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OCOBBIE PEIIEHHAA YPABHEHU TUIIA KJIEPO
B YACTHBIX ITPOU3BOJHbIX C OBPATHBIMHU
TPUT'OHOMETPUYECKUMH ®YHKIUAMU

AHHOTALMA.

AxmyanvHocms u yenu. 3agada HaAXOXKIECHUS OCOOBIX (CHHTYISIPHBIX) pPEIICHHH
muddepeHInanbHEIX ypaBHeHUH THIla Kiiepo B 4acTHBIX MPOM3BOIHBIX NPEACTaB-
JISIET MHTEPEC IPU U3YUYEHHH Pa3lIMuHbIX TPpeo0pa3oBaHUil HEIMHEWHBIX YPaBHEHUM
MaTreMaTnieckod (U3MKM Takux, HampuMmep, Kak IpeoOpa3zoBanust JlexaHmpa.
YpaBHEeHUS JaHHOTO THIIA SBJISIOTCS 3HAYMMBIMU B TIPUKJIJHBIX 3a/1a4aX TEOPETH-
yeckor (usuku. Hanmpumep, B KBAHTOBOW TEOPHUH MOJIS CYIIECTBYET CBsI3b 0CO0O0r0
pewenus ypasHenus tuna Kiepo ¢ 3pdekTHBHBIM AeHCTBUEM ISl COCTaBHBIX I10-
neid. B Teopum ¢ COCTaBHBIMH TOJSIMH OJHOIETIIEBOE 3(QEeKTUBHOE JeiicTBUE
OTIpEETSIETCS] ypaBHEHUEM, COAEPIKAIlM HEU3BECTHBIN (DYHKIMOHAT U €ro BapHua-
LIMOHHBIE INPOU3BOJHBIE, KOTOPOE HMEeT BUA ypaBHeHus tuma Kiepo. Ilensro
HaCTOHlHeﬁ CTaTbU SABJIACTCA HAXOXKACHUEC YCJIOBUSA CYHICCTBOBAHUA OCO6I)IX peuie-
HUH 11t quddepeHnnanbHbIX ypaBHeHU THra Kiiepo B 4acTHBIX NPOM3BOIHBIX,
a TaKKe TOJyYeHNE CHHTYISPHBIX PEIIeHUH Ui 0OpaTHBIX TPUTOHOMETPUYECKUX
¢dhyaxmmid. [Touck ocoOpIX pemeHnid ypaBHeHHH Tuna Kiepo B 94acTHBIX MPOU3BOJ-
HbIX JJI1 KOHKPETHBIX (l)yHKLII/Iﬁ OCTacTCsA MaJI0O U3YUCHHBIM U ABJIACTCA IEPCIICK-
TUBHBIM HaYYHBIM HaIPaBJICHHEM.

Mamepuaner u memoout. IlpencraBieH METOZ OTBICKAHUS CHHTYJISIPHBIX perlie-
HUM YpaBHCHUA THUIIA Kﬂepo B YaCTHBIX NPOU3BOJHLIX CO CCIUAJIbBHBIM BHJIOM 3a-
BUCHMOCTH (DYHKIIMH OT YaCTHBIX IPOM3BOJHBIX Ha NpHMEpe OOpaTHBIX TPUTOHO-
merpudecknx (pyHknuii. CyTh MeTONa 3aKJIIOYaeTCs B CBEICHNMH 3a/1a4l HAXOXKIeE-
HHS YacTHBIX IPOM3BOAHBIX HCKOMOH (YHKLIMH K 3aJauye HaXOXKACHUS CBEPTOK
YAaCTHBIX IPOM3BOAHBIX MCKOMOH (yHKUMH C (UKCHPOBAaHHBIMH HapaMeTpamH.
OnwucaHHBI METOA NMPUMEHHMM JUIS HAaXOXKICHUS CHHTYJISIPHBIX PEIICHUH ypaBHe-
Huil tuna Kiepo, xorma GyHKIHSA OT MPOU3BOAHBIX HCKOMOW (DYHKIIUH UMEET CIIe-
UAIBHBIA BU]I.

