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CUHI'VJIAPHO BOSMYIIEHHAS 3ATAYA TUPUXJIE
AJIA KOJIbIA C CUHI'YJIAPHBIMU 'PAHULTAMUA

©3pxebaes y. 3., ORCID: 0009-0000-5893-4699, kano. ¢uz.-mam. nayx, Ouickuii
eocyoapcmeennulil ynusepcumem, 2. Ow, Kvipeviscman, uerkebaev@oshsu.kg

A SINGULARLY PERTURBED DIRICHLET PROBLEM
FOR A RING WITH SINGULAR BOUNDARIES

©Erkebaev U., ORCID: 0009-0000-5893-4699, Ph.D., Osh State University,
Osh, Kyrgyzstan, uerkebaev@oshsu.kg

Annomayus. O600ILEHHBIM METOJIOM MOTPAHUYHBIX (YHKIUH U METOIOM Majoro napamerpa
IIOCTPOEHBl PAaBHOMEPHBIE ACHMIITOTUYECKUE PA3JI0KEHHUs [0 MajJoMy IapaMeTpy peleHUun
OUCHHTYISIpHBIX 3a7a4 Jlupuxie Uil Kojiblia ¢ JII0OOW CTENeHbI0 TOYHOCTU. VcclienoBaHHBIE
3aJja4l MMEIOT JIBE OCOOCHHOCTHU: YPaBHEHUS ¢ MAJIBIM ITapaMETPOM IPH CTAPIINX MPOU3BOAHBIX U
BHEIIIHUE PELIeHUs OJIHOBPEMEHHO UMEIOT HapacTarole 0COOCHHOCTH Ha TpaHULaX 00JacTy, T. €.
IpeieNibHbIE YpaBHEHHUS MMEIOT OCOOEHHOCTH OJHOBPEMEHHO Ha 00euX TIpaHHulax KoJjblia.
@dopmanpHble ACUMITOTUYECKUE PA3IOKEHHs] 0OOCHOBAaHbBI NMPHUHLMIIOM MaKCHUMyMa U METOAOM
muddepeHnraIbHbIX HepaBeHCTB. [loyueHHbIe aCHMITTOTUYECKHE PS/IbI TIPEACTABIAIOT OO0 psif
ITron3o. I1aBHBIN YIeH aCUMITOTUYECKUX Pa3JIOKEHHUH pelIeHuil UMeeT OTpULaTeIbHYI0 APOOHYIO
CTEIIEHb 10 MAJIOMY [1apaMeTpYy.

Abstract. Uniform asymptotic expansions of small-parameter solutions of bisingular Dirichlet
problems for a ring with any degree of accuracy are constructed by a generalized method of
boundary functions and a small-parameter method. The investigated problems have two features:
equations with a small parameter in the first derivatives and external solutions simultaneously have
increasing features on the boundaries of the domain, i. e. limit equations have singularities at the
same time on both boundaries of the ring. Formal asymptotic expansions are based on the maxima
principle and the method of differential inequalities. The resulting asymptotic series are represented
by the Puiseux series. The main term of the asymptotic expansions of the solutions has a negative
fractional power with respect to the small parameter.

Kniouesvie cnosa: acummnroruyeckoe pasnokeHue, 3anada [upuxie, ¢ynkuun Oiipw,
MoauuuupoBaHHble GyHKIUN beccens, norpanpyHKuus.

Keywords: asymptotic expansion, Dirichlet problem, Airy functions, modified Bessel
functions, boundary functions.

Uccnenyem 3amaay HQupuxie [1-7]

eAu(p,9,e)—~(2—p)(p—1)u(p,9,e)=Ap,9,¢), (p,¢) €D, (1
u(1,9,6)=0, u(2,9,6)=0, (2)
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e f(1,9,0)70, 1 (2,¢,0)#0.
[Togo6uble 3amaun uccnenoBaHbl B padortax [1-7]. 3mech ucciaemyeTcst ocoOblil ciydail.
Pemenue 3anaun (1), (2) Oynem uckarb B BUje

u(p,9,e)=V(p,0,e)+W(t,0,1)+0(N,0,1), 3)

e V(p, ¢, &) = Yo vi(p, @) . W op) =Xk twie(t, ) . Q) =
Y 1 g, d), =2—p)/p, n=(p—1)/pn, e=p’. U3 rpaHmunbIX yc10BHii (2) HMeeM

W0,0,0)=—V(2,0.1%), Q(0,9,1)=~V(1,9,5°). (4)
[Toncrapinsst cootrHomenue (3) B ypaBHenue (1), moryyum
SAV(pa(Pag)_(z_p)(p_l)V(po(Pa8)=.f(p9(P58)_h(pa(P98)a (pa(P)EDa (5)
2w u oW u: 9w (6)
M( 0t2 2 —1u o1 * (2 —tw)?209% w1 - TH)W) B
= Dl(z —TU, @, ‘Ll3), (T, (p) € D‘D
0%Q po 0Q u*  0%Q (7)
“(an2 Trmaan A +mrap? ’”‘)Q>

