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dU(t) a, (tu(t) - ﬁl(t)u t)+o,(t)—0o,(1)
d\(/jit) a, (OV() — B, (V> (t) + y, (Dut)v(t)

(1.1)
d";?) o (OW(E) — B, (W (1) + 7, (OVE)W(E)
d;(tt) a,(1)z(t) - B, (2% (t) + 7,5 (W) (1)

u(0) =u,, v(0) =v,, w(0) =w,, z(0) = z,, (1.2)
St)>0,i=12 a(t)>0A4(t)>0,i=14, y,(t)>0,
75 () >0, y,(t)>0.

3080l 59m3560L (1.1), (1.2) 58mbsbLEL [0, T] Lyadgb®g 399930
909300°© ©0g8IMI6E0OIBo© ST h SRS 3alido
u,v,w,z € C'[0,T]. u(t), v(t), w(t), z(t) - 3gbsbsobse 5wb-

©5996¢ M0, 250Mmygbgdomo 33¢093900L, LoEIE-Logmbl@®mwydiom
@5 06035309960 L5IMB>mgBdOL HomEYb@dIV0s OMOL t dmdgbEJo.

Odgmbg 356Moxndo 396dm 890mbggzolomgzgol -
(0,(t)=0,=const, o,(t) =3, =const), 6s3mgbos mMbyEEmdOsEO
35(M 5030 COBINIBE0SW MO QobEHMEgdsms LobEIIol 3mdol sdm-
3obol (1.1), (1.2) BB bs¢r0BGmo 53mbsblibgdo s ssboo-
bgdmwos dongdwyeo J9w9900.

1. 8,=0,+— it
4

1
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u(t) = 4B, + o, (28U, —ay)t
2802+ QBu, —a)t]
_a

= 2+4.M
B B

2

(04
2. 5,<8 +——
4 1

u(t) =

u, (Uo — u1) EXP (_ﬁl\/Bt) - ul(uO — Uz)

(Uo —U;) exp(—B,V/ DY) — (U —U,)

2

a

3. 5,>8,+—=
4 1

.
(U~ )

25
28U, +[— —2P 25/~ Dltg(5J-Dt)
u(t) = v-D -
Uy ——
240+ J_—[fl tg (4~ Dt))

(1.3)

(1.4)

(1.5)

v(t) =[] (o, +721u(r))dr]{vl+ [ B, o0l (e, + np(y»dy]dr} ,

t t T -1
w(t) = exp [ (a +y32v<r»dr]{ + [ ol (a3 +732V(ﬂ))dﬂ]dr} ,
0 0 0

1
Wy

t t T -1
2(t) = expl [ (e + mw(r»dr]{zi + [ Byexol [ (as + 743W(ﬂ))du]dr} .
0 0 % 0

99L507 356M3Msxdo 4bboos SHaswo sMFOR030 MFyzg@o
0509053039900 9o 3MBEINBEGHMM0 s godmygbgdomo 33wy-
3900l YOPOgOHMYRIZYbols GMHm, Fgbodenm gog dmdbdoMgdeoliogsb
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bNOME  Bsdg3bogmm - 3393000 0bLEOGHWMGHOL Tsgowomby
(80360mIM©YE0, MmOHRs6BDMmIowgdosbo ©obsdor®o Lol@Egds). 3mdol

50m(3965 306390 HoRol MEOWYEBMB0BO MMR030 ORI MIbE0s-
©@YOHo  obBHmemgdsms  LobEgdobomgol,  JgMdm  dgdmbggzsdo

=y, By =01, B2 =V13)

dltjjit) a,u(t) = AU’ (t) + 7,u V(D)
d (1.6)
\(li(tt) V() = BV (1) + 7u V(D).

u(0) =u,, v(0) =v,.
5dmblbowos  sboobmeo BMLGs  (653m3zbos  LEGsgombo-
M0 5dmbsblbo s sbg3g BB MBE BB SFMbLBoEOS

6035¢0b b3gE0sEO F5bEHMWgd0LOg0L 3MTol 5dm3sbs)

-1
j(al 24U (z))de U [(oy-2pu, (r))dz
u()=e° y(0)+ﬂlje° T| +
0 (1.7)
4 |PloVo

Py

2ro0 oyt
v(t) = uve®u(t), U (t)—\/ﬁTle :

1 BaVo

— U, #
U. — PoUoVs By
0
\ A

13

y(0) =




(1.6) - ob bmyso Fgdmbggzolomzol, d9bogdumbols 3Modg-

6030 Loxzmdzgwbg, s93HI0EIINM0s 990IGR0 MGMMDo:
0gmMads 1. HmEs (1.6)-0b dmEgEol 356589GHMId0 93054ma30-
9096 MEHM@LMBsmS LobEYIob:

{7 12 225,
V2122,
85806 590bsblbms BsBHo Lod@EYol (O,U,V) 3o6z9e dgmo-

(1.8)

bgdo 3m3ol 53mEsbsl (1.5) o6 495Bbos 8g3Gremo 0bEga®MswyyMo
$o60, HGmIgeos doosbs 9¢gdsMmgmdL 53 sG9do.

