Kraqelski bork
cisimlorin abraziv yeyilmosino mikrokosilmoni, materialin elastik vo plastik deformasiyani
yaradan, bark cismin sath qatinin mikrohacmlorinin kovrok dagilmaya moruz qoyan donlorin
mexaniki tasirinin naticasi kimi baxmisdir.

M.M. Xrusov vo M.A. Babicevin tosovviirlorino goro bork cisimlorin abraziv yeyilmo
mexanizmi materialin yeyilon soathdon xirda yonqgar soklinds vo ya deformasiyaya ugramis ciziglar
otrafina itolonmis dagilmis hissaciklor soklinds, yaxud da bir vo ya tokrarlanan tosirlo daha xirda
parcalanan kovrok dispersiya hissociklori soklindo dagilir. Toxmin edilir ki, deformasiya edilmis
capiqlarin konarlarindaki qalaqglar tokrar deformasiya zamani abraziv hissaciklorlo gotiiriiliir.

Sorbost vo borkidilmis abrazivli bork cisimlorin abraziv yeyilmoasino aid bir ¢ox
todqiqatlarin naticasi gostarir ki, garsiligli alagads olan cisimlorin materiallarinin dagilmasi prosesi
hom ¢otin, hom do miixtolif géstoricilora malikdir [5].

Diffuziyal ortiiklorin emali iiciin abraziv materialin borkliyinin secilmasi. Abraziv
hissaciyin metaldan mikrokosma prosesini hayata kecirmasi {iciin asagidaki sort 6donmalidir.

h
S2K, (1)

Burada h- abrazivin metala daxil olma dorinliyidir; p- kontakt sahasinds abrazivin radiusudur; K-
mikrokasilmo prosesindon plastik deformasiyaya kecid omsalidir.

I. V. Kragelskinin molumatlarina asason [3]:
Stirtgiilii sothlor {igiin K, = 0,3; Siirtgiisiiz sathlar li¢iin K, =011

> giymati pritirin vo emal olunan materialin borkliyindon, Abraziv hissociyin hondosi

formas1 vo barkliyindon asilidir. Abraziv pastanin torkibinds steorin, parafin, olein tursusu vo
bagqalar1 vardir. Buna gora ds K,, = 0,3 qabul etmak olar.

Metalin maksimum ¢ixarilmasini agsagidaki boraborsizlik tomin edir [2,3]:

Hy
P Ky (2)

Burada H,- abrazivin borkliyi; Hy,- materialin borkliyi; Kp - omsaldir; K, qiymoati 1,4+-2,0 hodd
daxilindadir.

Prisezion detallarda diffuziyali rtiiklorin mikroborkliyi H;%° = 16000 <+ 18000 MPa
toskil edir.

Ifado (2)-yo goro borkidilmis abrazivlo kosmo prosesinin maksimum mohsuldarligi
H, > K, Hy, miisahido olunacaqdir. ©gor amsalin orta qiymetini Kz = 1,7 qobul etdikdo lazimi
sorti ala bilorik, yoni H, = 27200 <+ 30600Mpa.
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Cadval
Abraziv materiallarin fiziki-mexaniki xarakteristikalari
O
= - =2 = ) ot - '
& S = = 3| E - S s e S
- = b=} —_ A
- = 3 E=| TE| ER 55 £7R E -
- E ® S s&=| 22| B8 £ g = <3
g = = Eg| 32 |SE| 25 | 8258 | £ 25 |2E
2 50 po o Tl GoE| E e = S=° |5 &
k E 2 £E2|:5|12%| E& | 2= | 2% | &3
3 g T | E2 |92 23 | 22 s |EX
= 2 |ET | g 2% | &% "z |23
= |5 |8 | “F| ¢ : < |7
o
Almaz 3,48+3,56 100000 900000 000 0,350 | 0,9+1,45 | 210+490  [700+800 0,12
Elbor 3,45+3,47 90000 720000 500 0,100 | 2,5+4,7 | - 13001500 0,16
Bor karbidi 2,48+2.52 3700043000 296000 |1800 0,025 | 4,5 210280  [700+800 -
Caxmagq dast 3,12+3,20 30000+32000 [365000 [1500 037 |6,5 50+150 1300+1400 0,14
A elektrokorund | 2,00+2,10 20000+24000 | - 760 0,047 | 7,5 8090 1700+1900 0,18
Titan karbidi 4,93 32000 322000 3850 0,058 | 7,42 600660 3140 -
Vofram karbidi 16,60 17300 722000 3000 0,070 | 52+73 | 520+560 2600 -

Cadvoldon  goriiniir ki, tolob olunan borkliyo qeyd olunan materiallar malikdir: almaz,
elbor, borun, titanin, silisiumun karbidlori. Belo moalum olur ki, diffuziyali ortiiklii presezion
detallarin emali {i¢iin genis yayilan pastalarin istifadosi miimkiin deyil. Masolon, ag elektrokorund
osasli pastalarda mikrokosilmonin sortlorini tomin etmir.

M.M. Xrusova gors abrazivin moéhkomliyi H, = K, H,, ifadesindon artiq olduqda praktik
olaraq metalin ¢ixartlmasina tosir etmir. Codvoldon gdoriintir ki, karbidtitan pastalar tolob olunan
sortlori 0dayir

Mexaniki emalda diffuziyali ortiiyiin mikrokasilma prosesina abrazivin xiisusiy-
yatlorinin tasiri. Yiikiin tosiri altinda abraziv hissaciyin kontaktda olan metala daxil olma dorinliyi
miidyyon h,,,, qiymoto malik olur, sonra h,,,,/p > 0,3 sortindo mikrokasilmo effekti miisahido
olunur. Metala abraziv hissonin tasiri onun hondasi vo mexaniki xiisusiyyatlori ilo xarakterizo
olunur. Abraziv hissaciyin hondasi formasi materialin ilkin donovarliyinden asilidir. Abrazivin
formasini asagidaki Slgiilorlo tosvir etmok olar: hocm radiusu R vo ¢ixintilarin radiusu ryvo 1y,
metalla kontakta giron (sokil 1 a) vo ya ekvivalent radiusun ohatasi ilo kontakta giron (sakil 1 b).

Daha bork vo moéhkom materialda abrazivin zirvalori onun abstrakt hocm radiusundan R
daha kigik radiuslarla ohats olunmusdur [2]. Deformasiyanin xiisusiyyatini qiymatlondirmak {i¢iin
tez-tez sokil 1 a-da gdstorilon donin hondasi formasini gobul edirlor.

Abstraktlagdirilmis donin xiisusiyyastlori funksional olaraq kontaktda olan radiuslardan r;vo
1, asihidir (sokil 2, b) vo 6z ndvbasinds eyni istigamatdo olan ayrinin qdvslori ilo hocm radiusu R
kasismolidir.

Bu abrazivin tilinin dinamiki méhkamliyi vo dayaniqhigi ilo sortlonir, oks halda iso agor
qovs r;, r; vo R-9 tors miitonasib olan ¢opliyo malik olarsa o zaman dononin topasi sina bilor. Eyni
istigamatds olan oyri ilo qdvsiin haddi vaziyyati AK toxunanidir (sakil 1, v). Bu model {igiin A
birlogmo ndqtasine uygun olan batma dorinliyi 4 vo bu voziyyato uygun 4/, nisbatini tapaq. Ogor
batma dorinliyi hy,,,=DC borabarliyini asarsa, o zaman h/r; nisbati doyismoyacak, ¢iinki hor iki
0l¢ii proporsional olaraq artacaqdir:

h/l"]z(l"] — CO])/I"]
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ACO iigbucagindan goriiniir ki:
h R -1

Eo1- 3)

ri a

a Ol¢iisiinilin gqiymotindon asili olaraq ti¢ hal miimkiindiir:

a) R>a, kiirovi abrazivin modeli tosvir edilir;

b) a>R, bu halda abrazivin hondasasi doyisir vo o dartilimig formada olur. Onda 7; radiuslu
cixint1 asagl dayanigligina géro material ilo kontaktda ola bilmadiyindon sistemi xarakterizo edo
bilmir;

¢) a=R, abrazivin r; radiuslu ¢ixintis1 metalla kontaktda ola bilor. Bu hal daha realdir. Basqa
s0zlo (3) ifadosi asagidaki sokildo yazila bilar:

Burada (1) ifadesini do nozoro almagla
tapariq ki:

. . = K,R

2 A\ Belaliklo do, 7 < K,R radiuslu
cixintilar mikrokosilmo yarada bilmok

ticlin lazim olan darinliys bata bilmaz.
- - (1) ifadosino asason mikrokosilmo

zamani batma dorinliyi h > K,R ola-

. caqdir, lakin bu zaman h < h,,,, serti
R O0donmolidir ki, burada da h,,, -—
abrazivin ¢ixmtisinin sindigi maksimal

batma dorinliyidir.
Abraziv hissocyin dagilmaya mii-

b e . . N
,} o L qavimatini hissaciya tosir edon qilivvaya
Sakil 1. Abraziv hissanin modellasdirilmasi: . . o
a, v — ii¢ radiuslu modellasdirma, b — kiira il> barabarlogdirmoklos, hissaciyin pargalan-
ma sortini almis oluruq:
_ 2 _
P, = 05, TR* = H, A, 4)

Burada oy, — abrazivin sarti sixilma garginliyi; H,, — metallagdirmadan sonra sathin mikrobarkliyi;

A, — faktiki kontakt sahasidir.
r; radiuslu vo h,, 4, batma dorinlyine malik ¢ixmtinin faktiki kontakt sahaosi:

Ay = 211 Ry (5)
Miivafiq olaraq (4) va (5) ifadslorindon alariq ki:

hmax

- = Usar/ZHuCZ (6)

L&
Burada C = K,
(1) vo (6) ifadoaloring asason aydin olur ki, mikrokasilmo

hmax j— 2 o-sar
e Ogor/2H,,C* > K, va yaxud C < /ZHqu

olduqda bas verir.
Beloliklo do abrazivin ¢ixintilari
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Rmax Osor
r1 < 1/2HMKP )
sorti 6dondikdo mikrokasilmo bas verir.

Karbidotitanli pastada abrazivin diffuzion ortiiys batma hadisasini tadqiq edok.

TE = % > 0,3 oldugda mikrokasma effektini olds etmis oluruq.
1

Buradan da aydindir ki, 4 > 0,3R, lakin bu prosesin tam getmesini tomin etmir, ¢linki
mikrokosms zamam (7) ifadssindoki gort odonmslidir. Onda H, = 16000 MPa va oy, =

3800 MPa olduqda biz alariq ki:
n < 3800 — 0620
R = |2-16000:03

n
—=<0,6
R

Yaxud da toqribon

Beloliklo do, karbidotitan pasta ilo diffuzion ortiiklorin mikrokosma abrazivlorin detal ilo
kontak zonasinda ¢ixintilarinin radiusu 0, 3R<r<0,6R soarti 6donildikdo bag verir.

Analoji olaraq miixtalif denoverlikli karbidotitan pastalar1 (M markali) {iciin diffuzion
ortiikklorin kosmo sortlorini alariq: M 100/80 - 15<r<30mkm, MI14 — 2,1<r<4,2 mkm; M7 —
0,9<r<1,8 mkm; M3 — 0,45<r<0,9 mkm.

Plastiki va elastiki deformasiyalar detalin materialinin r=0,6R va pritirin materialinin »=R
oldugu halinda bas verir, lakin pritir omoliyyati ilo uygunlasdirma zamani bu deformasiyalar ¢oxlu
sayda tokrarlanmadigindan materialin ¢ixarilmasina praktiki olaraq tosir etmirlor. Hissociklor
torofindon icra edilon vo kontakt bolgosinde donslorin ¢ixintilart ilo genis deapazonda hoayata
kecirilon metalin kosilmosini mikrokasilmo miioyyon edir (diffuzion ortiiklor {iciin 0,3R<r<0,6R,
pritirin material1 {i¢iin iso 0,3R<r<R).

Belaliklo hesab etmok
olar ki, abraziv hissaciklorin

G”I G” G"

goxu pritir ilo emal edilon
materialin arasina diisiir vo
mikrokosmoni icra edir.
Araboslugunda horakatin
davaminda batma dorinliyi
todricon maksimal h,,,,-a catir
vo abraziv hissocik olavo bir

——— ——

. . 7
godar do metal kosilmasini icra i 4/
edorok dagilir. B 4/
Sokil 2-do  abraziv . ) . o ) .

. L K Sokil 2. Abraziv dananin emal olunan detal va pritir ilo qarsihiqh tasir sxemi:
hissaciyin emal edilon detal vo G~ mikrokasilma sahosi "' > K ,R; G'- plastiki deformasiya sahosi
pritir ilo qarsiligh tosiri tosvir h" > K,R; G'- elastiki deformasiya sahasi h' > K ,R.
edilmisdir.
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Catdirma emali zaman1 mikrokosmoa prosesi detalin enino vo uzununa kosiklorindo -
minimal araboslugu zonalarinda daha intensiv gedir. Bu kasiklordo pritirin sixilmast vo
mikrokasilmoni tomin edon ¢oxlu sayda pazvari arabosluglarinin yaranmasi zamani sothlorin on
boyilik yaxinlagmasi bas verir (pritirin forma xotasinin yuvanin baslangic formasinin xatasindan
daha az oldugu qabul edilmisdir). Belaliklo do, gézlomoak olar ki, ¢catdirma emalinin mahsuldarligi
slirtma pastasinin denavarliyinin artmasindan asili olaraq ytiksalmalidir.

Presezion hissalorinin araboslugunda mexaniki emali zamam araboslugunda abraziv
hissaciyin kineamtikasi. Diffuziya metallamasi ilo barpa edilmis prisezion hissalorin mexaniki
emali zamam araboslugunda abraziv hissaciyin kinematikasmin todqiqi {i¢iin 1.V.Kraqelski vo
Q.Y.Yampolski torafindon verilmis metodikadan istifado edok.

Diffuziya metallamasindan sonra prisezion hissalor tolob olunan hondosi formadan
miioyyon sapmalara malik olur: konusvarilik, ovalliq, ayrilik va s. Pritirin sothi do forma xotasina
malik ola bilocoyindon emal zamani Slgiilori abraziv hissociklorin 6l¢iisiino borabor olan gostorilon
miixtolif forma xstalarin birge movcudluglart yaranir. Bunun naticesindo emal edilon sath vo
pritirka arasindaki arabosluglari enino vo uzununa istiqgamotlordo pazvari formalara malik olur.
Bundan basqa mexaniki emal zamani pritirin sixilmasi prosesi zamani slava pazvari arabosluqlari
da yaranir.

Bunun ad:1 iki piramidadan 1
ibarat ¢oxbucaqli soklinde model-
londirilmis, pritir vo emal edilon
materila batan abraziv hissociyin
hondosasino  baxaq (sokil 3).
Abraziv hissociyin pritir ilo ilo
pazvari arabosluguna ¢okilmasi
zamani mexaniki emal1 sokil 4-do
gostorilmis model soklindo tosvir
etmak olar. Umumi halda horokatin

ti¢ variantt miimkiindiir; -
a) abrziv hissocik pritirin
sothino borkidilib vo onun Vs 2 3
stirati ilo horokot edir; Sokil 3. Abrazivin daxil olma sxemi:
b) abrziv hissocik emal 1- pritir, 2— emal olunan detal, 3— emal olunan detalla

. . ‘geqe prtir arasindaki araboslugu
edilon detalin sathino barkidilib va

onun Vg siirati ilo horakot edir;
c) abraziv hissacik gah pritirin gah da emal edilon alatin sothina barkidilib.
Umumi halda hissaciyin siiratini sothlorin siirotinin xotti kombinasiyalar1 kimi do yazmagq
olar:
V =al;+ BV,
Burada a vo  — hissociyin miivafiq olaraq 1 vo 2 sothlorino borkimo ehtimaldirir (burada 1-
pritirin sathi, 2 iso emal edilon detalin sothidir). @ vo § —nin toqribi qiymatlori asagidak: ifadslorlor
toyin edilir:
H, Hy

adQ=——-; =
H, +H, g H, +H,
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Burada: H; — emal edilon detalin, H, — isa pritirin
sothinin barkliyidir.

Abraziv hissociyin /4 batma dorinliyindon asili
olarag onun O/02-OC koordinat sistemindo getdiyi
mosafoni toyin edok. Sothlorin miixtalif borkliyinde
(H,>H,) abrazivin zirvasinin a vo b ndqtalori aa, vo
bb, diiz xatlori lizro harokot edir, abraziv hissacik daha
az borkliyo malik olan sotho batir vo uygun olaraq
Oa;>Ob; alinir (bax saokil 4, a).

bb,O va bb;K elaco do, aa,O va aad

ticbucaqlarinin oxsarliq sortindon aliriq ki:
x=0C22 =gclrypla =9
Oa,, Ob, va OC élgiilarini toyin edok. Abraziv
hissaciyin metala batma dorinliyi méhkomliys tors

mitonasibdir:
Py _ Hi o Oby _ Hi (8)

hz - Hz Oaz Hz
Eyni zamanda da

Sakil 4. Araboslugunda abraziv hissanin
kinematikasi: Ob, + Oa, = 2R 9

1 — pritirin sathinda elementar saha,
2 — presezion ciitiin sathinda elementar saha,

Burada R — abrazivin hacmi radiusudur.

3 — pazsakilli araboslugu (8) va (9) ifadalorini birlikds hall etmakls
alariq ki:
Oa, = 2R—2—; Ob, = 2R 12
H1 +H2 H1 +H2
Onda
Xx=0CL2=0C2t vox = oty (10)
Ob, oa, 2tgy; Hy

Gedilon masafs ifadasini (10) siirato boliib abraziv hissaciyin arabosluguna daxil oldugu
andan /4, va h; batma dorinliklorina ¢atana qodor onun araboslugunda harokot miiddatini tapagq:
o h(HtH) (it H)
2tgyiHi(aVy + BVy)  2tgyHy(aVy, + BV)
Abraziv hissaciyin arabosluguna girdiyi andan dagilana qadar har bir sath tizra getdiyi L; vo
L; mosafoni toyin edok. Bunun ii¢iin dononin sathloro nozoron nisbi siirotini tapmaq lazimdir. /
sothini torpanmoz olaraq qobul edok. Bu zaman abraziv hissociyin ona nozoron V,; nisbi horokot

stirati siiratlor farqine asason tapilacaqdir:
Vor = aVy + BV, —V,

Analoji olaraq abraziv hissaciyin 2 sathina nozaran nisbi harokat siiratini Vj,-ni tapaq:
Vo = aVy + BV, —V;
Beloliklo do
L =1V, = hy(H; + Hy)(aV; + BV, — Vy)
2tgyH, (aV; + BY;)
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h,(Hy + Hy)(aVs + BV; — V)
Ll == TVO]_ ==
2tgyHy(aVs + BVg)
Detal vo siirtgli aloti arasinda horokot etmoklo batmasinin artmasi ilo abraziv hissocik
sathlorin har birindon miisyyon miqdarda metali deformasiyaya ugradir.

qumdc = qumd + Vkmdc

qumd = §Skth2

v, :Ehg’t 2
kqmd 3 29

1
Vimac = gskmeC (11)
0C = L,cos(0C,"L,); cos(0OC,"L,) = 1 oldugundan OC = L, gobul edirik, onda:
V2

Vkmdc = 3 h%LZtg(p

(11) ifadssini nazors almaqla 2 sothi ii¢lin deformasiyaya ugramis hocmini tapagq:

_V2hitge .. Vg
Viemac = 6 PBtgyi ( aVs"'ﬁVy)
G, =V, = qumd + Viemae

V2 [ 1 v, ]

G, = —hit 2t 1-—2—
2= 3 zg<p_\/_g<p+2ﬁtgyi( avs+%)_

Analoji olaraq / sathi ti¢iin iso:

V2 [ 1 v o]

G, = —hjt 2t 1-—2—
1 =3 hitge \/_g<p+2ﬁtgyi( aVs+BVg)_

Metal kosilmasini defromasiya hocmlori vo pritir ilo emal edilon detalin sathi ii¢iin dl¢lisiiz
xarakteristikalarla ifado edok:

_Vz2(h 3 3p3 Y

G =2 (rl) CR*go [V2tge + (1= o) (12)
_ V2 (h, 3 3p3 1 Y

G, = 3 (rz) C°R°tge \/Etggo + 2Btgy; (1 avs+/3vg) (13)

Burada R — abraziv hissociyin sothini ohato edon sferanin radiusudur.

Mikrokasilma sortlori yerino yetirilon zaman(11) vo (12) ifadslori vahid abraziv hissacik
torofindon kasilon metalin hocmini gostorir.

Presizion detallarin ¢catdirma emali zamam prosesin mahsuldarhgi. Catdirma
emali zamani prosesin mahsuldarligini vahid zaman arzinds kasilon metalin xiisusi hacmi kiitlasi

ilo gqiymatlondirmok olar:
GNa

W= p, & (14)

Burada W — c¢atdirma prosesinin mohsuldarligi, mq/daq; G — abraziv hissacik torafindon
materialin kosilmasi, mm’; N; — catdirma prosesindo istirak edon abraziv hissociklorin say1; T —
emal miiddeti; p,,, — emal edilon materialn sixlig1, mq/mm’.

Pritirin sothindo qalinlig1 Z fraksiyasinin bir zarrociyinin orta dlgiisiino malik qalinliginda
olan pasta gatinin oldugunu qobul edirik. Pritirin sothino barabor qalinliqda pasta ¢okildiyindon va
daha sonra siirtgli kip sokilds emal edilon detala yerlogdiriyindon bu hal gobuledilondir. Pastanin
artiq miqdar1 ya barabor sokildo paylanir yaxud da detalin yan sathino dogru horokot edir.
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Bir qatda vahid sotho diison abraziv donslorin sayt:
ng = 3K /4mR? (15)
Burada K- abraziv donslorin pastada konsentrasiyasidir.
Pritirin sothinin sahasi asagidaki ifada ilo toyin edilir:
Ssur = ZnBsrs
7, — pritirin radiusu; By — siirtgiiniin hiindiirliytidiir.
Pritirin sothindo abraziv hissociklorin say1:

N; = 2nBsrgngy (16)
(15) barabarliyini (16)-da yerino qoysaq alariq:
3KBsrs
Ny === (17)

(13) ifadasinds //r; nisbatini gy, /2H,, C 2 ilo avozlomkls G; ligiin ifadoni almis olurug.

Daha sonra iso (14) ifadesindo G, vo Nynin (17) ifadssindon alinmis giymatlorini yerino
goymagla mexaniki emal zamani prosesin mohsuldarligini giymotlondirmok {igiin lazim olan
asililigr tapmis oluruq:

KBgr

3 s
W=, 2 tge |V2tge +

16" M™H,53c2 1 2Btgy;

Vg
aVs+BVy

(1- (18)
Pritirin sothindon ¢ixarilan metalin hacmini tapmagq iicilin ds anoloji ifadeni yazmagq olar.
Pazvari arabosluguna golon abraziv hissocik miioyyon batma dorinliyino ¢atdiqdan sonra

parcalanaraq xirda hissolora ayrilir. Daha sonra iso dono (d+Ra) Olciisiindon artiq olmayan Ol¢ii

alana qoador tokrar olaraq pargalanacaq, burada 6 — doydurulan ortiiyiin qalinli§i; Ra — is9 kals-
kotiirliiylin hiindiirliytdiir.

Cixarillan metalin tam hacmini toyin etmok ti¢iin K, — biitiin yaranan qolpalori nozara
almagqla, hissacik torafindon onun parcalanmasi anina qador onun ¢ixardigi metalin ne¢o dofo
artidigin1 gostoron par¢alanma omsalini nozoro almaq lazimdir. Sozsiiz ki, K, emal edilon
materialin vo pritirin borkliyindon, abraziv hissaciklorin mexaniki xassolori vo hondasasi
formasindan asilidir. Parcalanma omsalinin toqribi giymati [1] isdo gostorilmisdir.

Son olariq aliriq ki:

W = N3 K053 R KBgrs 1

T e (1 - ) (19)
Diffuziyon ortiiklorin mexaniki emali zamani metal ¢ixarilmasi prosesin mohsuldarliginin
analizi ti¢lin (19) ifadesindan ti¢ qrup amillari forqlondirak:
1. Abraziv materialin xarakteristikas1 — 4

Vg
aVs+pVy

tge \/Etggo +

2. Pritirin vo emal edilon materialin (diffuzion ortiiyiin) mexaniki xassolori — M.
3. Pritirin, emal edilon detalin va abraziv hissaciyin handasi va kinematik parametrlori — Q.
Bu zaman (19) ifadasini asagidaki sokildo yazmaq olar:

V2
W = pK,AMQ (20)

Burada
A= (Ka$3r3R)/CZ
M=1/H}
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KB 1 Vy
Q= V29 + gy O~ )

A — faktorlar qrupu pastada abraziv hissociklorin konsentrasiyasi, eloco do mikrokasilmo
sortlori daxilindo hondasi vo mexaniki parametrlori xarakterizo edir. K — pastada asas fraksiyanin
donolarinin paymi (%-19). Bu 6l¢ii diffuzion xromlama ilo borpa edilmis sothdon ¢ixarilan metala
proporsionaldir.

Pastada mikrotozun donavarliyinin artmasi miioyyon haddlor daxilindo mohsuldarligin
artmasina imkan verir. Ciinki bu halda donslorin ¢ixintilarinin radiusu artir bu da boytiik 4,,,, batan
dorinliklorinin yaranmasina va dolayisi ilo har bir dons torofindon onun dagilmasina qodor daha ¢ox
metalin ¢ixarilmasina gotirib ¢ixarir. Abraziv xiisusiyyatin asas gostoricisi metalin deformasiyasi

vo mikrokasilmo zamani donslorin dagilma intensivliyini xarakterizo edon donslorin oy, sorti

sixilma gorginliyidir.

Bork diffuzion ortiiklorin emali zaman (H;°° = 16000 -+ 18000 MPa) daha mohkom vo
bork abrzivlordon istifade etmok mogsodouygundur. Buna gora do gézlomak olar ki, karbidotitan vo
sintetik almaz mikrotozlar1 osasli abraziv materiallardan istifado metal cixarilmasi prosesinin
mohsuldarligini artirmaga imkan verir.

M —faktorlar qrupu metal ¢ixarilmasi prosesinin mohsuldarliginin emal edilon materialin
barkliyindon asili oldugunu gostorir. Onun artmasi ilo metal ¢ixarilmasi onun qiymatinin kubu ilo
tors miitonasib olaraq azalir. Q faktorlar qrupu metal ¢ixarilmasi prosesina detal, pritir vo abrazivin
hondasi vo kinematik parametrlorinin tasirini gostarir. V; va V; siiratlori metal ¢ixarilmasi prosesing
nisbaton az tosir gostorir. Lakin siiratin sathi kolo-kotiirliik vo metal ¢ixarilmasina tosirinin tacriibi
todqgigatin1 aparmaga ehtiyac vardir.

Mikropazlarin y; bucaginin dl¢tilori sothin barpa rejimlorindon, onun kolo-kétiirlityiindon va
s. amillordon asilidir. Buna goéra do y; bucaginin 6liigiisiinii nozori olaraq toyin etmok ¢otindir. Emal
rejiminin, abrazivin, abraziv materiallarin vo donovarliyin konsentrasiyasinin emal edilon sathin
kolo-kotiirliiyiine tosiri verilmisdir.

Belaliklo da, noazori todqiqatlar gostorir ki, prosesin mohsuldarligi vo emal edilon sothin
koalo-kotiirliiyii bir ¢cox amillorden:

W= f(asarr /8' Yis Pmo Vs' Vgr H;u Kg' K, Bsr Ts Vo S)
astlidir.

(18) — (20) ifadolorino daxil olan Olgiilorin hesabi toqribi naticalor verir, lakin prosesi
keyifyyat néqteyi nozorindon tosvir etmoys imkan verir. Praktiki mogsadlorlo alinmis asililiglarin
totbiginin effektivliyini qiymotlondirmok tiglin diffuzion karbidoxromlu ortiiklorlo tocriibi
todqiqatlarin kegirilmasi daha mogsodouygundur.

Nozoari todqiqatlar asagidaki noticolori ¢ixarmaga imkan verir:

Notica. Materiallarin abraziv emali zaman1 miirokkab fiziki-mexaniki vo fiziki-kimyovi
proseslor gedir. Kosmao prosesinin fiziki-mexniki modelino asason abraziv materialin, pritirin vo
emal edilon materialin mexaniki xarakteristikalari, eloca do onlarin handasi vo kinematik
parametrlori arasindaki asililiglart gostoran ifadoslor ¢ixarilmisdir.

Catdirma prosesinin mohsuldarligi shomiyyatli doeracads abrazivin barkliyi, mohkomliyi,
eloco do onun donoavarliyindon asilidir. Gostorilmisdir ki, karbidoxromlu ortiiklorin ¢atdirma emal
zamani abrazivin barkliyi 27200...30600 MPa haddlorinds olmasi lazimdir. Belo borkliyo miixtolif
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materiallar: almaz, elbor, titan karbidi malikdir. ©On bdyiik sixma gorginliyino miigavimato, basqa
s0zlo hom do on bdyiilk mohkomliyo titan karbidi malikdir. O nisboton daha ucuz materiallar
sinifing aiddir. Bununla slagadar olar moahz titan karbidinin praktiki qiymatlondirilmesine daha ¢ox
maraq vardir.

Catdirma emalinin mohsuldarligi emal edilon material vo pritirin borkliyi ilo xarakterizo
olunan mexaniki xassalori arasinda asililigindan asilidir. Emal edilon materialin barkliyinin artmasi
ilo prosesin mohsuldarligr kubik asililigla azalir, abraziv materialinin barkliyinin artmasi ilo iso
proporsional olaraq artir.

Presezion detal ciitlorinin tamamlama emali zaman1 metalin ¢ixarilmasi abrazivin pastadaki
konsentrasiyasindan, onun pritir vo detal arasindaki araboslugunda yerdoyisma siiratindon, eloco do
pritirin handasi dl¢iilorindon asilidir.

Baxilmis kosmo prosesi vo mohsuldarliq arasindaki keyfiyyot garsiligh alagolori diffuziya
metallamasi ilo barpa edilmis yliksok daqiq detallarin ¢atdirma emali prosesinin tocriibi tadqiqatlari
osasinda toyin edocokdir.
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TEOPETHYECKHWE OCHOBBI JOBOJIKH! MPENW3VNOHHBIX TETAJIEN,
BOCCTAHOBJIEHHBIX JA®®Y3INOHHOW METAJUIN3AITMEN
AT.TYCEMHOB, X.A. KSI3UMOBA, III.A. ACAJIOB
PaccMOTpeHBI Ka4eCTBEHHbIE B3aUMOCBS3HU N1apaMeTPOB Ipolecca abpasuBHON JOBOJKH NPELM3HOHHBIX Map U MPOU3-
BOAUTENIBHOCTB 3TOT0 mporiecca. [TokazaHo, 4To ais OBOJAKH KapOMIOXPOMOBBIX MOKPBITHI HE0OX0AUMa TBEPAOCTh abpasu-
Ba B ipegenax 27200+30600 MITa. HauGonsimmii mHTEpEC MpeAcTaBiIsieT KapOux TUTaHa.
Knrouesvie cnosa: abpasus, 00600ka, ouggysus, meepoocms, 06pabomra noKpeimusi, 0emab, MamepuaJ.
THEORETICAL FOUNDATIONS OF THE BOARD OF PRECISION DETAILS RESTORED
BY DIFFUSION METALIZATION
A.G. GUSEINOV, Kh.A. KAZIMOVA, Sh.A. ASADOV
Quality interconnections of the precision pairs abrasive lapping process and their productivity are considered. Its
shown that for carbide chrome coatings lapping the abrasive hardness within 27200-30600 Mpa range is necessary. The

biggest interest in this case presents titanium carbide.

Keywords: abrasive, finishing, diffusion, hardness, treatment, coating, detail, material.
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Y/IK 622.276
TEYEHUE I'A30 KNJIKOCTHBIX CUCTEM B TPYBOITPOBOJAX

M.A. IAJIALII-3AJIE", C.1. MAHCYPOBA®

B cratee mpemmaraeTcs MeToaMKa pacdera ABYX(asHOM cucTeMbl B TpyOaX. JlaroTcsl pacdeTHbIC
METOJBl ONpEAETICHNUS OCHOBHBIX IapaMeTPOB Ta30-)XKUIKOCTHOTO IOTOKA, TPENJIOKEHBI pacdeTHBIC
(hopMyITBI U OTIpEICIeHNSI 00bEMHOT0 PAacXo/1a )KUIKOCTH H Ta3a.

