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VIRTUAL CIHAZ SINTEZI TEXNOLOGIYALARI VO TOTBIQI.
FiZIKADAN DISTANT TOLIM

Acar sozlar: Distant talim, tatbiqi fizika, Web2.0 texnologiyasi, virtual vasita

Respublikanin biitlin moktoblorinin miiasir kompiiter avadanligi ilo tochiz edilmosi vo
informatika darslorinin todris keyfiyystinin yiiksoaldilmasina yonaldilon digqet maktablords diger
fanlorlo yanasi fizika fonninin todrisindo do IKT vasitolorindon istifado olunmasi probleminin
hallinin aktual olmasini asaslandirir [1].

Internet saytlarinin analizi gostorir ki, diinyanm aparici universitetlorinds vo ali pesa
moktoblorinde kadr hazirliginda virtual vasitolorin dyrodilmasine vo onlar osasinda todris
prosesinin qurulmasina genis yer verilir. Bu sahado, todris prosesini tomin etmok mogsadi ila,
informasiya texnologiyalar1 iizro aparici sirkotlor do, 6z ndvbesindo, virtual mohsullarinin,
texniki vasitolorinin vo proqram miihitlorinin todris iiglin versiyalarin1 bazara ¢ixarir [2]. Son
zamanlar yaradilan Web2.0 texnologiyasi virtual vasitolorin pedaqoji imkanlarindan todris
prosesinds istifado olunmasi tiglin daha genis imkanlara malikdir. Belo ki, Web2.0 texnologiyasi
osasinda yaradilan sosial servislords istifadagilorin qruplarda foaliyyastlorinin qarsiliqli miisahido
olunmasi imkani oldugundan, bu servislorin pedaqoji imkanlarindan faydalanmaq olar. Sosial
sobokolordo sagird vo tolobolorin elmi qruplarda istirakini tomin etmoklos, onlarin bilik vo
bacariqlarinin artmasina vo formalagmasina nail olmaq olar [3].

Toqdim olunan material Web2.0 texnologiyasi ilo yaradilan sosial servislorin pedaqoji
imkanlarindan istifado edorok totbiqi fizikanin distant todrisinde yeni IKT vasitolorindon istifado
olunmasinin bazi xiisusiyyatlorini aydinlagdirmaq maqsadi ila toklif olunur.

Totbiqi fizikanin todrisi lizro internet resurslarinin tohlili gdstorir ki, fizikadan virtual
vasitalorin yaradilmasi lizra bir sira inteqrasiya olunmus proqram miihitlorindon genis istifads
olunur [2,4-12]. Toqdim olunan igdo totbiqi fizikanin distant todrisindo istifado oluna bilocok
Labview, Electronics Workbench, MathCAD tatbiqi proqram miihitlorinin xiisusiyyatlori tohlil
olunur. Qeyd olunan proqram miihitlorinin osas xarakterik cohotlori asagidaki kimidir:

Labview program miihiti fizika praktikumlarinin yerina yetirilmasi iizra avtomatlagdiriimis
laboratoriyalarin yaradilmast vo onlardan todris prosesinds istifado sahosindo genis imkanlara
malikdir. Labview program miihiti G (Graphics) proqramlagdirma dili osasinda yaradilmis totbiqi
programlardan ibarotdir [8,9]. Bu programlar vasitasilo 6lgma cihazlari, verilonlorin yigimi vo
emal1 sistemlori, avtomatik idara sistemlori vo 6lgmo komplekslori yaratmaq miimkiindiir. Bunun
iclin xiisusi giris vo ¢ixis platolarindan vo Labview {igiin islonilmis program va instrumental
vasitalordan istifads olunur. Bu program va instrumental vasitalorin torkibino ¢oxlu sayda riyazi
funksiyalar, islonilmis standart alotlor vo proqramlarin sazlanmasi vasitolori daxildir. Labview-do
bu vasitalordon istifado edorak islonilon proqramlar virtual cihazlar adlanir. Belo cihazlarin an
tistiin cohotlorindan biri onlarin ¢evikliyidir. Belo ki, yaradilan har bir cihaz digor cihazin
yaradilmasinda vasito ola bilor vo bununla da avtomatlagdirilmis elektron laboratoriya
praktikumlarinin yerina yetirilmasins imkan yaranir.

Labview osasinda yaradilan virtual cihazlar tiglin asas iki cohot qeyd olunmalidir. Birincisi,
onlar real cihazlardir, ¢linki xarici qurgulara qosulacaq ¢ixislara malikdirlor vo kompiiterin
ekraninda idaro organlar1 vo alman naticalorin standart tosvir formasi yerlosdirilir. Ikincisi iso,
real obyektin fiziki vo riyazi modellorindon istifado edorok tocriibo imitasiyalari yaratmaq
mimkiindiir. Virtual cihazlar real olmaqla yanasi, ham do masafodon idara oluna bilir. Bu
baximdan, onlardan istifado movcud alternativ cihazlara nisbaton iqtisadi cshatdon do
somaralidir. Belo ki, kompiiterin, xiisusi platolarin vo program tominatinin xarclori virtual
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cihazin alternativ variantlarindan qat-qat azdir. Niimuns olaraq, sokil 1-do sinusoidal dalganin
secilmosi tligiin istifads oluna bilacok virtual cihazin 6n paneli gostarilmisdir [6].
Internet saytlarinin analizi gostarir Ki, tadris prosesinds diinyanin texnika sahasinds aparici

universitetlorindo vo ali texniki peso
moktoblorinds Labview osasinda virtual Undikered Waveforn |
cihazlarin  Gyradilmasine  genis  yer | sineFrequency (Hz) i;:';:
verilir vo program miihiti {izro baza || e | :
biliklori imumi tohsil va ilk peso ixtisas
tohsilli  maktablords  moanimsanilmasi Cut-ff
miimkiindiir [2,4,8,9]. TR
Electronics Workbench program (
miihiti fordi kompiiterlo sxem texnikasi || #00=
qurgulart ig¢iin  elektrik dovralorinin Fitered waveform |

131, 7 - I R
oo 01 02 03 0,4 05 06 07 08 0,9 1,0

modellogdirilmasi  vo  simulyasiyasi o
tciindir [10-14].  Prinsipial  sxem
. . .4 . . . Filter Order L)

saviyyali olverisli vo monimsonilmasi 10—

sado olan programidir. Bu proqramla a—’r

islomo sxem texnikasi miihandisinin 5=

foaliyyotini xatirladir. Elementlorin vo ET 1,0 MR A I
olci cihazlarinin piktogramlari . 0,0 01 02 03 04 0S5 06 07 08 09 10
(sxemlords simvolik isarolorina uygun) [Cree |

mausun kdmoyi ilo menyu panelindon

Sakeil 1,

is¢i  pancorays  yerlosdirilir, sxem
yigildigdan sonra simulyasiyas1 yerino yetirilir. Olgii cihazlarinin sazlanmasi real praktikada
oldugu kimidir.

Electronics Workbench miihitinde sxemloarin analizi hom sabit corayanda (DC), ham do
doyison corayanda (AC) apartlir.

Electronics Workbench proqram miihitinds istifado olunan verilonlor bazasi ¢oxlu sayda
elektronika komponentlorindon ibaratdir. Bununla yanasi, yeni komponentlor bazasi yaratmaq vo
digor movecud komponentlor bazasindan da istifads etmok miimkiindiir.

Electronics Workbench proqram miihiti elektrik komiyyatlorini dlgmok, geyd etmok vo

doyismasini qrafiki

Word generator  Koder Dekoder Red Prohe S-SVII' cimo ) ucun

e 1T Q virtual cihazlar

ooooooo y il B K analda tabrif - ? o F-lnput AND Gate kompleksins d9
a &?hq indrom . . s .

i B : . 2 OR Gate malikdir. _ I_stlfade

' ona Korreksiya edici scom ) - olunan virtual cihazlar

e P = f o s X0RCxe el cihazlarla

T 02 # m'—ﬁ - maksimal ~ uygunluq

:\D; oy ? %5?7 N?; toskil edir ki, bu da
=) >

. | e onlardan istifado
}_BED_O olunmasini sads vo asan
$okil 2 J edir. Modeli yaradilan
sxemi printerdo  ¢ap
etmak, matn vo qrafik fayllara kogiirorok redakto etmok do miimkiindiir.

Internet saytlarinin [4,10,11,12] vo nosr olunmus miixtalif monbalorin [13-16] analizi
gostarir ki, Electronics Workbench proqram miihiti izro baza biliklori imumi tahsil va ilk peso
ixtisas tohsilli moktablordo manimsonils bilor. Niimuns kimi, sokil 2-do Electronics Workbench
program miihitindan istifado etmoklo informasiya miibadilasinin taskili zaman1 bit tahriflorinin

askarlanmasinin vo diizoldilmasini simulyasiya edon qurgunun prinsipial elektrik sxemi
gostorilmisdir [16].
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Virtual cihaz sintezi texnologiyalar: va tatbigi. Fizikadan distant tolim 8

MathCAD riyazi layihalondirmo {izro proqram miihitidir. Riyazi mosalolorin odadi
tisullarla hollorini tomin etmok magsadi ilo ilkin versiyast 1988-ci ildo Math Soft Inc firmasi
torofindon yaradilmigdir. Digor riyazi proqram paketlorindon forqli olaraq, paket WYSIWYG
(What You See Is What You Get — “noyi goriirsonso, onu da alirsan”) prinsipi osasinda
yaradilmisdir vo mosoalonin qoyulusu ononovi riyazi yazilisla - riyaziyyatda qobul edilmis
isaralorin komayi ilo tosvir edilir. Masolo analitik vo ya adadi {isullarla hall edilir. MathCAD
program mihitindon istifado etmoklo noinki riyaziyyatin totbiqi mosololorini holl etmok,
hamginin mogqalslar, elektron kitablar vo todris prosesindo istifads olunan Oyradici sistemlor
yaratmaq mimkiindiir [4,17,18].

Totbiqi fizikanin dyronilmasi zamani fiziki mahiyyati molum olan ¢oxlu sayda praktiki
moasalonin analitik halli diferensial-inteqral hesabina va diferensial tonliklorin hoallino gatirilir.
Belos masalalarin hallinds xiisusi metodlardan va xiisusi funksiyalardan istifade olunmasi zarurati
yarana bilar ki, bu da riyazi hall tisulunun vo hesablamalarin 6n plana, monimsanils bilacak fiziki
mahiyyatin iso arxa plana kegmasi kimi xarakterik cohat yaradir. Riyazi biliklor mohdud olduqda
159, bazi hallarda, masolonin hallindon imtina edilir. Masalonin analitik halli olmadiqda vo yaxud
hall ¢otin olduqda iso todqigatgilar torafindon toqribi hesablama tisullarindan istifado olunmasina
uistiinliik verilir. Real vaxt orzindo hesablamalarin aparilmasi vo naticolorin tohlili hesablama
texnikasi vasitolorindon istifads edilmadon miimkiin olmur.

Qeyd olunan c¢atismazliqlar totbiqi fizikanin monimsonilmosi zamani keyfiyyot
gostoricisini azaldan osas amillordon hesab olunmalidir. Totbiqi fizikanin todrisindo yiiksok
keyfiyyot gostoricisino nail olmaq {¢ilin kompiiter riyaziyyatt metodlarindan vo riyazi
layiholondirmos iizro program miihitlorindon, masalon, MathCAD proqram miihitindon istifado
olunmasi daha ohamiyyastlidir, ¢linki fiziki mahiyysto hesablama iisulu deyil, hesablamadan
alinan naticalor malik olur.

T

Nimuno kimi, sokil 3-do MathCAD |[L:=1 g:=981 oumaz = 7t =0,0.01. 10
sistemindo riyazi rogqas maosalosinin toqribi
va doqiq hollorinin miiqayisasi gostorilmigdir. = Jl 7| cham(l) = amax. cos(w 1)

Doqiq hoall rogsin diferensial tonliyinin | Given
Ver_llmls baslangic sortlor dax111.n(‘19 £ g sin( )
(Given— Odesolvearaligi) hollidir. | —5&t + 1 - 0

Gostorilon niimuns boyiik meyl bucaginda o

(amax ) rogsin harmonik olmadigi vo rogsin | ®'(0) =0 (0} = cmax o = Odeselve(t, 10)
dovriinlin amplituddan asili olmagi haqqinda 5T
dinloyicilords  fiziki mahiyyat tosovviirii

formalagdirir. o) \ /F\ f}r\

Yuxarida qeyd olunanlara osaslanaraq, |~
. C e L L (t)
dinloyicilor {iglin xtisusi tolim kurslari (hom | ----- U U
oyani, hom do distant) toskil oluna bilor vo
belo kurslarda bir-biri ilo six alagelondirilmis
dord bolmo iizro todris prosesi toklif oluna
bilor:

1. MathCAD proqram miihitinds fiziki hadisalorin riyazi modellorinin tortib olunmasi
vo arasdirilmast;

2. Electronics Workbench program miihitinds elektrik sxemlorinin modellosdirilmasi,
sintezi vo simulyasiyasi;

3. Labview program miihitinds virtual 6l¢gma cihazlarinin yaradilmast;

4. Web2.0 texnologiyasi olan sosial servislorin birinds todris qrupunun toskili vo
bolmolor iizro hazirlanan elektron togdimatlarin qrupun {izvlori arasinda paylasdirilmas1 vo
tohlilinin aparilmasi.

Qrupun {izvlori torofindon yerino yetirilon islomolor fordi kompiiterdon vo internetdon
istifado olunmagqla icra olunur vo qrup rohborinin (miisllimin) nozaroti ilo aparilir. Nozori
molumatlar vo tapsiriglar qrupun rohbari torofindon sosial servisds yerlosdirilir.

Sakil 3.
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Tolim prosesindo qiymotlondirmonin miiasir forma vo vasitolorindon istifado olunaraq hor

bir mévzu ilizre dinloyicilarin bilik va bacariq saviyyasinin askara ¢ixarilmasi ii¢lin diagnostik va

cari

(formativ), bolmalor {izro iso miidavimlorin nailiyyatlorinin yekun (summativ)

qiymatlondirilmasinin aparilmasi da nozards tutula bilar.

N

o o~

10.
11.
12.
13.
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PE3IOME
Mancypos I'M.

TEXHOJIOI'USA CUHTE3A BUPTYAJIBHBIX ITPUBOPOB U UX IPUMEHEHMWSI.

JAUCTAHIHUOHHOE OBYYEHUE ®U3UKU

Knrwuesvie cnosa: ﬂucmauuuormoe 06_)/“1611”6, npumaouaﬂ (])us'uka, mexHoiocun

Web2.0, supmyansnoe cpeocmeo

BUPTY

Electr

CraThst TOCBSIIEHA HCIOJB30BaHUIO0 cpeactB Web2.0 u ocobenHoCTAM CO3qaHMS
QJIBHBIX MPHOOPOB IS JAUCTAHIIMOHHOTO OOYUCHUSI.

OTMeueHO, YTO HEKOTOPHBIC MPHKIIAIHBIC IPOrpaMMHBIE cpecTBa, Takue kak MathCAD,
onics Workbench u Labview, B coderanun cepucom Web2.0 TexHONOrHH, MO3BOJAT

MOBBICUTh YPOBEHb TEOPETHMYECKMX 3HAHUM M NPAKTUYECKUX HABBIKOB CIyIIATeNeH
JUCTAaHIIMOHHOTO Kypca 0 MPHUKIATHON (PHU3HKeE.
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Virtual cihaz sintezi texnologiyalar: va tatbiqi. Fizikadan distant talim

SUMMARY
Mansurov G.M.
TECHNOLOGY OF VIRTUAL MEANS SYNTHESIS AND THEIR APPLICATION.
DISTANT STUDYING OF PHYSICS

Keywords: Distant learning, applied physics, Web2.0 technology, virtual means

In article it is shown that, in the course of distante studyng of applied physics some
features of use of means of Web2.0 and use of technology of creation of virtual devices can have
pedagogical importance. It is noted that some applied software such as MathCAD, Electronics
Workbench and Labview, in a combination with the technology Web2.0 service, would allow

raising level of theoretical knowledge and practical skills of listeners of a remote course on
applied physics.
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ALIYEV XOLIL HACI oglu
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ISTILIK KECIRMO PROSESI UCUN BiR HOROKOT EDON
OPTIMAL iDAROETMO MOSOLOSI

Acar sozlar: horakat edan optimal idaraedici, kvadratik funksional, funksionalin
gradiyenti

Mogqalads istilikkegirma prosesi {igiin optimalliq meyarini minimallasdiran harakot edon
idaroedicinin tapilmasi masoalosi aragdirilir. Optimalliq meyar1 olaraq kvadratik funksional
gotiirtiliir. Optimal idarsedicinin varligi isbat olunur vo onun tapilmasi tisulu verilir.

Masalonin qoyulusu va qarisiq masalonin halli.

Forz edok ki, idaraolunan proses bir 6l¢iilii istilikke¢irma tonliyi

Q__,d°Q
P =a P + f(t)o(x—u(t)), (1)
Q(x,0)=Q,(x), 0<X<S, )
baslangic sorti vo
Q(0,t) =Q(S,t) =0, 3)

sorhad sartlori ilo tosvir olunur, burada S gubugun uzunlugu, Q,(x) — [0, S] parcasinda verilmis
funksiya, f(t), [0,T] parcasinda verilmis hogiqi giymetlor alan kifayot goder hamar verilmis
funksiya, u(t), [0,T] parcasinda hisso-hisso kesilmoz olan idarsedici funksiya, & - Dirakin
“delta” funksiyasi olub

[6(x)p(X)dx =0(0),  ¢(x) <Cla,b].
boraborliyi ilo toyin olunur. Dirak funksiyasimin toyini qaydasina géro O0<X—uU(t) <S
olmahdir. 0<X<S oldugundan O<u(t)<S olmalidir. 0<Uu(t)<S borabarsizliyini

odoyon hisso-hisso kosilmoz olan U(t) funksiyalar ¢oxluguna miimkiin idaroedicilor sinfi

deyacoyik vo U simvolu ilo isars edacoyik.
Baxilan proses lciin optimal idarsetmo mosalosi asagidaki kimi qoyulur: Miimkiin
idaroedicilor sinfinden elo U(t) €U idaroedicisi tapilmalidir ki, bu idarsedici (1)-(3) sisteminin

holli daxilinda
J[ul= [Q(X,T) - Q (NI*dx + & [u*(t)dt; a >0, (4)

funksionalina minimum qiymot versin. Burada Q,(x), [0,S] par¢asinda verilmis funksiyadir.
Asagidaki teorem dogrudur [3]:
Teorem 1. Ogoar f(t), u(t) e L[0,T] vo Q,(x) e L,[0,S] olarsa, onda har bir geyd olunmus
u(t) eU diciin (1)-(3) mosalosinin  iimumilosmis holli var, yeganadir vo bu hall
G=[0<x<S;0<t<T] diizbucaqlisinda miintozom y1gilan sira soklindo gostorilo bilor:

Q(x,t) = ;i QOne_(aZJJ 4 tff (7)sin

n—”u(r)e_[T) “dz|sin Zx. ®)
S S
Burada
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18 . nrx
== X)sin —xdx, n=12,...
QOn S JQO( ) S

0
Qeyd edok ki, (1)-(3) masolosinin timumilosmis halli elo Q(x,t) eW, [0<x<S;0<t<T]

0
funksiyasina deyilir ki, o, istonilon ¢(x,t)eW,[0<x<S;0<t<T] TUgciin asagidaki inteqral
boraborliyi 6dasin

j jQ( t)aﬂx Dt = | jaQ(X 0 8¢§))(( Dot + JF ©otu(. ot

thimal 1daraetma masalesinin tedqlql
Indi iso qoyulmus optimal idarsetmo mosalosinin varligin1 vo yeganoliyini arasdiraq. Bu
magsadle (5) diisturundan istifado ederek (4) funksionalini eynigiich'i cevirak.

o 2 T
-Y'Q, sin n;x} dx+a Ju*(z)dz =
- 2

s{.]9 _(agﬂfT [a””]Z(T—n . nrx
:j{ LQOne += jf(r)sm—u(r)e dr-a, smsx} ds =

iik%e@”] Q.+ 2Tt Tuee T e |

burada
S
Q, = 1 [Q.(x)sin N ydx, n=12...
S 0 €

J[u]=§nilkome““—om} +2§LQM & ”JT—QM}

« jf ()sin —u(f)e 1500y ST (2) f (£)sin n?”u(z') y

42
S n=1

(an/zj (2T-r-¢)

x sin %u(g)e drdé.

Asagidaki ovozlomolori aparagq:

sel2, (= o
22|: QOn an:|’

n=1

o,(7) = { Q. [an”JT—an:lf(r)e (50,

2T-1-¢)

R (z,5) =§ f(r) f (g)e’[a%”] (

Bu isaralomolordon sonra J (U) funksionalim asagidaki kimi yazmaq olar:
T » TT o
Jul=1+2[So,@)sin Fu@)dr + [[SR. (7, &)sin 2 zsin " s
on=1 S oon=l S S
Asanhqla gostormok olar ki, {@, (7)}; funksiyalari [0,T] parcasinda, {R (z,&)}’

funksiyalar1 iso [0<7,£<T] kvadratinda miintozom mohduddur vo ia) (7)sin nlu(r) Vo
! S

n=1
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i R, (7)sin n{rsin nslf funksional siralar1 iso miivafiq olaraq [0,T],[0,T]x[0,T] oblastlarinda

miintozom y18ilir.

Homginin go6stormok olar ki, (6) boraborliyi ilo toyin olunan funksional miimkiin
idaraedicilor sinfindo asagidan zoif yarimkosilmozdir. Miimkiin idaroedicilor sinfi zoif kompakt
oldugundan Vaynberq teoremino géra J(U) funksionali &ziiniin on kicik giymotini alar.

Beloliklo, asagidaki teorem isbat olundu:
Teorem 2. f(t),u(t)eL,[0,T],Q,(x),Q,(x)eL,[0,S] olarsa, onda goyulan optimal
idaraetmo masalosinin halli var.

ODOIBIYYAT
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PE3IOME
Anviee X.T.
OB OJITHOM 3AJAYE MMOJABUKHOI'O ONTUMAJIBHOI'O YIIPABJIEHUS IS
MNPOLIECCA TEIIJIOITPOBOJHOCTH

Knwouesvie cnoséa: noodsudicnoe onmumanvHoe ynpaeneHue, KeaopaAmMuyeckuil
¢ynukyuonan, zpaduenm ynkyuonana

B pabore paccmarpuBaercss 3ajada MOJBMXKHOIO ONTHMAJIbHOIO YIpPaBICHHUS IS
IIPOLIECCA, ONUCHIBAEMOI0 YPaBHEHUEM TEIUIONPOBOAHOCTH C HEOJAHOPOIAHBIMU HAYaJIbHBIMHU U
OJIHOPOJAHBIMU T'PAaHUYHBIMU YCIOBUSIMH. B KadecTBe KpuUTEpHS ONTHUMAIBHOCTH B3AT
KBaJpaTHUecKuil (yHKUMOHAN. JloKa3aHO CyILIECTBOBAaHME M €JMHUYHOCTh IOCTABJICHHOM
3aJa4u. YKa3aH croco0 oIpeesieH!sl ONTUMAaIbHOTO YIPaBJICHUS.

SAMMARY
Alyiev H.G.
ON A ROLING PROBLEM OF MOVING OPTIMAL CONTROL FOR HEAT
CONDUCTION PROCESS

Key words: moving optimal control, squared functional, functional gradient

In the article the problem of optimal moving control for rolling the process described by
the equation of heat conduction with inhomogeneous initials and homogeneous boundary
conditions is studied. The squared functional is taken as the optimaliti criterion. The existence
and uniqueness of the set task are proved. The determination way of the optimal control is
shown.
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« % » v « 2 » SOKLINDD QEYRI-MUDYYONLIKLORIN HESABLANMA
o0
USULLARI HAQQINDA

Acar sozlar: riyazi analiz, qeyri-miiayyanlik, funksiya, limit

”»” 6

Bu metodik magalada “% vo “ L saoklinda qeyri-miiayyanliklorin hesablanmasina aid
o0

konkret misallar hall edilir. Hom “% . ham da «2 soklinda qeyri-miiayyanliklori yaradan
Qo0
sabablor gostorilir va bu geyri-miiayyanliklardan azad olma yollar: gostorilir.

Riyazi analiz kursunun asas anlayislarindan biri funksiyanin limiti anlayisidir. Funksiyanin

13

limitinin hesablayanmasinda “ 0 " yp « X soklindo geyri-miioyyanliklors tez-tez rast golinir. Bu
Qo0

tip geyri-miioyyanliklori hesablayarkon eynigiiclii ¢evirmolordon istifado etmok daha
magsadauygundur.
Bu metodik magalods do bu tip masololordon bir necosi arasdirilir.

4 —
Misal 1. lim X~ 3**2 i iitini hesablaym.
1 X —4x+3

13 2

Holli. Baxilan misalda 0 soklindo geyri-miioyyanlik ¢oxhadlilorin  bdliinmasi

noticosindo alinir, belo ki, X=1 oldugda kosrin suratindoki vo moxracindoki c¢oxhadlilorin
giymoti sifra borabor olur. Bu iso 0z novbosindo kosrin limiti haqqinda teoremin sortlorinin
Odonilmadiyini gostorir. Bu halda sagirdlora vo tolobalore gdstormok lazimdir ki, limiti hall
etmok li¢iin Bezu teoreminin naticosindon istifads edilmalidir. Bezu teoreminin naticasing gora
suratdoki vo moxracdoki ¢oxhadlilor X =1 noqtosinds sifra ¢evrildiyindon bu ¢oxhadlilor & —1:-
ikihadlisino galigsiz boliinmalidir. Coxhadlilori ((—1:-ikihadlisin9 bolmok {igiin Horner
sxemindan istifads etsak;

x* —3x+ 2 ¢oxhadlisi iigiin 1

0 0 -3 |2
-2 |0

oldugundan x*-3x+2= €-1%° +
x> —4x + 3 goxhadlisi iiciin 1

?+x-2_olar.
0O |0 |0 |4 |3
1 1 1 (1 |3 |0
oldugundan x° —4x+3=€-1&* +x°+x* +x-3 olar.
Bu ayriliglart limit altindak: ifadods yerino yazsaq,
Xt =3x+2 X+ x*+x-2
lim — =M ———— =
L X? —4x+3 X"+ X7+ X"+ X-3

R X [P
=
H

1.

alarq.
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Qeyd edok ki, “%” soklindo geyri-miioyyanlik iki ¢oxhadlinin nisbatindon yaranirsa, onda

kosrin suratindoki vo moxracindoki ¢oxhadlini & — a:-ya (a- goxhadlini sifira geviron noqtadir)

bolmoklo geyri-miioyyanliyi yaradan ifads aradan qaldirilir. Noticodo kosrin limiti haqqindaki

teoremin sartlori 6danilir.
3 2
. XT =Xt =x+1
Misal 2. lim limitini hesablayin.

x>1 x* 4 x2 -5x+3

Halli. Hesablanmasi tolob olunan limit “%” soklindo geyri-miioyyonlikdir. Kasrin surat vo

moxraci X=1 olduqda sifira ¢evrildiyindon surat vo moxroc X—1 forgino boéliinor. Horner
sxemindan istifada etsak,

x*-x>—x+1iginl |1 |-1 |-1 |1
1 0 -1 |0
1 1 0

oldugundan x* —x* —x+1= €-1 &° —1:= €-1%&-1%+1 > €-12€+1 olar.

x* +x*—5x+3di¢in1 [1 |1 |-5 |3
1 2 -3 |0
1 3 0

iso x*+ x> -5x+3=€ —13( + 3: olar. Bunlar1 nozors alsaq,

3 2 2 =~
X —X x+1_"m(< 1/‘(+1/—Iim

|II’T} 4 2 xol E h 1 -
OLXT 4+ X7 =5X+3 ol -1°&+3_ *

-

x+1 2 1
Xx+3 4 2
alariq.

Qeyd edok ki, ogor X =a ododi surotdoki vo moxrocdoki ¢oxhaodlilorin tokrarlanan kokii
olarsa, onda x =a surat vo moxracin eyni tortibdon tokrarlanan kokii oldugda limit sonlu olar.
Ogor X =a kokiinlin tokrarlanma dorocosi surotdo boyiikdiirss, onda limit sifra borabor, oks

halda iso sonsuzluq olar.

x*—x?—x+1
X'+ x7—9x* +11x -4
moxracdoki ¢oxhadlinin iso tliggat kokii oldugundan kosrin X —1 sortindo limiti sonsuzluq olar.
Dogrudan da,

Masalan, kosri liclin X =1 suratdoki coxhadlinin ikiqat kokii,

) X2 —x% —x+1 . &-17€+1
lim Z 5 5 =1lim =
oL X"+ X7 -0 +11x -4 o1 -1 &+4

31' —

Misal 3. 1lim X+26-3

1 Jx+8-3

Holli. Bu halda da “%” soklinds geyri-miioyyonlik alinir. Lakin, bu halda qeyri-

X+1
m — -~ =0
ol €-1 &+4

~
—_
~
-

limitini hesablayin.

miuoyyanlik irrasional ifadslorin hesabina meydana ¢ixir. Belo olan halda geyri-miioyyanliyi
hesablamagq {i¢iin kosrin surat vo moxracini irrasional olan ifadonin (bu ifado kosrin suratindo vo
eyni zamanda moxrocinds do ola biler, baxilan misalda oldugu kimi) qosmasina vurmaq
lazimdir. Bu eynigiiclii cevirmoadon sonra geyri-miioyyaonliyi yaradan ifado aradan galxir.
Qeyd edok ki, irrasional ifadonin qogmasini toyin etmok liglin
a"-b"=€-b & +a" b+ +b"t
eyniliyindon istifado etmok lazimdir. Burada a"*+a"?b+---+b"" comi €-b_ forginin

¢ -b" -0 nazoran qosmasidir.
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©
6 7 va “— 7 saklinda qeyri-miiayyanliklorin hesablanma iisullari hagqnda 16
©

Belaliklo, (/ X+ 26 — 3:-1'in qosmas1 3/ &+ 26f +3R/Xx+26+9; (/ X+8— 3:-1'in gosmast

9 VX + 8+ 3 olur. Onda kosrin surat vo moxracini gostorilon qosmalara vursag,

x+26-3 lim &« - 1‘/x+8+3 lim Vx+8+3 3+3

2
1 JR—
=l Yx+8-3 g 1£,/(<+26 +3\/x+26+9) 13 &+267 +33x+26+9 T949+9 9

alariq.
Misal 4. limw limitini hesablayn.
=0 §in® X
Holli. ©gor “—" goklindo qeyri-miioyyanlik trigonometrik funksiyalarin komoyi ilo bas
verirs, onda birinci gorkomli limit adlanan lim sina _ 1-don istifads etmok lazimdir.
a0 o

n
—SI X~1 kasrini eynigiiclii gevirma ilo asagidaki kimi yaza bilorik:

sin® x
sin X sinx
sinx—tgx cosx _ Sinxcosx—sinx _sinx€osx—1 _ —«€-cosx
sin® x sin® x cosxsin® x cosxsin®x  cosxsin® x
L, X 2
sin? = - X
2 X sin
2 2
2 4
—2sin2 X x X
_ > 2 \2 2 2 ) 1
cosxsin®x ~ cosx sinzx‘x2 cosX (sinx)® 4
X2 X
2
X
sih sin x ' t 2 1
Buradan lim| —2 =1 lim —1 oldugunu nozoro alsaq, m2MX X2 2
x—0 x—>0 X x-=0  sin® x 4 2

2
alariq.

Misal 5. fim X +3-1
2 3x3 +2x+1+4

Holli. Hesablanmasi tolob olunan limit “
o0

soklindoki geyri-miioyyanliyi hesablamaq {i¢lin kosrin surat vo maxracini maxracin an yiiksaok
doracali haddine bolmak lazimdir. Aydindir ki, baxilan misalda maxracin on yiiksok doraceli

limitini hesablayin.

> soklindo olan geyri-miioyyonlikdir. « 2
e e}

1+ 8 _1
- e -2
hoddi X-dir. Onda surot vo moxroci X-o bolsak, X +3-1 = X*_ X alarqg.

Ux®+2x+1+4 3/1+%+%+ﬂ
x> x* X

Alman barabarliyin sag torafindoki kasrin X — oo sortinin vo moxracinin sonlu limiti var va 1-o

Vx?+3-1

borabordir. Demoali, lim =1 olur.

23 %3 +2x+1+4

Misal 6. fim — X2 limitini hesablaym.

=e3x* +3x% 145
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Holli. Baxilan limit do “Z” soklindo geyri-miioyyanlikdir. Yuxaridaki misalda oldugu
e}

4
Kimi, kosrin surat vo moxracini moxracin yliksok dorocali haddine x3-o0 bolsak,

1 2
7_’_7
X+ 2 s x3/x alart . X+2 B
= g. Buradan iso lim =0 alinr.
3lx4+3X2 _1+5 31+i_i+ 5 x»w31X4+3X2 _1+5
Voox® xt dx
3
. . AXT+3-2 . .
Misal 7. lim —————— limitini hesablayin.
x> 2X+5

Halli. Kasrin surat vo moxracini moxracin yiliksok doracoli haddine, yoni X -o bolsok,

3 2
Ix+= -= (5 a
VX*+3-2 x> X alariq. Buradan da fim ¥*_ 372 _ o, alinur.,

=»  2X+5
2x+5 042
X

Qeyd edok ki, misal 5,6,7-don asagidaki naticoyo golmok olar:

Ogor “ D soklinda geyri-miioyyanlikdos;

o0
a) surat vo moaxracin doracalori eynidirss, onda limit sonludur vo bu limit surat vo
moxracin an yliksok daracoli hadlorinin amsallarinin nisbatine barabordir;
b) kosrin suratinin doracasi moxracinin doracesindon boylikdiirse, onda limit

sonsuzluga (yiiksok doracoli hodlorin omsallar1 eyni isaralidirss, onda “+ o ”-a, oks halda
*“—00”-a) borabordir;

c) kosrin suratinin doracasi moxracinin doracasindon  kKicikdirso limit, sifira
borabordir.
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o0

SUMMARY
Safarli I.S.
A METHOD OF CALCULATING UNCERTAINTY OF % AND nZu
o0

Keywords: mathematical analysis, the uncertainty, function, limit

Qa0 . -
"—"and "—" form is calculated, exact examples are given. The
e e}

reasous causing the uncertainty of this kind are shown, specific advices eliminating them are
suggested.

Uncertainty limit of
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LOVHONIN KOVROK DAGILMASINDA QORARLASMIS TEMPERATUR SELINIiN
BOHRAN QUVVOSIND TOSIRI

Acar sozlar: kovrak, elastik, istilik seli, bohran qiivvasi, ellips, ¢at, kvazirequlyar, istilik
garginliyi, inikasetdirici funksiyalar, kontur, konfiqurasiya, defekt, sarhad qiivvalari, konform
inikas

Yarimoxlar1 a, b olan ellipsvari desik vo ellipsin konturundan ¢ixanl uzunluglu bir vo
yaxud iki diizxotli c¢atla zoiflodilmis elastiki sonsuz miistoviys baxaq. Ellipsin morkozinds
Oxy koordinat sistemini gotiirok. Miistovinin sonsuz uzaqlasmis noqtolorinde Oxoxu ilo

o bucagl amalo gotiron P qilivvasi vo bir do Ox oxu ilo &, bucagi altinda tosir edon, intensivliyi

Q olan istilik seli tosir edir. Istilik selino uygun golon temperatur paylanmasi funksiyasi

t, = Q€cosa, + ysina, Jt, (1)
diisturu ils verilir.

Burada Q =/%; A, -istilikkecirma omsalidir, desiyin konturuna istiliyin tasir etmadiyini forz
t

edirik.
Baxilan Z miistovisindoki ellipsvari konturundan ¢ixan bir vo iki ¢atla zoiflodilmis desiyin
xaricini, parametrik ¢ miistovisindo vahid radiuslu y c¢evrosinin xaricino inikas etdirici

funksiyani asagidaki |2 sokildo toyin edok:

k:]., a)(:z R{(+m£%(’+gl}%}r ‘_mj\/|:|—o +l(+§—l}%:| _]} (2)

4

k=2; 0= F{L‘)‘T*m/bcfl} c—m;/% Crot’ —1} ®)

Burada R:a—+b; m:a—_b; L0=1 1+1, + L.
2 a+b 2 1+1,

~ ~ I
I :;[(n—l/+5+\/2(+ mo+6%+ (—mf}; 5=E, k -catlarin say1dur.

(2) vo (3) funksiyalarint 6 -nin kigik qiymaotlorinda I,2,5: asagidaki sokildo approksimasiya
edok:
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(4)

)
~
\. /
I
X;U
7N\
™y
_+_
1M
fl
"
|
N——
o
Il

Burada co o) ko R,

parametrdir, £ = 5°.
Qeyd edok ki, (4) funksiyasi catlarin uc noqtolorinde '€ ::O sortini  6doyir.

Temperaturun paylanmasi funksiyasini ¢ miistovisinds uygun olaraq,

—~ R i ~ ) ~
(e Kl STSPTa Srapi (5)

sokildo yaza bilorik.
Gorginliyin intensivlik emsallarini ¢atlarin uc ndqtasindo

KEO=k" +k K=K +k], (6)

H . H . . . . . . . . .
1j> Koj -xarici qiivvalarin tasirinden yaranan gorginliyin

baraborliklari ilo toyin edorik. Burada k
intensivlik omsallari, k,

1,0
.
Ky, |

k;j -iso temperatur tosirindon yaranan gorginliyin intensivliyi
omsallarini asagidaki ifads ilo alagolondirak I,4
¢’t i

n
VO &

kN
@€ _kompleks potensialini iso @€ > Alog & + RZ a,¢"" soklinds axtaraq. Burada

n=1

omsallaridir. Kj ;

ki, —iky; =2 (7)

A:%atEQsz(i% —ec,

a, = a, +ip,, E-elastiklik moduludur. Mosolonin sorhod sortinden B3 @, vo S, omsallarma

nazaron asagidaki cabri tonliklor sistemini alariq:
kN-p

ap+ Z(_n}xmpdn+andn+p:+dp+lB:0 (8)
=1

kKN-p

ﬂp - Z (_nyndwp _ﬂn+pdn:_dp+1D =0
n=1

Burada € =12,---kN, B= —%oztEQRk (-d, cosa,;

D= —%atEQRk €+d, Sine, . (8) tonliklor sistemini &-nun birinci doracasine qodor ardicil

yaxmlagma iisulu ilo holl edirik §2,5 . Qeyd edok ki, &-nun bu giymotindo (8) sistemi kvazi-
requlyardir vo ardicil yaxinlagma iisulu ilo alinan hall bu sistemin hallins y18ilir [

Birinci yaxinlagmani apoz 0, ,BPO: 0 gobul edok. Onda ikinci yaxinlagsma

e3_ . pes_
a,’=-d,,B; Br'=a,,D

olar.
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Nohayat, bu qaydani davam etdirsak, g -cli yaxinlagsmani asagidaki kimi yazariq.