= 0o(1+nu, @, 1%), (1, 9) € Dy,

e W=W(z,0,1), O=0(M,¢,1).
N3 cootnomenus (5) ompenenum QyHKuuu vi(p,0), 31ech h(p,p) BbIOpaHBI TakK, YTOOBI

BBINOJIHSAIIMCE YCIIOBHS: V) € Cw(ﬁ), li7+n wi_1(1,¢) =0, lirll Qi-1(m, ) = 0, keN,.
T—>+00 T]—) o0
ITycte gi(p,@)=fi(P.0)-Avi1(p,¢), keNo, v-1(p,9)=0, Torna v, e COO(S), keNjy, xorga

—_ b_
Tip, @) =2 gk + =L gk, e g = gi(b, §), 97 = gi(a, §).
Tenepr mepeiinem k onpenenenmio W (T, ¢, u) = Ype_ ufwi(t, @) , Q(n, 1) =
Y _11kqe(n, ). Coornomrenns (6) u (7) 3amumem B Buze (manee wi=wi(t,0), gi=qi(M,P))

oo 2 2 (8)
Z i [0 Wr-1 _ OWg—1 42 0 W1 —1(c — )W _
k_onu' 0‘[2 u 6‘[ u a¢2 u k—1
4w b +0
g
= ) wk (gfz — 7") ) (Aro@) + i, () i*, () € D,
k=0 k=1
+o0
0% Q1 0qy-1 0% Qi1 ©)
k 2 _ _ —
kzou ( on? +u o +u e n(c un)qk_1>
e a +0
g
= Z 3k <g;‘i — pn 7") + Z (Bk,o(fb) + .uan,l(d))) u,(m,¢) € Dy,
k=0 k=1

3,Z[CCB B COOTHOIICHUAX (8) n (9) MBI BBCJIM €IC BCIIOMOTATCIIbHBIC ACUMIITOTUYCCKUC PAJIbI

ThZ e (Ao (@) + A ()b =) . BiZie* (Bo(@) + Bea(@(p—a)) . e
AkJ, BkJE C“’[O,2n],j=0,1.

OTH BCIOMOTaTelILbHBIE ACUMIITOTHYECKHE pAabl JOJKHBI OBJIAJCTh TAKHM CBOI\/'ICTBOM, qTo
CyMMa UX TOXKACCTBECHHO OOJIDKHO PaBHATHCA K HYIIIO, T. €.
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iz €% (Ao(®) + A ()b = p)) + TiZy e (Bioo(@®) + Biea () (o - (10)
a))50:>
VheN: {Ak,o(f.b) + bAj1(¢) + Bio(¢) — aBy1(p) =0,

"(—Ak1(P) + By, (¢p) = 0.

ACHMITOTHYECKHE PABI ¢ TAKMM CBOWCTBOM HE BJIMSIOT HAa BHELIHEE PErYJIIPHOE PEIIEHHE.
3TI/I BCIIOMOT'aTrCJIbHBIC ACHUMIITOTUYCCKUC PAAbl BBCACHBI JIA TOIO, LITO6I)I C IIOMOIIBKO HHUX
HOJY4UTh cooTHOIIEeHust lim wy,_, (T, ¢) = 0, lim q,_1(n, $) = 0, keN,.

T+ n—-+w

W3 cootnomenus (8), mpupaBHUBas kK03(pPUIMEHTHI TPU OAMHAKOBBIX CTEHEHSX |, MOTYyYHM
PEKYPPEHTHYIO CUCTEMY YPaBHEHUH

Lw_y =225 cow_y = gb. (r9)eDs, (11)
Lwy = aw: —12w_; — Egé’, (t,9)eDx, (12)
Lw;, = % — 6;\;;;1 — 12wy, (1,90)€Dx, (13)
Lwzg_q = aw;:_z - 62;/;,2(_3 — T2Wap—p + gf + Ago(P), (1,9)eDx, (14)
Lwsy, = aw;:_l - 62:;’;_2 — t?wspq — Egllé + A1 ()T, (v.9)eDy, (13)
LWspiq = OWske _ Wskn 2w3y, (1,0)€D:, (16)

ot a2

N3 mepBoro cootHomenus (4) crnemyer, 4yro peuieHusi ypaBHeHuit (11)-(16) momxHBI
YIOBJIETBOPSTH YCIOBHSIM, COOTBETCTBEHHO:

W3k-1(0,0)=0, w3x(0,0)=vi(D,p), w3i+1(0,9)=0. (17)
JIOTIOJHUTEBHO TIOTPEe0yEM BBIOIHEHUS YCIIOBHI
Wi-1(7,0)—0 npu t—>+0, keN,. (18)

AmnanoruyuHeie 3aa91 MMOJYYarOTCA U3 COOTHOLICHUSA (8)

