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YIK: 517.9
O PEIIEHVH ®YHKIIMOHAJIBHBIX YPABHEHUM 3AJIAHHBIX
JANOOEPEHIINAJIBHBIMHA YPABHEHUSMH
JI.Boiimypoos’, A.A. PaxmoHoB’.
'Camapranockuii 2ocydapemeennoiii yrusepcumen,
2 byxapckuii 2ocyoapcmeennbiil yHusepcumenmn.
E-mail: araxmonov@mail.ru

AnHoTauus. B manHOW paboTe paccMaTPHBAIOTCSA pemIeHUS (QYHKIMOHATLHBIX YpaBHCHUH,
3a/IaHHBIX, PEIICHUSAM CHCTEMOM Mu(depeHIIHaIbHbIX YpaBHECHHH. B 3aBUCHMOCTH OT IIPaBOM 4acTH
CUCTeMBl  AU(PPEPESHINATLHBIX ypPaBHECHUH  pEIICHHE COOTBETCTBYIOIUX  (PYHKIIMOHAIBHBIX
YpaBHEHUH SIBIIAETCS TUNIOCKUM B HEKOTOPBIX TOUKAaX, T.€. B HEKOTOPBIX TOUYKaX cama (pyHKIIUS U Bce ee
YaCTHBIE MPOU3BOHBIE 00PAIIAIOTCS B HYJIb.

KaoueBbie cjoBa: (QYHKIMOHAILHOE  ypaBHEHUS, TeOopeMa CYIICCTBOBAaHUE W
€JIMHCTBEHHOCTH, TEOPEMa O HESIBHOU (DYyHKITHH.

Differensial tenglamalar orqali berilgan funksional tenglamaning yechimi hagida

Annotatsiya. Ushbu ishda differensial tenglamalar sistemasining yechimlari yordamida
berilgan funksional tenglama yechimi garalgan. Bu funksional tenglama yechimlari differensial
tenglamalar sistemasi o°‘ng tarafi ma’lum shartlarni ganoatlantirganda unga mos funksional tenglama
yechimlarining ba’zi nuqgtalarda yassi bo‘lishi ya’ni ba’zi nugtalarda funksiyava uning barcha xususiy
hosilalarining nol bo‘lishi ko‘rsatilgan.

Kalitso‘zlar: funksional tenglama, mavjudlik va yagonalik teoremasi, oshkormas funksiya
haqgidagi teorema.

On solutions of functional equations given by differential equations
Resume. In this paper it is considered properties of functions given by system of ordinary
differential equations. Depending of RHS of the equations a solution may by flat at some points, e.g.,
the function and its all partial derivatives are vanish at some points.
Keywords: functional equation, existence and uniqueness theorem, implicit function theorem.

BBeaenunsi. l3BecTHO, 4YTO TIpuUBEeNEHHE K HOpMallbHOU Qopme pedhopManuu TIaIKuX
(YHKIMH OT OJHOM TepeMEHHOH, MMEIONIMX KOHEYHOKPATHYIO KPUTHUYECKYI0O TOUYKY B Hadyale
KOOPIMHAT CBOJMTCS K PEIICHHIO CUCTEMY ypPaBHEHHH, 3aJaHHON ceMeHCTBOM OoToOpaskeHHbIH. 1Ipu
3TOM CEMEHCTBO TJIaKUX OTOOpaKeHUH 3afaeTcsi cucTeMoil nnuddepeHIrnanbHbIX YpaBHEHUH, TIpaBast
YacTh KOTOPOW 3aBUCHT OT JIOTIOJHHUTENBLHBIX MapaMeTpoB [2]. B aToii paboTe MBI paccMOTpUM 3a1a4a
0 3aBUCHUMOCTH KO3((HUIIUSHTOB OT MPaBOi YaCTH COOTBETCTBYIOLIUI CUCTEMbI YPaBHCHHH.

Omnpenenenusi. beckoHeyHoro — riagkas (QyHKIMS Ha3bIBAETCS TUIOCKOM B TOYKE x° ecnn,
BCE €€ MPOU3BOHBIC BKJIIOYAs HYJICBYIO OOpAIaoTCs B HYJIb B OTOU TOUKE.

B nanHOi paboTe MBI IMOKaXEM, YTO CBOMCTBO IIOCKOCTH PEIICHHH (YHKIHOHAIBHBIX
ypaBHEHUH 3aBHCUT OT MPABOM YaCTH COOTBETCTBYIOIICH cHcTeMbl nubdepeHIraIbHbIX YPaBHEHUI
(cm. Teopema).

Takum oOpa3om, eciu 3aaaHHas QYHKIUS UMEET IJIOCKHE KO3 (UIMEHTHI, TO OHA 3aMEHOM
MEPEMEHHBIX TAKXKe CBOJUTCS K MOJIMHOMY C ITIOCKUMH K03()QUITHEHTaMH.

Paccmotpum crucremy auddepeHuanbHbIX YpaBHEHHN

dy _
a F(ty,x), 1)
y(O’ X): A, (2)

e F:W xU xV - R", W xUxV cRxR"xR™)— 6eckoneuno-rnankas BeKTop-QyHKIHUs U
AeU c R" — mnexoropas okpectrocts Hyma, Xe€V < R™ —HekoTopas OKpecTHOCTh HYNS B
R™, X — mapameTpsl.

Hycrs Y = Y(t, A X) pewenue 3anauu Ko (1)-(2). Tak kak Y(0, A, X) = A 10
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det(% (0,0,0)] =1+0.
oA,

j
IToaTOMY coriacHO TeopeMe O HeSIBHOUW (PYHKITHH CYIIECTBYET PEIICHIE CUCTEMBI YpaBHEHUH

y(t,Ax)=a @)
OTHOCHTENIbHO A mnpu Madbix d. TakuM 00pa3oM, Mbl HMEEM pelleHHe cucTeMbl (3) BHIa
A= A(t,a,x).

Tenepb JOKa)KeM CIIEAYIOILYI0 TEOPEMY.

Teopema. Ilycte F € C” (W xU xV) ¢ynxuus, ynosnersopsromas ycnosuio: F(-,0,7)
mwiockas ¢ynkuus, T.e., F(0,0,0)=0u Bce uyactupie npoussommsie mo t,X Gynkuun F(-,0,)

oOpamaroTcs B Hylb B Hauaste koopaunat, o A(,0,') Taxke sBnsieTcss muockoit GpyHKImeH B Havane

KOOpAWHAT.
I[OI(a?)aTCJII)CTBO TEOPEMBI OCHOBBIBACTCA HAa HECKOJIBKUX JIEMMax.

Jlemma 1. ITycts Bextop pynkuus F(t,y,X) ynosnersopser ycnosuro F(t,0,X) =0, To
pemenue 3agaun Komu (1)-(2) umeer Bu:
y(t!A! X) = Y(t!A! X)'A, (4)
rae Y ruagkas Nx N MaTpUYHOM — 3HauHas GYHKIIHS.

HoxazarenbcTBo. Tak kak F  ymosmerBopster ycmoBusm Teopembl Ilukapa [1] o
CYIISCTBOBAHUM U CJMHCTBEHHOCTH pelIeHHus 3anaya Kommw, TO CyIIeCTBYeT EIUHCTBEHHOE

Oeckoneuno raaakas pemenne Y(t, A, X) npu maneix A.
C apyroii ctoponsr F(t,0,X) =0, to npu A = Omsr umeem Y(t,0, X) = 0. Cornacno, nemma
Anmamapa [3. ctp.593] mwis kaxmoro 1 ¢yskums Y, (t, A, x) (rme VY, (t,AX),i—i (i =1n)

KOMIIOHEHTA BEKTOP GYHKLIUH Y ) UMEET BH]
n
Yt AX) =Dy (LA XA,
i1

n
rac {yij }i i — OeckoHeYHas T1agKuc (1)YHKI_[I/II/I OTuM 3aBCPIIACTCA JOKA3aTCIbCTBO JICMMBI 1.

Jlemma 2. TIycts f (t, X) muockas gpynkuums. PaccMoTpum cucTeMy ypaBHEeHui

dy _
i F(t,y, x)+ f(t,x), (5)

rneF eC”(W xU xV). Ecmn F(t,0,X) =0, 10 pemienue 3amaun Koy ¢ Hys1eBBIMH JaHHBIMH JUIS
ypaBHenus (5) sSBISIETCS TWIOCKON (yHKIKMEN B HAYAIE KOOP/UHAT.

Jokazarenbcrso. [lycts Y(t, X) pemenne 3anaun Kowm. Torpa y(0,X) =0. U3 ypasuenus
(5) nmeem

_dy(dot’ %) F(0,y(0,%),%) + £(0,%) = £ (0,)

Takum obpazom, Tiockast GyHKIUS B Hadane koopauHat. C JIpyroil CTOPOHBI Tak Kak

dy(0, x)
dt
F(t,0,x) =0, To cornacno nemme Anmamapa [3. ctp. 593] ms kaxmoro unjekca i, (i = ﬁ) AMeeM

COOTHOILIEHHE

6y =Y Ry,

¢ rmagkumu Gyakimamu F., 1, J =1,n. OTtcioaa ¢ moMoIIbI0 MHAYKIHEH JIETKO 0Ka3aTh, Y4TO JUIs

ij?
d*y(0,x)
dt*

JI000r0 HCOTPpHULIATCIILHOI'O LICJIOro 4uciia k ciacayromas (bYHKI_[I/I}I SIBIIICTCS ILJIOCKOM
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¢yukuueit B Hauane xoopmunar R™. Cnemoparenso Y(t, X) Taxske sBnsieTcs MIOCKOH BEKTOp —
dyHKiweii B Havane koopauuar R™

Jlemma 3. Tycts Y(t, A, X) pemenue 3anaun Komwu (1)-(2), to Y(t, A, X) samuceiBaetcs B
BHJIE

y(t, A x) =B(t, A x)- A+ G(t, x),

rae G(t, X) mnockas ¢pynkuus B nauane koopaunar, mpudem B(0,0,0) = E —enunnunas matpuna.

Nokazareabcrso. Ecu F (1, Y, X) yaoBnetBopseT ycioBusM TeopeMbl, TO OHA 3aMHChIBAETCS
B BUJIE

F(t,y,x)= IE(t, Y, X)-y+ F(t,0,x).

rie F, Nx N — MaTpHuHOii — 3HAUHAA GECKOHEYHO — IajKas (yHKIIU.

PaccmoTpum 3anauy Ko aj1st cucteMbl ypaBHEHUN

dy =~ -
=~ _F.
a7
y(0,x)=A

Hycte Y (t, A X) pemenue >1oif 3a1aun. PeleHne HCXOIHOM 3a/1a4H UIEM B BHIE
y =Y(t, A x)+G(t, x),
rae G(t, X) mockas GpyHKims.
3aMeTuM 4To,
F(t,V+G,X)=F(t,¥,G,x)
MOKET OBITh 3alKMcaHa B BUJIC
F(t,y+G,x)=F(t,y,x)+®(t,y,G,X)G,
rae @ rmagkas N X NmatpudHOi — 3HaYHas GpyHKkums. Toraa

‘3_1’:3_{&;_?: F(t,¥,X)+®(t,¥,G,X)G = F - § + F(t,0,) + d(t, §,G, X)G.

Takum 00pa3oMm, 4TOObI Y SIBJISIETCS pelIeHHeM ucxoaHou 3amauu (1)-(2)

TOTZIa ¥ TOJBKO Toraa Korma G SBJISETCS pelIeHueM CIICTyIOIIeH 3a1aqn
Kommn:

9 o(t,7.6.0G + F(t.0.x)

dt
G(0,t,x)=0
cornacuo nemme 2 pemenre G(t, A, X) aToi 3a1aum SBISETCS IIOCKOM BEKTOP-QyHKIMEN B HavYale

1
koopaunar R™" npu puxcuposarnnom 3nauennn A =0.
Jloxa3zaTe1bCTBO TEOpEMBI.
Takum 00pazom pemrenne 3anaqu (1)-(2) 3amuceBacTCs B BUIC

y(t, A, x) =B(t, A x)- A+ G(t, A X),
rae G(t, A X) miockas sexrop-pynkuus, npuaem B(0,0,0) = E exunnunas N x N maTpuia npudem
sekTop-pynxiusa G(t, A, X) 3amuceiBaeTcs B BHzE:
G(t, A x) =B,y (t, A x)- A+ G, (t, A x)
rae By (t, A, X) rmaxkas N x Nwmarpuanoii — suaunas Gpyukuust, By(0,0,0) =0 a G, (t, X) mrockas
BeKTOp-(PyHKIMs B Havase koopauuar R™. Teneps paccMOTpHM ypaBHEHHE

(B(t, A, X)+ B, (t, A X))- A+G,(t,x) = Y,

rae Yy €U < R" okpecTHOCTD HyJIs.
CornacHo, TeopeMe 0 HeBHOM (YHKIMH B HEKOTOPOH OKPECTHOCTH HyJIst
cyuectByet riaakoe peutenust A = A(t, Y, X) .
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[putom, ecm Y = 0, TO MBI IMEEM COOTHOIIEHHS
(B(t, A, x)+ By (t, A x))- A(t, x,0) + G, (t, x) = 0.
Tax kax npu Mansix B(t, A, X) + B, (t, A, X) - o6parumas MaTpuIa, TO U3 MOCIEIHETO COOTHOLICHHS
CJIENLYET UTO
A(t,0,x) =—(B+B, ) (t, A X)G, (t, X).
Tak xax, G(t, X) miockas Bekrop-pyHkuus, TakosbiMu seasgercs 1 A(t,0, X) .

Teopema qoka3ana.
Jlureparypa
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3. 3opuu B.A. Marematuueckuit ananus. Y. |, M., "MIIHMO", 2002. cT. 664.

YIK: 517.984
®A30BBIE HEPEXO/bI JJIs1 OJHOT'O MOJEJIA C BECYUUCJIIEHHBIM
MHOXECTBOM 3HAYEHW CITMHA HA JTEPEBE K3JIN
B.Y. A6paes
Yupuuxcruii 20cy0apcmeenHvlli nedazocuyeckuil UHCIMumym
E-mail: abrayev89@mail.ru

AnHoTauus. B HacTosmielt paboTe paccMaTpWBAETCS MOJIECITh C B3aUMOJCHCTBUSIMHU
GmIKalIIX coceeil M ¢ MHOXeCTBOM 3HaueHuii [-/2;'/,] cmuua Ha nepese Komu mopsaxa k > 2.
Jns m3ydeHus] TPaHCIANMOHHO-WHBApHMAHTHBIX Mep ['nbOOca Momenw MBI MPHUBOIUM HEJIWHEHHOE
¢yHKUMOHANBHOE ypaBHeHHE. [Ipm k=2 T[pH HEKOTOPBIX YCIOBHSIX Ha MapaMeTpbl MOJEIH
JIOKa3bIBACTCS HECAMHCTBEHHOCTh TPAHCIAIIMOHHO-WHBApHAHTHBIX Mep I[mbbca (T,e. (a3oBbIe
TIEPEXOIBI).

KiroueBbie ciioBa: nepeBo Komu, kondurypamnus, mepsl I'uo0ca, GpasoBbie nepexosl.

Keli daraxti ustida cheksiz sonli spin giymatlari mavjud boe‘lgan
yagona model uchun fazaviy almashtirishlar

Annotatsiya. Ushbu magolada tartibi ikkiga teng Kelli daraxtida o‘zaro ta’sirlanuvchi yagin
go‘shni uchli, spin giymatlari to‘plami [-'/»;'/,] bo‘lgan model garalgan. Gibss o‘Ichovlarining
translatsion invariantlarini o‘rganish uchun nochizigli funksional tenglamalardan foydalanamiz.k = 2
bo‘lgan holda, parametrning ba’zi giymatlarida Gibss o‘lchovlarining translatsion invariantlarini
yagona emasligi isbotlangan.

Kalit so‘zlar: Keli daraxti, konfiguratsiya, Gibs o‘Ichovi, fazoviy qo‘zg-alishlar.

Phase transitions for a single model with an infinite number of spin values
on a Cayley tree

Abstract. In this paper we consider a model with nearest-neighbor interactions and with the
set [-'/,;%/,] of spin values, on a Cayley tree of order k >2. To study translation-invariant Gibbs
measures of the model we drive an nonlinear functional equation. For k =2 under some conditions on
parameters of the model we prove non-uniqueness of translation-invariant Gibbs measures (i.e., there
are phase transitions).

Keywords: Cayley tree, configuration, Gibbs measures, phase transitions.

HepeBo Kenu X nopsnka K >1 npencrasnser coGoif GeckoHEuHOE IEpeBO, TO €CTh
GeckoHed bt rpad 63 IMKIoB, KoTopslii BeimyckaeT K + 1pe6pep ¢ kaxoit Bepmuam.

IycTs = (V,L,1) 6yners nepeso Kemn, rae V - MHOXKECTBO BepuinH r“ al-

MHO>KECTBO pe6ep,i — QyHKUIUS WHOWACHTHOCTH, COTMOCTAaBIIAIONIAS KaKAOMY pedpy lelL ero
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xounessie Touku X, Y eV Ecm cymectByer | peGpo, kotopoe coemmmute Bepumm X, Y,
toBepminHbl X, Y  HasplBaroTcad  OmmpkafmMMu  cocesIMU U MBI [IUIIEM | =< x, y>

<KX > <X X, >y, < Xd—l,y > MHOXECTBO Iap OJIMXKAWIIUX COCeACH HAa3bIBACTCS CaMBIM

KopoTkoit noporoit or X mo Y . Paccrosnue d (x,y), X,Y €V | na nepeso Kenn onpenensiercs
hopmyitoit

W, ={x eV :d(x,x%) = n},Vn = me
m=0

S(X)={yeW,,, :d(x,y)=1}, xeW,
(d (X, y) — 9TO KOJIIMYECTBO pedep Ha caMOM KOPOTKOM JOPOTeE OT X JI0 ))

[Mocmotpum Mozens ['aMunTHOHA onpeieIeHHbIN ¢ TOMOUIBIO 3TOH (POPMYJIBL:

H (6) =-J Z go-(x)o-(y), (1)

(x,y)eL

3mecy mameiJ € R \{0} va ¢&: (u,v) c |:— % : %]2 - §UV € RorpannuenHass u3MepuMast

(yHKIHS, < X, y> —0003HavaeT BEPIIMHBI OJKANTIIIX COCENEH.

Jins kaxgaoro K €N paccmorpum unrerpanbubiii onepatop H, meiictByrommii B koHyc

C+|:—%;%]={f EC[—%;%]Z f (x) > 0}, B Takom Buze:
12

(H, f)(t) = j K(t,u)f“u)du, keN 2)
-1/2
Omneparop H, HasbiBaeTcst MHTErpaIbHBIM OMepaTopoM ['amMmmepiiTeiina mopsiaka K . sIcuo,
yro ecrm K > 2 ,torna H, nenuueiinsiit oneparop MamMepureiiHa.

M3BecTHO, YTO MHOXECTBO TPAHCIAINMOHHO-WHBAPHAHTHRIX Mep ['mb6ca momenu (1)
onuckiBaeTcsa popMynoidukcrpoBaHHbIE TOUKH oneparopa ['ammepiireiina [1].
Iycrs B(1) mogenn K = 2 i BeIpasim & B TAKOM KOHKPETHOM BHJIE:

£, =E,(0.5) =%In(1+ 04t -u),u,t e[—%;}ﬂ

3necs 0 < 0 <1.Torma K (t, U) sanpo onepatopa I'ammepmreiina H , OyIeTh B TaKOM BH/IE:
K(t,u)=1+6"4-t-u.
V, :(X,y) € R> = (X', ") € R? oneparopa onpesenmm Tax:

W= x4 2n +12n%92y2
2n+3

2n+1
2n+3
YrBep:kaenne 1.Uto0sl nmets pemrenue ypasuenue ammepmrreitna (H, f)(t) = f(t) (3)

1A d)yHKuI/IH (D(t) QE C [_ % : %} 10 BUY HEO00OXOINMO U JOCTATOYHO
o(t) =C, + C,0°"4t,

31ech (Cl, C2) e R?, Touka V2 HEMOABIXKHASI TOUKA OTepaTopa.

V,:
y'=2

oxy

Joka3zarenbcTrBo. Heoo0xommmoctb. [Ipeamonaraem 4to  (QyHKIHSA q)eC[— % : %}

KOpeHb (3) ypaBHEHHS, TOTJa UMEEM
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o(t) =C, +C,0"J4t (4)
31€Ch
12
C,= [ ¢*(u)du (5)
,1]?2
C,= [ ™Yu-¢*)du- 6
-1/2

Ha pasenctse (5) (p(t) (hyHKIHMIO IOMEHSIEM Ha 3HadeHue (4) 1 Toraa IMEEM 3TO:

C, =2 + Nt Langge 2g2,

2n+3
Ha paBenctse (6) go(t) (YHKLHMIO TOMEHsEM Ha 3HaueHHeE (4) U TOTJa UMEEM 3TO:
2n+1
C,=2="26CC,
2n+3

2
3Ha‘lI/ITI>, (Cl y CZ) S R , TOUKa V2 HCIIOJABWIKHAs TOYKa orepaTopa.

2
Hocrarounocth. I[Ipeanonaraem yto (Cl,CZ) € R*, mycth TOUKaV,HENOABIKHAS TOUYKA

oreparopa. Tor;[a¢ ceC |:— % ; % ] (hyHKIIHIO 0003HAYUM
o(t)=C, +C,02"Y4t.

Torma
12 12 12

(Hp)(t) = [ (1+0d4w)-o* (u)du = [ ¢ (u)du+ 64t [ Yu - o* (u)du =
-12 -2 -1/2

12 12
= j (C, + C,07Y4>tu)?du + o>n/4t j gy - (C, + C,0 4y du= ()

-1/2 -y2

12 12 12
=C/ [ du+2=atC,C,0 [ 2dudu +6°2416C,2 ¥ [ Jutdu +

-12 -1/2 -1/2
12 12 12

+C7 [ gfudu +294C,C,0 | 2y du + 022Y16C 2 Yt | 203 du
2 2 /2

I/I3BCCTHO, YTOPCHICHUC 3TUX PABCHCTB

12
I 2Yudu =0;

-1/2

V2 2n+1 1
2N+ 2 .

Jz Judu 2n+32¢4"

12

.[ 20943 du =0;

-12

C oMoIIpi0 3THM BeIYUCTHM (7)

2n+1 2n+1
=C/ + Lo mf4C 207 + 25220C,C, - 04t =C, + C,0™ 4t = o(t),
L on+3 2 on+3 L2 1 2 o(t)
To ectb, (0('[) ¢dyHKIMS penienne ypasaenue (7).

2n+1

2n+3
€IMHCTBEHHYIO, (HETPUBHAIBHYIO) OJI0KUTENbHYIO, HEMOIABUKHYIO TOUKY BC [_%; % J;

YrBep:kaenune 2. NEcmm g<g< , Torma H ,omneparop l'ammepinreiiHa umeeT

10
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i) Ecmu ;” +; <9 <1- Torma HzonepaTop T'ammepiniTeitHa UMEET TPU TOJIOKUTEIbHBIX,
n+

HETIOJIBHYKHBIX TOYEK B C [_ }/ . }/ J
2'/2
Jlokasarenscerso. Ecru =0, H , onepatop I'aMmepmTeliHa uUMeeT (HETPUBUAIBHYIO)

eMHCTReHHYI0 Henomkhyio Touky @(t) =1.

ycts & # 0, mocMoTprM paBeHCTB HAXOXK/ICHIE HEMOABIKHBIX TOUCK ONEpaTopa V2

2n+1
X:X2+ 2n+: 492 2
2n+3 Jaery (8)
2n+1
=2 Ox
y 2n+3 Y

EanyZO.Honaraﬂ paBenctBy (8) mmeem pemennu (0,0) u (1,0) momaras nepBomy

YpaBHEHUIO, GYHKIIHH
P(t) =g, (1) =0, p(t) =, (t) =1

SABnstores kopHeM (3) ypaBHEHUH.

Ecmm Y # 0. C (8) paBencTra umeem __2n+3 , mosTomy, ¢ (8) paBEHCTBA HMEEM OTY
2(2n+1)0
;_ (2n+3) (1_ 2n+3 ]_ (9)
4(2n +1)22"Y46° 2(2n +1)6
2n+1
3naunr, s 6 > , ¢ (9) paBeHCTBA TTOIYIHM
2n+3
. 2n+3 2(2n+1)6-(2n+3
Yoy = : 2.\/( )0 — (2n+3) (10)
2(2n +1)2"20 2n+1
Htore MOXHO CKa3aTh, KOTAA() < g < 2n+1, omneparop V2 UMEET JIBE€ HEMOJBUXHBIX TOUEK
2n+3
(0,0),(1,0); xorma 2n+1 < @ < 10meparop V2 umeeT yetupe HenoauwkHbeix Touek (0,0), (1,0),
2n+3
(Xl, yl* ) ) (Xl, A ) s BACCH y 2n+3 | V2 OIepaTop He MMeeT OOoJblIe HENOIBHKHBIX TOYEK
2(2n+1)6
OTJINYUE OT 3THUX.
3Ha4ynTh, QyHKIMN
o (t) =1,
2n+3 2(2n+1)6 - (2n+3),
t)= 11+ "2t |
2 0=2on 00 ( ‘J n+1
2n+3 2(2n+1)0—-(2n+3),
ho_2n*3 [y 2
#.(0) 2Qn+D9[t J on+1

(HeTpuBHANbHBIE) HETIOABIKHBIE Touky H , oreparopa I'aMmepinTeina.

Jisscex 1=1,2,3u te (— % , % ), o, (t) > 0. Mrore mbr nokasam 5Ty Teopemy.

Teopema. a) ecmu(Q< @< ﬂ , nas (1) Momenu CymIEeCTBYeT €IMHCTBEHHAsS
2(2n+1)
TpaHCTAMOHHKIN — HHBapHaHT Mepa [ mbcca.
n+3
b) Ecnin ﬁ < @ <1, rorna cymecTByeT TpH TpaHCIAMOHHBIE — HHBAPUAHTHI Mephl I ubcca.
n+

11
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HNEPEHOPMHUPOBAHHBIE KOOPAUHATHBI 1JI51 TOMEOMOP®U3MOB
OKPYKHOCTH C OJJHOM TOYKOH N3JI0OMA
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Aunnotanus:B Hacrosmeil pabore, HaiineHsl cooTHomenne Mexay Z; u Z;,, (i J ut i K:!

3aTeM II0KA3aHo, 4To Z, A tq SABIISIOTCS MOYTH APOOHO-TMHEHHBIMH yHKImaMH oT Z, u [
n+. n

COOTBETCTBEHHO, TIJ¢ TNPEANONAraeTcs, 9To omnpeaessuomas Qynxius (X) , YIOBIETBOPSET

YCIIOBHSIM (Cl) - (C4) u uncno spamenns P = P(T,) uppaunonansho.

KuioueBsble CiioBa: romeoMophU3MOB OKPY>KHOCTH, pEHOPMAIN3AINs, YHUCIIO BPAIICHHUS.

Bitta sinish nugtasiga ega bo‘lgan aylana
Gomeomorfizmlari uchun gayta normallashtirilgan koordinatalar

Annotatsiya. Buishda f(x) aniglovchi funksiya (C,)—(C,) shartlarini ganoatlantirib,
(t; vat

undan keyin Z, ., Va tqn lar, Z, va t, larning deyarli kasr-chizigli funksiyalar ekanligi ko‘rsatilgan.

burish soni p = p(T,) irratsional bo‘lganda z; va z ) larning orasidagi munosabat,

i+1’ j+1l

Kalit so‘zlar: aylana gomeomorfizmi, renormalizatsiya, burish soni.

Renormalized coordinates for homeomorphisms of a circle
with one break point

Abstract. In the present paper, we find the relation between Z; and Z,,,,

(t;andt; ;). theniit
is shown that qu and tq are almost linear-fractional functions of Z,and to, respectively, where it

is assumed that the defining function f (X) satisfies the conditions (C,) —(C,) and the rotation
number is p = p(T, ) irrational.
Keywords: circle homeomorphism, renormalization, rotation number.

PaccMOTPHMCOXPaHSIOIMITOPHEHTALINIOrOMEOMOPGH3M [ ( €IMHIYHOM OKPYKHOCTH
T.x={f(x)}, xeS'=][0,1) (1.1)
rae ckobOka {}- o0o3HavaeT APOOHYIO YacTh YHCHA, a f(X) -onpeaensomas QyHKIHs Tf,

YAOBJIIETBOPSIET CICAYIOIIUM YCIOBHSIM:
(C1) f (X) -HeTIpephIBHAS, CTPOTO BO3pacTaroImas (yHKIHS Ha R ;

(Cz) f(x+1) = f(X)+1 nns moboro X e R';

(Cg) TOMeoOMOP(PHU3M Tf X BTOuKe X = X, UMECT U3JIOM, T.€. CyIIECCTBYIOT

kxoHeunste oaHoctoponnne nponssoause f'(X, £0)>0u f'(x, —0) = f'(x, +0);

12
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(04) f'(X) -a6comoTro mHenpepesHas ynkuma ma [X,, X, +1] u f'e Lp(Sl;d|) pu
nexotopom P >1.

f'(x, —0)
f'(x, +0)

VYcnosue (C 4) Ha3bIBaeTcs ycnoBreM riaakoctu Kanuenscona n OpHcTeitHa.

Yucno = = HA3bIBACTCS BEJIMYMHON mM3idoMa |, B Touke X = X, .
o=0;(X, f b

ITycts umcno BpameHus O = p(Tf) UPPALMOHAIEHO U PA3IOKEHHE O B HEIMPEPBHIBHYIO

JpoOb UMEEeT BUT;

p=[K. Ky ko]

TTooxxnm

Pr 1k K,k ] N1

n

Yucna (), -y10BIETBOPAIOT PA3HOCTHOMY YPABHEHHUIO:

qn+1:kn+1qn+qn_11 q():l, q1=k1, n>1.

OGosHaunM ocobyio Touky X, uepes X, M paccMoTpuM ee MTepauud, T.e. X, = TX,, 1>1.
OGosnaunm A = A (X, ) -samkmyThiii oTpesok, coemusionmii Toukn X, u Xq, -

O6o3Hauum yepes Vn :Vn (Xo) 3aMKHYTBIH HHTEPBAJ, COEAUHAIOIIMI TOUKH Xg, 1 Xq
+.

n n+1 o o
ﬂCHO, 4qTo Vn ZA(O) U A(O ). I/IHTepBaJ'I Vn -HA3bIBACTCA n-OI/I PEHOpMAIU3allTUOHHOU

OKPECTHOCTBIO TOUKH X, . Onpenenum otodpaxenue Ilyankape no gpopmyse:

Tix, ecau x € A \{x,},
7, (X)= (41 (1.2)
TX, eciu xeANy™.

ITo obmieii cxeme MeToma peHOopManu3anmuoHHOW Tpynms!l (PIY) Hac mHTEpecyeT riaaBHBIM
oOpasom nosenenue orodpaxenus [lyankape 77, (X), npu 1 —> 0. TTockonbKy AIHHA OTpE3Ka Vn
SKCIIOHEHIMAIBHO CTpeMuTcs K Hymo u (, —> +00 npu N —> 00, nosenenue 77, (X) y11o0HO
U3y4YHUTh B HOBBIX [IEPEHOPMHPOBAHHBIX KOOPJUHATAX.

BBeneM nepeHopMUpOBaHHBIE KOOPIUHATHI Z HaVn :

X — X,

I=——, XeV, (1.3)
Xo = Xq,

OGosHaunm 5 _ Xgns — %o OueBuano, uro a, > 0. Ipu X EVn , COOTBETCTBYIOIIUE KOOPAUHATHI
n
Xo - XQn
Z mpuauMaioT 3HadeHns or —1 1o @,. B HOBBIX KOOpAMHATAX OTOOPAKEHHIO 7T, COOTBETCTBYET
cieyronas napa ( fn, gn) :

oy T 2 =X ) % = Py

Xo = an 1.4)
gn(z): fqn(xo + Z(Xo _an))_xo - Ps ,
Xy — an

13
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IMapa QyukIUN (fn, gn) HaspiBaerca [1-oif peHopmanmsammedl  oTOOpaxkeHMs 1T, .
[Tonoxkum A(in) = Tfi A((? ) i>1, n>1 . Mycrs ans onpenenennocts N -HeueTHOE HHCITO, TOTIA
HAMEET MECTO COOTHOIIIEHUE Xq . < Xp < Xq .

n+1 : . n H
CucremMa  OTpE3KOB &, Z{A(i ), 0<i< (Vi A(j), 0<j<q,,} obpasyer

pazouenne okpyxkHoctd (cM. [1]). [Ipm sTOM cocenHme aBa OTPE3KU W3 én TIePECEKAIOTCS OJTHOM
JIUIIb KOHIICBOW TOYKOM.

BBeneM oTHOCUTENBHBIE KOOPAUHATHI Z;, 0<i< 0,.,,>» BHYTPH OTpE3KOB A(in) u

t i 0< j<q,, BHyTpH 0Tpe3KOB A(J.rHl) 1o popmysam:

Xi - X (n)
=", Xe Ai ,
X — Xi+qn
t = XQn+l+j —X XEA({HI)
i X - X ! i
i+Gnsa j (1.5)

Jemma 1.1. Umerom mecmo credyroujue pageHcmasda.

_ X; _Tfi (Xo + Z(Xo - an ))

' X — X. ’

I 1+0,

ze[-10]

X =TI +z(X, — X
tj — J+0na1 f ( 0 ( 0 Oy ))’ 7 E[O;an] (1.6)
X —X

i*+Una i

Hoxa3zarenbcTBo Jemmbl 1.1. Jlemma 1.1 mokassiBaeTcst mpsMbIM BeiuuciaeHueM. Eciun X € A(in) ,
Toraa T{iX € A((?). Ucnone3ys paBenctBo (1.3) momywaem: T{ix =X, + Z(XO - an) u

o X —THT X)) x =T (x, +z(xX, — X
ZE[—].;O]. U3 »toro Zi:Zi(Z): X — X =_! f( f ): I f( 0 ( 0 qn))
X — X”Qn Xi = X X — Xi+qn

I 1+q,

;Touno Takke, ecmu X € A(;Hl), rorma T/ X e A((;Hl) n T x= Xo +2(Xg =X, ),
n+1

ze[0;a,].
YuutbiBas 3TO MOJy4YaemM
t =t (2)= XJ’+qn+1 —X _ Xjsay., _TfJ (Tf_JX) _ Xjign _TfJ (Xo + Z(Xo — X, )
i i '
j+qn+1 - XJ Xj+qn+1 - XJ Xj+qn+l - XJ

Jlemma 1.1 nokaszana.
B HacTosmem maparpade, Mbl HaiiieM cooTHomeHHe Mexay Z; u Z;,,, (1 i ut j+1)-a 3aTEM

NMOKaXeM, 4To Z, M tq SABIIAIOTCS TOYTH APOOHO-TMHeHHBIMHM QyHKumsmMa orZ, u i,
n+. n

COOTBETCTBEHHO. Hmke MbI BCIOAY IHpedmnojaracM, 4YTO Onpeacismoomas (QpyHKIus f (X) ,
YAOBIIETBOPSIET YCIOBHUIM (Cl) — (04) Y 9HCJIO BPALICHUS O = p(T f) HppAMOHATLHO.
Breaewm crenyromme 0603HaUCHNUS:

a; =X v.=%, B.=T/x XEA((?).HCHO,‘{TO p.ela,,y;], 0<i<q,,,

i i+qp !

14
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L Trgyeady s e - vy
A () B —o) ' f'(a)( 7~ B) 3 ! ,

1 %i "
1+mjf (7 - y)dy

7 " qn+171
Bi = I%y’ mn+1 = exp{ Bi }'
2 21(y) -0

e 1+ Az, | Gtt
v =-B, In[1+A(Zi_1)J, Tn+1(zo)—2‘//i-

i=0
Teopema 1.1. CripaBenIuBO CIICAYIONIEE PAaBEHCTBO:
Z0 mn+1 eXp(’z-rwl (ZO ))

Uni1 1 + ZO (mn+1 exp(Tn+1(ZO)) - 1)

Jokazamenvcme. Teopema 1.1 qoka3pIBaeTCs MPSMBIM BEIYUCICHHEM.

(1.7)

SlcHo, uTO
, B, V=B
i ) [ !
Vi & Via — Gy
rie
a., = Ha),

Bi
Ba=1t(B)="1(a)+ T ()(B —)+ I f(y)(B — y)dy,

= T = H@)+ @) —a) + [ 00 - )y

HO,I[CTaBJ'I}I}I B BBIPAXKCHUC I Zi+1 , [IOJIydacM:

yA——

i+l

Vi Bi
@) = B)+ [ " (0 = )y = [ (9B, - y)dy

F(a)0 - a) + | ()G, - )y
7i B
(B - ) [ 1" (NG = Yy = (7 =) [ £ (y)(B; - y)dy
_7i -5 1+ a @ _
O @) - - B+ (- B+ | )0 - y)dy

2,1+ Az -D).

W3 51O BEITEKAET YTO
1-z,, 1-7z-(z-DAz 1-z 1+Az; 1
Zin i (1+ A. (Zi _1)) Z; 1+ A (Zi _1)

I
Hcmone3ys 3T0 paBEeHCTBO MOITYIHM:

1-z2

1-7 Onsa L Opsa -1 1-72 1

Gn+1 — 0. exp{_ Z Bi } . exp{_ Z(//I = 0, (18)
an+1 Zo i=0 i=0 Z, M. exp(rml (ZO))
Pemas ypasaenue (1.8) orHocuTensHO Z G,y » THOTYHHM JIOKA3ATENBCTBO TEOPEMBI 1.1.

—SLexp(-B)-exp(-v,).
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VIIK: 517.946
0 3AJJAYE KOIIIU JUISI CACTEMBI MOMEHTHOM TEOPUM YIIPYTOCTH
N.3. Huézon, T.bermaton

AHHoTamusa. PaccMmarpuBaercs 3ajada aHAIUTHYECKOTO MPOJOIDKEHHS PEIICHUS CUCTEM
ypaBHEHUH MOMEHTHON TEOPUHU YIPYTrOCTH B 00JIACTH MO €€ 3HAYCHUSAM U 3HAYCHUSM €€ HANPsHKCHUH
Ha YacTH TPaHULBI 3TON 00NacTH, T.€. pacMaTpuBaeTcs 3agada Komm.

KiioueBbie cj0Ba.cHCTEMbl MOMEHTHOH TEOPHUH YIPYrOoCTH, HHTErpaibHas (opmyna
¢dopmyna, pynkuus Kapnemana, matpuna Kapnemana, 3agaya Kommn.

Momentli elastiklik nazariyasi sistemasi uchun Koshi masalasi
Annotasiya. Bu ishda momently elastiklik nazariyasi tenglamalari sistemasi yechimini
maxsus sohada yechimning soha chegarasining musbat o‘lchovli gismida berilganiga ko‘ra sohaning
ichiga toppish masalasi garaladi. Bunday masalaga Koshi masalasi deyiladi.
Kalit so‘zlar: momently elastiklik nazariya sisistemasi, integral formula, Karl eman
funksiyasi, Karl eman matritsasi, Koshi masalasi.

The Cauchy problem for the system of the moment elasticity
Abstract.In this paper we consider the problem of analytical continuation of solutions to the
system of the moment elasticity in a bounded domain from their values and values of their strains on a
part of the boundary of this domain, i.e., we study the Cauchy problem.
Keywords: system theory of elasticity, formula of Somilian-Bett’s, Carleman function,
Carleman matrix, the Cauchy problem.

Beenenue

PaccmaTpuBaeTcss 3amada aHATUTHYECKOTO MPOAOJDKEHUS pPEIICHUS CHUCTEM YpaBHEHHH
MOMEHTHOH TEOpHWH YNPYroCTH B CHEIHaIbHOW OTpaHWYCHHON O0MacTH mo e€ 3HAYCeHUsSIM |
3HAYCHUSIM €€ HaIlPsHKEeHUH Ha YaCTH TPaHMIBI 3TOH 00MacTH, T.e. pacMaTpuBaeTcs 3aaa4ya Komm.

Cucrema ypaBHEHMH MOMEHTHON TEOpHM YHPYTrocTH siummntudeckas. COOTBETCTBEHHO
3amavya Komm 15 Takux CHUCTEM SIBISIETCS HEKOPPEKTHOW. PereHne CymecTByeT, €eIMHCTBEHEH, HO HE
YCTOMYMBO, T.€., PEUIEHWE HE YCTOWYMBO OTHOCUTEIBHO MaJoro W3MEHEHUS JaHHbIX. B
HEKOPPEKTHBIX 3aJja4yax CYLIECTBOBAHME pEIlIEHHe U MPUHAIEKHOCTH €€ K Kiaccy KOppeKTHoCTH [1]
MIPENIOIIAraeTCs B allPHOPH.

B nmamHO# pabore Ha ocHOBe Meroma ¢yHkmmu Kapiemanma um pabor [3] crpoutcs
perynspu3zoBaHHOE perieHue 3aaaun Ko a1 cucteMsl ypaBHEHH MOMEHTHOM TEOPHH yNPYTOCTH
U1 00J1acTel CrIeaIbHOTO BUAA.

Mycts X = (X, Xy, X3), Y =(Y,,Y,, Ys) Touku EpkmmmoBa mpoctpamctea E° u D

obnacts B E® ¢ KYCOYHO-TTIaAKOM rpaHuiieit 0D , S -wacts 0D , 2 =0D \S.
ITycth 6— KOMIIOHEHTHEIH BEKTOP-(QDYHKITUSL

U (x) = (U (%), U, (%), Uz (X), v, (X), v, (X), V5 (X)) = (u(x), V(X))
yIOBIETBOpSET B obnactu D cucrembl ypaBHeHnii MOMEHTHOM Teopur ynpyroct [4]:

(u+a)Au+ (A + u—a)graddivu +2arotv+ pd°u =0, 0
(v+ B)AV+ (¢ +v - B)graddiv v +2arotu—4av+ jo*v =0,
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rae kosdpdummentst A, 1, V, [, €, X xapakrepusyomue cpejbl, 0 - uacrora xoneGanuii,
YIOBIETBOPSIOT YCIOBUIM

1£>0,30+2u>0,2>0,£>0,3+2v>0, >0, | >0, p>0, O eR".

Bexrop-¢yaxmuo U (y) HasbiBaeM peryispHoi B D, ecnm oma HempepbiBHa BMecTe €O

CBOMMH YaCTHBIMH POU3BOIHBIMU BTOPOro nopsiaka B D u nmepsoro nopsakana D = D M oD.
IMocranoBka 3amaum. TpeGyercs ompemenuts peryisipHoe pemenne U cucrems: (1) B
obnactu D wucxons us eé nannbix Koy, 3a1aHHbBIX Ha S:

U(y)=1(y), T(0,,n(yDU(y)=9(y), yeS, (2)
rae T (8 v n(y)) OIEPaTOP HANPSHKEHHS ONPEAEIAEMBIA PABEHCTBOM
T®(@,,n) T#@,,n)
T9@,,n) T@,.n)
TO@,,n =T @,.n), . i=1234

T(0,.n(y)) =

o —an -2 v (u—an (1) - | _
T;7(9,,n)=1n, ayj+(/¢ oz)nl(y)ayk+(y+oc)5kj n(y)’ k,j=1 2,3,
Tk§2>(a N =T@,,n=0, k j=123
Ty (@,,n)=&n (y)—+(v An; (y)—+(V+/3)5 , K, j=123,

o, 2 * on ( )’
n(y) = (n,(y), n,(y),ny(y)) — BHEMmHBIH eAUHMYHBIA BekTOp HOpManu K mosepxHoctu OD B

rouke Y, rme f(y)=(f.(y), f.(y), f5(y)) m a(y)=(9.(y), 9,(y),9(y)) - samanmsre

HEMpEepBIBHBIC BEKTOP-(QYHKIMA Ha . 5kj - cumBon Kponexkepa.

2. MocTpoenne matpunbl Kapiemana aisi o6Jacteii THNAa KoHyca M peryJisipuzanust
peleHue 3a1a4m

Ham wu3BecTHO, uTO s pyrynspHoe pemieHue cuctembl (1) BepHa WHTErpagbHOE
npeacraBieHue [4], T.e.:

U(x) = J(‘P(y,X){T(ﬁy,n)U(y)}—{T(ay,n)‘I’(y,X)}*U(y))dSw xeD, 3)

rae, «*»y Marpuie 0O3HayaeT onepanyio Tpancronuposanue, a W(y, X) - Matpuna
(hyHIaMEHTATLHBIX PEHICHUH CTATUKA MOMEHTHOU TEOPHH YIIPYTOCTH:

@y, 0 vy, x)
‘P(y,X)—\P(s)(%X) Y@ (y,x) H

3necs, ¥ (y, X) = H‘Pk(lj) (y, X)H3X3, i=1,2,3,4,

2

2 Yo(ik ), k,j=1, 2,3,
O X,

4
\Pk(lj) (y,x) = Z(dkjal + B P
=]

YOy, ) =¥ (y,x)=0, kj=1 2,3,
2

4
0 ) )
P (y,x) = IZ(ékm +8, ——)plikr), Kk, j=1, 2,3,
=1

0 X0 X;
. exp(iir
r= |X - y| , o(iAr) = L -pyHIaMeHTaIbHOE PelIeHHs ypaBHeHUs [ enpMroiia;
r
K03 QUIHMEHTE (X, , ,BI v V1 5| v & k| , | = 12,34 nonoOpanu Tak, yro W(y, X) - marpura

ABIISIIACH MaTpHLIEH (PyHIAMEHTAIBHBIX PEIICHIH CTATHKH MOMEHTHOHN T€OpHHU YIIPYTOCTH, T.€.,
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_ (_1)I(<722 _k|2)(53| +34)

o - %0 o) _1234,
2r(p+a)(ky —k;) o, a 4
ﬂ|:_2w2+k_;! |:112’3’4! Zﬂ|zoa
| =
1) -1 (o7 kXS, +0
PR R ) 7.=( )' (o, |)(23|+2 4|)’|:1’2’3’4’ 24:5.=0,
27(jO° —4a) Kk, 2r(p+v)k; —Kk;) =]

(_1)| (53| + 54|)

6 = | po* 2 _ 10" -4a
2Bk - k)

A+2u’ P e+ 2v

4
1=1234, D6 =0, k2=
1=1

4o’
+ ,
(+a)(B+v)
Herpyaso mnposeputs, urto mpu U = ‘Pj(l) (Y, X),v= ‘Pj(s) (Y,X) wm u= ‘Pj(z) (y, x),

2 2 2 2 21,2 _ 2 __2
ki +k; =0, +0, k;k; =o0,0,.

V= ‘PJ.(A) (y, X) YIOBIETBOPAIOTCS. OJHOPOJAHBIC YpPaBHEHUS CTAaTUKM MOMEHTHOW TEOpHHU
YIPYTOCTH, TJIE ‘PJ' (Y,X)— j— BekTOp-CTpOKa i-ii MATPHIIBL.

Onpenenennsi.Marpuueii Kapnemana 3amauu (1), (2) naseiaetcs (6x6) — wmarpuua
I1(y,X,0), 3aBucsmas or mByx Touek Y,X M NONOKHTEIBHOIO YHCIOBOTO Mapamerpa o,
YIOBJIETBOPSIOIIAs CIACAYIOIINM JABYM YCIIOBHSIM:

1) I(y, x, o) = ¥(y, %) + G(y, X, 0),
rae Marpuua G(y, X,O ) y/I0BIIeTBOPsieT 1o mepeMenHbiii Y cucreme (1) Beroay B obnactn D,

‘P(y, X) — Marpuna GyHIaMeHTaIbHBIX perteHui cucreme (1);
2) [(11(y,x,0)|+]T(@,,mII(y,x0) |)ds, <e(o),
oD\S
rne £(0) >0, npu o — o] |II|- esxmmosa HOpMa Matpuusl I1=|| IT; [loxe, T-e.

6 1 3 2
[ TT|= (Z:Hﬁ)2 B yactHoctH |U |= (Z(uf +Vf)j .

ij=1 k=1

B pa6orte [3] nokazana

Teopema 1. Besikoe peeyusiproe pewenue U (X) cucmemvr (1) 6 obonacmu D onpedensiemes
gopmynoii
U(x)= I(H(y,x,a){T(ay,n)U(Y)}—{T(ay,n)n(y, x,0)} U(y))ds,, xeD, (4)

D

eoe T1(y,X,0) — mampuya Kapremana.

Hcnons3ys marpuiyy Kaprmemana, JeTKo BBIBECTH OLCHKY YCTOMYMBOCTH PEIICHUS 3a1adl
Ko (1), (2), a Taxoke ykazats MeTo 3)(HEKTUBHOTO pEILICHHUS ATOH 3a7auu.

C 1enpl0 MOCTPOCHHUS NPHOIMKEeHHOro pemieHus 3agaun (1), (2) mocTporM MaTpHIly
Kapnemana cnegyromum oopazom:

Yy, x,0) I9(y,x,0)
9y, x,0) I¥(y,x,0o)

n9(y,x o) =0 (v, x0),,, 1=1234,

I(y,x,o0) =

‘, ()

4 62
Yy, x,6)= Y| 8yt + B
k’ Z k’ Y, 0y

N9 (y,x,0) =N (y,x,0)=0, k, j=123,

J"Da(y,x,um), k,j=123,
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2

4
HE}) (ya X,U) = Zl[akjym +5m

rze ®_(y,X,i4,) =DO(y,X,A)u

J.CDU(Y’ X’i/lm)’ k’ j 211 2131

L

K(i«/u2+s+y2)]://(iu)du ©)
iUl +s+y, -x, Jui+s
w(Au) =ud, (Au), J,(u)-Beccenesa dyHKLMs HyIeBOrO NOPSAKa, K(w), o=u+Iiv (U, Vv

-BEeNIECTBEHHBIC)-TIeNIass (DYHKIHS, TPUHUMAIOIIAS Ha BEIICCTBEHHOW OCH BEIICCTBCHHBIC 3HAUCHUS U
YAOBIETBOPSIONIAS YCIOBUSIM

K(u) #0, sup | expv|[ImAK® (@) |= M(q,u) <o, q=0,1, 2, ueR"
v>1

27K (%, )@ (y, X, 4) = [Im[

B pab6ore [2] noka3zana
Jemma 1. Qynxyua ®(y,X, A1) npedcmasuma 6 suoe

270(y, x,4) = p(iAr) + g(y, x, 4), r=y-x|
2de @ -yndamenmansioe pewenue ypasuenue Ienvmeonya, a Q(Y, X, A) peeynapuas grynxyus no
X,V u yooeremeopsiem ypasHeuue: A(ay)g - ﬂzg =0.
Hyers D, < E°® -orpammucHHas OTHOCBA3HAs OGNACTh, TPAHHIA KOTOPOH COCTOMT M3

TIOBEPXHOCTH KOHYCa
Sia, = =Jy2+y? , r=tg— >0, p>1
0 =T Y =AY Y, s T=1g v Y3 y P24
2p
¥ TJIAJIKOTO KYCKa IIOBEPXHOCTH S , JIEXKAIIEro BHYTPH KOHYCA.

Paccmotpum B obnactu Dp3a;[aqy (1),(2). Ans HaxoxxaeHNs NpUOIMKEHHOTO perreHus 3axaqdu (1),

(2) moctpoum matpuity Kapiemana B SBHOM BHJIE.
IIpn o >0 B popmynax (5),(6) momoxum

K(o(=E, (cs(o)— x3)), p>1.
rae E (@) -dyskuns Mutrar-Jlepdnepa, u nonoxum
O(y, x,A)=D_(y-x,4), 1>0
E,loivuz +s+y, - Xg))] w(Au)du
iu? +s + Ys — X, Ju? +s

Jna pynxman O (y — X, A) ompenenéunoii popmyroii (7) BepHa emMma | 1 COOTBETCTBEHHO

270 _(y - X, ) :J.:Im[ 0

MarpuLa H(y, X, O ) sBigercs Marpuniet Kapnemana.

Brenewm crenyromme 0603HaYCHAS

U,(x) = I[H(y, X, )T (@,,mU (¥)}~{T (0, MII(y,x, o)} U (y)lds,. (8)
S

U, (9 = [[T(y, %, 0)g,(y) —€T (@, Iy, x, o)} f,(y)]ds,, (9)
S
rne f5(y) n g,5(y) menpepesnbie npubmmwkenns va S ynxmm U (y) u T(8,,n)U(y), Takoe
41O
max | £(y) = T, (Y) [+ max [T (@, mU(y) -9, (y) [£ 6, 0 <o <1 (10)
Bepna

Teopema 2.I/Iycmv U (X) - pecynsipnoe pewenue ypasuwenus (1) 6 obracmu D, u

yoosnemeopsiem na X = 0D, \' S epanuunomy ycosuro
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U [+]T@, MU(Y)I<M, yeX. 11
Tozoa, Xe D,, o 20, >0 cnpasednuser nepasencmea

[U(x)-U, (x)|< MC(x)o* exp(-oy”),

e0e C(x) =C(p) J' @1 C(p)— nocmosumble, 3a6ucAWUe MOILKO OM L U PAZMEPHOCHU
BDP r
npocmpancmea.
Teopema 3. Ilycmv U (X)— peeynapuas pewenus cucmemvt (1) 6 obracmu Dp,

yoosnemegopsiowee (10) u (11) 6 6D\ S. Toeda cnpasednusa oyenxa
M
U(X)-U_ ()< Cp(x)5q(lng)z, xeD ,

p

20e 0= (1 R)_pln%, RP = mSaxRe(i\/;Jr ¥s)®,

. _ 1 1
a=(ey, cp(x)-cpg[ﬁrz}dsy.

20e Cp (X)- O2panudenHas 6Hympu obnacmu @YHKYus, 3asucauwue om O U PA3MEPHOCU

npocmpaHcmea.
Jluteparypa

1. JlaBpeatheB M.M. O HEKOTOPBIX HEKOPPEKTHBIX 3aJadax MaTeMaTHIeCKOW (HH3HUKH.
Hosocubupck: BI CO AH CCCP, 1962. 92 c.

2. Spmyxamenos LS. O 3amaye Komn nnsa ypasuenus Jlamnaca //IJAH CCCP. 1977. T.235.
Ne 2.C.281-283.

3. O. I. Makhmudov, I. E. Niyozov, N.Tarkhanov. The Cauchy Problem of Couple-Stress
Elasticity. Contemporary Mathematics.AMS, V455, 2008.pp 297-310.

4. KympanzeB./l., bypuynamzeT.B., I'erenusaT.I'. unp. TpéxmepHsie 3aauu MaTeMaTHIECKOM
TEOpUU YIPYTOCTH H TepMmoympyroctu. Kiaccmueckass m MukpomomsipHas Tteopusa. CraTHka,
rapMoHHYEcKUe Kosebanus, auHamuka. OCHOBBI 1 MeToabl pemieHus. M.: Hayka, 1976.

YIAK: 517.946
O NPOAOJIXKEHUE JAIIVIACOBA MTOJISL
K.A.MapaoHos
Camapranockuti 20Cy0apcmeenHvlil YHUgepcumem
E-mail: mardonov_jolgosh@mail.ru

AnHoTtamusi. PaccMatpuBaeTcst Bonpoc obparmenus nHTerpana tuna Komm B waTerpan Komm
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B teopun ananuTHuecKux (byHKuI/Iﬁ BaXXHYIO POJIb MrpaeT uHTerpai tuna Komm
(@
O e (1)

rJie S-3aMKHYTas CripsiMiieMast KpuBast }Kopz[aHa Ha TUTOCKOCTH KOMITJIEKCHOTO MEPEMEHHOT0
zuf (f )-3az[aHHa;1 KOMIUIEKCHAs CyMMUpyeMasi yHKIUS na S.
Wuterpan (1) mpencraBiseT nBe aHATUTHICCKHE QYHKITHH
F*(z2)=F(z),zeD;,
F(z)=F(z),zeD,,
PazocTh uX npeae/bHbIX 3HaUeHUH B TOUYKaX KPUBOU S YIOBICTBOPSACT COOTHOIICHHIO:
F(z)-F (z)=f(z),zeS.
N.N.IIpusanoseiM u B.B.I'omy0eBbM [1] OBLTM JTOKa3aHbI HEOOXOIUMBIC W JOCTAaTOYHBIC YCIOBHS

TOT0,9T00RI MHTETpan Tuma Komm (1) obpamancs B uHTErpan Komm,To eCTh TOJDKHBI BHITIONHATHCS
paBeHCTBA

[et()de=0k=012...

Wnaue roops, ycnoBus (2) HEOOXOAMMO M TOCTATOUIO I TOTO,9TOOBI CYLIECTBOBAJa pETysipHas B
obmactu D; u npencraBumas unrerpaioM(1l) QyHKIHUA rpaHUYHBIE 3HAYCHUS! KOTOPOU MOYTH BCIOAY
Ha S COBMAJarOT ¢ AaHHOW (QyHKIMEH f(é) B stom ciyyae B obnactu D, mHTErpan TOXAECTBEHHO
paBeH HyIIIO.

AmnanoroM uHTerpana tuna Komm 11t rapMoHH4ecKuX (QyHKIMH B IPOCTPAHCTBE SIBISIETCS

uHTerpan tuna I'puHa —J‘{ COS Ll (y)l}ds (3)
r

rae r=|X-y|-paccrosiHue MexIy TOYKAMH X H Yy, - YroJl MEXIy HalpaBICHHEM BHEIIHEH
oTHOcUTeNbHO D HOpMainy K S B TOUKE Y M BEKTOPOM y-X ; US — aeMeHT Iiomaim S u fl(y), f, (y)-

3aJaHHble CyMMHUpyeMble (QyKIUH Ha S.
Juis rapMoHHYecKHX (PYHIMH 3aBUCAIIMX OT TPEX MEPEMEHHBIX, aHAJIOTOM HHTETPabHOM (QopMyIbl

Ko siBnsiercst popmysna I'puna [2]

Bripaxxenue (3) ompenensier B Dj u D, COOTBETCTBEHHO JBE pEryJspHBIC TaPMOHHUYCCKUC
¢dbynkuu. B pabdote [2] PacCMOTpPEHBI YCIIOBUS OOpalieHus WHTerpaia Tumna [ puHa (3) B UHTErpan
I'puna. Tam nprBeeHB HEOOXOIUMBIE U IOCTATOYHBIE YCIOBHSI TOTO, YTO MHTETpaj Tuma | puHa (3)

oOpartaics B uaTerpai I 'puHa.
B nmanHoli paboTe paccMOTpHUBaeTCsl BOIPOC OOpaIlieHus nHTerpana Tuma Ko B HHTUTpal
Kommn g JIaBimacoBoro mosms.

3
B TpexmepHoMm EBkimmmoBom mpoctpanctBe R® pacemorpum  JlaruacoBo  mose

- -
F(r)= (Fl, Fz, FS), KOTOpOE YIOBIETBOpsieT cucTeme AuddepeHInantpIX ypaBHEHUH NEpPBOTO
rnopsaxa
s - -
divF(r)=0, rotF(r)=0 (4)

N
I10 KOOpAuHATaM BeKTopa I = (X, Y, Z).

3 o o
HyCTB Di- OrpaHUYCHHAA o0macTs B IMPOCTPAaHCTBC R C KYCOYHO-TJIaAKOM 3aMKHYTOU
MMOBCPXHOCTBIO

3
Su D, -BHewHsist HeorpaHndeHHast oGnacts, To ects D, = R\ D,.

- o> J—
Ecin Bexrop-dynkumst F(r) menpepeiaa Ha D, co cBoMMH IpoM3BOIHBIMH IEPBOTO MOPSIZKA,

TOT/1a UMEET MECTO clenyrouuii ananor gopmynsl Komu-ITomneiia [3] :
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——” (n-F)grad ——— [(n x F):|>< grad % ds +
r—r | r—r |
F(r r e D,
+_md.v Foorad — 2 av=| ()77 " <b
lr—r | O,mpu r e CE
xorma f = (fl, f,, f3) 3alaHHbINA BEKTOP - QyHKIHUS Ha S, BIPAKEHHE
- 1
F( j———” (n- F)grad +(n X F)xgrad ds (6)
7| =y
Ha3blBaeTcsl MHTerpanoM Ttuna Komu uisi cuctemsl (4) Unrerpan tama Komm F (1)

N
HpeACTaBIeHHbIH (GopMmyioi (6) B Kaxmoil Touke I ¢ S sBIseTcs pelmeHueM cucremsl (4).

— > —_— >
O603naunm yepes F'(r) u F°(r) smauenus unrerpana (6)B obmactu D; n D, coorBercTBeHHO.

_— -
3agaua Jlupuxie st cucteMsl (4) 3akioyaercss B HaxoxaeHuu ee pemenus F (r) B

oOiactu

Di 110 U3BECTHBIM I'PAHUYHBIM 3HAUCHUAM

—
F()=1f()reS. @)
3Ta 3aa4dya KakK B cnyqae OI[HOMepHOF (0] ypaBHeHI/ISI KOI_LII/I-PI/IMaHa SABIIACTCA HCKOppeKTHOP’I.

Omna paspeminma He JJIs IPOU3BObHBIX JaHHbIX. Hac uHTEpycyeT yciaoBus pa3pelMocTu 3a1auu
(4), (7) Bomnpoc paspemmmoctu 3aaa4un J{upuxiie TECHO CBsI3aH C YCIOBHEM OOpallleHHs HHTErpaa

tima Kommw (6) B nrrerpan Komm. Ilpeamonoxum, aro Bektop —bynkums 1 (r) 3azasHas Ha

IMOBECPXHOCTHU S YAOBJICTBOPACT YCJIIOBUIO reﬂbﬂepa.yCHOBI/Ie 06pa].L[eHI/I$l HWHTCrpajia Tula Ko
B UHTCIrpaJl Ko ecth cooTHOIICHHE

— - - ' -
limF'(r)=f(r),r €S, reD, (8)
r-r
oo
Teopema 1. [Tycts S-romeomopdHas chepe 3aMKHyTas moBepxHocTh JIsamynosa, f(r)-

3aJaHHas1 Ha S BCKTOp (I)yHKLII/ISI YAOBJICTBOpAMOIIAA YCIOBUIO FenL):[epa. I[J'ISI TOTO, YTOOBI HUHTCIrpal

€ -

tna Komm obpammaincs B uarerpan Kou , Heo0xoaumo 1 goctatouno urodbl F (r)=0 B
obmactu D, .
Jlokazamenvcmeo. Heobxooumocms.B cuiy ananora ¢opmynsl Coxonxoro-Ilnemenst ams

uHTerpana Tumna Komm (6) , [3] B Ka)XKJIOM TOUKE I, € S uMMeeT MeCTO PaBEHCTRO.

Fi(ro)'Fe(ro): f(ro) C))
Ecnu ycnosue (8) BeImoHEeHO, TOoTAa U3 (9) ClieayeT uTo.
F(f;) =0, 1, €S (10)

U3BecTHO, 4TO Kaxkaast KoMIoHeHTa Bekropa F°(r) sBisercs rapmornyeckoii B obmacu D, .

IToeTtoMy B CmIy €IWHCTBEHHOCTH pemreHus 3amaun upwmxie mis ypaBHenus Jlammaca uz (10)

—_

cnenyer yro F°(r,) =0 B obmactu D,.

Hocmamounocme. Iycts F° (F(;) =0 Torza u3 (9) caemyer uro, Fi(F(;) :?(E) , Fn; )
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Teopema 1 nokaszana.
Teopema 2. IIycTh BBIIOTHEHBI YCIOBUS TeopeMbl 1. [ Toro uroOsr maTerpan trma Komm
I cucteMbl (4) oOpamaiicst B mHTerpayn Komm, HEoOXOAMMO W JOCTATOYHO, YTOOBI IJIS BCEX

rapMOHUYECKHX MOTMHOMOB H( I ) OT mepeMeHHBIX X ,Y ,Z  BBINOJIHIOCH PABEHCTBO.

. ”{(H - f)grad H(r)+ (n x f)x grad H<F>}d3w =0
s

—_—

Hoxazamenvcmeo. Jlna pynxkiuu F (') umeem npencrasnenue.

F° (r)———” (n f)grad +(ﬁx?)xgrad — ds,Fe D,
|r—r| [r—r |
ITo Teopeme 1,umeem
1 - - 1 - - 1 -
——” (n-f)grad ———+(nx f)xgrad ——:ds=0,r € D,. (11)
47 % [r—r| [r—r|

Ilepexomss K chepuUecKUM KOOpPIHHATAM (X, Y, Z) - (p, 0, (/)), (X', y', Z')—> (p' 0, (p') IUTS
J0CTaTOYHO 6ONbIUXpB paBeHcTBe (11) 3amMeHseM QyHIaMeHTaNIbHOE pellenre ypaBHenus Jlamnaca
€€ paslioKEHHEM B PABHOMEPHEE CXOJISAIIEECS PAIL IO cg’pepnquKHM GyHKIUSAM [2]:

1 _ZP(COSG) (.0 ¢)+ZZZ n—k )P cos@)

|F_F| — P n=1 k=1 n+k (12)

-[Coskgo- Hn (p 0,0 )+Sin kep- Hn’ (p 0,0 )],
Ine P, (COS 9)—nonI/IHOM Jlexanpa crerienn N ot COSH, Pnk (COS (9)— MPUCOCVMHECHHHUE (PYHKITHH.

Jlexanpa crenenn N u nopsaxa K (K =0,1,2,...n). dynkuun
H.(p6'0)=(p)" P,cos(@). H," (r".6".¢)) = (p)" - P, cos(@) - cos(ke),
H. " (p.0.¢)=(p)"- P, cos(@)-sin(ke),

OOGpasyror 0asuc IMHeana TapMOHMYECKMX TOMMHOMOB nepemennbix X', Y',z'. TloacrtaBns B

pasenctse (11), BMmecTo ee paznoxenue (12), umeem

— —

r—r

iﬂ@{(ﬁ f)grad HO(p', 0", p') + (0% T )x grad Hﬁ")(p’,&',(g')}dsr i

ITocnenHOoe paBEHCTBO MOXKET OBITH 3aITMCAHO B BUJIC
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> (C?j H)H{ (n- f)grad H V(p',¢,¢) + (nx T)x grad H O(p', 0, (o')}dS "

n=0

© 1 k P 0 NN L
+2§le 2+k)| (2?15 ){Coskq)”{(n.f)grad H Ek)(p’:9,¢)+(n><f)><

x grad H (p o', (p)}dS +sin k(p{(n f)grad H (p’,e’,(p’)+

+(nx f)xgrad H $(p’,@",¢")}lds. =0

1
[Mockomneky  QyHKIHM {p" ) P( )(Cosg)gﬁfk;}%pasy}m 0asuc, TO W3 TMOCIEIHOrO pPABEHCTBA

nmeeM0

Il { (n- f)grad H O(p',0",¢") + (hx T)x grad H O p',H',(p')}dSr _
S

Il { (n- f)grad H ¥(p",&",¢) + (nx T)x grad H ¥(p/, 9',¢')}dsr‘ -0, (13)
S

Il { (n- f)grad H 9(p', 0", ¢") + (Ax F)x grad H ¥ p',e',go')}dsr, -0,
S
rme K=12,...n; n=12,...

Tax xax cuctema pyukiuin H &o) ,H E]k) , H S;k)o6pa3y}oT 0a3uc B TMHEHHOM MPOCTPAHCTBE

.
FapMOHI/I'leCKI/IX IHOJIMHOMOB, TO OJId JIF000r0 TapMOHHYCCKOIr'0 IMOJIMHOMA H (r ) HUMEECT MECTO
Pa3znoxenue
4>‘ n *)I n m 4>‘ n m ~>
H(r)= Za§$>H;°>(r )+ DY aHYE) +D Y bR ) (14)
m=1 k=1 m=1 k=1

0),b ”>,b k) COOTBETCTBEHHO U

Tre a® b -nocrosunsie uncna.Ymuoxkas Pasenctsa (13) ma a,’,b;"’,b,

m '~m

CYMMUDPYsI UX TTOIYIUM
jj{ (n - f)grad H(r )+ (nx f)xgrad H (F')}dsr, _0,
S

Teopema 2 J0Ka3aHa.
JIntepaTtypa
1. Ilpusanos N.U ['pannunsie cBoiicTBa aHanuTHIecknX GyHkmmit-Mocksa: ' TTJI,1950,-320 c.
2. Conomenniee E.JI. OO0 ocHoBHO¥M ¢opmyiae ['puHa i rapMOHUYECKHX  (YHKIHH.
Cub.matem.oxypHai, T.VII.No. 6, 1432-1434.
3. XKnanoB M. C. Ananoru uHterpana tuna Kommu B Teopmii reodusnyeckux noneid.M.:Hayxa,
1984

UDK: 517.984

PANJARADA BIR ZARRACHALI SCHRODINGER OPERATORI XOS QIYMATLARI VA
ULARNING YOYILMALARI

S.N. Lakaev, F.M. Almuratov
Samargand davlat universiteti
E-mail: slakaev@mail.ru, almurotov93@mail.ru

Annotatsiya. Ushbu ishda bir o‘lchamli panjaraning ikkita turli nugtasida kontakt tortishuvchi
va itarishuvchi tasirli potensial maydonlar o‘rnatilgan sistemaga mos Shrédinger operatori H, = Hg +
UV, u > 0ning xos giymatlari mavjudligi organilgan, jumladan H, operator muhim spektri o‘rnatilgan,
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muhim spektrdan tashgaridagi xos giymatlari soni va o‘rni operator parametrlarining barcha
giymatlarida tahlil gilingan. Bundan tashgari, 4 =0 nugtada H,operatorning muhim spektrdan
tashgaridagi xos giymati uchun yaginlashuvchi yoyilmalar topilgan.

Kalit so‘zlar: Schrodinger operatori, Hilbert fazosi, Weyl teoremasi, xosgiymat, muhim spekri.

CyuiecTBoBaHHE U PO3JI0KeHHE /IJIA COOCTBEHOr0 3HaYeHHe O/IHOH YacTHIIbI onepaTopa
HIPWIKUHTEPAa HA PULIOTKE

AnHoTaums. V3yyaercs cymiecTBoBaHME COOCTBEHHBIX 3Ha4YeHWid omneparopa H, = Hj +
WV, > 0, COOTBETCTBYIOIIMX CHUCTEME IOTEHIMAIbHBIX IOJEH, B3aUMOJEHUCTBYIOIIUX C
MIPUBJICKATEIPHBIM ¥ OTTAJKHBAIONIUM B3aUMOJCUCTBHEM Ha pAa3HBIX CTPAHUIAX OTHOMEPHOMH
pemeTku. OmpenenseTcss CYIIECTBEHHBIM CcIekTp H,, a dYHciIo COOCTBEHHBIX 3HAYCHUH,
PacToI0KEeHHBIX BHE CYIIIECTBEHHOTO CIIEKTPa U MX MECTOIOJIOKEHHUE, AaHATN3UPYETCS B 3aBUCIMOCTH
OT BCEeX mapaMeTpoB omnepatopa. Kpome Toro, B Touke g = 0 s COOCTBEHHOTO 3HAYCHUS,
PacIoJI0KEHHOTO BHE CYLIECTBEHHOTO CNIEKTPa oneparopa H,, HalICHO Pa3IoKEHNE CXOAUMOCTH.

KuaroueBnle ciaoBa: omeparop llpémunarepa, [mmn0epToBO MpOCTpaHCTBO, Teopema Beits,
coOCTBEHHOE 3HAYECHNE, CYIIIECTBEHHBIN CTICKTP.

The existence of the one particle schrOdinger operator on lattices and its convergence

expansion.

Abstract. It is studied the existence of eigenvalues of the operator H, = Hy+uV,u >
Ocorresponding to thesystem of potential fields interacting with attractive and repulsive interaction on
different cites of one-dimensional lattice. The essential spectrum of H,is established and the number
of eigenvalues locatedoutside of essential spectrum and their location is analyzed depending to all
parameters of operator. Besides, at the point u = Ofor the eigenvalue located outside of essential
spectrum of the operator H,is found convergence expansion.

Keywords: Schrodinger operator, Hilbert space, Weyl theorem, eigenvalue, essential spectrum.

Kirish.

Ushbu ishda ikkita turli nugtasida kontakt ta’sirlashuvchi potensial maydonlar o‘rnatilgan bir
o‘lchamli panjarada harakatlanayotgan bir zarrachali sistemaga mos Schrodinger operatori H,, p >0,
ning spektral xossalari o‘rganilgan. Impuls tasviridaH, bir o‘lchamli tor T = (—m, ] da aniglangan
o‘lchovli va kvadrati bilan integrallanuvchi funksiyalarning Hilbert fazosi L?(T) da quyidagicha
aniglanadi:

H, = Hy+pv (1)
Bunda H, operator zarrachaning dispersion munosabati £: T — R o‘Ichovli funksiyaga ko‘paytirish
operatori sifatida kiritiladi:
(Hof)(p) = e()f(p),  f €L*(T)

Potensial operator rangi 2 ga teng integral operator:

VH®) = fT v(p, Df (@)dg

bu yerda

v(p,q) == acosap cosaq — B cos bp cos bq
a,b € Ny, a # b, potensial maydon go‘yilgan nugtalarning panjaradagi koordinatalari hamdae, 8 > 0
lar potensial maydonning ta’sir kuchi. p > 0bog‘lanish doimiysi deyiladi. Ushbu ishning
magsadi p ning yetarlicha kichik musbat giymatlarida H,, operatorning xos giymatlari mavjudligi
hamda ularning u ga ganday bog‘lig ekanligini o‘rganishdan iborat. Eslatib o‘tamizki, klassik
Weylteoremasi [4, Example 3, p. 117] ga asosan,

O-ess(Hu) = 0Ops5(Hp) = [m, M]]
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bu yerdam and M lar ¢ funksiyaning mos ravishda muhim quyi va muhim yugori chegaralari.Uzluksiz
Schrodinger operatori uchun mazkur masala [1, 5] ishlarda garalgan, hamda potensialv muayyan
shartlarni ganotlantirganda (misol uchun [, (1 + [x|*)|v(x)| dx < +oo hamda [, v(x)dx < 0), mos
Schrédinger operatoriH,, ning yetarlicha kichik u > 0 larda muhim spektrdan pastda yagonak (1) xos
giymati mavjudligi isbotlangan va E(u)ningu — 0T dagi asimptotikasi topilgan.Shuningdek, [1] da
muallifva(x)dx > 0 bo‘lganda H, operator yetarlicha kichik ularda muhim spektrdan pastda xos

giymatga ega emasligi ko‘rsatilgan. Bir o‘lchamli panjarada esa effektiv bir zarrachali Schrodinger
operatori uchuna = 0 holida bu kabi natijalar (xos giymat mavjudligi vauningu — 0*dagi
asimptotikasi) masalan [3] da olingan.

Mazkurishda dispersion munosabat equyidagi shartni ganoatlantiradi:

Faraz 1. : T — R - hagiqiy analitik funksiya, 0 € T uning yagona aynimagan minimum nugtasi, €
T uning yagona aynimagan maksimum nugtasi.

Eslatma 1. Morse lemmasi [6, p. 503] gako‘ra0 va pning mos ravishda shundayU,,(0)
vaUy (m)atroflari  ,y >0hamda  ¢,:(—y,¥y) c R > U,,(0) va  ¢u:(—y,¥) c R4 -
Uy (0)diffeomorphizmlar mavjudki, barchay € (—y,y) lar uchun

e(dm®) =y*+m, e(ou(®)) =M —y?
Tengliklar o‘rinli o‘rinli bo‘ladi. Shuningdek,u,,,vau,, akslantirishlarning Jacobianlari J(u,,(-))va
J(uy (lar (—y, y) intervalda musbat giymatlar gabul giladi.

Mazkur ishning asosiy natijasi quyidagi teoremadan iborat.
Teorema 1.Farazl o rinlibo ‘Isin. U holdashundayu, > 0 mavjudki barcha u € (0; u,)laruchun:
(Dagara > B bo‘lsa, H, operator muhim spektrdan o°‘ngda joylashgan vyagona E(u)
Xosgiymatgaegava

Ew—-M = Cu? +ZCnH"

nz3

bu yerda C,;; n € N; hagigiy son hamda

- 2
G = (F1Ou@)a=p)) >0

bundaj (i (+)) Eslatma 2 da aniglangan;
(ii)agar a < g bo‘lsa, H, operator muhim spektrdan chapda joylashgan yagona e(u) xos giymatga
egava
m—e(u) = Cu* + Z Copt™
n=3

bu yerda C,; n € N; hagigiy son hamda

~ T 2
G = <5J(¢M (©)(8 - a)) >0

bunda/(u,,,(-)) Eslatma 2 da aniglangan;

(iii)agara = B bolsa, H, operator muhim spektrdan mos ravishda o ‘ngda va chapda joylashgan
ikkita E(u) va e(w) xos giymatlarga ega va

EG) =M = Gt + ) Cul®
n=5

m—e() = Cu* + Z Copt™
n=5

bu yerda C,, C,; n € N; hagigiy son hamda

— _ b _ 2\ 2
o= (Fap(pu(o) [ 2RI B b@DN)
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] — cosbq)?\’
o= (Famon) [ CZ5EN) o

Eslatib o‘tamizki, mazkur natija uzluksiz Schrédinger operatorlari uchun o‘rinli emas, chunki uholda
operatorning muhim spektri yarim o‘qdan iborat (ya’ni muhim spektrdan yugorida xos giymat mavjud
emas).

Asosiy natijalarning isboti
Ushbu bo‘limda biz Teoremalning isbotini keltiramiz. Dastlab H, operatorning xosgiymatlari biror
tenglamaning yechimi bo‘lishini isbotlaymiz.
Har bir fiksirlangan u € (0; +o )uchunushbu A(y; -): z € R\ [m; M] —» R funksiyani garaymiz:

Aw 2) = mW 2) - (s 2) + Wafhs(2)

bunda
A(u;z) =1+ pa cos”aq dq;
T(q )—z
COS
Az(/l,Z) 1- l’t:BJ g(q) _ZdCI'

_ cos(aq) cos(bq) 2
= <-f1r e(q) —z dq) '

H,operatorning xos giymatlari va A(y; -) funksiyaning nollari orasidagi bog*liglikni quyidagi lemma
o‘rnatadi.

Lemma 1.z € R\ [m; M] soniH,, operatorning xos giymati bo lishi uchun A(u; z) = 0 bolishi
zarur va yetarli.

Isbot. Zarurligi. Faraz qilaylik, z € R\ [m; M] soni H ,operatorning xos giymati hamda0 # f €
L?(T) unga mos vektor bo‘lsin. H,,ning aniqlanishiga ko‘ra,

e(p)f (p) + nacosap [.cosaqf(q)dq — pBcosbp [.cosbqf(q)dq = =zf(p) (2)
Endi

C, = fcosaqf(q)dq vaC, = fcosbqf(q)dq
T T

belgilashlarni kiritsak, (2) tenglamadan

sap cosbp
fl) = -

up

co C 3
Ceo—z T iy @

hamdacC; va C, lar

coszaq cos(aq) cos(bq)
{(CI<”““I 2@ - )‘Czﬁf -z
Cz

cos(aq) cos(bq) B
< ‘“ﬁje(q) )*CWJT a2z 70

Bir jinsli tenglamalar S|stemasm| ganoatlantirishini topamiz. Tushunarliki, ushbu sistemaning
determinant A(u; z) ga teng bo‘ladi. f # 0 ekanidan, (3) formuladan|C;| + |C,| > 0 kelib chigadi.
Buning uchun esa A(u; z) = 0 bo‘lishi yetarli va zarurdir.

Yetarliligi. Faraz qilaylik, birorz € R\ [m; M]soni uchun A(u; z) = 0 tenglik bajarilsin. U holda (3)
ko‘rinishda aniglangan f funksiya aynan nolga teng emas va (2) tenglikni ganoatlantiradi,ya’ni z €
R\ [m; M] soni H,, operatorning xos giymati bo‘ladi.

H,operatorning xos giymatlari asimptotikasini topishda quyidagi lemmadan foydalanamiz.

Lemma 2.Shundayé € (0; 1) mavjudki, ixtiyoriy z € (m — §; m) uchun

4)

27



ILMIY AXBOROTNOMA MATEMATIKA 2018-yil, 5-son

Au;z)=1 +2\/%](¢m(0)) <(0( — By — afu? f”ﬂ" (cosaq—cosbq)qu> +H91( ’_m—z) n

&(q)—m
W2g,(Vm—1z) (5)
Va ixtiyoriyz € (M; M + &) uchun
Au;z) =
1 +2\/% ](d’M(O)) <(,3 _ 0(),[1 _ aﬁ,uz fT (Cosa(CI—HIL—_C‘:(SCII;(q—”))ZdQ> + th( 7 —M M) +
W2hy(Vz — M) (6)

Yoyilmalar orinli bo‘ladi, buyerda J(¢,,(0))vaj(¢(0)) Jakobianlar Eslatma 1da aniglangan

va g;; h;; i = 1; 2 lar 0 nuqta atrofida analitik funksiyalar, hamda+/-ning o ‘ng yarim o ‘gda musbat
giymat gabul giluvchi shoxchasi tanlangan.

Isbot. Biz (5)ni isbotlaymiz, (6) munosabat € ni—e ga almashtirish va (5) ni go‘llashdan kelib chigadi.
A(u; z) funksiyani quyidagicha yozib olamiz:

A(u;z) = ,
coszaq _ cos bq 2 cos(aq) cos(bq) _ cos?aq cos?bq
L+u (“ e e—=% B o= dq) + wap ((fT w2 ) It Y = dq)
(7
Faraz 1 va [2, Lemma 4] ning isbotiga asosan, bizda quyidagi yoyilmalar bor:
dq s
= 0))+ m-—z
| st = = 5= (@n (@) + ol =2)

(cos(rq) cos(sq) — 1)dq _ fois(Vm=z), s =aa,bb,ab.
T e(q) -z

Bu yerdafy; faas fops fap funksiyalar 0 nugtada analitik. Bu ifodalarni (7) ga go‘yib (5) ni hosil
gilamiz, buyerda

g1(Vm —z) = agea(Nm =z ) = Bfpr(Vm —2)

va

9:(Vm=7) = ap (fur(Vm=2) = gaa(Nm =2 ) fon(Vm = 7).
Teoreml ning isboti. Qulaylik uchun isbotni bir necha gadamlarga bo‘lamiz.
1-qadam.a = Ovap > 0 (mos ravishda « > 0 va § = 0) bo‘lsa, H, operator muhim spektridan
chapda (mos ravishda o‘ngda) yotgan yagona xos giymatga ega.
a = OvaB > 0 uchun tasdigning isboti [3, Teorema 1] dan kelib chigadi. « > Ovaf = 0 holida esa
[3, Teorema 1] ni—H,, ga qo‘llash kifoya.
2-qadam.H,operatorning (—oo; m) (mos ravishda (M; +c0) ) intervalda ko‘pi bilan bitta xos giymati
mavjud.
Tasdigni (—oo; m)uchun isbotlaymiz; (M;+oo)holi H,ni—H, ga almashtirib isbotlangan tasdigni
go‘llashdan kelib chigadi. «a = 0 va B > Obo‘lganda hosil bo‘ladigan operatorni H, orqgali
belgilaylik.
Berilgann > 1uchun
(Hu9,9)
Zp = sup

sup
forfat €L(T) g€ [fusfaslbgz0  (959)
va

_ (Hi9.9)
Zn = sup su
Fofar €12T) GE [fyfanlhg20 (99)
migdorlarni aniglaylik. H,vaH, u operatorlar chegaralanganligidan Min-max tamoyili [4, Teorema
XI111.2] ga hamda 1-qadamga asosan, z; < msoniH,, p ning xos giymati va

Zp=m, n=2
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bo‘ladi.
Endi [4, Problem 1, page 364] ga hamda inf o.ss(Hy) = m tenglikka ko‘ra, barchan > 1z, < z, <
m. U holdaz, =m,n >2,va demak, H, operator m dan kichik ko‘pi bilan fagat bitta xos
giymatgaega bo‘lishi mumkin.
3-gadam.Har bir z € R\ [m; M]uchun
A; z) =

Tenglikni ganoatlantiradigan yagona g = u(z) € (0; +00) mavjud. Shuningdek, z € R\ [m; M] +—
u(z) funksiya (—oo; m) intervalda gat’iy kamayuvchi hamda (M; +0) intervalda gat’iy o‘suvchi.
Har bir z € R\ [m; M] uchun (7) determinant quyidagi kvadrat uchhad ko‘rinishida tasvirlaymiz:

Aw; 2) = 1 + A(Du + B2)u?, (8)
bunda

A(z) =«

cos? aq J‘ coszbq
R A Era

. cos(aq) cos(bq) _ [ cos“aq cos?bq
B(Z)"“B«JT @ -2 d") Lg(q)_deLg(q)_de)

a # blar nomanfiy butun sonlar ekanidan, cosaq va cosbq funksiyalar chizigli
bog‘lanmagan,shuning uchun Koshi-Bunyakovskiy tengsizligiga ko‘ra

<J cos(aq) cos(bq) dq )2 <f cos?aq dqf cos?bq dq
T €@ -z €@ —z " Jre(@) -z
vaa, B > 0 ekanligidan B(z) < 0.Tushunarliki, 4, B: R\ [m; M] — R funksiyalar haqiqiy analitik.

(8) tenglamadaB < 0 ekanidan bu tenglamaning bir ildizi musbat, ikkinchisi manfiy va masala
mazmuniga asosan,

w(z) =

2
—A(z) +JA(2)? — 4B(2) ©)

munosabat orgali aniglanadi. Shuningdek, A(-), B(:)lar haqgigiy analitikligidan u(:) ning haqiqiy
analitikligi kelib chigadi.
Endi () funksiyani (—oo;m) to‘plamda o‘rganamiz. Avvalo, uning bu intervalda monotonligini
isbotlaymiz. Aytaylik birorz; <z, < m uchun pu(z) = u(z;) =:y > 0 bo‘lsin. U holda
aniglanishiga ko‘ra,
A(y,z1) =AYy, zz) = 0
va yuqoridagi Lemma lgaasosanz, vaz,lar birgalikda H, ning (—oo; m)dagi xos giymatlari bo‘ladi.
Ammo 2-gadamga asosan H,, bu intervalda ko‘pi bilan fagat bitta xos giymatga ega bo‘lishi mumkin:
demak, yuqoridagi farazimiz to‘g‘ri emas, ya’'ni z; # z, bo‘lsa, u(z;) # u(zy).
Bu xossadan va pu(+) ning uzluksizligidan (—oo; m)da p yoki gat’iy o‘suvchi, yoki gat’iy kamayuvchi
ekanligini topamiz. (9) tenglikka asosan,
lim p(z) = +oo
Z—>—00
shuning uchun u(-) funksiya (—oo;m) da gat’iy kamayuvchi bo‘ladi. u(-)ning(M; +o0) da gat’iy
o‘suvchi ekanligini xuddi shunday usul bilan isbotlanadi.
4-gadamdan oldinu(+) funksiya uchun
u((=oo;m)) = (;+0) va p((M;+0)) = (uy;+)
munosabatlar o‘rinli ekanini eslatib o‘tamiz, bu yerda
U = lim u(z) vayy = lim u(z).
z-m~ z-M*

Xususan, @ ning gat’iy monotonligidan, unga ikkita uzluksiz teskari funksiya mavjud; biri
e: (Um; +0) = (—oo;m)  hamda  ikkinchisi e : (uy; +0) = (M,4+0c0)  munosabatlarni
ganoatlantiradi.

4-gadam.u,,vau,, lar uchun quyidagi munosabatlar o‘rinli:
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a) agar a > [ bolsa, yy = 0vay, >
b) agara < [ bo'lsa, uy > Ovay,
c) agar a = B bo'lsa, uy = Ovay,
Hagigatan, (5) tenglikdaz € (m — §; m)vau = u(z) olamiz. A(u(z); z) = Oekanidan, (5) ning
ikkala tomonini vm — zga ko‘paytirib z —» m~ da limitga o‘tsak,
(cos aq — cos bq)? dq

T e(q) —m

0;
0;
0.

(a — Pum — aBum, 0 (10)

Tenglik hosil bo‘ladi. Bu yerdan

-1
(cos aq — cos bq)? dq)
= 0 yokiy,, = (a — a
i yoKip, = ( ﬁ)(ﬁT () —m
Tushunarliki, agar « < fSbo‘lsa, (10) danu,, = 0 ekani kelib chigadi.

Agar a >  hamda u,,, = 0 bo‘lsa, u holda u((—o;m)) = (0; +oo)va teskari funksiya e(-)u ning
barcha musbat giymatlarida aniglangan bo‘ladi. Xususan, e(u) - m~ ekanidan shunday us > 0
topiladiki ixtiyoriy u € (0; us) uchune(u) € (m — &, m) shartni bajaradi. Endi shunday u larda (5)
yoyilmani garasak, A(u; e(u)) = 0 ligidan

T

- _ 5 — 2y
1 +2 —m—e(z) ](d’m(o))((a Bu+ 0(u*) ) + ‘ugl( Im e(z)) +0(u?) =0

Ekanini hosil gilamiz. Ammo bu tenglikning chap tomonidagi ifodayg — 0 da 1 dan kichik
bo‘Imaydi,demak ziddiyatga kelamiz. Shuning uchun

3 (cos aq — cos bq)? dq\ ™"
N py eI

Xuddi shunday (6) munosabatdan foydalanib, « >  bo‘lganda u,, > 0 vaa < f uchun

2 -1
=~ ap [ LMD M0N0

4-gadamdan va Lemma 1dan quyidagi natija kelib chigadi:

5-gadam.H, operatorning diskret spektri uchun quyidagi munosabatlar o‘rinli:

(@) agara > B va u € (0; pp,] bo‘lsa, H, operator muhim spektrdan o‘ngda yotgan yagona Xos
giymatga egavau € (U, ; +0) bo‘lsa, muhim spektrning ikkala tomonida bittadan xos giymatga ega;
(b) agara < Bvau € (0; uy] bo‘lsa, H, operator muhim spektrdan chapda yotgan yagona xos
giymatga ega va u € (uy ; +o0)bo‘lsa, muhim spektrning ikkala tomonida bittadan xos giymatga ega;
(c) agara = B bo‘lsa, istalgan u > 0 da H, operator muhim spektrning ikkala tomonida bittadan xos
giymatga ega.

Endi e(u)vak (i) larning u — +oo dagi yoyilmalarini o‘rganamiz.

6-gadam.Shunday n € (0; 1) mavjudki, barcha u € (0;n) uchun

(agara > B bo‘lsa

EG)—M = Gy + ) Cuil"

n=3

buyerdaC, € R; n € N hamda

- 2
C2 = <§](¢M (0))(a - ﬁ)) >0
(it)agara < 8 bo‘lsa,
m—e(u) = Cu* + z Cot™

nz3

buyerda C, € R; n € N hamda
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A s z
G = (F1 o) -0)) >0
(ii)agara = Bbo‘lsa,
EW—-M = Cyu* +ZCnH"

n=5
m—e() = Cu* + Z Copt™
n=5

buyerda C,,,C,, € R; n € N hamda

(cosa(q —m) — cosb(q — n))2>2

[ -0
T M —&(q)

., (7 (cos aq — cos bq)?\°

Isbotning g‘oyasi deyarli bir xil ekanligidan biz fagat E () ning yoyilmalarini isbotlaymiz (demaka >

pB). 5-qadamga ko‘ra, har bir u € (0; uy,) uchun H, operator yagona E(u) € (M; +c0) xo0s giymatga
ega va E (u) ning uzluksizligidan

€= (g aB] (m (0))

l}ggg E(w=M

tenglik bajariladi, xususan,shunday us > 0 mavjudki, barcha u € (0; ug) lar uchun E(u) € (M, M +
&) . Demak, biz (6) yoyilmani uvak () uchun ishlata olamiz:

A EW) = 1+ 32 J(9u(0) <(ﬁ — @) - apu? [ I (q‘””qu> o+ uh () +
H2hy () = 0 (11)

Bu yerda¢ := /E (1) — M. Ushbu tenglikni

F(E ) =§ - % J(du(®) ((ﬁ — a) + app? jT (cosala -

+uPh,(§) =0, &ueC |&|ul <1

m) — cos b(q — m))?dq
M —£(q)

) + uhy (&)

ko‘rinishida yozib olamiz. Bizda:

o F(:; -) funksiya (0; 0) nugtada analitik,
. F(0; 0) = 0;

oF
° 6—5(0,0) = 1

Shuning uchun oshkormas funksiya hagidagi teoremaga asosan, shunday n € (0,1) va |u| < n doirada
analitik shunday & () funksiya mavjudki, £(0) = 0 hamda

FEwW,w) =0, |ul<n
munosabatlar bajariladi. Fning aniglanishiga asosan, u > 0 bo‘lganda & > 0 bo‘lishi kerak. U holda
oshkormas funksiyaning yagonaligidan,é ning u ning haqgiqiy analitik funksiyasi ekanligini topamiz.

Endi¢ ning aniglanishidan
VE@ =M =) Cur

nz1
Tenglik kelib chigadi, buyerdaC,, € R ( ning haqgigiy analitik ekanligidan). Buni (11) ga
go‘ysak,analitik funksiyaning Taylor gatori yagonaligidan,quyidagi ko‘rinishga keladi:

Co+ Copt ot 5 I (B (@)(6 —

T (cos a(q—m)— cosb(q— n))qu
-5 @u)api | T ¥ (Con
+ C P+ )hi () + (Cop? + CopP+.. ) (§) =0 (12)
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u = 0debolsakC, = 0 ekanligi kelib chigadi. U holda (12) tenglama quyidagi holga keladi
T
Cop? + Cap+ ...+ 5 ](¢M(0))(ﬂ —a)u

yis (cos a(q—m)— cosh(q— n))qu
) J (P (0))apu? fT M —e(q) +(Cp?
+ CopP+.. )hy (&) + (Cop® + Cop+..)hp(§) = 0 (13)

Bu tenglamani u ga bo‘lib yuboramiz va u = 0 deb olsak, u holda

T

Ci+5)(Pu(0) (F-a)=0

Tenglikka kelamiz. Bundan
T
€1 =—5/(Pu(0) (B —a)
quyidagi 2 ta holni garab chigamiz:
1-hol.a > B bo‘lsa, u holda C; > 0 bo‘ladi va
T
€1 =5J(Pu(0) (@ = F)

Demaka > f bo‘lsa, H, operatorning muhim spektrdan chapda xos giymati mavjud va quyidagi
yoyilma o‘rinli:

E(w) —M = Cp* + Z Cot™

nz3

bu yerda

T 2
G = (31 0ut@)a5)
2-hol.a = B bo‘lsin, u holda C; = 0 bo‘ladi va (13) tenglama quyidagicha bo‘ladi:

yis (cos a(q—m)— cosb(q— n))qu
Cotit ol .= 5 J(Bu()a” | s

+ Cap*. . hi(§) + (Cou* + Cap®+..)hy(§) = 0
Bu tenglamani u? ga bo‘lib yuboramiz va u = 0 deb olsak, u holda

+ (i

(cos a(q—m)— cosbh(q— n))qu B

M~ e(0) 0

s
¢, =3 (Su(@)ap [
T
Tenglikka kelamiz. Bu yerdaC, > 0 bo‘ladi va

m (cos a(q—m)— cosb(q— n))qu

ga kelamiz. Demak a = p bo‘lsa, H,, operatorning muhim spektrdan chapda xos giymat mavjud va
quyidagi yoyilma o‘rinli:

E(W) —M = Cyu* + Z Cot™

n5

bu yerda

2 2
s (cosa(q—n)— cosb(q—n)) dq
Co=1|= 0))a J
s (2 J(9u(@)ap | o)
Endi yy: = min{u,,, uy, n}desak, u Teoremal ning tasdiglarini ganoatlantiradi.
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AnHoTtanus. B Hacrosmieli paboTre paccMOTpeHa 3ajiadya BOCCTAHOBJICHHS (DYHKIUH 110
CEMEUCTBY Mmapaboyl B BEpXHEH IONYIUIOCKOCTH C BECOBOW (DYHKITMEH, MMEIOIIEH OCOOCHHOCTD.
Jloka3zaHa Teopema €IMHCTBEHHOCTH pellleHHs ypaBHeHHE. [lokazaHO 4UTO pelnieHHe MOCTaBIECHHOH
3a/1auu CJIad0 HEKOPPEKTHO, TO €CTh MOJYYSHBI OICHKH YCTOMYMBOCTH B MPOCTPAHCTBAX KOHECYHOH
TJTaIKOCTH.

KawueBbie cioBa: Crnabo HEKOppeKTHbIE 3ajauud, mnpeoOpasoBanue Dypre, TeopeMsbl
€JIMHCTBEHHOCTH, BeCOBast ()yHKIIHSL.

Maxsus egri chiziglar bo‘yicha yo‘lakda funksiyani tiklash masalasi

Annotatsiya. Bu ishda maxsuslikka ega bo‘lgan vazn funksiyali yuqori yarim tekislikda
parabolalar oilasi bo‘yicha funksiyani tiklash masalasi garalgan. Yechimning yagonaligi teoremasi
isbotlangan. Qo‘yilgan masalaning yechimi kuchsiz nokorrekt ekanligi ko‘rsatilgan va turg‘unlik
bahosi olingan.

Kalit so zlar: Kuchsiz nokorrekt masala, Fur’e almashtirishlari, yagonalik teoremasi, vazn
funksiya.

The problem of restoring a function in a strip along curves with singularities

Abstract. In this work we consider the problem of reconstructing a function from a family of
parabolas in the upper half-plane with a weight function having a singularity. The uniqueness of
theorem for the solution of equation is proved and the inversion formula is derived. It is shown that the
solution of the problem posed is weakly ill-posed, that is, stability estimates are obtained in spaces of
finite smoothness.

Keywords: ill-posed problems, integral geometry problems, integral transforms, inversion
formula, existence theorem.

Beenenne

3anaun HMHTErpAJIbHON reOMETPUHA - 3TO MHTEHCHUBHO pa3BHBaroIieecs
HalpaBJICHUECOBPEMEHHOH MaTEMaTHKH, KOTOPOE SIBIISIETCA OJAHUM M3 KPYHNHEHIINMX HAIllpaBJICHUN B
TEOPHHM HEKOPPEKTHBIX 3a/ad MaTeMaThyeckol (u3uKu M aHanu3a. Ee 3amaum TecHO CBs3aHbI C
MHOTI'OYUCJICHHBIMHA IMPUIIOKCHUAMU - 3aJadyaMd  HMHTCpHpCTAllMM  JaHHBIX FGO(I)I/ISI/I‘ICCKI/IX
UCCIIeIOBaHUH, DIIEKTPOPa3BE/IKH, aKYCTHKH W KOMITBIOTEPHOI ToMorpaduu.

OnHOW W3 LEHTPaIbHBIX NPOOJIEM HHTETPaJbHOM TI'€OMETPHU SIBISETCS BOCCTAHOBJICHHUE
(yHKIWY, €CJIM U3BECTHBI €€ MHTErPaAITbI MO 33JaHHBIM MHOTO00Pa3HSIM.

[IpuBenem ompeneneHue 3agaun uHTErpasnbHor reomerpun [1]. Ilycts u(X) — mocratodHo

rnaakas QyHKiMs, onpeneilenHas B [1 — MepHOM mpocTpaHcTBE X = (x1 ey X, ) , H {M (/1)} -
CEMEUCTBO TIAAKUX MHOT000pAa3uii B 3TOM MPOCTPAHCTBE, 3aBUCSIINX OT MapaMerpal = (/11, ooy Ay )
[Mycte, nanee, ot GpyHKIuH U(X) H3BECTHBI HHTETPAIbI

j u(x)do =v(1),

M (4)
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rae 0o onpenenser anement mepsi o M (A1). TpeGyetcs no dynkuun V(A) Haittu gyskmo u(X).

EauHCTBEHHOCT MIMPOKOTO Kjacca 3afad HMHTETpajbHOM TeoMeTpuM B Tonoce Obuia
ycraHoBieHa B.I. PomanoBbeiM [2]. 3amaun He BOJBTEPPOBCKOIO THMA H3y4YAJIUCh B padoTax
M.M.JIaBpentbeBa u A.JI. byxretima [3,4], PI"MyxomeToBa [5].

Cnabo HEKOPPEKTHBIC 33/1a4d MHTETPAJIbHON FeOMETPHU BOJBTEPPOBCKOTO THIA C BECOBBIMU
(yHKUIMSIMH, UIMEIOLIMMU 0COOEHHOCTD HUCCIIe0BAINCE B paboTtax [6,7].

TeopeMbl eIWHCTBEHHOCTH, OIEHKH YCTOHYMBOCTH W (opMmynsl oOpaieHus cnabo
HEKOPPEKTHBIX 3a]]ad WHTETPAIbHOW TEOMETPUM MO CIENUATBHBIM KPUBBIM M TOBEPXHOCTIM C
0COOCHHOCTSIMU BEPILIMHAX MOTy4YeHHI B [§-11].

B paborax [12] oroOpaxeHus IIOCKUX oOJacTeil, OCYILIECTBISIEMbIE PEIICHUSIMU 3TOH

cucTeMbl HasBaHHbIe N -KOH(GOPMHBIMA OTOOPAKCHUSIM.
Beenem 0603Ha4YeHUs, KOTOPBIE OyeM UCIIONB30BAThH B OTOM ITyHKTE:

(X,y)eRZ, (f,n)eRz, ALeR!, ,ueRl
Q={(x,y).xeR'ye(0,1), 1<}

Q= {(x, y).xeR', ye[0,I]}
ITocTaHoBKa 3a3a4u.

B monoce () paccMOTpUM CeMEHCTBO KPHBBIX, KOTOPOE OJHO3HAYHO MapaMeTPH3YIOTCS C
IIOMOIIBIO  KOOPAMHAT CBOMX BepmmH (X, Y), NpOM3BOJIbHAA KpHBas cemehctBa  P(X, Y)

OIIpeAeNIeTCs COOTHOMIECHUSIMU
PO, y)={(&m):y-n=(x-8)*, 0<ny<y, y<l, I<o}
3agaua 1. Onpenemuts dynxrmio aByx mepemenssix U(X,Y), ecmm mos Becex (X,Y) m3

nonocsr 2 U3BECTHBI uHTerpais ot Gpyrkiuu U(e) mo xpuseim P(X, Y):
x+y

| 96O uE w(xy,ENAE = T(xy)Q)
X~y

me  g(x,8) =2|x—&|=2(x—&)sgn(x— ) ).

®yuxkmus U(X,Y) — dysxuus u3 kmacca U, KOTOpble UMEIOT BCe HENpPEpPhIBHbIE YACTHHIE

2
ITPOU3BOJHBIC 1O BTOPOT'O MOpsAAKa BKIFOYHUTEIIBHO U (i)I/IHI/ITHBI C HOCUTCJIEM B R+ .
supp Uc D={(x,y):—a<x<a,0<a<w,0<y<l, I<ow}

Jloonpenenum npasyio yacTs ypasaenus (1)mpu 'y <0 .
Breaem ¢pyHKIHIO

f(x,y), npuy=>0,
f*(xy)= ®)
0, npu y <0.
Kak crnemyer m3 TIOCTaHOBKH 3amaun | M ycioBHii, HanoxkeHHBIX Ha Qymkmmo U(e) ,
¢ynkmu  f *(X,y) MoxkHO mpuMeHHTH NpeoOpasoBanue Pypbe 1o Y. PaccmoTpuM mpeoOpazoBaHue

®ypoe no nepemennoit Y ¢ynkiun f *(A,y) . YuursiBas, 4ro
f*(x,y)=0,npu y<O0,

HMCEM

oA, 1) = [ e £7(2, y)dy |

a UHTCTpal B npaBoﬁ YacCTH IMOCJICAHCTO COOTHOUICHUA PaBCH

[e“r T (4, y)dy.
0
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Takum obpasom, moonpenenus f(X,Y) B HmwKHeil MOTYMIOCKOCTH HyIEM, K 06EHM YacCTsIM

ypaBHeHus (1) MoxHO mpumeHsSTH npeodpazoBanne Pypbe mo Y u mHTerpan dypee Oyner uMeTh
BUJI;

[ e ()dy.
0
Beenewm cnenyromue QyHKIMU
1 (A, 1) = ZIe““Zt cos Atdt )
IL(4,y)= [ evu___ /P (5)
{89 I 1(4, u)(l+u )’

Axy)=z;Le””AAywﬂ.m)

CHp aBCUINBa CIcayromasa Teopema.:

Teopema. Ilycts ¢ynkumst f(X,y) wusBectHa st Bcex (X,y) wu3 momocst €2 . Torma
perenue 3anaya 1 B kiacce U eAMHCTBEHHO, HMEET MECTO TPEACTABICHHE

ux )= | [ 1L (E

—00 —00

1 BBITIOJIHACTCA HEPABEHCTBO
||u||L2(Q) <C||f ”wz“(g) ’
rac C — HCKOTOpas MOCTOAAHHAA.

HoxazateabcTBo.llpuBeném ypapHenue (1) mpu TOMOIMM CICAYIOIICH 3aMeHBI K Ooiiee
ya0OHOMY BHITY:

1Y =0 (-7 =y —n

n=y—(£-x)°

JleBast uacTb YpaBHEHHS: & _x = [y—p, =&=x+\y—7, = d§=2_d77 .
y-n

IIpaBast yacTh ypaBHEHHUS:

dn
—X==Jy-1, =>&=x-\y-n, =dS 2y
OyHKIus l//(X, Y, & ) YAOBJIETBOPSIET CIENYIOIINE YCIOBHE:!
Dy(xy.6)=n
2y (X,Y,6) <1,& # X

A (X, Y, X+E) = (X, ¥, X~ &); w(X, ¥, x£4[y)=0.