~ #_2
a;ll, _ _B(Z MEC,, gnig-+d p+1)
n=1
~ 42
’3;“/ = D(Zm‘gcp+h+1:+dp+1j ©
n=1

(9) qiymotlorini @€ : kompleks potensialinin ifadosindo nozoro alsaq vo g —> o, N >

sortindo limito kegsok, ¢atlarin uc noqtolari strafinda ¢ € : potensial funksiyasi {igiin asagidaki

diisturu alariq:

7[1”1 —k |

(0( Alogé’ A é’a)‘:/ é/ Q kC1§+Z( - é/ é’] +2n ZC ;2(+n n (10)

Kompleks potensialin (10) ifadasini (7)-do nazors alsaq, ¢atlarin uc noqtosindo temperatur

gorginliklarinin intensivlik omsallarini asagidaki sokildo toyin edorik:
3
EQR2 LBY , .o ., =
ki; = “EQR™ L,B, ¢, -1 €L, cosa,cost,

2A 82
o EQR” LB
- 2A 8\/_

2 <
B, = %; lekl(—k2+(+A2A;
ey

& - 44+ mA?
|_2=Ak+m—1—Cl +Zl//n (T'I/, Ak ‘T/ ‘.+m
K n=1

j=01;6,=0; 6, =mx;

.
Ky, ;

@, +1 4+, Sina,coso, (11)

Burada

7t+n

w€ =|m-1+¢€+2n A - ZQ+2n ks ¢, [m"

s=1

Bohran qiivvesinin P = P,; qiymatini asagidaki sortlorden tap1r1q I4_'

P.=min % 3(1=00); Iim |ro; €59 P50k =K, (12)
Burada P,- bohran qiivvasi, A :-(;atln yayilmasi istiqgamotini toyin edon polyar bucaq, K, -
dagilmanin 6zlilik omsahdir. Ogor o, -kemiyyatinin giymatlorini (11) ifadslerinds nozars

alaraq hesablasaq vo (12) sortlorindon istifado etsak, catin uc ndqtesinin yaxin otrafinda P,

bdhran qiivvesinin qiymatini tapariq:

P,,@:%ka-l G, BEMK, S (13)
Burada
0 BEMK S = f,, €mk B95 fJT(zo,m k8IS
G
fiu P cos3’B
2 2
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pe-

5 }cow0 cos

- - G
fir :{(12—1:(— L2:—ﬂ2+1/(+ L, tga,tg 3%(:059]

Almmis analitik ifads istilik selinin bohran qiivvesing tasir doracesini defektin forma va
oriyentasiyasindan, temperatur selinin qiymotindon asili olaraq toyin etmoys imkan verir.
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PE3IOME
Caunoe H.C., Anuesa ¥.C., Xamamoea P.D.
BJIMSAHUE YCTAHOBUBUHIEI'OCS TEMIIEPATYPHOI'O IIOTOKA HA
KPUTUYECKUE HAT'PY3KHU IIPU XPYIIKOM PA3ZPYIHIEHUU IIJIACTUHBI

Knrwouesvie cnosa: xpynkuii, nacmuunslii, meniooil NOMOK, KpumuiecKue ycuus,
INIUNC, MPEUUHA, KEA3UPeYIAPHbLII, HeMnepamypHoe HaAnpadicenue, omoodparcarujue
¢dynkyuu, Konmyp, Kongucypauusa, Oegpekm, 2panHuuHvle yYcuaus, KOHPOPMHOe
omoopasicenue

Hccnenyerca 3agada BIMSIHHMSL TEMIIEPATypHOTO IOTOKA HA KPUTHYECKOE YCWIHE IpHU
XPYIKOM pa3pylIeHUH YIpYyroi IUIOCKOCTH.

[Tonmyyens! aHanmuTHueckue (OpMyJbl Ui KPUTUYECKOH HArpy3ku B 3aBHCHUMOCTU OT
JUIMHBI 1 OPUEHTALIMU TPEIIUHBI, a TAKXKE OT TEIJIOBOTO MOTOKA.

SUMMARY
Sailov N.S., Aliyeva U.S., Xatamova R.F.
THE INFLUENCE OF THE STEADY- STATE FLOW ON CRITIC EFFORD IN
BRITTLE FRACTURE OF PLATES

Key words: britle thermal, critic effort, temperature strain, kvazi-regular, konfigu-
ration, boundary efforts, ellipse, elastic, heat flow, contour, defect, mapped functions,
conformed mopping

In the article the problem of the influence of the steady-state flow on critic effort in brittle
fracture of plates is studied.

The problem of the influence of temperature forrent on critical effort in the brittle
fracture elastic plane is investigated.

The analytical formulas for critical load depending on the length and orientation of the
fracture and also heat flow are obtained.
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COPBIIMOHHOE U3BJIEYHEHUE U KOHOEHTPUPOBAHUE UOHOB TAXKEJIBIX
METAJIVIOB HA XEJTATOOBPA3YIOIIUX COPBEHTAX

Knwouesvie cnosa: amomno-adcopouuoHHblil, Xeaamooopazyrouiuii, MmMoOKCUUHbBLIL,
MoouuyuposanHlii

B cmamuve uznosicen amomno-abcopoyuonnsiiic memoo onpedenenus uornos Ni (I11), Cu (1),
Fe (II1) u U (VI), npedsapumenvuvim KoHyenmpuposanuem 31emMenmos 00H020 00pasya ¢
XeNamubIM NOTUMEPHbIM CcopOeHmoM. B pabome ucnonv308an Ho6bill Xeaamooopasyouull
NOMUMEPHBIIL COPOEHM HA OCHOBE CONOIUMEPA MAIEUHOB8020 AHeUOpUOa cO cmupoiom. bvin
onpedenen  ONMUMANbHbIE YCI08US 0Nl copoyuu. YcmanoeneHo 6lusHue pa3iuyHbIx
munepanouvix kuciom (HCIO4, HySO4, HNO3, HC)ra oecopboyuro memannoe uz copbenma.
Ipeonoacennas memoouka dvina paspabomana ons uornos Ni (1), Cu (1), Fe (1) u U (VI)s
MopcKol 800e.

[MpoGema onpeieneHus] B BOJHBIX CPEAax MajbIX KOJIMYECTB HOHOB TOKCHYHBIX TSKEITBIX
METAJJIOB, OTHOCSIIMXCS K YHCIy HaumOoliee OSKOJOTHYECKH OIACHBIX 3arpsi3HUTENEH, Io-
IpEeKHEMY SIBJISIETCSl aKTyaJIbHOM JUIsi MOHUTOPHHIra okpy»katouieil cpensl [1-3]. Hecmotrps Ha
OonpIIMe  YCIEXH  COBPEMEHHOTO  NPUOOPOCTPOCHUS,  COXpaHSeTcss  HEOOXOAMMOCTb
MPEBAPUTENLHOTO KOHLEHTpUpoBaHus [4]. OCHOBHBIMHM METOAAMM JUIsl 3TOTO SIBISIOTCS
copbuus [2, 5, 6], SKCTpakLusi OpraHUYECKMMU KOMIUIEKCOOOpa3yromuMH pearentamu [7, 8],
BKJIFOYAs UX nucrieprupoBanue nop aeicrtsuem [MAB [9, 10], a taxoke coocaxnaenue [4, 11].

Hcnonp3oBanne copOEHTOB, MOTU(PHUIIMPOBAHHBIX XeJIaTOOOPa3yIOIMMH peareHTaMu HITH
(GYHKIIMOHAJIBHBIMU TPYIIIAMH, TO3BOJSICT 3HAYUTEIHLHO YBEIWYHUTH CTENCHb W3BICUCHUS W
K09((HUIMEHTHI pacnpeeeHus] HOHOB METAJIIOB.

B pa3BuTHHM MHOTO3JIEMEHTHOTO ONpE/eeHUs] Ha TBepaod (ase pa3paboTaHbl METOJbI
onpenenenuss ux oanoit mpoosr Cr(VI),Cu(ll) u Ni(ll) [12, 13]; V(V) u Mo(VI) [14]; Hg(ll),
Cd(In)y mu Pb(I) [15]; V(V) u Cr(VI) [16]. Hacrosmas paboTa MOCBAIICHA H3YYCHHIO
Bo3MoxkHOoCcTH pazaenbHoro onpeneneHust Ni(ll), Cu(ll), Fe(111) u U(V1)u3 ogHol mpoOsr.

IKCHHEPUMEHTAJIBHAS YACTb

PacrBopbl, copOenTbl. [y mpurotoBiieHus pactBopoB ucnonb3oBaiu NiSO47H,0,
CuSQOy45H0, Fey(SO4)3 1 UO,S0O4:3H20. Bee peakTuBbl ObLTM KBATA(UKAIIUKN X.4. WU Y.71.4.
PactBops! coneit meramioB (0,01 M) ObuiM M3roTOBIEHBI MO M3BECTHBIM  MeToAukam [17].
PazbaBiIeHIeM TOTy4an pacTBOpbl HeoOxoxumoii (N-10™ M) koHuenTparuy.

B kauectBe TBepo# (ha3bl HCIONB30BANIN COPOCHT HA OCHOBE MAJICMHOBOTO aHTHIPHIIA CO
CTHpOJIOM. BnusHue ycnoBuii copOuMy, KOHIEHTpPAIlMM HMOHOB,  IOCIEIOBATEIbHOCTH
ONpENIENIEHUs] BJIEMEHTOB U HW30MpaTEeNbHOCTh ONPEACICHHUS H3YyYaluCh IPU KOMHAaTHOM
TeMIeparype.

Ipu6opswl. /{11 usmepenns pH pactBopoB Obut icnionib3oBan noHomep M-130. B kauectse
WH/IMKaTOPHOTO AIIEKTPOAA HCIIONB30BAICA CTEKISIHHBIM  DJIEKTPOX, MpPEIBAPUTEIBHO
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BbIIEP)KAHHBII B CMEIIAHHOM pAcTBOpPHUTEJE B TEYEHHE CYTOK W TPaJAyUPOBAHHBIN IO
CTaHAapTHBIM OydepHbIM pacTBopam. J[is M3MEpEeHHs HCIOIH30BAIMCH KBApPIIEBBIE KIOBETHI
tommuHord 1 cm. HMcmonb3oBajics TIaMEHHBIM aTOMHO-aOCOPOIIMOHHBIA CHEKTPOMETP THIIA
AAS-1IN u cnexrpodporomerp KOK-2.

IMonyyenne MoaupuuupoBaHHOro copdeHTta. B pabore ObUT NPUMEHEH HOBBIN
MOJMMEPHBIN XenaToo0pa3yromuii COpOEHT Ha OCHOBE COMOJIMMEpPa MaJICMHOBOTO aHTHIIPUIA CO
ctuposiom. CopOeHT cuHTe3upoBasics no Mmeromuke [18]. ITomydeHHBI COPOCHT MpPOMBIBAJICS
JMCTHIUTAPOBAHHOI BOIOM, BbicymmBamy mpu 50-60°C.

Metoauke ucciaegoBaHusi. B cTaThMueckux yCIOBHUSX OIpeAeNsieMblid KaTHOH ObuI
copOMpoBaH Ha MOBEPXHOCTH copbenTa. Jlms atoro 50 mMr copbenra Obu10 MomerieHo B 10 mi
pacTBopa COJIM MeTalljla U OCTaBJIEHO Ha 2 4aca. 3aTeM COpOEHT OTAENSIM OT pacTBopa U
OLICHMBAJIM OCTABILIYIOCS KOHLIEHTPALIMIO KAaTMOHOB METallla B pPacTBOPE METO/JOM aTOMHO-
abcopOunonHoi crnektpodoroMerpun. /s OLEHKM KOHIEHTPAllMd METalIOB B PacTBOpeE
MCIIOJIH30BaJIaCh 3aBUCMMOCTh CBETONOTJIOIEHU (A) OT KOHIICHTpaluu pacTBopa (¢, M).

PE3YJIBTATHBI DKCIIEPEMEHTA U UX OBCYXJIAEHUE
N3yuyeHo BIMsSHUE KUCIOTHOCTH AHAIIM3UPYEMOTO pacTBOpa HA AaHAJTUTUYECKUE CUTHAJIbI
KOMILJIEKCOB Ha TBepAo# (aze. Ha ocHOBaHMM NaHHBIX, MPEICTABICHHBIX Ha pHC. |, BRIOMpancs
ontuMalibHbIN pH.
NzBectHO [19], uro mpu pH<4 3akperieHHbIe (PYHKIMOHATBHO-aHATUTUICCKUAE TPYIIIBI
MIPOTOHHUPOBAHHBI, & B IIEIOYHON cpe/ie HAaOIroaeTcs THAPOIU3 coneil metaia [20].

CE, Mr/r

90+
4
60-
3
\
304 1
2
T T T T pH
0 2 4 6 8

Puc.1. 3aBucumocth cop6rronnoit emxoctu (Ni, Cu, Fe, U) Ha TBepmoit dase ot pH
aHAIIM3UPYEMBIX PACTBOPOB CMECH 4eThIpex »iaeMeHToB: 1 - Cu, 2-Ni, 3-Fe, 4-U (Mcops=100 mr,
V=25 mur, u=0,2 momw/n, C=n- 10 MOJTB/T)

W3BectHo [21], yTO HOHHAas cCuiIa pacTBOpa CYIIECTBEHHO BIMAET Ha T'MOKOCTh
TBepAO(ha3HOH MATPHUIBI U COCTOSSHHE (YHKIIMOHAIBHBIX TPYII AHATUTHYECKOTO pearcHra.
[TosTOMYy, HCClieIOBaHa 3aBUCUMOCTh aHATMTHUECKOTO CUTHANIA OT KoHIeHTpanuu pactBopa KCl
B quana3one 0,1-1,2 M (ta6m1.1). OTMedeHO oTpuUIlaTeIbHOE BIUSHUE YBETUYCHUS HOHHOW CHITBI
pacTBopa Ha COpOIIMOHHBIE CBOWCTBa COpPOEHTa, YTO OOBACHAETCS OSKpPaHUPOBAHHUEM
KOOPJAMHALIMOHHO-AKTUBHBIX TPYNI HOHAMH 3JIeKTpouTa [21].

Jlnst momHOM copOruu Ha TBepAor dasze TpeOyeTcs BeIAepKKa BO BpeMeHu. Haitnerno, uto
COpOIIMOHHOE PAaBHOBECHE JOCTUTAETCS B T€UEHHE 2-X YaCOB KOHTAKTa C COPOSHTOM.
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Haiinens! ontuManbHble yCIOBHSI COPOLIMOHHO-CIEKTPOCKOIIMYECKOTO ONPEIECIECHUS U3
OJIHOTO pacTBOPa Ka)KJOTO U3 YEThIPEX 3JIEMEHTOB [P COBMECTHOM MPUCYTCTBUU. OnpeiesieHbl
MaKCHUMaJIbHblE COPOLIMOHHBIE EMKOCTH OTHOCUTENBHO KaXxkaoro merasia. (Puc.2)

CE, Mr/r
500-
4
400-
300- 3
200- 1
2
100-

0 10 20 30 40 50 60 70  C. wom/n, x-10°

Puc.2. 3aBucuUMOCTh COpOILIMU C TONYyYEHHBIM COPOEHTOM OT
HCXOJIHOM KOHIICHTPAIMU HOHOB MeTa/LToB (cM) : 1-Cu, 2-NIi,
3-Fe, 4-U; Mcops=50mr, V=25 mn, pH=onr.

N3yuenue necopOuuu. U3ydeHo BiamsiHMe pa3HbIXx MuHepadabHbIX KHCIOT (HCIO,,
H,SO4, HNO3;, HCI) ¢ oanHakoBbIMM KOHIIEHTPAIIMSAIMH HA JeCOPOLMI0 MeTAJJIOB M3
copO0eHTa. JKCHEPHMMEHT IMO0KAa3aJ, 4YTO0 MAaKCHMajbHasi JecopOuMsi MPOMCXOAUT B
NMepPXJI0PaTHOM KHCI0Te

Paspabotannas metouka onpobdosana mpu onpenaenennu Ni, Cu, Fe, U B Mmopckoii Bojie.

Metoauka uccienopanus. 1000 My aHaIM3UPyEMOTO pacTBOpa MOMEMIAIOT B KOJIOY C
nobasnerreM HNO3 (koHII.), TOBOIAT J0 HyXHOTro 3HadeHUs pH, BHOcAT 50 mMr copOeHTa M
ocTaBiIrOT Ha 2 vaca. Yepes 2 vaca, nobaBisis Kk otaenacHHomy copoenty 10 ma 3M HCIO,,
necopOoupyroT  mornomeHHbIH  MmeTann.  CoaepkaHuMe — MeTalsla  PacCUMTHIBAIOT 1O
IpagyupOBOYHON 3aBUCUMOCTH.

Ta0amua. Pesynbrar ananusa MOPCKOR BOJBI (Mcops=50 Mr; p=0,95).

Me Ni Cu Fe U
KomnmeHrparust, Mr/i 0,0050+0,0003 0,1630+0,0020 0,0700+0,0010 0,0220+0,0007
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XULASO
Haciyeva S.R., Caforova N.M., Nazarova G.Q., Eminov H.O.
XELATOMOLOGOTIRON SORBENTLOR VASITOSILO AGIR METALLARIN
SORBSIYASI VO QATILASDIRILMASI

Acar sozlar: atom-absorbsion, xelatomalagatirici, toksiki, bufer, sorbent

Magalada Ni (II), Cu (II), Fe (IIT) vo U (VI) ionlarinin niimunadan polimer xelat sorbent
ilo avvalcaden gatilagdirilmast vo atom-absorbsion metodu ilo toyini gostorilmisdir. Isdo malein
anhidridi va stirol asasinda yeni polimer sorbentdon istifado olunmusdur. Sorbsiya prosesinin
optimal soraiti todqiq olunmusdur. Sorbentdon metal ionlarinin desorbsiyasi prosesino miixtolif
mineral tursularin (HC1O4, H,SO4, HNO3, HCI) tosiri 0yronilmigdir. Toklif olunmus metodika ilo
Ni (II), Cu (II), Fe (IIT) vo U (VI) ionlarmin doniz suyunda gatilagdirilmasi1 gostorilmisdir.
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SUMMARY
Haciyeva S.R., Cafarova N.M., Nazarova G.Q., Eminov H.O.
SORBTION EXTRACTION AND CONCENTRATION IONS OF HEAVY METALS ON
CHELATOFORMING SORBENTS

Keywords: nuclear-absorption, chelatesforming, toxic, buffer, sorbent

It the article method for atomic-absorbtion determination of Ni (I1), Cu (1), Fe (I1l) and U
(V1) from one sample, based on pre-concentration of the element on chelate polymer sorbent has
been studied/

We used a new chelateforming polymeric sorbent based on a copolymer of maleic
anhydride with styrene. The optimal conditions for sorption and determination has been
established. The effect of different mineral acids (HCIO4, H,SO4, HNOg3, HCI) on the desorption
of metals from the sorbent is investigated. The technique determination of Ni (1), Cu (ll), Fe
(111 and U (V1) in sea water has been worked.

Daxil olma tarixi: ilkin variant: 07.04.2014
son variant: 12.05.2014
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MOAUDPUKALNUA STUJIEH-ITPOITUJIEHOBOI'O
KAYYYKA XJIOPCOJAEPKAIIUMU COEJUHEHUAMMU

Knwouesvie cnosa: smunen, nponuneH, ceHcuduIu3Iamop, Kayyyk, mpuxiopyKcycHas
Kucnoma

Ha ocnose npogedennozo nianupoeanusi SKChepumeHma Gomoxumuieckou Moougukayuu
CKOlla mpuxnopykcucHou Kuciomou 0vliu Hatl0eHbl ONMUMAlbHble YCI08UsL NPoyeccd.

Cunternyeckuil kaydyyk Ha ocHoBe sTuieHa-nponwieHa (CKOII) B Hactosiiee Bpems
ABJIIETCS OJHUM M3 NEPCHEKTUBHBIX W LEHHBIX IPOMBIIUIEHHBIX 3JaCTOMEpOB. Bauny
orcytcTBUs B Makpomosekyiae CKOIla nBoiiHbIX cBsi3ell OH 00J1a/1aeT BBICOKMMU CTOMKOCTBIO K
CTapeHMIO, TEPMO- U XEMOCTOMKOCThI0. HO, ¢ Ipyroil cTOpOHBI, OTCYTCTBHE JBOMHBIX CBSI3€H B
MaKpOMOJIEKYJIE CYIIECTBEHHO 3aTPyAHSAET BYJIKAaHU3aLUIO YKAa3aHHOTO 3rnacromepa. B atom
Clly4ae €ro BYJIKaHU3yIOT C IIOMOIIbIO MEPEKUCHBIX COEIMHEHUHM, 4YTO SBIAETCS
noporoctosmuM U HedpexkTtuBHbIM mporieccoM. Kpome toro, CKOII, kak THUOHYHBIMA
IpEJICTaBUTENIb Kjacca MOJuoJe(UHOB, HMEET HEBBICOKME aAre3MOHHBIE IOKa3aTelu.
VYKka3aHHOE€ B M3BECTHOW MEpE NPENATCTBYET HCIOJIB30BAHUIO €r0 B IPOU3BOJCTBE IIWH H
JPYTUX OTpaciisiX HApOJHOTO X0341CTBa.

[To3TOMY NPOMBIIIEHHOCTH B MOCIIEHEE BPEMsI IEPEXOIUT HA BBITYCK TaK HAa3bIBAEMOTO
tporiHoro CK3Ila, koTopblil oTaMyaeTcss OT JBOMHOrO HaaM4WeM OOKOBBIX BHHWJIOBBIX TPYIIIL,
YTO CYILECTBEHHO O0Jieryaer mpoiecc BylkaHuzanuu. OJHAKO, IPU MPOHM3BOJICTBE TPOHHOIO
CKDOIlla BO3HUKAIOT 3HAUUTENbHBIE TEXHOJIOTUYECKUE TPYAHOCTH, 4YTO MPEMSITCTBYET
PacIIMPEHHIO BBIITYCKA YKa3aHHOI'O MPOIYKTa.

B cBsi3u ¢ 3TUM MBI nocTaBWIM Iepen co0oil 3adady MONY4YUTh MOMUQPYHKIMOHAIBHBIN
CKOII ¢ xoMImIekcoM LEHHBIX MPAKTUYECKUX CBOMCTB HAa OCHOBE MPOMBILIUIEHHOTO JBOMHOIO
CKO3Ila, TexHoyiorus IMOJIy4€HHS KOTOPOro Obula OBl MpHemiieMa A MPOU3BOJCTBEHHBIX
ycnoBuidl. C stoi menbto mnpoBoauiack Moaudukanus CKDOIla mnomudyHKIMOHATBHBIMU
HENOJUMEPU3YIOIIMMUCS ~ COCIUHEHUSIMU,  COAEpXAallMMU  XJIOp, KapOOKCHUJIbHBIE U
KapOOHMJIbHBIE TPYIIBI, YTO JaBaJ0 BO3MOXKHOCTh BBOJUTH B MAaKPOMOJIEKYTY OJHOBPEMEHHO
HECKOJIbKO 3a/IaHHBIX (YHKIIMOHAJIBHBIX TPYIIII.

Moudukanuss TPOBOAMIACH C HUCHOJb30BaHHEM YdD-00aydeHHs B MPHUCYTCTBUU
CeHCUOmIM3aropa.

Jns mMomuduKanu HaMd ObUIM  HCIOJB30BaHBl XJIOPKAPOOHOBBIE KHUCIOTBI M HX
MIPOU3BOJHBIE. YKa3aHHBIE COEIMHEHUS MMEIOT MOABM)KHBIE aTOMBI XJIOpa, YTO OOJEryaeTr ux
IpUcoeANMHEHHEe K smactoMepy. OpHako M3-3a HENOJIMMEPU3YEMOCTH IEPEUMCIIEHHBIX
COCMHEHUI HE NPOMCXOJUT PA3BETBICHUS OOKOBBIX LEMEH, XapaKTEepHOro s peakluu
IPUBUTON COMOJM3EPU3ALMM,  BCJIEICTBUE YEro  YXYALIAIOTCS OINPEICIICHHBIE CBOMCTBA
3J1aCTOMEPOB.
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B kadecTBe MCXOIHBIX peareHTOB OBLIM BhIOpaHbI MpombiinieHHbIE 00pa3iel CKOIla, u
tpuxsopykcycHass kuciora (TXVYK). B kauectBe ceHcuOmimsaropa OBUT HCHOIB30BAH
0eH30()EHOH, PACTBOPUTEISAMU CITYKUIU OCH30JT (IIsI KpUOCKOTIMH ) M TeNTaH (3TAaHOJOHHBIN).

OO6ny4yeHne IpOBOIMIIN C TOMOIIBIO PTYTHO-KBapieBoii gamibl [IPK-4.

Tax kak mpouecc momupukanuu CKOIla TpuUXIOPYKCYCHOW KHCIOTOH  3aBHCHT OT
Oonpiroro uucna ¢akropoB (kKoHIeHTparuu kaydyka u TXVYK, paccrosHue OT HMCTOYHUKA
o0ny4yeHHus: U T.A.), TO HAXOXXJCHHE ONTHMAJbHBIX YCIOBHUH Mpolecca TpeOyeT MOCTaHOBKH
OonpIIOro 4Ymcia OmbITOB. s COKpamieHuss o0beMa SKCICPUMEHTOB 110 HAXOXKICHHUIO
ONTUMAJBHBIX PEXKUMOB MOAUGPUKALKU, Mbl BOCHOJIB30BAJIUCh METOAOM IUIAHUPOBAHHOTO
HKCIIEPUMEHTA.

MartemaTH4eckoe IJIAHUPOBAHUE IKCIIEPUMEHTA

Momudunupoanue CKOIla TpuxiopyKCyCHON KHCIOTON MPOBOAMIIOCH MO CIEAYIOLICH
METOJTUKE.

Paccunrannyro HaBecky CKOIla cormacHo skcmepumenTa (cM.Tabn.l), pacTBopsiiu B
3aJJaHHOM KOJIMYecTBe remnraHa (wid OeH3ona). 3aTeM K pacTBOPY I00aBISUIM paccUMTaHHOE
KOJIMYeCTBO Monupukaropa u (oToceHCHOMmIM3aropa-oeH3opeHona. PeaknuonHas cMech
nonBepranach Y ®-o0ayuenuto ¢ nomoibio samisl [IPK-4 B kBapiieBoii konbe npu yciaoBHSIX,
3aJIaHHBIX TPOrpaMMOi dKcrepuMeHTa. Kayuyk ocaxxaanu MeTaHonoM (Wid OyTaHOJIOM) H3
pacuera 1:3. OcaxaeHHBIH MOAU(DUIMPOBAHHBIN KaydyyK NpPOMBIBAIM BOJAOH W CYIIMIU B
BaKyyMe IIpHU 60°C 10 HOCTOSHHON Macchl. 3areM OMpeNesUT  KoJimuecTBo xJyopa (5),
cozaepxarierocs: B Moauunupoannom CKOIla.

Tabnuya 1.
Marpuua IJIaHMPOBAHUS M Pe3YJIbTAThI IKCIIEPHUMEHTA
Ne o L T° C: C, Cs vy A
OIIBITOB y

1 30 3 50 0,4 10 8 0,50 0,67
2 50 3 50 0,4 6 8 0,68 0,67
3 30 9 50 0,4 6 12 1,20 1,08
4 50 9 50 0,4 10 12 0,96 1,08
5 30 3 30 0,4 6 12 1,20 1,16
6 50 3 30 0,4 10 12 1,40 1,16
7 30 9 30 0,4 10 8 1,26 1,10
8 50 9 30 0,4 6 8 0,86 1,10
9 50 3 50 1,0 6 12 0,84 0,90
10 50 3 50 1,0 10 12 0,86 0,90
11 30 9 50 1,0 10 8 1,00 0,84
12 50 9 50 1,0 6 8 0,94 0,84
13 30 3 30 1,0 10 8 1,0 0,92
14 50 3 30 1,0 6 8 0,82 0,92
15 30 9 30 1,0 6 12 1,20 1,34
16 50 9 30 1,0 10 12 1,30 1,34
17 40 40 40 0,7 8 10 1,26

18 40 40 40 0,7 8 10 1,14

19 40 40 40 0,7 8 10 0,7 1,00
20 40 40 40 0,7 8 10 0,8

21 40 40 40 0,7 8 10 11

B xadecTBe HE3aBHCHMBIX TIEPEMEHHBIX (ITapaMeTPOB MPOIECCa) pACCMATPHBAIUCH:
G — MPOJOIKUTENFHOCTD OOTyUeHUS;
L — paccTositHME 1O UCTOYHUKA CBETA;
t — TeMmeparypa B peakiimOHHOHN 30H€E;
C1 — KOHIIEHTpaIs CeHCHOMmIM3aTopa (B mepecuere Ha KaydyK);
C, — KOHLIEHTpaLKs [TOJINMEPA;
Cs— xonnentpanus TXVYK (B nmepecuere Ha KaydyK).
[Iporiecc oueHUBaICS MO OAHOM (YHKIMM OTKIMKA—COAEPKAHUIO TPHCOEINHEHHOTO
xJjopkapOokcuipHOTO pagukana (V). ns ynoO6cTBa pacueToB MCHOJIb30BAINCH Oe3pa3MEpHbBIC
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KOJAUPOBAaHUE [E€PEMEHHBIE, CBA3aHHBIE C HE3aBHCHUMBIMU TMEPEMEHHBIMU IPOIECCOB
dbopmynamu niepexoqa (cM. Tadm.2).

Jlst cokparieHus: o0beMa IKCIIEPUMEHTOB UCIOJIb30BaH JAPOOHBIN (aKTOPHBIN IIJIaH 2%2¢
reHepupyomUMe cOOTHOMICHUAMHU X5=X1 X X3Xg 11 X6=XX3X4 (1-4). Marpuiia riaHupoBaHHs
JKCIIEpUMEHTA MpuBeAeHa Tabm.2.

C nomompi0 MeToJa HauMEHbIIUX KBaaparoB (1-4) Obutn ompeznencHbl KO3(QuUIneHTH
YpaBHEHHUS PETPECCUU:

A
V' =0,501-0,012X; + 0,044X;, + 0,064X3 — 0,003X4 + 0,017X5 + 0,059Xs

OrmeHka BOCIPOM3BOAMMOCTH TPOLIECCA OCYILECTBIISIACh MO MapaUIeTbHBIM OIBITAM B
IEHTPE DKCIIEPUMEHTATBLHOT0 MaccuBa (ombIThl 17-21, cm. Tabm.1).

DKcnepuMeHTalIbHAas TUCTIEPCHS, CBSI3aHHAsi ¢ BOCIIPOM3BOAMMOCTBIO PE3yJIbTaTOB, PaBHA
0,0142.

JIJis OlleHKH 3HAYMMOCTH KO3(PHUIIMEHTOB HcIob3oBaics t — kpurepuit CteioneHTa (3).
3Hayenus KOd>(QQPUIMEHTOB ypaBHEHMs perpeccud MeHblie Kputudyeckoro (Bi"'=0,405)
SIBIISTIOTCSI HE3HAYUTENBHBIMU TIpH ypoBHE 3HaunMocTu 0,05, T.e. HET TOCTATOYHBIX OCHOBaHHU
CUMTaTh STH KOIPOUIMEHTH CYHMIECTBEHHO OTJIUYHBIMU OT Hyms. C ydyeToM 3HAYUMOCTH
K03 PHUIMEeHTOB (GYHKINS OTKIMKA MPUHUMAET CIE YOI BUI:

A
V =0,501 +0,044X, + 0,064X35 + 0,059X¢
AJIEKBaTHOCTh MaTEMaTUYECKOTO OIMHMCAHUS IKCIIEPUMEHTAIbHBIM JTaHHBIM ObLIa OILICHEHA
¢ nomomipto F—xpurepuss dumepa (3). DT0 COOTBETCTBME MOXKHO TaKke HaONOIaTh IMPU

N
HEIOCPEICTBEHHOM COIIOCTABJICHHH JKCHEPUMEHTANBHBIX (Y) M pacueTHbIX (V) maHHBIX (CM.
Tabm.1).

Tabauuya 2.
He3zaBucumsble MNEPEMECHHBIC ITpoLeEcca
He3aBucumeble nnepeMeHHbIe Koauposannsie OcHoOBHOI NurepBan Dopmyiibl
MEPEMEHHBIC YPOBEHb BapbUPOBAHHS nepexosa
[Ipo1omKUTETFHOCTD X1 40 10 o—-40
o0nyyenus: (), MUH X, = T
Paccrosane mo nammer: (L), X5 6 3 L'L: 6
cM X, = T
Temmneparypa (t)°C X3 40 10 t =40
Xy = 10
Konnenrpanus X4 0,7 0,3 C, 0,7
cencubmmzaropa  (Cy), % X, = T no
Konnenrtpanust  monmumepa: Xs 8 2 C:’: 8
(C»), % macc. Xg=———
Konnentpamuss TXVK: (Cy), Xe 10 2 C, <10
% mMacc. Xg = 5

M3 MaTeMaTHUYeCKOH MOJENH CileAyeT, 9To C y4eToM HHTEpBAIOB BaPbHPOBAHMS
HE3aBUCHMBIX NEPEMEHHBIX, MPOLECC CYLIECTBEHHO 3aBUCUT OT HMHTEHCHUBHOCTH IaJAIOLIETO
cBeta (Xz), konuentpauuun TXVYK (Cz) m temneparypbl peakimoHHON 30HBI (X3). Iloatomy
HanOoJiee CYIIECTBEHHBIMH (DaKTOpaMu, BIHUSIOUIMMU Ha TPOIECC, SBIAIOTCA: PACCTOSHUE
JamIbl OT PeakIMOHHOM 30HBI (MHTEHCHBHOCTH Majaromiero csera), koHmeHtpauus TXVYK u
Temneparypa nposejeHus peakuuu. C ypenuuenneMm Xo U Cy U ¢ yMEHBIIEHUEM X3 TPOUCXOJUT
Takxe aktuBn3anus npucoeanHenns TXYK k makpomonekyne CKOIla.

OueBuaHO, yKa3aHHbIE (AKTOPHI SBISIOTCS OIPECNSIONIMMH, TaK Kak CHOCOOCTBYIOT
aKTUBHOMY NPOTEKAHUIO AETHAPOXJIOPUPOBaHMS (IIPU MPOBEACHUU MOJU(PHUKALMU BBIAEISIETCS
XJIOPUCTBII BOZOPOA) C TMOCIEAYIOIMIMM HPUCOCTMHEHHUEM XJIOPKApOOKCHIIBHOTO paauKaia K
Makpomoiiekyine CKOI1a.

Ha ocHOBe npoBeieHHOTO MJIaHUPOBAHUS SKCIIEPUMEHTA (POTOXMMUYECKON MOIU(UKAITUH
CKOIla TpuUXJTOPYKCYCHON KHCJIOTOM MOKHO PEKOMEHIOBATh CIIECAYIOMINE ONTUMAJIbHbBIC
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napameTpbl nporecca: koHuentpanus TXYK B pactBope 12% macc. (B mepecuere Ha Kay4yk);
paccrosinue ot samibl [IPK-4 no peakuuoHHO# 30HE 9 cM; Temmeparype peakLHOHHOW 30HE
30°C u ap. (T.e. mapameTpsl omnbiTa Ne 16).

Janee, npyu ONTUMAJIBHBIX YCIOBMSIX, HAlJICHHBIX METOJIOM MAaT€MaTUYECKOTO IJIAHUPOBAHUS
SKCIIEpUMEHTa, M3ydeHa peakius doToxumuueckord momudukanuun CKOIla TpuxiiopykcycHon
KHUCIIOTOM.
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XULASO
Quliyev T.D., Ohmadov V. X., Quliyeva G.N., Seyidova O.N.
TOCRUBONIN PLANLASDIRILMASI USULU iL® ETILEN-PROPILEN
KAUCUKUNUN UCXLORLU SIRKO TURSUSU ISTIRAKI iLO
MODIFIKASIYASININ OPTIMAL SORAITININ MUSYYON EDILMOSI

Acar sozlar: etilen, propilen, sensibilizator, kaucuk, ii¢xlorsirka tursusu

Tacriibonin planlagdirilmasi iisulu ila etilen-propilen kaugukunun ti¢xlorlu sirks tursusu ilo
modifikasiyasinin optimal goraiti miioyyon edilmigdir. Todqiqatlar naticasinds agagidaki optimal
sorait tapilmigdir. Etilen-propilen kaugikunun hoalledicids qatiligi 10%, kauguka goro tigxlorsirko
tursusunun qatiligr 12%, kauguka gora sensibilizatorun qatiligi 1,0%, siialandiricinin mosafosi 9-
10 sm, siialanma miiddati 50 daqig.

SUMMARY
Guliyev T.D., Ahmadov V.X., Guliyeva G.N., Seyidova A.N.
DETERMINING THE OPTIMAL CONDITION OF THE MODIFICATION OF
ETHYLENE-PROPYLENE RUBBER WITH THE USE OF TRIPERCHLORIC ASETIC
ACID IN THE WAY OF PLANING OF EXPERIMENT

Keywords: ethylene, propylene, sensitizer, rubber, triperchloric asetic acid

The optimal condition of the modification process of ethylene-propylene rubber with the
use of triperchloric asetic acid in the way of experiment was determined. As a result of
investigation the following optimal condition was found. The density of ethylene-propylene in
the solution is 10%, the density of triperchloric asetic acid for rubber is 12%, the density of
sensitizer for rubber is 1,0%, the distance of radiation is 9-10 sm and the radiation time is 50
minutes.
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UC UZVioVoZLAYICiLi HIDROSILANLARIN FENILASETILENILKARBINOLUN
QLISIDIL EFIiRi ILO QARSILQLI TOSIiRi REAKSIYALARININ TODQIiQi

Acar sozlar: hidrosilan, propargiloksi radikal, doymanus efir, silisium - iizvi birlasma,
hidroksiefir, valent raqsi, udulma zolag, spektral analiz, modifikator

Torkibindo  miixtolif radikallar saxlayan ¢  iizviovozlayicili  hidrosilanlarin
platinohidrogenxlorid tursusu istirakinda fenilasetilenilkarbinolun qlisidil efiri ilo qarsiligl tosiri
reaksiyalar1 tadqiq edilir. Miioyyon edilmisdir ki, silisium atomundaki ovazloyicinin tabisti vo
qurulusundan asili olmayaragq, istifado edilon biitiin hidrosilanlar oksiran holgesine toxunmadan
ticqat karbon-karbon slagasina birlosir vo etilen sirasi silisium-iizvi o -oksidlor omalo gatirir.

