KparTko onucanue (cnpaBka)
HA Hall-BasKHUTE MOCTHKECHUSA
Ha npo¢. nH. nHk. CBerocaas I'anyeB Hukosos
110 KOHKYPca 3a 1300p Ha 4jI. KOPECIIOHIEHTH (IonKcHYU wieHoBe) Ha BAH
6 nayuno nanpaenenue - Hnycenepnu nayku

|. [IpuHOCH B HAaNpPaBJIEHHETO MOJIEKYJISIPpHA OHOMEXaHNKA
IIybmmkxanum ¢ mHomepa: 10, 13, 15, 17, 19, 24, 26, 27, 30, 32, 33, 36, 37, 39, 43-45, 47-52, 54, 57, 59, 61, 63, 64,
66-69, 71-79, 81-89, 93, 94, 96, 97, 101, 115

B cwBpeMeHHata MemuimMHa W OWONOTHWS HA KICTHBYHO HHBO C€ H3CJIEIBAT SIBICHHS,
MIPETN3BUKBAINN OOJIECTH KaTO pak, MapKUHCOH, METa0OIUTHH 3a00isaBaHusA, 3a00NIBaHEe HA MMyHHATa
cuctema u aAp. U3xoxknma ce oT pa3OMpaHeTo, Y€ OT IMO3HABAHETO Ha CHOTBETHATA MOJIEKYJIsIpHA
CTPYKTypa, MOXe Ja ce Tojyud uHpopMalus 3a MeXaHu3Ma Mopaxaanl Te3u 3adonsBanus. [Ipu
W3CNIC/IBAHE HA 3]I0KAYECTBEHUTE TYMOPH € HEOOXOIUMO MPEIH BCHYKO Jia CE U3SICHH MEXaHH3MBT Ha
KIeTh4HOTO (pyHKIMOHMpaHe. KieTkaTa HenmpekbcHaTO 0OMeHst nHpopMalus ¢ 0OKpbKaBalara s cpeja,
KaKTO U C JPYTH KIeTKH. [ eHepupaHeTo Ha CUTHAIM U MPEHOCHT HA WHPOPMAIHS CE OCHILECTBABA Upe3
KacKaJu OT OMOXMMHYHH pPEaKIUM MEXIy MOJCeKynuTe. MEKAyKIeThUHUTE W BHTPEHIHOKICTHYHUTE
B3aUMOJICHCTBUS ¥ (QYHKIUHTE Ha KJIEeTKaTa ca HEIMHEHHM JUHaMUYHU Tpouecd. ETo 3amo 3a
MOJIeNTUpaHe W U3CcieIBaHe Ha KICThUHUTE (DYHKIMU Ce M3IION3BA MeopuUsma Ha OUHAMUYHUME CUCTeMU
(JIC). PasriexnaneTo Ha paka B TEPMHUHHTE Ha TEOPUATA HA JUHAMUYHUTE CHCTEMH O3HAa4yaBa Ja Ce
Ch3/1a7]aT MATEMATUYHU MOJICITH, OMUCBAIIM TPEHACSHETO HA UHPOPMAIHS OT PELENTOPUTE HA KIIeTKATa
JI0 HEMHUTE TeHHU B APOTO, KAKTO U aKTUBUPAHETO HA TEHUTE OT MOCIIeI0BATEIIHA OMOXUMUYHU PEaKIHH,
HapevyeHU CUTHAIHU bTeKu (Ha aHri. signal pathways). Te3u mbTekn ca CBP3aHU B CIIOKHU CUTHATHU
Mpexu (Ha aHTJ1. signal networks) u Bb3€HicTBAT MPSAKO BEPXY PA3BUTHETO U 3APABOCIOBHOTO CHCTOSHUE
Ha opraHu3bma. [Ipunaraiiku kadecTBeHaTa TEOpHsl Ha AMHAMUYHHTE CHUCTEMH, MOXEM Ja OTKpHUEM
o0ImuTE 3aKOHOMEPHOCTH Ha MOJIENUPaHUsl OOCKT, a KOJWYECTBEHOTO ONHMCAHHE € CUMYJalus Ha
W3CJIE/IBAHUS TIPOIIEC.

1. Pa3zpaboTeHa € HOBa MHTETPUpaHa CTPATETHsl 3a OMPEICNTHE HA KPUTHYHH OHOXMMHUYHHU TPOIIECH B
CUTHAJIHUTE MIbTEKU. [[0XOABT CE ChCTOM OT cleTHAaTa MOCIE0BATETHOCT OT CTHIIKK- MaTeMaTHYHO
MO/JIeNTUpaHe, YyBCTBUTEINICH aHANIN3, OU(YpKAIIMOHEH aHAIN3 U MPEJICKa3BaIld CUMYJIAINH;

2. PaspaboreHa e HOBa MOJENHO Oa3uWpaHa CTpaTterws 3a H3cienBaHe poistTa Ha Mukpo-PHK
peryarpaHeTo B PaKOBHU CHUTHAIHHM IBTEKH. B TO3M CHCTEMHO-OMOJIOTHYEH TMOJAXOJ C€ W3IMOJ3BaT
chIllecTBYBalIaTa MHPpOpPMAIMA W XUTIOTE3W (M3BJICYEHM MO OMO-WHPOPMATUYEH MBT HIM PBYHO),
KaTo 3a ChOTBETHATA CHUCTEMA C€ TMPEBEX/JAT B JIMHAMHYHHM CUCTeMH. M3mon3BaT ce OHONIOrHYHU
JaHHW (B3e€TH OT JMTepaTypaTa WM clielu(pUIHO TeHEepHpaHW) C LeN Ja ce OMUIIE W HACTPOU
MaTeMaTHYHHAT Mojen. Hakpas cuctemara ce M3clie/iBa 4pe3 YHCIOBU CUMYJIAllMU WM Ka4eCTBEHU
AHATUTHYHH METOJIH,;

