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AvcepTaumMoHHUAT Tpya € OobGCbAeH M HacoyeH 3a 3awmuta OT pasLluMpeH
kaTedpeH CbBeT Ha kaTeapa MaTemaTuka npyu XMMUKOTEXHOMOMMYEH U METanypruyeH

yHuBepcuteT (XTMY), rpag Codums, nposeaeH Ha 07. 12. 2012 .

My6bnnyHaTta 3awmTa Ha gucepTaumoHHNA Tpya Lwe ce npoeeae Ha 04. 02. 2013

oT 11 yaca B 3ana 424, crpaga A Ha XTMY — Cocu4.

OCHOBHM AlaHHM 3a AUCepTaUUOHHUSA TPYA:

- aBTop: M. ac. Cawka AHrenosa lNeTkoBa;

- MecTopaboTa Ha aBTopa: rfMaBeH acUCTEHT B KaTeapa MaTtemaTtuka Ha XTMY;

- Hay4YHU pbKkoBoaguTenu: npod. AxH AceH M'MprnHoB 1 npod. A-p AHren Auwnues;

- 3arnasue: “OyHgameHTanHu, Ka4ecTBEHN N ONTUMMU3ALMOHHN 3a4a4m 3a AndepeH-
UManHn ypaBHEHUsI C MPOMEHNNBA CTPYKTypa 1 uMmnyncu’;

- obnacTt Ha Bucle obpasoBaHue: 4. [pupoaHN Haykn, MaTemMaTuka U nHpopmaTuka,

- NpodecnoHanHo HanpaeneHue: 4.5. MatemaTtuka;

- Hay4Ha crneunanHocTt: MaTemart. MogenupaHe 1 NPUNOXeEHUs Ha MaTeMaTUKaTa;

- wndbp: 01 01 13;

- CbAbpXXaHue: yBOA, OCHOBHO M3M0OXeHWe, 3aKntioveHne, geknapauus, CnmcbK Ha
nybnukauuuTe Ha aBTopa No auceprtauusaTa, bubnuorpadus;

- bpon naparpacm B OCHOBHOTO M3noXeHue: 6, pasnpenenexHu B 3 rnasu;

- Bpon cTpaHuumM Ha gucepTtauuaTta: 118;

- Bpown cTpaHMUM Ha OCHOBHOTO U3noxeHue: 91;

- 6pon courypu: 12;

- 6pon nybnukaumm Ha aBTopa, CBbP3aHM C AMcepTaumMoHHnsS Tpya: 3;

- Bpor nuTepaTypHM N3TOUHULM B BubnnorpadumaTa: 243.



3a ynobcTBO 03HayeHusTa M HoMepauusTa B aBTopedepaTa U gucepTaumoHHUS TpyAa
ca MOEHTUYHM.

Mnasa 0. YBoa

OnucaHme Ha OCHOBHUTE MaTeMaTu4veckun ob6eKkTu, uscneaBaHu B AUCEpPTaLMOH-
HMA Tpya: PasrnexgaHute B AucepTaumMoHHMA Tpyad npobnemum ce OTHAcAT KbM
dyHOaMeHTanHaTa M KadecTBeHaTa TeOopus Ha HeNWHeWHUTe cuctemu audepeHumanHu
YpaBHEHWS C MPOMEHNINBA CTPYKTYpa U UMMYIICW.

OT HauyMHa, No KOWTO ce onpeaenaT MOMEHTUTE, B KOUTO Ce U3BBbPLUBAT UMMYSICHUTE
Bb34ENCTBUS M CMsiHATa Ha CTpPyKTypaTa, CUCTEMUTE C NPOMEHNNBA CTPYKTYpa 1 UMNyIicK ce
pasgenaTt Ha HAKOMKO Knaca. Tyk e NoCoYMM CneaHUTe KracoBe:

1.MomeHTUTE Ha NpeBKNtoYBaHe ca npeaBapuUTenHO PUKCUPaHW;

2.MoMeHTUTE Ha NpeBKMYBaHe CbBMagaT C MOMEHTUTE, B KOWUTO TpaekTopusaTa
aHynupa npegBapuTenHo 3agageHu pyHkummn, aedrHupaHm BbB 9a3oBOTO NMPOCTPAHCTBO Ha
cuctemata. Tesn (pyHKUMM ce HapuyaT NpeBKNOYBaLLN;

3.MomeHTUTE Ha npeBKMYBaHe CbBMagaT C MOMEHTUTE, B KOWUTO TpaekTopusTa
cpewa npenBapuTenHO 3adadeHn MHoOxecTBa (C  Bb3MOXHO Hawn-obwa CTpykTypa),
ancrioumpaHn BbB (pasoBOTO MPOCTPAHCTBO Ha cucTemarta. Te3nm MHOXecTBa Ce HapwuyaT
npeBKNoYBaLLY;

4 MomeHTUTE Ha NPEBKNIOYBaAHE CbBNagaT C MOMEHTUTE, B KOUTO UHTErpanHaTa Kpmsa
Ha uM3y4aBaHaTa CUCTEMA aHynupa npenBapuTenHo 3agadeHn yHKuMK, geduHupaHn B
pasWwmnpeHoTo ha3oBOTO MPOCTPAHCTBO Ha CUCTEMATa;

5. MomeHTUTEe Ha npeBkNoYBaHe CbBNagaT C MOMEHTUTE, B KOMTO WHTerpanHarta
KpvBa cpella npeaBapuTenHo 3agageHn MHOXeCTBa, pasnonoXeHn B pasMpeHoTo ha3oBo
NPOCTPaHCTBO Ha cuctemata (OOMKHOBEHO TOBA Ca HEMpecu4yally ce XMNneprnoBbPXHMUHN);

6.MomeHTMTE Ha npeBKkMYBaHe CbBNagaT C MOMEHTUTE, B KOUTO pELLUEHUETO
MUHUMU3MPA (MaKCcuMm3npa) gageHa OyHKUNSG nnm yHKUnoHarn,

7.MpeBkntoyBaLLMTE MOMEHTN UMAT CNydYaeH XapakTep v ap.

B auceptaumoHHMs Tpya ce wm3ydaBaT CUCTEMU OuepeHUMarnHu ypaBHEHWUS OT
nocoyeHuTe no-rope 2, 4 n 6 TMN. Te ce CbCTOAT OT CNeaHUTe CTPYKTypoonpeaensm
eneMeHTH:

1. CbBKYMHOCT OT CUCTEMMU HENMHENHW OOWKHOBEHW AudepeHUManHn ypaBHEHWS,
ONMCBaLLM HENPEKbCHATUTE eTanu OT AUHaAMUKaTa Ha ModenupaHuTe nNpoLecu:

dx dx .
— =1 (t, —=f ,1=12,...;
dt I X)(dt '(X)j '
KbOeTo:
- dyHkumute f, f2,...eC[D+xD,D"] (fl, fz,...eC[D,D”}), T.e. [JECHUTE CTpaHu Ha

rOpHUTE CUCTEMU Ca HemnpekbCcHaTN PYHKLMUM B AEDUHNLNOHHOTO CY MHOXECTRO,

- asoBoTo npocTtpaHcTBo D e HenpasHa obnact ot 1 ";

2. Ycnoeus 3a nocriegoBaTtenHo onpeaensHe Ha MOMEHTUTE Ha:
- CMsiHaTa Ha CTpyKTypaTa Ha cuctemarta oT AudepeHumanin ypaBHeHns (CMsiHa Ha ascHaTta
cTpaHa),
- UMMNYJICHM Bb34ENCTBUSA BbPXY PELLUEHNETO.

Tean gBa TMna MOMEHTM B 0ObLMA criydal cbBnagaT nomMexay Cu 1 ce Hapudart C
00LWOTO HaMMeHOBaHME MOMEHTM Ha MpeBkKNoYBaHe. Te ca NocrneaoBaTeNHU PELLEHMS Ha
cuctemm OT anrebpunyHm ypaBHEHMS OT BUAA:

. (t,x(t)) =0 unu o (X(t)) =0,i=12,...,
KbETO (DyHKLMMTE ¢}, (,,... C& HApU4aT NPEBKIIOYBALLM (DyHKLMM. Te ca CbOTBETHM 3a BCsika

edHa AsiCHa cTpaHa W ca HenpekbCHaTU B paswMpeHoTo a3oBO NPOCTPAHCTBO UMM BbB
(hba30BOTO MPOCTPAHCTBO Ha W3yyaBaHUTE CUCTEMM OT AUEpPeHLManHW ypaBHEHUs, T.e.

(pl,(pz,...eC[D "x D, ] Wi @, @,,... € C[D,D ] MomeHTUTe Ha NpeBknYBaHe 03Ha4YaBame
ct,t,,...;



3. UMnyncHu dyHKUUKM, KOUTO ONpeaensaT roremuHata (M nocokaTa) Ha UMMYNCHUTE
Bb3aencTeusi. Team Bb3AecTBUSA MaTeMaTUYECKM Ce OMNMUCBAT KakTo crnezBa:

X(t+0)=x(t)+ 1, (x(t)), i=12,....
WmnyncHute dyrkumm 1, 1,,... ca HenpekbcHaTM BbB (Pa30BOTO MPOCTPAHCTBO Ha

pasrnexgaHuTe CUCTEMM C MPOMEHNINBA CTPYKTYpa U UMMNYSCU.

PelleHnaTa Ha CbOTBETHUTE HavyanHuW 3adayvn Ha  pasrnexgaHuTe CUCTeEMM
AndepeHLnanHn ypaBHEHMs ca YacTUYHO HernpeKkbCHaTU OYHKLUM C TOYKM Ha NpeKbCcBaHe OT
MbPBU Pof, B KOUTO PeLLeHMsITa ca HEMPEeKbCHATK OTIISIBO.

CneundnyHn O0COOGEHOCTM U Bb3HMKBAWM TPYAHOCTU MNpPUM uU3yvyaBaHe Ha
MaTemaTuyeckute obektM ot auceptaumaTa: CneumduyHuTe 0ocobBEHOCTU, CBLP3aHU C
n3crnefBaHeTO Ha CUCTEMUTE C NPOMEHNMBA CTPYKTypa M UMMNYNCW, a CbLOo Taka M
Bb3HUKBALLUTE TPYAHOCTU NPU TAXHOTO M3yvyaBaHe, ca CnegHuTe:

1. MNpeKkbCHATOCT Ha peleHMeTO Ha CbOTBeTHaTa HadanHa 3agada: ToykuTe Ha
npekbCcBaHe ca OT MbpBU pog, T.e. ,CKOKbT' e orpaHmyeH. OGMKHOBEHO ce npegnornara, 4ye
PELLEHNETO € HEMPEKBbCHATO OTMIABO B TOYKUTE HA MMMNYNCHO Bb3AENCTBME;

2. Hannuve Ha edpekta ,0ueHe”. B T03M cnydanm, WHTerpanHata kpuBa wnm
TpaeKkTopuaTa Ha cuctemaTa AndepeHunantHn ypaBHeHNs cpella MHOrOKpaTHO (Bb3MOXHO €
n 6e30poMHO MHOro MbTW) MPEeBKAYBALWMTE MHOXECTBA. ToraBa, MOXe ga ce Momnyyu
cuUTyaums, Npu KOATO MPEeBKMYBALLMTE MOMEHTM Aa MNpuUTEexaBaT Tovka Ha CrbCTaBaHe U
crnepoBaTeNHO peLleHNeTo Aa He € NPoabIPKUMO HAgACHO OT Ta3u Tovka. ToBa O3HayaBa, 4e
pelueHneTo ,3armea’. [lopaan Tasu nNpuynHa Npu onMcaHarta no-rope cuTyauus, He MoXe ga
ce uM3yyaBaT pasNU4yHM acnekTM Ha KadvecTBeHaTa Teopusi Ha TO3M TUM CUCTEMM, KaTo
HanpuMep: HenpekbcHaTa 3aBUCUMOCT, NEPUOLMNYHOCT, YCTONYMBOCT U Ap.;

3. 3aryba Ha cBOMCTBOTO aBTOHOMHOCT: He3aBMCMMO, Ye € Bb3MOXHO JeCHUTE CTpaHu
Ha pasrnexgaHute CUCTeMM Oa He 3aBUCAT OT BPEMETO, TO peLleHUsiTa Ha CbOTBETHUTE
HayanHu 3agayvn ca (PyHKUMM Ha HadanHust MOMeHT. [leCTBMTENHO, NECHO ce CcbobpassBa,
ye pelleHnsaTa 3aBUCAT OT MOMEHTUTE Ha npesknoyBaHe. OT CBOSI CTpaHa, NPeBKNoYBaLLnNTe
MOMEHTU ce nony4yaBaT KaTO peleHus Ha anrebpuyHn ypaBHEHUs, B KOUTO Yy4vacTBa
pelweHneTo. Mo To3n HauMH gocTurame 4O U3BOA4A, Y€ PELLUEHNETO 3aBUCK CbLLUECTBEHO OT
HayarHUa MOMEHT;

4. CnmBaHe Ha peweHus: OBMKHOBEHO CNMBaHUATa Ce OCbLLECTBABAT cried UMMYSCHU
Bb34ENCTBUS BbPXY NOHE €4HO OT CNMBALLUTE CE PELLEHUS;

5. MNpomsiHa Ha npeBKMYBaAWMTE MOMEHTM MPM MPOMSIHA Ha HA4yarHOTO YCMOBME:
PasnnyHute peweHns (C HayanmHW YCroBUS, KOUTO He CbBNagat) uMaT pasnnyHu
NPEeBKNIOYBALLM MOMEHTW, BKMAYUTENHO MPU €4HOTO OT Te3u peLleHMs € Bb3MOXHO Aa
nunceaT NpeBKMYBaLM MOMEHTU. TakbB € Cry4yasT Ha HyNeBOTO peLleHune, KOeTo He e
NoANOXEHO Ha UMNYIICHU Bb3AENCTBUS;

6. lNMpomsiHa Ha npeBKMOYBaALWLMTE MOMEHTU MNPV CMyLlaBaHe Ha €enemMeHTU Ha
cuctemata: B obwma cnyvam peweHusita Ha u3cnegBaHaTa HayanHa 3ajada U Ha
CbOTBETHaTa CMyTeHa HavanHa 3agada (Npy e4HM 1 CbLUX HaYarHu YCrnoBus) UMaT pasnnyHn
npeBKNoYBaLLM MOMEHTU. To3n (hakT 03Ha4aBa, Ye CbOTBETHUTE UM UMMYSICHU Bb3OENCTBUS
ca pasnuyHuK No rofemMmnHa u HanpasneHue;

7. HatpynBaHe Ha rpewku: lNepTtypbaummte n HETOYHOCTUTE MpW onpedensHe Ha
MOMEHTUTE Ha CMsiHaTa Ha CTpykTypaTa (OeCHUTe CTpaHW Ha CUCTEMUTE), KaKTO M Mpu
onpeaensHe Ha rofeMnHUTE U HanpaBfeHusaTa Ha UMNYIICHUTE Bb3AENCTBUSA, ce ,HaTpyneaTt’
BbB BpeEMETO. Te okasBaT CbLUECTBEHO BNUSIHME MpPU NPEecMsiTaHe Ha ronemuHata Ha
peLleHneTo B AadeH MOMEHT, a CbLLO Taka U Ha HeroBoTo nosefdeHue. Taka Hanpumep, nNpu
HeorpaHudeH 6pon Ha MMMyrCHUTE Bb3AENCTBUA Te3n “HaTpynaHu” neptypbaumm morat ga
nmaT HenpeodonuMm xapakTep M Aa goBedaT A0 (POPMUPAHETO Ha peLUeHUs, KOUTO ce
pasnuyaBaTt HEOrpaHMYEHO OT U3y4aBaHOTO ,HenepTypbupaHo” peLLeHne.

I'Ipernep, Ha OCHOBHUTE pe3ynTaTtun, CBbp3aHN C U3cnegBaHUTe MateMaTuieCKu
06eKkTn: HayanoTto Ha kayecTBeHaTa TEeOopUA Ha UMNYINCHUTE D,Vl(bepeHU,I/laJ'lHI/l YpaBHEHUA OT



pasrnexgaHua Tun e noctaBeHo oT B. MunbmaH 1 A. MblWwKk1UCc B nbpBaTa NofoBUHA Ha
lwecTtaeceTTe rogMHN Ha MuHanus Bek [21] u [22]. B Te3n paboTtn ca AageHn Hakou obim
cbobpaxeHns 3a HeobxoaMMOCTTa OT U3yyaBaHe Ha CUCTEMUTE C UMMYNCHU Bb3OENCTBUS.
MonyyeHn ca NbpBUTE pe3ynTaTn 3a YCTONYMBOCT HA TEXHUTE PELLEHUS.

BbBeneHuTe matemaTnyeckn obekTn ce okazaxa MHOro Mosie3Hn 3a matemaTnyeckuTe
NPUIOXEHUS, B pe3ynTaT Ha KOeTo ce NosiBUxa MHOrobponHn nscneasaHms. Tyk Lwe nocounm
4yacT OT MoOHorpadumTe Ha ObNrapcky aBTOpW, OTHAcAWM ce 3a (pyHOAameHTanHata u
KayecTBeHaTa Teopusi Ha UMNYNCHUTE AndepeHUnanHn ypaBHEHNS U TEXHUTE NPUNOXEHWUS:
. banHoB n B. Koaues [59]; [1. banHos, C. KoctagnHoB un H. Munx [79]; [. BanHos u 1.
CumeoHos [92], [93], [94], [95] v [96]; O. BanHos 1 C. Xpuctosa [77]; B. NakwmukaHtam, L.
BanHos 1 M. CumeoHos [169]; I'. Ctamos [211]; . Ctamosa [218]; A. Auwnues, K. Ouwnuesa
n C. HeHos [126].

OT MoHorpacumnTe, NoCBETEHM Ha UMNYNCHUTE AudepeHUManHn ypaBHEHUS, C aBToOpU
n3ebH bbnrapus, we cnomeHem: A. CamonneHko u H. Mepectiok [30] n [205]; H. MNepecTiok,
B. MnotHukoB, A. CamonneHko n H. CkpunHuk [23]; C. bopuceHko, B. Koconanos un A.
O6oneHckun [5]; A. XanaHan n [1. Bekcnep [37]; C. 3aBanuwuH n A. CecekuH [10] n [236]; C.
3aBanuwmH, A. CeceknH n C. OposgeHko [9]; S. Pandit u S. Deo [200]; M. Benchohra, J.
Henderson n S. Ntouyas [98].

