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(my6uiMKanMuUTe He MOBTAPAT IIPeJICTaBeHNTe 3a Npu10buBane Ha oOpa3oBaTe/iHaTa U HAY Y-
Ha CTemneH ,,JoKTop” )

CTATUN

[IpeacraBenuTe B KOHKypca craTud Morar jia Obar 0b6obieHn B e JHHTe TPyIu:

1. ITpuiarane Ha TeopeMaTa 3a /JBOMKA HENOJBUYKHH TOUKH B YACTHYHO HADEIEHO MeT-
PHYHO [IPOCTPAHCTBO 34 HAMHUPAHEe Ha MOJIOZKUTETHO OIpe1e/IeHO PelIeHne Ha CucTeMa
OT MATPUYHHU YPaBHEHUT;

2. NzyuaBane Ha TPOWKH HEMOABHXKHHM TOYKHM M IPUJIOXKEHHETO UM IIPH H3C/Ie/IBaHe
JUHAMUKATA Ha OJIMIOIOJHM Ia3apd ¢ TPU JOMHHHUpAIM HUPMH U HAMHPaHe Ha
MOJIOXKHTEJTHO ONPEJIEIEHO PellleHne Ha CHCTeMa OT MAaTPUYHM ypaBHEHH,

3. [lpunarane Ha reopemara 3a /N-OPKH HENOJBUKHI TOYKHM B YACTHYHO HapeJeHO MeT-
PUYHO MPOCTPAHCTBO 32 HAMHPAHE HA [OJIOKUTETHO ONPEeIeIeHO PeHIeHHe Ha CHCTe-
Ma 0T MaTpu4Hu ypaBHenus. Hamupane Ha Bpb3Ka MeKIy MaTpUYHUTE ypaBHEHH:A
WM CHCTEMH M 4YacTHYHATA Hapejiba KOATO Te MOpaxKJaT B paslvleKJaHuTe JeKap-
TOBH IPOU3BEACHHA, KOCTO IIO3BOJIABa J1a Ce pas’smpH KJjaca OT 3aJlavH, peluMH C
TeopusTa Ha N-OpPKHM HENOJBUKHU TOYKH.

[TostydenuTe pe3yaTaTd ce OCHOBABAT Ha HSKOJKO (byHJAMEHTAJHHU CTATHH B 00-
JIACTTa Ha HEMOJIBUYKHM TOUYKH 38 MOHOTOHH H300parKeHus B YACTHYHO HAPeIeHH MeTPUIHHI
pocrpancrBa [A. C. M. Ran, M. C. B. Reurings|, a1Boiiki HeIOABHKHYI TOYKH B YaCTHIHO
napeenu merpuuann npocrpanctsa [T. G. Bhaskar, V. Lakshmikantham|, npunoxkenue 3a
pellaBaHe Ha HeJWHEHHH MaTPHYHH ypaBHeHHs ¢ noMmolnra Ha pe3yirarure Ha Bhaskar-
Lakshmikantham, [M. Berzig, X. F. Duan, B. Samet].

He ua nocaemano Mscto uckaMe J1a 0TOeIeKHM, 9 HICHTe 33 U3CJIeIBaHuATa TP'bI-
Haxa oT JoKJaaj Ha npodecop Bexan Xacanos na MATTEX 2022.

1. IIpnnarane Ha TeopeMara 3a ABOMKA HEIIOJABHMYKHM TOYKH B YACTUIHO
Hape/IeHO MeTPUYHO MPOCTPAHCTBO 32 HAMUPAHE HA MOJIOXKHUTEJTHO ONpeaesIeHO
pelIeHne Ha CUCTeMa OT MATPUYHHN YPABHEHUS

A-1 A. Ali, C. Dinkova, A. Ilchev, B. Zlatanov, Bhaskar-Lakshmikantham fized
point theorem vs Ran-Reunrings one and some possible generalizations
and applications in matriz equations, AIMS Mathematics, 2024, vol. 9(8),
pp. 21890-21917. ISSN: 2473-6988. doi: 10.3934/math.20241064, [B-4.1.];