KiroueBblie ciioBa: 006veMHblIL pAcx00, CKOPOCMb, RIOWAOb, OUHAMUYECKAS 653KOCHID,
ouamemp, OuHaA mpy6oNpPo8ooa.

Beenenmne. [Toutn Bo BceX OTPaCisiX MPOMBIIIICHHOCTH MbI CTAIKUBAEMCS C IBYX(a3HBIM
TEYEHUEM, Mapo- WM Ta30KUAKOCTHBIMH cucTeMaMmu. Hambomnee pacmpocTpaHEHHbBIE MPOMBIII-
JIeHHbIe OOBEKTHI, I/ie HaOmonaeTcs AByx(}a3Hoe TeYeHHUe, - 3TO MapoOBbIe KOTIbI, KOHACHCATOPHI
ra3a v He)TerpoBO/Ibl, HCTIAPUTENIN U YCTAHOBKH, HCIIOJIb3yEMbIC B CYJOBBIX CHCTEMAX.

Bce mopckue maByune ycTaHOBKH (CyJa, TuIaBydue miat(opmbl, OyKCHPHI U T.J.) UMEIOT
CYZOBBI€ TH/IPABIMYECKAE CUCTEMBI. DTHU CUCTEMBI CIYKAT JUIsl IPHHSTHS )KUKOCTU Ha OOPT Cya-
Ha, IEpPEeMEILEHHs ee 10 CyIHYy U yaajeHus 3a O0opt. ['mapaBnuueckas cucteMa BKIIOYAET B cebs
HACOCHBIH arperat M TpyOOIIPOBOJHYIO C€Th M COCTOUT U3 MPUEMHON W HAOPHBIX LUCTEPH, TPYO,
COCJIMHSIONINX IIMCTEPHBI C HACOCOM, PETYIHPYIONIEH U pa30OUIMTENBHON apMaTypbl, TEII000-
MEHHBIX aIlmnapaToB, GUIBTPOB U JPYroro 0OOPYIAOBAaHHS, COSAWHEHHOTO MO 3aJaHHOH cXeme,
obecneunBaromIeil Tpedyemoe nepemerienue onHoda3HeIx win AByX(dasHbix cuctem. K takoit cu-
CTeMe OTHOCSTCSI CXEMbl KOHJICHCATHON CHCTEMbI TAPOTYPOUHHON YCTAaHOBKH, TOIUTMBHASI CHCTEMA
CyZiHA C JU3EIIbHON 3HEPTEeTUYECKON YCTAaHOBKOM.

MocTranoBka 3agaun. OCHOBHBIMHU MapaMeTpaMU JAHHON CHUCTEMBI SIBISIOTCS PAacXoi U
Harop TpyOonpoBoaHOM ceTH. Pacxona cetu mpeacrapiser co0oi KOJIMYECTBO JKUAKON HIIM ra3o-
o0pa3Hoii (ha3bl, MPOXOAAIILH uepe3 TPyOOIIpOBOAHBIC CHCTEMBI B €TMHUIIC BpeMeHH [ 1-6,8].

Lenp paboThl — pa3paboTaTh METOUKY pacyera I CHEeIMAIMCTOB MO pacyeTy nepenana
JABJICHUS ¥ PACXO/I0B MIPU TEYCHUH Mapo- U ra30’KUIKOCTHBIX CMecei B TpyOONpoBoiax M TerIo-
OOMEHHHUKAX.

OTMeTuM, 4TO, HECMOTPSl Ha 3HAYUTEIBHBIA OOBEM HCCIICAOBAHHIA IO Ta30)KUIAKOCTHBIM
tedeHusiM, B 50% ciydaeB HaOMIOAAIOTCS MOTPEUIHOCTH TMPEUIOKEHHBIX MeTonoB. MmxeHep-
MEXaHUK, MOJIarasch Ha COOCTBEHHBIN OIIBIT, JIOJDKEH OLIEHUTH TPEOYEMYIO BEIMYHHY PACUETHBIX
napameTpoB. HeomnpeaeneHHOCTh MPOTrHO3a CBsi3aHa ¢ OOJBIINM YUCIIOM MEPEMEHHBIX, XapaKTepH-

* v v v
AsepOaiipkaHCKUN TOCyIapCTBEHHBIH YHUBEPCUTET HE)TH U MPOMBIIITICHHOCTH
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Teuenue 2az302CUOKOCMHBIX CUCTEM 8 MPYOONPO8OAax

3YIOIUX Ta30’KUIKOCTHBIE TeueHUs. B maHHOM ciydae morpeboBanachk Obl Ype3BBIYAHO OOIIHp-
Hasl IporpaMMa MCCIICIOBAHUN TSI TIOTy4deHus Oosiee TouHOM nHpOopMarmu. OTMETHM, Y4TO 3HAYe-
HUS TIoKazaresield oJHO(pAa3HOTO TEUCHHS XKHUIAKOCTH WU Tasza SBISIOTCS B OCHOBHOM AMITUPHYE-
CKHMU.

B nanHoMm cnyuae paccMaTpuBarOTCS JIUIIL OTAEIbHBIE TIEPEMEHHBIC MTapaMeTphl, XapaKTe-
pHUBYIOIIME TEYCHUE Ta30’KUIKOCTHON CHUCTEMBI: O0BEMHBIN PacXo]l, PacXOJHOE Ta30CoAepKaAHUE,
MJIOTHOCTH U BA3KOCTH XKUJIKOCTH U Ta3a (Tiapa).

B crathe mpeayaraetcs MeToJMKa pacdyeTa OCHOBHBIX TapamMeTpoB JABYX(a3zHOTO MOTOKa,
TaKHUX KaK )KHUIKOCTh M ra3, HA OCHOBE PEKMMa JIBFKEHUS OTICIBHBIX (a3.

PaccmoTpum ycTaHOBHBIIIEECS JJAMHHAPHOE IBUKCHUE CMECH B KPYTJIOH TpyOe B YCIOBHUAX
BITOJTHE C(hOPMHUPOBABIIETOCS MTOTOKA, T.€. MOJjaras, 4To Ha4aJlbHOE CeUEHHUE MOTOKA HAXOUTCS Ha
PAcCTOSIHUM OT BXOJa B TpyOe, JOCTATOYHOM Il 00eCTIeYeHNsT YCTOWIMBOTO PACIIPENEICHHS CKO-
pOCTEi B TIONIEPEYHOM CEUCHUH.

OcHoBbIBasich Ha THUINOTE3¢ HhI0TOHA O TOM, YTO 3aKOHBI TPEHHMSI Ta305KUKOCTHBIX CHCTEM
MIPOTHBOIIOJIOKHBI 3akoHaM KynoHa TpeHWs TBEpIbIX Tell, MOKHO HAa OCHOBE MHOTOYHCICHHBIX
AKCIIEPUMEHTOB MPEIIOKUTH MATEMATHYECKYIO MOJIENb JJII CMECH, KOTOpasi IOJIHOCTHIO YUUTHIBA-
€T 3aKOH BSI3KOCTHOT'O TPEHUS M OTHOCUTEIIBHOTO CKOJIbKEHUS MEXKIY (ha3amu.

MeTtoamnka ucciienoBanuii. [I[poBeieHHbIE MHOTOYUCIIEHHBIE UCCIECA0BAHNS TOKA3aIH, 4TO
CYIIECTBYIOT Pa3IMUHbIE METOMABI M0 OMNPE/EICHUIO KAacaTeIbHOTO0 HAMPSIKCHUS CABUTA MPHU JIBH-
JKEHUH IBYX(Da3HON cMecH B TpyOax. DKCIIEPUMEHTATbHBIE TOYKH OLEHUBAIOTCS (POPMYJIION:

T, =7,+71,+kyr, T,

(1

rac Tc- KaCaTCJIbHOC HAIIPSAXKCHUC Ha OOKOBOM IMOBEPXHOCTH prﬁbl npru ABHXXCHUU B HEeH ra-

30)KH,I[KOCTHOI>1 CMCCH, To;cH T - KaCaTCJIbHbIC HAIIPSKCHUA IIpH IBHXKCHHUH B pr6e KHUAKOCTH U

rasa, COOTBeTCTBeHHO; k — koappuruenT.
[TpoBeneHHBIN aHAIN3 MTOKA3BIBAET, YTO I ABYX(A3HBIX CUCTEM, Y KOTOPHIX MapaMeTpbl
PeiiHonpAaca  KMAKOCTH M Ta3a  M3MEHSAIOTCA B Mpenenax Re . =465 + 40800,

Re  =3000+1530Q a napamerpsl ®pyma, COOTBETCTBEHHO *HUIKOCTH W Ta3a, — B Ipeaenax

Fr,=97+1358 u Fr, =0,28 + 2173, 3na4enne napamerpa k =26.

YuuThIBas BIIECKA3aHHOE, PACCMOTPHM PaBHOMEPHOE JBHKEHHE Ia303KMIKOCTHOH cMe-
cu. OmpenenuM pacipesielieHHe CKOpPOCTel B IONEepeuHOM CeueHHH B TpyOe. B jaHHOM ciyuae
3a[a4a 0 pacnpesieleHuH CKOPOCTeil B MOMEPEYHOM CEYEHHH CBOIUTCS K ONMPEIeIeHUIO 3aBUCUMO-
CTH CKOPOCTHU OT Pajlyca TPYObl U OT 00BEMHO-PACXOIHOTO Fa30COePKAHNUS.

2
AP =2mnrlt, 2)

rne AP - nepenan naBnenus; L - [yiMHA pacCMaTpUBAEMOTo IWIHHIPA.
KacatenpHoe HampsukeHHEe Ha OOKOBOW MOBEPXHOCTH IMJIMHIPA MOXKHO ONPEAEIHTH 10

¢dopmyne (1). Kacarenpuble HanpspKeHHUs CBUTA 1O SKUAKOCTH M Ta3y MOXHO OIPEIENTUTh Yepes
TpagueHT cKkopocTh. Torma

d9 d9 d9 d9 ,

Te SHae — Sy — ke — 2 i —

©)
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rac ,UO',c u 4, - JAMHaAMHUYCCKasl BA3KOCTb KUAKOCTH M I'a3a; 1901,c n ‘91’ - CpC€AHUC CKOPOCTH IIO

KUJKOCTU U rasy.

[Tpumem ock TpyObI 32 OCh CKOPOCTEH, a HOPMAJIbHYIO K HEH MpsSIMYI0 — 32 OChb pajuyca.
CornacHo 3aKOHaM THIPABIMKH OJHOPOIHOM >KUIKOCTH WM ra3a, y CTEHKH TPYObl YaCTHIIBI TPH-
JUMAIOT ¥ OCTAIOTCS HEMOABM)KHBIMU. Tora CKOpoCTh MPU ATOM yBEJIMYUBAETCS 110 HAIPABICHHUIO
oT nepudepuu K LEHTPY, JOCTUrasi MaKCUMyMa.

W3 kypca ruapoMexaHuku JBYyX(a3HBIX CHCTEM H3BECTHO, YTO OTJENIbHBIE CKOPOCTH (a3
MOJKHO CBSI3aTh JIPYT C JPYTOM uepe3 napaMeTp 0ObeMHOr0 pacxo/a.

Toraa m1st )KUAKOCTHU U raza, COOTBETCTBEHHO, CPEIHIOI0 CKOPOCTh MOKHO ONPEEIIUTh Kak

1=/ 4)
lgotc = LSF
1= (5)
CrnenoBaTenbHO, ypaBHEeHHE (3) MOYKHO HAMKUCATH KaK
;o ds, N g ds, o a9, g ds,
T T e N e T8 ar ©)
JlaHHOE BBIpa)KEHHE MOKHO 3aIHCATh B BHJIE
d$, p p ds,.
T=—"2\ U U ——+K %
c d}" /u,ofc /uF l—ﬂ luoicluf l_ﬂ d”'

(7

3HAK «MUHYC» MOKa3bIBAET OTPULATEIBHOE IPUPAILIEHUE CMECH.
[ToncraBnss 3HaYeHHE KacaTeIbHOIO HAIPSDKEHUS CIABUTAa B OCHOBHOE YpaBHEHHUE PaBHO-
MEPHOT'O JIBMKEHUS, UIMEEM:

ds,,
AP =2mrL —2% 1. + 1, P
dr ‘ 1

®)
Pemras JaHHOC YPaBHCHUC OTHOCUTCIIbHO CKOPOCTHU )KI/I,ELKOI\/'I (I)aBBI, HaXO0aHuM

AP (1-p)R* ~r*)

5 AP _
L\ (U= B)+ a B+ xfu 1, BU= ) 9

TaxuM sxe 00pa3oM MOXKHO ONIPEIEIUTh U PacIpeielieHHe CKOPOCTH 10 Ta3y.

Tenepp onpenenuM rufpaBINdecKHe MOTEPU CMECH B YCIOBMSIX YCTAaHOBHBILIEIOCS JBU-
KEHUSL.

Pe3yabTaThl ucciaenoBanuii. M3 xypca oOmieid THIPaBIMKA OJHOPOIHON KUIAKOCTH H3-
BECTHO, YTO, 3Hasl paclpeesieH!s] CKOPOCTH B TIONIEPEYHOM CEYEHUH TPYOBI, MOKHO OTPEAEIUThH

(bopMyIBI UTS OTIpeieNIeH sl pacxo/a XHUIKOH Wi Ta30BoH (a3bl.
JUJ1 5TOTO BBILACTUM B TpyOe€ 3JIEeMEHTapHOE CEYEHHE B BHJIE€ KOJIbIIA C BHYTPEHHUM paHy-
coM (1) u TonmuHoM (dr). CrnegoBarenabHO, IIIOMAAL CEYEHHS TAaHHOTO KOJblla OyaeT
dS =2nrdr (10)
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Teuenue 2az302cUOKOCMHBIX CUCTEM 8 MPYOONpPO8odax

Tak Kak TONIIMHA JaHHOTO KOJIbLIA OYEHb MaJla, TO BO BCEX TOYKAX BEJIMYMHA CKOPOCTH Ya-
CTHII XXKUJIKOCTH OyJIeT OMHAKOBA M MOXKET OBITh orpeneneHa no ¢popmyse (9). Torna snemenrap-
HBII pacxo/l ’KUJIKOCTH, MIPOXOIAIICH Yepe3 3TO KOJIbLo, OyIeT

dQ,. =9,.ds (11)
[ToxcraBnss B fTaHHOE YpaBHEHUE 3HAUEHUE CKOPOCTHU U AJIEMEHTAPHYIO IUIOMIA b, UMEEM:
AP 27(1 - B)dr

do, =22 ] 12
AL |, (1-B)+ B+ 1w, B—B)| (12

Torma moyHbIN pacxoa MOXKHO ONpenenuTs B mpeaenax r=R u =0
1 nAP(1-B)R*

O =7 T 1 (13)
8L [ (1= B)+ b B+ iy bt B B)|
3aMeHUM pajinyc Ha JHAMETD:
1 nAP(1-B)D*
0, = i (1-B) . (13)
128 |, (1= B)+ b B+ /i ott BL—P)
B gactHoM ciydae, korma 9, =0, 1o =0, umeem uzBectHyto hopmyiry [Tyaseits.
W3 nanHO# opMyIbl MOXKHO OMPENIEIUTh U TIOTEPIO IaBJICHUS B BUJIE:
8‘2 2 8‘2 2
AP _ 64 mpm+64 95 otk 64 E 64 SFpF (15)
L Re,?2gD ™ Re,2gD Re, 2gD" ™ Re 2gD
rae Re, u Re, - uucio PeiiHonbaca 1o xKUIAKOCTH U rasy.
Tabnuua
OnbITHBIE U paCYeTHbIE JaHHbIE
o < <
. | g = = g2 |z
N g ) < < 5 g Qo Qo =~ 0 0
g 5 E 5‘ 5‘ ;E >E ) ° E ) ° E g S — g =
z 28| &E |6 |85 |& |BSEE|BSEE|:z |:=
= O o a O a, QO a, = 5 R Q = 5B Q 2< 2<
e | SR | 58 | 5% | 58 5 SEES|ESES|E, | B
S 5 o %g %Q 02):[ %%‘ a8 =X an 2 X (ST [SPNC]
s v 3| 8 ¥ =a = 8 8 5325 | &8 | B & 2 £
= 2 S S SIS S s EEXR | TEER| o 3
= Log s o s o S o s o O:(:'o O:[:'o 'ﬁd:': M:ﬁ
X | OF |8 | 2B |58 S5 | wESE|ILESE|OE | DT
0,1 0,378 12,902 | 1,070 | 167,73 68,37 10,015 0,035 0,041 | 0,040
0,422 | 2,502 | 1,338 | 155,75 76,37 10,016 0,034 0,038 | 0,037
0,482 | 2,015 | 1,739 | 139,76 | 87,09 | 0,016 0,032 0,034 | 0,035
0,571 | 1,383 | 2,442 | 115,79 103,17 | 0,017 0,031 0,028 | 0,026
0,800 | 0,299 | 4,803 | 53,85 144,71 | 0,020 0,029 0,014 ]0,015
64
W3BecTHO, 9TO 3HAYCHHE e 0003HAYAIOT KaK KOA(D(DUITMEHT THAPABIMYECKOTO COMPO-
e
tuBneHus u napametp Opyna. Torna
AP Fr, Fr. & Fr, Fr,
—=A,—%p +—L—L +k\//1 —2%pn Ar—L

(16)
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B ciyuae, korna 9, =0, umeem popmyny Japcu-Beiicbaxa 11 01HOPOJHON KUIKOCTU
WIIX Tasa.

3akmouenue. [IpemioxkeHHas MeTonuKa sBsieTcss 0000eH oM GopMyoii Uit onpese-
JICHUs TTIOTEPH HAIlopa Ha TPEHHUe, Kak Ui JJAaMHUHAPHOTO, TaK M JJsl TYpOyJEeHTHOTO peXuMa JBU-
JKEHUSI JKUIKOCTH U ra3a, KOTOPbIE COCTABIISIOT ra30-KUKOCTHYIO CMECH.

BrrsiBiieHo, uTo mpu TypOyJIEHTHOM pexuMe KOI(P(OUIMEHT T'HIPABINYECKOTO COMPOTHB-
JICHUS JUIS JKUJIKOH WIIM Ta30BOM (pa3bl MOXKHO ompenenuts o Gopmynam brasmyca, Anpriryns
win [udpuncona.

[TpoBeneHbl pacyeTbl Ha OCHOBE JAHHBIX, 3AMMCTBOBaHHBIX B padortax A.W. I'yxxosa. U3-
MEpEeHHbIE U PacYeTHBIE JaHHbIE COMOCTaBICHBI B Tabauie. Kak BuaHO U3 TabIHIIbl, MOTPENIHOCTD
MEXIy JaHHBIMH NapaMeTpaMH HE3HAYUTENbHAas!, YTO JAET IPABO NPEIJIOKUTh JAHHYIO METOIUKY
JUIS1 IPAKTUYECKUX PACUYETOB.
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BORULARDA QAZ-SIZMA SISTEMI AXINI
M.A. DADAS-ZAD®, S.I. MANSUROVA
Eksperimental molumatlara osasen, gomi sistemlorinds tez-tez rast galon maye-qaz kimi, iki fazli sistemlorin osas
parametrlarinin mioyyanlosdirilmasi metodikasi toklif edilmisdir. Bu xiisusiyyatlori nozors alaraq, moqalads iki fazli sistemlor

liclin osas hesablama dusturlar1 verilmisdir.

Agar sozlor: hacm axin, siirat, saha, dinamik ozliiliiq, diametr,boru kamarinin uzunlugu.

GAS-LIQUID SYSTEM FLOW IN PIPELINES

M.A. DADASH-ZADE, S.I. MANSUROVA

On the basis of experimental data, a technique for determining the main parameters of two-phase systems, such as lig-
uid-gas, has been obtained which is common in ship systems. Taking these features into account, this article proposes the basic
calculation formulas for two-phase systems.

Keywords: volume flow, velocity, area, dynamic viscosity, diameter, length of the pipeline.
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NEFTQAZKONDENSAT YATAQLARININ iSLONILMOSI ZAMANI
TOBii QAZLARIN TERMODINAMIKI XASSOLORININ TODQIQI

C.N. TAHIROV®, A.Q. KORIMOVA"

Mogqalods tobii qazlarin termodinamiki xassolorinin todqiqlorinin noticolori gostorilib. Alinan
naticalor doqiqdir ve neftqazkondensat yataqlarinin somorali islonilmoesinds, karbohidrogen xammalinin
ehtiyatlarinin hesablanmasinda vo dogiqlosdirilmoasinds tam istifado oluna bilor.

Acar sozlar:  lay fliiidlori, iki fazali sistemlor, nefiqazkondensat yataglari, lay tazyiqlori,
komponent tarkibi, yanma istiliyi.

Giris. Malum oldugu kimi neftqazkondensat yataqlari, karbohidrogen yataqlar arasinda
on miirokkob tiplidir. Onlar noinki voziyyating, torkibino, yatma soraitino goro, hom do sonraki
islonmo texnoloji proseslor noqteyi-nozorindon, olduqca miirokkobdirlor. Belo yataqlarin
islonilmasi bir torofdon neft, qaz, kondensat hissalor arasinda olan qidrogazotermodinamik
olagalorle, noazarotsiz neft-qaz-kondensat-su tomas xottlorinin harokatlorilo, lay fliiidlorinin faza
cevrilmolorilo, onlarin torkiblorinin, fiziki-kimyavi xassslorinin vo doyumluluglarinin kaskin
doyismolarila, o biri torafdon yiiksok tozyiqlords foaliyyat gdstors bilon qazi, nefti, kondensatlari
y1g1b, hazirlayib, utilizasiya vo nagl edon texnoloji avadanliglarin tolob olunmasi ilo angollosir.

Bels yataqlarm islonmasi zamani tozyiqin va temperaturun doyismosindan (oksar hallarda
enmosindon) asili olaraq fiziki-kimyovi, hidrotermodinamiki proseslor, fluidlorin cox fazali, cox
komponentli siiziilmosi vo faza cevrilmolori miisayiot olunur. Bu da 6z ndvbasindo hasilat
quyularinin istismarinda koskin doyismalora, miirokkoblosmalors vo bir sira ongolloro gotirib
cixarir. Qeyd edok ki, bu tipli yataqlar sorti olaraq bir neco zonalara ayrilir:

- qaz papag1 zonasi (yatagin giimbaz hissalorindo);

- qaz neft tomas xottindo kondensatla doymus zonanin moévcudlugu (yatagin qanadlari
boyu asagi hissalorindo);

- neft hasiyasi (yatagin daban hissasindo);

- neft-lay suyu tomas xotti (qidalanma konturu).

Isin magsadi. Nozoro alsaq ki, son zamanlar neftqazkondensat yataqlarmin ohomiyyatliliyi
artdigi halda bels yataglarda mévcud olan qaz, kondensat v lay neftlorinin termodinamiki (PVT)
xassalorinin todqiqi olduqgca vacibdir. Qeyd edok ki, bu tipli yataglara Azorbaycanin bir sira

sk
“Neftin, qazin geotexnoloji problemlori vo kimya” Elmi Tadqiqat institutu
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istismar obyektlori aiddir. Bunlardan Giinasli, Qum adasi, Pirsaat, Bahar, Sonqogal, Duvanni-doniz
vo Duvanni-quru yataqlar1 qeyd etmak olar vo s.

Bu yataglara hom neftqaz, hom do qazkondensat yataqlarinin xiisusiyyotlori moxsusdur.
Bunlarla yanas1 belo yataglar nisboton daha genis istismar variantlarinin totbiqine imkan yaradir.
Azarbaycanda bu yataqlar osason tiikkonma rejimlorinds islonilir [1, 2]. Xaricds ise bunlar qazin,
suyun, kimyavi reagentlorin vurulmasi ilo miisayiat olunur.

Neftqazkondensat yataqlar1 islonilmoys qodor lay fliiidlorinin iki fazali sistemlorinin
movecudlugu ilo sociyslonir. Bu sistemlor adston termodinamik tarazliq veziyyetinds olurlar.
Doyma vo kondensatlagsmanin baslanma tozyiqlori ilkin lay tozyiglorinoe yaxin vo ya bir-birlorino
borabor olurlar. Ayri-ayr1 yataglarin ilkin lay tozyiqlori vo temperaturlart genis intervallarda
doyisirlor. Oksar hallarda ilkin lay tozyiqlori anomal yiiksokdirlor. Lay tozyiglori endikco qazdan
kondensat, neftdon iso somt qaz ayrilir. Bu da 6z novbesinds neftin, qazin vo kondensatin fiziki-
kimyovi xassolorinin doyisilmalorina  gotirib ¢ixarir. Neftqazkondensat yataglarin  vacib
xiisusiyyatlorindan biri do qazkondensat zonalarda qaliq neftin mévcudlugudur (doyumluluq 20%).
Bu yataglarda neft hasiyalorin dlgiilori, yatma soraitlori, formalar1 da ayri-ayridir. Bazi hallarda neft
hasiyasi tam sokilds qazkondensat hissasinin dabaninda yatir, bazi hallarda iss o yatagin miixtolif
hissalorinds yerloasir (lokslor kimi). Bu yataglarda islonilmonin ayri-ayr1 variantlarindan istifade
etmok miimkiindiir. Belo ki:

- neft hasiyasinin tilkonma va tozyiqin barpasi rejimlorinds gqabaqlayict islonilmasi;

gaz papaginin tilkkonma rejimindo gabaglayici iglonilmasi;
gaz-neft tomas xottindon iki hissonin eyni vaxtda tukonmo rejimindos islonilmasi;
yatagin qazkondensat hissosinin lay tozyiqinin barpasi rejiminds aparilan islonmo

prosesi v s.

Mosalonin qoyulusu. Umumi halda bu tipli yataqlarin istanilon rejimlords istismari kifayot
godor yiiksok neft-qaz-kondensat verimlorini toyin etmir. Hansisa karbohidrogen ndviiniin
gabaqglayici hasilat1 o biri karbohidrogenin itkisino gotirir. Mohz buna goro bu yataqlarda neftin,
qazin, kondensat1 eyni-barabar yiiksok hasilatli, intensiv istismart miimkiin deyil.

Konkret yataglarin geo-texnoloji, iqtisadi tohlilini islonilmonin somarsli variantlarinin
secimini aparmaq moqsadi ilo layda gedon proseslor haqqinda tosovviir yaratmaq tiigiin ¢ox sayli
analitik va tocriibi, hassas tadqiqatlar aparilmalidir. Bels todqiqatlarin bir hissasi baxilan maqalada
aparilib.

Fliiidlorin xassolori “lay-fliiid-quyu” sisteminin on dinamik doyison elementlorindon. Bu
baximdan quyunun istismar dovriinds xassalorinin toyini, tadqiqi vo daimi izlonmasi ¢ox miithiim
amildir.

Lay fliidlorini saciyyslondiron parametrlor birinci ndvbado yeni quyular (obyektlor),
yataqglar (bloklar) iiclin olds edilir. Bunlarla barabar yeni va istismarda olan sahslorinin islonilmo
prosesinin somarali aparilmasinda, nozarat edilmosindo vaxti-vaxtinda optimal qorarlarin qobul
edilmoasinds laylarin neftvermoni artiran tsullarin totbiqi zamani effektivliyin qiymatlondiril-
mosinda alinan naticalar vacibdir.

Masolonin halli. Bozi hallarda iso bu nozaroti toklif olunan todqiqatlarsiz aparmaq belo
miimkiin deyil. Adi ¢okilon parametrlorin Oyronilmosi silsilo, daimi xarakterli olarsa, alinan
naticolor da daha dolgun vo doyarli olur, yataqlarin somarali islonilmasine zomin yaradir.
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Neftqazkondensat yataglarinin iglonilmasi zamani tabii gazlarin termodinamiki xassalarinin tadqiqi

Asagida Duvanni-quru yataginda hasil olunan tobii qazin termodinamik xassolori toyin
edilmisdir.
Qazn istilik tutumlari iki ciir olur: sabit tozyiqlords (C,) ve sabit hacmlords (C,). C, > C,
va praktiki hesablamalarda ancaq C, istifado olunur. C, iso nazori shomiyyatli bir parametrdir.
Qaz qarisiginin (tobii qazmn) C, vo C,-lori asagidaki kimi toyin edilir:
Cp, =24 Cyi
Cv=2qCy
Burada: q — qazin torkibindo i komponentlorinin ¢oki pay1, C,; va C,; - 1 komponentlarinin istilik
tutumlaridir.
Xromatoqrafik tisulla toyin olunan gazin komponent torkiblori codval 1 gdstorilib.
Cpi; Cyi — qazin i komponentlarinin xiisusi istilik tutumlari, sorgu codvallorden tapilir.
Coadval 2 vo 3—don gériindiiyii kimi 0 °S-do vo 0,1 MPa-da hesablanmis 70 sayli quyunun
qazi ui¢iin C, = 0,5061 kkal/kq, 106 sayli quyu tigiin iso C, = 0,5021 kkal/kq S-dir.
Homin soraitlordo 70 sayli quyunun tebii gaz1 ii¢iin C,= 0,3874 kkal/kq °S. izobar istilik
tutumunu (20 °S—do 0,1 MPa-da) asagidak: ifadedon toyin edirlor.
C,=C,+AC,
CpO — atmosfer tozyiqinda vo tapsirilmis temperaturda (20 °C) izobar istilik tutumudur. AC, — kritik
parametrlordon (T, vo Pyp) asili olan tozyiqdo diizolislordir.

Cadval 1
Duvanni-quru yatagimin tabii qazin komponent tarkiblori
Tutumlar — hacm, %-ilo
Komponentlor
Quyu 70 Quyul06

Metan - CHy4 95.3 93.53
Etan - C;Hg 4.42 6.08
Propan - C; Hg 0.01 0.02
[zobutan - i-C4H,, 0.01 0.02
Normal butan - n-C4H;g - 0.01
Pentan - CsH;» 0.02 0.02
Oksigen - O, 0.02 0.05
Nitrogen - N, 0.02 0.27

> 100 100

Qazin sixliglar
20"S-do qazin sixligy, kq/m’, p2° 0.6966 0.7074
0 .