3. Moaudwunmpan e moaensT Ha J[kako6 u Mono (Ha auri. Jacob and Monod) 3a renHo-perysaioHHa
cUcTeMa TpHU MPOKAPHOTHU KIIETKH, Ype3 BbBEkKAaHe Ha BpeMe3akbcHHTeNHA ¢GyHKius. [lo To3m
HAYWH Ce JlaBa TEOPETHYHO OOSCHEHHE HA BIHMSHUETO HA BPEME3aKbCHEHHETO MPH HOPMAIHOTO U
MATOJIOTHYHO CHUHTE3UPaHE Ha IIPOTEUHH B €YKAPUOTHHUTE KICTKH;

4. Tlony4yeH € KpUTEPUHU 3a YCTOMUMBOCT M IMOsiBa Ha OMdypkaius Ha AHIPOHOB-XOM( Ha 0000IIEeHA
CUCTEMa OT TPU aBTOHOMHH OOMKHOBEHH JrepeHITNaTHA YPaBHEHUS C TPU IUCKPETHH 3aKbCHEHUSI.

5. Cw3nanen e HOB OmomaremaTwueH Mozena Ha Mukpo-PHK perynmpaneTo ¢ nBa u Tpu 3aKbCHSBAIIN

apryMeHTa,

6. Cp3majicH € HOB MYJITUpa3MepeH MOJIe ChC 3aKbCHSBAIM apryMeHTH omnucBail edekrute Ha JAK2-

STATS curnaiHOTO MOJYJIMPaHe BbPXY €PUTPOIOE3aTa;

7. Monuduurpan e MOJENbT Ha paka Ha 1e0eJ0To YepBO Ha JI>KOHCTOH M ChaBTOPH C BHBEKIAHETO HA
3aKbCHEHMS 32 BpEMEHATA Ha ITOIHOBSIBAHE HA CTBOJIOBUTE KJIETKU U MONY-ITU(EPEHIIMPAHNTE KIIETKH
B Kkpurrara. [loslydeHH ca KadecTBEHO HOBH pe3yjTaTH 3a NMPUYHHUTE NpPEAM3BHKBAIM paK Ha
JIe0enoTo YepBo;



8. UscnenBana ¢ nuHammkara Ha curHanHara mbreka NF-KB (cBbp3ana ¢ pakoBurte 3a0oiisiBaHus PU

YOBEKa), C OTJIe] M3SACHSABAaHE HAa HEHHUTE O0COOEHOCTH M (DYHKIIMUHM B PE3yNTaT HA WHXHOUPAHETO
BOJICIIO JI0 Ch3/aBaHe Ha e(UKACHH CpPEACTBA 3a JICUCHWE W MPEIOTBPATABAHE HA TOBA TEXKKO
3a0osiBaHe. 3a 1enrta € MOOUQHUIUPaH MOJEIBT C Hali-Majika pa3MepHOCT, OMMCBAILl peryJaTopHaTa
crpyktypa Ha NF-KB mwrekara, upe3 pasmmpsiBaHe Ha CTOMHOCTTa Ha KoHcTaHTata C, KOSTO
arperupa edekra ot Bxomgaus curaai Ha cucremara (IKK) u naxubutopuus 6entsk RKIP;

9. HpezmoxceHa € HOBa CTpAaTerus 3a U3CJICABaHC HA XOMOJUMCpHU3aluiATa IIpru B3aUMOJCUCTBUETO MCKOY
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peuenTop U NPOTEMHHUTE TPAHCIyCEPH,;

Ch31a0eH € HOB MaTeMaTH4eH MOJEN C IIOMOLITA Ha KOWTO c€ aHaJIM3HpaT yCIOBHATA, NIPH KOUTO
ocrianuute Ha p53 (oHKOreH, ocHOBeH KoHTpoJep Ha JIHK yBpexmanusnTa) ce pa3npocTpaHsiBar o
HETOBHUTE TPAHCKPUILIMOHHH MPULIENH (LIENIN);
Upes m3uncnureneH (ononHopMaTHIeH) Moaxo ] ca uaeHTudumupann HoBu MUkpoPHKu cBbp3ann
ChC CHHAIICOT'€HE3HUCA;

3a IBpBU BT B HAYKO3HAHUETO € (hOpMyJIHMpaHa XUIOTe3aTa, Y€ TYMOPUTE ca CTPaHHHU (XOaTU4HH)
atpaktopu. [loka3aHo e, ye TymoOpHTe MOJOOHO HAa CTPAaHHUTE aTPaKTOpU ChyeTaBaT B cebe cu:
rmobaqHa yCTOWYMBOCT (Ha aHrI.  rODUStNESS) W JOKalmHAa HEYCTOWYMBOCT, PETYIISAPHU
(meTepMHHUpPaHU) U CTOXACTUYHHU XapakTepucTuku. [lokazaHo e, ye mpomsiHaTa B HepapxXUHTE Ha
CUTHAJIHUTEC IIBTCKH € OCHOBHA IIPpUYKMHA 3a IOsIBaTa Ha TpaﬁHO YBPECACHHU PAKOBU KIICTKH. Tosa HOBO
BIDK/IaHE MOXKE J1a IOBEE 0 ChIECTBEH HAMpPeIbK B OopOaTa ¢ paka.

