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IIpearosop

Hacrosimoro nznanue, nopeaHust 12 Tom Ha ,,COOpHUK NOMYISPHU U HAYYHU
JNOKJIaau®, BKJIKOYBA JOKJIQAHW, NPEACTABEHH HA NOPEIHHUTE €XeroaHu “J[Hu Ha
¢dbusukara”. Ilpoexaanero Ha ,,JlHu Ha ¢usukata 2020, KAKTO U B MPEAUIIHUTE
TOJIMHY, CE ChCTOSI B PaMKHUTE Ha ,,/I[HM Ha Haykara®“ B TeXHHMYECKH YHUBEPCUTET —
Codust u ce opranmsupa ot Karenmpara mo mnpwioxHa (usuka, DakyiareT MO
pUIoKHA MaTeMaTuka U nHpopmaruka (OIIMUN).

[Ipe3 Ta3u romuHa pAHUTE Ha (U3MKaTa ce TNpoBeIOXa B HeoOHuaiiHa
oOctaHOBKa, HanokeHa oT mnaHgemusara COVID-19. 3a npeB mbT QopymbT ce
IpOBEJE TUCTAHIIMOHHO 3a pa3jiiKa OT TPAaJMUMOHHUA (opMaT B JEKIMOHHA 3aja.
Bbrpekn OTChCTBHETO Ha JIMYHUS KOHTAKT JEKTOp-IyOsMka ,,JIlHu Ha Qusukara
2020* mpemuHaxa MHOro ycmnemHo. lIposBuxa ce W HIKOM TNPEIWMCTBA, KaTo
BB3MOKHOCTTA 32 BKJIIOYBAHE HA MO-IIMPOKA IyOJIMKA OT CTYJIEHTH, MPEnoAaBaTeIH
M ydyeHulH. V3BecTHaTa aHOHMMHOCT Ha JUCTAHUMOHHHUS KOHTAKT OKypaskapallle
CTYJIEHTUTE U YYEHULIUTE 3a MM0-aKTUBHO y4acCTUE B TUCKYCHUHUTE.

Jlexropute Ta3u roauHa Osixa npenogaBarend W ydeHn ot OIIMU na TY-
Codus, or MI'Y "Cs. UBan Puncku" u ot MHcTUTYyTa M0 (hU3uKa Ha TBBPAOTO TSIIO —
BAH. KakTo Bcsika roavHa JIOKJIaguTe OsiXxa MOCBETEHW HA MHTEPECHU M aKTyaJIHU
TEMHU OT Pa3Iu4yHHU 00JaCTH Ha (PU3UKATA, CBBP3aHU C (PyHIAMEHTATHU U MPHUIIOKHU
npoOjeMu Ha MOJepHaTa HaykKa, KakTO M TE€MHU OT HCTOpHsTa Ha (u3MKara.
OpUTHHATHOTO W YBJIEKATEJIHO MPEACTaBSIHE HA TEMUTE T'M NpaBU pa3dupaemMu 3a
IIMpOKa U pa3HOOOpa3Ha ayauTopus B aTMoc(depa Ha HayyeH CeMUHap.

Yurarenure MoraT Jja HaBJis3aT B MHTEPECHUTE alledyHu cBeToBe Ha KocMmoca,
Ha IUIAHETUTE, OOMKAJSALIM OKOJIO JAJIEYHU CIBbHUA M HamojoOsBaiiu 3emsTa, Ja
MpoYeTaT 3a CTpaHHAaTa €KCTPEMHA CBETJIMHA, 32 Bb3HUMKBaHETO Ha BceneHara, 3a
ThMHATa €HEPrusi U ThMHATA MaTepus, 3a cTapaTra U BEYHO HOBA BPbB3KA (PU3MKa-
MareMatuka. J[pyru WHTEepecHHu TeMu Osixa MOCBETEHM MCTOpUYEcKaTa Tema 3a
00€IMHEHNETO Ha EJIEKTPUYECTBOTO, MarHeTu3Ha MW onrThkarta, 3a HoOemnoara
Harpaja no ¢usnka 3a 2019 roauna, 3a HoGenoBure naypeatu U TEXHUTE IIETH, 3a
TOBA KAaK Jia HAPaBUM IMPE3CHTALIMUTE HA JOKIAJAUTE CU YOeIUTETHU U pa30upaeMu.

TpanuunonHo Hay4dHaTa cecusi Oe MpoBeleHa B MOCHeAHUs AeH oT “/[Hu Ha
¢u3ukata” M TOBa JAaJileé BB3MOXKHOCT 3a Cpellla Ha YYEHHTE M IMperojaBaTeauTe-
ygacTuHUIM BBB (Qopyma. IlpencraBerrn u AucKyTHpaHnu Osxa mnpoOIeMu B
ChbBpEMEHHHU Hay4yHH obsactu. Yact ot myOnukyBanute B COOpHHKA JOKJIaaU ca Ha
aHrauiicku e3uk. Temure Osxa OCHOBHO OT O0OJaCTTa Ha ONTHUYHUTE TEXHOJOTHH,
aCTpPOHOMHUSATA U Te0(pU3MKaTa, IO KOUTO PabOTAT MPENOIaBATEIUTE OT PA3TUUHUTE
yHUBepcuTeTd. PakThT, Y€ Makap U CbOOTEH JIeH, HayyHaTa cecusi O moceTeHa u oT
CTYICHTH, € TIOKa3aTell 32 MHTepeca UM KbM (U3HKaTa.

3a cpxKaNeHue JUINCcBaxa TPaAULMOHHUTE JEMOHCTPAIMK Ha (PU3UYHHU SIBICHUS
U 3aKOHOMEpPHOCTH, KOUTO B MPEIUIIHUTE TOJUHHU OsfXa MPEACTaBEHH [0 MHOTO
aTPAKTUBEH HAauWH OT ac. uHx. JI. ['eoprueB m npeau3BUKBaxa rojiiM HUHTEPEC Y



CTYJIEHTUTE, OPAJAX Bb3MOXKHOCTTA 32 JIOMUP J0 PeaTHUTE (U3UIHU EKCTIEPUMEHTH
U U3CJIC/IBAaHUS.

[Iben ciuchbk Ha TIpe3eHTanuuTe ot JJnuTe Ha (u3uKara, ca AaJieHHd B Kpasi Ha
cOopHMKa. Bcuuky BKIIFOUEHU CTaTHH, IIPEACTaBeHH Ha ,,JI[Hu Ha pusukara 2020, ca
pEelEeH3UpaHu OT YUCHH C MO3HAHUS U aBTOPUTET B ChOTBETHATA 00J1acCT.

HansBame ce mopenHusT ToM Ha COOpHHKA, Ja HW3MBIHU pOJIATa CH Ha
MHTEPECHO, YBIIEKATEIIHO M MH(POPMATUBHO YETHBO 3a BCHUYKH, KOUTO MPOSBSIBAT
UHTEpeC KbM (hU3MKaTa, Ja JONPUHECE 3a MOBHIABaHE HA MHTEpeca Ha OBbACIIUTE
MHXEHEpU KbM Ta3W KpacuMBa U BUHArM MOJIEpPHA HayKa, YAMTO MPUIIOKEHUSA CA B
OCHOBATa HAa ChbBPEMEHHATA TEXHUKA U TEXHOJIOTUH.

N3ka3Bame 01arogapHOCTH Ha BCHYKHM Y4yacTHUIM B “/lHM Ha ¢usukarta -
20207, kakTo 1 Ha wieHOBeTe Ha OpraHu3alMOHHUS KOMUTET U PBKOBOACTBOTO Ha
OIIMMN.

OpraHu3upaHeTo U MpPOBEKIaHETO Ha ,,JlHUTe Ha ¢us3MnkKata®, KaKTo U
M3/1aBaHETO Ha HACTOSAIIUS COOPHUK ca Ch()MHAHCUPAHU MO BBTPEIIHUS KOHKYPC Ha
TY-Codusa 2020 cwbc cpenctBa oT cyocuausaTa 3a HaydHa jAeitHocT. OT UMETO Ha
Opranu3aiuoHHUS KOMUTET M Ha CTYJICHTUTE H3Ka3BaMe O1arogapHocT 3a
¢unancosara nojakpena Ha HUC kpm TY-Codusi.

N3ka3Bame OnarojgapHocT M Ha ,,3aBoj 3a Ontuka - AJ[* 3a ¢uHaHCOBara
MOJKpENa, KOSTO ChUIO IIE MO3BOJIA 3a MOPEAEH BT MPEICTABEHUTE AOKIAAN Aa
Ob1at myOJUKYBaHU B OTJEJICH TOM B Y HUBEPCUTETCKOTO U3ATEJICTBO.

oy. 0-p Enena Xanosa
IIpogh. omu Cawxa Anexcanoposa
Ac. Heeena Koowcyxaposa
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I'EHEPAIIUA U ITPUJIO)KEHHUE HA EKCTPEMHA CBETJ/IMHA

N. T'. KonpuakoB

Karenpa "lIpunoxna ¢usuka", ®IIMU, TY-Codus, o6yn. "Ki. Oxpuncku" 8, Codus 1000,
e-mail: igk@tu-sofia.bg

Pe3tome. Paszeneoano e cv8peMeHHOMO CbCMOsIHUE HA Npobiema 3a 2eHepayusi Ha
BDBLXUHMEH3UBHU CEPLXKBCU C8emAuHHU umnyacu. Ilpedcmaseno e npeocmoauwomo pazgumue
Ha maszu o61acm no NOCOKA HA 2eHepayus Ha eKCMpPeMHA CEemIUHA U odepmasawjume ce 3a
nocmueane Ha maszu yen memoou. Paseneoanu ca Hakou om nomenyuaiHume NPUIONHCEHUS HA
eKCmpeMHama ceemaura 6 0oaacmu om HyHOameHmaiHama Qusuxa.

Kawo4yoBu AYMHU: CKCTPpEMHA CBCTIIMHA, I'CHCPpALUs, ITPUITOKCHHC.

1. YBoa

Jlazepnara (u3uka TpaAUIMOHHO C€ pa3BUBa C UHTCH3UBHU TEMIIOBE OT MOMEHTA
Ha HEWHOTO BB3HUMKBAHE 10 HamM JHU. T QoKycupa W UHTErpupa B cede cu
3BaHUSITA U METOJUTE Ha penuiia (PpyHIamMeHTaTHU (PU3UYHU TUCHUIUIMHHU, KaTo
M3M0JI3Ba U caMa Ce SBsSBa M3TOYHUK HA €HU OT Hail-aBaHrapJAHUTE TEXHOJIOTHUHU.
Makap ¥ MHTEH3UBHO, TOBA Pa3BUTHE HE € PABHOMEPHO, a € OeJisI3aHO OT HSIKOJIKO
,»,CKOKa®, KOWTO Ca CBBpP3aHM C OTKPMUBAHETO HA HOBHU JIA3€PHU DPEXKUMH, HOBU
Jla3epHU aKTUBHU Cpeau U Ap. EaHa KpaTka XpOHOJIOTHs Ha pa3BUTHE, O-KOHKPETHO,
Ha JIOCTUTHATUTE MHTECH3UTETH HA JIA3€pHOTO JbUYECHHUE TIPEe3 TOJUHUTE, € JlaJicHa Ha
¢dur. 1. KakTo ce Bmwkma, JHEITHOTO pa3BUTHE Ha JIa3epHaTa (PU3MKA M TEXHOJIOTUU €
10/ CHUTHOTO BJIMSTHUE Ha €HO ChOMTHE, MOSIBUIIO ce B cpeAaTa Ha 80-Te ToauHu Ha
MHUHQJIMS BEK, CBBP3aHO C pelllaBaHe Ha mpoOjeMa 3a YCHJIBAaHE Ha CBPBXKBCH,
(heMTOCeKyHIHU, HWMITYJICH, W3BECTEHO KaTO METOJ 3a YCWJIBAaHE HA YHUPIOBH
umnysicu (opuruHaimHa Tepmunosiorust — chirped pulse amplification, CPA) [1].

Jbaro Bpeme 00EKTHT Ha JIA3€PHOTO JTHUCHHUE € OMJI ONPECIISIH OT €CTECTBEHUSIT
TIPUHIIUII ,,TOBA KOETO U3Tb4YBA, TO M MOIIbIIA™ U ThH KATO JIA3€PHOTO JTHUYECHUE CE
M3JIbYBa OT aTOMH, MOJIEKYJH WM BEIIECTBO B KOHACH3UPAHO CHCTOSHUE, TOBA Ca
OmIM 1 0OEKTUTE Ha HETOBOTO BBb3lecTBUE. Onpenensiy € u GakThT, ye eHeprusaTa
Ha Jia3epHUTe (OTOHM € B IMana3oHa Ha EHEPrusaTa Ha KBAaHTOBUTE MPEXOAU HA TE3U
¢bu3nuan 00ekTH, MMeHHOo, « eV . [TocTenenHo craBa scHo, ye CPA-Merona naBa
OTPOMHHU BB3MOKHOCTH, BKIIIOUMTEIIHO HABIM3aHE B 00JIaCTH, 32 KOUTO TOBA MPEIIH €
owio Hemuciaumo. braronapenue na CPA meroma, qHec ca mojydeHu peKOpPIHO KbCH
M MOUIHM CBETJIMHHU HUMITYJICH C HPOABIKUTETHOCT 2-3 HHMKBbIAa Ha HOCelaTra
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yecToTa, koato e 2,9 fs/yuxvn 3a 800 nm. Te3um uMmyscH 1e TH 03HAUYMM KaTo
cepvxunmensugtu cepvxkvcu ceemaunnu umnyicu (CCCH). lon CCCU nue e
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®dur. 1. Pazsumue na JaszeprHume mexHojlocuu 3a
ceHepayusl Ha C6PHBXUHMEH3UBHO JIA3EPHO Jl'bllelele.[3]

pazoupame (6e3 mpeTeHIY 3a TePUHUTUBHOCT) UMITYJICH, YUSATO TTUKOBA MOIITHOCT €
oT mopsixbka Ha ruraBar (1GW=10° W) mwm mocrura tepasar (1TW=10" W) win
neraat (IPW=10"W), a mpomb/DKHTEIHOCTTa HAa HMITylIca ¢ okoio u mox 100fs,
1fs=10"s. TuraBarante CCCU ca HUMITy/ICH, YMSTO [MKOBA MOIIHOCT ZOCTHTA H
MpEeBUIIaBa MOIIHOCTTa Ha €HEpruiiHaTa CUCTeMa Ha CTpaHa Karto bwarapus, a
nukoBa MourHocT Ha TW u PW umnyncu e chu3MepruMa WM HaJIBUINIABa XUJISAH
I'bTH, CHOTBETHO, MOIIHOCTTAa HA €HEpruiiHaTa cuctema Ha cBeta. CrosAmuTe Haii-
HUCKO B Tazu ckajga GW-umnyncu ru npuuucisame kbM CCCU, Tl KaTo Te Bce
OIlle MOTaT Jla C€ paslpOCTpaHsBaT HOPMATHO B OOMYAMHOTO aTOMHO-MOJEKYITHO
CBhCTOSTHUE Ha BEIIECTBOTO W TOKPHUBAT OTPOMHO pa3HOOOpasue OT SIBICHUA U
edextu. [Ipu uaTeHsuteture, kouto ce gocturat ¢ TW u PW umnyscu, BemecTBoTo
ce TpeBpbhINa B WOHU WM JOPH TOJH aTOMHH sipa U CBOOOJTHH E€IEKTPOHH, KOETO
MOJK€ PaIMKaITHO J]a IPOMEHH MMapaMeTpUTe Ha HAYaTHUS UMITYJIC.