20 S-Sde ll(;avamn sixligt, 1205 1205
kq/ M, Phava

Qazin nisbi sixlig1, pJ™s 0.5781 0.5871

Codval 1-do gostorilon noticolor hor quyu fiiclin gazin ii¢ niimunosi iizro aparilan
xromotoqrafik analizlor asasinda togdim edilib.
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Cadval 2
70 sayh quyu ii¢iin €, vo C,-nin hesablamasi cadvali (0°S, 0,1 MPa)
Kompo-
nentlorin | m; i m;f; qi Cpi qiCpi Cyi qiCyi
adi
C; 0,9530 16,04 15,286 0,9150 | 0,5172 | 0,4732 | 0,39361 0,3602

G, 0,0442 | 30,07 1,3291 0,0795 | 0,3934 | 0,0313 0,3273 | 0,02602

Cs 0,0001 | 44,09 0,0044 0,0003 | 0,3701 | 0,0001 0,3252 0,0001

Cy 0,0001 58,12 0,0058 0,0003 | 0,3802 | 0,0002 0,3466 | 0,00014

Cs 0,0002 | 72,15 0,0144 0,0009 | 0,3805 | 0,0003 0,3533 | 0,00032

N, 0,0024 | 28,01 0,0672 0,0040 | 0,2482 | 0,0010 0,1770 | 0,00071

> 1,00 »16,7069 | 31,00 >0,5061 20,3874
Cadval 3
106 sayh quyu iiciin C,, v3 C,,-nin hesablamasi codvali (0° S, 0,1 MPa)
Kompo-
nent- m; M mi; qi Cpi qiCp; Cyi qiCy;
lorin ad1
C; 0,9353 16,04 15,00 0,8844 0,5172 0,4574 | 0,39361 | 0,3481
C, 0,0608 | 30,07 1,83 0,1080 0,3934 0,0425 | 0,3273 0,0354
Cs 0,0002 | 44,09 0,009 0,0005 0,3701 0,0002 | 0,3252 | 0,0002
C, 0,0003 | 58,12 0,017 0,0010 0,3802 0,0004 | 0,3466 | 0,0003
Cs 0,0002 | 72,15 0,014 0,0008 0,3805 0,0003 | 0,3533 0,0003
N, 0,0032 | 28,01 0,09 0,0053 0,2482 0,0013 | 0,1770 | 0,0009
> 1,00 16,96 1,00 >0,5021 20,3852
Cadval 4
70 sayh quyu ii¢iin Cg-nin hesablamasi cadvali (20°S, 0,7 MPa)
Komponentlorin adi ng)i q; Cpidli
C; 9,0 0,9150 8,20
C, 13,5 0,0795 1,10
Cs 18,9 0,0003 0,006
C, 25,2 0,0003 0,10
Cs 30,6 0,0009 0,028
N, 7,6 0,0040 0,031
39.375
Cpqar = 20651 G C,=0.5061 kkal’kq °S (0 °S)
Cp =9,375 kkal/k mol °S C,=0.5718 kkal’kq °S (20 °S)
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Cadval 5
106 sayl quyu iiciin €}, —nin hesablamasi codvali

Komponentlorin adi Cpi qi Coid;
C; 9,0 0,8844 7,97
C, 13,5 0,1080 1,46
Cs 18,9 0,0005 0,013
C, 25,2 0,001 0,026
Cs 30,6 0,0008 0,028
N, 7,6 0,0053 0,041

>9.538

C, =9,538 kkal/k mol °S

0°S-da v2 0.1 MPa-da C,=0.5021 kkal/kq °S

20°S —do va 0.7 MPa-da (,=0.5735 kkal/kq °S

A Cy- Tgot Vo Py lizra toyin edilir (qaz qarisiginin molum torkibinin Ty, vo Py~ lordon asili olaraq

(sorgu kitablarindan)

Tget = (273+ttap)/ Tkr Vo ngt = Ptap/ Pkr

Burada, Ty, — kritik temperatur=195,6 K, Py - kritik tozyiq=47.03 kq/sm?, tiap — tapsirilan

temperatur - 20°S, Ty, Py, - qazin torkibindon asili olaraq toyin edilirlor

AC,= 0.185 kkal/kmol °S

293
Tgor = 1956 L5
— 7.0 —
“270s 0.15

C, = 9.375+0.185 = 9.56 kkal/kmol °S

vaya

C, = 9.56/u=19.56/16.71= 0.5718 kkal/kq S

C,’ = 9.538 kkal/kmol °S
Teot = 293/197.54 = 1.48

Py =7/47.07=0.15

A C, = 0.185 kkal/kmol S

C, = 9.538 +0.185 = 9.72 kkal/kmol S

vaya

972 _ 972

Cp=—="-= = 0.5735 kkal/kq °S

M 16,46
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Beloliklo, 70 sayli quyu {i¢iin:
0°ts-do vo 0.IMPa-da  C,=0,5061 kkal/kq °S
20°ts-do vo 0.7MPa-da  C, = 0.5718 kkal/kq ’S

Qazin istilikkecirma gabiliyyatinin toyini.

Qazin istilikkecirmasi (4 ) komponentlarin istilikkegirmasindon asilidir vo asagidaki

ifadadon toyin olunur:
A=X i Ai
Burada X; — i- komponentlorinin mol say1 (vahid hissasila dlgiiliir)

A;-  i- komponentlorinin istilikkegirmosi, kkal/m-saat °S-ilo 6lgiiliir.

Cadval 6
70 sayh quyu
Komponentlor mj Ai m; A;
C 0.953 0.0285 0.025
G 0.9442 0.0177 0.0007
Cs 0.0001 0.0249 0
Cy 0.0001 0.0132 0
Cs 0.0002 0.0116 0
N, 0.0024 0.0208 0.0001
> 0.0258
0°S —doava 0,1 MPa
Agar = 25,8 * 1073 kkal/m saat °S
20°S — dave 0,1 MPa
Aqar = 28,05 * 1073 kkal/m saat °S
Cadval 7
106 sayh quyu
Komponentlorin adi m; A m;A;
C; 0,9353 0,026 0,0243
C, 0,0608 0,016 0,001
Cs 0,0002 0,013 0
C, 0,0003 0,011 0
Cs 0,0002 0,0106 0
N, 0,0032 0,020 0,0001
>0,0254

0°S —doa v2 0,1 MP — da

Aqar = 25,4 * 1073 kkal/m saat °S
20°S —dawva 0,1 MPa

Aqar = 27,88 * 1073 kkal/m saat °S
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Cadval 8
Qazin yanma istiliyinin tayini (70 sayll quyu)
(20°S — da va 0,1 MPa)
Komponentlor Yanma istiliyi m;Q;
yiiksok asagi m yiiksok asagi
C; 8860 7980 0,953 8444 7605
C, 15620 14300 0,0442 687 629
Cs 22450 20670 0,0001 2 2
Cyi 29440 27290 0,0001 3 3
Can 29550 27180 - - -
Cs 37180 34400 0,0002 7 7
N2 - - - -
29143 >.8246
Yanma istiliyi  Qyy, = 9143 kkal/m? (yiiksok)
Qqs = 8246 kkal/m® (asag)
Vobbe rogomi (qazin sixligindan asili olaraq)
W, =0,/ \/Ems =9143/0,7603 = 12025 kkal/m3 (yiiksok)
Was = Qus/ \/Enis =8246/0,7603 = 10846 kkal/m?® (asagr)
Cadval 9
106 saylh quyu (20°S —da ve 0,1 MPa)
Komponentlar i Yanma istiliyi i m, _ m;Q; _
yiiksok asagi yiiksok asagi
C; 8860 7980 0,953 8287 7464
C, 15620 14300 0,0608 957 872
Cs 22450 20670 0,0002 5 4
Cyi 29440 27290 0,0002 6 6
Can 29550 27180 0,0001 3 3
Cs 37180 34400 0,0002 7 7
N2 = - - - -
Y9261 Y8356
Yanma istiliyi Qyax = 9261 k:gl

Vobbe rogomi (qazin sixligindan asili olaraq)
W, = Qy/\[puis = 9261/0,7662 = 12087 kkal/m®
Wos = Qas/\/ﬁniS = 8246/0,7603 = 10906 kkal/m?3

Qqs = 8356 kkal/m?

Notica. Mogalodo neftqazkondensat yataqlarinin islonilma prosesinds tobii qazlarinin
termodinamiki xassalarinin toyini, onlarin doyisma qanunauygunluglarinin izlonilmasi aparilib
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HCCJIEIOBAHUE TEPMOJUHAMHWYECKHX CBOMCTB ITPUPOJTHBIX T'A30B HA DTAIIE
PA3PABOTKH HE®TET'A3OKOHIEHCATHBIX MECTOPOKJIEHUI

JL.H. TAUPOB, A.I'. KEPUMOBA
B crarbe npuBeNeHBI Pe3ysbTaThl MCCICIOBAHUN TEPMOAMHAMUYECKUX CBOMCTB NPHUPOIHBIX ra3oB. IlomyueHHble
pe3yNbTaThl TOUYHBI U MOTYT OBITh MCIIOJIb30BaHbI IPH PALMOHAIBHON pa3paboTke HeTera30KOHACHCATHBIX MECTOPOXKICHHH,
HOJICYETE U TIEPECUETe 3a1acoB YIIIEBOJIOPOJHOTO ChIPbS.
Kniouesvie cnosa: niacmosasn sicuokocms, 08yxgasnas cucmema, HeghmezazoKoOHOeHCAMHbIE —MEeCHOPOICOCHUS,
nAACMosoe Oasnenue, KOMROHEHMHbLIL COCMAS, MenionpPO8OOHOCIb.
STUDY OF THERMODYNAMIC PROPERTIES OF NATURAL GAS IN THE PROCESS
OF OIL-GAS CONDENSATE FIELDS DEVELOPMENT
D.N. TAIROV, A.Q. KERIMOVA

The results of researches of thermodynamic properties of natural gases have been given in this article. The obtained
results are precise and can be used in rational development of oil-gas condensate fields, calculation of hydrocarbon reserves.

Keywords: reservoir fluid, two-phase system, oil-gas condensate fields, reservoir pressure, component composition,
heat conductivity.
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OQL OLUNAN TOBIii VO SOMT QAZLARIN QARISIGINDA
STRUKTUR DOYISIKLiYIN DiIAQNOSTIKASI

E.X. ISKONDOROV"

Neft-qaz vo qaz-kondensat yataqlarmin islonmosi vo neft-qaz resurslarindan rasional istifada
olunmas1 haqqinda miiasir tasovviir vo toloblor neftqaz¢ixarmanin texnoloji proseslorinin somoraliliyini
artirmaq ticlin onlarin tonzimlonmasi vo idars olunmasi ilo bagli kompleks nozarst problemlorini 6n
corgoyo ¢ixarmigdir. Qoyulan masalslorin ugurlu holli istismar olunan yataqglarin islonmae tocriibosinin
Oyronilmasini vo iimumilogdirilmoesini, enerji vo ehtiyatlara qonast baximindan operativ hallorin qobul
edilmosi, texnoloji proseslorin tohlili {i¢iin yeni {isul vo yanasmalarin yaradilmasini tolob edir. Isdo tobii
va samt qazlarinin komponent torkibi hagqinda moaden molumatlarinin tohliline asasen miioyysn
edilmisdir ki, qazlar qarigdiqdan sonra onlarin torkibi va keyfiyyst gostaricilori shamiyyastlo deracads
dayisilir. Ona gors do qazlarin komponent torkibi qarisiqda struktur doyisikliyin diagnostika meyari
kimi istifads edils bilar.

Acar sozlar:  qzin torkibi, qaz kamari, struktur dayisilik, somt qazi, qaz qarisigi,
maye fazanin yaranmasi, texnoloji vaziyyat.

Giris. Neftqazgixarmada vo gazin naqli zamani texnoloji proseslorin somaraliliyinin

artirilma;

s1 problemlori nogl olunan gazlarin multifazali olmas1 hesabina ¢otinloso bilor. Belo ki,

qazin torkibinds maye hissaciklorinin olmasi qaz komarlori sisteminds pulsasiya hadisasi vo

tutulma
gostormi

(tixacyaranma) hallariin yaranmasina sobob olur. Coxsayli todqiqatlar [1-5]
sdir ki, tobii gazin torkibi neft-qaz parametrlorinin vo miixtolif nefgazgixarma

proseslarinin qiymaetlondirilmasi ii¢lin diagnostika meyari rolunu oynayir.
Tadqgiqat obyekti. Arasdirmalarda [6] Orenburq yatagindaki quyularin sulagsmasinin

dolayisi

yolla - gazin komponent torkibino goro diagnozlasdirilmasi imkani sinagdan

kecirilmigdir. Qeyd etmok lazimdir ki, aragdirma ii¢ilin istismar prosesindo horasindon {igdon az
olmayaraq qaz nliimunolori gotiirilmiis quyular se¢ilmisdir. Qazin komponent torkibini oks

etdiron modon molumatlarinin tohlili gostormisdir ki, quyuda suyun ayrilmasi ilo daha boyiik

* Azorbaycan Dovlot Neft vo Senaye Universiteti
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dayisikliye moruz qalan CO0,, C;, Cs, Cs komponentlari olmusdur. ©gor aksor hallarda quyuda
suyun meydana golmosino godor Cs , C¢ vo CO, komponentlorinin miqdar artirsa vo C,
komponentinin faiz nisbati azalirsa, onda bu komponentlor (olamatlor) diagnostik olamatlor
gismindo istirak edo bilorlor. Qeyd olunan biitiin informasiya olamatlorindon (kom-
ponentlordon) tosniflogdirmo funksiyasinin (R) ranglasdirilmast vo qiymaotlondirilmosi tigiin
istifado edilmisdir. Ranqglarin (R) qazin torkibino goére hesablanmis naticalori quyularin
sulagmasi prosesinit izlomoys imkan verir. Bunu, bir sira quyular iiclin qurulmus diagnostik
kriteriyanin zamandan R= R(t) asililiglar1 tosdiq edir. Quyularin istismari fonunda R-in
doyisma dinamikasinin tohlili diagnostik kriteriyanin 12-den yuxar1 qiymatlorinds artiq quyuda
suyun omolo goldiyini geyd etmoyo osas verir. Onu da geyd etmok lazimdir ki, R diagnostik
kriteriyasinin qiymati quyunun sulagsmasindan xeyli ovval (bir ne¢o ay) qalxmaga baslayir.
Masalonin qoyulusu. Rang kriteriyas1 metodikast Orenburq yataginin bir ne¢o sulagmis
vo sulasmamis quyusunda sinaqdan kecirilmis vo noticolorin  uygunlugu miisbat
giymatlondirilmisdir. Nogl olunan tobii qazlarin ikifazali olmasi, homginin onlarin torkibinds
maye fazanin ¢6kmasi noticesinds pulsasiya, tixacyaranma va s. hadisalorin bas vermasi naql
ilo bagli texnoloji proseslorin somoraliliyinin artirilmasini ¢atinlogdirir. Ona gora do, qaz y1gimi
sobokosindo miixtolif qaz axinlarinin horokotinin somarali variantlarini nozore almadan, kifayot
qadaer osaslandirilmamis pulsasiya xaraktristikalar1 vo rejim parametrlorinin se¢ilmasi lizumsuz
xarclarin, habels qazin ¢ixarilmasi va naqli zamani yaranan slava ¢atinliklorin artmasina sabab
ola bilor. Bu, Qazaxistan yataqlarinda tobii vo somt qazlarin modon yigimi soraitindo xiisusi

aktualliq kasb edir.
Kalamkas yatag timsalinda tobii vo samt qazlarin namliyinin va digor parametrlorinin
doyisilmosinin dolayis1 yolla — qarisdigdan sonra gazin komponent torkibino goro

diagnostikasinin miimkiinliiyii stnanmigdir (sokil). Somt qazi kompressor stansiyasindan (KS)
sonra, tabii qazin hazirlanmasi qurgusundan (TQHQ) ¢ixan tobii qazin naql olundugu qaz
komarino daxil olur. Qeyd etmok lazimdir ki, nogl olunana gazlardan niimuna gétiiriilmasi iigiin
sokildo gostorilon 1,2 vo 3 noqtolori miivafiq olaraq tobii qaz (TQHQ-don dorhal sonra), somt
gaz1 (KS-nin ¢ixisinda) vo onlarin qarisigi ligiin (AQPS — 4) secilmisdir.

Mosalonin holli vo miizakirasi. Kalamkas yataginda TQHQ-don vo KS-don, homg¢inin
AQPS — 4-iin girisindon gotiiriilmiis niimunalarin komponent torkibi vo keyfiyyat gostoricilori
cadvaldo verilmisdir. Cadvoldon goriindiiyli kimi, qazlarin komponent torkiblori asagidaki
kmponentlorlo gostorilmisdir: O,, CO,, N, , CHs , CoHg, CsHg | C4Hyo , CsHiz +. Komponent
torkibdon basqa, hamg¢inin qazlarin bazi keyfiyyst gostoricilori (sixlig1, nomliyi, suya goro seh
ndqtesi vo mexaniki hissaciklorin miqdar1) ds todqiq olunmusdur. Gozlonildiyi kimi, tabii vo
somt qazlarinin torkibi vo keyfiyyoti bir-birindon ohomiyyatli dorocado forglonir. Masolon,
metanin (kiitlo %-1 ilo) vo mexaniki qarisiqlarin miqdari, sixliq, namlik vo seh noqtesi orta
hesabla tobii qaz ii¢iin 92,1; 0,57 mq/l; 0,694 kq/m’; 0,2230 mq/l vo -10 °C, somt qaz1 iigiin iso
miivafiq olaraq 81,0; 0,08 mq/l; 0,755 kq/m’; 4,80 mq/l va 35 °C toskil etmisdir. 3 noqtesinds
(AQPS — 4-iin girisindo) qazin komponent torkibino goro modon materiallarinin tohlili, yoni
tabii vo samt qazlar1 qarisdigdan sonraki faktiki gostoricilor gosterir ki, qazlarin qarigmasi ilo
yuxarida qeyd olunan parametrlor miivafiq olaraq asagidaki qiymotlori alirlar: 88,69, 0,64 mq/I;
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0,713 kq/m’; 0,354 mq/l vo -12°C. Tobii vo somt qazlarin faktiki qarisma (80: 20 %)
nisbotlorini nozoroa almaqla, onlarin qarisiginin torkib vo keyfiyyotni xarakterizo edon
parametrlor additivlik gaydasina asason miivafiq olaraq (30:70), (50:50), (70:30), (80:20%)
nisbatlorindo hesablanmigdir. Qeyd edilon qarisiq tigiin parametrlorin additivlik qaydasina goro
hesablanmis qiymotlori do codvolds verilmisdir. Bu qiymaetlorin garisigin parametrlorinin
faktiki qiymotlori (3 noqtosinde gotiiriilmiis qaz niimunosinin todqiqinin naticalori)  ilo
miiqayisasi naticasinds asagidakilar miioyyon edilmisdir:

Tobii vo somt qazlar1 garisigini uzunlugu 62 km olan boru komori ilo 1 néqtesindon 3
ndqtesing naql edarkan, qazlarin torkibi vo keyfiyyati ohomiyyatli doracods doyisir. Cadveldon
goriindiiyii kimi, tobii vo somt gqazlar1 qarisiginin (80:20%) parametrlorinin additivlik
qaydasina gors hesablanmis qiymetlorinin onlarin qaz qarisig (80:20%) parametrlorinin faktiki
qiymatlori ilo miiqayisesi gostorir ki, doyisikliyo daha ¢cox moruz qalan parametrlor — agir
fraksiyalar (C4, Cs+), nomlik vo torkibdoki mexaniki qarisiglar, hamginin seh noqtesidir.

Tobii vo somt gazlar1 garisiginin gostorilon boru komori ilo noqgli prosesindo agir
fraksiyalarin miqdarinin, namliyin, seh ndqtesinin qaz kamarinin sonunda azalmasi dolayist1 ilo
maye fazanin (su vo agir fraksiyalarin) ayrildigini gostorir. Heg siibhasiz, qazdan ayrilan vo
aylarla (bozon illorlo) gaz komorindo y1gilan su, boru komorinin ayri-ayri saholorinds intensiv
korroziyanin asas sobablarindondir.

Notica. Beloliklo, tobii vo somt qazlarin, homginin onlarin qarisiqlarinin  modon
soraitindo y18ilmasi vo naqli zamani1 qaz qarisiginda struktur doyisikliyin todqiqi gostorir ki,
karbohidrogen qazlarin komponent torkibi qarisigda maye fazanin omoals golmasinin vo
komponentlarin ilkin miqdarinin doyisilmasinin diagnostika alamati kimi istifads edils bilar.

KS
. 2.

Tabii va samt qazlarin

qarisigi
TQHQ y > AI'PC-4
Kalamkas o L=62km 3. @) Karjanbas yatag
yatagi
N
3 TQHQ — Tobii gazin hazirl 5
= S abii qazin hazirlanmasi qurgusu
E § AT'PC — Avtomatik qaz paylayici stansiya
~ 1,23 — Qaz niimunalari gétiiriilon noqtalar

Sakil. Tabii (1), somt (2) qazlart va onlarin qarisigindan niimunalorin
gotiiriildiiyii noqtalar.
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Cadval
Tabii va somt qazlarin vo onlarin miixtalif qarisiqlarinin komponent
tarkibi
Taobii vo somt gazlarin qarisiqlar
Faktiki qaz qarisiginin
miixtalif qarisiqlarla miiqayisosi
zamani xata, No
NeNe | Parametrlorin | Tobii qaz | Somt 80%
adi (Nogto 1) | qaz Faktiki 30% 50% 70% oure
(Noqto 2)| qaz  [tobii qaz +| tabii qaz + | tobii qaz tet:)u qaz +
qanisigi |70% somt| 50% somt | +30% 0% MU N | M2 | M3 | M4
(Noqta3) qazi qazi somt qazi qaz
M- | M2y | 3y | M
Kiitlo.%
1 0, mol 0,0288| 0,0270| 0,0257| 0,0275 0,0279|  0,0283| 0,0284 7,16] 8,56  9,96| 10,66
2 CO, 0,1883 1,3085| 0,4035| 09724 0,7484| 0,5244| 04123 141,00 8548 29,95 2,19
3 N2 57984 2.4297| 4,8997] 3.4403 41141\ 47878 5,1247| 29,79 16,03  2.28| 4,59
4 (o) 92,0752| 81,0170| 88,6936 84,3345  86,5461| 88,7577 89,8636 491 242 007 1,32
5 C 0,6310| 5,7403| 1,7729| 42075 3,1857| 2,1638| 1,6529| 137,32| 79,69| 22,05| 6,77
6 C; 1,1823| 2.9122| 1,5933| 23932 2,0473]  1,7013| 15283  50,21| 2849 6,78 4,08
7 C, 0,0131| 3,0575| 0,7167] 2,1442 1,5353|  0,9264| 0,6220| 199,18 114,22| 29,26| 1321
8 Cs 0,0829| 3,5078| 1,7145| 2,4803 1,7954| 1,1104] 0,7697|  44,67|  472| 3523| 55,11
o |Qaansub@i() oo\ o550l 07130 07367 0,7246| 0,7124| 0,7063 333 162|009 094
20°C), kqr/m
10 Qaszl'x“h‘g‘:sm 0,5763| 06269 0,5920] 06117 0,6016| 05915 0,5864 333 162| 0,09 094
1 | Suyagdroseh -10 35 12l 215 12,5 35 Al 279,17] 204,17 129,17 91,67
noqtasi,°C
12 | Nomlik,mq/1 0,2230| 4,7994| 0,3539| 34265 2,5112]  1,5959| 1,1383| 868.21| 609,58 350,95[221,64
Mexaniki
13 | qansiqlar, 0,5733| 0,0788| 0,6453| 02272 0,3261] 04250 04744 64,80 4947 34,15 26,48
mq/l
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JTAATHOCTHUKA CTPYKTYPHBIX N3MEHEHHU B CMECH TPAHCIIOPTHPYEMBIX
NMPUPOJHBIX U ITIONTYTHBIX T'A30B

5.X. UICKEHJEPOB

ITpoGeMs! noBBIICHUS S(PEKTHBHOCTH TEXHOJIOTUUECKUX HPOIECCOB MPH HOOBIYE M TPAHCHOPTHPOBKE ra3a MOTyT
yCyryomaThes AByX()a3HOCTEIO epeKadyMBAaEMbIX CHCTEM, HAUIMYHEM B HUX JKHIKHX BKIIOUCHUH, IPHBOISIINX K 3aCOPEHUIO H
ITyJTbCAMOHHBIM SIBICHUSM B Ta30NIPOBOAHBIX CHCTeMax. I103TOMy B yCIIOBHSIX IPOMBICIOBOTO cOOpa CMECH NPHUPOIHBIX H
TIOITYTHBIX Ta30B MECTOPOXK/ICHUH KOCBEHHOE AUarHOCTHPOBaHUE 00pa30oBaHMs KUAKOH (a3sl mproOpeTacT 0coOylo aKTyab-
HOCTb.

B pabote Ha 0CHOBE aHaNN3a IPOMBICIIOBBIX MATEPHAIOB MO0 KOMIIOHEHTHOMY COCTaBY IMPHPOAHOTO U MOMYTHOTO Ta-
30B OBLIO YCTAaHOBJIEHO, YTO COCTAaB M CBOMCTBA ra30B MOCNE CMEIIEHUS U B Pe3yIbTaTe CTPYKTYPHBIX U3MEHEHHUH Npu TpaHCc-
MOPTHPOBKE OILYTUMO MeHstoTCs. IIpu 3ToM cocTaB raza MOKET CITyXKUTh JHATHOCTUPYIOIIUM MIPU3HAKOM 00pa30BaHuUs K-
KHX (a3 ¥ N3MEHEHHUSI HICXOXHOTO COIEPKAHHMSI KOMIIOHEHTOB B CMECH.

Kniouesvie cnosa: cocmas easza, 2a30npogoo, cmpykmypHoe usmeHeHue, NONymHwlll 2as, 2a308vle cmecu, 06pazoea-
Hue JCUOKUX (a3, mexnoaozuiecKkue cocmosHue.

DIAGNOSTICS OF STRUCTURAL CHANGE IN TRANSPORTED NATURAL
AND ASSOCIATED GAS MIXTURE

E.Kh. ISKENDEROV

Modern concepts and requirements for the development of oil, gas and gas condensate fields and the rational use of
oil and gas resources have put forward complex control issues related to their regulation and management to enhance the effi-
ciency of the technological processes of oil and gas extraction. The successful solution of the issues requires studying and
summarizing the field development experience of exploited fields, adopting operative solutions in terms of energy and re-
sources savings, and creating new approaches for the analysis of technological processes.

In the paper according to the analysis mining information about the composition of natural and associated gases. It
was determined that after mixing gases, their composition and quality indicators are substantially changed. Therefore, the
composition of gases can be used as a diagnostic criterion for structural change in the mixture.

Keywords: composition of gas, structural change, associated gas, gas mixture, liquid phase formation, technological
condition.
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POLIMER TULLANTILARININ UTILiZASIYASININ
OSAS ISTIQAMOTLORI

O.Y. MUSAYEVA ~

Tadqiqat isindo sinlorinin tokrar emal1 naticasinds alinmig rezin ovuntusundan miixtalif saholordo
istifado etmok tigiin kompozisiyalar hazirlanmigdir. Kompozisiya materiallarinin alinmasinda epoksid
oliqomerindon olagalondirici kimi (ED-20), rezin ovuntusu (RO) vo palid agacinin yonqarindan (PY)
doldurucu kimi, polietilenpoliamindon barkidici kimi (PEPA) istifade edilmisdir. Miioyyon olunmusdur
ki, RO va PY ilo doldurulmus kompozisiyalar yiiksok istismar xassalorine malikdirler. Bu kompozi-
siyalarin alinmasinda tullantilardan istifade edilmasi ham iqtisadi, hom da ekoloji cahatden somoralidir.

Acar sozlar: utilizasiya, tokrar emal, sin, plastik kiitla, modifikasiya.

Giris. Diinyanin bir ¢ox oOlkolorindo otraf miihito antropogen tosirin koskin artmasi ilo
olagodar olarag torpaq, su echtiyatlarinin qorunmasi tigilin elmi cohotdon osaslandirilmis
progaramlarin hazirlanmasi zoruri hesab edilir. Bunu hoyata ke¢irmok {i¢iin asas moagsodlordon biri
istismardan ¢ixmis plastik tullantilarin migdarinin azaldilmasidir.

Hazirda polimerlorin vo onlar osasinda alinan miixtolif ¢esidli materiallarin istehsalinin
artmasi onlarin istismardan sonra utilizasiyasini aktual problems ¢evirir. Masalon, miixtslif sonaye
saholori torafinden hor il 150 milyon tondan c¢ox plastik kiitlo istehsal edilir, onlarin 85%
termoplastik, 15% termoreaktiv polimerlordir. Inkisaf etmis dlkolorde adam basina diison plastik
kiitlo istehlaki 1 ton/il artmigdir. Bu soraitds haor il polimer tullantilarin tokrar istifadasi problemi
daha da kaskinlogir. Polimerlorin ndviine gors plastik tullantilar sokil 1-do verilmisdir [1,2].

Movzunun aktualligi. Polimer momulatlariin osas hissosi qablasdirma materiali kimi
istifado olunur. Bunlarin 41% timumi qablasdirmada istifade olunur, bunun da ¢ox hissasi yeyinti
mohsullariin qgablasdirilmasi ii¢lin sorf olunur. Bu qablasdirma mohsullari, demok olar ki,
"abadidir" - o clirlimoys moruz qalmir. Ona gors do plastik qablasdirmada istifade olunan
mohsullardan alinan tullantilar adambasina 40-50 kq/il diisiir [3].

Plastik kiitlo tullantilarini 3 qrupa bélmok olar:

1. Istehsalin texnoloji tullantilart - aradan qaldirila bilon vo aradan qaldirila bilmoyan kimi
2 grupa boliiniir.

* Azorbaycan Dévlot Neft vo Sonaye Universiteti
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a) aradan qaldirila bilmayon -qirintilar, kasintilor, orintilordon galan galiglar vo s. Plastik
kiitls istehsali va emal1 ilo moasgul olan sonaye sahalorinds bels tullantilar 5% - 35% omalo galir.

b) Aradan qaldirila bilon tullantilar- yiiksok keyfiyyatli xammal olub, xassalorino gors ilkin
polimerlordon farglonmir. Bu tullantilar texnoloji prosesds istehsal vo emal zamani proseslors
diizgiin nazarot etmodikda yarana bilir. Istehsalin texnoloji tullantilarindan miixtalif momulatlar
emal olunur, eyni zamanda ilkin xammala alavalor kimi do istifads edilir.

2. Istehlak tullantilar: - xalq tosarriifatinin (sinlor, qablasdirma materiallar;, masin hissalori,
kond tosorriifati plyonkalarinin tullantilari, giibro torbalari, vo s.) miixtalif sahalorinds istifado
olunan polimer materiallarindan alinan momulatlarin siradan ¢ixmasi naticasinds toplanir.

3. Ictimai istehlak tullantilari- bu iass miiossisalorinds va s. evlorda yigilan, sonra isa sohor
zibilliklorinds y1gilan qarisiq tullantilardir.M;

Bu problemin hallina {i¢ aspektds baxmaq olar:

> polimer tullantilarindan yeni material vo momulatlarin emals;

> onlarin tokrar emalinin hesabina polimer materiallarini xidmot miiddotinin
uzadilmasi;

> basdirildigdan sonra 6z-6ziina pargalana bilon materiallarin yaradilmasidir.

Polimer tullantilarindan yeni material vo momulatlarin emali onlardan istifadosinin iqtisadi
cohotdon somorali  yoludur. Sonayedo

istehsal olunan sintetik polimerlor ¢ox PP
7%  PS
8%

.

dayaniglt kimyovi birlogmolordir. Onlarin

coxu xiisusilo do polietilen (PE) onillarlo

PVX

giinos stialanmagina, havadaki oksigena, 14%

nomliyo, istiliyo vo digor atmosfer
tosirlorine davamlhidir. Lakin polipropilen
(PP) osasinda alinan momulatlar davaml )
amina
edilmis
PET kagiz
utilizasiyasimin  osas yollar1 sokil 2-do 20% 17%

deyil, otrafda qalaraq onu uzun miiddot
cirklondirir. Plastik kiitlo tullantilarinin

gostorilon kimidir.

Sak. 1. Polimerlarin noviina gora plastik

Son todqiqat islori gostorir ki,

plastik  tullantilarin  yandirilmast  vo
basdirilmasi kifayat qodor genis yayilmis
Plastik

yandirilmasindan istilik, buxar va elektrik

tisullardandir. materiallarin
enerjisinin alinmasinda istifads edilir.
Polimerlorin utilizasiyas1 onlarin
tokrar emalinin  on bahali {suludur.
Polimer  materiallarindan  istifadonin
effektivliyinin asas istigamatlor1 tullan-
tilarin azaldilmasi, ya da tullantisiz emal

vo istifado texnologiyasinin  yaradil-

tullantilar

basdirilma

NErrrw
A esking |

510- V9 1010
parcalama

Polimer
tullantis

Sok. 2. Plastik kiitla tullantilarinin utilizasiyasinin
asas yollart
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masidir. Ilkin xammalin gonastli istifadasi vo tokrar emal olunmus polimer xammalinin diizgiin
istifadasi miioyyon effektiv naticolor verir. Tullantilarin istifadssinin iqtisadi effektivliyi (E) onun
istifadasindon alinan golirin qoyulan kapitala nisbati ilo xarakterize olunur.

E=(Q-DY/ K

Burada-Q-tullant1 asasinda alinan mahsulun illik qiymatidir; D- tullant1 asasinda alinan illik
mohsulun maya dayaridir; K-kapital qoyulusudur.

Istehsalgilar yeni material vo momulat istehsal etdikdo onun tokrar emalmi da nozordo
tutmalidirlar. Tk dafs 1990-ci ildo bu islo avtomobil sanayesi mosgul olmusdu. Masin bamperlori
tictin miixtalif orintilorden, garisiglardan vo kombina edilmis materiallarin (poladdan, Al vo rezin
va s.) ovazind PP vo elastomer qarisigindan istifado edilmisdi. “Montel” vo “Fiat” firmalar1 sorqi
Avropada bamperlorin tokrar emali ii¢lin proqram hazirlamisdi vo bu proqrama asasen emal 3 il
miiddatinds 20000 t/il artmigdi. PP vo onun sopolimerlari, arintilor, qarisiqlar avtomobil sanayesi
{iciin osas material se¢ildi. “FIAT” modelinda 85 kq-dan 55 kq bu ciir materiallardir [4].