Ch3mageH € HOB MaTeMaTWdeH MOJEJI ONMCBall oOpa3yBaHETO Ha MHKpPOMeETacTasd (0T exHa 10
HSKOJIKO KJETKHM) NMpU MelaHoMma (pak Ha Koxkarta). To3u Mojen Ha MpakTHKa ce HM3IO0J3Ba MpU
n3paboTKaTa Ha MEPCOHAJIHA BaKCHHA (B 3aBUCHMOCT OT IéHOMa Ha MaunueHTa) B MeTuIMHCKUs
yauBepcuteT Ha Epmanren (I'epmanust). o momenTa va mHan 4000 manueHTH € MPUIIOKEHA YCIIETITHO
ta3u Tepanus. [lyOnukyBaH e B cricanueto Scientific Reports uzgasano ot Nature Group;

OTKpUTH Cca HOBH MEXaHM3MH B JUHAMHUYHOTO B3aWMOJCHCTBHE MEXIy OHKOTeHa p53 u
MukpoPHK34 B 3aBUCUMOCT OT KOOIIEPATUBHOCTTA.

[TokazaHo e, 4e BpeMe3aKbCHEHHETO(sTa) ¢ OudypKalMoOHEeH HmapaMeThp B: 1) Mozena Ha FeHHOTO
perynupane; 2) moaena Ha PHK nortuckanero; 3) Mozmena ommcBai JUHAMUYHOTO PEryJHpaHe Ha
pakoBara curHaaHa mhTeka C-MyCc/E2F or miRNAL17-92 kmbcrepa; 4) momena Ha MukpoPHK
perynupanero u 5) mozaena omnucsaml ehekrure Ha JAK2-STATS curHamHoTo MomyiupaHe BbPXY
epuTpoIoe3ara, KOETO BOJH 10 JIECTa0MIN3UpaHe Ha HOPMAITHOTO UM (DYHKIIMOHUPAHE;

YcraHoBeHO €, ye MosBaTa Ha HEPETYSIPHO (XaOTHYHO) IOBEACHHE B T'€HHO-PEryJIAllMOHHHUTE
CHCTEMH OTIrOBaps Ha CBHILECTBEHO HapyllIaBaHE HAa TEXHUTE (YHKLUUH, KOETO MOXE Ja JIOBele IO
TEXKHU NATOJIOTUHU U YBPEXKIaHUA Ha KJIETKaTa,
YcTaHOBEHO e, e BpeMe3aKbCHEHHETO He OKa3Ba BIMSHUE BbPXY YCTOMUMBOCTTA Ha mbTekarta JAK2-
STATS;

ITokazaHo e, ye BpeMe3aKbCHEHMATA MMAT CTaOMIM3Upalla poJisi B MOZAENa Ha paka Ha ae0enoTo
4epBo;

Ilokazano e, 4e cucremara ot B3ammozeiictBueto Mexnay ERK u JAK2-STATS e crpykrypHO
HEYCTOHYMBa, KaTO € BB3MOXKHO H34Ye3BaHE HA PABHOBECHOTO M CBHCTOSHHUE, OTrOBApsILIO Ha
HEoOpaTHMO PaKOBO 3a00JIABaHE;

[TokazaHo e, ye HaMaJIsIBAHETO Ha peryianusaTa Ha cyOkieTpbuHO HMBO Ha EpoR m STATS BBpXY
JUHAMHUKaTa Ha EpUTPOLMTHATA MOITyJIalys, BOAHU 10 NaTOJOTHYHO [TOHW)KaBaHEe Ha XeMaTOKpUTa Ha
JajeH UHAUBU/I.

Il. IlpyHoCcH B HANpaBJIeHNETO OMOMEXaHUKA HA CPeIM M MPOLeCH
[Tybnukanuu ¢ Homepa: 7, 23, 90, 95, 112, 116-120

C’LIJ.[GCTBYBaT JBC OCHOBHH O6CTO$IT€J'ICTBa, KOWUTO MpaBAT H€O6XO):[I/IMO NPUBJINYAHCTO B

OuosiorusiTa ¥ MEeOUIMHATa Ha KayecTBEHAaTa TEOpHs Ha HeJIMHEHHWTE AudepeHuranHu ypaBHEHHS: 1)
HaIlIOBTOPSAEMOCT IO BpEME, Bb3PacT U UHJIMBHIYATHOCT HA KOJWYECTBEHUTE PE3YyITaTH OT U3MEPBAaHUATA
BbpPXY OMOJIOTMYHH OOCKTH, M3MCKBAIO KAaYECTBEHO CPAaBHCHUE MEXIY EKCIEPUMEHT H Teopus; 2)
cneun(uIHOCT Ha OMOJIOTMYHOTO MOBeJeHHE (0OpaTHU BPB3KK) BOAELIO A0 MOSBa HA HETUHEHHOCTH B
CHOTBETHUTE AH(DEPEHIIATHH YPaBHEHHUSI.



