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TOSVIRO GORO MOSAFONIN TOYIN OLUNMASI
UCUN TOTBIQi USUL

A.M. PASAYEV, RM. COFORZAD®, 1.0. [ISGONDOROV, S.M. KORIMOV

Toqdim olunan mogqgaleds yerdoyismonin giymsotinin Ol¢lilmasi iiclin miiasir texnikanin
miixtolif sahoslorindo totbiq olunan tomassiz masafodlgmo {isullarinin miiqayisali tohlili
aparilmig, bu tsullar arasinda tesvir tisulunun perspektivliyi vo videogoriintiilorin emalinda
kompiiter texnologiyalarinin tatbiqi noticesinds Ol¢malorin doqigliyinin daha da artirilmasi
iisullar1 tadqiq edilmisdir. Aparilmis isin naticosindo tosvir iisulu ilo mosafo Slgmo iisulunun
riyazi modeli, onun totbiqini yerino yetirmays imkan veran alqoritm vo program tominati islonib
hazirlanmigdir.

Agar sozlar: tasvir tisulu, masafonin tamassiz 6l¢iilmasi, vizual gériintii, fokal miistovi.

Giris. Miiasir texnikanin miixtolif saholorindo yerdoyismonin qiymaotinin vo ya
obyektlor arasinda mosafonin Olcililmosi zamani xiisusi doqiqlik tolob olunur. Bu masalonin
holli iiclin bir sira metodlar mévcuddur vo onlar arasinda magqnitostriktiv, ultrasoes, lazer,
potensiometrik va digor fiziki proseslors asaslanan tisullar xiisusi yer tutur [1].

Gostorilon metodlardan maqnitostriktiv vo potensiometrik {isullar miilki aviasiya
magsadlari {igiin tolob olunan mikrometr daqiqlik vo kifayat qodor genis 6lgmo diapazonunu
tomin edir. Lakin hor iki {isulun ¢atigsmazIigi ondan ibarotdir ki, yekunda istifade olunan 6lgmo
cihazlarinin qabaritlori 6lgmo diapazonuna uygundur vo Olgmalorin aparilmasi miisyyen
montaj-qurasdirma problemlori ilo miisayiot olunur. Bundan olavo olaraq maqnitostriktiv
tisulun totbiqi yerlosmo yerindoki maqnit saholorin intensivliyindon asilidir vo 6lgmoalor
aparilarkon yaxinligda olan giiclii elektromaqnit monbalori yekun naticoys giiclii tosir gostorir.

Miiasir mikroelektronikanin vo kompiiter texnologiyalarmin inkisafin1 nozoro alaraq,
daha {istlin xassoloro malik ola bilon metod kimi obyektin tosvirinin tohliline asaslanan tisulu
gostormak olar. Bu tisulda mosafonin toyini liclin pesokar kameradan istifado olunur. Son illor
tosvira osaslanan bir sira lisul 6z genis totbiqini tapmugdir. Bir sira todqiqatcilar masafonin
toyini iiclin 2 odad stereoskopik kamera istifado etmokls, tosvir lisulunun totbiqi ilo £5%
doqiqlik olds edo bilmislor [2,3]. Daqiqlik ilk ndvbodo kameralar arasindaki baza mosafosindon
asilidir vo yalniz bu mosafo artirildigda daha doqiq 6lgmolor aparmaq imkani yaranir. Daha
ylksok doqiqlik xassalorini oldo etmok {igiin, genis ohato bucagi olan kameralardan istifads
olunaraq konstruktiv baximdan miirokkab bir sistem yaradilmalidir. 1 adod kamera vo 1 odad
lazer istifado olunmasi hesabina tosvir lisulunun totbiqi ilo moesafonin 6l¢iilmasi zamanit +1%
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doqiqlik oldo edilmisdir [4]. Lakin bu mosafodlgmo iisulunun osas catismazligi olan kifayot
qador c¢otin metodla kalibrasiya olunmasi, onun genis istifadesinde miioyyan problemlor
yaradir. Tasvir Gisulunun miixtalif saholordas, o climlodon miilki aviasiyada totbiqi imkanlari ilo
bagli bir cox elmi aragsdirmalar vo tadqiqat islori aparilmisdir [5-8]. Aparilan tadqiqatlarin vo
adabiyyat tohlilinin naticelori nazars alinaraq, toqdim olunan iisulda qeyd olunan {isullarin bazi
fundamental hondasi aspektlorinin birgo istifadesi nozordo tutulmus vo osas hesablama
funksiyalariin proqram tominati vasitasi ilo yerina yetirilmasi yolu il daha slverisli vo daqiq
Olgmoalor tomin edilmasi nazords tutulmusdur.

1. Miiasir masafs 6l¢gma metodlar1 vo onlarin tatbiq xiisusiyyatlori

Yerdoyismonin giymatinin va obyekto qador mosafonin 6l¢iilmasinds totbiq olunan biitlin
metodlar1 iki sinfo bolmok olar — tomashi vo tomassiz. Tomassiz olan impuls, zaman, faza vo
tezlik metodlarina osaslanmis ononovi mosafo Slgmo (ultrasos, lazer, potensiometrik vo s.
mosafodlgmo) qurgularinin kifayot qodor doqiqlik vo genis 6lgmo diapazonu tomin edirlor [1].
Ona goro do son illor digor tomassiz mosafo 6lgmo iisullarinin totbigine xiisusi yer verilir.
Lakin ononovi tsullara osaslanmis tomassiz mosafodlgmo qurgularinin praktiki istifadosi
zamani istismar va konstruktiv-texnoloji realizasiya problemlori ortaya ¢ixir. Bu problemlar bir
nec¢o geyri-onanavi fiziki prinsiplora osaslanan vo ildon-ilo daha genis totbiq olunan tomassiz
mosafodlgmo tisullarinda hall olunmusdur [9].

Miiasir tomassiz mosafodlgmo iisullarindan biri Fuko coroyanlarinin istifadosino
osaslanmig vo is prinsipi induktiv hossas sargacin tam miigavimstinin faza siirlismasinin vo
amplitud doyismolorinin 6l¢lilmasi lizoerinds qurulmusdur (sok. 1). Bu iisulun osas iistiinliiklori
asagidakilardir:

- Ferromaqnit vo geyri-ferromaqgnit xassoloro malik biitiin elektrik coroyan kegiron
obyektlords totbiq oluna bilmasi;

- Vericinin 6l¢iilorinin ki¢ik olmast;

- Genis temperatur diapazonu;

- Yiiksok doqiqliyi;

- Cirk, toz, rlitubat, yaglihq, yiiksok tozyiq vo 6l¢gmo zonasinda dielektrikin olmasindan
asil1 olmamasi.

Bu tisulun totbiqi zamani ortaya ¢ixan ¢atismazliglar:

- Cixis signalinin hadof materialinin elektrik vo maqnit xassalorindon asililigi;

- Hor vericinin individual olaraq kalibrasiya olunmasi zarurati;

- Maksimum 6l¢gma mosafasinin 15 m olmasi;

- Olgmo mosafosine uygun olaraq vericinin effektiv 6lgmo diametrinin artirilmasi
zoruratidir.



Tasvira gora masafonin tayin olunmasi tigtin tatbiqi tisul

Elektromagqnit
jlassas saha

Sargr

Fuko carayanlar:

Olcma noqtasi

=

Sok. 1. Fuko corayanlari vasitasi ilo masafanin éiciilmasi iisulu

Digor yeni totbiq texnologiyasi ilo forqlonan tisullardan biri tutumun hesablanmasi ilo
mosafonin Ol¢lilmosing asaslanmig tisuldur [9]. Bu lisulun mahiyyati tutum kondensatorunun
elektrodlar1 arasinda axan doyison coerayanin qiymatinin elektrodlar arasindaki mosafaden asili
olmasina asaslanmisdir (sok. 2).

Korpus

Qoruyucu

Olgma noqtasi

Sak. 2. Tutumda axan dayigan carayanin olciilmasi ilo masafanin tayini iisulu

Nozardon kegirilon lisulun osas iistiinliiklori:

- Biitiin coroyan kegiron obyektlor iizro sabit hassasliq vo xottiliyinin;

- Yiksok temperatur sabitliyinin;

- Izolyatorlar iigiin do istifads oluna bilmosinin;

- Vericinin xiisusi olaraq layihalondirms imkaninin;

- Nanometrik doqiqliyinin va s. olmasidir.

Bu tisulun totbiqindoki osas ¢atismazliglar:

- Elektrodlar arasindaki dielektrikdo tomizliyo vo riitubotin olmamasina xiisusi
toloblorin qoyulmast;

- Hor vericinin individual olaraq kalibrasiya olunmasina ehtiyac olmast;

- Olgmo mosafasi artdiqca vericinin effektiv 6lgmo diametrinin artirilmasi zoru-
rotidir.
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Lazer texnikasinin iistiinliiklorini totbiqine asaslanmig tisullardan biri lazer tigbucaqlari
vasitosi ilo mosafonin 6l¢iilmosi tisuludur [9]. Bu iisula osason 6lgmoni hoyata kegirmok tigiin
lazer diodundan gdriinon isiq ndqtosi hodofin {izorino yonaldilir vo oks olunmus siialar xiisusi
optik sistem vasitasi ilo sonradan CCD/CMOS matrisinin iizarine proyeksiya olunur. Ogor
hadof ilo verici arasinda movqge doyisikliyi bas verirso, bu halda CCD/CMOS proyeksiyasinda
noqtonin mdévqeyi do doyisir. Noticodo bu movge doyismasino goro mosafo hesablanir (sok. 3).

Lazer tigbucaqlari ilo mosafonin 6l¢iilmasi tisulunun tstiinliiklori:

- Kigik diametrli lazer proyeksiyasinin;

- Hadof ila verici arasinda bdyiik masafalorin hesablanmasi miimkiinlilyiiniin;

- Hodofin materialindan demak olar ki, geyri-asili olmasidir.

Gostarilon tstlinliiklorls yanasi tisulun tatbiqi ilo bagl asagidaki ¢atismazliglar vardir:

- Hadofin sathinin formasindan asililigy;

- Optik stianin yolunda konar manealor (toz, riitubst va s.) olmamalidir.

- Vericinin konstruksiyasinin = digor (tutum, Fuko coroyan1 vo s.) vericilorlo
miiqayisado miirokkobliyi;

- Qurasdirilma zamani sensorun (vericinin) yerlosdirilmasinin xiisusi doqiqliklo
sazlanmasidir.

RTSC (real-time
surface compensation)
ila tachiz olunmus
CCD-matriksi '

Coxlinzal
optika
Filtr

Lazer
diodu

Olgma diapazonunun
| baslanqict

Olgma diapazonu

Olgma diapazonunun sonu

Sok. 3. Lazer iichucaqlari vasitasi ilo masafanin o6l¢ma iisulu

Praktiki totbiq ndqteyi-nozordon daha olverisli hesab oluna bilon iisullardan biri tosvir
Gisuludur. Tesvirin emalina asaslanan, bu maesafo 6lgma tisulunun mahiyyati xiisusi kamera
vasitosi ilo hoadofin oldo olunmus cari goriintlisii ilo onun etalon mosafoye uygun olan
goriintlisliniin  miigayisoli tohlili osasinda mosafodon asili olaraq tosvirin gostoricilorinin
doyismo gqanunauygunlugunun miioyyon olunmasindan ibaratdir [9].

10



Tosvira gora masafanin tayin olunmasi iigtin tatbiqi tisul

Tasvir tisulun asas tistlinliiklori kimi:

- Sablonun (etalonun) formalasdirilmasi {iglin miivafiq lazer siialarindan istifado
oluna bilmasi;

- Hadof ils verici arasinda boyiik masafalorin hesablanmasinin miimkiinliiyi;

- Hodoafin materialindan asili olmamasi ;

- Vericinin konstruksiyasinin digor (tutum, Fuko coroyani va s.) vericilorlo miiga-
yisada sadaliyi;

- Konstruksiyaya miidaxilo etmodon proqram tominatinin modifikasiyasi naticosindo
daha yiiksok doqiqlik gostaricilorinin alds olunmasinin miimkiinliiyii.

Bu tisulun totbiqi zamani ortaya ¢ixan osas ¢atismazliglardan biri 6lgmo naticalorinin
kameranin obyektivinin xattiliyindon asili olmasidir.

Bu mogqalads riyazi modeli, hesablama alqoritmi vo proqrami verilmis, tosvir isulunun
praktiki realizo edilmesini vo nisboton yiiksok doqiqlik tomin etmok maogsadi ilo islonib
hazirlanmis masafo 6lgma lisulunun mahiyyati, real zaman rejiminds hadafin alds olunmus cari
videogoriintlisii ilo hodof {izorindo Olgiilori avvalcodon molum olan sablon sahonin kamera
vasitasi 1lo alds olunmus proyeksiyasinin miigayisasi naticasindo obyekto godor olan masafonin
toyin olunmasidir [9].

2. Tasvir iisulu ilo masafonin tayin olunmasinin riyazi modeli
Oyranilon odobiyyatin otrafli tohlili vo aragdirmalarin naticolorini nozors alarag, tosvir
tisulunun praktiki totbiqinin hoayata kec¢irilmosi tomin etmok {i¢iin, ilkin marhalods bizim torofi-
mizdon kamera obyektivinin geyri-xattiliyi nazors alinmamis, vo hamginin, riyazi hesablamalar
zamani obyekto qodar olan masafonin sablon goriintli proyeksiyasinin dl¢iilorindon gat-qat cox
olmasi forz edilmisdir.
Saokil 4-ds miivafiq hesablamani tomin edon handasi model oks olunmusdur.

Sok. 4. Tasvir iisulu ilo masafanin hesablanmasinin izometrik modeli

11
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Sokildon (sok. 4) goriindiiyli kimi, obyekto godor olan mosafas, fokal mosafodo kamerada
oks olunan sablon goriintii proyeksiyasinin ol¢iilorindon asilidir. Bu proyeksiya 4 odoad dar isiq
stiasin1 formalasdiran rongli lazerlor vasitosi ilo formalasdirilir. Yasil vo qurmizi lazerlor
fotoaparat miistovisino nisbaton miivafiq olaraq 90° bucaq altinda qurasdirilmigdir. Qeyd etmok
lazimdir ki, sablonun avazins obyekt lizorindoki hor hansi xarakterik goriintiidon (misal ii¢lin
konstruktiv elementlor) istifado etmok olar. Obyekto godor olan mosafoni toyin etmok iigiin
licbucaglarin oxsarligi olamotlorindon istifado olunmusdur (sok. 5). Belo ki sokildon goriindiiyti
kimi, obyekto qodor vo fokal mosafalordo olan iigbucaqlarin toroflori miitonasib Olgiido
oldugundan bu ticbucaqlar oxsardir.

Obyekta gador olan mosafs ilo kameranin fokal proyeksiyasi arasinda masafoni toyin
etmok {igiin licbucaqglarin oxsarligina osaslanaraq, asagida gostorilmis qaydada:

Dy b Df(AleZ)
<A1’A2’) = (M) voyaxud D = (A1IA2/)

2 2 2

buradan isa

DfxA1A2

D= (1)

Al1rA21

alariq. (1) disturunda A1A2 va Dy giymatlari fotoaparatin xiisusiyystlorindan asilidir. Bels ki,
Dy fotoaparatin optik elementlorinin fokal masafasini bildirdiyina gors, kamera doyisdirildikds
forqli ola bilar.

Al

A2

Sak. 5. Tasvir iisulu ilo masafanin hesablanmasinin miistovi modeli

Umumiyyoatle, [10]-da verilonlori osas gotiirmokla, hor hansi kameranin riyazi modelini
sokil 6-da verildiyi kimi toqdim eds bilarik.

12
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Sok. 6. Kameranin riyazi modeli

Real foza obyektlorindon siialar proyeksiya morkozi adlanan kamera ndqtesindo
fokuslanir. Sokil 6-da 3-06lgiilii koordinat sisteminin morkozindo kamera yerlosdirilmisdir.
Qeyd etmok lazimdir ki, kamera vasitosi ilo aldo olunan mslumatlar bu noqtoys istinadon
formalasmis olur. Sokilin miistovisi Z oxu boyunca Df — fokal mosafo uzaqligina borabor olan
mosafodo formalasir. Sokil miistovisinin (u, v) dekart koordinat sistemi var vo bu miistavi (uo,
Vo) ndqtasinds kameranin 3 -6l¢iilii koordinat sistemi ilo kosisir.

Digor torofdon avtofokus (hom rogomsal, hom do ki mexaniki) ilo tomin olunmusg
kameralardan mosafonin togdim olunan isulla toyini iiciin istifadosi mogsadouygun deyil. Bu
sobobdon eksperimentlorin aparilmast zamani avtofokus ilo tomin olunmamis rogomsal
kameradan istifado olunmusdur.

Cakilon fotogokillorin tohlili sokil 7-do gostorilmis alqoritm osasinda yerina yetirilir.
Gostorilon algoritms asason ilk addimda videokamera iso salinir vo ondan aldo olunmus kadrlar
hesablayict kompiitero oOtiiriilir. Bundan sonra kompiiter miivafiq interfeys vasitosi ilo
(klaviatura, siganciq) vasitosi ilo operatordan novbati omrlori gozloyir.

Novbati addimda operatorun amrina asasan ovvolcodon toyin olunmus sablon sokil tohlil
iiclin hesablayic1 programa otiiriiliir. Yekun morhalads iso ¢okilmis sokilda Al vo A3, homginin
A2 vo A4 noqteleri arasinda mosafo Olgiiliir vo bu mosafoys uygun olan mesafs yuxarida
togdim olunmus ligbucaglarin oxsarligi iisulu ilo hesablanir.

Sokil 7-don goriindiiyii kimi, tosviri tohlil edon programin iimumi alqoritmi daxilindo 3
proses movcuddur. Bunlardan 3-cii vo 4-cii morhalolor maraq dogurur. Belo ki, 3-cii morholodo
videokamera vasitasi ilo oldo olunan kadrlarda niimunavi sokilo uygun obyekt askarlanmasi
iictin “Python 2.7” proqramlasdirma miihitindo “Open CV” [10] vo “CMT” [11] xiisusiy-
yotlorindon istifado olunmusdur.
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| Baslangic |

Video kameranin isa salinmasiva |
ndvbati amrlarin gozlanilmasi

— Operator tarafindan niimunavi saki'l' ~— Xeyr
verilmisdir? —
11}
“Videokamera vasitasi ila alda olunan Xeyr
kadrlarda niimunavi sakila uygun obyekt
™~ askarlandi? ;

Bali

Askar olunmus obyektin kadrdaki
dlgiilara asasan masafanin
hesablanmasi va ekranda aks olunmasi

Son

Sak. 7. Tasvir iisulu ilo obyektlarin fazadak: yerlogsma parametriorin
tayininin iimumilosdirilmis alqoritmi

Sorbost istifadods olan “Open Source Computer Vision” (Open CV) [10] program
vasitalori real zaman rejiminds isloyon totbigetmolordo xiisusi shomiyyot dasiyir. “OpenCV”
miixtalif sahalords - fabriklorde mallarin keyfiyyatino nozarat, yliksok doqiqliye malik vizual
tibbi aragdirilmalarin aparilmasi, miihafizo, robototexnika vo digor - totbiq olunan 500-don
artiq goriintii tohlili funksiyalarindan ibaratdir. Biz bu layihads videokamera vasitasi ilo oldo
olunmus kadrda sablonun askarlanmasinda “OpenCV” kompyiiter gormo tisullarinin real vaxt
totbigetmolori {i¢iin optimal sayilan “BRISK” (Binary Robust Invariant Scalable Keypoints)
goriintii deskriptorlarindan istifado edorak stabil naticalor oldo etmisik.

Obyektin yaxinlagsmasi vo ya uzaqlasmasi ilo salis 6lgmolori tomin etmak ii¢iin “Python
2.7” programlasdirma miihitindo “CMT” [11] — “Consensus-based Matching and Tracking of
Keypoints for Object Tracking” — Obyektlorin Izlonmasi iigiin Xarakterik Noqtalorin Qarsiligh
Razilagsmaya osaslanan Uygunlugu vo Izlonmosi — iisulundan istifado olunmusdur. Bu iisulun
digor analoji metodlar (misal tgiin “Open Tracking”, “Learning and Detection™) ilo
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miiqayisodo istiinliiyli kompyuterin hesablama giiciindon daha somarali istifadosi vo bununla
kicik ol¢iilii birplatali kompiiterlordo (Rapsberry Pi, CubieBoard, Odroid vo s.) totbiqi ilo
baglidir.

Vizual goriintiido obyektlorin izlonmasi iiglin “CMT” {isulunda obyektin goriintiisii
keypoint adlanan bir ¢ox kicik zonaya boliiniir. Har yeni kadrda bundan dncoki kadrdan olan
xarakterik noqtolori axtarilir. Bunun {i¢iin 2 miixtolif {isuldan istifade olunur. Ilkin olaraq optik
axin [12] kimi taninan isul ilo xarakterik zonalarin ndvboti movqgeyini toxmin edirik.
Xarakterik zonalar bir-birino uygunlugu onlarin deskriptorlarinin (xarakterik zonanin otrafi
barado moalumat) tist-iisto diismosi ilo yoxlanilir. Siibhasizdir ki, hor iki iisul ilo hesablamalarda
xata ola bilor. Bu sababdan “CMT” pillesinds bu omaliyyatlardan sonra asagidaki sokilde
gostorilmis qaydada obyektin morkozinin hanst movqgedo olmasi barodo xarakterik zonalar
torofindon se¢im aparilir (sok. 8).

Bundan sonra xarakterik zonalar torofindon aparilan se¢imo osason morkozlosmis
(basga s0zlo an ¢ox “sas” toplamis) movqge obyektin moarkozi hesab edilir (gok. 9).

Sok. 8. “CMT?” vasitasi ila obyektin markazinin hanst méovqeda olmasi
barada xarakterik zonalar tarafindon aparilan secim prosesi

Sak. 9. “CMT?” vasitasi ila obyektin markazinin movqeyi barada qarar qabuledilma prosesi

3. Tasvira gora masafonin tayin olunmasi ii¢iin tatbiqi proqram tartibati

Programin istifadoc¢i interfeysi sokil 10-da gostorilmisdir. Qeyd etmok lazimdir ki,
“Python 2.7” programlasdirma miihitindon vo krossplatformali (bir ne¢a amaliyyat sisteminda
isloyon) molumat bazalarindan istifade olunduguna goérs, bu proqram biitiin x86 vo x64
arxitekturali kompytiter sistemlorindo igo salina bilor.
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Sak. 10. Videokamera isa diisarkan acilan “Preview” pancarasi

Klaviaturada “SPACE” diiymosi secildikdo ovvolcodon yaddasa verilmis sablon
niimunasini dasiyan fayl “Template” poncorosindo oks olunur (Sok. 11). Bu omoliyyat
programin kodunda ndvbati sotrlor ilo tomin olunmusdur:

# Sablon sakili kompiiterin yaddagsina kogiirtiriik

im0 = cv2.imread('images/00000003.jpg’)

# Verilmig sablonu ag-qara formata ¢eviririk

im_gray0 = cv2.cvtColor(im0, cv2.COLOR_BGR2GRAY)

# Ag-qara sablonu matris kimi tagdim edirik

im_draw = np.copy(im()

Preview poncorasinds iso sablona uygun obyekt askarlanarsa, tighucaglarin oxsarligina
osaslanan [13]-cii odobiyyatda toqdim olunmus iisul lizro mosafo hesablanacaq. Sokil 11.-0
osason geyd etmok lazimdir ki, toqdim olunan {isul ilo “Masafo”don olavo burada obyektin
hans1 bucaq altinda olmasi barodo molumati oldo etmok miimkiindiir. Askarlanmis obyektin
isaralonmasi proqram kodunda bu satirlar ilo tomin olunmusdur

# Asagidaka satirlor vasitasi ilo kadrda askarlanmis obyekt isara olunur

cv2.line(im_draw, CMT.tr, CMT.br, (0, 0, 255), 4)

cv2.circle(im_draw,CMT.1l,3,(0,0,255),2)

cv2.line(im_draw, CMT.br, CMT.bl, (0, 255, 255), 4)

cv2.circle(im_draw,CMT.br,3,(0,255,0),4)

cv2.line(im_draw, CMT.bl, CMT.tl, (255, 0, 0), 2)

Mosafonin vo obyektin hansit bucaq altinda olmasmin hesabati ii¢iin “Python 2.7”
programlasdirma miihiti {iclin standart olan “math” kitabxanasindan istifado olunmusdur:

# Asagidaki satirlor vasitasi ilo sablonun kadrdaki koordinatlart CMT.max(x,y) vo
CMT.min(x,y) noqtalori arasinda fokal miistavidoki masafaya (dist) va iticbucaqlarin oxsarli-
gina asasan haqiqi masafa (distcam) ve bucaq (angle) hesablanir

dist = math.hypot(CMT.max_x - CMT.min_x, CMT.max_y - CMT.min_y)

distcam = distance_to_camera(KNOWN WIDTH, FOCAL LENGTH,dist)

angle = math.atan2(CMT.tr[2] - CMT.tl[2], CMT.tr[0] - CMT.tl[0])*180/3.14

draw_str(im_draw, (20, 20), 'Mesafe: %.1f sm' % (distcam))

draw_str(im_draw, (180, 20), 'Bucaq: %.1f derece' % (angle))
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i) template

Sak. 11. “SPACE” diiymoasi secildikdan sonra acilan “Template” va “Main”
pancaralarinda sablonun uygunlasdirilmast va masafa/bucaq malumatlarinin aks olunmasi

Natica. Aparilan todqgiqatlarin gedisindo, tosvir lisuluna osaslanaraq, avvalcadon toyin
olunmus sablona uygun olan obyekta gqodor masafonin toyininds miiasir kompiiter vasitasi ilo
gormo sullar1 totbiq olunaraq. Tortib olunmus proqramin totbiqi noticosindo maosafo
molumatina alava olaraq, bucaq hagda molumatlarin aldo olunmasi tosdiglonmisdir. Ogor tortib
olunmusg programin hor hansi amsliyyat sistemino bagli olmamasini nozors alsaq, golacokds bu
iisuldan miixtolif saholords somorali istifadesi miimkiindiir. Belo ki, isin yerino yetirilmasi
zaman1 “Microsoft Windows” omoliyyat sistemlorindon olave, kigik ol¢tilii vo kontroller
cixiglart vasitosi ilo miixtolif mexaniki idarsetmoalora imkan veran “Rapsberry Pi2” birplatali
kompiiterlordon istifado olunmusdur vo gonastboxs naticalor olds olunmusdur.
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MPAKTUYECKHW METO/I OITPEJIEJIEHUS PACCTOSIHUA HA
OCHOBAHMU AHAJIN3A U30BPAKEHUU

AM. ITAIIAEB, P.M. JDKAD®AP3AJIE, N1.A. UICKAH/IEPOB, C.M. KEPUMOB

B mpescraBieHHOW CTaThe aBTOPHI MPOBEIU aHAIN3 OECKOHTAKTHBIX METO/IOB M3MEPEHHsI PACCTOSIHUS,
KOTOpbIC HAIUIM PealiM3alliio B Pa3IMYHBIX OOJNACTAX COBPEMEHHOW TEXHUKH. BbUIO MCCIeIoBaHO, 4TO Cpeiu
9TUX METOJIOB MeTOA OO0paboTKH H300paKeHHs MPENCTaBIsSeT OCOOBIM HWHTEpEeC, IOCKOJBKY OCHOBaH Ha
HUCIIOJIb30OBAHUU ITOCIICOAHUX I[OCTI/I)KCHI/Iﬁ KOMIIBIOTEPHBIX TEXHOJOTHUH U MOMKET O6eCl’[e‘-II/ITI) 60nee BBICOKYIO
TOYHOCTh. B pe3ynpTare NIaHHOTO WCCIICAOBaHMs OBUIa COCTAaBJICHA MareMaThdyeckas MOICIh MeToa
BH3YyaJHM3alMH, AJITOPUTM €€ pean3aliy 1 pa3paboTaHO COOTBETCTBYIOIIEE MPOrpaMMHOE o0ecTieueHHe.

Knrouesvie cnosa: memoo u306pa9fceHuﬂ, OeCcKOHMaxkmulll  Memoo usmepenust  paccCmosinusl,
eusyaiuzayusi, (pOK(JJZbHaﬂ NJI0CKOCN1b.

MEASURING DISTANCE THROUGH IMAGE ANALYSIS
A.M. PASHAYEV, RM. JAFARZADE, [.LA. ISGANDAROV, S.M. KARIMOV
Authors analyzed the non-contact distance measuring methods applied in various areas of industry.
Among all available methods, the image processing is the most advance method so far, and it is based on the latest
achievements of the computer technology and have the high accuracy. The mathematical method of visualization,

implementation of algorithm, and appropriate software programming were develop as a result of this studying.

Key words: image processing, contactless method of distance measurement, visualization, focal plane.
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PEHTTEHO®JIYOPECHEHTHBIN AHAJIM3ATOP METAJLJIOB
N EI'O AHAJIMTUYECKOE IPUMEHEHUE B MACJIOCUCTEME
CAMOJIETA BO BPEMJI ITOJIETA

IT.1I. ABAYJIJIAEB, /1.B. BEJIMEB

PaccMoTpeH crieKTpasibHBIM aHaIu3 MacisiHOW cucTteMbl Boeing 767 ¢ MOMOIIBIO TOPTaTUBHOTO
peHTreHoduryopecueHTHoro criektpoMerpa (anammzatopa) ALPHA Series. OcymiecTBiieH omnepaTHBHBINA
aHaJIM3 COCTaBa METAIUIOB M CIUIABOB B MAaCIISTHOM cHCTEMe camolleTa Julsl OOHapyKEeHHsI METaJUTHIECKOMH
CTPYXKKH.

Knroueswvie cnosa: macnocucmema camoiiemada, cnekmpa/lbubzﬁ ananus, penmze%to@zyopec-
L;eHWlelﬁ ananuzamop, MUKpoKormpoJuiep, 1acmuya usHocda.

BBenenue. OOBIUHBIN CIIEKTPATIBHBIA aHAIN3 MACISTHONW CUCTEMBI TIPOBOJIUTCS Ha 3eM-
Je, a MpeayoKEeHHBIA TaHHBIM CHEKTPaJbHBIM aHAJIU3 CUCTEMbI MpeJiaraeTcs MPOBOAUTH BO
BpeMs  monéra. [lopTaTuBHBIM peHTreHO(IYOPECIEHTHBIH CHEKTPOMETpP (aHAIHM3aTOop)
ALPHA Series npeaHa3HaueH Jyisi ONEPATUBHOIO aHAlIM3a COCTaBa METAJIOB M CIUIABOB U
YCTaHABIIMBAETCS B MACJITHON CHUCTEMe /ISl YJIaBJIMBAHUS METAJUIMUECKON CTPYKKU. AHanu3a-
TOp OIpEAENsieT, U3 KAKOTO TUIA METaJula COCTOST YacTHIIbl u3HOoca. J{aHHBIM TprOOp Mo3BO-
JUT TaKXKe OMPEEIUTh, HACKOJIbKO MHTEHCUBHO M3HAITUBAIOTCS OCHOBHBIE Y3IIbI MOJIBHKHBIX
conpspkeHuit [1], U B cilydae OMacHOCTH BKJIFOUAETCS CBETOBOM WIIM e 3BYKOBOW curHai. Ot
cnekrpomerpa curnan nocrymnaet B cucremy EICAS no mune nganubix ARINC 429 u npu no-
MOIIIM MUKPOKOHTpOJIIepa (hopMaTupyer CUrHall, KOTOPBIA MOXKET B3aUMOJICHCTBOBATh C CH-
cremoii EICAS. Dta undopmanus orodpaxaercs Ha nucruiee EICAS, u Bo BpeMms monera ee
MO’KHO Y3HATh IO MOKa3aHUsAM mnpubdopa. /lanHas pabora mo3BosuT Oojee onepatuBHO oOpa-
OaThiBaTh HHGOPMAIIMIO HA OOPTY camonéTa, Hexkenr Ha 3emute [2, 3].

ITocTanoBka 3agauyu. Kak u3BectHo, MaciocucTeMa JABUTaTessi 00ecreynBaeT nojaaqy
Macla K TPYIIMMCS MIOBEPXHOCTSIM /71l YMEHbIIIEHUSI TPEHUS U OTBOJIa TEIUIOThL. YacTh Macia
MCIIOJIb3yeTCsl Kak paboyasi )KUAKOCTb CUCTEMbI YIIPaBJeHHS BO3YIIHbIM BUHTOM U J1JI51
paboThl N3MepUTeJIS KPYTALero MOMEeHTa.

CMma3ka aBurarens — HUPKYJISIMOHHAS, BCE BHICOKOHATPYKEHHBIE TPYIIHUECs MOBEPX-
HOCTHU (TOAIIUITHUKH, 3yOUaThie U [UIHIIEBbIE COSAMHEHUS, BTYJIKHA U JIPYTUE JIETAIN) CMa3bl-
BAIOTCSA M OXJIQXKJAIOTCS MaclioM, MOJBOAMMBIM IO JaBiIeHHEM K GopcyHKam. MayoHarpy-
JKEHHBIC TIOBEPXHOCTHU CMA3bIBAIOTCS 0apOOTAKHBIM MACIIOM.
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MacnsHas cucrtema JBUratenss paboTaeT Mo KOPOTKO3aMKHYTOW CXeMe, B KOTOpOii
HAaro€TacMocC B ABUI'aTCJIb U OTKAYUBACMOC U3 JIBUTATCIISA MACJI0 HCIPCPBIBHO HUPKYJIHUPYET 110
3aMKHYTOMY KOJIbIly, MUHYSI MacJIsIHBIN Oak camorera (puc.l).

Macno, Haxozsmeecs B Macio0ake, B IUPKYJSAUNA HE Y4aCTBYET M CIYXKHUT JJIS HO-
MOJTHEHHSI PACX0/yEeMOT0 B IBUTATEJIC Maciia U JJIsl TOBBIIICHNS BEBICOTHOCTH CUCTEMEI [4].
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Engine 0l System Schesatic
Figure 1

Puc 1. Cxema macnanoii cucmemut Boeing 767

B macnocucremy nBuratens BXOAST CIEMYIONIME OCHOBHBIE y3JIbI: Macjoarperar, co-
CTOSALUHN U3 IATU CEKIMH (MacIOHACOCOB LIECTEPEHYATOr0 TUIA), CMOHTHPOBAHHBIX B OJHOM
KOpITyce; IEHTPOOCKHBIN Ccyduiep; BO3LyXOOTACIUTEIh, MAaCIOHACOC U3MEPHUTENS KPYTSIIETO
MOMEHTa; MacJIssHbIe (UIBTPHI; MAarHUTHAS MPOOKA; CUTHAIM3ATOP 3aCOpeHUs (PribTpa.

JIyis penieHus MOCTaBICHHON 3a/1a4ll HAMH HCIIOJIB3YETCsl IOPTATUBHBIN pEHTTEHO(ITY-
opecueHTHbIN criekTpoMeTp (ananuzatop) Innov-X Alpha Series ALPHA Series, npeanasna-
YEHHBIN JJI OTIEPAaTHBHOTO aHAJM3a COCTaBa METaUIoB U ciiaBoB (puc.2). [Ipubop paszpado-
TaH CIEHUUATbHO B KOPOTKOE BpeMs MPOU3BOANTH aHANU3 OOJBIIOr0 KOJIMYECTBA MaTepua-
7a. AHanmu3aTop OMpeseNseT KOHIEHTPAIlUd XUMHYECKHUX AJIEMEHTOB B JMamna3oHe or Z = 15
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(dpochop) mo Z = 92 (ypan) [5, 6]. OTHOBpEMEHHO OMPEILISIOTCS 25 3IEMEHTOB (TIpeaycTa-
HOBJIeHHBIN HaOop - Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Hf, Ta, W, Re, Pt, Au, Pb, Bi, Zr, Nb,
Mo, Pd, Ag, Cd, Sn, Sb). [lepeueHn 21eMEHTOB MOKET OBITH 3a/1aH 3akazdukoM. [Ipenernst 00-
Hapy’>KEHHUS DJIEMCHTOB 3aBUCAT OT MATPHIIBI (CTPYKTYPhI) BEHIECTBA U €TI0 XMMHUYECKOTO CO-
CTaBa U OOBIYHO COCTABIISIOT COTHIC IOJIHU IPOIICHTA.

Puc 2. Penmezenognayopecyenmmuuiii ananuzamop memannoe Innov-X Alpha Series

MuxkpokoHTposuiep npubopa-aHanuszaropa nojkitodaercs k USB mopry, s sToro uc-
nosb3yercs Mukpocxema FT232. Ona nosnHocThio 6epet Ha cebst paboty ¢ USB moprom, BbI-
naBasi MUKpOKOHTpoIuiepy poaHoit uatepdeiic UART. A mockonbKy apaiiBep SMynupyeT BHp-
TyanbHbI Com nopT, To HUKakou nepeaenku [10 Ha koMIblOTEPE U B MUKPOKOHTPOJUIEpE HE
Tpedyetcs. [lpousBoauTenb MUKpPOCXEMBI MO3a00THIICS O MOJb30BATENSAX W MPEJOCTaBUI
npaiiBepa s ciaeayromux MMwiznet5300 (puc.3).

Puc. 3. Muxpoxkonumponnep MMwiznet5300

NHTEHCMBHOCTH AHAJUTHYECKOM JUHUHU CHIEKTPA OT MOBEPXHOCTHOIO CJI01 Bellle-
cTBa. Kak n3BecTHO, B aHATUTUUECKOM MPAKTHKE MPUXOTUTCS UMETH JIea C TPeMs THIIaMU
BEILIECTB:

1. rereporeHHbie ¢ HEPAaBHOMEPHBIM pPACIpeIeICHUEM KOHIICHTPALUH 10 00béMy (ca-

MBI OOIIMHI THIT);

2. TOMOTE€HHOE C HEPAaBHOMEPHBIM PACIIPEICICHUEM JIEMEHTOB 110 00BEMY;
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3. TOMOTE@HHOE C PAaBHOMEPHBIM PaCIIpeIeICHUEM YJIEMEHTOB IO 00BEMY.

B nanHoif paboTe uccienyroTcs 3aKOHOMEPHOCTH BO30YKIEHUS C BEIIECTBOM BTOPOTO
tuna. PaccMoTpeHre nmpoBOIUTCS B MOHOXPOMATHUECKOM MPUOIMKEHUH, TOCKOJIBKY JKCIIe-
PUMEHTAIIbHBIC MCCIICAOBAHMUS BBITIOJHEHBI HA MPHOOpPAaX C MOHOXPOMATUYECKUM BO30YIKIe-
HUEM CIICKTPOB.

JIJIsi TOMOTE@HHBIX BEIIECTB OTCYTCTBYET 3(DPEKT KpyImHOCTH B PEHTTEHOBCKOW (hiIyo-
pecuennun. [l cpaBHEHUs 00pa3IioB, HEOOXOIUMBIX I aHAIM3a BEMIECCTB BTOPOTO THIIA,
MO>KHO BBIJICTUTH CIICIYIONTHE TEXHOJIOTHYECKHE CIIOco0bI |7, 8]:

1. HaTBUICHUE HA MOBEPXHOCTb MOJIOKKH OTHOTO MIIM HECKOJIBKUX 3JIEMEHTOB (B ATOM
Cllydae CO3JAr0TCS CIIOM BEIIECTBAa C KOHTPOJIMPYEMOW TOJIIUHOW M 3aJIaHHOTO 3JIEMEHTHOTO
COCTaBa);

2. MOHHAs UMITIaHTaUs (IPU 3TOM (POPMHUPYETCS] OJTHOMEPHBIN CIIOW TEPEMEHHOTO TI0
rIIyOWHE COCTaBa);

3. Tepmuueckas muddysus (hopmupyrorcs nuddy3uOHHBIE CIOH C 331aHHBIM pacIpe-
JICJICHUEM DJIEMEHTA 10 TIIyOuHe).

JIist XapaKTepUCTHKHN PACCMOTPEHHBIX 00pa3IoB BBEJEM IMOHITHE OJHOBPEMEHHOM JIO-
KaJIbHOW KOHIIEHTparuu [9].

6 () =)

rae n;(x) — 9nciio aTOMOB COpTa i B €IUHHKIE 00beMa Ha TIIyOHHE X,

m; — Macca i-ro aTroma;

p — IJIOTHOCTH BELECTBA.

Jlnst  peHTreHOBCKOM (hIIyOpEeCIEHIIMM TOMOT€HHOI'0 BEIeCTBa OJHOPOIHOTO COCTaBa
M3BECTHO AHAJTMTUYECKOE BBIPAKCHHUE, MOJYYCHHOE B MOHOXPOMATHYECKOM MPUOIMKCHUN
[9].

VHTEHCUBHOCTh XapaKTEPUCTUYECKOM JTMHUU 3JEMEHTa A, pactpeaeaEHHOro Mo IIy-
OuHe, OyJeT ONpEeNeNsATCsS KaKk WOHHU3alueid (oToHAMH MEPBHYHOIO MOHOXPOMATHUYECKOTO
My4Ka, TaK U BTOPUYHBIMH MTPOIECCAMU HOHU3AI[MH:

1. I? — poToHaMM XapakTepUCTUYECKUX JMHUI aTOMOB (M30MpATENbHOE BO30YXK-
JIEHUSA) ;

2.1} — GpoToHaMK MEPBMYHOTO U3ITyYEHHUs] PACCESHHOTO B OOPA3IIE;

3.1 — $OTO3/IEKTPOHAMH.

Takum 00pa3oM, HHTEHCHBHOCTh aHAIUTHYCCKOM JTMHUH MTPEACTABIISACTCS B BH/IC CyM-
MbI [9]:

L=+ +1F+10 =01+ +f +&),

rae I} — MHTEHCUBHOCTH (hyOpEHLHH, 00YCIOBIEHHAs HEPBUYHBIME MOHOXPOMATUYECKHUMU
(dhoToHaMu;

& g - BKJIaJIbl COOTBETCTBYIOIINX BTOPUYHBIX ITPOILICHTOB.

22



PeHmeeHoquzyopecueHmelﬁ aHaau3amop memaijlos U €20 AdHalumu4ecKkoe NPpUMeHerue ...

PaccuurtsiBaercs BennunHa 3¢ dexra Bo30ykaeHUS (POTOIIEKTPOHAMU /ISl Pa3IUUHbBIX
CJIO€B MPOMU3BOJIBHOIO XMMHUYECKOr0 cocTaBa. PacueT mpou3BOAUTCS MpPH CIEIYIOMMX Mpea-
MIOJIOKEHUSX:

- U1 00pa30BaBIIMXCS (POTOIIEKTPOHOB HCIOJIB30BANACH MOJIENb MPSIMBIX TPAEKTO-
puit;

- o0srydeHue mpoObl MPON3BOIUIOCH MOHOXPOMATHIECKUM U3ITYyUECHUEM;

- YUYHTBIBAJIOCH MOTJIONIEHHE (POTOAIEKTPOHOB.

Bennuuna storo sddexra s HACHIIEHHON MPOoObl ¢ paBHOMEPHBIM pacipezieieHueM
OTIpeIeNIIEMOr0 3JIeMEHTa 10 TIyOuHe Oblia paccuutana B padote [9]. OgHako B 3T0M padoTte
HE YYUTBIBAJIOCH pacnpeieneHrue (pOTOIEeKTPOHOB MO YIilaM BbUIETA M3 aTOMa M MOJaraioch,
YTO pacrnpezesnieHue GoTO3IEKTPOHOB HE 3aBUCUT OT WX SHEPIUU Ha JaHHOM TiayOuHe, a pac-
npezeNeHne uxX Mo riyOuHe 3a/1aeTcsi 3aKOHOM OCNabJIeHNs EPBUYHOTO PEHTTEHOBCKOTO H3-
JTydeHus. J{Isi BEIYMCIIEHUS YMCiIa KBAHTOB XapaKTEPUCTHUECKONW JTMHUU BO30YKIeHUsT (OTO-
3JIEKTpOHaMHM ucnonb3oBaiack ¢popmyna 'puna Kocnera [7]. Taxke B pacuerax He yYUTHIBA-
Jock noryomeHue GportornekTpoHos. IIpeanonoxenne o He3aBUCUMOCTH pacnpesaeneHus ¢o-
TO3JIEKTPOHOB IO SHEPIHMH XOPOLIO paboTaeT MpU yCIOBUM Ca00ro MOIJIOMEHHS TEPBUYHOTO
M3JTy4EHHs M HAYaIbHOM SHEPruu HoTodNEKTpOHOB Ey E, , re E; - dHeprus  ypoBHs aTo-
MOB Matpuibl. [Ipu 3ToM ycrnoBuu NeiCTBUTENBHO pacnpenesieHne (GOTOIEKTPOHOB HE 3aBH-
CUT OT SHEPrMM M PAaBHOMEPHO MO TIyOMHE Ui CIOEB TOJNIIMHBI, KOTOPOE YJIOBIETBOPSET
YCIOBHIO 1 PAX K 1.