[TbpBHUTE pe3yJTATH 34 CHIIECTBYBAHE U €IMHCTBEHOCT Ha ABOHKA HENOIABHKHH TOYKH
ca noaydenu or D. J. Guo, V. Lakshmikantham, xbaero ce npuema, e OCHOBHOTO
IPOCTPAHCTBO € HaHaxoBoTo. [10-K'bCHO, MO-JIeCHU 3a NpUJIarane pesyJiTaTH OTHOCHO
JIBOMKA HEIOJIBMKHM TOYKH B ['bJIHO METPUYHO NPOCTPAHCTBO C BbBE/JEHA YacTH1HA
napenba ca nomydenn or T. G. Bhaskar, V. Lakshmikantham, xoero e ormpaBna
TOYKA 34 MHOMKECTBO 0006nieHus. B Ta3sm crarus nokaspame, 4e C’bIIECTBYBA TACHA
BPB3KA MEYK/y THIZ MOHOTOHHOCT HA M3CJIEABaHHTE H300pakeHus U JeUHHIMATA
3a yacTHuHa Hapeaba B mpepnoxkenara uiaed T. G. Bhaskar, V. Lakshmikantham 3a
u3ydyapaHe Ha JBOIKA HEIOBHYKHH TOUKH 3a U300paKeHus CbC CMeCeHa MOHOTOHHOCT
B YACTUYHO HAPEJIEHH METPUYHH IIPOCTPAHCTBA.

Ba,aaqafra 3a HAaMHpaHeTO Ha JBOIKa HEIIOABUYKHU TOYKH MOZKe [a Ce pa3rjiex/ia KaTo
3a/laya 3a pelraBaHeTo Ha CHCTeMa OT CMMeTPUYHM YpaBHEHUSHA

3iaraHoB MOAUMUIMPA KOHIENIUATA 33 ABOMKA HENOJBUKHH TOYKH, TaKa 4Ye [1a ce
pemapaT MpPOM3BOJHM CHCTEMH OT [Be ypaBHeHHMd, U3NOJI3BaiiKu Pe3yJTaTd 3a TAX.
ToBa O3BOJISABA J1a Ce HAMEPST JBOfiKa HENOJABUKHA TOUKH (,y) TaKuBa, e T # Y.
OCHOBHOTO IPHJIOKEHWE HA Pe3yJITaTHTe Ha 3/1aTaHoB € B NPOMAHATA HA 3a/a4ara
3a HAMHpaHe Ha JBOHWKAa TOYKH ¢ Hali-rojsMa OJM30CT B 3aja4a 3a ONpeje/sdHe Ha
PA3CTOAHMETO MexK/y MHOKecTBaTa. [03M IOAXO0J MO3BOJIsIBA HAMHUPaHe Ha TOYHO
peleHue BMeCTo NPpHUOIMKeHO TOKOBA, KAKTO € MIIOCTPUPAHO IIPH U3II0JI3BAHETO Ha
HSAKOM KOMIIOT'LPHH aJre0pHYHH CHCTEMH 3a pelaBaHe Ha WIIOCTPATHBHUTE IPH-
Mepu. JlokazBaMe CbLIIECTBYBAHETO W €HHCTBEHOCT Ha JIBOHKA HENOJIBHXKHA TOYKA,
B caydas Koraro uzobpaxkenusta F' m G ca nenpekbcHat. /lajiena e OleHKa Ha
rpemkara 3a Haii-106po npubiankenune.

M. Berzig, X. F. Duan, B. Samet n3cieasar Marpu4HoTo ypapHenue X + A* X TA-
B*X71B = Q, kbaero A u B ca Npou3BOJIHE MATPHUIY, a () € MOJIOKUTENHO Olpeie-
nena Marpuna. Manonssaiiku ocaosaus pesyarar na T. G. Bhaskar, V. Lakshmikantham,
Te CBEKJAT MATPHYHOTO YpaBHEHHE K'bM CHCTEMa OT JiBe CHMeTPHYHH MaTPHYHH
ypaBHEHHS

X=Q-A*X'A+BY'B

Y=Q-AY!A+B*X B

CurieiBaiiku TeHIeHIIMATA W HabJIoJeHuATa B paboTaTa Ha 3/1aTaHOB, HHE Pa3BUBAa-
Me HOHATHETO 3a H300parkKeHus C'bC CMeCeHa MOHOTOHHOCT, 3a MAaTPHYHHU yDaBHEHHS
Taka, 4e Ja MOXKeM Jla Pa3IIUpHM 110 eJIMHEeH HaYMH KJjaca OT 3aja4d, KOUTO MOraT
na 6baaT W3CJeIBAaHM, a U3BECTHUTE PE3YJITATH e Obj1aT YacTeH ciayvai Ha HOBHUTE.
[IpejcraBaMe ajleKBATHE KPUTEPHH, 34 Ja rapaHTHpaMe ChbUICCTBYBAHETO W €IHHCT-
BEHOCT Ha PelIeHHs 334 CHCTeMATa OT MATPHIYHM ypaBHEHHUA

X=Q-A*X"'A+BY B
Y=R=0X"0+ DY D.