Torna ypaBaenus (1) mpuMuz CICIYIOIIHA BHI;

f(x,y) :.y[[u(x—h,n)+u(x+h,77)]d77 /(8)

e h=.,y—-n.

IMpumennm tpeobpasosanne ypre Mo mepeMeHHoi X K 00erMM 4acTsaM ypaBHEHU (8)
N y A
f(4,y)= chos/lh u(i,n)dn.
0
1
Temepr f, =— f.
p 1 >
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To ecThb
y N VAN
[cos ahu(a,7)dn = T,(4.y) @
0
[TpumennM k ypaBHeHHIO (9) oqHOCTOpOHHEE IpeodpasoBanue Pypbe 1o nepeMeHHon Y :
f.(4,u)= J.u(i, 77)J'e”‘y cos Ay —ndydn.
0 n
CrenaB B 5TOM paBeHCTBE 3aMeHy 7 = Y — 7], noiy4um:
f,(A, 1) =G(A, 1) [ " cos A/zdz.
(0]
Takum o6pazom ypaBHeHHE (9) MPpUMET BUT

V(A 1) 1A, 1) = (4, 1), (9)

rae

V(A 1) =01 ) = [ 2, m)e .
o )= [€*§, (2, y)dy.

1 (A, 1) :Ie‘“T cosArdr.
0

Ham HyXHO OleHUTh cHU3y 1o Moayo pyrkmuto | (A, ££) , 4To Mo3BOIUT MOTYYUTE OLEHKH
nns pynxuu V(A, 1) , a 3aTem u s uckomoit pynkmuu U(X, Y) .

IokaseM, uTo MHTerpan (4) ABISAETCS PABHOMEPHO CXOAAIIMMCS OTHOCHTEILHO MapaMeTpoB A u 1,
npu4éM mapamerp L/ MOKHO 0€3 orpaHuueHHs OOIIHOCTH CUUTATh [IOJIOKHUTEIbHBIM.

Crenas 3aMeHy Jr=tu yauteiBags Oz = 2tdt, B unrerpane (4), umeem:
| = ZJ' et cos Atdt = th Ccos ut? cos Atdt + 2ijt sin wt? cos Atdt.
o] 0
Ecmm <0
j et cos Atdt = _[ COS pt?t cos Atdt — ijsin ut’t cos Atdt,
0 0 0
aBu>0
| = Ie“‘tztcosltdt = J.tCOS,utZCOS/ltdt + ijtsin Lt? cos Atdt.
0 0

Hcnonb3ys popmyisl

[ xsin(ax’ I e Db
!xsm(ax)cos(be)dx—2a a\/;{smac( j cosas(\/aﬂ

i 2 _b b® (B ), sinb"
}[xcos(ax)cos(2bx)dx_a\/27{cos (\/,Jﬂm S a]

(cM [13]), momyanm:
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A
1 i
l=—|i+——e % I e dt |.

2u| " Ny

rae C(z)+iS(z)=\/gCD(%J= \/z_ﬂj‘e“zdt, Z—>00

3Ha‘-II/IT, MBI UMECM CJICAYIOLIUC BBIPAKCHUA:

A
i2?2 2u
1. N e
| —|+—e4”-[e“dt.
0

2 T

Monyss Gpynxunn | (A, 1) umeer Bu:

A A
1. a4 e, 1 A e
l|=|—]| 1+——¢€ du e" dt || = |—|1—-—= e" dt||.
I 2u Nu ! 2u| Nu !

HOKa)KeM, CHIpaBCAIIUBOCTD CJICAYIOIICTO HCPABCHCTBO

A
R 11
A j evdt]> <. (11)
H o 2
A
Caenaem 3ameny ———— = / X .
2./
Jlerko npoBEpUTH CIIEYIOIMEITO HEPABEHCTBO |1 AN _1
2| 2
1\/;X>1'1f 1 l>\/;X'x< 1 X > 3 .
- —il-rx<-=; J ; :
2 NI 2 N N

npu

—/1 e(—oo L Ju( 3 +ooj
2Ju ‘W) \Nr' )
Jlns ocTanbHBIX \/; MOXHOTIOIYYIUTh 4TO HepaBeHCTBO (11) cmpaBemmuBou I[H}Ixe|: 1 3 }c
2

S

P

MOMOIIBIO TAOIUIIBI HHTETpaToBDpeHers.
Takum oOpazom,

= Zje‘”‘ztcos/ltdt .1
0 2u
YuuTeiBas 3T0 HEPaBEHCTBO U Hopmyiy (9) MmoydnM HEPaBEHCTBO
80240 < e (2, 1)
3HaunT
1
1>
[244
OTcroia HECJIOKHO TOTYYHT OLICHKY
1
vl (12)

N3 ypasuenus (9°), yaursiBast (12), momryanm
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V1) = 9l ) j 19

Pasnienum 1 yMHOXHM 1paByio gacTb(13)na (1+ y4) :
1
V(4, 1) = L+ 1) p(A, 1) (14)
@+ 4 (A, 1)

U3 ycnosuii HanoxkeHHbIx Ha Gynkumo U(X, Y) u u3 (7) nomydaem, uro pynxuus @(A, 1),

npuHaiexamux L, no aprymenty g .
Uz (12) u (13) sbrrexaer, uro dymxmmst  (1+ 4*) ' 1(A, 1) ecte 06pas Dypse mo
nepemennoit y dyuxuun |, (4, Y), onpenenennas Gpopmymnoii (5).

IIpumenum k ypaBHeHuto (14) oOpatHoe mnpeoOpasoBaHue Dypbe O HNEPEMEHHOM LL.

Hcnonk3yst TeopeMy oOpailieHuss U TEOPEMy O CBEpPTKE, a TaKKe CBOWCTBO Mud(depeHIUpOBaHUS
npeobpazoBanus Oypbe MOTYIHM CIIETyIoIee

0

02, y) = [ LAy -n)E

—0

rue

0

e 8 ﬂ)(1+ﬂ )

—00

1,(4,y) =

U3 orpanndenuii, HanoxkeHHbIx Ha Gynkuuio U(X, Y) u (7) Beitekaer, uro ¢pynkmus f (4, Y)
npunamiexur L, no aprymenty A. IlpuMeHMM K TMONy4eHHOMY YPaBHEHHIO OOpaTHOE

npeobpasopanue Dypwe 1o nepemenHoit A . Mcnomb3ys TeopeMy 06palieHus H TEOPEMY O CBEPTKE, a
Takke cBOMCTBO AudepeHnmpoanns npeodpazoBanusi Oypbe MOIYIUM CIEIYIOIIEe MPEICTaBICHNE
JUTSL pelrieHus 3aaaya 1

= [,

—00 —00

(15)

Taec
1 T —ix
(¢ y)=—— [ e ™1, (2,y)d2
ﬂfoo

®opmyna (15) umeer JokanbHbBIH XapakTep mo nepemeHHoid Y . C ydeToM YCIOBHS
suppu < Q sicuo, uro npescrasnenue (15) must perienust ypasaenus (1) umeer mecto u npul < oo .
Torma u3 (9°), (12) 1 (15) BeITeKaeT €MMHCTBEHHOCTH PEIISHUS UCXOTHOM 3a1aun 1 B Kacce GyHKITHI
2
Ci(Q).

k3 ypaBHeHH;I 9, quTLIBa;I (12), HECTTOKHO TIOYYUTh CIIEAYIOIIee HEPABEHCTBO

H'V' didu<—— I f(1+|u|) lp*dady.  (16)

—00 —00 —OO —00
Hcnone3yst  cBoiictBo  auddepeHiupoBanus  npeoOpasopanus Dypbe, HEPaBEHCTBO
TPEYTOJIbHHUKA JIJIST HOPM, a Takxke yauTsiBas (15) u (16), nmeem

||U||L2 @ =C |1 ”wz“(Q)

rae C - nexoropas koHcranTa.
Teopema noka3zana.
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VJIK 53:51
ON NEGATIVE EIGENVALUES OF THE DISCRETE SCHRODINGER OPERATOR WITH
NON-LOCAL POTENTIAL
Sh.S. Lakaev!, Z.E. Muminov?
Tashkent Institute of Irrigation and Agricultural Mechanization Engineers,
“Nilai University, Malaysia
E-mail: shlakaev@mail.ru

Abstract. On the d-dimensional lattice Z° ,d =1,2the discrete Schrodinger operator Hywith

non- local potential constructed via the Dirac delta function and shift operator is considered. The
existence of negative eigenvalues on the parameters of the operator is explicity derived.
Key words: Spectrum, eigenvalue, Fredholm determinant, Laplacian.

Lokal bo‘Imagan potensialli diskret Shredinger operatori manfiy
X0s giymatlari hagida
Annotatsiya. z',d=12 panjarada Dirakning delta funksiyasi va siljitish operatori yordamida

qurilgan lokal bo‘lmagan potensialli diskret Shredinger operatori H,daralgan. Manfiy xos
giymatlarning mavjudligi parametrga bog‘liq holda aniq ko‘rinishga ega.
Kalit so‘zlar: spektr, xos giymat, Fredgolm determinanti, Laplasian.

(0] OTPpUHATECJIbHBIX COOCTBEHHBIX 3HAYEHHUSAX AUCKPETHOrO orieparTropa H.Ipezmnrepa
C HCJIOKAJIBHBIM NMMOTCHIITUAJIOM

A Ha d i z%,d=12 i
HHOTalnusA. Ha U-MEpHOM PCUICTKE U =142 paccmarpuBaercs QUCKPETHBIA OIIEPATOP

[Ipenunrepa H 1 C HETIOKaJbHBIM TMOTEHIIMAIOM, TIOCTPOCHHBIN uepe3 aenbra-PpyHKIuio lupaka u

oreparop cnupura. CyIlecTBOBaHWE OTPHIATEIHLHOTO COOCTBEHHOTO 3HAUYCHHS II0 IapaMeTpam
oreparopa sBISCTCS SIBHBIM.
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KuarwusiBble cJIoBa: CIICKTp, COOCTBEHHOE 3HAYCHHUE, onpeaeanTeNb
®penaronbma,Jlamnacuan.

Introduction.

The spectrum of the discrete Schrodinger operators has attracted considerable attention for both
combinatorial Laplacians and quantum graphs; for some recent summaries see [8] and the references
therein. Particularly, eigenvalue behavior of Schrédinger operators on the lattice are discussed in e.g.
[1,3,2,5,4,6,].

In order to facilitate a description of the content of this paper, we introduce the notation used

throughout this manuscript. Let 29 be the d -dimensional lattice and T® = (RI272)" = (-x, 7]" be
the d -dimensional torus. We will use the symbol N(X) to denote the summation of coordinates of the
element X = (Xq,...,Xq) eZd, ie. N(x)= Z(kalxk. Let Ll(Td) be Banach space of integrable

functions on T°.
2.The discrete Schrodinger operator in the position representation

The standard discrete Laplacian A on the lattice ZO| , d>1, is defined with the following
self-adjoint (bounded) multidimensional Toeplitz-type operator on the Hilbert space ZZ(Zd) (see,
e.g., [9]):

—Azézg(T(O)—T(s)), (1)

seZ

where T(y),y ez9 is the shift operator:
T HE) = fx+y), fer?z?).
Let Vo be multiplication operator in ZZ(Zd) by the Kronecker delta function o[-,0], i.e.
Vo f (X) = 8[x,0] f ().

For given Xg € 79 the non-local potential is defined as (see, e.g., [9]):

\ X = AV, + (VT (X,) +T*(X0)Vo)- (2)
AN
The discrete Schrodingier operator H pacting in EZ(Zd), in the position representation, is
defined as a bounded self-adjoint perturbation of — A and is of the form

(©)
3.The discrete Schrddingier operator in momentum representation
The one-particle Hamiltonian H,w in the momentum representation is of the form
Hﬂ[u = Ho —V,
where Hg is introduced as ,l_\uy = _A _\l,\_
HO = F* (_A)Fv
where F stands for the standard Fourier transform F: L(T%) — ¢*(Z%),and F": 0?(2") —» L*(T9)
its inverse. Explicitly the non-perturbed operator H acts L2 (Td) as multiplication operator by the
function £() :
(Hof)(p)=&(p)f(p), felX(T),
where
d
e(p)=> (1-cosp,), peT" (4)
j=1
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In the physical literature, the function &(-) being a real valued-function on Td, is called the

dispersion relation of the Laplace operator.
The perturbation V is the two-dimensional integral operator

VE(P) = Mg P =5 [ (24aE 0P 100N ) as, 1209 ©
(27)" [d

4.The essential spectrum
The perturbation 4V of the operator H is a two dimensional operator and, therefore, in
accordance with the Weyl theorem on the stability of the essential spectrum the equality
Tess(H) = oess (Ho) holds, and moreover the essential spectrum cess(H ;,,) of the operator H 5,
fills in the following interval on the real axis:
Oess (H,)) = [Emin s Emax s
where
e.. =0, ¢ =2d.

min

5.The Fredholm determinant of Hﬂ
Set
1 1 1 g'o"

7| dt, b(z)=—— [, d
(27)" T e(t) -z 2r)" T e(t)-2z
Since the dispersion relation &(p) is an even functionin p Td we have the equalities

1 J- cos(X,,t)

(2r)° T e(t)-z
Forany A, u € R" we define the Fredholm determinant associated to the operator H Ju @sa

a(Z) = t' VAS R \ [gmin ’ gmax] (6)

b(z) =b(z) = dt, ZeR\[gnn, Enul (7)

regular functionin e C\[&;,, €] @S

min !

A2, 1;2) = (- b (2))? - uPa®(z) - 2a(2) ®)

Lemma 2.1 The number z € C\[&,,, & i an eigenvalue of H , if and only if
A(A, 1;2) =0.
Proof. The eigenvalue equation H/wf = —zf is reduced to the study the system of linear

equations with the determinant A(A, 1;2) =0.

Set
d(z) = a%(2)-b%(2). 9)
Then the Fredholm determinant take the form
A4, p1;2) =1-24b(z) - 1%d (2) - 2a(2) (10)

and instead of the equality A(A, 1;z) =0 we can consider the parabola
1 2b(z) d(z) »
- M= H
a(z) a(z) a2
Lemma 2.2 (a) The function a(z),b(z) and b(z) are monotonically increasing and positive
in (—o0,0]. Moreover, their limits tend to zero as Z tendsto —oo.

(b)

I'z): A=

(11)

a(‘C"min) = lim a(Z) = 40,

z—>gmin—0
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b(gmin) = lim b(Z) = 400,

z—)smin—O
d(enn) = Z Iimiod(z) = 40,
(c) They satisfy the following approximation n11’grmulas
(cl) Letd =1.
a(z) = \/_\/ZT b(z) = \/—\/—-FO(\/_) as z—>0-.
(c2) Let d = 2.
a(z)-—£|n( 7)+ (£—£) +0(-2), b(z )-—fln(—z)+C0+O(—z),as z-0-.
T

(13)
for some Cp > 0.
(d) Additionally, the satisfy

a(z) = —+0( b= +0(| l)d(z)—— (ﬁ), as 7> —w.
VA

Proof. Proof can be found similar calculations in [6] and [7].
Lemma 2.3 Forany zeR\ (-, &, ) the numbers

1 1
1p(@)=———— and 4(2)=

b(z) +a(z) b(z)-a(z)
are  -intercepts, and
_[_b@®@ a(@)
(w(2), Yy (2)) = (‘mm)

of the parabola I'(z)
Proof. Simple calculations yields the proof.
The following lemma demonstrate the properties of the zz -intercepts and vertex of the parabola I'(z),
and its proof are obtained using Lemma 2.2.
Lemma 2.4 (a) The function 4 (z) is monotonically increasing and negative in (—o0,0].
Moreover, it satisfies
1

= iy (Ein) = Z_)Ijmioll'll(z) = w <0,

1 = :u”.L(gmin) = lerp /Jl(Z) = —0,
(b) The function g, (z) is monotonically increasing and positive in (—o0,0]. In addition, it
satisfies
:uz = :uz(gmin) = , ||m Oluz(z) = Ol

“&min~

2 = /Jz (gmin) = Z'Lm :u"l(z) = 0,

(c)The function 4,(2) is monotonically increasing and negative in (—o0,0]. Furthermore, it
satisfies
1
= ()= NI g, (2) =28 <0,

Z%Smln

ty =y (Emin) = lim 4, (2) = -1,

Z——0

and

1
Eﬂf <y (2) <y’ =-1.
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(d) The function A, (z) is monotonically decreasing and negative in (—o0,0] . In addition, it satisfies

ﬂ“s :ﬂ’v(‘c"min):: im luv(z) :_:u\(/) => O’

|
zagmin—o
and
A‘?/O = ﬂ'\/(gmin) = Ilm ﬂ’v(z) = +00,

Lemmas 2.2 and 2.4 provide us to continue the parabola I'(z) at z=0:

rO): 4 :—2y+i0y2 (1)
H
whose zeros are

—,0 —
m=p and  up =0
The parabola I"(0) divides the plane (z, A1) into two pieces

2 2
Geg ={(u, )14 < —2ﬂ+—0ﬂ2}, Gso ={(u, )14 > —2ﬂ+—0ﬂ2}-
M !
Now we can formulate our theorem

Theorem 2.5 (a) For (u,4) € G<qWI'(0), the operator H ;,, has no an eigenvalue in
(—0,0]. (b) For (1, 4) € G5, the operator H ;, has an eigenvalue in (—0,0).
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UDK: 517
SHTURM-LIUVILL CHEGARAVIY MASALASINING
REGULYARLASHTIRILGAN IZINI HISOBLASH
U.Muminov, Sh.B. Xidirova, E.Qarshiyev
Samargand davlat universiteti
E-mail: u-muminov@samdu.uz

Annotatsiya: Ushbu magolada f(x) - funksiyaga mos keluvchi Shturm-Liuvill chegaraviy
masalasining xos funksiyalaridan tuzilgan gator hamda cos(n +%)xfunksiyalar bo’yicha tuzilgan
gator bir xil ma’noda yaginlashishi ko'rsatilgan. Shu bilan bir gatorda Shturm-Liuvill chegaraviy

masalasining regulyarlashtirilgan izi hisoblangan.
Kalit so"zlar: Xos giymat, xos funksiya, operator, operatorning izi.

PeryasipnzoBannslii cien kpaeoii 3anaun ltypma-Jinysunns

AHHoTamusa: B mHacTosmielr paboTe [MOKa3pIBaeTcs TEOpeMa O PaBHOCXOIWMOCTU psla
COCTaBJICHHOI'O K3 COOCTBEHHBIX (yHKIMH KpaeBok 3amaud Irypma-JluyBumis u  psga
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COCTaBJICHHOTI'O W3 cos(n +Ej X . Kpome 3Toro BBEIYMCIIEH pETyJIApU30BaHHBIN ciiel] KpacBOU 3a7aun

Itypma-JInyBumnis.
KawueBbie ciaoBa: CoOCTBEHHBIC 3HAYCHHS, COOCTBEHHAas (YHKIHS, OIEpaTop, Cleln
omeparopa.
Trace regularization of Shturm-Liuvill boundary value problem
Abstract. In this work is proved a theorem on equiconvergence of series consisting of

eigenfunctions of Shturm-Liuvill boundary-value problem and series consisting of cos(n +ij.

Moreover, it is shown a trace regularization of Shturm-Liuvill boundary-value problem.
Keywords: Eigenvalues, eigenfunctions, operator, trace operator.

Kirish.

Chizigli algebra kursidan ma'lumki, R" fazoda berilgan chizigli operatorning barcha xos
giymatlaridan tuzilgan yig'indiga uning spektral izi deyiladi.Shu bilan bir gatorda chizigli operator
matritsasining dioganal elementlaridan tuzilgan yig indiga uning matritsaviy izi deyiladi.

Agar A chizigli operatorning biror ba zisdagi A:(aij ) (1 =1,_n matritsasi berilgan bo’lib,
uning harakteristik ko phadi ushbu
det(A—Al)=(A-4)" - (A=4)" (2= 2™,
m+m,+..+m, =n
ko'rinishda bo’lsa, u holda

Zﬂkmk = zakk
k=1 k=1
tenglik orinli bo’ladi. Bu yerda m, € N soniga A, xos giymatning Karraliligi deyiladi. Bundan

ko'rinadiki, matritsaning izi xos giymatlar yig indisidan iborat bo"lar ekan. Bunda A4, xos giymatning

karraliligini albatta inobatga olish zarur.
Agar ushbu

Ly =-y"+q(x)y =y, q(x) eC'[0, 7]
y'(0)-hy(0)=0, heR 1)
y'(r)+Hy(xr)=0, HeR
ko'rinishdagi regulyar Shturm-Liuvill chegaraviy masalasining A, 4;,...,4,, ...
tuzilgan quyidagi

kiﬂk

sonli gatorni garasak, shubhasiz u uzoglashadi. Chunki, (1) chegaraviy masalaning xos giymatlari
ketma-ketligi uchun

A, =n? +CO+%, {r.}el,

X0s giymatlaridan

formula o’rinli. Bu yerda

c, =M+ijq(t)dt.
VA T 0
Quyidagi
Ly :=-y"=1y,(q(x)=0)
y'(0)-hy(0)=0, heR 2

y'(r)+Hy(r)=0, HeR
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chegaraviy masalaning xos giymatlarini A, (0), n=0,1,2,...orqali belgilaymiz.
Ta'rif-1. Ushbu

00

> (2 —24,(0)) <

n=0
sonli gatorning yig'indisiga (1) ko'rinishdagi regulyar Shturm-Liuvill chegaraviy masalasining
regulyarlashtirilgan izi deyiladi.

1953-yilda I.M.Gelfand va B.M.Levitan [1] tomonidan quyidagi

—y"+q(x)y =4y, y'(0)=0, y'(z)=0, (h=H =0) (3)
chegaraviy masalaning q(x) koeffitsiyenti

a(x) e C*[0,7], [q(x)dx=0.
0
shartlarni ganoatlantirsa, u holda

< 1
2 (4 =n*) =7 (a0 +a(x)) (4)
n=0

tenglikning o rinli bo’lishi ko"rsatilgan.

Mazkur magolada quyidagi (h =0,H = oo)

—y"+q(x)y =1y, q(x) e C'[0, 7]

y'(0)=0, y(=)=0
chegaraviy masalaning regulyarlashtirilgan izi hisoblangan va teng yaginlashish haqidagi teorema
isbotlangan.

Teng yaginlashish hagidagi teorema f(X) EC[O,ﬂ'] -uzluksiz funksiyalar sinfida hvaH
hagiqiy sonlar chekli bo’lgan holda ilk bor Aynsning
“O6bikHOBeHHBIE AN PepentmanbHoeypasaenne” ([2]) kitobida, so'ngra f(X)e L1[0,7r] bo’lgan
holda B.M.Levitan ([3]) tomonidan isbotlangan.

1-8. Teng yaginlashish hagidagi teorema

Ushbu
—y'+q(X)y=4y,0<x<x (1.1)
y'(0)=0, y(7)=0 (12)

chegaraviy masalani garaylik. Bunda q(x) € ct [0, ﬂ]-haqiqiy funksiya.
Teorema-1 (Yoyilma hagida).Agar f(x) € C*[0,z]bo’lib, quyidagi

f'(0)=0, f(z)=0
chegaraviy shartlarni ganoatlantiruvchi ixtiyoriy funksiya bo’lsa, u holda ushbu

F(0 =2 8,%,(x) (L3)

tasvir o'rinli bo'ladi. Bu vyerda y,(x) funksiyalar (1.1)+(1.2) chegaraviy masalaning
ortonormallangan xos funksiyalari bo'lib, a, koeffitsiyentlar ushbu

s

a, = (102, y,(0) = [ f®)y,O)dt
0
tenglik bilan aniglanadi. Bu yerda (1.3) funksional gator tekis va absolyut yaginlashuvchi bo’ladi.

Xususan g(X) =0 bo’lgan holda hosil bo’lgan quyidagi
—y"'=2y, ¥ (0)=0, y(x) =0 (14)
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chegaraviy masalaning xos giymatlari va ortonormal xos funksiyalari uchun ushbu

2

/In(O)z(n+%j ,n=0,12,... (1.5)

2 1
yn(x,0)=\ﬁcos(n+—jx, n=0,12,.. (1.6)

Vs 2
tengliklar o’rinli bo’ladi. Bu holda (1.3) yoyilma quyidagi
f(x)=>aly,(x0), a =\Ej f (t)cos(n +%}dt, n=012,.. (1.7)

n=0 VA 0

ko rinishni oladi.
Yugoridagi (1.3) va (1.7) formulalardan quyidagi simvolik tengliklarni Keltirib chigarish
mumkin:

> 3,09, (0 = 5(x-1), 19)

Eicos(n+%jxcos(n+%jt:5(x—t). (1.9

7 =0
Bu yerda 6(X) -Dirak “delta” funksiyasi.
Endi quyidagi belgilashlarni kiritib olamiz:

o, (X) :I f (t){%gcos(k +%]xcos(k +%]t}dt,
0= 1013 1,000, 0 ot

Teorema-2 (Teng yaginlashish).Ixtiyoriy f(X) e Ll[O,fr] funksiya uchun ushbu
s, (X)—o,(x) ayirma [0, 7] oraligda nolga tekis yaginlashadi.

2-8. Chegaraviy masalaning regulyarlashtirilgan izini hisoblash

Ushbu

{Lyz_y"+q(x)y=/1y, d(x) € C'[0, 7] (2.1)

y'(0)=0, y(r)=0

chegaraviy masalani ko'rib chigamiz. Bu chegaraviy masalaning xos giymatlari {ﬂ,n}:zobo‘lsin, u
holda quyidagi formulaning orinli bolishi bizga ma’lum ([4]):

2
An:(n+£j +e,+2n {o,} €l,. (2.2)
2 n
Bu yerda

C, :lj'q(x)dx. (2.3)
4 0

Mazkur paragrafda ushbu

i{ﬂn—(f”%j _Co} (2.4)
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sonli gatorning yig indisini hisoblaymiz. (2.2) formulaga ko ra bu sonli gator absolyut yaginlashuvchi
boladi.
Shu magsadda (2.4) sonli gatorning yigindisini hisoblashning P.Laks usuli bilan tanishamiz.
Teorema-3 (P.Laks). (2.1) chegaraviy masalaning regulyarlashtirilgan izi uchun quyidagi
formula o'rinli

3 [~ 4 (0)—¢,] = [ 4005 (0. 25)
Bu yerda
S04 :i[yﬁ(x,m—ﬂ (26

Isbot. Quyidagi Shturm-Liuvill operatorlari oilasini ko rib chigamiz:
{Lyz—y”ﬂq(X)y:ly,
y'(0)=0, y(z)=0.

Bu yerda te[O,ﬂ] parametr. (2.7) chegaraviy masalaning xos giymatlarini A,(t) orgali va ularga

2.7)

mos keluvchi ortonormallangan xos funksiyalarini y, (X,t) deb belgilaymiz.
Ushbu
L{®)Y, =4,®)Y,
tenglikni y, funksiyaga skalyar ko paytirib quyidagi
(L)Y, ¥a) =2, 1)
munosabatni hosil gilamiz. Bu tenglikning ikkala tomonini tboyicha differensiallab ushbu

(LOW) )+ (LY 53) = 4,0 @8)
(LO)Y,) ==Yr +1()¥, +a(9)Y, = LOY, +a(x)y, (2.9)
formulalarni topamiz. Endi (2.9) ifodani (2.8) tgnglikka qo'yib quyidagi
(L®Yn )+ (a0 Ys, Yo )+ (LEO Yo o) = 4, (1), (2.10)

formulani hosil gilamiz.
L (t) operatorning simmetrikligidan foydalanib, (2.10) tenglikni ushbu

(Yor LOY,) +(A0)Y,, Vo) +(LOYns o) = 4, 1), (2.11)
tarzda yozib olamiz. Ushbu

L®)Y, =40y,

tenglikka asosan (2.11) ayniyat quyidagi ko rinishni oladi:

2] (Yor ¥ )+ (Yo ¥2) ]+ (a0 Y0, ¥, ) = 4, 1),

20 ® (Yor Yo ) +(A00 Y0, ¥a ) = 44 (D),

(A(X) Y Yo ) = 4, (0),
ya'ni

]Eq(x) yZ(x,t)dx = 4, (t). (2.12)

Avvalo (2.12) tenglikni tbo'yicha [0,1] kesmada integrallab quyidagi

1,0~ 2,(0) = [a00)] 2 (x, e (2.13)

munosabatni olamiz. So'ngra (2.13) tenglikdan (2.3) tenglikni ayirib ushbu
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T 1

A -4,0)-c= | q(x){ I [yﬁ(x,t)—i} dt}dx 214
0 0 4

munosabatni topamiz. Bundan quyidagi

0

D[4 M -2,0)-c] =_Tq(x)j8(x,t)dtdx (2.15)

n=0

formula kelib chigadi. Bu yerda
S(x.t) =Z[y§(x,t)—1] (2.16)
n=0 T

(2.16) funksional gator umumlashgan ma'noda yaginlashuvchi bo'ladi va uning yig'indisi t
parametrga bog'liq bo Imaydi.

Endi S(X,t) funksiyaning t parametrga bog'liq emasligini ko'rsatamiz. Buning uchun
S(x,t) dan tbo'yicha olingan hosila nolga teng bo'lishini ko'rsatish yetarli. Avvalo (2.16)
tenglikning ikkala tomonini tho’yicha differensiallab

S(x,t) = 2i y, (%)Y, (X1) (2.17)
formulani hosil qila::)iz. So’'ngra yoyilma teoremasiga ko'ra, ushbu
5,001 = D, Y, (61) (218)
tenglikni tgggmiz. Bunda
nn = (Vo1 V) - (2.19)

Yugoridagi (2.7) chegaraviy masala xos funksiyalarning ortonormallanganligini
e tiborga olib, ushbu

(Yo Y )+ (Yo V) =0
tenglikni hosil gilamiz. Bundan va (2.19) formuladan ushbu

Ay +t8,, =0 (2.20)

munosabat kelib chigadi. (2.18) ifodani (2.17) tenglikka qo’yib

S(x 1) =2 a, V(X )y, (x1) (2.21)
m,n=0

formulani hosil gilamiz. (2.20) tenglikka ko'ra (2.21) gator yig indisi uchun
S(x,t) =0 bajariladi. Demak, S(X,t) funksiya t parametrga bog'liq bo'Imas ekan, ya'ni

S(x,t)=S(x,0) = Zw:{ynz(x,O) —i} .Shuning uchun (2.15) tenglik
T

n=0

Zw:[ﬂn D) —2,(0)—c,]= .TQ(X)S (x, 0)dx ko'rinishni oladi.

Teorema-4. Agar (2.1) chegaraviy masalaning q(x) koeffitsiyenti

q(x) e C'[0, 7], Tq(x)dx =0.

shartlarni gqanoatlantirsa, u holda uning regulyarlashtirilgan izi uchun quyidagi

i{% _(M%ﬂ:w 222

n=0

formula orinli.
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Isbot. (2.22) formulani P.Laks usulidan foydalanib hisoblaymiz. Buning uchun q(x)=0

holda hosil bo’lgan (1.4) chegaraviy masalaning (1.5) xos giymatlari va (1.6) ortonormal xos

funksiyalarining ko rinishidan foydalanib quyidagi funksional gatorning yig indisini topamiz:
5|y 1 2 e N, 1| 1<% . (2.23)

S(x,0) —nzc;[yn (x,0) ﬂ] = nz(;[ﬂ cos (n+ ij 7[} ﬁnzzc;[cos(1+ 2n)x |

(2.23) qator odatdagi ma'noda uzoglashuvchi, chunki qator yaginlashishining zaruriy sharti

bajarilmaydi. Ammo bu gator umumlashgan ma'noda yaginlashadi. Umumlashgan funksiyalar

kursidan bizga quyidagi tenglik ma’lum ([5]):

EZ.O:[cos(H 2n)x | = i (-D"s(x—nr), xeR- (2.24)

7T n=0 n=—oo

(2.24) tenglikni [0, ] oraligda garasak, undan

3i[cos(lﬁLZn)x]=6‘(x)—é‘(x—7r), xe[0,7] (2.25)

7T n=0

formula kelib chigadi. Bu tenglikni quyidagicha yozamiz:

i[cos(1+ 2n)x | = %(é‘(x) —8(x—n)), xe[0,x].

Endi (2.26) tenglikni (2.23) formulaga qo"ysak

S(x,0) = (500~ 5(x— 7))

(2.26)

tenglikka ega bo"lamiz. Bunga ko'ra (2.5) formulani quyidagicha yozish mumkin:

0

>[4 (@) — 4,(0) — ] =i[ﬁ —[n%] }Tq(x)S(x,O)dx:

n=0

— L a0 00— 50x— myax — AQ—alm) chunki ¢ =0,

Teorema isbot boldi.
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YIK: 535.361
CIIEKTPBI OJHO- M JIBYX®OTOHHO-BO3BYKJIAEMOM JIOMUHECIEHIINA
JIEKAPCTBEHHBIX ITPEITAPATOB, HAXOJALINXCSA B ®OTOHHBIX JIOBYHIKAX
A.K. Kypﬁoﬂosl, H.A. PaXMaTmeaeBl, JI.H. Cemenos’, B.C.T opeJmK3, JL.M. CaﬁnpOBz,
A.P. Xadmrsosl
'Hayuonanshwii yHUBepcumem Yzbexucmana
2Camapkandckuii 20cyOapcmeenHbiil yHusepcumen,
S@usuueckuii uncmumym un. I1.H. Jlebedesa PAH, Poccus.

AnHoTtanus. Pa3zpaboTaHa MeTOOWKa WCCIEIOBAaHUSA CIHEKTPOB  (DOTOIFOMHHECIIEHITUN
JIEKapCTBEHHBIX MPEMNaparoB (aHAJIBIHMH, Hapaleramon) Opu OIHO- U ABYX-(OTOHHOM BO30YKICHUU
UMITYJIbCHO-TIEPHOINIECKIM JIa3epoM. MeToIuKa OCHOBaHA Ha BOJIOKOHHO-ONTHYECKOH PETUCTPAIIUH
CHEKTPOB (DOTOIIOMHUHECIICHIIUA C HCIOJIh30BAHHEM MaJorabapUTHOTO CIEKTPOMETpA, KBapIIEBBIX
CBETOBOJIOB U MHMHHPE30HATOPHBIX KIOBET, YTO TO3BOJSIET MPOBOJUTH CPAaBHEHHE aHAIM3HPYEMOTO
CIIEKTpa CO CHEKTPOM 3TAJOHHOTO BEIIECTBA.

KnawueBbie  cioBa:  (OTONOMHHECHECHIIMS,  JIGKAPCTBEHHBIE  Tpernaparbl,  Jiasep,
yIbTpaUOIETOBOE U3YUECHHUE, CIIEKTP, KIOBETA, (DOTOHHAS JIOBYIIKA, ApOMATHYECKHE COEANHEHHUS.

JopuBop nepenapatiapHu 6Mp Ba HUKKHU (POTOHJIM YHFOTHIITAaH JIIOMHHECHEHIUS
CHIeKTPJIapuHM (POTOHra TY30K KYHMII OPKAJIM AHUKJIAII

AnHoTtamus. UWmnynec-maBpuiinu  nasep EpAammaa JOPUBOP Iperapariap (aHajIbruH,
napareramoi)iapHd Oup Ba HKKH (OTOHIM YHFOTHITAH (OTOTFOMHHECICHIMS CHEKTPIIApHHU
Ypranui ycynu sipatuiav. Maskyp yCyJl KHYMK YI4aMid CHEKTPOMETP, KBAPLUIM CBETOBOJIApP Ba
MUHHUPE30HATOPIIM KIOBETaJIap KYJUIAHUIINTA 3aMHHAA (HOTOIIOMUHECICHIIUS CIIEKTPIIAPHHNA OTITHK
TOJAJI KAl KUJIMIIATa acOCIaHTaH.

Kanur cy3map: (GOTONIOMHHECIICHIMS, IOPUMBOp IIpemapatiap, Jasep, yJbTpaOuHadiia
HYPJIaHUIIL, CTIEKTP, KIOBEeTa, OTOHIUTY30K, apOMaTHKOUpHKMAIap.

Spectra of one — and two photon excited luminescence of medical drugsin photon traps

Abstract. A technique for studying the photoluminescence spectra of pharmaceuticals (analgin,
paracetamol) was developed for single- and two-photon excitation by a pulse-periodic laser. The
technique is based on the fiber-optic recording of photoluminescence spectra using a small-size
spectrometer, quartz light guides, and mini cavity cuvettes, which makes it possible to compare the
analyzed spectrum with the spectrum of the reference substance.

Keywords: photoluminescence, pharmaceuticals, laser, ultraviolet radiation, spectrum, cuvette,
photon trap, aromatic compounds.

Bgenenue.

dapmaneBTHUECKUE TpenapaThl BKIIOYAIOT B ceOs OONBIION KIIacC BEHIECTB, OKa3bIBAIOIIMX
CWJIBHOE BO3JICHCTBHE HAa MOJICKYJSIDHOM YpOBHE Ha OWOJIOTUYECKHE CTPYKTYPhl M JKUBBIC
opraam3mbl. K HHM OTHOCATCS, B YAaCTHOCTH, pa3jMYHbIe KOMMeEpUeckrne (apMareBTUIecKue
Mperaparbl, B CTPYKTypax KOTOPBIX MPHUCYTCTBYIOT apoMarhdeckue Kombha [1,2], mpuBomsmue K
(hbyHIaMEHTAILHOMY 3JICKTPOHHOMY MOTJIONICHHIO B CPEeIHEM YIbTpauOoJIETOBOM auanasone [3,4].
Jns BBISICHEHHS COOTBETCTBHS pEalbHBIX OOpaslloB, HWCIONB3YEMBIX B PAa3NHYHBIX OOJACTSIX
JKU3HEACSITETPHOCTH YeNOBeKa, C HOMUHAIBHBIMA OWOAKTUBHBIMH IMpemaparaMd MOTYT OBITh
UCIIOJIB30BaHbl CIIEKTPOCKONNYECKHE METO/BI, BKIIIOYas (IyOpecleHTHYIO chekTpockonuio [1,2],
METO]] KOMOWHAIIMOHHOTO PACCESHUS CBETA, HEJIMHEHHO-ONTUYSCKYIO CIICKTPOCKOMHO [5,6] U T.11.

B 00B9HOM DKCIIEpUMEHTE TI0 WCCIIEOBAHUIO CIIEKTPOB BTOPHYHOTO M3ITyYEHHUS B MOPOIITKAX
Ja3zepHOe U3NMydeHHe (OKYCHpyeTcsl Ha IOBEPXHOCTh O0pasia, YTO MOXKET NPUBECTH K €ro
paspymenuro. Kpome TOro, B OOBIYHBIX YCJIOBUSIX B TIOPOIIKAaX MPOUCXOIUT TYUICHHE
JIOMWUHECIICHIIMU H, B CBSI3M C 3TUM, BO3HHKAIOT ONPEAETICHHBIE TPYIHOCTH MO0 PETUCTPAIIUH CIa0bIX
CHUTHAJIOB BTOPUYHOTO M3ITYICHUSI.

B nanHoii paboTe mpemioxkeHa HOBas OPUTMHANBbHAs METOJUKA HCCIEIOBAHUS COCTaBa
MOPOIIKOB, OCHOBAaHHAsI HAa PETHUCTPAIH CHEKTPOB (OTOIOMUHECIICHIINKA. MeToauKa OCHOBaHa Ha
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UCTIONb30BaHUM MHHHUPE30HATOPHBIX KIOBET, KBapIeBBIX CBETOBOJOB W  MajorabapuTHOTO
CBETOCUIBHOTO criekTporpada [1,6].

JlaHHast cTaThs TMOCBAIICHA HM3YYCHUIO (H3MUYECKHX MEXaHHW3MOB BO3ZHHKHOBEHHS CIIEKTPOB
(hOTOTFOMUHECIICHITUM B MHKPOIOPOIIKAX aHaJdbI'MHA W TapalneTaMmoiia IpH WX UMIYJIbCHO-
TIEPUOIUECKOM JIa3epHOM B030YyKaeHUH. Bo30yxeHre crieKTpoB (IIyopecleHIIMH OCYIIeCTBISLIOCH
nByMs 3eneHbIMHE (510,6 HM) KBaHTAaMH M BTOPOM ONTHYECKOM rapMoHHMKOW (255,3 HM) sa3epa Ha
napax MeJu.

JKcnepUMeHTAIbHASA YacTh

B Tabnune 1 npuBeneHbl XUMUYECKUE U CTPYKTYPHBIE POPMYIIBI HCCIIEAOBAaHHBIX 00pa3ioB. B
9THX BelllecTBax Habmromaercs (piayopecueHys B (PHOIETOBO-KPACHOM AMANa30HE MPU BO30YKICHUN
(ayopecuieHIIMM KOPOTKOBOJHOBBIM  (255,3 HM) 3IEKTPOMAarHUTHBIM H3JIy4eHUEeM. I3MepeHus
MIPOBOAMIIMCH NTPH KOMHATHOM TeMIleparype.

Tabauua 1.
CtpykTypHBIE (HOpMYIBI (hapMaIeBTHUECKUX MPEnapaToB

dapmaneBTHYECKUT
— Xumuyeckasi popmysa | CTpykrypHasi popmyiia

HsC, CHs

N { ,,? Na*
AHanprux C13H1gN3zNaO,S N N/\\//S“O
\
3 CHs
H CH
3
[Taparmeramonn CgHgN3NO, \O”/
HO

Jns  BO3OYXIEHUS W PETUCTPAIlMM  CHEKTPOB  (DOTONFOMHHECUEHIIMH HCIIOJIb30Bajach
BOJIOKOHHO-OMNITHYECKas MeToauka [1,6]. biok-cxema skcepuMeHTaIbHONW yCTAaHOBKHM NMPUBEICHA Ha
puc.l. YcraHoBka BKITIo4aeT B ceOs Jrazep Ha mapax Meau (1), TeHepUpYIOMHA N3TyUeHUE B BUANMON
00J1acTH CHeKTpa ¢ JIMHAMU BOJH Ao=510,6 u 578,2 um. JlazepHas TeHeparusi OCYIIECTBIISIIACH B
BUJIe KOPOTKUX MMIYJIbCOB (15 HC), crnenyrommx ¢ yactoTod nmoBTopeHus 15 kl'm. AGcopOuuoHHbBII
(uapTp (5) BBLIETST 3€NICHYI0 WK KEITYH JIMHUIO TeHepaluu Jiazepa. Bo30yxmatomiee u3rydeHue
nmazepa (1) ¢ momMomipio cBeTOBOJA (2) HAMPaBIUIOCH BHYTPH KIOBETHI ¢ obpasmoMm (3). Ilepen
BXOJIHOH IIEIBI0 MOHOXPOMATOpPa YCTaHABIUBAIUCEH abcopOImonnabie cBeToGUIsTpHI (5) Trma I1C-
11 wmm OC-11 s momaBneHUS BO30YKIAIONIETO H3ITydeHUs. BTOpuYHOE M3ITydeHUEe Ha BBIXOJC W3
KIOBETHl BXOJMJIO BAPYTrOM CBETOBOZ (2), HANpPaBIAIOMIMN €ro K BXOAHOW IIENH MOHOXpOMaTopa
MC/-2 (6) ¢ momomsto auH3E (4). MoHoxpomarop MCJI-2 cocTostm 3 ABYX OJIOKOB: ONTHKO-
MEXaHU4YeCKOro " Oyioka ympaeieHHs. [Ipm 3TOM CHIEKTpallbHBIA JHama3oH MOHOXpOMaTopa
cocraBisin  200-800 HM, oOpaTHas nuHeiHas aucnepcuss — 4.6 HM/MM. Y BBIXOJHOH IIenu
MoOHOXpomMaropa Haxomwics poroymuoxutenp ®IY-106 (8). brok nmuranms OIY (9) obecneunBan
CTaOMIM3UPOBAHHOE HampshKeHHe 2KB, HeoOxomumoe JUIs YCHICHUS 3JEKTPUUSCKUX HMITYJIBCOB,
Bo3HUKaronmx B @Y B pe3ynbTare momagaHus Ha (OTOKATOA CBETOBBIX KBAHTOB, 00YCIIOBICHHBIX
BTOPHUYHBIM M3IyUEHHEM B HCCiIeryeMoM obpasiie. s ucciaenoBanus o1HO(POTOHHO-BO30YX)aaeMOit
JIFOMUHECIICHIIMK OB MCIIOJIb30BaH HEJIMHEWHBIM onTHueckui kpuctaul BaB,0O,4. DtoT Kpucramn
OBLT BBIpE3aH TaKUM 00pa3oM, YTOOBI YCIOBHE CHHXPOHHU3MA BBITIONHSUIOCH JUISL yIBOCHHS YaCTOTHI
HCXOJTHOTO JIa3epHOTO M3TydeHUs ¢ JHHOHN BoHEI 510,6 aM. Takum 00pa3om, Ha BEIXOJE KpHCTaIa
BO3ZHHKAJIO yIbTPadHOIIETOBOC MTYICHHUE C TMHONW BONHBI 255,3 HM. M3ayueHue yrazepa BUIUMOTO
JMara3oHa yCTPaHSAIOCh C TOMOIIBI a0COPOIMOHHOTO (WIBTPa, IMOMEMAEMOro Ccpa3y IIocle
HEJIMHEHHO-ONITHYeCKOro Kpuctauia. KoaddumueHT mnpeoOpa3oBaHus BHIUMOTO W3IYYCHHS B
yneTpaduonerooe Obim  okosno  1%. VYabprpaduoneroBoe w3NydeHHe cucteMon JmH3  (4)
(hoxycHpoBasloch Ha BXOJHYIO INEIbh CBETOBOAA (2) WM Janee 3TUM CBETOBOJOM HANpaBIsUIOCh Ha
MUHHPE30HATOPHYIO KIOBETY. BTOpHuyHOE M3ITyuyeHHe U3 KIOBETHI C TOMOIIBIO0 JIPYrOro CBETOBOJA
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MOJABAJIOCh Ha BXOAHYIO Iesb MoHOoXpomatopa MC/I-2. AHanmu3upyemblid MOPOIIOK MHUKPOHHOTO
pasmepa (d~50 MKxM) Maccoii 0kosio 10 Mr IoMemaacs B MUHHPE30HATOPHYTO KIOBETY.
13 15 16 1

11 12 10

Puc.1. brok-cxema 3KCIepUMEHTaIbHOM yCTaHOBKHU /7S UCCIIEI0BAHUS BTOPUIHOTO U3IY4YEHUS B
HOPOIIKAX MPHU UMILYJIbCHO-IIEPUOANIECKOM Ja3epHOM BO30YXKIEHHHU (CXEMa «Ha OTPAKEHHE»):
1 - nazep Ha mapax MeaH, 2 - KBapLEBbIe CBETOBOHI, 3 - KIOBETa C aHATH3UPYEMBIM
o0pasuom, 4 - TMH3EL, 5 - QUIBTPEI, 6 - MOHOXPOMATOD, 7 - OJIOK yIpaBIeHUS
MOHOXPOMATOPOM, 8 - POTOYMHOKUTENb, 9 - OJIOK muTanus GoToyMHONKUTENS, 10 - cTpoO-
¢dbopmupoBarensp, 11 - yeunurens, 12 - nuaus 3anepxky, 13 - komnbioTep, 14 - onTHgeckoe
BOJIOKHO, 15 - TU3IEKTpUUECKOE 3epKajo, 16 - HENMMHEHHO-ONTHYECKUH KPUCTAILIL.

Pe3yabTaThl M 00CyXKIEHIE

Ha puc.2 mpencraBieHsl CHeKTpbl OAHO(POTOHHO-BO3OYxknaemoi momuHecteHuun (ODBJII)
MHUKPOTIOPOIIKOB aHAJIBI'MHA MPH BO30YXICHUU YNbTPadUOJIETOBBIM M3NydeHueM (AB=255,3 HM) u
CHeKTp ABYX(POTOHHO-BO30OYxaaemon momuHecreHImu (JPBJI) MUKpONOPOUIKOB aHaNbIrUHA IPH
BO30Y)KICHUU W3JIydYeHHEM Jiazepa Ha mapax menu (AB=510,6 um). Kak BUIHO M3 pUCYHKa, CHEKTp
O®BJI MUKpONOPOIIKOB aHalbIMHA MpPEACTaBIseT mmojocy B auamazoHe 430-800 HM ¢ aByms
Makcumymamu 461 u 660 HM. B oTiaumume OT cHekTpa pPEe30HAHCHON JIFOMHHECIICHITMH BTOPOM
makcumyM crektpa JDPBII (A,,,=648 HM) CyIIECTBEHHO CABHHYT B KOPOTKOBOJIHOBYIO 001acTh Ha 12
HM. OTH CIEKTpbl OTJIMYAIOTCS JIpYyr OT Jpyra MHTEHCUBHOCTHbIO. CHEKTpaibHash MHTEHCHBHOCThb
criektpa JD®BJI (A =048 HM) MEHBIE COOTBETCTBYIOIICH WHTEHCHBHOCTH crekTtpa ODBJI
(Ayax=060 ©HM) mpumepHo B 12 pa3. IlomydeHHbIE CHEKTpPbl OTJIMYAIOTCS OT CIEKTpa
(OTOIIOMUHECIICHIIMM BOJHOTO PAacTBOpa aHajbIMHA, IMOJy4eHHOro B pabore [1]: B cmekrpe
00HapyXMBAaETCSI HHTCHCUBHOE JIIOMUHECLICHTHOE M3JIy4eHUE ¢ ABYMs MakcuMyMamu 650 u 457 HwM.

L orn.ex. 655
OTH.€J\ sio - I, oTH.ex * HM
100 - 648]{1“‘ 100 - 390 am 650 I-IM* 1x1
2x10
504
0 I ! I 0 T T T T
400 500 600 A, HM 300 400 500 600 A,HM
Puc.2. 1 — cnextp OPBJI MUKPOTIOPOIIKOB Puc.3. 1 - cnexktp OPBJI MuUKponopomkos
aHaJIbIMHA IIPU BO30YKICHUU napareramosia pu Bo30yKIeHUH

yIbTPapHOICTOBBIM HU3yucHreM (AB=255,3 HM);  yIbTpadHuOICTOBBIM HU3aydeHHEeM (AB=255,3 HM); 2 —
2 — cnektp JDBJI mukpomnopomkos anansruda,  crektp JPBJI MUKpomopoIKoB napaneramosa, Ipu
IIpY BO30YKAECHUH JBYMS 3€JIEHBIMU KBAHTaMU BO30Y’KII€HUU JIByMs 3€JIEHBIMU KBaHTaMU
(E=2hmo=4,8 3B). (E=2hmo=4,8 3B).
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Ha puc.3 mnpusenenst crektpsl O®PBJI MUKPONOpPOIIKOB aHANbIMHA HPU BO30YXKICHUH
yIbTpa@HuOIeTOBbIM H3aydeHueM (AB=255,3 uMm) u crnektp JPBJI MUKPOIOPOIIKOR MaparieraMmolia
MIpH BO3OYKICHUH WM3IIyICHHEM Ja3zepa Ha mapax meau (AB=510,6 uM). Crektper ODPBJI u JIOBJI
OTIIUYAIOTCA APYT OT JApyra HHTEHCUBHOCTHIO, PopMoil u monoxenueM. M3 cpaBHeHUs KpuBbIX 1 U 2
BUIIHO, 4TO B crnektpe JDPBJI orcyTcTByeT mMK B KOPOTKOBOJTHOBOW OOJACTH, a MaKCHMyM B
JUTMHHOBOJTHOBOM o0Onacti caBuHYT Ha 5 HM (A, =650 ©HM). HeoOxomumo OTMETUTH, 4YTO
JIBYX(QOTOHHBIE ¥ OJHO(OTOHHBIE CIEKTPhl HECYT pasHylo WHopmaiuio. Tak, Hampumep, B
JIUTIOJILHOM TIPUOIIHKEHUU JBYX(OTOHHBIE MEPEXObI Pa3pelieHbl MKy COCTOSHUSIMU OJIMHAKOBON
YETHOCTH, TOT/a KaK OAHO(OTOHHBIE - MEXKITy COCTOSHUSIMH Pa3HOW YSTHOCTH.

Hab6mromaembie cnektpbl [IBJI B (apMalieBTHUECKUX KPUCTAUIMYSCKUX CTPYKTypax MOXKHO
OOBSICHUTh KaK pe3ylbTaT TMEpPeXOJ0B C IEPBOr0 BO30YKICHHOTO JIIEKTPOHHOTO COCTOSIHUS
apoOMaTHYECKON MOJEKYyNIbl Ha KoJeOaTeNbHBIE MOAYPOBHH OCHOBHOTO cOCTOsHUA. [Ipu 3TOoM
KOPOTKOBOJIHOBBIA Kpail HAOJTIOACMBIX CIIEKTPOB COOTBETCTBYET T - AJICKTPOHHOMY TMEPEXOTy
OCH30JILHOTO KOJbIIA MOJICKYJIBI 3THX CTPYKTYp. [|JIMHHOBOJTHOBOW KOHTHHYYM MOYHO OOBSCHUTH
MIPOSIBJICHHEM TIEPEXOOB, CBS3aHHBIX C KOJIEOATEHHON CTPYKTYpOI paccMaTpHUBaeMbIX MOJIEKYN U
SHEPreTUYECKON 30HOM 3KCUTOHHBIX COCTOSTHUH.

HabGmromaembie 3ddexTl mepepacnpeneicHnss WHTCHCUBHOCTH B CIIEKTpaX BTOPUYHOTO
U3IYYCHHS MCCIEAYEMBIX apOMAaTHYECKUX COCAMHEHUH MOXHO OOBSICHUTH TMEPEXOJOM OT PeKUMa
CIIOHTAHHOW  (POTOJIOMHUHECICHIIMA K PEKAMY  CYINEPIIOMUHECICHIIMH. OTO 00YCIIOBIICHO
3¢ eKkTUBHEIM 3aceleHHeM BO30YKIEHHOTO CHHTIIETHOTO TepMa apoOMaTHYECKOW MOJEKYJbI O]
JICHCTBHEM WMHTEHCUBHOTO WMITYJILCHOTO YIbTPa(UOJIETOBOTO Ja3epHOro wusnydeHus. [Ipupona
YCUJICHHSI B OTOM Cjydae aHaJorMyHa HM3BECTHOMY MeEXaHH3My B Ja3epax Ha Kpacurensx [1].
Koadduument ycunenus npu 3ToM UMEET BHJI:

K=c-(N,-N,)=c-N, (1)
[Ipu ycnoBuu, uro BenuunHa 3Q(HEKTUBHOTO CEUCHUS o~107° CMZ, a KOHIIEHTpAaLusI MOJEKYJI B

BomHoM pactBope N;~10'-10" cm®, momyuaem, urto xosddurment ycumnenus K~10-100 cm™. B
COOTBETCTBHH ¢ 3aKOHOM byrepa mis aktuBHOM cpensl (L=0,1+1 Mm) numeeM:
1(L)=1,-e ~ (10> ~10°)-1, @)

BrimonHeHHble OLEHKH OOBSICHAIOT BHJI CHEKTpa (HOTOJIOMHUHECHEHLIMH B IOPOIIKAX
aHaNM3UpyeMbIx coequHeHnd. OcoOeHHOCThIO HaOmogaeMoro 3Qdexra sBIASETCS NPOSBICHUE
CYNEpIIOMUHECIICHIINK B yibTpaduoneToBoii obmactu cmektpa (puc.3), COOTBETCTBYIOMIECH
MOJIOKECHUIO TIEPBOTO  BO30YXKIAEHHOTO 3JIEKTPOHHOTO CHHIJIETHOTO TEpPMa B HCCIEILYyEeMBIX
apOMAaTUYECKUX BEILECTBAX.

3akioueHune
Takum oOpa3oM, B JaHHOH paboTe Ha mpuMepe OMU3KUX MO CTPYKType (apMaleBTHUECKUX
MpernaparoB (aHaJIbrWHA M TapaleTaMmonia) MOKa3aHo, YTO IS KOJWYECTBEHHOTO HEepa3pyIIaoIIero
KOHTPOJII MOJIEKYJISIPHOTO COCTaBa M CTPYKTYpPHl OWOAKTHBHBIX MPENapaToB, COJEPIKAIINX
apoOMaTUYECKHe KOJbIa, MOXKET ObITh 3(PQEKTHBHO HCIOIB30BaH METOJ (OTOIIOMHHECLECHTHOTO
aHam3a.
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DETERMINATION THE ACTIVITY OF THE NATURAL RADIOACTIVE ISOTOPE K-
40AND THE TECHNOGENIC RADIONUCLIDE Cs-137 IN THE TRUNKS OF PERENNIAL
TREES
Sh. Khasanov, G.Akhmedova
Samarkand state university
E-mail:shakhboz.khasanov@list.ru

Abstract. In the present work with the help of the scintillation gamma spectrometric method
the specific activity of the natural radioactive isotope K-40 and the technogenic radionuclide Cs-137 in
the trunks of perennial trees were determined

Keywords: radioactivity, cumulation, technogenic, cosmogen, migration.

Ko‘p yillik daraxtlarda tabiiy radioaktiv izotop K-40 va texnogen Cs-137 radionuklidlarning
aktivligini aniglash
Annotatsiya. Ushbu ishda ssintilyatsion gamma spektrometrik usul yordamida ko'p yillik
daraxtlar tanasida tabiiy radioaktiv izotop K-40 va texnogen radionuklid Cs-137 ning solishirma
aktivliklari aniglangan.
Kalitso‘zlar: radioaktivlik, kumulyatsiya, texnogen, kosmogen, migratsiya.

OnpeneneHne aKTUBHOCTU €CTECTBEHHOT0 paguoakTuBHOro u3orona K-40 u rexnorennoro Cs-
137 B MHOT0J1eTHUX /iepeBbIX
AnHoTauuss. B  pganHoi pabore C  MOMOLIBIO  CUMHTWULLMOHHOTO  TraMMa-
CIIEKTPOMETPUYIECKOTO METOAA ONPEAEICHBI YIENbHAs aKTUBHOCTh €CTECTBEHHOT'O PaHOaKTUBHOIO
n3otona K-40u TexnorenHoro paguonykiuaa Cs-137B ¢cTBOJIaX MHOTOJIETHUX JICPEBLEB.
KuroueBble c10Ba: pagloakTUBHOCTh, KyMYJIALINS, TEXHOTEH, KOCMOT€H, MUTPALHSL.

The radioactivity of the Earth is determined by radionuclides of uranium and thorium of
natural radioactive families, the natural radioactive isotope K-40 and cosmogenic and technogenic
radionuclides. Natural radionuclides are the first elements present in the Earth's crust since the creation
of the Earth. Technogenicradionuclides are the consequences of nuclear tests conducted in some
countries as a result of nuclear accidents and fall into environmental samples. Cosmogenic
radionuclides form in the upper layers of the atmosphere and enter the Earth as aerosols, rain, wet
drops, and dew. [1] The biological effect of Cs-137is one of the most dangerous isotopes. It is
established that the accumulation of the life-threatening technogenic radionuclide Cs-137 in plants
depends on the amount of potassium in the soil. [2] Therefore, determining the amount of technogenic
radionuclide Cs-137 in environmental samples and monitoring its change is one of the important
problems for people's health. The natural radioactivity of environmental samples is low. However, the
effect of irradiation of small doses on a living organism is collected and accumulated in the body. This
effect is called cumulation. Changes in the blood flow occur, even when living organisms have a small
daily dose of 0.002-0.005 Gray. Therefore, the study of the migration of trace elements, including the
determination of the amount of radionuclides, control of changes, their effect on living organisms that
may be present in mineral and fruit-based fruit trees, is one of the most pressing problems in the
ecological context. One of the most widespread elements in the samples is the environment potassium.
Potassium is present in large quantities in the earth's crust (2.4%) with a relatively high level of all
specimens of nature. Natural potassium consists of a mixture of K-39, K-40, K-41 isotopes containing
a radioactive isotope of potassium K-40. Potassium in plants, especially in carbohydrate and protein
metabolism, plays an important role in controlling the function of enzymes, and the insufficiency of
potassium in food sharply slows down the growth of the young organism. In the body, the activity of
nerve tissues is determined by the amount of potassium in it. When a person is nervous in his nervous
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tissue, the amount of potassium decreases, the heart muscle, tired muscles are characterized by a
decrease in potassium. Potassium also has a significant effect on metabolism of living organisms. [3]

Radionuclides are mainly absorbed by soils and droplets of water on trees.In the present work
with the help of the scintillation gamma spectrometric method the specific activity of the natural
radioactive isotope K-40 and the technogenic radionuclide Cs-137 in the trunks of perennial grapes, fir
tree, mulberry and cherry were determined.

Sample Collection and Preparation Techniques:Samples were collected from the Chordara
district of the Samarkand region. The samples were dried at room temperature, removed from excess
rocks and burned to an ash residue. The gamma spectrometric measurement of the samples was carried
out using a NaJ (T1) gamma spectrometer with a size of 63x63 mm.

The gamma spectra of reference radionuclides Th*?, Ra?°, K, Be’, Cs™*'was measured in
gamma spectrometer of OMASN set.Measurement results for samples are shown in figures.

Increasing the measuring geometry, the efficiency of the measuring device and the time of
measurement of the radioactivity of natural low-density samples allow the achievement accurate
results. In this work, Marinelli beaker was used for measurement the gamma spectra of the samples.
Marinellibeaker provides approximately 2m measurement geometry.

The duration of each spectrum was 2 hours.Photopeak observed in the spectra were identified
by energy, and radionuclides were identified. Spectral analysis showed that the intensity of
radionuclides belonging to the uranium-thorium family was in the intensity of their background
spectrum.The intensity of radionuclides K-40 and Cs-137 differs from the background.The relative
activity of K-40 and Cs-137 is calculated in the MARS program, which is plugged in a computer with
a gamma spectrometer.The results are shown in the table below.

Specific activity of radionuclides K-40 and C137, Bk / kg.

Ne | Samples K" Cs™’
1 Grapevinetreetrunk 730+£120 Cs<39
2 Spruce tree trunk 931+ 370 Cs<83
3 Mulberry tree trunk 676 £110 Cs<12,8
4 Cherry tree trunk 1396 + 360 Cs<4,79
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Fig. 1. Gamma spectrum of Spruce tree trunk

From the data presented in the table, one can observe the accumulation of a potassium element in the
studied trees at the highest level, especially in cherry and spruce trees.Level of technogenic
radionuclide accumulation Cs-137in different trees is various. The highest specific activity of Cs-137
corresponds to cherry trees, spruce and lowest activity corresponds to the Grapevine tree trunk. The
accumulation of radionuclides by trees may occur by two ways:radionuclides in the soil and water are
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absorbed by the roots of the tree, while radionuclides in the air will land on the body of the leaves of
trees, and eventually they will fall into the trunks of the tree, partially cleaned up.Technogenic
radionuclides falling on environmental samples produced by different countries in atmospheric and
water nuclear tests can accumulate for many years in the soil, since the half-life decay of Cs-137 is
T1,=30 = 30 years.Tested trees are perennial, and Cs-137 canbe accumulated over many years for the
above mentioned reasons.The accumulation of radionuclidesCs-137 in trees also depends on the
structure and shape of the outer surface of the trees.Trees that are ragged can store more radionuclides
which are falling from the air and accumulate in the trunks for a long time without being washed
quickly.Therefore, the specific activity of Cs-137 on different trees can be determined at different
values.
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Fig. 2. Gamma spectrum of Cherry tree trunk
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UDK: 53.082.7
G‘OVAK MATERIALLAR ELEKTROFIZIK, MAGNETOTRANSPORT VA
GALVANOMAGNIT XOSSALARINI O‘LCHASH TAJRIBA QURILMASI
E. U. Arziqulov, S.Q. Eshmamatov, O. S. Ne’matov, O. Z. Turg‘unov
Samargand davlat universiteti

Annotatsiya. MDU tajriba ustaxonasida ishlab chigilgan FL-1 rusumli elektromagnit asosida
g‘ovak materiallarning elektrofizik, magnitotransport va galvanomagnit xossalarini keng temperatura,
elektr va magnit maydonlari giymatlari oralig‘ida o‘lchash imkonini beruvchi tajriba qurilmasi
yaratilgan. Hosil gilingan magnit maydoni induksiyasining mumkin bo‘lgan eng katta giymatlari
g‘altak o‘ramlari orgali ogib o‘tayotgan tok kuchi, magnit qutblari orasidagi masofa va magnit
maydoni konsentratori uchi diametriga bog*lik ravishda aniglangan.

IKCNepUMEHTAIbHASL YCTAHOBKA /15l H3MepPeHM il 31eKTPoPu3nyecKuX, MATHUTOTPAHCIIOPTHBIX
U raJIbBAHOMATHUTHBIX CBOMCTB MOPHUCTHIX MATEPHAJIOB

AnHoranusi. Co3faHa  JIKCIEPUMEHTANbHAs ~ yYCTAHOBKA  MO3BOJIONIAS — H3MEPUTH

ANEKTPOPUINICCKIX, MATHUTOTPAHCIIOPTHBIX U TaJIbBAHOMATHUTHBIX CBOWCTB MOPUCTHIX MaTEPUAIIOB

B IIMPOKOM MHTEpBAJIC TEMIIEPATyp, ANEKTPUUECCKUX U MATHUTHBIX MOJEH HA OCHOBE 3JICKTPOMAarHuTa

Mapku DJI-1 BBITYyIIEHHOTO 3KCIEpHUMEHTANBEHON MacTepckoit MI'Y. OmpezaerneHbl MaKCHMaJIbHO

JIOITYCTUMBIC 3HAYCHUSI UHAYKIIUU MAarHUTHOTO TOJISl IPY Pa3IMYHbIX 3HAUCHUSIX TOKA MPOTEKAIOUIETO
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ucpe3 DJJICKTPOMArHuT, pacCTOAHUU MCKAY IMOJIIOCaAaMU M JUaMCTpa HAaKOHCYHHKaA MarHuTHOI'O
KOHIOCHTpaTOopa U OAHOPOJAHOCTE CO3JIaHHOI'O I10JIA.

KiroueBble cJioBa: OKCIICpUMCHTAJIbHAaA  YCTAaHOBKA, MarHuTHas  I10JId, KaTyIika,
O,Z[HOpOI[HI:IfI, TpaHC(i)OpMaTOp, KOHLOCHTPATOP MAarHuTHOT'O IOJISA, MArHUTHBIC ITOJIFOCA.

Experimental facility for measurements electrophysical, magnetotransport and
galvanomagnetic properties of porous materials

Abstract. The experimental facility allowing to measure electrophysical, magnetotransport
and galvanomagnetic properties of porous materials in wide interval of temperatures, electric and
magnetic fields on the basis of electromagnet of the FL-1 brand of MSU fabricated in experimental
plant is created. The maximum permissible values of magnetic field induction at different values of the
current through electromagnet coils, distance between poles and diameter of the head of magnetic field
concentrator are defined and uniformity of the created field.

Keywords: experimental facility, magnetic field, coil, uniformly, transformer, magnetic field
concentrator, magnetic poles.

Kalit so‘zlar: eksperimental qurilma, magnit maydoni, g‘altak, induksiya, bir jinsli,
transformator, magnit maydon konsentratori, magnit qutblari.

Keyingi vyillarda g‘ovak materiallar olish texnologiyasi va ularni xalg xo‘jaligining turli
sohalariga go‘llash keng ko‘lamda amalga oshirilmogda [7]. Bunday materiallar o‘zlarining elektr,
magnit, issiqlik, optik, mexanik va boshqga xossalariga ko‘ra an’anaviy moddalardan keskin farg giladi.
Agar ularning go‘llanilish sohalarining kengligini inobatga olsak umumiy ma’noda fizik va kimyoviy
hossalarini tashqi ta’sirlarning keng o‘zgarish oraliglarida o‘rganish dolzarb muammo bo‘lib
hisoblanadi.

G‘ovak materiallar olishning yangi va noan’anaviy usullaridan biri metallarni tovushdan tez
ogimlarning alangasida eritish bo‘lib hisoblanadi [8]. Tadgiqgotlarning ko‘rsatishicha bunday usul bilan
olingan g‘ovak metall o‘zining elektrofizik, magnit, issiglik, optik va mexanik xossalarini tubdan
o‘zgartirar ekan [9]. Jumladan ferromagnit xususiyatiga va metall o‘tkazuvchanlikka ega bo‘lgan temir
magnit xossasi bo‘yicha superparamagnit, elektr o‘tkazuvchanligi bo‘yicha esa yarim o‘tkazgich
materialiga aylanib qolar ekan. G‘ovak temirning xossalaridagi bunday noodatiy o‘zgarishlar uning
xossalarini yanada chuqurroq o‘rganishni talab giladi va buning uchun esa g‘ovak materiallar
xossalarining o°ziga xosliklarini hisobga oluvchi o‘lchash qurilmasini yig‘ish talab gilinadi.

Ushbu magolada g‘ovak moddalar elektrofizik, magnetotransport va galvanomagnit
xossalarini tashqgi ta’sirlarning keng gqiymatlar oralig‘ida o‘lchash imkonini beruvchi tajriba
qurilmasini yig‘ish va uning ishga yarogligi hamda o‘Ichash anigligini topish masalasi garalgan.

Yarim o‘tkazgichlarning elektr o‘tkazuvchanlik turi, solishtirma elektr o‘tkazuvchanligining
temperaturaga bog‘likligi, magnit garshiligi, zaryad tashuvchilar harakatchanligi hamda tok
tashuvchilar konsentrasiyalarini katta aniglikda o‘lchash qurilmalari mavjud bo‘lib, ular asosan
kristallik va solishtirma garshiligi uncha katta bo‘lmagan namunalar uchun mo‘lljallangan [3-5].
Mavjud qurilmalar parametrlari va o‘ziga xosliklarini o‘rganib chiqib, g‘ovak materiallar elektrofizik,
magnitotransport va galvanomagnit xossalarini o‘Ichash uchun quyidagi 1-chizmada keltirilgan tajriba
qurilmasini yig‘iladi. Bu qurilmaning mavjud boshga qurilmalardan asosiy fargi uning bir vagtning
o‘zida solishtirma elektr o‘tkazuvchanlikning temperaturaga bog‘ligligi, magnit garshilik, zaryad
tashuvchilarning konsentrasiyasi va Xoll harakatchanligini o‘lchash imkoniyati mavjudligidan iborat.
Qurilma asosan ikkita bir-biriga bog‘liq bo‘Imagan gismlardan tashkil topgan bo‘lib, ulardan birinchisi
induksiyasi 3 Tl bo‘lgan bir jinsli magnit maydonini hosil giluvchi magnit gismi bo‘lsa, ikkinchisi esa,
solishtirma elektr o‘tkazuvchanlikning temperaturaga bog‘ligligi, magnit qarshilik, zaryad
tashuvchilarning Xoll harakatchanligi va konsentrasiyasini o‘lchash imkonini beruvchi elektr gismidir.
Qurilmaning magnit gismi Rossiya Federasiyasining federal ta’lim tashkiloti bo‘lib hisoblangan MDU
tajriba ustaxonasida tayyorlangan FL-1 elektromagniti (EM) (6), katta quvvatli pasaytiruvchi
kuchlanish transformatori (3), pasaytiruvchi transformatrining Kkirish kuchlanishini boshgarish
imkonini beruvchi AOMN-40-220-75 U4 rusumli laboratoriya avtotransformatori (LATR) (2), 200 A
tok kuchiga va 50 V ishchi kuchlanishga mo‘ljallangan, V200 rusumli kremniyli diodlardan tashkil
topgan ko‘prik (4) va chigish kuchlanishidagi kuchlanish pulsasiyalarini silliglash imkonini beruvchi,
germaniyaning SIEMENS firmasi tomonidan ishlab chigarilgan, 350 V ishchi kuchlanishiga va 6000
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mkF sig‘imga ega bo‘lgan V43564-U4608-Q1, DIN 41248 rusumli 4 ta kondensatorlardan tarkib
topgan elektr filtr (5) dan iborat. (6) EM har birining garshiligi 40 Om bo‘lgan va ko‘ndalang kesim
yuzasi 12,56 mm? bo‘lgan mis simdan o‘ralgan to‘rtta g*altakdan tashkil topgan. Bu g‘altaklarni elektr
sxemaga turli kombinasiyalar orgali ulash orqgali turli kattalikdagi induksiyaga ega bo‘lgan doimiy
magnit maydonini hosil gilish mumkin. Tajribalarda bu galtaklarni o‘zaro parallel ulaganda magnit
maydoni induksiyasi B ning eng katta bo‘lishi aniglandi. Bundan tashqgari B ning giymatini yanada
oshirish uchun maxsus sortli ARMKO [1, 2] materialidan tayyorlangan, uchining diametri xar xil
bo‘lgan magnit maydoni konsentratorlaridan (MMK) ham foydalanildi. B ning giymatini oshirish (6)
EM orgali ogib o‘tayotgan tok kuchi giymatining katta bo‘lishini talab giladi. Bu talabga javob
beruvchi transformatorning gabarit o‘lchamlari katta bo‘lganligi va bunday tayyor transformator
bo‘lmaganligi sababli qurilmada ikkita transformator: 40 A tok kuchiga mo‘ljallangan
avtotransformator (2) va 120 A tok kuchi va 80 V ishchi kuchlanishiga ega bo‘lgan pasaytiruvchi
transformator (3) lardan foydalanildi. Pasaytiruvchi transformator kirishiga LATRning chigishi
ulanadi va pasaytiruvchi tranformator esa diodli ko‘prik va sig‘imli filtr orgali EM g‘altaklariga
ulanadi, uning chigish kuchlanishi esa LATR orgali mexanik usulda boshqariladi. Silliglovchi filtrda
ishlatilayotgan kondensatorlar sig‘imi Kkattaligi ko‘prikka berilayotgan o‘zgaruvchan kuchlanishning

manfiy yarim davrida g‘altakni energiya bilan ta’minlash uchun yetarli bo‘ladigan gilib tanlab olindi.
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1-rasm.G*ovak materiallar elektrofizik, magnetotransport va galvanomagnit xossalarini o‘lchash

qurilmasi chizmasi.

Qurilmaning elektr gismi o‘zaro ketma-ket ulangan yugori darajada stabilizasiya gilingan, GFRda
ishlab chigilgan LD Didactic GmbH D-50354 rusumli elektr ta’minlash manbasi (11), kalit (12),
yugori aniglikda tok kuchi giymatini o‘lchash imkonini beruvchi V7-38 rusumli ragamli unversal
voltamperommetr (9) va namuna (7) dan tashkil topgan. Namunada yuzaga kelgan Xoll kuchlanishi va
namuna uchlaridagi kuchlanish tushuvini o‘lchash uchun ham V7-38 rusumli ragamli unversal
voltamperommetr (9) dan foydalanildi. B ning kattaligi OOO PHYWE Systeme GmbH & Co. KG D-
37079 rusumli, GFRda ishlab chigarilgan ragamli teslometr va Rossiya Federasiyasida ishlab
chigilgan PX2602117V rusumli Xoll datchiglari yordamida o‘Ichandi. O‘Ichanayotgan namunalarning
VAXni o‘lchaganda unga berilayotgan kuchlanish stabillashtirilgan elektr ta’minlash manbasining
chigishidagi o‘zgaruvchan garshilik orgali amalga oshirildi.

Yig‘ilgan qurilmada xosil bo‘lgan B ning giymati kattaligining: MMK kallagining diametri
o‘zgarmas bo‘lganida, EM chulg‘ami orgali ogib o‘tayotgan tok kuchi l¢, ga; lch va d doimiy
bo‘lganida EM qutblari orasidagi masofaga; bu masofa va Ic,=const bo‘lganida MMK kallagining
diametriga bog*lanish grafiklari quyidagi 2—, 3— va 4-rasmlarda keltirilgan.

2-rasmdan ko‘rinib turibdiki magnit konsentratori kallagining diametri o‘zgarmas bo‘lganida, ular
orasidagi masofaning turli giymatlarida, chulg‘amlar orgali ogib o‘tayotgan tok kuchining ortishi bilan
EM qutblari orasida yuzaga keladigan magnit maydon induksiyasi ferromagnit moddalarning
magnitlanish egrisiga sifat jihatidan o‘xshash bo‘lgan bog‘lanish bilan oshib borar ekan. Bunda Ining
ortishi bilan B nining to‘yinish giymati kamayib to‘yintirishga olib keluvchi tok kuchining giymati
oshar ekan.
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2-rasm. B ning giymati kattaligining MMK kallagi diametri o‘zgarmas bo‘lganida, EM chulg‘ami
orgali ogib o‘tayotgan tok kuchi I¢, ga bog‘liglik grafigi (d - MMK diametri, | - EM qutblari
orsidagi masofa).
Quyidagi 3-rasmdan ko‘rinib turibdiki I¢, va d doimiy bo‘lganida EM qutblari orasidagi masofa
Ining ortishi bilan induksiyaning gqiymati deyarli chizigli gonuniyat bilan kamayib borar ekan,
maydonni to‘yintirish toki esa ortar ekan. Bu natija mavjud klassik natijalarga yaxshi mos keladi.
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3-rasm. EM MMK kallaklari orasida xosil bo‘lgan B ning giymati kattaligining qutblar orsidagi
masofaga bog‘ligligi grafigi.

Navbatdagi 4-rasmda Ic, va | doimiy bo‘lganida EM MMK kallaklari orasida xosil bo‘lgan B
ning d bog‘ligligi grafigi tasvirlangan. Rasmdan ko‘rinib turibdiki garalayotgan sharoitda d ning
giymatining oshishi bilan B chizigli kamayar ekan.
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4-rasm.EM MMK kallaklari orasida xosil bo‘lgan B ning d bog‘ligligi grafigi.

Fizik tadgigotlarning yana bir muhim jihati hosil gilinayotgan magnit maydoning bir jinsligini

ta’minlash bo‘lib hisoblandi. Magnit maydonning bir jinsligi turli usul va vositalar yordamida amalga

59



ILMIY AXBOROTNOMA FIZIKA 2018-yil, 5-son

oshiriladi [6]. Bizning holimizda magnit maydoning bir jinsligi EM o‘zagi va unga o‘rnatiladigan
MMK kallagi diametri orgali ta’minlandi. Quyidagi 5 — rasmda d, | va lcn ning o‘zgarmas ikkita
giymatida EM qutblari orasidagi B ning ikki: OX va OY o‘glari bo‘yicha tagsimoti keltirilgan.

-_g‘ —&— OX1 0'qi —— 0Y1 o'qi OX2 o'qi

2

g 8

g2 !

E .% 5

= 4

8° 3

>

g 9

=

2 s

= 30 -20 10 10 10 20 30
D (mm)

5-rasm. Magnit konsentratori kallagi diametri d kattaligining turli giymatlarida B ning
OXvaOYo‘glari bo‘ylab o‘zgarishi grafigi: 1c,=10 A

Rasmdan ko‘rinib turibdiki magnit maydonining bir jinsligi d va I¢, larga bog‘liq bo‘lar ekan. d ning
ortishi bilan magnit maydoning bir jinsli sohasi har ikkala o‘q bo‘yicha ham kengayar ekan. Aksincha
lch ning ortishi bilan magnit maydoning bir jinsli sohasi kamayar ekan. Fikrimizcha bunday
bog‘lanish chulg‘amdan oqgib o‘tayotgan tok kuchi giymatining ortishi bilan EMda chegaraviy va
o‘lcham effektlari tufayli yuzaga kelayotgan bo‘lishi mumkin.

Xulosa o‘rnida o‘tkazilgan tadgiqotlar natijalaridan foydalanib, qo‘yilgan magsadga garab, doimiy
magnit maydonining kerakli giymatlarini va bir jinsligini yetarlicha aniglikda tanlash imkoni
mavjudligini aytish mumkin.
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Annotatsiya. Bu yerda biz Mparametr manbaning sferik massasiga mos kelishini va A =0
bo‘lsa Shvarsshild yechimi Eynshteyn tenglamasiga kelishini ko‘rib chiqdik. De Sitter—Shvarsshild
metrikasi I =1 da buzilishga ega ekanligini va bu buzilish ufgning bir turiga to‘gri kelishini ko‘rdik.
Shu bilan birga (—+ + +)be|gi|ashni go‘llab va Dekart koordinatalar sistemasini ishlatib, dQ§3

o‘Ichovli fazoning birlik metrikasini va De Sitter fazosining giperboloidligini kuzatdik.
Kalit so‘zlar: Eynshteyn tenglamasi, De Sitter fazosi, De Sitter metrikasi, Minkovski fazosi,
De Sitter giperboloidi, sferik massa, statik koordinatalar, global koordinatalar.

HNMmnyabcHOe MPOCTPAHCTBO e CUTTEpa U ero runepooaouabl
AHHoTamus. 31eck MbI paccMoTpend, ecnd A =0, U mapamerp McCOOTBETCTBYeET
cthepryeckoit Macce HCTOUHHUKATO perieHue [IBapiimmnga mepexoauT K ypaBHEHIIO DUHIIITeHA. MBI
obHapyxumu, uyro merpuka Jle Currep-llBapcumnga = | umeer orknomenme u, urto 91O

MCKa)KEHHE COOTBETCTBYET OAHOMY THIy Topu3oHTa. Mcmonesys, o0o3HaueHHe (—+++) u,

2
MPUMEHSS JIEKapTOBYIO CHCTEMY KOOpDIMHAT, MBI HaOMIOManu EeAWHUYHYI0 METPUKY ng
TPEXMEPHOTO MPOCTPAHCTBA U TUIIEPOOIOUTHOCTH pocTpancTBa Jle Currepa.

KuaroueBble cjoBa: ypaBHeHHEe OWHIITEHA, mpoctpaHcTBO Jle Currepa, Merpuka Jle
Currepa, mpocTpancTBo MuHKOBCKOTO, Tutniepbonons Jle Currepa, chepudeckas Macca, CTaTHICCKUE
KOOPJMHATHI, TJI00ATBHEIC KOOPIUHATHI.

The de sitter impulse space and its hyperboloid
Abstract. Here, we have considered that M is the parameter that corresponds to the spherical
mass of the source, and A = O is the solution of the Schwarsshield to Einstein's equation. We saw,
that De Sitter - Shvarsshield metric I = has a distortion and this distortion corresponds to one type

of horizon. We also observed the unit metric of the dQ; 3-dimensional space and the hyperboloidity

of the De Sitter space using the (— ++ +) definition and using the Cartesian coordinate system.

Keywords: Einstein equation, De Sitter space, De Sitter metric, Minkowski space, De Sitter
hyperboloid, spherical mass, static coordinates, global coordinates.
Eynshteyn tenglamalari chizigli bo‘Imagan ikkinchi darajali differensial

87G
R, —Ag= —C—4(Taﬁ +79,,) (1)
tenglamalardir, shuning uchun yopiq holda aniq yechimlarni topish juda giyin. Bunda R,z -Richchi
tenzori, TopVaTgap energiya momenti tenzorlari, A —kosmologik doimiy, «, 8 = 0,1,2,3 . Ammo, bir
nechta go‘shimcha talablar bilan bu yechimlarni topish imkoniyati mavjud bo‘ladi. Statistik aksial
simmetrik Eynshteyn-Yang-Mills tenglamasi yechimlari topilgan[4]. Qora tuynuklarga olib keluvchi
Eynshteyn-Yang-Mills tenglamasi orgali yangi aksial simmetrik yechimlari aniglangan[5]. Sphaleron-
antisphaleron sistemalar uchun Weinberg-Salam yechimlari topilgan[6]. Ellis yumrongoziq inlari
bo‘yicha yechimlar topilgan[7].
(1) tenglamada energiya momenti tenzori nolga teng bo‘lganda
Rap = Ngap (2)
ko‘rinishga keladi[1].
Biz bu tenglamaning sferik-simmetriyali yechimini quyidagi ko‘rinishidagi metrika asosida
izlayapmiz [2]:
ds® = f (r)dt> — g(r)dr? —r?(d@* +sin* d¢?®) ©)

Richchi tenzorining komponentalari quyidagicha hisoblanadi:
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1 1 1 A’
:_eA—B _All__A|B|+_ A' 2+_j
R=-et A g LA

2
R, =3A"—3A'B'+1(A')2 _B
2 4 4 r

R, =€° (1+%r(A'— B‘)j—l (4)

R,; = Ry,sin® 6

bu yerda A':d_AvaB-zd_B. Qolgan barcha komponentalar nolga teng. Ushbu komponentalarAgw

dr dr
ga teng bo‘ladi deb belgilasak (tt) va( rr) komponentalarni ifodalay oladi:

AeA :_eA—B(lAll_lAlBl_i_l(Au)Z +Aj_
2 4 4 r (5)
—AeB :lAn_iAvBl_'_i(Al)Z _E
2 4 4 r
Kichik hisob-kitoblardan so‘ng natijalar

A'=-B'—> A=-B ©6)
ekanligini ko‘rsatadi .
(5) Ifodani t orgali gayta ishlab chigish uni yanada giyinlashtiradi. Bu holatda (tt)tenglama

quyidagicha ifodalanadi:

e*(L+rA)=1-Ar? @)
a= eA‘” orgali o‘zgartirish kiritsak (7) tenglama differensial tenglama ko‘rinishiga keladi:

a+ra'=1-Ar? (8)
Uni quyidagicha yozamiz:

d d A 5

—(ra)=—| r——r )

dr (ra) dr( 3 J

ra:r—%r3+M (10)

bu yerda M . integrallash doimiysi. Buni (3) ga go‘yish orgali De Sitter — Shvarsshild metrikasiga
kelamiz [3]:

M 1

dszz(l———gArzjdtz— 1

1M1y
r 3
Mparametr manbaning sferik massasiga mos keladi. A = Qbo¢lsa Shvarsshild yechimi
Eynshteyn tenglamasiga kelishini ko‘rish mumkin. Bu egrilangan fazoning metrik modellari
koordinatalar sistemasi asosidagi M massaning ta’siri ostida bo‘ladi.

M = O metrik gisgartma olsak De Sitter metrikasi

dr® —r?(d@* +sin’dd¢?) (11)
r

dsz:(1_1Ar2jdt2—+dr2—r2(d92+sin29d¢2) (12)
3 1—§Ar2

ko‘rinishga keladi.
Ushbu metrika koordinatalari statik hisoblanadi.Chunki ular t vaqt koordinatasiga bog‘lig
emas.
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De Sitter ufqi.

/3
Birinchidan, | = X bo‘yicha De Sitter metrikasini gayta yozamiz:

2
r 1 i
ds’ =£1—|—2jdt2— ~dr? —r?(d@® +sin’0dg?) (13)
r
Ty
r =1 dadt? oldidagi parametr yo‘qgoladi, dr? esa ajralib chigadi. Bu metrikal =1 da buzilishga ega
ekanligini anglatadi.Bu buzilish ufgning bir turiga to‘g‘ri keladi.Bu ufgning kelib chigishi tanlashga
bog‘lig ekanligi uning o‘ziga xosligidir.Turli xil manbalarga ega bo‘lgan De Sitter fazo-vaqgtining
ikkita koordinatalaridan birini tanlash mumkin.Ushbu koordinata sistemalari turli ufglarga ega.
Minkovskiy fazosida birlashish
De Sitter fazosi besh o‘lchamli Minkovskiy fazosiga

—XE+XE+ X+ X+ X =17 (14)
orqali berilgan giperfazo sifatida kiritilishi mumkin[8]. Bu yerda biz Dekart koordinatalar sistemasini

ishlatganmiz.Shu bilan birga De Sitter fazosi giperboloiddir. De Sitter koordinatalarini quyidagicha
parametrlarni Kiritish orgali yozish mumkin bo‘ladi:

xO:—\/IZ—rzsinth xlz—\/lz—rzcosth

X, =rcosé X, =rsingcos¢ X, =rsingsing (15)
sferaning X,...X, parametrlari radius I' bilan bog‘lanayapti. De Sitter metrikasini hisoblash yo‘li
bilan quyidagi ko‘rinishda olinishi mumkin:

] t 1 t r ] t
dx, =d| —vI? =r?sinh| = | |===+/I?> = r? cosh| — |dt + ———=sinh| — |dr
o ( | (ID | (J N v (J

dx, =d (—\/I2 —r?cosh GD = —%\/I2 —r? sinthdt +%sinthdr
—r

dx, =a"dr +rdeo”  (i=2..4) (16)
bu yerda a)(i) 2 o‘Ichovli fazoning parametri. Uni Minkovskiy metrikasiga go‘yib
dsi =—xC + X + X2 + X2 + X} (17)
De Sitter metrikasining ya’na bir ko‘rinishiga kelish mumkin:
2 2
r dr :
ds? :—[1—|—2)dt2+ ——r?(d6” +sin*0d¢°) (18)
r
1——

|2
Ushbu metrikaning belgisi boshga metrikalardan fargli o‘laroq (— ++ +) hisoblanadi.

De Sitter giperboloidi
De Sitter giperboloidini quyidagicha parametrlash mumkin:

X, :Isinh(lzj x; =lcosh (Izja)“) (j=1..4) (19)
Bu yerda a)(j)
hisoblash

3 o‘lchovli fazoning parametrlanishini bildiradi. Ushbu parametrlash metrikasini

ds; =—7* +1°cosh’ (Izdeg (20)
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ni beradi. dQ§3 o‘Ichovli fazoning birlik metrikasidir.Ya‘na(—++ +)be|gi|ashni go‘lladik.Bu

ko‘rinishdagi koordinatalar global koordinatalar deb ataladi.
De Sitter giperboloidini turli koordinata tizimlarida ifodalash mumkin. Statik koordinatalar
uchun (t,r,0,¢)va global koordinatalar uchun (z,6,,6,,0;)ishlatilgan. Agar X,va X, o‘qlar

gotirilib ifodalar chizilsa quyidagicha ko‘rinishga (rasm) keladi:

&y

1-rasm.x3 vax, o‘glari qotirilgan global va statik koordinatalardagi De Sitter giperboloidi. Statik
koordinatalar giperboloidning chorak gismini tashkil etadi, global koordinatalar esa butun
giperboloidni tasvirlaydi.

Xulosa

Integrallash doimiysi M parametr manbaning sferik massasiga mos kelishini va bu parametr
orgali De Sitter—Shvarsshild metrikasi hosil bo‘lishini kuzatdik. A = O bo‘Isa Shvarsshild yechimi
Eynshteyn tenglamasiga kelar ekan. Agar M = 0 bolsa De Sitter—Shvarsshild metrikasi De Sitter
metrikasiga o‘tar ekan.Ushbu metrikalar ¢ vaqtga bog‘liq bo‘lmaganligi uchun ular statik

hisoblanadi.De Sitter metrikasida [ = \/% almashtirish orgali bu metrika » =1 da buzilishga ega

ekanligi aniglandi.Bu buzilish ufgning bir turiga to‘g‘ri keladi.Bu ufgning kelib chigishi tanlashga
bog‘lig ekanligi uning o‘ziga xosligidir.Turli xil manbalarga ega bo‘lgan De Sitter fazo-vaqgtining
ikkita koordinatalaridan birini tanlash mumkin.Ushbu koordinata sistemalari turli ufglarga ega bo‘ladi.

De Sitter giperboloidini turli koordinata tizimlarida ifodalash mumkin ekan.Ushbu
sistemalarning barchasi ham statik koordinatalar kabi o‘ziga xoslikka ega emas. Statik koordinatalar

uchun (t,r,8,¢), global koordinatalar uchun (z,,,6,,6, )ishlatilgan va global koordinatalar

sifatida (— ++ +) belgilash go‘llanildi. X;va X, o‘glar qotirilib global va statik koordinatalardagi De
Sitter giperboloidining shakli olindi.
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JIABEPHASI CHEKTPOCKOIINA YJIBTPAMAJIBIX KOHIIEHTPAIIUM ATOMOB 1
ABPO30JIEHA B PA3JIMUHBIX ®A30BBIX COCTOSIHUSAX BEHIECTBA
A.T.XaamaHoB
Camapxanockuti 20cy0apcmeennvlil YHugepcumem
E-mail: a_xolmanov@samdu.uz

AHHoOTauus. B nanHOl cTaThbe NpPUBEICHBI PE3YJBTATHl UCCICAOBAHUS TUHAMHUKH U THIIOB
(¢u3HYECKUX TPOIECCOB C BO30YKICHHBIMM aTOMaMM M MOJICKylIaMH B atommsarope «I'padpurosas
neuby». llokazaH QU3MUECKUI MeXaHWU3M YBEJIMYCHHUs aTOMHO-MOHH3AIMOHHOTO CUTHANa M
JBYXCTYIIEHUaTOH cXeMbl BO30yxkaeHus. [loka3aHo, YTO MaKCHMaJIbHBIM CHTHAI HaOMIOmaeTcs I
aromoB In mpu mepexoge 5p2P3,2—>6szS3,2—>8p2P1/2 u s atomoB Li, Na, Ag, Au, Pt mpu mepexoze
(n)s—(m)p—(k)d coorBerctBenHo (rme N, K, m wu f rinaBHBle KBaHTOBBIC 4YMClIa ypOBHei). B
pe3yabTaTe SKCIepUMeHTa pa3padoTaHbl (POTOMOHU3ALMOHHBIA M CTOJKHOBHUTENLHBIH MEXaHHU3MBI
noHm3aruy. [lomydeHHble pe3yabTaThl MOKA3bIBAIOT, YTO CTOJIKHOBHTEIBHBIM MEXaHM3M HOHHU3ALUH
ABJSICTCS. JOMUHHPYIOIIMM MpolieccoM. BriepBble BBISBICHB HOBBIE IapaMmeTpbl a’spo3oiiedl 1o
(PU3UKO-XMMHUYECKUM CBOWCTBAM a’pO30JbHBIX (PAKETIOM OT TBEPABIX MOBEPXHOCTEH M a’3po3oiieit
COJIM METAJUIOM M OPraHUYECKUX adpO30JieH.

KiroueBble c10Ba: aToM, HOHU3AIMOHHBIN CUTHAI, TPO3PAYHEIE ad3PO30JIH, BPEMS 3aTyXaHuUs,
ONITUYECKUI PE30HATOP

Moddalarning turli fazoviy holatlarida ultrakichik konsentratsiyali atomlar va aerozollarning
lazer spektroskopiyasi

Annotatsiya. Ushbu ishda uyg‘ongan atom va molekulalar bilan fizikaviy jarayonlar turlari va
dinamikasini o‘rganish “Grafitli-pech” atomizatorida keltirilgan. 1kki bosgichli uyg‘otish sxemalari
uchun atom —ionizatsion signalning oshish fizikaviy mexanizmi Ko‘rsatilgan. (n)s—(m)p—(k)d
o‘tishda Li, Na, Ag, Au, Pt atomlar uchun, 5p°Rz,—6s°S3,—8p°Py, o‘tishda In atomi uchun
maksimal signallar kuzatilishi mos ravishda ko‘rsatib o‘tilgan (bu yerda n, k, m va f— sathlarning bosh
kvant sonlari Tadgigot natijasida ionizatsiyaning to‘gnashuv va fotoionizatsion mexanizmlari ishlab
chigilgan. Olingan natijalar shuni Kko‘rsatadiki, ionizatsiyaning to‘gnashuv mexanizmi dominant
(asosiy) jarayon hisoblanadi. Ilk bor organik aerozollar, metall tuzlari aerozollari va metall yuzasidagi
aerozol fakellarning fizik-kimyoviy xususiyatlari bo‘yicha aerozollarni gayd qilishning yangi
parametrlari ishlab chigilgan.

Kalitso‘zlar: atom, ionizastion signal, shafof aerollar, so‘nish vaqti, optik rezanator

Laser spectroscopy of ultra-small concentration of atoms and aerosols in various phase states of
substance

Abstract.In this work it is given studying of dynamics and types of physical processes with
excited atoms and molecules in atomizer of "graphite furnace". Physical mechanism of increasing
atomic-ionization signal for two stepwise excitation schemes was shown. It is shown that the
maximum signal is observed for In atoms at the transition 5p2P3,2—>6s283,2—>8p2P1,2 and for Li, Na,
Ag, Au, Pt atoms at the transition (n)s—(m)p—(k)d respectively (where n, k, m and f principal
qguantum numbers of states). In the result in the experiment photoionization collisional ionization and
mechanisms were developed. The results are showed that the collisional ionization process is the
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dominant mechanism. For the first time new parameters of aerosols on physical and chemical
properties of aerosol plumes from solid surfaces and aerosols of salt of metals and organic aerosols are
revealed.

Keywords: atom, ionization signal, non-absorbing aerosols, ringdown time, optical resonator.

BBenenue. PazBuTue s1a3epHOM TEXHUKM W CIIEKTPOCKOINHUU MPUBEIO K TMOSIBICHUIO psiaa
METOJIOB CBEPXUYBCTBUTEIBHOIO JETEKTUPOBAHMS PA3INYHBIX COCTOSIHUN aTOMOB M MoJiekys. Cpenu
HUX HauOoJiee MEpPCHEKTUBHBIM W pa3padOTaHHBIM JUIS NPAKTHYECKHX IPUMEHEHUH SBISIOTCS
Ja3epHas pe30HaHCHO-MOHM3annoHHAsA criekTpockomnus (JIPUC) B Bakyyme, aTOMHO-HOHHU3AIOHHAS
cnektpockonust (AVIC) B miiaMeHH ¥ BHYTPUPE30HATOPHAS JIa3ePHO-a0COPOIIMOHHAS CIIEKTPOCKOITHUS
(BPJIAC). Benymue yueHHbIE B MUPOBBIX HAYYHO-HUCCIIEIOBATENbCKUX LIEHTPAX U YHUBEPCUTETAX, B
gactaoctd B.C. Jletoxos, B.W. banukun, B.1. Mummu A. T'opbatenko u3 Poccun [1,2], C.C.Turk,
J.D. Winefordner, B.N. Smith, O.I. Matveev, K.W. Busch u3 CIIA [3-5], O. Axner u3 llIBeuuu [6],
Jongmin Lee, Do-Kyeong Ko u3 FOsxnoit Kopen [10], A.M. Hacumos, A.T.TypcyHOB U Apyrue us3
VY36ekucrana [9] mpoBoOAAT MCCIEAOBAHUS MIPUPOABI MIPOLECCOB BO3OYXKICHHUS U MOHU3ALUU aTOMOB
METOJIOM PE30HAHCHOM JIa3epHOM CIEKTPOCKONWH M B3aWMOJEHCTBHUS MEPECTPanBAEMBIX JIa3epHBIX
U3IY4YEHHH ¢ YaCTUIIAMH a’po30Ji BHYTpH pezoHatopa. Metoas! JIPUC n AUC otanyaroTcst BBICOKOM
YYBCTBHUTEJIBHOCTBIO B CBSI3M C 3((EKTUBHBIM MOJABICHUEM IIOTEPb, CBA3AHHBIX C BIUSHHEM
paccesHus Ta3epHOT0 M3IyYeHUsT ¥ N3TydeHrneM aromusaropa [ 1-15].

Jns MHOTHMX 3JIEMEHTOB YK€ pEeaJu30BaHbl OIHOCTYINEHYAThle, ABYXCTYyIEHUYaThle WU
TPEeXCTyNeHYaThle CXeMbl BO30YxIeHus udepe3 S u P cocrosHus aromoB. [T MHOTHX aToMoB
CTIIEKTPOCKOMMYECKHE JaHHBIE O PUIOEPTOBCKUX COCTOSHUSIX (n>4) nexxammx B obiactu 0,9+1,53B
HIDKE TPaHMLIBI HOHU3AIUH TUI0OXO0 U3y4YeHBl WK B JIUTEpPaAType OTCYTCTBYIOT. DOTOMOHU3AIMOHHBIE U
CTOJIKHOBHUTEJIbHBIE CXEMBbl BO30YXIEHHS HCCIEAYEMbIX AaTOMOB C BBICOKUMHM HOTCHLIHAIAMHU
HOHM3ALMM B PAa3JIM4YHBIX AaTOMHU3aTOpax Majgo wu3y4eHbl. bonpmoll ¢yHoameHTaneHbIl U
MPAaKTUYECKUH HMHTEpeC MPEeACTaBIAIOT A MHOTHX 3JIEMEHTOB peau30BaTh ABYXCTyNEHUYaThle U
TPEXCTyNEHYaThle CXeMbl BO30YXAeHHUs depe3 s—p—d COCTOSHUSA. DTO HCCIIEAOBAaHHUE NMPHUBEIET K
YBEJIMUEHUIO HMOHHOTO CHTHalla B ONPEAETCHHBIX puadeproBckux coctosHusX (Ep) u rmaBHBIX
KBAaHTOBBIX YHCIIaX () KOTOPbIE PACIOI0KEHB! HUKE IPAHULIE HOHU3ALUH.

Hacrtosmass pabota moOCBfIleHa  CHUCTEMAaTHYECKOMY WCCIIEIOBAaHUIO  TIpolecca
JICTCKTUPOBAHUS YIIbTPaMalTbIx KOHIICHTpAIHi aTOMOB u anpo3oeit METOJITaMHU
BBICOKOYYBCTBUTENFHOW JIA3€PHON  CHEKTPOCKOIINH. OTo HampaBieHHE aKTyaJbHO IIpH

UCCIIeIOBAHUU MOPQOJOTHYSCKUX U ONTHYCCKHX CBOWCTB adp030Jiel Ha MpUMepe  a’pO30JIbHBIX
(hakenoB OT YMCTBHIX METAJUIOB, a3PO30JIeH COJIM METAIIOB M OPIraHUYECKUX KPacUTEIEH.

JKcnepuMeHTaNbHAsA vacTh.lIpuHIMIIMANBEHAS ONTHYECKas CXeMa SKCIePUMEHTAIBHON
yCTaHOBKM TmpuBeneHa B paborax [10-15]. KomOwHHpOBaHHBIN  aTOMHO-MOHH3AITMOHHBIN
CIICKTPOMETP,pa0OTAIOIINI B PEXKUME «CTEP)KEHBb-IIAMS» M «rpaduToBas meuyby», COCTOMT U3 3-X
IepecTparBaeMbIX J1a3epOB HA KPACUTEIIX, HAaKauMBaeMbIX 3KCUMEpHBIM Ja3epoM Ha XeCl (A=308
uM, =10 Hc, E=70 M/[X), aToMH3aTOpa-MOHU3aTOpa «CTEPKEHBb-TUIAM» U «Tpa@UTOBOU TEUM» H
CUCTEMBI perucrpanun. Jlazep Ha KpacHuTeNsIX COOpPaHbl MO CXEME CO CKOJB3SIIMM MaJeHHeM JIyda Ha
IUQpakMoHHYI0 pemeTKy. OHu 00ecreurBaloT 3HEPTryio B umiryiisce 10 2 MJIx B BuguMom u a0 200
MKJ[K B yIbTpadHOIETOBOM AHANa30He, IMUPHHY TMHIAK TeHeparn 0,2 cm ™.

ATOMHU3ATOpaMU CITYXKHUITH JIByXIIIeJeBas ropeiika JiuuHoi 20 MM, cTepiKeHb u3 nuporpadura
JUIMHON 28 MM, aumameTpoM 4 MM U TpaduToBas TpyOKa AUAMETpoM § MM M AJUHON 28 MM,
HarpeBaeMas C IIOMOILBIO HPOrpaMMHpPYEMOro OJloKka ¢ CHUCTeMOW CTaOMIM3allMd MOIIHOCTH,
KOJIUICKTOP JIIsl cOOpa 3apsDKEHHBIX YacTull. BHyTpu rpaduToBOi TpyOKH pacroyiokeHa riatdopma.
Wccnemyemsrit oOpa3zer] BBOAUTCS Yepe3 JO3MPOBOYHOE OTBEPCTHE B LIEHTPE TPYOKH B BUIE PacTBOpa
WM NopoIka Macco 1-20 wmr.