Olefinlorin a-oksidlori yiiksok reaksiyaya qabil birlosmalor olub, xiisusi toyinath
qatranlarin vo onlar osasinda materiallarin alinmasinda genis istifads edilir [1-2]. Lakin bu
materiallarin istiliyo vo termooksidlosmoys davamsiz olmalar1 onlarin istifadesini qismen
mohdudlasdirir. Torkibindo eyni zamanda o-oksid holgosi vo ikigat karbon-karbon olagosi
saxlayan doymamis silisium - iizvi birlogsmolor sintez etmok mogsadi ila, 1-fenil-3-
glisidiloksipropin-1-in  platinohidrogenxlorid tursusu istirakinda miixtolif silisium-iizvi
birlosmoalorin sintezi tisulunun islonmasi hom sintetik, hom do totbiqi kimyanin miihiim
problemlorindon biridir.

Miioyyan edilmigdir ki, silisium atomundaki avozlayicilorin xarakterindon asili oimayaraq,
todqiq olunan biitiin i¢iizvisilanlar 1-fenil-3-glisidiloksipropen-1-o birlogir vo aromatik sira
silisium - tizvi a-oksidlor amalo gatirir [3-4]:

) O

/N . /\
Ce¢HsC = CCH,OCH, CH- CH, + RR,™ SIH—->CgHsCH=CCH, OCH, CH-CH, Q)

SiRR,"
RZCH3 ) R1:C2H5 (l), C3H7 (”), C4H9 (l“), C5H11 (lV), (CH2)4 (V), OC2H5 (Vl), C6H5 (V“),
R=R'= OC,Hs (VIII), C;Hs (IX); R=CgHs, R'= CHs (X).

(1) Sxemli reaksiya iizro alinan maddoslorin torkib vo quruluslart hom fiziki-kimyavi vo
hom do kimyovi iisullar ilo siibut edilir. Belo ki, gaz-maye xromatoqrafiyast molumatina asason
saxlamir. Bu maddonin 1Q-spektrindo iso [3-4 ] 1610 vo 3055 sm™ udulma zolaglarn C=C vo

c-¢ . gruplarim1 oks etdirir. Eyni zamanda qeyd etmok lazimdir ki, bir ¢ox hallarda
spektrdoki 1265-1240 sm™ saholordeki udulmalar a-oksid holgoasini xarakterizo etso do, bu
maddonin spektrindoki 1255 sm™ rogsi Si-C olaqosine moexsusdur. Maddonin molekulunda a-
oksid hoalgosinin saxlanilmasini onun dietilamin ilo reaksiyas1 da tosdiq edir [ 5 ]:

e
CeHsCHZ?CHZOCHZCH-CH2+HN(C2H5)2 EE—
Si(CzH5)2CH3
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H
 , CgHsCH= CCHgOCHngCHgN(CgHs)g )
|
Si(CoH 5),CHs

Belo ki, (I) maddasinin 1Q-spektrinds a-oksid halgesini xarakterizo edon 3055 sm™ udulma
itir vo avozindo ikili assosiasiya olunmus hidroksilo malik 3465 sm™ genis zolaq peyda olur.

Qeyd etmok lazimdir ki, 1-fenil -2-metildietilsilil -3-glisidiloksipropen -1-5 ikinci molekul
metildietilsilan birlogsdirmok cahdi temperaturun yiiksaldilmasi, reaksiya miiddatinin uzaldilmasi
vo hotta katalizatorun artiq gotiiriilmosi zamani da bas tutmur. Belo ki, I maddossinin hidrosilana
qarst passivlik dostormasi, bizco ikiqat karbon-karbon olagesinin IT-elekktonlariin silisium
atomunun 3d orbitina calb edilmasi ils izah etmak olar.

1- Fenil-3- qlisidiloksipropin -1 molekulunda fenil radikalinin maddonin {giizvi
ovazlayicili hidrosilanlarla reaksiyaya girmo qabiliyyatino tasirini miioyyanlogdirmok magsadi
liclin roqabotli reaksiya aparilmigdir. Belo ki, ekvimolekulyar miqdarda gotliriilmis 1-
propargiloksi -2-qlisidiloksipropan, metildietilsilan vo 1-fenil -3- glisidiloksipropin-1-in benzol
miihitindo 15 saat qaynadilmasina baxmayaraq, reaksiya qarisigindan iki birlosmo mohsulu, o
ctimladan, 1-(y-metildietilsililalliloksi)-2-qlisidiloksipropan (XII) vo 1-fenil-2- metildietilsilil -3-
glisidiloksipropen -1(1) miivafiq olaraq reaksiya qarisigindan 55vo 31% ¢iximla ayrilmigdir:

@) O

/7 7\
HC=CCH ,0CHCH ,0OCH ,CH- CH, + HSi(CzH5)2CH3+C6H5CECCH20CH2CH—CH2
Hs

©)

@)
CH3(C2Hs) ZSiCH:CHCHZOCIZHCHZOCHZC/H -\CHZ + C6H5CH:(|3CH20CH2({H-CH2
CHs Si(C2Hs),CH3
1-Proparqiloksi -2-glisidiloksipropan ilo miiqayisodo 1-fenil -3-glisidiloksipropin -1-in
ciximinin asagl olmasi, yaxud da molekulda C=C slagosinin passivliyi, bizca fenil radikalinin
ekranlagdiric1 tosiri ilo olagodar olub, metildietilsilan molekulunun olefino yaxinlagsmasini
miioyyon qadar ¢atinlogdirir.

TOCRUBI HISSO
1-Fenil-2-metildietilsilil-3-glisidiloksipropen-1 (1)

ey
C6H5CH:([3CHZOCHQCH-CH2
Si (C2Hs),CH3

Mexaniki qarigdirigi, damer qifi, okssoyuducu vo termometr ilo tochiz olunmus reaksiya
kolbasina 18.8 q (0.1 g/mol) toza qovulmus 1-fenil-3-glisidiloksipropin-1,40 ml quru tiofensiz
benzol vo 0.04 ml platinohidrogenxlorid tursusunun izopropil spirtindo 0.1 N mohlulu
yerlosdirilir. Kolbadaki kiitlo 70° C temperatura kimi quzdirilir va qarigdirici iso salmaraq iizarino
damci qifindan zaif axinla 10.2 q (0.1 g/mol) metildietilsilan damciladilir. Hidrosilan verilib
qurtardiqdan sonra reaksiya kiitlosi olavo olaraq 15 saat benzolun gaynama temperaturunda
qaynadilir. Ertasi giin kiitlodon holledici qovulur va qaligdan asagi salinmis tozyiq altinda 22.3 %
1-fenil-2-metildietilsilil-3-glisidiloksipropen-1 ayrilir. Tqay. 136 - 137° C (0.5 mm c.s.), ng’
1.5185, ds*° 0.9964. MR tap. 88.10, MR hesab. 87.63. Xammal epoksibirlosmoya goro ¢ixim
77%. Tapilmigdir, %: C 70.42, 70.61; H 9.23, 9.41; Si 11.21, 11.38. Ci7H0,Si.

Hesablanmisdir, % C 70.29, H 9.02, Si 11.02.
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Analoj1 tocriibo soraitindo II-X maddolori sintez olunur vo bozi gostoricilori cadvoldo
toqdim edilir.
1-Fenil-2-metildietilsilil-3-(2'-oksi-3'-dietilaminopropoksi)propen-1 (X1)
OH

|
C5H5CH:F-CHZOCHZCHCHZN(CgHs)g
Si(C2H 5), CH3

Mexaniki qarisdirici va akssoyuducu ils tohciz edilmis kolbaya 14.5 q (0.05 g/mol) 1-fenil-
2-metildietilsilil-3-glisidiloksipropin-1 vo 40 ml 33%-li dietilamin mohlulu yerlosdirilir.
Qarisdiricr 150 salinaraq, kiitlo otaq temperaturunda 24 saat garisdirilir. Sonda kiitlo 50 ml dietil
efiri ilo emal edilir vo lizvi hisso ayrilir. Moahluldan avvalca atmosfer tozyiqinds efir vo ylingiil
qarisiqiar qovulur, galan qaliq asagi salinmis tozyiq altinda fraksiyalasdirilaraq 14.6 q 1-fenil-2-
metildietilsilil-3-(2-oksi-3-dietilaminopropoksi)propen-1 ayrilir. Tqay. 161° C (0.5 mm c.s.), ng®
1.5165, d420 0.9876. MR tap. 111.87, MR hesab. 111.27. Epoksiolefino goro ¢cixim 87.1 %.
Tapilmigdir, % : C 69.49, 69.61; H 10.39, 10.51; Si 7.93, 7.99. C»H370,NSi. Hesablanmisdir,
% : C 69.37, H 10.26, Si 7.72.

1- Fenil-3-qglisidiloksipropin-1 ila 1-proparglioksi-2-glisidiloksipropan
arasinda raqabatli reaksiya

Okssoyuducu, damci qift vo termometr ilo tochiz edilmis yumrudibli reaksiya kolbasina
27,2q (0.1g/mol) tozo qovulmus 1- propargiloksi -2- glisidiloksipropan, 18,8q (0.1q / mol)1-
fenil -3-glisidiloksipropin -1,80ml quru, tiofensiz benzol vo 6 damci platinohidrogenxlorid tursu-
sunun izoprpil spirtindo 0.1N mohlulu yerlosdirilir vo 80% temperaturda tizorino 10.2q(0.1g/mol)
metildietilsilan damciladilir. Hidrosilan verilib qurtardigdan sonra reaksiya kiitlasi alava olaraq
15 saat qaynadilir. Nozords tutulan miiddot basa ¢atdiqdan sonra avvalco halledici vo reaksiyaya
girmomis komponentlor qovulur, sonra asagi salinmis tozyiq altinda qaliq distillo edilorak
asagidaki maddolor ayrilir:

1-Fenil-3-glisidiloksi-2-iizvisililpropenlor

o)
CGH5CH:CCH20CH2(§-| —\CHZ
SiR'RR®

1-(y-metildietilsililalliloksi)-2-glisidiloksipropan (XI1)15q. Tqay. 122°C (0.5mm c.s.); np®
1.4611; ds™° 0.9412, MRysp. 79.46, MRhesan 79.49. Cixim 55%. Tapilmisdir, %: C61.88, H 10.68,

Si 10.48. C14H»305Si. Hesablanmisdir, %; C61.72, H10.35, Si 10.31.
1- Fenil-2-metildietilsilil-3-glisidiloksipropen-1,8.98q (XIII). Tgay. 136-137°C (0.5mm
c.s.); np? 1.5183, ds?® 0.9968. MRy 88.12, MRypesa. 87.63. Xammal epoksibirlosmoyo gora

cixim 31%. Tapilmisdir,%: C 70.44, 70.68; H 9.23, 9.47; Si1ll.23, 11, 41, Cy7H»60,Si.
Hesablanmisdir,%; C 70.29, H 9.02, Si 11.02.
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PE3IOME
Anazézoeny M., Azaee A.A., Tapsepoues III.A.
HCCJIEJOBAHME PEAKIINU B3AUMOJEVMCTBUSA I''TALAIATIOBOIO D®HUPA
OEHUJIALNETUWIEHUWIKAPBUHOJIA C TPUOPTAHOCHUJIAHAMMU B
MNPUCYTCTBHUHU IIJIATHHOXJIOPUCTOBOJOPOJIHOM KHCJIOTHI

Knrwoueevie cnosa: zuopocunan, nponapeuiokcu paoukan, HenpeoeavHuvlil Iphup,
2uopokcuigup, KpeMHuilop2anuyecKue coeounenus, eanenmuole Ko1ebanus,
CREepKmMpAnbHblil AHAAU3, INOKCUOHAA CPYRNA, MOOUPUKAMOD

HccnenoBanbl peakiMu B3aWMOJAEWUCTBUSI TPUOPTaHOCUJIAHOB C TIUIUIAMIOBBIM 3QHUPOM
dbeHmTaneTHICHUIKapOUHOIa B MPUCYTCTBUU  IUIATHHOXJIOPUCTOBOJOPOJHON  KHCIIOTEHI.
YCTaHOBIIEHO, YTO BCE HCCIIEIOBaHHBIC THIPOCUIIAHBI, HE3aBUCHUMO OT 3aMeCTUTeNlel aroma
KPEMHHSI, CEJICKTUBHO MPHUCOCTUHSIOTCS 10 alleTUICHOBOU CBSI3M MPOIMAPTHIIBHOTO pajguKalia ¢
o0pa3oBaHHEM HETPEAETbHBIX KPEMHHMOPraHUYECKUX THIPOKCHIICOIEPKAIINX SMOKCHI(PUPOB
ATUJIEHOBOTO psija.

SUMMARY
Alagozoglu M., Agayev A.A., Tarverdiyev Sh.A.
INVESTIGATION OF INTERACTION REACTION OF TRIORGANOSILANS WITH
GLISIDIL EFIR OF FENILASETILENILKARBINOL

Key words: hydrosilane, unlimited ester, hidroxyester, siliconorganic compounds,
triorganosilane, platini hydrochloriasid, epoxygraul,spectral analysis valency vibrations
oxytane cycle, a-okside, hidroksietner, epoksisilanes, specter, valent vibration, modifier

Interaction triorganositanes reactines with glysidle ester of plenylacetylenilcarbinol in the
presence of platinum-hydrochloric acid were inverstigated.

It was stated that all the worked aut hydrosilanes not depending on silicon atom
substituents are selectively attached on acetylene tie of propargile radical forming unlimited
siliconorganic hydroxylcontaining epoxyesters of ethylene series.
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MHOJYYEHUE MOHOMEPOB U COITIOJIMMEPOB I EJIJIIOJIO3bI
IKOJOI'MYECKHA YUCTBIM METOAOM

Kniouegvie cnoea: wuennionozocooepircawiue mamepuanvl, 6000pOOHbBIE  CBA3U,
Kpucmaniuyeckoe u 3nacmuyHoe COCMOAHUE, AKMUBUPOGAHHLIN MOHOMED, AKMUEAUUS,
conoaumepu-3ayus, Cmo4Hwle 600bl, MPAOUYUOHHAS MEXHOTI02USL, IKOT02UYECKU YUCMbLIL

B nanHolf pabore mnpoBeneHa AaKTUBALUs LEJUII0JI03bl C  KPUCTALIU3UPYIOLIUMU
peareHTamMH, a TaKXe H3y4eHbl COOTHOIICHHS KOMIIOHEHTOB, BpeMsi OOpaOOTKH, CYIIKU U
oMoJia € MOJYYEHHEM PEaKIIMOHHOCIIOCOOHOTO aKTMBHUPOBAHHOIO MOHOMEpa LIEJUIIOJIO3bI B
BUJIe nopoiKa. [TonydeHHbli akTUBUPOBAHHBI MOHOMEP LIEJUIOJI03bI UCIIOJIB30BaH B IIpoLiecce
COIOJIMMEPHU3ALIMN C HEHACBILIEHHBIMU MOHOMEpaMmu. B pesynbrare nccienoBaHuil BbIOpaHbI
yCIIOBHSA Tpoliecca, pa3padoTaHa BbICOKOI(G(EK-TUBHASL U SKOJIOTUYECKU YUCTAasl - MPAKTHYECKH
0e30TX0/1Hasi TEXHOJIOTUYECKas CXeMa.

B Hacrosiiee BpeMs MpOM3BOJHBIE LIEUIIOI03bI, B TOM 4YHCIe 3PUPHI U COMOIHUMEDSI,
HIMPOKO IPUMEHSIOTCS B IPOMBIIIJIEHHOCTH, CTPOUTENBCTBE, TPAHCIIOPTE, CEIbCKOM XO035HCTBE,
MeAuIMHE U T.1. VMcXxoqHble MaTepuaisl 17 IPOU3BOJCTBA Pa3IMYHBIX CUHTETHYECKHUX IOJIN-
MEpOB — He(PTh, KAMEHHBIM yroyib, IPUPOJHBIM ra3 — pacxoAYIOTCS BO BCE BO3PACTAIOIIMX
o0beMax, HECMOTpPs. Ha TO, YTO 3amachl ChIpbsl MOCTENEHHO yMeHblIaroTcs. llemmonosa -
€MHCTBEHHBIN MOJIMMEPHBIN MaTepual, pecypcbl KOTOPOTO HE TOJILKO HE YMEHBIIAIOTCS, a U
JIOCTaTOYHO PAIMOHAIBHOM M Pa3yMHOM IIJITAHUPOBAHUM MOTYT BO30OHOBIIATHCS €XKErOJHO B
JO0BIX KOJMYECTBaX, B COOTBETCTBUM C 3amacaMd W TpeOOBaHUSIMH Pa3BUBAIOLIETOCS
HapoJHOro Xo3sicTBa. HeorpanndeHHas cebippeBas 0a3a, HHU3Kas CTOMMOCTb MaTepHasoB,
LEHHbIE crerupuIecKrue CBONCTBA U3IEINI — TAKOBBI OCOOEHHOCTH UCIOIB30BaHUS LEJITIOI03bI
B Pa3JIMUHBIX OTPAcIIIX HAPOIHOTO X03sicTBa [1].

CornacHo CTaTUCTUYECKUM JIaHHBIM €KeroHo nepepadaTsiBaercs Oonee 398-480 miH. TH
LEJUTI0NIO3b], U3 HUX OK0JI0 40 % HCroib3yeTcss B XMMUYECKOH MOJU(UKAINU, a JUIS BBITYCKa
Oymaru U KapToHa UCIOIb3yeTcs okoJio 60 %, a U3 MPOU3BOAMMBIX Oymar U KapToH okojio 50 %
IPEBPAIAIOTCS B OTXO/IbI U CKUTAIOTCS, 0071151 BeCbMa OMACHBIMU JUTSI TPUPO/IbI CBOUCTBAMM.

CrepeoperyisipHOe CTPOCHHE MaKpPOMOJEKYIbI EeJUT003bI ¢ 70 %-0¥ KpUCTaUTHYeCKOM
CTPYKTYpOi, HaJMuue MOJSPHBIX T'PYII, 0O0YCIOBIMBAIOIINX MHTEHCUBHOE MEXMOJIEKYIIPHOE
B3aMMOJICHCTBHE U BBICOKYIO CTENEHb OPHUEHTAIMH 3TOr0 >KECTKOLEMHOro MOJUMeEpa, Ompesie-
JSIOT BBICOKME MEXAHMUYECKUE TOKAa3aTeId MaTEPUasIoB, MOJIy4aeMbIX Ha OCHOBE LIEJUIIOJIO3bI U
e€ mpou3BOMHBIX. [loaTOMY psii BaXHEHITMX OTpacieil HapOJHOTO XO3SIMCTBA B OJIDKaWIIve
rojibl OyJIeT OCHOBBIBATHCS HA NMPEUMYIIECTBEHHOM MJIM MHOT/Ia MOHOIIOJBHOM HCIIOJIb30BaHUU
LEJUTIOJIO3bI U €€ IPOU3BOIHBIX.

B coBpemMeHHON XMMHU TEJUTION03BI METOJT XUMUYECKOW MoAuQUKaIuu 0ojiee yHUBEpCca-
JIeH, YeM CTPYKTYypHas MOAU(UKALKs U MOXKET ObITh HCIOJIb30BaH AJIsl HAllPaBJIEHHOTO U3MEHe-
HUS CBOMCTB HE TOJIBKO HCKYCCTBEHHBIX BOJIOKOH M IUICHOK, HO M IPHPOTHBIX BOJIOKOH, Oymaru,
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JaKoB U mIacTMacc. g XuMu4eckoi MoAM(UKaLUU CTIONb3YIOTCS BCE PEaKLUU KJIACCHUECKON
XHUMHH TEJUTION036I. [2]

XUMHUYECKUE MPEBpAILEeHUs LEeIIH0I03bl HEOOX0IUMO pacCMaTpUBaTh B TECHOH B3auMO-
CBSI3U C OCOOCHHOCTSIMH IPOBEACHUS XUMHUYECKOTO MpoIlecca, C y4acTHeM KaK HH3KOMOJIe-
KYJISIPHBIX TUAPOKCUIICOACPIKALIMX COCTUHEHUH (CIIUPTOB, MOHOCAXapUAOB), TaK U BCEX COENIU-
HEHHI TOTO KJacca, K KOTOPOMY OTHOCHUTCS IIEIUTIONI03a — KJIACC MOJIMCAXapHUIOB.

[To TpaauLMOHHOMY METONy IpeABapUTeIbHast 00pabOTKa aKTUBALMM IOJIMCAXapUI0B, B
TOM YHUCIIC LEIUIIONIO3bI, SBISETCS 00s3aTENbHON Omepanueld Mpu MpPOU3BOACTBE 3(DUPOB U
COIIOJIMMEPOB. AKTHUBAIMIO LIEJUIIOJI03bI MPOBOIAT Ul TOrO, YTOOBI MOBBICUTH PEAKIIMOHHYIO
CHOCOOHOCTh THIPOKCUIIBHBIX TPYII M 00ECHeuuTh TpedyeMoe KauecTBO TOTOBOTO MPOIYKTA.
CymHocTs MeTOJa akTHBAallMM 3aKJoYaeTcss B 00paboTKe LEJIH0I03bl  XUMHUYECKUMHU
peareHTaMu, MMEIOLIUX IOJIIPHBIE TPYNIBl U BBI3BIBAIONIMX HaOyxaHue BOJIOKOH. [Ipu sTom
IPOMCXOIUT Pa3pbIXJICHUE HAIMOJIEKYISIPHOW CTPYKTYpBI, BCIEJICTBHE YEro, MaKpOMOJIEKYJIbI
OTIEINSIOTCS JIPYT OT Jpyra, BOJOPOIHBIE CBS3H MEXIY THUAPOKCHIBHBIMU T'PYIIIaMU
paspylIaoTCs, B pe3ysbTaTe YBEIMUUBACTCS MOPUCTOCTD U CIIEOBATENIbHO, 00JIer4aeTcst JOCTYI
ALMINPYIOIEN CMECH K TMIPOKCUIBHBIM IPYIIaM LEUII0I03bI. [3]

BeieykasanHble METOJbl AKTMBALMHU LEJUIION03bI  CONPOBOXKIAIOTCS 3HAYUTEIbHBIM
pacxoloM XWMHYECKUX pEareHTOB, JHEPropecypcoB M TMHTHEBOW BOJBI, YTO HPUBOAUT K
HEOJJHOKPaTHOMY IOBBIIICHUIO OOpa30BaHMs CTOYHBIX BOJ HA €IMHUIYy Beca aKTUBUPYEMOMH
nemwtronio3el.  OcmabiieHue W paspylieHHe  MEXMOJEKYJSIPHBIX — BOJOPOAHBIX — CBS3eH
o0ecreynBaeT Nepexo LEJUII0I03bl U3 KPUCTAJUIMYECKOIO COCTOSHUS B 3JacTU4HOe. B sTom
METO/IC AKTUBAIMHM MOJUCAXAPUOB HCIONB3YIOT CIEAYIONINE aKTUBUPYIOIIUE CPEICTBA:
CIUPTHI, (HEHOJIBI, 3(UPHI, alleTaTH, KETOHBI, B-KeTO3(UPBI, aMUHBI WJIH d(PHUPBI KAPOOHOBBIX HIIN
CyIb(OHOBBIX KHCIIOT, TPOU3BOIHBIE MOUYEBUHBI, CTEPOUIOB U.T.1. [4]

N3BecTHO, 4TO GJI0K-COMOIMMEPHI MOIYYAIOT TPEMSI METOIaMH:

a) B3aWMOJICHICTBHEM MAaKpOMOJIEKYJ IBYX HWJIM HECKOJIBKHX MOJIMMEPOB, COAEPIKAIINX
(GYHKIMOHAJIBHBIE KOHIEBBIE TPYIIBI, KOTOPBIX HET B CEpPEIUHE MOJTUMEPHON LIeNH;

0) B3aUMONCHCTBMEM MaKPOMOJIEKYT TIOJMMEPOB, COAEPXKAIIMX  PEAKIMOHHOCTIOCOOHBIE
(yHKIMOHAIbHBIE KOHIIEBbIE TPYIIIbI, C HU3KOMOJIEKYIIIPHBIMU OM(DYHKIMOHATBHBIMHI COSIUHE-HUSIMU;

B) MHUIMMPOBAHHWEM TIOJMMEPHU3AMd MOHOMEpPA, BBEACHHOTO B PEAKIIMOHHYIO CMECH,
MaKpopaguKalaMi, 00pa3yroIUMHUCS B pe3ybTaTe MEXaHOXUMHUECKOW NECTPYKIHUU C Makpo-
paavKazamMH APyroro MoJuMepa.

JlBa mepBBIX M3 YKa3aHHBIX METOJIOB HE MOTYT OBITh NMPUMEHEHBI Ul CHUHTE3a OJIOK —
COIIOJIMMEPOB  IIEJUTIONIO3bI, TaK KaK ajbJCTHIHBbIE TPYIIBI, BCTYNAOIIME B PEAKIUIO
COIOJIMMEPHU3AIINN, MOTYT HAaXOJIUThCS HE TOJBKO y MEPBOTO YIIIEPOJHOTO aToMa KOHIIEBOTO
3BEHa MaKPOMOJIEKYJIbI [IEJITFOJIO3bI, HO H 00Pa30BBIBATHCS B PE3YJIbTATE OKUCICHUST HEKOTOPBIX
THJIPOKCUIIBHBIX TPYII Ha KOHIIEBBIX 3BEHBSIX MAaKpOMOJeKynbl. OJHaKo, /Uil CUHTe3a OJOK—
COITOJIMMEPOB IIEJUTIONO3BI MPUEMIIEM TPETUH METOJ, TaK KaK MaKpOpaJaHKalbl, 00pa3yroImecs
IpY aKTUBAIIMU 3TOM Macchl B BOJHOM cpejie, MaJOyCTOMUUBEI U OBICTPO €3aKTHUBHPYIOTCS [2].

CuHTE3 MPUBUTHIX COMOIMMEPOB TOIYYMI MIUPOKOE PACTIPOCTPAHEHUE U SBIISETCS OJHUM
U3 Hanbosee NMEepCreKTUBHBIX U3 BCEX METOJOB, MPEAJIONKEHHBIX JUIS XUMHUYECKOM Moaudu-
KaI[i¥ ITOJIMMEPOB BOOOIIIE U IIEJUTIONIO3HI B YACTHOCTH.

[Tpu mony4eHnH NPUBUTHIX COMOJIUMEPOB aKPUIOBOI KHUCIOTHI C IIEIUIIOI030H MOCIeHsA
noaBepraercsi npoueccy aktuBanuu 20 % -wbM pactBopom NaOH mpu Temmeparype 25°C B
teuernne 3 4. [locne storo memmosnosa mpoxoaut npombiBKy pactBopoM HCI wmu HNO;z u
JUCTUJUIMPOBAHHOM  BoaoW. IlomydeHHass akTHBUPOBAHHAs — LEJUIIOJI03a  IOABEPraercs
CONOJIMMEPHU3aIMN aKPUIIOBOI KHCIOTOM. [5]

[Ipy roMOreHHOM MPUBUTON COMOJIMMEPHU3AIMU AKPHIOHUTPUIIA C LEJUIIOI030M MOpOII-
KOBYIO LIEIUTIONO3Y PACTBOPSUIM B crcteme pactBopureneii NyN' — miMernnaneramun — xmopuz
mutus npu 150 °C ¢ nosrydyeHueM 2 %-HOro IpO3padyHOro pacTBOpa, B KOTOPOM IPOBOJIHIIU
TPUBATYIO COTOTMMEPH3ALINIO AKPHIOHHTPIIA C LEIUTI0N030i mpu Temmeparype 3080 °C B
Teuenue 3 4. [6]
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B kadecTBe aKTHBHPYIONIETO peareHTa INpU aKTUBAIMU IEJUTI0I030COACPKAIINX
matepuanoB ucnoiab3ytoT 11 % NaOH u 0.5 + 2.0 % ruapoduibHBIX MNOJIUMEPOB, TAKUX Kak
MOJIUTIPO-TIMJICHTJIMKOJIS, TOJIMBUHUIIOTO CIIMPTA U MOJMAKPUIIaToB [7].

OpnHako U3BECTHBIC TPAIULIMOHHBIE METO/Ibl aKTUBAIMH 1IEJITI0I03bl HE CBOOOIHBI OT psla
HEJOCTaTKOB, HampuMep OOJIBIION pacxoj]] TOKCHYHBIX arpeCCUBHBIX PEareHTOB, TITyOOKas
JeTIOIMMEpU3alisl  MCXOAHOTO MaTepuana, OOJBIION pacxo]l MUTHEBOW BOJBI M O0Opa30BaHHE
OOJIBLLIOTO KOJIUYECTBA CTOYHBIX BO/I.

[IpennoxkeHHOM HaMU METOJ| aKTHBAIMHM LEJUIIOJIO3bl B OTJIMYUE OT TPAAUIIMOHHOTO
METOJla HCKJIoYaeT oOpa3oBaHHE CTOYHBIX BOJ M CHUXKEHHUS JHEpProzarparbl B IIpoIlecce
aKTUBALlUM, TJE€ W3MEIbYCHHYI0 LEJUII0N03y 00pabaThiBaidi TOJBKO HEOPTaHUYECKUMU
COC/IMHCHUSMU B TCUCHHE HECKOIBKIX MUHYT C nocneayomend GuiIbTpaueil U CymKkon mnpu
temneparype 100+ 105°C u, IIPY TIOMOJIE TOJYYCHHBIM aKTUBUPOBAHHBIM MOHOMED LIEJIIIOJI03bI
B BUJIE CHIITy4Yero Nmopoika 00JaaeT BEICOKON peakIMOHHOM criocoOHocThIo [8, 11, 12,13].

C uenbio JOCTUKEHHSI aKTUBAIIMH, U3METFYCHHYIO 1eJUTIoN03y Ha | ctanun oOpabaTeiBatoT
20-30%-HpIM pacTBOpaMHU MOHOMEPOB aKPHJIOBOW-, METAKPHUJIOBOW-, MaJE€HHOBON KHCIIOT W
OyTuiakpuiaToM, ¢ J100aBlieHHEM HHHIMATOpa paauKalbHOM monumepusanuu Ha |l cramuu
MPOBOJAT TIPOILIECC COMOJMMEPHU3AIMN € YKa3aHHBIMU MOHOMEpPAMH, IPU 3TOM  IMPOIECC
SIBJISICTCS DKOJIOTHYECKH YuCThIM [9, 10].

B npennoxkeHHOM HamM TpolLecce aKTUBAllMM, B KayeCTBE IIEJUIFOI030COIEpHKAIIIX
MaTepuaioB ObUla HCIOJB30BaHA Makyiaatypa mapku MC-1A, cormacko T'OCT 10700-97 (B
JanbHeieM OyIeT Ha3bIBaThCS IEJLTI0I030i). M3MebueHHYIO [EIUTF0I03y 00pabaThIBAIN BOIHBIM
pactBopoM rekcameradocHOpHOKUCIIOTO HATPUS, IIPH ATOM MaKCUMAIILHO MOBBIIIAETCS XPYIKOCTh
MaKpOMOJIEKYJIbl M IIPU TIOMOJIE pa3pyllaeTcs MaKpOMOJIEKYJsIpHas U BOJIOKHHCTasl CTPYKTypa ¢
MOJTY4YE€HHEM aKTHBUPOBAHHOIO MOHOMEpPA LIEJUTIONIO3bI B BUJIE CBIITy4Yero nopoika [9].

IKCIHEPUMEHTAJIBHASA YACTbH
[Iponecc akTUBALMHU LEJIIOA03bI TPOBOAT CIEIYIOIIUM 00pa3oM: B JTUTPOBBIM CTakaH
¢ MarHUTHOM Memankoil 3arpyxkart 0,83+8,0%-oro BogHOro pactBopa rekcameradocdop-
HOKHCIIOTO  HATpus, 3 Tp. U3MEJIbUYEHHOH I1EJUTI0JIO3bI, 00padaThIBAIOT B TedeHHe 25-60 MuH.
3atem 00paboTaHHYIO LEJUTI0I03Y PUIBTPYIOT U CcylIat npu temmeparype 100+ 105°C B TeueHue
90 MUH ¢ TIOCIENYIONMM IOMOJIOM B TeueHue 8 MuH. [Ipu moMomm CUTOBOro aHaimu3a
onpenensoT ¢paknuonHeiii coctaB 0,10 — 0,630 MKM MOpOIIKa MEIIOI03bl C BBIXOJAOM
87,50+98,06 Bec %. Pe3ynbraThl ONBITOB MpUBEACHBI B Tabmuie 1.

Tabmuna 1

Ne HaumeHnoBanue Homepa onibITOB U HX pe3yJibTaThl

peareHToB

1 | JuctuinupoBaHHas BoJa, rp. | 297,5 | 295 291 291 285 276

2 | I'excameTadochopHOKUCITBIN Ip. 2,5 5 9 9 15 24
HaTpui,

3 | KonnyecTBo 11em1105103861, Ip. 3 3 3 3 3 3

4 | Bpems 00paboTKy 1euttono3el, | MuH. | 60 50 45 25 45 30

5 | Cymka npu 100-105°C, muH. | 90 90 90 90 90 90

6 | Bpems nomona, MUH. 8 8 8 8 8 8

7 | TIopomoK IeJUTFOJIO3HI, Ip. 2,95 2,96 2,95 2,98 294 | 2,97

8 | ®pakuMOHHBIN cocTaB Mopoka, | %

9 | 0,630 Mxm 362 | 194 | 195 | 851 | 2,57 | 6,48
0,320 MM 31,52 | 31,90 | 33,20 | 25,22 | 33,08 | 26,85
0,200 MM 25,37 | 31,13 | 31,25 | 27,52 | 27,58 | 26,85
0,100 MM 31,52 | 31,13 | 27,34 | 31,07 | 31,25 | 33,30
0,10 MkM 797 | 390 | 6,25 | 7,95 | 552 | 652
pH-BoHOTrO IUCHIp. MOpPOIIKA, yuc. | 6,5 6,8 6,6 6,7 6,8 6,9

10| Beixon akTUBUpOBaHHOU | % 96,38 | 98,06 | 98,05 | 90,50 | 97,43 | 93,52
EJITIOJIO3BI
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[Tonmy4deHHBI aKTUBUPOBAHHBIM MOHOMEp LIEJUIIOI03bI OB HMCHOJIB30BAH IPU COMNOJIU-
MEpHU3aLMH C AKPUIOBON KUCIOTOMU:
K2S;07+Na,S0,
CeH70,(OH); + nCH2=(|3H —_— CeH;0, -O—CHZ—(l':H—
COCH COOH |n

[Ipomecc comonumepu3anud MOHOMEpPA IEIUIION03b C aKPUJIOBOM KHUCIOTOH IPOBOIAT
cenyromuM 00pa3oM: B 3-X TOPIyI0 KOJIOY ¢ MEMIAIIKOW M MOJAOTPEBOM 3arpyKaroT pacdéTHOE
KOJIMYECTBO JUCTHJIMPOBAHHOU BOABI 75 rp. u 0.5 Tp. aMynbraropa jaypwicyibdara HaTpusl,
0.7 rp. nemmono3sl 1 18,0 Ip. aKPHIOBOH KHCIOTEL 3ateM mpu Temmeparype 70°C 106aBisioT
0.4 1p. pamukambHOro uWHHMIMaropa mnoiauMmepusanuu  KpS;0g+Na,SOs,  mpormece
cononuMmepuzanuusa mnporekaer B TeueHue 90-95 muH. Ilpu 3TOM KOHBEpCHST MOHOMEPOB
coctaBisieT 98,2-98,6 Bec %. Pe3ynbTarhl ONMBITOB IPUBEACHBI B TA0IHUIIE 2.

Tabnwmna 2
Ne HaumeHoBaHue peareHTOB Homepa onbITOB U HX
Pe3yJabTaThl
1 | JuctumimpoBaHHas BoJa, p. 75 75 75
2 | ITopoIiiok HesuIr0I03bl pa3MEPOM YacT. Ip.
100 MM Tp. 0,7 - -
200 MKM Ip. - 0,7 -
320 MkM Tp. - - 0,7
3 | Jlaypuicynbdar Hatpus, Ip. 0,5 0,5 0,5
4 | AxkpuioBasi KMCJIOTa, Ip. 18,0 19,0 18,0
5 | MaunmaTop nepcynbdat xanms, Tp. 0,4 0,4 0,4
6 | Temnepatypa, e 80 80 79
7 | Bpems nporiecca, MUH 90 95 90
8 | Boanslii pacTBOp comonmmepa, Ip. 94,4 95,0 94,3
9 | KonmgecTBo conosmmepa, % 21,0 19,2 20,2
10 | pH-BoaHBIIf pacTBOp conoanmMepa, €J/IVH. 6,8 6,5 6,2
11 | BsskocTh 1%-HOTO pacTBopa MM?/cex 2,12 2,4 18,70
COIIOJIMMEPa,
12 | Bpewmst BbICBIXaHUS TUICHKH, Jac 4,0 45 4,0
13 | Axaresus Oan 1 1 1
14 | KonBepcus MOHOMEPOB, % 98,2 98,5 98,6

[TpennoxeHHbId METOJT aKTUBALIMA OTHOCUTCSI K XUMHUH LEJUTIOI03b] U €€ IIPOM3BOIHBIM, a
MMEHHO MOJy4YeHHe aKTUBUPOBAHHOIO MOHOMEpa IEJIII0I03bl, KOTOPBIM MOXKET ObITh HCIOJIb-
30BaH B KayeCTBE ChIpbs JUIsl CONOJMMEPH3ALUHN LEJIH0I03bl C JAPYTMMHU HEHACBIICHHBIMU
MOHOMEpaMH.

s npuaHus MakCUMAaJIbHOM XPYNKOCTH MAaKpOMOJIEKYJISPHONW CTPYKTYpPBI LEJIHOI03bI
nepes IoMosioM e€ 00pabdaThIBalOT BOJHBIM PACTBOPOM rekcameTapoc(OpHOKHUCIOr0 HaTpHUs C
MOCJEAYIOLIEN CYIIKOW, U MpHU MOMOJIE pa3pyllIaeTcsl €€ MaKpOMOJEKYJIsApHas U BOJIOKHHUCTas
CTPYKTypa C TMOJY4YeHHEM aKTHBHPOBAaHHOIO MOHOMEpPA UEJUIION03bl B BHJIE IOPOIIKA C
BBICOKOM PEaKIIMOHHON CHOCOOHOCTHIO.