CPA-koHIIenImsaTa JOBEAE [0 MPEJIOMHHU PE3yNTaTH U OTKPUTHS B Jla3zepHaTa
¢uszuka u HeliHute cwi3gatenu, Kepap Mypy u ona Crpukiani, KouTo Osxa
yIOCTOCHHM ¢ moJjioBuHaTa oT HobenmoBara Harpaaa mo ¢usuka 3a 2018 roauna [2]. 3a
pasrpsiiane Ha noreHuuaina Ha CPA-metona B xox e rossim EBponeticku mpoext ELI
(extreme light infrastructure), B paMkuTe Ha KOWTO B HAKOJKO €BPOIECHCKU CTPaHH Ce
W3IPaXXIaT CBPBXMOLIHU JIA3EPHU CUCTEMH ChC CHELUAIM3UPAHO MpHIIOKEHUE [3].
Pe3synratute oT TAX oyepTaBaT MEPCIEKTHBH 3a Aajied MO-TOJIEMU MOIIHOCTH U MO-
KbCU UMITYJICH, 32 YMETO MOCTUTaHe ce paboTH MHTEH3MBHO. TOBa ca MMITYJICH C
momHocTH 0T ex3aBar (LEW=10"W) u serasar (1ZW=10"'W) 1 mpoxbKUTEIHOCT
10 nenrocexyrmm (12s=102's), kouro e HapeueM excmpemna ceemuna (EC).
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[lenTa Ha HacTosimata paboTa € Ja XBBPJIU CBETIMHA BBPXY METOIUTE 32
reHepupane Ha EC 1 Ha HIKOM OT HEWHUTE Hal-BEYATIISBALN TPUIIOKEHUSI.

2. 'enepanus Ha eKCTPeMHA CBETJIMHA

CbBpEeMEHHUTE Jla3epy, TEHEPHpAIlU CBPHbXKBCH HUITYJICH BB (DEMTOCEKYHIHATA
o0JlacT, TO3BOJISIBAT J]a C€ TMOJy4aT OTPOMHHM MOIMHOCTH WM WHTCH3UTETH IPH
OTHOCUTEIIHO HHCKA €HEPTHs B UMITYyJIC. Taka Hanmpumep HanW-MOIIHATa B MOMEHTA
nazepHa cuctema "Taec", 6a3upaHa Ha KpUCTaTHA aKTUBHA Cpelia TUTaH-cardup,
Ti:S, renepupa ummyicu ¢ mMouHOCT 10PW 1 MPOIB/IDKUTENHOCT Ha UMITYJICA OKOJIO
20fs ipu eneprus B ummyic 200J [4]. B aGcomoTHO n3MEpEHHE, Ta3u EHEPrus He €
HUKaK TojsiMa. OT Jocta BpeMe€ HMMa TEXHOJIOTMHM 3a IEJIUTEe Ha JIa3epHUs
TepPMOSIPEHUsT CHHTe3, 0asupaHd aktuBHa cpega NO*'-cTbki1o, mo3BoisBariy
TeHEpUpPAHETO Ha MJ eHepruM OT HaAHO- WJIM NUKOCEKYHJHM HUMITyJIcH [5].
Kpucramnara akTuBHa cpena mo3BojsiBa paboTa Ha jla3epa Ha BUCOKA YECTOTa Ha
MMOBTOPEHUE HA UMITYJICUTE, ThI KATO JIECHO CE€ OXJIaX[a, HO KPUCTAIUTE TPYIHO
Ce MPOM3BEXKIAT B FOJIEMHU pa3Mepu (MakCHMallHA MOCTUTHATA anepTypa 3a T11:S
Kpuctai € 17Cm), KoeTo orpaHuyaBa €Heprusra Ha umiysicure. OOpartHo,
CTBKJICHUTE aKTUBHU CPEJIM MO-TPYIHO CE OXJIAXJAT U TOBA OIrpaHUYaBa 4yecToTa
Ha TIOBTOPEHUE Ha UMITYJICUTE, HO JIECHO C€ MPOM3BEXJAT B TOJIEMU Pa3MeEpH,
KOETO OCHUTYpsiBa TrojisiMa €Heprus Ha umiyscutre. Bcsika eqHa oT Ja3epHUTE
TEXHOJIOTUH, 0a3upaHu HAa KPUCTATHU W CTHKJICHW aKTUBHU CPEIH, € M3BIISIKIA
MHOTO OT TEXHUTE BB3MOXHOCTH W OBJEHIOTO Pa3BUTHE HA CBPBHXMOIIHUTE
Ja3epy Ce OUepTaBa B ChUECTAHMETO HA PA3IMYHU BUOBE JIA3€pHU TeXHOJOTUU. B
Ta3u Bpb3Ka ce pa3paboTBa KOHIEMIIHS 32 JOCTUTaHE Ha CIIEABAIIMTE XOPU30HTU
kbM TeHepauus Ha EC, a uMeHHO- nony4daBane Ha EW u ZW ummyncu.

2.1 I'eHepanus Ha eK3aBaT-3eTaBaT CBETJIMHHHM UMITYJICH

I'enepaupara va EW u ZW cBeVIMHHM HUMIYJICH CE€ OYakBa B PaMKHUTE
kouuernmusi C® (opurmmanna tepmuuonorust Cascaded Conversion Compression)
[6], xosTo chuetaBa Tpm mooTmeaHO u3BecTHH TexHomoruu: CPA, OPCPA
(opurunanHa tepmuuosiorus — Optical Parametric CPA) u BRA (opurunaina
tepmunojiorust — plasma compression by Backward Raman Amplification). B to3u
paznmen 1me ObAaT pasriefaHd HaKpaTKO (U3MYECKUTE TPHUHIIMIN Ha TE3U TPH
KOHIICTIIINH, WIOCTPUPAHH ¢ (ur.2.

CPA u OPCPA KOHIIENIIMUTE CE U3MO0JI3BAT B Jla3epHa cucrema "Tanec", yuiito
reseparop € 6asupaH Ha akTUBHA cpena |1:S u renepupa 5fS ummyncu Ha abIDKHHA
Ha BbaHata 800NM, wu3Mon3BalikKKM  YHPIIOBU OrJiefjajia 3a KOMIEHCAlMs Ha
MOJIOKUTEIHATA TUCIEPCUs Ha Jia3epHusl Kpucrtai. Mmmyrncure oT reHepatopa ca ¢
MHOTO Mallka €Heprus, oT mopsabka Ha NJ. 3a mocturane go PW momiHOCTH, TE ce
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yCWJIBAaT KacKaJHO Tpe3 cucTteMa OT ycuiBarenu, usnoi3Baiiku CPA umum OPCPA
meTona, ¢ur. 2a unu ¢ur. 26, ChOTBETHO, KaTO TOCTHIBAIIMAT BXOJCH UMITYJIC OT
reHeparopa MpeaBapuTeIHO Ce pa3ibBa BB BpeMeTo (duprnBane) ot 5fS qo 2ns.

JIA3€pPEeH YyCUJIBATE

aKTHBHA cpefa
BXO/IeH ‘ p yCHIeH
() nazepen umiyic e HMITyIc
ycuaBareJ - ArNS AN —_—
HMITYJIC N AN
napaMeTpHu4eH ycuJBarel
BXOTCH ycuiien
5 —_— HMITYJIC
(0) onTnueckn uMmy.ic —
napamempuuen HANOMIBAI JIONbJIHATENIEH
ycuiBareJ HMILYJIC
HMITYJIC
’ha)P =haog + ha)i‘
PaMaHOB yCHJIBATE]
Bx . _]_]‘l]a}lv]a__ ycuiien
one ho heo, — uMIYyJC
MMITYJIC P
(B) ycnaBarea Ha y EW, ZW
oopamno Pamanoeo ‘ — LY oy
. < HanomnBamy
pasceiigane B JIa3Ma
HMIIYJIC
hw, =hog +ho, 10kJ-1MJ, 20ps

@ur. 2. Haxou npunyuntu memoou 3a yCuieane Ha 1a3epHo byeHue

CPA memoovm (unmesata Ha CPA metonma e mpencraBeHa B JlHu Ha (u3mkara
2019, tom 11, cTp. 6) e Ga3upaH Ha ycuiiBaHe B OOMYAEH JIA3€PEH THUIl YCUIIBATEN C
MHBEPCHA HaceleHocT, (ur.2a. AKTUBHATA CPela € ChIIo Kpucran T1.S, KOHTO B
Cilydasi ce Bb30y>KJ]a OT HAIIOMIIBAIIl JIJA3€PEH UMITYJIC Ha YJBOE€HATa 4ecToTa, 532nm,
Ha Nd:YAG laser B pexum Ha Q-mopynauus. Ch3naaeHata OT HErO HWHBEPCHA
HACEJICHOCT Ha JIa3epHUsl MPEXOJi C€ CBaJIsl OT BXOJHMS MMITYJIC U TaKa CE€ yCHUIIBA.
BeblHoCT, peanHo ToBa € cucteMa oT 3 TI:S ycuiBaTens M peauiia CrioMaraTellHu
ONTHUYHU YCTPOMCTBA 3a MOJOOpsIBaHE Ha XapaKTepUCTHKUTE Ha ummysca. Cruen
MOCJeAHUST YCWJIBaTel €Heprusrta Ha wummysnca npoctura jgo 30mJ. Tosu Tum
YCHJIBATEIM MMAT HSAKOW HEJOCTAThILM. 1) HAJWYMe Ha IHEIeCTal Ha YCHICHHUST
HUMITYJIC OT YCHJICHA CIIOHTAaHHA eMHUCHs, 11) HaJIM4yKe Ha TOIIMHHA JICIa U JIp.

OPCPA memoovm mo3BojisiBa Aa ce M30erHaT Te3u HexoctaTwbiu. [Ipu To3m
METOJI aKTUBHATA JIa3epHa cpejia ce 3aMeHs C HEJIMHEeH ONTHUYeH KpucTal, ¢ur. 20,
Hail-uecTo BBO unu LBO. BMmecTo peanHa MHBEpPCHA HACEJICHOCT HA JAa3€pHU HUBA,
TYK UMaMe HEJIMHEWHA Cpe/a, B KOSTO HAIMOMIIBAIIUAT JIA3E€PEH HUMITYJIC BB30yXaa
HEJIMHEHA TOJIIpU3allis Ha CpeaTa Ha 4ecToTaTra Ha BXOJHUS UMITYJIC, KOSITO UMa
YCWJIBAII CBOMCTBA. BXOAHHMAT UMITYyJIC OT Te€HEpaTtopa, OTHOBO MPEABAPUTEITHO
pasbHAT BBB BpPEMETO (YUPMBAH), W3JM3a YCWJICH CJICNlT HEJIWHEHHUS KpUCTal.
[IpomechbT Ha eneMeHTapHO (PU3WYHO HUBO TPENCTABIISIBA YHUINOXKABaHE HA €IWH
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(GOTOH OT HanOMMBAIIKS JIA3EPEH UMITYJIC C YECTOTa @) U €THOBPEMEHHOTO paXkJaHe
Ha JBa HOBH (POTOHA, €qWH (OTOH HA YECTOTAaTa « HA BXOJHUS WUMITYJC U €IHH
nomeaaATeaeH ("XamocteH", idler) ¢oroH, Ha dYecToTa @, OCUTYpSBalKH Taka
3ama3sBaHe Ha CHEPruATa: ho, =ho, +ho;. AKO IIpU TO3U CIEMEHTApEeH IPOIEC CE

U3IBJIHABA M 3aKOHBT 3a 3ala3BaHe Ha MMITyJica (He3ama3BaHETO HA MMITyJica He
O3HauYaBa HapyIIaBaHETO My M300I10 B PaMKHTE Ha ufmaTa CHCTEMA TOJIe-KPUCTa),
T.H., (pazoe cumxponusvm , hk,=nk +nk,  (k, Kk, k ca BBIHOBUTE BEKTOpH Ha

(GOTOHUTE OT HATIOMITBAIIUS, CUTHAIHHUS W JONBJIHUTEICH CBETIMHHU HMITYJICH,
CHOTBETHO)), TO MIPOIECHT CE€ HATPYIBA MO MPOTESIKEHNUE HA HEIMHEHHUS KPUCTAI U
BOAM JO MHOTO TOJSMO YCHWJIBaHEe Ha BXomHwsi wumiyic. BewmrHoct, OPCPA
YCHJIBATEIS TIPEICTABIISIBA €/IHA CIIOKHA CUCTeMa OT ycuiBarenu, padboremm mo CPA
u OPCPA Meroma u peauiia MOMOIIHM YCTPOMCTBA, C IMOMOINTa Ha KOUTO C€
reHeprpa KaKTO YCHJICHOTO JBYCHHE HAa YECTOTaTa Ha BXOJIHUS WMITYJIC, Taka U
MpeIBApUTEIHO C€ W3padOTBa HAIMOMIIBAI HMITYJIC CBhC CHEIHATHU CBOWMCTBA.
OPCPA wmeroma, 3a pasnmuka or CPA meToma, mMa CHelUaiHN HW3UCKBAHUS KbM
HAITOMIIBAIIIUS UMITYJIC — TOW TpsOBa Ja € ¢ MPOABIKUTEIIHOCT MHOTO OJIM3Ka 0
Ta3d Ha BXOJHMUS UMIIYJIC, Thbi KaTO HEJIMHEHMHO YCHJIBAHE CE€ MOJIy4aBa CaMoO IIPH
MPUTIOKPHBAHE Ha JBaTa MMITyJIcCAa BBB BpeMeTO. V3XOOHHMAT YCHUJIEH UMITYJIC Ha
OPCPA e cbc cxognu mapametpu kato To3u Ha CPA, eneprus okosio 30mJ.