Lq_, = a;f,? - cnq-1 = g, (.9)eDr, (19)
Lqo = — 21 —n?q_, — 1§, (np)eDy, (20)
Lg, = —Z—?—%—nzqo, (M.9)€Dy, o)
Lasp-1 =— aq;’,;‘z - 62§;§‘3 — 1%qak—2 + 9 + Bio(), (,0)€Dy, (22)
Lqsy = — 22t — aZ;;’;” ~0*qsk-1 = Gk + Bie1(¢In, (.9)€Dy, 23)
Lqzpr = — 62—;’( - % —n%q3y, (M,9)eDy, (24)
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N3 Broporo cootHomeHus (4) crnemyer, uro pemeHuss ypaBHeHHil (19)-(24) momxHBI
VAOBJIETBOPSTH CICTYIOIIUM YCIOBHSIM, COOTBETCTBEHHO:

¢31-1(0,0)=0, g3:(0,0)=vi(a, ), g31+1(0,9)=0, keNy. (25)
JIOTIONHUTENBHO TTOTPeOyeM BHIOIHEHHS YCTOBHIA
qr-1(N,9)—0 npu n—>+o0, ke Ny. (26)

[Ipu n=1 cnenyer cymiecTBOBaHUE, €AMHCTBEHHOCTh M OECKOHEUHO TU(PepeHIIPYEMOCTh
pemenuit ypaBuenuii (11)-(16) u (19)-(24) ynoBiaeTBOPSAIOMIMX COOTBETCTBEHHO ycioBusM (17) u
(25) B kmacce QyHKIHIA, pacTyIUX HEe OBICTPEE KaKOH-TMOO CTEIICHH T U 1) COOTBETCTBEHHO.

Teneps mepeiiaeM K 10Ka3aTelbCTBY CyIiecTBOBaHUS GyHKImi Ay, Br,€ C*[0,21t] j=0,1 npn
KOTOPBIX perienus ypasueHui (14)-(19) u (22)-(27) ynoBieTBOPSAIOMIMX COOTBETCTBEHHO YCIOBUSIM
(17) m (25) npunaanexarb Kiaccy (QYHKIUI yOBIBAIOIIMX CTEINEHHBIM POCTOM IO T H 1,
COOTBETCTBEHHO.

CymectByroT Takue GyHKunn Ay, Br;€ C7[0,21] j=0,1, k€N ynoBiIeTBOPSIOIE PABEHCTBAM
(10) 1 mpu 3TOM CcripaBeAJIMBBI COOTHOIICHHUS

Wigers (7, @) = By 20822 00,12, k=1,0,1...., T->+o0, 27)
q3k+S(nJ ¢) =2 %{jw& SZOolazo k:_1:071:°'-7 T]_>+007 (28)

e wij, qi,; € C7[0,2m].

Kak ormerunu Bbime, cmbicn paBeHCTB (10) cocToMT B TOM, YTO MpHU TakuX (YyHKIHAX,
KOTOpbIE ABJISOTCS pemeHusMu (10) He MOryT BIMSTH Ha PErylspHOE BHelIHee peuienue V(p,o,e),
Tak Kak VkeN: Ay o(Q)+Ar 1(0)(b—p)+Br.o(@)+Bi1(¢)(p—a)=0.

[Ipumensts nemmy 2 npu n=1 k ypaBaenusim (11)-(13) u (19)-(21), nonyqyaem

w_q(t,¢) = 27 W‘Lﬂ(@ wo(T, ) = X7 W°31—+3(¢) wy(t,$) = 3% W1,3j-.|-2(¢)

3J+1 3j+3 3j+2

41 (0, d) = X~ q13]+1(¢)9%(77:¢)_ o q“f““’”, 0 (1, ) = 3% w,r—ww,n—ﬁw,

3]+1 3]+3 n3]+2
e w, qr;€ C710,27].

Honyctum, uro VkeN crpaBennussl cootHomeHus (27), (28). Torna, npu k=s+1, umeem
Owszsy1  0%wss

_ 2 b
Lwsgyy = ot agz ¢ Wast1 + gdy1 + Asi1,0(P),
OW3st2 0%*W3s41 2 T b
Lwsgys = ot oz T Wastz T s+t + Agi11(P)T,
_ OW3s43 0“W3s42 2
Lwsgyy = ar a2 T"W3s43,
7 _ 0q3s41 az%s 2 a
Lqzs42 = T Ton  agz M d3st1 + gér1 + Bss1,0(9),
7 _ 0q3s+2 62%s+1 2 n _a
Lqzs43 = — am 0p? N q3s+2 = _Gs+1 + Bs+1,1(¢)77,
7 _ 0q3s+3 BZQ35+2 2
Lqzs4q = — an og2 N"q3s+3-

Orcrona nmeeMm
W3s41,2(3)= 9011 ($)—Asi1,0(d) + Z W3s+2,3j+1

W3sy2 = T 3j+1
W3s+3,3j+3
W3s43 = Do Tﬂj eci Agi1,0(Q)=W3st1 2(Q)—c Agsi1.1(P), a TaKKE
v W3s+4.3j+2
W3S+4- = j=0 —‘[3j+2 5 T—>+t00.
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Amnanoruyso,

