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PE3IOME. Y6y Makomaza TaOuuid ra3HN KypHTHII TEXHOJOTHK CXEMAcH HINIA0 YMKWIraH 0ynm0, ymoOy TEXHOJIIOTHK cXemara
acocaH Oump ancopOepaa TaOumii ra3HM KypHTHIN XapaéHu Oopca, Oy BakTga OOIIKacuAa MCCHUK ra3 €paammia pereHepanusl Ba
KM3AMpUIIMAraH ras épaaMuza COBYTHII jkapaéHHU KOMIIpeccop €praMuia MUPKYISIIHS XOCH KWITHII OPKAJIM aMaJira OIIUPHIIaIH.

PE3IOME. B nanHoii cTtathe pa3paboTaHa TEXHOIOTHYECKasl CXeMa OCYIIKH MPUPOIHOTO ras3a, COrJIACHO 3TOH TEXHOJOTHYECKOM
CXeMe, €CIIM OCYIIECTBILIETCS IPOLEcC OCYIIKHM IPHPOJHOTO ra3sa B OJHOM ajacopbepe, TO B JPYroM OCYIIECTBISIETCS HpOLEecC
pereHepanuy C HCHONb30BaHHEM TOpSYEro rasa, a B IPOIECCE OCYHIKM C MOMOIIBI0 HEOTOTPETOro ra3a OCYIIECTBIISETCS MyTeM
CO3JaHu IIMKIIA C HCIO0JIB30BaHUEM KOMIIPEccopa.

SUMMARY. In this article, a technological scheme for drying natural gas has been developed, according to this technological
scheme, if the process of drying natural gas is carried out in one adsorber, then the regeneration process using hot gas is carried out in the
other, and in the drying process using unheated gas is carried out by creating a cycle using a compressor.

YK 517.928
O IBYCTOPOHHHUX NPUBJIMNKEHUAX K IEPHOIJNYECKHUM PEHTEHUAM UHTEI'PO-
JANOPEPEHIINAJIBHBIX YPABHEHUU TUITA ®PEJATI'OJIBMA
O.4.Hyp:xaHoB — kanouoam u3uko-mamemamuieckux HayK, 0oyeHm
K.A.Ajina3zapoB — macucmpanm
Kapaxannaxcxuii 2ocyoapcmeennwiii ynugepcumem umenu Bepoaxa
Tasiny cy3aap: Opearonsm TUnUAard UHTErpo-auddepeHman TeHriamMaiapy, JaBpHid euumiIap, KeTMa-KeT SKUHIAIINIUIAPHUHT
COHJIM-AHAJIUTUK YCYIIH.
KioueBble cioBa: wuHTErpo-aud¢epeHnnansHple  ypaBHeHUs Tuna Openronsma, NEPHOAWYECKHE PELICHUS, YHCICHHO-
AHATUTHYECKHI METOJ IMOCJICA0OBATCIbHBIX HpPI6J'IPI)KeHPIfI.
Key words: integro-differential equations of the Fredholm type, periodic solutions, numerical-analytic method of successive approx-
imations.

OmHuM u3 3G QGEKTUBHBIX METOAOB HMCCIIEAOBAHUS NEPHOJNYECKHX DPEIICHUH HETUHEHHBIX CHCTEM OOBIKHOBEHHBIX
muddepeHManbHbIX YpaBHEHUH SIBISICTCS YHCJICHHO-aHAMTUUECKUH METOJ IOCJIEJOBATENbHBIX IEePUOJUYECKUX TIPH-
ommxennii A. M. Camotinenko [1].

B nanHOl paboTe MBI IPUMEHUM K OJHOH cucTeMe MHTerpo-Aud(depeHInaIbHbIX YpaBHEHUH METO/| JABYCTOPOHHBIX
NPUOJIMKEHUH, KOTOPBIH SBJISIETCS HEKOTOPBIM 00001eHneM cxeMbl MeTosia A. M. Camoiinesko [2].