1. Ce3mameH ¢ HOB OMOMAaTeMaTHUYeH MOJEN Ha KpbBHHS MOTOK B Kpbra Ha Willis mpu mamuume Ha
aHEeBpU3bM B MO3bKa. [lomydeHo e, ye pasnukara B pajuyCHTe Ha JBE Pa3KIOHEHUS HE BOIM IO
HECTAOMJITHOCT Ha ITOTOKA W HapacTBaHE HA aHEBPU3MATa,

2. Cp3maieH € HOB MEXaHOMAaTeMaTHUEH MOJE Ha MyJICHpalll KpPhBEH MOTOK Mpe3 cucTemara cerebral
aprepusi U aHeBpU3bM. [loNydeHO e, 4e cucTeMara € YCTOHYMBA NP HOPMAIHH (HU3HOIOTUIHU
YCIIOBHUS, HO TIPW HaMallsiBaHEe Ha KOMIUICaHCA HA aHeBpU3MaTa 00eMbT Ha aHEeBpU3MAaTa HapacTBa U
MOYKE J]a C€ CTUTHE JI0 HEHHOTO CITyKBaHE,

3. Cp3aa/ieHU ca HOBHM JIMHAMUYHU MOJICIH HAa XOPH30HTAJICH OYCH HUCTArbM U Ha ChPJCYHH ITYJICAIIUU.
ITomydeno e, ue u ABaTa Mojena ry0ar Meko (00paTuMO) yCTOWYHUBOCTTA CH. MOIETbT 32 ChpACYHU
myJIcallii MOKE Jla Ce W3MOJ3Ba B MEAMIMHCKATA TMPAKTHKA MpPU JUATHOCTHKA Ha KITAITHUTE
3a00JIIBaHUS Ha ChPJICYHUS MYCKYII;

4. TlpennoxeH e crenuGUIeH WHTEPIIONAHOHEH METO/]] 32 PEKOHCTPYUPaHe Ha €ITHO-, IBY- H TPHUMEPHU
JUHAMUYHU CUCTEMH, Ha KOWTO JIECHHTE YacTH Ha CHOTBETHUTE NU(DEPEHIMAIHU YpaBHCHHS ca
TTOJIMHOMU.

I11. IlpuHOCH B HANIPABJIEHHETO TUHAMHUKA U YCTOHYMBOCT HA MEXaAaHUYHH CHCTEMH
IIybmmkanum ¢ Homepa: 1, 2, 5, 9, 16, 22, 25, 28, 29, 31, 34, 35, 40-52, 55, 56, 58, 65, 70, 80, 104, 114

Mexanukara € QyHIaMeHTaJHAa HayKa JlaBalla 3aqbJI00YeHH 3HAHUS 3a MpHpojaTa. Ts CiayxXu
KaTo CPEACTBO 3a M3rpakIaHe Ha MaTeMaTHMYHU MOJENHM Ha M3BBPILBAIIM CE B NPUpPOJATa U TEXHHKATa
MPOIIECH, 3a HM3pabOTBaHE Ha CIIOCOOHOCTH 3a HAy4yHM O0OOIICHWS W W3BOAU. BBpXy ocHOBara Ha
MeXaHHKaTa YCHEIHO Cc€ pa3BUBAaT HOBH HAayYHH HAaIPaBICHUSA- TEOpUS HAa YCTOMYMBOCTTA Ha
JIBIDKEHHETO, TEOPHsI Ha TPENTEHMATA, MEXaTPOHHKA, TEOPHs HAa CHUCTEMHUTE 3a YIpaBlIeHHWE U [p.
OcobeHo BakHA poJsl B 3aJauuTe Ha YIPaBJICHHE HA MEXaHUYHUTE OOCKTH HMAaT XHUPOCKOIHYHHTE
CUCTEMH.

B nocnennure roguHn ce HaOnronaBa 3acHIIEH MHTEpEC KbM MEXaHUKaTa HAa MAcOBU (TEXKH)
HUIIKY (BBXKeTa) U cTpyHU. ToBa ce oOycmaBs oT (hakra, ye MEXaHUYHUTE CUCTEMH C BUCSIIH TOBapH
HIMPOKO C€ M3MOJI3BAT B MPOMHUIICHOCTTa, CTPOUTEJICTBOTO U Jp. Te3U CHCTEeMH ce SIBSIBAT OCHOBHH 3a
TOBApOIOJEMHUTE MAIlMHW, MUHOJOOMBHUTE MAIIMHUA U Ap. [IpoexTupaHeTo M HaleXHOCTTa Ha TE3U
MAaIlMHA W3MCKBA Ch3JAaBaHETO HA PALMOHAIHU MEXaHO-MAaTEeMAaTHYHU MOJEIH W pellaBaHe Ha CUCTEMH
JUQepeHIInaIHT YpaBHEHNSI.

dopManu3MuTe H3MON3BaHM B KIacHYeckara MEXaHWKa Ce OCHOBaBaT Ha TOJsIM Opoi
mareMaTHyHu MeToad. OT TrienHa TOYKa Ha KiacHyeckata M KBaHTOBA TEOpUH, (HOopMaTU3MHUTE Ha
XamuntoH u Jlarpamk wumar penumna npeauMcTBa M HexoctaThiu. Dokycupallku ce  BBPXY
XammiroHoBata Mexanuka (XM), MoraT Jia ce IocoJar CIeIHUTe HeWHU MPEINMCTBA:

e B XM chlllecTBYBa paBHOIPABHOCT MEXIY MO3UIIMOHHUTE U CKOPOCTHU MPOMEHIIMBH, KOUTO OWBAiKN
HE3aBUCHMH €JHH OT APYTH JaBaT IbjHa MHPOpMaIMs 3a CBOWCTBAaTa Ha €IHA Kiacuuecka cuctema. C
JPYTU TyMU, TIOJOKEHUSITA H CKOPOCTHTE IIPH J1aJIeHU HAYaIHU YCIIOBUS ca HEOOXOAUMU U JIOCTATHYHU
3a TIpe/ICKa3BaHEeTO Ha €BOJIONMATA HA M3CIIe/BaHATa CUCTEMa — yCTOWYMBOCT, OMdypKaluu u JIp.;
Ilpu ¢dopmanuzma Ha Jlarpamk TOBa HE € W3MBIHEHO, 3aLIOTO CaMO MO3MLMOHHHUTE NMPOMEHJIMBU ca
HE3aBUCHMU B ypaBHEHHUsATA Ha Jlarpanx.
® ChIVIACHO KaHOHWYHATA KBAHTOBA MapajnrmMa, KOHCTPYHpPAHETO Ha €IWH XaMHJITOHMAH Ha JajeHa
KJIacH4YecKa AMHAMUYHA CHCTEMa € ITbPBa CThIIKA B KJlJacHYecKaTa TeopHs;
® 00110 MpHUeT HAUYMH 32 ONKMCAaHUE Ha elHa PeJaTUBUCTKA Teopus € (hopMyarpaHeTo U B TEPMUHHUTE Ha
enuH cuHrynsipeH Jlarpamkuad. ToBa BoJU 710 CJI0XHHU CTPYKTYpH Ha ypaBHeHHsATa Ha JlarpaHx (KOUTO
Morar jaa ObJar: anreOpuuHd WM JUQEpeHUUATHN YypaBHEHUS OT BTOpU (IBPBH) peA) HMMAIU
(YHKUMOHAIHO TIPOW3BOJIHU pewieHus. llpum cbBpeMEeHHUTE HayyHH H3ClelBaHUs B oOjacTra Ha
HellMHeWHATa Xa0TUYHA IMHAMUKA TIOTYYEHUTE PEIICHHs B TIOBEYETO CIIyYau €a OT TO3H THIL.
0000111aBaliki MOXKEM J1a Ka)KeM, Ue W3CJIeIBaHUATA C [IOMOIITa Ha XaMHJITOHOBUS (hOpMaIU3bM
JaBat Mo-sCHa TeOMETPUYHA KapTHHA Ha KIacCHYecKaTa TUHAMUKA, T.€. BCHUKH PEIICHHUS Ca OTPaHUYeHU
Jla JIeKaT B JIafieHa MOBBPXHUHA OT (Pa30BOTO MPOCTPAHCTBO HA CHCTEMATA, BOJIEIIO J0 MOCTYIUPAHETO
Ha KJIACOBE OT EKBHMBAJICHTHU TpaeKTopHvH. M3cienBaHero Ha reoMeTpHUYHATAa KapTHHA CTaBa 4pes3
M3M0J3BAHETO HA CIELUAIHM KOOPAMHATH (BBBEIEHHM C IOMOILITA HAa KAaHOHUYHHM TpaHchopmaiyn)
NPUTOICHH 32 ChOTBETHATA MOBBbPXHUHA. Taka ce moyyyaBa eiHa 10-100pa pU3MYHa MHTEpIpeTanus Ha



OCHOBHUTE CHHTYJISIPHH NPOOJIEMH, KOETO BOAM [0 IOJNydyaBaHE HAa HOBH NPAKTUYECKW HAUYMHH H

HOJXOIH.

1. UscnenBana e ycTOWYMBOCTTA HA ABTOMOOWII MpU JBIXKCHHETO My IO MpaB MbT Ha 0a3aTa Ha
MaTeMaTH4YeH MoJel, KOUTo e moixydeH oT Pokapn m moguduuupan or HuxonoB u BwruBapos.
CriennpuIHUAT BBIPOC TYK €: KO NapaMeTpH OT aBTOMOOMIIHATA T€OMETPHs], KaueCTBOTO Ha IIbTS U
CKOpPOCT Ha aBTOMOOWJIa, MOTaT Jla CIIy>KaT KaTO OCHOBHA MPHUYMHA 32 Bh3HUKBaHE Ha KartacTpoda
(mpTHO TpaHcmopTHO mpousiuectsue)? IloxydeHo e, ye aBromoOmiIHMTe € TolsiMa Maca W 0aza
mocturat Meka (o0parnma) 3aryba Ha YCTOMYMBOCT IPH MO-BUCOKA CKOPOCT B CPAaBHEHHE C MAIIKUTE
U TO-IeKH aBTOMOOWIH. W3KITOYBaiiku CKOpOCTTa, AaBTOMOOWIIHATA YCTOWYHBOCT 3aBHUCH
CBILECTBEHO OT XapaKTEPUCTUKUTE Ha BT,

2. V3BemeH e JMHAMHYEH MOJEN OT MET aBTOHOMHM HenuueiHu OJY omucBail JBMXKEHHETO Ha
JByMacoBa MexaHM4Ha cucTteMa ¢ KapnanoBa mpenaBka. B pe3yiraT Ha aHaJUTHYHOTO M3CICIBaHE
Ha YCTOHYMBOCTTa M ce€ NOJy4aBa, 4e CHCTEMaTra MOXE Ja ce HaMupa B JBE CHCTOSHHA, T.e. 1)
CBILIECTBYBA €AHO YCTOMYMBO ChCTOSHUS U 2) HE CHILIECTBYBAT PABHOBECHH CHCTOSIHUS — HM3Ye3Bar,
KaTo B TO3M Clydyail UMaMe CTPYKTypHa HEYyCTOMYMBOCT. IIBpBUAT ciydaid oTroBapsi Ha W3IPAaBHO
(HOpPMaTHO) TEXHHYECKO CHCTOSIHHE, 2 BTOPOTO Ha HEOTCTPaHMMa MOBpeia B IIpeaBKara,