Pe3ynbTaThl pacueToB BeJIMYMHBI BKIJIaJa MOJBO30YKICHHS (OTORIEKTPOHAMU MPUBO-
narcs Huke, B tadmume. g cnoés C-Si m Fe-Ge parorcss oTHOCHTEIbHBIE WHTCHCUBHOCTH
T101B030YK/ICHHS BHYTPH CAMOI0 MMILIAHTUPOBAHHOTO cJI0s (£9A) 1 DOTOAIEKTPOHAME TOJI-
noxku (9 A). Jlnst cpaBHEHHs (OTOSIEKTPOHOB TOABO30YKICHHS CO BTOPHUHBIM (JOTOHHBIM
paccunTaHbl Ha KOMIIBIOTEPE.

Pe3ynbTaThl KOMIIBIOTEPHOT'O pacyeTa MpeACTaBIEeHbl Ha PUCYHKE 4 B BHJIE 3aBUCHMO-
CTH Jiorapupma noJBo30YyKIEHUsI OT jorapudma TONIUHBI C104. DPPEKTUBHYIO TOJIIIUHY
MO’KHO JIETKO HalTH, €CIIU MOJIOKHUTh, 4TO 99,9% BceX MMIIAaHTUPOBAHHBIX NOHOB HAXOJAUTCS
B OJIHOM CJIOE.

OT10 ycnosue cpasy aaet, uto d = 6AR,,
riae AR, - cpeqHeKkBagpaTUYHbINH pa30poc NpoOEroB UMIIIIAHTUPOBAHHBIX HOHOB 2J1€MEHTa A.

Kax BugHO 13 puc.4, BennuuHa 3¢ dexra moaBo30yxaeHus (HoTodIeKTpOHAMU BO3pac-
TaeT MPHU YBEJINYEHUH SHEPTUU MIEPBUYHOTO U3ITyUEHUSI.

Ipu pacuere &f mna Bo3Oyxnenns K, nunuu C u Fe umnuantupoBanssix B Si u Ge
UCIIOJIB3YETCs XapakTepuctuieckoe nznyuenue Mo K, (17,5 xk3B).

VMmuiaHTHpOBaHHAs NIPUMECh, COCTOSINAs U3 3JEMEHTOB C MajbIMU aTOMaMU HOMepa-
MU MONPaBKU Ha 3P GEKT NOABO30YKACHUSA, JOJKHA COCTOSTh M3 CyMMbl KOMIIOHEHTOB IO/-

BO30Y’KJ€HHSI BTOPUUHBIMH (DOTOHAMU U (POTORIEKTPOHAMHU.
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Puc. 4. 3aeucumocmo nozapugpma r¢hghexma nooeo3dyrzncoenun om nozapughma moaugunst cnos 1g

d(d um) Fe- Si 015 6030yancoenusn K, nunuu Cd Mo Se.
Jlo3a umiuiantTanuu D = 5%10" mwon/cm*

1. Bozbyxcoenus Cd Ko (23,2 k38)
2. Bosoyocoenus Mo Ko. (17,5 k28)
3. Boso6ysicoenus Se Ko (11,2 ka8)

Tabnuua
3aBHCHMOCTb OTHOCHTEJIbHBIX HHTEHCUBHOCTEIH 82 A sg A » €5 OT TOIMHBI M COCTABA

HOHHO-UMILIAHTHPOBAHHOTO ¢Ji0s Ui Ky-mmunii C u Fe, uMmianTupoBansbix B Si u Ge

o, HM C-Si Fe - Ge
nga% SgAa% ng’% 815A9% <(':S‘Aa(%) gf 9%
20 0,93 0,67 20,0 2,45x107 3,98x10 122.1
200 1,32 0,29 4,3 1,05x10~ 2,86x10~ 118,9
2000 3,86 0,16 0,6 1,29x107 7,59x10™ 96,7
20000 6,65 0,05 0,0 3,25x107 1,74x10™ 23.4

Bxnan paccesaHoro msmydeHus: B 3Q(HeKT moaBo30yKASHUS B TOHKOM CJIO€ dJIEMEHTa
A HaxonuTcsl Ha moBepXHOCTU oOpasua. IlpenmonoxkeHusi, KOTOpbIe JeNalnCh BbIIE, OCTa-
I0TCSl B CUJI€ U TIPU BBIBOJIE TIONPABKU Ha 3P PEKT Mo1BO30YKIECHNS PACCEIHHBIM U3TyYEHUEM.

XapaKkTepuCcTUYECKOe N3IYyYeHHE MMIUIAHTUPOBAHHOTO MM HANbUIEHHOTO ciiod 1 BO3-
Oy’KI1aeTcsk HICTOYHUKOM NEPBUYHBIX (POTOHOB U pACCESTHHBIM U3JIyueHHEM 3ieMeHTa B crioes
1,2.

Kax BuHO 13 Tabnuipl, B cayyasx, KOraa UMEET MECTO MOJBO30Y X I€HUE BTOPUUHBIMU
¢doronamu B cnoax Fe-Ni u Zn-Ge, MOXKHO HE yUUTHIBATh BKJIA PACCESTHHOTO M3IIyUEHHS, 110-
CKOIBKY &5 coctaBnsger = 10-100%

B cnosix Fe-Si u Zn-Si, B KOTOPBIX OTCYTCTBYET BTOPUYHOE MOABO30YkIeHHE (POTOHA-
MU TP UCTIOJIb30BAaHUH NEPBUYHOTO U3ITYUCHHS C OONBIIUMH SHEPTHsIMHA (POTOHOB (1 TpH-
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_ p.p P
OOpOB CO BTOPHYHBIM U3ITydaTelleM ¢ aTOMHBIM HoMepoM Z= 70-80) &, &; 4€, 4 MOXKET COCTAB-

JSITh HECKOJIBKO MPOLIEHTOB.
Ha puc. 5 noka3ana 3aBUCUMOCTb ej’ OT 1036l UMIIaHTauuu 1 Fe—Si npu ucnonb3o-
BaHUM PA3JIMYHOrO BO30YyKIAIOLIET0 U3MydeHHs. I3 3TOro pucyHka MOKHO CIENIaTh CIEAYyO-
e BbIBOJBI.
1. C pocTom uMIUTaHTaMK BenuduHa 3 dexra ef NPaKTHYECKU HE 3aBHCHUT OT HEE.

2. C pocTOM 2HEPIrUU NEPBUYHOTO U3ITYUYEHHs BeTnYrHa dPdeKTa gf YBEJIMUNBACTCS.
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Puc. 5. 3agucumocmy om 003v1 € umnnanmayuu npu d .4, =30 um ons Fe-Si

Bo30yxxnenns Mo Ka (17,5x3B)
Bo30yxnenns Se Ka(11,2 x3B)

p p
€14 €34 PACHHUTAHBI C YYCTOM KOICPCHTHOI'O M HCKOTCPCHTHOTO paCcCCUBAHUS U3JTydC-

HUS B IOJIJIOKKE U BHYTPU CAaMOI'0 MOHHO-UMIUIAHTUPOBAHHOTO CJIOS.

B »Tux pacderax, coriacHo [7], yriibl BXoJa W BbIXojaa m3nydeHus P = 45 ¢ = 90
B030yxnatoT usnnydenue Se Ko Mo K.

3akiiouenue. PaccmorpeHa BO3MOXHOCTh puMeHeHus mpudopa PDA, koTopslii mos-
BOJISIET IIPOBOJAUTD CIIEKTPaIbHBIM aHANU3 dacTull u3Hoca aeraner I'T/] B macisHOM cucreme
Boeing 767 Bo BpeMmsl 1oJieTa, 4T0 YCKOPHT MOJTYUYEHUE pe3yJibTaTa CIeKTPAIbHOI0 aHaIM3a 10
cpaBHeHHUIO ¢ 3emiiell. BuszyanbHoe oToOpa)keHue pe3yjbTaToOB aHajdu3a OyAeT BBHIBEJECHO Ha
mucrieid EICAS. B ciyuae nomydenus pesysbrata aHajin3a Bbllle HOPMBI OyIeT MOAaH CBETO-
BOM CHT'HAJI, a 3aTE€M 3BYKOBOIL.

OT1oil uHpopMaeil MOKET BOCIIOJIb30BAThCA KaK MHJIOT B IPOLIECCE IOJIETa, TaK U
MH)XEHEP Ha3eMHOI0 00CITy KUBaHMSL.
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TOYYARONIN UCUSU ZAMANI YAGLAMA SiSTEMINDO METALLARIN
RENTGENFLUORESTENT ANALIiZATORU VO ONUN ANALITIK TOTBIiQi

P.S. ABDULLAYEV, D.V. VOLIYEV

ALPHA series portativ rentgenfluorestent spektr 6lgonin (analizatorun) vasitesilo Boeing 767 yaglama
sisteminin spektral analizino baxilib. Metal hissociklorin askar olunmasi {igiin toyyaronin yaglama sistemindo
metal vo arintilorin torkibinin operativ analizi hoyata kegirilmisdir.

Acar sozlar: toyyaranin yaglama sistemi, spektral analiz, rentgenfluorestent analizator, mikronazaratgi,
yeyilma hissaciyi.
THE XRF ANALYZER OF METALS AND ITS ANALYTICAL
APPLICATION IN THE PLANE OIL SYSTEM DURING FLIGHT
P. Sh. ABDULLAYEV, D.V. VELIYEV

The spectral analysis of the Boeing 767 lubrication system by means of the portable XRF spectrometer
(analyzer) of ALPHA series is considered in the paper. The operational analysis of composition the metal swarf.

Key words: plane lubrication system, spectral analysis, XRF analyzer, microcontroller, wear particle.
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SJEKTPOTEPMOMEXAHNYECKU N3HOC U PASPYUIEHUE
OBO/IOB TOPMO3HBIX IIKNBOB BYPOBBIX JIEBE/IOK
(uacts III)

A.X. JDKAHAXMEJIOB, D.C. [IUMPBEPIUEB, B.B. KOIIEHN ", J1.M. 3AMUXOBCKUI,
H.A. BOJIbYEHKO ™, J1.10. )KYPABJIEB®, A.B. BO3HBII"

[TpomnarocTppoBaHbl TEOPETUUECKUE U 3KCIIEPUMEHTAIIBHBIC UCCIIEAOBAaHUS 3aKOHO-
MEpPHOCTH TPELIMHOO0OPa30BaHUsl Ha MTOBEPXHOCTH METAJUIMUECKHX (DPUKIMOHHBIX 3JIEMEHTOB
TOPMO3HBIX IIKUBOB MPH AIEKTPOTEPMOMEXAHUUECKOM TPEHUHU MHUKPOBBICTYIIOB METAJIONOJINU-
MEpHBIX Map ¢ MO3WIHUHA KMHETHKH (PAKTAIBHOTO aHAIN3a M KOHIIEHTPATOPOB MEXaHMYECKUX
HaIpsLKEHUH.

Kniouesvie cnosa: puxyuonnvle 21emMeHmbl, MUKPOMPEUUHDBL,  MUKPOBICHIYNbL,
(paxkmanvuwili NOOX00, MmeMnepamypHole epaoUueHmsl, MexaHuye-
CKUe U memnepamypHule HAnpSI’CeHusl, KOHYEHMpamopbl MexaHu-
YECKUX HANPAHCEHUTL.

Beeaenmne. J[o HacTOsIIEr0 BpEMEHU HET YETKOM TUIIOTE3BI O 3apPOXKIAECHUU U PAa3BUTHU
TPELLUH 10/ IEUCTBUEM TEMIIEpATYpPHBIX HANPSUKEHUH Ha paboyeil OBEpXHOCTH 0000B TOp-
MO3HBIX IIKWBOB METAJIOMNOJIUMEPHBIX Nap TPEHUS JEHTOYHO-KOJIOJOYHBIX TOPMO30B OypPOBBIX
nebe oK. JTO BBI3BAHO TEM, YTO 3apOKICHHE M pa3BUTHUE TPEILMH JOJKHO 0a3upoBaThCs Ha
OCHOBE 3JIEKTPOTEPMOMEXAHUYECKOIO TPEHUS C OLIEHKOH SHEpreTM4ecKuX ypOBHEW MOBEpX-
HOCTHBIX U NOJNOBEPXHOCTHBIX CJI0E€B 000JI0B HIKMBOB, KOTOPbIE IPOIIMBAIOTCS UMITYJIbCHbI-
MU HOPMAJIbHBIMM CHJIAMHM, 3JIEKTPUYECKMMM U TEIJIOBBIMU TOKAMM, BBI3BIBAIOIINE, KaK II0-
BEPXHOCTHBIE, TaK U 00beMHbIE HanpspkeHus. [locneaHne B 3HAUNTENIbHON CTETIEHH 3aBUCST OT
KOHIIEHTPAaTOPOB MEXaHWYECKUX HAIPSDKEHHH B CONMPsDKEHUSAX 000/1a IIKHUBA, a TAaKXKE OT KH-
HETHKH (PpaKTaqbHOr0 MOJX0/1a K ero paboueii MOBEpXHOCTH.

Cocrosinne mpobiaembl. B pabdote [1] paccmarpuBaroTCs JIMHUM TEIUIOBOTO TOKA U
BO3HUKHOBEHUE H30TEPM IPU B3aUMOAECHCTBMM KOHTAaKTOB (HEHTpPaibHOIO, OMHYECKOIO U
OJIOKMPYIOILEr0) ap TPEeHUs U3 pa3IndHbIX MaTepuanoB. McciaenoBanbl KWHETHUECKUM U paB-
HOBECHBIN 3((DEKTHI U1 Mapbl TPEHUSI IIOJIMMEP-TIOIMMEP» HAa HaYaIbHON U KOHEUHBIX MepH-
0/1ax KOHTAKTHO-UMITYJBCHOTO (PUKIIMOHHOTO B3aUMOAECHCTBUS JBYX MOJUMEPHBIX MATEH
KOHTAKTOB IIPH JIEKTPOTEPMOMEXAaHUYECKOM TPEHHH.

WBano-DpaHKOBCKHI HAITMOHATBHBIA TEXHUYECKUH yHUBEpCUTET He(hTH U ras3a (T. MiBaHo-OpaHKOBCK, YKpanHa)
ok ~ ~ ~
KyG6aHckuii rocyaapcTBeHHBIN TeXHOIornyeckuii yansepeuter (Poccwus)
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DNeKTpOTepPMUYECKHI U3HOC U pa3pylieHrue 000/10B TOPMO3HBIX IIKUBOB OYPOBBIX Je-
6enok (uacth 1) Hamm orpaskeHue B pabote [2]. B mocnenHelt mpuBeneHO pacnpeneseHue
TEIUIOBBIX TOKOB B CEPHUHBIX 000JaX TOPMO3HBIX IIKUBOB U TEPMOTPAMMBI UX SJIEMEHTOB
[moxkperstonero kombia (pedopasl) 000/1a M KPEMeKHOT0 BHICTYMA| MPH Pa3THYHON TOJI-
muHe 000/]a IIKUBA U €r0 KPEMeXHOTO BBICTYIA, 3aHMMAIOLIETO MOCTOSHHOE MOJIOXKEHUE MO0
OTHOIIICHHUIO K 3alIeMJIECHHOMY Kpato 0007a. Bo BTOpOM KOHCTPYKTUBHOM BapHaHTE paccMOT-
PEHO MOCTOSTHHOE MOJI0XKEHUE KPENeKHOI0 BBICTYINA MocepeinHe 000/1a IKUBA IPU BapbHpO-
BaHMM WX ToymuHaMHu. [Ipu 3ToM He Oblla HameueHa pakTaabHas KOHIENIU moaxonaa [3] k
00pa30BaHNI0 MUKPOTPEILIMH B MECTaX COIPSKEHUSI C KPENEKHBIM BBICTYIIOM, a TaKXKe Ha €ro
paboueii MOBEPXHOCTH.

N. A. buprep B 0J1HO# U3 MHOTOYHCIICHHBIX paboT [4] oTMeuas, 4To B cBOOOHOM 000-
J0YKe (He 3aleMJICHHON) MpH €€ HarpeBaHuu ¢ OOBEMHOM TeMIepaTypoi, pacipeaeIeHHOMN
MO TOJIIIMHE M0 JTUHEHHOMY 3aKOHY, HE BO3HHMKAeT TEMIEpaTypHBIX HampsokeHuid. B 1o ke
BpeMs, eciii 000JI0YKa UMEET 3aKpeIICHHbIE Kpasi, TO JII000e HarpeBaHUEe BHI3BIBAET TEMIIEpa-
TYpHBIC HAMPSKCHUS.

Pabota [1] mocBsieHa 3IeKTPOTEPMHUUECKOMY U3HOCY M Pa3pylICHUIO 000/10B TOPMO3-
HBIX IIKHBOB OypOBBIX JIEOEIOK, B KOTOPOH BIIEPBBIE 0OpAIIeHO BHUMAHUS Ha CONPSIKCHUE C
paboueii MOBEpXHOCTH 000/1a ¢ TOJKPEIUISIONIMME KOJIbIIAMU U ¢ €ro Hepabodeil CTOPOHBI ¢
KpPENeKHbIM BBICTYNOM. B panpHelilieM NpoOWSUTIOCTPUPOBAHBI M3HOCHI pabO4YMX MOBEPXHO-
CTEi JIeBOr0 M MPaBOro 000 J0B TOPMO3HBIX IIKUBOB B 3aBUCUMOCTH OT CTOPOHBI 3aI[eMJICHUS
UX KpaeB U OYaroB BOSHMKHOBEHMSI MAaKCHUMAalIbHBIX TEMIEpaTypHbIX HanmpsokeHud. OnHako B
TaHHOU paboTe He ObUIM y4TEeHbl MEXAaHUYECKHE KOHIIGHTPATOPhl HANPSKEHUH B BBHIIICOTME-
YEHHBIX CONPSDKEHUSX M HE TMOKA3aHO HMX BIUSHUE HA TOBEPXHOCTHBIE TEMIIEpaTypHBIC
HarnpsHKeHUs: pabodell MOBEpXHOCTH 000/a TOPMO3HOTO IIIKMBA.

IMocTranoBa 3axauu. B nanHON myOIuKammMyu pacCMOTPEHBI CIIETYIONIUE BOIPOCHI TPH-
MEHUTEIILHO K JIAaHHOH mpobieme:

— mpupoaa (PUKIUOHHOTO B3aWMOJICHCTBHS MHKPOBBICTYIIOB Tap TPEHUS «METall-
HOJIUMEDP» Ha MEePUOJIaX TOPMOKEHHUS;

— KMHETUKA COCTOSIHMSI paboueill MOBEPXHOCTH METAIONMOJIMMEPHOTO 3JIEMEHTa IpH
(GPUKIIMOHHOM B3aMMOJICUCTBUH C MIO3UIUI (PaKTaJIOB;

— JHEProHarpy>KeHHOCTh M LHUPKYJALHUSA TETUIOBBIX TOKOB B 3JEMEHTaX TOPMO3HBIX
HIKUBOB; 3apPOXKACHNUE U Pa3BUTHE MUKPOTPEIIHH;

— MOBEPXHOCTHOE pa3pyLICHUE MPHU IEKTPOTEPMOMEXaHUUYECKOM TPEHUU METaJIONo-
JUMEPHBIX Tap TPEHUS;

— IpHUPOJIa HOPMAJILHOTO M3HOCA IPU 3JIEKTPOTEPMOMEXAaHUUECKOM TPEHUH METaJLIO-
MOJIUMEPHBIX AP TPCHHSL.

Heap pa6oThl — ycTaHOBJIEHNE 3aKOHOMEPHOCTH TPEIIMHOOOPAa30BaHMsI HA MOBEPXHO-
CTSIX METAJUIMYECKUX (PPUKIMOHHBIX 3JIEMEHTOB H €€ BIMSHUE Ha M3HOC TPH JIEKTPOTEPMHUE-
CKOM TPEHUU MHUKPOBBICTYIIOB METAJUIONOIUMEPHBIX Map.

IIpupona ¢GpUKIMOHHOIO B3aMMOAEiiCTBHS MHKPOBBICTYNOB MAap TPEHHS «Me-
TAJUI-MOJIMMEP» Ha mNepuoaax TopMo:keHusi. [Ipupony GpHUKIIMOHHOTO B3aUMOJEHCTBUS
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MHUKPOBBICTYTIOB Tap TPEHUSI HEOOXOAMMO pacCMaTpUBaTh Ha HAHO-, MUKPO- U MaKpOypPOBHX,
KOTOPBIE TECHO MEPEIUIETEHBI MEXKy COOOH.

3HaHWE OCOOCHHOCTHM KOHCTPYKIIMM W pabOThl KaXJ0ro M3 BUIOB TOPMO3HBIX
YCTPOMCTB MO3BOJISIET OLIEHUTh TUHAMUYECKYIO, SJEKTPUUYECKYIO0 U TEIUIOBYIO HAarpyK€HHOCTb
UX METaJUIONOJUMEPHBIX Map TPEHHUS.

[Ipoananusupyem M3MeHEHHE KMHEMAaTUYECKUX, SJIEKTPUUECKUX U TEIUIOBBIX ITapamMeT-
POB IIPU €IMHUYHOM TOPMOXKEHUH, KOTOPOE PEANIM3yeTCs] Ha TOPMO3HOM CTEHJE, C YYETOM
IPaIMEHTOB MOTEHIMAIOB U TemmnepaTypbl. IIpu 3ToOM MoiaHOE BpeMsi TOPMOKEHHS YCIOBHO
pasaeneHo Ha uyeThipe nepuoja (puc. 1 a, 6) nis ciydaeB Korja TeMiepaTypa MOBepXHOCTEH
TPEHUS HE NpeBbIIaeT (a) W MpeBbIIIaeT (6) MOMYyCTUMYIO IJIsl MaTepHajOoB MOJMMEPHOMN

HaKJIaIK1
a) I )
¥ v, t, gradt, grade v, t, gradt, grade
KT ! i — it
grade
P, F\ /e @\ \\

\ 7 s —
{{J'{M!{ﬂ/&
/gn} 1 aradt

S~
0 Nt )
\ \

|
o Ta T o 0 T1 T2 T3 I';r'
0n 3 7 - 3

7
Puc. 1 a, 6. 3akonomepnocmu uzmenenus CKOPOCMU CKOabHceHus () Ha GPUKYUOHHOM KOHmMAKme,
HOGEPXHOCMHOU memnepamypul (1) u nomeHuuabHozo (gradgp) u memnepamyprnozo (gradt) zpaou-
eHmMa 6 MEMAINUUECKOM ITIeMEHNe MPEeHUA NPU eOUHUYHOM MOPMOHCEHUU NO épemenu (T,) Ha
yemouipex nepuooax npoyecca 6 ciyyae, K020a MEMREPaAmMypa NOGEPXHOCMU MPEHU He NPeGbLULa-
em (a) u npegviuiaem (0) 0ONYCMUMYIO 0713 MAMEPUANOE PPUKUUOHHOU HAKIAOKU

IlepBBIii mepuoy — 0_<TT_<T1, XapaKTCpU3yCTCA BBICOKHMMH CKOPOCTSAMHU CKOJBXCHUS,

UMITYJIbCHBIMH B3aUMOJAEHCTBUSIMH MHUKPOHEPOBHOCTEW Hap TPEHHs, KOTOPHIE CIIOCOOCTBYIOT
TeHEPUPOBAHNE UMITYJILCHBIX TOKOB 33 CUET MX JJICKTPH3ALUH, ¥ KaK CJICJCTBHE, BOSHUKHOBE-
HUIO Pa3HOCTH MoTeHuuanoB. [Ipoucxoaur ciaboe HarpeBanue pabodeil 1 Hepabouell moBepx-
HOCTH 00071a TOPMO3HOT0 0apabaHa ¢ HE3HAYUTEIBHBIMH MHUKPOTPAIMEHTAMH TEMIIEpaTyphl
10 HOPMaJIH K ero paboueil moBepxXxHOCTH. MMITynbcHas TemmepaTypa (TeMrepaTypa BCIIbIII-
KHM) Ha MUKPOKOHTAKTE CTAHOBHUTCSI BBICOKOM, 00BEMHAsi TeMIlepaTypa MOYTH HE U3MEHSIETCS.
[Ipu >TOM MMIYJIbCHOE HOPMAJIbHOE YCHJIME YBEIMYMBACTCS, YTO BEACT K POCTY YAEIbHOMH
Harpy3kd Ha (PPUKIIMOHHOM KOHTAaKTE, HECMOTpPS Ha TO, YTO €r0 IUIOMA/]b YBEIHMYMBACTCS.
[lepBslii meproj BpeMeHu He npeBblaeT 3 % OoT 001ero BpeMeH! TOPMOKEHHUS.

Bropoil nepuon — 7;<77<7;, XapakTepuzyeTcs BBICOKHMH CKOPOCTSIMH CKOJbKEHUS,

YBEIUYMUBAIOIIUMHUCS yAEIbHBIMU HAarpy3KaMu, BBICOKMMU 3HAYEHUSMH TeMIepaTyp paboueit
u Hepaboueil moBepxHocTel 000/1a TOPMO3HOIO IIKKBA, & TAKXKE HE3HAYUTEIbHBIMU TeMIepa-
TYpPHBIMM T'paJIMEHTaMH, [TIOCKOJIbKY 000/ SIBISETCA YK€ IMporpeTbiM. TeMmneparypa BCHBIILIKU
MIPEBBIIIAET MAKCUMYM, 00bEMHAs TEMIIEpaTypa pacTer.
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Tperuit nepuon — 7,<77<73. B 3TOT MpoMeXKyTOK BPEMEHH CKOPOCTH CKOJBXCHHS Ha

q)pI/IKHI/IOHHOM KOHTAKTC YMCHBINAKOTCA, YACJIBbHBIC HAIPy3KHW YCTAaHOBUBIIMMUCS, TEMIICPA-
Typa IMOBCPXHOCTHU TPCHUA — HauOOJIbIIEH 3a BECh nepuoa TOPMOIKCHUS M KBaBHCTa6HHBHOﬁ,
HOTCHHH&HBHBIﬁ n TeMHepaTyprIﬁ rpaauCHT CTPECMUTCIIbHO ITaAaCT, ITIOCKOJIbKY 6I)ICTpO pac-
TEeT 00bEeMHas TEMIICpAaTypa, TEMIICPATYPA BCIIBIIIKA — HE3HAYUTCIIbHAA.

YerBepThlii nepuoji — 73577. CKOPOCTU CKOJBXKEHUS Ha PPUKLIUOHHOM KOHTAKTE BECh-
Ma Majible (MpUOINKAIOTCS K HYJII0), Y/IeJIbHbIE HArPy3KU MOCTOSIHHbIE, TEMIIepaTypa MOBepX-
HOCTH TPEHHUsI 0007a TOPMO3HOTO IIKWBA TUIABHO TANaeT M MPUOIIIKAETCS K €ro 0OBeMHOMN
TEMIEpaType, MOTCHLIHAJIbHBIA U TEMIIEPATYPHBIM TPAJMEHT SIBISIIOTCS HE3HAYUTENIBHBIMH,
TEMIIEpaTypa BCIBIIIKHA NMPAKTUYECKU paBHA HyIO. IIpomorskurensHOCTE 3TOro mepuona co-
ctaBiset 5,0-8,0% ot o011ero BpeMeHu TOPMOKEHUSI.

N3 puc. 1 a, 6 BUIHO, YTO 3aKOHOMEPHOCTh M3MEHEHHS CKOPOCTH CKOJbKEHHMsS Ha
(PUKIIMOHHOM KOHTAaKTE€ HE 3aBUCHT OT TEMIeEpaTypbl MOBEPXHOCTU TPEHUS U SBISETCA
kBa3winHeHo. Ha puc. 1 6 otmeTkoil @ oTMeueH TeMIepaTypHbIil rpaiieHT, HallpaBIeHHbIN
B CTOPOHY poOCTa TeMIepaTyp, TO €CTh TeMIIepaTypHbIN IPaIUEHT Ha CBOOOJAHON OT HAKJIaJ0K
paboueii moBepxHOCTH 00012 TOPMO3HOTO IIKMBA; OTMETKON ® OTMEueH TeMIepaTypHBIi rpa-
JUEHT, HAIIPABJICHHBIM B CTOPOHY YMEHBIIECHUs TEMIEPATyp, TO €CTh Ul NEPEKPHITON MOJIH-
MEpPHBIMHM HAaKJIaJIKAMU IMOBEPXHOCTH 00012 TOPMO3HOTO IIKHBA. PsI0M mOKa3aHa KpHBas
M3MEHEHHU IpaJueHTa MOTEHINAIa, KOTOPBIA OMMCHIBAETCS IIOYTH KBA3UIIOCTOSIHHON KPUBOU
W3-32 BBITOPAHMS CBS3BIBAIOIIMX KOMIIOHEHTOB W3 TOJMMEPHOW HAKIaJKd W 00pa30BaHUS
KUJKAX OCTPOBKOB Ha ITOBEPXHOCTH IMOJIMMEPHON HAKIIAJIKU, KOTOPBIE SIBJISIOTCS CBOETO pOAA
3JEKTPOJIUTOM.

Ha puc. 2 a npownmtoctpupoBaHa o0miasi 3aKOHOMEPHOCTh M3MEHEHHsI TTOBEPXHOCTHOM
TemIepaTypbl GPUKIIMOHHOTO Yy3J1a TOPMO3a B 3aBUCUMOCTH OT AMHAMUYECKOro KO3 PUIHEH-
Ta UX nepekpbiTus. VccienoBanus mokasaiu, 4To C yBEIMUEHUEM YKa3aHHOTO Ko3((UIMEeHTa
yBEeIUYMUBAETCS paboTa TpeHHs, a CTAOMIM3AIMOHHOTO TEIUIOBOIO COCTOSHUS METaNTMUECKUI
2JIEMEHT TPEHHUS JOCTUTAET PaHbIIE.

Qg , 1 6)

gradt, grady

0 95 0 o

Puc. 2 a, 6. 3akonomepnocmu usmeHenus1 OGEPXHOCMHBIX (@) U nomeHyuanvHo2o (kpueas 1) u
memnepamypnozo (Kpueas 2) zpaduenmoe [0] ¢ memaniuueckom nemenme mpeHus 6 3a6UCUMOCHU
Om OUHAMUUECKO20 KOIhhunyuenma 63aumnozo nepekpvlmus nap mpenus (hpuKyuonnozo y3na

Ha puc. 2 6 noka3ansl 00111e 3aKOHOMEPHOCTH U3MEHEHHsI MOTeHIMAIBHOTO (KpHBas 1)
U TEeMIIepaTypHOro (KpuBas 2) rpaiM€HTOB B 3aBUCUMOCTH OT JMHAMHUUYECKOr0 KOd(pPHUIUEeHTa
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B3aMMHOTO MEPEKPBITHs Map TpeHus (GpukiuoHHOro y3na. C MpHUBEICHHBIX TpapUuecKux
3aBHCUMOCTEH BBIIUIBIBAET, YTO C YMEHBIIEHHEM KO3()(DUIIMEHTOB B3aUMHOI'0 TIEPEKPHITHS Map
TPEHUs MOTEHLUAIbHBIA U TEMIIEPATYPHBIN IPATUCHTHI yBEINUUBAIOTCS.

B xauecTBe nmpumepa NpoU3BEIEM OLIEHKY YHEPrOHArpy>KEHHOCTH KOHTaKTa MUKPOBBI-

CTYIOB METAJUIIOJIMMEPHBIX Tap TpeHus Tpubocuctem (Tadm. 1). Ha stom monenupoBanue

IMPOLCCCOB, BI3bIBACMBIX TPCHHUEM B TpI/I6OCI/ICTeMe, 3aBCpUIACTCA.

Tabnuua 1

JHEeProHarpyKeHHOCTb TUCKPETHOI0 KOHTAKTA MUKPOBBICTYIIOB
MeTaJUIONOJIMMEPHBIX ap TPeHusi TpudocucreM

CocrosiHue Omnmcanne XapakTepUCTHK (PPUKINOHHOTO B3aHMOACHCTBHSI:
[TOBEPXHOCTHO- Hammame nBoii- L{upKyIIsIMs TOKOB
r0 1 HOATIO- CocTosiHHE MEKKOHTAKTHOW CPEIbI HBIX SNICKTpUMe- | oneKTpude- | | OMBIBAIO-
BEPXHOCTHOTO CKHX CJIOEB CKHUX el cpeabl
(CJ1051 HAKJIAIKH] MOBEPXHOCTHOTO U MOATIOBEPXHOCTHOTO CIIOEB METATIOMOINMEPHBIX Map TPEHUS
1 2 3 4 5 6 7

[Ipu 271eKTPOTEPMOMEXAHUUECKOM TPEHUM MUKpPOBBI- | Bosnukaer nBoii- | Tox anek- |I'enepupy- |Mukpo-
CTYIIOB METAJUIONOIMMEPHBIX Iap TPEHHs HOA AeH- | HOM IIeKTPUYECKHH | TPH3AIlMU | eMast 3JI€K- | BBICTYIIBI
CTBHEM HUMITYJIbCHBIX HOPMAJBHBIX YCHJIMH Ha IIO-|CJIOH, OXBATHIBAIO- |HAMpaBICH |TpUYecKas |map
BEPXHOCTAX IISITEH KOHTAKTOB PA3JIMYHBIX THIIOB | U BBICTYIIBI H OT IISITeH SHEPIHs TpeHHUs
TEHEPHPYIOTCSl HMMITYJIbCHBIE DJIEKTPUUECKHE TOKH, | BIaJUHBI MUKPOHE- | KOHTAKTOB |IIpeBpalia- |OMBbIBa-
MIPOIINBAOIINE TOHYANIINE OKUCHBIE TTIEHKH, CIOCO0- | POBHOCTEN MeTall- | MUKPOBBI- | €TCA B 10TCS
CTBYSI UX pa3pyIICHHUIO. JIMYECKOTO IEMEH- | CTyTIOB TEIJIOBYIO, |BO3IyXOM
Ilox meficTBHEM BO3pacTAalOMNX WMITYyIBCHBIX YAENb-|Ta TpeHus. [Ipn MONMUMEp- | HarpeBaeT | OKpyxkKa-
HBIX Harpy3oK IIPOMCXOJHUT aKTHBHas JedopManus|3TOM IISITHA KOH- HOI TEJIO Me- 1omeit
MHKPOBBICTYIIOB, T.€. IOBEPXHOCTHBIX CJIOEB IOJIMMEP-| TAKTOB MUKPOBBI- | HAKJIQIKU K | TaJUTHIeE- cpensl
HBIX HAKJIQJIOK, U YIPOYHEHHE IISITCH KOHTAKTOB Me-| CTYIOB BBINOJHSIOT | ISITHAM CKOTO
TAJUINYECKOTO dJieMeHTa TpeHus. Ha aToil cragum| GyHKIHH TepMo- KOHTAaKTOB |3JIEMEHTa
HPOUCXOIUT TMOATOTOBKA MOBEPXHOCTHBIX CJOEB K|JJNEKTPOreHepaTo- |MHKPOBBI- | TPEHHS
00pa30BaHUIO JOCTATOYHOTO KOJIMYECTBA AaKTUBHBIX|pa, a MOBEPXHOCT- | CTYIOB HOJIIO-
LICHTPOB, ONPEACISIONINX HX MOCIEIYIOIee Pa3BUTHE|Hble U MPUIIOBEPX- | MeTaJuInue- | BEpXHOCT-
BCIIICTBUE MON3ydecTH MeTaimna. lIpu 3TOM HMeeT| HOCTHBIE CIOH CKOTO HBIE CIION
MECTO HHKEKTHpPYIomuii KOHTAaKT. I[Ipy MOBBIMIEHNY| TOTMMEPHBIX JMeMEHTa | HOJUMep-
TEeMIIepaTypsl ISTEH KOHTAaKTOB  MMKPOBBICTYIOB| HAKIIAJOK - TEPMO- | TPSHHUS. HBIX HaKJIa-
METAJUTONIOIMMEPHBIX T1ap TPEHHST TPHOOCONPSIKEHUS| TEKTPOXOJIOANIIb- JIOK.
ot 100 mo 200 °C Habmromaercst yBelIMUeHUE CpeJHero| HuKoB. boxoBbie
koaddurmenta Tperuns (ot 0,39 no 0,42) [puc. 3]. [Ipu| moBepxHOCTH

[ToBepxHOCTHAs TemIIepaTypa
Hwmxe momyctumoit 1uis marepuana GpUKINOHHON HAKIA KU

9TOM IJIEKTPHYECKHUE MOJsI B TPHOOCONPSHKEHUN OCIIa-
0eBaloT, a TEIUIOBBIE IOJS YCHJIMBAIOTCS. XapaKTepH-
CTHKA (PUKIHOHHON TEIIOCTOMKOCTH Ha ITOM y4acTKe
OTIpEeeNsAeTCs, B OCHOBHOM, YHPYTOMIACTHYECKUMH
cBOcTBaMM MaTepuana (TIepexoj OT YIPYroro K
IUTaCTHYECKOMY KOHTaKTy). Ha ydactke ot 200 mo 350
°C x03()(GHUIUEHT TPEeHUs 3aBHCHT OT PAa3BUTHS IUIa-
CTHYECKHX JAeopMalyii ¢ IOCTENEHHBIM, MO Mepe
TIOBBIIICHNST TEMIIEPATYPBI, IBIMICHHEM CBS3YIOIIETrO
(CMOJBI) TIOJMIMMEPHBIX MaTepPHAIOB. MHUKPOKOHTAKTHI
[0 DHEPTeTHYECKUM XapaKTEPUCTHKAM PHOIIIKAIOTCS
K HEUTpaJIbHBIM.

KonndyecTBO MOCTYNHBIIEr0 Ha IUIOMAAKU TATEH
KOHTaKTOB ~ MHUKDOBBICTYTIOB  KHCIOPOAA  BO3IyXa
ONpEeeNseT HHTEHCHBHOCTh TEPMOOKHUCIHTEIBHBIX
JECTPYKIMOHHBIX TponeccoB. OMBIBAIOINIA BO3ILYX
SIBIISICTCS. OKHCIIMTEIFHON CpENIOi, CIOCOOCTBYIOMICH
Pa3BUTHIO aJICOPOIIMOHHOTO ¥ MIENIeBOr0 3P (EKTOB B
TpHUOOCONPSIKEHHH.

MHKPOBBICTYIIOB U
UX BIaJUHBI ABJIS-
I0TCSl HAKOTTUTES-
MH 3aps/oB, T.€.
MHKPOKOH/ICHCATO-
pamu. HHTeHncus-
HO

IIPOXOJAT Ha IIAT-
HaX KOHTAaKTOB
HOJISIPU3ALIMOHHBIC
IPOIIECCHI.
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Ilpooonscenue maon. 1

1 2 3 4 5 6 7
DIeKTpoTepMOMEXaHNUECKOe TpeHHue mpoTekaeT |Bo3znukaer u passusa- |[Ipeobnaga- [Ha mosepx- |Muxpo-
IIPpU MOBBIIIECHHBIX U IMMOHUXCHHBIX UMITYJIbCHBIX |€TCs CHJTbHBIH ):lBOﬁ— €T UHBEPCUS [HOCTHU BBICTYTIBI
YACNBHBIX HAarpy3Kax Ha IIITHAX KOHTAKTOB [HOM SJIEKTPUYECKHH  [dJIEKTpUUe- |[IOJIMMEpHOMH [map
5 N
£ |MHKPOBBICTYTIOB Tpuboconpsbkerns. IIpu 3ToM [croii B MPUMOBEPX-  [CKUX TOKOB |HAKITAAKH  |TPEHHS
‘5 NPOSIBISIIOTCS. ~ 3aKOHBI  HEYCTAaHOBHBILIEWCS [HOCTHBIX CIIOSIX OT IISITEH  |BO3HHUKAIOT |OMBIBAIOT-
& |moJ3ydyecTH B YCIOBHSAX MOCTOSHHOTO H3MEHE- [[IOJIMMEPHBIX HAK/Ia- |KOHTaKTa  |OCTPOBKM  |Csl BO3.Y-
S |nua (0OBIYHO YMEHBIIEHHS) TEPMOHAINPSDKEHMI [J10K U CIa0bIil JBOM- |MUKDOBBI-  |KHIKOCTH, |XOM
= N . .
S |B TIOBEPXHOCTHOM CIIOE METAJTMYECKOTO OIIe- [HOW DIEKTPHIECKHH  |CTyToB SBJIAIOIICH- |OKpysKa-
£ |menra Tpenus (cM. puc. 3, cramus II). Ha |croii Ha MEKPOBBICTY- |[METaJUTMYE- |CS DJIEKTPO- |fOLIeH
© =
=y S |yuactke ot 450 1o 600 °C nopbienne ko3pQu- [max METALIMYECKOrO |CKOro auroM. Ilpu |cpenst u
g £ |uWeHTa  TpeHHS 00BsCHAETCS 00pa30BaHUEM [JIEMEHTA TPEHUS U3- [JIEMEHTa  [3TOM Hauh- |KOMIIO-
2 % KOKCOOOpPa3HBIX IPOAYKTOB JIECTPYKLHH CBSI3Y- |32 UX HArPEBAHUSL. TpeHHs B HaeTcs HEHTaMH
= o
S 5 |womero, urto oOycnosmuBaeT (opmupoanue [[punoBepXHOCTHBINH |IPUNOBEPX- ((POPMHUPO-  |AECTPYK-
Q o )
3 £ |pabGouero cnos. Ilocmenuuit  cnocoOCTBYeT |CI0OH HAKIAAKK HOCTHBIC BaHUE IIUOHHBIX
=
5 é BO3HMKHOBEHHIO  OJIOKMPYIOIIMX  KOHTAKTOB |BBITOJIHSACT (DYHKIUHU |CIIOH IO- CHJIBHOTO  |TIpoIec-
] o
£ € | MHKDOBBICTYIOB tpuboconpspkenua.  [Ipu [TepMOdJIEKTpOreHepa- [HaKIaJoK. |[IBOWHOrO  |COB,
S|
53 5 |remmepatypax 600...800 °C xoddduuueHt |Topa, a MUKpoOBbICTY- |Crnabast JJIEKTpUYE- |[IPOUCXO-
8 >
= E' |TpeHus BHOBB CTaOUNU3UPYETCS] M JIOCTUTACT |[Ibl METAJUIMYECKOTO |MHBEPCHUST  [CKOTO CJIOS  |[ISIIHX B
E snauenns 0,32 (cm. puc. 6.33). MuTeHcudum- [pneMenrta TpeHus - HPSIMBIX Ha paboueil |moxrmo-
£ |pyloTcs  JIEMONSPH3AIMOHHBIE TIPOLECCHl  HA |[TEPMOIIEKTPOXOIO-  [TOKOB MOBEPXHO-  [BEPXHOCT-
[
§ ISATHAX KOHTAKTOB MHKPOBBICTYIIOB TPHOOCO- |IMIIbHUKA. 00ycCIIOBJIe- |CTH HaKJIaJ(- |HBIX CIIOSIX
5 | npspkenumst. A30T W yriekucibli ra3 (tabm. 2) Ha 3apOXKIie- |KH. HaKJIAJKH.
]
‘;( SBJAIOTCA HEUTPATbHBIMU CpPEJaMH, B KOTOPBIX HHEM 00-
I% aJCOpPONMOHHBI ¥ ImeneBoil d(P(EKTs  BBI- PaTHBIX
poxpaatorcs. IIpu 3ToM HaOmomaeTcst yBemude- TOKOB.
uue H, no 0,171 % B MaccoBbIX JOJISIX U IOSIB-
nerne CO (0,43 % B MaccoBBIX JOJIAX).
DrnexkTpoTepMoOMexaHndeckoe TpeHue  1srteH | [IpucyrctByer cunb- |Ilpeobnma- | Hupkymu- | Mukpo-
KOHTaKTOB MHKPOBBICTYIIOB TPHOOCOMPSIKEHUS | HBII BOMHOM AJIeK- | JaeT UH- pyromue BBICTYTIBI
E 00yCJIOBIEHO  IOJI3y4YEeCThIO MOBEPXHOCTHBIX | TPUUYECKUH CIIOH, BepcUs TEIUIOBBIE | TPHOOCO-
S |cioeB mapel TPEHHs «IOJUMEp-MeTam». IIpu|chOpMHUPOBaHHBIH B |3JIEKTpHUYE- |TOKH B TPSDKEHUS
=
§ |2TOM € POCTOM TEMIEPATYPHI TIPOLECC PA3BUTHA | IPUIIOBEPXHOCTHOM | CKHX TOKOB | DJIEMEHTAX | OMbIBa-
X | puU3MYECKOro KOHTAKTa MHTEHCH(DULMPYETCS H | CI0€ HOIMMEPHBIX 0T pabouux |(pPUKLUOH- |IOTCS
= V-
£ | MOXKET MePEeXOUTh Ha JPYTHEe SHEPreTHYCCKHE | HAKNALOK. [IBOWHON | MOBEPXHO- | HOIO y3ia | KOMIIO-
§ YPOBHHU, MEHsI1 TEM CaMbIM TUI KOHTakTa. ®u-|snekrpudeckuil cioil |crei croco0- HEHTaMHU
< = v v
o S  |3MuecKuii KOHTAaKT OMHHYCCKOrO THIA criocoOeH | Bozie paboueit HaKJIaJO0K B | CTBYIOT BBITO-
g Z |BbI3BATL TIPOLECCHI PENAKCAlMH  BHYTPEHHHUX | MOBEPXHOCTH METall- pabouyio | TepMocTa- | pEBLIMX
2 5 | TepMoOHampsDKEHHH B TOBEPXHOCTHOM  CJIOE | IMYECKOTO 3JIEMEHTa | HOBEpX- Onmnm3any- | BeIecTB
= = .
S S« |METalIMYecKOTo DIEMEHTa TPEHUA 3a CYET |TpeHus cmaldwiid. [Ipw | HOCTH OHHOMY C TIOBEPX-
= o
3 g |MOBEPXHOCTHOTO MIACTHYECKOrO TPEHUS (CM. | 9TOM MeTaJUTMYECKUH | MeTaJUInye- | COCTOSIHHIO | BepX-
=
5 ’= uc. 3, cragus 1I). Koaddumuent tpenns cTabu- | a1eMeHT TpeHHs CKOTO obona. HOCTHBIX
Q o H
]
£ £ |IM3MpyeTcs M MMEeT MMHHMAIBHOE 3HAUYEHHE | BHINOIHACT (GYHKIMH |dleMEeHTa U TIOJITIO0-
I
53 o [(0,18) (cMm. puc. 3); naHHas 30HA SBIAETCS OOIA- | TPMODICKTPOICHE- | TPCHUS BEpX-
m
é g |cTeio mempeccuu W3-3a MPOTEKAIONIMX B Heil | paTopa, a MPHIIO- (oOpatHbIit HOCTHBIX
= .
S | ACTIONAPH3ALMOHHBIX MPOLECCOB. B oroit 30He |BepxHOCTHBIE oM | TOK). B TO Cl10€B
% | ppuKIMOHHBIE XapaKTEPUCTHKHU 1IGIMKOM OIpe- | HAKJIAJO0K - TEPMO- Ke BpeMs HaKJIa oK.
E JIEITSIFOTCST  CMa3bIBAIOIIUM JIGHCTBHEM JKHJIKHX | 2JIEKTPOXOJIOAMIBHU- | HAOII01a-
2 MPOJYKTOB JAECTPYKIUH CBSA3YIOMIETO KOMIIOHEH- | KOB. I0TCS
E ta (cMmouel). Habmronaercst pe3koe yMeHbIICHHE ciabble
:‘:’* conepxkanusi CO, o 0,13 % B MaccoBBIX JIOJISIX psiMble
u nosisnerne H, (0,13 % B maccoBbIX I0JX) TOKH.

