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MATEMATHUKA

YIIK: 511.325
HETPUBHUAJIBHAS OLIEHKA KOPOTKHUX
TPUTOHOMETPUYECKUX CYMM I'. BEUJISI B MAJIBIX JYTAX

Haspyo6.0es H.H.
HNucruryr Marematuku uMens A. /lxkypaesa HAHT

Cormacho  teopeme [lupuxiie 0 OpUOMMKEHUM — JICMCTBUTENILHBIX — YMCEN

PaLMOHATLHBIMI YUCIIAMH, KKIOE IEHCTBUTENBHOE o TIPEICTABMMO B BHJIE
«=311 @q=1 1<q<r |A—.
q qr

Yepes M (P) obo3HaumM Te umcaa o, 4y KOTopbix (<P, uepe3s m(p) obozHaunm
ocraumecs «. IM(P) u m(p) COOTBEICTBEHHO HA3BLIBAIOTCS OONBIIMMH U MAabLIMH
JyraMu.

OOIIEN3BECTHO, YTO BBIBOJ aCHMIITOTHYECKOW (DOPMYJIbI B M3yYEHHS aJIHTHBHBIX
3aa4 C IOYTH PaBHBIMU CJIaraéMbIMH, K KOTOPBIM OTHOCATCS TpoOiiemMa Bapuxra u
npobiemMa DcrepMaHa, CBOIUTCS TIOBEICHHE KOPOTKHX TPMTOHOMETPHYCCKMX CymMm I
Beiing Buna

T (aixy)= D e(an”),

x-y<nsx
B OOJIBIIIMX JIyrax M MX OIICHKA B MajbIx ayrax. IloBeaenue T, («;X,y) B OOJBIIMX qyrax
T0CJIeIOBATENIbHO M3yUeHO B padotax [1, ctp. 564], [2, ctp. 737], [3, ctp. 257], [4, ctp. 196],
[5, ctp. 447] u [6, ctp. 238]. B pabote [7, ctp. 612] 11si TPUTOHOMETPHYECKON CYMMBI
T, (a; %, y) ObLIa IOKa3aHa, 4To ecim X > X, >0, y, <y <0,01x, 7(h) - pyHKIMA NenHTENeH,
@ - BEIMIECTBEHHOE YHCIIO,

1
q°

<

, (ag)=1,

a
o — —

TO CIIpaBCaJIMBa OLICHKA

1
k-1
T, (@ % y) € 2y[4k![%+§+ d '”kq] mex r(h)]z |

y heyk=L
KOTOpasi HETPUBUAIILHA TIPU ¢ >> 2% 4klz(y*™) To ecth g >> y*. B 21001 pabore nomydeHa
HOBasi OIEHKa CyMMBI T, (a;X,Y), KoTopas Oy[er HEeTpuBHAIBHOM mpu ¢ >>(Iny)*, A-
a0COTFOTHASI TIOJIOXKUTEIbHAS TIOCTOSTHHAS.
Teopema. Ilycts x> x, >0, y, <y <0,01X, & - BEIIECTBEHHOE YUCJIO,

<t @g=1

'




TOrJaa CIipaBC/ijIMBa OLICHKA

2—k
I T, (e;%,y) < 2y| 2%6kK! i+£+qlﬂ hy| .
k qa vy ¥

ITycte A, oO3HayaeT | - NPUMEHEHME PA3HOCTHOTO ONepaTopa, TaK YTO i

muorowreHa f(U) cremenu n
A (FU)t) = U+t - f(u),
A, (P KLt ) = A (A ()t KLt )it ).(F (u)itd,. tj +1) (@)
Toraa HeTpyTHO yOeqUThCs, 4TO
AUt K t) =t Kt p st K t)),

()

: [
I7ie p; - MHOTOWIEH OT U cTeneHu K—j co crapmmm koddpuimenTom " Ipu

JIOKa3aTebCTBE TEOPEMBI BOCIIONB3YeMCS CIEAYIOILEH JIEMMOIA, KOTOpast JI0Ka3aHa B padboTe
[7, ctp. 610].
Jlemma. Ilycts

T(fuyxy)= 2, e(f(u),

X—y<u<x

rae f(u) - mponsBosbHBIA MHOrOWIEH cTenenu n. Tormampu | =1,K ,n—1 umeer mecto

ITCFix P <@y YK 31,1, =

i<y Ihjl<y

Ze(Aj(f (u);h K ,hj))‘,

UEL

rJie MHTepBAIIBI |, = 1;(X, y;h;,K ,h;) yJIOBIETBOPSIOT COOTHOLICHHUSIM:
L =10 y;h) = (x=y, x]n(x=y—-h,x=h],
=106y h K b)) =1L (G ysh K hy )l (x=hy,yih K hy),

TO €CTb WHTEpPBAI i, (X=h;,y;h K h; ) I10JTy4aeTCs 3 MHTEpBaJIa
I, =1;5(x,y;h,K ,h; ;) CIBUTOM Ha —h; BCE€X MHTEPBAIOB, NIEPECEUCHUEM KOTOPHIX OH
SIBJISICTCSL.

Jloka3zarenneTBO TeopeMbl. [1o iemme 1 ipu j = k —1 umeem

T@x )l <ey Yk ¥

<y Ihe_gI<y

Z e(Ak—l(auk h, K h )

uelk_l

A ,(au*;h K ,h, ) =aklhh,K hkl(u +%h1 +%h2K +%hk1j'

rae uarepsai |, , =1, ,(x,y;h, K ,h ;) yIOBIETBOPSET COOTHOLLIEHUSM
I, =1,(% y;h) = (X=y, X]n(x—y—h,x—h],
Loy hKoh ) =1 L,y h, K h ) (= hj! y;h, K, h_,).
Takum o6pazom,



IT (%, y) |2 < (2y)2 'k z z Z e(ak!h;h, ...h_;u)

|hil<y  |hg—q1|<y |uelx—4
B nocnenneii cymme wiensl ¢ h, ---h,_, =0 naror Bkiaz e 6onee (k —1)y(2y)<?

[ToaTomy
T (s %, )12 < @)2 7 K2 1T (a5 %, y) + (k — Dy@y)*2), (2

T (a;x,y) < z Z z e(ak! hih,y ... hj_qu)| =

1s|hy|<y  1s|hg—q|<y |u€lg-1

= >/

rac

> e(akthu)

ue'k—l

, = Y 1<z(h).
h=hKh 4
Jshl,K,hk_1<y,

Ipumennm k BHyTpeHHeit cymme B Ty (a; X, y) aemmy 4 u3 [8, c1p.94] nmes B Buiy,
YTO OHA SIBJISICTCS IMHENHOM, CIUIOIIHOM, JUTMHA KOTOPOM HE IPEBOCXOUT Y !

yk—l
, 1
T (a;x,y) < hzl 7(h) min (y, W)
[anee Bocrionmb3yemMcst HepapeHCTBOM Ko, Mmeem
yk—l yk—l
T2 (a; x,y) < Z 72(h) z min (y ;)2 <
A= “2llak!hll) =
h=1 h=1
yk—l k!yk—l

1 1
S e S By S et
y nyh_1 min|(y 2Tkl Al ky®Iny 2, min|y 2Tkl Al

Jlanee, BOCOJIB30BABIIKCH JIEMMOM S U3 [8, cTp. 94|, Halinem

k-1

|
Z(Z(a; x,y) < 6ky* In y[k'é +1](y+q|n q) <

k
< 6kkly* In y(y—+ vl 4 y+qin qj < 6kkly* In y(1+£+%+ q'”kq].
v q y vy y
Iloncranss 3Ty OLEHKY B (2), MOTy4rM
T (@ 2, y) 12" < 2(2y)2 2K (22252 (a3 %, ) + (k — 1)2y2(2y) %K)

SZ(ZY)ZK‘ZK(ZZK‘ZGSKK!y2k I y(1+1+ Sy j+(k—1)2y2(2y)2k-4}
a y ¥y

2
=22k(2y)2k[3kk!ln y(%+%+ 3kl_1+q|n q}r(k—l) ]S

y y 8y’



< 2y)* 22k6kk!(3+1+ qln qJln V.
Y

k

k-1
N3Bnekas KOPCHb CTCIICHU 2 , IOJIYYNM YTBCPKIACHUC TCOPCMBI.
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HETPUBUAJIBHASA OLIEHKA KOPOTKUX TPUTOHOMETPUYECKUX
CYMM I'. BEIJISI B MAJIBIX TYTAX
Annomayua. B MabIX Ayrax MOJydeHa OLEHKA KOPOTKOM TPUTOHOMETPUYECKOU

cyMmMbl Belins Buia

a

o——| <

T@xy)= Y een"), =

X—y<n<x

(a,q) =1,

KoTOpast OyaeT HeTpuBHAIbHOM mpH g >>(Iny)", A—aGComoTHas —MONOKHUTEIbHAS
MIOCTOSIHHASI.

Knrouesvle cnosa: xopotkas cymma [.Beiins, manbie ayru, QyHKIMS AenmuTeseH,
O(aHTOro ypaBHEHHE.



BAXOU FAMPUTPUBUAJINY CYMMAXOU TPUTOHOMETPUN
KYTOXM I'.BEIT IAP KAMOHXOM XYP]]
Quuwypoa. Jlap kamoHXoM XypH 0axoum cymMMad TpUTOHOMeTpuM Kkytoxu ['.Beiin
HAMY 1

1
S?! (a,Q):la

a
o ——

T (@xy)= Y e(an®),

X—y<n<x

édra mrygaact, ki xauromu ¢ >> (In y)*, A— JOMMHH MyTJIaK FapUTPUBAATI MEOOIIIA].
Kanuososrcaxo: cymmvan  kyroxu [.Bein, kamoHxoum Xxypn, QyHKCHSH
TaKCUMIIIABAH IAX0, MyOIMJIal TUO(DaHTIA.

NON — TRIVIFL ESTIMATE OF SHORT EXPONENTIAL WEYL S SUM IN
MINOR ARCS
Annotation. Iminor arcs we obtained the estimation of the short exponential Weyl's sum
of the following form
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which will be non-trivial for g >> (In y)*, where A- is some obsolute positive constant.
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XAJIJIU YMYMUKAPJIALIIYJIAU MACBHAJIAU TUPUXJIE BAPOU
BAB3E MYOJIUIAXOU TUPOEPEHCUAJINU FAUPUXATTUU
TAPTUBU JIYIOM BO XOCUJIAXOU XYCYCH

PaxmonoB b.A., Karomi /1./1., Ucmatos I11.P.
Nucrurytn mareMaTukan 6a Homu A.YypaeBun AxkajeMusii MULIMH
navxon ToyukucTon

dap3 MekyHeM, Ku myoawnan auddepeHcuanuu FaupuxaTTuv TapTUOU
AyIOM Jojda Iyna oomaj. YCyiau UCOOTH MaBYYAUATH XAJUTU YMYMIIYJIapo, KU
nap teopemaun Pucc (map Hamynu (pyHkcuoHanmu xaTTi map dazom ['mnbepTit)
acoc édraact, 6a Tadcuil TaBCU( MEKYHEM.

1. Macpanau FaipuxaTTun

—Au+ f(x,u) =F(x), x=(x1,%3,°*",%X,) €1, (D

u € Wy (2) (2)

-po numa mebapoem, KU FadWpuxatTtéh OynaH 3epu ¢dyHkcusu f(x,u) HUXOH
MeOomam.

Hap wH 4o ycynm xaTTé KapaaHpo wuctudoma mebapem. bapou wun
ynxeuan v € W (R)-po MabayMm xucoba Machbajad XaTTUH 3ePUHPO IH/a
MebapoeM:

—Au = F(x) - f(x,v) (3)
u € Wi (). (4)

Tawpuu 1. Bueyzop f(x) € L,(2) 6owad. Pyuxcuau u € WL(Q) xanmu

ymymumyoau macvanau (1)-(2) nomuoa mewasao, azap avHusmu uHme2paiuu

fzn:a_u a—(palx— j(F(x) f(x,v)®(x)dx (5)
axi

-po b6apou ounxox ®(x) € Wi () konew eap()OHa().

XamMuH TaBp, OapoOapum (5) -po map acocu Tabpud XaMuyH Xaid
yMyMHIIyAa HHTUX00 MeHamoeM. Kaiinm wMexkyHeM, ku arap u(x)-xamim
Kkinaccukun Macbaiau (1)-(2) Gomran, mac oH XaaId YMyMHIIyJIaud MH Machaa
MeOommaa. (bapbakcall JOMMO YOU JI0IITa HaMeTaBOHA.)

Jap dazon W, (2) HopMapo 6a TaBpH 3epHH BOPHI MEHAMOEM:

1/2
I 1 j Z

bosin Kaiin Hamya, KM U1H HOpMa 00 HOpMau
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2 2
lullvirg o) = [u ] dx

/
9KBUBAJIEHT Meboma. Jlap (W2 (!2)) 3apbu ckaIsIpupo 6a HaMyau

du 09
f 2— —dx ={u, ®}
dx; 0x;

BOPH MEHAMOEM, OH TOX, aHUITH UHTerpaduu (5) HaMyau 3epUH HaABUIITA
METaBOHEM:

{u, @} =(F - f,, ) (6)

KM UH 40 (F — f,, ®) = fﬂ f(x,v) @dx act. Arap u € W3 (2) 6oman, nac u(x)
Machallau KaHopuu (2)-po KOHEeb MerapJoHad. TeopemMa ouaM SITOHATUU XaJIId
ymymuinynan macbajiau (1)-(2)-po HoBoDOacta a3 TeopeMa OUIU MaBYYIUSITU
XaJI, ICOOT MEHAMOEM.

Teopemau 1. Xannu ymymuwyoau macvanau (1)-(2) seona mebowiao.

Hcoot. bury3zop ay xaiim ymMyMUIIyaad u; Ba U,-u Macbajiau (1)-(2) 0a
MabHOM TabpHUdH 10/1al MO MaB4y/1 Oomaji, SbHEe

S Ju, 0d
fz alfcj o, 0 = J(F(x)—f(x,v)ﬁb(x)dx,
9}

n =1

D du, 00
JZ a?cj P f(F(x) — flx,v))P(x)dx.
0 i= 5

A3 Gapobapuu sKyM AYIOMAIIPO Tapx, HAMY/a, XOCUJT MEKyHEM:

n
a(ul - U,Z) a(p
. dx
( axl- Oxl-
0 i=1

ba cudatu @ dapku u; — u,-po UHTUX0O MEKyHEM (Jap MH X0JaT Yi KOp Kapaa

Il
e

MeTaBOHeM, a3 cababe, k1 u(x) Ba @ (x) xapay aap sk daszou W (2) mexoban),
1AC XOCUJI MEKYHEM:

Jz a(ul_uZ) dx = 0 = a(ul—_uZ)=0 Vi=12-n
axl ) axi ) )= ) )

sS’bHE U, — U, = const uH gouMu aap dQ 6a cudp 6apodap act. A3 UH py, U; —
u, =0, mac uy =u, a3 UH YO MablIyM Merapaal, KA XaJl roHa MeOollas.
Teopemau 1 ucobot mymu.
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Teopeman 2. bueysop -coxau maxoyo oap maymyu R™ ea dapou ounxox
vy, v, € WH(Q) ¢pyurcuau f(x,v) ku az gpazou L, () mebowad sa wapmu

1/
d 1~ V2
f (o)~ fvae] <o | (M> )

i=1p

-pO KOHEb Me2apOoHao, OH 20X azap T% < 1, nac macvanau (1)-(2) 6apou ounxox

Qynxcus f az ¢pazou L, () skkummama Xamuaseanoa acm. Jap un 4o d,; —ooumuu
Hobapobapuu Dpudpuxc medouad.
Kaiin: HobGapobapuu ®puapuxcpo 0e mcooT meopeM. bueysop f2-coxau

Maxoyo oap maymyu R™ 6owad. On 20X 6apou ounxox u € W3 (Q) nobapobapuu

3epun Oypycm acm:
el o < {Z = }
2 0x; L, (@)

Ku un 4o d, — merau xypomapun oap o6aiinu napannesonuneou I1 = {x:0 < x; <

d;}, ku 60 coxau 2 maxoyo kapoa utyoaacm, mebouidao.
AxHyH 6a UCOOTH TeopeMau 2 MypPyb MEKYHEM.
Ncoor. Teopemau 2-po 6a xamnmu macbajiau (3)-(4) TagObUK MEKYHEM.
MyBohuKHy UH TeopeMa STOHATUM XAJUTH YMYMHUH
U, @} =(F - f,,®), V&€ Wl(Q). (8)
MaBYy/l acT.
XaMHUH TaBp, olepaTopu U = Bv skKkuMMata MyailsiH kapjaa memaBaja. OH rox
nap acocu bapodapui (8) XOCHI MEKYHEM:
{Bv, @} = (F — f,, ®). (&)
burysop vy, v, € W3 (2) 6oman. OH rox,
{Bvy, @} =(F = f,, @), V&€ W; (1),
{Bv,, @} =(F — f, ,®), Vo €W ().
bo ncrudona a3z xocusti XaTTél OyaaHu 3apOu CKaIsIpH, XOCHI MEKYHEM:
(Bvy — By, @} = (f,, — f,,,®), Vo €W} (). )
Asbacku Bv,; € Wi (), Bv, € W} () act, mac Mo MeTaBoHeM jap OGapobapun
9
Bv, — Bv, = @ uHTUX00 MEHAMOEM Ba Jap HATUYa XOCUJI MEKYHEM:
|Bv, — BV2||2(W21(Q))/ = (fy, = fv,, Bv1 — Bvy). (10)
burysop G € L,(22) Ba ® € W} () 6oman. bo ucrudona a3 Hobapodapun
Komm-byHakoBCKHI, XOCUIT MEKYHEM:

(G, ) < 1G]l 1Pl 0)-
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A3 HOGapobapumn puapuxc 6apMe0${L[, K1

d1
o= 55 |22
l

2
G,P) <—|lG |, . :
6,00 < ZlGl@lel

MNH HOoGapobapuu xocuiiyaapo 6a (10) ryzormmra XOCHI MEKyHEM:
||Bv1—Bv2||2 /= |(fv1_fv2;BV1_BV2>| <

(Wzl (-Q))

1
< £, — va”Lz(mlle1 — BvZ”(Wzl(ﬂ))/'

=40
L,(2) V2 (Wzl(”))/.

bunob6ap un

XamuH TaBp, 60 uctudoma a3 mapTH (7) xoCcHUI MEKYHEM:
dy
Bv; — Bv,||? —|lv, — . (11
|Bv, lel( - )) ||fv1 fv2||L o= \/7”171 vzll(Wzl(m)/ (11)

MyBoduku mapta TeopeMa Tﬁ< 1 meboman, 6uHoOap wH a3 (11)

OapMeosin, ku omnepatropu B omnepatopu ¢umnypaamaBaHaa gap ¢asou

. /
(Wzl(.Q)) MeOomrag. MyBodukKu TeopeMa OWAW TPUHCHUIIM HUHBUKOCH

dumypaamaBanga omepatopu B gopou sSK HyKTam OexapakaT gap (aszou
(Wzl (.Q))/ acT, AbHE
Bu = u. (12)
Jap 6apobapun (8/) xaHromu u = v GyJaH, XOCUI MEKYHEM:
{Bu,®} = (F — f,, ®), V® € W} ().
A3 uH 4o, 00 HazapaomTtu 6apobapum (12) Ba XocusiTu xaTTii OygaHu 3apOu
CKaJISIPY XOCUJI MEKYHEM:
{u, @} + {f,, P} = (F,®), Vo €W} ()
SbHE U XAJUTM yMmyMuM Macbanau (1)-(2) medoman. Teopemau 2 ucOOT 1y,
bosn 3ukp Hamya, KM Machkanam Trys3omramyaa 0o wuctudoma a3
MaB3ybxou aap agadouérxou (Hur. [1] cax. 74-83, nur. [2] cax. 28-37, Hur. [3] cax.
54-83, Hur. [4] cax. 286-299 ), k1 nap pyhxaTu agabUETX0 oBapiallyaaaHI, Xajl
Kap/a Iryaacr.
2. Hap uH KucMmat Hazap 0a myoauiau (1) 603 myogunan ymymurap,
ShbHE MYOIWJIAW JJUIMNTUKA 00 K03(PUCHEHTXOU TaFimpeéOaHmagoppo auaa
MebapoeM. buryzop Mmyoaunan 3JTMITUKUA

- 0 ou
=35 (P 32) + Flu) = F@) )
i=1 '
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00 MmapTXou KaHOPUHU
Ulgo = 0. (14)
noja mynaa oomasa. Xaumm ymymun Macbhanau (13)-(14)-po yyctyqyy MeHamMoeM:
Taspudu 2. Pyuxcusu u € Wi (Q) xanmu ymymuuyoau macvanau (13)-(14)
HoMuUOa mewagad, azap bapou ounxox ®(x) € W () asinusmu unmezpanuu

f IZ p(X) +f(x u(x)®(x)|dx = j F(x) & (x)dx.

0
uypo eapdad.
dap3 MEKyHEM, KU
0 <po=<pk), Vx € ) Ba p(x) € C(2) (15)
ooma.

OH rox, aap dazou W, (2) 3apbu cKanspun 3epUHPO MyaiisiH MEKYHEM:

Bu 6(15
dx.

m¢h—f[ P 5

AKHYH 60 MH 3ap0M CKaIspuu BOPHAHAMYAAaaMOH HOpMapo aap daszou Wi(Q)
00 YYHMH Tap3 MyaissH MEKYHEM:

Il 5 = 22_[ p(x) af dx

=1
Teopeman 3. bueyszop (1 € R™- coxau maxoyo eéa bapou Ouixox vq,v, €

1,

W(Q) ¢pyuxcusu f(x,v) ku az gazou L, () mebowad sa wapmu
1F G o) = F G vy < Tloy = ol o

-pO KOHeb Me2apooHao, OH 20X az2ap T P 1, nac macvanau (13)-(14)
V2P0

AKKUMMAMa Xamuasanod acm.
HNcoor. Teopeman 3-po 06a xammm macbanau (13)-(14) TagOuk MeKyHEM.
MyBo(UKH MH TeOpeMa ATOHATUHN XaJUIN YMyMUU
{u, @} =(F—f,,®), Vo eW;).
MaByya acT. bo épuu uH 6apobapit onepatopu B: W (02) — W (Q2)-po myaiisH
MEKYHEM, K1 UH OIIEPATOP YYHHH aMajl MEKYHAI:
{Bv, @}y = (F — f,, P). (16)
Burysop vy, v, € Wi () 6oman. OH rox
{Bvy, ®} =(F - f,,®), V&€ W;(),
{Bv,, @} =(F — f, ,®), V@ €W ().
Bo ncrndoa a3 XocusTH XaTTH OyIaHU 3apOU CKAIAPH, XOCUII MEKYHEM:
{Bvy — Bvy, @} = (fy, = f1,, @), VP € W ().
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Anbacku Bv, € Wi (), Bv, € Wi () acr, nac a3 un yo Bv; — Bv, = @ uHTUX00
HaMy/ia Iap HaTH4a XOCHI MEKYHEM:

1By = Bvoll? = fy, = fo,, By — Bvp). (17)
(Wz (-Q))

Bosin 3ukp Hamy#, K4 gap acocu Hobapobapu Ppuapuxc 4YyHUH HOOapobdapi
YO Jopai;

VoIl S Il S Gl )

Asbacku Bv; — Bv, € W} () Ba 60 HazapmomTé HOOGapodapuu (x) XOCW
MEKYHEM:

1
Bv, — Bv <—||Bv;y — Bv .
vy = Bl o S =B = Bl
A3 Tapadu qurap gap acocu Hobapobapun OpuAPHUXC YyHUH HOOapobapi Yoii
TOpaT;

(18)

d
1Bvy — Bv, |l (0) < —=IIBvy — B, |

: 19
7 (@) (19
AxnyH 60 uctrdoma a3 Hobapobapuxou (18)-(19) meédbem
dy dy

Bv, — Bv < — - <tT—|lv;—vV .

” 1 le(Wzl(ﬂ))// m”f‘vl fUz”Lz(ﬂ) m” 1 le(Wzl(ﬂ))//
MyBoduKH mapTu TeopeMa T \/62117 < 1 mebomaa, OMHOOap MH a3 HOOapobapuu

0

OXMpOH Oapmeosii, KM onepaTopu B omeparopu (uiypramabanga gap ¢aszou

. //
(W21 (.Q)) MeOomaa.  MyBopHMKH —TeopeMa OWAM  TNPUHCHIIM  WHBUKOCH
dumypaamaBaHga ornepatTopu B Jopouw SK HyKTaum OexapakaT Xam gap daszou

NN -
(W2 (.Q)) Ba xaM aap dazou W, (2) act. Teopeman 3 ucO0T 11y/1.

Bosin Kaiig HaMyn, KA XaJUTd yMyMHKapaallygal Machalaxod BapHATCHOHHUU
Juprxie 6apor MyoaIuIaxou SIUIMNTHKA Jap TaMoMH (a30 gap Kopxou (HHT. [5] cax,
736-741, nur. [6] cax. 17-25, uur. [7] cax. 29-36, Hur. [§] cax. 555-559) muma GapomMasa
ITy/1aaCT.
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XAJUIM YMYMUKAPIALITY AU MACBAJIAU IMPUXJIE BAPOU
BAB3E MYOJJUJIAXOU JTUPDPEPEHCUAJIUU FANPUXATTUN TAPTUBU
JYIOM BO XOCUJIAXOU XYCYCH

Quuypoa. In xop 0a OMY3UIIM SKKAMMAaTa XaJlllaBaHIATMM Machaslaud
yMyMuKapaamyaan Jupuxie Oapou Myomwnad fFadpuxartuu auddepencrnanum
TapTUOU JIyrOM 00 XOCHIIaXOM XycCycH acoc édraact. bo ncrtudoma a3 yMyMHUKyHOHUN
yCyau XaTTHA KapmaH Oa XojaTh MyodwIaxou fadpuxartuu auddepeHcuanii 00
XOCWJIAXOM XyCyCH, TeopeMaxo Jap Oopad MaBYyIUAT Ba STOHATMM XaJUTd YMyMH
UCOOT Kap/a Iy IaHI.

Kamumaxou kamoi: macvanan [upuxie, MyoauIan FalipuxaTTid, Myoauia 00
XOCHJIAXOU XYCYCH, XAJUTU YMYMHUIIIY/IA, XaTTUKYHOHW, MABYYIUAT Ba ATOHATH.

OBOBIIEHHOE PEHIEHUE 3AJTAYN INPUXJIE TSI HEKOTOPBIX
HEJIMHENHBIX IN®PEPEHLIUAJIBHBIX YPABHEHUI
C YACTHBIMU ITPOMN3BO/IHBIMUA BTOPOT'O ITIOPAKA
Annomauusa. Pabota mocBsiiieHa UCCIICIOBAHUIO OJHO3HAYHOU Pa3pelIMMOCTH
00001eHHOM 3amaun Jupuxiie it HelMMHEHHOTo TugQepeHIIMATEHOTO YpaBHEHUS
BTOPOTO TOpPSAKA B YACTHBIX MNPOM3BOAHBIX. C TOMOIIBIO O0OOIIEHUSI MeToaa
JIMHEApW3allMM Ha CIydyad HEJIMHEMHBIX YPABHEHUM JOKA3aHbl TEOPEMBI O
CYILIECTBOBAHMH U €MHCTBEHHOCTH OOOOIIIEHHOTO PEIIEHUSI.
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€IMHCTBEHHOCTb.

GENERALIZED SOLUTION TO THE DIRICHLET PROBLEM FOR SOME
SECOND-ORDER NONLINEAR PARTIAL DIFFERENTIAL EQUATIONS
Annotatrion. The work is devoted to the study of the unique solvability of the
generalized Dirichlet problem for a nonlinear second-order partial differential equation.
By generalizing the linearization method to the case of nonlinear partial differential
equations, theorems on the existence and uniqueness of a generalized solution are
proved.
Keywords: Dirichlet problem, nonlinear equation, partial differential equation
(PDE), generalized solution, linearization, existence and uniqueness.
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YK 517.968.2
XAJIIIIABAHJIATIM MACBAJIAXOU KAHOP BAPOU BAB3E
CUCTEMAXOU MYOJIWJIAXOU JIU®PEPEHCUAJINN
SUIMIITUKUU TAPTUEBH AL JIAP XAMBOPT

®daiizzona K.111.
Jonumrox, /laBnarum /lanrapa

Hap makonaxou M.H. Bekya [1, cax.12], [2, cax.37], yCyJu HaBU OMY3UIIIU
cucTeMaxon Myoauiaaxon auddepeHcHannu KUCMaH JIUIMITUKHA TEeITHUXO0/T
mynaact. MH ycyn a3 rysapuil a3 machbajgad 3UKpIIyga 0a Myoauiau
UHTETpajui 3KBUBAJIEHTUU CUHTYJISIPA J1ap COXauW MaxJyd Ba CUIIAC OMYy3HUIIU
XaJaaBaHgarud MH MyoJujia moopaT act. baparap, uH ycyn gap MakKojIaxou
b.B. Bospckwuii [3, cax.35], [4, cax,125], A.W. Boameprt [5, cax.158], [6, cax.35],
B.C. Bunorpanos [7, cax.54], A. Yypaes [8, cax.65], IL.T. /Ip160B [9, cax.55] Ba I'.
Yaurubekos [10, cax.121] Baceb uctudosa mymaacr.

NH Mmakona pyman MuHOAaBAAWM WH HATUYaXOpo TMEITHUXOA MEKYHa.
BobGacra 6a cuH(pu TOMOTONUU CUCTEMAXOU YMYMHUU SJUTUIITUKUUA MYOIMIAX0U
TapTUOU 6-yM nap XaMBOPH, MIAPTXOU 3apypu Ba Kol Oapor XOCUITU HETEPH
nap wacvanaum [upuxsne Ba Heliman Mykappap Kapla MeIIaBaH Ba
dhopmynaxou Bo3ex, Oapor XMCOOKYHUU UHACKC O0a JacT oBapaa MellaBaHI.

1. Kaiinxo, Tabpu(Xo Ba nemiHNX0AX0U EPUPACOH

burzop D coxau maxayau XxaMBOpUU KOMIUIEKCH z = x + [y. 6oman. bo
C¥(D) mo maymyu ¢yHkcusxonm ¢(z)-po mdoma MekyHeMm, ku k Maporuba
naiiBacta auddepeHcuanii MemanaHa Ba gap D 6a TaBpu KOMITAKTHA JACTTUPH
KapJla MeIlIaBaH/l, s’bHE Jap sK capXaad (ku 6a xap sk ¢yHKCUs Xoc act)-u D
HOITA U/ MeIIaBaH/I.

burzop w(z) € L,(D) dyukcusu uxtu€pa gap pasou L, (D) Ooman. Arap
dyukcusu x(z)) a3 L,(D) By4yn momra Oowman, KM 0apou Xap K (QhyHKCHSU

¢(z) € C¥(D), 6apobapii

%
[| eor s, = 0 [[ x@e@rds, o+ ke =k
D 0zk107 D
nac y(z) xocunam ymymuun Taptuobu k-u ¢yHkcusu w(z)  Hucbat 0Oa
k
TaFiupedaHaaxou z Ba z Aap coxau D Homuma memaBaj Ba Mo y(z) = . 21:_,( -
VA VA

] ] .
MEHABHCEM, KH Jap OH ONEepaTOPXOH PacMHUM —-Ba — 60 ¢opmynaxo MyaiisiH

Kapaa MemaBasz, [6, cax.35].
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6_1(6_'_,6) 6_1(6 6)
0z 2\x tiay) a2 -2\ "oy

Taspudpu dazon W’;(D). Maymyu ¢yHkcusixoe, Ku pgap coxau D
YyaMblIaBAHAAAHI Ba XaMad XOCWIAXOM MMKOHIA3UpU YMYMHUU TapTUOU
nopawyna k-po mopana, ku gap D 0o mapayam nopamynam p Ba 00 MEBED

YyaMblllaBaHOadH/I
1

k p
"¢
ol = | [[ loepas,+ > [ ——Lras, |,
D D

ki gzt
ky$Tg=ie 7/ 027107

dazu CoboiieB HOMU1a MelIaBa] Ba 60 pam3u ka (D), [7, cax.54].

2. 3x0opoTH Machajiam KUMAaTH aBBAJIH MaX1y/l

Nu makona xamiu Macbanau Jupuxie Ba Helimanpo Oapou cucremau
IUTMNITUKUN Ty MYyOAWJIaW TapTUOW InamyM aap xaMBopi 0o umctudoma as
YCYJIM Ty3apuill 6a MyoauJIal MHTErpajIuu 3KBUBAJICHTUU CUHTYIISIPH Jap coxau
MaxJIyJ Oappaci MEeKyHa/I.

Mo cucreman yMyMUM IJUTMIITUKUM Iy MYOJMIIAPO Jap Ay TarupEdaHgan
MYCTaKUJIM TapTUOU 6 gap xaMBOpH Oappacil MEKYHEM, KU Kalgu MypakkaOu
OH IIAKJIM 3€pUHPO JOpal.

a aZ‘m—
Zn=-3 @n(@) soem b (Z)a—?awm"'
e ) (1)
+  Yos<i+js<s al](Z) =y + b j(z )a T = =g(2),

JapUH Y0 Z = X + Ly, w(z) = ulx,y) +iv(x,y).
Mo d¢ap3 mekyHem, ku koaddurcuentxoum myomwiaun (1) dyHKCUsIxou
naitBacra mgap D meGomana Ba g(z) € LP(D),2 < p < oo.
bap acocu kucmMm acocum cucrema (1), Mo QyHKcHsSIM MaTpUTCAPO
MECO3€EM.

. Pe(z,0) Q¢(z,0)
G(z,0) = <Q6(Z, 5 Pz U)>,
Jap UH 40,
3
?6(2,0') = z an(z)0-3+n Qs(Z O') — Z bn(Z)O'3 ng 3+n

n=-3 n=-3
Ommuntuku cucteMau (1) MabHOM OHPO AOpaa, KU 6apou Xap SIK HyKTau

z€D Ba xap fAK ajaay KOMIUIGKCHU Faiipucudpii ¢ = g, + io, HOGapobapuu
detG, (o) = 0 6051 KOHED Kap/a 11aBa/l.
detG(z,0) = |Ps(2,0)|?| — 1Q6(z,0)||> = 0 )
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Gapou xama z € D, 0 = g, + io, # 0. Jlap osiHua, 6apou Kynaiiii, 60 Myappupun
Kanau t = %, MO (DyHKCHSIM MaTpUTCaBUU G¢(Z, 0)po Aap MIAKIN

Pe(z,t) Qe(z, t))

~ ~ t| =1, ZEE,
0s(z,0) Pomt)) N

Go(z,) = (

JIap UH 40
3

3
P(zt) =T Z a4, ()3 = T Py(2,0), Qx(zt) =T Z b, (2) = ©0,(2 1),
n=-3 n=-3

be a3 mact nomanu ymymu, mo ¢gap3 mexkynem, ku D = {z:|z| < 1}. bapou
Myonuiau ymymua (1), MO Macbhanam ap3uiiM capxaiuu Jupuxjiiepo TaxKuk
XOXEM Kapn:

Macbanan Jupuxae. Oynkensu w(z) -po a3 cundu W (D) N C?(D), é6en,
ku myoaunau (1)-po map moxwnum coxau D Ba maprtxou capxaauu I' -po gap
capxaJii OH KOHEb rapIoHa/I:

dw .
Sglr=0j=012 3)
KU J1ap OH Z—: xocunan w(z)-po map caMTu HopMajau OepyHa Jap HYKTaxou

KOHTYpH [' HUILIOH Meauxan.

To yoe xu MO MeIOHEM, aBBAJUH MaKoJia, KU 0a OMY3UIIM CUCTEMaxou
IUIMNTUKUU TapTuou mamymu (1) 6axmmna mynaact, kopu I1.T. {p16oB [8,
cax.65] meOomiana, KU gap OH HaTHYyaxXow Xocusatu DpeaxonMu machalau
Hupuxiae TaHXO Jap Xojare TapTuO moma MemaBaHa, ku cucreman (1)
SJUIMNTUKUM KaBH Jomita 6omaf. [3, cax.35],

DyHKCUIHN W (Z) XaJUIN Machala XucoOu1a Menana, arap:

1. dap mabHou ymymum CoOojieB Xocwiau Taptuou 6-u w(z) Ba w(z) €

W (D +T); Bysayn nopax;

2. w(z) kapub gap xama yo aap I' myoaunau (1)-po KoHeb MEKYHA/T;
3. w(z) maptxou Map3uu (3)-po KOHEh MEKYHA/I.

Macwsamnau (1), (3) HéTepii HOMUA MelIaBa, arap:

1. 3epdazou xannu machanau sikxena (0apou g(z) = 0) aHg03arupuu HUXOM acT
(M0 anm03au OHPO 00 / UllIopa MEKYHEM).

2. lllymopau maxayau k 00 MIapTXou MyCTaKWIIe By4y/ Topal, Ku Oapou xajiu
Macrwaiau (1), (3) 3apyp Ba kot MmeOoIIaH/.

Arap macpanau (1), (3) Herepn Oomian, mac agaam » = | — k WHIEGKCU HUH
Machaljia HOMHIa MellaBa.
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3. XamuaBangarum Macbajaun Jlupuxiie 6apon Myoaujiaxon HHTErpajaInu
CUHTYJISPHA 1ap COXau Maxay/l

Jlemman 1. dyuxcusiu MatpurcaBun Gg(z,t) 6apou xaman z € D u [t| = 1

(det G¢(z,t) # 0) rFailpusikka acr, arap Ba TaHXO Jap cypare, KU SKe as
HOOapobapi MYpo IaBal.

Y3 _o Ay (2) > 2M(2), npu Vz €D, 4)

Y3 __2 A,(2) < 2m(z), npu Vz €D, (5)

KU Jap UH Y40
0,(2) = lan@I* = |bp(DI?,  n=0,  +1,42,+3;
M(z) = nge[al(z)t + a,(2)t? + az(2)t3)],

—m(z) = |rtrllizr}Re[al(z)t + a,(2)t? + az(2)t3];

al(Z) == a_lao - E_lbo + a_za_l - E—Zb—l + a_3a_2 - E_gb_z,
az (Z) == azao - bZEO + aga_l - b35_1 + a_zao - E_Zbo + a_3a_1 -
b_sb_4,

ag(Z) = agao - b3EO + a_3a0 - E_gb().

MaymMyn xamMan MaTpUTCAXOU MOJIUHOMUM IAKIU Gg(z,t):detGy(z,t) =
|Ps(z, )% — |Qs(z, t)|?, xu maptu detGe(z,t) > 0 (< 0)-po Gapou xamau z € D
KOHEb MeKyHal, 60 Gt (G™) umopa kapaa Memasaz,.

G*r0)=6s Gt =gG¢.

Jly marpurcau G1,G2 a3 cundu G romoroni HoMHMIA MeLIaBAHI Ba 0O

G ~ G2, umopa kapaa MemaBaH/, arap OMJIau MATPUTCAXOM IIOIMHOMUM G (T)

a3 Gt maiiBacrta BoOacra 0a mapamerpu Bokemu 7:0 < 7 < 1 By4yxm goimra
Oomas, 0a TaBpe K1

G*(0)=Gs G (1) =Gs.

Jy cucteMau 3JUIMIITUKA a3 MayMyHu XaMau CUCTEeMaxXou 3aunTuki (1) 6o
K KUCMH acocit, kK Gg(0) € Gt MeraBoHaH 60 poxu maiiBacTta gap G1 maitBacrt
Kapja IaBaH/l, arap Ba TaHXO Jap cypaTte, KU IMOJMHOMXOU MAaTPUTCABUU XOCHU
MH CcUCTeMax0o TroMmoToni OomaHa. P(z,t) — TMOJIMHOMUSM MypaKkKaou
Ouc€pab3oruu aapadaum ceroM acr. bursop q;(z)(j =1,2,..,6) — pemaxou
KOMILIEKCUU MYyOujIan

P(z,H)=0 (6)

OOILIaH/I.
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MyBoduku maptu (2), MH pemaxo gap capxaau Boxuau [t|=1 yoiirup
HECTaH], TbHE

lgj()| #1, (=12..,6).
ITemr a3 xama, 7 x0J1aTU UMKOHIA3UP BYYY TOPa;
1. |q;(z)| > 1, Gapou xamau j = 1,2, ...,6;
2.1g9.(2)| > 1 6apou xamau j 6a UICTUCHOM SIK;

..............................................

7.. |qj(z)| < 1, 6apou xamau j = 1,2, ...,6.

XaMUH TapuK, MyHocubaTu romorond Gt-po 6a 7 cuHdu romoTom# -
Yy3bXO0H KYIIIOIau MMaiBacTIIyga TAKCUM MEKYHa:

cuHou v0: TbHE, BaKTe KU HoGapob6apuxou 1. 6apou Vz € D KoHe's Kap/a MelllaBaH/I;
I cvHOM v1: AbHe, BaKTe KU HOGapobapuxou 2. 6apou Vz € D KoHe'b Kap/ia MelllaBaH,

(7)
L cuHOU V6: TbHE, BaKTe KU HoGapobapuxou 7. 6apou Vz € D KoHe'b Kap/ja MelllaBaH[,

WH cundxo cucTeMau myppau MayMyu G -po Tamkun MemuxaHn, abHe G2
u G¢ Ba G¢-u G* Ga siron cundu v;(j = 0,+1, £2,+£3) Taamiyk nopans, arap Ba

TaHXO Jap cyparte, Ku Gg ~ G2 Goma.

Jlemman 2. burzop Ge(t) € G* matpurcan G* 6oman. Iacv; (j =0, +1,
+2, +3) Taamunyk gopaj, arap Ba TaHXO Jap cypaTe, Ku HoGapobapuu

1/2
Aj(z) > M(2) + <M2(Z) + Ya=o [ (@)|* - I/lj,n(Z)|2> vzeD, (8)

n+j

KU Jap OH

Aj,n = ajan - bjbn' ,u],n = ajbn - bjan

1. burszop G4 (t) a3 G* 6a cundu roMOTOIH vV TaalIyK J0IITa OOMmIa.
IMac, myBoduky nemma 2, Ay(2) = |ay(2)|? — |by(2)|? > Gapou xamau € D.

‘w

bo Hect kapnanu Mukgopu a3 myoaunau (1), Mo 6apou xama ryHa

97°023

cucteMa a3 cuH(u romoTonus 6a KaArupruu 3€pruH MepaceM Vv,
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Ao (z )6_36 -+ 201(2) = a“‘a > ‘|‘/102(Z) prp +/103(Z) a_s 5+

D ) G s

ku gap oH T (w) — onepatopu nuddepeHcranu TapTUOU macTTapuH.

Masbnym act [l cax. 122], xu xap sk (pyHKcUsIU Mypakkabu cuUHHU
W,2(D) N C%(D), (p > 2), k1 WapTxoH sAKxenan Map3upo (3) nap mapsu I' KoHeb
MEKYHaJI, METaBOHAJI Iap IIaKIJIH

w(2) = =[], Gs(z Of @dsg,  (10)

00 3uuuM XyacapoHau Mypakkaodu f(z) € L,(D),p > 1, upona xapaa
6

0°w —0 na
92307° p

maBaj, K1 1ap oH G¢(z,¢) dynkcusau I'punu myonmnan A3w =

noMenu maxaymau D = {z:|z| < 1} act:

¢ —

Ge(2,¢) = =g —zP A =1z A - [51) +

n ‘ —
1
+2 (1 [212)2(1 - 2122

buéen xocumaxou QyHkcusiu w(z) -po xucod kyHeM. AjbarTa, Xamau
xocuiaxou (yHkcusiu w(z) Hucbat 60a z Ba z TO TaApTUOM S5 omepaTOpXou
MHTETpaIupo 00 SAPOXOHU MaiBacTa € sapoxoe, KU CHHTYISIPUITH 3aud qopaH,
MEIMXaH Ba a3 MH Py, ONEpaTOpxou KomuiaH maiBacra map L,(D) (1 <p <

) mebomanm.[2, cax.37],

Mo ry3opuiiiu 3epuHpPO 4OPH MEKYHEM.

- 1
00(2,9) = 11§ = 2I*Ini¢ — 22

01(2,0) = —21¢ — 2|1 - 27 — Tiey CX 1 — 2201 -
121 - 1K1,
UNH@ = I, 0@ Df Qs V@) = [f, 1@ D Q)ds;.

XHUCOOKYHHUU COJI/Ta HUIIIOH MEAUXa/l, KU

=101, s ()
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bo muddepencuanuzarcusau 6apodapuu (11) 3+n maporuda Hucbat 0a z
Ba 3-n MmapoTuba Hucbar 6a z, Mo

(-D™n o (-1 _
ov V=l o f©dsg = (Saf)(@), arapn=1, 2 35,

—3-n —_
0z31n9z

f(2), arap n = 0.

AxnyH Mo 0a oneparopu (Vf)(z) mery3zapem. bo nuddeperHcunanuzarcusu
V HucbOart 6a z 3+n Mmapotuba Ba HucObat 6a 3-n MapoTuda z, MO MEOMHEM

v =
623"'”823_71 = ffD Kvo,n(Z: {)f(()dsftn = 1; 2; 3;
KU 1ap oH supou K, (2, ) maxim

— _1\3—n
Kugn(7,9) = 32— T3y Chn(-1F2.. B =) - @ +n—K)Ix  (13)

e i (et e S
(1- ZZ)3+n—k

-po me€bem (13) Faiip a3 uH, arap HyKTau { 0a capxaau Joupau Boxuauu [
sabHe || = 1 adTan, mac

D (g i SN (S
(1 — z0)3+n-k -zt

bo ry3zomranu kumatxow xocwinaxou (12), (13) ©6a wmyoaunau
muddepencuanuun acnid (8), OGapom MyaiisH kapaanu QyHkcusu f(z), Mo
MYOJIWJIad UHTETPaIU IydeHaKa Ba CHHTYJISIPUH 3€pPUHPO 0a TaCT MEOPEM:

3
(Aof)(2) = Do(2)f (2) + Z 0 (Z)(SZnf)(2) + pon(2)(SZnf)(2) +
n=1

+(TH)(2) = g(2), (14)

KU Jap OH

S22 = j ]D Karnan(z Of Q)dsg)

D" (C-)"* a
K3+n,3—n (Z' () = ((z_;n+1 + Kno,n(zi Z)) yn= 1r 2: 3;

T
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T — omepatopu komwiaH Mmyrtracuil gap LP(D), p > 2 wmeboman. [3,
cax.23].

Hap uH 4o 0o0s1 Kailg Kapa, KU ONepaTopyd HUHTEerpajii 00 sapou
K3in3-n(2 {) map HYKTaxoW MOXIWINM JIOMEHH D CHHTYISpUATH TapTuOH 2
I0paa, a3 UH py MHTEerpajl 6osa 6a mMabHOM ap3uiiu acocun Komm daxmuga
mraBas. Jlap MaBpUIM HYKTaXxou Map3it, spHe Bakte ki { € I, ¢ = 1/, 6a 0coHI
METaBOH TAaCIMK KapJ, KU Jap UH X0JjaT K3+n,3_n(z,?) = (0 acr. Myoaunaun
uarerpaii (7) 06a MyoAawnaxod MHTETPpAJIMU JydeHaKa CHHIYJIsIpAd 00
XyCcycusaTxon 4y(pT gap JTOMEHH MaxAyd TaaulyK aopan, ku gap [5, cax.114]
omyxrta 1mynaana. Pam3u matputca, ku 6a onepatopu A, MyBo(hUK, acT, IIAKIU
3epUHPO JOpaA:

Do(2) + Y31 Aon(@t™ 331 ton ()T ) )
,Z

ggo(zi t) = ( P —n
=1 Hon(2)t" No(2) + X5=1 Ao (2)t

D,|t] = 1.

Bap acocu Hatudaxou A. Yypaes [8, cax.65], 6apou oH ku onepatopu A°
Herepin Oomian, 3apyp Ba kudos acT, KU MaTPUTCAXOU 920 (r,t) (€T, |t|=1)
JIOPOU MHJEKCXOU KucMaH cup Oomana. A3 pamsu G, (Z,t) MO MaTpuTcau
Ga, (T, t)-po Mecoszem, ku aap oH T € I, |t| = 1. acr. Huion goxa mymaacr, Ku

HAMOSIHIATMH 3¢pHH Oapou G, (7,t) MYpo MenaBa:

Gy (5, 0) = Ry (1, ORE (3, 0),

Ku gap oH Ry (7,t) HucOat 6a TariimpéOanman t TO HUIMXaMBOPHH MTOEHN
a3 YMxaTH TaxJWIA BacebllaBaHma acT Ba RJ(T,t) a3 yuxaTh TaxXJIMIA TO
HUMXAMBOPUM OOJION BaceblllaBaHIa acT Ba MyalsTHKYHaHIArOHU OHXO Jap XeY
40 HONAIMJ HAMEIIABaH[, AbHEe MaTpuTcau G, (T,t) JOPOM HMHAEKCXOM KHCMAH
cudp act. Ilac a3 on a3 Oapmeosin, ku onepatopu A, map LP(D)(1 < p < o)
acr, [8, cax.82].

bavman, Mo wuHAEKCH omepaTtopu Ay-po Xucod MekyHeMm. Aszbacku
nojuHoM P(z,t) map HOXWIM Joupau BOXuan |[t| < 1 pelra Hagopal, OHPO
METaBOH UyHHMH HUdoaa Kap/:

3
P(zt) = 2@ | | ¢ - a7,
j=1
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Ku 1ap oH |q; (z)| > 1. bo mapHaszapmomrTu wH, MO owlan (PYHKCHAXOU

ManI/ITcapO MECO3€EM
P(z,t,p) Q(ztp)
gAp (Z» ¢, p) = ’
0 Q(z,t,p) P(zt,p)

BobOacra 6a nmapametrpu p: 0 < p < 1 nmaiiBacra, K1 1ap OH
3
(260) =202 | | (ot - a7 @)
j=1

Q(z,t,pPpp(P)Q(z,t)0<p <1,
xaHromMu 0 <p <p, <1,

€
Nl

p(x) =11 N —¢

N(e+ 7 —To) (p — 1), XaHromu py < p <1,

Ty aJaJI1 BOKeH acT, k1 0a 1 Ha3auK acr,

N = sup|P(z,t,1)|, e = inf|Q(z,t, 1)|,

KM Jap OH cympeMyM (nHbHUMyM) a3 Gonoun xaman z €D, |t| =1, 0 < p <
1 rupudra memanan. bo uctudoma a3z marpurcaxou G 4P (z,t,p), MO owiau
ornepatopxon uHTterpanmuu A%, 0 < p <1 -u makmu (8)-po meco3eM. ba oconn
TVaH MyMKHH acT, KA

|P(z,t,p)| > 12(z,t, p)I,

Ba

Ind|y=1F(z,t,p) =0,z €D, |t| = 1,0 < p < 1,Ind ;1 F (2,t,p) = 0,

vz €D,|t| =1,0<p < 1,, ssbHe OIepPaTOPXOU AJ n mebomana. Asbacku
A =4, Ba A= -Ay(2)q7(2) - q;(2) - q3(z)] unnexcu onepatopu A, cudp
acr.

Teopemau 1. Burszop marpurcau G,(t) a3 G* 6a cunpu romoromna v,
TaaJUTIyK gomTa Oomaa. bapou oH ku macbhaiau (9) 6apou cucteMau 3JUTUIITUKA
(8) map cundu W,(D)N C?(D) (2<p <) Ppeaxonm Gowas, 3apyp Ba
Ko(# acT, KU apTu

1/2
Aj(z) > M(2) + <M2(Z) + Yn=o lUja(@)]? - Mj,n(z)lZ) vzeD, (15)

n#+j
2. AxHyH 6ur3op G,(t) a3 G* 6a cundu romorormmm v; (j = +1, +2, 3)

TaaJulyk, jgomra Oowman. Ilac, myBopuku Jlemmau 2, mo Aj(z) = |aj(z)|2 —

J— 66_
—| bj(z)|2 >(0 Oapou xamaum € D gopeMm. bo HecT KapJaHU MUKIOpPHU 537:—3‘1"
VA zZ
a3 myoauiau (1), Mo Gapou xama ryHa cucreMa a3 cuHpU romoTomnus 0Oa
Kauarupuu 3eput MepaceMm v; (j =1, 2, 3)
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0w
+ Y- OA]TL(Z)W-F“]TT.( )W (16)
n#j
bo ry3zomranun Kumatxou xocuiaxou (12), (13) ©O6a wmyoaunaun
muddepencuanuu (16), 6apou MyailssH kapaanu QyHkcusu f(z) Mo Myoawian

WHTErpajy JydeHaKa Ba CUHTYJIIPUU 3epUHPO 0a 1aCT MEOPEM:

(4i1)(2) = 8;(2) (S )(2) + Tnzo Ain(2)(S2nf)(2) + 1jn(2) (S f)(2) +

n#j

+(Tf)(2) = g9(2), (17)

ku nap oH 6apou n=0 udonau (Sgf)(z) mabHoU f(z)-po nopan.

4;(2)

a—3+fa 3-J

bapaan, 60 wucrudonma as amomatu Gy (z,t) GyHKCHAM MaTpUTCan

capxa):[ﬁ MCCO3CM.

P(r,t) Q(t,t) >

Ga, (0 1) = (Q(T, D Pao)

K1 Jap Ky40

3
P(z,t) = A(DE + z Ajn (D™,

n=0n#j

Q(T,t) = Tncons) Hin(DT , TET, Jt] = 1.

Mykappap kapaa IIyjaaact, Ku MaTpuTcam G Aj(r, t) 6a maptu u;q(r) =
%bo(r) —bj(r)Mqt 0 Vr€ 60 cudp HUIIOHAMXAHIAXOU KUCMaAH
HUIIOHAUXAHIAX0U § A; (z,t) = R (7, t)R]-+ (tr,t) oMuUIM MeKyHaJ, KU Jap OH
MaTpUTCau R;r (r,t) a3 yuxaTu TaxjIWiId Jap JOXWIM JUCKH BOXuUu |[t| <
lumomana3up act Ba cuppxoum MyaHsSHKYHaHIauW OH Jap OepyHU HCK
qoiirupana Ba R; (7,t) a3 4uxaT TaxWiId Jap OepyHH AUCKU BoxuaM |t| <1
yuaoManasup act Ba cuppxou MyaWsTHKyHaHJIaud OH Jap JOXWIU Joupau |[t]| <
1yoiirupany Ba wapT pjo(7) # 0 7 € I' Gapou oH 3apyp act, KU ONepaTopu A;
nap dazou Lﬁ 2/p (D) Hoteph Ooman. [9, cax.55]

Axnyn Ow€en Oa XUCOOKYHMHM WHIEKCH OIepaTtopu A; Try3apeM.
Omnepatopu A 6a cundu v; Taauryk mopaa Ba mwaptu (10) uypo memasan Ba
Indy=1F(z,t) =j#0, (j=123) acr. Ilac, momunomuun P(z,t) mopou j
cuppxou qi (z) (k=1,..,j) nap noxumu goupau |[t| <1 Ba 3 —j cudpxou
qr (z) (k=j+1,..,3) nap 6epynu noupau |t| < 1 meboman. A3 uH py, F(z,t) -
PO MeTaBOH YyHUH udoaa Kap:
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J 3
Pt =4 | | ¢-aien | | e-acen,
k=1

k=j+1

bo Hazapgouitu uH, MO K ousiau (PYHKCUSIXOU MATPUTCAPO MECO3EM:
Pz t,p) Qzt, p))

(z,t,p) P(zt,p))

naifBacra Bob6acra 6a nmapamerpu p: 0 < 7 < 1, Ku Jap oH

Gaz(z,t,p) = (

J 3
Ptp) =@ | | €-wat@) | | at-aie,
k=1

K=j+1
-n —_
Q(z,t,p) = Wjo(2) + 19 (P)(X3_1 nso, Ujn (DT ), ZED,
Ba (p(T) XaMOH TaBpe KN Hap X0JIlaTu Ka6J'II;I MyaﬁﬂH IHYI[aaCT.

AxHyH, k1 60 uctudo1a a3 MaTpUTCaxou G 4 (z,t, p) onnau onepaTopxoun

unrerpammu A; 0 < 7 < 1 Habu (1)-po coxTaeM, MO Kal MEKYHEM, KM OHXO N
MeOOIIIaH/, 3epo
|P(z,t,p)| > |Q(z,t,p)|, VZED, 0<p<1,8Ba Kjo(z) #0, z€T,
Asbacku Aj = A; Ba A = 4, (2)q}11(2) ... q3 (2)S_j + w0 (2K,

nac, 60 TaTOMKKM HATHYaxou [5-cax.56] 6a omepatopu A?, Mo Merupem, Ku
uHIeKcH onepaTopu A 6a » = —2jIndrp; (1) 6apobap acr.

Teopeman 2. burszop matpurcangG,(t) a3 G 6a cundu romotormu v; (j =
+1,+2,43). Taamnyk pomra 6oman. bapou macwkanam (9) Gapou cucremau
ommntuki (16) map cundu WE(D)N C?3(D) (2 <p < o) Huérepi Oynaw,
3apyp Ba Ko acT, KM IMapTu

1/2
Ai(z) > M(2) + (M?(2) + Ziconzj Ijn(@I* = [4;2(D]?) (18)
U Ujp(0)#0 mna Vze D, TE€T,

KU Jap OH

Aj,n(z) = aj(z)an(z) - bj(Z)bn(Z): :uj,n(Z) = aj(Z)bn(Z) - bj(Z)an(z)-
Faiip a3 uH, arap (18) KoHeb Kapja ImaBaj, I1ac MHICKCU Machalia YyHUH

acCT:
% = =2jIndit;o(2),
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Hatuyan monann G6apou Macwanaum Heliman Gapou myomwnau (1) Hu3
pUOS MeIIaBal.
4. MacbaJjau 1y1oMH capxaam

Macbanan Heiiman. ®ynkensu w(z)-po a3 cundu WE(D) N C2(D) — po
¢oen, ku myoaunam (1)-po map moxunmu D Ba maprxou capxamauu I -po aap
capxalau OH KOHEh rapAaoHa.

Yo =0, j=1, 2 3, (19).

onJ

d
KM J1ap OH ﬁ xocuiiau w(z) -po aap caMTH HOpMaJiu OepyHa aap

HyKTaxou KOHTypu [ Huimon meauxa. [9, cax.120].