N3cnegBaHuATa Ha cuctemute audepeHuManHn ypaBHEHUS C UMMYNCU YCMOBHO
MOXeM Aa pasnpegenvm B Tpy obLmM HanpaBneHus:

1. MNpeHacsaHe Ha HAKOWM pesynTaTu OoT AudbepeHunanHuTe ypaBHEHUA B "HEMPEKbLC-
HaTua crny4dan” KbM ypaBHEHUsATa C UMMYNCHU Bb3gencteus (Bux [6], [7], [8], [29], [38], [40],
[42], [44], [45], [50], [51], [56], [59], [87], [88], [99], [135], [136], [140], [146], [147], [149], [152],
[154], [158], [166], [167], [168], [172], [182], [189], [190], [195], [197], [198], [199], [207], [229],
[235], [242] v op.);

2. N3cnegBaHns Ha cneunuyHM KavecTBa, XapakKTepHU camo 3a pelleHusiTa Ha
ypaBHeHusiTa C UMNYIcHY Bb3genctens (Bux [14], [15], [24], [25], [26], [28], [32], [46], [47],
[60], [61], [67], [68], [69], [72], [73], [74], [75], [78], [80], [89], [90], [98], [100], [101], [102],
[108], [111], [112], [118], [119], [120], [121], [122], [123], [124], [125], [126], [127], [128], [129],
[137], [138], [139], [143], [144], [153], [154], [155], [156], [164], [165], [170], [187], [188], [191],
[201], [202], [212], [213], [214], [219], [221], [227] v @&p.);

3. MogenupaHe n onTMMM3MpaHe Ha NpoLecK OT NpakTUkaTa ¢ MOMOoLLTa Ha UMMNYSICHU
ypaBHeHus. Mpu ToBa mM3ydyaBaHUTE npouecu mMoraT Aa ce onuwiat U uscrnensaT ageksaTHO
caMo C TakbB TuN ypaBHeHus (BuxX [4], [11], [12], [13], [16], [33], [48], [49], [52], [53], [54], [55],
[57], [58], [70], [71], [97], [103], [104], [106], [109], [110], [113], [115], [116], [117], [130], [131],
[132], [133], [134], [141], [142], [148], [150], [157], [159], [160], [161], [162], [163], [173], [174],
[175], [176], [177], [178], [179], [180], [181], [183], [184], [185], [186], [192], [193], [194], [203],
[204], [206], [210], [211], [215], [216], [220], [222], [223], [224], [225], [226], [228], [230], [231],
[232], [237], [238], [239], [240], [241], [243] v ap.).

B cnegHute MoHorpadum ce umdyyaBaT cuctemmte AudpepeHunanHn ypaBHEHUS C
npomeHnuea ctpyktypa: A. dununnos [36]; A. AHgpoHoB, A. Butt n C. XawnkuH [2], B.
Babvukun n B. KpynenuH [3]; H. MNepecTiok, B. MNMnotHukos, A. CamonneHko n H. CkpunHuk
[23] v ap.

OndbepeHunanHnTe ypaBHEHUSA C NPOMEHMMBA CTPYKTYpa Ca OCHOBEH MaTeMaTU4eCKM
anapar B TeopusiTa Ha ynpasneHveTto. Tyk we nocouynm cnegnute pesyntartu: [1], [2], [17],
[18], [19], [20], [23], [27], [28], [35], [36], [38], [39], [43], [44], [45], [98], [126], [188], [202],
[226], [239].

MpunoxeHna Ha nscnegBaHUTe YpaBHEHUSA C MPOMEHNMBA CTPYKTYypa U UMNyJsicu
npu mMopenupaHe Ha AMHAMUYHWU MNpoUECcU OT MpakTukara: To3uM Tun ypaBHeHUsa (C
NpoOMeHNMBa CTPyKTypa n umnyncu) ca yaobeH matemaTnyeckun anapat 3a MogenuvpaHe Ha
ANHAMWYHKU NPOLIECU, KOUTO Ce XapakTepuampaT CbC CneaHuTe ABe 0COOEHOCTH:
- lMpouecute ca nognoXxeHu Ha ,KPATKOBPEMEHHW U WMHTEH3MBHM® BBHLIHW Bb3AENCTBUSA
(cmyLieHns, nepTtypbaumn). MNpegnonara ce, Ye BPEMETPAEHETO HA BBHLUHUTE CMYLLEHUS €
npeHebpexxumo Manko B cpaBHeHMe ¢ obLiaTta NpoabiMKUTENHOCT Ha npoueca;



- HenocpeactseHo cnen Tesu MMMyncHU neptypbauun udyvyaBaHUAT Mpouec npoabiikasa
CBOETO pasBUTUE, KaTo Ce MOAYMHSABA Ha HOBMW, Pas3fMyHM OT MpeaxoaHuTe, npasuna u
3aKOHMW.

Lle otbenexumm (NOTBbPAEHO OT MHOrO aBTOPW), Y€ WMHTEH3MBHOTO pa3BUTUE Ha
TeopuaTa Ha AndepeHunanHMTe ypaBHEHUS C UMMNYIICU U C MOCTOsIHHA CTPYKTYpa Ce ObITKM
Ha MHOroOpoMHUTE UM NPUNOXEHUSA: OENCTBMETO HA aMOPTUCLOP, MOANOXEH Ha YAapHU
Bb3OENCTBUSI; KonebaHuaTa Ha CUCTEMM OT Maxana Mpu HamuuMe Ha BBbHLUHW MMMNYIICHU
CMYLLEHWS; yOapeH MoAen Ha YaCOBHMKOB MEXaHW3bM; BUOpPOyoapHM CUCTEMM; BUNAPAHU
OBWXEHUSA Ha MatepuanHy TOYKK; penakCMoHHN konebaHusa Ha enekTpoMexaHUYHN CUCTEMN;
ENEeKTPOHHN CXeMW; 3aTuMXBall, OCuMnaTop, MOAMOXEH Ha WMMYACHU Bb34eNCTBUS;
AVHaMMKaTa Ha CUCTEMM 3a aBTOMAaTUYHO perynupaHe; CMyLLEHWUst B KIETbYHU HEBPOHHM
MpEeXu; MMNyncHu neptypbaumm B CKOpPOCTTa Ha pa3BuTME Ha KbnboBuaHwu 6GakTepwuu,
noaYyMHeHn Ha 3akoHa Ha Schmalhausen; nMmnyncHa BbHWHA Hameca U ONTUMM3ALUOHHU
3agayn B nonynauMoHHaTa AUHaMuKa Ha u3onvpaHa nonynauus; 3armpaHe Ha nonynauyuu B
pes3ynTaT Ha UMMYJICHWU Bb3AENCTBUS; MMMNYJICHA BbHLUHA HaMeca 1 ONTUMMU3ALNOHHUN 3a4a4n
B MonynauMoHHaTa AWHaMWKa Ha CbOOLECTBO OT TUM XULHWUK-XEPTBA; enuaeMuonornsaTa;
,LLIOKOBN” N3MEHEHUS HA LIEHNTE Ha 3aTBOPEHMTE nasapu u ap.

Kakto kasaxme no-rope, nNpunoXxeHusTa Ha AndepeHuManHuTe ypaBHEHMS C
npoMeHnMBa CTpykTypa M 6e3 MMMyfncHM Bb3OENCTBUS cCa MNpeauMMHO B TeopusiTa Ha
ynpasneHneto. OcBeH TOBa C NMOMOLlTa Ha TakMBa ypaBHEHUS ce M3yyaBaT: 3agadn oT
dhapMakokMHeTUKaTa; ynpaBfieHMe Ha opbuTata Ha CNbTHUK C MOMOLWITA Ha paguanHu
YCKOpPEHUS; NpeMMHaBaHeTO Ha TBbPAO TANO OT dnyuMa C AadeHa NNbTHOCT BbB dnyua C
apyra nibTHOCT, U3MEHEHMETO Ha CKOPOCTTA Ha XMMMYHA peakuus npy npubaBsHETO UNu
OTHEMAaHETO Ha KaTanu3aTop u ap.

B HacToswarta guceptaumns ca cbyeTaHu Te3n ABa Tuna gudepeHumnanin ypaBHEHUS.

N3yyaBaHeTO Ha CKOKOOOPA3HO M3MEHSLLM Ce MPOLEeCU CbC CMSHA Ha 3aKOHWUTE Ha
pasBuMTME € NpeaMeT Ha u3cneaBaHe B peauua Hayku: MexaHuka, (hapMakoKMHEeTUKa,
nonynauynoHHa AUHaMMKa, WUKOHOMWKA, TEOpusi Ha ynpaenenHneto u ap. B Tesm cnydawm,
N3Non3BaHETO Ha MaTemMaTudecku anapaT nog cdopmarta Ha mogenvpawm avdepeHumanHm
YPaBHEHWsI C MPOMEHNIMBA CTPYKTYpa U UMMNYICK, KAaTO NPaBuUIo, € 3a4bIDKUTENHO.

OcHOBHM uenu Ha agucepTaumoHua Tpya: OCHOBHMTE UEenuM Ha gucepTaumoOHHUS
Tpy4 ca Tpw:

1. BbBexgaT ce M ce wu3cneaBaT HOBW KacoBe HENWHENHW audepeHumnanHm
YpaBHEHUST C MPOMEHNUBA CTPYKTypa W MMMyfCU, KOUTO MpeAcTaBnsBaT afeKkBaTeH
MaTtemMaTu4eckn anapaT Npu MoAenupaHeTo Ha NpeKkbCcHaTU AnHaMu4HWM npouecn. OTaenHo
ca u3crnegBaHu criydamte, KOrato MpeBKMYBaLLUTE (PYHKUMM Ca JIMHENHU W KOrato Teau
PYHKLMM Ca HENUHENHN;

2. BbBegeHn ca M ca U3ydYeHW crneumpuyHM MOHATUA 3a FOPHUS TUN YpaBHEHMUS:
3arMBaHe Ha pelleHuaTa 4Ype3 UMMYNCHUM Bb3AEeNCTBUS; HEMpekbCcHaTa 3aBMCUMOCT Ha
3arMBaliy peweHus OT UMMYMCHUTE CMYyLIEeHUs; OnTUManHu WMMyncHU Bb3AENCTBUS,
onTUMarnHu peLweHnst n ap.

3. MNpunaraHe Ha pe3ynTatnte Bbpxy U3BECTHU MaTemaTudeckn mogenun. Kato npumep
we nocoYnMm MaTeMaTudecku moaen oT apMakoKMHeTUKaTa. HamepeHuTe onTumarnHu
KayecTBa Ha pelleHusiTa ca UHTEPNPETUPAHN B TEPMUHUTE Ha CbOTBETHUA Mogen. V3puyHo
e nogyepTaem, ye uacnenBaHUTe ONMTMManHW CBOMCTBA Ha MoAena ca Bb3MOXHWM Camo
OnarogapeHue Ha Npeaxo4HUTE TEOPETUYHU pe3ynTaTh B AUCEPTaLNOHHNA TPy,

OCHOBHM MaTemMaTU4ecku MeToau, u3non3BaHu B Auceptaumsata: OCHOBHUTE
MEeTOOM Ca CBbp3aHM C TPAAULMOHHUA MaTemaTU4Yecku anapaT Ha peanHus aHanums u B
4aCTHOCT Ha andepeHumanHuTe ypaBHEHUS.

CbabpxaHue: [lncepTaumMoHHUAT TPyA Ce CbCTOM OT YeTupu rnaBu, HynesaTa oOT
KOUTO e yBoAHa. Bcsika egHa OT ocTaHanuTe Tpu OCHOBHYM MaBu Cbabpka no Asa naparpada.



MmaBa 1. 3arMBaHe Ha peleHU Ha HeNUHEeNHW HeaBTOHOMHM CUCTEMMU
AudpepeHuanHn ypaBHEHUA C NPOMEHNIMBA CTPYKTypa U UMMNYJiCU

B Tasu rnaea ce wusyyaBa cneuuarneH knac HerMHenHW HEeaBTOHOMHW CUCTEMM
0OVKHOBEHWN AudbepeHuManHn ypaBHEHUS C MPOMEHNMBA CTPyKTypa UM umnyncu. [OscHaTa
CTpaHa Ha BCsika eHa OT Te3un cuctemu ce u3bmpa nocnegoBaTeniHo oT MHoxecTBo f , koeTo

ce cbeTomn oT 6€30porHO MHOrO oyHKUUKN. MImame
f :{fi = (t,x), i:1,2,...}.

OCHOBHM eneMeHTU Ha BCsIKa cUcTema D,I/Id)epeHLl,VlaJ'lHl/l YpaBHEHUA OT pasrnexgaHua
TN Ca MHOXXECTBOTO OT NpeBKIo4BaLlu (byHKU,VII/I

(0:{(4 =@ (x), i :1,2,...}
N MHOXXECTBOTO OT MMMNYNCHN (PYHKLNN

L={l,=1,(x), i=12..}.
Bcska egHa ot npeBkno4yBaliuTe d)yHKLl,I/II/I @ N nMmnyrncHute d)yHKLl,I/II/I |i € CbOTBEeTHa Ha
nsichata ctpaHa f,, 1=12,.... NMopegHaTta i-Ta npomsiHa Ha AscHaTa cTpaHa Ha cuctemara

(cmsiHata Ha f; ¢ f,,;) n cboTBETHOTO MMNYNCHO Bb3AENCTBME BLPXY PELUEHNETO

X(t) = x(t; +0)=x(t;)+1;(x(t;))
Ce U3BbPLUBAT B Taka HApeYeHu st i -Tv Mo ped MOMEHT Ha npeskritousaHe t, i =1,2,.... TouHo

B TO311 MOMEHT peLLeHVNeTo aHynunpa npeBkoyBaLlata gyHkumna ¢ , T.e.

o (x(t))=0,i=12,....
Ouwe BedHbX We nogyepTaeM, Ye crieq BCEKM MOMEHT Ha MNPEBKIOYBAHE U3yvaBaHUAT
npouec npoabinkaBa CBOETO pa3BUTUE, KaTO Ce NoAg4YMHABaA Ha HOB 3aKOH Ha pa3Butune (HOBa

OsiCHa cTpaHa Ha cuctemaTta). OcBeH ToBa, gOoCTUrHaTaTta CTOMHOCT x(ti) B MOMEHTa Ha

npeBskntoyBaHe t, ce pasnuyaBa OT Ha4YanHaTa To4ka X(ti +0) , OT KOSITO CTapTMpa npouechbT

cnep 1031 MOMEHT. ToBa 06CTOATENCTBO Ce OBbSMKM HA AUCKPETHOTO MMMYIICHO Bb3aencTeue
BbpPXY PELLUEHNETO, KOETO Ce OCbLUECTBSBA BbB BCEKN €0MH MOMEHT Ha NPeBKIoYBaHe. To3u
aKT CblUEeBPEMEHHO O3Ha4yaBa, Ye pelweHNeTo € TMpPeKbCHAaTO B MOMEHTUTE Ha
NpeBKOYBaHE.

AndepeHumnanHnTe ypaBHEHUSA C MPOMEHNMBA CTPYKTypa U MMMyJfiCU ca BbBEAEHU B
[188]. Hakon kayecTBeHM CBOMCTBA Ha TEXHUTE pelleHus ca udydeHu B [112] u [126]. B
pabotu [111] n [113] ypaBHEHMATA C NPOMEHNUBA CTPYKTYpa M UMNYFCKM Ce U3Non3BaTt npwu
n3yyaBaHeTO Ha AMHaMMKaTa Ha 3aTBOpa Ha XMapasBSiMyeH KnanaH.

MopobHM Ha pasrnexgaHuTe B Auceptaumsita uMmnyncHu cuctemu (6e3 npomsiHa Ha
CTpyKTypaTa) ce uscneasar B peauua nybnukaumn. Kato npumepm Tyk we nocounm: [30], [32],
[52], [68], [75], [90], [100], [101], [102], [108], [119], [120], [121], [123], [124], [126], [128],
[129], [137], [138], [139], [214] v ap.

OcHoBHaTa uUen B Tasu rnaBa € f[a Ce wuscnegsat cuctemun audepeHumantu
ypaBHEHWS C MPOMEHNMBA CTPYKTYpa U UMMYNCKU, PELLEHMATA HA KOUTO HE Ca NPOABLIKNMU SO
BeskpanHocT. 3yyeH e cnyyasaT, Korato NpuyMHa 3a HENPOABIMKMMOCTTA Ha pelleHmaTa (Mnm
KakToO e MpMeTo Aa Cce Ka3Ba 3arMBaHe Ha peLleHnsaTa) ca UMNyicHUTE Bb3OeNCTBUS.

B nbpBua naparpacd Ha rnasata ca HamepeHW SOCTaTb4HM YCMOBMS 3a 3arMBaHe Ha
peweHnsaTa Ha CbOTBETHUTE HayanHM 3agayn 3a  OnuMCaHuTe MOo-rope  CUCTEMMU
andpepeHunanHn  ypaBHEHWss C NPOMEHNMBa CTPYKTypa W UMNyACU B Criyvan, 4e
NpeBKnioYBaLIMTe YHKUMKN ca HenmHenHn. C apyrv ymu, 3a NnoCcoYeHus Krnac ypaBHeHus ca
Nosly4eHn OOCTaTbYHWU YCMOBMS, NPU KOUTO peLleHuATa He ca MPOAbIHKMMM OT U3BECTHO
MSICTO HaTaTbK.

OcHoBeH 06eKkT Ha uscneaBaHe B TO3u naparpacd e crieqHaTa HayanHa 3agava:



(1.1) e f(t,x), @(x(t))=0, t, <t<t,

(1.2) o (x(t))=0,i=12,..,

(1.3) X(t+0)=x(t)+ 1, (x(t)).