3. HscnenBaHo € KOMIUIEKCHOTO (CIIOXKHO) TOBEIEHHE Ha JBOMHO OOBPHATO Maxajlo C BEPTHUKAIHO
TpenTslla TOYKa Ha OKauBaHe. PasrmexnaHara cucreMa € IojlydeHa KaTo MOJENl Ha KOHKPETHO
MEXaHUYHO SIBJICHUE — JIBW)KEHUE Ha YOBewIKo Tsu1o0. [lomydeHo e, ye ycToiiunBocTTa Ha 0OBPHATOTO
CHCTOSIHUE 3aBHCH CBIIECTBEHO OT aMIUIUTYaTa Ha TPENITCHE Ha TOUKaTa Ha OKayBaHE;

4. Ilpe3 mocnenHUTE TOIMHM B HAay4dHATa JUTEpaTypa ce 3a0ensi3Ba 3aCUICH MHTEPEC KbM H3ydaBaHe Ha
nosiBaTa Ha XaoC B JKUPOCKOMUYHHU cucTeMH. Jlo cera e moOpe M3BECTHO, Y€ B 3aBUCHMOCT OT
CKOpPOCTTa Ha BBPTEHE, €JHA JKUPOCKOMUYHA CHUCTEMa MOXE Ja € B YCTOHYMBO WIIM HEYyCTOWYHBO
CbCTOSIHWE. Bbropeku orpomHuss Opoil CHIIECTBYBAallM HAy4YHH MyOJIMKAaLUU CBBP3aHU C
W3CJICJIBAHETO HA IOSBaTa Ha Pa3IMYHH XaOTHYHHM CTPYKTYpH, 0 Cera MHOTO MallkO ce 3Hae 3a
KOHCTPYKIIUOHHUTE )Z[CTaI\/'IJ'II/I IIpyu 1MosBaTa Ha Ppas3IM4YHd XaOTUYHU CTPYKTYpHU, KAKTO U 3a
OM(ypKaIMOHHUTE CIEHAPUN TPEIU3BHKBAINNA CIOXKHO (XaOTWYHO) TMoOBenmeHue. M3cienBaHo e
BB3HUKBAaHETO HA PEryJSIpHO M XaOTHMYHO IOBEACHHE HAa ABWXKCHHWETO Ha TBBPAO TIO C €AHa
HETOJIBMKHA TOYKa (KMPOCTAT). 32 U3CICABAHUS MOJIEH CE MOSBABAT XCTCPOKIMHUYHUA CTPYKTYPH C
JBE, TPU, YETUPH U NET (PUKCUPAHU TOUKHU OT BUJ CEATIO-(POKYC;

5. UscnenBana ¢ aMHaMHMKaTa Ha OOBPHATO Maxajo C MpocieasBamia cwia. IlomydeHo e, d9e
npociieisgBaliaTa Cuiia uMa cTabuin3mupaia pois, KaTo MOXe Jla ce TOsSBU TBbpAa (HeoOpaTtuma)
3ary0a Ha yCTOMYHMBOCT;

6. IlokazaHo e, 4e OUHAMHYHOTO MOBEJEHHE Ha OOBPHATO Maxajlo C MHEPLHOHEH IHUCK CBILECTBEHO
3aBUCH OT CTOWHOCTHTE Ha MapaMeTpUTe Ha yrpaBisiBamiara GyHKIus;

7. C nomoliTa Ha aHAJIMTUYHUS METOJ] Ha XaMUITOH-IKko0u ca W3Y4YE€HU TPENTEHUsATa Ha MacOBa HUIIIKA
B TOBApOIIOACMHHN MallMHU B PCXKUM Ha CIIMpaHE, KAaTO € IMPUCTO Y€ MOMCHTBHT Ha CIHpPAHE €
nrHeHHa (QYHKIYS Ha BIoBaTa CKOPOCT Ha MeXaHHW3Ma Ha rpeBkBaHe. [lonydeHu ca npubImKeHun
AQHAJTUTUYHU PEIICHUs Ha cucTeMaTa JudepeHualHl ypaBHEeHuS,

8. 3a uscnensanero Ha OU(YPKALMOHHOTO MMOBEAEHUE HA JIIOJEEHIOTO CE “HAIOMIIBAILO” OCLUIMPAILO
JIBUKCHHE (KOraTo JIIOJICCIIMAT C€ € CeAHal) C€ M3I0JI3Ba XaMHITOHOBHUAT (HOPMAIU3bM.
PasrneganaTa cucrema mpencTaBisiBa CIOKHO Maxalio C JIB€ CTEIIEHH Ha CBOOOA, KaTo JFOJICCIIUST
ce wWJeanu3upa Karo HecuMeTpudyeH abMOen. OT HanpaBeHHTE aHATUTHYHU TIPECMSTAHHS €
MOJIyYeHO, Y€ 3a CHUCTeMara ¢ xapakTepHa XamuiaToHoBa Xond Oudypkamus (1:-1 pesonanc). 3a
cUcTeMaTa ca HaMEpEeHH JIBa IIbPBHU MHTerpana. Te3n pe3ynaTaTtd ca 0ocoOOCHO BasKHHM 32 KOCMOHABTH
(acTpoHAaBTH) HAMHpAILH CE B OTKPUTHSI KOCMOC 1 U3BBPIIBAT PEMOHTHHU WJIM JPYTH JIEHHOCTH,

9. OTKpI/ITO € ChIICCTBYBAHCTO HAa XOMOKJIIMHUYHA op61/1Ta B HCUHTETpyEMa XaMHUJITOHOBA CUCTEMA C IIBE
CTETEeHHN Ha cBOO0/1a- CIOXKHO €aCTHYHO Maxajio, KaTo € IpeACTaBeHO HEHHOTO YpaBHEHHE.