Hazirda polimer materiallarindan olan tullantilarin emali problemi yalniz otraf miihitin
miihafizasi ils deyil, eyni zamanda polimer xammalinin ¢atigmamazligi ilo baghdir. Bu da plastik
kiitlo tullantilarindan xammal vo enerji resursu kimi istifadosini aktuallagdirir.

Plastik kiitlolorin emal vo mohv edilmosino sorf olunan xorclor sonaye tullantilarindan
toxminan 8 dofs vo moaisat tullantilarinin mahv edilmasi {i¢lin xarclordon toxminan 3 dofs ¢oxdur.
Polimer tullantilarinin istifadesi xammalin vo elektrik coroyaninin iqtisadi cohatdon sorfini
azaldir, eyni zamanda belo plastik kiitlo tullantilar1 xammal va enerji ehtiyatidir.

Isin mogsadi polimer materiallarinin tokrar emal iisulu ilo yeniden istifadesidir. Tokrar
emal - polimer materiallarin istehsali vo totbiqi zamani yaranan tullantilarin utilizasiyasinin osas
istigamotlarindon biridir [5].

Polimer tullantilarinin tokrar emal1 prosesinin asas morholalor sokil 3-do verilmisdir.

Material emal vo istismar proseslorindo mexaniki-kimyovi tasirlors, termiki, istilik vo
fotooksidlogmo destruksiya proseslorino moruz qalir. Bu zaman sonraki emal zamani oksidlogsmo
reaksiyasina giron aktiv qruplar yaranir. Kimyavi strukturun dayismasi artiq ilkin emal prosesinda,
xtisusilo ekstruziya zamani baglanir. Bu zaman polimer ohomiyyatli dorocods istilik
oksidlogsmoyave mexaniki-kimyavi tosirloro moruz qalir. Istismar zamani on ¢ox dayisikliklor
fotokimyovi proseslor zamani bas verir vo bu doyisikliklor donmozdir. Mas. PE asasinda alinmig
plyonkalar istixanalarin Ortiilmosinds bir-iki movsiim istifado edildikdon sonra kéhnalir. Onlarin
ekstruziya vo preslomo proseslorindon sonra fiziki-mexaniki xassolori demok olar ki, tam borpa
olunur. PE plyonkada istismar zamani1 karbonil qruplarinin omalo golmasi tokrar emal olunmus
asagl sixliqli PE-nin (ASPE) oksigen udmaq qabiliyyatini yiiksoaldir, tokrar xammalda vinil vo
viniliden qruplarimin amolo golmasi polimerin istilik oksidlogsmasinin sabitliyini xeyli azaldir.
Karbonil qruplarinin mévcudlugu materialin no mexaniki xassalari, na do plyonkadan giinos suasini
buraxmamasi {i¢iin asas deyil vo bu qruplarin olmasi PE-nin isiga davamliligini tomin edir. PE-nin
fotoqocalmasina sabob halo ilkin materialin mexaniki-kimyovi destruksiyas: prosesindo omalo
golon hidroperoksidlordir. Onlarin inisiator kimi tasiri qocalmanin ilk morholasindo olur, karbonil
gruplart iso daha sonraki morholslords shomiyyatli tosir edir. ASPE vo YSPE iiciin fiziki-mexaniki
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xiisusiyyatlorinin doyismasi farglidir. ilkin polimerin méhkomlik vo nisbi uzanmasinda monoton
azalma miisahids olunur vo sonra 5 ay arzinde qocalmadan sonra uygun olaraq 30% vo 70% toskil
edir. Tokrar emal olunmug ASPE ti¢lin bu gostaricilar bir qadar forqlonir, beloki, dagidic1 gorginlik
demok olar ki, doyismir, oksino nisbi uzanma 90% azalir. Buna sobab YSPE-do aktiv doldurucu
funksiyasini yerino yetiron gel-fraksiyanin olmasidir. Belo “doldurucunun” olmasi gorginliyin
armasina sabob olur, bu da materialin kdvrakliyini artirir, nisbi uzanma, ¢ata davamliliq, dartma
mohkomliyi, elastiklik koskin azalir, sortliyi artir [6, 7].

Yigm va ayrma |

ilkin cesidlama va tamizlama

| xiwrdalama va ayirma |

yuma
%
.
gdriiniisa gdra cesidloma(seperasiva) | qurutma
| |
qurutma danavarlesdirma
danavarlasdirma
T mamulatin emali II
mamulatin emal:

Sak.3. Polimer tullantilarinin takrar emali prosesinin
asas marhalalar

PE-nin qocalmasi zamani yalniz oksigen torkibli qruplarin yigilmasi bas vermir, eyni
zamanda keton qruplarinin vo asagimolekullu mohsullarin omolo golmoasi do miisahido olunur.
Qocalmada fiziki-mexaniki xassolorin pislosmasi do bas verir ki, bu da PE plyonkalarinin tokrar
emalindan sonra borpa olunmur. Tokrar emali prosesindo polimer alavo mexaniki-kimyavi va
istilikoksidlogsmo  tosirlorine moruz qalir vo onun xassoalorinin doyismasi emal miiddstindon
asilidir. Bu miiddot 5-10 dofo oldugda miihiim natico aldo etmok olar. Qeyd etmok lazimdir ki,
tokrar emal prosesinds havanin oksigenin tosiri ilo poliolefinlorin molekul kiitlosinin azalmasi bas
verir [8].

Polimer tullantilarinin xirdalanmasi asas morhosladir, bu zaman disperslik doracasi 0,2-2
mm olan hissocik almaga imkan verir. Xirdalamanin on sado iisulu mexaniki xirdalamadir.
Poliolefinlorin tokrar emalinin sxemi sokil 4-do verilmisdir [9].
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Iki valli xirdalayict  Donovorlosdirici Yuyucu vo quruducu qurgu
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Sak 4. Poliolefinlorin donavar takrar emalimin ardicillign

PS tullantilarinin asasii polistirol vo onun sopolimerlori- ZPS asasinda alinan materiallar
toskil edir. Bu tullantilar osason miixtslifliyino vo az ¢irklonmasine goro yandirilma yolu ilo mohv
edilir. Onlarin destruksiya ilo utilizasiyasindan alinan maye mohsullardan yanacaq qismindo
istifado etmok miimkiindiir. PS-un benzol halgosine ionogen qruplarin qosulmasi onun osasinda
ionitlor almaga imkan verir. Polimerin emal va istismar1 prosesindo hallolmasi da doyigsmir. Ona
goro do mexaniki moéhkom ionitlor almaq iiclin PS-un texnoloji tullantilarindan vo istismardan
cixmig PS momulatlarindan istifads etmok olar. Termiki destruksiya yolu ilo molekul kiitlasini
ionitlorin sintezi sortlorine uygun qiymato godor ¢atdirmaq olar. Sonraki xlormetillosmo suda hall
olan birlogsmolorin alinmasina imkan verir, bu da tokrar emal olunan PS-dan (TEPS) hall olan
polielekrtolitlor tliclin xammal almagin miimkiinliiylinii gostorir. PS-un texnoloji tullantilar1 6z
fiziki-mexaniki vo texnoloji xassolorino goro ilkin xammaldan forqlonmir. Bu tullantilar tokrar
emal olunduqdan sonra asasan istehsal olundugu miiassisalords istifade olunur. Onlar ilkin PS va
ya yaxud miixtolif momulatlarin istehsali zamani miistoqil xammal kimi istifado etmok olar. ABS-
plastiklori avtomobillorin iri hissolorinin hazirlanmasinda, avtomobil istehsalinda vo santexnika
avadanliglariin, boru vo s. xalq istehlaki mallarinin istehsalinda genis totbiq olunur. ABS-in
emalinda ekstruziya iisulu yanasi tozyiq altinda tokmo, birbasa preslomo, ekstruziya iisullart ilo
formalama prosesi do miimkiindiir. Birbasa preslomo {isulu az mohsuldardir, polimerin ekstruziyasi
iso onun yliksok oOzliililyii sobobindon ¢otindir. Belo iisullarla alinmig mohsullar 6z istismar
gostoricilorino gora ilkin polimerlordon alinan momulatlardan geri qalmir, bazon hatta onlari
istoloyir [10].

Blokda alinan PS-u tokrar emaldan ovvol zorboyadavamli PS-la qarigdirilir  (70:30
nisbatindo). PS digor tisullarla da modifikasiya etmok vo ya akrilnitril, metilmetakrilat sopolimeri
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ilo vo ya metilmetakrilat, akrilnitril vo PS 1ii¢li sopolimeri ilo tokrar emal etmok olar.
Metilmetakrilat vo akrilnitril sopolimerlori atmosferdo qocalmaya daha yiiksok qiymati ilo
forqlonir ki, bunun sonraki emali zamani bdyiikk ohomiyyati var. Tokrar emal olunan PS
xammalinin keyfiyyatinin artirtlmasi {igiin onun modifikasiyas1 hoyata kegirilir. Termiki islomado
PS osasinda materiallarin  (100-200 °C ilo) oksidlogsmasi hidroksil qruplarimin omolo golmasi ilo
gedir, oksidlosmonin ilkin marhoalosinds karbonil vo hidroksil qruplarinin amalo golmasi onlarin
qatiligini siiratlo artirir.

PS osasinda momulatlarin  gilinos radiasiyas1 goraitinds istismart zamani omoalo golon
hidroperoksid qruplar1 fotooksidlosmo proseslorini hoyacanlandirir. Fotodestruksiya kaucukda
olan doymamis qruplar hesabina da hoyacanlanir. Hidroperoksid vo doymamis qruplarin garisiq
tosiri  oksidlosmonin  ilkin morhalosinde vo karbonil qruplari daha sonraki marhalolorde
fotooksidlogma destruksiyasinda PS asasinda momulatlarin PO nisbaton daha az davamlidir.

Kaucuk torkibli ZDPS-da doymamis slagalorin olmast qizdirildigda dagilma prosesinin 6z-
0ziino ¢oxalmasina gotirib ¢ixarir. Kaugukla modifikasiya olunmus PS fotoqocalmasinda zoncirin
qirilmasit  yan olagolorin qurulmasi iizorindo istiinliik toskil edir, xiisusilo do ikili alagolor ¢ox
oldugda polimerin morfologiyasina, fiziki-mexaniki vo reoloji  xassalorino ohomiyyatli tosir
gostorir. Biitiin bu amillori PS vo ZDPS tokrar emali prosesinds nazors almaq lazimdir. Homogen
polimerlorin tokrar emali nisboton sado masoladir, onlarin strukturu hom istehsal zamani vo hom do
ilkin istifado zamani1 saxlanilirsa onlar az deqradasiya olunur. Desrtuksiya prosesi naticosindo
struktur vo morfoloji doyisikliklor bas vers bilor.

PS destruksiya prosesi asason yiiksok temperatur noticosindo bas verir. Lakin oksigenin
istiraki, mexaniki gorginliklor vo uzun miiddot agiq havada galmasi destruksiyasini siiratlondirir.
Sokil 5-do oksigen istiraki ilo vo oksigensiz miihitdo miixtalif temperaturda ekstruziyadan sonra
molekul ¢okisinin azaldig1 gostorilmigdir. Goriindiiyli kimi, temperaturun maksimum sabitliyi 180
OC sahosinda yerlosir. Aydindir ki, temperatur amilimin tosiri oksigenin istiraki ilo miigayisado
azdir. Mexaniki gorginliyin tosiri PS emali zamani destruksiyanin siiratino ohomiyyatli tosir gostora
bilor [11].
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Sak. 5. Miixtalif temperaturda oksigenin istiraki ilo va oksigensiz miihitda
PS-un ekstruziyadan sonra molekul kiitlasinin azalmast
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Polistirol tullantilarinin funksional qruplar olan kaucukla va polimerlorlo modifikasiyasi
aparilir, sonra H,SO, ilo sulfolagdirilir vo sulfokationitlor alinir. Mexaniki mohkom ionitlorin
alinmasi ticlin PS texniki tullantilardan vo ilkin PS-dan istifado edilmisdir. Mastika vo yaxma
vasitalori az suudma v yiiksok sukecirmo, PPS asasinda alinan materiallar yiiksok suudma vo az
sukecirmo xassosino malikdir. Bu ilkin PPS-da masamaliliyin yliksok olmasi ilo olagodardir.
Materialin torkibinds tokrar emal olunan PS (TEPS) - 35-55% , aseton - 16,7-23,4%, heksan - 28,3-
41,6% vardir. Aseton va heksan 1:1,7 nisbatinds qarisiq soklinds holledici kimi istifads olunur.

ABS—da Mangestr Unversitetinin todqiqatgilart  torafindon TEPS  donolori vo tobasir
qarisigr osasinda birdofolik gablar almigdir. Kond tesarriifatinda TEPPS-dan torpagin keyfiyyetini
yaxsilagdirmaq ticilin torpaqla qarigdirilaraq istifade olunur. Bunun naticasinds torpaq hava vo
nomlo tochiz olunur. Yaponiyada kopiiklonon PS tullantisi, doldurucu va plastiklosdirici qarisigi
asasinda korroziyaya davamli ortiiklor alinir. TEPS asasinda polistirolbetonlar, penobetonlar alinir.
Bu ciir torkiblor miixtalif istilik izirolo materiallari, mastikalar vo yaxma vasitolori kimi istifads
olunur. Bu ciir materiallar Rusiyada 25 il, Avropada 40 ildir istifado olunur, yiiksok izolyasiya
xassasi va ylingiil konstruksiyasi (dasa vo sement konstruksiyalara nisbaton) olmasi ilo forqlonirlor.
Cindas polistirolbetondan evlar tikilir.

Masalonin holli. Torofimizdon aparilan todqiqat isindo mogsod tokrar emal olunmus
sinlordon xammal kimi istifade etmok, alinan materialin maya doyarini asagi salmaq, bununla da
ekoloji problemlari qisman hall etmoakdir [12,13].

Istismardan ¢ixmis rezin texniki momulatlarmin tullantilar1 da genis istifade olunur. Rezin
tullantilarinin asasini istismardan ¢ixmis avtomobil sinlorindon alan tullantilar tutur.

Avtomobillorin  siirotlo artdigi bir zamanda istismardan ¢ixmis sinlorin tokrar emals,
utilizasiyasi ekoloji vo iqtisadi cohatdon miihiim ohomiyyat kosb edir. Bu ciir sinlor xirdalanaraq,
miixtolif olciilii hissociklor kimi yeni torkibli kompozit materiallar1 almaq ii¢lin ucuz xammal
bazasima cevrilir. Sinlor miixtalif tisullarla tokrar emal olunurlar, bunlardan an asaslar1 mexaniki
tisulla emal, ozonla emal, yandirilmagla utilizasiya, piroliz, asag1 temperaturda emal, yiiksok tozyiq
altinda emal, hoalledicilords holl etmoklo utilizasiyasidir.

Xirdalanma dorocosindon asili olaraq istismardan ¢ixmis sinlorin istifado saholori ¢ox
genisdir. Hissociklorinin 6l¢iisii 0,5-1mm olan rezin ovuntusu dam oOrtiiyiindo hidroizolyasiya
materiali kimi, 6l¢iisii 1-2 mm olan hissociklor idman vo usaq meydancgalar {i¢iin yer ortiiklori
kimi, 2-3 mm-lik hissaciklor idman momulatlarinin hazirlanmasinda doldurucu kimi, 3-5 mm
hissaciklar boks alcaklorinin hazirlanmasinda va tibbi bloklarin doldurulmasinda istifads edilir.

Rezin ovuntusu osasinda kompozisiyalarin ustiinliiklori  bunlardar: elastiklik,
mohkamlik, sasi udmaq qabiliyysti, zorbays davamliliq, cirillmaya vo ayilmoays qarst davamliliq,
+40- -35°C temperatur diisgiisiino davamliliq, ultrabondvsoyi stlialarin tosirino davamliliq,
yeyilmoyo davamliliqdir. Bu ciir materiallar idman meydangalarinda idmangilar zodo almaqdan
goruyur, bu ciir ortiik {izorinds su yigilib qalmur, ortiik lizorino xotlor asan ¢akilir, asan tomir
olunur, pillokonlords qarli-yagish havada stirtismok tohliikosini aradan qaldirir, ortiiklor insanlar va
heyvanlar {i¢lin zohorli deyil vo bioliji tohliikosizdir; genis ¢esiddo ronglorlo asan boyamagq olar.
Tokrar emal noticosinds istismardan ¢ixmis polimer materiallarindan iqtisadi cohatdon ucuz vo
ekoloji tomiz materiallar alaraq, hom do otraf miihitin ¢irklonmasinin qarsisini almaq miimkiindiir.
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Tadqiqat isi neft bitumunun va epoksid gatranin qarisigr ssasinda ortiiklorin hazirlanmasina
hasr edilmisdir. Epoksid-bitum kompozisiyalarinin alinmasi {igiin istifado olunan komponentlor:
ED-20 markali epoksid oliqomeri, "Baki 85/25" markali bitum, istismardan ¢ixmig avtomobil
sinlorinin emali noticasindo alinmig o6l¢iisii 1 mm rezin ovuntusu, butadien-akrilnitril kauguku
(SKN-40), polietilenpoliamin (PEPA) istifado edilmisdi. Alinmis kompozisiyalar lak-boya
materiallarinin alinmasinda tobagaamalogatirici kimi istifads edilmisdilar.

Kompozisiya materiallarinin  alinmasinda rezin ovuntusu (RO)va palid agacinin
yonqarindan (PY) doldurucu kimi, ED-20 markali epoksid oliqgomeridon slagalondirici kimi (ED-
20), polietilenpoliamin borkidici kimi (PEPA) vo asetondan halledici kimi istifado edilmisdir
[14,15].

Kompozisiya materiali 18-20 °© C temperaturda 5 MPa tozyiq altinda  doldurucu
hissaciklorini preslomakls hazirlanir. Ovvalco doldurucular qarigdirilir vo lazim olduqda miivafiq
pigment alava olunur. Sonraki marhalods epoksid oligomerinin  6zliiliiyiinii azaltmagq tigiin o, su
hamaminda 50-60 °C qizdirilir, sonra oliqgomers holledici vo barkidici oalave edilorok qarisdirilir.
Hazirlanmis doldurucular oliqgomer garisigina olave edilir vo yaxsica qarigdirilir. Hazirlanmig
qarisiq metal goliblora yerlosdirilorak pres altinda bir giin saxlanilir vo ya barkima prosesini
tezlogdirmok tiglin 40 ° C temperaturda 1 saat saxlanilir.

Kompozisiyanin  fiziki-mexaniki xassolori do doldurucunun miqdarindan asili olaraq
doyisir. Belo ki, doldurucunun 60 k.h. miqdarinda oyilmado mdohkomlik 3,1 MPa, sixilmada
mohkomlik 12,6 MPa olmusdur. Torkibinds 50, 60, 65 vo 70 k.h doldurucu olan kompozisiyalarin
24 vo 96 saatda suyadavamliligt hom ¢okiyo goro, hom do hocmo gore Oyronilmisdir. 1-ci
codvoldon goriindiiyi  kimi  doldurucunun miqdar1 vo suda saxlama miiddoti artdigca
kompozisiyanin suudmasi da ¢oxalir. Doldurucunun miqdart 70 k.h. oldugda qalinliga goro sismo
24 saatda - 5,8 %, 96 saatda - 27 % olmusdur, ¢okiya goro suudmasi homin torkibdo vo saatlarda
uygun olaraq 20% va 45,2% olmusdur. Bu da palid ovuntusunun hidroskopikliyi ilo izah olunur.

Cadval 1.
Doldurucunun migdarinin kompozisiyanin suya davamhhgina tasiri
Sismosi Su udmasi
Doldurucunun miqdart. qalinhiga goro, % cokiya gors,%

kiitlo % 24 saatdan | 96 saatdan | 24 saatdan | 96 saatdan

sonra sonra sonra sonra
50 1,2 3,3 3,35 7,56
60 1,9 6,5 7.00 12,9
65 2.4 9,0 10,7 17,4
70 5,8 27,0 20,0 45,2

Miioyyon olunmusdur ki, RO vo PY ilo doldurulmus kompozisiyalar yiiksok istismar
xassalorine malikdirlor. Bu kompozisiyalarin alinmasinda tullantilardan istifado edilmasi hom
iqtisadi, hom ds ekoloji cohatdon somaralidir.
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OCHOBHBIE HATIPABJIEHUSA YTUJIW3AIIUA ITIOJIUMEPHBIX OTXOA40B
A10. MYCAEBA

B uccnenosarensckoil pabore pa3paboTaHbl KOMIIO3UTHI Ha OCHOBE PE3MHOBBIM KPOIIKH, PELUPKYIMPOBAHHOH B
pesynbrare OOpabOTKM IIMH, Ui NPUMEHEHUS B Pa3IMUHBIX oOjacTsax. [Ind mosyyeHHs KOMIIO3MLHMI HCIIOJIB30BaHBI
SMOKCUJIHBI OJIMTOMEP B KadyecTBe CBs3yromiero, nonmdtwieHnommamuH (PEPA) B kauecTBe oTBepAMTENs, pPE3HHOBEIC
kpomku (PK) u ommiku u3 my6osoro aepea ([{O) B kauecTBe HAMOTHUTENS. Y CTAaHOBJICHO, YTO KOMIIO3UIMH HAIIOJHCHHEIC
PK u 1O o6mamaroT BBICOKHMH IKCILTYyaTallMOHHBIMH CBOMCTBaMH. Vcmoip30BaHHE OTXOJOB VIS TOJYYCHHS KOMIIO3UIHA
SIBIISICTCS] 9KOHOMHYHBIM U 9KOJIOTHYECKH () PEeKTUBHEBIM.

Knroueevie cnosa: Ymuausayus, nepepa6omKa, wuHna, niacmudeckas macca, MOOUd)uKaL{M}l.

THE MAIN DIRECTIONS OF UTILIZATION OF POLYMERIC WASTE
AY. MUSAYEVA

The research is done to develope the composite, based on recycled rubber chips as a result of the tire processing, for
various application. In orer to obtain the composition, an epoxy oligomer was used as a binder, polyethylene polyamine
(PEPA) as a hardener, rubber crumbs (RC) and oak sawdust (OS) as a filler. It is established that the compositions filled with
RC and OS have a higher performance characteristics. The use of waste to produce a composite material is economical and
environmentally effective.

Keywords: utilization, processing, tire, plastics, modification.
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MN30MEPU3ALIUA BYTEH-1 HA CYJIbB@ATUPOBAHHOM
JANOKCUIE TUTAHA

M.P. CAJIAEB’, D.A. TYCEMHOBA™, M.P. AJIb-BATTBOTTU ",
K.10. AJDKAMOB™, A.A. TACAHOB™

M3ydena katanuTHueckasi aKTUBHOCTH JIBYX THIOB JHOKCHJA THUTaHA: MPOMBIIUICHHOTO W TIPHUIO-
TOBJICHHOTO 30JIb-T€]Ib METOJIOM, MOIAM(HUIIMPOBAHHBIX CyNb(aT-mOHAMH. Y CTaHOBIEHO, YTO MOIU(H-
UPOBAHKUE NPHUBOIUT K YMCHBIICHHUIO YACIHHOH IMOBEPXHOCTH KAaTAIM3aTOPOB, HO IOBHIMIAET MX KaTa-
JUTHYECKYI0 aKTUBHOCTH. [IpoBeIeH CpaBHUTENBHBIN aHAIH3 KATAJIUTUYECKUX M KHUCIOTHBIX CBOMCTB
KaTaJn3aToOpPOB, KOTOPHIA MMO3BOJMI YCTAaHOBHUTH, YTO MOTU(PHUIHMPOBAHHE TUOKCHAA TUTaHA Cyibpat-
HOHAMH TIOBBIIIAET KaK OPEHCTETOBCKYIO, TaK W JIBIOMCOBCKYIO KHCIOTHOCTB, OZHAKO MOCICIHIOI B
MeHblIeil creneHn. CocTaB M30MEPHBIX MPOAYKTOB PEAKLMU JaeT OCHOBAHME MPEANOIOKUTh KOOMepa-
TUBHOE y4acTUE TPEX THIIOB KUCIOTHBIX IICHTPOB: JTHIOMCOBCKUX U OPCHCTEIOBCKUX KUCIIOTHBIX, & TAKKE
CYMEPKUCIOTHBIX, B PEaKIUU H3oMepu3aius OyTeH-1.

Knruesvte cnosa:  uzomepuszayus;, bymen-1; moougpuyuposanue cyiogam-uoHamu,
OUOKCUO MUMAHA; OPEHCMEeD0BCKAsL U TbIOUCOBCKASL KUCTIOMHOCHIb.

Beenenne. B nocnennue roasl HaOMIOIAETCS POCT HHTEPECa UCCIeI0BaTENeH K HELCOIHT-
HBIM CYNEPKUCIOTHBIM KaTaJUTUYECKHM CHCTEMaM, OTJIMYAIOMINMCS BBICOKOW aKTHBHOCTHIO B
npolieccax aKTHBAIMU MOJIEKYT apaduHoB [1-5]. YHHKaIbHBIE KaTaIUTHIECKHE CBOWCTBA OKCH-
JIOB METAJIOB, MOIU(HIIMPOBAHHBIX aHWOH-HOHAMH, CBUJIIETEIBCTBYIOT O HEPCIIEKTHBHOCTH HX
NPUMEHEHHUS B TAKHUX TpolleccaX, KaK alKWINPOBAaHUE, H30MEPH3aLVs, KPEKUHT apaHHOB, OJIU-
roMepH3aIuy 0JIe(UHOB U IUKJIONapaduHOB.

C MOMEHTa OTKpBITUS BBICOKOH AaKTHMBHOCTH KaTalU3aTOPOB HAa OCHOBE aHHOH-
MOJIU(PHUIMPOBAHHBIX OKCHUIOB METaIOB, B YaCTHOCTH CYJIb()aTUPOBAHHOTO OKCHJAa THUTaHa [6],
MPOJIOJKAFOTCS. MHOTOYHCIICHHBIC MOTBITKH CBSI3aTh €ro (PU3MKO-XUMHUECKUE, KHCIOTHBIE U KaTa-
nuTH4eckue ceoiictra [7-10].

Hauano uccienoBaHuii YHHKaIbHBIX CBOWCTB CYNb(AaTHPOBAHHOTO OKCHJA THUTaHA OBLIO

noyioxkeHo B 1979 roxay, korma Aparta ¢ cCoOaBTOpaMHu COOOINIMIIN, YTO JaHHAs KaTaluTHIeCKas CH-
cTeMa MPOSBISIET CHIIbHYIO KUCIIOTHOCTh M aKTUBHOCTD B PEAKIIMH M30MEpHU3aIi H-OyTaHa B H30-
OyTaH. B MHOrouMcIeHHBIX pab0Tax aKTUBHOCTh MOAOOHBIX CHUCTEM CBSI3bIBAIM C HAJUYHEM CY-
MEePKUCIOTHBIX IEHTPOB, MIPU TOM, YTO MCXOJHBIM OKCHJ TUTaHAa UMEET HE APKO BBIPAKCHHBIC
KHCJIOTHBIE cBOcTBa (pH MX BOMHBIX cycrnieH3uil cocTaBisieT 4.5, 9To 3HAUUTEIHLHO HIKeE, ueM pH

HayuHo-uccnenoBatenbckuit MHCTUTYT «I €0TeXHOJIOTHYECKHe Npo0IeMbl HeTH, ra3a U XUMHUS»
AsepOaiipkaHCKUI rOCyJapCTBEHHBIN YHUBEPCUTET HE()TH U MPOMBIIIIICHHOCTH

&9



M.P. Canaes, D.4. I'ycetinosa, M.P. Ano-bammbommu, K.IO. Adscamos, A.A. 'acanos

CepHOW KHCIIOTHI, KOTOpas cocTaBisieT 1,62), 4To ABISAETCS HETOCTATOYHBIM JUIS MPOSBICHUS CY-
MIEPKUCIOTHBIX CBOWCTB.

[TonbITKa M3y4YeHUs CYNEPKHUCIOTHBIX CBOMCTB CylIb(aTUPOBAHHOIO OKCHIA THTaHA ObLia
npennpuHaTa aBropamu [7], koropeie ¢ nmpuMmenenneM MK-cnexrpockonnu muddy3noHHOTO pac-
cessHus usydanu SO4/ZrO, u SO4/TiO,, u ycranoBieHo, uro Ha nmoBepxHocTU SO4/ZrO, npucyr-
cTBYIOT Oosiee cuiibHble, yeM y SO4/Ti0, bpencrenosckue kucinorueie neHtpsl (BKL), xkatanuza-
Top SO4/Ti0, KpoMe TOoro XapakTepru3oBajics HaTnIreM JIbIonCOBKUX KUCIOTHBIX TIeHTpoB (JIKLI)
YMEpPEHHOM CHUIIbI, KOTOpBIE, IO MHEHHIO aBTOPOB, HE BHOCUJIM CYIIECTBEHHOTO BKJIaJ|a B KHCIIOT-
HOCTb JAHHOW CHUCTEMBI.

B nnteparype MMEIOTCS MHOTOUYMCIIEHHBIE TIOATBEPXKACHUS O XOPOLIEH COrNIaCOBAaHHOCTH
JaHHBIX 00 aKTMBHOCTH KaTAJIMTUYECKUX CHCTEM B PEaKIUH H3oMepusauuu OyreH-1 B yuc- u
mparc- OyTeH-2 ¢ KUCIIOTHBIMHU CBOWCTBAMU IMIOBEPXHOCTH Kataiu3aTopos [11-13].

Lenbto HacTOALIEH paOOTHI ABISIETCS U3YyUEHHE KATAIMTUYECKOW aKTUBHOCTH UCXOJIHOTO U
Cynb(haTUPOBAHHOIO OKCHJAA TUTaHA B PEaKlMU U30Mepu3aluu OyTeH-1 M COMmocTaBieHHE C UX
KHUCJIOTHBIMH CBOMCTBaMH.

Mertoauka 3xcniepuMenTa. B kauecTBe UCXOIHBIX ObUT UCIIOJIb30BAaH MPOMBILIUIEHHBIH
nuokeun tutana TiO, (Evonik Resource Efficiency GmbH, conepxanue anataza cocTaBisieT
90%), Ti(OC,Hs)4 TeTpasToxcutuTan (Merck), astunoBsrit criupT (98%-Hsrit), (CH3),NOH Tetpa-
MeTUIIaMMOHUH, TucTUIMpoBanHas Boja, H,SO, cepuas kuciota (20%).

Jlns uccnenoBaHnii ObUTM B3ATHI 3 THIA KaTaJM3aTOPOB: MCXOTHBIN NMOKCHJ THTaHa, a
TaKkXke Cyab(paTUPOBaHHBIC, B KOTOPBIE CYIb(O-aHNOH BBOAWICS 2-Ms MyTAMHU - IIyTeM MOIU(H-
UPOBaHUS JUOKCH/IA TUTAHA MO BJIATOEMKOCTH (IIPOMUTKA) U CyIb(paTUpOBaHUS TUOKCUIA TUTaAHA
Ha CTaJIuU reeoOpa3oBaHus (METO/I 30J1b-Tellb CHHTE3a) (Tab.1).

MeToa NpONUTKY 3aKII0YaICS B MPOMUTHIBAHUN MO BJIIATOEMKOCTH MPEBAPUTEIBHO MPO-
KaJICHHOTO B TedeHuu 2 yacoB mpu 150°C rpanyn AMOKCHIA THUTaHA, pACTBOPOM CEPHOM KUCIIOTHI.
Jns nocTikeHnss He0OXOAUMOTO COAEPKaHUs CyNb(aT-HoHa, N3MEHSIIM KOHIICHTPALIUIO PacTBOpa
kucnotel. O6pasupl /1 6, I 2 v I 0 TOTOBWIIM JBYKPATHOM MPOMUTKOM 10 BIaroeMKOCTH.