O6o6masame pesyararure sa A. C. M. Ran, M. C. B. Reurings 3a cbecrByBa-
HETO M €JMHCTBEHOCT Ha HeNOJBHKHUTE TOYKH B YaCTMYHO HApeJeHHTe MEeTPHYHU
IPOCTPAHCTBA 32 MOHOTOHHH M300parKeHHs Ype3 NpeMaxBaHe Ha MPe/IO/I0KeHHeTO
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3a HENPeK'bCHATOCTTA Ha oneparopa. [I[pomensive nonsTHeTo 3a ABOUKH HEIOIBUIK-
HH TOYKM, Taka ye pemeruero (X,Y) Ha ropHara cmcreMa Jla He BOJAM BHHAIH JI0
pasercrBoro X = Y. [lpuiarame OCHOBHUTEe pe3y/lTaTH B M3C/IeJBAHETO Ha JBOH-
Ka HEIOJBMKHH TOYKH 3a HAPEJEHH JIBOHKH OT H300parkeHus, KOUTO OTIOBapAT Ha
pa3/IM9HE MOHOTOHHHM XapaKTEePUCTHKH, BKJIIOUYHUTETHO CMECEHO MOHOTOHHO CBOMCT-
BO HJIM OOIIO MOHOTOHHO CBOMCTBO, Koero 0600IIaBa M3BECTHUTE U3CJEJNBaHUA 10
TeMaTa.

B cratua [A-1] koncrpynpame obobiienue Ha JBoiika nenoxsuwxkuu Touku. [Tokas-
BaMe, e CbHIIECTBYBA TACHA BPb3KA MEXKJIY THIA MOHOTOHHOCT Ha M3CJIeJIBaHUTEe
n300paskeHus W JedUHHIMATA 33 YacTHYHA HapeaDa 3a u3ydaBaHe Ha JBOHKa He-
NOABHKHHM TOYKH 3a M300pazKeHHs B 4aCTHYHO HapPEJIeHH MeTPUYHH IIPOCTPAHCTBA.
BMmecro ga ce pasriexar n300paKeHus, KOUTO ca caMO OT KJjlaca Ha Te3H CbC CMe-
CeHOTO MOHOTOHHO CBOHCTBO IOKa3BaMe, 4e € Bb3MOXKHO H Ja ObJaT ¢ eJIMH U ChIIH
BHJI MOHOTOHHOCT IO BCAKO OT JBeTe CH [poMeHJIMBH. B To3m ciay4ail ce npoMens
qacTHYHATa Hapeaba B JIEKAPTOBOTO NMPOU3BEIEHHEe, KOeTO 103B0/IABa OTHOBO Hape-
nenaTa aBoiika or mzobpaxenus T(z,y) = (F(z,y),G(z,y)) na 6bjie MOHOTOHHA,
C'bIVIACHO HOBOBBBejeHaTa Hapeaba H Moxe Ja ce mpuiarar pesyirarure Ha A. C.
M. Ran, M. C. B. Reurings u 06061uieHieTo, KoeTo cMe Hampasuid. Pasriexnanero
Ha HapeJleHa ABoiika oT u3obpaxkenus (F, G) npegocTaBs Bb3MOXKHOCT Jia Ce PeIiaBaT
He caMO CHMEeTPHYHH CHCTeMH OT MATPHYHH yDaBHeHHS. B Jomb/iHeHHd 110Jy4YeHH-
Te JOCTAT'BbYHM YCJIOBHS CHBINAJAT ¢ M3BECTHUTE JOCTATBIHK yciaopua or M. Berzig,
X. F. Duan, B. Samet, koeTo moTBbpzK1aBa, 4e HOJyYEeHHTe HOBH Pe3yaTarn 0606~
HIABAT U3BECTHHUTE 10 MOMEHTa TakuBa. [losydeHnTe OT HAC pe3yJITaTH pasliupaBaT
KJIACOBETe OT CHCTeMM OT MATPHUHH yPaBHEHMsl, KOUTO MOxKeM Ja pemasame. 0600-
masame ocnouus pesyarar or A. C. M. Ran, M. C. B. Reurings 3a cbmecrsyBane
¥ eIMHCTBEHOCT Ha HEeINO/BHKHHU TOYKH, KATO IIOKa3BaMe, 4e u 0e3 HelpeKbCHATOCT
Ha U300pasKeHuATa ca BAJH/IHN CHIIATe 3aKJII0YCHHS.