Pesynomamer. ChopMynupoBaH KpUTEpUIl CYILIECTBOBAHUS CHHTYJSIPHOTO pe-
meHus U QepeHHaIbHOI0 YpaBHEHHs B YaCTHBIX IPON3BOIHBIX THNa Kiepo s
city4ast, Koraa (yHKIMH OT MPOM3BOJAHBIX IPEACTABISIOT cOO0OH OOpaTHBIE TPUIO-
HOMeTpHUecKne (PyHKIUM OT JTMHEHHBIX KOMOMHAIMHA YacTHBIX MPOn3BOIHBIX. [o-
JIYUYCHHBIC B HaCTOHLﬂeﬁ pa60Te CHUHTYJIAPpHBIC PCIICHUSA BBIYUCIICHBI IJId Cliydas
MIPOM3BOJIFHOTO KOJIMYECTBA IEPEMEHHBIX U SIBJISIOTCS OCHOBHBIMH PE3yJIbTaTaMy
paboTel. OTMEYaeTCsl, YTO BO BCEX PACCMOTPEHHBIX CIIydasX Ui JaHHOTO BEIOOpa
(yHKIIMM B ypaBHEHUM YNACTCS Pa3pelINTh CUCTEMY YPaBHEHHUMH, ONPEICISIONIYI0
0co0oe pelieHue.

Buisoowr. [lnddepennuanpupie ypaBHeHHs: TUa Kiepo npencraBisiioT coOoit
HENTMHEHHbIE YPaBHEHUS B YAaCTHBIX MPOM3BOAHBIX IEPBOTO IOPSIKA W SIBISIOTCS
000011IeHrEM U3BECTHOTO 00BIKHOBEHHOTO M dhepeHnnansHoro ypasHenus Kiepo.
B pabore omnucana npobiema HaxoxIeHus: 0co0oro penreHust 1udQepeHratbHOro
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YpaBHEHUs B YacTHBIX MPOM3BOAHBIX THMa Kiepo amnst ciydas, koraa QyHKIUH OT
MIPOU3BOAHBIX TPEJCTABISIOT COOOH OIHY M3 OOpaTHBIX TPUTOHOMETPHUUECKUX
¢ynkuid. OOCYKIal0TCs YCIOBUS CYLIECTBOBaHHUS OCOOBIX PELICHUH U CTPYKTypa
(YHKIMH OT NMPOM3BOAHBIX, JAJISI KOTOPOH OIMCaHHBIA MeTon nmpuMeHnM. U3 kypca
muddepeHIManbHBIX YPaBHEHNH U3BECTHO, YTO CHHTYJISIPHBIC PEIICHHS YPaBHEHUH
tuna Kiepo B 4acTHBIX NMPOM3BOAHBIX HE BCETJa CyIIECTBYIOT. [loaToMy Bompoc o
HaXOX/IEHUN KOHKPETHBIX (PYHKLMII OT YaCTHBIX NMPOM3BOAHBIX B YPaBHEHUH, VIS
KOTOPBIX 0COOBIE PEIIEHHs CYIIECTBYIOT, OCTAETCsl OTKPBHITBIM M IPEJICTABISIET CO-
0011 NepCIIeKTUBHOE HANPABJICHUE AJIS JATbHEHIETO N3yUCHUS.

KaiwueBbie cioBa: quddepeHiuanbHble YpaBHEHUS] B YACTHBIX MPOU3BOIHBIX,
nuddepeHraabable ypaBHeHHs Tuna Kiepo, ocoOble (CHHTYIISIpHBIC) pEIeHHs,
o0OpaTHbIE TPUTOHOMETPHYECKHE PYHKIINY.

L. L. Ryskina, A. S. Zubtsova, Yu. O. Shavenkova

SINGULAR SOLUTIONS OF CLAIRAUT-TYPE EQUATIONS
IN PARTIAL DERIVATIVES WITH REVERSE
TRIGONOMETRIC FUNCTIONS

Abstract.