ELI - RO Schematic Drawing

e gy

1on 0. le 0.05Hz »300]

o 16PW
COMPRESSOR|

FE, >30mJ at
10Hz,

B > 80nm
=10
1=2ns

TARGET
CHAMBER

FE. >30mJ
10Hz,

B > 80nm ": + Al
c>10°5 2 |10.6]
1=2ns 3 0.31

10Hz

=5 mn == 0B

lOHz 0. 1uz 0.05Hz =300)

S 10 PV
Y COMPRESSOR|

PP - Powerelite Plus (CONTINUUM)

G - Genus (CONTINUUM)

GP - Green Pump (QUANTEL)

HGP - High Energy Green Pump (QUANTEL)

‘¥

10 PW
INTERACTION
CHAMBER

PP - 23/532nm/10Hz

G, ., -431/5320m /10Hz

GP, .-253/527nm /0. 1Hz

HGP, . - 503/527nm /0.05Hz
2xHGP - 1003 /527nm/ 1pulse /min

®ur. 3. Cxema na kpatinume ycuneamenu na 10PW nazepna cucmema "Tanec"
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ToBa e mpeaBapuTenHus cTaauii OT ycuiaBaHeTo. ChIIMHCKOTO ycuiBane 10 PW
MOIITHOCTH CTaBa B IOpeaMIia OT MOIIHM ycuiBaTenu, A;—As, ¢ur. 3. BebHocr,
uMaMe JB€ YCIIOPEIHN YCHIBATeTHU JTHHUA A;—As , BCIKa OT KOWTO JaBa Ha M3X0/a
cu 10PW-umnyncu. Cuctemara umMa o0mio 3 M3Xoj1a, Clie]l BCEKH OT YCUJIBATCIIUTE
A;, As; u As, Kato Tpeau TOBa HMITYJICUTE CE€ KOMIIPECHUPAT OT ONTHYECKH
kommpecopu. Umnyncure ot A, ca ¢ momtHocT 100TW, ot Az - 1PW u te3u ot Asca
¢ momHocT 10PW. C ¢oxkycupanero Ha 10PW umnysncu ce moiaydaBat UHTEH3UTETH
or 10°W/cm® u wuHTeH3uTeT Ha emextpuueckoto mome 10%V/ecm. Toa ca Haii-
MOIIIHUTE CBPBXKHCH TEHEPHUpAHU HMMIIYJCH JOCera W O4YepTaBaT ChBPEMEHHOTO
ChCTOSIHHE Ha mpobieMa. HskonmkoTo u3xo/a m1aBar rojisMa rbBKaBOCT Ha CHCTEMAaTa
3a U3BBHPIIBAHE HA PA3HOOOPA3HU EKCIIEPUMEHTH U3UCKBAIIU PA3TMYHA MOITHOCTH.

['enepupane na EW u ZW umnyncu ce npenBuxia na ctane no meroga BRA nHa
C(3)-1<0HuenumTa, dur. 2B. 3a meaTra € HY)XHO Ja C€ KOMIIpECHpaT HUMIYJCU C
CHepIus OT nmopsiabka Ha neceTku kJ 10 MJ, KakBUTO ce reHepUpaT B HAHOCEKYHTHHS
AMAama3oH OT JIA3€PHU CUCTEMHU Ha Nd3+-CT’bKJIO, no 10-20fs, ¢ur. 4, u3noa3Baiku
o6parao Pamanoso ycunsane, BRA, B miasma ¢ konnenTpanus n=10"° -10°cm™. 3a
OTPOCTSIBAHEC HA W3WCKBAHUATAa KBbM IUTa3MaTa (CKbCABAHE pa3Mepa Ha TUTa3MEHUS
CTBHJIO), HAHOCEKYH/THUTE UMITYJICH MPEBAPUTEIHO ce Komipecupar 1o 20ps mo CPA
METO/Ia, C YacT OT TSIXHATa €HEpPrusi BXOAHUAT (HEMTOCEKYHICH MMITYJIC HYXKEH 3a
BRA ce ycunBa mo OPCPA merona, u Hakpas ce npuiara camust BRA wmeron,
dur.4, T.e., OpHiara ce IBIHEAT CIEKTp Ha xuOpmgHata CO-komrernmusi.
[IpeaumcTBOTO HA 0OpaTHOTO PaMaHOBO ycuiBaHe Ipe MpaBoOToO €, Y€ TIPH HEro ce
M3MOJI3Ba CHEPrUsiTa Ha 1SS HATIOMITBAIIl UMITYJIC.

Ha enemenrtapno ¢usznuno HuBo BPA-nporiechT mpencrapiisiBa yHUIIOKABaHE HA
eIuH (GOTOH OT HAIIOMIBAILKA JIA3€PEH MMITYJIC HA 4eCcTara aj, U €IHOBPEMEHHOTO
paxkaaHe Ha earH (POTOH Ha YecToTaTa @s Ha BXOJHHUS HMITYJIC, KOMTO CE€ YCHIIBA,

2
ol :(47zezn/m)'/ ,
¢ur. 2B. Twi Karo

KaTo pas3jguKata MEXAy TAX € paBHAa Ha INIa3MEHATa 4YeCTOTa
CBITIACHO 3aKOHBT 3a 3alla3BaHe Ha €HEpPrusita. ho, =ho,+ho,,

1050nm
1050nm 20ps, 20kJ

sns, 30ky CPA

EZE — vooes -
#

4

1250nm
20f1s
10kJ

1250nm
20f1s

1250nm

20fs
004 |

ST s = DKDP
OPCPA

plasma-BRA

®ur. 4. Obpamno Pamanoso ycuneamne u komnpecusi 6 niazma na 30 KJ, 5ns
umnyacu om Nd** -cmuvrno nazep oo 20fs ummycn. Hsm. [3].
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ma3Mara € M30TPOmHa cpena, a U PaMaHoOBHMAT mpoliec HE ce Hykzaae oT ¢a3oB
CHHXPOHHU3BM, TOBA TO3BOJISIBA HAIIOMIIBAHETO HA IUTa3MaTa 3a CTaBa ¢ MHOXKECTBO
HAIIOMIIBAII CHOIIOBE I10J] Pa3JIMYHU BIVIM, BMECTO C €IMH, KaKTO ¢ Ha (ur. 4, KaTo
CHEeprusaTa Ha HaIIOMIIBAHETO Ce yBenaruaBa oT aeceTku KJ Ha ctorunum kJ u mopu MJ,
npu epeKTUBHOCT Ha mpeobOpazyBaHeTo OT okojio 40%. ToBa oTBapsi XOpH30HTA 3a
renepaiusg Ha EC ¢ EW u ZW montHocTtu. [locTuranero Ha Ta3u men uMa KiIro4oBO
poJist 3a cieaBamuTe npuioxkeHus Ha EC.

2.2 FeHepaumI Ha MOIIHU aTTOCEKYHIHH - HECNITOCCKYHAHHU UMITYJICH

Ocuopuusit akient npu CP-xoHmenmmsara e mocraBeH BbPXy IeHepalisTa Ha
UMITYJICH C €KCTPEMHH MOIIMHOCTH. [lOJy4eHHUTE UMITYJICH, Makap W OT HOpsabKa
camo Ha 20fS, He e mpemena W ECTECTBCHHAT BBIPOC € JI0 KAKBU EKCTPEMHHU
CTOMHOCTH MOTAT J1a c€ CKbCAT. IIpu Te3u MOIIHOCTH M €HEPruH, ChIIECTBYBAIIUTE
METOM 3a KOMIIPECHUs ca HEMPUIIOKUMH. B Taszu Bpw3ka, npeanoxen € metof [7] 3a
KoMmIpecHs B ThbHKO ¢onuo (o 0,5 Munumerpa n1ebennna), CIry>Kello 3a HeJlnHeiHa
cpena, B kKoeTro upe3 (a3oBa camMOMOIyNalys CIEKThPHT Ha HUMITyJIcCa I'BPBO Ce
pa3mmpsiBa, KaTo ChUICBPEMEHHO ce uupIBa, ¢ur.5a. [lopaau roneMusT THTEH3UTET
Ha UMITYJICHTe, UHTEH3UBHA (Da3oBa caMOMOAyalus ce moixy4aBa 6e3 (oKycupoBKa
Ha MMITyJica ¥ 0€3 Ja ca Hy)KHHM CHJIHO M3pa3eHU HEITMHEWHU CBOWCTBA HA cpenaTa.
W3xonHuUTE WMITyJICH C€ KOMIIpECHpaT B CHCTeMa OT YHUPIOBU Orjieaana o
OPOABIKUTETHOCT OT HAKOJKO J0 €IWH ONTHYeCKH IuKBI. Cilen W34uncTBaHe Ha
MPOCTPAHCTBEHATA CTPYKTypa Ha MMITyJICA C MPOCTPAHCTBEH (PUITHP, TOM MOXKE /Ia
ce (hokycHpa B MpOCTPAHCTBEHA 00JIACT C pa3MepH OT MOPsAIbKa Ha JbJDKUHATA HA
BBIHATA, A° peorcum, Gur. 5b, nocTHraiikn yaTpa-penaTHBUCTKH HHTEH3UTeTH, dur. 1.

— Shiped Eijee Deformable Mirror
AI = 5
2 |1 S Spatial I
o Mode X-ray
Thin Film g il\ Filter Pulse
| |
[ i/ i
\ | o 2
Post-Compressor = | |
(negative / postive —
dispersion control) \ \ [ el T
L\ Relativistic|
“ | y & ..... Intensity
Few-cycle é Focus
Pulse &
Solid Target
Thin Film Compression a A’ Regime B

®ur. 5. Komnpecus na umnyica 6 mvuko goauo. Uzm. [7].

AKO BbB (pOKyca Ha TaKbB HMIIYJIC CE€ MOCTaBM METaJHa MHUIIEHa, Gur. 6a, To3u
UMIIYJIC B3aMMOJEWCTBA C EJIEKTPOHUTE OT MeETajHaTa Iula3Ma Karo CWIHO TH
KOMIIpECHpa HABBTPE B MHUIICHATA, JOKATO B CBIIOTO BpPEME WOHMUTE, KaTO IIO-
UHEPTHU U CBBbP3aHU B KPUCTAJIHATA PEIICTKA, OCTaBaT IIPAKTUYECKU HA MECTaTa CH,
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¢ur .6b. ITopaau ronsimMara MIIBTHOCT HA TBHPAOTEIIHATA TJIa3Ma, Bh3HUKBA OTPOMEH
KBa3UCTAaTHUCH CJIEKTPUYECKH IMOTCHIIMA Ha TMPHUBIMYAHE MEXIY OCTaHAIUTE Ha
MOBBPXHOCTTA HEKOMITCHCUPAHHU HOHU | JIe)OPMUPAHHST HABBTPE EIEKTPOHEH CIIOH,
KOHTO BpbBIIa OOpaTHO EJNEKTPOHUTE, KAaTO JOPW TH H3CTPENBa C PEIaTHBUCTKA
CKOpPOCT Ha W3BECTHO pa3CTOSHUE W3BBbH MeTana, CBh3JIaBalKH pelamueucmKo
eleKmMpOHHO (niaasmeno) oenedano. IlocaeqHOTO oTpa3sBa 3aiHaTa YacT OT JIa3ePHUS

HNHTCH3UBCH aS-UMITYJIC

®ur. 6. [ enepayus Ha uHMeH3UBHU AMMO- U CYOAMMO/Yyenmo-cexyHOHU
UMNYIICU OM PeLamuUCmKko ocyurupauio oereoano. Msm. [7].