Jdgmey msg0L 30M39¢ 35MoaMOx80 Fobbowrmos sbogo mGo
5 159YBBMA0Ed0sb0 SMMR0Z30 obsdommo LolEgdgdo, GMI-
®9d03 50f9c96 393609005 FMIBoEYdOL 3MM3EqLL, dso Fgm39390
239500513l gOHO 353 JaMMH00s6 Jgmegdo.

mOHEOMb0sD Bomgdo@oz® dmgwrdo yobobowwgds mGo bdogd-
G0: botolbol s6IJmbg LsdgEboghm 300MIdO s 9339 MIEGHMMOL
bao@olbol ddmbg dgaboghgdo

(2.1)
d\;it) =—a, () — &, (V" + B, (Huv.
u(0)=u,, v(0)=v, . (22)

00093o3H03wmo dmegwo (2.1), (2.2) s@fgdl 993bog®-833eg-
356900l M3000(5MTIMGO0L 3OMEILL, oo F9MJ393°© FoLIWSL ©o
390003l OO 35GJ3MM00L (3063910 J5BHgameos, bo@olbol
5®3Jmbg  bodgEboghm  350Mgd0) JgmMgdo (mI@Gmmol bomobbol
dJmbg 9936096M9d0).
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99 do dg8memqdweos 9990980 s0b0d3bgdo:

U(t) - bomobbol s6dJmby d93609H-83309350ms  Hom©Ybmds
6oL T 8mdgb®do,

V(t) - ©mgd@meol bamobbols ddmbyg 9936096-033009350:005 Mom-
©96mds HMoL t dmdgbETo,

aU(t) - bsrolbols s63dmbyg 89i360gm-033waz356ms Moot -
9mgdss (@MH™OL gOmgEdo bbgomdss BmdBo@gdsls s FobgEsl
dmeol, OHMIGEoE 56O MOl 353000 9dMwo FgmMg 353JRMMH05do
239005L3wslsb);

Au)v(t), Auv(t) - omnddm®gdol 3096 bsGolbol o6-
9gmbg 9936096-833wg35MH Mo BMIBogdOL 06¢GBLOZMd.Y;

V() - ©md@meol bseolbols 8dmbyg dg3boge - 833935600
03900506 25L3w0ol 06EFIBLOZMdS (FodybagMgds dmgdmewo bm-
30990056;  1033OW0sbMds;  0bEggdBHMOmO  FodMo30s;
230b3ws ImE3sHgmdol bbgs LaygMmmdo);

Eluz(t), SZV2 (1) - 353930609830 N300 bOZOL F369d0
(©oztgdo, OmImgdog  OOME3gymzgb  030039bwzsl 96
MLSLEMEM FoOmmgdsb);

a, O, &, &, B - 8m@ymol 3180000 35605893O900s.

abg3g  LodysbBMIorgdosbo obsdowmGmo Lolgds, MmIgwos
s0Pgdl  993b0gmms IMIBogdol LodEMbosb Tomgdo@oldme dm-
©gb. Lodboggbwy®0sb 5009353 03MM dImEgerdo - bsdo bwBdog]Eo.:
boeolbol s63Jmbg LodgabogMm 3sMmgdo, dg3bogtgdoms Jsbwows-
3900 ©s 39336096 gdsms MIGMMYdO.
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% = ay(Yu—&,(Ou” = B (v -7 (Ouw,
d\(;iit) = —a, (t)V =&, ()V* =y, (t)V + B, (t)uv + 7, ()uw— B, (t)vw, (2.3)
% =—a;(OW—&;(OW +7, OV + B, (vw.

u(0) =uy, v(0) =v,, W(0) = w,. (2.4)

(2.3), (2.4) 95935H03mM0o dmEgeo Safgml dgEbog®-833eg-
39605 (393609H ™) 1300(5GIMGOOL 3OHMEILL s b3y oo dgmd-
(393500 393LZESL gOHDO 3589006 IgmMgdo.

9y do dg8meqdeos 9990980 s0bodzbgdo:

U(t) - bstolbols s6dJmby 9936096-8330035Gms Gm©YbMds
6ol T dmdgb@do,

V(t) - 8936096985005 396@0@sEHOL ba®olbol ddmbg dgsbogm-
83309350m5 G50©bmds O@ol T dmdgb@do,

W(t) - 393609698505 MGl bsdolbols ddmbg dg3boge-
8330935005 Ho@9bmds @O™OoL t dmdgbEdo,

aUu(t) - bsGolbol 563Jmbg d936096-033w9g35GMs MZofo6-
909059 (@OMOL gHmMgmEdo bgsmdss ImdBogdsls @s AobgEsl dm-
6oL, GMIJWOE 56O MOl ©s393d0MgdEo Fg3bogMgdoms Jobwos-
3900 353)93MM0580 250b3lmB);

LuU(t)v(t) - 3g56096gdsms 35bows@gdol (V(t)) 8og® batrob-
bob 5dJmbyg 9Ebog®-833wg356ms  (U(L)) dmdBogdol 0b6Egblo-

3M09;
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7U®W(L) - 8936096m985005 Md@megdoL (W(t)) 8oge bstrob-
bob 968Jmbg  993609M-0339350m5  (U(L)) 8mBBswgdol 0b6E9b-
LOgMBsY;

a, V() - 893b0gegdsms 356o@a¢gdOL 8g3Bog®-833c93560s
603900056 2530l 0bEJbLOgMdS (83 ogMgds dm3gdveo bm-
30999056;  10330W0sBMds;  0bGHYgIGMS OO FodMS309;
23903b3ws Ime3sHgmdol bbgs LegMmmdo);

V(L) - 8936096905005 MIEHMOBOL 3oBgaM©0530 F5©LOLZ-
s  d93b0gMHhgdoms  3960aG ool Fog  »3000dMmTBsgdol
0b6@9bLogMmdss (393b0gMgdsms MJEH™MMgdoL Lodgbogmm 3mblvyen-
&obBHgoobL 45M939);