_ Q35+12(@)—g¢11(P)—Bsi1,0(P) + Zoo A3s+2,3j+1
q3s+2 = n j=1 U3j+1 ’
q3s5+3,3j+3

Q3543 = Xj=o —arrs - €O Byt o(@)=q3511.2(9)~CBs+1.1(¢), 1ipH oTOM

__ v 93s+4,3j+2
q3s+4 = j=0 7I3j+2 H

n—>+oo.
B pesynbrare nonyyaem cucTeMy ypaBHEHUH C IByMsI HEU3BECTHBIMU As+1.0(QP), Bsr1.0(Q):
Wist12(P)€ As1,1(Q)F0As11,1(9) 3541 2(P)—CBsr1,1(@)—aBs1,1(9)=0,
—Ag+1,1(@)+Bs+1,1(9)=0.
CucreMa UMeeT eIUHCTBEHHOE PEIICHHUE:

_ \_W3s+1,2(P)+d35+1,2(¢) _ _
Asr1,1(@)=Bs+1,1(p) . s As+1,0(Q)=q35+1,2(P), Bs+1,0(@)=W3s41,2().

W3s+1,2(P)+q35+1,2(P) 4
c b

s+1,0(@)=G35+1.2(P), Byr1,0(9) =
— Wigr12(0) ans VkeN cnpaBennuBbl cootHomieHus (27), (28), T.e. UMEIOT MECTO COOTHOIICHHUS
(18), (26). Jlemma nokazaHa.

CanenoBarenbHo, PH Agi1 1(Q)=Bs+1.1(9)=

Cnucok aumepamypbi:

1. Tursunov D. A., Erkebaev U. Z. Asymptotic expansions of solutions to Dirichlet problem
for elliptic equation with singularities // Ufa Math. J. 2016. V. 8. P. 97-107.
http://dx.doi.org/10.13108/2016-8-1-97

2. Typcynos [I. A., OpkebaeB V. 3. ACHMIITOTHYECKOE pa3io’KeHUE pelIeHus 3aaaun Jupuxie
IUISL KOJIblIa ¢ OCOOCHHOCTHIO Ha Tpanule // BectHnk TOMCKOTO rocynapcTBEHHOTO YHHUBEPCHUTETA.
Maremaruka u Mmexanuka. 2016. Nel (39). C. 42.

3. Typcynos JI. A., DpkebaeB Y. 3. ACUMNTOTUKA peIIEHUS OUCHHTYISIPHO BO3MYILEHHON
3amayn J{Mpuxie B KOJbLIE C KBaJPAaTUYHBIM pocTOM Ha Tpanune // BectHuk FHOxHO-Ypanbckoro
rocynapcTBeHHoro ynusepcutera. Cepus: Maremaruka. Mexanuka. @usuka. 2016. T. 8. Ne2. C. 52-
61. https://doi.org/10.14529/mmph160207

4. Typcynos JI. A., DpkebaeB VY. 3. ACUMIITOTHYECKOE Pa3JIOKeHHE pelleHus 3aaaun Jupuxie
JUIS SIUTMITUYECKOTO ypaBHEHUSI ¢ ocoOeHHOCTAMH // Y puMckuil MmareMaTuueckuil xxypHai. 2016.
T. 8. Nel. C. 102-112.

5. TypcynoB . A., OpkebaeB VY. 3. AcHMOTOTHUYECKOE pa3oKeHue peleHus 3a1auu Jupuxie
JUIsL KOJIblla C OCOOCHHOCThIO Ha TrpaHule // BecTHuk ToMCKOro rocynapcTBEHHOIO YHUBEPCHUTETA.
Maremaruka u mexanuka. 2016. Nel (39). C. 42-52.

6. TypcynoB JI. A., Opkebae VY. 3. OOocHOBaHHEe (POpPMATBHBIX ACUMIITOTHUYECKUX
pa3NoXKEeHHI pelieHrs OMCUHTYISIPHO BO3MYIIEHHbIX 3a1a4 // Bectnuk Oml'Y. 2015. Ne4 (4). C. 20.

7. TypcynoB JI. A., DOpkebaeB VY. 3. AcumnroTruka pemieHus 3agadu upuxmie mis
OMCHUHTYJIIPHO BO3MYIIEHHOTO YpaBHEHHUs B KoJblle // BectHuk Yamyprckoro yHusepcurera. 2015.
T.25. Ned4. C. 517-525.

References:

1. Tursunov, D. A., & Erkebaev, U. Z. (2016). Asymptotic expansions of solutions to Dirichlet
problem for elliptic equation with singularities. Ufa Math. J., 8, 97-107.
http://dx.doi.org/10.13108/2016-8-1-97

2. Tursunov, D. A. (2016). Erkebaev UZ Asimptoticheskoe razlozhenie resheniya zadachi
Dirikhle dlya kol'tsa s osobennost'yu na granitse. Vestnik Tomskogo gosudarstvennogo universiteta.
Matematika i mekhanika, (1 (39)), 42. (in Russian).