UMITYJIC KaTo, B PpE3ydTaT Ha B3aWMOJCHUCTBHE C PEIATUBUCTKUTE EJIEKTPOHH,
eHeprusaTa Ha JiazepHute (GOTOHH ce mpeodpasyBa oT eV (6iuskara mHppavyepBeHa
obnact) mo x/00xeV-MeV (TBbpAau peHTreHOBH W rama Jbuu), ¢ur. 6¢c. Ilopaau
CKbCABAHE Ha IbDKMHATA HA BBJIHATA Ha OTpa3eHUTe (HOTOHH, OTpA3eHATA YaCT OT
HAYAJTHUST HSAKOJKO-IIMKIIOB MH(ppPAUYEPBEH HUMITYJIC C€ NMPEBPHIIA B PEHTICHOB WM
rama ummyJsc. ToBa CKbCsIBa MPOABIDKUTEITHOCTTA MY, KaTo B pe3yJITaT ce reHepupa
MHTEH3UBEH M30mupan as-ummyic, /as = 10™'%. Teopernunute pesynrati mokassar,
4e Mpu ONpeAeSICHU YCIOBHs MOraT J1a ce MoJIydat JOpH ZS-uMitysicu. ToBa e mpoOuB
B TeHepausaTa Ha aS-UMIYJCH, ThHA KaTO MPU JOCera ChIIECTBYBAIIUTE METOIM
TeHEpUPAHNUTE aS-MMITYJICH B MHEPTHH Ta30BE ca C MHOTO HUCKa €HEeprus, a camara
eKCIIepUMEHTaIHa YCTAaHOBKA € OTHOCUTEIIHO CIIOKHA.

C momorTa Ha as u ZS-umnyjacu MOTaT, IO IPUHIIMII, Ja ce HAOI0JaBaT B PeaTHoO
BpEME HE CaMO CBPBXOBp3M MPOILECH B AaTOMHUTE M MOJIEKYJIHH CHUCTEMH, HO U
CBPBXOBp3U MpOLECH B 00JacTTa Ha sA0pomo U enemenmaprume uacmuyu. Toa
OTBapsl BpaTUTE 32 HOBA HAYKa - YenmoHayKda.

2.3 YckopsiBaHe Ha eJIEMEHTAPHU YaCTHIH, IJIA3MEHN YCKOPHUTEIN

Pa3BuTHeTo Ha CBBPEMEHHHUTE YCKOPUTEIM Ha €JIIEMEHTapHH YacTULU €
OTPaHUYEHO OT (PU3MUECKHUTE MPUHIUIHN, HAa KOUTO ce Oa3upaT. YCKOpSBALIUTE UM
mosreTa ca orpaHmdcHu 10 okono 10°V/cm, mopanm mpoGHB OT CTyIeHA ENEKTPOHHA
E€MUCHS OT METATHUTE UM CTEHH KbM BaKyyMma B TsX. 3a TIO-HATaTHITHO YBEITNYaBaHE
Ha CHEprusiTa Ha YacTUIUTE C€ Hajara Ja ce MpaBAT OUIe IMO-TOJEMH U CKBIH
yckoputenu. Taka HampuMmep rojeMusT aapoHeH konaiaep, LHC, uma yckopsBaiio
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(pagmodecToTHO) erekTpruecko mone ot 7.10%°V/cm, a Herosara obuxonka € 27xwm.
ToBa HaJlara 1a ce ThpCST aJITSPHATUBHU METOJIH 3a YCKOPSBAHE HA YaCTHUIIH.

JlHec ca MO3HATH METOAM 3a Ch3JIaBaHE HAa CBPBXCHIIHHM CICKTPUYECKHU TOJICTa,
KOUTO OMXa MOIVIM Ja ObJaT OCHOBA 3a HOBM METOJH 3a YCKOpSBAaHE HAa YACTHIIH.
JIOCTHTHATH ca MHTCH3UTCTH Ha CJICKTPHYCCKOTO I0JIe OT 10"V/em pu GOKyCUpaHe
Ha 10PW naszepHu ummmysicu, HO TOBa IOJIE CE€ Ch3JaBa B MHOIO Kbhca (pokanaHa
o0yacT. MoITHU CBPBXKBCH JIA3EPHHU UMITYJICH MOTaT Jia C¢ M3I0JI3BaT 3a FTeHEPUPAHE

Ha IJIa3MCHU BBJIHU C MHOI'O CHUJIHU CIICKTPUYICCKHU I10JICTA E= Cmeila)m (B OLICHBbYHA

dbopma - E[V/ cm]z(n[cm‘:‘])w), KOUTO IIPU EJIeKTPOHHA KoHIeHTpaumms n=10"cm™
nocturar 1o E~10°V/cm. Ha Tasu 6a3a, akTHBHO ce pa3paboTBaT yckopumenu Ha
naasmenu  evanu  PWFA  (opurmnamaa tepmunosioruss  Plasma  Wakefield
Acceleration). ITnasMeHu BBJIHM MOTaT Jia ce€ BB30YXKAAT Upe3 CBPBXKBHCH JIa3epHU
UMITYJICH ¥ OT 3apelcHH CHEPTeTUYHH 4YacTUIM (EJIEKTPOHHU, MPOTOHHU), KaTo
TCHCPUPAHUTE HMMITYJICH OT YCKOPEHH €JICKTPOHH HMaT CpaBHMMa WJIH IO-KbCa
MPOIABIKUTEITHOCT OT JIA3CPHUTE HMITYJICH M Ca CHHXPOHHU3UPAHH C TAX, QUI.7.
OudepraBaT ce aJTEpPHATHBHU TIPUHIIMIN 3a YCKOpSBaHE HA YaCTHIM C TOJISM
MOTEHIINAJ, KaTO MPEICTOH Ja C€ YCTaHOBH JIOKOJIKO TOH € peann3yeM NpaKTUYECKH.
C PWFA Beue e aeMOHCTpUpaHO YCKOpsiBaHE Ha enekTpoHu oT 20CM ruia3meHa
karmsipa 10 7,8 GeV ¢ 0.85PW masep (yckoperue Ha enekTpornte >107m/s?).
[TpunuunsT Ha nevictBue Ha PWFA ¢ nazepHo BB30yx)nane e cieanus. [IspBo ce
Ch3/1aBa Iu1a3Ma ¢ JlazepeH ummysic. C Apyr Jla3epeH UMIYJIC ce Bb30YKIaT IIa3MeHH

BBJIHH TI0J BB3JCHCTBHC Ha nondepovomusuu cunu, F =—-(4mo®) e?V(E?). Tosa e
HEJIMHEHHA CUJIa OT IPAJANCHTEH THII, KOSTO BB3HUKBA IIPU HEXOMOI'CHHO I10JIe, KaTo
JeiicTBa B MOCOKAa Ha HaMalsiBaHE HA aMIUIMTyJAaTa Ha moiero E W He 3aBHCH OT
3HaKa Ha 3apsja. Ts u3TIIackBa 3apsiUTe KbM OOJIACT C TIO-HHUCKA aMILINTY/a, Pectl.
MHTCH3UTET Ha CBeTJMHarta. llopamgu cuiHAaTta  MPOCTPAHCBEHO-BPEMEHHA
JIOKAM3alHs Ha TI0JIETO Ha MOLIHUTE CBPBXKBCH Ja3ePHU UMITYJICH, Bb3HHKBAILUTE
IIOH/ICPOMOTHBHATH CHJIM ca OrpoMHH. [lopaau Maiikata Maca Ha €IeKTPOHHTE, Te Ce
M3XBBPJISAT BCTPAHH OT [TMKA HAa UMITYJICA, & MACHBHHUTE TTOJOKUTEIHN HOHHU OCTaBaT
Ha MSCTO Karo BB3HMUKBAT OIPOMHHM JIOKaJHH mnoiera. [lomoxurenHara ,.ciema’
cJIe/iBa MMITYJICA U C€ JBMKH MPUOJIM3UTEIIHO ChC CKOPOCTTA Ha CBETJINHATA B

Sttecentully pamped gas cell Y

oF pas yet)

N 5
[ | i

Ay =~ 65 pm 2w, ~ 600 um Wik efield

®ur. 7. PWFA yckopumen, 6v36y0en ¢ nazepnu umnyacu. Mzm. [3].

13



Juu Ha ¢usukara’2020 28 - 30 mait, Codus

mwiazmata. Cinen OTMUHABaHE Ha UMITYJICA, €IEKTPOHUTE CE€ MPUBIUYAT 0OPaTHO KbM
HOHUTE W IPUBICYEHU OT OTPOMHUS IIOJOKUTEJIEH IOTCHIMAl Ha MOHHATa Ciexa,
CJIeBallla UMITYJICa, C€ YCKOPABAT JOCTUTAaUKHU PEIATUBUCTKU CKOPOCTH.

2.4 I'eHepanusi HA MHTEH3UBHU CBPBXKbCH PEHTTEHOBU M 7 MMITYJICH

EnHo ocHOBHO HampaBieHue B JlazepHaTa (u3MKa € TeHepauusara Ha
€JIEKTPOMArHUTHO JIbYEHHE B HOBH CHEKTpaJHU OOJAcTH, 3a KOUTO JIUIICBAT
JAUPEKTHU Ja3€pHU WM APYTH U3TOUHUIM. Upes 1a3epu U METOUTE HA HEJTMHEWHATa
ONTHKA, JHEC LsjaTa BUAMUMa o0nacT, OnM3KaTta W MO-AaliedyHa HH(payepBeHa
o0JjacT, KaKTo M YJITpaBUOJIETOBaTa W EKCTPEeMHATa yJITPaBHOJETOBAa 00JacTu ca
MOKPUTHU C KOXepeHTHO JibueHue. ['enepupanero Ha EC pa3kprBa Bb3MOXKHOCT U 32
reHepanusi Ha UHTEH3UBHO PEHTTEHOBO M Y-IIbYECHUE C YHUKAIHH CBOMCTBA — MOJ
dbopmaTa Ha CBPBXKBCH UMITYJICH C KOHTPOJIUPYyEMa €Heprusl Ha KBaHTHUTE.

MeTonbT 3a reHepalys Ha UHTEH3MBHO PEHTTEHOBO UM Y-'IbUCHHE € 0a3upaHo Ha
oopamno Komnmonoso pascetigane. [Ipu npaBoro KomnronoBo pasceiiBane, hoTOH,
Hal-4ecTO PEHTIeHOB uiu 7Y-(QOTOH, B3aUMOJEWCTBA CbC C€lab0 CBBp3aH
HUCKOCHEPTeTHYEH ENIEKTPOH, KaTO Pa3CesHUAT (POTOH € ¢ TMOo-MajKa CHEeprus 3a
CMETKa Ha OTKaTHaTa €HepPrus, KOATO TMoilydyaBa enekTpoHa. Ilpm oOpaTtHOTO
KomnToHoBo pasceiiBane, HUCKOeHEepreTudHU (GoToHH (eHeprus =~ €V) oT maszepeH
UMITYJIC C BHCOK HWHTEH3UTET C€ pa3ceiiBaT OT WHTEH3WBEH CHON OT
BHCOKOCHEPIeTHUYHHU (PENaTUBUCTKHM) EJIEKTPOHH, KaTO 32 CMETKAa Ha E€Heprusirta Ha
CJICKTPOHUTE, EHEPTUsITa Ha pa3cessHuTe (POTOHM HapacTBa KaTo ce Impeodpasysa 10
PEHTICHOBHS WM Y-AHMAana3oH, qocturaidku 1o okono 20 MeV. TlponecsT ce Hapuya
oOpaTeH, Thi KaTo MpelaBaHeTO Ha EHEPI sl € OT eJIEKTPOHA KbM (POTOHA, 32 pasiinKa
OT TIPaBHsl, KbJIETO MIPEJABAaHETO HA €HEPTHUA € OT ()OTOHA KbM EJIEKTPOHA.

CHOMBPT BHCOKOCHEPTETHYHU EJEKTPOHH MOXE Ja C€ MOJy4Yd OT CTaHIapTEH
YCKOpUTEN WJIM OT ONHCaHus TMo-rope ImiasmeH yckoputen PWFA ¢ naszepHo
BBH30y’KJaHE Ha MJIa3MEHU BBIHU. BBB BTOpUS Ccilyuyaid, IsaiaTa yCTaHOBKA ChCTOSIIIA
ce OT IUIa3MEHHUS YCKOPUTET 3a PENaTUBUCTKM €JNEeKTPOHM M HW3TOYHHKA Ha
MHTEH3UBHO PEHTIEHOBUM U Y-UMIYyJCcH Ha Oa3zara Ha oOparHo KomnToHOBO
pasceiiBaHe MOXKE J1a C€ HalpaBHM MHOTO KOMIIAaKTHa W Ja ce mobepe BBPXY eaHa
n1abopaTopHa Maca, BIIUCBAMKH ce B T.H. mpuHumi "table-top”.

[Tomy4eHnTE MTHTEH3UBHO PEHTTCHOBO U Y-TbUEHHUE MPEACTABIISIBAT MHOTO MOIIICH
WHCTPYMEHT B OOJlacTTa Ha sA0peHama @usuxa 3a W3CIEIBaHE HA PE30HAHCHU
MPOIIECH KaTo siIpeHaTa pe3oHaHCHA (IIyopecleHIns, U3MEpBaHE Ha BpeMEHa Ha
KUBOT Ha SIIPEHW DPE30HAHCHU HHBA, MPOCIEISIBAaHE BBHB BPEMETO HAa KaHAJIM Ha
penakcais Ha Bb30yeHU SAPEHU ChCTOSIHUS, siApeHa acTpodu3uka u ap.