LoW(E)V(t) - 393609698505 mddmmgdol (W(t)) 8oge 8gsbo-
96905005 3560s@gdoL (V(1)) 3936096905ms ©MJEH™MOIBOL 3o¢)g-
3™mM0580  25@sbOLZWgEs© BmdVsEIdOL  0bEHIblogmdss  (dgabog-
M9gdsms  3960oBHJOOL  Lodgsbogmm 3mbBlwwEbEgdo dgsbogtg-
B35 MJBHMOYV0S);

a;W(t) - 393609698505 ©MJE@GOL batolbols 3dmby dgi3boge-
0330935000  MH0dgO0Eb  2oL3eol  0b6GHIBLOZMBss  (RoTybogHgds
9m3gdgo  LmEodosb; 103g3woMosbmds;  0bEgwgd@Emew®o
d0aM5(309; 2ooLges d®3sfgmdol bbgs Lezg®mAdo);

Eluz(t), &‘ZV2 (®), 83W2(t) - 153039 35¢93MM0530 MZ30MIgb-
@@L §igg®gdos (Faghgdo, Gmdwgdog YdHIb3IwymaEgd ogoo-
39B039L 96 MLOLOWE® FoMmBmgdal);

Ay, Oy Qzy &1, &3y &3y By Py 110 7 - B0l @d@gdooo
3565093HM9000.

99meg 350s3®5x3d0 256boos mMEMbosbo dmogro (2.1),
(2.2) 80030 3Mm9x3030gbGHIdOL gdmbggzsdo, MMIgEos RBodd&ov)-
650 500U ,dibggMm3eo* (HatroLbol sHIJmMbg LsdgEbogMm JoMgdo)
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- ,039390ol” (md@BHm®mol bsolbol ddmby dgEboggdo) Jwsbo-
3996 3mEgwsdy Gogolobgmdmogo  3mb3mmgbiool  asmgzgswolfjo-
Bgdoom (Bo@gdols mz0m3gbrm3z0L §93605d0).

0MPOR03  O0BINIBE0ME  2obGHMEGdsMs LobEGYISL  sTm-
BobLBbms BobMo LodMEYoL 0039w bMWY dgmmbgdo 43
Lodo  [eabobfmMMmdol FEAMToMgMds, 535LD, GHMO0Z305¢MMO SBM-
Boblbol gbodsdobo Hmbolfim®mmdol BaMBoMgmds, dmEgwols 3oMo-
d9@®gd0L  bgdoldogho 3603369 ™mdgd0OLom30L  Mbsyoc0s, Tgmey
F@bsLHmOHMdOL IymTocmgmds, HMIgEroi dgqLedsdgds ,8GOEJOIWmMS”
230059969056 o ,,bb39M3WMS* FMbILHMOHMBOL (Momgbmdol v;33-
@9gmdol) dEymdsMgmdsl, gho Tgdmbggzsdo wbsgo®mos, bmem
09m6g 990mb3z93580 - 8yMswo 3396d0s.

65303605 306H:MdJd0 drEIEol 3MmbLEsbEH oy, HMIgEmsmzol
UGo30Mbsmo  53mbsblibo, Tgbsdy Feboslfim®mdol dymBsdgmds
59mbsblbms BoBmEmo LodMEYoL 306039¢ ©os dgmmbgdo (oxy-
96305 MH  2obBHMEgdoms  LoLEBgdol gHMOIOHMO  BEgGYmOo
$9ME0@0), HMmIgeog 99gLedsdgds ,dESEJOILm” s ,ABb3gM3Wms*
HBoLFOOMBIOL 05655MLGdMBIL, 0gbgds sbod3GMEGMse Moo
(000650 335600 96 A0 BM3IMLO).

©533)3039099w0s 9900090 00gmMHgdo:

®9mGgas 2. vy LodsGmwosbos MEHmwmds a f, > a,E,
05906:

a.&, +azﬂ1 alIBZ —a,&
&€&, +181182 &.&, +/B1:B2

P9OGHowo 899930 ©OxgMIHE05YOH 2obBHmmgdoms LobL@g-
dols:
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% =au—-gUu’ - guv=u(a, —&u- V),
(2.5)
dv(t
% =—a V- &V’ + B uv=V(-a, — &,V + f,u)
B3HEo F9gHEHOWos.

JgL58g 35MaMsx8d0 obbowmos LsdysbbmBowgdosbo dgdmb-
3930

du(®) _ au—gu’ — Buv—yuw,

dt
? =—a V-V + SUV+y,Uuv— BVW,  (26)
% =—a,W—g,W + [,VW.

6533605 ©obsdom®mo LobGgdol (2.6) AsbLs3MmMIdMEo Fgc-
0wwgd0. Msl0-3M3030L daMsEmdol 3HodMomdols Igdzgmdom
23990330905 3 yMMdsBY 45bL83MmGMdMEo FgdGowgdo.

306dc Bgdobgggsdo (a, =az, B =71, ay=a, =p ) bo-
303605 Bs956%mIowgd0sbo obsdor@o LobiEgdob:
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du(t)
——==oa,u— S uv—yuw,
g AU AW
d\éit) —a,V + UV + y,uw — Bvw,
dw(t)
—a, W+ SB,VW.
e AR

3003900 06¢9aM5¢0, HmIgEoa 5dmbsblbms gsbm® Logmagdo
§o60Mo9bL mMys6BMIomgd0sd Bgosdoml:

u(v+w)

———=eXp(u —-u,)exp(v+w—-Vv, —W, ).
ORE p(u —u,)exp(v + 0 —W,)