[To 30mb-rens MeToauke npu 2°C K, HaXOASIEMYCs B TPEXTropiaon Koibe, alKOKCHly TUTa-
Ha B STWIOBOM CHHUpTE M00aBISLTM TETpaMETHJIAMMOHHMHA W CEpHYIO KHCIOTY, Jajiee pacTBOp
HarpeBayim 0 100°C u BbIAep)kUBaid B TeueHune 6 dacos. [locie, morydeHHbBIN TTOPOIIOK BBIIEP-
JKUBAJIHA B aBTOKJaBe B TeueHne 5 gacoB mpu 200°C. KoMmoHeHThI ObUTH B3ATHI B MOJBHBIX COOT-
HomeHusx Ti(OC,Hs), : C,HsOH : H,O, paBubix 1 :2: 3.

[Tomyuennyio maccy TaOieTHpoOBaliv, MPOKATUBAIM B TOKE OCYIIEHHOTO BO3JyXa IpH
250°C, dpakmoHupoBaIu 1 0TOMpa KaTanu3aTopsl pasmepom 0,5-1 mm.

Conepxxanue cynb(ar-aHHOHA OMPEICIISIIN C MOMOIIbIO ATOMHO-3MUCCHOHHOTO CIEKTPO-
merpa VARIAN 710- ES.

[Tnomane ynensHON MOBEPXHOCTH OTPELISIach METOAOM KalMUIAPHON afcopOInu a3oTa
Ha aJICOPOIIMOHHO-CTPYKTypHOM ananu3atope TriStar 3000.

W3omepuzanuio Oyren-1 npoBoauin Ha 1aOOpPaTOPHON MPOTOYHON YCTAHOBKE CO CTAlMO-
HapHBIM cJioeM Kataim3aTtopa npu temreparype 300°C u atmocdeprnom napnenun. byren-1 moiry-
YaJii HEMOCPEACTBEHHO Ha YCTAHOBKE JIerHjparanueil H-OyTHIOBOrO CIHMpPTa HAa OKCUAE allOMHU-
HUSI, TpeBapuTenbHO oOpabdoranHoMm 0,05% Bec. pactBopom KOH (a1 monmaBieHus Murpanuu
JBOIHO# cBs13H). OGBEMHAs CKOPOCTh HCXOIHOTO OyTeH-1 cocTapmsita 240 u™.
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Tabnuua 1
XapakTepHCTHKA UCCJIeAyeMbIX KAaTaJIU3aTOPOB
O6o3uauenne obpasia | Coneprkanue anuona, % | Sy M7/T
IIpucomosnenvt memooom nponumku, *TiO,
I** — 57

la 3,1 46
1o 6,4 38
Ie 9,12 25
12 12,3 20
Io 15,2 18

Ilpuecomosnenwvl 3016-2e16 memooom; *** Ti(OC,Hs),

i — 170
Il a 3,2 146
IIé 6,1 121
1l ¢ 9,5 103
12 12,1 73
1o 15,4 55

* - "HocuTenb; ** - ucxoonwi nemoouguyuposannvii Ti0,; *** - HeopraHU4ECKHit IPEKypcop.

Xpomarorpapuueckuii aHaiau3 U30MEPHOro cocTaBa OyTEHOB MPOBOJAMIM HAa XpOMaTOrpa-
be «CHROM-5», cHaG)XKEHHOM METEKTOPOM IO TETUIOMPOBOTHOCTH. MCIONb30Bamy HAOMBHYIO
KOJIOHKY, HAaloJHEHHYIO ajzicopoenTtom Mu3enckuit kupnuy - 600, moauduuupoBanusiM 15 % Ba-
3eMHOBBIM MacioM. [[nuna konona 3 M. Tok merekTopa 60 pA.

AXTUBHOCTH KaTalqn3aTopa XapakTepHU30BaJIM OTHOIICHHUEM CTETIeHH MpeBpalieHus OyreH-1
K IUIOLIa/IM TOBEPXHOCTH KaTajau3aTopa.

OOcy»xenue pe3yabTaToB. /[aHHbBIE 110 KATAINTHYECKONW aKTUBHOCTH M CEIEKTUBHOCTH
HCXOJHOTO U CyJb(aTUPOBAHHOTO OKCHJIa TUTAHA B PEAKIMH H30MepHU3aluu OyTeH-1 npu Teme-
patype 300°C npuBeneHsl Tabnuie 2.

ComocTaBieHne NOTyYEHHBIX Pe3yabTaTOB C JAHHBIMH 00 M3MEHEHHWHU yJeNbHOW MOBEpX-
HOCTU HCCJIeyeMbIX 00pa3uoB (Tabi.l u 2) CBHIETENBCTBYIOT, YTO 00pa3libl KaTaJlu3aTOpOB,
UMEIOLIMe HAauOOBIIYIO YIENbHYIO IUIONIAb, HE SBISUIMCH HarOOoJIee aKTUBHBIMU, YTO YKa3bIBAET
Ha TO, YTO aKTUBHOCTH KaTaJIM3aTopa 3aBUCUT HE OT TEKCTYPHBIX CBOWCTB.

W3 Ttabmuuel 2 BUIHO, YTO XOTS KOHBepcHs OyTeH-1 B MpUCYTCTBUU 0Opa3lOB, IPUTOTOB-
JICHHBIX 110 OTJIMYHBIM METOJMKaM, UMEET OJIN3KHUe 3HAYCHHS, COCTaB MPOAYKTOB PEAKIIUU UMEET
CYIIECTBEHHbIE PA3IUUMUS: CEIEKTUBHOCTH IO TPaHC-OyTeH-2 sl 00pa3lioB, IPUTOTOBIEHHBIX Me-
TOJIOM TPOMNHUTKH, B 4,5 pa3a BblllIe, ueM 1o nuc-oyteH-2 (1 2); CeNeKTUBHOCTh MO TpaHC-OyTeH-2
aHAJIOTHYHOTO 00pasiia, MPUTOTOBICHHOTO 30JIb-Tellb MeToqoM (/I a), Hke B 2 pasar(s 0,5 pa3).
XO0Ts U3HAYAIbHO, 10 MOAUDULIMPOBAHUS, 3TU TMOKa3aTeIM MaJlo pa3iuyanuch —y obpasua [ u 11
COOTHOIIIEHHE COCTaBIIsLIO 1,6 1 1,3 COOTBETCTBEHHO.

Jlnst 06pa3ioB, MPUTOTOBIEHHBIX METOJOM IPOMHUTKH, O0Iasi aKTHBHOCTH TTOBBIIIAETCS C
POCTOM KOJIMYEeCTBAa MOAU(PHUKATOPa, MPOXOJIs Yepe3 MakCUMyM y oopasua / o. [lanenus katanuru-
YEeCKOW aKTMBHOCTH OOpPAa3IOB, MPUTOTOBICHHBIX 30Jb-T€b METOAOM, TaKXe IJIABHO BO3pPacTalo-
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el C yBEJIMUEHUEM COJIEPKaHUA CyIb(aT-aHMOHOB, B X0/I€ HCCIIEJOBAHUI OTMEYEHO HE ObLIO, HO
naxxe y katanuzatopa /I 0, y KOTOporo ObUI0 OTMEYEHa MaKCUMalibHas aKTUBHOCTH JUISL TAHHOTO
TUna 00pa3loB, ATOT MOKa3aTelb MOYTH B 3 pa3za HUXKE, ueM y [ 2.

Tabnuya 2
Biinsinue MeTo1a MPUTOTOBJIEHHUs M KOJMYecTBa MoaupuKaTopa
HA aKTHBHOCTH OKCH/IA THTAHA B PeaKINH H30MepH3aIuu 0yTeH-1
O6pa3err Kongepcust CenekTuBHOCTH, %o AKTHUBHOCTb,
Karajgm3aTopa Oyren-1, Luc- Tparic- M
% OyTeH-2 OyTeH-2
I** 21 61,90 38,10 0,37
Ilpuecomosnennvie memooom nponumku, *Ti0,
la 36 77,78 22,22 0,78
1o 42 64,29 35,71 1,11
Ie 51 66,67 33,33 2,04
Iz 55 81,82 18,18 2,75
1o 30,2 73,51 26,49 1,68
Ilpucomosnennvie 301v-2en6 memooom, *** Ti(OC,Hs),
H 18,5 56,76 43,24 0,11
Il a 25,3 60,47 39,53 0,17
1o 30,1 49,83 50,17 0,25
1l ¢ 42,6 37,56 62,44 0,41
Il 2 45,2 33,19 66,81 0,62
1o 48,8 70,78 29,22 0,92

*-HOCHTeNb; ** Hcxoonuiil ne mooughuyuposannsiii TiO, ***- HeopraHMYeCKH IPEKypcop.

[TomoOHbBIE OTIMYNS CBUIETENBCTBYIOT O Pa3HOW KMCIIOTHOM CHIIE KaTaln3aTopoB. M3Bect-
HO, YTO Ka4e€CTBEHHO-KOJMUYECTBEHHBIA COCTaB U30MEPOB OYTEH-2 MO3BOJISIET MOIYUYUTh HH(POpMA-
U0 O TpHUpoAe M pacnpeaeneHun bpeHcTenoBckux U JIbIOMCOBCKMX KHCIOTHBIX LEHTPOB
[11,12,20]. AHamu3 COOTHOIICHUS IHC-/TPAHC-U30MEPOB TTOKA3all, YTO MCXOIHBIA TUOKCH] TUTaHA
oTIu4alcs 0oJee BHICOKOM JIbIOMCOBCKOM KHCIOTHOCTBIO, YEM IMOJIYyUYEHHBIH U3 ankokcuaa. Moau-
¢dunpoBaHue JaHHOTO o0pa3la MPUBOAUT K POCTY Kak MPOTOHHOMN, TaK M alpOTOHHON KHCIOTHO-
CTH TIOBEPXHOCTH, YTO BEPOSATHO OOYCIOBICHO 0Opa3oBaHUEM JIOTOIHUTEIbHBIX aKTHBHBIX ILIEH-
TpoB. OTMEUEHHBIN pOCT aKTUBHOCTH KaTanu3aropa (o0pa3usl / 6 u [ 2, Tab1.2) NIPOUCXOIUT OTHO-
BPEMEHHO CO CHM)KEHHEM COOTHOIIEHHS IHC-/TPAaHC-U30MEpOB, T.€., BBOJ MoAU(UKaTOopa — Cyib-
(aT-noHOB, MPUBOJUT K MPAKTHUECKU JTMHEHHOMY POCTY MPOTOHHON KHCIOTHOCTH OTHOCHUTEIIFHO
anpOTOHHOM. AHaJloTHYHAasl KapTUHA Ha0Jt01anach IPU UCCIICAOBAHUN KUCIOTHBIX CBOMCTB CYJib-
(aT-MoM(UIIMPOBAHHOTO TUOKCHAA TUTAHA M COTJIACHA 3aKJIIOUEHHIO aBTOPOB [7] Obla BhI3BaHA
MOSIBIIGHUEM TOBEPXHOCTHBIX JIOTOJIHUTEIBHBIX OpPEHCTEIOBCKUX KHUCJIOTHBIX LIEHTPOB HOBOTO
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TUMA — JETOKAJN30BAHHBIX IPOTOHOB,
00pa3yromuX MHOTOIICHTPOBBIE CBS3H C
KHACJIIOPOJHBIMA ~ aTOMaMU  aHHOHA
S02~u pemetku. Iocnenyiomee maze-
HHE aKTUBHOCTH JIaHHOTO THIA KaTaJH-
3aropa (Tabmn.2, / 0) BEpOSTHO BBI3BAHO
3arojHeHHeM U 0e3 TOro Mayloil Iio-
AN yOeJIbHOW TOBEPXHOCTH, CYIIb-
¢ar-nonamu (tadun.l, 7 0).

BaxxHO OTMETHUTB, YTO COTIACHO
HOJTY4YEeHHBIM 9KCHEPUMEHTAIBHBIM
JAHHBIM, Y OTHOCHTEJIBHO MaJIOAKTHB-
HOTO HE MOJIU(HUITUPOBAHHOTO 00pasIia,
MOJYYEHHOTO 30JIb-T€JIb METOJ/IOM, CO-
OTHOIICHUsI OPEHCTEIOBCKOW U JIBIOH-
COBCKOM KHCJIOTHOCTH TPaKTHYECKH
paBHBI. AHaNIM3 BIUSHHS KOJHYECTBA
Cynb(aT-MOHOB Ha pacIpejesieHHe |
IpUPOAY KUCIOTHBIX LEHTPOB JAHHOTO
TUMa 00pa3loB, MO3BOJIMIO YCTAaHO-
BUTH, YTO BBOJ MOAH(HUKATOpa CrIoco0-
CTBYET IUTABHOMY YBEJIWYECHHUIO H30Me-
pU3YIOLICH aKTUBHOCTH KaTaJM3aTOPOB
Ha (OoHE pocTa OPEHCTETOBCKOW KHC-
JOTHOCTH, YTO BBIPAXKaJIOCh MPAaKTHYE-
CKM OJKCIIOHCHIIMAILHBIM XapaKTEepOM
KpUBOW  1uc/TpaHc-Oyren-2  (puc.l,
kpuBas II).

Kax u3BecTHO, XHMHYECKHI CO-
CTaB JUOKCHAA THUTaHA, IOJyYECHHOTO
30J1b-T€JIb METOJIOM, CHJIBHO 3aBHCHUT OT
YCIIOBUI MPOKAJIKU: MPU TeMIIepaTypax
o 650°C maOmromaroTcst Cieabl BOIBI
[14]. B ycnoBusax 6ojiee HU3KHX TeMIIe-
paTyp MOJEKYJIbl BOABI M TUIPOKCHIIb-
HBIE TPYIIBI BXOAST B CTPYKTYpY HE

0.8

0,6

0.4

Coomuouienue uuc—/mpanc-wo.wepoe

a 7] 8 2 0

Obpasyvt  kKamaauzamopa

Puc.1. 3asucumocmo coomnouwenun yuc/mpanc-oymen-2 om co-
oeparcanus cyibham-uonos é cocmage MoOOUPUUUPOBAHHO20 MU~
mana oxcuoa (06o3nauenus cm. maon.2; I - oopazupl kKamanuzamo-
pa npuzomosenensl memooom nponumu; I - 06pasysl kamanusa-

mMopa nPuzomoeiensl 3071b-2ej1b MEno0oM).

MpAaHC-U30MEPOE6

Coomnowenue 6ymen-1-/

* a 6 é 2
Obpaszybl  Kamanuzamopa

Puc.2. 3asucumocmov coomnowenus oymen-1/mpanc-oymen-2 om
cooeprcanus cyibham-uonoe é cocmage MoOuPuUUUPOSAHHO20
mumana oxcuoa (I - 06pasybl Kamanuzamopa nPuzomMosIeHbl Me-
modom nponumku; Il - 06pazysl Kamanuzamopa RPU2omMo6IeHbl
30716-2€71b MEMOOOM; * - HeMOOUPUUUPOBAHHBLIL OUOKCUO MUMAHA).

MOIU(PHUIIMPOBAHHOTO JTMOKCHIA THTaHA U 00pa3yloT TepMuHanbHbIe rpynmbl TiOH, oTBeTCTBEH-
HBIE 32 OPEHCTEIOBCKYIO KHCIOTHOCTh. BepoaTHO, pOCT OpeHCTENOBCKON KUCIOTHOCTH 00pasIoB,

MMOJIYYCHHBIX 30JIb-I'€JIb METOJA0M, ITIOCJIC BBOAA MOILI/I(I)I/IKaTOpa CBA3aHO C TEM, YTO B XOJ€ IPUTO-

TOBJICHHUA OTAHHOI'O THUIIA MO,I[I/I(i)I/ILII/IpOBaHHBIX 06pa3u03 BbIIIC OTMCYCHHLBIC IMPOTOHHBLIC HEHTPLI

MEPEXOJIAT B JEIOKAIM30BAHHOE COCTOSHUE, TEM OOJIbIliee, YeM OoJbIliee KOJIMYECTBO Cyb(hart-

WOHOB OBLIO BBEJIEHO.
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OTCYTCTBHE YMEHBUIEHHSI aKTUBHOCTH (B OT- CIKLL
JMYME OT BHIIIE PACCMOTPEHHBIX OOPA3IOB, IPUTO- BKL,
TOBJIEHHBIX METOIOM MPONUTKH, MaJE€HHUs aKTUBHO- T O« .O
CTM ¢ YBEJIHYEHHEM COJEPKAaHUS MOAU(pHUKaTOpa T \\5"/" ‘
OTMEYEHO HE OBIJI0) MOXKET OBITh BBHI3BAHO CTAOWIIb- o o O \O 0O ')
HOCTBIO IMIPOKCHIIBHOTO TIOKPOBA JHOKCH/A THTaHA N /NN /7 N/
B YCIIOBMSIX peakIuu. IIpu 5TOM OTHOCHTENBHO HU3- Ti Ti. Ti Ti Ti
Kasi KaTaJIMTUYeCcKas aKTHBHOCTh JAHHOTO TUIA KaTa- / \O/ \O/ \O/ NN\ o

Jm3aTopa, CKOpe€ BCCTO, BbI3BaHa TEM, YTO pacCMar-
PUBAEMBIC, CBA3AHHLIC C H30JMPOBAHHBIMU THAPOK-
CUJIbHBIMU TpYyIIIIaMH, 6peHCTeILOBCKI/Ie KHUCJIOTHBIC

NKLL

Puc.3. Ilpeononazaeman cmpykmypa
AKMUGHBIX UEHMPOE CYIbHAMUPOSAHHO20
IEHTPHI SABJSIIOTCA Oojiee cnabbMu, 4eM y 00pasioB Ouokcuda mumana.

MPUTOTOBJICHHBIX METOJIOM HPOMUTKH.

CpaBHeHHE JIbIOMCOBCKON KMCIOTHOCTH 000X THUIIOB KaTajau3aTopa, MoKa3ajio, YTO METO/
MIPUTOTOBJICHUS UTPAET OCHOBHYIO POJIb. DTO HATJISAAHO TpociexuBaeTcs Ha kpuBoi I (puc.l),
KOr'Jla BBOJ CyJb(aT-uoHa B IUOKCU THUTAHA, MOJYYEHHOT'O 30JIb-Te€llb METOJIOM, IIPUBOJIUT K pe3-
KOMY TaJICHUIO JIbIOMCOBCKOW KHCIOTHOCTH. Y YUTHIBasI, YTO POJIb IPYTUX (HPaKTOPOB 3/1€Ch UCKITIO-
YeHa, MOXKHO IMIPEANOJIOKHTh, YTO B XOJ€ TMPHUTOTOBICHHUS W TepMOOOpabOTKH cynbdat-
MOIU(UIKMPOBAHHOTO TUOKCHA TUTaHa, 00pa3ytoTcs (a3bl BOJHOTO TUTAHWICYNb(]arTa, KOTOPbIi
M3MeHss CTPYKTYpYy aHaTa3a, OIOKHMPYET KOOpIMHALMOHHO-HEHAchImeHHble nombl Ti™, orBer-
CTBEHHBIE 32 TPOSIBIISIEMYIO JIbIOUCOBCKYIO KUCIIOTHOCTb.

Kak wu3BecTHO, cooTHomeHHe OyTeH-1/TpaHc-OyTeH-2 MO3BOJISIET YCTAaHOBHUTH HPUPOIY
MIPOMEKYTOYHOTO COCTMHEHHS: pajauKkaia, kapOkarnoHa u kapbanmona [15,16]. 3 momydeHHBIX
3HaueHui (puc.2; cootTHouenue 0yreH-1/Tpanc-0yreH-2 > 1) cieayeT, 4To B X0Ji€ PeaKkIi U30Me-
puzanuu OyTeH-1 B mpuUCyTCTBHM 00OMX THIOB AMOKCHJIA THTaHA U €ro Cyib(haTUpoBaHHOU (op-
MBI, KapOKaTHOH HE 00pa3yercs. YUWTHIBasS OTHOCHTENHBHO HHU3KYIO TEMIIEpaTypy Iporecca, a
TaKk)ke€ OTCYTCTBHE MHHUIIMATOPOB TOMOJUTHUECKOIO pacraja UCXOJHOro ojieuHa, 0Opa3oBaHUEM
paauKaia Toke MOXKHO IpeHeOpeub. Ciie10BaTeNbHO, B MPUCYTCTBUU UCCIIEyEMOT0 THIAa KaTalu-
3aTOpOB M30MepH3anusa OyTeH-1 mpoTekaer uepes3 00pa3oBaHHe MPOMEKYTOUHOTO KapOaHUOHA.

Kaxymeecss nmpotuBopeune, o npeodiaaaHuu OPEHCTEIOBCKON KUCIOTHOCTH M MPOMEKY-
TOYHOM KapO-aHHOHE MOKHO OOBSICHUTB, HCXO/IS M3 MapIIpyTa H30MEpHU3aLuH 01e(prHOB, H3BECT-
HOTO B JIUTEPAType KaK «IepeKiIoueHre Bogopoaay [17], a Takxke npuHUMAas BO BHUIMaHHE CyIIep-
KHUCJIOTHBIE CBOMCTBA CyIb(haTUPOBAaHHBIX OKCUIOB [18]. BeposTHO, B TaHHOM HCCIIEAYEMOM CIIy-
Yae peakiys peaau3yeTcs MPH Y9aCTHH TPEX TUIIOB aKTHBHBIX IIEHTPOB (puc.3): 1-bIif Tun obecrie-
yuBaeT cBs3b oyiepuna ¢ noBepxHocThio (JIKLI); 2-0if THM (CynepKUCIOTHBIEC JbIOMCOBCKUE KHC-
notueie 1eHTphl, CJIKL]) cmocoOCTBYIOT TeTepOIMTUYECKOMY OTPBIBY MPOTOHA W 0Opa3oBaHUE
Kap0O-aHWOHA; 3-Wii TUIM MPEAOCTABISIET HHTEpMeanaTy npotoHupoBaHHbid Bogopos (BKILL). Orot
MapLIpyT B ONpPEAEICHHON CTENEHU COTJacyeTcsl ¢ MpeJIOKeHHBIM paHee aBTopamu [19] «kon-
LEPTHBIM» MEXaHU3MOM JJIs IIpolecca U30MepHU3ali H-OyTaHa Ha CyJb(aT-HUPKOHUEBBIX KaTa-
JM3aTopax, B KOTOPOM 3a/IeHiCTBOBAHBI JiBa THIA akTUBHBIX IeHTpoB: JIKL] u cynbdartnas rpymnna;
OT MOJIEKYJIbl YIJIEBOJOPO/ia OTPhIBACTCS THAPUA-UOH ¢ 0OpazoBaHueM HHTepMmenuara Zr-H', ko-
TOPBIN Jasiee CTa0MIN3upyeTcs Ha cyiab(o-rpynne. OqHaKo, Ha HAIl B3I, TOT MOMEHT MOXKHO
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CUNTATh JUCKYCCHOHHBIM M TPEOYIOIIMM YTOYHEHHH, TaK KaKk B OTCYTCTBHH JOHOPOB BOZOPOAA
3TO MaJIOBEPOSTHO.

3akmoueHue. B xo/ie MpoBeICHHBIX CPABHUTEIBHBIX MCCICIOBAHUN KAaTaJTUTUYECKOMN aK-
TUBHOCTH MCXOJIHOTO M CYJIb()aTHUPOBAHHOTO OKCHJIA TUTAHA B PEAKIIUU M30MepHu3au OyreH-1 u
COIIOCTaBJICHUE C UX KUCIIOTHBIMU CBOWCTBAMHU OBLIO YCTAHOBJICHO, YTO:

1) MeToJ MPUTOTOBJICHUS U KOJIMYECTBO BBOJMMOTO B KaTAIMTHUECKYIO CUCTEMY MOIH(H-
KaTopa — cynab(haT-noHa BIUAIOT HAa €€ H30MEPU3YIOIYI0 aKTUBHOCTD;

2) naubouspluas u3oMepusyroas akTuBHOCTh OyTeH-1 (55,3%) xapakrepHa ais oOpasia,
HPUTOTOBJIEHHOTO METOIOM IPOIUTKH, B KOTOPOM COJepkKaHue Cylb(haT-aHuoHa cocTaBisieT 12%;

3) MomuduirpoBaHue cyib(ar-noHaAMH AUOKCHA THTAaHA TIPUBOIUT K OOJBIIEMY YBEIH-
YEHHUIO OPEHCTE0BCKOM, YeM JIbIOMCOBCKOW KUCIOTHOCTH;

4) Ha OCHOBAaHWH IOJNYYCHHBIX 3KCIIEPUMEHTAJIBHBIX JAHHBIX MPEUIOKEH MapLIpyT H30-
Mepu3aiuu OyTeH-1, KoTopasi MPOUCXOAUT C y4acTUEM 2-X TUIOB KUCIOTHBIX LIEHTPOB 4epe3 00-
pa3oBaHUE MPOMEKYTOUHOTO KapO-aHUOHA.
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SULFATLASMIS DiOKSIiD TiTAN UZORINDO BUTEN-1 iZOMERLOSMOSI
M.R. SALAYEV, E.©. HUSEYNOVA, M.R. AL-BATTBOTTI, K.Y. 9COMOV, O.A. HOSONOV

Iki tip dioksid titanin katalitik aktivliyi dyrenilib: sanaye va zol-gel iisulu ilo hazirlanan v sulfat-ionlarla modifikasiya

olunmus. Miiayyan olunmusdur ki, modifikasiya xiisusi sathin azalmasina, katalitik aktivliyin isa yiiksalmasine gatirib ¢ixardir.
Katalizatorlarin katalitik va tursu xassalarinin aparilmis miiqayisali analizi gosterib ki, dioksid titanin modifikasiyasi onun ham
brensted, ham do lyuis tursulugunu artiritb, amma sonuncunu daha az. Izomer mshsullarinin torkibi buten-1 izomerlosma
reaksiyasinda 3 tip aktiv morkazinin: tursu brensted, tursu lyuis va super tursu istiraki ilo getmoyini asas verir.

Acar sozlor: izomerlogsma, buten-1; sulfat-ionlarla dodifikasiyasi; titan dioksidi; brensted va lyuis tursulugu.

ISOMERIZATION OF BUTHEN-1 ON SULFATED TITANIUM DIOXIDE
M.R. SALAEV, E.A. HUSEYNOVA, M.R. AL-BATTBOTTIL K.Y. AJAMOV, A.A. QASANOV

The catalytic activity of two types of titanium dioxide was studied: industrial and prepared by sol-gel method, modified

with sulfate ions. It was found that the modification leads to a decrease in the specific surface area of the catalysts, but
increases their catalytic activity. A comparative analysis of the catalytic and acidic properties of catalysts has been made, which
made it possible to establish that the modification of titanium dioxide by sulfate ions increases both Bronsted and Lewis
acidity, but the latter is to a lesser extent. The composition of the isomeric reaction products suggests the cooperative
participation of three types of acid sites: Lewis and Bronsted acidic, and also superacidic, in reaction isomerization of butene-1.

Keywords: isomerization; butene-1; modification by sulfate ions; titanium dioxide; Brinsted and Lewis acidity.
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SUPERIONIC STATE IN TIS, T1Se, TIInS, AND TlGaSe, CRYSTALS

R.M. SARDARLY", N.M. ISMAYILOV™", A.P. ABDULLAYEV", F.T. SALMANOV",
N.A. ALIYEVA", S.M. GAHRAMANOVA", A.A. ORUJOVA"

We report the results of our studies on temperature and electric field dependences of conductivity in TIS,
T1Se and TlInS, crystals. At a certain temperature (typical for all three crystals) a switching effect has
been observed for the conductivities of all crystals. The switching effect is explained by the phase transi-
tion to the superionic conductivity. It is suggested that in TIS and TISe crystals the ion conductivity is
caused by the diffusion of Tl+ ions over vacancies in the thallium sub-lattice between (TI'S*,) and
(Tl3+Sez'2) chains. In T1InS, crystals, this effect is due the diffusion of T1" ions towards vacancies in the
Tl sub-lattice. In all crystals S-type switching effect is revealed. It is suggested that the switching effect is
related to the transition of crystals to the superionic state, which is accompanied by diffusion of TI" ions.
In the spectral range 25+10° Hz the frequency dependences of the components of the total complex im-
pedance has been measured by impedance spectroscopy and the relaxation processes in TlInS, and
T1GaSe; crystals were studied before and after gamma irradiation with a dose of 25 Mrad.

Keywords: TIS, TISe and TlInS, crystals, superionic state, switching effect, impedance, ion conductivity.

Introduction. Materials with quasi low — dimensional crystalline structure have been ob-
jects of intensive studies due their promising physical properties caused by nanoscale effects. These
materials have been largely used in fabricating of miniature accumulators, ionistors, gas sensors,
solid-state fuel elements and other devices. The superionic conductivity is one of the unique phe-
nomenons observed in quasi low-dimensional crystals. In particular, the superionic conductivity
exists under the following conditions: the network of channels in crystal’s structure must be though
for moving ions; the energy of ion disordering over lattice positions and the energy lost during mo-
tion should be small; the number of potentially mobile ions per unit cell should exceed the number
of immobile ions. These conditions are satisfied for only few crystals, the structure of which ex-
cludes long-range ordering in the spatial arrangement of one or several types of atoms but retain
long-range order for other particles. These compounds are considered crystals with intrinsic struc-
tural disordering. Crystals with structural disordering, which have mainly ion conductivity, can be
in two qualitatively different states. At temperatures below the critical, they behave like conven-
tional ionic crystals (dielectric phase), while at temperatures above the critical they pass to a pecu-
liar superionic state (electrolytic phase).
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ture of these crystals is that their (on the left) and perpendicular (on the right) to axis c.

structure is formed by (TI*'S*,) and (TI*"Se’,)— chains, elongated along tetragonal axis ¢ of the
crystal (Fig. 1.(a) [1]). The tetragonal axis is an optical axis. Monovalent TI" atoms are in the octa-
hedral environment of S and Se atoms in the TIS and TISe crystals, respectively. Based on the crys-
tal-chemical considerations, it can be suggested that this crystal structure is most favorable for mo-
bile TI" ions. In this case, the favorable factor is the presence of extensive cavities, which are
linked by shared faces (conductivity windows), as well as the fundamental possibility of deficit of
monovalent thallium ions, as a result of which the ionic conductivity may significantly rise.

TlInS, is a p-type semiconductor with a layers structure made of InyS;o (which in turn con-
sist of four tetrahedrons InS,) groups that form layers extending perpendicular to the c-axis of the
material (Fig.1(b)). These layers of negatively charged are bonded together by T1" ions. The result-
ing monoclinic lattice is characterized by group symmetry. Much attention has been paid to such
crystallographic systems, which behave as if they have less than three spatial dimensions. Such
materials are often called quasi-two-dimensional (2D) layers.
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In this paper, we report the results of experimental study of conductivity and switching ef-
fects in TIS, TISe and T1InS, crystals in wide temperature range.

Experimental results and discussion. The compounds were synthesized by alloying pri-
mary components (purity no less than 99.99) in evacuated quartz cells; the single crystals were
grown by the modified Bridgman method. The tetragonal axis ¢ of the freshly cleaved rectangular
crystal samples prepared for study was oriented in the cleavage plane. The conductivity was meas-
ured by the four contact method in two directions: parallel and perpendicular to tetragonal axis cof
the crystal. The experimental samples were prepared in the form of rectangular plates 0.4—0.6 mm
thick. Contacts with the samples were formed by a silver conducting paste on the plate surface. The
permittivity and conductivity were measured by E7-25, digital immittance meters at frequencies of
20-10° Hz in a temperature range of 100-450 K. The measuring field amplitude did not exceed 1
V/em.After preliminary measurements, the samples of TlGaSe, and TlInS, were exposed to y-
irradiation from a standard “°Co radiation source. The dose of irradiation was accumulated gradual-
ly through successive exposures of y-action to a value of 25 Mrad.

The temperature dependences of conductivity o(7), in TIS, T1Se are shown in Figs. 2, 3.Fig.
4 shows the temperature dependence of the electrical conductivity (o (T)) for TIGaSe, and TlInS,
crystals. The measurements are made at the direction of the electric field along the monoclinic axis
of the crystal, in the Fig. 4 the curve (a) displays the measurements performed before, curve (b) -
after y-irradiation.

As can be seen from the Fig. 4 (curve a), a small increase in the conductivity at 450 K is
observed for crystals not subjected to gamma irradiation, but a jump in the ¢ (T) dependence and a
further increase in the conductivity with an activation energy of 0.04 eV are observed with a
v- exposure of 25 Mrad. As can be seen from the insertion to the Figure, the experimental points
(both before and after y-irradiation) of the temperature dependence Inc (T) in the region of a sharp
jump in electrical conductivity, fit well on a straight line, which for the case of ionic conductivity is
described by the equation (1).