[cm. Tabm. 2].
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Puc. 3. Dmanounoe usmenenue OuHamMuuecKkoz20 KoIghpuyuenma mpenus mamepuana «Pemunakc»
DK-24A ¢ pynkyuu memnepamypul nogepxnocmu mpenus no zonam: I —200...250 °c; 11 -
250...400 °C; IIT - 400...550 C; 1V - 550...800 °C; V — 800...1000 °C

Tabnuua 2

IIpoueHTHOE COOTHOIIIEHNE KOMIIOHEHTOB I'a30Boiil cMeCH, 00Pa30BAHHON B MEKKOH-
TAKTHOM NMPOCTPAHCTBE NPHU TPpeHNUH PpuKkunoHHoi napsl (1anubie U.M. BoraTuyka)

OPUKIMOH- Conepxanue rasza, mac. 107s, %
Howmep . Temneparypa,
mpoGsr | o MATes °C H, | 0, | N, |CO,| cO | Tc.H, | P
pual Ira3bl
1 DK-24A 150 ’ 19.8] 78,8 0,28 | ° '
2 - 215 ) 19,8 | 78,8 | 0,23 —
3 - 420 0,123 [19,1]79,5|0,13
4 ; 500 0,071 |163 81,6024 043 | 024 | "°
5 - 730 0,308 | 9,8 | 81,2 10,08 |6,51 | 1,06
IIpumeuanue:

,
Hanmune cinenoB yka3aHHBIX Ta30B.
ek
OT160p P00 OCYIIECTBISIICS U3 YETHIPEX 30H (TOUEK) OJTHOBPEMEHHO.
eskok
[Mon npyrmmu razamu moapasymeBaercs: Ar, Ne, He, Kr, N,O, Xe, O,, Rn

Takum 00pa3om, (GPUKLMOHHBIE Y3JIbI TOPMO3HBIX YCTPOUCTB HA CTAIUSAX TOPMOKCHUS
IIPY KOHTAKTHO-UMITYJIbCHOM B3aMMOJEHCTBUU COINPOBOXKIAIOTCS CIOXKHBIMH JIMHAMUYECKH-
MU, JIEKTPUIECKUMHU U TETJIOBBIMU AP PeKTaMu, KOTOPBIE BKIIOYAIOT B ceOsl: 3JEKTPOJMHAMU-
YECKUE U TEPMOJUHAMHUYECKHE MTPOLIECCHI, MOISPU3aLMOHHbIE U ACTIONSIPU3aLUOHHbIE TIPOLIEC-
CBl TTOBEPXHOCTEH, TPUOOTEXHUUYECKIMH TPOIIECCAaMH B3aMMOJCHCTBHS MaTepHalioB Map Tpe-
HUS B OKpYXKalolIel ux cpesie, a TakKe TeII000MeHa U U3HOocA.

Kunernka cocrosiHusi padodeii NMOBEPXHOCTH METAJIONOJHMMEPHOI0 JJIEMEHTA
npu GpUKIMOHHOM B3aUMOJEHCTBUU ¢ MO3UIUI (ppakTasoB. OneHka KUHETHKHA padoueit
MOBEPXHOCTH METAJUTMYECKOI0 3JIeMEeHTa MpHU (PUKIIMOHHOM B3aMMOJCHCTBUU MSITEH KOHTAK-
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TOB MUKPOBBICTYIIOB Iap TPEHUS C MO3UIMHA (PpaKTaTbHOrO MOJIX0/a 3aBOCBBIBAET BCE 0OJIb-
mee Mecto B Tpubonoruu. Ocoboe MecTo yaeneHo (ppakTaqibHOMY Moaxoay B pabote [3] aka-
nemuka A. X. Jl>kaHaxmeaoBa.

Oco0blil HHTEpeC MPEICTABISAET U3yUYeHUE U MMPUMEHEHUE TEOPHU CHIBHO BO30YKICH-
HBIX COCTOSHHM B KPUCTAJUIAX METANTMYECKOTO (PPUKLIMOHHOTO 3JEMEHTa IUIACTUYHOCTH U
IPOYHOCTH €ro MOBEPXHOCTHBIX M MOJIOBEPXHOCTHBIX cioeB. IIpu 3TOM muactuyeckas je-
dbopmarus (HanpsDKEHHs) JTOJDKHBI PacCMaTPHUBATHCA C COOJIIOJCHHUEM 3aKOHOB TIOBEICHUS
HEOJTHOPOJHBIX, CHJIBHO HEPAaBHOBECHBIX CHCTEM, NPETEPIEBAIOIINX JIOKAIBHO-CTPYKTYPHBIE
IIPEBPALICHNS U CIEAYIOIUX K PABHOBECHUIO ITyTEM JIBHKEHUS COCTABISAIOIIUX HOBBIX CTPYK-
TYp 10 KpUCTaUy IOJ ACHCTBUEM IpaJMeHTHbIX HanpspkeHuil. Ilpu stoM nedopmupyemslii
KpHUCTaJJI CIOCOOEH OCYIIECTBIIATh B JIOKAJIbHBIX 00beMax IMJIAaCTUYECKOE TeueHHe, MpOoTeKa-
Iollee KaK JMCCUIIATUBHBINA MpoIlece, 3a cYeT cTadeTHON MepecTpOonKN MEXIY ABYMS CMEX-
HBIMU CTPYKTYpPaMH.

I'enepupoBaHue 3HTPONNU B pacCMATPUBAEMON 30HE KpUCTallIa SIBISETCS JOKAJIbHBIM
KUHETHYECKUM CTPYKTYPHBIM TI€PEXOJIOM, CIIOCOOCTBYIOIIEMY 3apOXKICHHIO IUIACTHYECKOTO
C/BHTA.

OTMeueHHOE CTPYKTYPHOE MPEBPAILLEHUE OTJINYAETCS OT TEPMOJAMHAMUYECKOTO CTPYK-
TYpHOTO IEPEX0Ja U JOJDKHO OTBEYaTb HEPABHOBECHOW TEPMOJIMHAMUKE, SBIIAIOLIEHCS CO-
CTaBJIAIOLIEH HEPaBHOBECHOW TPHOOJOTUM NMpHU (PUKLMOHHOM B3aMMOJEHCTBUU Map TPEHUs
TOPMO3HBIX yCcTpOHCTB. [Ipu 3TOM B Kax10il Touke neOpMHUPYEMBIX MATEH KOHTAKTOB MMK-
POBBICTYIIOB B 3aJaHHBII MOMEHT BPEMEHHU OCYLIECTBIIAECTCS TOJIBKO IO OJHOW CUCTEME IIOC-
KOCTEH CKOJIbKEHUs, B KOTOPOU IIPOUCXOAUT IOTEPS CABUIOBOU YCTOMYHUBOCTH.

CasuroBast uH(popMaIys, HOCAIIasE XapakTep aHU30TPOITHOM, BCETAa CONMPOBOXKIACTCS
MaTepHaJIbHBIM TOBOPOTOM BHYTPH CTPYKTYPHOIO 3JeMeHTa aedopmanuu (3epHa OJoka,
SIUEHKU TUCIIOKALIMOHHON CTPYKTYpHI U T.1.). [Ipu 3TOM MaTepuaabHbli IOBOPOT B OTIMYUE OT
KpHCTAIOrpauueckoro He BIMSET Ha MPOCTPAHCTBEHHYIO OPHEHTAIMIO KPHUCTAILTHYECKON
pemeTku [5]. DTO, B CBOIO 0Y€peib, CO CTOPOHBI OKPYIKAIOIIETO MaTepHalia Ha TPaHMIle CTPYK-
TYPHOTO 3JIeMeHTa Jie()OpMalluy BbI3bIBAET NOBOPOTHBIN MOMEHT. [IoBOpoTHBIE MOJIbI (0/1HA U3
YHUCJICHHBIX XAPAaKTEPUCTHK PACIpPENEICHHS] BEPOSTHOCTU CIIy4alHON BEIMYMHBI, OLCHUBAC-
Masi UX IUIOTHOCTHIO) Ae(opManuy MPUBOAUT B JBM)KEHUE BCIO UEPAPXUUECKYIO CTPYKTYpY
YPOBHEW 1e(OPMHUPYEMBIX ISTEH KOHTAKTOB MUKPOBBICTYNOB. CTPYKTYpHBIE 3JIEMEHThI HAYH-
HAIOT JIBUraThCs Kak LEJI0e, MCIBIThIBAasE TpaHCIALMIO (Tepefady) U KpucTamiorpaduyeckuii
noBopoT. [ToBopoTHBIe MOABI AeopMarii GOPMHUPYIOT 0JIE TOBOPOTHBHIX MOMEHTOB U 00ec-
NEYMBAIOT BHYTPH CTPYKTYPHOT'O 3JIEMEHTa Je()OpPMALIMU BBIXOJ[a TUCIOKAIMHA U3 CBOUX ILIOC-
KOCTEM CKOJIBKEHHS, YTO BBI3BIBAET PO3OPUEHTHPOBAHUE SYEHCTOM AHUCIOKAIMOHHOW CyO-
CTPYKTYPBI C [1OCJIEIOBATEIbHBIM BOBJIEYEHUEM MHOKECTBEHHOTO CKOJIBYKEHUS MATEH KOHTaK-
TOB MHUKPOBBICTYIIOB KaK BUXPSl MaT€pUaJIbHBIX TOBOPOTOB KPUCTAIUIOrpahUUECKUX CIBUTOB
Ha [WJIMHAPUYECKON MOBEPXHOCTH.

B3auMocCBsI3b CBUTOB U IOBOPOTOB IOKA3BIBAET, YTO JIEMEHTAPHBIM aKTOM IIJIaCTHYE-
CKOM nedopmaliu sSBISETCS HE CJIBUT, a TPAHCIISAIIMOHHO-POTAIMOHHBINA BUXPh. [lociennuii mo
CBOEMY MaclITady MOKET OUTh Ha M€30, MUKPO U MaKpoypoBHsIX. Mepapxust BUXpel BO3HHUKa-
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eT 3a cueT GopMHUPYEMOIl HepapXuu Pa3InYHbIX CTPYKTYPHBIX YpoBHEH nedopmarmii. JBuke-
HHE BCEil nepapXum CTPYKTYPHBIX YPOBHEH JeopMalluu U BBI3BIBAECT €€ BUXPEBON XapakTep,
CHOCOOCTBYS IIPH 3TOM BO3HUKHOBEHHIO HOBBIX KaHAJIOB JUCCHIIAIIMM 3HEPTUH, Oojee 3ddek-
TUBHBIX, YEM OT JBIKEHHS OTJIEIBbHBIX TUCIOKAIIHA.

[ToBopoTHBIE MOABI AedOpMalMU HA PA3TUYHBIX MACHITAOHBIX YPOBHAX OTJIMYAIOTCS
JpyT OT apyra. VX BoMONMs NpH YBEIHMYSHUH CTETIEHHU JIePOpMalny 3aKOHOMEPHO OTpaXka-
€TCs B M3MEHEHHH (PPaKTAIBHOW pa3MEPHOCTH B MECTaX NMPUCYTCTBHUS KOHIIEHTPATOPOB MeXa-
HUYECKUX HANPSKEHUI Ha MOBEPXHOCTU METAITNYECKOr0 (PPUKIIMOHHOTO 3JIEMEHTA.

['unore3a TpaHCIASMOHHO-POTALIMOHHOTO BHUXPSI NPUMEHUTENIBHO K CTPYKTYpPHBIM
YPOBHSIM J€(OPMHUPYEMBIX MAaTEPHAIIOB MSTEH KOHTAKTOB MUKPOBBICTYIIOB CBSI3aHa C dHEpre-
TUYECKUMH YPOBHSMHU CaMOT0O €ro fapa B KOTOPOM T'PaJMEHTHI TEMIEPATYPhl yBEIUYUBAIOTCS
[0 CEYCHHMIO si/Ipa K MepU(EepUIHBIM CIIOSIM, H, CIIEI0BATEIbHO, TEMIIEPATyPHbIE HAMIPSKEHHUS.
Uro kacaercss MeXaHHYECKUX JeOopMaluii TO OHM YMEHBINAIOTCS B CTOPOHY LEHTpa sipa, U
CJIEZIOBATENIbHO, U BOSHUKAIOIIUX TTOBOPOTHBIX MOMEHTOB. VI3MeHEHNE MEPEeUYHCICHHBIX BBIIIE
TPaJMEHTOB U SBISETCS IBUKYIIMM (DAKTOPOM TPAHCISAIIMOHHO-POTAMOHHBIX BUXPEH, BO3HU-
KaIONIMX HA CTPYKTYPHBIX YPOBHAX Ae(POPMUPYEMBIX MATEPHAJIOB ISTEH KOHTAKTOB MHKPO-
BBICTYTIOB METAJUTUIECKOTO (PPUKITMOHHOTO DJIEMEHTA.

JHEProHarpy:KeHHOCTh ¥ LHMPKYJIALUSA TeMI0OBbIX TOKOB B  3JIeMEHTaX TOPMO3-
HBIX HIKMBOB; 3apO:K/IeHHe U pa3BUTHe MUKpOTpemuH. [lokaxeMm Kak BIUSIOT 0COOEHHO-
CTH KOHCTPYKIIMH IIKMBA Ha €ro HEProHarpy>KeHHOCTbh. /[l BU3yanu3amnuu mpoieccoB pac-
MPOCTPAHEHHUSI TEIUIOTHl MPU ANEKTPOTEPMOMEXAHUYECKOM TPEHHHM B METaJNIOMOIMMEPHBIX
napax TpeHHs JIEHTOYHO-KOJIOA0YHOTO TOPMO3a C LEJIbIO €€ MPOX0KICHHS 110 TOJIIKHE 00012
IIKMBA U €r0 KPENeHOIro BBICTYIA MCIIOJIb30BaHa MOJIENIb KOHEYHO-3JIEMEHTHOI'O MOJIEITUPO-
BaHus B cpene Ansys Workbench. [[nst aToro O pa3paboTaH 3CKU3 U MOJENb MOMEPEIHOTO
CeUeHMs] TOPMO3HOTO IIKUBA C PAa3IMUYHBIM PACIIONIOKEHHEM KPENeKHOTO BBICTYIA 110 HMIMPHHE
ero obona. MccnenoBanusi MpOBOAWIMCH JJISl TOJIIMH 000Aa M €ro KpEemeKHOTo BBICTYTIA
0=20,0 mM. TopMO3HO# MIKUB U3rOTOBJIEH W3 uTelHOM cTaym 35 XHII.

[Tocne 3aBepiieHuUs MOATOTOBKH MoeIH 000/1a TOPMO3HOTO IMIKKMBA €€ pabovyro To-
BEPXHOCTh HArpy>kajy TEIUJIOBBIM IOTOKOM, BBI3BIBAIOIIMM IOBEPXHOCTHYIO TEMIIEpaTypy
400°C, paBHYIO JOMYCTUMOW TeMIepaType s MaTepHaioB (GPUKIIMOHHON HAKIIAJIKH MPU KO-
s¢duLMeHTe TEIIO0TIa4l OT MAaTOBBIX MOBEPXHOCTEH mmkuBa paBHomy 11,0 Br/(M*-°C) 1
Temmeparype okpyxatorieit cpeanl 22,0°C. B pe3ynbpTare Moyduan pacipeieieHne TeIIOBbIX
NnoTOKOB (puc. 4 a) u 00beMHBIX TemnepaTyp (puc. 4 6) mo TonuHe 00oJa IIKUBA U Kpe-
nexHoro BeIcTyma. [locnennuii pacnonoxen Ha kpato ob6oxaa. [Ipu a3Tom neBast cropoHa 0602
SBIISICTCS 3AIEMJICHHOM, a TIpaBasi CTOPOHA — CBOOOHOM, YTO CBUIETEIBCTBYET O MAaKCUMAJIb-
HBIX BEJTMYMHAX yJIENbHBIX HATPY30K Ha JIEBOW CTOpPOHE 000/a IIKUBA, YMEHBIIAIOIIUXCS K €T
npaBoii cTopoHe. UTo kacaeTcsi TEIIOBBIX TOKOB, (POPMHUPYIOHIMXCS B 000/1€ HaJl KPEMEeKHBIM
BBICTYIIOM M B OOKOBBIX 00BeMax 000/a, SBISIOTCS YCKOPEHHBIMU M HOCST XapaKTep OCHOB-
HBIX JUIsI HArpeBaHUsS KpEnexHoro BeicTyna. OCHOBHBIE TEIJIOBBIE TOKH SIBJSIOTCS TOPMO3S-
HIMMH, TIOCKOJIbKY JOTOJHUTEIbHBIE TOKH, UIIyIIHE OT OCTAIbHON YacTH 000/a IIKKMBA 3aTpa-
YUBAIOTCS Ha ee HarpeBaHue. [Ipu 5ToM HEOOXOIWMO YYHUTHIBaTh TOT (PAKT, YTO MHTEHCHB-
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HOCTB TEII00OMEHa OT TMOJIMPOBAaHHOW paboueil MOBEepXHOCTH 000/a MIKMBAa HAMHOTO BHIIIE,
HEXXEJH OT ero OOKOBBIX M BHYTPEHHEH MOBEPXHOCTEH IMPH YCIOBHM YTO PAcCCMaTPUBAIOTCS
OJIMHAKOBBIE MMOBEPXHOCTH TETJIOOOMEHa.

0)
Puc. 4 a, 6. Pacnpedenenue menosvix mokoe 6 0600e mopmo3Hozo0 WKuea (a) u mepmozpammol
e20 rnemenmog (0): 1 — 06000 wikuea; 2 — pevopovt; 3 — KpenerscHolEl 6bICHIYN

CortacHo puc. 4 6 mpousomien mporpeB 00o/a IIKKUBa, KOTOPBIA CIIOCOOCTBOBAN 3a-
METHOMY YMEHBIICHHIO TEMIIEPAaTypHOI'O TpajueHTa MO ero TommuHe. [Ipu 3ToM pe3ko
YMEHBIIACTCSI MHTEHCUBHOCTh KOHBEKTHBHOTO TETNIOOOMEHA, 8 YBEIIMIMBACTCS] KOHTYKTHBHBII
TEII000MEeH 0T 000/1a IIKMBA K KPENEKHOMY BBICTYILY.

B npomecce 3mekTpoTepMOMEXaHNIeCKOr0 TPEHHUS TIPU HMITYJICHOM U JITTUTENILHOM T1e-
penade TEIIOTHl OT CJIOS K CJIOK 000/a IIKHBA CYIIECTBEHHYI0 POJIb UTPAET UX TEPMHYECKOE
conportuBieHne. Yem OoJble paccTosiHuE OT paboyell MOBEPXHOCTH 000/1a IKKBA K €ro cepe-
IMHE, TeM OoJbllle BHYTPEHHEE TEPMHUYCSCKOE COMPOTHBIICHUE U3-32 OCIAOJICHHS TEIJIOBOTO
TOKa, MPOLIMBAIOIIETO TOJIIUHY OYEPEHOTO CIIosi 000/1a.

3aKOHOMEPHOCTH W3MEHEHHS TeMIleparyp IO JJIMHE W TOJIIMHE 00072 TOPMO3HOTO
IIKMBa M €r0 KPENe)KHOTro BBICTYINA B COCTaBe ()PUKIUOHHOTO y3Ja JICHTOYHO-KOJIOJJOYHOTO
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TOpMO3a TIPUBEJIEHBI HA pUC. 5 a, 0, 6, 2. Ha U3MeHeHne TeMmneparyp Mo JJIMHE U TOJIIIUHE
000/1a TOPMO3HOTO IIIKMBA M €r0 KPEMEeKHOTO BBICTyIA CYIIECTBEHHOE BIIMSHHUE OKa3bIBAET
TEPMOCOCTOSIHUE paboueil MOBEepXHOCTH (PPUKIIMOHHON HAKIAAKU (g, 6 — HIKE U J0; 8, 2 — B
30HE U BBIIIE JIOMYCTUMOM TemriepaTypsl). M3oTepMbl Ha puc. 5 a, 6, 8, 2 TIOTy4YEHbI METOJAOM
TeroBoro MozenupoBanus Ha RC-cerkax. OCOOEHHOCTBIO MOCJIEIHETO SBJISLIOCH TO, YTO
00071 MKKWBa pa3OMBaJICsl HA CIIOM B TOPU3OHTAIBHONW U BEPTUKAILHOMN ITUTOCKOCTU. B mepBom
(@) 1 Bo BTOpOM (6) cily4yae TpaJueHT 1O JJIMHE pabdoueil MOBEPXHOCTH 000/1a MIKHBA COCTa-
BUJI, COOTBETCTBEHHO, 1,8 °C/MMm u 1,1 °C/mMm, a Ha Hepabouel moBepXHOCTH 0001a ObLT pa-
BeH, cooTBeTcTBEeHHO, 0,8°C/MM 1 0,6°C/MM. UTo KacaeTcsi KPerexHOro BBICTYa 000a IIKH-
Ba (a, 0), TO B HEM IpaJIMEHT TEMIIEPATyPhI MO BBICOTE COCTaBUI, cOOTBeTCTBEHHO 0,8°C/MM 1
0,5°C/mwm. Ipu BepTHKaNbHON pa30uBKe 000/1a MIKKBA Ha CIIOW (@, O) TEMIIEPATyPHBIA Tpau-
€HT I10 €T0 TOJIIIMHE U3MEHSUICS OT CBOOOTHOTO Kpasi 000/1a K ero 3aleMIICHHOMY Kparo, CO-
0TBEeTCTBEHHO, OT 2,05°C/MMm 110 4,7°C/MMm 1 ot 1,8°C/mm 1o 3,95°C/mm. B 10 ke Bpems rpa-
JUEHT TeMIIepaTyphl 10 TOJIIIUHE KPEMEeXHOro BbicTyna (a, 6) cOCTaBUII BCEro, COOTBETCTBEH-
Ho, 0,4°C/mm u 0,3°C/MM. Ha 3TOM OKOHYATENBHBIN MPOrpeB 00012 MIKUBA U €r0 3JICMCHTOB
3aBeplIcH.
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Puc. 5 a, 6, 6, 2 3aKkoHOMEPHOCIU UIMEHEHTA NOBEPXHOCHIHBIX U O0BEMHBIX HEMREPAMYP MOPMO3-
HO20 WIKUGA 6 cocmage y31a mpenus 1eHmMOYHO-KOI0004H00 MOPMO3a NPU NOBEPXHOCHIHOU meMm-
nepamype pUKYUOHHOU HAKNAOKU: a, O — HUJICe U 00; 8, 2 — 6 30He U 8blULe OONYCHUMOUL;

1 — mopmo3snan nenma; 2 — hpuKyUOHHAA HAKNAOKA; 3 — MOPMO3HOU UWIKUG

Takum 00Opa3om, COTIACHO PUC. 5 @, O CTOK TEIJIOTHI OT TOBEPXHOCTHOTO ¥ IOJIIO-
BEPXHOCTHOTO CJIOS paboueii MOBEPXHOCTH 000712 IIIKKUBA MPOUCXOTUT B TOPU30HTAJIBHBIC CIIOU
(BHYTpEHHHE) KPEMEeKHOTO BhICTyNa. [Ipu 3TOM HapyskHbIE cliod 000/1a M KPEMEHKHOTO BHICTY-
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na OXJIAXKIAOTCS 3a CYeT KOHBEKTUBHOTO TEIIOOOMEHA OMBIBAIOIIUMH MX CKOPOCTHBIMHU TO-
TOKaMM BO3JlyXa NpH BpalieHun Oapabana nebenku. UYTo kacaercss BTOporo ciydas o0oja
TOPMO3HOTO IIIKHBA, B KOTOPOM OOJBIIIHE TpafueHThl (M3MeHstoTes oT 1,8 no 4,65°C/mMMm) ume-
€T MECTO HE TOJBKO MHTEHCUBHBIN OTBOJ TEIJIOTHI OT HAPYKHON MOBEPXHOCTH 000/ IIKHUBA
3a CUeT KOHBEKTHUBHOTO TEIUIOOOMEHA K OMBIBAIOLIEMY BO3JyXy IpH BpalleHuu OapabaHa, HO
¥ OTBOJ] TETUIOTHI B TEJIO KPETIEKHOTO BHICTYIIa KOHYKTHUBHBIM TETNIOOOMEHOM.

[lepeiinem k ciayyasm (6, 2), KOTAa HA SHEPrOHATPYKEHHOCTh IIKHUBA, COMPSHKEHHOTO ¢
KPENEeKHBIM BBICTYIIOM, OKa3bIBAET BJIMSHHE TEIUIOBOE COCTOSHHWE (PUKIMOHHON HaKIIaJIKU.
Haunbonee xapakTepHbIM SBJISICTCS Clydail (B) Korja pabouyue MOBEPXHOCTH CIIOM HAKJIAIKW
MOMAAI0T B 30HY JOMYyCTUMOW TeMIepaTyphl i ee marepuanoB. [Ipu 3ToM B moBepxHOCT-
HBIX CIIOSIX HAKJIAJKU MPOUCXOANUT BHITOPAHUE CBA3YIOIIMX KOMIIOHEHTOB U HA HUX TOSBIIAETCS
OCTPOBKH KUIKOCTH, KOTOPBIE MPEBPAIIAIOTCS B AP ¥ MHTCHCHUBHO OXJIAXKIAIOT MOBEPXHOCT-
HbIE CJIOM 000/1a IIKKBA, YTO BEIET K CHIKEHHUIO €0 YHEPrOHarpy»KeHHOCTH, U KaK CIIe/ICTBUE,
K TIOTIAJIaHUIO TETUIOBBIX IMOTOKOB B KPETEXKHBIM BBHICTYI. B 3TOM cilydae BO3MOXHO BO3HHK-
HOBEHHUE TEPMOCTAOMIM3AIIMOHHOTO COCTOSIHUSL 00012 TOPMO3HOTO IIIKMBA, IIPU KOTOPOM TEM-
nepaTypHbIe TPATUCHTHI 110 JJTMHE W TOJIIIMHE 000/1a IKKBA H 110 BBICOTE KPETIEKHOTO BHICTY-
11a CTAHOBSATCS MUHUMAITbHBIMH.

Uro kacaertcs citydas (2) Korja TEIUIOBOE COCTOSIHUE MOBEPXHOCTHBIX CJIOEB HAKJIaJIKH
CTAHOBUTCS BBIIIE JOITYCTUMOM ISl ee MaTepuayioB. HabmomaeTcst pocT MOBEPXHOCTHOM TEM-
nepatypbl paboueil MOBEpXHOCTH 000/1a IIKKUBA, a TAKKE 00BEMHOMN TeMIepaTyphl KPENeKHOTO
BbICTyMna 000/1a, U KaK CIIEJCTBUE, TEMIIEPATyPHBIX I'PAJUEHTOB MO JUIMHE U TOJIIMHE 00012
IIKMBA U TI0 BBICOTE KPETIEKHOTO BBICTYTIA.

3HaHuE PHEProHarpyKEHHOCTH 000Z0B TOPMO3HBIX HIKUBOB M TEIUIOBBIX TOKOB, LIUP-
KYJIHPYIOIIUX B HUX, MO3BOJISIET TIEPEUTH K PACCMOTPEHUIO TIPUPOJIBI 3aPOKACHUS U PA3BUTHUS
TPEUINH Ha pabounX MOBEPXHOCTAX 000I0B IIKUBOB.

[Tpu MexaHMYECKOM, DJIEKTPUIECKOM H TEIJIOBOM HArpy>KeHHH paboueil MOBepXHOCTH
000/1a TOPMO3HOTO IIKKUBA MPOIECC pa3pyLICHUs BKIIFOYAET OOBIYHO TPHU CTAaIUN MHHIIMUPOBA-
HUSI TPEUIUHBI, €€ CTaOWIBHBIN POCT MPH BO3PACTAIOIIEH MM MOCTOSTHHOW Harpy3Ke W HecTa-
OWwIbHOE pacmpenesieHne Tpemunsl (corimacHo Teopun ['puddura). OgHako HE BO BCeX Mare-
pHAJIOB peain3ylOTCs BCE TPU CTAIUM pa3pylieHus [S].

PanuanbHble MaKpOTpPEIIMHBI IO MECTY CBOETO 3apOKICHHUS MOXKHO pa3/e/iuTh Ha JIBa
TUNA: IIEHTPaJIbHbIC, TO €CTh HAUYMHAIOUIME CBOE pa3BUTHE Ha paboueil moBepxHOCcTU 00012
IIKMBA HaJ KPETIeKHBIM BBICTYIIOM M CO CMEIIIEHUEM OT HETO M KPaeBhIe B MECTAX COMPSIKECHUS
o0oma mkuBa ¢ pedbopaamu (puc. 6 a, 6). OOBICHIETCS ATO TeM, YTO B COMpPsDKEHUU 000712
IIKUBa C pabouell ero MOBEpXHOCTHIO ¢ pebopaamMu M Hepabodel MOBEpXHOCTH 000/a ¢ Kpe-
NEKHBIM BBICTYIIOM B KOHCTPYKIIMIO TOPMO3HOTO IIIKHMBA 3aJI0KEHBI IIOCTOSHHBIE KOHIIEHTpa-
TOpBI HaIpspKeHU (Ha puc. 6 a ceuenus 1'-1'; 2'-2'; 3'-3" u 4'-4"). [locneanue sBAAIOTCA IKOOBI
3allleMJICHHBIMU KpassMM Ha ydactkax 1'-2'; 2'-3" u 3'-4’ nnsg TemmepaTypHBIX HANpsKEHHM.
Yem MeHble ydacTok 3amemiieHus (2'-3'), Tem OyayT OoJibllie HA HEM TEMIIEpaTypHbBIC
HaNPSHKEHUS.

38



Dnexmpomepmomexanuyeckuil UsHOC U paspyuieHue 060008 MOPMO3HbIX WUKUBOE OYPOBLIX 1e6edoK

Puc. 6 a, 6 H3znocwel pabouux nogepxnocmeii 1e6020 (a) u npagozo (6) 0060006 MOPMO3HBLIX WIKUBOE 6
3a6UCUMOCIU OM CHOPOHbL 3AUleMICHIA UX KPAe8 U 04a2U 603HUKHOBEHUS MAKCUMATbHBIX
mepmuueckux nanpaxcenuii: 1, 2 — 3auiemieHHuslil u c60000HbLI Kpaii 0000a; 3, 4 — padouas u
Hepabouan nogepuxocmu 0600a; 5 — kpenedxcuwlii gpicmyn; 6 —peoopowt; ouazu: I, IV — nao
Kpenesichvimu evicmynamu; IL 'V u III, VI -y 3auemiennoix u c60000HBIX Kpaes 000006

Cyzas no uMeromuMes TaHHbIM Haubosiee BEPOSTHO paspylleHHue padodeil MoBepXHO-
cTH 000712 TI0 LEHTPAILHOW TPEUINHEe, HAaXOSIIEHCs Hall KpEeKHBIMH BRICTyHamMu S5 (ovaru [
u IV). B cBoem pa3BUTHH 110 TOBEPXHOCTU TPEHUs 0007a IIKHUBA LIEHTPAIbHAs TPEIIMHA MPO-
XOUT ycKopeHHyto ¢a3y (ouaru [ u V), a kpaeBble TpenuHbI — 3aMeIcHHY0 (hasy (ogarn II,
V u 111, VI). Brinyos Matepuana 0001a MIKWBA IICHTPAIbHAS TPEIIMHA PACIPOCTPAHICTCS JI-
JUNTUYECKUM (PPOHTOM Ha BEJIIMYHMHY MOBEPXHOCTHOTO U MOANOBEPXHOCTHOIO CIIOEB, UCXOJS
U3 TOrO Ha Kakyl IIyOMHY INPOHMKAIOT TEIUIOBBIE TOKH JJIMTENBHOTO U UMIYJIBCHOTO Xapak-
Tepa IPU DJIEKTPOTEPMOMEXAHNYECKOM TPEHHU MHKPOBBICTYIIOB METAJLIONOJMMEPHBIX Iap.
OO0pa3oBaHue LIEHTPAJIbHON TPELIMHBI U3 KPAaeBOM MPOMCXOIUT, KaK MPaBUIIO, €CIH OJHOBpE-
MEHHO C IocjenHell o0pa3yercsi eHTpaabHas TPEILIMHA, KOTOpasl 3aTeM COEAMHSETCS C Kpae-
BOil. B OONbIIMHCTBE CllyyaeB 3TO MPOUCXOAMUT HA 3aIIEMJICHHEIX Kpasx 000/10B IIKUBOB (Oya-
ru [-1I u IV-V). Yamie Bcero pa3BuTHE KpaeBbIX TPEIIWH MPOUCXOTUT 3aMEJICHHO WU BOOO-
e MpeKpaIlaeTcs 3aJ0Jro 10 JOMUHUPOBAaHUS LEHTpaibHOU TpemunHbl. McnblTanus nokasa-
JIM, 4TO Ha pabodell MOBEPXHOCTU 000/1a IIKUBA MOXKET 3apOXKAAThCA M Pa3BUBATHCS HECKOJIb-
KO KPYIHBIX TPELIMH, HO TOJBKO IO OJHOW M3 HHUX IPOMCXOIUT BOCCOEIMHEHHUE C KPacBOU

(puc. 7) [6].

Puc. 7 Pocm mpewjun na padoueii nogepxuocmu j1e6020 0000a wikuea neveoxu Y2-5-5 (6yposoe
npeonpuamue Azepoaiidicanckoil pecnydoauxu) npu 2nyoune ckeaxcunvt 4240 m
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MexanusM pazpyiieHus: GpUKIHOHHON TTOBEPXHOCTH 0000B TOPMO3HBIX ITKHBOB, CO-
CTOSIIIMX U3 TPEX CTAIMiA, MOXET ObITh MIPE/ICTABIICH B CIECIYIONIEM BUJIC.

Pa3pymenne HaumHaeTcst ¢ 00pa3oBaHUs CETKM MUKPOTpPEIIWH (CM. pHC. 4 TpaBbIi
YTOJI) TIO BO3JICHCTBUEM HMMITYJILCHBIX HOPMAJIbHBIA CHJI M TEIUIOBBIX TOKOB, IMYJIbCHPYIOMIAX
3HAKOTICPEMEHHBIX TEPMOHAIPSHKECHUH B TOHKOM ITOBEPXHOCTHOM ciioe odona mkuBa. OmHO-
BPEMEHHO CO 3HAKONEPEMEHHBIMH TEPMHUYCCKUMH HANPSHKEHUSIMH B MOBEPXHOCTHOM CIIOE
JEHUCTBYIOT 3HAKOIIEPEMEHHBIC KacaTeJIbHbIE HANpPSDKEHHS OT CHJI TPEHHs, KOTOpPBIE CHOCO0-
CTBYIOT Pa3BHTHUIO STHX TPEUIMH B HANPABICHUU IMEPICHIUKYIIPHOM ACHCTBUIO CHIJI TPEHHS,
TO €CTh B PaJajIbHOM HaIlpaBiICHUH.

B nanpneiimem, nocie pa3ynpoyHeHHs MOBEPXHOCTHOTO cl10si 00012 IKMBA aMILTUTY-
J1a 3HAKOTIEPEMEHHBIX TEPMUUYECKUX HANPSHKEHUN B HEM JIOJKHA PE3KO YMEHBIIUTHCS, TaK KaK
o0pa3oBaBIIMECs MEIKWE TEPMUYECKHE TPEUIHMHBI CIIyKaT TEPMOKOMITEHCAIMOHHBIMHU 3a30pa-
Mu. MHUnmupyomue GpUKIMOHHO-KOHTAKTHYIO YCTaJIOCTh CHIIBI TPEHHS ICHCTBYIOT TOJBKO
0 TIOBEPXHOCTH TpeHHst 00ona mKkuBa. OTBETCTBEHHBIMH 32 JATBHEHIINH POCT TPEUIMH Clie-
ayeT cydmTaTh (OT HYJS OO0 HEKOTOPOTO MAaKCHMyMa) TaHTCHIMAIbHBIC paCTATHBAIOIIUE
HaNpsDKEHUS B OCHOBHOM Marepuasie 000ja IIKHMBA, HAIPAaBJICHUE JIEHCTBHA KOTOPBIX HOP-
MaJIbHO K TPAeKTOPHM PA3BUTHS TPEUIMH OT (PUKIHOHHO-TEPMUYECKOH YCTaJIOCTH €ro Io-
BEPXHOCTHOT'O CJIOSL.

[TpuHSB 5Ty THIIOTE3y, MOXKHO OOBSCHHUTH MPHUYMHY pPaspyLICHUS paOOYHX ITOBEPXHO-
cTeid 000/0B IIKMBOB IpPH IOBBIIICHWH HAYaJIbHOM CKOPOCTH TOPMOXKEHMSA: YEM BBIIIE
HayvajJbHas CKOPOCTh, TEM MHTEHCHBHEE BO3PACTAIOT TEPMUUECKHE TAHTCHIIMAIbHBIC HaIpsDKe-
HUS, U TeM OBICTpee Pa3BUBAIOTCS IICHTPAIbHBIC TPEIIWHBL. BONBIIYI0 POJIE B 3TOM IIpoIecce
urpaet oluiee HampsHKEHHO-Ie(GOPMUPOBAHHOE COCTOSIHUE 000/1a IKUBA, a 0OCOOCHHO Hepas-
HOMEPHBIH IIPOTPEB €r0 CIIOEB.

IToBepxHOCTHOe pa3pylieHHe NPH 3JIeKTPOTEPMOMEXAHHYECKOM TPeHUHM MeTaJl-
JIONMOJIMMEPHBIX nap TpeHusi. [Ipyu uccie0BaHNN MOBEPXHOCTHOTO pa3pyIICHUs IMATCH KOH-
TaKTOB MUKPOBBICTYIIOB METAIJIONOIMMEPHBIX Tap TPEHUSI HAOMIOJAI0TCS MUKPOCKOTTHMYECKHE
U Makpockonuyeckue (opmbl u3HOca. [lepBble HaOMIOAAIOTCA NMPU HOPMAJIBHOM H3HOCE, a
BTOpBIE — IPU MOBPEXKIAEMOCTH. i1 MepBOro U BTOPOrO BHJIOB M3HOCOB yCTAHABIMBAIOTCS
JOMYCTUMBIE ¥ KDUTUYECKUE BETMUUHBI (pHC. 8).

BHup! paspylieHHs NPH 2IeKTpoTepMOMexa-
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Puc. 8. Knaccugpuxauusn 6uooe usnoca u nogpexcoaemocmu npu IneKmpomepmomexanuieckom
mpenuy MemaiionoauMePHbIX NApP MOPMO3HBIX YCMPOUCHIE
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Puc. 9 a, 6, 6. Inepzemuueckue ypoeHu 63AUMOOCICHEYIOUIUX RAD MPEHUA (MEMAIA-NOAUMED)
C PA3NUUHLIMU MUNAMU KOHMAKMO08: d — HellmpPanbHblil; 6 — OMUYECKUT WU UHHCEKMUPYIOWUIL;
6 — onoxkupyrowuii: E¢, Er — 3nepeemuveckue ypoenu: Kpumuueckozo osusicenus, Gepmu;
Wi Wi — padbomut évixo0a 31eKmponoe u WOHO8 U3 MEeMmania u nOJuUMepa; éy)— MoauuHa
o0boz2auwennozo (0) u 06e0nenno20 (8) I1EKMPOHAMU C1OA; ¥ — ITEKMPOHHOE CPOOCHEO

Lot

[Ipu >eKTpOTEPMOMEXAHUIECKOM TPEHHUH MHUKPOBBICTYIIOB METAILJIOTIONIUMEPHBIX T1ap
IIpY HOPMaJIbHOM H3HAIIMBAaHUM MaKpPOCKOMHMUYECKHE pa3pyllieHus He HaOsmoaaTes. Ocoden-
HOCTSIMU HOPMAJIbHOTO M3HANIMBAHUS SBISIOTCS CYOMHKPOCKOIIMUECKHE pa3Mepbl 0OBEKTOB
paspyiuenus (BTopuunbie cTpykTypsl | u Il THIIOB), MX MOBEPXHOCTHOE PACIIONIOKEHHUE HA MST-
HaX KOHTAaKTOB MHMKPOBBICTYIIOB, HAXOASIIMXCS O] BO3JIEHCTBUEM MEXaHUYECKOTO, JIEKTPH-
YECKOro, TeIJIOBOT0, 3JEKTPOMAarHUTHOTO M XUMHUYECKOT0 MOJei, KOTOpbIE OMBIBAIOTCS CKO-
POCTHBIMH TOKaMH KOMITOHEHTOB cpebl. [Ipu 3ToM Hen3OexHOe N3MEHEHHUE HE TOJIBKO CTPYK-
TYpBI MOBEPXHOCTHBIX CJIOEB MATEH KOHTAKTOB MUKPOBBICTYIIOB, HO U UX XUMHUYECKOTO COCTa-
Ba B IpoIlecce pa3pylICHUs] TOHKUX IUIEHOK BTOPUYHBIX CTPYKTYp. B 3TOM cityuae Heob6xonu-
MO paccMaTpHUBaTh YHEPTETUUECKUE YPOBHHU (dJIEKTPOHHO-UOHHBIE), B3aMMOJICHCTBYIOIINX T1ap
TPEHUS «METAII-TIOJIMMEP» C PA3IMYHBIMU TUIIAMU KOHTAKTOB (puc. 9 a, 0, 8).