2.5 U3caenBanus B 00J1acTTa HA QyHIaMeHTATHATA PU3HKA

['enepanusara Ha EC pa3kpuBa OrpoMHU BBb3MOKHHM 3a W3CJIEBAHUS B peaula
oOnacTtu Ha ¢pyHIaMeHTanHarta pusuka. Hakou oT TsX 1e oTOenekum HaKpaTKo.
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Henepmypbamuena keanmosa enexmpoounamuxa, KEJ

Pesynrarute nHa KEJI B mneprypbatuBeH peXUM Cce€ IMOTBBpPXKIaBaT C
BIieuatisBamia TouyHocT. Heneprypbatusnara KEJ| Ha cBpbXcHIHUTE MoJieTa, o0aye,
ocTaBa cj1abo uscienana. OTaaBHa € MpeACKa3aHo PakJIaHETO Ha JABONKH €JICKTPOH-
MO3UTPOH OT (PU3MYECKUSI BAKYyM B CHUJIHO €JIEKTPHUYECKO I0JIE, HAPEUEHO noje Ha

Llsunzep Es. To ocurypsiBa 10CTaThuHa EIEKTPOCTATHYHA €Heprus ekg A, =2mc’ Ha

enna KomMnToHOBa IBbJDKMHA HA BBJIHATA A, =//MC, Taka 4ye BUPTyaTHUTE €ICKTPOH-

ITIO3UTPOHHHU JBOMKH J1a C€ IIPEBBpHAT B peanHu. Tosa e nonero, Hax koero KE/I ce
cumuTa 3a HenuHeiHa. [loneto na [lIBunrep e Eg~ 1,3.10%V/cm, koeto choTBETCTBA Ha
e(heKTHBEH UHTECH3UTET Iz4,3.1029W/Cm2. TakoBa cTaTHYHO MOJIE € HEMUCIIMMO /1A CE
ch3nazne B 0003puMo Objaemie. MHTEH3UTETHT BBB (POKyca JOpH HA HAM-MOIIHUTE
TCHEpHUpaHW JIa3epHU WMITYJICH € Ha IIeCT MOopsAabKa IMoa Ta3u croitHocT. HoBwm
pE3yNTaTH MOJCKA3BaT, Y€ CKOPOCTTA HAa paXkJAaHE Ha €JICKTPOH-TIO3UTPOHHU JTBOUKHU
MOKE JIa C€ YBEJIMYHU 10 HAOII0JaeMU CTOWHOCTH M TP MTOCTUTHATHTE WHTECH3UTETH
ako ce KoMOuHHpa (POKyCHMpaHO JIa3epHO I0JIE B PEKHUM Ha CTOsSIIA BbIHA U Y-
np4YeHUe. B ToBa oTHOIIEHHE, TeHEPUpAHUTE MO MeToaa Ha oOpaTtHO KommnToHOBO
pasceiiBaHe MHTCH3UBHU PEHTTCHOBH M Y-UMITYJICH, Pa3rjieaHu MO-rope, MoraT Jia
M3UTPasT pellaBaiia mojisg 3a HaOmoaBaHe Ha IlIBuHrepoBu nBOMKHU. Jpyr acrekT
Ha HeneptypOatuBHata KEJI ¢ HeemactuuHoTO (hOTOH-(POTOHHO pasceiBaHe dYpe3
BUPTYaJHU €JICKTPOH-TIO3UTPOHHM NBOMKHA. CBPBXIUTBTHUTE TOTOIH (hoToHM Ha EC
ca UJeaJHUAT HHCTPYMEHT 3a u3cie/BaHe Ha (POTOH-(DOTOHHOTO pa3ceiiBaHe.

Uscnedsane Ha noaapusayuonnume ceoucmea Ha 8aKyyma

[longpuzanusita Ha BaKyymMa € CBbp3aHa C Pa)XXJaHETO HAa KPAaTKO >KUBEEIIU
BUPTYQJIHU €JIEKTPOH-NIO3UTPOH nBoMkH, KEJl Bakyym. TakaBa 3apenena nBoika
JNEUCTBA KaTO EIIEKTPUYECKH JUIION. B OTChCTBME HaA peanHo MoJie, MOopaau
M30TPOMHOCTTA HA MPOCTPAHCTBOTO, OPUEHTALIMATA HA TAKWBA JUIIOIM € CIydailHa.
ITon BB3AECHCTBME HA EJIEKTPOMArHUTHHU TMIOJIETa, TE€3W BUPTYyaJHU JBOWKHA CE€
OPUEHTHUPAT, KATO YACTUYHO MPOTUBOJCUCTBAT HA BH3JAEHUCTBAILIOTO OJIE - IPOSBS HA
nuenexktpuueH edekT. [1o10keH Ha CBPbXUHTCH3UBHU JIa3€PHU T0JIETA, BAKYYMBT
MpoMeHs KoedUIIMeHTa CU Ha MpedyIlBaHe JI0 CTENeH, M03BoJjsBalla Aa Ce MOCTaBU
BBIIPOCA 32 HETOBOTO M3MepBaHe. PeanmHara yacT Ha KoeduIlMeHTa Ha TTPEUyIBaHe €
OTrOBOpHAa 3a JABYJBUEIPEUYNBAHE HA CBETJIMHATA, 4 MMAruTEepHa My 4YacT - 3a
Ch3/1aBAHE HAa BUPTYAJIHU NABOMKHU. M3cienBaHETO Ha JABYJIBUENPEYYNBAHETO IO
BB3JICHCTBHE HA WHTEH3MBHU CBETJIMHHU MOJIETAa NPEACTaBIsBA TECTBAHETO HA
peakiusATa Ha BaKyyMHaTa CTpPYKTypaTa B CbBCEM HOBa (IIOJIYMaKpOCKOIIWYHA)
MPOCTPAHCTBEHA CKAJIa OT MOPSAIbKa Ha ABJDKMHATA HA CBETJIIMHHATA BbJIHA, 32
pasmuka ot 107°-10"°m ckama npum ymapum Ha ememenTapHH uactuiu. Eaum
PEANCTUYEH EKCIIEPUMEHT NMPEABHKAA MOISPU3ALNS HA BaKyyMa IOJ Bb3JCUCTBUE
Ha Qokycupann 10PW nuHeliHO monsipu3uMpaHu Ja3epHU HMMIYJICH U HACpPEIlEH
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npoben cuon ot 1GeV y-otonu. 1o 3aBbpTaHeTO HA paBHUHATA HA MOJSPU3AIMS HA
Y-pOTOHHUTE MOTAT JIa ce ONpPEACTAT ABYIbYCIPEUyIBALIITE CBOMHCTBA Ha BAKyyMa.

Jlabopamopra acmpogusuka

['enepupanero Ha EC paskpuBa BB3MOXHOCTH 3a aKTHMBHO pa3BUTHE Ha
eKkcrepuMeHTainHara actpoduszuka. CbBpeMEHHUTE CBPBXMOIIHU JIa3epH Mpesjarat
EeKCTPEMHH YCJIOBHUS, KOUTO MOTaT J1a CAMYJIMpPAT T€3U B aCTPOHOMUYECKUTE OOCKTH:
pEIaTUBHUCTKA IJIa3Ma, CHIIECTBYBAJA B PAaHHUTE KOCMOJOTHYHU €MOXH U JIHEC B
OKOJIHOCTTa Ha XOPU30HTA HA YEPHUTE NYIIKH, CBPBXCUIIHU €IICKTPUUECKH, 10"v/em,
u wmarautan, 10'°-10"Gauss, momera, namsranus 102bar. bazupaiiku ce Ha
MIPUHIINIA 32 €KBUBAJIECHTHOCT Ha AMHIIAITH, TPOLIECUTE B YCKOPUTEIIHO JIBUKEIIHU CE
OTIpPAaBHU CUCTEMHU Ca €KBHBAJEHTHU HA T€3U B CHOTBETHU I'PABUTAIIMOHHU IOJIETA.
Co3nanenute yckopeHus Ha enektponu B PWFA ot Han 10°g cvoTBeTCTBAT HA
IPaBUTAIIMOHHO YCKOPEHHUE Ha Pa3CTOsHME eauH panuyc Ha llIBaprmmng oT yepHa
IymnKa ¢ Maca MUJHMOHHU CITBHUEBH Macu. AmapaTypara 3a MOJ00HU H3CIeIBAHHS
MOJKe JIa ce TIOCTaBH BHPXY eHa JlabopaTopHa maca - table-top acmpodgusuxa.

Tvpcene Ha MmbMHA Mamepus U MbMHA eHePIUs]

Enna ot Haif-ronemMuTe 3aragku B ChbBpeMEHHara (U3MKa TPE/ICTaBIIABA
myMHamMa mamepus 1 mMbMHaAma eHepeus. B oTaudne OT TEOPETUYHUTE METOH,
€IUH OT MOJAXOJUTE CE OCHOBABA HAa CUCTEMAaTUYHO EKCIIEPUMEHTAIIHO U3CIIEBaHE HA
¢$boTOoH-POTOHHO pa3ceiiBaHe B pa3IWyHU €HepreTnyHu ckamu. B ckamata 100GeV
(o-touno 125GeV), H%-GosousT ce pasnaja 1nmo JOMUHAHTEH KaHal Ha 2 ¢OTOHA; B
ckamata 100MeV (mo-touro 135MeV), m’-Me30HBT ce pasmajga IO JOMHUHAHTCH
KaHan Ha 2 ¢goroHa. Moxe Aa ce MHUCIH, Y€ Te Morar ja ObJaT Bb3IPOU3BEACHU
oOpatHO upe3 (HOTOH-(POTOHHO pa3zceliBaHE B TE3W €HEpreTU4Hu ckainu. [IpomechT
MO’K€ CHJIHO J]a HapacHe, aKo T€3W YacCTHUIlM, B TOBA YKMCIO U KaHAMJATUTE 32 ThMHA
Marepusi, BMECTO (€BEHTyaJlHO) pPOJIeHH OT JnBa (OToHa, OBAAT THPCEHU KATO
MEXIUHHU PE30HAHCH, 3aCUJIBAILM YETUPUPOTOHEH MPOLIEC OT JBAa BXOAHHU (HOTOHA
("yHuioxaBamu" ce B PE30HAHCHOTO ChCTOSHUE) M JIBa H3XOAHM (POTOHA
("paxxmanu" ce OT pe30HAaHCHOTO ChCTOosHKE). OJakBa ce YeTUPU(DOTOHHUSIT TIPOIIEC,
UMall KyOu4yHa 3aBUCUMOCT OT Oposi Ha (DOTOHMTE B HMIIYJC, J1a € MHOrO IO-
e(eKTUBEH OT yIapu MEXAY YCKOPEHU YacTHUIU, Thii KaTo OpOST (POTOHU B UMITYJIC
MOKE€ Ha MHOTO MOPSIBIM /1A MPEBUILIaBa OpOsi YCKOPEHU OT YCKOPUTEN YACTHUIIM B
rpyMHpOBKa - okono 10,

4. 3akiaodyeHue

OrpoMHUMSIT HampeIbK B TEHEpAlMATa HAa CBPBXUHTEH3UBHHU CBPBXKBHCU
CBETJIMHHM WMITYJICH TPOMEHU PAJUKAIHO NPEACTaBaTa 3a BB3MOXKHOCTUTE Ha
Ja3epHOTO JTbueHue. JlHec e TpynHO na ce mocoud obnacT oT (u3HKaTa, B KOATO
JA3€pPHOTO JTBUYECHUE HE MOXKE [1a MPEIJI0KH BB3MOKHOCTH 32 MPOrpeC Ha HAYUHUTE
uscneaBanus. Hav-unmepecnomo, obaue, 6eposmHo menvpea npeocmou.

16



Juu Ha ¢usukara’2020 28 - 30 mait, Codus

JIMTEPATYPA

[1] Strickland D., Mourou G., 1985, Opt. Commun., 56, 219

[2] The Nobel Prize in Physics 2018, Press release, NobelPrize.org.

[3] ELI - Extreme Light Infrastructure, Whitebook, Eds., G. Mourou, G. Korn, W.
Sandner and J. Collier,

[4] ELI - Extreme Light Infrastructure Nuclear Physics, WHITEBOOK, Bucharest-
Magurele, Romania, Eds.,Chambaret J.-P. , Dabu R. , Ursescu D.

[5] National Ignition Facility, LLNL, https://lasers.lInl.gov/

[6] Mourou G et al., 2012, Opt. Commun., 285, 720-724.

[7] Mourou G., Wheeler J., Tajima T., 2015, Europhysics News, 46, No 5-6, 31-35

17


https://www.llnl.gov/
https://lasers.llnl.gov/

Juu Ha ¢usukara’2020 28 - 30 mait, Codus

EHTPOIINA U BCEJIEHA
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e-mail: tha@tu-sofia.bg

Pestome. [lepunupaiiku eémopus 3aKOH HA MePMOOUHAMUKAMA Ype3 eHMPOnusmd,
PAOKO ce 3amuciame 3a NpoeKyuama Ha mo3su 3aKOH U pa3doupaHemo 3a eHmponusma 6
KOCMOJIO2UAIMA U e8ONIIOYUAMA HA 8CeleHama, spasumayusama u yepHume Oynku. B ooknada 6
Kpamka ¢opma e Hanpasen onum oa ce obsicHu udeama na bonyman 3a enmponusma u om
2fie0Hama mouKka Ha 6Mmopusl 3aKOH HA mepmMoouHamuxama oa ce cevpoice ¢ 1 onemus 63pus,
2pasumayusma u HAKOU om mMooenume 3a egoNOYUs HA 8CEleHaAMA.

KuirouoBM qyMu: eHTponusi, BTOPH 3aKOH Ha TEPMOANHAMUKATA, KOCMOJIOTHSI.

1. Bropu npuHIMI HA TEPMOAUHAMMKATA U EHTPONUS

N3noxxenueto e 6bae 6azupaHo Ha ciaeaHara (popMyJIHpPOBKA Ha BTOPHS 3aKOH
Ha TepMmoauHamukata [1]: ITeanama ewmponus na npou3eoaHa cucmema 3ae0HO ¢
HeUHOmo 0OKpbICeHUe 8 NPpOU36oeH ecmecmeer npoyec ce ygeauvasa m.e. A4S >0 (c
S obo3znauasame enmponuama). IIOHITHETO EHTPOIHUS € BHBEACHO 3a MMbPBU BT OT
Knaysyuc npe3 1865 1. 3a 1a U34CHUM CMHUCHJIA HA BEJIMYMHATA EHTPOIIUS B aCIeKTa,
KOWTO HU € HYXEH, I[e U3M0JI3BaMe HeilHaTa CTaTUCTUYECKAa MHTEPIpeTalus AaieHa
oT bonman nipe3 1877 r.