(1.4) X(t) =X,

PelueHneTo Ha u3dyyaBaHaTa 3adaqa € HemnpekbCcHaTo OTNABO B MomeHTute t,t,,.... ToBa

O3HayaBa, Ye pPELIEHMETO € HEMPEKbCHATO OTNSIBO BbB BCSKAa TOYKa OT MaKCUMaIHus
MHTepBan Ha cbluectByBaHe. OT fgpyra cTpaHa, B obwus crnyvaw (Hanpumep, Korato

dyHKUMUTE Ii(x);tO npu xeD, 1=12,...) ToBa pelleHne e npeKbCcHATO OTASCHO B

MOCOYEHMTE MO-TOPEe TOYKW. TOYKMTE Ha MpeKbCBaHe ca OT MbpBU pof, T.e. ,CKOKbT' Ha
pPEeLEHNETO B TE3N TOYKM € orpaHuyeH. [No-HataTbk, peleHneTo Ha 3agadara (1.1), (1.2),

(1.3), (1.4) we osHayasame ¢ X(t;t),X,).
LLle nsnonasame o3HaveHuATa:
- f ={fl, f2,...}, goz{(ol,(pz,...}, I ={I1, IZ,...};
- MhoxectBata @, ={xeD; ¢ (x)=0},i=12,.., kouto ce HapuyaT MpeBKIIOYBALM
XVMNEeprnoBbPXHUHM Ha U3yyaBaHaTa HavanHa 3afaya;
- Pynkumsita |, (x)=0 npu x e D. BarmaHo e pasexctsoto (Id +1,)(x)=x, xeD;
- WurepsansT J (1), Xy, f;) e MakcumanHusT nHTepsan Ha CblUeCTByBaHe Ha pelueHreTo Ha
3apavata

(1.8) —=f(t.x), x(t,)=%,, i=12,...;

- NHTepBansT J (to,xo, f) € MakCMMarmnHusT MHTepBarn Ha CblLUECTBYBaHe Ha peLleHneTo Ha
3apavara (1.1), (1.2), (1.3), (1.4);
- dyHKUMATa X (t;to, XO) € pelleHne Ha 3agadarta C NoCTosiHHa CTpykTypa n 6e3 nmnyncu (1.8)

npn te J (ty, Xy, fi), i=12..;

- Kpusata 7 (ty, X, ) ={X(t;ty.%,), teJ(t,. %, f)} e TpaekropusTa Ha nsyuasarata sapaua;
- Kpuata 7 (t), X, ) ={X (tity, %), teJ(ty, X, f;)} e TpaekTopusiTa Ha sanauara (1.8);

- ||| v (...) ca cbotBeTHO EBKNMAOBaTA HOpMa 1 CkanapHo npoussenerne B 1 ";

- MHoxecTBOTO B, (X,)= {x el |x—x] < 5} e & -OKOMHOCT Ha TouKaTa X, ;

- Pa3ctosiHmeTo Mmexpay HenpasHute MHoxecTBa A, Bc[l" peduHupame ¢ nomowita Ha
PaBEHCTBOTO
p(AB)=inf{|x,— x| X, €A x; €B}.
HegpurHuyusa 1.2. lle ka3same, ye peweHussma Ha cucmemama (1.1), (1.2), (1.3)

3asusam riopadu umnysicHUmMe 8b30elicmeusi, aKo:
1. 8a HavanHama 3adaya (1.8) e U3NbIIHEHO

(Vt, > 0) (W%, € D)(Vi=12,..)
=J (to, Xg fi)= [to,oo);

2. Wmame
(Vt, 20)(Vx, € D)

(3 =1 (t%), L, =1, (ty %) eeii Iy lpiD >0 ")



(3t =t°(ty, X, Iy, 1) =const e, t°>1,):

3 (tg %, ) =[15,t°).

C apyrv oymu, € U3nbITHEHO:

1. Mpu Bcekn n3bop Ha HayanHa Touyka OT Pa3WMPEHOTO (Pa30BO MPOCTPAHCTBO Ha
pasrnexgaHata cuctemMa U npyv BCska (OUKCMpaHa [OscHa CTpaHa, npuHagnexawa Ha
MHOXeCTBOTO OT ASCHW CTpaHW Ha OcHOBHaTa cuctema (1.1), pewleHMeTo Ha CboTBeTHaTa
HavanHa 3agaya Cc NOCTOsIHHA CTPYKTypa 1 6e3 umnyncu e NnpoabimKMMO 40 0e3KpanHoCT;

2. Tpn Bcekn mM3bOp Ha HayanHa TOYKa OT pasWMPEHOTO (Pa3oBO MPOCTPAHCTBO
CbLUECTBYBAT WUMMNYNCHM YHKUUW, TakuBa, Ye peLleHMeTO Ha CbOTBEeTHaTa 3ajadva C
npomMeHnmMBa cTpyktypa u wumnyncu (1.1), (1.2), (1.3), (1.4) nputexaBa oOrpaHuyeH
MaKCMMareH MHTepBasn Ha CbLLEeCTBYBaHe.

BbBexgame cnegHuTe ycnoBus:

H1.1. ®yHkyuume f. eC[D “xD,l ”], i=12,...
H1.2. ®yrkyuume @ €C'[D,0 ], i=1,2,....
H1.3. ®@yHkyuume | eC[d)i,D ”] u(ld+1,):®, 5D, i=12,..
H1.4. BanudHu ca HepaseHcmeama:
@ ((1d+15)(x)).(grade (x), f,(t,x)) <0, (t,x) 0 * x(D\d,),
kbdemo l,(x)=0,xeD, u

o ((1d +1,,)(x))-(grade, (x), f; (t,x)) <0, (t,x) e "xD, i=2,3,....

H1.5. Cbwecmeysam KoHCmMaHmu C< >0 makuea, ye

gradg,, ;)

(V(t.x)el *xD)= Kgradgoi (x), fi(t, x)>‘ >C i=12,...

gradg;, f;)’
H1.6. 3a ecsika mouka (t,,X,)€l“xD u 3a ecsiko i=12,... peweHuemo Ha HadyanHama

3adayva (1.8) cbujecmesysa u e eQuHCcmMeBeHo 3a t > t,.
H1.7. Cbwecmesysam KoHCmMaHmu C(P >0 makuea, ye

(Vxe®)= o, ((1d+1,)(x)) <C, . i=12....

" C
H1.8. Pedbm Zi:1$ e cxodsauw,
<grad(/>,+1, fi+1>
OcHoBHUTE TeopeMu B NbpBUsi Naparpad Ha rnaesaTa ca CnegHuTe:
Teopema 1.1. Heka ca usnwnHeHu ycriogusima H1.1 u H1.6.
Toeasa peweHuemo Ha 3adayama (1.1), (1.2), (1.3), (1.4) cbwecmsysa u e
eduHCcmeeHo HadsiCHO om HayarHuss MoMeHm t, .

Teopema 1.2. Heka ca usnbrHeHu ycriogusima H1.1+ H1.6.
Toezasa mpaekmopusima Ha 3ada4yama (1.1), (1.2), (1.3), (1.4) cpewa ecsika edHa om

xuneprnoebpxHuHume ®; = {X eD; ¢ (x)= O}, i=12,...

Teopema 1.4. Heka ca usnbrHeHu ycriosusima H1.1+H1.8.

Toeasa peweHussima Ha cucmemama (1.1), (1.2), (1.3) 3aeueam nopadu umnyncHume
8b30elicmeus.

CbwmaT BbNPOC € u3yyeH 1 BbB BTOpUA naparpad Ha rnasaTa. MscnegBaHusaTa ce
OTHacAT 3a CPaBHUTENHO MO-NEKMsl, HO BaXeH 3a MpakTMkata CcnydYanm Ha HenuMHEeWHU
HEeaBTOHOMHW CUCTEMW AUdepeHUManHn ypaBHEHUs C UMMYNCU U NUHEWHW MPEeBKNioYBaLLm

PYHKLMN.
O6ekT Ha nscnegBaHe B naparpada e cnegHarta HadanHa 3agada:



(1.12) i f(t.x), (a.x(t)=a, t<t<t,
(1.13) (3, x(t))=a, i=12,...,

(1.14) X(t+0)=x(t)+ 1, (x(t,)).

(1.15) X(tg) =X,

Kakto ce Bwxkga ot (1.12) n (1.13) npesBknoyBawmTe QYHKUMM ca NUHEWHMW, a
CbOTBETHUTE MPEBKITIOYBALLN MHOXECTBA:

@, ={xeD; (a,x)=ax +a’x’ +..+a/x" =}, i=12,..
npeacTaBnsBaT 4acTu OT XWUNeppaBHUHKU, Pa3nONOXeHW BbB (PasoBOTO MPOCTPAHCTBO Ha
cuctemarta. PeweHneto Ha 3apadvarta (1.12), (1.13), (1.14), (1.15) o3HayaBame Kakto U B
npeaxoaHust naparpad ¢ X(t;ty, X, ).
Mo-HaTaTbK LWe M3non3eame crnegHUTe yCrnoBus:
H1.9. Msmbaneru ca paseHcmeama a] =1, i=1,2,....
H1.10. BanudHu ca HepageHcmeama:

((a,X)—ay).(a, f,(t,x)) <0, (t,x) el x(D\d,),
((a,(1d+1,,) (X)) - ).(a, f; (t.)) < 0, (t,x)el "'xD, i=12,...

H1.11. Cbwecmeysam KoHCmaHmu C< at) >0 makusea, ye
(V(t, x)el " x D) = Kai, fi (t, x)>‘ > C<a_‘f_>, i=12,...
H1.12. Cbwecmesysam KoHcmaHmu Cai >0 makusa, ye

(vxe CDi):>‘<a1.+l,(ld +1. )(X)>—a’i+1

- G,
H1.13. Pedbm zizl—'“ e cxodsauw,
(C
B ngenHo oTHoLWeHWe crneaBallmTe TeopeMu ca 6nm3kvM O CbOTBETHUTE Teopemu OT
npeaxonHus naparpad.
Teopema 1.5. Heka ca usnwsiHeHuU ycrogusma H1.1, H1.3, H1.6, H1.9, H1.10, H1.11.
Tozasa mpaekmopusima Ha 3ada4ama (1.12), (1.13), (1.14), (1.15) cpewa ecsika eOHa

om xuneppasHuHume ®,, i=12,....
Teopema 1.7. Heka ca usnwriHeHu ycrnosusma H1.1, H1.3, H1.6, H1.9+ H1.13.

Tocasa peweHusma Ha cucmemama (1.12), (1.13), (1.14) 3ascueam nopadu
umnyricHume eb30elicmeus.

<C, , i=12...

MmaBa 2. HenpekbcHaTa 3aBMCMMOCT Ha 3aruBally pPeLeHUA Ha HeNMHEWHWU
HeaBTOHOMHU cucTteMu AudpepeHUUanHU ypaBHEHUMS C MPOMEHNMBA CTPYKTypa u
uMmnyncu

OcHoBeH o06ekT Ha wuscnegBaHe B Tasu [faBa ca cucTemute AudepeHumarnHu
YpaBHEHWSI C MPOMEHNIMBA CTPYKTypa U UMNYICK, KOMTO Baxa n3yyeHn B npeaxogHaTa rnasa.
3a 3armBawuTe peleHns Ha Te3n CUCTEMU Ca BbBEOEHW pas3fvMyHu BUOOBE HenpekbCcHaTta
3aBWCUMOCT: OT HavarnHuTe yCrnoBus, OT AECHUTE CTPaHu, OT NpPeBKYBaWmnTE PYHKUUU N OT
UMMNYJICHUTE Bb34ENCTBUS.

OcHoBHaTa Uen Ha u3crnegBaHuATa B fMaBaTa € Ja Ce YCTaHOBM, Y€ 3a BCEeKu
3aTBOpPEH WMHTEepBar, KOWTO Ce CbAbpXa B MakKCUMarnHus WMHTepBan Ha CbllecTByBaHe Ha
3arMBaloTO peLleHne Ha OCHOBHaTa 3ajadva, ToBa pelleHMe 3aBUCU HenpekbcHaTo oT
cMyLleHuaTa. inn no Apyr Ha4uH KasaHo, [0 BCEKM (DMKCUMpAH MOMEHT npean MOMeHTa Ha
CMbPTTa peLleHneTo pearmpa "cnabo" Ha "gocTaTb4yHO cnabu BbHLUHU CMYyLLEHNS".
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B nbpBusa naparpacd Ha rnaBaTta ca HaMepeHu JOCTaTbuHM YCIOBUSA 3a HENpPeKbCcHaTa
3aBMCMMOCT Ha 3arvBaliuTe pelleHMs OTHOCHO HayanHuTe YCNoBWMA W MpeBKIYBaLLUTE
dyHKUMK. [Jonycka ce npeBknoYBalLmMTe QYHKUMM Aa ca HENTUHENHMN.

O6ekT Ha mnscnegBaHe B TO3M naparpad € pasrregaHarta no-paHo B § 1.1 HavanHa
3agava 3a CUCTEMWU HENWHEWHW HEaBTOHOMHM OOMKHOBEHWM AundepeHuManHn ypaBHEHUST C
NPOMEHNMBa CTPYKTypa U UMMyNcu B HeUKCMPaHU MOMEHTH:

(2.1) %: f(tx), @ (x(t))=0, t, <t<t,
(2.2) o (x(t))=0,i=12,..,

(2.3) X(t+0)=x(t)+ 1, (x(t)),

(2.9 X(to) =X,

3aegHo C OCHOBHaTa 3ajava Lie pasrnefame v Taka HapedyeHata cMyTeHa Hadanua
3afava:

(2.5) . £7(6X7), @ (X' (1)) %0, t, <t<t,
(2.6) gof(x*(tf)):O, i=12,...,

2.7) X (t +0)=x () )+ 17 (X' (t)).

(2.8) X () =%

e usnonssame osHavenusita: f ={f,f,, .}, f*={f1*, f;,...}, o={p.0,,..},

o =g g 1 ={1 00 =100
PelleHnsta Ha ropHuTe [ABe 3a4adn oO3Ha4YaBaMe CbOTBETHO C X(t;to,xo,f,(p,l) v

X*(t;t;,x;, 0, I*), a cbotBeTHUTe wum  Tpaektopun - ¢ 7(t, X%, f.o 1) m
y*(t;,x;, "0, I*).
KakTo ce Bmxaa OT ropHUTE paBeHCTBA, CMYLLEHUSATA Ce OTHACAT 3a BCUYKN efleMEHTH
Ha cuctemaTa C NPOMeEHNMBa CTPYKTypa Y UMMYSCK, @ UMEHHO:
- Ha4vaneH MOMEHT;
- Ha4vanHa TO4Ka;
- [AeCHW CTpaHu Ha cuctemaTa;
- MPEBKMOYBALLN PYHKLUNN;
- UMNYNCHU QOYHKLMMW.
Te3n cmylleHns pednekTupat BbpXy MOMEHTUTE Ha npeBknoyBaHe. B obwma cnyyvam e

M3mbiHeHo t #t, t) #t,,... .

lMo-HaTaTbK LWe npegnonarame, Ye peLleHWsiTa Ha OCHOBHAaTa 3ajaya 3arvsaT npwu
Hanuuve Ha MMNyNcHUTe Bb3gencTsusa. MakcumanHuTe MHTepBany Ha CblUeCTBYBaHe Ha
pasrnexgaHute 3agaum (2.1), (2.2), (2.3), (2.4) n (2.5), (2.6), (2.7), (2.8) we o3HayaBame

cboTBeTHO C: J (t5, X%, f, 0, 1) :[to,to) m J*(t;,xg, 0, I*) :[t;,to*).

Heduruyus 2.1. llle kazeame, 4ye 3az2u8auwjomo peweHue
x(t;to, X o0, 1 ) Ha HavyanHama 3adaya (2.1), (2.2), (2.3), (2.4) 3asucu HernpekbLCHamo:
- 0m HayasIHomo ycriosue, ako

(f*:f,gp*:(p, I*:I)

(Ve =const > 0) (V1 = const > 0) (VT €3 (ty, %, F.0,1)NI7 (15,5, f,(p,l))
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(EI5:5(5,77,T,t0,XO)>0)(377i =1 (&1 Tt %) 20, 1=12,., > "7 <77):
(V& €07, Jt—t| <8)(¥% € DNB, (%), ¢4 (%) #0)
:>Hx*(t;t;,x;, f,go,l)—x(t;to,xo,f,go,l)”<g,

te[ty™, T t=t>n, =12,
- [IpU NOCMOSIHHO Belicmeauu CMyWEHUsI, aKo
((tg,x;):(to,xo), o =p, | = I)

(Ve =const > 0) (V7 = const > 0) ( VT e (ty, X%, f, o )ﬂJ*(tO,XO, "0l ))

(3525(8,77,T, f)>0)(EI77i =7, (g,n,T, f)ZO, i=12,.., Z;ryi <77):
(Wf:D*xD—)D“, fi*(t,x)—fi(t,x)H<§, (t,x)el *xD, i=1,2,...)

:>Hx*(t;to,xo, f*,go,l)—x(t;to,xo, f,(p,l)”<€,
te[tO,T], |t—ti|>77i, i=12,..;

- Om rnpeskKrn4ysawume d)yHKL(UU, aKo

((t;,xg):(to,xo), f = f, I*:I)
(Ve =const>0) (V7 =const >0) ( VT eJ(t), %, f. ol )ﬂJ*(tO,XO, f00 1 ))
(35=5(8,77,T,g0)>0)(5|77i =n.(&:n.T,9)20, i=12,., ::177i <77):
(Wof:D—)D,H(p:(x)—goi(x)H<5, xeD, i=1,2,...)

:HX*(t;to,Xo, f,¢*,|)—x(t;t0,x0,f,go,l)”<g,
te[tO,T], |t—ti|>77i, i=12,..;
- om umnyrcHuUme 8b30elicmeusi, ako
((t;,x;)=(t0,xo), fr=f, (P*Z(P)
(Ve = const >0) (V5 =const >0) (VT €3 (ty, %, f,0,1)NI" (15, %, F.0,17))

(3525(8,77,T,I)>0)(Elr7i =7n,(e,n,T,1)20, i=12,.., Z;ni<77):
(V1 DT 17 ()= 1;(x)| <6, xeD, i=12,..]

:>Hx*(t;t0,x0, f. 0, I*)—x(t;to,xo, f,(p,I)H<g,
te[t, T], t-t|>n, i=12,...

B To3mn naparpacb e noco4mm OoCTaTb4y4HM YyCNoBUA 3a HENpPEeKbCHAaTa 3aBUCUMOCT Ha
3armeawimnTte peweHunAa OTHOCHO Ha4anHoTO ycrnoBue U npeBKnYBawuTe q.)yHKLI,VII/I. B To3mn
cnyqa|7| CMyTeHaTa Ha4allHa 3ajada hMa Buaa:

(2.9) —=f(tx), & (X(t))=0, t,<t<t,

(2.10) goi*(x*(ti*)):O, i=1,2,...,
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(2.11) x*(ti*+0)=x*(ti*)+ I, (x* (t,*))
(2.12) X(t)=x.

BbBexxagame ycroBusita:
H2.1. Cbwecmsysam KoHCmaHmu Cfi >0 makuea, ye

(V(t.x)el *xD)=|f (t,x)|<C;, i=12,....

H2.2. Crwecmsysam koHcmanmu C .. >0 makuea, 4e

Lipg,
(vx', x" € D)= (x') = (x")] < Cu, =7 1 =2.2.
H2.3. Cbwecmeysam koHcmanmu C;,, >0 makuea, ye
(WX, x"e D)= [1;(x) = 1, (x")| < Ciy [X'=Xx"]|, 1=1,2,....

OcHoBHUAT pe3ynTaT B naparpada e cnegHata Teopema.
Teopema 2.9. Heka ca usnwriHeHU ycrosussma H1.1+H1.8, H2.1, H2.2 u H2.3.

Toeasa 3acusawomo peuweHue X(t;to, X, T, 0, I) Ha HayYanHama 3alayva (2.1), (2.2),

(2.3), (2.4) 3asucu HernpekbCHamMoO OMHOCHO Haya/lHomo ycriosue U [pesKrysawume
yHKYUU.

BbB BTOpUA naparpad ce pasrnexna cbliaTa HadanHa 3ajada C  JIMHEWHW
npeBknoYBawmn pyHKUMn. HamepeHn ca goctaTbyHM YCrOBKS 3a HeNpekbcHaTa 3aBUCMMOCT
Ha pelleHnsiTa OTHOCHO HaYyanHuTe YCroBUS U UMMYNCHUTE Bb3EeNCTBUSA.