VYkazaHHOe B3aWMOJICHCTBHE TIAp TPEHUS «METAIUI-TIOJIAMEDP» M OTIPENEeNsieT THIT KOH-
TaKTa U €ro PHEPreTUYECKU YpoBeHb (pHC. 9 a, 0, ). [Ipy 5TOM OCHOBHOM XapaKTEPUCTHKOMN
SHEPreTUYECKOro YPOBHS TOTO WJIM MHOTO KOHTAaKTa SBIsETCS paboTa BBIXOJA AJIEKTPOHOB U
HMOHOB U3 MOJIMOBEPXHOCTHOTO CJI0S METaUIMYecKoro o6oaa TOpMoO3HOro mkusa (Wy) u u3
MIOJIOBEPXHOCTHOTO CJI0S MONMMEPHON Haknaaku (Wiy).

@DpUKIMOHHBIE HAKIAJKH JIEHTOYHO-KOJIOJ0UYHOTO TOPMO3a M3TOTOBJIEHBI U3 HEOIHO-
POIIHBIX MaTepUajoB, B 00bEME KOTOPHIX COCYIIECTBYIOT aMOp(dHbIe U KpHUCTaJUTMUecKue ¢a-
3bl. B CBsI3U ¢ 3THUM Ha Me(a3HBIX IpaHUIAX MPOUCXOIUT 3aXBaT 3apsAA0B WHOro poaa. Oco-
OCHHO 3TO 3aMETHO NPU BBITOPAHUU CBA3YIOLIMX KOMIIOHEHTOB U3 MOJAINOBEPXHOCTHOTO CIIOA
MOJIMMEPHON HAKJIAJK{, YTO MPUBOAUT K 0OpPa30BAaHUIO )KHUIKKMX OCTPOBKOB HA €€ TMOBEPXHO-
cti. JKUAKOCTH SIBISIETCS CBOETO pOJA AIIEKTPOJIMTOM, CONMPOTHBIEHHE KOTOPOTO DPE3KO
YMEHBITAETCSI B 3aBUCUMOCTH OT CTENIEHH €ro HarpeTocTH. HakarumBaHnue 3apsoB Ha TpaHH-
1ax 00yCIIOBJICHO pa3HUIEH B MPOBOJUMOCTAX paccMarpuBaeMbix ¢a3 (3ddext Makcpemna-
Baruepa). Ilpu snexTpuszanuu Takoro marepuana HOCUTENU OyAyT WM cOOMpaThes BOIW3H
JTaHHOW MexX(a3zHOM rpaHULIbl, WK HA00OPOT, YIAIATHCA OT HEe B 3aBUCHMOCTH OT TOTO, Ka-
KOI M3 IByX TOKOB ITPOBOJIUMOCTH OOJIbIIIE: MPUTEKAIOUIUX K IPaHULIE 3aPsIZIOB WIH YXOIAIINX
oT Hee. Pa3nuuus B JTOKaJIbHBIX TOKAaX MPOBOJUMOCTH MPUBOIST TAKXKE K JUCCUIALINY 3apsI0B
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IIpYU MOCJEAYIOUIEM MPOBEACHUN TEPMOCTUMYJIMPOBAHHBIX pa3ps/ioB, TAK KaK B 3TOM Cllydae
TOKH TEKYT y>K€ B IPOTUBOIMOJIOXKHBIX HAIpaBIeHUsX [7].

Jnst mpouieccoB HeMTpanu3aluy 3aps0B HEMAJIOBAKHYIO POJb UIPAIOT TaKXkKe CBOM-
CTBA KOHTAKTOB B3aUMOJICHCTBUSI.

Ha puc. 9 a, 6, 6 yclioBHO MOKa3aHO Pa3INdue MEXIY HEHTPaTbHBIMH, OMUYCCKUMHU U
3a0JJ0KHMPOBAaHHBIMU KOHTaKTaMU. HelTpanabHble KOHTAKThl HE MPENSATCTBYIOT HEUTpaln3aluu
3aps/10B, MOCTYNAKOUIUX U3 MOAINOBEPXHOCTHOIO CJIOS METAJUIMYECKOrO DJIEMEHTa TPEHHS B
TEYEHHE TEPMOCTUMYIUPOBAHHOTO pa3psiga. To e MOXKHO CKa3aTh U 00 OMHYECKHX KOHTaK-
TaX, XOTS B 3TOM CiIy4ae 100aBIseTCs] BOZMOKHOCTh MHXKEKIIMH HOCHTENICH MPOTUBOMOIOKHO-
r0 3HaKa BHYTPb 3apsHKEHHOM MOBEPXHOCTU HAKIAAKHU. BIOKMpYyIOIMEe KOHTAKTBI JEHCTBYIOT
MIPOTHBOIIOJIOKHBIM 00Pa30M: OHHU MPEMATCTBYIOT KaK MH)KEKLUH, TaK U HEeUTpanu3aluu 3apsi-
noB. Takum 00pa3oMm, eciau KOHTAKTHl 3a0JOKMpOBaHBI, HEWTpanM3alus JOJDKHA TPOTEKATh
BHYTPU METAJUIMYECKOTO 3JIEMEHTA TPEHUs HE3aBUCHMO OT BHJAa KOHTAaKTa (SBJIIETCS OH MH-
KEKTUPYIOLIUM 3JI€KTPOHBI MK OJIOKUPYIOUIMM). DTO 3aBUCHUT JIULIb OT TOTO, Kakas u3 padoT
BBIXO/Ia AJIEKTPOHOB MM MOHOB OOJIbIIE: METAJUIMYECKOTO UM MOJUMEPHOTO0 (PPUKIIHOHHOTO
anementa. Eciu pabota BbIXo/la U3 MEpBOro 3jaeMeHTa OOoJble, YeM CO BTOPOro obpasyercs
onokupyromuil 6apbep. Hannuue nocieaqHero mo3BoisieT U3yyarb METOAOM TEPMOCTHMYIIHPO-
BAaHHOI'O pa3psiJia NOJYU30JIATOPBI U NOIYTPOBOAHUKH, KOTOPBIM CBOMCTBEHHBI OOJIBIINE TOKU
MIPOBOJIMMOCTH.

Pa3pymienre BTOpUYHBIX CTPYKTYP 0OOMX THUIOB JIOKATH3YETCs Ha JTMHUAX (TIOBEPXHO-
CTSIX) pasfesia OCHOBHOTO MaTepuaia MATeH KOHTAaKTOB MUKPOBBICTYNOB U C(HOPMHUPOBAHHOM
HOBOM (Da3el, B KOTOPOW HAKAIIIUBAIOTCS HEOAHOPOIHOCTH pa3Horo Buaa (puc. 3). B pesynbra-
Te TpaHC(hOpPMAIMA MaTEPUANOB MOBEPXHOCTHBIX CJIOEB CTPYKTYPHI MPHUCTOCAOIMBAIOTCS K
BO3ACHUCTBUSM pPazIMUHOrO pojaa mojeil. OmHoBpeMeHHO (hOpMHpYeTCss MHOKECTBO HECOOT-
BETCTBUI MEXIy OCHOBHBIMH MaTe€pHalaMy M HOBOU (ha30ii, 4TO MPUBOJUT K €€ Pa3pyIICHUIO
U OTJEJICHHUIO.

a)

a) + ' 0)

Ilonumep

R

Tpewjuna
Memann

Taroca cROTLHCEHIA .
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Puc. 11 a, 6, 6. Mooens 3aporicoeHuss mpewiun 6 3a0,10KUPOBAHHOI NONOCE CKObHCEHUS

6 nape mpeHus «Memain-noaumep» ¢ pasiudHbIMU MUNAMU KOHIAKMO06:
a — ONOKUPYIOWUM; 6 — UHIHCCKIMUPYIOWUM; 6 — HEeUMPATbHBIM

TTotoca cxoTbxcenus ~lloaoca croabICeHUA
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JIMCKpeTHOCThIO KOHTaKTa M YCJIOBHSI THAPOCTATHMYECKUX YJIENBHBIX HArpy30K B JIO-
KaJbHBIX TMOBEPXHOCTHBIX 00bEMaxX CIIOEB OKa3bIBAIOT ONPEEICHHOE IMOJOKUTEIbHOE BIUS-
Hue (cMm. puc. 10 a, 6, ), yMEHbIIAIOT UHTEHCUBHOCTb Pa3pyLICHUs BTOPHUUYHBIX CTPYKTYP
00OMX THIIOB 32 CUET MX YNPOYHEHHUs, MPEHATCTBYIOT XPYIKOMY DPa3pyLICHHIO BTOPUYHBIX
crpykryp Il Tuma.

[Tpu pa3pylieHny MmyTeM COCKaIb3bIBaHMS TUIEHOK BTOPUUYHBIX CTPYKTYp | Tuma (TBep-
JbIX pacTBOpoB) [puc. 10 a] AMCKpeTHOCTh KOHTaKTa 00ecreYnBatoT OOIIYI0 BBICOKYIO MTPOY-
HOCTb IIOBEPXHOCTEH MATEH MUKPOBBICTYNOB. JIUCKPETHOCTh KOHTAKTOB BBI3BIBAET MEpEMeElle-
HHUe IuieHOK (puc. 10 6), u Kak cieAcTBUE, IPUBOAUT K M3HOCY MAaTEpUaOB HA HEKOTOPBIX
ydacTKax IST€H MUKPOBBICTYIIOB IIPU JOIyCTUMBIX ycioBuAX. Ha Gosbieil yactu nmoBepxHo-
CTeH IATEH KOHTAKTOB HAOJIIOJAaeTcs NepeTeKaHHe IJICHOK, CIIOCOOCTBYIOIIEE MX YHpPOUHe-
HUIO0, 00pa30BaHUI0 CyOMHUKpOpenbe(oB 3aIeUBaHUI0 MUKPO1e(hEKTOB.

[Tpu paspymenun BTopuyHbIX cTpykTyp Il Tumna (puc. 10 6, 2) AMCKPETHOCTH KOHTAKTa
NPENSTCTBYET HAKOIUIEHHIO MHOXECTBa HECOOTBETCTBHH, CIIOCOOCTBYET pellaKCallid BOJIH
HaNpsHKEHUH U eEeKTOB, U KaK CIEACTBUE, pa3pyleHHIO. [Ipr 37TOM MUKPOTPEIIHUHBI TIICHOK
BTOPUYHBIX CTPYKTyp Il Tuma, B OCHOBHOM, OPHEHTUPOBAHBI TIOYTH MEPIEHAUKYISIPHO K I10-
BEPXHOCTU (DPUKITMOHHOTO B3aUMOJICHCTBUS, Oarogapst Tpubo3dexry.

YcraHoBIeHNE KOHIIEHTPAIIMK BOJTH HAMPSDKEHUH Ha TepeTHeM Kpae 3a0JI0KMpOBAHHOM
HOJIOCHI CKOJIBXKEHUs ObLIa OTMEYeHa 3UHEPOM, MPEUIOKUBLIMM Ha 3TOM OCHOBE MOJEIb 3a-
poxzeHus Tpeussl (puc. 11 a, 6, 6). OnepupoBaHue 3a0JI0KUPOBAHHOM MOJIOCOI CKOIbKEHHS
COBMECTHO C Pa3IMYHbIMM TUIIAMU KOHTAKTOB ISTEH MUKPOBBICTYNOB (CTpEJIKAMU MOKa3aHO
HampaBJCHUE JABWKEHHS MOTOKOB 3Hepruu). U3 puc. 11 a, 6, ¢ ciaenyer, uro HaubosbLIast
TpelurHa OyIeT 3apoXkKAaThCsl B HEUTPATbHOM KOHTAaKTe, CPEAHAS TPEIIMHA — B MHXKEKTHPYIO-
IIeM KOHTAKTe U MUHUMaJbHAs TPELIMHA — B OJOKHPYIOIIEM KOHTaKTe. MIcX0/s U3 BBINOJIHEH-
HBIX MCCIIEJOBAHUNA MOXKHO C/I€NIaTh BBIBOJ O TOM, YTO TPELIMHBI 3apOKJAIOTCS U Pa3BUBAIOTCS
IIPU POCTE IHEPIETUUECKOM HArpyKEHHOCTH ISITEH KOHTAaKTOB MUKPOBBICTYIIOB.

IIpupoaa HopMaJbHOr0 H3HOCA BTOPHYHBIX cTPYKTYP I u II THIOB 1ipy 3j1eKTpO-
TepMOMeXaHU4eCKoM TpeHuM. [Ipy HOpManbHOM H3HOCE OOBEKTOM pa3pyLICHHs SBISIOTCS
BTOPHYHBIE CTPYKTYPhl TOJIIMHOMN MOPSAJIKA JECITKOB HAHOMETPOB. Takas JIoKaibHas 10 IIIy-
OuHe TpaHchOopMaIUss MUKPOBBICTYIIOB METALUTHYECKOTO (PUKIIMOHHOTO 3JIEMEHTa 00YyCIIOB-
JeHa (PPUKIMOHHBIM BO3/IEHCTBHEM Ha UX IATHA KOHTAKTOB MEXaHWYECKOI'0, 3JIEKTPUUECKOTO,
TEIJIOBOTO, 3JEKTPOMAarHUTHOIO M XUMHUYECKOTO MOJIeH, OMBIBAEMBIX CKOPOCTHBIMU TOKaMH
KOMIIOHEHTOB cpelibl. B Mexanmueckom 1moje, B MEPBYIO OYepe/lb, HEOOXOIUMO BBIICITUTD
HaNpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSHUE MUKPOBBICTYIIOB M HUX TEPMUYECKOE MCKAKCHHE
Ipy HaJau4uue OONBIINX TPaAueHTOB AU((y3un aKTUBHBIX KOMIIOHEHTOB OMBIBAIOIIEH CpEJIbI.
[Ipu 3TOM CylIeCTBEHHYIO POJb MIPaeT AUCKPETHOCTh KOHTAKTOB. Kpome Toro, Heo6Xxoanmo
YUUTBIBATH TOT (DAKT, 9TO POCT TPEUIMHBI MPOXOIUT ABYXCTAIMIHBIA XapaKTep pa3BUTHUS TIPH:

— 3JIEKTPOTEPMUUYECKOM COMPOTHUBIIEHUU TUCKPETHBIX KOHTAKTOB C pa3IMYHOMN dHEpre-
TUYECKOM aKTUBHOCTBIO MUKPOKOHJEHCATOPOB U TepMoOaTapeil ¢ MTHOBEHHBIM UX HEpPEKIIIO-
YEHHUEM IIPU U3MEHEHUU IUIOIIAJeH MATEH KOHTaKTa MUKPOBBICTYIIOB ITPU COOJIIOJJCHUN YCIIO-
BUsI Ha NIEPBOM 3Tane (PUKIHOHHOrO B3auMoneicTBus (44<4,), UCXOI1 U3 TOro, 4TO (aKTU-
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yeckas IUIoNmadb KOHTaKTUpoBaHus (Ad) Mana 1Mo cpaBHEHUIO C HOMUHAIBHOW (AH) W mpu
9TOM IPOU3BOJUTCS CyMMHPOBAHUE COCTABJIAIOIINX T€HEPUPYEMBIX UMITYJBCHBIX TOKOB MMeE-
fOIMX WIOTHOCTH (~1,5-10% A/Mm?), KOTOpasi CIIOCOOCTBYET POCTY MUKPOTPELIUH B MONepey-
HOM HaIIpaBJIEHUU OTHOCUTEIIBLHO MPUIIOKEHHOTO TOJIS;

— ycunoBuu A,=Ay, compoBoxaercs yenuuuBaromeiics tpuood3/IC ¢ nepeMeHHbIM
IpPaJUeHTOM MEXaHMYECKHX CBOMCTB MaTEpHUajOB IPU PE3KOM POCTE IUIOTHOCTH TEIUIOBBIX
ToKOB 10 0,75-10* BT/MM” HabIIOKACTCS CTPArHBaHKE MOMEPEUHON MHKPOTPELIMHBI U €¢ pac-
HIMPEHUE C MOCIEAYIOMUM MOSIBICHUEM CIIa0BIX MPOAOIbHBIX MUKPOTPEIIHH.

Ynpyro-miactuueckas nedopmanys MoBEpXHOCTEN MATEH KOHTAKTOB MUKPOBBICTYTIOB
CIOCOOCTBYET TOMOTE€HHU3AIINH MJIACTUYECKOM AeopMaliiu, U Kak cIelCTBUE, MIacTUu(UINpo-
BaHUIO UX IUIOMIAJIOK. JlaHHBIN Tmpollecc 3aMeTHO UHTEHCUPYET MU dy3ni0 aKTUBHBIX KOMIIO-
HEHTOB CpEIbl M COIYTCTBYIOIIME €My XHUMHUYECKHE PEAKIUH, YTO BbI3BIBAET W3MEHEHHE
CTPYKTYPHO-XMMHYECKOI'O COCTaBa IUIEHOK IISITEH KOHTAKTOB MHMKPOBBICTYIIOB, IIOJIBEP)KEH-
HBIX pa3pylieHuto. 13BecTHO, 4TO IpU HOPMAILHOM MEXaHOXHMHUYECKOM M3HOCE Pa3pyllatoT-
Csl HE OCHOBHBIC MaTepUallbl MUKPOBBICTYIIOB, a TPaHC(OPMHUPOBAHHBIE UX MOBEPXHOCTHBIC
CJIOM ISATEH KOHTAKTOB. [103TOMYy B MOBEPXHOCTHOE pa3pylleHHE HEOOXOAMMO BKIIIOYATh CO-
BOKYITHOCTh TPOIECCOB, sIBJICHUN 1 3(h(PEKTOB — OT 00pa30BaHUsI BTOPUYHBIX CTPYKTYP 10 MX
paspyuenus. [Ipu 3Tom He0OX0IUMO BBIIEIUTh KHHETUKY Ipoliecca 00pa3oBaHus, TPOYHOCT-
HbI€ XapaKTePUCTUKU BTOPHUYHBIX CTPYKTYp U B3aUMOJEHCTBHE MX C OCHOBHBIMHU MaTepuaa-
MU MUKPOBBICTYTIOB.

Otnenenue yactull (pa3peiBa CBsi3el) MPU HOPMAILHOM H3HOCE OMpPEENSIeTCS HE TOMb-
KO KMHETUKOW CONPSKEHHBIX M B3aWMOBIHUSIOIIMX MPOIECCOB TpaHC(hOpMAIUU TUIIOB Aedek-
TOB B 00beMax MaTepHaJIOB MOBEPXHOCTHBIX CJIOEB, aacopOuuu, TUGPy3un U XUMHUYECKUX
IIPEBPALICHN, a TAKXKE BO3JEHCTBUEM BBILIE NEPEUUCIICHHBIX I0JIEH, OMBIBAEMBIX CKOpPOCT-
HBIMHU TOKaMU KOMIIOHEHTOB CPEJIbI.

B 3aBUCHMOCTH OT COOTHOIIEHMS TEMIIOB MPOTEKAHUS MPOLIECCOB MOTYT PEATU30BbI-
BaThCSl pa3IMYHbIE ATalbl HOpMajabHOro u3Hoca. Haumbonee xapakTepHbIM 3TanoM sBIISETCS
COCKaJIb3bIBAHNE TMOJBW)KHBIX COCTABJSIOUIMX IUIEHKM Ha MEPBBIX CTaAMSIX CTPYKTYpPHO-
XUMUYECKHUX TMpeBpanieHuit (10 oOpa3oBaHus METacCTaOWIBHONW CTPYKTYpbI). TakoMy cOCTOsI-
HUIO OTBEYAIOT BTOPUYHBIE CTPYKTYphI | THIIa — HepaBHOBECHBIE TBEPJIbIE PACTBOPHI, MOABEP-
raronmecs JalbHEHIIeMy HHTEHCUBHOMY OKHCIICHHIO MOCIE OTAENIEHUsI OT TMOBEPXHOCTEH OcC-
HOBHBIX MaTEpUaJIOB MATEH KOHTAKTOB (00pa3oBaHuE MPOIYKTOB M3HOCA). B 3T0 Bpems mare-
puangbl BTOPUYHBIX CTPYKTYp | THMa HaxoAsTCs B COCTOSIHUM CBEPXIUIACTUYHOCTH. BaxHo 3a-
METUTh, YTO B ATOM Cllyyae HaOJIF0JaeTCsl He UICTUHHOE pa3pylIeHUE C OTPHIBOM OJHHUX aTOMOB
OT JpyTUX, a IulacTHyeckas aedopMalysi ¢ OCOOCHHBIM T€YEHHEM TOHYANIINX TTOBEPXHOCT-
HBIX TUICHOK. ['eoMeTpusi MmocieHuX B YCIOBUSAX JUCKPETHOCTH KOHTAKTa CIIOCOOCTBYET 3a-
MIOJIHEHUIO HEPOBHOCTEH MOBEPXHOCTEH MEXIy 3a30paMH MHUKpOHEpoBHOCTel. OtneneHue
CJIOEB IJIEHOK C MOBEPXHOCTEH COBEPILAETCS MPU HEOIArONpUSTHBIX YCIOBUAX 3JIEKTPOTEp-
MoMexaHudeckoro TpeHus. IIpu s3ToM nepemenieHne BTOpUYHBIX CTPYKTyp | Tuma cmoco0-
CTBYET H3MEJIbYCHHUIO CTPYKTYpPhl €€ OpPHUEHTHUPOBAHUIO MEPHEHIUKYISPHOE TMOJIO0KEHUIO
OCTaJIbHBIX CJOEB IJICHKHU, SBIJISIOIINXCS CBOETO POJA ANEKTPOMArHUTaMH, a TAaK)KE OKa3bIBATh
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COTPOTUBIICHUE JIBIKEHHUIO TIPH JIEKTPOTEPMOMEXAHUUECKOM TPEHUU M YCTPaHEHUIO Jedek-
TOB THIA JUCIOKAlUM, MOSBJICHUE KOTOPHIX HA MOBEPXHOCTSAX KOHTAKTOB CTAHOBHUTCS €CTe-
CTBEHHBIM IIPOLIECCOM.

ITpu yBenuueHun TeMIia XUMHUYECKUX MPEBpPALIEHUH (110 CPAaBHEHUIO C TEMIIOM pa3BH-
THSI HECOBEPIICHCTB) 00pa3ylOTCs IJICHKH, KOTOPBIE MO COCTaBY MOJOOHBIE XUMUYECKUM CO-
CAUHCHUAM.

Pazpymienne Bropudnbsix cTpykTyp Il THa 00ycioBIEHO MOCTENEHHBIM yBEIUYCHHEM
KOJIMYECTBA HECOOTBETCTBUN MEXIY BTOPUYHBIMH CTPYKTYpaMU U OCHOBHBIMH MaTepUaiaMu
MSATEH KOHTAKTOB MUKPOBBLICTYNOB. [lneHKH, oOpa3yromuecs Ha MOBEPXHOCTSIX MATEH KOHTaK-
TOB MUKPOBBICTYIIOB IPH AJIEKTPOTEPMOMEXAHUUYECKOM TPEHUU, U MaTepUaIbl OCHOBHOTO Me-
Tajyia OTINYAIOTCS XMMUYECKUM COCTaBOM, CTPYKTYpPOH, TapaMeTpaMH PelIeTKH, IIOTHOCTHIO
(YnenbHBIM 00BEMOM), SHEPTeTUYECKUMH YPOBHAMHU U T.1. [loaToMy Ha rpaHuie pasaena 3a-
pPOKIaeTCsl U pa3BUBAETCS CETKA MUCIOKAlMKA HECOOTBETCTBHUSA, OJOKHPYIOIIAas WX BBIXOJ Ha
HapY>KHbIE TIOBEPXHOCTH MATEH KOHTAKTOB. [Ipy 3TOM Ha MOBEPXHOCTSAX pasjiesia MaTepHaioB
OCHOBHOT'O METaJlIa ¥ MOAM(PHUIMPOBAHHBIX CIIOEB (IJICHOK) BTOPUYHBIX CTPYKTYP HOSBIISIOT-
Cs TpeuHbl. JTa 0COOCHHOCTH COTJIACYETCS C MPEJICTABICHHEM O TOM, YTO JIMHHH TOKOB
CKOJIBXKEHUS, 00pa30BaHHbIC MUCIOKAIMAMH U 3a0JJOKMPOBAHHBIE HA TOBEPXHOCTSIX pasiena
MSATEH KOHTAaKTOB MEXJy MaTepuajaMd OCHOBHOT'O METajula W CJIO€M BTOPHYHBIX CTPYKTYD,
CO37a0T OOJBIIYIO KOHIIEHTPAIIMIO BOJH HAMPSHKEHUH, KOTOPHIC MPU JTOCTHKEHUU JIOTYCTH-
MBIX BEJIMYUH MPUBOAMT K TPEIIMHAM, U KaK CJIEICTBUE, K pa3pyIICHHUIO.

B ocHOBy Takoro Buaa paspylieHHs MOXET ObITh MOJIOKEHA MOJENb 3apOXKICHHS U
pa3BUTHs TPELIMHBI, 0a3UPYIOIAsACS HAa KOHLEHTPAMM HAIPOMOXKICHUS AMUCIOKALUI mepen
OapbepoM (TpaHHUIIBI JBOMHHUKOB U 3€peH C OONBIINM YIJIOM Pa30pUEHTAINH, TPOYHe dyKe-
pPO/AHbBIEC BKIIOYEHUS U Jp.).

I[OHyCTI/IMaH HOBerHOCTHaSI HpOLIHOCTB MaTepI/IaJIOB IISITCH MI/IKPOBBICTYHOB MOXKET
OBITH TOCTUTHYTA MPH YCIOBHH MaKCHMAJIbHOW YHEPrOOCHAIIEHHOCTH 00BEMOB IMOBEPXHOCT-
HBIX CJIOCB U BBICOKMM TCMIIOM paCCGI/IBaHI/ISI 3Hepr1/m HpI/I 3J'I€KTpOT€pMOM€X3HI/ILI€CKOM Tpe-
HUU. DTO MOXET ObITh JOCTUTHYTO IMyTEM (OPMHUPOBAHUS 3AlUTHBIX BTOPUYHBIX CTPYKTYD,
OTBEUAIONIUX CJICAYIONIMM yciaoBusaM o naHHbiM b.M. KocTenkoro:

— BBICOKOU CTETICHU U3MEIbUYEHUS U OJTHOPOTHOCTH

V
KF:V_O_I’

2
rae Kr— ko3¢ dunmertT romoreHHocTH; Vy Vo — nedopmupoBaHHbIil v 3P PEKTUBHBIN 00HEMBI,
— MUHUMAQJIbHOW TOJIITUHE BTOPUYHBIX CTPYKTYD /i

h—min;

— palMOHATILHOMY pa3Mepy YYacTKOB BTOPHUYHBIX CTPYKTYp U X PaBHOMEPHOMY pac-
Mpe/IeJICHUIO Ha MIOBEPXHOCTSIX MATEH MUKPOBBICTYIIOB

A
ni SCI,
[ -h
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rne Ay, — IIOoIAAH, 3aHUMAEMbIMU TUIEHKaMU BTOPUYHBIX CTPYKTYP; [ — MPOTSKEHHOCTD JIU-
HUM I'paHul] IIeHOK; C| — KOHCTAHTa, ONpPEAEIAIONIas PEIaKCALMI0 BOJIH HAIIPSDKEHNUI Ha rpa-
HUIIE pa3jiea BTOPUYHBIX CTPYKTYP U OCHOBHBIX MAaT€pPHAJIOB;

— BeJMYMHA 3anaceHHoW sHepruu (AE) M CBOMCTB MaTepuanoB Ha IMOBEPXHOCTAX
(0z — sneMeHTapHBIA Y4acTOK) MX pasfelia ¢ BTOPHYHBIMU CTPYKTypamMH HE JOJDKHBI PE3KO
U3MEHATHCS

max—H(AE) <C,,
nz
rne C, — KOHCTaHTa, omnpeesnsemMas JOIMyCTUMBIM 3HaUCHHEM TPaMeHTa 3alaceHHON YHEpTru-
enl.

[Tpu 3TOM JTOTIOJTHHUTEIHHBIM yYCIIOBUEM SIBJISCTCS HATMYHEC MUHUMAJIBHON TIOIIIOBEPX-
HOCTHOI1 tehopMaliny CiI0eB MaTepruaIoB MUKPOBBICTYTIOB 32 CUET UX PACTSIKEHUS U CKATHSL.

DHEpProeMKoCcTh 00bEMOB MOBEPXHOCTHBIX CIIOEB, MPSMO 3aBUCSIIASl OT CTEIEHU HU3-
MEeJIbYeHUsI U OJHOPOAHOCTH, IPUPOABI B3aUMOJCHCTBUSI MOBEPXHOCTHBIX CIIOEB CO CKOPOCT-
HBIMH TOKaMHU KOMIIOHEHTOB OMBIBAIOIICH Cpeibl, UMEIoIas MpsiMble U OOpaTHBIE CBSI3U C
TEMIIAMU PaCCEHBAHUsI YHEPTUH, 00YCIOBICHHBIMU TEIUIO()U3HUECKUMU CBOWCTBAMU 00HEMOB
MIOBEPXHOCTHBIX CJI0€B M KOHCTaHTOH Cj.

Ha puc. 12, 13 u 14 (a) nporsu1toCTpUpOBaHbI 30HBI, COTBETCTBEHHO, AEUCTBUS MeEXa-
HUYECKUX HAMPSHKCHUI W TEIUIOBBIX TOKOB B AJIEMEHTAX TOPMO3HOTO IIKHBA U UX CYMMAapHBIX
30H B [IBETHOM M300pa)KCHWU HAa OCHOBAHWU KOTOPBIX YCTAaHOBJICHBI 3aKOHOMEPHOCTH UX pac-
npeesieHus B TOYKax Ha pabodeil n Hepaboyel MOBEpXHOCTH 000/1a IKUBA M B €T0 CpeIHEN
YacTH, a TAK)KE€ B MECTaX HaJN4Us KOHLIEHTPATOPOB HAMPSKEHUI.

I'paguent HanpsoxeHuit (nedopmannii) HaXOIAT KaK OTHOUICHHE NMPUPAILCHUS BEINYH-
HBI HanpsbKeHUH (nedopmannii) B ABYX COCEIHHUX TOYKAX K PACCTOSIHUIO MEXKIY HUMHU.

TemnepaTypHble HampsDKeHUS B 000 TOPMO3HOTO ITKKWBA BO3HHUKAIOT HE TOJBKO B
Onu3u ero KpaeB (B MecTe COMpsDKEHUS 000/a ¢ pebopIoii), HO U B CONPsDKEHUU Hepabouei
MIOBEPXHOCTH 0002 NIKMBA C KPETICKHBIM BBICTYIIOM.

Haubonee omacHbIM ¢ TOYKH 3pCHHS YBEIMUCHHS TEMIIEPATYPHBIX HAMPSDKEHUH B 000-
Jie TIKUBA SIBJSIETCS TPAIUCHT TEMIIEPaTyp IO €ro ToNmmHEe. YTo KacaeTcs TeMIlepaTypHBIX
HaNPSOKEHUH 110 JyTMHE 000/1a IIKUBA, TO MX BEJTMYWHBI HEOIUHAKOBEIC.

Jlst Touku pabouei MOBEpXHOCTH 000712 TOPMO3HOTO IITKHUBA

Ea,At,
Oy =L (1)
2(1—p)
a JUIsl TOYKH TPUIIOBEPXHOCTHOTO CII0st 060718 TOPMO3HOTO IIIKHBA
Ea,At
o, = -2 2)
2(1- )

rne E — monyns FOura, Mlla; a1, o, — k03 punmeHTs! TMHEHHOro paciMpeHust U CKaTUsl Ma-
-1 o

Tepuana ciost oboxa, °C™; Aty, At, — U3MEHEHHE NOBEPXHOCTHON U I10 TOJILIUHE ClI0sl 06ona

mkuBa Temneparypsl, °C; u — ko3 dunuent Ilyaccona.
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Jlis uccnenoBaHus MEXaHMUECKUX U TETJIOBBIX HAIPSDKEHUH, a TAK)KE MX TPAHECHTOB
MCTIOJIH30BAJICSI METOJT KOHEUHO-3JIEMEHTHOTO MOJICTTMPOBAHUS C MMOMOIIBIO IPOTPaMMbI ANsys
Workbench, B xoTopoit MonenupoBaiicss GPUKIMOHHBIA y3€N «HaKJIaJKa-IIKUB» CO CIIEAYIO-
IIMMHA UCXOIHBIMH KOHCTPYKTHBHBIMH ¥ TUHAMHYECKHMHU TapaMeTpaMH: MaTepual 0007a
mkuBa — ctanb 35XHJI, yaensHas Harpyska coctasisuia p=1,2 Mlla, moBepXxHOCTHas TeMIie-
parypa £,=390°C, Temneparypa okpy:xatouiei cpenl £p=22°C.

MonenupoBaHue MPOIECCOB MEXAHUYECKOTO M TEIIOBOTO BO3ICHCTBHSI Ha pabovne U
Hepaboune MOBEPXHOCTH 000/1a TOPMO3HOTO IITKKBA, UMEIOIIEr0 CBOOOAHBIN Kpail (TpaBslii) u
3aIeMJICHHBIN Kpail (JIeBbIi), KOTOPBINA YCUIIEH KPEMEeKHBIM BBHICTYIIOM, a TAK)Ke C HATUYHEM
KOHIICHTPATOPOB HAIPSDKEHHUM B MECTax COMNpsDKEHUs pabodel moBepxHOCTU o0oaa ¢ pedop-
JaMH U ero HepaOoueil MOBEPXHOCTU C KPEMEKHBIM BBICTYIIOM IO3BOJISIET KOHCTaTUPOBAThH
clIeAyIoliee MPUMEHHUTEIBHO K 30HaM Pa3IUYHBIX BHIOB HATIPSHKEHUI:

mexanuyeckux (puc. 12 6)

— MakCHMaJIbHbIe BeMuunHbl Hanpspkeruit (120,5 u 133,6 MIla) B Toukax, oTBeUaro-

IIIIM MECTaM COTIPsDKCHHS Hepabouel TOBEPXHOCTH 000/1a ¢ KPEIeKHBIM BRICTYTIOM (30Ha I);

6) - ==

Puc. 12 a, 6. Mexanuueckue Hanpsajicenus 6 31emMenmax mopmo3no2o wKuea (a)
U ux pacnpeoesieHue 8 e2o meJie ¢ pazniudHslx 30Hax (0)
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0)

Puc. 13 a, 6. Temnepamypuvle Hanpaicenus 6 31eMeHMax MOPMO3HOZ0 WIKU8d (a)
U ux pacnpeoenenue ¢ e2o meJie ¢ pa31IUYHbIX Mecmax (0)

— MAaKCUMaJIbHbIE BEJIMUYMHBI HAMPSDKEHUN B TOYKAaxX Ha pabodeil MOBEpXHOCTU 00012
(104,56-120,6 MIla, B 3o0ne II) u Ha ero Hepabouel moBepxHocTH (95,4-65,27 Mlla, B 30He
IIT) u3-3a nEHCTBUS PACTATUBAIONINX U CKUMAIOIIUX HAMPSIKEHUH W3-3a2 KOHCOJBHOCTH 3a-
IIEMJIGHHOTO Kpast 00073, a Takke HepaBHOMEPHOCTH (YyOBIBAIOIICH B CTOPOHY CBOOOIHOTO
Kpast 000/1a) pacrpeesieHus] YACIbHBIX Harpy30K, 9TO CIIOCOOCTBYET BOSHUKHOBEHUIO MAKCH-
MaJIbHBIX 0OBEMHBIX TPaIMeHTOB HanpshkeHui (6,19 MIla/mwm, 3ona V1), siBnsiiommxcst oyara-
MU 3apOKJCHHS U Pa3BUTUSL MUKPOTPEILUH.

— MHUHHMMaJIbHbIE BEJIMUYMHBI HANpPsOKEHUH HaOMI0Jal0TCsl Ha Hepabodell MOBepXHOCTH
ob6omna mon mpasoii pedopaoi (0,57 Mlla, 30na IV), KoTOpbIe cOCOOCTBYIOT BOZHUKHOBEHHUIO
MUHUMAaJIbHBIX 00beMHBIX IpaareHToB (0,036 MIla/mm)

— HamNpsDKeHUS B CpeAHEeM ciioe 00oaa (30Ha V) CO CTOPOHBI €r0 CBOOOIHOTO Kpas
MEHbIIIe, HeXEJIM B TOUKax Ha pabodeii u Hepabouel MOBEpXHOCTH 0004,

48



Dnexmpomepmomexanuyeckuil UsHOC U paspyuieHue 060008 MOPMO3HbIX WUKUBOE OYPOBLIX 1e6edoK

(=1 :

alent Stress :
Type: Equivalent fvan-Mises) Stress
Unit: Pa
Time: L
23112015 901

0,100 {m)
J

Equivalent Stress e
Type: Equivalent fvon-Mises) Stress
Unit: Pa

Time: L

23112015 8:58

7~ [L40S1e +008 )

ol 12552¢ 4008 0l

0)

0,100 ()
]

Puc. 14 a, 6. Mexanuueckoe u mensogoe 6030eiicmeue Ha 371eMeHnbl MOPMO3HO20
wKuea (a) u cymmapuvie (MexanuuecKue u menioevle HANPAJNCEeHUs) U X pacnpeoeenue
6 meJie e20 0000a 6 paziuuHvIX 30Hax (0)

memnepamypuuix (puc. 13 0)

— MaKCHMallbHbIe BEIMYMHBI HAMPSDKEHUH B TOYKAaX, OTBEYAIOIIMM KOHIIEHTpaTOpam
Hanpsbkenuid (169,37 Mlla, 3ona I' u 146,87 Mlla, 30na II') u3-3a GonplIOro rpajueHTa
HanpspkeHui no tonmuae 06oxa (7,3 MIla/mwm, 3ona VII');

— 00JIbIINE HAIPSKEHUS B TOUKAX COMpPSIKEHMs 000/1a ¢ KPENeKHbIM BBICTYTIOM (42,03-
140,02 MlIa, 3ons1 [1I' u [V'), Takke oTBEeUaronMM KOHIIEHTPATOPaM HANPSDKEHUIM;

— B cpemaHelt yactu o6oja mkuBa (30Ha V') pa3BUBAIOTCS HEOOJIBIITUE HAMPSIKEHUS
(16,96-34,08 MIIa) u kak ciencTBrue MUHUMaIbHBIE X TpanuenTs (0,053 Mlla/mMm);

— MUHHMMAaJIbHbIE HANpPSKEHHUsI BOZHUKAIOT Ha paboveil MOBEpXHOCTU 000/1a IIKMBA HAJl
KpenexxHbIM BeicTynoM (30Ha VI'), cocraBmnstonue Beero 8,32 MIla;

cymmapuulx (Mexanuueckue + mennogwie) (puc. 14 6)

— MaKCHMallbHbIe BEIMYMHBI B TOYKaX, OTBEYAIOIIMM KOHIICHTPATOpaM HaIpsKEHUN
(3omb1 1" u 11"), B KOTOPBIX (POPMHUPYIOTCSI TEMIIEPATypHBIC HANPSIKEHUS, YTO BBHI3BIBAET MaK-
cumabHble uX rpaaueHTsl (10,04 MIla/mM, HIKHSS 9acTh 30HH 1);

— OoJbpIIME BEJMYMHBI Ha pabodell MOBEPXHOCTH 000/a IIKUBA HaJ[ KPETEKHBIM BBI-
ctynoMm u mpasee ero (91,86-125,92 MIla, 3ona III"), rae Bo3HUKAIOT MEXaHUYECKHE HATIPS-
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KeHus (0T JIeHCTBUS yAETbHBIX HAarpy30K), YTO BBI3BIBAIOT OOJBIINE MX I'PAJAUEHTHI, SBISIO-
HIMecs o4araMu 3apoKI€HUs U pa3BUTHsI MUKPOTPELINH;

— MUHHMMAJIbHBIX BEJIMYMH B TOYKAX CPEAHEro ciosi 000/a, CMELICHHBIX B CTOPOHY
KPENeKHOTo BhICTyMA (30Ha [V'"), KOTOphIE HAMHOTO MEHBIIIE, HEXKEIM B TOUKaxX Ha pabodei u
Hepaboyvel TOBEPXHOCTH 000/3a.

B psine ciydaeB 1isi OIIEHKH CONPOTHBIICHHUS Pa3pylICHUIO MOMUMO KoddduimenTa
KOHIICHTpAllUu HanpspkeHuil (nedopManuii) HCMONb3YIOT TPajueHT HamnpsokeHud (nedop-
Manuii) (Tabi. 3).

Tabauuya 3
Benuuunwl 2paduenmoes nanpaxcenuil ¢ XapaKmepHvlxX moYKax mopmo3Ho20 WKuea

. I'panuents! HanpsioxeHuid, MITa/mm:
Hanpspxenust ot neiictBus:
00bEeMHBIE MTOBEPXHOCTHBIC
. ) min 1,08/14=0,036 2,09/25=0,08
YACTRHOM HATPYSIH: max 86,7/14=6,19 112,7/25=4,51
] min 0,74/14=0,053 1,8/25=0,072
FEMHEPATY PR max 102,2/14=7,3 132,6/25=5,3
oG min 3,24/14=0,23 0,28/25=0,011
max 140,5/14=10,04 129,1/25=5,16

[Ipu paccMoTpeHNM NPUKIAAHBIX 3a/1a4, KACAIOIIUXCS TPYLIMXCS CONPSKEHUM MeTal-
JIOTIOJIMMEPHBIX Map TPEHHs] TOPMO3HBIX YCTPOUCTB, HEOOXOAUMO YUUTHIBATh «OYKeT» MOJei,
BBI3BaHHBIX HATPYKEHHEM U POJIb COYETAHUN MATEPUATIOB IIPU dJIEKTPOTEPMOMEXAHUYECKOM
TPEHUMU.

BoiBoabl. TakuM 00pa3oM, yCTaHOBJICHBI TEOPETUUECKHE U IKCIIEPUMEHTATIbHbIE 3aK0-
HOMEPHOCTH W3MEHEHMs 3apO’KIACHUS M Pa3BUTUS MUKPOTPEIIMH Ha pabodeil MOBEpXHOCTU
000/1a TOPMO3HOTO IIKMBA B 3aBUCUMOCTH OT IEPEMEHHBIX I'PaJIUEHTOB MEXAHUYECKUX U TEM-
nepaTypHBIX HANPSDKEHUH OT MX KOHIIEHTPATOPOB M KUHETHKH (DPAKTAIBHOTO IMOJAXOJA, YTO
II03BOJISIET IIPOTHO3UPOBATH PECYPC TOPMO3HOTI'O IIKMBA HA 3TAIE €ro IPOEKTUPOBAHMSL.
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QAZIMA BUCURQADININ 9YLOC QASNAGININ CONBORININ
ELEKTROTERMOMEXANIKI YEYILMOSi VO DAGILMASI
(IIT hissa)

9.X. CANOHMODOV, E.S. PIRVERDIYEV, B.V. KOPEY, L.M. ZAMIXOVSKIY,
Al VOLCENKO, D.Y. JURAVLYOV, A.V. VOZNIY

Fraktal analiz kinetikas1 vo mexaniki garginliklar konsentratorlari yanagsmasindan metalpolimer ciitlarin
mikrog¢ixintilarinin elektrotermomexaniki stirtiinmo zamani oyloc qasnaginin metal friksion elementlorin sothindo
catlarin yaranmasi qanunauygunlugunun nozari vo tocriibi todqiqatlar: gostorilmisdir.

Acar sozlor: friksion elementl, mikrogatl, mikrog¢ixintil, fraktal yanasma, temperatur qradiyenti,
mexaniki va temperatur garginliklor, mexaniki gorginliklorin konsentratorlari

ELECTROTHERMOMECHANICAL WEAR AND DESTRUCTION
OF BRAKE PULLEY OF BORING WINCHES
(part I1I)

A.Kh. JANAHMADOV, E.S. PIRVERDIYEV, B.V. COPEY, L. M. ZAMIKHOVSKY,
N.A. VOLCHENKO, D.Yu. ZHURAVLEV, A.V. VOZNY

The paper illustrates the theoretical and experimetal studies of the crack formation on the surface of met-
al frictional elements of brake pulleys at electrothermomechanical friction of the microprotrusions of the metal-

polymeric couples from positions of kinetics of the fractal analysis and concentrators of mechanical tension.
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FREQUENCY CHARACTERISTICS OF VARIATIONAL
STRUCTURE OF TORQUE MEASURER

N.D. TSHADAYA", B.A. PERMINOV", V.B. PERMINOV"", Z.H. YAGUBOV",
E.Z. YAGUBOV', LA. DEMENTIEV"

The efficiency of application of the variational structure measurer of torque gradient can not be
assessed without analyzing its frequency properties. In work the analysis of the frequency characteristics
of measurer is conducted giving the guidance on its application, as well as determining its specific fea-
tures. It is shown that the variational structure allows obtaining amplification of the input signals, due to
the transmission coefficient being greater than one, and without any other means of amplification. It was
determined the optimal frequency range of ithe nput signals and the setting parameters are recommended.