S=kInV |, (1)
kbaeT0 K KoHcTaHTaTa Ha Bomrman, a V ¢ Opoil paBHOBEPOSTHH MHUKPOCHCTOSHUS,
OTIPEIENIAINIM BEPOSITHOCTTA 3a pEaM3WpaHeTO Ha JaJICHO MaKpoCchCcTosHUE. Taka
CIIOpe] TEOPHUATA Ha BEPOSTHOCTHTE € HA-BEPOSATHO J1a CE peaanu3nupa ChbCTOSHUETO,
OTIPEIEISTHO OT HAW-TOJIIM OpOH MUKPOCHCTOSIHUS WU C IPYTH IYMH ChCTOSSHHETO C
HaW-TOJIsIMa EHTPOIIHS. '

Taka MoOXeM Ja CBBpPKEM M@W
BTOPHS HNPUHLUI Ha ) 0 eel 4
TEpMOJAWHAMHUKATa C TBBPICHHUETO, )Z’ I eeer gete eTel TCA 4
4e Ce PealM3MpaT TE3H NPOUCCH, .7, o | T7e,€er7, eret, 7ee7, €77 ) T1E 6
KOWTO Ca HAaW-BEPOSITHHU, & UMCHHO 37 e Y

1

MPOILIECUTE C HAKW-TOJISIMA EHTPOMUS vYT

[1]. 3a nomydsnm mno wbIHA  QPur. 1. Jlaoenu ca ecuuxu pasHoeposimuu
HpeacTaBa 3a TOBa TBBPACHHUE, 1a MUKDPOCHCMOSIHUSA, ONPedensiyi 8CIKO

cn  TpEACTaBUM  4€  XBBPIAME  yakpocwcmosinue. Tyk ,,e ™ u ,,m* osnauasam
eqHoBpeMeHHO 4 wmoHeTu. Bcsiko Le3u u, mypa“.

MHUKPOCBCTOAHNEC Ha CHCTEMATa CC
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ompenesss OT BapuauuAra Ha ,,e3U"° W ,,Typa“ NpH NaZaHETO BCHUYKUM MOHETH. B
pe3yJTar Morar Jia ce aJHaT cJaeIHuTe komOuHarmu [1]:

Ot TabnuukaTa BIXKJIaMe, Y€ Hal-BEepOSTHOTO MaKPOCHCTOSIHUE € OMPEIEICHO OT
Hal-TOJIsIM Opoil MHKpOCHCTOSIHUA 6 OT o0mo 16 3a BCHMYKHM S5 BB3MOXKHU
MaKpOCHCTOSIHUSI M BEPOATHOCTTA TO Ja ce peanusupa € 6/16 mmm 38%. Ako B
noI00€H eKCMEPUMEHT €IHOBpeMeHHO XBbpiauM 100 mMoHeTu, ToraBa oOmus Opoi
MuKpochkeTosians e ¢ 10°°, a o6mmara BepOSTHOCT 3a pealn3amist Ha HAKOE OT 3-T¢
Hali-BepOSITHU MakpochcTosiHuA e € 90%.

[lo-HaTaTbKk 1IEe MPOEKTUpaMe KOHLENUHUATA, MNpejokeHa oT boanman, kaTto
W3MOJ3BaMe TOHATHETO 3a (Pa3oBo
npocTpancTBo P ¢ 6N m3mepenwus,
NPEACTABANIO0  MOJIOKEHUSTa U
uMmnyicute Ha N yvactunu. e
pa3npoOuM ($Ha3zoBOTO MPOCTPAHCTBO
P na momoOmactH, KOHTO IIE
Hapuyame Kytuu [2]. BBB Bcska
KyTUsl 1€ TIOCTaBUM OTOEJs3aHU
KaTo TOYKH BCHUYKH HEpPaA3INYUMU })ogfmxo?dﬂﬂ% na Woﬁ WOGT”“U&
€IHO OT JpPYro MAaKpOCHCTOSHHS.
BbB dopmyna (1) Benuuunara V 1o
WHTYUTUBEH HAYUH 1€ CBBPKEM C
rojieMuHara (uiau obema) Ha KyTHsTa, T.€. Ha MO-TOJsIMA KyTHs ChOTBETCTBA IIO-
rojisiMa BEPOSTHOCT 3a peanu3alus Ha MaKpOChCTOSHHE WJIM ChOTBETHO Ha IIO-
roJissMa KyTusi CbOTBETCTBA MO-TOJIIMa €HTPOIIHSI.

Ma_u,'a oluounlie

U crosdtit A

®ur. 2. Pazopobssane Ha ¢hazosomo
npocmparcmeo [2]

2. CTaHI[apTHI/I KOCMOJIOTUYIHHA MOJEC/IN U CHTPOIIUA

Ile pa3sriename CTaHOApTHUTE KOCMOJOTHYHU Mojenu Ha Opuaman-JIboMeTsp-
Pobeprchu-Yokbp (FLRW) 3a eBomonusTa Ha eqHa MPOCTPAHCTBEHO XOMOT€HHA U
U30TpoIHa BeeneHa [2]. M3oTporiHa BeelieHa 03Ha4YaBa, ue TS W3IJICXK/1a €JHAKBO BHB
BCUYKH HAaIpaBJieHUsI B KPYIMHO-MaIladHaTa CH CTYKTypa, a XOMOT€HHA O3Ha4yaBa 4e
€ €JHaKBa M KaTO CBOMCTBA BbB BCAKA TOUKA OT MPOCTAHCTBOTO M Bpemero. Criopen
Haguuante gaHHM FLRW wMopemute mnpencraBnsBar mno0po mpuOIMKeHHWE Ha
CTpyKTypaTa Ha HaOirogaemara BcesieHa. Criopel BCHUKHM T€3H MOJIETU BCEJIeHATa ce
MOSIBSBA OT CHUHTYJISIPHOCT ¢ O€3KpaiiHa KpUBMHA Ha MPOCTPaHCTBO-BpemeTo K cnen
cbOuTHE HapeueHo ['oisiM B3pHB 3a JOCTOBEPHOCTTAa HA KOWTO MMame Oe3CIOpHU
JI0Ka3aTeJICTBA, CBbP3aHHU C OTKPUBAHETO HA MUKPOBBIHOBOTO PEJIMKTOBO JIbYEHUE B
TUraxeproBusi 00XBaT - OMKMCBAHO KAaTO TOIJIMHHO M3TbYBAHE HA a0COJIIOTHO YEPHO
Ts10 ¢ Temrieparypa 2.7 K u cmsitano 3a ,,0T0s¢hK oT ['osiemust B3puB.

Cnen Tonemust B3puB Bcenenata OBp30 ce pasmmupsaBa. Mogenute Ha
€BOJIIOLMATA CJIe[, IbPBOHAYAJIHOTO pPAa3MIMPEHHE KaKTO M TIeoMEeTpusiTa Ha
IIPOCTPAHCTBO-BPEMETO 3aBHUCST OT TOBA JaJIM KPUBHHATA HA MIPOCTPAHCTBO-BPEMETO
e nonoxkurenna 1.e. K > 0, nynesa K = 0 unu otpunatenna K < 0. Ako kpuBHHATA €
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MOJIOKUTEIIHA, TeOMETpHsiTa € chepuyHa, a pa3sIMPEHUETO TPEMHHABA B CBHUBAHE
nokato Bcenenara ce cpuHe B CUHTYJISIPHOCT - T.Hap. ['0JisiM cpuB — orjiefiasieH oopas
Ha [‘onmemust B3puB. AKO KpUBHHAaTa € HyJa, T€OMETpHUATAa € EBKJIMUJ0Ba (MJIOCKa
BCEJICHA), pa3IIUPEHUETO HAJJIEsiBa U HE Ce CTUra J0 Kojamnc. AKO KpUBHHATA €
OTpULIATE]IHA, TE€OMETPHUATAa € XUMNEepOOJMYHA M PA3LMIUPEHHETO € C IOCTOSHHA
ckopocT. Bausitnuero Ha kpuBuHaTa K MOXeM J1a cH MpeACTaBUM U Ype3 CleHaTa
aHajorusi. AKO XBbPJIMM KaMbK BEPTUKAIHO Harope, HoO CKOPOCTTa Ha U30srBaHE HE
e gocrarpyHo romsima (K > 0), kaMBbKBT ce BpbINa. AKO CKOPOCTTa Ha KaMbKa €
paBHa Ha ckopoctTa Ha m30srBane (K = 0), KaMbKBT HE TajJa. AKO CKOPOCTTa MY €
Mo-roJisiMa OT cKopoctTa Ha n3bsirBade (K < 0), To¥ 1mie MpoIbKK J1a ce OTajiedaBa
BEUHO, JIOCTUTaikKW HSKaKBa KOHCTAHTHAa CKOpPOCT. ECTECTBEHO B TE€3U BBH3MOXKHHU
CLICHApUU € HAMECEeHa MacaTa 1 eHeprusita Ha Beenenara — onpeaensiy KpuBrHATa.

JloTyk TmpeacTaBeHUTe MOJEIM, o0aue, HE OTYUTAT T.HApP. KOCMOJIOTMYHA
KOHCTaHTa A, mpemjiokeHa oT AuHmaitH npe3 1917 r. Ako Ta3u KOHCTaHTa Objle
oT4eTeHa B AWHIIAWHOBOTO YPaBHEHUE HA TOJIETO KAaTo JOCTaThYHO TOJsIMA
MOJIOKUTEIIHA BEJIMYMHA, TO BCHUYKA MOJEIH B TOPECTIOMEHATUTE CiIy4yah Ha
KpuBHHATa K BOIAT JI0 CLICHAPUHU HA EKCIIOHEHIMATHO pasiupsiBaiia ce Beenena [2].

BbopockT, KOUTO CTOM, € TIOJIOKUTETHA JIU € BCE MMAK KOCMOJIOTHYHATA KOHCTAHTA
U KOM OT IIPEACTABEHUTE MOJEINA € HaW-IO0CTOBEPEH. TOM € TICHO CBBpP3aH C
yCTaHOBEHaTa Maca U eHeprus Ha Beenenara. Tyk e MsCTOTO ¥ Ha BbIIpOca 3a MacaTa
Ha ThMHaTa Mmartepus. B Ta3u Bpb3ka jJocera HaTpyMaHUTE KOCMOJIOTHYHU JIaHHU
CoYaT, Y€ € MHOTO BEPOSITHO KOCMOJOTMYHATAa KOHCTAHTA Ja € IMOJIOKUTEIHA U TIPU
TOBa 1ocTaTbyHO roisaMa. [Ipe3 1998 r. ekunu nscnenosarenu ot Apctpanms u CAILL
npu HaOMIOJCHUE Ha OTHAJICUYEHU CBPBHXHOBU CTUTaT JI0 3aKJIIOYCHUETO, Y€
pasimmpeHueTo Ha Beenenara ce yckopsiBa eKCrioHeHITHanHo [3].

Heka cera ce BbpHEM B HA4YaJlOTO HA W3JIO0KEHUETO M [J1a CBBPXKEM
KOCMOJIOTUYHUTE CLIEHApUHU C BTOPUSI 3aKOH HA TEPMOJMNHAMHUKATA U EHTPOIHMSITA,
3aI04YBaiku ¢ possta Ha [‘onemMust B3pUB KaToO TOYKAa C MMHMMAajHa eHTponus. Ha
¢durypara mo-aoily € gajeHa CTpesikaTa Ha BpEMETO ¢ Hayaio 0130 10 MOMEHTa Ha
['onemus B3puB. B Tabnuiara e npeacraBeHa OIeHKAa HA EHTPOINUSITA B TPU MOMEHTA
OT Bpeme, a UMeHHO: 01130 10 ['onemus B3puB, Cera, u manko npenu ['omemus cpus.
B mocnennus ciydait mogoOHa CTOMHOCT Ha €HTPOIHUATA CE MOJTy4YaBa U B MOJCIIUTE
C TMOJIOKUTEIIHA KOCMOJIOTHYHA KOHCTAaHTa Ha pasmmpsBaiia ce Bcenena [2].

K>0,A70  ¥=0,\rp k<O AMO

—

o7 K noT

Lo monD T oo kOKCTAMLTA A

<2 Ao A>0 umamse 3&@%% o
L Paguripe lup

®ur. 3 Cyenapuu 3a esontoyus na Beenenama cnopeo FLRW mooenume [2].
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I[aHHI/ITe B Ta6J'H/II_IaTa ca NpcACTaBCHU B T.HAP. IINITAHKOBU CAWHUIIN.

{PCO/MT”& ta rO/\-QMM jZM

| Cera ;[Empovw% Wpeqm [0 rorus o 4 A
! 013 ' -[iyué,wo;zéam Ca T 1 . NNAR Ko«
w Sy Ve E=C=h=k=A

8
Enrpovas) (o 1 10

®ur. 4 Cmpenxama Ha 8pememo ce 08UNHCU OM HAU-MAIKAMA KbM 8ce No-20AMA
KYymusi, m.e. 8668 (ha3080mMo NpOCMPAnCmeo enmponusama napacmesa [2].

B Tabmmukata [2] e mpenacTaBeHa olleHKa Ha €HTpomusATa Ha BcenmeHnata ckopo
cnen ['onemus B3puB, B MoMeHTa Cera, U mpeayu MOMEHTa Ha ['onemus cpus.