O6ekT Ha nscnegBaHe B naparpada e HavanHaTa 3agada, pasrnegaHa B naparpad

1.2
(2.29) — = f,(t,x), <a,,x( ) #a, t, <t<t,
(2.30) <a, X(t) =a,
(2.31) X(ti+0):x(ti)+li(x(ti)),
(2.32) X(t) =X,

BbBe)K,EI,aMe CbOTBETHATa CMyTE€Ha Ha4allHa 3ajada:

dx” . . . .

(2.33) ol (t.x"), <ai,x (t) %o, U <t<t,
(2.34) (a.x (1) =a, i=12.
(2.35) X (& +0)=x"(t ) (X ( ).
(2.36) X () =%

CnepgHaTa TeopeMa e OCHOBHa B naparpada.

Teopema 2.11. Heka ca usnwrHeHu ycrnoeusma H1.1, H1.3, H1.6, H1.9+H1.13, H2.1 u
H2.3.

Toeasa 3asusauwjomo peweHue x(t;to,xo, f,go,l) Ha HavarnHama 3adava (2.29),

(2.30), (2.31), (2.32) 3asucu HerpeKkbCHamMO OMHOCHO Ha4yaslHomo ycriogue u UMIysricHUmMe
8b3delicmeus.

MnaBa 3. OnTUManHM MMNYSICHU Bb3AENCTBUA U MaKCUMalriHU WMHTEpBanu Ha
CblleCTBYBaHe Ha peleHUussTa Ha aBTOHOMHU AudepeHUUanHU YypaBHEHUS.
MpunoxeHus

OcHoBeH 06eKT Ha u3cneaBaHe B HacTosWwaTa rnasa e cneumduyeH Krnac HenvHenHun,
aBTOHOMHM AudepeHuManHu YypaBHEHUss C HedUKCUMpaHU MOMEHTM Ha  WUMMYFCHO
Bb3genctane. MIMnyncHMTe MOMEHTM CbBNagaT ¢ MOMEHTUTE, B KOUTO UHTerpanHaTta Kpusa
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cpella Taka HapedyeHoTO "GapuMepHO MHOXECTBO", KOETO B M3CNeLBaHUsA crnyyan cbBnaga c
"OapuepHa npasa", ycnopegHa Ha octa Ha BpemeTo. OcBeH ToBa OapuepHaTta npaBa e
pasnonoXxeHa B pasWMpPeHOTO (ha3oBOTO MPOCTPAHCTBO Ha pasrnexgaHuTe ypaBHEHUS U
CbBMaga C KOHTypa Ha MHOXECTBOTO, B KOETO NexaT MHTerpanHuTe KpuBuM Ha nsyvyaBaHuTe
HayanHu 3agadyn. 3a To3W KNnac ypaBHEHUS WMMYFICHATE MOMEHTW He ca (UKCUpaHMW.
HenocpenctBeHo ce Bwxaa, Ye Te 3aBUCAT KakTO OT HavanHata Toyka, Taka U OT Opyru
napameTpu Ha ypaBHeHMeTO. TakmBa ca Hanpumep: AdcHaTa CTpaHa Ha YpaBHEHWETO,
pasnonoXeHneTo Ha BGapuepHUTE KPUBW, FONIEMUHUTE HA MMMYMCHUTE Bb3OENCTBUS WU Ap.
Ouwe BegHBX e noayepTaeMm, Ye ako HSKOW OT NapaMeTpuTe Ha ypaBHEHUETO Ce NMPOMEHWU,
TO B 06LLMA Criyqan ce NPOMEHAT U MOMEHTUTE, B KOUTO Ce OCbLLECTBABAT UMMNYICUTE.

CnomeHaTtuTe no-rope NOHATUSA: 6apuepHn MHOXecTBa (B YaCTHOCT BapuepHu KpuBeK);
paswupeHa asoBa nonypaBHWHA; WMMYNICHU Bb3OENCTBUS, 3@ KOUTO MOMEHTUTE Ha
OCbLLECTBABAHE Ce ONpeAensaT ¢ nomMoliTa Ha GapuepHUTe MHOXECTBA; KaKTO U MOHATUETO
HenpekbCHaTa 3aBMCUMOCT Ha peLlleHusiTa MO OTHOLUEHME Ha Te3n MHOXeCTBa U Op. ce
BbBEXa4aT 1 n3crneasart 3a Nbpeu MbT B [126] 1 [128].

B nbpBua naparpacd Ha rnaBata 3a CrnoMeHaTusi TUM ypaBHEHUS Ca HaMepeHu
UMMNYJICHU Bb3AEWCTBUSA, KOMTO Ca ONTMMarnHW B CMUCbMa, KOWTO we dopmynupame no-
HaTaTbK. 3a uenTta Heka nonypaBHUHATA, onpegenieHa ¢ noMmowTa Ha GapvepHaTa npasa u
KOATO CbAbpXKa HavanHaTa ToYka M CbOTBETHUTE MHTErpanHu KpuMBM Ha AMdepeHunanHoTo
ypaBHEHMe, CcTapTvpawy OT Ta3uM HayanHa Touvka, HapeyeM paswupeHa asoBa
nonypaeBHMHa. Heka vHTerpanHuTe KpMBW Ha ypaBHEHWUsITA OT MOCOYEHMS TUM nposiBaABaT
NMOCTOSIHHN TEHOEHUMN 3a HanyckaHe Ha paswunpeHaTta ¢asoBa nonypaBHuHa. Mo apyr HaumH
KasaHo, WHTerpanHute KpvBM (HE3aBMCMMO OT HayanHaTa Todka) npecuyat OapuepHarta
npaesa. Bb3MOXHO e 4pe3 noaxoddwiM UMMNYSNCHM Bb3OENCTBUS 3a onpeadeneH nepuvog oT
BpeEMe WHTerpanHata KpvBa [a Ce 3aAbpXu B paswuvpeHaTa asoBa nonypaBHuHa. Heka
ronemMmHaTa Ha BCSIKO MMMYNCHO Bb3OEWCTBME € OrpaHuMyeHa OTAOoMy M Heka cymarta oT
roNeMUHNTE Ha BCUMYKUTE UMMYIICHU Bb3AEUCTBUSA € npeaBaputenHo dukcupaHa. Toraea ce
TbPCU TakbB HABOP OT UMMYNCHU Bb3AENCTBUSA, NMPU KOMTO CbOTBETHATA MHTErpanHata Kkpmsa
MMa MakcMmaneH BpeEMEBM MNEpPVMOL Ha NPUHAANEXHOCT KbM paswupeHaTa ¢asoBa
nonypaBHUHa.

OcHoBeH 06eKT Ha n3cneaBaHe B HacTosWMSA naparpad e cregHata HayanHa 3agadva
32 HEenVHeNHW aBTOHOMHW AudepeHuManHn YypaBHEHMS C MPOMEHMMBM MOMEHTU Ha
UMNYJICHW Bb3AENCTBUSA:

(3.1) % = f(x), ako x(t)> X™ me. t, <t<t,
(3.2) x(t)=X"i=12,...,
(3.3) X(t+0)=x(t)+1,=X""+1,,
(3.9) X(ty) = X,.
Lle nanonssame osHaveHneto | ={I,1,,...}. Banuanu ca HepaseHcTBaTa
X™ <x(t+0)=x(t)+ 1, =X""+1, i=12,...

Mo-HaTaTbk MHOXecTBoTO ™" = {(t X);tel”, x=X mi”} Le Hapuyame GapuepHo (B

cnyyas GapvepHa npasa). LLle ot6enexum, ve npu tell © e Bb3MOXHO MHTErpanHarta Kpvsa
Ha 3apadata (3.1), (3.2), (3.3), (3.4) Oa cpellHe MHOrokpatHo 6apuepHoTo MHoxecTso d™" |
Heka Tesn cpelum ce peanusupart nocregosaTtenHo B momeHtute t,t,..., 3a kouto ca
BanuaHn HepaseHctBaTa 0 <t, <t <t,.... Tean MOMeHTU Lle Hapy4yame NpeBKMIYBaLLY UK

UMMYINCHN MOMeEHTU. PelueHMeTO Ha pasrnexgaHata 3ajada € Mo 4acTu HemnpekbcHaTa
PyHKUMS C TOYKM Ha MpekbCcBaHe, CbBhafjaly C WMNYNCHATE MOMEHTU. ToukuTe Ha
npekbCcBaHe ca OT MbPBU POA U B TSIX PELLEHNETO € HENPeKbCHATO OTNsBO. Mo-TOYHO MMaMme:
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1. Mpu t,<t<t peweHnerto Ha 3apgavarta (3.1), (3.2), (3.3), (3.4) e nMAEHTNYHO C

pelleHneTo Ha 3agadvara (6e3 umnyncm)

dx .
(3.5) Fri f(x), x(t)=x;

2. Ako WHTerpanHaTta KpuBa cpella B MOMeHTa t, GapuepHOTO MHOXECTBO, T.€. aKo e
mambnHeHo X(t)=X™", To npu t, <t<t,,, pewenuneto Ha sagadata (3.1), (3.2), (3.3), (3.4)

CbBMnaga C peleHMeTo Ha 3agavaTa (6e3 nmnyncHn Bb3gencTens):
(3.6) S (0, X0 =X(§) 41, = X™ 41, i=12,...

PeweHneTo Ha nscnegeaHaTa 3agada ¢ umnyncu (3.1), (3.2), (3.3), (3.4) o3HavyaBame C

,mﬂtm%JPb,):,m@tw%J)
OcBeH ocHOBHaTa 3afava e pasriiegame u cboTBeTHaTa M CMyTeHa 3agava

(3.11) 3: £(x), ako x(1)> X™ me. t, <t<t,
(3.12) X(t)=X",i=12,..,

(3.13) X(6+0)=x(t)+ 1= X"+

(3.14) X(t5) = %.

PelweHneTo Ha cMyTeHaTa HavarnHa 3agada (3.11), (3.12), (3.13), (3.14) o3HayaBame C

Xinp (555 X0 110 11 1) = X (658520, 17)
B'bBe)K,El,aMe cnegHuTe ycroBus:

H3.1. ®yHkyusma f eC[D .0 ‘].

H3.2. ®yHkyusima f e MoHomoHHO Hamansieawa npu X > X ™"
H3.3. Cnwecmsysa nonoxumesnHa KoHcmaHma | min
8b30elicmausi ca He ro-Masiku om Hesl.

makKkaea, 4e 8CU4YKu UumMnyricHu

H3.4. 3a scska Ha4yanHa mouyka (to, XO) ell” x(X ”“”,oo) peweHuemo Ha Ha4yasiHama 3adada
(3.5) cbwecmsysa u e eOuHcmeeHo 3a t > 1.

Hedpunuyus 3.1. Hexa koncmarmume 1™, 1, €1 u 1™ <1
(KoHcmaHmama 1™ e cukcupaHama OonHa 2paHuua Ha 20MeMuHUme Ha
umnyncHume eb3delicmeus. KoHcmanmama |, e makcumanHama domycmuma cyma om
20/1eMUHUMe Ha uMrysricHUme 8b30elicmeausi).

llle kassame, we umnyncHume en3delicmeus | ,1,,..,1, ca donycmumu, ako ca
gasniudHuU HepaseHcmeama:
Lo 1™ 1™ > 1™
2. L+ 4+ <.

Hedpunuyus 3.2. Hexa koncmarmume 1™ 1, 1™ u 1™ <1

Lle kazeame, ye umnyncHume eb3deticmeus 17, 1% ..., prf ca ofmuMarsHu, aKo:
op
opt opt opt
1. 17157, Ikor:t ca k

opt_H@ 6pol donycmumu umnyncHU eb3delicmeusi;

kopl +1

2. t* e momeHmbm, 8 Kolimo uHmezpanHama Kpuea (t Ximp (t;to,xo, 17, Ifopf )) cpewa
P

bapuepHOmMo MHOXecmeo 3a (kopt +1) -8U Mbm;
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*

3. 1,,1,,...,1, canpousgonHu donycmumu ummnyscHu 8b30elicmeus;

4 t ., e MoMeHmBM, € KoUmo uHmezparHama Kpuea (t,X- (t;to,xo,ll* Ik)) cpewa

imp
6apuepHomo MHoxecmeo 3a (K +1)-eu mbm,

mozaea e u3nbaHeHo t* >t .
opt +

OceeH mosa peweHUemo X (t;to,xo,lfp‘,...,lfo‘:f) u cbomeemHama uHMezpasHa

Kpusa CbW0 we Hapudyame ornmumMarsiHu.

imp

C ApyrvM Oymu, vHTerpanHarta Kpuea (t,x. (t;to,xo,lfpt,...,lfpf )) e onTMMarnHa, ako
op

cpewa bapuepHata npaea cneg k. Ha 6poi 4onycTMM UMMNYNCHU Bb3AENCTBUSI B MOMEHTa

opt

t™ . Mpu ToBa TO3W UMMYNICEH MOMEHT € CPaBHUTENIHO HaW-OTAANEeYeH OT HavarHus

opt
MOMEHT tO' CpaBHeHVIeTO € C BCUYKM Opyrn MMNyricHA MOMEHTWU, B KOUTO CbOTBETHUTE

MHTErparnHu Kpueu cpelaTt 6apuepHOTO MHOXeCTBO crieq K Ha Gpoit 4onycTMM UMMYNCHU
Bb3OENCTBUA.

Llenta Ha n3cneaBaHuATa B naparpada e aa ce usbepat amnnutyguTe (ronemMumHuTe)
N OpoAT Ha AONYCTMMUTE UMMYNICHU Bb3AENCTBUA, KOMTO ca onTumanHu. e noBTopum, ye
CbOTBETHaTa UM OMTMMarnHa WHTEerpanHa KpuBa B NPOObLIDKEHWE HA HaW-Abiblr Nepuog oT
BpeMe MNpvHaAnNeXxu Ha nonypaBHUHATA, pasnonoxeHa “Hag OGapuepHaTa npasa”. Tasu
noniypaBHMHa Hapuyame paswmnpeHa pasoBa nonypasHUHA.

3a ynobcTBO BbBEXOAME MOHATUETO MaKCMManeH WHTepBan Ha CblEeCTBYBaHEe
(NMpHaaNeXxXHOCT) Ha UHTerpanHaTa Kpuea B paswmpeHarta pasosaTa nosypasHuHa.

Hedpuruyus 3.3. Heka X (t;to,xo, I, I2,...Ik) e peweHue Ha Ha4yarHama 3adaya

imp
(3.11), (3.12), (3.13), (3.14), nodnoxeHo Ha k Ha 6poli umnyncHU eb3delicmeusl.

* *

Tozasa uHmepsanbm J ( [P DA ) ) = [to,tMJ ce Hapu4ya makcumarieH uHmepeail Ha

cbujecmeysaHe Ha UHmeapanHama Kpusea 6 paswupeHama ¢a3oea rosypasHuHa, ako:
L (Vted(1,15,0)) = X(ttg X0, 1, 15,00 ) 2 X

2. (V> ) = X(Gtg, X, 1y, 15, ) < X

OcCHOBHUTE pe3ynTaTtu ce CbAbpXaT B CNEAHUTE TEOPEMM:

Teopema 3.1. Heka ca usnbriHeHu ycriogusima H3.1, H3.2 u H3.4.

Tocaea 3a ecska HavamHa mouka (ty, %)) el ” x(X m"‘,oo) cbomeemHama
UHMezpanHa Kpuea Ha Ha4YanHama 3adaya (3.5) cpewa 6apuepHama npasa ®™" .

Teopema 3.2. Heka ca usnsrHeHu ycriosusima H3.1+H3.4.
Toeaea e sanudHa oyeHkama

_Imin
fa =l = £(X™ g 1m)’

Teopema 3.3. Heka ca usnvrHeHu ycriosusima H3.1+H3.4.
Toeasa peweHuemo Ha 3adayama (3.1), (3.2), (3.3), (3.4) cbwecmsysa u e

e0uHCM8eHO Ha0siCHO oM HavasHusi MomeHm t, .

Teopema 3.4. Heka ca u3nbriHeHU ycriogusima:
1. BanudHu ca ycnosussima H3.1, H3.2 u H3.4.

2. Toukama 0, ydoenemeopsiea HepaeeHcmeama t, <6, <t,.
Tozaea X(tl; o, X(@f;to, x0)+ Il) < XM,

Teopema 3.5. Heka ca u3nbsiHeHuU ycriogusima:

i=12,...
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1. BanudHu ca ycnosusima H3.1, H3.2 u H3.4.
2. I, Lel*, =L ull=1,.
Tozaea J(I,,1;)=J(1,,1,).
lNo-nodpobHo, ako:
- t, e MomeHmBM, € KOUMO uHMezpanHama Kpuea (t,X- (t;to,xo, 1,1 )) cpewa

imp

6apuepHomo MHoxecmeo O™ cred emopomo umnyncHo eb3delicmeue;

- 1, e momeHmbm, 8 KoUmMO uHMeapasiHama Kpusea (t,ximp (t;to,xo,ll,lz)) cpewa

bapuepHOMo MHOXecmeo cried 8mopomo UMIyrCcHO eb3delicmeue,
mo t, =t,.
Teopema 3.6. Heka ca usnbrHeHuU ycrogusma:

1. BanudHu ca ycnosusima H3.1, H3.2 u H3.4.

2. 1,1, |, ell™.

*
P DO D T PO

3. I =l =l L= b ==, =1
Tozasa J (1,15, 1) =3 (1,15, 1,).
C dpyeu dymu, aKo:
t.., € MOMeHmBm, & Kolmo uHmezpanHama Kpuea (t, Ximp (titg: X, 17, 15,00 1 )) cpewa
6apuepHomo mHoxecmeo O™
t
6apuepHomo MHoxecmeo cried N -momo rioped eb3delicmeaue,
mo t:+1 =l
Teopema 3.7. Heka ca U3NMb/IHEHU ycriogusima:

cned n-momo rnoped umrysicCHO 8b30elicmeue;
€ MOMeHmMBMm, 8 KOUMmO UHMmeepasiHama Kpuea (t,x. (t;tO,xo,Il,Iz,...,In)) cpewa

n+1 imp

1. BanudHu ca ycnosusima H3.1, H3.2 u H3.4.

2. 1,0, U, el

3. {1 = {1 )
Tozaea J (Il* 1y I:) =J (1, 1,,...,1,) unu, koemo e cvwomo, t,,; =t,., .
Teopema 3.8. Heka ca u3nwrHeHU ycriogusima:

1. BanudHu ca ycnosussima H3.1, H3.2 u H3.4.

2. 1,0, L el ul =1 +1,.