Key words:  frequency function, frequency characteristic, setting parameters, coefficient of transmis-
sion, ratio of constants to time.

The technological process of drilling a well is accompanied by a significant influence
on this process of random factors: the unpredictable effects of dissipative forces acting on the
drill string, the change in the geological structure of the drilling rocks, changing the composi-
tion and pressure of the drilling mud, etc. This whole set of variable factors leads to the deter-
ministic changes in the dynamics of drillstring [7, 9]. And, since the drill string is load of some
drive of drilling rig, the unpredictable behavior of this load will cause random nature of chang-
es of power and the angular velocity on the drive shaft [10, 11]. Therefore, at change of torque
and its of dynamic components, required accounting random factors affecting the drill string
during drilling. The influence of these random factors can be represented by a white noise low
frequency [8]. As a result, there is the problem of estimating the frequency properties of meas-
uring channels and their aggregate in variational structure in the measurement process [1] with
a view to possibility suppression of random impacts on the result of the measurement and iso-
lation of direct measurement parameters.

As is well known [3], precision characteristics of variational measurer of torque deter-
mined by two of its features:

— feature differention of the input signal on both channels of measurement power and
angular velocity;

*
VYXTHHCKHIT TOCYIapCTBEHHBII TEXHUUECKUIT YHUBEpCUTET, I'. YxXTa, Pecrybnmka Komu

** 000 «["a3npom Tpancrasz Yxray, r. YxTa, Pecryonuka Komu
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Frequency characteristics of variational structure of torque measurer

— using the indirect method of measurement, when measurement result obtained by
the functional dependence of the measured values [2].

This predetermines the small error of measurement, but leads to the need for careful
analysis of the issues of dynamic compatibility of operation of measurement channels [4].
Since the measurement channels represent the counter inclusion of the inertial aperiodic links
(Figure 1), the transfer function of the channel defined by the expression [5]:

yp)=ti o ke Kpon) ()
Tp+l Tp+l T,-T,-p*+(L,+T) p+l

where k, =k, = k' — the static coefficient of transmission of channel measurement of power;

T,, T, — the time constants of aperiodic links;
W, ( p) — the transfer function of the channel measurement of power;

p — the Laplace operator.

o
" T1p+1
X
_~|
S
| mpt+i1

Figure 1 — The counter-parallel connection of two inertial links

Channel of measuring the angular velocity of the drive shaft is configured by the same
variational structure, and consequently its transfer function is:
k"-p-(T,-T,
w,(p)= p-t) @)
T, T,-p* + (T, +Ty)- p+1

where k''=k, =k, — the static coefficient of transmission of channel measurement of the an-
gular velocity;
T;, T, — the time constants of aperiodic links of variational measurer of the angular

velocity.
Solution of the transfer function, for example, (1) relative to the function of original
f (t) determines the transfer function of variational structure [5]:

hy(f)= k'{eT' - e“j . 3)
Maximum of transfer function (3) can be found by differentiation:

Iy (O = k'{i PR e} 0

1 L
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From here we can find the time interval corresponding to the maximum of the transfer
function hN'(t):
P T R Sy 5)
I, -1,
The maximum point corresponds to the inequality 7, >7,, and the minimum point —
T, <T,,T.e. h(t), that is should be regarded as ‘h(l‘x for determining divergence of function at

different times.
The circuit is symmetrical, and therefore, we can talk about a specific ratio and investi-
gate the task about maximum:

T T (Y w4
hmaxN =k e -1, T, _ e n-T, T, |_ kv{e 1-m —_e Iom J . (6)
Expression (6) can be reduced to the form:
m 1
Rporo =K'\ M ———m-— |. 7
N [ 1-m 1- mj )

Channel of measurement angular velocity has a variational structure. Then, in a ratio

T, .
n=—>1, we obtain:
4

hmaxhJ = k”'(l’l ’ . —-n: 1 j ‘ (8)

1-n 1-n

The structure of the entire measurer is shown in Figure 2.

kl k3 -
Tip+1 Tp+1 |
N 0]
—>e N/w r—
o _f lM kg
Top+1 Tup+1

Figure 2 — The variational structure of measurer of a torque

For this structure of the overall transfer function can be written as:

kp-(T,-T,)
w,p) T-T,-p*+(T,+T) p+1 pt+2-q-7, - p+1
W _ N S M) 2 1 —x. 1 ,
(P) W(U(P) k'p-(T,-T;) o op +2-s1, p+l ©)
LT, p* +(I,+T) p+1
where E—K; i:g, Ezm, £=n, K-¢ 1_m):)(;
k" T4 2 T4 (l—l’l)
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=0T, 5=0T; L+=2qr1; T,+T, =2-5-7,.
In the resulting transfer function measurer of the torque we can obtain the frequency

function by using the Fourier transform:

0 +4qsT T, 0 T 0~ +1
rj-a)4+2-r§~a}2-(2-s2—l)+1

F(j-o)=X- L L (10)
L2080, @0 —2-qT 0T, 0 +2-q 102857, 0
+J 4 4 P 2
ot 4220257 —1)+1
From the frequency function, we highlight the real and imaginary parts:
2 2 4 2 2 2 2 2
Re(a)):X-T‘ 0 +4-q5 T 0T, 0 —T -0 —T, @ +1; 11
rg-a)4+2-122-a)2-(2-sz—1)+1
2 3 2 3
Im(a)):X-z'S'TZ'TI W =29 17,°T, ® +2-q-rl~a)—2-s~rz~w' (12)

T;-a)4+2-T§-a)2-(2-s2—1)+1

By known ratios [2] define the basic frequency characteristics of variational structure of
measurer of the torque.

Amplitude-frequency characteristic:

A(w)=Re*(0)+ Im*(w). (13)
Phase-frequency characteristic:
plo)=arcig EZ—EZ));. (14)

Amplitude-phase-frequency characteristic:

F(j-w)=Re(w)+ j - Im(w) = A(w)- "\, (15)
Formation of the frequency characteristics is produced using the program Microsoft
Excel. The coefficients corresponding to the colors of curves, shown in Table 1.

On Figure 3 shows the amplitude-frequency characteristic of variational structure at dif-
T ;
ferent ratios - =m and —=n.
T T,
From the analysis of the amplitude-frequency characteristic can be made the following
conclusions.
The initial portion of characteristics is determined to suppression of low-frequency
noise up to the upper frequencies that can be set using to the time constants of channels of

measurement 7}, 7, T} and 7.
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Table 1
Formation of frequency characteristics
Parameters links

ky 1,000 1,000 1,000

T 0,010 0,010 0,010

T, 1,000 0,200 0,100

k> 1,000 1,000 1,000

T; 0,020 0,020 0,020

T4 1,000 0,200 0,100

Calculations of the coefficients

K=ki/k, 1,000 1,000 1,000

&1/T, 1,000 1,000 1,000

m=T,/T, 0,010 0,050 0,100

n=T5/T, 0,020 0,100 0,200

t 0,141 0,063 0,045

b 0,100 0,045 0,032

q 3,606 1,739 1,342

s 5,050 2,348 1,739

X 1,010 1,056 1,125

Calculation of characteristics

lg(®) 2 Re i (@)|Im;(@)|Ai(@)| ¢1(@) Rex(@)]Imy(w)|Asx(@)| ¢( @) [Res(@)Ims(@)|As(w)| @3(@)
-3,000, 0,001 1,010 (0,000 {1,010{ 0,001 | 1,056 | 0,000 |1,056| 0,001 | 1,125 {0,000 |1,125| 0,001
-2,500, 0,003 1,010 (0,000 {1,010{ 0,002 | 1,056 | 0,000 |1,056| 0,002 | 1,125 |0,000 |1,125| 0,002
-2,000 0,010 1,010 (0,000 {1,010{ 0,006 | 1,056 | 0,000 |1,056| 0,006 | 1,125 {0,000 |1,125| 0,006
-1,500, 0,032 1,010 (0,000 {1,010{ 0,018 | 1,056 | 0,000 |{1,056| 0,018 | 1,125 0,000 |1,125| 0,018
-1,000, 0,100 1,009 | 0,001 |1,009| 0,057 | 1,055 {0,001 {1,055/0,057|1,125(0,001 |1,125] 0,057
-0,500, 0,316 1,002 0,003 {1,002|0,183 | 1,051 {0,003 |{1,051|0,182|1,122 (0,004 |1,122| 0,182
0,000| 1,000 0,965(0,0101(0,965|0,600| 1,012 {0,011 {1,012{0,597|1,091 0,011 {1,091| 0,591
0,500 3,162 0,929 (0,032 10,929| 1,968 | 0,735 | 0,033 |0,736| 2,598 | 0,813 | 0,036 |0,814| 2,502
1,000/ 10,000 |0,9310,1000,936|6,131|0,173(0,105(0,202(31,130|-0,569(0,111 |{0,580{-11,070
1,500 31,623 |1,0190,290(1,060(15,900| 0,152 | 0,303 {0,339(63,449|-1,620( 0,323 {1,652|-11,291
2,000 100,000 |1,47010,505|1,554|18,965|1,021 0,528 |1,149|27,334/-0,018| 0,563 |0,563|-88,170
2,500 316,228 |1,9200,290 |1,942|8,600|1,913]0,303(1,937/9,015|1,8350,323(1,863| 9,996
3,000| 1000,000 |2,010(0,100{2,012|2,849|2,089 |0,105|2,092|2,863 (2,205 (0,111 {2,208| 2,892
3,500| 3162,278 |2,0190,032{2,020{0,905|2,109 | 0,033 |2,109| 0,906 | 2,245 | 0,036 |2,246| 0,907
4,000 10000,000 | 2,020 {0,010 |2,020|0,286|2,111|0,011|2,111|0,286|2,250|0,011 |2,250| 0,287
4,500(31622,777 2,020 | 0,003 2,020/ 0,091 2,111 |0,003|2,111{0,091 | 2,250 | 0,004 |2,250{ 0,091
5,000(100000,000| 2,020 | 0,001 {2,020{ 0,029 | 2,111 | 0,001 |2,111{ 0,029 | 2,250 | 0,001 |2,250{ 0,029

Lower threshold frequency of input influence according to the basic assumptions of the
theory of information determined as the ratio of the amplitude of the useful signal to noise [6],
and can be determined by the amplitude-frequency characteristic. According to this characteris-
tic into the low-frequency field to the boundary frequency there is intensive suppression of
low-frequency noise. With the achievement of the threshold frequency and with further in-
crease the frequency of the signal due to the differentiating properties channels of measuring,
the output level rises due to increased the transmission coefficient measurer. It should be noted
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that the larger the ratio of m and n, the smoother the transition of characteristics from the lower
threshold frequency to the operating frequency range. This explains change of the sensitivity in

. . . . T, .
the variational structure in change of attitude of the time constants FI =m (Figure 3).
2

58 A{o) Amplitude-frequency characteristic
2 I (1711 I r
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®
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Figure 3 — Amplitude-frequency characteristics

In Figure 4 shows phase-frequency characteristic of the measurer of the torque gradient.
On it, by the transition from the lower boundary frequency to the operating frequency range,
the phase of the output signal gets an extra shift at angle 7. This property of the measurer must
be taken into account when constructing regulators of control of the drilling process to avoid
the appearance of positive feedback. Thus, a more smooth rotation of the phase of the output
signal is determined by the increase ratio of m and n.

The family of the amplitude-phase-frequency characteristics, shown in Figure 5, clearly
illustrates that solution of the characteristics, according to the schedule, is completely deter-
mined by the sensitivity of variational structure, i.e m and n, as a result, ratio coefficients of the
time constants of m and n. With the decrease of this ratios the sensitivity of channels of meas-
uring increases and solution of the characteristics increases. The family of curves clearly con-
firms the hypothesis about the general phase shift of the output signal at an angle of +180°.

The family of the amplitude-phase-frequency characteristics, shown in Figure 5, clearly
illustrates that solution of the characteristics, according to the schedule, is completely deter-
mined by the sensitivity of variational structure, i.e m and n, as a result, ratio coefficients of the
time constants of m and n. With the decrease of this ratios the sensitivity of channels of meas-
uring increases and solution of the characteristics increases. The family of curves clearly con-
firms the hypothesis about the general phase shift of the output signal at an angle of +180°.
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Figure 3 — The curve of the maximum of the transition process (by m)
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Figure 4 — Phase-frequency characteristics

Amplitude-phase-frequency characteristics
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Figure 5 — Amplitude-phase-frequency characteristics
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For stable operation of the measurer, based on the conducted research, an additional
matching channels of measurement on the frequency properties [6] for the purposes of its suc-
cessful applications in drilling process optimization [7, 8].

Figure 6 — Oscillogram of increment of torque under axial load of 12 kN.
L>T 1, > T, T =1, L1,

In Figure 6 shows the oscillogram of output signal of measurer of torque gradient taken
along the model of the variational structures in the absence of frequency matching of channels
of measurement power and the angular velocity of rotation of the drill string, i.e. under the

condition 7} # I; and T, # T, . The tests measuring the variational structure were conducted on
the experimental well by firm "Eltech", Usinsk, Komi Republic. [4]

Channel of power measurement, in order to suppress low-frequency white noise was
configured to a high frequency range, and the channel of measuring the angular velocity
worked in the range 0,5+10sec”. This discrepancy frequencies has determined a significant
difference in the duration of the differentiating pulses of channels of measurement, i.e.
r, >>7, , where 7, — the duration of the differentiating pulses of channels of measurement

of angular velocity, and 7, - the duration of the differentiating pulses of channels of meas-

urement of power.

This discrepancy has determined also and inequality of the time constants: 7; <<7; and
T, << 1T,.

In the oscillogram clearly traced the emergence of short pulses of channel of measure-
ments of power on a background of slowly varying pulse of channel of measurement of angular
velocity.

Consequently, frequency coordination of channels of measurer of torque gradient is the
one of the indispensable conditions of coordination of it work.
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In figure 7 shows the oscillogram at the coordination of configuration settings when
I, =T, and T, ~ T, . In the oscillogram clearly traced the change of gradient torque correspond-

ing to self-oscillation of drill string. These properties are fully confirmed by the frequency
characteristics of the variational structure.

Figure 7 — Oscillogram of increment of torque under axial load of 12 kH.
L=T T, =T, T, <T,; I, <T,

Conclusions:

1. For obtaining a trusting values tracking dynamic torque characteristics with using a
variable system of measurement requires to coordination channel of measurement of engine
power and channel of measuring the angular velocity of rotation of the drill string to the fre-
quency characteristics in which the time constants of the inertial links in pairs are close in its
values to each other,i.e. T, =T, and 7, ~ T, .

2. With the increase in the sensitivity of measurement channels (decreasing ratio of the
time constants of the inertial links of m and n) increases solution of the amplitude-phase-
frequency response, i.e. its module increased, but with a change in the frequency of its chang-
ing unevenly and characterized as negative values attenuation and positive surges. FRC irregu-
larity in the operating frequency range significantly reduces the possibility of using the meter.
However, this disadvantage can be eliminated by changing the ratios of m and n.

3. When high sensitivity of measurement channels occurs alternating change of the
phase of the output signal, which may limit the use of the meter in control systems for drilling,
but changing the ratios of m and n can be eliminated, and this deficiency.

4. The lower threshold frequency measurement range is determined by the time con-
stants 7}, T,, T, and T, . The same value is determined and the frequency range with increas-

ing module of frequency characteristics.
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5. The greater the difference in time constants 7, and 7,, 7, and T,, the greater the

range of the increase frequency characteristics. Therefore, to optimize the measurement this
difference should be reduced, but this leads to a contradiction to sensitivity requirements.

6. The optimal settings of measurer, via which can be set any frequency properties,
with regard to the control system of the drilling process [8] are the ratios of m and n, the time
constants 7}, T,, Ty, T, and coefficients of transmission channels k' and £'".

7. Total transfer coefficient measurer as a whole determined by the ratio of the coefti-

'

cients o = K, therefore to increase the transmission coefficient must be met of inequality

kK'>>k".
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YACTOTHBIE CBOYICTBA BAPUALIMOHHBIX CTPYKTYP U3MEPEHMSI
KPYTAIIEI'O MOMEHTA

H.JT. IXAJIAS, B.A. TIEPMUHOB, B.B. [IEPMUHOB, 3.X. AITYEOB,
2.3. SITYBOB, U.A. IEMEHTBLEB

D¢ deKTHBHOCTh MPUMEHEHHS BAPHAIIMOHHOW CTPYKTYPBI M3MEPHUTENS TPaJHeHTa KPYTSIIEro MOMEHTa
HEBO3MOXXHO OIICHWTHh O€3 aHaiuM3a ero 4YacTOTHBIX CBOWCTB. B pabore mpow3BeAEH aHaIM3 YacCTOTHBIX
XapaKTEPUCTHK U3MEPUTEIIA, MO3BOJISIONINN 1aTh PEKOMEHAIMHU 110 €r0 MPUMEHEHHIO, a TAK)KE ONPEAEIUTh €ro
cnemuduieckne ocobeHHocTH. [loKa3aHO, YTO BapHAIMOHHAS CTPYKTypa MO3BOJISIET IOJYYUTh YCHJICHHUE
BXOJHBIX CHTHAJIOB BCJICACTBHE TIONyYeHHUS Kod(h(UIMEeHTa mepenadynd OOIbIIC ETUHMIBI, 0e3 KaKuxX-I1udo
JIOTIOTHUTENBHBIX CPEACTB ycmiaeHua. OmnpeaeneHbl ONTHMaIbHbIE YaCTOTHBIC TUAMA30HbI BXOAHBIX CHUTHAJIOB H
PEKOMEHI0BaHbI TapaMeTPhl HACTPOUKH.

Kntouesvle cnosa: uacmomuas QyHKyusi, 4aACMOMHA XAPAKMEPUCMUKA, NApamMempsl HACMPOUKU,
Koauyuenm nepedayu, KodGouyuerm omHoOweHUsE NOCMOSIHHBIX KO 8PeMeHU.

BURUCU MOMENT OLCUSUNUN DOYiSON STRUKTURLARININ
TEZLIiK XUSUSIYYOTLORI

N.D. SXADAYA, B.A. PERMINOV, V.B. PERMINOV, Z.X. YAQUBOV,
E.Z. YAQUBOV, i.A. DEMENTYEV

Magqalads, olgli cihazinin tezlik xarakteristikalarmin analizi aparilmig, onun totbiqi ilizro tovsiyolor
verilmis, homginin onun spesifik xiisusiyyatlorini miisyysn etms imkani yaradilmisdir. Gosterilmisdir ki,
variasiyali struktur, giris signallarinin giiclondirilmasini, vahiden bdytlik 6tiirms amsalinin alinmasi naticasinda
har hansi slave vasitslarsiz almaga imkan verir. Giris siqnallarinin optimal tezlik diapazonlari miiayysn olunub vo
koklomonin parametrlori tovsiyyo olunmusdur.

Acgar sozlar: tezlik funksiyasi, tezlik xarakteristikasi, koklomanin parametriori, otiirma amsali, zaman
sabitlarinin nisbat amsall.
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GECOGORMO CIHAZLARININ iSTEHSALI PROSESININ
TOKMILLOSDIRILMOSI

Y. T. CAMALOV, K.©. OSGOROV

Mogqalods aparilan elmi-todqiqat islori noticesindo istehsal prosesi daha da tokmillogdirilmis, yarana
bilocok xotalarin aradan qaldirilmasi yollar1 gdstorilmisdir. Avtomatlasdirilmis 6l¢li qurgulart vasitosilo
optik parametrlorin 6l¢lilmasi xiisusi programlagdirilmigs metodika ilo hoyata kegirilmisdir. Noticodo praktik
istifado olunan yiingiil, sado quruluslu vo yeni plastik materialdan hazirlanmis monokulyar A-100 markali
geco gormo cihazi hazirlanmigdir. Bir ¢ox xasso vo parametrlorino goro digor xarici 6lko analoglar ils
miiqayisado bir ¢ox istlinliikloro malikdir.

Acar sozlar: elektron optik ¢evirici, 0, 1, 2, 2" va 3 nasil EOC, fotokatod, liiminessent ekran,
mikrokanal lovha, parlaqhq saviyyasi, kiiy, inteqral hassasliq, elektron emissiyasi,
foton, multikanal, fiber optik kanallar.

Optik cihaz va sistemlorin elmi inkisaf konsepsiyasinin yaradilmasi va inkisafi prog-
raminin hoyata kegirilmasinin asas moagsadi Azarbaycan Respublikasindaki giic strukturlarinin
miixtolif név optoelektron ceviricilori osasinda yaradilmis cihazlara vo optik sistemlora olan
talobatin1 6domakdoan ibaratdir.

Odobiyyatdan molumdur ki, gecogdrmo cihazlarinda istifado edilon, elektron-optik
ceviricilor (EOC) optik monzoroni bir spektral torkibdon elektron monzorasine vo yenidon
goriinon moanzorays ¢eviron elektron-vakuum qurgularidir (mes. ultrabondvsoyi yaxud infra-
qirmizi) EOC elmdo, tobabotdo, horbi texnikada genis totbiq edilir. EOC yaxin infraqirmizi,
goriinon, ultrabandvsayi, rentgen siialari, neytron vo qamma stialar1 kimi spektral diapazonda
isloyo bilir.

Gecogoérmo cihazlariin istehsalinin yaradilmasi ii¢lin ilk anda homin cihazlarin osas
hissasi olan vakuum balonlarinin hazirlanmasi texnologiyasinin manimsanilmasi ¢ox vacibdir.
EOC-in yaradilmasina va optik paramertlorinin yaxsilagdirilmasina aid odobiyyatda ¢ox sayda
elmi-todqiqat islori mévcuddur. [1-12].

Son illerda bir ¢ox todgiqateilar 2"-ci vo 3-cii nosil elektron optik ¢eviricilorin hazirlan-
mast texnologiyasinin iglonmasi va optik paramertlorinin yaxsilagdirilmasi istigamatinds genis
elmi-todqiqat islori aparilir.

Elmin bu istigamati bu giin {i¢lin perspektivlidir, bu islorin aparilmasi boyiik elmi
potensial vo vosait tolob edir. Azorbaycanda bu islorin naticolori 6z praktik totbigini qismon
tapmis vo bu istiqgamotdo aparilan islor golocokdo harbi sanaye kompleksinin inkisafina boyiik

63



Y.T. Camalov, K.O. Osgarov

tokan vermis olacaqdir. Ilkin olaraq gecogérmo cihazlart 1934-cii illordo Holst torofindon
hazirlanmaga baslanmis va Ikinci Diinya Miiharibasindo Alman Ordusunda istifade edilmisdir
[9]. Soyuq miiharibas illorindon sonra bu cihazlar basqa moaqgsadler iiciin do istifado edilmoyo
baglamigdir. Bu kimi cihazlarin islomasi {igiin ay vo ya ulduzlardan golon siialar kifayat edir.
Ay va ulduzlardan diigon siialarin giicii az vo dalga uzunlugu forqli oldugundan gozlo goriintii
miimkiin deyildir. Bu siialarin gériinon spektr bolgasino ¢evirmak {iclin gecogérmo cihazla-
rindan istifads edilir. Bu moagsadls elektron optik ceviricilorin yaradilmasi zoruriyysti meydana
cixmigdir. Ilkin olaraq elektron-optik ceviricilor passiv rejimdo diizoldilmisdir. Lakin 1940-
1950-ci illordon baslayaraq aktiv rejimdo isloyon vo «0» (sifirinci) nosil elektron-optik ¢eviri-
cilorin yaradilmasina baglanmisdir. Bu tisula hazirlanmis «0»-c1 nasil elektron optik ¢eviricilori
spektrin infra-qirmizi1 dalgalarini goriinon spektrin bolgasine ¢evira bilirlor.

Oslinds goriintlinli ay vo ulduzlardan golon siialardan basqa infra-qirmiz1 dalga lampa-
larindan da istifado etmaklo tomin etmok olar. {1k dofs siirma-geziyum fotokatodlu EOC 1936-
ci ildo Gerlix torofindon yaradilmisdir [10]. Amma bu isdo faktiki olaraq texnoloji proses az
yazildigindan, bu fakt 1939-cu ilds yenidon Lukyanov torafindon kasf edildi [12].

Sonraki illorde fotokatod (Ag-O-Cs) giimiis-oksigen-ceziyum elementlorindon vakuum-
da ¢okdiirmo yolu ilo hazirlanmisdir. Isiga qarsi inteqral hossasliq S0mkA vo ayirdetmo
gabiliyyati 8-10 1p/mm intervalinda olmusdur. 1955-ci ildo A.H.Sommer Na-K-Cs-Sb yarim-
kegirici elementlor osasinda fotokatodun yaradilmasi tokliflorini irali siirdii. ilk dofo olaraq
coxatomlu ¢eziyum (Cs) tobaqgasi iizorino Na,KSb birlogsmasini adsopsiya etmaklo ¢ox golovili
fotokatod yaradilmisdir [11].

1960-1970-ci illords birinci nasil elektron-optik ceviricilorin hazirlanmasina baslanil-
migdir. Bu ndv elektron optik ceviricilorin is prinsipi sxematik olaraq ¢ox sadodir. Forqli olaraq
belo ceviricilordo aktiv infra-qirmizi isiqlanmaya ehtiyac qalmamis, yeni fotokatod
texnologiyast hazirland1 vo ¢ixis elektronlarinin siiroti vo say1 artirildi. Noticods hossasliq 50-
100mA/lm va ayirdetma gabiliyyati 10-30 1p-mm saviyyasina qaldirildi.

1970-ci ildon baglayaraq 2 vo 3 nosil elektron-optik ceviricilorin yaradilmasina bas-
landi. Birinci nasil optik ¢eviricilorde olan ¢atismazliglar 2-ci, 2+ vo 3-cli nosil ¢eviricilords
mikrokanal 16vholords istifado edorok bir sira catismazliglar aradan qaldirmaq miimkiin oldu
[8]. Noticads daha kigik (3-4 sm) elektron optik ¢evirici hazirlanmaga baslandi. Bundan olavo
2 vo 3-cii nosil EOC-lords parlaq isigdan qorunmaq iiclin avtomatik kontrol nozarsti
movcuddur. Nohayat 2-ci nasil ¢eviricilordo optik hissolorin vo liiminissent ekranin keyfiy-
yatinin artirilmasi kimi dayisikliklor 2+ adlandirilan EOC-larin yaradilmasina sabab olmusdur.
Noticodo isiga hassasliq 100-400 mA/Im ayirdetmo gabiliyyoti 20+36 lp/mm soviyyasing
yiiksolmisdir.

1980-ci illordon sonra 3-cii nosil EOC-lords fotokatodun torkibi GaAs (Galium arsenid)
torkibdo secilmayi ¢ox zoaif is1q soviyyasindo bels yliksok goriintii aldo etmoya imkan vermisdir
(Sakil 1). 3-cii nasil EOC-do fotokatod vo mikrokanal 16vhe arasinda qoyulan ion tutucu qat
sayosindo mikrokanal 16vhodon geri donon miisbot yiiklii ionlarin fotokatoda doniisiiniin
qarsist alind1 vo noticodo EOC-nin émriinii 3 gat artirdi.
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Mikrokanal Liiminissent
Fotokatod 16vha ekran

(I nasil

—

Elektronlar

Sakil 1. "II1" noasil elektron optik ¢eviricinin sxematik goriiniigii.

Son nasil ¢eviricilordo fotokatod 1,1mkm godor bolgoyo hossasdir vo buna gora 1,06
mkm dalga uzunlugunda isloyon lazer siialarin1 da goro bilirlor. 1980-1990-ci illor arasinda
isiga hassasligi 600-2200 mA/Im va ayirdetmo gabiliyyoti 30+80 Ip/mm olan geviricilor
hazirlanmaga baslanmisdir.

Gecogoérmo cihazlarinda istifado edilon elektron-optik ceviricilorin (2+ vo 3 nosil)
hazirlanmasi1 texnologiyasinin Azarbaycanda yaradilmasi magsadsuygun olardi. Eyni zamanda
bu islor igtisadi cohotdon xeyirli vo elmin inkisafina boylik tokan vermis olardi.

Son illordo aparilan elmi tadqiqat islori gecogérma cihazlarinin inteqral hassasliginin,
ayirdetmo qabiliyyatinin vo faydali signalin kiiyo olan nisbati kimi fiziki paramertlorin
yaxsilasdirilmasina yonsldilmisdir. Miiqayiso ii¢lin asagidaki codvaldo 2+ vo 3-cii nasil EOC-
lorin asas xarakteristik paramertlori verilmisdir. (Cadval 1)

Cadvalo gostorilon fiziki paramertlor miiasir EOC {iciin son hadd deyildir. Aparilan
elmi tadqiqat islori daim bu paramertlorin yasilasdirilmasina xidmot edir. J.C.Maksvel
nozoriyyasino goro isiq elektromaqgnit dalgalar toplusunda yayilir. Bu dalgalar tezliyi v=1/T
kimi hesablanir. Insan gézii 380 + 780 nm spektr intervalinda isifa hossasdir. Bu intervaldaki
15181, insan gozii eyni hassasliqla gors bilmir. Goziin hassasligr maksimumu 570 nm + 580 nm
arasindadir. Bu spektr intervalinda yasil rong oldugundan gecs goriis cihazlarindak: goriintii
sar1 -yasil rongds olur.

Otraf cisimlordon oks olunan ay vo ya ulduz is181 miihitin tesirlorino (duman, yagis, qar
Vo s. ) moruz qalaraq zoifloyir vo geco gérmo cihazlarinin hossasliginin artirilmas: problemi
qalxir. Ona goro geco gbrms cihazlarinda istifads olunan elektron optik ceviricilor daha
keyfiyyatli olmalidir. EOC-lor asason fotokatod, mikrokanal 16vhe vo liiminissent ekrandan
ibaratdir. 3-cii nosil miiasir EOC-do slavo olaraq ion tutucu l6vhadon istifads edilir. Sokil 2ds
belo EOC-nin sxematik gortintiisii verilmisdir.
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Cadval 1
Olg¢ii vahidi vo paramertlor 2-+nasil 3-cii nosil
Fotokatodun inteqral hossasligi, mkA/lm, az olmayaraq; S, 450-600 1500-1850
850 nm dalga uzunlugunda spektral hassasliq, mA/Vt; S, 30-40 40-70
Cevirmo omsali; 1, (2+3,5)-10° (5+7)-10°
Ayirdetma hoddi, str/mm, az olmayaraq; N 45+58 5764
Qaranliq fonun parlaqhgi, kd/m*, gox olmayaraq; B, 1-10”
Faydal1 signalin kiiya olan nisbati, az olmayaraq; v, 18+22 19+25
Fotokatodun is¢i diametrinin 6l¢iisii, mm, az olmayaraq; 17,5 17,5
Is rejimindo ekranin isiqlanma parlaglig, kd/m*; B, 2+5 2
EOC-1n 150 hazirliq miiddati,c, cox olmayaraq; T, 3 3
Qida manbayinin gorginliyi, B; U, 23,6 2+3,6
Tolob olunan corayan. mA, ¢cox olmayaraq; Ix 20 32
Foza tezliklorinds kontrastin 6tiiriilme amsali;
2,5 str/mm, az olmayaraq 92
7,5 str/mm, az olmayaraq 80
15 str/mm, az olmayaraq 58
Islomo miiddoti, saat 5000 10.000
Elektronlar Iyon tutucu 16vha
A

@ = AAAAAA——

/] =4 AAAAAA——

] S MWW= (Giiclandirilmis

L/ — MAMV—= i1q

[/ AAAAAA——

[t — ANAAAA——

/]

Fotokatod Mikrokanalli 16vho Liminissent ekran

Sakil 2. Miiasir elektron optik ceviricinin prinsipial sxemi

Kigik enerjili fotonlar obyektivin linzasindan va giris optik linzadan kegarok fotokatoda
dogru horokot edirlor vo noticodo, fotokatod bu fotonlarin tosirinin hesabina elektronlari
emissiya edir. Fotokatod goriinon bolgoadaki isiga hossas oldugu kimi 900 nm dalga spektrino
yaxin infra-qirmiz1 dalga t¢iin do hassasliq gostorir. 2¢i nasil EOC-do fotokatod oksigen,
glimiis, sezium vo Na,Ksb(Cs), 3-cii nasil ¢eviricilorindo fotokatod CaAs (Galsium arsenid)
torkiblidir. Fotokatodun hassasligi onun torkibindon asilidir. Fotokatoddan sonra mikrokanal
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16vha yerlosdirilir. Cox inco hazirlanmis siiso lizorinds milyonlarla (~ 3milyon) inco kanal
yerlogdirilir. Bu siigo multi kanallar kompazit maddodon hazirlanir vo altibucaqli soklindo olur.

Bu multikanallar 1000-1500 optik kanaldan ibarotdir, diametri 6 mkm vo bunlar 18
mm diametrindo bir kosikds yerlosdirilir. Multikanalin hor iki iizii metal kogiirmoklo elektrik
kecirmo halina gotirilir. Fotokatoddan golon elektronlar mikrokanal 16vhonin kanallarinda
gorginlik altinda divarlarla toqqusaraq coxalirlar. Kanalda c¢oxalmig elektronlar sonra
liiminissent ekranda isiglanmaya sobob olur. Noticodo liiminissent ekran ¢arpilan elektronlari
goriintilya ¢evirir. Liminissent ekran c¢ox kigik lup-la 15p arasinda yerlogsmis lyuminofor
donociklorindon ibaratdir. Yiiksok enerjili elektronlar ekrani bombaladigda isiqlanma verir.
Sonra slave olaraq 0.1p qalinligh aliminium tabaqga yerlosdirilir. Bu tobage verilon gorginliyi
nizamda saxlamaq va oks istigamotds optik slagenin qarsisin1 almaq ii¢lindiir.

Fotokatod, mikrokanal lovho vo fosfor ekranin birgo islomolori ii¢iin kontaktlar
yerlosdirilir vo bu kontaktlarla fotokatod ilo mikrokanal I6vho arasinda 800V (3-cii nosil EOC-
do) mikrokanal 16vhoya 1200V va son olaraq fosfor ekrana 5600 V ilo 7000 V arasinda doyison
gaorginlik verilir. (Sakil 3).

800V 900V 5700V

4 - -

* ® ® ® w| e = = =

- ® ® *

Sakil 3. Elektron optik ¢eviricinin sxematik is prinsipi.

Sonda aparilan islor yiiksok vakuum altinda siiso balon i¢orisindo hermetik olaraq y1gim
soklino gotirilir. Gecogdrmo gdzlilyiiniin goriis bucag 40° olarken, normalda insanin goziiniin
goriis bucagi 130°-dir. Gecogdrma gozliiyii vasitesi ilo hadofi rongli ve ya tam aydin gérmok vo
gorar etmok miimkiindiir, yoni toxmini olaraq mosafoni toyin etmok miimkiindiir. Yan-yana
dayanmis iki cismo baxarkon, bu cisimlordon biri digorins nisboton daha boylik olarsa
gecogdrmo gozlilyliindo boyiik gorlinon cisim digorino gore daha yaxinda goriinocokdir.
Beloliklo zoif isiqlanmada mosafoni toxmini bilmok miimkiindiir.

Gecogormo gozlityiine goziin (GGG) goriintiiys uygunlasmasi toqribon 30s miiddotindo
bas verir. GGG ilo miisahide aparilarken gérme sahasindoki parlaq cisimlers uzun middat vo
harokatsiz olaraq baxmaq olmaz, oks toqdirds optik ¢eviricinin igorisinde yerlogon mikrokanal
16vha zadoalona biler, goriintii pislosorak ekranda qara ndqtsler olacaqdir. Ay isiginin olmasi
gecogoriis gozlilyl ticlin cox dnomlidir.

67



Y.T. Camalov, K.O. Osgarov

Elektron optik ¢eviricilor hazirlanmasi prossesindo texnoloji olaraq bir ¢ox xotalar ola
bilir. Bu xotalarin soboblori vo aradan qaldirilmasi mosaloalorini todqiq etmok ¢ox mithiimdiir.
Aparilan elmi-tadqiqat naticasinds istehsal prossesinds yarana bilocok xatalar vo onlarin aradan
qaldirilmasi yollar1 aragdirilmis vo asagidaki kimi formalagdirilmisdir:

— 18 mm-lik EOC-lordos ¢ix1s boboyinin diametri on az1 17,5 mm olmas1 lazimdir. Ogor
belo deyilso, buna sobab fotokatodun diizgiin yapisdirilmamasi vo ya mikrokanal 16vhonin,
liiminissent ekranin va ¢ix1s optik linzanin diizgiin yerlosdirilmamasi ola bilar;

— EOC-ys baxarkon daironin kenarinda kolge goriine bilor. Belo xota varsa yuvarlaq
sokilda gotiintii aldo etmok olmaz. Ko6lgs konardan baslayaraq i¢oriya dogru horokost edir. Buna
sobab tomizlomoe prossesinin diizglin aparilmamasi ola bilor. Bu zaman EOC-nin dogru
yerlasdirilmasina da diqqgat etmok lazimdir.

— Goriintiiniin konarinda qovsvari parlaq isiglanma soklinds olan xataya sobob EOC-nin
yigiminda konardan balon igarisina isiq sizmasindan ola bilar.

— Bir ¢ox hallarda ekranda goriinan parlaq noqtaler kigik xaotik titrok haroketli halqa
soklindo olurlar. Adston bunun sobobi mikrokanal 16vha iizorino qoyulmus nazik tobaqgonin
deformasiyaya ugramasindan yaranir. Parlag noqtolor vo konar parlaq saholor anod vo
mikrokanal 16vhe ¢ixislart arasinda verilmis yiiksok gorginliklo nizamlanaraq aradan qaldirila
bilor. ©gar xata ceviricinin balonu yi1gilarkon ortaya ¢ixarsa o zaman balonun govdasi agilaraq,
doldurulmus silikon tomizlonorak, ¢ixis kontaktlara yiiksok gorginlik totbiq etmoklo xotani
aradan qaldirmagq olar.

— Qara noqtolor EOC-doki kosmetik lokolor vo ya y1gim prosesindo linzalar arasinda
galan toz lokoloridir. Belo ndqtalor izin verilon kriteriyalart asdiqda tomizlonir.

— Bozon liiminissent ekran yerlogdirilorkon sohva yol verilorso ¢eviricido qirmizi vo ya
narinct rongdo loko goriino bilor. Bu Ilokolor do gara ndqtolors qoyulmus tolobata goro
qiymatlondirilir.

— Bozi hallarda g¢eviricido xotalar bal patoyino oxsar alt1 bucaqli hondasi fiqur soklindo
olur ki, bu yiiksok isiglanmada vo ya ¢ox parlaq bir is18a baxarkon ortaya ¢ixa bilor. Bu oslinds
ceviricidoki fiber optik kanallarin goétiintiistidiir v 151q saviyyasi yiiksok oldugu zaman biitiin
EOC-da rast golinan bir haldir. Bu xata yiiksok is1q soviyyasinds olursa bu da gobul edils biler,
ogor kicik is1q soviyyosindo goriinti davam edirso, o zaman mikrokanal 16vha doyis-
dirilmolidir.

— Bir c¢ox hallarda xotalar tikis sap1 formasinda goriintii sahosindo ya da goriinti
sahasinin bir hissasinds nizamsiz qaranliq inco xatlor soklinds olurlar. Bu qaranliq xatlor EOC-
nin ¢ixi§ linzasinda yerlogdirilmis mikrokanal 16vhonin baglant1 ndqtolorindo is181 kegirmoyon
oli kanallarin olmasindan irali golir. Belo xotalar O6l¢giilorino vo sayma gora tolobata uygun
olmasi lazimdir.
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— EOC-nin silikonla doldurma islori vo ya qoruyucu qatin keyfiyyatsiz yapisdiriimasi
zamant bosluglar i¢cindo nom qala bilir ki, bu da balonda dislokasiyalarin yaranmasina sobab
olur.

— Goriintiiniin pozulmasi hallar1 yiiksak is1q saviyyalarinde va ya titrotmo, dalgalanma
kimi hallarda ortaya ¢ixa bilor. Bu pozulma ceviricinin islodiyi zaman boyunca doyismoz
olaraq qalir.

— Is1q halgalarinin yaranmasima sobob EOC-y1giminda mikrokanal 16vho ilo fotokatod
arasindaki masafonin normadan artiq olmast ola bilor. Bunun naticosinds diison isiq ¢eviricido
kolgolor yaradir. Bunu aradan qaldirmaq {giin EOC-nin paralel yerlosdirilmosi tomin
edirmolidir va ya ¢evirici ¢ixarilaraq yenidon tokrar yigilmalidir.

— Dasima vo xotal istifado zamani xotti dorin ciziglar giris vo ¢ixis linzalarda yarana
bilor. Yaranmis xatti ciziglar sadoco parlatma yada cilalama yolu ilo aradan qaldira bilor.,

— 3-cii nosil EOC-do goriintiiniin keyfiyyotli olmast {igiin fotokatod vo multi kanal 16vho
arasinda 40 A qalinliginda aliminium toboqa yerlosdirilir ki, bunun sayssinds mikrokanal
l6vhadon gayidan miisbot ionlarin fotokatoda qayidisi oangallonir.

— 9gor EOC is1q yayan bir hodofo yonoldilirso bu zaman isiq hodofin otrafinda
yayilaraq gotiintiinlii pisloegdiror vo yaxin otrafdaki digor hodoflori gérmok miimkiin olmaz.
Bunun sobobi fotokatodla mikrokanal 16vho arasindaki mosafonin artiq olmasidir. Qiisuru
aradan qaldirmaq t¢iin ¢evirici yenidon sixilaraq yigilmahdir. Sonda ¢alismaq lazimdir ki,
elektron optik ceviricinin ¢ixisindaki parlaqliq har néqtads eyni olsun.

— EOC uzun miiddot parlaq is1ga (giinos is181 vo ya fonar 15181) moruz qalarsa bu zaman
ekranda qaranliq lokolor yaranar. Ancaq c¢evirici qisa bir miiddotdo (1 doqiqe) yiiksok isiga
moruz qalarsa goriintiido belo bir garanliq lokolor yaranmamalidir. Bunun ii¢iin 100 vt-liq bir
lampanin bir metr masafodon veracayi isiq siddastine gors sinaq aparilir.

— Parlaq is1q zamani qoruyucu avtomatik olaraq mikrokanal 16vhonin gorginliyini
azaldir vo noticodo ¢eviricido qara lokolor yaranmir. Qoruyucu olmayan ¢eviricilordo uzun
miiddot gozliiyli parlaq is1q altinda tutmaq olmaz.

Yuxarida gostarilon xotalar biitiin nasil elektron-optik ¢evricilords yarana bilor. Bu kimi
xotalarin arada qaldirilmast yollar1 uzun miiddst aparilan elmi todqiqat islorinin noticesidir.
Eyni zamanda elektron-optik ceviricilorin istehsali prosesinds araya ¢ixa bilon xatalardir. Son
illords respublikamizda istehsal olunan sado quruluslu monokulyar geco-gérms cihazlarinda 2+
va 3-cli nosil elektron-optik ceviricilordon istifade olunur. Hal-hazirda gecogérmo cihazlari
respublikamizda horbi-sonaye kompleksinds 6z praktik totbiqini tapmis vo istifado
olunmaqdadir.

Sokil 4-do Monokulyar A-100 adlanan gecogdérmo gozliiyliniin limumi gorlinlisi
verilmisdir.
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GGG-nin agma va
baglama agan

Sakil 4. Monokulyar gecagorma cihazi

Monokulyar fordi miisahido-cihaz kimi geco vaxtlarinda {iz maskasina taxilmig
voziyyotds, dobilgo vo silah lizorindo uygun birlosmo yeri oldugu halda homin sistemlors
etibarli birlogdirilo bilor. Monokulyar A-100 geco gérmo cihazinin texniki toloblori vo osas

paramertlori codval 2-do gostorilmisdir.

Cadval 2
Optik gostoricilor
1.Okulyarn minimal tonzimloms diapozonu, -6... 12
dptr.
2.Boyiitmo xassasi, dofa (1+3%)"
3.GOorma sahosi 40°+2°

4.GOrmo mosafasi

18 + 3 sm-don sonsuzluga qodor

Fiziki gostoricilor

5.Qida manbayi

ladod AA Alkalin tipli 1,5 V-luq element vo
ya 1,5 VDC litium elementi vo ya 1,5 VDC
Ni-Cd vo ya 1,5 VDC xarici glic manbayi

6.Qida monbayinin gorginliyi, V 1,5+3%
Konstruktiv gostaricilor

7.Qabarit oOlgiilori (gozliiksiiz), mm, ¢ox 122 x 72 x 86

olmayaraq

8.Cakisi, kq, cox olmayaraq (barayesiz) 0,35

Monokulyar optik gecogdrmo cihazinin optik parametrlorinin Olgiilmosi kompiiter
vasitosi ilo proqramlasdirilmig xiisusi hazirlanmis qeyri standart qurgu vasitasi ilo aparilir.