OKCIeprMeHTalIbHAS YCTAaHOBKA IS M3MEPECHHUS KOd(h(DHUIHMEeHTa SIKCTUHKIINHE aTMOC(EPHBIX
a’po30JIbHBEIX YacTHIl (puc.l) pabortaer ciaeayromuM obpa3om. M3mydeHue nByX 0OBEMHOTO Jasepa
Hamonekyna azora 1 (A=337,1 um, 1=8 Hc, E=10 M/Ix), wucmonp30Banoch sl HAaKayKy Jla3epa Ha
Kpacutensix. [y peructpauuu curHana 3aTyxaHusi ObUIM HCIOJIBb30BaHbl (poToyMHOXHTENnp PIY-79,
BBIIPSAMUTENb cTaOunm3upoBannbiii BC-22, ocummtorpad C1-70, nudposoii ocummiorpadp TDS
2022B, reHepaTop YUCTOTO BO3/1yXa U MEPCOHAIBHBIN KOMIIBIOTED.
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2

H 1(O=Texp(-t/) 3amyck pa3BepTKU ocriorpada
2

: oy OCYILIECTBISIETCS CUTHATIOM ¢ ()OTOIUOA, Ha

s = KOTOPBI ~ OTBOAWTCA YacTh H3Iy4YCHUS
k4

= a30THOTO  Jiazepa. BHyTpupe3oHaTOpHBIE

Bpems \ 3epKaia OBLIM PAcIoOJOKEHBI B KOHIAX

P pre— TpyOKH W3 MEIHOIO PEe30HaTOpa C AJMHOM

pezomaTop IV 65 oM. CurHan ¢ (OTOYMHOXKHTEINS

nojaBajics Ha 1udpoBod  ocumutorpad
(Tektronix TDS 2022B W mnepcoHaNbHBIN

JIK - Jazep Ha
KpacHTeIAaX

Pezonarop
¢ npodoii KOMIIBIOTED.
= . Mudgposoii
ocunaIoTpad
Puc.1. biiok-cxema 3KcriepruMEHTaIbHON YyCTAaHOBKU
PesyabTaTtel ®W o0cyxnenme. B mpempimymedn  pabore [12], MBIl MCCJENOBAIU

OJHOCTYIIEHYATHII U IBYXCTYIEHUAThIl CXeMbI BO30YX/ICHHUs U3 ocHOBHOro 30°4s 'SzcocTosHus Ha
CEIITUTHBIC COCTOSHHUM 3d54p 7P2,3,4 , 3d44s4p 7P2,3,4 aTOMOB XpOMa B aTOMHU3aTOpPE «CTEPKCHb-
rtaMsp». JlJis manpHEHIIero yryqieHus mpolecca UCTIapeHns, aTOMHU3AINH ¥ YMEHBIIICHUS TIPEeIIOB
oOHapyXeHHs B METOJE AaTOMHOM HOHHM3alMM HaMH OBUI HCHOJNB30BaH HJIEKTPOTEPMUUECKUI
aTOMHU3aTOp «rpaduToBas neuby. /s n3ydeHnst XapaKTepUCTHK 3JEKTPOTEPMHUIECKOT0 aTOMU3aTOpa-
MOHM3AaTOpa HCIIONB30BATNCh BOJHBIE PACTBOPHI  HCCIEAYEMBIX D3JEMEHTOB. Peanm3oBaHbI
JBYXCTYTIEHUATBIE M TPEXCTYIEHYAThIe CXEMbl BO30YXKACHHUS HCCIEAYEMbIX aTOMOB B aTOMHU3aTOpe
«rpaduToBas meub». BrepBble peann3oBaHbl JBYXCTYNEHYAThIE CTOJKHOBHTEIIBHBIE CXEMBI
B030yxaenusi aromoB In, Li, Au, Ag, Pt, Yb B aromusatope «rpadutoBas meub», coOCTOsIIECH U3
rpa¢puToBOH TPYOKHM, TUIATOPMBI W  OXJAKAAEMOIO KOJUIEKTOpPa, B KOTOPOH IOJy4eHa
YYBCTBHUTEJIBHOCTE 3JIEMEHTOB B BOJHBIX MOJENbHBIX pacTBopax B 100 u 10 pa3 nyyiie no cpaBHEHUIO
C aTOMH3aTOpaMH «IUIaMs» W «CTEpKEHb-TUIaMs» COOTBETCTBEHHO. COOTBETCTBYIOIIWE IHUKIIBI
marpesanus In, Li, Au, Ag, Pt, Yb Gslau criefyromuMu: cyiika Ha cTepskHe B TeueHune 50 CeKyHI B
350°C, 6e3 mamenu u ucnapenue mpoder mpu 2300+2700°C B Teuenue 3 cekynn [12].

HccnenoBanre 3aBUCHMOCTH aMIUTUTYZ CUTHAJIOB MOHU3AIMU OT SHEPIHU H3IIyYeHHS Jiazepa
Ha KpAacCHUTEIsX, SBISIFOTCS OYeHb BaXXHBIMU. JlazepHbIe Jy4n HMEIOT OTHOCHTEIHHO OOJbIIHe
nuameTpel  (~2mMMm). Bo Bcex ciydasx TpOBEpEeHO HACBHIMIEHHWE HOHHM3AIMOHHOTO CHTHAJA.

[ockonbKy 3aceneHre TOTO MM HHOT'O YPOBHS TIPOTIOPIIMOHATIFHO HHTEHCHBHOCTH JIA3€PHOTO
W3Iy4YeHHs, KOTOpOEe MEHSeTCS TP W3MEHEHWH JJIMHBI BOJHBI TeHEepalud, TO MPOBOIUIN
HOPMHPOBKY ~AVI-CHTHAJIOB Ha COOTBETCTBYIONIYIO MOIIHOCTh BO30YXKJAIONIET0 Ja3epHOTro
W3ITy9eHHS.

W3 npenmnonoxeHus: 0 TEPMUYECKOM XapakTepe HoHu3auuu [7,12] cienyer, 4yTo BelIUYMHA
AU- curmama A, TpONMOPUMOHANFHA TMPOW3BEIEHUIO CHJIBI OCHWIIATOpPa Tepexoja Ha
9KCMOHEHIUANBHBIA MHOKHTEIb, BO3PACTAIONIUI ¢ YMEHBIICHHEM Pa3HOCTH SHEPIUU BO30YKASHHOTO
ypoBHs u moteHnuana nonmsamum:A ~ f exp [-(Ei-E; )/kT], (1)rae E; — sHeprust Bo30yXaeHHOTO
ypoBHS; Ei — moreHman nonu3anuu atoma; f — cria ocunisaTopa nepexona B coctosiaue j. OTcrona
crenyet, 94To AM- curHan yMmeHbIIaeTcsl MEJICHHEE, YeM CHjla OCHWLISATOpa. DKCHEpUMEHTAIBHO
MOJTydEeHHAs 3aBUCUMOCTb MIPOTHBOPEYUT TAKUM BBIBOJOM. Pe3ynbTaThl SKCIIEpIMEHTa NPUBEACHBI B
pabote [7,12], U3 KOTOPBIX BUIHO, YTO HOPMHPOBAHHBIH All-cHrHA MaZaeT ¢ YBEIMUYCHHUEM dHEPTUU
BO30y)KIaeMOro YpOBHS CHJIbHEE, 4YeM CHJIa OCHWIUISTOPa COOTBETCTBYIOLIETO H3IyUYCHUSI.
[lornomenne aromMaMu WM MOJEKYJIaMH MOHOXPOMAaTHYHOTO H3IYYEHHUS Jazepa NPUBOIAUT K
3aCENCHHI0 MX BO30YXKICHHBIX cocTosiHmi: A+hv—A". BrepBble peann3oBaHbI JBYXCTYIICHUATHIC
CTOJIKHOBHUTEJbHBIE CXeMbl BO30yxaeHus aromoB In, Na, Li, Au, Ag, Pt, Yb B aromwusarope
«'paduroBas neusy, cocrosuiei U3 rpaduTOBON TPyOKH, MIaTHOPMBI U OXJIAKAAEMOT0 KOJJIEKTOPA,
B KOTOPOW TOJTydeHa IyBCTBUTCIHLHOCTH AJIEMEHTOB B BOJHBIX MOJEIBHBIX pacTBopax B 100 u 10 pa3
JAydille, IO CPaBHEHHWIO C aTOMH3aTOPaMU «IUIAMS» W «CTEPKEHb-TUIaMs» COOTBETCTBEHHO.
Pesynmpratel  3KkcmepuMeHTa mpuBeAeHHl B TaOm.l. Bce  CTOIKHOBHUTENBHON  MOHHU3ALMU
nponopuuoHanbHel Ha (aktop bombumana, exp [-(Ei-E; )/kT], rae Ei- rpanumna nonusammu, Ej-
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SHEpPrus IMepBOM M BTOPOil cTymenw, mus mwiamenn T=2500 K, (kT=1739 cm™). DddexTuBHOCTH
BO30OyknmeHns u woHu3anus atomoB In, Na, Li, Au, Ag, Pt ucciaemoBamuce B ABYXCTYICHYATOMN
CTOJIKHOBUTEJIBHOM CXEME.
Ta6anna 1.
Orenka ¢aktopa bonbiiMana oT BO30YXICHHBIX COCTOSIHUH JI0 TPAHHIIBI MOHU3AINH JUTS
HCCIIETyEeMBIX 3JIEMEHTOB

OnemMeHT I'panuna Jnnna Kondurypanus u daxTop IIpenen

WNonnzauuu. Sueprus BOJIHBI, TEpM NEepBOU U bonsmana OOHapyxeHHs
MepBOM U BTOPOH HM BTOPOI CTyNEHH, Chmin /M
CTYIICHH, COOTBETCTBEHHO I'paduroBas
COOTBETCTBCHHO I1e4Yb
BCM™

Au Ei=74410 11=267.6 | 5d°6s6p’ | 5d™° 1,07794 >500
E,=37359 1,=583.7 | Pan 75°Su, x107°
E,=54485-37359
E,=37359 1,=267.6 | 5d°6s6p” | 5d° 7d | 0,018609
E,=67469-37359 3,=332.0 | Paz 2Dy 100+ 6
E,=37359 1,=267.6 |5d%6sp |5d° 8d| 0,078239
E,=69971-37359 7>=3065 | Pz 2Dy 5+0.3
E,=37359 1,=267.6 | 5d%6s6p |5d° 9d| 0,173122
E,=71364-37350 12=294.0 | 2P 2Dy 5+0.3
E,=37359 1,=267.6 |5d%6s6p |5d™ 13d | 0,531503
E,=73308-37359 1,=2780 | Psz | D 270+ 15
Ei=72300 1,=292.9 |5d°6p °F; | 5d°7s 1,27 x10-5
E,=34122 1,=539.0 D, 800+ 0.04
E,=52667-34122

Pt E,=37591 1,=265.9 |5d°6p °D;| 5d°6p 0,713931
E,=71713-37501 1,=292.9 D, 50+2
Ei=61106 11=338.3 [4d"5p°P, | 4d"6d
E,=29552 A,=4055 |1 ’Dsp 20+0.1
E,=54182-29552 0,018784

Ag E;1=30473 A,=328.1 [4d"%5p | 4d"8s
E,=55599-30473 1,=398.1 |°Par *S1e 0,04237 20+0.1
E,=30473 11=328.1 [4d"%p | 4d"sd
E,=48764-30473 125465 |Ps2 | Dsp 0,000838 20£01
E,=30473 1,=328.1 | 4d™5p | 4d"%d
E,=48744-30473 A,=547.1 | “Psw2 | ’Da 0,000828 20+01

Na Ei=41449,4 11=589.0 [3p’Ps, | 4d°Ds, | 0,01904036 0,002
E,=16973 1,=568.8
E,=34549-16973
E,=16973 1,=589.0 [3p’Ps, |55°Sy, | 0,008782298 0,09
E,=33201-16973 1,=616.0
E;=43487 A1=670.7 |2p°Py> | 3d°Dap, | 0,00090666 0,006
E;=14904 1»>=610.3 5/2
E,=31283-14904

Li E,=14904 A=670.7 |2p°Py, | 45°Sy, | 0,007711076 0,09
E,=35012-14904 A,=497.2

In Ei=46670,1 A,=451.1 |55°Sy,  |8p°Pan 0,063504 0,008
E,=2213-24373 A,=570,9
E,=41868-24373

HactpauBas BTOpoOii 1azep B amama3zoHe Mexmay 250-671 HM, MBI HallUTd HECKOJIHKO ITHKOB
pe3oHaHca. DTH MUKUA COOTBETCTBYIOT BHICOKOBO30YKICHHOMY puadeproBckoMy coctosHuio (PC)
UCCIIETyeMbIX aTOMOB. Pe3ynbTarhl, mpuBeicHHBIC B TaOMUIaX 1, MOKA3hIBAIOT YTO pa3HUIA SHEPTHIA
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AE=E,,-E,,;, oueHb Mana, a CKOPOCTh HOHU3ALMHU ObLIa OYEHb BBICOKA, YTO MO3BOIMIO 3()(HEKTHBHO
MOHU3UPOBATh aTOMBI B TEUEHHE UINTEIHLHOCTH JIa3€pHOTO HMITyibca. HecMoTpsi ¢ Bo3pacTanuem
(haktopa BonbiimMana oOHapykeHa MaKCHMallbHas YyBCTBUTEIBHOCTH B ONPEICICHHBIX KBaHTOBBIX
grcnax (n) u sueprusx (Ep).
B 3tom ciryuae mapTHepaMu MO CTOJIKHOBEHUSM B ITIa3Me C BO30YKIECHHBIMU aTOMaMHU MOTYT
OBITH: @) JIEKTPOHBI: 0) aTOMBI, BO30YKACHHBIE Ja3epHBIM U3IIyUYCHHEM: B) YacTUIIbI, BO30OYKICHHBIC
TepMquCKH U3BecTtHO, WTO B miazMe mpu aTrMochepHOM JIQBNICHUH YHCJIO YACTHUIL COCTABJIACT
~10"cm®, a unCITO ra30KMHETHIECKHMX CTOTKHOBEHHIT JacTHIBI A’ ¢ ApyruMu YaCTULIAMH B IIa3ME ~
10°™ [7]. HauGolee BepOATHBIMM MAPTHEPAMH 110 CTOJIKHOBEHHAM C yacTuieil A~ GyayT aToMsl U
MOJIEKYJIBI BO3[lyXa, a TaK)Ke MOJEKYJbl a30Ta, BCErJa MPUCYTCTBYIOIIME B TUIa3Me. AMILTUTYIA
CUTHaJIa JBYXCTYINEHYATOTO BO30YXKIACHHS MPEBHIIIATa aMIUIUTYAy CUTHAJIAa TPU OJHOCTYIIEHYaTOM
B030yxaeHnn B 15-1030 pa3 B 3aBHCHMOCTH OT OIPEACISAEMOro 3JIeMeHTa. MaKCHManbHBIA CUTHAT
HAOII0JaeTCA B ONPEACICHHBIX PUIOEProBCKUX cocTosHUSAX (En) U TIIaBHBIX KBaHTOBBIX 4yHclax (n),
pacToiOKEeHHbIX HIDKE TPAaHUIB HOHM3AIMOHHOTO TMOTEHIHAala. 3aBHCHMOCTh HHTEHCHUBHOCTH
nonu3anuoHubix curHaios (U;j) ot opouransaoro MmoMeHTta () mpuseneHa Ha puc.2. [lokazaHo, uTo
MaKCUMAJIBHEIN CHTHaNl HaOrogaeTcs i aTOMOB In mpu mepexoje 5p2P3/2—>65283/2—>8p2P1/2 U I
atomoB Li, Na, Ag, Au, Pt tipu nepexoze (n)s—(m)p—(k)d coorBercTBeHHO (e n, k, m u f rimaBHbIE
KBaHTOBBbIC 4YHCIa ypOBHeH) (puc.l). DTO MO-BUAUMOMY CBS3aHO C HM3MEHEHHEM OpPOUTAIbLHOTO
MomeHTa LoT 0 o 2, a Takke NMIMPUHA JIMHUM JTaHHOTO KBAaHTOBOTO mepexona 10 pa3 OGombline yem
JIpyroi KBaHTOBBIN MEPEXOI.

o1, Ha OCHOBE 9KCIEPUMEHTAIBHBIX
—e—Li| PE3YJIBTATOB pa3paboTaHsl
:::;; (hOTOMOHM3AIMOHHBIN M CTOJKHOBUTENBHBIH
MEXaHU3Mbl HOHU3ALIUY.
Bo3MoXHON NpHYMHON TOMY4YEHHs] HHU3KOU
YyBCTBUTEJIIBHOCTH Al MeToIoM MOXXeT
OBbITh B3aUMOAEUCTBUE ABTOMOHM3ALIMOHHBIX
coctossanii (AC) ¢ PC, KoTopble HMEIOT
3JIEKTPOCTATHYECKYI0 M CIIHH-OPOUTATBHYIO
IpUpOAY U NposBIsioTCs B cnekrpax PC kak
, . , . . W3MEHEHUS! KBAHTOBBIX NE(PEKTOB M TOHKHX
0,0 1,0 2,0 CTpYKTyp cocTosiHuil. AC B3aMMOAEHCTBYET
5 P D ¢ Temu PC, y KOTOpBIX OJIMHAKOBEIC
YETHOCTH  COCTOSIHUH ¥ OJIMHAKOBBIE
Puc.2. 3aBUCUMOCTb HHTEHCUBHOCTH Pe3yABTUPYIOIINE MOMEHTHI.
noHM3aUOHHEIX cCUTHAIOB (Uj) OT OpOUTAIIEHOTO
MomenTa (0)

10004

—u—Au

100 4

—e—Pt

U, oTH.ej.

Jist mocTKeHUs BBICOKOH 3(h(EeKTUBHOCTH TMpoliecca BO3OYXKACHHUS W CTHMYIHPYEeMOU
Jla3epoOM HMOHH3AIMKM HEe 00s3aTeIbHO BO30YKIATh aTOMBI B COCTOSIHHS, JIeXKallue BOJIM3M TPaHUIIBI
MOHHU3AIMM. B yCIOBHSAX ONTHYECKOTO HACHIMICHUS MOXKHO PEANN30BaTh CTOJIKHOBUTEIBHBIC CXEMBI
BO30YXICHUS aTOMOB, KOTOPBIC IIPOUCXOUT JaXe ¢ YpOBHEH, nexkamux Ha 0,9+1,35B Huxke rpaHHUlib!
WOHU3AIIHY.

B pabore [15] omucansl BHYTpUpPE30HATOPHBIE Ja3epHblE aOCOPOLMOHHBIE CIIEKTPOMETPHI
Ul U3MEpEHMs. OKCTHHKLUMHM CBETa yacTUIaMH a’po3oyid. B cmekrpomerpe s oOpa3oBaHMs
a’pO30JIBHBIX YACTUI] OBUIM HCIIOJIb30BaHbl MOIIHOE JIA3€PHOE W3JIyYeHHEe U ITHEBMATHYeCKHe
pacmeuTend. B 3KcmeprMEHTanbHOM YCTaHOBKE HCIIOJIB30BAIM JBa BapuaHTa (QOpPMUPOBAHHUS
Ja3epHBIX KMMILYJIbCOB MCIApEHMs M HaKauk{ Jiazepa Ha KpacuTemsix: ogHuM U aBymss Nd:YAG
nazepamu. Ha mepBom Bapmante Nd:YAG nazep 3amyckaeTcs OT (GOpMHpOBAaTeNs ABOMHBIX
uMITysbcoB reneparopa DG535. Bropas ycraHoBka ObLia ocHOBaHa Ha MPUMEHEHHH JBYX JIa3€POB.
ITeproii Nd: Y AG na3zep ucnonp30BaH Ui HAKadKH Jlazepa Ha KPaCHUTESIX.

B pabote mpuBeneHbl pe3yabTaThl DKCIEPUMEHTOB IO HCCIEAOBAHHMIO HM3MEPECHHUS YHCIa
yacTul, Kod(pduimeHTa SKCTUHKIMHM W BpeMs 3aTyXaHHs J1a3epHOr0 HUMITYJIbCa B ONTHYECKOM
pesonaTope. st mccnenoBaHUsl a3po30JIbHBIX (DakesNoB OT TBEPABIX IMOBEPXHOCTEH Hamu ObLIn
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BeIOpanbl yncteie MeTauibl (Fe, Al, Zn, Ag, Au), crulaBel U MOYBBI U PE3YJILTAThl NPEACTABICHBI B
tabmure 2. bputo uccnenoBano BIMSHNAE MOLTHOCTH J1a3epa Ha MOP(OIOTHIO a3PO30JIsL.

Taoaumna 2
P 63YJ'II>TaTBI HCCIICA0BaHUA pa3J‘lI/I‘-IHI>IX CIIJIaBOB

Mertamisl Al Fe Au Ag Zn TTouBa

To,cC 1,41x10° 1,49x10° 1,5x10° 1,49x10° 1,5x10° 1,5x10°

Ti,c 9,7x10” 11,7x10” 7,2x107 5,5x107 3,4x107 1,5x107

-1

g, oM 1,1x10° 6,12x10° 24x10° 35x10° 77x10° | 200x10°

L=12MmMm

Pesynprarel, mpuBeneHHble B Tabmuie 3, YyKa3plBalOT, YTO BEIWYMHBI (pakTOpa
3¢ (heKTUBHOCTH 3aBUCST OT pa3MepHOTo mapamerpa. PogaMrHOBBIE a3p030IIM MOTIIOMIAIOT U3TydeHUS
Ja3epa Ha IJTMHE BOJHBI A=035 HM.

Taéauna 3
Pe3ynbTaThl UCCae0BaHUS OPTaHUYECKUX KpacuTeNei
Pomamun 640 | d, am T4, C To, C c, cM/c N, cm™ Q A
A= 615uM 2,75x10° | 9,74x10° 1,49x10° | 3x10"° | 2206 41112 | 1,40
A= 635HM 5,75x107 1,45x10° 1,5x10° 3x10° | 64,667 41012 | 2,84

Pesynbrarel ucciieZoBaHUsA ISl HE MOMJIOMIAOIIKX a’po3ojiei, Takux kak NaCl, CsCl, Nal,
NaF, KCI npencrasnensl B Tadnuie 4. MakcumanbHOe 3HaueHHEe (Q COOTBETCTBYET MUHUMAIBHOMY
3HAYEHUIO Pa3MEPHOr0 TapameTpa, M pPe3yibTaThl NMpeAcTaBiIcHbl B Tadmuie 4. DPPEKTUBHOCTH
SKCTUHKIINHU a3pPO30JIbHON YaCTHIIBI BO3PACTAET C YBEITMUECHUEM ITOKA3aTENsl MPETOMIICHHSI.

Taoauna 4
PesynbTath! nccnenoBanus st He nornomarorux asposoneit NaCl, CsCl, Nal, NaF, KCI, AgNO;
NaF KCI NaCl CsCl AgNO; Nal
d,em | 9,0x10” 9,0x107 10,0x10” 7,5x107 4,0x107 6,3x107
1,¢c | 1,2x10° 1,3x10° 1,4x10° 1,2x10° 1,3x10° 1,04x10°
T, ¢ | 1,5x10° 1,5x10° 1,47x10° 1,6x107° 1,49x10° 1,53x10°
N, cm™ | 246,333 96 32 284 223,333 541,333
Q 3,579 5,12 3,6664 5,347 2,756 6,199
A 4,49 4,49 4,984 3,74 1,99 3,12
N 1.34 1.49 1.54 1.64 1.75 1.77
c,cm/c | 3x107 3x10" 3x10" 3x10™ 3x10™ 3x10™

OKCIePUMEHTAIbHO HM3MEPSUTH BpeMs 3aJCpXKKU 3allOJIHEHHOTO pPEe30HaTopa C MpoO0oi
paccenBaromeii (T1) ¥ BpeMst 3a1epXKKH IyCTOro pesoHaropa (To). Torma 1,=1/14326,7468=6,98-10c,
1=1/13327,12461=7,5035-10"c, k0>dppHIIHEHT SKCTHHKIMHA UTs aTMocdepHOro Boayxa 3,3-10°cm™.

BobiBoabI

1. Pa3paboTad ¥ co3maH BHYTPUPE3OHATOPHBINA JTa3epHBI aO0COPOIIMOHHBIA CIIEKTPOMETP IS
WU3MEPEHHS JKCTHHKIIMM CBETa YaCTHUIAMH a’p030Jis, KOTOPBIM COCTOUT W3 CHUCTEMBI Ja3epoB,
CHCTEMBI 0JI0Ka TIOJITOTOBKH W OYMCTKH Ta3a M CUCTEMbI PETUCTPAIIMH CUTHAIA 3aTyXaHHsI.

2. BrepBbie n3ydeHbl MOP(OIOrHUSCKHUE U ONTHUYCCKHUE CBOMCTBA a’pO30JbHBIX (AKEIOB OT
noepxHocteit meramioB (Fe, Al, Zn, Ag, Au), CIUIaBOB M TIOYBBI NPHU BO3ACHCTBUM MOIIHOTO
MH(PaKpPacCHOT0 UMITYJILCHOTO Ja3epa (A=1064Hm).

3. Omnpezenenbl 3aBUCUMOCTH 3(P(HEKTUBHOCTH 3KCTHHKIMUA (Q,) IMPO3PAuHBIX a’dpo30Jiei
coneir metayutoB (NaCl, CsCl, Nal, NaF, KCl, AgNO;) u mokazana ocumisius 3QpQGeKTUBHOCTH
3KCTUHKINU Q. adposonert comu MetamwioB (NaCl, CsCl, Nal, NaF, KCl, AgNQO;), opranndeckux
KpacuTenen.
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4. BriepBbie peai30BaHbl IBYXCTYIIEHYAThIC CTOJKHOBUTENIBHBIE CXEMBI BO30YKIECHHUSI aTOMOB
In, Li, Au, Ag, Pt, Yb B aromuszatope «['paduToBas meub», COCTOAIICTO M3 rpapUTOBOM TPYOKH,
WIATGOPMBI U OXJIAXKIAEMOTO Koulekropa. [loyueHHass YyBCTBUTENBHOCTh AJIEMEHTOB B BOJHBIX
MOJENBHBIX pacTBOpax okazanach B 100 u 10 pa3 myylie no cpaBHEHHIO ¢ AaTOMHU3ATOPaAMH «IUIaMs» U
«CTep)KEeHb-TIaM» COOTBETCTBEHHO. llokasaHo, YTO MaKCHMalbHBIN CUTHaT HaOIOmaeTcs st
aromoB In mpu mepexoze 5p2P3/2—>6szSg/2—>8p2P1/21/1 s atomoB Li, Na, Ag, Au, Pt npu nepexome
(n)s—(m)p—(k)d coorBerctBenHo (rme N, K, M wu f riaBHble KBaHTOBBIC YHMCIA YPOBHEH)
COOTBETCTBEHHO.

5. IlepBBIe IKCIIEPUMEHTHI C UCTIOIB30BAHUEM IJIEKTPOTEPMHIUECKOTO aTOMH3aTOpa-HOHN3ATOPa
B AU merone moTBepiaena ero MepCrneKTUBHOCTh. MeToa MOKeT OBITh HCIOJB30BaH B MpOIEccax
BO30Y)KICHUS M WOHHU3ALMU HCCICIYyEeMBIX aTOMOB JIsi HAaXOXKICHHS ONTHUMAJIbHBIX YCIOBHHA H
IMOJIY4YCHUSI MaKCHUMaAJIbHOI'0 CCJICKTUBHOIO CHI'HAJIa, a TaKXKE A PEHIICHUA IMHUPOKOro Kpyra
(1)I/ISI/I‘IGCKI/IX U XUMHWYCCKHUX 3a1aa4.
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AHHoTanus. M3noxena Teoprst MarHUTOKAIOPUIECKOTO dPPeKTa B KyOUIecKoM, OJTHOOCHOM
U TIOJMKPUCTAITUYIECKOM (peppoMarHeTkax ¢ y4eToM BpalieHHsi HamarHudeHHOCTH. OOCyXIeHbBI
BOTIPOCHI CO3/TaHUS HOBBIX XOJIOAMIBHBIX MAIIINH, UCTIONB3YIOIIUX MarHUTOKAIOpudecKuil ahdext.

KialoueBble cjioBa: BpalleHHE BEKTOpa HAMAarHWYEHHOCTH, TOHKHE MAarHWTHBIE IUIEHOK,
MarHATOYIOPSAOYCHHbIE KPUCTAIIIE, HEYTTOPAJOYCHHBIE MATHETHKH.

MarneTokoJ10puK 3¢ deKT EpaaMuaa tHrA TYPAATH MATHUTJIM COBYTHIN
MalIMHAJAPUHU ApaTHII

Annotasiya. Maqolada magnitokalorik effektini kubik, bir o‘qli va polikristall ferromagnit
materiallarda magnitlanishni aylanishini hisobga olib, nazariy jihatdan bayon etilgan. shuningdek
magnitokalorik effektdan foydalanib, yangi turdagi sovitish mashinalarini ishlash jarayoni taklif
etilgan.

Kalitli so‘zlar: magnitlanish vektorining aylanishi, yupga qatlamli magnitli gqoplamalar,
tartibli magnit kristallar, notartibli magnitiklar.

With the help of the magnetic and caloric effect to create new types of magnetic
refrigerating machines
Abstract. We present the theory of the cubic, uniaxial and polycrystallic ferromagnetics taken
into account rotation of magnetic moment. We discussed question of the creating new magnetic
refrigerators.
Keywords: rotation of magnitizability vector, thin magnetic film, magneto-ordered crystal,
disordered magnets.

Marnutokanopudeckuii  apdekr (MKD) 3akmrouaercss B HM3MEHEHHHM TEMIIEPATyphl
MarHuTHOro o0pasia Mpy M3MEHEHHH HAJIO)KEHHOTO Ha HEro BHEIIHEro MarHuTHoro Homs. [lpu-
YHHOM 3TOr0 3ddeKTa ABIIETCS U3SMEHEHHE MAarHUTHOIO COCTOSIHUSI BELLIECTBA U, CIIEOBATENBHO, €TO
BHyTpeHHe# sHeprun. MKD B mnapamarHeTnkax ye Hamell IIMPOKOE NPUMEHEHHE B TEXHHUKE
KpHUOTEHHBIX TEMIIEpaTyp, B TO BpeMs Kak uccienoBanne MKD u ero mpakruueckoe npruMeHEHHE B
tdeppo u heppumarneTukax TpeOYOT JaTbHEUIIETO PA3BUTHSI.

Wzmepenne MKD B MarHWTOyNOpsSAOYEHHBIX BEIIECTBAX MOXKET NMPOBOAUTHCA IPU IBYX
MPUHLMITHAIBHO Pa3IHMYHBIX YCIOBUAX:

- IPU W3MEHEHUHU HANpsDKEHHOCTH MArHUTHOIO IOJsl Oe3 WM3MEHEHHS €ro OpUEHTAaIUH
OTHOCUTENBFHO 00pasia;

- BpallleHWH MarHUTHOTO TI0JIs OTHOCUTENBHO BBIJICJICHHBIX HAallpaBJeHUH B oOpasie.

B nepBoM ciydae 11 H30TPOITHOTO 00pa3lia XapakTepHO U3MEHEHHE OOMEHHON SHEPIUu, BO
BTOPOM - H3MEHEHHUE SHEPTUH MATHUTHON aHU30TPOIIHH.

B mocnennue roapl 000CHOBaHa MEPCHEKTHBHOCTH CO3JAHMS HOBBIX THIIOB XOJOJMIBHBIX
MalivH, ucnoib3yrmux MKD B peppomaruerukax [1]. DTo mpexe Bcero CBA3aHO ¢ JOCTHKCHUIMU
B oOyractu (hM3UKH TBEPAOTO TEa.

OavH U3 TUIIOB MarHUTHOM XOJOAMJIBHOW MalllMHBI TpeiioxkeH B [2;3]. deppomMarHuTHOE
pabodee TeNO IMKIMYECKH IIEPEMENIaeTcd MEXIy NPHEeMHHKOM M HWCTOYHMKOM TEIJIOTHI B
HEOJHOPOJHOM MAarHUTHOM T10ojie. B 30HE CHWJIBHOTO MarHUTHOTO TOJS OHO HM30TEPMHUYECKH
HaMarHUYMBAeTCs, W BBIACNICHHAs TEIJIOTa MepefacTcsl MPUeMHHUKY. B 30He cnaboro MarHMUTHOTO
MOJIS] BCJICACTBUE Pa3MarHMYMBAHUS TEJIO OXJIAXKIACTCS, U €My NlepeaeTcs TeIioTa OT UICTOYHHKa. B
KauecTBe pabodero Teja ObLI HMCIIONB30BaH METaUTMYeckuid TagoiauHuii. MKD B ramonuHuun
nocturaer 14 K npu Bkmouennn MarautHoro noins H = 70 kO npu temnepatype Kropu 293 K.
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Hcnonp3oBanue TafioNWHUS B BO3BPATHO-TIOCTYMATEIBHONW MAaIIMHE OOECIEUWIO TPAJMCHT
Temmepatyp 46 K.

HccnenoBanne BKIaaa BpaleHUs HamaramdeHHOCTH B MKD mo3Bommiio chopMynmnpoBaTh
HOBBI TPUHIUI MAarHUTHOTO OXJIXJICHUSA. PaccMOTpUM KOMITO3WITMOHHBINH (DeppOMarHeTHK,
BBITIOJITHCHHBIH W3 TIap OJIOKOB, WMEIOIWN HaMarHwdeHHOCTH M M, W KOHCTaHTBHI OHOOCHOH
aam3otporuu K uK, pa3splx 3HakoB [4-7]. MOXXHO TOKa3aTh, YTO BPAIIAIOIMIMA MOMEHT TaKOTO
KOMITO3UTA BO BHEIITHEM MAarHUTHOM II0JIC HANPSHKEHHOCThIO H UMeeT BUJI.

2 2 g

L=(kaVy + ko Vp)sin2ep+( 2+ 2272, 1)

rae V4 u Vy — cymmapHbie 00bEMBI OJIOKOB; T - YTOJI MEXKIY HAIPSHKEHHOCTHIO MATHUTHOTO
MOJII U OAHOW W3 OCEH JIETKOTO HaMarHMYMBaHUS. AnnabaTHdecKoe M3MEHEHHE TeMIepaTyphl MPU

MOBOPOTE heppOMarHeTHKa B MAarHUTHOM TI0JIE Ha yroi Ar.
AT = ———=Agp, 2

OueBwiHO, 4YTO TIOJHOE W3MEHeHHe Temneparypel AT 3a TiepuoJ  BpamieHUs
KOMITO3UIIMOHHOTO ()eppOMarHeTHKa B MOCTOSHHOM MarHMTHOM TI0Jie paBHO HYI0. OJHAKO eClii ero
BpalIeHNE TIPOUCXOIUT B MEHSIOIIEMCSI 110 aMIUIUTYAE MarHUTHOM 1oJie, TO AT MOXeT ObITh OTINYEH
OT Hyns. B dYacTHOCTH, eclii HaIpsDKEHHOCTh MarHUTHOro moiiss MeHsercss ot H; no H, npum
BpaIieHNH padodero Tena Ha yroo

d /4, To moTHOE N3MEHEHHE TEMITEPATypHI 3a MePHOJ1 OyaeT

ST :jpc[%.;.@&_@%_@%] (= — ), @)

M M, dT  M; dT M, dT H,

B 3aBHUCHMOCTH OT BENWYMH KOHCTAHTMArHUTHOW aHW30TPOIIMH, HAMArHMYEHHOCTEH M WX

MPOM3BOJHBIX TOTEMIIEpaType, a TakkKe OT 3HaKa pa3HOCTH (Hi1 - Hiz) MOXHO TIOJyYUTb

HarpeBaHUe WU OXJIAXKICHUE Tea.
CrenaeM OIICHKH U3MEHEHHS TEMIIEPaTyphl pabodero Teia 3a pabodero Tea 3a MepruoI.

dk 1039pr aM _11lc 107pr
M~,,10%¢, =22 ~ 22 L2 — 10-12 ~—2  H~10%3, T~103K, 6T =
, , dT cm3K dT K cm3K
107°K,

YTO B JAHHOM MArHUTHOM TIOJ€ 10 TOPSAKY  BEJIMYUHBI  COOTBETCTBYET
MarHUTOKIOpUYecKOMY (G (eKTy, CBSI3aHHOMY C W3MEHEHHEM MAarHUTHOW 4YacTH OSHTPONUU
HM30TPOMHOTO 00pa3na mpu HamarHudrmBaHuU. CyIIecCTBEHHOW OCOOCHHOCTHIO ATOH XOJOIWIBHOMN
MAIIMHBI SBIISETCS HETPEPHIBHOE OXJIAXKIEHUE pab0overo Tena.

HawnGosee OnM3KUM K MPUWIOKCHUM SIBISICTCS padodee TeNO MAarHUTHOM XOJOAWIBHOM MAIlMHBI,
BBITIOJTHEHHOE W3 aHM30TPOMHOro (heppoMarHeTvka. ApuadaTHYecKoe OXJIXKJICHWE B JIAHHOM CIydae
OCYIIECTBIIACTCS HE pa3MarHM4YMBaHWEM (peppoMarHeTHka, a BpalleHHWeM MAarHUTHOTO MOMEHTAa OT
HarmpaBJieHus] ocH Jierkoro HamaramumBanusa (OJIH) K HampaBieHMIO OCH TPYAHOIO HaMarHUYMBAHMS,
KOTOPOE MOKET OBITh PEATF30BAaHO BPaIlleHUEM ()eppOMarHeTHKa B OJJHOPOHOM MarHUTHOM Tiofie[ 7].

[locraBneHHas uenbp JOCTUTaeTcs TeM, 4ro pabodee TeIo0 W3  aHU30TPOITHOTO
(deppoMarHeTHka BBITIOJHEHO B BUAC MHOTOCIOWHOW CTPYKTYPBl C MAarHATHOH IMOBEPXHOCTHOH
AHU30TPOIUEH KAKJIOTO U3 CIOEB.

Ha puc.1. nokazanHonpuHun paboTsl pabodero Teno. PaGouee Teno mpencrasisier coboit
Ha0bOp CJI0OEB AaHM3O0TPOIMHOrO (eppOMArHeTHKA, KaXKIbIH M3 KOTOPBIX 00JIafaeT MOBEPXHOCTHOM
aHm3oTpornueii. Pabodee teno Bpaimaercs B 0JHOPOTHOM MarHUTHOM TI0JIe, HanpsbkeHHocThio H. TIpu
noBopoTe pabouero tena Ha yroia ot y=0 mo y =§ HaJ HUM cOBeplIaercsi padoTa Ha BpallleHHE

MarHATHOTO MOMEHTa OT OCH JIETKOTO HaMarHWYWBaHHSA (B TUIOCKOCTH IUICHKH) K OCH TPYIHOTO
HaMarHWYMBaHHUA (HOpPMajb K INIOCKOCTH IUIEHKH), YTO B COOTBETCTBUH C PE3yJIbTaTaMH IIPUBOANT K
OXJTKJCHHUIO paboyero Tena u 3a0UpaHuIo Tera oT ucroynuka 4. [Ipu moBopore pabodero Tena Ha

T
yroia Ot W:EHO Y= 710 CUTyalusd IIPOTHUBOIIOJIOXHAsA, W BBIACIUBIICCCA TCINIO IIEPEHACTCIA

TEIII000OMEHHUKY 5. Jlayiee IUKIT TOBTOPSETCSI.
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Puc.1. [Ipunn paboter pabouero Teio. Puc.2 TemnepaTypHOIl 3aBUCIMOCTh

Ha MargouTHOTO ITIOJIA.

BbutM MPUrOTOBJICHBI IUICHKW HUKEIS TONIUHON 1000-3000°A. TTomokKKaMH SBIISUIHCH
[JIACTUHKHY CIONBI ¥ OKCHUIa MAarHus.

Ha pwuc.2. mokasaHHO SKCIpPEMEHTAJIHBbIE KpHUBbIC, TEMICPATyPHUX 3aBHCHUMOCTh Ha
MAarHUTHOTO IIOJIA.

W3Mmepenust Temmeparypsl MPOBOAWIMCH TMPH HAMArHUYMBAHWU C TIOMOIIBIO TICHOYHBIX
TEPMOIATYUKOB U3 TUOKCH/IA BaHAIU, HAHOCUMBIX Ha TIOBEPXHOCTH TUICHKH U TIOJIONKKH.

MKD 1ipu HalpaBJIEHHH MAarHUTHOTO TTOJIS HOPMAIBHO K TIOCKOCTH TIEHKH.

[TonydyeHHBIe peE3ynbTaThl COMVIACYIOTCS C MPEJIONKCHHEM O BKIAAC TMOBEPXHOCTHOU
aHuzotponuu B MKD.

Pabouee Tem0 MarHUTHOM XOJOAWIBHOM MAIIMHBI W3 AHM30TPOMHOrO (eppoMarHeTHKa,
OTJIMYAIOIIEECS TEM,UTO C MBI CHIDKCHHMS DJHEPro3aTpaT OHO BBHITIOIHEHO B BHIE MHOTOCIOWHOM
CTPYKTYPBI C MATHUTHOM MOBEPXHOCTHOW aHU30TPOMHEH KaXKIOTO U3 CIIOCB.

Takum 06pa3oM, MOXKHO CJeIaTh CIEAYIOIINE BHIBOIBI:

- HCCJIEIOBaH MarHUTOKaJOpHYECKHH 3()(EeKT B MarHUTOYIOPAIOYCHHBIX MOHOKPHCTAILIAX
C YYETOM MPOIECCOB BpallleHUsS HAMArHUIYCHHOCTH;

- TOJYYEeHO BBIPAKCHHUE JUII MATHUTOKAJopudeckoro sddexkra B GheppoMarHUTHOM
MOJIMKPUCTAJLIE, XOPOIIIO OMHCHIBAIOIICE SKCIIEPUMEHTAIbHBIC PE3YJIbTaThI;

- TPEJIONKEH HOBBIN MPUHIIUI PaObOThl MATHUTHOMN XOJOAMILHON MAIIHHBI, PA00YHM TEJIOM
KOTOPO# SBJSIETCS KOMIO3UIIHOHHBIN (DeppOMArHeTHK C B3aMMHO MEPICHIUKYIIPHBIMU OCSIMHU
JISTKOro HaMarHuuyuBaHus. OXxJaxaeHue paboyero Teja peaau3yercs IpH ero BpalleHHd B
CHHXPOHHO M3MEHSIOLIEMCS MOaMIUIUTY/IE BHEIIHEM MarHUTHOM II0JI€.
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INVESTIGATION OF THE MAGNETIC FLUID VISCOSITY ON NiFe,O, BASE
0.K.Kuvandikov, R.M.Eshburiyev, U.E.Nurimov, Kh.A.Kayumov
Samarkand state university
E-mail: kayumov0130@gmail.com

Abstract. By method of chemical condensation the magnetic fluid base on nickel ferrite
NiFe,O, was obtained. It have been investigated on temperature and concentration and magnetic field
dependences of liquid viscosity coefficient by method capillary viscometer.

Keywords: magnetic fluid, magnetic field, viscosity coefficient, colloidal nanoparticle,
surface active substance, oleic acid, sunflower oil.

NiFe,O, magnit suyuglik govushgogligini aniglash
Annotatsiya. Kimyoviy kondensatsiya usulidan foydalanib nikel ferritNiFe,O4 asosli magnit
suyuglik olindi. Suyuglik yopishgoglik koeffitsiyentining temperaturaga, konsentratsiyaga va magnit
maydonga bog‘ligligi kapilliar vizkozimetr metodi yordamida tekshirildi.
Kalit so‘zlar: magnit suyuglik, magnit maydon, yopishgoglik koeffitsiyenti, kolloid zarracha,
yuza faol modda, olein kislota, kungabogar yog'i.

HccienoBanne BA3KOCTH MATHUTHOM kuaxoctH Ha 0a3ax NiFe,O,

AnHoranus. TlonydyeHO MarHWUTHas KHMIKOCTh Ha OCHOBe Hukenb ¢epputa NiFe,O4 c
UCIIOJIb30BAHUEM METO/a XUMHUYECKOM KOHJeHcanuu. lcciemoBaHa METOAOM —KalWUISIPHOTO
BHUCKO3UMETpPa 3aBHCUMOCTh KO3 (HUIIMEHTA BA3KOCTH JKUIAKOCTH OT TEMIIEPaTyphl, KOHLIEHTPAIIUH H
MarHUTHOTO TOJIS.

KaroueBbie cJioBa: MarHWTHas >KHUJIKOCTb, MarHUTHOE ToOJe, KOA((UIMEHT BI3KOCTH,
KOJUTOWIHAs dYacTHIla, IOBEPXHOCTHO-aKTUBHOE BEIIECTBO, OJICMHOBAsS KHCIIOTA, ITOJICOITHEYHOE
Macio.

Introduction:

Magnetic fluids are stable colloidal dispersion of single-domain nanoparticles of ferro —
ferrimagnetic materials in carrier fluid. The investigation of viscosity of the magnetic fluids can be
solved many problems in mechanical engineering and sealing [1]. Among the methods of synthesis of
nanoparticles the chemical condensation method is very effective. By using this method, the nickel
ferrite (NiFe,Q,) nanoparticles were synthesized [2]. The viscosity coefficient of the magnetic fluid
was measured by the capillary viscometer device. Changing viscosity on external magnetic field is the
one of important and specific properties of the magnetic materials.

Method of experiment:

As it is known, the technological process of obtaining the magnetic fluid can be divided into
two main stages. The first stage consists in obtaining nanosized magnetic particles. In the second stage
of the process, the layer of surface active substance is applied to these particles, preventing the
formation of aggregates, and dispersing the stabilized particles in a liquid base [3,4]. For the synthesis

ferro phase ( NiFe,O,) of the magnetic fluid 10 gr FeCl,-6H,O and 5 gr NiCl, -6H,0 salts were

dissolved in distilled water. Then 10 gr KOH was added to the solution, resulting in the NiFe,O,
deposition:
2FeCl, -6H,0 + NiCl, -6H,0 +8KOH — NiFe,0, | +8KCl +22H,0 (1)

After 1 hour, the precipitate was washed with distilled water and added to it 2 ml oleic acid and mixed
well. Then 6 ml sunflower oil was added to the resulting mixture and mixed well.

The principle of viscometers is to measure the expiration time under the action of gravity of a
certain volume of the test liquid, viscometer placed between two marks on the measuring tank.
Viscosity coefficient is defined as the product of the measured flow time by a constant viscometer.
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Placed the viscometer with the measured samples in a thermostat and measured the temperature
dependence of viscosity in the temperature range 0 — 80 °C. Placed the viscometer with the measured
samples in a magnetic field and measured the field dependence of viscosity.
Results and discussion:

In magnetic fluids, viscosity depends from the hydrodynamic concentration of the disperse
phase ¢,:

2,50, + 2,7%2)
1-0,609¢, =

here 77, -viscosity of the liquid base, ¢, - hydrodynamic concentration of the disperse phase[5].

17 =1, exp( (2)
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Fig.1 The dependence of magnetic fluid viscosity
coefficient on volume concentration of hard
phase.

t'c
Fig.2 Temperature dependence of viscosity
coefficient of the magnetic fluid.

The hydrodynamic concentration of the disperse phase ¢y linearly depends from the volume
concentration of the hard phase o:

Pn = PO ®)
here p - coefficient, which independent from concentration of hard phase.

The viscosity coefficient of magnetic fluid dependence on the volume concentration of hard phase
(nickel ferrite) had been measured. The results of the measurements are shown in figure 1.
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Fig.3.The viscosity coefficient of magnetic fluid dependence on magnetic field.

400 500 600

As seen in Fig.1 the viscosity coefficient liquid increases, with the increasing of the volume
concentration of hard phase. The rise of the experimental points with an increase in the concentration
of nickel ferrite in investigated material is good approximated with the formula (2). A linear increase
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in ¢ means that an increase in the bulk quantity of nickel ferrite will cause the material to have strong
magneto — weaving properties.

The results of the measurements in the temperature range 20-80 °C of investigated magnetic
fluids viscosity coefficient are shown in Fig.2

As seen in Fig.2 the viscosity coefficient magnetic fluid decreases with exponential law when
the temperature increases, because the interaction force between hard phase and liquid base of
magnetic fluid is decreased.

The viscosity coefficient of magnetic fluid dependence on the magnetic field had been
measured. The results of the measurements are shown in Fig.3.

As seen in Fig.3 the viscosity coefficient liquid increases with the increasing of magnetic field.
The viscosity of investigated the magnetic fluid increases in several times under the influence of an
external magnetic field and this is apparently related to the orientations of the magnetic moments
particles of the disperse phase.

Conclusions

1. An analysis of the experimental data obtained allows us to conclude that with an increase in
the volume concentration of nickel ferrite in a magnetically liquid viscosity coefficient
increases approximately corresponding to formula (2).

2. The temperature dependence of the viscosity of investigated sample is described by the
exponent and allows determination of the activation energy of nanoparticles.

3. Initially, viscosity of the magnetic fluid on magnetic field increases and then reaches some
degree of “saturation”.
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UDK 621.315
MIS BILAN LEGIRLANGAN KREMNIYDA KIRISHMALAR O‘RTASIDA 0O‘ZARO
TA’SIRLASHUV
E.U.Arziqulov, S.N.Srajev, O.S.Ne‘matov, F.M.Yuldashev
Samargand davlat universiteti

Annotatsiya. Si<B,0,Cu> namunasida bir necha xil ionlar juftliklari o‘rtasidagi Kulon
o‘zaro ta’sirlashuv natijalari keltirilgan. Bir necha xil ionlar juftliklarining oddiy bog‘li bog‘lanish
energiyalari hisoblab topilgan. lonlar juftliklarining o‘zaro ta’sirlashuvi vakuumda va erigan kremniy
mubhitlarida tahlil gilingan.

Kalit so‘zlari: ionlar juftliklari, Kulon o‘zaro ta’sirlashuv, bog‘lanish energiyasi, kremniy,
kislorod, mis, elektromanfiylik, kompleks.

MexnpuMecHoe B3aUMO/IeiCTBHE B KPeMHHU JIETUPOBAHHOM Me/II0
AnHotaums. [IpuBeneHbl pe3yabTaThl pacue€TOB CHJIb KYJOHOBCKOTO B3aUMOJIEUCTBUA IJISI
HEKOTOPBIX Tap MOHOB B oOpaszcax Si< B,0,Cu >.Paccuntano ogumHapHOW CBSa3W HEKOTOPHI Iap
noHoB. [IpoBeneH aHaaM3 B3aMMOJCHCTBHSI MOHOB NpUMECEH MEXAy co0Oi B BaKyymMe W B cpele
pacIIaBJICHHOTO KPEMHHUSI.
KuaroueBble c1oBa: map HMOHOB, KYJOHOBCKAash B3aUMOJCHCTBUS, SHEPTHsI CBA3H, KPEMHHUU,
KHUCJIOPO[, MEMIb, IICKTPOOTPULIATETLHOCT, KOMILIEKC.
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Impurities interaction in silicon doping by copper
Abstract. It is given calculation results several ion pairs’ coulomb interaction in
Si < B,0,Cu > samples. It is found bond dissociation energies for several ion pairs single bond. There
given interactions between ion pairs in vacuum and melted silicon medium.
Keywords: ion pairs, Coulomb interactions, bond dissociation energy, silicon, oxygen,
copper, electronegativity, complex.

Kirish

Si<B,0,Cu> va Si<B,0O,Mn> namunalari uchun elektroneytrallik tenglamalari tuzilib,
ularning yechimi asosida kremniyda kislorod va marganes hamda kislorod va mis kirishmalari
o‘rtasidagi o‘zaro ta’sirlashuv natijasida hosil bo‘luvchi elektr jihatdan neytral komplekslar

konsentrasiyasining temperaturaga bog‘ligligi o‘rganilgan. T =1060°C da O-+Cu komplekslar,
T =1150°Cda O+Mn komplekslar maksimal giymatga erishishi aniglangan. Kislorod atomlari
2s°2p* elektron konfigurasiyasiga ega bo‘lib, o‘ziga yaqgin bo‘lgan 4 ta Si atomi bilan kovalent

bog‘lanish hosil giladi. Bunda bog‘ga gatnashmayotgan 2 ta elektron Cu ning tagiglangan zona
kengligida 2 ta chuqur energetik sathlar paydo giladi. Mn(Cu) ni kremniyga legirlash jarayonida

kristall panjara tugunida joylashgan O Mnning 2 ta atomi bilan o‘zaro ta’sirlashadi vaSi,OMn,
Si,OMn, kvazi molekulasi hosil bo‘ladi. Bunday komplekslarning har bittasida 2 ta Mn(Cu)
atomining qatnashishi, Si<B,0O,Mn> Si<B,0,Cu> namunasida Mn(Cu) ning to‘liq

konsentrasiyasi muvozanat holatida turgan O konsentrasiyasidan 2 barobar ko‘p bo‘lishi kerakligini
ko‘rsatadi [1].

Ushbu ishda Si < B,0,Cu > namunasidagi komplekslarning hosil bo‘lish jarayonini to‘laroq
o‘rganish magsadida kremniyga Kkiritilgan kirishmalar o‘rtasidagi o‘zaro ta’sirlashuv jarayonlarini
o‘rganish magsad qilib qo‘yilgan.

Kremniy monokristallida kirishmalar o‘rtasida ichki o‘zaro ta’sirlashuv xuddi yopiq
termodinamik sistema kabi kristallning ozod energiyasini o‘zgartiradi [2]. O‘z navbatida statik,
zaryadli, potensial, assosiativ o‘zaro ta’sirlar bir-biridan farq giladi.

Statik o‘zaro ta’sirlashuv struktura elementlarining kristall panjara pozisiyasi bo‘yicha
joylashuvi bilan bog‘lig. Ular o‘z navbatida sistemaning konfigurasion entropiyasiga ta’sir ko‘rsatadi

[3].

Zaryadlar orasidagi o‘zaro ta’sirlashuv — kristallda ortiqcha energiya paydo gilmaydigan,
zaryadlarning saglanish gonuniga asoslangan elektromagnit o‘zaro ta’sirning bir gismidir.

Potensial o‘zaro ta’sirlashuv — bu turli xil o‘zaro ta’sirlashuvlar kompleksi bo‘lib, u
kristallning potensial energiyasi oshishi hisobiga ozod energiyaning o‘zgarishiga olib keladi. Bu
o‘zaro ta’sirlashuvda kristallning struktura elementlari assosiatlar hosil gilmasdan, mustaqil ravishda
kristall panjarada o‘z o‘rinlari bo‘yicha joylashadi.

Assosiativ (kompleks hosil giluvchi) o‘zaro ta’sirlashuv assosiatlar yoki komplekslarning
hosil bo‘lishiga olib keladi, ya’ni anig bir xossaga ega bo‘lgan va kristall o‘rinlari bo‘yicha bir
butunligicha joylashgan panjaraning yangi struktura elementining hosil bo‘lishiga olib keladi. Hozirgi
vagtda kompleks hosil giluvchi o‘zaro ta’sirlashuv ilmiy tadqiqotchilarda katta qizigish
o‘yg‘otmogda.

Kremniy monokristalli kuchli legirlanganda, kirishmalarning asosiy modda atomlari va
struktura nugsonlari bilan o°zaro ta’sirlashuvidan tashqari, legirlanuvchi kirishmalarning bir-biri bilan
ham o‘zaro ta’sirlashishi yuz berishi mumkin.

Qator manbalarda [4] kremniy i germaniy monokristallarida ikkita (P, B, As va boshga kabi),
donor (akseptor) ionlaridan hosil bo‘lgan xuddi vodorod molekulasi kabi molekulalarning paydo
bo‘lishi to‘g risidagi taxminlar aytilmoqgda.

Kirishmali kompleks — bu kristall matrisada kirishma atomlari ishtirokida individual fizik
xossaga ega bo‘lgan, turg‘un kvazimolekulalarning hosil bo‘lishidir. Kirishmali kompleks to‘g‘ri
ideal kristall simmetriyasidan farq giluvchi o‘z simmetriyasiga ega bo‘ladi va mos ravishda,
go‘zg‘almas asosiy kristall atomlariga nisbatan panjarada bir gancha ekvivalent holatlarni egallashi
mumkin.
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Murakkab nugsonlardan iborat komplekslarning hosil bo‘lishi bir necha bosgichlarni talab
giladi: nugsonlarning hosil bo‘lishi (Shottki nugsonlari, Frenkel nugsonlari va boshga) —» ularning
migrasiyasi —» boshga nugsonlar bilan birikishi. Kremniyda vakansiyaning vakansiyalar bilan
guruhlashishi, shuningdek vakansiyalarning kislorod, fosfor, litiy va boshga kirishma elementlari bilan
guruhlashishi kuzatilgan [5].

Kirishma atomi kristall panjara davriy maydoni ta’sirida va Kulon maydoni ta’sirida bo‘ladi.
Bu Kulon maydon potensiali butunlay kristallga ta’sir etuvchi kuchni kuchsizlantiradi [6].

Kvant mexanikasi gonunlari asosida elektron gobiq nafagat Kulon tortishish-itarish kuchlari
bilan, balki Van-der-Vaals tortishish kuchlari (dispersion o‘zaro ta’sirlashuv) bilan amalga oshiriladi.
Yig‘indi o‘zaro ta’sirlashuv Born va Mayer tenglamasi bilan ifodalanadi.

2,2,¢
U, = N | 2225

c 9
A+——-B(r,)—=ho , (1
A rOG (0) 4 maks ()
2

bu erda £228” _ Kulon tortishish (itarish) kuchlarini ifodalaydi:
rO
L

6

-dispersion o‘zaro ta’sirlashuv (s-konstanta); B(ro)-itaruvchi o‘zaro ta’sirlashuvni
rO

aniglovchi ifoda, B(ro) U Bn bu yerda b- Van-der-Vaals tenglamasidagi to‘ldiruvchi koeffisiyent
r

bo‘lib, molekula hajminig to‘rt barobariga teng; ho maksimal

chastotadagi panjaraning nol energiyasi.

Qo‘polrog yaginlashishlarga ko‘ra kirishma ionlarini dielektrik singdiruvchanligi & ga teng
bo‘lgan muhitga kiritilgan, deb garash mumkin. Agar kirishma atomlari ham kremniy atomlari ham
ionizasiyaga ega bo‘ladi, deb taxmin gilinsa, u holda Kulon gonuniga ko‘ra, ikkita zaryad bir-biri
bilan vakuumda F kuch bilan o‘zaro ta’sirlashadi va uning kattaligi zaryadlarning ko‘paytmasiga
to‘g‘ri ular orasidagi masofaning kvadratiga teskari proporsional bo*ladi.

Vakuumda va argon muhitida, shuningdek, erigan kremniy muhitida ionlarning bir-biri bilan

o‘zaro ta’sirlashuvini garaymiz ( & =1, &yg0n =1,000554, &, =11,714).

vakuum

Bu tahlilda boshga o‘zaro ta’sirlashuvlar hisobga olinmagan. U holda Kulon tortishuv
(itarishuv) kuchi quyidagi formula bilan ifodalanadi:

-panjara tebranishining o

maks maks

argon

0,0
F=—212_(2
Aree,r’ (@)
bu yerda o,,0,- ionlarning zaryadi, Kl; ¢- muhitning dielektrik singdiruvchanligi; &,-dielektrik
2
doimiylik, 8,85-10’12L2; r -atomlar orasidagi masofa, m.
-m

Tadgiqgot ishlarning o‘tkazilishi

Bir xil wvalentli strukturalarni ifodalovchi molekulalarning barcha bog‘lanishlarining
yig‘indisini ifodalovchi bog‘lanish energiyasining giymatini topish mumkin.

Si < B,0,Cu >namunasida kirishmalar o‘rtasidagi o‘zaro ta’sirlashuv jarayonida atomlar
o‘rtasida elektronlar almashinuvi sodir bo‘ladi. Bu holda kirishma atomlari o‘rtasida ionli-kovalent
bog‘lanish hosil bo‘ladi, deb garash mumkin. Tajriba uchun boshlang‘ich material sifatida Choxral
usuli bilan o‘stirilgan KDB-10 markali kremniy monokristallidan foydalanildi. Kremniydagi

kislorodning konsentrasiyasi optik usul bilan (1=9.1 mkm, N, =(5-7)10"sm™) aniglandi. Mis

kirishmasi kremniy sirtiga vakuum (10°mm.sim.ust.) sharoitida termik changlatib hosil gilingan
yupga gatlamdan 1050 —1250°C harorat oralig‘ida 50°C gadam bilan diffuziya yo‘li bilan legirlandi.
Hosil bo‘lgan Si < B,O,Cu > namunalari parametrlarini solishtirish uchun har safar Si < B,0O > -sinov
namunalari ham birgalikda bir xil sharoitda gizdirildi.

Diffuziyadan keyingi Si<B,0,Cu>va Si<B,0> namunalari parametrlari 1-jadvalda
keltirilgan. Jadvaldan ko‘rinib turibdiki, sinov namunasi Si<B,0 > ning solishtirma qarshiligi

diffuziya haroratining oshib borishi bilan oshadi, 1150°C da esa solishtirma garshiligi 4.7(10°0m-sm
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ga teng bo‘lib, o‘tkazuvchanlik turini p-turdan n-turga o‘zgartiradi. Diffuziya temperaturasining

T >1150°C giymatlarida esa yana o‘tkazuvchanlik turini p-turga o‘zgartiradi va 1250°C

temperaturada esa boshlang‘ich kremniy namunasi parametrlariga yaqin giymatlarga ega bo‘ladi.
Si < B,0 >namunalari parametrlarining bunday o‘zgarishi ilmiy adabiyotlarda kremniyda yuqori
haroratli termodonorlarning, ya’ni termik tebranish nugsonlarining paydo bo‘lishi bilan tushuntiriladi.
Mis kirishmasining esa kremniy parametrlariga sezilarli ta’sir ko‘rsatmasligini misning elektr jihatdan

faol konsentrasiyasi kamligi (510" sm) bilan izohlashadi [7].

1-jadval.
Mis kirishmasi legirlangan Si < B,0,Cu > va Si< B,0 > sinov namunalari parametrlari.
Diffuziya Namunalar
temperaturasi, Si<B,0,Cu > Si<B,0>
°Cc O“.T. p£,0msm O“.T. p»,0msm
1050 p 14 p 10.2
1100 p 13.3 p 11.2
1150 P 10.5 n 4.7-10°
1200 P 12.3 P 5.10°
1250 p 14.4 p 11.2
Bizning fikrimizga ko‘ra Si<B,0,Cu> namunalari parametrlarining bir muncha

o‘zgarishini, hamda misning kremniydagi eruvchanligi garalayotgan harorat oralg‘da [ 510®sm™
ekanligini hisobga olsak, kremniyda kislorod va mis kirishmalari o‘rtasida kimyoviy bog‘langan
elektroneytral komplekslar hosil bo‘lish ehtimoli katta. Bunday komplekslar (O + Cu) hosil

bo‘lishining effektiv temperaturasi 1150 -1160°C haroratga to‘g‘ri keladi [7].

Si<B,0,Cu> namunasida kirishma atomlari (ionlari) o‘zaro bog‘lanishlar hosil gilishi
mumkin bo‘lgan ionlar juftliklari variantlarini garab chigamiz. Bu ionlar juftlarining variantlari va
garalayotgan ionlar juftlari variantlarining (2) formula bilan hisoblangan Kulon kuchlari giymatlari 2-
jadvalda keltirilgan. Vakuumda va argon muhitida hisoblangan Kulon kuchlarining giymati farq
gilmaydi, shuning uchun 2-jadvalda Kulon kuchlarining vakuumda va erigan kremniydagi hisoblab
chigarilgan giymatlari keltirilgan.

lonlar o‘rtasidagi Kulon o°zaro ta’sirlashuv kuchlarining ionlar jufti variantlariga b0g‘liqzlijg;dvall
F,N
Ne lonlar jufti Vakkumda Kremniy
eritmasida
1 Si** - B* 92,17-10°° 7,88-10°°
2 Si* —Cu" 4,92.10°° 0,42-10°®
3 Si*" —0* 19,3-10°° 1,65-10°°
4 B¥* —0* 6,07-10°° 0,52-10°°
5 B¥ —B* 21.73-10°° 1.85-10°
6 | 0% -Cu" 4.83-10°° 0.41-10°°

Oddiy (bir) bog‘lanishli ionlar juftining bog‘lanish energiyasi giymatini elektromanfiyliklar
fargini ifodalovchi munosabatni tagriban baholash bilan aniglash mumkin [8].

E(A-B) :%{E(A— A) +E(B - B)}+100(x, — X5)* —=6.5(x, — X)*, kJ -mol™ (3)

bu yerda E(A-B)- oddiy bog‘lanishli bitta moddaning bog‘lanish energiyasi giymati, kJ-mol™;
E(B-B)- oddiy bog‘lanishli boshga, ikkinchi bir moddaning bog‘lanish energiyasi giymati,
kJ -mol™; X,,Xg -mos elementlarning elektrmanfiyligi.
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Biz garayotgan Si<B,0,Cu> namunasidagi kirishmalarining o‘zaro ta’sirlashuv vaqtida
ularning bog‘lanish energiyalarini baholash uchun bir xil bog‘lanishli ionli juftliklarning bog*lanish
energiyalaridan [9] foydalanib (3) formula yordamida hisoblab topildi. Hisoblash natijalari 3-jadvalda
keltirilgan.

3-jadval.
lonlar juftining variantlari.

lonlar jufti
variantlari | A- Eoar B-element [ lonlar juft | E, _,

element |y o1t | X, kJ-mol™ | Xs kJ -mol™
1 Si* 1870 |18 | B* 225.0 2.0 si“t —B¥* | 209,99
2 Sj4+ 187.0 [ 1.8 | cu+ 339.0 1.9 Si*-cu® | 264,00
3 Si** 187.0 |18 | o* 143.0 3.5 Si** —0% | 399,71
4 B 2250 |20 | o* 143.0 35 B¥* _0% | 410,09
5 B 2250 |20 | B* 225.0 2.0 B¥* —B* | 225,00
6 0% 143.0 |35 | cuy* 339.0 1.9 0% —cul | 454,40

Xulosalar

1. Si<B,0,Cu> namunasida bo‘lishi mumkin bo‘lgan ionlar juftiining eng katta ehtimollik bilan
hosil bo‘lishi oltinchi variantga, eng kichik ehtimollik bilan hosil bo‘lishi birinchi variantga to‘g‘ri
keladi. (Bu tahlilda boshga o‘zaro ta’sirlashuvlar inobatga olinmagan (vakansiya-ion, divakansiya-
ion)).

2. Si<B,0,Cu>namunasida yuqorida keltirilgan oltita variantlarda ko‘rsatilgan komplekslarning
hosil bo‘lishi to‘lig shu kirishmalarning tabiatiga bog‘lig bo‘ladi (elektrmanfiyligiga, ionning
radiusiga va b.).

3. Bir bog‘li bog‘lanishli komplekslarning bog‘lanish energiyasi eng kattasi bu O + Cu kompleksi
ekan.

4. Si<B,0,Cu>namunasida kislorod va mis kirishmalari o‘rtasida hosil bo‘luvchi kimyoviy

bog‘langan O +Cu kompleksi 1160°C da maksimal giymatga erishadi.

Barcha keltirilgan natijalar kremniy monokristallidagi kirishmalarnnig o‘zaro ta’sirlashuvi
natijasida komplekslarning hosil bo‘lishni chuqur o‘rganish asosida hisoblab chigarilgan. Kirishmali
komplekslar o‘stirilayotgan monokristallning barcha xarakteristikalariga ta’sir ko‘rsatadi. Shu sababli
kirishmali komplekslarning hosil bo‘lish tafsilotini to‘liq bilish zarur.
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DIFFERENTIAL HEAT OF WATER ADSORPTION IN RUTILE
G*.A.Doliyev, Sh.A.Sulaymonov, G*.0.Mamajanov, M.Yu.Mamadjanova, S.B.Toshtemirova
Namangan state university
E-mail: tarnado8185@mail.ru

Abstract. In this study thermodynamic characteristics of water adsorption in rutile have been
studied. The relationship between the crystallochemistry of titanium (IV) oxide and the adsorbent-
energetic properties of the oxide were found, and the molecular mechanism of adsorbency of the
titanium (1V) oxide was determined in all parts of water content.

Keywords:adsorption, thermodynamic,adsorbent-energetic,titanium (1) oxide,water

Rutilda suvning adsorbsiyasi differensial issigligi
Annotatsiya. Bu ishda titan (IV) oksidi suv adsorbsiyasining to‘lig termodinamik
xarakteristiklari o‘rganildi. Titan (IV) oksidi kristallokimyyoviy tuzilishi va adsorbsion-energetik
xususiyatlari orasidagi bog‘liglik topildi, hamda titan (IV)oksidi suv to‘yinishning barcha gismida
adsorbsion molekulyar mexanizmi aniglandi.
Kalit so‘zlar: adsorbsiya, termodinamika, adsorbsiya-energetikasi, Titan (V) oksidi, suv

JAuddepenunanbHbie TEMI0THI aACOPOIUN BOAbI HAPYTHIIA

AnHotamusi. B pabore aeTanbHO M3YYEHBI TOJHBIE TEPMOJAMHAMUYECCKHE XapPaKTCPUCTHKHU
ancopOIMM  BOABI Ha JWOKCHAE THUTaHa. HalineHa Koppemsmus MeXTy aacopOIMOHHO-
SHEPTETUUSCKUMH XaPAKTEPUCTHKAMU W KPUCTANIOXUMUYECKUM CTPOCHHEM JTHUOKCHIA THTAHAH
BBISIBJICH MOJICKYJISPHBI MEXaHW3M aJCcOpOIlMM BOJBI HAa JTUOKCHJE THTaHA BO BCel oOmactu
3aMOJTHEHUH.

KiroueBble ciioBa: ajacopOIus, T€PMOIMHAMUKA,aCOPOIIMOHHO-IHEPIeTHYCCKAs, TUOKCH/IA
THUTaHa, BOJA.

Introduction

Rutile is one of the most widely used compounds in the world. It is the fact is that the adsorbent
molecules of the substance on the surface of the titanium oxide are similar with the fluid. Therefore, it
is widely used in industrial and technical issues.

Our objective is to thoroughly study the rutile hydration mechanism using a high vacuum
adsorbent calorimetric method. The great attention is being paid to the adsorption calorimetry among
the prejudicial structure-sensing methods in the study of the guest-host communication. This technique
gives a great deal of information about crystal chemistry, chemistries and physics of the superficial
part, as well as mechanisms of molecular interactions in the active centers on the rigid body surface
[1].

Research Methods and Areas

The study was performed on a high vacuum adsorption calorimetric device. The results obtained
on this device are highly accurate. The differential temperature of the adsorbent (Qd) is determined by
the Tian-Kalve differential automatic calorimeter [2]. The isotherm of the adsorbent is measured in a
horizontal manner. The dosage of the adsorption was carried out using a volume of fluid method. The
accuracy of the measured isotherms was 0.1%, the adsorbed heat was 1% [3-4].

Results and Discussion

Adduct isotherms of rutile water measured at 303 K (Fig. 1). The thermal conductivity diagrams
show the constraints on the connections at constant temperature, showing that the adsorption isotherm
of the rutile water pressure changes to 700 pmol/g of weak adsorption. Between 0.13 <P / PO <0.45
relative pressure range, the isomer is linear in the equation of the coincidence.

The molecular capacity of the molecule is 585.2 umol/g in the energy constant of 1.64, whereas
the surface of the water molecule in a dense monomolecular layer (Qm) is 14.8 A, the specific surface
area of the water molecule was equal to 317-335 m%/g.
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Fig 1. Isotherms of water adsorption of TiO, measured at 300 K

Differential temperature of the rutile water adsorption (Qd) is measured at 303 K and shown in
Figure 2. The heat absorption decreases gradually to a condensation temperature of about 43.5 kJ / mol
at 303 K, starting from 95 kJ / mol. The total is 680 umol / g water adsorbed. This is a very high
adsorption capacity for not swelling minerals. During the adsorption until 680 umol/g, we observe 2
links of 166 umol/g in adsorbed state. The first and the second steps indicate that the rutile surface
{110} is chemisorption in the granules. Then it will be ~52 pumol/g in the second stage of adsorption.
In this case water molecules are adsorbed in {100} or {101} granules. Then the continuous plate ends
at Qd line at 684.8 umol/g. When the water is first adsorbed into two granular grains at ~166 pmol/g,
smaller granules contain about 52 pmol/g water adsorption in two surfaces. At the end of the
experiment, ~166 pmol/g of water was adsorbed. The result of the BET equation indicates that the
surface in the TiO, molecule is filled with water monomolecule.
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Fig 2. Differential temperature of TiO, in water adsorption measured at 303 K. Fibrous strips -
heat condensation for water at 303 K

Formation of the monomolecular layer on the surface of the rutile is accompanied by the steps
in the Qd line. It indicates the formation of a two-dimensional complex (N,O), * TiO, with the same
oxidation surface (166 umol/g) of the first two longitudinals. Thus, the adsorption of water results in a
three-fold increase in the amount of cationic surfactant from neighboring layers.

Based on our previous experiments, we calculated the differential entropy of adsorption using
the Gibbs-Gelmgolts equation (DSd), differential adsorption heat and isotherm of water. Fig. 3 shows
the differential entropy of adsorption 303 K. Vertical strips demonstrate the integral entropy for water
at 303 K.

Given the entropy heat level, the line has a wavy form. Almost half of the line is below the
water entropy line and the rest are above the water entropy line. In general, the mean entropy value is
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~ 52 J/ mol * K. In rutile water adsorption looks like chemisorbed which are not acting in the first
and the second stages. The integral entropy of adsorbing against the entropy of water is less than ~ 9.1
Dj/mol * K. This result is lower in the H,O-rutile system than in the liquid water flow.

a,umol/gMmmMmMMMMM

50 100 150 200 250 300 350 400 450 500 550 i G50 TO0

20

ASq4, J/Imole*K

Fig 3. In 300K, TiO, is water molecule (DSd) differential entropy of adsorption

In all calorimetric experiments we have obtained thermokinetic lines. It is possible to observe
the adsorption equilibrium over time (Fig. 4). Adjusting the adsorption balance around the first high
energy nucleus will suddenly slow down and last for 8 to 2 hours. The slowdown in the process
depends on the water surface resettlement.

The differential adsorption heat has a gradual form.

Summary. Water vapor adsorption in Rutile takes place in 7 steps. In the first and second
steps, the water is chemisorbed in {110} granules in on the rutile surface. Therefore, the differential
heat is released from 166 umol/g to 330 umol/g in gradual state. In the next two steps, molecular
adsorption of water takes place at 52 umol/g in {100} and {101} granules. In the last stage adsorption
on the pre-granular surface is observed. All these steps indicate stoichiometric ratio of cations on the

surface and the amount of water.
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Fig 4. 303 K in the titanium oxide, a solution of water adsorption within a time line.

Rutile water adsorption occurs with the formation of two monomolecular layers on the surface.
In the first layer, four water molecules are coordinated. This process is accompanied by sharp
deceleration of adsorption kinetics. The molecules on the surface of the rutile resemble a liquid.
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TEPMOJUHAMHNYECKAS COBMECTUMOCTDb
HATPUMKAPBOKCUMETWJIEJLIION036I C BEJIKAMUA
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AnHotanmus. Ha ocHOBaHMM H30TEpM COpPOLMK TIApPOB BOJLI C IOMOIIBIO Pa3TMYHBIX
TEPMOJIMHAMUYECKAX TEOpUH OBbTM  pacCUMTaHBl TMapaMeTpbl  B3aUMOJICUCTBHUS  MOJMMEp-
pacTBOpUTEIb, MOJMMEP-TIOIUMED, MOJMMEP-TIOTHMEP-PACTBOPHUTEIH u orpeJieieHa
TEPMOJMHAMHUYECKAsT COBMECTUMOCTh B CHCTEMaX HATPUHKapOOKCHMETIIIIEIIII0N03a-0eTI0K. AHaIN3
TEPMOJMHAMUYCCKUX PACUCTOB ITOKA3ajl, YTO CUCTEMbl HATPUHKAPOOKCUMETHIIICILII0I03a-0€IKH, TPH
MaJIbIX COACPKAHUAX OAHOTI'O M3 KOMIIOHCHTOB ABJIAIOTCA TepMOlII/IHaMI/IT-IeCKI/Iﬁ Ooiree YCTOI‘/'IT-H/IBI)IMI/I
0 CPABHEHHIO CO CMECSAMU C MPUOIU3UTEIHFHO OIMHAKOBBIM KOJIMYECTBOM KOMITOHEHTOB.

KuiroueBble cJI0Ba: HaTpUHKapOOKCUMETHIIICILIIONIO3a, allbOYMWUH, KOJUIareH, COpOIus,
u3oTepMa, sHeprus ['nooca , koaphuiueHTs 1uddy3uu.

Natriykarboksimetilsellyulozani ogsillar bilan termodinamik moyilligi

Annotatsiya. Magolada  suv bug‘i bilan olingan izotermalar asosida
natriykarboksimetilsellyuloza-ogsil ~ sistemasini  termodinamik  moyilligi  turli  termodinamik
nazariyalar,  polimer-erituvchi,  polimer-polimer,  polimer-polimer-erituvchi  ta’sirlashishlar
hisoblangan. Bunda natriykarboksimetilsellyuloza-ogsil sistemasini komponentlaridan birining
miqgdori kam bo‘lganda sistema komponentlar migdori deyarli teng bo‘lgan aralashmalarga nisbatan
termodinamik bargaror bo‘lishi aniglandi.

Kalitso‘zlar: natriykarboksimetilsellyuloza, albumin, kollagen, sorbsiya, izoterma, Gibbs
energiyasi, diffuziyakoeffisienti.
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Thermodynamical computability sodiumcarboxymethylcellulose-protein’s

Abstract. On the base of sorbtion isotherms of water steams with application of different
thermodinamicaltheorities some parametrs of interaction in systems polymer-solvent, polymer-
polymer, polymer-polymer-solvent were calculated and also thermodynamicalcombability in systems
sodiumcarboxymethylcellulose-protein  have been determined. Analysis of thermodynamical
calculations have shown that system sodiumcarboxymethylcellulose-protein is  more
thermodynamically stable at small content of one of the components in comparison with system with
equal contents of both component.

Keywords: sodiumcarboxymethylcellulose, albumin, collagen, sorbtion, isotherm, Gibbs
energy, diffusion coefficient

Coznanne 3KOJOTHYECKH 0€30MacHBIX OMOAETPaaupyeMbIX MATepHAlIOB U UX CTAaOMIU3aIus
OCTalOTCS aKTyaJIbHOM 1mpo0siemoii B Mupe [1, 2]. BaxkHOe MECTO Cpelld TaKUX MaTepPHaIOB 3aHUMAIOT
pa3IN4YHBIE MOJMMEPHBIE KOMIIO3HUIUM, MOITy4aeMble Ha OCHOBE IMPHUPOIHBIX MOIMMEPOB HWIN HX
CMeEceil, KOTOpBIE pas3jaralorcd MOoJx JACWCTBHEM CBETa, TEIJIa, BOJBl, MHKPOOPTaHM3MOB Ha
Oe3omacHbie g denmoBeka M cpeanl KommoHeHTH (CO,, H,O wm np.). TakumMu mpupomHBIMHU
NOJMMEPaMU TPEXKIE BCETO SBISIOTCS MPOW3BOAHBIC LEIUTIONO03BI W Oenku. B mocnegnue roasl B
o0macTH  TEPMOAMHAMHKHM  B3aUMOACHUCTBHA  MAaTEpUAJIOB HA OCHOBE IIOJIMCAXapuaoB C
pacTBOPUTESIMH  BelyTCs  OOJIbIIME  JKCHEPUMEHTaIbHbIE  paboThl [0  yCTAHOBJIEHUIO
TEePMOANHAMUYECKUX NPHYMH YCTONYMBOCTH KOMITO3UIMH, 00JaafONINX KaK OMOCOBMECTUMOCTEIO,
TaK U OMO/IeTpaIaIiei.

Ha kadenpe dusnmdeckoil XuMuH BeIyTCS CHUCTEMATHUYECKHE HCCIIENOBAHHS IO H3YYEHHIO
TEPMOAMHAMUKH B3aUMOJIEMCTBHS B TOJHMMEPHBIX CHCTEMaxX Ha OCHOBE MPOM3BOJHBIX LIEIUTIOI03HI
(KMLI, ALl), xutozaHa u psjga O0enkoB [3] TakuX Kak KOJUIATeH, JKENATHH, allbOYMWH, CEPHIIVH,
¢ubponH, a TaKKe BOJOPACTBOPUMBIX IIOJIMMEPOB C LEIbI0 CO3JaHUs OuoJerpagupyeMbIX
MaTepualoB, HCIOIB3YEeMBIX B MEAMIIMHE, CEIbCKOM XO35iiCTBE M B HEKOTOPBIX OTPacisax
NPOMBIIIEHHOCTH. J{aHHBIE CHCTEMBI HHTEPECHBI U TEM, YTO OHH UMEIOT CKJIOHHOCTH K caMOcOOpKe U
MOTYT 00pa30BBIBaTh BBICOKOYNOPSAOUYECHHBIE CTPYKTYpPbI, HWHTEPMOJICKYJISPHBICTIOINKOMIUICKCHI,
MOJIEKYJIApHBIE U CYIPaMOJIEKYIIpHbIE KOMIUIEKCHI, YTO ITO3BOJISIET MCIIOIB30BaTh UX JIJISl TIOMYUYESHHS
MaKpOMOJIEKYJISIPHBIX CHCTEM C PETYJTHUPYEMBIMH CBOWCTBAMH, THAPOTENEH, TUIEHOK W BOJIOKOH CO
crneun(pUIecKuMH CBOMCTBaMHU. B CBSI3M C 3THM JaHHBIE CHCTEMbl HPEACTABISIOT MHTEPEC Kak C
TEOPETUUYECKOM, TaK U C MIPAKTUYECKOMN TOYEK 3peHus. Takue B3auMOAECHUCTBHS LIMPOKO PEaTU3yHOTCS
B IIPUPO/IE U UTPAIOT OTPOMHYIO POJIb B )KUBBIX OPraHU3Max.

U3BecTHO, 4YTO KpUTEpHEM HMCTUHHOW CTAOMIBHOCTH CHCTEMBI BO BPEMEHH SBIISETCS
TEPMOANHAMHUYECKAs] COBMECTUMOCTh €€ KOMIIOHEHTOB, KOTOpasl OLEHUBAJIACh 110 BEIMYUHE U 3HAKY
CBOOOIHOM SHEpruu cMeleHus noauMepoB ['nooca (Agy) mo mMeroy, mpeanokeHHoMy Tarep.

CucteMbl mnosnuMmep-0€JI0K MHTEPECHBl M TEM, YTO B HHUX IIPU CO3JaHUU OIPEAEIECHHBIX
YCIOBHH MOTYT IPOHMCXOIUTH 3JICKTPOCTATUYECKHE B3aMMOJCHUCTBHS MEXAY (yHKIMOHATIHHBIMH
rpynnamu NaKMI u GenkoB, a Takke BHYTPHU- U MEXMOJICKYJSIPHOE CBSI3bIBAHHE, NMPHBOAALICE K
00pa30BaHMIO HHTEPIIOIUMEPHBIX KOMITIEKCOB [3].

Ha puc.l. B kauecTBe mpumepa HNPUBEACHBI M30TEPMbl COPOLUHU IAPOB BOABI MCXOJHBIMU
NaKMLI, kom1areHoM ¥ UX CMECSMH Pa3IMYHOTO COCTaBa, KOTOPHIE PACHOJIOKEHBI HIXKE H30TEPM
UCXOIHBIX MojnuMepoB. [lo pacmonokeHHi0 KpHUBBIX H30TE€PM COpPOLMHM MOXHO JIeNaTh
MIPEINIONIOKEHNE OTHOCHUTENIEHO B3aWMOJICHCTBHIM Pa3HOPOJHBIX MAaKpPOMOJIEKYJ, HO OHHU Jar0T
KaueCTBEHHYI0 KapTHHY B3anMojaeWcTBus. HawOompineir COpOIMOHHOW  CIIOCOOHOCTBIO IO
OTHOLICHHIO K BOZE BO BCEil 00JIAaCTH OTHOCHUTENBFHOIO AABJICHHUS HMEIOT HCXOAHBIE IMOJUMEPHI
NaKMI[ u NaKMIl-xonmaren (3:1), T.e. OHM Jydile B3aWMOJIEHCTBYIOT C pPAacTBOPHUTEIEM;
HavMeEHbIIEeH cOpOIMOHHON cTIOcOOHOCTRIO 00nanatoT cMec NaKMII-kommareH pa3inyHOro cocrasa.

B atom cinyuae HabnromaeTcs NpeBANIMPOBAHUE B3aUMOJICHCTBUS MOJUMEP-TIOIUMED Hak
B3aUMOJICHCTBUEM  TIOJIMMEP-PacTBOpUTENb, T.e.  HAOMIOmaeTcss  SIBICHHE  COBMECTHMOCTH
MaKpOMOJIEKYJI Pa3IMYHON IPHUPOJBL. DTO IPEAIOIOKEHUE MOATBEP)KIAETCsl pacyeTaMy IapaMerpa
B3aUMOJICHCTBUS MTOTUMEP-pacTBOpUTEND ) is@nopu-Xarrunca. Ilo uzorepmam copObumu mapoB BOJIBI
ObUIM pacCcUMTaHbl 3HAYCHMS OSTOr0 IApPaMETPOB KOHIIEHTPAI[MOHHAs 3aBUCHUMOCTb KOTOPOIO
NpuBeACHA Ha PUC.2, U3 KOTOPOro BuAHO, uto cMec NaKMII-konnaren npuHIMaloT 6ojiee BHICOKHE
3HA4YEHUs MapaMeTpa s, 10 CPABHEHUIO C UCXOJHBIMHM 00paslamMy, YTO yKa3blBaeT Ha yXYALICHHE
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B3aUMOJICHCTBUSI C PACTBOPUTENIEM CMECEH Pa3UuHOI0 KOMIIO3UIIMOHHOTO COCTaBa. DTH Pe3yJbTaThl
HOATBEPKIAIOTCSL pacdeTaMu CpenHeld CBOOOMHOI SHEpPrUHM CMEUICHUs IMOJMMEp-PacTBOPUTENb U
nonmep-tionumep-pactoputes Ag™. Jis cMeceil pasanYHOTrO KOMIO3MIMOHHOTO cocTaBa Ag™ max B
KOHIICHTPAIIMOHHON 3aBHCUMOCTH IPHHUMAIOT MEHEE OTPHLATEIbHBIC 3HAYCHUS IO CPAaBHEHHIO C
ucxonusiMu oopasuamu NaKMII u Genok.

x/m 1 6
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Q-14 _|
2
Q-12 F
: +
0.1 — il
0,08 | + S .
0-06 —| 3 ]
004 | T
0.02 _| ;
3 1 ; :
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Puc.2. KonnenrpaiyonHas 3aBUICHMOCTb IapameTpa
®nopu-Xarruica B CUCTEMAax MOJIMMEP-TIOJIUMEP-
pactBoputens: 1-NaKMII; 2-Komnaren; 3-NaKMII-
komareH 1:1; 4-NaKMII-komnaren 2:1; 5-NaKMII-
komareH 1:2; 6-NaKMII-komnaren 3:1; 7-NaKMII-
KoJutareH 1:3

Puc.1.M30TepMbl copOIMK apoB BOABL: 1-
NaKMII; 2-Komnaren; 3-NaKMII-komaren 1:1; 4-
NaKMII-komnaren 1:2; 5-NaKMII-konnaren 2:1;
6-NaKMII-komnaren 3:1; 7-NaKMII-kosnaren 1:3
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Puc.3. 3aBUCHMOCTb cpejiHeil cBOOOHOM Puc.4.3aBucumocThb napameTpa B3auMoACHCTBUS
SHEPTUM CMEUIEHNUs CMECEN MOIUMEP-TIOTUMED HIOJIMMEP-TIOJTMMED-PAaCTBOPUTECIIB B CUCTEMAX
NaKMII-ane0ymun (1), NaKMII-komnaren(2) NaKMI-anp6ymun (1), NaKMLI-kosnaren (2) ot
OT COJIEp>KaHUsI B HUX BTOPOrO KOMIIOHEHTA. COACpXKaHusA BTOPOTO KOMIIOHEHTA.

DTO SBISETCS CBUICTEIHCTBOM JYULIETO B3aUMOJACUCTBUS MEXKIY MOJUMEpaMHU Pa3IudHON
MIPUPOJIBI TI0 CPABHEHHUIO CO B3aWMOJEHUCTBUSMH OTAENBHBIX MOJUMEPOB C PACTBOPUTENIEM, T.€. MPH
CMEIICHNH TIOJTMMEPOB 00pa30BaBIIAsICI CMECH XYK€ B3AUMOJIEHCTBYET C PACTBOPHUTEIIEM.

HaiineHHble MO KOHIEHTpaMoHHON 3aBucumoctd AQ™ 3Hauenus sHeprum I'm66ca AG;mis
MCXOJHBIX MOJMMEPOB HanOOJIEe OTPUIIATENBHBL, @ B CIIy4ae CMECed Pa3uIHOTO KOMITO3UITHOHHOTO
COCTaBa MHTCHCUBHOCTH B3aUMOJICHCTBUS B CHCTEME IMOJIUMEP-PACTBOPUTENbL YMEHbIIaeTcs. Takoe
nmoBegeHue cucreMbl NaKMII-0eok 00BICHICTCS yCHIIEHHEM MEKMOJICKYIISIPHBIX B3aUMOICHCTBUH
pa3IMYHOW XMMHYECKOW Tpupoasl. lloaTBepaeHNEM BBIIIECKA3aHHOTO SIBIISIFOTCS TMPOBEICHHBIE
TEPMOJIMHAMUYECKUE pacyeThl CpeAHEH CBOOOMHOW DSHEPrHMH CMEIICHHs NojuMep-rionumep Agy,
3aBHCHMOCTH KOTOpPBIE OT COCTaBa MCXOJHBIM CMeceil MpHuBeleHa Ha pHC.3, U3 KOTOPOTO BHIHO, YTO
3HaueHust AQy or cocraBa cmecd NaKMII-0emok oTpuilaTelbHBI, 4YTO CBUACTEILCTBYET O
TEPMOJVMHAMUYCCKONW YCTOWYMBOCTH CHCTEMBI, KOTOpas SBISCTCS OMHO(A3HOW M €€ KOMIIOHCHTHI
COBMECTUMBI MEXIy cO0Oi BO BCEM WHTEpPBAJieé COCTaBOB. 31€Ch HEOOXOJUMO OTMETHUTh, YTO
NPOBEJICHHBIC paHee Ha Kadeape HCCIelOoBaHUs pa30aBICHHBIX PACTBOPOB pPA3IMUYHBIMHU (U3UKO-
XUMUYECKUMU  MeTonaMu [4] Takke yKa3blBal0 HA CHJIBHBIE  MEXKMaKpOMOJICKYJSpHbIC
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B3aUMOJICHCTBUS B JaHHOW CHCTEME BIUIOTH A0 0Opa30BaHMsl WHTEPIOJUMEPHBIX KOMILIEKCOB MPH
OIIpEJICJIEHHBIX COCTABAX CMECH.

BeiBonbl, chenaHHble Ha OcHOBe pacuetoB Agyx ot cocraBa cmecu NaKMII-6enok,
HNOATBEPXKIAIOTCS  pe3yJbTaTaMH pacueToB IapaMeTpa B3aUMOJAEHCTBUSA  IOJIMMEp-TIOJIUMEp-
pactBopuTtens [5] no reopun cmemenus Onopu-Crorra (Tadam.).

Tabamnna
TepMoauHaMuueckue napaMeTpsl B3aUMOAEHCTBUS B CUCTEMAX IIOJIMMEP-PacTBOPUTEINb, IIOJIUMED-
HOJMMEP-PACTBOPUTEIID U [IOJUMEP-TIOIUMED

D Bpasie: ﬁgm File) ¥ ¥rme ity X, ¥1a Do
EUT BT =005 m BT o oo 1|:|'E= mzl.rc
o Fpawme | [Tarrep-
CEOrTY COHY
M aRCVILT s1948 | c21,5 | 0375 _ ] _ R 5.5
ATTE CryrEres -16,12 -19.5 0,26 - - - - 1,25
M akMI[-anebyrem | -852 | -9.2 1.5 755 | -11,59 | -1038 | -25365 1.6
(©5:5)
1 al WL - arce Gryraeees -TES -10.9 1,01 -0.41 -11.47 -0,6 54 -24.27 0,64
(90:103
M ab WL - ance Gryraeres -522 -9.8 1,55 -3,17 11,57 -1.00z2 -4 4% 0,93
(85:15)
M akMI[-anebyrem | -2.66 | -9.2 1.5 136 | <1115 | -og9e | -17.55 2097
(7525

3aBHCUMOCTb MapaMeTpa X125 OT COCTaBa CMECH MpHUBeJeHa Ha puc.4. OTKyJa BUAHO, YTO BO BCEM
M3yYEeHHOM WHTEPBAJIC COCTABOB MapaMeTp Y 12sTIPUHUMAET OTPHLATENLHBIC 3HAYCHHUS, YTO SIBIISETCS
MOATBEP)KICHUEM COBMECTHMOCTH KOMIIOHEHTOB U onHopoaHocTu cucteMbl NaKMLI-Oenok. AHanu3
3aBUCUMOCTH 3HaueHuil Agy oT coctaBa cmecu NaKMILI-Oenok Takke ykasplBaeT Ha TO, YTO IIPH
MajbIX COIEPKaHMSAX OJHOTO W3 KOMIIOHEHTOB CHCTEMa SBJISETCS TepMOAMHAMHYCCKHN Ooiee
YCTOHYHMBOI1 110 CPABHEHHIO CO CMECSAMH, MPUOIM3UTETBHO PABHBIMU KOJIMYECTBAMH KOMIIOHEHTOB. B
9TOH 00JacTH COCTaBOB HAOMIOAAETCS MeTacTaOMIIbHOE COCTOSHHE. 3aBUCHMOCTh Iapamerpa
B3aMMOJICHCTBHS MOIMMeEp-onuMep-pacTBoputens Prnopu-CKoTTa Y12s0T COCTaBa CMECH, a TaKXKe
3HA4YCHUS MapaMeTpa B3auMoAehcTBHa noiauMep-nonumMep mo [latrepcony u Kpayse moareepkaaior
BBIBOJIBI, C/ICIAaHHBIE TI0 pe3ylbTaTaM pacueTos mo Tarep.

[TonydeHHbIe KUHETHYECKUE KPHUBBIE M pacyeTbl Koddduimenrtor auddysuu [6] mus
WCXOIHBIX MOJMMEPOB M HX CMeceld pa3IMyHOro cocrtaBa (Tabj.), YKas3blBalOT Ha YIJIOTHEHUE
CTPYKTYpBI, BCJIEACTBHE 4Yero 3HaudeHus KodpduumeHtoB anpdysuu miaeHok cmeced NaKMII-
aNbOYMHUH HECKOJBKO yMEHBINAIOTCS M0 cpaBHeHHIO ¢ ucxonHbiM NaKMIL, Taxke sBisercs
KOCBEHHBIM JI0Ka3aTeJILCTBOM COBMECTHMOCTH M3Y4YE€HHOH Mapbl MOJIMMEPOB.

Takum 00pa3oM, TEPMOAMHAMHYECKHMMHU METOAAMH MOXKHO IOJIy4aTh JOCTATOYHO MOJIHYIO
UHQOPMAIIUIO O MEXKMOJCKYISPHBIX B3aUMOJCHCTBUSX MEXKAY KOMIIOHEHTAMH Pa3IHYHON
XUMUYECKOH TPUPOJBI B CMECAX, KOMITO3MIUSAX, MOJMMEPHBIX U MOJEKYJSIPHBIX KOMIUIEKCaX B
pacTBope 1 KOHIEHCHUPOBAaHHOM COCTOSIHUH.
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YK 543.426:546.815
NPUMEHEHUE UMMOBUJIN30BAHHOI'O 5PHOXPOM
CHUHE-YEPHOI'O R JJ1A ONPEAEJEHWSI CBUHIIA
X.V. Yemanosa', 3.A. Cmanosa’
'Boenno-mexnuueckuii uncmumym Hayuonanwvroti 26apouu Pecny6uuku Y36exucman
?Hayuonanshoiii yHUBepcumem Yzbexucmana

AHHOTaIII/ISI. Hpe;moxceH HOBBIN J'IIOMI/IHCCLICHTHBII;'I pearcHTt A OIpCACJICHUS CBHHLIA —
IpHOXpOoM cHHE-YEPHEIN R. ONTUMU3HPOBAHBI YCIOBHS MMMOOMIN3AINA U KOMIIEKCOOOpa30BaHMS.
Ilokazan mMONOXKUTENBPHBIA 3PGHEKT HWMMOOWIM3AIMKM HCCICAYEMOTO pearcHra ero XHMHKO-
aHAJINTUYECKHE CBOMCTBA. Hpez[nomeHa HOBasid CHUCTEMA OpFaHI/ILIGCKI/If/i pCarcHT-HOCUTCIIb JIsd
TBeplIO(l)a3HOFO JIJFOMUHECUCHTHOT'O OIIPEACIICHNA CBUHIIA.

KaoueBble c¢jI0Ba: MMMOOWIM3ALMs, CBHHEI], JIOMHHECIICHITHS, c0p6u1/151, OpraHryYecKui
pearcHT.

Qo‘rg‘oshinni aniglash uchun eriochrom ko‘k-qora R ni go‘llash

Annotatsiya. Qo‘rg‘oshinni aniglash uchun yangi lyuminessent reagent — eriochrom ko‘k-
gora R taklif etildi. Immobillanish va kompleks hosil gilishni optimal sharoitlaritanlandi. Tadqiq
gilingan reagentning kimyoviy-analitik xususiyatlariga immobillashning ijobiy tasiri ko‘rsatildi.
Qo‘rgoshinni gattiq fazali lyuminessent usuli yordamida aniglash uchun organik reagent-tashuvchini
yangi tizimi taklif etildi.

Kalit sozlar: immobillash, go‘rg‘oshin, lyuminessensiya, sorbsiya, organik reagent.

Application of immobilized eriochrome blue-black R for
determination of lead

Abstract. A new luminescent reagent for the determination of lead - eriochrome blue-black R
is proposed. The conditions for immobilization and complex formation have been optimized. The
positive effect of immobilization of the investigated reagent on its chemical-analytical properties is
shown. A new system of organic carrier-reagent for solid-phase luminescent determination of lead is
proposed.

Keywords: immobilization, lead, luminescence, sorption, organic reagent.

OnHUM M3 OCHOBHBIX (haKTOPOB HEOJATONPHUSITHOTO aHTPOMOTEHHOTO BO3ACHCTBUS YeIOBEKA
Ha OKPY)KAIOIIYIO CPEmy SBISCTCS XUMHUYECKOE 3arps3HEHHE, CIIOCOOHOE BBI3BIBATH TIOOATHHBIC
reoxuMuueckue m3MeHeHus. Cped MHOTHX IMOCIEACTBUN NEATEIBHOCTH YEIIOBEYECKOrO OOIIeCTBa
0c000€ 3HaUEHUE UMEET MPOIIECC MPOTPECCUPYIONIETO HAKOIICHHUS TSDKEIBIX TOKCHYHBIX METAJUIOB B
okpyxaroieii cpeae. I[locTyIuieHHe 3HAYUTENBHBIX KOJMYECTB TOKCHYHBIX METAJLIOB B OHOChepy
00ycCIaBIMBaET WX BKJIIOYCHHE B OHMOJIOTHYECKHE KPYTrOBOPOTHI M IIOCJICAYIONIEE HAKOIUICHHWE B
nuimeBblXx 1ensx [1]. TIpupoIHBIM TOKCHUYHBIM METAJJIOM, NPUMEHEHHE KOTOPOTO BBI3BAJIO
MacmTabHOe dKOJOTHIECKOE 3arps3HEeHNE, BO3ICHCTBHE HA 37JOPOBhE JIFO/ICH BO MHOTHX YacTIX MHpa
sBisieTcst cBuHeI [2, 3]. Psamom MexmayHapomHbex opranm3aruii, B ToM uncie BO3, KOHEII ceunen
BKJIIOYCH B CIHMCKU MPUOPUTETHHIX 3arps3uuteneit. BO3 Has3Bana cBuHel ogHuM U3 10 XUMUYECKHUX
BCIIECTB, BBI3BIBAIOIIUX  OCHOBHYIO 00ECIIOKOEHHOCTE B obmacti  OOIECTBEHHOIO
3IpaBOOXpaHeHU. BBUy BBICOKOW TOKCHYHOCTH CBHHIIA W €r0 COCAWHCHHWH, WX HAKOIUICHHE B
Pa3IUYHBIX MPHPOTHBIX O00BEKTaX BHI3BIBAIOT TPEBOTY. B CBSI3M C 3TUM, CTAHOBUTCS OYCBHIHBIM
3HAQUYEHHUE SKCIPECCHOTO, HAAEKHOTO AaHAIUTHUYECKOIO KOHTPOJS 3a COJACpXKAHUEM CBUHIA B
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OPUPOAHBIX O0BEKTaX, BKIIOYAIOIIMX pa3lWYHbIe TUIBl BOJA, BO3AYLIHBIH OaccelH, MOYBY,
Ouosiorudyeckue OOBEKThHl. Pe3yabTaTUBHOCTH KOHTPOJIS 3aBUCUT OT HAAEKHOCTH aHAIUTHUYECKHX
METO/0B M HX INPUIOJHOCTU AJISi OOHApY)KEHUS U OINpENeNIeHHs HUYTOXKHBIX IIPUMEcCEeH CBUHLA.
CAOXHOCTH B KOJNMYECTBEHHOM  ONPEACICHUM  TOKCHMYHBIX  METAUIOB  CBSI3aHBl €
MHOTOKOMITOHCHTHOCTBIO OOBEKTOB OKpYXKaloIieil cpenpl. B 3ToM acmekre akTyanbHOH sBIsSeTCS
pa3paboTKa SKCIPECCHBIX, UYBCTBUTEIbHBIX U CEJICKTHBHBIX METOJOB OIPENCIICHHs] TOKCHYHBIX
MeTauioB. [lepCcrneKTUBHBIM B 3TOM OTHOLICHUH SIBIISETCS COPOLMOHHO-(ITyOPHUMETPUUECKUN METO.
aHaiM3a, BBHJY €ro BBICOKOH UYBCTBUTEIBHOCTH M CPaBHHUTENBHO HEAOPOTOro ammapaTypHOro
odopmienus. CopOIHUOHHO-PIIYOPUMETPHUECKUE METOJBI ONpPEJEIICHUST METAIJIOB OTJINYal0TCS
PAIOM TIPEMMYIIECTB: JY4YIIeH CENeKTHBHOCTHIO, YTO HUCKIIOYAET PsiJi ONEpalyid M0 OTACICHUIO
OTIPENIEJIIEMOTO 3JIEMEHTa OT COMYTCTBYIOIIMX 3JIEMEHTOB M KOHLEHTPHUPOBAaHHE. JTO, B CBOIO
ouepeib, MOBHIIIAET MPABWIBHOCTh U IKCIIPECCHOCTH OIpe/ieNicHns. Pa3aeneHre, KOHICHTPUPOBaHHE,
olpeJieNieHle MeTala — OJTH CTaJud MpH COPOIMOHHO-(PIYOPUMETPHUECKOM  OIpeeTICHHH
BBITIOJIHSAET PEarcHT, MMMOOWIN30BaHHbI Ha TBEPAOH Marpuie [4-6]. IIpemiokeHO MHOXECTBO
METOAMK OIpEeNCHUS 3JIEMEHTOB HMMOOWIN30BaHHBIMU OPraHMYECKHMMH peareHTaMH Kak B
(oromerprudeckom [7-8], Tak u B IoMuHeCIIEHTHOM BapuanTe [9-10].

Lenpto manHON paboThl cTanma pa3paboTKa SKCHPECCHBIX UYYBCTBUTEIBHBIX COPOLIMOHHO-
JIFOMUHECLICHTHBIX METOJIOB ONPENIEICHUs] CBHUHLA B OOBEKTaX OKPY>KAIOLIECH CPeibl.

[IpennosxeH HOBBIM TIOMHHECIICHTHBIM peareHT JUIsl ONpeJleNieHHsI CBUHIIA - SPUOXPOM CHHE-
yepHbI R. YcTaHOBIIEHBI ONTUMANILHBIE YCIOBHS KOMIUIEKCOOOpA30BaHUS CBUHIIA C HCCIETyEMBIM
peareHToM B pacTBope. [yl BEISICHEHHSI ONTHUMANbHBIX YCIOBHHM ObUTH MPOBENEHBI AKCIIEPUMEHTHI 1O
OTIpeJIeNIeHNI0  OoNTUMaNbHOH pH cpeapl, BBIOOPY ONTUMAIBHOTO CcOCTaBa OydepHOoil cMmecH,
OpPTaHUYECKOTO  PacTBOPUTEINS, ONTUMAIBLHOTO  KOJHMYECTBA  PACTBOPUTENS,  ONTUMAIIbHON
KOHIIGHTPAllMM peareHTa, IOpsAKa CIMBAaHUS KOMIIOHEHTOB, BbIOOpa BpeMeHH OOpa30BaHUs
KOMIUIEKCOB M T.I. YCTaHOBJEeHO. UTO 3pHOXpPOM CHHE-depHBI R 00pasyeT MOMHUHECIHPYIOINH
KomIiekc co cBuHmoMm npu pH 4.0-4.5 B mpucyrctBue 57.1 06% MDA, Bpems pazButus
JIOMHHECLICHIIUH COCTaBISET 20 MUHYT.

Ocoboe BHUMaHHE B paboTe YIASISIIOCh W3YYCHHIO BO3MOXKHOCTH WMMOOWIH3AINN
OpPraHUYECKOTO peareHTa Ha HOCHUTENSX PazIMyHOH MPHPOAbl U OCOOEHHO M ONTHMHU3WPOBAHBI
YCIIOBUST WMMOOWIM3ALMM  TPEIUIOKEHHBIX PEareHTOB Ha HOCHUTENW Pa3IMYyHOH TPUPOJIBL
OnTtumu3anyo0  yClIOBUH ~ MMMOOMIM3allMM  NPOBOAWJIM  ONPEACIICHHEM  MaKCHMAaJIbHOTO
AaHAJIITUYECKOTO CHTHajla MpW BapbUPOBAaHMM KHCIOTHOCTH, KOHIIGHTPALlMM pearcHTa B PacTBOPE,
BPEMEHH KOHTAaKTa pEareHT-HOCUTENb. AHAIUTHYECKUM CHTHAJIOM CIYXHJIa HHTEHCHBHOCTH
JIFOMMHECLIEHIIMH KOMIIJIEKCHOTO CO€MHEHMSI UMMOOMIM30BaHHOT'O PEareHTa o CBUHIIOM.

UccnemoBannsa mokaszanu, 9To HawmOOMBIIHA 3(PQeKT AOCTHUraeTcss NpU HWMMOOWIH3AIIH
3puoxpom cuHe-uepHoro R Ha SephadexG-25 (tabmura 1). J[71st BeIOOpa ONTHMAaNbHONW KOHIIEHTPAIIHN
peareHTa mpW HMMMOOWIM3AIMKM onpeaeisin "Harpy3ky" Hocutens. «Harpysky» Hocutens
OTIPEIEJISIIM 1I0 OCTATOYHON KOHIEHTPALMU PEareHTOB HaJl OCaJAKOM.