Tozaea J (Il*)c J(1.1,).
C Opyau dymu, ako:

- t, e MomMeHmBM, 8 KOlimo uHmeapanHama Kpusa (t, Ximp (t;to, X 15 )) cpewa bapuepHomo

mHoxxecmeo ®™" cred mbpeomo umnyncHo eb3delicmesue;
- t, e MomeHmbm, & KoUmo uHmMezpanHama Kpuea (t, Ximp (£3t00 %o 11, IZ)) cpewa
6apuepHOmMo MHOXecmeo cr1ed 8MmopoMo UMIMYICHO 8b3delicmeaue.
mo t, <t,.
Teopema 3.9. Heka ca u3nbriHeHu ycriogusima:
1. BanudHu ca ycnosusima H3.1, H3.2 u H3.4.
- - I+
+ — _ _ 1 2
2. I, L Leld, L+L =L+, u |1—|z—T

Tozaea J (Il* I;) < J(1,,1,). Mo-nodpobHo, ako
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- t, e MomeHmBmM, € KOUMO uHMezpanHama Kpuea (t,X- (t;to,xo,ll* N )) cpewa

imp

6apuepHomo mHoxecmeo O™ cred emopomo umnyncHo eb3delicmeue;
- 1, e momeHmbm, 6 KoUmMO uHMezpanHama Kpuea (t, Ximp (t;to, Xo 11, 1, )) cpewa
bapuepHOMOo MHOXecmeo cried 8mopomo UMIyfCHO eb3delicmeue,
mo t; <t,.
OcHoBuAT pesynTaT B naparpada ce faBa C NOMOLLTa Ha criegHaTa Teopema:
Teopema 3.10. Heka ca u3nbriHeHU ycrogusima:

1. BanudHu ca ycrosusima H3.1+H3.4.
2. Cymama om ecuyku UMysncHU eb30elicmeusi e pagHa Ha |, €17,
I in _ |
3. KowcmaHwmama nell ydoenemeopsisa HepaseHcmeama —=— < |™" <=
n+1 n
|
4. l=l,=.=1,=—=.
" n
* * + * min * min * min * * *
5 I, L, el 121", L1, L 21"™ ul +1L,+..+1, =1s.
Tozaea J(I;,1;,... 1) = I (I, 15, 1,).
EksusaneHmMHo Ha 20pHOMO mebpoOeHue € criedHomo. AKo
t.., € MoMeHmBbm, 8 KoUmo uHmezpanHama Kpuea (t, Ximp (t;tO, Xos 11y 1y, In)) cpewa

6apuepHomo MHoxecmeo 3a (N +1)-eu mem;

tk+

. € MOMeHmBbm, 8 KoUmo UHmezpasHama Kpusea (t,x. (t;to,xo,ll,lz,...,lk)) cpewa

imp
6apuepHomo MHoxecmeo 3a (K +1) -eu mbm,

>t

mo t e

n+1

C dpyau dymu, umryncHume eb3deticmeus 1, 1,,...,1, ca onmumarHu.
3abenexka 3.3. OnTMmanHuTe UMNYNCHU Bb3AEUCTBUS U TEXHMAT Bpon onpenename
KakTo criegsa:

IZ
min *©

1. HaMMpame udanata 4act N Ha 4acTHOTO BpOFIT Ha onTtuMmanHuTe WMNYyINCcHU

Bb3AencTBus € N, =N;
. |
2. OnpepensiMe ronemMuHaTa Ha onTUManHUTe UMNycHU Bbageiictaust: 1% = 2
n
opt

3. OnTumanuute umnyncHu Bbagenctsus ca 1™, 17, I;"; , 33 KOUTO Ca W3MbIHEHM
paseHcTeata: 17 =17 =..= 17 =17,

B nocnegHute roguHM uMnyncHute audepeHuManHu ypaBHEHMSI C MPOMEHSMBMU
MOMEHTU Ha MMMYSICHO Bb3O4EWUCTBME U MPUNOXEHUSITA MM MNPU pellaBaHe Ha pasfnuyHu
NPakTU4EeCKN ONTMMMU3ALMOHHM 3a4auv NpeausBuKBaT CEpuo3eH HaydeH uHTepec. Tyk we
nocoumm cnegHute pesyntartu: [10], [51], [52], [53], [54], [55], [57], [58], [70], [71], [115], [116],
[126], [131], [141], [142], [150], [162], [163], [173], [192], [223], [224] v [241].

B cneaBawms naparpad nonyvyeHuTe pesyntaty ca NpUoXeHU KbM MaTteMaTuyecku
MozZen oT hapmakokMHeTukaTa. MooensT e B3anmcTBaH oT [127]. [ToBTOpeHNETO e CBbp3aHo
C ecTecTBOTO Ha mMogenvpaHusa npouec. OT MaTemMaTU4ecka rrnegHa To4yka pasrnegaHoTo B
anceptaumsita  MoAenHo UMNYNCHO AudepeHuManHo ypaBHEHME € pas3nuyHo. Taka
Hanpumep, B gucepTauuata ypaBHEHWETO € C MPOMEHMBU MMMYNCHA MOMEHTU, KOUTO ce
onpegensart ¢ noMmowTa Ha 6apnepHO MHOXECTBO (NpaBa), 4OKAaTO ypaBHEHNETO, U3CneaBaHo
B [127], e ¢ pukcupaHn nmnyncHM MomeHTu. MNMpobnembT, KOMTO Ce u3credea B Noco4yeHaTa
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no-rope craTus, € CBbp3aH C HemnpekbCHaTa 3aBMCUMOCT Ha PELUEHMETO NPU CMYLLEHUS B
UMMYyNCHUTE MOMEHTU. HacToawmTe wmscnedBaHUs ca MNOCBETEHWM HA HaMMpaHeTo Ha
OonTUManHM MUMMNYNCHU Bb3OENCTBUA B cMucbna Ha [OedwuHuums 3.2. oT npeaxonHus
naparpacd.

MHoro 4ecrto, nevyeHMeTo Ha peguua 60NECcTHM CbCTOsIHUS CE OCbLLECTBSABa 4pes
nogabpKaHeTO B KpbBTa (Nnasmata) Ha naumeHTa Ha TepaneBTUYHaA KOHUEHTpauus Ha
neKkapCcTBEHO CpeAcTBo. TepaneBTuyHaTa niasMeHa KOHUEHTpauus Moxe ga ce NoCTUrHe no
[Ba OCHOBHW Ha4YMHa:

- Ypes HenpekbLCHaTO NogaBaHe Ha JIeKapCTBo;
- Yype3 MNpeKkbCcHaTO AUCKPETHO (MMMNYFCHO) NoJaBaHe Ha NeKkapcTBOTO - Npes onpeferneHv
BpEMEBU Nepuogu.

OT rmegHa To4Yka Ha edeKTUBHOTO JledeHne, HenpekbCHATOTO nodaBaHe Ha
nekapcTBaTta € 3a npegnodntaHe. 3a cbhXarneHue, TO3M Ha4YMH Ha feyeHue e 3aTpyaHeH npu
NPaKTU4eCKOTO My peanuampaHe. [1o-To4HO, B 00WmMsA Ccriyyar € HEBB3MOXHO MPeanmncaHoTo
NlekapCcTBO Oa ce NnoAaBa HEeNMpeKkbCHATO B MPOABLIDKEHUE HA LENUs Nepuon Ha fieyeHue Ha
6onHuaA (TO3M Nepuoa MOXe Aa € C NPOABIMKUTENHOCT OT HAKOMKO ceaMuum Unmn meceum).
Mopagn Tasn npuunHa, NOAAbPXAHETO Ha TepaneBTUYHA JeKApCTBEHA KOHLUEHTpauusa B
KpbBTa 4pe3 ANCKPETHO BbB BPEMETO UMMYSICHO MOAAaBaHE Ha JIEKApCTBOTO € MO-4ecTo
cpeuwlaHo. EctectBeHo e pa ce npeanonara, 4ye 00eMbT Ha [OUCKPETHO MOAAAEHOTO
nekapCcTBEHO CpeaCcTBO (403aTa) e orpaHNYeH KakTo oTAony, Taka 1 oTrope, T.€. CbLlecTByBaT
MUWHMMArHO W MaKCMMarnHO KONMMYECTBO OT JIEKApCTBOTO, KOETO MOXE da Ce Mpueme
efHoKpaTHOo. lpu To3n TUN nNedeHWe nekyBalLMAT fekap MoXe Aa MaHunynuvpa ¢ gBa
dapMaKkoKMHETMYHM NapamMeTbpa:

- pasmMep Ha efHOKpaTHaTa fo03a Ha nekapctsoTo D, ;
- AbMMKWMHA Ha Jo3osus uHTepsan T,,,, 1=1, 2,....
Mo-npeumnsHo ropHUTE NOHATUSA LWe AedrHMpame KakTo crenga:

- D, e posara (06emMbT Ha NekapcTBEHOTO CPeACTBO) NpH i-TOTO NOAABaHe Ha NeKapCTBOTO;
- Ti+1
nekapcTtBo), i=1, 2,....

B cnyyauTe, korato 4030BUTE MHTEpPBanNM ca No-KpaTku OT BpeMeTo, Heobxoammo 3a
MbMHOTO €NMMMHUPAHE Ha NeKapcTBOTO OT OpraHn3ma, NekapcTBeHOTO CPeACcTBO 3anoysa aa
ce Hatpynea (Kymynupa). Tasu Kymynaums e nornesHa 3a NeyYyeHWeTo Ha naumeHTa, ako ce
noaabpXka B AvanasoH, OonpederneH OT  MUWHUMMAarnHa M MakcumarnHa nrasmeHu rpaHuum,
Hapu4yaHW olle TepaneBTUYHM FpaHuUUM (TepaneBTUYEH MPO30peL)) Ha KOHLUEHTpauusita Ha
nekapctBoTo. PapMakoKMHETUYHUAT MOAEN Ha TO3W TUM NEeYeHne ce CbCToU B M3bopa Ha
NMOAXOAsLLa [030Ba CXeMa Ha NeYeHneTo, rapaHTmpalla nogabpXaHeTo Ha KOHUEeHTpauuaTa
Ha NekapcTBOTO B paMK/UTE Ha TepaneBTUYHNS Npo3opeL.

OcHoBHaTa HW Uen B TO3M naparpad € ga onTuMM3MpaMe CXemaTa Ha NeyeHue.
OnTuMKM3NpaHeTO HaAKpaTKO Ce CbCTOM B crieqHOTO. Heka ca n3BecTHu:

- KONMYEeCTBOTO Ha NIeKapCTBOTO, C KOETO pasnonarame 3a fle4eHNEeTO Ha AadeH NauneHT;

- TepaneBTUYHWUTE rPaHULN;

- MMHMMArHOTO U MakCUMManHOTO KONMMYECTBO Ha Ao3aTa, KOSATO ce noaaBa ANCKPETHO BbB
BPEMETO;

- 3aKOHbLT, MO KOWTO Ce KyMynvpa nekapcTBoTO.

Llenta e na ce onpegensT nocneaoBaTenHUTE 4O3M HA NEKapCTBOTO, a CbLLO Taka U
MOMEHTUTE, B KOUTO C€ OCbLUEeCTBSABAT AUCKPETHUTE IEeKapCTBEHU MHTEpPBEHUUWU, C Len
TepaneBTUYHaTa KOHLEHTpauus Aa ce nogabpka MakCUMarnHo Abnbr nepuon oT BpeMe.

BbBexaame cnegHuUTe 03Ha4YeHUN:

1. OpraHn3mbT ce NpeacTaBs Ypes eanH KOMNapTUMEHT ¢ obem V, , B KOMTO NnekapcTBEHOTO
CPeacTBO ce pasnpefensi. Bb3aMOXHO € KOHUEeHTpauusiTa Ha 1ekapcTBOTO Aa € pasnunyHa B

pa3nnMyHnTe 4Yacth Ha opraHuama. 3a y}J,O6CTBO, no-HaTatTbK LWe npeanosiarame, 4e
CbOTHOLLEHMETO MeXay HMBaTa Ha JiekapctBeHata KOHUEeHTpauusa BbB BCAKa 4HacCT Ha

€ [030BMSAT MHTepBan (BpemMeTo Mexay MOMEHTUTE Ha | -TOTo U (i +1) -TO NogaBaHe Ha
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opraHn3Ma B nepumoga Ha nedyeHneTo € MNOCTOAHHO. ToBa o3Ha4aBa, 4Ye BcdKa npovsaHa B
nnasmMmeHaTta KOHUeHTpauunsa pecbneKTMpa B CTpOro onpeperneHa CbOoTBETHa KOJIN4YeCTBEHA
NPpOMAHa B TbKaHHUTE KOHUEeHTpaunn,

2. HayanHusaTt MOMEHT Ha neYeHneTo o3HavaBame C i, ;
3. BpemeTpaeHeTo OT HayanHuss MOMEHT Ha nedeHue t, OO NbpBUS MOMEHT t, B KOMTO ce
BHacsa nekapcTeeHo cpeactso ¢ obem D, , osHauaBame ¢ T, T.e. uanbnHeHo e t =t, +T,;

4. I'Iope,u,HaTa 003a Di OT JIEKApPCTBEHOTO CpeacTBO Ce BHACA OANPEKTHO B KOMMAPTUMEHTa B
MOMEHTa

t, :ti—l+Ti = t0"‘2-'-1' 1=12,..;
=

5. ENMMMHMpaHETO Ha NekapcTBOTO MPOTUYA CbC CKOPOCT, KOATO € MporopuuoHanHa Ha
MOMEHTHOTO MY KONMYECTBO B OpraHu3ma, T.e. pasrnexna ce Kato npoLec oT MbPBM NOpAabLK,
XapakTtepuaumpall ce CbC CKopocTHa koHcTaHTa K. lNocnegHaTa KoHcTaHTa e cyma oT
KOHCTaHTaTa Ha MeTabonuaupaHe K W KOHCTaHTaTa Ha eKCTpakuusi Ha HEeMpPOMEHEHOTO

nekapcteo K, . BanugHo e paseHctBoto K=K +K_;
6. O3Ha4aBame C A(t) KONIMYECTBOTO fEeKapCTBEHO CPEACTBO B OpraHM3aMa Ha naumeHTa B

mMomMeHTa t>t,. B obwma cnyyail, KONMYeCTBOTO Ha TOBa BELLECTBO, KOETO Ce Hamupa B

LUAMOTO TAMO Ha nauueHTa B MNPOM3BONIEH MOMEHT, He MoXe ga Obae onpegeneHo
eKkcnepumeHTanHo. B gencTBUTenHoOCT ce onpedens KOHLEHTpauusTa Ha feKapCTBEHOTO
CPeAcTBO B HSAKOM OT BMOMOrMYHUTE TEYHOCTU (Har-4ecTo B KpbBTa). 3a MatemaTUyeckoTo
MOJenupaHe Ha npoleca Ha nedvyeHWeTo e yaobHo Oa ce BbBede 00eMbT, B KOWTO ce
pasnpenens nekapcTBeHOTO cpeacTBo. Tasn BenuynHa, HapeyeHa o6em Ha pasnpeneneHue,

A(t
o3HayaBame ¢ V,; U1 e fgeduHupaHa Taka, Ye e U3nbIHeHo paBeHcTBOTO C (t) = L) t>t,,

d
KbOETO C(t) € KOHLIeHTpauuaTa Ha NekapcTBOTO, M3MepeHa B KpbBTa UnM no-obwo B

nna3mara. e ot6enexum, 4e o6eMbT Ha pasnpeneneHne HaAMa U3NONornyeH CMUCHI.
Moxem ga cuntame, 4Ye ToBa € PUKTUBEH 06eM, B KOWTO, ako ce pasnpenenn paBHOMEPHO
nekapcTeoTo B konmyectso A(t), To we e B koHueHTpauust C(t), usmepera B nnasmara. B

[eNCTBMUTENHOCT 4YacT OT 1eKapCTBOTO Ce CBbp3Ba C MMasMeHUTe W TbKaHHUTE MPOTEUHMU,
nopaau KoOeTo HeroBoTo pasnpefeneHne He e paBHOMepHo. Mopaaun Tasn npuymMHa, o6embT
Ha pasnpeneneHne e Bb3MOXHO [1a € pasnnyeH oT obema Ha TeNecHUTe TEYHOCTY;

7. JonHata v ropHaTa rpaHuUM Ha TepaneBTUYHaTa KOHLEHTpaUWs Ha eKapCTBEHOTO

CpeAcTBO O3HauyaBame CboTBeTHO ¢ C™ u C™*. C gpyrv Oymu, ako KOHLEHTpauusiTa Ha

nekapcTBoTo € Mexay C™ u C™ To NnpoBexAaHOTO NeyeHne MMa MonesHo Bb3aeicTBme
BbpXy nauueHTta. lle o6bpHemM BHMMaHWe Ha haKTa, Ye rpaHuuMTe Ha TepanesBTuMyHaTa

KOHLIEHTpaLMsl € Bb3MOXHO [a Ce MPOMEHST C BpeMeTo, T.e Bb3aMoxHo € C™ =C™" (t) n

C™ =C™(t), t=t,. MpomeHUTe B TepaneBTUYHUTE rPAHULM OTP3ABAT BNArOMPUSTHOTO

pa3BuTMe Ha 6GomecTtTa M HeobxoduMmaTta CbOTBETHA KOHLEHTpAUMs Ha IeKapCTBEHOTO
CpencTBo 3a NpeoonsaBaHeTo i;

8. KakTo B npeaxopHusi naparpad ¢ nomoLlTta Ha koHcTtaHtute C™ un C™* we onpegenum
CbOTBETHO [10MIHa U ropHa 6apuepHu npasu:

™ ={(t,C);tell",C=C™}, @™ ={(t,C);tell",C=C™};
9. B HavyanHusa MOMeHT t, Lle npegnonarame, 4Ye nekapcTBeHarta koHueHTpauus e Cg,
C™ <C,<C™;
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10. Tbl KaTO BbB BPEMETO KOHLIEHTpALMsATa Ha NeKapCcTBEHOTO CpeAcTBO HamarnsiBa, TO €
SICHO, Ye ropHata OapuepHa npaBa € HeAOCTMXKMMa OT WHTerpanHata Kpusa (t,C(t)),
onucealla AMHamMukaTa Ha pas3BUTUE Ha KOHLIEHTPaLUUATA;

11. IHTYMTUBHO € SICHO, Ye ONTUMArnHUTE UMMYINCHU UHTEPBEHLIMM Ha NeKapCcTBEHO CPeacTBO
LLie ce OCbLLeCcTBABAT B MOMEHTUTE, B KOUTO MHTErpanHaTa Kpmea (t,C (t)) npeceye gonHaTta
OapuepHa npasa;

12. AcHo e, 4ye egHoOKpaTHUTE [O3M Ha NeKkapcTBOTO TpsibBa da yaoBneTBopsiBat
HepaBeHcTBaTa:

e Dicomn o D, <V, (C™-C™), i=12,.
Vd
13. OT gpyra cTpaHa, TEXHUYECKUTE CPeAcCTBa, Ype3 KOMTO Ce OCbLLECTBABAT MPaKTU4ECKM
OUNCKPETHUTE NekapCTtBeHn NMHTepBeHUNN, orpaHn4aBaTt oTaoosly e4HOKpaTHaTa go3sa, T.e.
(3D™ =const>0): D,>D™,i=12,..