Jdgbsdg  omogdo  obboeryaros  MBoggLoGgBHIOL  dmGoL
30bB39MH36300L  3Mm3gLgdol  s@dFgMo  sMiMxR030 85019053 03O0

dmygdo.
B - 6, 0u0 - AU + (1O -7 DUOVO) + & OuOWE)
2O _ o, 00 - A0V 0 + 00 - OUOVO + s,v0m, D
dw(t)
10— s 00w - A5 OW 0 - 4 OUOWE - o, OVOWO)
u(0) =u,, v(0)=v,, W(0)=w,, (3.2)

a,(t)>0, A(t)>0i=13
g;)>0, y;(t)>0 j=12
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9w do 990mmgdeos 89900980 50bodgzbgdo:

ut) - LEHMIPBEHMS GomEgbmds 30639  MBoggMLOGHIGHTO
©6mob T dmdgb@do,

V(t) - LEWMPGHDs GomEgbmds dgmey  MBoggeLoGgGo
©6mol T 3:mdgb@do,

W(t) - 5d0@H1m0g6Ems Gom©gbmds ©@HMmol T dmdgb®do, Hm-
39 ms3 LYOH o Bo5dsOMB 58 MOHOED MMmIgeody »bogzg®Lo@g®do,

a,(t)>0, o, (1) >0, (1) >0 - LEHMPHPs ©> oG-
60965 BOHOL 3Mgn03096EGJO0s,

A)>0, B,(t) >0 - 8mggdnee gbogg®liodaddo bdwabd-
M5 Mmgbmdol  M300089BYM©30L  3Mm9B03090Gd0s  (33H™-
0Bs300L LodFm gl ImEgdme Mbogzgmlodg®ddo LEH™MEIbGMS
0ogdloBovy® LTZ9d MoMEIbMBSL),

L) >0 - do@mmogbdms Gomgbmdol m3008bwm@3z0L
300330309630 (0m399mw Gga0mbdo ©gdma®msg30mo Lm0 sh
23900@0bstg  sMLYOIMBL  9BOGHMMOIBEGHMS  FoglodscrMo  MomEY-
B6mds),

& (1), &,(t) — dmggdreo boggPLoGgHOL bEHXBrBHIRLS ©s
530&MH096EGHJOL FmOOL 16508HMIWMdOL  (3nM3gMogool, ™30l
60390L0EgGHT0 InB03Zs) 3M9BoE0g6EHJO0.,

71(t), 72 (t) - 8mggdnwo bogg@LoGIBEL bErBbIEAIBOL do-
96 5300 MBogxOLOGHIGHOL Mg3esd0MIdOL 39803095 EJd0, MM
9mdOW MO0 239080M0006MH™b dgmé9 1b6039MLboEgEH06
bOVRIBOIRO-

U,V,WECl[O,T] - Lodgdb Mbd30gdl 3939000 Lgadgbd by
F9300°@ ©08IOIBE0MIR@ BbIs0sms Jrralido.

Ogmeg 35M53Msx80 a5bbowwmmwos MM MboggmLoGHIBHL FnMol
306399096300l 9MHOHB030  FomgdsBolmeo  ImEgwro, GmIgwos
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00035¢0obobgdl 3mb3MM9gbi0sL MMmameE dgBLMOMo MomEgbm-
00l 500EM096EJOOLImMZ0L, 1939 LEHMIbEHIOOL FMBoZL dmdo-
©@Mmd0m (bEGHWOIHEJOOL A5ILZWS gOHO MBoggOLOGEHYEH0EE dgm-
®9d0). d0©gdME0s obsdoMo LobGgds, GMIgEos s0fgdl Mo
6039MLoEgEHOL  bEHMIbBHOOLS @S  SBOGHMMOgEGHMS MomEabm-
0900L  (653500900L) ©0653035L. Fo009FoBH03MMo ImEgerol (3.1)-ob
90030 3mg5303096@9d0L dgdmbgzgzsdo bsdmazbos s®sitrx03 oxy-
96305 MH  FobGHMWgdsms LoLEJIoL goblogzMmgdMwo FodEo-
©900. G5MbO - 39MH3030L FAMIMBOL 3M0EGIMH0Mdol 4sdmygbgdom
39LH530 005 53MbsblBYBdOL SLOTZEHMEHWIMHO BEYMOEMDdOL bsgombo.

09Ls0g 35603Msxdo obbomos MM MboggMLo@gBHL ImMol

39D0M©OMwo  500GHWH09bEHYdOLIMZOL  30b3MMIbEo0L  sGIHOBOZ0
0509953039900 dmEgwo (3036HMIMEgEo, JOHMO MGJaombobsmgzol,
LosE IbMmEmE MMo 56RY35600):

(du(t
S auw, + - Ve + o,
(3.3)
SO vow, + 0 -7V + 5w,
u(0) =u,, v(0)=v,, (3.4)
>0, y,>0, 6,>0 j=12
Lo

U(t)— LEAHMEIBGHMS GomEgbmds 30M3zgc  Mbogzg@LodgGHBo
6oL T 8mdgb®do,

V(t) - LEAHWIBEHDS BomEYbMds IgmMg »bogzg™Lo@gBdo Mm-
ol t 9396 o,
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W, - 580¢ 16096305 Laghom Mom@gbmds, GmAgemsg Bosds-

M9l obogdo s9mEYd0 s dmbzbgb 50 MmMoELb MmIgerody

Bog9Mbo@g@do,

&, &, — M990 MbogzgMLoGgEoL bEbgbEgdLs s sdo-
3960963 JOL Mol 0bs3IOMICMdOL (3M3gM300L, Megol wbo-
390L0GYEH 30 IBoE3s) 3nIB0E0I6HIVOS,