Tabéamnna 1.
OnTuMalibHbIE YCIOBHUSI MUMMOOMIIM3aLUU SPUOXPOM CHHE-YepHOro R
mp=0,4 1
O6LevM A «Harpy3ka» BpemskonTakTa
Pearent Hocurenn pHcpenbl | epHoiicMec
HOCHUTEIISIMKI/TP MUH.
1, MII
IPUOXPOM CHHE- | gopadon .05 | 3.0-4.0 3.00 226.38 5
yepHbIi R

WzydyeHne KOMILIEKCOOOpa30BaHUS B CHUCTEME WMMOOWIM30BAaHHBIA peareHT-MeTall
MPOBOAMIN B MPOTOYHOM PEXHMME IO M3BECTHOW cxeme: BiusHue pH, cocraBa OydepHoii cmecw,
NPUPOJIBI U COIEPKaHHS OPTaHIMUYECKON (a3bl, BpeMEHH KOHTAKTA.

[IpoBeneHo comocTaBiIeHHE AaHATUTHYECKUX XapaKTEPUCTUK KOMIUIEKCHBIX COEIWHEHHH
MeTalljla C PEearcHTOM B PacTBOpPe W B HMMMOOWIM30BaHHOM cocTossHuu (Tabmuma 2). [lokazan
MOJIOKUTENBHBIN 3 (EeKT UMMOOMIIN3AINN PEAareHTOB ISl ONPE/ICIICHUS] CBUHIIA, 3aKITIOYAIONIUIACS B
YBEJIIMYCHUH HWHTCHCUBHOCTH JIIOMUHECICHIIMM, CHW)KCHHUU TMpejaeia OOHApyKCHHsS METaJlIoB,
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YBCINYCHUUN I/IB6I/IpaTCJ'II>HOCTI/I peaKLII/Iﬁ Ha TBCPABIX HOCUTCIIAX 3a CuéT caBuUTa pH B KHUCIYIO
O6HaCTI>, a TaK)X€ B IOBBINICHUH SKCIIPECCHOCTHU ONPCACIICHUA.

Taoauna 2.

ComnocraBieHHe ONTUMAITBHEIX YCIOBHI KOMIUIEKCOOOPa30BaHUS HOHOB
CBHHIIA C D)PHOXPOM CHHE-4epHBIM R B pacTtBope (R) 1 B *MMOOMIN30BaHHOM COCTOSTHUN (RuMM)

[lapameTpsl R-Pb Rumm-Pb
A b, HM 540 520
WurepBanpH 4,0-4,5 3,0-4,0
00. % opr. PactBopurens 57,1 28,5
BpemspaszsutusgryopecieHnmy, 20 10
MUH
Cy, MKI/MIT 0,028 0,0028

Ha ocHOBe wW3y4eHHBIX peaknuii KOMIUIEKCOOOpa30BaHUA TPEIOKEHBI JKCIPECCHBIE,
YYBCTBUTENIBHBIC W CEIICKTUBHBIC METOJUKH KOJMYECTBEHHOTO COPOIIMOHHO-TFOMUHECIICHTHOTO
ompeseNeHUsl CBUHI]A WMMOOWIM30BaHHBIMH pPEareHTaMd B TPUPOJHBIX U CTOYHBIX BOaX.
[IpenmyIiecTBOM TMpenaraeMblXx COpPOIIMOHHO-TIOMUHECIIEHTHBIX METO/OB ONpEIesIeHUs] CBHHIIA
SIBJIIETCS BO3MOXKHOCTh WX OMNPEIESICHUS HEMOCPEACTBEHHO C TIOBEPXHOCTH MMMOOWIN30BAHHBIX
peareHToB nocie cOpOLNOHHOTO KOHLIEHTPUPOBAHUSL.

[MokazaH NONOKUTENBHBIA A(P(GEeKT HMMMOOMIU3AIMK JPHOXPOM CHHe-4epHoro R Ha ero
XMMMKO-aHAJTUTUYECKUE CBOMCTBA.

[IpenmyIiecTBOM TpeIaraeMbIX COPOIMOHHO-IIFOMHUHECIIEHTHBIX METOJIOB  OIpEICICHUS
CBUHIIA  SIBJSIETCS. BO3MOXKHOCTh €TI0 OIpEJCICHUST  HETMOCPEACTBEHHO C  TOBEPXHOCTH
UMMOOMIIM30BAaHHBIX PEarcHTOB MOciie COPOIIMOHHOTO KOHIIEHTPHPOBAHHUSL.
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CUHTE3 Y HCCJIEAOBAHUE KPEMHUMCOJIEPKAIIETO OJIATOMEPHOTI'O
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AHHOTAIINS. UccnenoBano KOMITO3UIIAN JIAKOKPACOYHBIX MaTepHaIoB c
KPEMHHUICO/IEP)KAIIMME ~ OJJMTOMEPHBIMU ~ COCTUHEHUSIMH.  V3ydeHO OrHe3allMTHBIE CBOWCTBA
KOMIIO3UIINI TICHTA(TAICBOTO JIaKa C OJIMTOMEPHBIM aHTUNHUPEHOM. V3yueHbl BCIIyYeHHEIE CBOICTBA
MOJYYEHHOH KOMITO3UIIMM  OTHECTOWKMX  JIAKOKPACOYHBIX  CTPOUTEIBHBIX MATEPUANOB  TI0
ycranoBiieHHBIM MeTonaM ['OCT ananm3za.

KaoueBbie cioBa: KpEeMHUICOZepKallue COCIUHCHUS, BCIIYYCHHBIC TIOKPBITHS,
KOMITO3UIIVSI, IEHTA(TaIeBBIN JIaK, OTMTOMEPHBIN aHTHUITHPEH, MOIU(DUKALINS.

Bo‘yoq materillarini yong‘indan himoyalash uchun kremniy saglagan oligomer antipirenlar
sintezi va tadqgiqoti

Annotatsiya. Bo‘yoq va bo‘yoq materiallarini tarkibini kremniy oligomer birikmalari bilan
kompozitsiyalarni tekshirildi. Oligomer antipirenlar bilan pentaftal bo‘yoqglarning kompozitsiyalari
o‘rganildi. Olingan bo‘yoq va bo‘yoq materiallarini yong‘indan himoyalovchi oligomer antipirenlar
bilan kompozitsiyalarni olingan tarkibi kengaytirilgan xususiyatlari GOST tahlili usullariga muvofiq
o‘rganildi.

Kalit so‘zlar: kremniy saglagan birikmalar, kengaytirilgan qoplamalar, kompozitsiya,
pentaftal bo‘yoq, oligomer antipiren, modifikatsiya.

Synthesis and study oligomeric silicon-containing flame retardant for fire retardant
paintwork materials

Abstract.Investigation of the composition of paint and varnish materials with silicon-
containing oligomeric compounds. Study of the composition of pentaphthalic varnishwith oligomeric
flame retardant. We studied the properties of the obtained expanded flame-retardant paint composition
of building materials according to established methods GOST analysis.

Keywords: silicon- containing compounds, expanded coatings, composition, pentaphthalic
varnish, oligomeric flame retardant, modification.

JlakokpacodHble TOKPBITHS MPUMEHSIOT B KadeCTBE OTHE3AIIMTHBIX M JEKOPATUBHBIX
CTpoUTENbHBIX Marepuanax. OHM TNPHUIAIOT TOBapaM KpacHBBIM BHEIIHWHA BHJI, OOJEr4arT
NPUMEHEHUE HUX B CTPOUTENBCTBE, 3ALIUMUIAIOT UX OT pa3pyLICHHs], IMOBBIIIAIOT OrHECTOMKOCTb,
XUMUYECKYI0 CTOHKOCTh M T.7 [1]. JlakokpacouHble MaTepuabl IENAT Ha OCHOBHBIE (OMH(BI, JTaKH,
KpacoyHbI€ COCTaBbl) U BCIIOMOTaTelbHbIe (TPYHTOBKH, IIMATIEBKH U Jp.). OCHOBOM JTaKOKpaCOYHBIX
COCTaBOB SIBJISIFOTCS TNIEHKOOOpa3yroIine BemecTsa (TueHKkooopazoBatenu). Kpome Toro, B HUX MOTYT
BXOJIUTh TMTMEHTHI, KpPaCUTENH, PACTBOPHUTEIN W pa30aBUTENH, IUIACTH(PHUKATOPHI, CHKKATHBBHI,
OTBEPAMTEIH U Apyrue 100aBku [2,3].

[Ipu TpOEKTUPOBAaHUH M CTPOUTEIHCTBE COBPEMEHHBIX 3MaHWN HaWBAXHEUITUM (aKTOPOM
SIBIIIETCSL €r0 ToKapHas 0e30macHOCTh. CTOMMOCTh CTPOUTENBHBIX W OTACJIOYHBIX MAaTEPHAIIOB MPH
CTPOMUTENIECTBE M PEMOHTE, KaK NMPaBWJIO, YUUTHIBAETCS B MEPBYIO OYepesb, a MX >KapOCTOHKOCTb
3a4acTylo yimyckaeTcs u3 Buay [3].

Bo MHOrux HMBHIM30BaHHBIX CTPaHax pa3Mep MPOTHUBOIOKAPHOM CTPAXOBKU U CTPaxOBbIE
MPeMHH OJIMHAKOBO 3aBUCAT OT BbIOOpa CcTpoiimarepuana u (WIM) €ro IOCIeayromei
MIPOTUBOIOXKApHOU 00paboTKu. [IpuMeHss OrHECTOMKHE MaTephalibl, B YaCTHOCTH KaueCTBCHHBIC
HErOproYre Kpackd W aHTHUIHPEHBI, MOXKHO TOJYYATh HAauOoJee BBHITOAHBIE CTPaXOBBIE TapU(BI U
3HAUYUTEILHO COKOHOMUTH Ha CTPAXOBKE 3a CUET 3KCILTyaTAllMOHHBIX pacxo1oB. Heroprouue kpacku u
AHTUIIUPEHBI 00eCIeUYnBAIOT OTHECTOUKOCTD OKPBITHSA [4].
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Heroproune kpacku — cMech CBS3YIOLIETO, TUTMEHTA W HATIONMHUTENS, KOTOpasi COCOOHA K
CaMOIIPOU3BOJIBHOMY 3aTBEPAEHUIO, IPUYEM 00pa3yIOIascs IUIEHKa MOXKET OCYLECTBIIATh HE TOIBKO
OTHE3aIIUTHBIC (QYHKINH, HO TAKKE U ICKOPATHBHBIE.

B cocraB Heroproumx CHIMKATHBIX KPAcOK BXOAAT B COOTBETCTBYIOIIMX MPOMOPLHUSIX
OTHEYIIOPHbIE HAIIOJHUTENHU, OeIiila, IIBETHbIE IUI'MEHTHI, KaJIUEBOE JKUAKOE CTEKJIO U CIEeLHaJIbHbIE
no6aBku. B KkayecTBe HamoONHWTENS 4Yalle BCEro MCHONB3YETCS MOJOTHIM BCIYYEHHBIH (WM
HEBCITyYCHHBIH) BEpMHUKYJINT, IEPIUT, TAJbK, BOJIOKHA KAOJMHOBOH BaThl, PACIyIIEHHOT0 acOecTa.

Heroproune kpacku HIMPOKO NPUMEHSIOTCS JUIS OTHAENIOYHBIX PabOT BHYTPU NOMEIIEHHH
(IpOTUBOIIOKAPHOW OKPACKH CTEH, MIOTOJIKOB, OTHE3aIIUTHBIX 3aHABECOB B TOCTHHUIAX, KWHOTEATPax
U JIPYTHX 3PEIHIIHBIX MOMEIICHUX); JUIsl TIOBBIIICHUSI OTHECTOMKOCTH JIEPEBSHHBIX W MOJIMMEPHBIX
KOHCTPYKIUH.

B cocTaB makokpaco4HbIX MaTepuanoB (JJaKOB, TPYHTOB, KPAaCOK, dSMaJIeH, IIMAaTIEBOK) BXOIHUT
HEeNBId  PsiJi KOMIIOHEHTOB: TUIGHKOOOpa30BaTeNld, MUTMEHTHI, PACTBOPUTENH, ILIACTH(PHUKATOPHI,
HAIOJHUTENN, CHKKATHUBBL, OTBEpAMTENM U 1p. Mcmoip3ys Bce WM YacTh KOMIIOHEHTOB B
COOTBETCTBYIOIIMX MPOMOPLHSIX, MOTYYalOT JIIOOBIE JTAKOKPACOUHBIE MaTepualibl, KOTOPbIE 00pa3yloT
TUIEHKU (OKOHYATENbHBIN MPOAYKT) ¢ HEOOXOAUMBIMU (PU3MYECKHUMHU ¥ XHMUYECKUMH CBOWCTBAMHU.

CuHTEe3UpOBaHbl HOBbIE MOMU(YHKIIMOHATIBHBIE OMTOMEpHbIe aHTUNUpeHbl Mapkn OLKM-4
u OLKM-5, Ha ocHOBe KpeMHHUIcOAEpKaUX COCTUHEHUM, TP COBMECTHOM BBEACHHUH KOTOPHIX B
OJIUTOMEPHBIE  CBA3YIOIIUE HAONIOJacTcss CHHEpPruueckuii s¢¢ext. bbb u3yueHsl Qu3mKo-
XUMUYECKHUE XapaKkTepUCTUKU onuromepHoro antumupeHa mMapok OLKM-4 u OLKM-5, xoropsie
npezacTaBieHsl B Tadbauue. 1.

Tadauna 1
DU3NKO-XMMHYECKHE TTOKA3aTEIH OJINTOMEPHOTO aHTUITUPEHA
ITokazarenu OnuroMepHsIil aHTUITUPEH
OLKM-4 OLKM-5

ITnoTHOCTS, r/em® TOCT 15139-69 1,23 1,75

Nxe 0,075 0,082
PactBopuMoOCTB pacTBOPSIETCS B OPraHUUYECKUX PACTBOPUTEISIX
BHemnuii Bug v 1iger OuuromepHoe BELIECTBO MEIOBOTO 11BETA

[Ipu moxape B MUHyTaX (WM Yacax) ¢ MOMEHTa Havyaja moXapa A0 BBIXOJa KOHCTPYKIHH U3
cTposi (MOTepU HECYIICH CIIOCOOHOCTH, OOPYIICHHS, MTOCTHXKCHHS HEOOpaTHMBIX Ae(opMarivii HIH
00pa3oBaHMs CKBO3HBIX TPEIIMH M 3HAYUTENbHBIX JAE(EKTOB), WJIM IPOrpeBa A0 MOBBIIICHUS
TEMIEpaTyppl Ha MPOTHBOIOJOKHOM OT OrHA MOBepXHOCTH mopsaka 220 °C, Bellle KOTOPOH
BO3MOYKHO CaMOBOCIIJIAMEHEHHE OpraHMYeCKHMX MaTepuanoB. Hampumep, mpenen OrHeCTOMKOCTH
3JIEMEHTOB JIEPEBSIHHOTO 1oMa OT 15 10 20 MUHYT, CTAIBHOTO Kapkaca — Mpuoau3nTenbHo 30 MUHYT.

[Ipu Bo3neiicTBHM Ha MOBEPXHOCTh MaTepHaja OTKPHITOIO OTHS MJIM BBICOKOW TeMIIEpaTyphl,
NpUMEHEHHE aHTUIMPEHOB 0a3upyeTcs Ha IUIABJICHUM JIETKOIUIABKUX BELIECTB, BBOJUMBIX B COCTaB
MaTepuana (Hampumep, KpeMHHUICOAepKallnuii OJMUTOMEPHBI aHTUIIUpPEH). B mepBoM ciydae 4acTb
TeIUIa PacXoJyeTcsl Ha TUIaBJIeHHE aHTHUIHMPEHOB, YTO IMOBBIIIAET TEMIIEPaTypy BOCIUIAMEHEHUS, BO
BTOPOM — HETOPIOYHE Ta3bl, BHIACIAIONINECS IPH PA3I0KEHNN COJIEH, IPEMATCTBYIOT JaJIbHEHIIEMY
pacpoCTpaHEHUIO MIIaMEHH.

HccnemoBamu  KOMIO3MIIMM  HAa  OCHOBE  B3aWMOJEHCTBUS  KPEMHMICOIEPIKaIIero
OJIUTOMEPHOr'0 aHTHUITUPEHA C MeHTA(TATIEeBbIM JTaKOM.

OCHOBHBIE TNPEHMYILIECTBA JAaHHOTO THIIA OTHE3AIIUTHBIX MAaTepUaIoB: obOecreuecHue
JIOBOJIGHO OOJIBIIOTO psAfa 3HAYEHHUM MPEeIOB OTHECTOMKOCTH; MaJIeHbKasi TOJIIIMHA OKPBITHH - 10
4 MM, HeOONBLIOW pacxol M COOTBETCTBEHHO HEOOJbIIME HArpy3Kd Ha KOHCTPYKIHH; BBICOKHE
JIEKOpPaTUBHBIE KAaueCTBA.

Tax, nmpu BBEAGHUH KPEMHHUIICOEPXKAIIET0 OJIMIOMEPHOT0 aHTUNHpeHa B konudecTse 0,5-7,5
% anaresmoHHas MPOYHOCTH CBSA3M TOKPBITUS C IOAJOXKKOHM YBETHMYMBAaeTCS B JIBa-4eThIpE pasa.
Hawnnyumue noka3aTenn JOCTHTAIOTCA NPU COACP)KaHMH MOIUPHUUPYIOIIEH T00aBKH B KOJIHYECTBE
5,0 % npeBparennii (BCTICHEHHBIH CIIOH) U CJIO# meHoKokca (puc. 1).

[leHokokc mpencTaBisieT coOOH MeHy ¢ OOJIBIIMM KOJMYECTBOM MENKHX II0p, PAaBHOMEPHO
pacrnpeesieHHbIX 10 00beMy BCIIy4Y€HHOI Macchl.
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MoKHO TPENIONIOKUTh, YTO MOPHI 3aMONHIIOTCA BCIEHUBaromelica Maccol. Ha ocHoBanuu
JUTEPATYPHBIX JAaHHBIX U MPOBEACHHBIX IKCIIEPUMEHTAIBHBIX HCCIEIOBAHUN YCTAHOBIEHO, YTO TaKON
MIEHOKOKC JIOJDKEH 00J1a1aTh BRICOKUMHE OTHETEIUIO3AIIUTHBIMUA CBOMCTBAMH.

BaxkHbIM mOKa3aTeNieM /I OTHE- U TEIIO3AIUTHBIX MOKPBITHH SBISETCS MX CIOCOOHOCThH K
KOKCOOOpa30BaHWIO, Ha  KOTOPYIO  CYIIECTBEHHOE  BIHUSHHE  OKa3bIBa€T  KOJUYECTBO
KPEMHHUICOAEPIKAIIUMI COCTaB MOKPBITHA, Kak 3((EKTUBHOTO KaTajau3aTopa KokcoobpazoBanus. [Ipu
COUYETAaHHH B MOJM(PHUKATOPE aTOMOB KPEMHHS MOXXHO TOBOPUTH 00 YCHJICHHH KOKCOOOpa3yromiei
CIOCOOHOCTH MOKPHITHS 32 c4eT A (heKTa CHHepru3Ma.

=

~
2- 00macTs (H3HKO- J 4

XUMHHECKIX TPEBpAMerHit

~CII0H HCXOIHOTO HOK}]BITPLFT'

Puc. 1. O0Opa3siipl UCTIBITAHKS BCITYYUBAIOIIETOCS OJIMTOMEPHOI0 aHTUITMPEHA C MeHTaTaIeBbIM
JIAaKOM.

YcTaHOBIEHO, YTO MOKPHITHE, COAEpXkallee KPEeMHHUCOAEPKAIIEr0 OJUTOMEPHOTO COCTaBa,
o0JamaeT CTOMKOCTBIO K TOPEHHIO W MOXET ObITh OTHECEHO K TpyIe orHecroiikoctu 1 (TpyaHo-
croparoinue).

Takum 00pa3oM KpeMHHUICOJIEpIKAIINE BCITyYEHHBIC MOKPHITUS SBISIOTCS OTHE3ANIUTHBIMH
KOMIIO3ULIMOHHBIMH ~ MaTepuajgaMHd, ONTUMHU3ALMS COCTaBa KOTOPBIX OTKPBHIBACT IMIMPOKHUE
BO3MOXXHOCTH  JJIS  IICJICHANPABICHHOTO  CO3JaHHUS  HOBBIX  TIOKPBITUH € XOPOIIUMHU
3KCIUTyaTallMOHHBIMU CBOMCTBaMU ISl METAJUTMYECKUX M3ACIUN U KOHCTPYKIUMN.
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YK 661.824+661.846
CIIOCOB MOJYYEHUS CYJb®ATA MATHHUSI OBPABOTKOM MATHE3UTA CEPHOMN
KMCJIOTOM
M.D. Axmenos, A.T. Janaxoxxaes, B.IL I'ypo
Omoen pazpabomku u HeOpeHUsi UHHOBAYUOHHBIX MEXHOA02UU, HAYYHBIX UCCAEO08AHULL U
aoxkanuzayuu npouzeoocmea AO “Vakumecanoam”
HUncmumym obweii u neopeanuueckoui xumuu Axademuti Hayx Pecnyonuxa Y36exucman

AHHoTauus. Pa3paboran croco0 monydeHus cynbdara MarHus W3 MarHe3WTa, MyTeM ero

pa3NoKeHUsl CEepHOM KHUCIOTOH C Tociedylomed ¢uiasTpanueil oOpasyromeiics CycleH3HH,
KpUCTAUTM3allMK Cynb(daTa Maraus M3 (QUIbTpaTa, OTACICHUS M CYLIKM NPOAYyKTa.BrImoiaHeHb!
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TEXHOJIOTMUECKUE pPacyeThbl, IPOBEACHBI ONBITHO-NPOMBIIIJIEHHBIE WCNBITAHUSA, Ha HX OCHOBE
YCTaHOBJICHBI ONTHMAJIbHBIE TEXHOJIOTUYECKHE MapaMeTpsl mporiecca. [loaTBepikaeHa BO3MOKHOCTh
peann3anunyKa3aHHOTO  Crmocoba  TONydeHHs MPOAYKTa, yIOBIETBOPSIONMIETO  TpeOOBaHUAM
HOPMAaTUBHOM [OKyMeHTaluu. Pa3paboTaHa TeXHONOTHsS NOJYy4YeHHUs Cyiabpara MarHus U3
MarHe3uTa,00ecreurBaionas ero BEICOKOe KauyecTBO M 0ojiee HU3KYI0 CTOMMOCTH IO CPaBHEHHIO C
UMIIOPTHBIMHU aHAJIOTaMH.

KaloueBble ci1oBa: MaresuT, cepHas  KUCIOTa, CyJdb(paT MarHus, cyibpaT aMMOHHS,
(unbTpanys, ynapupaHue, KpUCTaUTU3aIHAL.

Magnezitni sulfat kislotasi bilan gayta ishlab magniy sulfatini ishlab chigarish

Annotatsiya. Mahalliy magnezitni sulfat kislotasi bilan parchalab, so‘ngra hosil bo‘lgan
suspenziyani filtrlab, filtratdan magniy sulfatini kristallizatsiya qilib ajratib olish va mahsulotni
quritish bilan magniy sulfatini olish usuli ishlab chigilgan. Texnologik hisoblar bajarilgan, sanoat-
tajriba sinovlari o‘tkazilgan, va bular asosida jarayonning optimal texnologik ko‘rsatkichlari
aniglangan. Me’yoriy xujjatlar talablariga javob beradigan mahsulotni olish usulini tadbiq qilish
mumkinligi tasdiglangan. Chetdan keltiriladigan analoglarga nisbatan yuqori sifat va past tannarxni
ta’minlovchi magnezitdan magniy sulfatini olish texnologiyasi ishlab chigilgan.

Kalit so‘zlar: magnezit, sulfat kislota, magniy sulfat, ammoniy sulfat, filtratsiya, bug‘latish,
kristallanish.

A method for obtaining magnesium sulphate by magnesite processing by sulfuric acid
Abstract. A method has been developed for the production of magnesium sulfate from local
magnesite, by its decomposition with sulfuric acid, followed by filtration of the resulting suspension,
crystallization of magnesium sulfate from the filtrate, separation and drying of the product.
Technological calculations have been made, pilot-industrial tests have been carried out, optimal
technological parameters of the process have been established on their basis. The possibility of
realizing this method of obtaining a product that meets the requirements of regulatory documentation
has been confirmed. A technology has been developed for the production of magnesium sulfate from
magnesite, which ensures its high quality and lower cost in comparison with imported analogues.
Keywords:magnezite, sulfuric acid, magnesium sulfate, ammonium sulfate, filtration,
evaporation, crystallization.

BBenenne.OnuH U3 pacnipocTpaHEHHBIX MarHUEBbIX COSJIMHEHNUH —Ccynbdar Maraus (tabmn. 1),
MIPUMEHSETCS B KauecTBE peareHTa B psifie NPOU3BOACTBEHHBIX IPOLIECCOB, a TAKKE€ MarHUEBOTO
cepocozepXKamero yaoOpeHus — B CeJbCKOM  xo3siictBe. Ero  mo0OaBka — moBbIIIaeT
ypoXallHOCTBKapTodenss ¥  OBOLICH, COJep)KaHWEe B HHX KpaxMala W BUTaMHUHOB
[1,2].PactipocTpaHeHHBIM CBIpBEM U €€ TPOU3BOJCTBA, HAPAAYy C JAPYTUMH COEIWHEHHSIMH
MarHusLABISIIOTCA ~ IPUPOAHBIE paccosibl, TBEPABIE COJNEBBIE OTJIOKEHHUS W MHHEpaibl —
JIOJIOMUT,MarHe3uT, KapHamwiuT. [JoJOMHT - caMblii pacnpOCTPaHEHHBIM MAarHUWCOAEpKaluil
MUHepal, BcTpeuaercs Ha JJonbacce, B MockoBckoii u JlennHrpaackoit obnactsax PO, marue3ut
- Ha Ypane (Catkunckoe), B OpenOyprckoil obnactu (XanujaoBCKOE), KapHAJUIUT - IMOA T.
ConukaMcKkoM (KpymHeiliee B MHUPE MECTOpOXIeHHE). B VY30ekuctaHe HMEIOTCS 3amachl
JIOJIOMUTA, HO BOCTPEOOBaHHBIH HAPOJHBIM XO3IHCTBOM CYJIb(aT MarHus rmoka uMrmoptupyercs [3]
¢ peanu3zanueit o uexe 2500-5000 cym/kr. 3aBo3urcs u3BHE Kayctuueckuit marue3ut no 'OCT 1216-
82 mapku [IMK-87 B kauecTBe m0o0aBKM B aMMHA4yHYIO CENUTpPy. B 3TO#l cBs3H, IemecooOpaszHo
paccMOTpeTh U3BECTHBIE TTOIXOABI K TepepadOTKe MarHe3uTa U JOJIOMUTA.

B P® mpom3BOACTBO pacTBOpa CyiIb(haTa MarHHs,IPOU3BOMAUTEILHOCTRIO mpomecca 1600 m®
pacTtBopa B cMecH, HanaxkeHo B OAO «Bananuit Tyna»[4] u BOAO «}OxHO-ypanbCKUil KPHOIUTOBBINA
3aBoay» [5]. IlogpoOHOCTH TeXHOJNIOTHH HE TpuBeAcHBI. M3BecTHO numb [1,2], 9TO YUCTHIN Cynmbdar
MarHus W3 MarHe3uTa W JIO0JIOMHTA,NOTYyYaloT HArpeBaHHEM MHHEpaJoB B pacTBope cyibdara
aMMOHMSL: oOpasyromuiica pactBop M@SO, mocne OTroHKM amMMHaka KOHLEHTPHUPYETCS s
ocaxnenus CaSOy,, a 3arem nepepadaTbIBacTCs HA YUCTYIO COIIb.

B cnocobe [6,7] MOKEHBI MarHe3uT TOJBEpracrcs 0OpaOOTKE HACHIMIEHHBIM ITAPOM IIPH
nmaBieHnn (5+6)atM. I'mapoTH3upoBaHHAas Macca CMEIIMBAaeTCS BOAHBIM pacTBOPOM cCyibdarta
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aMMOHUS TIPH TIEPEMEIIMBAHUY J0 YJAJICHUS TApOB aMMHUaKa. 3aTeM QUIbTPYeTCs, GUIBTPAT COCTOUT
u3 25% pactBopa cynbdaTa MarHusl, TOYTH HE COJEPKAIIETO U3BECTh.

Tabéanua 1
DU3NKO-XUMUUECKOHN XapaKTePUCTHKH Cylb(aTa MarHus
HaumenoBanue mokazareaen MgSO,
Bueunuii Bug Kpucrannudeckuit Kpucramnuaeckuii
MTOPOIIIOK 6eIoro MTOPOIIIOK 6eIoro
BeTa BeTa
(o iCyIIIeHHBIN)

Maccosas nois MgSO, -7H,0, %, He MmeHee,
B IIEpecUeTe:

-Ha MarHuii CEpHOKUCIBIN 6-BOIHBIN, 100,0 107,6
MgSO, -6H,0, %, He meHee,

-Ha Maraui cepHokucibiii MgSOy, %, He MeHee - 100,0

- Ha okcua Maraus, MgO, %, He meHee 49,0 52,5

- Ha Maruuit, Mg, %, He MeHee 16,4 17,6
9,9 10,6

MaccoBast 107151 HAaTPHsI B TIEPECUETe Ha OKCHJT HATPHS,

Na,O, %, ue bonee 0,04 0,05

MaccoBast 10J1s1 OCTaTKa, HEe paCTBOPUMOro B Boje, %o, HE

Goiee 0,03 0,04

Maccogas noist Cl-uona B mepecuete Ha xyop, %, He

Oonee 0,03 0,04

Maccosas gons xenesa, Fe, %, He Ooiee 0,001

MaccoBas nons mapranma, Mn, %, ue 6omee 0,001

[Momydenuto cynbarta MarHus [Jis METALTYPTHYSCKOW, KOXXKEBEHHOM W CTPOUTEIBHOM
MPOMBITIUICHHOCTH mocBsimieH Ilarentr P® [8].CymHocTh cmocoba 3akiarodacTcss B TOM, HYTO
TPaBWIbHBINA CEPHOKHUCIBII pacTBOp, coaeprkanuii (3—10) macc.% H,SO,, (10-20)mace, % cyibdara
xene3a, npumecn Cr, Ni u Apyrux MeTasioB, HEUTPAIU3YIOT OTXOJHOH TOHKOIUCIICPCHOM
MarHe3uTOBOW MbUIbIO, B35ATOM B cooTHomeHuun (1,05-1,2):1 k cynbdar-nonam B TpaBHILHOM
pactsope mpu (60-80)°C B teuenue (1,5-2,0)h B 3aBHCHMOCTH OT XHMIYECKOTO COCTABA TPABUIBHOTO
pacTBopa W Ha3HAYCHHS MOJNYyYaEMBIX MPOIYKTOB (OTHOCHTEIBHO ,,9UCTOr0” Cyiab(aTa MarHus ¢
NpUMECSIMU COEIMHEHUH Kene3a, XpoMma, HHUKens W T.4.). s yMeHbLIEHHs SHeprosarpar u
VOPOIIEHUSI TEXHOJOTHH B CYCHEH3WH TMepel THUAPOTePMATbHOW 00paOOTKOW TOBBIMIAIOT
KOHIICHTPAIMIO CYyIh(paT-HOHOB MyTEM BBEAEHHUS B He€ CepHOM KHUCIOTHI A0 (22-26)%. 2 3. 1.
(dhopmybI.

TakuM 00pa3oM, W3 BBHIIENIPUBEICHHOTO 0030pa CIEAYeT, YTO B PSIYH3BECTHBIX CIIOCOOOB
MONTy4eHHsl cynb(ara MarHus U3 MarHAKWCOJEPIKAIIETO ChIPhs (MarHE3UTOBOTO TOPOIIIKA, TOJIOMHTA,
CEpIIaHTUHHUTA, OTXOAOB MPOM3BOACTB M Ip.), MCTOYHHUKOM Cyib(aTcoAepikaliero KOMIIOHEHTa
CIIy’KaT Cynb(aT aMMOHHSI, PACTBOPBI CEPHON KMCIIOTHI M OTXOISIINE CEPHUCTHIE T'a3bl.

C y4eToMm CKa3aHHOTO, Ul OpraHu3allui MPOU3BOJACTBA cynb(para marHus Ha AO «Makcam-
Yupuuky, IpOBEJeH SKCIEPUMEHTAIBHBINA TOAOOD CHIPhS,, OCTAHOBHUB BHIOOP Ha MECTHOM JOJOMHTE
[3].

Hean padoTsi:pa3zpaboTka crmocoba W TEXHOJOTHYECKOW CXEMBI Mpolecca IONyYeHHUs
cyiabdara MarHusi U3 MarHe3uTa, ¢ omnpenesieHneM (aKTOPOB BIHSIHUS Ha CKOPOCTh (UIBTpAIHH,
BBIXOJ Cynb(aTa Marfusi KPUCTAIUIOTHIPATHOTO, C PACYETOM CTEXMOMETPHUYECKHX HOPM pacxoja
ceipbsi I mipousBozacTBa M@SO,47H,O B ONBITHO-MPOMBINLICHHBIX yciaoBusix AQO «Makcam-
Yupuuk».

O6vexkmubl u memoowvt ucciedoganuii: OOBEKT HMCCIEIOBAaHUS - MarHe3uT. Vcmomnb30BaHbBI
CTaHJIApPTHhIE  XHMHUKO-aHAJUTHYCCKUE  METOIbl  HWCCICIOBAHUS  CHIPbS H  ONTHUMU3AINH
TEXHOJIOTHYECKUX PEKHUMOB, OIBITHO-TIPOMBIIIJIEHHBIE TOAXOABl K pa3paboTKe CIocoO0B €ero
nepepaboTKy, ¢ MOCISAYIOIUM OQOPMIICHHEM TEXHOJOTHYECKOTO PEriiaMeHTa Tpoliecca MoTyIeHUs
cynpata MarHus.DKCIIEpUMEHTAlIbHAS 4acTh PaboThl BhIMONHEeHa lleHTpansHoil maboparopun AO
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«MaKCﬁM-qI/Ip‘lI/IK» u na60paTopI/n/I 3aBoJa «KanponaKTaM».

JKCcnepUMeHTAIbHASA YacTh

[Ipu B3auMoAeCcTBIM MarHe3nuTa ¢ CEpHOM KHUCIOTOM MPOTEKAET PEaKIIHs:

MgO + HzSO4 = MgSO4 + Hzo

[Ipouiecc noxydenus cynbhaTa MarHusi COCTOUT U3 IBYX CTaIW:

1. PacTBOopeHue Marue3uTa B CEpHON KUCTIOTE.

2. Bakyym-kpucrannuzanus (Beinapka) MgSO,4-7H,0 u3 pactBopoB.

s nonyueHus cyiabhara MarHus MCIojb30Banu Marue3ut [IMK-87, TexHHUECKyIO CEpHYIO
kucaoty co craguu 800.Ha 1-if ctamuu rotoBunm myneiry ¢ MaccoBoid moneit 30% (50r. maraesura u
100mn1 H,0). [ns sTOoro uCmons30Bajil 3-X TOPIOBYIO KOJIOY, CHAOXEHHYIO MEIIAIKOH,
TEPMOMETPOM. 3aTeM MOPUUAMU NPUIMBAIN CEPHYIO KHCIOTYy C MaccoBod moneit 25%. Peaxums
nporekana npu temneparype (70+80)°C mpu mnepememmBanuu B Teyenue (2+5) h, pH pacrsopa
n3MmeHsnochk ot 0,5 mo 3,0.C moMoIIpl0 MarHe3uTa WiIH aMMHayHOM BOJBI ¢ MaccoBoimoieii 35%
noBoamnmu pH mo (4+6). 3areM mMONy4eHHBI PacTBOp cyidbpaTa MarHusl MOABEPralld BaKyyM-
KpucTam3anuu (Beimapke) npu Temneparype (50+60) °C. B pesynbraTte, 06pa3oBaiach CyCleH3Hs
TEMHO-KOpUYHEBOro 1BeTa.DunbTpanuio coiau MpoBOAWIM Ha BOpoHKe bioxnepa. B pesynbrare
(uIbTpauuK MONyYad COJb OT CBETJIOrO A0 TEMHO-KOPUYHEBOTO IIBETa M MPO3PavHbId MaTOYHBII
pacTBOp OT CBETJIO-KENTOrO JO 3€JI€HOBATOr0 I[BETA, HACBIIIEHHOTO MOHAMU M92+. Ha »Toit ctaguu
BO3HHKAJIA CIIOXHOCTh ¢ QuubTparmed ocaaka. Coip moiydanach MEIKOKpUCTAITUYEcKasi, II0X0
npoxoaun mpornecce ee puabTparuu. Hapsmgy ¢ MgSO,4-7H,O, B Helr Haxomwnack dacth CaSO, u
xemeza Fe(OHs). Tmapoxcun Fe(OH3) okpammBan pacTBOp B TI'PS3HO-KOPHYHEBBIA I[BET. JTH
MIPUMECH MEIaIH MpolecCcy GMIbTPAIAHU, COJIb MOJIyYaiach B BUJE KOMKOB.

B cnyuae, xorna pH pactBopa noBogunu no pH 6 ammuaunoil Bogoii ¢ maccoBoioneit 30%,
(uUIbTpUMS HAET JIerde U NpoIyKTa OoJiee pacchimyara.

BroimonmHen pacuer MmaTepuaspHOrO 0OanmaHca Tpolecca IMONydeHus cynbdara MarHusd
KPUCTAIUIOTHAPATHOTO PAacTBOPEHHEM MarHe3uTa B PacTBOpax CEpHOM KHUCIOTHLBBIX0n roroBoro
npoaykTa coctaBui 94,7% ot Teopuu.

BriBog

Pazpaboran croco6 monmydenusi cynbdara MarHus W3 MarHesuta. B pesynbrarte,
NpeABapUTEIbHO M3 CEPHOKUCIOrO pacTBopa IMOJy4YeHa MEJKOKPUCTAJUTMYECKass M IUI0XO
dbunbTpyeMyro KoMkoBartas coiib. Hapsaay ¢ MgS0O,4-7H,0, B Heit npucyrctBytor npumecu CaSOy4 u
Fe(OH);. Tunpokcun Fe(OH); okpaimmBaeT pacTBOp B KOpuuHeBHIH 1BeT. [IpuaoBenenun pH cpems
1o pH 6 ammuaunoii Bogo#, ¢ M. A. 30 %,00pa3oBanack xopomo (uiIbTpyeMass Macca, U MPOIYKT
pacceimyaras. BeiloHeH pacueT MmarepHaibHOro OanaHca mpolecca MOMy4YeHHUs cyiab(ara Maraus
KPUCTAJUIOTHIPATHOTO PACTBOPEHNEM MarHe3nTa B paCTBOPaX CEPHOM KHCIIOTHI.
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UDK:547.42.28.662.665.
SIKLIK KETONLAR ASOSIDA AROMATIK ATSETILEN SPIRTLARINI SINTEZ
QILISHDA RUX TRIFTORMETILSULFONATNING ROLI
G.Q. Otamuxamedova', O.E. Ziyadullayev®, S.B. Samatov?, S.S. Abduraxmanova
10 ‘zbekiston Milliy universiteti, “Toshkent viloyati Chirchiq davlat pedagogika instituti
3Toshkent kimyo-texnologiya instituti

Annotatsiya. Fenilatsetilen bilan siklik ketonlar- siklogeksanon, 2-metilsiklogeksanon, menton
va kamforaning rux triftormetilsulfonat asosidagi reaksiyasi yordamida biologik faol aromatik
atsetilen spirtlari- 1-(2-feniletinil)siklogeksanol,2-metil-1-(2-feniletinil)siklogeksanol,2-izopropil- 5-
metil-1-(2-feniletinil)-siklogeksanol va (2R)-1,7,7-trimetil-2- (2-feniletinil)-bitsiklo [2,2,1] geptanol-2
ni sintez qilish jarayoni tizimli ravishda tahlil gilingan.

Kalit so‘zlar: fenilatsetilen, siklogeksanon, 2-metilsiklogeksanon, menton, kamfora, rux
triftormetilsulfonat, aromatik atsetilen spirtlari, oraliq va qo‘shimcha mahsulotlar, reaksiya
mexanizmi, biokarroziya.

Poab TpudropMeTnicynbpoHaTa HUHKA B CHHTE3€ ApOMATHYECKHUX alleTHICHOBBIX CHUPTOB HA
OCHOBE IMKJIMYECKHX KETOHOB

AHHoTanus.B3anumoneiictBuemM (heHnmaneTnIeHa C UKINYECKUMU KETOHaMU-

IIUKJIOTCKCAHOHOM, 2-METUIIUKIOTEKCAHOHOM, ~ MEHTOHOM ¥ KaM(opol  Ha  OCHOBE

TpuTOpMeTHIbCYIpOHATA [MHKA TPOBEINCH CHCTEMAaTHYECKWH aHallu3 Tmpollecca CHHTe3a

OHMOJIOTUYECKH AKTUBHBIX apOMAaTUIECKUX aIeTUIICHOBBIX CTIIHPTOB- 1-(2-
(EHWITUHII ) [IUKIOTeKCaHoma,  2-MeTui-1-(2-peHIII THHIII ) IIUKIIOTeKCaHoa,  2-M30MPOIHI-5-
MeThII-1-(2-QEeHUTI THHII ) [IUKIIOT €K-CaHOIIa u (2R)-1,7,7-tpumeTui-2-(2-heHUII THHIIT )-

ourukio[2,2,1 rentanomna-2.

KaloueBble cioBa: (QeHWIANETHICH, IUKIOTEKCAHOH, 2-METHJIIMKIOTEKCAHOH, MEHTOH,
kampopa,  TpuDTOPMETWICYIb(POHAT  I[MHKA,  ApPOMATHYECKHUE  AlCTHICHOBBIE  CIHUPTHI,
MIPOMEKYTOYHBIE U JIOTIOJIHUTEIbHBIC TPOTYKThHI, MEXaHU3M PEaAKIUH, OHOKOPPO3HSI.

Role of zinc trifluoromethylsulfonate in the synthesis of aromatic acetylene alcohols based on
cyclic ketones

Abstract. It is analyzed systematically that the synthesis of biologically active aromatic
acetylene alcohols- 1-(2-phenylethinyl)cyclohexanol, 2-methyl-1-(2-phenylethinyl)-cyclohexanol, 2-
isopropyl-5-methyl-1-(2-phenylethinyl)cyclohexanoland (2R)-1,7,7-trimethyl-2-(2-
phenylethinyl)biciclo[2,2,1]heptanol-2 with helping reaction of the basis of phenylacetylene with
cyclic ketones- ciclohexanone, 2-methylciclohexanone, menthon and camphora with zinc
trifluoromethylsulfonate.

Keywords: phenylacetylene,ciclohexanone, 2-methylciclohexanone, menthon, camphora, zinc
trifluoromethylsulfonate, aromatic acetylene alcohols, intermediate and auxiliary connections, reaction
mechanism, biocorrosion.

Kirish:

Molekulasida C=0 yoki C=N guruhlari saglagan elektrofil xossaga ega bo‘lgan organik
birikmalarga turli xil nukleofil reagentlarning birikishi natijasida, biologik faol xossalarga ega bo‘lgan,
molekulasida C-C bog‘lanishning shakllanishiga olib keladigan yangi organik birikmalarni yugori
unum bilan sintez gilish usullarini topish ilmiy jihatdan muhim bo‘lgan vazifalardan biridir [1].

Ushbu ishda ilk bor aromatik terminal alkinlarning dastlabki vakili fenilatsetilen va ayrim siklik
ketonlar (siklogeksanon, 2-metilsiklogeksanon, menton va kamfora) asosida aromatik atsetilen
spirtlari (AAS) ni rux triftormetilsulfonat (Zn(OTf),) katalizatori yordamida sintez gilish jarayoni
tadgiq qilindi. Rux triftormetilsulfonat triftormetilsulfon kislotasining rux metali bilan hosil gilgan
bargaror tuzi bo‘lib, E.J.Corey va K.J.Shimoji tomonidan o‘tgan asrning saksoninchi yillarida (tegishli
sharoitda metanol eritmasida ZnCO3/Zn(OH), ga triftormetilsulfon kislotani go‘shish orgali) kashf
gilingan bo‘lib, organik sintezda yugori unum bilan yangi turdagi organik birikmalar (spirtlar, diollar,
murakkab efirlar) ni sintez gilishda selektiv katalizator sifatida keng qo‘llanilmoqda [2, 3].
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Amin asoslari yordamida alkinlarni faollashtirish uchun Zn(OTf), dan katalizator sifatida
foydalanish orgali terminal alkinlar (atsetilen, fenilatsetilen va boshgalar) molekulasida uchbog‘dagi
uglerodga bog‘langan vodorodni deprotonlashtirib kimyoviy reaksiyaga faol kirisha oladigan nukleofil
atsetilenidlarni olish orqgali engil sharoitlarda yangi organik birikmalarni sintez gilishning qulay
usullari topilgan [1, 4].

N O

F

Olingan natijalar tahlili

Tadqgigot magsadi: Ma’lumki, ketonlar molekulasidagi karbonil guruhiga turli xil birikmalar
birikishi mumkin, bunda karbonil guruhdagi uglerod-kislorod bog‘ining uzilishi hisobiga nukleofil
birikish reaksiyasi ketadi [5]. Karbonil guruhidagi elektronlar buluti (zichligi) kislorod atomi tomon
siljigan bo‘ladi, ya’ni uglerod atomida musbat zaryadlarning zichligi, kislorodda esa manfiy
zaryadlarning zichligi ortadi va u uglerodga nisbatan elektromanfiy zaryadlangan bo‘lib goladi va
karbonil guruh qutblanadi. Qutblanish natijasida karbonil guruhining uglerod atomi elektrofil xossaga
ega bo‘lib, nukleofil reagentlar bilan birika oladigan bo‘lib qoladi [6]. Shu sababli ketonlar birikish
reaksiyasiga kirishayotgan vagtda, boshga moddalarning manfiy qutblangan gismi karbonil guruh

uglerodiga, musbat qutblangan gismi Kislorod atomiga birikadi [7].
+3

Js

Siklogeksanon

Rux triftormetilsulfonat yordamida fenilatsetilenning ayrim siklik ketonlar- siklogeksanon, 2-
metilsiklogeksanon, menton va kamfora bilan reaksiyasi asosida yangi AAS sintez gilish va mahsulot
unumiga ta’sir giluvchi bir gator omillar ta’sirini tizimli ravishda tahlil gilishdan iborat.

Aromatik atsetilen spirtlarini Zn(OTf), katalizatori yordamidasintez gilish.Hajmi 1000 ml
siglimga ega bo‘lgan kolbaga 45 ml (0,55 mol) 2Zn(OTf), va 134 ml (0,75 mol)
(+)-N-metilefedrin joylanib 30 minut davomida azot yordamida sovutiladi. So‘ngra kolbaga erituvchi
sifatida 100 ml atsetonitril va 104 ml (0,75 mol) trietilamin go‘shiladi. Hosil bo‘lgan aralashmaga 150
minut davomida 25 °C haroratda 164,6 ml (1,5 mol) fenilatsetilen va 156 mg (1,5 mol) siklogeksanon
go‘shiladi. Kolbadagi aralashma 120 minut davomida muzli suv yordamida gidroliz gilinib, so‘ngra
unga 20 ml NH,CI ning to‘yingan eritmasi qo‘shilib, 24 soat davomida tindiriladi. Tindirilgan
aralashmaning suyuq fraksiyasi dietilefir bilan (3x100 ml) ekstraksiya gilinadi. Murakkab organik
gatlamli fraksiyasi esa dastlab NH4CI to‘yingan eritmasi bilan keyin NaCl eritmasi bilan yuvilib,
MgSO, yordamida quritiladi. So‘ngra aralashma filtrlanib, organik gismi vakuumda haydash orgali
alohida fraksiyalarga ajratiladi. Ajratib olingan fraksiyalar xromatografik usullarda tozalandi. Tajriba
natijalari asosida aromatik atsetilen spirti— 1-(2-feniletinil)siklogeksanol (1) ni 82% unum bilan sintez
qgilindi [8].

Ushbu usul yordamida fenilatsetilenga yopiq zanjirli ketonlar- 2-metilsiklogeksanon, menton va
kamforani  ta’sir  ettirib mos ravishdagi aromatik atsetilen spirtlari—  2-metil-1-(2-
feniletinil)siklogeksanol (I1), 2-izopropil-5-metil-1-(2-feniletinil)siklogeksanol (1Il) va (2R)-1,7,7-
trimetil-2-(2-feniletinil)bitsiklo[2,2,1]geptanol-2 (1V) sintez gilindi.

Aromatik atsetilen spirtlarini Zn(OTf), katalizatori yordamida sintez gilish reaksiya sxemasi
quyidagicha taklif gilindi [9, 10]:
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Aromatik atsetilen spirti 1-(2-fniletinil)siklogeksanolni sintez gilish jarayoni ximizmi:
Aromatik atsetilen spirtlari sintez gilishda dastlab rux triftormetilsulfonat fenilatsetilen molekulasidagi
uchbog‘ga orientatsion ta’sir etadi va natijada vodorod atomining harakatchanligini yanada oshirib, -
kompleks hosil giladi [11, 12].

Zn(OTf), +5 =
ZnOTf—OTf
C=CH C=CH |
C=CH
+ zZn(OTh, — CHECN
25 °C, 120 min.
m-kompleks

Hosil bo‘lgan oralig mahsulot (m-kompleks) atsetonitril eritmasida trietilamin bilan reaksiyaga
kirishadi va sistemada oralig mahsulot fenilatsetilenning rux triftormetilsulfonatli tuzi va HNEt;OTf
hosil bo‘ladi.

Zn(OTf)2

C=CH C=C—2znOTf

+ NEt CHCN + HNEt; OTf
25 °C, 60 min.

Oralig mahsulot sifatida hosil bo‘lgan fenilatsetilenning rux triftormetilsulfonatli tuzi
molekulasidagi ZnOTf" kationning harakatchanligi faol bo‘lganligi uchun siklogeksanon
molekulasidagi kislorod atomiga kuchli hujum gilishi natijasida 1-(2-feniletinil)-siklogeksanolning rux
triftormetilsulfonatli tuzini hosil giladi [13].

C=C—ZnOTf 0 Cc7<:>
CH4CN 9
+ > ZnOTf

Hosil bo‘lgan 1-(2-feniletinil)siklogeksanolning rux triftormetilsulfonatli tuzi suv ta’sirida
gidrolizga uchrashi natijasida 1-(2-feniletinil)siklogeksanolga aylanadi.

=X ) =k )
O OH
+ HOH ——

- + Zn(OH)OTf
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Jarayonda fenilatsetilenning rux triftormetilsulfonatli tuzi va 1-(2-feniletinil)-siklogeksanolning
rux triftormetilsulfonatli tuzi hosil bo‘lishi ganchalik tez va ko‘p migdorda hosil bo‘lsa, mahsulot
unumining ham yuqori chigishi kuzatiladi. Reaksiyada hosil bo‘lgan oralig mahsulot-
fenilatsetilenning rux triftormetilsulfonatli tuzi bir vaqgtning o‘zida sistemadagi oraliq mahsulot
trietilaminning triflat tuzi bilan ta’sirlashuvidan 1-(2-feniletinil)siklogeksanolga aylanadi [14, 15].

CC7<:> CC7<:>

0 . OH
Joore  + HNEGOTF —— + NEt; + Zn(OTf),

Zn(OH)OTf + HNEt;OTf — > NEt; + Zn(OTf), + H,0

A
Mahsulot
unumi, %

80
60
40

20

>

1 3 5 7 Reaksiya
davomiyligi, soat

1-rasm. Reaksiya davomiyligining mahsulot unumiga ta’siri.

Ma’lumki, organik sintezda hosil bo‘ladigan oraliq va go‘shimcha mahsulotlar turlarini,
ularning miqgdorini aniglash va ular asosida yangi organik birikmalarni olish yoki gaytadan
kutilayotgan mahsulotga aylantirish, reaksiyaga kirishmagan boshlang‘ich moddalarni ikkilamchi
gayta ishlash asosida ulardan takror foydalanish orgali kutilayotgan mahsulot unumini oshirish muhim
ahamiyat kasb etishi e’tiborga olinib jarayonda hosil bo‘ladigan oraliq va qo‘shimcha mahsulotlardan
takror foydalanish orgali AAS unumini oshirishga erishildi.

Yugori unum bilan AAS sintez gilish magsadida jarayonga turli omillar: harorat, reaksiya
davomiyligi, erituvchi va boshlang‘ich moddalar mol miqgdori ta’sirlari tizimli ravishda tahlil etildi.
Jumladan 60 °C haroratda AAS unumiga reaksiya davomiyligi ta’siri o‘rganildi (1-Rasm).

Reaksiya davomiyligi 1 soatdan 3 soatga oshib borishi bilan mahsulot unumdorligi ham ortib
bordi. Buning asosiy sababi sifatida reaksiya 1-3 soatda olib borilganda boshlang‘ich mahsulotlar
oxirigacha reaksiyaga Kkirisha olmaydi va aralashmada qolib ketishi, hamda katalizator bilan
reaksiyaga kirishib atsetilenidlar hosil gilishi hisobiga katalizator miqgdorini va katalitik faolligini
kamaytiradi, bu esa mahsulot unumiga salbiy ta’sir ko‘rsatadi.

Reaksiya 5 soatda olib borilganda boshlang‘ich mahsulotlar yetarli darajada o‘zaro bir-biri bilan
ta’sirlashib  AAS unumida o‘sish kuzatildi. Reaksiya natijasida hosil bo‘lgan 1-(2-
feniletinil)siklogeksanolning rux triftormetilsulfonatli tuzi suv ta’sirida gidrolizlanib AAS ga aylanadi.

Reaksiya davomiyligi 7 soatga ortishi bilan AAS gisman oligomerlanishga uchraydi,
shuningdek spirtlar molekulasidan suv chigishi hisobiga qo‘shimcha mahsulotlarning hosil bo‘lishi
natijasida mahsulot unumining kamayishiga olib keladi. Bundan tashqari aralashmada hosil bo‘lgan
AAS yana gaytadan boshlang‘ich mahsulotlarga aylanib ketishi va boshlang‘ich moddalarning
(ketonlar) kondensatsiyaga, (FA) gisman polimerlanishga uchrashi kuzatildi. Bundan tashqgari
sistemadagi AAS va reaksiyaga Kkirishmagan boshlang‘ich mahsulotlarning erituvchi hamda
katalizatorlar ta’sirida oraliq mahsulotlarga aylanib golishi natijasida mahsulot unumida keskin
kamayish kuzatiladi.

Jumladan eritmada elektronlarga o‘ch bo‘lgan karbkationlarning hosil bo‘lishidan protonlashish
jarayoni vujudga keladi, natijada sistemada AAS degidratlanib, molekulasida uchbog* va go‘shbog*
saglagan to‘yinmagan uglevodorodlarga yoki oddiy efirlarga aylanishi, shuningdek, ketonlarning
>C=0 guruhiga birikish reaksiyalarining borishi, sistemada hosil bo‘lgan AAS reaksiyaga
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kirishmagan FA bilan o‘zaro ta’sirlashib vinil guruhi saglagan efirlarni hosil gilishi, ketonlarning
gisman kondensatsiyaga uchrashi hisobiga mahsulot unumini kamayishiga olib keldi.
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Olib borilgan tadgiqot natijalariga ko‘ra tanlangan siklik ketonlarning molekulyar massasi va
Gibss energiyasi ortib borishi natijasida molekulada umumiy energiyaning kamayib borishi bilan
mahsulot unumining pasayishi aniglandi. Jumladan siklik ketonlar molekulasida radikallar soni va
ularning tarmoglanishi hamda hajmdorligining ortib borishi yoki xalgalar soni ortib borgan sari
mahsulot unumini pasayishiga olib kelishi aniglandi.

lImiy izlanishlar, tajriba natijalari va nazariy qonuniyatlar asosida AAS sintezi uchun eng
mugobil sharoit qgilib, ya’ni rux triftormetilsulfonatning atsetonitril va trietilamin eritmasida, reaksiya
60 °C haroratda, 5 soat davomida olib borilganda AAS unumi mos ravishda maksimum (%), 1= 82,0;
I1=78,1; 111=70,0 va IV=61,0 unum bilan sintez gilingan holat tanlandi.

Hozirgi kunda kvant-kimyoning ASDFREE12, RHF, SCF-MO, MINDO/3, MNDO, AM1,
Shem 3D Ultra 8.0 kabi maxsus dasturlari mavjud bo‘lib [16], biz Shem 3D Ultra 8.0 dasturidan
foydalanish bilan cheklandik. Chunki Shem 3D Ultra 8.0 dasturi asosan kislota xossasini beradigan
yoki vodorod hisobiga ketadigan reaksiyalar uchun ishlab chigilgan dastur hisoblanadi va ushbu dastur
asosida sintez gilingan AAS molekulalarining fazoviy tuzilishi o‘rganildi
(2-5 rasmlar).

Aromatik atsetilen spirtining go‘llanilishi. Ushbu tadgiqot davomida “O‘zbekneftegaz” MXK
tizimidagi Umid neft konidan olingan neft-suv emulsiyalari hajmi 250 ml bo‘lgan kolbalarga
joylangan metall bo‘lakchalariga 6 oy maboynida bioingibitorlar sifatida taklif etilayotgan tanlangan
AAS mikroorganizmlarga ta’siri o‘rganildi. Jumladan, neft mahsulotlari muhitida faol bo‘ladigan
mikroorganizmlar- sulfat kamaytiruvchi bakteriyalar (neft mahsulotlari va suv chegarasida ko‘payadi),
aktinomitsetlar (neft mahsulotlarining o‘zida ko‘payadi, uglevodorodlar ozuga manbai hisoblanadi)
hamda zamburug‘lar (neft mahsulotlari muhitida metall yuzasida ko‘payadi, ko‘zga ko‘rinadigan
mog‘orlar va filtrni tozalashga halaqit beradigan doimiy bioemulsiyalar hosil bo‘ladi) turlari va
miqdori aniglandi va ularga garshi biotsidlik xossalari tizimli ravishda tadqiq gilindi.

Tadgiqotlar shuni ko‘rsatadiki AAS biotsidlik xossalari yuqori darajada bo‘lib, neft-suv
emulsiyalari tarkibidagi mikroorganizmlarning 56-85% miqgdorini zararsizlantirishi aniglandi va
ulardan neft mikroorganizmlariga garshi ingibitorlar sifatida foydalanish mumkinligi taklif gilindi.
Tanlangan bioingibitorlarning orasida eng faoli 1-(2-feniletinil)siklogeksanol ekanligi tajribalar
asosida aniglandi.

Xulosa

Rux triftormetilsulfonat katalizatori yordamida fenilatsetilen va siklik ketonlar asosida ilk bor
yangi AAS sintez gilish jarayoni tadqiq qgilindi.
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Karbonil guruhi uglerodi atrofida joylashgan radikallar tabiati va radikallarning fazoviy ta’sir
xossasiga ko‘ra siklik ketonlarning fenilatsetilen bilan ta’sirlashuvi quyidagi - kamfora < menton < 2-
metilsiklogeksanon < siklogeksanon gator bo‘yicha oshib borishi aniglandi va AAS hosil bo‘lish
samaradorlik gatori yaratildi.

AAS neft va gazni qayta ishlash korxonalarida foydalanilayotgan metall qurilmalarda
biokorroziya jarayonini keltirib chigaruvchi mikroorganizmlar- bakteriya va zamburug‘larga qgarshi
antikorrozion biotsidlar sifatida foydalanish mumkinligi taklif etildi.
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YIK: 661.632.14
OOCPOPHO-A30THOKHUCJIIOTHOE PA3JIO)KEHUE ®@OCOPOPUTOB KAPATAY.
A.C.ApuciaanoB, U.T.lllammmaunos, T.T.boTupos.

AnHoTanus. B pabore ycranasieHo, 4To, Tpu (HOChHOPHO-a30THOKHCIOTHOM PAa3I0KECHUN
BTopuuHOoro ¢ocdara (ODK (100% P,0s): dochopur=n=0,85) npu 3amene 15% DDK Ha a30THYIO
xucioty (mpu N=1) B Teuenne 60 mun npu 60 °C cTeneHs Hepexoia KabLus B PACTBOP COCTABIISET
97,5%, K,=85,08%.

KuaroueBble ciaoBa: OkcTtpakmuonHas (ocdopras kuciaora (DDPK); peakrop; kapOoHAT
kajbLus; pochoput; hochopHO-a30THOKUCIOTHOE pasioxkeHue; HoCHOoruiic.

Qoratog* fosforitlarining fosfat-nitrat kislotali parchalanishi.
Annotatsiya. Ushbu ishda ikkilamchi fosfatlarning fosfat-nitrat kislotali parchalanishi (EFK
(100% R,0s) fosforit — n=0.85) aniglangan: 15% EFK nitrat kislotaga 60 minut davomida 60 °S
haroratda kalsiyning eritmaga o‘tish darajasi 97,5%, K,=85,08% ni tashkil etadi.
Kalit so‘zlar: Ekstraksion fosfat kislota (EFK); reaktor; kalsiy karbonat; fosforit; fosfat-nitrat
kislotali parchalanish; fosfogips.

Phosphoro-nitric acid phase deposit of karatau phosphorites.

Abstract. It is established that, in the phosphoric-nitric acid decomposition of secondary
phosphate (EFK (100% P,Os): phosphorite = n = 0.85) with the replacement of 15% EFP with nitric
acid (at n = 1) for 60 min at 60 ° C the degree of calcium transfer into the solution is 97.5%, Kp =
85.08%.

Keywords: Extraction phosphoric acid (ESP); reactor; calcium carbonate; phosphorite;
phosphoric-nitric acid decomposition; phosphogypsum.

Hcnonb3oBanue a30THOM KUCIOTHI B mpouecce GPOCPOPHOKUCIOrO pa3iokeHHEe BTOPUYHOTO
¢docharta Takke MPHUBEIO K CHIKCHUIO HOpM cinaboi (ocopHON KHCIOTHI SKOHOMHIO CEpHOM
KHCJIOTHI 1 aMMHaKa Ha eIMHUIBI ipoaykTa. [Ipu 3ToM BecoBoe cooTHoIIeHue (hochOpHOH KUCIOTHI
(100% P,05) Ha docdopur cocrasiser 0,85 (mpu 3amene 0,15 Ha a30THYIO KHCIIOTY), 4TO 00BEM
BBIITyCKa€MOW MNPONYKIMK TMpoBbimaercs Ha 25% (0e3 ydyacTusi CEpHOM KHCIOTHI), YMEHBIIACTCS
pacxoj ammuaka Ha 60-70%, BeIOpockl — pocdorurica Ha 25 %.

OmHuM W3 MyTeW CHIKEHUs BbIOpoca (Beixoma) ¢ocdorumca B mpous3BoicTBe ammodoca,
yBennueHne 00beMa BBIMyCKaeMOW MPOMYKIHMU 32 €AWHHILY) SKCTPAKIMOHHOH (POCPOpHON KHCIOTHI
(ODK), 6e3 cHIKEeHMS KauecTBa MPOAYKIMH, CUUTAEM LieJIeco00pa3HbIM yacTuyHoM 3aMeHoi DK Ha
a30THYIO KHCIIOTY BIIpoliecce pasioxkeHust docdopurta sKCTpakiuoHHOH (ochopHoi kucioroi. C
9TOM 1eNbI0 HaMK OBbLITM TPOBEJICHBI MCCIe0BaHus Tpoliecca pasnnokenus Gocdopuro Kapartay B
cmecu DDK (cnalblif 1 KOHIEHTPUPOBAHHOW) € a30THOM KHCIOTON. [IJisi pa3inoskeHus NCTIOJIb30BaI
tdochopuTsl, coctaBa B Macc. %: P,05=26,39; Ca0=40,1; MgO=2,27; F=3,30; CO,=5,08 u DOK,
cocraBa Macc. % P,05=20,65; Ca0=0,24; Mg0=2,16; S03=3,9, a taxxe DDK konueHTpaunuei
36,78% P,05 u HNOj (x.4.).

Paznoxenuto hocopuToB B CMECH KHCIOT, MPOBOIMWIN aTEPMOCTATUPOBAHHOM TPEXTOpPIOH
KOJ0e C THAPO3aTBOPOM, CHA0KCHHOW MEIIATKOH TEPMOMETPOM W OOpaTHBIM XOJOIUIHLHUKOM
npooBKuTenbHOCTH mpouecca 15,30,60 u 90 muH.

Hopmy D®K k docdopury Opanu B BecoBoM cootHomeHnn DDPK (100% P,05): dochopur =
(100+85):100 = n u azorHyr Kucinoty 5-15% ot Beca ¢ocdopura B pacyere Ha 100% HNO;.
TeXHONIOTMYeCKUMU MOKa3aTesIMH MPOIIecca BEIOpAIM CTETeHb Iepexo/ia OKCUIA KAIBIUS B KUIKYIO
ba3y (Kyssq. mo CaO) u crenens pasnoxenus pocdopura (K,) B cmecu kucaor DPK n HNOs.

Pesynpratel (Tabis.1) moKasbIBAIOT, YTO CTEMEHb IEpexoa OKCHIA KajblKs B PacTBOp IpHU
pasnoxkenun ¢dochopura cnabdoit IDOK (6e3 nodaBok HNO3) 3a 15 mun. coctaBnsier 40,5%, 3aTem
MeJIeHHO ToBbImaeTcs 1 3a 90 MuH B3ammojeicTBuii mocturaet 56,5%. BBenenmem B mporecc
A30THOW KUCJIOTHI CTETICHb MEPEX0/1a OKCUIA KalbIUs B PACTBOP MOBBIIIACTCSL.
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Taoanma 1
W3MeHeHune CTEIEHH Mepexoia OKCHIA KalblHs B XKHUAKYIO (a3y B 3aBUCMOCTH OT HEKOTOPBIX

yciioBuii npotecca pasinoxeHun Gochopura B cMecu kucior DK u HNO;.

N 3ameHa Ha, Crenens nepexona CaO B xxuakyro ¢a3y 1mo BpeMeHu, %
P,0s5, HNO3;% 15 muH. | 30 MuH. | 60 MUH. | 90 MuH.

C ucnoavzosanuem IDK xonyenmpayueii 20,65% P,0s

1,0 - 40,5 45,8 50,7 56,5

0,95 5 60,5 67,6 70,6 73,7

0,90 10 76,4 87,0 90,6 91,4

0,85 15 85,3 96,4 97,5 97,8
C ucnions3oBanneM DDK konmnenrpanueii 36,78% P,05

1,0 - 34,5 36,9 39,9 44,3

0,95 5 53,3 58,7 61,5 63,8

0,90 10 62,5 70,5 72,6 74,7

0,85 15 76,7 87,8 88,7 90,6

Brustrormumu pakropamu Ha uzBinedenne CaO B pacTBOp SBIISETCS YBEIUYECHHE KOJIMUYECTBO
A30THOMW KUCJIOTHI B CUCTEME U BPEMEHH MPOLIECCca B3aUMOACHCTBHII KOMIIOHEHTOB.

Tak, B mportecce pasnoxenus pochopura B Heynapennoit DK, creneHs mepexoma OKCUaa
KaJbIus B KUAKYI0 ¢a3y cocrasister 60,5% mpu 3amene 5%, 76,4% mnpu 3amene 10%, 85,3% mpu
3ameHe 15% P,0s5 na HNOj3a 15 munyT. C yBenudeHneM BpeMEeHH Ipolecca paziokeHus ot 15 1o
90 MuH. BO3pacTaeT CTENEHb Nepexoja OKCHAa Kanblusig B KUAKYIO ¢a3y ot 85,3 mo 97,8%,
COOTBETCTBECHHO KOHIICHTPAIHAM (II0JIH) a30THOHW KUCIIOTHI B DDK.

C yBenu4yeHUEM MPOAOJKUTEIBHOCTH IMpolecca B3aUMOJCHCTBUII KOMIIOHEHTOB CBBbIIIE 60
MUH. U3BIICYCHHUE KAJBIIVsI B PACTBOP U3MEHSCTCS HE3HAUUTEILHO.

WnenTtnaHas KapTHHA HAOIIOJACTCS M MPU HCIOJIB30BaHWH KOHIEHTpHUpoBaHHOH DPK (mo
36,78% P,05) u 3amene (P,05) DK Ha HNO3(ot 0 10 15%). OnHako MOBBINICHHE KOHIICHTPAITHH
ynapeHHor O®K He maer BBICOKOTO MOJOXKHUTEIBHOTO 3(deKTa maxe NP BBEACHUU a30THOHN
KHACIOTHL. Habmogaercsi CHUKEHUe CTENeHr mepexona okcuna kanbius Ha 9-18%, B xuakyro dazy
npu ucnoib3oBanun DDK konnenrpanmeit 36,78% P,0s, n=1-0,85 u 3amene DPK Ha azoTHyIO
KHCIOTYy 5-15% 1O CpaBHEHUIO C TPEABIAYIIMM OIBITOM HpPH 33aUMOJICHCTBHM KOMIIOHECHTOB B
teueHuu 60 MmunyT U Temneparype 60°C.

OT0 0OBICHSETCS TEM, UTO C TOBbIeHneM KoHneHTpannn DPK yBenmuuBaeTcs e€ BA3KOCTS,
CHI)KAETCSl PaCTBOPUMOCTH coliel conmepxkariein B DDK, T.e. KpUCTAIIM3YIOTCS TUAPATHI CYIb(aThl
Maraus, KpeMHeQTOPH Il MEIOYHBIX METAILIOB, (hocdaTsl xkene3a, alfoMUHUS U Ap. BenencTsun yero
DOOK mnonmydeHHOW W3 MarHMHCOZEPIKAIIEro Chiphbsi, Hampumep, u3 ¢ochoputoB Kaparay u
Kunrucenn u apyrue BCISACTBUE COJCPKAHUS B HEM MpPUMECEe MarHus ¥ APYIMX 3aryCcTeBaeT Hpu
koHneHTparu 37-38% P,0s. OT0 CcHW)KaeT XUMHYECKYI0 akKTHBHOCTh €€ TakuM o0pasowm,
ONITUMATILHBIM PEXHMOM TIpOllecca M3BJICUEHHs OKcHaa Kaublws u3 docdopura B pactsop DDPK +
HNOssBisiercst: konnentpanus DK 20,65% P,0s, nHopma DK k docdhopury n = 0,85 ¢ 3ameHoit
15% P,0s5®K Ha HNO;. Bpems paznoxkenus 60 munyT U Temneparypa mporecca 60°C. Tlpu stom
CTETICHB MEPEeX0/Ia OKCHIA KAJIBIUS B )KHIKYIO a3y cocraBiseT 97,5%.

IIpn  dochopHO-a30THOKMUCIOTHOM pA3TOKEHHUH B TMPOIECCEe CMEUIEHHH a30THOW C
(dochopHON KHUCIOTOW AUCCONUMPOBAHHBIE HMOHBI a30THOM KHCJIOTHI IIOJIABJISIIOT JIHCCOLUAINN
thocdopHoii kucmorel. KpoMe TOro m3BiekaeMble KalbIIUEBBIC COSAMHCHUS B PACTBOP HAXONATCS B
BUJIE MOHO- M JUKaIbIuiQocaroB W HUTPATOB KajbllMs, OOpasyrolyecs NpU B3aHMMOJCHCTBUU
Tpukanbiuidocdara, Gropamarura, hiaroopura U kapOoHaTa KANBLUS C STHMHU KucioTamu. [loaTomy
nepexo; B pacTBop GochaTHON YaCTH JOJDKHO OBITH HECKOJIBKO MEHBIIIE YeM KalbITUs.

C 1menbio ompeneneHus CTeneHb pasniokeHuH ¢ocdaroB Opamu dochopur u DK,
XHUMCOCTaBbI KOTOPBIX YKa3aH BBIIIIE.

VYuuTeiBasi ONTUMAJIBHBIM yciioBHeM BecoBoro oTHoureHus DK (100% P,0s) k dpochoputy
85:15%, 1.e. n = 0,85. U3yuanu BrnussHue MuHUManbHOUW N = 0,80 mMakcuManbHOU N = 1,35 monwm
(dochopHoii kucnoTs! ipu 3amene 15, 20 u 15% corBeTcTBEeHHO POCHOPHOI KUCIOTHI HA a30THYIO.

Tak uccienoBane crerneHb pasinokeHus dochopura npoBomuau B ciaboit (20.65% P,0s)
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O®K mpu n = 0,85; 0,80 u 1,35 (npu 31oM 3amena P,05 DK va HNOj3, CocTaBiseT COOTBETCTBEHHO
15, 20 u 15%), npu temneparype 60°C ¥ TPOIOIKHTEIEHOCTH mponecca 60 MUHYT. PesymbTaTsl
(tabn. 2) mokaseIBaioT, uTo cTeneHb pasnoxkenus (K,) docdopura pesko oTnuyaercs OT CTENEHU
M3BJICUCHHUS KaJbLIKs B PACTBOP U MMEET MOHIKeHHOe 3HaueHue. Tak npu n=0,85 (3amena P,O0; 30K
Ha HNO315%) K, 3a 60 munyT cocrasuset 85,08%, a mpu n=0,8 (3amena HNO320%) K, nmagaet no
83,54%. A mpu mossiienun 1 jgo 1,35 (3amena HNO315%), T.e. yBenmmuenue nonu ¢ochopHOi
KHUCJIOTHI 110 OTHOLIEHHIO (pochopuTa HE NPUBOIUT K noBbieHnIo K, 1 oHa cocrasuser 84,98 %.

B T0 e Bpemst HaZl0 OTMETHTh, uTo mpu 3amene 15% P,05 va HNO3(n = 0,85) notepu asora
cocragisieT Beero Jmmib 0,5-0,6% a B onbiTax ¢ 20%-Hoit 3amenoi (N=0.80), u ¢ 15%-Hoii 3amMeHOH
(n=1.35) morepu aszora cocraBisitoT 7,0 u 4,5% COOTBETCTBEHHO. DTO MO BCEW BEPOSTHOCTH U
MIPUBOJINIIO K CHHYKEHHUIO OOIIEH KUCIOTHOCTH PAacTBOPA, CJIEI0OBATENBHO U K YMEHBIICHHUIO BETUYUHBI
K,.

Taoauna 2
TexXHOIOrnYeCKre MapaMeTPhl MOJIYYEHHs M XUMCOCTAB HUTPOCYIIEPAMMO(OCHOMN ITyIIbIIbI

3ameHna P,0s ycB./

N | POsma | pH | 200 | PeOs ) PO p o o6m. | H,0% | K%

HNO.% 1. % ycB.% B.p.% *100%

0,85 15 KHCIL 22,62 21,82 20,77 96,46 54,3 85,08

0,85 15 2,68 22,20 21,11 18,52 95,09 50,9 79,28

0,85 15 3,15 21,77 20,22 16,74 92,88 50,4 69.96

0,85 15 3,67 19,21 17,14 13,42 89,22 53,8 54,50

0,80 20 KHCIL 22,54 21,62 20,40 95,92 54,8 83,54

0,80 20 3,13 22,16 20,63 17,54 93,10 50,1 70,86

1,35 15 KHCIL 23,45 22,87 21,67 97,53 53,7 84,98

1,35 15 2,73 22,87 21,95 19,16 95,98 53,9 75,50

1,35 15 3,65 21,13 19,92 16,22 93,35 49,5 59,33

JInteparypa
T'adypos K. O6echropusanne ynooperus u3 dpochopuron Kaparay. -Tamkent: dan, 1992.
2. IHammuauaoB W.T. momyuenue ymoOpenuit tuma aBoiiHoro cymepdocdara u ¢ochopurtos
Kaparay. {ucc... xann. tex.. -TamkeHT, 1994.
3. HabOumer M.H. A3zotHokucjioTHas nepepabotka ¢ocdaro. B 2-x tomax — Tamkent: ®AH,
1976, -T.2.

Lo

UDKH552.52 (470.324)
KAOLINDAN YUQORI KREMNIYLI SEOLITLAR OLISH
'B.Sh.Shukurov., sh.B.Raxmatov., 'N.l.Fayzullayev
'Samargand davlat universiteti, “Buxoro tibbiyot instituti

Annotatsiya. Magolada mahalliy xomashyo bo‘lgan Nurobod kaolinidan yuqori kremniyli
seolit sintezi metodikasi taklif gilingan va olingan seolitlar fizik-kimyoviy xarakteristikalari
o‘rganilgan. Seolitlar tarkibidagi natriy oksidning massa ulushini aniglash fotometriya usulidan
foydalanib PAJ-2 alanga fotometrida, rentgenografik tahlili “DRON-3" rentgenli qurilmasida amalga
oshirildi. ~ Solishtirma-sirt yuzaning, g‘ovagi solishtirma hajmining harorat bo‘yicha o‘zgarishi,
kristallik darajasi bilan turli xil haroratlarda kristallanish davomiyligi orasidagi bog‘liglik,
morfologiyasi skanerlovchi elektron mikroskopiya yordamida o‘rganildi. Kristallanish davomiyligini
oshirish barcha namunalar kristallik fazalari migdorining oshishiga olib kelishi isbotlandi.

Kalitso‘zlar: kaolin, yugori kremniyli seolit, solishtirma-sirtyuza, solishtirma hajm, kristallik
darajasi.

ITonyyeHusi BHICOKOKPEMHE3EMHOI0 E0IMTA U3 KA0JIMHA

AHHOTalII/ISI. B crartne MIpeaJIOKCH croco0 MOJIy4CHUs BLICOKOerMHCSéMHOFO neojTa
(BKLI) u3 mectHoro HypabaickorokaoinHa U W3y4YeHBI €ro (pU3NKO-XMMUYECKHUE XapaKTepUCTUKH.
OCYHICCTBJICHI)I OIIpEACIICHUC MaccoBOM J0JIn OKCHUJa HaATpusa B COCTaBE€ MLCOJIUTOB METOIOM
(dhoTromeTpuu ¢ ucmosb3oBanueM miiaMeHHoro gortomerpa [IAXK-2 u pentrenorpaduuecknii ananus Ha
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peHTreHoBckoi ycraHoBke «JIPOH-3». 3aBUCHMOCTh MeXIy MIIOLIAABI0 YAEIbHOW IMOBEPXHOCTH,
U3MEHEHHUE YAEIbHOI0 00bEMa MOp OT TeMIEpaTyphl, CTENCHH KPUCTAIUIMYHOCTH NPU Pa3IUdHBIX
TeMIiepaTypax, MpoJODKUTEIFHOCTH KPUCTAIIM3AMNA M MOP(OJIOrHs ObUIM M3y4YEHBI C ITOMOIIBIO
CKaHUPYIOUIEW 3JIEKTPOHHOM MHKpPOCKONMHHU. Jl0Ka3aHO, 4YTO YBEIMUYEHHE MPOJOLKUTEIBHOCTH
KPHUCTAJUTM3ALIH BCEX 00pa3IoB MPUBOIUT K POCTY KOJINYECTBA KPUCTAIUTNIECKOH (ha3bl.

KiawueBble ciaoBa: KaonuH, BBICOKOKPEMHE3EMHBIM II€OJIUT, VyAelbHAd IUIONIAAb
MIOBEPXHOCTH, YACIbHBII 00BEM, CTENIEHb KPUCTAIUIMIHOCTH.

Preparation of high-silica zeolite from kaolin

Abstract. A method for obtaining high-silica zeolite (HSZ) from local kaolin is proposed and
its physicochemical characteristics are studied. The mass fraction of sodium oxide in the composition
of zeolites was determined by photometry using the flame photometer PAGE-2 and X-ray analysis
using the X-ray unit "DRON-3". The relationship between the specific surface area, the change in the
specific pore volume from temperature, the degree of crystallinity at different temperatures, the
duration of crystallization, and the morphology were studied by scanning electron microscopy. It is
proved that an increase in the duration of crystallization of all the samples leads to an increase in the
amount of the crystalline phase.

Keywords: kaolin, high-silica zeolite, the specific surface area, the specific pore
the degree of crystallinity.

Kirish.

Adsorbsiya jarayonlarida va katalizda ishlatiladigan sorbentlar orasida seolitlar
kislotabardoshligi, termobarqgarorligi va kislotalik xossalari bilan alohida o‘ringa ega. Seolitlar neft
kimyosida va neftni, tabiiy gazni, neft yo‘ldosh gazlarini gayta ishlashda, suyuq va gaz muhitlarni
ajratishda va tozalashda sorbent hamda katalizator sifatida keng ishlatiladi. Bu jarayonlardan eng
asosiylari: metanning va neft yo‘ldosh gazlarining katalitik krekingi va pirolizi, metanni
oksikondensatlash va konversiyalash (suv bug‘i bilan, kislorod bilan va karbonatli) tabiiy gaz va neft
yo‘ldosh gazlarini katalitik aromatlash (suyuq yoqili ish), ichimlik suvlaridan aminlarni va kam
targalgan metallarni ajratib olish; havoni ajratish va tozalash; selektiv gidrokreking, izomerlash,
alkillash va boshgalar[1-6].

Bugungi kunda seolitlar ishlab chigarishdagi asosiy muammo, uning tannarxini arzonlashtirish
va sintez qilish texnologiyasini soddalashtirishdan iborat. Ushbu muammoni echish uchun biz
mahalliy xom ashyolar (kaolin va bentonit) asosida YuKS lar olish magsadida ilmiy tadgiqot ishlarini
olib borildi. Ushbu magolada shu turkumdagi ishlar o‘rin olgan.

Tajriba gismi

YUuKS lar sintezi quyidagi bosgichlardan iborat: alyuminiy nitrat yoki sulfatni, organik templat
eritmalarini, suspenziyani, alyumosilikat gelini tayyorlash; seolitni gidrotermal kristallash va uni o‘zak
eritmadan filtrlab olish va yuvish.

Yuqori kremniyli seolitlar (YuKS) sintezi asosida ishqoriy alyumo-kremnegellarni
gidrotermik kristallash metodi yotadi. Alyumokremnegellarni gidro-termal kristallash turli xil organik
birikmalar (templatlar) ishtirokida o‘tkazildi. Yuqori kremniyli seolitlar zanglamaydigan po‘latdan
yasalgan avtoklavda 175-200°C da 6 sutka davomida sintez gilindi.

Dastlabki reaksion aralashma suyuq shisha (29% SiO,, 9% Na,O, 62% H,0) ga
AI(NO3)39H,0 templat sifatida geksametilendiamin va spirtli fraksiya qo‘shib tez aralashtirgan holda
tayyorlandi. Reaksion aralashmaning pH giymati unga 0,1 n HNOj; eritmasini go‘shish bilan nazorat
gilindi. Hosil bo‘lgan aralashmaga Nurobod tumanidan keltirilgan kaolin qo‘shildi. Kristallanish
jarayoni tugagandan so‘ng gattiq faza eritmadan Byuxner voronkasi yordamida ajratib olindi va 12
soat davomida 120° C da quritildi va templatni yo‘qotish uchun 8 soat davomida 500-550° C da
kuydirildi.

Olingan yuqgori kremniyli seolitni dekationlashtirish uchun 10 g seolitga 100 g 25% li
ammoniy xlorid go‘shib ishlov berildi. Eritma suv hammomida 90-100°C da, doimiy aralashtirgan
holda 2 soat davomida ushlab turildi, keyin cho‘kma (NH] /seolit)filtrlandi, distillangan suv bilan
yuvildi, quritildi va 550-600°C da 8 soat davomida kuydirildi. Keyin dekationlashgan seolit kukuni
tabletka qilib presslandi va granulalar holida kesildi. Modifikatsiyalangan seolitli katalizatorlar
seolitga ma’lum tuzlarni yoki kislotalarni yuttirish yo‘li bilan tayyorlandi.

107



ILMIY AXBOROTNOMA KIMYO 2018-yil, 5-son

Laboratoriya sharoitida seolitlar sintezi 100sm® hajmdagi idishlarda o‘tkazildi.

Seolitlar tarkibidagi natriy oksidning massa ulushini aniglash alanga emission fotometriya
usulida amalga oshirildi.

Alyuminiy oksidining massa ulushi ksilen sarig‘i indikatori yordamida rang o‘zgarishi
sariqdan binafshaga o‘tguncha ortigcha migdorda olingan trilon B (0,02 M) eritmasida rux sulfat (0,02
M) eritmasi bilan titrlab aniglandi.

Sio,

SiO,/Al,O;mol nisbatlari M = oo formuladan topildi.

203
Seolitlarning muhim xarakteristika ularning statistik sig‘imi bo‘lib, u seolitning suv bug‘lari
va geptan bilan to‘liq to‘yinish Kkattaliklari bo‘yicha aniglandi. Tahlil gilishdan oldin seolit namunasi
500-550°C da 3 soat davomida gizdirildi.
Geptan va suv bug‘lari bo‘yicha seolitning statistik sig‘imi quyidagi formula bo‘yicha
hisoblandi:
B

X=—
M-d

Bunda M-seolitning tajriba o‘tkazilmasdan oldingi massasi, g;

B-yutilgan suv yoki geptanning massasi, g; d-suv yoki geptanning zichligi, g/sm®.

Seolitlarning rentgenografik tahlili “DRON-3" rentgenli qurilmada (Cu-anod, Ni-filtr) tahlil
gilindi. YUKS difraktogrammalarini identifikatsiya qgilish va gayta ishlash tekshirilayotgan namuna
sohalari (chiziglari)ning intensivliklarini va tekisliklararo masofalarini aniglash bo‘yicha o‘tkazildi.

Katalizator namunalarning solishtirma sirt-yuzasini aniglashda azotning issiglik desorbsiyasi
usulidan foydalanildi.

Tajriba natijalari va ularning muhokamasi

Sintez gilingan YuKS lar namunalarining tekstur xarakteristikalari quyidagi 1-jadvalda
keltirilgan. Jadvaldagi ma’lumotlarni tahlil gilish natijalari shuni ko‘rsatadiki, YuKS ning silikat
moduli ortishi bilan nafagat umumiy solishtirma-sirt—-yuza va g‘ovaklarning hajmi, mikro va
mezog‘ovaklarga mos keluvchi balki sirt-yuza maydoni, hajmi ham ortadi.

1-jadval
Yangi tayyorlangan va termik ishlov berilgan YuKS ning tekstur xarakteristikalari
Parametrlar Yangi tayyor- | 700°C | 760°C | 800°C | Muvozanatli
langan
Sochma zichlik, g/m’ 0,812 0,815 | 0,819 | 0,826 0,902
Solishtirma sirt-yuzasi, m’/g 205,56 198,83 | 197,5 | 1835 88,85
G*ovakning solishtirma hajmi, 0,1641 0,1553 | 0,1546 | 0,1455 0,0644
sm’/g
Granulometri tarkibi,% - - - - -
>75 25,33 29,45 | 27,37 25,9 56,66
60-75 26,29 27,21 | 28,17 | 25,89 20,1
45-60 17,5 16,62 | 16,61 | 16,28 10,43
20-45 7,52 6,36 6,65 7,28 4,42
<20 24,36 20,36 21,2 24,65 8,39
Mikrofaollik,% 90,3 87,5 85,2 84,85 42,4
100 1-rasm. YuKS ni kristallash kinetik
R egriligi.1-T=150°C; 2-T=140°C; 3-
S T=130°C; 4-T=125°C; 5-T=120°C
o]
b 1-rasmda kukunsimon YuKS ning
g 5 kristallik darajasi bilan turli xil haroratlarda
2 kristallanish ~ davomiyligi orasidagi
F 40 bog‘liglik keltirilgan. Barcha egriliklar S-
d simon ko‘rinishga ega bo‘lib, ular uch
5 20 davrdan  iborat:  induksion  davr,
S kristallarning tez  o‘sish  davri va
0 kristallanishning tugash davrlari. Doimiy
0 15 25 35 45 55 65

KpHCTﬁJJaﬂ] ,Z[OH!IHI"JIJH]"H, coarT
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aralashtirgan holda turli xil kristallanish davomiyligida reaksion aralashmadan sintez gilingan YuKS
larning kristallanish sharoiti va namunalarning fizik-kimyoviy xossalari (125°C va 140°C da sintez
gilingan) quyidagi 2-jadvalda keltirilgan. Bu ma’lumotlar shundan beradiki, sintez gilingan YuKS
maksimal darajada kristallik darajasiga ega va benzol, geptan bug‘lari bo‘yicha 0,165, 0,145, 0,165
mos ravishda maksimal statistik adsorbsion sig‘im namoyon giladi. Shunday gilib, 150°C da 8 soat
davomida 100% kristallik darajasini namoyon giluvchi va maksimal statistik adsorbsion sig‘imga ega
bo‘lgan YuKS sintez qilindi.100% kristallik darajasiga ega bo‘lgan kukunsimon YuKS hosil bo‘lishi

uchun 125°C da 45 soat vaqt kerak bo‘ladi, 140°C da esa tagriban 20 soat vaqt etarli.

2-jadval

Kaolindan olingan YuKS namunasining kristallanish sharoiti va xossalari

Kristallanish sharoiti Namunalar xossalari
Kristallanish Kristallanish RFA bo‘yicha Bug‘ga nisbatan statistik adsorbsion
harorati, °C davomiyligi, soat | kristallik darajasi, sigim (sm*/g)

% HZO CeHe C7H16

5 0 0,006 0,004 0,006

140 7 0 0,015 0,015 0,015

9 8 0,015 0,015 0,015

12 56 0,092 0,082 0,092

15 97 0,155 0,145 0,165

18 100 0,165 0,145 0,165

2 0 0,006 0,004 0,006

150 5 9 0,015 0,015 0,015

6 50 0,085 0,015 0,085

7 96 0,155 0,145 0,165

8 100 0,165 0,145 0,165

9 100 0,165 0,145 0,165

Turli xil kremniy saglovchi xom-ashyolar asosida
skanerlovchi elektron mikroskopiya yordamida o‘rganildi va ularning elektron mikroskopik

fotosuratlari olindi.
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2-rasm. a) 6; b) 7; v) 8; g) 9 soat davomida kristallanish o‘tkazilib olingan YUKS lar
namunalarining rentgenogrammalari
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2-rasmda sintez gilingan 6,7,8,9 soat davomida kristallanish o‘tkazilishi natijasida olingan
namunalarning rentgenogrammalari keltirilgan. Rentgenogram-malardan ko‘rish mumkinki, 6,7,8,9

soat davomida kristallanish o‘tkazilganda ulardagi seolitning migdori 50,96, 100, 100% larni (mos
ravishda) tashkil etadi.

3-jadval
Sintez gilingan YuKS larning xarakteristikalari
Ne Nomlanishi SiO, S sol, Vv H,O0, Na,O, % | Al,03, Fe,03,
tarkibi, m?/g g ovak, sm’ % %
% sm’
1 Nurobod 78,39 300,5 0,81 10,1 0,95 0,76 -
kaolini
2 Qalgama 88,7 291,8 0,84 7,5 - 4,8 0,003
gumidan
olingan seolit
3 Kremnegel 99,0 345,3 1,1 0,8 0,1 - 0,1
Eristallash vaqgti 8 soat, 150°C da Eristallash vagti 12 soat, 140°C da

Bawm  DeitEQTE

bod kaolini

Eremnegel

3-rasm. Tetraetilammoniy bromida ishtirokida turli xil joylardan olingan kremniy saglovchi xom-
ashyolar asosida olingan YuKS larning elektron —mikroskopik fotosuratlari.

Fotosuratlardan ko‘rinib turibdiki (3-rasm), hosil bo‘lgan YuKS lar morfologiyasi kremniy
saglovchi xom-ashyoning tabiatiga bog‘lig. Kristallanish davomiyligini oshirish barcha namunalar
kristallik fazalari migdorining oshishiga olib keladi.
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Xulosa

1) Mahalliy xomashyo bo‘lgan Nurobod kaolinidan yuqori kremniyli seolit sintezi metodikasi
va olingan seolitlar fizik-kimyoviy xarakteristikalari o‘rganildi.

2) Seolitlar tarkibidagi natriy oksidning massa ulushini aniglash alanga emission fotometriya
usulida, rentgenografik tahlili “DRON-3" rentgenli qurilmasida (Cu-anod, Ni-filtr) amalga oshirildi.

3) Sintez gilingan YuKS solishtirma-sirt yuzasining, g‘ovagi solishtirma hajmining harorat
bo‘yicha o‘zgarishi, kristallik darajasi bilan turli xil haroratlarda kristallanish davomiyligi orasidagi
bog‘liglik, morfologiyasi skanerlovchi elektron mikroskopiya yordamida o‘rganildi va ularning
elektron mikroskopik fotosuratlari olindi.

4) Kristallanish davomiyligini oshirish barcha namunalar kristallik fazalari miqgdorining
oshishiga olib kelishi isbotlandi.
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IMPOCTHBIX TYTOIUIABKUX COEJJMHEHUN
X.M. Hacumog', A.H, Maxmyio’, ®.2K. CaGypos’, U1.51. Paxmonos’, I.H. Maxmysios, B.I1. TypcyHos
Y Camapranocxuii 2ocydapemeennwiti ynugepcumem
°EJT Axademuu BC PY.

AHHOTANUS. AHaNMHW3 JWUTEPATYPHBIX NaHHBIX W HAIIMX SKCICPHUMEHTAIBHBIX JTaHHBIX

MOKAa3bIBACT, YTO JJIsi OOeCHeueHHs 3HAYUTEILHOTO YPOBHS HM3HOCOCTOMKOCTH JeTaled MalluH B
IITUPOKOM HWHTEpBAJIC CKOPOCTEH CKOJIBKCHHUS HEOoOXomuMo, YTOoOBI Marepuan maphl o0aman
COUCTAHWEM TaKUX CBOWCTB, KaK BBICOKas IPOYHOCTH (TBEPAOCTh)  TEIUIOCTONKOCTS,
TEIIONPOBOIHOCTD, MaJiasi CKIIOHHOCTh K B3aHMHOMY CXBaThIBAHHIO, CIIOCOOHOCTh K 00pa30BaHMUIO Ha
IIOBEPXHOCTH TPEHHUS YCTOMYUBBIX U IPOYHBIX IUNIEHOK BTOPUYHBIX CTPYKTYP U PAIOM IPYTHUX.
Jns yBenwueHus pecypca paOOTHI M3ACNWN 3a4acTyr0 He TpeOyeTcs MOBBINICHHE WX OOBEMHBIX
CBOWMCTB, TaK KaK /Ui 3alllUThl WX OT H3HAIIUBAHUSA W KOPPO3UU JIOCTATOYHO MOBEPXHOCTHOTO
YIOPOYHCHUA MaTC€pUaja 3a CHCT HAHCCCHUSA H3HOCOCTONKOTO ITOKPBITHA.

KiaroueBrble ¢10Ba:TEXHOJOTHS, MaTEpPHUal, MOYJIb, YIIPYTOCTh, TBEPAOCTD, TOKPHITHSL.
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Yugori haroratli eruvchanlikka ega qoplamalarda sodir bo‘ladigan fizik-kimyoviy xarakteriskalarining
tahlili

Annotatsiya. Adabiyotlarda keltirilgan ma’lumotlar va bizning eksperiment natijalari tahlili
shuni ko‘rsatadiki, mashina detallari sirpanish tezligi kengligi sezilarli darajada yemirilishga
chidamliligini ta’minlashdagi material juftlari quyidagi xossalarga ega bo‘lishi kerakligini, ya’ni
ularning yuqori issiglikka chidamliligi, issiglik utkazuvchanligi, o‘zaro ushlanib qolish qobiliyati
kamligini, ikkilamchi va boshga bir gator yuqori gismidagi ishgalanish yuzasini barqgarorligini va
chidamlilik gobiliyatini hosil gilishdan iborat bo‘lishi kerak.
Buyumning ishlash vagtini uzaytirish uchun ularning tuzilish tarkibini o‘zgartirish talab gilinmaydi,
chunki ularning yemirilishi va chirishidan saglash uchun ustini yemirilishdan saglovchi goplamalar
bilan mustahkamlash yetarlidir.

Kalit so‘zlar: texnologiya, material, elastiklik moduli, gattiglik, qoplama.

Analysis of the physicomechanical characteristics of coatings based on simple refractory joints

Abstract. Experimental discussions that for maintenance of considerable level of wear
resistance of details of mechanisms in a wide interval of speeds of slidingisnecessary, that a pair
material a combination of such properties as high durability (hardness) temperature constancy, heat
conductivity, is small propensity to mutual, ability to formation on surfaces of a friction of steady and
strong films of secondary structures and a number of others.For increase in a resource of work of
products increase of their volume properties as it is enough for their protection against wear process
and corrosion, superficial hardening of a material at the expense of drawing of a wear proof covering
frequently is not required.

Keywords: technology, a material, the module elasticity, hardness, coverings.

Bgenenue:

Hcnonp30Banne TEXHOMOTMH MOAM(HUKALIMN MaTePHATIOB, ITyTeM HOHHOMYYEBOH M MOHHOILIA3MEHHOH
00paboTKK He Beeraa odecreunBaeT (yHKIMOHATIBHBIE CBOWCTBA, MPEABSBISEMbIE K pabOUM MOBEPXHOCTSIM
PA3IYHBIX M3IENHH, paOOTAIOIINX HPHU BBICOKUX CKOPOCTSAX M TEMIIEPATypax, BHICOKHX Y/IENBHBIX HArpys3Kax,
arpecCHBHBIX CPeax 1 T.1.

[Ipu BBIOOPE M3HOCOCTOMKHUX MOKPHITUH Yallle BCEr0 OPUEHTUPYIOTCA Ha TBEPAOCTb, XOTS BO
MHOruX pabOortax [1,2] OBLIO IMOKA3aHO, YTO OHA HE MOXKET OJHO3HAYHO XapaKTePH30BaTh HX
M3HOCOCTOMKOCTh. MHOrHe (U3MUYecKue CBONCTBA (aAre3MOHHAsi aKTHBHOCTH, TEIUIONPOBOIHOCTH M
Ip.) MOTyT OKa3blBaTh Ha HM3HOCOCTOWKOCTH OOJiee CYIIECTBEHHOE BIMSHUE, YEeM TBEPAOCTb.
[lepcnieKTUBHBIMU I TIap TPeHHsA, pabOTAIOMIUX IMPH BBICOKMX CKOPOCTSIX CKOJNBXEHHUS, SBISIIOTCS
MOKPBITHS Ha OCHOBE KapOWma ¥ HUTpHIA THUTAaHA, HATPUAOB MOJWOACHA, ITUPKOHHUS |
KapOOHUTPUAOB THUTAHA.

Haubonee 3¢dexkTuBHO pemieHne 3Toi 3a1aun JOCTUTaeTCsl MPUMEHEHNEM MOKPBHITHH. Takoi
ImoaAxXoa OKOHOMHUUYCCKH OIlpaBAaH, IIOCKOJIBKY IIO3BOJIACT COKpPATHUTh pacxon JIC(bI/I]_H/ITHBIX u
JIOPOTOCTOSIIIIUX MaTEPUATIOB.

B Hacrosimee Bpemst HCHONB3yeTCsl OOJIBIIOE KOJIMYECTBO MOKPBITHH, MOTYYEHHBIX Pa3HBIMH
METOoJaMi W OO0JaJaroIIMX BBICOKUMH OKCIUTyaTal[HOHHBIMH XapaKTePUCTUKAMH. Pe3ynbrarsl
MHOT'OYUCJICHHBIX I/ICCJICIIOBaHI/Iﬁ CBUACTCILCTBYIOT, 4YTO IIOKPBLITHA, HAHCCCHHBLIC Ha pa6oqI/Ie
HOBEPXHOCTH PEKYIIEro MHCTPYMEHTA U y3JIOB TPEHUS JeTajell MallliH, 00eCIIeYnBaOT MOBBIIICHUE
X pPabOTOCIIOCOOHOCTH, SKCIUTyaTAlMOHHBIX XapaKTePHUCTHK M CpPOKa CIYXKOBI Jeraneid, 4ro
OKOHOMHNYCCKHU U TEXHUYCCKU BBII'OAHO JJIA MaHIHHOCTpOHTeIIBHOﬁ ITPOMBIIIJIICHHOCTH.

Mertoas! Hcc/ICI0BAHNSA:

B xadecTBe Marepuana McclieZIOBaHHUS BHIOpaHBI 00pasibl U3 3akajiéHHOU cramu 45, P6MS,
TexHudeckoe xene3o, 4yyryn CU18 u menp MI. [lnsg nokpeitust 0OpasioB, MyTeM paclbUICHUS,
ucnosb3oBanbl Kyomueckue TIN, ¢ pasmepamu (10x10%10 amm). VcnbiTaHuss Ha TPEHHE W HM3HOC
ocywmecTBieHo Ha MamuHe TpeHuss CMII-2 no cxeme wMauMHAP IIOCKOCTh. IlokpbiTHE
TiNHanocunochk B ycraHoBke «bymaty.
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B kadecTBe KOHTPTEN HCMOJL30BAIUCH IMIHHAPHI AuamMeTpoM 50 ym, U3TOTOBICHHBIC U3
TEXHUYECKOTo xeie3a, meau MI, repmoobpabdorannoii cramm 45 (HRC-41-438),1ieMenTOBaHHONCTAIN
20x2H4A(I-IRC60-62), asoTrpoBanHoro uyryna mapku CU18.

Paboure MOBEPXHOCTH IMWIMHAPUYCCKUX OOPa3IOB OKOHYATEILHO 00pabaThIBAIUCH TOHKUM
i oBanueM Ha riryouny 0,1-0,2 mx, mociie dero mepoxoBaTocTs cooTBeTcTBOBaNa R=0,3 Mrom.

MHUKpPOTBEPIOCTs U3MepsM Ha ycranoBke «Mikromet», mpomsBomctBo CIIIA (Harpyska Ha
UHICHTOD 5-25 2p).

Pe3yabTaThl M X 00cy:KaeHMeE:

ITocne ucnbiTaHUl HA HU3HOC MPOBOJAMIIOCH OIPEIEIEHUE MHUKPOTBEPAOCTH TOBEPXHOCTEH
TpeHus. s YyryHHBIX OOpaslOB OINPEeNsuIoch MHKPOTBEPAOCTh METAUIMYECKOH MaTpHIIbI
MOBEPXHOCTH TPEHMUS.

Koaddumment TtpeHuss w3Mepsiii TpU  CKOPOCTH CKONBXeHWs 1,3 m/c B HHTEepBaie
HopManbHbIX Harpy3ok 200-2000 H mnpu cTyneHYaToM HarpyxeHMH. B kadecTBe CcMas3Ku
HCIOJIb30BaNoCch Macao M14B2, temnepaTypa KOTOpOro NpH HCIbITaHUAX gocturana 75°-80°C.

HcnpiTanus Ha W3HAIIMBAaHUE MPOBOAMIOCH TPU CKOPOCTH CKONbxeHus 1,3 m/c, Harpyske
500 H, Bpems ucrbiTannii 4u. VI3HOC MOKPBITHI OMpeAersuics MO0 MIUPHHE BHIPAOOTAHHOHN JYHKU H
MEPECUUTHIBAICA B OOBEMHYI0 HWHTCHCHUBHOCTh W3HAIIMBaHMUA Jy, U3HOC KOHTPTEN OIpPEAeIsuICsS
METOJOM B3BEIIHBAHUSI.

Taéauna 1
Bausane mepoxoBarocti HOKpbITUs TIN Ha KOG GHUIMEHT TpeHHs
Marepuan Cocrosmne Hopwmansnas Harpyska P, kH
MMOBEPXHOCTHU
KOWTPTENA | = obrris 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 18
HOHS"EBKH 0.078 | 0.090 | 0.098 | 0.100 | 0.097 | 0.093 | 0.088 | 0.086 | **™
Mens Ml P p-
focie 0.038 | 0.037 | 0.040 | 0.048 | 0.057 | 0.060 | 0.063 | 0.064 | 0.070
HOJ'II/IpOBKI/I
Texamuec 0e3 0.097 | 0.096 | 0.099 | 0.100 | 0.102 | 0.106 | 0.110 | 0.100 | **™
Koo MTOJIMPOBKU p.
KENE30 focie 0.070 | 0.065 | 0.072 | 0.079 | 0.082 | 0.083 | 0.083 | 0.082 | 0.081
HOJ'II/IpOBKI/I
Ge3 0.059 | 0.080 | 0.109 | 0.108 | 0.102 | 0.101 | 0.100 | 0.096 | 0.095
YyryH IIOJIMPOBKH
CHI8 Oes 0.018 | 0.019 | 0.023 | 0.030 | 0.035 | 0.037 | 0.039 | 0.040 | 0.048
HOJ'II/IpOBKI/I
Ge3 0.048 | 0.076 | 0.098 | 0.102 | 0.099 | 0.100 | 0.097 | 0.095 | 0.090
TTOJIMPOBKU
Crainb 45
focie 0.042 | 0.042 | 0.057 | 0.062 | 0.079 | 0.088 | 0.088 | 0.086 | 0.085
HOJ'II/IpOBKI/I

B tabnuue 1 npencraBieHs! pe3ynbTaThl U3MEPeHUs K03 puiiueHTa TpeHHs IPU UCTIBITAHUAX
HOKpBITHSL TINB HCXOHOM COCTOSIHMHM H IOCJIE MOJMUPOBAHUS B APE C UCCICAYEMBIMU MaTepUaIaMH.
AHanu3 pe3ysIbTaToB IOKa3bIBa€T, YTO KOA(QQHUIMEHT TPEeHHs MPH CKOJBXKCHUH HEMOJIUPOBAHHOIO
MOKPBITHS TI0 MEJIH, JKeJie3y W YYT'yHY BO BCEH 00JIaCTH HCCIICOBaHHBIX HArpy30K 3aMETHO BBILIE,
YEM MOJIMPOBAHHOTO MOKPBITHS.