AxnyH, 6a 4you HamosiHmaruu (20), MO HaMosHIAruu (GYHKCHUSIXOEPO
nctudona medapeMm, KM IMAPTXOoWM m-po (26) KOHEb MEKYHaHI, MYBO(DHUKU
dhopmymnan

w(z) = [[, Na(z, O)f ({)ds;, (20)

KU Jap OH

- 1 — 2 —
N3(z,¢) =5—1¢ = z|*In|(§ = 2)(1 = 20)| +g5(2,0)
9zmaz"
{z:|z| < 1} Ba Gapou m = 2 wuH ¢yHKCUIXO 00 GopMylau TaKpoph MyailsH
Kapaa MelIaBaH/I.

dbyukcusiu Hetimanu myonuman A"w = = 0 map AUCKU BOXUOUM =

d 2N3 (Zr z) =
—— =N ,C).
9207 2(2,¢)
Mucnu macbhanau Jupuxie, macbanau Heliman (26), (27) 6a Mmyoaunaxou
MHTErpaIuy CUHTYIISIpH 00 maknu (23) 6apodap kapaa memasan, [10, cax.121].
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XAJIABAHJATTN MACBAJTAXOU KAHOP BAPOU BAB3E
CUCTEMAXOU MYOANJTAXOU INDPDPEPEHCHUAJINN
SJUIMIITUKUU TAPTUBHU LIALL IAP XAMBOPH

Quuypoa. Jlap Makoja XammaBaHAaruv wmacbkajgad [upuxie Oapou
CHCTEMaxoM JTy Myoawtaxou auddepeHcuaniy JUTMIITUKA a3 oy TaFiupeéoaHIaxoun
HOBOOAcCTaW TapTHOM IIAIl Jap COXau MaxXayd OMyXTa MeriaBaa. bo ycymu 6a taBpu
SKBUBAJICHTH Ty3alllTaH 0a MYyOAWIAXOM WHTErpAIMd CUHIYJISIPU a3 PyH COXau
Max Iy maptxou 3pdekTHBHOKM HETPOBH OyaaH €dTa myna, popmyna 6apou Xucob
HaMyJIaHA UHJIEKCH Machajla XOCWII Kap/ia IIy1aacT.

KamnaBoxkaxo: Macwanau Jupuxie, HETEpoBH OyaaH, MHAEGKCHM Machaja,
WHTETPAJIA CUHTYJISIPH.
3AJIAYM IUPUXJIIE 1 HEMMAHA JIJIS1 OBLIUX DJIJIMIITUYECKUX
CUCTEM JU®PEPEHILIMAJIBHBIX YPABHEHUU LIECTOI'O
IOPSIKA HA INIOCKOCTHA

Annomauus. B pabore m3ydaercs BOIPOC pa3pemiuMOCTH 3amauu Jupuxie
VIS DJUTMIITHYECKOM CHUCTEMBl JIBYX YpaBHEHHUH C JIByMsS HE3aBUCHUMBIMH
NEPEeMEHHBIMH IIECTOTO TOPsAKA 0 OTpaHWYEHHON o0acTH. MeTooM mepexojia K
SKBHBAJICHTHOMY CHHTYJISIPHOMY HWHTETPAJbHOMY YPaBHCHHMIO [0 OrPaHUYCHHOU
oOnactu HaiiieHa >Q¢EeKTHUBHBIE YCIOBUS HETEPOBOCTU W MoiyyeHa dopmyna ajis
MoJIcYeTa MHACKCA 3aJa4u.
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Knrouesvte cnoea: 3anmauya [lupuxiie, HETEPOBOCTh, HHJECKC 3a/1ayM,
CUHTYJISIPHBIA HHTErpaJl.

SOLVABILITY OF BOUNDARY VALUE PROBLEMS FOR CERTAIN
SYSTEMS OF SIXTH-ORDER ELLIPTIC DIFFERENTIAL EQUATIONS ON
THE PLANE

Annotation. In this note we consider of the Dirichlet problem for some elliptic
systems of sixes-order with two functions of two variables differential equations in the
pline. The may be reduced, in an equivalent way, to two-dimensional singular integral
equations in the simply connected domain in the complex pline. For this systems is
given effective necessary and sufficient conditions for the property Neter obtained
along with a formula for computing the index of the Dirichlet problem.

Keywords: Dirichlet problem, Noetherian property, operator index, singular
integral
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YIK: 519.6: 004.9: 531.4
METOJ/JIMKAU TATBUKU MOJEJICO3UU MATEMATHUKHA BA
KOMIIOTEPUU YCTYBOPUATHU KPUTEPUAU JIAITYHOB BO
MYOINJIAU XAPAKTEPUCTUKHNU TAPTUBU CEIOM

Hlapodunaun FOcydii, *Yypazona X.11., *Bocugos LI1.10., **Ymapos A.H.
Jonumroxu nasiaatum boxrap 6a nHomun Hocupu Xycpas
*loHnmroxu MuJLind TouuKucTOH

** 1onmmroxu xasiaaruu Jlanrapa

Mopnenco3un MaTeMaTUKil Ba KOMITIOTEPH XaMm Oapow OMY3WINK Machalaxou
Ha3apusBi Ba XxaM 0apou TaTOMKW aMaliud OHXO, a3 YyMJia Iap CAMTH Ty3apOHUIaHH
TaJKUKOTXOM WM axamMusiTd aBBaJIMHAapadya Jopaa. 3€po KU MOJEIICO3UU
MaTEMaTUKUM KOMIIOTepit 0a TAaTKUKOTYUEH TO OH Jlapadyae MMKOHUSAT (dapoxam
MeOoBapaJl, KM paBaHIXOU MYypakkaOu MUIMHpO Oa IIakiad HucOaTaH cojjia Ba haxmo
oBapjia, MHYYHUH HaTUYaXOu MUHOABAApO HU3 METABOHAH/ NIEIIT Yl HAMOSTH/I.

Mopgenco3n sike a3 yCyJlIXOWM acOCMU TE30HUAAHU MPOTrPecCHU TEXHUKH, Kam
KapJaHu MyXJIaTH a3XyJKyHHH XEJIXOW HaBH TauyXW30T Ba paBaHIXOU HAB MeOOIIaa
[1,c.7].

Jlap 3aMOHM MyOCHp MOJEJICO3MM MATEMAaTUKH Ba KOMIIKOTEPH Jap XaJUld
Machalaxou TYHOTYHHM WIMM, (paHH! Ba Machalaxou Xa€Til MaKOMHU XOcapo Kach
HaMyJaacT. Machanaxou TYHOryH4abXxau WiaMmii, ¢)aHH Ba Macbhballaxou Xa€Tit 00
BOCHUTAaU MOJEICO3UN MAaTEMATUKN Ba KOMITIOTEPHU POXAHA031 MerapaaH.

XaHroMu MOJIEJIICO3MH KOMITIOTEP aHJ03au Oy3yprupo MyaissH KapJaH
MYMKHUH acT [2, C. 73].

Mogenco3un MaTeMaTUKA Ba KOMITIOTEPH XaMUyH YCYJU TAJIKUKOT BOCUTau
MypKyBBaTH MabpudaT nap XaUlM MachallaxOW TabIUMi Ooua 0a pyUIau 3eXHHUH
MYXaHIUCOH, TATKUKOTUYUEH, OJTUMOH, OMY3TOpOH Ba Failpaxo poxaH03i Merapaa.

TaTkukoTyn € MyXaHAUCHU TEXHOJIOTHSIM WUTTWIOOTA aap Oapobapu Xaliu
MHCOJIy MachajJaXoH Xy, KM OHXO XOX HJIMH, XOX TabJIUMIil Ba & TEXHOJIOTH OOIIaHI,
JOMMO KyIIuill 0a xapy Meauxaj, KU MOJENIXOM MachallaxOM MyOMHaKapaallyJau
XyJIpO JIap MYXHUTH SITOH 3a00HM OapHOMACO3MH CaBUsiM OanaH] co3ajl Ba a3 OH Oapou
KOHEb TrapJOHUAaHU TaJa0OTH Ty30IITallyJlad Xy, KA JIap acoCU T'y30pHUIIN XaJUIH
Machajaxo 0ap MeosiHI, Xxamenia ucrudoaa Hamosia [3, c. 262].

Sron amcuina (Moies1) HAMETaBOHA Xy 00BEKTpO Oa mypparii uBa3 HaAMOSII.
Bane xanromu xannu Machajian MyIiaxxac, X0ca BaKTe KU JUKKATH MOPO XOCUSTXOU
MyalssHUI OOBEKTH TaJKWKIIaBaHaa Oa Xy vaiad MeHamosid, amcuiia (Mojen)
MeTaBoHaJ Oucép ad3opu Myduan TaAKUKOTHA Ba XaTTo Oab3aH ad30pu AroHa Ooan
[4, c. B1].

[IpuHCUTIXOM acocuu TaTOMKH MOJIEJICO3UM MATEMaTUKUU KOMITIOTepid  —
MyBOGUKATKYHUN HATHYaxoH rupudTairyaa 00 BOKEUATH T'y30pHIIN XaJUTH Machala,
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NEMryuxo Jap acocu Iy3apOHUJAHU CAaHYMIIXO, CAMAPAaHOKUU TAXJIMIXOW WIMH Ba
paBaHIU callKajl JOJaHU OMY3UIIPO TABMUH MEHAMOSI.

Jlap 3aMOHM MyoCHp TaTOMKHM MOJIEJICO3MM MaTeMmaTukit 60 uctudogabapuu
OapHOMaxoM KOMIIOTEpH, a3 yymia 00 BocHTau HapMma(30pXOW BHU3yallil amaii
MerapJaHjl, Ki OMy3HII Ba TaxXJWIM IIAKIXOPO OCOH MEHAMOsJl, MyOWHa HaMy/JaH
MYMKHH acT.

TatOuku MOJENco3uM MaTeMaTWKd Ba KOMIIIOTEpH Jap paBaHIUd XaJulH
Machanaxo XaMuyH yCyJu TaXKMKOT 0apou TaKMWIIWXUHU JOHUIIXOU Ha3apusBA Ba
amaliil ap TyJU TabpUXH PYIILIM HHCOHHAT Oappach rapaumaact [5, C. 5].

YeryBopusaru kputepusiu JIssmyHOBpo 60 BOCUTau MOJIEICO3UM MaTEMATUKi Ba
KOMIIOTEPH Jap HaMyJIud MYyOJWIal XapaKTEepUCTUKUU TapTHOU ceroM Oappacii
MEHaMOeM. YCTyBOpHUAT a3 pyiln kputepusiu JISnyHOB Aap cucTeMaxou HIOpPaKyHi
00 MyOIMJIaXOU XapaKTEPUCTUKI TaCBUP MeEOaH 1, TATOMK MEKYHEM.

AkHYH 00 BOCHTaM MOJEJICO3MM MaTEeMaTUKiA Ba KOMIIOTEPHA MyOIWIAH
XapaKTePHCTHKHN TAPTHOM CEIOMH Hamymu X° +3X? +2.75x+0.75 = 0- po Gappacit
MEHAMOEM.

Xau. Pemaxou Myoausian XapakTepUCTUKUPO Me€OeM, KU paBaHIW XaJUId OH
YyHHH aCT:

x® +3x2? +2.75x+0.75=0

Myoaunan XxapakTepUCTHKUHU JAojallyaapo 0a oy MyOAWJIau 3€pUH YyJ0

KapJaH MYMKHUH acT, KU SIK€ a3 OHXO XaTTH Ba JUrapaunl raipuxartii MmeOomar.
x+1=0 Ba Xx* +2x+0.75=0,
X+1=0,

x1 =-1.

A3 myomunan X2 +2X+0.75=0 & X2 + 2X+ § =0 pemaxon OHpO MeEOEM.
Y 4

Xar a=1 b=2; ¢=0.75;

JIMCKpUMUHAHTPO XUCOO MEKYHEM:
d=b%-4*a*c=2%2-4*1*0.75=4-3=1>0.

Myoaunan nojamryia 10pou Ay peuia acrt.

AKHYH peIaxou X, Ba X, — PO MyaissH MEHAMOEM:

_—b+\/5_—2+\/1_—2+1_—1

X, = — =-0.5,
2*a 2%1 2 2
~b-J/D -2-41 -2-1 -3

Xg = = = =—2-_15.
2a 2*1 2 2

YaBoO: X, ==0.5, x5 =-1.5,

AxnyH myommnaxon X+1=0 Ba X2 +2X+0,75=0- po ap3o 6a ab30 3ap6
HaMy/a, MyOJIMJIau XapaKTEepPUCTUKUU TApTUOU CEIOMpO 0a JaCT MEOBAPEM.
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(Xx+1)*(x? +2x+0.75) = 0,
X3+ 2x% +0.75X + X2 +2X+0.75 = 0,

X3 +2x% + %% +0.75x + 2x +0.75 = 0,
X3 +3x2 +2.75x+0.75=0.
Myonunan  XapakTE€pUCTUKUH TapTI/I6I/I CCIOMHM HaMyJu JoJallyjau
x> +3x% +2.75x+0.75 = 0 10pow ce pema acr.
Yapo0: X, ==1 x, =-05, x, =-15.

Hatnyanm Kopkapau aiaropuTMu Xauld Machallal MYOHWHAINy/la Jap YyHUH
maki gap pacmu 1 TacBup €draact:

DDE ___________I___________T___________I___________I___________I_
T'padnKkH MyOIHIAH! : :
0 T35 SR A s e e
N ' ' ' '
X +3x7+2.75x+0.75=0 : :
R - =) PR S SUUUURUN | . W :
- 1 1 H H H
o
=
S 1. IS SUR S — ! :
L i
0.06 I I I 1 I
-3 2.5 -2 -1.5 1 0.5 0
Tupu X

Pacmu 1. [paduru myodunau x3 +3x* +2.75x +0.75 = 0.

PaBannu MOJICTUPOHHUH rpaduku MYyOIAJIaN XapaKTEPUCTHKUN
X3 +3x2 +2.75X+0.75=0- po 60 ycy/nHu 4yIOKYHHH MyOIHIaXxoH 3epuH X+1=0 Ba
X2 +2x+0.75=0 muna MebapoeM.

Hatuyan xopkapau anropuTMu XaJlll Machallad MyOHHAITy/[a ap YyYHUH
IaKJI Jap pacMu 2 TacBup €draact:
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y

Tupu

--------------------------------------------------------------------

i i | i
2.5 2 -1.6 -1 0.5 o 0.5
Tupu X

Pacmu 2. [pagpuxu myoounau X+1=0 ea x* +2x+0.75=0.

Taceupu  rpapuxu  myommmaxon  X+1=0, x*+2x+0,75=0 Ba

X3 +3x% +2,75x+0.75=0 - PO ap MyXHTH SIK paB3aHa Oapou MyaisH HaMyJaHH

YCTYBOPHSATH OH a3 pyiu KpUTepHUst JIAIyHOB YOUTUP MEHAMOEM.
Hatvyan xopkapau aaropuT™MH XaJUIM Machballal MyOMHaAllyJna Jap YyHUH

IakJI Jap pacMu 3 tacBup €draact

,,,,,,,,,,,,,,,,

y

Thpu

25 -2 -1.5 -1 05 o o5
Tupnu X

Pacmu 3. I'pagpuxu  myoounau X+1=0, X% +2x+0,75=0 8a

X3 +3x2 +2,75x+0,75=0

XaMUHPO Kail Kap/iaH MaBpUIH 3UKpP acT, KU MYBOMUKHU TaJOMKU YCTYBOPHST
a3 pyim kpurepusu JIAMyHOB Jap CHCTEMad WIOpPAaKyHH, KA MYyOJWJIau
XapaKTEPUCTHKAN TapTHOW CCIOMH HaMymu X° +3X% +2,75X+0,75=0 - po maBpuu
uctTudoga Kapop [0JaeM, arap xamau pelaxom MYyOJWIal XapaKTepUCTUKUU
noxamyna Mmandi (Munyc (-)) OOIIan, mac TaaOUKH YCTYBOPUST a3 pyiH KPUTCPUSIH
JIsmyHOB yCTyBOp acT. SIbHE, Jap WH 40 MYOAWJIAau XapaKTePUCTHKUHM OBapalryaa
YCTYBOp acT, 3ep0 Xap Ce€ pellan MyOoJuIad XapaKTEPUCTUKHUU [ojanryja MaHi
(munyc (-)) mebomana. Myoaunan XapakKTEPUCTUKUU TapTHOW CEIOMH JIOJAITy1au
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HAMYIH X° +3X% +2.75X+0.75=0 nmap wmyxutu OGapromau MATLAB o3monm
r'y3apoHU/Ia Iy1aacT.
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Quuwiypoa. Jlap Makoilam Jojallyja METOJMKAW TaTOMKH MOJCICO3UU

MaTeMaTUKil Ba KOMIIOTEPUU YCTYBOPUSITH KpuTepusiu JIamyHoB 00 Myojuiau
XapaKTEPUCTUKUU TapTUOW CEIOM POXAHNO3W rapaujaacT, Ku 0a MyXaHJIUCOH Ba
TAIKUKOTYUEHN WIMA WMKOHUAT (apoxam wmeoBapaja, KA Jap acoCH MIapTH
MachaJlaxOX I'YHOT'YHHU TabJIMMH HATUYal OHPO Jap HaMyaHd MOJEI HHBUKOC HaAMYya,
a3 MOJENM XOCWIIIYJa HAaTU4yarupm HamosiHA. MHYyHMH pap MakoJjia IIapTu
YCTYBOPHUSATH KpuTepusn JISmyHOB 00 BOCUTan TaTOMKH MOJIEIICO3UN MAaTEMATHK Ba
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Kanuoeoicaxo: MOJIENICO31, KOMIIOTEP, YCTYBOPUAT, KPUTEPHUSI, MyOAUIIA.
METOAUKA PEAJIUSAIIMNA MATEMATHYECKOI'O U
KOMIIBIOTEPHOI'O MOJAEJINPOBAHUA YCTOMYUBOCTH
KPUTEPUS JISINYHOBA C XAPAKTEPUCTUHYECKUM YPABHEHHUEM
TPETBEI'O ITIOPSAJIKA
Almomauuﬂ. B I[aHHOfI CTaTbC pcaln30BaHa MCTOJUMKA MATCMATHUYCCKOIO H
KOMIIBIOTCPHOT'O MOJCIUPOBAHHUA YCTOﬁqHBOCTH KpUTCpua .HS[HYHOBa C
XapaKTePUCTUYCCKUM YPAaBHCHUEM TPETHETO MOPsAKa, IMO3BOJIAIOLIAS MHXKCHEpaM U
HAay4YHBIM HCCJIICA0OBATCIISAM Ha OCHOBC YCJIOBI/Iﬁ Pa3JIN9IHbIX yq€6HBIX 3a/1a4 OTpaKaThb
€ro pe3yjibTaT B BUJAC MOACIIN U JCJIaTh BBIBOAbLI U3 HOqueHHOﬁ MOJCIIN. Taxxe B
CTaTb€ PaCcCMAaTpPUBAETCS YCIOBHE YCTOWYMBOCTH KpUTEpHs JIAMyHOBa C IMOMOLIBIO
IMPUMCHCHHA MATCMATHYCCKOTO MW KOMIIBIOTCPHOI'O MOICIIMPOBAHUA KaK MCTOIA

HCCIICAOBAaHMA, HAYYHOI'O TBOPYCCTBA, TCXHHUKO - IIPOrpaMMHOTO O6CCHC‘-ICHI/I$L
Knrwoueesvie cnosa: MonenupoBaHusi, KOMIBIOTEP, YCTOMYHUBOCTb, KPUTEPHSI,
YpaBHEHUS.

METHOD FOR IMPLEMENTING MATHEMATICAL AND COMPUTER
MODELING OF THE STABILITY OF THE LYAPUNOV CRITERION WITH
A THIRD-ORDER CHARACTERISTIC EQUATION

Annotation. This article implements a method of mathematical and computer
modeling of the stability of the Lyapunov criterion with a third-order characteristic
equation, which allows engineers and researchers to reflect its result in the form of a
model based on the conditions of various educational tasks and draw conclusions
from the resulting model. The article also discusses the condition of stability of the
Lyapunov criterion through the use of mathematical and computer modeling as a
method of research, scientific creativity, technical software.

Keywords: modeling, computer, stability, criteria, equations.
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YK 519.87.59
COXTAHU MOJIEJIM KOHCEITYAJIA BA MOJEJIN MATEMATUKUW
BOFXOU MEBAJIOP

Yamaos X. M.
Jlonumroxu Muiu ToYUKHCTOH

Mopnenu KoOHceNTyal il Ba MaTeMaTUKUM OOFXOM MeBajop Oapow mMemryuu
paBaHIXOHU HAIIbyHAMO, XOCHJTHOKHM, OeXTapHaMOWW HaKIIaW NIHHOHUIAHU
apaxTXo0, HAOpPaKyHUU OOEpi Ba O3yKaJAMXil, XMMOSIM pacTaHid a3 Kacaiuxo,
3apappacoHx0 Ba 0aXOAUXUHM caMapaHOKHH UKTHCOAN ucTHdoaa memaBani. bapou
pacuman 6a wH Xamad Mo TacMuUM TUpUPTEM, aBBajgaH Aap aTpopu MOAEIXOHU
MaBuyyja 0ab3e MabllyMOTXOpPO THUpPJ OBapeM, OabJaH HaMyHaud MOJEIXOU
KOHCENTyallid Ba MaTeMaTUKUU 0a MakTaOu UIMUU yCTOA, npodeccopu 3uHmaén M.
HOnycii xoc Oyaapo nap mIakiau Iurap cO3eM.

l. IIapxu cucTeMaBUH MOIEJIX0H MAaTeMATUKUU MaBYYy/a.

Jap KucMaTu aBBaJIM MAaKOJIal Ma3Kyp IIapXd CUCTEMABUU  MOJEIXOHU
MaTEeMaTUKUM MaBdyJau OOFXOM MEBAaJop, Jlap IIAKIM MyXTacap — cap Kapnaa a3
MOJIENTXOU TMHAMHUKHUHU KIJIACCUKA TO OOFXOM MYOCHPH paKaMUKYHOHHUJAIIyna, 00
uctudona a3z 3eXHM CyHBA oBapAa MemaBanHa. OHXxopo 0a HaMyJIxou 3e€pHH
tabakaOaHan MmeHamoeM [8].

1. Mopnean 0uosioru (pu3no0rn)-u pyul € MoaeJu pyumau duomacca.

NH Mopaen pylwiayd pacTaHUXOPO XaMYyH CHCTEMau OHOJIOTH  MOJEJICO3H
MeKkyHaq. bapou HaBuWITaHW paBaHAXOM (POTOCUHTE3, TAKCUMOTH ACCUMUIISATXO
(baprxo, HaBIaxo, XOCWJ, pella), XaBOKallid Ba Falpaxo a3 MYyOJUJIaXOU
muddepencuanii nctudoaa MEHaAMOSIH/T

Mucour:
dB
Frin P—R-1L;
nap uH 4o, B- buomacca,
P- camapaHokuu (OTOCUHTE3,
R- xaBokamii,
L — tanagor.
2. Mogaenxou TMHAMMKHM arpodKoJIOriA € MoJeJ M TaHOCyOu o0i.

Moaenxou TMHAMUKHH arpOdKOJIOTH allOKaMaHIK OaifHUXaMIUTapUHl JapaxTXopo
00 onamu OepyHa WHBHUKOC MeHaMosH]I [8].

Hap on myonunau Ileaman-MoHTelTa Oapon TpaHCTHpaNUs, 3aXUparl HAMHOKHH
XOK Ba MapaMeTpxou 00€pii uctudoaa MelaBaH

SbHe
900
0,408 * A * (R, — G) +y*m*u2(es —e,)
A+yx*(1+0,34*u,)

ETO =

Aap HH 4O,
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ET,- 6yxopiuaBuu MCTHHOAA [MM cyT™];

R,, —paayaTcusu XoJauc 1ap caTxu pacranii [MJIx Mm~2 cyt?];
G — 3U4Mu MUKIOPU TapMuu XOK [MJIx m~2 cyT];

T - xapopartu MuUéHaH py30HaH Xaso fap Oananauu 2m [°CJ;

U, — CypBbaTU WamMoi gap Oananauu 2m [M ¢ 2;

e; —humopu Oyru cepmyna [klla];

e, —¢uiopu Bokeuu Oyr [kI1a];

(es — e,)- HOpacouu (uriopu Oyru cepiryna [kIla];

A - enme6un xayy uiopu Oyr [kI1a°C;

¥ — noumuu nicuxomerpuki [k[1a°C1;

3. Mogaenau 00rxou XamMBOp € MOAEJM IeOMETPUM KPOHXO (KMCMHU 00/10MM
AapaxT).

YyHuH Mozaenxo Oapou OexTapHAMOMM HaKIIad IIMHOHHUJAHU JapaxTXo
uctudosa memasany [9].

Monenxon TeoMeTpid MMKOHHUAT MEIUXAHN, KU 3WYUU OalfHM JTapaxTXo,
TaKCHMOTH PpaBIIaHA, MaBUYyJAMATH pPaJAUATCHS Ba Faipaxo Oaxory3opi Kapjaa
maBan. Jlap OHXO a3 yCyIxou MaB4ydau MOJEIXou paauaTcuoni (Ray-tracing),
L-cucrema ©Oapou reHepaTcusii KpoHXo, w™ozemu 3J[-u  OoF wuctudoma
meHamostH [ 10].

4, Mopesixon nonmyJATCHOHUM 3aPAPPACOHX0 BA KACATHUXO

Monenxou TMOMyJISITCHOHUMA 3apappacoOHX0 Ba Kacaliuxo Oapou XuUMOSU
ouonorun Oorxo uctudonga memabana. YyHMH MOAENXO HUXOAT Mydaccan a3
qyoHuOu - onumonu Bartanii (M.IOmnycii, P.OgunaeB, C.Onunazona, C.Mup3oes,
A.Onunaes, X.MaxmananueB, Myajutid Ba TUrapoH) Ba a3 YOHUOW OJTUMOHU XOPUYi
(A.Il.MuxaiinoB, A.A.Camapckuii, Yon Duapro3, Mak-Jloyn, B. Boasteppa, A. T.
Jlotkn, P. M. Mpii, 0. M. Csupexena, /. O. Jlorodper Ba aurapon) omyxra
mrypaann|3.4].

Jly HaMyHau OHpO MEOpPEM:

a) Mojenu MaTeMaTUKUU MAHTUKUU PYLIIN TTOMYJISITCUIN 3apappacoHx0

HAMYIU 3€pUHPO J0pa

dN— N(1 - kN);
ac ’

Hap uH qo, N- capurymopu nomyssitcusi, t — Bakr, K — ko3 ducnentu myranocuousit
Ba 7" — YEHAKU KOOWIMSATH JTOXWINHU NMOMYJISITCUS MEOOIIa/I.

Mopenu MaHTUKUU PYIIIU MOMYJIATCUSH XaIapoTX0 TaBCU(] MEKyHas, KA 4il TyHa
nrymopan OHX0 00 Mypypu 3aMoH Tariup Me€ban Ba omaraH 060 uctudoma as
METOJXOU MareMmaTukii 6apou memryuu "aByxo" € yCTyBOpH, OMMIXOU acCOCHUU
caTXu TaBaulyl, aBT Ba MIAPOUTH MYXHUTH 3UCTPO Jap Oap MErupaHji, TaaKuK
MemaBaHa. WMH wmojaenxo Oapou MyaiisiH KapJaHd HaMmyaxo OO0 caTxy MacTu
MYKOBHUMAT, K1 0a aBUrHpUN HOTAXOH! Mailll JOpaH/, Xu3MaT MEKyHaHI.

Mojenu MaHTHK# a3 4y3bUETXOU aCOCUU 3epUH HOOpaT MedoIIa:
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1. Mapxunaxou pyuii: TyXM, KUpMHHA, JIynia, 00Jauf (MMaro) — 6apou HaMmyIxoe,
ku Meramopdo3u Myppa JopaH] Ba Oa oceOna3upud OMUIXOM OepyHa TabCHUp
MEpacOHaH]T;
2. JluHaMuKau TOMyJISITCUS: MOJENX0 TaFUPOTPO a3 MUKJIOPH KaM TO aBY 00
ucTH(Oa a3 mapaMeTpxoe, Ki TaH3UMHU MOMYJIATCUIPO MHBUKOC MEKYHAH]I, eIy
MEKYHaH]I;
3. Koadducuentxou ycryBopit: koddducueHtxon Xxypa (gapadyan 1macr)
HAMyJXOM TaxXHIIaBUPO HUIIOH MEIMXaH] Ba KO3(P(PUCHUEHTXOU KaJioH (Japadau
OanaH) MOMYJSITCUSN YCTYBOPPO HUIIIOH MEANXA;
4, Tabcupu MyXUTH 3UCT: OMUIIXOM MYXUTH 3HUCT (00, XypoKa, mappaHaaxo,
JappaHjaaxo, XYILIKdA, cepOopummi) 06a caTxu 3WHIAMOHA Ba pylIyl Aap
MapXWIaxou 'YHOTYH TabCUP MEPACOHAH/I.
XaMHUH TapuK, MOJIETH MAHTHUKA MapXWjiaxoW PYIIAN OUOJOTHpO 00 mapameTpxou
MaTeMaTuKin Oapou (axMugaH Ba TEMITydn KapaaHu padToOpu TMOMYISTCUIXOU
XallIapOTH 3apappacoH MOJEICO3M MEKyHas.
6) SIR-xou cToxacTukit — MOJEIXON HAMyHaH KacaluXou AapaxT;
5. Moaesau cepxocuii Ba NMelIryunm X0CHJI

A3 ¢akTopxou CHHHY COJH JapaxT, MapaMmeTpXxou o0y XaBO, MUKAOPH Ty,
XYIIKCOJ, XYHYK3aHii BoOacta meOomiaa. Jlap paBaHau TaaAKUKOT a3 yCYyJIXOH
MOJIeIM perpeccuoni, wmojenn omysumm momwaiA (XGBoost, Random Forest),
mrabakaxou Heriponnn (LSTM Oapou Katopxou BakTi) uctHdoaa MeKyHaH [9].

Mopenu nemrynn Xo0Cuiaxe3i Ba XOCHIIHOKH K paBUIIN XaMaqyOHUOACCT, KU a3
MabJIyMOTH XOK Ba HKJWM, aKCXOM MOXBOpail Ba OMHJIXOM arpoHOM#l Gapou 34oau
MOJIENIXOU MaTeMaTuKid (perpeccus Ba JIOTUCTUKI) wucTHdoma wmebdapan, Ku
METaBOHAH] TMOTEHCHAIM XOCWJIXE3Upo ap3€0i KyHaHJ Ba XOCHIU OsHAaU
3upoaTxopo 60 uctudoaa a3 GopMmyaaxo Ba yCyJIXOH OMOPH MEIIryil KyHaH]l, KK UH
Oapou KUIOBap3UU JaKUK Ba UAOPAKYHUHU 3aXHUPAX0 MyXHUM acT.
6. Mojaeaxon MaTeMaTHK-UKTHCOAH

Monenxou MaTeMaTUKA-UKTUCOI Oapon XUCcO0y KUTOOM MyalsiHCO3MM CaHau
OeXTapuHU FYHYYHHH XOCHWJI, ap3UILIU HUTOXA0PH, (OUIAHOKH, OEXTapHAMOUHU Xapyu
HYpUXOW MUHepaii, oO0Epit Ba XuMosi ucTUdOAAa KapAa MemaBaH7. XaHTOMH
TaIKUKOT a3 YyCylxou OapHOMAco3uu XarTid, OapHOMAco3uu FalpuxaTTi,
OapHoMaco3uu AMHAMUKH, ycynu Monrte-Kapino — mMozenco3un taBakanusT (puck),
ycynu Diinep-Kormi Ba ralipaxopo uctudoma mexynana[11].
7. Hycxaxou pakamuu 00FXoM MeBaJaop

Carxu Myocup Ba HUXOSIT OanmaHJM MOJENICO3W MMKOH JOJAaHJ, KU OOFXOH
MEBAJIOp Nap IIaKIXOW HaB, SbHE MIAKIM pakaMuud OOF coxTa mmaBaHj. Hycxau
pakamMii — WH HycxXau ai€Hum OoF MmeOomaa, kKu OH TaBaccyTu [yT- maTdamk
(MEXaHM3MXOU HA30paTil), MOJACIXON MKIMMiA, MOJCIH PYIIIN IapaxTX0, MOJCIXOU
WKTHCOJIII Ba Faiipa coxTa MmemaBaHj. Hycxam pakamuu Oof Oapou OeXTapHaMOUU
00€ph, memryuum Xocui, OaHaKIIarupuu amMalnuéTxoM arpoTeXHUKH Ba Faiipa
uctudoaa MelaBasi.
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baprapun uyHuH OOFX0 Jap OH acT, KU MalJgoHM OOFOT TaBacCyTH
MOHHUTOPXOU KaJOH HazopaT KapJa MeIIaBaHl, OOEpuM KaTpari, OaHaKIarupuu
aMaIMETXOU arpOTEXHOJIOTUPO TEXHOJOTUAXON UTTHIIOOTH UJI0pAa MEKYHAH]I.

. Mopaenn koHcenTyajanu 00FX0M MeBaJa0p

Mopnenu KoHCeNTyallii UH MYyIIaxacoTecT, kKu 0apou upoaaco3uu CHUCTEMaxo

nap carxxou 6onon 6e dapo rupudranu qy3puérxo uctudona Oypja MelIaBaHI.
Makcanu acocuu MOJIEIN KOHCENTYyallii TAaCBUPH TacCaBYpPOTXO OUJM SITOH CHCTEMa
JIap IIAKIXOW coja MeOoImmaa, Ku O0abJaH MO TaBOHEM, jap Oopaum KHCaMTXO Ba
TabCUPOTH OAlHM OHXO MabJIyMOT joiurta oomem[1,2,3,4].
Mopenu koHcenTyanén a3 YOHMOM MyaUIM(OHH TYHOTYH Jap IIaKIXOM TyHOTYH
coxTa MmemaBaHa. Macaman, 60 uctudoman GUrypaxom reOMeTpurd KyHY, CEKyHYa,
JOpKYHYa, POCTKYHYA, JaBpa, IOUpa, poMO, XaTXOM POCT, Kay, MOpIEY, XaTXOH
CaMTHUIIIOHIUXAHA, TACTAW XaTXOW TYHOTYHHAMY/I Ba Falpaxo.

X070 MO KyIIUII MeHamoeM, Oapou OOFXOUM MEBaJMXaHJa MO HaBU
KoHcenTyamid co3eM. OH KyMaK MEHaMOs/, KU JapK Ba GaxMUIIK aMHKe Jap Oopau
PYIIIA OHXO, YCTYBOPHH HCTEXCOJIM MEBaxX0O Jap IMIAPOUTH TYHOTYH (TabCUPH
3apappacoHxo, 00y XaBo, yMypH 2KOJIOT# Ba Falipaxo) maigo masaja (Pacmu 1).

Pacmu 1. Mooenu xoncenmyanuu 602x0u medadop

[Iyrmopan XaAHE0HOTH o {Murgopu mesa &

anaduip Ba Gaprxyp) KOCHITHOHER]

(Wymopan nappangaxo Ea
AappaHgaxo)

Jlap uH o,
N,- GuomMaccau 3axupau OepyHa,
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Q - cypbpatu JOXUIIIIABUU UH 3aXUPa,

N, - buomaccau kabatu 1 (pacTaHux0);

N4 - 6uomaccau kabatu 1.1 (pemraxo);

N, , - buomaccau kabatu 1.2 (TaHa Ba HaBAaXOHU JapaxT);

N, - buomaccau kabatu 1.3 (ryamMoHi);

N, ,- Guomaccau kabatu 1.4 (MeBary3opi € XOCHITHOKH );

N,- mymopau XaiiBoHOTH anadxyp Ba 6aprxyp;

N;- mymopau nappasjaxo Ba JappaHiaxo;

Mojenu KOHCenTyanuu O0FX0U MEBAJIOP JAap OsHIa Oapou OaHAKIIArMpUHA MOCIIXOH
HucOaTaH Myliaxac € CHUCTEMaxoW Mylllaxac, a3 KaOWId MOJEIXOM MaHTHUK,
OWOJIOTH, UKTUCOMA#, 003apTOHM, DKOJIOTH, CEJICKCUOHH, TEHETHUKH, KOMITIOTEpHd Ba
Failipaxo XaMuyyH acoc XM3MaT MEKyHaH/I.

1. Moaean MaTeMaTUKUN 00OFXOU MeBAaIOP

Jlap BoOacTarii 6a MoAeNIM KOHCENTyalid Ba KOPXOH IEIITap aHYOM JI0JaaMOH, MO
MOJICI MaTeMaTUKHUN OOFXOM MEBaJIOPPO Jap HaMyau 3epuH coxtem [1,2,3,4,6]

( dNO_ (NN
dt =Q — fo(No)Ny;
dN,
W=N1f1(N0;N1,N2);
di = N11f11(N1,N11,N12 );
11
dt. Ni2f12(N11,N12,Nq3);
12

dN 1 1)
= N13f13(N12»N13»N14 );

dt,;
C:ll:;l: = N14f14(N13,N14, N3 );
%=szz(N14:N2»N3 );
. %=N3f3(N2»N3 );
N;(0) = N{, N4(0) = Ny, (2)

Hap wa 4o, No, Ni, Nii, Ni2, N3, Nus, N2, N3 - dyHKcusxom HoMmabiym &
yycTy4yyaBanaa Oyja, omomaccau kabatxou MyBOQUK € ITyMOpau NOMYJIATCUSIXOPO
udpona mexkyHanna. Q — dbyHKcusAM monmamaBaHaa € CyphaTH JOXHIIIABHH 3aXUPAX0
meOormmaa. OH mapaMeTpxou HIopakyHupo udoga mekynan, t — Bakr, f( , ) —
byHKCHSM ToAalyaa.

Xamau Omomaccaxo Ba caplIyMopxo a3 BakT U BoOactaann, sibHE

N; = N;(1), i=1,2,3; 0t
N;; = N;;(0), i=1, j=1,2,3,; 0t
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Myonunaxou 60nopo 6apou xap gk carpu Tpodukil nap mopuaum At coxra, GabaaH
JApO3UH MH TTOpYaxopo 6a 0 Maiil KyHOHHA, TbHE
No(t + At) — No(t) = Q = At — fo(Ng)Nq = At;
N;(t+ At) — Ny (t) = N1f1(Ng, N1, N3) * At;
N11(t + At) — N1 (8) = N11f11(N1, N1g, Ny3) * At
Ny (t + At) — Ny2(t) = N12f12(N11, N12, N13) * At;
Ni3(t + At) — Nq3(t) = Ny3f13(N12, N13, N1g) * At;
Ny4(t + At) — N14(8) = N14f14(N13, N14, N2) * At;
N,(t + At) — Ny (t) = Nof2(N14, N2, N3) * At;
N3(t + At) — N3(t) = N3f3(N3, N3) * At;
XOCHIT KapJIEM.
Cucteman myoaunaxou auddepencuanuu (1) 6o maptu aBBanau (2) Moaenu
YMyMMH MaTeMaTHKHU OOFXOU MeBaZop MeGoma,
Tanxo kaiiq MeHamoeM, KU Oapou (YHKCHUAXOM Jap Xap SK Myoauia
oBapanIy/a 6051 MapTXOH 3ePUH UYPO rapIaH].
af [ <0, i<j j=1234

- :0’ i=i i:112;3;4 (3)
dn; >0, i>j
Ba 0apou KabaTxou Ay YeHakKa
df.. {SO, i<j, i=1  j=1,234
ij

= :0; i=i; i:1, i:1J2'3’4 (4)
Ny (>0, i>j

Bbapobapuxou (3) Ba (4) MyHocubaTu OaiiHH paBaHAXOPO Aap cucTema udoaa
MEKYHaH]I.

Munbasg 0Oa OMy3ully TagKUKH MOJEIH MaTeMaTHKUH OOFXOM MEBaJop
MaIIFyJI MEIIABEM.

Anaduér:

1. Ibicanunos X M. Hccaenosanne KJIACCUUECKUX MOJeJIeN C
GbyHKIMOHATBHBIMYA HavdallbHBIMU ycioBusiMu, Bectauk THY, Nel/2, ISSN
2413-452X, lymanb6e: “Cuno”, 2017, ctp. 19-25;

2.  MHocanunose X.M. O penieHue MOACIBHBIX 3a7a4 € (DYHKIMOHAJIBLHBIMU
HavaabHbIMU ycloBusMu / X.M. /[orcanunos, M. FOnycii - Jlyman6e: Cuno,
2014, -112 crp.

3. tbicanunoe X .M. YucieHHbIE METOABI pEIISHUS MOJCIBHBIX 3a7ad C
GbyHKIMOHATBHBIMA HadalbHBIMU yciioBusmu, Bectauk THY, [lymanGe:
Cuno. — Ne2, ctp. 48-57. -2017r;

4. Icanunoe X.M. Marematnueckue MOAENIH [-3371a4 B 0aHAXOBOM
npoctpancTBe, Bectnuk THY, Jlyman6e: Cuno. — N3, ctp. 32-42. -2017T;
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5. HMOmnycos M. OnTuManbHOE€ YpaBHEHHE B HEKOTOPBIX Mpolieccax
TerioMacconepenoca, ors. pea. b. A. AmmeB, AH Tamx. CCP.
Marematuueckuit uH-T ¢ BLI. - lyman6e: Jlonum, 1987. - 132 ¢.;

6. [fOwuycoe M.K. Marematnueckue Mojenu OOphObI C BpEAUTENISIMH ar-
poiieH030B, [yman6e: Jlounm-1991,146¢.;

7. Camapckuu A.A., Muxainose A.Il., Maremarnuyeckoe MOIEIHPOBAHUE:
Nnen. Meroast. [Tpumepst. M.: @usmartnur, 2001r., 320c.;

8. (Stepik https://stepik.org » lesson > step, Mojenab OLEHKH MOTEHIIHAIBHON
HBAMOTPAHCIIUPALINH ...).

9. uycu M. K. YucieHHoe MOACIUPOBAHUE MOJEIU CaJ0BOMU
skocuctembl [Tekcr] / M. FOwuycu, X. Maxmaoanues [/ BecTHuk
Ta T KUKCKOTO HAIMOHAJILHOTO YHUBepcuTeTa. Cepusi e€CTeCTBEHHBIX
Hayk. — dyman6e, 2015. -Nel1/2. — C. 3-9. ISSN 2074-1847.

10. Kocumos H.JI. KomnbloTepHOE MOAEIMPOBAHUE JIEPEBHEB PEIICHUN Ha
OCHOBE aJTOPUTMOB © METOJOB MAIIMHHOTO OOy4YeHHS B Cpeie
Python/U.J1. Kocumos,  H.U.IOnycos, LI 3uses!//TlonuTexHUUECKUi
BecTHUK. Cepusi Uutenekt. ManoBakuu. NMuBectuninu.Ne3(71) Hymanoe-
2025,-51-57ctp. EDN: GKEKRS;

COXTAHU MOJEJIM KOHCEINTYAJIA BA MATEMATUKHUU BOFXOU
MEBAJIOP

Quuypoa. [lap Makonam Ma3Kyp a3 4oHUOU Myauiid aBBaJlaH MabJIyMOTXO
oMM MOJICJU KOHCEINTyalld Ba MAaTeMaTUKUU OOFXOU MEBaJop Oapou Melmryuu
paBaHJIXOU HAIIbyHAMO, XOCUJTHOKHM, OeXTapHaMOMW HaKIIah [IMHOHUJAHU
apaxTxo, WIAOPAaKyHUM OOEph Ba O3YKaJuxXil, XMMOSM pacTaHid a3 Kacajliuxo,
3apappacoHX0 Ba OaXOJUXUU CaMapaHOKUM UKTUCOAM a3 YOHHOM MyauiudoHU
XOpUYil Ba BaTaHil KOpKapJIIyJa 4Yamb OBapja lIyjaaaHj], OablaH HaMmyHau Oa
MakTabu wimuu ycro, npodeccopu 3unaaén M. FOnycii xoc Oya coxrta 1ry1aact.

Mopenxon KOHCENTyaldll Ba MaTeMaTUKWU OOFXOU MEBaJMXaHJa, Jap OsSHIa

KyMaK MEHaMOSHJ, KM JapK Ba ¢axMUIIM aMHKe Jap Oopaw pymad OO0FXo,
YCTYBOPHUH HCTEXCOJIM MEBaxXo Jlap MIAPOUTH T'YHOTYH (TabCHUPH 3apappacoHxo, o0y
XaBO, YMYPH 2KOJIOTH Ba Falpaxo) Maii10 maBa.
Mopenu KOHceNTyadil Ba MaTEeMaTUKUM OOFXOM MEBaJop Jnap OsiHaa Oapowu
OaHaKIIarupyuu MOJENIXO0M HHUCOaTaH Mymiaxac € CUCTEMaxoW Myllaxac, a3 KaOwiu
MOJICIXOM MAaHTHUKHA, OWOJOrid, HWKTHCOMA, OO03aproHi, 3KOJOTH,  CEJIESKCHOHM,
TEHETUKNA, KOMITIOTEPH Ba FAMPAxX0 XaM4yH acOC XM3MaT MEKYHaH/I.

Kanuososcaxo:  Monen, KOHCENTyalldl, MOIEIN MAaTEMaTUKHA, OOFXou
MEBaJoOp, CHUCTEMaA, IIOpYa, YCTYBOPUU UCTEXCOJIHW, IMEHITYUH pPaBaAHIXOU
UCTEXCOJIA, TabCHUPH 3apappacoHX0, MOMIEICO3A, MaKTabu WJIMHUU YCTOJ
M.IOHnyci1, Ganakmarupi, momynsTcusi, bmomacca, KabaTxo, UIyMOpau MOMYJISATCHUS
Ba Faiipa.
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IMOCTPOEHUE KOHIUENTYAJBHOW U MATEMATUYECKOU
MOJEJU ®PYKTOBOI'O CAJA

Annomayusa. B paHHOW cTaThe aBTOp CHavana coOpan uH)OpMaIuoo o
KOHUENTYaJIbHOM M MAaTEMAaTUYECKOM  MOJENHA  IUIOJOBBIX  CaAOB  JUIA
IMPOrHO3HUPOBAHUA IIPOOCCCOB POCTA, IMPOAYKTUBHOCTH, YIYUYIICHUA IINIaHA ITIOCAOAKH,
YOPABJICHHUS] OPOLIEHWEM U TOJKOPMKOMW, 3alllUThl pAcTEHUM OT OoJsie3HEH u
BpeAUTENIel, a TaKKe OLEHKHM HKOHOMHYECKOW 3(P(EKTUBHOCTH, pa3pabOTaHHOU
Sapy6e)KHBIMI/I H OTCYCCTBCHHBIMM aBTOpaMH, a 3arcM IIOCTpOWJII MOJICIIb,
crienupUYIHYIO JIJIs1 HAYYHOM MIKOJIBI TOKOWHOTO npodeccopa M. FOnycwu.

KOHHeHTyaJIBHBIe U MATCMATHUYCCKNUC MOJICIIU INIOJOBBIX CaJIOB IMOMOTI'YT B
Oymymem Triay0Xe TIOHSITh pa3BUTHE CaJ0B, YCTOMYHMBOCTH IUTIOJAOBOJICTBA B
Pa3JINYHbIX YCIIOBHAX (BOBI[GﬁCTBI/IG BpC,Z[I/ITeJIefI, IIoroAabl, SKOJIOTHNYCCKUX HpO6JICM
UT. 1.).

KOHHGHTyaJIBHBIe N MaTCMAaTUYCCKUC MOJACIN CaAO0B IIOCIIYKaT OCHOBOM1 JJIsA
IIIAHUPOBAHUSA ooJtee KOHKPCTHBIX MO,Z[GJIeﬁ Hnin CUCTEM B 6y,ZIYHICM, TaKHUX KakK
Joruyeckue, OWONOTrHYecKUe, HSKOHOMHYECKUE, PBIHOYHBIC, 3KOJIOTUYECKUE,
CCIICKOUMOHHBIC, TCHCTUYICCKUC, KOMIIBXOTCPHBIC U IP.

Knroueewvie cnosa: MoJielib, KOHIENITyalbHAsA, MaTEMaTHYECKass MOJEIb, Cajbl,
cucreMma, (bparMenr, CTaOMJIBHOCTh IIPOU3BOJICTBA, MIPOrHO3UPOBAHUEC
IMPOU3BOACTBCHHBIX ITPOLCCCOB, BO3,Z[GI>'ICTBH6 BpeI[HTGJIeﬁ, MOACIIMPOBAHUC, HAYUHAsA
mkona M. FOHycu, ninaHupoBaHue, MOMyJIsAIMs, OMomMacca, HECYIIKH, YACICHHOCTh
MOITYJISLIUH U JIP.

CONSTRUCTION OF A CONCEPTUAL AND MATHEMATICAL MODEL
OF FRUIT GARDEN

Annotation. In this article, the author first collected information on the
conceptual and mathematical model of fruit orchards for predicting growth processes,
productivity, improving the planting plan, irrigation and feeding management, plant
protection from diseases, pests and assessing economic efficiency developed by
foreign and domestic authors, then a model was built that is specific to the scientific
school of the late professor M. Yunusi.

Conceptual and mathematical models of fruit orchards will help in the future to
gain a deeper understanding and understanding of the development of orchards, the
sustainability of fruit production in various conditions (the impact of pests, weather,
environmental issues, etc.).

Conceptual and mathematical models of orchards will serve as the basis for planning
more specific models or specific systems in the future, such as logical, biological,
economic, market, ecological, breeding, genetic, computer, etc.

Keywords: model, conceptual, mathematical model, orchards, system,
fragment, production stability, forecasting of production processes, impact of pests,
modeling, scientific school of M. Yunusi, planning, population, biomass, layers,
population size, etc.
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PU3UKA

VK 536.7:539.2
TEIUIO®PN3NUYECKHUE CBOMCTBA U U3BMEHEHUH
TEPMOJINHAMHWYECKUX ®YHKIIUN ATFIOMUHUEBOI'O
IMPOBOJIHUKOBOI'O CIVIABA AlTi0.1 MOIU®UIIUPOBAHHOI' O
KAJIBIIMUEM, CTPOHIIMEM U BAPUEM

®@.111. 3oxkupos
Tagxukckuii TexHnyeckuii yuuBepcureTr uMmeHu akagemuxka M.C. Ocumu

Beenenne

AJIFOMUHHEBBIE CIUIaBbl IIMPOKO MCIHOJB3YIOTCS B DJIEKTPOTEXHUUYECKUX
MaTepuayiax, >3JEeKTPUYECKUX NPOBOAHUKAX, JIMHUAX OJJIEKTpOIepeaaun, Kademsx
CBA3M M aBTOMOOWJIBHBIX MPOBOJAAxX Oyiarofapss CBOEW BBICOKON MPOBOJUMOCTH,
HU3KOW CTOMMOCTH, XOpomiel (GopMyeMocTH, Majoi MIOTHOCTH M KOPPO3UOHHOU
CTOMKOCTH. BBICOKONpOBOAAIINE ATIOMUHHUEBBIE CILIABbI, HMCIOJb3YEMbIE B ATHX
PA3TUYHBIX JACTANSX, TPEOYIOT BHICOKON TPOBOJUMOCTH M MEXAaHHMYECKUX CBOMCTB |1,
c.53].

B nocnenHue nBa necATWIETHS, B CBSI3U C POCTOM CIIPOCA CO CTOPOHBI JIMHUIMA
AJIEKTpOIlepeaayn, MeAb 3aMEHSIETCS aJlOMHHHMEM Oisiaronapss €€ MajoMy Becy H
OTHOCUTEJNIBHO HHU3KOW cTOoMMOCTH. Kpome TOro, cpeam KOHCTPYKUIHOHHBIX
INPOBOJHUKOBBIX  MaTepUajoB  QJIIOMUHUKA  0OJaaeT  O4YeHb  XOpOIIEeH
AJIEKTPOIPOBOIHOCTBIO Ojarofapsi HU3KOMY yJIEJIbHOMY BeCy (IIPaKTUYECKH BTOPOM
0 TNPOYHOCTHM TOCJIE MEAW). 3aMeHa MeOu aJllOMHUHUEM Ui Tepeaadu
ANIEKTPOdHEpPTUH, Hampumep, Ha mpoBojgax ACSR (anroMUHHEBBIE CTalbHBIC
IPOBOJHUKH), CUJIOBBIX KaOessx W T.1., pacT€T Bo BcEM Mupe. bonee Toro, 3amMeHa
MU QJIIOMUHUEM TMPOMCXOJAWT M B CTpaHax, oOO0JaJaIMMX JOCTaTOYHBIMU
pecypcaMM  Me€IW, TOCKOJIbKY  aQJIIOMUHUN  JEMOHCTPUPYET  CYUIECTBEHHBIE
HYKOHOMHYECKHUE MPEUMYIIECTBA B KAUECTBE CEPhE3HOTO KOHKYpeHTa Meu [2, ¢.1].

DIEKTPONPOBOJHOCTh U MEXaHMYECKas MPOYHOCTh SIBIISIIOTCS Ba)KHEUIIMMU
CBOMCTBaMHU MPOBOJIHUKOBBIX MAaTE€PUAJIOB, KOTOPbIE HAMIPSIMYIO CBSI3aHbI C IOTEPSMU
sHeprun M Oe3omacHocThio. OOmue WHXCHEPHBIE YCUJIUS HAMpaBlICHBl Ha
yIIy4lIeHue MEXaHUUYECKUX XapaKTEePUCTUK myTeM JErupoBaHUs u
TEPMOMEXaHUUYECKOW O0O0pabOTKH, KOTOpas YBEIWYMBAET IUIOTHOCTh IIEHTPOB
pacupeneneHuss 3JE€KTPOHOB. OJTO BbI3BIBAET PACCESIHUE HHEPrUU M CHUKEHHE
IPOBOJUMOCTH, OINPEAEIIEMONM CKOPOCTBIO JBMKEHHUSI CBOOOJHBIX AJIEKTPOHOB 0€3
Bo3MylleHUsA. CrnenoBaTenbHO, NPOECKTUPOBAHME IPOBOAHUKOBBIX MAaTEpPUATIOB C
OJIHOBPEMEHHO HHM3KHM COINPOTHBIEHHEM M BBICOKOM NPOYHOCTHIO SIBISETCSA
HETPUBHAIBHOM 3a/1aueil. Komnpomucce MEXKTY MIPOYHOCTHIO U
AJIEKTPOIPOBOIHOCTRIO SIBIISIETCA B HACTOSIIEE BpeMsl OapbepoM 3HaHUH, U 3TO, MO
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CYyTH, BEpPHO ISl BCEX METAJUIMYECKUX NPOBOJHMUKOB, BKJIIOYAs aTIOMHHHUN |3,
c.14853].

YroObl NpPEeonoNeTh BBICOKYIO CTOMMOCTh PEIKO3EMEIbHBIX 3JIEMEHTOB,
UCCIIeIyeTCs  alIbTEPHATUBHBIA  CIMOCOO  JITUPOBAaHUS  QJIIOMUHUSA A
ANEKTPOTEXHUKHU TYTEeM J00aBICHUS IBTEKTUKOOOPA3YIOMIUX AJIEMEHTOB C HU3KOU
pacTBOPUMOCTBIO B  QJIOMUHUU B TBEPJIOM COCTOSIHMM. B OosbIIMHCTBE
UCCJIEIOBAHUN ISl ATOW L€ UCHOJIb3YIOTCS Pa3IuyHbIe COACPHKAHUS MEPEXOTHBIX
MeTajioB, B ocHoBHoM Zr, Cr, Mn, Ni, Fe, Ti u Ag [3, ¢.14868].

JI€rkue cruiaBbl HA OCHOBE AJTIOMUHUS U TUTAHA YK€ HECKOJIBKO JIECATUIICTUI
SBJISIIOTCSL TPEIMETOM OOCYKJIeHHsI U ucciefgoBaHuil. IlomydeHHble CIUIaBbl C
TBEPABIMU MHTEpMeTaindeckumMu (azamu B OuHapHoil cucteme Al-Ti obmamarot
XOpOUIMMH MHUKPOCTPYKTYPHBIMH M MEXaHUYECKUMH CBOMCTBAMHM, BKJIIOUYAsk HU3KYIO
IUIOTHOCTh, BBICOKYIO YAEJIbHYIO MPOYHOCTh, JYUYIIYK) CTOMKOCTh K OKHCICHHUIO U
KOPpPO3HH, YTO BECbMa BOCTPEOOBAHO B a3POKOCMHYECKOW MPOMBIIUIEHHOCTH. Takas
CUCTEMa CIUIaBOB OblIa M3y4eHa B HallleM ucciieoBanuu. [lopolikoBas MeTamutyprus
OblJa KCHOJB30BaHA B KA4YeCTBE TEXHOJOIMYECKOTrO Mmpouecca u3-3a €€
SKOHOMUYHOCTA W TMPOCTOTHI 3KcrutyaTanuu. OOpasipl ObUIM H3TOTOBJICHBI U3
METAJUIMYECKUX TOPOIIKOB AJIIOMHUHHUS U TUTaHA C Pa3jIU4YHBIM cocTtaBoM: 95 ar.%
Al-Ti, 90 at.% Al-Ti u 88 ar.% Al-10 at.% Ti-2 ar.% SiC. Ilocie mpeccoBaHus
IPOBOJIWIIH CTieKaHue 0e3 aaBieHus npu remmneparype 620 °C B TeueHrne HECKOIbKHUX
4acoB B aproHe, 3aTeM B aTMoc(epe, YTO MPUBEIO K OTKUTY JTOCTATOYHO IUIOTHOTO
cruiaBa  Al-Ti. Mukpoctpyktypy ¥ ¢a3oBBIi COCTaB CIIaBa aHaJIW3UPOBAIH
METOJIAMU CKAaHUPYIOUIEW 3JIEKTPOHHOM MHUKPOCKONUU W SHEPrOAMCIIEPCUOHHOU
CHEKTPOCKOITUHU COOTBETCTBEHHO. TBEpmocTh onpeaesu METO/I0M
MUKPOHMHJICHTHpOBaHUS 10 Bukkepcy. HaOmromanochk yBenmudenue TBEpIocTH [4,
c.22].

[ens paboThl 3aKiIO4aeTCss B HMCCICAOBAHUM BIMSHUSA TOOABKU KalbIlus,
CTpOHIIUA W Oapusi HAa TEeMIEpPaTypHbIE 3aBUCHUMOCTH YACIBHOW TEIIOEMKOCTH H
U3MEHCHHUI TEPMOIUHAMUYECKUX (DYHKITHI aTFOMUHAEBOTO TIPOBOJHUKOBOTO CIIJIaBa
AlTi0.1 (Al+0.1 mac. % Ti).