Background. The problem of evaluation of the special (singular) solutions of
Clairaut-type partial differential equations attracts a lot of interest studying various
transformations of nonlinear equations of mathematical physics, for example, Le-
gendre transformations. Also this type of equations are significant in applied prob-
lems of theoretical physics, for example, in quantum field theory there is a connec-
tion between a special solution of the Clairaut-type equation and an effective action
for composite fields. In a theory with composite fields, a one-loop effective action is
determined by an equation containing an unknown nonlinear functional and its vari-
ational derivatives, which has the Clairaut-type form. The aim of this article is to
find the conditions for the existence of singular solutions for the Clairaut-type par-
tial differential equations, as well as, to obtain singular solutions for inverse trigo-
nometric functions. The search of the special solutions of Clairaut-type partial dif-
ferential equations for certain functions of derivatives in the equations remains
poorly studied and is an interesting scientific field.

Materials and methods. A method is proposed for finding singular solutions of
the Clairaut-type equation with a certain function on partial derivatives, using the
inverse trigonometric functions as an example. The the method is to reduce the
problem of finding partial derivatives of the decision function to the problem of
finding convolutions of partial derivatives of the decision function with fixed pa-
rameters. The described method is applicable for finding singular solutions of the
Clairaut-type equations when the function of the derivatives of the decision function
has a special form.

Results. We formulate a criterion for the existence of a singular solution of the
Clairaut-type partial differential equation for the case when the functions of the deriva-
tives are the inverse trigonometric functions of linear combinations of partial deriva-
tives. The singular solutions obtained in this paper were calculated for the case of an
arbitrary number of variables, and present the main results of the paper. It is noted that
in all considered cases, for a given choice of function in the equation, it is possible
to solve a system that defines a singular solution of the differential equation.

Conclusions. Differential equation of the Clairaut-type is a nonlinear partial dif-
ferential equations of the first order. This equation is a generalization of the well-
known ordinary differential Clairaut equation. The paper describes the problem of
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finding a singular solution to a Clairaut-type partial differential equation for the case
when the functions of the derivatives are inverse trigonometric functions. We dis-
cuss the conditions for the existence of the singular solutions and the structure of a
function of derivatives for which the described method is applicable. From the
course of differential equations, it is known that singular solutions of Clairaut-type
partial differential equations do not always exist. Therefore, the question of finding
specific functions of partial derivatives in an equation for which special solutions
exist remains open and represents a promising area for further study.

Keywords: partial differential equations, Clairaut-type equations, singular solu-
tions, inverse trigonometric functions

BBenenue

PaccmatpuBaercsi 3amada HaXOXXICHUS OCOOBIX (CHHTYJISIPHBIX) PELICHUH
IUIL MHOTOMEPHOTO 0000mmeHus 1uddepeHInalIbHOr0 YPaBHEHNUS B YaCTHBIX MPO-
u3BoIHBIX THNa Kitepo. B acnekre nanHoii npobiemMaTHKH 0co00e BHUMAaHUE TPH-
BJIEKalOT paboThl [1—4], B KOTOPBIX 00CYKIAIOCHh MPHUIOKEHUE ypaBHEHUH TUIA
Knepo k 3agauam MexaHMKH, XpOMOAMHAMHUKH M KBAaHTOBOM TeopuH Hois. Takxe
B paMKax BBIOPaHHOTO IpeIMeTa HCCIENOBAaHHUS HWHTEPEC MPEACTaBIAIOT CTAaThbH
[5-8], B koTOpBIX OmucaHa MpoOiieMa OTHICKaHHS Pa3IMYHBIX PElICHUH ais aud-
(epeHnmanbHBIX ypaBHeHHH THa Kiepo.

[IpencraBienHas craThsi mMpomoikaeT UK padoT [9—11], mocBsIEHHBIX
HaXOXICHUIO 0COOBIX pelIeHui amst ypasHeHuit Tuna Knepo. Uccnenosanue nud-
(epeHIMaNbHBIX ypaBHeHUH THna Kiepo ocioxkHseTcs TeM, YTO OTCYTCTBYET 00-
IIMH QJITOPUTM HAXOXIEHHUS CHUHTYJSPHBIX PELICHHH, MOYKHO JIMILIb TOBOPUTH 00
yaa4HOM mondope (GYHKUUMH OT MPOM3BOIAHBIX. Pe3ynbraThl, mpencTaBiCHHbBIC
B paboTe, MO3BOJISIOT PACIIUTh Kiace (pyHKIMM, A1 KOTOPBIX YOaeTcsl HAWTH CHH-
ryJsipHOoe pemieHue. B paGore mpeacTaBieHbl CHHIYJISPHBIC PELCHUS ypaBHEHUH
tuna Kiepo ans ciydasi, Korga mpasasi 4acTb YPaBHEHHH MMeEET BHJ OOpaTHBIX
TPUTOHOMETPHUECKUX (QYHKLHUH OT MPOU3BEICHHS /1 ~-HE3aBUCHMBIX IIEPEMECHHBIX.