(B
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 14



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne8. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/93

3. Tursunov, D. A., & Erkebaev, U. Z. (2016). Asimptotika resheniya bisingulyarno
vozmushchennoi zadachi Dirikhle v kol'tse s kvadratichnym rostom na granitse. Vestnik Yuzhno-
Ural'skogo gosudarstvennogo universiteta. Seriya: Matematika. Mekhanika. Fizika, 8(2), 52-61. (in
Russian). https://doi.org/10.14529/mmph160207

4. Tursunov, D. A., & Erkebaev, U. Z. (2016). Asimptoticheskoe razlozhenie resheniya
zadachi Dirikhle dlya ellipticheskogo uravneniya s osobennostyami. Ufimskii matematicheskii
zhurnal, 8(1), 102-112. (in Russian).

5. Tursunov, D. A., & Erkebaev, U. Z. (2016). Asimptoticheskoe razlozhenie resheniya
zadachi Dirikhle dlya kol'tsa s osobennost'yu na granitse. Vestnik Tomskogo gosudarstvennogo
universiteta. Matematika i mekhanika, (1 (39)), 42-52. (in Russian).

6. Tursunov, D. A., & Erkebaev, U. Z. (2015). Obosnovanie formal'nykh asimptoticheskikh
razlozhenii resheniya bisingulyarno vozmushchennykh zadach. Vestnik OshGU, (4 (4)), 20. (in
Russian).

7. Tursunov, D. A., & Erkebaev, U. Z. (2015). Asimptotika resheniya zadachi Dirikhle dlya
bisingulyarno vozmushchennogo uravneniya v kol'tse. Vestnik Udmurtskogo universiteta, 25(4),
517-525. (in Russian).

Paboma nocmynuna Ipunsma k nybauxayuu
6 peoaxyuro 12.07.2023 2. 24.07.2023 2.

Ccblika 018 yumuposanusi:

OpkebaeB VY. 3. CuUHTYIApHO BO3MYILECHHAs 3ada4ya Jupuxiie sl Kojiblla C CUHTYISPHBIMHU
rpanunamu  //  bromnerens Hayku u mpaktuku. 2023, T. 9. Ne§. C. 10-15.
https://doi.org/10.33619/2414-2948/93/01

Cite as (APA):

Erkebaev, U. (2023). A Singularly Perturbed Dirichlet Problem for a Ring With Singular
Boundaries.  Bulletin  of  Science and  Practice, 9(8), 10-15. (in  Russian).
https://doi.org/10.33619/2414-2948/93/01

(B
E Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 15



broemens nayxu u npaxkmuxu [ Bulletin of Science and Practice T. 9. Ne8. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/93

FHOJIOTHYECKHE HAVKH | BIOLOGICAL SCIENCES

UDC 581 143 557 175 1.05 619 615 https://doi1.0rg/10.33619/2414-2948/93/02
AGRIS F60

OBTAINING OF WATER-SOLUBLE COMPLEX SALTS OF VARIOUS FRACTIONS
OF SYNTHETIC PETROLEUM ACIDS AND ALCOAMINES, INVESTIGATION
OF THEIR EFFECT ON Triticum, Zea mays AND Pisum sativum,
AND COMPARATIVE ANALYSIS WITH NATURAL PETROLEUM ACID COMPLEXES

©Ganbarova F., Y. H Mamedaliyev's Institute of Petrochemical Processes of the Ministry of
Science and Education Republic of Azerbaijan, Baku, Azerbaijan, fatime-quliyeva-78@mail.ru

MOJYYEHUE PACTBOPUMBIX B BOJE KOMILIEKCHBIX COJIEH
PA3JIMUHBIX ®PAKIIAN CAHTETHYECKHAX HE®TSIHBIX KUCJIOT
N ATIKOAMHWHOB, HCCIIEJOBAHUE UX BJIUAHUSA HA ITIITEHULLY,

KYKYPY3Y U TOPOX, U CPABHUTEJIbHBII AHAJIN3
C KOMINVIEKCAMM ITPUPOAHBIX HE®TAHBIX KUCJIOT

©l'anobaposa . /1., Hncmumym negpmexumuueckux npoyeccos um. akao. FO.I” Mameoanuesa
npu Munucmepcmee nayku u obpazosanusn Azepoatioxncancxoul Pecnyonuxu,
2. baky, Azepoatioacan, fatime-quliyeva-78@mail.ru

Abstract. The purpose of our research is to summarize information about oil, the use of
various fractions of natural and synthetic petroleum acids (boiling away in the ranges of 125-175°C;
175-225°C; 125-225°C, the synthesis of their water-soluble complex salts with alkanolamines
(mono-, di-, tri-) by the reaction of their interaction with monoethanolamine, diethanolamine and
triethanolamine, determination of their IR spectra, melting point and refractive index, preparation of
solutions with different percentage concentrations (0.05; 0.01; 0.005; 0.001; 0.0001% solutions),
the study of the electrical conductivity of solutions, laboratory and field studies of these compounds
as growth compounds for Triticum, Zea mays and Pisum sativum. First, the seeds are soaked in
the appropriate solutions in Petri dishes. Then the seeds taken in a plastic container are planted into
the ground in accordance with the depth of planting and the number of seeds. The degree of
germination is calculated from the number of germinated seeds. To determine the effect of salt
solutions on the growth dynamics of the aerial parts of plants and roots in laboratory conditions,
observations and measurements are carried out for 14-15 days. At the next stage, experiments are
carried out in the field and the final results are obtained. Comparing the obtained results of
the effect of complex salt solutions synthesized on the basis of natural and synthetic petroleum
acids on plants both with each other and with the control variant (that is, with seedlings obtained
from seeds soaked in irrigation water), it is determined which complex salts have better effect on
plant development.