IV. IIpuHoCcH B HanmpaBJIeHHETO HeJHHeiiHA (Xa0THYHA) THHAMHMKA
IIybmmkanuu ¢ Homepa: 3, 4, 6, 8, 11, 12, 14, 20, 21, 38, 62, 91, 92, 98-100, 102, 103, 104-110, 111, 113

B Oorarara manurpa OT BEIMKH OTKPUTHS INpe3 ABAACCETH BEK, TP OT TIX OE3CIOPHO
MpUHAIIekKAT Ha ¢usnkara: 1) TeopusATa HAa OTHOCHUTEIHOCTTA Ha Aunbepr AnHmaia (0e3 nma
npeHeOpersaMe orpomHara 3aciayra Ha AHpu [loankape); 2) KkBaHTOBaTa MEXaHHKa, CBbP3aHa C peuia
rojeMyd Y4YeHH OT Pa3IUYHU CTpPaHW; M 3) TeopusTa Ha Xaoca, CBbp3aHa OCHOBHO C HMETO Ha
aMepuKaHckusa Teopetuk-mereopoior E. Jlopenil. [Ipunoc B pazputuero u oTHoBo uMa AHpu Iloankape,
a cJe]l Hero OIlle MHOTO YYeHH, CIIUCHKBT C MMEHATa Ha KOMTO € HEBB3MOXKHO Jia ce modepe Ha HIKOIKO
JIeCeTKU cTpaHuiy. TyKk caMmo Ie crioMeHeM, Y€ MbPBHUTE YHOTPEOWIM AyMara Xaoc B ChbBPEMEHHOTO M
pa3bupane B HaykaTta ca Jlu m Mopk mpe3 1975 romuHa, a aBTOpPUTE HA KOHICIIWATA 33 CTPAHHI
aTpakTop ca Proen n Takenc npe3 1971 rogunaa. XapakTepHOTO 3a TEOPHATa HA Xaoca €, Ue TS OCTaBa B
paMKHTe Ha KJacuueckaTa (PU3MKa, KaTo U3I0JI3Ba CPEICTBATa Ha MPUIIOKHATA MaTeMaThKa. Ta3u Teopust
¥Ma MPUIOKEHNUE BbB BCUUKU O0JIACTH HA HAYKO3HAHUETO, KBCTO UMAT MSICTO HEJITMHEHHUTE IPOLECH U
aBieHrs. HaydHUsIT cMUCBHI HA MMOHATHETO XaoC HE € MIACHTUYEH C SIBICHHETO CIydaeH Ipolec. 3a zaa
ObJec elHA cUCTEMa XaOTHYHA € HeoOXOIMMO, Ts Ja €: HelMHEHHa; AeTepMUHHUpaHa (T.e. ChIIECTBYBa
OpaBWIO (3aKOH) OMPENeNsnio ObACHIOTO M TOBEACHME); M CHIHO YYBCTBUTEIHA KbM Ha4alIHUTE
ycnoBus. Tyk TpsiOBa &a AONBIHMM OIIE €AHO HEOOXOOMMO YCJIOBHE B CiIydaid, 4e cHUCTeMaTa e
npejicTaBeHa ¢ OOMKHOBEHU Au(epeHIaIHA YpaBHEHUsI- OpOAT Ha ypaBHEHHUsITA N TpAOBa J1a € MO-TOJIsM
WIN paBeH Ha Tpu. JlOCTaTHYHOTO YCIIOBHE 32 XaOTHMYHOCT Ha €/HA CHUCTEeMa € TA Jla MMa IMOHE eaHa
MOJIOXKUTENHA JISIyHOBA EKCIIOHEHTA.

1. 3a TppBU BT B HayYHATA MPAKTHKA € TIOJIY4YeHo, Ye uMa xaoc B 1) cucremara Ha Jlarndopn (Ha aHTI.
Lanford) umu cnen komyHukaius ¢ aBropa- Jlanrdopn (Ha anrn. Langford); 2) va Tednus xupockon
1 3) Ha IBOMHOTO 0OBPHATO MaxXajo C BEPTUKAIHO TPENTSIIa TOYKa Ha OKaYBaHE,

2. TonmyveHo e, 4e mpexoabT KbM XaoC B cucremara Ha Phociep (ua anrn. ROssler), mogudurmpanara
cucrema Ha Ppociep u cucremara Ha Uya (wa anri. Chua) craBa mpu Meka (obpartuma) 3aryba Ha
YCTOHYHMBOCT;

3. IlokaszaHo e, 4e XaoChT U XMIIEPXAOChT (IIPU MOBEYE OT €AHA MOJIOKHUTEIHA EKCIIOHEHTa Ha JIAIyHOB)
MOTaT Jla ce KOHTponupaT (ympaBisBar), 4pe3 BBBEXJaHE HA JHWHEHHa oOpaTHa BpB3Ka OT
COOCTBEHHUTE CUTHAIIY,

4. IToka3aHo €, 4e MPEMUHABAHETO OT Xa0C KbM XHUIIEpXaoc (KaKTO U 00paTHOTO) CHIIECTBEHO 3aBUCH OT
NPOMSIHATa Ha BHUJa HA PABHOBECHHUTE ChCTOSHHS Ha CUCTEMATa,

5. Tlomy4eHo e, 4e MPexoabT KbM Xaoc B cucremara Ha Pose-Xwunamapin (Ha anrit. Rose-Hindmarsh) sa
HepBHATa BB30YJAMMOCT cTaBa Ipy HeoOpaTuMa (TBbp/a) 3aryda Ha yCTOIUMBOCT;