The measurements were performed in an electric field oriented perpendicular to the tetrag-
onal crystal axis 61(T) and parallel to it oy(T).
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Fig. 4. Temperature dependence of the conductivity of TlGaSe, and TlInS, crystals in the Arrhenius
coordinates. The insertion shows the dependence of In (¢-T) on 10°/T.
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As follows from the insets to Figs. 2, 3 and 4, for all crystals, the experimental points of the
temperature dependence In(c-7) in the range of the sharp jump of conductivity are described well
by a straight line, which is given by the following equation:

(-2}

0T =opexp|—-—=
0€Xp kT

where AFE is the conductivity activation energy and k is the Boltzmann constant. It is known that

this temperature dependence of conductivity indicates the dominant character of ionic conductivity

above the critical temperature [2—5]. The values of critical temperatures and activation energies for

TIS, TISe and TlInS, crystals are shown in the Table.
Table

Critical temperatures and activation energies for TIS, TISe and T1InS,.

Crystals ™, K Tlc,, K AEq, eV AE,, eV
TIS 385 388 0.07 0.05
TISe 367 380 0.1 0.07
TIInS; N/A 390 0.08

The observed jumps in the conductivity at critical temperatures can be explained by the sharp
change in the number of ions in the states characterized by high ion mobility, i.e., by the phase
transition to the superionic state. The linear character of the dependence In(c-7) on 1/7 above indi-
cates dominance of ionic conductivity.lt is suggested that in TIS and TISe crystals the ion conduc-
tivity is caused by the diffusion of TI" ions over vacancies in the thallium sub-lattice between
(TP¥*S*,) and (TI*'Se*;) chains. In TlInS, crystals, this effect is due the diffusion of the TI" ions
towards vacancies in the TI sub-lattice. In all crystals S-type switching effect are revealed. It is
suggested that the switching effect is related to the transition of crystals to the superionic state,
which is accompanied by diffusion of TI" ions. This conduction mechanism is typical of superionic
conductors [6-9]. The transition to the high — conductivity state in superionic conductors occurs
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generally as a result of the first order phase transition and is explained by the stepwise disordering
of one of the crystal sub-lattices (generally cationic) with the other sub-lattice either remaining
invariable or transforming but retaining the crystal hardness. This effect was found experimentally
in o — AgSbS,, where application of an external electric field caused gradual increase in conduc-
tivity with a subsequent sharp increase when the field reached the critical value [10].

As one can see from the field dependences of the conductivity (Fig. 5), in relatively weak
fields, conductivity o is almost independent of the applied field £ because of the dominance of the
electronic component in ¢ in this range of field strengths. A further increase in E led to a linear
increase in ¢, which is explained by the increase in the ionic component of conductivity as a result
of gradual is ordering of the cationic Tl sub-lattice in the electric field; in this range, the ionic con-
ductivity begins to dominate over the electronic component and, when reaching the critical temper-
ature, the conductivity sharply rises.

The values of the critical transition field and the jump of conductivity during the phase tran-
sition increase with a decrease in temperature (Fig. 5). Voltage oscillations were observed in the
range of negative differential resistance in both compounds; these were also revealed in.

In our opinion, the discovered effect of S type switching in the TIS, TISe and TlInS, crystals,
as well as the voltage oscillations in the range of negative differential resistance, are related to the
transition of these crystals to the superionic state, which is accompanied by melting of the TI sub-
lattice.

The measured dependences of the TIS and TISe conductivities on the electric field strength £
indicate that, at a certain value of critical field (at a temperature T = 300 K, £, =800, and 41 and 40
V/em for TIS, TISe and TlInS,, respectively), the T1" ion sub-lattice may undergo step wise disor-
dering, which is accompanied by a step wise change in conductivity. We find possible that the ap-
plied field causes disordering (melting) of the cationic sub-lattice, which leads to a stepwise in-
crease in the occupancy of interstitial sites throughout the crystal volume.

Conclusion. Our studies show that the temperature dependences of the conductivity of TIS,
TISe and TlInS,; crystals indicate the dominant character of ionic conductivity above the critical
temperatures. We explain this effect by the sharp change in the number of ions in the states charac-
terized by high ion mobility, i.e., by the phase transition to the superionic state. It is remarkable
that for all three crystals this phase transition occurs approximately at 380 K. We have evaluated
the values of activation energy for ionic conductivity in TIS, T1Se and TIInS, crystals.

The electric field dependences of the conductivity reveals the effect of S type switching in
these crystals. This effect can be explained by the stepwise increase in the occupancy of interstitial
sites throughout the crystal volume under the applied electric field.

The decrease in the relaxation times in the crystal after the radiation effect has been found. It
is shown, that after y-irradiation a phase transition occurs in TlInS, and TlGaSe; crystals with the

transition of the system to a superionic state.
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TIS, TiSe, TIInS, va TIGaSe, KRISTLLARINDA SUPERION VOZiYYOTLOR

R.M. SORDARLI, N.M. ISMAYILOV, A.P. ABDULLAYEV ,F.T. SALMANOV,
N.A. OLIYEVA, S.M. QQHROMANOVA, A.A. ORUCOVA

Maqalade TIS, TISe ve TlInS, kristallarinin kegiriciliyinin temperatur vo elektrik saholorinden asililig1 tedqigatinin
noticolori gostorilmisdir. miioyyan temperaturda (biitiin kristallar ii¢iin tipik olan) biitiin kristallar ii¢iin ¢evrilmo effekti
miisahids olunur. Cevrilms effekti superiion voziyyato faza kegidi ilo izah olunur. Giiman edilir ki, TIS va TISe kristallarinda
ion kegiriciliyi TI" ionlarmm (TI**S*,) vo (TI*"Se’,) zoncirlori arasindaki Tl subqofos vakansiyalarina diffuziyasi ilo
olagadardir. TIInS, kristallarinda bu effekt TI* ionlarinin TI subqafaslorinin vakansiyalarina diffuziya ilo alaqadardir. biitiin
kristallarda s -tipli ¢cevrilme effekti miisahids olunur. Toxmin edilir ki, ¢evrilme effekti kristallarin superion vaziyyats kegmasi
ilo olagodardir. 25+10° Hs spektral diapazonda komponentlarin tam kompleks impendans asililig impendans spektroskopiyas
ilo Olciilmiisdiir, TlInS, vo TIGaSe, kristallarinin relaksasiya proseslori iso 25 mrad dozali qamma — siialanma ilo
stialandirildiqdan avval ve sonra tadqiqi edilmisdir.

Agar sézlor: TIS, TiSe va TlInS, kristallari, superion vaziyyati, cevrilma effekti, impendans, ion kegiriciliyi.

CYIIEPUOHHOE COCTOSIHHE B TIS, TISe, TlInS, U T1GaSe, KPUCTAJJIAX

R.M. CAPJIAPJIBL, HM. UCMAWBUIOB, A.Il. ABJIYJUIAEB, ®.T. CAJIMAHOB,
N.A. AIIMEBA, CM. TAXPAMAHOBA, A.A. OPYIXKOBA

B cratee ykaszaHbl pe3ynbTaThl MCCIEJOBAHUH 1O TEMIEPATYPHBIM M JJIEKTPUYECKHM IOJEBBIM 3aBHCUMOCTSIM
npoBoaumoctH B TIS, TISe u TlInS, kpucramiax. [Ipu onpenencHHoM TeMneparype (THIIHYHON IS BCEX TPEX KPUCTAJLIOB)
HaOmonancs d(pdeKT NepeKIroYeHust IJIsi TEIUIONPOBOAHOCTH BCeX KPHUCTALIOB. D((GEKT mHepekiIrodeHus OOBsICHASTCS
(ha30BBIM IEPEXOAOM K CyIepHOHHOI nmpoBoauMocTH. [Ipenmonaraercs, uto B T1S u TISe kpucramiax HOHHAs IPOBOIUMOCTD
obycnosena uddysuneii nonos T1" Hax Bakancusmu B cyGpemerke Tammms mexay (TI'S™) u (TIP*Se”,) nemsmu. B TlInS,
kpuctamiax 3totT spdexr obycnosien aupdysueit monos TI' k Bakancusm B cybpemerke Tl. Bo Bcex Kpucrasmax
otkpbiBaeTcst 3¢ ¢exr mnepexmoueHust S-Type. IIpeamomaraercs, uto mnepexmodeHne 5ddexra cBA3aHO C INEPEeXOnOM
KPHCTAUIOB B CYMEPHOHHOE COCTOSHHE, KOTOpOe COmpoBoxiaerca nuddysueit momos TI'. B crmeKkTpanbHOM IMamasoHe
25+10° Ty 4aCTOTHBIE 3aBHCHMOCTH KOMIIOHGHTOB IIOJHOTO KOMILIEKCHOTO HMIICJAHCA OBbUIM W3MEPEHBI MMIIEIaHCHOM
criekTpockonuei, a mpoueccsl penakcaiuud B T1InS, n TlGaSe, kpucramnax H3ydauuch A0 M TOCIE TraMMa-U3ITydeHHs
¢ 10301 25 mpan.

Kniouesvie cnosa: xpucmannvt TIS, TISe u TlInS,, cynepuonnoe cocmosnue, s¢pghexm nepexniouenue, UMneoauc,
UOHHASL NPOBOOUMOCTIb.
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IMPOLECC U3I'OTOBJIEHUA JTABUHHBIX ®OTOANO10B
C IIOBEPXHOCTHBIMHU MUKPOIIUKCEJISIMUA

A.3. CAJIBITOB'"?, ®.1. AXMEJIOB', C.C. CYJIEMUMAHOB!,
X.U. ABIYJUIAEB?, P.M. MYXTAPOB?

IIpencTaBneHBl OCHOBHBIC TIPOLIECCHI TEXHOJOTHH H3TOTOBJICHUS TOBEPXHOCTHO-ITUKCEIBHBIX
JABUHHBIX QOTOAMOA0B. OMUCaHEI MpoIiecchl (HOPMUPOBAHUS OXPAHHBIX KOJIEI, P-N MEPEXOI0B U JAHBI
X TeoMmeTpuueckue mapamerpbl. OOBSICHEHBI 3Tambl (HOPMUpPOBAHUS penbeda IIACTHHBI HAHOCIOEM
oKkcHma KpeMmHus. Iloka3aHO, YTO HCIOJB30BAHWE HAHOCIOS HHUTPHIA KPEMHHs TOMIUHOW 70 HM
MO3BOJISIET JOCTHYH BBICOKOTO KBAaHTOBOI'O BeIX0oma B oomactu 400 — 500 HM UTHH BOJIH.

Knrouesvie cnosa: muxkponuxcenvhviil 1asunHbIlL pomoouoo, HanpsicerHue npooos,
K8AHMOBWIU BbIXOO, PE3UCUBHDBLI CIOL.

Beenenne. B nocnennne necaTuineTHs B Ka4eCTBE JIyUIINX MPUOOPOB AJs cdeTa OTOHOB
HIMPOKO OOCYKIAIOTCS pa3iIUYHbIe BHJBI MOJYNPOBOJHUKOBBIX (POTONpHUEMHHUKOB. MUK-
porkcenbHbie JaBuHHBIE (QoTomnoabl (MJID/) [1] cpenn Takux (GOTONMPUEMHUKOB 3aHHUMACT
HaWwIydllee II0JIO)KEHUE C TOYKH 3PEHMsI BBICOKOM YyBCTBUTEIBHOCTH, TEXHOJIOIMYHOCTH M
CTOMMOCTH. YK€ HECKOJIBKO JET Mpon3BoacTBO MJID/I ABisieTcsi IpUOPUTETHBIM HANPABIEHUEM B
00TacTH JETEKTUPOBAHUS SJEPHBIX dYacTull. CBUAETENHCTBOM 3TOMY SBISIETCS TNPHUMEHEHHE
MIJI®J] B KpymHBIX MEXKIYHAPOIHBIX SKCIEPUMEHTaX MO (U3HUKE BBICOKMX DHEPTUH, TaKMX Kak
CMS, ATLAS, COMPASS (CERN, lgeituapus), T2K (Anonus) u npyrue [2, 3].

Onucanue npouecca. B kadecTBe MOMJIOKKH UCIOIb30BAJIaCh KPEMHUEBAs IUIACTUHA N-
TUIA TPOBOJUMOCTH C 1uaMeTpoM 200MM U yIelIbHBIM COPOTUBIEHHEM 5 OM*cM (KOHIIEHTpaIus
npumeceit  ~5,2%¥10" cm”). C uenblo MHHHMH3AUMH TEMHOBOTO TI'€HEPAIMOHHOIO TOKA
HCTIOJB30BAIMCH CBEpXUUCThIC IIacTuHbI (Prime Quality), BeIparieHHbIE METOIOM 30HHOM TUTaBKH
(Float Zone Silicon wafers — FZ-Si). B nauane ¢ nomouisio potomadnaona «T-0» popmupopanucs,
TaK Ha3bIBa€MbIE 3HAKH COBMEIICHUS CIOEB MEXIY COOO0M IyTeM HOHHOTO TPABICHHUS KPEMHHUS J10

' Uncruryr Panuanuonnsix [po6nem HAHA
2 Hanumonansusiit Hentp Anepubix MccnenoBanuii
3 HanmonanbHas Akagemus ABuarun
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riyouns! 0,5 MKM. 3HaKM COBMENICHHS BBIMONHSUIMCH HAa «IOPOXKKAX» PE3KH, PACIOI0KEHHBIX
Mexy padounmu gumamu (3memenTamu MJID[T).

OxpaHHOE  KOJBLO  (BHICOKONETHMPOBAHHAS  OONACTh N -THHA  IIPOBOJAUMOCTH,
pacrosio’keHHast 0 MepUMeTpy 4yuna) GopMUPYETCs C METbI0 NPEAOTBPAIIECHUS TOKOB YTEUKH C
Hepabouel nepudepun yumna. [l 3TOro Ha MOBEPXHOCTH IUIACTUHBI BHIPAIUBACTCS TEPMUIECKAS
nByokuch KpemHus (Si0,) rtommmuHoi 0,24 MKM mpu BbICOKOM Temmepatype. Ilpu sTom
HCTIONIB3YETCS CIOCO0 BIIAKHOTO OKHUCIIEHHWs B mapax Boasl (Wet oxidation). 3areM ¢ MOMOIIBIO
¢doromadiona «T-1» TpaBuTcs 007aCTh OXPAHHOTO KOJIBIA IYTEM MOKPOTO (3KUAKOCTHOTO WIIU
xumugeckoro) tpasieHuss (Wet removal) m mpoBoamTcs lermpoBaHWe HoHaMu ¢ocdopa ¢
sueprueit 100 k3B u mo3oit 3,125%10'° cM™. 3mech cioif JBYOKHCH KPEMHHS HCIIONB3YeTCS B
Ka4eCTBE MACKH, 3aMEHSIONICH (POTOPE3UCTOP, MCIIONB3YEMbI B MHUKPO- ¥ HAHOAJIEKTPOHHUKE IS
(bopMHpOBaHUs ONpeNeNeHHOTO penbeda Ha MOBEPXHOCTH IUTacTHH. Kpome 3Toro, ymomsHyThIN
BBIIIIE CJIOW OKHUCIIA MPEJ0TBpaIaeT ucrnapeHue Gochopa v aBTOIETUPOBAHHUS pabouero ydyacrka
yuma. [Iporecchl pa3roHKy U 0TKUTa AePEeKTOB, BRIHOCUMBIX IPU HOHHOM JISTUPOBAHHHU, TIPOBOIST
COBMECTHO C BBHIpallMBaHHEM e€IIe IBYOKHCH KpemHwus ToimmHoN 0,24 MxMm (puc. la). 3mech
MUMEETCSl B BUly BhIpAIlMBAaHHE OKHUCIA KPeMHUS TONIUHON 0,24 MKM Ha OTKPBITOW MOBEPXHOCTH
KpemHUs. J[eno B TOM, YTO CKOPOCTh OKHCJICHUS KPEMHUS 3aMEUIIETCSI C POCTOM TOJIIUHBI
okucia. [Toaromy Ha pabodeil MOBEpXHOCTH YHIIA, T/Ie UMeJcs cioi okucia 0,24 MKM, ToNIuHA
JIMDJICKTPUKA MOXET BhIpacT Tojbko 70 0,36 p BMecto 2*0,24 Mkm=0,48 MkM. DTOT ¢akt ObLI
YUYTEH B TIOCJIEIYIOIINX ONEePAIHIX.

Crnenyromieil mporenypoil sSBiIseTcsl OTKPhITHE (DOTOUYBCTBUTEIHHON OOJACTH THKCENeH
MyTeM MOKpOro TpaBieHHsl okucia ToamuHod 0,36 MKM. DTO OCYIIECTBISETCS C MOMOUIBbIO
(dotomadnona «T-2». Penbed ocraBmierocs okucia MpUBEICH Ha pUCyHKE 1b.

doTouyecTB. 0bnacTb

a.
n**-Si Oxp.konblo SiO - 0.36 MKM
£ m] ml
Y

n-Si nognoxka n-Si nognoxka

Puc. 1. Dopmuposanue ghomouysecmeumenbHol 00aacmu nuKcensn

C menpio TOCTHXKEHHUSI BBICOKOTO KBaHTOBOTO BBIX0oAa B obmactu 400-500 HM ASUH BOJH
HaMH OBUI MCIIOJIb30BaH HAHOCIIOW W3 HUTpUIA KpemHus tonmmHoi 70 M. TommmHa HUTpUaa
KpEeMHUS BBIOpaHA TakK, YTOOBI MUHUMH3UPOBATH OTPAKEHUS CBETa C IITMHOK BOJIHBI OT 400 10 500
HM OT HOBEPXHOCTH KpeMHHs. HuTpua KpeMHHS HAaHOCWICS METOJOM IUIa3MOXHMHUYECKOTO
ocaxkaeHus u3 razoBoil ¢aszel npu Temnepatype 900°C (puc. 2a). [lononHuTtenbHOE JIerUpOBaHUE
JTaBUHHON 001acT moHaMu Gocdopa MOKHO BBITIOJIHUATE Yepe3 CION HUTpHIa KpeMHHUs Oiaromaps
€ro TOHKOW TOJIIMHE. 3]1eCh JOIMOJHUTENIbHOE JIErMPOBAHUSA HEOOXOIUMO JUIsi TOTrO, YTOOBI
YMEHBIIUTh HANpsDKEHUE Mpo00si B ()OTOUYBCTBUTEIHLHOW OOJACTH MUKCENs, WHAYE JIABUHHBIH
npo0oif OyneT MPOUCXOAWUTH HA Kpasx NMUKCENs W3-32 MCKPUBIICHUS TaM 3JIEKTPHUECKOTO TOJISL.
Jli1g Toro yTOoOBI UMETH HampsKeHHE MPo0os 0Ko10 60V, SHEPrUIo U 103y JErMpOBaHUE BEIOUPAIOT
100 x3B u 2,5*¥10" cm™ (puc. 2b). Jlns sToro mcmoms3yioT dortomabaon «T-3». Pasromky
npuMecel U OTKUT 1ePeKTOB ocymiecTBISAIOT pu Temnepatype 900°C B atmocdepe azora. Bpems
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Pa3TOHKHM BBIOMPAETCSl TaK, YTOOBI TIyOWHA PAa3TOHKW JocTUTana 3 MKM (TaoyOmMHa, Ha KOTOPOM
KOHIIEHTpAIMsI JOTOJTHUTENbHBIX TpuMeceid Ha 10% mpeBblIaeT KOHLEHTpPAIMK TpHUMeced B
TOJUIOKKE, B JAHHOM Clydae, paBHoit 9,2%10'* cm™

a. b.
SizN,-70 HM Si;N,-70 HM mybokas n*-Si obnacTb
Tl al! I 0
n-Si nognoxka n-Si noanoxka

Puc. 2. Dopmuposanue nanocioa uz HUMpUOA KpeMHUA u 2aypoKoe iecuposanue
JNAGUHHOU 061acmu nUKcens

Tonkuit (unu nHermy6okuit) p'-Si cioif Ha (GOTOUYBCTBUTENIBHON TOBEPXHOCTH MUKCENIEH
dopMUpyeTCs IerupoBaHIeM IUIACTHHBI HOHaMH 6opa ¢ sHeprueii 40 k3B u no30it 3,125%10™ cm?,
ucnonb3ys dotomadimon «T-7». Beibop Takux mapaMeTpoB HOHHOTO JISTHPOBAHUS CBS3aH C HE00-
XOJUMOCTBIO YIyUYIIEHHS KBAaHTOBOTO BBIXOJa JETEKTOpa B KOPOTKOBOJHOBOM 00JIaCTH ONTHYE-
ckoro crektpa (350 — 550 HM aTUH BOJTH). DTO CBA3aHO C TEM, 4TO Hanboiee Y3PPEKTUBHBIC CIIMH-
THJIISITOPBI, UCIIONb3yeMbIE B SACPHO-PU3MUECKUX U MEIUIMHCKUX YCTaHOBKAaX, CBETST NMEHHO B
3TOM o0nacTu crekTpa. Takue KOPOTKOBOJHOBBIE U3ITYUEHHUS CHIIHLHO MOTJIOMIAIOTCS B KPEMHUEBOM
MaTepuaie: XxapakTepHas TTyOuHa morjionieHus (ocmadienue B «e» = 2,71 pa3) mensiercs ot 100
10 1000 HM mpH yBETMUEHUH JUTMHBI BOJIHBI U31ydeHus ot 350 no 550 um. [loatomy xenarenbHo,
yTOOBI B pexkume pabotsl MJID]] He 0OetHEHHAs TOIIMHEA TOHKOTO P -Si clos He npesbliana 200
HM (puc. 3a).

ToHkada n*-Si obnactb p**-Si obnacTb KoHTakTa

‘ n-Si nognoxka : n-Si nognoxka :

Puc. 3. Dopmuposanue monkoz20 p-n — nepexooa RUKce1a U KOHMAKmHoU odnacmu

OdeHb BaXHBIM C TOYKH 3pPEHHSI YTEUKH TOKOB SIBJISIETCS CIOCOO MOJArOTOBKH MecTa AJis
KOHTAaKTa K TOHKOMY p -Si cioio, T.e. k mukcemo (Puc. 3b). Ecnu monoxuts MeTamindeckuii
KOHTAKT HEMOCPEICTBEHHO Ha TOHKMH p'-Si 1o ¢ Hu3Koil mo30it (<3,125%10" cm?), To p-n—
nepexoJl Mukcens OyneT MMETbh BBICOKUH TOK YTEUYKM 4Yepe3 KOHTAKT METasll-MOJYNpPOBOJHHUK.
[TpyuunHO 3TOMY SABISETCS TO, YTO IJIEKTPOHBI, NH)XEKTHPOBAHHbIE M3 METaljla B KPEMHHH, HE
YCHEBAIOT PEKOMOMHUPOBATH B TOHKOM P -Si CJIO€, H B pe3yJibTaTe 5TOr0 OHU MOMAJAl0T B p-N—
nepexon nukcens. I[losromy koHTakTHass o00jacTh mHKcens TpeOyeT Oosee BBICOKOW J03bI
JETUPOBAHUSA JUIsI TOTO, YTOOBI HH)KEKTHPOBAHHBIE AJIEKTPOHBI M3 METaula  MOTJIH
PEKOMOMHUPOBATHLCS MOTHOCTHIO B P’ CJIOe. YUNTBIBAs 3TOT (aKT, HAMHU ObLI BHIOpaH cileayIONIuii
PEXUM JIETHPOBAHUs MOHAMH Gopa: Heprust HoHOB — 60 k3B, 103a nerupoBanus — 6,2%10" cm™
[Tponecc nerupoBaHus MPOU3BOAMIICS C UCTIONb30BaHHEM (oTromadiaoHa «T-6». OTxur nedexToB
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W pa3roHKa TpuMeced mpoBomwiuch B atMmochepe azora mpu Ttemmeparype 900°C. Bpewms
TepMOOOpPabOTKU — 25 MUHYT.

BckpbITHEe KOHTaKTHBIX 00JIacTell Mmepes 0CcaXJAeHUEM PEe3UCTUBHOTO CII0Sl TPOBOAMIIUCH C
nomotipio (poromabdmona «T-7» myTeM MOKpOTO TpaBJIeHHS HUTpUAA KpeMmHHs (puc. 4a). 3atem
IPOBOAMIOCH (POPMUPOBAHUE IICHOYHOI'O MHKpPO-pe3ucTopa. st 3Toro Ha BCIO NMOBEPXHOCTh
IUTACTHHBI OcaXancsd aMop(HBIA KpeMHHUH TOMmIuHON 0,4MKM METOJOM HOHHO — IUIa3MEHHOTO
pacnbuleHHsT ¢ MUIICHU. [ MoiydeHuss HeoOX0IMMOTr0 MOBEPXHOCTHOTO compoTuBieHus (<30
kOM/KkBajpaT) cioil aMopHOro KpeMHUs JIeTupoBajics noHamu Oopa ¢ sueprueit 30x3B u n030it
1,3%10" cm™. Takas BeNMYMHA TTOBEPXHOCTHOTO CONMPOTHBICHHS MO3BONMIA MONYYHTh IOIHOE
COMpPOTHUBIIEHNE MHKpope3ucTopa okoiao 400kOM mnpu pasmepax CcPOPMHUPOBAHHON IUIICHKH
pe3uctuBHOro ciosi amopduoro kpemuus 3MKM*30MKkM. DopMHpOBaHHE MHKpPOpPE3HCTOpPA
MPOBOJMIICS MOHHBIM TPaBJICHHEM (MOHHOE TPABJICHHE YACTO HA3BIBAIOT «CYXHM TPABICHHUEMY) C
ucnoiab3oBanueM ¢oromadnona «T-9». g ynydineHUs KOHTakTa 00a KOHIIAa MUKPOpE3UCTOpa
JIOTIONHUTEIBHO JIETHPOBATHCh HOHAMH Oopa sHeprueii 30xk3B m mosoit 1,3*10"° cm™
ucnonb3oBanueM (Gotomadiona «T-8» (puc. 4b). OTKAT MUKpOpe3ucTopa MPOBOIWICS B
atMocdepe azorta npu Temnepatype 500°C B TeueHue 25 MUHYT.

a.  KoHT. 06n. KoHT. oBn. }
K NOANOXKe K NUKCEnNto MuKpo-pesncTop nuKkcens

| n-Si nognoxka E ‘ n-Si nognoxka ;

Puc. 4. Bckpvimue Konmakmuuix oonacmeii u popmuposanue Mukpopesucmopa

3aKmIOYUTENbHBIM  dTamioM  usrotoBieHus ~— MJIDJ[  saBasercs  dopMupoBaHue
METAJUIMYECKUX KOHTAKTOB (puc. 5). g 3TOro Ha MOBEPXHOCTH IJIACTHHBI HANBUISIOT CIIOM
amroMuHMs ¢ mozcioeMm tutana (Al+Ti). Tlogcmoit Tutana TommMHON 0K0JI0 10HM HCTONB3yeTCS
JUISL YITYYILEHUS aATe3UU aJTIOMUHUEBOTO CJIOSI TONIMHON 0K0yIo 1MKkM. CloM altOMUHHS U TUTaHA
HAHOCATCSA IYyTEM TEPMUYECKOTO HCIAPEHHs B BAaKyyMe€ M HOHHO-IJIA3MEHHBIM PaclbUICHUEM,
COOTBETCTBEHHO. 3aTEM MPOBOJAT UCIIBITAHUS TOTOBBIX 00pa3zoB MJID/I.

at

K NOANOXKe

\AI KOHTaKT \AI KOHTAKT \ Mukpo-

K NMUKCENY \ pe3ncTop

n-Si noanoxka

Ceyenue A-A
Puc. 5. @opmuposanue memannuuecKkux KOHMAKMoe u3 atoMunuesozo (Al) cnos
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3akiaouenue. B pabote ommcan mporecc usroroBinenus MJI®]] mpubopos. TexHomorus
cOOpKH SBISCTCS YHUKAJIBHBIM U pa3pabOTaHHBIM ISl IPOU3BOJCTBA MYJIbTHIINKCEIbHBIX Ja-
BUHHBIX (OTOANOOB, paboTaromux B pexkuMme [ eiirepa. Onucanbl OCHOBHBIE TEXHOJIOTHUECKUE
npouecchl n3rotopiieHuss MJID /], mpon3BoANMEbIE HOBEUIIMMU HHOCTPAHHBIMU HCCIIEOBATEIb-
CKUMHU LIEHTPAMH.

Jannas pa6ora Obl1a npoBeAeHa npu noaaepxke I'ocyrapcrBeHHoil HepTAHON KOM-
nanuu Azepbaiimxanckoil Pecnyoauku (SOCAR).
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SOTHI PIKSEL STRUKTURLU SELVARI FOTODIODLARIN HAZIRLANMA PROSESI
A.Z. SADIQOV, F.I. 8BHMBDOV, S.S. SULEYMANOV, X.I. ABDULLAYEV, RM. MUXTAROV
Sathi piksel strukturlu selvari fotodiodlarin hazirlanma texnologiyasinin asas proseslari taqdim edilmisdir. Texnoloji
miihafizs tiziiklorinin, p-n keg¢idlorinin formalagdirilmasi marhoalalori tosvir edilmis vo onlarin hondosi parametrlori verilmigdir.
Yarimkegirici 16vhanin relyefinin silisium oksid nano tobaqasi ils formalasdirilmasi morhalalari izah edilmisdir. Gostorilmisdir

ki, 70 nm qalmliqh silisium nitrid nanotaebaqesinin istifade edilmesi 400 — 500 nm dalga uzunlugu oblastinda yiiksok kvant
effektivliyini almaga imkan verir.

Acar sozlor: mikropikselli selvari fotodiod, desilma garginliyi, kvant ¢ixisi, rezistiv tabaqga.

MANUFACTURING PROCESS OF SURFACE PIXEL AVALANCHE PHOTODIODES
A.Z. SADYGOV, F.I. AHMADOV, S.S. SULEYMANOV, KH.I. ABDULLAYEV, RM. MUKHTAROV

The basic technology of manufacturing surface pixel avalanche photodiodes is presented. The processes of formation
of guard rings, p-n junctions and their geometric parameters are described. The stages of formation of the relief of the plate by
a nano — layer of silicon oxide and the use of a 70 nm nano — layer of silicon nitride with the aim of achieving a high quantum

yield in the region of 400-500 nm wavelengths were explained.

Keywords: micropixel avalanche photodiodes, breakdown voltage, quantum efficiency, resistive layer.

107



Cild 10.Ne3 Azarbaycan Miihandislik Akademiyasimmn X9OBIRLIRI Iyul — Sentyabr 2018
Vol. 10.Ne3 HERALD of the Azerbaijan Engineering Academy July — September 2018

YJIK 528.4, 528.856

GPS BAZA STANSIYALARINA ARXALANARAQENERJI-RUTUBOT
KRITERISINO GORO GEODINAMIKPOLIQON MONTOQOLORININ
MOVQETOYINEDILMOSININ OPTIMALLASDIRILMASI

R.O. EMINOV"

Riitubat-enerji  kriterisine gére geodinamik poliqgon moantaqlorinin  movgetayinedilmasinin
optimallagdirilmast  mosolosi  toklif olunmugdur. Variason hesablamadan istifado  etmoklo
movgetoyinetmonin optimallagdirilmast mosslosinin riyazi holli verilmigdir. Miioyyan olunmus
istiqamotlor boyu, baza geodeziya GPS soboko stansiyalarina dogru hom istiqamotlorin yenidon
secilmosini, hom do stansiyalarin 6zlorinin optimal seg¢ilmosini nezords tutan, geodinamik poliqon
montagolorinin optimal movqe toyinedilmasinin yeni metodikasi islonilmisdir.

Agar sozlar:  geodinamik poligon, mévge tayinetma, optimallagdirma, geodeziya sabakasi, GPS,
riitubatlik.

Giris. Azorbaycan seysmoaktiv region olmaqla yanasi, onun orazisindo Oziinamoxsus
tektonik, texnogen, ekzogen vo endogen proseslor bas verir. XX asrin sonuna gadar bu proseslor
miioyyan doracado yertistii geodeziya metodlari ilo dyronilmisdir. Miiasir dévrde kosmik geodeziya
stiratlo inkisaf etmis vo onun metodlar1 cox vaxt vo vaosait tolob edon yeriistii geodeziya islorini
gerido qoyaraq, bazi elmi-texniki masoalolorin hollinds genis totbiq olunur.