Annomayus. 1lenbio nuccneaoBaHui sSBIsETCS 0000IICHNE CBEICHH 0 He(DTH; NCITOIb30BaHUE
pa3nUYHbIX (Ppakiuil NPUPOTHBIX M CHHTETHYECKHMX HE(MTAHBIX KHUCIOT (BBIKMIIAIOUIMX B
untepBanax 125-175°C, 175-225°C, 125-225°C; cuHTEe3 HX BOAOPACTBOPUMBIX KOMIUIEKCHBIX
cojel ¢ ankaHoidaMMHaMHu (MOHO-, IU-, TpH-); PEAKIHH WX B3aUMOJECHCTBUS C MOHO-
ATaHOJAMHHOM, JUATAHOI-aMUHOM U TpuUATaHoJdaMHHOM; omnpeneinenne ux HWK-crnekrpos,
TEMIIEPATyphl TUIABIEHUS W I10KA3aTeNs NPEJIOMIICHMsI; NPUTOTOBJIEHHUE PacTBOPOB C Pa3iIMYHOMN
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npoueHTHo koHueHTpanuedt (0,05, 0,01, 0,005, 0,001, 0,0001% pacTBOpBI); H3YUYEHHE
AIIEKTPONPOBOAHOCTH PACTBOPOB; IMPOBEACHUE JAOOPATOPHBIX M TOJEBBIX MCCIENOBAaHUM ATHX
COEMHEHMI B Ka4e€CTBE POCTOBBIX JJIS MILEHUIIbI, KyKypy3bl U ropoxa. CHauana B yamkax Ilerpu
CEMEHa 3aMayMBalOT B COOTBETCTBYIOIIMX pPACTBOpAax. 3aTéM B3SAThIE CEMEHa B IUIACTUKOBOM
KOHTEWHEpEe Ca)KaloT B 3eMJII0 B COOTBETCTBUU C ITyOMHOM 3aca’kMBaHus U KoJudecTBoM ceMsiH. [1o
KOJINYECTBY MPOPOCIINX CEMSH PACCUMTHIBAIOT CTENEHb IpopacTanus. s onpeneneHus BIUSHUSA
pacTBOpPOB CoOJIeH Ha JUHAMHUKY POCTa HAJA3E€MHBIX YacTed pacTeHUN M KOpHEH B JIaOOpaTOpPHBIX
YCIIOBUSX TMPOBOIAT HAONMIOACHWS W W3MepeHusl B TedeHue 14—15 ameil. Ha crmemyromem stame
MPOBOJAT HKCIEPUMEHTHl B IMOJEBBIX YCIOBHUSIX W IOJIYYAalOT OKOHYATEIbHBIE pE3YJIbTaThl.
CpaBHMBasi  IOJY4YEHHbIE  PE3ylIbTarbl  BIUSHHUS  KOMIUIEKCHBIX  COJIEBBIX  PacTBOPOB,
CHHTE3MPOBAaHHBIX Ha OCHOBE MPUPOIHBIX M CHHTETHYECKUX HE(TIHBIX KHCIOT, HA PACTCHUS Kak
MEXy COOOM, TaK U C KOHTPOJIBHBIM BAPHAHTOM (TO €CTh C IPOPOCTKAMH, TIOTYIEHHBIMHU M3 CEMSH,
3aMOUYEHHBIX B MOJUBHOM BOJIE), OMPENEISIOT, KAKUE KOMIUIEKCHBIE COJIM MMEIOT JIy4lllee BIIMSHUE
Ha pa3BUTHE PACTECHUM.

Keywords: complex salts, Petri dishes, monoethanolamine, diethanolamine, triethanolamine,
synthetic petroleum acids, natural petroleum acids, growth substances.

Knrouesvie cnosa: KOMILIEKCHEIC COJIM, YalllKH HeTpI/I, MOHO-3TaHOJIaMHUH, AWU3TAaHOJI-aMHWH,
TPUITAHOJIAMUH, CHHTCTHYCCKUC HC(bT?IHI)Ie KHCJIOTBI, IPUPOAHBIC HG(l)T?IHI)IC KHCJIOTBI, POCTOBBLIC
BCIICCTBA.

It is known that oil is a mixture of gaseous, liquid and solid hydrocarbons. Oil was formed
from the remains of water, plants and animals that existed hundreds of millions of years ago. Their
remains were mixed with silt and sand in layered deposits, and later, over the course of millennia,
they were geologically transformed into sedimentary rocks [1].

The main component of oil is hydrogen and carbon compounds — hydrocarbons, which have
a wide variety in their molecular structure. Among the valuable raw materials of the petrochemical
industry, an important place is occupied by natural petroleum acids (NPA), which have a wide range
of applications. Despite the fact that NPA and their derivatives have a variety of uses, due to the low
content of these acids in oil, they are among the limited products of the petrochemical industry. One
solution to this limitation is the conversion of naphthenic hydrocarbons to acids, i. e. obtaining
petroleum acids synthetically [2-5].