1. MaTtepuaJj u MeTOAMKA

ughgpepenyuanvnovin ypasnenuem muna Knepo HasbiBaeTcsi ypaBHEHHE
MIEPBOTO TMOPSAKA B YACTHBIX MPOU3BOAHBIX [1, 2, 4, 7-11] Buma

n
Iy dy 9 )
y= Y iy 2 =12 (1)
= ox; ox; dx,  ox,
3neck nckomasi GyHKOUs y = y(x) — HOEWCTBUTENbHAs (QYHKIMS OT Iepe-
MEHHBIX, V= y(X,X7,...,X,), a Y — 3a7aHHas QYHKLUS, 7 pa3 HEIPEPBHIBHO AUD-
dy

(bepeHIpyemas 10 CBOUM IepeMeHHBIM. BBeieM 0003HaueHns: — =z; .

ax i

Crnenys paboram [1, 4], cienaeM npeanoaokeHHe 0 CTPYKType QYHKITHH f ;
MyCTh

v(z)=v| D .d'z |, )
i=1

Torna ypaBaenue (1), ¢ yueTom mpeamnoiokeHus (2) mpuMeT BUI
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n n
y—lezl- =y Zalzl- . 3)
i=1 i=l

U3 nuddepennmansHoro ypaBHeHus (3) momydaeM CUCTEMY YpaBHEHUI:

n aZJ
Y. . —:O’ 4
;(W a] +x])axi ( )
rae 0o003HaYeHo
. dy a'z;
lewv(alzi): ( l)

W3 ypaBHeHus (4) mostyyaeM ABa peLICHUS:

0z ;
1) st cimydast —L =0 HoJlyyaeM peleHue cucteMsl (4) Buma z;(x)=c;.

x.
1
Torma pemenne nuddepeHnuansHoro ypaBHeHus (1) ompemenseT ceMeHCTBO JIH-
HEHWHBIX (QYHKITHMA

n
i
Y=Y ¥ +y(c), (5)
i=l
e BBeIeHo 00o3HaueHue ¢; = {cy,¢y,...,c,) =const;
aZj
2) i ciydas, Koraa Bce dieMeHThl —— # (0 00pa3yoT HEBBIPOXKICHHYIO
i
MAaTpHuiIly, CUCTEMY YpaBHEHUI
W"aj+xj':0 (6)

MO>KHO PaccMaTpHBaTh KaK YCJIOBUE Ul ONpeleleHus BceX QyHKUnH z; = z;(x).
OpnHako A7l HAXOXKACHUS CUHTYJISPHBIX PEIICHHM JOCTAaTOYHO HAWTH HE caMy

n n
(GYHKLIUIO Y, a CBEPTKU inzi u Zaizi .
i=1 i=1
n .
[TycTsb cymecTBytoT napameTpst b;, i=1,...,n, Takue, 4To Zalb,- =1. CBo-
i=l
paunBacM BbipaxkeHne ' a; +x; =0 ¢ mapamerpom b, noiy4aem

n n
Yd'z =97 =D b |, (7)
i=1 i=1

n n
Toraa Za’zi — obpaTHas GyHKUMS 11 GYHKIHH ' Zal z;
i=1 i=1
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n
Haiinem cBeptky lezi , JUISl 3TOTO TOJICTaBUM 3HAY€HUE B BBIpaKEHUE
=1
n .
TS Zalzl- BO BTOPOE YpaBHEHHUE, OJIYyUUM
i=1

ixizl- =—iaizl- ! iaizi . ®)
i=1 i=1 i=1

Takum oOpa3oM, TOMYyYMIM BBIPAKEHHUS [ CBEPTOK  (YHKIIHIA
Z; = 2;(X), X0 500y Xy ) -

iaizi:(p_l —ixibi ,

i=1 i=1
QIR S S o
Zx Z; = Za Z; Za z;
i=1 i=1 i=1

[oncrasnsas Beipaxenus (9) B (3), momydnM ocoboe pelieHrne ypaBHEHHS
tuna Kirepo (1):