Pe3ynbTarhl ONBITOB MOKAa3ajM, YTO B MPOIIECCe aKTUBALIMHU LEJUTI0NI03bI, €€ 00padaThiBaloT
pacTBOpoM rexcameTradocOpPHOKUCIOro HATpHUsl C MOCIEAYIOUIeH CYIIKONH MpU TeMmIieparype
100-105°C B Teuenne 90 MHH., TOCIE TTOMOJA - MIPOJIOJKUTENIBHOCTBIO 8 MHUH. IOJIy4aeTCs
AKTUBUPOBAHHBIA MOHOMEp LIEJUIOJIO3bI B BHJE CHIMYYEro IOpPOIIKAa C pa3MEpaMu YacTHI]
10+630 wmxMm. Ilpomecc comnoauMepu3aluy aKTUBUPOBAHHOTO MOHOMEpA IEUTIONI03bl €
AKPHIIOBOH KHCIOTOH mpoBomaT mpu Temneparype 79+80°C B teuenue 90+95 MuH.
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[Tpu akTMBaM¥U LEUIIOJIO3BI TI0 CPABHEHUIO C TPAAULMOHHBIM METOJOM CTOYHBIE BOJBI U
BBIOpOCHl B aTMocdepy He 0O0pa3yloTcsi, YTO U CBHICTEIBCTBYET OO0 3SKOJIOTHYECKOH
0e30I1acCHOCTH Ipoliecca.

B nucnepcnoHHOM pacTBOpE aKTUBHPOBAHHOI'O ITOPOILIKA ILIEJIIIOJIO3bI, BCErAa MpPUIEp-
JKUBAETCs LIEJIOYHAs CPea, YTO U IO3BOJISIET BECTH IPOLECC CONOJIMMEPU3aLUU C aKPUIOBOU
KHCJIOTOHN Tpu OoJiee HU3KKUX TeMIIEpaTypax U BpEMEHH PEaKIIHU.

Hayuynass HOBHM3Ha pe3y/lbTaTOB, U3JI0KCHHBIX B CTaThe, 3aKJIIOYAETCS B cienyromem. B
IPEUIOKEHHOM ~ CMOCO0€  aKTHBAllMM, MAKCHUMAJIbHO TIOBBIIACTCS KPUCTALIUYHOCTD U
XPYIKOCTh LEJIII0JI03bI, C Pa3pyLICHUEM MaKpOMOJIEKYJISIPHOM M BOJOKHHMCTOH CTPYKTYpPBI U
IIOJIy4YEeHUEM aKTMBUPOBAHHOTO MOHOMEPA LICJUIIOJIO3bl B BUJE ChIIYYEro IMOPOIIKA C BBICOKOH
PEAKIIMOHHOM CIIOCOOHOCTHIO.

B kauecTBe LEIITIOI030COACPIKAIIECTO ChIPhsl BIIEPBHIE ObLIa MCIIOJIB30BaHA MaKyJaTypa
Mapku MC-1A B3amMeH LIEJITI0JIO3BI.

W3MmeHeHrne METOAMKY aKTUBALIMU LIEJUTF0JIO3bI UCKIII0YaeT 00pa30BaHUE CTOYHBIX BOJ B
npouecce. [Ipennoxken mexaHnusm nporecca.

[losnydyeHHBI aKTUBUPOBAHHBII MOHOMEp LEIUIIOJIO03bl Ha OCHOBE MAaKyJIaTypbl ObLI
WCIIOJIb30BaH IIPU CONIOJIMMEPHU3ALUU C AKPUIIOBBIMU MOHOMEPAMHU.

Hcnons3oBaHne OAHOIO TOHHA MAakyJjgaTypbl B KauyeCTBE ChIPbs AT BO3MOKHOCTH
CBIKOHOMHTb 2,5 M° O[HOTOIHYHO# IPEBECUHBI U OKOJIO 7,5 M° TIHTHEBOI BOJIBL.
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XULASO
Moammadov C.V., Sahgaldiyev F.X., Adilova L.I., Safsrova G.M.
EKOLOJi TOMiZ USULLA SELLULOZANIN MONOMERLORININ VO
SOPOLIMERLORININ ALINMASI

Acar sozlor: selliilozatorkibli materiallar, hidrogen rabitalori, kristallik va elastik hali,
aktivlagdirilmis monomer, aktiviagdirilma, sopolimerlagdirilma, cirkab sular, ananavi texno-
logiya, ekoloji tamiz

Elmi todqiqat isinde kristallagdiric1 reagentlorin istiraki ilo selliilozanin aktivles-dirilmasi
prosesi aparilmis, prosesdo istirak edon komponentlorin mol nisbotlori, emal, quruma vo
tytidiilmo vaxtlart Oyronilmis, noticads iso toz soklindo aktivlosdirilmis reaksiyayagirmo
qabiliyyatli selliloza monomeri alinmisdir. Alinmis selliiloza monomerinin  doymamis
monomerlorilo  sopolimerlosmo  prosesi  aparilmigdir.  Noticodo  prosesin  sortlori
miioyyanlosdirilmis, yliksok somarali vo ekoloji tomiz texnoloji sxem hazirlanmisdir.

SUMMARY
Mamedov D.V., Shakhgeldiyev F.Kh., Adilova L.I., Safarova G.M.
OBTAINING OF MONOMERS AND COPOLYMERS OF CELLULOSE WITH
ECOLOGICALLY PURE METHOD

Key words: cellulosic materials, hydrogenous communications, crystal and elastic state,
activated monomer, activation, copolymerization, waste waters, traditional technology,
ecologically pure

In this article the activation of cellulose with crystallizations reagents has been studied;
also the ratios of components and processing times of drying and beating of them have been
invetigated. At the result obtained reaction able activated monomer of cellulose as a powder is
got. Obtaining activated monomer of cellulose has been used in the processes of
copolymerization with unsaturated monomers. At the results of researches conditions of
processes have been selected and high performance and ecologically pure — technologicall
scheme practically without waste have been developed.

Daxil olma tarixi: ilkin variant: 03.07.2014
son variant: 11.08.2014

Sumgqayit Dovlat Universitetinin Kimya va biologiya fakiiltasinin Elmi Surasinin
30.06.2014-cii il tarixli iclasinin 15 sayh protokolu

Tom 14 «Hayunvie uzsecmusy Cymeaiubimckozo eocyoapcmeennozo ynusepcumema  Ne2, 2014

41



Sumgqayit Dovlat Universiteti  «ELMI XOBORLOR»

Tabioat va texniki elmlor bolmasi NQZ 2014

BAYRAMOV QORXMAZ KORIM oglu
Sumqayit Déviat Universitetinin dosenti
MURADOV MAHAL MAYIL oglu
Sumqayit Déviat Universitetinin dosenti
NOSIROVA iIRADD MBMMBOD qiz1
Sumgqayit Déviat Universitetinin bas miiallimi
Email: mailoglu@mail.ru

TORKIBINDO NiTRIL QRUPU SAXLAYAN EPiSULFIDLORIN SINTEZi

Acar sozlar: episulfidlor, [-(alkil)aminopropionitrillor, tioepixlorhidrin, epitiogrup,
sianetillasma reaksiyasi

Episulfidlor dedikds asagidaki qurulusa malik kiikiird torkibli tiglizvlii heterotsiklik
birlogsmoalor nazords tutulur:

/N\N/
C-GC

R S R
\
/N
R R

Son zamanlara qodor episulfidlor yalniz nozori cohotdon maraq doguran birlogsmalor
sayilirdi. Onlar {glizvlii hetrotsiklik birlogmalorin tobistini aydinlagdirmaqdan 6trii istifado
olunurdu. Hazirda bu birlogsmalarin sintezina olan tolobat kokiindon doyismisdir. Episulfidlorin
xassolori haqqinda oldo olunan molumatlar {izvi kimyanin nozori baxislarina yeni toéhfalor
vermaklo yanasi, onlarin polimerlorin, modifikasiyaedici agentlorin, asqarlarin, fizioloji foal olan
maddolarin sintezindo do genis istifads olunma ehtimallarini da ortaya ¢ixardi.

Son illorde dovri odabiyyatda episulfidlorin sintezi vo xassolorinin todqiqatina aid derc
olunan molumatlarin intensivlogsmasi bu birlosmoalors olan maragin xeyli artdigina dolalot edir.

Lakin odobiyyatda torkibindo nitril qrupu saxlayan episulfidlorin sintezino vo onlarin
xassolorinin tadqiqineg aid islors az rast golinir.

Todqiqat i1 hoam nozori vo hom do tocriibi cohotdon ohomiyyot kosb edon bu ndv
birlosmolarin sintezino hasr olundugundan aktual sayila bilor.

TOCRUBI HISSO
Episulfidlori sintez etmokdon otrii miixtolif nov isullardan istifado oluna bilor.
Nitriltorkibli episulfidlori sintez etmokdon o6trii biz R.A.Sultanov vo omokdaslarinin toklif
etdiklori birmorhololi iisuldan istifado etmisik. Bu iisul B-(alkil, alkenil) aminopropionitrillora
tioepixlorhidrinin tasiring asaslanmigdir. Bu zaman nitriltorkibli episulfidlorin alinmasi asagidaki
reaksiya sxemi iizro gedir.

S S
KOH

CHZ-CHZ-CH2C|+H-I|\ICHgCHgCN_> CHg-CHCH2|N-CH2CH2CN+KCI+H20

R R

Harada kl, R-CH3, C2H5, C3H7, C4H9, CHQZCH-CHz-

Tadqgiqatlar noticasindo miioyyan edilmisdir ki, ilkin -(alkil)aminopropionitrillorda alkil
radikali boyiidiikco nitriltorkibli episulfidlorin ¢iximi da artir.

Sintez olunan birlogmolorin tomizliyi xromatoqrafik analiz iisulu ilo miioyyon edilmis vo
tomizlik doracasi 99-99.5 % olmusdur. Episulfidlorin quruluslari iso 1Q-spektroskopiya vasitasilo
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miioyyon edilmisdir. Sintez olunan birlogsmolorin hamisinda epitio vo nitril qrupuna xas olan
tezliklor agkar edilmisdir.
N-metil-N-(g-sianetil)-N-(2.3-epitiopropil)aminin sintezi
CH,-CH,-CN

CHs-N < (1)

CHz-%H]CHZ
S

Mexaniki qarisdiricisi, oks soyuducusu, termometri, damci qifi olan ticbogazli kolbaya 70
qr (0.65 mol) tozaco qovulmus tioepixlorhidrin yerlosdirilir. Kolbadaki mohsulu intensiv
qarigdirmaq vo 5 °C-dok soyutmaq sorti ilo iizorine 54 q (0.65 mol) B-(metilamino)propionitril
olavo edilir. Gostarilon miqdar amin slave olunub qurtardiqdan sonra reaksiya qarisigi 6 saat
miiddatindo qarisdirilir va sohara gqodar kolbada saxlanilir.

Ertasi giin kolbadaki barkimis kiitlonin tizorine 250 ml dietil efiri alava olunur va intensiv
qarigdirma vo soyutma soraitinds 39 gr narin xirdalanmis KOH slave olunur.

Gostorilon miqdar kalium hidroksid slave olundugdan sonra kolbadaki qarisiq efirin
gaynamasi temperaturu soraitindo yenidon 8 saat qarisdirilir vo omolo golon duzdan
tomizlomokdon 6trii siizgacdon kegirilir. Stizgocds ayrilan duzu iki dofo dietilefiri ilo yudugdan
sonra efir qalig1 vo filtrat1 birlosdirir vo susuz mis sulfat iizorinds 12 saat miiddstindo qurudurlar.

Holledicini adi soraitdo qovduqdan sonra reaksiya qarigigini vakuum soraitindo qovaraq
fraksiyaya ayirirlar:

| — fraksiyamin qaynama temperaturu 70 — 71 °C (68 mm) olub reaksiyaya girmoyen
tioepixlorhidrindir.

Il — fraksiyanin gaynama temperaturu 80 — 81 °C (24 mm) olub ilkin amin olan B-
(metilamino)propionitrildir.

Il — fraksiya iso qaynama temperaturu 105 (5 mm) olan N-metil-N-(B-sianetil)-N-(2.3-
epitiopropil)amindir. Bu xam birlogsmoni yenidon qovdugdan sonra onun gaynama temperaturu
106 °C (1.5 mm), np®® — 1.4898, ds*° — 1.022, MRpysp — 44.146, MRppes — 44.046.

Sintez olunan birlosmonin element analizi asagidaki kimi olmusdur.

Element analizi
Tapilmigdir, %: C —53.21, H - 7.65, N — 17.38
53.51, 7.75, 17.57
Hesablanan, %: C —53.84, H—-7.69, N — 17.94. Cixim — 15 %.
Analoji soraitds asagidaki siantorkibli episulfidlor sintez olunmuslar.
N-etil-N-(s-sianetil)-N-(2.3-epitiopropil)amin
}HZ-CHZ-CN
CyHs-N N @)

CHz-GH-CH;
S

Qaynama temperaturu 111-112 °C (0.5 mm), np®® — 1.4892, d,*° — 1.0214.
MRptap — 48.10, MRphes — 48.69.
Element analizi
Tapilmigdir, %: C —56.20, H—8.13, N — 16.901
56.41, 8.21, 16.975
Hesablanan, %: C —56.47, H — 8.23, N — 16.47. Cixim — 20 %.
N-propil-N-(s-sianetil)-N-(2.3-epitiopropil)amin
Y CH,-CH,-CN
N 3)
CH,-CH-CH;

CsH7s-N
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Torkibinda nitril grupu saxlayan episulfidiorin sintezi sintezi

Qaynama temperaturu 121-122 °C (0.5 mm), np®® — 1.4990, d,*° — 1.0194.
MRptap — 53.06, MRppes — 53.01.
Element analizi
Tapilmigdir, %: C —58.56, H— 8.32, N — 15.12
58.41, 8.46, 15.46
Hesablanan, %: C — 58.69, H—8.69, N — 15.21. Cixim — 30 %.
N-butil-N-(f-sianetil)-N-(2.3-epitiopropil)amin
CH,-CH»-CN
CaHo-N{ 4
\CHZ-CH-CHZ
N/

Qaynama temperaturu 141-142 °C (0.5 mm), np®® — 1.4998, d4*° — 0.9967.
MRptzp — 58.52, MRphes — 57.99.
Element analizi

Tapilmisdir, %: C —60.23, H—9.02, N — 14.48
60.90, 9.18, 14.23
Hesablanan, %: C — 60.60, H —9.06, N — 14.19. Cixim — 40 %.
N-allil-N-(-sianetil)-N-(2.3-epitiopropil)amin
CH,-CH,-CN
CHZ:CH-CHZ-N< ©)

CHz-%H}:Hz
S

Qaynama temperaturu 128 °C (0.5 mm), np®® — 1.5126, d,*° — 1.0325.
MRptap — 52.75, MRphes — 52.86.
Element analizi
Tapilmigdir, %: C —59.21, H-7.81, N - 15.12
59.44, 7.24, 15.01
Hesablanan, %: C —59.34, H — 7.69, N — 15.38. Cixim — 55 %.
Sintez olunan nitriltorkibli episulfidlorin fiziki-kimyavi gostaricilori

CH,-CH,-CN
R-N<
CHZ-C\H-/CHZ
S Cadval 1.
sls R Qay t-ru,mm | d;”° Np>> MRp Crxim,
C.S tapil hesab %

1 | CHsz 106 (1 mol) 1.0222 1.4848 44.14 44.04 15
2 | CHs 112 (1 mm) 1.0214 1.4892 48.10 48.69 20
3 | C3Hy 122 (1 mol) 1.0194 1.4990 53.06 53.01 30
4 | C4Hg 142 (0.5 mol) | 0.9967 1.4998 58.52 57.99 40
5 |CH,=CH-CH,- | 129 (0.5 mol) | 1.0385 1.5126 52.75 52.86 55
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PE3IOME
baupamos I'.K., Mypaooe M.M., Hacuposa U.M.
CHUHTE3 HUTPUWJICOIAEPKAIUX SIUCYJIbPUIOB

Knwuesvie  cnoea:  snucynvuow,  [-(ankun,ankeHusn)amMuHOnPONUOHUMPUITIDL,
MUOINUXTOP2UOPUH, INUMUO ZPYNNA, PEAKUUA UUAHOIMUTUPOCAHUSA

HccnenoBana  peakimust  CHHTE3a  HUTPWICOACPXKAIIMX  JMUCYAb(UIOB,  IyTeM
B3aUMOJCHCTBUS  [3-(aJKWJiI,aJKeHNUI)aMUHONPONUOHUTPUIOB € THOAIUXJIOPTHIPHHOM.
YCTaHOBIEHO, YTO, MO MEpe YBEIMYEHHS BEIUYMHBI AIKWIBHOTO pajguKaja B yKa3aHHBIX
MPOITMOHUTPHUIIAX,, BBIXOJ] COOTBETCTBYIONINX HUTPHIICOISPIKANINX AMUCYITH(OUIOB MTOBHIIIIACTCS.

SUMMARY
Bayramov Q.K., Muradov M.M., Nasirova I.M.
GROUP COMPOSITIONS CONTAINING NITRILE SYNTHESIS EPISULFIDE

Keywords: episulphides, g-(alkyl)aminopropionitrile, tioepichlorhydrin, epithio groups,
cyanoethylation reaction

The reaction of the synthesis of nitrile containing episulphide by interaction of -
(alkyl)aminopropionitrile with tioepichlorhydrin was analyzed.

It was found that with increasing the quantity of alkyl radical in these propionitrile yield
corresponding nitrile episulphide increases.
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UCUZVISILANLARIN B-ALLILOKSIPROPION TURSUSUNUN PROPARGIL
EFiRINO KATALITIiK BIRLOSMO REAKSIYASININ TODQIiQi

Acar sozlor: iiciizvisilanlar, katalizator, silisiumiizvi miirakkab efir, spektr, udma zolag,
valentlik ragslari, identifikasiya, hidroliz

Mbaqalads iiciizvisilanlarin  platin  katalizatoru istirakinda  [-alliloksipropion  tursusunun
propargil efirina katalitik birlasma reaksiyasmin tadqiqi zamant alda olunan naticalor sorh edilmisdir.
Reaksiyaya daxil olan maddalorin ekvimolyar nisbatinda iigiizvisilanlarin tadqiq olunan doymamus
miirakkab efiro asason HC=C- alaqasi iizra birlasarak dien sira silisiumiizvi miirokkab efirlor amalo
gatirmasi miiasir fiziki-kimyavi analiz metodlarimin komayi ila tayin edilmigdir.

1930-cu illerin sonlarinda Isvecra alimi Pyer Qastan vo amerikan alimi Silvian Qrinli bir-
birindon xabarsiz olaraq bisfenol-A-epixlorhidrin gatran1 osasinda ilk polimer materiali sintez
etdilor. Artiq bir nec¢o ildon sonra 1946-c1 ildo ilk dofo sonaye miqyasinda epoksid qatrani
istehsal olunaraq satisa cixarildi. O dovrden reaktoplastik polimerlorin istifado saholori ilbail
artmaqda davam edir. Epoksid qatranlari miixtolif Ortiiklorin hazirlanmasinda, avtomobil vo
gomiqayirma sonayesindo, aerokosmik sonayesindo, homg¢inin cihazqayirmada, alstlorin,
borularin istehsalinda vo kimya sonayesinds genis totbiq olunur. Sixliglarinin asag: (1.3 q/sm® -o
gador) olmasi, adgeziya gabiliyyatlorinin vo mexaniki xassolorinin yiiksok olmasi hesabina
epoksid gatranlar1 noqliyyat masinqayirmasi li¢iin perspektiv material hesab olunur. Aerokosmik
sonayesindo dolduruculu epoksid materiallar1 horbi vo miilki ugaqlarin xarici gévdssinin vo
daxili qurgularimin bir ¢ox hissalorinin hazirlanmasinda genis istifade olunur. Epoksid polimer
kompozisiya materiallarinin xassolorini nozerocarpacaq deorocodo yiiksoltmoyo imkan veron
milasir yanasmalardan biri polimer matrisaya modifikatorlarin vo dispers nanodlgiilii
doldurucularin daxil edilmosidir. Hazirda elmi tadqiqat vo sonaye layihalorinin bdyiik bir hissasi
epoksid qatranlarinin  xassolorinin mohz nanokompozitlor istehsali hesabina daha da
yiiksaldilmasino hasr olunur. Nanokompozitlor kimi tobogoli silikatlardan vo silisiumiizvi
birlogsmolordon genis istifads edilir [1].

Yuxarida qeyd olunanlar1 nozors alaraq, epoksid qatranlari iiclin somorali modifikatorlar vo
doldurucular sintez etmok, homg¢inin silisiumun hidridlorinin doymamis miirokkob efirloro
katalitik birlosmo reaksiyas: sahosindoki todqiqatlarimizi davam etdirorok [2,3], baxilan
reaksiyada doymamis miirokkab efir molekulundaki CH,=CH- vo HC=C- odaqplorinin nisbi
reaksiya qabiliyyotlorini toyin etmok mogsadilo Tiglizvisilanlarin HyPtClg istirakinda [3-
alliloksipropion tursusunun propargil efirino katalitik birlosmo reaksiyasi todqiq edilmisdir.
Miiayyan edilmisdir ki, reaksiyaya daxil olan maddslarin ekvimolyar nisbatinds birlosmo asason
HC=C- olaqgpsi iizra gedir vo dien sira silisiumiizvi miirokkob efirlorin alinmasi ilo naticalonir:

R
|

CH3—|Si—H + CH,=CHCH,0OCH,CH,COOCH,C=CH —
R/
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R
— CH2=CHCHgOCHZCHzCOOCHZCH=CH-S||,i-CH3 1)
R
Burada R=R'= C,Hs (1), C3H7 (11), i-C3H7 (111), C4sHg (1V), CeHs (V); R=CHs, R'=CsHs (VI1),
CH,CgHs (VII).

I-VII silisiumiizvi efirlorin torkibi vo qurulusu elementlorin analizi ilo, homginin kimyavi
vo miiasir fiziki-kimyovi analiz metodlarinin komayi ilo toyin edilmisdir. Belo ki, I birlosmanin
[Q-spektrindo C—O—C, Si-CH3 vo >C=0 gruplarmnin, homginin Si—C=C qruplasmasinin >C=C<
olagesinin valentlik rogslorine moxsus, tezliklori miivafiq olaraq 1000, 1250, 1735 vo 1615 sm™*
olan udma zolaqlar1 vardir. HC=C - slagosinin identifikasiyasi {i¢iin istifads edilon udma zolagi
iso aragdirilan spektrin 2260-2190 sm™ sahasinds yoxdur [4].

Elmi adabiyyatda X—C=C-Y tipli ikiovozli etilenin valentlik rogslorinin identifikasiyas iigiin,
adoton, spektrin 1680-1665 sm™ sahosindo miisahido edilon udma zolagindan istifado edilir [5].
Arasdirilan spektrdo homin udma zolagmnin nisboton asagr — 1615 sm™ tezlik sahosino dogru
yerdoyismosini  >C=C< olagosinin  m—elektronlarinin ~ silisium  atomunun elektronlarla
tamamlanmamig 3d-orbitallari ilo gqismon ortiilmasi ilo (d—p. qosulma effekti) izah etmak olar [6].

Tadqiq olunan reaksiyanin HC=C- slaqosi lizro getmasi kimyavi yolla da tosdiq edilmigdir.

Bels ki, VI birlosmenin hidroliz reaksiyasit mohsullarindan B-alliloksipropion tursusu vo VIII
silisiumiizvi doymamis spirt ayrilaraq xarakterizs edilmisdir:

R
CH2:CHCHZOCHgCHZCOOCHZCH=CH—éi—CGH5 +HOH —
L
R (2)
——— CH,=CHCH,OCH,CH,COOH + C6H5—|Si—CH=CHCH20H
FI{.
R=R'=CH; (VII1).

VIII Silisiumiizvi doymamis spirt qarsiligl sintezlo - dimetilfenilsilanin heksaxlorplatinat
tursusu istirakinda propargil spirtino katalitik birlogmo reaksiyasi iizro do alinaraq identifikasiya
edilmisdir:

(l:Hg (|:H3
C6H5—S|i—H + HC=CCH,OH ———» C¢Hs—Si—CH=CHCH,0OH (3)
CHs H;

Hom hidroliz reaksiyast (2), hom do qarsilighh sintezlo (3) alman VIII silisiumiizvi
doymamus spirtin fiziki xassalari vo hamginin 1Q-spektrinin naticolori eyni olmusdur. Belolikla,
yuxarida qeyd olunan daliller ligiizvisilanlarla reaksiyada -alliloksipropion tursusunun propargil
efirinin HC=C- olagosinin CH»=CH- olaqgoasino nozoron daha yiliksok reaksiya qabiliyyatli
olmasini tosdiq edir.

EKSPERIMENT HiSSOSi
[lkin maddo kimi istifado olunan B-alliloksipropion tursusunun propargil efiri molum
metodika tlizro allil spirtinin  akrilnitrillo  sianetillosmo  reaksiyasindan alinan -
alliloksipropannitrilin turs miihitdo hidroliz mohsulunun propargil spirit ilo efirlogsmasindon

Tom 14 «Hayunvie ussecmusiy Cymeativimcko2o 2ocyoapcmeenno2o yuueepcumema Ne2, 2014



Ugiizvisilanlarin S-alliloksipropion tursusunun propargil efirina katalitik birlosma reaksiyasinin todqiqi 48

almmusdir. T.qay. 96-97 °C (7 mm c. siit.), N% 1.4596, d3° 1.0343.

Ucgiizvisilanlar miivafiq alkil(aril)xlorsilanlarin  alkilmagneziumxloridlorlo qarsiliql
tosirindon alinmisdir.

Sintez edilmis doymamis silisiumiizvi miirokkob efirlorin tomizliyi QMX ilo (“Xrom-3”,
detektor-katarometr, kalonun o6lgiilori-4600 mm x 10 mm, kalonun temperaturu-170-170 °C)
toyin edilmisdir.

[Q-spektrlor ikisiiali UR-20 markali spektrofotometrde 600-2400 sm™ (prizma NaCl) v
2400-3600 sm™ (prizma LiF) saholorindo ¢ixarilmisdir. Birlosmolor tetraxlormetanda mohlul
soklinds tadqiq edilmis, daxili standart kimi tetrametilsilan yaxud xloroform gotiiriilmiisdiir.

1-Alliloksi-2-[2 (3 )-metildietilsililpropeniloksikarbonilletan (I). Mexaniki qarisdirici,
oks soyuducu vo damci qift ilo tochiz olunmus reaksiya kolbasina 8.4 q (0.05 mol) yeni
govulmus B-alliloksipropion tursusunun propargil efiri, 50 ml benzol vo 0.03 ml Katalizator
yerlosdirilir. Qarisiq benzolun gaynama temperaturunadok qizdirilir vo intensiv qarigdirilmagla
lizorino asta damcilarla 5.1 q (0.05 mol) metildietilsilan alavo edilir. Metildietilsilanin hamisi
reaksiya zonasma verildikdon sonra kiitlo 14 saat miiddotinde 80 °C temperaturda garisdirilir.
Bundan sonra holledici gqovulur va fraksiyali distillo ilo 8.2 q I alinir. T.qay. 105-106 °C (0.5 mm
c. siit.), np® 1.4638, d42° 0.9418. Cixim 60.7%. Tapildi: C 62.05, 62.23; H 9.84, 9.72; Si 10.56,
10.62 %; MRp 79.20. C14H,SiO3. Hesabland1: C 62.17; H 9.69; Si 10.39%; MRp 78.94.

Asagidaki silisiumiizvi doymamis miirokkab efirlor do eyni metodika iizro sintez edilorok
fiziki sabitlori toyin edilmisdir:

1-AIIiIoksi-2-L2 (3)-metiId'(PropiIsiIilpropeniloksikarboniI]etan (11). T.qay. 119-120 °C
(0.5 mm c. siit.), np™® 1.4642, d4*° 0.9347. Cixim 60 %. Tapildi: C 64.55, 64.63; H 10.06, 9.98;
Si9.26, 9.35 %; MRp 88.14. C16H30Si0s. Hesablandi: C 64.38; H 10.13; Si 9.41 %; MRp 87.54.

1-Alliloksi-2-[2 (3)-metiIdiizoprog)ilsililpropeniIoksikarbonil]etan (. T.gay. 112-
113 °C (0.5 mm c. siit.), np?® 1.4650, d42° 0.9333. Cixim 54 %. Tapildi: C 64.27, 64.46; H 10.24,
10.32; Si 9.26, 9.19 %; MRp 88.40. C16H30SiO3. Hesablandi: C 64.38; H 10.13; Si 9.41 %; MRp
87.54.

1-AIIiIoksi-Z-EZ'(S')-metiIdibutilsiIinropeniIoksikarboniI]etan (1V). T. qay. 134-135 °C
(0.5 mm c. siit.), np”® 1.4648, d,*° 0.9275. Cixim 62%. Tapildi: C 66.42, 66.34; H 10.58, 10.65;
Si 8.72, 8.89 %; MRp 97.29. C18H34Si03. Hesablandi: C 66.20; H 10.50; Si 8.60 %; MRp 97.54.

1-AIIiIoksi-2-£2 (3)-metildifenilsililpropeniloksikarbonil]letan (V). T.gay. 188-189 °C
(0.5 mm c. siit.), np*° 1.5506, d42° 1.0691. Cixim 80 %. Tapildi: C 71.95, 72.13; H 7.04, 7.17; Si
7.75, 7.82 %; MRp 109.30. C22H26Si03. Hesablandi: C 72.09; H 7.15; Si 7.66 %; MRp 109.56.

1-AIIiIoksi-2-£2 (3)-dimetilfenilsililpropeniloksikarbonilletan (VI). T.qay. 152-153 °C
(0.5 mm c. siit.), np*° 1.5136, d42° 1.0193. Cixim 74 %. Tapildi: C 67.15, 67.28; H 8.08, 8.16; Si
9.06, 9.14 %; MRp 89.96. C17H24Si03. Hesablandi: C 67.06; H 7.95; Si 9.22 %; MRp 89.74.

1-Alliloksi-2-[2 (23)-dimetilbenziIsiIiIpropeniIoksikarbonil]etan (VII). T.gay. 158-159
°C (0.5 mm c. siit.), np™® 1.5156, d,*° 1.0102. C1xim 68 %. Tapildi: C 67.84, 67.93; H 8.14, 8.37;
Si 8.95, 8.86 %; MRp 95.17. C1gH26SiO3. Hesablandi: C 67.88; H 8.23; Si 8.82 %; MRp 94.55.

2(3)-Dimetilfenilsililpropenol-1 (VII1). ©ks soyuducu vo mexaniki garisdirict ilo tochiz
olunmus kolbaya 15.2 q (0.05 mol) VII vo 60 ml qat1 xlorid tursusu mohlulu yerlosdirilorok 6
saat miiddetinde 50-60 °C temperaturda qarigdirilir. Reaksiya basa ¢atdiqdan sonra kiitlo efir
olavo edilmoklo iki tobagoys ayrilir. Uzvi tobago su tobagosindon ayrilaraq iki dofo distillo suyu
ilo yuyulur. Uzvi tobogalor birlosdirilorak kézordilmis MgSOQy iizorinds qurudulur. Torkibindon
efir qovulduqdan sonra vakuum altinda distillo ilo 8.6 q VIII alimir. T. qay. 101-102 °C (0.5 mm
c. siit.),
no® 1.6311, d;*° 0.9898. Cixim 64%. Tapildi: C 68.84, 68.76; H 8.48, 8.36; Si 14.43, 14.32 %;
MRp 60.39. C11H16SiO. Hesablandi: C 68.69; H 8.39; Si 14.60 %; MRp 60.44. Hidroksil adadi:
tap1ldi-8.7, hesablandi-8.8%.

VIII birlosmanin qarsihiqh sintezi. 5.6 q (0.1 mol) yeni distillo edilmis propargil spirti,
13.6 q (0.1 mol) dimetilfenilsilan vo torkibindo 3 damci heksaxlorplatinat tursusu olan 40 ml
tiofendon azad edilmis benzoldan ibarat garisiq oks soyuducu ilo tochiz olunmus birbogazli
reaksiya kolbasinda 16 saat orzindo qaynadilir. Reaksiya basa c¢atdigdan sonra qarisigin
torkibindon holledici vo tez gaynayan maddoslor qovulur. Qalan hissodon vakuum altinda distillo
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ilo 15.6 q VIII alinir. T. gay. 102-104 OC (0.5 mm c. siit.), np®® 1.4425, d4%° 1.0648. Cixim 81 %.
Tapildi: C 69.03, 68.86; H 8.56, 8.63; Si 14.11, 14.63 %. C11H10S10. Hesablandi: C 68.69; H
8.39; Si 14.60 %.
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PE3IOME
Mycmadgpaee M.M., Ilupxynuesa M.C., Anueea C.A.
HNCCIUIEJOBAHUE PEAKIIUU KATAJIUTUYECKOI'O TIPUCOEJIUHEHUSA
TPUOPI'AHOCHUJIAHOB K ITPOITAPTHJIOBOMY D®UPY -
AJJINJTOKCHITPOITMOHOBOM KHCJIOTHI

Knrwouesvie cnosa: mpuopzanocunamnst, Kamaiuzamop, KPeMHULOPZAHUYECKUE CTI0MHCHbIE
3hupul, cnekmp, no0CHL RO2IOUIEHUSL, 6A/IEHNIHbIE KOJIeOaHUEe, 2UOPOIU3

HccnenoBana peakiys KaTaTuTHIECKOTO TIPUCOSTMHEHHS TPHOPTAHOCKIIAHOB K ITPOIIAPTUIIOBOMY
3upy P-aUTHIOKCUTIPOIIMOHOBOM KucioThl B mpucyrctBur  HoPtCls. Ycranoneno, 4ro mpu
SKBUMOJISIPHOM COOTHOIIICHUH PEarkpyroIMX KOMIIOHEHTOB, TPHOPTraHOCWIAHBI TIPUCOCAMHSFOTCS K
WCCIIEZIOBAaHHOMY HempenensHoMy d¢upy, B ocHoBHOM, To —C=CH cBs3u, c oOpa3zoBaHueM
COOTBETCTBYIOIINX KPEMHHUAOPTAHIMYECKHUX CIIOKHBIX (PUPOB TUEHOBOTO PS/Ia.

SUMMARY
Mustafayev M.M., Pirkuliyeva M.S., Alieva S.Y.
INVESTIGATION OF CATALITIC ADDITION OF THRIORGANOSILANES TO
PROPARGILIC ESTER B-ALLYLOXIPROPION ACID

Keywords: thri organosilane, catalizator, stretching vibrations, hydrolysis, siliconorganic
complex esters, spectrum, absorbtion bands

The reaction of catalytic addition of thriorganosilanes to propargilic ester of B-
allyloxipropionic acid in the presence H,PtClg was studied.

It has been established that in equimolar relation of the reagents threorganosilanes added to
HC=C- bond with forming corresponding siliconorganic complex esters with dienic double bon.
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TEXNOGEN CIRKLONMOYO MORUZ QALAN TORPAQLARDA
MiKROMISETLORIN EKOLOJi DURUMUNUN ANALITIK TOHLILI VO
FERMENTATIV AKTIVLIKLORI

Acgar sozlar: texnogen c¢irklonma, torpag-organizm, biotoplar, humus, heterogen,
mikromisetlar

Mbalum oldugu kimi, gobaloklar, ilk novbada mikromisetlor ekosistemlorda maskunlagmis
mikrob birliklorinin an vacib komponentlorindon biridir va texnogen tasirlora moruz qalan
torpaqlarda olan iizvi maddalarin par¢alanmasinda asas rol oynayrr.

Azorbaycan Respublikasi diinya olkalori igarisinds zangin va rongarong tobiati ilo
xarakterizo olunur. Belo ki, respublikamiz, demok olar ki, biitin iglim tiplorino malik
oldugundan, onun orazisindo miixtalif biotoplar formalasir. Mdvcud biotoplar &ziinamoXsus
flora, fauna vo mikroorganizm alomina malikdir. Qeyd edak ki, bu biotoplarin flora, fauna va
mikroorganizmlari genis miqyasda tadqiq olunmusdur.

Son dovrlorda ekoloji vaziyyatin gorginlosmasi ilo olagodar olarag, bir-birindan kaskin
surotdo forglonon  bu biotoplarin, canlilar alaminin yeni keyfiyyatdo Oyranilmasi digget
morkazina ¢evrilmisdir. Odur ki, mdvcud biotoplarda moskunlasan mikroorqanizmlorin, 0
ctimladan, mikromisetlorin global, regional va lokal miqyasda 6yranilmasi hom nazari, hom do
praktik ndqteyi-nazordan oldugca vacib mosalalordon hesab olunur.

Odur ki, moveud torpaq ehtiyatlarindan somorali istifade etmok, miinbitliyini qorumag,
bu giin sorti olaraq yararsiz hesab edilon torpaqlarin yenidon istifadoyo gaytarilmasi tizro lazimi
todbirlor kompleksi hazirlamaq, xiisuson, torpaq Ortiiyliniin deqradasiyasina sobob olan
mohdudlasdirici amillorin aradan qaldirilmast yollarin1i miiosyyon etmok dunyada, o ciimlodon,
Azorbaycan Respublikasinda aparilan miixtalif (ekoloji, aqrokimyavi, mikrobioloji, mikoloji vao
s.) xarakterli todqigatlarin perspektiv istiqgamatlorindondir.