Movcud aerokosmik todqgigat metodlart bir ¢ox texniki masololorin hollinds tolob olunan
doqiqliyi vermak iqgtidarindadir. Ancaq bazi elmi masalalorin hallinde daha yiiksak daqiqlik talob
olunur. Bu elmi masalalordon biri geodinamikanin dyronilmasidir. Bir ¢ox inkisaf etmis dovlotlordo
bunu kimi mosalalor lokal orazilordo qurulmus xiisusi geodinamik poligonlar iizorindo aparilan
geodeziya Olgmoalori vasitosilo hall olunurdu. Ancaq bu ciir yanagsma gozlonilon naticoni aldo
etmoyo imkan vermirdi. Mohz bunun naticasinds bazi hallarda absurd naticalor vo nozariyyslor irali
striiliirdii. Onlara, bir tektonik plitonin digor plitoys yaxinlagsmasi, hansisa plitonin todricon
firlanmas1 vo ya plitonin toqqusmasi naticasindozalzalonin bas vermosi kimi nazariyysalori aid
etmok olar. Bu masaloalords iraliloyislor aldo etmok ii¢lin imumplanet miqyasinda global geodeziya
peyk trianqulyasiya vo ya trilaterasiya sobokolori yaradilmali, onlar biitiin qito vo adalar ohato
etmoali vo orada aparilan 6lgmalor vahid bir koordinatlarve yiiksokliklor sisteminds emal olmalidir.
Bu masalo geodeziyanin asas problemli masololorindon biri olaraq, halo ki 6z hallini tapmaqdadir.

* Azorbaycan Dovlot Neft vo Senaye Universiteti
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Bu giino kimi geodeziya metodlart ilo apardigimiz todqiqatlar gostorir ki, tektonik
proseslorin basinda ilk novbads rogsvari formada doyison saquli horokostlordir. Mohz yer qabiginin
osrlor boyu qalxib diigmosi noticosindo qitolor arasindaki masafolor todricon doyisir. Bu ciizi
doyismoni qisa bir miiddatds toyin etmok miimkiin deyil. Sobab do budur ki, geodeziya montagolori
yer sothindo yerlogdiyi liclin, biz toyin etdiyimiz koordinatlar vo yiiksokliklor qiymatlorindo
seysmik, texnogen, endogen, ekzogen vo digor proseslorin tosir doracasini nozoro almadan, talosik
vo absurd prognozlar veririk. Bu masalo bizim torafimizdon uzun miiddst dyronilib vo miioyyon
naticalor aldo edilib. Homin naticalor asasinda saquli horaketlorin iimumi qiymatindan tektonik
harokatlorin siirotini miioyyon etmok miimkiin olmusdur ki, bu da zslzololor prognozunda
iroliloyiso gotirib ¢ixarmigdir. Biitiin bunlar asas verir ki, zolzsloni iifiiqi istiqgamatdos siiratlo garsi-
qarstya horokot eds bilmayan plitolorin toqqusmasi naticasi kimi yeralti tokanlar yox, saquli
harakotdo olub qirilmis plitalorin galxmasi noticosindo yaranan gorginliyin haddi giymatindo bas
veran yeralt1 partlayislar adlandiraq. Mahz ilkin olan partlayisdan sonra ani qalxib diison plitalorin
toqqusmasi naticasindo miixtalif istigamotli vo daha tohliikali tokrar dalgalar yaranir ki, onlarda
yeralt1 tokanlar adlana bilor. Ogor biz nozors alsaq ki, yer gabiginin altinda bas veran fiziki-kimyovi
proses naticasindo onun ilk ndvbads sigsmosi miisahids olunur, daha sonra iso qirilmalar yaranaraq
onlarin arasina plazmali vo qazli maddalar dolur, bunlar da avvala saquli sonra isa iifiiqi harokatlora
gotirib ¢ixarir, onda demok olar ki, saquli horokotlorin doqiq Ol¢iilmasi geodinamikanin
Oyranilmasinda va zalzalalorin prognozunda 6nomli masaladir.

Bu mosalalorin GPS sistemlori vasitasilo dyronilmoasi somarali vo perspektivdir. Montogo
koordinatlarinin toyini, yliksokliklorin toyini doqiqliyi ilo miigayisads iki dofo artiq oldugundan,
onlarin daqigliyinin bir daha artinlmasina diqgot yetirilmoalidir. Malumdur ki, geodeziya
montogolorinin koordinat vo yiiksokliklorino zamanla bir ¢ox texnogen, endogen vo ekzogen
amillor tosir edir. Bu montagolori yeriistii geodeziya metodu ilo miioyyon ddvrdon bir tokrar
miisahido edorkeon, homin amillorin tasirini nazars alaraq, seysmotektonik harokatlorin qiymatini
tapmaq olardi. GPS sistemlori vasitasilo tokrar miisahidolor apararkon, bu amillordon alave peyk
signallarina bir ¢ox atmosfer amillorin etdiyi tosirlor do nazars alinmalidir.

Bu problemlarin halline dair bir ¢ox elmi tadqiqat islori aparilib va miisyyan naticalar oldo
edilib. Toqdim etdiyimiz moqgalodo geodeziya obyektlorinin optimal mdvqge toyin edilmosi
mosalolorine hasr edilmis [1-4] islorini tohlil edib, onlarmm halline dair yeni metodikanin
islonilmasini vo onun riyazi alqoritminin verilmasini nozords tutmusug.

Qarsida qoyulan masaloni hall etmok iiciin [1]-ci isdo sobokonin biitiin diiyiin ndqtalorinin
movgelorini togribon tomin etmok liclin lokal vo addim-addim paylanmis movqge toyinetmo
alqoritmi toklif olunur. Burada diiyiin noqgtolorinin yalniz bir qismi 6z mdvqelorini toyin etmok
iqtidarinda olur.

Is [2]-do homin mosolonin digor yanasmasi nozordon kegirilir. Burada ara montogalarinin
movqe toyin edilmasi mosalasini, bir ¢ox georeferenslosmis tosvirlordon istifado edon vo xiisusi
kamera ilo tochiz olunmus, sayyar robot vasitosilo holl etmok toklif olunur. Bu halda homin
molumatlarin manbayi kimi Flickr, yaxud Google Search tasvirlar portlarindan istifade olunur. Bu
isdo ara montogalor mdvgeyinin qiymotlondirilmasi problemi optimallagdirma masolosi soklindo
formalagir vo onun gradiyent enmo metodunun istifadesini nozords tutan, miinasib holli verilir.

Is [3]-do nagqilsiz sobakalorda topoloji lokalizasiya magsadilo ara moentagolorin yerlosmasi
strateqiyasinin se¢imi masalasing yeni, yani topoloji yanagma toklif olunur.
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Is [4]-do topoloji &lgmalorden istifado etmoklo GPS signallarin gecikmolori haqqinda
molumatlar asasinda internet-istifadogilor movqelorinin geolokasiya mosalosi formalasib vo hall
olunub.

Masalonin qoyulusu. Bu problemin aktualligini nozors alaraq, toqdim olunan moqalado
todgigat mosolosine yeni yanasma toklif olunur. Forz edok ki, naqilsiz paylanmis geodeziya
geodinamik sobokonin elementlorine gore tok geodeziya obyektinin mdvqe toyin edilmasi talab
olunur (Sak. 1).

© PI'BC

Riitubat monboyi /O

M\

Sak.1.Masala qoyulusunun handasi interpretasiyasi.
I'O — geodeziya obyekti; PI'BC — naqilsiz paylanmig geodeziya rabits sobakasi.

Daha sonra sobokodo radio-kanallardan istifado etmoklo, onlarin mosafo boyu sénmosi
olamotino géro movge toyin edilmo nozordo tutulur. Bu zaman radiosignallar kimi harmonik
signallardan istifads olunur.

Toklif olunan masalo qoyulusunda asagidaki mohdudlasdirict amillor nozors alinmalidir:

1. Riitubatlik amili. Yaxst molumdur ki, signallar yayilmasinin gecikmasi havanin riitu-
batlik doracasindon asilidir. Belo ki, GPS mdvqge toyinetmads riitubotin tosiri “riitubot gecikmasi”
kimi nozars alinir. Onun gqiymati atmosferdoki ¢okmiis sularin iimumi miqdarindan asilidir.

2. Sobaoke elementlorinin sasli signallarinin gabulu daqiqliyi ilo slagadar olan, geodeziya
obyektindon geofizika sobokalorine godor com masafolorin mohdudiyyatlik amili.

3. Masalonin toklif olunan hallinin optimalliq kriterisinin se¢imi amili.

Yuxarida gostordiyimiz amillori vo masalonin iimumi qoyulusunu nazors alaraq, demok olar
ki, com riitubat-ener;ji kriterisi on moaqsadyonlii hesab oluna bilor. Onu asagidaki formada ifads
etmak olar:

T
dfol—a,)dt
%:P[\Vl([)]'P[\Vz(Z)]'%:Oﬂ (1)
Burada ¢,uzunlugu L; olan distansiya boyu riitubatin giymatidir; ¥/ - radiokanalda
signal/sas nisbatinin ola bilocok on maksimum qiymatidir; L; (¢,) -miinasib trassa lizarindo;
trayektoriyanin oyilmasi naticosinds fiziki L; uzunlugunun ¢, riitubstindon asililigini gostoran,

axtardigimiz funksiyadir.
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Toklif olunan riitiibot-enerji  optimallagdirma (1) kriterisinin  hondasi  mahiyyati
asagidakindan irali golir. Forz edok ki, geodinamik poliqgon mantagasindon movqge toyin edon
stansiyalara qador {i¢ istigamatlor var. Bu halda (1)-ci ifadoni asagidaki agiq formada bu ciir yazaq:

Fi=o:- [‘//o _|‘//I|L1 ((pl )]2 T@,- [‘//o _|l//’|L2 ((02 )]2 T @5 '[l//o _|‘//,|L3 ((ﬂ3 )]2 @)

Sok. 2-do (2)-ci ifadonin grafiki intepretasiyasi gostorilib. Burada [ = L(g)funskiyasinin bu
sokilindo aparilmg optimallagdirmanin monasi budur ki, elo bir [ = L(gp) funskiyasi secilmolidir ki
z,d,0y,; z,d,0y, va z,d,Oy, diizbucaghlarin com sahslorinin giymoti minimum olsun, yani

ilLi((Di):C’ 3)

burada C=const .
(1)-ci va (3)-cii ifadslori nazars alaraq, asagidaki variasion optimallagdirma tonliyini tortib
etmak olar:

n ¢i , > ﬂ‘ n
Fz :z_[V/o_|l// 'Li((oi)] +_2Lz‘(¢i) )
i=1 A(D AL; i=1
Burada A -Lagranj hasilidir, Ag- riitubst artiminin kvantidir; AL, -masafonin 6lgiilmasi kvantidir.
Nozordon kegirdiyimiz halda optimallagdirma masalosinin tolobi — elo  bir L(gp)optimal

funksiyanm tapmaqdir ki, o, £, funksionali 6z minimum qiymatina gotiro bilsin.
[w- wL o)l |

L(p)

Sak.2.(2)-ci ifadanin qrafiki intepretasiyast.

Fasilasiz formada F, funksional1 bu sokilds olur:

[Z [Z
max , max ¢ , 2 ﬂ/ L (¢)
F,= | ®v, v, L A)= —- |y, —|w'|-L +——0d (5)
n= [ Plovey'La)= | {Aqo ol Llp)f + =" g
Eyler metoduna osaslanaraq L((p) optimal funksiyani tapmagq {i¢iin asagidaki tonliyi hall

etmoak talab olunur.
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do L(p)

d L(p)
(5) -ci va (6) -c1 ifadalori nazars alaraq agsagidakini yazmagq olar:

20l 20T L), 2
Ap Ap AL

=0-

(7)-ci ifadedon bunu aliriq
20 Lle) 20w, 4
Ap Ap AL
(8) -ci ifadodon asagidakini aliriq

)ZV/O_ l'ACD .
v 24Lly!
-cii ifadoni (3)-cii ifadonin fasilasiz analoqunda nozars aldigda, bunu yazmaq olar
9)-cii ifadani (3)-cii ifadonin fasilosi 1 d ldigda, b 1
Czl/lo'wrmax_ /1A¢ zln(Dm”'
vl 24Lly
-cliifadodo ,,, obul etsak, bunu alari
10) "'fddAL_ AL qgobul k, b lariq
ln wmax

:2WVQMMALWﬂ_2C¢Hﬂwf.
Ag Ag
(11)-ci ifadoni nozars alaraq (7)-ci diisturda bunu aliriq
20wl v, 20l Le) 200 G| 2C T _
Ap Ap Aplng,,. — Aplng,,,
Belaliklo, yekunda asagidaki funksiyani aliriq
C . l// q)max
L(p)=— =B 0 ToTmer
Puar W] 100, v
(13)-cii ifadodon goriiniir ki, [(¢p) sénon @ funskiyasidir.

Alinmis hallin unimodelliyini géstormok {igiin asagidaki sort kifayyotdir
Folilp)_,.
d L(py

A

2

Buradan goriintir ki,
d’@[Llp)] 20l

dLlp)  Ap
Belaliklo, (13)-cii tonlik toklif etdiyimiz optimallagdirma masoslosinin yegans hallidir.

>0

(6)

(7

®)

)

(10)

(11

(12)

(13)

(14)

Geodinamik poligon montagalorinin toklif olunan optimal mdvqge toyinetmo metodikast,

(13)-cii ifadonin hoallindon istifads etmoklo, asagidakilarini nozords tutur:

1. Geodinamik soboko montogalorindon geodeziya soboko stansiyalarina qoador on ehtimali

istigamatlor tayin olunur.

2. Buistigamatlor boyu riitubat gostoricalari toyin olunur.

3. 2-ci bondin alinmig naticalorindon istifado edorak, geodeziya sobokasinin baza stansiya-

larindan masafslor toyin olunur.

4. Ogor secilmis istiqgamotlor boyu Ol¢lilmiis mosafolordo geodeziya baza stansiyalari

olmasa, onda istiqamatlori doyisib, 2-ci bandin yerina yetirilmasine kegmok lazimdir.
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(13)-cii ifadodon istifado etmoklo, yuxarida gostorilmis prosedur geodeziya qobul edon
stansiyalarin optimal se¢imino qodor tokrar olunmalidir.

Noticalor. Variasion hesablamdan istifade etmoklo movqetoyinetmonin optimallagdiriimasi
mosalasinin riyazi alqoritmi verilmisdir.

Toklif olunmus riitubat-enerji kriterisino goro geodinamik poliqon montagalorinin movqe
toyin edilmosinin optimallagdirilmasi masalasi formalasmisdir.

Miioyyan olunmus istiqgamatlor boyu baza geodeziya GPS soboko stansiyalarina dogru hom
istigamatlorin yenidon se¢ilmasini, hom do stansiyalarin 6zlorinin optimal se¢ilmasini nozardas tutan
geodinamik poligon mantagalarinin optimal movqgetoyinedilmasinin yeni metodikasi islonilmisdir.
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ONTUMM3ALUA NO3NITAOHUPOBAHHUS ITYHKTOB TEONUHAMHAYECKOTI'O ITOJIMT'OHA 1O BJIAXK-
HOCTHO-OHEPTETHYECKOMY KPUTEPHIO C OIIOPOU HA BA3OBBIE GPS CTAHIIUMN

P.A. SMIMHOB

CdopmMynupoBaHa ONTHMU3ALMOHHAS 33/1a4a MO3UIMOHUPOBAHUS IIYHKTOB F€OAMHAMUYECKOTO MOJIUIOHA MO Mpea-
JIOXXEHHOMY BJIQ)KHOCTHO-3HEPT€THYECKOMY KpUTEpHIO. [laHO MareMaTnieckoe pelieHne ONTUMH3aLUOHHON 3aJaul MO3HLH-
OHUPOBAHUS C HCIOJH30BAaHMEM BapUAlMOHHOTO HCUHUCIeHMs. Pa3paboTaHa MeTOOMKa ONTUMAIbHOTO MO3UIMOHHWPOBAHUS
IyHKTOB T'€OJAWHAMUYECKOTO MOJHWIOHA, MPEIyCMAaTPUBAIOIIas OCYIICCTBICHHE Iepe0opa HAmpaBlICHUH H ONTUMAIBHOTO
BBIOOpa cTaHImi 0a30Boi reogesmdeckoit GPS ceTn mo HampaBieHUsIM.

Knruesvie cnosa: ceodunamuyeckuii NoaueoH, NOUYUOHUPOSAHUe, onmumusayus, eceodesuveckas cemv, GPS,
6AAIICHOCD.

OPTIMIZATION OF POSITIONING OF ITEMS OF GEODYNAMIC POLYGON ON HUMIDITY
AND ENERGY CRITERIA WITH SUPPORT TO BASIC GPS STATIONS

R.A. EMINOV

The optimization task of positioning of geodynamic polygon points is proposed based on the proposed humidity-
energy criterion. Mathematical solution of the optimization task with using variational positioning calculus is given. The meth-
od of optimal positioning of the points of the geodynamic polygon is developed, which provides for the selection of directions
and the optimal choice of the stations of the basic geodetic GPS network in the directions.

Keywords: geodynamic polygon, positioning, optimization, geodetic network, GPS, humidity.
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SUYUN CATISMAZLIGI SORAITINDO 9KiN SAHOLORININ
OPTIMALLASDIRILMASI ALQORITMININ iSLONIiB
HAZIRLANMASI

A.A. SOFOROVA®

Respublikamizda suvarma sistemlarinin sululuq prognozu va goézlenilon su talabetms oSlgiistini
nozoro almagqla, suyun c¢atigmazligt soraitindo suyun optimal paylanmasi mosolosi aragdirilmisdir.
Maqaladas su qithigr soraitinds iri suvarma sistemlori iizre su ehtiyatlarinin optimal paylanmasi prosesinin
hall alqoritmlarinin islonib hazirlanmasi masalasine baxilmigdir.

Acar sozlar: suvarma sistemlari, akin sahalori, suvarma normalari, suyun ¢atigmaziigi.

Son dovrds respublikanin miixtolif bolgolorindo su tosorriifati sistemlori iizro aparilan
todqiqatlar gostorir ki, su istehlak¢ilariin inkisafi biitiin osas ¢ay hdvzoalori iizra su ¢atismazligi
ilo garsilasir. Bununla oalagodar olaraq respublika orazisindo sudan somorali istifado edilmosi ilo
yanagi olaraq, onun iqtisadi bolgalor arasinda rasional paylanmasini tomin etmak halli milli
ohomiyyat dastyan giiniin on miihiim problemino ¢evrilmisdir.

Yuxarida qeyd olunanlarii nozare alaraq moqalads asasaon iri suvarma sistemlari {izro su
ehtiyatlarinin optimal paylanmasi prosesinin modellagdirilmasi vo hall alqoritmlarinin islonib
hazirlanmasi1 masolosino baxacagiq.

Masalonin iimumi qoyulusunu asagidaki kimi ifado etmok olar: Su qithgi soraitindo su
tosorriifat1 sisteminin su istifado plami elo formalagdirilmalidir ki, kanal altinda suvarilan
saholordo okilon kond tosorriifati bitkilorinin mohsuldarligi maksimum olsun. Bu mosalo iki sort
daxilinds yerina yetirilir:[1].

1) okin saholori plan gostaricilorino barabor gotiiriiliib, su istifadosinin hocmi azaldilir;

2) okin sahalorinin optimal sahasi miioyyanlosdirilir.

Mogqalads ikinci sort daxilindo suyun ¢atismamazligi soraitindo tosorriifatlara doyon
ziyan1 azaltmaq tglin okin saholorinin optimal strukturunun axtarilmasina baxilmisdir.. Bu
zaman suyun c¢atismazlig1 soraitindo okin saholori azaldilmagqla okin sahalorinin optimal sahasi
miloyyonlosdirilir [2],

Holl algoritmi asagidaki kimi formalagsir [5].

* Azorbaycan Dévlot Neft vo Senaye Universiteti
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Mogsad funksiyast :
L=Tiwiy + Towyy + T3wzy, + Thwyy + Tswsy, + Tewe, = max (1)
harada ki, T;-kond tosorriifatt mohsullarinin suvarilmas ti¢iin miitloq suyun hocmi. w;,-
suvarilan saholordir.
Su ehtiyatlarina §éro mohdudiyyat:
M{coptwlv + Mécopthlﬁ + MécothJBv + lefopthw + Mg‘fopthV + Mgoptwm; =W, (2).
burada Ml!i,pt - kond tosarriifat1 bitkilorinin suvarma normalarinin optimal qiymotloridir.
Suvarilan sahoyo goro mohdudiyyat:

W1y S w1 0)41; S Wy
W3y < W Wsy < Ws (3)
W3y < W3 Wey < Wg

Bu halda L = f(w;,)-1n arqumentlari wy, -in elo qiymtlarini tapmaq lazimdir ki, o, (2)
va (3) mohdudiyyat sortlorini 6domaokls (1) ifadosino maksimum qiymat versin [3].
(2) ifadssini, yoni su ehtiyatlarinin imumi hocmini hesablayagq.

Cadval 1.
Hidroqovsaq: Ceyranbatan, manba: SAK( Samiir-Abseron kanali)
Bitkilorin okin Mohsul Maya Suvarma Hirol. Bitki Iglim
adi sahosi Darliq dayari normasi sorait nov. Zonaslt
omsali omsali omsali
Taxil 18404 2.1 700000 3300 1.15 0.85 0.92
Torovoz 2091 15.0 300000 7250 1.15 0.95 0.92
Yasil 21120 2.5 250000 10900 1.15 0.90 0.92
yem
Uziim 8453 2.6 1500000 1850 1.15 1.40 0.92

Cadval 1-do gostorilmis verilonloro osason, yoni dord bitki ndviinlin har birinin uygun
olaraq suvarma normasi vo suvarma sahosinin hasillorini comloyorak, su ehtiyatlarinin timumi
hacmini tapiriq:

W, = 18404 x 3300 x 2091 x 7250 x 21120 X 10900 + 8453 x 1850 =
= 60733220 + 15159750 + 230208000 + 15638050 = 321739000m3 4)

(1) tonliyindo T; =u; X ¢; ovozlomosini nozoro alaraq, hor bir bitki ndviiniin
mohsuldarligit vo maya doyorinin hasillorini comlosok, mohsuldarligla suvarma sahasi
arasindaki agagidaki asililigi tapiriq:

L=147w, + 0.625w, + 4.5w; + 3.9w, (5)
(3.103) sorti asagidaki kimi ifado olunur:
w1y < 18404
Wy, < 2091 (6)
w3y, < 21120
W4y < 8453
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Bu mosals tipik xatti proqramlasdirma masolasi oldugundan Simpleks metodu ils hall

edilir [4].

Simpleks metodu ilo masaloni hall etmok iiglin alava doyisenlordon w;,po(p = 1.4) vo
ovval istifado olunan a,,;(m=1,m =6.7) vo b, (m = 1.7) isarolonmolordon istifads
etmoklo borabarsizliklori barabarliklorlo ovoz edirik :

az1Z1p +
az1Zipy +
Ag1Z1yp + -
as1Z1p +
Ag1Z1p +
A71Z1yp +

+ ay6Z¢y, = b,
+ A36Z¢y = b3
+ Ay6Zg, = by
+ As56Zgy = bs
+ AgeZey = bg
+ a76Z¢, = by

Su tolobetmonin yuxaridaki sorhadino goro

ag1Ziy t*

b + a86Z6,, 2 b8

A91Z1y + - + AgeZey = by

A101Z1p + -+ + A10,6Z6v = b1o
A11,1Z1p + -+ A11,6Z6v = b1y
A121Z1p + -+ A12,6Z6y = by
(131710 + -+ Q136Z6y = by3

L == Tla)lv + Tz(l)zU + T30)3v + T4(U4v + T50)5v + Tﬁwﬁv - max

a1 W1y + o+ A1eWey = by
A7y + Az1 W1y + "+ Az6Wep =
Agy + A3, W1y + -+ + A36Wey = b3
Aoy + Qa1 W1y + +++ + AueWey = by
Aoy + A51 W1y + -+ + AsWey = bs
Ap1 W1y + -+ AeeWey = bg
a71W1p + -+ A76Wep = by

(7

(8)

)

Simpleks metoun mahiyyoti ondan ibarstdir ki, w4y, ..., w5, bazis doyisonlori segilir vo
onlarin qiymoti vo L tapilir, harada ki, wg, = wg, = w19, = 0. Mohdudiyyatlorin namolum
vo sorbast lizvlorinin omsallarindan va oks isaro ilo mogsed funksiyasinin omsallarindan

simpleks cadval tortib olunur.

Bu cadvaldon hall olunmus siitunun némrasi P(1 <P < 6) vo min(;—_i) sartindon
ip

aip > 0 tgiin hall olunmus satrin némrasi g segilir. Element a;;, ils ifads edilir. Dayigonin

ndvbati qiymatini tapmagq li¢ilin g-ci sotrin elementi hesablanir:

o
Agr = Aqi/Aqp

Sonra agagidaki formula ils qalan satirlorin elementlori hesablanir. k # p :

r_ /
Qi = Ajx — AggQip

(i=0, g-1, q+1.6)
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Suyun ¢atismazligi saraitinda akin sahalorinin optimallasdirilmasi alqoritminin islonib hazirlanmasi

Bu halda w,, doyisoni bazislordon silinir, onun yerino wg, daxil edilir vo
Wiy ey Wp—1,p) Wgy) Dp41,p) -, W7y qiymatlords L hesablanir vo ndvbati cadval doldurulur.

Bu yaxinlasma o vaxta qodor davam edir ki, axirinci satrin biitiin elementlori sifirdan
bdyiik olmayacaqlar. Bu vaxt moqsad funksiyast maksimal qiymat alir.

Masala su ehtiyatlari ilo tomin olunmanin miixtalif qiymatlari ti¢lin hall edilmisdir. Su
ehtiyatlarinin hacminden asili olaraq yasil yem {igiin suvarma sahasi 21120 ha- dan azaldilaraq,
uygun olaraq 15000 ha, 16536.9 ha, 17468 ha, 18393.78 ha hesablanmisdir.
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PA3PABOTKA AJITOPUTMA ONITUMHA3AIIMA MTOCEBHBIX IJTOIIATEN
B YCJIOBHUAX JE®UIUTA BO/JbI

A.A. CAOAPOBA
B crarbe paccmaTpuBaeTcs npo0ieMa ONTUMANIBHOTO PAcHpeeeHUst BOABI B YCIOBUAX A(UIMTA BOJBI C y4ETOM
HPOTHO3a OPOLIEHUS HPPUTALIMOHHON CHCTEMBI M 0XKHAAEMOT0 MOTPeOIeHUst BObL. J[aHbl aIrOpUTMBI PELIEHHS] ONTHMAJIBbHO-
IO pacrpee’IeHNs BOAHBIX PECYPCOB JUIsl KPYITHBIX HPPHIALIMOHHBIX CUCTEM B YCIIOBUSIX HEXBaTKH BOIBI.
Kniouesvie cnoea: uppucayuonnvie cucmemsl, HOcegHble NAOWAOU, HOPMbI OPOULEHUS, Oehuyum 800bL.
DEVELOPMENT OF ALGORITHM FOR OPTIMIZATION OF SOWN AREA
UNDER WATER SHORTAGE
A.A. SAFAROVA
The problem of optimal distribution of water in the conditions of water deficiency has been studied, taking into
account the irrigation systems irrigation forecast and the expected water consumption. The article deals with the development
of the solution algorithms for the optimal distribution of water resources for large irrigation systems under conditions of water

shortage.

Keywords: irrigation systems, planting areas, irrigation norms, water shortage.
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APPLICATION OF LINGUISTIC SUMMARIZATION
IN BANKNOTE AUTHENTICATION

V.E. MIRZAKHANOV", L.A. GARDASHOVA"

The banknote authentication problem is one of the most important topics considered in the modern finan-
cial sphere. Despite the vast amount of existing approaches, methods and techniques to detect and to pre-
vent the usage of counterfeit money, the problem is still of current interest. In this paper, a novel ap-
proach for designing banknote authentication model is proposed. The approach is based on linguistic
summarization and applies the genetic algorithm used for optimization. The designed banknote authenti-
cation model has been put through experimental verification and successfully compared with the corre-
sponding neuro-fuzzy model designed by using ANFIS.

Keywords: banknote authentication, linguistic summarization, rule-based fuzzy models,
genetic algorithm.

1. Introduction. The money authentication problem is quite old, and its history had begun
almost simultaneously with the invention of the money itself. Nowadays, there is an entire list of
approaches, methods and techniques used to detect and to prevent the usage of counterfeit money.
However, despite the significant results achieved in the past decades, the problem of counterfeit
money is still actual. This paper introduces a novel approach for paper money authentication. The
approach is based on linguistic summarization and applies optimization performed by using the
genetic algorithm.

Linguistic summarization (LS) is a branch of data mining aimed at extracting knowledge
from initial data. There are two main LS approaches in data mining: LS of time series [1-3] and LS
of datasets/databases [4,5]. In this paper, LS of datasets is considered for designing banknote au-
thentication fuzzy model. The goal of the paper is to design a simple predictive fuzzy model distin-
guishing genuine banknotes from forged ones.

2. Linguistic summarization and the design of fuzzy models. An initial dataset used in
LS can be defined as:

D={dlli=1,...Lj=1,..]} (1

* Azerbaijan State Oil and Industry University
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where I and ] are the numbers of records and attributes in the dataset, respectively.
In this paper, the aim of LS is to discover reliable knowledge elements describing D and be-
ing in the following rule-based form:

IF A, is S; and ...and 4,, is S,,, THEN
Ams1is Sy and ...and A4 1S Suen [Q] 2)

where Q is a quality measure, which indicates how genuine the rule is; A; (i = 1, ..., m + n) is an
attribute of D and S; (i = 1, ..., m + n) is a linguistic term modeled by T1 fuzzy set.

2.1. Quality measures of linguistic summarization
In this paper, Q is represented by the degree of usefulness (U), which is a combination of
two less complex quality measures: degree of truth (T) and degree of sufficient coverage (C).

2.1.1. Degree of truth (T)
The degree of truth defines the inference accuracy of a rule and, in this paper, is computed
by using the same formula as in [4]:

{:1 min (.usl (di)' R .usm+n (d;n+n))
£ min (j, (41), - 1, () 3)

2.1.2. Degree of sufficient coverage (C)
The degree of sufficient coverage defines the rate of data covered by a rule and, in this pa-
per, is computed by using the same formula as in [4]:

min
( 0, r, <1
T min ret et
C 2 (rcmax_rcmin ) rC < rC <
- 2 min_ .max 4)

rnax _r. rn mazx

l 1 - 2 (rmax_rmin ) S rC < rC
c c

max
1, T, =1

where 7. is a relative weighted number of records covered by a rule, /™%

is a
user-defined minimally fully satisfactory value of 7, (if 7, = r/***,then C = 1) and /™" is a user-
defined critically low value of 7;, (if , < r/"",then C = 0).

1, is computed as:

I
_ izt

Te i 5)

where t;, in this paper, is proposed to be computed as:
t; = min(.“sl (di)' o Msn (d#n+n)) (6)
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whereas the following formula is used in [4] for computing t;:

- {1, ps,(di) > 0and..and pg_, (diyin) >0
' 0, otherwise 7)

Let’s discuss the difference between (6) and (7) through the following example.

Example N 1. Let’s assume that there is an initial dataset with 2 records and 3 attributes: 2
antecedents and 1 consequent. The dataset is shown in Table 1. Let’s also assume that there are two
IF-THEN rules R* and R?, which are shown in Tables 2 and 3, respectively. 7. (R') and 7-(R?) can
be calculated by using formulae (5) and (7). As the result, we obtain the following: r-(R!) =
1c(R*) = 1. So, despite Hat (af™) « Hy? (af™), Hal (ag™) « Mgz (ag™) and Hat(as’™) <
f42(as’™), the formula (7) makes no difference between R and R?. Now, if we compute 7;(R")
and r.(R?) by using (5) and the proposed (6), we obtain the following: 7-(R') = 0.075 and
7-(R?) = 0.55. So, by using formula (6) instead of (7) we come to a fair conclusion: 7,(R') «
7.(R?).