MaTtemaTudeckusaT moaen Ha noeann3npaHuna no-rope d)apMaKOKVIHeTI/I‘-IeH npouec ce
onucea C nomMmoLiTa Ha cnegHaTta HadarnHa 3agada 3a UMNyriCHU ,D,Md)epeHLl,VlaJ'lHM YpaBHEHUA:
dC

(3.39) 5 = KC C(t)>C™, t_, <t<t,
(3.40) C(t)=C™, i=12,..,

— Di — min Di
(3.41) c(t+0)=C(t)+ g =cm™+ O
(3.42) C(t,) =C,.

MonyyeHuTe TBBbPAEHUA B NpeaxogHus naparpad ca BanuaHW 3a pasrnexgaHus
Matematundeckn mogen. Lle ce cnpem Ha 3abenexka 3.3 U HaMMpaHETO Ha ONTUMASHOTO
pelueHue:

1. BpoaTt Ha go3nTe nony4yasame no popmynara

_ DZ _” DZ ”,
nopt = Dmin = udnarta 4act Ha YM1CrnoTo W ,

2. OnTnmanHuTe 4o3n ca B obeM:

D,=D,=..=D_=-D"-"c

'opt

opt
Ontumantoto pewenne C™ (t) Ha ropvaTta HauanHa 3apava (3.39), (3.40), (3.41),

(3.42) ce nonyyaBa CpaBHUTENHO TPMBUASIHO:
- Mpu t, <t<t, e nanwvnHeHo

C™ (t) =C,exp(-K (t-1,));
- [pn t=t, oT ropHOTO paBeHCTBO MMame
C, exp(—K (t, —to)) =Cc™,
OTKbAETO HamMpame

-Mpun t, <t <t, e nsnwnHeHo

C (1) = [C(tl)Jr%jexp(—K (t-t)) = [cmm +?/—]exp(—K (t-t)).

- [pun t =t, Hamupawme
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opt

Cmin _ Cmin+D_ exp(—K(tz—tl)),

OTKbAETO JocTUrame 40 U3BOAa, Ye

Mo MHOYKUUA noryvYaBamMe paBeHCTBaTa:
opt

Co(t)= cmn . D exp(—K (t-t)), t;<t<t,;

opt

Hakpas, ycraHoBsiBame, 4ye MakcumanHoto Bpeme t™ 3a nogabpkaHe Ha
TepaneBTUYHaTa KOHLEHTPaLIMS NpU HanM4eH nekapcTBeH pecypc B obem D, e

tmax :t

Cmin K

Nopt +1

|:szm :|Vdein

SAKNIOYEHWE

B oucepTaunoHHUa Tpya ca NonyyYeHn crnegHnTe nNo-BaxkHW pesyntaTtu:
1. BbBedeHO € MOHATUETO 3arMBaHe Ha pelweHuss Ha audepeHumanHu ypaBHEHUS C
NpPoMeHNMBa CTPYKTypa W uUMNyncu. HamepeHn ca [ocTaTb4YHM YCNOBUA, MPU  KOUTO
pelleHnsaTa Ha TakMBa ypaBHEHUS NpeKpaTaBaT CBOETO CbLUECTBYBaHE 3apaan HanMyYneTo Ha
nmnyncHu Bb3gencTeud. OTAenHO ca M3cnedBaHW CcrnyyamTe, Korato MpeBKoyBalLmTe
yHKUMM (Ype3 KOUTO ce onpeaensaT UMMYFICHUTE MOMEHTM) Ca NIMHEVHW UITN HENTUHEWHW.
2. BbBegeHu ca NOHATMATA HenpekbCHaTa 3aBUCUMOCT OTHOCHO NpeBKoYBaLmMTe OYyHKLMK
W MMNYNCHUTE BbBL3OEWCTBMA Ha 3arnBawy peweHuss (N0 npuyMHa Ha UMMNYMCHUTE
Bb34ENCTBUS) Ha AudepeHumanHn ypaBHEHWss C MPOMEHNMBA CTPYKTypa W MUMMYMCW.
HamepeHn ca poctatbyHuM YCROBMS, MNPU KOUTO peLleHMATa npuTexaBaT MNoCoYeHuTe
KayecTBa. N3cnegBaHu ca cnyyanTe Ha JIMHENHW U HENMHEHW NPEBKNIoYBaLLM QYHKLMN.
3. BbBegeHn ca n ca u3cnegBaHu noHsATMsTa GapuepHa npasa, as3oBa MNONypaBHMHA,
ONTUManHM NMMNyNCHU Bb34ENCTBUA, ONTUMAITHO peLleHne n ap. Tesn NoOHATUS ca CBbpP3aHu C
KayecTBaTa Ha pelleHusTa Ha gudepeHumanim ypaBHEeHUS C UMMYSICU, NP KOUTO MOMEHTUTE
Ha Bb3AenCcTBME ce onpenensaTt ype3 6apMepHO MHOXECTBO, PasrnoSfioXKEHO B pasLLMPEHOTO
da3oBo npocTtpaHcTBO. ONTMManHWTE KayecTBa Ha Bb3OENCTBUSATA, KOrato cymata MM €
npeaBapuTenHo UKCUpaHa, ce OTHAcAT 3a MakCMMarnHa no Bpeme MPUHAOSIeXHOCT Ha
CbOTBETHOTO UM peLleHne KbM (pasoBaTta nonypaBHMHA.
4. WNsyyeH e wumMmnynceH mogen oT @apmMakoKMHeTMKaTa, OnucBall TepanesBTuyHaTa
KOHLEHTpaUusa Ha nekapcTBO, KOETO Ce nojaBa AUCKPETHO BbB BpemeTo. [lpu orpaHuyeH
dukcnpaH obem Ha HanNMYHOTO NeKapCTBO ca onpeaeneHy MOMEHTUTE U A03UTe Ha HeroBute
OUCKPETHU nofaBaHuA Taka, 4Ye BpeMeTpaeHeTO Ha TepaneBTMYHaTa KOHLUEHTpauua B
opraHu3ma fa € ¢ MakCcMMmarsHa npoab/KUTENHOCT.

OEKNAPALUMUS

1. PesyntatuTe u cBedeHusiTa OT yBOAa Ca NpeaBapuTENiHM M Ce OCHOBaBaT Ha PasfnnyHu
nuTepaTypH/ N3TOYHULIM, KOUTO Ca HAaAMNEXHO NMOCOYEHMU.
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Pesyntatn oT naparpadgute ¢ Homepa: 1.1; 1.2 u 2.1 ca nybnukyBaHn B TpW Hay4HU
ctratun. BbB Bcsika edHa OT Tax yyactBa kato aBTop C. lMeTkoBa. CnNUCHKBLT Ha Tesu
nyénukaumm e gageH oTaesnHo.

Pesyntatute B ocTaHanuTe Tpu naparpada ca HoBM 1 ce NybnukysaT 3a NbpBM MbT TYK.

CONCDBK
Ha nyGrvkauum no AucepTaunoHHUS Tpya

Dishlieva K., Dishliev A., Petkova S., Death of the solutions of systems differential
equations with variable structure and impulses, International Journal of Differential
Equations and Applications, Vol. 11, Issue 3, (2012), 169-181.

Petkova S., “Death” of the solutions of differential equations with variable structure and
impulses, Proceeding of Jubilee national scientific confference with internarional
participation “Traditions, Directions, Chalenges”, Smolyan, (2013), (to appear).

Dishlieva K., Girginov C., Petkova S., Continuous dependence of the final moment of
existence for solutions of differential equations, J. of the University of Chemical
Technology and Metallurgy, 47, 5, (2012), 574-581.

BUBNINOITPA®UA

Anumos (0., O npumeHeHuu npsmMo2o Mmemolda JlanyHoeo K OughghepeHyuansHbIM —yPagHEHUSIM C
HeoOHO3Ha4YHoU npasbiMu Yacmsamu, AemoMamuka u menemexaHuka, (1961), Tom 22, Ne 7, 817-830.
AHOpoHos A., Bumm A., Xatikur C., Teopus konebarul, Hayka, Mocksea, (1981).

Babuukult B., KpyneHuH B., KonebaHus 8 cunibHO HenuHelHbix cucmemax, Hayka, Mocksa, (1985).

baymuH H., Teopusi moueyHbix npeobpasoeaHuli u OuHamudeckass meopusi yacos, Tpydel ICNO V, AH
YkpCCP , Kues, (1963), Tom 2, 29-54.

Bopucerko C., Koconarnos B., O6oneHckul A., Yecmolyugocmb nNpouecos npu Herepepbi8HbIX U OUCKPEMHbIX
8o3myuweHusix, Haykoea dymka, Mockea, (1988).

BopuceHko C., O6 acumnmomuyeckoli ycmol4ugocmu peweHull cucmemM ¢ UMMYSbCHbIMU 8030elicmeuem,
Ykp. mam. xypHan, (1983), Tom 35, Ne 2, 144-150.

BopuceHko C., O6 ycmoliyusocmu peweHull no uHelHoOMy npubUXEHU0 cucmeM C UMIMYbCHbIMU
sos0elicmeuem, [ugpcpepeHy. ypasHeHusi, (1986), Tom 22, Ne 5, 884-886.

lypeyna C., lNMepecmiwok H., O6 emopozo memoda JlsnyHoea Ons cucmem C UMIYSIbCHbIMU 8030elicmeuem,
Hokn. AH Ykp. CCP, (1982), Cep. A, Tom 10, 11-14.

BasanuwuH C., CecekuH A., [jpo3deHko C., JuHamuyveckue cucmembl ¢ umrnyscHol cmpykmypol, CpedHe
Ypan. kH. usd-eo, Ceepdnosck, (1983).

BasanuwuH C., CecekuH A., imnynbcHbie npoyeccsi: Modenu u npunoxeHus, Hayka, Mocksa, (1991).
Kanumun B., O konebaHusix MasimHuka ¢ yOapHble umryrnbcoM, JuebgepHy. ypasHeHus, (1969), Tom 5, Ne 7,
1267-1274.

Kanumun B., O konebaHusix mMasimHuka ¢ yOapHble uMmnynbcoM, Yacmb 2, [uhgbepHy. ypasHeHus, (1970),
Tom 6, Ne 12, 2174-2181.

Kanumun B., O npedenbHbIX UUKIax MasmHUKOBbIX CUCMEM C UMIY/IbCHbIM 803MyweHueM, [uggbepHy.
ypasHeHusi, (1971), Tom 7, Ne 3, 540-542.

KapaHdxynoe J1., CmosiHosa ., Kpaeeasi 3adaya Ornsi CUH2Y/ISIPHO 803MYWEHHbIX UMIY/IbCHbIX CUCMEM 8
Kpumuueckom criy4ae, Becui HAH benapyci, (2003), Tom 2, 59-65.

KapaHdxynos f1., CmosiHosa 5., ObobweHas 3adaya Kowu Onsi CUH2YMSAPHO B803MYULEHHbIX UMIYbCHbIX
cucmem 8 Kpumuyeckom criydae, [JugpgpepeHy. ypasHeHus, (2004), Tom 40, Ne 3, 310-323.

KobpuHckutl A. E., KobpuHckuti A. A., BbibpoydapHbie cucmembi, Hayka, Mockea, (1973).

Kosnoe P., K meopuu OughbgepeHyuarnbHbiX ypasHeHul C paspbl8HbIMU rpasbiMu Yacmsamu, [uggepHuy,.
ypasHeHus, (1974), Tom 10, Ne 7, 1264-1275.

Kpbinos H., boeonobos H., BeedeHue 8 HenuHelHyr0 mexaHuKy, M130. YkpCCP, Kues, (1937).

Mampocoe B., O dugghepeHyuanbHbIX ypasHeHUsIX U HEpPaBeHCmMB8ax C Paspbi8HbIMU MpasbiMu Yacmsmu |,
HAucbgpepHy. ypasHeHus, (1967), Tom 3, Ne 3, 395-409.

Mampocoe B., O dughghepeHyuarnbHbIX ypasHeHUsIX U HepageHcmeax C pa3pbi8HbIMU fpasbimMu yacmsamu I,
HAucbpepHy. ypasHeHusi, (1967), Tom 3, Ne 5, 869-878.

MunbmaH B., Mbiwkuc A., O6 ycmodyusocmu 08uxeHUs rpu Hanuduu mondykos, Cub. mam. xypHan, (1960),
Tom 1, Ne 2, 233-237.

Munbman B., Mbiwkuc A., CrydalHbie mOYKU 8 JNUHEUHbIX OuHamudeckux cucmemax, [lpubnuxeHbie
MemoObl peweHusi dughghepeHyuarnbHbix ypasHeHul, Kuees, N30-eo AH YkpCCP, (1963), 64-81.

lMepecmiok H., lNnomHukoe B., CamouineHko A., CkpunHuk H., UmnynbcHbie dughghepeHyuarnbHbie ypagHEeHUs
C MHO203Ha4yHoU U pa3pbieHoU rnpasol Yacmbro, IHcmumym mamemamuku HAH YkpauHu, Kues, (2007).
lMnomHukoe B., KumaHoe H., HenpepbigHas 3asucumocmb pelieHuUl UMrynbCHbIX OughghepeHmuarbHbIX
8KMoYeHul U UMnynbCHbIX 3aday yrnpasneHusi, KubepHemuka u cucmemHbil aHanus, (2002), Tom 5, 71-85.

23



25.
26.

27.
28.

29.
30.
31.
32.

33.

34.
35.
36.

. XanaHal A., Bekcnep []., KauecmeeHHasi meopusi ummyrnbCHbIX cucmem, Mup, Mockea, (1971).
38.

39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

58.

lnomHukoe B., KumaHoe [1., Teopema bEoeonwbosa 0551 keasudugghepeHuuarbHbIX ypasHeHul ¢
umnynbcamu, YKp. mam. xypHan, (1997), Tom 49, Ne 11, 1504-1511.

lMnomnHukoe B., [lnomHukoea Jl., YcpeOHeHue OugbghepeHyuanbHbIX 6KMHYEeHUU C MHO203HaYHbIMU
umnynscamu, Ykp. mam. xypHarn, (1995), Tom 47, Ne 11, 1526-1532.

lonos E., JuHamuka cucmem agmomMmamu4yeckoao peaynuposaHusi, Focmexusdam, Mocksa, (1964).

Poxko B., Yemouyueocmb o JlanyHosy 8 pa3pbi8Hbix OUHaMmuydeckux cucmemax, [JugghepeHy. ypasHeHus,
(1975), Tom 11, Ne 6, 1005-1012.

CamolineHko A., lNepecmiok H., Bmopasi meopema bozomobosa H. H. dna cucmem dugghepeHyuanbHbIX
ypasHeHul ¢ umrynbcHbiMu 8o30eticmeuem, [JuggepeHy. ypasHeHus, (1974), Tom 10, Ne 11, 2001-2010.
CawmotneHko A., lNepecmiok H., JuebgepeHyuanbHbie ypasHeHUl ¢ UMMybCHbIMU 8030elicmeuem, Buwa
wk., Kues, (1987).

CamolineHko A., lNepecmiok H., O memode ycpedHeHusi 8 cucmemax ¢ UMMyIbCHbIMU 8030elicmeueM, YKp.
mam. xypHan, (1974), Tom 24, Ne 3, 411-418.

CamolineHko A., lMepecmiok H., Tpogpumuyk C., lNpobnema “6ueHul” 8 umMnynbCHbIX cucmemax, MHcmumym
mamemamuku AH YkpCCP, Kues, (1990).

CamodneHko A., [lNpumeHeHue memolda ycpeOHeHusi Ona uccriedosaHusi KomnebaHul, 6036yx0aemMbix
M2HOBEHHbIMU UMIyibcaMu 8 asmokoniebameribHbIX cucmeMax 2-20 nopsioka ¢ MasbiM rnapamempom, YKp.
mam. xypHan, (1961), Tom 13, Ne 3, 85-94.

@unamos A., Memodb! ycpedHeHusi 8 dughghepeHyuanbHbIX U UHMezpo-0uggepeH-yuanbHbIX ypagHeHUsIX,
“©AH”, Y3bekckol CCP, TawkeHm, (1971).

Qununnoe A., HugghepeHyuanbHble ypasHeHUsi C npaeoli Yacmbio, paspbi8HOU Ha Mepecekaruuxcs
nosepxHocmsix, [uebgpepeHry. ypasHeHusi, (1979), Tom 15, Ne 10, 1814-1823.

Qununnos A., JupchepeHyuarnbHble ypasHeHUs ¢ paspbieHoU rpasoli yacmbio, Hayka, Mocksa, (1985).

Ubinkud ., Kpumepuu abcomomHol  ycmolqugocmu  UMIMYIbCHbIX —asmoMamuyeckux cucmem ¢
MOHOMOHHBIMU Xapakmepucmukamu HesnuHelHozo anemeHma, JAH CCCP, (1964), Tom 155, Ne 5, 1029-
1032.

YepHoycbko @., AkyneHko J1., Cokonos b., YnpaeneHue konebaHusimu, Hayka, Mocksa, (1980).

Agarwal R., Franco D., O’'Regan D., Singular boundary value problems for first and second order impulsive
differential equations, Equations Matematicae, (2005), Vol. 69, Ne 1-2, 83-96.

Agarwal R., O’'Regan D., A multiplicity result for second order impulsive differential equations via the Leggett
Williams fixed point theorem, Applied Mathematics and Computation, (2003), Vol. 161, Ne 2, 433-419.

Agarwal R., O’'Regan D., Multiple nonnegative solutions for second order impulsive differential equations,
Applied Mathematics and Computation, (2000), Vol. 114, Ne 1, 51-59.

Ahmad B., Sivasundaram S., Dynamics and stability of impulsive hybrid setvalued integro-differential equations
with delay, Nonlinear Analysis, (2006), VVol. 65, Ne 11, 2289-2293.

Ahmad B., Sivasundaram S., Instability criteria for impulsive hybrid state dependent delay integrodifferential
systems, Nonlinear Analysis: Real World Applications, (2010), Vol. 11, Ne 2, 750-758.

Ahmad B., Sivasundaram S., The monotone iterative technique for impulsive hybrid set valued integro-
differential equations, Nonlinear Analysis, (2006), Vol. 65, Ne 12, 2260-2276.

Ahmad S., Alassar R., Covachev V., Covacheva Z., Al-Zahrani E., Continuous-time additive Hopfield-type
neural networks with impulses, J. of Math. Analysis and Applications, (2004), Vol. 290, Ne 2, 436-451.

Ahmad S., Stamov G., Almost periodic solutions of N-dimensional impulsive competitive systems, Nonlinear
Analysis: Real World Applications, (2009), Vol. 10, Ne 3, 1846-1853.

Ahmad S., Stamova |., Global exponential stability for impulsive cellular neural networks with time-varying
delays, Nonlinear Analysis: Theory, Methods & Applications, (2008), Vol. 69, Ne 3, 786-795.

Akhmet M., Beklioglu M., Ergenc T., Tkachenko V., An impulsive ratio-dependent predator—prey system with
diffusion, Nonlinear Analysis: Real World Applications, (2006), Vol. 7, Ne 5, 1255-1267.

Akhmet M., On the smoothness of solutions of impulsive autonomous system, Nonlinear Analysis, (2005), Vol.
60, Ne 2, 311-324.