Yir 7V, - 80g38gwo gbogghlodadol Leabegbdgdol dog
5300 MB03gMLOGEHIGHOL MY3WsToMGIOL  3Mmg5303096GHFB0s, O30S
9mB0EMdOm  QoIM0d0MME IgmMg Mbogzgmlo@gBowsb LEmwgb-
3900.

dmgwo (3.3) 0mzsolfjobgdl 3 Mbogzgmlodg@gdol LEv)-
©3b@™s 3mbEH0bygbEBHOL (33¢0wgdsl gPmo ferol g9bdsgermdsdo.
3960dm, dmEawdo sm3swolfjobgdwos: LEMIbGHMs JoMzggm
3990OLBY  sbso 6535008 Fogds (5BobolEMmsool dogh  3056-
3903560000  IBoEMEO  500GMM096EJ00); Im3g0yo  boggm-
LoGg@ob LEHMIbEHIILS s 9DOGHWOH096EJOL Mol sBsFIGMA-
@Mds (3M39M53309); BmEgdro Mboggdlodg@olL bEmbogb®gdol
doge 030L0 MbBo3gMLOGHIGHOL M3 sF0MmYds, Moms TMBOEWMIOM
2300dM0d0M™b dgmeg Mbozgmlo®gB0wsd LEHwMIbEIdo. dmogerol
3005303096900l 39Mdm d9dmbzg3gddo 335MoGMgddo bodmgbos
380l 59m39600L (3.3), (3.4) -0b BMLEO BsEOBMMO 5FMbLBIdO.

©OoLgMOES300L A0M0MSEO 390093900 33dmdzgybgdyemos
399093 65300 dgddo:
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General Description of the Dissertation
Relevance of the problem

As you know, many problems of applied mathematics are characte-
rized by complexity, which usually requires the nature of the physical
process that takes place on the current phenomenon. The outstanding
mathematician academician A. Kolmogorov noted: “In essence, a spe-
cialist in applied mathematics explains the problem of hydrodynamics,
which explores the problems of ocean hydrodynamics by mathematical
means. Mathematicians always want mathematics to be "pure" or strict,
acceptable. But, as a rule, the most interesting real tasks that nature sets
before us are in this direction. In this case, it is very important that the
mathematician is able to find approximate, uncertain, but effective ways
of solving a problem . In any case, it has always been like this: if I study
turbulence, then I'm busy with turbulence ... I, at least, appreciate most
of these types of mathematicians who are not mathematicians for some
time, but they are also delayed by physical tasks, if possible, using “pure”
methods, if not impossible, to create hypotheses.

Mathematical modeling of physical processes has a long history.
Mathematical modeling of physical processes includes modeling of
adequacy, which is confirmed by the of five Law non-realistic, classical
mechanics: the law of mass conservation; the law of impulse conserva-
tion; the law of conservation of momentum; the first law of thermody-
namics or the law of energy conservation; the second law of thermody-
namics, or the law of entropy conservation.

More original is the creation of mathematical models in the social
sphere, since this is due to their relatively complex rationale.

The current global technological changes and knowledge of human-

kind contributed to such a powerful direction as mathematical modeling.
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Synergetic gave a powerful impetus to the use of mathematical mo-
dels in the social sciences: sociology, history, demography, political logic,
conflict ology, etc.

Given the current trends in the world, it is important to study the
social processes of assimilation and globalization, including mathematical
modeling.

The nonlinear mathematical model of language globalization was
first proposed in this work:

Temur Chilachava Research of The Dynamic System Describing
Globalization Process. Springer Proceedings in Mathematics & Statistics,
Mathematics, Informatics and their Applications in Natural Sciences and
Engineering — AMINSE 2017, Thbilisi, Georgia, December 6 - 9, 2017, v.
276, pp. 67 — 78, 2019.

One of the promising and rapidly developing areas is the use of
mathematical modeling of the dynamics of innovative processes. Studies
in this area show that crisis events are not accidental, but systematic and
determined by certain mechanisms.

Therefore, many features of the behavior of innovation processes
can be described in the framework of differential equations. The complex
behavior of these systems, including self-organization, depends on the
description of the nonlinear terms that make up the mathematical mo-
dels of dynamic systems.

An important interest is the study of mathematical models of inno-
vation processes in the scientific and educational sphere using new
mathematical models to describe social events, such as: basic research -
applied research - experimental design work - interaction processes of
interactive projects; two and three stages of training scientists; competiti-
ve processes between universities.

These models are more relevant than theoretical, nonlinear studies
of systems of a general differential equation (dynamical systems) and are

of practical value.
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Research Object and Goal

One of the main tasks of the presented dissertation is to show the
importance of using mathematical modeling in sociology. In particular, to
create mathematical models for describing social events, such as: funda-
mental research — applied research — development work — interactive
project processes; two and three stages of training scientists; competitive
processes between universities. The object of the thesis research is to
study the task of the tower for the system of nonlinear ordinary diffe-
rential equations that describe these models in case of different initial
conditions and models parameters.

To achieve this goal, the study of scientific problems with mathe-
matical theory (the study of dynamic systems, the search for their first
integrations and analytical solutions) of nonlinear differential equations

in the work is associated with the analysis of research models.

Scientific novelties and Main Results

1. The new nonlinear mathematical models of dynamics of proces-
ses of cooperation interaction in innovative system: fundamental re-
searches - applied researches - developmental works - innovations is
offered. For special cases, exact analytical solutions of Cauchy’s problem
of the nonlinear system of the differential equations with four unknown

have been found. The received results are studied.