[Ipu nHarpyskax Hmwxke 1-1,2 xH Takas e 3aKOHOMEPHOCTb XapakTepHa W IJIsi TPEHUs IO
LEMEHTOBaHHOH cTanu U ctanu 45. C NoBbIILIEHHEM HArPy3KH pa3HHULbI B BEIMYMHAX KOAPPHUINEHTOB
TPEHHS TIOJIMPOBAHHOTO M HETIOJIMPOBAHHOTO MOKPHITUH YMEHBINAETCS, a JUIsl CIydaeB TPEHHUS IO
[IEMEHTOBAaHHOW ¥ a30TUPOBAaHHOW CTalsM KO3(DPHUIHMEHT TpeHHWs TMpH CKONBKEHHH TI0
HETIOJIMPOBAHHON ITOBEPXHOCTH CTAHOBUTCSA JIake MeHbIIe [2-4].

[lpr wucHbITaHUSAX HENOJIMPOBAHHOTO MOKPHITUS KOX(QQUIMEHT TPEHHS YBEIUYHBACTCS C
MOBBIIIICHUEM HArpy3kH YK€ B Hadajie HCIBITAaHUM, YTO CBUIETENBCTBYET O INPEUMYIIECTBEHHO
IUTACTUYECKOM XapaKTepe KOHTAKTa.
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Wsmenenne kod(pduIMeHTa TPEHHS TOJIMPOBAHHOTO MOKPHITHS CBHUACTENBCTBYET O
NPEUMYIIECTBEHHO YIPYrOM M YIPYTO-TUIACTHYECKOM B3aMMOJICHCTBUU TOBEPXHOCTEH B Hauale
HarpyxeHus, (Ko3pQUIMEHT TPEHHUsT YMEHBIIACTCS WM HE U3MEHSETCS C YBEIMYCHUEM HATPY3KH JI0
0,5 kH).

3HayeHUsT OOBEMHON WHTCHCHUBHOCTH W3HAINMBAHUS J HCCIIEAYEMBIX MaTepualioB U
K03(pPHUITMEHTOB TpEeHUE B KOHIIE UCIBITAHUN TIPUBEICHBI B Ta0M.2.

PesynpraTel MCOBITaHWI TMOKa3adW, 4TO J,HEMOJIMPOBAaHHBIX IOBEPXHOCTEH BBIIIE, YeM
MOJIMPOBAHHBIX, HHTCHCUBHOCTh W3HAINIMBAHHUS KOHTPTENI TAaKKE 3HAYUTEIHHO BBINIC MPU TPSHHUU C
HETIOJINPOBAHHBIM TTOKPHITHEM.

Ta6auna 2
TpuboTexHIUECKUE XaPAKTEPUCTUKN U MUKPOTBEPIOCTh TOBEPXHOCTEH TPESHUS MPU UCTIBITAHHSIX
mokpeITHst TiINB MCXOAHOM (YHCITUTENH) U MIOIMPOBAHHOM (3HAMEHATEINb) COCTOSHUAX

O0bemHas
Marepuait MHTEHCHBHOCTD M3HAIIMBAHUSI MM MHUKpPOTBEPIOCTH
KOHTpPTEN KOHTPTENO MOKPBITHE Kospuumentrpenns Hn 200, I'7la
(x10°%) (x10")
16000.0 58.0 0.11
Mem: M1 60.0 5.4 0.09 0.09
Texuuueckoe 9000.0 110.0 0.12 16
JKene30 140.0 8.0 0.08 '
70.0 40.0 0.13
Hyryn CH18 21 35 0.03 3.2
2100.0 17.0 0.11
Crams 43 14 2.7 0.08 56

AHanu3 MOJYYEHHBIX pe3yJbTaTOB IIO3BOJIAET OTMETUThH cieaytomiee. llpm TpeHun
KOHCTPYKIMOHHBIX MaTEPHAJIOB I10 MOKPBITHIO, COTJIACHO KiIacCH(UKalus BHIOB U3HALIMBaHUSA [5],
KOHTPTENA MOABEPKEHBI «HOPMATBHOMY» MEXaHOXUMHUECKOMY H3HOCY. XapaKTep KOHTaKTUPOBAHUS
KOHTPTEJIA MOXHO OIpENeIuTh, ITyTeM MPUOMIDKEHHOTO pacyera JIMHEHHOW WHTEHCHBHOCTH
W3HAIINBAHHUA.

[loBepxXHOCTHBIE CIIOM TOKPBITUH TNpPH HCHBITAHWAX B  YCJIOBHUSAX OKCIIEpUMEHTa
JIeOPMUPYIOTCS TPEUMYIIECTBEHHO YIPYTO, NPUOIMKAsACh IO H3HOCOCTOMKOCTH K HYJIEBOMY
KJiaccy.

MexaHn3M M3HAIIMBAaHUS MOKPBITHM MPHU 3TOM MO>KHO ONPEAETUTH, KaK NMPEUMYIIECTBEHHO
MOJIEKYJISIPHBIA WM aAT€3MOHHBIN.

N3yuenue (U3UKO-MEXaHMUECKUX U TpUOOTEXHUYECKUX CBOICTB MOKPBITHI
TiNCBHACTENBCTBYIOT, C OMHOH CTOPOHBI, O OE3yCIOBHOM MEPCICKTUBHOCTH HCIIOIb30BAHHS
BaKyyMHO-TIJIa3MEHHBIX TIOKPBITUH B y3JaX TPEHHA, a C APYrod cmopoHbl O HEOOXOOMMOCTH
pa3paboTKN TEXHOJIOTUYECKUX 3JIEMEHTOB, HAIpPaBICHHBIX Ha YJIYUIIEHHE TAaKUX XapaKTEPUCTUK
HOKPBITHII, KaK 3aIMPOCTOMKOCTh, YPOBEHb U CTAOMIBHOCTH KOd(dUIMeHTa TpeHNs, H3HAIINBAOLIAs
cnoco0HocTh. Hanbonee BakHOW M TPYAHOW 3ajayeid SBISETCS MOBBIMICHHUE CTOWKOCTH MOKPBITHI
MpOTHB 3aehanus. [IpUunHBEl HU3KOH 3aIUPOCTOMKOCTH MOKPBITHI MOryT ObITh aBe. [lepBas u3 HuX
3aKJIFOYAETCs B HEJOCTATOYHOM aJAr€3HOHHON TPOYHOCTH MTOKPBITHI 110 OTHOLICHHUIO K ITOIJIOKKE.

Bo3Hukaromuye B TOKPBITHM B IPOLECCE OCAXACHUSA M TOCIEIYIOIIEH SKCIUIyaTalluu
BHYTPEHHHE HANpPSXKEHUS MOTYT CHIXKAaTh aire3MOHHYI0 IPOYHOCTb, INPHYEM BIHSHUE 3TUX
HANpPsKEHUM JOJDKHO YBEIMYUBATBCS C POCTOM TONIIUHBI HMOKPBITHA. BTOpas NpuU4MHA MOXKET
3aKIII0YAThCSl B YBEJIMYCHHUH TeMIEparypsl (PakIMOHHOTO KOHTAKTa, YTO CBS3aHO C HHU3KOH
TEIUIONPOBOIHOCTBHIO IMTOKPHITHSL.

3aBUCUMOCTb OOBEMHONM HHTEHCUBHOCTM MW3HALIMBAHUS IOKPBITUH OT MHUKPOTBEPAOCTU
MOBEPXHOCTEH TPEHHS COMPATAEMbIX KOHTPTEN IMOKa3aHa Ha Tad. 2.

IIpu yBenuueHnn MuUKpOTBEpAOCTH A0 9,5 77la WHTEHCHBHOCTh W3HAIIMBAaHUA Kak
MOJIUPOBAHHBIX, TAaK W HENOJUPOBAHHBIX TOKPHITUH CHW)KAETCSA, YTO SABISETCS CIEACTBHEM
YMEHBIICHUS] TUIOIAANW (AaKTHYeCKOro KOHTaKTa M TOJTBEPXKIAeT aJre3UOHHBIH  XapakTep
W3HAIIMBAHNS TOBEPXHOCTH MOKPBITHI.
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HekoTopoe yBenmueHre W3HOCA MOKPHITHI MPU TATBHEHIIIEM POCTE, MUKPOTBEPIOCTh MOXKET
OBITH CBSI3aHO C TBEPAOCTH (TPEHHUE C A30THPOBAHHON CTANBIO), @ MOXKET OBITh, TAK)KE, CBA3AHO KakK C
yCHJIEHHEM aJIT€3MOHHBIX CBsI3€il OJMM3KUX 10 IPUPOE CONPATAEMBIX MaTEPHUAIOB, TaK ¥ C U3MEHEHUE
XapakTepa OCHOBHOTO BHJIA B3aUMO/ISHCTBYSI IOBEPXHOCTEH KOHTPTEIN.

[uama3zoH yciOBUIl KOHTAKTUPOBAaHUS TIOBEPXHOCTEH, COMpSraeMbiX C MOKPHITUEM
KOHCTPYKIIMOHHBIX MaTEpUalOB IUPOK - OT IUIACTUYECKOrO0 [0 YIPYro IUIACTHYECKOTO
neOpMUPOBAHUS  TOBEPXHOCTH  TOKPBITHHA. Pe3ynbTaThl HCHBITAHUH  CBHUJIETEIBCTBYIOT O
3HAYUTEILHOM BIUSHUH MIEPOXOBATOCTH IMOKPHITUS HA N3HOCOCTOUKOCTh KOHCTPYKIIMOHHBIX CTaJeH.

BriBona:

Takum 00pa3oM, MOXKHO CJENaTh BBIBOJI, YTO TIOKPHITHS HE JIOJDKHBI OBITh OY€Hb TOHKUMH,
T-ITOGBI 3a BpeMSI SKCHHyaTaHI/IH HC HaCTYHI/IHO HNX CKBO3HOC M3HAaIIWBaAHHUC, HO C IIperfI CTOpOHI)I HC
JIOJDKHBI OBITH M CTOJIb TOJICTHIMH, YTOOBI WHTEHCHU(PHIIUPOBAINCH MPOIECCHl 32 IUPO0Opa30BaHUs U
W3HALIMBAHUS KOHTPTEA.

PesynpraTel MccrnemoBaHUS MO3BOJSIOT ONPEICIUTh HamNpaBlIeHHE padoOT MO JajbHEHIeMy
YIIYYIICHUIO TPHOOTEXHUUECKHUX XapaKTEPUCTUK MTOKPBITHH.
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VK 541.21+544.2
RUTIN VA UGLEVODLARNING QATTIQ FAZADA OLINGAN
AYRIM NAMUNALARI TAHLILI
F.F.Xoshimov, X.Qirg¢‘izboev, O.Nuridinov, M.F.Fayzullayeva
Namangan muhandislik texnologiya insituti

Annotatsiya. Magolada flavonoid modda rutin bilan kraxmalning mexanokimyoviy ishlangan
namunalari  1Q-spektr taxlili  keltirilgan. Komplekslar hosil bo‘lishiga mexanoreaktorning
energokuchlanishi ta’sir gilishi, kuchli mexanik ishlash bargaror komplekslar hosil bo‘lishiga olib
kelishi aniglangan.

Kalit so‘zlar. Rutin, flavonoid, kraxmal, mexanokimyo, namuna, 1Q-spektr, tahlil.

AHaJIN3 HEKOTOPBHIX 00PA3I0B PYTHHA M YIJI€BOI0B MOJYYEHHBIX TBEPAO(PAZHLIM CIOCOO0M
AnHotanusi. B crarbe mpuBeneHbl cBeAeHHA aHanmm3a WK-cekTpoB MeXaHOXHMUYECKH
00paboTaHHBIX 00pa3loB (IABOHOMIHOTO BEIIECTBA PYTHHA C KpaxMaloM. BEISICHEHO BIUSHHUE
SHEPrOHAINPSDKEHHOCTH  MEXaHOpPeakTopa Ha  00pa3oBaHME KOMIUIEKCOB, a TaKkKe CHIa
MexaHoo0pabOTKH Ha 00pa30BaHUE CTA0OMIIBHBIX KOMILICKCOR.
KamoueBbie cioBa. PytuH, QumaBoHOMn, kpaxman, anamu3, HWK-crektp, MexaHOXUMUS,
oOpa3ell.

Analysis of some samples of rutin and carbohydrates obtained by solid-phase method
Abstract.The article gives information on the analysis of IR spectra of mechanochemically
processed samples of flavonoid substance rutin with starch. The influence of the energy stress of the
mechanoreactor on the formation of complexes, as well as the strength of machining for the formation
of stable complexes, is elucidated.
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Keywords.Rutin, flavonoid, starch, analysis, IR spectrum, mechanochemistry, sample.

Rutin (R vitamin) bioflavonoidlar sinfiga taalugli moddadir. Rutin va u asosidagi preparatlar P
vitamin yetishmovchiligi, temir yetishmovchiligi anemiyasi, yurak-gon tomir kasalliklarining oldini
olishda va davolashda go‘llanadi. Rutin zangor-sarik rangli mikrokristall kukun bo‘lib, suvda juda oz
eriydi, 95 % li spirtda oz eriydi, gaynayotgan spirtda giyin eriydi, kislota, xloroform va efirlarda
erimaydi. Ishqoriy eritmalarda kimyoviy o‘zgarishga uchraydi, tuz hosil gilib eriydi va parchalanadi
(2-rasm) [1-3].

1-rasm. Rutinning tuzilishi

Rutin keng fiziologik ta’sir spektriga ega modda bo‘lib flavonoid aglikoni kvertsetinning 3 —
holatiga ramnoglyukozid disaxaridi bog‘langan glikoziddir. Rutinning tabiiy biopolimerlar bilan
o‘zaro ta’sirlashish gonuniyatlarini o‘rganish uchun, uning kraxmal va dekstrin bilan komplekslari
mexanokimyoviy usulda sintez gilindi, 1Q—spektrlari tahlil etildi. Deyarli barcha xabdorilar tarkibida
to‘ldiruvchi yoki sirpantiruvchi sifatida kraxmal ishlatiladi (2—-rasm).

CH,OH
. CH20(|)'| ‘/—O
OH
}< OH > o+*
O_I
HO OH

n
2-rasm. Kraxmalning struktura formulasi

Kraxmalni keng qo‘llanishi sababi, uning texnologik qulayligi, zararsizligi, oson
biodegradatsiyaga uchrashi va arzonligidir. Keyingi yillardagi tekshirishlar xabdorilar olish jarayonida
bosim ishlatilganligi uchun dorivor modda bilan to‘ldiruvchi orasida o‘zaro ta’sir bo‘lishi, bu esa dori
moddaning farmakologik faolligi va bioqulayligiga ta’sir ko‘rsatishi mumkinligini ko‘rsatdi. Bularni
hisobga olib rutin bilan kraxmal va dekstrinlarni mexanik kuch ta’sirida ganday o‘zgarishlarga
uchrashi mumkinligini o‘rganish nafagat nazariy, balki amaliy jixatdan ham foydalidir [4-6].

Mexanik ishlanmagan va ishlangan rutin namunalari 1Q-spektrlarida ularga xos yutilish
sohalari o‘zgarmagan. Bu esa ushbu moddalar tuzilishi yugori mexanik kuchlanish ta’siriga bargaror
ekanligini ko‘rsatadi. 60 g energokuchlanishda mexanik ishlab olingan rutin:kraxmal=1:3 (0.n.)
namunasining 1Q-spektrdagi "barmoq izi" sohasi 1000-1300 sm™ chastotalarini bir-biridan farq
gilishi kompleks hosil bo‘lganligini ko‘rsatadi. Rutinning OH guruhi chastotasiga nisbatan
kompleksning OH guruh chastotasi kuchsiz tarafga (3420—3414 sm™) pasayishi sababi, kraxmalni
piranoza va rutinning fenol xalgasidagi gidroksil guruhlarning o‘zaro —OHHO- ta’sirlashishi
natijasidir.

Jadval
Birikmalarning 1Q—spektrgiymatlari
Ne | Birikmalarnomi veosm™ | vopsm™ VeppSm ™ Scppsm ™ VeesSm™
1 | Rutin 1655 3420 — — —
2 | Kraxmal — 3400 — — —
3 | Dekstrin — 3355 2928% 1417 —
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4 TRutin:kraxmal=1:3(0.n.), 60g, | 1656 3414 | 2936, 1506 1456 1607, 1571
10min.

5 | Rutin:dekstrin=1:3(0.n.), 20g, 10 | 1656, 3436, 2928 1456 1607, 1505
min. 1658 3415

6 rTI;-\’iLrJ]tln:deks,trln:1:3(o.n.), 60g, 10 1656 3385 2082 1457 1608

Rutin:dekstrin=1:3 (o.n.) namunasining fizik aralashmasi hamda 20g va 60 ¢
energokuchlanishda mexanik ishlangan tarkiblarining 1Q-spektrlarini rutin va dekstrin 1Q-spektridan
farq qilishi komplekslar hosil bo‘lganidan dalolat beradi (3-rasm).

130

: \b oy :

0.0
1000 3300 3000 2500 2000 1800 1600 1400 1200 1000 800 600 4gp

3-rasm. 1Q-spektrlar: 1 - rutin:dekstrin=1:3 (0.n.) 60g,2 — rutin 60g, 3 — dekstrin 60g.

<

Shuni tahkidlab o‘tish kerakki, rutin bilan dekstrinni turli sharoitlarda mexanosintez gilib
olingan komplekslari orasida OH guruhning valent tebranishlar chastotasining sezilarli darajada 35
sm™ pasayishi 60 g energokuchlanishda mexanik ishlangan namunasida kuzatildi. Komplekslarning
hosil bo‘lish mexanizmi ham rutin:kraxmal=1:3 (0.n.) kompleksining hosil bo‘lish mexanizmiga
o‘xshash va adabiyotdagi dalillarga mos ekan [7, 8].

Rutinning karbonil guruhiga xos bo‘lgan valent tebranishlar chastotasini (1655 sm™) saqglanib
golishi ushbu guruhni kraxmal va dekstrin reaktsion markazlari bilan o‘zahro ta’sirlashmasligini
ko‘rsatadi. Rutin:kraxmal va rutin:dekstrin komplekslari hosil bo‘lishiga mexanoreaktorning
energokuchlanishi ta’sir gilishi, kuchli mexanik ishlash bargaror komplekslar hosil bo‘lishiga olib
kelishi aniglandi.
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Ob AHTHOKCHJIAHTHOM AKTUBHOCTH HEKOTOPBIX INPEJICTABUTEJIEA
®JIOPbI ®EPTAHCKOM JOJIMHBI
K.A. 3axunos, C./I. Aponbaes,/[..M.Apono6aes., I'..M.A0u1K0CUMOBA
Camapxanockuti 20cy0apcmeennvlil YHUgepcumem
E-mail: diron51@mail.ru

AHHoTanus. B craThe MpUBOAATCS pe3yNbTaThl OMPEEICHNS aHTHOKCHIAHTHONH aKTHUBHOCTH

BOJHBIX U CHOUPTOBBIX SKCTPAKTOB 18 JeKapCTBEHHBIX PACTCHUM, Mpouspacraromux B depraHckoi
JIOJINHE C UCTOJIb30BAHUEM 3JIEKTPOXUMHUYECKOTo aHanuzaTopa X - AOA. B kauecTBe MennaTopHOn
JMEKTPO-XUMHYECKA OOpPaTHUMOM CHUCTEMBbl HCIONB30BaJIUM pacTBOp, coaepxammuii 0,005 M
Ks[Fe(CN)e¢] u 0,001M K,[Fe(CN)e¢] B 0,05M docharnom 6ydepe ¢ pH 6,86. Crammaprom
AHTUOKCHJIAHTHON aKTUBHOCTH CIYXXHJI BOJIHBIH W CIUPTOBBIA PACTBOPHI aCKOPOMHOBOM KHCJIOTHI C
W3BECTHOM KOHIIeHTpaIuel. [loka3zaHno, 4To Bce U3 HCCIEAYyEMBIX pacCTEHUH 001a1af0T B TOW WIIH HHOMN
CTETICHH aHTHOKCHIAHTHON aKTUBHOCTHIO. [Ipr 3TOM BOAHBIE IKCTPAKTHl OecCMEpTHUKA, IIIMITOBHUKA,
yabpera, AeBscuiIa U 3Bepo00s 00agaroT 0osee SPKO-BRIPAKEHHOW CyMMapHON aHTHOKCHIIAHTHON
aKTHUBHOCTBIO, IO CpPAaBHEHUIO C JAPYTMMH HCCICAYEMBIMU PACTCHUSIMH. YCTAaHOBJIEHO, YTO
CITUPTCOJIEPIKAIIHAE IKCTPAKTHI PACTCHH 00JamaroT OONbIIel aHTHOKCHAAHTHONW aKTHBHOCTBIO IO
CpPaBHEHUIO C BOAHBIMH SKCTPAKTAMH.
Takxke mMOKa3aHO, 4YTO MCHOJB30BAHME JIPYTUX CTAaHAAPTOB Ui pacyeta cymmapHoit AOA B
JIeKapCTBEHHOM pactutenibHoM chipbe (JIPC) u ¢duTompenaparax mNpakTUYECKH HE H3MEHSET
COOTHONICHUS MEXIY BEIMYMHAMH, XOTS W JaeT Jpyrue 3HaueHus. l[Ipu 3ToMm, dYeM cuibHEe
AHTUOKCHJAHT CTAaHJIApT, TeM MEHbIIEe 3HaueHHE CYMMAapHON aHTHOKCHIAHTHOW AaKTUBHOCTH B
n3y4aeMoM 00BEKTe.

KiloueBble c¢joBa: aHTHOKCHUIAHTBI, MEAUATOpHAS  CHUCTEMA, DJICKTPOXUMHUUIECKOE
ompejeNieHNe, aHaIM3aTop OOIIed aHTHOKCHIAHTHOW akTmBHOCTH X — AOA, craHmapt
AHTUOKCHJAHTON aKTHBHOCTH, aCKOPOMHOBAsI KACIIOTA.

Farg‘ona vodiysida o‘sadigan ba’zibir o‘simliklarning antioksidant faolliklari

Annotatsiya. Magolada Farg‘ona vodiysida o‘sadigan 18 ta dorivor o‘simliklarning suvli va
spirtli ekstraktlarining > - UAA elektrokimyoviy analizatori yordamida antioksidantlik faolliklarini
aniglash natijalari keltirilgan. Mediator elektrokimyoviy qgator sistema sifatida 0,005 M K3[Fe(CN)¢]
va 0,001 M K,[Fe(CN)s] larining rN 6,86 ga teng bo‘lgan 0,05 M fosfatli buferli eritmasidan
foydalanildi. Antioksidant faollikning standarti sifatida askorbin kislotaning konsentratsiyasi ma’lum
bo‘lgan suvli va spirtli eritmalari qo‘llanildi. Tekshirilgan o‘simliklarning barchasi u yoki bu darajada
antioksidant faollikka ega ekanligi aniglandi. Bunda bo‘znoch, namatak, andiz, dalachoy va
qgizilpoycha kabi o‘simliklarni suvli ekstraktlarining antioksidantlik faolliklari tekshirilgan boshga
o‘simliklarnikiga nisbatan ancha yugori bo‘lishi aniglandi.

Shuningdek, dorivor o‘simlik xomashyolari va fitopreparatlarning UAA vyig‘indilarini
hisoblashda boshqa standartlarning qo‘llanilishi bo‘lak giymatlarni bersada, kattaliklar orasidagi
nisbatni o‘zgartirmaydi. Bunda standart antioksidant gancha kuchli bo‘lsa, o‘rganilayotgan obektning
antioksidant faollogining yig‘indi giymati shuncha kichik bo‘ladi.

Kalit so‘zlar: antioksidantlar, mediator sistema, elektrokimyoviy aniglash, umumiy
antioksidant, faollikning analizatori ) - UAA, antioksidant faollikning standarti, askorbin kislota.
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About antioxidant activity of some representatives of flora of the fergana valley

Abstract. The article presents the results of the determination of the antioxidant activity of
aqueous and alcoholic extracts of 18 medicinal plants growing in the Fergana Valley using an
electrochemical analyzer ¥ - AOA. A solution containing 0.005 M K3 [Fe (CN) 6] and 0.001M K4 [Fe
(CN) 6] in 0.05 M phosphate buffer with a pH of 6.86 was used as an electrochemically reversible
mediator system. The standard of antioxidant activity was an aqueous and alcoholic solution of
ascorbic acid with a known concentration. It was shown that all of the studied plants possess
antioxidant activity to some extent. At the same time, water extracts of Hypericum, Rosa, Thymus,
Inula have a more pronounced total antioxidant activity compared to other studied plants. Alcohol-
containing plant extracts have been found to have greater antioxidant activity compared to aqueous
extracts.

It is also shown that the use of other standards for calculating the total AOA in medicinal plant
raw materials and phytopreparations practically does not change the ratio between the values, although
it gives other values. In this case, the stronger the antioxidant standard, the smaller the value of the
total antioxidant activity in the object under study.

Keywords: antioxidants, mediator system, electrochemical determination, analyzer of total
antioxidant activity -AOA, standard of antioxidant activity, ascorbic acid

[Ipobnema coxpaHeHuss OHOpazHOOOpa3Wsi B PACTHTENFHOM MHpE BKJIIOYACT HE TOJIBKO
COXpaHEHHE PEIKUX BHUJIOB PACTEHHH, HO M U3yYeHHE (PH3UKO-XUMHYCCKHX XapaKTEPUCTUK,
MO3BOJIIIONINX ONPEACIUTh MX MOTEHIMAIbHYI0 LEHHOCTh B MEAMLMHE M (apMakoigoruu. Tak,
IIPUMEHEHHE IeJIeOHBIX TPaB M alTEYHbIX COOPOB HAa MX OCHOBE B TPAJUIIMOHHOW W HApOIHOM
MEIUIMHE TMPHOOpETaeT OCOOCHHYIO  aKTYalbHOCTh, 4YTO  OOYCJIOBIIEHO  CYyIIECTBEHHBIM
NPEUMYIIECTBOM PACTCHUH MO CPaBHEHUIO C XUMHYECKMMH MEAMKAMEHTO3HBIMH IIperapaTamy,
KOTOpOE 3aKJI0YaeTcss B OTCYTCTBUE MOOOYHBIX 3(¢eKkToB Bo3aewcTBUs Ha opranusM [1]. Taxke
M3BECTHO, YTO AHTHUOKCHIAHTHass akTUBHOCTh (AOA) BemecTB pacTUTENBHOTO MPOUCXOKICHHS
MOXET B 3HAYUTEIIHON CTENEHU OMPEAETIUTh JIEKaPCTBEHHYIO LICHHOCTh pacTeHus [2,3].

Henpro HACTOSILIETO HUCCIENOBaHUS SIBIsieTCS omnpenenaeHue cymmapHod AOA HEKOTOPBIX
pactenuii, coctapmsromux Guopy depraHckoii TOTUHBI, OLIEHKA KOTOPBIX paHee HE MPOBOIUIIACE.

MarepuanoM il HCCIEIOBaHMs CIYKWIA (QUTOCOOPHI M3 PAaliOHOB MPEArOPHBIX PAaBHUH,
NpPEAropuil U JyroBO-CTENHOM 30HBI DepraHcko NOJMMHBI. BpICylieHHbIE B T€HH IO BO3AYIIHO-
CYXOTO COCTOSIHHSI YaCTH PacTeHHH ObUIM M3MenbdeHbl 10 pa3dmepa yactul 0,5-1,0 MM. DKCTpakThl
MOJyyaJld METOJOM Mallepalli ¢ KCIOJIb30BaHUEM JTUCTHJUIMPOBAHHOM BOABI M CHUPTOBBIX
pacTBOpoB ¢ OOBEMHBIM conepxaHueM dTuiaoBoro crnupra 40% [4]. IlomyueHHbIE SKCTPaKThI
(hupTpoBanM Yepe3 OyMaKHBIA GUIBTP «Oenas JeHTa.

Hns mamepennss AOA nonmydeHHbix HacToeB 0,1 Mi skcTpakta cMemuBaiu ¢ 0,9 M pactBopa
MenuaTopa, coaepxkamiero 0,005 M K; [Fe (CN)g] + 0,001M K, [Fe (CN) ] B 0,05M docharaom
oydepe ¢ pH 6,86. 1,0 Ma 3TOl cMeCH ¢ TOMOIIBIO MTUTIETOYHOTO MUKPO-103aTOPa HHKESKTUPOBAIIU B
pabouyio KaMepy AIIEKTPOXUMHUYECKOT0 naTanka «Z AOA» [5].

Ha pucynke 1 nmokazan aHamM3aTop CyMMapHOH aHTHOKCHAaHTHON aKTUBHOCTH.

AHanu3aTop COAEP)KUT NIEKTPOXUMHUUECKHHM JAaTUMK C IUIAHAPHBIM HM3MEpUTENbHBIM AU -
anektpoaoM u Ag/AJCI anekTposoM cpaBHEHUs, PAaCIIONIOKEHHBIX B MUKposiueiike, oobemom 0,1 mu,
KOTOpasi MOJKIIOYEHa K LU(PPOBOMY MWILIMBOJBTMETPY. Bpems ycTaHOBIEHMS NMOTEHUIMANa He
mpeBbIIaeT 15 cek.

WNmxekmus ananusupyemMoi mpoOsr, odbseMoMm 1,0 M B pabodyro MHUKpOKamMepy JaTduka,
OCYLIECTBIISIET €€  MHOTOKPAaTHYI0  INPOMBIBKY  CaMHM  aHAJIUTOM, 4YTO  OOECle4YHBaeT
BOCTIPOM3BOJIMMOCTD CUTHAJA.

B  kadectBe  craHmapra = aHTHOKCHJIAHTHOW  aKTHBHOCTH  OBITM  HCIIOJIb30BAHEI
CBEXKEIIPUTOTOBJICHHBIC BOAHBIC U CIHPTOBBIE PAaCTBOPHI ackopOouHoBO# kuciaoTel (AK) ¢ m3BecTHOI
KOHUeHTpanuel. [lanHpie ObLUTH MOMyYeHbI yepeIHEHHEM 3—4 mapajuie/IbHbIX ONpeIeICHHH.
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Puc.1. Ananuzatop aHTHOKCUAAHTHOU
akTuBHOCTHU X - AOA.

Pacyer AOA BemecTBa OTHOCHTEIBHO
MIPUHATOTO cTaHzapTa TIPOBOJIAT o
MOCTPOCHHOMY rpaduky win 10 ¢dopMmyJsie
C, =s,anti IgM,

k
rie S, — KOHIIGHTpaIusl CTaHjapTa
aCKOpOMHOBOM KHCIOTEI (wmu  gpyroro
CTaH/IapTa), COOTBETCTBYIOIICH BEpxHei
rpaHuIe 0XKHJIaEMOTI0 JMara3oHa
aHAJTU3UPYEMBIX PACTBOPOB;
kK — kpyrtusHa OSneKTpomHON (YHKIUH

k = El_EZ

lgs, —1gs,

E, u E, YCTOMUMBBIE TOKa3aHUS
MOTEHIIMOMETpPA TPHU HU3MEPEHUH CTaHIAPTOB
pacTBOPOB  aCKOPOWHOBOW  KHCIOTHI  (WJIH
JIIPYyroro  CTraHaapra) C  KOHICHTPAIUSIMH,
COOTBETCTBYIOIIMMH HWXKHEH (S; Mr/mil) H
BepxHeH (S, , MI/MJI ) TpaHHIIE OKHIAEMOIO
JMarna3oHa aHalM3UPYEMbIX pacTBOpPOB, a Ex —
MOKa3aHUsl MOTEHIMOMETPA B aHAIM3HPYEMOM

JaTYNKA:

pactBope.

Taoaunma 1

PC3YJII>T8,TLI I/I3MepeHI/II71 AHTHOKCUIAHTHOM aKTUBHOCTH BOJHBIX U CIIMPTOBBIX OKCTPAKTOB

JIEKapCTBEHHBIX pacTeHuH ( cTaHAapT acKOPOMHOBAs KHCIIOTA)

AOA, mr/™mn AOA, MF/MUH
Ne Jlatunckoe . CIIUPTOBBIN
HaumenoBanue BOIHBIN
Ne Ha3BaHUE SKCTpaKT SKCTPaKT
(40% sTanom)
1. | TeicsiuenncTHUK Achillea 0,097 0,216
2. | Anekcauapuiickuii TuCT (ceHa) Folium Sennae <ILO. 0,171
3. |ITmxma Tanacetum 0,228 0,202
4. | BeccMepTHHK Hypericum 0,274 0,345
5. |TTonbrHb rophKas Artemisiaabsinthium 0,122 0,214
6. | Cononika Glycyrrhizaeradices 0,087 0,173
7. |lladpan Crocus <ILO. 0,177
8. | Aup OOBIKHOBEHHBII Acoruscalamus 0,110 0,171
9. |IlIunoBHUK Rosa 0,210 0,387
10.|Yabpen (TUMBSIH) Thymus 0,226 0,287
11.| XBom mmoneBoit Equisetumarvese <I1.0." 0,189
12.| JTucuit xBOCT Alopecurus 0,080 0,149
13.| TmuH Carum 0,074 0,144
14.| Jlesicun (FKENTHIA 1[BET) Inula 0,237 0,255
15.| bosipeIHuK Crataegus 0,082 0,306
16.|3Bepoboii Hypericum 0,305 0,379
17.|Pomamka anreudas Matricariachamomila 0,215 0,324
18.|Memucca Melissaofficinalis 0,160 0,190

*[1.0O. — mpenen oOHapyKEHUS

Kak BuaHO, ciMpTcoep Kaiiie 3KCTPAKThl pacTeHHH 00j1amatoT OOJIbIleld aHTHOKCHIAHTHON
AKTUBHOCTBIO TIO0 CPaBHEHUIO C BOJHBIMH 3KCTPaKTaMH, 4YTO OOBSCHSICTCS JOMOJHUTEIBHOMN
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9KCTPAarupyeMOCTbIO HEPAaCTBOPUMBIX B BOJIE AHTHOKCHAAHTOB, IMPHCYTCTBYIOIIMX B OHOMacce
pacTeHui.

CpaBuurenbHas auarpamma AOA BOJHBIX M CIIMPTOBBIX KCTPAKTOB PACTEHHUH NMpUBEICHA Ha
pucyHke 1.

OrvocHmensHan ACA, %

B 5 oy Oy
. - o .
o o

[ | BOOHLIA KCTPAKT B enuproewi sketpakt (40% artaon)
Puc. 2. CpaBaurensHas quarpamma AOA BOJHBIX U CHHMPTOBBIX 3KCTPAKTOB SKCTPAKTOB PACTECHUM
OTHOCUTENBHO YCJIOBHO mpuHsATOro cranaapra AK (1 mr/mi)
brimo mpoBemeHO ompeAenieHHe W CpaBHEHHWE pPE3yJIbTAaTOB HM3MEpeHHs cymmapHoii AOA
PAcTUTEILHOTO ChIPbsi OTHOCUTENBHO JPYTUX aHTUOKCHIAHTHBIX CTAHIAPTOB: ITUTHMAPOKBEPTULIMHA,
raJuIOBON KHUCIIOTHI, KOEeHHOI KUCIOTHI, (DEeHMUTAaHTPAHWIOBOH KHCIOTHI. Pe3ynbTaThl mpeacTaBieHbl
B Tabyuie 2.
Tabéanuna 2
PesynpTathl onpeneneHusi CcyMMapHOH aHTUOKCUAAHTHON aKTUBHOCTH PACTUTEIBHOTO CHIPHSI B
nepecyeTe Ha pa3IuyHble CTAHAAPTHI

JlexapcTBeHHOE ackopowu- . dheHnmn-

KBEPLETHH rajuioBas K-Ta, KodeiiHas
pacTUTEIBHOE HOBas K-Ta, aHTPaHMUIIOBAs
MI/T MI/T K-Ta, MI/T
ChIpbe MT/T K-Ta, MI/T

HMH’(‘:TTH HEPEIHO | 55 47+0,76 15,96£0,28 | 8,09+0,27 8,7+0,29 4,7+0,16

Penemxka

OOBIKHOBEHHOI'O 16,62+0,61 11,09+0,25 0,32+0,23 6,45+0,23 3,39+0,12

TpaBa

TTvXMBI [IBETKHU 8,76+0,27 4 55+0,22 3,9+0,12 3,40+0,10 1,84+0,06

beccmepTHHKa

[IECYAHOIO 4,01+0,10 3,06+0,14 1,34+0,03 1,5+0,04 0,84+0,02

LBETKH

{;‘EHH TOPRKOM | 3 83+0,18 2,91+0,08 | 1,29+0,02 1,48+0,04 0,80:0,02

Awpa kopaesume | 0,72+0,03 0,33+0,02 0,35+0,01 0,28+0,01 0,150,007

B pesynprare wnccienoBaHWiA BBIABIEHO, YTO CPAaBHUTEIHHO
MOTEHITUAJIOM O0JIAZIAF0T TPaBa PETCIIKa U JIUCT MIEPSUYHON MSTHIL.

BBICOKMM aHTHOKCHIAaHTHBIM

BriBoabI

1. UccnenoBana cymMMapHasi aHTHOKCHAAHTHAS aKTHBHOCTh BOJHBIX M CIIUPTOBBIX (BOJOYHBIX)
3KCTpakToB 18 pacrenuil, mpomspactatomux B depraHckoil AOIMHE M NPU3HAHHBIMU HApOJHON
MEAUIIMHON JIEKapCTBEHHBIMHU.

2. Bce w3 mccmenyeMpIXx pacTeHHH 001amal0T B TOW WM WHOW CTEIICHHM AHTHOKCHIAHTHOM
aKkTUBHOCTBIO. [IpM 3TOM BOAHBIE 3KCTpPaKThl OECCMEPTHHKA, INIWIOBHUKA, yaOpena, AeBsAcHiIa U
3Bepo00si 00amal0T 0OoJiee SPKO-BBIPAKECHHONW CYMMAapHOH aHTHOKCHIAAHTHOW aKTHBHOCTBIO, II0
CPaBHEHUIO C IPYTUMH HUCCIETyEMbIMH PACTEHUSMHU.
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3. CrouproBeie (BOJOYHBIC) OKCTPAKThl BCEX HCCIEAYEMBIX pAcTCHHH  00JagaroT
AHTUOKCHJIAHTHOW aKTHBHOCTBIO, MPEBHIIIAIOIIYI0 TAKOBYIO JUISI BOJTHBIX KCTPaKTOB B 1,5-2,5 pa3sa,
YTO MOXET OBITh OOBSICHEHO JY4YIICH 3KCTPArHpyeMOCThIO OMOJIOTMYECKH aKTUBHBIX BEIECTB M3
OMOMAacChl PacTECHHM.

4. Tloka3aHo, YTO HCIIOJIb30BaHHE APYTHX CTAaHAAPTOB ISl pacueta cymmapHoir AOA B
JICKAPCTBEHHOM pacTuTeibHoM chipbe (JIPC) u ¢uronpenapaTax NpPakTHYECKH HE HM3MEHSET
COOTHOIICHHUSI MEXIY BEIMYMHAMH, XOTS M JaeT Jpyrue 3HaueHus. [Ipu 3ToM, YeMm cuibHEe
AHTUOKCHJAHT CTAaHJApT, TEeM MCHbIIEC 3HAUCHHE CYMMAapHON aHTHOKCHIAHTHOW AaKTUBHOCTH B
U3y9aecMOM OOBEKTE.
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UDK: 541.128:544.431
METANNI KATALITIK OKSIKONDENSATLAB ETILEN OLISH TEXNOLOGIYASI
Sh.B. Raxmatov?, N.I. Fayzullayev®, U.M. Norqulov®
'Buxoro tibbiyot instituti., “Samargand davlat universiteti

Annotatsiya. Ishda metanni oksikondensatlash reaksiyasining kinetik gonuniyatlarini ogimli
differensial reaktor (uzunligi 650 mm, ichki diametri 8 mm) sharoitida o‘rganish natijalari keltirilgan.
Differensial reaktor sharoitida jarayon borishining kinetik gonuniyatlari o‘rganilgan. Tadgigotlar
tatijasida reaksiyaning quyidagi magbul sharoiti tanlangan: kat: (Mn,Oj3),:(Na;M00,),(ZrO,),;
Punum =0.1IMPa,  Pean=0.033MPa, Piisiors=0.014MPa, T=750°C, W, mm=1000s0at™. Olingan
natijalarga asoslanib, reaksiyaning o‘tish mexanizmi taklif etilgan hamda kinetik tenglama keltirib
chigarilgan. Shuningdek, metandan etilen olishning energiya va resurstejamkor texnologik sxemasi
taklif etilgan.

Kalit so‘zlar: ogimli differensial reaktor, metan, etilen, metanni oksidlanishli dimerlash,
texnologik sxema.

TexHoJIOrMsl NOJYyYeHHs ITUICHA KATAJIUTHYECKO OKCUKOHIeHcallueil MeTaHa

AnHoTauus. B paboTe mpuBeacHB pe3yNbTaThl U3yUEHUS KUHETHICCKUX 3aKOHOMEPHOCTEH
peaKkuu OKCHKOHJICHCAIIMU METaHa B MPOTOYHOM auddepeHnmanrsHoM peaktope (muuHa 650 MM,
BHYTpeHHHI Auamerp 8 MM). V3ydeHbl KWHETHUYECKHE 3aKOHOMEPHOCTH MPOTEKaHHs Ipolecca B
ycioBusX AuddepeHnaibHoro peakTopa. B pe3yibTare HCClIeA0BaHUS BBIOPaHbI CIIEIYIOIINC
ontuMainbHbie ycnoBus: kat: (Mn;O3)x'(Na;M00,)y(ZrO2);;  Pogu=0.1MPa, P etan=0.033MPa,
Pristoros=0.014MPa, T=750°C, W06m=1000qac'1. Ha ocHoBe moMydeHHBIX Pe3ylbTaTOB MPEIJIONKECH
MEXaHU3M MPOTEKaHUsI PEaKIIMU M BBIBEJICHO KHHETHUECKOE ypaBHEHHE. Takke MpeiokKeHa dHEpro-
U pecypcocOeperaromas TeXHOJIOTHYeCKass CXeMa TOyUeHUs ITHIICHA U3 METaHa.

KaroueBbie cjioBa: mpoTOuYHBId UG (GEPEHIMANBHBIX  PEaKTOp, METaH, JTHIICH,
OKHUCIIUTENIbHAS JUMEPHU3aIHsi METaHa, TEXHOJIOTHYEeCKas cXeMa.

Kinetic regularities and technology of the reaction of obtaining ethylene by catalytic
condensation of methane
Abstract.The results of studying the kinetic regularities of the reaction of methane
oxycondensation in a flow differential reactor (length 650 mm, internal diameter 8 mm) are given in
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the work. The kinetic regularities of the process under the conditions of a differential reactor are
studied. As a result of the research, the following optimal conditions were chosen: kat: (Mn,QO3)y -
(NazMoOy,)y - (ZrO3);; Pumum- = 0.1MPa, P petan = 0.033MPa, Pyisiorod = 0.014MPa, T = 750°C, W ymumiy
= 1000soat™. Based on the results obtained, the mechanism of the reaction is proposed and the kinetic
equation is derived. Also, an energy and resource-saving process scheme for the production of
ethylene from methane is proposed.

Keywords: flow differential reactor, methane, ethylene, oxidative dimerization of methane,
technological scheme.”

Kirish

Katalitik tadgigotlarning eng muhim dolzarb masalalardan biri metanni oksidlanishli katalitik
gayta ishlashning yangi usullarini yaratish va mavjudlarini takomillashtirishdan iborat. Metanni gayta
ishlash usullaridan eng istigbollilari metanol, formaldegid sintez gilish, aromatlash va oksidlanishli
kondensatlashdir. Dunyo bo‘yicha har yili 156 min. tonna etilen ishlab chigarilmogda va bu talab
yiliga 4,5% ga oshmoqgda. Etilen neft va gaz kimyosining muhim mahsuloti bo‘lib, polietilen,
polivinilxlorid, polistirol, alkilbenzollar, etilenoksid va boshqalar ishlab chigarishda ishlatiladi. Etilen
ishlab chigarishning hozirgi vagtdagi eng muqobil va istigbolli usuli metanni katalitik
oksikondensatlash reaksiyasi bo‘lib, jarayon bir bosgichda va normal atmosfera bosimida boradi[1-7].

Metanni oksikondensatlash reaksiyasi ochilganiga 30 yildan oshdi, ammo hanuzgacha yugori
faollik va unumdorlikka ega bo‘lgan barqaror katalizator yaratilmaganligi sababli bu reaksiya
sanoatga joriy etilgan emas.Shuning uchun magsadli mahsulotlarni maksimal unum bilan olish
magsadida yuqori unumdorlikka ega bo‘lgan katalizatorlar yaratish va energiya va resurstejamkor
texnologiya yaratish dolzarbdir [8-12].

Tajriba gismi

Metanni oksikondensatlash reaksiyasining kinetik gonuniyatlarini o‘rganish uchun oqgimli
differensial reaktorli laboratoriya qurilmasi yaratildi. Reaktor kvars trubka bo‘lib, uzunligi 650 mm,
ichki diametri 8 mm. Katalizator o‘lchami 0,25-0,5 mm. Reaktorga metan:kislorod 2+7-1 hajmiy
nisbatda 1 + 15 I/soat tezlikda yuborildi. Reaktorga 0,1 g katalizator solindi. Reaksiya uchun 99,9%
tozalikdagi metan va texnik kislorod ishlatildi. Gazlar reaktorga kirishdan oldin aralashtirildi.
Reaktordan chigayotgan kontakt gaz suvli muzlatgich-separatorda sovutildi.

Reaksiya harorati 700 dan 850°C gacha oraligda o‘zgartirildi. Berilgan sharoitda metanning
konversiyasi 1 dan 35% gacha, kislorodning konversiyasi 4 dan 98% gacha o‘zgardi. Reaksiya
mahsulotlari bo‘yicha selektivlik 30 dan 70% gacha o‘zgardi.

Reaksiyaning gaz mahsulotlari xromatografik usulda go‘shimcha termostat bilan jihozlangan
termokimyoviy detektorli “Gazoxrom 3101” xromatografida quyidagi magbul sharoitda tahlil gilindi:
kolonka termostati harorati-100°C, tashuvchi gaz (havo) ogimining sarfi -35 ml/min, faollashtirilgan
ko‘mir bilan to‘ldirilgan kolonka uzunligi - 1m, ichki diametri - 3mm. Miqgdoriy tahlil mutlaq
darajalash usulida amalga oshirildi.

C,-uglevodorodlar sintezi uchun katalizator ikki usulda cho‘ktirish va yuttirish usullarida
tayyorlandi.

Cho“ktirish usulida katalizator tayyorlash uchun marganes atsetat va natriy molibdatning suvli
eritmalari ishlatildi. Tutuvchi modda (nositel)-kremniy oksidini natriy silikatning suvdagi eritmasiga
sulfat kislota go“shib tayyorladik. Cho‘kma filtrlandi, 130°C da quritildi va kuydirish pechida 5 soat
davomida 800-1100°C da kuydirildi. Yuttirish usulida katalizator tayyorlash uchun avval natriy
silikatning suvdagi eritmasiga sulfat kislota go‘shildi. Cho‘kma filtrlandi, 130°C da quritildi va 800-
1300°C da kuydirildi. So‘ngra marganes atsetat va natriy molibdat tuzlarining suvli eritmalari
go‘shildi. 3 soatdan so‘ng olingan katalizator quritildi va 800-1300°C da kuydirildi. So‘ngra olingan
massaga zaruriy miqdordagi sirkonil nitrat eritmasi qo‘shildi. So‘ngra yugoridagi ketma-ketlik
bo‘yicha katalizator filtrlandi, quritildi va kuydirildi.

Katalizatorlarning amorf strukturalari rentgenofazali tahlil usulida, g‘ovak strukturasi azotning
termodesorbsiyasi usulida olingan adsorbsion egri chiziglar tahlili asosida, namunalar sirt yuzasi S
BET usulida, mikrog‘ovak va mezog‘ovaklarning hajmi BJH usulida aniglandi. Fazoviy tarkibi
rentgen difraksiyasi usuli bilan difraktometr DRON-3 (CuK,nurlanish)da o‘rganildi. Katalizatorning
dispers xossasi skanirlovchi elektron mikroskop (JSM-6510 LV)da tekshirildi.
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Tajriba natijalari va ularning muhokamasi

Metanni oksikondensatlash reaksiyasi asosan, quyidagi jadvalda keltirilgan bosgichlardan
iborat. Jadvaldan ko‘rinib turibdiki, 1- va 2-reaksiya asosiy bo‘lib, metandan etilen olish jarayonida
go‘shimcha reaksiya ham boradi.

1-jadval
Metanning kislorod bilan ta’sirlashuv reaksiyalarining Gibbs erkin energiyasi va entalpiya giymatlari
ReakSiya AGozgg AHozgg (KJ/mOI)
(Kj/mol)
CH4 + 1/202 —>1/2C2H4 + Hzo '143,0 '140,4
CH4 + 1/402 —>1/2C2H6 + 1/2H20 '64,0 '87,8
CH, + 3/20, — CO + H,0 -543,0 -518,7
CH, + 20, —»CO, + 2H,0 -800,0 -801,3
75 <
\\ @ Zr - Mo-Mn/YuKS
65 ™ ~

~ M
Nb -Mn-Na-W/Si s Tis
Na Mn- W/Si i-NIn-Ti-

@ Li-Mo-Mg/Al

= 551 ...l: ~ QLi-B-Mn Unum =30 %%
= ~ ~ Li'Zr-S |
= 1Rb-W/Si ~ ~
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= 45 ~  LiCiMn ™~
% ‘A LiCi-Mn
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o Bi-Y_Sm g ™ Yb-Ce-Sr |
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25 4 Unum= 25%%6 Ca—Cl-‘“’_-"Si\} - . @ T ~ - —
NaCl-Mo/Sii~ - Hi-Meg-MNd ~ 4
v . . .
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CH _ ning konversiyasi. %%
1-rasm. C, —uglevodorodlar unumi C,>25% bo‘lgan MOK reaksiyasi katalizatorlari. Barcha
katalizatorlar 700+-900°C da CH,/O, = 2+8 nisbatda, odatdagi atmosfera bosimida sinalgan

PN

Mo-W-Li/ 50, Mn-W-Na/'$i0, Mn-W-K/5i0, Mp-W-Rh/Si0, Mn-W-Cs/5i0,
® Metanning konversiyasi ® C,- uglevodorodlar ®C, - uglevodorodlar
selektivligi um
2-rasm. Mn-W-Mo/SiO, larning Me tabiatining metanni umumiy konversiyasiga va C,-
uglevodorodlar unumiga ta’siri

CH, + 1/20, — 1/2C,H,; + H,O bu ekzotermik reaksiyalar 1-jadvaldan ko‘rinib turibdiki,
reaksiyaning standart issigligi -175 Kj/moolga teng.
1-rasmda, adabiyotlarda ma’lum bo‘lgan va oksikondensatlash reaksiyasi uchun yuqori katalitik
faollikka ega katalizatorlar bilan biz yaratgan Zr-Mo-Mn/YUKS tarkibli katalizatorlarning ushbu
reaksiya uchun katalitik faolliklarini tekshirish natijalari keltirilgan. Sxemadan ko‘rinib turibdiki Na-
Mn-W/Si tarkibli katalizator yuqori Kkatalitik faollikka ega. Shundan so‘ng biz Na metalini boshga
ishqoriy metallarga almashtirib ko‘rdik. Tajriba natijalari 2-rasmda keltirilgan.

Metanni oksikondensatlash reaksiyasi uchun 10 dan ortiq katalizatorlarning katalitik faolligi
sinab ko‘rildi.

124



ILMIY AXBOROTNOMA KIMYO 2018-yil, 5-son

Katalizatorlarning katalitik faolligi oqgimli differensial kvars reaktorda, odatdagi atmosfera
bosimida, 750-850°C da o‘rganildi. Metanni oksidlanishli dimerlash reaksiyasi uchun yuttirish usulida
tayyorlangan marganes asosidagi oksidli katalizatorlar yuqori Kkatalitik faollik va unumdorlikka ega
bo‘lib, eng yaxshi natijalar (Mn,03)y-(Na,M00.),:(ZrO,), kompleksi ishtirokida olindi. Qayd etilgan
usullar bo‘yicha olingan Kkatalizatorlar ishtirokida metanning konversiyasi 56.8%, magsadli
mahsulotlar bo‘yicha selektivlik 62.3%, etilenga nisbatan selektivlik 65,8% va C,-uglevodorodlar
unumi 35.4% ni tashkil etdi.

Metanni oksikondensatlab etilen olish bir bosgichli jarayon bo‘lib, reaksiya odatdagi
atmosfera bosimida o‘tkaziladi. Metanni oksikondensatlash jarayonini quyidagi sxemalar yordamida

ifodalash mumkin:

*H- H,

.+ CHS. = (: H i » Csz ‘A)CZH‘;

Maqsadll mahsulotlar uchun MOK reak5|ya3| mexanizmi sxemasi
Gaz faza

CH,+h’, CHy

Katalizator sirti =« a.%f%ﬁmﬂml
CH;" + CH;" — C.Hg

OH" hs” CH;' + CHy' — C,H, + H,
CHg — GHy + H,

C,H, + 7/20,— 2C0, + 3H,0
C,H, + 5/20, — 2CO + 3H,0

20H *s — H,Ogq + Os* + V5™

Vs *+ 1/20, — Og* + 2h's

C,H, + 30,— 2CO, + 2H,0

CH, + 20,—2C0 +2H,0
s = Katalizator sirti
Vg = Kislorod bo'shlig"i
I’y = Polaron (Kvazi-erkin elektron tuynugi)
O, = O ionining panjarada normal joylashuvi
MOKDning reaksion yo‘li

} Sirt defektlari (nugsonlari)

Etandan etilen hosil bo‘lishi700°C dan yuqori haroratda Katalizator sirtidagi faol markazda sodir
bo‘ladi:
1) [C2He]s + [O]s —[C2H 3]s + [OHTs
2) [C2Hs]s + [O]s — [C2Ha ] + [OHTs
3) [C2HS]s + [O2]s — [CoH4]+[OHTs
4) [C2oHe]s + [02]s —[C2H.]s + 2[OHs
5) [CoH.]+ CHy — CyHg + CHJ
Yuqorida gayd etilgan va o‘rganilgan tajriba natijalari asosida metandan etilen olishning
energiya va resurs tejamkor eng yaxshi, arziydigan texnologiyalarini yaratish muhim ahamiyat kasb
etadi.

125



ILMIY AXBOROTNOMA KIMYO 2018-yil, 5-son

Eng yaxshi arziydigan texnologiyalarni yaratishda texnologik imkoniyatlarning, ekologik va
igtisodiy omillarning mos kelishi asosiy ko‘rsatkichlardan biridir. Texnologik mezon kimyoviy
texnologik jarayonni tashkillashtirishda uning murakkablik darajasini sifatiy ifodalaydi. Odatda sifatiy
va miqdoriy texnologik ko‘rsatkichlar ishlatiladi.

3-jadval
Kimyoviy mahsulotlar ishlab chigarishda ahamiyatga ega bo‘lgan mezonlar
Ekologik klaster Texnologik Klaster Ekonomik klaster
1. Inson uchun zaharliligi; 1. Selektivlik; 1. Toza kirim;
2. global isish (iglim 2. Konversiya; 2. Texnologik jarayonlarga sarf-
o‘zgarishi); 3. Energiya sig‘imi; harajatlar;
3. Suvli obyektlar uchun 4. Jarayonni boshqgarish va 3. Tozalash sistemasiga
zaharliligi; gurilmani jihozlash harajatlar
4. Kislotalanish (kislotali murakkabligi;
cho‘kma); 5. Qurilmaning birlik quvvati.
5. Ozon gatlamining yemirilishi.

Adabiyotlardan ma’lumki, eng yaxshi arziydigan texnologiyalar yaratishda ahamiyatga ega bo‘lgan
mezonlar ulushi quyidagi formulalar bo‘yicha hisoblanadi:
0,649 N 0,627 N 0,655 N 0,548

D3
T, T, T, T,
0,683 0,521 362 0,293
D; = + + +
T T, T, T,
0131 0,333 0,255 0,630
D, = + +

+
- Tl TZ T3 T4
Tabiiy gazni oksikondensatlab etilen olishning texnologik sxemasi 8-rasmda keltirilgan.

CORYTYRYH CYE CO
} l , Exnmrn raz
: Y § P ST _fb.
N
6

DMMerTan

3 B
e
L7 KoHmeHCAT

NeTaHn

JHEPI e THE
E¥pHIMAra (9K) 1

110

DTHIIEH

¥raes |J_,£(up oJ1ap
Ca

-

}Yr.nenu,nupu;map (Kafira mumann 0§FHETT a)
Cas

3-rasm. Metandan etilen olishning energiya va resurstejamkor texnologiyasi
1-metanni oksikondensatlash reaktori, 2-issiglik almashinuvchi qurilma, 3- issiglik almashinuvchi
qurilma (bunda gazlar aralashmasi — 30°C gacha sovutiladi), 4-reaksion gaz kompressori, 5-

etanolaminli tozalash bo‘g‘ini, 6- ishqorli yuvish bo‘g‘ini, (etilen va propilenli sovuq sikl yordamida -
100°Cgacha sovutiladi va quritiladi), 7-turbodetander; 8-quyi haroratli rektifikatsiya kolonnasi (etan-
etilen fraksiyalarini ajratish); 9-quyi haroratli rektifikatsiya kolonnasi (etilen-xom ashyoni ajratish);

10-quyi haroratli rektifikatsion kolonnasi (metanni ajratish); 11- “gaz-gaz” rekuperativ issiglik

almashinuvchi qurilma.
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Taklif etiladigan usul quyidagicha amalga oshiriladi: tarkibida 98% metan bo‘lgan tabiiy gaz
elektrostansiyaga hajmi 60 ming m*/soat yuboriladi va 450°C gacha rekuperativ issiglik almashuvchi
“gaz-gaz” (11) issigligi hisobida gizdiriladi va reaktor (1)ning kirish joyiga yuboriladi. Unda
oksikondensatlanish reaksiyasi hisobiga metanning bir gismi etilen va boshga moddalarga aylanadi va
issiglik ajraladi. Reaksion gazlar issigligidan unumli foydalanish magsadida dastlabki tabiiy
gaz issiglik almashuvchi (11) ning trubali bo‘limiga yuboriladi, issiq reaksion gazlar esa-garshi ogim
ko‘rinishida o‘sha issiglik ogimi trubalar orasidagi hajmga yuboriladi. Metanning
oksikondensatlanish reaksiyasi metanning kislorodga molyar nisbati 2:1 dan 10:1 gacha bo‘lgan
sharoitda reaktor (1) da oksidli katalizatorlar ishtirokida 700°C dan 950°C gacha temperaturada
o‘tkaziladi. Reaktor (1) dan chigadigan gaz ogimi yuqori issiglik sig‘imiga ega bo‘lib, tarkibida
kimyoviy o‘zgarishning magsadli mahsuloti—etilen bo‘lib, u sovuti-ladi, ajratiladi va bunda ajralib
chigadigan issiglik qurilma(11) da dastlabki metanni isitish va yuqori potensialli bug‘ni regeneratsiya
gilishga sarflanadi. (2) qurilmada hosil bo‘ladigan bug‘ energouskunada reaksiyaga kirishmagan
metan va reaktor (1) da hosil bo‘ladigan yonuvchi gazlarning yonishidan hosil bo‘ladigan issiqlik
bilan birga utilizatsiya gilinadi. (2) qurilmaga tushgan reaksion gaz issiglik almashinadigan apparat (3)
ga tushadi va unda sovutiladi hamda suvning asosiy gismi kondensat shaklida ajratiladi. Reaksion
aralashma 30°C gacha sovutilib kompressor (4) yordamida etanolaminli tozalagichga (5) yuboriladi va
CO, ning asosiy gismi ajratiladi. (6) bo‘g‘inda ogim yana ishqorli yuviladi, qiritiladi va
“propilen+etilen” sovutish sikli yordamida minus 100°C gacha sovutiladi. Qurilma (6) da tarkibida
vodorod, CO, N,, O, goldig‘i va 0z migdorda metan bo‘lgan gaz ajraladi. Bu ogim 0,3-0,5 MPa gacha
drosellanadi va turbodetander (7) orgali energoqurilmaga beriladi. Kolonna (8) da past temperaturali
rektifikatsiyada sarflanmagan metanning asosiy gismi ajratiladi va energo qurilmaga yuboriladi.
Kolonna (8) dan C,, fraksiya chiqgariladi va kolonna (9) ga tushadi. Bundan qolgan goldig asosan etan
va Cs. uglevodorodlardan iborat bo‘lib, reaktor (1) ga gaytariladi. Kolonna (9) ning yuqori gismidan
tarkibida asosan etilen va ortib golgan metan bo‘lgan gaz chigariladi. Bu aralashma kolonna (10) da
etilen-xomashyoga va metanga ajratiladi hamda energo qurilmaga yuboriladi. Turli tipdagi metan
asosidagi qurilmalarda elektroenergiya generatsiyasi jarayoni ma’lum. Taklif etilayotgan
umumlashgan jarayonda energoqurilma sifatida ma’lum bo‘lgan har ganday energoqurilma turi
go‘llanilishi mumkin. Etilenni gayta ishlash gismi turli apparatlardan iborat bo‘lib, unda etilen yana
tozalanib, tovar shakliga keltiriladi yoki etilendan boshga magsadli mahsulotga aylantiradigan reaktor
(suyug uglevodorodlar, etanol va boshqgalar) ga yo‘naltiriladi. Etilenni uning oligomerlanish
mahsulotlari yoki polimerlanish va sopolimerlanish mahsulotlari (polimerlar va plastiklar), yoki
gidratlanish jarayoni mahsuloti (etanol), yoki alkillanish reaksiyasi mahsulotlari (stirol, boshga
monomerlar; yoqilg‘ilarga qo‘shimcha) ga aylantirish magsadida amalga oshiriladigan kimyoviy gayta
ishlashda ajralib chigadigan bug‘-issiglik utilizatsiyasi energiya uskunada reaksiyaga kirishmagan
metan yonishi va etilen sintezi bosgichida OKM reaksiyasida ajraladigan energiya bilan birga amalga
oshiriladi. Ajratish bosqgichi 5,6,8,9,10 apparatlarda kimyoviy, kriogen, adsorbsion, adsorbsion gayta
ishlash yoki membrana qurilmalarini qo‘llab amalga oshirish mumkin. Taklif etilgan usulning boshga
ma’lum bo‘lgan usullardan farqi:

a) birlamchi mahsulot sifatida etilen ishlab chiqgarish, gazni energoqurilmaga tayyorlash
bosqgichiga go‘shilgan;

b) etilen sintezi reaktorida reaksiyaga kirishmay golgan metan resirkulyatsiya, tashlash yoki gulxanda
yogib yubormasdan energoblok (energouskuna) ga yuborilib issiglik yoki elektroenergiya ishlab
chigariladi;

v) issiglik energiya (bug® yoki boshga manbalarning issigligi shaklida) etilen hosil bo‘lganda ajralib
chigadigan issiqlik hamda tabiiy gaz (metan) bilan oziglanadigan energoqurilmada ishlab
chiqariladigan issiglik bilan birga utilizatsiya gilinadi.

Etilen va uning mahsulotlarini ishlab chigarishning taklif etilgan usulida tabiiy gazning
bevosita oksikondensatlanishidan ajralib chigadigan gazni energoqurilmaga yuborish ma’lum bo‘lgan
texnologik jarayonlarga nisbatan muhim iqgtisodiy va texnologik ustunlikni go‘lga kiritish imkonini
beradi. Etilen va uning mahsulotlarini ishlab chigarishda tabiiy gaz nisbiy sarflanishini kamaytirish,
shu mahsulotlar hosil gilish bosgichida energoqurilmada olinadigan issiglik va elektroenergiyani
sarflash hisobida erishiladi. Bu esa o‘z navbatida texnologik sxemaga kam quvvatli issiglik va
elektrogeneratorlar go‘shmaslik imkonini beradi.
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Undan tashqari, sxemadan sarflanmagan metan resirkulyatsiyasi bosgichini chigarish va boshlang‘ich
xom ashyoni kislorod bilan yoki havo bilan oksikondensatlab etilen olish bosgichida energiya
sarflanishini pasaytiradi. Bu esa jarayon solishtirma effektivligini tabiiy gaz, bu jarayonda ham
xomashyo, ham energiya manbai deb hisoblanishi mumkin. Yuqori narxga ega bo‘lgan gimmatbaho
birikmalarni ishlab chigarish bilan energoqurilmalarda elektr va issiglik energiyasini ishlab chigarishni
tutashtirish etilen va hosilalarini ishlab chigarishdagi asosiy kamchiliklarni (magsadli mahsulot hosil
gilishda metanni ko‘p sarflanishini va jarayon past unumdorligini) bartaraf qgilish imkonini beradi.
Bunda ijobiy hislatlari to‘lig saglanadi-texnologik soddalik, kapital va operatsion harajatlar,
oksidlovchi sifatida havodan foydalanish. Kimyoviy mahsulot ishlab chigarishni (etilen va hosilalari)
texnologik sxemaga qo‘shish anchagina iqgtisodiy effekt beradi. Ma’lum bo‘lgan va yirik
energokimyoviy komplekslar yaratishini talab giladigan texnologiyalardan fargli kimyoviy mahsulot
(etilen va uning hosilalari) umumlashgan usuli tabiiy gazda ishlaydigan o‘nlab o‘rta va kichik
guvvatga ega bo‘lgan energoqurilmalarda amalga oshirilishi mumkin. Texnik-igtisodiy baholashga
garaganda ishlab chigariladigan etilen va hosilalarining tannarxi va nisbiy kapital harajatlar o‘sha
mahsulot ishlab chigaradigan ixtisoslashgan zavodlarga nisbatan ko‘rsatkichdan past bo‘ladi.

Tabiiy gazdan etilen olish va elektr energiya ishlab chigarishning tabiiy gazni bevosita
oksikondensatlab, chigadigan gazni energoqurilmalarga yuborish usulining mohiyati shundan iboratki,
tabiiy gaz ogimi etilen sintez qilish bosgichiga yuborilib, oksikondensatlanadi; bu jarayon oksidli
katalizatorlar ishtirokida 700°C dan 950° C da va 1 dan 10 atm bosimda, metan va kislorod molyar
nisbati 2:1 dan 10:1 gacha bo‘lganda amalga oshiriladi. Keyin reaksiya natijasida hosil bo‘lgan
reaksion aralashmadan etilen ajratiladi va ortib qolgan metan va tarkibida yonadigan moddalar:
vodorod va CO bo‘lgan gazlar ogimi energoqurilmaga yuboriladi va undan elektroenergiya va issiglik
hosil gilinadi; metanni oksikondensatlash reaksiyasi usulida etilen olish reaksiyasi davomida ajralib
chiggan bug® va boshqa issiglik tashuvchilarning issigligi reaktorda sarflanmagan metan hisobida
ishlaydigan energoqurilmaning energiyasi bilan birga utilizatsiya qilinadi.

Reaksiya natijasida ajralib chigayotgan CO, quyidagi reaksiya bo‘yicha karbamid
(mochevina) olish uchun ishlatiladi:

C02 + 2NH3 — H2N - ﬁ - NH2 + Hzo

Biroq karbamid sintezida CO, ni to‘liq foydali ishlatib bo‘lmaydi. Shuning uchun CO, chigadigan
jarayonlar bazasida CH3;OH olishni tashkillashtirish lozim:
CO, + 2H, —»CH;30H + H,0
XULOSA

1) Metanni oksikondensatlash reaksiyasining kinetik gonuniyatlari ogimli differen-sial reaktor
(uzunligi 650 mm, ichki diametri 8 mm) da o‘rganildi.

2) Differensial reaktor sharoitida metanni katalitik oksikondensatlanish reaksiya-si unumiga,
metanning konversiyasiga va katalizator selektivligiga turli omillarning ta’siri va jarayon borishining
kinetik qonuniyatlari o‘rganildi.

3) Natijada reaksiyaning quyidagi magbul sharoiti tanlandi: T=750°C, W mm=1000s0at™, Kat:
(Mn;03)y'(Na;M004)y(ZrO2);;  Puymum =0.1MPa, Pretan=0.033MPa, Pyisiorea=0.014MPa. T=750°C,
W ymum=1000s0at™.

4) Metandan etilen hosil bo‘lish jarayoni sxematik ifodalandi.

5) Metandan etilen olishning energiya va resurstejamkor texnologik sxemasi taklif etildi.
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Annotatsiya. Ishda tanlangan yer osti ichimlik suvlari obyektlarining ichishga yaroglilik
xossalari uning radioaktivligi va mineral tarkibini analizning kimyoviy, fizik-kimyoviy
(potensiometrik, ionometrik, kulonometrik, spektroskopik va spektrometrik) va fizikaviy usullari
yordamida analitik nazorat gilindi.

Kalit so‘zlar: analiz, ichimlik suvi, radioaktivlik, mineral tarkib, namuna, elektrokimyo,
spektral usullar.

AHaINTHYEeCKMIl KOHTPOJIb PAJMOAKTHBHOCTH M MHHEPAJILHOI'0 COCTABA IOJ3eMHbIX
NUTHEBBIX BO

AnHoTauus. B pabote npoBeA¢H aHAIMTHYECKHHA KOHTPOJIb IHTHEBBIX CBOMCTB BHIOpPaHHBIX
HaMH MOJI3€MHBIX OOBEKTOB BOJIbI IO MHHEPAIIFHOMY COCTaBY M MX PaJHOAKTHBHOCTH XUMHUYECKHUMU,
¢usnueckuMu M PH3UKO-  XUMHYECKHMMHU  (NOTCHIIMOMETPUYECKUMH, HOHOMETPHUYECKHMH,
KyJIOHOMETPUYECKUMH, CIEKTPOCKOIIMYECKUMH U CIIEKTPOMETPHUYECKIMI ) METOIAMH.

KuloueBble cjioBa: aHamu3, MUTbEBas BOZA, PaJHOAKTHBHOCTh, MUHEPAJIBHBIA COCTaB, Mpoba,
3IEKTPOXHUMHUS, CTIEKTPAIEHBIE METO/IBI.

Analytical monitoring of the radioactivity and mineral composition of ground drinking
water
Abstract. In the work, analytical monitoring of the drinking water resources of the selected
groundwater objects by the mineral composition and their radioactivity by chemical, physical, and
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physicochemical (potentiometric, ionometric, coulometric, spectroscopic and spectrometric) methods

was carried out.
Keywords: analysis, drinking water, radioactivity, mineral composition, sample,
electrochemistry, spectral methods.

Mamlakat aholisining asosiy gismining gishlog joylarda yashashi, bugungi kunda gishlog
aholisining, nafaqat gishlog, balki respublika aholisining ichimlik suvlariga bo‘lgan talabini
gondirish borasida bir gancha ishlar olib borilishi zarurligini talab giladi. Ammo olib borilayotgan
ishlar bilan bir gatorda, bir gancha kamchiliklar ham ko‘zga tashlanmoqda. Birgina, ichimlik suv
manbalarining ifloslanishi hozirgi kunda insoniyat oldidagi asosiy muammolardan biri bo‘lib goldi.

Oc<zbekistonda ham suvning ifloslanishi dolzarb ekologik muammolardan biri bo‘lib kelmoqda.
Bu muammoni bartaraf etish fagatgina soha mutaxassislari emas, balki mamlakatimizdagi har bir aholi
o‘zini ma’suliyatini his gilgan holda muammoga garshi kurashsa magsadga muvofiq bo‘lar edi.

Butun jahon salomatlik tashkilotining ma’lumotlariga ko‘ra, dunyo aholisining har o‘n
kishidan bittasi tozalanmagan ichimlik suvidan aziyat chekadi. Zararsizlantirilmagan ichimlik suvi o‘z
navbatida xolera, tif, gepatit kabi bir gancha xavfli kasalliklarni keltirib chigaradi. Bizga ma’lumki,
tabiiy va oqova suvlarni zararsizlantirishning bir gancha usullari bor. Ularga kimyoviy va fizikaviy
zararsizlantirish jarayonlari kiradi. O‘z navbatida kimyoviy zararsizlantirish: suvni  xlorlash;
ozonlashtirish; og‘ir metallar ionlari bilan zararsizlantirish. Fizikaviy zararsizlantirish: ultrabinafsha
nurlar; ultratovush orgali zararsizlantirish usullariga bo‘linadi [1,2].

Radon-222 izotopining ruxsat etilgan me’yor darajasigacha bo‘lgan miqgdori foydali
xususiyatlarga ham ega. Uning bu jihatidan tibbiyotda inson salomatligini tiklashda foydalaniladi va u
radioterapiya usuli deyiladi. Tabiiy va sun’iy radonli suvlarga boy bo‘lgan radonli vannalar hozirgi
paytda eng keng targalgan davolash usullaridan biri bo‘lib, maxsus sanatoriyalar va markaziy dam
olish maskanlariga o‘rnatilgan. Ulardan nafagat vannalar, balki dushlar va ichish yo‘li bilan ham
amalga oshiriladi [3]. Natijada teridagi mikrosirkulyatsiya jarayoni yaxshilanadi, yurak ishi
normallashadi, arterial bosim muvofiglashadi, immun tizim oshadi, shamollashga garshi ta’sir
kuchayadi, gonning zardoblashuvi va morfologik tarkibi normallashadi, to‘gimalarning regeneratsiya
jarayoni stimullashadi va asosiy almashinuv ta’sirlarining normallashishiga yordam ko ‘rsatadi.

Ishda Mirzadangal jamoa xo‘jaliklari yer osti suvlari namunalari tarkibidagi radon-222
izotopining mavjudlik spektrlari va u asosida radioaktivatsion faolliklari tekshirib ko‘rildi. Bundan
tashgari  Mirzadangal jamoa xo‘jaligidagi Xo‘jagishlog yer osti suvlarining ichishga yaroglilik
xususiyatlari uning mineral tarkibini kimyoviy, fizikaviy va fizik-kimyoviy analiz usullari yordamida
analitik nazorat gilish asosida baholandi.
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e = = S °. c=q4 = . D
Sz =~ = 2 o L2 =>23 3 o 2 o
V) = < e |3 ecs | 2%
WW z < FX | s <X | Z2XG
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Wb ; Rn-222 | 21,16 |0.12 |21,16 | 3,8 18,1
m:u.:rw \ 3 3
I s O T ki
Mirzadangal jamoa xo‘jaligidan olingan

yer osti suvining SGS spektri. Mirzadangal yer osti suvlarining radioaktivatsion faolliklari.
Real vaqt: 2400.00 s. Namunaning massasi:1
kg; Namunaning hajmi : 1.000 |

Fon sifatida distillangan suvdan foydalanildi. Spektrdan ma’lum bo‘lishicha Mirzadangal shartli
yer osti suvining radioaktivatsion faolligi 21,163 Bk/I ga teng bo‘lib, bu shunday suvlar uchun ruxsat
etilgan me’yor darajasidan deyarli 2,97 barobar kam. Shunday aktivlikka ega bo‘lgan radonli
suvlarning esa foydalilik xususiyatlari ko*p.
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Yuqorida radioaktivlik xususiyatlari baholangan yer osti suvlarining ushbu aktivlik giymatlari
ham ichimlik suvlari uchun ruxsat etilgan me’yor (63 BKk/l) darajasidan ikki-uch barobar kam
ekanligini kuzatish mumkin. Shuning uchun ham yuqorida radioaktivlik xususiyatlari tekshirilgan
tuman xo‘jaliklaridagi yer osti suvlari bu jihatdan ichishga yarogli ekanligi aniglandi.

Yer osti ichimlik suvlarining radioaktivlik xususiyatlarini baholash bilan birgalikda ularning
kimyoviy tarkibidagi ba’zi suvning ichishga yaroglilik xususiyatlarini baholovchi migdoriy
kattaliklarni ham analizning turli standart va asbobiy usullardan foydalanib olingan natijalar asosida
baholadik. Quyidagi jadvalda Mirzadangal jamoa Xo‘jaligi Xo‘jagishlog hududidan olingan va
radioaktivlik xususiyatlari o‘rganilgan yer osti suv manbasidan olingan namunaning analizi natijalari
keltirilgan.

Mirzadangal jamoa xo‘jaligi yer osti suv namunasining analizi natijalari

n=3; P=0,95
Ne Aniglanadigan X, mg/l S Sr,% AX
ingrediyent

1 Na"* 248.0 2,415 0,974 6,004
2 K* 310,4 3,420 1,102 8,502
3 Ca™ 44,81 0,736 1,643 1,829
4 Mg 62,31 0,610 0,980 1,518
5 HCO; 104,2 1,213 1,164 3,015
6 NOj3 1,802 0,013 0,718 0,033
7 S0,” 524,3 5,884 1,121 14,60
8 Qurug goldiq 337,5 2,943 0,872 7,315
9 Umimiy gattiglik 7,806 0,064 0,814 0,158

AnaliznatijalaridanMirzadangaljamoaxo‘jaligiXo‘jagishloghududidanolingansuvnamunalaritark
ibidagimineralko‘rsatgichlarningmiqdoriykattaliklarishundaysuvlaruchunbelgilanganruxsatetilganme’
yor (REM) darajasidanpastliginikuzatishmumkin.
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YUQORI MOLEKULYAR NITRILLAR SINTEZINI MAQBULLASHTIRISH
D.K.Murodova, N.K. Muhamadiyev, K.M.Murodov, T.U. Anvarov
Samargand davlat universiteti,
E-mail: kadir-muradov@rambler.ru

Annotatsiya. O‘rganilgan kinetik gonuniyatlar asosida yuqgori molekulyar nitrillarning sintez
gilish sharoitlari magbullashtirilgan. Pentadesilonitrilning katalitik sintezi uchun eng magbul sharoit:
harorat-395°S, spirtning parsial bosimi-0,007 MPa, ammiakning parsial bosimi-0,093 MPa, spirtning
hajmiy tezlik giymati-26,0 mol/kg.kat.soat. Ushbu sharoitda spirtning nitrilga aylanish darajasi 92,5%
etib, jarayonning nitrilga nisbatan unumdorligi 24,1mol/kg.kat.soat.ga yetadi.

Kalit so‘zlar: Kinetik tenglama , kinetik tenglama kattaliklari, yuqgori molekulyar nitril,
pentadesil spirti.

OnTuMH3aIUs CHHTE3a BHICIIAX MOJIEKYJIAPHBIX HUTPUJIOB
AnHoTamus. Ha oCHOBaHMU M3y4YeHHBIX KUHETHYECKUX IAHHBIX, ONTHMHU3UPOBAH IPOIECC
CHUHTE3a BBICOKOMOJICKYJIAPHBIX HHUTPUIIOB. OnTuMatbHBIM YCJIOBUEM KaTaJIUTUYCCKOI'0 CHHTE3a
TIeHTaICLIIOHNTpIIA: Temieparypa - 395°C, mapumansHoe naBienne crmpra - 0,007 MIla,
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napuuaibHoe AaBieHne ammuaka -0,093 Mlla, o0bemHas ckopoctsb cnupTa - 26,0 Monb/Kr.kat.4ac. B
9TUX YCJIOBMSX IpEBpalleHUe CIHUpTa B HUTPWI cocTaBisieT 92,5% mnpu IIpOU3BOIUTEIBHOCTU
nporiecca 24,1 MOJIb/Kr.KaT.4ac.

KuaroueBbie cinoBa: Kunerndeckoe ypaBHEHHE, NOCTOSIHHbIE KMHETUYECKOIO ypaBHEHMS,
BBICOKOMOJIEKYJISIPHBIN HUTPUIJI, IEHTAICLIUIOBBINA CIIUPT.

Optimization of the synthesis of higher molecular nitriles

Abstract. Based on the studied kinetic data, the synthesis of high-molecular nitriles was
optimized. The optimal condition for the catalytic synthesis of pentadecylonitrile: temperature -
395°C, the partial pressure of alcohol — 0,007 MPa, the partial pressure of ammonia - 0,093 MPa, the
volumetric rate of alcohol — 26,0 mol / kg.at.h. Under these conditions, the conversion of alcohol to
nitrile is 92.5% with a process productivity of 24,1 mol / kg.at.h.

Keywords: kinetic equation, constant kinetic equation, high molecular weight nitrile,
pentadecyl alcohol.

Kirish.

Neftni gayta ishlash sanoatning rivojlanishi neft xom ashyosini va undan olinadigan
moddalarni kimyoviy jihatdan qayta ishlash kabi vazifalarni go‘ymoqda. Oxirgi yillarda ilgari
giyinchilik bilan olinadigan moddalar sanoatning ko‘p tonnali mahsulotlariga aylanmoqgda . Bunday
xolat nitrillarga ham taallugli. Hozirgi vaqtda sanoat migiyosida tarkibida C;-C; tutgan alifatik
nitrillar va adipin kislotasining dinitrili ishlab chigarilmogda. Ular kimyo sanoatining asosiy
mahsulotlariga aylanib , xalg xo‘jaligining turli soxalarida keng go‘llanib kelinmogda. Ularning asosiy
gismi polimer moddalar ishlab chigarish sohasida, ko‘pchilik sanoat migiyosida olib boriladigan
jarayonlarda erituvchi sifatida , gerbesidlar, turli dorivor moddalar ishlab chigarilishida , moddalarni
ajratib olishda ekstragent sifatida go‘llanib kelinmogda. Bundan tashqari tarkibida bir nechta -CN
guruhi bo‘lgan, gaynash harorati yugori bo‘lgan organik birikmalar gaz xromatografiyasida harakasiz
suyuq faza sifatida ishlatib kelinmoqda. Nitrillar turli xil karbon kislotalar va ularning hosilalari,
farmatsevtik va parfyumer preparatlar, yuvish vositalari, plastifikatorlar, moylovchi moddalar, ion
almashinuvchi smolalar ishlab chigarishda boshlang‘ich yoki oraliq moddalar sifatida ishlatilib
kelinmoqda.

Yugori nitrillarning keng migiyosda ishlatilmasligiga ularni sintez gilishning samarali usullari
haligacha mavjud emasligi sababchi bo‘Imoqda.

Ishning magsadi — pentadesilonitril sintezi sharoitini magbullashtirish.

Sanoat va laboratoriya miqgyosida katalitik geterogen jarayonlar ogimli uskunalarda olib
boriladi. Buning asosiy sababi xozirgi zamon texnika va texnologiyalarni qo‘llab, reaksiyalarining
kinetika va mexanizmlarini o‘rganish imkonini beradi.pentadesil spirtining ammiak bilan sianlash
reaksiyasining kinetik gonuniyatlarini o‘rganish magsadida boshlang‘ich moddalar ~ va reaksiya
mahsulotlari parsial bosimlarining spirtning nitrilga aylanish darajasi ta’siri o‘rganildi. Tajribalar 330-
350-3700C da olib borildi. Moddalarning parsial bosimi ta’siri o‘rganilganda bir faktorli tajriba usuli
go‘llanildi, ya’ni fagatgina bir komponent parsial bosimi o°zgartirildi. Boshga moddalar parsial bosimi
tajriba davrida o‘zgarmasligi uchun boshlang‘ich moddalarga kerakli vaqtda kerakli migdorda azot
go‘shildi. Olingan tajriba natijalarini tagqoslash paytida quyidagi umumiy qonuniyatlarni ko‘rish
mumkin: o‘rganilgan parametrlar diapazonida spirtning parsial bosimi ortishi bilan nitrilning hosil
bo‘lish reaksiya tezligi pasayadi. Shu vagtning o‘zida hajmiy tezlikning doimiy giymatida spirtning
nitrilga aylanish darajasining uning parsial bosimga bog‘liglik grafigi maksimum orgali o‘tadi.
Bundan tashgari o‘rganilgan parsial bosimlar diapazonida ammiakning, vodorodning va nitrilning
parsial bosimlari nitril hosil bo‘lish reaksiya tezligiga ta’sir etmaydi. Suv bug‘ining parsial bosimining
ortishi keskin ravishda reaksiya tezligini pasaytiradi. Bundan shunday xulosa gilishimiz mumkinki,
boshlang‘ich spirtlarning strukturasidagi farglar hamda ishlatilgan katalizatorlar tarkibining har-xil
bo‘lishiga garamasdan yuqori molekulyar nitrillarning hosil bo‘lish mexanizmi alifatik [1] va aromatik
nitrillar [2] hosil gilish mexanizmiga aynan o‘xshashdir. Bu yerda ham oldingi mualliflar tomonidan
ham e’tirof etilganidek, jarayonning eng sekin boradigan bosgichi etib, katalizatorning ikki faol
markazi ishtirokida boshlang‘ich spirtning degidrogenlash reaksiyasi olingan.Ushbu xolatga qo‘yidagi
kinetik tenglama mos keladi:
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_ k KRCHZ OHPRCHZ OH
(1 + KrcuyonPren, on + Kuyo Pry0)?
bundalW —nitril hosil bo‘lish reaksiya tezligi, mol/kg.kat.soat;
k —reaksiya tezlik konstantasi, mol/kg.kat.soat
KrcH, onPren, on —Spirtning adsorbsiya koeffitsiyenti va parsial bosimi, MPa™, MPa;
Ky, Pu,0o —suvning adsorbsiya koeffitsiyenti va parsial bosimi, MPa, MPa.

Pentadesilonitril sintezini magbullashtirish uchun yuqoridagi kinetik tenglama quyidagi
ko‘rinishga keltirildi:

T =

1 1 (1 + PoKpy,0)? 1
vk KRCHZOH{ P, In 1—x (KHZO - KRCHZOH) *
2

2+ Kn,0Po + KRCHZOHPO)X — 0,5Pyx*(Ky,o — KRCHZOH)Z}'

bunda v - spirtning hajmiy tezligi, mol/kg.soat;
T - shartli ta’sirlashuv vagti, sek.

Ushbu tenglamaning kinetik kattaliklari fagat tajribalar o‘tkazilgan 330, 350 va 370°S haroratlar
uchun aniglangan. Haroratning boshga qiymatlari uchun ularning giymatlari eksponensial usulda
topildi.
Pentadesil spirtning ammiak bilan ta’sirlashish reaksiyasi gonunlarini ifodalovchi kinetik kattaliklar
giymatlari 1- jadvalda keltirilgan.

1-jadval

Pentodesil spirtni sianlash reaksiyasini magbullashtirish jarayonida ishlatilgan doimiy kinetik
kattaliklar giymatlari

Harorat k £5 Krch, ontd Ky, 0%5
s mol/kg.kat.soat MPal MPa
330 58.0 185,0 220,0
340 83,0 176,2 204,9
350 108,0 170,0 195,0
360 135,0 164,5 183,3
370 170,0 160,0 174,0
380 2240 152,1 165,6
385 255,0 151,0 162,3
390 280,0 147.8 157,5
395 303,3 146,6 151,2
400 3421 1445 149,4

1-jadvalda keltirilgan giymatlar asosida haroratning 330-400°S oralig‘i uchun aylanish darajasining
0,95 giymatiga mos keluvchi hajmiy tezlikning spirtning parsial bosimiga bog‘liglik darajasi hisoblab
chigilgan.

Hisoblangan kattalik giymatlari rasmda keltirilgan. Rasmda keltirilgan giymatlardan ko‘rinib
turibdiki, haroratning ortishi bilan katalizator unumdorligi yugorilab boradi. Eng yugori unumdorlik
boshlang‘ich spirtning parsial bosimining 0,005-0,008 MPa giymatlarida erishiladi. Keltirilgan
oraligning past hamda yuqgori giymatlarida jarayonning samaradorligi pasayadi. Samaradorlikning
pasayishi haroratning ortishi bilan ortadi.

Jarayonni to‘liq magbullashtirish uchun tajribalar haroratning 380-400°S oralig‘ida tanlab olingan
NTK-4 katalizatori ishtirokida [1] o‘tkazildi. 400°S dan yugorida boshlang‘ich spirtning destruksiyasi
hisobiga ko‘pchilik go‘shimcha mahsulotlar hosil bo‘lishi kuzatildi. Haroratning pasayishi-jarayon
unumdorligining pasayishiga olib keladi.

Rejalashtirilgan tajribalar gaz ogimining 17,5 sm/sek giymatida olib borildi. Ushbu sharoitda reaksiya
kinetik sohaga mos keladi. Tajribalar boshlang‘ich spirtning parsial bosimi 0,007 MPa va ammiakning
parsial bosimi 0,093 MPa bo‘lgan giymatlarda olib borildi.

Jarayonni magbullashtirish uchun olib borilgan tajribalarda olingan giymatlar 2-jadvalda keltirilgan.
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Rasm. Reaksiya unumining spirtning parsial bosimiga bog‘ligligi.
(1-330°C, 2-340°C, 3-350°C, 4-360°C, 5-370°C, 6-380°C, 7-385°C, 8-390°C,
9-395°C, 10-400°C)
2-jadval
3.14-tenglama bilan hisoblangan sharoitlarda pentodesil spirtning ammiak bilan sianlash reaksiyasi
natijalari
Sintez harorati, | Spirtning hajmiy tezligi, Spirtning nitrilga Katalizator unumdorligi,
’s mol/kg.kat.soat. aylanish darajasi,% mol/kg.kat.soat.
380 17,8 95,1 16,9
385 20,0 96,0 19,2
390 22,9 95,3 21,8
395 26,0 92,5 24,1
400 28,5 83,0 23,6

2-jadvaldan keltirilgan giymatlardan ko‘rinib turibdiki, pentadesilonitril uchun eng magbul sharoit
etib quyidagilarni hisoblash mumkin: harorat-395°S, spirtning parsial bosimi-0,007 MPa, ammiakning
parsial bosimi-0,093 MPa, spirtning hajmiy tezlik giymati-26,0 mol/kg.kat.soat. ushbu sharoitlarda
boshlang‘ich spirtning nitrilga aylanish darajasi 92,5% etib, jarayonning nitrilga nisbatan unumdorligi
24,1mol/kg.kat.soat.ga yetadi.

Xulosalar
1. Pentadesilonitrilni katalitik sintezi uchun eng magbul sharoit etib quyidagilarni hisoblash mumkin:
harorat-395°S, spirtning parsial bosimi-0,007 MPa, ammiakning parsial bosimi-0,093 MPa, spirtning
hajmiy tezlik giymati-26,0 mol/kg.kat.soat.
2. Ushbu sharoitda boshlang‘ich spirtning nitrilga aylanish darajasi 92,5% etib, jarayonning nitrilga
nisbatan unumdorligi 24,1mol/kg.kat.soat.ga yetadi.
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YUQORI MOLEKULYAR NITRILLAR SINTEZI UCHUN KATALIZATOR TANLASH
D.K. Murodova, N.K. Muhamadiyev, K.M. Murodov, T.U. Anvarov
Samargand davlat universiteti,
E-mail: kadir-muradov@rambler.ru

Annotatsiya. Turli usullar bilan olingan oksidli laboratoriya va sanoat katalizatorlarining
pentadesil spirtining ammiak bilan sianlash reaksiyasida katalitik faolligi o‘rganilgan. Yuqori
molekulyar nitrillar sintezi uchun katalizator tanlangan. NTK-4 Katalizatori ishtirokida spirtning
nitrilga aylanish darajasi 78,5 % ni tashkil etgan.

Kalit so‘zlar; pentadesil spirt, oksidli katalizator, sianlash reaksiyasi, sanoat katalizatorlari.

ITonGop kaTaau3zaTopa VISl CHHTE3a BLICIIMX MOJIEKY/ISIPHBIX HUTPUJIOB
AHHOTanus. M3ydyeHa kaTamuTudeckas akTHBHOCTD psAa J1a00PaTOPHBIX U MPOMBIIIJICHHBIX
KaTalru3aTOPOB Ha OCHOBE OKCHOB METAIJIOB B PEaKMU [IMAHUPOBAHUS MIEHTACIUIOBOTO CIIUPTA.
ITogo6pan katanmu3aTop Ui CHHTE3a BEICOKOMOJICKYIIIPHBIX HUTPpHIIOB. [IpeBpamenne cnupra B
HUTpUA B npucyTcTBuM Karanuzatopa HTK-4 cocrasnser 78,5 %.
Ki1ioueBble ci10Ba: IeHTaICUIIOBBIA CIIMPT, OKCUAHBIA KaTalu3aTop, peaKus
[IMaHUPOBAHUS, TPOMBIIIJICHHBIE KATATHN3aTOPBI.

Selection of a catalyst for the synthesis of higher molecular nitriles
Abstract. The catalytic activity of a number of laboratory and industrial catalysts based on
metal oxides in the cyanidation reaction of pentadecyl alcohol was studied. Selected catalyst for the
synthesis of high molecular nitriles. The conversion of alcohol to nitrile in the presence of the NTK-4
catalyst is 78.5%.
Keywords: pentadecyl alcohol, oxide catalyst, cyanation reaction, industrial catalysts.

limiy adabiyotlar ma’lumotlaridan ma’lumki [1-3], tarkibida mis oksidi saglagan
katalizatorlar, jumladan SNM-1 Katalizatori C,-Cy, turli alifatik va aromatik nitrillarni kerakli
spirtlarni ammiak bilan sianlash reaksiyasida samarali katalizatorlar sifatida ishlatilgan. Ushbu xolatni
nazarda tutib, yugori molekulyar nitrillar sintezida ham tarkibida mis oksidi saglagan turli
katalizatorlar sinab ko‘rildi. Ushbu magsad uchun tarkibida mis oksidi saglagan turli xil katalizatorlar
cho‘ktirish hamda shimdirish usulida sintez gilindi va jarayonda ularning katalitik faolligi sinab
ko‘rildi. Bundan tashqgari ushbu tajribalarda Chirchiq shaxrida “Elektroximprom” ishlab chigarish
korxonasida ishlab chigarilgan 6ta turli xil sanoat katalizatorlari ham sinovdan o‘tkazildi.

Ma’lumki, sanoatda olinadigan katalizatorlar olish turli xil usullarda amalga oshiriladi. Bular
asosan quyidagi usullardir:

1.Chocktirish;

2.Shimdirish;

3.Boshlang‘ichmoddalarnimexanikaralashtirish.

Cho“ktirish jarayonida ishlatiladigan eritmalarni tayyorlashda asosan nitratlar, metallarning
suvda eriydigan nitratlari, astatlari, oksalatlari ishlatiladi. Tuzlarning suv bilan ta’sirlashuvi natijasida
gidratlangan kation hosil bo‘ladi.

Me™* + nH,0 & [Me(H,0),]™*
[Me(H20),]™" + pH0 © [Me(H;0)pn—p * (OH)|™ P + pH307"

Gidroliz mahsuloti [Me(HZO)m]fl+ shunday tarkibga ega bo‘lgan tartibda polimerlanadi.
Formuladagi n - ning giymati gidroliz shart-sharoitiga va metallning tabiatiga bog‘liq bo‘ladi.
Boshlang‘ich eritmaning tarkibi gidroliz vagtiga, kationning tabiatiga, eritmaning muhitiga eritma
konsentratsiyasi va boshgalarga bog‘liq bo‘ladi. Katalizator olish texnologiyasida kristall
cho‘kmalarning ahamiyati past. Chunki tartib bilan joylashgan kristall panjarada atomlarda ortigcha
energiya bo‘lmaydi. Shu sababli kristall cho‘kmalarda olingan katalizatorlarning kimyoviy aktivligi
yugori emas. Shuning uchun kimyo sanoatida amorf tuzilishga ega bo‘lgan ko‘pchilik moddalar
katalizator sifatida ishlatiladi.
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Chuktirish usuli bilan katalizator tayyorlashda Cu(NOj3),*6H,0, Zn(NO;),*6H,0,
Cr(NO3)3*9H,0, AI(NO3)3*9H,0 tuzlarining 10% eritmasidan turli nisbatlarda aralashtirilib, keyin
ishgoriy muxitda gidroksidlar xolida chuktirib olindi.

Katalizatorlarning katalitik faolligini aniglash maqgsadidagi barcha tajribalar diametri 10 mm
va uzunligi 60 mm bo‘lgan kvars reaktorda olib borildi. Reaksiyaning suyugq mahsulotlari gaz-
suyuglik xromatografiyasi usulida taxlil gilindi. Tajribalarda katalizator sifatida ishlatilgan moddalar
sof xoldagi metall oksidlari yoki ma’lum massa nisbatida olingan aralashmasi ishlatildi. Moddalarning
katalitik xossalarini aniglash maqsadida harorat ~ 350°C, boshlang‘ich moddalar bug‘-gaz
aralashmasining hajmiy tezligi 1000 gramm/ml.kat.soat va spirt:ammiakning hajmiy nisbatlari 1:3
bulgan sharoitda maxsus tajribalar o‘tkazildi. Tajribalar natijalari 1- jadvalda keltirilgan.

1-jadvalda keltirilgan ma’lumotlardan ko‘rinib turibdiki, yuqori spirtlarning sianlash
reaksiyasida moddalarning katalitik faolligi turlicha. Eng past natija alyuminiy oksidida (10,8%)
olingan.Barcha oksidlar sof xolda yuqori katalitik faollikni namoyon etmaydi. Lekin ularning
aralashmasi esa ushbu reaksiyada nisbatan yugori katalitik faollikni namoyon etadi.

Yuqorida keltirilgan natijalardan ko‘rinib turibdiki, eng yuqori natija tarkibi 40%CuO, 20%
Zn0O, 29 % Cr,0; va 11%Al,0; bo‘lgan katalizator ishtirokida olingan. Keyingi tajribalarda
keramzitga shimdirish usulida olingan katalizatorlar ishtirokida sianlash reksiyasini o‘rganildi.
Natijalar 2-jadvalda keltirilgan.

1-jadval
Pentadesil spirtning ammiak bilan sianlash reaksiyasida chuktirish usuli bilan olingan katalizatorlar
faolligini o‘rganish. (harorat 350°C, boshlang‘ich moddalar bug‘-gaz aralashmasining hajmiy tezligi
1000 gramm/ml.kat.soat va spirt:ammiaklarning hajmiy nisbatlari 1:3)

Spirtningmahsulotlarga
Ne Katalizatortarkibi, % aylanish darajasi,% Umumiy, %
Nitrilga Qo‘shimchaga
1 CuO 17,5 11,0 28,5
2 Cr,03 21,5 15,5 37,0
3 ZnO 25,6 18,5 44,1
4 Al,O, 10,8 12,5 23,3
5 38 Cu0O38 ZnO 14Cr,03; 10Al,0; 59,0 21,0 80,0
6 40 CuO 20 Zn0O 29 Cr,0311Al,0; 66,5 20,5 87,0
7 41 CuO 21 ZnO 15Cr,0; 23Al,0; 55,0 20,0 75,0
8 20 CuO 40 ZnO 30 Cr,03 10AI1,03 50,0 20,0 70,0
9 21 CuO 22 ZnO 32 Cr,0325Al,0; 47,4 25,5 72,9
10 22 CuO 43 Zn0 16 Cr,05 24Al1,0; 56,5 12,5 69,0
2-jadval

Pentadesil spirtning ammiak bilan sianlash reaksiyasida katalizator faolligiga boshlang‘ich eritmalar
tarkibining ta’sirini o‘rganish (T=350°C, V= 1000 gramm/ml.kat.soat)

Metall nitrat eritmalarining Spirtningmahsulotlarga Reaksiyaga

Ne hajmiy nisbati aylanish darajasi,% kirishmagan
Cu | Cr Al Zn Nitrilga Boshga mahsulotlarga spirt,%

1 0 0 0 1 30,4 15,8 53,8

2 0 1 0 0 40,5 10,3 49,2

3 0 0 1 0 32,7 12,6 54,7

4 1 0 0 0 52,2 14,4 33,4

5 4 1 4 1 56,1 10,7 33,2

7 5 2 5 0 48,1 13,8 38,1

8 2 1 2 0 60,4 10,5 29,1

9 7 4 7 0 54,0 13,9 32,1

10 2 0 2 1 56,0 9,6 34,4

11| 2 0 1 2 47,9 8,7 43,4
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2-jadvaldan ko‘rinadiki, aloxida shimdirilgan metall oksidlari pentadesil spirtining sianlash
reaksiyasida turlicha katalitik faollikni namoyon etmoqda. Eng yuqori faollikni mis oksidi namoyon
etdi. Uning ishtirokida spirtning nitrilga aylanish darajasi 52,2% ga yetdi. Eng past ko‘rsatkich
(30,4%) shimdirilgan rux oksidi ishtirokida olingan. Oksidlarning turli xil nisbatdagi aralashmasi
nitrilning chigish unumiga ijobiy ta’sir etadi. Bizning fikrimizcha bunga sabab ma’lum bir tuzilishga
ega bo‘lmagan amorf tuzilishga ega fazalarning hosil bo‘lishidadir. Odatda katalizator sintez qgilish
jarayonida amorf tuzilishli moddalar olinadi. Pentadesilonitrilning eng yuqori chikish unumi (60,4%)
mis, xrom va alyuminiy metall nitrat eritmalarining 2:1:2 nisbatda olingan katalizator ishtirokida
amalga oshdi.

Qo‘shimcha ravishda Chirchiq shaxridagi “Elektroximprom” ishlab chiqgarish korxonasida
ishlab chiqgarilgan oltita sanoat katalizatori ishtirokidagi sianlash reaksiyasini o‘rgandik.  Olingan
natijalar 3- jadvalda keltirilgan.

3- jadval
Sanoat katalizatorlari ishtirokida pentadesil spirtining ammiak bilan sianlash reaksiyasi (T= 350°C,
V=1000 gramm/ml.kat.soat va spirt:ammiak 1:3)

Spirtningmahsulotlarga
Katalizator aylanish darajasi,% Umumiy,
Nitrilga Qo‘shimchaga %
1. GIAP-8 17,5 11,0 28,5
2. GIAP-14 21,5 15,5 37,0
3. TO-2 45,6 18,5 64,1
4. OXK-02 10,8 12,5 23,3
5. NTK-4 78,5 8,0 86,5
6. SNM-1 76,5 12,5 89,0

3-jadvalda keltirilgan ma’lumotlardan Kko‘rinib turibdiki, yuqori spirtlarning sianlash
reaksiyasida ishlatilgan katalizatorlarning katalitik faolligi turlicha. Barcha katalizatorlar ishtirokida
yugori molekulyar nitrillar hosil bo‘ladi. Eng past natija OXK-02 katalizatori ishtirokida (10,8%)
olingan. Eng yuqori natija NTK-4 katalizatori ishtirokida olingan. Spirtning nitrilga aylanish darajasi
78,5 % ni tashkil etdi.

Cu-Zn-Cr metall oksidli katalizatorlarning yuqori katalitik faolligi mis oksidining rux va xrom
oksidlari bilan yupga dispers sistema hosil qgilishi bilan tushuntiriladi. Misning dispers formasining
hosil bo‘lishiga mualliflarning fikriga ko‘ra nugson strukturali rux-xrom shpinellarining hosil bo*lishi
bilan tushuntiriladi. Nugsonlarning hosil bo‘lishi mis atomlarining kristall panjara reshetkasi ichiga
kirishi bilan tushuntiriladi. Katalizator jarayonida ishlatilayotgan paytda mis oksidi mis atomigacha
gaytariladi va shuning hisobiga katalizator katalitik faollikka ega. Ushbu sharoitlarda rux va xrom
oksidlari gaytarilmaydi.

Xulosalar

1. Yuqori molekulyar nitrillar sintezi uchun katalizator tanlandi.

2. NTK-4 katalizatori ishtirokida spirtning nitrilga aylanish darajasi 78,5 % ni tashkil etdi.
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GIL ADSORBENTLARIDA PIRIDIN ADSORBSIYASI
D.A. Xandamov, S.Z. Muminov., A.E. Ziyadullayev.,
B.N. Holiqulov S.Sh.Turobjonova
O ZR FA Umumiy va noorganik kimyo instituti, Toshkent kimyo-texnologiya instituti,
E-mail: dxandamov@mail.ru

Annotatsiya. Magolada o‘Ilchamlari va tabiati turlicha bo‘lgan kationlar bilan
modifikatsiyalangan  gil  adsorbentlarida  azabenzol bug‘lari  adsorbsiyasi  o‘rganilgan.
Modifikatsiyalangan PGAM-1 va MAM-2 da adsorbentlari mikrog‘ovaklari hajmi yuqori ekanligi
aniglangan. Adsorbentlarning azabenzol bug‘i adsorbsiyasi natijalariga ko‘ra, adsorbentlarning
adsorbsiyalash gobiliyati bo‘yicha quyidacha: PGAM>TMAM > EAM > MAM> NaMn tartibda
joylashtirilgan. Adsorbentlarning adsorbsiyalash miqdoriga adsorbatning elektron tabiati va
modifikatsiyalovchi kationlar katta ta’sir ko‘rsatishi muhokama gilingan.

Kalit so‘zlar: Montmorillonit, adsorbsiya, gisterezis, izoterma, azabenzol, adsorbent.

ApncopOuusi NMPpUAWHA B INIMHUCTBIX agcopOeHTax

AHHOTaI.II/ISI. B cratne HU3yucCHa az[cop6u1/m naposB MO,Z[I/I(l)I/II_II/IPOBaHHLIX TIIMHUCTBIX
a7icOpOCHTOB C Pa3HBIMH 110 TPUPOJIC IMPOUCXOKICHUS M pasMepaMu KathoHamu. OTmpeseneHbl
BBICOKHE O0O0BEMBI MHUKpOmop azncopOeHToB MomupuuupoBanneix I[IITAM-1 u MAM-2. Tlo
pe3yibTaTaM afcopOIuy mapoB afacopOeHTOB a300€H30J1a K TI0 CIIOCOOHOCTH aICOPOINH aICOPOCHTHI
PpacIoNOKeEHBbI B creayomeM mnopsake: [MTAM>TMAM>DAM>MAM>NaMu. OO6cyxaeHs!
MOKa3aTeNy, BIUSIONME HAa MOTU(PHUIMPOBAHHBIC KATHOHBI M TPUPONY JIIEKTpOHA ajacopbata u
KOJIMYECTBO afcOpOIIH aICOPOCHTOB.