A-2 A. Ali, C. Dinkova, H. Kulina, A. Ilchev, B. Zlatanov, Positive Definite
Solution of System of Matriz Equations with X-k and Y-l via Coupled
Fized Point Theorem in Partially Ordered Spaces, Axioms, 14(2), Article
number 123, (2025), doi: 10.3390/azioms14020123, ISSN: 2075-1680, [I-
7

B Tasu pabora Hue pasriexkiame ypasuennero X = Q + pA*X*A + qB*X'B 3a
p,q € {x1} u k,l € [—1,1]\{0}, cienoBaresso pasriiejame JBe MOHOTOHHH (DYHKIUH
F\ u F, Bmecro enqna F u pasiuyed 3Hak npu cymupanero. Hamupame nocrarbunn
YCJIOBHS 3a CbUIECTBYBAHETO U €IHHCTBEHOCT HA PEIIEHUATA 32 U3CJIeIBAHUTE KJIaco-
Be MAaTpHYHH ypaBHeHus. Ha npbB 1noren npejioKeHnTe pe3yaTaT ca nojo0Hu Ha
Te3u or cratus [A-1]. Buxme uckann ja KoMeHTHpaMe, Ye KOraTo MoxKeM Ja n3bepem
crenenta Ha marpunure k,l € (—1,1)\{0}, o6obmenus pesyarar or [A-1] ce BuxKIa
no-n06pe. Okaspa ce, de uaeara, npejioxkena or T. G. Bhaskar, V. Lakshmikantham
u D. J. Guo, V. Lakshmikantham u npunoxena 8 M. Berzig, X. F. Duan, B. Samet
M3UCKBa clienudU9HO onpe/e/eHne Ha YacTHIHATA Hape10a B JeKapTOBOTO MPOU3Be-
nenane X x X.

VeTaHOBsiBaME, Y€ B 3aBHCHMOCT OT 3HaKa Ha cTenenta k u 3uaka p € {+1}, ¢ kouro
yaacrar chbupaemure pA* X*A u pC* X*C, Bopsr 10 yactudHara Hapeaba B jeKkap-




toBoTO npoussegenne X x X. Cbioro Baxku u 3a chbupaemute ¢B*Y'B u ¢D*Y'D,
kbaero ¢ € {£1}. Taka, ako pas3riezame cucTeMara OT MATPHYHU YPaBHEHH

X =Q+pA*X*A+¢B*Y'B
Y = R+ pC*X*C + ¢D*Y'D,

3a k,l € (—1,1)\{£1} u p,q € {£1}, To MOkeM Jja BbBeJeM YaCTHYHA Hapenda B
(X x X, <) kaKkro cieqsa:

1. ako sign(k) x p * sign(l) * ¢ > 0, Torasa (z,y) < (u,v), aKO T K U U Y X

2. ako sign(k) *xp > 0 u sign(l) * q¢ < 0, Torasa (z,y) < (u,v), ako = < v.

¥
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3. ako sign(k) *p < 0 u sign(l) * g < 0, rorasa (z,y) < (u,v), aKO T = u U Y = V.
[Tosy4eHn ca MOAXOJAIIM YCJIOBHSA 3a ChIIECTBYBaHETO W €JIMHCTBEHOCTTA Ha perie-
HUATA HA CHCTEMH OT JIB€ MATPHYHH YPAaBHEHHS, KOTaTO HEM3BECTHHTE MATPHIHU Ce
nosaurnar Ha crenet k € [—1,1]\{0}, koaro e peanno YuC/I0 B yKazaHHs HHTEPBA,
a He g0 u3Mexay +1. Jlopassusame ujeara or crarus [A-1|, e cmeceHoTO MO-
HOTOHHO CBOMCTBO 3a M3yuyaBaHuTe M300pakeHHs He e cbilecTseHo. [lokasBame, ve
3HAKA HA P NPeJ MATPHIHOTO chOupaemo pA*X*A n 3maka ua cremenTa k, Ha Kos-
TO € MOBJMIHATA HEM3BeCTHATA MATPHIA ONpe/IesaT KaKBa YacTH4YHa Hapejada Ja ce
u36epe B IEKAPTOBOTO Npou3seaenne. ToBa BOjM 10 HAPEJEHH JIBOMKH 0T H300pazKe-
HHS, KOUTO MOTAT Ja O'bJaT ¢'bC CMECEHOTO MOHOTOHHO CBOMCTBO WJIM C €IHAKHB BUJL
MOHOTOHHOCT 110 BCSAKA OT POMEHJIHBUTE CH.