2. The new nonlinear continuous mathematical model of interfe-
rence of fundamental and applied researches on the example of one,
perhaps closed for external customers, of scientifically - research institute
(micro-model) is considered. For a special case, Cauchy's problem for
nonlinear system of differential equations of first order is definitely exact
analytically. In more general case based on Bendikson's criteria the theo-

rem of not existence in the first quarter of the phase plane of solutions of
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closed integral curves is proved. Conditions on model parameters in case
of which existence of limited solutions of system of nonlinear differential

equations is possible are found.

3. New two-dimensional nonlinear dynamic systems describing the
process of teaching scientists are considered as an irreversible transition
from one category to another. There are two subjects: research associates
without degree and the scientists with doctor's degree. For the system of
two nonlinear differential equations Cauchy's problem is set. The two-
level model actually comes down to the known model "the victim" (re-
search associates without degree) - "a predator" (scientists with doctor's
degree) taking into account the intraspecific competition (members with
self-limitation of increase). The system of the nonlinear differential
equations in the first closed quarter of the phase plane of solutions has
three position of balance, and the balance position corresponding to the
trivial solution is a saddle at any values of parameters of model, the
second position of balance corresponding to extinction of "predators" and
to an equilibrium condition of "the victims" in one case is a saddle, and in
the second stable node. Conditions on constant models for which the
stationary solution, the third position of balance in an open first quarter
of the phase plane of solutions (the only limit point of system of the
differential equations) corresponding to equilibrium coexistence of "pre-
dators" and "the victims" asymptotically is stable (stable node or stable

focus) are found.

4. New three-dimensional nonlinear dynamic systems describing
the process of teaching scientists are considered. There are three subjects:
research associates without degree, candidates of science and the
diplomaed scientists with doctor's degree. For system of three nonlinear
differential equations Cauchy's problem is set. The mathematical model
describes process of self-reproduction of research associates (training),
their irreversible exit or transition from one category to another. In a

three-dimensional case singular points of dynamic system are found. By
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means of Routh-Hurwitz stability criterion singular points are investi-
gated on stability. In the specific case, the first integral of three-dimen-
sional dynamic system which in space of solutions represents some two-

dimensional surface is found.

5. New nonlinear mathematical models for studying competitive
processes between university students who view competition as a limited
number of applicants, as well as students attending mobility (students
from one university to another) are discussed. A dynamic system is adop-
ted that describes the dynamics of the number of students and applicants
of two university students (streams). In the case of constant coefficients
of the mathematical model, special points of a system of nonlinear
differential equations are found. Using the Routh-Hurwitz stability crite-

rion, the question of the asymptotic stability of solutions is studied.

6. A nonlinear mathematical model of competition for micro-
constraints between two universities (micro model, for one region, where
only two choice) is discussed. The micro-model of the competition consi-
ders the change in the contingent of students in these universities during
the year.

In particular, the model provides a new stream of first-year students
(applicants join the PR administration); cooperation (collaboration) bet-
ween graduates and university applicants; students at this university
advertise their university to mobilize students from a second university.
For special cases of parameters of model in quadratures exact analytical

solutions are found.

Approbation

Main results of the dissertation were presented on five international
scientific conferences:

1. VII International Conference of the Georgian Mathematical
Union, Batumi, 2016.
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2. XXIV International Conference on Security Management of
Complex Systems, Moscow, 2016.

3. VIII International Conference of the Georgian Mathematical
Union, Batumi, 2017.

4. IX International Conference of the Georgian Mathematical
Union, Batumi, 2018.

5. X International Conference of the Georgian Mathematical
Union, Batumi, 2019

Volume and Structure of Dissertation
The dissertation consists of introduction, three chapters, conclusion,
list of used literature. The work includes 106 pages. References list inc-

ludes 112 names.

Brief Summary of the work

The introduction of the dissertation thesis provides the relevance of
the topic, there is a literature review around the research subject. Accor-
ding to the sections, and the results obtained are briefly described in
their theoretical and practical meanings.

The first chapter of the thesis presents an innovative system: fun-
damental research — applied research — development work — innova-
tions of nonlinear mathematical models of the dynamics of cooperative
interaction processes.

In the first paragraph Cauchy's problem for the nonlinear system of
the ordinary differential equations with four unknown is given. System
of equations describing an innovative system: fundamental research -
applied research - development work - innovation processes of coopera-

tive interaction:
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dv(t) _ a, (V) = B, V(1) + 7, (Du(t)V(E)

1.1)
d\z:t) o, (HW(E) = B, (W’ (1) + 73, (V)WL)
% =a, (1)2(t) - B, (1) 27 (t) + y,5 ()W(L)Z(t)

u(0) =u,, v(0) =v,, w(0) =w,, z(0) = z,, (1.2)
5(t)>0,i=12, &(t)>0,A(t)>0,i=14,
721(1:) >0, 732(t) >0, }/43(1:) > 0.

The purpose of the the Cauchy problem (1.1), (1.2) is a [O,T] seg-

ment of continuously differentiable functions U,V,W,Z € Cl[O,T]
U(t),V(t), W(t), Z(t) - consequently, the number of fundamental,

applied research, experimental and innovative works at the time {
moment.