KuaroueBbie ciaoBa: MOHTMOPWUIOHUT, aJICOPOIHSA, THUCTEPE3UC, H30TepMa, a3abeHs30,
aziIcopOeHT.

Adsorption of pyridine in clay adsorbents
Abstract. The adsorption of vapors of modified clay adsorbents with cations different in

nature and size has been in the article. High volumes of micropores of adsorbents of modified PGAM-
1 and MAM-2 have been determined. According to the results of adsorption of azobenzene adsorbent
vapors and adsorption capacity, the adsorbents are arranged in the following order:
PGAAM>TMAM>EAM>MAM>NaMn. The parameters affecting the modified cations and the nature
of the adsorbate electron and quantity adsorbents of adsorbents have been.

Keywords: Montmorillonite, adsorption, hysteresis, isotherm, azabenzene, adsorbent

Kirish. Navbahor (O‘zbekiston) bentonit konidan gazib olinayotgan uch turdagi tabiiy gil
adsorbentlar, aynigsa, ishqoriy turdagi bentonit gillari natriy ionlari ulushining ko‘pligi, kation
almashinuv sig‘imining yuqoriligi, ulardan turli magsadlarda (Chorva va parrandalar yemishiga
go‘shimcha, vino sanoatida adsorbent, burg‘ulash go‘shimchaolari va shunga o‘xshash) foydalanish
imkonini yaratmoqgda [1]. Hozirgi kunga kelib montmorilonit gilmoyalaridan: ichimlik suvlaridan
marganes ionlarni tozalashda [2], giyin oglanadigan paxta moylarini adsorbsiyalashda samarali
adsorbent kompozitsiyalarini yaratishda [3], to‘gimachilik sanoati ogova suvlardagi rang beruvchi
bo‘yoglarni tutib qolishda [4] hamda xalq xofjaliginining turli tarmoglarida keng ko‘lamda
foydalanilmoqgda. Bentonit gilmoyalarining zahirasining mo‘lligi ulardan turli samarador va selektiv
adsorbentlar tayyorlash imkoniyatini kengaytiradi. Bentonitlarning adsorbsiya xossalarini oshirish
uchun bir necha usullardan foydalaniladi. Jumladan gil minerallari gatlamlari oraliglarida joylashgan
natriy kationlarini organik kationlariga almashtirish orgali, ular asosida mikro-, mezog‘ovakli hamda
organofilligi yuqori, selektiv organoadsorbentlar olinadi [5 ].

Tadgiqgotning magsadi. Tadgiqot ob’ekti sifatida Na-montmorillonitiga boy bo‘lgan
Navbahor ishqoriy montmorilloniti asosida metilammoniyli-, etilammoniyli-, tetrametilammoniyli- va
piridiniyli montmorillonitlar ishqoriy bentonitning 3.5% li suvli suspenziyasiga metilammoniy
gidroxlorid, etilammoniy gidroxlorid, tetrametilammoniy xlorid va piridin gidroxlorid tuzlarining 0.2
M li eritmalarini o‘zaro aralashtirilib, poligidroksialyuminiyli montmorillonit, gilmoya tarkibidagi
natriy ionlarini yetti zaryadli poligidroksialyuminiy kationining (PGAK) -
[Al;30(0H),,(H,0)1,]0.03 n eritmalarini o‘zaro ta’sir ettirib faollangan gil adsorbentlari

138


mailto:dxandamov@mail.ru

ILMIY AXBOROTNOMA KIMYO 2018-yil, 5-son

tayyorlandi. Navbahor ishgoriy montmorilloniti (NaMn) asosida modifikatsiyalab olingan namunalar:
metilammoniy  montmorillonit-MAM, etilammoniy  montmorillonit-EAM, tetrametilammoniy
montmorillonit-TMAM, piridiniy montmorillonit-RuM va poligidroksialyuminiy montmorillonit-
PGAM deb nomlandi.

Olingan organik gilmoyalarda gavatlararo masofalar SN3;NH;" va (SN3)sNH;3"
montmorillonitlar uchun 2,6 va 4,1 A°, hamda RuM — 3.7, PGAM -8.5 A° [6] ekanligi ularning
rentgenogramalaridan aniglangan.

Tadqgiqotning usuli va ob’ekti. Adsorbat sifatida olingan piridin (azabenzol) adsorbsiyada
foydalanishdan avval vakuum sharoitida tozalandi va quritildi, uning bug® bosimi toza azabenzol
uchun jadvallarda keltirilgan bug® bosimi ma’lumotlari bilan bir xil bo‘lguncha avval muzlatilab,
so‘ng gizdirilib undan erigan gazlar chigarib yuborildi [7]. Kiselev [8] tasnifiga ko‘ra adsorbatlar 4
tipga bo‘linadi, shunga ko‘ra azabenzol b) tipga mansub bo‘lib, n- difesit geterotsiklik birikmalar
sinfiga kiradi.

Modifikatsiyalangan Navbahor montmorillonitida azabenzol bug‘lari adsorbsiyasi
izotermalari Mak-Benning sezgir kvars spiralli qurilmasida o‘lchandi [9]. So‘ng adsorbsiya
izotermalari olindi.

Tadqiqot natijalar va muhokamasi. Modifikatsiyalovchi kationlar o‘lchamiga bog‘liq holda
montmorillonit minerali gavatlarida g‘ovakliklar o‘lchaminining o‘zgarishi, ularni qo‘llashdan avval
termik ishlov berish haroratlar fargiga ko‘ra, adsorbsiyalanish migdorini o‘rganish uchun adsorbentlar
sorbsiyada qo‘llashdan avval 293 K va 423 K da termik ishlov berildi. Bunday sharoitlarda ishlov
berilgan adsorbentlar 293 K da MAM-1, EAM-1, TMAM-1, RuM -1, PGAM-1 va 423 K da MAM-2,
EAM-2, TMAM-2, RuM-2 PGAM-2 deb belgilandi.

Adsorbsiya izotermalari adsorbentlar g ovakligi hajmi va adsorbsion xossalarini belgilaydigan
muhim harakteristikalaridan biri hisoblanadi. lzotermaning shakli adsorbent va yutilayotgan
moddaning xossalariga va ular o‘rtasidagi o‘zaro ta’sir gilish kuchlariga bog‘ligligi ma’lum. 293 K va
423K da termik ishlov berilgan namunalarda haroratlar fargiga ko‘ra 423 K da degidratlangan
namunalar 293 K da termik ishlov berilgan namunalarga nisbatan to‘yinish adsorbsiya miqdori:
MAM-2 da 3.53% da, EAM-2 da, 3.32 % da, RuM-2 da 1,12%, TMAM-2 da 51.7% da yuqori bo‘lishi
PGAM-1 da PGAM-2 ga (773 K) ga nisbatan 51.2 % ga kamayishi aniglandi. Haroratlar fargiga ko‘ra,
adsorbsiya miqorining juda kam o‘zgarishi bu adsorbentlarni termik ishlov bermasdan adsorbent
sifatida go‘llash imkoniyatini beradi. Desorbsiya jarayoni adsorbsiya vaqtidagi azabenzol bug‘
bosimlarni asta-sekinlik bilan kamaytirish orgali amalga oshirildi.

Kiselev [8] va hamkasblari tomonidan adsorbentlarning 3 turi klassifikatsiyalangan. Shunga
muvofig, montmorillonit gil mineralli 2 tur adsorbentlarga mansub, minerall yuzasida musbat zardlar
va gidroksillangan ON guruhlari mavjud. Bu guruhlar montmorillonitning faol markazlarini tashkil
etadi. De Ber adsorbsiya gisterezis xalgalar shakliga ko‘ra ularni 5 turdagi gisterezislarga
klassifikatsiya giladi. PGAM dagi adsorbsiya gisterezislari De Ber tasnifi bo‘yicha A turga kiradi, bu
turdagi adsorbsiya gizterezislari silindirsimon shakldagi g°ovakli adsorbentlarda sodir bo‘ladi. Boshga
organoadsorbentlardagi gisterezis shakllari V tipida bo‘lib, bunday adsorbentlarda har tomoni ochiq
tirgishsimon g‘ovakli adsorbentlarda adsorbsiya sodir bo‘ladi. Adsorbsiya izotermalaridagi desorbsiya
chiziglari barcha adsorbentlarda past nisbiy bosim R/Rs= 0.05 ga gadar davom etib, gisterezis halgalar
hosil qildi (1-Rasm). Natriyli-, metilammoniyli-, va tetrametilammoniyli montmorillonitlarda
desorbsiya chiziglari nisbiy bosim nolga gadar davom etib, gisterezis halgalari hosil bo‘lishi aniglandi.
Adsorbsiya gisterezislarning harakterli tomoni shundaki, adsorbentlarda mikrog*ovaklar bo‘Imaganda
desorbsiya chiziglari ya’ni gisterezislar nisbiy bosim R/R,= 0.3 ga yemasdan yopilar edi. O‘rganilgan
sistemalarda bunda jarayonlar kuzatilmadi. Demak, PGAM to‘lig mikrog‘ovakli adsorbent bo‘lib,
golgan sistemalar mikro-, mezog‘ovakli adsorbent xossalarini namayon etdi. Gisterezis halgalarining
bunday fargli tomonlari modifikatsiyalovchi kationlar tabiati bilan bog‘ligdir. MAM, EAM, RuM,
TMAM dagi adsorbsiya gisterezis sirtmoglari shakliga ko‘ra ular har tomoni ochiq tirgishsimon
g‘ovakli adsorbentlarni harakterlaydi [9]. Adsorbsiya gisterezis halgalarining ancha kengligi
adsorbentlarning  tirgishsimon  mezog‘ovaklarida  azabenzol = molekulalarining  kapillyar
kondensatlanishi bilan adsorbsiya sodir bo‘lganligini ko‘rsatadi. BET nazariyasiga muvofiq,
o‘rganilgan barcha sistemalarda azabenzol adsorbsiyasi polimolekulyar adsorbsiyalanishga mos
kelishini adsorbsiya izotermalaridan ko‘rish mumkin.
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0.0 00 00 00 00 02 04 06 08 10
1-rasm. Gil PGAM (1,2), TMAM (3), EAM- (3), TMAM (5) NaM (6) montmorillonitlarida
azabenzol adsorbsiyasi izotermalari (2, 3,4, 5,6 423 Kva 1, 773 K).

Oc‘rganilgan sistemalardagi adsorbsiya izotermalarini shakliga ko‘ra ikki 1 va 2 tip
izotermalarga kiritish mumkin [10]. PGAMda olingan ikkala adsorbsiya izotermalari mikrog‘ovakli
adsorbentlar uchun | tip izoterma shakligi to‘g‘ri keladi. Qolgan NaM MAM, EAM va TMAM lar Il
tipdagi izotermalar shakliga mos.

Modifikatsiyalangan adsorbentlarda toluol bug‘lari adsorbsiyasi izotermalari asosida
adsorbentlarning muhim ko‘rsatkichlaridan hisoblangan monogavat sig‘imi an,,to‘yinish hajmiV,
(yoki adsorbsiyasi as) va nihoyat, ularning solishtirma yuzalari S hisoblab topildi (1-jadval).

1-jadval
Gil adsorbentlarida azabenzol bug‘lari adsorbsiyasi bo‘yicha struktura - sorbsion ko‘rsatkichlari

Adsor- Degidratlash Monogavat Solish-tirma To‘yinish

bentlar harorati, K sig‘imi, yuzasi, adsorbsiyasi

a mmol/kg S+10°, m’/kg as, mol/kg
NaM 293 1.74 263 4.75
423 1.89 285 5.05
PGAM-1 423 1.81 349 2.96
PGAM-2 773 1.62 305 1.95
MAM-1 293 1.92 295 4.83
MAM-2 423 1.99 299 5.03
EAM-1 293 1.72 285 3.92
EAM-2 423 1.78 293 4.05
RuM-1 293 1.84 296 3.56
RuM-2 423 1.86 311 3.96
TMAM-1 293 1.92 326 2.24
TMAM-2 423 2.05 336 3.40

Awvalgi ishlarda [11] poligidroskialyuminiy kationlar tutgan mikrog‘ovakli gil adsorbetlarida
benzol bug‘lari adsorbsiyasi o‘rganilgan va muhokama qilingan. Benzolda yuqori to‘yinish hajmi
(Vs) PGAM-1 da 0.147:10° , PGAM-2 da 0.132:10° ni tashkil etgan bo‘lsa, azabenzolda yugori
to‘yinish hajmi (V) PGAM-1 da 0.237:10° , PGAM-2 da 0.156-10° ni tashkil gildi. Bu PGAM-1 da
60% ga PGAM -2 da 24.5 % ga yuqori ekanligini ko‘rsatdi. Bu xulosalarga muvofigq, PGAM
adsorbentlarda azabenzol molekulalarining yutilish migdori benzol molekulalariga nisbatan yuqori
bo‘lib, bu birinchidan, azabenzol va benzol molekulalarining elektron tuzilish ya’ni adsorbtivlarning
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turlicha m-elektron (azabenzol n- difesit, ) tuzilishi, dipol momentlari (benzol - 0.0 D, azabenzol - 2.2
D) bilan bog‘lig deyish mumkin.

O‘rganilgan barcha sistemalarda 423 K da termik ishlov berilgan (degidratlangan) namunalar
uchun to‘yinish hajmi(V;) yuqori bo‘ldi (2-jadval). Buning sababi, degidratlangan namunalar
tarkibidagi turli gazlar va fizik adsorbsiyalangan suv molekularining chigib Kketishi hisobiga
modifikatsiyalangan gilmoya qavatlarida qo‘shimcha g‘ovakliklarni ochilishi yuz beradi.
Adsorbentlardagi g‘ovakliklarning tuzilishi uning adsorbsion xususiyatlarini belgilashi ma’lum.

Gil adsorbentlarda azabenzol adsorbsiya izotermalari asosida turli nisbiy bosimlarda (P/Ps)
aniglangan adsorbsiya hajmlari 0.2 da (W), 0.4 da (W,), mezog‘ovaklar W= V- W, vato‘yinish
adsorbsiya hajm (V) lari quyidagi jadvalda keltirilgan (2-jadval).

2-jadval
Gil adsorbentlarida azabenzol bug*lari adsorbsiyasi g‘ovaklar hajmi (m*/kg)
Adsorbentlar Degidratlash
harorati, K W-10° W,-10° W e - 10° V,e10°,

PGAM-1 423 0.145 0.195 0.042 0.237
PGAM-2 773 0.128 0.144 0.012 0.156
MAM-1 293 0.159 0.165 0.014 0.179
MAM-2 423 0.198 0.203 0.048 0.272
EAM-1 293 0.177 0.189 0.197 0.386
EAM-2 423 0.189 0.205 0.199 0.404
RuM-1 293 0.168 0.172 0.142 0.314
RuM-2 423 0.172 0.189 0.135 0.324
TMAM-1 293 0.156 0.182 0.103 0.285
TMAM-2 423 0.160 0.185 0.120 0.317

Xulosalar.  Mikrog‘ovaklarni  hajmiy  to‘yinish  nazariyasi tenglamasi  yordamida
modifikatsiyalangan adsorbentlar mikrog‘ovaklari hajmi PGAM-1 va MAM-2 da boshga
adsorbentga nisbatan yuqori ekanligi aniglandi.

Adsorbentlarning benzol bug‘i adsorbsiyasi natijalariga ko‘ra, mualliflar tomonidan
adsorbentlarning adsorbsiyalash gobiliyati bo‘yicha quyidagi tartibda joylashtirilgan bo‘lsa [12]:
NaMn > PGAM > MAM > EAM > RuM > TMAM

Adsorbentlarning azabenzol bug‘i adsorbsiyasi natijalariga ko‘ra, adsorbsiyalash gobiliyati
bo‘yicha quyidagi tartibda joylashtirildi:

PGAM > TMAM > EAM > MAM> NaMn

Xulosa gilib shuni aytish mumkinki, maqgolada o‘Ichamlari va tabiati turlicha bo‘lgan kationlar
bilan modifikatsiyalangan gil adsorbentlarida azabenzol bug‘lari adsorbsiyasi o‘rganildi.
Adsorbatlarning dipol moment giymatlari (qutbli va qutbsizligi) va montmorillonit tarkibidagi
modifikatsiyalovchi kationlar tabiati adsorbsiyalanish miqdoriga katta ta’sir ko‘rsatadi. Dipol
momenti yugori qutbli molekulalar adsorbsiyalanishida modifikatsiyalangan adsorbentlarga nisbatan
adsorbsiya miqdori dastlabki NaMn da yuqori bo‘ldi. PGAMda boshga adsorbentlarga yugori
adsorbsiyalanish migdori kam, ammo mikrog‘ovaklar ko‘pligi hisobiga nisbiy bosim past bo‘lgan
holatlarda adsorbsiya miqdori yuqori bo‘lishini aniglandi. Demak, adsorbentlarni adsorbsiya
jarayonlarida go‘llashda adsorbtivning elektron tabiati ta’siri katta bo‘lib, azabenzol kabi moddalarni
adsorbsiyalashda montmorillonit gil minerallarni modifikatsiyalanmasdan ham qo‘llanilishi ijobiy
natijalarga olib keladi. Benzol kabi moddalarni sorbsiyalashda gil minerallarning liofilligini oshirish
adsorbsiyani bir necha marotabaga oshishiga olib keladi.
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JIETYUUE KOMIIOHEHTBI SCUTELLARIA COMOSA
d.Xaiinaposa, I11.B.A0xy/1aeB
Hamaneanckuil cocyoapcmeenuviil yHugepcumem

AnHoTauus. M3ydeHo cucTeMaTHyeckoe HccieqoBaHUE (IaBOHOWIOB HAI3€MHOH YacTH H
KopHe#t S.comosaPa3paborana cxema pazaeneHus (pIaBOHOWAOB, BBIICICHHBIX U3 BBIIICYKa3aHHOTO
pactenus. Beinenensl ussectHoie 14 dapanonnoB u3 HuX, 10 diaaBoHoB, 2 diaaBaHoHa. BriepBbie u3
HaJ3€MHOH 4acTH pacTaHus S.COMOSa BbigeneHo 105 BemecTB JeTydnx KOMIOHEHTOB M3 KOTOPBIX
uAeHTH(GULIUPOBaHbI 97 BEIIECTB.

KuaroueBbie ciioBa. Jleryune komnonenTsl, Scutellaria comosa, ¢puaBanonn, ¢iaBoH,
¢napanon, ' X-MC.

Volatile components scutellariacomosa

Abstracts. A systematic study of the flavonoids of the aerial part and the roots of S.comosa
was studied. A scheme for the separation of flavonoids isolated from the above plant was developed.
Out of The known 14 flavanoids 10 flavones an 2 flavanones were selected. For the first time, 105
substances of volatile components were isolated from the aboveground part of the S.comosa plant, 97
of which were identified.

Keywords. Volatile components, Scutellaria comosa, flavanoid, flavanone, flavanone, GC-
MS.

ScutellariacomosanuHr eHrua yayB4yaH OupuKMaIapu

AHHOTamusA. S.comosa TOMHUPH Ba €p YCTKH KHCMH (IaBaHOHMUIAPH CHCTEMAaTHK
tekmupmirad. lOkopugarn yecumimkaa QraBaHOWUTAPHU @KPATHII CXEMacd HOUad YHKWITaH.
Mabnym 14 dnaBanoun axparunud yamaH 10 tacu ¢umaBoH, 2 ¢aBaHOH KaHIUTH MCOOTIIAHTaH.
bupunun mMaprta S.comosa YCHMIIMTHHUHT ep yCTKU KucMunaH 105 ydayBUM KOMIIOHETIap aHUKJIAHHO
yJIapHHUHT 97 Tacu uaeHTUPUKAIUIIAHTaH

KuroueBble ciioBa. Enrmn yuyBuan komrnoHeHTnap, Scutellaria comosa, ¢maBaHoun, ¢pinaBoH,
¢nasanon, '’ X-MC.

Pon Scutellaria HacuuTeiBaeT okono 360 BumoB nuieMHHKOB. Hauboinee pacrnpocTpaHeHHBIM H
JIeTAIbHO W3y4YEeHHBIM IIPEJCTABHTENIEM 3TOTO POJA SBISCTCS NUICMHHUK OaiKalbCKHH, KOTOPBIH
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OTHOCUTCS K UYHCIY JICKapCTBEHHBIX PACTEHUH, OO0JIAJarOMUX I[ENBIM KOMIUIEKCOM IIEHHBIX
(hapMaKkoJIIOTHUECKIX CBOWCTB, YTO OOYCIIOBMIJIO €ro IIMPOKOE HMCIOJIh30BaHHE KaK B OQHUIIMATHLHOM,
Tak ¥ B TPaJWIIMOHHOW METUIIMHCKOW TpakTHKe, ocobeHHo B Kwurae, rie oH M3BECTeH C AaBHHUX
BpeMeH. [leliCTBYIOIIMMU KOMIIOHEHTaMH BCEX BUAOB LUIEMHHKOB, U B OCOOCHHOCTH IIIIEMHHUKA
0alikaJbCKOTO, CUYMTAIOTCS (DIaBOHBI — OaliKajIenH, BOTOHHH U COOTBETCTBYIOIIUE UM TIFOKYPOHHUJIBI —
OallkalliH W BOTOHO3WJ, KOTOpPBIE CHHTE3UPYIOTCS ¥ HAKaIUTUBAIOTCS, B KOPHSAX PACTCHHH.
[Ipenmonaraercs, 4TO0 NPUYUHONW (PUIUOJIOTUIECKOTO IEHCTBHS (DIaBOHOB SIBISETCS MX BBICOKAsS
AHTUOKCUJAHTHAS! aKTUBHOCTb.[ 1]

Ha tepputopun Y3bekucrana mpouspacraror 32 sumaScutellarial. (mo y36ekcku xykamapon),
KOTOpBIE HCIOJB3YIOTCS B HAPOJHOM METWIMHE U JIEYCHHS DIWICTICHH, aJUIepTud, HEeBpPO3a,
TUTICPTOHUU U IPYTHX 3a00JICBaHUH.

XuMHUECKHi cocTaB pacteruii poaa Scutellaria L. pasnooOpasen, U K HACTOAIIEMY BPEMEHH U3
BUJIOB JJAHHOTO POJIa BBLICICHBI COSNUHECHUS, OTHOCAIINXCA K (praBoHOUaM, QeHUIponaHouIaM,
(heHoI0KHMCIIOTaM, CECKBUTEPIIEHAM UPHIOUAHOTO, AUTEPIICHONIAM KIIEPOIaHOBOTO Psifia, CTEPOUIAM,
TPUTEPIICHAM, JIMTHAHAM, AJKaJOWIaM, (UTOCTEpUHAM, IIOJIMCaXapuaaM, JAYOUIHHBIM BEIIECTBAM,
3(UpHBIM MaciaM, U IPYTUM KJIaccaM MPUPOIHBIX BEIIECTB.

Pactenunst 3TOro posa MIMPOKO UCTONB3YIOTCSA B HAPOAHOW MEIHWIIMHE B TCUCHHE THICAY JIET .
Kopnu S. baicalensis u tpasa S. barbata Bxirouens! B hapmakonen Kuras u SAnonun. B mennimne
Tubera n3BecTHBI 42 MPONKCH, B COCTAB KOTOPBIX BXOIHUT TpaBa u KopHu S. baicalensis.

CoBpeMeHHbIE  (hapMaKOJOTHYSCKHE HCCICOBAHUS MOJATBEPAWIH, YTO OKCTPAKTHl U
WHIMBUIyaTbHBIC  COCIUHCHUS, BBIACICHHBIC W3 pacTeHui  poma Scutellarial. — OGaiikamuw,
OaifkalenH, BOTOHHH OOJIAZJAlOT MPOTHBOOIYXOJEBBIM, T€IaTONMPOTEKTOPHBIM, AHTHOKCHIAHTHBIM,
MPOTUBOBOCTIAIUTENBHBIM, POTHBOCYIOPOKHBIM, aHTHOAKTEPHAIBHBIM W MPOTHBOBHPYCHBIM
neiictBusimu . Boronun, OaiikajienH W OaliKadvH B OSKCIEPUMEHTE MPOSBISIOT CIOCOOHOCTH
YMEHBIIATh COAEP)KAHHE XOJIECTEPHHA B KJIETKAaX IEYEHH. SIMOHCKHE HCCIEeNOBATENH MpPOSBILSIIN
0COOBIN WHTEpEC K PacTeHHSIM 3TOTO Pofa M TOKa3allld CBSI3bh MHOTHUX OHMOJIOTHYECKHX CBOMCTB C
HAJIMYUEM B HUX psia (hJIaBOHOHIIOB.

CyMMapHBIi 3KCTpakT W3 Haa3eMHoi yactu S. baicalensis oGmagaer mcuxo- TPOMHBIM
nerctBueM. M3 ero KOpHed NoJaydyaroT HacTOMKY, KOTOPYIO NMPUMEHSIOT B KAYECTBE TMIIOTEH3UBHOIO
CPENICTBA TIPU TUIMEPTOHHYECKON OOJIE3HM, KaK CENaTHBHOE CPENICTBO IPH CEPAEYHO-COCYIUCTHIX
HEBpO3ax W npu OeccoHHuIe. [Ipenaparsl MuIeMHUKA PaCIIUPSIOT KPOBEHOCHBIC COCY/IBI, 3aMEIISIOT
PUTM  CEpAEYHBIX COKpAIleHWl, CHIKAIOT apTepuanbHOE JaBJeHHE, COYeTaroIeecs C
arepockiiepo3oM. OHH YCTPaHSIOT TOJOBHYIO OONh W OECCOHHHITY, OOJAar0T YCIIOKAMBAIOITUM
JICHCTBUEM, 3aTOPMaXHBAOT (PYHKIIMOHAILHYI) aKTUBHOCTh HEPBHOH CHCTEMBI M IPEIYNPEKIAIOT
BO3HUKHOBEHHE CyIOpOT.

Hacrofika,  9KCTpakT  mIIeMHHKa  OalKalbCKOTO B OJKCIEPUMEHTE  00JIamaroT
MPOTUBOMETACTATHYECKOW aKTHBHOCTHIO C TIEPEPHBAEMBIMH OITyXOJNISIMH, OJKCTPAaKT YCHIINBAET
IPOTBOOITYXOJIEBYIO U IPOTUBOMETACTATHUYECKYIO aKTUBHOCTh LuKiIopochana. Cymma (haaBoHOUIOB
MIPOSIBIISIET MPOTHBOBUPYCHYIO aKTUBHOCTH B OTHOIIICHUH BUpPYycCa TpuIa.|[2]

IToncku pacTeHUi 3aMEHSIONTNX MIJIEMHUK OalKalbCKUH SBIsSETCS akTyanbHaM. [loaToMy HaMu
WCCIIEIOBAaHbl Psii BUIOB LUIEMHHKA MpOM30pacTaomuii B Y30ekuctane. OQHUM U3 HUX SIBISETCS
Scutellaria comosa.

DKCTparupoBaHue pacTeHuil 3TaHosoM (1-prCYHOK) MpOBeeH Py KOMHATHOM TeMrieparype 8-
9 pa3 ¥ MOY4YEeHHBIH CTUPTOBBIN IKCTPAKT OTOTHAIH C POTOPHBIM HCIIAPUTEIEM.

CrymieHHbI 3KCTPakT ObUI pa30aBieH BOAOH B cooTHouleHue 1:1, mamee B AeIUTENbHON
BOPOHKE OBUT TPOIKCTPOTHPOBAH TIOCJIEAOBATEIBHO HEIMONSPHBIMU PACTBOPHUTEISIMU  (TEKCaH,
neTpoNieHHbIN 3up, SKCTPaKIIMOHHBIN OCH3WH) OYHUIICH OT JIMITOQPIIHBIX BEIIECTB, B TOCICICTBUE
MOJIYYeHBI XJIOPO(GOPMHBINA, 3THUIANETATHBIA, H-OyTaHOoNHBIE Qpakiuu. I[lomydennsle Qpakiun
W3yYeHbl TOHKOCIIONHOW Xpomarorpadueil, W pas3geleHbl KOJOHOYHOW XpomaTtorpaduei.
Brinmapmive U3 3/110aTOB KPHCTA/UIBI OBUIM HMCCIICAOBAaHBI TOHKOCIOMHOW XpomaTorpadueit u 1o
MOTPpeOHOCTH OBLIM TEPEKPUCTAIIN30BAHBL. VIcIonp30BaNy mpenapaTuBHYK Xpomartorpadwuro, Ha
MOJINAMUTHOM ~ aJCOpPOCHTE TMPOBOJWIM PeXpoMOTOorpadupoBaHHE OO TIONYyYEHHUS YHCTHIX
(h1aBaHOMIOB.

Ham3emHoli u kopeHHo# yactu u3 pacrenus Scutellaria Comosa Obutu BoizeneHbl 14 9UCTHIX
(G1aBOHOB W TJIMKO3HMI0B (AlMI€HUH,allMTeHUH 7-TJIIOKYPOHU/, OaiikaienH, OalKajiuH, BOTOHHH,
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HOPBOTOHHH, OPOKCHIIO3WJ, XPHU3UH, XpHU3UH-7-O-TIIOKYPOHUM, XpU3HH-/-O-METUI TIIOKYPOHH]I,
XPU3HH- T -B-TIIOKYpoHU,S,2 - Juruapokcu- 7 -O-rirokypoHuidaaBoH,£5,2 - auruapokcu-6,7,6°-
TpuMeTokcudapanon,  5,2°-muruapokcu-/-O-p-D-rimokonupano3una  (IaBOH,  7-TVIFOKYPOHHU
CKYTEIJUISIPEUH, TFOTCOINH 7-TIIFOKYPOHUL).

W3BecTHBIC B NUTEpaType BEIIECTBA CPABHEHBI IO CIEKTPaM, XUMHUYECKHM PEaKIHUsIM ¥ IO
(pU3MYECKUM KOHCTAHTaM.

HamenmeueHHoe BOSIyIHO-
CyX0e PAcTeHHe

IncTpasmug 307 e-HEm

CIH{TOM i

JTAHWIHBNI 3HCTPAKT

VI3 {HEAHHE H3 EAKEYMHHE HCI3PHTENS

'

KoHUeHT (I poBaHHELS
STAHOTHELT 3CTPaET
PastaEnemue sogof l JreTpmrmA
— C SECTPAETHOHHBIE .]IHDEIEUIBHBIE
B ogro-cmipT 0BRLT GEHIMHOM P p—
IECTPAKT
BEIIECTED
RIopodors //’ﬁrﬁ;;r \:_E}’raﬂﬂﬂ
¥
Knopodopmaan ITHIANETATHAL #DbVT aHWIEHAR
thpaximia (hpasmA (hpasumA

Puc. 1.Beinenenne (hjaBaHOMIOB M3 HAIA3eMHOM M KOPEHHOM yacTH pacTenuit Scutellaria comosa

Brinenennsle U3 pacTeHuil ()EHOJIHBIE BEIIECTBA MO CTPOSHHIO SIBISIOTCS (PIaBOHOBBIMH
POM3BOAHBIMHE- 14, 3 Hux 2 daaBanona 10 daasonal3-6].

Llenpro manHOI pabOTHI ABIAIOTCS (PUTOXMMHUYECKOE HCCIEJOBAHME JIETyYHX KOMIIOHCHTOB
a¢upHoro macna Scutellaria comosa codpanHoro B cene [lapamon Hamanranckoit obnactu. Jleryune
coeMHEeHMsI Haa3eMHOoM yactu Scutellaria comosa mony4any METOIOM THIPOAUCTHIUILUHA B TEUCHUE
3 yacoB C MCTIONB30BAHNEM CTEKIITHHOW KOIBOBI M Hacaaku KieBenmxepa.

AHanu3 H(QUPHBIX Macel TPOBOJAMIM Ha XpomaTo-Macc-criekTpomerpe Agilent5975C
inertMSD /7890AGC. PasnencHre KOMIIOHEHTOB CMECH MPOBOJMIN HA KBApIEBOW KaMUJUISAPHOM
kosonke AgilentHP-INNOWax (30mx250umx0.25um) B temmeparypaom peskume: 50°C (1 mun) — 4
°C/mun 1o 200°C (6 muH) — 15°C/mun mo 250°C (15 mun). O6bem BHOCHMOH mpoOsl 1pl, ckopocTs
MOTOKa MOABWXHOU a3l 1.1 mu/mun. KoMmoHeHTh HASHTH(UIMPOBAIM Ha OCHOBAHUU CPaBHEHUS
XapaKTePUCTUK MAacC-CIICKTPOB C JaHHBIMH dJIEKTpOoHHBIX OuOmumorek WOIN11.L, u cpaBHeHus
uHaexkcoB ynepxusanus (RI) coenmunenwii, onpeaeseHHOro M0 OTHOLICHHIO BPEMEHU YACpPKUBAHHUS
cMecu H-ankaHoB (Cg-Cyq).

B tabmuue 1 mpexncTaBieHBI pe3ysbTaThl MCCIECIOBAHHMS KOMIIOHEHTHOTO COCTaB JIETYYHX
coeIMHEHMI d(UPHOTO Maciia Haa3eMHo# yactu Scutellaria comosa.

Tao6auna 1
KomnoHeHTHBI# cocTaB d¢upHoro macinaScutellaria comosa

No CoenuHenne RT RI %

1. | Dimethylvinylmethanol 3.673 1030 0.11
2. | (E)-2-Butenal 3.740 1035 0.21
3. 2,3-Pentanedione 4,005 1051 0.08
4. | Isopropenyl ethyl ketone 4.134 1060 0.12
5. | 2,3-Dichloro-2-methyl-butane 4.318 1071 0.06
6. | Hexanal 4.405 1077 0.89
7. | Isopropenyl acetone 4.484 1082 0.05
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8. | 2-Methylcrotonaldehyde 4.607 1093 0.03
9. | Vinyl propyl ketone 4.687 1096 0.06
10. | Ethylbenzol 5.235 1120 1.41
11. | 1-Butanol 5.524 1132 0.20
12. | 1-Penten-3-ol 5.880 1147 0.18
13. | 3-Penten-2-ol 6.138 1159 3.70
14. | Cumol 6.255 1164 0.48
15. | Pyridine 6.378 1169 0.04
16. | Heptanal 6.544 1176 0.61
17. | 2,3-Dehydro-1,8-cineole 6.618 1179 0.19
18. | 1,8-Cineole 7.036 1197 1.13
19. | (E)-2-Hexenal 7.356 1209 4.23
20. | p-Ethyltoluene 7.510 1215 0.06
21. | 2-Phenylbutane 8.131 1239 0.33
22. | Styrene 8.340 1247 0.98
23. | Allylbenzene 8.555 1255 0.15
24. | m-Cymene 8.709 1261 0.08
25. | Methyl chloroacetate 8.875 1267 0.18
26. | Acetoin 9.071 1274 0.20
27. | 1,1-Dimethyl-3-chloropropanol 9.176 1278 1.00
28. | Octanal 9.274 1282 0.12
29. | 1-hydroxy-2-Propanone 0.483 1290 0.13
30. | 1-Octen-3-one 9.612 1295 0.14
31. | 4-[(2E)-2-Butenyl]-1,2-dimethylbenzene 9.686 1298 0.06
32. | He ugertuduumpoBaHo 9.785 1301 1.92
33. | 2,2,6-Trimethyl-cyclohexanone 9.963 1307 0.05
34. | (2E)-2-Penten-1-ol 10.111 1312 0.26
35. | (E)-2-Heptenal 10.227 1315 0.15
36. | Vinyl caproate 10.338 1319 0.17
37. | (Z2)-1-Phenylpropene 10.430 1322 0.12
38. | 6-Methyl-5-hepten-2-one 10.639 1328 0.13
39. | 1-Hexanol 11.088 1343 151
40. | 4-hydroxy-4-methyl-2-Pentanone 11.291 1349 0.14
41. | 2,4,6-trimethyl-Pyridine 11.408 1353 0.11
42. | Z-3-Hexenol 11.992 1372 1.71
43. | Nonanal 12.336 1383 1.57
44, | 2,4-Hexadienal 12.533 1389 0.17
45. | (E)-2-Hexen-1-ol, 12.662 1393 0.18
46. | a-Thujone 13.007 1405 0.07
47. | He uneHTU(DHUIIMPOBAHO 13.252 1413 0.51
48. | (E)-2-Octenal 13.332 1415 0.10
49. | cis-Linalool oxide 13.707 1428 0.18
50. | 1-Octen-3-ol 14.064 1440 4.96
51. | Furfural 14.341 1449 1.05
52. | Trans-linalool oxide 14.568 1457 0.16
53. | (+)-Cyclosativene 14.839 1466 0.11
54. | (E,E)- Copaene 15.202 1478 0.73
55. | Camphor 15.700 1494 0.40
56. | Pentadecane 15.841 1500 0.27
57. | Benzaldehyde 16.007 1504 0.64
58. | a-Gurjunene 16.278 1513 0.05
59. | Nonenal 16.499 1520 0.23
60. | Lilac aldehyde A 16.653 1525 0.10
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61. | Linalool L 17.052 1538 16.01
62. | 1-Octanol 17.255 1545 1.22
63. | cis-a-Bergamotene 17.538 1554 0.35
64. | (E,E)-2,6-Nonadienal 17.981 1569 0.50
65. | Caryophyllene 18.300 1579 11.53
66. | Terpinen-4-ol 18.442 1584 0.24
67. | p-Menth-1-en-9-al 18.731 1593 0.09
68. | B-Cyclocitral 18.854 1597 0.50
69. | He ugentuduiupoBaso 19.555 1621 1.20
70. | Acetophenone 19.690 1626 1.35
71. | a-Humulene 20.280 1646 1.38
72. | 2-Methyl-butanoic acid 20.508 1654 2.28
73. | y-Muurolene 20.883 1666 0.43
74. | a-Terpineol 21.203 1677 1.58
75. | Germacrene D 21.412 1685 0.09
76. | 10s,11s-Himachala-3(12),4-diene 21.768 1697 2.15
77. | a-Dichlorohydrin 22.660 1737 0.35
78. | 6-Cadinene 22.832 1745 0.32
79. | Methyl salicylate 23.164 1761 0.13
80. | cis-Geraniol 24.129 1806 0.21
81. | 2,4-Decadienal, (E,E)- 24.302 1814 0.08
82. | B-Damascenone 24.523 1824 0.07
83. | 2-methyl-crotonic acid 25.390 1839 2.83
84. | cis-Geranylacetone 25.642 1846 0.11
85. | Benzyl alcohol 26.011 1856 1.14
86. | Dihydrodehydro-B-ionone 26.355 1866 0.07
87. | Epicubebol 26.484 1870 0.30
88. | Benzeneethanol 26.933 1882 0.54
89. | trans-B-lonone 27.708 1904 0.37
90. | Epicubebol 27.905 1909 0.14
91. | 2,6-Dimethyl-3,7-octadiene-2,6-diol 28.378 1923 0.35
92. | Caryophyllene oxide 28.741 1933 4.76
93. | Trans-B-lonon-5,6-epoxide 29.091 1943 0.19
94. | He uneHtuduuupoBaHo 29.399 1951 0.66
95. | He ugertuduumpoBaHo 29.503 1954 0.41
96. | Humulene-1,2-epoxide 30.210 1974 0.61
97. | Epicubenol 31.120 2000 0.15
98. | Octanoic acid 31.360 2013 0.21
99. | Spathulenol 32.817 2101 0.12
100.| He nupenTuduuupoBaHo 33.266 2128 0.42
101.| Eugenol 33.826 2162 2.09
102.| He uneHTUGUIIUPOBAHO 34.133 2180 0.71
103.| 4-Vinylguaiacol 34.588 2208 1.16
104.| Dihydroactinidiolide 37.626 2391 0.87
105.| He nuaentuduuupoBano 40.423 2559 1.35

AHanu3 mokasaj 4ToO B COCTaBe COACPIKUTCA 105 KOMIIOHCHTA, CPEAN KOTOPBIX OCHOBHBIMU
STBIIAIOTCH creayromue coenudenus: Caryophyllene oxide (4,76%), 2-methyl-crotonic acid(2,83%),
(E)-2-Hexenal(4.23%), Ethylbenzol(1,41%), 3-Penten-2-0l(3,70%), 1,8-Cineole(1,13%), 1,1-
Dimethyl-3-chloropropanol(1,00%), Styrene(0,98%),1-Hexanol(1,51%), Furfural(1,05%),
Dihydroactinidiolide(0,87%).

BriBOabI
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1. IIpoBeneHo cucTeMaTH4ecKoe HCCIelOBaHWE (IAaBOHOWAOB HAA3€MHOH YacTH M KOpHEH
S.comosaPekomMeHnoBaHa cxeMa pasJesieHns (IaBOHOMIOB, BBIICICHHBIX W3 BBIIMICYKAa3aHHOTO
pactenus. Beinenens! u3pecthoie 14 diapanonnos u3 Hux, 10 ¢iaBoHoB , 2 ¢uiaBaHOHA.

2. BrnepBele W3 HaA3€MHOW YacTH pacTaHusi S.COMOSa BbaeneHo 105 BemecTB JIETY4HX
KOMITOHEHTOB M3 KOTOPBIX HACHTH()UIIMPOBaHEI 97 BEIIECTB.
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ZOL-GELTEXNOLOGIYASIASOSIDAERITMA MUHITIDA AMMIAKNI ANIQLOVCHI OPTIK
SENSOR TAYYORLASH VA XOSSALARNI O‘RGANISH
A.O.Buronov, A.M.Nasimov, D.T. Toshpulatov, X.Sh.Tashpulatov
Samarqgand davlatuniversiteti
E-mail: b-akrom1980@mail.ru

Annotatsiya. Ushbu maqolada zol-gel texnologiyasi yordamida eritma muhitlarda ammiakni aniglovchi
optik sensor tayyorlash hamda uning xossalarini o‘rganish bayongilingan Bunday optik sensor tayyorlashni zol-
gel texnologiyasi yordamida amalga oshirilgan va tayyorlashning optimal sharoitlari tanlangan. Tayyorlangan
sensorlarning ishgoriy muhitga javob reaksiyalari o‘rganilgan.

Kalitso‘zlar:zol-gel, sensor, pH, ammiak, optik, material, indikator, alkoksid.

Development and study of optical sensor for ammonia aqueous solution
Abstract. In this article it is given the development and study of optical sensor for ammonia aqueous
solution. Sensors were prepared using the sol-gel technology and optimal conditions for the sensor preparation
also proposed. The response to different basic agueous solutions of the sensor was studied.
Keywords: sol-gel, sensor, pH, ammonia, optical, material, indicator, alkoxide.

Pa3paboTka u uccie0BaHUue ONTHYECKOr0 CEHCOPA /1JIsl BOJHOI0 PACTBOPa aMMHAaKa
AnHoTaums. B nanHoii crathe gaetcs pazpaboTka U UCCIIeJOBaHHE ONTHUYECKOTO CEHCOpa /sl BOJHOTO
pacTBopa aMMuaka. JJaTunku OBUIM IIOATOTOBIICHBI C WCHOJIB30BAHHUEM 30Ib-TENb-TEXHOJIOTHH, a TaKXe OBLIN
MIPEeUTOKEHBI ONITUMAITFHBIE YCIIOBUS ISl IIOATOTOBKH ceHcopa. V3ydeH OTBEeT Ha pa3IiyHbIe OCHOBHBIC BOJIHBIC
PacTBOpHI TaTYUKA.
KarueBble c1oBa: 30716-Telb, JaTYHK, pH, aMMHaK, ONTHYSCKUI, MaTepHall, HHAUKATOP, aTKOKCHI.

Keyingi yillar atmosferada turli antropogen omillar natijasida kimyoviy hayotuchunzararli gazlarning
ko‘plab chiqarilishi harxil salbiy ogibatlarga olib kelmogda. Shuningdek laboratoriya sharoitida gazlar sifat
tarkibi va xossalarini hamda eritmalarning muhitini tez aniglashga imkon beradigan turli vizual sensorlarga talab
yana ortmogda. Chunki hozirda ko‘pchilik zamonaviy zol-gelga asoslangan optik sensorlar eritma pH ni
aniglashga asoslangan bo‘lib, bu esa ko‘pchilik pH indikator bo‘yoglarning xilma-xilligidan va g‘ovak zol-gel
shishadan protonlarning oson diffuziyalanishidan kelib chigadi va usulining o‘ziga xos tomoni shundaki,
modifistirlash bilan birgalikda materialning g‘ovak tuzilishini shakillanishi sodir bo‘ladi. Zol-gel jarayoni
nisbatan past temperaturada olib borish, erituvchining katalizatorlik vazifasini bajara olish, jarayonga har xil
go‘shimchalarni go‘sha olish, shuningdek, plyonka, monolit, tolalar, kukunlar shaklidagi magsadli mahsulotlar
olish mumkinligi bilan afzaldir.

Optik xossalisensorlar mavjud pH elektrodlarga nisbatan elektromagnit xalagit beruvchilarning osongina
oldini olish va bundan signal-shovgin nisbatining juda ustunligiga erishish orgali ta’minlanadi. Tipik optik pH
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sensorlar gisga pH intervalini aniglasada, uzoq yashash vagtiga ega. Shu kabi sensorlar tayyorlash osonligi, tez
javob reaksiyasi, xavfsizlik,arzonlikva chidamlilik bilan qulaylik tug‘dirmoqda. Bunday sezuvchi asboblar pH
indikatorni zol-gel matritsaga oson biriktirib chizigli xarakterga erishish mumkin[1-3].

Zol-gel usuli shishalar, optik tolalar, maxsus qoplamalar, ultra-toza kukunlar va multifunksional
materiallar kabi mahsulotlarni tayyorlashda keng qo‘llanilib kelmoqda[4].Zol-gel jarayoni noorganik
alkoksidlarni suyuq fazadan qattiq fazaga o‘tishini anglatadi. Bu noorganik boshlang‘ich moddalardan yuqori
temperaturada olinadigan odatdagi shishaga garaganda yaxshi va toza shisha hamda keramikani past
temperaturada hosil gilishni bildiradi[5,6].Shu sababdan tarkibida indikator saglovchi vizual sensorlarni zol-gel
texnologiyasi yordamida ishlab chigish, ularning xossalarini ammiak gazi hamda ammiak eritmasi muhitida
o‘rganishzarur. Bunda asosiy e’tiborni tetraetoksisilikat(TEOS) asosidagi prekursordan fotokimyoviy xossalari
eng yaxshi bo‘lgan gatlam tayyorlash uchun reaksiyaga kirishadigan moddalarning optimal nisbati va reaksiya
sharoitlarini tanlashga garatish lozim. Tayyorlangan optik sensorning tarkibi optimal gilib tanlangandan so‘ng
unga eritma muhitini keng sohada aniglovchi indikatorlar birikish jarayonlari o‘rganildi. Natijada fotokimyoviy
xossalarga ega tayyorlangan zol eritmasining tarkibi orasidagi bog‘liglik hamda metrologik parametrlarni
yaxshilash uchun biriktiriligan bromkrezol gizilining eng optimal konsentratsiyasi asos xossali moddalarga
nisbatan seliktivligi sinab ko‘rildi. Bu jarayonda eritma muhitini o‘Ichash bir gancha usullarda amalga oshiriladi.
Bulardan eng keng go‘llaniladiganlari sifatida elektrokimyoviy va optik usullarni keltirish mumkin. Optik
sensorlar tegishli indikatorning yutilish va fluoressensiya intensivligini aniglashga asoslangan bo‘lib, ular tez
javob reaksiyasiga ega bo‘lsada, anigligi elektrokimyoviy pH-metrlar kabi yuqori emasligi bilan ajralib
turadi.pH metrlarning ishlashi eritmadagi vodorod va gidroksil ionlarining konsentratsiyasining o‘zgarishi
potensial o‘zgarishiga olib kelishiga asoslangan, ko‘pchilik hollarda pH ning juda anigligi bizdan talab
etilmaydi. Shunday sharoitda pH-indikatorlardan foydalaniladi. Bunday vizual sensorlarda ko‘pincha lakmus,
fenolftalein, metiloranj va aromatik xalga tutuvchi indikatorlar go‘llaniladi [7].

Ushbu ishning magsadi TEOS prekursori ishtirokida zol-gel texnologiyasi asosida eritma muhitida
ammiakning konsentratsiyasini aniglovchi optik sensor ishlab chigish va uning xossalarini o‘rganish hisoblanadi.

Tajribaviy qgism.
Tadgigotda go‘llanilgan ba’zi moddalarning tuzilishi quyida keltirilgan.

HO OH

(|72H5

Br Br (l)

H;C,—O—Si—0O—C,Hsg
C I
o~ ?
\
O//S\\O C2H5
Bromkrezolgqizili TEOS

Tajribalarnibajarishuchundastlab hech ganday dopantlarsiz zol-gel eritmasi tayyorlandi.
Tertaetoksisilan kislotali katalizator ishtirokidagi noorganik zol-gel quyidagi ketma-ketlikda tayyorlanadi.
Buning uchun erituvchi sifatida etanol ishlatildi va kondensatsiya reaksiyasi amalga oshishi uchun
konsentrlangan xlorid Kislota eritmasi yordamida eritma pH=1 ga keltirildi.

Tajribada dastlabki modallar TEOS : C,HsOH : H,O 1:4:4 mol nisbatda olish uchun 4 ml TEOS 4,1
ml etanol bilan 30 dagiga xona sharoitida og‘zi berk holatda magnitli aylantirgichda 600 aylanish/dagiqa tezlikda
aralashtirildi, so‘ng 0,1 MIi HCI (bunda xlorid kislota katalizator sifatida ta’sir etadi) eritmasidan 1,3 ml maxsus
o‘lchov pipetkalarda olib aralashmaga quyildi va aralashtirish magnitli aylantirgichda 600 aylanish/dagiga
tezlikda yana 3,5 soat davomida olib borildi, so‘ng ammiakni aniglovchi optik sensor olish uchun aralshmaga 0,5
ml 0,1M bromkrezol qgizilining spirtdagi eritmasidan qo‘shildi vamagnitli aylantirgichda 600 aylanish/dagiga
tezlikda yana 30 daqgiqa aralashtirildi.

Hosil bo‘lgan aralashma 24 soat yopiq idishda goldirildi. Tadgigotlar davomida zolning polimerlanishi
gidroliz va kondensatsiya reaksiyasi hisobiga sodir bo‘ladi. Natijada uning govushqoqligi ortib boradi.
Shuningdek taqgdigotlar davomida erituvchi sifatida ikki xil spirt — etanol va metanoldan foydalanildi. Bundan
yugori molekulyar massaga ega spirtlar ishlatilganda zol eritmaning kondensatsiyasi juda uzoq vaqt davom
etganligidan tadgiqotlarimizdan chigarildi. Shuningdek adabiyotlarda bunday tarkibli shishalar shaffofligi yaxshi
bo‘lmasligi ham gayd etiladi.

Kremniy alkoksildari ishtirokida zol-gel jarayoni boradigan gidroliz reaksiyalarni umumiy holda
quyidagicha tasvirlash mumkin:
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OC2H5 H+ OC2H5
H5C20—Si—OC2H5 + Hzo—‘H5CQO—SI—OH + CQH5OH
OCyHs OC,Hs
OC,Hsg OC;,Hs o OCy,Hs OC,H;5
H5C20—?i—OC2H5 + HO—|SI—OC2H5‘: H5C20—SI—O‘SI—OCZH5 + CoHs0OH
OC,Hs OC,Hs OC,Hs  OC,Hsg
OC2H5 OC2H5 H+ OC2H5 OC2H5
HsC,0—Si—OH + HO—Si—OC;Hs—= H5C,0—Si—O0— Si—O0C,Hs5 + H,0
OC,H5 OCyHs OCyHs OCyH5
Jadval 1.
Tayyorlangan zol-gel eritmalar tarkibi quyidagicha
Ne | Alkoksid Erituvchi Indikator Cing, mg/ml
1 TEOS C,HsOH - -
2 TEOS C,HsOH BKQ 5
3 TEOS C,HsOH BKQ 2,5
4 TEOS C,HsOH BKQ 1
5 TEOS C,HsOH BKQ 0,5

Zol-gel reaksiyasi amalga oshgandan so‘ng uni yotgizish uchun lyuminessent bo‘lmagan 24 soat
davomida 30-32 % li HNO; eritmasiga botirib go‘yilgan (bunda silikat yuzasidagi alkoksi guruhlar faolligi
ortadi) shishalar avval distillangan suvda so‘ngra etanolda bir necha marta yaxshilab yuvilgan
mikroskopiko‘lchami 0,7x10 sm bo‘lgan shishalarga yotgizildi. So‘ngra 6 soat davomida 70°C da quritildi.
Shishalar tekshirish uchun 1 haftaga salgin joyda goldirildi.

Zol-gel reaksiyasi uchun eng opitimal tarkib2- jadvalda keltirilgan.

Jadval 2.
Tayyorlangan eritmalarnig tarkibi
Ne Alkoksid Erituvchi R nisbat Eritma pH
1 TEOS C,HsOH 1:1 1
2 TEOS C,HsOH 1:2 1
3 TEOS C,HsOH 1:3 1
4 TEOS C,HsOH 1:4 1
5 TEOS C,HsOH 1.5 1
6 TEOS C,HsOH 1:1 2
7 TEOS C,HsOH 1:2 2
8 TEOS C,HsOH 1:3 2
9 TEOS C,HsOH 1:4 2
10 TEOS C,HsOH 1.5 2

Quritilgan zol-gel aralshmasi yotgizilgan shishalarning xossalarini o‘rganish natijasida biz uchun eng
optimal tarkibli zol-gel aralashmasi bu TEOS : C,HsOH : H,O mol nishatini 1 : 4 : 4 qilib olib borilgan
jarayondagi hosila ekanligi ma’lum bo‘Idi.

Natijalar va ularning tahlili.

BKQ indikatori o‘zining suvda yaxshi eruvchanligi, kvant unumining yuqoriligi, zol-gel gatlamga
biriktirish qulayligi bilan ajralib turadi. Shunigdek, uning ishgoriy muhitni aniglash uchun mosligi biz uni
ammaikni aniglashda talnlashga asos bo‘ldi.

Tayyorlangan sensorlarda indikator bir tekis tagsimlangan va buni yorug‘lik mikroskopi tasviridan
ko‘rish mumkin (1-rasm). Yuzaning bir tekis bo‘lishi optik nurning bir tekis o‘tishi va tajribalarning gayta
takrorlanuvchan bo‘lishi uchun muhim.
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1-rasm. BKQ biriktirilgan sensorning yorug*lik mikroskopidagi tasviri (x100)

Olingan sensorlar ishqoiy muhitda 1 sekund atrofida javob reaksiyasini berdi. Tayyorlangan sensorlarning
yutilish spektrlari pH ning turli sohalarida o‘rganildi. Neytral muhitda QBK spektrida 2 ta yutilish maksimumi
mavjud bo‘lib, ular 435 va 588 nm da joylashgan. Kislotali muhitda esa bitta yutilish maksimumi 439 nm da
joylashgan. Eritma muhiti ishqoriyga o‘tishi bilan 585 nm da bitta intensiv yutilish maksimumiga ega bo‘ladi.

Eritma muhiti ishqoriyligi oshishi bilan 585 nm dagi pik intensivligi oshib boradi. Buni

Quyidagi rasmda BKQ li optik sensorning turli pH eritmalaridagi yutilish spektrlari keltirilgan.

Absorbsiya (Abs)

0.0

400 500 600 700
To'lgin uzunligi (nm)
2-rasm. Bromkrezol gizili biriktirilgan sensorning ishqoriy muhitda pHga bog‘liq yutilish spektr.

Tayyorlangan sensorlar turli pHga ega eritmalarda sinab ko‘rilganda, pH kislotalikdan neytralgao‘tishida
avval 435 nm dagi yutilish maksimumining intensivligini kamayib borishini ko‘rish mumkin. Spektrda alohida
bo‘lib gora chizigda turgan neytral muhitdagi spektrda har ikkala 435 va 588 nm dagi yutilish maksimumlari
mavjud. Eritma mubhiti neytraldan ishqoriyga o‘tganda 588 nm dagi yutilish maksimumi bir tekisda oshib boradi.
Bu esatanlanganindikator pH nioptikusuldaaniglashuchunmuvovigkelishinitasdiglaydi.

Tadgiqotlarda vomidasensorning ishgoriy muhitdagi turli pH eritmalarining optik zichlikka bog‘ligligi
o‘rganilganda, u chizigli ko‘rinishga ega bo‘ldi. Bunda korrelyatsiya koeffitsienti R=0,98385ga va standart
xatolik 3,6% ga teng bo‘ldi. Sensorning yurli pH eritmalariga bog‘lig javob reaksiyasi 3-rasmda keltirilgan.
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3-rasm.Tayyorlangan senosrning ishgoriy muhitda javob reaksiyasi.
3-rasmdan Kko‘rinib turibdiki, sensorning ishgoriy muhitdagi pH va absorbsiyasi chizigli ko‘rinishga
ega. Ammiak eritmasi juda ishgoriy muhit bermaganligidan, tadgigotlar uchun kuchsiz ishgoriy muhitni
aniglash sezgirligi muhim hisoblanadi va biz tadgigotlarimizda ammiakning konsentratsiyasiga ham javob
reaksiyasini o‘rganganimizda, tez javob reaksiyasiga ega ekanligini kuzatdik.

Xulosalar

BKQ TEOS asosida tayyorlangan optik gatlamga biriktirilganda o‘z fotokimyoviy xossasini saglab
golishi kuzatildi. Optik gatlamda indikator fizik jihatdan bog‘lanib, uning o‘z tabiatini saglab qolishi
tayyorlanayotgan zol eritmasi tayyrolanish sharoitlariga bog‘ligligi o‘rganildi. Tayyorlangan gatlamlarlar
ammiakni optik aniglash uchun dastlabki sinovlar eritmada o‘tkazildi va indikator rangi oz‘garishi kuzatildi.
BKQ eritma muhitini keng sohada o‘lchashi mumkin bo‘lgan indikator hisoblanadi va ishqoriy muhitda tez
javob reaksiyasiga ega. Tayyorlangan optik sensorlardan laboratoriya va boshga obyektlarda ammiak
konsentratsiyasi ekspress aniglashda foydalanish mumkin.
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MEXAHM3MbI 3CTUBAIIMA Y CTEINHOM YEPEITAXHM (TESTUDOHORSFIELDI)
9.H.Hyputauuos, lII.A.AMun:kanoB, M.PaxmaTtoBa
Camapranockuii 20Cy0apCmeeHHblll YHUSepCUumen

AHHoOTanus. B craTthe W3y4eHBI pe3ynbTaThl IKCHEPUMEHTAIBHBIX pabOT IO BBISBICHHIO
HEHPODU3NOIOTUIECKOH PO OOIIed M TUNINOKAMIIAIBHONH KOPBI MO3Ta B PETYISIIMU Ipoliecca
MACCUBHOTO OOJpCTBOBaHMSA (ICTHBALMM) Y CTCIHOW dYepenaxu. BhIcKa3piBaeTCs MHEHHE, 4TO
Helponentugaepmoppura (JIM) mo Bcell BEpOATHOCTH SBISCTCS  CHEHM(PHUSCKUM HHAYKTOPOM
SCTUBAILIMH U TUIIOOHO3a.

KuroueBrblie ciioBa: depenaxa, penTHIINN, SCTHBANUS,THITIO0N03, OMOMIOTEHITHAIIBI, 00IIast Kopa,
TUNIOoKaMIIaJIbHasA Kopa.

Cho‘l toshbagasi estivatsiyasining mexanizmlari (Testudo horsfieldi)

Annotatsiya. Magolada cho‘l toshbagasining passiv uyg‘onish (estivatsiya)da miyaning
umumiy va gippokampal po‘stlog‘ining neyrofiziologik rolini aniglash bo‘yicha tadgiqot natijalari
o‘rganilgan. Dermorfin (DM) har ehtimolda estivatsiya va gipobiozni o‘ziga xos induktori bo‘lishi
mumkinligi bo‘yicha fikrlar bildirilmoqgda.

Kalit so‘zlar: toshbaga, sudralib yuruvchi, estivatsiya, gipobioz, biopotensiallar, umumiy
po‘stlog, gippokampal po‘stlog.

Estivation mechanism of prairie tortoise (Testudohorsfieldi)

Annotation. In this paper studied the results of experimental works of neurophysiological role
of passive wakefulness of tortoises is characterized by gradual of bioelectric activity in general and
hippocampal cerebral cortex. In mechanisms of higher nervous activity of tortoises one of the
important places belongs to the neuropeptide system. Neuropeptide dermorphin (DM) is an inductor of
estivation and hipobiosis.

Keywords: tortoise, reptile, estivation, hypobios, biopotential, general cories, hippocampual
cortex.

IHocTanoBka npoodaeMbl.

PenTuiny 3aHMMAaIOT KIIHOYEBOE MOJIOKEHHUE B 3BOJIOIMH ITO3BOHOYHBIX. VX IpeBHUE NMpeaku
Jlayd HayaJlo ABYM KPYMHEWUIINM JIMHUAM MMO3BOHOYHBIX — NITUIAM U MJIEKOIUTAIOIIKUM. JTO HaXOAUT
OTpakeHHE B T€X KOPAWHAIBHBIX MPE00pa30BaHUIX MO3Ta PENTHIINH, PEXK]IE BCero TeneHnedanona,
KOTOPBIE MOTYT OBITh OTHECEHBI K pa3paxy apoMopdo30s [6].

Takum 00pa3oMm, HCXOAS M3 BBHIMICH3IOKEHHOTO, MOXKHO 3aKJIIOYWTh, YTO BONPOC O
B3aMMOOTHOILICHHUSAX MEXKIY pPa3M4HbIMU (azaMH TONPHIHOCTH MOXKHO TOHATH C MO3UIUHN
(hyHKITMOHATPHON DBONIOIMH [WKIAa OOJPCTBOBAHWS — COH W BHICIHIEH HEPBHOW JESTENHHOCTH.
[lomoOHBIE  B3aMMOOTHOLICHHS MOTYT OBITh  pPacHpOCTpPaHEHBl HA YpOBHE  aJalTHUBHOU
MOMKUJIOTEPMHUH.

CyImecTByIOT MHEHHS, YTO IIEHTPAIbHBIE MEXaHU3MBI PETYIHPOBAHUS MPOIECCOB ICTUBALINN
W TUNOOMO3a, a TarkKe BBICHIEH HEPBHOHN JESITENTHPHOCTH TOPMUAATOPOB HMEIOT OTHOIICHHE K
CTPYKTypaM JTUMOMYECKOW cucTeMbl. He HCKIOUeHOo, Takxke, 4ro Helponentuanepmopdus (JIM)
SIBIISIETCS] HHIYKTOPOM 3THUX (PU3UOJIOTHIECKHUX COCTSI3aHHM.

YHUKaJIBHOCTh PENTUIIMI KaK KJjacca COCTOMT B TOM, YTO JIBa €r0 AUBEPIrCHTHBIE JUHUU —
3ayporncuaHas (smepooOpa3Hble) U TeparncuaHas (3BepoOOpa3HbIC) MPECTABICHBI OOIBITMHCTOBM
coBpeMénHbIXx penTuiaui. Kakx momoraer O.H.Hyputnunos [7] wuwepemaxu B mpolecce
JIOJITOBPEMEHHOTO  SBOJIIOIIMOHHOTO TEpHOoJa MPHOOpEeNHr aJanTHBHBIE MEXaHU3MBI B (opMme
3CTUBALMM M TUIIOOHO03a, IPOrpaMMa KOTOPBIX, BEPOATHO 3aKJIIOYEHA B CAMOM OPraHHW3Me KUBOTHBIX
KaK MHBAPUAHTHO — I€TEPMHUHUPOBAHHBIX MEXaHU3MOB.

Ha cerognammmii neHp yCIOBHO-pe(IEKTOpHBIE MEXaHW3Mbl OSCTHBAIMM HE M3ydYeHBI
COBEpILICHHO, W MHpOBas JHTEpaTypa HE pacHojlaracT JaHHbIMH, HUMEIOLIIMMH OTHOILUEHUE K
LEHTPalIbHBIM MEXaHW3MaM JCTHBalMUA. OTCYTCTBYIOT TaKKe JaHHBIE O BIMSAHHUU TPUTTEPOB»
sctuBanind Ha CTpykTypsl LIHC, o Mexanm3max BIMSIHUM SHIOTEHHBIX BEIIECTB HAa IPOIIECCHI
scTHBaNWU U runobuosa. [lo 3Toif mpryrHe B 3a7ady HACTOSIIETO MUCCIIEAOBAHUS BXOAUIIO U3ydeHHE
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00IIeNOBEICHYECKUX, HEUPOPHU3NONIOTMIECKUX M HEHPONENTHUIHBIX TOKa3aTeNel 3CTUBALNUU Yy
CTETHON Yepenaxu.

Ilesb npoBeaeHUs! SKCIEPUMEHTOB Ha NIPEIMET U3yUeHHs] U3MEHEHUs AMHAMUKU, U3MEHEHHUS
BBICLICH HEPBHOH AEATEIbHOCTH B aKTUBHBIN MEPHOJ KU3HEACATCIBHOCTH, B IEPHOABI BXOXKICHHUS B
3CTUBALMIO U MpoOyxaeHus. OnpenesnTh NEKTPOrpaMMy pasziMyHbIX CTPYKTYp MO3ra M BIMSHUE
Heriporrenrruaa(/IM) Ha Tporiecchl 0OAPCTBOBAHUS — CTUBAIIHS.

Ananu3 Jutepatypbl. OnHUM ©3 0a3HCHBIX MEXaHHW3MOB IOBEIEHHs Yepernax SBIseTCS
CIIOCOOHOCTB K TPOSIBICHHIO TOpIHAHOCTH. OHa CBA3aHa C OMOIHEPreTHUECKUM MexXaHu3MoM | [1,2]
SIBTISICTCS. ICTHHHBIM JICTEPMUHAHTOM JIETHEH M 3UMHEW CISTYKH IMO3BOHOYHBIX B HEOIArONMpPHUSTHBIX
YCIIOBHSIX Xu3HeAesTenpHocTH [5.6.7.8.9.10].

[lopnepskaHre BBICOKON TeMIepaTyphl Tela B YCIOBHUIX XOJIOJAa M JKapbl IICHOW YBEIMYCHUS
WHTEHCHBHOCTH B HECKOJIBKO pa3 3TO BEChbMa JIOPOTOCTOSIIMK MyTh. MeNKHE >KUBOTHBIE MCXOJHO
00J1a1a10T BBICOKMM YPOBHEM METa0OJM3Ma M JalibHEHINee €ro MOBBIIICHUE MOXET OBITh JJIS HHUX
CIMImKOM OoubmIoi  “pactparoi”, ocoOeHHO mpu oOTcyTcTBHMM mnuinu. Camblii mpocToll U
€AMHCTBEHHBIH BBIXOJ U3 TOJIOKEHHS COCTOMT B TOM, YTOOBI NMPEKPaTUTh OOpHOY 3a MOAAEpKaHHe
BBICOKOW TeMIIepaTyphl Tejla — MYCTh OHAa CHIDKaercs. [Ipu 3TOM HWcue3aeT He TOJNBKO mHpodiema
MOBBIIICHHS TETIONPOAYKIMH, HO U COEPEratoTcsl 3HEPreTUIECKHE 3anachl, MOCKOJIBKY OXJIaKIEHHBIE
TKaHU TOTPEOJISIOT MEHBIIE TOIUIMBA. B 3TOM, M COOCTBEHHO, M 3aKJIOYACTCS CTPaTerHsl 3UMHEN
CIISIYKHU ¥ TIEPEXO0/1 )KBIBOTHOTO Ha JINATa30H aJanTUBHON MOMKIIIOMETPUH.

'Mmo6mo3 M SCTHBAIUIO C TIO3WIMH IBOIONMOHHON (DPU3UOIOTHN MPABUIBHO paccMaTpUBATh
Kak ajantuBHyto ¢popmy noseaenus [7,8,9,10], mpu KOTOpO#t ce30HHBIC (GaKTOPBI BHEIIHEH Cpe/Ibl Ha
0a3e TEHETHYECKH 3aKPCIUIEHHBIX DHIOTCHHBIX MEXaHW3MOB psga (DYHKIMOHAIBHBIX CHCTEM,
OIIPEACIISIIOT €CTECTBEHHBIC (POPMBI IEPBUYHOTO CHA [2].

Mertoaukallns pemieHust 3THX 3afad HCHOJNb30BAIACh METOAMKA KOHTAKTHOW moiurpaduyeckoit
perucTpanuy HECKOJIBKUX MapaMeTpoB: OMO3IEKTpUIECcKasi aKTUBHOCTh Mo3ra (33I), anekrporpamma
meitHbix Meiil (OMI), snektpokapauorpamma (IKI), snextpookynorpamma (J0I).

S0 vk

Ie

Ceepxy BHU3: | - 311eKTporpamMma o01eit Kopsl; 2 - 3JIeKTpOoTrpaMMarunnokamna; 3 -
3IEKTPOOKYIOrpaMma; 4- 3JIEKTpOMUOrpamMMa IIEWHBIX MBIIILL, S-3JeKTpoKapAruorpaMma +
ANEKTPOMHOTPaMMa
Puc.1. Dnekrporpaduueckas XapaKTepPUCTUKA aKTUBHOTO
00IpCTBOBAHMS Y UEpeTax.

H3znoxkeHue OCHOBHOro martepuajallpy aHaimse 3JIeKTporpamMMm OOIIEH KOpPBI U JOP3aJBHOTO
TUNIOKaMIIa ObUIO OTMEUEHO JOMUHHPOBAHHE OTHOCHTEIHHO BBICOKOYACTOTHBIX PUTMOB OT 8 10 20
I'm. C mepexogoM JXMBOTHOTO B COCTOSHHE MACCHBHOTO OOJPCTBOBaHUS OBUIO OOHApYKEHO
HEOOJIBINOE, KOJIMYSCTBO JIBUKCHHUSI IJ1a3, YMEPECHHOE CHIDKEHHE TOHYCA CKEJICTHBIX MBIIII] U 00IIee
CHOIIOIO0HOE COCTOsIHHME. J[BUTaTeNIbHBIC PEakIMU ObUIM 3aTOPMOXKEHBI. [Ipu 3TOM HEOOXOIUMO
OTMETHUTh U PE3KOE yTHETeHHE OMODIIEKTPHUECKON aKTUBHOCTH 00IIel Kopel, B D3I moMuHUpOBaIH
pe3kue konebanus 1o 2 [, mpu 3TOM aMIuuTyia Kojiebanus paBHsuiach 15-20 MkxB.
CrieKTpaJIbHBIN aHAIH3 JICKTPOTrPaMMBI O0IIIeH KOPHI MTOKa3all JOMUHHPOBAHHUE KOJICOaHMH A,
o, B; - AMama3oHOB, B TO BpeMsl, Kak MOITHOCTh KojeOaHuil n3 odmactu 0-muamna3oHa ObLla yrHETEHA
cymectBeHHO (p<0.01). AMrummTyna OHMO3JIEKTPUUYECKUX KojieOaHWii B 0OIIei Kope BO Bpems
MACCUBHOTO OOJIPCTBOBAHUSI CHIKEHA TI0 CPAaBHEHHIO C aKTHBHBIM OOJPCTBOBAHUEM W COCTABIIsIIA
Bcero ymnib 40-50 MxB (puc.2).
Hetipo¢usnonornyeckumMu OCOOSHHOCTSMH IIEPHOJa MACCUBHOTO OOIPCTBOBAHUS SIBISETCS
MOSIBIICHHE MEJICHHOBOITHOBBIX ¥ CHHXPOHU3UPOBAaHHBIX (hOpM HEHPOHATIBHOM aKTHBHOCTH OOIICH U
TUIITOKAMITAIBHON KOPbI MO3ra. DTH KojieOaHus JOCTUraHyroT aMruiuTyasl 70-120, a uxnorma 70-150
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MKB B rummokamnansHoil kope u 50-70 MxB - B o0meii kope. HamomuuM, uro B 00Imel kope
cBoiicTBeHHBI 1D (Py3HBIE HEPUTMHUYHBIC BOIHBI 4acTOT OT 3-6 10 20-30 I'tl. AMIIMTYAA 9TUX BOJIH,
Kak mpaBmio, He npesbimaet 30-50 MxB (puc. 3).

n A [SUM

W—P’H et s e o ‘T:i.i. et [

Ceepxy BHHU3: 1-37eKTporpamMma oOITeit KOphI;2 - 3JIeKTporpaMMarumninokama; 3-
ANEKTPOOKYJIOTpamMMa;4-37eKTPOMUOTPpaMMa IIIEHHBIX MBIIIIT; 5- 3JIEKTPOKapAHOTrpaMma
+3JeKTpOMHOrpaMMa
Puc. 2. Dnekrporpaduueckue XapakKTePUCTHKH TACCUBHOTO
OompcTBOBaHUS CTeHOM yepernmaxu. O003HaUCHU Te JKe 94TO Ha pHC. 1

Takum  oOpazoMm, oOOHapyXeHO, 4YTO HeHpopuU3MOIOTHYECKass KapTHHA IAaCCUBHOTO
0OJpCTBOBaHMS Ueperax XapaKTepU3yeTCs IOCTENCHHBIM YTHETEHWEM  OHORIIEKTPHUYECKOM
AKTUBHOCTH B OOIIEH W THIIIOKAaMIAJIbHOM Kope. BXOoXaeHHWE B SCTHBAIMIO COIPOBOXKIACTCS
HEN30EeXKHBIM YIUIOTHEHUEM JJICKTPOTrPAMMBI W MEUICHHOBOJTHOBEIE KOJEOaHHWS BO BCEM CIIEKTPE
4acToOT, TJle HEeW30eKHO BO3paCTAlOT MO Mepe yriaybnenus sctuBanmu (puc. 3). OmHako Ha
AIEKTporpaMme OTCyTCTBYIOT mokazatenu D00, OMI', a OKI" 3HauUTETHHO CHIKEHA.

HonyquHHe PE3YIbTAThI IIO3BOJIAOT HaM BBICKA3aThb HECKOJIBKO MOI0KEHUN (0]
HEHPO(PU3UOIOTHIECKIX MEeXaHU3MaX, JISKAIUX B OCHOBE MPOIiecca dCTUBAIMU. TaK, YCIOBHO pPedb
MOXET HATU O TpPEX BHIAAX GI/IOSHGKTpI/I‘IeCKOﬁ AKTUBHOCTH B MO3Ir¢ CTCIIHBIX YepCIiax: a)
CHHXPOHHM3UPOBAHHBIX PUTMAaX, Yallle BCETO BCTPEUAIOUINXCS B THINIOKaMIle; 0) opMax akTHBHOCTU
B YaCTOTHOM Juana3oHe oT 6 no 8 'l u B) «B3pPBIBHON aKTHBHOCTHY, CXOJHOU C anb(a-pUTMOM.
Hakoner, BcTpeuaroTcss M JeCHHXPOHU3UMpOBaHHBIE ObICTpble (Gopmbl D3I, Ha ¢oHE KOTOPHIX
PETUCTPHUPYETCS MEIJICHHAS TeHEepaIn30BaHHAs PEaKIHsl.

’L\,\.WWRWWWMMWMWTJ:B
Vb
1

3

4

5

"

Puc. 3 Dnekrporpaduueckas XxapaKTepUCTHKA CHOHOI[O£6HOFO COCTOSIHHS THITA ACTUBAIUH Y
crernHoi yepenaxu. O003HaUEHHS Te kKe YTO Ha puc. 1 u 2.

HeiiponenTuanas peryjsiiusi MeXaHU3MOB Bbiclieil HepBHO# aesiteibHocTH (BHI) m
3CTUBALIMY Y CTENHOI Yepenaxu

Wubekuus weliponentunagepmopduna (JIM) uyepenaxam B aKTUBHBII [IEPHUOJT COMPOBOXKIAIAC
BBIPQ)KEHHBIM aHAJIbIeTHUeCKUM 3¢ QexToM. TakTuinpHas 4yBCTBUTEIBHOCTH Oblila MOJABICHHOH U
ciaboe 3IEKTPUUECKOe Pa3IpaKCeHNE 3aJHEH JIamlbl KUBOTHOTO - TECT OTAEPrHBAHUS KOHEYHOCTU
(TOK) - He BBI3BIBaJiO afiekBaTHOW peakuuu. Habmromanoch cHOMOMOOHOE COCTOSHHE B BECEHHE-
JIETHUH Ce30H rojia. 300couanbHble (aMOMBAICHTHBIE U aTOHUCTUYECKHE) B3aUMOOTHOLICHHUS OBLIH
ocnalleHpl, O 4YeM CBHICTEIbCTBYET OOIICTIOBEICHUYECKOE TOPMOXCHHUE, BBIpa)Karoleecss B
CHIDKEHUH YPOBHS JBUTaTeJIbHON aKTUBHOCTH M TOPMOXKEHUH WHAMBUAYAJIBHOIO MOBEACHUA A0 15-
17 cyrok mocie BBeaeHus M [4].

Ha Mopmenn o0OpoHHTENBHOTO TMOBENSHUS y 4Yepemnax uccienoBana pois [IM B perymsiuu
qacToThl ApixatenbHbIX aBwkeHnd (YJJ]) w gactorer cepanebmennit (UCC) KHUBOTHBIX C
napajuleIbHON perucTpanueii dMeKTporpaguueckux rnokasareseii o0Iei U rUMImoKaMIIaIbHON KOPbI
Mo3ra. OOHapyXeHO, YTO 00pa30BaHUE YCIOBHBIX AJIEKTpOrpaduiyeckux peakuuid Ha oHe BBeJeHNUS
JM compoBokaeTcst He3sHaUYNTeNbHBIM yBenmmueHuneMm YJ1J1 (mo 20 nBmwkeHN B MUHYTY, IPH HOpME
10-15 m YCC - no 51 ynapa B MUHYTY TIpH HOpMe 42-43).

OO0pa3oBanue 3eKTpOrpauuecKux YCIOBHBIX peakimii (puc. 4) Ha ¢doHe uHBEKIMH M
MPOUCXOAMIIO cleaylommM obpazoMm. I[losBUBIINCH BrepBbIe uepe3 6-7 COYETaHUH YCIOBHOTO
pasapakuTensi ¢ 0e3yCIIOBHBIM, 3JeKTporpaduueckas peakuusi HpOsBISUIACh B BHIE YBEIMUYCHHUS
4acTOThl M AaMIUIUTYJbl HCXOAHOTO pPUTMAWid € B BHJE BBI3BAHHOIO OTBETa C cepuei
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CUHXPOHU3UPOBaHHBIX KkoneOaHui. [locme 30 coueraHuii Bciieq 3a TPEIBSIBICHUEM YCIOBHOTO
CTUMYJIa HaOJIOJAIKMCh PEAKI[MM CHHXPOHM3ALMU -TIOSBICHHE Oo0Jiee PEry/IsSpHBIX PUTMOB. ITO B
0COOEHHOCTH OBLTO BRIPAKCHHBIM B CTPYKTYPE THITIIOKAMIIA.

Takum 00pa3oM, yCTaHOBIICHO, YTO Ha YPOBHE penTHinil moakoxuoe Beegenne M B poze 0.1
MI/KI TOPUBOAMT K 3HAYHUTEIBHBIM  IOBEJACHYCCKMM  HAPYIICHHSM, COMPOBOXKIAIOUIUMCS
M3MEHEHHUSIMH CO CTOPOHBI BETETaTUBHOM
CUCTEMBI W DJJIEKTPUYECKOM aKTHMBHOCTH Mo3ra. llepBoHadaibHBIE W3MEHEHHs BBIABISIOTCS CO
CTOPOHBI JIBIXaTEIFHOTO KOMIIOHEHTA, 3aTeM JJIEKTPOrpa)MuecKuX W CepIeyUHbIX Mmokaszareneit. JIM
BBI3bIBACT 3HAYUTEIBHOE YXYIIICHHE YCIOBHO-PEICKTOPHON AEATEIBHOCTH MO3ra, IMOSBICHUE
CHOITOZ0O0OHOTI0 COCTOSIHMS Y aHAIbI€3HH.

B crienmanbHO# cepuu ONBITOB ¥ 5 yepenax B JIETHWUH CE30H roja (HAa4yajo WIOHS) M3y4alloch
BIUsHUE Heiponentuaa JIM Ha (yHKIIMOHAJIBHOE COCTOSHHUE OpraHu3Ma. bbuio oOHapyXeHo, 4TO
onHokpatHoe BBeaeHue JIM B mo3e 0.1 MI/Kr BbI3bIBaET pacciabieHHe TOHYCa MYCKYJaTyphl,
ocla0lieHue JBHUTATEeNbHBIX pEaKIWud, yXYyIIICHWE PEaKTHBHOCTH JKHBOTHBIX H TIIyOOKOE
cHOMOA00HOe cocTosiHue. OTCYTCTBOBa M 300COIHMANIEHBIE B3aWMOOTHOIICHHS, aMOWBaJICHTHOE U
aroHucTuyeckoe moBeneHue. OpPHUEHTHPOBOYHO-UCCICAOBATENLCKIEC pEakiuu OBLIH  TITyOOKO
3atopmoskenbl. Y] 1 YCC Ha 16-i1 onbITHBIN 1eHb nocne BBeaeHus JAM yMmenpmanucs 10 6,4 £1,1
n 21,6£1,8, COOTBETCTBEHHO.

[IpoBe/icHHBIE B TEUEHHE JBYX MECSIICB SKCIICPUMEHTHI HE MOIVIA BBISIBUTH TEHJICHIIUU K
CHATUIO BBINICONHICAHHBIX MOBEIEHYECKUX H3MEHECHUN M MPU3HAKOB AKTUBH3AIIMU TOBEICHUYECKHUX
akToB. bornee Toro, Mo Mepe MOBBIMICHUS TEMIEPATYPhl OKPY)KAIOIIEH Cpefbl B JIETHUH CE30H roja
STH TOBEJACHUCCKUE HW3MCHEHHUS YIIIyOJSUIUCh, CICACTBHEM 4YEro OBLJIO ITOJHOE TOPMOXKEHHUE
CJIOXHBIX WHCTHMHKTUBHBIX (opM ToBeleHHUs. BoipabathiBaTh Ha 3TOM (OHE YCIOBHO-
pedIeKTOPHYIO AEITEIHHOCTh Y HUX HE y1aBaJoCh.

A : b

M) couer. oB.

B comes. o 8 paver. co i ——

OC.D - npaBas o6r1as kopa; OCS— neBast o6mmast kopa; HipS — neBast runmokammanshast kopa; HipD

— mpaBas runnokammnansHas kopa$ A, b. B — atansr o0pa3zoBanus D3I yCIIOBHBIX peakIHid.
BHuU3y — KONMYECTBO COYETaHUH YCIOBHBIX U 0€3YCIOBHBIX pa3ApakuTesen

Puc. 4. O6pazoBanne 3eKTporpadpuIecKux YCIOBHBIX pe(IeKCOB y CTETHON
yepenaxu Ha GpoHe nHbeKUu M

Takum 06pa3om, pe3yabpTaThl OOIIENOBEACHYECKUX MMOKa3aTelel y yepenax Mociie HHbEKIUH
JAM B Hauame neta CBHAETEIBCTBYIOT O TOM, YTO OH CIIOCOOCTBYeT Oojee HaCTYIUICHUIO
CHOTMIOJIOOHBIX  COCTOSHWH. Psn  BpoXIeHHBIX (OpM HEPBHOM NEATCTRHOCTH B TIEPHOL
NPEIIECTBYIOIIMI 3CTUBALMU TIYOOKO 3aTOpMOXeH, (YHKLUWH JBHUTaTeIbHOIO aHalu3aTopa
YTHETEHBI, TPOCTbIE W CIOXHBIE (POPMBI HHCTUHKTUBHOTO ITOBEICHUS >KMBOTHBIX BBITIA/IAIOT.
AHanornyHasi KapTHHA HapyIIEHUS TIOBEJACHYECKOW JAEATEIbHOCTH y HWHTAKTHBIX Yepemnax B
€CTECTBCHHBIX YCJIOBHSIX HaOmromaercs OOBIMHO B MEpPUOJ] BHAICHHS >XUBOTHBIX B COCTOSIHUE
SCTUBALMM U TUIIOOH03a.

I'myOokue wW3MEHEHHS B TIOBEICHUYECKOW IEATEIBHOCTH depemax Iocie uHbeknuu M
BEPOSITHO CBUJAETEIBCTBYIOT O CIEUU(PHUUYECKOH PONM 3TOr0 HEHPONENTHIA B PETySLIUH Kak
YCIIOBHO-0€3YCIIOBHBIX PEaKLWil, TaKk M MPOLECCOB 3CTUBAMM W Tunobwosa. B momws3y sTOro
MPE/IIOJIOKEHNS CITY’)KUT TaKKe YrHeTEHHe OJIIEKTPOrpadUuecKuX YCIOBHBIX pEakluil W HX
00BEKTHBHBIX MOKa3aTelell B BeCEHHE-JIETHUH Ce30H rojia.

Ha ocHoBaHMM noTy4eHHBIX HEHPOPHU3HOIOTHUECKUX PE3yIbTATOB MOKHO MPEAIIOIOKUTD, YTO
aKTHBH3allig HEWPOHOB THIMIOKAaMIla B TIPOIlECCE€ CIAYKU CIIOCOOCTBYET COXPAHEHHUIO paHee
HaAKOIJICHHOW OMOJIOTHYECKH aJIeKBaTHOW HHpOpMaIuu. B mporeccax 3cTHBaNWyU U rUmodno3a panee
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nproOpeTeHHbIE B aKTUBHBINA MEPHOA XKU3HU (POPMBI HEPBHOH NIESTEIBHOCTH 3aTOPMaKUBAIOTCSI, HO
HE HCue3aloT OeccleHO: B Ipolecce e NPOOYX AEHUs M aKTHUBU3ALUU CTPYKTYp JIMMOMUYECKON
CHCTEMBI MO3Ta M3BJICUYCHUE PaHee 3aTOPMOXKEHHOW MH(POPMAIMN U3 «CKJIAJ0B» MO3Ta IPOUCXOIUT
HaMHOTO OBICTpee, YeM O0y4YeHHUE Y WHTAKTHBIX KUBOTHBIX.

3aximoyenuellonyueHHblii HamMM Ha dYepemnaxax MaTepual IIOJIHOCTbIO KOPPEIUpYyeT C
JUTEPAaTypHBIMU JaHHBIMH paHee OOHAPYKEHHBIMU y APYIOro NpeACTaBUTENS MOWKUIOTEPMHBIX -
ampuomsx. Takx, E.A.Apucrokecsn (1989, 1990), u3yuyas 3neKTporpamMmy IEpEeIHEr0 MO3ra
TPaBSHOM JISATYLIKH B IIpOLiecce THII00M03a T0Ka3ana, 4YTO BCE M3MEHEHHS BO3HUKAIOT OJIHOBPEMEHHO
Y HOCSAT YCTOWYMBBIN XapakTep. B ycloBHAX HalIMX 3KCIIEPUMEHTOB HaOIOMaeTcs mpeobiagannue B
THIIOKAMITAILHOW KOpEe CHMHXPOHU3UWPOBAHHBIX KoeOaHui yacrtoroit 4-5 I'n u amruurynoi 120-80
MKB. B o0meii kope noMuHHpYIOIIYIO ()OpMY aKTUBHOCTH COCTABIISIOT MEJIKME KOIeOaHus OpaKa
20-30T', xapaktepHble IS (GOpPM TMOKOS MPOMEXKYTOYHOro cHa. IlocienHee, BEpOSITHO,
CBUJIETENECTBYET O TOM, YTO 3CTHBAIM Ha 3Tale PENTUINM peamu3yercs depe3 NMPOMEXYTOUHYIO
¢dbopMy CHa W POJb BEPOATHOIO TPUITEPAa B 3TOM CIydae BBIIOJIHSIOT CTPYKTYpbl OOIIed U B
0COOEHHOCTH TUIIIOKaMIaIbHON KOPbI MO3Ta.

CucrtemHoe BBeieHue [IM cTemHbIM Yepenaxam COMPOBOXKIAACTCS BIAJCHUEM B CHOIOJOOHOE
COCTOSTHHE, YTHETEHHEM [bIXaTEIBHOTO M CEPACYHOTO PUTMA, BBIPAKEHHBIM aHAJIBIETHUECKUM
spdpexktom u HapymenuneM BHJI. Ilpu »3ToM [IIMTENsHOCTH  CHOMOJOOHOTOCOCTOSHHSL,
MMUTHPYIOIIETO B OMNpPEAEIEHHOW CTENeHH 3CTUBAIMIO MPOJIOHTHPOBaHA M BBIpAKEHA B Hadale
JeTHero ce3oHa rona. [1ooOHBIX 3aKOHOMEPHOCTEH Kak [0 HallkMM, TaK W 10 JIHTEPaTypPHBIM
JAaHHBIM HEe OOHApPY>KUBAETCs Y MPEICTaBUTENICH HE3UMOCIISIILUX.

Takum o00pa3oM, MOXHO Iojiarath, 4To B MexaHusMax perymsiumu BHJ] u maccuBHOTO
0OJIPCTBOBAHMSI Yeperaxy OJHO U3 BAXKHBIX MECT NMPHHAJICKUT OMHOUAHON cucteme, [IM ke 1o
BCEil BEPOSITHOCTH SIBISACTCS CHEUU(PUUSCKIM MHIYKTOPOM 3CTHUBALMM M THIOOHMO03a. DTO B LEIOM
cornacyetrcst ¢ rtumore3on @.Jlummana (1971), cormacHO KOTOpPOH MO BCeM OHOXHUMHYECKUM
ocobeHHOCTsIM JIM MOKeT ObITh paCCMOTPEH KaK MPUMUTHBHBIA MEXaHU3M MPOTEHHOBOI'O CUHTE3a,
paHee UCIOJIb30BAHHOIO B 3BOIIOLUU. YUHUTHIBAsA CKOPOCTh pacnaga M u runorezy U.11. Ammapurna
O MPUHIMINAX KaCKaJHON pEeryJslHN B ACUCTBUU PETYISITOPHBIX MENTHIOB, MOKHO MPEATIONOKHTE,
YTO B JAHHOM CIly4yae Mbl HMEEeM [Ie0 C 3allyCKalolllMM{ MeNTHAAMH, CHHTE3UPYEMBIMHU B
THIIOTaTaMUYeCKUX 00pa3oBaHuUsX Mo3ra. OJHAKO STOT BOMPOC ropas3/io CIOKHEE M HE MOXKET ObITh
paccMoOTpeH 0THOOOKO.

B mpoueccax sctuBanmMy W rumoduos3a paHee NMPHOOPETEHHBIC B AKTHUBHBIM MEPHOA >KU3HU
(hOopMBI HEPBHOI JESITENBHOCTH 3aTOPMAKUBAIOTCS, HO HE MCUE3aI0T OEeCCIIeIHO.
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UDK: 636.3
QISH MAVSUMIDA ECHKILAR RATSIONIDA KENG QO‘LLANILADIGAN
DAG‘AL OZIQALAR TARKIBIDAGI STRUKTURAVIY UGLEVODLAR VA UNING
FRAKSIYALARINING MIQDORI
Z.T. Rajamuradov', M.J. Jalilov?
'Samargand davlat universiteti ,’Samargand davlat tibbiyot instituti

Annotatsiya. Mayda shoxli hayvonlarni qgishki ratsionida go‘shimcha oziga sifatida
foydalanidigan dag‘al ozigalarning kimyoviy tarkibini o‘rganish bo‘yicha bajarilgan laboratoriya
tahlillarining ko‘rsatishicha, ozigalar tarkibidagi strukturaviy uglevodlarning miqdori ozigalarning
turlari, vegetatsiya fazalari va tayyorlash texnologiyalariga bog‘ligdir.

Olingan ma’lumotlar bo‘yicha shuni ta’kidlash mumkinki, giyoslanayotgan ozigalar orasida
karrak va shuvoq bir muncha tuyimli va turli oziglantirishga tayyorlash texnologiyalariga beriluvchan
va o‘zlarining tuzilishi bo‘yicha ham keskin farqg giladi.

Kalitso‘zlar: oziga, hayvonlar,ehtiyoj, hujayralardevori, kletchatka, strukturaviyuglevodlar,
sellyuloza, gemitsellyuloza, lignin, ozigalarni tayyorlash texnologiyasi, kimyoviytarkib, to‘yimli
moddalar, ekologiya omillari va boshgalar

KonuyecTBa CTPYKTYPHBIX YIJI€BOAOB U MX (PpAKIUHU B cOCTaBe IPyObIX KOPMOB IIMPOKO
HCIoJIb3yeMHe B KOPMJIEHUM K03 B 3MMHHe ePUObI oAa

Annotanusi. [IpoBeneHHbIe JTa0OpaTOpHBIE aHANU3BI MO W3YYEHUS XHUMHUYECKOTO COCTaBa
rpyOBIX KOPMOB HCIOJIb3yeMble B KOPMIICHHU MACTOUIIHBIX JKUBOTHBIX MMOKA3alld, YTO COJCPKAHHE
CTPYKTYPHBIX YIJIEBOJIOB 3aBHCUT OT BH/Ia KOPMOB, (ha3a BereTalus 1 crocoda 3aroTOBKH.

[To mony4eHHBIM NaHHBIM MOXHO 3aKJIIOUUTh, YTO CPEIU CPABHUBAEMBIX KOPMOB, Kappak H
TIOJIBIHD SBJISICTCS 0O0JIee MUTATEILHBIMUA M TIOJXOISIIUM PA3IMYHBIM TEXHOJIOTHSIM MPUTOTOBICHUS K
CKapMIIMBAHUIO U TI0 CBOEH CTPYKTYpPE PE3KO OTIMYAETCSA OT JPYTUX MACTOUITHBIX KOPMOB.

KuaroueBble c10BH: KOpMa, )KUBOTHBIE, TOTPEOHOCTD, CTEHH KJIETKHU, KJIETYaTKa, CTPYKTYPHBIC
YTIEBOJIBI, LEIII0I03a, TEMULIEIUII0NI03a, IUTHUH, TEXHOJIOTHSI IPUTOTOBIEHNE KOPMOB, XUMHUYECKUH
COCTaB, MUTATENILHBIE BENIECTBA, SKOJIOTHUECKUE (DaKTOPHI U APYTHE.

Amounts of structural carbohydrates and their fractions in the composition of roughage
are widely used in feeding goats in the winter periods of the year

Abctract. Laboratory analysis of the chemical composition of roughage used in the feeding of
grazing animals showed that the content of structural carbohydrates depends on the type of feed, the
vegetation phase and the method of harvesting.

According to the data obtained, it can be concluded that among the feed compared, the curd and
wormwood is more nutritious and suitable for various technologies of preparation for feeding and
differs sharply in its structure from other pasture feeds.

Keywords: feed, animals, needs, cell wall, fiber, structural carbohydrates, cellulose,
hemicellulose, lignin, feed preparation technology, chemical composition, nutrients, environmental
factors and others.

Mavzuning dolzarbligi.

Qishlog xo‘jalik hayvonlarini oziglantirishda mavjud ozigalardan samarali foydalanish muhim
ahamiyatga ega. Buning uchun fagatgina hayvonlar organizmining tuyimli moddalarga bo‘lgan
ehtiyojini aniq bilibgina golmay, balki, oziga vositalarining kimyoviy tarkibi va uning sifatini bilish
ham zarur[9].

Ma’lumki, o‘simliklar dunyosi ozigalarining kimyoviy tarkibi, va uning tarkibidagi tuyimli
moddalarning miqdori ularning yoshi, vegetatsiya fazasi, ularning oziglantirishga tayyorlash
texnologiyalariga bog‘lig holda keskin o‘zgarishi mumkin.

Tog‘oldi va chul hududlaridagi yaylovlar o‘simliklarini vegetatsiya fazasi, yoshiga va turli
ekologik omillarning ta’siri natijasida, ularning tarkibidagi protein va yog‘ning miqdori kamaysa,
aksincha, kletchatkaning va oziglanish  mahsulotlarining ayrim qgiyin  hazmlanuvchi
komponentlarining, jumladan kletchatka hujayralarining devorlarini tashkil giluvchi sellyuloza,
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gemitsellyuloza, lignin va pektinlarning migdorini, rivojlanish fazasining boshlang‘ich davrlaridagiga
nisbatan ortib ketishini chagiradi[1,3,5,8].

YUgqoridagi to‘yimli moddalarning ozigalar tarkibidagi o‘zaro nisbatining o‘zgarishi ma’lum
darajada bu ozigalarning kavshovchi hayvonlar tomonidan iste’mol gilinishini va ovgat hazmi traktida
esa, hazmlanishini kamayishiga olib keladi. O°z navbatida, iste’mol gilinadigan ozigalar migdorining
kamayishi va ovgat hazmi traktida tuyimli moddalarning hazmlanish darajasini pasayishi,
hayvonlarning mahsuldorligining pasayishiga va turli infeksion kasalliklarga rezistentligini
yomonlashuviga olib keladi.

Ma’lumki, ozigala Kletchatkasining strukturaviy fraksiyalari gatoriga sellyuloza,
gemitsellyuloza, lignin, ligninotsellyuloza va boshga moddalar kiradi va ularni umumiy nom bilan
strukturali uglevodlar deb atashadi. Ozigalar qurugq moddasi tarkibidagi strukturali uglevodlarning
migdori 4 dan 30%,gacha o‘zgarib to‘radi, shu jumladan sellyuloza 23 dan 30% gacha,
gemitsellyuloza esa 10 dan 30% gacha o‘zgarishi ko‘zatiladi [1,3].

V.Piatkovski (8) tarkibidagi gemitsellyuloza i sellyulozalar migdoriga garab dag‘al ozigalarning
bir necha to‘rga fargladi. Bu moddalar o‘simliklar qurug moddasida 20 dan 40% gacha jamlanishi
mumkin. Muallifning ta’kidlashicha, yuqoridagi komponentlarning ulushi ozigalar tarkibida gancha
yugori bo‘lsa, ularning hazmlanishi sho‘ncha, past bo‘ladi.

Demak, hayvonlarning yuqori mahsuldorligiga va ozigalardan samarali foydalanish
imkoniyatiga qgishlog xo‘jalik hayvonlarini oziglantirishda ilmiy - asoslangan tizimidan
foydalanilgandagina erishish mumkin [8].

Qator gishlog xo‘jalik fani darg‘alarining[5,6,9,10] ta’kidlashlariga ko‘ra, hayvonlarning
o‘sish va rivojlanishiga, mahsuldorligiga bevosita ta’sir ko‘rsatuvchi omillar orasida oziglantirish
muhim ahamiyatga ega omillardan hisoblanadi.

Ma’lumki, gish mavsumida yaylov chorvachiligini oziglantirishda odatda, somon, yantoq,
karrak, shuvoq va boshqa dag‘al ozigalardan va ularning qoldiglaridan foydalaniladi.

Yosh, yangi to‘g‘ilgan kavshovchi hayvonlar bolalari orasida bo‘zoglar og‘iz suti emizish davri
to‘gashi bilan, onasidan ajratib tezgina o‘simliklar dunyosi ozigalari bilan oziglantirishga o‘rgatiladi

Bo‘ndan tashgari, 6 oylik bo‘zoglar hayotida juda ko‘plab funksional o‘zgarishlar , jumladan
ichaklar tipidagi ovgat hazmidan, oshqozon — ichaklar tipidagi ovgat hazmiga o‘tiladi, oshgozonoldi
bo‘lmalarining juda tez jumladan katta gorinning rivojlanishi yuz beradi[1].

Ammo, bo‘nday tipdagi parvarishlash go‘ychilik va echkichilikda odatda go‘llanilmaydi, chunki
ularning bolalari dastlabki olti oy mobaynida onasi bilan goldirilishidan tashgari umuman onasi bilan
goldiriladi. Ana shu gayd gilingan muddat davomida qo‘zi va o‘loglar onasining suti bilan oziglanish
bilan birga zarur paytlarda yaylov ozigalari bilan oziglanadilar.

Kavshovchi hayvonlar bolalarining katta miqdorda dag‘al ozigalarning iste’mol gilishi
natijasida ularning oshgozon oldi bo‘lmalarining hajm jihatidan kattalashishi va biokimyoviy
jarayonlar yo‘nalishining o‘zgarishi hisobiga morfologik va funksional o‘zgarishlar ko‘zatiladi.

Boundan tashqgari, oshgozonoldi bo‘Imalarida ko‘zatiladigan o‘zgarishlar oshgozon —ichaklar
tipidagi ovgat hazmining shakllanishida iste’mol gilinadigan ratsionlarni tashkil giluvchi ozigalarning
sifati, tarkibi va fizik holatlariga mos holda ham yuz berishi mumkin.

Yosh hayvonlarda, ovgat hazmi tiplarining shakllanishi sut bilan oziglanish muddatiga va
o‘simliklar dunyosi ozigalarning iste’mol gilinishiga o‘tish muddatlariga bog‘liqdir, va bu muddatning
davomiyligi 6 oydan 10 oygacha davom etishi mumkin. Bu muddat yirik shoxli hayvonlarda gator
tadgiqotchilar tomonidan o‘rganilib aniglangan bo‘lsada, mayda shohli hayvonlarda, aynigsa
echkichlikda bu muddat aniglanmagan.

Tadgigot ishining magsadi va vazifalari:

Qish mavsumida echkilar ratsionida foydalaniladigan dag‘al ozigalar tarkibidagi strukturali
uglevodlar fraksiyalari (NDK va KDKIlar) ulushini va xom kletchatka miqgdorini aniglashdan iborat
bo‘ldi.

Yaylov chorvachiligi hayvonlarini oziglantirishda foydalaniladigan dag‘al ozigalar tarkibidagi
xom kletchatkaning umumiy miqdorini va uning fraksiyalarini aniglash uchun fermerlar tomonidan
gish paytida foydalanish uchun tayyorlangan dag‘al ozigalar va boshoglilarning goldiglaridan iborat
ozigalarning kimyoviy tarkibi o‘rganildi.

Oziga vositalari tarkibidagi mavjud tuyimli moddalar, jumladan kletchatka va uning tuzilish
fraksiyalari oshgozonoldi bo‘Imalarining retseptorlariga mexanik ta’sir ko‘rsatadi va natijada, u yoki
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bu darajada yaxlit ovgat hazmi tizimini stimullash hisobiga ratsion tarkibidagi tuyimli moddalarning
iste’mol gilinish darajasini oshiradi.

Bo‘ndan tashgari, ozigalarning kimyoviy tarkibini o‘rganish va ular tarkibga giruvchi xom
kletchatkaning hamda uni tashkil giluvchi to‘rli tuzilish fraksiyalarini ulushini aniglash muhim ilmiy
va amaliy ahamiyatga ega.

Tadqiqot ishining usullari. Ishning magsadi va vazifalaridan kelib chiggan holda Butunrossiya
Davlat chorvachilik institutining (V1J) biokimyo laboratoriyasida S.V.Vorobeva va boshga.[3,4]
tomonidan tavsiya gilingan usuli yordamida dag‘al ozigalar tarkibidagi kimyoviy moddalarning
hamda neytral -detergentli va kislota-detergentli  kletchatkalar miqdorlarinianiglash bo‘yicha
tekshirishlar olib borildi.

Ozigalardan olingan namunalar zootexnikaviy tahlil usuli [2] bo‘yicha SamDU va SamQXI lari
goshidagi MITL da tahlil gilindi.Ularda go‘rug moda, xom protein, xom yog*‘, xom kletchatka, kul,
Sa.R. va karotinlar migdori aniglandi.Organik moddalar va AEM miqdorlari esa hisoblash o‘yili bilan
aniglandi.

Tekshirishlar natijalari:

Yaylov hayvonlari hisoblanuvchi go‘y va echkilar yil davomida yaylovlarda haydab bogiladi va
asosiy iste’mol gilinadigan ozigalarbahor va yoz mavsumining birinchi yarmidan tashqgari fagat dag‘al
ozigalar hisoblanadi. Qish mavsumida esa golgan paytlarda iste’mol gilinmaydigan garrak, yantoq,
shuvogg‘, somon va boshga boshogli o‘simliklarning goldiglari bilan oziglanadilar.

Ma’lumki, hayvonlarning turlariga mos holda, ularning ratsionlaridagi foydalaniladigan
uglevodlarning ulushi barcha tuyimli moddalarning 60% dan 90% gacha bo‘lgan ulushini tashkil
giladi. Ular ozigalar tarkibidagi organik moddalarning 2/3 gismini tashkil gilganligi bois, o‘simliklar
tarkibidagi tuyimli moddalarning asosiy gismini 40% dan 80% ni doimiy ravishda o‘zgarib to‘ruvchi
uglevodlar - NDK, KDK va ligninlar tashkil giladi. Neytral-detergentli kletchatka sellyuloza va
gemitsellyulozadan tashkil topgan bo‘lsa, kislota —detergentli kletchatka asosan gemitsellyulozadan
tashkil topgan bo‘ladi[11].

Katta migdorda NDK saglovchi ozigalarni iste’mol gilgan hayvonlarda iste’mol gilingan
ozigalarning kata gorinda juda giyin parchalanishi tufayli, u erda uning to‘lib golishi ko‘zatiladi. Ana
shu bois, katta qorinning to‘lib golishi natijasida ortigcha oziga iste’mol gilaolmaydi.

1-jadvaldagi ma’lumotlarning ko‘rsatishicha, gish mavsumida yaylov hayvonlarining oziglanish
ratsionlarida foydalaniladigan oziga vositalari giyin hazmlanuvchi ozigalar sirasiga kiradi, gaysiki bu
oziqalar tarkibida saglanuvchi kletkaning ulushi 30 va undan yuqori foyizni tashkil etadi.