2. N3yuyaBane Ha TPOKM HEMOJABMXKHU TOYKH M IIPHUJIOXKEHNETO UM IIPH
W3cjieABaHe AUHAMHMKATA HA OJIMTONOJIHM NA3apwW ¢ TPpU JOMHHHpamm ¢dpupmu
¥ HAMHPAHE HA MOJIOXKHTEJIHO OIpeJiesIeHO pelleHre Ha CHUCTeMa OT MAaTPUYHU
YPaBHEHUs

A-3 A. Ali, A. Ilchev, V. Ivanova, H. Kulina, P. Yaneva, B. Zlatanov, Modeling
the Tripodal Mobile Market Using Response Functions Instead of Payoff
Mazimization. Mathematics, 13(1), Article number 171,(2025). ISSN:2227-
7390 (online), hitps://doi.org/10.3390/math13010171; [B-4.2.];

B Ta3u craTus nokassame IpHIOKEHHETO HA TPOHKA HEHOABHKHHE TOYKH IIPU H3CIe/I-
BaHe Ha oauronony nasapu. ChbBpeMeHHUTE Na3apHu ce XapaKTepHu3upaT ¢ HaJIniuero
Ha N0-MAJIKO YYACTHHIM, KOUTO KOHTPOJUPAT rojisiMa dacT oT nasapa. [Ipes nocaes-
HUTEe TOJMHHM MMa 3HAYHTEJIHO KOJMYECTBO M3CJIE/BAHUS HA OJHMTONOTHHTE Ia3apu.
N3caensannara u3noassar npeaumuao Mojena na Kypuo (Cournot, A.A.) 3a Makcu-
MH3MpaHe Ha nedagbara. KakTo e u3BecTHO, KOHBEHIMOHAJIHUAT MOJE/ 38 MAKCUMU-
3upaHe Ha nedajbara uMa orpaHudenus. Te MoraT Ja ObJaT ONMCAHHM KATO JOI'bJ-
HUTEJIHU U3MCKBaHUA 3a JudepennupyemMoct Ha GyHKIEATA Ha 1eqandaTa, yeJaoBusd
HA BJUI'BOHATOCT WJIM YCJOBHS OT BTOPH DPejl, NPe/AIoJaramy JudepenupyemMocT or
BTOpPH pejl. Jlopu ako Te3u orpaHHYeHNs He OrPAHMYABAT 3HAUYNTETHO aHAIU3UPAHU-
Te MOJIeIH, JONYCKAHeTO 3a PAIMOHAJHO MOBeJIeHHe HA yYaCTHHIMTE Ha Ma3apa uMa
onpejeaeHn HejocTaTbiu. EAuH Tak'bB HEJOCTATBK € Bh3MOKHATA HEKOPEKTHOCT Ha
nenoBaTa (pYHKIMA OPH HEHHOTO MOje/JMpaHe, Ja J0BeJe A0 MOJEN, pa3iudeH OT
,EIEI‘;[CTBHTBJIHHH, M penreHusd, KOWTO HEe ca CbBMECTHMH C palHOHaJHOTO IoBeJAeHHe.