Molumdur ki, Baki vo onun atraf rayonlarinda superfosfat, iizvi xlor sintezi zavodlarinin,
sement, mineral giibrolor istehsal edon zavodlarin, neft-qaz¢ixarma modonlorinin inkisaf
etdirilmasi otraf miihitin fasilesiz olaraq texnogen pozulmasina vo ¢irklonmasina sorait yaradir.
Beloliklo, homin miisssisalorin texnogen tullantilarinin ekosfers, o climlodon torpaga daxil
olmasi, biogeosenozlarda funksional fiziki-kimyovi, bioloji proseslorin doyisilmasine vo humus
omoalo golmosine manfi tasir edorak, torpagin miinbitliyini asagr salir, canli orqanizmlorin nov
torkibinin va biokiitlosinin azalmasina sabab olur.

Torpagin tizvi komponentlori humusdan ibaratdir ki, o da torpaq mikroorqanizmlorinin, o
climlodon goboloklorin qida monboyi vo torpagin strukturunu miioyyanlogdiron torkibo daxildir.
Humusun omals golmasi asason canlilarin mohvindon sonra torpaga diison lizvi qaliglarin
transformasiyasi naticasindo bas verir.

Torpagin 6ziinli regenerasiya etmosi prosesindo bas veron neftin vo neft mohsullarinin
bioloji oksidlogmasi, yaxud biodeqradasiya prosesinin hoyata ke¢gmasindo mikroorqanizmlarin, o
cimlodon mikromisetlorin oynadigi rol ovozedilmozdir. Ona goéro ki, neftlo ¢irklonmis
torpaqlarda maskunlasan mikromisetlor, neft karbohidrogenlorinin parcalanmasi prosesini hayata
keciron fermentlori sintez edir vo torpaq miihitino sekresiya edirl. Bu ndqteyi-nozaordon torpaq
mikromisetlorinin fermentativ aktivliklorinin tadqiq olunmasi vacibdir va sozsiiz ki, ekosistemin
ekoloji, mikrobioloji, vo sanitar-gigiyenik voziyystinin qiymatlondirilmasinde son doraco
miihiim ohomiyyot kasb edir.

Torpaqlarin neftlo ¢irklonmaosi naticosinds bu vo ya digor asash doyisikliklor bas verir. Bu
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doyisikliklor mikroorqanizmlor torofindon sekresiya olunan fermentlorin aktivliklorindo do 6z
oksini tapir. Belo fermentlorin aktivliklorinin todqiq olunmasi iss hom elmi, ham doa praktik
ohomiyyat kosb edir.

Neftlo ¢irklonmis torpaqlarin regenerasiya olunaraq ovvolki voziyyatlorinin barpa
olunmasinda polifenoloksidaza, peroksidaza, dehidrogenaza, katalaza vo bir sira hidrolaza
fermentlori xiisusi rol oynayir. Aparilan tadqiqatlar neticosinde molum olmusdur ki,
mikroorqanizmlor torafindon torpaq miihitine ifraz olunan polifenoloksidazalar torpaqda olan
ksenobiokiitlonin deqradasiyasini kataliz etmoklo torpagin miidafis gabiliyystini artirmis olur.
Eyni zamanda, aromatik karbohidrogenlorin ¢coxmorhalsli par¢alanma prosesini hayata kegirir Ki,
bu da torpagin humuslagmasi prosesindo olduqca ohomiyyatlidir. Bununla yanasi,
polifenoloksidazalar bir sira miihiim sintez reaksiyalarinin hoyata kegirilmosinds do miihiim rol
oynayir.

Mikroorganizmlar torafindon torpaga sekresiya olunan peroksidaza fermenti, lignin kimi
heteropolimerlarin, fenollarin, aminlarin va s. {izvi qaliglarin oksidlogsmasi prosesini kataliz edir.
Molumdur ki, peroksidaza fermentinin yuxarida adlar1 ¢okilon maddolorin oksidlogdirmasi
prosesi, torpaq miihitinds olan oksigenin vo hidrogen-peroksidin hesabina bas verir. Bagqa sozlo
desok, agor miihitds oksigen vo hidrogen-peroksidin potensial ehtiyati movcuddursa, o zaman
peroksidaza fermentativ aktivlik niimayis etdirir.

Aparilan tadgiqatlar naticasinds bela bir gqonasto golinmisdir ki, peroksidaza fermentinin
torpaq mihitindo foal islomosi, humus maddosinin minerallasmasi prosesino miisbat tosir
gostorir. Umumiyyoatlo, mikroorqanizmlor torofindon torpaq miihitino sekresiya olunan
oksireduktaza fermentlori neft karbohidrogenlorinin, o ciimlodon, aromatik monsoli
karbohidrogenlorin humus omalo gotiron miisyyon komponentlorin formalasmasinda bilavasito
istirak edirlor.

Torpagda movcud olan fermentlorin biokimyavi xiisusiyystlorinin dyronilmosinin asas
mogsadlorindon biri, neftlo ¢irklonmonin bu fermentlorin aktivliklorino no dorocodo tosir
etmasinin dyronilmosi olmusdur. Bundan 6trii tocriibolor aparmagq ti¢iin 1,5 m? sahosi olan sorti
torpaq saholori segilir vo onlar 1,0; 15,0 vo 25,0 I/m? dozalarda olan neft mohlulu ilo
cirklandirilir. Kontrol kimi eyni 6lgiilora malik tomiz torpaq sahosi do gotiirtiliir.

Eyni zamanda, yuxarida gostorilon dozalarla ¢irklonmis torpaqglar {igiin xarakterik olan
mikobiotaya gobalok kulturalar1 alinmis vo homin torpaqlara verilmisdir.

Tadqiqat ticlin ayrilmis torpaq sahslorindon gétiiriilon niimunslorin analizi gostorir ki,
neftin asagr dozalann ilo ¢irklondirilmis (1,0 1/m?) torpaqlarda miivafiq olaraq, hom
polifenoloksidaza, hom do peroksidaza fermentlorinin aktivliklori tomiz torpaq olan kontrolla
miigayisados yiiksok gostaricilorls xarakterizo olunur.

Sorti tocriibo saholori kimi gotiiriilmiis torpaqlara neftin 15,0 I/m? dozasinda verilmasi
ovvalca har iki fermentin aktivliklorine asasli doracads tasir géstormasa do, miioyyon miiddstden
sonra fermentlorin aktivliklori nazaragarpacaq doracads asag diisiir. Bu yaqin ki, torpaga verilon
neft mohsullarinin tam par¢alanmamast ilo alaqodardir.

Lakin sorti tocriibo saholorindo olan torpaqlara neftin 25,0 /m? dozasinda verilmasi
fermentativ aktivliys cox giiclii tosir gostarir. Belo ki, neftin yiiksok dozas1 fermentativ proseslori
inaktivlosdirir.

Neftlo ¢iklonmis torpaqlarda neft karbohidrogenlorinin pargalanma prosesinin
aktivlosmosinin osas sobobi, siibhosiz ki, neft mohsullarinin torkibindo olan aromatik
karbohidrogenlorin yuxarida adlar1 ¢okilon fermentlorin substrati kimi ¢ixis etmosidir.

Qeyd edok ki, torpaqlarin neftlo cirklonmosi zamani fermentlorin aktivliklori zaman
kecdikca yiiksolmo vo azalma hallari ilo miisahido olunur va sonda kontrol variantla miiqayisads
sabitlosir. Torpagda fermentlorin foallagmasi sadoca olaraq, neftin bir substrat kimi deqradasiyasi
ilo alagodardir.

Neftlo ¢irklonmis torpaglarda moskunlagsan mikro vo mikobiota 6ziinomoxsus ekoloji vo
fizioloji doyisikliklor niimayis etdirir. Demali, neftlo ¢irklonmo torpagda moskunlagsan mikro veo
mikobiotanin hayati faaliyystinds noinki kamiyyat, eyni zamanda keyfiyyat dayisikliklori ilo do
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xarakterizo olunur. Mosalon, sorti tocriibo saholorinds torpaga yiiksok dozada (25 1/m?) neftin
verilmasi mikobiota daxilinds asasl struktur doyisikliklorine sabab olur. Bels ki, neftin yiiksok
dozas1 Trichoderma cinsino aid olan T. wiride vo T. lignorum gobalok ndvlorinin
mikokompleksindon tocrid olunmasina gotirib ¢ixarir. Ciinki bu doza gostorilon gobsloklorin
yasamasina toksiki tosir gostorir.

Lakin, torpaglarin neftlo yiiksok dozada c¢irklonmasi mikokompleksin digor torkib
elementlorinin foallagmasina sobob olur. Belo ki, Aspergillus cinsino aid olan A. repens,
Fusarium cinsino aid olan F. moniliforme vo F. oxysporium, Penicillium cinsine aid olan P.
cuclopium, P. janthinellum, P. lanosum vo P. wariabile novlorinin populyasiyadaxili
stimullagsmas1 qeyd olunur.

Molumdur ki, Aspergillus terrens gobsloyi hotta neftlo hor hansi bir ¢irklonmoys moruz
galmayan torpaqlarda belo ¢ox nadir hallarda tosadiif olunur. Lakin, neftlo ¢irklonmis torpaglarda
bu hassas goboalok 6ziinii ¢ox yaxsi hiss edorok dominant ndvlordon birina gevrilir.

Neftlo c¢irklonmis torpaglarda moskunlasan mikobiotanin struktur doyisikliyi mohz
mikokompleks vo otraf miihit arasindaki garsiliqli miinasibatlor zomininds reallagsmir. Belo ki,
neftlo ¢irklonmis torpaqlarda mikobiota ilo yanasi mikrobiota da maskunlasir vo onlar bir-biri ilo
vohdot toskil edorak funksional faaliyyst gostorirlor.

Beloliklo, bizi ohato edon otraf miihitdo - yoni torpaqda, suda vo havada formalasan
biotoplarda aparilan miigayisali todqiqatlar gostorir ki, on giiclii ¢irklondirici faktor neft vo qaz
hasilatt zamani yaranan tullantilardir. Ciinki bu tullantilar biotopun hanst miihitdo
formalagsmasindan asili olmayaraq, orada maskunlasan canlilar alomins, o cilimloden
mikromisetlors hayati foaliyystlorinde tonzimlayici amil kimi tosir gostorir.
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TEXHUYCCKOMY BIIUSAHUIO.
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SUMMARY
Gasanov Kh.A.
THE ANALYTICAL EXAMINATION AND FERMENTATIVE ACTIVITIES OF THE
MICRO-MISTS ECOLOGICAL CONDITION IN THE SOILS THAT SUBJECTED TO
THE TECHNOGENIC CONTAMINATION

The key words: technogenic pollution, soil-organism biotepe, humus, heteregenous,
micromists

As already known, fungi, primarliy micro-mists are the one of the most important
components of the 'microbe units' living in the ecosystems and they play a key role in parting the
organic compounds in soils affected by technogenic influences.
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ONURGASIZ HEYVANLARIN XOZOR DONIZINDO NOV MUXTOLIFLIYi

Acar sozlar: zoobentos, zooplankton, perifiton

Xozor donizi diinyanin on bdyiik qapali sortohor az duzlu goliidiir. Donizo xas biitiin
olamotlorin hamisina malik olmasa da, Olslisine vo suyunun duzluluguna goro kegmis
zamanlardan doniz sayilir.

Xazar donizindo 1809 ndv heyvan yasayir ki, onun 1069 m sarbast yasayan onurgasizlar,
325 novii parazitlor vo 415 ndvii onurgali heyvanlardir. Mangoyina goro Xozor donizindo bes
grup sorbast yasayan heyvanlar ayird etmok olar ki, bunlar da asason donizin miirokkab tarixo
malik oldugunu oks etdirir.

Birinci qrup Xozorin aftoxton faunasindan ibarotdir, iimumi sayr 513 novdiir. Biitiin
faunanin 48 faizini toskil edir. Onlar Sarmat, Pont vo Akcaqil hovzolorinds yasayan qodim
formalardan omolo golmigdir. Siyonoklor, xul baliglar, ¢émg¢o xullar, norokimilor, dreyssen
mollyuskalar1, xor¢onglor, turbellyarilor, bozi polixetlor, mizidlorin bdyiik hissasi {i¢iincii dovr
doniz faunasinin qaliglaridir.

Ikinci genetik qrupu Arktika novloridir. Hazirda acdadlar1 Simal donizindadir. Bunlar simal
donizindan 10-12 min il avval Xazor donizina kegmisdir. Arktika qrupunun 14 névii var. Bura
xor¢ongkimilordon limnokalanus, dord ndév mizit, iki ndv ag qizil baliq, Xozor qizilbaligi,
yaniizon, doniz yuyriiyli, Xozor suitisi aiddir. Bunlar Xozors buzlasma dovriindon sonra amals
golon goOycay vasitosilo kegmisdir. Bu canlilar Orta vo Conubi Xozorin 200-700 metr
dorinliklorindo yasayir. Bu, homin dorinliklordo suyun daha soyuq olmasi ilo izah edilir (4,9-
5,9 °C).

Ugiincii qrup Araliq donizi névloridir. Umumi say1 26-dir. Bunlar Xozor denizino Xvalin
dovriinds Kumu-Manic bogazi vasitosilo ke¢misdir. Bu qrupa fabritsiya ¢oxqilli qurdu, iki ndv
sirastoderma mollyusku,iynobaliq vo s. aiddir. Bozi Araliq donizi novleriso Xozora Volga-Don
kanal1 agildigdan sonra kegmisdir.

Dordiincii qrup sirin su faunasi 228 novdiir. Sirin su novlorinin Xozors kegmasi donizin
suyunun sirinlogmasilo olagodar bir ne¢o morholodo bas vermisdir. Bura qizil bahiglar,
durnabaligikimilor, naxakimilor, karpkimilor, xanibaligikimilor, homg¢inin bozi onurgasizlar
(oligoxetlar), rotatorilor, turbellyarilorin bir qismi, xironomidlar va s. daxildir.

Besinci qrup sirf doniz novloridir. Bunlar infuzorlar (386 forma), iki foraminifer va s.
aiddir.

Xazar donizinin faunasinin dyranilmasi sahasinda bir ¢ox tadqiqatlar aparilib. Bizim elmi
isimiz iso Xozor donizindo onurgasiz heyvanlarin osas ekoloji qruplarmin, xiisusils, bentik
heyvanlarin Gyronilmasi sahasine yoOnolib. Apardigimiz todqiqat islori naticosinde Xozor
donizindaki heyvanlarin asas ekoloji qruplart asagidaki kimi tosvir edilir:

Zooplankton.

Zooplankton baliglarin va balinalarin qidasinda mithiim rol oynayir, o ¢ox qidalidir. Diinya
okean1 danizlarinds taqriban 2000 zooplankton heyvanlar, o ciimladon 1200 név xar¢anglar geyd
edilmisdir.

Xazor donizini zooplanktonunda 315 ndv yasaywr: onlardan 135 ndv infuzorlar, 2
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nov bagirsagbosluglar, 67 nov rotatorilor, 54 nov saxobigciqli xorgonglor, 32 nov kiirokayaql
xarganglor, 1 ndv ¢anaqli xargonglor, 6 nov mizidlor, 5 nov kumlar, 6 nov yaniizonlor, 1
nov izopodlar, 1 név su gonalaridir. Xozor donizinds yasayan 135 nov plankton infuzorlarin 73
novii Simali Xozorde, 112 novii Orta Xozordo vo 108 ndvii Conubi Xozorde yasayir. Xozor
donizinin zooplanktonunda saxobigciqli xorconglor miihiim rol oynayir.

Apardigimiz todqiqat islori neaticasinds molum olub ki, Xazor denizi zooplanktonunun
trofik strukturu asagidaki kimi tomsil olunur: dorin zonalarda fitofaqlar {istiinliik toskil edir,
dairovi axin zonasinda yirticilarin rolu artir, dayaz yerlords iso fitofaqlar vo yirticilarla yanasi,
homginin detritofaglar gériinmoys baslayir.

Zoobentos.

Xozor donizindo bentik heyvanlarin yayilmasi onun dibini 6rton torpaq tiplorindon vo
dorinlikdon asilidir. Hazirda Xozorin dib hissasindo onurgasiz heyvanlarin 855 noévii geydo
alimmigdir. Onlarin 305 noviini infuzorlar, 52 noviinii nematodlar, 118 néviinii molyusklar, 74
néviinll yaniizonlor vo 46 noviiniin ¢canaqli xargonglor va s. togkil edir. Danizin sahil zonalarinda
(0-50m) bentik heyvanlarin noév miixtalifliyi onun dorin hissalorine nisboton ¢oxdur. Simali
Xazorin bentosunda 276 név heyvan geyd edilmisdir. Orta Xozor bentosunda 589 név heyvan
yasayir. Onlardan 233 novii infuzorlardir. Bentik heyvanlarin yiliksok inkisafina Xudat vo Gilozi
arasindaki saholordo rast golinir. Orta Xozorin sorq hissosindo ¢oxlu miqdarda yaniizon
xar¢anklor inkisaf edirlor. Conubi Xozarin zoobentosunun baliglarin artmasinda asas rolu vardir.
Conubi Xozorin bentosunda 589 nov heyvan qeydo alinmigdir. Onlarin 279 novii infuzorlardir.
Apardigimiz tadqiqat islori naticosindo miioyyon olunub ki, bentik heyvanlarin maksimum
inkisafina donizin 10-50 m derinliklorinds rast golinir. Bentik heyvanlarin maksimum inkisafina
Bondovan burnunda, Lonkoran vo Astara yaxinliginda rast goalinir.

Perifiton.

Perifitona bazon bioloji ortilk do deyilir. Xozords olan tobii vo siini substratlarda ¢oxlu
miqdarda perifiton orqanizmlor inkigaf edir. Perifitonda bakteriyalar, yosunlar, infuzorlar,
stingarlor, briozoylar, qurdlar, molyusklar, bigayaqli xorconglor vo s. yasayirlar. Xozor donizi
perifitonunda 90 nov bitki vo 212 ndv heyvan qeyd edilmisdir.

Beloalikls, bels naticaya golirik ki, Xozor donizinds onurgasiz heyvanlar bes genetik va ii¢
ekoloji qrup amolo gatirir.
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SUMMARY
Agayeva A.N., Bunyatova L.N., Isayeva K.K.
INVERTEBRATE ANIMAL OF THE CASPIAN SEA

Key words: zoobentos, zooplankton, perifiton

In the article the information about the information fauna of the is given, especially,
invertebrate animals, about their species compocition, number, in widely — spread
representatives there is information about ecological groups (zoobentos, zooplankton, perifition)
of invertebrate animals inhabiting in the Caspian Sea.
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AZORBAYCANDA BIiTON BOZI DORMAN BIiTKILORININ KiMYOVi TORKIBININ
OYRONILMOSI HAQQINDA

Acar sozlor: flora, fauna, karaviiz, kumarin, birevli, ikievli, biokimyavi

Mbaqalads Azarbaycanda biton karavizkimilordon olan bazi darman bitkilarinin yayilma
areallart va kimyavi torkibi haqqinda verilmisdir. Magaloda koravizkimilorin bazi néviarindon
alinan efir yaglarimin istifada sahalori geyd olunmusdur .

Azorbaycan diinyanin on zongin floraya malik regionlarindan biridir. Respublikamizin ¢ox
da bdyiik olmayan orazisinde Oafqaz florasmin 64% -ni va ke¢mis lttifaqin biitiin florasinin 24%
-ni Olkomizin florast tomsil edir. Azarbaycan tobistinin incilorindon olan nadir tobist gusolori
Oziiniin fauna, flora, landsafti, nadir rahatlig1, iqlimi ilo diinyada moshurdur.

Azorbaycan florasinda 900 yaxin derman ohomiyyatli, 850 nov efir yagli 400-don ¢ox
vitaminli bitkilorin yayilmast molumdur. Olkomizdo eloco do diinyada istifado edilon
dormanlarin 50% -don ¢oxu bitki monsalidir.

Bosariyyat 0z inkisaf tarixindo elo bir morholoya ¢atmisdir ki, onun elmi-texniki toraqqisi
tobiotdo genis miqyash doyiskonliklor yaratmis vo fauna, flora kimi hoyat amillorinin
catismamasi tohliikosino gotirib ¢ixarmisdir. Bu ¢atismazliglarin garsisinin alinmasi {igiin lazim
olan todbirlor hoyata kecirilmalidir. Elmi soyahatlorin naticosindon aydin olur ki, bir ¢ox bitkilor
0z areallarin1 qisaltmis, bazilorinin iso ¢ox az saholords rast golmasi vo ya tamamilo mohv olmasi
miisahido edilmisdir. Faydali bitkilorin se¢ilmosi, shomiyyastli resurslarin bioloji vo ekoloji
xtuisusiyyetlorinin miisyyonlogdirilmasi, ayri-ayri fordlerin ontogenezinin, hamginin onlarin hoyat
formalariin, areallarinin, kimyovi torkibinin todqiqi, bioloji vo istismar ehtiyatlarinimn
hesablanmasi vo yeni totbiq saholorinin aragdirilmasi istigamotindo aparilan islor hor zaman
aktualdir.

Respublikamizin dagstoyi vo yiiksokdag bozqirlarinda, o climlodon dag kserofit bitkilik
formasiyalarina daha ciddi ziyan vurulmus, onlarin tobii areallar1 qisalmig, bozi sahslords
zonalliq toskil edon bu formasiyalar 6z zonalliqlarinmi itirmis vo az sahslorde monodominant
senorlart soklindo qalmigdir. Kicik Qafqazin orta vo yiliksok dagliq qursaqlarinda Somkir dag
massivinin bir hissasinda aparilan elmi sayahatin naticasi olaraq bela qonasts galirik ki, kserofit
kolcuqlar sonralar antropogen tosirloro moruz qalmaqla 06z areallarin1  qisaltmigdir.
Atrophaxisetum spinosae, Acontholimentum, Astragaletum (tikanl,) senozlar1 dag kserofit
senozlar1 kimi qorunmaga ehtiyact olmaqla, hor bir senozun 6ziinomoxsus miihafizo todbirlori
islonib hazirlanmalidir.

Bitki mongali maddolorin Oyronilmesi yeni dorman preparatlarinin yaradilmasia tokan
vermoklo borabor, eyni zamanda efir yaglarimmin praktiki inkisafina zomin yaradir. Belo
bitkilordon Koravizkimilor (Apiaceae vo ya Umbelliferae) fasilosine daxil olan bozi nov bitkilari
gostormok olar. Karoavizkimilar fasilosine aid olan novlar birillik, ikiillik, ¢oxillik ot bitkilari, az
hallarda yarimkol, kol ve ki¢ikboylu agaclardir. Gvdasinin igerisi bosdur. Biitlin hissolorinda
sekrotor anbarinin olmasi ¢ox xarakterikdir. Yarpaqglar1 gévds iizorinde ndvbali diizliiso malikdir.
Yarpagqlar1 boliimliidiir, sade ayaya malikdir, ¢igoklori sado vo miirokkab ¢atirds toplanir. Osason
ikicinsli ¢igoyo malikdir, miistosnaliq togkil edon novlords bircinslidir, birevli vo ikievli névlori
vardir. Cicoklori aktinomorfdur, kenar torofds yerloson logoklorin bdyiimosinin hesabina
cotirlordo bozon ziqomorfluq olamati olur. Yumurtali§in yuxari hissosindo 5 odod disicikli
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kasaciq olur, bazon iso inkisaf etmir. Disiciyi iki meyvo yarpagindan omolo golir. Yumurtaliq alt
yumurtaligdir. Yumurtaliginda 4 riiseym baslangici yerlosir, onlardan ancaq ikisi inkisaf edir,
bozon toxum yalniz bir riiseym baslangicindan formalasir vo birtoxumlu meyvo omolo gotirir.
Meyvalari saplaqli olur. Yetismis meyvalori iki odod toxumcadan ibaratdir. Elo novlori vardir ki,
toxumlar1 forqli qurulusa malikdir.

Karavizkimilorin bazi ndvlari ¢ox zohorli oldugu li¢iin insanlarin vo heyvanlarin hayati
tictin tohliikalidir. Koravizkimilarin i¢arisindo xiisuson Oziintin tifiriilmis kameralara bolinmiis
sokildo kokiimsovlar ilo xarakterik olan su bataqliq baldirgani (Cicuta virosa) vo ikillik, morugu
lokali govdoya malik ruderal-alaq bitkisi olan badyan (Conium macalatum) daha ¢ox taninmis
bitkidir. Bu fasilonin ¢ox nadir ndvlorindon biri Xirda toksaqqalidir, gilli vo dashh yamaclarda
bitir, ¢ox nadir hallarda rast golinir, toxumla ¢oxalir. Stiimsad-hirkan siimsadi relikt novdiir, nosli
kosilmok iizradir, bu bitkinin axtarigt zamani yalniz six fistiq vo volos mesolorindo vo ¢otin
kecilon doralordo rast olundu. Ehtiyatinin azalma soboblori mesolorin yanacaq mogsadilo
qurilmasi vo mal-qara otarilmasidir. Daralagdz adlanan név do ¢ox nadir ndvlerdondir, toxum
vasitasilo ¢oxalir. Doniz soviyyasindon 1800-1900 m hiindiirliikdo ¢omon va kol congalliyindo
bitir. Cox kigik areallarda yayilmisdir, ndviin azalma sababi kortobii toplanmasidir.

Azstiali daggotiri-endemik bitkidir. Asagr vo orta dagliq qursaqlarin quru dashi vo cinqilli
yamaclarinda bitir. Halolik bitdiyi yerlordon iki yer molumdur. Bu bitkiys nozarst etmok vo onu
becormok lazimdir. Go6zal telekiyanadir bitki noviidiir. Godoboy rayonunun Qalakond vo Emir kondi
otrafinda az miqdarda ¢omonliklordo vo meso saholorindo rast golinir. Goygol vo Zaqatala
goruglarinda miihafizo olunur.

Karavizkimilarin baldirgan ( Heracleum ) cinsinin Azarbaycan florasinda 12 névii yayilmisdir.
Onlarin oksariyyati endemik bitkilor olub, Azarbaycanin subalp hiindiir otlaridir. Yasam formalarina
gora ikiillik, oksar hallarda coxillik bitkilordir. Elo novlori vardir ki, yem bitkisi kimi okilib becarilir.
Govdolorinin igarisi bos olub, 1,5m-o yaxin hiihdiirliikdo olur. Heracleum cinsindon olan Kig névii
cox qiymotli derman bitkisidir, Ki¢ik Qafqaz meso otrafi orazilordo vo dorin dorslords az-az rast
golinan bitkidir. Yarpaq ayalar1 boyilik vo lslokvari boliimlidiir, tizori xirda six tiikciiklorlo ohato
olunmusdur. Yarpaq ayalar1 tozo omalo golorkon yasilimtil sar1 rongdo olur. Torpaqgla tomasda olan
yertistii govdo hissasi bondvsayi rongli Ortiiklo Ortiilii olur.Govdonin yuxari hissasi zeytuni yasil vo
aciq yasil rongdo olur. Govdalarinin {izori xirda bandvsayi lokolidir. Gdvdonin nazik qabigi asanligla
soyulur. Baldirgandan fargli olaraq gdvdesinin igorisi bos deyil. Act dada malikdir. Iyun ayinmn
ovvalarinda ¢igoklomaya baslayir. Cigoklori ag rongli olub ¢atirgigok qrupunda toplanir. Catirlori
sarg1 yarpagqlar ilo ohato olunmusdur, 6lgiisiine gora ¢ox boyiikdiir vo ¢ox stialidir. Konar ¢igoklori
ilo orta cicoklorin Olciilori miixtolifdir. Yetismis meyvalorinin  formast dairovi vo ya
yumurtasokillidir. Uzari ¢ilpaq olur, toxumu kiilok vasitosilo yayilir. Kig bitkisi 6ziinomoxsus tiind
qoxuya malik bitkidir. Kimyavi torkibi torofimizdon dyronilmokdadir.

Koraviizkimilor arasinda qiymatli qida bitkileri do vardir. Bunlarin xarakterik kokmeyvolori vo
lalokvari iri yarpaqlari olan yabani yerkokii (Daucus carota), qivrim coforini (Petroselinum crispum),
iyli keroviiz (Apium graveolens), iyli siiyid (Anethum graveolens), adi razyana (Foeniculum
vulgare), xim1 (Pastinaca sativa) vo basqa novlori vardir. Bunlarin oksoriyyeti otirlondirici adviyyat
bitkisi kimi istifade olunur.

Azorbaycan florasinda karoviizkimilorin 187 névii molumdur. Karavizkimilorin sistematikasi
cox miirokkab va geyri-onanavi slamatloring gora ¢atin toyin olunur. Bu fosiloys aid olan bitkilorin
oksariyyati nozaragarpan bitkidir. Onlar bitki Ortliylinlin yaranmasinda bdyiik rol oynayir vo landsafta
Oztinomoaxsus gozallik verir. Qeyd edok ki, Azarbaycanda biton karovizkimilorin novlarinin imumi
ariali eyni deyildir. V.Nilovun yeni ndvlorin omolo golmosino aid konsepsiyasi nozoro alinaraq,
R.Y.Rzazadonin tosvir etdiyi yeni ndvlorin kimyovi torkibinin Syronilmesi ilo yanast morfoloji
olamatlorin miiqayisali tohlili, bu fasilodon olan ndvlerin statusunun miioyyon olunmasina tokan
verir. Korovizkimilorin bozi ndvlorindon alinan efir yaglari bakteriyalarin boyiimasini vo inkisafini
dayandirir. Bunlarin arasinda agrikssici, bakteriyalar vo mikroorqanizmlore qarst va basqa
mialicoedici foalliga malik efir yaglarini gostormok olar. Bundan slave xiisusi metodlar vasitasilo
miixtolif halledicilordon istifado etmoklo digoer kimyavi maddoslor alinmigdir. ©lds olunan kimyavi
maddolorin digor totbiq saholori do vardir. Qeyd olunan fosilonin elo névlori vardir ki, bozi
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xostoliklorin qarsisinin alinmasinda ¢ox qiymaotli dorman bitkisidir. Onlardan aliman kimyovi
maddolorin dyranilmasi bir ¢cox dorman preparatlarinin hazirlanmasinda ¢ox shomiyyatli xammaldir.

Koravizkimilorin torkibindo kimyovi maddo olan kumarinlorin vo digor maddslorin ¢ox
olmasi ilo olagodar olaraq, onlarin sirasinda dorman bitkilori daha ¢oxdur. Kumarinlorin istifado
sahasi ¢ox genisdir. Kumarinlorin bazi novlerindon 5,6 - benzopiren vo 1-2 benzopiren aczagiliq
sonayesindo istifado olunur.

Biitiin bunlar nozors alinaraq, uzun illordon bori Azorbaycan florasinda rast golon
Koaravizkimilor (Apiaceae va ya Umbelliferae) novlorinin yayilmasi, ehtiyati, xemotaksonomiyasi,
bioekoloji xiisusiyyatlori, eloco do faydali xiisusiyyatlori torafimizdon dyronilmakdadir, onlarin xalq
va kond tasarriifatinin miixtalif sahslorinds istifads imkanlart arasdirilmaqdadir.

Aparilmis xemotoksonomik, ekoloji, cografi todqiqatlar, torkibinds bioloji foal maddslor
saxlayan perspektivli novlorin axtariglar ehtiyatsiinasliq probleminin nazari asaslarini togkil edir.

Azorbaycan florasinda Koravizkimilor cinsinin taksonomik torkibinin miioyyanlasdirilmasi,
biitiin novlorin bioekoloji xiisusiyyatlorinin vo ehtiyatinin Oyronilmasi, onlardan alinan efir
yaglarmin vo sulu ekstraktlarin dorman xiisusiyyatlorinin askar edilmosi, bu ndvlor {i¢iin
xarakterik olan maddolorin kimyovi marker kimi istifado edorok miibahisali novlorin statusunun
borpa edilmasi osas mogsad olmusdur.

ODOBIYYAT
1.V.C. Haciyev, C.H.Musayev, Azorbaycanin qirmizi va yasil kitablarina tovsiys olunan bitki
formasiyalari. Baki.: EIm, 1996.
2.E.Qurbanov. Ali bitkilarin sistematikasi. Baki.: 2009.
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B crateu paccmaTpuBaeTcsi BOIPOC paclpoCTpaHEHUs] HEKOTOPBIX JIGKAPCTBEHHBIX PACTCHUM,
OTHOCSIIUXCSI K CEMEHCTBY 30HTHKOLBETHHIX. JlaHBI cBeneHHMs O peanu3anuu >(QUpPHBIX Maced,
U3BJICUCHHBIX U3 PACTCHUI ITHX CEMEHCTBA 30HTUKOIBETHBIX, B PA3JIMYHBIX 00JIACTAX XO3SHCTBA.

SUMMARY
Mammadova H.G., Abbasova A.E.
THE STUDY OF CHEMICAL COMPOSITION OF SPECIES OF HERBAL PLANTS
GROWING IN AZERBAIJAN

The key words: fauna, flora, coumarin, Apiales

In the article the problem of spreading areas of some herbal plants belonging to the family of
the Apiales and their chemical compounds is investigated. There is also the information about the
realization of essential oils extracted from the plants of these families in various fields of the national
economy.
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AZDBRBAYCANIN OTLIK OV HEYVANLARI

Acar sozlar qoruq, yasaqhq, “Qurmizi Kitab*, taun, lisenziya

Otlik ov heyvanlarmin insan hoyatinda oynadigi rol miixtalif olmaqla yanasi ¢ox qodim
tarixo malikdir. Azorbaycan orazisindo yasayan heyvanlarin gqodimdon insanlar torafindon
ovlanmasin1 odobiyyat monbolorindo, tarixi abidolordon, Qobustan qayalar1 {izorindoki
rosmlordon do basa diismok olar. Heyvanlarin kiitlovi ovlanmasi onlarin saymin azalmasina
gotirib ¢ixarmigdir. Mohv olmaq tohliikasi qarsisinda qalan ndvlori xilas etmok moagsadilo
“Qirmiz1 kitab”a daxil edilmis, qoruq, yasaqliq ve Milli parklar yaradilmigdir.

Azorbaycan orazisi cografi qurulusuna goro bir nego vilayoto boliiniir. Orazisinin ¢ox
hissasi Boylik vo Kigik Qafqaz vilaystlorinin payina diisiir. Azarbaycan Respublikasinin orazisi
Alp Himalay qirisigliginin 6n Asiya bolmasinds yerlosir. Bu daglar ilk vaxtlar (milyon il bundan
ovval) donizlo ohato olunmus bir ada olmusdur. Sonradan bu orazido geoloji doyisikliklor bas
vermigdir. Burada olan cografi qruplagsma zongin heyvan va bitki oOrtiiyiiniin daha genis orazids
yayilmasi {i¢iin sorait yaratmisdir.

Azorbaycan orazisindo ov heyvanlari miixtolifliyino goro daha ¢ox maraq dogurur.
Orazinin doniz soviyasindon 100-200 m algaqda yerloson diizonliklordon, zirvesi homiso gar vo
buzlaglarla ortiilii olan yiiksok daglara qodor bir nego relyef formalarinin mdvcud olmasi
Azarbaycan orazisinds ov heyvanlarinin zongin ndv miixtalifliyi iiclin zomin hazirlayir. Eyni
zamanda geyd etmok lazimdir ki, 6lkomizin orazisinds yasayan otlik ov heyvanlart miioyyon
sistematik qrupun niimayondoloridir.

Ov ohamiyyatli heyvanlar ot, xoz, dori, buynuz, dorman mohsullar1 vo texniki piy vermok
noqteyi-nozarindan xiisusi ohamiyyat kasb edir. Azarbaycanda olan ov shomiyystli heyvanlar 3
qrupa boliinlir. Xozino goros ovlanan heyvanlar, otlik ov heyvanlar1 vo piyina goros ovlanan
heyvanlar. Bunlarin ¢ox novii otlik ov heyvanlaridir. Bu heyvanlarin bir qismi— vohsi donuz, ay,
dovsan va s. lozzatli oti vo keyfiyyatli xoz darilori oldugu {igiin har il ovgular torofindon yiizlorlo
ovlanir.

Otlik ov heyvanlarmin név miixtolifliyi kimi onlarin Azarbaycan orazisindo yayilmas: da
miixtolifdir. Kiir-Araz boyunca yerlogon Tuqay mesolori, Talis dag vo diizon mesolori,  Alazan
cay1 vadilorinin xarakterik faunasi vardir. Bu orazilor otlik heyvan ndvlorine gors ¢ox zongindir.
Lakin digor orazilords do stlik ov heyvanlar1 genis yayilmigdir. Masalon, Kiir-Araz diizenliyinin
miixtalif alcaq boz daglarinda ayilar, agiq yarimsohralarda ceyranlar, Tugay mesoalorinds Kiir boz
dovsani yasayir. Kiir-Araz boyunca yerloson gamishiglarda, Lonkoran, Zaqatala, Xag¢maz,
Ismayilli ovaliglarinda ¢l donuzu genis yayilmisdir (4). Gdzol tobiati, zongin faunast ilo segilon
Qarabag bolgosinin ermonilar torofindon isgali bu orazido yasayan otlik ov heyvanlarin noslinin
kosilmasi tohliikasini yaradib. Otlik ov heyvanlarinin insan hayatinda oynadigi rol miixtalif
olmagla yanas1 ¢ox godim tarixo malikdir. Arxeoloji qazintilar zamani yerin miixtalif qatlarinda
tapilan vo moatbox qaliglart adi ilo moshur olan heyvan stimiiklori hals das dovriinde insanlarin
miixtalif név heyvanlar1 ovladigini siibut edir. Azari tiirklori halo das ddvriindo agacdan vo
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dasdan sado alotlor hazirlayib, miixtolif heyvanlar1 ovlamis, onlarin otini yemis, dorisini geyim
ovozing, skeletini iso yaraq vo alot kimi istifado etmislor. Bu dovrdo insanlarin qidasini osason
nohong heyvanlar — polong, sir, maral, magara ayisi, ¢6l donuzu (gaban) vo s. toskil edirdi.
Azorbaycan orazisinde yasayan heyvanlarin qodimdan insanlar torafindon ovlanmasini adobiyyat
monbalarinds, tarixi abidolordon Qobustan gayalari iizorindoki Korgadan, okiiz, at, aslan kimi
rosmlardan do basa diismok olar. Bu orazide yasayan insanlarin igtisadi hayatinda shamiyyatli rol
oynayan ove¢uluq tunc dovriiniin sonunda daha yiiksok inkisafa ¢atmisdir. Tunc dovriindon domir
dovriino kecid orofosindo Azorbaycanda vo eloco do digor dlkolordo otlik vo xoz dorili ov
heyvanlarinin daha ¢ox ovlanmasi guman edilir. Bu da insanlarin ot vo xoz mohsullarina artan
talobatindan irali golirdi.