Somon va boshga boshogli o‘simliklarining qoldiglarida 40% ga yaqin kletchatka saglansa,
ularga nisbatan karrak tarkibidagi kletchatkaning migdori ancha kam bo‘lishini anigladik -30%.
Bundan tashqari, karrak tarkibida boshga ozigalarga nisbatan yugori ko‘rsatkichga ega ekanligi bilan
ham ajralib to‘rishi aniglandi (8,1%). Karrak organik va AEModdalarni boshga ozigalarga nisbatan
yugori ko‘rsatkichga ega bo‘lishi bilan ham ajralib to‘rishi va mos holda 76,6 va 36,78 bo‘lishi
aniglandi.

1 -jadval
Qish mavsumida echkilar ratsionini tashkil giluvchi ozigalarning kimyoviy tarkibi , %
Ozigalar
Ko‘rsatkichlar
Karrak | YAntoq SHuvoq Somon
Mutlog go‘ruq modda 82,2 81.4 83,6 |821
Organik modda 76,6 74,0 76,8 75,35
Protein 8,1 6,3 5,6 4,3
YOg* 1,72 1,69 1,51 1,31
Kletchatka 30,0 32,0 33,6 39,7
Kletchatkadagi NDK 68,4 79,8 71,0 77,8
ning ulushi, %
Kletchatkadagi KDK 40,7 47,6 56,5 58,1
ning ulushi, %
Kul 5,6 7,36 6,8 6,75
AEM 36,78 34,01 36,9 30.04

159



ILMIY AXBOROTNOMA BIOLOGIYA 2018-yil, 5-son

Sa 0,43 0,56 0,46 0,42
R 0,13 0,18 0,12 0,08

1-jadval ma’lumotlari shuni ko‘rsatdiki tarkibida strukturaviy uglevodlar migdori bo‘yicha
boshqga solishtirilayotgan ozigalarga nisbatan karrak 30% kletchatka saglagan bo‘lsa, mos holda ushbu
migdorning 68,4% ni NDK va 40,7% ni KDK tashkil gilar ekan. Ushbu ko‘rsatkichlar bo‘yicha, gish
mavsumida keng ko‘lamda foydalaniladigan ozigalar orasida bo‘g‘doy somoni boshga ozigalarga
nisbatan eng yuqori ko‘rsatkichga ega bo‘lish aniglandi va mos holda 39,5%, 77,8% va 58,1% ni
tashkil etdi.Organoleptik va bir gancha texnologik tahlillarning ko‘rsatishicha karrak tuzilish jihatidan
o‘ziga xos bo‘lib, uning hujayralari asosan bulutsimon yumshoq tolalardan tashkil topgan bo‘lib,
dimlagan yoki boshga eritmalar bilan gayta ishlanganda ular kata migdorda namlikni o‘ziga singdirib
olib juda yumshaydi va hayvonlar tomonidan ishtaha bilan iste’mol gilinadi [7].

Demak olingan ma’lumotlarga ko‘ra, ozigalar tarkibidagi NDK va KDK lar asosini tashkil
giluvchi sellyuloza va gemitsellyulozar miqdori bilan farg giladi (2-jadval).

2-jadval ma’lumotlarining ko‘rsatishicha, karrak va shuvoq tarkibidagi sellyulozaning migdori
yantog va somonga nisbatan  2,2-3,0 % ga kam bo‘lishi aniglandi.Xuddi sho‘nday moyillik
gemitsellyuloza bo‘yicha ham ko‘zatildi.

SHo‘nday qilib, o‘rganilgan ozigalar orasida karrak va sho‘voq to‘yimlilik jihatidan yuqori
o‘rinda deb hisoblag, yantoq va somni esa og‘ir hazmlanuvchi oziqar sirasiga kiritish mumkin.

Laboratoriya sharoitida bajarilgan biokimyoviy tekshirishlarimizning natijalariga ko‘ra,
giyoslangan dag‘al ozigalar orasida karrak va shuvoq tarkiba kam migdorda NDK saglovchi va
aksincha, yantog va somon NDK ni ko‘p saglovchi ozigalar sirasiga kiritishimiz mumkin.

2- jadval
Mayda shoxli hayvonlar ratsionida keng ko‘lamda foydalaniladigan ozigalar tarkibidagi
strukturaviy uglevodlarning migdori, %

Ozigalarning Strukturaviy uglevodlar, %
nomi Sellyuloza Gemitsellyuloza lignin
Karrak 30,26 32,6 15,6
YAntoq 32,17 35,6 17,3
SHo‘voq 31,06 32,3 17,6
Bo‘g‘.somoni 33,50 39,5 18,9

Demak, mayda shoxli hayvonlarni gish mavsumida yaylov ozigalariga qo‘shimcha oziq sifatida
oziglantirishda foydalaniladigan dag‘al ozigalarning kimyoviy tarkibi hamda oziq ratsioni tarkibidagi
NDK va KDK lar migdori aniglanishi zarur, bu esa foydalaniladigan ozigalardan samarali foydalanish
imkoniyatini beradi.

Qish mavsumida go‘y va echkilarni fagat yantoq yoki somon bilan oziglantirish magsadga
muvofig emas, chunki fagat bu ozigalar katta migdorda NDK saglaganligi bois, bu ozigalar bilan
oziglantirish ularning katta gorinini giyin hazmlanuvchi komponentlar bilan bevagt to‘lib golishini
chagiradi.

Shunday qilib, mayda shohli hayvonlarni to‘rli dag‘al ozigalar bilan oziglantirishda ular
tarkibidagi kletchatkani asosini tashkil giluvchi strukturaviy uglevodlar migdorini hisobga olish zarur.

Xulosa

Qo‘shimcha oziga sifatida gish mavsumiga tayyorlangan dag‘al ozigalar orasida yantoq va
somonga nhisbatan, bir muncha yuqori to‘yimlilik giymatiga ega, katta gorinda engil parchalanuvchi,
oziglantirishga tayyorlash uchun engil gayta ishlash mumkin bo‘lgan va tarkibida kam miqgdorda
strukturaviy uglevodlarni saglovchi dag‘al oziga bo‘lib karrak va sho‘voq hisoblanadi.
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NANOBIOTEXNOLOGIYALAR - TIBBIYOT KELAJAGI
M.E. Tursunqulova

Annotatsiya. Bugungi kunda igtisodiyotning barcha tarqgmoglari bilan bir gatorda,
tibbiyotdan ham biologik texnologiyalar, jumladan nanotexnologiyalardan keng foydalanilmogda.
Mazkur magolada tibbiyotda nanobiotexnologiyalarning go‘llanilishi bo‘yicha ma’lumotlar bayon
gilingan.

Kalit so‘zlar: operatsiya ,limfatik tomir , dorivor moddalar, organizm, biologlar asri,
nanomeditsina.

HanorexHoJsiorus - Oyayuiee MeTHIMHBI

Annoranus. Ceroass, HapsaAy CO BCEMH JKOHOMHUYECKHMH CHAJaMH, OMOJOTHYECKUE
TEXHOJIOTUH, BKIIFOYass HAHOTCXHOJOTHHU, IMHUPOKO HCIIOJB3YIOTCA B MCAWIMHC. B »sToit cratne
mpeacTaBiieHa nHopMaIisa 00 UCIIOIE30BAHIH HAHOOMOTEXHOJIOTHIA B METUITHHE.

KiroueBrie cioBa:omnepanus, TuM(ATHIECKHE COCYIBI, JICKAPCTBCHHBIC CPEICTBA,
opranu3M, OMOJIOTHYECKHI BEK, HAHOMEIHMIIMHA.

Nanotechnology — future of medicine
Abstract. Today, along with all the economic downturns, biological technologies, including
nanotechnologies, are widely used in medicine. This article provides information on the use of
nanobiotechnology in medicine.
Keywords: operation, lymphatic vessels, drugs, organism, biological age,
nanomedicine.

XXI asrni biologiya asri deb e’lon gilinishini talab gilib chiggan olimlarni fikriga ko‘ra, biz
yashab turgan bu asr yoki biologiya asri bo‘lishi kerak yoki u insoniyatni yo‘qolish asriga aylanib
golishi mumkin! Ammo XXI asrni oxirgi 10 yilliklarida xitob gilingan “fiziklar asri”, estafeta
tayoqchasini “biologlar asriga” uzatish lozim degan fikrlari hozircha o‘z yechimini topgani yo‘q.
Oldimizda turgan 30-40 yillarda insoniyat uchun katastrofa bo‘lib xizmat gila oladigan darajada 4 ta
eng katta xavfni kirib kelayotganligi haqgida fikr gilinsa, odamni yuragi orgaga tortib ketishi mugarrar.
Xo‘sh bu xavfli katastrofalar nimalardan iborat?
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Infeksiya bilan alogador bo‘lgan immun sistemasini pasayib ketish xavfi. XX asrni
o‘rtalariga kelib, ishlab-chiqgarila boshlagan va juda keng ishlatilgan antibiotiklar ikki muammoni
paydo bo‘lishiga olib keldi: a) antibiotiklar ta’siridan zarar ko‘rgan bakteriyalar ornini, ulardan ko‘ra
xavflirog bo‘lgan viruslar egallab olishdi; b) XX asrni oxiriga kelib, insoniyatga keng miqgyosda
hujumga o°tib olgan viruslarga har xil sabablarga ko‘ra antibiotiklar ta’siridan tirik qolgan, ularni
ta’siriga o‘rganib qolgan bakteriyalarni maxsus antibiotiklarga rezistent bo‘lib qolgan shtammlari
kelib qo‘shildi. Chunki, ko‘pchilik insonlar antibiotiklar ishlatish zarur bo‘lmagan holatlarda ham
ulardan foydalandilar, foydalanilganda ham noto‘g‘ri foydalanadigan bo‘lib qgoldilar. Shu tarzda bir
tomondan juda keng migyosda (butun sayyoramiz bo‘ylab desak ham xato bo‘lmaydi) bakteriyalarni
antibiotiklarga bo‘lgan shtammlarini seleksiyasi amalga oshirildi, ikkinchi tomondan esa, odam oz
organizmini immun himoya tizimini kuchsizlanishiga sabab bo‘ldi.

Ozig-ovqat katastrofasini sodir bo‘lish belgilari. Biz yashab turgan davrda sayyoramizda 1
mlrd dan ko‘prog odamlar ochlikdan, tabiat, evolyutsiya ularni ovgatlanishga o‘rgatib go‘ygan
mahsulotlarni yetishmasligidan zahmat tortmoqdalar. Agarda, sayyoramizdagi butun botgogliklarni
quritib, bugungi cho‘llarga suv chigarib, ularni o‘zlashtirib, ekin ekib, hosil ko‘tarib, ozig-ovgat
mahsulotlari tayyorlanganda ham, yaqin 40-50 yilda bu katastrofa yana insoniyat oldida gavdalanadi.

Onkologik katastrofa. Bu muammo XX asr davomida kam harakatli faoliyat olib borish,
kaloriyalik ovqatlanishni strukturasi va rejimi yo‘qligi, doimiy stress holatda hayot kechirish va
boshga ko‘plab sabablar insoniyatga hujum gilishga tayyorgarlik ko‘rishi natijasida paydo bo’ldi.
O‘tgan asr davomida onkologik kasalliklar bilan kasallanish 9 marotabaga oshdi va shunday shiddat
bilan davom etmoqdaki, biz yashab turgan asrni o‘rtalariga kelib, rak kasalliklari tufayli odamlarni
boshiga girg‘in kelish xavfi borligi bashorat gilinmoqda.

Global ekologik katastrofa. Ko‘p olimlar bu muammo qochib ham bo‘Imaydigan
katastrofaga olib kelishini xitob gilmoqgdalar. Fagatgina uni kirib kelish vagtigina muhokama
gilinmogda xolos. Atrof-muhitga inson faoliyati bilan bog‘lig bo‘lgan ta’sir, me’yoridan 10-12
marotaba oshib ketgan. Biosfera o‘zini-o‘zi boshgarish va o‘zini-o‘zi tiklash xususiyatini gayta tiklab
bo‘Imaydigan darajada yo‘qotib bormoqda.

Nanotexnologiyalar kerakli preparatni nafagat hujayraga, balki uni ma’lum gismiga
(organoidlariga) ham yetkazib bera oladi. Yangi usullar preparatlarning ta’sir davrini cho‘zish va
ularni ikkinchi darajali ta’sirini ancha pasaytirish imkonini ham beradi.

Nanotexnologiyalar  kasalliklarga diagnoz  qo‘yish  usullarini  mukammallashtiradi.
Nanobo‘lakchalardan foydalanish tirik organizmda rak va boshga kasal hujayralarni axtarib topish
imkonini beradi va nanotexnologiyalarning sezgirligini oshishiga olib keladi.

Nanomeditsinani asosiy yo‘nalishlarini quyidagilarga ajratish mumkin:

* faol dorivor moddalarni manzilga yetkazish;

* nanometr darajasidagi yangi usullar va davolash vositalarini yaratish;

* tirik organizmda va laboratoriya sharoitida (in vivo va in vitro) nanodiagnostika;
* to‘gima injeneriyasi;

* tibbiyot implantlari.

Dori gabul gilishni bugungi kunda ishlatiladigan usullari quyidagi kamchiliklarga ega:

1. Organizmga nazariy zarur bo‘lganidan 10-100 marta ko‘prog dori dozasi yuboriladi.

Bunga sabab, dorini butun organizm organlari bo‘ylab targalishi va ehtiyojli organga juda kam

miqgdorda yetib borishi.

2. Organda ehtiyoj bo‘lgan dorini konsentratsiyasi kam bo‘lganligi va u organizmdan tez
chigib ketishi hisobiga dorini tez-tez gabul gilishga to‘g‘ri kelishi.

3. Organizmga Kiritilgan dori butun organizmga ta’sir etishi, uning (organizm)
funksiyasini buzishi va natijada “go‘shimcha”, keraksiz samaraning paydo bo‘lishi.

4. Ko‘plab dorilarni suvda yomon erishi tufayli ularni organizmga kiritish hamda organ-
nishon yetarli migdorda yetkazib berishda muammolarning paydo bo‘lishi.

Bu kamchiliklarni ganday yo‘qotish mumkin? Buning uchun dorilarni kerakli,
ya’niehtiyojli manzilga yetkazishni yo‘lga qo‘yish kerak. Ammo barcha tirik hujayralartashgaridan
kirib keladigan “kuch”lardan, shu jumladan dorilardan ham tabiiy to‘siglar yordamida himoyalangan.
Shuning uchun, hujayrani tabiiy to‘siglardan yo‘l ochishi uchun tadgiqotchilar zabardast tabiat bilan
kurashga tushadi. Yuqorida (8-bobda) nanobo‘lakchalar organizmni to‘gima — gon tomir to‘siglarini
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va hujayra membranasi orgali hujayra sitoplazmasiga yorib kirish imkoniyatiga ega ekanligi hagida
faktlar keltirilgan

Bunday vositalarni yaratish uchunquyidagi vazifalarni bajarish zarur:

Dorivor moddalarni vaqgtidan oldin parchalanishidan himoya qilish;

Suvda erimaydigan moddalarni organizmga so‘rilish darajasini ko‘paytirish;

Har xil darajada organizmdagi biologik to‘siglarni o‘tish;

Dorivor moddalarni manzilga yetkazilishini amalga oshirish.

Nanobo‘lakchalarni manzilga yetkazish ikki yo‘l bilan amalga oshiriladi: passiv va faol
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1-rasm. Xavfli shish to‘gimalarda “qon tomirlari 2-rasm. Nanobo‘lakchalarni to‘gimaga
o‘tkazuvchanligining oshishini aks ettirilishi: qon  kirishini ikki yo‘li: faol (chap gismi) va passiv
kapillyari devori o‘zgargan, ularda teshikchalar (o°ng gismi) to‘planish yo‘llari

paydo bo‘lgan; limfa tomirlari yaxshi
rivojlanmagan, hujayralar orasidan suyuqglik o‘tishi
yetarli emas; bu nanobo‘lakchalarni shish
to‘gimalarda to‘planishiga olib keladi

Passiv yo‘l- nanobo‘lakchalarni o‘z-o‘zidan shamollagan nuqtalarda va xatarli shish
to‘gimalarida to‘planish xususiyatlaridan foydalaniladi.

Faol yo‘l(yo‘naltirilgan transport) - nanobo‘lakchalar sirtiga tegishli ligand ulash orqali
amalga oshiriladi.

Nanobo‘lakchalarni passiv to‘planishga—“gon tomirlari o‘tkazuvchanligining oshishi”’ga sabab
bo‘lishi mumkin. Shish hujayralarda qon kapillyarlarining devori o‘zgarganligi sababli bu hujayralar
orasida teshikchalar paydo bo‘ladi (114-rasm).

Ular orgali nanobo‘lakchalar erkin o‘tishlari va keyin shish hujayralariga garab yo‘nalishlari
mumkin.

Limfatik tomirlarni yaxshi rivojlanmaganligi va hujayralar orasida suyuglik o‘tishi yetarli
bo‘Imaganligi sababli, nanobo*lakchalar shish to‘gimalarida to*planadi (2-rasm).

Yuqorida zikr etilganidek, faol (boshgaruvchan transport) to‘planish nanobo‘lakchalar sirtiga
“molekulyar manzil” funksiyasini bajaruvchi tegishli ligand o‘rnatilgan (2-rasm). Bunday “manzil,
ya’ni adres” rolini antitana yoki ularni bir bo‘lagipeptidlar, uglevodlar bajarishlari mumkin. Dorivor
modda nanobo‘lakchani ichiga joylanishi yoki uni ustiga kimyoviy bog‘lar yoki adsorbsiya yo‘li bilan
bog‘lanishi mumkin. Nanobo‘lakchalarni nishon-hujayrada to‘planishiga ularni uzoq vaqt davomida
gon tomirlarida aylanib yurishlari yordam giladi. Ammo, nanobo‘lakchalar vena gon tomirlariga
yuborilganida, ular gon aylanishidan tez chigib ketadi, jigar va talog hujayralarida ko‘proq to‘planadi.
Buning ustiga nanobo‘lakchalar gon ogsillari bilan o‘rab olinadi va shundan keyin immun tizim
hujayralari ularni yutib oladi.
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+——  gntitana

PEG zamjiri
Nanobo lzkcha
Sirtga
bog lanish
3-rasm. PEG (bargarorlashtiruvchi polimer) 4-rasm. Har xil moddalarni liposomaga
bilan goplangan (antitanalar bilan birlashtirilgan) Kirish yo‘llari

nanobo‘lakchalarni sxematik tasviri

Nanobo‘lakchalarni qon aylanish sistemasida uzoqrog qolishini ganday ta’minlash
mumkin?Ularni immun sistemasi hujayralari uchun sezmaydigan dilish mumkinmi?Bu
muammolarni yechish uchun, nanobo‘lakchalarni sirtiga polietilenglikol (PEG) polimeri joylashtirildi.
PEG molekulasi nanobo‘lakchalar sirtiga gidrofob himoya qgavatini shakllantiradi va ularning sirtiga
ogsillarni to‘planishiga yo‘l qo‘ymaydi (3-rasm).

PEG yoki unga ulangan antitana bilan goplangan nanobo‘lakchaga qon ogsillari o‘tira olmaydi.
Ogibatda, bunday bo‘lakcha gonda ko‘prog aylanadi. Bunday nanobo‘lakchalar nishon-hujayra
atrofiga o‘tib kelganida, ularni sirtidagi PEG qgavat ajraladi va nanobo‘lakchalar hujayraga kiradi.
Bunga, pHni o‘zgarishi va boshga kimyoviy o‘zaro ta’sirlar sabab bo‘lishi mumkin. Nanobo*lakchalar
juda xilma-xil, ammo ularni hammasi ham meditsinada ishlatilmaydi.

Dorivor moddalar tashuvchi nanobo‘lakchalarga qo‘yiladigan talablar:

- toksik ta’sirga ega bo‘Imaslik;

- yetarli migdorda dorivor modda tashish imkoniyati;

- dorini nishon-hujayraga optimal dozada chigara olishi;

- immun sistemasi hujayralariga ko‘rinmaslik.

Bunday xususiyatlar boshga nanobo‘lakchalarga nisbatan ko‘proq liposomalar namoyon bo‘ladi.

Liposoma- devori ikki gavat lipidlardan tuzilgan dumalog pufak. Ular yo‘naltirilgan transport
jarayonlarida ishlatib ko‘rilgan birinchi bo‘lakchadir. Uning toksinlik xususiyati yo‘q, membranalari
hujayra bilan birlashib, liposoma ichiga joylashtirilgan moddani hujayraga kirita oladi.

Bunda, suvda eriydigan moddalar ko‘prog liposoma ichida, suvda erimaydigan moddalar esa
qo shgavatni uglevodlar gismida joylashadi. Ba’zi-bir moddalar liposomani tashqi sirtiga bog‘lanib
oladi (4 rasm).

Har xil moddalarni liposomaga Kirish yo‘llari quyidagi xillarda amalga oshadi:

- suvda eriydigan moddalar liposomani ichiga;

- suvda erimaydiganlari- gidrofob bog‘lar bilan qo shgavatni uglevodorod gismida;

- ba’zi moddalar tashqi sirtiga bog‘lanib oladi.

Liposomaga kirib olgan moddalar fermentlar ta’siridan himoyalangan bo‘ladi, bu esa,
preparatni samaradorligini oshiradi. Suvli muhitda lipidlar xilma-xil shaklga ega bo‘lgan bo‘lakchalar
hosil giladi: g‘ovak vakuolalar, tekis vezikulalar yoki trubkasimon strukturalar. Uzun gidrofob
“dum”ga ega bo‘lgan lipidlar go’shgavat bo‘lmagan deb ataladi, chunki ular eritmalarda ikki gavatli
strukturalar emas, balki bir gavatli mitsellalar hosil giladi (5-rasm).
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5-rasm. Lipid molekulalari hosil giladigan 6-rasm. C82 ichiga kiritilganfulleren metall
strukturalar: Mitsella - uzun gidrofob “dum”ga ega atomli — lantanli endofullerenning ko‘rinishi
bo‘lgan lipidlar hosil qgiladi; Liposoma-lipidli
go'shgavatdan hosil bo‘lgan struktura

olimerli nanobo‘lakchalar — XXasrning 70-yillarida dorivor moddalarni manzilga yetkazib
beruvchi sistema sifatida taklif gilingan. Ularni olish uchun dastlabki mahsulot bo‘lib, tabiiy yoki
sun’iy polimerlar xizmat giladi (masalan, polisaxaridlar, polisut kislotasi).

Nanosferalar butun bo‘lakchalar bo‘lib, ularni sirtiga faol moddalar “o‘rnatib” chigiladi.

Nanokapsulalar ichki bo‘shligni chegaralab turadigan polimerli devordaniborat. Ichki
bo‘shligga tashilishi lozim bo‘lgan moddalar joylashtiriladi.

Nanobo‘lakchalarni bu ikki xili bir-birlaridan o‘zlariga joylashtirilgan dorivor moddalarni
bo‘shatishlari bo‘yicha farq giladi: nanosferadan dorivor moddalarni chigishi vaqt kesimida tezlashib
borsa, nanokapsulalardan esa uzoq vaqt davomida bir xil tezlikda chigib turadi.

Dendromerlar- daraxtni eslatuvchi juda ko‘p shoxlangan polimerlardir. Dendromerlarni
strukturasi uchun xarakterli bo‘lgan xususiyat, markaziy o‘q atrofida shoxlanishni benugson
qaytarilishidir. Bu esa, dendromerlarni geometrik to‘g‘ri shakllanishini ta’minlaydi.

Hozirgi vagtda 100 dan ko‘proq dendromerlar sintez gilingan. Ularni orasida ko‘proq
targalganlari poliamidoaminli, fosforli, karboksilanli, polilizinli dendromerlar hisoblanadi. Yuqori
darajada shoxlanganligi, dumalog formasi, katta bo‘lmagan o‘lchami (1-100 nm), hamda ularni
ishlatilishini yengilligi dendromerlardan kelajakda dorilarni manzilga yetkazib berish uchun
foydalanish istigbolli ekanligiga asos bo‘la oladi.

Hozirgi paytda dendromerlar dorivor moddalarni DNKni, hamda har xil diagnostika
moddalarini tashuvchilari sifatida muvaffagiyatli ishlatilib kelinmogda.

Preparatlarni yo‘naltirilgan transporti uchun molekulyar kompleksni sintez qilishni yangi usuli
taklif gilingan bo‘lib, u bir-biriga DNKni bir bo‘lagi orgali bog‘langan ikki dendromerdan tashkil
topgan.

Dorivor moddalarni tashish uchun noorganik nanobo‘lakchalar ham ishlatilishlari mumkin.
Bunda dorivor moddalarni ajralib chigishini issiglik ta’sirida yoki magnit maydonini o‘zgartirish
orgali nazorat gilish mumkin. Dorivor moddalarni tashuvchilari sifatida, shuningdek, uglerodli
nanomateriallar: fullerenlar va nanotrubkalar ham garalmoqda.

Fullerenlar- olmos, grafit va karbin singari uglerodni allotropik formalari hisoblanadi.

Fullerenlarni qganday xossalari va tuzilishini o‘ziga xosligi ulardan tibbiyotda
foydalanish imkoniyatini beradi?

Birinchidan, o‘lchamini katta emasligi (C60 sferik molekulani diametri 0.714 nm);

Ikkinchidan, hujayrani lipidli membranasidan bemalol o‘taolishi;

Uchinchidan, uchlamchi strukturaga ega ekanligi va molekulani ichida bo*shligni borligi;

To‘rtinchidan, yuqori darajada reaksion imkoniyati;

Beshinchidan, toksikligini pastligi.

Fullerenni ichiga 1-2 dan hajmi katta va undan ko‘proq boshga (kichikroq) elementlar, shu
jumladan metallar ham joylanishi mumkin. Mana shu usullarda olinadigan birikmalar endofullerenlar
deb ataladi (9-rasm). Endofullerenlar 1985 vyilda, deyarli fullerenlar bilan bir vaqgtda ochilgan.
Mikroskopik miqgdorda olingan birinchi endofulleren — ichiga lantan Kkiritilgan C 82 fulleren
bo‘lgan.Hozirgi paytda endofulleren olishga yarogli bo‘lgan 20 dan ko*prog metall ma’lum.

Endofullerenlar ganday vazifalarni bajarish uchun ishlatiladi?
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Endofullerenlar ishlatilishining yo‘nalishlaridan biri- radiatsion meditsina. Rak kasalligini
davolashda anchadan beri ittiriy, skandiy va boshga radioaktiv elementlar saglagan preparatlar
ishlatiladi. Odatdagi preparatlarga garaganda endofullerenlar bargarorrog. Bundan tashqari, agar
fullerenli devorga “molekulyar manzil” ulansa, preparatni fagat xatarli shish hosil gilgan hujayraga
garab yo‘naltirish mumkin. Bu esa, organni yoki organizmni sog‘lom hujayralarini nurlanishdan
saglaydi.

Uglerodli nanotrubkalar- uglerodni allotropik modifikatsiyalaridan biri. Ular ichi bo‘sh
silindrsimon naychalar bo‘lib, grafit varagchalaridan tayyorlanadi (8-rasm). Nanotrubkalarni ikki xili
ma’lum: bir gavatli (sirtqi diametri 0.6-2.4 nm) va ko‘p gavatli (sirtgi diametri 2.5-100 nm gacha).

Uglerodli nanotrubkalarni meditsinada ishlatilishi, ularni strukturalarini noyob xossalariga
asoslangan: ularni o‘ta gattig va mustahkamligi, giyshayishi va shaklini o‘zgarib turishi, biologik
makromolekulalar bilan bog‘lanish imkoniyatlari noyob xossalari hisoblanadi.

Nanotrubkalardandorivor va diagnostik moddalarni yeo‘naltirilgan transportida
foydalanish mumkinmi?

Bu savolga javob berish doirasida olimlar nanotrubkalardan dorivor moddalarni transporti
magsadida foydalanishni bir necha usulini yaratdilar:

- dori molekulalarni nanotrubkani sirtiga adsorbsiya qilish;
- dori moddalarni nanotrubkani sirtgi devoriga kimyoviy bog‘lash;

- dorivor moddalarni nanotrubkani ichiga joylashtirish (7-rasm).
—— .

7-rasm. Nanotrubka bo‘shlig‘idagi molekulalar. 8-rasm. Funksionalizatsiya gilingan
Kompyuter modeli nanotrubkaning kompyuter modeli

Nanotrubkalarni dorivor moddalar tashuvchisi sifatida ishlatishni eng zarur sharti ularning
sirtini o‘zgartirish (funksionalizatsiya gilish, faollashtirish). Bu jarayon nanotrubkalarni sirtiga sirt
bilan dorivor modda orasida bog‘lovchi vazifasini bajaruvchi kimyoviy guruhlarni bog‘lash orqali
amalga oshiriladi (8-rasm).

Nanotrubkalarni sirtini o‘zgartirishni eng keng targalgan usullaridan biri, ularni sirtiga
polietilenglikol bog‘lashdir. Shunday nanotrubkalar dorivor moddalarni unchalik katta bo‘lmagan
molekulalaridan boshlab, makromolekulalargacha (DNK, ogsil) bo‘lgan moddalarni tashish
Xususiyatiga ega.

Hujayralarni nanogozigchalarga “o‘tgazish”. Moddalarni hujayraga yetkazish uchun har
xil usullardan foydalaniladi. Masalan, ogsil virusga bog‘lanishi yoki bir-biriga, ya’ni boshga ogsilga
bog‘lanishi mumkin. Ammo, bunday usullar ko‘pincha gisga spetsifik bo‘lib, ular fagat ma’lum
birikmalar va hujayra tiplariga mo‘ljallangan bo‘ladi. Bu esa, muammoni yana giyinlashtiradi.

Dorivor moddalarni har xil tipdagi hujayralarga yetkazadigan universal usul yaratish
mumkinmi?Bu muammoni yechishga garatilgan bir taklifni Garvard universiteti (AQSH) professori
X.Park rahbarligidagi olimlar tomonidan berilgan. Ular trupkalar vertikal sepilgan asosda o‘stirilgan
hujayralar hech ganday shikastlanmasdan o‘zlarini normal tutishlarini kuzatdilar. Bir necha soatdan
keyin, hujayralar o‘zlarining og‘irligidan sekin pasayib, nanotrubkaga “o‘tirib” golishlarini va ularga
hech ganday zarar yetkazmasligini kuzatganlar. Bunday *“operatsiya”dan keyin hujayralar yaxshi o‘sib,
rivojlanishlari va bo‘linishlari ham tajribada kuzatilgan (12, 13-rasmlar).
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12-rasm. Trupkalar vertikal sepilgan asosda 13-rasm. H

ujayra ekilib, rivojlanib,
o‘stirilgan hujayralar hech ganday nanotrubkalar ularni teshib kirganlaridan keyin,
shikastlanmasdan o*zlarini normal tutadi molekulalar hujayra ichiga kirib oladi

Demak, olimlar nanotrubkalar teshib o‘tgan hujayralarga osonlik bilan kirish imkoniyatiga ega
bo‘ladi. Bu esa, bunday hujayralarga chegaralanmagan holda kerakli molekulani yetkazishga yo‘l
ochib beradi.

Xulosa o‘rnida ta’kidlab o'tish lozimki, nanotexnologiyalardan keng foydalanish dori
vositalarni samarali tashilishini ta’minlaydi. Bugungi kunda ushbu texnologiyalar — tibbiyot kelagi
garalmoqda.
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BUJbBI U XAPAKTEPUCTUKA OTXOAO0B B ITPON3BOJACTBE KUPITUYA
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AnHoTamusi. B aHHOW CcTaThe OMUCHIBAIOTCS BUIBI OTXOJIOB, O0Pa3yIOUIMXCS B IPOIECCE
MPOU3BOJACTBA, W TMpolecc yTwim3anuu kupnuyer B Camapkanjackod obmactu. Kpome Toro,
OTIpeIeTICHBI PACUYEThI OTXOIOB.

KiroueBble cioBa: OTXOi, YTHIM3alus, MOP(OIOrHUecKoe CojiepiKaHhe, OpaKOBaHHBIM
KHPIHUY, YTOJ, YACTHBIN T0Ka3aTelb, KUPITUY, OTXOJ 3015

G‘isht ishlab chigarishda hosil bo‘ladigan chigindi turlari va xarakteristikasi.
Annotatsiya. Ushbu maqolada Samargand viloyatidagi gisht ishlab chigarish korxonalaridagi
chigindi turlari va ularni utilizatsiya qilish jarayonlari berilgan. Bundan tashqari, chigindilarning
hisob-kitoblari keltirilgan.
Kalit so‘zlar: chigindi, utilizatsiya, morfologik tartib, g‘isht, defektli g‘isht, ko‘mir, aniq
indeks, ko‘mir kuli.

Kinds and characteristics of waste in brick production
Annotation. This article describes the types of waste generated during the production process
and the process of utilization of bricks in the Samarkand region. In addition, monthly and annual
reports on waste generation are included.
Keywords: waste, utilization, morphological composition, defective brick, coal, specific
index, brick, ash removal.

B HacTosmee Bpems npoOiema 1o nepepaboTKe TBEPABIX MPOMBIIIICHHBIX OBITOBBIX OTXOJ0B
(TTIBO) crama OCHOBHBIM CIACPKMBAIOIIMM MOMEHTOM B Pa3BUTHHM IMPOU3BOACTB. B OonbIIMHCTBE
ctpan Epponbl u CeBepHoli AMepuku ynpasieHue norokamu TIIBO Bxiatodaer psn o0s3aTeIbHBIX
stanoB. K UX 4MCIly OTHOCUTCS: MPOTrPaMMBbI 10 CHIDKEHUIO 00bEMOB o0Opa3oBanus TIIBO mupokoe
BHE/IPEHUE UX BTOPUYHOTO HCIIOJIB30BaHUS, IPUMEHEHHE COOTBETCTBYIOMMX (hpakimid. [1]

TIIBO B KadecTBEe CBHIPhS UIsI OCHOBHBIX IPOH3BOJICTBEHHBIX IIPOLIECCOB, YTHIM3AIUA
SHEPreTHYECKOro MOTEHIMalla OTXO0I0B, 3axopoHeHue octatkoB TIIBO, He o0iafaromux HUKAKUMHU
MOJIC3HBIMM CBOWCTBAMM Ha JKOJOTMUYECKH HEUTpanbHbIX mojuroHax. ®aktuuecku Qopmyma
obpamenust TIIBO B pa3BUTHIX cTpaHax BOIUIOIIAET NPUHLIUI YCTOHYNBOTO Pa3BUTHSA U MOXKET OBITh
KpaTKO TPEICTaBIeHa CIEAYIOUIUM TEepeYHeM OIepalyu: -peayKIHs, BTOPUYHOE HCIIOIH30BAHNE,
nepepaboTKa, U3BJICYCHNE SHEPTHH, 3aXOPOHEHNE OCTATKOB. [ 7]

OCHOBHBIX W3 BHJOB IPOMBIIUIEHHBIX OTXOAOB OTHOCHTCS CTPOWTEIBHONM WHIYCTPHH B
YaCTHOCTH MPOM3BOJCTBA KHpMu4a. s mpon3BoAcTBa KUpPIHUYa UCTHOIB3YIOTCI B OCHOBHOM JIETKO
IUTAaBHBIC TJIMHBICPEIHEH IJIaCTHYHOCTH, KOTOpble coaepxkar 1m0 45- 50 % mecka 0e3
OONBIIMXBKIIOUCHUH M3BeCTH M KaMmHs. [lotepu mpu mpoxapuBanuu 3Tod ramubl 3,3- 13,3 %, ee
JUHEHHas ycanka mpu cymke 5- 12 %, nuHelHas ycaaka npu Bebkuranuu nol1000°C5- 9 %;
BoJIoNONIIONIeHHe Tocie Bbpkuranus o 1000° C8- 12 %.JloObiTas B Kapbepe U JOCTABJICHHAS Ha
3aBO/I TJIMHA TIOIAAeTCs 00padoTKe.

IIpu 3TOM pacmagaercss ee eCTECTBEHHas CTPYKTypa, OHa PaBHOMEPHO IEPEMEIIUBACTCS C
no0aBKaMHM, YBIIaXHSETCS K COCTOSHHUIO OJHOpOJHOropabodero Ttecta.Temepb HaBeleM cpeqHHE
HOPMBI pacxo10B cbipbgHa 1000 mTyk Kupnuya:

* TIIMHSHBIA KHPIUY- OOBIYHBIHN IIaCTHYECKOT0 (popMUpoBaHuUs- 2,5 M,

* 0o0ObIYHAsA BakyymHas- 2,75 M,

« ¢ mycroToii 40 %- 1,5 M*.[4]

Jlo3a rnMHBI, MecKa, OMWIOK U APYTUX KOMIIOHEHTOB MPOM3BOJAUTCS B ALIMKOBOM IHUTATEIE,
KOTOpBI PaBHOMEPHO MOAAET Maccy B IMociedyrouue arperaTsl. IlogaBaTens SIIMKOB- OTKPBITHINA
CBEPXY NPSIMOYTI'OJIbHBIN SIUK, JHO KOTOPOro 00pa3yeT JIEHTOUHBIH TPaHCIOPTEpP, YTO COCTOUT M3
METaJIIMYECKUX MIacTuH. [lo IaMHe AmMK MoAaBaeMoro KOMIIOHEHTA 3aBUCUT OT BBICOTBI OJHATHS
muta. [Ipon3BoauTenbHOCTE MOAABATENs SIIUKOB OOYCIOBIMBAETCS CKOPOCTBIO JIGHTBI M BBICOTOM
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noasema mepenaHero mra. [IpomsBomurensHOCTh momaBaTens- 10-35 m\uac, TO ecTh OH MOXKeT
o0ecneyuTs BbITYCK12 ThIC. INTYK CIUIOLIHOIO KMPIIMYa Yepe3 yac.

PsinioMm ¢ BBIrPY304HBIM OTBEPCTHEM YCTAHOBIIEHOBAJ C JIONACTAMH U3 METAIJIMUECKON TKaHH,
KOTOpble NpPH O0O0OpPOTEe BaHHBI BaJlacOPAachIBalOT Maccy W3 JICHTHl B BBITPY30YHOE OTBEPCTHE H
pa30ouBaloT OoybIIMEKyCKH. Jladplle M3MENBYEHHOE ChIphbe 00padaThIBAaeTCS Ha  BAJKOBBIX
U3MEIIBYUTEIIAX, KOTOPBIC PA3JEeJIAI0TCS Ha IJIaJKue, AE3UHTErpaTopHble, KAaMHEOTACIIOIUE U
3yOuarble. YCTpOHCTBO NE3MHTETPATOPHBIX BAIKOB COCTOMT 15 W3 rmaakoro Baja OOJIBIIOTO
JraMeTpa, peOprCcToro Bajia Majoro AuaMeTpa WIPUEMHON BOPOHKH Ui TIHMHBI. CKOPOCTH BpalleHUs
6oubioro Basika 50- 60 06\muH., masoro Baiga 500- 600 o6\muH. ['HA yaapaMu HOXell peOpucToro
BaJia pa3pe3aeTcs Ha YaCTH U MPOIABIMBACTCS O] JEUCTBUEM CHKUMAIOIINX YCHIUN BaJIKOB. [5]

I'mHa ¢ KaMEHUCTHIMH BKJIIOUCHHMSMH WM Macca MOCTyNaeT Ha OeryHbl MOKpPOTo IOoMoJja,
KOTOpBIE COCTOST U3 YalllH C JABIPYATHIM JHOM H JIBYX KaTKOB. [ JIMHA M3MENbUACTCsl STUMHU KaTKaMH U
MIPOJABIINBAETCS Yepe3 OTBEPCTUE HA JHE YalllH.

B OeryHax riauHa BBLIEPKHBACT CKUMAIOIIUE HATPY3KH, IEPHOANYECKU MTONAAAET MO KaTOK.
[pousBoaurensHocth OeryHoB 10- 28 T\uac u Gonbmie. Maccy, kotopas mporuia o0paboTKy Ha
BaJIOBBIX H3MENbUUTENAX, HANpaBSAIOT Ha Bajbl TOHKOTO IOMOJA, TOCIE Yero macca HAEeT Ha
[JIMHOMEIIAJIKY(KOPBITO, B KOTOPOM BpalIaeTcsl OAWH WM JBa Baja C JIOMACTAMH).

[MUHOMEIIAIKH HMMEIOT JUIMHY 3-4 M, WX NpoM3BOIUTENbHOCTh 1030 M3\uac, drO
oOecrnieunBaeT BBIMTYyck10 ThIC. IITYK KUpMUYa B yac. Macca B IIMHOMEIIAIKE YBIAXHSIETCS BOAOH
WM mapoM. B pesynbTare yBIaKHEHHs TJIMHBI MApOM TMOBBIIIAETCS CIIOCOOHOCTH MacChl K
(OpMHpOBaHHUIO, W YIYULIAIOTCS CYLIWIbHBIE KaudecTBa Chipbi. Ha mapoysnaxsenue 1000 miT.
Tpatutcs okonol00 kr mapa ¢ gaBiaeHuem 0,5 atM. B KupnuuHOM MPOU3BOICTBE TAKKE HUCTIOIB3YIOT
MECOK, IaMOT WM THAPATOBAHHYIO TTUHY. [ MapaToBaHHYIO TVIMHY MOJNY4al0T B OOOPOTHBIX IMeYax,
Harpesas ee 10 600° C. [2]

Briroparomue npuMecH — 3To ThIpca, crap, nutaku. @opMupoBaHue KUpHIUUYa OCYIIECTBIISCTCS
HA JIGHTOYHBIX MPECcax IpH MPEecCOBOM AaBIeHHH 2- 5 kr\cm’. Macca 3arpykaercsi B IPHEMHYIO
Jeiiky mpecca. B munmmHgpe mpopomkaercss o0paboTka Maccel. B rojoBke m MyHALITYKE Macca
ymnoTtHsercs. MyHAITYK uMeeT GopMy cpe3aHoi mupamuibl. B pasmepe MCXOTHOTO OTBEPCTHS
MYHAIITYKA YYUTBIBACTCS ycCaJlka ChIplia IPU CyLIKE U BbDKUTE. [IpOM3BOIUTEIBHOCTH JIEHTOUHOI'O
npecca cocraBisieT4- 5 ThIC. IUTYK KUpNU4a B yac. s ynydiieHus: GopMOBaIbHBIX CBOWCTB MAacChl
U3 Hee M3bIMAIOT BO3AYX, TO €CTh MOAJNAIOT BaKyyMHUPOBAaHHIO, YTO obecreunBaeT Oonee CToiKoe
CBS3BIBAHME MEXTy COOOM TIIMHAHBIX YacTHII. [5]

Ilocme storo B macce ocrtaerca okono 1 % Bosmgyxa. I[Ipow3BOIMTENEHOCTE BaKyyMHBIX
JICHTOYHBIX IpecoB — oT 5 1010 ThIc. WTYK Kupnuyed B yac u Oonpiue. Mcxons U3 JICHTOYHOTO
npecca, TIMHSIHBIN Opyc pa3pe3aeTcs Ha OTAeNbHbIE KUPIUYU C IOMOILBIO [TOJyaBTOMAaTHIECKUX WU
aBTOMAaTHYECKUX pe3aTeNbHBIX CTaHKOB. IloToM mpomcxoauT mporecc cymku. B sToMm mporiecce
MOJy4YeHHasl BOJA TMpPEBpaIlacTCs W3 JKUJIKOCTHOTO COCTOSIHMSI B TapooOpazHoe W HIET B
OKpy>Kaltomyio cpeny. EcrecTBeHHas cymika M3AENMid Ha BO3AyXe, KOTOPBIA MPOMCXOIHUT 3a CUET
TEIUIOBOM 3HEPTUH COJIHIIA, JEIIeBNIe, HO HICKYCCTBEHHOE 3a CUET TeIUla, CIEeIHATbHO MOJTYYeHHOTO B
COOTBETCTBYIOIINX YCTaHOBKaX, Ooee 3 dhexturHo.[3]

Ha YumOaiinckoM KUpIUYHOM 3aBOAE Mpou3BomuTcs Kupnud Mapku «100» u «150» mo
I'OCT 530-95. 3a oCHOBY TEXHOJOTHMUYECKOH CXEMBbl NPUHAT IJIACTUYECKHH croco0 MpOM3BOACTBA
kuprya. Bo Bpems pyHKIIMOHHPOBaHUSI IPOU3BOJICTBA KMpHHYa Oy1yT 00pa3oBbIBATHCS CIIEAYIONIHE
BUJIBI OTXOJIbI OCHOBHOT'O NIPOM3BOJICTBA: BCKPBILIHBIE TIOPO/bI, OpaKOBaHHBINA KUPIHY (POPMOBOYHOTO
oTAeneHus, OpakOBaHHBIM KHUPIHWY CYIIMJIBHOTO OTHAENEHUS,, OpaKkOBaHHBIA >KKEHHBIA KHPIIHUY,
OTXOZbI YTOJILHOM 30J1Bl.

OTx0/ BCKpBILIHBIE MOPOJABI 00pa3yeTcs Ha ydacTKe MPOMBIIUIEHHOTO Kaphepa B Ipoliecce
CHATHS TIOBEPXHOCTHOro cnost. OcHoBHasg Macca otxoasl 60 % cyrnmukH, 40% kopHH pacTeHuil. 3a
rog Ha ydactke cHuMaeTcst 3141M° MOYBEHHO-PACTHTENBHOTO CIOS. IITIOTHOCTB CIIOS COCTABIISET
p=1.611/™°. KommuectBa HopMa OTX0xa cocraBisier: M=vep=3141¢1.61=5047 t/rox. VY membHbIit

noKasarenb 00pa30BaHUs OTXO0/Ia MO OTHONICHHIO K BBIMTYCKAEMOM MPOYKIIMH PABCH:
_M__ 5047 .
N;=—=n;=———=0.337T/ThIC. WIT. KUPITUYCH.
N 15000

Otx0a OpakOBaHHBIX KUPNUY (POPMOBOUHOTO OTAchHcHHs. OTX0a 00pa3yercs MPOU3BOACTBA
kuprnnya B mporecce popmoBanus. OTXOA COCTOUT W3 HECTAHJAPTHBIX W OWTBIX CHIPBIX KHPIHYCH.
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Pacuér xommuectBa orxonma. KonmmuectBa Opaka He mpesbimaeT 2% u coctasiser 3000000 mryk
OpakoBaHHBIX Kuprnmued. Bech omHoro kupmnmua, B cpemueM, coctaBiseT 4.0 kr. CremoBaTenbHO,
KOJIMYeCTBa 0O0pa3oBaHusA oTxoja coctaBuT: M=4.0*3000000=1200000 xr wmu 1200 T /rom.

yZ[eJ'IBHBIfI IIOKa3aTcC/Ib O6pa3OBaHI/IH 0TXo04a IO OTHOIICHHIO K BBIHyCKaGMOfI MPpOAYKIHU PABCH:
1200000

)=
15000
OTXOZ[ 6paKOBaHHBIﬁ KUpIUY CYHIUJIBHOTO OTACIICHUA, 06pa3yeTc;1 MMpoOU3BOJCTBA KUpIINYa B

nporecce cymky. OTX0 COCTOUT U3 OpaKOBaHHBIX M OMTHIX CBHIPBIX Kupudei. KomrmyaecTra Opaka He
npesbimaer 2% u coctaasier 300000 mTyk OpakoBaHHBIX Kupnudei. Becbh ogHoro kuprnuda, B
cpeaneM, coctaBiser 3.6kr. CrenoBaTenbHO, KOJMYECTBA  OOpa30BaHUS OTXOAA COCTaBISCT:
M=3.6*300000=1080000 kr wmu 1080 T/rox. YnmenbHbIH IOKa3aTeab 0Opa30BaHUS OTXOAa IO

OTHOIIIEHUIO K BBIITYCKaeMOW IIPOAYKIIMU PaBEH:
1080000

3=
15000
OTXOZ[ 6paKOBaHHI:IX JKIKCHBIX KHPIHY, o6pasyeTc;1 B MNCYHOM OTACJIICHUU TMPOU3BOACTBA

KApnu4a B Tporecce oOxura. OTXOX COCTOMT W3 OpaKOBAHHBIX M OWTBHIX JOKEHBIA KUpIIHYE.
KonmuectBa Opaka He mpeBbimaer 3 % wu cocraBisier coctaBimsier 450000 mTyk OpakOBaHHBIX
kupnuuei. Beck omgHOro kumprnuua B cpemHeM, coctaBiser 3.1 kr. CrnemoBareibHO, KOJIHYECTBA
00pa3oBaHUM OTX0JIa COCTABHUT:

M=3.1+450000=1395000 kr.usm 13951/rox.

VYaenbHbINA MMOKa3aTeNlb 00pa30BaHMs OTXOMAA MO OTHOIICHHIO K BBIMTYCKAEMOTO MPOIYKIHH

paBeH:
139500
Ny

~ 15000
N4=0/09:4= 0.0231 wiu 23.4kr TpaHcmopTEpPHOR JeHThl. OIpeneieHue YAEIbHOIO IOKa3aTels

oOpa3oBaHMs OTXOAa. YIENbHBIM MOKa3aTrenb OOpa3oBaHMs OTXOAa IO OTHOIICHHIO K Becy
MPOAYKIIUU PABEH:

_ 234 _
Na=T000 0.0016Kr/M3 11€CCOBBIX TOPO/I.

OTx0mpl U3 YrOJIHHON 30JBI JIUTEPATYPHBIM JAHHBIM OCTABIIASICS MOCIE CKUTAHUS yIiia, H
UMeEeT CIIenyIonTuit MOp(hOIOTHIECKII COCTaB:

-kpemHeseM (Si0;)-56.7%;

-rimHo3eM(Al; 03)-22.4%);

-okuciel xenesa(Fe,03)-7.3%;

-n3Becth (Ca0)-4.82%;

-okuck Maraus (MgO) -17.3%;

-kansImii ¢pTop (CaF,)-1.84%);

-mestoun-(Na,Onnu K,0)-0.58% wnu 1.17%;

-okuck TutaHa(TiO,) -0.93%.[5]

CornacHO HOPMaTUBHOMY JOKYMEHTY 30JIbHOCTH HCIIOJNIB3yeMOro AHTpeHCcKoro yria 22 %.
KonmmgectBa motrpebnsemoro yrias cocrasisier 5400 TOHH, 3a TOJ BECOBOE KOJIMYECTBO OTXOJa
cocraBur 1188ToHH. OTxon 3o0mbel Oyner wactuyHO (250T) BBOAUTCS B 3aMec B KauyeCTBE
mwacTuQuKkaTopHoi noOaBku. OctaTo4yHbIM 00BEM OTXOHa cocTaBUT 938 T. YienbHBINA MOKa3aTelb
00pa3oBaHMS 0TX0/Ia TI0 OTHOIIEHHIO K MCIIONb3YyeMOMY KOJTMYECTBY YIS paBeH:

ITyn =938/5400=0.1741/T yrns.

=80 KI/TBIC.IIT.KUPIIHYCH.

=72 Kr/THIC.IUT.KUPIHYCH.

=93. KI/TBIC.IUT.KUPIIHYCH.

Ne Hanmenosanue Y nenbHbIN OKa3aTes b 00pa30BaHUs 0TXO0a
Bennunna En.uzm

1 | Bekpblnaele mopoJsl 0,337 T/TBIC. IIT

2 | BpakoBaHHBIH KHPIIUY dhopmosounoro | 80 KI/TBIC. 1T
OTJIeJCHUS

3 | bpakoBaHHBIM KUPNUY CYIIMIILHOTO OTHENEHUs | 72 KI/TBIC. IUT

4 | bpakoBaHHBIA #OKEHHBIM KUPIUY 93 KI/TBIC. IUT

5 | OTXozap!l YroabHOM 30JIbI 0,174 T/T

Ha npeanpusatuu OyayT yTUIM3HUpOBaThCS 4 BHAa OTX0A0B B KoymdectBe 7337,033 t/rox
(75,8%). IlomydeHHble OTXOABI MOXHO YTWIM3HPOBAaTh NPEANPHUATHE CTPOUTEIBbHBIC TS
NPOM3BOJCTBA CTPOUTEIHHBIX MaTEPUAIIOB.
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QUYI ZARAFSHON TUPROQ QOPLAMINING
INSON TA’SIRIDA O‘ZGARISHI
Samyayev A.Q.
SamDU huzuridagi xalq ta’limi xodimlarini gayta tayyorlash va ularning malakasini oshirish
hududiy markaz o‘qituvchisi
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Annotatsiya. Maqolada Quyi Zarafshon o‘lkasida tarqalgan tuproqlar, ularning inson omili
ta’sirida o‘zgarishi, ifloslanishi, sho‘rlanishi to‘g‘risida ma’lumot berilgan

Kalit so‘zlar:Tuproglar, sho‘rlanish, eroziya, pestitsid, ekologiya, resurs,chirindi, sho‘rxoklar,
tuproq degradatsiyasi, zovur- drenaj, yer osti va yer usti suvlari,kimyoviy o‘g‘itlar.

HN3menenne mousennoro nmokposa Humxaero 3apadgmana nmox BJMsiHHEM Yel10BeKa

AHHoTanua.B cTatbe npeacTaBieHBl NaHHBIE O TII0YBE, paclnpocTpaHeHHOM B Huxae
3epadaHcKoi TOJIHMHE, O er0 M3MEHEHHH IOJ] BIMSHHEM aHTPOIOTEHHOro (haKTopa, 3arps3HEHUH,
3aCOJIEHHOCTH.

KuroueBbie cioBa: IlouBbl, 3aCONEHHOCTB, 3pO3Us, MECTHUIMJ, JKOJIOTHSA, PECypc, TyMyc,
COJIOHYAK, Jerpajanus II0YBH, JpPEHaX, IIOA3EMHBIE U IIOBEPXHOCHTHBIE BOJU, XHUMHUYECKOE
ynoOpeHue.

Changes of dawn-zarafshan’s cope of soil by influence of human
Abstract. In this article represented information about soil, which is outspreaded in Dawn-
Zarafshan valley, about changes by influence of human, pollution and salinization.
Keywords.Soilsalinization, erosion, pesticide, ecology, resource, fecundity, saline degradation
of soil, drainage, headwaters and underwater, Chemical manorial.

Yurtimiz mustaqillikka erishgan dastlabki kundan boshlab Ona diyorimiz tabiiy resurslaridan,
jumladan, yer resurslaridan ogilona foydalanish chora-tadbirlari nafagat respublikamiz migyosida balki,
ayrim hududlar bo*yicha ham ishlab chigilmogda. Zarafshon vodiysining quyi delta gismi gadimdan
chorvachilik va dehgonchilik rivojlangan hududlardan biri hisoblanadi. Inson xo‘jalik faoliyati hudud
tabiatiga, jumladan, yer resurslariga u yoki bu darajada ta’sir gilib kelmogda.

Quyi Zarafshonning yer usti tuzilishi, undagi yotgiziglar, yer osti va yer usti suvlarining
xususiyatlari, iglimi, o‘simlik dunyosi kabi tabiat komponentlari ta’sirida turli Xil tuproq turlari
targalgan. Hududda eng ko‘p targalgan tuproq turlari asosan qumli cho‘l, sur-go‘ng‘ir, qumlog, taqir,
sho‘rxok, o‘tlog-tagir, sug‘oriladigan o‘tlog, sug‘oriladigan o‘tlog-allyuvial, o‘tloq va o‘tlog-botqoq
tuproglaridan iboratdir. Qumli cho‘l tuproglari hududning chekka qismlarida, ya’ni Qizilqum,
Kemirekqum, Sandigli, Eshakchi qumliklariga tutashgan joylarida, deltaning ichki gismlaridagi ba’zi
kichik hududlarda keng targalgan. Bu tuproq turida chirindi juda kam bo‘lib 0,1-0,5% ni tashkil etadi.
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Bu tuproqg turi 2 min.ga yoki hududning 58% maydonini egallagan. Hududning bu gismi chorvachilikda
yaylov sifatida keng foydalaniladi.

Sur-go‘ng‘ir tuprog turlari Buxoro-Qorako‘l deltasining ba’zi joylarida, deltani o‘rab olgan
Qiziltepa, Dengizko‘l, Azkamar, Toshqudug, Qoraqir, Qorako‘l kabi plato va balandliklarda joylashib,
ularda chirindi migdori kam, 0,3-0,6% atrofida. Chirindili gatlam yupga bo‘lib, 20-70 sm ni tashkil etadi.
Tarkibi gipsli, kuchli minerallashgan.Ayrim hollarda sug‘orma dehqgonchilikda bu tuproq turlaridan ham
foydalaniladi.Buxoro-Qorako‘l deltasining chetlarida Echkilisoy, Daryosoy vodiylarida, VVobkentdaryo
deltasida, Maxandaryo, Gurdush, Toyqir atroflarida taqir tuproglar uchraydi.Taqgir tuproglar shuningdek
gadimdan sug‘oriladigan joylarda, xususan Varaxsha xarobasi atrofida ham uchraydi. Taqir tuproglar
targalgan hudud maydoni 400 ming ga ni tashkil etadi. Tuprogda chirindi migdori juda kam bo‘lib, 0,5%
gacha boradi. Tuproq tarkibida gips miqdori 7-9% atrofida .

Quyi Zarafshon hududining deyarli hamma gismida sho‘rxoklar uchraydi.SHo‘rxoklar aynigsa
Buxoro-Qorako‘l deltasining pastgam, grunt suvi yuza bo‘lgan joylarida, xususan SHo‘rko‘l,
Dengizko‘l, Xo‘jakob, To‘dako‘l botiglarida Gurdush, Maxanko‘l, Toyqir kabi qurug o‘zanlar atrofida
keng targalgan.SHo‘rxok tuproglar shuningdek sugoriladigan hududlarda aynigsa, grunt suvlari yer
betiga yagin kelgan gismida, zovur-drenajlar yaxshi ishlamaydigan joylarda ham keng targalgan.Buxoro-
Qorako‘l deltasining voha gismida asosan sug‘oriladigan o‘tlog (o‘tlog-voha), o‘tlog-allyuvial tuproglar
joylashgan.Bu tuproq turlari ishlov berilishi natijasida tabiiy xususiyatlarini o‘zgartirib, o‘tlog voha
tuprog‘iga aylangan. Bunday tuproq turlari tarkibida chirindi migdori 1,4-6% gacha boradi. Aynigsa
sugoriladigan o‘tlog-soz tuproq turida gumus ko‘p bo‘lib 6% gacha yetadi.Buxoro-Qorako‘l deltasida
o‘tlog-botgoq tuproq turlari grunt suvi yer betiga yagin (0,5-1,0 m) bo‘lgan Zarafshon daryosi qayiri
atrofida tor yo*lak hosil qilib targalgan.

Quyi Zarafshonda sug‘orma dehgonchilik bundan 3,5-4,0 ming yil oldin rivojlana boshlagan.
Natijada kanallar, to‘g‘onlar qurilgan, daryo suvi sug‘orma dehgonchilikda yildan-yilga ko‘proq
ishlatila boshlagan. Daryo vodiysidagi Darg‘om, Vobkent, Shofirkon va bazi boshga yirik
kanallarning qurilishi eramizdan oldin boshlangan. Zarafshon daryosining suvi Buxoro va Qorako‘l
vohalarining aholisi uchun ham ichimlik suvi, ham yerlarni sug‘oradigan toza suv sifatida foydalanib
kelingan. Vohalarda har bir gishlogda o‘nlab quduqlar bo‘lgan. Daryo va ariq suvlaridan aholi
ichimlik suvi sifatida foydalanishgan. Qum va shag‘allar orasidan sizib tozalanib o‘tgan yer usti suvi
ham, qudugqlar suvlari ham, tiniq, toza va sifatli bo‘lgan.

O‘tgan asrning 60-70 vyillarida paxta ekiladigan maydonlar keskin ko‘paydi va qishloq
xo‘jaligida katta migdorda zaharli kimyoviy moddalar ishlatildi. Paxtadan yuqori hosil olish uchun
mineral o‘g‘itlar yerga meyoriga nisbatan ko‘plab solindi. Almashlab ekish agrotexnik qoidalariga
rioya gilinmadi, sug‘orishda juda ko‘p joylarda meyordan ortiq suv ishlatildi, natijada yer osti suvlari
ko‘tarilib tuproq sho‘rlanishi kuchayib bordi. Bulardan tashqari Quyi Zarafshondan yuqorida
joylashgan Malikcho‘li va O‘rtacho‘l massivlarida katta yerlar o‘zlashtirilib, paxta va boshqa ekinlar
ekildi. Bu cho‘llarda tuproq tagida gipsli qatlam joylashgan bo‘lib, sug‘orish tufayli ular erib
harakatga keldi va ushbu tuzlarning bir gismi yer osti va yer usti suvlari bilan Buxoro vohasiga kela
boshladi.

Buxoro va Qorako‘l vohalaridan zovurlar bilan chiqariladigan sho‘r suvlar turli botiglarga
tashlana boshlandi. Natijada Dengizko‘l, Qoraqir, Kattasho‘tko‘l, Zamonbobo, SHo‘rko‘l,
Oyogog‘itma va boshqga suv havzalari hosil bo‘ldi. Kichik suv havzalari yozda qurib tagidagi tuzlar
shamol bilan uchirilib ularning bir qismi Buxoro va Qorako‘l vohalariga tusha boshladi.
G.A.Tolkacheva (2002) ma’lumoti bo‘yicha Buxoro vohasinig har bir gektar yeriga bir yilda 1000-
1500 kg chang-tuz aralashmalar tushib turadi. Bu bir gektar yerga bir yilda solinadigan o‘g‘itlar
meyoridan 2-3 barobar ko‘p demakdir.

Shunday qilib yuqgorida gayd qgilinganlardan ma’lumki, Quyi Zarafshon hududidagi sug‘oriladigan
tuproglarda yer osti suvlarining yuzada joylashganligi, bug‘lanishning kattaligi tufayli u yoki bu darajada
sho‘rlangan bo‘lib, o‘z navbatida ularning meliorativ holatini doimo yaxshilab turishni talab etadi.
Zarafshon daryosining quyi delta qismi ko‘p asrlardan buyon sug‘orma dehgonchilik rivojlangan
hududlardan hisoblanadi. Zarafshon deltasining asosiy maydonini Buxoro va Qorako‘l vohalari
egallaydi. Qadimdan dehqonchilik markazi bo‘lgan bu vohalarning katta qismiga paxta ekiladi.
Buxoro, Qorako‘l vohalaridagi asosiy maydonni allyuvial o‘tloq tuproqlar tashkil giladi. XX asrning
60 vyillariga gadar Buxoro-Qorako‘l vohalari tuproqlarida ekologik o°zgarishlar uncha sezilarli
bo‘lmagan. Yangi yerlarni o‘zlashtirish, namlanishning meyoridan ortigligi, uzoq yillar almashlab
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ekish qoidasiga yaxshi rioya qilmaslik, yerga o‘z vaqtida ishlov bermaslik, mineral o‘gitlar va
pestitsidlarni meyoridan ortiq ishlatish, zovur suvlaridan sug‘orishda foydalanish, yerlarni noto‘g‘ri
tekislash natijasida juda ko‘p joylarda tuproglarning gashshoqlanishi, sho‘rlanishi va turli xil kimyoviy
o‘g‘itlar bilan ifloslanishga olib keldi. N.Koryakinning ma’lumotiga ko‘ra, yerlarni noto‘g‘ri tekislash
natijasida 24000 ga gacha yer sho‘rlangan. Shundan 17 ming gektarga yaqin yer paxta maydonlarini
tashkil etadi. Keyingi yillarda tuprogning sho‘rlanishi hududning shimoliy gismida orta boshladi. Bu
jarayon SHo‘rko‘l suv omborining qurilishi bilan bog‘liq bo‘lib, suv ombori atrofidagi tekisliklarda
grunt suvlarining sathi ko‘tarila boshlagan. Bugungi kunga kelib SHo‘rko‘l atrofidagi yangi
o‘zlashtirilgan yerlardan 2 ming gektarga yaqin yerlar kuchli sho‘rlanganligi kuzatilgan.

Buxoro va Qorako‘l vohalari atrofidagi yaylovlar ham keyingi yillarda sug‘orma dehgonchilik
uchun o‘zlashtirilmokda. Qiziltepa va Echkilisoy atroflarida gips qatlami yer yuzasiga juda yaqin
yotadi (1-1,5 metr). Shunga karamasdan keyingi yillarda bu yerda ham sug‘orma dehgonchilik
rivojlanmoqda. Natijada ko‘pgina yerlarda suffoziyali soxta karst hodisalari kuzatilmokda.
U.Nurovning ma’lumoticha, bu yerlarda soxta karst targalgan maydonlar 3000 gektarga yagin. Agar
bunday joylarni o‘zlashtirish shunday tezlikda borsa, 20 yildan keyin soxta karst hodisalari targalgan
maydonlar 11 ming gektarni tashkil etadi. Hozirgi vaqtda Buxoro viloyatida ko‘plab qo‘y va tuya
boqilmokda. Varaxsha, Dengizko‘l, Amu-Buxoro kanali atroflarida qo‘y va tuyalar eng ko‘p bogqiladi.
Bu yaylovlarda belgilangan meyoridan 2-3 barobar ko‘p qo‘y va tuya bogilmoqda. Buning natijasida
qumli yaylovlar barxanli qumlarga aylanmokda va cho‘llanish jarayoni kuchaymokda. Bu jarayon
aynigsa qo‘tonlar yaqinida, chorva mollari sug‘oriladigan quduglar atrofida kuchli kechmogqgda.
Bunday salbiy holatlarning oldi olinmasa 10-15 yildan keyin barxanli va ko‘chma qumlarning
maydoni ikki barobar kengayadi.

Buxoro va Qorako‘l vohalaridagi sho‘rlangan yerlarning hozirgi holati quyidagicha:
SHo‘rlanmagan yerlar 66,2 ming ga (28%), kuchsiz sho‘rlangan yerlar 90,6 ming ga (40,5 %),
o‘rtacha sho‘rlangan yerlar 59,4 ming ga (22,4 %) va kuchli sho‘rlangan yerlar 16,8 ming ga (9,5 %)
ni tashkil etadi. Yuqoridagi ma’lumotlardan ko‘rinib turibdiki, Buxoro va Qorako‘l vohalarida
sug‘oriladigan tuproglarning 70-80 foizi turli darajada sho‘rlangan. Vohalarning ayrim joylarida bu
ko‘rsatkich 95 % gacha yetadi. Zarafshon deltasida tuproqlar deflyatsiyasi ham kuchli kechmoqda.
Buxoro va Qorako‘l vohalarida sug‘oriladigan yerlardagi tuproglarning 60 % deflyatsiyaga uchragan.
Shundan 31,3 ming ga kuchsiz, 22,4 ming ga o‘rta va 14,1 ming ga yer kuchli deflyatsiyaga uchragan.

Keyingi yillarda Buxoro va Qorako‘l vohasidagi paxta ekiladigan maydonlarga juda ko‘p
mineral o‘g‘itlar solinib kelingan. Ayrim xo‘jaliklarda yuqori hosil olish maqgsadida mineral o‘g‘itlar
meyoridan bir necha barobar ko‘p ishlatilib kelingan.Paxta vegetatsiyasi davrida bularning 20-40
foizini o‘zlashtiradi xolos. Tabiatda hamma geokomponentlar bir-birlari bilan uzluksiz bog‘langan,
shu tufayli tuproqlardagi mineral o‘g‘itlar va pestitsidlar suvga, havoga, o‘simliklarga, dehqonchilik
va chorvachilik mahsulotlariga va ulardan insonga o‘tadi. Hozirgi kunda juda ko‘p kasalliklarning
asosiy sababchisi tabiatning ifloslanishi bilan bog‘ligligi isbotlangan. Buxoro-Qorako‘l vohalarida
sug‘oriladigan yerlarni zaharlayotgan yana bir guruh kimyoviy preparatlarga pestitsidlar kiradi. Bir
necha o‘n yillar davomida o‘ta zaharli DDT, GXSG, butifos, xlorofos va boshqalar ishlatilib kelindi.
Man qilinishiga garamasdan DDT Buxoro-Qorako‘l vohalarining ko‘plab jamoalarida yaqin
yillargacha ishlatilib kelindi. Natijada vohalarning sug‘oriladigan tuproglarida DDT man etilganiga
o‘n yillab o‘tgan bo‘lishiga garamasdan, meyoridan 2-3 barovar oshigligi kuzatiladi. Tuproglar
tarkibida ko‘p miqdorda qoldiq holatdagi pestitsidlarning saqlanib qolishi tuproq mikroblariga, uning
biologik xususiyatlariga salbiy ta’sir ko‘rsatadi va nihoyat tuproglar unumdorligini pasayib ketishiga
olib keladi.

Yer bebaho boylik, uning har bir garichidan unumli foydalanib, unga mehr-muhabbatli bo‘lish,
ko‘proq mabhalliy o‘g‘it solish, almashlab ekishni to‘liq joriy etish, tuprogning meliorativ holatini
muntazam yaxshilab borish, asosiy giyaliklarni hisobga olgan holda yerni to‘g‘ri haydash va
sug‘orishning meyoriga amal qilish, qumli cho‘l hududlarida ihota daraxtzorlar maydonini
kengaytirish ishlari sug‘oriladigan yerlar mahsuldorligini oshirish uchun juda foydalidir.
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Y]IK 551.46(575.1)
NARPAY KANALI GIDROLOGIK REJIMI VA UNING
XALQ XO‘JALIGIDAGI AHAMIYATI
D. Shirinboyev, Sh.G‘aniyev
Samargand davlat universiteti

Annotatsiya. Magolada O‘rta Zarafshon vohasida joylashgan Narpay kanalining gidrologik
rejimi, undan ekin maydonlarini suv bilan ta’minlash masalasi tadqiq etilgan. Ishda kanal suvining
yillik va vyillararo tebranishi, uni suv bilan ta’minlovchi Zarafshon daryosi ogimiga bog‘ligligi
yoritilgan.

Kalit so‘zlar: yillararo tebranish, kanal, sug‘orish, gidrologik rejim, ko‘pyillik suv sarfi, kam
suvli yil.

I'maposornyeckmii pe:kMM HAPNANHCKOr0 KaHAJIA M er0 HAPOJAHO X035liCTBEHHOE 3HAaYeHne

AHHOTanus. B craTee usnararoTcst pe3ynabTaThl MCCIENOBAaHUS O THAPOJIOTUYECKOM pPEXKUME
Hapmaiickoro kaHasa, BOIIPOCH 00CTIEYEHUS BOJION OpOIIaeMbIX 3eMelb. Takke, B CTaThe OCBEIAeTCS
roJIOBble M MHOTOJIETHHH KoyiebaHUsl cTOKa KaHana, 00 cToke p. 3apaduOH, oOcrednBaromuii ero
BOJIOM.

KuroueBble cjioBa: MHOTOJIETHOE KoJieOaHMe, KaHall, OpoIlaeMble, 3eMIIM THIPOIOTHUECKUH
PEXHUM, MHOTOJIETHUMA PAcXo]l BOJIbI., MAJIOBOJIHBIN TO/I.

Hydrological regime of the narpay channel and its nationally economic value
Annotation.The article presents the results of the study on the hydrological regime of the
Narpai Canal, the issues of watering irrigated lands. Also, the article highlights the annual and long-
term fluctuations in the flow of the canal, Zarafshon, watering him with water.
Keywords: perennial fluctuation, channel, irrigated, land hydrological regime, long-term water
discharge., low-water year.

Kirish. Ma’lumki, Zarafshon daryosidagi vohalar havzasi yer yuzidagi gadimiy sivilizatsiya
o‘choglaridan biri hisoblanadi. Daryo suvidan juda gadimdan inson manfaatlari yo‘lida, asosan
sug‘orma dehgonchilikda, aholi uchun kerakli mahsulotlarni yetishtirishda foydalanilgan. Daryolar
ogimidan unumli foydalanish magsadida tekislik hududlarda kanallar hamda turli xil gidrotexnik
inshoatlar barpo gilishgan. Tarixiy ma’lumotlarda keltirilishicha, miloddan avvalgi ikki minginchi
yillardan boshlab Zarafshon daryosi va uning irmoglaridan yuzlab katta-kichik kanallar hamda ariglar
gazib chigarilgan [1].

Eramizning I-1V asrlarida Zarafshon daryosidan suv oladigan Darg‘om, Qalqonota, Shoxrud,
Romitan kabi kanallar gazilgan. V-VI asrlarda esa Mirza arig, Tuyatortar kanallari qazilganligi hagida
ma’lumotlar keltirilgan. Narpay magistral kanali ham Zarafshon botig‘idagi gadimgi va yirik
irrigatsiya inshoatlardan biri hisoblanadi. Kanal 1929-1934-yillarda gayta rekonstruksiya gilingan,
uning o‘zani to‘g‘rilanib chuqurlashtirilishi natijasida uzunligi 90 km masofaga gisgargan, suv
o‘tkazish gobilyati eski holatga nisbattan 46.4 m*/sek ga ortgan. Quyida Zarafshon daryosi o‘rta
gismidan hozirgi kunda suv olib Samargand, Jizzax, Qashgadaryo va Navoiy viloyatlarini suv bilan
ta’minlash magsadida foydalanilayotgan kanallar hagida ma’lumotlar keltirilgan [5].

1-jadval
Zarafshon daryosidan to‘yinadigan kanallar
TiIr Kanallar Joylashgan o‘rni Asosiy ko‘rsatkichlari
Uzunligi Suv sarfi
1 | Darg‘om Urgut, Taylog, Samargand, 921 125
Pastdarg‘om
2 Eski Anhor Pastdarg‘om, Nurobod, 48.3 60
Chiroqchi
3 | Tuyatortar Baxmal, G‘allaorol, Jizzax 23.9 60
4 | Mirza-Pay Jomboy, Bulung‘ur, Payariq 53.5 46
5 | Og-Qoradaryo Oqdaryo, Payariqg, Ishtixon 10.3 70
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6 | Miyonqol-tos Ishtixon, Kattago‘rg‘on, 100 50
Xatirchi

7 Narpay Narpay, Kattago‘rg‘on, 90 46,4
Paxtachi, Karmana

8 Karmana Xatirchi, Navbahor, Karmana 42.5 45

Yugoridagi jadvalda keltirilgan Zarafshon daryosidan to‘yinuvchi kanallardan biri bo‘lgan
Narpay kanali ham respublikamiz xalg Xxo‘jaligi tarmoglarini suv bilan ta’minlashda muhim
ahamiyatga ega hisoblanadi. Kanal orgali boshlanishidan to ogim tugagunigacha bo‘lgan masofada
370 ga yaqin kichik kanal va ariglar suv olib Narpay, Kattago‘rg‘on, Paxtachi va Karmana
tumanlarining gishlog seliteb landshaftlari hamda dehqon xo‘jaliklariga suv yetkazib beriladi. Hozirgi
kunda Narpay kanali suvlilik darajasiga bog‘liq holda yugorida keltirilgan hududlarning 60613 gektar
ekin maydonlarini suv bilan ta’minlaydi. Jumladan, 36893 gektari Narpay tumaniga golgan 23720
gektari esa Paxtachi, Kattago‘rg‘on va Karmana tumanlariga tegishlidir [5]. Quyida Narpay kanaliga
2005-2017-yillar davomida Zarafshon daryosidan olingan suv miqdorlari keltirilgan (2-jadval).

2-jadval
Narpay kanaliga olingan ko‘p yillik suv sarflari (m*/sek)

SHu jumladan yillar buyicha

Suv
sarflart | 2005 (2006 | 2007 | 2008 | 2009 2010 | 2011 | 2012 [2013 | 2014 |2015 |2016 | 2017
O‘r::?/‘;ha 23.33 [23.50| 24.64 | 17.71 | 22.63 |24.08|21.44 | 19.60 |19.72|17.68 [19.08[20.88 |22.85

W 10°m?® | 735.7 |741.3| 777.2 | 558.7 | 713.7 |759.6 | 676.4 |618.2 |622.0|601.8 |557.7|658.5|720.8

Izoh: Narpay — Navoiy ITB ga qarashli suv resurslari bo ‘limi ma’lumotlari.

Jadvalda kanalda kuzatilgan ko‘pyillik suv sarflari va ogim hajmlari keltirilgan. Keltirilgan
ma’lumotlar asosida Narpay kanalida kuzatilgan suv sarflarining ko*pyillik tebranish grafigi chizildi.

Q md/sek
27 A

25 1
23 1
21 -

19

17

15 T T T T T T Iin
2004 2006 2008 2010 2012 2014 2016 2018

1-rasm. Narpay kanali ogimining ko'p yillik tebranishi

Grafikdan ko‘rinib turibdiki, eng ko‘p suvli yil 2007-yilda kuzatilgan bo‘lib, uning miqgdori
24.64 m®/sek ni tashkil gilgan. Kam suvli yil 2008 va 2014-yillarga to‘g‘ri keladi.Tanlangan kam suvli
yillarning grafikda namoyon bo‘lishi, 2008-yil keskin kamayish kuzatilgan va uning miqdori 17.71
m*/sekni tashkil qgilgan bo‘lsa, 2014-yilda esa kuzatilgan suv sarfi 17.68 m®sek ga teng bo‘lgan.
Bunga sabab Narpay kanalini to‘yintiruvchi suv manbasi hisoblangan Zarafshon daryosida ham ushbu
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yillarda kam suvlilik kuzatilgan. Kanalda golgan kuzatilgan yillarda ham Zarafshon daryosi ogimiga
mos ravishda suv olingan va sug‘orish magsadlarida foydalanilgan [3]. Demak, daryoda ko‘p suvli yil
kuzatilsa sug‘orish tarmoglariga ham ko‘p migdorda, aksincha bo‘lganda esa suv kam ajratiladi.

Q md/sek

400
360
320 -
280 -
240 -
200 -
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80 -
40 -

0+ . . . . . . . . . . oy

| I i 1v v vl Vil Vil IX X Xl Xill

2-rasm . Zarafshon daryosi va Narpay kanali ogimining yil ichida tagsimlanishi

2-rasmda ma’lumotlar asosida Zarafshon daryosi va Narpay kanalida kuzatilgan o‘rtacha yillik
suv sarflari bir-biri bilan solishtirildi. Grafikdan ko‘rinib turibdiki kanalda kuzatilgan suv sarflari
daryo ogimiga mos keladi. Masalan, daryodagi va kanalning novegitatsiya davri oqimi bir-biriga mos
keladi, yilning issiq oylari, ya’ni vegitatsiya davridagi tebranish mos kelmaydi. Chunki, daryodagi
ogim doimiy gorliklar va muzliklar hisobiga keskin ortadi, kanalniki esa suv o‘tkazish qobilyatiga
bo‘g‘liq holda bir xilda ta’minlangan [5].

Q, Mm3/sek [} Daryo Q, Mm3/sek
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15

80

60 10
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5

20

0 0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 T, yil

3-rasm. Zarafshon daryosi va Narpay kanalining ko‘pyillik
suv sarflari tebranishi

3-rasmda Zarafshon daryosi va Narpay kanalining ko‘pyillik o‘rtacha suv sarflari solishtirilgan.
Unda daryoning suv sarfiga bog‘lig holda Narpay kanali suvi ham tebranib turganini ko‘rishimiz
mumkin. Masalan daryoda 2008-2014-yillar kam suvlilik kuzatilgan va shunga bog‘liq holda Narpay
kanaliga ham kam suv ajratilgan. Qolgan yillarda esa daryo suvi o‘zgarishiga bog‘liq holda tebranish
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kuzatilganligini ko‘rishimiz mumkin. Ammo, 2006-yil daryo suviga bog‘lig bo‘lmagan holda kanal
suv bilan ta’minlanib turilgan. Bunga sabab daryoda ko‘p suvli yil hisoblangan 2005-yil Kattago‘rg‘on
suv omborida ko‘p suv to‘plangan va keyingi yilda nisbatan kam suvli bo‘lgan daryo suvini yetarlicha
suv bilan ta’minlanishi natijasida kanalga ham 23.5 m*/sek suv berilgan.

Yugorida bayon etilganlarga xulosa gilib aytish mumkinki, o‘tgan XX asrning o‘rtalaridan
boshlab, O‘rta va Quyi Zarafshonda sug‘oriladigan yer maydonlarini kengaytirish magsadida kanallar
qurilishi keng avj olgan. Hozirgi kunda Zarafshon daryosi suvini ushbu kanallar orgali viloyatlar va
tumanlararo yetkazib berilmoqgda. Shu singari Narpay kanali ham gishloq xo‘jaligining sug‘oriladigan
ekin maydonlarini suv bilan ta’minlashda muhim hisoblanadi
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ZARAFSHON DARYOSI SUVINING IFLOSLANISHI VA ULARNING OLDINI OLISH
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Annotatsiya. Mazkur magolada Zarafshon daryosi ifloslanishi va ularni oldini olish
masalalariga e’tibor garatilgan. Shuningdek, Zarafshon vohasining ekologik holati, tuproq va suv
resurslarining ifloslanish manbalari, uni bartaraf etish yo‘llari va ekologik bargarorlikni ta’minlashga
garatilgan masalalarga e’tibor garatilgan.

Kalit so‘zlar: Zarafshon daryosi, tuprog va suv resurslari, aholi manzilgohlari, himoya
zonalari, ekologik muammolar, ifloslangan ogova suvlar.

3arpsizHeHHe BoAbI pekn 3apadmaH ¥ MyTH UX NPeIOTBPaLleHne

AHHOTanus. B cratbe pacmaTpuBaeTcs Kak OCHOBHas IIpoOjeMa H3ydyeHHE BOIPOCHI
3arpsisHEHHE peku 3apadmiaH W IyTH UX IpepoTBpamieHne. B paboTe Takke OCBEIIAIOT
9KOJIOTHYECKasl cuTyalusa B 3apadIaHCKOM oOa3uce, UCTOYHUK 3arps3HEHHE 3€MENbHBIX M BOIHBIX
pECYpPCOB M Mephl TIPEJOTBpAIlleHUs] WX, a Takke OOecrnedeHHe YCTOWYMBOTO 3KOJOTHYECKOTO
pa3BUTHA.

KiroueBbie ciioBa: peka 3apadiuaH, HOYBEHHBIE U BOAHBIE PECYpPCHI, HACEICHHAS MyHKTHI,
3alIUTHBIC 30HA, KOJIOTHUYECKast MPOoOIeMbl, 3arPS3HEHHBIE CTOUYHBIC BOJBI.

Pollution of water of the zarafshan river and ways of their prevention
Abstract.The article as the main problem of studying the issues of pollution of the Zarafshan
River and ways to prevent them. The work also covers the ecological situation in the Zarafshan oasis,
the source of pollution of land and water resources and measures to prevent them, as well as ensuring
sustainable ecological development.
Keywords: river Zarafshan, soil and water resources, populated areas, protective zone,
environmental problems, contaminated sewage.

Kirish. Zarafshon vohasi O‘rta Osiyoda aholisi zich joylashgan va gadimiy dehgonchilik rivojlangan
hududlardan, dunyodagi yirik sivilizatsion markazlardan biridir. Voha tabiatiga inson xo‘jalik
faoliyatining sezilarli ta’siri bir necha ming yillarga boradi. Vohada aholi manzilgohlarining tashkil
topishi, tuproq va suv resurslaridan foydalanish madaniyatining shakllanishiga olib keldi. Undagi aholi
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sonining tez sur’atlar bilan ortib borishi, tuprog va suv resurslaridan foydalanish muvozanatining
buzilishi sabab bo‘lmogda. Qishloq xo‘jaligining rivojlanishi natijasida yerlarga kimyoviy o‘g‘itlar,
pestitsidlarni ko‘plab solinishi tuproq va suv resurslarini ifloslanishiga olib keldi. Daryo girg‘oglarida
himoya zonalarining yo‘q bo‘lib ketishi bevosita ifloslangan ogova suvlarni daryoga tushishiga sabab
bo‘ldi.

Asosiy gism. Respublikamizda asosiy sug‘orma dehgonchilik gilinadigan hududlar asosan
vodiylarda joylashgan bo‘lib, ulardan gadim-gadimdan foydalanib kelingan. Hozirgi kunga kelib,
sug‘orishga yarogli yerlarning umumiy maydoni 19 min gektarni tashkil etgan holda, shundan 25-30
foizi, ya’ni 4-5 min gektardan foydalanib kelinmoqgda. Sug‘oriladigan yerlar o‘zining yugori
hosildorligi bilan respublikamizda gishloq xo‘jaligi mahsulotlarini yetishtirishda asosiy manba bo‘lib
xizmat gilmoqgda. Sohani rivojlantirish respublikaning ozig-ovgat xavfsizligini yanada mustahkamlash,
ekologik toza mahsulotlar ishlab chigishning asosiy omillaridan biridir. Sohani rivojlantirish yer va
suv resurslaridan tejab-tergab foydalanish bilan bog‘lig bo‘lib, ulardan foydalanishda ekologik
bargarorlik shartlarini bajarish muhim ahamiyat kasb etadi. Respublikamiz gishlog xo‘jaligining
sug‘orma dehgonchiligi rivojlangan hududlaridan biri Zarafshon vodiysi hisoblanadi. Vodiy gadimdan
gishlog xo‘jaligi, dehgonchilik, hunarmandchilik, shaharsozlik markazlaridan biri bo‘lganligi,
dehgonchilik yuritish madaniyatini tarkib topishiga olib kelgan.

Zarafshon vodiysi sug‘orma dehgonchilikni rivojlanganligi respublikamiz iqtisodiyotida
muhim ahamiyat kasb etib kelmogda. Bugungi kunda Zarafshon vodiysining katta gismida tabiiy
landshaftlar o‘zgarib madaniy antropogen landshaftlar egallagan. Oc¢zbekistonning davlat
mustagilligiga erishish siyosiy va ijtimoiy-igtisodiy sohalarda keng ko‘lamli o‘zgarishlar sodir bo‘ldi.
Bunday o‘zgarishlar barcha sohalar kabi gishlog xo‘jaligini rivojlantirishda ham amalga oshirilib
kelmoqda.

Hozirgi kunga gadar vodiy landshaftlari muttasil tadgiq etib kelinmogda. Olib borilgan
tadgiqotlar vodiy landshaftlarida ko‘plab muammolar yuzaga kelganligini ko‘rsatadi. Landshaft
tadgiqotlarini zamonaviy uslublarga tayangan holda olib borish, ularning mavjud imkoniyatlarini tahlil
gilish, baholash, dolzarb muammolarini aniglash va ularni ilmiy asosda hal etish yo‘llarini ishlab
chigishda muhim yo‘nalish sanaladi. O‘zbekiston respublikasi Birinchi Prezidentining 2007-yil 29-
oktabrdagi “Yerlarning meliorativ holatini yaxshilash tizimini tubdan takomillashtirish chora tadbirlari
to‘g‘risida” gi farmoni yo‘naltirilgan dasturda tabiatni, aynigsa, uning eng asosiy omillari hisoblangan
suv va yer resurslarini tubdan holatini yaxshilashga garatilgan. Demak, igtisodiyot tarmoglarining
yanada rivojlana borishi bilan suvga va yerning unumdorligini oshirishga talab tobora ortib bormoqda.

Vohadagi ekologik holatni atroflicha tahlil gilish asosida tuproq va suv resurslarini ifloslanish
manbalarini aniglash va uni bartaraf etish yuzasidan chora-tadbirlar belgilash muhim dolzarb
masalalardan biri bo‘lib, shu orqgali vohadagi ekologik bargarorlikni ta’minlashga erishish mumkin.
Mazkur magolada vohaning asosiy suv manbasi hisoblangan Zarafshon daryosi suvini ifloslanishiga
ta’sir etuvchi manbalar xususida to*xtalib otilgan.

Zarafshon daryosi suv migdori va uzunligi (770 km) jihatdan O‘rta Osiyoda Amudaryo va
Sirdaryodan keyin uchinchi o‘rinda turadi. Uning nomi *“Zarafshon” (Oltin targatuvchi) deb
nomlanishi ham bejizga emas. Sababi daryo o‘zining barcha suvini bog® va ekinzorlarni sug‘orishga
sarflanishini anglatadi.

So‘nggi yillarda daryo suvining ifloslanish darajasining ortib borishishini asosan ikki gismga
bo‘lish mumkin:

- daryoning yuqori gismidagi ifloslanish manbalari;

- o‘rtagismida qo‘shiladigan ifloslanish manbalari.

Ma’lumki, Zarafshon vohasi asosan yuqori, o‘rta va quyi gismlarga bo‘linib, yuqori Zarafshon
go‘shni Tojikiston respublikasi hududida bo‘lib, mazkur hududda aholi manzilgohlari zich joylashgan.
Shuningdek, chorvachilik va dehgonchilik rivojlanganligi sababli, parrandachilik va goramolchilik
fermalari chigindilari hamda gator aholi manzilgohlaridan chiquvchi ogova suvlari to‘g‘ridan-to‘g‘ri
daryoga tashlanmoqda. Bundan tashgari hududda Anzob tog‘-metallurgiya kombinanati mavjud
bo‘lib, korxona rangli metall rudalarini boyitishda bevosita daryo suvidan foydalanadi va ogova
suvlarni tozalamasdan daryoga tashlaydi. Chigindi ogova suvda og‘ir metallar mis, rux, go‘rg‘oshin,
simob, galay, xrom va surma kabi zararli moddalar daryoni ifloslanishiga sabab bo‘Imoqda.
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O‘zgidromet ma’lumotlarida daryo suvida REM (ruxsat etilgan migdor) ga nisbatan mis 2,0,
rux 3,0, xrom 2,2, surma 4,0 marta yuqoridir. Daryoning o‘rta gismida ifloslanish asosan gishlog va
kommunal xo‘jalik ogova suvlari daryoga tashlanishi natijasida sodir bo‘lmoqgda.

Daryoning respublikamiz hududida joylashgan suv tagsimlash inshoatidan quyi gismigacha
ifloslanishini ortib borishiga aholi manzilgohlarida chigadigan ogova suvlar sabab bo‘lmoqgda. Daryo
suvini ifloslanishi gishloq xo‘jalik yerlarini sug‘orishdan hosil bo‘ladigan sizot suvlari natijasida
nitrat, azot va pistisidni REM dan yuqoriligi kuzatilmogda. Daryo girg‘oglarida joylashgan sanoat
korxonalari, avtomobillar yoqilg‘i quyish shahobchalarini mavjudlgi daryo suvida xrom, fenol, neft
mahsuloti goldiglari bilan ifloslanishiga sabab bo‘Imoqgda.

Daryo girg‘oglarida bo‘lgan joylarni himoya zonalarini yo‘q bo‘lib ketishi daryoni uzanigacha
o‘zlashtirib gishloq xo‘jaligida foydlanish ogibatida o‘simliklarni oziglantirish uchun ishlatiladigan
mineral o‘g‘itlar, zararkunanda va o‘simlklar kasalliklarini garshi ishlatilgan kimyoviy vositalar
bevosita daryo suviga tushishi natijasida daryo suvi meneralizatsiya ko‘rsatkichi 1 letr suvda 200-250
mg gacha yetmoqda, bu esa daryo ekosistemasini izdan chigishiga sabab bo‘Imogda.

Daryo suvi ifloslanishiga Samargand shahridan chigadigan oqova suvlarning Siyob arig‘iga
quyilishi, Siyob arig‘i esa o‘z navbatida Zarafshon daryosiga tozalanmasdan quyilishi sabab
bo‘Imogda. Natijada suvda REMga nisbatan azot, nitrat 3,0, mis 1,5, fenol 5,0, neft mahsulotlari 3,0
barobarga oshganligi kuzatilmogda.

Daryo suvi ifloslanishiga Navoiy azot sanoat birlashmasi va shahardagi boshga yirik
korxonalarni chigindi suvlari ham o‘z “hissa”larini qo‘shib kelmogda. Daryo suvi Navoiy shahridan
o‘tgan gismida nitrat, azot, mis, rux, fenol, xrom kabi moddalar REM dan ancha yuqori, lekin suvning
minerallashuvi 903,9 mg/I ni tashkil etadi.

Xulosa va natijalar. Xulosa qgilib aytadigan bo‘lsak, Zarafshon daryo suvi ifloslanishining
oldini olish muhim ahamiyatga ega bo‘lib, vohada 3 mindan ortiq aholi yashaydi va ularni sog‘lig‘i
bevosita daryo suvi bilan bog‘ligdir. Daryo suvining ifloslanishi yugori gismidan quyi gismiga borgan
sari minerallashuvini hisobga oladigan bo‘lsak bu qishlog xo‘jaligi bilan bog‘lig bo‘lib, ekin
maydonlarini sug‘orishdan hosil bo‘lgan sizot suvlarini daryoga bevosita tushishi natijasida buning
oldini olish uchun daryoning himoya zonasini (girg‘oglardan 500 m gacha bo‘lgan hudud) gayta
tiklash himoya zonalarida daraxt, buta, yarim bo‘ta, o‘t-o‘simliklardan tashkil topgan to‘gayzorlarni
tashkil etish zarur.

Aholi manzilgohlaridan chigadigan ogova suvlarni tozalash ishlarini yo‘lga qoyish bu borada
Samargand shahrida (Chagar qishlog‘i) tashkil etilgan tozalash inshoatlarini yirik aholi
manzilgohlarida tashkil etish magsadga muvofiqdir. Korxonalardan chigadigan ogova suvlar
migdorini kamaytirish, ularni suvdan foydalanishda berk sistemalarni tashkil etishi uchun uchun
igtisodiy mexanizmlardan foydalanish, korxonlarga foydalanilgan suvi uchun to‘lovni, korxona
chigaradigan oqgova suvi uchun to‘lovga almashtirish, natijada oz iqtisodiy ahvolini mustahkamlash
uchun suvdan foydalanishda berk sistemani joriy etadi.

Aholi manzilgohlaridagi korxonlardan chigadigan ifloslangan suvlarni maxsus tindirgich
havzalar tashkil etish, avtomobilga yoqilg‘i quyish shahobchalari va avtomobillarni yuvish punktlarida
alohida suv yig‘ish havzalarini tashkil gilish orgali daryo suvining neft mahsulotlari bilan
ifloslanishining oldini olish mumkin. Umuman olganda, aholi o‘rtasida daryo suvi ifloslanishining
oldini olishga garatilgan tushuntirish ishlarini olib borish, ommaviy axborot vositalari orgali targ‘ibot-
tashviqot ishlarini jonlantirish natijasida ekologik madaniyatni shakllantirish vohada ekologik
bargarorlikni ta’minlash garovidir.
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Annotatsiya. Maqolada Samargand viloyati aholi joylashuvining muammolari va istigbollari
ko‘rib chigilgan bo‘lib, aholi va aholi punktlari joylashuvini shakllantirish, ularning funksional
tarkibini, aholi turmush sharoitini, aholiga xizmat ko‘rsatish sohasini yaxshilash va boshqa muammolar
yoritilgan.
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Problems and futures settlements of population of samarkand region
Abctract.The article deals with the geography and population of rural settlements of the
Samarkand region on the basis of a number of statistical indicators, The state of rural settlement and
its features are analyzed, typologies of rural settlements, etc.
Keywords: population of rural settlements, typology, oasis, mountain, desert, manpower,
newly-developed lands, average population.

Kirish. Aholi joylashuvi murakkab ijtimoiy-igtisodiy kategoriya bo‘lib, aholini hududiy tashkil
etish, uning turmushi, mehnati va hayotiy faoliyati har xil muammolarni hal etishda jamiyatni muvofiq
ravishda rivojlanishida ifodalanadi. Shu bilan birga, aholi joylashuvining boshga muammolari ham
mavjud bo‘lib, aholi va aholi punktlari joylashuvini shakllantirish vazifalari bilan bog‘lig. Ularning
funksional tarkibi va Kattaligi bo‘yicha bo‘linishini yaxshilash, shuningdek, bu yerda aholi
manzilgohlari tizimini to‘g‘ri tashkil etish muammolari, urbanizatsiya jarayoni, shahar va gishloq
aholi punktlarini ijtimoiy-igtisodiy faolligini oshirish dolzarb masalalaridan hisoblanadi.

Ma’lumki, aholi va aholi punktlarini joylashtirish muammolari ko‘p va har xildir. Lekin, bu
muammolarning o‘tkirligi, ehtimoli va ularni hal etish yo‘llari turli hududlarda bir xil emas. Shu bilan
birga, mustagil O‘zbekistonning ijtimoiy-igtisodiy wva siyosiy rivojlanish xususiyatlari, bozor
igtisodiyotiga o‘tishi, moddiy texnika, moliyaviy va respublikaning boshga imkoniyatlari turli
muammolarni hal etishga ta’sir etmasdan golmaydi.

Asosiy gism. Samargand viloyati uchun aholi punktlarining funksional tarkibining rivojlanish
muammolari, ijtimoiy va ekologik muammolar xarakterli hisoblanadi. Shuningdek, urbanizatsiyaning
rivojlanishi va shaharlar to‘ri hamda gishloq aholi joylashuvini shakllantirish ham yugorida aytilgan
muammolardek ahamiyatli hisoblanadi.
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Oc‘rganishlar shundan dalolat beradiki, oxirgi yillarda viloyat sanoatining va ijtimoiy-igtisodiy
rivojlanishining darajasi asta-sekin yuksalib bormoqgda. 1980-1990-yillarda viloyatning bu sohalarda
rivojlanishi ancha past edi, bunga sabab urbanizatsiya jarayoning, ya’ni gishlog aholisi salmog‘ining
oshib borishi ta’sir etgan. Keyingi yillarda urbanizatsiya jarayonining rivojlanishi, shahar aholisi
salmog‘ining oshib borishi, yangi shahar aholi punktlarining va sanoat turli tarmoglarining vujudga
kelishi tufayli viloyatning ijtimoy-igtisodiy rivojlanishi ancha tezlashdi. Shunga garamasdan,
Samargand viloyati sanoatining rivojlanishi talab darajasida emas. Chunki bu yerda respublikaning
kattaligi jihatidan boshga ba’zi viloyatlari, jumladan Toshkent, Farg‘onadan orgada hisoblanadi.
Samargand viloyati xalg xo‘jaligini rivojlanishini tezlashtirish uchun, birinchi navbatda uning
funksional tarkibini yaxshilash va shahar aholi punktlari to‘rini mustahkamlash lozim, yani, sanoat
tarmogqlari va aholi joylashuvini to‘g‘ri hududiy tashkil etish magsadga muvofiqdir. Samargand shahri
gadimiy va turizm markazi bo‘lganligi sababli bu yerda sanoat tarmoglarini rivojlantirib bo‘Imaydi.
Shuning uchun viloyatni ijtimoiy-igtisodiy rivojlantirish uchun viloyatni boshga shaharlarida sanoat
tarmoglarini joylashtirish va rivojlantirish zarur. Samargand shahri esa turizm markazi sifatida
rivojlanmog‘i lozim. Bundan tashqgari, Samargandda juda ko‘p tarixiy yodgorliklarning joylashganligi,
shaharsozlik ishlarini rivojlantirishga va rekonstruksiya gilishga to‘sginlik giladi. Shunday qilib,
Samargand shahrining o‘zida yirik sanoat korxonalarini qurish magsadga muvofig emas, shuning
uchun bunday vazifalarni uning atrofiga joylashgan, hamda viloyatning boshga shaharlarini
sanoatlashgan markaz sifatida rivojlantirish lozim. Masalan, bunday vazifalarni Kattago‘rg‘on shahri
bajarishi mumkin. Lekin, hozirgi vaqtda bu shaharlarning ham rivojlanish darajasi bugungi kun
talabiga to‘lig javob bermaydi.

Geografik tagqoslash tahlili shuni ko‘rsatadiki, Toshkent viloyatida Toshkent shahridan
tashqari, Chirchig, Angren, Olmalig, Bekobod, Yangiyo‘l shaharlari borki, ular birgalikda viloyat xalq
jo‘jaligini rivojlantirishda katta hissa go‘shadi. Bu jihatdan Farg‘ona viloyatida vaziyat yaxshi bo‘lib,
bu yerda shaharlarning uchligi mavjud — Farg‘ona, Marg‘ilon va Qo‘gon. Samargand viloyatiga
garaganda, bu viloyatlarda sanoatning hududiy tarkibi ancha rivojlangan hisoblanadi. Viloyatning
boshga shaharlarining funksional tarkibi ham sust rivojlangan. Asosan bu jihatdan Ishtixon, Nurobod,
Juma, Chelak shaharlari orgada hisoblanadi. Payshanba, Loish va Ziyodin shaharchalarida yirik sanoat
korxonalari umuman mavjud emas.

Samargand aglomeratsiyasi doirasida yo‘ldosh shaharchalar o‘rtasida aniq belgilangan mehnat
tagsimoti tartibga solingan. Masalan, Bulung‘ur shahri transport funksiyasiga, Jomboy va Farhod
shahar aholi punktlari esa qurilish materiallari sanoatiga ixtisoslashgan. Xishrav shaharchasi elektr
energiya ishlab chiqgarishga, Kimyogarlar shaharchasi esa mineral o‘gitlar tayyorlashga
ixtisoslashgan. Lekin bu shahar aholi punktlari Samargandni yirik sanoat darajasini tashkil etaolmaydi.
Shu bilan birga, bu shahar aholi punktlarining Samargand shahriga juda yagin joylashganligi, bu
joylarda yirik sanoatlashgan zonaning vujudga kelishi magsadga muvofig emas. Shuningdek, bu va
boshga aholi punktlarida sanoat korxonalarining filial jarayoni ham yaxshi rivojlanmagan. Bu masala
Farg‘ona vodiysida yaxshi yo‘lga go“yilgan.

Ma’lumki, sanoatning bunday hududiy tashkil etilishi, ishlab chigarishni ogilona joylashtirish
va mehnat resurslaridan to‘liqg foydalanishning asosi bo‘lib hisoblanadi. Samargand viloyatining
urbanistik tarkibini va uni baholash o‘ziga xos vaziyatga egadir. Birinchidan, Samargand viloyatini
oladigan bo‘lsak, Kattago‘rg‘on va boshga shaharlarning rivojlanish darajasi orgadaligini ko‘rishimiz
mumkin. Masalan, Kattago‘rg‘on shahri Samargand shahridan 8 marta kichik bo‘lib “Zipf qoidasi”
bo‘yicha bu nazariy jihatdan Kattago‘rg‘on 60 ming emas, balki 4 marta ko‘p aholi soniga ega bo‘lishi
lozim. Viloyatning uchinchi shahri Urgut ham orgada hisoblanadi. Bu shaharlarning hozirgi vagtdagi
kattaligini qgonigarli deb bo‘Imaydi. Shuning uchun bu shaharlarning ijtimoiy-igtisodiy rivojlanish
darajalari yuqori bo‘lishi lozim.

Ko‘rinib turibdiki, viloyat doirasidagi Kichik va o‘rta shaharlar rivojlanish darajasi ancha
orgada. Samargand shahri va viloyatning boshga shaharlari o‘rtasida katta yoriq paydo bo‘lgan. Shu
bilan birga, respublikamiz shaharlari umumiy tarkibida Samargand shahri o‘rniga baho bermoqchi
bo‘lsak, shahar taraqgiyot darajasi ancha orgada hisoblanadi (taxminan Toshkent shahridan 6 marta
orgada). Shuning uchun, Samargand shahri va viloyatning boshga shaharlari ham ijtimoiy-igtisodiy va
demografik kuch-qudratini mustahkamlab olishi lozim. Albatta, sanoat bu shahar aholi punktlarining
yagona rivojlantiradigan yo‘nalish emas. Transport va ishlab chigarish infratuzulmasining boshga
sohalarini rivojlantirish yaxshi natijalar beradi. Bundan tashqgari, aholi punktlarini ijtimoiy
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funksiyalarini mustahkamlash talab etiladi. Shuni ta’kidlash joizki, kelajakda viloyatlar, shaharlarning
igtisodiy kuch-qudratli bo‘lishi uchun asosiy vazifani ishlab chigarish bo‘lgan sohalar, ya’ni ijtimoiy
infratuzilmaning rivojlanish, aholining madaniy va ta’lim darajasining oshishini bajaradi. Shu bilan
birga, aholining ijtimoiy faolligining o‘sishi, hamda malakali va mutaxasislikka ega bo‘lgan mehnat
resurslarini tayyorlashga katta e’tibor beriladi.

Professor V.V. Pokshishevskiy ta’kidlaganidek, ishlab chigarishning rivojlanishi sharoitida,
ishlab chigarish joylashuvi asta-sekin ijtimoiy sohalariga o‘tib goladi (Pokshishevskiy, 1978). Shuni
ham aytish lozimki, oldin yirik ishlab chiqgarish korxonalari shaharlarni tashkil etgan. Hozirgi vaqtda
asosiy e’tibor kichik va o‘rta korxonalarni ko‘paytirish va rivojlantirishga garatilgan. Bu sharoitda
shaharlarda kichik va o‘rta qo‘shma korxonalar joylashtirish magsadga muvofiqdir.

Tahliliy gism. Hozirgi vaqtda mustagil O‘zbekistonimizning eng asosiy dasturiy talablaridan
biri xalgning yashash tarzini yaxshilash hisoblanadi. Bu talab respublikamiz ijtimoiy-igtisodiy
siyosatining yuragini tashkil etadi. Shuning uchun kelajakda ijtimoiy infratuzilmaning rivojlanishi
aholi punktlarining eng asosiy muammolaridan bo‘lib goladi. Bu sohalar rivojlanib, aholi ihtiyojlarini
to‘lig qondirishi mumkin. Yuqgorida aytilganidek, Samargand viloyati ijtimoiy rivojlanish
ko‘rsatkichlari nisbatan past hisoblanadi. Bu sohalar ichida asosiy e’tibor bolalar maktablari va
maktabgacha ta’lim muassasalari, korxonalar, savdo, sog‘ligni saglash muassasalarining rivojlanish
darajalariga garatiladi.