)

n n
y=Y) x'z+y| Dd'z | (10)
i=1 i=1

Ocob6oe pemenne (10) ¢ yaerom Beipaxkenuit (9) ypasuenus Kuepo (1) mus
ciydasi, Korja GyHKITHS OT MPOU3BOIHBIX UMEET CTPYKTYpPY (2), ObLTO TOTy9IeHO
B HemaBHeW pabore [1]. B paborax [2, 4, 7-11], ObuH TOTyYEHBI CHHTYJISPHBIE
pelieHus: AJsi MHOTOMepHbIX AuddepeHnuajabHbIX yYpaBHeHuil tuna Kiepo
B YACTHBIX NMPOU3BOJIHBIX CO CTENEHHOM, MOKAa3aTeJIbHOI 1 JorapupmMuvecKkoi
(pynknusimu. B nanHoii paboTe mocTaBiieHa 3ajaya MOMCKA CHHTYJISPHOTO pellie-
HUs ypaBHeHUH Tra Kiepo ais ciaydast, korna pyHKIus Y UMeeT BUA 0OpaTHBIX

TPUTOHOMETPUIECKHUX (PYHKITHHA.

2. HaxoskaeHue CHHTYJISIPHBIX peleHui
JJIS1 OOPATHBIX TPUTOHOMETPUYECKUX (PYHKUMIT
2.1. @ynkyua apKKOCUHyc 0m npou36e0enus YacmuplX HPOU3800HBIX
BriOepeM B kauecTBe QyHKIMH Y =W(zy,27,...,2,), VneE N QyHKIHIO apk-

KOCHHYC, 3aBUCALIYIO OT JIMHEUHOMN KOM6I/IHaHI/II/I IIPOU3BOJIBHOI'O 4YHMCJiIa HEC3aBH-
CHUMBIX IICPEMCHHBIX !

y(z) =arccos(a'z;) , i=1,2,..n. (11)

3nech u fnanee OyneM mojapa3yMeBaTh CyMMHPOBAHUE MO MOBTOPSIOIIAMCS
uanexcaM. Jnsa ¢ynkmuu y Buma (11) cuctema ypaBHeHHI (6) OyIeT UMETh Clie-

YOI BUL:
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j .
S ——— (12)

i 2

1—(a Zi)
Cucrema ypaBHenuit (12) mpexpcraBiser coOol cucTeMy alreOpamdecKux
YPaBHEHUH Ul ONpEENeHUs CBepPTOK (GyYHKUMM z; ¢ mapametpamu a' W mepe-
mennbiMu x' . Ciemys obmemy Merony [1, 4], BBeeM mapamerpsl b ;- TIpeamona-

racéM, 4To TaKU€ MapaMETphbl CYIICCTBYIOT U YAOBJICTBOPAIOT CICAYIOMIEMY YCJIO-

n
BHIO: Zb jaf =1. Mcnonb3ys ompeesioniiue CBONCTBa mapaMeTpoB b ;> YMHO-
J=1
KM KaXK/10€ ypaBHEHHE U3 cHcTeMbl (12) Ha COOTBETCTBYIOMIMI napameTp b; u
npocymmupyem. [lonyunm ypaBaenue

—;+bjxj =0. (13)

i 2
1- (a Z; )
s YpaBHCHHUA (8) HCO6XOZ[I/IMO BBIPA3UTh CBEPTKY HCHU3BECTHBIX (I)yHK]_II/Iﬁ

z; c napamerpamu @' . [lonyunm ciienyioniee BbIpaKeHue:

(14)

Jlamee yMHOXXHM KaXkJloe W3 ypaBHeHWH cucTeMbl (12) Ha COOTBETCTBYIO-
My (QYHKIUIO z; ¥ BO3bMEM CyMMY IIOJIyYeHHbIH BbIpaxkeHuil. Ilomyduum ypas-

HEHHE, COZIEPIKAIEEe NCKOMYIO CBEPTKY X'z;. I10JICTABMM MONYYEHHOE YpAaBHEHHE
B HaliieHHOe paHee BbipaxkeHue (14) wist CBEpPTKH a'z; U OKOHYATEIBHO BBIPA3HM

x'z;, Kak QyHKIHMIO IEPEMEHHBIX X; W [APAMETPOB b;