PaccmoTtpum cucremy uHTErpo-aruddepeHINaIbHbIX YpaBHEHIH BUIa
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Torma yuurteiBas ycnmoBuit (5), (11) u paBenctsa (12), u3 cootHomenus (16) MOKXHO MOJYYUTH CIEIYIOIIHE HEPABEH-

CTBa
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Hrak, nosyyacM COOTHOLICHUE
Uy (t, X,) < X7 (1, X,) SV, (t, X,)-

HpI/I IIOMOIIIU ME€TOAa MaTeMaTU4eCcKOMn WHAYKOHUW MOKHO MIOKa3aTh, YTO JJIA BCEX n BBIMOJIHACTCA HCPABCHCTBO
ks
U, (t,%,) < X7 (t, %) <V, (t, %,). (17)

IMockonbky BekTOp-QyHKIMH f (t, X, y) u gp(t, S, X, Y ) HeMpepbIBHBEI B 007actu (3), TO MOCIEAOBATCIbHOCTH
{un (t, X, )}, {Vn (t, X, )} PaBHOCTEIIEHHO HETPEPHIBHEI M pABHOMEPHO OrpaHWYeHBl. Kpome Toro, 3TH mocienoBaTeIbHO-
CTHU MOHOTOHHBI M OTPaHHUYEHBI COOTBETCTBEHHO CBEPXY U CHHU3Y. [103TOMY OHH CXOISTCS K u*(t, Xo) uy (t' Xo)- U3 ne-

paBerctBa (17) cnemyet HEpaBEHCTBO
U, (t, %) SU™(t, %) S X7(t, %) SV (L, %) <V, (1, %) (18)
Tenepsr Ha ocHOBaHWU cooTHOIIEHHH (11) cocTaBUM pa3sHOCTH v, (t, Xo) - un(t, Xo) MU OIICHUM €€ C IIOMOIIBIO He-

paBeHcTB (8). Torna moay4um
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L0 516050010 (5:%00) — (7,5, (5, %) Vo5, X)) s 7 <
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{[%”Idﬂﬁdf}(& . K4)a)2[1—§T—wja)l(M _m)<

<, (O(K, + Ky ) (M —m) + a5 (1) (K, + K4)w2(lf§—$ja)l(M —m),

rac

o, (t) :(1—%jia1(r)dr+ﬂa1(r)df S%al(t). (20)

C yuerom (20) mocnensee HepaBeHCTBO (19) mpuHUMaeT Bu
Vl(tv Xo) - ul(t' Xo) =< al(t)Q(M - m)a).Lv
© Q=%(K1 + K2)+w2(1—§T—”j(K3 +K,).
I[To MaTeMaTHYECKONH MHAYKIINH 3aKIIF0YAeM, YTO U1 BCEX n=0,1,2,... CIPaBEIINBa OLEHKa
V, (8, %) — U, (1, %) £ o (0)Q" (M —m) . (21)

IockonbKy cornacHo ycnoButo 4) HanGoiblIee COOCTBEHHOE YUCIO A (Q) MaTpHIBl () MEHbIIE CAUHUIBI, TO U3

ra

HepaBeHCTBa (21) creayet, 4To
u™(t, %) =V (t, %) = X" (t, X,)- (22)
W3 cootHomienust (22) BUIHO, YTO MOCIEI0BATEIBHOCTH {un (t, X, )} , {\/n (t, X, )} npu N—>00 crpemsrcs k obiemMy
npesieny, npudem npezienbras Gynkims X (t, X, ) ABAAETCS NEPHOMUECKUM pelieHneM ypasHeHus (16).

ITycr X = ¢(t) - nepuoauyeckoe ¢ mepuogoM T pELICHAE CHCTEMbI YpaBHEHUH (2), IPOXO/sIIEe MPH t=0 ue-

pes TouKy
xoe[a+wlTT(M “m)b- 4 —m)} (23)

1 YAOBJICTBOPAIICES YPAaBHCHHUC (16) MeTO,I[OM OT OPOTHBHOT'O MOKHO AO0Ka3aTh CAUMHCTBCHHOCTD DTOI'0 PCHICHUS. Cre-
J0BAaTCJIbHO, OTCIOJa CJICAYCT, YTO

Pt) =X"(t, %) =X"(t, %) =u"(t, %) =V"(t, %;). (24)
Wrak, uMeeT MecTo clieyIoliee YTBepiKIeHHE.
Teopema. ITycTs mpaBasi 4acTh cuctTeMsl (2) ompeseneHa B obmactu (3), yaoBieTBopsieT ycioBusiM 1) - 4).