JIpyr HemocTaTbK €, Y€ y4acTHUIMTE Morar ja 6baaT orpaHuyeHu OT JbJrOCPOYHU
JIOrOBOPH MJIM TEXHOJOTHYHM OIPAHHYEHHs, KOUTO MM IIpevyaT Ja NpaBaT 3HA4HTel-
HI KOPEKIIMH B 06eMuTe HA POU3BOACTBO, KOETO BO/M JI0 HEPAIMOHAHO MOBeJIeHHe.
BbIpeku BCHYKO Ka3aHO JOTYK, HA OJHIONOJIEH Na3ap BCHYKH YYACTHUIM UMAT #AC-
HO pa3bHpaHe 3a TOBA KAKBH IIPOMEHH B KOJMYECTBATa NPOM3BEJEHH CTOKHM MOrar
Jla HAIpABAT W KATO NMO3HABAT COODCTBEHHTE CH Na3apHU Pe3yJITaTH, KAaKTO U Te3H
Ha KOHKYPEHIHMATA — KOJHYeCTBA, LIeHH, MapKeTHHI — Te MOraT Ja KOpUIHpaT Io-
JUTHKATA CH CIPAMO TeKylara naszapHa curyanus. Toa Boau 10 Taka HapedeHHTe
JyHKIMK Ha peakius Ha Beska oT TaX. Tesn hyHKIMA pa3InTaT HA NA3aPHATE yCJI0-
BHsl, 33 J1a OIpeIeTaT MOANMUKAIMATE, KOUTO BCEKH YyYACTHHK TpAOBa /la HALPABH.
WaesTa 3a u3ciepafde Ha a3apHO PABHOBECHE M HErosara yCTOWYHBOCT € IOMOIITA
HA JBOHKH HENOABHKHM TOYKM WJIM JBOHKH TOYKM Ha Haif-rojgma OJM30CT € lpej-
nozxena or I:xabaposa, Kabansanos, Pycesa u 3/1aTanoB u B MOC/IEJCTBHE Pa3BUTA
B nopeauna or crarud. Cepusi OT W3C/eBaHUs IOKa3Ba, Ye Ha OJIUIONOJIEH Ta3ap
¢ palHOHATHO HAa ydacTHHnuTe u audepennupyemu dyHKIHH Ha nevanbara, 3aja-
gara 3a HAMHpaHe Ha PaBHOBECHE Ype3 MAKCHMU3MpaHe Ha neyajbaTa M HaMUpaHe
Ha paBHOBECHe C IOMOIITa Ha (PYHKIMK HA peaklusATa JaBa €/MH W CHIIH pe3y/aTar.
B [A-3] uscnenpave nazapa na mobuanm yeayru B CALLL, koiito e Tunmyden oymMro-
noJieH nasap ¢ Tpu gomuaupaiu dupmu. Mogerupame GyHKIEUTE HA peAKIUsd BbB
BpeMeTO C MOMOIITa Ha MeTO/a Ha Hail-MaJKHTe KBaJpaTH, pa3lyieJaHu ca peajlHuTe
JAHHM M TEXHU M3IVIAJeHH ¢ NOMOIITa Ha Mecrenin ce cpeanu. Koncrpyupame pas-
JUYHA MOJIeJIH: JUHeHH U HeauHelinn. Ha Bcuuky npejackasanu ¢bIJIaCHO MOJEIUTE
JTAHHY Ca HAIIPABEHM CTATHCTHYECKH aHAJIM3H, KOUTO JeMOHCTPUPAT a1eKBATHOCT Ha
nostydenuTe Mojenu. Buxme nckasm ja orbesnesknM, 1o6pe n3pecTHud hakT, 1e Moze-
JIMPAHETO HA JMCKPETHH JaHHU ¢ HeNPeKbCHATH (DYHKIHH M03BOJIABa Oe3kpaeH Opoit
CTATHCTHYECKH HaJexHi Mojean. ToBa e nmpuyuHa ja u3bepeM pasjiM4yHH KJacoBe
orT (DYHKIMH NPH MOJEJHPAHeTO M jla AHAJM3MPaMe IPH KOM OT TAX Hail-mobpe ce
npejckaspar peajnure gaHan. CMmsrame, 4e HE3aBHCHMO OT HOBEJICHHETO HA MOTpe-
OGUTeIMTe WM JIAIcAaTa Ha pa3bupaHe HA TAXHATA (PYHKIMA HA [I0JI€3HOCT, Ta3apHuTe
YYaCTHHIIM pearupaT Ha BCAKAKBH npomenu. KomMOGunupailku BCHYKO 00CHIEHO J10-
cera, MOKeM Jia 3aKJIOUHM, 4Ye [peJJIOKEeHHAT MOAX0/ 32 ThPCeHe Ha PaBHOBECHE C
MIOMOIITA Ha (DYHKIMM HA Peakius HMa IPeIUMCTBOTO Ja € MPHJIOXKHM, KOraTto e
HAJM9HA MHHEMAJIHA HHAOPMAIIHS.

A-4 A. Ali, C. Dinkova, H. Kulina, A. Ilichev, B. Zlatanov, Tripled Fized
Points, Obtained by Ran-Reunrings Theorem for Monotone Maps in Partially
Ordered Metric Spaces, Mathematics 2025, 13, 758. ISSN:2227-7390 (online),
https://doi.org/10.3390/math13050758, [I'-7.2.];

B raszu cratus moJiydaBaMe KpUTEpHHU 3a rapaHTHpaHe Ha C'bIEeCTBYBaHETO W €1WH-
CTBEHOCT Ha pelleHud 3a cucreMara 0T MaTpUYIHH YpaBHEHHHA!

X = Qi+ pAIX M A + pp BIY By + pyC1 2700,
Y = Qo+ prAsX 51 Ay + paByY 2By + psC3 275G
Z = Qs+ pr1ASX 1 Ay + pa BJY 7% By + p3C5 270G,

kbaero p; € {—1,1} u k; € (0,1] 3a ¢ = 1,2,3. B namara pabora obobmasame
pesyararute na A. C. M. Ran, M. C. B. Reurings 0THOCHO ChIeCTBYBaHETO U €/IMH-
CTBEHOCT HA HEIOJBHZKHHUTE TOYKHM B YACTUYHO HApeJeHH MeTPHYHH MPOCTPAHCTBA




32 MOHOTOHHH M300parkKeHHus 4pes3 MpeMaxBaHe Ha PeJIIloJI0KeHHeTO 3a HelIPeK'bCHa-
TOCT. AjanTupaxme MOHATHETO 33 TPOHKH HEINOJIBHZKHM TOYKHM, TaKa 4Ye pelieHHeTo
(X,Y,Z), X =Y = Z na cucremara, npe/CcTaB/iaBa pelleHne Ha MATPHIHOTO ypaB-

HEeHHue
X =Q+pA' X MA+pBY B +pC*Z7MC.