Xz = (bjxf)2 1. (15)

s nonyyenust ocoboro perieHus ypasHenus tuna Kiepo (1) ¢ dyHKImei

or npousBoaHbsix Buna (11) HEOOXOMMMO MOJCTABUTHL 3HAYEHHE CBEPTOK a'z; W

x'z;, (14) u (15) coorercTBeHHO B BhIpaxkenue (10). OKOHYATENLHO MOTYYHM

_r
(bij)z

Bripakenue (16) npencrasiser coboii ocodoe pelieHre ypaBHEHHS B 4acT-
HBIX Tpon3BoAHBIX Tuna Kiepo (1) mist ciaydast, korga QyHKIUS OT YaCTHBIX MPO-
M3BOMHBIX Y mMeeT BuI (11). OTMETHM, 9TO TIONYYEHHOE PEIICHUE CIIPaBEITUBO

2
y(x)= (bjxj) —1+arccos [1- (16)

JUISL 0000 KOJIMYECTBA HE3aBUCHMBIX NEPEMCHHBIX B UCXOJHOM YpaBHCHUU.

56 University proceedings. Volga region



Ne 1(53), 2020 ®dusuko-mamemamuyeckue Hayku. Mamemamuka

2.2. Dynkyua apKcuHyc om npou3eedeHus YacmHuovlxX RPOU3600HbIX

Teneps B kauectBe QyHKIMH Y =\Y(Z(,2,,...,Z,), Vne N, BoiOepeM DyHK-

U0 apKCHUHYC, TAKIKE 3aBUCALIYIO OT JIMHCHHON KOM6I/IHaI_[I/II/I MMPOU3BOJIBHOI'O
qHrciia HC3aBUCUMBIX IICPEMCHHBIX!

\p(z):—arcsin(aizl-), i=1,2,..,n. (17

Jns pynkuun y Buga (17) cucrema ypaBHeHHi (6) OyIeT UMETh Cileayro-
LA BUL:
J .
—“—2 +x/ =0. (18)
1- (aiZl' )

Crnenys meTony, onucanHoMy B [1, 4], aHamOrMYHO ONMKUCAHHOMY BBIIIE CITY-
Yar0, BBOJUM MapaMeTpel b - YMHOXACM KaXJ[0€ yPaBHCHHE U3 CHCTEMBI (18) Ha

COOTBETCTBYIOLLINIL ITapaMeTp b; 1 npocymmupyeM. Homy4um ypaBHeHne

1 .
———— b/ =0. (19)

i .
BripaskaeM CBEPTKY a ' z;

(20)

Jlanee monyvaeM ypaBHEHHE, COIEPIKAIIEE MCKOMYKO CBEPTKY Xx'z;. [l
3TOTO MOJICTABMM MOJNYYEHHOE YPABHEHHE B BHIPAKEHHE [UISl CBEPTKH @'Z; U BHIA-

i
3UM X' z; KaK (QYHKIMIO IIEPEMEHHBIX X; U IApaMeTpoB b; :

xizl-=,f(bjxj)2—1. 21

TakumM 00pa3oM, JUIs MOJyYeHUsI 0COOOTO pelieHus] ypaBHeHus Tuma Kiepo
(1) ¢ dynkmueit oT npou3BoaHEIX BuAa (17) HEOOXOIUMO ITOACTABUTH 3HAUCHUE

cBepToK a'z; m x'z;, (20) u (21) coorBercTBeHHO B Bhipakenue (17). Oxonua-
TETBHO MONYYHM

_r
(b7 )2

[ToyguenHoe BeIpaskeHue (22) mpeacTaBiseT co0oil ocoboe peleHne ypas-
HEHUS B YaCTHBIX MPOM3BOAHBIX Thma Kitepo (1) misa cimydas, korna GyHKIHS OT

2
Y(x) = (bjxj ) ~1+arcsin [1— (22)
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YaCTHBIX MPOU3BOAHBIX Y umeeT BUA (17), BeipaxkeHue (22) Taxke CIpaBeINBO
JUIs1 JII000T0 KOJIMYECTBA HE3aBUCHMBIX IEPEMEHHBIX B HCXOAHOM ypaBHEHUH.