(Sakil 5).
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Sakil 5. Monokulyar gecagorma cihazinin optik parametrlarinin 6l¢ciilmasi
iiciin yaradilmis qurgu
1-is1q manbayi; 2-kollimator; 3-proqramlagdirilmis test cihazi; 4-monitor;
5— xiisusi kompiiter; 6-diizlondirici; 7-¢ap cihazi.

Bu qurgunun kdmayi ilo geco gérmo cihazinin isloms rejimino nozarot, dioptriyasi,
yaxina va sonsuza fokuslamaya nozarat, ayirtetmo qabiliyyati, boylitmosi vo goriis bucagi kimi
paramertlor toyin edils bilir.

Geco gdrmo cihzlarinda parlaqliq soviyyasinin (giicliniin) toyin etmak ii¢lin yaradilmig
qurgu sakil 6-da gostorilmisdir.

Sakil 6. Monokulyar gecagorma cihazinin parlaqliq saviyyasini tayin edon qurgu 1-is1q giiclondirici
manba; 2-xarici sensor; 3-elektirik diizlondiricisi; 4-lazer ¢cap cihazi; 5-xiisusi kompiiter.
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Sonda alinmis naticalor xiisusi programlagdirilmis kompiiter vasitosi ilo geyd olunur vo
cap olunaraq ¢ixarilir. Alinmis paramertlor qoyulmus talablors uygunlugu miiqayise olunur.
Istehsal olunmus cihazlar mexaniki vo klimatik iglim sinaqlarina qarsi test olunur (yiiksok
temperatur, riitubat, yagisa, zorbaya, titroma, yiiksoklik, suya batirma, temperatur doyigkonliyi,
toza va s. ) va sifaris¢iya tohvil verilir. Aparilmis elmi todgiqat islorinin naticasi olaraq istehsal
prosesindo edilmis doyisikliklor hom optik paamertlorin, hom do fiziki vo konstruktiv
gostaricilorin yaxsilasdirilmasina sabob olmusdur. Olave olaraq govds vo digor hissalorin
poliamid materialdan tozyiq altinda tokiilmosi cihaz1 praktik olaraq istifads {i¢ilin yiingiil vo
borklik ndqteyi nozordon etibarli etmisdir.
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YCOBEPIIEHCTBOBAHME ITPOU3BOJACTBEHHOI'O
IMPOLNECCA ITPUBOPOB HOYHOI'O BUJIEHUA

A.T. JDKAMAJIOB, K.A. ACKEPOB

B craree wuccnenoBaHbl IIyTHM YCOBEPLICHCTBOBAHMUS W YCTPAHEHUS BCEBO3MOXKHBIX
MOTPENIHOCTEell B MPOM3BOACTBEHHBIX Ipolieccax mpu cOopke uzzaenusi. C moMouipio pa3padoTaHHON
ABTOMAaTU3UPOBAHHON CIELUAJIbHON IPOrPaMMUPOBAHHOM YCTAHOBKM IPOBOJWIHCH OCHOBHBIE
M3MEpeHNs apaMeTpoB u3aenus. B pesyiprare ObIIM M3rOTOBJICHBI IPHOOPHI HOYHOTO BHJICHUS THIIA
MOHOKYJISIp A-100 13 miaacTUueckoro Marepuana ¢ yaydIIEHHBIMH MapaMeTpaMu AJsl IPaKTUUYECKOro
npuMeHeHus. [lomydyeHHble M3/eNUs MMEIOT HEKOTOPOE MPEBOCXOJCTBO IO CBOMM HapamMeTrpaMm U
CBOMCTBaM I10 CPABHEHUIO C CYIIECTBYIOIUMYI HHOCTPAHHBIMU aHAJIOTaMHU.

Knroueevie cnoea: snexmponto-onmuueckue npeobpasosamenu, 0,1,2,2 + u 3 nokonenus
9NEKMPOHHO-ONMUYECKUX npeobpazosameneli, Gomoramoo, JIHOMUHECYEHMHbLU 9KPaH,
MUKDOKAHATIbHASL  NJIACMUHKA, — VPOBEHb  SAPKOCMU,  WYM, UHMESPALbHASL — HY8CMEUMEbHOCb,
QNEKMPOHHASL IMUCCUSL, (POMOH, MYTbMUKAHAT, PudepHble onmuuecKue Kanaubl.

IMPROVEMENT OF PRODUCTION OF DEVICES OF NIGHT VIZION

Y.T. JAMALOV, K.A. ASGAROV

In article ways of improvement and discharge of the varios were investigated errors in
produchtion at assembly of a product. By means of the devolped the programmed technique automared
special the main optical were carried out product parametrs. Devices of night vision like A-100
monocular were as a result made from plastic material the improved parametrs for practical application.
Hie received products have some superiority in the parametrs and properties in comparison with
existing foreign analogs.

Key words: electron-optical converters, photocathode, microchannel plate, brightnees level,
noise, integrated sensitivity,electronic issue, photon, multichannel, fiberny optical channels.
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NEFTCIXARMADA SU-NEFT SISTEMLORI OSASINDA
REOTEXNOLOJI USULLARIN YARADILMASI VO TOTBIQININ
PERSPEKTIVLILIYI

Q.Q. ISMAYILOV, N.M. SOFOROV, Q.I. CALALOV

Mogqalads miialliflor terafinden aparilmis g¢oxsayli eksperimental vo nozari todqiqatlar naticesinda
heterogen su-neft sistemlorinin reotexnologiyast vo onun neft¢ixarmanin texnoloji proseslorindo ixtiyari
yaranan fiziki effektlordo tozahiirii osasinda yeni reotexnoloji iisullarin yaradilmast vo totbiqinin
perspektivliliyi arasdirilmigdir. Miloyyon edilmisdir ki, vahid hidrodinamiki «lay-quyu-neft yigimi»
sistemindo yaranan bu qarisiglarin  anomal xiisusiyyatlorinin todqiqine forqli elmi yanagmanin
formalasdirlimasi, onlarin reofiziki xassolorinden mogsodyonlii istifado olunmasi va tonzimlonmasi
osasinda yeni reotexnoloji idareetmo iisullarinin yaradilmasi vo totbiqi neftgixarmanin texnoloji
proseslorinin somoraliliyinin artirilmasi liglin genig imkanlar aga bilor.

Agar sozlor: su-neft emulsiyalari, reofiziki xassalar, reotexnologiya, inversiya,
fiziki effektlor, hidravliki yastiq effekti.

Mosalonin aktualligi. Son illor neft yataglarinin islonilmasinin cari voziyyoti vo
movcud karbohidrogen ehtiyatlarindan maqsodydnlii istifado haqqinda miiasir elmi tosovviirlor
neftqazgixarmanin texnoloji proseslorinin somoraliliyinin artirilmasi {i¢iin yeni idaroetma va
tonzimlomo {isullarinin yaradilmasi problemini 6n plana kegirir. Qarsiya qoyulmus bu
mosalonin miivoffoqiyyatli halli ilk ndvbodo istismar edilon neft yataglariin islonilmasi
tocriibosinin  todqiqini, oldo edilon elmi-praktiki naticolorin {imumilogdirilmasini, neftin
cixarilmasi, yigilmasi vo noqli proseslorinin tohlili ii¢lin yeni elmi osaslarin vo movcud
stereotip diisiincolora forqli yanagsmanin formalasdirilmasi osasinda yeni innovativ iisullarin
yaradilmasini, eloco do tobii ehtiyatlarin hasilatinda enerji vo sarvatqoruyucu texnologiyalar
movqgeyindan operativ hallorin gabulunu talob edir.

Mohz bu baximdan neft-qaz sonayesindo perspektiv istiqamotlorinden biri — fiziki
(elaca do sinergetik) effektlor osasinda dispers sistemlorin reoloji xassolorindon istifado etmoklo
neftcixarmanin texnoloji proseslorinin somaraliliyinin artirtlmasina imkan veron reotexnolo-
giya elmi xiisusilo secilir. Reotexnologiya - geyri-Nyuton xassali heterogen sistemlorin reofi-
ziki xiisusiyyatlorindon istifads edilmasi vo onlarin tonzimlonmasi asasinda neftqazgixarmanin
texnoloji proseslorinin somoaraliliyinin artirilmast mogsadilo yaradilan yeni {sullarinin
mocmusudur. Bu elmi-innovativ saho iizro ilk todqgiqatlar kegon asrin sonlarindan baslayaraq
gorkomli Azorbaycan alimi, akademik A.X. Mirzacanzadonin rohbarliyi ilo hayata keg¢irilmis,
coxsayli laboratoriya sinaqlari naticasinda Ozlii-elastik (-plastik, -donover) xassoli ¢oxkom-
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ponentli sistemlorin boru ve yeralti hidravlikasinda reofiziki xassolorinin Oyronilmosi vo
onlarin neft¢ixarmanin texnoloji proseslorindo totbiqi imkanlarmin arasdirilmasi isloring
baslanilmis, heterogen sistemlorin reotexnologiyasi va onun neft¢ixarmanin texnoloji proseslo-
rindo ixtiyari yaranan effektlords tozahiirii esasinda yeni reotexnoloji tisullarin islonmasinin
miimkiinliiyli masalolori arasdirilmigdir. Professor A.X. Mirzocanzadonin fikrinco, reotexnolo-
giyada (eloco do reokinetikada) osas tonzimloma vasitasi sayilan fiziki effektlorin neft¢ixarma-
nin texnoloji proseslorinde goézlonilmaz soraitlords tozahiiriiniin osas sobabi — «3Q» (qeyri-xat-
tilik, gorarlasmayan axin va qeyri-bircinslilik) amilidir ki, bu da bilavasito ¢oxfazali, heterogen
sistemlora xasdir [1]. Mahz bu sababdan, karbohidrogenlorin ¢ixarilmasi, yigilmast vo noqli
proseslarinin somaraliliyinin artirilmasi problemlarinin halline imkan yaradan, enerji va resurs-
lara qonaat toloblorino tam cavab veran, vacib operativ hollorin gobulunu reallasdiran yeni
reotexnoloji tisullarin yaradilmasi va onlarin tacriibadas tatbiqi 6z aktuallig ilo segilir vo bdyiik
elmi-praktiki ohamiyyat kasb edir.

Giris. Molumdur ki, Azorbaycanin donizdo vo quruda yerloson bir ¢ox neft yataqlar
islonilmonin son moarholasindadir vo hasil olunan quyu mohsulu yiiksok sulasma doracasi ilo
xarakterizo edilir. ©ksor hallarda su basqisi rejimi yataqlarin islonilmosinin osas iisullarindan
biri sayildigindan, ifrat dorocodo sulagmis neft hasilatinin holo nego illor davam edocoyi fakti
artiq heg bir siibho dogurmur [2]. Hasil olunan lay fliiidlorinin laborator tohlili gostorir ki, neft
mohsullart onu texnoloji proseslordo daima «miisayiot edon» {insiir - su fazasi ilo qarigdigi
mogamlarda su-neft (dayaniqli vo ya dayanigsiz) emulsiyalarinin yaranmasina dogru meyllidir.
Ciinki, oksor neftlorin torkibindo tobii emulgator funksiyasini yerino yetiron asfalten, parafin,
gotran, kiikiird, mexaniki qarisiglar, mineral duzlar, porfirinlor vo s. kimi birlogsmolor var ki,
onlarin da faiz gostoricilori bir-birindon nozoragarpacaq dorocodo forqlonir. Homginin, neftlo
birlikdo ¢ixarilan lay sularmin kimyovi torkibindo CI, S0, Na, Mg, Ca, HCO;3; J va digor
elementlorin ionlarinin, eloco do onlarin birlosmolorinin mévcudlugu sobabindon lay mayels-
rinin torkibinde yer alan bu komponentlor miioyyon soraitdo emulsiya amologatirma {iinstirlori
kimi sociyyalondirilirlor [3].

Neft yataglarinin islonmosinin miisyyon morhslosindon baslayaraq neftin ¢ixarilmasi,
yigimi vo boru komorlori ilo noagli proseslorindo bir-birindo qarsiligli hall olmayan «maye-
maye» tipli su vo neft fliiidlorinin intensiv garigmasi bas verir ki, bunun da noticasi olaraq mii-
rokkob polidispers sistemlor — su-neft emulsiyalar1 yaranir [4]. Aparilmis ¢oxsayli todgiqatlar
osasinda miioyyon edilmisdir ki, su-neft emulsiyalart — bir-birindo kigik dispers 6l¢iilii glo-
bullar soklinds sopalonmis, qarsiliqli hall olmayan neft vo lay suyunun mexaniki qarisigidir [5].

Emulsiyalarin yaranmasi vo onlarin dayaniqliligi bir ¢ox amillorlo, xiisuson do su-neft
garisigimin horokot siiroti, onun toskiledici iinsiirlorinin fazalar nisboti, neftin fiziki-kimyovi
xassalori, emulqatorlarin hidrofil-lipofil balans1 (HLB) vo temperatur rejimi ilo xarakterizo
edilir [6]. Yiiksok disperslilik doracasi ilo xarakterizo edilon su-neft emulsiyalar1 osason stabil
(miivazinatlogmis) sistemlordir. Su-neft emulsiyalarinin dispers hissociklorinin 6lg¢iilorine
uygun olaraq, makroemulsiyalar (dispers hissociklorinin 6lgiilori d=0,1-50 mikron intervalinda
doyison) kinetiki vo mikroemul-siyalar (d=0,02-0,1 mikron haddindo olan) iso termodinamiki
baximdan stabillogmis sistemlor kimi tosnifatlandirilir [7].
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Emulsiyalar1 sociyyslondirdikde onlarin dayaniqliligi amilini do nozerden qagirmaq
olmaz. Indiyadok su-neft emulsiyalari {igiin trivial olaraq gobul edilmis termodinamiki (gqlobul-
larin flokulyasiyas1 vo koalessensiyasi proseslorino istinad edon) vo kinetiki (sedimentasiya
prosesing vo Stoks qanununa osaslanan) dayanigsizliq tiplorindon basqa, bazi hallarda sohvon
inversiya (faza ¢evrilmosi) hadisosi do emulsiyanin daha bir dayanigsizliq amili kimi goloma
verilir. Lakin bu halo do c¢oxsaylt polemika vo cavabi aragdirilan  bir ¢ox suallar
dogurdugundan elmds miibahisali bir mévqe tutur vo «faza inversiyasi vo onun miitlagliyi»
aksiomunun golocokdo yeni rakursdan baxilmasi masolasini garstya mogsad kimi qoyur.

Bir ¢ox todqiqatlara istinadon, su-neft emulsiyalarinin miixtslif monbolordo - fontan
quyulariin kolonlarinda, derinlik dalma vo morkezdongagma nasoslarinin klapanlarinda,
nasos-kompressor qaldirict (NKB) borularinda (stanglarin ¢oxsayli «iroli-geri» horokoti
zamani), kompressor quyularinin lilosindo (sixilmig havanin vo ya qazin disperqasiyasi
sayosindo), quyuagzi avadanligin armaturlarinda, stuserlordo (quyu mohsulunun su ils intensiv
garigmasi naticosindo), texnoloji boru komorlorinds, seperatorlarda, mohsuldar layin agilmast
prosesinda (neftin yuyucu maye ilo qarigmasi sobabindon) amals galmasi miimkiindiir [8].

Lay suyunun torkibindo holl olan duz ionlarmin qazma filtratinin torkibinds olan duz
ionlart ilo qarsiliglt kimyavi reaksiyaya girorak, kollektorun mosamali miihitinds hall olmayan
cokiintlilor omolo gotirmasi fakti da elmi cohotdon colbedicidir. Mohz bu ¢dkiintiilorin lay
mosamoalorinin kanallarini daraltmasi sobobindon tozahiir edon «stuserloyici» effekt noticosindo
lay suyu ilo neftin disperqasiyasi prosesinin siirotlonmosilo emulsiya yaranma ehtimalini artir-
mis olur. Homginin, layin quyudibi zonasinda termodinamiki soraitin (tozyiqin sabit saxlanil-
mas1 magsadils laya soyuq su vurulmasi noticesinde lay temperaturunun kaskin azalmasi vo s.)
doyismosi do neftin torkibindo olan tobii «qara emulqatorlarm» (asfalten, parafin, gotran,
mineral duzlar, kvars hissaciklor, naften tursulari, qumatlar vo s.) tosir dairasini dofalorlo artirir.

Reoloji vo fiziki-kimyovi xassalorina goro anomal xiisusiyyatlora malik geyri-Nyuton
mayelorino aid edilon polidispers su-neft sistemlorinin yaranmasi neftin hasilati, yigimi vo
naqli proseslori qarsisinda tezliklo hallinin tapilmasi talab olunan bir sira aktual problemlor
qoyur. Ciinki, neft yataqlarinin ifrat sulasma templori sayasindo su-neft emulsiyalarinin yaran-
mas1 amili neftin ¢ixarilmasi, yi1gilmasi, hazirlanmasi vo noagli proseslorindo ciddi miirokkoblog-
molaro - intensiv ¢okmo proseslorino, neftin donma temperaturunun artmasina, su-neft qarisi-
ginin ozliiliik vo sixliq gostoricilorinin anomal yliksalisine sobab olmaqla borabor, neftgixar-
manin texnoloji proseslorinds olavo c¢otinliklor (nasos-kompressor borularinda vo nogl
sistemindo tozyiq ddyiintilori (pulsasiyalar), ballast rolunu oynayan olavo su hocminin
borularla naql edilmasing izafi sorf edilon enerji xarclorinin artmasi, avadanligin mexaniki vo
kimyovi aginmalar naticosindo vaxtindan ovval siradan ¢ixmasi va s.) yaradir [9].

Belo miirokkob soraitdo hasil olunan sulagsmis neftlor, bir qayda olaraq, 6ziiniin fiziki-
kimyovi xassolorino goro reoloji miirokkob mayelora aid olub, anomal xiisusiyyatloro
malikdirlor ki, bu da 6z aksini yataqglarin istismar1 vo quyu mohsulunun moadondaxili texnoloji
boru kamarlari ils naqli proseslarinds tapir [10].

Tadqiqatlarin maqsadi vo metodiki asasi. Yuxarida qeyd edilonlori nozera almaqla,
mioslliflor torafindon aparilmis fenomenoloji (tacriibi) vo konseptual (nozari) todqiqatlarin osas
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magsadi - neft¢ixarmanin texnoloji proseslorinin samarsliliyinin artirilmasi {igiin reotexnologiya
elmi osasinda enerji vo tobii resurslara qonaot baximindan yeni innovativ tsullarinin
yaradilmasi vo totbiqi perspektivlorinin aragdirilmasidir. Su-neft dispers sistemlorindo (torkib
hissasinin ¢oxkomponentliliyi, heterogenliyi, ¢oxfazaliligi, kolloid-dispers birlagmalorinin
moveudlugunu, faza vo komponentlor arasi tosir mexanizminin miirakkabliyini nazars alaraq,
moqalads tadqigat obyekti kimi se¢ilmis su-neft emulsiyalarini da goatiyyotlo miirokkab dispers
sistemloro aid etmok olar) miioyyon soraitdo tozahiir edon bu cir forqli mikro- vo
makroeffektlor osasinda neftcixarmada movcud problemlor iigiin yeni texniki vo texnoloji
hollorin yaradilmasi iso yerino yetirilmis todqiqatlarin metodik osasini togkil edir.

Umumi hissa. Hal-hazirda su-neft emulsiyalarinin yaranmasi, onlarin fiziki-kimyavi vo
reoloji xiisusiyyatlorinin dyronilmasi masalolorine ¢oxsayli tadqiqat islorinin hosr olunmasina
baxmayaraq, vahid hidrodinamiki «lay-quyu-neft yigimi» sisteminda, eloco do texnoloji boru
komorlorindo anomal xassoli emulsiyalarin yaranmasi ilo olagadar problem masalslorin bir
coxu hala da 6z hallini tapmamigdir.

Aparilmis coxsayll todqiqatlar gostorir ki, su-neft sistemlorinds bas veran proseslor
«maye-maye» tipli ikifazali vo ya «maye-bark cisim-maye», eloco do «maye-qaz-maye» tipli
coxfazali miihitlorin faza ayrilmasi sorhadinds movcud olan bir sira kapillyar vo sothi-
molekulyar tozahiirlor ¢ox vaxt miixtolif paradoksal fiziki effektlorin meydana ¢ixmasi ilo
sociyyavidir ki, bunlarin da osasinda neftqaz¢ixarmada vo karbohidrogenlorin boru komari ilo
naqli proseslorindo miivoffaqiyyatlo totbiq edilo vo somarsliliyini artira bilocok yeni enerji vo
sarvatqoruyucu texnologiyalarin yaradilmasi imkanlari durur.

Miixtalif fiziki-kimyavi iisullarin totbiqi ilo bir-birinden kokli deraceads forqli, geyri-
onanavi texnologiyalarin yaradilmasi tiglin osas amil - neftgixarmanin miixtalif texnoloji
proseslorindo tozahiir edon fiziki vo ya sinergetik effektlor toskil edir ki, bunlardan da
moqsadyonlii istifado edilmasi somoarali naticalorin aldo edilmasine dogru yollar agir. Masolon,
kopiik sistemlorinin vo mikroemulsiyalarin totbiqi zamani sistemin psevdoozliililylintin, onu
toskil edon komponentlorin 6zliiliiytindon dofslorlo yiiksok olmasi tez-tez miisahido edilon bir
haldir. Lakin, qeyd olunan hal spesifik xiisusiyyatlori ilo do segilir. Masamali miihitlords
dayaniqli kopiik sistemlorinin axini prosesindo bu effekt bozon daha gabariq sezilir, bozi
hallarda iso heg¢ tozahiir etmoya do bilor [11]. «Maye-maye» tipli dispers sistemlordo iso belo
hallarin yaranmasi daha forqli xarakter dasiyir vo onlar1 miisahide etmak {igiin xatti (kapillyar,
catvari, masamoli va s.) vo radial lay modellorindo yaranan fiziki vo ya sinergetik effektlorin
tokco ononavi - viskozimetrik 6lgmolor vasitosilo todqiqi kifayat etmir vo ¢ox vaxt homin
proseslorin vizuallagdirilmasi da tolob olunur. Todqiq edilon dispers sistemlorin relaksasiya
xassalorinin diagnostikast vo onlarin tozahiirli osasinda texnoloji proseslorin somarsliliyinin
artirilmas ticlin bu effektlordon diizgiin istifado etmoklo yeni reotexnoloji iisullarin islonmasi
miimkiindiir vo vacibdir.

Tadqigatlarin naticalari vo onlarin miizakirasi. Movcud texniki adobiyyatin tohlili
gostorir ki, bir ¢ox miiolliflor bu vo ya digor texnoloji proseslor zamani yaranan su-neft
emulsiyalarinin qeyri-adi davranisini tocriibodon alinmis naticalorin ekstrapolyasiyast ilo
osaslandirmaga cohd edirlor. Magalods yalniz bir misal niimunssinds - su-neft emulsiyalarinda
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reallagan inversiya hadisasinin bagverma sobabinin reotexnologiya baximindan - «hidravliki
yastig» effektinin tozahiirli osasinda konkret izah1 6z oksini tapmigdir.

Son zamanlar elmdo su-neft emulsiyalarinin névlori vo onlar arasinda faza gevrilmolori
ilo bagli elmi miihakimolor indi he¢ do birmonali garsilanmir. Toqdigatlar naticosindo
miioyyanlosdirilmisdir ki, emulsiya tipinin dayismasi haqda miilahizalors artiq yeni rakursdan
baxilmasi vaxti ¢catmisdir. Adston modon soraitinds (homginin laboratoriya todqgiqatlarinda da)
faza c¢evrilmosi prosesinin tosdiqi, basqa sozlo desok, inversiya ndqtosinin tocriibi toyini
masalasi anonavi ssenari asasinda - emulsiyanin effektiv 6zliliiyiiniin sulagma doracesindon
asililig1 oyrilorindon istifade etmoklo reallasdirilir. Bu zaman belo ehtimal edilir ki, emulsiyanin
ozliililyliniin maksimum qiymsato - yoni bohran sulasma haddino ¢atdigdan sonra koskin enis
ndqtasi - inversiya noqtasidir (sok.1) .

0

Sok.1. Emulsiya tipinin dayismasinin ananavi ssenarisi

Laboratoriya soraitinde su-neft emulsiyalarinin reoloji xassalorinin kompleks sokilda
Oyronilmosi mogsadilo «Muradxanl»y yataginin 17 sayli quyusunun neft mohsulu osasinda
siini hazirlanmis su-neft qarisiglarinin t=20 °C-ds «Reotest-2» tipli rotasion viskozimetrda tayin
edilmis gostoriciloring (siirat qradiyentlori vo siirismo gorginlikloring) istinaden qurulmusg
= f{y’)" axma oyrilori sokil 2-do verilmisdir.

Rotoviskozimetrik sinaqlardan oldo edilmis noticolorin hortorafli tohlili naticosindo
miloyyon edilmisdir ki, todqiq olunan su-neft emulsiyalarinda sulasma doracosinin artimi
onlarin reoloji xassalorino nozoracarpacaq doracods tosir edir. Sokil 2-don  goriindiiyii kimi,
mexaniki qarigdirma vo hesabi hocmdo su gatma iisulu ilo siini hazirlanmig su-neft garisiginin
sulasma doracasinin miivafiq yiiksalisine uygun olaraq 6zliiliiylin do proporsional artimi aydin
sezilir. Lakin sulasma doracosinin miioyyon haddindo - 85 9% sulasma hoddi otrafinda
ozliiliiytin kaskin azalmasi diqqetdon yayinmur.

Temperatur amilinin bu «enig» faktina tosirini istisna etmok moqsadilo tadqiqatlar
miixtolif temperaturlarda - 20, 40 vo 60 °C-do aparilmis ve analoji mnoticelor almmisdir.
Muslliflorin  fikrinco, bu hadisenin faza inversiyas:1 (katastrofik vo ya keg¢id ndviinden asili
olmayaraq) ilo slagolondirmasi he¢ do diizgilin sayila bilmoz. Ciinki, emulsiya tipinin toyini
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ticlin emulsiya elminds genis istifado edilon «Fazalarin qarisdirilmasi» iisulunun todqiq edilon
sistemo totbigi baxilan sulagsma doracasine (ff = 85%) malik su-neft qarisiginda faza cevrilmosi
hadisosinin bas vermodiyini isbat edir. Bu paradoksal hadisonin hollinin reotexnologiya
baximindan izahinin, su-neft sistemlorindo su qglobullarinin flokulyasiyas1 vo koalessensiyasi
proseslorinin reallagsmasi sobabindon su ilo «doymus» emulsiyadan tobagolosorak, ayrilan
«qalig» sudan ibarat divaratrafi tobaqonin yaranmasi ilo alagolondirilon «divaratrafi stirligmo»
(bunu odabiyyatda ¢cox zaman «hidravliki yastiq» effekti do adlandirilar) effektinin tozahiiriindo
axtarilmasi daha mogsadouygundur [12].

—|

Stiriigma garginliyi, t, Pa

Siirat gradiyentiy’, s
doracalort
3R 0/, et 5() %, () Y, ] ()0 w75, == 30% =@=85%

Sok.2. «Muradxanly yatagimin 17 saylt quyusunun neft mahsulu asasinda siini hazirlanmig
su-neft emulsiyalarinin =20 'C-da rotoviskozimetrik ayrilori

Mohz gostarilon fiziki-kimyavi proseslor noticosindo yaranan iri su qlobullar1 «zoncir-
vari» vo makroskopik «lentlor» soklindo birlogorok, reotestin silindrinin ortasina dogru mig-
rasiya edir vo bununla da spindelin firlanma horokotinoe oks ydnolmis hidravliki miigavimati
azaldir. Basqa s6zls desok, axin istigamati boyunca yonalmis, iri damlalardan vo onlarin aqre-
qativ birlosmalarindon yaranan «zancirlor»-don formalagsmis makroskopik araqatilar( layciqlar)
qrupu meydana ¢ixir (sok.3).

Qeyd edilon effektin tozahiirli sayosindo reotestin «spindel-silindr» ciitliiylindo kigik
dispers Ol¢iilii su globullari ilo artiq «doymus» emulsiyada nisbaton daha yiiksok 6zIii gati olan
ir1 globullarinin yaratdigi tobagolorin bir-birino nozoron «siiriismosi» bag verir vo 6zliiliiyilin
zahiron azalmasi illiiziyasi yaradir. Bu zaman reotestin silindrinin daxili sothi boyunca iiziik-
vari maye halqasi - «hidravliki yastigq» yaranir ki, su-neft emulsiyasinin bu «yastiq» iizorindo

(halga daxilinds) rovan «firlanmasi» sayosindo siirtiinmodon yaranan hidravliki itkilor xeyli
azalir.
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Sok.3. Miixtolif sulasma daracalorinda su-neft emulsiyalarinin daxili strukturunda su qlobullarinin
flokulyasiyasi va koalessensiyast prosesi naticasinda makroskopik «zancirlariny yaranmast
(mikroskopun béyiitma daracasi — Z=60 dafa olmusdur)

Dogrudur, su-neft emulsiyasinin effektiv ozliiliiylinlin azalmas1 fakti he¢ do miitloq
olaraq polidispers sistemin Ozliiliiyliniin haqiqi gostoricisini oks etdirmoso do, son natico kimi
boyiik praktiki maraq dogurani - emulsiyanin effektiv ozliliiyiiniin miitloq qiymoti deyil,
sinaqlarin kegirildiyi soraito uygunlasdirilmis vo todqiq edilon heterogen sistemlordo mévcud
olan miioyyan siirtlinma itkilorini xarakterizo edon su-neft qarisiginin 6zIiiliiyiiniin real qiymaot
gostaricisidir ki, bu da 6z oksini «hidravliki yastig» effektinin tozahiiriinds tapmis olur.

Odabiyyatdan molumdur ki, su- neft qarisiglarinda emulsiya tipinin doyismosi ilo
noticolonan faza inversiyasi - geri donmoyan, geyri-reversiv bir prosesdir. Clinki, bu zaman
emulsiyanin daxili strukturunda nozorogarpacaq doyisikliklorin bas vermosi iddia edilir [7].
Reotexnologiyanin totbiqi ilo emulsiyanin reoloji xassalorinin tonzimlonmasi vo idare edilmasi
imkanlari iso bir ¢ox ehtimallarin meydana ¢ixmasina zomin yaradir. Yuxarida geyd olunanlari
tocriibi yolla siibuta yetirmok, eloco do reotexnoloji tisullarin totbiqilo texnoloji proseslorin
tonzimlonmasi imkanlarini bir daha oyani niimayis etdirmok mogsadilo, «diiz-oks gedis» iisu-
lunun tatbiqilo, diiz gedisds - avvalca ilkin sulagsma doracasino malik garisiga hesabi hocmds su
qatmagqla maksimal sulagsma dorocesine catdirilmis vo artiq su ilo «doymus» su-neft emulsi-
yalarina sonradan- yoni oks gedisdo miioyyon hesabi neft hacmini olavo etmoklo onlarin
sulagsma darocalorinin avvalki qiymatlorine taqriban qaytarilmasi — yoni tonzimlonmasi imkan-
larin vo movcud reoloji parametrlorin doyismoasi dinamikasinin dyranilmosi ii¢lin model
emulsiyalarla slava laboratoriya tadqiqatlar1 aparilmigdir.

Todgiqatlar zamani, su-neft emulsiyalart {igiin «diiz» vo «oks» gedislordo alinmis
rotoviskozimetrik gostoricilor osasinda reoloji axma oyrilori qurulmus vo bir-birilo qarsiliqh
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miiqayiso edilmisdir. Forglondirmo mogsadilo «diiz gedis»-o uygun golon oyrilor biitdv xatlo,
«aks gedis»-i oks etdiran ayrilor iso punktir xotlorlo gostorilmisdir (sok.4).

0 x
t=20°C A

Stirligma  gargnliyi, <, Pa

Siirat gradiyenti, y’, s™
"diiz-oks "gedislorde sulayma daracalor:
——38% e 50% —tr— 60% —tT0%
—e—T75% ——80% e 85 % -0 85%—80%

Sak.4. «Muradxanly yatagimin 17 sayli quyusunun yiiksak ozliiliiklii nefti asasinda
siini hazirlanmus su-neft emulsiyasinda tanzimlonma prosesinin tatbigi naticalori

Aparilmis laboratoriya todqiqatlarinin naticolori bunu séylomoya asas verir ki, su-neft
emulsiyasinin zahiri ozliiliiyliniin interpretasiyasi ilo toyin edilon «inversiya» ndqtesinin heg
do homiso emulsiya tipinin doyismasi ilo izah edilmasi diizgiin deyil. Cox boyiik ehtimal ki, o,
neftdo dispers halda paylanmig su globullarinin maksimal doyma haddini - yoni dispersliliyi
xarakterizo edir. Disperslilik - emulsiyanin xassolorini miioyyan edon miihiim xiisusiyyatlordon
biridir vo onun toyini metodikalar1 miixtolifdir. Emulsiyanin disperslik gostoricisi asagidaki
komiyyatlorla: globullarin orta diametri d, su globullarinin diametrinin oks qiymotina barabor
olan D = 1/d disperslilik va su gqlobullarinin com sothinin imumi hacma nisbatina barabor
olan fazalararasi soth gostoricisi S ilo xarakterizo edilir [13].

Su-neft garisiglari ilo aparilmis laboratoriya todqiqatlarinin naticolori asasinda onlarin
effektiv ozliiliiylinliin sulasma doracolorindon asililigini oks etdiron, miisllif torofindon toklif
edilmis yeni logistik oyri sokil 5-do verilmisdir.

Sokildon gostorildiyi kimi, oyrinin a-f-y noqtalorini ohato edon hissosinin hondasi
formasi, prosesin “S”" — sokilli xilisusiyyatini bir daha tosdigloyir ki, bu da asason geyri-Nyuton
mayelorino xasdir. Oyrinin o ndqtosindon baslayaraq , su-neft garisigimin sulasma doracosinin
artim1  baxilan sistemin effektiv ozliililyiiniin ytiksslisino sabab olur. B noqtesinds bu artim
tempi get-gedo yavasiyir va y ndqtesinda effektiv ozliiliik gostaricisinin gorarlasmasi miisahida
edilir. Lakin, logistik ayrinin y ndqtosindo effektiv 6zliiliiylin azalma tendensiyasi diqqgoti colb
etmoyo bilmoz ki, bu paradoksalligin izahimi «hidravliki yastiq» effektinin tozahiiriindo
axtarmaq daha moagsadouygundur.
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Sok. 5 Neftda disperglogmis su hacmini saciyyalondiran
logistik ayrinin sarti zonalara boliinmasi

Yuxarida deyilonlori nozors alaraq, su-neft emulsiyalari {igiin qurulmus xarakterik oyri
reotexnologiya aspektindon asagida qeyd edilon 4 sorti zonaya boliinmiisdiir :

I — baslangic (vo ya su ilo slave doydurula bilon) zona ;

IT - reotexnologiya ( tonzimlonma va ya Oziiniitoskil) zonasi ;

III — plato (su ilo doymus, disperqlogmis) zona ;

IV — «hidravliki yastig» effekti zonasi.

Demoli, heterogen su-neft sistemlori {i¢lin miioyyon sociyyovi saho movcuddur ki,
burada onlar zahiran kicik 6zliilitys, homg¢inin aydin sezilon geyri-xatti xassalora malikdirlor vo
bu da todqiq edilon mayelorin reoloji xassalorinin tonzimlonmosi imkanlar1 verir. Mohz bu
zonada ¢oxfazali miirokkob fliiidlorin reoloji xassalorinin tonzimlonmasine osaslanan
reotexnoloji Usullarin totbiqi ilo heterogen sistemloro, {invanli tosir edilmosi naticosindo
onlardan tolob olunan sahslords mogsadyonlii istifads etmok miimkiindiir.

Yuxarida qeyd edilon «hidravliki yastig» effekti osasinda yiiksok o6zliiliiklii, anomal
sulasmis neftlorin, onlarin garisiglarinin, eloco do anbar va «tolo» neftlorinin vo neft slamlarinin
boru komarils samarali hidronaqli tisulu toklif edilmis vo Azarbaycan Respublikasinin Patentini
almigdir [14]. Yeni reotexnoloji lisul «Muradxanl» yataginin «Caforli» sahasinin neft yigimi
sisteminin i rejiminin yaxsilagdirilmast mogsadilo totbiq edilmisdir. Yeni texnologiyanin
madon soraitinds totbiqi hesabina y1gim sistemindo moveud tozyiq itkisi AP,y = 1,0 MPa-dan
APgonra = 0,4 MPa-ya godor enmis, noqlin somaraliliyi 17,4 % artmisdir. Gozlonilon illik igtisadi
somoara 260 min AZN toskil etmisdir.

Anomal sulagsmis su-neft sistemlorinin modondaxili boru komorlori ilo somarali
hidronaqli tigiin taklif edilon yeni reotexnologiya hom modvcud olan texnoloji (tazyiq itkilorinin
xeyli azaldilmas1), hom do ekoloji (emulsiyalart su ilo doyma hoddins ¢atdirilmasi mogsadila
olavo edilon su qismindo istifado edilon lay sularinin utilizasiyasi) problemlorin hollini
asanlasdirmaga imkan verildiyindon, somorali hesab edilo bilor. Perspektivdo, bir sira
hidrodinamiki masalalorin holli {icliin - mosalon, tickomponentli (neft-su-qaz) heterogen
sistemlorin geyri-bircins layda qaliq neftinin sixisdirilmasi mogsadilo yeni reotexnoloji
iisullarin islonilmasi vo tatbiqi planlasdirildigindan, baxilan istiqgamotds tadqiqat isloerinin daha
genis miqyasda davam etdirilmosi nazards tutulmusdur.
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Natica. Aparilmis todqiqatlar asagidaki naticolorin alds edilmosino sobob olmusdur:

Konsistensiyas1 «maye-bork cisim-qaz» genis diapazonunda doyison su-neft qarisiqla-
rinin yaranmasina vo onlarin anomal xiisusiyyatlorinin tadqiqine forqli elmi yanagsmanin for-
malagdirilmasi osasinda «lay-quyu-neft yigim» sistemindo yaranan bu heterogen qarisiglarin
fardi reofiziki xassolori nozora alimmagla yeni reotexnoloji (dziiniitoskil) Usullarin yaradilmasi
vo neft¢ixarmanin texnoloji proseslorinin somoraliliyinin artirilmast mumkiinlilyli gosto-
rilmisdir.

Su-neft sistemlorinin reoloji xassolorinin vo coroyan edon dinamiki proseslorin tohlili
istigamotindo indiyodok aparilmis todqiqatlarlarin  imumilosdirilmis naticolori osasinda
yaradilan yeni reotexnoloji iisullar polidispers su-neft sistemlorinin mikro- vo makro para-
metrlorinin fiziki effektlor osasinda tonzimlonmosino vo struktur idaroetmo prinsiplorinin
islonib hazirlanmasina genis imkanlar acir.
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O NEPCIIEKTUBHOCTHU CO3JAHUSA U ITIPUMEHEHUSI PEOTEXHOJIOT'MYECKHX
METOJOB B HE®TEJOBBIYE HA OCHOBE BOJOHE®TSIHBIX CUCTEM

[T. UICMAMBUIOB, H.M. CA®APOB, I'.U. JIKAJIAJIOB

B pesymbrare TpOBEAEHHBIX AKCIIEPUMEHTAIBHBIX M HAYYHBIX MCCIEIOBAHMH aBTOPAMH H3yUYCHBI
MIEpPCTIEKTHBBI CO3/IaHMS U IPIMEHEHHUS HOBBIX PEOTEXHOJIOTHIECKHX METOJJOB Ha OCHOBE (DM3MUECKHUX (D (PEKTOB,
TIPOM3BOJIEHO TPOSIBISIIONIMXCS B TEXHOJIOTHYECKUX Mporeccax HeTeAoObIMH W PEOTEXHOJIOTUH TeTEPOTEeHHBIX
BOJIOHE(TAHBIX CHCTEM. YCTAHOBJIEHO, YTO CO3JaHHE M BHEIPEHHE HOBBIX PEOTEXHOJIOTMYECKHX METOA0B
YIpaBJICHUS. Ha OCHOBE (HOPMHPOBAHHSA OTIMYUTEILHOTO HAYYHOTO IOAXOJa K AHOMAJIBHBIM OCOOEHHOCTSIM,
LIEJICHANPABJICHHOTO HCIOJIb30BAHUSI U PEryJMpoBaHus peo(U3UUECKUX CBOICTB cMeceil, oOpasyromuxcst B
€/IMHOM THIPOJMMAMHUYECKON CHCTEME «IUIACT-CKBaXXMHA-COOpP», OTKPHIBAET IIHUPOKHE BO3MOXKHOCTH JIJIS
yBenr4YeHUs 9P PEKTUBHOCTH TEXHOJIOTHYECKUX TIPOLieccoB HeTe100b14H.

Knroueswie cnosa: 6oooneghmsnvie smyavcuu, peopusuyeckue ceolicmed, peomexHoI02Us,, UHBEPCUs,
Qusuueckue 3¢pghexmoi, 2uOPONOOUUNHUKOBBLIL I heKm.

PROSPECTS OF CREATING AND APPLYING THE RHEOTECHNOLOGICAL METHODS
IN OIL PRODUCTION ON THE BASIS OF WATER-OIL SYSTEMS

G.G. ISMAYILOV, N.M. SAFAROV, G.I. JALALOV

As a result of numerous experimental and scientific researches, the authors studied the prospects of
development and application of new rheotechnological methods based on physical effects arbitrarily manifested in
the technological processes of the oil production process and the rheotechnology heterogeneous water-oil systems.
It was found that the creation and introduction of new rheotechnological management techniques based on the
formation of a distinctive scientific approach to the anomalous features, the purposeful use and the regulation of
rheotechnological properties of mixtures formed in the union of hydrodinamical system «layer-well-collectiony, it
offers the great opportunities to increase the efficiency of technological processes in the oil production.

Key words: water-oil emulsions, rheophysical properties, rheotechnology, inversion, physical effects,
effect of hydraulical bearing.
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NEFT MOHSULLARININ QARISMASININ TOHLILI
VO YANACAQ RESURSLARININ ARTIRILMASININ
IQTISADIi SOMOROLI YOLLARI

V.X. NURULLAYEV, F.Q. SEYFIYEV

Son zamanlar neft vo neft mohsullarinin nogli hocmlorinin artimi  tendensiyasi qeyd edilir.
Beloliklo, yiiksok  keyfiyyotli neftlorin vo neft mohsullarinin noql hocminin arttimi {izro yaranan
problemlarin halli iigiin, onlarin reoloji xiisusiyyatlaorini va neft, neft mohsullar1 boru kemarlorinin istismar
xarakteristikalarini nozars alaraq naql texnologiyalarinin optimallagdirmast lazimdir. Problemin
aktualligina asaslanaraq, neft mohsullarinin ardicil naqlinin totbiqiylo, aparilan eksperimental todqiqatlarin
noticalori boylik maraq dogurur.

Acar sozlor:  fraksiya tarkibi, aliyma temperaturu, fiziki-kimyavi xassalar,
realogiya, kinematik ozliliik.

Neft emali zavodlar1 soffaf neft mohsullarinin istehsali ii¢iin noazords tutulmusdu.
Miiasir dovrdo movceud iqtisadiyyat, neftlorin qiymatindoki doyisikliklor vo neft distillatlarinin
tullantilarla zonginliyi, neft emali zavodlarin1i mocbur edir ki, neftin maya doyorini agag1 salsin.

Bir qayda olaraq qiymatli soffaf neft mohsullar1 ilo zongin neft agir, qeyri standart asagi
keyfiyyatli neftlo qarisdirilib istehsala gondorilir.

Asag1 keyfiyyotli neftlor mévcud moadonlordo agir xammal kimi gobul edilir, homginin
tosadiifi neftlor diinya bazarina miixtolif dovlstlor torafindon nogl olunur.

Bu ciir asag1 keyfiyyotli neftlori daha ucuz qiymoto almaq olar, belo neftlori yiiksok
keyfiyyatli neftlorlo qarisdirib istehsala géndormok gagilmazdir, onlara minimum xorclor sorf
edib optimal soraitdo qarigdiraraq emal zavodlarina gondormok lazimdir.

Diinyada neft emali zavodlarinin tikintisi vo materiallar1 elo nozords tutulmusdur ki,
yiiksak daqiqlikle neftlorin qovulmasi miimkiin olsun.

Bu zavodlar mdvcud neftlorin xarakteristikalarina uygun insa edilmis, onlarin bdlgalordo
somarali istifadesi xilisusan yiingiil fraksiyalarin va benzinin istehsali {i¢iin nazords tutulmusdu.

Neftin qovulmasunin asasi, benzin kompanentlorinin istehsali, soffaf vo orta distillatlarin
alinmasina yonalmisdir.