Cxema yCTAHOBKHM M METOJMKA U3MEPEHMS TeMJI0EMKOCTH TBEPABIX TeJl

[IpakTryeckoe 3HaYEHUE HMCCIIEOBAHUN TEIUIOEMKOCTH BA)KHO IS PACUETOB
SHEPreTUYECKUX OaJlaHCOB MPOLECCOB B XUMUYECKUX PEAKTOpax W JPYyrux
anmnapatax XHMMHMUYECKOrO IpOM3BOJCTBA, a Takke I BbIOOpa ONTHUMAaJIbHBIX
TEIUIOHOCUTENEH. ODKCHEPUMEHTAIBHOE U3MEPEHUE TEIUIOEMKOCTH JUIsl Pa3HbIX
MHTEPBAJIOB TEMIIEPATYpP - OT IIPEAEIBHO HU3KHX JI0 BBICOKHX - SBJIIETCSI OCHOBHBIM
METOJIOM ONPEIEICHUS TEPMOJUHAMUYECKUX CBOMCTB BEILIECTB.
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Hamu uccnenoBanue TEMIOEMKOCTH METAJUIOB MPOBOJMIIOCH HAa YCTAHOBKE,
cxema KOTOpO#i MpeCTaBieHa Ha puc. 1, onmrcaHHoOW B paboTax [5, ¢.867].

& 9 8 S5 o 9 ° 9

1l

e oo ]

) i l?o Iqlq }J'n I -

Puc.1. Cxema ycmanoska 051 onpedeieHus MenIOEMKOCMU MEEPObIX mel 8
pedrcumMe «OXIAAHCOEHUSL)

OnHuM K3 METOAO0B, MO3BOJISIONIMI KOPPEKTHO YCTAHOBUTH TEMIIEPATYpPHYIO
3aBUCUMOCTh TEIUIOEMKOCTH METAJJIOB M CIUIABOB B O0JIACTH BBICOKHX TEMIIEpaTyp
SIBJISIETCS METOJI CPaBHEHMSI CKOPOCTEH OXJIAKJICHHS JIBYX 00pas3IloB, UCCIETyEMOIO
Y 3TAJIOHHOT 0, TI0 3aKOHY oxjaxaeHuss Herorona — Puxmana.

Kak wusBectHo [6, c.11; 7, c.46; 8, c.126], TEMIOEMKOCTh TBEPABIX TENI B
PEXKUME KOXJIAKJICHUS ONPEEAETCS M0 YPAaBHEHUIO

ar

o _~o0o M \dz ),

Cp, =Co, m, (dT )’ (1)
dz /,

roie m, =pV, — Macca JTaioHa, M, =p,V, —Macca HCCIeIyeMOoro oo0pasia;

(dT ldzr )1, (dT ldr )2— CKOPOCTH  OXJAXKACHUSA 00pa3sloB U3 JTAJIOHA W

UCCIIeIyeMbIX CIUIAaBOB MpHU JaHHOW Temmeparype. [[ns ompeneneHus CKOpPOCTH
OXJIQXKJICHHSI CTPOSIT KPUBBIE OXJIAKICHUS 00pa3IioB.

Tennoémkocts amomuHueBoro criaBa AlTi0.1 ¢ kampliieMm, CTPOHIIUEM U
OapueM M3MEPSUIH B PEXKUME «OXJIAXKICHUS) 10 METOJIMKAM, OMUCAHHBIM B paboTax
[9, ¢.892; 10, ¢.30]. OOpaboTKa pe3yabTaTOB M3MEPCHHI M MOCTPOCHHUE TpaduKOB
IPOU3BOAMIOCE € momolipio mporpamm MS Excel u Sigma Plot. 3navenus
Kod(pUIIMEeHTa KOPPENSIUU COCTaBIsUT  BEIHUUHY Ryopp>0.998, moarsepxkaas
NPaBUWIBHOCTh BBIOOpA ammpokcumupyromed QyHkiuu. OTHOCUTENbHAs OIIMOKa
u3Mepenus Temnoémkoctd B unHTepBane ot 40°C mo 400°C cocrasnsina £1%, a B
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unrepsae Oonmee 400°C +2.5% [11, c¢.81; 12, ¢.170]. TlorpemHocTs H3MepeHHE
TEIIOEMKOCTH TI0 TIPeJIaraéMoi METO/IKE B HAILIEM citydae cocTaBui 1.2%.

JKCNepPUMEHTAIbHbIE Pe3yJIbTAaThl M MX 00CY:KIeHUE

CruiaBbl JJIsl MCCIIEIOBAHUSI CUHTE3UMPOBATIMCH B IIAXTHOM J1TA0OPATOPHOM Ieun
conporuBneruss tuna CILOJI (conmpoTuBneHHEe MIAXTHOE OIBITHOE J1A0OPATOPHOE) B
unTepBaiie Temmeparyp 800-850°C u3 amomunus Mapku AS (TOCT 110669-01), turana
mapku TI'-90 (TOCT 19807-91) B Buze smrarypel (Al+2 mac.% Ti) ¢ amoMuHHEM,
KasbImst MeTaudeckoro Mapku KaM—1 (TY48-40-215-72), cTpoHIMS METALTHISCKOTO
mapku CtM—1 (TY48-4-173-72) u Gapusi metasummueckoro mapku baM—1 (TY48-4-465-
85). Jlurarypa amomunus ¢ 2 Mac.% TuTaHa MPEABAPUTEILHO HW3rOTABIMBATIACH B
BaKyyMHOM 1ieun conpotuBiieHns Tuia CHB 2.4.2/16. W3 momy4eHHBIX Jajee B MaXTHOM
neun conporuBieHns CHIOJI cmmaBoB B TpaduTOBYIO HW3JIOKHUILY —OTIMBAIMCH
WJIMHAPUYECKHE 00pa3Lbl 1uameTpoM 16 MM 1 JumHOoi 30 Mm.

AmomuHMeBbIN poBoiHUKOBSIN ciuiaB AlTi0.1 ¢ kanbimeM, CTpoHIIMEM U OapreM
NOABEPrajics XMMHUYECKOMY aHAJIM3y Ha COJCpP)KaHHE OCHOBHBIX KOMIIOHEHTOB H
npumeceil B LleHTpanbHOI 3aBozckol jabopatopun AmomuHueBod kommannu OAO
“TAnKo” (r. Typcynzane, Pecrry6nuka Tamkukucran). ConepskaHue KabIys, CTPOHIHS U
Oapusi B cmoiaBax kojebaioch ot 0.01 mo 0.5 mac. %. CocraB Mogy4eHHBIX CIUIABOB
KOHTPOJIMPOBAJICST TAKXKE B3BEIIMBAHMEM OOpa3lioB /0 M TMOche cIvlaBieHus. B
JAIBHEHILIEM HCCIIEI0BAHUIO MOJBEPTAIMCH CIUIABBl, Y KOTOPBIX pa3HHULIA B Macce JI0 U
TI0CJIe CIUIaBJICHUs He TpeBbiana 2% (OTH.).

Pe3ynbrarel uccleOBaHUS TEMIIEPATYpbl OXJIAKICHUS HW3y4daeMbIX CIUIaBOB
npescTaBieHbl Ha puc. 2. B obmiem ciyyae momydeHHble rpaduku temrepatypsl (T) ot
BpPEMEHM OXJIKICHUS (T) U1 00pasiioB U3 amomuHueBoro criaBa AlTi0.1 ¢ kambiuem,
CTpOHIIEM U OapreM MOKa3bIBalOT HEMPEPHIBHOE YMEHBLICHHE TEMIIEpaTyphbl 00pa3IioB U
ATAOHA MO0 Mepe WX OXJaKIeHus. Ha KpUBBIX OXIakIeHUS TepMHUYecKuX 3((dHEKToB,
CBSI3aHHBIX C (ha30BBIM MPEBPAILIEHUEM UITU NIEPEXOIOM, HE OOHAPYKEHO.

[lomyuyeHHble KpHUBBIE OXJ@XKAEHHS OOpas3lloB W3 CIUIABOB  OMHCHIBAIOTCS
yYpaBHEHHEM BHIA

T=ae™ +pe ™, @)
rae a,0,p,K — mocTostHHBIE J71s JaHHOTO 00pasiia, T — BpeMsl OXJIaKICHHSI.
Hudbdepenmmpyst ypaBaenue (2) mo T, moiiydyaeM ypaBHEHHE ISl OMpeeNICHHUs

CKOPOCTH OXJIXKJICHHUST 00pa3IoB

dT -br

— =—abe
4z )

[To popmyrie (3) BbIUUCIEHBI CKOPOCTH OXJIXKACHUS 00pa3loB U3 ATFOMUHUEBOTO
crmaBa AlTi0.1 ¢ xanbimem, cTpoHIMeM u OapueM u dSTanoHa. KpuBble cKopocTH
OXJIXKJIEHUsI 00pa3lioB MpezcTaBlieHbl Ha puc. 3. OOpabOTKOM CKOpOCTEH OXJIaXKICHUS
00pa3oB Moay4eHbl 3HaueHus KoddduimentoB a, b, p, k, ab, pk B (3), Koropsic
NpUBE/ICHBI B Ta0M. 1.

kz

— pke™
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Puc. 2. I'papux usmenenuss memnepamypvt Om pemeHu oXaaxcoeHus s 0opa3yos
U3 antoMuHueso2o nposooHuxosoeo cniasa AlTi0.1 (1) ¢ kareyuem (a), cmponyuem
(6) u 6apuem (8), mac.%.: 0.01% (2); 0.05% (3); 0.1% (4); 0.5% (5) u smanona (Al

ASN)
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Tabauua 1

3unauenus koapguyuenmos a, b, p, k, ab, pk ¢ ypasnenuu (2) ons amomunuesozo
nposoonurkosozo cnaasa AlTIO0.1 ¢ karbyuem, cmponyuem u bapuem u
asmanona (Al ASN)

Cooepoicanue
Kaavyus, )
cmpounu Gapun | a,K | 51026 | pK | ©10%,¢ | a-b ket | PO
6 cnaaese, mac.% K-c™
0.0 495.45 4.94 321.62 2.24 2.45 7.20
0.01 Ca 491.78 491 323.29 2.15 2.42 6.94
0.05Ca 491.78 491 323.19 2.15 2.42 6.94
0.1Ca 490.02 4.90 326.37 2.08 2.40 6.79
0.5Ca 490.02 4.90 326.18 2.08 2.40 6.79
0.01 Sr 495.52 4.94 323.66 2.22 2.45 7.19
0.05 Sr 495.60 4.94 326.62 2.20 2.45 7.17
0.1Sr 495.29 4.94 325.19 2.22 2.45 7.22
0.5Sr 495.31 4.94 325.59 2.22 2.45 7.22
0.01Ba 495.59 4.94 326.38 2.20 2.45 7.17
0.05Ba 495.13 4.94 327.78 2.21 2.45 7.24
0.1 Ba 495.30 4.94 325.39 2.22 2.45 7.22
0.5Ba 495.24 4.94 323.45 2.24 2.45 7.23
Omanon 495.26 4.94 319.82 2.26 2.45 7.24

C ucnoib30BaHUEM YCTAHOBJIEHHBIX CKOPOCTEH OXJaXKIeHUS OOpasioB IO
ypaBHEHHIO (1) BBIYMCHSAIOCH YJENbHAA TEIUIOEMKOCTh AQIIOMHUHHMEBOTO CILIaBa
AITi0.1 ¢ xanabIem, CTpOHIIMEM U OapueM U dTajloHa. Pe3ynbTaThl H3MEpEHUs Yepes
100 K mpencrasnens! B Tabu. 2 u Ha puc. 4. TenmoeMKOCTh aTFOMUHHAEBOTO CIIJIaBa
AITi0.1 ¢ pocrom TeMmieparypbl YBEIHUYHMBACTCSA, a OT KOHIECHTPALUU KaJbI[Hs,
CTpOHIIUS U Oapus ymeHbinaercs. [Ipu nmepexojie OT CriaBoB ¢ KaJbI[MEM K CILJIaBam
CO CTPOHIIMEM U 0apueM TEIIOEMKOCTh CIUIAaBOB YMEHBIIIAETCS, YTO KOPPETUPYET C
U3MEHEHUSIMU TETUIOEMKOCTH YHUCTBIX IIEJIOYHO3EMENIbHBIX METAIOB B Iepeenax
noarpynmsl [lonmyyeHHble 3HAYEHUS! TEMJIOEMKOCTH JIJIE 0COO0 YUCTOIO alFOMUHUS
(3TasIOHA) COBIAJIAIOT C MPUBEAEHHBIMU B cripaBoOYHUKE [13, ¢.11] nanHbIMuU.
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Puc. 3. I paghux usmenenus cxopocmu oxaaxcoenuss om memnepamypuvl 01 0o6pazyos
U3 antoMunueso2o nposoonuxosoco cnaasa AlTi0.1 (1) ¢ karvyuem (a), cmponyuem
(6) u 6apuem (8), mac.%.: 0.01% (2); 0.05% (3); 0.1% (4); 0.5% (5) u smanona (Al
A5N)
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Tabauua 2
Temnepamypuas  3a8uUcCUMOCMb  YOENbHOU mennioémKocmu (oc/(ke'K))

antomMuHues020 npogoorukosozo cniasa AlTI0.1 ¢ karbyuem, cmponyuem u 6apuem u
asmanona (Al ASN)

Cooeporcanue T K
Kanvyus,
CMpOHYUs U
6apusi 6 cnaase, 300 400 500 600 700 800
mac.%

0.0 903.33 949.02 991.11 1035.04 1086.25 1150.21
0.01 Ca 903.30 946.59 986.48 1028.41 1077.83 1140.18
0.05 Ca 903.199 946.49 986.38 1028.31 1077.73 1140.08
0.1Ca 903.07 946.37 986.25 1028.18 1077.59 1139.95
0.5 Ca 902.04 945.07 984.63 1026.18 1075.14 1136.96
0.01 Sr 903.27 946.56 986.45 1028.38 1077.79 1140.15
0.05 Sr 903.03 946.32 986.21 1028.14 1077.55 1139.91

0.1Sr 902.73 945.61 985.03 1026.37 1075.12 1136.65
0.5Sr 900.34 943.22 982.63 1023.98 1072.72 1134.26
0.01 Ba 903.26 946.48 986.24 1027.99 1077.15 1139.16
0.05 Ba 902.98 946.20 985.96 1027.71 1076.87 1138.89
0.1Ba 902.63 945.55 985.02 1026.46 1075.32 1137.04
0.5Ba 899.84 943.06 982.83 1024.57 1073.74 1135.75
Omanon 903.70 949.58 991.97 1036.35 1088.21 1153.00

[Tocne mpoBemeHWs TOIWHOMHOW PETPECCHH TOJMYYCHO CIeayromiee oolriee
ypaBHEHHE OMMCHIBAIOIIEE TEMIIEPATyPHYIO 3aBUCUMOCTh YJEJIbHOU TEMIOEMKOCTH
amoMunueBoro criasa AlTi0.1 ¢ kanbiiuem, CTpOHIIMEM U Oapuem

Co=a+bT +cT*+dT". (4)

3HaveHus ko3 dunmenTos a, b, ¢, d B ypaBHeHnuu (4) npeacrasiceHsl B Ta0I. 3.
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nposoonurxosozo cniasa AlTIO0. (1) ¢ kamwyuem (a), cmponyuem (6) u bapuem (8),

mac. %: 0.01% (2); 0.05% (3); 0.1% (4); 0.5% (5) u smanona (Al ASN)
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Tabnuuya 3.
3unauenus rosgppuyuenmos a, b, ¢, d 6 ypasmenuu (4) orn amomuHUE8020
nposoonuxosozo cniasa AlTI0.1 ¢ karvyuem, cmponyuem u dapuem u smanona (Al

A5N)
Cooepoicanue
C;;ZZZZZ’ ) a, b, c-107* e 10~ . | Koappuyuenm
Gapus 6 cnase, T/ (ke K) | Houc/(ke"K?) T/ (k2K®) | Jine/(e-K*) | KoPPemayul R?
mac.%
0.0 690.11 1.01 -12.7 9.08 0.999
0.01 Ca 698.48 0.98 -12.6 9.08 0.999
0.05 Ca 698.38 0.98 -12.6 9.08 0.999
0.1Ca 698.25 0.98 -12.6 9.08 0.999
0.5 Ca 697.88 0.978 -12.6 9.06 0.999
0.01 Sr 698.45 0.98 -12.6 9.08 0.999
0.05 Sr 698.21 0.98 -12.6 9.08 0.999
0.1Sr 698.89 0.97 -12.6 9.05 0.999
0.5Sr 696.50 0.97 -12.6 9.05 0.999
0.01Ba 698.49 0.98 -12.6 9.06 0.999
0.05Ba 698.22 0.98 -12.6 9.06 0.999
0.1Ba 698.76 0.98 -12.6 9.06 0.999
0.5Ba 695.08 0.98 -12.6 9.06 0.999
Omanou 690.35 1.01 -12.7 9.13 1.000

IIpn pacuerax TeMmmepaTypHOW 3aBUCUMOCTM W3MEHEHUM OHTAIBIINM,
sHTponuu 1 sHeprun ['m60ca no (5)-(7) ucnonszoBanu ypaBHeHHE (4):

oy - 1o a - 1)+ 2@ -1 @ T Sat -1, )
[se@)-s°T)]= am:r£ +B(T—T,) +g(:r2 —Ijﬁg(ﬁ ~T)), (6)
l[cory-a°rp|=|r (1) - B (T)]-T[s° (1) - s°(T,)] (7)

rae To=298.15 K.

Pe3ynbraThl pacuera TeMnepaTypHbIX 3aBUCUMOCTEH HM3MEHEHUN SHTAJIbIIUH,
sHTponuK W dHepruu ['mb66ca mo (5)-(7) mins amomuaueBoro cruiaBa AITIO.1 ¢
KaJIbIIUEeM, CTPOHIIMEM B OapueM IpeIcTaBlIeHbI B Ta0I. 4-6.
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Tabnuua 4

TemnepamypHnas  3a8UCUMOCMb  UBMEHEHUU  SHMAIbNUU Ol AIOMUHUEBO20
nposoonuxosozo cnaasa AlTI0.1 ¢ kanvyuem, cmponyuem, 6apuem u smanona (Al
A5N)
Cooeporcanue [H°(T) — H°(T,")], x/lx/Kr ons cnnasos
Kanvyuem, T.K.
cmporyuem u
bapuem 6 cniase, 300 400 500 600 700 800
mac. %
0.0 1.6703 | 94.3405 | 191.3547 | 292.6241 398.6054 510.2997
0.01 Ca 1.6703 | 94.2163 | 190.8762 | 291.5814 | 396.8085 507.5785
0.05 Ca 1.6701 | 94.2059 | 190.8555 | 291.5505 396.7673 507.5271
0.1Ca 1.6698 | 94.1928 | 190.8296 | 291.5118 396.7158 507.4628
0.5Ca 1.6679 | 94.0751 | 190.5663 | 291.0678 | 396.0494 506.5245
0.01 Sr 1.6702 | 94.2129 | 190.8693 | 291.5711 396.7948 507.5614
0.05 Sr 1.6698 | 94.1885 | 190.8210 | 291.4989 | 396.6986 507.4413
0.15Sr 1.6692 | 94.1380 | 190.6761 | 291.2069 | 396.1969 506.6557
0.5 Sr 1.6648 | 93.8944 | 190.1932 | 290.4848 | 395.2357 505.4553
0.01 Ba 1.6702 | 94.2085 | 190.8509 | 291.5236 396.6963 507.3826
0.05 Ba 1.6697 | 94.1801 | 190.7946 | 291.4393 396.5842 507.2426
0.1 Ba 1.6690 | 94.1296 | 190.6642 | 291.1991 396.2041 506.6926
0.5Ba 1.6639 | 93.8604 | 190.1609 | 290.4918 | 395.3227 505.6672
Omanon 1.6709 | 94.3869 | 191.4710 | 292.8481 | 398.9913 510.9213
Tabnuua 5.
Temnepamypuas  3a6UCUMOCMb  UBMEHEHULl  SHMponuu Ol ATIOMUHUEBO2O
nposoonuxosoco cnaaséa AlTI0.1 ¢ kanrbyuem, cmponyuem, bapuem u >MAioHa
(Al A5N)
Cooepaicanue [SO(T)-S°(Ty)], xxx/ (kr - K) 0z cnaaeos
Kanbyuem, T.K.
cmpoHyuem u bapuem
0 300 400 500 600 700 800
6 cnaase, mac. %
0.0 0.0056 0.2719 0.4881 0.6726 0.8359 0.9850
0.01Ca 0.0056 0.2716 0.4870 0.6705 0.8326 0.9804
0.05Ca 0.0056 0.2715 0.4869 0.6704 0.8325 0.9803
0.1Ca 0.0056 0.2714 0.4869 0.6704 0.8324 0.9802
0.5Ca 0.0056 0.2711 0.4862 0.6694 0.8311 0.9785
0.01 Sr 0.0056 0.2715 0.4870 0.6705 0.8326 0.9804
0.05 Sr 0.0056 0.2714 0.4869 0.6703 0.8324 0.9802
0.1Sr 0.0056 0.2713 0.4865 0.6697 0.8315 0.9789
0.5Sr 0.0055 0.2706 0.4853 0.6681 0.8294 0.9765
0.01 Ba 0.0056 0.2715 0.4869 0.6704 0.8324 0.9801
0.05 Ba 0.0056 0.2714 0.4868 0.6702 0.8322 0.9799
0.1Ba 0.0056 0.2713 0.4865 0.6697 0.8315 0.9789
0.5Ba 0.0055 0.2705 0.4852 0.6680 0.8295 0.9768
Omanon 0.0056 0.2719 0.4884 0.6731 0.8367 0.9860
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Tabnuua 6.
Temnepamypuas 3asucumocmo usmenenutl suepeuu I ubbca 0ns anoMunueso2o
nposoonurxosozo cnaasa AlITI0.1 ¢ karvyuem, cmponyuem, b6apuem u smanona (Al

A5N)
Cooeporcanue [GO(T) — G°(Tp)], xx/Kr 02 cnaaeos
Kanbyuem, T'K
cmpoHyuem u bapuem
o 300 400 500 600 700 800
6 cniase, mac.%

0.0 -0.0052 -14.406 -52.732 -110.988 -186.565 -277.708

0.01 Ca -0.0052 -14.394 -52.649 -110.744 -186.048 -276.800
0.05 Ca -0.0052 -14.392 -52.643 -110.732 -186.028 -276.771
0.1Ca -0.0052 -14.390 -52.636 -110.717 -186.003 -276.734
0.5Ca -0.0052 -14.373 -52.568 -110.567 -185.738 -276.317
0.01 Sr -0.0052 -14.393 -52.647 -110.740 -186.042 -276.790
0.05 Sr -0.0052 -14.389 -52.634 -110.712 -185.995 -276.721
0.1Sr -0.0052 -14.383 -52.603 -110.633 -185.839 -276.453
0.55Sr -0.0051 -14.345 -52.467 -110.351 -185.371 -275.764

0.01 Ba -0.0052 -14.393 -52.644 -110.730 -186.019 -276.745
0.05 Ba -0.0052 -14.388 -52.628 -110.697 -185.964 -276.665
0.1Ba -0.0052 -14.381 -52.598 -110.625 -185.830 -276.445
0.5Ba -0.0051 -14.339 -52.450 -110.328 -185.350 -275.761
Omanon -0.0052 -14.412 -52.759 -111.054 -186.690 -277.922
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1. UccnenoBannem TEMIIEPATYPHOU TETJIOEMKOCTH

AIIFOMUHKEBOTr0 MpoBoHKUKOBOro ciutaBa AlTI0.1 ¢ kajbieM, CTpOHIIMEM U OapHeM

3aBUCHUMOCTH

B PEKUME «OXJIAKICHUS» YCTAHOBJICHO, YTO C POCTOM TEMITEPATyPhl TEIIOEMKOCTD,
SHTANBIHUS W DHTPOMHUS CIIAaBOB PACTyT, a MO MEpe YBEIWYCHHUS KOHIICHTpAITUU
IIETTIOYHO3EMENIbHBIX METaJUIOB B CIUIaBe — yMEHbINalTca. DHeprus [nbbca c
POCTOM TeMITepaTyphbl YMEHbIIIaeTCs, a oT KoHneHTpauu [1[3M — yBenmnuuBaercs.

2. [Ipu mepexo/ie OT CIUTABOB C KaJbI[MEM K CIUIaBaM CO CTPOHIIMEM U OapueM
TETUTIOEMKOCTbD, SHTAJIBIHS U YHTPOMHSI CIUIABOB YMEHBIIIAOTCS, BEIMYMHA YHEPTHH
I'n66ca pacrtér.
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TENVIO®U3UUYECKUE CBOMCTBA U U3SMEHEHUM
TEPMOJUHAMMNYECKHUX ®YHKIIUN AJTIOMAHUEBOI'O
IMMPOBOJAHUKOBOI'O CIIJIABA AITi0.1 MOAU®UILIUPOBAHHOI'O
KAJIBIUUEM, CTPOHUUEM U BAPUEM

Annomayus. B pabotre mpeAcCTaBIeHBl  pe3yibTAaThl  OMpEACTICHUS
TETUIOEMKOCTH aJlIFOMUHUEBOTO MpoBoaHnKoBoro ciaBa AlTi0.1 (Al+0.1 mac. % Ti)
C KaJblIMeM, CTPOHIMEM M OapHeM B pEXHME «OXJAKICHHUS» IO H3BECTHOU
TEMJIOEMKOCTH 3TaJOHHOro o0pasia u3 0co00 4YHMCTOro amtoMuHHMs Mapku ASN
(99.999% Al). IlonydeHsl ypaBHEHHS, OIMCHIBAIOIINE CKOPOCTH OXJIAXKICHUS
oOpa3uoB u3 crmaBa AlTi0.1 ¢ kanbiuem, cTpoHieM u Oapuem u sTtanoHa. [lo
PACCUMTAHHBIM BETUYMHAM CKOPOCTEH OXJIaXIACHUS OO0pa3loB M TEMJIOEMKOCTH
sTajloHa c(POPMHUPOBAHBI YPaBHEHHUSI TEMIEPATypHOU 3aBUCUMOCTU TEIIOEMKOCTEN
CIu1aBoB. VMHTerpupoBaHHeM YJETbHON TEMJIOEMKOCTH BBIYHMCICHBI TeMIIEpaTypHbIC
3aBHCHUMOCTH M3MEHEHHMM SHTaJIbIIMU, SHTPONUU U 3Hepruu ['mbbca ucciemyemoro
crutaBa. TeroeMKoCTb, SHTaJIbNUsA U dHTponus amtoMuHueBoro cruiaBa AlTi0.1 ¢
pPOCTOM KOHIEHTPALIMM KajbllMs, CTPOHIMS U Oapus yMEHbIIAIOTCS, a OT
TEMIEpaTypbl YBEIWYUBAIOTCS, 3HaYeHHEe OHHepruu [ubbca mnpu >TOM UMeEeT
00paTHYI0 3aBUCUMOCTb.

Knwouesvie cnosa: amovunueBplii criiaBa AlTi0,1, xambmuii, CTpOHIHMH H
Oapuii, TEMIOEMKOCTh, PEKUM «OXJIAKACHUA», OSHTAIBIHS, SHTPOMUS, SHEPTUU
I'u60ca.

XOCHUATXOMU TEIIO®U3UKH BA TAFUPEBUU ®YHKCUSIXOU
TEPMOJUHAMUKHUU XYJIAU HOKUJIN AJITIOMUHUU AITi0.1 5O

KAJICU, CTPOHCHUH BA BAPUII MOJJU®UKATCHUSIITY A

Quwypoa. [lap MakKoyia HATUHYAXOU MYyaWsiH KapJaHU TapMUFYHYOUIIU XyJau
HokmiM amomunuiin AlTi0.1 (Al+0,1 mac. % Ti) 60 kancui, ctpoHcuid Ba Oapuit qap
XOJIaTU «capmasit» 00 uctudoaa a3 rapMUFYHYOUIIM MabIyMHU HaMyHaW TENIMHA
a3 amoMuHMNK abiaocudaru HaBbu ASN (99,999% Al) oBapna mynaact. Myoaunan
TaBCcU(PU CypbaTH capIIaBUM HaMmyHa a3 xymnaum Hokwim amomuuuiin AlTi0.1 6o
KaJICUM, CTpOHCHUHM, Oapuii Ba 3TaJIOH XOCWJI Kapja myl. A3 pyu Oy3ypruu xucoou
CyphaTH CapJKyHHH HAMyHAaX0 MYOJHJIal BOOACTaruu XapopaTth TapMHUFyHUOHUIIH
Xyaxo Ba OTaJOH TapTuO noma 1ryd. bo MHTErparcusii TapMUFYHYOHUIIH XOC
BoOacTaruu Xapopar a3 TariupEOMM SHTAIIMS, SHTpONUs Ba 3Heprusiu ' udb6¢c Gapou
Xylan TaxKHUKIIaBaHAa XHCOO Kapjaa MemaBaa. [ apMUFyHYOWIN, SHTAIMUS Ba
sHTponuAn Xynau amoMuHui AlTi0.1 0o 3u€n 1IyJaHW KOHCEHTpPATCUSU KaJCHiA,
CTpOHCHUH Ba Oapuii kaMm mryna, 60 Oananj mrygaHu xapopaT 3uéa MellaBajl, KUMaTu
sHeprusiu ' u60c myranocubatu 6apbakc A0pal.
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Kanumaxou kanuoi: xynaun Hokwin amomuauit AlTi0.1, kaicuii, ctpoHcuii
Ba Oapuii, TApMUFYHYOUII, XOJIATA « CAPIIABHA », YHTAIIHUS, SHTPOIHUS, YHEPTUAU
I'u66c¢.

THERMOPHYSICAL PROPERTIES AND CHANGES IN
THERMODYNAMIC FUNCTIONS OF ALUMINUM CONDUCTOR ALLOY
AlTi0.1 WITH CALCIUM, STRONTIUM AND BARIUM

Annotation. The paper presents the results of determining the heat capacity of
the aluminum conductor alloy AITi0.1 (Al+0.1 wt.% Ti) with calcium, strontium and
barium in the “cooling” mode using the known heat capacity of a reference sample
made of high-purity aluminum grade A5N (99.999% Al). Equations were obtained
that describe the cooling rates of samples made of the AITi0.1 alloy with calcium,
strontium and barium and the standard. Based on the calculated cooling rates of the
samples and the heat capacity of the standard, equations for the temperature
dependence of the heat capacities of the alloys were formed. By integrating the
specific heat capacity, the temperature dependences of changes in enthalpy, entropy
and Gibbs energy of the alloy under study were calculated. The heat capacity,
enthalpy and entropy of the aluminum alloy AITi0.1 decrease with increasing
concentrations of calcium, strontium and barium, and increase with temperature; the
value of the Gibbs energy has an inverse relationship.

Key words: aluminum alloy AITiO.1, calcium, strontium and barium, heat
capacity, “cooling” mode, enthalpy, entropy, Gibbs energy.
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YIK:536.4 + 541.67 + 541.68
TAXKUKOTU ®U3UKUU XOJIATXOU ATPEI'ATH, I'Y3APUILLIXOU
®A3ABU BA XYCYCUATXOU TEPMOMEXAHUKHWU ITOJIUMEPXO

Puzoes C.F
Jlonnmroxu nasjaaruu lanrapa

[Tonmumepxo xXaMuyH MOJIaX0oe€ MyaisH MeEIIaBaH/, KM a3 MOJIEKYJIaXou
KaJIOH nbopat Oyaa, gap HaBOATU Xy a3 TYPYyXXOH CepIIyMOPH aTOMXO TapKub
édraaHa, KM MH aTOMXO OO BOCHTaW MalBaHAXOM KUMHUEBHA MYTTaxXyja IIyjaa,
CHJICMJIAXOU Japo3p0o TaIIKWI MeKyHaHnd. IlaliBacTaruxoum KaJOHMOJIEKYIH
(ITKM) moamaxoum MypakkaOW COXTOpPU KUMHEBUPO Aap Oap MerupaHi, Ku
Maccau MoJiekyauu ouxo a3 104 to 106 JanTonpo Tamkuia Mmeauxan [4, c. 6-12].

XyCyCUSITU MYXUMTapUHHU IOJIMMEPXO, KU XOCUITXOU (DU3MKUU OHXOPO
MyaisiH MEKyHaJl, MaBYYIUSTH Ay HaBbU MalBaHAXO MeOolmaa, KU a3 pyu
TabuaT Ba JHEprusiallion O0a Kywid (apk MekyHaHa. Jap Doxwiau 3aHYyup,
aToMX0 00 MaiBaHAXOM KMMHUEBUU 3HeprusamoH aap xyayau 30-120 kkan/mon
nanBacT LIyJaaHa, Jap XoJje K1 OallHU 3aHYMPXO0 KyBBaxOou OAMHUMOJIEKYINA 00
sHeprusin xene kKamtap (3-12 kkan/mMon) Tabcup MepacoHaHa. Macodaxoun
GalfHMaTOMHA nMap MOXWIM 3aHyup Takpuban 1,5 A Oyma, macodam Gaitau
3aH4upxo a3 3 To 4 A-po tamkun memuxan [1, ¢.26-34].

Xycycusitu hapKKyHaHIau MaiiBaCTaruxou MoJIMMepi Maccan MOJICKYJIUU
OamaHau OHXOCT. AMMO, Aap aci, MOJIUMEPX0e, KU MOJIEKYJIaX0ou OHXO aH103au
SKXella TOpaH/I, By4Yya HaJOopaH/, SbHE Japayau MOJIUMEPU3ATCUSIH OHXO SIKCOH
HecT [2, ¢.86-90]. XaM3aMOH Jap KaTOpu MOJEKYJIaxOou XeJie KaJoH,
Moltekyiaaxou xyparap (MM=1000) Ba MojeKymaxod aHa03ad MHUEHA HH3
MaByyd Oyma MeTaBoHaHd. TH MabHOM OHPO JOpajl, KU MOJUMEPH JoJallyaa a3
pyu Maccan MOJICKYJIM TeTepOoreHM (IMOJMMOIEKYIISIpi) Mebomaa. A3 uH py, Aap
XUMUSIU TTAMBACTaruxou KaJIOHMOJIEKYJIH, MapXyMu Maccan MOJIEKYJIUM MHUEHA
uctudona Memapaja. MaymMyu TmalBacTaruxoud IIOJIMMEpPHUE, KU COXTOPHU
KUMHUEBUU SIKCOH JOpaHa Ba (apKUATAIlOH TaHXO Jap Oy3ypruum maccau
MOJIEKYJIaBH 30XUp MeIIaBajd, KATOPU MOJIMMEProMOJIOrd HOMHUIAa MemaBaj |5,
c.78-86]. YucMxoM IMIIAMOHAHAW XYPAMOJIEKYJIH a3 cababu XapakaTHOKHUU
(4OOYKHUSATH) XypAd aTOMYy MOJIEKYJIaxo Ba OaHAyO0aCTH 3U4Y SHEPIUSd TabCUPU
MYTaKOOMIIM OHXO XeJIe KaJOH acT Ba OumHOOap OoH JedopMaTcusu 4aHIUPUU
YYHUH YUCMXO HU3 Xejle XypA MeOomiaa. ATOMy MOJIEKysla Ba HOHXO Jap
naHyapau KpUCTaJUIiA Aap YyHUH Macodaxoe YOUTHUPaH/I, KU KyBBaXOM KAIIIUIITY
TeIAAUXUM OallHMXaMil XaMJIurappo MYBO3WHAT MekyHaHa [8, ¢.98-100].
XaHroMu TabCUPH KyBBaxoW OepyHa MYBO3WMHATHA BapoH MemaBaa. Arap
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KyBBaxoW OepyHa aTOMy HOHXOPO a3 XamMaurap Ayp KapaaHii OoImaHm, aap
OaifHM OHXO KyBBaxOHW KaIllMIIEe Maigo MemaBaHA, Ku 0a KyBBaxou OepyHa
MyKOOMI paBoHa myaaadf [7, ¢.75-80]. Arap KyBBaxou OepyHa aTOMY HOHXOPO
Ha3/IUK KapAaHil OomaHja, mac gap OallHU OHXO KyBBaxou TeNIaJuXd Manjgo
MellaBaHa. XaMHUH TaBp, KOpU KyBBaxou OepyHau aepopMaTCUsIKyHaHIa Oapoun
Oaprapad HaMydaHM KyBBaxou TabCUPU MYTAKOOWIU AOXWIA capd MemraBaf,
SbHE YaHIUPHUHU KPUCTAIUT TAOMATH (XyCYCUATH) SHEPTeTUKHA gopan [6, c.45-51].

A30acKu SHEPIUSH TAbCUPH MYyTaKOOWI Jap KPUCTAIIXO Xelle Oy3ypr acr,
YUCMXOU KPHUCTAIUIA Oapou Tarimp €PTaHM IIAKIAIIOH MYKOBUMATH KaJjOH
HUIIIOH MEAuXaH/. XaTTO XaHTOMHU TabCUPHU KyBBAaXOM KaJOH OHXO Xejle KaM
nedopMaTcus MelaBaH, sibHE 0a jieopMaTCUsu YaHAUPUHU XYPJ COXUOaH/T [6,
c.56-61]. Xap sk MoJiJla METaBOHAJ Jlap C€ HABbU I'YHOTYHM XOJIaTXOU arperart,
ShbHE Ta3, MOEh Ba CaxXT MaByyjd OoIlaa, KM WH XOJIaTXO a3 PyH XapakaTu
MOJIEKYJaX0 € aTOMXO Ba 3WYUM YOWUTHPIIABUU OHXO 00 xamaurap ¢apk
MeKYHaH. [lap XoyaTu rasm, XapakaTxou IPOrpeCCUBM, rapAuIli Ba JIAP3ULLIN
MaByydaHa. Jlap mapouTd MyKappapd, macodam OaifHU MOJIEKYJIaxOoW ras
KaJIOH acT, KM MH 0a 3WYNM YOUTHpPIIAaBUM KaMU OHXO OoBapja mepacoHan [,
c.124-129].

bapou xonaTtu caxt, macodau 6aitHu MOJIEKYJIax0 Xeje Xyp/ Oyaa, 3uduu
YOWTHpIIABUAIIIOH 3WEN acT. XapaKaTXOd TMelIpaBaHAa Ba TapJUIIA BYYYH
HAJOpaH/, TAaHXO XapakaTH JIap3UId MYyIIOXuJa MemaBaj. MoJiekyiiaxo €
TYPYXXO0U aTOMXO Jap X0JaTXOWM MYBO3MHATH AOMMHK 00 Gacomamu 1013 — 1014
' memap3ang. XomaTu MOeb a3 YUXATH XapakKaTu MOJIEKyJlaXo 0a xojaTu ra3i
MOHAH]I aCT, aMMO a3 YMXaTH 3UYMU YOUTHpIIABA Oa YUCMXOM CaxT I1adboxaT
nopan [3, ¢.56-62].

bapou daxmumm makuku xomatu (azaBi, mMadxymu ¢aszapo Oappaci
MekyHeM. Jlap TepMoauHamMuKa, ¢a3za KUCMHU CHCTEMa acT, KA a3 KUCMH JUTapu
oH 00 carxu YyygoroHa ¢apkKk MEKyHaa Ba a3 OH 00 XOCHITXOHU
TepMoauHaMukuai dapk mMekyHaa. daza 6osq xauymu kodu gomra O6o1iaa, TO
nap Oopau ¢uiIop, XapopaT Ba AUrap XOCHATXOU TEPMOJMHAMUKUM OH
MabJIyMOT momTa OomeM. YyHKM, a3 HyKTaud Hazapu CcOXTop, (azaxo 060
TapTUOU YOUTUPIIABUM MOJIEKYIax0 QapkK MEKyHaH[ Ba BoOacTa a3 UH TapTuo,
ce xonaTu (a3aBy - KPUCTAJIJINA, MOEh Ba Ta3M - papk MeKyHaH[ [5, ¢.54-58].

Xonatu Kpuctajuimu ¢aszaBid 00 TapTUOM AYpy [apo3u CeueHaka aap
YOUTHUPIIABUU aTOMX0 € MOJIEKyJIax0 TaBcU( MellaBajd, KU UH XolaTh ¢a3aBUM
Moeb 00 HaOymaHM Typu KpUCTaii TaBcud édra, amopdin HOMHUOAA MEIIaBal.
ba xomatu amopd@ TapTHOM HA3AUK XOC acT, KU 0O aHI03au MOJIEKYJIaxo
Oapobap act Ba MOJUMEPXOM KPUCTAJUIHAIIABAHIAA XAHTOMHU XYHYKKYHHA Oe€
TaAIaKKyJIu Typu KpuUCTauId Oa XomaTH INWInari Merysapasni. Jap mapoutu
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MyalsiHU XyHYKKYHH MOJIUMEPU KPUCTAJUIIIABAHIAPO HU3 Jap XOJaTU IIUIIATH
XOCHJI KapJaH MyMKHUH acT [8, ¢.161-172].

I'yzapumxou ¢azasii rydra ry3apumxopo a3 sk XxojaTu ¢azaBit 0a
auarapaini, sSbHE Ty3apuIIXod 00 TarupéOuum TapTuOu OalHUXAMUU
YOUTUPIIABUN MOJIEKYJIaX0 Ba XOCHUITXOM TEPMOAMHAMMKHH MOJIa BoOacTapo
MeHOMaH/I [7, ¢.58-64].

I'yzapumxon ¢azaBum HaBbU SK Ba 1aypo dapk MekyHaHa.  ap
ry3apunixou ¢asaBuM TapTUOU SKYM TaMOMH XOCHSTXOU TEPMOIUHAMHKHHU
MOJIJIa YaXUITHOK Tariup édra, oH 60 MaBUyAUATH TapPMUU HUXOHUU Ty3apHII
TaBcud Me€Oan. ba 4YyHMH Ty3apuIlXo TyIO3UII, KPUCTAJUIAaBA TaOaMIOTH
nmoJuMopdu MUCOIT IIyJa MeTaBOHaAH. MacaaH, 1ap HyKTaW T'yJO03UII XauyMHu
XOC, TAPMUFYHYOMUII, IHTPOMHS, SHEPTUSH TOXWUINA Ba IMOTEHCHAIM uU300aph
YaxXMIITHOK Tariup me€Oanma. Jlap aitnm xom rapmit Gypy Oypaa MemaBan
(rymo3uiin) € xopuy MemmaBaj (Kpuctaummasi) [8, ¢.39-41].

I'yzapuixoun ¢azaBuu TapTubu ayioMm rydra Ty3apuiIxoepo MEHOMAH]I,
KM Jap OHXO TaMOMH XOCHATXOM TEPMOJMHAMHUKHU MOJJa YAXUIITHOK HEIO,
6anku 6edocuna tariiup me€bas. lap UH ry3apuiixo rapMiuyd HUXOHUU Ty3apHIll
MaBYy[ HecT [2, ¢.79-84].

Hap pacmu la BoOactaruu Xaumu XOC a3 Xapopart, K 0apou Try3apHIlu
dazaBum TaptHOHU I X0C acT (kpucTtammmaii), oBapaa mrymaacT. A3 pacMm auaa
MemraBaj, ku Bobacraruu V=f(T) nap xapopaTrxou a3 rygoxramiaBii OajaH Ba
nact 00 XaTXOM POCTH KYHUM MOWIMH TyHOTYHJOIITA TacBUp MeE0a.
Tariimpebuu xaum a3 xapopat 60 Tariupeéoun macodan MuéHam 6aliH MapKas3u
MOJIeKyJIaxo Bodacra act [3, ¢.12-18].

Xaumu xoc
Xaumu xoc

| !
T v T (11}
(@ ®)

Pacmu 1. Bobacmaeuu xaymu Xoc az xapopam Xameomu Kpucmainuasi (a) ea
wuawiasii (0).

Hap XomaTu arperaTud MO€b Jap YOWTUPIIABUU MOJIEKYJIaXOHd OH
TApTUOM HA3AMK YOH J0pajl, Ki UH TapTHO METAaBOHAJ Jap HaTUYau XapakKaTH
XapopaT# BaiipoH maBaj [6, c.157-164].
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YolnBa3KyHUM MOJICKYJIax0 XaHMOMHM Tariup &édraHum xapopaT, sSbHE
ry3apuil a3 K XOJIaTU MYBO3UWHAT# Oa aurapail BakTpo Tanad MeKyHas Ba
BaKTe, KM Jap JaBOMHM OH CHUCTeMa a3 sSK XOoJaTH MyBO3WHATiA Oa murapari
Mery3apa/i, BAKTH pejlakcaTCusi HOMUa MelIaBa.

Arap DJHEpPrusM TabCUPU MYTAKOOWIAaW MOJIEKyJIaxo Jap SK HaMyau
yourupiasuamon Uj Ba gap yourupmasuu gurapamon Us Ooman, mac 6apou
ry3apuIlM OHXO a3 K XoJyiaT 6a xonatu aurap aHeprusiu AU = U, - Uy —po capd
KapJaH JIO3UM acT. DXTUMOJIMATH Ty3apHuIliu oHXo 00 KoHyHH bontcman udona
Meéban [4, ¢.90-9].

W = A exp (-AU/RT) (1)
KM Jap uH 40 A- noumii, AU- 3Heprusu ry3apuii € pabosHok#, R- qoumun ras,
T- xapopatu MyTJaK.

MyBoduku popmynau (1) 60 kam myganu AU Ba OanaH IIyJaHu XapopaTt
OXTUMOJIUATHU Ty3apulll (TIeperpynnupoBKa) Mead30sI.

BakTtu 6apou rysapuiii MoJIEKyJa JIO3UMMa, € KU BaKTU PEIaKcaTChs T a3
OXTUMOJIMSTU Ty3apHII a3 K XoJaT 0a X0oJaTh AuUrap Ba sHEpPrusu (pabOITHOKH,
Xapopat BobacTtaruu 3¢puH J10pai;

T = 10 exp (|AU/RT) (2)

Hap noupan XapopaTxou OajaHATap a3 HYKTauh SIXOAHIMU MOEBXOU JOPOU
MOJIEKYJIaXOM XYpA, BaKTU pellaKcaTcusi, KW XaMYyH BaKTH MaBYYJIUSITH
TYPYXXOU MYTAIIaKKWIM MOJIEKYJIaBA MyailsH MeIllaBaj, Xelie KyTox, Oyna,
takpuOaHn 107-10 conusipo tamkun meauxan [1, c.12-18]. Jlap un ¢ocunan Bakr,
MUHTAKaxou TapTHOEhTa BapOH Ba a3 HAB TAIIKWJI MEIIaBaH/ Ba Jap UH BaKTU
KYTOXU pellakcaTChsi MMKOH MeAuxal, KA MYBO3WMHATH TapMUIUXUAPO dap
MOEbXOU MOJIEKYJIaBUM XYpJ 3ya O0a JacT oBapAaH MyMKHUH IIaBaj. XaM3aMOH
XAHTOMH XYHYKKYHH, 2HEPTHSAM XapaKaTu MOJIeKyJlaBH Koxuil &édTa, BaKTH
penakcatcust 0a TaBpU SKCHOHEHcHAId Mead30s Ba Jap XapopaTu MyailsH,
XapakaThu MOJIEKyJaBi 0a jJgapayae CycT MeliaBaj, KU 0Oa XoJlaTh CaxT
MyBOHUKAT MEKyHa/I, KU Jap HATH4a MOEbh CaxT MeIllaBa/l
[2, c.41-54].

PaBannu caxTmaBii MeTaBOHaJ 0a Iy IIAKJI CypaT rupaj: KpucTajulliaBi
Ba mumamani. Kpucrammmasi Tamakkyiad ¢a3zam HaBU KpUCTAUIA Mebola,
Jap XoJie KM IIWINAmiaBé ry3apumd (a3aBhd HECT, KM XAHTOMH XYHYKKYHH,
yacnakuu Moeb Mead3os Ba saHeprusu rapmun kuHetuk (E=kT) kam mryga, 6a
TaIaKKyJIM COXTOPHW KPHUCTAJIA Xajlal MepacoHand. Jlap xapopaTw Mmymraxxac,
yacmakid 6a 1013 mya3 Mmepacana, ku 0a yaclmakud YUCMHU CaxT MYyBOGUK Oyna,
MOEBM XYHYKIIyAa Oa XOoJlaTU IIMIIaMOHAH[ Mery3apal, 0e TaIlkuil KapJIaHu
rnmaHyapau KpucTaJuiu.
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Xapopate, Ku Aap OH yacnakuu maBoau amopdu 6a 1013 mya3 6apobap
acT, xapopaTu ImuinaiiaBi Homuaa memasag Ba 00 (Tw, Te, € Ty) uopa kapna
meraBaa Jlap padTu mumamaBi, XOCUITXOM MOJIa TaFUUp Me€OaH/I, Ty3apuIll
a3 XOCHUATXOU MO€bh 0a XOCHATXOM CaxT TaJpuyaH Jap JIoupaud XapopaTu
takpuOaHn 10-20°C 6a amain Meos1. A3 UH py, XxapopaTHu IIUIIAIIIaBi HYKTa HECT,
OaJIKu ap3ullld MUEHAU XapopaT Jap UH Auamna3oH medoman [3, ¢. 59-61].

MyBoduku Hazapusiu Tamman gap 60opau Tamaxkkyiau ¢pazad HaB, MEXaHU3MHU
KPUCTAJUIIIABHA a3 Mmaiaouin Ba ad30MIIM YaHUHXOM (pa3an KpuCTaId BobacTa
act. Jlap xapopatu Oananp, Jap Xama T'yHa MOE€bXO MUHTAKaxou TapTubédra
(TapTuOU HA3AMK) MaBYYJaHA, KU a3 XapakaTu rapMid BallpoH MelIaBaHi Ba
OXTUMOJIUATA TAaIlaKKyJIM YaHUHXOU (a3ad KPUCTAUTA KaM acT. XaHTOMHU
XYHYKKYHH, OXTUMOJMSATH TaWJAOWININ YAaHUHXOU KPUCTAJIUM  YCTYBOP
Meah30s1, 3epO IHEPTUSU XapakaTh rapMil KaMm MelaBaj. Xapoparte, Ku Jap OH
YaHUHXOW YCTYBOp Taig0o MeIlIaBaHI, XapopaTd KPUCTAJIIIIABA HOMUIA
Memanan [4, c.145-152].

CyppaTu KpUCTAJIIIIABH, KM XaM4YyH MUKIOPH MOIAAM KPUCTAJIIIIyaa
Jap BOXWAM BaKT MyailssH MemiaBajZ, OO CypbaTH TalllaKKyJd Ba PYUIIU
MapKa3xoM KPUCTAJUIM3ATCUS aJOKaMaHJ acT, KM MH Jap HaBOatu Xxya Oa
IIWIaTH XapakaTh rapMyd BoOacTta acT. XapakaTh rapMy Jap paBaHOu
KpUCTAJUJIIIAaBA HaKIIM AyroHa Meb0o3aa: a3 sk Tapad, oH 0Oa TapTubu
YOUTHUPIIABUU MOJIEKYJIaX0 XajaJl MepacoHal, amMMo a3 Tapadu mgurap,
ry3apuiIpo a3 TapTuOM Ha3AuK O0a TapTHOW Iyp OCOH MEKyHaa. A3 UH py, 601
MUAJATHOKUYA ONTHUMAJIMK XapakaTd TapMid MaByya Oolaa, Ku cypbaTu
MaKCUMaJINU KPUCTAJUIIIABUPO TabMHUH HaMosiT [6, ¢.98-102].

Xoaucaxon map XapopaTu mactrap a3 Tkp OaamanosHaapo auaa
MebapoeM. bBo mact mygaHu Xapopar, IIMIJaTHOKHUU XapakaTh TapMid KaM
myaa, dJaclakuyd cucrema Mead3os1. XaHMOMHM XYHYKKYHUHM CHCTEMa, aap
MUHTAKal XapopaTe, KM 4Yacmakid OH Kamap OajaHi HECT, TypyxOaHIuu
MOJIEKYyJIaX0 HMKOHIA3Up acT Ba XapakKaTd TapMid HUMKOHUSTU Xalaaop
KapJlaHd MHUHTAKaxXoW TapTUOEPTapo KamTap MeKyHaa. A3 UH py, 60 mact
IIyJJaHU XapopaT, CypbhaTH MalIOUIIN MapKa3Xou KPUCTAUIM3aTCUs Ba CypbaTU
adgzoutm ouxo mead3zosn [3, ¢.29-32].

Hap MuHTaKam Xapopare, KM yaclmaki Xeje OajaHJ acT, TYpyXOaHIUH
MOJIEKYJIax0 JyIIBOp Merapaaj Ba 00 MmacT NIyJaHW Xapopar, cypbaTu
KpUCTAJUIIIABA CYCT MellaBaJ. XaMUH TapukK, BoOacrarum CcypbaTu
KPUCTAJUIIIABH a3 XapopaT 00 XaTH Kayu JOPOU MaKCUMyM Hdo1a Mecda.
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Qacnaxu

Cypvamu
Kpucmanmasu

T T

o KpP

Pacmu 2. Bobacmaeuu cypvamu cabzuwu xpucmanixo (1) eéa wacnaxii (2) a3z
xapopam.

Xapopatu wMmyBopumKk 060 MakcumMym gap rpadukm  cypbaTu
KPUCTAJUTM3ATCUSl XapopaTH ONTUMalli MeboInaa, KU Jap OH CypbaTH HH
paBaHa 0a XaJau akaja Mepacaj] Ba Jap UH aCHO MYXUM acT Kala Kapid, KU UH
XapopaT xaMellla KyToXTap a3 XapopaTu KpuUcTajiu3aTcusu 6apodbapun mojaa
Meboman [3, ¢.75-82].

XaHroMu XyHYKKYHMH Mojaa Oa TacTrap a3 XapopaTd OINTHUMAaJH,
CypbaTH KpUCTAJNIU3aTCUs Oa TaBpW Hazappac Kam MellaBaj Ba Jap SK
xapopat, ku 60 HoMH Xapopatu muimamoHanan (Tg) mawpyd actr, 6a cudp
Mepacaj. dap aman, gap xapopaTxou mouHTtap a3 Tg KpucTaaanu3aTcusiu Mojiia
aMajan FapUMyMKUH Merapaal. A3 WH py, XOJaTH IIUIIaMOHAHJ SK XOJaTh
TEePMOJAMHAMUKUM HOOapoOap Mebolaa, K METaBOHAl MYJIATH Japo3 YCTYBOP
OumMoHas.

bap acocu Hazapusu MULIEIUIAPH, MTAaHBACTATUXOHU TOJIUMEPH a3 MUIIEIIXO
nbopaTaH/l, KM arperaTxod MOJIEKYJIaXxOu CaXTH MaKpPOMOJEKYJIW MeOOIIaHI.
Hap xap sax munen a3 40 to 50 makpomosiekyna ©0a TaBpuU 3UY YOUTUD
MeliaBaHA. bo By4Yyyau WH, Ha3zapusd MULEJIIPA TABOHHUCT XYCYCHSATXOU
MOJIMMEPXOPO Ba paBaHJIXOU XaJIIIaBUM OHXO Myppa mapx, auxan [8, c.12-18].

bo pymiau tacaBBypoT map Gopaum TMOKOCTH 3aHYUPXOHU IOJUMEPH Ba
UCOOTH BYYY/ JOIITAHU MOJIMMEPXOU aMopdi Ba KPUCTAIUIH, HA3apUIXOU HAB
nap 6opam MyHOCHOATH MAKpPOMOJEKYJIaxX0o Jap IMOJUMEPXO Maiao IIyJaH.I.
TacaBBypOT HMUIIIOH MEIUXAH, KU 3aHYUPXOU YaHIUP Oa TaBpU JOUMM IAKIU
XyJpo 00 TabCUPU XapakaTu FapMHUM MAWBACTaruxo Tariup Meauxaua. Mojenu
KPUCTAJUTH TOJIMMEPPO Aap Hazap Merupaa, KM MHUHTAKaXOW KPHUCTAJUTH Ba
amMopdi XaM3aMOH MaBuYYJaH, Ba SIK 3aHYUP METABOHAJ a3 SIKYaHJ MUHTaKau
Kpuctajuii Ba amopdu ryszapaa. Hdap muHTakaum aMmopdid KUCMATXOU 3aHYUP
MeTaBOHaH]1 0a xamaurap neuujaa oomann [7, ¢.19-25].

Hatnyaxon TtaypmbaBh Ba XUCOOXOM Ha3apuUsIBA WUH MOJEIXOPO, KH
MyAJaTH TYJIOHW XaMuyH MOJEIXOU MabMysl KaOya MellygaHa, TaHKUI
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kapaann. Kopmmnaocon B.A. Kaprun, A.M. Kuraiiropoackuit Ba T.JI.
CloHMMCKUM KaMOyAUXO0W 3€pUHPO HUIIOH TOAAH/:

Morsekynaxou 3aHYUpUM YaHIUp OO0 YOUTHUpIIABUM FaUPUTAPTUOU
HaMeTaBOHaH/1 ©Oa TaBpu 3UY TNAMBACT IIAaBaHI, Jap XoJie KU XaMau
MabIyMOTXOU TaypuOaBi T'yBOXW MEIUXAH, KU MOJUMEPXO 00 3UuuM OajiaH[l
MMABACT MEIIABAH/I.

Oconnu ry3apuinu ¢a3zaBi, KU XaHTOMHM TApMKYHI € XyHYKKYHA 6a amal
Meosi1, 00 TacCaBBYPOT a3 3aHYUPXOU Ieunia MyBO(PUK HECT.

HomyMmKuH acT, KM MOJIeNIM TTOJIUMEP Taxuys I1aBaj, KU Jap OH 3aHYUPXO
a3 MUHTaKau TapTUOIIyda XOpuUYy MeEIIaBaHi, NMedyuga MellaBaHa Ba ayodopa
MHUHTaKau TapTUOILIyapo TalKui Meauxau [1, ¢.31-42].

bap acocu TacaBBypoTH MyOoCHUp, KU a3 TAAKUKOTHU JIEKTPOH-MUKPOCKOIIN
Oapmeosis, TOIUMEPXOM aMopdil a3 3aHYUPXOUW Meuraa, K TII00yIaxopo
TAIIKWI MEAUXAHI, € a3 3aHYUPXOU 1apo3 Ba YaMblllya aap 0acTxo nbopaTtasi.
Jlap 0ab3e x07aTX0, BaKT€ KM MaKpOMOJIeKynaxo gap Oacrxo kodpi yaHgup
OomiaHa, OHXO METABOHAH] IMeuuja IaBaHA, KM WH paBaHI Jap TAaCBUPXOHU
ANEKTPOH-MHUKPOCKOIIN MYIIIOXHIa Kapaa Memanan [, ¢.58-62].