Insanlarin bir sira heyvanlari, xiisusilos, atlik ov heyvanlarini ovlamasi homin novlorin tobii
sayinin azalmasina gotirib ¢ixarmigdir. Bu da golocokdo bozi névlerin mohv olunmasina,
bozilorinin iso mohv olmagq tohliikesi qarisisinda qalmagina gotirib ¢ixarmisdir. XI — XII asrdo sir
vo qulanin, XVII asrdo hepardin, XX asrdo polongin Azorbaycan faunasindan yox edilmosi
deyilonlorin siibutudur. XIX asrin sonu XX asrin avvallorinde insanlarin heyvan momulatlarina
olan tolabat1 daha siiratlo artmaga baglamisdir. Ayri-ayri miislliflorin yazdigma gore, XX asrin
birinci yarisinda orta hesabla Azorbaycanda yiizlorlo otlik ov heyvanlar todariik olunmusdur.
XX osrin ikinci yarisinda bu daha yiiksok hodds catmisdir.

Azorbaycanda 1931-1940-c1 illords orta hesabla yiizlorlo otlik ov heyvanlan - ay1, qaya
kecisi, ¢ol donuzu (gaban), toko, dovsan, maral, ceyran, cliyiir, dag qoyunu vo s. todariik
olunmusdur (5). Illorlo heyvanlarin bu ciir ovlanmasi onlarin saymin azalmasma gatirib
¢ixarmisdir. Bu da homin heyvanlarin ovlanmasinin qadagan olunmasi ilo naticolonmisdir. Bu vo
digor nosli kosilmok tohliikasi qarsisinda olan nadir heyvanlar1 xilas etmok maqgsadils
Azorbaycanda qoruq va yasaqliglar toskil edilmisdir. Bu ciir nadir heyvanlar1 qorumagq ti¢iin XX
osrin ortalarinda goriilmiis todbirlordon biri do “Qirmiz1 Kitab*-in yaradilmasi olmusdur. Nadir
vo naslinin kasilmasi qorxusu yaranmig heyvanlar “Qirmiz1 kitab”a daxil edilmokls istismardan
cixarilmis, onlara qaygi artirilmisdir. Respublikamiz tiglin “Qirmiz1 kitab”a diismiis xarakterik
fauna novlorine muflon (dag qoyunu), bezoar keci, xallt maral, ceyran, qarapaga, babir, turan
palongi, hepard, Qafgaz qonur ayisi, zolaql kaftar, vasaq, manul pisiyi, ¢ol pisiyi, safsar,
enlidodaq vo s (2. 3.) aiddir.

Azorbaycan miistoqillik qazandigdan sonra yaradilmig Ekologiya veo Tabii Sarvatlor
Nazirliyi torofindon comi bir ne¢o ildo qoruglarin sahosino yenidon baxildi, beynolxalq
standartlar soviyyosina yliksaldildi. Homginin, Milli parklar (Sirvan, Aggol, Sahdag Dovlot Milli
parklar1 va s.) yaradildi. Azarbaycanda ilk qoruq 1925-ci ilds yaradilib. XX asrdo Azoarbaycanda
14 dovlst qorugu vo 17 dovlet yasaqligr togkil olunmusdur. Hazirda 15 dovlet qorugu, 24 dovlot
yasaqglig1 vo 9 Milli Park mévecuddur. Har bir qoruq, yasaqliq, Milli park tobistin yaratmis oldugu
kompleks soraitdo elmi-texniki vo ekoloji labaratoriyadir. Burada aparilan todbirlor naticasinda
nosli kasilmok iizro olan bir ¢ox heyvan novii saxlanilir, hotta bozilorinin say1 artirilaraq
“tohliikali siyahidan” ¢ixarilmigdir.

Deyilonlordon aydin olur ki, kor-korans inkisaf etdirilon ovguluqg heyvanlarin tobii
ehtiyatin1 tiikondirir. 1950-ci illorden baslayaraq ovcgulugda gayda-qanun yaradilmasi onlarin
borpasina yonaldilmis miihiim todbirlordondir.

Qanunu yolla ov silah1 oldo etmok vo har hansi ovgular comiyyatinin iizvii olmaq holo ov
etmok hiiququ deyildir. Bu hiiquq lisenziya qaydasi ilo miioyyon edilir. Vohsi heyvanlar
ovlamagq ticlin xiisusi lisenziya tolob olunur. Lisenziya ovguya ov etmok hiiququ veron osas
sonaddir.

XX osrin ikinci yarisindan baglayaraq otlik ov heyvanlari artiq siini soraitds ¢oxaldilir vo
hazirda shlilosdirilma prosesinin miixtalif marhalalorini kecir. Son illor sonaye shomiyyatli atlik
vo xoz dorili ov heyvanlari basqa 6lkolordon Azorbaycana gotirilir vo say1 artirilir. insan
ohlilosdirdiyi hoyvanlara tam hakim olur, onlarin hoyatina yeni istigamot verir, 0ziliniin
magsadine uygun inkisaf etdirir. Insan bu heyvanlarin qaygisina galir, onlarin yasama ugrunda
miibarizasini 6z lizorino gotiiriir, ovozindo homin heyvanlardan ¢ox qiymotli mohsullar oldo edir.
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Ev heyvanlarinin insansiz yasamasi miimkiin deyil, insan da heyvandarliq mohsullarindan ¢ox
asilidir. Buna gors tabiidir ki, insan hamiss ev heyvanlarinin sayini artirmaga vo mohsuldarligini
yiiksaltmoyos ¢alismisdir vo indi do galisir (1. 2).

Bir sira odobiyyat monbalarinds stlik ov heyvanlarinin bozi xastalik toradicilorini (genalori,
biralori, bitlori vo qansoranlari) 6z tizorlorindo gozdirdiklori {igiin yoluxucu xostaliklorin
yayilmasinda xiisusi rol oynadigi qeyd edilir. Masolon, xalli maral lima xostoliyini, dovsanlar vo
s. taun xostoliyini yayirlar. Bu va basqa xostaliklorin ¢oxunun tobii monboyi mévcuddur. Saglam
insan xostoliyin tobii monbayino diisdiikdo vo ya xostolik gozdiron heyvanla tomasda olarkon
yoluxur. Akademik E.N.Pavlovskinin xastoliklorin tobii monboyi nozoriyyasi homin xastaliklorin
monbayini tapib logv etmok vo ya onun qarsisini almaq problemini hall etmisdir.

ODOBIYYAT
1.AbbasovH.S., MustafayevQ.T., MommoadovS.9., IsmayilovR.O. Onurgalilar zoologiyasi.
Baki.:“Tohsil” nogriyyati, 1999.
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Kpome paznuyHON ponu MECTBIX OXOTHHYBUX >KMBOTHBIX B JKU3HHU YEJIOBEKAa OHM MMEIOT
OYeHb JpeBHIOK ucrtoputo. OO oxore JOAEH Ha JKUBOTHBIX IPOKMBAIOUIMX HA
A3zep0ailpKaHCKOM TEPPUTOPUU C IPEBHUX BPEMEH MOYKHO MOHSATH 110 JINTEPTYPHBIM UCTOYHHKA
U OT PUCYHKOB Ha UCTOPMYECKMX MaMeTHHKax Ha ['oOycranckux kamHsaxX. OObMHas 0XOTa Ha
KUBOTHBIX TPHUBENIA K YHHYTOXKECHUIO WUX 4ucia. s Toro 4to0bl CHAcTH yHUYTOXKAIOUIHECS
Buabl ux BHecam B «KpacHyro Kaury», ObulM co34aHbl 3allOBEIHMKH, 3aKa3HUKUA U
HannonaneHue napku.

SUMMARY
Bakhshaliev A.E., Sultanova N.H., Akhundova S.M., Qahramanova A.Y.
HUNTING ANIMALS OF AZERBAYJAN

Key words: preserve, forbidden zone, “Red book”, plague, licence

Except the distinguished role of local hunting animals in the lives of people, they have a
very ancient history. The hunting of animals by people from ancient times can be understood
from literary sources and from historical monuments, from the paintings drawn on Qobustan
rocks. The mass hunting of animals can lead to the decreasing of them. In order to save the
species from the, they were included into “Red Book™, reserves, forbidden zones and National
parks were built.
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MATEMATHYECKHUE MOJEJIA IBUXKEHUA IBYX®A3HBIX CPE/l B
TEXHOJIOTMYECKHX YCTPOHUCTBAX

Knwuesvie cnosa:  oeyxgpaznaa  cpedoa, menaomaccoooOmen, - KOHMUHUYM,
mypoyi1eHmHOCMb, CRII0WIHAA CPeOa, 0as/leHUe, 83KOCHb, MENCPA3HbBLIL nepexoo

Ilpusooumcs 6v1600 ypasHeHUll OBUMNCEHUS O0B8YXDAZHBIX Cped 6 MEeXHOI02UUeCKUX
yempoucmeax.  Ilomox  mpu  omom  paccmampusaemcs — Kak — Makpocucmema ¢
mennomaccooomerom. Ilonyuenvr mamemamuueckue mooenu OAA 6A3KOU U MypOYIeHMHOU
cpeoul.

Texnonoruueckue ycTpoiicTBa (ammapaTbl) HaxXONAT I[IMPOKOE MPUMEHEHHS B
XUMHYECKOH, HEPTSIHOM ¥  Ta30BOW  IMPOMBINUICHHOCTH, TEIUIODHEPTETHYECKUX U
BOJIOXO3SIICTBEHHBIX CHCTEMaX, CEIbCKOXO035CTBEHHOM MPOM3BOACTBE, SKOJIOTUU U Jip. TeueHnue
IBYX(a3HBIX CpeJl B TEXHOJOTHYECCKHX YCTPOMCTBAX B OCHOBHOM IIPOMCXOJHUT C BHEIIHHM
TEIMIOMacCOOOMEHOM. Kpyr mpobieM »TOi TeMbl CIMIIKOM HIMPOK. XapaKTepHOM
OCOOEHHOCTBIO JIBYX(pa3HbIX CHUCTEM SIBJSIETCSl HAIMYME B IIOTOKE HECKOJBKUX (pa3 (CHCTEMBbI
<OKUJIKOCTb - TBEPABIC YACTULIBIY, <CKUIKOCTD - IY3bIPbKH T'a3a», «ra3 - TBEPAbIE YaCTHUIIbI», «Ta3
- KaIUTH» | T.JI.) MEXy KOTOPBIMH CYIIECTBYET 0OMEH MacCOM, UMITYJIbCOM U DHEPTHUEH.

AHanu3 M3BECTHBIX TeopeTHuecKux paboT [1-3] mokaszan, 4ToO K HACTOSAMIEMY BpEeMEHU
OCHOBHBIC YpaBHEHUS IBIKEHUS IBYX(DA3HBIX CUCTEM, SIBIISIFOTCS YCTAHOBJICHHBIMHU, JIHIIb, IPU
OTCYTCTBHH BO3CHCTBHS BHEIIHUX HUCTOUYHUKOB (CTOKOB) MAcChl, HIMITYJIbCa M PHEPTHH (TO €CTh
IpU COOJIFOJIEHUM TOCTOSTHCTBA MaccChl) MOTOKa cpefbl. OJHaKO, BO MHOTMX IPAKTHUECKHUX
CIIydasix, CyMMapHasi Macca CMECH BCJIEICTBHE MPUCOCTUHEHUS (Uepe3 MPOHUIIAeMbIi KOHTYP) K
Hell HOBOM Macchl (MM OTCOEIMHEHUS OT HEE) 3HAUUTEIIbHO U3MEHAETCSI.

[Tpu MaTemMaTHueCcKOM OMHCAHUU ABYX(a3HBIX CHUCTEM OyJIeM HCIIOJIb30BaTh OCPEIHEHHOE
OMHMCaHWE JBWIKEHHUSA, C BBEJCHHEM TIOHATHS MHOTOCKOPOCTHOTO KOHTHHHYMa U
B3aUMONPOHUKAIOLIEr0 JABUXKEHUS €ro COCTABISIIONMX. MHOTOCKOPOCTHOM KOHTHHHYM
MIPEACTABISIET COO0 COBOKYMHOCTh OT/IEIbHBIX KOHTHHUYMOB, KaXbIii U3 KOTOPBIX, OTHOCUTCS
K CBOE cocTaBistomieil (da3ze uiIM KOMIIOHEHTE) CMECH M 3aloJIHAeT (PUKCHPOBAHHBIM 00BEM
BCel cUCTEeMBI. J[J1s1 KaX/10r0 U3 3TUX COCTaBISAIOIIMX KOHTUHUYMOB, BXOJIALINX B COCTaB CMECH,
B KaXJIOM TOuke 00beMa MOKHO ONPEIENUTh CPEIHIOI TIOTHOCTh, CKOPOCTh, TEMIEPATypy H
JIpyrue KNHEeMAaTHYeCKUE U IMHAMHYECKUE MapaMeTphbl, OTHOCSIINECS K CBOEMY KOHTHHUYMY H
CBOCH COCTaBIAIOIIEH CMECH, OMpeAeNsieMbIX KaK (PYHKIIMHM YEeTHIPEXMEPHOTO MPOCTPAHCTBA
fi &y, z,t_ [4]-

1. JIns BbIBOJa COOTBETCTBYIOIIUX YpaBHEHUH IBMKEHHS PACCMOTPUM JBYX(Da3HYIO
cpemy, COCTOSIIIYIO M3 Hecyllel (KHAKOCTh, Ta3, ap) U HeCOMOUM (TBEp/bIe YACTHUIIbI, Karliu,
ny3bIpbkH) (a3 ¢ BHEIIHUM TEIIOMaccOOOMEHOM. JTO O3HAYaeT, YTO B KaXKIOM TOUYKE C
KOOpIMHATAMHU X,Y,Z K YacTHIIE BELIECTBA B JAHHBIII MOMEHT BpeMeHH [, nMmerommii BekTop

CKOpPOCTH {j, MPUCOEAUHSIETCH (MM OTCOETMHAETCS) IEMEHTApHAs Macca CO CKOPOCTBIO (ix; .
IIpudem cuMTaeTCs, 9YTO BEKTOP CKOPOCTH (i,, MOYKET HA HEKOTOPYIO BEIMYUHY OTIMYATHCHA OT
BEKTOpA CKOPOCTH OCHOBHOM MacChl YacTHLBI (; (T.€. Uxj # Uj). IIOCKOIBKY NONOJIHUTENLHAS

AIIEMEHTapHas Macca CMECH MOKET IMPHUCOEAUHSTHCS K (PMKCUPOBAHHOW YacTHIIE C Pa3iIMYHbIX
HaIPAaBIICHUH, TO CJIEAYET BBECTH B PACCMATPUBAEMOE! (; -TIOTOK MACC, Uxj(xj -TIOTOK UMITyJIbCa

N
u i +u3i /2 g*i -IIOTOK SHEPTHUU, NPUCOCAUHACMBIX K YaCTUIIC BCUICCTBA 3a CAWHUIY BPCMCHU
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Ha enuHuny oOwvema. Ilpeamornaraercss Takke, 4YTO BHYTPH JBYX(}a3HOW cCpenbl MOTYT
MPOUCXOIUTh MeX(a3HbIe Mepexoanl (Macchl, UMITyJIbCa U SHEPTUU). B 3TUX YyCIOBHSX MpHU
MaTeMaTUYeCKOM OINMCAaHUU JIBKEHHUS paccMaTpuBaeMoil Byx(a3HOi cpelbl ¢ HEMpepbIBHBIM
U3MEHEHHEM (HU3UYECKUX BEIMYUH, 3aKOHBI COXPAHEHMS 3alUCHIBAIOTCS B BUAC ypaBHEHUU
OanaHca, CBSI3BIBAIOLIMX CKOPOCTh M3MEHEHHS «IIOJIHOTO KOJIMYECTBA» COOTBETCTBYIOLICH
busnyeckoil BenuuruHbI ((ha3bl WIK CPEbl) B HEKOTOPOM 00BEME C «ITOTOKOM» ITOW BETHYUHBI
yepe3 MOBEPXHOCTb, OIPAaHMYMBAIOIIYI0 OOBEM, M «UCTOYHUKAMUY», NEHCTBYIOIIMMU BHYTPU
o6bema. Torma mns | -it Bassl nByx(haszHoi cpesl (B IPOM3BOIEHOM 00beMe V , orpaHnueHHbIi
IIOBEPXHOCTBIO S ) MOKEM HAIMCaTh CJIEAYIOIINE OAlaHCOBBIE YPABHEHMS MACCHI, UMITYJIbCA U
SHEPTUU B HHTETrpasibHON (opme. X mpeacTaBuM B CIEAYIOIIEM BUE:

:t [Adv = [B,-fids+ [D,dv, 1

V() S(t) V(1)

rae A,B, M D, B 3aBHCUMOCTH OT YPaBHEHMs JBMXKEHHS MOTYT OBITb MM CKAJIAPHBIE WJIM
BEKTOPHBIE BEJIMYHUHBI U 33JJal0TCS B BULE

PiPi 0

i)i¢iﬁi ) (fio_;i ) @)
A =1TXppU; B, = X¢,0;

P U2 Pio;

PpE; pUc; —pd;

Qi +(=D'x, =12

P F +0,40, + (=)' (R, +0,2)

D, = s rxppF +Fxd, 0, + (1) FxX(R +0,7) )
P Fl; + N +0.u?/2+ (-D)(RT, + yu?/2)

PR +Eq, + (=)' (RTU, +Q +E, 7)

3mech E =e +U? /2; E, =e, +Uu2 /2; Ez:e/fuj /2; Pi: @;,U; -MCTUHHAs IUIOTHOCTb, o0beMHas

KOHLIGHTpALMs M CKOpOCTh 1 (asbl; U.; "CKOPOCTh TIPUCOEAUHACMOM (MM OTCOETMHAEMON)
MacChl; . -ylelbHas NPUCOEAUHsAEMas (WM OTCOEAMHAEMAs, IPU OTOM @, <0) Macca; y -
yZAenbHas Macca (pa3oBOro Nepexosa; F,o;-yAEIbHbIH BEKTOP MaCCOBBIX M TEH30D HAIPSHKEHUS
TIOBEPXHOCTHBIX CHII; U, ~CKOPOCTh MAacChl MeX(a3sHOro MEPEX0Ma; R, -yIENbHBIH BEKTOP
MeK(a3HBIX CUJI; [ -pajinyc-BEKTOp,  UCXOAAIMHA M3 (UKCUPOBAHHOM TOYKM (HAdaio
KOOPJIMHAT) B PACCMATPUBAEMYIO TOUKY, 3aHATYIO | -if (a3oif; fi, “€IMHUIHBIH BEKTOP HOPMAJIH B
3aJ]aHHOM TOYKE IOBEPXHOCTH S(t) M HANpPABJIEH HApYXKy (BHEIIHAS HOPMalb); €;-ynenbHas
BHYTpeHHsIA dHeprus | -it  dassy €.;,€, -COOTBETCTBEHHO Y/I€JIbHAs BHYTPEHHSA OHEPrUs
IPHCOETUHAEMON (MM OTCOEAUHAEMON) MAacChl M (a30BbIX MPEBPALIEHUH; Q,-UHTEHCHBHOCTD
MeK(pa3HOro TemnooOMeHa; N, -yJelbHas MOIIHOCTh BHYTPEHHHMX CHIL; (; -BEKTOpP TEIIOBOTO

moToKa K I-i (paze cMecH.

B obnacty HempephIBHBIX IBMKEHUI MHTErpAJIbHBIC YPaBHEHHS OallaHca Macc, UMITYJIbCOB
¥ DHEpPIWM, 3alMCaHHble A1a | -i (Hecymeid mmu Hecomoit) ¢asel (1)-(3), SKBHBANEHTHHI
muddepeHMaIbHbpIM - ypaBHeHUAM. s ycraHoBieHUs Au(depeHInanbHbIX  ypaBHEHUN
ucnonpzyercst mnpaBuio JleiiOHuna (mo3BosuBIIee MpeoOpa3oBaTh CKOPOCTh H3MEHEHHE
UHTErpajia no o0beMy B CyMMY MHTErpajia o o0beMy U HMHTerpasa 1o moBepxXHOCTH) [2]

:t [Adv = jaaAt‘var [Au,ds, (4)

V(1) v(t) S(t)
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Ii€ u,, =0, - i, "HOpMalbHas COCTaBIAIONmAas CKOPOCTH Ha mosepxHocTd S(t), ypasHenue (1)
MO3KHO MpeoOpa3oBaTh B CAEAYIOIIUN BU:

j%pt‘dv =- [(Au,-B,)ds+ [D dv ®)
V(t) S(t) V(t)
B aToMm ypaBHeHUH, coriacHo u3BecTHOH Teopeme ['aycca-Octporpaackoro, npeodpasyem
MHTErpall Mo MOBEPXHOCTH B HMHTerpai mo odbemy, Torma mns | -i dassl aByx(dasHoii cpebl,
MOJTYYUM clieayrolee AuddepeHnaIbHoe ypaBHEHNE

B (6) mpencraBieHbl NIATh ypaBHEHMsI IepeHoca. llepBoe ypaBHEHHE - ypaBHEHHE
nepeHoca Macchl (pu A = pg,, B, =0, D, =q, +(-1)' z, i=12):
P - :
ﬁ(pi ?)=-V(ppUHa,; +(-1)' x ()
Bropoe ypaBHeHue - ypaBHeHME mepeHoca ummyinbca (npu A = pigili, Bj = ¢iGi,
Di = pigiFi +UsiGsi + (<) (R +U 2, 1=12))
0 _ T " -
a(pi(piui) ==V(pipUit - $,6;) + pipiF + 0,0, + (D) (R + U, x) (8)
Tperbe  ypaBHeHMe -  ypaBHEHHE  T[€peHOCA  MOMEHTa  uMmOyinbca  (Tpu
A =T xpol, B =T x@d, D =FxpgF +Fx0,q,+(D)'Fx(R +0, 7,1 =12))
0. _ - o
a(rxpi(ﬂiui)=—v(ﬁ x Pl =T x G;) + 9)
+ T x P F 4T x 00, + (D) (F xR +F, xU, )
YerBeproe  ypaBHEHHE - YypaBHEHME II€peHOca  KHHETHMYeCKOW dHepruu  (mpu
A = pio, ui2/2, B =pUG;, D =ppFRu+N, +q, Ui2/2+ D' (R, +;(uj/2, i :LZ))

0 _ L =
a(pi¢i uiz/z) =-V(ppG; uiz/z_q)iuio-in) + o, FU; + (10)
+N; +qf«iu*2i +(_1)i(§ilji +xu/2)

IIatoe YpaBHCHHEC - YpaBHCHHE IICPCHOCA MOJTHOU OHEpPIrun (HpI/I AI = PiP; Ei ,

B =006, —90i, D, = ppFd+Eq, + (<) (RU; +Q +E, 2), i ~12))
0 . o - =
a(piq)i E)=-V(pipGE —-gl.c, +9,0’) + pip,FU;, +E,Q, + (11)

+(_l)i(RiUi +Q + EZZ)-

Ecnu paccmarpuBaTh cityyaii, Korja Marepuaibl a3 - HeMOJIspHbIE CpeAbl OTCYTCTBYIOT
BHYTpEHHUE (COOCTBEHHbIE) MOMEHTHl HUMIyJbca (T.e. TpPU OTCYTCTBEHM BO3JeHCTBUE
AIIEKTPOMAarHUTHOTO TMOJsI, ChIMy4uX cpen), u3 (9) ciemyer, 4YTO TEH30p HaNpsSKEHUS
cummerpuder () ik = (o, )kJ . B aTrom ciydae, ypaBHEHHE MOMEHTA UMITYJIbCA OTHOCUTEIBHO

HEKOTOPOr0 HEMOJBMKHOTO IIEHTpa (T.e. Hadala KOOPJHMHAT) SIBJIAETCS CIEACTBUEM 3aKOHA
coxpaHeHMs umnynbca. [Ipu MeuIeHHBIX Mporeccax (Korja CKOpocTh ABM)KEHUS, 3HAYMTEIbHO
MEHBIIIE CKOPOCTH 3BYKa), MOXKHO MCIOJIb30BaTh YpaBHEHUE BHYTpPEHHEN sHepruu. Ero MoxHo
HOJYy4YHUTh, COTMOCTABIISAS YpaBHEHUs MEpeHoca MeXaHW4yecKol (kuHeTuuyeckoi) sHepruu (10) c
ypaBHeHueM nosiHo sHepruu (11). Ilounennoe Beruntanue (10) u3 (11) maer

g(piwiei) =-V(p,pe0; +¢,0) +e,0, —N; +(-1)'(Q +e,%) (12)

nuddepeHIanbHOe YpaBHEHHE TEPEHOCA BHYTPEHHEH (TEIToBOoi) SHeprun | —ii (assl cMecH ¢
TeriomaccoooMeHoM. Takum o6pazom, auddepeHnnanbHble ypaBHeHUs HepeHoca Macchl (7),
umyibcea (8) u suepruu (12) 06pa3yloT CHCTEMY OCHOBHBIX YPaBHEHHH JBMKCHHS | —if (asbl
IByX(a3HBIX cpel C TemroMaccooOMeHoM. [l mX 3aMbIKaHUS HEOOXOIMMO HCIIOIb30BaTh
YPaBHEHMsI COCTOSIHMSI MaTepuasioB (a3, a HMMEHHO, 3aBUCHUMOCTH TEH30pOB HaIPsDKEHHIH,
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BHYTPEHHEIl 3HEpPTUM U psAla APYTUX BEIUYUH (HampUMep, CKOpocTed (PU3HKO-XUMHUYECKHX
NPEBpAICHHBII) OT TEH30pOB jAedopMaliuii, ckopocteil aedopmaruii (KOTOpble BBIPaKAIOTCS
yepes MoJie CKOPOCTEH U CMEIIeHUI ), TeMIiepaTyp, KOHLIEHTpaluii KOMIIOHEHT B (a3ax u T.1I.

3. CymmupoBaHueM OalaHCOBBIX ypaBHeHH# |—i#  daser cmecu (7), (8) u (12) Moxem
nonyuuTh JAud@epeHuanbHble ypaBHEHUS JABWXKECHHS JBYX(a3HOHW cpeAbl C BHEUIHUM
TEIIOMAacCOOOMEHOM

% v(pm+a.; (13)
2 () =~V(pili~6) + oF +U.0. (14)
2 (p0) =-V(piie+.)-N +e.q. (15)

rie p- IUIOTHOCTh ABYX(DasHOH Cpembl, p=> po; F,G -BEKTOp HANPSUKEHUS BHEIIHHMX
MAacCCOBBIX W TOBEPXHOCTHBIX CHJI, JCUCTBYIOIIMX Ha JBYX(a3HyIO cpeny, ﬁ=§jpi¢i'fi]p 51
=305 U -BEKTOp CKOpOCTH IBYX(ha3HOW cpenbl, U= € pjpil; Jp; €-yAeabHass BHYTPEHHSIS
SHepruss  JByX(pa3zHOW  Ccpembl, e= Q P8, zp; €.-ylelbHass  BHYTPECHHAS  DHEPIUs

NPUCOCAMHAEMON (MIIM OTCOEAUHIAEMON) MACChl CPEMBI; (, ~“MHTEHCUBHOCTb M3MCHEHHMSI MACCEI;

Ux - BEKTOP CKOPOCTH MPHCOEIMHAEMON (MM OTCOEIMHAEMOI) MACChl; § - BEKTOP TEIIOBOTO
notoka. M3 3Toi cucTemsl, IpU OTCYTCTBUM BHEIIHUX HCTOYHHUKOB MAacChl (. =0, UMITyJbca
~ (v (v
G- g=0 v oHepruu € —ex O« =0, KaK MX YaCTHBIA Clydyad, MOXKHO IOJYYUTh M3BECTHBIE

ypaBHEHUS JBIKCHUSI OJIHO - U 1ByX(asubix cpex [1-3].

[losnydyeHHble ypaBHEHHUs CHPaBEUIMBBI JJISl ONMUCAHUS COCTABIISIIOIIEH CMECH U Cpeibl B
LeJloM C JoObIMU  (pu3nuecKkuMH cBoOWcTBaMM. [l ee 3aMblkaHUS HEOOXOAMMO NpPUBJIEYb
TEPMOJIMHAMHYECKHE W PEOJOTMYECKHE YPaBHEHHS COCTOSHHUS, a TaKXKE BBIPAKEHUS JUIS
TEIUIOBOI'O MOTOKa, MEX(a3HbIX CHJI, Macchl (a3oBbIX MPEBpAIEHUN U TEIIOOOMEHA MEXIY
dazaMu. OTU JIONOJHUTENbHbIE (ONPEIEISAIONINE) COOTHOIICHHUS YCTAHABIMBAIOTCA IIPU
HOCTPOCHUH MaTeMaTHYECKOW MOJIeJI KOHKPETHOM 13ydaeMoit cpensl [5,6].

2. Ilpu MaTeMaTHYECKOM MOJCTUPOBAHMHM MHOTHMX 33]a4 MEXAaHWKH CIUIONIHOM Cpempbl,
MOXKHO HE YYMTBHIBaTh B3aUMOJCHCTBHUS MEXaHMYECKMX M TEPMHUYECKUX NPOLECCOB U
OTPaHUYUTHCS UCKIIOYUTEIbHO MEXaHMYECKMMHM IpolieccaMu. MaTreMaThdecku 3TO O3HAyaer,
YTO HCIOJIb3YeTCS TOJIBKO YpaBHEHHWE CIUIOUIHOCTH M ypaBHEHUE JMHAMHUKH, a ypaBHEHHE
SHEPruM HE paccMaTpUBAETCS, IPUUEM I10JI€ TEMIIEPATYP, KOTOPOE, HarpuMep, OyeT BIUSATh Ha
10JIe MIIOTHOCTEH, CUNTAETCs 33JaHHBIM U3 HEMEXaHUYECKUX cOoOpaxkeHuH [7].

CkansipHO€ ypaBHEHHE HEepa3pbIBHOCTH (13) U TpH COCTABIAIOIIMX BEKTOPHOTO ypaBHEHUS
JuHaMuKd (14) oOpa3yloT cucTeMy 4YeThIpexX ypaBHEHHUH Ui JIeCATH HEM3BECTHBIX (DYHKIMH
KOODJMHAT M BPEMEHH, & MMEHHO: IUIOTHOCTH L, TPEX KOMIIOHEHT ckopoctd U u miectw

KOMIIOHEHT (CYMTAETCSA, YTO TEH30pP HANPSHKEHUH CUMMETPUYEH) HanpsokeHud o . W3
CPaBHEHHMs YHCJIa YPABHEHHUH C UMCIOM HEU3BECTHBIX BHMJIHO, YTO HaM HEOOXOAMMO ellle IIECTh
COOTHOILIEHUHN MEXAY YIOMSIHYTBIMA HEM3BECTHBIMU. Takue COOTHOLIEHUS MOXKHO HAaWTH, €CIH
y4ecTb, YTO ypaBHeHHE HepaspeiBHOCTH (13) um ypaBHeHue auHamuku (14) He conepxkar
HUKAaKMX JaHHBIX O XapaKTEPHBIX MEXaHMUYECKHUX CBOWCTBAaX pacCcMaTpHUBAEMOH CIUIOIIHOMN
cpelpl. DTH CBOMCTBA ONMMCHIBAIOTCS ONPENENSIIONIMM ypaBHEHHEM U MPEICTaBIsIOT CcOOOM
TEH30pPHOE YpaBHEHHE, yCTAHABIIMBAIOLIEE CBA3b MEXKIY CTaTUYECKUMHU U KUHEMATHYECKUMU
BeTMYMHAMU. B ciiydae M30TpONMHOW HBIOTOHOBCKOW BSI3KOM cCpeabl (GKUIKOCTH WM Tas3a),
HauOosee OOIMM BUAOM JIMHEHHON CBSI3M MEXIY TEH30POM HANpPsHKEHUH U TEH30pOM
ckopocteit nedopmaruii (6e3 yuera BTopoi Bsizkocth) Oynert [1, 7]

- ou; ~
M T 25 M) g k=123 (16)
ox; 0% 3 7 OX B

]

o :—P5ij +u

rne P -naBnenwue, 5i i -pynxus Kponekepa, u -nuHamuueckas BSI3KOCTb CPEIbl.
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Taxk kak, 37ech BBeJieHa HOBasi HeusBecTHas GpyHkuus P, to cuctema (13), (14) u (16) cocrosT
U3 JIECATH YpaBHEHUH I OAWHHAALUATH HEU3BECTHBIX (yHKIMHA. YTOOB MOITY4UTH
HE00X0IMMOE PaBEHCTBO YMCIIA YPABHEHHUM U YUCIIa HEU3BECTHBIX, HY)KHO €Il TPUCOSAUHUTD K
HUM YpaBHEHHE COCTOSIHHS CpEIbl, KOTOPOE IPEICTaBIsAeT COOOH CKalApHOE COOTHOIICHHE
MEXJly IUIOTHOCTBIO 0, HaBnenueM [P u temmeparypoir |, Te. f@,pT } 0. YroObr
MOJIYYUTh YUCTO MEXAHUYECKYIO 3a7auy, 4acTO OepyT TaKoe ypaBHEHUE COCTOSIHHSI, KOTOPOE He
COACPKHUT TCMIICPATYPHI. HpOI_IGCCbI, MNOAYUHAOIHUECA TaKUM YpaBHCHHAM COCTOSHUA,
Ha3bIBaeTCs OapoTpOnHbIMH, T.e. o= f G: BaXHbIMM YacTHBIMHM CIIy4asiMU  SIBIISETCS
M30TEPMUYECKUE TMPOLECChl, MPU KOTOPBIX TEMIepaTypa Cpelbl SBISETCS IOCTOSHHOH, U
annabaTUIeCKue MPOIECChI, TPH KOTOPBIX OTCYTCTBYET TEINIOOOMEH.

g ciydas BSI3KOM HecKMMaeMoH cpenbl (mpu p =const, g =const) ypasHenus (13) u (14)

MPUMYT BUJ!

di
dt
OTH ypaBHEHHS OOpa3ylOT 3aMKHYTYIO CHCTEMY YETBHIPEX YpPaBHEHHH 11 OTHICKAHUS

u,U,,u, u P. 3agaua orsickanns mome ckopocTeil M JABNEHHI PEIIAIOTCS HE3aBHCHMO OT

vVi=q, p PF —Vp+ 1V + (U, —U)q (17)

3a/a4u OTHICKaHWs 10 Temmeparyp. ITocie toro kak ¢yukuuu U u P Gynyr naiinensi,
MO’KHO MCKaTh TeMIIepaTyphl, pemias ypaBHeHue >Hepruu (15). J[is pernenus TemnoBbX 3aaad
ypaBHeHue sHeprud (15), mpu ycI0BUU OTHOCUTEIIBHO MaJION CKOPOCTH TEUYEHHS (B MAJIOBSA3KUX
HEC)KMMAaeMbIX Cpeiax, MOKHO MpeHeOpeyb YWICHOM TUCCUIIHPYEMON SHEPTUU M0 €ro MajoCTH),
NpHUHAB e=CT, e, =CT, ¥ g, =—AVT INpeJCTaBUB B Takoi popme

ar .

pC = div(AgradT) +C(T. ~T)q. (18)
rae C -ynenbHasi TEIUIOEMKOCTh (IIPU TE€UeHHU Hec:kumaeMbix Bsi3kux cpen C, =C =C); T,T, -
TeMIlepaTypbl TeKyllell U IPHUCOECAUHAEMOH (MIM OTCOeAMHAEMOM) Macchl cpenpl; A -
kodpduuuent teruonpoBogHoctd. [lpu  ycnoBum ¢, =0 (Ipu  OTCYTCTBHHM BHEIIHHX
HUCTOYHUKOB Macchl) u3 (18) 7nerko mogyduTh HM3BECTHOE YpaBHEHHE TEIUIONPOBOJAHOCTH

pCdT/dt = AAT .
CrnenyeTr OTMETUTBh, UTO NMPUBEJEHHAs crucTeMa ypaBHeHus iBrkeHus (17) u (18) sBasercs
0011el, TOCKOJIBKY NPH OTCYTCTBHM BHEHIHMX MCTOYHHMKOB (CTOKOB) MAacchl (=0, HMIIyJIbCa

(Usj —Uj)q=0 # BHEpruu ¢ (T,—-T)q=0, KaK YaCTHBIC CIly4al U3 HUX BBITEKACT H3BECTHBIC

ypaBHeHus nBmkeHusi Haebe-CTtokca u TeronpoBogHocTH. CrleaoBaTenbHO, dTa CHCTEMaA
ABIIsIeTCSl OoJiee YHHBEpCAIbHOW W MpPUMEHHUMA I PElIeHUs IMIHUPOKOro Kiacca MPUKIAIHBIX
3a/1a4 MEXaHUKH CIUIOMIHBIX cpell. [Ipu pereHnn KOHKPETHBIX 3aa4 K cucteme ypaBHenuit (17)
u (18) Hamo MpHUCOEAMHHUTH M YCIOBHS OJHO3HAYHOCTH (KpaeBble YCJIOBHSA), BKIIIOUAIOIIUE
reoMeTpuueckue, (u3NUeckue, BpeMEHHbIE (HavalbHbIE) W TpaHWuYHble ycioBus. [lpu sTom
3a7laya pEIIAECTCS AHAJIWTUYECKUM, YHCICHHBIM WM DJKCIIEpUMEHTAJIbHBIM MeToaoM. B
MOCJIETHEM CJTydae MOXHO MPUMEHUTh HIUPOKO HCIOIb3YeMble METOAbl (U3UYECKOTO U
MaTeMaTUYECKOr0 MOJAEITUPOBAHHUS.