Ha ctpenkara Ha BpeMeTo BHXKJIaMe, Y€ €HTPOIUATAa HapacTBa OT TOYKaTa ¢ Hail-
HUCKa eHTponusi ckopo cien ['onemus B3puB kbM MoMeHTa Cera — uU3BOJ, Oa3zupan
Ha peaJuCTUYHa OIIEHKAa Ha EHTPONMsTAa, HAllpaBEHa Bb3 OCHOBATA HAa OLIEHKA 3a
obmust Opoit Oapuonu B MoMeHTa Cera. BbIOpochT, KOMTO HW3HUKBA, € 3allo
Bcenenara, chabpkalia onpeneHo KOJIMYeCTBO OapuOHU, MMa pa3inyHa E€HTPOIHUS
cnen ['onemus B3puB, Cera u npenu ['onemust cpuB. Ha npbB noriien crpeikara Ha
BPEMETO MHHAaBa KbM BCE€ MO-TOJIEMH KyTUU U BTOPUSAT 3aKOH Ha TEPMOJMHAMHUKATA
ce U3MbJHiABAa 0e30TKa3HO. XOMOreHHaTa M H30TponHa Bcenena ce pasmmpssa,
yYBEIIMYaBAKK €HTPOIHMATA CH, TaKa KaKTO JAJE€HO KOJUYECTBO ra3 B ChbCTOSIHUE Ha
TEPMOJMHAMUYHO PABHOBECHUE IPU BCSIKO CBOE PA3LIMPEHUE YBEJINYaBa €HTPOIHSITA
cu. OOpaTHOTO NBWXKEHHE, T.€. HAMAJsIBAHE HA EHTPOMNUsATA, MPEJCTABISABA HEIIO
KaTo BpbIIaHe BbB BPEMETO, 32 KOETO ChILECTBYBA HUINOXHA BeposiTHOCT. JloTyk
OMXMe MOTJIM Ja KakeM, Y€ U3IbJIHEHUETO HAa BTOPUSAT 3aKOH Ha TEPMOJMHAMHUKATA
HaIThJIHO JOKa3Ba MOJIENIa HAa pAa3lIMpPsBAILATA CE BCEJIIEHATa, HO CE OKa3Ba, Y€ TO3MU
aHaiu3 uMa efauH npodneM. [la ce 3anuTame KakBO ce ciiy4Ba B Mojena Ha ['onemus
CpHB, pa3riieKJaH BbB BPEMETO KaTo orjefaneH oopa3 Ha ['onemus B3puB. Korato
Bcenenara 3anoune na konabupa u Ja HaMmassBa o0eMa CU EHTPOMHsATa HaMallsiBa Jik
1 KaKBO C€ CIIydBa C BTOPHS 3aKOH Ha TEpMOJMHAMHUKaTa? 3a Jla CH U3SICHUM TO3HU
BBIIPOC, HEKA JIa ITbPBO Ja MorjieaHeM Qur. 5, B KOSATO ca MPEICTABEHU JIBA CIICHAPHS
3a HapacTBaHE Ha EHTponuATa. [IBpPBUAT € mpu PaBHOBECHO pPa3lIMPEHUE Ha ras,
XOMOTEHHO W3ITBJIBAI J1aJieH 00eM, a BTOPHSAT IMpHU rpaBUTAIMOHEH Koiaric. Koe e
pPa3IMYHOTO B TE€3M CUEHapuu? B mbpBUS TIpaBUTALIMOHHUTE B3aWMOJCHCTBUS U
CBBP3AHUTE C TAX CTENEHU Ha CBOOOJIA ca MPeHeOPEeKUMO MATIKU, JOKATO BbB BTOPUS
Te ca goMuHupani. Oka3Ba ce, ye IpaBUTALIMOHHUTE CTENEHN Ha CBOOO/A, IbKAILU
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C€ Ha CWIHTE Ha TpPaBUTALUOHHO Deswacperie Hans KOAGUC
NpUBJIMYAHE, OCUTYpSIBAT OTPOMEH e

pe3epBoap OT EHTPONUs, KONTO He
MOJKe€ J1a ce MpeHeOperHe BbB BTOpHUS
CIEHApHUil, a 4YepHUTE JyIKU Ce
OKa3BaT OOEKTHTE ¢ MaKCHUMajHa
eHrponus BbB Bcenenara. Tyk € u
OOSICHEHHETO Ha TMapajoKca 3amo
eHTponusATa Ha Bcenenara ckopo
cnen lomemus  B3puMB  KOTaTo
I'PABUTALMOHHUTE B3aUMOJICUCTBUS
M CTEIIEHU Ha cBO0OO1a BCE OIIE HE ca
OWIM JIOMUHHpAIA € MO-MajKa OT %“g‘“%‘“’%“%ﬂw‘%@wﬂ\&“j«
MoMeHTa npeau ['onemus cpus. e

Jla BUAMM KakBO € HM3BECTHO 3a
EHTpPONUATAa HA YEPHUTE TYNKH, ThU
KaTo crnopes cueHapus 3a l'onemus
CpUB L€ HMMaMe€ €JHa THMIraHTCKa
YyepHa AYIKa, KOSITO B KpaliHa CMETKa
e MOrbJHE Isiara Ha0lIoJaeMa BcelieHa, a B TaOJuMykaTa IPecMETHaxMe
EHTPOIUATa TOYHO cropesa To3u cieHapuil. Okas3Ba ce, ye u B mozaenute FLRW c
CKCTIOHEHIIMATHO pa3lIMpEHHE IIIe MMaMe MOJO00OHU CTOWHOCTH Ha eHTpomnusTa [2].
Kak npecmeTHaxme Tazu eHTponus?

Karo Hayano na mpunomMHUM, 4e 4YepHa JyNKa Hapuyame oO0JacT OT Bpeme-
MPOCTPAHCTBOTO, MOSBWJIA B PE3YJNTAT Ha KOJarlC Ha CBPbXMAacHMBHA 3BE3/a, C
Oe3kpaliHa KpMBHHA Ha BPEME-IIPOCTPAHCTBOTO, T.€. 00JACT B KOSATO IPABUTALMATA €
TOJIKOBAa CHJIHA, Y€ JIOpU CBETJIMHATA HEe Moxke na u30sra. [IoBbpXHOCTTa OKOJIO
Kosa0upasaTa 3Be3/1a, IpHU KOSATO CKOPOCTTa Ha N30sArBaHe CTaBa paBHA HA CKOPOCTTA
Ha CBETJIMHATA, HApUYaMe XOPH30HT Ha chOuTHATA [2, 4].

MakcumaiiHaTa Bb3MOKHA €HTponus Ha BeenleHara, a MMEHHO €HTPOIUATA MIPEAU
['onemust cpuB, € IMpecMeTHaTa B ChIVIaCHE ChC 3aleiexurenHara (opmyna 3a
CHTpOIUs YepHa Aynka Ha bekenmaita u Xokunr [2],

_ ke*A
o 4GhH
KbJ1eTO K € KoHCTaHTaTta Ha boMaH, ¢ — CKOpOCTTa Ha CBETIIMHATA, A € TUIONITA Ha
XOpU30HTa Ha chOuTHATa. B Tasu QopMyna 3a mpbB MBT MOXKEM Ja OTOEIEKUM
€IHOBPEMEHHOTO y4acTHE Ha KJjacHuyeckaTa rpaBUTallMOHHA KOHCTaHTa G OT 3aKoHa
Ha HrotoH 3a BceMHUpPHOTO NpUTErIssHE W KOHCTaHTara Ha [lmank i, xosTO
OOMKHOBEHO y4acTBa B YpaBHEHHUATA HA KBAHTOBAaTa MeXaHUKa. [Ipyrust uHTepeceH

dakT B Tazu (Qopmysa e, Yye CHTPONHUATa € MPONOPIMOHAIHA Ha XOPHU30HTa Ha
CchOUTHATA.

@ur. 5 Enmponus na paawupssaw ce 2as u
yepna oynka. Buoicoame 0sa cyenapus 3a
yeenuuasane Ha eHmponusma. pasuiuperue
Ha 2a3 u cpasumayuoner konanc [2].
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3. 3akirouyeHue

Pasrnenana e cratucthueckata MHTEprperanus Ha bosjimMaH 3a eHTpomusTa.
IIpencraBenu ca cranpaptaute FLRW mopenu 3a eBomrorusita Ha Bceesnenara u e
HaIlpaBeH OMWT Te Ja ObJaT aHAJU3UPAHU OT TJIeJHA TOYKAa HAa BTOPUS MPHUHIUII Ha
TepMoauHaMuKaTta. [IpeacTaBeHn ca HSIKOW OILICHKM 3a €HTponusaTa Ha Bcenenara
KaTo € OOBpPHATO MO-CIEIHATHO BHUMAHHUE Ha EHTPOMNHUATa Ha YEPHUTE IYIIKH.
[ToquepTana e ponsitTa Ha rpaBUTALMATA KaTO PE3EpBOApP HA CHTPOIIHUS.
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TbMHA EHEPI'MA U EBOJIIOLIUA HA BCEJIEHATA

JIroomMuiaa @uiaunosa

HayuHo-nonynsipen nucaten u MaructTbp actpoHoMm KbM @3® na CY
e-mail: filipoval@yahoo.com

Pe3zwome. Llenu 95,5% om Bcenenama Hu npeocmaensigéa m.H. ,,MbMHA 6CeleHA ",
cvemasena om 26,5% mvmua mamepus u 69% mwvmua enepeus. Eosa 4,5% e m.nap. 6apuonno
gewecmeo (guoumama mamepusi, Om KOSAMO CMe CbCMABEHU HUe U euoumama dacm om
eanaxmuxume). [lle pazeneoam xunomesu u meopuu 3a guzukama Ha ,,mvmMHama yacm'‘ om
Bcenenama, cvomnowenuemo Ha Makpo Komnonenmume U, U KaxK UM HA e8OIIOYUAMA HA
Bcenenama. Kaxmo «xoii u 3awjo 6eposimHO uje cneuenu ,,CbpeGHOBAHUEMO " MeHcOy
epasumayuonHama u aumuzpasumayuonnama cuiu ¢ Kocmoca. Eosa om 20 2o0unu yuenume
onumeam 0a 00ACHAM eOHa Om HAl-HO8UMmMe KOHYenyuu 6 dacmpoguzukama, a UMEHHO
mvymHama enepeus. Kakeo e mvmna enepeusi, Koea u Kax ce e noseuld U 8pb3Kama U Cbe
cKanapHume Qu3uyHU noiema.

Kiaw4oBu aymm: TbMHa €HEprus, ThMHAa MaTepus;, aHTUMaTepus; OApHUOHHO
BEILIECTBO; CKaJapHH IOJIETA; €BONIOLMSA Ha Bcenenara; 3akoH Ha XaObs; YEpPBEHO
OTMECTBAHE; CBPbXHOBHU la.

1. ¥YBoa

EnHo OoT uM3HEeHaABamMTE OTKPUTHS B aCTpOHOMHsATA OT Kpasd Ha 20 Bek, € ye
Bcenenara He caMo He 3a0aBsi pa3LIMPEHUETO CH, HO JaXe yBEIMYaBa pPa3MEpUTE CH
BCE MO-YCKOPEHO. A camo 10 Npear IBalCETUHA T'OAWHU C€ IMPEAIoiaraiie, 4e aKo
Bcenenara ce pasmmpsiBa, TO TO3M TIpoliec TpsSOBa Ja ce ciaydBa Bce MO-0aBHO,
3apagd TPABUTALMOHHOTO IIPHUBJIMYAHE MEXKAY BEIIECTBOTO. Ta3W TaWHCTBEHA
JBUKEIIa CUjla JHEC € U3BECTHAa KaTto mwvMHa eHepeus (TE) M € KOJKOTO BaxHa,
TOJIKOBa U HOBO NOHATHE B acTpodu3ukara. J[Hec yueHUTe ce OMUTBAT J1a OOSICHST
MUCTEPUO3HO U BiMsgHHE B KocMmoca, KOETO ce u3passiBa B yCKOPEHO ,,pa3AyBaHe’ Ha
POCTPAHCTBO-BpeMeTo. M TO ce ciaydyBa mo-0bp30, OTKOJIKOTO FPABUTALIUATA MOXKE
na mpotuBojeicTBa. MiuesTta 3a ThbMHATa €HEPrHUs ce€ MOTBBpxkKAaBa mpe3 1998r.,
KOraTo acCTpOHOMHU YCTaHOBSIBAT, Y€ IMO-JaJ€UYHUTE OT HAOJI0JIaBaHUTE CBPHXHOBU
Tull la ca no-TbMHU OT 04aKBaHOTO U BceneHnara peanHo ce pa3mupsBa yCKOpsBallo.

2. CbcraB

[Ipe3 2003r. B actpodu3ukaTa ce npruemMa TBBPJCHHETO 3a ChIIECTBYBAaHETO Ha
Taka HapeyeHUTe TbMHaA Marepus/BemiectBO M TbMHa eHeprus (TE). Upes
MaTeMaTUYeCKH METOAM Ha TeopeTHYHaTa acTpodu3uka ca I[pPecMETHATH
IPOLEHTUTE, C KOUTO T€ ydacTBaT B oOlaTa Maca Ha Hamata Beenena. Okaza ce, ue
TpMHaTa Marepuss (TM) u TE onpenenst cTpykrypaTta Ha TaJlaKTHKUTE,
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BSaHMOHeﬁCTBHﬂTa MCKAY TAX U BJIUAAT CbIICCTBCHO HA TAXHATA C'[;I[6a. TM, 3aCAHO
C YCPHUTC AYIIKHK W OI'POMHUTC MCIKIAY3BC3IHU 06J'IaHI/I OT Ta3d W IIpax, HMa
I'paBUTAIMOHHO BJIIMAHHUC BBHPXY MATCPUs, IIPOCTPAHCTBO U BPpEMC, NOKATO TE — uma
AHTUI'PABUTAIIMOHHO.