Toraa mocnenoBaTeNbHOCTH {un (t, Xo)}v {Vn (t, X, )} , onpezensiembie cooTHomeHussMu (11), (12), ya1oBIeTBOPSIOT yCio-
BusiM (14) u coootHotmenusM (15), IpUYEM ITH MOCTIENOBATENLHOCTH PABHOMEPHO OTHOCUTENLHO {, X, u3 (22) cxomsires
COOTBETCTBEHHO K pyHKIUaM U~ (t, xo), & (t, xo), KOTOPBIE yIOBJICTBOPSIFOT CUCTeME ypaBHeHH# (16).

Ecmu X' (t, Xo) S [a, b] SBIISIETCA perieHueM ypaBHeHus (16), To cupaBeanussl HepaBeHCTBa (18). Kpome Toro, nmeer
MecTo onenka (21), mpenensubie Gpynkmuu U” (t, xo), v (t, xO) COBIAJAIOT U JUIs IEPUOAUYECKOTO NIEpUoAa T peuleHus

X = ¢(t) cucremsl (2), IPOXOASIIETO NPH t =0 uepes Touxy X, 13 (23) cnpaBeunBo cooTHOLIEHHE (24).

JInst BBISCHEHHUS. BOTIPOCA CYIIECTBOBAHUS mepuoaudeckux mo [ ¢ mepuogom T pemnenuii cuctemsl (2) BBeeM 060-
3HAYCHUS

A(%y)= _%_H (X (L, %), X (L, X)) + I(p(t, S, X" (8, %,), X" (5, xo))ds}dt, 24)
ém (XO) = Tl-j‘|: f (t1 um(t’ XO)’vm (t’ XO)) + Tw(tv S’ um(S’ X0)7vm (S' XO))dS:|dt’
A, (%)= 'Il'j[ f(t,v,, (t, %), U, (t,%,)) + Tw(t, S,V,, (S, %), U, (S, xo))ds}dt.

Hycrs X' (t, Xo) - peurenue ypaBHeHHs (16), 3HAYUT BBITOJIHIETCS TOXKIIECTBO
. t . .
X" (L, X5) = X + (1—1—_)0[[ f(z, X" (7, %), X" (7, %X,)) + (26)
+j(p('r, S, X" (s, %), X" (s, xo))ds}dr —
[0}
t T
_?_!.[ f (2, X" (7, %), X" (7, X,)) +

+T¢)(T, s, X" (8, %,), X" (s, xO))ds}dz—.
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U3 (16) cnenyer, uto npu A(Xo) = ( peuieHre cucTeMsl (26) SBISETCS U MEPUOJUMUYECKUM pEUIeHHEM ypaBHEHUs (2).

[ToaToMy, CylecTBOBaHHE TIEPHOAMUECKUX PEIICHUN ypaBHEHUS (2) CBA3aHO C CYIIECTBOBAaHUEM HYJICH (yHKITUH A( Xo)'

Bomnpoc cymectBoBanus HyjIed QyHKINN A(Xo) pelaeTces HCXos U3 GyHKIUA A (Xo) W A, (Xo)
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PE3IOME. by Makonana MKKH TOMOHJIaMa SIKHHJIAIIMOUIAp ycyiu PpenroasM THIMHIArH WHTETpo-auddepeHnan TeHramanap-
HUHT JaBpUi €UMMIIAPUHM YPraHUII YUyH KYyJUIaHUIIAIu.