2.3. q)yHKl(u}l apKmamnzenc om npou3ee()euu}l UACMHbIX npou3300ubtx

Beibepem B kauectBe (QyHKUUU Y =W (z,23,...,Z,), Vne N, byHKIHIO
APKTaHTEHC:

y(z) =-arctg(a'z;), i=1,2,...,n, (23)

Hnst gyskuum  Buga (23) cucrema ypaBHeHui (6) OyneT uMeTh BUI

—a—j2+xf =0. (24)
I+ (aizi )

Cucrema ypaBHeHU#l (24) mpezacrtaBisieT co00i cucTeMy anreOpanvecKux
YPAaBHEHHUH JUIs ONPE/IENIEHHs CBEPTOK a'z; W X'z;. JIOMHOKAeM KaxKIoe ypaBHe-

HUE U3 CUCTeMBI (24) Ha COOTBETCTBYIONIUH mapamerp b ;M IPOCYMMHpYEM:

1 .
L J =
3 +b;x’ =0. (25)

1+ (alzl- )
BhIpaskeHHE JUIsl CBEPTKH @' Z; MMEET CIIE/YIONIHii B

(26)

Jlatee yMHOXXMM Ka)KIIO€ W3 ypaBHEHHMH CHCTEMBI (24) Ha COOTBETCTBYIO-
Iyt (YHKIUIO Z; M BO3bMEM CyMMy IIOJIyYCHHBIX BBIpaKeHHH. B mrore mmeem

YPAaBHEHHUE, COEPIKAIEE UCKOMYIO CBEPTKY Xx'z;. [I0JICTABUM €ro B BBIPAKEHHE

(26) ¥ BBIPa3MM CBEPTKY X'z; KaK (yHKIMIO IEPEMEHHBIX X; U IAPaMETPOB b; :

xizl- = ‘/bjxj (l—bjxj) . (27)

st mosmygenust ocoboro pemreHus ypaBaerus tuma Kiepo (1) ¢ dyaknuei

OT TIpou3BOAHBIX BUAA (23) HEOOXOIMMO MOACTABMTH 3HAYEHHE CBEPTOK a'z; M

x'z;, (26) u (27) coorBercTBEHHO B BhipakeHue (10). OKOHYATENBHO MOTYYHM

y(x)= [bjx! (1 —bjxj) +arctg (28)

Bripaxkernne (28) mpencrarisier co0oif 0co00€ pelieHne YpaBHEHHS B 9acT-
HBIX Tpon3BoAHbIX Tua Kiepo (1) st ciaydvast, korga GyHKIUS OT YaCTHBIX MPO-
M3BOMHBIX Y mMeeT Bun (23). [lomyueHHOE pemreHne CpaBeIMBO IJIs JIFOO0TO

KOJIMYCCTBA HEC3aBUCUMBIX IEPEMCHHBIX B UCXOJHOM YPaBHCHHU.
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3akiouenue

U3 xypca nuddepeHInanbHeIX ypaBHEHUH W3BECTHO, YTO CHHTYJISAPHBIE pe-
HIeHus ypaBHeHUi Thma Kiepo B 4aCTHBIX MPOM3BOIHBIX HE BCET/Aa CYIIECTBYIOT,
MO3TOMY B HacToseil pabore chOpMyIMpOBaH KPUTEPHUH CYLIECTBOBAHHS TAKUX
pemiennii. B kadecTBE OCHOBHOTO pe3yjbTaTa padOThl MPHUBEACHBI CHHTYJISPHBIC
peuienns Aas oOpaTHBIX TpUroHoMeTpuueckux ¢yHkuui (16), (22), (28), onuce-
BAIOIIMX CIy4ail MPOM3BOJBHOTO KOJWYECTBAa NMepeMeHHBIX. llokazaHo, 4To ajs
JaHHOTO BBIOOpa (YHKUUH B ypaBHEHUH YJACTCS Pa3pelliuTh CUCTEMY YpaBHEHHH,
OTIPEIEISIONIYIO CYIIECTBOBAHUE CUHTYJISIPHOTO PELICHUSI.
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