One of the most promising methods for the synthesis of synthetic petroleum acids (SPA) is the
catalytic oxidation of the diesel fraction of oil in the presence of air oxygen in the liquid phase. For
this, the fraction of Baku oils boiling at 217-349°C was taken as the object of study. The
naphthenic-paraffinic hydrocarbon mixture obtained after the fraction dearomatization process is
oxidized with atmospheric oxygen in the presence of a catalyst — Cr, Mn salts of natural petroleum
acids [6, 7].

Complex salts have been synthesized, their physicochemical properties have been studied, and
their structure has been confirmed by spectral methods.

Experimental part
The IR spectra of the taken acids were recorded on an ALPHA Furye spectrometer of the
German company Bruker. On Figure 1 and 2 show the IR spectra of Il fractions of natural and
synthetic petroleum acids as a sample [6-11].
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Table 1
INDICES OF PETROLEUM ACIDS
Fractions Boiling point, Synthetic acids Natural acids
°C/6.65mPa  Acidnumber  Molecular weight  Acid number Molecular
mg KOH/g mg KOH/g weight
I 125-175 266.4 210.6 293.0 191.5
I 175-225 224.9 249.4 270.0 207.8
General 125-225 218.2 257.1 257.0 218.3
g
& 1 [
2
81 g \ N,
® I ' = I
g e ' § =8 g
£ I = | &
E o | bt
g 2 g g
=
8 -
g -
8 1 1

L} L] 1 1 i LJ ¥ 1 1 L] L} T Ll  # L 1 U T L L) L] L 1 1 T Lt L} L] L] L4 L) 1 T

4800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber cm-1

Figure 1. IR spectrum of Il fraction of natural petroleum acid
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Figure 2. IR spectrum of 1l fraction of synthetic petroleum acid
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In the spectra, the stretching vibrations of the carbonyl group -C=0 characterizing the acid are
v = 1703 cm ', the stretching vibrations of the carboxyl group -COOH v = 2670 cm ', the bending
vibrations of the hydroxyl group OH of the acid appear in the region §=935 cm ™.

Research procedure
The reaction of obtaining complex salts is carried out at a temperature of 40-50°C for 2 hours
according to the scheme below:
R-COOH + NH,,(CH;,-CH,-OH), - [RCOO] [NH,+1(CH,-CH,-OH), ]
m=0, n=3, m=1, n=2, m=2, n=1

The reaction is carried out in a three-necked flask according to the procedure below. To obtain
the required complex salt, the calculated amount of petroleum acid and the corresponding
alkanolamine are added to the flask and stirring is continued until the reaction is completely
terminated [6, §].

Synthesis of complex salts of natural and synthetic petroleum salts and ethanolamine and
preparation of solutions with different percentage concentrations. According to the above reaction
based on natural petroleum acids and monoethanolamine (MEA) — MEA 293-1, MEA 270-2, MEA
257-3, diethanolamine (DEA) — DEA 293-1, DEA 270-2, DEA 257-3 and triethanolamine (TEA)
—TEA 293-1, TEA 270-2, TEA 257-3, as well as synthetic petroleum acids and monoethanolamine
(MEA 266.4-1, MEA 224.9-2, MEA 218.2-3) , diethanolamine — DEA 266.4-1, DEA 224.9-2,
DEA 218.2-3 and triethanolamine — TEA 266.4-1, TEA 224.9-2, TEA 218.2-3 and after confirming
their structure by various methods, their solutions of various concentrations (0.05; 0.01; 0.005;
0.001 and 0.0001%) were prepared to study their effect on plants [6, 9, 10].

Analysis of the obtained results

The purity of the complex salts synthesized by us was confirmed. At the same time, IR spectra
were taken, and the structural structure and electrical conductivity of the obtained salts were
studied. These indicators vary from 2.9x107° to 3.6x10°° S/cm in solutions of complex salts of
natural and synthetic petroleum acids. On Figure 3 shows the IR spectrum of the diethanolamine
complex II fraction of the natural petroleum acid (DEA 270-2) as an example, and in Figure 4
shows the IR spectrum of the diethanolamine complex of 1l fraction of the synthetic petroleum acid
(DEA 224.9-2).
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Figure 3. IR spectra of complex salts DEA270-2
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Figure 4. IR spectra of complex salts DEA 224, 9-2

It is clearly seen from the spectra that the absorption bands (936, 1703, 1412, 2673 cm ')
corresponding to the stretching and bending vibrations of the functional groups characterizing the
acid have practically disappeared. The spectrum clearly shows deformation (1341, 1451 cm ') and
stretching vibrations (2861, 2923 cm™ '), which are characteristic of CH bonds of CH, groups. Also
in this spectrum, asymmetric and symmetric stretching vibrations (1402, 1544, 1643 cm')
belonging to the C-O bond of the carboxylic acid (-COO-) are observed. The stretching vibrations
of the N-H bond at 3368 cm ™' coincide with the absorption bands characterizing the C-O bond of
the carboxylic acid (1544, 1643 cm ™). Thus, analysis of the IR spectrum of the sample indicates
that it corresponds to alkanolamine. The IR spectra of other substances were also taken [7, 9]. The
electrical conductivity of the obtained complexes was determined and is given below in Table 2.