Yaxin vaxtlarda ABS vo Avropa dovlstlorindo benzino olan tolobat dizel yanacagi ilo
ovaz olundu.
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Bu o demokdir ki, ke¢misdo neft emali zavodlar1 yiinglil neft mohsullarin1 emal
edirdilorso, hazirda daha agir nov neft mohsullart istehsal etsinlor. Bu ciir voziyyato ¢oxlu
zavodlar 0yroso bilmadiyindon onlarin istehsal giicii xeyli asag1 diismiisdii.

Texnoloji mohdudiyyotlor oksor neft emali zavodlarint macbur etdi ki, bahali yiingiil
neftlor alsinlar hansi ki, homin neftlors diinya bazarinda daha ¢ox tolobat var. Alinmis bahali
ylngiil neftlor benzin istehsali iigiin nozordo tutulursa, digor neft mohsullarin kerosin, dizel
yanacaqlarin, yaglarin vo bitumun movcud regionlarda olan tolobat homin emal zavodlari
torofindon hoyata kecirilmasi geyri miimkiindiir. Belo bir soraitdo emal zavodlart mdévcud
qurgularda rekanustruksiya etmok mocburiyyatinds qalir, bu da hom texnoloji cohatdon homdas
iqtisadi noqteyi nozordon somorasizdir. Neft mohsullarina olan tolobati 6domak {ig¢iin homin
regionlarda, emal zavodlarinda miimkiin olmadigindan, neft mohsullarini xiisusi tankerlor, boru
komorlori vo domir yolu vasitasi ilo oldo edirlor [1,2].

Neft mosullarinin naqli zamani, yanacaqlarin keyfiyyat bankinin qorunub saxlanilmasi
osas sortlordon biridir. Neft emali sonayesi 500 addan ¢ox ¢esidli qaz, maye vo bork halda olan
neft mohsullari istehsal edir. Onlara toloblor oldugca miixtolifdir vo bu vo ya digor konkret neft
mohsulunun istifadosi vo ya istismari sortlorinin daima doyigsmoasine osaslanir. Hazirki dévrds
maraq doguran neft mohsullarindan reaktiv yanacaqglar1 vo bitumlar sonayedo genis totbiq
olmaqdadir. Bu ciir neft mohsullarinin noqli zamani istehsalatda xiisuson, boru komorlorinds
noglinds, arzu olunmaz hallarin bas vermosi miisahido olunur. Belo hallarin bas vermomasi
tictin neft mosullarinin keyfiyyot bankini vo bir-biri ilo gqarismasindan alinan bufer fraksiyanin,
naqlo baglamazdan qabaq tohlili asas sortlordon biridir.

Miiasir miilkii vo horbi aviasiyada hava-reaktiv miiharriklori genis istifade olunur veo
onlar maye yanacaqla isloyir. Bu, neft karbohidrogen yanacaqlarinin kifayst qodor genis
ehtiyatinin olmasi, onlarin nisbaton ucuz olmasi, yiiksok energetik gostoricilora malik olmasi
ilo olagodardir. Reaktiv yanacaqlarin osas toloblorine ciddi nozarst edilir. Yanacaq tam
buxarlanmali, asan aligmali vo miiharrikds alov kasilmadon va sigrayis olmadan tez yanmalidir.
Yanacagin hocmi yanma istiliyl miimkiin olan gadar yiiksak olmalidir, saxlandiqda va istifads
olunduqgda daha az yangin tohliikoli olmalidir. Reaktiv yanacaginin on ohomiyyatli
gostoaricilorindon biri buxarlanmadir. O, yanacagin vo havanin yanar qarigiginin omoalo golmo
stirotini xarakterizo edir vo beloliklo do yanmanin tamlig1 vo stabilliyino tosir gostorir. Reaktiv
yanacaqlarinin buxarlanmasi avtomobil benzinlorinds oldugu kimi fraksiya torkibi vo doymus
buxar tozyiqi ilo xarakterizo olunur. Belo yanacaqlarda qaynama baslangici temperaturu,
yanacagin 10, 50, 90 vo 98 %-nin qaynama temperaturlar1 normalasdirilir.

Reaktiv yanacaqlarinin doymus buxar tozyiqi ¢onlorde yanacaq itkisine vo izafi tozyiqin
yaranmasina sabab olur.

Yanma qabiliyyoti reaktiv yanacaqglarinin olduqca oshomiyyatli istismar xassolorindondir,
0, xiisusi yanma istiliyi, hirslonmoyon alovun hiindiirliiyii, liiminometrik adod vo aromatik
karbohidrogenlarin miqdari ilo xarakterizo olunur.

Reaktiv yanacaqlarinin xiisusi kiitlo yanma istiliyi genis olmayan hoddo 10250-10300
kkal/kq olur, xiisusi yanma istiliyi iso yanacagin sixligindan asili olaraq daha genis hoddo
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doyisir. Yanacagin sixligi olduqca ohomiyyatli gostoricidir vo ucusun uzaqli§init tomin
etdiyindon maksimum yiiksok sixliqli yanacaq alinmasina cohd olunur.

Yanacagin hirslonmayaon alovun hiindiirliyii, aromatik karbohidrogenlorin miqdarindan
vo fraksiya torkibindon asilidir. Yanacaq yanarkon istilik sualanmasinin intensivliyi
liminometrik ododlo xarakterizo edilir. Yanacagin his omolo gotirmoys meyilliliyi
liiminometrik ododdon aromatik karbohidrogenlorin miqdarindan yiiksok doracodo asilidir.
Alovlanma vo 6z-0ziino alovlanmanin qatliq vo temperatur hodlori alisma temperaturu ilo
miioyyon edilir vo yanacagin karbohidrogen torkibindon asili olaraq doyisir [4,6].

Reaktiv yanacaqlarin naqlinds osas rolu, kinematik o6zliiliik, kristallasmanin baglangic
temperaturu, neft tursularinin duzlari, su vo mexaniki qarisiglarinin miqdari, oynayir.
Gortindiiyli kimi reaktiv yanacaqglarin noglinds, kimyovi stabilliyi keyfiyyst banki ilo six
olagodardir. Reaktiv yanacaqlar osason birbasa qovulan distillat fraksiyalarindan
hazirlandigindan, onlar praktiki olaraq alkenlors malik olmurlar, asag1 yod odadine vo kifayat
godor yiiksok kimyovi stabilliyo malik olurlar. Belo yanacaqlarda saxlama goraitlorindo
oksidlosma proseslori olduqca long gedir. Hidrogenlo tomizlonmis reaktiv yanacaqlardan
hetroatomlu birlogsmalor

Konarlasdirilsa da, onlar havadaki oksigenlo asan oksidlosir vo neytral, turs xarakterli,
gotranabonzor maddolor omolo gotirirlor. Buna sobob hidrogenlo tomizlomo prosesindo
yanacaqlardan tobii antioksidantlarin konarlagdirilmasidir. Hidrogenlo tomizlonmis reaktiv
yanacaqlarinin kimyaovi stabilliyini artirmaq {i¢iin onlara oksidlosmonin qarsisini alan agqarlar
olavo olunur, yanacagin kimyovi stabilliyi yod odadi vo faktiki gotranin miqdart ilo
mioyyonlasdirilir.

Reaktiv yanacaqlarinin yiiksok temperaturlarda ¢okiintiilor vo gotranli ¢okiintiilor omolo
gatirmaklo oksidlosmaye meyilliliyi termooksidlosdirici stabillikls xarakterizo olunur. Aviasiya
uguslart soraitinde yanacagin yanacaq sisteminds 200°C-a qodor vo daha ¢ox qizmasi bas vera
bilir. Miieyyon edilmisdir ki, temperaturun 100-den 300°C-o qodor doyismosi zamani
yanacaqlarda c¢okiintiiniin omolo golmo asililii ekstrimal xarakter dasiyir. Bu temperaturlar
TC-1 yanaca@ ii¢iin uygun olaraq 150°C-dir. Yanacagin fraksiya torkibi no qoder agir olarsa,
yliksok temperaturda bir o qodor cox ¢okiintii omologolmo bag verir. Yiiksok temperaturlarda
yanacaqlarin oksidlogsmosi yanacaq sisteminin detallarinin materiallarinin katalitik tosiri ilo
xeyli siiratlonir. Oksidlogsmo proseslorinin intensivliyini azaltmaq {igiin reaktiv yanacaqlarina
metallarin  katalitik tosirini passivlosdiron asqarlar olavo edilmosi daha somaralidir.
Yanacaqlarin termooksidlasdirici stabilliyinin qiymatlondirilmasi xiisusi cihazlarda statik va
dinamik soraitlorde aparilir. Statik iisul ilo giymetlondirms zamani yanacaq niimunosi tocrid
olunmus tutuma 150 °C-ds oksidlosdirilir vo 4 saat orzindo omalo golen ¢okiintiiniin kiitlosi
mq/100ml 6lgii vahidi ilo toyin olunur. Dinamik soraitdo stabillik 150-180 °C-o qodor
qizdirilmis yanacagi 5 saat miiddotinds nasos ilo vurduqda filtirdo tozyiqin azalma qiymati ilo
va ya qizdiricida ¢okiintiiniin omalo golmosi ilo, BAL-la toyin edilir.Reaktiv yanacaqlarinin
istehsalinda, oan ¢ox naften vo parafin osasli neftlordon istifado olunur. Tohlil etdiyimiz
xarakterizolor, yanacagin qorunub saxlanilmasinda vo noglindo bdyiik ohomiyyat kosb edir.
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Belo ki, yanacaq itehsalatdan ¢ixarildigdan bir basa ¢onlora vurulmalidir vo otraf miihitin tosiri
yanacagin keyfiyyatinin qorunub saxlanilmasina boytik tesiri vardir [7,9].

Reaktiv yanacaqlarin noqli zamani onlarin keyfiyyatino nozarot istehsalc ilo istehlakg¢t
licin osas toloblordon biridir vo o standartlar corgivosindo qorunub saxlanilir. Yanacagin
keyfiyotinin bu standartlar ¢arcivesindo qorunub saxlanilmasi, neft emali zavodundan,
toyyaranin tutumuna bosaldana qodor ciddi nozarotdo saxlanilir. Hazirda Rusiya Fedrasiyasinin
aviyasiya sonayesindo toyyaro istehsalinda xarici Olkolorin miiharriklorindon do istifadoys
baslanmisdir. Bu, ona gotirib ¢ixarir ki, Rusiya Federasiyasinda aviasiya yanacaqglarinin
keyfiyyoti Avropa vo Amerika aviyasiya yanacaqlarinin keyfiyyotino yaxinlasacaqdir. MDB
Olkolorindo Jet A-1 yanacagiin istehsalinin toskili masolosi aktualdir. Bu digoer yanacaq
mohsullarinin, benzinin vo dizel fraksiyasinin ¢iximinin doyigsmosing gotirib ¢ixardacaqdir.
Bunun sobabi, Jet A-1 yanacagininl0%-nin qovulmasinin son ndqtosi xeyli yiiksokdir, 205 °C
vo aligma temperaturu da yiiksok olub 38°C-don asag1 deyil.

Cadval 1

TC-1 markal kerosinin 'OCT 10227-86 standartlarin taloblari asasinda aparilmis
fiziki-kimyavi analizlorin naticalori

TC-1 Analizlorin aparilma
Gostaricilor Standart Faktiki tisullar
Baglangic 150 148
Qaynama %%-li distill 165 162
temperaturu, 10%- ! %Stf o QOST 2177-99
0C 50%-li distilla. 195 186
90%-li distilla. 230 227
Qapali putada ahisma temperaturu, ° C 28 33 QOST 6356-75
Sixliq 20° C-do,kq/m’ 775,0 791,2 QOST 3900-85
Kinematik zliiliik, mm?/san, 20°C-do 1,25 1,54 QOST 33-2000
Asfaltenlorin Miqdari, %-1a - Hiss olunmur ( H.O.) QOST 11851
I p 3
Faktiki qatranlarin miqdari, 100 sm 5 5.8 QOST 1567-97
yanacaqda, mq-la.
L (Bork parafin.) -H.O. QOST 11851, QOST
o/ _ -
Parafinlorin miqdar1, %-la (Maye parafin.) - 8,65 13379
Kristallagsma baslangic1 temperaturu °c -60 -64 QOST 5066-11
Umiimi kiikiirdiin miq. %-lo 0,25 0,067 QOST 19121-73
150 °C-do Statik seraitde termooksidlosma
stabilliyi 100 sm® yanacaqda ¢ékiintiiniin 16 14 QOST 11802
qathigi,mqg-la
Doymus buxar tozyiqi, kPa (mm c. st.) - 21,3 QOST 1756-2000
(VAo_rloem. karbohidrogenlorin hacmlo miqdari, 29 16 QOST 6994-74
Rusiya Federasiyasinda QOSTR 52050-2003 standartlar1 ¢orgivasindo Jet A-1

yanacaginin istehsalati li¢lin reqlament hazirlansa da hazirki dovrdo istehsalatda genis miq-
yasda emali togkil edilmomisdir. Miitoxassislorin royine gora Jet A-1 yanacagmin oksor
keyfiyyot gostoricilori QOST 10227-82 toloblorino uygundur, emal zavodlarinda Jet A-1
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yanacagimin alinmasini iqtisadi cohotdon samaerasiz sayirlar. MDB oOlkalorinde bir nego neft
emal1 zavodu Jet A-1 yanacagini buraxmaga baslamis vo ASTM standartlar talablori asasinda
islorini qurmuslar.

Torofimizdon Azorbaycan neftlorindon alimman QOST 10227-82-nin toloblorino asason
TC-1 yanacaq, kerosin fraksiyasinin tohlili cadval 1-do verilmisdir.

TC-1 yanacaq fraksiyasinin tohlili QOST standartlar1 ¢or¢ivasinds aparilmigdir, naticolor
gostorir ki bu ciir yanacaq fraksiyalari, yanacaq kimi istifado edilmasi {i¢lin miivafiq texnoloji
proseslordon kegmolidir. Buna baxmayaraq TC-1 yanacaq fraksiyasi giiclii holledici vo ¢otin
hall olan neft mohsullar1 li¢iin qiymatli xammaldir. Cotin hall olan neft mohsullsrin naglinds vo
onlarin resurslariin artirilmasinda iqtisadi cohotdon ovoz olunmazdir [10,11].

Neft sonayesindo naql prosesindo ¢otinlik yaradan mohsullardan biri bitumdur, onun
realogiyasin1 vo fiziki-kimyavi tohlillorinin aparilmasi1 miasir dovr iiglin elm vo istehsalatda
osas iqtisadi mosalolordon biridir. Miihondis tikinti materiali kimi bitumdan senayedo genis
istifada edilir. Bitumun adgeziya vo hidrofob xassasi totbiq sahosine gore ovoz olunmaz neft
mohsullarindandir. Hazirda bitumdan istifads istigamotlori oldugca genisdir, yol tikintisindo,
dam Ortliyli materiallari, binalarin vo qurgularin tikintisi, boru komorlorinin izols olunmasi, lak-
boya vo kabel sonayesindo, tokmo akkumulyatorlarinin mastikasi ii¢lin vo sonayenin digor
sahalorinds istifads edilir.

Bitumlar neftin ilkin qovulma mohsullarinin oksidlosmo mohsullarindan, neftin ilkin
emal no neft mohsullarinin ekstraksiyali ayrilmasi zamani, asfaltsizlasdirma asfalti, selektiv
tomizlomo ekstraktt kimi, alman mohsullarin oksidlosdirilmis vo oksidlosdirilmomis halda
qarigdirilmasi ile alinir.

Bitumlar1 toyinatina gora tosnif etmoak gobul olunmusdur, bels ki yol, dam ortiiyti, izolo
tikinti vo xiisusi bitumlar kimi tosnif edilir.

Istehsal olunan bitumun, demok olar ki, iigdo iki hissosi yol bitumudur, asas yol-tikinti
islori ti¢lin Oziilli, yol tikintisini ucuzlagdirmagq ticiin iso li¢ név maye bitumlar istifado olunur.
Maye bitumlar 6ziillii bitumlara kerosin, solyarka vo miixtalif ndv haledicilor slave etmakls
hazirlanir vo ona sothi aktiv maddoslordos gatilir.

Bitumun keyfiyyot gostoricilorine asagidaki amilloro gora nozarat edilir, standart iynonin
batma dorinliyi, penetrasiya, yumsalma temperaturu, kovroklik, sap kimi dartilmasi, duktillik,
adgeziya, alisma temperaturu, realoji vo digor fiziki-kimyovi xassalari.

Neft bitumlarinin alinmasi {i¢iin asagidaki iisiillardan istifads olunur.

- Neft qaliglarinin vakuum altinda qovmagqla gatilagdirmagqla qaliq bitum alinir. Qaliq
bitum almaq {iglin yalniz torkibinde asfalt qatran birlosmalari ¢ox olan xammaldan istifado
oluna bilor.

- Miixtolif neft mohsullarin1 vo onlarin kompozisiyalarmi hava oksigeni ilo 180-300 °C-
do oksidlogdirmoklo oksidlogmis bitum alinir.

Hava ilo oksidlosdirmo asfalt gatran maddolorinin miqdarin1 osashi olaraq artirmaga
imkan verir.

Basqirdistan Elmi Todgigat Neft Emali Institutu neftlori onlarda olan asfaltenlorin,
qatranlarin va bark parafinlorin miqdari ilo tosnif etmoyi toklif etmisdir.
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ogor neft,
Asfalten+ Qatran-2,5Parafin>0
Asfalten+ Qatran > 6 olduqda

verilmig sarti 6doyirso, 0, oksidlogsmis bitum almaq ii¢lin yararli hesab olunur.

- Miixtolif oksidlogsmis vo galiq bitumlar, hom¢inin, neft qaliglarim1 vo distillatlarini
qarisdirmagla kompaundlasdirilmig bitumlar alinir.

Yol ortliytindo istifado olunan 6ziilii bitumlar das materiallar arasinda yapisdirici,
olagolondirici kimi istifads olunur. Asfaltin markasindan asili olaraq onun torkibindo bitumun
miqdar1 5-8 % arasinda olur. Yol Ortiiyiiniin uzun omiirliiliiyli osason istifads olunan bitumun
markasinda vo onun keyfiyyatindon asilidir. Avropa dovlotlorindo bituma genis tolobat
oldugundan onlarin istehsali ekoloji cohatdon tohliikoli oldugundan, istehsal olunan mshsulun
keyfiyyoti, nogli vo saxlanilmasi, ISO9001, ISO 14001 u OHSAS 18001 beynolxalq
standartlarla tonzimlonir. Avropada yol tikintisindo osason multigrad universal bitumdan
istifads edilir. Avropada istehsal olunmus bitumlar diger dovlatlora naql olunarsa onda onlarin
keyfiyyat gostoricilori EN 12591 vo EN 14023 standartlarinin tolablorinoe cavab vermolidirlor.
Bitumlar avropa standartlarin goéra xiisusi ¢onlords qorunub saxlanilir EN 13108-21 standartlar
osasinda giin orzindo bir dofo yoxlanilmalidir. Conlordo saxlanilan bitumun maksimal saxlama
miiddoti 10 glindiir, ¢onin imumi temperaturu 160+180°C olmalidir vo 6 saatdan bir bunkerdo
qarisdirilmalidir.

Ogor bitumlar 10 giinden artiq miiddstde ¢onlordo qorunub saxlanilirsa onda, bitumun
keyfiyyatinin pislosmasinin qarsisini almagq iigiin, asas keyfiyyot gostoricisi olan penetrasiya 25
°C-do EN 1426 standarti osasinda nozarotdo olmalidir. ©gor bitumlarin noqli zamani vo
gorunub saxlanildiglart zaman hor hans1 miibahissli masolo ortaya ¢ixirsa onda EN ISO 4259
standartlar1 ilo homin masololor 6z hoallini tapir. Homginin QOST 22245-90 vo QOST 11955-82
standartlarinin toloblorine uygun olaraq 6ziillii bitumlar yol tikintisi ti¢iin iki ndvde, BND va
BN, istehsal olunur vo 25 °C-ds penetrasiyaya osason markalanir. Yollarin tikintisi vo tomiri
zamani botum holledici ilo, kerosin fraksiyasi ilo durulasdirila bilor, durulagdirilmis bitumlar
tez, orta siirotlo vo long borkiyon markalara ayrilir. Sothlori ilkin islomok {i¢lin bitum
emulsiyalari istifado olunur, bu emulsiyalar bituma su vo emulqator olave etmoklo hazirlanir.
Avropada bitumlarin hall olunmas: iigiin an giiclii halledici kim toluol, ksilol va tetraxloretilen
istifado edilir, onlarin totbiqi EN 12697-1 standartlar1 ils hoyata kegirilir.

Azorbaycan neftlorindin alinmis bitumun keyfiyyat gostoricilori torofimizdon tohlil
edilmis vo cadval 2-ds 6z oksini tapmigdir. Bitumun fiziki-kimyavi xarakteristikalari
QOST11955-82 (40/70) vo ya EN 12591-2009 (50/70) asasinda aparilmisdir, tohlillor gdstorir
ki, bu ciir bitumun sonayedas istifadosi boyliik iqtisadi somors vers bilor.

Xiisuson belo bitumun TC-1 markali kerosin fraksiyasi ilo qarisig1 vo alinmis mohsullarin
elmi siirotdo, miivafiq standartlara uygun todqiqi yanacaq resuslarin inkisafina boyiik tokan
vermis olar. Bunun iigiin torofimizdon Azorbaycan neftlorindon alinmig, TC-1markali kerosin
fraksiyast ilo 50/70-markali bitum qarisigindan alimmis kampaundun reofiziki-kimyovi
xassolori tohlil edilmisdir. Qarigdirilmis kampaundlar iki morhslodo aparilmisdir, birinci
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marhalado 50/70-markali bitumun iizorino, TC-1 markali kerosin fraksiyasini olave edilorok
tohlillor aparilmigdir, aparilmis tohlillorin naticalori cadval 3-ds verilmisdir.

Cadval 2.
Analizlar iiciin ilkin gotiiriilon, 40/70 va ya (50/70)-markal
Bitumun fiziki-kimyavi xarakteristikalar:
Sixliq 20 °C-do, kq/m’ 1004,5
Kinematik 6zliiliik, mm®/san, 135 °C 370,9
Qatranlarin miqdari, % (kiitlo) - Is 47,38
Asfaltenlorin miqdari, % (kiitlo) - 1o 8,92
Bork parafinlorin miqdari, % (kiitlo) - 1o 2,23
Ac1q putada alisma temperaturu °C 328
Orima temperaturu, °C 86
Benzolda hall olunma %-Io 99,9
Toluolda hall olunma %-1a 99,9
Ksilolda hall olunma %-1a 99,9
. ?entand? hall.olunma, Pentan/Bitum (kiitlo 28/1 ¢okiintii
nisbati). Qeyri-stabil ¢ok.
Heksanda hall olunma, Pentan/Bitum (kiitlo 29/1 ¢okiintii
nisbati). Qeyri-stabil ¢ok.
Heptanda hall olunma, Pentan/Bitum (kiitlo 30/1 ¢okiintii
nisbati). Stabil¢okiintli
Kiikiirdiin miqdari, % (kiitlo) - 1o 2,48

Cadvoldon goriindiiyii kimi 50/70-markal1 bitumun TC-1 markal1 kerosindo optimal hall
olunma miqdar1 20 %-o gadordir, yuxar: faiz doracalorinds siiratli ¢okiintlinlin amalo golmaosi
bas verir, bu da fazalarin oamolo golmosino xiisuson hetrogen fazanin artmasina sobasb olur.
Omolo golmis hetrogen faza c¢okiintli halinda kampaundan ayrilir, qarisigin keyfiyystini
pislosdirmis  olur. Qarisigin  parametrlorinin  reofiziki-kimyovi tohlillori  qrafiklorde
gostorilmisdir (sokil.1-4). Qarigdirilmis kampaundlarin ikinci morhalasinds, 50/70-markali
bitumun 90 °C qizdirilaraq, TC-1 markali kerosin fraksiyasmn iizorino olave edilmis vo
laborator sinaglar aparilmisdir, aparilmis sinaqlarin noticolori codval 4-do verilmisdir.
Cadvoldon goriindiiyii kimi birinci morhoalodo, yoni bitumun {izorino kerosini alave etdikds
kalloid ¢okiintiiniin amolo golmasi tadricon bas verir vo oksina kerosinin iizoring bitum alava
edildiyi zaman, ilk alavo edilon qatliqda kigik kalloid hissociklor omolo golmoya baslayir.
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Sakil I. TC-1 kerosinlo 50/70 markali bitum qarisiginin fraksiya tarkibinin
bitumun kiitlo payindan asihilig1

Kigik kalloid hissaciklorin omolo golmo prosesi 30% bitum olavo etdikdon sonra
todricon (10 giin) miioyyon miiddotdo holl olmaga baslayir. Bitumun {izorino kerosin olavo
etdikdo bu proses 70% kerosin slava etdikde kalloid hissaciklorin amolo golmasi miisahids
olunur. Har iki prosesi doqiqlosdirmak iigiin amalo golon ¢okiintiiniin migdarini, QOST 11802
ssasinda 150 °C-ds statik soraitdo termooksidlosms stabilliyi, 100 sm® yanacaqda ¢ékiintiiniin
qathg, mg-la toyin edilmisdir. Bu ciir ¢okiintiilorin omols golmosi gatran-asfaltenlorin
nanofazalarin sorhodlorinin tasiri nonicasinds bas verir. Bunlar1 daqiq elmi izah olunmas: ii¢lin
tohlil olunan her bir neft mohsuluna fordi yanasaraq rentgenoqrafik faza analizlorinin
aparilmasi osas sortlordon biridir.

Aparilmis analizlorin naticalori asasinda nanofazalar ti¢lin diaqgram qurmaqla, miixtalif
neft mohsullarinin garismasi liclin qabaqcadan tovsiyolor vermok miimkiindiir. Kerosinin
iizoring bitum olave edildiyi zaman alinmis qarisigin reofiziki-kimyovi naticalorin - qrafiklori
asagida verilmisdir. Alinmis noticolor bium kerosin garisiginda anomalliglarla miisahido
olunur, sixliq faktorunda bu ciir anomalliq hiss olunmur, bunun izahi kiitlonin stabil galmasi,
qurlusun doyisilmosi ilo izah olunur. Bitumun kerosinds yaxst hall olunmasi, TC-1 yanacaq
fraksiyasinda aromatik karbohidrogenlorin miqdarinin ¢ox, bark parafin karbohidrogenlorin
miqdarinin hiss olunmaz soviyyado olmasi ilo olagodardir. Bu ciir prosesin izahit oxsar
mayelorin biri-birindo yaxst hall olmasi ilo mohlullar nazariyyssindos 6z oksini tapir. Belo
proseslor neft mohsullarinin noqlindo istehsalatda tez-tez bas verir, xlisuson ardicil nagldo
boylik texniki problemlorin omolo golmasing sobab olur. Ardicil nogl zamani neft mohsullar
ayri-ayr partiyalarla komors vurularaq biri-birinin ardinca noql edilir. Ardicil naqlin istiinliiyt
miixtolif neft mohsullarinin eyni boru komari vasitasilo nagl edilmasinin miimkiin olmasidir.
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Sakil 4. TC-1 kerosinla 50/70 markali bitum qarisigi iiciin parafinin migdari vo doymus buxar

tazyiqinin (DBT) bitumun kiitlo payindan asitilig:
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Cadval 3.

TC-1 markali kerosinin vo 50/70-markali Bitumun miixtalif qarisiqlarinin
fiziki-kimyavi analizlorin naticalari
50/70-markal1 Bitumun kiitlo miqdari

Gostaricilor 0,01 | 0,02 | 0,03 | 0,04 | 0,05 0,10 | 0,15 | 0,20 | 0,25 | 0,30
< 5 Baslangic 151 154 157 160 163 170 178 183 191 196
g g 10%-1i dist. 167 170 173 178 182 196 | 221 236 | 245 | 251
% g 50%-1i dist. 194 | 201 209 | 215 | 224 | 238 | 251 | 279 | 286 | 293
O 2 90%-1i dist. 248 | 256 | 264 | 273 | 284 | 314 | 325 | 340 | 348 | 354

Qapali putada aligma
temperat. ° C
Sixliq 20° C, kq/m’ 793,7| 795,9| 797,41 799,6 | 801,3 | 812,8 | 823,5| 834,2 | 845,6| 856,3
Kinematik ozlilik,
mm?/san, 20°C

39 42 44 46 47 53 58 69 74 79

2,82 | 443 | 6,27 | 9,32 | 12,64 | 18,13 | 28,73 | 37,43 | 43,27 | 49,38

OA/OS_letenlgrliqda“’ 0,02 | 019 | 031 | 042 | 048 | 091 | 139 | 1,91 | 230 | 2.73
Faktiki gotranlarin
miqdari, 100 sm’ 582 | 627 | 6,71 | 7,08 | 7,63 | 9,72 | 11,86 | 14,94 | 16,13 | 18,47
yanacaqda, mq-la.
Parafin. miq. %-lo Izlori | Izleri | 0,08 | 0,11 | 0,12 | 0,14 | 0,36 | 0,48 | 0,61 | 0,75
Kris. Bas. Tem. °C 62 | 60 | 58 | 56 | 54 | 42 | 36 | 27 | 24 | -18

Um. kiik. miq. % -lo 0,071} 0,13 | 0,15 | 0,17 | 0,19 | 0,32 | 0,44 | 0,57 | 0,69 | 0,82
150 °C-do Sta. sor.

Termo. St. 100 sm’ 39 73 94 131 162 | 207 | 298 | 586 | 775 | 963

yan. Cok. Qat. mqg-la

Doy. Bux. toz. kPa 209 | 19,2 | 185 | 17,1 | 16,3 | 12,1 | 10,6 | 84 7,3 6,8

Ar. kar. miq. %-lo, 17,0 | 18,0 | 19,0 | 20,0 | 21,0 | 23,0 | 26,0 | 29,0 | 30,0 | 33,0
Cadval 4.

TC-1 markali kerosinin vo 50/70-markali Bitumun miixtalif qarisiqlarinin
fiziki-kimyavi analizlorin naticalori

TC-1 markal1 kerosinin kiitlo miqdari

Gostaricilor 0,01 | 0,02 [ 0,03 004 0,05][0,10 ] 0,15 [ 020 | 0,25 [ 0,30

Qap. Put. Alis. tem. " C | 194 189 182 179 171 167 149 127 118 109

Sixliq 20” C-do,kq/m’ 1002,7 | 1000,6 | 998,9 | 996,5 | 994,7 | 983,6 | 973,1 | 962.5 | 951,9 | 941,2

Kin. 6z. mm®/san, 100°C | 314,6 | 290,8 | 277,6 | 253,8 | 239,2 | 191,3 | 164,5 | 117.9 | 92,1 | 63,7

Asfalt. miq. %-lo 8,71 | 862 | 841 | 823 | 8,18 | 7,86 | 7,54 | 7,30 | 7,11 | 6,82
Qot. miq. %-1a 47,13 | 46,25 | 43,92 | 45,17 | 44,78 | 42,13 | 39,74 | 37,21 | 35,09 | 32,98
Paraf. miq. (bork), %-lo | 2,21 | 2,14 | 2,09 | 2,02 | 1,98 | 1,82 | 1,71 | 1,59 | 1,45 | 1,32
Donma tem, oc 85 84 83 82 81 74 68 64 55 48

Um. kiik. miq. %-lo 237 | 231 | 223 | 216 | 212 | 1,97 | 1,82 | 1,73 | 1,60 | 1,49

150 °C-do Sta. sor. term.
stab. 100 sm’ yan. ¢ok. | 1618 1596 | 1585 | 1577 | 1567 | 1509 | 1457 | 1413 | 1364 | 1326

gat, mqg-la
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Ardicil naglin manfi cohati ondan ibarstdir ki, iki mohsulun tomas zonasinda qarisiq
omolo golir, tocriiba gostorir ki, laminar axin rejimino nisboton turbulent axin rejiminds
qarisigin miqdar1 az olur. Neft emali1 zavodlarinda olan texnoloji komorlordo bitumun, kerosin
fraksiyasi ilo tomizlonmasi vo oksina kerosin fraksiyasi olan kamaers bitumun naqli, texnoloji
problemlorin yaranmasina sabab olur. Ardicil noql zamani yaranan garigigin miqdarmin toyin
edilmasi, son mantagoda gobulu vo ondan istifado edilmosi osas amillordondir. Torofimizds
tohlil edilmis TC-1 markali kerosinin vo 50/70-markal1 bitumun miixtalif qarisiqlarinin fiziki-
kimyovi analizlorin noticolori osas verir ki, bu ciir qarisiglar1 tozodon emala deyil, onlar1
miivafiq yanacaq fraksiyast kimi tohlil etmok lazimdir. Alinmis tohlillorin naticasi osasinda,
movciid standartlar ¢orcivasindo yanacaq resurslarinin artirtlmast miimkiindiir, bels bir proses
iqtisadiyyata boyiik somors vers bilor.
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AHAJIM3 CMEINEHUSA HE@TEIIPOAYKTOB U DOPEKTUBHBIE DJKOHOMUWYECKHE
ITYTHU MOBBIIIEHMS TOIIVIMBHBIX PECYPCOB

B.X. HYPVJIJIAEB, ®. . CEUDOHEB

Juist pelieHusi 3ajaud [0 YBEJIWYEHHIO O0beMma Tepekauku HedTH U He(TenpoayKTOB HEoOXoauma
pa3paboTKa HOBBIX MJIM ONTHMHU3AINS IPUMEHSIEMbIX TEXHOJOTUH TPAHCIIOPTHPOBKU HE(TH U HEPTEIPOYKTOB C
YUETOM HX PEOJIOTMYECKUX CBOMCTB M 9KCILUTyaTallMOHHBIX XapaKTEePUCTUK TPyOOIPOBOOB. BBU Y akTyambHOCTH
npoOsieMbl, OOJIBIION WHTEpEC MPEACTAaBISIOT PE3yJbTaThl OKCIEPHUMEHTAIBHBIX HCCICAOBaHUI MocIe-
JIOBATEIbHON MepeKauKy HeTEIPOIYKTOB.

Kniouesvie cnosa: ppaxyuonnozo cocmas, memnepamypa GCHbLUKU, (QUIUKO-XUMUUECKUE CBOUCMEA,
peonocus, KUHeMamuieckds BA3K0CHb.

ANALYSIS OF MIXING OIL PRODUCTS AND EFFECTIVE ECONOMIC
WAYS TO IMPROVE FUEL RESOURCES
V.H.NURULLAYEV, F.Q. SEYFIYEV
To solve the problem on boosting the pumping volume of petroleum products, it is necessary to develop
new technologies or optimize the already existing transportation technologies based on the rheological properties
of petroleum products and the pipeline characteristics. In view of the relevance of issues, the result of

experimental studies on the coherent oil pumping is of great interest.

Key words: distillation fractions, flash point, physical and chemical properties, rheology, kinematic
ViScosity.
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NaOH-in SULU MOHLULUNUN RADIOLIiZi ZAMANI OMOLO GOLON
MOLEKULYAR HIDROGENIN RADIASIYA-KIMYOVI CIXIMINA
MOHLULUN QATILIGININ TOSIRI

S.R. HACIYEVA, N.K. RAMAZANOVA, Y.D. COFOROV,
S.M. ®LIYEV, R.T. QULIYEVA

NaOH-n sulu mohluluna (Cy = 0,025+ 8 mol/l) y-kvantlarin (**Co, P=26,1 rad/san) tosirilo
gedon radiolitik ¢evrilmo zamani omolo golon molekulyar hidrogenin radiasiya-kimyovi ¢iximina
mohlulun qatitliginin tesiri todqiq edilmisdir. Miioyyon olunmusdur ki, mohlulun qatiligindan asili
olaraq molekulyar hidrogenin radiasiya-kimyoavi ¢iximi azalir. Bu onunla olagodardir ki, radiasiyanin
tosirilo omolo golon istilik elektronlart Na“ ionlart ilo kigik rabito enerjili, hoyacanlanmis, araliq
(Na'---e)" kompleksini omolo gatirir. Bu iso molekulyar hidrogenin amolo golmosindo birbasa rol
oynayan solvatlasan elektronlarin ¢iximini azaldir.

Acar sozlor: y-kvantlar, sulu mahlul, radiolitik par¢alanma, enerji dasiyicisi,
dozadan asililiq, amalagalma siirati, mahlulun gatilig.

Giris. Dordiincii nasil niive reaktorlarinda (PWR, BWR, SCWR va s.) enerji dastyicist
vo soyutma sistemi kimi adi sudan [1-8] istifado olunur. Reaktor daxilindo aktiv zonada niive
parcalanmas1 zaman1 omalo golon miixtalif enerjili ionlasdirici siialar (agir ionlar, protonlar,
neytronlar, elektronlar, y-kvantlar va s.) su vo su buxart daxilindon kegorkon, su molekullart ilo
elastiki va geyri-elastiki toqqusmada 6z kinetik enerjilorini tadricon itirirlor. Enerjinin radiasiya
itkisi mexanizmina goro, qeyri-elastiki toqqusma zamani (1) prosesin fiziki marhalasinds (<10
Psan) miixtalif molekulyar orbitallarin birbasa birqat ionlagmasi —

H 20; (1a1,2a1,]b2,3a,,1b1), 0z enerjisini birinci elektron-hayocanlanma enerjisina qodor

itirmis elektron — e_, vo elektron-hoyocanlanma hallari (H 20;‘) — A'B,, B'4,, Ridberq hali,

sub

diffuzion zolaq, dissosiativ hoyocanlanma va kollektiv hoyacanlanma (H,0™") kimi

ionlag. stialar * o _
H20 : H2 OJJr ’ H2 Oi ’ H2O ’ esub (1 )
aktiv aralq hissociklor yaranir.

Fiziki moerholo mohsullari sonraki fiziki-kimyavi morholods (10" = 107"% san), es_ub -

elektronlar elastiki toqqusma vo dipol relaksasiyasi naticasinds 6z kinetik enerjisini todricon
itirorok kvazisorbost istilik elektronlarina ¢evrilirlor. Istilik elektronlari (2) solvatlasa

e —e, ()

vo mohlul daxilindo Na" ionlar1 ilo (3) zoif rabito enejili, hoyacanlanmus, araliq
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e +Na" — (Na+ e )* 3)
kompleksini [9] amalo gatira bilorlor. Kompleks miioyyon yasama miiddstindon sonra istilik
vermoklo neytral Na atomuna (4) va solvatlasmis e,, hali il Na" ionuna (5)

* Na +aq (4)
(Na+ e ) - . 3
Na’ +e, (%)
gevrilirlor. H;O" ionlar1 iso ion-molekulyar (6) reaksiyasi noticosindo
H,O'+ H,O » H,0"+0OH (6)

protonlasmis hidroksonium H;O" ionunu vo OH radikalim omolo gotirirlor. Elektron-
hayacanlanmis hallart miioyyon yasama miiddotindo molekullar relaksasiya, avtoionizasiya vo
dissosiasiya naticosindo novboti mohsullarina [10-11] gevrilirlor.

Mosalonin qoyulusu. Ionlasdiric: siialarin suya tosirindon amoalo golon fiziki-kimyovi
moarholo mahsullarint simvolik olaraq asagidak: sokilds

H,0 —=3 5 H,OH,H,,H,0,,¢,,H,0",0H", HO, D

22 Yaq”

tosvir etmok olar. Burada, hom oksidlosdirici, hom do reduksiyaedici xassoyo malik aktiv
hissociklor omolo golir ki, konsruksiya materiali kimi istifado olunan paslanmayan poladin
korroziya vo deqradasiya proseslorindo onlarin bozilori birbasa istirak edirlor. Konstruksiya
materiallarinin korroziya vo deqradasiyasini aradan qaldirmagq {igiin bozi reaktorlarda ((PWR,
BWR vo SCWR) LiOH-in miioyyon qatiligli sulu mohlullarindan [1-8] istifado olunur.
Miioyyan konsentrasiyada alava olunan LiOH hom konsruksiya materialinin davaliligini artirr,
hom do reaktor daxilindo ionlasdirici stialarin tosirilo reaktor {i¢lin tohliikali olan H, va O,
mohsullarinin radiasiya-kimyavi ¢iximlarini azaldir.

Toqdim olunan isdo yiiksok tomizlikli NaOH-1in miixtolif qatiligli sulu mohlullarindan

d
(Cy=0,025+8 mol/l) istifado edilmigdir. Mohlul y-kvantlarla (®Co, P =26,1"2%)
san

stialandirilmis vo almman molekulyar hidrogenin radiasiya-kimyovi ¢iximinin qatiligdan asili
olaraq doyismosi miioyyon edilmisdir.

Tacriibi hissa. Tocriibado yiiksok tomizlikli (99,9%) miixtoalif qatiliqli (Cy, = 0,025 + 8
mol/l) NaOH-1n sulu mohluldan istifado edilmisdir. 20ml hacmli siiso ampula xiisusi rejimds
tomizlonmis, 500°C temperaturda hava miihitindo 48 saat miiddotindo islondikdon sonra,
ampula yenidon 400°C temperaturda vakuum soraitindo (p=10~mm c.st.) islonilorok otaq
temperaturuna qoador soyudulmus vo ampulaya verilmis gatiligda NaOH mohlulu slavo olunur.
Homin mohlul daxilindo hall olumus havani bir ne¢o dofo vakuum soraitindo deqazifikasiya

d
etdirdikdon sonra baglamlmisir. Ampula y-siialarla (*Co, P:26,1i) stialandirilmigdir.
san

Radiolitik parcalanma naticasindo alinan molekulyar hidrogenin miqdari (~5 = 10% doaqiqliklo)
xromatoqrafik iisulla toyin edilmisdir. Xromatoqrafda, uzunlugu 1m, daxili diametri 3mm olan
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kalonka daxilindo, 6lgiilori d = 0,25+ 0,5 mm olan aktivlogmis kdmiirdon istifado edilmisdir.
Qaz das1yicist kimi yiiksok tomizlikli (99,9%) arqondan istifads edilmisdir.

Noaticalarin miizakirasi. NaOH-1n sulu mshluluna y-kvantlarin tesirilo gedon radiolitik
cevrilma prosesinin hom fiziki, ham do fiziki-kimyovi morhalslorinds H, OH, H,, H,O,, HO,,

e;q, H;0" vo OH  araliq mohsullari omolo golir. Homin mohsullarin bozilori reaktor

materiallarinin  korroziya vo deqradasiyasini yaradir. Bu problemlori aradan qaldirmaq
miitoxassislor qarsisinda duran asas masalodir. Bu magsadla do enerji dasiyicist vo soyutma
materiali olan su ilo NaOH-1n miixtalif molyar qatiliglarinda mahlullar1 hazirlanmigdir. Homin
mohlullar y-kvantlarla siialadirilmis vo radiolitik yolla alinan molekulyar hidrogenin miqdari
xromatoqrafik tisulla toyin edilmisdir.

Nk 10, malkkal
iz
-]

o
-
"
™
- 1
"
L3
4
w

T, aman
Sakil 1. 5 ml miixtolif qatihqli NaOH-1n sulu mahluluna y-kvantlarin tasirilo (P = 26,1 rad/san)
amala galon molekulyar hidrogenin dozadan astliligi (Cy, = 0 (1); 0,025 (2); 0,05 (3); 0,1 (4); 1 (5);
5(6); 8 (7) mol/l).

Sokil 1-do 5 ml mahlul daxilinde amals galon molekulyar hidrogenin dozadan asililig1
verilmigdir. Sokildon goriindiiyii kimi mohlulun asagi gatilliglarinda omolo golon molekulyar
hidrogenin miqdar1 doyismoz qalir. Lakin miisyyan qatiligdan sonra molekulyar hidrogenin
radiasiya-kimyovi ¢iximi azalir. Bu onunla izah olunur ki, mohlul daxilinde Na' ionunun
konsentrasiyasi artdigca, (3)-0 osason termolizo olunmus elektronlarin bir hissosi (Na+---e')*
kompleksinin  yaranmasina sorf olunur. Bu iso termolizo olunmus elektronlarin
konsentrasiyasinin azalmasi demokdir. Konsentrasiyanin azalmasi radiolitik ¢evrilmodon alinan
molekulyar vo atomar hidrogenin radiasiya-kimyovi ¢iximini azaldir. Homin reaksiyalari
simvolik olaraq asagidaki (8) vo (9) soklinda:

H + OH
e + HO" > < H, + O (8)
H+H+0O

va eloca da
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H+H,0

HO +e > HO >
3 I {H3O+e_ ©)

tosvir etmok olar.
Molekulyar hidrogenin oamolo golmasindo osas kanallar olan (8) vo (9) reaksiyalarin

stirotlori termolizo olunmus elektronlarin konsentrasiyasindan asilidir. Ona goéro do hom
birbasa, hom do H + H — H; yolu ils alinan molekulyar hidrogenin miqdar1 azalir.