In the second paragraph for the particular case
(51 (t) = 51 =const,) 52 (t) = 52 = ConSt) we found the exact

analytical solutions of the Cauchy problem (1.1), (1.2) for the nonlinear
ordinary differential equations with four unknown and obtained results

are analyzed.

a2

44,

.0, =
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u(t) = 4B, + (28U, —ap)t (1.3)
282+ (28U, —at] '

2 J—
By B
2. §,<0,+ %
U(t) — Uz(uo _ul)eXp(_:B1\/Bt)_u1(uo _uz) (1.4)
(uo _u1)e)<p(_,81\/5t) - (Uo _uz)
3. 0,>0,+ %
4L,
a, (U _i)

2, + [J—sﬁl ~ 24~ Dltg(s- D)

u(t) = — - (1.5)
Ug——=
26,0+ J_—[fl tg (7~ D))

-1
t 1 t T
v(t) =ep[ [ («, +mu(r))dr]{v+ [ B0l (e, + 721U(ﬂ))du]dr} ,
0 0 0 0
t 1 t T -1
w(t) = exp[ [ (a3 +732v(r»dr]{v+ [ Brexpl[ (as +732V(u))dﬂ]df} ,
0 09 0

t t T -1
2() = expl (s + ngw(r»dr]{zi + [ ool (e + 743W(ﬂ))dﬂ]dr} .
0 ° 9 0
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The third paragraph provides a new nonlinear continuous mathe-
matical model of interaction between fundamental and applied re-
searches on the example of a scientific research institute (micro-model,
dynamic system) from one of the possible external users. The Cauchy
problem for the first order of nonlinear differential equations, in the

partial case (&, = az,ﬂl = 7/21’ﬂ2 =71

du(

g - au®- BU* (1) + y, u(t)v(t),

dv(t) (19

it aV(t) = BV (1) + y,u(t)v(t).

u(@) =u,, v(0)=v,

it is definitely decided analytically (the stationary solution is found
and also Cauchy's problem for the special equation of Riccati is analyti-
cally definitely decided):

t
-1
[(ea-2pu, () de L f -2 (r)dr
e

u(t) =e y(0)+ 45,

T +
(1.7)
+ PoUgVo pat

Ay
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LUV, .
V(t) — UV ezo‘ltu_l (t) Ul (t) — ZIBO 0 e t
— Yo' > 1 >

AN
B,

1
y(O) = y Uy #
u ﬂzuovo

"\ A

For the general case (1.6), based on the Bendixon criterion, the next

theorem is approved.
Theorem 1. When the (1.6) model’s parameters satisfy the inequa-

lity system:

12 2 2 2
{; _ zﬁ (L8)

then in the first quarter of the (O, U,V) phase plane of solutions,
Cauchy (1.5) problem has no closed integrated curve which is completely
lying in this area.

In the first paragraph of the second chapter, new two and three-
dimensional nonlinear dynamic systems are discussed, describing the
scientists’ training process and their irreversible transition from one

category to another.
In two-level mathematical model two subjects are considered:

research associates without degree and the scientists with doctor’s

degree.
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% = at, (U — &, () — 4, (Huv

; 2.1)
% = o, (V- &, (V? + B, (Huv

u(0) =u,, v(0) =v, 2.2)

The mathematical model (2.1), (2.2) describes the self-production
process of the researchers, their irreversibility and transition from one
category (first category, research associates without degree) in the second
(scientists with doctor's degree).

The mathematical model (2.1), (2.2) describes processes of
reproduction of scientific research associates (scientists), their irrevocable
leaving and also transitions of one category in secondary.

The following designations are entered into models:

U(t) - the number of research associates without degree in time
point {;

V(t) - the number of research associates with doctor degree in time
point {;

au (t) - reproduction of research associates without academic

degree (the difference between their preparation and leaving that isn't

connected with transition to secondary category in unit of time);

ﬂlu (t)V(t), IBZU(t)V(t) - intensity of training of doctors from
among research associates without degree;

a,V(t) - intensity of leaving of doctors from research associates

without transition to secondary category (leaving at the expense of

mortality, intellectual migration, transition to other field of activity);
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€1U2 (1), 6‘2V2 (t) - the members describing the intra group compe-
tition in the categories (the members who are responsible for growth
self-restriction);

a,, &y, &, &,, P, - positive parameters of model.

There is also a three-dimensional dynamic system describing a
three-level mathematical model of the training of scientists. In three-
stage mathematical model of training of scientists three subjects (three
categories of research associates) are considered: research associates
without degree (the first category), candidates of science (the second
category) and the scientists with doctor's degree (the third category). The
mathematical model of nonlinear three-dimensional dynamical system

has an appearance:

% = oy (tu—&,(OU” = B OW -y (Huw
% = —a, (V= &, (W — 7, (D + S ()uv + 5 (E)uw — £, (E)vw 03
% = —a3 (D)W — &5 ()W + 7, (D) + B, (t)w

u@@) =u,, Vv(O)=v,, wW0O)=w, (2.4)

The mathematical model (2.3), (2.4) describes processes of repro-
duction of scientific research associates (scientists), their irrevocable
leaving and also transitions of one category in another.

The following designations are entered into models:

U(t) - the number of scientific research associates without degree in

time point {;
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V(t) - the number of candidates of science in time point {;
W(t) - the number of doctors of science in time point {;

OCIU(t) - reproduction of research associates without academic
degree (the difference between their preparation and leaving that isn't
connected with transition to category of candidates of science in unit of
time);

ﬂ1U(t)V(t) - intensity of training of candidates of science from
among research associates without degree (U(t)) candidates of science
(v(1);

]/1U(t)W(t) - intensity of training of candidates of science from
among research associates without degree (U(t))doctors of science
(w(t));

aZV(t) - intensity of leaving of candidates of science from re-

search associates without transition to category of doctors of science
(leaving at the expense of mortality, intellectual migration, transition to

other field of activity);
V4 2V(t) - intensity of self-training of candidates of science (without

scientific consultant of the doctor of science) to the level of doctors of

science;

ﬁZW(t)V(t) -intensity of training of doctors of science from
among candidates sciences (V(t))doctors of science (W(t)) (scientific
consultants of the doctor of science);

o, W(t) - intensity of leaving of doctors of science from research

associates (leaving at the expense of mortality, intellectual migration the

abroad, transition to other field of activity);
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gUZ (1), £,V° (t), &,W?(t) - the members describing the intra
group competition in the categories (the members who are responsible
for growth self-restriction);

O, 8y, Uz, &, &y, &3, ﬂl, ,Bz, Y1y ¥, - positive parameters of
model.