6. [ToayueHo e, 4e MBTAT KbM Xaoc B cucremata Ha Pykmmmk (Ha anrin. Rucklidge) 3anousa npu TBBpIa
3ary6a Ha yCTOWYUBOCT;

7. Ilonydenu ca Tpu HOBH Mojiena (OT TpH, 4YeTHpH U neT HeiauHerHu OJ1Y) omucBamy HenMHEWHaTa
JUHaMUKa UM MHKpodu3uka Ha 4ucT BojeH (ropemr) oOmak. IIpu MoxmenupaneTo € HM3MOJI3BaHa
cxemara Ha Kessler. 3a criennduyHu CTOWHOCTH HA APAMETPUTE € MOKAa3aHo, Ye CHCTeMara OT TpH
YpaBHEHHUSI MPHUTEKaBa XaOTHYHO MOBEJCHUE, KaTO MPEXOABT KbM XaoC CTaBa 4pe3 YBOSBAIIH
TIepro/a Ha TPENTeHe OnQypKaIu;

8. TlokazaHo e, 4ye MNPEeXOAbT XHUIEPXA0C-XAaoC-XUIEepXaoc B eaHa (amMumius oT MoAauduuupanHu
XHUIEPXaOTHYHU CHUCTEMH OT PhociepoB THIT 3aBHUCH OT: (a) MpoMsHATa B 3HaKa HAa CHOTBETHUTE
KOPeHH Ha XapaKTepUCTHYHOTO ypaBHEHHE 3a pa3nuyHuTre cuctemu; wm (6) or
M34€3BaHETO/OTOILCKBAHETO HAa perlepHaTa pPaBHOBECHA TOYKA pA3IONOXKEHa HU3BBH aTpakTopa.
[okazano e oie, e BpeMeTo 3a MpejcKa3BaHe € Mo-100bp MPEAUKTOp Ha EBOIIOIMATA Ha CUCTEMAaTa
oT nH(OpPMaAITMOHHATA PA3MEPHOCT;

9. Tloka3aHo e, 4e HeJWHEWHATa CUCTEMa NPOU3JIM3ALIA OT AaBTOKATAIMTUYHUTE PEAKLHUU MEXIY
CHCTAaBKUTE MMa YHHKallHa II0 CBOSl XapaKTep XETEpOKIMTHYHA CTPYKTypa BKJIIOYBAIIA TPH MU
YETUPH PABHOBECHH CHCTOSIHUS OT THII CEJIO;

10. Knacu4yeckoTo JOTHCTHYHO H300pakeHne (MHOXKECTBO Ha MaHaenOpoT) € MoauduuupaHo upes
BBBEXK/JaHE Ha IBa HOBU I1apaMeThpa;

11. Uscnenpana € CTPyKTypHaTa YCTOMYMBOCT M OMGYpPKAIMOHHOTO IOBEACHHE Ha TpU (Ha30BO
CUHXPOHHM3HMPaHU cHucTeMH. [lokazaHo e, 4e 3a TPHUTE CHCTEMH € XapakTepHa ‘Mekara’ 3aryba Ha
YCTOMYHMBOCT, T.€ TE3U CUCTEMH Ca CTPYKTYPHO YCTOMYMBH,;



12.

13.

14.

15.

Upes BbBEK/IaHE Ha JIMHEHA 00paTHa BPb3Ka OT COOCTBEHUTE CHTHAIM B cucTeMaTa Ha Illepman (Ha
aHr1. Sherman) ca mosydeHd ceieM HOBH cucTeMu. [IokaszaHO €, 4e M0 TO3M HAYUuH MOXKE Ja Ce
KOHTPOJIMPA Xa0ChT B HES;

Upe3 OubypkalnroHeH aHANIW3 ca OTKPUTH HOBH KAueCTBEHHU SIBJICHHWS B CHCTeMaTa Ha [ HH30ypr-
Jlanmay (ma anrit. Ginzburg-Landau) ot HenuHeiiHaTa BiIaKHECTa ONTHKA, KOTAaTO Ca BKJIFOYCHH
HEJTMHEHHU e(DeKTH OT MO-BHCOK MOPSIIBK;

Nscnenpana e ROssler prototype-4 cucmemama. Upe3 aHAIUTHUHU MPECMATAHUS € TIOKA3aHO, Y€ T
nposiBsiBa siBjeHneTo [IIMIHUKOB Xaoc ¥ MOXe Ja Ob/Ie PeCTaBeHa BbB BU/I Ha JIMHECH OCIIUIIATOP C
HEJIMHECH aBTOMATHYEH PEryyiaTop- MoJO00HO HAa MKOHATA Ha XAOTHYHATA JAWHAMHUKA CUCMEMAd HA
Jlopeny. HampnHO HOB pe3ynTtar ¢ QyHIaMeHTaneH xapakTtep. /leduHMpaHo € HOBO TOHATHE-
JTBAIINBO (TICEBJI0) MEPUOIUIHO TOBEICHUE,;

3a ob6obOmienara cucrema Ha Xomnd-Jlaurdopn (ma amria. Hopf-Langford) e moxasamo, ue e
eKBHBAJICHTHA Ha €IWH HelmHeeH ocimiarop Ha Jro¢uur (ma amria. Duffing). 3a Tpu crernuannn
cllydas € MOJIy4eHO, 4e cucremara € u mHTerpyema. OCBeH TOBa ca MOJYYCHU TOYHH aHATUTUYHU
pelnienust BbB (hopMaTa Ha eIEMEHTAPHH U €JeNTHYHN GyHKIUK Ha SIKOOH.

/C. Hukonos/