Tug‘ilish darajasining yuqoriligi sharoitida bolalar maktabi muassasalari rivojlanishini o‘rganish
magsadga muvofiq hisoblanadi. Tadgiqot natijalari shundan dalolat beradiki, Samargand viloyatining
gishlog ma’muriy tumanlarida ijtimoiy sohalar infratuzilmasi Oqdaryo, Bulung‘ur, Jomboy,
Kattago‘rg‘on va Paxtachida nisbatan yaxshi rivojlangan. Shu bilan birga, tadgiqot gilayotgan
ko‘rsatkich Pastdarg‘om, Samargand, Nurobod va Urgut tumanlarida ancha past hisoblanadi.
Viloyatda 2015-2016 o‘quv yillari ma’lumoti bo‘yicha 1220 ta umumta’lim maktablari mavjud bo‘lib,
shundan 75 tasi Samargand shahrida, golgan gismi gishlog tumanlari hududida joylashgan. Viloyat
gishlog tumanlarining har birida o°‘rtacha 70 ta maktab to‘g‘ri keladi.

Hisob-kitoblar shundan dalolat beradiki, gishloq tumanlari sog‘ligni saglash obyektlari bilan
ta’minlash va bu tarmogning rivojlanishi bir xil emas. Viloyat tumanlarini guruhlash shuni
ko‘rsatadiki, viloyat aholisining yarmi kasalxonalar va kasalxonalardagi o‘rinlar bilan ta’minlanishi
past hisoblanadi. Bu guruhga Kattago‘rg‘on, Bulung‘ur, Samargand va Urgut tumanlari kiradi. Bu
jihatdan o‘rtacha ko‘rsatkichlar bilan Jomboy, Payariq ajralib turadi, nisbatan yuqori ko‘rsatkichlarga
Oqdaryo, Ishtixon va Paxtachi tumanlari kiradi.

Viloyat aholisining poliklinika va ambulator muassasalari bilan ta’minlanishi jihatdan uch
kategoriyaga bo‘lish mumkin: past(20% gacha), o‘rtacha(21-24%) va yuqori(25% va yugori). Shu
bilan birga viloyat aholisining 43% past ta’minlanish kategoriyasiga kiradi. Bunga Bulung‘ur,
Samargand, Pastdarg‘om va Kattago‘rg‘on tumanlarini kiritish mumkin. Shuningdek, o‘rtacha
ko‘rsatkichlar bilan Jomboy, Ishtixon va boshga tumanlari ajralib turadi. Bu hududda viloyat
aholisining 45% joylashgan. Aholining poliklinika va ambulator muassasalari bilan nisbatan yugori
ta’minlanishi kategoriyasiga, ya’ni, 24% Oqdaryo, Paxtachi va Narpay tumanlari kiradi.

Oxirgi vyillarda O‘zbekiston hukumati gishlog joylarni, birinchi navbatda xonadonlarni tabiiy
gaz bilan ta’minlash lozimligiga asosiy e’tiborini garatgan. Shunga garamasdan, viloyatda aholini gaz
bilan ta’minlash darajasi past hisoblanadi. Asosan bu jihatdan Ogdaryo, Ishtixon, Nurobod,
Qo‘shrabot va Urgut tumanlarida ancha past, lekin, tumanlarda viloyat aholisining 1/3 gismi yashaydi.
Bulung‘ur, Pastdarg‘om va Paxtachi tumanlarida holat birmuncha yaxshidir.

Samargand viloyatida aholini savdo maydoni bilan ta’minlanishi yildan yilga oshib bormoqda.
1994-yilgi ma’lumotlarga ko‘ra, viloyatda 1000 kishiga 137 m.kv. savdo maydoni to‘g‘ri kelgan
bo‘lsa, hozirgi vaqtga kelib, bu ko‘rsatkich 170 m.kv.ni tashkil etadi. Shunga garamasdan, Ishtixon,
Kattago‘rg‘on va boshga tumanlarda bu ko‘rsatkich past, Oqdaryo, Bulung‘ur va boshga tumanlarda
bu jihat yuqoridir. Ijtimoiy-geografik o‘rganishlar shuni ko‘rsatadiki, aholiga xizmat Kko‘rsatish
sohalari rivojlanish darajasi jihatidan tumanlar mobaynida farglar mavjud. Tumanlar orasida farglarni
yugotish va ijtimoiy sohalarni tez sur’atlar bilan rivojlantirish, aholini yashash tarzini yaxshilashga
olib keladi.

Tadgigotlar shundan dalolat beradiki, viloyatimiz tumanlari ijtimoiy rivojlanish jihatidan
Oqdaryo va Paxtachi tumanlarga nisbatan ijtimoiy sohalarning tarmoglari yaxshi taraqqiy etgan. Lekin
Samargand va Urgut tumanlarida bu ko‘rsatkichlar ancha past hisoblanadi. Bu tumanlar o‘rtasidagi
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ijtimoiy rivojlanish darajasidagi farglar, asosan shu hududda yosh korxonalarning joylashganligi,
aholi soni va aholi punktlarining zichligi hamda xizmat ko‘rsatish markazlariga bog‘lig hisoblanadi.
Shu bilan birga, Samargand viloyatida gishloq aholi joylashuvini shakllantirish muammolarini hal
gilish ham katta ahamiyatga ega. Kelajakda gishloqg aholi punktlarini mustahkamlash lozim, shunda bu
hudularda hozirgi zamon ijtimoiy infratuzilma obyektlari joylashtirishda shart-sharoitlar yaratiladi.

O<zbekiston Respublikasida oxirgi yillarda gishlog aholisiga xususiy yordamchi xo‘jaliklarni
barpo etishga katta e’tibor berilmoqda. Bu yakka ravishda uy-joy qurilishini rivojlantirishga, mahalliy
ozig-ovqat bazasini oshirishga, hamda gishlog aholi punktlarini o‘sishi va mustahkamlanishiga olib
keladi. Lekin, yer resurslari kattaligini, aholi soni va zichligini hisobga olib, har bir tuman holatiga
garab yer uchastkalari ajratilishi lozim. Masalan, Qo‘shrabot, Nurobod, Go‘zalkentda aholi kam
bo‘lib, yer resurslari ko‘p. Bunday tumanlar aholisiga yerlarni ko‘proq ajratsa magsadga muvofiq
bo‘ladi. Shu bilan birga Samargand, Tayloq tumanlarida bunday keng imkoniyatlar mavjud emas.

O<zbekiston Respublikasining yana bir muammolaridan mehnat resurslardan to‘la va ogilona
foydalanishdir. Bozor igtisodiyoti sharoitida respublikamizning ijtimoiy siyosatida mehnatga yaroqli
aholining fagatgina jamiyat ijtimoiy sohada bandligi emas, balki mehnat resurslarining noodatiy
sohalarda bandligiga asosiy e’tibor qaratilmogda. Aholi kichik korxonalar, hunarmandchilik
ustaxonalari, o‘rta va Kichik tadbirkorlik sohalarida bandligi oshib, viloyatning ijtmoiy-igtisodiy
rivojlanishida katta ahamiyatga ega.

Viloyat aholisining 1989- yil ma’lumotiga ko‘ra, 47,1% mehnatga layogatli yoshlar bo‘lgan,
2015 -yil oxirgi ma’lumotlari bo‘yicha esa mintaga mehnat resurslari ulushi 57,6% ga teng. Bunday
katta o‘zgarishlarga sabab yuqorida aytilganidek, mehnat resurslarinig ulushiga aholining tug‘ilish va
tabiiy o°sish darajalarining ta’siridir. Tug‘ilish va tabiiy o‘sishning pasayishi bilan mehnatga layoqatli
aholining salmog‘i ham oshib borgan.

Aholi hududiy joylashuvini shakllantirish boshga muammolarni hal gilish bilan ham bog‘liq
bo‘lib, jumladan yer-suv va boshga resurslarni toza saqlash hisoblanadi. Tahlillar shundan dalolat
beradiki, Samargand viloyatining ekologik holati umuman olganda nisbatan yaxshi. Shunga
garamasdan, bu yerda ham chigadigan zararli moddalarning migdori mavjud. Masalan, 1990-yil
ma’lumotiga ko‘ra atmosferaga chigadigan zararli moddalarning migdori 121 ming tonnani tashkil
etgan. Bu zararli moddalarning 84,4% ushlab golinadigan yoki zararsizlantirilgan. Hozirgi vaqtga
kelib, atmosferaga chigadigan zararli moddalarning migdori 132 tonnani tashkil etadi. Bunga sabab
yuk va yengil avtomabillarning nihoyatda ko*‘payib ketgani ta’siridir.

Xulosa va natijalar. Viloyat markazi Samargand shahri ham nisbatan ekologik toza shahar
hisoblanadi. 1990-yilda atmosferaga chigadigan zararli moddalarning miqdori 12,4 ming tonna,
shundan 10,4 ming tonnasini suyuq va gaz shaklidagi moddalarni tashkil etgan. Samargand shahri
atmosferasini ifloslantiradigan yirik manbalarga Superfosfat kimyo zavodi, Vinozavod, G‘isht zavodi
va boshqalar kiradi. Viloyatning boshga sohalari ham nisbatan ekologik toza hisoblanadi. Lekin, bu
sohalarda ham havoni va suvni ifloslantiradigan paxta tozalash zavodlari, Kattago‘rg‘on yog*-moy
zavodi, Jomboy qurulish sanoati korxonalari mavjud. Viloyat ekologiyasi buzilishida gishlog xo‘jaligi
faoliyati natijalari ham ta’sir etadi. Asosan, chorvachilik fermalari joylashgan joylarda va
o‘simliklarga kimyoviy moddalardan foydalanishda namoyon bo‘ladi. Shuningdek, rekreatsion joylar
ifloslantirishda antropogen omilning ham ta’siri mavjud.

Yugorida aytilganlardan tashgari muhim muammolardan biri aholi va aholi punktlari joylashuvi
tizimini to‘g‘ri tashkil etish hisoblanadi. Qaysikim bu sohada va gishlog aholi joylari rivojlanishini
bir-biri bilan bog‘liq ravishda, hamda viloyat, tuman, shaharlar markazlarida transport yurish yo‘llari
bilan ta’minlanishi lozim. Ma’lumki, Samargand bazasida yirik shahar aglomeratsiyasi barpo bo‘lgan.
Kattago‘rg‘on shahri atrofida esa hali bunday aholi punktlari guruhi tashkil topmagan. Buning uchun
Kattago‘rg‘on shahrining o‘zi yanada rivojlanishi talab etiladi.
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AnHoTanusi. HccnenoBaHbl H3MEHEHUSI B CTAaTUCTUYECKOM CTPYKTYpPE BEpOSITHOCTEH
MEPEX0JI0B TUIIOB CUHONITUYECKUX IIPOLIECCOB B COBPEMEHHYIO KIIMMATUYECKYIO 3MOXY MO0 CPABHEHUIO
C KIMMaTHYeCKUM O0a30BBIM IIEPHUOIOM. BBISBICHBI OCHOBHBIC TMPEANICCTBYIONIAE THIBI IS
XOJIOAHOTO U TEIIOTO TTOTYTOIUH.

KuaroueBble c¢j10Ba: KIMMAaTUYECKUA TEPUOM,CHHONTUYECKUE TIPOLECChl, BEPOATHOCTh
nepexoa, FOJKHBIE ITUKIOHEI.

O¢rta osiyoda sinoptik jarayonlarning turlari o‘tishi ehtimoli (I gism: oldingi turlar)
Annotatsiya. Joriy iglimiy davrda sinoptik jarayon turlari almashinuv ehtimolliklari statistik
tarkibining bazaviy iglimiy davrga nisbatan o‘zgarishlari tadgiq etilgan. Sovuq va iliq yarim yilliklar
uchun sinoptik jarayonlarning joriy turidan oldin kuzatiluvchi asosiy turlar aniglandi.

Kalitso‘zlar:iglimiydavr,sinoptik jarayonlar, o‘tish ehtimolligi, janubiy siklonlar.

Probability of transitions of types of synoptic processes of middle asia
(part I: prior types)

Abstract. Changes in the statistical structure of the transition probabilities of synoptic processes
in the modern climatic epoch are compared with the baseclimatic period. The main previous types for
cold and warm half-year are revealed.

Keywords: climatic period, synoptic processes, transition probability, southern cyclones.

Beenenne. [IpoGiiema uccnenoBaHusl TOSIBICHHS M YePEIOBAHUS TUIOB CHHOITHYECKHX
nporieccoB CpenHeid A3un OepeT Hadano B KoHIle 40-x - Hadane 50-x romoB XX Beka. [ maBHO# nneeit
3THX MCCIIEOBAaHUM SABJISETCA MPUMEHEHHE IEHBIX MPOIECCOB MAapKOBCKOTO THIIA, MPENJIOKEHHON
T.A. CapeimcakoBbiM, B.A. byraessim u B.A. [xopmkuo [9-11]. BnocnencrBum 3ta uumest Obuia
BoruiomeHa B MoHorpaduu B.A. byraeBa, B.A. Jlxopmkuo u ap. [12]. B nanpHeiieM nzydeHuem
npobsiemsr 3aanManuchk J.C. UnpunoBa [2], T.A. BoiinoBa u C.U. Muroramosa [1, 3, 8]. Ilocnennss
KpyIiHasi paboTa B JaHHOM Hanpasienun npunaiexxut C.1. Muoramosoii u T.M. MyxTapoBy [4]. B
HEll BBIBICHBI BEPOSATHOCTH YCJIOBHBIX NEPEXOAOB CHHONTHYECKUX HPOLECCOB 3a KIMMATUYECKUN
0azoBerit  mepuox  (1961-1990 r1r.) C y4eTOM YTOYHEHHH W JIOTIONHEHWUH KIACCU(DUKAIUH
cuHonTuueckux mnpomeccoB Cpenneli Asuu. B  HacTosimiee Bpemsi TOSBWIACH OOBEKTHBHAS
HEOOXOIMMOCTh NIEPECMOTPABEPOATHOCTEH YepeJOBAaHHS THIIOB CHHONITUYECKHUX MPOIIECCOBB CBS3U C
CYIIECTBCHHBIMU U3MEHEHHSMHU LUPKYJISIIMOHHBIX YCIOBUN HaJl CPEIHEa3HATCKUM PETHOHOM.

Henbro wuccienoBaHus SBISETCS HW3yYEHHUE BEPOSITHOCTEW TMPEAIIECTBYIOIIUX THIIOB
cUHOMNTHYECKUX IMpoueccoB Cpennedt Asun.lMcxoas W3 IMOCTaBIEHHOW 1€, OCHOBHOW3adaueii
HCCIICIOBaHUS SIBJISIETCSI CPAaBHUTEIBbHBIM aHAM3 YCIOBHBIX BEPOATHOCTEW IIEPEXOJI0B THUIIOB
CHHONTUYECKUX MPOLECCOB B XOJIOAHOE M TEIUIOE mosyroaus 3a nepuonsl 1991-2016 rr. u 1961-
1990 rr.

HcxonHble MaTepuasbl U MeTOANKA Mccjef0BaHMs. [[J1s1 BBIIOIHEHUS HCCIEA0BAHUS ObLIN
WCTIONTE30BaHBI KaJICHAapH CHHONTHYECKUX mporeccoB CpenHeit Asun [5, 6]. IIpu 06paboTke maHHBIX
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KaJleHJapel  y4YUTHIBAIMCh  OCHOBHBIE  THUIBI  CHHONTHYECKHMX  IpomeccoB. B memsax
BBISIBIICHUSN3MEHEHUSIBEPOSTHOCTEN IEPEXO/I0OB THUIIOB CHHONTHYECKHX IPOIECCOB TNPUMEHEHBI
METOJIBI CTATHCTUIECKOTO M CPABHUTEIHFHOTO aHAIIN3A.

PesyabTaTtel m ux odcyxknenme. Kak ormewaercs B pabortax [4, 12] mHaxoaut cBoe
MOJITBEP)KIACHUE B HAIIMX HMCCIEAOBAaHUAX [7], Takue XapaKTePUCTUKH CHHONTUYECKUX IPOILIECCOB
Cpenneld A3um Kak, MOBTOPSEMOCTh M IMPOJODKUTENBHOCTh MOTYT CYIIECTBEHHO HM3MEHSTHCA BO
BpEMEHH B 3aBHUCHMOCTH OTKoJieOaHMHOOMmIeH HHUPKYISIMHA aTMOC(Ephl CEBEPHOrO MOIyIIApHUs.
JanHoe 00CTOSATENBLCTBO BBI3BIBAET CBOCOOPA3HBIC U3MEHEHHS M B CTOXACTHUECKUX XapaKTePUCTUKAX
CHHOIITHYECKHX TporeccoB. B [4] Taxke koHCTatupyercs, uTo «Ecim BeposSTHOCTh MEpexoi0B THUIIA
CHHOIITHYECKOTO TpoIecca B JIPyrHe BBIYUCIATH HE3aBHCUMO OT €r0 MPOAODKUTENBHOCTH, TO €CTh
paccMaTtpuBaTh JUIIL (GAaKT CMEHBI OJHOTO THIA APYTMM (TIPEeAIIeCTBYIOLUIMKA THII, UCXOTHBIN H
TIOCIIEYIONIHIA), TO YETKO MPOCIICKHUBAIOTCS KaK HanboJiee BEpOSTHBIC HAMPABICHUS MIEPEXo/ia, Tak U
MAaJIOBEpOSITHBIE MEPEXO/bl U Jake «3amperieHHbiey. [lonp3ysack Hanbonee BEpOSTHBIM MEPEX0I0M
Ka)KAO0T0 TUIA, MOKHO COCTaBUTh CXEMBI 3THX MEPEXO0JO0B [ TEMJIOr0 U XOJIOAHOTO MOIYyroui. OTH
3aKOHOMEPHOCTH MOYHO HCIIOJIB30BaTh B OINEPATHBHOM NEATEIBHOCTH MPH COCTABICHUH IPOTHO32
noroje». C y4eToM 3TOTO B JAaHHOI paboTe NMPUBOAATCS pPEe3yNbTaThl MCCIEAOBAaHUS W3MEHEHUIl B
CTPYKTYpe MPEAMIECTBYIONUX TUTIOB CHHONTHYECKUX MPOIIECCOB, Mpom3omienmux B nepuon 1991-
2016 TT. OTHOCUTENHHO KIUMaTHYeCKOro 0azoBoro nmepuoaa (1961-1990 rr.).

Xonoonoe noayeooue. B TekylieM KIMMAaTHYeCKOM IEpHOJNE, FOro-3amajnHas mepudepus
AHTUIIMKIIOHA Kak Obul0 M B 0Oa3oBoM mnepuone (45,1%) damie BCero MNpeaiiecTBYeT BBIXOAY
IOKHOKACTIMACKUX NUKIOHOB 34,8% (Tabm. 1).BeposTHOCTH TOrOo, YTO 3amajiHOE BTOPXKEHHUE
NpEECTBYET F0KHOKACITMACKAM IIUKJIOHAaM MpakTuiecku He u3menmnack (11,5% B 6azoBom, 11,2%
B TEKyllleM Mepuone). [MaBHON OTIMYUTENBbHOW YepTo TEeKyIIero Mepuojaa sABIsSETCS TO, YTO
3HAYUTENFHO YBEIHYWIOCH MPEIIeCTBOBAHNEMAIOTPAANCHTHBIX MOl moBkimeHHoro (22,8%) u
noHmwkeHHoro (12,9%) maBneHUS BBIXOMY HOKHOKACTIMACKHUX ITMKJIOHOB (BEPOSATHOCTH 0a30BOTO
nepuojia coctaBisuiv 4,9 u 6,2%, COOTBETCTBEHHO).

[Iponomkaer mpeobiagath BEPOSTHOCTh MPEIIISCTBOBAHMS IOTO-3amMaJHON mepudepun
AHTHIMKJIOHA TIepel BBIXOAOM Myprabdckoro mukiaona — 40,0% (B 6asoBom mepuoge — 37,6%).
3aMeTHO YBENMYWIIOCH MPEIIIeCTBOBAHUE TPYIIBI MAIOTPaJUeHTHBIX Oapudeckux noier (13,8% —
BBICOKOTO jaaBiieHusi, 15,0% — Huskoro jgaBieHus). Heckonbko yBeIMYHIACh BEPOSITHOCTh BBIXOJA
Mypra0dCKoro LHKJIOHa MocieroxHokacnuiickoro— 13,8% (B 6a3oBom mepuoze 11,8%). Mmenmue
MECTO MPHUMEPHO PABHOBEPOATHBIE MEPEXOAbl OT BOJHOBOHM JESTENBHOCTH, I0XKHON mnepudepun
AHTUIUKIOHA W 3alaJHOr0 BTOpKEHHs K Myprabckomy mukinony (10,9, 104 u 10,9%,
COOTBETCTBEHHO) CTAJIA BCTPEYaThCA 3HAUUTENHHO pexe (5,6, 3,8 u 3,1%, COOTBETCTBEHHO).

B rximmMatmdeckom 0a30BOM Tepuolie BBIXOJAM BEpXHEaMyAapbHHCKOTO IHKIOHA B
OOJBIIMHCTBE  CIIyYacBIPEAIICCTBOBAIM  FOTO-3amagHas nepudepus antuiukiona (31,1%),
MaJIOTpaJMeHTHOEe Toie MoBbleHHoro aasieHus (20,0%) u rokHas nepudepuss aHTHUIHMKIOHA
(13,3%). B HacTosmiyto amoxy pacipeneieHne BEpoITHOCTEH TIepeXxoa0B 3aMETHO U3MEHMIOCh. THITb
CHHONTHUYECKUX TIPOLIECCOB, TaKHE KaK Oro-3amajHasi W IoXHas Mepuepud aHTUIHUKIIOHA,
MaJIOTpaJMeHTHbIE ~ OapuyecKhe TOods W MypraOCKMid IHUKIOH TPEALIECTBYIOT — BBIXOAY
BEpXHEAMYJapbUHCKOTO IIMKJIOHA C OJWHAKOBOW BepoATHOCTHIO 15,8%. BoiHOBas medarenpbHOCTH Ha
XOJIogHOM (D)pOHTE W HE OTMCUABIIMICS paHee MAaJOMOABIKHBIA TWKIOH Ham CpemHedt Aswmei
MPEIIECTBYIOT HEMHOTO peke nmpeapaymux TuioB (o 10,5%). A tumel 1, 4 1 5 nepenuu B rpyniy
3aMpenIeHHbIX TTePexoI0B.

Cample Ooyblieé W3MEHEHWS B BEPOSTHOCTH MPOM3ONUTA B CTPYKType TEPEXOJOB K
IIMPOKOMY BBIHOCY TEIJIOro Bo3ayxa. Eciam B 0a30BOM mepuoje 3TOMY THITy NpeoOiaJaroiuM
00pa3oM MpeaIIecTBOBAIN [oro-3ananHas nepudepus antunukiona (50%) u 3amamHoe BTOPKEHHE
(14,5%), To B HacTosIIEe BpEMS C OJUHAKOBON BEPOSATHOCTHIO 25,0% MpeaecTByIOT I0ro-3amagHas u
10’KHast iepugepun aHTULMKIOHA U MaJOrpajueHTHbIe OapuiYecKue Imosl.

Tabauna 1
VY CnoBHBIC BEPOSTHOCTH MEPEXO/I0B TUIIOB CHHONTHYECKHUX MPOIIECCOB B XOJI0AHOM moayroaun, % (1
—1961-1990 rr. [4], 2 -1991-2016 r1.)

Hcxo IIpenmecTByOnMii THI
Ilep
a- Bcero

morit [TO% 1 | 234|567 ]8|99]|96] 1011 12 |13]14|15
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TUI
1 1 10,0 6,3 10,7 5,6 [3,1 [0,7 [59 [1,7 45,1]1,0 5,9 115} |49 6,2 |1,0/0,3 |100,0
2 10,0 6,3 10,4 10,0 [0,4 [0,0 [1,8 [0,4 |34,8|1,8 [5,8 |11,2 | |22,8 |12,9]1,3]0,0 |100,0
) 1 Jj11,8 (0,0 [0,0 [2,7 |1,8 |0,5 |10,93,2 |37,6[0,0 [10,4 [10,9 |- 4,1 [5,0 [1,4[0,0 [100,0
2 13,8 10,0 [0,0 [0,6 1,3 [0,0 |5,6 |2,5 }40,0[0,6 [3,8 [3,1 | |13,8 |15,0(0,0{0,0 {100,0
s 1 2,2 6,7 10,0 2,2 |4,4 [0,0 [6,7 [0,0 |31,14,4 |13,3 |6,7 | [20,0 |2,2 |0,0]0,0 |100,0
2 10,0 15,8/0,0 10,0 |0,0 0,0 |10,5/10,5]15,8[0,0 |15,8 [0,0 | |15,8 [15,810,0{0,0 |100,0
7 1 48 0,0 (1,6 10,0 [6,5 10,0 [9,7 [3,2 [50,0[3,2 |3,2 [14,5} 3,2 (0,0 [0,0{0,0 |100,0
2 10,0 0,0 0,0 10,0 [0,0 10,0 [0,0 |0,0 [25,0[0,0 |25,0 |0,0 |} 25,0 {25,0]0,0{0,0 |100,0
5 1 (155 [13,1)1,6 [1,6 |0,0 [0,0 |13,5[1,2 |20,8/0,8 [0,8 [21,2 | 6,5 [0,8 [2,0{0,4 |100,0
2 (17,3 ]11,5/0,0 1,0 10,0 [0,0 |2,9 1,9 [9,6 [0,0 |1,0 (21,2 | |24,0 [7,7 |1,9[0,0 |100,0
5 1 2,9 4,4 12,9 10,0 [10,3|0,0 [13,2|8,8 [11,8]1,5 (13,2 |16,2 |- (11,8 |1,5 (1,5/0,0 {100,0
2 4,0 0,0 (4,0 10,0 8,0 10,0 [0,0 |8,0 14,0 0,0 |24,0 |12,0 | [32,0 |4,0 |0,0/0,0 |100,0
, 1 6,0 8,7 1,8 |1,4 [17,0{3,7 [0,0 16,4 [11,5[0,9 |10,6 [24,8 | 4,1 (1,8 |1,4]0,0 |100,0
2 (16,0 [13,6]1,2 [0,0 |3,7 [0,0 |0,0 3,7 |14,82,5 |13,6 [19,8 | |7,4 (1,2 [1,2[1,2 |100,0
s 1 (153 [12,54,2 [0,0 16,9 [5,6 19,7 [0,0 |7,6 28 [7,6 [20,1 |} 4,2 2,1 [1,4/0,0 |100,0
2 (10,3 [13,2]1,5 0,0 |2,9 [0,0 18,8 [0,0 |11,8[2,9 13,2 [17,6 |- 18,8 [5,9 [2,9/0,0 |100,0
9 1 2,2 2,5 11,6 10,2 [14,8[4,4 [6,1 4,2 10,0 |3,0 |25,1 |20,7 | |12,2 |1,9 |0,9]0,2 |100,0
2 16,7 2,0 11,7 10,2 [54 0,9 3,3 3,9 |0,0 13,3 [33,1 |21,4 | |14,1 |3,2 |0,7]0,0 |100,0
04 1 25 7,5 10,0 10,0 [16,3[1,3 [17,5(15,0]7,5 10,0 |10,0 |125 | [7,5 |2,5 10,00,0 |100,0
2 16,3 5,0 11,3 10,0 [11,3[2,5 [6,3 2,5 |8,8 10,0 |10,0 |27,5 | 13,8 |5,0 |0,0]0,0 |100,0
o6 1 4,2 3,8 10,7 10,0 [14,95,2 8,3 (7,3 |17,6]10,7/0,0 |15,6 [ [9,0 |2,8 [0,0/0,0 |100,0
2 13,3 4,0 10,7 10,0 ]12,2/5,3 |4,6 [2,3 14,912,500 [24,1 } [11,2 (3,0 |1,7]0,3 |100,0
10 1 28,0 [159([1,5 [52 |0,9 |0,0 13,7 13,2 |23,5[0,2 15 [0,0 | 45 [52 [6,5[0,2 [100,0
2 209 J17,2]1,1 [0,0 [0,5 [0,3 |3,2 |1,3 |16,7[0,5 1,6 [0,0 | ]19,8 |16,1(0,8(0,0 100,0
1 |- - - -  F F F F | F I . |- N
11 > T — T T T T T T i — — T 1 [
12 1 51 6,4 2,6 0,0 [68 [1,3 [8,9 [9,8 |28,1|1,7 4,3 19,1 | |0,0 }4,7 [0,9/0,4 |100,0
2 16,8 5,8 [2,2 10,0 [2,4 10,7 [3,4 |2,7 [354]15 |7,5 [24,0} [0,0 [6,6 |1,0/0,0 |100,0
13 O 3,7 (1,9 11,9 0,0 10,0 (1,9 5,6 [38,0[1,9 |11,1 [5,6 [ [19,4 0,0 |1,9]0,0 |100,0
2 161 3,3 [0,0 10,9 [1,9 10,0 2,3 |1,4 [33,2)23 |7,5 84 | [31,3 [0,0 |1,4/0,0 |100,0
14 1 J/,1 5,4 10,0 18,9 [0,0 3,6 (1,8 10,0 [35,7]1,8 10,0 [14,3 } [17,9 [3,6 [0,0/0,0 |100,0
2 (11,5 [11,5/0,0 0,0 10,0 0,0 |0,0 [0,0 }46,20,0 [3,8 7,7 | |19,2 [0,0 |0,0{0,0 |100,0
15 1 0,0 0,0 0,0 10,0 [0,0 10,0 [25,0/0,0 [50,0/0,0 10,0 0,0 } 25,0 [0,0 |0,0{0,0 |100,0
2 10,0 0,0 0,0 10,0 [0,0 10,0 [0,0 |0,0 [0,0 0,0 |0,0 [100 [ [0,0 (0,0 [0,0{0,0 |100,0

[Tpumeuanue: 1 —10)KHOKACITUICKUIN [IMKIIOH, 2 —MypraOCKHii [IUKJIOH,

3 —BepxHeaMyJapbHHCKUH LUKIOH, 4 — IMUPOKUI BEIHOC TETIOTO BO3/yXa, 5 — CEBEpO-3aMaJHoe
XOJIOJTHOE BTOpKEHHE, 6 — CEBEpPHOE XOJI0ITHOE BTOPKEHHE, 7 — BOJIHOBAs JI€ATEIbHOCTh Ha
X0J101HOM (hPpOHTE, 8 — MAJIONOABMKHBIN IIMKIOH Haj CpenHei A3uei,

9 — roro-3amnagHas nepudepus aHTUIMKIOHA, 9a — I0ro-BOCTOUHAs Iepudeprs aHTHIIUKIIOHA,
96 — roxxHas nepudepus anTUIUKIOHA, 10 — 3amagHOe BTOp)KeHue, 11 — neTHsst TepMudecKas
nenpeccusi, 12 —MaorpagieHTHOe 1oJIe TOBBIIIIEHHOTO IaBieHus, 13—ManorpaneHTHOe Toje
MOHM>KEHHOT O AaBiieHusl, 14 — 3amaHblil HUKIOH, 15 — HBIPSIOUUI [IUKIOH.

Eciu mepen ceBepo-3amagHbIM XOJOJHBIM BTOPKEHHEM B 0a30BOM IEpHOZC HAOIIONAINCH
3amagHOe BTopx)eHue (21,2%), roro-3anannas nepudepus antunukiona (20,8%), 10KHOKaCTTUHACKUI
mukinoH (15,5%), myprabckuii nmkioH (13,1%) u BoNMHOBas JESTENBHOCTh HA XOJIOJHOM (pPOHTE
(13,5%), To B TekymeM Iepuoje MPU COXpaHEHWH BeposTHOCTeH 1, 2 m 10 THUIIOB Ha MpEKHEM
YPOBHE, BEPOSATHOCTH 7 W 9 THUNOB CHIBHO YMEHBIIIIUCH.llepexomoTManorpaiueHTHOTO OIS
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MOBBIIIICHHOTO JIaBJICHUS K CEBEPO-3alaJIHOMY XOJOJHOMY BTOPXKEHHUIOCTAIO TpeoOaiaronum
(24,0%).

B 0a3o0BoM mepuoje mepen CeBEpHBIM BTOPIKEHHEM C BEPOSATHOCTHIO B mpenenax 10-16%
npenmectBoBau 5, 7, 9, 96, 10 u 12 Tumel. B TekymeM mnepuone mnpeoOraNaroONMMH CTaJId
MaJIOTpaJINeHTHOE Toie moBblmeHHoro nmaeieHus (32,0%) w roxkHas mnepudepus aHTUIMKIOHA
(24,0%). HecMmoTpss Ha HEKOTOpOE YMEHBIIEHWE, MO-TIPEKHEMY COXPAHSIETCS TOCTATOYHO BBICOKAs
BEPOSITHOCTH 3amnagHoro sropskenus (12,0%).

Kak wu3BeCTHO BOJIHOBas MEATENBHOCTh Ha XOJOAHOM (DPOHTE OCYIIECTBIAETCS TOCTE
npoxoxaeHuss Hajy Cpeaneld Asuedt XonofHOro (GpoHTa ¢ Majioif BEPTHKAJIbHOW MOIIHOCThIO.
[MosTOMy OTOT THI OOBIYHO HACTYMAET IIOCIE BBIXOJOB FOKHBIX LUKIOHOB (THBl 1 u 2),
MIPOXOXICHUST (PPOHTOB CEBEPO-3aMagHOr0 M 3amagHoro BropskeHuid (Tumbel 5 u 10). Cratucrtika
TaK)K€ YKa3bIBaeT Ha HAIMYUE TOTO, YTO BOJHOBOH JCATEIHHOCTUIIPEANIECCTBYIOT aHTUIIUKIOHATIHHBIC
noist (tunel 9 U 96), KOTOphIe O 3aHWMAIOTCEBEPHBIC M IIEHTPANBHBIC YacTH CPEJHEea3naTCKOro
peruoHa. BeposTHOCTh IepevrCIeHHBIX MPOILIECCOB B 0a30BOM Tieproe coctapisuia ot 6,0 (tum 1) no
25,0% (tun 10). B TexkymeM mnepuoie HaOMIOAAeTCs 3aMETHOE YBEJIMYECHHE BEPOSTHOCTEH
IOJKHOKACIMHUCKOrO0 © Myprabckoro mukioHoB (16,0 u 13,6%, COOTBETCTBEHHO), a TaKXKe
CYIIIECTBEHHOE YMEHBIIIEHHE BEPOSTHOCTH TPEAIISCTBOBAHUS CEBEpHOTO BTOpKeHUs (3,7%).
BepositHoct ThmioB 9, 90 u 10 m3aMeHWnIHMCh HecymiecTBeHHO M cocTaBisoT 14,8, 13,6 u 19,8%,
COOTBETCTBEHHO.

ManonoasmxHoMy 1ukiIoHy Hax CpenHedt Asumeld ¢ HauOONbBIICH BEPOSTHOCTHIO
MIpeIIeCTBOBAIH FOKHBIE IIUKIOHBI (TUMBL | 1 2) 1 3anmanHoe BTopkeHue. [lpyu coxpaHeHnn BBHICOKOH
BEPOSITHOCTU JTUX THUIIOB B HACTOSIIEM IMEPHOJC YBEIMYMUIACH IMOBTOPSIEMOCTH MPEIIICCTBOBAHUS
AQHTUIUKIOHATBHBIX TIoieit (Tun 9 — 11,8%, Tun 96 — 13,2%).

['pyrmiie aHTUITUKIOHATBHBIX TUIIOB CHHONITUYECKHX IporeccoB (9, 9a, 90) rimaBHEIM 00pa3oM
npemecTsoBay TUNbI 5, 7, 8, 9 u 9a (mns tuna 96), 96 (s tunoB 9 u 9a), 10 u 12. B Texymem
MIEPHUO/Ie BEPOSATHOCTH TPEANIECTBOBAHUS THIOB 5, 7 1 § HeMHoro ymeHbmmmch (5,4%, 11,3% wu
12,2%, COOTBETCTBEHHO), a BEepOSITHOCTU TUNOB 10 1 12 3aMETHO YBEIUYUIUCE.

B knmumaTrueckoMm 0a30BOM MEpHO/IE Mepe]l 3anaJHbBIM BTOPKEHHEM TPEBaTHPOBAIIN FOXKHEIC
muKIoHb! (tun 1 — 28,0% u tum 2 — 15,9%) u roro-3amagnas nepudepus antunukiona (23,5%). B
TEKYIIEeM MEPHOJIE IIPH COXPAHEHUH BBHICOKOH BEPOSTHOCTH IEPEUNCICHHBIX MPOIECCOB CYIECTBEHHO
YBEIUYMIIUCh BEPOSITHOCTH TMEPEXOJI0B K 3alMaJHOMy BTOPKEHUIO TIOCIE MAaJorpaJueHTHBIX
Oapudeckux mosueit (turm 12 — 19,8%, Tun 13 — 16,1%).

Tuner 12, 13 u 14, kak 1 B 6a30BOM Iepuoe, NosBIsIoTes Haxy CpenHeil Asueil B OCHOBHOM
Moclie Foro-3amagHoi mepudepun antunukiona (35,4, 33,2, 46,2%, coorBeTcTBeHHO). Hpipstommit
IIUKIIOH B TEKYILEM Tieproje Habmronancs Haj CpenHeld A3ueil Bcero OfMH pa3 U MPeAIecTBOBAIO eMY
3araJHOE BTOP)KEHHE.

Tennoe nonyeooue (Tadin. 2). KOxHBIC ITUKIOHBI B TEIUIOM IMOJYTOINN BRIXOMIT HA CpemaHIo
A3BWIO TONBKO B TEPEXOJHBIC CE30HBI, T.€. BECHOW M oceHblo. Tumam 1 um 2 B 0a3oBOM mepuojie
MPEIIECTBYIOMUMY SIBISUINCH THIBI 1 (mns 2 tuma), 9, 12 u 13. DTa TeHIeHIHs COXpaHsIeTcs U B
TekymieM nepuojae.lIpu 3ToM OCHOBHBIM MPEAMICCTBYIONTUM JIJISI STUX THUIIOBCTAIO MAJIOTPAIUEHTHOE
mojie  TMOHIMKeHHoro masneHus (43,4 wu  42,9%, coorBerctBeHHO). llepem  BeIXOIOM
BEpPXHEaAMYJapbUHCKOTO [MKJIOHA YaIlle BCETO HAOIIOJAINCh FOTO-BOCTOYHAS WM I0KHAS Tepudepus
antunukioHa (mo 40,0%), a Takxke MaJONOABMKHBIA 1MKIOH Hax Cpemneit Asueit (20,0%). B
HACTOsAIIEe BpeMs C paBHOW BeposTHOCTHIO (33,3%) maHHOMY THITy MpPEIIIECTBYIOT CEBEPHOE
XOJIOJTHOE BTOPXKEHHE, FOTO-BOCTOYHAS WIIM IOXHAas mepudeprus aHTUIMKIOHA M MallorpaJueHTHOE
T0JIC TTOBBIIICHHOTO JABJICHHUS.

Jly1st TpyTIBl TUTIOB, CBSI3AHHBIX C BTOPXKEHHUSMH BO3yXa C CEBEpO-3alajia, ceBepa M 3amaja
(tumer 5, 6 1 10) B 6a30BOM Ieprojie OCHOBHBIMH TPEIIECTBYIONIMMY SBISUTMCH MaJIOTPaIMEHTHEIE
O6apuueckue mnons (12 u 13), 3amagHoe BTOp)keHHe (U1 THMA 5), ceBepo-3amagHOe BTOPKEHHE U
10)KHAas IepuQepus aHTUIUKIIOHA (1715 TUTa 6), a TaKkXkKe I0ro-3amajaHas nepudepust aHTUIUKIOHA (1151
tuna 10). B Tekymem mnepuwosme naHHAas TEHACHIHWs coxpaHsercs. lIpm 3ToM BepoOSTHOCTH
MPEeANIECTBOBAHUS MAaJIOTPAJUEHTHOTO IO MOBBIIEHHOTO (26,7% nmns Ttuma 6) U TMOHWKEHHOTO
nasnenus (43,8% nns tuna 5 u 57,1% nns tuna 10) CUiIbHO YBETUYHITUCS.

BonHoBass nesTensHOCTh Ha XOJOAHOM (poHTE, KaKk M TPyIIa IOKHBIX IUKJIOHOB,
HaOIO/TaeTCsl TONBKO B TIEPEXOAHBIE CE30HBL J[JIs 3TOro THma Trpymma MpealIecTBYIONINX THIIOB
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MIPOIIECCOB OCTaNIaCh 0€3 M3MEHEHUS C YUETOM TepepacipeeiicHus] BEPOSTHOCTEH MPEAIISCTBOBAHUS.
Ecou B 6a3zoBoM mepuoxae npeobiamarormuMu Obutd THTIEI 5 1 10, B TeKyIneM mepuoac TaKOBBIMH
ctanu Tamnsl 1 u 10 ¢ paBHO# BepositTHOCTRIO 21,4%.

[lepen manonoBux)HOM IUKIOHOM Haj CpenHed Asuell B KITUMaTHYeCKOM 0a30BOM MEPHUOJIC
yaie Bcero HaOmromanoch 3amagHoe BTopykeHue (34,5%). XoTs B TeKylleM INeprojie BEpOSTHOCTh
3TOro mporecca yMmeHbmmnach (24,4%), OH ocTaeTcs TJIABHBIM MPEAUIECTBYIOUINM THIIOM.
Crnenyromnue Mecta 3aaumMarot Tinbl 12, 13 1 96 (22,2, 17,8 u 15,6%), COOTBETCTBEHHO.

AHTUIIUKIIOHAIBHEIM TIOJSIM B 0a30BOM TIepHOJIe TPE/IIECTBOBAIIN C BEPOSATHOCTHIO Ooliee
10% tuner 5, 10, 12, 6 u 9 (ans tuna 96), 96 (g tunoB 9 u 9a) u 13 mus Tumos (92 u 96). B
TEKYyIIEeM IEepUOJIe TaHHOE PacIpe/Ie/IeHUe BEPOITHOCTH COXPAHMIIOCh C HEKOTOPHIMUA U3MEHEHHSIMHU.
Ilepen BceMU aHTUIMKIOHAIEHBIMHA TUIAMH HAMHOTO PEXe CTalIM HaOI0JaThCs CeBEpO-3alagHble U
ceBepHble BTOp)KEeHUsA. HOkHas mnepudepuss aHTHLIMKIOHA dYalle MPEAlICCTBYET IOro-3amaaHoi
nepudepun (48,0%). BeposTHOCTH MPOTHUBOMOIOKHOTO HIepexoa coctapisaeT 30,9%.

Tabauua 2
VY CI0BHBIE BEPOSTHOCTH MEPEX0/I0B TUIIOB CHHONITHYECKHUX MPOILIECCOB B TEILTOM mosyroauu, % (1 —
1961-1990 rr. [4], 2 —1991-2016 1T.)

M cxoaHbBIN Mepon IIpenmecTByronui TUI Beero
THUI 112314567 ]18] 9 |99 (10(11]12] 13 |14([15

1 1 (0,0(3,4|0,0|1,7|8,6]1,7(3,4(1,7137,9]|1,7]18,6(8,6]0,0/10,3(10,3{1,7{0,0]|100,0

2 (0,0]0,0/0,0/0,0{0,0/0,0|0,0(0,0(23,3(0,0]6,710,0/0,0(16,7{43,3(0,0/0,0{100,0

5 1 [15,6/0,0]0,0]/0,0{0,0]0,0(12,5/9,4]128,110,0]3,1(9,4]0,0]6,3|15,6{0,0{0,0/100,0

2 [21,40,0]0,0]0,0{0,0]0,0|0,0(0,0{14,3(0,0|/7,1]0,0]|0,0(14,3[42,9(0,0/0,0{100,0

3 1 10,0/0,0]0,0{0,0({0,0]0,0]0,0(20,0[ 0,0 }40,0440,0,0,0]0,0{0,0| 0,0 {0,0/0,0{100,0

2 (0,0]0,0]0,0]0,033,310,0|0,0(0,0f 0,0 {33,3/0,0]0,0]0,0(33,3| 0,0 {0,0]0,0{100,0

4 1 |8,3/0,0]0,0]0,016,7/0,0/0,0(8,3]16,7]|0,0]0,0(33,3/0,0{16,7[ 0,0 {0,0{0,0{100,0

2 |0,0]0,0]0,0/0,0{0,0/0,0|0,0(0,0f 0,0 {0,0]/0,0]0,0]0,0{0,0100,0(0,0]0,0{100,0

5 1 (2,8(1,8]/0,4/0,0]10,012,1{3,2(2,8] 9,6 |4,3]2,1{29,1/3,5]16,7[20,6{1,1{0,0]{100,0

2 13,6(0,9(0,0(0,0{0,010,911,8|2,7]| 5,4 [2,7]1,8]21,4{0,0|14,3]43,810,9/0,0/100,0

5 1 10,0(1,7]0,0{0,0{17,8/0,012,9(4,6( 6,3 |5,7(11,59,2|3,4/13,8/23,0(0,0/0,0{100,0

2 (0,0]0,0]6,7/0,0{6,7]0,0]0,0(6,7| 0,0 |6,716,7]10,0/0,0{26,720,0(0,0/0,0{100,0

7 1 16,8(3,4]0,0/0,0{27,1/8,510,0(1,7 3,4 |0,013,6/18,6/0,0|8,5| 8,5 [0,0]0,0{100,0

2 [21,4]0,0]0,0]0,0{24,3/7,110,0(0,0f 7,1 (7,1|7,1}21,4/0,0{14,3] 0,0 {0,0]0,0{100,0

3 1 10,0(3,5]0,9(0,0{10,6/8,810,9(0,0( 8,0 |4,45,3[34,50,0]9,7(13,3(0,0/0,0{100,0

2 (0,0]4,410,0]0,0{0,012,210,0(0,0{11,1{0,015,6[24,4)0,0(17,8 22,22,2]0,0{100,0

9 1 11,2/0,3]0,3|0,0[13,6/8,311,2(3,0( 0,0 |3,9(37,4{15,4/0,0[13,1{ 2,1 [0,3]0,0{100,0

2 12,91]0,410,010,0{6,6]11,6|1,6(1,2( 0,0 |8,6}48,0]16,4/0,0{10,7] 1,6 {0,4]0,0{100,0

9a 1 10,0(0,0]0,0{0,0{20,1]9,7]13,0(2,2| 3,0 |0,0[14,2]25,4]0,0]10,4{11,90,0]0,0{100,0

2 (1,41]1,4]10,7]0,0{15,9/4,810,0(1,4( 3,4 (0,0]9,728,3)0,0{14,5[17,9(0,7]0,0{100,0

96 1 10,4(0,0]0,0|0,7[22,5/18,312,1|3,2| 7,7 |17,6(0,0|13,7/0,4|7,0| 6,3 [0,0]0,0{100,0

2 (0,0]0,0/0,0|0,0f11,712,7|1,2(1,2| 6,6 (30,9/0,021,1/0,0(13,3| 10,2(1,2|0,0{100,0

10 1 159(2,5]0,2|1,7(2,7]11,711,9(3,4(17,9|2,1|3,6]0,0|5,0/16,2] 34,70,6/0,0{100,0

2 125(1,7/0,3f1,11,1/0,3]0,0{/0,8/10,9(0,8|1,7]0,01,1]19,957,1]0,6/0,0/100,0

1 1 {0,0(0,0/0,0/0,0{2,1]14,3|{0,0(0,0] 8,5 (0,0]14,921,3/0,0|4,3|44,7{0,0{0,0/100,0

2 |0,0]0,0]0,0/0,0{0,0/0,0|0,0(0,0f 0,0 {0,0]/0,0]6,7]0,0{0,0{93,3(0,0/0,0{100,0

12 1 (1,2/0,9]0,0/0,0)11,9/6,7|2,7(6,7|17,1]15,8]6,4(31,4/0,3]0,0( 8,8 {0,0{0,0{100,0

2 0,8]0,5/0,0/0,0{6,811,3|0,5(3,1{20,4(5,213,1]32,9/0,3/0,0|15,10,0/0,0{100,0

13 1 {0,5(0,5]0,3]0,3|6,416,2(1,0(9,8119,3]|3,9]11,3[20,4|1,5/18,3[ 0,0 {0,0{0,3]|100,0

2 109(1,1/0,0(0,5(2,810,9]0,7|4,8]|15,8(3,2]10,3]19,0{0,9/38,8] 0,0 10,2/0,0/100,0

14 1 10,0/0,0]0,0{0,0({0,0]0,010,0(0,0(25,0]0,012,5]25,0/0,0[12,5( 25,00,0/0,0{100,0

2 |0,0}7,110,0|0,0{7,210,0/0,0(0,0(35,7(0,0|7,1]7,1]0,0{7,1{28,6(0,0]0,0{100,0

15 1 10,0/0,0]0,0{0,0(0,0]0,0]0,0(0,0(100,0/0,0{0,0|0,0]0,0{0,0{ 0,0 {0,0]0,0{100,0
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| | 2 0,0]0,0]0,0[0,0{0,0]0,0]0,0{0,0] 0,0 [0,0]0,0[0,0]0,0[0,0] 0,0 [0,0]0,0] 0,0 |

JleTHsIst TepMudecKas AeTpeccHs dalle BCEro HaOIIoJaliach IOCie MajorpaHeHTHOTO MO
MOHIKEHHOTO AaBneHus (44,7%), 3anagaoro BropskeHus (21,3%) u 10xxHON niepudepuu aHTUITHKIOHA
(14,9%). B Texymem nepuone 3TOT TUI B IpeodiafaonieM OONBIIMHCTBE CIy4YaeB HACTYMAET MOCIe
tuna 13 (93,3%) u mumb B 6,7% citydasx 1mociie 3anaJHOr0 BTOPKEHUS.

ManorpageHTHOMY TIOJIIO TOBBIIIEHHOTO JaBieHHs B 0a30BOM mepuone B OONBIIMHCTBE
CIIy4aeB TpEAIIecTBOBaIN 3amanHoe BTopkeHue (31,4%), roro-3amagHas nmepudeprs aHTHUIHKIOHA
(17,1%) u cesepo-3anagHoe BropskeHHe (11,9%). B Tekymem mnepuome coxpaHsieTcs BbICOKas
BepostHocTh Thma 10 (32,9%) u 9 (20,4%). Bmecre ¢ 3THM yBeIMYMBAIOTCSA CIy4au
npeamectBoBanus THIOB 13 (15,1%) u 96 (13,1%). ManorpanueHTHOE TI0JIe MOHWKEHHOTO JTaBIICHNUS
HacTymajo B 0a30BOM IepuoJe IIOCJIe 3amaJHOro BTOPXKEHMA, IOro-3amafHoil mnepudepun
AQHTHULUKIIOHA, MAJIOTPAAUEHTHOTO T10JISl HOBBILICHHOTO AABJICHUS U I00KHOW Nepudepuu aHTULHMKIIOHA
(20,4%, 19,3%, 18,3% wu 11,3%, cooTBeTCTBEHHO). B TekymeM mepuoje NaHHOE pacIpeneicHue
BEpPOATHOCTEH Iepexofa COXpaHseTcsd, HO YK€ C IpPEeBATUPOBAHUEM MaJOIPaJUEHTHOIO IOJIS
MOBBIICHHOTO JaBicHUS (38,8%).

B 0a3zoBoM mepuone 3amaaHbli LUMKIOH BTOprajcs Ha Teppurtoputo CpeiaHel AsuM Iocie
I0r0-3aMajHoil mnepudepruu aHTHIWKIOHA, 3aaJHbBIM BTOPKEHHEM W MAJOTPaJHCHTHBIM I10JIEM
MOBBIIICHHOTO JIaBIICHUS C OJIMHAKOBOW BeposATHOCTbIO — 25%. B Hacrosmee Bpems
peobIafalomuMu  TIpeecTByomuMu tunamu cramun 9 u 13 (35,7 u 28,6%, coOTBETCTBEHHO.
Heipsirommuii IMKIOH B TETJIOM MOJIYTOIUH TEKYIIETO TIepHoa He HaOroAacs.

3akaouenue. [IpoBeieHHBIIN aHATN3 ITOKA3BIBAET, YTOB TEKYIIEM KIMMAaTHYECKOM MEPUOJIE B
XOJIOTHOM TIONYTOAMHM BBICOKHMH OCTAlOTCS BEPOSTHOCTH IMPENIIECTBOBAHMS FOTO-3aMa HON
nepudepun aHTHLUKIOHA W 3allaJHOTO0 BTOPKEHHS. [IpM 3TOM BEpOSTHOCTH NpEAIIECTBOBAHUS
MaJOrpaJeHTHRIX Oapuyeckux moneld (tumbsl 12 m 13), ocoOEHHO MaJOrpagUeHTHOTO OIS
MTOBBIIIIEHHOTO JAaBJICHHUS, 3aMETHO YBEIMYIINCEH. B Teroe momyroane B 0a30BOM mepuojie Hanboiee
BBICOKMMHU BEPOSTHOCTSIMH IE€PEXOJIOB OTMEUAINCh CEBEPO-3allaJHOE XOJIOJHOE BTOpPXKEHHE, IOro-
3amajiHas U FOKHAs Tepudepur aHTUIHMKIIOHA, 3allaJHOE BTOPXKCHUE, a TaKKe MajorpaJucHTHBIC
Oapudeckue monst. B Hacrosmiel smoxe NMpH COXpPaHEHWH TIIABHOW PONM 3alagHOTO BTOPXKEHUS H
IOKHOM mepudepun aHTUIUKIOHA HAOMIOJaeTCsl CYyNIECTBEHHOE YBEIMUYEHHE BEPOSITHOCTH
NpPEAIECTBOBAHMS  MaJOTPaJUCHTHBIX  Oapuueckux moned (tumel 12w 13), ocobeHHO
MaJOTpaJeHTHOTO TT0JI IOHWKEHHOTO JIaBleHus. B cBoro odepenp, ceBepo-3amaHoe BTOPKEHHE U
oro-3amagHas  nepudeprs aHTUIUKIOHA CTalM peXe TMPEAIIECTBOBATH JOPYTUM  THUIIAM
CHUHOIITHYECKHX TPOLIECCOB.
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OLIY TA’LIM MUASSASALARIDA TA’LIM SIFATI VA SAMARADORLIGINI
OSHIRISHDA INTERFAOL USULLARNING O‘RNI
O. Kodirov, U. Zoxidov, Sh. Xomitov
Samargand davlat universiteti
E-mail::xodirov.olmos@mail.ru

Annotatsiya. Maqgolada oliy ta’lim o‘quv jarayonida ta’lim sifati va samaradorligi,
an’anaviy darsning bugungi kundagi holati va kamchiliklari, noananaviy darslarning turlari ko‘rib
chigilgan va bunday turdagi darslarni o‘tish yuzasidan takliflar berilgan.

Kalit so‘zlari: an’anaviy dars, noananaviy dars, hamkorlikda o‘qitish, gora quti, paravoz,
muammoli o‘qitish, tarozi , yelpig‘ich, kichik guruh.

PoJib HHTEPAKTUBHOI'O MeTOA VISl OBBILIEHUS KauyecTBA H 3(peKTUBHOCTH BY30BCKOI0
oOpazoBaHus
AHHoTtamusa. B crathe oOCyXkmaercs TpaguallMOHHBIE W HETPAJAUAIMOHHBIE METOJIbI
00pa3oBaTeIbHOrO Tpolecca B By3axX M BIMSHHUE UX HA Ka4eCTBO U 3((PEKTUBHOCTD, a TAKXKE AAIOTCS
PEKOMEHAAINH NIPU POBEACHUH 3aHATHH.
KuroueBbie c¢JjI0Ba: TpaJuallMOHHBIE YPOKH, HETPAIWALMOHHBIE YPOKH, YEPHBIN SIIUK,
napano3, npobieMHoe o0yueHue, 6aiaanc, Kiactep

The role of interactive methods to improve the quality of education
Abstract. In this article discussed the role of interactive methods in improving quality of
education of today’s high schools, and the types of nontraditional lessons, there given suggestions to
teach this kind of lessons.
Keywords: traditional lessons, notraditional lessons, cooperative learning, black box, train,
case study, scales, small groups, fan

Har bir jamiyatning kelajagi ta’lim tizimining gay darajada rivojlanganligi bilan belgilanadi.
Bugungi kunda mustagqil taraggiyot yo‘lidan borayotgan respublikamizda uzluksiz ta’lim tizimini isloh
qgilish va takomillashtirish, ilg‘or pedagogik va axborot texnologiyalarini joriy etish hamda ta’lim
samaradorligini oshirish davlat siyosati darajasiga ko‘tarildi [1].

Ta’lim, ilm fan sohasida 2017-2018 yillarda olib borilgan tub islohatlar nafagat ta’lim sifati va
samaradorligini oshirishga, shuningdek, oliy ta’lim tizmini jahonning nufuzli universitet va institutlari
bilan integratsiyalashuv jarayonini ham tezlashtiradi.

Oliy ta’limda talabalarga bilim berishda sifat va samaradorlikka erishishning yo‘llaridan biri
an’anaviy o‘qgitish usullaridan noan’anaviy usullarga o‘tishni tagozo etadi. Afsuski, ta’lim
tizmimizning holati, ta’labaning kasbiy bilim va malakasi fanlarni o‘zlashtirish, bilim olishga
motivatsiya darajasi to‘lasincha noan’anaviy darslarga o‘tish imkoniyatini bermayapti.

Hozirgi kunda ta’lim sifatini oshirish dolzarb muammolardan biri bo‘lib golmogda. Anan’aviy
metodlar muayyan vaqtga mo‘ljallangan bo‘lib, ta’lim jarayoni ko‘proq o‘gituvchi shaxsiga garatilgan
va o‘gituvchi o‘tadi o‘quvchi tinglaydi. An’anaviy dars jarayoni yangi mavzuni bayon gilish
mustahkamlash va yakunlash bosgichlaridan iborat bo‘ladi . An’anaviy dars o‘tish shaklida ko‘proq
ma'ruza, savol-javob, amaliy mashq kabi usullardan foydalaniladi. Bu hollarda an’anaviy dars
samaradorligi ancha past bo‘lib o‘quvchilar ta’lim jarayonining passiv ishtirokchilariga aylanib
golmoqda, lekin oliy ta’lim va umumta’lim maktablarida hozirgi kunda ham an’anaviy darslardan voz
kecha olmayapti.

Tanigli didaktik olim M.N.Maxmutovning va boshalarning fikriga ko‘ra, o‘quv jarayonini
tashkil etishning an’anaviy sxemasi o‘quvchilarning fikrlash qobiliyatini yetarli darajada
rivojlantirmaydi, ularning bilimga bo‘lgan ehtiyojlarini, fanga bo‘lgan gizigishlarini gondirmaydi ,
faol fikrlashni hamda bilishni e’tigodga, e’tigodni esa ongli ijtimoiy magsadga muvofiq faoliyatga
aylantirishni ta’minlay olmaydi [2].

Oliy o‘quv yurtlari va umumta’lim maktablari o‘gituvchilarining ilg‘or tajribalari asosida
yoritilgan materiallarni o‘rganish, shuningdek, kuzatishlar va suhbatlardan ma’lum bo‘ldiki an’anaviy
o‘qitish jarayonlari ko‘pchilik o‘gituvchilar tomonidan gisman o‘zgartirlgan holda foydalanishadi.
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Bunday hollarda o°zlashtirishning yuqori darajasiga deyarli erishib bo‘Imaydi. No‘ananaviy dars
o‘tish jarayonida axborot-kommunikatsiya vositalarini qo‘llash asosida ilg‘or pedagogik
texnologiyalardan foydalanish, ya’ni interfaol ta’lim uslublarini o‘quv jarayoniga tadbiq etilsa o‘tilgan
dars talabalar tomonidan samarali o‘zlashtiriladi. Bunday dars o‘tish jarayoni , usul va vosita
uyg‘unligidan magsad, pedagogik natija yaxlitligi ta’minlanadi, o‘quv maqgsadlariga erishishni
kafolatlaydigan o‘quv jarayoni loyihalashtiriladi va amalga oshadi. Noan’anaviy dars o‘gituvchi va
o‘quvchi birgalikda ishlaydi va ta’lim olishda , o‘quvchilarni ishontirish, biror-bir faoliyatni amalga
oshirish buyruq orgali emas, balki shu faoliyatni samarali tashkil etish, qizigishni, chegaralamasdan,
erkin tanlash imkoniyatini beradi. Misol tarigasida noan’anaviy metodlar go‘llanilgan dars jarayoni
bilan tanishib chigamiz.

Biz quyda SamDu fizika fakultetining astronomiya ta’lim yo‘nalishi 1-bosgich talabalariga
astronomiya fanidan o‘tiladigan “Yulduzlarning fizik ko‘rsatkichlari” mavzusida noan’anaviy
texnologiyalar go‘llanilgn dars jarayonini keltiramiz.

Yulduzlarning fizik ko‘rsatkichlari

O quv mashg‘ulotining e ‘gitish texnologiyasi

Mashg ‘ulot vaqti-2 soat. O ‘quvchilar soni-25 nafar:
Mashg ‘ulot shakli va turi Ma’ruza
Mashg ‘ulot tuzilishi 1. Ko'rinma yulduz kattaligi.

2. Absolyut yulduz kattaligi.
3. Yulduzlarning rangi va temperaturasi.

O‘quv mashg ‘ulotining magsadi: “Yulduzlarning fizik ko‘rsatkichlari” mavzuga oid  bilim va
ko nikmalarni shakllantirish.

Pedagogik vazifalar: O‘quv faoliyatini natijalari:
» Ko'rinma yulduz kattaligini tushuntirish; » Ko rinma yulduz kattaligini tushunadi;
» Absalyut yulduz kattaligi  hagida » Absolyut yulduz  kattaligi  hagida
ma’lumot berish; ma’lumot oladi;
» Yulduzlarming rangi va temperaturasi » Yulduzlarning rangi va temperaturasini
hagida ma’lumot berish; biladi;
» Yulduzlar hagida ma’lumot berish; » Yulduzlar hagida gapirib beradi;
O ‘gitish metodlari Tushuntirish, namoyish, suhbat.
O ‘qitish vositalari Darslik,yozuv  taxtasi, slaydlar, kompyuter,
proyektor, ekran.
O ‘quv faoliyatini tashkil etish shakli Ommaviy, jamoaviy, guruhlarda ishlash.
O ‘gitish shart-sharoitlari Texnik vositalardan foydalanishga va kichik
guruhlarda ishlashga mo’ljallangan auditoriya.
Qaytar aloganing usul va vositalari Og'zaki nazorat: Tezkor so'rov, tagdimot,
targatma materiallar «gora quti» texnologiyasi

O'tilgan mavzuni so'rash
Tezkor savollar

“Uchar yulduzlarning” yulduzlarga daxli bormi?
“Uchar yulduzlar” yomg'iri ganday hodisa?
“Kometa” gnday ma’noni anglatadi?

“Dumli yulduzlar” hagigatan ham yulduzmi?

s owbdhE

Yangi mavzuga Kirish.

Mavzu:Yulduzlarning fizik ko’rsatkichlari.

— vewvidmmidorakmen
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Reja:
1. Ko'rinma yulduz kattaligi
2. Absolyut yulduz kattaligi.
3. Yulduzlarning rangi va temperaturasi.

O’quvchilarning bilimlarini faollashtirish
Suhbat savollari

Oddiy kuz bilan nechtagacha yulduzlarni sanash mumkin?

Sizningcha yulduzlar yerdan bir xil uzoglikdagi masofada joylashganmi?
Yulduzlarning rangi ularning temperaturasi hagida ma’lumot beradimi?

Nega yulduzlar osmonning muhim obyektlari deb garaladi?

Qanday yulduz turkumlarini bilasiz?

Nechta yulduz turkumlari bor?

Mirzo Ulug'bek osmon jismlari yulduzlar ustida ganday ishlarni amalga oshirgan?

Nook~wdE

Yangi mavzuni tushintradi
Mashg‘ulotning rejasi va tuzilishiga muvofiq slaydlarni Power point tartibida namoiyish va
sharxlash bilan mavzu bo‘yicha asosiy nazariy ma’lumotlarni o‘gituvchi bayon giladi.
Jalb giluvchi savollar beradi. Mavzuning har bir gismi bo‘yicha xulosalar gilib, eng
asosiylariga e’tibor qaratadi, berilayotgan ma’lumotlarni daftarga gayd etishlarini eslatadi.

Yangi mavzuni mustahkamlash

QORA QUTI - samolyotdan foydalanish jarayonidagi ma’lumotlarni, ya’ni uchish parametrlarni, samolyot
tizimining ko‘rsatkichlarini, ekipajning o‘zaro so‘zlashuvining yozuvi va boshgalarni avtomatik holda
yozishga mo*ljallangan asbob. Qora kutidan olingan ma’lumotlar odatda avitsion halokatlar va hodisalarn
sababini aniglash uchun foydalaniladi. Ushbu asbobda saglanayotgan katta hajmdagi ma’lumotlar ichidan,
halokat sabablarini o‘rnatishga yordam beradigan ma’lumotlar tanlab olinadi.

Ta’limda “Qora quti” o‘quvchilarni bilimlarini nazorat gilish uchun foydalaniladigan gaytar aloga vositasi
hisoblanadi.

O quv topshirig’i va uni bajarish uchun yo‘rignoma

O quv topshirig’i
“Qora qutida” tagdim etilgan ta’riflar gaysi tushunchalarga mosligini aniglang.
2. Ta’riflar yozilgan varoglani yozuv taxtasiga, unga mos tushuncha oldiga yopishtiring.
1.Yulduz kattaligi ......
2.Absolyut yulduz Kkattaligi.........
3.Yulduzlarning temperaturasi.......

O quv topshirig'ini bajarish uchun yo'rignoma

=

1.Guruh sardorini tanlab oling
2.Guruh sardori qyidagilarni tashkil giladi.
-guruhdagi tinchlikni ahillikni
-“Qora qutida” gi ta’riflarni tezlikda olishni
-ta’riflarni guruh a’zolari bilan tahlil gilishni
- guruh a’zolari bilan muhokama gilib ta’rifga mos tushunchalarni tanlab olishni
-tanlab olingan tushunchalar tezlikda mos ta’riflar oldiga yopishtirishni guruh bilan birgalikda va guruhdagi
goidalarga rioya qilishni
3. Tagdimotni tashkil gilishni
Topshirigni bajarish uchun ajratilgan vaqt 15 dagiga
Taqgdimot 5 dagiga.
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“Qora qutida” gi ta’riflar
Astronomiyada yoritgichlarning yorginligi fizikadagi kabi yoritilganlik birliklarida emas balki
yulduz kattaliklarida ifodalanadi va m hrifi bilan  belgilanadi.
Yullduzlarning bizdan 10 parsek masofaga keltirilganda aniglangan ko'rinma yulduz kattaliklari ularning
absolyut yulduz kattaliklari deyiladi va M hrfi bilan belgilanadi.
Temir gizdirilayotganda u to'q gizil rangga keyin zarg'aldoq, sariq va oxirida og rangga kiradi. Shunga
o'xshab, yulduzlarning rangi ham ularning sirt temperaturasi haqida malumot beradi.

Savollar
1. Yulduzlarning ko’rinma Kattaliklari va ularning yoritilganliklari orasidagi munosbat ganday

belgilanadi.
2. Yulduzlarning absolyut yulduz kattaligi deb ganday ko’rinma kattaligiga aytiladi?
3. Yulduzlarning temperaturasiga ko’ra ranglari ganday o’zgaradi?
4. Yulduzlarning sirt temperaturalarining quyi va yugori chegaralari ganday?

(Klaster) texnologiyasi, Bumerang texnologiyasi, Skarabey texnologiyasi, Tarozi texnologiyasi,
Yelpig‘ich texnologiyasi, Kichik guruhlarda ishlash texnologiyasi, Munozara texnologiyasi, Nafis
arra texnologiyasi, Blits - o‘yin texnologiyasi, Amaliy o‘yinlar texnologiyasi, Hamkorlikda o‘gitish
texnologiyasi, Qor quti, va boshga texnologiyalardan foydalaniladi [3].

Xulosa qilib aytganda , yangi pedagogik va kompyuter texnoliogiyalari qo‘llagan holda oliy
ta’lim tizmida noan’anaviy dars o‘tilganda guruhdagi barcha talabalar faol ishtirok etganligi va
muammoli savollarni birgalikda yechganligi uchun ularning bilim olish sifati va samaradorligi
an’anaviy dars o‘tilganligiga garaganda ancha yugori bo‘ladi. Darslar shunday tashkil gilinsagina oliy
ta’limda har bir o‘gituvchi ta’lim tizmidagi innovatsion jarayonlarning faol ishtirokchisiga va
targ‘ibotchisiga aylanadi.
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Annotasiya. Magolada ta’lim jarayonida talabalarni bilim va malakalarini shakllantirish uchun
masofadan o‘gitish tizimidan foydalanish tamoyillari va texnologiyalari yoritilgan.

Kalit so‘zlar: axborot texnologiyalari, o‘gitish texnologiyalari, masofadan o‘qgitish, masofaviy
ta’lim, masofaviy oqitish tamoyillari.

OO0y4yeHUsIOCHOBHbIE IPUHIMIIBI M TEXHOJOTHHM CUCTEMbI JUCTAHIUOHHOIO
AnHoTaTuMsa. B craTtee paccMaTpuBalOTCSI OCHOBHBIE MPUHLHUIBL U TEXHOJIOTHH
JUCTAaHIIMOHHOTO 00y4YeHus JIIsl QOPMUPOBAHUS 3HAHUE U HABBIKU CTYJICHTOB B y4eOHOM TpoIiecce.
KaroueBble ciioBa: MHQOPMAIMOHHBIC TEXHOJIOTUH, TEXHOJIOTHH OOYYCHUS, TUCTAHIIMOHHOE
o0OydeHue, TUCTAHIIMOHHOE 00pa30BaHUE, TPUHIIUIIBI AUCTAHIIMOHHOE O0yUCHUE.

The basic principles and technologies of system of remote training

Abstract. In clause the basic principles and technologies of remote training for formation
knowledge and skills of the students in educational process are examined.
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Keyword: information technologies, technologies of training, remote training, remote
education, principles remote training

Hozirgi kunda jamiyatni rivojlanishining zamonaviy bosgichi fan, texnika va texnologiyani
rivojlanishining innovatsion modellariga o‘tish bilan xarakterlanadi. Bunda esa kompyuter, axborot va
telekommunikatsion texnologiyalar katta mavqyega va ahamiyatga ega bo‘ladi. Bunday sharoitda
ta’lim jarayonini kompyuterlashtirish va axborotlashtirish, unda zamonaviy ta’lim texnologiyalaridan
foydalanish muammosi muhim va dolzarb masalalardan biri bo‘lib hisoblanadi.

Hagigatan ham, bugungi kunda har tomonlama rivojlanayotgan jamiyat taragqgiyotini axborot
texnologiyalarisiz tasavvur etish giyin. Axborot texnologiyalari kun sayin jadal sur’atlarda rivojlanib
borayotganligi sababli ham ulardan ijtimoiy hayotning barcha sohasida foydalanish davrimizning
bugungi kun masalasi bo‘lib bormogda. Ta’lim muassasalarida ham yetuk kadrlar tayyorlashdek
ma’sulyatli vazifalarini amalga oshirishda axborot texnologiyalardan kengva samarali foydalanish
zaruriyati paydo bo‘lmogda.  Bunga esa esa ta’lim muassasalarining barcha bo‘limlarini texnik
jihatdan ta’minlash, Internet tarmog‘idan foydalanish imkoniyatlarini to‘la yaratib berish orgaligini
samarali natijaga erishish mumkin.

O‘quv jarayonida o‘qgitish texnologiyalaridan masofadan o‘qitish tizimidan foydalanish muhim
ahamiyatga ega bo‘lmoqda. Internet tarmog‘idan masofali ta’limni amaliyotga tatbiq etishda
foydalanish bir vagtning o‘zida an’anaviy hamda masofali ta’lim muhitini yaratadi, bu esa o°z o‘rnida
an’anaviy ta’lim tizimini sifatini oshiradi, chunki u ta’lim tizimida o‘zining raqobatbardoshligini
ta’minlashga intiladi va ta’limning umumiy darajasini oshiradi.

Bugungi kunda ta’lim tizimida ta’limni rivojlantirishning asosiy didaktik tamoyillari
masofaviy ta’lim shakllari uchun ham asos bo‘lib, ta’limning bunday texnologiyasi takomillashib,
yangi o‘quv mubhiti uchun yangi shartlar va mezonlar bilan toldirib boriladi.

Masofadan o‘qitish — bu o‘qitishning progressiv metodlari va texnologiyalari bo‘lib, yangi
o‘quv metodologiyasiga va kolekeyutar, telekommunikasiya bu asosida asoslangan bo‘lib,
o‘gitishning barcha formalari sifatli uzluksizligi va samaradorligini oshirish uchun xizmat giladi.

Masofaviy ta’lim — o‘qgitishning yangi shakli bo‘lib, u o‘gitishning ishlab chigarishdan
ajralgan va ajralmagan holdagi ko‘rinishlaridan farg giladi. U ta’limning yangi shakllari, metodlari,
vositalari, tashkil etilishi, pedagog va talaba o‘rtasidagi hamda talabalarning o‘zaro mulogoti
shakllarini nazarda tutadi. Shuningdek, bunday ta’limning o‘ziga xos turli shakllari, ijtimoiy buyurtma
bilan asoslangan o‘z magsadiga, tanlangan ta’lim muassasasining o‘quv dasturlarida belgilangan
mazmun hamda o‘qitish metodlarining tashkiliy shakli va maxsus vositalariga ega bo‘ladi

Masofadan o‘gitish — o‘gituvchi tomonidan bilimlarni uzatish jarayoni, masofadan o‘gitish —
o‘gituvchilarni bilim olish jarayoni. Shunday gilib, masofadan o‘qitish — masofadan o‘gitish jarayonini
amalga oshiriladigan va huqugiy, o‘quv — uslubiy, dasturiy texnik va kadrlar ta’minoti kabi o‘zaro bir-
biri bilan bog*liq elementlarni o‘z ichi oladigan tizimdir.

Masofadan o‘gitish tizimida talabalar mustaqil o‘qish, o‘rganish va o‘zlariga qulay vaqtni
tanlash imkoniyatiga ega bo‘ladilar.

Masofadan o‘qgitish tizimi an’anaviy ta’lim tizimi kabi bir nechta tamoyillarni o‘zida
mujassam etadi.

Pedagog ta’limning tarbiyaviy hamda rivojlantiruvchi vazifalariga yo‘naltirilganlik
tamoyiliga ko‘ra, talabalarda ma’lum bilim, ko‘nikma va malakalarni shakllantirish bilan birga, aniq
bir mavzu bo‘yicha mashg‘ulotning tarbiyalovchi va rivojlantiruvchi omillarini ham e’tiborga olish
lozim.

Masofaviy ta’limda bu tamoyil, talabani bilish faoliyatining kreativ tavsifi tamoyili
ko‘rinishida talgin gilinadi. Kreativ axborot texnologiyasi interaktiv xususiyatga ega bo‘lib, talabadan
gabul gilinadigan umumiy axborotlar tavsifini xususiy vaziyatlarga tatbiq gilishni talab giladi.

Ocqitishning ilmiylik tamoyilini masofaviy ta’lim jarayonida amalga oshirish talabalarning
ma’lum fan mazmuni bo‘yicha ilmiy dalillar, tushuncha va qonuniyatlar hamda nazariyalarni
o‘zlashtirishini nazarda tutadi. Ilmiylik tamoyili talabalardan ilmiy izlanish ko‘nikmalarini
rivojlantirishni talab giladi. Buning uchun laboratoriya va amaliy mashg‘ulotlarni bajarishda
muammoli ta’lim metodlarini keng qo‘llash talab etiladi. Mazkur tamoyilni masofaviy ta’limda
muvaffagiyatli amalga oshirilishi o‘zlashtiriladigan bilimlarning fundamentalligini ta’minlashga
xizmat giladi.
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Ta’limning fundamentalligi tamoyili quyidagi psixologik mezonlar asosida amalga oshirilishi
talabaning o‘quv dasturi materiallarini to‘lagonli o‘zlashtirishini ta’minlaydi:
ta’lim oluvchining yugori motivasiyaga egaligi;
talaba shaxsining ta’lim magsadlariga erishishga yo‘naltirilganligi;
mulogot gilish gobiliyatlarining shakllanganligi;
faoliyatining tangidiy tahlili asosida o‘zini uzluksiz rivojlantirib borish;
masofaviy o‘quv rejalarini ishlab chigishda talaba shaxsining psixofiziologik xususiyatlari,
vaqt byudjetining e’tiborga olinganligi.

Ta’limning fundamentalligi tamoyiliga ko‘ra talaba, o‘quv dasturi mavzularini o°zlashtirishda
ijodiy mazmundagi topshiriglarni bajarishi talab etiladi. Bu tamoyil ijodiy mazmundagi masofali
o‘gitishni asosan ma’lum hajmdagi mazmunini to‘g‘ridan-to‘g‘ri o‘zlashtirishni nazarda tutuvchi
an’anaviy ta’limdan farglab turadi.

Shuningdek, masofaviy o‘qitishda, anigq faoliyat yo‘li bilan axborotlarni gabul gilishning
erkin tanlash tamoyilini ham yugoridagi tamoyilning davomi sifatida garash mumkin.

Tizimlilik va izchillik tamoyili esa an’anaviy o‘gitishda bilimlar, ko‘nikma va malakalarni
ma’lum tizimda, aniq ketma-ketlikda, o‘quv materialining har bir yangi elementini bir-birlari bilan
uzviy bog‘liglikda hamda mantiqiy ketma-ketlikda berilishini tagozo etadi.

Masofaviy ta’limda talabaning individual ta’lim olish bo‘yicha chizigli tamoyili shakllanadi.
Talabaning ta’lim olish jarayonini faollashtirish magsadida, ta’lim mazmunining bosgichma-bosgich
murakkablashib borishi tizimi shakllantirilgan bo‘lib, u talabaning shaxsiy magsadini aniq belgilashi,
mashg‘ulotlarning ustuvor yo‘nalishlari, o‘gitishning shakl va tezkorligini tanlashiga imkoniyat
yaratadi.

Masofaviy ta’limda o‘quv materiallarining mazmun va murakkablik darajasiga ko‘ra talaba
darajasiga mosligi tamoyili talabalarning rejalashtirilgan bilim, ko‘nikma va malakalarni agliy hamda
jismoniy jihatdan ortigcha yuklanishsiz egallashlarini ta’minlashga xizmat giladi.

Talabalarning individual xususiyatlarini hisobga olish tamoyili masofaviy ta’limni tashkil
etishda muhim ahamiyat kasb etib, masofaviy kurslar moduli tuzilishini talaba shaxsining
psixofiziologik, psixologik, psixosotsiologik individual xususiyatlarini hisobga olinishini ta’minlaydi.

Ko‘rgazmalilik tamoyili — ta’limda shaxsning barcha sezgi organlariga ta’sir gilish orgali
ta’lim samaradorligini oshirishni nazarda tutadi. Masofaviy ta’limda ushbu tamoyil asosan
virtuallashtirish texnologiyasi vositasida ta’minlanadi. Xususan unda, videofilmlar, o‘rgatuvchi
kompyuter dasturlari, interaktiv texnologiyalardan keng foydalanish nazarda tutiladi. Ko‘rgazmali
materiallar hamda multimedia testlaridan foydalanish metodikasi masofaviy ta’limda ko‘rgazmalilik
tamoyilining keng targalgan muhim vositalari hisoblanadi.

Bilimlarni puxta va mustahkam egallash tamoyili ta’limning amaliy yo‘naltirilganligini,
kashiy faoliyatda duch kelinadigan muammolarni hal etishga garatilganligini ta’minlashi bilan muhim
ahamiyatga ega.

Bulardan tashgari, masofaviy ta’limda uning natijalarini baholash, talaba tomonidan
masofaviy ta’limda o‘rganiladigan fanlar bo‘yicha ijodiy ishlarni bajarishi pedagogga interaktiv
metodlar asosida talaba faoliyatini butun o‘quv kursi davomida nazorat gilishi va unga tuzatishlar
kiritishi imkoniyatiga ega bo‘ladi.

Masofadan o‘gitish tizimini yaratishning bazaviy texnologiyasi — tarmoq texnologiyasi bo‘lib,
u masofadan o‘gitish tizimiga ochiq kirish va murojaat qilish imkonini beradi.

Tarmogli texnologiya ta’lim muassasasi uchun ancha iqtisodiy jihatdan arzon va samaraliroq
texnologiya hisoblanadi.

Masofadan o‘gitish tizimini yaratish asosida quyidagi tamoyillar yotadi: standartizasiyalash,
universallik va ochiglik.

Standartizatsiyalash deganda birinchidan, Internet standart tarmog texnologiyasi asosiy baza
sifatida, ikkinchidan masofadan o“gitish tizimida kerakli komponentalarni kiritish, yaratish qoidalariga
oid talablarni berish.

Universallik shundan iboratki, birinchidan tizim masofadan o‘gitish vositasi sifatida garaladi,
lekin ixtiyoriy o‘gitish formasi uchun kompyuter tarmoq texnologiyasi ham qaraladi. Ikkinchidan,
tizim ixtiyoriy fanlarni o‘qish va kurslarni yaratish uchun o‘rinli bo‘ladi: gumanitar, sosial-igtisodiy,
tabiiy ilmiy va texnik. Uchinchidan, tizim barcha ma’lum texnologichlar va masofadan o‘qgitish
metodlarini tavsiya etadi: elektron darsliklar, o‘gitish va nazorat gilish testlari, vertual laboratoriyalar,
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elektron kutubxona, shu jumladan axborotlarni almashtirish va individual ta’lim dasturini
shakllantirishning turli xil vositalari.

Ochiglik tamoyili shuni anglatadiki, tizimdan ro‘yxatdan o‘tgan barcha foydalanuvchilar,
xoxlagan vaqgtda, xoxlagan masofada foydalanishlari mumkin.

Masofadan o‘qitish tizimiga go‘yiladigan asosiy talablar quyidagilardan iborat bo‘ladi:

— interfaollik, ya’ni o‘gitishning muloqot rejimini ta’minlaydi;

— dasturiy va apparatli ta’minotning bog‘ligmasligi, o°qitishni xoxlagan vositaviy ta’minotda

va ixtiyoriy operasion tizim boshgaruvida olib borish;

— ma’lumotlar almashinuvchining yuqori tezligi, o‘gitishda kutish vaqgtini kamaytirish.

Masofaviy ta’lim kompyuter kommunikatsiyasi orgali tashkil etilganda yuqoridagi talablar
asosida o‘qitishning ta’limiy, tarbiyaviy va rivojlantiruvchi tashkil etuvchisi, ularda go‘llaniladigan
texnologik jarayonlar bilan jihozlangan kompyuter kommunikatsiyasi, kompakt disklar, shuningdek
keys texnologiyasi kabi vositalarga asoslangan bo‘ladi.

Masofaviy ta’lim asosini tashkil etgan zamonaviy kompyuter telekommunikatsiya
texnologiyalari, bilimlarni uzatish va talabalarni turli xil o‘quv axborotlari bilan ta’minlash bo‘yicha
o‘gitishning an’anaviy vositalaridan ustunlik gilishi bilan farglanadi. CD-ROM interaktiv disklar,
e’lonlarning elektron doskasi, multimediali gipermatn, Internet interfeyslari yordamida global
tarmogdan ma’lumot va bilimlarni olish talabalarni o‘zaro mulogot jarayoniga faol jalb qgilishi bilan
birga pedagogik jarayonlarni boshgarish imkoniyatini yaratuvchi zamonaviy texnologiyalaridan
foydalanish zaruriyatini hosil giladi.

Masofaviy ta’limning asosiy texnologiyalariga interfaol va interfaol bo‘lmaganga
texnologiyalarni kiritish mumkin:

Interfaoltexnologiyalar bu:

— internet masofaviy ta’lim portali;

— video va audio konferensiyalar;

— elektron pochta orgali ta’lim;

— internet orgali mustakil ta’lim olish;

— uzoqdan boshqarish tizimlar;

— onlayn simulyator va o‘quv dasturlar;

— test topshirish tizimlari.

Interfaol bo‘Imagan texnologiyalar bu:

— video, audio va bosmaga chigarilgan materiallar;

— televizion va radio ko‘rsatuvlar;

— disklarda joylashgan dasturlar.

Video va audio konferensiyalar — bu Internet va boshga telekommunikatsion aloga kanallari
yordamida ikkita, uzoglashgan auditoriyalarni telekommunikatsion holatda bir-biri bilan bog‘lab
ta’lim olish yo‘li. Video va audio konferensiyalar uchun katta hajmda maxsus texnika, yugori tezlikga
ega bo‘lgan aloga kanali va o‘qgitishni tashkil gilish uchun xizmat ko‘rsatuvchi mutaxassislarni jalb
etish kerak bo‘ladi.

Internet orgali mustakil ta’lim olish — bu Internetda joylashgan ko‘pgina saytlarda joylashgan
katta xajmdagi ma’lumotlar ustidan mustaqil ravishda ishlash va yangi bilimlar olish yo‘li.

Elektron pochta orgali ta’limesa eng ommaviy Internet xizmat-laridan foydalanib, talaba va
o‘gituvchi o‘rtasida xatlar orgali mulogot o‘rnatib ta’lim olish yo‘li. U yordamida har xil test, vazifa,
savol-javob va ko‘rsatmalarni (matn, grafika, multimediya, dasturlar va boshka kurinishida) jo‘natib
gabul gilishimiz mumkin.

Uzoqgdan boshgarish tizimlari — murakkab dastur, tizim va uskunalarni real holatda boshgarish
va ularda ishlash imkoniyatlarini yaratuvchi maxsus tizimlar yordamida bilim olish yo‘li. Uzogdan
boshgqarish tizimlarning asosiy vazifasi talabaga fagatgina amaliy bilimlarni berish.

Simulyator, elektron darsliklar va o‘quv dasturlar — bu asosan nazariy va amaliy bilimlarni
kompyuter dasturlari orgali talabalarga on-layn holatida olish yo‘li. Simulyator va elektron dasrliklar
hozirgi kunda ta’lim sohasida juda keng qo‘llanilyapti.

Test topshirish tizimlari — bu maxsus dasturlar yordamida talabalarning amaliy va nazariy
bilimlarni tekshirishning asosiy vazifasi, bu talabalar bilimlarini tekshirib ularni baholash.
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Masofaviy kurslar asosida o‘quv jarayoni doirasidagi talabalarning faolligi tamoyillarining
paydo bo‘lishi, o‘qgitishni individuallashtirish va differensiallashtirish, loyihali faoliyatga o‘tishga asos
bo‘ldi. Masofaviy o‘gitishda turli axborot va kommunikatsion texnologiyalar go‘llaniladi. Bunda, har
bir texnologiyaning go‘llanilishi masofaviy ta’lim oldida turgan magsadlar va masalalarga bog‘lig
bo‘ladi.

Masofaviy o‘gitish tizimi o‘ziga xos magsad, mazmun, usul va vosita shakllariga ega bo‘lib —
masofaviy ta’limda o‘quv tarbiyaviy jarayonni ta’minlovchi o‘gitish metod va uslublar majmuasi -
masofaviy o‘qitishning pedagogik texnologiyalaridir.

Masofaviy ta’lim tizimda keng go‘llaniladigan pedagogik texnologiyalarga Keys texnologiya
va TV texnologiya, Internet texnologiyalari turlarini kiritish mumkin.

Keys texnologiya — masofaviy ta’limda audioviziual va multimediali o‘quv uslubiy
materiallar majmuasini aks ettiradi;

TV texnologiya - o‘quv metodik ma’lumotlarni televideniye yoki videomuloqotli dasturlar
orqali yetkazish kiradi.

Internet texnologiya — masofaviy ta’limning jahon axborot ta’lim tarmoglariga Kirish,
integratsiya va o‘zaro ilmiy aloga va mustaqil ta’lim tamoyillariga asoslanganligi bilan ahamiyatlidir.

Internetning masofaviy ta’lim portali bu maxsus Internet saytlar bo‘lib, bu saytlarning asosiy
vazifasi — ta’lim jarayonini tashkil qilish, yoki boshga so‘zlar bilan talaba va o‘gituvchi o‘rtasida
elektron on-layn mulogotni o‘rnatish, o‘qituvchilarga o‘quv materiallarni joylashtirish va talabalarga
shu ma’lumotlar bilan ishlashga hamda boshga masofaviy ta’lim servislardan foydalanish imkoniyatini
yaratishdan iborat.
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Annotatsiya. Magolada biologiya fanini o‘qitishda axborot texnologiya dasturlaridan, elektron
darsliklar va virtual laboratoriyalardan foydalanish to‘g‘risida ma’lumot berilgan.

Kalit so‘zlar. AKT, Ms-Word, Ms-Excel, Ms-PowerPoint, Photoshop, Flash, Movie Maker,
elektron darslik, o‘quv film, fanga oid kompetentsiya, virtual va vizual laboratoriya.

Hcnoab30BaHUHU PlH(bOpMaIlPIOHHLIX TEXHOJIOTHI B npenogaBaHuu OHMOJIOrMH
AnHoTtamus. B cratee nmpencraBieHa uHPoOpMamus 00 HCIONB30BAHUK  MPOTPaMM
MHQOPMALIMOHHBIX TEXHOJOIMH, OSJEKTPOHHBIX YUYEOHHKOB M BHPTYyaJbHBIX Jabopatopuil B
MIpernojaBaHumn OHOJIOTHH.
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BU3yaJbHas JIabpaTopusl.
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Using computer technology in teaching biology
Abstract.The information about the usage of informational technological programs, electronical
subjects and virtual laboratories in teaching biology is given in this article.
Keywords.IT, Ms-Word, Ms-Excel, Ms-PowerPoint, Photoshop, Flash, Movie Maker,
electronic, subject, educational film, subject, competencies, virtual and visual laboratories

Inson, uning har tomonlama uyg‘un kamol topishi va farovonligi, shaxs manfaatlarini
ro‘yobga chiqgarishning sharoitlarini va ta’sirchan mexanizmlarini yaratish, eskirgan tafakkur va
ijtimoiy xulg-atvorning andozalarini o‘zgartirish respublikada amalga oshirilayotgan islohotlarning
asosiy magsadi va harakatlantiruvchi kuchidir. Xalgning boy intellektual merosi va umumbashariy
gadriyatlar asosida, zamonaviy madaniyat, igtisodiyot, fan, texnika va texnologiyalarning yutuglari
asosida kadrlar tayyorlashning mukammal tizimini shakllantirish O‘zbekiston taraggiyotining muhim
shartidir.

Yangi axborot-kommunikatsion texnologiyalarihozirgi vagtda eng dolzarb mavzulardan biri
bo‘lib, sababi har bir sohani o‘rganish, izlanish va tajriba orttirish uchun turli usullardan foydalanish
zarurligidir. Shuning uchun bog‘cha yoshidan to mukammal kasbni egallagunga gadar yangi axborot-
kommunikatsion texnologiyalaridan foydalanish magsadga muvofigdir. Hozirgi zamon mutaxassislari
faoliyat doiralari ganday bo‘lishidan qgat’iy nazar, informatika bo‘yicha keng ko‘lamdagi bilimlarga,
zamonaviy hisoblash texnikasi, informatsion aloga va kommunikatsiya tizimlari, texnika vositalari va
ulardan foydalanish borasida etarli malakalarga ega bo‘lishi hamda yangi informatsion texnika va
texnologiya asoslarini, uning ertangi kuni, rivoji to‘g‘risidagi bilimlarni o‘zida mujassamlashtirgan
bo‘lishi kerak. Zamonaviy hisoblash texnikalari va informatsion texnologiyaning kun sayin rivojlanib,
jamiyatning esa tobora informatizatsiyalashib borishi sababli uzluksiz ta’lim tizimining o‘rta va yugori
bosgichlariga informatika, ishlab chigarish va boshqarish jarayonlarini kompyuterlashtirish bo‘yicha
bir gator o‘quv fanlari kiritilgan.

XX asr o‘rtalariga kelib tezkor mashina mexanizmlaridan foydalana boshlandi, murakkab
texnika va texnologiyalar o‘ylab topildi. Ko‘pgina masalalarni hal gilish jarayonida axborot hajmi
behisob bir majmuaga aylandi hamda bu axborotlarni yigish va uzatish vositalarini yaratish, ularni
vagtida gayta ishlab, boshgarish uchun zarur bo‘lgan choralarni belgilab chigish kerak bo‘lib goldi.
Ko‘pchilik vazifalarni bajarishda boshgarish jarayonlarini takomillashtirish, axborot tizimini joriy
etish, mutaxassislarni kompyuterda ishlashga o‘rgatish muhim ahamiyatga ega bo‘lib, AKT vositalari
biz uchun quyidagi imkoniyatlarni yaratib bera oladi:

% AKT o‘quvchilarni rag‘batlantiradi va ularning gizigishini oshiradi.

s AKT o‘quvchilarni kelajakdagi faoliyatiga tayyorlashga ko‘mak beradi. Hozirgi zamonda
mehnat faoliyati o‘quvchilar gonigish bilan ishlatayotgan kompyuterlar, texnologiyalar, dasturlarva
gurilmalar yordamida boshqariladi.

«» AKT o‘rganish va o‘qgitishning yangi imkoniyatlarini ochib beradi.

s AKT o‘gituvchilarning kasbiy o‘sishi uchun ularga oz fanlari bo‘yicha o‘qitishning yangi
usullarini  kiritishga, yangi yondashuvlarni qo‘llashga, g‘oyalarni ro‘yobga chigarish va yangi
ko‘nikmalarni rivojlantirishga imkoniyat yaratadi.

«» AKT oz resurslaridan ogilona foydalanishga imkoniyat yaratadi

s AKT o‘quv jarayonini ogilona boshgarish va nazorat gilish orgali vagtni hamda mablag‘ni
tejaydi. AKT darslarga tayyorgarlik jarayonini gisgartiradi va o‘gish jarayonini o‘quvchilar uchun
gizigarli hamda ko‘ngilochar giladi.

s AKT moslashuvchandir. AKT turli yoshdagi o‘quvchilar, turli darajadagi o‘gituvchilar uchun
moslashtirilishi mumkin hamda ta’lim jarayonida o‘gituvchilar va o‘quvchilar uchun ko‘makdir.

Bizga ma’lumki, bundan 3500 yil oldin Xitoy faylasufi Konfutsiyni *“ Eshitganimni yodimdan
chigaraman, ko‘rganimni eslab golaman, mustaqil bajarsam tushunib yetaman”, degan iborali so‘zlari
bugungi kunda ham o°z ifodasini topmoqgda. Ta’limda informatsion hamda pedagogik texnologiyalarni
go‘llaganda talaba eshitish, ko‘rish, ko‘rganlari asosida mustagqil fikrlash imkoniyatiga ega bo‘ladilar.
Ta’lim jarayonida zamonaviy axborot texnologiyalaridan foydalangan holda darslarni tashkilashtirish
uchun ma’lum bir shartsharoitlar mavjud. Birinchidan, axborot resurslari bo‘lishi kerak.

Bularga,
o shaxsiy kompyuter;
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e proektor;

e multimedia vositalari;

o skaner (murakkab sxemalar va chizmalarni, negativ plyonkadagi tasvirlarni kompyuterga
0‘tkazish uchun)

o ragamli fotoapparat

video kamera (video konferinsiyalar o‘tkazish uchun va yana boshga magsadlarda)

e printer, nusxa ko‘chiruvchi qurilma (targatma materiallarni qog‘ozga tushirish va ko‘paytirish
va yana boshga magsadlar uchun) va boshga resurslar.

Ikkinchidan, maxsus dasturiy ta’minotlar hisoblanadi. Ta’lim tizimda multmediya elektron
o‘quv adabiyotlar, ma’ruzalar, virtual laboratoriya ishlari, har hil animatsion dasturlar va yana boshga
ishlarni yaratishda kerak bo‘ladigan maxsus dasturlar hisoblanadi. Bu dasturlar juda ko‘p bo‘lib, misol
uchun: Animatsion roliklar yaratish uchun Macromedia Flash MX dasturidan foydalaniladi.
Multmediali tagdimot ma’ruzalarini yartishda hammamizga ma’lum bo‘lgan Power Point dasturidan
foydalaniladi..

Bir o‘lcham tasvirlariga ega darslik yordamida o‘rganishda barcha organlar gismlarini va
ularning funktsiyalarini tushunish giyin. Endi odam tanasining uch o‘lchamda tasvirlangan va har bir
organ faoliyati aks etilgan virtual tagdimotini tasavvur giling. Bu holat talaba miyasiga uzoqg vaqt
ta’sir ko‘rsatadi va odam organlari tizimi tasvirini ancha vaqtga eslab goladi.

Biologiya tirik mavjudodlarning atrof-muhit bilan o‘zaro alogalarini o‘rganuvchi ilmiy
tadgigot hisoblanadi. U tasvirlarga va diagrammalarga to‘la. Urug‘lar unib chigishi jarayonini
kitobdan o‘gish orgali tushunish giyin. Ko‘rgazmali tasvirlardan foydalanilsa, tasavvurlar yanada
yorgin va tushunarli bo‘ladi. Hatto biologiyaga gizigmaydigan talabalar ham fanga giziga
boshlaydilar. Avvalgi sinf taxtasida bo‘r bilan yozish va ko‘rgazma rasmlardan foydalanish vaqti o‘tdi.
Oc‘gituvchilar yanada samarali o‘gitish uchun proektorlar va AKT dan foydalanib, jonli o‘quv
sinflarini tashkil etishlari kerak.

AKT dan foydalanish kundalik hayotimizning dolzarb talabi hisoblanadi va jamiyatni
globallashtirishda muhim rol o‘ynaydi. O‘quvchilar yangi tushunchalar hagida rasmiy bilimlarni
to‘plamasdan, balki, ularni tushunib olishlari juda muhim. Biologiya fanini o‘qgitish yanada samarali
bo‘lishi uchun o‘quv mashg‘ulotlari davomida o‘gituvchilar AKT ni ishlab chigish va
foydalanishlarini rag‘batlantirish zarur.

Gullar bilan tanishish

1 Nazarlya Laboratorlya ishi Test Ko'rgazmall material Qo'shimcha malumotiar  To'ldinevchl materdallar l
A - :
——— ’ N & a Al d z =

Gullar bilan tanishish.
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Jismoniy mashgning yurak-qon tomirlar
sistemasiga ta'sirini o rganish

i

Nazariya Laboratorlya ishlarl  Test  Video To'ldinswchi materiallar  Yordam

~_ shikasthnganda
~ Wirinchi yaridam
e o :

Biologiya fani o‘gituvchilari dars o‘qgitish uchun samarali AKT yaratishlari uchun Ms-Word, Ms-
Excel, Ms-PowerPoint, Photoshop, Flash, Movie Maker kabi turli dasturiy ta’minotlardan va boshga
veb vositalardan foydalanishlari mumkin. Masalan:

» Ms-Word dasturidan so‘rovnoma, matnlar, tasvirlar va boshga elektron hujjatlar ishlab

chigishda foydalanish mumkin.

» Ms-Excel dasturidan tirik va jonsiz organlar o‘rtasidagi farglarni chizib ko‘rsatish kabi ustunli
tagdimotlar talab etiladigan joylarda foydalanish mumkin.

» Photoshop dasturida yuqori sifatli tasvirlar tuzilishi mumkin.

» Power Point tagdimot dasturidan turli kontseptsiyalarni o‘qitish uchun foydalanish mumkin.
Ushbu tagdimotlarda Photoshop dasturida ishlab chigilgan fotosuratlarni yoki Flash dasturi
bilan yaratilgan animatsiyalarni osongina joylashtirish mumkin. Jonli tajribalarni suratga
olish va biologiya fanini o‘gitishda talabalarning gizigishlarini oshirish uchun ularni
o‘quvchilarga namoyish etish mumkin.

Yugorida tagdim etilgan dasturlardan foydalanib, yaratilgan animatsiyalar, filmlar va
tagdimotlar o‘gituvchilar tomonidan biologiya fanini o‘gitishda samarali go‘llanilishi mumkin.

Biologiya fanini o‘qgitishda elektron darslik va o‘quv go‘llanmalardan foydalanish dars
samaradorligini yanada oshiradi. Biologiya fanidan o‘tkaziladigan laboratoriya mashg‘ulotlari uchun
kerakli jihozlar etishmaganda, virtual va vizual laboratoriyalardan foydalanilsa, o‘quvchilarda fanga
oid umumiy kompetentsiyalar rivojlanib, mustagil shakllanib boradi.

Masalan, virtual laboratoriyalarda berilgan videolardan  quyidagicha foydalanishimiz
mumkin:

Xulosa qilib aytganda, axborot-kommunikatsion texnologiyalari biologiya fan
o‘gituvchilarining ta’lim berishida kasbiy rivojlanishi uchun katta imkoniyatlar yaratadi. AKT asosiy
afzalliklari: fan o‘gituvchilar tomonidan o‘quvchilar ishini samarali boshqgarish, saglash va olib borish
hamda vaqtni tejashdan iborat. Vaqtni tejash mashg‘ulotlarga yaxshi tayyorlanish imkoniyatini beradi.
Biologiya fan o‘gituvchilari AKT resurslaridan foydalangan holda nafagat o‘z bilimlarini
yangilaydilar, balki nazariy bilimlarini ham orttirish imkoniyatiga ega bo‘ladilar.

Adabiyotlar

1. O‘zbekiston Respublikasining Kadrlar tayyorlash milliy dasturi. - Toshkent: O‘zbekiston,
1997.

2. AKT yordamida biologiyani o‘gitish. -O*qituvchilar uchun go‘llanma. — Toshkent’, 2010.

3. Ergasheva M.T. Biologiyadan virtual laboratoriya ishlari. Umumta’lim maktablarining 6-
sinfi uchun elektron multimedia resursi. - Toshkent, 2011.

4. Ergasheva M.T. Biologiyadan virtual laboratoriya ishlari. Umumta’lim maktablarining 8-
sinfi uchun elektron multimedia resursi. — Toshkent, 2011.
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MUALLIFLAR DIQQATIGA!

Hurmatli mualliflar, magola muallif tomonidan gqog‘ozda chop etilgan va elektron shaklida
tagdim qilinishi shart. Maqgolada quyidagi bandlar: UDK, ishning nomi (0‘zbek, rus va ingliz
tillarida), magola hammualliflarining ro‘yxati (to‘liq familiya, ismi, otasining ismi — 0‘zbek, rus va
ingliz tillarida), muallif hagida ma'lumotlar: ish joyi, lavozimi, pochta va elektron pochta manzili;
magola annotatsiyasi (300 belgigacha, 0‘zbek, rus va ingliz tillarida), kalit so‘zlar (5-7, 0‘zbek, rus va
ingliz tillarida) bo*lishi lozim.

MAQOLALARGA QO‘YILADIGAN TALABLAR!

Magolalarning nashr etilishi uchun shartlar nashr etilishi mo‘ljallangan maqolalar dolzarb
mavzuga bag‘ishlangan, ilmiy yangilikka ega, muammoning qo‘yilishi, muallif tomonidan olingan
asosiy ilmiy natijalar, xulosalar kabi bandlardan iborat bo‘lishi lozim; ilmiy magolaning mavzusi
informativ bo‘lib, mumkin gadar gisqa so‘zlar bilan ifodalangan bo‘lishi kerak va unda umumiy gabul
gilingan qisqartirishlardan foydalanish mumkin; “llmiy axborotnoma” jurnali mustaqil (ichki)
tagrizlashni amalga oshiradi.

MAQOLALARNI YOZISH VA RASMIYLASHTIRISHDA
QUYIDAGI QOIDALARGA RIOYA QILISH LOZIM:

Magqolalarning tarkibiy gismlariga: kirish (gisgacha), tadgiqot magsadi, tadgigotning usuli va
obyekti, tadgigot natijalari va ularning muhokamasi, xulosalar yoki xotima, bibliografik ro‘yxat.
Magola kompyuterda Microsoft Office Word dasturida yagona fayl ko‘rinishida terilgan bo‘lishi zarur.
Magolaning hajmi jadvallar, sxemalar, rasmlar va adabiyotlar ro‘yxati bilan birgalikda doktorantlar
uchun 0,25 b.t. dan kam bo‘lmasligi kerak. Sahifaning yuqori va pastki tomonidan, chap va o‘ng
tomonlaridan - 2,5 sm; oriyentatsiyasi - kitob shaklida. Shrift - Times New Roman, o‘Ichami - 12 kegl,
gatorlar orasi intervali - 1,0; bo‘g‘in ko‘chirish - avtomatik. Grafiklar va diagrammalar qurishda
Microsoft Office Excel dasturidan foydalanish lozim. Matndagi bibliografik havolalar (ssilka) kvadrat
gavsda ro‘yxatda keltirilgan tartibda gayd gilish lozim. Magolada foydalanilgan adabiyotlar ro*yxati
keltirilishi lozim. Bibliografik ro‘yxat alfavit tartibida - GOST R 7.0.5 2008 talablariga mos tuziladi.

Ikki oyda bir marta chigadi.

— “Samargand davlat universiteti ilmiy axborotnomasi”dan ko‘chirib bosish fagat tahririyatning
yozma roziligi bilan amalga oshiriladi.

— Mualliflar magolalardagi fakt va ragamlarning hagqoniyligiga shaxsan mas’ul.

MAQOLAGA QUYIDAGILAR ILOVA QILINADI:

— Yo‘llanma xati;
—  Ekspert xulosasi.

E- mail; axborothnoma@samdu.uz
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