Akhmetov M., Perestyuk N., Tleubergenova M., Control over linear pulse systems, Ukrainian Math. J., (1995),
Vol. 47, Ne 3, 360-368.

Angelova J., Dishliev A., Nenov S., l-optimal curve for impulsive Lotka-Volterra predator-prey model,
Computers & Mathematics with Applications, (2002), Vol. 43, Ne 10-11, 1203-1218.

Angelova J., Dishliev A., Nenov S., Optimization problems for impulsive Lotka-Volterra predator-prey model,
International J. of Differential Equations and Applications, (2000), Vol. 3, Ne 4, 7-18.

Angelova J., Dishliev A., Optimization problems for one-impulsive models from population dynamics, Nonlinear
Analysis: Theory, Methods & Applications, Vol. 39, Ne 4, (2000), 483-497.

Angelova J., Dishliev A., Optimization problems in population dynamics, Applicable Analysis, (1999), Vol. 69,
Ne 3&4, 207-221.

Anokhin A., Berezansky L., Braverman E., Exponential stability of linear delay impulsive differential equations,
J. of Math. Analysis and Applications, (1995), Vol. 193, 923-941.

Baek H., Extinction and permanence of a three-species Lotka-Volterra system with impulsive control
strategies, Discrete Dynamics in Nature and Society, (2008), Article ID 752403, 18 p.

Bailey J., Shafer S., A simple analytical solution to the three-compartment pharmacokinetic model suitable for
computer-controlled infusion pumps, Biomedical Engineering, (1991), Vol. 38, Ne 6, 522-525.

24



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Bainov D., Covachev V., Impulsive differential equations with a small parameter, World Scientific, Singapore,
(1994).

Bainov D., Covachev V., Stamova I., Estimates of the solutions of impulsive quasilinear functional differential
equations, Annales de la Faculte des Sciences de Toulouse, (1991), Vol. 12, Ne 2, 149-161.

Bainov D., Covachev V., Stamova I., Stability under persistent disturbances of impulsive differential-difference
equations of neutral type, J. of Math. Analysis and Applications, (1994), Vol. 187, Ne 3, 790-808.

Bainov D., Dimitrova M., Dishliev A., Asymptotic properties of solutions of a class of impulsive differential
equations of second order with a retarded argument, Kodai Math. J., (1997), Vol. 20, Ne 2, 120-126.

Bainov D., Dimitrova M., Dishliev A., Necessary and sufficient conditions for existence of nonoscillatory
solutions of impulsive differential equations of second order with retarded argument, Aplicable Analysis,
(1996), Vol. 63, Ne 3&4, 287-297.

Bainov D., Dimitrova M., Dishliev A., Oscilatory solutions of a class of nonlinear impulsive differential equations
of first order with retarded argument, J. of Applied Analysis, (1998), Vol. 4, Ne 2, 215-230.

Bainov D., Dimitrova M., Dishliev A., Oscillation of the solutions of class of impulsive differential equations with
a deviating argument, J. of Applied Mathematics and Stochastic Analysis, (1998), Vol. 11, Ne 1, 95-102.

Bainov D., Dimitrova M., Petrov V., Oscillatory properties of solutions of impulsive differential equations with
several retarded argument, Georgian Math. J., (1998), Vol. 5, Ne 3, 201-212.

Bainov D., Dishliev A., Hristova S., An application of the method of quasilinearization for a periodic problem for
systems of nonlinear differential equations, Comtes Rendus de I'’Academie Bulgare des Sciences, (1997),
Tome 50, Ne 11-12, 21-22.

Bainov D., Dishliev A., Hristova S., Monotone iterative technique for impulsive differential-difference equations
with variable impulsive perturbations, Multivariate Approximation and Splines, Birkhduser Verlag, Basel, G.
Nurnberger, J. Schmidt and G. Wals (eds), (1997), 13-28.

Bainov D., Dishliev A., Hristova S., The method of quasilinearization for the initial value problem for systems of
impulsive differential equations, Indian J. pure Appl. Math., (1999), Vol. 30, Ne 9, 893-910.

Bainov D., Dishliev A., Population dynamic control in regard to minimizing the time necessary for the
regeneration of a biomass taken away from the population, Math. Model. Numer. Anal., (1990), Vol. 24, Ne 6,
681-692.

Bainov D., Dishliev A., Population dynamics control in regard to minimizing the time necessary for the
regeneration of a biomass taken away from the population, Comtes Rendus de I’Academie Bulgare Sciences,
(1989), Tome 42, Ne 12, 29- 32.

Bainov D., Dishliev A., Stamov G., Almost periodic solutions of hyperbolic systems of impulsive differential
equations, Kumamoto J. Math., (1997), Vol. 10, 1-10.

Bainov D., Dishliev A., Stamova ., Asymptotic equivalence of a linear system of impulsive differential
equations and system of impulsive differential-difference equations, Ann. Univ. Ferrara, Sez. VII-Sc. Mat.,
(1995), Vol. 41, 45-54.

Bainov D., Dishliev A., Stamova |., Practical stability of the solutions of impulsive systems of differential-
difference equations via the method of comparison and some applications to population dynamics, ANZIAM J.,
(2002), Vol. 43, 525-539.

Bainov D., Dishliev A., Uniform stability with respect to the impulse hypersurfaces of the solutions of differential
equations with impulses, International J. Systems Sci., (1990), Vol. 21, Ne 12, 2637-2643.

Bainov D., Domshlak Y., Milusheva S., Partial averaging for impulsive differential equations with supremum,
Georgian Math. J., (1996), Vol. 3, Ne 1, 11-26.

Bainov D., Hristova S., Differential equations with maxima, Pure and Applied Mathematics, Chapman &
Hall/CRC, New York, (2011).

Bainov D., Kolev D., Nakagawa K., The control of the blowing-up time for the solution of the semilinear
parabolic equation with impulsive effect, J. Korean Math. Soc., (2000), Vol. 37, Ne 5, 793-802.

Bainov D., Kostadinov S., Minh N., Dichotomies and integral manifolds of impulsive differential equations,
Science Culture Technology Publishing, (1994).

Bainov D., Kostadinov S., Myshkis A., Asymptotic equivalence of abstract impulsive differential equations,
International J. of Theoretical Physics, (1996), Vol. 36, Ne 2, 383-393.

Bainov D., Kostadinov S., Zabrejko P., Lp -equivalence of linear and nonlinear impulsive differential equations

in a Banach space, Proc. Edinburgh Math. Soc., (1992), Vol. 36, 17-33.

Bainov D., Kostadinov S., Zabrejko P., Exponential dichotomy of linear impulsive differential equations in a
Banach space, International J. of Theoretical Physics, (1989), Vol. 28, Ne 7, 797-814.

Bainov D., Kostadinov T., Petrov V., Oscillatory and asymptotic properties of nonlinear first order neutral
differential equations with piecewise constant argument, J. of Math. Analysis and Applications, (1995), Vol.
194, Ne 3, 612-639.

Bainov D., Kulev G., Stamova I., Global stability of the solutions of impulsive differential-difference equations,
SUT J. of Math., (1995), Vol. 1, 55-71.

Bainov D., Kulev G., Stamova |., Instability of solutions of impulsive systems of differential equations,
International J. of Theoretical Physics, (1996), Vol. 35, Ne 8, 1799-1804.

Bainov D., Markova N., Simeonov P., Asymptotic behavior of the nonoscillatory solutions of differential
equations of second order with delay depending on the unknown functions, J. of Computational and Applied
Math., (1998), Vol. 91, Ne 1, 87-96.

25



87. Bainov D., Milusheva S., Application of the averaging method for functional-differential equations with
impulses, J. of Math. Analysis and Applications, (1983), Vol. 95, Ne 1, 85-105.

88. Bainov D., Milusheva S., Justification of the averaging method for a system of differential equations with fast
and slow variables and with impulses, Zeitschrift fur Angawandte Mathematik und Physik, (1981), Vol. 32, 237-
254,

89. Bainov D., Minchev E., Trends in the theory of impulsive partial differential equations, Nonlinear Word, (1996),
Vol. 3, 357-384.

90. Bainov D., Nenov S., Limit sets of impulsive dynamical systems, Proceedings of the Fourth International
Colloquium on Differential Equations, (1994), 31-34.

91. Bainov D., Petrov V., Proytcheva V., Existence and asymptotic behavior of nonoscillatory solutions of second-
order neutral differential equations with “maxima”, J. of Computational and Applied Mathematics, (1997), Vol.
83, Ne 2, 237-249.

92. Bainov D., Simeonov P., Impulsive differential equations: Asymptotic properties of the solutions, World
Scientific, Singapore, (1995).

93. Bainov D., Simeonov P., Impulsive differential equations: Periodic solutions and applications, Longman
Scientific & Technical, Harlow, (1993).

94. Bainov D., Simeonov P., Integral inequalities and applications, Kluwer Academic Publishers, Dordrecht,
(1992).

95. Bainov D., Simeonov P., Oscillation theory of impulsive differential equations, International Publications, FL,
(1998).

96. Bainov D., Simeonov P., System with impulse effect: Stability theory and applications, Ellis Horwood,
Chichester, (1989).

97. Ballinger G., Liu X., Permanence of population growth model with impulsive effects, Mathematics and
Computer Modeling, (1997), Vol. 26, Ne 12, 59-72.

98. Benchohra M., Henderson J., Ntouyas S., Impulsive differential equations and inclusions, Contemporary
Mathematics and its Applications, Hindawi Publishing Corporations, Vol. 2, (2006).

99. Benchohra M., Henderson J., Ntouyas S., Impulsive neutral functional differential equations in Banach spaces,
Applicable Analysis, (2001), Vol. 80, Ne 3, 353-365.

100.Benchohra M., Henderson J., Ntouyas S., Ouahab A., Impulsive functional differential equations with variable
times, Computers & Mathematics with Applications, (2004), Vol. 47, Ne 10-11, 1659-1665.

101.Benchohra M., Henderson J., Ntouyas S., Ouahab A., Impulsive functional differential equations with variable
times and infinite delay, International J. of Applied Math. Sciences, (2005), Vol. 2, Ne 1, 130-148.

102.Benchohra M., Ouahab A., Impulsive neutral functional differential equations with variable times, Nonlinear
Analysis: Theory, Methods & Applications, (2003), Vol. 55, Ne 6, 679-693.

103.Berezansky L., Braverman E., On Impulsive Beverton-Holt difference equations and their applications, J. of
Differential Equations and Applications, (2004), Vol. 10, Ne 9, 851-868.

104.Braverman E., Mamdani R., Continuous versus pulse harvesting for population models in constant and
variable environment, J. of Mathematical Biology, (2008), Vol. 57, Ne 3, 413-434.

105.Chellaboina V., Bhat S., Haddad W., An invariance principle for nonlinear hybrid and impulsive dynamical
systems, Nonlinear Analysis,(2003), Vol. 53, Ne 3-4, 527-550.

106.Chen G., Shen J., Boundedness and periodicity for impulsive functional differential equations with applications
to impulsive delayed Hopfield neuron networks, Dynamics of Continuous Discrete and Impulsive Systems, Ser.
A, (2007), Vol. 14, 177-188.

107.Chen J., Tisdell C., Yuan R., On the solvability of periodic boundary value problems with impulse, J. of Math.
Analysis and Applications, (2007), Vol. 331, Ne 2, 902-912.

108.Chen S., Qi J., Jin M., Pulse phenomena of second-order impulsive differential equations with variable
moments, Computers & Mathematics with Applications, (2003), Vol. 46, Ne 8-9, 1281-1287.

109.Chua L., Yang L., Cellular neural networks: Applications, IEEE Transactions on Circuits and Systems CAS,
(1988), Vol. 35, 1273-1290.

110.Chua L., Yang L., Cellular neural networks: Theory, IEEE Transactions on Circuits and Systems CAS, (1988),
Vol. 35, 1257-1272.

111.Chukleva R., Dishliev A., Dishlieva K., Continuous dependence of the solutions of the differential equations
with variable structure and impulses with respect to the switching functions, International J. of Applied Science
and Technology, (2011), Vol. 1, Ne 5, 46-59.

112.Chukleva R., Dishliev A., Dishlieva K., Stability of differential equations with variable structure and non fixed
impulsive moments using sequences of Lyapunov’s functions, International J. of Differential Equations and
Applications, (2012), Vol. 11, Ne 1, 57-80.

113.Chukleva R., Modeling using differential equations with variable structure and impulses, International J. of Pure
and Applied Mathematics, (2011), Vol. 72, Ne 3, 343-364.

114.Coddington E., Levinson N., Theory of ordinary differential equations, McGraw-Hill Book Company, New York,
Toronto, London, (1955).

115.Cordova-Lepe F., Advances in theory of impulsive differential equations at impulse-dependent times, with
applications to bio-economics, Biomat 2006, International Symposium on Mathematical and Computational
Biology, World Scientific Publishing, Singapore, (2006), 343-358.

116.D’onofrio A., Stability properties of pulse vaccination strategy in SEIR epidemic model, Mathematical
Biosciences, (2002), Vol. 179, Ne 1, 179, 57-72.

26



117.Dai B., Su H., Hu D., Periodic solution of a delayed ratio-dependent predator-prey model with monotonic
functional response and impulse, Nonlinear Analysis: Theory, Methods & Applications, (2009), Vol. 70, Ne 1,
126-134.

118.Dimov H., Nenov S., Some features of uncontinuable solutions of impulsive dynamical systems, Extracta
Mathematicae, (1996), Vol. 11, Ne 3, 443-456.

119.Dishliev A., Bainov D., Conditions for the absence of the phenomenon’beating” for systems of impulse
differential equations, Bulletin of the Institute of Mathematics Academia Sinica, (1985), Vol. 13, Ne 3, 237-256.

120.Dishliev A., Bainov D., Continuous dependence of the solution of a system of differential equations with
impulses on the impulse hypersurfaces, J. of Math. Analysis and Applications, (1988), Vol. 135, Ne 2, 369-382.

121.Dishliev A., Bainov D., Dependence upon initial conditions and parameters of solutions of impulsive differential
equations with variable structure, International J. of Theoretical Physics, (1990), Vol. 29, Ne 6, 655-675.

122.Dishliev A., Bainov D., Differentiability on a parameter and initial condition of the solution of a system of
differential equations with impulses, Osterreichische Academie der Wissenschaften Mathematisch-
naturwissenschaftliche Klasse, (1987), Wien, Band 196, Heft 1-3, 69-96.

123.Dishliev A., Bainov D., Sufficient conditions for absence of “beating’in systems of differential equations with
impulses, Aplicable Analysis, (1984), Vol. 18, Ne 1&2, 67-73.

124.Dishliev A., Bainov D., Uniform stability with respect to the impulsive perturbations of the solutions of impulsive
differential equations, International J. of Theoretical Physics, (1992), Vol. 31, Ne 2, 363-372.

125.Dishliev A., Dishlieva K., Continuous dependence of the solutions of differential equations under “short”
perturbations on the right-hand side, Communications in Applied Analysis, (2006), Vol. 10, Ne 2, 149-159.

126.Dishliev A., Dishlieva K., Nenov S., Specific asymptotic properties of the solutions of impulsive differential
equations. Methods and applications, Academic Publications, Ltd. (2011).

127.Dishliev A., Dishlieva K., Continuous dependence and stability of solutions of impulsive differential equations
on the initial conditions and impulsive moments, International J. of Pure and Applied Mathematics, (2011), Vol.
70, Ne 1, 39-64.

128.Dishlieva K., Continuous dependence of the solutions of impulsive differential equations on the initial
conditions and barrier curves, Acta Mathematica Scientia, (2012), Vol. 32, Ne 3, 1035-1052.

129.Dishlieva K., Differentiability of solutions of impulsive differential equations with respect to the impulsive
perturbations, Nonlinear Analysis Series B: Real World Applications, (2011), Vol. 12, Ne 6, 3541-3551.

130.Dong L., Chen L., Shi P., Periodic solutions for a two-species nonautonomous competition system with
diffusion and impulses, Chaos Solitons & Fractals, (2007), Vol. 32, Ne 5, 1916-1926.

131.Dong L., Chen L., Sun L., Optimal harvesting policies for periodic Gompertz systems, Nonlinear Analysis: Real
World Applications, (2007), Vol. 8, Ne 2, 572-578.

132.Elaydi S., Yakubu A., Global stability of cycles: Lotka-Volterra competition model with stocking, J. Diff.
Equations Appl., (2002), Vol. 8, Ne 6, 537-549.

133.Erbe H., Freedman H., Liu X., Wu J., Comparison principles for impulsive parabolic equations with applications
to models of single species growth, The J. of Australian Math. Society. Series B. Applied Mathematics, (1991),
Vol. 32, 382-400.

134.Feng C., Huang Z., Almost periodicity in an impulsive logistic equation with infinity delay, International J. of
Biomathematics, (2008), Vol. 1, Ne 3, 355-360.

135.Fenner L., Pinto M., On a Hartman linearization theorem for a class of ODE with impulse effect, Nonlinear
Analysis, (1999), Vol. 38, Ne 3, 307-325.

136.Franco D., Nieto J., Maximum principles for periodic impulsive first order problems, J. of Computational and
Applied Mathematics, (1998), Vol. 88, Ne 1, 149-159.

137.Frigon M., O'Regan D., First order impulsive initial and periodic problems with variable moments, J. of Math.
Analysis and Applications, (1996), Vol. 233, Ne 2, 730-739.

138.Frigon M., O'Regan D., Impulsive differential equations with variable times, Nonlinear Analysis: Theory,
Methods & Applications, (1996), Vol. 26, Ne 12, 1913-1922.

139.Frigon M., O'Regan D., Second order Sturm-Liouville BVP's with impulses at variable moments, Dynamics of
Continuous Discrete and Impulsive Systems, (2001), Vol. 8, Ne 2, 149-159.

140.Fu X., Li X., Oscillation of higher order impulsive differential equations of mixed type with constant argument at
fixed time, Mathematics and Computer Modeling, (2008), Vol. 48, Ne 5-6, 776-786.

141.Gao S., Chen L., Nieto J., Torres A., Analysis of a delayed epidemic model with pulse vaccination and
saturation incidence, Vaccine, (2006), Vol. 24, Ne 35-36, 6037-6045.

142.Gao S., Teng Z., Nieto J., Torres A., Analysis of an SIR epidemic model with pulse vaccination and distributed
time delay, J. Biotechnol., (2007), Article ID 64870.

143.Georgieva A., Kostadinov S., Lp-equivalence of impulsive differential equations, SUT J. of Mathematics,

(1997), Vol. 33, Ne 2, 291-301.
144.Georgieva A., Kostadinov S., Sufficient conditions for the Lp-equivalence of two nonlinear impulsive

differential equations, Turkish J. of Mathematics, (2008), Vol. 32, 451-466.

145.Georgiou D., Nieto J., Rodriguez-Lopez R., Initial value problems for higher-order fuzzy differential equations,
Nonlinear Analysis, (2005), Vol. 63, Ne 4, 587-600.