3. JIBmKeHue MOTOKAa OJHO — U JIBYX(a3HBIX Cpell B MPUPOJIE M TEXHUUYECKUX CHCTEMaX
BO3MOXXHO Kak JIaMUHapHOe, Tak U TypOyneHTHoe. KOHKpETHBIH pexuM TedeHUs Cpeibl
3aBUCUT OT MHOTHX (DaKTOpPOB, Cper KOTOPHIX TJIABHBIM, 1O - BUIUMOMY, SIBJISIETCSI COOTHO-
HIEHUE MEXJY CWJIaMU MHEPLUU M CUJIAMU BSI3KOCTH, XAPAKTEPU3YyEMOE YHCIIOM (KPUTEPUEM)
Peninonbaca Re =(vpl)/ u. Ilpu CpaBHUTENBEHO HU3KHMX €r0 3HAYEHHAX Re <Re,, (rme Re,,~

HEKOTOpOe KpUTHYECKOe 3HadeHWe Re), TedyeHWe OKa3blBaeTCs YCTOMYHMBBIM, W BCE
BO3MYILIEHUSI, BHOCHUMBIE B IIOTOK, OBICTPO 3aTyXaloT. 31eCh  BSI3KOCTb CpEAbl HIpPaeT
CTaOMIIN3UPYIOUIYIO poiib. [Ipu TakoMm TedeHHH cpeibl TPAeKTOPUH YACTHUIL, TOJsI CKOPOCTEeH U
JaBJICHUM MMEIOT IUIaBHBIA PEryNspHBIM XapakTep (37ech JMHUM TOKA, KaK MPaBUIIO, SKBUIU-
CTaHTBl JApyr K Apyry). C yBeIMUeHHEM CKOpPOCTH TEYEHHs, MapaMeTpbl MOTOKa CpeJlbl
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(ckopoCTh, JaBJCHUS, TEMIEpaTypa u Ap.) OyayT MyIbCUPOBATh CIIy4aliHBIM oOpa3oM Ha (oHe
CBOMX CpeqHuX 3HaueHwmit. Teuenne cpensl mpu Re > Re kp CTAHOBUTCS TypOyJIE€HTHEIM [5].
Jns ycpenHenuss pU3MYECKHX MEPEMEHHBIX, Yalle MCIOJIb3YIOT YCPEIHEHHE IO BPEMEHH U

ycpeaHeHue ¢ BecoBOil (pyHkuumell (IIOTHOCTHIO). B ciyuae TeueHus HeC)KMMAaeMOW Cpelibl C
IOCTOSIHHOM IUIOTHOCTBIO o =CONSt (ecau CKOPOCTb TEUEHHs Cpedbl HAMHOIO MEHbILE

CKOPOCTH 3ByKa), o0a croco0a ycpenHeHus SKBHUBaJeHTHBI. 1loaTOMY, paccmaTpuBas cpeny ¢
Lo =const, OyaeM HCIOJB30BATh JMIIb BPEMEHHOE YycpenHeHue. llpu 3TOM ciiydaiiHo
U3MEHSIONINECS BEIMYMHBI 3aMEHSIOTCS Ha OCPEIHEHHbIE TI0 BPEMEHH IIIIOC MYJIbCAIIUN BOKPYT
stux cpemnnx smauenmii €t €} f'€,t. B cooTBerctBUM C >THM, (U3HUECKHE
nepeMeHHble (MICHOBEHHBIE CKOPOCTH, JABJICHUS M TEMIIEpaTypa) IMpeACTaBISIOTCS B BHIE
cienytommx cymm: U =0 +U'; p=p+p’; T=T+T', rae 3HaukaMu ITPUX 0OO3HAYEHHI
MYJIbCAIIMOHHBIE COCTABIISIOIINE, @ YEPTOYKOW CBEPXY - YCPEJHEHHbIC (CpeIHUE) BEINYMHBI.
[Ipu >ToM cumuraercs, uto U <<0, p'<<P u T'<<T, T.e. Quykryamuu u,p u T Mabl.
OOBIYHO B HEC)KUMAEMOM cpefle MyJIbCAallud IUIOTHOCTH, BSI3KOCTH, TEIUIOIPOBOJHOCTH,
TEIJIOEMKOCTH M Jpyrde€ BEJIMYMHBI Majbl M HMMH MOXKHO mpeHeOpeub (T.e. 3aMEHHTh
MTHOBEHHbIC BEJIMYHMHBI HAa UX OCpPEeJHEHHbIC 3Ha4deHus). bynem, nanee, momarats, uyto f(F,t)

t+tgy

YCPEAHSETCSI [0 I0OCTATOYHO OOJIBIIOMY HHTEpBaly BpeMenu f,: f =— I fdt, u Ha 3TOM HHTED-
0 t

t+y

;1
Bajc f’:t— j ft=0. CnenoBarenbHO, YyCpPEAHCHHBIE TI0O BpPEMEHU IyJbCAIIMOHHBIC
0 t

coctaBisitone  Oynyt paBHel Hymo: U/=0;p'=0,T'=0 (tak Kak myJIbCAIIMOHHbIC
COCTaBJIAIOLIME MMEIOT 3HAKOIEpEeMEHHbIN Xapakrep). B To ke Bpems cpenHee 3HAauY€HUE OT

KBajpara Hy.]'IbCI/IPYIOIJ_Ieﬁ BCJIIMYHHBI OTJIMYHBI OT HYJIA U;Ui, # 0 ¥ OTIIUYHEI OT HYJISL 1 OCPCIHCH -

HBIE IT0 BPEMEHHU CMEIIAHHbBIE MPOU3BEICHHS MYJIbCAMOHHBIX CKOPOCTEN u{u; #0 [5].

HCHOJ’H)?)YH Oorncpanurlo YCpCAHCHUA I10 BpPCMCHHU, HNPHUBEACM BbIBOA THAPOJWHAMUYCCKHUX
ypaBHEHUU TypOYJIEHTHOTO TEUYCHHS] HECKUMAeMOW BS3KOH HBIOTOBCKOW CpEAbl C Y4EeTOM
BHEIITHETO TeryioMaccooOMena. /I 3TOro B KadecTBE WMCXOJHOTO WCIIONB3YEM CHCTEMY
mubdepeHIManbHbIX YPaBHEHUN JIBIDKEHUS BSI3KOM HEC)KHMMAaeMOW Cpelbl ¢ TEeIioMaccooo-
MEHOM B cienytomen hopme:
a) ypaBHEHHE HEPa3pPbIBHOCTH

au, ou;
—l=qwm —=(q, 19
ox O ox (19)
0) ypaBHEHHE KOJTUYECTBA JIBHUKCHUS
2
%+uj%=|ﬁ—l£+v6—u;+(1ﬁ—ui:q (20)
ot OX; P OX, OX;
B) ypaBHEHHE BHYTPEHHEH (TEII0BO) SHEPIUU
2
LU i BRPIR (21)
ot aXJ axi

e q=9./p, v=pu/p, a=4i/pC.

MatemaTtuueckoe omnucaHue TypOYJIEHTHOTO IBMKEHMSI CpPelbl C TEIIOMacCOOOMEHOM,
OCHOBBIBAeTCS Ha ypaBHEHHUsX HepaspbiBHOCTH (19), kommuectBe aBwxkeHus (20) u sHepruu
(21), B KOTOpBIE MO/ACTABISIOTCS MTHOBEHHBIC (HCTUHHBIC) BEJIMYMHBI, BBIpaKaeMbIe KaKk CyMMa
yCpPEIHEHHBIX (CpeHel BO BpeMEHH) U MYJIbCALIMOHHBIX cocTaBisonmx. [I[puMeHuB yka3aHHbIe
BbIIIIE YCJIOBUS YCPEIHEHMSI KO BCEM YJICHAM STHX ypaBHEHH, MOJYy4YUM CHUCTEMY ypaBHEHUU
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TUAPOIMHAMUKU TypOYIEHTHOTO IOTOKA BA3KOM HEC)KHMMAEMOM CpPeIbl C TEIIOMacCOOOMEHOM:

aﬂzq WA auj:q (22)
OXj X
LUy |=pFj - —+ —| u—"— puiu’; i — U
p8t+18Xj P 8Xi+8xj ﬂaxj puiu [+ @ —Uj g
e RIS LI N LIS o +pcG-T G (24)

APV e .

ot oXj ) oOXj OXj
N3 3Tux ypaBHEHUU CJIEIyeT, YTO TEH30p - pujuj B YPaBHEHHH JMHAMHKH (23) urpaer
poJIb, AHATOTUYHYIO POIM TEH30Pa BSI3KMX HANPIKCHUH  op, / ;- [TosToMy 3Ty BenuuuHy
MO>XHO Ha3BaTh TEH30pPOM TypOyJIEHTHBIX HampsokeHuil. COOTBETCTBEHHO, YIIEH peuiT’ B

YpaBHEHMH IepeHoca BSHepruu  (24) uMMeeT CMBICH IUIOTHOCTH TYpOYJIEHTHOTO IOTOKa
CKaApHOH cyOcTanumu (Temnorel). Takum  00pa3oM, QpU3HYECKUE BENMYMHBI BUIA pui U'j u

pCU’jT' TIPE/ICTABIISIOT N00aBOYHbIE HaNpsKeHUs, 0OYCIOBIEHHbIE MEPEHOCOM HUMIYyJbca M

SHepruu (Temia) MyJabcalUsMU B TypOyJeHTHOM IoToke. IloiydeHHble BbIlIE ypaBHEHMS
JBUKEHUS TYpOYJEHTHOIO IIOTOKA C TEIioMaccooOMeHoM (22)-(24) ocraroTcs crpaBeIMBbIMU
U Ul JAaMUHApHOTO TEUSHMs, €CIM B HUX MYJbCAl[MOHHbIEC BEJIMYUHBI IPUHATH PABHBIMH HYIIIO.
Cucrema (22)-(24) sBusieTcss HE3aMKHYTOM, TaK KakK COJIEPKUT psJ JOMOJTHUTEIbHBIX YIEHOB
(TypOyseHTHbIE HAPSKEHUs U TYpOYJIEHTHBIN MOTOK TEIlIa), IBHBIA BUJI KOTOPHIX HEU3BECTEH.
[Tpu 3TOM BO3HMKAaeT HETpUBHAJIbHAsI IPOOJIEMa 3aMbIKaHHUsI CHCTEM YpaBHEHUH IepeHoca JJis
YCPEIHEHHBIX BEJIMUYUH, KOTOPas B TEOPUHU TYpOYJIEHTHOCTH SIBJIAETCS LEHTpaIbHOU. J{i1st 3TOro0
HEO0OXOJUMO yCTaHOBUTH JIOTIOJHUTEIbHYIO 3aBUCUMOCTb WJIM MPHUHSTH KaKylO-TO THIIOTE3Y O
CBSI3M MEXJy KaKyILUMHUCS TYpOYJCHTHBIMM BEJIMYMHAMH M IapaMeTpaMH YCPEIHEHHOTrO
noToka. OTa Tpoleaypa H3BECTHA Kak 33j7a4a MOAEIMPOBaHMA TypOyieHTHocTu. Tak,
HalpuMep, B MEIJICHHO - U3MEHSIOLUXCS TEUCHUAX, A1 OIpeesICHUs TeH30pa TypOyJIeHTHBIX

HANPSDKEHHH- PUU] M TEIUIOBBIX NOTOKOB- pcU’ T’ MOKHO MCIOJIB30BaTh CIENYIOIIHME THIIOTESHI
TypOYJICHTHOCTH- PUU; =,LLT5“- u- pcu}T':ATaf/axj , Tne i, A; K03 HUIUEHTbl TypOyJIeHTHON
BS3KOCTH M  TCILIONPOBOJHOCTH; D, -KOMIIOHGHTBI ~TEH30pa YCPEOHEHHBIX CKOpOCTeil

nedopmanuu, 5". = OU, /OX; +0U; /Ox; . TIpu oToM cuctema (22)-(24) npesicrasiena B popme

ou aui
o _ om0 _ (25)
X 5Xj
o o opog o R
o s o _. o i —
ot uJaxj Vaxj ‘+VT/V/5XJ' + € 4

e v=u/p,vr =pur/p, At =pcvy /Prr ,A=pcv/Pr. COrmacHo HMMEIOMHMMCS B HACTOAIIEE
BpeMs, JaHHbIM uncino [Ipanaris Pr 61mM3Kko k equHuLe.

Jly1g 3aMBIKaHUSI CUCTEM ypaBHEHUMN JBUKEHUS TypOyJIeHTHOro motoka (25)-(27), MOXKHO
WCIONIB30BaTh Mojeinu TypOyinentHoctH Kommoroposa - Ilpanaris, € —6‘: MOJENH U JIp.

Hanpumep, xo3¢p¢unuent TypOyJeHTHOH BSI3KOCTH V;, 4allle BCEro ONpeAessercs Io
U3BECTHOM runotese Ilpanamis v 1250 oy, Tae | -qmuHa myTH nepemeniuBanus. BennunHa
|, 3aBucut or THma TedyeHus (MOrpaHnYHBIA CIIOH, CTpys, Cciaex U 1ap.). s NPUCTEHHBIX

TEUEeHNH XOpOIIHe Pe3ynbTaThl 1aeT popmyna | = yy {—e™V/A , Tre y =0,40; A= 26. Beipaxkenune B
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ckobkax J-exp € y/A” sBusercs Gpynkumei Ban - JIpucra, KoTOpas HCIONB3yeTCsl JUIS TOTO,
4TOOBI TIEPEKMHYTh MOCT MEXY IOJHOCTBIO Pa3BHUTBIM IMOTPAHHYHBIM CIOEM, (THE |- ,y) H

Bs3kuM mozicioeM (rae | — 0). Takum oOpaszom, cucrema (25)-(27), siBisieTcs 3aMKHYTOH (3/1€Ch
F,p,v,Ux, T« 1 ( Benuuunbl 3ananneie). [Ipy OTCYTCTBUM BHEIIHMX MCTOYHHMKOB (MJIM CTOKOB)
MacChl { =0, UMIIYJIbCa @ —U; § =0 Y TEIIoBoi sHeprun € —T § =0, u3 (25)-(27), kak yact-
HBIH cTy4ail, MOKHO MOJIyYUTh U3BECTHBIC YPAaBHEHUSI MATEMAaTUYECKON MOJIeNI TypOYIEHTHOTO
TEUCHHS HECKUMAEMOM BSI3KOM CPEMBL.

Takum o6pazom, muddepeHInanbHbIe YpaBHEHHs IBUKECHHS, BbIBEICHHBIE HA OCHOBE
OOIIMX 3aKOHOB COXPAHEHUS, YCTAHABIMBAIOT CBS3b MEXKy BPEMEHHBIM U MPOCTPAHCTBEHHBIM
U3MEHEHHUSMU CKOPOCTH, [IaBJCHMs, TEMIEpaTypbl B J000H TOUKe cpeabl, B KOTOPOU
IPOMCXOIUT MPOLIECC MepeHoca BemecTa. VX u3ydeHne gaetT BO3MOKHOCTh TOCTPOUTH TEOPHUIO
psiaa ¢uU3MYECKUX SBICHUM W PEIINTh MHOXECTBA HHKEHEPHO-PU3MYECKUX 3afad. OTH
YpaBHEHHSI UMEIOT OECUMCICHHOE MHOXECTBO YaCTHBIX peuieHuid. [Ipu pemeHun KOHKpPETHOM
3aJaud HEOOXOAUMO U3 BCEX 3THUX PELIEHUI BHIOpPATh TO, KOTOPOE YIOBJIETBOPSIET HEKOTOPHIM
JIOTIOJTHUTEIBHBIM ~ YCIIOBHSIM, BBITEKAIOIIMM M3 €ro (U3MYECKOr0 CMbIcia. Takumu
JOTIOTHUTEIIbHBIMU  YCIIOBUSIMU Yallle BCEro SBJISIIOTCS TaK Ha3blBaéMble HAyalbHbIE U
rpaHUYHbIe YCJIOBHUs. HadanbHble ycloBUS 3alalOTCS TOJBKO MPHU M3YyYCHHH HECTAIlMOHAPHBIX
IPOLECCOB M 3aKJIIOYAIOTCA B TOM, YTO JJIi HEKOTOPOrO MOMEHTa BPEMEHH t=t; (0OBIYHO

H0JIararT t=0) JOJKHA ObITh U3BECTHA (DYHKLUS, HAIPHMED, ul_,=u&.y, z, P, =P&yY, 7 H
T, =T&Y, 7  TPOCTPAHCTBEHHBIX KOOpAMHAT. Hapsmy ¢ HayaubHBIME  YCIOBHUSIMH,

HEOOXOMMO TOCTABUTh M TIpaHWYHbIC YCIOBHsA. IIpu yCIOBHM TepeHoca BA3KOH Cpembl ¢
HMCTOYHHKOM WJIM CTOKOM MaccChI (T.€. IpHU HAJIMYKU BAYBA WJIM OTCOCA BEIIECTBA YEPE3 CTCHKY),
IPaHUYHbIC YCJIOBHUS HA MPOHUIAEMBIX IOBEPXHOCTAX OTIUYAIOTCS OT COOTBETCTBYIOIINX
YCJIOBHUI Ha HEMPOHHUIIAEMO# CTeHKe. B 3TOM cilydae HOpMasibHasi COCTABIISIOIIAS CKOPOCTH Ha
NOBEPXHOCTH HE paBHA HYJII W OINpEHeNseTcs M0 3aJaHHOMY pacxXoay 4Yepe3 CTEHKY
bun; =f &t ,rae f €,t -3amanHas QyHKIMS, XapaKTePH3YIOIIasi MaCCOBYIO CKOPOCTb BJyBa

BEIIIECTBA Yepe3 CTEHKY, HHIEKC » OTHOCUTCS K MapaMeTpaM Ha CTEHKe. B kadecTBe TerioBoro
TPaHUYHOTO YCJIOBHS MOTYT OBITH 3aJaHbl TeMIIEpaTypa CTEHKH (TpaHMYHOE YCJIOBHE MEPBOTO
pola), TEMJIOBOM MOTOK uepe3 CTEHKY (TpaHHUYHOE YCIOBHE BTOPOrO poOja), IUIOTHOCTH
TETUIOBOTO TOTOKA 3a CYET TEIUIONPOBOJHOCTH (TPAaHWYHOE YCIOBHE TPETHETO poja) H
TEMJI000MEH MTOBEPXHOCTH Teja ¢ OKPYKAIOIIEH cpeoit (rpaHUIHOE YCIIOBHE YETBEPTOTO POa).
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Texnoloji qurgularda ikifazali biitov miihitin horokot tonliklorinin ¢ixariligi verilmisdir.
Miihito makrosistem kimi baxilmus, 6zliilii vo burulganl axinlar {igiin riyazi modellor alinmisdir.

SUMMARY
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MATHEMATICAL MODELS OF MOVEMENT OF DIPHASIC ENVIRONMENTS IN
TECHNOLOGICAL DEVICES

Keywords: the diphasic environment, heat and weights an exchange, kontinium,
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The conclusion of the equations of movement of diphasic environments in technological
devices is resulted. The stream is thus examined as a macrosystem. The mathematical models for
the viscous and turbulent environment are obtained.
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TEMPERATUR OLCON MUQAVIMOT VERICISININ OLAVO
XOTASININ TODQIQI

Acar sézlar: verici, stabilitron, histerezis, karkas

Ipok vo basqa parcalarm alinmasinda istifade olunan texnoloji proseslorde xarici 6lkalor
torofindon hazirlanmis miirokkob texnoloji avadanliqlardan, masin vo aparatlardan genis istifado
olunur [1].

Texnoloji qurgularda temperaturun doyismosi moftilli miiqavimot vericisi vasitasilo
elektriki kamiyyata ¢evrilorkon vericinin dinamiki rejiminin vo slave xotasinin tadqiqi apartlir.
Buna goro do istehsal proseslorinin avtomatlasdirilmasinda  dlgiilon temperaturun aperiodik
doyismasini toyin etmak tolob olunur.

Burada osas diggot moftilli miigavimat vericisinin islonmasine vo layihosine baxilir. Belo
yeni hazirlanmig vericilorin komokliyi ilo par¢a vo ipak istehsalinda istifado olunan texnoloji
aparatlarda temperaturun Sl¢iilma vo tonzimlomo omoliyyat1 yering yetirilir. Bununla slagoadar
olarag movcud vericilorin konstruksiyasi tohlil edilir vo miiasir tolobatlara cavab veran moftilli
miigavimat vericisinin hazirlanmasi tolob olunur ki, bunlar da optimal konstruksiyaya, yiiksok
metroloji xarakteristikaya malik olmalidirlar.

Istehsalin tolobini nozars alaraq parca vo ipayin hazirlanma texnologiyasinda istirak edon
qurgularda temperaturu 6lgmok iiclin yeni konstruksiyali verici hazirlanmisdir. Bu vericinin
dolagi mis moftildon ibarst olub, uzun karkas iizorino bifilyar sarinir vo silindrik formali siiso
balonda yerlogdirilir.

Moftilli miigavimat vericisi ilo temperatur Olgiilorkon onu 6l¢ii sxemi ilo olagoalondiran
nagqillorin miigavimatinin atraf miihitin temperaturundan asili doyismasi alave xota yaradir. Belo
xotanin qiymatlondirilmosi R; miigavimetinin qiymetindon asilidir. Yuxarida qeyd olundugu
kimi, Re miiqavimatinin qiymoti ¢ox oldugca onun birlosdirici nagqillorinin otraf miihitin
temperaturundan asil1 yaratdig: xata kigik olur [2,3].

Vericinin sixaclarinda alinan gorginliyin doyismasinin 6l¢iilon temperaturdan asililigr (1 )
va (2) tonliyi ilo toyin edilir:

k7 — k5 (k;—_ k4) ) k6 (1)
+ K
AU, =k, At, (2)

Bu ifadoys daxil olan At, obyektin 6l¢iilon temperaturu, k7 iso parametrlori 6ziinds oks

etdiron amsalidir. Burada k; omsalinin ifadssinds ks, ks, Ks vo kg komiyyatlorinin ifadslorini
nozoro almis olsaq, onlarin ayri-ayriligda otraf miihitin temperaturundan asili olmasimin
aragdirilmasina baxaq. Burada (3) ifadasini (2)-do nazoro almis olsaq, K, ifadasini nisbaton sado

formada yazmagq olar. Yoni

k2k3
—_ 23 3
R 3)
Rd'kske (4)

k. =k. -
T Ry + k) (A k)
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(5) va (6) ifadslorindon alinir ki, k3 vo Kk, arasindaki asililigi nozors almis olsaq vo bozi

cevirmalar aparsaq,
1n2
kz :Ro[1+aaz{ 1+4kalla2—l]:| (5)

6
- o ©)
1+aa] 1+ 282
C
= RZor - RyUK, (7)
Ko (Ry +Ro)(Ry + Ry)(L+K5)
onda k=Rl Rt PRofy ok |y, AR, (8)
R, (Ry +Ry) 1-20k/ K, +R, _
alariq. Burada
2
K= U R,k 9)
Cnmn

(7)-ni nozars alib funksiyalar hasili soklinde yazmis olsaq,

k, = f,(t)- f,(0)- f,(0)- f,() (10)
alinar. Burada
11
o . | (11)
1o RetRy (1_ ok, Zj( [1+2aK(R,~R,) _1]
R, (R, +R,)? \ | 1-20k/(R, + R,)
£ = U-R, (12)
&+&%+&+&@_ auth+mm&—&LQ}

R, (R, +R)? \ V1-2ak/(R, +R,)
__ R . __ks 13
f(0) R,+R,’ . 1+k, (13)

Indi iso funksiyalarin ayriliqda temperaturdan asililigini arasdiraq:

Yuxarida geyd olundugu kimi, R, monbayin daxili miigavimati vo manbayla ol¢ii
dovrasini  olagoalondiron naqillorin  miigavimatlorinin comidir. Belo miigavimatin qiymati
vericinin v verici ilo 6l¢ii dovrasini alagslondiron nagqillorin miiqavimetinin comi olan Ry-dan
cox-cox kicik komiyyatdir. Buna gora do (R, + R;) miigavimatlorinin comi vo (R, —R,) forqi
praktiki olaraq temperaturdan asili doyismoz galir. Bununla slagodar olaraq, yuxarida gostorilon
funksiyalardan ancaq f3(t) funksiyasi otraf miihitin temperaturundan asili olur. Yoni

f() = Ry Ry _ Ryd+aAt) (14)

R,+R, R, R,
kimi yazilir. Burada R,,-vericisinin 0°C temperaturdaki miiqavimoti; At-otraf miihitin

temperaturunun 0°C —o nozoron doyismosidir. Onda
R, >> R, nazars alsaq

o (15)
1+[l_aHAU§+2U0AU)th+4aHAU§+2UOAU)_1

=

Ro Ro
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Temperatur ol¢con miiqavimoat vericisinin alava xatasinin tadqiqi

74
fu U, +AU (16)
S
1+(1_ ok, (U2 + 2U0AU)J \/1+ 4ol (U5 +2U,AU)
R0 0
Sonuncu ifadslards taqribi formulalari tatbiq etmis olsaq va gobul etsak Ki,
1>{akl'z(ug +2UOAU)} 17)
RO
sorti Up-1n biitiin qiymatlorinde 6danilir. Onda
f'=a vo f;=U,+AU (18)
Belolikls,
kY = £,(0)- F,(u)- f,(U)- F,(u) (19)
Ry k
kY =c- (U, +AU)- 4.8 20
=l )R01+k6 (0)
olar. Bu ifadodon goriiniir ki, vericinin ¢ixis gorginliyi soklinds alinir. Alinmig (21) ifadesindon
AU, = k9[1+ ﬁujmu (21)

gortiniir ki, AU /U, nisbati sabakonin gorginliyinin doyismasina uygun olaraq (10+15)% taskil
edir. Buna gors do vericini qidalandiran monbayin gorginliyini stabillogsdirmok lazim golir. Bu
moagsadlo D815J tipli stabilitrondan istifado olunur. Bu stabilitron 18 volt gorginliyi sabit
saxlayir. Belo stabilitronun komakliyi ilo 18 volt gorginlik 1% doaqiqlikls sabit saxlanilir ki, bu da
praktikanin tolobatin1 tam ddoyir.

Vericinin xotast todqiq olunarkon onun movcud vericiloro nisboton histerezisi
yoxlanilibdir. Tacriiba aparilarkon verici sabit corayan korpiisiiniin bir qoluna qosulur. Kérpiiniin
diaqonalina iso olavo miiqavimotlo birlikdo mikroampermetr qosulur. Mikroampermetrin
6lgi hoddi 100 mKkA-dir. Burada temperaturu (20+160)°C arasinda  doyismaklo
mikroampermetrin gostorisi geyd edilir. Alinmis tocriibi oyri sokil 1-do verilir. Sokil 1 -do
gostorilon 1 oyrisi temperaturun artma istigamotino uygun golon oyridir. Temperatur azalma
istiqgamotindo olduqda 2 ayrisi alinir.

Almmis bu oyrinin misdon hazirlanmis movcud vericinin  yaradilmis verici il
miiqayisosindon aydin gorliniir Ki, almman histerezis xotast bu vericinin histerezis xotasindan
1,5+2 dofo ¢ox alinir.

Vericinin timumi miiqavimeti 20°C temperaturda 560 Om gétiiriiliir. Vericinin karkasinin
uzunlugu 12 sm olub siiso balonun igorisindo yerlosir. Istifado olunan siiso balonun daxili
diametri 1,6 sm, xarici diametri iso 2 sm gotiiriilir. Verici texnoloji obyektdo, layihads nozordo
tutulan yerds yerlogdirilir.

Texnoloji obyektdo nozords tutulan yer, bir torofi tam baglanmis paslanmayan polad
borudan ibaratdir. Vericinin xarici diametri, polad borunun diametrindon kigik gotiiriiliir.
Buna gors do 6lgiilocok temperatur vericisinin naqiline dérd gatdan sonra otiiriliir ki, bunlar da
metal -hava, hava —siiso, siiso —hava va hava —nagqildirlor.

Vericinin laboratoriya soraitindo xarakteristikasi alinarkon biitiin istehsalat taloblori nozaras
alinib.

Laboratoriya soraitindo xarakteristika ¢ixarilarkon, korpiiniin qollarindan birino doyigon
miigavimat goyulur vo bununla da korpli miivazinoto gatirilir. Beloaliklo hazirlanmig verici
(0+160)°C temperatur diapazonunda 1,5% xata ils dlgii aparmaga imkan verir.

Onu da geyd etmok lazimdir ki, vericinin dolaqlar1 arasinda olan hava boslugu miiqavimat
vericisinin 8l¢ii diapazonunu 400°C-5 kimi artirmaga imkan verir.
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PEHIEHUE 3AJAYU TPOT'HO3UPOBAHUSA C YYETOM PA3ZBUEHMUSA
YHUBEPCYMA HA OCHOBE IIVIOTHOCTHU PACITPEJAEJEHUA JAHHBIX

Knioueevie cnoea: Heuemxoe mnoicecmeo, Heuemkue epemennvie paowvt, Heuemkoe
nocuyeckoe omuouienue, Heuemkoe npocnoszuposanue, ghazzugurkayus 3auucnenui

Jlo HacTOSIIEro BPEMEHHU U PELICHUs 3aladd MPOrHO3MPOBAHMUS HEYETKUX BPEMEHHBIX
PSAA0B ObUIM MPEUIOKEHBI pa3IM4Hble METOJbl. B MpeanoskeHHbIX METOAaX MPOTHO3UPOBAHUS
HEYETKUX BPEMEHHBIX PSJIOB KaK YHHUBEPCAJIbHOE MHOXECTBO OBUIM HCIOJIB30BaHbl WU
UCTOPUYECKHE IaHHbIC, WM PA3HOCTH HCTOPUYECKHX JAaHHBIX. JlaHHAs cTaThs MOCBSIIEHA
METO/Y PEUICHUS 3a/1auyd MPOTHO3UPOBAHUS HEUETKUX BPEMEHHBIX PSIOB C yYE€TOM pa30OUeHUs
VHHBEpCYyMa Ha TMOABIHTEPBANbl PA3IUYHON JJIUHBI HAa OCHOBE IUIOTHOCTH paclpeaeicHus
JaHHBIX. B mpeioxkeHHOM MeTOJie MPOrHO3MPOBaHKs Oblila HCIOJIb30BaHa time-variant moens
HEYETKHX BPEMEHHBIX psaAnoB. C MOMOIIBI0 TPEUIOKEHHOTO MeToAa Oblga pellleHa 3ajaaya
NPOTHO3UPOBaHUs 3aunciieHuid B MunreueBupckuii [lommrexuuueckuit Wucturyr(MIIN), u
OBLJIO YCTAaHOBJIEHO, YTO YCPEIHEHHAs MOTPEIIHOCTh MPOTHO3UPOBAHUS MPEATIOKEHHOTO METO1a
MEHBIIIE TI0 cpaBHEHHIO ¢ MeToz0M Hsu-Chena.

1. BBeaenme. Kak wu3BeCTHO, NPOrHO3MPOBAHHME WIPAeT OYEHb BAXKHYIO pOJb B
MIOBCE/IHEBHOM UE€JIOBEUECKOMN NEATENbHOCTU U B NMPUHATHH PELICHUH B PAa3IMYHBIX OOIACTAX
SKOHOMHMKH. B KadecTBe NpUMEpPOB MOKHO TPUBECTH MPOTHO3 TMOTOABI, MpeJCKa3aHue
3eMJIETPSICEHUH, TUIAHUPOBAaHUE MPOJaK TOBAPOB U T.II. JUIsl KOTOPBIX 00J€e TOYHBIE TPOrHO3bI
OKa3bIBAIOT CYIIECTBEHHOE BIIMAHHE Ha TMoOBeAeHHWEe B OynymeM. Jlig pemieHus 3aaadu
MPOTHO3UPOBAHUSA  JOBOJBHO mHUpoko [1-16,19] wucnone3yroTcss  MOCIEAOBATEIBHOCTH
YIOPSZIOUYEHHBIX BO BPEMEHHU MaHHBIX, W OTH JaHHbIC — BpeMeHHO# psm (time series) —
paccMmaTpuBarOTCs JJIsl MPOTHO3UPOBaHUS OyIyIIMX 3HAYEHUH XapaKTepUCTUK HAa OCHOBAaHUU
HAOMIOIEHUI U U3MEPEHH, OTHOCSIIUXCS K HACTOSIIIUM U MPOILUIBIM MOMEHTaM BpeMeHu. Bce
M3BECTHbIE KAYECTBEHHbIE M KOJIMYECTBEHHBIE METOJIbl POTHO3UPOBAHUS CTABAT CBOEH 1IEJIBIO
YBEJIMYEHUE TOYHOCTH MPOTHO3UPOBAHMS, OJJHAKO, BCE 3TH METO/IbI CTPAJAI0T HETOYHOCTHIO.

B cBs3u ¢ atum  1993-94 romax mist pemeHus nmpo6iaemsl mporao3upoBanus Q. Song u B.
S. Chissom [13-15] mpemnoxuinum Moaeh HEYETKUX BpeMeHHbIX psitoB (fuzzy time series). Dto
OBLJIO CBSI3aHO C MOSIBJIEHUEM HOBOI'O HAIPaBJIEHHUS — HEYETKOM MAaTeMaTUKH, C IOMOIIBIO
KOTOPOr0 CTaJI0 BO3MOKHBIM pEIIEHUE 3a/ayd MPOTHO3UPOBAHMS IMPU HEYETKONM HCXOJHOU
uH(popMalMu WM B HedeTkoM cpene. HaumHas ¢ 3Tux padoT 3TO HampaBlieHUE, MPUBIIEKIIO
BHUMaHHUE CTEIMAMCTOB, 3aHUMAIOIINXCS PEIICHUEM MOI00HBIX MPOOIIEM.

Ha ocHoBe HEYETKHMX BpPEMEHHBIX PATOB OBLIM TPEMAJIOKECHBI Pa3TUYHBIE METObI
MPOTHO3UPOBAHUS M OTH METOABl ObUIM TMPUMEHEHBI JJs pelIeHHs TeCTOBOW  3ajauu
MIPOTHO3MPOBAHUS 3a4HCICHUN B yHUBepcuteT Auabamsel [1-4, 7, 8, 16, 19]. B 1996 rony
S.M.Chen u npyrue nUpeUIOKUIM HOBBIE METOJbI, CBSA3aHHBIC C TNPUMEHEHHUEM HEYETKUX
BPEMEHHBIX PSJIOB, C TIOMOIIbIO KOTOPHIX OBUIO  YIYYIIEHO pELIEeHHE MPOOIEeMbI
nporuo3upoBanus [1, 2]. B pabore J.R.Hwang, S.M.Chen u C.H.Lee Obu1 npenioxeH HOBBIH
METOJI MPOTHO3UPOBAHUS HEYETKHMX BPEMEHHBIX PSAIOB HA OCHOBE PAa3HOCTH 3aUMCICHUHM B
yauBepcuteT Amnabamer [8]. B pabote K.Huarng-a Opima ynydinieHa MOTPEUTHOCTh
MPOTHO3MPOBAHUS 3a4yHCIEeHUs] B YyHUBepcuTeT AjabaMbl Ha OCHOBE HCIOJIb30BaHUS
aBpuctrueckux npasui [5]. B cratee [4] S.M.Chen npemioxun HOBBI METOJ JUIS PELICHHS
3aJaud TMPOTHO3UPOBAHHUS 3aUMCICHHUs] B YHHMBEpCUTET AuiabaMbl Ha OCHOBE HEUETKHUX
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BPEMEHHBIX PSIOB BBICOKOTO mopsaka. B pabore [3] S.M.Chen u J.R.Hwang mpemtoxuim
HOBBIN METO/I JIJIsl IPOTHO3UPOBAHMSI TEMIIEPATYPHI HA OCHOBE HEYETKUX BPEMEHHBIX PSJIOB.

B naHHO# cTaThe ONMUCHIBACTCS METOJ MPOTHO3MPOBAHUS HEYETKUX BPEMEHHBIX PSJIOB HA
OCHOBE pa3OMeHUsi YHUBEpPCyMa Ha TOJBIHTEPBAIBI C YYETOM IUIOTHOCTH DPACIpEACTICHUS
naHHbIX. C MOMONIBIO ATOTO MeToja Obla pelieHa 3ajada MPOrHO3WPOBAHMS 3a4KCICHUN B
MunreueBupckuii  [lonurexHuueckuit MHCTUTYT. bBBUIO yCTaHOBIIEHO, YTO YCpEeAHEHHas
MOTPEIIHOCTh MTPOTHO3UPOBAHUS MEHBIIIE 110 cpaBHEeHUIO ¢ MeTtooM Hsu-Chena.

2. [IpenBapurtesibHbIE CBECHHS.

LlenecooOpa3Ho aTh KpaTKyr MHMOOPMAIMIO 0 HEYETKHX BPEMEHHBIX psaax. O003HaunM
gyepe3 U = {uy, Up,..., Uy } YHEBEpCaIbHOEC MHOXKECTBO (YHHUBEPCYM, MU O0JIACTh OMpEACIICHUS
3a/1a4n).

Onpenenenne 1 [13,18]. Heuerkum muoxkectBoM (HM) Ha3bIBaeTCS MHOKECTBO A,
KOTOpOE MOKET ObITh mpenacTaBicHo B Buae A ={fa(Uy)/u; + ... + fa(un)/un}, roe fa o6o3Hauaer
byukuuio npunHamiexnoctn  MHoxkectBa A, fa:U—[0,1], fa(Uj) BbeIpaxkaeT cTeneHb
NPUHAIISKHOCTH 3JieMeHTa uj€ U HEYeTKOMY MHOXECTBY A; B JaHHOM CJy4ae, CUMBOJI «+»
UCIIONIL3YETCSI HE B Ka4eCcTBE OOO3HAUEHUSI CTAHAAPTHOW apu(METHUYECKOW Omepamuu, a JUis
0003HAuCHHsI COBOKYITHOCTH VYIIOPSIOYCHHBIX Iap 3JEMEHTOB (CHHIJITOHOB), OOpa3yHOIINX
MHOECTBO A.

Omnpenenenue 2 [13,14,19]. TIpennonoxum, uto Y(t) SBISETCS KOMIAKTHBIM ITOJAMHO-
KeCTBOM JeicTBuTeNbHBIX uucen (R), rae t = ..., 0,1,2, .... Ilycre fi(t) (i=1,2,...) sBastoTCS
HEUCTKUMH MHOXXECTBAaMH, OnpeselieHHbIMI Ha yHuBepcyMme Y (t). Torma psin F(t), cocrosimuit
u3 fi(t), 1= 1,2, ..., OyaeM Ha3bpIBaTh HEUSTKUM BPEMEHHBIM psiioM Ha Y (t). OyHKIUS BpeMeHU
F(t)  mpencraBissier  coOOW  JIMHTBUCTHYECKYIO  IMEPEMEHHYI,  XapaKTepU3YeMYIO
JMHTBUCTHYCCKUMH 3HaYeHusAMHU fi(t).