Table 1
The initial dataset used in example Ne 1
Attributes
No ai‘mt agnt agon
1 5 8 7
2 4 7 9
Table 2
Rule R!: IF a%™ is A} and a$™ is A}, THEN a5°" is Al
Membership degrees
Ne Hat (af™) Hal (ag™) taz(as’™)
1 0.1 0.2 0.2
2 0.1 0.05 0.15
Table 3
Rule R?: IF ad" is A% and a3™ is A3, THEN a5°" is A3
Membership degrees
Ne Hpz (ai™) Haz (ag™) Haz (as’™)
1 0.8 0.6 0.9
2 0.5 1 0.5

2.1.3. Degree of usefulness (U)
The degree of usefulness defines the reliability of a rule and, in this paper, is computed by
using the same formula as in [4]:
U = min(T, C) )]
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2.2. The design of fuzzy models by using linguistic summarization
In this paper, the design of rule-based fuzzy models by using linguistic summarization is
considered as a sequence of the following steps:

. Formalization of an initial dataset: declaration of linguistic variables for each attribute of
the dataset, determination of antecedent and consequent attributes, etc.

o Obtainment of a list of all possible IF-THEN rules describing the corresponding dataset.

. Selection of genuine rules into the rule base of the model being designed.

o Optimization of the designed fuzzy model, which is performed, in this paper, by using the

genetic algorithm.

The selection of genuine rules into the rule base is performed by defining a critical value
U., of the degree of usefulness: only the rules with U > U,,, are selected into the rule-base of the
model being designed.

In this paper, U, is proposed to be partially user-defined and partially computed by using
the following formula:

WlUg) =  max  vY(i) = _N@) - N@)

i€[Ug ™ U] i€[Um U] 1-i 9)

where [UT", UM%¥] is a user-defined region of admissible values of U,,; NY(i) is a number of
rules with U > i and vY (i) is the average growth rate of the number of rules with U > i on interval
[i,1].

Let’s discuss the application of (9) through the following example.

Example N2 2. A user faces some difficulties with the defining of U,,, but he thinks that
rules with U < 0.4 are certainly not genuine and rules X: 052
with U > 0.6 are certainly genuine. So, the value of e 1145
U., must be within the interval [0.4,0.6]. The user 112
performs computations by using (9) and obtains
vY(U,,) = 114.5 and U,, = 0.52 (Fig. 1), which
means that the interval U € [0.52,1] has the highest
ratio of the rules’ number to the interval’s length.

It should be noted, that, if there is more than 109,
one rule having U > U, and the same antecedent part,
then only the rule with the highest value of U is to be
selected into the rule base.

108

vWii)

104

044 048 052 056 06
i
Fig. 1. vV (i) on interval i € [0.4,0.6]

In this paper, the rules selected into the rule base of the model possess weights set equal to
U. Therefore, the rules with low values of U can’t affect the performance of the fuzzy model as
much as the rules with large values of U can.

3. Banknote authentication model: design and optimization. “Banknote authentication”

dataset [6] is used in this paper for designing banknote authentication fuzzy model. The dimension
of the dataset is 1372 X 5, and its attributes are described in Table 4. As seen from Table 4, each
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banknote in the dataset is represented by 4 statistical properties of the wavelet-transformed image

(WTI) of the banknote.

The initial dataset (IDS) is divided into 2 subsets: training (60% of IDS) and testing (40%
of IDS) datasets. The training dataset is used for the design and optimization of the fuzzy model
and the testing dataset for the designed model’s verification.

Table 4
“Banknote authentication” dataset’s attribute information
Ne Name Type Range Description
1 Variance ant. [-7.0421; 6.8248] Variance of banknote WTI
2 Skewness ant. [-13.7731; 12.9516] Skewness of banknote WTI
3 Kaurtosis ant. [-5.2861; 17.9274] Kurtosis of banknote WTI
4  Entropy ant. [-8.5482; 2.4495] Entropy of banknote WTI
5 Class con. {0, 1} 0 — forged banknote,
auine banknote
First of all, the attributes of the

training dataset have to be defined by the Variance Skewness

£ . . V. . . . Y A1t Vw V2 Vs V4r¥5 HA S1 st Szvss
corresponding linguistic variables (Fig. 2). ( /X’ \ [ ( 7’\ \

The next step is to define 7% and %0 0 0 %0 0 20
rr (M =1.8605%x 107 and Kurtosis Entropy
max _ —4 _ K, K K K K e Y

"% = 1.8605 X 10™*) and to produce a M1 /%2 7&/\5 W’ N2 N/\__S
list of all possible IE-THEN rules describ- 0 NAALA N g MDA
) .. -10 0 10 20  -10 5 0 5
ing the training dataset. The total number Class

of the obtained rules is 1250. In order to
select genuine rules into the rule base, one
has to define U,,. Let’s assume that the
user-defined interval [UM™, UMe*] is set
equal to [0.5,0.55]; so, the value of U, is
to be selected from the interval by using
(9). As the result we obtain U, = 0.5486
(Fig. 3).

189 rules with U > U, have been
selected into the rule base of the fuzzy
model represented by a Mamdani-Type
fuzzy inference system (FIS). Rule
weights are set equal to the corresponding
values of U.

In order to evaluate the perfor-
mance of fuzzy models, root-mean-square
error (RMSE) is chosen as a performance
measure in this paper. The performance of

41 ‘Forged Genuine‘
0 L
0.0 1

Fig. 2. Linguistic variables Variance, Skewness,
Kurtosis, Entropy, Class

(0.5486, 97.47)

98

96 -
S 94

=

92

90 | ‘ ‘
0. 0.52 0.54 0.56

i

Fig. 3. vU (i) on interval i € [0.5,0.55]

0,14

0,135

0,13

0,125

0,12
Training RMSE Testing RMSE

Fig. 4. Performance of the not optimized model FIS,,,,
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the designed fuzzy model (FIS,;,) is shown
in Fig. 4.

FIS,4, can be optimized by using the
genetic algorithm and the training dataset. Ge-
netic optimization is performed by means of
MATLAB Optimization Toolbox, RMSE is
chosen as a fitness function, and all properties
are left as default except the following ones:
population size is set to 250, generations’ num-
ber is set to 100, time limit is set to oo, fitness
limit is set to 0.001. The tuned input of the
optimized FIS (FIS,,;) is shown in Fig. 5, and
the comparison of the FIS,,, and FIS,,, mod-
els’ performance is shown in Fig. 6. As seen
from Fig. 6, FIS,,; demonstrates better per-
formance than FIS,,,: the training RMSE is
lower by 56% and the testing RMSE by 37%.

The absolute testing performance of the
designed and optimized banknote authentica-
tion model FIS,,, is shown in Fig. 7.

4. Comparison of the proposed
approach with ANFIS. In this paper, the de-
signed banknote authentication model is com-
pared with the model designed by using the
adaptive neuro-fuzzy inference system (AN-
FIS) algorithm [7].

Two fuzzy models describing the train-
ing dataset are designed by using MATLAB
ANFIS Editor: input linguistic terms are repre-
sented by triangular fuzzy sets, each input vari-
able is represented by 5 linguistic terms, output
MF type is set as constant, and the number of
the training epochs is set equal to 100. The first
designed model (FISy,) is trained by using the
backpropagation method and the second one
(FISpyp) by using the hybrid method. FIS,

kewn
v, Yerjapes, . Skeness
NS B /\1(\2 3N4/R8
/\/\ ST AN
0 10 -20 0 20
K rtos Entropy
Ay K K 1+ BiRafars Es
ol A{\/ o /R
20 0 20 40 10 0 10
Class
41 |Forged Genuine‘
0\

0.0 1

Fig. 5. Linguistic variables: tuned Variance, Skewness,
Kurtosis, Entropy and not tuned Class

100
=3
O 80
S 60
d ’ mFIS_raw
40 ,
9 FIS_opt
e 20 -
&
&~ 0

Training RMSE  Testing RMSE

Fig. 6. The comparison of F1S,4,, and FIS ;p,
S 9
=8 400
£ 2 200 g
S @
Z-0 0

n 5.
&0@ QQ}\A oQQ}
«© &
\6\

Fig. 7. The absolute performance of FIS
g 400
< 300
=
& 200 “IS_opt
O
E 100 mEIS hyb
= ,

Training

RMSE

Testing Size of the
RMSE  rule base

Fig. 8. The comparison of FIS ;p,; and FIS

model’s performance is too poor (RMSE > 0.4), so the comparison of only the FIS,,; and FIS},,,,

models’ performance is shown in Fig. 8. As seen from Fig. 8, FISy,,;, and FIS,,; demonstrate the

performance parity (the training RMSE of FIS},,,, is lower by 21% but the testing RMSE is higher

by 29%), whereas the FIS,,; model’s rule base is more than three times smaller than the one of

FISpyp.
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5. Conclusions. In this paper, a novel approach for designing banknote authentication
model is proposed. The designing process is based on linguistic summarization and applies genetic
optimization. The LS approach used in the paper contains a new proposed formula to compute the
degree of sufficient coverage (C) and a new technique for computation of the critical value of the
degree of usefulness (U). The designed banknote authentication model has been put through exper-
imental verification and successfully compared with the model designed by using ANFIS.
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LINQVISTIiK XULASOLOSDIRMONIN BANKNOTLARIN AUTENTIiFiKASiYASINDA TOTBIQi
V.E. MIRZOXANOV, L.A. QARDASOVA

Banknotlarin autentifikasiya mosalesi miiasir maliyye sahasinde mdvcud olan on vacib mesalolorden biridir. Pullarin
saxtalagdirmasini askar etmok vo qarsisini almaq {iglin bir sira yanasma, iisul ve texnikalarin mévcud olmasina baxmayarag,
baxilan masale halo do aktualdir. Bu maqalods banknotlarin autentifikasiya modelinin yaradilmast {iglin yeni yanasma toklif
olunur. Toklif olunan yanasma linqvistik xiilasalesdirmoye asaslanir ve optimizasiya iiglin genetik alqoritmden istifade edir.
Sintez olunan banknotlarin autentifikasiya modeli eksperimental yoxlamadan kegib vo ANFIS osasinda yaradilan qeyri-salis
neyron modells ugurla miiqayisa olunub.

Agar sozlar: banknotlarin autentifikasiyasi, lingvistik xiilasalogdirma, qaydalara asaslanan qeyri-salis modellar,
genetik alqoritm.

INPUMEHEHUE JUHT'BUCTHYECKOI'O PEOEPUPOBAHUA IS AYTEHTUOUKAIIUN BAHKHOT
B.D. MUP3AXAHOB, JI.A. TAPJIAIIOBA

OpnHoit 13 Hanbosee BaXKHBIX MPOOJIEM, paccMaTpUBaeMbIX B COBpEMEHHON (GpHUHAHCOBOII chepe, sBisieTcs npodiema
MPOBEPKH MOITMHHOCTH JEHEKHBIX Kymiop. HecMoTpst Ha 60J1bI1I0€ YHCIIO CYIIECTBYIOMINX TOIX00B, METOJ0B U IIPUEMOB I10
00HapyXEHHIO U MPEIOTBPALICHUIO HCIIOIb30BaHMUS ITOIENIBHEIX JCHET, IpobiieMa BCe eIlle OCTAeTCs aKTyaJlbHOW. B maHHOM
CTaThe INPEAJIaraeTcsl HOBHIM MOJXOJ K CHHTE3y MOJENN ayTeHTH(HUKauyu OaHKHOT. [IpeuroxkeHHBIH 1MOaX0J]] OCHOBaH Ha
JIMHTBUCTHYECKOM pe(epUpPOBAHIM U UCIIOIB3YeT TeHETHYECKUH alrOpUTM, NMPUMEHSeMBbIH 11 ontuMu3anuy. CHHTE3HpPO-
BaHHAs MOJENb ayTeHTHU(HKanuu GaHKHOT MPOIUIA MPOLERYPY SKCIEPUMEHTAIFHOH BepU(UKanuy U IPOAEMOHCTPHPOBAIA
MIPEBOCXOACTBO B CPABHEHUHU C COOTBETCTBYIOILECH HEHPO-HEUETKOM MOIebI0, CHHTE3UpOBaHHOH nocpenctsom ANFIS.

Knrwuesvle cnosa: aymeHmuqbuKauu}l 6aHKHOm,' JIUHZe8UCMUYECKOE ped)epupoeaﬁue; HedyemkKue MO()eﬂu, OCHOBdHHbLE
Ha npaesuiax, 2eHemuyecKuil aieopumm.
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DASAGILCAY HOVZOSINDO SOTH VO YERALTI SULAR
ARASINDAKI OLAQONIN TODQIQi

[L.A.DYYUBOV"

Cay hovzolorinde yeralti sularm soth sulari ilo qidalanmasini, onlar arasindaki qarsiligh slagenin
istlinliiylini yerli sorait, orazinin geoloji qurulusu, relyefi, iqlim soraiti, bitki Ortiiyii, antropogen amillor
Vo su saviyyasinin doyismosi miioyyan edon asas amillordir. Moqgalods Dasagilcay hovzasindos soth sular
ilo yeralt1 sularin arasindaki slagonin aragdirilmasina ¢aligiimisdir.

Acar sozlar: yeralti sular, su ehtiyati, yaranma saraiti, tabii sarait, yagintilar, siiziilma, aerasiya zonasi,
su buxar, gidalanma, hidroloji tadqiqatlar, iqlim soraiti, bitki ortiiyii, sath sulart.

Giris. Todqiqat islori aparilan orazi Qanix-Oyrigay vadisinin conub-gorq hissasini, Oguz
rayonunun 800-380m hiindiirliiklori arasi, Dasagil¢cayin gotirmoalor konusunu ohato edir.
Dasagilcay hovzasi hidrogeoloji rayonlagdirmaya osason simal hissosi, 700-800m-don

yuxar1 orazisi Boylik Qafqaz dag-qirisiqliq zonasinin Boyiik Qafqaz mosamo-gat sulart hdvzasine,
morkozi hissosi, 380-800m hissasi Kiir-Araz diizenliyi geostruktur regionunun Qanix-Oyrigay
mosamo-lay sular1 hovzosine aid edilir.

Hidrogeoloji rayonlagdirma sxemino goro Qanix-Oyricay vadisi Kiir ¢okokliyinin ikinci
doracali yeralti su hovzalorindon biridir. Qanix-Oyrigay vadisi strukturca ayrilmig, praktiki
cohoatdon digor yeraltt su hovzolorindon tocrid olunmus yeralti su hovzosidir. Vadi nazik zolaq
soklindo simal-qorbdon conub-gsorq istigamotindo uzanaraq Bas Qafqaz sira daglarinin conub
yamaclari ilo Acinohurun Neogen qalximi arasindaki iki dagarasi ¢okoklikde yerlogmisdir [2].

Todqiqat orazisindon axan Dasagilcay, Oguzcay, Xalxalcay vo digor caylar yiiksok dagliq
orazidon c¢ixdigdan sonra, 750-600 m yiiksoklikdon genis orazido gotirmolor aximlarini
akkumulyasiya edorok gotirmo konuslari yaradirlar. Homin hissa ¢aylarin Qanix-Oyricay vadisine
daxil oldugu hissolordir. Burada ¢aylarin mocrasi daha genis sahayo pargalanir va ¢aylarin dorinliyi
enina nisbaton ¢ox kicik olur.

Qanix-Oyricay vadisinds yayilmis siixurlarin litoloji torkibinds miisyyon zonalliq miisahide
olunur. Beloki, bu zonalliq ¢aylarin gotirmo konusarinin bas hissolorindon asagi hissolorino godor
miisahido edilir. Dagotoyi zonalarda, caylarin gotirmo konuslarinin bas hissalorindo iri Olgiilora
malik gaymalar va iri ¢aydaslar1 yayilmisdir. Dagatoyi zonadan diizonlik sahoyo endikco ¢aylarin
gotirmo konuslarinin morkozi hissolorindo qaymalar vo iri caydaslari nisboton kigik Olgiilii

sk .
Hidrometeorologiya Elmi Tadqiqat Institutu
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caydaslar1 vo caqillarla oavoz olunur. Qum dolduruculari iso qumca-gilco vo gilli doldurucularla
ovoz olunurlar. Gatirma konuslarinin agagi hissolorinds iso gilli siixurlar {istiinliik toskil edirlor [2].

Dasagilcay vo Olicangay hovzasindoki gotirmo konuslari ilo konuslararasi ¢okokliklorin
oroqrafik qurulusu sokil 1 vo 2-do verilmisdir. Sokil 1-do miiasir informasiya texnologiyalarindan,
Google Earth vo AutoCAD 2015 proqramlarindan istifado etmoklo todqiqat orazisindo se¢ilmis
400-cii m hiindiirliiklori arasinda profil qurulmus, homin hiindiirliiklordo gotirmos konuslart va
konuslarasi ¢okokliklorin sothi aydin sokilds tosvir edilmisdir. Belo ki, gotirmo konuslarinin sothi
yiiksak olub, ¢ay doralori ilo kasilmisdir. Dasagilgay vo Oguzgay gotirmo konuslarinin merkazi ilo
axir. Konuslar arasi1 ¢okokliklordo iso iri ¢ay dorslori miisahido olunmur. Secilmis 400-cii m
hiindiirliiklori arasinda gotirmo konuslari ilo konuslarasi ¢okokliklorin hiindiirliiklor forqi 90m-o
qadordir (sokil 1).

Sokil 2-do miiasir informasiya texnologiyalarindan, Google Earth vo MicroStation v8i
programlarindan istifado etmoklo Dagagil¢ayin 350-720 m hiindiirliiklori arasinda uzununa profili
qurulmusdur. Sakil 2-don goriindiiyli kimi toxminon ¢ayin 500-720m hiindiirliiklori aras1 gotirmo
konusunun yuxari hissasidir vo 500 m hiindiirliikdon sonra ¢ayin mailliyi azalir. Burada relyefin
yiiksokliyinin azalmasina uygun olaraq qodim gotirmo konuslar1 daha cavan gotirmo konuslar ilo
ovaz olunur.

Orazido gotirmo konuslarinin periferiyalarina dogru susaxlayan siixurlarin litoloji
kasilisindo c¢aqillarin  pay1 nisbaton
azalaraq timumi kosilisin 75%-don az
olmur. Digor hidrogeoloji parametrlor
oldugu  kimi, sukeciricilik  do
periferiyalara dogru azalaraq minimal
qiymatlora malik olur [2].

Gotirmo  konuslarinin  bas
hissolorindo ana siixurlar1 ilo kontakt

(:(‘(3:-‘\IL'-'-.1"--

zonasindan yeraltt sularin asagiya

dogru axmi  boyunca, siiziilmo St (OORE
omsallarinin artmasi miisahido edilir. L i —_—-.
Bu artma getirmg konuslarinin Sakil 1. Dasagilcay hévzasinda 1-1 kasiklori arasinda gatirma

morkazi hissalarinda maksimal konusu va konuslararasi ¢okakliklorin profili

giymoto malik olmaqgla sonradan
periferiyalara dogru koskin azalir. ',
Qeyd etmok lazimdir ki, daha godim /I
konuslarin  ¢Okiintiilori daha  zoif :
stiziilmo  xiisusiyyatlori ilo  sociy-
yolonir.  Analoji  ganunauygunluq
yeraltt su horizontlarinin  effektiv
galinligiin doyismosinds do miisahido

% . il B e
- GATIRMS KONUSUNUN
BAS H | SUBARTEZIAN
K 215803 QUYULARININ

edilir. i e s
Belolikla, todqgiqat apardigimiz - ¥

orazido  yeraltt sularin  caylarla S$okil 2. Dasagilcayin uzununa profili
gidalanmasini sortlondiron asagidaki
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sobablor movcuddur:

a) cay yataqlarinin, ¢aylarin gotirmo konuslarinin bas vo morkazi hissalorinin sukegiriciliys
malik, yaxsi yuyulmus iri quinti fraksiyalarindan-qayma daslardan, caqil-cinqillardan togkil
olunmast;

b) ¢aylarin daglardan ¢ixdigdan sonra gatirmo konuslarinin genis sahalors yayilmasi;

c) ¢ay yataglarinin genis gotirmo konuslar1 {izro yayilmasi ilo ¢ay sularinin da sahs {izro
daha genis sobokodo paylanmasina sobab olmast;

¢) ¢ay aximinin daha genis araziys sopalonmasi, onun siiratinin kaskin azalmast;

d) cay sobokosinin kifayat qoder yiiksok gostericilora bas hissolords 0.5-0.75 km/km?, asag
hissalorda 0.2-0.4km/km? sixligla sociyyslonmosi va s.

Yuxarida gostorilon amilllorin tosiri naticasindo tadqiqat apardigimiz orazide caylarin
gotirmo konuslarinin bas vo markozi hissalorinds soth sularinin yeralti sular1 qidalandirdigini deya
bilarik.

Umumiyyatlo, Qamx-Oyricay vadisindo yeralt: sular tobii soraitdo yagintilarm vo cay
sularinin ¢okiintiilora siiziilmasi, aerasiya zonasinda su buxarlarinin kondensasiya olunmasi,
gisman da yeralt1 axim naticasinds formalasir. Bundan basqa suvarma moqsadi ilo istifade olunan
yeralt1 sularin va ¢ay sularimin siiziilmasi naticasinda do yeralt:1 sularin alava qidalanmasi bag verir.

Isin magsadi: Todgiqat isinin aparilmasinda osas moqsad Dasagilgay hovzosindo segilmis
kasiklor arasinda soth sulari ilo yeralt1 sularin arasindaki slagonin aragdirilmasidir.

Masoalonin halli: Mogalodo nozori ¢ixariglar osason c¢ay sularindan yeraltt sularin
gidalandirmasi halin1 ohato edir vo homin orazido miixtolif vaxtlarda aparilmis hidroloji
tadqiqatlarin naticaloring asaslanir (sokil 3).

Caydan yeraltina filtirasiya olunan suyun sorfi asagidaki kimi toyin oluna bilar.

AQ=k t-F=¥"F (1)

Caym sulu mocrasinin dibindon suyun sizmasi saquli istigamoatdo oldugundan 1=1 qobul
olunar. Buna asason filtirasiya omsali bels toyin olunur:

Q-0 AQ
k=90 = 1F2:7 (2)

Burada, Jr; - ¢aydan yeraltina sizan suyun siratidir, m/s; Q;, Q; ¢aym 1-1 vo 2-2

kosiklorindon kegon suyun sorfidir, m’/s; F - homin kosiklor arast cayin sulu mocrasinin sahasidir,

m’.

Belaliklo, ¢ayin hor bir en kosiyindon keg¢on suyun sorfini (3) ifadosine asason toyin etmok
olar [1, 3].
Q= o Y, , (3)

burada, ® - caym canli en kosiyinin sahosi, m* v,, - kosikdo ¢ayn orta axm siireti olub, Sezi
diisturuna asasan hesablanir [4].

9,,=CVR1=C/H,,L, 4)

burada, 1 - ¢caym miivafiq en kasiklori arasinin mailliyi, C - Sezi omsalidir, m®/s ; R - hidravliki
radiusudur, m; dorinliyi enina nisboaton ¢ox kigik olan ¢aylar ii¢iin R=H,, gobul olunur. Buna osason
Sezi omsali Manninqin asagidaki ifadesindon toyin olunur [3, 5].
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1/6
C=(1/n) Hy ™,
burada, H,- ¢ay maocrasinda
ST AQ:,
axmin orta dorinliyidir; n-moc- 10'-”':T122 5
ranin koala-koturliuk amsalidir.

Mogalodo yuxarida veril-
mis ifadolor osasinda Dagagil- Qi
cayda ¢Ol todqgiqat islori apa- —=- Qs
rilmigdir. Dasagilgayda ¢ol tod-
qiqat islori 13-14 yanvar 2016-ci 1‘ ==
il tarixindo aparilmisdir. Hidroloji 2
todgiqatlar Dasagilcaymm  Soki-
Oguz avtomobil korpiisiindon 50
m asag1 hissasindo, sorti olaraq 1-
1 kosiyindo, ondan 2000m
conubda 2-2  kosiyindo, 2-2
kasiyindon 2500m conubda 3-3
kasiyinda vo 3-3 kasiyindon 2700
m conubda, sorti olaraq 4-4
kasiyinda, Oguz-Qabalo-Baki su

F1.2=4400m? F23=6000m? |

F3,4=5400m?

bss =2.0m
£,3=2500m 3 g4 =2700m ‘ b

komorinin subartezian quyulari
corgosindon asagida aparilmisdir S N %
(sokil 4). Aparilan ¢ol todqiqgat %‘EE%%@E‘M
islorinin noaticalorinin tohlili cad- It *‘t“*“m*i 3
val 2-da verilmisdir. R

Yuxarida verilmis ifads-
lora asason ¢ol todqiqat islori 1-1,
2-2, 3-3 vo 4-4 kosiklorinds aparilmigdir. Cayin biitlin kasiklorinda, toxminon 7200 m masafoda
axim parametrlori tortib edilmisdir. Beloliklo, cay aximindan yeraltina sorf olunan suyun
miqdarinin qiymatlondirilmasinin naticalari tortib edilmisdir (cadval 2).

Dasagilcay iizorindoki $oki-Oguz avtomobil korpiisiindon 50 m conubda, 1-1 kosiyindoki
caymn macrasi sokil 5-do gostorilmisdir. Sorti gobul etdiyimiz 1-1 kosiyindo apardigimiz ¢ol
todqiqatlarina 9sason macranin orta eni by,=2.20 m, orta dorinlik h,=0.32 m, homin miiddotdo

suyun orta siirati Lore= 0.90 m/s miisahids edilmisdir. Homin arazids apardigimiz ¢l todqiqatlarina
osason 1-1 kesiyindon kegon orta sorf Q=0.630 m*/s miisahido edilmisdir (cadval 2).

Soki-Oguz avtomobil korpiisiindon 7.2 km conubda, caym genis mocraya parcalandigi
hissado, sorti olaraq sonuncu 4-4 koasiyindo ¢ayin macrasinda aparilmis hidroloji todqiqatlara osason
maocranin orta eni bo,=2.0 m, orta dorinlik h,=0.30 m, homin miiddotdo suyun orta siiroti Lo ,=0.85
m/s miisahido edilmisdir. Cayin bu hissasinds su aximi bir ne¢o xirda mocralarda horokat edir. Belo
ki, homin hissadoki hidromorfoloji parametrlorin dl¢lilmosi zamani ¢ayin biitiin xirda macralari
nozors alinmisdir. Beloliklo, ¢aym mocrasinda suyun sorfi Q=0.520 m’/s miisahide edilmisdir
(codval 2).
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Cadval 2
Dasagilcayda aparilan ¢ol tadqiqat islorinin naticalorinin
Parametrlor Sorti 6lgma kosiklori

1-1 2-2 3-3 4-4
Bora — Orta eni,m 2.2 2.1 2.3 2.0
horia - orta hindirlik, m 0.32 0.31 0.29 0.30
Vo - orta siirat, m/s 09 09 0.85 0.85
Q, sorf, m*/s 0.630 0.590 0.560 0.520
hpmax . M 0.47 0.43 0.35 0.36
Ugparat orta, /S 1.1 1.1 1.0 1.0
S?Qﬂtumg k?51k19rd9 yer sothinin 630 606 508 450
hiindiirliyi, m
I - orta maillik 0.037 0.0392 0.0215
£ - ¢ayin kosiklor aras1 uzunlugu, m 2000 2500 2700
F, cayin sulu mocrasinin sahasi, m” 4400 6000 5400
Up;; - caydan suyun yeraltina filtirasiya 0.000001 0.000005 0.000007
sorfi, m/s
Vi , m°-giin 380.2 2592 3266

Yuxarida verilmis ifadoloro osason ¢ayin 1-1 kasiyindon 2-2 kasiyino ¢atma miiddotindo
caydan yeraltina filtirasiya olunan suyun siiroti asagidaki kimi olar.

_ Q1—Q2 _ 0.630—0.590

V12 fu= Fis w00 0.000009 m/s;
03 fir= Q;;:k = 22 = 0.000005 mis;
04 pu= B2 = SR = 0.000007 ms;
orea pu= 222034 = 0,000007 ms;

Belalikls, 13-14 yanvar 2016-c1 ildo apardigimiz ¢ol tadqiqat islorinin naticalorine asasan
Dasagilcayin sorti gqobul etdiyimiz kosiklorindo miisahido edilmis su sorflorinin naticalorini tohlil
etsak, glindalik caydan filtirasiya itkisini toyin edorik.

Vi=9orta fu Ft=0.000007- 15800-86400=9556m’

Cayin todqiq olunan hissosindo filtirasiya olunan

suyun sorfi agagidaki kimi toyin olunur.

Qrii=Qbasl. — Qson =0.630-0.520=0.110 m’/s
Belalikls, hidroloji tadqigatlarinin naticoloring asason
demok olar ki, ¢ayin mocrasindan toxminen 0.110 m*/s vo ya
imumi sarfin 17%-i filtirasiyaya gedir.
Beloliklo, mogqalodo verilmis metodikaya osason
apardigimiz ¢ol todqgiqatlar1 zamani1 Dasagil¢ayinda secilmis
kasiklor {i¢iin suyun saviyyasino vo sorfino uygun, yeralti

sularin ¢aydan qidalanmasinin pay1 veo filtirasiya qiymatlori -
Sokil 5. Dasagil¢ayin secilmis macrasinda

miioyyaon edilmisdir.
vy 3 hirdroloji parametriorin olciilmasi
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Notica. Dasagilcayin yuxari axarinda 700-500 m hiindiirliiklori arasinda ¢ay aximi yeralti
sularin gidalanmasinda istirak edir. Ancaq homin hissolordo oksino yeralti aximin ¢ay sularinin
formalagmasina tosiri miigahide edilmomigdir. Bu iso hamin hissenin geoloji qurulusu, suxurlarin
litoloji torkibi vo yeralti sularin yatma dorinliyi ilo izah olunur. Belo ki, homin hisso ¢aylarin
gotirmo mahsullarinin akkumulyasiya etdirdiyi zonadir vo buradaki gotirma mohsullart cavandir vo
soth aximlarinin filtirasiyasi ti¢lin daha miinasibdir.

Ancaq Dasagilcayin asagi axarlarinda, sorti qobul etdiyimiz 4-4 kosiyindon conuba, yer
sothinin 400-450 m hiindiirliiylindon Aciohur ovaligina dogru yeralt1 sularin bulaqglar soklinds yer
sothino ¢ixmast miisahido olunur vo caylarin qidalanmasinda rol oynayir vo burada soth vo yeralti
sular bir-biri ilo hidravliki alagodadir.
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NCCIENJOBAHHUE B3ANMOCBS31 MOBEPXHOCTHBIX M ITOJA3EMHBIX
BOJ BACCEUMHA JAIIATBITYAS

H.A. SUIOBOB
B crartbe HCCIICAYETCA B3aUMOCBA3b MEXAY IMOBEPXHOCTHBIMHU M TNOA3EMHBIMU BOJAMHU C YUYETOM OCHOBHBIX
q)aKTOpOB, OIPCACIIIOIMHNX MECTHOCTh, T'€OJIOTHUYECKOC CTPOCHHUE, peJ’ILe(i), KIIMMAaTU4Y€CKUE YCJIOBHA, PACTUTCIIBHOCTD,

AHTPOIIOTCHHBIC Q)aKTOpr U UBMCHCHUEC YPOBHA MOA3E€MHBIX BOMI.

Kniouesvie cnoea: noosemmvle 600bl, B0OHble pecypcvl, 0caOKu, @uibmpayus, 30HA aspayuu, 00AHOU nap,
numanue, 2u0poIOUIECcKUe UCCI008AHUS, KIUMAMUYECKUE YCI06US, PACIUMENbHOCHIb, NOBEPXHOCTHbLE B00bL.

STUDY OF INTERRELATION BETWEEN
SURFACE AND UNDERGROUND WATERS OF THE DASHAQILCHAY BASIN

L.A. AYYUBOV
The article explores the relationship between surface waters and groundwaters, taking into account the main factors
that determine the terrain, geological structure, relief, climatic conditions, vegetation, anthropogenic factors and changes in the

groundwater level.

Keywords: groundwater, water resources, formation conditions, natural conditions, precipitation, filtration, aeration
zone, water vapor, hydrological studies, climatic conditions, vegetation, surface water.
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