Tamakkynu 1100y1axo K Mapxujlau MHEHA Jap paBaHIXOU
KPUCTAJIIU3ATCUSIU TIOoJIMMepXo Mebomana. Jlap xonarte, KM MakKpOMOJIEKYJau
MOJIMMEpP JOPOM COXTOPM MYHTa3aM Ba XYCyCUATH 4YaHIUPXA MeOola,
ry3apuiy (azaBi gap JOXMIM TJI00yJIa UMKOHIIA3Up Merapaaa, Ku 0a OCOHUU
rapJuMil Ba caMTH TaMBacTarmxo BobOacrta acT. A3 WH Py, MOJUMepXou 00
3aHYUPXOU MYHTA3aM Ba YaHAUP, MacajiaH, IMOJMATWIEH Ba IOJUIIPONUJIIEH,
Main 6a kpucraauzarcus gopaHa. lap 3aHyupxou HUCOATaH CaxT rapaulld
nmaiiBacTaruxo IymiBop Oyma, XaTTo Jap MOXWIM TIoOylaxow TapTtuOédra
KpUCTAUIM3AaTCUsl MaxJya MellaBaj (MacajaH, ceiuttoiosa). Ilac, ryzapuiixou
dazaBi gap riao0yaaxo TaHXO Jap CypaTH MaBYya OyJaHU 3aHYUPXOW MyHTa3aM
Ba YaHIUPp UMKOHMa3upauHy [6, ¢.39-44].

CoxTopxou NOJIUMEPH, KM a3 YOU I'YHOTYHU YOWUTMPIIABUU MOJIEKYJIAXO
0a By4YyJ MEOSIHJ, XaMUyH COXTOPXOU O0JIOM MOJIEKYIN (HaAMOJIEKYJIi) TaCHU(
MelllaBaH[d, KU TJ00yJlax0 OJJIEMEHTH MOTHUAOUM COXTOPXOU HAAMOJICKYIN
MeOOIIaH]I.

XAHTOMU COXTOPM HOMYHTa33aMM 3aHYUPXOHU IMOJMMEPH, TAIIAKKYJIU
COXTOp Jap MapxXuiad TalllaKKyJIu TJo0ylnaxo Karh Mmemasad. Jlap xomatu
3aHYUPXOU MyHTa3aMm, 00 acocu rj1o0yJiax0 COXTOPXOM HAJIMOJIEKYJIH JapaTau
ayioM 0a By4yn MmeosiHa. MacanaH, T1o0yjaxo METaBOHAHI MYyTTaxXua IIyna,
JIaMeJIXOU pHUIITAMOHAHJ TallKuWil JuxaHa. Jlamenxo, 0a HaBOaTu Xy,
XaMJIUTappo MyIIOHAA, COXTOPX0H chepouTupo 6a Byyya Meopana. Mapxuian
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HUXOWUU TAIIAKKYJIM COXTOP XYy3ypH KPUCTAJUIXOM ajoxuaa 00 aHAo3au 4YaH[
MukpomeTp To 100 Mxkm meboman. ChepouTxo COXTOpXOoU MHUEHApaB Oyja,
Tell a3 MaJOUIIN KPUCTAIIXOU AIOXUAa YOUTrup Memasau [2, ¢.99-112].

Tamakkynmu  chepoiuTXon KaJloH (TO  SKYaHA  MWUIMMETp) €
MOHOKPHUCTAJIXOU KaJIOH 0a paBaHIXOM MOJIAaXOW KaMMOJIEKYJ MOHAHJ acT.
Jlap Xanxou MOJMMEPH HYTH KPUCTAJUIM3ATCUS MAWA0 MEIIaBad; HYTXOU XYpPI
XaJl IIy1a, TaBacCyTH OHXO CEepOIMTXOU KaJloHTap ad3ouil MeédaH 1 (paBaHIN
pekpuctaumzatrcus). Kpucrammzatcusy IojluMep Aap XyIAyAd MyalsHU
XapopaT cypaT Merupaj — a3 xapopaTu IIUIIAMOHAHIN TO XapopaTu OOIIaBH.
Hap xapopatxou nacrrap a3 Tg XapakaTu rapMuu naWBacTaruxo Houus Oyja,
MOJIUMEPH KOOUITM KPHUCTAJITIN3aTCUsI KPUCTAJII HaMeIlaBaI
[7, c.19-42].

MyBoduku TacaBBYpoT owja 0Oa INHWINAIIABHM YUCMXOM Maccau
MOJIEKYJIMAIIIOH XYpJl XapopaTe, KU Aap OH MOJda Oe XOCHJI KapAaHu MaHYapaun
KPUCTAJUTI CaxT MeEIIaBajl, XapopaTd IMHINAlIaBi HoMmuAa MemiaBaa. bapou
MOJIMMEPXOM KPHUCTAJUIIIaBaHIa XapopaTd IIMINAIIaBA Xamellla a3 XapopaTu
KpUCTaJUIIIAaBH ITacTrap acrt.

Azbackyu IMIIAIIaBUM MOJUMEPXO cababu mnaigolaBud IaH4yapau
KpUCTAJUT1 Hamerapaa, UH paBaHi ry3apuinu ¢aszasii HecT. dap xapopatu a3
XapopaTy WIWINAIIABA MHacT Ba OajaHa TOJUMEP Jap sAK Xojatu ¢a3asii-
amopdiu act [3, ¢.101-112].

[Tomumepxou xatTuu amopdim BobOacTta a3 XxapopaT MeTaBOHAHA map 3
X0JaTu (PpU3MKHA- MUIIAMOHAH/I, OaJTaH3JIaCTUKM Ba YacaKy caién OomaHI.

XonaTu MmUIIaMOHaHA 00 XapakKaTd JalMaHAau aTOMXOHW 3aHYyup Aap
XolaTH MyBO3WHAT#H TaBcud wMecbam. XapakaTd JaIlllaHJaud 3BEHOXO Ba
YOWMBA3KyHUHU SIKJIYXTH 3aHYUP JIM1a HaMellaBajl. XoJaTu OalaHA3IaCTUKA 00
XapakaTy JamnmnaHaau 3BEHOXO (JaIMMIIXONW YapXOH) TaBcud meébaa, Ku map
HAaTUYa 3aHYUPH TOJMMEPHA KOOWIMATH XaMHUIIPO TMaig0o MEKyHad. XoJaTu
yacmnaky caién 60 xapakaTHOKMH TAMOMH MaKpOMOJeKyiia TaBcud meéda.

XaHroMu TapMKyHUU TOJIMMEP aBBajl XapaKaTH JIallllaHIad 3BEHOXO Ba
TAaHXO Jap XapopaTxoHw OajlaHATAp XapakaTh 3aHYUPXO pyd Meauxal. XaMUH
Tapuk, 00 OalaHa IIyJaHW XapopaT IOJUMEPU XaTTuM amMopdiét a3 XojaTu
HIUIIaMOHaH 0a XonaTu OajlaHARIACTUKK Ba O0abj 0a XOJIaTH YaclaKy cauén
Mery3apas. bo macrmaBum XapopaT HOJIMMEP Xap ce XoJaTpo Jap TapTuou
O6apbakc (uamrma) Merysapan [8, c.25-42].

['yzapumu monmuMep a3 Ak xojaTu (pu3mkin Oa gurapam Ha Aap SK
XapopaTd MyaisH, OalKu Aap SroH coxau Xapopar O0a amall MEOsI.
Xapoparxon MHMEHAM COXaXOM Ty3apuil XapopaTxXou Ty3apuil HOMHJA
MelaBaHI.
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XapopaTu ry3apull a3 XoJIaTH MIUIIAaMOHAaHI 0a X0JIaTh OalaH/I3JIACTUKHA
(Ba Oapbakc) xapopaT MIMINAIIABUHM MOJuMep HoMmuAa mynaa, Tw € T, umopa
KapAaa MelaBaj. XapopaTu Ty3apull a3 xojaTh OajaHI3IacTUKA 0a yacmaky
caiién xapopatu yopuiapi Ty (Tr) Homuaa memaBa.

XaHToOMH TApMKYHHHU TOJIMMEPH KPHUCTAIIA Jap XapopaTu a3 XapopaTu
ryao3uil OajaHi OH aBBajl Oa XojaTu OajaHANIacTUKil Ba mac 0a XoJjaaTu
yacmaky caién meryszapaa. docuiaan O0aliHM XapopaTu TYIO3MII Ba XapopaTu
YOPHUIIABUU TOJUMEpP, KU Oa XonaTu OajaHAdIaCTUK MyBOPHUK Meosin, 00
ad3ynanu maccau mosekynin meadzosia. [loauMepu kpucramimaBaHgan Maccau

MOJIEKYJIUM XYPUIOIITa MeTaBOHA I IKOOpa Oa X0oJlaTh Yacnaky caié€n rysapa |5,
c.89-92].

Hedpopraatcua
LMLIarMoHaH
DanaHa3anNacTKK
B dacnaky
canen

4

Xapopat
Pacmu 3. Kayuu mepmomexaHuKuu noaumep.

YucMxon wMaccam MOJIGKYJIMM XYPJUIOINTAa Ba IOJIUMEPXOM Maccau
MOJICKYJIMAIIOH XYypJ a3 XoJIaTH IIWIIaMOHaHa 0a Moeb Mery3apaHI.
[Tomumepxo OommaHa, XaHTOMH TapMKYHH a3 XoJjaTH IIHIIaMOHaH7 Oa
OaaHIPIACTUKA Ba Tac 0a XojaTu yacmaky caién meryszapana. bunobap on
XapopaTXou MIUIIAIIABHA Ba YOPUIIIABUHU TTOJIUMEPX0 (papK MEKyHaHI.

INy3apumm noauMeppo a3 xojaTd OajlaHJRJAaCTUK O0a XoJjiaTh (Jacraky
caif€n) a3 Tariupébuu nedopmarcusi Bobacra a3 XapopaT MyalsH HamyaaH
MyMKuH act. Kayum BoOacrarum pgedopmaTcuss a3 XapopaTpo Kauuu
TePMOMEXaHNK MEHOMAaH]I.

bapou mnomumepxowm amopduud XaTTUM Maccald MOJICKYJIMAIOH KaJIOH
Kaylu TepMOMEXaHUKH 3 coxa (KUuTbha) Jopaid, ku 6a 3 xonatu pusukii MyBopUK
meosin (pacmu 12). Coxau sikym (1) 6a XojlaTu MIMIIAMOHAH MYBO(MUK MEOS/I,
ki 00 aepopMaTcHsIXoW XypJ Oapou KMMATXOU Ha OH Kajap KajJOHU IIUAaaT
taBcud me€ban. Coxau ayrom (II)- 6a Xomatu OamaHIRIACTUKA TaaJlIyK Jd0pa,
KU 0a oH nedopmMarcusixow KajoHU OaprapmaHaa MyBopuk wmeosna. ba uH
nedopmatcus aedopMaTCUSIM YOPMINABH 3aM MellaBal, KM OH 0o ad3ouiu
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xapopat Meadsosa. dap XapopaTxou OalaHATap KYYWIIM HUCOWMU 3aHUYUPXO
YYHOH OCOH Merapjajl, Ki YOPUIIIAaBUU XaKUKA Py MeIUXal.

Hap coxan MyailssHM XapopaT MOJUMEP a3 XOoJIaTU OalaHIPJIacTUKA Oa
XO0JIaTH Yaclaky cai€én meryzapaia. MH ry3apuin 6o sxbopa ad3ymanu Oy3ypruu
nedopmatcus TaBcud meeban (coxau I1I).

XapopaTu Ty3apuil a3 XojJaTh OalaHAdIACTUKA Oa dJacmaky caién
(xapopatu yopumaii Ty € Tr) HykTam anmoxuaa HaOyga, Oalku XapopaTu
MUEHAU OH COXAECT, KU Jap OH YOPUIIIABUU XAKUKUU MOJUMEpP pyH Meauxan [8,
c.39-42].
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TAXKUKOTU ®U3UKUU XOJATXOU AT'PETATHU, I'Y3APUILIXOU ®A3ABH BA
XYCYCUATXOU TEPMOMEXAHUKHWH ITOJIMMEPXO

Quwypoa. Jlap xopu Ma3Kyp cyXaH aap Oopau X0JaTXOW arperaTtu Ba
ry3apuii  (pazaBuM TMOJUMEPXO Ba Jap MOEbXO ad3ymaHu maapo3uu
MaKpOMOJIEKYJIaX0 MabJIYMOT oOBapja IIyJaacT. XaHMOMU TapMKYHUU
MOJIMMEPHU KPUCTAIUI 1ap XapopaTH a3 XapopaTu r'yA03Ulll OalaH/ OH aBBaj O6a
XOJIaTu OalaHAdIACTUKHA Ba mac 6a X0JIaTh yacmaky caién merysapan. docunan
OaliHM XapopaTu TyIO3UII Ba XapopaTd YOPHUIIABUU TOJUMEp, KU Oa XoJjiaTu
OamaHmPIacTUKn MyBOPHUK Meosia, 00 ad3ygaHu Maccad MOJIEKYIn mead3os.
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[Toaumepn KpucTaIIaBaHAauW Maccad MOJIEKYJIMU XYPIIOIITa MeTaBOHAaI
akOopa 0a X0JIaTH Yacmaky caiién ryzapaa. MyalsiH kapja 1ry1aact,KuXaHTOMU
HIUOAT CypbhaTH KyUuuipo ad3ynaH,noiuMep 6a coxaum 4opulllaBue Merysapals,
KU Jap OH a3 cababu OamaHa OygaHu CypbaTd KyuMIl TaHXO SIK KUCMU
COXTOPXOM OOJOMOJICKYJIMH XaHTOMHU KYUMINI BalpOHINyJa MMKOHH OapKapop
IIYJAHPO AOpaHi, Ba 00 ad3ydaHH AAapO3UU MAKPOMOJIEKYJIAX0 XaM MUKIOPHU
TUPEXX0 Ba XaM MUKIOPH aCCOTCUATXO XeJie Mead30sH/I.

Kanuososrcaxo: Ty3apuliKyHaHOA, MOJMMEP, MAKPOMOJIEKYJA, JIAFKUIIL,
CETMEHTXO0, Yacaku, 3PeKTHBH, IUIIAT, SHTAIIIHNS Xapopar.

OUBNYECKOE NCCIEJOBAHUE ATPEI'ATHBIX COCTOSIHUNA,

3AKOHOMEPHOCTEN ®A30BBIX IIEPEXO/I0B U TEPMOMEXAHUYECKHX
CBONCTB INIOJUMEPHBIX MATEPUAJIOB

Annomauus. B nanHoit pabote peub UJIET 00 arperaTHbIX COCTOSIHUSIX U
($a30BBIX Iepexojiax TMOJUMEPOB M B JKUJIKOCTAX OO0 YBEIWYCHUU JJIMHBI
Makpomosiekysn. Ilpu HarpeBaHuM KpUCTAJUIMYECKOTO  IIOJIMMEpa IpHU
TeMIIepaTypax, IPEBBIIAIONMX TEMIEPATYpPy IUIABIIEHUS, OH IMEPEXOAUT
CHayajla B BBICOKOIJIACTUYHOE COCTOSIHUE, 4 3aTEM B BA3ZKOYIIPYI'O€ COCTOSHUE.
NHutepBanm Mexay TemIeparypod IUIABJIEHUS W TEMIEPATypPOM TEKy4eCTH
IIOJINMEPA, COOTBETCTBYIOIIEN COCTOSIHUIO BBICOKOW YIIPYTOCTH, YBEIMYMBAECTCS
C YBEJIMUYEHUEM MOJIEKYJIIPHOM Macchl. [Ipu 3TOM OH MOXET mpeBpaliatbCs B
MEJIKOAUCIIEPCHBIM MOJIMMEpP C HEOOJBIION MOJIEKYJSIPHOW MaccOou, KOTOPBIN
MOKET MTHOBEHHO IIEPEXOJIUTh B BA3KOE U IJIAJKOE COCTOSIHUE. YCTAHOBJIEHO,
YTO IIPU YBEIUYEHUU MHTEHCUBHOCTU CKOPOCTU MUTPALUU ITOJIUMEDP IIEPEXOIUT
B 00JIaCTh TEKy4YeCTH, B KOTOpPOM MH3-3a BBICOKOW CKOpPOCTH MUIPALUU
BOCCTAHABJIMBAETCA  TOJBKO  YacThb  pPa3pylIEHHBIX IPU  MUIpALUU
HAJMOJIEKYJIAPHBIX CTPYKTYp, a C YBEIUYEHUEM [UJIMHBI MAaKpPOMOJIEKYJI
3HAYNUTEIbHO YBEIIMUMBAETCA KaK KOJMYECTBO Y3JI0B, TaK U KOJIMYECTBO
accolMaliuim.

Kniwouegvie  cnosa:  npoOHULAEMOCTb,  IOJMMEP, MaKpPOMOJEKYJa,
MPOCKAIb3bIBAHUE, CEIMEHTBI, BS3KOCTh, 3(PPEKTUBHOCTb, HANPSKEHUE,

OHTAJIBIINA, TCMIICPpATYypPAa.
PHYSICAL STUDY OF AGGREGATE STATES, REGULARITIES OF PHASE
TRANSITIONS, AND THERMOMECHANICAL PROPERTIES OF POLYMERSIC
MATERIALS

Annotation. In this paper, we are talking about the aggregate states and
phase transitions of polymers and, in liquids, an increase in the length of
macromolecules. When a crystalline polymer is heated at temperatures above the
melting point, it first passes into a highly elastic state, and then into a viscoelastic
state. The interval between the melting point and the flow temperature of the
polymer, corresponding to the state of high elasticity, increases with increasing
molecular weight. At the same time, it can turn into a finely dispersed polymer
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with a small molecular weight, which can instantly transform into a viscous and
smooth state. It has been established that with an increase in the intensity of the
migration rate, the polymer passes into the region of fluidity, in which, due to
the high migration rate, only a part of the supramolecular structures destroyed
during migration are restored, and with an increase in the length of
macromolecules, both the number of nodes and the number of associations
significantly increase.

Keywords: permeability,polymer, macromolecule, slippage, segments,
viscosity, efficiency, stress, enthalpy, temperature.stickiness.
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VJIK 535.361
AHAJIN3 CIIEKTPOB BTOPUYHOT'O W3JTYYEHMS
®APMAIEBTUYECKUX MPEITAPATOB HA OCHOBE
UCMOJIb30OBAHUS MAJIOTABAPUTHOW CUCTEMBI PETUCTPAIIMA

Maxmymzona A.M., Ymapos M.D.
oy «Xymxanackui rocyiapcTBeHHbI YHUBEPCUTET UMEHH aKaJeMHKAa
bobom:xona I'adpyposay»

BBenenune W akTyadabHOCTh. B mocienHue  roasl  MHTEpEC K
dotomomunectieniiuu (OJI) B dapmarieBTUUECKUX HCCIEIOBAHUSIX 3HAYUTEIHHO
Bo3poc. [lorpeGHOCTH B  CO3JaHUM  WHHOBAIIMOHHBIX  MEJAMKAMEHTOB U
COBEPIICHCTBOBAHUU CIOCOOOB HX OIIEHKM OOYCIaBIMBAET BAXKHOCTh JaHHOMN
obnactu uccnepoBanuil. Cnektpanbhble xapaktepuctuku @OJI mMoryr momous B
MOHUMAHUM MEXaHU3MOB JICHCTBUS MpemaparoB, a Takke B OIEHKE UX
OMOJOCTYITHOCTY W TOKCHUYHOCTU. Takum oO0pa3oMm, H3YyUYEHHE CHEKTPAIbHBIX
ocobenHoctet DJI (apmaneBTHUECKUX BEIIECTB MPEIOCTABISIET 3HAYUTEIBHBIC
BO3MOKHOCTH JIJII CO3/IaHUS U YJIYUYLIEHUS JIEKAPCTBEHHBIX IIPENapaToB, OMPEIEIsis
€€ TIePCIEeKTUBHOCTD JIJIs Oy AYIIUX HAYIHBIX PadoT.

OmHuM W3 TEpPCHEeKTUBHBIX HAMpaBICHUN B 3TOW 00JIaCTH  SIBISIETCA
WCCIICIOBAHUE CIIEKTPOB BTOPUYHOIO H3JIYyYEHHUS, KOTOPOE IO3BOJACT IMOJTy4aTh
BOXHYIO HH(OpMAIMI0O O COCTaBe, CTPYKType M CBOWCTBaxX (hapMarleBTUUECKUX
cyOcrtanuumii. BHeapeHwe Majnora0apuTHBIX CHUCTEM PETUCTPAIlMM  CIIEKTPOB
OTKPBIBAE€T HOBBIE BO3MOYKHOCTH JIJII IIPOBEACHUSL ONEPATUBHOTO U BBICOKOTOYHOTO
aHaJIM3a HEMOCPEICTBEHHO B J1a0OPATOPHBIX YCIOBUSIX WU Ha MPOU3BO/JICTBE.

AKTYallbHOCTh TeMbI 00YCJIOBJIEHA COBPEMEHHBIMU TPEOOBAHUSAMH K KOHTPOIIIO
KauecTBa M O€30MaCHOCTH JICKAPCTBEHHBIX CPEJCTB. B yCIIOBUSIX MOCTOSTHHOTO pocTa
accopTuMeHTa (apMarleBTUUECKON MPOAYKIMH U YKECTOUCHHUS HOPMATUBHBIX
CTaHJAPTOB BO3HUKAET HEOOXOJMMOCTh B OMNEPATUBHBIX, TOYHBIX M MOOUIIBHBIX
METOJaxX aHalau3a, KOTOPbIE MO3BOJIAT MPOBOJUTh MOHUTOPHUHI COCTaBa M CBOMCTB
IIpenapaToB HEMOCPEACTBEHHO HA MPOU3BOACTBE UM B MECTAX pPEAIU3ALIAH.

Hcrnonbp3oBanne MajaorabapuTHBIX CUCTEM PETUCTPAIIMN BTOPUYHOTO U3TyUECHHUS
OTKPBIBAET HOBBIC BO3MOXKHOCTH ISl OBICTPOTO W HEpa3pyIIAIOIIETO KOHTPOJIS
dapmaneBTUYECKUX TMpenaparoB. Takue CHCTEMBl O00ECTIEUYUBAIOT  BBICOKYIO
YyBCTBUTEJIHHOCTh U TOYHOCTh M3MEPEHUMN, MPU ITOM OTIUYAIOTCS KOMITAKTHOCTHIO
U yJI00CTBOM 3KCIUTyaTalliu, YTO OCOOEHHO BAXKHO JJI1 MOOWJIBHBIX JIaOOpaTopuil u
MIOJIEBBIX YCJIOBUH.

Heanr paGorsl u 3agaum. llenpio naHHON cTaThu sABISETCS pa3paboTka |
VCCIIEIOBAHUE  METOJIOB aHajau3a  CHEKTPOB  BTOPHUYHOIO  M3Iy4YEHUs
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(apManeBTUYECKUX MPENnapaToB C MCIOIb30BAHUEM MAajoradapuTHOM CHCTEMBbI
perucrpauuyd. OTO TO3BOJIMT MOBBICUTH TOYHOCTh M ONEPATUBHOCTH KOHTPOJS
KauyecTBa JIEKAPCTBEHHBIX CPEJCTB, a TaKKe 00ECHeUYUTh BO3MOKHOCTb MPOBEJECHUS
aHaJl3a HENOCPEICTBEHHO B IPOU3BOACTBEHHBIX WM KIMHUYECKUX YCIIOBUSX.
OcCHOBHBIE 337]a4H CTaTbU BKJIKOYAIOT:

1. M3ydeHue OPUHIMIOB padOThl MaJOrabapUTHBIX CHCTEM PErHCTpaluu
CHEKTPOB BTOPUYHOI'O H3JIYYEHUSI U HMX MPUMEHUMOCTh K (hapMaleBTHUYECKOU
IPOIYKLHUH.

2. Pa3paboTka MeTonuMKH cOopa W 0OpabOTKH CHEKTPaJbHBIX JaHHBIX C
UCIIOJIb30BAaHUEM KOMITAKTHOTO 000pYAOBaHMUS.

3. IlpoBeneHue  SKCIEPUMEHTAIBHBIX  UCCIENOBAaHMM Ul  OLICHKHU
YyBCTBUTEIBHOCTH M  TOYHOCTM  aHajM3a pa3iMuHbIX  (apMaleBTUYECKUX
Ipenaparos.

4. Pa3paboTka MporpaMMbl, MO3BOJSIOMIAS MHPOU3BOAUTH HACHTH(PUKALIMIO
KOMITOHEHT (bapmaleBTUYECKUX COEJIMHEHUH, Ha OCHOBE aHanusa
(OTOTIOMHHECIIEHTHBIX CIIEKTPOB BTOPUYHOTO U3ITYUEHUS.

5. Coznanue 0a3bl JAHHBIX CHEKTPAIBHBIX XapaKTEepUCTUK
¢doronmoMuHEeCIEHIIMM  (apMalleBTUYECKUX  MpernaparoB s JajdbHEHIIEero
UCIIOJIb30BAHUS.

Pemenue 3TUX 3a7a4 MO3BOJIMT HE TOJIBKO PACHIMPUTh HAIIM 3HAHUS O
(OTOTIOMHHECIIEHTHBIX CBOMCTBaxX (hapMaleBTUYECKUX MpPenapaTroB, HO U OTKPOET
HOBBIE BO3MOXXHOCTM JUIsi HMX TMPAKTHYECKOTO0 TMPUMEHEHUs B MEIULUHE U
(papmaneBTtuke. [l 1OCTHXKEHUS OTOW LEAM NPUMEHSIOTCA pa3HOOOpa3HbIe
CHEKTPaJbHbIE  METOJUKH, Takue Kak  (IyOpecLEHTHass  CIEKTPOCKOIHS,
CHeKTpockonusi komOuHanmoHHoro paccesHuss cBeta (KPC), Henunelinas
ONTHYECKAs CIIEKTPOCKOIus u apyrue [1, ¢c. 146; 2, ¢. 461; 3, c. 5].

B pamMkax 3Toro uccieoBaHus Mbl IPOBEJIM CPABHUTEIIBHBIN aHAJIN3 CIIEKTPOB
(OTOMIOMUHECHIEHIIMM W pacCUUTAIA  KOI(P(GULIHUEHTBl  KOPPEIALMH  MEXAY
peaNbHbIMM M 3TaJOHHBIMU (DapMalleBTUYECKUMU JIEKAPCTBEHHBIMU CpPEICTBAMH,
IPEICTaBICHHBIMH PA3JIMYHBIMU TOPTOBBIMU MapKaMHu.

Metoauka 3xcniepuMeHTa M 00pa3ubl AJs1 UccjaenoBanus. CreKTpajabHbIe
XapaKTEepPUCTUKH JIOMUHECICHIIUU (apmalieBTUYECKUX COEIMHEHUI
PETUCTPUPOBAINCH  METOAOM  BO30OYXKJIEHUS C  HCIOJB30BAaHHEM YETBEPTOIl
TapMOHHKH Jla3epa Ha aJIFOMOMTTPUEBOM IpaHarte (JITMHA BOJHBI 266 HM) [4, c. 436;
5, ¢ 28]. CxematnuHoe U300paKEHUEC OKCICPUMEHTAIHHOW  YCTAHOBKH
IPEICTaBICHO Ha PUCYHKeE 1.
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Puc.1. Cxema sKcnepumMeHmanvbHOU YCMAHOBKU ONi pecucmpayuu CneKkmpos
8MOPUUHO20 U3TYYEHUS

Puc.1. Cxema skcnepumenmanvHou

(LN

1064um 532um || 266um | 8 YCMAaHO6KU 0N pe2ucmpayuu

S\) CNeKmpo8 BMOPUUHO20 U3YUEHUSL:

" N _ _ ‘ L 1, 2, 7 - 3eprana;, 3 - axmusHuvlil
_L_YL OQ 10 onemenm,; 4 — Haxkauka;, 5 -

5 5 (\) 5 7 HenuHeuHbll Kpucmani, 6 - 1unza; 8

4 6 6 11 — Komwoeucop, 9 — ¢uxcamop

2 \ ceemogooa; 10, 11 - ceemosoo, 12

13— Munucnekmpomemp FSD-8; 13-
e

s~ 7

m\ uccnedyemoe  eeujecmeo; 15 -
14 xomnviomep.

uuﬂundpuqecmﬂ Kroeema

ouamempom Imm; 14 —

B kauecTtBe WuCTOYHHMKA YJIBTPA(PHUOJIETOBOTO CBETa JUIsl BO3OYXKACHUS
UCIIOIB30BAJICSI YETBEPTHIM TapMOHUYECKHI CHUTHAl OT Jla3epa Ha OCHOBE
ATIOMOUTTPUEBOM TpaHATE, CO3JAIOIIAN MOCIEAOBATEIIbHBIE MMIYJIbCHI C JIUHOU
BOJIHBI 1064 HM.

Jlazep oGmaman cpeaneit MOITHOCTRIO B 10 MUJIITUBATT, 4aCTOTON MOBTOPEHUS
umiysbcoB 3000 pa3 B cCekyHAYy U NPOAOKUTENIBHOCTHIO KaKI0r0 uMmiyisca — 10
HaHOCeKyHJA.  [IukoBas  WMHTEHCHBHOCTb  YJIbTPA(PHUOJIETOBOTO  HW3IyYCHHS,
TIONAJAoIIEro Ha MOBEPXHOCTh M3y4aeMOro Marepuana, cocrasisia 10 10° Br/cm?,
HesnaunrtenbHoe KOMMYECTBO aHAIU3UPYyEeMOro coenuHenus (oxosno 10 mr, cMm. puc.
1), B BuAe TaONETKU WM XKUJIKOCTH, Pa3MEIIAIOCh B CIEIUATN3UPOBAHHON sSUehKe
(13, cm. puc. 1).

C 1menpr0 HampaBJICHUS YJIbTPAPUOJIETOBOTO U3JIy4YeHUs K oOpasiy u
peructpauuu (GIYyOpPECHEHTHOTO W3JIYyYeHHUs, TE€HEPUPYEMOTO WM, MPUMEHSICS
kBapreBbiii ceetoBod (10 m 11, puc.l), KoTOpoe HampaBLUIOCh K KOMIAKTHOMY
munucnekrpomerpy FSD-8 (12, pwuc.l). Pa3pemenne 1o mNOBEpXHOCTH
aHanu3upyemoro marepuaina cocrapisio 0,1 MmMm. DToT cnekrporpad obecrneunBa
3aMuCh CIEKTPOB (HOTONFOMHUHECIEHIIUM B Tipeaeax JiuH BoiaH ot 200 no 1000 am
npu BpeMeHu BoszuaeiictBus ot 0,01 mo 0,1 cexkynawl. IloaydeHHBIE HaHHBIE O
CIIEKTpaxX BTOPUYHOIO H3JIYyYEHHS IOCTYNAJIW Ha KOMIBIOTED IS JajbHEUIIEH
00pabOTKM, YTO MO3BOJIUJIO HAM CO3/1aThb HOPMAJIM30BAHHBIE CIEKTPhl BTOPUYHOTO
U3JIy4YEHUS JIEKaPCTBEHHBIX CPE/ICTB.

Jliis u3yuenus Obut OTOOpaHBI PACIPOCTPAaHEHHBIE JIEKAPCTBEHHBIE CPEICTBA
— aCMHpUWH, aHAJIBTWH, [IUTPAMOH, MapaneTraMos U KopeuH, Tak KaK 3TH JICKapCTBa
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BXOJAT B CIIMCOK BAKHEWINHX JIEKAPCTBEHHBIX CPEACTB BceMHpHOW OpraHu3anuu
31paBOOXPAHEHUS.

B kaudecTBe crniekTpallbHOTO MpUOOpa UCIob30BaH MUHUCTEKTpomeTp FSD-8,
IpeIHa3HAYEeHHBIN JJI PETUCTPALUU CIEKTPOB BTOPUYHOTO HM3Iy4YeHHUs B 00JacTu
KaKk BUAMMOIO JWamna3oHa, Tak M o0nacted Ommkalmmx WHQPAKpacHOTO U
yIbTPa(HOIETOBOIO H3IYYEHUS] M 000pYyJOBaH LU(POBBIM BBIXOJIOM, KOTOPBIH
COCJIMHEH ¢ KOMITbIOTEpOM [6, ¢. 94].

Munucnektpomerp FSD-8 o6mamaer ManpiMu rabaputamMu W OCHAIICH
BBICOKOCKOPOCTHBIM TIOpTOM o0OMeHa wuHpopmarmeit USB, cmyxammum it ero
COBMECTHOI pabOThI ¢ MEPCOHATBHBIM KOMITbIOTEPOM (MM HOYTOYyKOM). B kauecTse
BXOJIHOM ONTHYECKOW IIEIN HU3MEPUTEIBHON CXEMBI CIIY)KMT ONTHYECKOE BOJIOKHO
auamerpoM 50 MKM, CHa0XK€HHOE ONTHYECKHM pa3beMOM, YCTAHOBJIEHHBIM Ha
CTEHKE MprOOpa U MO3BOJIAIOIIMM MOJKIIOYATh BHEITHUI ONTOBOJOKOHHBIA KaOelb
JUIsL JOCTaBKM OINTHYECKOro wu3iaydeHusd. Creayer OTMETUTh, YTO MOOMIBHOCTb
npubopa orpaHryYeHa TOJIBKO JITTMHAMU onToBOJoKOHHOrO 1 USB kabenei.

[lonydyeHHble B  XOI€  DKCIEPUMEHTA  CIEKTPOMETPUYECKHE  JAHHBIE
TIOCPEICTBOM crielnanbHoi nporpammMel Origin Pro 8.0 nepeBoauiIrch B TAOIUYHYIO
GopMy M 3aHOCWINCh B NaMATh KOMIIbIOTEpA MAJsl TOCIEAYIOLIEro XpaHEHWs U
00paboTKH.

Ha puc. 2 npexacraBneHa siekTpuyeckas AuarpaMma MUHUCTeKTpomeTpa FSD
- 8.

Puc. 2. Dnekmpuueckas ouacpamma munucnekmpomempa FSD-8
2

1 > 3 Puc. 2. Dnexmpuueckas ouazpamma
x 4 munucnekmpomempa FSD-8. 1 —
9 ~
S 6 onmuyeckuil 0amuux; 2 — euoeocucHau, 3 —
=N v

3 5 HOPpMAIU3yowuil ycunumenns, 4 —
0 4 \ 7 HOpManu308anHulll eudeocuenan, 5 — AL
y (14 paspsoos); 6 — sudeodannvie; 7 —

cueHan ynpasienus, 8 — MUKponpoyeccop ¢

12 vl
ji sudeonpocpammoti; 9 —
E cunxponocaedosamenvhocms, 10 — dannvie
07151 0bmena ¢ komnviomepom,; 11 —

koumpoianep USB; 12 — céa3b ¢
KOMNbIOMEPOM.

[Tonydennsiii ¢ ontudeckoro ngatuuka (1) BugeocurHan (2) ycuiauBaeTcss U
HOpMalu3yercs 1o ypoBH. Hopmanusyronmii ycunurens (3) Takxke aemMnpupyer
BBIXOJIHBIC II€MU OmNTUYeckoro naruyuka. Jlanee curnan mocrymaer Ha ALIIT (5),
YOpPaBJIEHUE KOTOPBIM OCYIIECTBISETCS MUKpOIpoleccopoM (8) CHHXPOHHO C
YOPABJICHHEM ONTUYECKUM JaTYUKOM, T.€. ONHU(PpPOBKAa YPOBHS BHJICOCHUTHAIIA
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IPOUCXOJIUT TOJBKO B MOMEHTHI MOCIIEIOBATEIBHOTO BIOOPA CBETOUYBCTBUTEIBHON
aueiiku natyuka. [lepenava onmdpoBaHHBIX JTAHHBIX OCYILIECTBISETCS MOCPEACTBOM
konTposuiepa USB (11) HenocpencTBeHHO B ynpasistonryto nporpammy “FSD Soft”
MePCOHAIBLHOTO KOMIIBIOTEPA MO CTaHIapTHOMY Kabeito (12).

AJITOPUTM NPOrpaMMbl AHAJIM3a IKCINEPUMEHTAIBHBIX Pe3yJbTaToB. [[s
yOpouieHus: 00padOTKH pe3yJIbTaToOB, MOJYYEHHBIX B XOJI€ SKCIIEPUMEHTOB, B CpEE
Borland C++ Builder 6.0 Obuta Hanmcana mporpamma, Mo3BOJISIONIAsT TPOU3BOIUTH
aHanu3 crekTpoB PJI mccmenyeMpIx XUMUYECKUX COeIUHEHUM. [[aHHas mporpamMma
NO3BOJISIET  OCYIIECTBIATh  UACHTU(PUKAIMIO  KOMIIOHEHTOB  COEJIMHEHMHI,
MOCPEJICTBOM COIOCTaBJIEHUSI UX CIEKTpoB PJI ¢ 3TAJIOHHBIMU CIIEKTPAMH BEILIECTB,
3aHECEHHBIMU B 0a3y JaHHBIX.

['maBHOE OKHO IIpOrpaMMBbI IIPEACTaBICHO Ha PHC. 3.
i Form2 Q@@

DATA BASE ANALYSIS

Puc. 3. [ nasnoe okHo npozcpammsi

Ha rmiaBHOM OKHE ©pOrpaMMbl pacCIOJIOKEHBI CIEAYIOUIME JIHATOTOBBIE
AJIEMEHTBL:

1. Knomnka «DATA BASE»,

2. Knonka «<ANALYSE».

[Tocne wmaxarusa kHomkum «DATA BASE» Ha »KkpaHe mMOSBISETCS OKHO
pOrpaMMBbl, IPEJICTABICHHOE HA puC. 4.

* Form3 =
FileMame. ‘whavel entini “wavel entdant
|
Material

REDataBaseFile REWaveLen

IN BASE

Puc. 4. Jluanozosoe oxkHo 015 3anucu cnekmpos 8 6asy OAHHbIX

3nech MONB30BaTENlb MOXET MPOM3BECTH 3aMUCh dTaTOHHOro crektpa DJI
Kakoro-nu0o BemiecTBa B 6a3y naHHbIX. s 3TOr0 eMy HeoO0X0auMo:
1) yka3arh Ha3BaHHE 3TOro BelecTBa B rpade «Materialy;
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2) ykasarb 00JIacTh CHEKTpa (B HaHOMETpax), TAe MPOSBIAIOTCS juHuH DJI,
XapaKTepHble JI JAHHOTO BEIIECTBA: MHHHMAJIbHOE 3HAUYEHHUE [IJIMHBI BOJIHBI
ykasbiBaeTcsi B rpade «WavelLenMinly, makcuMmanabHOE 3HAYCHHE JIMHBI BOJIHBI
ykaszbiBaetcs B rpade «WaveLenMAX1y;

3) Haxath kHOTIKY «IN BASEy;

4) BeIOpaTh aiii, comeprxamniuii criektp ®JI qaHHOTO BelIecTBa;

5) ykaszarp nmanky, B KOTOpO# XpaHsTCs dTaOHHbIE crieKTpbl DJI.

PesynbraTom 3amucu crektpa @JI B 0a3y MaHHBIX SBISIETCS CO3JaHUE JBYX
daiinoB. B mnepBom (aitne 3amuchiBaeTCsl Ha3BaHHME BEIIECTBA M €ro CIEKTP
BTOPUYHOTO M3JyY€HUS B TaOJMYHOM BHJE, COJEpPKUMOE JToro (ailia
orobpaxaercs B okHe «REData BaseFile». Bo BTopom ¢aitnie 3anucbiBaeTcst 001acTh
CIEKTpa, yKa3aHHas TOJIb30BaTeleM, The MposiBisiorcs JuHuu @OJI maHHOrO
BEILIECTBA, COJIEPKUMOE TOro (paitna oroopaxkaercs B okHe «REWavelLeny.

[Tocne naxatusi xkHomku «ANALYSE)» Ha r1aBHOM OKHE MpOrpaMMbI Ha

9KPAaHC MMOABJIACTCA JUAJIOTIOBOC OKHO, IMTPCACTABJICHHOC HA PHC. 5.
< Form1 @@

FileMame

|
Analyse
Chosse fle o analyse

FieT ext WameLengthinml[Intensiylau) |~ [REResult

rowl

ow2

ow3

rowd

ows

TowE

ow?

Towe

Towd

Puc. 5. ,ZZMCZ]ZOZOSOQ OKHO OJIsl AHAU3A cnekmpoe MCCﬂeayeMblx eeuecmses

3nech TOJB30BaTENb MOXKET MPOBECTH HJACHTU(UKALMIO KOMIIOHEHTOB
UCCIIElyeMOTO COEIUHEHHs Ha OCHOBe comocTaBieHusi ero cmnektpa @DJI co
cnexktpamu @OJI BemiecTB, HaxoAAmMXCsA B 0a3e AaHHBIX. [ 3TOro HEOOXOAMMO
BBIIOJIHUTD CJIEAYIOLINE TEHCTBUS:

1) Haxatp xnonky «Choose file to analyse»;

2) BeiOpats (daiin, coaepkamuii CHEKTP BTOPUYHOTO  W3IIYYCHUS
UCCIIETyeMOT'0 BEIIECTBA;

3) Haxatp kHOTIKY «Analysey;

4) BeibpaTh manky, conepskairyo 0a3y JaHHBIX 3TaIOHHBIX criekTpoB KP.

AHanu3 CHeKTpa BTOPUYHOIO M3IYYEHHUsS] MCCIEAYEMOI0 COEIUHEHUS B
IporpaMMe OCYILECTBIISIETCSI HA OCHOBE MOUCKA KOA(PPUIIMEHTOB KOPPENIALUN ITOTO
cnektpa co crnektpamu @JI BemecTB M3 0a3bl JaHHBIX W BKIIOYaeT B cels
CJIETYIOIINE ATAlbI:
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1) Ha nepBoM 3Tamne ocylmecTBISETCS HOpMaIU3alus NOJyYeHHOr0 CIEKTpa U

ATaJIOHHOTO CIIEKTpa B UCCIEAYEMOM 00IacTu (Xmin ; Xmax )i

2) Ha Bropom »sTame paccuuthiBaeTcsi kodhduiueHnt koppemsiun ()
cnektpoB KP BemectB u3 0a3pl AaHHBIX W CHEKTpa BTOPUYHOIO H3IY4YEHUS
UCCIIETyEMOI'0 COETUHEHMSI 110 POpMYJIE:

<T,—-T,T—T>

= 2 -2 ! (1)
\/<(ti—?i) >-<(r—r) >

Tac 7— I/ISMepeHHHﬁ CIICKTP BTOPUYHOTI'O U3JTYUCHUA UCCICAYEMOI'O COCAMHCHUA, 7 —

cuektp KP i-ro BemecTBa M3 0a3bl JaHHBIX. 3/1€Ch CKaJSIPHbIC IMPOU3BEICHUS U
CpeAHHUE 3HAUYCHUS BBIYUCIISIOTCS CIEAYIOIUM 00pa3oM:

1 }\'max
<AB>——-| A(A)B(A)dA
)\‘max_x’min k{in ( ) ( ) | @
1 xmax
A=—— | AQ)w(R)d. 3
o j (w() &)

B pesyaprare B okHe «REResulty (puc. 5) BeIBOmATCS 3HauUeHUs
KO3 (DUIIMEHTOB KOPPENSIUH, COOTBETCTBYIOIIME KaXKJIOMY BEIIECTBY M3 0a3bl
nanHeiX. [lo sToil mMH(OpManuu Monb30BaTENh UMEET BO3MOXKHOCTH OIPEIEIHUTh
KOMITOHEHTBI, BXO/ISIIIHNE B COCTaB UCCIEAYEMOI0 COEAMHEHUS.

Pe3yabTarsl ananusa. /{1 TectupoBaHus pa3pabOTaHHON MPOrpamMMebl B 6a3y
JAHHBIX ObUIa 3aHeceHa MHGOpMAIMs MO MATH UCCIEeIyEeMbIM B paboTe BEIECTBAM:
aCIUpHH, aHAJIBIHUH, IIUTPAMOH, MapaneraMmos U kodeuH. s 3Toro s Kaxaoro us3
BELIECTB ObLI BhIOpaH 3TanoHHBIA crektp PJI, a Takke H3KCIEPUMEHTAIbHO
OIpeielieH ONTUMANTBHBIN CIICKTPaIbHBINA JUAIa30H I aHaiu3a (Tadir. 1).

Tabauuya 1.
Hngpopmayus, 3anecennasn 6 6asy 0anuvix 0Jis1 AHAIU3A
CnexmpanvHulil Ouana3ou
Bewecmeso o8 ananusa (Hm) Omanonnwvi cnekmp DJI
i 383
, rel.un.
1,01 '
0,81
AcnupuH 250 — 750 0.6
(CoHgO4) 04 676
0,2{266 532 )
) AL SN NI .
"7 300 400 500 600 700
A, Nnm
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I, rel.un.
1,04

0,84
Ananveun 250 — 750 1 -
(C13H16N3NaO4S) o4 |
0,2 266 532
| |
0,0
300 400 500 600 700
A, NM
1, rel.un. 4445
l
Lumpamon
(CoHgO4 + CgH10N4O2 + 250 — 750
C10H13NOy)
I, rel.un. 307 648
1,04
0,84
Hapayemamon 06l
(CsHoNO2) 250 — 750 0l
0,21
0,0
I, rel.un. 4512
1,01 !
08
Kogpeun 250 — 750 =
(CeH10N402) o4 60i”1676,2
0.2266 532 |
0,0 , el ,
"7 300 400 500 600 700
A, NM

PGSYJ'IBT&TBI HCCIICAOBAHUA OKCIICPUMCHTAJIbHBIX CIICKTPOB IIPpU IMOMOIIX

IIpOrpaMMBbI IIPEICTABIICHBI B Ta0IUIIE 2.
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Tabauuya 2.

P€3yﬂbmambl uccie008anus CNneKkmpos e6mopudHocOo U3JIYHYEeHUA npu nomouiu
npocpammsl
K
Cnexmp emopuuno2co 0o Puiyuerimb: Pesynomam
Ne Hecneoyemoe UBTTYYeHUs] UCCTIedYeMO20 Koppevigu (1) ¢ ananusa
coeouHeHue Y Y 0azoeviMuU cnekmpamu
coeouHenus seweems (ri>0.95)
I, rel.un.
;Z | Acnupun = 0,968
0’6_ | Ananveun = 0,387
1 Acnupun 0al | \ } LHumpamon = 0,506 Acnupur
(CoHgOq) 02 I\ i"‘ by “‘7‘{ Ilapayemamon =
.0 Juenl Last] MU 0,314
300 400 500 600 700 KoqbeuH = 0,297
A NM
I, rel.un.
1.0 ' Acnupun = 0,368
0.81 Ananveun = 0,961
9 Ananveun 081 LHumpamon = 0,412 4
] HANbeUH
(C13H16N3NaO4S) o4 ' Iapayemamon =
ot T S 0,244
— Kogeun = 0,198
300 400 500 600 700
. nm
I, rel.un.
10 | Acnupun = 0,589
Lumpamon °% Ananveun = 0,387
3 (CoHgO4 + Z’G- Lumpamon = 0,966 Lumpanon
41 «
CgH10N4O2 + iy ' } Iapayemamon = P
C10H13NO») 0'0. N 0,567
g Kogeun = 0,512
300 400 500 600 700
A, MM
I, rel.un. l
1,01 | Acnupun = 0,245
°81 | Ananveun = 0,389
Ilapayemamon 081 LHumpamon = 0,554
4 ‘ 11
(CsH9NO2) 041 |l | THapayemamon = apayemanmon
0,2 | !Jk. N 0,959
R . ] Kogpeun = 0,317
300 400 500 600 700
A, AM
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|, rel.un.
01 ‘ Acnupun = 0,235
081 Ananveun = 0,412
. Lumpamon = 0,606
4 b Iapayemamon =
it B Y AL 0,365
Kogpeun = 0,971

Kogheun °®

(CeH10N402) Rogeun

300 400 500 600 700
A Nnm

I, rel.un.
1,04

o | Acnupun = 0,981
Acnupun +ALOs | o6 Ananveun = 0,367
6 | (nano nopowox) | o4 Humpamon = 0,512 Acnupun
' Ilapayemamon =
A ot 0,351
Kogeun = 0,252

0,24
0.0 . Ul W T Y
300 400 500 600 700

A, Nm

B oroil Tabnuie mpuBenEHBI CIEKTPhl BTOPUYHOTO H3IYyUYEHHUS Pa3IMYHBIX
coenuHeHnii (cTpenkamu 0603HaueHbl TuHuM DJI, XapakTepHbIe AT UCCIETyEMbIX
o0pa3IoB), a Takke pe3yJbTaTbhl pacuera KOIPPUIMEHTOB KOPPEIALHUUA ITHX
criekTpoB co criektpamu @JI BemnecTs, Haxoasmuxcs B 0a3e gaHHbix. Kak BuaHO U3
TaOJIMLIBI TIOPOTOBOE 3HAY€HHUE KOd(DPuUUUEHTa KOppensiuuud JUisl JTOCTOBEPHOIO
0oOHapy>KEeHHsI KaKOro-T1u00 BEIIECTBA B UCCIEAYyEMOM coeMHeHnu coctaniser 0,95.

3akiroueHue

1. Pa3paborana meronuka noiyuyeHus: cuekrtpoB DJI dapmaneBTnueckux
COCIMHEHHI, OCHOBAaHHAsI HA HCHOJb30BAHMM  HMITYJIbCHO-IIEPUOIUYECKOIO
Ja3epHOr0  MCTOYHMKA  M3JIY4YEHHUs, KBapLEBBIX CBETOBOJAOB U1  BBOJA
BO30Y>K/IalOIIET0 JIA3€pPHOTO M3JIYYEHUs B PACCEHBAIOLIYI0 Cpeay U BBIBOJA
BTOPUYHOTO U3TYYEHHSI U3 KIOBETHI, a TAK)KE MaJIOradapuTHOr0O MUHUCIIEKTPOMETPA.

2. I[Ipy nmomomm  pa3pabOTaHHOW  AKCHEPUMEHTAIBHOW  YCTAaHOBKHU
nostydeHsl criekTpbl OJI psaa papmanieBTHUECKUX MpenapaToB.

3. Pa3paborana mnporpamma, MO3BOJISIIOINAs — IPOBOAMTH  OBICTPYIO
UICHTU(DUKAIMIO XUMHYECKHX coeAuHeHnid. Pabora mporpammel OCHOBaHa Ha
NOMCKE  KOA(PPUIMEHTOB  KOPPENSLUU  CIEKTPOB  BTOPUYHOIO  U3ITYyUEHHS
UCCIIEIyEMbIX XUMHUUYECKUX COE€IUHEHUN U crekTpoB PJI BemiecTB, HaXOIAIIUXCS B
0a3e TaHHBIX.

4. Co3gana 0a3a  JaHHBIX  CHEKTpaJdbHBIX  xapaktepuctuk  DJI
(papMalleBTUYECKUX MPENapaToB AJs AAJbHEHIIEro NCII0JIb30BAHNUS.

Pa3zpaboranHblii Meton peructpaunu v aHaiusa crnektpoB ®JI oTkpsiBaer
BO3MOKHOCTb JJIs1 CO3JJaHMsI MaJIOra0apUTHBIX JIa3€PHBIX aHAJIN3aTOPOB XUMUYECKHUX
COEIMHEHUI, HEOOXOAMMBIX JJI PEIICHHS] MHOTUX MPAaKTUYECKUX 3a4ad.
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AHAJIN3 CHEKTPOB BTOPUYHOI'O U3JIYUYEHUSA
GOAPMAIEBTUYECKUX IIPEITAPATOB HA OCHOBE
HCITIOJIB30BAHUS MAJIOTABAPUTHOM CUCTEMBI PETUCTPAIIMA

Annomayun. B craThe paccMaTpuBaeTCd METOJMKA aHajiu3a CIEKTPOB
BTOPUYHOTO HU3JIyuYeHHs (apMaleBTUUECKUX TMPENapatoB C HCIOJIb30BAHUEM
MajorabapuTHOW CHUCTEMbI peructpanuu. I[IpejacTaBieHHBI MMOJIXO0J TMO3BOJISET
3¢ (PEeKTUBHO  BBISBISATH W XapaKTEPU30BATh  CIIEKTPAJIbHBIE  OCOOCHHOCTH
JIEKapCTBEHHBIX CPEJICTB, YTO CIOCOOCTBYET KOHTPOJIO KaueCcTBa W HMCCIEIOBAHUIO
ux cocraBa. (Ocoboe BHUMaHHUE YJACICHO NPEUMYIIECTBAM KOMMIAKTHOTO
000pyi0BaHus1, 00ECIIEYMBAIONIETO BBICOKYIO TOYHOCTh U ONIEPATUBHOCTH U3MEPEHUIM
B J1a0OpaTOpPHBIX W MPOU3BOJICTBEHHBIX YCIOBUAX. Pe3ynbTaThl HCCIIEIOBAHUS
JEMOHCTPUPYIOT TMEPCIEKTUBHOCTh MNPUMEHEHUS] MajorabapuTHBIX CHUCTEM IS
aHajM3a BTOPUYHOIO HM3JIyueHHUs B (papmaneBTHUEeCKON oTpaciu. B craTbe Takke
nopoOHO  OMHCHIBAIOTCS ~ TEXHUYECKHE  XAPAKTEPUCTHKHA  HUCIOJIb3yeMOU
MajorabapuTHON CHUCTEMBI PETUCTpAINH, BKIFOUas €€ YyBCTBUTEIHLHOCTH, TUAMA30H
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pa60t11/1x JJIMH BOJIH u BO3MOXHOCTHU HHTCTpanunu C CymCCTBYOIIIUMU
aHanuTHuYeckumMu  miatpopmamu.  Kpome  TOro, paccMOTpEHBbI  MPUMEPHI
ITPAKTUYCCKOT'O IIPUMCHCHUA I[&HHO?I MCETOAUKHN Ha Ppa3INYHBIX THUIIaX
dbapMalleBTHYECKUX MpenapaToB, BKIOYAs TBEPbIC, )KUAKUE U MOJTUMEPHBIE (DOPMBI,
4TO MOATBCPKIAACT YHUBCPCAJIbHOCTD U aIAIITUBHOCTDL NPCAJIOKCHHOTO ITOJAX0/14.

Knroueevie cnosa: CIICKTp, BTOPHUYHOC H3JIYUCHUC, (1)apMaLIeBTI/I‘-IeCKI/Ie
npenaparsl, CIIEKTPOMETP, JIa3ep, CUCTEMA PErucTpauuu, GOTOTIOMUHECIICHIHS.

TAXJINJIM CIEKTPXOHU IYIOMUHUU A®KAHUILIOTHU JOPYBOPHI

JJAP ACOCH UCTU®OJJAU CUCTEMAU KAWJKYHUU XYP]

Quuwiypoa. Jlap wWH Makoja YyCyJIM TaXJWIU CHEKTPXOU a(KaHUIIIOTH
nyloMjiapayad JopyBopii 00 uctudonma a3 cucremMaum KaWakyHum Xxypa Oappacii
MemaBajZ. YCyiaud NEHHUXOAUIYJa WMKOH MEIWXald, KU XYCYCHUITXOU CIIEKTPHUH
JOpPYX0 camMapaHOK MyailssH Ba TaBcH(} Kapja IIaBaHA, KU Ha3zopaTu cudar Ba
TaxJIWIM TapKUOpPO OCOH MeKyHaHja. TaBauyyyxu Maxcyc 0a OGapTapuxoud TayXU30TH
KOMIIaKTi, KU JAKUKA Ba caMapaHOKUM OanaHAM aHAO03arupupo Jap ILIAPOUTH
nabopaTopil Ba MCTEXCOJM TabMUH MEKYHaJ, paBOHa Kapja myaaact. Haruyaxou
TaXKMKOT MMKOHUSTXOM MCTU(DOJAW CUCTEMaXOHW KOMIIAKTH Oapou TaxJIWiIu
aKaHUIIIOTH AyHOMJlapaya Jap CaHOaTH JOPYCO3W HHIIOH Meauxani. Jlap makona
MHYYHUH XYCYCHATXOM TEXHUKHU CHUCTEMau OLIKOPKYHHMHM KOMIIAKTH, a3 Yymia
XAaCCOCHST, AMana3oHd MaB4YM KOpPA Ba HMMKOHOTH XaMmrupoi 00 mimargopmaxou
MaBuyJau TaxJuiaid mydaccan taBcud mrynaania. Faiip a3 vH, MUCOIXOU TaTOUKU
aMaJuy UH ycysn 0apou HaMyAXOM TYHOTYHHU JOPYBOpH, a3 YymJia IIAKIXOW CaxT,
MO€h Ba MOJUMEpH, Oappacit 1y aaH/, KM TYHOI'YHYa0xa Ba MyTOOHUKIIIABUU YCYJIH
MEMTHUXOAUIYIapO TaACAUK MEKYHaH/I.

Kanuoeoycaxo: crnexkTp, paauaTcusiu ITyromjapaya, JTOpPyBOpH, CIIEKTPOMETD,
Ja3ep, CUCTeMan KalJakyHi, (hOTOTIOMHUHECEHCHSI.
ANALYSIS OF SECONDARY EMISSION SPECTRA OF
PHARMACEUTICALS USING A SMALL-SIZE DETECTION SYSTEM

Annotation. This article discusses a method for analyzing secondary emission
spectra of pharmaceuticals using a compact detection system. The presented approach
enables the efficient identification and characterization of spectral features of drugs,
facilitating quality control and compositional analysis. Particular attention is paid to
the advantages of compact equipment, which ensures high accuracy and efficiency of
measurements in laboratory and production settings. The results of the study
demonstrate the potential of using compact systems for secondary emission analysis
in the pharmaceutical industry. The article also describes in detail the technical
characteristics of the compact detection system used, including its sensitivity,
operating wavelength range, and integration capabilities with existing analytical
platforms. Furthermore, examples of practical application of this technique to various
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types of pharmaceuticals, including solid, liquid, and polymer forms, are discussed,
confirming the versatility and adaptability of the proposed approach.