3a pasiiiKa OT J0Cera H3BeCTHUTE PE3YJITaTH 3a TPOHKA HEeIOJABHIKHH TOUKH Ha H300-
paskeHus 3a ejHo u3obpazkenue F cbe wim 6e3 CBOWCTBOTO cMeCceHa MOHOTOHHOCT B
I'bJIHE METPUYHH NPOCTPAHCTBA C YaCTHYHA Hapej0a, HHe JOKa3BaMe, 4e e Bb3MOXK-
HO JIa Ce MOJIYYaT Pe3y/ITaTH 3a CbUIECTBYBAHETO M eJMHCTBEHOCT Ha TAKHBa TOYKH
3a HapejeHu Tpoiiku or uzobpazxkenus (F, G, H) ¢ MOHOTOHHOCT OT Pa3/IMIHH BU/I0BE,
KATO YaCTHYHA Hapeaba B JeKapTOBOTO [POU3BeIeHHe IPOU3THYA OT CAaMHUTe u300pa-
JKeHHsl, AHAJIOTHYHO Ha MOJydeHuTe pesyiratd B crarus [A-1] u [A-2| 3a mapenenu
JBOMKHM 0T u3006paskenus. JlokazsaMe TeopeMl, KOUTO OCUTYPABAT C'bIIECTBYBAHETO
M eJIMHCTBEHOCT Ha TPOHKA HENMOJBUKHH TOYKH 3a H300parkeHusa ¢ pasjuiHa MO-
HoronHocT. [TosrygaBame J0CTATHYHHE YCJIOBHA 3@ CBIIECTBYBAHETO U €JHHCTBEHOCT
HA pelleHHe Ha CHCTeMM OT TpH HejuHeiinn MaTpudnu ypasnenus. [Ipemnoxenns
HOXOJ I03BOJIABA Jla e Pa3lIMpU Kjaca Ha CHCTEMHUTe OT MAaTPU4YHH YpaBHEHHS,
e/IHOBPEMEHHO Jia He Ca CHMETPHUYHH H J1a He ca OT THIa ¢'bC CMECeHOTO MOHOTOHHO
CBOHCTBO.

3. IIpunarane Ha reopeMmara 3a N-TOPKHM HEIOABHU>KHI TOYKHN B YACTUIHO
HApeJeHO MeTPUYHO IMPOCTPAHCTBO 3a HAMUPAHE HA MOJIOXKHUTEJIHO Onpe/eIeHo
pelienme Ha cucreMa OT MarpudHmN ypaBHeHus. HamMmpane Ha Bpb3Ka MexIy
MATPUYHUTE YPABHEHHMSA WJIHM CHCTEMHU U YACTUYHATA Hapeaba KOdTO Te MOpaXK-
JaT B pasIyiekJaHuTe AeKAPTOBH IPOW3BEIeHHMsd, KOeTO II03BOJIdBa Ja Ce pas-
IIMPH KJIaca OT 3aJa49M, PEUIuMy ¢ TeopuaTa Ha N-OPKM HEIOJABHXKHH TOYKH.

N3nonssaiiku ababokn pesyararu ma M. Berzig, X. F. Duan, B. Samet, R.M.
Bianchini, M. Grandolfi, T. G. Bhaskar, V. Lakshmikantham, A. C. M. Ran, M. C. B.
Reurings u B. Samet, C. Vetro ce onuraxme Ja 00eMHUM TeXHHKHTE 3a HENOJBHKHH
TOYKH, ABOHKH HEIOJBHKHHM TOYKH , TPONKH HEMOJABHAKHU TOYKH U N-OPKH HeloJBHKHH
TOYKH 3a ¢Ja00 MOHOTOHHHM H300parKeHus, T.e. N300pazkeHHs KOUTO MMAT HAKAKbB BHUJL
MOHOTOHHOCT 3a BCSAKA OT CBOUTE IPOMEHJIHBH.

A-5 A. Ali, M. Hristov, H. Kulina, A. Ilchev, B. Zlatanov, Applications of
N-Tupled Fized Points in Partially Ordered Metric Spaces for Solving
Systems of Nonlinear Matriz Equations Mathematics 2025, 13(13), 2125;
https://doi.org/10.3390/math13132125, ISSN:2227-7390, [I-7.3.]. B rasu
cTaTud oTcaabBaMe KJIaCHYeCKOTO U3MCKBAHU 3a CBUBAHE B YaCTHYHO HAPEICHU MeT-
PHYHHM IPOCTPAHCTBA, KATO HCKaMe TO JIa € W3II'bJIHEHO CaMO 3a UTepallHOHUTe peu-
114, OPOJIeHH OT W300parkKeHneTo, a He 3a BCeKH JIBa CDABHUMH eJIeMeHTa. 3aMeHsAMe
M3MCKBAHETO 3a HENPEeK'’bCHATOCT ¢ Mo ¢1ab0 yCJOBHE, KOETO € JOCTAThYHO 3a Cb-
IECTBYBAHETO W €MHCTBEHOCT Ha HenoJBHKHU ToukH. [lo To3u nayun obobmasame
ocuosuu pesyarar or A. C. M. Ran, M. C. B. Reurings.