PE3IOME. B nanHoii paboTe METO ABYCTOPOHHHUX NPUOIIKEHUH MPUMEHSIETCS K CCIIeJOBAaHUIO TIEPUOANIECKAX PEIICHNI HHTe-
rpo-muddepeHIMaNBHBIX ypaBHEeHHH THa Ppearoapma.

SUMMARY. In this paper, the method of two-sided approximations is applied to the study of periodic solutions of integro-
differential equations of the Fredholm type.
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Introduction. The coupling and coordinated there is a variable correlation between population and
development among population, resources, environment economic development [2].
and economic system is an important issue for regional Study area. HBOUUA is situated in the central and
social economies to achieve high-quality sustainable  western part of Inner Mongolia with an administrative area
development. Vigorously promoting the coupling and of 186,200 square kilometers, accounting for 15.7% of the
coordinated development of population, economy, whole region. There are 37 county-level administrative
resources and environment system in The HBOUUA is a units under the jurisdiction of the urban agglomeration,
major issue concerning the new development period of the including 13 administrative districts and 24 administrative
14th Five-Year Plan of Inner Mongolia Autonomous banner counties. The city cluster enriches resources, with
Region and taking a new path of high-quality development  proven coal reserves of 265.20 billion tons in 2020,
with ecological priority and green development as the accounting for 51.2 percent of the region. Iron reserves of
guidance. Located in the central part of The Autonomous 2.01 billion tons, accountable for 47.6% of the region. In
Region, HBOUUA is an important plate for ecological 2020, the population of permanent residents was 10.015
protection and high-quality development of the Yellow million, being accountable for 41.6% of the total population
River Basin, a key development area and a core area for  of the region, and the proportion of permanent residents
economic development of Inner Mongolia Autonomous was 2.77% higher than that of 2010 [4]. The urbanization
Region, and plays an important strategic role in theoverall  rate of permanent residents reached 77.39%, among which
high-quality development of the Autonomous Region and  the urbanization rate of Hohhot was 79.15%. Baotou and
its comprehensive integration into domestic and Ulangab were 86.16%, 77.45% and 59.7% respectively [5].
international markets. In 2020, the GDP of HBOUUA is ¥994.86 billion,

Literature review. Scholars at home and abroad have accounting for 57.5% ofthe whole region, among which
made many beneficial explorations and practices based on the three cities of Hohhot Baotou Ordos account for
the practical application of coupling coordination theory in  52.5%.
population, economy, society, resources and environment, Results and Analysis. From the comprehensive
and have always believed that the coordinated development  analysis, it can be seen that the time series evolution trend
of population, economy, resources and environment is the  of the comprehensive development index of HBOUUA
fundamental path to achieve sustainable development. subsystems of population, economy, resources and
Foreign studies on the relationship between population, environment shows great differences, which can be
resources, environment and economic development mainly  divided into two basic types: fluctuation rise and
focus on three aspects: [1] The relationship between fluctuation decline. Gradually began to develop to the
population and economic development, focusing on the evolutionary stage of coordinated development of
pessimistic population theory represented by Malthus economic development and population structure, gradually
(Malthus 1978), Nelson (Pearl 1920, p.278), Cole and from the past extensive economic development mode to pay
Hoover (Ehrlich., Brassards., Sharp 1972, p.245), which attention to the connotation of high-quality development
holds that population growth is not conducive to economic  mode for adaptive transformation. At the same time, the
development; the population optimism theory represented  sustained growth of industrial waste water, smoke, dust and
by Keynes (Board 2002), Hansen (Beckerman 1992, p.84)  other environmental pollution problems highlighted
and Simon (Hu 1980) believes that population growth will  increasingly, the contradiction between regional economic
drive economic growth. The relevant theories of population  development and the natural ecological environment has
and economic development are represented by Inkanan  become increasingly acute. Since the global financial crisis
(Simon 1986), Wixel (Pearce., Barber., Miranda 1990), in 2008, HBOUUA has paid ample attention to the
Alfred Sauve (Hettinger and Muthukumara 2000, p.448). protection and construction of natural ecological
And Gora Olin (Hung., Chang., Blackburn 1994) holds that  environment [3]. The provincial economic and energy
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