Keywords: spectrum, secondary radiation, pharmaceuticals, spectrometer,
laser, detection system, photoluminescence.
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®YHKIUA AJTIOMUHUEBOTO MPOBOJHUKOBOTO CILTABA
AITi0.1, TETUPOBAHHOT' O MIPA3EQIMMOM

3okup3ona @.111. (3oxupos @.111.), F'anues U.H., "Amupos A.Jlx.
Tapxukckui texunyeckuid ynusepeurer um. M.C. Ocummu,
*I/IHCTI/ITYT xumuu M. B.A. Hukntnna HAH Tagxukucran

BBenenue

bricTpoe pa3BUTHE TEXHOJIOTHH MEpeaauyd JIEKTPOIHEPTUU MPUBEIO K POCTY
cripoca Ha 3¢ dekTuBHbIE BO3AylIHbIE TpoBoAHUKHM [1, ¢.484]. Ilo Mepe pocta
MHUPOBOTO MOTPEOJEHUS SHEPrUU MOTPEOHOCTh B HAACKHBIX U IKOHOMUYECKHU
3pPeKTUBHBIX  Marepuanax Uil paclpeiesieHUsl  BJIEKTPOIHEPruu  cTaja
nepBocTeneHHo  [2, c¢.483]. Pa3BuTue TPOBOJHUKOB, HCIOJb3YEMBIX B
pacrpeenuTeNbHbIX W TEePeNaonuX JUHUAX, M[POUCXOAWIIO MapallIeIbHO C
JNOCTIDKEHUSMH B DJIGKTPOTEXHUKE U yIpaBieHUM dsHepruei. Hcropuuecku
OCHOBHBIM MAaTEpHAJIOM Ui BO3AYLIHBIX IMPOBOJHUKOB OblIa MeIb; OJHAKO OHA
UMEET CYILECTBEHHbIE HEJOCTAaTKH, TAKUE KAaK HU3KOE COOTHOIIEHHE MPOYHOCTH K
BECY, BBICOKAasi CTOMMOCTb M 3HAUUTEIbHBIA BEC, YTO MPUBOJAMUT K YMEHBIICHUIO
JUIMHBI TIPOJIETOB W OOJbIIeH 3aBUCUMOCTH OT TPAHCIOPTHOTO W PEMOHTHOTO
obopymoBanus [3, c.1488].

ATOMUHUI SBIISIETCST HanOoJiee MIMPOKO HCIOIB3YEMbIM MaTepHUalioM st
JIMHUN TIepe/lauyd U paclpeiesieHUs DJIEKTPOIHEPTUH, MOCKOJBKY €ro MpeBOCXOIHOE
COOTHOILIEHHE MPOBOJUMOCTH K BECY IMO3BOJISIET KOMMYHAJIbHBIM MPEANPUATUIM
MPOKJIaAbIBaTh OOJIbIIE MPOBOJIAa C MEHBIIUM KOJIMYECTBOM OMOPHBIX KOHCTPYKIIUI.
Bce amomunueBbie mnpoBoaa (AAC) mpencTaBiasioT  coOOM  OUHMIIEHHBIE
aJTIOMHUHHEBBIC MHOTOXKUJIBHBIE MPOBOA C MUHUMAIbLHON YHuCTOTOM MeTaiuia 99,7%,
KOTOpPbIE B OCHOBHOM HCIIOJB3YIOTCA JJIi BO3AYILIHBIX JIMHUM Tepefayu |
pacmpeneneHusi, TJe€ pPacCTOSHUE MEXIy IMPOBOJaMU HEOOJbIIOE, a OIOpPHI
pacrnosioxensl Onu3ko. Bce mnpoBomnuku u3 amomuHueBoro craa (AAAC)
UCIIOJIb3YIOTCSI B KQ4e€CTBE HEU3O0JUPOBAHHOTO Kalessi Ha BO3IYIIHBIX JIUHUSX, TJIE
TpeOyeTcs 0oJIbIlias MeXaHuUecKas IpoYHOCTh, ueM Y AAC [4, ¢.14847].

DIEKTPONPOBOJHOCT, U MEXaHMUYECKas MPOYHOCTH SIBIISIIOTCS BaXKHEUIIUMU
CBOMCTBaMU MPOBOJHUKOBBIX MAaTEPHUAIOB, KOTOPHIE HAMIPAMYIO CBSI3aHbI C MOTEPSIMHU
SHEpruu M 0Oe3omacHocThio. OOlKMe WHXXEHEpHbIE YCWUJIUS HampaBlIeHbl Ha
yJIy4lIeHue MEXaHUYECKUX XapaKTePUCTUK myTeM  JIETUPOBaHUs u
TEPMOMEXaHUYECKOW O0O0pabOTKH, KOTOpas YBEIWYMBAET IUIOTHOCTh IIEHTPOB
pacrpesiesieHuss AJIEKTPOHOB. DTO BBI3BIBAET pACCESHUE DJHEPIUM W CHUKEHUE
MIPOBOIMMOCTH, OTPEIEIIEMON CKOPOCThIO JIBIKEHHUS CBOOOJHBIX 3JIEKTPOHOB 0e€3
Bo3MmyleHusl. CrnenoBaTeabHO, MPOEKTUPOBAHUME MPOBOJAHUKOBBIX MAaTEPUATIOB C
OJIHOBPEMEHHO HHU3KHUM COINPOTUBIICHHEM U BBICOKOW MPOYHOCTBHIO SIBISETCS
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HETPUBHAIBHOU 3a1a4ei. Komnpomucc MEXKIY [IPOYHOCTBIO 51
AJIEKTPOIPOBOIHOCTRIO SIBIISIETCS B HACTOSIIEE BpeMsi OapbepoM 3HaHUM, U 3TO, 1O
CyTH, BEpPHO i1 BCEX METAJUNIMYECKUX MPOBOAHUKOB, BKJIIOYas aTOMHHUN [D,
c.1207].

UtoOBsl MPeomoaeTh BBICOKYIO CTOMMOCTH PEIKO3EMENbHBIX 3JIEMEHTOB,
UCCIIEyeTCsl  aJbTEpPHATUBHBIM  CIMOCOO  JICTUPOBAHMUS  QIIOMHUHHUS  JJIA
ANEKTPOTEXHUKHU MYTEM J00aBJICHUS 3BTEKTUKOOOPA3YIOIIUX 3JIEMEHTOB C HU3KOM
pPacCTBOPUMOCTHIO B  aIOMHHHUU B TBEPIOM COCTOSIHMM. B OONbIIMHCTBE
VCCIIENOBAHUN JIJI OTOM LIEJM HUCMOJIBb3YIOTCS PA3JIUYHbIE COJIEPHKAHUS MEPEXOTHBIX
MeTajioB, B ocHoBHoM Zr, Cr, Mn, Ni, Fe, Ti u Ag [6, ¢.14868].

Jlerupytomue 351eMEHThI B BUJIE MUKPO3JIEMEHTOB, Takux kak Cr, V, Mn u Ti,
B TBEPAOM pACTBOPE 3HAYUTEIBHO YBEJIUYHMBAIOT YIEIBHOE COIMNPOTUBIICHHE
QTIOMUHUS, YTO CBHUJETEIBCTBYET O TOM, YTO MHKPOIIJIEMEHTHI CYIIECTBEHHO
CHIDKAIOT TEIUIONPOBOAHOCTH amtoMuHus [ 7, ¢.3; 8, ¢.2].

DIEKTPONPOBOAHOCTh YUCTOTO AJIOMHHHUS U AJTIOMUHHUEBBIX CILUIABOB MOHO
YIAYUYIIUTh PA3IUYHBIMU METOJIaMH, HAMpUMEpP, MyTEM CHUXKEHUS COACPKAHUS
npuMeceil myTeM  J00aBJ€HHMS  JIMTaTyp W PEAKO3EMEIbHBIX  AJIEMEHTOB.
UccnenoBanusi, NOCBAILLICHHbIE U3YUYEHUIO BIMSHUSA PEIKO3EMEIbHBIX 3JIEMEHTOB, Ha
ANIEKTPOINPOBOIHOCTD, OKA3aIM, YTO AJIEKTPOINPOBOJHOCTh ATIOMUHUSI MOXKET OBITH
MOBBINIEHA OIarogaps UX COCOOHOCTH yIaIsATh MpuMecH u3 antomunus [9, ¢.600]. C
IPYrof CTOPOHBI, COOTBETCTBYIOIIME MCCIEAOBAHUSA IOKA3aJId, 4YTO BBICOKOE
COJICp)KaHHE PEAKO3EMENBHBIX JJIEMEHTOB MOXKET TNPHUBECTHU K CHUKEHUIO
AIEKTPONPOBOJAHOCTH TEXHUYECKH uncToro amtomunus [10, ¢.696; 11, c.433]. Xots
3TH WCCIEAOBAHMS TMOKa3alld, YTO JOOABJICHUE PEIKO3EMENIbHBIX AJIEMEHTOB MOXKET
YIYUYIIUTh  3JEKTPONPOBOJHOCTb, BaXKHO  OTMETUTh, YTO  HUCIOJIb30BAHUE
PEAKO3EMEIBHBIX 3JIEMEHTOB SIBISETCS JOPOTOCTOSIIIUM IIPOLIECCOM.

[lonumanue u OCBOEHHE (PUIMYECKUX M XHUMHUYECKUX CBOWCTB CIUIABOB
SIBJISIETCS OCHOBOM ISl MCHOJIb30BAaHMS JIETUPOBAHHBIX MAaTEpPUATIOB, a XOPOIIUE
¢u3nUecKre U XUMHUYECKHE CBOMCTBA 3aBHUCIT OT TEIIO(PU3NYECKUX MAPAMETPOB U
XapaKTePUCTUK MUKPOCTPYKTYPbI KPUCTAINIM3ALMU CIUIaBa. Y AeJIbHAs TEIUIOEMKOCTh
TBEPAOTO COCTOSIHHUS M KOA(DPUIIMEHT TEIMIOBOTO PACIIUPEHUS SIBISIIOTCS BAKHBIMH
TEMI0(PU3NYECKUMH TTapaMeTpaMu MaTepHasioB. Y IelbHAs TEIUIOEMKOCTh TBEPAOIrO
COCTOSIHUSI ONPEAENISIET BO3MOXKHOCTU MaTepuaja Mo MOMVIOLIEHUIO, COXPAHEHHUIO U
BBIJICJICHUIO TEIJla, B TO BpEeMsl KaK CBOMCTBA TEIJIOBOTO PACUIMPEHUS HAMPSIMYIO
OTPENENSIIOT CTPYKTYPHYIO CTaOMJIBHOCTh MaTepHalia, BIUSIE Ha COCTOSHUE
pacrpe/elieHusT HalpsDKEHU MaTepralia M CTOMKOCTh K TeIruioBomy yuapy [12, ¢.2].
Kpome ToOro, xapakTepUCTUKH MHUKPOCTPYKTYPHI KPHUCTAUIM3ALUU HAMPIMYIO
CBSI3aHBl C MEXaHMYECKMMH CBOWCTBaMH MaTepuaiga, a MHUKPOCTPYKTypa
KPUCTAJIU3AIMM CUJIBHO 3aBUCUT OT YCIOBUM KpHUCTAUIM3alUM (TaKuX Kak
NEPEOXJIAKIECHNE U CKOPOCTh OXJIAXACHUS). B yclioBusAX OBICTpON KpHUCTAIIM3aLUU
MOPSAZIOK 3apOABIIIIC00pa30BaAHUSI, PEKUM POCTA, MUKPOCTPYKTYpa U paclpeesicHue
PAcTBOPEHHOI'O BeIIECTBAa KaKJoi (a3pl B cruiaBe OyAyT JAEMOHCTPUPOBATH HOBBIE
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3akoHbl. ClleIOBaTENbHO, M3YyYEHHE TEIUIOPU3UUYECKUX CBOMCTB U CTPYKTYpHI
3aTBEp/ICBaHMs CIUIABOB UMEET BaXKHOE MpaKTHYecKoe 3Hadenue [12, ¢.2].

[lenpro paboOTHI SBISETCS M3YUYEHUE TEMIEPATYpPHOM 3aBUCHUMOCTU yAEIbHOMN
TEMJIOEMKOCTH U TEePMOJUMHAMUYECKUX (YHKUUNA mpoBogHuKoBoro cruiaBa AlTi0.1,
JIETUPOBAHHOTO ITPA3€0IUMOM.

Cxema yCTAaHOBKM ¥ METOAMKA U3MEPEHUS TeIJIOEMKOCTH TBEPABIX TeJl

[IpakTnueckoe 3HAYEHUE UCCIEHOBAHUN TEIUIOEMKOCTHA BAXKHO IS PACUETOB
HHEPreTHUECKUX OaJaHCOB IMPOLIECCOB B XMMHMUYECKHUX PEAKTOpax M JPYTux
anmaparax XMMHYECKOr0 TIPOM3BOJICTBA, a TaKXke s BbIOOpa ONTUMAJbHBIX
TEIUIOHOCUTENEN. ODKCHEPUMEHTAIBHOE HW3MEPEHUE TEIUIOEMKOCTHU JUIsl  Pa3HbIX
MHTEPBAJIOB TEMIIEPATYP - OT MPEAEIBHO HU3KUX 0 BBICOKHX - SBJISETCS OCHOBHBIM
METOOM OIPENIEECHUS] TEPMOJINHAMUYECKNX CBOVMCTB BEILIECTB.

Hamu uccnenoBanme TENmIoEMKOCTH METAJLIOB ITPOBOAWIIOCH HAa YCTaHOBKE,
cXxeMa KOTOpO# MpeacTaBieHa Ha puc. 1, onmrcanHoi B paborax [13, c.867].

OnHuM K3 METOAOB, MO3BOJSIOIIMI KOPPEKTHO YCTAHOBUTH TEMIIEPATYPHYIO
3aBUCUMOCTh TEIJIOEMKOCTH METAJUIOB M CIIABOB B 00JIACTH BBICOKMX TEMIIEPATYP
SBJISIETCSI METOJI CPABHEHUSI CKOPOCTEH OXJIAXKIACHHS JBYX 0OpasIloB, HCCIIETyEMOTrO

Y 3TAJIOHHOTI0, 110 3aKOHY OxJaxkeHuss Hptotona — Puxmana.
6

/
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Puc.1. Cxema ycmauosku O0ns onpeoenenusi menioémMKoCmu meepovix meil 8
pedcuMe «OXIaAHCOeHUs).

Kak u3Bectno [14, c.11; 15, ¢.46; 16, c.126], TemI0eMKOCTh TBEPILIX TEI B
PEKUME KOXJIAKICHUS OTPEIESeTCs 10 YPAaBHEHUIO

[ar)
co =co m, \dz J;

P, m, aT ! (1)
(o).

rie m, =pV, — Macca 3TajloHa, M, = p,V, —Macca HccIeIyeMoro oo0pasnua;

(dT /dz )1, (dT /ldz )2— CKOPOCTH  OXJaXJI€HHs 00pasloB U3 JTaJoOHA H

90



UCCIIElyeMbIX CIUIABOB TMPHU JAaHHOW TemmepaTtype. [[ns ompeneneHus cKopocTd
OXJIQXKJICHUSI CTPOSIT KPUBBIE OXJIAXK]ICHUS 00pa3IloB.

Teroémkocts  mpoBomHukoBoro  cmiaBa  AlTi0.1  merupoBaHHOTO
Pa3eoUMOM HM3MEPSIN B PEKUME «OXJIAKIACHUSI» IO METOJMKAM, ONMHUCAaHHBIM B
pabotax [17, c.892; 18, ¢.30]. O6paboTka pe3ynbTaTOB M3MEPEHUN MU IOCTPOCHHUE
rpa)MKOB MPOMU3BOIMUIOCH ¢ ToMoIIbio mporpaMmm MS Excel u Sigma Plot. 3nadyenus
KOO(QGUIUEHTa KOPPEISALUN COCTABII BEIMYUHY Riopp>0.998, mnoareepxnas
PaBWIHLHOCTh BBIOOpA ammpokcumupytomerd (QyHkmu. OTHOCUTENbHAs OIMMOKa
usMepenus: Temoémkoctd B unTepBane ot 40°C mo 400°C cocrasnsna £1%, a B
unTepBane Oonee 400°C £2.5% [19, c¢.81; 20, c.170]. ITorpemHocTs U3MEPEHHUE
TEMIOEMKOCTH TI0 TIPeIjIaraeMoil METOIMKE B HaleM cirydae coctaBui 1.2%.

IKCNepPUMEHTAIbHbIE Pe3YJIbTATHI H UX 00CYy:KIeHUe

CriaBsl 17151 UCCIIEIOBAHMSI CHHTE3UPOBAIKMCH B IAXTHOM JIaDOpaTOPHO Meun
conpotusieHus: tTuna CIIOJI (conpoTuBiieHNE MIAXTHOE OMBITHOE JJaOOPATOPHOE) B
untepBasie temmeparyp 800-850°C u3 amomunus mapku AS (I'OCT 110669-01),
tutada Mapku TI'-90 ('OCT 19807-91) B Buame murarypel (Al+2 mac.% Ti) ¢
AIFOMUHUEM M TIpa3eouMa Metauinaeckoro mapku — [IpM1 (TY 48 — 4 — 215 — 72)
B Buze juratypel (Al+10.0 mac. % Pr). Jlurarypa amomunus ¢ 2 mac.% TuTaHa
IPEABAPUTEIBHO M3TOTaBIMBAJIach B BAKYYMHOM mneuyu comnporuBieHus tuna CHB
2.4.2/16. 13 monyueHHbIX najnee B maxtHou neuu conpotuBienus CIIOJI crinaBoB B
rpa@UTOBYIO M3JIOKHUIYY OTIMBAIACH ITWIMHAPUYECKHE 00pasipl TUaMeTpoM 16 MM
u 1iHOU 30 MM.

PesynbraThl HWccienoBaHusl TEMIEPATyphl OXJIAKICHUS W3Y4YaeMBIX CIUJIaBOB
npescTaBiieHbl Ha puc. 2. B o0meM ciyyae noixyueHHsle rpaduku temmneparypsl (T)
OT BpPEMEHHU OXJIaXJCHHs (T) Mg o0pa3loB W3 mpoBogHMKOBOro cruiaBa AlTi0.1
JETUPOBAHHOTO  MPA3€OJUMOM  TIOKA3bIBAIOT  HEMPEPHIBHOE  YMCHBIICHHE
TeMIiepaTypbl 00pa3lloB M JTajOHAa MO Mepe HX oxjiaxiaeHus. Ha KpuBbix
OXJIAKICHUSI TepMUUYECKHX I(D(PEKTOB, CBA3aHHBIX C (ha30BBIM MPEBPAIICHUEM WIIH
NepPeXo0JIoM, He 0OHAPYKEHO.

[TonyyeHHBbIE KpUBBIE OXJIAXKICHUS OOpa3lOB M3 CIUIABOB OIHMCHIBAIOTCS
ypaBHEHUEM BUA

T=ae™ + pe ™, )
rae a,b,p,K — mocrosHEBIC T MTaHHOTO 00pa3Iia, T — BpeMs OXJIaKICHHUS.
Hudbdepenuupys ypaBHeHue (2) 1o T, mojydyaeM ypaBHEHUE JJIS OTPEICIICHUS

CKOPOCTH OXJIAKACHUA O6p&3HOB

dT —bz —kz
E:—abe °* _ pke ™. (3)
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Puc. 2. I'pagpux usmenenus memnepamypvl Om 8pemMeHU 0XaaxcoeHus 0as oopa3yos

u3 npogoonuxogoco cnaasea AlTi0.1 (1) necuposannozco npazeodumom, mac.%:
0.05% (2); 0.1% (3); 0.5% (4); 1.0% (5) u smanona (Al ASN)

I[To ¢dopmyne (3) BBIYMCICHBI CKOPOCTH OXJaXACHUS O0Opas3lioB U3
npoBogHuKoBoro cruiaBa AlTi0.1 nerupoBanHoro mpazeoauMom U 3tasioHa. Kpussie
CKOPOCTH OXJIaKICHHsS 00pa3IioB MmoKa3aHbl Ha puc. 3. [lyrem 06paboTku ckopocTei
OXJTAKICHHS 00pa3IloB ObLIN MOJIYYCHBI 3HaUeHUs kodddummenTon a, b, p, k, ab, pk
B (3), KOTOpBIE IPUBE/ICHHI B Ta0M. 1.

C ucnosb30BaHUEM YCTAHOBJIEHHBIX CKOPOCTEH OXJaXKIEeHUS OOpasmoB IIO
ypaBHeHUIO (1) BBIYHCIAIOCH yJEiIbHAs TEIUIOEMKOCTH IMPOBOJHUKOBOTO CILIaBa
AITi0.1 nerupoBaHHOTO MPA3€OAUMOM U 3TajioHa. Pe3ynbratel uamMepenus yepes 100
K npencraBnensl B Tabin. 2 u Ha puc. 4. TemnoeMKoCTs MPOBOJIHUKOBOrO CIUIaBa
AITiO0.1 ¢ pocTom TeMmmepaTyphl YBEIUUMBACTCS, a OT KOHIECHTPAIMM IMPa3coruma
yMeHbInaercs. [lomydeHHbIe 3HaUeHUS TETUTOEMKOCTH ISl 0CO00 YHUCTOTO aTFOMUHHS
(9TanmoHa) COBIMAIAIOT C MPUBEAECHHBIMHE B cripaBouHuKe [21, c.11] maHHBIMHU.

Tabnuua 1
3uauenus xoappuyuenmos a, b, p, k, ab, pk ¢ ypasnenuu (2) ons npoeoonuxosoeo
cnaasa AlTi0.1 recuposannozo npazeooumom u smanona (Al ASN)

Conepxanue P 1072
pa3eouMa B aK | b103 ¢t | pK | k10" ¢t | a-b K ’
ciiaBe, mac.% K-c™
0.0 495.45 4,94 321.62 2.24 2.45 7.20
0.05 495,473 4,94 322.20 2.23 2.45 7.20
0.1 495,015 494 323.80 2.24 2.45 1.27
0.5 495,314 494 325.78 2.22 2.45 71.22
1.0 495,333 4,94 326.46 2.21 2.45 7.21
OTanon 495.26 4,94 319.82 2.26 2.45 71.24
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Puc. 3. I'pagux usmeneHus cKOpocmu OXNaAHCOeHUsi Oom memnepamypul OJis

00pa3yos uz npoeoonuxogoco cnaasa AlTi0.1 (1) necuposannoco npazeooumom,

mac.%: 0.05% (2): 0.1% (3): 0.5% (4): 1.0% (5) u smanona (Al A5SN)
Tabnuua 2

Temnepamypuas  3a8UCUMOCMb  YOENbHOU mennioémKocmu (Lc/(ke°K))
nposoonuxosozo cniasa AlTI0.1 recuposannoeo npazeooumom u smanona (Al ASN)

Cooeporcanue T K

npazeoouma 6

cnnase, mac.% 300 400 500 600 700 800
0.0 903.33 949.02 991.11 1035.04 1086.25 1150.21
0.05 902,97 948,71 990,85 1034,83 1086,09 1150,09
0.1 902,61 948,34 990,47 1034,44 1085,69 1149,69
0.5 899,73 945,57 987,88 1032,13 1083,76 1148,26
1.0 896,13 941,98 984,38 1028,75 1080,55 1145,19

Omanon 903.70 949.58 991.97 1036.35 1088.21 1153.00

[Tocrme mpoBeaeHUST MOJUHOMHOM PErpecCHH IMOJYYCHO Cieayloliee ooIiee
ypaBHCHHUE OIKMCHIBAIOIICE TEMIICPATYPHYIO 3aBHCHMOCTH YICIBHON TEIJIOEMKOCTH
amomuHreBoro crutaBa AlTI0.1 JerupoBaHHOTO MPa3eoaMMOM

C,=a+bT +cT*+dT". (4)

3naueHus k03P PuIeHToB a, b, ¢, d B ypaBHeHnu (4) npecTaBlIeHbI B Ta0I. 3.
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Tabauua 3
3unauenus xoappuyuenmos a, b, ¢, d 6 ypasuenuu (4) onsn npoeoonuxkosoeo cniasa
AlTi0.1 nrecuposannozo npazeooumom u smanona (Al ASN)

Codeporcanue a, b, C -10_4 d -10_7 Kosppuyuenm
npaseoduma & Jowc/(ke'K) | [oc/(ke"K?) ’ , xoppensyuu R?
cnaaee, mac.% Thuc/(ke-K®) | Hdoic/(keK*) Ppetiy
0.0 690.11 1.010 -12.7 9.08 0.999
0.05 689.60 1.010 -12.7 9.08 0.998
0.1 689.27 1.010 -12.7 9.08 0.998
0.5 686.31 1.010 -12.7 9.11 0.998
1.0 683.48 1.005 -12.6 9.06 0.998
Omanon 690.35 1.010 -12.7 9.13 1.000
Ch.
Taxc/er X

1100

1050

1000 -

950 -

_
g[][] I/ T T T T 1 ‘?—: K
300 400 500 500 700 a00
Puc. 4. Temnepamypﬁaﬂ 3A6UCUMOCNTb MENTIOEMKOCMU npoeoduukoeozo cnjaaesa

AITi0. (1) recuposannoco npaseooumom, mac.%: 0.05% (2); 0.1% (3); 0.5% (4),
1.0% (5) u smanona (Al A5SN)

IIpu pacuerax TeMmepaTypHOM 3aBUCMMOCTHM W3MEHECHUH SHTAJbIINH,
sHTponuu 1 sHeprun ['m66ca no (5)-(7) ucnonszoBanu ypaBHeHHE (4):

oy B @]-a@ Ty 2@ TS Ty L@ T )
[sey—s°@)]= a‘ll’l}_z +B(T—T,) +g(r2 —z;f)+g(r3 ~7,%), ()
[c° ) -G @H]=[E @) - H (T)H]-T[s° @) - s°T,)] %)

rane To= 298.15 K.
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Pe3ynbTaThl pacdyera TeMIEpaTypHBIX 3aBHCHMOCTEH M3MEHCHHWH SHTAJIBITHH,
sHTporuu u 3Hepruu [ub6ca mo (5)-(7) mns mpoBomuukoBoro cmiaBa AlTi0.1
JIETUPOBAHHOTO MIPA3€0IUMOM TPEACTABICHBI B Ta0I. 4-0.

Pe3ynbTaThl pacdyera TeMIEpaTypHBIX 3aBHCHMOCTEH M3MEHCHHH SHTAJIBITHH,
sHTponmu W 3Heprum [mbd6ca mo (5)-(7) mns mpoomuaukoBoro crmiaBa AITIO.1
JIETUPOBAHHOTO MPA3€0IMMOM MPE/ICTABICHBI B Ta0JI1. 4-6.

Tabnuya 4

TemnepamypHasi 3a8UCUMOCIb USMEHEHUTl SHMALbNUU O NPOBOOHUKOBO20 CHIABA
AITi0.1 recuposannozo npazeooumom u smanona (Al ASN)

Cooepoicanue [H°(T) — H°(T,")], x/lx/Kr ons cnaasos
npazeoouma 8 T.K
cnnase, mac.% 300 400 500 600 700 800
0.0 1.6703 | 94.3405 | 191.3547 | 292.6241 | 398.6054 510.2997
0.05 1,6696 | 94,3064 | 191,2920 | 292,5380 | 398,5008 510,1816
0.1 1,6689 | 94,2693 | 191,2174 | 292,4249 | 398,3482 509,9885
0.5 1,6636 | 93,9811 | 190,6609 | 291,6228 | 397,3330 508,8044
1.0 1,6570 | 93,6141 | 189,9382 | 290,5557 | 395,9362 507,0933
Dmanon 1.6709 | 94.3869 | 191.4710 | 292.8481 | 398.9913 510.9213
Tabnuua 5

Temnepamypuas 3a6UCUMOCMb USMEHEHUL SHMPOnuU OJisl NPOBOOHUKOB020 CHIABA
AITi0.1 necuposannoco npaseooumom u smanona (Al ASN)

Coodeporcanue [SO(T)-S°(Ty)], kI /(xr - K) 02 cnaaeos

npaseoouma 8 T K

cnaase, mac.% 300 400 500 600 700 800
0.0 0.0056 0.2719 0.4881 0.6726 0.8359 0.9850
0.05 0,005583 | 0,2718 0,4880 0,6725 0,8357 0,9846
0.1 0,005580 | 0,2717 0,4878 0,6722 0,8354 0,9844
0.5 0,005563 | 0,2708 0,4864 0,6703 0,8332 0,9819
1.0 0,005540 | 0,2698 0,4845 0,6679 0,8302 0,9785

Omanon 0.0056 0.2719 0.4884 0.6731 0.8367 0.9860
Tabauua 6

Temnepamypuas 3asucumocmo usmenenuti snepeuu 1 ubbca 0nsi nPoBOOHUKOBO20
cnaasa AlTi0.1 recuposannoco npazeooumom u smanona (Al ASN)

Cooeporcanue [GO(T) — G°(Tp)], x>/ KT 02 cnaaeos

npaseoouma 8 T'K

cnaase, mac.% 300 400 500 600 700 800
0.0 -0.0052 | -14.406 -52.732 -110.988 -186.565 -277.708
0.05 -0,0052 | -14,400 -52,713 -110,951 -186,505 -277,624
0.1 -0,0052 | -14,395 -52,692 -110,908 -186,433 -277,517
0.5 -0,0051 | -14,350 -52,533 -110,582 -185,901 -276,752
1.0 -0,0051 | -14,293 -52,329 -110,160 -185,205 -275,735

Smanon -0.0052 | -14.412 -52.759 -111.054 -186.690 -277.922
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HccnenoBanue TemnepaTypHOil 3aBUCUMOCTH TEIIOEMKOCTH TTPOBOTHUKOBOTO

crutaBa AlTi0.1, nerupoBaHHOTO TTPA3€OAMMOM, B PEKUME «OXJIAKIACHUS TTOKA3AJIO,

4dTO C MOBBIMICHHUCM TCEMIICPATYPbI TCINNIOCMKOCTDL, DHTAJIBIIMA W SHTPOIIUS CIIJIABOB

BO3pacTaroT, a C YBCIMYCHUCM KOHICHTpAIMU IIpa3coJuMa B CINIaBE OHHU

yMeHbIIatoTca. DHeprusi ['mbOca yMeHbIIAeTCs C IMOBBILIEHUEM TEMIEPATYPbl U

YBCIIMYNBACTCA C YBCIIMYCHUCM KOHLCHTpPAIMU ITpa3coauma.
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JIJETUPOBAHHOI'O NIPASEOAUMOM

Annomayusa. B JaHHONW cCTaThe TNPEACTABIECH BCECTOPOHHUN aHaJuU3
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TEMIICpAaTypHasd 3aBUCHMOCTL TCINIOCMKOCTH, KOSCI)(l)I/IL[I/IeHTa TCIUIonCpcaaunu ¢
U3MEHEHU TEepPMOJMHAMUUYECKUX (YHKIUNA (PHTAIBINU, SHTPONHH W CBOOOIHOMU
sHepruu ['m60ca) JerupoBaHHOTO MPa3coAMMOM IPOBOJHMKOBOro cruraBa AlITi0.1.
Pe3ynbTaTel nokaszanu, yto B TemneparypHoMm auana3zone 300-800 K remioeMkocTh
npoBogHukoBoro craBa AlTi0.1, nerupoBanHoro npazeogumom B konudectse 0,05—
1,0 mac.%, Bo3pactaer. C yBEeIMYEHUEM COJECPIKAHUS MPa3eoarMa TEIJIOEMKOCTb,
OHTAJIBIIMA W OHTPOIIMA HMCXOJHOT'O CIlJIaBa YMCHBIIAKOTCH. 9HCpFI/IH I'no06ca
YMCHbBIIACTCA C TMOBBIICHUCM TCEMIICPATYPbl MW YBCIMYUBACTCA C YBCIWMYCHUCM
COJACPIKaHUs IIpa3couma.

Knwouesvie cnosa: npoBogHukoBbiii  cmiaB  AlTi0.1, mpaseommm,
TCINIOCMKOCTD, PCIKHUM OXJIAKACHUA, SHTAJIBIINA, SHTPOIINA, SHCPTUA FI/I66CEL

XOCHUATXOU TEIJIO®U3UKN BA ®YHKCUAXOHU
TEPMOJMHAMUKHNHU XVJIAU HOKWJINU ATIOMAHUNHU AlTi0.1 BO
MMPA3EOJUM YABXAPOHUJIAIIIYJIA

Quuiypoa. Jlap vH Makojia TaXJIMJIA XaMaqyoOHUOAW XOCHUATXOHU TEIUIO(PU3HKA
Ba (YHKCUSAXOM TepMoauHamukuu Xynau Hokuiuu AlTi0.1 060 mnpazeonum
yaBXapoOHHUAIIy1a TMEMIHUX0/ Imyjaaact. Bobactarmu XapopaT a3 rapMUFyHYOMIII,
K0P (DUTCHEHTH MHTUKOJIM TapMil Ba TaFUUPOT Jap (PYHKCUSXOU TEPMOAMHAMUKIA
(oHTanbnuUsA, >HTpONUs Ba 3Heprusu o3zoau ['no60c)-u xynam Hokmwimu AlTi0.1 60
IIpa3eoauM YaBXAapOHUJAIIYJa Jap XOJaTh «capAliasi» omyxra myxa. Harugaxo
HUIIOH AojaH, ku nap xyayaxou xapopatu 300-800 K, rapmurynyouiu xyiau
Hokuwiu AlTi0.1 6o nmpazeoaum 6a mukgopu 0.05-1.0% macca yaBxapoHHaaIIy/a,
meadsosin. bo adzoumm MUKIOpH Mpa3eoquM, TapMUFYHYOWII, SHTAIBIHUS Ba
SHTPOMUSU XyJlau aciai Koxuin Me€oan. DHeprusiu ['n66¢ 60 adzoumu xapopar Kam
MelaBaa Ba 00 a30uITi MUKIOPH MPa3eouM Mead30s.

Kanumaxou xanuou: xynan noxkunuu AlTi0.1, mpazeogum, rapMuryHYOUII,
X0JIaTH «CapIIaBii», SHTAIBINS, SHTPOIUs, SHeprusiu ['u6oc.
THERMOPHYSICAL PROPERTIES AND THERMODYNAMIC FUNCTIONS OF

ALUMINUM CONDUCTOR ALLOY AITi0.1 ALLOYED

Abstract. This article presents a comprehensive analysis of the thermophysical properties
and thermodynamic functions of the conductive alloy AITi0.1 alloy doped with praseodymium.
The temperature dependence of the heat capacity, heat transfer coefficient, and changes in the
thermodynamic functions (enthalpy, entropy, and Gibbs free energy) of praseodymium-doped
AITI0.1 conductive alloy was studied in the "'cooling" mode. The results showed that in the
temperature range of 300-800 K, the heat capacity of the AITi0.1 conductive alloy, alloyed
with 0.05-1.0 wt.% praseodymium, increases. With increasing praseodymium content, the heat
capacity, enthalpy, and entropy of the original alloy decrease. The Gibbs free energy decreases
with increasing temperature and increases with increasing praseodymium content.

Key words: AITi0.1 conductive alloy, praseodymium, heat capacity, cooling mode,
enthalpy, entropy, Gibbs free energy.
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VJIK 535.36 : 53.09
OCOBEHHOCTHU TEMITEPATYPHOI'O PEXKUMA BEPXHEI
TPOIIOC®EPBI 1 HI’KHEW CTPATOC®EPBI B I'. TYIIAHBE B UTOJIE
2021 TOJA

Aoaymnoszona C.D., 1A611y11maMmI30z[a M.A., MacaoB B.A.
Du3uko-TexHuyeckuit HHCTUTYT UM. C.Y. YmapoBa HanuonanbHoi
akajaeMnu Hayk TaJzKNKUCTaHA
"Momurexnuuecknii UncruryT TaXKHKCKOr0 TEXHHYECKOro Y HHBEPCHTETA
umenu akagemuka M.C. Ocumu B ropojae Xy/a:KaHjg

ATMochepHBIi a3p030J1b U TBUIEBBIE YACTHUITHI B aTMOc(epe oOpa3yrolue mpu
NBUIEBBIX OYypsSX W MBUICBOM MIJIBI SIBJISIOTCS JTUCIEPCHBIMU CpeJaMu- OOBEKTaMHU
(GU3HKN KOHJECHCUPOBAHHOTO COCTOsTHUSA. llenph HacTosmeld cTaThu HMCCIEIOBaHUE
OCOOEHHOCTH W3MEHEHUS BEPTHKAIHLHOTO MPOGUIS TEMIepaTypbl MPHU BTOPKCHUS
NbUIEBBIX Oyph Ha ipuMepe utoiist 202 1roaa B atmocdepe r.Jlymanobe.

Urons 2021 roma wnHanm Tteppuropueir r. JlymanOe XapakTepu3oBalcs
BBIPA)KEHHONW BHYTPUMECSYHOW HM3MEHYMBOCTBHIO TEPMOJUHAMHYECKOTO COCTOSHUS
atMocdepbl, 00YCIOBICHHOW KaK CE30HHBIMU PaTUAIMOHHBIMHU (haKTOpaMu, Tak H
AMU30IMYECKUMHU a3pP030JIbHBIMU BO3JEHCTBUSIMU. B TeueHne mecsila HeOJHOKPATHO
(UKCHPOBATUCH TBUIEBBIC SIBICHUS PA3IMYHON WHTEHCHBHOCTH, BKJIIOYAs MbUIHHBIC
Oypu )10 u 27 uronsa( u nbUIbHYIO0 MY )14-16 urons(, yepeayromuecs ¢ NepruoamMmu
CpPaBHUTEIJILHO YnCTON aTmMocdepsl )8 u 23 uroisi(.

AHaJIn3 BBINOJHEH Ha OCHOBE JaHHBIX peaHasm3a GDASI, koTopbie MIUPOKO
NPUMEHSIIOTCS 111 U3YUYCHUSI «BEPTUKAIBLHOU CTPYKTYphl atMocdepbl U JUHAMUKHU
Tpononay3el» |1, ¢.21; 2, c.14; 3, c.438[. PaccMoTpeHbI 1Ba BHICOTHBIX YPOBHSI —
okosio 10,8 KM, COOTBETCTBYIOIIMI BepxHEW Tpomocdepe, U okoio 16,7 KM,
OTHOCSIIMICA K HUWXHEH cTpartocepe. DT YPOBHHU SIBISIOTCS KIHOUEBBIMH JUIS
UCCJICIOBAHUS PATUANMOHHO-TMHAMUYECKOTO OTKJIMKAa aTMOoc(epbl Ha a’po30JIbHOE
3arps3HEHUE

JIOTIOHUTENBHO NJIsi XapaKTEPUCTUKU a’pO30JbHOM HArpy3Kd HMCIOJIb30BaHbI
CYTOYHBIC 3HAYCHHS a’pO30JbHON onTudeckod TommuHbl )AOD( Ha anuHax BOJH
340, 380 u 500 HM, OTpakarIIMe WHTCHCUBHOCTb M CIIEKTpaJbHbIE OCOOCHHOCTH
a’pO30JILHOTO CII0Sl B TeUeHHe mMecsia )puc 1(.
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Puc. 1. Cpeonue snauenus sapuayuu oowei AOT — t(A) AOT cyomuxponnou t(A°¢ u
kpynHooucnepcHoti gppaxyuu t(A" asposzons 6 ammocgpepe 2. Jywande

TemnepatypHblii pe:xxum BepxHeit Tponocdeps )H = 10,8 km(

CpennemecsiuyHas TeMrepaTypa Bo3ayxa B BepxHeu Tpornocdepe B urosne 2021
roja coctaBuia —37,78 °C, 9TO COOTBETCTBYET THIHYHBIM «JICTHUM YCJIOBHSIM JIsI
nanHoro peruoHa Cpemnedt Aszum» [4, c.63[. B TeueHuwe Mecsma TeMmieparypa
HU3MEHSJIach B ITUPOKOM jauara3oHe oT —46,2 °C mo —31,7 °C, 4ro ykaspIBaeT Ha
BBICOKYIO YYBCTBUTEIIBHOCTh ATOTO CIIOSl aTMOC(EpPhl K M3MEHEHUIO PaJHAIlMOHHOTO
OanaHca ¥ BepTUKaIBHOTO TersiooOMeHa)puc.2(.

B mnepuwonsr meutbHBIX Oyph )10 w 27 wuronmsa( B BepxHeil Tpomocdepe
HAOJIIOIANIMCh BBIpAXKEHHBbIE TeMIlepaTypHble aHoManuu. 10 utons 3aduKcupoBaHa
oTpuriatenbHas aHomanus )-3,42 °C(, cBs3aHHas C SKpaHUPYIOIUM 3(dheKTom
IJIOTHOTO  a3pO30JIbHOTO  CJIOSL. Hanporus, 27  wuwonsg  ormevanach
cnabomnonoxutenbHas anomanus )+0,98 °C(, yto yka3piBaeT Ha MpeodsIaaHue
JUIMHHOBOJTHOBOTO ~ PaJIMAllUOHHOTO TMPOrpeBa BEPXHETPONOCHEPHOro CJIos B
YCJHOBUSX Pa3BUTOr0 a’3poO30JIbHOTO 3KpaHa )Tad. 1(.

B nepuon meuisHOM Mribl )14-16 wuronsa( TemriepaTypHble aHOMAJIUU HOCHIIN
YMEPEHHO OTpHUIaTeNnbHbId Xapaktep )or -0,72 mo -1,62 °C(, otpaxkas
IPOMEKYTOUHYI0 HMHTCHCHBHOCTH adPO30JBHOTO BO3JCUCTBHS: KOHIICHTPAIIHS
MUHEPAJIBHOTO a’po30Jisi ObUIa JOCTAaTOYHOW JJIi YaCTUYHOTO  OcCiabiieHus
KOPOTKOBOJTHOBOW  pajauaniyd, HO  HEAOCTaTOYHOM It «(hOPMHPOBAHHUS

BBIPAKEHHOTO PaJMAIlMOHHOTO MPOTpeBa BEpXHUX CIOEB armocdepr» |5, c.86; 6,
c.514; 7, c.3].
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Puc.2. Bepmukanvhusiii npoghune memnepamypot 6 ammocgepe 2. [ywanbe 6 uione
2021e.

B nnau ¢ yuctoit atmocdepoii )8 u 23 utonsa( TemMnepaTypHble aHOMAJIUA UMETU
Pa3HOHAIPaBJICHHBIN XapaKTep U ONPEACIIITUCH MPEUMYIIECTBEHHO TUHAMUYECKUMHU
polleccaMi — «aJBEKIIMEH BO3MYIIHBIX MacC M BOJIHOBBIMH BO3MYIICHUSIMH
BOJIM3M Tporonay3e» |1, ¢.22, 2, c.15].

Tabnuuya 1.
Temnepamypuvle anomanuu )AT( 6 eepxneti mponocghepe u HudicHeli cmpamocghepe
Hao e. /[ywanbe 6 urone 2021 2.

Jlama Aspo3zonvhoe T)10,8 47)10,8 | T)16,8 AT)16,8
COCMOosIHUe xkm(, °C km(, °C km(, °C km(, °C
ammocghepbl

08.07.2021 | Yucmasa ammocgepa | —35,1 +2,68 -60,8 +5,71

10.07.2021 | [lvinvuas 6yps -41,2 3,42 -70,8 -4,29

14.07.2021 | Ilvinvnas mena -38,9 -1,12 —65,3 -1,21

15.07.2021 | I1leinvnas mena -38,5 -0,72 —64,7 -1,69

16.07.2021 | I1vinvnas mena -39,4 -1,62 -66,1 -0,41

23.07.2021 | Yucmasa ammocgpepa | —46,2 -8,42 -60,3 +6,21

27.07.2021 | ITvinvnas 6yps -36,8 +0,98 —-69,4 -2,89

28.07.2021 | Ilvinvnas 6yps -34,1 +3,58 -69,9 -5,29

[lonmHOMUanbHBIA TpPEeHX TeMHeEpaTypbl Bo3ayxa Ha Bbeicore 10,8 km
OIIMCBIBAETCS CJIEAYIOIIUM YPaBHEHUEM
T(x) = 0.0033x% + 0.0593x — 39.8499
R? = 0.151
I'ne x— HoMep nHs Mecsa;
duznyeckuii cMbica Ko3punuenToB. KBagpatuunblii K03PQGULIUEHT UMEET
MOJIOKUATENIbHBIA 3HAK, YTO YKAa3bIBAET HA TEHICHIIMIO YCUJIEHUS TEMIIEPATypPHBIX
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aHOMaJIM BO BTOPOIl IMOJOBHHE Mecsla. JDTO OTpPaaeT HAKOMMUTEIbHBIA 3(QeKT
a’pO30JILHON HArpy3KH, CBA3aHHBIM C TOBTOPSEMOCTHIO TBUIEBBIX Mriie )2 u 24
utonsi( W TeUIeBOM Oypu )5 wuronsg(, a TakkKe YCHICHHE JJIMHHOBOJHOBOIO
paANaIMOHHOTO MIPOrPEBA CIIOA.

Jlunelnpiii Ko PUIMEHT XapaKTepu3yeT Cialblil MOJOXKUTEIHHBIM BHYTpPHU-
MECSYHBIM TpeH[, 00yCIOBIEHHBI CE30HHBIM MPOrPEBOM BEpXHEW Tpomocdepsbl B
JIETHUW TIEPUO/I.

CBoOOmHBIN KO3(PGUIIMEHT COOTBETCTBYET (POHOBOW CpeaHEN Temrmeparype
BEepXHEW Tpomocdepbl HaJ PETMOHOM B YCIOBHUSX OTCYTCTBUS SKCTPEMabHBIX
a3p030JIbHBIX BO3JICHCTBHUM.

Onenka kauecTBa  ammpokcumaruu ) R? = 0.151(.  Kosdpouiment
JNEeTepMHUHAIIMM yKa3blBa€T Ha TO, 4YTO OKouo 15 % Bapuanuii Temmeparypsl
OOBSACHAIOTCS MOJTMHOMHUAIBHOW MOJIENBIO. DTO CBUJIETEIBCTBYET O TOMUHUPYIOLIEH
pOJIM  KPAaTKOBPEMEHHBIX CHHOINTHYECKUX M  a’pO30JIbHBIX  MPOIECCOB, HE
ONMKCBHIBAEMBIX TIJIAJIKOW TPEHIOBOM (YHKIMEH, 4YTO XapakTEepHO i BEpXHEU
Tpornoc(epsl B YCIOBUSIX TOPHOTO pesbeda.

TemnepatypHblii pexxum HUKHel cTpatocdepsnl )H = 16,7 km(

B HmxHell ctparochepe cpenHeMecsauHas Temieparypa B utone 2021 roga
cocrapmia —66,51 °C. B otmiuuume ot BepxHed Tpornocdepsl, MaHHBIA CIOU
aTMoc(epsl XapakTepu30BaJCsl MPOTUBOMOJIOKHOM peakluei Ha a’po30JbHBIC
coObITHsi. MuHMManbHBIE 3HAaYeHUs Temmeparypsl jgocturaiu —/71,8 °C,
MakcuMainbabeie — —60,3 °C.

B mnepuoner memmeHBIX Oyph )10 m 27 wuronmsa( B HWKHEH cTparochepe
(bUKCUPOBATUCh YCTOWUYMBBIC OTPHUIIATENIbHBIC TeMIlepaTypHble aHOManuu )ao —4,29
°C u -2,89 °C cooTBeTCTBEHHO(, UYTO OOYCIIOBICHO «IKpaHUPYIOMHM 3(deKToM
a’pO30JILHOTO CJIOS, OCJAOJISIIONIEr0 MOCTYIJIEHHE KOPOTKOBOJHOBOHM COJHEYHOU
paguanuu B cTpaTocepy M YCWIMBAIOIIETO  IMPOILIECCHl  PaTUalMOHHOTO
BBEIXOJIAKUBaHU» |8, ¢.425; 9, ¢.1718; 10, ¢.276].

B ycnoBusix wuyumcroit armocdepsr )23 wmronsa( Habmoganace Haubosee
BBIPOKCHHAST TIOJIOKUTENIbHAST aHOMausl TemrepaTypbl )+6,21 °C(, oTpaxkarormias
(OHOBOE COCTOSIHME HWXXHEH cTparocdepbl NpU MAaKCUMaJIbHOM MpPO3pavyHOCTH
atMocepsl U IPGHEKTUBHOM  «IOIJIONIEHUU  YJIbTPA()HUOIETOBOTO U3ITYyUCHHUS
ozoHom» |11, ¢.38; 12, ¢.14, 13, ¢.3; 14, ¢.7782; 15, ¢.4370|.

Jlnst HukHedt crparocdepsl )H = 16,8 km( monaydeHo cieayroniee ypaBHEHUE
NOJINHOMUAJIbHOTO TPEHJA!

T(x) = —0.0068x> + 0.1732x — 66.992
R?* = 0.0357

dusnyecknii cMmbica KoIPuumenToB. OTpUIATEIbHBIN KBaIpaTUYHbBIN
KOO(QGUIIMEHT YyKa3blBaeT HAa TEHICHIMIO OXJaXJEHHUS HWXKHEH crpaTocdepsl BO
BTOPOM MOJIOBUHE MecCAIa. DTO CBA3AHO C AKPAHUPYIOUIUM 3(P(HEKTOM a3pO30JIbHBIX
YacTHI], KOTOpPbIE OCHAOSIOT MOTOK KOPOTKOBOJHOBOTO COJHEYHOTO HW3IIy4YCHHS,
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noctynatomero B crparocepy. I[lonoxutenbHbI JTUHEWHBIM  KO3PHUIIMEHT
OTpaXKaeT MEJUICHHYIO  KBa3WJIMHEHHYK)  TEPMUYECKYIO  3BOJIOLMIO  CJOf,
0OyCIJIOBJICHHYIO CE30HHBIMHM IpPOLECCAaMU U BEPTUKAIBHBIM IEPEHOCOM JHEPIUU
BOJIM3HU TPOIONay3bl.

CBoOomHbBIN KO3(PGUIIMEHT COOTBETCTBYET cpefHed (OHOBOW Temmeparype
HUWKHEHN cTparocdepsl Hafa T. Jlymian6e B JeTHUM nepuos.

Ounenka kavecTBa annpoxkcumanuu. Huskoe 3HaueHue koadduimeHTa
JNETEPMHUHALIMM CBUIETEIBCTBYET O TOM, YTO TEMIEpAaTypHass W3MEHUYMBOCTH B
HUKHEH cTparochepe B 3HAYUTENBHOW CTENEHU ONPENEIseTCs BOJHOBBIMU
OpoLeccaMy, JWHAMHMKON TpoIonay3bl M KpPaTKOBPEMEHHBIMH a’3p030JIbHBIMU
BTOP’KEHUSMH, YTO HE MOXKET OBITh MOJHOCTBIO OMKUCAHO NMPOCTON MOJUHOMHUATBHOU
MOJIETIBIO.

CpaBHUTEJbHBII AaHAJN3 IBYX BBICOT

CormnocraBiieHME TTOIMHOMHUAIBHBIX TPeHAOB Ha BbicoTax 10,8 m 16,8 kM
MOKAa3bIBAET Pa3HOHAIPABJICHHBIN TeMIEPaTypHbIA OTKIMK aTMOC(hEphl Ha TMbLIEBbIC
coObiTus. B BepxHeil Tpomocdepe a’po3oibHas Harpy3ka —CIOCOOCTBYET
GOpMHUpPOBAHUIO  TOJIOKHUTENBHBIX  TEMIIEPATypHbIX  aHOMaJIWA  3a  CUér
JOTIOJIHUTENBHOIO JIJIMHHOBOJIHOBOTO PAaJMAllMOHHOIO IPOTpeBa, TOIJNa Kak B
HIOKHEH cTparocdepe mpeobsagaer 3PEGexT pagualldoOHHOTO HSKPaHUPOBAHMS,
MIPUBOJAIINN K OXJIAXKICHUIO CIIOS.

[TonmyyeHHBIE pe3yJIbTaThl COTJACYIOTCSl C COBPEMEHHBIMU MPEACTaBICHUSIMU O
BEPTUKAJIBLHOM  MEpEpACNpE/eICHU  PaJUallMOHHONM SHEPIMM B YCJIOBHSX
MOBBINICHHON 3aMbUIEHHOCTH aTMOC(Ephl M MOATBEPKIAIOT CIOKHBIA HEITHHEHHBIN
XapakTep TEPMOJIMHAMUYECKUX MPOIECCOB B paiiOHE TPOIONAY3bl.

3akioueHue

CormnocraBiieHre TeMmmnepaTypHbIX aHoMalui Ha BeicoTax 10,8 um 16,8 km
MOKAa3bIBAET pa3HOHAIPABJICHHBIM OTKIWMK aTrMochepbl Ha IMbUIeBbIE COObITHA. B
BEpXHEW Tpomocdepe al’po3oibHas Harpy3ka CrocoOCTByeT (OpPMUPOBAHUIO
NOJIOXKUTENIbHBIX ~ QHOMAJIMK 32 CYET  JIONOJIHUTEIBHOIO  JIJIMHHOBOJHOBOI'O
paauaIMOHHOIO MPOTPEBa, TOT/IA KaK B HIKHEU cTpaTocdepe npeodnagaet 3GphexT
PaANaMOHHOIO SKPaHUPOBAHUS, TPUBOIAIIMN K OXJIAXKIEHUIO CIIOS.

OcHOBHBIE BBIBOABI:

1. B utone 2021 1. TemMnepatypHblii peKUM BEpXHEU Tpomoc(epbl U HIKHEH
ctparoceppl  Han 1. JlymanOGe  XapakTtepusyeTrcs  BBICOKOM  CYTOYHOMU
U3MEHYHUBOCTHIO.

2. [1pieBbie Oypu MPUBOAAT K (POPMUPOBAHUIO BBIPAKEHHBIX MOTOKUTEIBHBIX
aHOMAaJIMI TeMIlepaTypbl B BEpXHEH Tponocdepe.

3. [Ipi1eBast Mriia ConpoBOXKIAAETCS OXJIAXKIEHUEM BEPXHUX CIIOEB Tponochepsl
U HUXKHEH cTpaTtocdepsl.

4. TlonuHOMHMaNbHBIE TPEHABl MOATBEPKIAIOT HEJIMHEHHBIM  Xapaktep
BHYTPUMECSYHBIX U3MEHEHUI TEMIIEPaTyPBhI.
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Takum 00pa3oM, pe3ysibTaThbl aHAIM3a MOATBEP)KIAIOT, YTO a’pPO30JIbHBIE
SIBJICHUS SIBJISIIOTCS OJJHUM M3 KJIIOYEBBIX (PAKTOPOB (POPMUPOBAHUS TEPMUUYECKOTO
pexuma atmocdepsl Haf r. [lymianOe B T€THUM MEpUOA U ONPEACIIIIOT HeTUHEHHBIHI
XapakTep BHYTPUMECIYHON TEMIIEPATYPHON U3MEHUYUBOCTH B palOHE TPOIIOIIAY3hbI.
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OCOBEHHOCTHU TEMIEPATYPHOI'O PEXKUMA BEPXHEMN
TPOIIOC®EPHI 1 HUKHEH CTPATOC®EPHI B I'. I[YIIAHBE B UIOJIE
2021 TOAA

Annomayun. Ctatbsi NPEACTABISIET KOJWYECTBEHHBIN aHAIN3 BEPTUKAIHHOTO
pacmpeneneHus TemrepaTypbl B BepxHel Tpomochepe (H = 10,8 km) u HuxKHEH
ctpatocdhepe (H = 16,7 kM) Hax Tepputopueii r. Jyman6e B utone 2021 roma c
y4€TOM BHYTPUMECSYHON BapuaOEIbHOCTH a’pO30JbHOW Harpy3ku. VCronb3oBaHBI
nanabeie peananmm3a GDAS] u cyTouHBIE 3HAYCHHSI adPO30JBHON ONTHYECKOM
tonmuHbl (AOD) na mmunax Bonn 340, 380 u 500 um. IlokaszaHo, 4TO
TEMIIEpaTypHbIE aHOMAaJWU pa3UYalOTCI 10 BBICOTHBIM YPOBHSIM. BEPXHSS
Tpornocepa AEeMOHCTPUPYET KaK IMOJOXKUTEIbHBIE OTKIOHEHHS (JIMHHOBOJHOBOM
paaualMoOHHbIA MPOTPeB), TaK U OTpPULATENbHBIE (OCTabJieHHEe KOPOTKOBOJIHOBOIO
COJIHEYHOTO M3TyYCHHUs), B TO BpeMs KaK HUXKHsA cTpaTocdepa B Mepuo MbIIEBBIX
COOBITUI  MPEUMYUIECTBEHHO  OXJIAXKIAETCS. [TonuHOMUANBEHBIN  aHANU3
BHYTPUMECSIYHBIX M3MEHEHUN TeMmIepaTypbl MOJITBEPKIAeT HEIMHEHHYIO MPUPOIY
TEPMOJIMHAMUYECKUX  NpPOLECCOB  BOMM3M  Tpomomay3bl,  0OyCJIOBJIEHHBIX
CUHONTHUYECKUMHU, PATUAMOHHBIMH U a’PO30JbHBIMU BO3ACHCTBUSMU. Pe3ynbrarhl
NOJYEPKUBAIOT KIIOUEBYIO pOJIb a’3pO30JIbHBIX MPOLECCOB B (HOPMUPOBAHUU
BEPTUKAIBLHOMN CTPYKTYpPBI TeMIiepaTypsl atMocdepsl B peruone LlenTpansHoit A3uu.

Knroueswvie cnosa: Bepxuss tponocepa, HIOKHsIS cTpaTocdepa, BEPTUKATIbHBIN
npodusib TeMIepatypbl, TEMIIEpAaTypHbIE aHOMAIHMH, a’pO30JibHAsi ONTHYECKas
TOJIIIMHA, TIBIJIEBbIE OYPH, paaualimoHHbIe TIpoiiecchl, Jlymanoe.