CuienBaiiky HabmonenusaTa or npeaxonuute Tpu cratud [A-1], [A-2] u [A-4] B [A-5]
IOKa3BaMe, ue BH/1a MOHOTOHHOCT 110 Pa3JIMYHATE IPOMEH/IMBY Ha pasriexaanure N-
opku u3obpazkenus (Fy, Fy, ... Fy) nopaxia gedununugara Ha JacTHIHATA Hape0a
B PasIVIeXKIaHOTO JAEKapTOBO Npoussenenue. Vznonssaiikn uieara na B. Samet, C.
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Vetro 3a nedunupane na N-opka HENOJBHXKHH TOYKH 3a €IHO H300pazkeHue, HO o
obobuiasame N-opku usobpaxkenus (Fi, Fy, ... Fy), karo npu crneruaies u3bop Ha
nzobpaxkenunra F;, i = 2,3,..., N ce noayqyasar pesyararure or B. Samet, C. Vetro.
To3u MoAXo MO3BOJISABA eJIeMEeHTHTe B HapeaeHaTa N-OpKa HENOJABHZKHU TOYKHU Jia
He Ca 3a/b/KUTETHO PABHU [IOMEXK/1y CH.

[Ile oTGese:kuM, Ue pasrie;KjaHuTe MeTpudHE npocTpancrsa To B. Samet, C. Vetro
ca 10-0011M, TaM BMECTO YacTU4YHa Hape10a ce pasriexjaTr [’ nHBapuaHTH MHOXKeCT-
Ba, KOUTO BKJIIOYBAT B cebe ¢ M300pazkKeHUsTa C'bC CMECeHOTO MOHOTOHHO CBOHCTBO.
Hue npeanoueroxme jga He yrexkuHaBaMe obuiara hOpMYJIHPOBKa, 3all0TO B IPHJIO-
JKeHUATA HA OCHOBHHS Pe3yJITAT 3a pelniaBaHe Ha CHCTeMHU OT MATPUYHH YDaBHEHHS
e JIOCTAT'bYHO JIa Ce pa3riiexkjia JacTHIHA Hapea0a.

CrnomeHnaruTe Karo NPHHOCH PE3YJITATH MPH MPeJIXOJHUTE TOYKM ca 4YecTeH CJIydaii
Ha MOJIy4eHuTe OT Hac TyK pe3yaraTu. CbIIo Taka W APYI'H U3BECTHU PE3yJITaTH ca
CHIEJCTBHE OT pe3ysraTure HU 3a N-ODKH HeloJBHKHHM TOUYKU U Pe3yJITaTUTe HU 3a
CbIIECTBYBaHEe W €JIMHCTBEHOCT HA PelleHHs Ha CUCTEeMHU OT MATPHYHH ypaBHEHHS.

JlokazaTeicTBOTO HA OCHOBHHS pe3y/Tar 3a N-OpKH HEelOABUKHH TOYKH 3a Hape/IeHa
N-opka or uzobpaxkenusi cMe H30paJIu jia r'o JoKaKeM 110 KJIacH4eCKHs Ha4uH, BMeC-
TO HA NPUJIOKUM TeopemaTa HH, KoaTo obodbmasa A. C. M. Ran, M. C. B. Reurings
u jga uaentudunupame N-OpKH HENOIBIXKHH TOYKH 3a Hapejena N-opka oT u300-
paxenus (Fy, Fy, ... Fy) ¢ npemioxenoro or B. Samet, C. Vetro nenoapuzKna Touka
aa T'(%) = (FiE, F3%, . . . FNT), KbeT0 T = (L1, %3,y XN):

HOﬂy‘IaBaMe J0CTaT’bYHHA YC/JIOBHA 3a CbIIECTBYBaHE H € IMHCTBEHOCT Ha pelleHHud-
Ta Ha pa3/IMYHM MATpU4Hu ypasHenus. VnocTpupaxme To3n pesy/aTar ¢ peliaBaHe
Ha MaTPUYHO YpPaBHEHHS, KOETO C€ CBeXKJa /0 CHMEeTPHYHA CHCTeMa OT MaTPU4YHH
YpPaBHEHUSI.

[Iymen
10.11.2025 .
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