Table 2
SPECIFIC ELECTRICAL CONDUCTIVITY OF SOLUTIONS OF COMPLEX SALTS

Complex salts Solutions with concentration 10> Solutions with concentration 10~*
Resistivity, Electrical conductivity Resistivity, Om x m Electrical

Om xm - 4, S/cm conductivity -4, S/cm

Based on natural naphthenic acids

MEA 257-3 1.5x10° 6.6x10° 1.7x10° 5.9x10°
DEA 257-3 1.2x10° 8.3x10° 1.6x10° 6.3x10°
TEA 257-3 1.6x10° 6.3x10° 1.6x10° 6.3x10°
MEA 270-2 1.3x10° 7.7x10° 1.5x10° 6.6x10°
DEA 270-2 1.6x10° 6.3x10°° 1.7x10° 5.9x10°
TEA 270-2 1.5x10° 6.6x10° 1.7x10° 5.9x10°
MEA 293-1 1.7x10° 5.9x10° 1.6x10° 6.3x10°
DEA 293-1 1.6x10° 6.3x10° 1.6x10° 6.3x10°
TEA 293-1 1.4x10° 7.2x10° 1.6x10° 6.3x10°°
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Complex salts

Solutions with concentration 10~

Solutions with concentration 10~*

Resistivity, Electrical conductivity  Resistivity, Om x m Electrical
Om xm - 4, S/cm conductivity -4, S/cm
Based on synthetic naphthenic acids

MEA 218,2-3 1.5x10° 6.6x10° 1.7x10° 5.9x10°
DEA 218,2-3 1.2x10° 8.3x10° 1.6x10° 6.3x10°
TEA 218,2-3 1.6x10° 6.3x10°° 1.6x10° 6.3x10°
MEA 224,9-2 1.3x10° 7.7x10° 1.5x10° 6.6x10°
DEA 224,9-2 1.6x10° 6.3x10° 1.7x10° 5.9x10°
TEA 224,9-2 1.5x10° 6.6x10° 1.7x10° 5.9x10°
MEA 266,4-1 1.7x10° 5.9x10° 1.6x10° 16.3x10°°
DEA 266,4-1 1.6x10° 6.3x10°° 1.6x10° 6.3x10°
TEA 266,4-1 1.4x10° 7.2x10° 1.6x10° 6.3x10°
Distillated water 1.7x10° 5.9x10° — —

Methods for determining the electrical conductivity of substances (liquid and solids) are
different depending on the type of substance and its physical and chemical properties. The electrical
conductivity of the studied substances was carried out according to patent no. J 20110064.

By determining the electrical conductivity of substances, it is established to which group they
belong. In this regard, the electrical conductivities of the substances synthesized by us are shown in
Table 2. The freezing point and refractive index of the obtained substances are shown in Table 3.

Table 3
POUR POINT AND REFRACTIVE INDEX OF COMPOUNDS
Indices Apparatus Method Examples
I < oo <« © M« ~ < <
oM w o @ w o® W o @ < i
“2§= °25= "2§= =850
Density, g/cm® at DMA 4500M ASTM D5002 0.9865 0.9619 0.9853 0.9850
20°C no more
Pour point °C Methodology GOST 20287-91 -2 0 -2
Refractivity at Abbemat 500 Methodology 1.3331 1.3330 1.3331 1.3331
20°C
pH HANNA Methodology 6.334 5.360 6.175 4.442
Indices Apparatus Method Examples
TP«c B9« . ©Fg S0
S85K 285y 28w 23w
2o 2o 2 2%
Density, g/cm® at DMA 4500M ASTM D5002 0.9561 0.9796 0.9872 0.9865
20°C no more
Pour point °C Methodology GOST 20287-91 0 0 0
Refractivity at Abbemat 500 Methodology 1.3330 1.3330 1.3331 —
20°C
pH HANNA Methodology 6.009 5.720 5.681 6.084
Indices Apparatus Method Examples

no. (1034) SPA-3, TEA
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Indices Apparatus Method Examples
IT5< D ©9q SS9«
OV gl oV gl oDV gl 0N
o o o o

o932 To%= To%= “450

Density, g/cm®at 20°C no more DMA 4500M ASTMD5002 0.9867

Pour point °C Methodology =~ GOST 20287-91 0

Refractivity at 20°C Abbemat 500 Methodology 1.3331

pH HANNA Methodology 6.001

Preliminary tests of the influence of 0.05, 0.01, 0.005, 0.001 and 0.0001% solutions of
ethanolamine complex salts obtained on the basis of the indicated fractions of natural and synthetic
petroleum acids for wheat, corn and peas in laboratory conditions. To do this, a certain number of
plant seeds were placed in Petri dishes and distilled (irrigation) water was added to one container to
control for each type of seed, and complex solutions of