Cadval

NaOH-1n sulu mahlulunun radiolzi (P = 26,1 rad/san) zamanm amald galon
molekulyar hidrogenin amalagalma siirati (w(H3)) vo radiasiya-kimyavi ¢iximinin
G(H;) onun gatihglarindan asililigi

NaOH-1n molyar gatili§1, mol/I
0 0,025 | 0,05 0,1 0,5 1 2 5 8

0,724 | 0,791 | 0,746 | 0,71 | 0,694 | 0,6 | 0,473 | 0,322 | 0,222

w(Hy)- 107,
molekul/g-san

G(HZ)a
molekul/100eV 0,443 | 0,464 | 0,457 | 0,435 | 0,42 | 0.368 | 0,29 0,198 | 0,136

Sokil 1-o osason molekulyar hidrogenin omologalma siirsti vo radiasiya-kimyavi
ciximlari toyin edilmis vo alinan naticolor codvalds verilmisdir.

“T.

04 1

03 4 "

G(Hz), moleknl/100eV
.

L] 2 4 [ b
Cy, mol/l

Sakil 2. NaOH-in sulu mohlulunun radiolzi zamani amala galon molekulyar hidrogenin
radiasiya-kimyavi ¢ciximinin mahlulun qatiligindan asitliligt

Sokil 2-do NaOH-in sulu mohlulunun radiolzi zamani omolo golon molekulyar
hidrogenin radiasiya-kimyavi ¢iximimnin mohlulun qatiligindan asililig: verilmisdir.

Notica. Aliman noaticalordon goriindiiyii kimi, tomiz suda molekulyar hidrogenin
molekul

100eV

radiasiya-kimyavi ¢iximi G(H, )= 0,443 gqiymoatim alir. Miixtalif qatiliqli mahlullar

/
stialandirdiqda iso molekulyar hidrogenin radiasiya-kimyovi ¢iximi, qatiligt C,, =0+0,5 moc

araliginda olan mohlullarda demok olar ki, doyismir, C,, > 0,5 mTol qiymatlorindo is9

qatiligdan asili olaraq azalir.
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BO3/JEMCTBUE KOHIIEHTPAIIUM PACTBOPA HA PAJIMAIIMOHHO-XUMHWYECKUM
BBIXO/J MOJIEKYJIAPHOI'O BOAOPOJA, OBPA3YIOIETOCA BO BPEMSA
PAIMOJIN3A BOJHOI'O PACTBOPA NaOH

C.P.TAJUKMEBA, HK. PAMA3AHOBA, A./1. JUKA®APOB, C.M. AJIUEB, P.T. I'VJIMEBA

HccnenoBaHo BO3/EHCTBHME KOHIIGHTPAIMM PAacTBOpa Ha PaTUallMOHHO-XUMHYECKHH BBIXOJ
MOJICKYJIIPHOTO BOJIOPOJIa, 00Pa3yIOIIErocs B MPOILECCe paJHaliTHYECKOr0 IPEBPAIeHHs [10]] BO3ICHCTBHEM
y-kBanToB (“’Co, P=26,1pan/cex) Ha Bomusii pactBop NaOH (Cy = 0,025 + 8 mons/i). Onpeseneso, 4To B
3aBHCUMOCTH OT KOHIIEHTPALMH PAcTBOpA PaJAHAllMOHHO-XUMUYECKUIl BBIXOJA BOIOPOJA YMEHBLIAETCA. JTO
CBSI32HO C OOPA30BAHHEM HH3KOIHEPreTHUECKUX CBs3eil, BO3OYXKIEHHbIX, mpoMexyrounbix (Na'--e)"
KOMILIEKCOB TEMIOBBIX 3JIEKTPOHOB, 06pa3yloMIUXCsl MOl PaMALMOHHBIM Bo3/ieiicTBHEM, ¢ HoHamu Na' D10
YMEHBLIAET BBIXOJ COJBBATUPOBAHHBIX JJIEKTPOHOB, UTPAIONIUX HEMOCPEICTBEHHYIO POJIb NPpU 0Opa30BaHUH
MOJIEKYJIIPHOTO BOJOPOJA.

Knrwouesvie cnosa: y-xeanmol, 600HbIU pACMBOD, PAOUOIUMUYECKOE PACUfenieHue, HOCUMelb
SHepaul, 3a8UCUMOCHbL OM 003bl, CKOPOCHb 00PA308AHUS, KOHYEHMPAYUs pacmeopd.

THE INFLUENCE OF CONCENTRATION ON THE RADIATION-CHEMICAL YIELD OF
MOLECULAR HYDROGEN, FORMING IN RADIOLYSIS OF WATER SOLUTION OF NaOH

S.R. HACIYEVA, N.K. RAMAZANOVA, Y.D. JAFAROV, SM. ALIYEV, R.T. QULIYEVA

It was investigated the influence of concentration on the radiation-chemical yield of molecular hydrogen
forming during the radiolytic conversion occurring by the influence of y-quantum on water solution of NaOH (Cy

= 0,025 - 8mol/l). It was determined that radiation-chemical yield of molecular hydrogen decreases depending

on solution concentration. It is connected with the fact that thermal electrons forming by the influence of radiation
forms excited, intermediate (Na'---e’) complex with little binding energy together with Na' ions. And it decreases
the yield of electrons which plays direct role in forming molecular hydrogen.

Key words: y-quantum, aqueous solution, radiolytic decomposition, energy carrier,dose-dependent, rate
of formation, concentration of solution.
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INPUMEHEHHME KOOPINHAIIMOHHBLIX ITOJIMMEPOB
JJIAA YBEJIMYEHUSA HEOTEOTJAAYM IIVIACTOB

b.T. YCYBAJIMEB, ®.T. MYPBATOB, ®.b. AJIMEBA

BriepBble mpuMeHEHO U U3y4eHO JielicTBUe KOMMO3UTHBIX MaTepuanoB BA®-1 u BA® -2 Ha ocHOBe
KOOP/IMHAIIMOHHBIX IOJIMMEPOB Ha YIYYIICHHE PCOJOTHYCCKUX CBONCTB HE(TH. YCTAaHOBICHO, 4YTO
KOMITO3UTHBIE MaTtepuaiibl Ha 60-70% CHIKAIOT BA3KOCTTh U TaKXKe MOJOKUTENBHO NEHCTBYIOT Ha Jpyrue
CBOMCTBA.

Knrouesvle cnosa:  neghmo, 613xK0cmop, peoniocuyeckue c8OUCMEd, KOMROZUMHbLE MAMEPUATLbL,
KOOPOUHAYUOHHbIEe NOIUMEPDL, Hedhmeomoaua.

Beenenne. IIpoGnema yBenuueHUsl CTENEHU M3BJICYEHUs HE(TU M3 IUIACTOB YXKE B
TEUYEHUE HECKOJIbKUX JIECATUIICTUH SABJISIETCS OJHON U3 HanboJjiee 3HAYMMbIX U 00CYkK/1aeMbIX B
HedTenepepadaThIBAIOIIMX CTpaHax Mupa. HeoOXoauMo MoauepKHyThb, YTO B OOJIBIIMHCTBE
He(TeT00BIBAIOLINX CTPAH MHpa, AaXKe B T€X, KOTOpble oOecrieueHs! 3anacamu Ha 50 u 6onee
JeT Bmepen, 3a00Ta O MOJHOTE HU3BJIEUEHHs HEPTH M3 HeIp CTAHOBUTCA NPHOPUTETHOM.
Cozparorcss Takue 3KOHOMHUYECKHE YCIIOBHS, IPU KOTOPBIX HEAPOIOIb30BATENSM BBITOJHO
pa3BUBaTh U OCBaWBaTh COBPEMEHHBIE METOIbI yBennueHust Hepreornaun (MYH) [1-3].

ITo cocrossuio Ha 2011 rox xosmuecTBO nelcTBYyROmMX NpoektoB MYH B mupe
coctaBisio 361. 'omoBasg n00bIya 3a cyeT UX NMpuUMeHeHus oneHuBaercas B 120-130 muin.
TOHH.

Cpenu mpeiaraeéMblX METOAOB OCOOOrO BHUMAaHMs 3acily’)KMBAeT TaK Ha3bIBAEMOE
HOJMMEPHOE 3aBOJHEHUE TIACTOB. JIugepoM no npumeHeHuto 3toro Metoa ssistorcst CILIA.

3akauka KOMIO3UIUH «Ienodb - [TAB — momumep» mpou3BOAUTCS Ha MECTOPOXK-
JICHUAX, B pa3padaTbiBaeMbIX IUIACTaX KOTOPHIX YMEHBIIAETCA OCTaTo4Has HedTeHachIIIeH-
HOCTb.

B nocnennee Bpemst nmiaepoM B obnactm 3akauku siBisercs: Kuraid. [Ipumenenwme
NOJIMMEPHOr0 3aBojHEHUs B KuTae TOIbKO Ha ABYX MECTOPOKIEHUSX CIIOCOOCTBOBANIO
nonyyenuto B 2004 romy oxosio 14 MiaH. TOHH HedTH, IPHU 3TOM MPHUPOCT KOIPPUIMeHTa
u3pnedenust Heptu (KMH) cocraBun 14%. PacnpocTpaneHue MOIMMEpPHOrO 3aBOJHEHHUS Ha
Bcex mectopoxkaenusx KHP navanocs B 1996 rony.

JlBasaTUICTHUIN yCIIEUIHbIM ONBIT IPUMEHEHHSI IIOJIMMEPHOTO 3aBOJIHEHHS IJIACTOB B
Kurae mnokasan, 4To OHO MOXeT H(PQPEKTUBHO NPUMEHATbCI HA MECTOPOKICHUAX C
00BOJIHEHHOCTHIO BbIIIE 95%. Takke yCTaHOBIIEHO, YTO MOJMMEPBI C MOJIEKYJISIPHOI Maccoi

102
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(10-18)-10° MOTYT IPUMEHSATHCA B OOJBIIMHCTBE KOJIJIEKTOPOB, MOJIMMEPHI ¢ OOJblIei Mote-
MOJIEKYJISIpHOM Maccoil 6osiee 3(pPEeKTUBHBI B BHICOKOMPOHHUIIAEMBIX IJIACTaX, & COJIECTOUKHE
MIOJIUMEPBI C MOJIEKYJIIPHOM MacCOi — B HU3KOIIPOHUIIAEMBIX KOJIEKTOPAX.

3akauyka KOMIO3UIMU «11es104b - [IAB — nonumep» mponu3BoaUTCs Ha MECTOPOKICHUU
Cambridge, nenb KOTOpPOHl COCTOMT B YMEHBIICHHH OCTATOYHOH HE(PTEHACHIIICHHOCTH
paszpabarbiBaeMoro Iuiacta. IIpy 3TOM KOHTPOJUPYIOTCS TaKHe XapaKTEPUCTUKH, Kak
COOTHOIIEHUE BSI3KOCTEH BBITECHSEMOIO U BBITECHSIOIIETO AareHTOB U IOBEPXHOCTHOE
HATsDKEHHE Ha TrpaHule ux pasgena. K HacTosieMy BpeMeHH H3BECTHO UYEThIpe MPOEKTa C
MCIIOJIb30BaHUEM Takoi TexHoJoruu: Tpu npoekrta B CILIA u ogun B Kutae.

CornacHO BBIMIOJIHEHHBIM pacyeTaM IO aJanTUPOBAHHOM MOJENH 3aBOJHEHUE
obecneunBanio KMH oxBauenHoi obmactu miacta — 32,8%, a ¢ HCIIOJIb30BaHUEM KOMITO3UIIUH
«enous - [TAB — nomumep» — 56,2%, 1.e. npupoct HedreoTnaun coctaBui 23,4%.

BBungy reosnoro-gusnueckux OCOOCHHOCTEH CTPOEHHUS MPOIYKTHBHBIX ILIACTOB,
pacCIIOIOKEHUS] CKBa)KWH, pa3iuyusl Bs3KOcTeH He(TH M BOABI M T.A. TMPAKTUYECKH Ha BCEX
He(TSAHBIX MECTOPOXAEHUsX AsepOaiiikaHa, OCOOCHHO Ha cylle, HaOMIONAeTCs pPE3Koe
CHIDKEHHE CPEHECYTOUYHBIX 1e0eTOB HE(TH MO CKBAXMHAM IPU HX BBICOKOW OOBOJIHEHHOCTHU
65-90% [4]. Ilpm »sTtom pa3paboTka HEPTAHBIX  MECTOPOXKICHUW  CTAHOBUTCS
HU3K03((HEKTUBHOM, XOTS B HEPTAHBIX KOJUIEKTOPAX OCTAeTCs eIle 3HAYUTEIbHOE KOJTUYECTBO
Hedrtu [5].

B cBs3u ¢ oTUM BaxkHeliedl 3amayeil CTAHOBHUTCS TOBBIINICHHE KOAPPUIIUECHTOB
u3BIeYeHUs He(DTH U3 TIIACTOB Ha OCHOBE npuMeHeHus 3P pexTuBHBIX MY H.

Leasb uccaenopanmus. Hacrosmas paboTa mocBsieHa TPUMEHEHUIO KOOPAWHAIMOH-
HBIX COEIUHEHWM, MMEIOIUX IOJIMMEPHYI CTPYKTYpy, C LEJIbI0 YBEJIWYEHHUS CTENECHU
U3BJICUEHUS TSOKEIIBIX He(Tel U3 MIacToB.

IKCNepPUMEHTAJIbHAS YaCTh.

IIpuroroBinenne xkommnosuroB. Kommnosunus BA®-1 n BA®-2 mpuroroBieHa Ha
OCHOBE OTXOJIa JU3EIbHON (PpaKIu, TaK Ha3bIBAEMBIN IU3eNbHO-IIeN0uHOM oTxoA (A]O),
(ITAB) 1 xoopAMHALMOHHBIX MOIUMEPOB. J{M3€IbHO-111EI0YHON OTXO/ 10 BHEIIHEMY BUIY —
KHUJKOCTh TEMHO-KOPUYHEBOIO IIBETA, JIETKO PAaCTBOPSIONIAsCS B BOJAE, M XapaKTepu3yerTcs
CIEAYIOIMMH TOKa3aTesIMUA: TeMIepaTypa KHUIIECHUS 135-210°C/3Mm pT.CT., TUIOTHOCTH
d204=1,05r/CM3, KOA(PGUITUEHT TPETOMIICHUS n20d=1,4710, kuciaotHoe uncio = 218 mr KOH/T.
Cpennsisi mMonekymsipHass Macca — 256. Ilo maHHBIM SJEMEHTHOTO aHaiH3a CoOJEp:KaHue
yraepoaa — 72,1%, Bogopona — 11,1%, xucnopoga — 16,8%. D10 ankuiamukioneHTaHKapOo-
HOBBIE KHCJIOTBI C HEOOJIBIION MPUMECHIO ATKMIIHUKIOTEKCAaHKAPOOHOBBIX KUCIIOT:

CH,

R_H CH CH,»(CH»).CO

CH, CH,
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AJIKI/IJII_II/IKJ'IOHCHTaHKap6OHOBLIC KHCJIOTHI:
R:CH3_ N CH3CH2_ 5 CH3CH2CH_2 ; n=>5-7

Coneprkamuecss B 0TX0/axX ILEIOYHOM OOpaOOTKM TOIIMBHBIX (pakuuil HaTEeHAThI
natpus (14,0 — 18,0%) ¢ oOweit popmynoit  C,H,,; COO'Na“ 10 cBONWCTBAM IMPEICTABISIOT
coboif BogopacTBopuMble aHuoHakTUBHBIE [IAB. Boaublii pactBop conmepxut takxke 2,0 -
2,5% HeoMbUISIEMBIX COEIMHEHHUI B COCTOSIHUU SMYJIbCUH [6].

KoopauHanyHHbIE OJUMEPHI, KOTOPbIE UMEIOT OCHOBBI KOMIIO3UTOB BA®D-1 1 BA®D-2,
MPEICTABISAIOT COO0OM MOJMMKPUCTAJUINYECKHE TOPOIIKHU, HE pacTBOPAIOLIMECS B BOAE H
HEUTPAJIBHBIX OPraHUYECKUX PACTBOPUTEISAX, YCTOMYHMBBI B HEUTPAIbHOM U OCHOBHOM Cpenax,
conectoiiki. OHM UMEIOT MOPHCTO-TIOJIMMEPHYIO CTPYKTYpHI ¢ pasmepamu mop 15 - 20A°
[Toper ckBo3ubie. Kommnosutel BA®-1 u BA®-2 npuroroBunu B Buae 1%-ro pactBopa
koopauHaoHHbIX oaumMepoB B JI1[O. Beioop A0, kak u ITAB, Hecnydaen.

R |

,OH /_\)/_\ @) O O
+ By Br NaOH/H—6yTaHOJ;

O/
@) O O‘ |

W3BecTHO, UTO ycmex B NMPUMEHEHHMM XUMHUYECKHX PEareéHTOB C LIEJbI0 yBEIMYEHUS
kod(ddurmenTa wu3BIeUeHUs HE(PTH OIEHUBACTCS BIIOJIHE OMNPEACICHHBIM CBOHCTBOM
MOBEPXHOCTEH pazziena (a3, XapakTepU3yeMbIM TOUYHO HU3MEPSIEMON BEIMYMHONW MEX(a3zHOTO
HaTsDKeHUsA (G) Ha TpaHUIE pas3jena: MPUMEHSEMbI pPacTBOpP XMMHUYECKOTO peareHra —
YTIEBOJOPOAHAS KUJIKOCTh. B cBsizu ¢ 3TuM aBTOpamu [6] [uis MCCIEIOBaHUS MEXaHU3Ma
(bU3UKO-XMMHYECKHUX MPOIECCOB, MPOUCXOMIANINX B IJIACTE HA TPAHUIIE pa3jielia PacTBOPOB
JUIO - yrmeBoaopoaHasi >KUIKOCTh, ObLT M3y4eH UMEHHO ATOT MapaMeTp. Y CTaHOBIEHO, YTO
HAOII0JaeTCsl CHIKCHHE MEK(Da3HOTO HATSHKEHUS (G) Ha TPAHUIE CO BCEMU HCCIIECIOBAaHHBIMU
YIJIEBOJOPOAHBIMU KUIKOCTAMHU. [Ipryem 3To siBJieHHE JIJIs1 BCEX YTIIEBOJAOPOIHBIX KUIKOCTEN
MpaKTUYECKH Bcerna HaOmromaeTcss B auamnazoHe koHueHtpanuid IO B pactBope 0,25 -
0,75%, HO ¢ pa3HBIMU XapaKTEPUCTHUKAMHU.

B cBs3u ¢ atum 1%-i1 pacTBOp KOoOpauHAIMOHHBIX noaumepoB B JIIIO paszbasisinu
MJIACTOBOM BOJIOM 110 mosryueHust 3%-Tro pacTBopa.

Jlns npoBeneHus 1a00paTOPHOTO MCHBITaHUS ObUIM BBIOpAaHBI 00pasibl HE(TH, B3STHIC
13 CKBaXHUHbI 1463, sKkcrutyaTupyemMoul B JaHHbIM MOMEHT Ha CHSI3aHCKOM MOHOKJIMHAJIbHOM
yuacTke Amupxanibsl. beun B3saThl 7 00pa3noB Hedhtu B 00beme 300mi. K nepBomy oOpasity
Hudero He nob6asisnu. K ocraBmmMes obpasmam  pobasisiu 20,40,60,80,100,120 u 140 mn
co0TBEeTCTBEHHO 3%-HOro pactBopa komno3uta BA®-1 u BA®-2 u nocne 5 yacoB uzMepsiu
uX (PU3UKO-XUMUYECKUE XapaKTCPUCTUKHU.
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Taxoke 1abopaTopHble UCTIBITAHUS, TIPOBOJMINCH C YYaCTHEM CMECH KOMIO3UTOB BA®D-1
u BA®-2. JIng npuroTtoBieHuss cMecH KOMIO3HUTHI Opajid B paBHOM KonudecTBe. Hampumep,
quis npurotoBienus 100 mu 1%-ro pactBopa 6panu 0,5 r BA®-1 u 0,5 r BAD-2. Ucnbitanus
NpOBOIMINCH 0€3 mo0aBineHHs M ¢ J00ABICHHMEM IUIACTOBOM BOAbL sl MCHBITAHUSA C
ydyactueM IactoBod Boael M3 1%-ro pactBopa IO npuroroBunu 3%-ii pactBop B
miacToBoit Bojie. KonmmuectBo 06pasios HedTu coctassuio 300 mut.

Pe3yabTaThl IKCTIEPUMEHTOB M 00CY K/IeHHE MOJIyYeHHbIX Pe3yJbTaToB.
Pesynbrarhr 3aMepoB Ba3kocTel 00pasoB HeTH MpuBeaeHBI B TaOume 1,2 u 3.

Tabauya 1.
Pe3yabTaTrsl 3aMepoB BA3KOCTeH 00pa3noB HedTH
KonunuectBo 1 u 2%-x BA®-1, 1%-i BA®-1, 2%-i
pactBopoB BA®D-1, M1
BszkocTs,cCt Bsizkocts, cCt
0 9,0 9,0
20 7,3 6,4
20 6.4 5.9
60 6,1 52
80 5,7 4.8
100 4,8 4,2
120 3,4 3.4
140 2,7 2,7
160 - 2,1
Tabauuya 2.

Pe3yabTaThl 3amepoB BsA3KkocTeill 00pa3noB HedTH

KomunuectBo 1 u 2%-x BAD-2, 1%-1i BAD-2, 2%-1i
pactBopoB BA®D-2,mn
Bszkocts, cCr Bszkocts, cCr
0 9,6 9,6
20 7,9 6,8
40 7,1 5,9
60 6,1 4,8
80 5,5 2,9
100 4,6 2,9
120 3.4 1,0
140 2,7 -
160 2,3 -
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Tabauya 3.

HN3meHnenue Bsa3KocTeld 00pa3uoB HedTH

KonmuectBo 1%-ro pactBopa cmecu | bes miactoBoit BobI be3 mtactoBoit BojibI
KOMIIO3HUTa BszkocTs, cCT Baskocts, cCT
BA®-1 u BAD-2
0 8,4 8,4
20 6,5 6,5
40 5,7 5,9
60 5,5 5,5
80 5,3 4,2
100 3,8 3,6

W3 tabmun 1,2 u 3 u pucynka 1 BuaHO, 9TO ¢ yBenuueHueMm oovema 1 u 2%-x pacTBopoB
BA®-1 u BA®-2, Bsa3kocTh 00Opa3noB HedTu ymenblaercs. Yxe npu 140 min oOwbema
pacTBopa JOCTUraeTcs ONTUMalIbHOE 3HaueHue Bs3KkocTu. [Ipu nobaBieHnn pacTBOPOB MOKHO
JOCTUYb MUHHMMAJIbHBIX 3HAYCHWH BA3KOCTH, OJHAKO CIMIIKOM HHU3KO€ 3HAYEHUE BSA3KOCTH

HeleaecooopasHo.
Bsi3kocTn,
cCr
10} 1) BA®-1 (1%)
2) BAD-1 (2%)
9 3) BAD-2 (1%)
g | 4) BAD®-2 (2%)
7 -
6 -
5 L
4 n
3 N
2 n
1 L

10 20 30 40 50 60 70 80 90 100110 120130 140 150 160170 180

Puc. 1.
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N3 tabmunsl 2 BUAHO, yTo Aaxke 2%-i pactBop BA®D-2 npu 120 M o6beMa CHIKAET
BsA3KOCTh 110 1 cCr.

[Tpu no6asnenun k oOpasuam HepTH KOMIIO3UTOB BA®D-1 1 BA®-2 He TONBKO CHU3UTCS
BSI3KOCTh, HO M3MEHSIOTCS M JPyTWe XapaKTepUCTUKU o0pa3noB HedTu. M3mMeHeHue 3THX
XapaKTepUCTHK He(TH mpencTaBieHbl B Tabnuue 4. J[pyrue xapakTepucTHKy 00pas3ioB HEPTH
U3MepeHb! TOJbKO nocie fodasnenus 140 man kommnosuta BAD-1 (1%) k oOpa3uam HedTH.

Tabnuya 4
XapakrepucTuku o0pa3ua Hegru npu go6asiaenun 140 mu 1%-ro

Komno3uta BA®-1

XapakTepucTUKU Jlo BBeaeHust 100aBKH ITocne BBeneHus 10OABKH
Yucras vedth, % 60,0 80,0
V 1enbHsbIi BEC, KI/M’ 878.,0 889,0
Buienennas Boaa, % 8,0 3,0
Bszkocts, cCr 9,0 2,7
CmMmoisl, % 36,04 0,0
Mexanuueckue cmecu, % 32,0 17,0

Takum 00pa3oM, MPOBEIEHHBIE OMBITHI MTOKA3BIBAIOT, YTO KOMIO3UTHI BAD-1 u BA®D-2
HE TOJBKO CHHXKAIOT BSA3KOCTb OOpa3loB HE(PTH, HO W YIy4YIIAIOT APYrHe XapaKTepUCTUKU
He(TH.

Jlnst BBISICHEHHSI MEeXaHU3Ma JISHCTBUS PEareHTOB Ha PEoJIOTMYECKre CBOWCTBA HeTe
pacCMOTpPEHBl HEKOTOPBIE XapaKTEPUCTUKH Ppa3IUYHBIX HePpTel B

COZCpIKaIIUXCA B HEll KOMIIOHEHTOB.

3aBUCUMOCTH  OT

DU3NKO-XUMUYECKUE TIOKA3aTeNIN Pa3INIHBIX HeTeil MpeIcTaBIeHBI B Ta0M.5.

Tabauua 5.
Du3NKo-XUMHYECKHe NMOKa3aTe/u azepoaiixkancKkux Hedrei

[InorHOCT®, Bsskocts Kucnornoe Conepxanue, %

Kr/M® mpu 20°C, | uncno,  Mr (macc.)
MecTopoxaeHus Mmna*C KOH/r oMo Achars- Tapaburos

TEHOB

bubu-Diibar 877 20,5 1,48 6,5 0,12 0,76
CaHravaiesl 856 31,8 0,32 8,9 0,35 9,3
banaxans-Ca0yHuu-
Pomana (Kamanayp)(IKC,) 926 164 2,5 14,0 0,8 0,62
Cusizanb(MypaaxaHibl) 882,5 11,93 - 105,37 0,72 0,78

Kak BumHO W3 Tabmuipl 3, MTMHAMUYECKas BSI3KOCTh Pa3jIMYHBIX HEPTEH B OCHOBHOM

3aBUCHT OT NPOIIEHTHOT'O COJAEP KAaHMsI CMOJ U ac(alIbTEHOB B COCTaBe HE(PTEH.

Ha puc.2 npuBeneHbl U3MEHEHUS AMHAMUYECKUX BSI3KOCTEM pa3iMuHbIX HeQTel mpu

20°C B 3aBHCHMOCTH OT MIPOLIEHTHOTO COZIEP>KaHUsI CMOJ M ac(aIbTEHOB B UX COCTAaBE.
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Kak u3BecTHO, MaccoBoe cojiepkaHue CMOJI B He(PTAX B OOJBIIMHCTBE CIIy4aeB HAXO-
HaxoAuTcs B mpenenax 5-20%, onHAaKo MUMEITCS HePTH Kak BOOOIE HE COoAepiKallue CMOJI,
Tak u coaepxamue 30% u 6onee. CMOBI pa3NTUYHBIX HEPTEH CYIIECTBEHHO Pa3iIHyaloTCs 0
cpeaneit monekymsipHoit macce — ot 450 1o 1500.

180}
160 F !
140
170}
100}

Bsskocts, MIla-c

201

T 2 3 4 5 6 7 & 09 10 11 12 13 14 Cwmomsl, achanbre-

HbI, m %

Puc. 2. Hzmenenue eazxkocmeii paznuunovix nepmeit npu 20 °C 6 3agucumocmu
Om NPOUCHMHOZ20 COOEPIHCAHUA CMOTL U ACPHATLIMEHOE
(1- cmonwt; 2 - acpanvment)

CyMMapHOe cofiep’)KaHie TeTepOaTOMOB U3MEHSETCSA TAaK)Ke B MIMPOKUX Mpeeaax — OT
3,5 no 12,5%, HO BO Bcex ciyyasix cofepiaHHe reTepoaToMOB B CpeqHEll MojeKyle Ooblie
€AMHUIIBI, T.€. CMOJIBI MOXHO pacCMaTpUBaThb KaK CMEChb I'€TEPOATOMHBIX COCAMHEHMUIA,
cozepkanux Ooyiee OJHOTO aroMa B MOJIEKYyJie, U HMMEIOIINE apEeHOBBbIE M ITUKIOAPEHOBBIC
KOJIbLIA C AJIKWJIBHBIMU 3aMecTUTeNsIMU. [10-BUIMMOMY, KOJIbIIa B OCHOBHOM KOHIAEHCHUPOBAHbI
B OJHOM siape. SIBHO mpocnexuBaeTrcss OIM30CTh CTPOCHUS AapPEHOB, TYJAPOHOB U CMOII,
MOCIICAHUE OTINYAIOTCS COACPKAHUEM TeTePOIIEMEHTOB U OOJIbIIEH TUKINIHOCTHIO [7].

Takum 00pa3zom, MBI MIPEIIONIaracM, YTO CHUKEHHE BSI3KOCTU HE(TEH CBS3aHO C TEM,
YTO TpU J100aBICHUU K He(TH BO3HHKAIOT HEBAJIICHTHBIC CKEKHWHT-B3aUMOJICHCTBUS MEKIY
MOPUCTHIMU  KOOPJIMHALIMOHHBIMU ~ TOJIUMEpPaMU M XPOMATHUYECKUMHU, Te€TePOATOMHBIMU
MaKpoaccoIaTaMu, COACPKaluMUCI B HEPTH U pa3pylIaloT UX B MEJIKHE (PparMeHThI, 4TO
o0ecreunBaeT CHIKEHHE BI3KOCTH HEPTH.

3ak/ovyenue. BrepBble yCTaHOBJIEHO, YTO BS3KOCTh HepTel NpsMO CBs3aHA C
KOJIMYECTBOM CMOJI U ac(albTeHOB, COACPKAIIMUXCS B HEPTH.

BrisBneno, yto xomno3utel BA®-1 u BA®-2, npuroToBiieHHBIE Ha OCHOBE HAaHO-
CTPYKTYPHBIX KOOPAMHAIIMOHHBIX MOJIMMEPOB, CHIKAIOT BA3KOCTh HedTelt Ha 70-75%.
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LAYIN NEFT VERIMINi ARTIRMAQ UCUN KOORDINASIYALI POLIMERLORIN TODBIQi
B.T. USUBOLIYEV, T.F. MURVOTOV, F.B. OLIYEVA

Ik dofa olaraq koordinasiyali polimerlor osasinda hazirlanmig BAF -1 vo BAF-2 kompozit materiallarin
neftin reoloji xassolorinin yaxsilasdirtlmasi tosiri dyronilmis vo totbiq edilmisdir. Miioyyon edilmisdir ki,
gostarilon kompozit materialar neftin 6zlliililyiinii 60-70% asag1 salmaqla onun diger xassolorine do miisbat tosir
gostarir.

Acar sézlar: neft, oziilliiliik, reoloji xassalar, kompozit materiallar, koordinasiyali polimerlar, neft verimi.

THE LAYER OIL RECOVERY BOOST USING THE COORDINATION POLYMERS
B.T. USUBALIEV, F.T. MURVATOV, F.B. ALIYEV

For the first time, the composite materials such as BAF-1 and BAF-2 are studied to improve the
rheological properties of oil on the basis of coordination polymers. It is established that the composite materials
reduce the viscosity by 60-70% and have a positive impact on other properties.

Key words: oil, viscosity, rheology, composite materials, coordination polymers, oil recovery.
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PABPABOTKA OCHOBHBIX Y3J10B BBICOKOBOJIBTHBIX
BBICOKOYACTOTHbBIX UMITYJIBCHbBIX YCTAHOBOK

9. 14. T'YPBAHOB

HacTosimas craTtbs nocBsieHa pacCMOTPEHHIO NMapaMeTPOB OCHOBHBIX Y3JI0B — HCKPOBBIX Pa3psii-
HHUKOB BBICOKOBOJIBTHBIX MMITYJIbCHBIX TEHEPATOPOB HANPSKEHUS IPH Pa3pabOTKE BBICOKOYACTOTHBIX MM-
MyJIbCHBIX YCTAHOBOK PA3JIMYHOTO HazHaudeHus. [IpuBeseHa METOANKa pacueTa u ydeTa B3aMMOBIHSIOMINX
XapaKTEePUCTUK HMCKPOBBIX MPOMEKYTKOB, IIPOLECCOB B HUX M JIEKTPUUECKUX MAPAMETPOB UMITYJIbCHBIX
TCHEPaTOPOB IS AOCTHKCHUS 00Jice 3()(HEKTUBHOTO MPHUIOKCHHUS BRICOKOUACTOTHBIX MUMITYJIbCHBIX IOJICH
Ha HCCleqyeMblil OOBEKT — Harpy3Ky rexepaTopa. [lokaszaHo, 4To mid cTaOMNINM3aluy TeHEpaluy BBICOKO-
YAaCTOTHBIX (HAHOCEKYH/IHBIX) UMITYJIbCOB HAIIPSHKEHUsI C TpeOyeMOi 4acTOTOM MX CIlIeIOBaHUs 11e71ec000-
pPa3HO B KOHCTPYKIIMU FE€HEpaTopa B KAYECTBE CTAPTOBOTO UCKPOBOI'0O Pa3psiAHUKA MPUMEHSTH CXEMY MHO-
T03a30pPHOTO UCKPOBOTO Pa3pPsIHUKA.

KiiroueBble cjioBa: cenepamop umMnyIbCHbIX HANPAICEHUL, 8bICOKOYACTOMMHBLU UMNYTILC,
ONIUMENbHOCIb UMNYIbCA, (DPOHM UMNYIbCA, MHO203A30PHbIL UCKPOBOLL
PA3PAOHUK, PA3PAOHIL NPOMENHCYHOK, 80CCHMAHOBIEHUE INEKMPULECKOU

npodyHocmu, Hacmoma C1e008aHuUs UMN)ibCo6.

Beenenue. Pa3Butue UMIyJbCHONM TEXHUKHU JIJIsl PEIICHUS MHOTHX HAy4YHBIX, TPOU3BO/I-
CTBEHHBIX M 3KOJIOTMUECKHUX 33J]1a4 YKE HECKOJIbKO JCCATUIICTHI BBI3BIBACT Y UCCIEI0BaTENEH
JTAHHOTO HAaIpaBJIeHUs MOBBIIEHHBIN nHTEpec [1,2]. HabmrogaeTcss mpuopuTeTHOE OTHOIICHUE
K Pa3BUTHUIO BHICOKOYACTOTHBIX UCTOUYHUKOB YHEPTUM B3aMEH HU3KOYACTOTHBIM, YTO OOBSICHU-
MO KaK C TOYKH 3pEHHUs UX dHEeProdpHeKTUBHOCTH, TaK U HECTAHIAPTHOCTH IMOJAX0JIa K pellle-
HUIO MHOTHX Ba)XKHBIX BOIIPOCOB, KAK HAYYHOT'O, TaK M MPHUKIIAHOTO Xapakrepa. B 3Toil cBs3u
MOKHO OTMETUTH pabOThl aBTOpa MO pa3pabOTKe BHICOKOBOJIBTHBIX MMITYJIbCHBIX yCTaHOBOK
JUISL PELICHHs] HKOJIOTUYECKUX U TEXHOJOTMUECKHUX 3a/ad (3aluTa OKpY’Kalolled cpelbl OT
TOKCUYHBIX BBEIOPOCOB B aTMOC(hEpy XUMUUYECKUX, METALTYPIHUECKUX MPEATNPUITHI U TETIO0-
ANEKTPOCTAHIINN, OYUCTKA W 00€33apakMBaHHE MUTHEBOW M CTOYHBIX BOJ OT MAaTOTEHHBIX
MUKPOOPTaHU3MOB, MPOJIJICHHE CPOKA XPAaHEHHS TEKYYHX MHIIEBBIX MPOAYKTOB 0€3 MpHUMeHe-
HUSI KOHCEPBAHTOB U T.1.) [3-5]. OCHOBHBIM M OMPEEISIONIM 3B€HOM BO BCEX ATUX YCTAHOB-
Kax siBJsieTcsi, 0€3 COMHEHHUS, BHICOKOUYACTOTHBIM MCTOYHHUK SHEPTHH, pa3pabOTKe KOHCTPYK-
IIUU KOTOPOTO yJemsieTcsi 0co00e BHUMaHKE. B 3aBUCMMOCTH OT XapaKTEPUCTHK HCCIIeyeMOon
cpenpl, A 3(pPEKTUBHOrO pelIeHUsl MOCTaBICHHONM TEXHOJOTHYECKOW 3a7aud MPOBOJSATCS
CJIOKHBIE pacyeTbl OCHOBHBIX DJIIEKTPHUUYECKMX W TE€OMETPUYECKHX NapaMeTpOB TaKHUX

110



Pa3pa60mi<a OCHOBHbLX )3/106 6bICOKOBOJIbIMHbIX 6bICOKOYACNIOMHRbIX UMN)JIbCHbLX YCMAHOB0K

ycTpoicTB. Oco00 BaXKHBIM B TaKUX YCTPOMCTBAX SIBISETCS pa3padOTKa M yCOBEPIIEHCTBOBA-
HUE KOHCTPYKIUI OTAENIbHBIX Y3JI0B - HCKPOBBIX Pa3psiIHUKOB.

CymiecTByronme KOMMYTaTopbl (IIOMUMO MCKPOBBIX Pa3psIHUKOB) — UTHUTPOHBI, TH-
paTpOHbI pa3HbIX BUJOB, BAKYYMHbBIE pa3psAaHUKU [6-8], MOIyNpOBOAHUKOBBIE KOMMYTATOPHI —
HE BCerjia MoryT ObITh HCIIOJIb30BaHbl B TEXHOJOTUYECKUX LENSAX, NMPEXK]E BCEro U3-3a HEJO-
CTaTOYHBIX Pa0OUMX HANPSHKEHHH, a Tak)Ke OOJBIIMX BPEMEH KOMMYTAI[MU TOKOB. MoliHbie
BBICOKOBOJIbTHBIE MOJYIPOBOJHUKOBBIE KOMMYTATOpPbl pa3mbikatomero Ttuma (SOS-muosisn)
[9,10] noporocTosiny M MO3BOJSIOT KOMMYTHUPOBATh JHUIIb KOPOTKHE UMIYJbCHI JUIUTEIbHO-
CTBIO JO JECSATKOB HAaHOCEKYyHHA. Y HamOoliee BHICOKOBOJBTHEIX THPATPOHOB MaKCHMaJbHOE
KoMMyTHpyemoe Hanpsbkenue He npebimiaer 200 kB [11]. IlocnenoBatenbHoe coequHEHHE
0JJOOHBIX KOMMYTaTOPOB HEU30EKHO NMPUBOJIUT K POCTY MHAYKTHUBHOCTU Pa3psIHOrO KOHTY-
pa 1 JUIMTEIbHOCTH (PPOHTA M3IIydaeMoro uMmirysbca. Kpome Toro, pecypc npubopoB He mpe-
pimaer 2%10° UMITYJIbCOB [11], 4TO SIBHO HEIOCTATOYHO /JIsi TEXHOJIOTHYECKUX YCTAHOBOK.
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Puc.1. aﬂeKmplFJECKaﬂ cxema 8blCOKO0BONbHHOU uMnlebCHOI:i YCniaHo6KuU

CraThst IOCBAIICHA pa3paboTKe OoJyiee COBEPIIECHHBIX (B KOHCTPYKTUBHOM ILIAaHE) Y3-
JIOB — UCKPOBBIX Pa3psIHUKOB BbICOKOBOJIbTHBIX UMILYJIbCHBIX HCTOUHUKOB SHEPTUU C LIEJIBIO
Han00b11eT0 3(PPEKTUBHOTO MPUIIOKEHUS TOTPEOIIEMON UMH SHEPTUH B HArpy3Ke U TeHepa-
uu 6osiee KOPOTKOBOJHOBBIX (HAHOCEKYHIHBIX) MUMITYJIBCOB JUIS PEIICHHH JKOJIOTHYECKUX
po0JIeM B BOAOCOJAEPKAIUX CPellaX, B HACTHOCTU UX 00€33apakuBaHUs OT COJAEpIKalUXCs B
HUX MAaTOTE€HHBIX OOJIE3HETBOPHBIX MHUKPOOPraHu3MoB. CiexyeT OTMETUTb, YTO JUIsl TeHepa-
LUK KOPOTKOBOJIHOBBIX MUMITY/IbCOB M OOECIEUYEeHUs AJIUTEIBHOI0 pecypca padoThl HCKPOBBIX
pa3psIHUKOB HEOOXOIUMO IOCTOSIHHOE COBEPILIEHCTBOBAHME KOHCTPYKLIMM OTAEIbHBIX HX
y3710B. Peub uaer o MoaepHHU3aLUU KOHCTPYKIMU UCKPOBBIX Pa3psAHUKOB BBICOKOBOJIBTHBIX
TeHEpPaTOpOB HANPSKEHMs, oOecreunBaromeil OBICTPOE BOCCTAHOBIEHHME DIIEKTPUYECKOM
MIPOYHOCTH Pa3psIHBIX MPOMEXYTKOB M JUIMTEIbHBIM HEMPEPHBHBIA CPOK UX CIY>KObI. Jlist
TEXHOJIOTMYECKUX T'€HEPATOPOB UMITYJIbCOB B YCTAHOBKAaX CO CPEIHUMHU MOLIHOCTSIMH, BbIJE-
nsieMbIMH B Harpyske = 10 kBt nmpu tpeOyemoii yactore criepoBanus umiyiscos = 100 I,
1es1eco00pa3Hee UCIOIb30BAHNE BO3IYIIHBIX UCKPOBBIX Pa3psAHUKOB, T.K. HET HEOOXOIUMO-
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3/ I'ypbanos

CTH B CMEHHBIX JIUDJIEKTPUKAX MPH UX HENPEpHIBHOU paboTe B TpeOyeMOM YaCTOTHOM PEXKH-
Me. OCHOBHBIE PEUMYILIECTBA BO3YILIHOTO UCKPOBOT'O pa3psIHUKA: BO3MOKHOCTb MOJy4YEHUs
C €ro MOMOIIbI0 HAHO- U CyOHAaHOCEKYHHOM [UIUTENBHOCTH (hpoHTa (POPMHUPYEMOTO UMITYIIb-
ca, OOJbIIIast MPOITYCKHAsA CIIOCOOHOCTH 110 TOKY, MPOCTOTA M3TOTOBJICHUS U HAJECKHOCTh B pa-
oore [12,13].

JKcnepUMeHTAJIbHAsl ycTaHOBKa. [lpennaraemasi KOHCTPYKIIMS FeHepaTopa MpeaHa-
3HaueHa i1 00e33apakMBaHUs BOJOCOEPKAIIUX CPeJl OT MAaTOr€HHbIX MHUKPOOPIaHM3MOB,
I7le 10JKHA OBITh oOecrieueHa reHepanusi UMITYyJIbCOB HAHOCEKYH/IHOTO Juarna3oHa. JlaHHbIN
reneparop (puc.l) paccuntan Ha BbeIxogHoe HampsbkeHue 100 kB u coctouT m3 mapasnienbHO
BKJIFOUEHHBIX eMKOCTHBIX Hakomnutenen suepruu (C;-Cip=1000 nk®) ¢ cymMmmapHOil eMKOCTBIO
Cp=100 nx®, UCKPOBBIX pa3psAJHUKOB C BapbUPYEMBbIM MEXKIIEKTPOIHBIM paccTosiHueM d.
JmuTenbHOCTh (POHTA U JUIUTEIBHOCTh UMITYJIbca cOCTABIAOT 18 HC 1 350 HC COOTBETCTBEH-
HO ¢ yactoTtoi cienoBanus ~ 5000 I'n. [Ipu yka3aHHBIX 2JIEKTPUUECKUX MMapaMETpax reHepa-
TOpa MaKCHUMaJlbHasl pacceMBaeMasi MOIIHOCTh B MPOMEXKYTKE OJHON 3JIEKTPOAHON CUCTEMBI B
HArpy3Ke coctapisier ~ 2500 BT, 4T0 IpH CKOPOCTH MOTOKA cpesl ~ 5*¥107 M’/ 1 yaeabHbIX
3aTparax SHepruu Ha ee obe3sapaxupanme ~ 5¥10° /M cocrasmsier ~ 25000 Br.

CpabartpiBatoniye OT HepeHanpsHKeHUs MpU aT