Onpenenenue 3 [4]. Ecmu cymectByer Takoe otHomenune R(tt-1) uro, F(t) = F(t-1) o

R(t, t-1), Torma mbI roBopum, uto 3HaueHue F(t) oOycnosieno 3naueHueM F(t-1). OTHoIIeHHE
mexay F(t) m F(t-1) moxeT ObITh npesicTaBieHo cumBoindecku kak F(t-1)—F(t), a R(tt-1)

9

HA3bIBACTCSI MOJEJIbI0O HEYETKOTO BPEMEHHOTrO psifia MEpPBOro Mopsijika. 371ech “o” — omeparop

KOMITO3HITMH Maxmin.
Onpenenenne 4 [13]. Ecnu ans moboro MomeHTa BpeMeHH t , BpeMeHHoOW psin F(t)
3aBUCHUT TOJBKO OT F(t-1), T.e. Takas cBA3b MOXeT ObITH mpeacraBieHa B Bujae F(t) = F(t-1) o

R(t,t-1), rae HedeTkoe OTHOLICHHE R WHBapMAHTHO OTHOCHUTEIBHO BpeMeHu t, torma F(t)
HA3bIBACTCSl CTAllMOHAPHBIM (time-invariant) HEYETKHMM BpPEMEHHBIM PSJIOM; B INPOTHBHOM
cilyyae, OH Ha3bIBaeTCsl IEPEMEHHBIM [0 BpeMEHH (time-variant) HeYeTKUM BPEMEHHBIM PSAIOM.

Omnpenenenue S. ITycte Aj o603Hauaer F(t-1) , a Aj — F(t) , Torna orHomenune mexay F(t-
1) u F(t) MoxeT OBITh 3aIIMCAaHO B BUJIE JOTMYECKOT0 UMIITIMKATUBHOTO OTHOLIEHUS Aj —A,;.

Onpenenenue 6 [1-8, 18]. daz3udukanmeii Ha3pIBACTCS MPOIECC HAXOXKICHUS 3HAUCHHIM
GyHKUIUH NTPUHAJUIEKHOCTH HEYETKUX MHOKECTB (TEPMOB) Ha OCHOBE OOBIUYHBIX (HE HEUYETKHX)
HCXOJIHBIX JIaHHBIX, T.€. ONPE/ICICHNE CTETIEHH MPUHAUICKHOCTH MCXOIHBIX JAHHBIX KaXIOMY
U3 COOTBETCTBYIOLINX HEUETKUX MHOXKECTB.

Onpenenenne 7 [1-8, 18]. J[ledassudukanus mnpeacraBiaser coboi Mporeaypy
HaXOXJEHHUs OOBIYHOTO (HE HEYETKOro) 3HAa4yeHWs Ui JIMHTBUCTHYECKOTO  TepMma,
NPEICTaBICHHOTO B BUAC (DYHKIMH NPHHAUICKHOCTH, TPYTUMH clioBamH, Aedasz3udukarmen
Ha3bIBAETCs MPeoOpa30BaHNe HEUETKOW BETMYMHBI B YETKYIO (TOUHYIO) BEJHUUHY.

B wactHOCTH, OMHMM W3 HambOJEee YacTO HMCIOIB3YEMBIX METONOB neda33udukanuu
ABISICTCS LEHTPOUJ TIJIOMAAN (LIEHTP TSKECTH), BBIUMCISAIONIMA aOCUUCCy TOYKH, dYepe3
KOTOPYIO MPOXOIHWT BEPTHKAIbHAS JIMHUS, JEISIIas HEYeTKOE MHOXKECTBO (ITUTOIAAb (UTYPHI,
OrpaHUYEeHHON (yHKIMEH MPUHAUIEKHOCTH) Ha IBE paBHBIE MacChI.

3. MeTox mnpOrHO3UPOBAHHS HEYETKMX BPEMEHHBIX PAI0B, OCHOBAHHBIH Ha
pa30ueHuH YHHBepcyMa.
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Pewenue 3a0auu npoenozuposanus ¢ yuemom pazbueHust yHUGepCyMa Ha 0OCHO8e NIOMHOCIU 78
pacnpeoenerusi OAHHbIX

B ocHoBe mpemiokeHHOro MeToAa JIeKHUT pa3OueHue yHHMBEpCcymMa Ha MOJIBIHTEPBAJIbI
pPa3IMYHON UIMHBI C YYETOM IUIOTHOCTH pacIpeiesieHus] JaHHBIX. V3JI0KUM MpesioKeHHbIN
METO/I Ha IPUMEPE PELICHUS 3a/1a4M IPOTHO3UPOBaHUs 3auncieHuid B MIIN.

Cratuctudeckue mokasarenu 3aunciennii B MITU npencrasiens! B 1a0. 1.

Taoauna 1
IToxazarenu 3auucnenui B MIIN

Toanl Peructpanus Toawl Perucrpanus
1991 290 2003 199
1992 43 2004 136
1993 181 2005 191
1994 271 2006 135
1995 253 2007 244
1996 289 2008 262
1997 305 2009 264
1998 232 2010 261
1999 298 2011 232
2000 288 2012 259
2001 290 2013 244
2002 152

B o6uiem, peanuisanusi MeToa COCTOMT B ciieytonieM. Ha OCHOBE MCTOPUYECKHX JaHHBIX,
npuBeneHHbIX B Tal.l., ompenensiercs yHuBepcaibHoe MHOkectBo U=[40, 340] u 510
YHUBEPCAIbHOE MHOXKECTBO JICIUTCS Ha HECKOJIbKO HHTEPBAJIOB PaBHOI AnuHbL. Ha crienyromiem
9Tallc 3TH UHTCPBAJIbl YTOYHAIOTCA C YUCTOM INJIOTHOCTU PACHIPCACICHHUA HCTOPUUCCKHUX JaHHBIX
U JUISL KQKIOTO MHTEPBAaa ONPEIesieTCsl COOTBETCTBYIOMIAst () yHKIHS HIPUHAIICKHOCTH. Takum
00pa3oM, ¢ MOMOIIBIO 3TH (DYHKIUHU MPUHAUIC)KHOCTH, HICTOPHUYCCKHUE JTAHHBIC MPEICTABISICTCS
B BUJIC HEYETKOr0 BpeMeHHOro psina. Ha cinenyromem starme, ¢ noMoIsio ($a33uduiupoBaHHbIX
JAHHBIX OMPENEISIIOTCS HeueTKue OTHomeHus. llepelimeM K (OpManbHOMY OIHMCAHUIO
AITOPUTMA pealn3alliid NPEUIOKCHHOIO METOAa Ul PEIICHHs 3aa4d  MPOTHO3UPOBAHHMS
3aunciennii B MIIN.

Ilar 1. Vcnone3ys naHHble, NMpeACTaBiICHHbIC B Tad.l., ompenensercs YHHBEpCalbHOE
maoxkectBo:  U=[40, 340]. JlaHHOe yHHMBEpCaJbHOE MHOXKECTBO JICIUTCS HAa 5 WHTEPBAJIOB
OJIMHAKOBOH JUTHHEL. Jlanee onpenensiercss KOTMYeCTBO UCXOHBIX JaHHBIX B K&XKIOM HHTEpBAJIC.
Pe3ynbTaThl OnpeienieHusl INIOTHOCTH PacipeieieHuUs PeCTaBIeHbI B Ta0.2.

Taoanma 2
[TmoTHOCTH pacnpeneneHus JaHHbIX
KonuuectBo
HNHutepBansl
JTAHHBIX
40 100 1
100 160 3
160 220 3
220 280 7
280 340 6

lar 2. PaccmaTpuBaeMble UHTEPBAIBI COPTUPYIOTCS MO KOJIMYECTBY MCXOIHBIX JTAHHBIX
[0 BO3pacTaHuio. MHTepBall, KOTOPBIM COAEPKUT MAKCUMAIBHOE KOJHUYECTBO HCXOIHBIX
JIAaHHBIX, JEJUTCS Ha 4 TNOABIHTEpBaia, CIEAYIOIIUM HHTEpBAaI — Ha 3 TMOJBIHTEpBAJa,
CIEYIOIINN 32 HUM — Ha 2 ¥ TIOCIEAYIONINEe HHTEPBAIIBI OCTAIOTCs 0e3 n3MeHeHus. Pe3ynbpTarhl
npeacTaBieHsl B Ta0.3. Eciu ecTh MoIbIHTEpBaAI, KOTOPHIA HE COIAEPKUT HUKAKHX HCXOJHBIX
JaHHBIX, TO ATOT TOJBIHTEPBAI OTOpAchIBaeTCsI U pa3OUeHHE YHUBEPCAILHOTO MHOXECTBO
YTOYHSIETCS C YYETOM IIOTHOCTH PACIPEICTICHHUS] ICTOPUYECKUX JTAHHBIX.
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Tabauna 3
Pa3z0neHne yHMBepCcalbHOrO MHOXKECTBA
JImHrBucTHYECKHE NHuTepBansl JIunrBuctuyeckue HHurepBansl
IIEPEMEHHBIE IIEPEMEHHBIC
Aq 40 100 A; 235 | 250
A 100 | 130 Ag 250 | 265
Az 130 | 160 Ag 265 | 280
Ay 160 | 190 Aqo 280 | 300
As 190 | 220 A 300 | 320
Ag 220 | 235 A 320 | 340

Iar 3. Ha kak1ioM MoasIHTEpBaJIEe, MOJYYCHHOM 110 HOBOMY Pa30HMEHUI0 YHUBEPCAIBHOTO
MHOKECTBA, OTMPEICIIMM HEUETKOE MHOXKECTBO A, BBIOpaB B KadecTBe ero (yHKIUU
MIPUHAJIC)KHOCTH IIAroBYIO () YHKIIHIO.

Ilar 4. Ha ocHoBe (ha33uuIIMpOBaHHBIX UCTOPHYECKUX JAHHBIX CTPOSTCS CIEAYIONINE
HEUYETKHE JIOTUYECKUE OTHOIIEHUA: “Ap, Ag, Ay —As”. DTO HEUeTKOoe JIOTMYECKOe OTHOUICHUE
BeIpakaeTcst Tak: ¢ Ecim g rogoB P, q M I (a33ubuIMpoBaHHBIE JaHHBIE OynyT
COOTBETCTBEHHO Ap, Agq u A, Torga mus roga S ¢a3supuuupoBaHHbIe JaHHblE OynyT Ag”.
[TporHo3HbIe 3HAYCHHS B MPOIECCE MPOTHO3UPOBAHUS BBIYHCISIOTCS IO CIeAyromeld Gopmyre

[10]:

1+0,5
1 05
_+_

a  a,

0,5+1+0,5 . .

.= <1<£n-

t; 05 1 05 if 2<j<n-1 1)
+—+

aj4 8 8y,

0,5+1
05 1
=+

if j=1

if j=n

a,, 4

n

3mech @, @, @;,; — CPE/IHHE TOUKU HHTEPBAIIOB A Aj , Aj+1 COOTBETCTBEHHO.

- -1

Takum oOpa3zom, AJis MOJyuyeHHUs] HEYETKUX BPEMEHHBIX PSIIOB MCXOAHBIX JaHHBIX IS
MIIN Obuto ucnonb3oBaHo 12 npeneHuil yHuBepcanbHOro MmHoxectBa (cMm.Tabmumy 3). Ha
OCHOBE HEYETKMX MHOXKECTB, ONPEIEIICHHBIX B IIAre 3, MOJKHO ONPENEIUTh TPYIIIBI HEUETKUX
OTHOUIEHUI, KOTOPbIE IPECTABIEHBI B Ta0.4.
Tabumna 4
['pynnbl HEYETKUX OTHOWIEHUH 3-To mopsaKa

Ipymna 1: | A10, A1,A4 —A9 I'pymma 10: | A10, A10,A3—A5
Tpymna 2. | AL, A4,A9 A8 I'pynna 11: 1 A10, A3,A5 »A3
I'pymma 3: | A4, A9,A8 —>A10 I'pymma 12: | A3, A5,A3—A5
I'pynna 4: | A9, A8, A10—»A1l | I'pymma 13: | A5, A3 A5 A3
I'pynma 5: | A8, A10,A11—-A6 | I'pynma 14: | A3, A5 A3 A7
I'pynma 6: | A10, A11,A6 —»A10 | I'pymma 15: | A5, A3,A7 —>A8
Ipynma 7: | A11, A6,A10 -»A10 | I'pynma 16: | A3, A7,A8 -A8
I'pynma 8: | A6, A10,A10 -»A10 | I'pynma 17: | A7, A8,A8 —>A8
I'pynma 9: | A10, A10,A10—A3
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80

B T1a6.5. mpexacraBieHsl pe3yabTaThl MPOTHO3MpOBaHMs 3auuciennit B MIIM ¢ yderom
IUIOTHOCTH paclpe/ieieHnsl JaHHBIX Ha OCHOBE pa30MEHUs] yHUBEPCaIbHOTO MHOXecTBa Ha 12

TIOJIBIHTEPBAJIOB.
Taoauna 5
Pe3ybTaThl NPOrHO3MPOBAHMS C YIE€TOM IJIOTHOCTH pacnpeaesieHus!
HeueTkue Fpynmbi IIporuo3sl 2
Ioapl dakThl HEYETKHUX Ai-Fi  (Ai-F)
MHO3KeCTBA PU— (F)

1991 290 A10
1992 43 Al
1993 181 A4 Al0 A4 A4 194 13 176 7,33%
1994 271 A9 Al0 A9 A8 273 2 3 0,61%
1995 253 A8 Ad A9 A9 239 -14 191  5,46%
1996 289 A10 A9 Al10 All 290 1 2 0,44%
1997 305 All Al10 All AIl0 300 -5 28 1,75%
1998 232 A6 A9 A8 A4 233 1 1 0,53%
1999 298 A10 Al10 All AIl0 300 2 3 0,56%
2000 288 Al10 Al10 All AIl0 300 12 136  4,05%
2001 290 A10 Al10 All AIl0 300 10 93 3,33%
2002 152 A3 Ad A3 A4 159 7 43 4,34%
2003 199 A5 All A4 A5 205 6 33 2,91%
2004 136 A3 A3 A4 A2 148 12 145  8,85%
2005 191 A5 Al0 A4 A4 194 3 11 1,71%
2006 135 A3 A3 A4 A2 148 13 170  9,65%
2007 244 A7 A5 A9 A7 248 4 20 1,82%
2008 262 A8 A9 A8 A9 265 3 8 1,06%
2009 264 A8 A9 A8 A9 265 1 1 0,30%
2010 261 A8 A9 A8 A9 265 4 14 1,45%
2011 232 A6 A9 A8 A4 233 1 1 0,53%
2012 259 A8 A9 A8 A9 265 6 33 2,23%
2013 244 A7 A5 A9 A7 248 4 20 1,82%

ycpeHeHHAasl MOTPEelHOCTh MPOTrHO3UPOBAHUS 2,89%

4. CpaBHHUTEJbHbBI aHAJIU3 MOJYYEeHHBIX Pe3yJIbTATOB.
B T1a0.6. mpuBomATCS JaHHBIE JUIS  CPAaBHHUTEJIBHOTO  aHAlW3a  PE3yJIbTaTOB

NPOTHO3UPOBAHMUS, TMOJYYEHHBIX C TIOMOINBIO TPEIUIOKEHHOTO MeToJa C pe3y/ibTaTaMu,
HOJNy4eHHBIMH ¢ ToMmolpio metona Hsu-Chen-a. Jlns cpaBHeHUs ObUIM HCIIOIB30BaHBI
yCcpenHeHHass TOrpelHocTs nporaosuposanus (average forecasting error rate (AFER)) wu
CpelHeKBaIpaTniyeckoe oTkiIoHeHue (mean square error (MSE)), onpenensiembie GopmyiaMu
(2) 1 (3) COOTBETCTBEHHO:
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Tabauna 6
CpaBHUTEJBHBIN aHAIN3 PE3YJIbTATOB IPOTHO3UPOBAHHUS
Tobl DaKTHUECKHUE Merton [IpennoxxeHHbII
JIAHHBIE Hsu-Chen-a METO/I
1991 290
1992 43
1993 181 162 194
1994 271 269 273
1995 253 244 239
1996 289 293 290
1997 305 312 300
1998 232 243 233
1999 298 294 300
2000 288 293 300
2001 290 293 300
2002 152 158 159
2003 199 192 205
2004 136 113 148
2005 191 188 194
2006 135 113 148
2007 244 238 248
2008 262 257 265
2009 264 269 265
2010 261 259 265
2011 232 243 233
2012 259 249 265
2013 244 238 248
MSE 101,71 53,93
AFER 4,17% 2,89%
AFER= ;A;E/AXNO% (2)
>e-F’
MSE=12 A3)

n

(pakTHUECKHE 3HAUCHUS, HPOTHO3HBIE 3HAYCHHSI.
3nece A — F -

Ha puc.l nmokazan pe3ynbTaT nmporHo3upoBanus 3auncieHud B MIIM ¢ npumeHeHnem
MPEAJIOKEHHOTO METO/1a.
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MporHos zauncnenun 8 MM

—&— dakTn4eckue AaHHbIe

—e— MeTop Hsu-Chena

—m— [NpeaANnoXeHHbI MeTo,
150 pen. A

K-Bo cTypeHToB

Puc.1. Pe3ynbrar nporao3upoBaHus

5. 3akJIloueHue

JlanHasg cTaThsl T[OCBAIIEHA W3JIOKEHUIO HOBOTO METOAA JUIsl  peIleHus  3ajadu
IPOrHO3MPOBAHUS HEYETKMX BPEMEHHBIX pAJOB € Yy4YyeTOM pa3OMeHuss YHHUBEpCyMa Ha
HOJBIHTEPBAJIBI MCXOJS M3 IUIOTHOCTH DPACHpeeNeHUs HCTOPUYECKMX HaHHBIX. [IpennoxeHHbIN
METOJ M3JIaraercs Ha IpUMepe pelleHHs 3adaud IporHosuposaHusi 3auucieHuit B MIIN. Kak
OCHOBHOMH (DpakTOp HEUETKUX BPEMEHHBIX PSAA0B MCXOAHBIX AaHHBIX A7 MIIM Obu1o Mcnosnb30BaHO
pa30neHne yHUBEpPCAJLHOTO MHOXKECTBAa Ha 12 moxbiHTEpBaioB. Ha OCHOBE CpaBHUTEIBHOTO
aHanu3a pe3yibTaToB, IOJYYEHHBIX C IOMOIIbIO MPEUIOKEHHOIO METoJla C pe3yJibTaTaMy,
NOJYYCHHBIMH C TOMOLIBIO MeToJa TporHo3upoBanus HsSu-Chen-a, ycraHoBieHo, 4TO
MPEAIOKEHHBI METOJIT UIMEET MEHBIIINE YCPEIHEHHYIO MOTPEelIHOCTh nporunosupoBanus (AFER) u
cpenHekBaapatuueckoe otkioHeHue (MSE).
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XULASO
Ohmadov M.Z.
VERILONLORIN PAYLANMA SIXLIGI 9SASINDA UNiVERSAL COXLUGUN
BOLGUSU NOZORO ALINMAQLA PROQNOZLASDIRMA
MOSOLOSININ HOLLI

Acar sozlar: Qeyri-salis coxluq, Qeyri-salis zaman siralar, Qeyri-salis miinasibat, Qeyri-salis
prognozlasdirma, qeydiyyatin fazzifikasiyasi

Moqals verilonlorin paylanma sixligi osasinda universal coxlugun miixtolif uzunluqlu
intervallara bolgiisii nozoro alimmaqla qeyri-solis zaman siralart osasinda prognozlasdirma
masolasinin holling hasr olunmugdur. Taklif olunan prognozlasdirma metodunda time-variant geyri-
solis zaman siralari modeli istifado olunmusdur. Toklif olunan metodla Mingagevir politexnik
institutunda geydiyyatin prognozlasdirilmasit masalasi holl edilmis vo molum olmusdur ki, toklif
olunan metodun orta prognozlagdirma xatast Hsu-Chen metodu ilo miiqayisado kigikdir.

SUMMARY
Ahmedov M.Z.
HANDLING FORECASTING PROBLEM WITH PARTITION OF A UNIVERSE OF
DISCOURSE IN BASE OF FREQUENCY DENSITY DATA

Keywords: Fuzzy set, Fuzzy time series, Fuzzy logical relation, Fuzzy forecasting, fuzzified
enrollments

The present paper is devoted to a new FTS forecasting method in which partition of a universe
of discourse into subintervals of different length is used using frequency density data. In the
suggested forecasting method a time-variant model of FTS is used. The suggested method was
applied to solving a problem of forecasting of enroliments in Mingechevir Polytechnical Institute.
The obtained results show that average forecasting error rate (AFER) of the suggested forecasting
method is less as compared to those of Hsu-Chen method.

Daxil olma tarixi: ilkin variant: 14.07.2014
son variant: 18.08.2014

Mingacevir Politexnik Institutunun Energetika va mexanika fakiiltasinin
Elmi Surasinin 11.07.2014-cii il tarixli iclasimin 10 sayh protokolu
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IMPULS TRANSFORMATORLARIN XARAKTERISTIKASI

Acar sozlar: impuls, impedans, impuls signali, qalvanik, induktiv sargac

Miiasir dévriin sanayesini avtomatik qurgularin va yarimavtomatlarin tatbiq olmadan
tasvir etmak sadaco miimkiin deyil. Konserviagdirma va su doldurma sexlorinds qapaqlarin
diiziilmasi vo baglanmas: texnologiyasi sada goriinsa da, onun yerina yetirilmasi bir qadar da
asan deyil. Impuls transformatorlarinin bu tip sonaye sahasina ayaq acmasi bu ciir ¢atinliklorin
aradan qaldirilmasina genig imkanlar verir.

Impuls texnikasmnin zoruri vo on vacib elementlorindon biri transformatordur. Bu
transformatorlar niivesiz vo ferromaqnit niivali olub, doyison tortibli impuls enerjini bir elektrik
dovrasindon maqnit sahosinin komaoyi ilo bagqa elektrik dovroasino Stiiriir vo asagidaki zoruri
amillori yering yetirs bilor:

1. Monbayin qalvanik agilis1 va enerjinin qabulu.

2. Monboyin impedanst ils enerji gobulu arasinda uzlagsma yaradir.

3. Coarayan va gorginliyin soviyyalorini doyisdirir.

4. Bir neco qalvanik agilis dovraloring enerji 6tlirms imkanini verir.

Impuls transformatorlarmnin impuls signallar1 6tiirmasi ilo alagadar olaraq onlarin energetik
parametrlori ilo yanasi tezlik xarakteristikalar1 da nozoro alinmalidir. Transformatorlarin totbiq
olunma tezlik interval 10%10°hs-dir. Impuls transformatorlari imumi magnit sahasi olan bir vo
ya bir ne¢a induktiv sargacdan ibarat olur.

=
O =1 3%1;:3 Ry
T
\E\\.: ://
2 D

Sokil 1. Transformatorlar: niivasiz vo ferromaqnit niivo ilo
E, gorginlikli doyison coroyan dovrasino qosulan dolaga birinci, qalanlarina ikinci dolaq

deyilir. Ikinci dolaga R, yukii qosulur. Impuls transformatorlarmin is prinsipi Faradeyin

elektromaqnit induksiya qanununa osaslanir. Birinci dolagin E, gorginliyi @ magqnit seli ilo

olagodar olub, har sargiya tosir edon maqnit seli

do
E, =-o E 1)

nisbati ilo ifado olunur. Burada @, birinci dolagin sargilar sayidir. Analoji olaraq sargilar say1
o, olan ikinci dolagda yaranan e.h.q.
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do
E, =-o, E 2

olar.

(1) vo (2) ifadolorinin tohlilindon n = £ =9 transformasiya omsalini aliriq.
2 W
Sadolik ti¢iin dolaglarda sargilar sayr eyni olan transformatorlarda bas veron prosesi
1zloyok.

a) b)
Sokil 2. Dolagi tam ortiiklii transformator vo onun ekvivalent sxemi
U, :c(ij;:) = L%, burada induktiv sargacdan kegon coroyandir. Sokil 2-do verilon ovoz
sxeminds Kirxhof ganununu tatbiq etsok, alariq.
dl dl di, dI
E=ln+L—2-M—=—2=1Lr,+L —2-—2%2| M = Lgorti liglin
YT dt gt  *° (dt dt) FOTLUe
dl dl di, dl
O=Lr+L—2-M-‘“2=1Ir,+L —%-—1| M = Lsortiiiciin
22 dt dt 2?7 [dt dtJ Fort Heu
M —qarsiliglt induksiyadir. Bu kamiyyat slage K omsali ilo toyin edilir.
M
K =

VL -L,

Beloliklo, yazilan tonlik transformatorun ekvivalent sxemini (Sokil 2) verir. r; monbayin
vo dolagmm daxili miiqavimati r,iso yiikiin birlogdirici naqillorin vo bagsqa itkilorin
miigavimatidir. ©gar I, miigavimatini nozors almasaq, onda monbayin gorginliyi yiiks sorf
olunmus olar. Transformator induktiv element kimi sxemds paralel L induktivliyi kimi istirak
edir vo L maqgnitlosmo induktivliyi adlanir. Monboyin gorginliyi transformatorda  doyison
magqgnitlogsma coroyan1 yaradir vo bu doyismoe ikinci dolagda gorginliyin alinmasina sabab olur.

Beloliklo, impuls transformatorlarin osas vozifosi magqnitlosmo induktivliyindo daim
dayison coroyanin alinmasidir. Carayanin doyigma siirati dolaqdaki ani gorginliyin komiyyati ilo
miitonasibdir. Demali, monbayin biitiin corayani yiiko sorf olunmayacaq, bir hissosi magnitlogsmo

corayani kimi meydana ¢ixir. Bunu transformatorun birinci dolaginda yaranan diizbucaqli impuls
soklinda (Sakil 3) gostorak.

Us Uz

It t My t

[ ]

I

\

t
Saokil 3. Garginliyin vo carayanin zamandan asili olaraq diizbucaqli impuls xarakteristikasi

Tom 14 «Hayunvie ussecmusiy Cymeativimcko2o 2ocyoapcmeenno2o yuueepcumema Ne2, 2014



impuls transformatorlarin xarakteristikasi 86

r, yiikiinde yaranan U, gorginliyi monbayin e.h.q. U, gorginliyins borabordir. |, corayanin

formasi gorginliyin formasit kimi olub r—2 -ya boraber, monbayin e.h.q. corayan1 iso |, corayan
2

ilo xotti artan |, coroyanmin comindon, U, gorginliyinin inteqral miitonasibliyindon alinir. Biz

dolaglar arasinda tam maqnit olagosi olan transformatorlara baxdiq. Transformatorlarin real

konstruksiyalarinda dolaqlar arasinda praktiki bu ciir olagoni almaq olmur. Maqnit sellori bir-

birini tam 6rtmodikds sahodo dolaglarin hor hansi birine aid olan sopolonma sahasi yaranir (sokil

3a). Bu transformatorun ovoz sxemi sokil 3b-do verilmisdir.

Iy Ls1 Lsz r,

a) b)

Sokil 4. Dolagi hisss ilo 6rtiilmiis transformator vo onun ekvivalent sxemi

Bu transformatorlarda slave ardicil induktiv Ly, vo Ly, sopolonmasi ®,ve @, selloring

uygun olaraq alinir. Belo sxemds r, yiikiiniin gorginliyi monbayin gorginliyins barabar olmayib

onun bir hissosi induktivliklords sopslonmoya sorf olunacaqdir. Bundan slave transformatorun
tezlik xiisusiyyatlori do doyisocokdir.

Impuls transformatorunun tezlik xiisusiyyati hesabi transformasiya gorginlik omsalinin
genis qursaq intervalinda Gtiirmokdir. Sokil 4b-do  ekvivalent sxemino osaslanaraq
transformatorun tezlik xassolorini qiymotlondirok. Adoton impuls transformatorlarda
magqgnitlosmo induktivliyi vo I, miigavimeti ilo mohdudlasirsa, onda diferensial manqa amalo

golir. Onda asag1 sorhod tezlik o, = 1 =L. Yuxaridan tezlik intervali Lg,Lg, vo yiiklonmo

Ta m

miigavimati I, olduqda inteqral maqnit kasma tezliyi

1 r
w,=—= 2

, =2
T, L, + L,

olar. Transformatorun amplitud tezlik xarakteristikasi (ATX) sokil 5-do verilmisdir.

K

ry I )
[y Ls+Llso

Sokil 5. Transformatorun amplitud tezlik xarakteristikasi

Impuls transformatorlar1 layiho edorkon calismaq lazimdir ki, magnitlosmo induktivliyi
yiiksok olsun. Bu bir torofdon magqnitlosmoys sorf olunan maqnitlogdirici coroyanin hoddini
azaldir, digor torofdon algaq tezliklords is¢i intervali genislonmis olur. Elo buna goro do impuls
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transformatorlarda yliksok maqnit niifuzluguna malik olan ferromaqnit niivolordon istifado etmok
zorurat toskil edir.

Induktiv sopalonmasini aradan qaldirmagq iigiin transformatorun konstruksiyasimin sargilar
sayinin vo dolaglarin optimal yerlosdirilmasino fikir vermok lazim golir. Transformatorlarda
maqnit keciriciliyli magnitlosmo coroyaninin azalmasi dolaqlar arasinda olagoni yaxsilasdirmaq
kimi zoruratdon irali golir.

Impuls transformatorlar sonayenin golocok perspektivlorine aid olub, bir ¢ox sonaye
obyektlorinds 6z genis imkanlarini biiruzs verir. Bu tip impuls transformatorlarin modernlosmaosi
vo onlarin miiasir dovriin tolobatina uygun intellektual soviyyoyo catdirilmasi elm adamlarinin
osas vazifalorine aiddir.
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ADDIMLAYICI TiRLI QIZDIRICI SOBALARDA HIDRO SiSTEMIN
TEMPERATURUNUN AVTOMATIK TONZIMLONMOSI

Acar sozlor: qazima borusu; axin xatti; intensiv; CAi; Tir, zalatnik, hidro sistem

Qazima borulart (QB) termiki emala ugradilmasi {i¢iin onlar1 qizdirici sobalarda lazimi
temperaturadok qizdirirlar. Sonradan spreyerlor vasitosi ilo su ilo soyudurlar. Qizdirilmis QB
naqledici rolganglarla soyuducu zonaya (spreyero) verilir. Amma istehsalatda (cox zaman yay
dovrunds) c¢ox vaxt borularin oyilmosi sobabindon spreyerdo ilisir qalir. (QB oyilmasi iki
sobabdon bas vera bilar, birinci, geyri-barabor qizdirma, ikincisi, borunun tirlorin addimina diiz
diismomasi). I— 2 .

Buna sobab qizdirict sobalardaki désomslords totbiq edilon addimlayict tirlorin sinxron
islomomasidir, bu zaman borular miixtolif addimlar arasinda qalir vo ayilir.

Isin mogqsadi: Hidrosistemlordo  quzmis yaglarm avtomatik soyudulmasinin idaro
edilmosidir.

Bildiyimiz kimi, hidrogonlords olan yag, sistem islodikds qizir. Buna asason yay vaxti ¢ox
rast golmok olur. Bu da hidrosistemin panelindo yerloson zalatnikin vo droserlorin normal
islomomasino sabab olur.

Boyiik temperaturlar birlosmalards olan kiplayicileri yandirir vo ya yumusaldir. Bu zaman
paneldaki salniklor qirilir vo yaglarin sizmasi bas verir. Bu da sistemdos tozyiqin asagi diismasine
gatirib ¢ixarir vo naticads sistemdoki proses pozulur. Canlards yaglari soyutmagq ti¢iin soyuducu
borular yerlosdirilmisdir. Ancaq bu, su ilo soyutdugundan lazimi somoroni vermir. Yag c¢ox
qizdigda borudaki (mis boru) su da qizir, hatta qgaynama temperaturuna catir.

Bu deyilonlori nozere alaraq, sistem vo paneldoki temperaturlara nozarot etmok iiciin
termociitlor yerlogdirilir vo bu cihaz vericilorlo slagolondirilir. Vericilor iso termotonzimlayici
informasiyalar1 6turur, ¢onlorin icerisinds yerlogdirilon mis borucuqlarla qazlar buxarlandirilir.
Bu da ¢ondoki yagm normal temperaturda saxlanilmasina nozarst edir, temperatur normal
oldugda nozarat cihazi avtomatik soniir, oksing, temperatur yiiksok olduqgda sistem igo diisur.

Borabor ¢okili rejimlor iiglin yiiklomonin ilkin voziyysti {iclin parametri Ne, temperaturu
tonzimloyon parametrdon t;, temperaturu avtomatik tonzimloyon sistemin (TATS) statik
xarakteristikas1 basa diisiiliir. Sokilds qizdirict sobanin addimlayan tirlorinin TATS = struktur
sxemi verilmig xarakteristikasina baxaq, hansit ki, 1 obyekti (6zlindo addimlayan tirli qizdirict
sobani) vo 2 tonzimloyicilordon ibaratdir.

I Xyer-cONSt
________ 1
: Idaroedici : ton !
Ne:f - 4 |____ ____________________________________I
"(IIDI mexanizm i : h ] GuM M s :Gb
: AR Verici LY, Giiclondirici Y, o| Tonzimloyicil_, | Icraediciler |4,
| I I
: : Kcl} Kcz Kc3 Kc4 |
: — |
Gop ! Idarsedici | L 1
_:_' mexanizm I T T T T T T T T T TTTTTTTTTTTTTTTTTTTTTT 1
|
[}

Sokil 1. Addimlayan tirli qizdirict sobanin TATS nazarat sxeminin strukturu
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Sxemdo addimlayan tirli qizdiric1 sobanin  bir kordinat ¢ixisi vo iki koordinat girisi
gostorilmigdir: Gob -tonzimlayici kanalin yerini doldurma Ne vo Gob tonzimloyici kanala
tosiri. Addimlayan tirli qizdiric1 soba iigiin xaraktristikalar xotti vo ya xottilogdirilmis tosvir
edilir.

Temperaturu tonzimloyan parametr t.=+ K N, oldugda, onda Gob=const olur vo ya
t=+ K ,,G,,oldugda Ne=const olur.

Burada K, vo K, -tenzimloyicinin tosiri vo kanallarin yuklonmo haddino ¢atmaq iigiin

obyektin otiirucu omsalina uygun olaraq hor bir Ne vo ya Gob -nin qiymatlarin toyin edilmasi
ticlin omsaldir.

Addimlayan tirli qizdiric1 sobalarin temperaturu tonzimloyon parametrinin  tonliyini
asagidaki sokildo yazmagq olar.

Ats = I<0N Ne + I<0pGob (l)
Burada K, — N, ilkin rejimlor {igiin, K ,; iso
Nel = Neo+ANe (2)

Araliq rejim ii¢lin gqabul edilir.
Tanzimlayici orqanin statiki xarakteristikasi (soyuducu qurgunun) vo termotonzimlayici
liclin borabarsizliyi asagidaki sokildo yazmaq olar l_.

AG, =K  Anb  agar ngs=const olarsa, (3)
Ay =K,Ay (4)
AG,, =K AG, )
Anb =K ,Aum (6)
At, =KcAt, @)
Buradan termotonzimlayici sistem {igiin tonliyi agagidaki kimi yazmagq olar.
(1+Kc,Ke, Ke,KpKpoKop) At, =K, ANe (8)

Burada Kc,Kc,Kc - rabito omsallaridir.

Aciq sistemli statiki amsal Kc hissalorin konturlart kimi qabul etsok, asagidaki tonliyi
alariq.
K, ANe
° 1+Kc
Ogor vericidon TATS-a statik tosir gostormasi Kc tigiin Kp kegirilir. ©9gor Kp=0 olarsa,
onda At, =max qiymoti alir. TATS dgiin astatik tonzimloyicilorlo Kp — oo, At — 0 hansi ki,

At ogar Xyer=const olarsa. 9)

At , Ne-don asililiginda istirak etmir.

Ki-statistik omsal vo Kci daxili olago biitun istonilon hissolor iigiin xotti sistemlorin
qiymatlori ifade etmok olar.

Notica.Ayri-ayr1 hissolordo statistiki omsallar vo konkret asililiglar analitik tisulla vo
todgiqatlarin tocriibado alinmig noticolorine gore alinir I Addimlayan tirli qizdirici sobanin
TATS nozaroti ola bilor ki, qrafiki, eksperimental-analtik vo basqa molum nozori avtomatik
tonzimlomo metodlarla aparmaq olar. TATS soyudulma sistemlors totbiqi, sistemin is rejimini
yaxsilagdirir vo istehsal edilon QB keyfiyystini yiiksoldir.
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B crathe paccMOTpeHO aBTOMATUYECKOE PETYIMPOBAHUE TEMIEPATYPhbl THIPOCHUCTEMbI
HIaralolMX BaJIOK B HarpeBaTelbHBIX Ieuax. TepMoperynsarop MpeacTaBiseT coboit
Pa30MKHYTYIO LEIb CTPYKTYPHBIX 3BE€HbEB, OJJHUM U3 KOTOPBIX SIBJISAECTCS JaTUYMK TEMIIEPATypHhI.

HNana crpykrypHas cxema CAPT (cuctemMbl aBTOMAaTUYECKOTO  PEryJIHpPOBaHUS
TEeMIIepaTyphl), OXJIAKIAOIIAS )KUIKOCTh THAPOCUCTEMBI IIAralolyux Bajok.

[IpuBeneHHas XapaKTEpPUCTHKA OTHOCUTCS K MPOCTEUIIEMY W3 PETYISTOPOB HEMPSIMOTO
JICUCTBUA.

SUMMARY
Abdullaev G.S.
AUTOMATIC REGULATION OF HYDROSYSTEM TEMPERATURE
OF STEPPING FULLINGS IN HITING FURNACES

Keywords: drill pipes, continuores lines, intensive, F.A.P., fulling, hydraulic sistem

In the article the problem of automatic regulation of hydrosystem temperature of stepping
fullings in heating furnaces is considered. Thermostatic switch presents itself as a curved chain
of structural elements, one of which is the temperature-sensitive element.

Structural scheme of automatic regulation system, cooling the liquid of the stepping
fullings is suggested.

The given characteristics concern the simplest regulator of the non-straight activity.
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