XYCYCUATHU NAPAMETPXOU XAPOPATUU BEPTUKAJIN AP
TPOINOC®EPAU BOJION BA CTPATOC®EPAU NMOKHM JAP IIAXPHU
AYIHAHBE JAP MOXH UIOJINA 2021

Quwypoa. [lap wmakona TaxTWIM MHUKIOpPUM TardupéOuM XapopaTuu
tpornochepau OGononr )H = 10,8 km( Ba crpatocdepan no€uit )H = 16,7 xm( nmap
maxpu [ymanOe nap moxu utonau conu 2021 memHuxojn mypaact. Taakukor 00
uctudona a3z mabiaymotu peaHamzm GDAS1 Ba TtariiupéOum radcum ONTHUKHUU
asposot )Y AOD( nap maposuun maByxou 340, 380 Ba 500 um anyom édraact. MyaiisH
KapJia 1IyJ, Ku aHOMaJIUSIX0U Xapopartii gap Tpomnocdepau 6osoir Ba crparochepan
noéHit 06a TaBpu TYHOTYH Tardp meOanm: nmap Tpomocdepan 0010l aHOMATUSIXOU
MycOaT )rapMmIaBuud paauarcuoHi( Ba MaH(# )kaMIIaBUM paguaTCUAN KYTOXMaBY(
0a By4yI MEOSHI, Jap XoJe KU Jap cTparocdepau Mo€HA Oemrap XyHYKIIaBi
MYIIOXUJAa MeMaBaj. TaxJIMiIXou TOJWHOMHUU TardupéOum Xapopar HUIIOH
MEIUXaH]l, KU JTUHAMUKaW TePMOJAMHAMUKUU aTMocdepa Aap MUHTAKau TPOIOIay3a
Falipuxatii Ba 6a OMIJIXOU a’pO30JIii, CHHONITUKI Ba paguaTCHOHM XeJe Xaccoc acT.
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Harunyaxo axamusitid a’po30JiXopo JAap TaH3UMH NPpOoGUiId XapopaTii Ba HBOIIOTCUSIU
OSHEPreTUKUM BEpPTHKaI gap artMmocdepan MuHTakau Mapkazu Ocué€ Tacauk
MEKYHaHJ.

Kanumaxou xanuoi: tponocdepau 06010ii, crparochepan Mo€HH, mpoduin
XapopaTii, aHOMAIHMIXOW TEPMOJMHAMUKKA, FAaQCUU ONTUKUU a’po30J, TyPoHXOoH
ryOopii, paauanusu armocdepa, lymanoe.

QUANTITATIVE ANALYSIS OF VERTICAL TEMPERATURE PROFILES
IN THE UPPER TROPOSPHERE AND LOWER STRATOSPHERE OVER
DUSHANBE IN JULY 2021

Annotation. This study presents a quantitative assessment of vertical
temperature variations in the upper troposphere (H = 10.8 km) and lower stratosphere
(H = 16.7 km) over Dushanbe during July 2021, considering intramonthly aerosol
variability. The analysis is based on GDASL1 reanalysis data and daily aerosol optical
depth (AOD) measurements at wavelengths of 340, 380, and 500 nm. Results indicate
that temperature anomalies exhibit a height-dependent response: the upper
troposphere shows both positive deviations due to longwave radiative warming and
negative deviations due to shortwave radiation attenuation, whereas the lower
stratosphere predominantly cools during dust events. Polynomial modeling of
intramonthly temperature trends confirms the nonlinear nature of thermodynamic
processes near the tropopause, driven by synoptic, radiative, and aerosol effects.
These findings emphasize the significant role of aerosol loading in shaping the
vertical temperature structure and radiative balance of the atmosphere over Central
Asia.

Keywords: upper troposphere, lower stratosphere, vertical temperature profile,
temperature anomalies, aerosol optical depth, dust storms, radiative processes,

Dushanbe.
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VIIK: 539.1.074.55; 546.76(540)
AHAJIN3 ®M3NKO-XUMWYECKOI TEOPUM
MOJYITPOBOJHUKOBBIX MATEPHAJIOB 1 HEKOTOPBIE
OCHOBHBIE CBOIICTBA AHTUMOHMIA WHINS

Baporos H.HU., *T"adopon C.
JlanrapuHckmii rocy1apcTBeHHbIH YHUBEPCUTET
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TexHuyeckui  mporpecc ¥ BHEIPEHUS, JNOCTUTHYTBIE  HAyKOW,
CBUJICTEILCTBYIOT O OYpHOM pa3BUTHM HE TOJIbKO OOLIECTBA, HO W OTpaciu
byHmamMeHTaIbHBIX  HayK. OcCOOEHHO OBICTPO pAa3BUBAIOTCS W BHEAPSIFOTCS
pe3yNIbTaThl UCCIEOBAHUN B pa3lUYHbIE 00JIACTH HAYKU, KOTOPHIE UMEIOT IIUPOKHUE
NIEPCIIEKTUBBI U1l PAa3BUTHS SJEKTPOHHOW TEXHUKH. Hapsay ¢ Apyrumu HayKamu
0COOEHHO OBICTPO Pa3BUBAIOTCS (PU3MKA U XUMHSI TTOJTYITPOBOAHHUKOB.

CoBpeMeHHas 3JeKTPOHHKA TpeOyeT MaTepHalibl ¢ 00raTbiM U HETPUBUAIILHBIM
HAOOpPOM XapaKTEPUCTUK, TaK YTO OJHUX JIUIIb YUCTHIX KPUCTAJUIOB, CIY>KHUBIIUX
MHOI'O JIET, OKa3bIBAETCA HENOCTATOYHO, M, C JPYrOM CTOPOHBI, HEMPEPBIBHO
pPa3BUBAIOLIAsACS HAyKa O «HEYNOPANOYEHHBIX CHCTEMax», YAaCTHBIM CIly4aeM
KOTOPBIX  SIBISIIOTCA ~ OJKUAKUE  MOJYHNPOBOJHUKH,  TpeOyeT  HaAEKHBIX
AKCIIEPUMEHTAIIbHBIX JAHHBIX JUIsl IOCTPOCHUS O0IIEe TEOPUU TBEPABIX TEI.

Hlupokoe mHpUMEHEHHE  MOJYINPOBOAHMKOB, OCOOEHHO B  KauecTBe
ANIEKTPOHHBIX MPUOOPOB, TAaKWE KaK BBIIPAMHUTENIN TOKa, (POTOIIEMEHTOB,
(OTOCONPOTUBIICHUNA, TEPMOPE3UCTOPOB, JATYMKOB  XOJUIa, BapUCTOPOB  —
HEJIMHEHWHBIX CONPOTHUBIICHUH, TI'PO30BBIX Pa3PSAHUKOB, MATEpPUATIOB Uil TEPMO-
ANIEKTPOrE€HEPATOPOB W T. JA. — Onarojgaps MOJYNPOBOJHUKOBOM 3IIEKTPOHUKH
HaXOJUTCs Ha MEPENOBOM JIMHUM PAa3BUTHE HOBOM TeXHHUKU. KpoMe Toro, yiy4ymeHue
KauecTBa TPAJWLMOHHBIX, a TaKXE OCBOCHME HOBBIX MOJYIPOBOAHUKOBBIX
MaTEepUaAIIOB TMO3BOJWIO MPUCTYNUTh K CO3/aHUIO OONBIIMX, CBEPXOOJBIIUX,
CBEPXOBICTPOACHCTBYIOIINX UHTETPAIBHBIX CXEM, yIajloCh CYIIECTBEHHO MOBBICUTH
CTENEHb MMHHMATIOPU3ALMU MHKPOSJIEKTPOHHBIX YCTPOMCTB, pa3paboTath psn
KJIACCOB  MPUHIMUIHUAIBHO HOBBIX onTodiekTpoHHbix u  CBY-  mpubopos,
WHTCHCUBHBIMH TEMIIAMM HayaTa peanu3alus BO3MOXKHOCTEH BOJIOKOHHO -
ONTUYECKHUX JIMHUN CBSI3U U UHTETPAJIbHOW TEXHUKHU.

Ilouck m mosydyeHHe HOBBIX IIOJYIPOBOJHUKOBBIX MAaTEpHUAIOB HEBO3MOYKHO
0€e3 BCECTOPOHHEr0 M3Y4YEHUsl HX (PUIUKO-XMMUYECKHUX CBOMCTB B IIMPOKOM
JMarna3oHe TeMIlepaTyp, BKIo4as U Kuakyto ¢aszy. [loaTomy npobiemsl nu3ydeHue u
MIMPOKOE NPUMEHEHUE OMHAPHBIX M CJIOKHBIX IOJYNPOBOAHUKOB B TBEPAOM U
XKUJKOM COCTOSIHMM SIBJISIETCS AKTYaJIbHOM.

W3BeCTHO, 4TO KUIAKHUE MOJYIPOBOAHUKM HMEIOT DAL NPEUMYLIECTB IEpen
TBEPABIMH, OHHU PACIIMPSIOT pabOUYUil TeMIepaTypHbIM JMana3oH MpUOOpPOB,
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MaJIOYyBCTBUTEIIBHBI K BHYTPEHHUM W BHEIITHUM BO3JICHCTBHSIM, TIPY HATMYUH TIPUMECEH
JI0 OJTHOT'O TIPOIIEHTA HAOJIOAAETCS CTAOMITBHOCTD UX XapaKTEPUCTHKU U T. 1.
[lepBoHauaTbHBIMKM  OOBSICHEHUSMHU TIPOIIECCa IUIaBICHUS] ObUTM B OCHOBHOM
MEXaHWYECKHE TEOPUU IUIABJIEHMSA, KOTOpbIE AATIEKO HEpPEealbHO OMMCHIBAIM IPOLIECC
dazoBoro mepexonma (moxens dpenkens). B mocnennee Bpemsi pa3paboTka YacTHBIX
TEOPUI KHUJIKOTO COCTOSIHUSI COCTOMT B TOM, YTO M3YYarOTCS OIPEICTICHHbIE MOACH, X
BBIBOJIbI CPABHUBAIOTCS C pe3ysIbTaTaMu dKCriepuMenTa. CUCTeMaTHIeCKUe UCCIICIOBaHUS
(U3HYECKNX CBOWCTB Yy TIOIYTIPOBOJHUKOB PA3IMYHBIX CTPYKTYPHBIX TPYIIT B ITUPOKOM
TeMIIEpaTypHOM JTMAIa30He TMO3BOJWIM CHAENaTh HEKOTOpble OOOOIICHHS, KacarolIuecs
W3MEHEHHSI CTPYKTYphl OJIMDKHETO TOps/IKA W XapaKTepa XUMHUYECKOW CBSI3H TIPH
TUTABJICHUHM TIOTYTPOBOTHUKOB M HAarpeBa paciuiaBoB. Ha ocHOBE OOMIMPHBIX pe3yIbTaToOB
[0 XapakTepy M3MEHEHUs] (DU3UKO-XUMHUYECKUX CBOMCTB MpU IUIABJICHUH OOJBIION
rpymmbl BemecTB. A. P. Perenem u B. M. I'a30BbIM ObLa mipezicTaBieHa Kiiaccupukarus,
COITIACHO KOTOPOW CYIIECTBYIOT CIIEAYIOIIME TUIIBI MEpexoja U3 TBEPIOrO COCTOSHUS B
KHUJIKOS: METAT — METAIL, MOIyMETAT — METAIL, MOIYIPOBOIHUK —TIOTYTIPOBOHUK,
MOJTYTIPOBOJHUK — METa/Ul, IOJYNPOBOJHUK — MOHHBIM mpoBomHuK [1, ct.143].
CoxpaneHue oTyTpOBOJHUKOBBIX CBOMCTB BEIIECTB B ®UAKOH (aze A. P. Perens u B. M.
['ma30B CBSI3BIBAIOT C COXpAHEHHUEM OMIKHETO MOPS/IKA U XapakTepa XUMUYECKOW CBSI3U
MOCJIe TUIABJICHUS, CBOMCTBEHHOTO TBEPAOMY COCTOsIHUIO. [lepexopl OCTaIbHBIX THUIIOB
OHHU OOBSICHSIIOT Pa3pyIlIEHUEM IMPOCTPAHCTBEHHOW CHCTEMbI TOMEOMOJSPHBIX CBS3EH U
MICPECTPONKON  CTPYKTYpbl OmkHero rmopsiaka. IloxTBepskmaeTcss TNPaBHIIBHOCTH
npuHipna akagaemuka A. @. Modde [3, c1.294], cormacHO KOTOPOMY OMNPEACIISIONIYIO
POJIb ISl DJIEKTPOHHBIX TTOYTIPOBOAHUKOB UTPAET ONMKHUIA MOPSIOK B PACHIOIIOKEHUN
aTOMOB U XapaKTepa XUMHUYECKOU CBsI3U Mex Ty aromMmaMu. Cy/isl TIO XapakTepy U3MEHEHUS
AIIEKTPUUYCCKUX CBOMCTB, C/IENIaH BHIBOJI, YTO TIPH IIABJICHUH Y UCTHHHBIX METAIIOB THII
XUMHUYECKON CBSI3M COXPAHSIETCS, M CKAYOK AJIEKTPOIPOBOIHOCTH TOUMHSIETCS MPABUITY
[lepmuiia u ypaBHenuto Motra [4, c1.663, 5, c1.223] (32 UCK/IIOUEHHEM MEPEXOIHBIX
MeTainioB). [Ipu miaBieHNN MOTyMETA/UIOB YCHIIMBACTCSI METAJUTMYECKOM XapaKTep CBSI3H.
[TomympoBOMHUKY TIPU TUTABICHUH JTMOO COXPAHSIOT CBOM CBOWMCTBA M COOTBETCTBEHHO,
peanu3yercsi TMPEUMYIIECTBEHHO TOMEOMOJISIPHBIA THUIT XMMHYECKOM CBSI3U, JIMOO
NePexXoAiaT B MeTaUIM4ecKoe cocrosiHue. [lomoOHas kmaccudukaiwis sBUIACh WTOTOM
AKCIIEPUMEHTAIIBHBIX YCHIMKA MHOTHMX HCCIIENOBATENEH, U OYEBHIHA €€ IOJIOKUTEIbHAS
poNb U JATBHEUIMX paboT B 0ONACTH >KUAKHX MOITYNPOBOTHHUKOB. Jlo mocnemHero
BPEMECHH BBIBOJ] TIPHHAIJICKHOCTH BEIISCTB K TOMY WIM WHOMY THITy TIepexoja Wu3
TBEPIOTO COCTOSIHUSI B OKUAKOE 0a3upoBaliCsi UCKIIOUUTENIbHO HAa  Pe3yJibTaTax
UCCIIEZIOBAHMS 3JIEKTPOIPOBOTHOCTH M B HEKOTOPBIX CITydasix TepMo-37c. B urtore, nmes B
BUJTy MHTETPAITBHBIN XapakTep ATUX (PU3HUYECKUX MMapaMeTPOB, MX aOCOTFOTHBIC 3HAYCHHUSI
U TEMIIEPaTYPHYIO 3aBUCHUMOCTh HE BCErJa MO3BOJISIIOT JIOCTOBEPHO YTBEP)KIATh, YTO
JTAHHBIA PACIUIaB TPUHAVISKUT K KOHKPETHOMY KJIacCy KOHIICHCHpOBaHHBIX (a3. B
YaCTHOCTH, €CJIM peyb ILIa 00 3JEKTPONPOBOAHOCTH, TO OJHOBPEMEHHOE H3MEHEHHUE
TIOZIBIKHOCTH M KOHIICHTPAIMSI CBOOOTHBIX HOCUTEIEH TpPU TUIABICHUHM HE TO3BOJISET
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CTPOr0 pas3jiMuuTh HA OCHOBE aHAJM3a 3TOro mnapamerpa 3(PQEKTbl, CBSI3AHHBIE C
pazpylieHueM AainbHero nopsaaka u 3¢dextsl, 00yCcIoBIECHHbIE U3MEHEHUEM XapaKTepa
MEXYaCTUYHOIO B3aUMOJEWCTBUS. B pesynbrate BO3HMKaeT HEOOXOJUMOCTh B
PACIIMPEHUH YHCIIAa WCCIESTYEMbIX CBOWCTB C TOW IIE€JBIO, YTOOBI BBIBOJBI O TIEPEXOJIE
BEIIIECTB U3 TBEPAOTO COCTOSIHUS B JKUJIKOE ObUTH Oojiee 000cHOBaHHBIMH. CliemyeT emié
100aBUTh, YTO KXl TOJYNPOBOAHUKOBBIA MaTepuad Hapsmy C OKUIAEMBIMH
addexTaMu Mpu €ro MCCISIOBAHUM MOXKET ObITh OOHApY>KEH U COBCEM HEOXKUIAHHO.
Hanmpumep, B Havase pa3paOOTKH apCeHWIA TAJUTUS €1Ba JIM KTO - HU Oy/Ib MOT yMaThb O
NpUMEHEHHH €ro B KAauyeCTBE Ja3epHOr0 MaTepuaiia WM, CKaXeM, O MPUMEHEHUH
YCUJICHUSI YJbTpa3ByKa, IaBHO HCHojb3yeMoro B imomuHecteHumu ZnO. Ilostomy,
HEOOXOMMMO TIOJUEPKHYTh, YTO pabOThI MO CHHTE3y W KPHUCTAJUTM3AIUN HOBBIX
MOJTYTIPOBOTHUKOBBIX MarepuasioB TpeOyIOT 0c000ro KOHTPOIIS (PU3MUECKUX, XUMHUYECKUX
Y TEXHOJIOTMUECKUX MTPOLIECCOB.

Baxnas 3amaya, pelieHHMe KOTOpOWM KpaliHE HEOOXOIUMO,- 3TO YIpaBliCHHUE
CBOMCTBAMM TOJYIPOBOJHUKOB IYTEM JIETUPOBAHMS PA3IMYHBIX TpuMecei, ubo
pa3HOOOpa3ue CBOWMCTB W, CIEAOBATENIbHO, C(ep NPUMEHEHUS MOJYIPOBOJHUKOB B
TEXHUKE OMNPENENIICTCS HE TOJBKO PA3IMYMeM 3SHEPreTHYeCKUX CIIEKTPOB BELIECTB:
ANIEKTPOHHBIMHM  TIPOLIECCAMH B TIOJYIIPOBOJAHMKAX MOKHO YIPABIATH U MyTEM
JIETUPOBAHUSL.

KomriekcHbIi oAX0 K aHAIH3Y AEKTPOMOU3NUECKUX CBOMCTB PACILIABOB C/IEIaH
B mocjenHee Bpems B psje pabor [1, cr.143]. Iloka3aHo, 4TO SKCIEPUMEHTAILHOE
MCCIICIOBAHNE DJIEKTPOIIPOBOTHOCTH, TepMO-3aCc U dPdekta Xomma paciuiaBICHHBIX
BEILECTB, OOJIAAIONIMX K TOMY K€ 3HAUMTEILHOM XMMHUYECKOM aKTMBHOCTHIO, BEChMa
cnoxkHo. OcoOGeHHO 310 oTHocuTesl K 3dexry Xoma. s pemieHus 3a1aud aHaIn3a
WU3MECHEHHSI TUTIA XUMHYECKOM CBS3M TPH TUIABIICHWMM W TIOCTE TUIABJICHUS METOIOM
ANEKTPOPU3NUECKUX UCCIIENOBAHUI CIEAyeT JT00aBUTh M BOIMPOCHI METOJOJIOTHMYECKOTO
acriekta. Jleno B TOM, YTO COBpPEMEHHas TEOpHs TOMYIPOBOAHUKOB JUIs TBEPAOTO
COCTOSIHMSI JOCTaTOYHO pa3paboTaHa, a YTO KacaeTcs TEOPUH >KUAKUX MOIYHPOBOIHUKOB,
T. €. TEOPUU HEYIOPSIOYEHHBIX CUCTEM, TO OHA HE MO3BOJISIET JJOCTOBEPHO IMPE/ICKA3hIBATH
a0COMIOTHBIC 3HAUEHMS (PU3MYECKUX CBOWCTB >KUAKHUX MOIYHNPOBOIHHUKOB, M 3a4acTyIO
MOJIB3YyeTCS  COOTHOILICHUSIMH, 3aWMCTBOBAaHHBIMH W3 TEOPUH  KPUCTALTMYECKUX
MOJTYTIPOBOJTHUKOB, OCHOBBIBASICH HA TMPEJICTABICHUSX O COXPAHEHUM 30HHOTO XapakTepa
SHEPreTUYECKOro CIIEKTPa HOCUTEINEH.

Habmromaetcst 60sbl110¥ MHTEpEC UCCienoBaTeNel K CoeTMHeHUsIM eMeHToB |1- 'V
rpymisl [lepuoguuaeckon cucremsl /.M. MenneneeBa, B 4aCTHOCTHA, aHTUMOHH/IA TaJUTHSI U
WH/WS, a Takke HEKOTOPBIX KBAa3MOMHAPHBIX CUCTEM Ha MX OCHOBE, B ToM umcie: GaSh,
InSh, InSb — GaSbh u np.

Coemunenne A'BY kak B TBEpIOM, Tak M B JKHAKOM COCTOSHHH, W3yuYeHbI
nenocrarouno. Pasosrie pasHoBecus B cuctemax Al — BY omuceiBarotcst muarpammvamu
COCTOSIHMSI C OJTHUM KOHTPYSHTHO TIIaBSIIMMCS COCTOSHHEM, KOTOpoe 00pasyeTcs MpH
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COOTHOIIICHUH aTOMHBIX TPOIICHTOB KOMIIOHEHTOB 1:1 W JICICHUHM JriarpaMMbl Ha JBE
HPOCTHIC TUArPaMMBbI 3BTEKTUYECKOro THIa [6, 256 cT.].

B paGore [5, c1.223] ommicaHbl ¥ aHAIM3UPYIOTCS OCOOCHHOCTH CTPYKTYphI U
XapakTepa XUMHUYECKON cBsi3u y coemuuennii A"BY, m3meHeHus: cTpyKTypbl OIMKHETO
TIOPSI/IKA TIPH TUTABJICHHH, AJICKTPOIPOBOIHOCT M TEPMO-3/IC TIPH BBHICOKHX TeMIIepaTypax,
BKIIOYast U KHUAKYIO (pasy. Ha ocHOBe MosydeHHBIX pe3ysIbTaTOB CHENIaH BBIBOJ, YTO B
MOMeHT  TutaBneHust  coemubenmii  rpymmsl  A"BY  pacriaB  okasbiBaercs
«KBA3UTCTCPOTCHHBIMY», COXPAHSSI B OTICIBHBIX MHKPOOOJACTSX DJIEMEHTBI PBIXJION
YIIAKOBKH, CBOMCTBEHHOM KpHCTamly. HarpeB cnocoOCTBYeT YIUIOTHEHUIO CTPYKTYPHI 3a
CuéT paspymieHUsl dTUX MHUPOOOJACTed W YBEIMUYCHHS IPU 3TOM KOOPIUHAIIMOHHOTO
YHCIIa, & 3HAYUTEIBHBIA MEPErPEB MPUBOAUT K 3aMETHOM TEPMUYECKOM AMCCOLIMALINN
coeqriHeHW. Ha OCHOBE pe3ynbTaToB HCCICHOBAHUS IIEKTPOPH3UICCKUX CBOWCTB U
OOBEMHBIX W3MEHEHHWH TpH IUIABICHUH M JKUJIKOM COCTOSHHM YCTaHOBJICHO, YTO
coemuuenns A"BY, B uactaoctu, InSh, GaSh, AlSb, npu nepexone u3 tBEpHON (asbl B
KUIKYIO H3MEHSIOT XapaKTep XUMUIECKOH CBSI3U OT TIPEUMYIIIECTBEHHO TOMEOTIONSIPHOM C
HEKOTOPOM JI0JIEM MOHHOM COCTaBILIIOIIEN K Metammdeckod. [Ipu sTtom mpowmcxoaut
pa3pyllieHHe  TPOCTPAHCTBEHHOM  CHUCTEMBI  JKWJKAX  KOBAJICHTHBIX  CBSI3EH,
COMNPOBOXK/IAIOLIMXCS MIEPEXO/IOM 3HAYMTEIHHOIO YMCIIa 3JIEKTPOHOB CBS3U B CBOOOJIHOE
COCTOSIHME. OTH BBIBOJIBI C/ICTAHHBIE HA OCHOBE W3YyUYCHUs] (H3UYECKUX CBOWCTB
TIO/ITBEPIK/IAIOTCS JJAHHBIMUA PEHTTEHOCTPYKTYPHOTO aHAJIH3a, CBUACTEILCTBYIOIIMMHU O
pOCTe KOOPAMHAIMOHHOTO YHCIia TIPH TIepexo/ie U3 TBEPAOTO COCTOSIHUS B JKuaKoe. B To
K€ BpeMsl aHaIM3 TEeMIIEpaTypHOW 3aBUCHMOCTH BS3KOCTM HAa OCHOBE TEOPUH
AKTUBHPOBAHHOTO KOMIUIGKCA W YypaBHEHWsS bBaulMHCKOrO TOKa3aj, d|TO IPOIeCce
TpaHc(opMalui CTPYKTYpPhl M XapakTepa XUMHYCCKOW CBSI3M B TOYKE IUIABIICHHS HE
3aBepIaeTcs 10 KOHIIA U PACIIPOCTPAHSCTCS Ha HEKOTOPBIM HHTEPBAT TEMITEpATyp YXKe B
o0nacTy KUAKOU (azpl, T. €. HAOIIOIAeTCs SIBJICHHE «IIOCIEIUIABICHHUSDY, O KOTOPOM emIé
TOBOPHJIH TIOIYJIIPHO. B 3TOM 00/macTyl KHUIKOCTh OKa3bIBACTCS KBA3UT€TEPOTCHHOM, U B
Hell TPHUCYTCTBYIOT MHUKPOOOJIACTH, COXPAHSIOIINE, B M3BECTHOM Mepe, HacleICTBEHHbIE
4epThl CTpoeHus TBEPIOH ¢asbl. PacdeTsl, mpoaenannbie B padborax [7, cr.271-294] nns
InSb, GaSh, AISb, o0bémHas [0S KIACTEPOB COCTABIIICT TOT K€ IMOPSIOK, YTO U Y
aJIeMEHTapHBIX TOTyTIpoBoHUKOB Ge 1 Si. B niepro;1 mociie 1iaBaeHust Iy OBBIIICHAN
TEMIIEPATYPhI IPOUCXOIAT TPOIIECCHI, CBOMSIINECS K YIUIOTHEHHIO CTPYKTYPhI KUIIKOCTH,
T. €. K YBEJIMUCHHUIO KOOPMHAIMOHHOTO YUCIIa U Pa3pyIICHHIO OCTATKOB TOMEOIIOISIPHBIX
CBsI3eH. JTO 3aKiltoueHue coracyercst ¢ BoiBogamu Jlanwiosa B. U. [1, cr.17]. Cnenan
BBIBOJI O TOM, YTO PacTBOPUMOCTh BHCMyTa B INSD Hocut perporpammbiii xapaktep.
TBEpapIe U KUIKUE COCTOSTHUE MOTJIO OBl IaTh BO3MOXKHOCTB TTOTYYUTh TIOJIHBIE CBEICHUSI
00 DHEPreTHYecKOM CIEKTPE M MEXaHW3ME pacCessHUs HOCUTENeH 3apsiia, a TakkKe O
(HBUKO-XUMUIECKHX M3MEHEHHSX TIPH JISTUPOBAHUY 1 TUIABJICHUH B 3THX OCOOBIX KJIaccax
BEIIECTB.

AHTAMOHHI WHIWS SBISCTCS HAMOOJICe W3YyYCHHBIM IPEACTABUTEIEM COCIUHCHHIA
tura A"'BY. JIBa 06CTOATENLCTBA BBI3BIBAIOT MHTEPEC K STOMY TOJIYIIPOBOAHKUKY. Bo-TIepBhIX,
OTHOCHTENbHAS JIETKOCTh MONTyYeHUss MOHOKprcTawia INSh ¢ uucroroit Ha 2 — 3 mopsiaka
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oonbiel, yem apyrux coemureHuit |11 v V rpymm. Bo — Bropsix, INSh o6aaer HeoObIMHBIMU
CBOMCTBaMHU OJyiarojapsi Ype3BbIUaifHO BBHICOKOW TMOJBMKHOCTH M HEOOMNBIION A(PEKTUBHOM
Macce MEeKTpoHOB npoBoauMocTH. CoenuHenre INSh umeer cTpyKTypy IIMHKOBOW OOMaHKH.
Ero ImioTHOCTh U TOCTOSHHAS PelleTKa TP KOMHATHON Temmeparype 5,79 r/em® u 6,48 A
COOTBETCTBEHHO. [IpoBomrMOCTh, 371c 1 3ddexT Xoswta INSh BeIme TeMmeparyps IUIaBICHUS
MMEIOT 3HAYEHHMS, XapaKTepHbIE TS KUAKHX MeTawios [ 1, ¢1.18]. lnarpamma cocrostaust In —
Sh npoBezeHa Ha pricyHke 1.
2
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Pucynox 1. [luacpavma cocmosinust In — Sh.

Muoro HeoObIUHBIX CBOMCTB INSD cBsi3aHo ¢ Masoit 3 heKTHBHOM MAcCOi HIEKTPOHOB
TIPOBOJIMIMOCTH H, CIIEJIOBATEIIBLHO, C UX BBICOKOM MOBUKHOCTHIO.

XpoctoBckuit  u  cotp. [l cr.17-18] cormacoBanM  HaWACHHBIE  HWMH
AKCTIEPUMEHTAITLHBIC TIOJIBIPKHOCTH C PACYETHBIMU KPUBBIMHU TIOJIBUKHOCTEM HOCUTEIIEH B
KPUCTAILUTMUECKON penreTke v st mpuMecd. OHU TIOMYyYWIIN CIITYOIISE BBIPAKESHUE IS
MOABUKHOCTH AJIEKTPOHOB B PEIIETKE:

u, = 1,09 109%.
Oro maér smadenne 70000 cm? /B - cek. npu 300° K. Xepman u cotp. Habmopamm
IIEKTPOHHYO ToABUKHOCTE 500000cM? / (B-cek). mpu 78° K 1 06pasiia, coaepsKarero
10* nonopos B 1cm®. TIpupona mexanmsma paccesaus s INSh n qpyrux coemunenwii 11
u V rpynmn 10 cux nop He BbiicHeHa. OqHako OpeHpeiix [1 ct. 19]. npuBén apryMeHTsI B
TI0JTB3Y TOTO, YTO TP KOMHATHOW TeMIepaType MOABMKHOCTD 3JICKTPOHOB OMPEICTISICTCSI
paccessHueM Ha MPOIONIBHBIX onTHdecKkuX konebanusix. [1o ero oreHke, moaBMKHOCTD TIPU
AKYCTUYECKOM paccesHuU MoxkeT ObITh ~10° cm?/(B-cek). mpyu KOMHATHOM TeMIlepaType.
Koo durment Xomna mmeeT SpKO BBIPAKEHHBIH MAaKCUMYM, KOTOPBIM CIBHIaeTCs K
BBICOKUM TEMIIEpaTypaM C YBEITMUCHUEM COJICpyKaHus Tipumeceil. ABTOpsI [8, cT. 271-294,
9, ¢1.1492-1505, 10, c1.1532-1539.] onenrnu 3Hepruro noHuzaiuu akienropos 0,007 >B
U3 TEMIEpaTypHO, 3aBUCUMOCTH KOd(hGuimeHTsl Xoiula Ha BBICOKOTEMIIEPATypPHOM
CTOpPOHE MaKCUMyMa. JTO 3HAUCHHWE HAXOAWUTCS B XOPOIIEM COINIACHMU C JHEpPrueH
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MOHU3AINH, 0XKUJIAEMOM 11 BOJIOPOAOIIOIO0HBIX aKIIETTOPOB. AHAJIOTUYHbIE PE3YIIbTaThI
noyueHb! Opurniie u Jlapk — lopoButiiem. [ToaBMXHOCTS B IPUMECHO# 30HE ObLIa OKOJIO
lcm? /B-cex. Buy 04€Hb HM3KOrO 3HaYeHHs Y(P()EKTUBHOM MACChl HJIEKTPOHOB SHEPIHUSI
MOHHM3allUK JIOHOPOB OlleHeHa Beero Jimib 6 -10* 5B. HesicHo, UMeeTcs 1 3aIl0IHEHNE
JIOHOPHBIX ypoBHeH mpu Temmeparypax Hwke 1,3° K B obpasuax, comepsammx 100
nonopoB Ha lcm®. CyLIHOCTB SIBJIEHHS COCTOMT B TOM, YTO IIPH JTUX KOHLIEHTPALMSX
JIOHOPHBIE TIPUMECH OOpa3yrOT 30HY, KOTOpas IEpPeKpPhIBACT 30HY IMPOBOJIUMOCTH.
Cunraercs, 4TO CyIIECTBOBAaHME TMEPEKPHIBAHMS CTABUT IIOJ BOMPOC, MOTYT JH 3TU
mmepeHnst INSb n-tuma paccMarpuBaThCs Kak XapakTepU3YIOIIHE JCHCTBUTEILHO 30HY
HNPOBOJMMOCTH, €CIIM - HET, TO B KAKOM Mepe IIMPHUHA 30HbI BUIOU3MEHSETCS JOHOPHBIM
COCTOSTHUEM. XPOTOBCKHM U coTp. [1, cT. 19] Hauwm, 4To SHEprus MOHU3AIUK JTIOHOPOB,
paBHas 10 5B, nHabmomaetcs npu 28 K B 0Opasiiax, coepaiimux 0KoJo 1013 JIOHOPOB Ha
lens,

TemnompoBomrocts  INSb Briepeie  m3Mepena bymem wu  [IHaiinepom B
TemmneparypHoi obmactd ot -180 mo 500 K, momydeHsl BbICOKME 3HA4YCHHUs, ONM3KHE K
TEIIONPOBOAHOCTH ~ MeTayioB [, cr.17-25.]. Ilpm Hu3kux  TemmepaTrypax
TEIUIONPOBOJHOCTh  NOMYMHSETCS  3aKOHy 17, IPUMEHMMOMY K  PEIIETOYHOM
TEIJIONPOBOTHOCTH. JIJii TIpUBEACHMS B COOTBETCTBUE CO 3HAUYEHUSIMH TPH BBICOKHX
TeMIiepaTypax ObLT UCTIONB30BaH JAOMOIHUTENIBHBIN WICH, UMEIOIINN (OpMYITy;

x =A - exp (—26/KT). (1)

BBenenue »TOro uieHa BBI3BAHO OJJIEKTPOHHOW 4YacThIO TEIUIONPOBOIHOCTH,
TIPOTIOPITMOHALHON TIOTHOCThIO Toka. Bmpouewm, Illtykec He HaOmoman yBenndeHUsI
TEIJIONPOBOTHOCTH, BbI3BIBAEMOW 3JIEKTPOHHON coctaBisitonieid. Ee BennuuHbl ObLIH
3HAUUTENBHO HIDKE B TemriepaTypHoi oomactu ot 40 mo 425 K, umest ipu 225 K 3HaueHns
mexy 0,02 u 0,03 kan/(cm? ‘Tpan).

Takum 00pazoM, KaK BUIHO M3 BBIIIEU3IOKEHHOTO, MHTEPEC K AHTUMOHMTY UH/IUS
orpoMeH. MMeercst HeMano myOJUKaLUi TI0 AIEKTPO(PU3NYECKUM, ONITHYECKUM U JPYTHM
coiictBamMu INSh, ofHAKO CyIECTBYIOT M HEKOTOpBIC MPOTHUBOPEUHMs, TPEOyroIIme
JTAIILHENIIIEr0 UCCIICIOBAaHUA.
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TAXJINJIN HABAPUAU ®U3UK BA KUMUWENN MABOJIXOU
HUMHOKOJIA BA BAB3E XYCYCUATXOU ACOCUU AHTUMOHUIU
UHIUN

Quwypoa. 1ap maxosna ouji 0a TAXKMKH KOMIUIEKCUH MABOIXOM HUMHOKUJIXOU
OuHapnm Ba Mypakkad cyxaH padra, oMy3uill Ba HUCTU(OIAM HWH MaBOAXO Jap
XO0JIaTXOM CaxTi Ba MOEbIA Machajal MyXMM JOHHUCTa mrypaact. Oug 6a Oab3e
TaFMMPOTH YMyMHE, KU Jap COXTOp Ba OaHIM KUMUEBA XAHTOMHM TaXKUKOTH
CUCTEMATUKUN XOCUSTXOU (DPU3MKO - XUMHUSBUA HUMHOKWIXOU COXTOPH TYHOTYH Jap
XYIyJIXOH Bacer XapopaT MYyIIOXH/Ia MeIllaBaI, MabIIyMOT J0/a 1ryaaact. lap 6opan
XOCHSITXOM MOJJIaXx0, MaxCyCaH XaHTOMHU Ty3apHIIl a3 XOjJaTH caxThé Oa MOebri
METaBOHAJ HATW4YaW FAHPHUYAIIIMIOIIT XOCHJ IMaBaj, MabIyMOTH MyIlaxac I0/a
1Iy1a, KAl rapauaaact, Ki OMy3HUIId Ta‘ipI/I6aBI/II/I SJIEKTPUKIY3aPOHH, KIX-U FapMon
Ba 3apubu XOJUIM MOUIaXOM TIyJI0XTa, Xelne Mypakkad Oyma, uH Oapou
nariBactaruxon Hamymu AMBY map xomaTtxou Moebri, 0a Kaapu Kodi OMyXxTa
HaLTyJaaH/.

IMaiiBacrarmxon Hamymu AMNBY OGaxycyc namynaxom InSb, GaSb, AISb,
XaHTOMH Ty3apulll a3 XojaTh caxTé Oa ¢azam Moebri, O0aHIM KUMHEBUPO a3
roMmeorosipa 00 ¢dousu MyailisH 0a MeTaluid Tarimp MeauxaHa. BoOacrarum
XapOpaTUX Yaclakii Aap aCOCH Ha3apusii KOMILUIEKCH Ba XyCyCUSITU OaHa Il KUMUEBH
Jap HyKTau TYAO3MII Iyppa aH4oM HaédraacT Ba Oab3e HOMYBO(MHUKUXO OaitHH
Hazapusl Ba TaYprda MaBYyAaH I, K OMY3HUIIIM MUHOABIApO Ta1ab MEKyHAH/.

Kanuososrca: HUIMHOKWII, TEXHUKAW SJIEKTPOHH, XOCUSITXOM (DU3UKIA Ba XUMUSIBI,
JIMATTa30HU BaceH Xapopar, ¢a3an Moeh, HAIMHOKWIIXOH JTy4aH/Ia Ba MypaKKa0, XOJIATXOH
CaxTil Ba MOEBIH, T'y3apuIl (pazasii, ry03HILL, TOMEOTONSPI
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AHAJIN3 OPU3UKO-XUMHNYECKASA TEOPUS ITOJTYITPOBOJHUKOBBIX
MATEPHAJIOB 1 HEKOTOPBIE OCHOBHBIE CBOMCTBA AHTUMOHM/JIA

WHIAA

Annomayua. B craTbe paccMaTpUBAETCS KOMIUIEKCHOE MCCIIEIOBAHUE
OMHAPHBIX U CIIOKHBIX ITOJYIPOBOAHUKOBBIX MAaTEpHUAJIOB, IPU 3TOM HM3yUeHUE U
IIPUMEHEHNE 3THUX MATE€pPUAJIOB B TBEPAOM U YKUIKOM COCTOSIHUSIX paccMaTpUBAETCS
Kak BaykHas mpobirema. IIpuBeneHa nabopMamys 0 HEKOTOPBIX OOIINX N3MEHEHUSIX B
CTPYKType M XMMHYECKHX CBsI3eM, HAOIIOJAeMbIX B XOJI€ CHUCTEMAaTHUYECKHUX
HCCIIeIOBaHUN  (DUBUMKO-XMMUUYECKUX  CBOMCTB  MOJIYIIPOBOJHUKOB  Pa3IMYHOM
CTPYKTYypbl B IIMPOKOM JMarna3zoHe Ttemreparyp. IlpuBeneHa KoOHKpeTHast
nH(OpMAIMs O CBOMCTBAX BEIIECTB, OCOOCHHO MPHU MEPEX0/Ie€ U3 TBEPAOTO COCTOSHUS
B JKUJIKOE, UTO MOKET MPUBOJIUTH K HEOKUJTAHHBIM PE3yJIbTaTaM, U OTMEUEHO, YTO
AKCHEPUMEHTAIBHOE HCCIIEOBAHUE 3JIEKTPOIPOBOIHOCTH, TEILIOMPOBOAHOCTA U
koa(duimenTa Xojuta pacIUIaBICHHBIX BEIIECTB SBIISIETCS OUYEHb CIOXKHBIM U
HEIOCTATOYHO M3Y4YeHO 111 coequHeHni Truiia AMBY B )KUIKOM COCTOSIHHH.

Coemunennst tuna AMBY, ocobenno InSb, GaSb, AISb, mpu mepexome u3
TBepmoi a3bl B JKUAKYI0 H3MEHSIOT XMMHUYECKYIO CBSI3b C TOMOITOJISIPHOW Ha
METAJUTMUECKYI0 Ha ONpeAeSieHHBbIM mpolieHT. TemmeparypHass 3aBHUCHUMOCTD
BSI3KOCTH, OCHOBAHHAsl HA KOMIUIEKCHOM TE€OPUHU, M MPUPOAa XUMHYECKOM CBSI3U B
TOUKE IUIABJIECHHUS HE JI0 KOHIIA TIOHSTHBI, M CYIIIECTBYIOT HEKOTOPhIE HECOOTBETCTBUS
MEX]Ty TEOPHUEN U IKCIIEPUMEHTOM, TPEOYIOIINE TATbHEHUIIIETO U3yYEHUSI.

Knrwoueesvle cnoea: nonynpoBOJHUK, SJEKTPOHHAS TEXHUKA, (PU3MKO-XUMHUUYECKHE
CBOMCTBA, IIMPOKWIA JMAIa30H TEeMIlEpaTyphl, Kuakas (asza, OMHApHBIX W CIOKHBIX
MOJTYTIPOBOJTHUKOB, TBEPJIOE W IKHJKOE COCTOSIHHE, (Pa3oBbI TIIepexojl, IUIABJICHUE,
TOMEOTIOJISIP.

ANALYSIS OF PHYSICAL AND CHEMICAL THEORY OF SEMICONDUCTOR
MATERIALS AND SOME BASIC PROPERTIES OF INDIUM ANTIMONIDE
Annotation. The article deals with the complex study of binary and compound
semiconductor materials, and the study and application of these materials in solid and
liquid states are considered an important issue. Information is given on some general
changes in the structure and chemical bond observed during systematic studies of the
physicochemical properties of semiconductors of various structures in a wide range of
temperatures. Specific information is given on the properties of substances, especially
when transitioning from a solid to a liquid state, which can lead to unexpected results,
and it 1s noted that the experimental study of electrical conductivity, thermal
conductivity and Hall coefficient of molten substances is very complicated, and this
has not been studied sufficiently for compounds of type AIBV in liquid states.
Compounds of type AMBY, especially InSb, GaSb, AISb, when transitioning
from a solid to a liquid phase, change the chemical bond from homopolar to metallic
by a certain percentage. The temperature dependence of viscosity based on complex
theory and the nature of the chemical bond at the melting point is not fully
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understood, and there are some inconsistencies between theory and experiment that
require further study.

Keyword: semiconductor, electronic engineering, physical and chemical
properties, wide temperature range, liquid phase, binary and complex semiconductors,
solid and liquid state, phase transition, melting, homopolar.
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530.1:004.94:37.02
TAXKUKHU XAJIJIM MACBAJIAXOU ®U3UKHA TABACCYTHU
MOJIEJPOHUU KOMITIOTEPH

*Hypamm3ona A. F., Onmumn A.P., Kapumzoaa A.H.
* [IupexkTOpu MapKa3u TeXHOJIOTUsIM HHPOPMATCHOHH Ba KOMMYHUKATCHUSIH
BIWJIOSITH XaTJIOH
Jlonnmroxu nasiaaruu Jlanrapa

bapHoMaxou TabIMMHU KOMITIOTEpH 0Oa PYyIIaM Mallakaxo O0apou Xajliu
Machajlaxon (usnka Ba JapKU XOAWCaxou (U3MKHA TabCUpPU Hazappac
MepacoHaHd. Xanadu acocud WH OapHOMaxXO OMYyXTaH Ba TAaTOUKU YCYJIXOHU
pakamMii Ba OapHOMax0 Oapou MOJEICO3W Ba TaXJIMIM pPaBaHAXOW (PU3MKA
MeOoIau.

Hap nmaBoMu Kypc, IOHMUINYYEH OO0 aJITOPUTMXOM AaCOCHUU XaJlIu
Machanaxon (pu3MkKa [MMHOC MelaBaHa, Oactaxonm OapHOMaxou Baceb
uctudonamananaa (6a monanau Python, MATLAB Ba QBasic)-po meomy3aH
Ba CYITOPHIIIXOW aMaJUPo JIap COXaXOoHW I'YHOTYHU (pu3nka NYypo MEKyHaH/I.

Mogenxon KOMIIOTEpH Oap IIapxy XoaucaxoW (U3MKK Ba XaJUIk
MachallaXxon (PU3MKA MaBKEbU MAXCyCpO MIIFOJ MeHamosia. HumoH nomanu
paBaHIXO0 Ba xoaucaxou Gpu3mkid 60 mctudoaa a3 MOAEIN KOMITIOTepH HHUCOAT
0a ycynxou aHbaHaBil, 0a MOHAHIU TaxXTau CUEX Ba Oyp, BU3yajld Ba caMapaHOK
Meboman [3, ¢.37].

Mopenxou coxTairyja aap UH € OH IIAKJI Jap TabJIMM Baceb UCTU(OAA
MemiaBaHA. MacajgaH, 0apou OMV3HUIIN XOJaucaXow Tabuwar pap Qusmka,
avarpaMMmaxo Ba YaJBalixOM T'YHOTYHe HMCTH(dOIA MelIaBaHI, KM XOCHSTXOU
00BEKTH OMYyXTalllaBaHAApO HWHBHKOC MeKyHaHa. OMojaa KapaaHU XOJucau
(GU3UKUPO METAaBOH XaMYyH MOMCIICO3UM pyimom € paBaHn 0o uctudoma as
MeToaxou pu3ukn 6appacu kapna [3, ¢.197].

Mopenxou 00ObeKTXOU BOKEHMU OMyXTalllaBaHJa HU3 Jap JapcXxou (pusmka
rnctudoaa MerraBaH/I.

Xammu Machalnaxoum (PU3MKHA Ba TaxXKUKW xomucan (pu3mkid 00 Typyxu
XypAd JOHUIIYYEH TapUKU MOHUTOP € TapUKU TaYXU30TH MPOEKCHOHK Oapown
HAMOWINK TAacBUP Jap O3KpaHM KaJIOH Tapxpe3d Kapaa MemaBad. babau
ry3apOHUIAHU KYPCXOH KOMITIOTepH 0a JOHMIIYYEH (paxMoHIa MemaBaa, K 00
MOJEIX0NU KOMITIOTEP Jap O3MOUIITOXYd KOMITIOTEPH € Aap XOHA KOP KyHaH[ [6,
c.167].

O3Mowumiroxy BUpTyadd Oa MJOHUINYYEH HWMKOH MEIUXAHA, KU Jap
UIOPaKYHUH PaBaHIXO XOAUCAXOW (DU3UKHA Aap 3KpaH 3bTUMOJ Mala0 KyHaHI
Ba 0a MabHOM Xoaucaxou GU3nKn OexTap capdaxm paBaHI.
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BapTtapuu BokeusiTH BUPTyaId Jap ajloKaMaHAUW HOMaxayau kopdap 60
WH MyXHUT acT. Mojenxou (Ga3our ryHOTYHPO OUIYHU MaXIyOUITXOUW (PU3UKA
OMYXTaH Ba CaHYUJIaH MYMKHUH acT [6, c.78].

Hap xomatu 06a davonuaru TabiuMi ¢GabolioHa Yaad HaMyJaHU
JOHMINYYEH SKYAHJ METOAXOW TabIUMHpPO HCTHdOIa OypaaH JIO3UM acrT:
MYIIKWIOTA OMY3UIIM, ajloKaMaHIuM OaitHu (aHxou Tabiumi, ucTudomau
TEXHOJIOTHUSIXON KOMITIOTEPH.

Taxkuku xycycusaTxon Tadakkypu GU3UKA TaxXJIWiId [JOUpau Baceu
Macbhanaxopo gap 6ap merupana. HombOap kapmanu xamMau XyCyCHSITXOM XOCHU
Tap3u KabOymmyman Tadakkyp gap ¢GU3MKad MYyoCHp, KH Jap MayMyb
camMapaHOKuM (aBKyJIOJIad OHPO Jap TaxJIWiId XOJAUCAXOW HOMablIyM Ba
HOo(axMou TabuaTt MyalssH MEKyHaH/I, FaiipuumkoHn act [10, ¢.301].

bosn kaiig Hamyn, ku daxmuin Ba ucTH(OJaM METOAMKAW HCTHU(OIaN
TEXHOJIOTUSIXON HUTTUI00THIO KomMmyHukatcuoHi (TUK) xamuyH uiam map
Oopam IMIAKIXOM HMHTUXO00 Ba TAaTOMKU TEXHOJOTHSIXOU IEeAaror#d, a3 Yymiia
THUK, KMCMX0 Ba BOCHUTAXxOW HOWJI IIyJaH Oa Makcaaxou TabJIWM Jap acocu
MyHIapuyan Mymaxxacu (h)aHHHU TabJIMMIA Jap XOJIATXOU T'YHOTYHHU TICUXOJIOTHUIO
NeJarori 3apypaTu Xalljld Machanaepo 0a MUEH MeTy30pal.

Taxussu 9yHUH MO/ KOMITFOTEPHA COXTOPH IUIaKTUKHEPO MEMOHAJ, K1
HaMyHaW ImapTud O0a TaBpW CyHBH odapummairymad Xoaucaum AoAallyda aap
aKJId TaBCU(HU UYy3bXOM COXTOPHU OH Ba poOMTAxou OallHM OHXO MYyaMsH
Kapjamryaa Oappacii kapjaa MemaBad. A3 pyin MOHAHIUM XOJMCAM JOJallryaa
KoOUIMMATH 003CO3#W Ba MHBUKOCH IHAAKTUKUPO 0axo MemauxaHa. Aszbdacku
MOJIeJIM BUPTyajlii Ba MyXUTH OH Jap (a3on pakaMmi coxTa MelllaBaHI, OHXO a3
MaxJIyIUSITXOU YaxoHU (PU3UKH Ba BaKT o3o4aH/ [9, ¢.301].

VHCypxOu acoCcuu COXTOpH, KU aHbaHaBh nap (andu "Owmy3uiid amaauu
KOMITIOTEPH JAap XaJIi Machallaxou (GU3MKKA" JOXWI Kapaa IyaaaH ], HHXOSHI:
* Taxymmam MaTeMaTUKUU MachalaXOu acocHu (GU3UKHK Jap IIakiae, Ku Oapou
XaJIu MUHOAbAau pakamMid MYBO(MHK acT. XoJaTu MasKyp IIMHOC OymaH 0o
MayMyd MyalssHA YCyJIXOM MaTeMaTHMKHpO, Ku pJap dusmka wuctudoaa
MelaBaH/, Tajlad MEeKyHaI.

* Ycynxou pakaMid, KU XaHTOMHU XaJUTH MachalaxO0u acoCcuu (PM3UKKA Jap IaKIu
ymMyMi ucTudoga MemaBaHI, TyPyCTH Ba YCTYBOPHH XaJaud aKcappo TabMUH
MekyHaH1. MHTHX00M OHXO a3 pyu XyCycusTXou (aH, 00 Ha3apAOUITH JOHUIIN
0a mact oBapaamyga Agap OMy3uId ¢GaHXOWM HoMOapIiyma MyadsH Kapaa
MelaBai.

* Hakmaun anroputMun 6a KOMIIOTEp HHUTapOHUAAIIyAa, KU Oapou xajiu
MachallaXxo MYBO(PHKAaHA Ba WHUYHUH XYCYCUSITXOM HHGUPOIAUU Machaiapo
uctudponaa wmebapana. MH Hakmaxo 005 sKk4yosd 00 MyXUTH MyalsiHU
xuco0bapopu € 3a00oHn OapHOMaco3m Oappaci Kapaa masaHz [5, c.11].

Slxke a3 OGapHomaxoe, KM OapoM TaxJIMUIM XOAWCAXOW (PU3MKA Ba XallIA
MHCOJIy Machajaxon (U3MKHA Ba MaTeMaTHKHA ucTHdoOma  MellaBaH/I,
O6apHomaxou kommoTepun Python, “QBasic (beiicuk) Ba MATJIAB”
meOomana. bapuoman Python 6apou xammm Machamaxou JOPOU XapaKTepH XaM
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XUCOOM Ba XaM FalpuxucoOM Ba MHUYHUH Oapou MyKoJjlaMau OailHu kopoOapy
KOMITIOTep nembuHi mygaact. Mctudonan oH xeae oaai acr.

bap3e HamyHaxou 3a60Hn Python 6e3apypat 6apoun xaman caTpxo HHUIIIOH
OOJAHU paKaMM TapTUOUPO Tanad HamMeKyHaHA. Jlap MH r'yHa HaMyHaxo TaHXO
0a OH caTpxoe pakaM Mery3opaHj, KU HIOPaKyHHM Oa OHXO paBOHa Iyjaa
ooman. dap HamyHaxoe, KM CaTPXOSIIOH pakKaMm JOpaH], Jap HaBOATH aBBaj
caTpu pakamMu TapTHOMAI a3 xama XypAaTap nypo memasaa. OmataH, caTpXopo
60 kKagamu 10 pakaMry3opi MeEKyHaH], KM MH Oapou Oa OapHOMa HIIOBa
HaMyJaHU CaTPXOH HaB UMKOHUAIT hapoxaM MeoBapas [4].

Python 6a xopbapuu KOMITIOTEp UMKOHUSTH UCTHUdOAAN 3epOapHOMAXOU
Taiéppo, K1 Jap XasuHau oH Maxdys3aHm, hapoxam meoBapad. OmaTaH, KHCMHU
3UEAN YYHHH 3epOapHOMaxo Oapom xuco00apopuxom KuMaTH (DYHKCHSIXOU
oguTapuH (3JIeMEHTapi), KU a3 OHXO0 (YHKCUSIXOU CTaHAApTH HOM Oypnaa
MeIlIaBa/I, MeIOnHN mygaans [8, ¢.25].

Hap xannu MacbajaxXou (U3NKA YCYJIXOUW TaKpubOn Baceb ucTU(OIA
MemaBang. HMcrtudoman ycyixou TakpubM akcap BaKT Ha TaHXO XaJlld
Machajlapo OCOH MEKyHaJI, OaJIKu UMKOH MeAuxXad, KM HaTu4ya Jap Iakiu oapou
TaAKUKOT MyBO(UKTAp MEITHUXOM Kapaa maBai. Jlap 6ab3e MaBpUIX0, BAKTe
KM XaTTO HaTU4Yau TaKpuOW a3 caTX¥ KaOyImryaau mermrHuxoa 6epyH padTaHpo
Tana® MeKyHajJ, TaXxMUHXO0€ HCTH(Oaa MellaBaHI, KA TacBUpuU cudaTéd Ba
TapTUOM Oy3yprupo menHuxoa MekyHaHa. HuxosT, TaBayyyx 6a MMKOHUSTU
PABUIIIXOU T'YHOTYHU XaJUUITM Machalia yajad Kapaa memanan [4, c.6].

bapuoman Python wMaymyu nacrypxoe wmeboman, ku 60 3a00HH
O6apHomMaco3uu catxu Oananau Python naBumra mymaact. bBapHoman Maskyp
00 HaxBH(CMHTAKCHCH) COJJa Ba paM3W XOHJAlllaBaHAaW Xya TaBcud aoaa
MemiaBaja. 3aboHu TadcupiiaBaHgad Mas3Kyp ymymid Oynaa, Oapou COXTaHU
OapHOoMaxou BeO, TaxJIUIM MabJIyMOT, 3€XHM CYHBHA Ba XyAKOpH HcTUdOAa
Memasan [2, c.24].

XycycusiTXo Ba MMKOHUATX0U acocuu Python

1. Python 3a6onu 6GapHOoMaco3uu Tadcupiryjga acT — pam3 caTp O6a caTp
Jap BaKTH BOKEHM MYpO Kapja Mmemanaa. MH XyCycUSIT UMKOH MeIUXaJl, KU
OapHoMa 3y a3 HaB aujaa OapomMajia 1aBaj Ba Ko OMJIyHU HUE3 Oa TapTUOAUXHA
TaCAWK Kapja IaBaj.

2. Python 3a0oHu nuHAMHKUM Yomiiyga wmebolajg, SbHE HaAMYIXOU
TariupédbaHIa XaHTOMU HYypou pamM3 0Oa TaBpu XYIAKOp MyalsH Kapaa
MmeriaBana. M 6apHOMaco3upo cojijia MEKyHa Ba XaHTOMHM KOp 60 HamMyJIxou
TYHOTYHHM MabJIyMOT OHPO YaHAUP MerapaoHa/l.

3. Python GapHomaco3um OOBEKTHBUPO MACTTUPH MEKYHaJ Ba HWMKOH
Meauxal, KM paM3 XaMuyH OOBEKTX0€ Taxysl Kapja IaBaj Ba 00 xaMaurap
XaMKOpH KyHaHI. YyHUH MoOayn paM3po TakpopaH uctudomamaBasga
MerapJIoHaI.
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4. bapnomaun Python wuHuyyHuH  OapHOMaco3um  UMIIEPATUBH,
(¢yHKCMOHAIA Ba YaHOAWM HUTApPOHUIAIIYIapO AAaCTTUpHA MekyHaa. MH 0Oa
TaxysrapoH UMKOH MeIuxaj, Ku 6apou Baszudau Myllaxxac paBUIIN AYyPYCTPO
MHTHUXO00 KyHaH]I.

Xynoca, 6apuoman Python sk 3aboHu GapHOMaco3uM MypPUKTUIOP Ba
OoCOH HcTudoaamaBanaa oOyga, 6a myMo UMKOH MEAUXAJl, KM JTOUXaXOH T'YHOTYH
940/l KYHEJI Ba POXXOHU XaJIpo O0apou Joupau Baceu MYIIKUIIOT Mmango KyHen [1,
c.69].

Commarin Ba TyHOTyHYaOXarum OapHOMa, OHpo Oapoum wuctudoma aap
COXaXoM TYHOTYH, XaTTO Oapou 6apHOMAaCO30HU HABKOP, MyBO(DHK MerapaoHa/I.
YoMean Oy3ypru TaxusrapoH XaHTOMH Kop 0o 3a00H KyMakK Ba JaCTTUPH
MepacoHa/I.