146.Gladilina R., Ignatyev A., Necessary and sufficient stability conditions for invariant sets of nonlinear impulsive
systems, International Applied Mechanics, (2008), Vol. 44, Ne 2, 228-237.

147.Gonzalez P., Pinto M., Asymptotic behavior of impulsive differential equations, Rocky Mountain J. Math.,
(1996), Vol. 26, Ne 1, 165-173.

27



148.Gopalsamy K., Stability and oscillations in delay differential equations of population dynamics, Kluwer
Academic Publishers, Dordrecht, (1992).

149.Gopalsamy K., Zhang B., On delay differential equations with impulses, J. Math. Analysis and Applications,
(1989), Vol. 139, Ne 1, 110-122.

150.Guo H., Chen L., Time-limited pest control of a Lotka-Volterra model with impulsive harvest, Nonlinear
Analysis: Real World Applications, (2009), Vol. 10, Ne 2, 840-848.

151.Hartman F., Ordinary differential equations, John Wiley & Sons, New York, London, Sydney, (1964).

152.Henderson J., Thompson H., Smoothness of solutions for boundary value problems with impulse effects, II,
Math and Computer Modeling, (1996), Vol. 223, Ne 10, 61-69.

153.Hristova S., Bainov D., Applications of the monotone-iterative technique of V. Lakshmikantham for solving the
initial value problem for impulsive differential-difference equations, Rocky Mountain J. Math., (1993), Vol. 23,
Ne 2, 609-618.

154 Hristova S., Kulev G., Quasilinearization of boundary value problem for impulsive differential equations, J. of
Computational and Applied Math., (2001), Vol. 132, Ne 2, 399-407.

155.Hristova S., Nonlinear delay integral inequalities for piecewise continuous functions and applications, J. Ineq.
Pure Appl. Math., (2004), Vol. 5, Ne 4, Article 88.

156.Hristova S., Roberts L., Razumikhin technique for boundedness of the solutions of impulsive integrodifferential
equations, Mathematical and Computer Modelling, (2001), Vol. 34, Ne 7-8, 839-847.

157.Huo H-F., Existence of positive periodic solutions of a neutral delay Lotka-Volterra system with impulses,
Computers & Mathematics with Applications, (2004), Vol. 48, Ne 12, 1833-1846.

158.1gnatyev A., On the stability of invariant sets of systems with impulse effect, Nonlinear Analysis: Theory,
Methods & Applications, (2008), Vol. 69, Ne 1, 53-72.

159.Jia J., Li C., A Predator-prey Gompertz model with time delay and impulsive perturbations on the prey,
Discrete Dynamics in Nature and Society, (2009),
Vol. 2009, Atrticle ID 256195, 15 p.

160.Jiao J., Chen L., Nieto J., Torres A., Permanence and global attractivity of stage-structured predator-prey
model with continuous harvesting on predator and impulsive stocking on prey, Applied Mathematics and
Mechanics, (2008), Vol. 29, Ne 5, 653-663.

161.Jin Z., Zhien M., Maoan H., The existence of periodic solutions of the n-species Lotka-Volterra competitions
system with impulsive, Chaos Solitons & Fractals, (2004), Vol. 22, Ne 1, 181-188.

162.Juang G., Lu Q., Impulsive state feedback control of a predator-prey model, J. of Computational and Applied
Mathematics, (2007), Vol. 200, Ne 1, 193-207.

163.Juang G., Lu Q., The dynamics of a prey-predator model with impulsive state feedback control, Discrete
Contin. Dyn. Syst. Ser. B, (2006), Vol. 6, 1310-1320.

164.Karandjulov L., Stoyanova Y., Problem of Cauchy for linear singularly perturbed impulsive systems, Univ.
Mishcolc Inst. Mathematical Notes, (2002), Vol. 3, Ne 1, 25-37.

165.Kosseva A., Kostadinov S., Zabrejko P., Stability of linear impulsive differential equations with unbounded
operator, Rostock. Math. Kollog., (1999), Vol. 53, 51-59.

166.Kulev G., Bainov D., Global stability of sets for systems with impulses, Applied Mathematics and Computation,
(1989), Vol. 29, Ne 3, 255-270.

167.Kulev G., Bainov D., On the global stability of sets for impulsive differential systems by Lyapunov’s direct
methods, Dynamics and stability of systems, (1990), Vol. 110, Ne 3, 149-162.

168.Kulev G., Bainov D., Stability of sets for systems with impulses, Tamkang J. of Math., (1988), Vol. 19, Ne 2, 13-
22.

169.Lakshmikantham V., Bainov D., Simeonov P., Theory of impulsive differential equations, World Scientific,
Singapore, New Jersey, London, Hong Kong, (1989).

170.Lakshmikantham V., Liu X., Stability for impulsive differential systems in terms of two measures, Applied
Mathematics and Computations, (1989), Vol. 29, Ne 1, 89-98.

171.Lakshmikantham V., Vasundhara Devi J., Hybrid systems with time scales and impulses, Nonlinear Analysis,
(2006), Vol. 65, Ne 11, 2147-2152.

172.Li J., Nieto J., Impulsive periodic boundary value problems of first-order differential equations, J. of Math.
Analysis and Applications, (2007), Vol. 325, Ne 1, 226-236.

173.Lin D., Hui J., The best dosage scheme on multiple rapid vein injection, J. of Biological Systems, (2007), Vol.
15, Ne 3, 355-364.

174.Liu B., Teng Z., Liu W., Dynamic behaviors of the periodic Lotka-Volterra competing system with impulsive
perturbations, Chaos Solitons & Fractals, (2007), Vol. 31, Ne 2, 356-370.

175.Liu B., Zhang Y., Chen L., The dynamical behaviors of a Lotka-Voltera predator-prey model concerning
integrated pest management, Nonlinear Analysis: Real World Applications, (2005), Vol. 6, Ne 2, 227-243.

176.Liu L., Ye Y., Existence and uniqueness of periodic solutions for a discrete-time SIP epidemic model with time
delays and impulses, International J. of Computational and Math. Sciences, (2011), Vol. 5, Ne 4, 229-235.

177.Liu S., Chen L., Luo G., Jiang Y., Asymptotic behaviors of competitive Lotka-Volterra system with stage
structure, J. of Math. Analysis and Applications, (2002), Vol. 271, Ne 1, 124-188.

178.Liu X., Chen L., Complex dynamics of Holling type Il Lotka-Volterra predator-prey system with impulsive
perturbations on the predator, Chaos Solitons & Fractals, (2003), Vol. 16, Ne 3, 11-20.

179.Liu X., Chen L., Global dynamics of the periodic logistic system with periodic impulsive perturbations, J. of
Math. Analysis and Applications, (2004), Vol. 289, Ne 1, 279-291.

28


http://www.sciencedirect.com/science/journal/08981221

180.Liu X., Li G., Luo G., Positive periodic solution for a two-species ratio-dependent predator—prey system with
time delay and impulse, J. of Math. Analysis and Applications, (2007), Vol. 325, Ne 1, 715-723.

181.Liu X., Stability results for impulsive differential systems with application to population growth models, Dyn.
Stabil. Syst., (1994), Vol. 9, Ne 2, 163-174.

182.Luo Z., Shen J., Stability of impulsive functional differential equations via Lyapunov functional, Applied
Mathematics Letters, (2009), Vol. 22, Ne 2, 163-169.

183.Meng X., Chen L., Li Q., The dynamics of an impulsive delay predator-prey model with variable coefficients,
Applied Mathematics and Computation, (2008), Vol. 198, Ne 1, 361-374.

184.Meng X., Chen L., Permanence and global stability in an impulsive Lotka-Volterra N-species competitive
system with both discrete delays and continuous delays, International J. of Biomathematics, (2008), Vol. 1, Ne
2,179-196.

185.Meng X., Jiao J., Chen L., The dynamics of an age structured predator-prey model with disturbing pulse and
time delays, Nonlinear Analysis: Real World Applications, (2008), Vol.9, Ne 2, 1255-1267.

186.Meng X., Li Z., Nieto J., Dynamic analysis of Michaelis-Menten chemostat-type competition models with time
delay and pulse in a polluted environment, J. of Mathematical Chemistry, (2010), Vol. 47, Ne 1, 123-144.

187.Milev N., Bainov D., Dichotomies for linear impulsive differential equations with variable structure, International
J. of Theoretical Physics, (1992), Vol. 31, Ne 2, 353-361.

188.Milev N., Bainov D., Roach G., Stability of linear systems of differential equations with variable structure and
impulse effect, Mathematical Methods in the Applied Sciences, (1989), Vol. 11, Ne 2, 271-278.

189.Milev N., Bainov D., Stability of linear impulsive differential equations, Computers & Mathematics with
Applications, (1990), Vol. 20, Ne 12, 35-41.

190.Naulin R., Pinto M., Quasi-diagonalization of linear impulsive systems and applications, J. of Math. Analysis
and Applications, (1997), Vol. 208, Ne 2, 281-297.

191.Nenov S., Bainov D., Impulsive dynamical systems, Proceedings of the Second International Colloquium on
Differential Equations, (1992), 145-166.

192.Nenov S., Impulsive controllability and optimizations problems in population dynamics, Nonlinear Analysis,
(1999), Vol. 36, Ne 7, 881-890.

193.Nie L., Peng J., Teng Z., Hu L., Existence and stability of periodic solution of a Lotka-Volterra predator-prey
model with state dependent impulsive effects, J. of Computational and Applied Math., (2009), Vol. 224, Ne 2,
544-555,

194.Nie L., Teng Z., Hu L., Peng J., The dynamics of a Lotka-Volterra predator-prey model with state dependent
impulsive harvest for predator, BioSystems, (2009), Vol. 98, Ne 2, 67-72.

195.Nieto J., Basic theory for nonresonance impulsive periodic problems of first order, J. of Math. Analysis and
Applications, (1997), Vol. 205, Ne 2, 423-433.

196.Nieto J., O’'Regan D., Variational approach to impulsive differential equations, Nonlinear Analysis: Real World
Applications, (2009), Vol. 10, Ne 2, 680-690.

197.Nieto J., Rodriges-Lopez R., Boundary value problems for a class of impulsive functional equations.
Computers & Mathematics with Applications, (2008), Vol. 55, Ne 12, 2715-2731.

198.Nieto J., Rodriguez-Lépez R., Periodic boundary value problem for non-Lipschitzian impulsive functional
differential equations, J. of Math. Analysis and Applications, (2006), Vol. 318, Ne 2, 593-610.

199.Nieto J., The Cauchy problem for continuous fuzzy differential equations, Fuzzy sets and systems, (1999), Vol.
102, Ne 1, 159-262.

200.Pandit S., Deo S., Differential systems involving impulses, Lecture Notes, Springer-Verlag, Berlin, (1982).

201.Perestyuk M., Chernikova O., Some modern aspects of the theory of impulsive differential equations, Ukrainian
Math. J., (2008), Vol. 60, Ne 1, 91-107.

202.Plotnikov V., Ivanov R., Kitanov N., Method of averaging for impulsive differential inclusions, Pliska Stud. Math.
Bulgar., (1998), Vol. 12, 43-55.

203.Rogovchenko Y., Nonlinear Impulse evolution systems and applications to population models, J. Math.
Analysis and Applications, (1997), Vol. 207, Ne 2, 300-315.

204.Saito Y., The necessary and sufficient condition for global stability of a Lotka-Volterra cooperative or
competition systems with delays, J. of Math. Analysis and Applications, (2002), Vol. 268, Ne 1, 109-124.

205.Samojlenko A., Perestyuk N., Impulsive differential equations, World Scientific, Singapore, (1995).

206.Shen J., Li J., Existence and global attractivity of positive periodic solutions for impulsive predator-prey model
with dispersion and time delays, Nonlinear Analysis: Real World Applications, (2009), Vol. 10, Ne 1, 227-243.

207.Simeonov P., Bainov D., Application of the method of the two-sided approximations to the solutions of the
periodic problem for impulsive differential equations, Tamkang J. Math., (1991), Vol. 22, Ne 3, 275-284.

208.Simeonov P., Bainov D., Differentiability of solutions of systems with impulsive effect with respect to initial data
and parameter, Proceedings of the Edinburgh Mathematical Society, (1988), Vol. 31, Ne 2, 353-368.

209.Simeonov P., Bainov D., Estimates for Cauchy matrix of perturbed linear impulsive equations, Chinese J. of
Math., (1993), Vol. 1, 73-80.

210.Smith L., Wahl L., Drug resistance in an immunological model of HIV-1 infection with impulsive drug effects,
Bulletin of Math. Biology, (2005), Vol. 67, Ne 4, 783-813.

211.Stamov G., Almost periodic solutions of impulsive differential equations, Springer, Heidelberg,New York,
Dordrecht, London, (2012).

212.Stamov G., Stamova I., Almost periodic solutions for impulsive neural networks with delay, Applied Math.
Modeling, (2007), Vol. 31, Ne 7, 1263-1270.

29



213.Stamov G., Stamova |., Second method of Lyapunov and existence of integral manifolds for impulsive
differential-difference equations, J. of Math. Analysis and Applications, (2001), Vol. 258, Ne 2, 371-379.

214.Stamova |., Boundedness of impulsive functional differential equations with variable impulsive perturbations,
(2008), Bulletin of the Australian Math. Society, (2008), Vol. 77, 331-345.

215.Stamova |., Emmenegger G.-F., Stability of the solutions of impulsive functional differential equations modeling
price fluctuations in single commodity markets, International J. of Applied Math., (2004), Vol. 15, Ne 3, 271-
290.

216.Stamova |., On the stability of an impulsive differential-difference population model, Communications in Applied
Analysis, (2006), Vol. 10, 285-291.

217.Stamova |., Parametric stability of impulsive functional differential equations, J. of Dynamical and Control
Systems, (2008), Vol. 14, Ne 2, 235-250.

218.Stamova |., Stability analysis of impulsive functional differential equations, Walter de Gruyter, Berlin, New York,
(2009).

219.Stamova |., Stamov G., Lyapunov-Razumikhin method for asymptotic stability of sets for impulsive functional
differential equations, Electronic J. of Differential Equations, (2008), Vol. 48, 1-10.

220.Stamova |., Stamov G., Lyapunov-Razumikhin method for impulsive functional differential equations and
applications to the population dynamics, J. of Computational and Applied Math., (2001), Vol. 130, Ne 1-2, 163-
171.

221.Stamova |., Vector Lyapunov functions for practical stability of nonlinear impulsive functional differential
equations, J. of Math. Analysis and Applications, (2007), Vol. 325, Ne 1, 612-623.

222.Sun S., Chen L., Existence of positive periodic solution of an impulsive delay logistic model, Applied
Mathematics and Computation, (2007), Vol. 184, Ne 2, 617-623.

223.Wang F., Pang G., Shen L., Qualitative analysis and applications of a kind of state-dependent impulsive
differential equations, J. of Computational and Applied Math., (2008), Vol. 216, Ne 1, 279-296.

224.Wang H., Feng E., Xiu Z., Optimality condition of the nonlinear impulsive system in fed-bath fermentation,
Nonlinear Analysis: Theory, Methods & Applications, (2008), Vol. 68, Ne 1, 12-23.

225.Wang W., Shen J., Luo Z., Partial survival and extinction in two competing species with impulses, Nonlinear
Analysis: Real World Applications, (2009), Vol. 10, Ne 3, 1243-1254.

226.Wang X., Song Q., Song X., Analysis of a stage structured predator-prey Gompertz model with disturbing
pulse and delay, Applied Math. Modeling, (2009), Vol. 33, Ne 11, 4231-4240.

227.Wu S.-J., Meng X., Boundedness of nonlinear differential systems with impulsive effect on random moments,
Acta Mathematicae Applicatae Sinica, (2004), Vol. 20, Ne 1, 147-154.

228.Xia Y., Positive periodic solutions for a neutral impulsive delayed Lotka-Volterra competition system with the
effect of toxic substance, Nonlinear Analysis: Real World Applications, (2007), Vol. 8, Ne 1, 204-221.

229.Xian X., O’'Regan D., Agarwal R., Multiplicity results via topological degree for impulsive boundary value
problems under non-well-ordered upper and lower solution conditions, Hindawi Publishing Corporations,
Boundary Value Problems, (2008), Vol. 2008, Article ID 197205.

230.Yan J., Zhao A., Nieto J., Existence and global attractively of positive periodic solution of periodic single-
species impulsive Lotka-Volterra systems, Mathematics and Computer Modeling, (2004), Vol. 40, Ne 5-6, 509-
518.

231.Yang Y., Cao J., Stability and periodicity in delayed cellular neural networks with impulsive effects, Nonlinear
Analysis: Real World Applications, (2007), Vol. 8, Ne 1, 362-374.

232.Yang Z., Xu D., Stability analysis of delay neural networks with impulsive effects, IEEE Trans. Circuits Syst.,
(2005), Vol. 52, 517-521.

233.Yang Z., Xu D., Xiang L., Exponential p-stability of impulsive stochastic differential equations with delays,
Physics Letters A, (2006), Vol. 359, Ne 2, 129-137.

234.Zabrejko P., Bainov D., Kostadinov S., Characteristic exponents of impulsive differential equations,
International J. of Theoretical Physics, (1988), Vol. 27, Ne 6, 731-743.

235. Zang Y., Sun J., Strict stability of impulsive functional differential equations, J. of Math. Analysis and
Applications, (2005), Vol. 301, Ne 1, 237-248.

236.Zavalishchin S., Sesekin A., Dynamic impulse systems. Theory and applications. Mathematics and its
applications, Kluwer Academic Publishers, Dordrecht, (1997).

237.Zeeman E., Zeeman M., From local to global behavior in competitive Lotka-Volterra systems, Transactions of
the American Math. Society, (2002), Vol. 355, Ne 2, 713-734.

238.Zeng G., Wang F., Nieto J., Complexity of a delayed predator-prey model with impulsive harvest and Holling-
type Il functional response, Advances in Complex Systems, (2008), Vol. 11, Ne 1, 77-97.

239.Zhang H., Chen L., Nieto J., A delayed epidemic model with stage-structure and pulses for pest management
strategy, Nonlinear Analysis: Real World Applications, (2008), Vol. 9, Ne 4, 1714-1726.

240.Zzhang W., Fan M., Periodicity in a generalized ecological competition system governed by impulsive
differential equations with delays, Mathematical and Computer Modelling, (2004), Vol. 39, Ne 4-5, 479-493.

241.Zhang X., Shuai Z., Wang K., Optimal impulsive harvesting policy for single population, Nonlinear Analysis:
Real World Applications, (2003), Vol. 4, Ne 4, 639-651.

242.Zhao A., Lakshmikantham V., Existence of positive solutions for delay differential equations with impulses, J. of
Math. Analysis and Applications, (1997), Vol. 210, Ne 2, 667-678.

243.Zhao Z., Jiang J., Lazer A., The permanence and global attractively in a nonautonomus Lotka-Volterra system,
Nonlinear Analysis: Real World Applications, (2004), Vol. 5, Ne 2, 265-276.

30