In the second paragraph is considered two-level model (2.1), (2.2)
in case of constant coefficients which comes down to the known model
"the victim" (research associates without degree) - "a predator" (scientists
with doctor's degree) taking into account the intraspecific competition
(members with self-limitation of increase). The system of the nonlinear
differential equations in the first closed quarter of the phase plane of
solutions has three position of balance, and the balance position corre-
sponding to the trivial solution is a saddle at any values of parameters of
model, the second position of balance corresponding to extinction of
"predators" and to an equilibrium condition of "the victims" in one case is

a saddle, and in the second — stable node.

Conditions on constant models for which the stationary solution,
the third position of balance in an open first quarter of the phase plane of
solutions (the only limit point of system of the differential equations)
corresponding to equilibrium coexistence of "predators" and "the victims"

asymptotically is stable (stable node or stable focus) are found.

The following theorem is approved:
Theorem 2. If it is fair inequality &, ﬂz >a,é
then
a,&, + azﬂl allgz —a,é,

€&, +B.f, &8, +B.p,

is a limit point of a system

N2
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du(t
% =aU—gU’—Buv=U(a, —&U— BV)
(2.5)
\
dd(tt) —a N — &N+ BV =V(—a, — &,V + S,U)
In the third paragraph the three-dimensional case is considered:
du(t
autt) = o U—gUu’ — BUv—y,uw

dt

dv(t

di ) = —a,V — &V + BUV+ y,UW— B VW (2.6)
dw(t

dE ) = —a,W—&W* + BVW

In a three-dimensional case singular points of dynamic system (2.6)
are found. By means of Routh-Hurwitz stability criterion singular points

are investigated on stability.
In the particular case (&, = &5, B, =y, &y =a, = ;) the

first integral of three-dimensional dynamic system
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(du(t)
—==q,u— B uv-yuw
rac i g
d\(;it) —a,V+ UV + y,uw— S,yw
dw(t) _
—o,W+ B,vW
e A

which in space of solutions represents some two-dimensional sur-

face is found .
u(v+w)

— =exXp(u—-u,)exp(v+w—-Vv, — W
0 (v W) p(u—u,)exp( 0o —W,)

In the first paragraph of a third chapter discusses nonlinear

mathematical models that describe the competition between universities.

B - 6, 0uO - AU + (1O -7 DUOVO) + &, OuOWE)
2 v - AOV O+ (20 - OUOV) + e OvOwD, D
L s W) - A, OW O - 2, OUOWO - 22OV O

u(0) =u,, v(0)=v,, w(0)=w,, (3.2)

a (t)>0, A({t)>0i=13
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g;t)>0, y,t)>0 j=12
u (t) - the number of students in the first university for the time t,
V(t) - the number of students in the second university for the time {,

W(t) - the number of entrants at the time { they want to pass from one
of these two universities,
a, (t) >0, a, (t) >0, o, (t) > 0 - growth coefficients of stu-
dents and entrants,
ﬂl (t) >0, ﬂz (t) > 0 - the number of students in this univer-

sity is self-limiting coefficients (authorization council sets the maximum
number of students in the given university),

ﬂs (t) > 0 - the number of entrants is the self-limiting coefficient
(the maximum number of entrants due to the demographic picture in the
given region),

& (t), g, (t) — the university graduates and entrants coefficients
of cooperation (attraction at its university),

4 (t), V5 (t) - the coefficients of advertising the university by the

students of this university in order to sort out the students from the

second university to themselves,

u,v,we Cl[O,T] - we are looking for required functions on a

segment in the class of continuously differentiable functions.

The second paragraph deals with a nonlinear mathematical model
of competition between two universities, which takes into account both
competition for a limited contingent of entrants and the attraction of
students due to mobility (the transition of students from one university
to another). Dynamic system describing quantitative dynamics (flows) as
students of two universities and entrants is received. In the case of

constancy of the coefficients of the mathematical model, singular points
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of the nonlinear system of differential equations are found. Using the
Routh-Hurwitz stability criterion, the question of the asymptotic sta-
bility of solutions is studied.

The third paragraph examines the nonlinear mathematical model
for the limited entrants between the two universities (micro-model, for
one region where only two choice are available):

% =¢gu (t)Wo + (7/1 - }/Z)U(t)V(t) + 51W0

it 3.3)
% = e (W, + (7, -y UV + 5.,

u(0) =u,, v(0) =v, 3.4
8j>0, yj>0,5j>0 j=12
u (t) - the number of students in the first university for the time t,

V(t) - the number of students in the second university for the time

Wo - the total number of entrants, who passed the entrance exams
and got them from one of these two universities,

&,,&, — cooperation between the university graduates and ent-
rants (cooperation, attraction at its university) are coefficients,

Y1, Y, - the university promotion coefficients of the university of

the university are to allow students to migrate from the second univer-
sity.

The model (3.2) considers change of the contingent of these
universities within one year. Specifically, the model provides a fresh
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stream of students' first course (entrants attached to the PR by the ad-
ministration); cooperation between the university graduates and ent-
rants; the university students of this university advertise their university
to mobilize students from the second university. In particular cases of
model coefficients, exact analytical solutions of the Cauchy's problem
(3.3), (3.4) found in quadratures.
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