KoOunmusatn mypo kapmanu O6apHomaum Python map cucrtemMaxow T'YHOTYHH
aMannéTi 0a IMyMO MMKOH MeauxaJ 0apHOMaxo Ba CKPHUIITXOEPO 340 KYHE,
KM METAaBOHAHJ Jap MYXUTXOU T'YHOTYH OWJyHU a3 HAB HABHUINTAHU KOJ UYPO
maBaH. AcO00X0 Ba KUTOOXOHAXOMW MJIOBArd UMKOH MEAUXAHM, KU OapHOMau
Python map taxjamiam MabIyMOT, OMY3UIIM MOIIMHKA, Taxusiu BeO Ba OuUCEp
coXaxou aurap uctudoa mapa.

bapnomau Python sik 3a00HM AUHAMMKH YoIlIIyga MeOoIIaa, ’bHE HOMXO
MeTaBOHAH/ KUMATXOU HaMyJIXOU TYHOTYHPO Jap BaKTU MYpo Mdoja KyHaH]I.
Jlap XxaKukaT, HOMXoe, KU 1ap 6apHoMa uctudoja MeriaBaHa, TAaHX0 HUIIIOHAXO
Oapou Oy3ypruxo Ba OOBEKTXOM T'yHOTyH MeOomiana. OrnepaTopu TabUHKYHH
TaHXO aJlOKaMaHIUPO OailHu HOM Ba Oy3ypri 34yoa MekyHaia. MH sxe a3
dbapkusTxon 0alinu uH 3a060H a3 6apHoman C mebolaa, Ki 1ap OH HOMXO 00
00BeKTX0 00 aHI03a Ba MAKOHU JOMMM Jap XoTupa udoaa kapjaa MeriaBaH/I,
SbHE Jap OH HATHUYax0 HUTOX, JOIITa MeEIaBaHA. XamMa MabIyMOT Jap
O6apuomanm Python 60 00BekTx0 mMpoma xapma MemaBang. Homxo Tanxo sk
IIaKJIM UKTHOOC 0a MH O0O0BEKTX0 MeOOIllaH[J Ba Xe4 I'yHa capOopuu HamMyapo
HagopaHz [7].

bapou mucon xamiu siK4aHI Machbajlau (PU3UKUPO AuAa MedapoeMm, KU
TapUKHU XaKUKH Ba TapuKu OapHoMau komIotepun Python kopkap mymaacr.
Macpanau 1. [Toeznu naposunam 240 M MyHTa3aM XapakaTt Kapza, IyJIu JapOo3ualll
360 M —po map 2 nakuka ry3amt. CypbaTu rmoesa 0a uit 6apoodap oya?
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Xan:

Huw.a: Xaneomu 6a ubmudou nyn pacuoanu noezo macoghae, Ku
| =240m UHMUX0U Noe30 00510 Mail HaMos10 6a CyMMau Oapo3uu Ny 6d
s, =360 m oaposuu noeso bapooap acm:
t=120c s=5 +1=360mM+ 240 m = 600 m
F=7?

A3 cypvamu Xapaxamu pocmxammau MyHmazam ucmughooa meboapem.
s 600mMm 5 M.

t 120c C

Yaseoo: 5 ™.
C
Macpanan 1 Tapuku OapHomMam kommoTepun Python uyHun xan kapaa
MenlaBa.
Komu 6aprnomaun Python 60 rpadux
import numpy as np

import matplotlib.pyplot as plt
# Jlonpaxou macbaina
train_length = 240 # wm
bridge_length = 360 # m
time_total = 120 #c
# Macodau ymymu
distance_total = train_length + bridge_length # 600 m
# Cyppar
v = distance_total / time_total
print("Cypbatu nmoe3g =", v, "m/c")
print("Cypsbatu moe3n =", v*¥3.6, "kM/coat")
# Bakt 6apou rpaduk
t = np.linspace(0, time_total, 100)
# KonyHu xapakart: S = v¥*t
S=v*t
# Coxtanu rpaduk
plt.figure()
plt.plot(t, S)
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plt.xlabel("Baxr (c)")
plt.ylabel("Macoda (m)")

plt.title("I'paduku xapakaTu 1moe3a XaHrOMHM T'y3alliTaH a3 Mmyi")

plt.show()

Cyppbatu nmoesn = 5.0 M/c
Cyppbatu noesn = 18.0 km/coat

Mpadukn xapakaTW Noes3n XaHroMm rysalrTaH a3 nyn

800

500 A

400 -

300 A

Macota (M)

200 -

100 A

T
0

T T T T T T
20 40 60 80 100 120
BakT (C)

Macpanan 2. ABromo6mi nap sk gakuka 600 m, map 30 conusn ostHAa 480 M
Ba gap 0,5 makukau oxup 0,9 kM macodapo taii kapa. CypbaTu MHEHAPO Jap

TaMOMH POX, €0€/I.

Hauwa:

t =60cC
s, =600 m
t =30cC
s,=480m
t, =30cC
s, =900 M
g =?

M

Xan:
A3 ¢hopmynau cypvamu muéna oap Xapaxamu HOMYHMA3AM
ucmughooa mebapem.

S S +S,+5,

Tttt 4+t
Kumamxo aoaouu wapmu macvanapo 2y3ouima, cypbamu
MUEHAU XAPaAKamu agmomMoOUIpo My atisih MeKyHeM.:
g _600M+480M+900M _ 0 ™M
. 60c+30c+30c c

Yaeoo6: 16,5 %
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Macbanan 2 tapuku O6apHoman kommrotrepun Python uyHuH xan kapnaa
MenIaBas.
Konau 6apunoman Python 60 rpaduk
import numpy as np
import matplotlib.pyplot as plt

SI1 =600 #wM (map sK JaKUKA)

tl =60 #c (1 nakuka = 60 ¢)

S2=480 # M (map 30c)

t2=30 #Hc

S3=900 #wm (0.9 kM =900M, nap 0.5 naKuka)
t3 =30 # ¢ (0.5 nakuka = 30 ¢)

S_total =S1 + S2 + S3

t_total =t1 +t2 + 3

# CypbaTu MUEHA

v_avg = S_total / t_total

print("Macodau ymymi =", S_total, "M")
print("BakTu ymymi =", t_total, "c")
print("Cypbatu Mmuéna =", v_avg, "m/c")
print("Cypbatu muéna =", v_avg * 3.6, "km/coat")

t_partl = np.linspace(0, t1, 50)

S_partl = (S1/tl) * t_partl

t_part2 = np.linspace(tl, t1 + t2, 50)

S_part2 =S1 + (S2/t2) * (t_part2 - t1)

t_part3 = np.linspace(tl + t2, t_total, 50)

S_part3 =S1 + S2 + (S3/t3) * (t_part3 - (t1 + t2))
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Mpathvku xapakaTu asToMobun (S(t))

2000 " —— KucMu 1
Kucmun 2
1750 == KuMcMK 3
® HyKTaxou rysapuil
1500

1250 1

1000 1

Macoda (M)

750 1

500 A

250

° * 40 Ba:‘?(c] . 0 =
plt.figure(figsize=(8,5))
plt.plot(t_partl, S_partl, label="Kucmu 1', linewidth=2)
plt.plot(t_part2, S_part2, label="Kucmu 2', linewidth=2)
plt.plot(t_part3, S_part3, label="Kucmu 3', linewidth=2)
plt.scatter([tl, t1+t2], [S1, S1+S2], color="red', zorder=5, label="Hykraxou
ry3apuir')

plt.xlabel("Bakr (c)")
plt.ylabel("Macoda (m)")
plt.title("T'padpuku xapakatu aBTromoom (S(t))")
plt.legend()
plt.grid(True)
plt.show()

Hatuya

Macodau ymymi = 1980 m

Baktu ymymin = 120 ¢

Cyppat MmuéHa = 16.5 m/c
Cyppatu muéna = 59.4 km/coat
Hap OapHOoMaco3uu (HYHKCHOHAIH, TaMOMH MayMyd XOJaTXOW Iaimgaprain
paBaHIM XUCOOKYHH Oa TaBpM BO3€X, MacajlaH, Jap XO0JIaTh 3apypH, XaMuyH
py¥ixat HUIIOH 10ja MelaBal. bapHomaco3un GyHKCMOHAINA HUIIIOH MEIUXal, KU
HATUYaxoW (PYHKCHUSXO a3 MabJIyMOTH aBBajla Ba HATUYAXOU AUTap (PyHKCHUIXO
XUCOO Kapja MellaBaH]l Ba HUTOXIOPHHU BO3EXU XOJIaTU OapHOMapo Jap Haszap
Hajopaa. MyBodukan, 6apHoMaxon (HYHKCHOHAIH TaFHUpPHa3Upuud UH XOJIATPO
nap Hazap Hamerupaj (0ap xunodu 6apHOMACO3UN UMIIEPATUBH, KU JIap OH sIKe a3
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MagXyMXOou acocy TaFHUpEOaHIaecT, KU KUMaTU(HATUYau) OHPO HUTOX, MEIOPa]l

Ba UMKOH MeIuXal, KU XaHITOMH UYPOU aJITOPUTM TaFiup goda masan) [9, c.13].

PaBannxo Ba xoaucaxon (PU3MKUPO TapUKU MOJETU KOMIIOTEPH IapX
JI0JlaH, yCylIM cojae MeOomana, Ku  Hucbar 0a yCylIxoum aHbaHaBH XeIlo
camapaHoKTap MeboIai.

10.

1.
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TAXKUKU XAJIJIL MACBAJIAXOU ®U3NUKHU TABACCYTHU
MOJEJPOHUU KOMITIOTEPH

Quwypoa. Maxonan Ma3kyp 0a Xaaid MachandaXxou (PU3UKKA Ba TaXKUKU
paBaHAXOM (PUBMKHA TaApUKA MOACIPOHUM KOMIMIOTEPH Oaximujga IIyaaacrt.
Uctudoman Moaenxon KOMITIOTEPH JTap TaXKUKU XO0AUcaxou (DM3UKHA Ba XaJlId
MachallaXou (PU3UKHA MaBKEU MaXCyCpoO UIIFOJ MEHAMOSI],.

Mogenxon KOMIIOTEpH Oap IIapxy XoaucaXxoW (U3MKW Ba XaJUIk
Machanaxon (U3NKA MaBKEbH MAaXxCyCpoO HIIFOJI MeHaMosia. Hwuimon nomaHu
paBaHIX0 Ba xoaucaxou (pu3ukii 60 uctudoaa a3 MOACIM KOMITIOTepHA HUCOAT
0a ycylIxom aHbaHaBH camMapaHOK MeOoIaI.

Kanuososcaxo: xommrorep, (uU3MKA, TEXHOJIOTHUSIXOM KOMIIIOTEPH,
MachallaXon (PU3UKHA, XOAUCaxon (DU3NKM, TOHUIIYY, OapHOMaXOU KOMITIOTEPH,
byHKCUSIXO.

NCCIEAOBAHHUE PEHIEHUSA ®PU3NYECKHUX 3AJIAY C ITIOMOIIBIO
KOMIIBIOTEPHOI'O MOJAEJINPOBAHUA

Annomauyusn. JlanHas cTaThs TOCBSIIEHA PELIEHUIO (PU3NYECKHUX 3a1ad U
HCCIICAOBAHHNTO (1)H31/I‘1€CKI/IX IIpoHeccCcoB C IIOMOIIBIO KOMIIBIOTCPHOI'O
MOJACIUPOBAHMA. Oco00e MecTo 3aHUMAaET UCIIOIL30BAHUE KOMIIBIOTCPHBIX MO)IGJIGIZ
B UCCJICAOBAHUN (1)I/ISI/II{CCKI/IX SIBJICHUH U PCUICHUU (1)H3PI‘I€CKI/IX 3aday.

KoMmbroTepHbie MOIen 3aHUMAIOT 0C000€ MECTO B OOBICHEHHH (DU3UIECKUX
SBJICHUW W pernieHuu Quznueckux 3anad. M3oOpakeHue (Pu3HUEeCKUx IMPOIECCOB U
SBJICHUH C TIOMOIIBIO KOMIBIOTEPHBIX Mojenel oOosee 3ddexkTuBHO, dYeM
TPaAUIIMOHHBIC MCTO/BI.

Knroueevie cnosa: KOMIIBIOTCDP, (1)1/131/11(8,, KOMIIBIOTCPHBIC TCXHOJIOTUH,
¢usnyeckue 3amaun, (GpU3NUECKHE SIBICHUSA, CTYJIEHT, KOMIBIOTEPHbBIE MPOTPAMMBI,
(yHKUIUU.

STUDY OF SOLVING PHYSICAL PROBLEMS USING COMPUTER
MODELING

Annotation. This article is devoted to solving physics problems and
investigating physical processes using computer modeling. The use of computer
models in the study of physical phenomena and solving physics problems is
particularly important.

Computer models play a key of role in explaining physical phenomena and
solving physics problems. Depicting physical processes and phenomena using
computer models is more effective than traditional methods.

Keywords: computer, physics, computer technology, physics problems,
physical phenomena, student, computer programs, functions.
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VIIK 536.12.34(06)
UCCJIEJIOBAHUE TEILJIOMTPOBOIHOCTH MOJUMEPHBIX
PACTBOPOB ITPY BAPUAIIUM TEMITEPATYPBI U IABJIEHUS

Haspyaio3zona A.C., HebmatoB A., *baporos H.H.
Tamxukckuii rocyiapcTBeHHblil negarormueckunii ynusepeurer um. C. AiiHu
* laHrapuHCKuii rocy1apcTBeHHbII YHUBEPCUTET

TemmonpoBOTHOCT  OTHOCHTCS K  YHCIY BaXHBIX  TEIIO(QH3UIECKHX
XapaKTEPUCTHK TOJMMEPHBIX PAacTBOPOB. TeEIUIONpPOBOIHOCTh, C OJHOW CTOPOHEI,
OTpaXkaeT BaXXHBIC IKCILUTyaTAllMOHHBIC Ka4eCTBA JKUIKOCTEH, ITPH UCIIOJIb30BaHUH UX
B KaueCTBE HOCUTEJICH THIIA, XJIOPAreHTOB, TOPIOYNX, a TAK)Ke pabodero Marepuasia B
IPYTUX TeXHoJoTHYecknx Tmporeccax. C Apyroil CTOPOHBI, MPOIECC Mepeaavn
TETJIOBOM DHEPTHHU TECHO CBA3aHO KaK C TEIJIOBBIM JIBIXKCHHEM YaCTHI] KUIAKOCTH,
Tak, KaK W C XapaKTepoM B3aMMOJCHCTBUS MEXKIy HUMH. B CBs3m ¢ 3TuM
UCCJICIOBAHUE TTOBEJCHUS TEIUIONMPOBOJIHOCTH B IIMMPOKON 007aCTH HM3MEHEHUS
apaMeTpPOB COCTOSHHUS W JIPYTUX BIMSIONIMX HAa CBOWMCTBA JKHIKOCTEH (HhaKTOpOB
npeacTaBisieT O0nbIIoi MHTepec. Mcxoms M3 3TOT0 M3YUYEHHUIO TETIO(QH3UIECKIX
CBOWCTB HCCIIEIyEMBbIX KHUIKOCTeH (O€H301, IUXJIOPATaH, KCUJIoJ, OpomModopm)
BOOOIIE, ¥ MX TEIUIOMPOBOIHOCTH, B TOM YHCJIE MOCBAIIEHO MHOTO pador [1, c. 166-
169].

B aTo0ii paboTe mpeacTaBieHbl pe3yIbTaThl UCCIICIOBAHUS TEILIOMPOBOIHOCTH
pacTBOPOB TMOJHUMEPOB (dTUJIEH + OeH30d, nohuctupon + stundenszon) TB

3aBHCHMOCTH OT KOHIIEHTpPALH, TIPU JIByX 3HaueHusx Temmneparypsl (150°C u 200°C
).

C wmenbi0 BBISICHEHUS 3aKOHOMEPHOCTEW TMOBEACHUS TEIUIONPOBOJAHOCTH
pa30aBIEHHOTO M YMEPEHHO KOHIIEHTPUPOBAHHOTO PACTBOPOB TOJUCTUPOJIA C
MOJIEKYJIIPHOM Maccoii 6,6-10* —1500-10* ¢ maccoii konuenrpanueit 0,2 — 1,0 r/m1 B
OcH30JIe, IUXJOpATaHe, Kcuiojne, Opomodopme ObUIM TPOBEAEHBI HW3MEPEHUS
3HaYCHUS KOd(DPUIMeHTa TerIonpoBOTHOCTH.

N3mepenuss MNpOBOAMINCH, C MPUMEHEHHEM METOJa UUIUHIPUYECKOTO
OuKajopuMeTpa B IIMPOKOM JWara3oHe u3MeHeHus Temmepatypsl (273 — 700) K u
nasienns (0,98-10° —490-10°) Ila [2, ¢.335-340, 3, ¢.77, 4, c. 76-84, 5, c. 66-74, 6,
560c., 7, c. 347-373, 8, 256¢., 9, c. 3-7].

Pe3ynbTaThl W3MEpEHHS 3aBUCUMOCTH KOA(DPUIIMEHTA TETUIONPOBOIHOCTH
pactopa mnonuctupona (M =23-10°) B OeH30/€ NPH Pa3IUUHBIX 3HAUYECHHUSIX
napienud (0,098; 4,9; 9,8; 19,6; 29.4; 39.2; u 49,0 Mna) i pa3addyHOU
KOHIIEHTpPAIUH TIOJIMCTHUPOJIa B OSH30JI€ MPECTaBICHBI Ha pUCyHKe | — 3.

CornacHo BBIIICIPUBEACHHBIM pPE3yJibTaTaM MPOUCXOAUT YMEHBIIICHUE
3HaYeHUs1 KOA(PUIMEHTa TEMIONPOBOJIHOCTA PACTBOPOB MOJIUCTUPOJIA C POCTOM
TeMIEPaTyphbl U YBEJIMYEHHUE €T0 C POCTOM AAaBJICHUS. DTO BIIOJHE COOTBETCTBYET
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XapaKTepHOMY TOBEIEHHUI0 Kod(h(duiMeHTa TETIONPOBOIHOCTH KUIKOCTeH. BmecTte
C TE€M Ha rpaQuke 3aBUCUMOCTU A OT TEMIIEpaTypbl UMEETCsl 00JIacTh, I/I€ XapaKTep
TEMIEPAaTypHON 3aBHCHUMOCTH HapylIaeTcs, TMOSBISETCS 3aKOHOMEPHOCTb, HE
XapakTepHasl [ YUCTOW >KUAKOCTU (pacTtBoputens). B nmanpHeiimem Oynem
Ha3bIBATh ATy 00J1aCTh — 00JACTHI0 «AHOMAIBHOW)» 3aBHCHMOCTH.

[TosiBienue 3TOM «aHOMalbHOW» oOsiacT Ha KpuBbix A (T) 00ycioBieHo,
BUIMMO, BIMSHAEM HaU4Ms  MaKpPOMOJIEKYJl TMOJHUCTUpoia B  OeH3ole,
B3aUMOJCHCTBUEM MOJIEKYJIbl PACTBOPHUTENS C MaKpoMoJieKynaMmu mnonuctupona. C
YBEJIMYCHUEM KOHIICHTPAIIMU TPOSIBICHUE «aHOMAJbHOW» OOJACTH CTaHOBHTCS
0oJee 3aMETHBIM U PE3KUM.

A iOB, Br/(m-K)

150

120

90

A 1

273 373 473% 573 573 T,K

Pucynok 1. Tennonposeoonocms pacmeopa IIC 6 6enzone ona  xouyenmpayuu 0,2
2/on 6 3asucumocmu om memnepamypol npu P,10°ITa: 1 —0,98; 2 —49; 3 -98; 4 —
196; 5—-294; 6 —392; 7 — 490.

130



A-0° B K)
180 F

150

20

aD

1 - 2
273

373 475 573 573 THK

Pucynok 2. Tennonposoonocms pacmeopa I1C 6 benzone onsi  konyenmpayuu 0,4

2/on 6 3asucumocmu om memnepamypvl  npu P, 10°Ia: 1 —0,98; 2 — 49; 3 - 98; 4 —
196; 5 —-294; 6 —392; 7 — 490.

A lﬂs,E-rffm- K
180 |-
fag
120

100

ao

60

1
273 277 473 573 673 T, K

Pucynok 3. Tennonposoonocms pacmeopa IIC 6 6enzone ona  konyenmpayuu 0,6

2/on 6 sasucumocmu om memnepamypvt. npu P, 10°I1a: 1 —0,98; 2 —49; 3 -98; 4 —
196; 5 —294; 6 — 392; 7 —490.
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Tabauuya 1.
Tennonposoonocms pacmeopa c¢ konyeumpayueti 0,2 2/0on (M=2,3*10°) ¢ 6enzone 6
3asucumocmu om memnepamypul u oasnerus A-10°, Bml(m- K)

P,10° ITa

T K 0,98 49 98 196 294 392 490
2943 143 144 148 151 153 155 157
313,6 140 142 144 146 148 151 155
334,7 137 139 140 142 144 145 149
364,2 - 122 125 132 138 142 146
382,2 - 119 122 124 127 131 140
400,8 - 114 118 120 123 126 130
416,7 - 111 114 117 120 124 128
4345 - 107 111 114 118 122 126
448,9 - 104 108 111 115 120 123
455,9 - 102 106 110 114 119 120
485,5 - 96 102 103 111 116 118
513,1 - 90 97 101 108 113 117
541,9 - 86 93 98 103 108 113
572,9 - 81 90 94 99 105 110
603,9 - 78 87 93 97 102 -
637,9 - 73 84 90 94 100 -
673,2 - 70 80 86 92 96 -

Tabnuua 2.

Tennonposoonocms pacmeopa c kouyeumpayueti 0,4 2/on (M=2,3*10°) ¢ 6enzone 6
3asucumocmu om memnepamypeol u oaenenus A-10°, Bml(m- K)

P,10° ITa

TK 0,98 49 98 196 294 392 490
292,6 154 159 162 164 166 168 171
3195 146 152 154 157 160 163 166
3454 142 144 147 151 155 159 161
3755 - 134 138 143 147 152 156
4033 - 125 128 136 140 146 150
4345 - 116 122 128 135 140 143
465,9 - 95 98 101 105 109 116
4934 - 89 91 96 98 104 110
5241 - 85 89 96 98 105 110
553,1 - 82 88 92 97 102 109
585,3 - 76 87 90 95 100 -
6134 - 74 83 87 93 99 -
643,6 - 70 78 86 91 98 -
672,8 - 65 76 83 89 95 -
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Tennonposoonocms pacmeopa c¢ koHyewmpayuei 0,6 2/on

Tabauuya 3.
(M=2,3*10°) ¢

benzone 6 3asucumocmu om memnepamypwi u oasierust A-10°, Bm l(m- K)

P,10° ITa 49
T K 0,98 48-? 98 196 294 392 490
293,1 153 155 157 158 161 167 169
313,8 140 144 146 148 151 153 156
338,4 124 131 134 137 140 143 145
377,7 - 118 120 124 126 130 133
4111 - 102 110 120 122 128 130
446,1 - 90 93 103 120 122 125
463,1 - 83 87 89 92 9 96
488,3 - 78 82 86 90 93 94
535,4 - 71 76 81 86 89 92
557,1 - 68 72 80 85 89 92
588,4 - 65 70 75 81 86 89
615,2 - 62 67 72 78 85 -
666,4 - 60 63 68 74 82 -
697,9 - 56 61 66 71 79 -
Tabnuua 4.

Tennonposoonocms pacmeopa ¢ Konyenmpayueii 0,8 2/0on IIC (M=2,3*10°) &

benzone 6 sasucumocmu om memnepamypul u oasnenuss A-10°, Bm [(m- K)

P,10° ITa

TK 0,98 49 98 196 294 392 490
295,1 150 153 154 158 160 163 165
330,8 137 141 143 147 154 156 158
372,7 - 115 120 123 127 130 134
4027 - 99 105 107 112 117 120
4297 - 96 98 103 108 114 116
4514 - 93 95 100 106 111 114
485,0 - 89 93 97 105 108 111
530,2 - 77 80 86 92 98 103
574,6 - 62 66 73 73 80 86
620,6 - 53 59 63 63 71 77
673,6 - 45 49 54 54 60 66
694,3 - 44 47 51 51 56 61
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Tabnuya 5.
Tennonposoonocms pacmeopa ¢ kouyenwmpayueti 1,0 2/on IIC (M=2,3*10°) ¢
benzone 6 3asucumocmu om memnepamypuol u oasienus A-10°, Bml(m- K)

P,10° Ia

TR 0,98 49 98 196 294 392 490
302, 147 151 154 156 160 163 166
319,7 141 146 148 152 156 159 163
349,3 : 135 140 144 148 153 157
389,8 : 119 125 132 135 143 148
4293 : 85 94 100 103 114 117
464.6 : 78 86 92 100 110 114
511,4 : 67 77 89 98 102 112
561,1 : 58 67 81 94 104 -
597,9 . 56 63 76 82 96 -
645,3 : 47 58 69 77 86 -
674,1 . 43 53 65 72 79 -

C pocTroM JIaBlICHHS «aHOMajbHas» O0JacTh CMEIIAeTCs B CTOPOHY Oojee
BBICOKMX Temneparyp. MTak, BIMSHHE KOHIIEHTPAlMM MAaKpPOMOJIEKYJ MOJIMMeEpa
CyliecTBeHHO 10 koHueHTpauuu 0,4 — 0,5 r/m1, nadpbHEeUIuid pocT KOHIEHTPALUU
c1abo BIMSIET HA TTOBEJICHHUE TETUIO(PU3NUECKUX ITapaMeTPOB PacTBOPa MOJUCTHPOIIA.
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Pucynox 4. Tennonposoonocms pacmeopa I1C 6 b6enzone ona konyenmpayuu 0,2 2/0n
6 3agucumocmu om oasnerus npu: 1 — 293 K; 2 -333 K; 3-373 K; 4—4I3 K, 5 —
453 K; 6 —-493K; 7—-533K; 8—573K; 9-963 K, 10— 653 K.
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Xapaktep TEMIIEpATYpHOM 3aBUCHUMOCTH A M €€ «aHOMalluW» i1 BCEX
pacTBOpUTENEH SBIIIETCS BEChbMa MOX0Xe. BMecTe ¢ TeM B MpUBEIEHHBIX TaOIUIAX U
PUCYHKaX MOKHO 3aMETHUTh U BIUSHUE MPUPOJIbI pacTBopuTes Ha oBeaeHue A (T).
C yBenuyeHueM MOJISIPHOM MacChl pacTBOpuUTeNs «aHoMmanbHas» obiacte A (T)
CMEIIIAaeTCsl B CTOPOHY BBICOKMX TEMIIEPATYP.

bonee mmpokas v 3HauUTENbHAs «aHOMallbHAsH» OOJACTh HaOIIOJAETCS IS
pacTBoputenisi OpomModopMa, KOTOPBIM HMeeT OONbIIyI0 MOJISIPHYIO Maccy. Y
OeH30J1a, KOTOPBINA 00J1alaeT MEHBIIIEH MOJISPHOW MacCoM, 3Ta 001acTh (MpU TaKOM
K€ KOHIIEHTpAIlMU) 3HAYUTEIBLHO yXke U pe3ue. Ha pucyHke 4 mpuBeneHsl rpaduku
3aBUCHUMOCTH TEIUIOMPOBOJAHOCTH PACTBOpA MOJUCTHPOJa B OEH30JI€ OT JABJICHHS
IPU PA3IUYHBIX 3HAYEHUAX TEMIIEPATYPhI U KOHIIEHTPALIUH.

[Toutn Ha Bcex rpadukax HaOIOAAeTCs CIa0BIM, TUIABHBIA M OJM3KOM K
JMHEHHOW 3aBUCUMOCTH POCT KO3(PUIMEHTa TETUIONPOBOJHOCTH C yBEIMYCHHEM
JABIICHUSI pacTBOPA.

A-10°, BT/(M-K)
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Pucynok 5. Tennonposoonocms pacmeopa I1C 6 6enzone ons konyenmpayuu 0,4 2/on
6 3agucumocmu om oaenenus npu: 1 —293 K; 2 -333 K; 3-373 K; 4—-4I13 K, 5 —
453 K; 6 -493K; 7-533K; 8573 K, 9-6I3 K, 10—-653 K.

TobKO TPU BBICOKMX 3HAUYCHHUSX TEMIIEpaTyp M HHU3KUX JaBJICHUN IS
koHneHTparuu 0,2 — 0,4 r1/mm Oonee 3aMeTHBI OTKJIOHEHHS OT JIMHCHHOMN
3aBucuMocTi. C pocTOM KOHILEHTpaluu (cM. puc.4) 3TH XapaKTEpHbIE Y4YaCTKU
rpaduka, ¢ 6oyee 3aMEeTHBIM OTKJIOHEHUEM OT 3aKOHa JUuHeHoM 3aBucumoctu 4 (P),
CMEIIAIOTCS B CTOPOHY 00JIee HU3KOI0 3HAUCHUS TeMIIEpaTyp.

dakTrdecku, 00JacCTh «aHOMaJbHOW» 3aBUCUMOCTH B KpuBbiX A (P) He
HaOmogaercs. Tonbko B kpuBblx ipu T =373 K; C=0,2 r/nn u
T=453 K; C=0,4 r/nn u C = 0,6 v/11 HabI01a€TCS OTKIIOHEHUE KaK Ha PUCYHKE 5
OT JTUHEHHOM 3aBUCUMOCTH.
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Pucynoxk 6. Tennonposoonocme pacmeopa I1C 6 b6enzone ona konyenmpayuu 0,6 2/0n
6 3agucumocmu om oaenenus npu: 1 — 293 K; 2 - 333 K; 3—-373 K; 4—4I3 K, 5 —
453 K; 6—493 K; 7—533 K; 8—573 K, 9-963 K; 10— 653 K.

Takue ke 3akoHomepHoctu A(P) HabOmomaeTcs uisi  pacTBOpUTENEH
JTUXJIOP3TaH, KCUioi, OpomogopM npu KoHueHTpauuu nonauctuposa C = 0,4 r/nn.
VBenuuenue kod(d@uiMEeHTa TEMJIONPOBOJHOCTH C POCTOM JaBI€HUS — 3TO
XapakTepHas dyepra >kuakocTeil. C poCTOM JdaBlieHUs YIUIOTHSETCS YHIaKOBKa
MOJIEKYJI U «yCHJIMBAETCS» YINpYras CBs3b MEXIY MOJIEKYJIaMH, 4TO CIIOCOOCTBYET
pocTy mepeauyd TEIUIOBOM JHEpruu. 3aMeTHble «aHoManuu» B KpuBbiXx A (P)
HaOMI0aeTCsl IPU TE€X 3HAUEHUSX TeMIepaTyp MpH KOTOPBIX, Kak OBLIO CKa3aHo,
TEIUIOBasi IHEPIHsI MOJIEKYJI PACTBOPA CTAHOBUTCS CPAaBHUMOM € SHEPrHel aKTUBALIUU
MaKpOMOJIEKYJI TIOJIHMepa.
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NCCIIEJOBAHUE TEILJIOMNPOBOJHOCTHU ITOJIUMEPHBIX

PACTBOPOB ITPU BAPUALIUU TEMIIEPATYPbBI U JABJIEHUSA

Annomauyusn. B teropusuke n3ydeHUe TEMIOMPOBOIHOCTH U OMPEICIICHHE
CBOMCTB TOJIMMEPHBIX PACTBOPOB, & TAKXKE aHAJIU3 BIUSHUS TEMIIEpATypbl Ha
(¢usnueckue BEIWUYMHBI B PA3JIWUYHBIX YCIOBHUSAX, OCOOCHHO [JII JKUIKOTO
COCTOSIHMSI CO€TMHEHUI 3TOTO THUIIA, SIBJISIFOTCS OJTHUMU U3 TJIaBHBIX 3a/1a4.

B naHHOM craThe NpeacTaBlIEHbl JaHHbBIC PE3YJbTATOB MCCIEIOBAHUS
TETUIONIPOBOAHOCTH  TOJIMMEPHBIX  PACTBOPOB B 3aBUCUMOCTHM OT  MX
KOHIICHTpAIIMU TIPU JBYX 3HAUCHUSX TeMIEpaTypbl Ha oOpa3lax 3TUJIeHA U
OeH30J1a, MOJUCTHUPOIIA U ITUIIOEH30J1a, UCCIIEIOBAHHBIX B AKCIIEPUMEHTE.

N3mepenuss mNpoOBOAWINUCH HWIMHIPUYECKUM OHUKAIOPUMETPUUYECKUM
METOJIOM B LIUPOKOM auarazoHe temmepatyp (273-700 K) u naBnenuit (2-12
ITa). Ha ocHoBe oakcmepuMeHTa TrpadUueckud MPEICTaBICHbl PE3yIbTaThl
U3MEpPEHUI W pacyeTOB BEJIMYMH B TabmuIax, a Takxke Kod(PPUIIMEHT
TEIUIONPOBOJHOCTH pacTBOpa IOJUCTUPOJA B O€H30JIE TMPU Pa3IAUYHBIX
KoHIeHTpalusx u aasineHusx (0,098; 4,9; 9,8; 19,6; 29.4; 39,2 u 49,0 MIla).

OKCIEPUMEHTAJILHO TOATBEPKACHHBIC PE3YJbTaThl U TEOPETUUYECKUE
pacueTbl MOKa3alM, 4YTO KOA((PUIMEHT TEeIJIONPOBOJIHOCTA  pacTBOpa
MOJIUCTUPOJIA 3aBUCUT OT JABJIEHUS U TEMIIEpaTypbl, U 3TOT KOIDPUIIMEHT
YMEHBIIAETCS C MOBBIIIEHUEM TEMIIEPATYPHI U JABJICHUS.

Kniwwueevie  cnoea:  TEIIIONPOBOJHOCTb,  KOHIIGHTpallUs,  JaBJICHHE,
TEeMIIepaTypa, PacTBOpP, J>KHAKOCThb, JTHIICH, OCH30J, MOJIUCTHPONI, ITHIOSH30,
aHOMaJIbHOE yBeanueHue, 3p(PexT, 3aBUCUMOCTb.

OMY3UILIU TAPMUI'Y3APOHUU MAXJIYJIXOU ITOJIMMEPH

XAHI'OMMU TAFUUPEBUUN XAPOPAT BA ®UILIOP

Quwypoa. lap pusukan rapMo oMy3ulId 3apuOU rapMHUry3apoHil Ba MyaisiH
HAMYJaHW XOCHSATXOM MaXJyJIXOW TIOJUMEpH, WHYYHHH TaXJIWIA TabCUPOTH
xapopartii 6a Oy3ypruxou (GU3MKR Jap MIAPOUTXOU TYHOTYH, MaxcycaH 0apou XoiaTu
MOCBIUY WH HAMY/IH IMABaCTaruxo sKe a3 Machajaaxou acoci 6a nmrymop MepaBaj.

Jlap Makomam Ma3Kyp MablyMOT a3 HAaTHYaxOW TaJAKUKOT ouj Oa
rapMHUTy3apOHUHN MaxXJIyJIXOU TMOJUMepid BoOacTta 0a KOHCEHTpATCUS XaHTOMHU Iy
HUIIOHJIOAW XapopaTi Jap HaMyHaxOW OTWICH Ba OCH30J, IOJUCTUPOI Ba
STUIIOCH30J1, KU Jap Tayprba caHyua 1yaacT, oBapja IIyaaaccT.

Yenkynxo 00 uctudoma a3 ycyiau OMKATOPUMETPUU HUIUHIPHA Hap JOWpau
BacebH xapopart (273-700K) Ba ¢dumop (2-12 Ila) ry3aponuna miyaaact. lap acocu
Taqpruda, HATUYaXO0U YCHKYHI Ba XMCOOKYHUXOH Oy3ypruxo Jap 4a/iBajixo Ba 3apuou
TapMHTy3apOHUM MaXJyJId TOJMCTHPOJI Jap OEH30J XaHTOMH KOHIICHTpAlHs Ba
dbumopxou rynorys (0,098; 4,9; 9,8; 19,6; 29,4; 39,2 Ba 49,0 MIla) rpadukii HUIIIOH
70/1a 1y /1aacT.

Hatnyaxou nap acocu Taypuba caHyujanlyjia Ba XUCOOKYHUXOU HazapusBi
HUIIIOH JOJAaH/A, KU 3apuOW TapMUTY3apOHUU MaXJIyJu TMOJHCTHPON a3 (QuIop Ba
xapopat Bobacra O0y/a, 60 ad3ouiy Xapopar Ba GUIIOP MH 3apubd KamM MeraBa.
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Kanuososcaxo: rapmurysapoHii, KOHCEHTpaTcus, (QHUIIOp, Xapopar, MaxjyJ,
MO€bh, ITUJICH, OCH30JI, MOJUCTUPOJI, ITHIOCH30JI, aHOMAaJI, OaJlaH/IIaBA, TabCUP,
BoOacrari.

INVESTIGATION OF THE THERMAL CONDUCTIVITY OF POLYMER
SOLUTIONS UNDER VARIATIONS OF TEMPERATURE AND PRESSURE

Annotation. In thermal physics, the study of thermal conductivity and
determination of the properties of polymer solutions, as well as the analysis of
the effect of temperature on physical quantities under various conditions,
especially for the liquid state of compounds of this type, are among the main
tasks.

This article presents the results of a study of the thermal conductivity of
polymer solutions depending on their concentration at two temperature values
on samples of ethylene and benzene, polystyrene and ethylbenzene, studied in the
experiment.

The measurements were carried out using the cylindrical bicalorimetric
method in a wide range of temperatures (273-700 K) and pressures (2-12 Pa).
Based on the experiment, the results of measurements and calculations of the
quantities are graphically presented in tables, as well as the thermal conductivity
coefficient of a polystyrene solution in benzene at various concentrations and
pressures (0.098; 4.9; 9.8; 19.6; 29.4; 39.2 and 49.0 MPa).

Experimentally confirmed results and theoretical calculations have shown
that the thermal conductivity coefficient of polystyrene solution depends on
pressure and temperature, and this coefficient decreases with increasing
temperature and pressure.

Keywords: thermal conductivity, concentration, pressure, temperature,
solution, liquid, ethylene, gasoline, polystyrene, ethylbenzene, anomalous increase,
effect, dependence.
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XUMUA

VJIK 546.62:54-3
HAYUYHO-XUMHAYECKOE OBOCHOBAHME U PA3PABOTKA
TEXHOJIOTAM NEPEPABOTKH OTXO/0B ATIOMUHUEBOTO
IMPOU3BOJICTBA C IPUMEHEHUEM MECTHOT'O MUHEPAJILHOT'O
CBHIPBS

Paya6os I1I. X., *Hypmanszoaa A. A., *Paxmonos 9. I11.
Jonumroxu MuLiMu TOYUKHUCTOH
*lonumroxu aasjgaruu Jlanrapa

OO0BEM MPOM3BOACTBA ATIOMHUHUS SIBISETCS HAWOOJBIIMM CpPEIU IIBETHBIX
METAJJIOB, 1 B Pa3BUTHE MHUPOBON SKOHOMHUKH TPeOyeT MOCTOSHHOTO YBEIUYEHUS
MIPOU3BOACTBA OKCHUAA ATIOMUHHUS ISl €0 MOJTYUYCHUS.

ExxeromHo BO Bcex 3aBojax [0 TMPOU3BOJICTBO ATIOMUHHUS 0Opa3yrOTCs
MUJITMOHBI TOHH OTXOJIOB KOTOPBIE HApyIIasi YKOJOTHYECKYI0 OOCTAaHOBKY CO3/1al0T
IIIO0ABHYIO JKOJOTHYecKyto Tmipobiemy. I[loatomMmy Hamu ObUIO HCCIEOBAaHO
MoJIydeHHe KpuoJuT-rinHo3eMHoro koHieHtpara (KI'K) w3 mmaMoBbIX OTXOA0B
MPOU3BOJACTBA ATIOMHUHUSA CO CIIEKAHUEM YTIIEpOJla B €r0 COCTaBa U MOJYyUYECHUU
BropuyHoro KI'K. B cocTaB muiamMoBOro oTrxoja COTJIAaCHO XHUMHUYECKUM aHAJIN3aM
comepxkutcs (mMac%): Al,Osz — 10-18; C - 10; NasAlFs — 15-26; Na;SO, — 5-14;
Na,COsz u NaHCOs — 0,8-1,2;Fe, 03 — 3-4; SiO,- 0,8-1,5; CaF, u Mng — 0.6-0,8.
Onunako nipu nipousBoctBe BTopuuHoro KI'K nHoraa Hapyiaercsi TeXHOIOTHUYECKOE
JUHUS U 00pazyercs OrpoMHOE KOJIMYECTBa OTXOJI0B, KoTopoe OoraT ¢ropom [1, c.

35].

Hcxons u3 3TOro HamMu OBLJIO TMOCTAHOBJIEHO 3ajadya MPOBEICHUE OIBITOB IO
KUCJIOTHOMY pa3lIoKEHUM OTX0a0B HekoHaunuonHoro KI'K coBmectHO co
(GIIOOPUTOM ¢ 1IENIBI0 TOJYYEHUs TUIABUKOBOW ((TOPUCTOBOJAOPOAHOM) KUCIOTHI.
[IpoBeneHre OMBITHI TMMOKa3aldW, YTO HaubOojee OJIarompusiTHOEC YCIOBUS IS
MOJYy4YE€HUs IUIABUKOBOW KHUCJIOTHI M3 CMeCh MUXThl HekoHauuuoHHoro KI'K co
GaroopUTOM  SIBIISIETCS:  COOTHOIIEHHE cMech muXThl HeKoHauimoHHoro KI'K co
¢mroopur 1o mpouenty 70-30; cooTHomeHue mpoObI co kucioroi 1:1,5; Bpems
npouecca t=20MuH; Temneparypa t=260-280 °C; koropoe mpu 3TOM CTeleHb
u3BieueHus: gropa mocruraercs 10 93,2%. A B gamHeHIeM M3ydaeTcs MpOoIecce
BOJHOE 00paboTKa TBEPJIOro OcCTaTKa OOpa3yroUIErocs IMOCIE CEPHOKUCIOTHOTO
PaA3JIOKEHUSI C LENbI0 U3BJICUEHHUS TJMHO3EMAa U B JIABHEHIIEM €ro NPUMEHEHHS B
LIEMEHTHOM MPOMBILIIIEHHOCTH U APYTUX oTpacien [2, c. 114].

A Tarke OBUIO HCCIIEIOBAHO IMOJy4YeHHE TIMHO3eMa BOJHON 00pabOTKOMU
TBEPJIOTO OCTaTKa IOCJIE CEPHOKUCIOTHOTO paslioxkeHus. B TBepmoM ocratke,
COTJIACHO TMPOTEKAHUI0 XHUMHYECKOW pEaKIMd CEePHOKHCIOTHOTO Pa3JI0KCHHS,
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COACPKUTCA (MaC%)Z A|2(SO4)3'3H20; N&zSO4‘3H20; FE‘Q(SO4)3'3H20; u
CaS042H20 [2, c. 201].

IToaTOMy 711 YyCTAaHOBJIEHMSI ONTHUMAJBHBIX YCJIOBUU W3BJICUCHUS COJIEN
cyibdara aJlOMUHUS U3 MPOO ITUX OTXO0JI0OB ObUT MPOBEJCH LUK MCCIEIOBAHUHN 110
U3YUYCHHUIO 3aBUCHMOCTH CTENEHU U3BJICYEHUS BOJIOPACTBOPUMBIX COJEH OT
pa3IUUHbBIX (HAKTOPOB: TEMIIEPATYPHI, MPOJOJLKUTEIIBHOCTH TIPoIlecca U OTHOIICHUS
TBepjor da3el Kk oxkuako. [lo BomopacTBOpuMOMY  CyJbdaTy aJTIOMHUHHS
paccuuThIBalaCh HAa CTENEHb W3BJICUCHUS TJIMHO3€MAa. Pe3ylbTaT MpPOBEIEHHBIX
OTIBITOB MOKa3aJl, YTO HauboJiee OJAronpHUsATHOE YCJIOBHS TIPU BOJHOE 0OpabOTKHU TB.,
ocratka sBIsIOTCA: cooTHomenun T:K = 1:7, temneparypel t= 95°C u
IPOJOKUTENBHOCTH  BpeMeHu 1T = 30MuH; KOTOPBIM NPU JTOM CTEIIEHb
U3BJIEYEHUE BOJAOPACTBOPUMBIX CyJb(aTHBIX comnelt gocturaercs a0 93,8% [3, c. 98].

Taonuua 1.
CeooHnas mabnuya uzyuenue npoyecca 800HOU 00pAbOOMKU MEEPO020 OCMAMKA,
obpazyiowe2ocss Nnocie CepHOKUCIOMHO20 PA3IONCEHUs. C  UYelblo U36HedeHUs

SAUHO3EMA

Ycnosusa eoonoi oopabomku AHnanu3z 0CHOBHbBIX KOMHOHEHN 06
2 s s0 X g 3 X Cmenens
\i §, '%*?_r § § S § 5 B/ |AlO3  |FexOs [ NaxSOs  |[uzeneuenus
S § Qe § 6, %. |8 2 |8 2/ 8, 2/ a-Al>,O3

~ O 6 %

1. 25 20 1:5 4,00 0,14 0,05 11,4 14,0
2. 75 20 1:5 25,5 0,89 0,15 7,80 87,0
g 95 20 1:5 36,5 0,91 0,45 5,51 88,9
4. 95 30 1:5 36,0 0,74 0,16 10,1 72,3
5. 95 40 1:5 19,0 0,96 0,21 8,90 93,8
6. 95 60 1:5 36,5 0,95 0,39 5,12 93,4
7. 95 30 1:6 34,5 0,58 0,23 517 57,0
8. 95 30 1:7 32,0 0,96 0,11 5,47 93,8
9. 95 30 1:8 28,4 0,63 0,20 6,19 61,5
10. 95 30 1:7 36,6 0,96 0,32 5,47 93,8
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Taobnuua 2.
Cmenenb ocadicoenusi 2UOPOKCUO08 ANIOMUHUS U dcelle3a npu obpabomike pacmeopa
cynvpama anoMuHUA paAsTUYHbBIMU KOHYEHMPAYUIMU P-p KATbYUHUPOBAHHOU COObL
(o6vem pacmeopa 100 mn)

Ne | Konuuecmeo Konyenmpayus, Macca svinas. CmeneHnw Cmenenw

UCpacxo008am-  |KAibYUHUPOBAH-HOU cmecs ocancoeHust | 0caxicoeHus

HO20 2UOpoKcuoa coobl, 2/9K8 0caokos 2uopoxkcuoa | euopokcuoa

Hampus, M amomunus u | amomunus, % | ocenesa, %

JHcenesa 8 2.

1 30 1 0,21 0,53 0,72
2 40 1 0,27 1,23 1,45
3 50 1 0,43 3,04 3.32
4 60 1 0,49 14,28 14,09
5 70 1 0,58 47,96 52,51
6 80 1 0,80 60,20 67,86
7 90 1 1,26 73,99 80,42
8 100 1 1,34 91,56 98,8
9 110 1 1,20 90,71 97,9
10 120 1 1,12 88,89 93,80
11 100 0,8 0,93 85,75 83,90
12 100 1,5 1,22 90,14 98,6

IIpu yBemnuenum pacxoma coasl or 30 go 100 mu creneHp ocaxacHHS
TUApOKcHa xene3a u3Mensercs ot 0,72 mo 98,8%, a rumpokcun amomunus - ot 0,53
10 91,56% npu pacxoje pacTBOpa KaJIbIIMHUPOBAHHOW COJIbI KOHIIEHTpaluen 1 r/5kB
(Tab6mn.3, m.1-8). [4, c.3].

B pe3ynbrare mpoBeAEHHBIX UCCIIEIOBAHUI YCTAHOBIIEHO, YTO C YBEJIIMUEHUEM
KOHIICHTPAIIMU COJbl CTENEHb OCAXIEHUS THUAPOKCUIOB IKele3a JOCTUTaeT
MakCUMyMa, a COJIepkKaHue THUAPOKCHUAA AIIOMUHUSI CHIXKAETCS BCIEICTBHE
00pa30BaHMs AIFOMUHATA HATPHUSL.

[TonyuenHass cMechb OCaJKOB THAPOOKCHJA alllOMUHUS M JKelesa
BeICyMBauCh npu Temnepatype 100-120°C no mocTossHHOM MacChl ¥ MOABEPracs
BBIIIEIAYMBAHUAIO PACTBOPOM THAPOKCHIIA HATPHsl PA3IUYHON KOHIICHTPALUU U
00BEMOB C TIEIBI0 pA3ACIICHUS ATIOMUHHS OT Kejie3a B BBIJC ATIOMHHATHOTO
pacTBopa.

A Taroke OBIJIO M3YyYEeHO YCJIOBHS W3BJICUCHUS AFOMUHHUS B BUJC aITIOMUHATA
HATpUs U3 CMECH OCaJIKOB B 3aBUCUMOCTH OT MPOJOJKUTEILHOCTU IpoIlecca,
TEMIIepaTypbl, 0o0beMa M KOHILEHTPAIIMU pacTBOpa WIEJIOYU pPe3yJbTaT, KOTOPOE
npuBesieHo B Tabmuie 3 35, c. 848].

Al(OH)3+NaOH = NaAl(OH)4

[IpoBeneHHbIE aHAIN3bI JOKA3bIBAIOT, YTO PAIIMOHAIBHBIM YCIOBUEM CTETICHU

nepexojia aJlOMUHUS B pPacTBOP B BHJE AJIOMUHATAa HATPUS MPOUCXOAUTH MPH
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CIIEYIONINX YCJIOBHSAX: pacxoj pactBopa mienouun — 30wy, xornmeHtpamus NaOH
100r/n, temmnepatypa 40°C U TPOJOKUTEIBHOCTH SMHUHYT, MPU ITOM CTEICHb
W3BJICUCHUS aJTIOMUHUS M3 OCaJKa B PACTBOP COCTABJIAET B NEpEcUYETe HA TIIMHO3EM
96,1% (Ta6n.3).

Tabnuua 3.
Cmenenv pasoenenus eIuHo3emMa u3 cmecu 0caokos 2UOPOOKCUO ATIOMUHUS U Jicene3d
00pabomrou 2uOPOOKCUOOM HAMPUS

® Hcxoonasn Obvem Kony. Temnepa | Bpems, | Hszeneuenus
S
o § macca cmeco uspacxooosan. | NaOH, mypa, MUH. Al>,O3
5 0Cao0Ko8 pacms. NaOH, e/ oCc %
ML

1 1,3 10 100 KoM 15 63,4
2 1,3 20 100 20 15 81,0
3 1,3 30 100 20 15 96,9
4 1,3 40 100 20 15 84,5
5 1,3 30 80 20 15 82,1
6 1,3 30 120 20 15 91,5
7 1,3 30 100 30 15 97,0
8 1,3 30 100 40 15 97,6
9 1,3 30 100 60 15 97,1
10 1,3 30 100 40 10 96,1
11 1,3 30 100 40 5 97,6

A Taxxe ObLUTIO M3YUCHHO IMOJTYYEHHUsS KPUOJIUTA M3 aTIOMUHATHOTO PacTBOpa C
kourenrpamueii Al,O3 21 r/n. s nposeneHuss ombiToB Opamu mo 100 wmur
ATIOMMHATHOTO pacTBOpa. Pe3ynbTaThl MPOBEIEHHBIX HMCCIECIOBAHUN MPHUBEICHO B
HUKECTEYIOEM Ta0ulIe.

Tabauuya 4.
Bapka Kpuoauma usz aairoMuHaniHoco pacmeopda
No Bpems, Temnepamypa, Macca Ilpumeuanue
ONbIMOE Mun oc ocaoka, 2
1 5 20 0,8 U3-3a omcymemeus
2 10 20 1.7 KUCTIOMOYNOPHO20
3 15 20 2,6 2azopacxooomepa
4 20 20 3,5 KOJIUYecmeeHHoe
5 25 20 3,3 onpeodenenue HF
6 20 40 3,2 HEeB03MOIICHO
7 20 60 2,5

PGSYHLTE[TBI I/ICCJ'IGIIOBaHI/Iﬁ IIO3BOJIAT ITOCJIICOOBATCIBHO BI)ICBO60)KI[&TI)
HIIJIaMOBBIC I10JIsA HpeI[HpI/ISITI/Iﬁ AJTIOMHUHHUCBOI'O IIPOMU3BOJACTBA, YMCHBIIUTL PACXOI
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IIEHHOTO CBIPhS, CHU3UTHh CEOECTOMMOCTh MPOU3BOJUMOTO ATIOMUHUS W YIIYYIIUThH
AKOJIOTHYECKYI0 00CTaHOBKY [6, c.132].
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HAYYHO-XUMHNYECKOE OBOCHOBAHME U PASPABOTKA
TEXHOJIOI'M HEPEPABOTKH OTXOA0B AIIOMUHHUEBOI'O
MMPOU3BOJACTBA C IPUMEHEHUEM MECTHOI'O MUHEPAJIBHOT' O
CbIPbs

Annomayusa. J1J1s IpOU3BOJACTBA TEXHUICCKON IIJIABHKOBON KHCIIOTHI OOBIYHO
UCTIONB3YIOT MUHepaia QuroopuTa (IUIaBUKOBBIM mmar ¢ coaepkanuem CaF, He
meHee 92%). B mocneaHee Bpemsi B CBA3M C YBEIIMYEHUEM CIIpOca HA (PTOPUCTHIE
cojii 3amachl (IOOPUTOBOM pPyAbl 3aMeTHO wucTomarTcs. Kpome Toro, mnpu
IPOM3BOJICTBE AFOMUHUS HAKAIUIMBAETCS LIEHHOE (PTOpCOAEpIKaIee OTXOAbl — HUIAM
ra3004MCTKH, OTpaboTaHHas (QyTepoBKa JIIEKTPOIU3EPOB U [p., MepepadboTka
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KOTOPBIX IIO3BOJIMT CHU3HUTH HArpy3Ky Ha OKPYXKAIOIIYI0 Cpeay MW YBCIMYUTH
3 PEeKTUBHOCTH MPOU3BOICTBA ATIOMUHUS 32 CUET CHUKEHUS IJIATHI 32 BBIOPOCHI.

PGSYJ'IBTaTBI PICCJI@I[OB&HI/Iﬁ IO3BOJISAAT IIOCJIE€OAOBATCIIBHO BBICBO60)KIIaTB
1IJIaMOBBIC TI0JISA Hpe,ZIHpI/I}ITI/Iﬁ ATFOMUHHUCBOT'O IIPOU3BOJACTBA, YMCHBIIUTL PACXOI
HCHHOI'O ChbIpbsiA, CHU3UTH ce0ecTOUMOCTh MMPOU3BOAUMOI0 aJIIOMHUHUA U YIIYUIIHUTH
AKOJIOTUYECKYIO0 OOCTAHOBKY.

Knrwouesvie cnoea: npousBOACTBA aIIOMUHUS, (QIIOOPUT, (BTOpCoAepKalIne
OTXOJbI, KHCJIIOTHOC Pa3JI0OKCHUC, INNIABUKOBAsA KHCJIO0TA, KPHUOJIHUT-TIIMHO3CMHOI'O
koHueHTpara (KI'K), npousBoacTsa kpuonura u Gropuaa asOMUHHUS.

ACOCHOKKYHUMU WIMHR-XUMUABHU BA TAXUSU TEXHOJIOI' S
BAPOU KOPKAPJU MAPTOBXOM UCTEXCOJIA AJTIOMUHUN FO
NCTUDOJA A3 AIIEN XOMHY MUHEPAJINN MAXAJLJIA

Quwypoa. bapon wucTexcoid KHCIOTau (TOPUAM TEXHUKHA OJAJaTaH a3
MabAaHu Qurooput uctudoaa medapan (mmaru caxpoi 6o mukaopu CaF, Ha kam a3
92%). dap conxou oxup 60 cababu ad3ouin TanadboT 6a HaMakxou GTOPIOp XauMuU
3axypau MH améu XoM To padT KaMminyaa ucrogaact. Failp a3 oH 3UMHHM HCTEXCOIH
ATIOMUHUHN J1ap KOPXOHAW UCTEXCOJIM OH UXPOYH MAPTOBXOU (PTOPIOPH Iypap3ull 6a
MOHAH/IM TAapTOBH IIJIaMil, OyTabaHIUU JETXOM TyAO03WIIN aTIOMUHUN Ba Falpaxo,
ad3yma ucTomaan 1, Ku 60 1yoopa KOpKapau OHXO METaBOHAJ TAbCUPOTPO Oa MyXHUTH
9KOJIOTH aCT HaMyzaa, ap3ulin aCJIMi MaxCyJOTpPO HU3 ITaCT CO3an.

HaTI/I‘IaI/I TaXKUKOTH MO HMKOH MCAUXad, KU 3HHa 0a 3uHa MaﬁHOHXOH
MapTOBM XOJi TaiiTa, OHXO 0a MaxCyJoTH Ayromaapada Tadaui €0aHa Ba ap3uIlIH
aCJIMKU MaxCYJIOTH AJIIOMUHUHN T1acT ramra, X0JIaTHu HKOJIOTH HU3 6exTap rapaoHnuaa
mraBasi.

Boorcakanumaxo: WMCTexcoiu aaOMHHUHN, (QIIOOPHUT, MapTOBXOW (GTOpIO0p,
Tay3UsAd KUCIOTarid, Kuciotau Qropuza, koHceHTpaTu Kpuonut-ruixokii (KKI),
UCTEXCOJIN KPUOJUT Ba (DTOPUAM aTFOMHUHHM.

DEVELOPMENT OF A TECHNOLOGY FOR CHEMICAL PROCESSING
OF ALUMINUM PRODUCTION WASTE USING LOCAL MINERALS

Annotation. For the production of technical hydrofluoric acid, fluorite mineral
(fluorspar with a CaF, content of at least 92%) is usually used. Recently, due to the
increased demand for fluoride salts, fluorite ore reserves have been noticeably
depleted. In addition, valuable fluorine-containing waste accumulates during
aluminum production - gas cleaning sludge, spent lining of electrolyzers, etc., the
processing of which will reduce the burden on the environment and increase the
efficiency of aluminum production by reducing emissions fees.

The research results will allow for the consistent release of sludge fields at
aluminum production enterprises, reduce the consumption of valuable raw materials,
reduce the cost of aluminum production and improve the environmental situation.
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Key words: aluminum production, fluorite, fluorine-containing waste, acid
decomposition, hydrofluoric acid, cryolite-alumina concentrate (CAC), cryolite and
aluminum fluoride production.
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VK 544.478: 546.57
KOMITTEKCXOCWIKYHUM HYKPA (I) O AJIBEH]IA30J1 JIAP
XAJIKYHAHJIAU OPTAHUKH- IMCO

Boiinazapsona K.Y., Epmamanosa C.I'., *Paya6os V.
Jlonumroxyu Mu/uiu ToYUKHUCTOH
* Jlonnmroxu aaBjaaTun TuoOouu ToyuKucTOoH 62 HOMU A.CHHO

ba cudatm Mommaxou aBBaja  XaHIOMH  CHUHTE3M  IalBacTaruxou
KoopauHaTcuoHu Hykpa (I) Hamakxou mgybopa nepekpuctaszarcus mrygan Ag>SOq
Ba AgNQO; Ba 6a cudatu gurana 6oia andeHaazon (X.1) ucrudoaa kapaa mryaaH/I.
bo3 xankyHaHIaxou OpraHMKH Ba FaMpUOpraHuki O0a mMoHaHmu 3TaHoi, [IM®DA,
JIAMCO, sdup, kuciaoran cyiadar Ba xjaopua uctudoaa kapaa mygasa. Hamaxu
NaNQO; po 60 €épun MaxJIyIu oOMHU cep INepeKpucTaum3aTcuss HamyaeM. Kuciaorau
HUTPAT TaMFau (x4) 6e TO3aKyHHU Melaki uctudoaa mry.

Koncentparcusiu rupokcuay HaTpuii 60 uctrdoma a3 ycyim TUTPOHUUA POCT
00 épum Maxyryau 0.1 M kucnoraum XJIOpHUI Jap MINTUPOKH WHAUKATOPU METWIN
HOPUHYY MYaWsH Kapaa mya. Maxjiylid TUIPOKCUIA HATPUpO 00 €pUM KHUCIOTau
sIHTApaT MyailsiH HamyaeM. 3appxou XUMHUSIBUE KU XAHTOMHU UYPOU KOPXOU TaYpruOABU
uctudoaa Kkapaa uryaana, 00 Epur oMexTau XpoM, OOM MyKATTap IIycTa MeIIyIaH/.
OmMexTan KUCIIoTark Ba Xpomu a3 pyu Meroauka [ 1, ¢.160-165] Tait€p kapaa uryaasi.

Bobacra 6a mMyxuTu XajKyHaHIa IlaiiBacTaruxou kKomiutekcuu Hykpa (I) 6o
anbeHIa301 XOCHSITXOU TYHOTYH XaM a3 YuXaTH COXT, YCTYBOpH Ba KOOWIMSTH
peakcuonm (apk, mekyHaHa Komrmekcxocmnkynun Hykpa (I) 60 anbenmazomn map
MYXWUTH YKCYCH Ba JTUMETWICYI(POKCUAN OMyXTa IIyal. MyXuTH KHUCIOTau CUPKO Ba
JAMCO a3 yuxatu TabuaT Ba KyBBau XaMTabCUp 00 MOHU METAIUT (hapKUSITH KaJIOH
opal. A3 TaxjIiIM agaduerxo [2, ¢.123; 3, ¢.60; 4, ¢.139] mabiym rapaua, Ki MyXyuTH
KUCIIOTau 6M CUPKO MH MYXUTH ITPOTOHH Ba Typiil Meooia. Jap na Myxut nonu Agt
KUCMaH 00 MojieKyinaxou Kuciotaum cupko € anuonu acerat (CH3;COOr) Tabcup
HAMyJa TIalBacTaruxoM KOMIUIEKCMM HHUCOaTaH CycTTap XOCHWJI —MeEKyHaH]I.
MaByyausTH MPOTOHXO OOMCH IIPOTOHM3ACHSIM JIMTAHI MeTapAaHd Ba KOOWIHUSTU
Oapou maifBacT 1ryaaH 00 HyKpa CycT MellaBal. PaBaHu KOMIUIEKCXOCUIIIIIABH Jap SIK
X€JT XOJIATXO a3 XMCOOM aTOMXOM HUTPOTEH CypaT MErupai, Ku oapon Agt TOHOPXOU
HUcOaTaH cycT O6a 1ryMmop MepaBasl. bapou xaMuH KOHCTaHTau yCTYBOPUU UH HAMYIU
KOMIUIEKCXO HUCOATaH CycTap MellIaBaH/.

A3 WH JMX03 KOMIUIeKCXOCWIKyHUM HyKpa (I) 0o anbenmazon map MyxyuTu
JIAMCO omyxTa mrya. Uu xesne ku a3 anadbueérxo MabiiyMm act JIMCO sk xaJikyHaHIau
KyTOH Ba JOHOPpUHU KaBil MeOoIaa. Jlap MyxuTi TUMETHICYI(POKCHIN TTaiBaCTIIIABUN
nonxou Hykpa (I) 60 anbenmazon paBaHAM Mypakkad act, 3epo XaM aJIOEH1a30J1 Ba
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xam [IMCO meraBoHaHa 00 MOHXOM HyKpa maiBact maBana. MH pakobaTt a3z oH
cabab Oa By4yyn Meosi, KM XaM ajioeHmazonl Ba xaMm JIMCO mopou aTomMxou
MeOOIIIaH/l, KA METABOHAHJ JJIEKTPOXOpO Oa MOHM HyKpa AauxaHd. Morekyiau
aJI0€H/1a3071 JOPOU SIKYAHJITO ATOMXOM JOHOPH MeOOoIIa ] a3 Yymiia aToMu Cyiidyp aap
TYpyXy TUOJIF Ba ATOMU HUTPOTEHU TYPYXU MUPUANHA. TH aTOMX0 MyBO(UKU KOUIAN
HSAB, xu1 oniin ycTyBOpHM TTaliBaCTaruxom KOOPAMHACHOHM MeOOITIa 1, MeTaBOHa 1 00
MOHM HyKpa TaiiBacTd KOMIUIGKCMpo 0Oa By4dya Ou€panm. Jlap aifHu 3amMoH
mortekyiaxon JAMCO uu3 nopou atomu cysipyp MeOOIIaH I, KU METaBOHAH 00 MOHU
HYKpa TaiBacTH KOMIUIEKCHM COJIBATHPO XOCHJI KyHaHA. PaBanam yMyMum peaxcus
gyyauH acT: Agt+mL+ nDMSO <—[AgLn(DMSO),]*

MaByyusiTi UH pakooaT 6apou NnanBacTIIaBA OOMCH KaM IIyJaHU MUKIOPU
nonxou Hykpa (I) map maxyyn mMerapaaa Ku 0a XOCHUSITXOM TTOTEHCHOMETPUH CHCTeMa
TabCUpU Hazappac MepacoHal. IloTeHcumasi 4YeHIIaBaHAAW JJIEKTPOIM HyKpa as
MUKIOpY MoHM 0304u HyKpa (I) Bobacra Oyma, oH gap HaBOATH Xy a3 TAKCUMOTH
WOHM HyKpa OaifHM IIaKIXOMW TaiBacTIyla BoOacra acT. A3 MH Py KOHCTaHTau
ycTyBOpuM KoMiuiekcxon Hykpa (I) 0o anbenmazon maptii Oyma a3 TapKuOu
xaJIkyHaHa, KoHceHTpacusiv JIMCO Ba KyBBau HOHMM Max;TyJ1 Bodacra acr [, c.118].

A3 uH cabab map Kopy Ma3Kyp OMY3HUIIM KOMIUTEKCXOCHIKYHHHM HyKpa (I) 60
aJI0eHAA30J1 Iap MyXMTH CYCTH KUCIIOTard 60 yCysIu MOTEHCUOMETPY oBap/a LIyAaacT.
bo ycymu tutpkyHun pH-MeTpi KOHCTAHTAaW MOHU3ACUSIM KUCIOTAruu ajioeHaa3ol
MyaitsiH kapaa my, Kd pKieor = 12,89 + 0,07 6apobap Oyna, 1ap MyXUTH UILIKOPH
(pH=8,22) 6omman pKacoc = 4,44 £ 0,04 6apodap medommaa. Jdap yaasamu 1 HaTnyaxou
KOHCTAHTAal MOHM3ACUSIM KUCIIOTArl Ba UIIKOPHUU AJIOEHIA30]1 OBap/ia I1y1aacT.

Yaosanu 1.

Hamuyaxou Koncmanmau uoHu3acusiu. KUCI0mazil 6a uiKopuu anbeHoazon oap Xapopanu
298K, Coseroazon=1-10"mon/n,J=0, Imor/n (NaNO3)

V, HCI V,ym pH [HL] [L] PKi
01 01 6 0,00199601 0,000998 | 5,30103
0,1 02 525 0,00398406 0,000996 | 4,85206
0,1 0,3 4,9 0,00596421 0,000994 | 4678151
0,4 0,7 4,83 0,001380671 0,000986 | 4,976128
02 0,9 4,66 0,001768173 0,000982 | 4915273
0,1 1 4,55 0,001960784 0,00098 | 4,85103
0,1 11 4,42 0,002152642 0,000978 | 4,762423
01 1,2 4,41 0,00234375 0,000977 | 4,790211
01 1,3 4,38 0,002534113 0,000975 | 4,794973

V,NaOH V,ym pH [HL] [L] pK>
0 0 8,24 0 0
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01 01 9,96 0,00199601 0,000998 | 926103
0,1 02 10,44 0,00398406 0,000996 | 10,04206
01 03 10,61 0,00596421 0,000994 | 10,38815
01 04 10,7 0,00793651 0,000992 | 10,60309
0,1 0,5 11,11 0,00990099 0,00099 | 11,11

01 0,6 11,31 0,001185771 0,000988 | 11,38918
01 0,7 11,44 0,001380671 0,000986 | 11,58613
01 0,8 11,57 0,001574803 0,000984 | 11,77412
01 0,9 11,62 0,001768173 0,000982 | 11,87527
01 1 11,66 0,001960784 0,00098 | 11,96103
0,1 11 11,72 0,002152642 0,000978 | 12,06242
01 1,2 11,79 0,00234375 0,000977 | 12,17021
01 1,3 11,83 0,002534113 0,000975 | 12,24497
01 1,4 11,87 0,002723735 0,000973 | 12,31716
01 L5 11,93 0,002912621 0,000971 | 12,40712
01 1,6 11,93 0,003100775 0,000969 | 12,43515
01 1,7 11,93 0,003285201 0,000967 | 12,46148

Yu xene k4 a3 quarpaMMaun TakCUMOTH altoeHaazon aap myxutu JIMCO muna
MeraBaf, (pacmu 1) anbenmazon gap xyayau Bacebu pH a3 0,5 To 2,5 map maxmm
npotonuaamygan Alb™ kapop nopaz. Hap documan pH a3 4,0 To 10,0 anbenmazon nap
HaMyId MOJIeKyan HelTpaiai Oyna gap pH>12,0 6omazn a3 xucodn aToMu THAPOTSHU

MIMPOJUTA Yy IOIITy/ 1A aJTOEHAA30IT Iap HaMyIu aHUoU sibHe Alb-meraBa.

a,%

100 1~
90 -
80 -
70 -
60 -
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Pacmu 1. {uacpamvimau makcumuiasuy anoeHoason 6d MavCyau UOHU3ACUAU OH Odap

myxunu JJICMO. Kayxammaxo. 1- Alb*;2- AIP’;3- Alb
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Kommnexcxocunkynru Hykpa (I) 60 anbengazon nap myxuru JIMCO nap pH -
5,5 Taxkuk@ kapaa mya. Jlap uH MyxUT MOJieKynau anOeHaa30i1 Imyppa JAap MaKiId
MOJIEKYJIaBA MaBYy/l aCT Ba XaHTOMH PEaKCHSIM KOMITIEKCXOCUIKYHIA OO MOHU HyKpa
(I) TaHXO MONEKyJIaXOM HEUTpalMd OH HINTHUPOK MeKyHaHn. [lap yvaBmamm 2
HATUYAXOH MabIyMOTXOU  Jap
xpcoOkapaamyga Oapom cucreman Ag-anmoeHnazon-JIMCO map xapopatu 288K
oBap/Ia IIIy1aacT.

TAPKYHUM TIOTEHCUOMETPY Ba acocu  OH

Yaoeamu 2.
Hamuuaxou roncenmpacusu myeozanamuu uonxou Hykpa (I) 60 anbenoazon oap
xapopaniu 298 K;C Ceusenvasor=1,05-107 mon/n, Cael-10°mon/n, J=0, Imor/n (NaNO3)

Lg[Ag]m/[ A
E | 4E [Ci] %dgw,[vg [CAg] Vv
28 | - i 3 ]
227 | 100 | 000007937 | 0,01690331 | 0,000099206349
205 | 2300 | 000027237 | 038877620 | 0000097276265 |  -4,14393030
183 | 4500 | 0,00053030 | 0,76064909 | 0,000094696970 | -3,80326706
169 | 5900 | 0,00084249 | 099729547 | 0,000091575092 | -3,42739227
162 | 6600 | 0,00100719 | 111561866 | 0,000089928058 | -3,16891760
158 | 70,00 | 0,00119718 | 118323191 | 0,000088028169 | -3,07514207
154 | 7400 | 0,00137931 | 1,25084517 | 0,000086206897 | -2,98603741
151 | 77,00 | 0,00155405 | 130155510 | 0,000084459459 | -2,91486174
145 | 8300 | 0,00172185 | 140297498 | 0,000082781457 | -2,85587094
144 | 8400 | 0,00190939 | 141987830 | 0,000080906149 | -2,80608616
141 | 87,00 | 0,00211356 | 147058824 | 0,000078864353 | -2,75603814
137 | 9L00 | 0,00230769 | 1,53820149 | 0,000076923077 | -2,70748403
131 | 9700 | 0,00249249 | 163962137 | 0,000075075075 | -2,66588788
126 | 10200 0,00266862 | 172413793 | 0,000073313783 | -2,62971178
121 | 107,00 0,00305556 | 1,80865450 | 0,000069444444 | -2,59777963
115 | 113,00 0,00324324 | 1,91007437 | 0,000067567568 | -2,53479202
106 | 12200 0,00394673 | 206220419 | 0,000060532688 | -2,50727168
100 | 12800 0,00429224 | 216362407 | 0,000057077626 |  -2,41717389

Uu xeme ku a3 vamsall aéH acT, 00 WiIoBa KapAaHW JIMTaH KaMIIIaBUU
MTOTEHCHAIIM JICKTPO/IMY CUCTEMa MYIIIOXM/IA MeIIaBajl, KU UH HUIIIOHAW KaM IITyIaH!
IIIyMOpal MOHXOU O30/l HyKpa MeOOIajl, sSbHE XaHTOMU XOCHIIIIIABUU TAHBACTH
KOMIUTEKCH JIap Max;TyJI IITyMOpal HOHXOHM 03011 HYKpa KaM MeIiaBasl.

Kaminapum koHCceHTpacusini HOHX0U HyKpa a3 9,9-105 to 5,7-10°5 mon/n Tacauk
MEKYHaJl, KW KUCMU acocuu MoHXoM Hykpa (I) 0a JoXuiam KOMIUIEKC Ty3alllTaaH/I.
Kumatxou manduu Ig[Ag] HUIIIOH MeIUXaH I, K KOHCEHTPACHSIN HOHXOU 03011 HyKpa
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Jap MaxjIysl xene mact Oyna, MyBo3aHAaT 0a caMTH XOCWIIIABUM MaiBacTaruxou
YCTYBOPU KOMIUIEKCHA paBOHA aCT.

XaMUH TapuK HaTHYaxOu YaaBaIH 2 COOUT MEHAMOSIH/I, KU 1ap xapopatu 298 K
Ba KyBBau noHuu 0,1 Mo/ anbenaa3on XaMuyH JIMTaHIU JOHOPK 00 MOHXOU HYKpa
(I) koOuusATH OasTaHIU KOMIUIEKCXOCHIIKYHUPO 30XUp MekyHas. Hatuyaxou 6a gacrt
oMaja Jap XapopaTh MacKyp Oaporm xpco0 HaMyJaHH KOHCTAaHTaXOW YCYTBOPHH
KOMIUIEKCX0,  TaXjIWid  TEPMOJUHAMMKIA Ba  ACOCHOKMM  MEXaHU3MH
ooxamTabcpkyHud Hykpa (I) 0o ambenmazon wucrudona kapna mrygaHa. As
HATUYAXOM yYaasamm 16 Oapmeosin, ku Oy3yprun AE XaHrOMM TUTPKYHUH
nopreHcuomeTpit gap xXapopatu 298 K 6a 100 mB Tariiup me€ban. Mn manenu
TaBprOaBi XOCWIIIIABUM 3appadaxou komruiekcur Hykpa (I) —po 60 ayibenmazon aap
Max;TyJT HUIIIOH METIXA/L.

Yu xene K1 a3 MH YaIBAIXO OapMEosisl, XaHTOMH 3UE/ IITyIaH KOHCEHTPACHSIU
Jurasa (papky sHeprusy NmoTeHcuaid Mead3osil, SThHE MH HUIIIOHAW OH acT, KU J1ap
chCTEMA IIOTEHCHMAIM OKCUIOHM KaM Memasag. Cabadu KaMIlaBUU ITOTEHCHUAIA
OKCHUJIOHW Jap OH acT, KM Jap CHCTeMau OMyXTalllaBaHAa 3appaxoud KOMIUIEKCHH
HyKpa (1) 60 anbeHma3om Xocu 1y 1aaH/I.

Bapou myaiisH HaMyaaHM KOHCTAaHTaXOW YMyMUH YCTYBOPHH KOMIUIEKCXO a3
yeynxon nemmHuxomryaan @puaman Ba YFKK (ycynxow falipyuxatmvi KaMTapyuHU
KBaapaTi) ucrudoaa kapaa mrya. Mysodoku ycymu @puaman Bodacraruxou lgd a3
lgCL rupudra myn. Ma BobGacrarii XxapakTepu FaWpuxaTTé JOIITA a3 Jy KUTbau
pocxaTrTta HOOpaT acT. XaHrOMH JSKCTPOMOJISICUS KaplIaHd xap SK KUThau PocT Oa
MeBxXapH abCCHC KMMATXOM KOHCTAHTAl YMyMUH YCTYBOPUH 3appadyaxor KOMITIEKCH
MyalisiH Kapa Iyaaas (pacmu 2).

o, mV

5 18
116
{14
112
11

1038
106
104
102
. . . . 0
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Pacmu 2. Booacmazuu AE a3 a3z [gCr 6apou komniexcxou nykpa (1) 60 anbenoason oap
xapopamu 298K ea Kyssau vuoruu 0, 1 mon/n

Bapou myalissH kKapiaHd KOHCTAHTau yYCTYBOPHM MalBAaCTATUXOM KOMIUICKCUU
Hykpa (I) 60 anbeHmazon xaMuIyHOH a3 OapHOMaxou KOMITIOTOpH 60 mctudoma as
ycynxou kBaapaTt kamrapunu Faiipuxatun (HMHK) ncrudona kapma iy [6].

Koncrantan ymymun ycTyBOpi 0O YCyJIM KaMTapUHU FalpUXaTTH MyailsiH
Kap/a Iy/1a HaTH4aXxou MUEHAu OHXO, KK 00 Iy pox, Xucod Kapja Inyaa OynaHm, aap
yaJBajv 3 oBapja IIygaaH/I.

Yaoeamu 3.
Koncmanmaxou ycmysopuu naiisacmazuxou xomniexkcuu Hykpa (1) 6o anbenoazon oap
xapopamu 298 K ea Kyssau uonuu 0,1 mon/n(NaNQO3)

Veynxo T K 288K 298K 308K 318K
Igfi 4,1210,02 | 3491003 | 3,420,015 | 3,19%0,02
Dpuomar
Igp: 7,021£0,03 | 6,43x0,04 | 6,38%0,02 | 6,18%0,01
HMEK lgB: 4,1210,02 | 3971002 | 3,42%0,015 | 3,03%0,03
Igp: 7,021£0,03 | 6,91X0,02 | 6,38%0,02 | 6,04%0,02
bo xucoou lgBi 4,1210,02 | 3,730,025 | 3,42%0,015 | 3,11£0,025
MUéHa lgB- 7,02+£0,03 | 6,67X0,03 | 6,38+0,02 | 6,11%£0,015

TaBpe ku a3 yaaBas aéH acT 6apou xucoOu KOHCTAHTal YCTYBOPUN KOMIUTIEKCXO
a3 Ay ycyiu myocup uctudona kapaa mya. Hatuyaxou 6a mactoMmagau xap 1y ycyii 6o
XaM XeJe Ha3AWKaHI, KA UH IIa00XaTH JyPYCTUH MEXaHU3MH PEaKCHSIXopo Jopal. bo3s
arap O0a yaJBaJl Ha3ap aHI03eM JAUa MellaBag Ku 00 ad3ymaHu XapopaT KUMaTXOU
lgf1 Ba lgB> oxmcTa oxpcTa KaM MelIaBaH/,IbHE YCTYBOPUN MAaMBACTH KOMIUIEKCHU
HyKpa 00 ajtbeH1a3051 00 3u€3 ITyaaHu XapopaT KaMm MeIaBal.
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KOMILUIEKCXOCWIKYHUU HYKPA (I) BO AJTBEHIA30J1 JIAP

XAJKYHAHJIAU OPTAHUKH- IMCO

Quuypoa. J1ap xopu nojaniyaa OuId paBaHIu KOMITIEKCXOCHIKYHUU HyKpa (1)
00 anbeHaa30;l Jap XaJlKyHaHdaxou opraHuyu a3 yymmia JIMCO oBapna mrygaact.
Makcaau TaaKUKOT MH MyailsH KapJaHd KOHYHHMSITXOM TabCHPH MOHXOM HyKpa 00
aJI0€H/1a30/1,0MyXTaHU TApKUO Ba YCTYBOPHU MaBACTaruxou KOMIUIEKCHU XOCHJIIITY 1A
00 ycynm mmoTeHcroMeTpii. MyalisiH kapaa mya ku nouxou Hykpa (I) 6o anbenmazon
TaBBACyTU ATOMXOU JIOHOPUU CyJIyp Ba HUTPOTEH OO XaM KOOPIMHACHS MEIIIaBaH/I,

Kamoeoicaxo: nykpa (I), ambermazon, JIMCO, KOMITIEKCXOCUIKYHH,
KOHCTaHTau YCTYBOPH, CUHTES.

KOMIIVIEKCOOBPA3OBAHMUME CEPEBPA (1) C AJIBBEH/IA30JI0OM B
OPITAHUYECKOM PACTBOPUTEJIE IMCO

Annomauusa. B nanHoi paboTe onucaH nporiecc KomruiekcooopazoBanus cepedpa (I)
C anbOEHAA30JI0M B OpraHuyeckux pactBoputessix, B yactHoctu B JIMCO. Ilenbto
WCCIIC/IOBAHUS SIBJISIETCS OMpe/IeTICH e 3aKOHOMEPHOCTEH B3alMOJICHCTBHSI MOHOB cepedpa ¢
aTbOCHIA30I0M, M3YYEHHME COCTaBa M YCTOMYMBOCTH OOpa3yIOIIMXCS KOMIUIEKCHBIX
COEJTMHEHUI TMOTEHIIMOMETPUYECKUM METOJIOM. Y CTaHOBJIEHO, 4TO HMOHBI cepedpa (1)
KOOPIMHUPYIOTCS C alTbOCHAA30J10M Yepe3 JJOHOPHBIE aTOMbI CEpBI U a30Ta.

Knroueevie cnosa: cepebpo (I), ampboennazon, JIMCO, komruiekcooOpa3oBaHue,
KOHCTaHTa YCTOMUMBOCTH, CHHTES.

COMPLEX FORMATION OF SILVER (I) WITH ALBENDASOLE IN THE
ORGANIC SOLVENT DMSO

Annotation. This paper describes the process of complex formation of silver (I) with
albendazole in organic solvents, specifically in DMSO. The aim of the study is to determine
the regularities of the interaction of silver ions with albendazole, and to study the composition
and stability of the resulting complex compounds using the potentiometric method. It has
been established that silver (I) ions coordinate with albendazole through donor sulfur and
nitrogen atoms.

Keywords: silver (I), albendazole, DMSO, complex formation, stability constant,
synthesis.
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YIK: 546.22:541.128
ACOCXOU XUMUSIBA BA KATAJIMTUKUU UCTEXCOJIM KUCJIOTAU
CYJIDAT

Caiinamuen JI.A, Paxmonos J.111.
Jonunmroxu nasiaaruun J{lanrapa

Mapxuiaxou XOCHIIKYHHH KHCJIOTau cyapar

XaMau YCyJIXOM CaHOATUM CHHTE3W KHUCIOTaum cyiadaT a3 4YyHUH
MapXxmiIaxo noopaTaH/I;:

a) Mapxuiman SKyMH paBaHA HWH OKCUIKYHUU CyIdyp Ba XOCHUIKYHHHU
ra3u cyxta ku map tapkubam oxcuam cyndyp (SO2) mopan. Bobacra a3 Hamyau
aIé peakCusiXom 3K30TEPMHUKHU XMMUSBUH ITyXTaH MeTy3apaH;

6) Map wMapxujaad JIyIOM peakcusu OaprapaaHgad 3SK30TEPMUKHUU
XUMUSBUM OKCUAIIABUM (KOHBEPCHH) TAMOCHUM JYOKCUIU KapOOH Jap XxapopaTu
500°C (map xaranuzatopxo Pt, V2Os, Fex0s):

2S02+ O +» 2803

B) Jlap Mapxuiiau oxupoH - abcopbcus (Gpypydapun) TpuoKCuau Cyadyp
Iap KOJIOHHaW aO0CcopOCHMOHMHU KHUCIIOTaW cyildaTa cepod xaln Hamyaa Bal
OXMCTa- OXHCTa aBBaJl KOHCEHTPOHHJA, Oabja 0eo0 Ba map oxup 6a ojeym
MyOagaan Memanai.

XaMUH TapuK XaHroMH a3 Tapadu TPUOKCHUAW Cyiadyp dvabugaHu
KUCIOTan cyiadaT oOJeyM XOCHJI MeIIaBaJ,KM TACOH XaHTOMH CEepOOKyHM
KUCJIOTau CyadaTpo XOCHUI MEKyHa/I.

SO+ H>O = H>SOq4

Jap ucTexcolloT 0a WH paBaHAXOM XHMHSBA 003 paBaHIXOU TaMep
HaMyJaHHM amé, To3a KapAaHW ra3xou IIeYXO Ba JUrap aMaMETXou (PpU3HKi-
XUMMSIBA HU3 WJIOBA Kapja MemaBaHj [6, ¢.85].

Ycyaxon XOCHIKYHHH KHCJI0Tau cyagar

Hap caHoaT Ay HaMyau XOCHUJIKYHMHU KWJIOTaW cyidaT MaB4yq acT,KU a3
xamaurap 00 okcuakyHuu ayokcuau cyndyp (SO2) dapk MekyHaH/T:

HUTPO3# — 00 ucTudoaa a3 OKCUIXOU HUTPOTEH, KU a3 KUCIOTal HUTpAT
XOCHII IITyaaH/I,

TaMoci — 00 UcTUdoa a3 KaTaaIu3aTOPXou caxT (TaMocxo) [4, c.43].

Ycyan HuTpo3i

AXMUSITH YCyId HHUTPO3W Aap OH acCT, KU rasu cyxramyaapo Oabau
XYHYKIIIaBAA Ba TO3aKyH# a3 YaHrx0 OO BOCHTaW KHCIIOTaW cyidaT KopKap.
MEKYHaH]I, KU JJap OH OKCHJIM HUTPOTEH XaJI IIyJa MAaCOH OKCH/I MeIlIaBa;

SO+ N>Os3 + HO = H>SO4 + NO.

l'asu NO- u xocuinyaa Aap HUATpPO3a Har3 XaJl HaMellaBaJ Ba a3
JOXHIIAI XOpHuY IIyga Medaposi, rmac a3 oH 00 OKCUreHH XaBo Aap (azau rasu
To NO:> okcua wmemaBag.Omextan NO Ba NO; 603 00 kuciorau cyndar
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yabmmaaa MemaBana. OKCUAW HUTPOTEH Jap paBaHIM HUTPO3# capd HamelaBa
Ba Jap rapAuilid HCTEXCOJIOT 003 raimira HUINTHPOK MEKyHaJ. Arap OHXO a3
tapadu kuciaoram cyiadar Har3 yabuga HamaBaHI,00 XaMpPOXUU Ta3Xo
O0apomajga xopuy Memasasj [4, ¢.68].

Opoumy TaYyxU30THU paBaHIW HUTPO3aBi UyHUH Hamyna gopai: SO» map
Obamusixom 7-8 (yrepoBgop 60 Hacaakad KepaMHK ~KOpKapa —Kapnaa
MelaBaHg,AKe a3 OalmeHxo (monas) XayMyd OKCHUAKYHAHIAapo Haopa MEKyHa.
MaHopaxo SIK KaTop HaMyJId KHCIOTaXO JOIITa MHXO SXJIOHXO, HACOCXO KU
KUCIOTapo 0a Oakxow gap Oojom MaHOpa MaBuyd Oyaa MHTHKOJI MEOUXal,
nbopat acr./Jlap memu AyTO MaHOPaW OXUPOH IMIAMOJITHXHUSIKXOH JyMUYaaop
MOHJa IynaaHa. bapow To3a KapmaaHM ra3 a3 a’po30JiM KHUCIOTau cyiadar
ANEKTPOUITP Xu3MaT MeKyHa . OKCUIXOU HUTPOTeH Oapor MH HAMyJIU paBaH/I
Xelle 3apypaHa,KM OHXOPO a3 TapKHOM KHCIOTal HUTpAT XOCWJI KapJaaHmI.
bapon oH KM MUKOOpPHM OKCHIXOHM HUTPOTEHPO Aap atMocdepand xXaBO KaM
maBag Ba okcuau cyiapypu (IV) 100%-po Tamkuia auxaja OalHM 30HAXOU
MPOJAYKCUOHN Ba abcopOcHOHI ankau Oe HUTpo3uu Kopkapau SO> 6a pox
MoOHJa MemaBan [2, ¢.112].

(Pacmu 1).

B arwnsoepy

5
S
-

Pacmu 1. Haxwau ucmexconu xuciomau cyagam 60 ycyiu HUmpo3i
1- manopau oeHumpacuownHii, 2, 3 — OAUIHAXOU MABOOOOPU AKYM 84 OVIOM ; 4 —
Mauopau OKCUOKyHawoa ;, 5, 6, 7 — maHopaxou abcopOCUOHHI MaHopa, &8 —
INEKMPOPUIMPX0.

AXaMUSTH YCYJIU HUTPO3i: OPOUIIIH TaYXU30TH HAB, UKTHIOPH KaM (Ha 10
- 15% kamTap a3 TamocHok#), kopkapau 100%-u xopxapau SOo.

Ycyiau Tamoci

baprapun wH ycyn map OH acT,KU Ta3u THUAPOTEHCYI(UI, KU XAaHTOMHU
CyXTaHU alé XOCWJ IIyJaaH] ,dyHUH HaMyAXOH KOpKapapo Aap Oap Merupasn
albe, 0a cTaausiu IUrapu KopkKapa Mery3apaHi,To3a KapJaHU ra3xo a3 4aHrxo
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€ FAIIX0 Ba KaTajJu3aTOPXOU BapPOHKYHAH/1a,0KCU/IIIABUM TAMOCUM aHTUAPUIN
KUcioTan cyiadar, aHruapuad gap cyiadyp Oyma; abcopOcusii aHTUIPUIU
KuCIoTau cyjadat 00 xocuamasun (pacmu 2).

Al

7:75 't (60800 8,50, e cud Dney

Pacmu 2. Haxwau ucmexcoau kuciomau cyiagham 60 ycyau mamocii.

1 — manopau wyamnoa, 2 — mamopau wysHoa 060 Hacaodka;, 3 — dneKmpoguimpu
map,; 4 — mamopau XYWKKYHaKu 0opou Hacaoka, 5 - mypoboxomnpeccop, 6 —
2apmMuusasKynkau mpyoaei, 7 — annapamu mamoci, 8 -ax00H, 9 -oneymu
abcopoepii; 10 - abcopbepu monoeuopamii;, 11 —sxoounu Kuciromaoop, 12 -
maymyva, 13 —Hacocu mapkasii.

PeakTtopxo € Tauyxu30TXOM TaMocih Oapou OKCHIIIABUM KaTaJIUTUKUU
aHruapuau cyiadat a3 pyd KOHCTPYKCHUAM Xyd 0a Tadyxu30TX0€ UYyIO
MeIlIaBaHA, K1 Jap OHXO KaTajau3aTopyd KaMxapakaT JOIlNTa, Maccau TaMOCHHU
OHXO0 Jap 3-5 kabaTpo Tamkwil Meauxald. bo3 TauxuzoTxou kabaTu gyiiaHaa
nopan. [6, ¢.88].

bapou 6apoBapmanu rapmu 0aba a3 Ty3alllTaHU ra3 a3 xap SK kKabatu
KaTajau3aTop 0a JOXWIIM ammapatT 00si ra3m XyHyK € XxaBopo cap auxaHa. Poxu
aurap WH Oa ammapaT BOPHA HaMyJaHW TapMHHHBA3KyHaKXO MeOoIas.
Tayxu30TX0U TaMOCH, TapMOTy3ap Ba rasrysap Jap MadMyb THPEXU TaMOCHPO
tamkui meauxasa. Jlapavyan mybamanmasuu SO> 6a SOz gap ycynmm tamocu 0Oa
99,7% 6apobap acr [1, c.58].
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Bapou xocut kapiaHu kuciaoTau cyidart 00 ycylau Tamocu Aap 3aBOAXOU
XO3Mpa3aMOH KaTajlu3aTOPXOW BaHaaulaop uctudoaa xapaa MemasaHa.Jdap
WH BakT IUIaTHHA Ba OKCHIXOW OXaH Kaluaa OapoBapnaa MemiaBanid. IlmatunHa
00 ocoH@ 00 FallIXO 3aXpOJIy] MellaBajl (XycycaH naliBacTaruxou cypMa K jaap
TapkuOW ai€ MaB4uydaHA) Ba sKE a3 KaTaJau3aTOPXOM Iypap3uil 0a Xucod
MepaBaa. OKkcuau oxaH ap30HTAp acT, 00 CypMa 3axpoiIy] HamellaBaj, aMMO
($haBbOIMITHOKUM Ball TaHXO Jap xapopaTxou OaiaHI 3u€a MeraBana (3uéma as
600°C). XapopaTu aBBajlal OKCHUJIIABA Aap 3€pU TabCUPHU KaTAIN3ATOPHU
BaHaauiaop a3z 400 to 500°C nanmuin MexypaJl KA MH a3 ra3xou MNe4yaop
BobOacrarn nopan. Hap xapopatu 3uéaa a3z 600°C maccan TamMocuu BaHaIuil 6a
MyXTaH cap MeKyHaJ Ba GabOJIMATHOKUU Bail KaM IryaaH Merupan [9, ¢.52].

Oxcuan Ba"aguiiu To3a V20s nopou pabOIUIATHOKUHU CYCTH KaTATIUTHKM
Oyna, map MINTUPOKM HAMAKXOW METAJIXOM HIIKOpA Te3 Mmead3osid,a3 xama
TabCHUPHU KAJOH MH HAMAaKXOH Kajauili 0a xucod MepaBanza. Ske a3 Oaprapuxou
METAJUIXOU MIIKOPHA MH XOCWIIIABUM HAMAKXOHU JOPOU T'yJOXTalllaBUU MAaCT KU
nupocyidoBaHangaTxo Medomana. CoxTi XuMHUsIBUM OHXO 4yHUH Oyaa 3K>S>07,
V105, 2K>S:07 V205 Ba K2S207-V20s, nap xapopatxou 315 -330, 365-380 Ba 400-
405°C Tauzusa memabaa. KommonenTu paboit gap mapouTy Kataaus3 Jap XoJjaTu
rynoxta mebomans [1, c.94].

Hakman oxcumgmasuu SOz 6a SOz a3 pyd UyHHH HakIla HUIIOH J0/a
MelIaBai;

1) V20Os + SO2 = V204 + SO3
2) 2V204 + O2 = 2V10:s.

Jap 3mHam aBBajl MyBO3aHAT Oapkapop MellaBaja, Aap 3WHAU JYIOM
Oollag OXUCTa OXUCTA T'y3alliTa CypbhaTd paBaHAPO MyalssH MeKkyHaH [8, ¢.38].

Jap 3aMOoHM X03Upa JAap UCTEXCOJIM KUCTOTau cyjdat Ba ojieyM 00 ycyau
TaMOCH a3 XaMa IMaxHIIyJaTapyuH WH HaklIau TexHojioruu 00 uctudoma as
TaMocIIaBum aydaHga 0a xucod mepaBan. «TI - A» (TamociiaBun ny4aHaa -
abcopOcusim ayuanma). Mcrtudomabapum wWH METOA HUMKOHHMSAT MEOUXAd KU
MuUkgopu SO»z- po nap TapkubOM ra3xoud NaToBXO KaM MEKyHal, Oarailp a3 uH
nap mybaxou a0COpOCHOHA Ba TAMOCH HU3 XaYMU ra3po Kam MeKyHas [5, ¢.48].

Hcrtexcoau kucaoTau cyadar a3 cyadyp

Uctexconu kucnorau cyiadart a3 Tapkudbu cyadyp a3 pyud ycyjad TaMOCHHU
nykabata Ba abcopOcusiu AydaHga 6a pox MoHas mygaact. MIH ycynxo a3 4yyHUH
Mapxwiaxo uOopaTaHa. XaBo OabAu TO3aKyHA a3 4YaHr OO0 BOCUTau
ra3nypkyHak 00 MaHOpau XYIIKKYHaHJa BOPHUJ MeIIaBaja Ku Jap OoH 4o 0o
kucnotau cyidpatu 93 - 98% mybamman myga MHUKIOPH HaMi a3 YUXaTH XayM
0,01% po Tamkuin meauxaa. XaBou XYIIKIIyAa KU Jap SKE a3 TMPEXX0U TAMOCUU
rapMoMy0aIajJIKyHaKXOM Mellakyd rapM mynaa 6aba 6a neuu cyiladypaop Bopua
MemaBaa. Jap meu cyndyp cyxra ¢opcyHkaxo xocuia memaBana. Cyndypu
TaBaiaboHapysu GopcyHka 6a rmed BOPUAIITYIapo Mecy30HaH [3, ¢.86].
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S+ O2 = S0, + 297,028 kY.

Ilem a3 cy3onman cynadyp rymoxta MemaBai.(t=113).I'azu cyndypu
XOCHIIIITY1a JOpou KoHceHTpaTcusu 18% Oe ramxou udociryaa medbomana. a3
Jap JapyHH JIeT XYHYK IIyaa Ba 0abau OMEXTaKyHUH OO0 XaBO TO XOCHJIIIABUU
SO> 9-10%.map xaum gap 420°C moxun MmemaBajd. ba ammapatu Tamocu jaap
3MHAU SKYMHU KOHBEPCH ,KM Jap ce KabaTu KaTaau3aTop YOUTUp II1y1aacT,BOPUL
myaa ,6abau Bail ra3 gap rapMu MyOaJadKyHaK XyHYK MemaBaf [7, ¢.124].

babwna rasu gopou 8,5-9,5% -po map xapopatu 200°C rapm Hamyna aap
3MHAU SKyMHU 9a00uin gap yabbangau ojgeymu oO0€poHUaalIyAa r'y3allTa MacoH
JIap 4yaObOuImM MOHOTHAPUINU SKyMU oO&poHuaamyaan kuciaorau 98% cyndar
Mery3apa/.

SO;+ H>O = HoSO4 + 130,56 xY.

babn To3akyHum kucioran cyndar, To xapopatu 420°C uymuga 6a
3MHAuW JYIOMU KOHBEpPCHUS Mery3apajd, KA Jap 1Oy KabaTu KaTaiau3aTop
mery3apan. [lemr a3 3uHan ayromu 4aOOUII Ta3u XyHYK Jap 3KOHOMan3ep 4aMb
myaaa XaHroMH — 4aOOWIIM MOHOTHAPUINM 3WMHAW AYIOYMH OOEpOHUIITYIan
Kuciorau cyidatu 98 % xocun myma ,razxou cyiadypaop 6abau To3zakyHuu 6a
XaBO XOpHUY MelIaBa.
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Pacmu 3. Haxwau ucmexconu kuciomau cyagam az cyaipyp
1- Ileuu cyagypoop; 2 - komen-ymunuzamop, 3 - akoHomatuizep; 4 — myamau 0203,
5, 6 —eapmozcysapxou capoooanu monkaxo, 7 — mayxuzomu KoHmaki, 8 —eapmu
mybadoankyunanoaxo, 9 — abcopbepu oneymoop, 10 — manopau xywkkynax, 11 —
abcopbepu monoeuopamii; 12 — abcopbepu monoeuopamii; 13 — Kuciomaxou
yamvo8apoauLyoa.

VYeynu tamocu aytapada UMKOHUST MEAUXall, KU Japadad TaMOCHU TO
0,995 nmap sikyana TapTu® Oapjopad Ba sSKYaHI MapoTHOA XOPUYU IYOKCHUIU
cyndatpo 6a armochepa kam mexkyHan [10, ¢.28].

Hcrexcou kucaoram cyadar a3 Tapkudn ruaporescyigua

Yoy UcTexcoiu KuciaoTau cyiadar a3 TMApPOreHCYIPua KaTalu3u Tap
HOMHJA MEIIaBaJ Ba a3 3MHAXO0U 3€pUH UOOpaT acT:

CyXTaHu ruaAporeHcynpu:

H>S + 30; = 2H20 + 250>

OkcuamaBu aHTUAPUIN CyadaT Jap KaTalau3u BaHagulaopu cyiadat gap
UINTHPOKU Oyrxom o0 mery3apana.Jlap wmH BakT KuciaoTau cyiadar map IIakiu
Oy xocuia Memanan [2, c.73].

KonpaeHcacusu kuciaorau cyiadat XaHTOMU XyHYKIIABUU OYFXO.

TauxuzoT 6Gapou UCTEXCOIM KUCIOTau CyladaT a3 pyu yCyJu KaTajau3u Tap
aopou meuxoe Mebomaa,Ku O0apod Cy30HIaHU THAporeHcyldua uctudona
Kapaa MemiaBaHA. bo3 mH HaMyau Meuxo ammapaTd TaMOCH JoIITa Oapou
OKCHUJIIABUU IyOKCHUAW Cyndyp Aap TPUOKCHI Ba MaHopa uctudoma kapaa
memaBaua. MIlH HaMyau Tadyxu30TXO Aap 3aBOAXOM KopKapau HepT Ba murap
KOpXoHaxo MaB4ylaHa.bo3 map kopxoHaxoe ku 0a 4ou MApTOBXO Tra3xou
rusiporeHcynpuapo xocun MmekyHau (Pacmu 4)
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Pacmu 4. Hcmexconu kuciomau cyigpam az maprudou 2uopo2eHcyipuo:
1- wamonmuxusx, 2 - neu-oee; 3 — annapamu mamoci, 4 - MmaHopa-Konoencamop, 5
- AXO0H, 6 - cOopHUK, 7 - Hacoc,; 8 - anekmpoguimp

A3 xama améu ap30H 0apou UCTEXCOIW KUCTOoTau CcyiadaT UH KOJTUuedaHu
oxaH 0Oa xuco0 mepaBaa. Basmdaum acocuu mcTexcoim KHCIoTau cyidaT map
3aMOHHM XO3Mpa HWH OajaHj OapJoIITaHM Aapadyad TaMOCHPOHH Ba IacT
HaMyJdaHH MHKIOPH 3apappacoHHM IyoKcuau cyiadyp O6a MyxuTa atpod
MeOoman bapou Oamann OapAomITaHM Japadyad OXUPOHU TaMOCH YCYJIU
TaMOCHM JydaHaapo HCcTUdoma MEKyHaHI. PaBaHIU OKCHAIIABUM aHTHUAPUIN
cyndaTpo gap Ay 3uHaA MeryzapoHaHa. PaBanaum abcopOcusipo HU3 Aap Ay 3MHA
Mery3apoHaHJ KU UMKOHHMSAT MeIUXaJ KM Ha TaHXO KUCToTau cyiadar Oanku
0JIEYyMPO HHU3 Jlap KOHCEHTPACUSIXOM TYHOTYH Xocwi HamosHa. ap Gapobapu
OamaHa KapgaHd Aapadad HCTEeXCOJOTH Kuciaotan cyiadartr ucrudomgadbapuu
YCYIW MasKyp SK KaTop Machajgaxod OKOJOTHPO Xald MeHamosa.bo3
KOMIIOHEHTXOU 3apapooBapu AyOKCUAU KapOOH KaM Kapja MemiaBaHn [4, ¢.42].
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ACOCXOU XUMMUSIBI BA KATAJIMTUKUU UCTEXCOJIU KUCJIOTAU
CYJI®AT

Quuwypoa. Jlap Makonam Ma3Kyp YCYJIXOM TYHOHYHU XOCWI KapAaHu

KUCIIOTau cyjdaT oBapaa IIy1aacT.
Hcrexconu kuciaoram cyndar a3 TapkuOu cyiadyp a3z pyu yCylIu

TaMocuM Aykabdata Ba abcopOcusiu 1ydyaHaa 0a pox MoHja mygaact. MH ycynxo
a3 YyHUH Mapxuiaaxo ubopartaHja. XaBo O0abAu TO3AaKYHH a3 4aHI OO BOCHTauU
ra3onypkyHak 60 MaHOpau XYIIKKYHaHIa BOPHUJ MelIaBaj KU Jap OH 4o 00
kucnotau cyiadpatu 93 - 98% mybanaan myga MHUKIOPU HaMmit a3 YUXaTH XauyM
0,01% po Tamkmt Meauxaa. XaBoU XYIIKIIyAa KU Jap SKe a3 THPEXXOU TaMOCHHU
rapMomy0aiajJKyHaKXoM MelIaku rapm 1yaa 0aba 6a neuu cyadypaop BOpua
MemraBaj. Jdap ned cyadyp cyxta popCcyHKaxo XOCHI MeIIaBaHI.

Kanuoeoscaxo: ycynum HUTPO3i, YCyJIM TaMOCH, Ii€4, KOHIEHCATCHUS,
KaTaJin3aTop, aJIcopOcusi, oJIeyM, TUAPOTeHCYI(UI.

XNMMNYECKHUE U KATAIMTUYECKHNUE OCHOBBI ITPON3BOJICTBA
CEPHOI KUCJIOTBI

Annomauua. B 1aHHOW CTaTbe MPEACTABIICHbl Pa3JIMUHBIE METOJIbI
MIPOMU3BOJICTBA CEPHOMN KUCIIOTHI.

ITpon3BOACTBO CEpHOM KHUCIOTBHI U3 CEPbl OCYIIECTBISETCS METOJI0M
JIBYXCIIOMHOT'O KOHTAKTa U METOJIOM JIBOMHON a0COpOIIMHU. DTH METOABI COCTOST
n3 craeayomuyx JrtanoB. Ilocie OuMCTKM BO3ayXa OT IbUIM C ITOMOIIBIO
ra3oHar”eTaTesIss OH IMOCTYIAeT B CYIIMIbHYIO OAIlTHIO, T/ IIpeBpalaeTcs B 93-
98% cepHyIO0 KHUCIIOTY, BJIaXHOCTb KoTOopou coctasiser 0,01% 1o obbemy.
OcyllleHHBIA BO3AyX MPEABAPUTEIbHO HArpeBaeTCs B OJHOM U3 KOHTAKTHBIX
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y3JI0B TEIJIOOOMEHHMKOB, a 3aTeM IIOCTYIMaeT B CEpHYIO Ieub. B meun cepa
CKUraercs, oopasys coria.

Knoueswvle cnosa: Meton ¢ MCHONB30BAaHMEM 3aKHMCHU a30Ta, KOHTAKTHBIN
METO/I, ITeUb, KOHACHCALIMS, KaTaanu3aTop, aicopOIus, 0JIeyM, CEPOBOIOPOI.
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CHEMICAL AND CATALYTIC BASES OF SULFURIC ACID
PRODUCTION

Annotation. This article presents various methods for producing sulfuric
acid.

The production of sulfuric acid from sulfur is carried out by the double-
layer contact method and double absorption. These methods consist of the
following stages. After cleaning the air from dust by means of a gas blower, it
enters a drying tower, where it is converted into 93 - 98% sulfuric acid, the
moisture content of which is 0.01% by volume. The dried air is preheated in one
of the contact nodes of the heat exchangers and then enters the sulfur furnace. In
the furnace, sulfur is burned, forming nozzles.

Keywords: nitrous method, contact method, furnace, condensation,
catalyst, adsorption, oleum, hydrogen sulfide.
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MABJIYMOT BAPOU MYAJUIM®OH

TanaboT HUCOAT Oa MaKonaxou WiMue, Ku 0a Mavyayuran uwiMun «Ilaému JloHumroxu
napiatuu JlaHFapa» MEIHUX0.T MEIIaBaH/I.

Makonmaxon wimue, Ku 0a pemakcusii Mavdajula TEIIHUXOJ MelaBaHa, Oosim Oa
TaraboTH 3epuH YaBoOry OomaHm;

e Makonaxo 06osa1 00 puosiu TanabOTH MyKappapHaMyaaun xalaTh TaxpUpHsu
MayaJljla HaBUIITA IIaBaAHT;

e Makomnaxo 00s1 HaTUYau TAXKUKOTH WIIMUPO Jap WH € OH coXa (papo rupan;

e Makomnaxo 60sy 6a sike a3 caMTXou (0axmxoun) Mayajia MyBo(uk Ooranm;

Xama MaBomxoe, KM Oa xaldaTu Taxpupusd Mayajula TIelNIHUXO0J MellaBaHi, a3
OapHOMau 3WAIUCUPKAT Aap BeOcaiiTu Antiplagiat TadTuin MemraBaHm Ba mac a3 OH XaiaTu
Taxpupuss Myaum@oHpo (XammyaimmudoHpo) a3 HaTUyau OaxXOAMXUU  JACTHABUC
oroxmekyHaa. COHMSH, XallaTh Taxpupusi ap Oopan KaOyaIu MaBOJ Ba KOpPKapau MUHOABbIA
Ba € a3 paJIyIaHu OH MyaJNTHPOHPO (XaMMyauTH(POHPO) Xxabapaop MEHAMOSII.

TanaboT oua 6a cOXTOPU MAKOJIAX0U WIMMA
Makona O6osn map dopmatu Microsoft Word, mpudrtu Times New Roman,
a"go3aunl4, xommus a3 xap tapad 2,5 cMm, Gocunaun 6aitHu catpxo 1,5 MM Taxus Kapaa maBaj.
Xaymu Makoia (6o gapbaprupuu guirypaa Ba ¢pexpactu MaHoOen uctudomanryaan oH) 00s
a3 6 To 15 caxudapo nap dopmatu A4 dapo rupas.

CoxTopu makKomaa

eunaekcu YK;

® YHBOHU MaKoJjia 60 xaphxou KajloH;

e Hacab Ba xaphxou aBBau HoMu Myauiud (macanan, Hlapunos [.M.);

® HOMU TAIIKWJIOTE, KU Aap OH MyaUTH(H MaKoJIa KOp MEKYHa/I;

® MAaTHHU aCOCUU MAKOJIa;

® ICTUHO/I a3 MaBOJIM MyIlIaxxac Aap KaBcu Mmypab0asb [4, ¢.25] oBapma MemaBa;

® 4aBaJIX0, JUAarpaMMaxo, CXeMaxo Ba PacMx0 OOsJl HOM JOIITA, paKaMIy30pi Kapaa
IIaBaHI;

e HOMTyiiM MaHOOeu uctudoaamyaa (Ha kamTap a3 5 Ba Ha 3uéna a3 10 agaapo gap 6ap
rupan);

e hexpactu maHoOen ucrudopamyna myBopuku tamadboru 'OCT 7.1-2003 Ba 'OCT
7.0.5-2008 TapTHO M01a MEIIaBas;

eManoOen wuctudoamyna TAAXUKOTA AHYOMIOJAU COJXOU OXUPH MYXAKKUKOHHU
coxapo gapoap rupai;

emrac a3 (expactn maHoOen wuctudomamymsa 00 ce3ab0H (TOYUKH, pych Ba AHTIIUCH)
MabJIyMOTH 3€pUH OBapAa MeIIaBaJ: YHBOHM MakKoJa, (puilypJan OH Ba KaJUIBOXKAXO
(pumypaa Ha kamTapas 100 kaauma, kanuaBoxkaxo a3z 7 To 10 kaauma € nbopaxo);

e MabJIyMOT Jap Oopau myawud (oH) 6a 3aOOHXOM TOYUKH, pycH Ba aHriuci (6a
YYHUHTApPTHO: HOMY Hacabu myppau Mmyaiud (oH), Japayaud WIMH, YHBOHM HJIMK (arap
Oo1iar), HOMU TAIIKUIOTE, KU Myautud (OH) Jap OH KOp MeKyHaj, Bazudau myauind (oH)
Jlap WH TAIIKWIOT, paKaMu Telne(oH, CypoFau 3JIeKTPOHUHN MyaJutid (OH);

e MyauToH Oapou caxexi, YbTUMOJHOKA Ba MYXTaBOM HWJIMHH MaKOJIAX0 MaChYJIUATH
nmyppa JOpaH.

Takpus 6a MakoJan WIMHH NEITHUXOIIIY/IA a3 YOHUOU HOM3a € TOKTOPH WIM Oapoun
Myauud (0H)-e, KU Japadan WM Hagopaa XaTMiA MeOoIa.
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NHO®OPMALUA NI ABTOPOB

TpeboBaHusi K HayuyHbIM CTaThsiM, IIOJaBa€MbIM B Hay4dHbI KypHan «BecTHUK
JlaHraprHCKOT'0 rOCy1apCTBEHHOTO YHUBEPCUTETAY.

Hayunble cTaThbu, moAaBaeMble B peJakUUIO JKypHaia, JOJDKHBI COOTBETCTBOBATH
CJIEAYIOLIUM TPEeOOBAHUSIM:

e Cratbu JOJKHBI OBITh HamUCaHbl C COONIOJEHMEM TpeOOBaHMM, YCTaHOBIICHHBIX

pEeIKOJIETUEN )KypHaa;

e CraTbhM JOJKHBI BKIIIOYATh PE3YNIbTaThl HAYYHBIX HCCIIEIOBAaHUNA B TOM MM HHOM 001acTy;

e CraTbhM JOJKHBI COOTBETCTBOBATh OJTHOMY U3 HalpaBJeHUH (pa3AesioB) )KypHaa;

Bce marepuanbl, MOCTYNUMBIIME B pPEIAaKIMIO >KypHaja, OyIyT HpPOBEPEHBI MPOrpamMMoit
aHTUIUIaruat Ha caiite Antiplagiat, mocne uwero pemakuus yBEJIOMHUT aBTOPOB (COABTOPOB) O
pe3yibTaTax OLEHKH pyKOmHcH. Bo-BTOpbIX, penakius HHQOPMHpPYET aBTOPOB (COABTOPOB) O
MPUHATUHM MaTepualia ¥ JajibHeimeil 00paboTke UM OTKJIIOHEHUH.

TpeGoBanus K CTPYKType Hay4YHBIX cTaTeil

Cratbsa nomkHa ObITh HamucaHa B opmate Microsoft Word, mpudrt Times New Roman,
pasmep kxern 14, monms 2,5 cMm, MexcTpouHbld uHTepBan 1,5 mMm. O0beM cTaThul (BKJIIOYAS
AQHHOTAIMI0 U CIHMCOK HCIIOJIb30BAHHBIX HMCTOYHUKOB) JIOJDKEH 3aHUMaTh OoT 6 1o 15 crpanun
dbopmarta A4.

CTpykTypa cTaThbu

e unHjekc YJK;

e Ha3BaHUE CTAThH 3araBHBIMU OyKBaMUu;

e (amunms M MHULMAIIBI UMEHH aBTopa (Hanpumep, [llapumos [.M.);

¢ Ha3BaHWE OpPraHU3aIM{, B KOTOPOW pabOTaeT aBTOP CTaThH;

® OCHOBHOM TEKCT CTaTbH;

® CChUIKA HA KOHKPETHBIC MaTepUaIbl TA€TCS B KBAIPATHBIX CKOOKax [4, c.25];

e TaOJMIIbI, CXEMBI, AUArpaMMbl U PUCYHKH JIOJKHBI ObITh Ha3BaHbBI M IPOHYMEPOBAHBI,

® CIHCOK HCIOJb30BAHHBIX HMCTOYHUKOB (BKJIOYaTh HE MeHee S5 u He Ooznee 10
HaWMEHOBAHHN );

e [lepeueHb UCHIONB3YEMBIX PECYPCOB COCTaBIsIETCs B cOOTBETCTBUU ¢ TpeboBaHusimu ['OCT
7.1-2003 u I'OCT 7.0.5-2008;

e llcnonp3yeMble  MCTOYHMKM  JOJDKHBI ~ BKJIIOYAaTh  MCCIEAOBaHMs,  IPOBEICHHBIE
HCCIIEIOBATENISIMHU 32 MTOCIEAHUE FOJIBI.

e [locine cnMcka HMCIOJIB30BAHHBIX MCTOYHHUKOB Ha TPeX fA3bIKAX (TaJKMKCKOM, PYCCKOM MU
aHIIMHCKOM) YKa3bIBaeTcs cienyromas nHpopMalus: Ha3BaHUE CTaTbH, €€ KPaTKoe CoJepKaHue U
KItoueBbIe cioBa (pe3tome He menee 100 cnoB, kirroueBkie cnoBa oT 7 10 10 ciioB wiu dpa3s);

e Caenenus o0 aBTope(ax) Ha TAAKUKCKOM, PYCCKOM U aHIVIMHCKOM SI3bIKax B CIEAYIOIIEM
MopsiIKe: TOJIHOE HMMs aBTOpa(oB), ydeHas CTENeHb, 3BaHME (MPU HAJTUYMHU), HAUMEHOBaHHE
opranm3anud, rae paboraer aBTop(bl), HOMep TelaedoHa, aapec AMEKTPOHHOU IMOYTEHI.

e ABTOpBI HECYT MOJHYIO OTBETCTBEHHOCTh 33 JOCTOBEPHOCTh, HAYUHYIO OOOCHOBAaHHOCTh U
COZIEPKAHUE CTATEH.

3a MpeAoCTaBICHHYIO0 HayYHYIO CTaTb0 CO CTOPOHBI aBTOPOB, KOTOPBIE HE UMEIOT YUEHOU
CTETICHH, PELIEH3Us OT KaHANWIATOB MM JOKTOPOB HAyK 00s13aTeNbHA.
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