26.8% Temua
Marepus

68.3% TemHa
Enepras

g.9% bapuonna
Marepus,

®dwur. 1. Pazuunume KOMNOHEHRMU, donpuﬂac;m;u KbM
debpofcaﬂuemo na Bcenenama. Hzmounux: adanmupaﬂa
om https://spaceplace.nasa.gov/dark-matter/en/

3a naemHaTa Beenena actpodusunnTe npeajiaraT cxemMa, KoaTo BKIIOUYBA:

* baproHHOTO (0OMKHOBEHO) BEIIECTBO WM MAaTEPUsl, U3MIBJIBA €/1Ba 0KOJI0 4-5%
oT Bcenenara;

* TomHOTO BemecTBO (Marepusi) (HapuuaHo mo-goiy TM) e okono 26%
ITBTHOCTTA M. TO € KakBOTO € HeoOX0AMMO, 3a J1a ChlllecTByBa Bcenenara u na ce
IBIKAT KOMIIOHEHTUTE M MO HA4YMHA, [0 KOUTO /TM HaOmromaBaMe. TS OOMKHOBEHO
ce obsicasiBa ¢ HoBH yactuiin WIMPS (CnaGo B3auMojieiicTBal MacUBHU YaCTUIIN );
WIM C aKCMOHM U OOMKHOBeHM M Texku HeyTtpuHa;, wim ¢ MACHOS (MacuBHH
KOCMHUYECKH OOCEKTH, KOUTO HE HW3I'bYBAT CBETNIMHA). ToBa € Marepus, KOSITO HE
MOKEM Jla HaOJrogaBaMe ChC ChbBPEMEHHHUTE HU METOAM (JIOKOJIKOTO € SICHO, TSl HE
M3IIbYBA U HE OTpa3siBa JIOCTATHUHO EJIECKTPOMATHUTHU BBJIHHU) U € C HEU3BECTCH
chbcTaB. MoXxeM Ja ChAUM 3a HEs Ype3 METOAM 3a WHAUPEKTHO 3acUyYaHe,
OCHOBABAIllO0 CE€ HAa TPABUTAIMOHHUTE W BB3JCUCTBUSA BBPXY BHUAMMATAa MaTepus U
cBeT/iMHaTa. MlHaue kazaHo, BbB BceneHara uMa Hello, KOeTo HE ¢e BUXkKJa C HAIIIUTE
TEJECKOIIU, HO € ¢ MHOro roissma maca. MiMenHo TM e Ta3u Taka HapeyeHa
“municBama wmaca”’. Cnopen CranmapTHusg wMoAenl Ha kocMojorusita, TM e
3HAYMTEIHA 4YacT OT Macara Ha HaOmomaemuss Kocmoc - mo 90% ot macara Ha
ranaktukute. HaOmomaemuTe sBICHUSA, TMOTBBbPXKIABAIlM HAJIMYUETO ¢, ca:
CKOPOCTUTE Ha COOCTBEHOTO BBPTEHE Ha TAJNAKTHUKUTE;, OPOUTATHUTE CKOPOCTH Ha
raJaKTUKUTE B KYMOBETE OT TajaKTUKW;, IPABUTALIMOHHUTE JICIIH OT TaJIAKTUYECKHU
KYIIOBE; TEMIIEPATypHOTO pa3Npee/ieHe Ha TOpellds ra3 B TalaKTUKUTE W
KyrnoBeTe. Te BCHUKU FOBOPST, Y€ TAITAKTUKUTE, KyMIOBETE OT TAJIAKTUKH, a U I1sJ1aTa
Bcenena cpappkaT MHOTO TTOBEYE MaTepusi OT HEMOCPEICTBEHO HaOmoaaBanata. TM
Urpae ChHINECTBEHA POJs B CTPYKTypwpaHeTo Ha BceneHara um (opmupanero Ha
BeIECTBO B Hes cien ['onemus B3puB (popMupaHeTo Ha TAIAKTUKYA HApUMeEp He Ou
OMJI0 BH3MOKHO 0€3 HATpYIBaHMs HAa MACUBHU Xaja oT TM, KOATO B MOCJIEICTBHE J1a
NPUBJIMYA U HATPYTBA I'PABUTALIMOHHO OApUOHHO BenlecTBO). ChIllO Taka, TS BIUsAE U
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BBPXY aHU30TPONHUTA HA PEIMKTOBOTO MUKPOBBIHOBO U3buBaHe. ChIIECTBYBAHETO
Ha TM pemaBa u MHOro npooOiemMu B TeopusaTa 3a ['omemus B3puB. MHOro oT
uHpopmanusta 32 TM ce nosiydyaBa OT U3y4aBaHETO Ha JBM)KCHUSITA HAa TaJaKTUKUTE,
a ChILO TaKa U HA 3BE3IUTE B TiIX. Te3u MallaOHU OOEKTH U3IJIeXKIAT C €THOPOIHO
pasnpenesieHre Ha MacaTa, KOETO HU J1aBa IPaBo Ja U3I0JI3BaMe HSAKOW TEOPEMH OT
MEXaHHMKaTa KaTo HanpuMep BHpUAIIHATA Teopema. T Tiiach, 4e KHHETHYHaTa
eHeprus Ha Kyma TpsOBa Ja € paBHA HA MOJIOBUHATA OT MOTEHI[MAIHATA CHEPTHs Ha
B3aUMOJICCTBUE Ha ranaktukure. OTkpuBaTensaT Ha TM, mBEHUAPCKUAT aCTPOHOM
@pun L{Buky, e poneH B bearapus.

B nenayunute cpenu TM ce Obpka ¢ HAKOW JPYrd MHOHATHS W HOpPAAd Tas3H
npuyuHa e ru oroenexa. Hanpumep, ¢ TE, kosito cineasa na paszrieaame. Chliio U ¢
aHTUMAaTepHUATA, KOSATO oOade € yacT oT CTaHIapTHUS MOJEN Ha €JIEeMEHTapHUTE
4acTULIM U OapUOHHOTO BeliecTBO (Iokato TM e HebGapuoHHO BedecTBO). Bceska
YyacTHUlla MMa CBOsS aHTPUYAcTHLa — CBhC ChIIaTa Maca, HO € oOpaTeH 3apsj.
AHTHMaTepusiTa € MaTepusi, CbCTaBEHA OT AHTUYACTHUIIM: aHTUKBAPKU, AaHTHJICIITOHH,
CJIEKTPOHUTE MMaT AaHTHUMATEepUaJIeH aHaJor HapeuyeH MO3UTPOH (BCHLIHOCT
€JIEKTPOHBT € aHTUYACTUIATa), aHTUIIPOTOHU, aHTUHEYTPOHHU, U T.H. AKO YacTula u
AHTUYACTHIIA BIIA3aT B KOHTAKT, T€ C€ aHUXWJIMPAT, TCHEPUPANKU MOIIHA €HEPIHsL.
AHTHMaTepusiTa € MHOTOKpaTHO cb3faBaHa B [IEPH. OcBeH criomMmeHaTuTe KaTreropuu
MMa M Taka HapeuyeHaTa eK30THYHA MaTepHsi, OT KOATO € 4acT U MaTepusra C
oTpUUATeJHA Maca (MpUYMHA HAlpUMEp 332 XUIOTETUYHUTE YEPBEHHUTE AYIIKH).
KakTo u Hegoka3zaHUTE Ollle YaCTULIM TAXMOHUTE, KOUTO Ha Teopus TpsOBa J1a ca Io-
OBp3H OT CKOPOCTTA HA CBETJIMHATA.

* Jlombnuutennute 69-70% TpsiOBa Aa ObIaT ChCTABEHU OT EHEPTHUEH KOMIIOHEHT
C TOJsIMO OTPHULATENIHO HajsAraHe. MIMEHHO ToBa € BBIPOCHATA ThMHA EHEPIHUA
(mapuuana no-nony TE). [Ipuponata u octaBa egHa OT Hal-TOJIEMHUTE 3arajkv Ha
Bcenenara Hu 3acera.

8

£ >

#1425 Mpdh

®ur. 2. Kak uzenexcoa edpomawabHama cmpykmypa Ha
gewecmeomo 8v8 Becenenama. Pasnpedenenue na mvmuama mamepus,
NOJY4eHO Om KOMNIOMbPHU cumynayuu. M3mounux:
http://www.extremetech.com/extreme/212601-what-is-dark-matter

Uzmmza, ye 96% ot Bcenenara € mwmuma. TM e Haii-Beye BHWHOBHaA 3a
IPaBUTAIIMOHHUTE CHJIA BHB BPEME-TIPOCTPAHCTBOTO (KAaKTO W 3a oOpasyBaHe Ha
TAIAaKTUKA B XajaTa OT KOHIEHTparus Ha TM; 3a 3ambpkaHe Ha CTPYKTypHUTE Ha
TAUTAKTUKATE © JABWKEHHETOo Ha wMatepus B Tiax). A TE e BuHOBHa 3a
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AHTUTPaBUTALIMOHUTE CWJIM BbB BceneHara, KOMTO HHE Hail-Beue€ OTUYUTAME KaTo
pa30sArBaHe Ha TAJIAKTHUKUATE €4Ha OT ApPYyra, 3apajyd YCKOPEHO pa3lupsBallOTO CE
IpOCTPaHCTBOTO. JIHEC IUTBTHOCTTa Ha OApUOHHOTO BEIIECTBO M (POTOHU BHB
Bcenenara ce oneHsiBa KaTo €KBHMBaJIGHTHA Ha 1 BOJOpOJEH aTOM Ha KyOMUYECKH
METBP MPOCTPAHCTRO.

3. TbmMHa eHeprus.

OT roguHu YYEHHUTE C€ ONMUTBAT Jia OOSICHAT MUCTEPUO3HOTO M BIUSIHUE, KOETO
pasmmpsBa MPOCTPAHCTBO-BPEMETO MO-O0BP30, OTKOJIKOTO TpaBUTANUATa (32 KOATO
pabotn TM, ramakTukuTe W dYepHUTE MAyNKH) Moxke Aa ro cwbepe. TE e
MIpPEANOoaraéM BUJ €HEprus, 4pe3 KOSTO ce€ OOSICHSABAT HEOYAKBAHUTE PE3YyJTaTH OT
HaOJI0/ICHHS Ha CBPBXHOBH THII |8, KOUTO CBUIETEJICTBAT 3a YCKOPEHO ,,pa30arpaHe”
Ha obextute B Kocmoca. EauH oT mbpBUTE y4eHM, KOWTO MpeasiaraT HOB WIEH B
ypaBHEHUETO, OIKCBAIO €BoJtonuATa Ha Bcenenara, e AnGepr Amumaitn. Toii
100aBs T. HAp. KOCMONO2UYHA KOHCMaHma. BbBeXIaHEeTO HA Ta3u KOHCTAHTaTa JaBa
BB3MOKHOCT PEIICHUETO Ha AWHIIAWHOBUTE YpPAaBHEHHUS J1a € HE3aBUCUMO OT
BPEMETO, HO PE3YJITAThT OMKCBA ChCTOSTHUE HA HEYCTOMYMBO paBHOBecHE (a TOH €
TBBpAsI, ue Bcenmenata e cratuuHa). Bbhpeku ToBa, NPENINONIOKEHUETO HA
AVHIIAH 3a cTaTMYHOCTTa Ha BceneHnara ce € mnpuemMano 3a CMHUCICHO [I0
otkputretro npe3 1929r. na Enyun XaOwn, ye Bcenenara ce pasmmpsiBa. biro
BpEMeE Cliel TOBa pa3IIMPEHUETO CE€ MPHEMao 3a E€CTECTBEHO, JOPU OYaKBAHO.
Cuurano ce e, 4ye CKOpPOCTTa Ha pazjajedyaBaHe Ha oOexkTuTe BBHB Bcenenara
HaMajsiBa C TE€YEHUE Ha BPEMETO M HANBJIHO C€ € ONUCBAJIO C YpPaBHEHUATA Ha
AliHmaiH 6e3 Hyxzaara oT Japyra KoHcraHta. M taka mpo 1998r., korato exumn Ha
npoekra ,,High-Z Supernova Search Team® nyOnukyBa JaHHM OT HAOJIIOJICHUATA HA
cepbxHoBu THN la. C Tax umaesta 3a AWHIAHOBAaTA KOCMOJIOTUYHA KOHCTAHTA
BB3KpPHhCHA OT TIETIENTAa W C€ TMPEeBbpPHA B KIIOUOB (PAKTOp 3a CHBPEMEHHOTO HU
pazoupane 3a Bcenenara.

3.1. loka3aTteacrBaTra. 3a TE nokasarencrBata ca MHIUPEKTHH M MABAT OT TPHU
pa3IMYHN W3TOYHHWKA: M3MEPBAHUA HAa KOCMHUYECKH Pa3CTOSHUS M BpPb3KaTa UM C
YEpPBEHOTO OTMECTBAHE; TEOPETUYHATA HYKJAa OT BUJ JOMBJIHUTEIHO ChIBPKUMO,
KOETO Jla He € HUTO 0apHOHHO, HUTO THhMHO BEIIECTBO M Ja 0OsICHU HaOjr01aeMara
IJIOCKAa BCEJeHA; KpylHOoMaiiabHata CTPyKTypa U IUTBTHOCT Ha MacaTa BbB
Bcenenata. Ho mosxe Ou KkirouoBata poJjisi M3UTpaBa M3CIAEIBAHETO HA €IUH
cnenupuyueH TN 00EKTH — CBPbXHOBUTE OT mun la. Y mo-KOHKpETHO Ha YEPBEHOTO
MM OTMECTBAaHE.

3.2. YepBeno ormecrBaHe. Pasmmpenuero Ha Bcenenara ce omnucBa OT
ypaBHEHHE, U3BECTHO KaTo ,;3aK0H Ha XaOba“ (Beue 3akoH Ha XaObi-JlromeTsp).
CerimacHo Hero Ha0moAaeMara CKOpocT V, ¢ KOSTO e€Ha TrajakTUKa ce OT/ajedaBa
OT HaOJIOAATEeNsA, 3aBUCH OT OoTaaiedeHocTtTa 1 D. Bpb3kara mexmy ckopocTTa Ha
OT/aJeYaBaHe W PA3CTOSHUETO € JIMHEHHA U KOS(PHUITMEHTHT Ha MPOTOPIIMOHATHOCT €
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M3BECTEH Karo XaObioBa KoHcTaHTa H. 3akoHBT ce wm3pas3sBa CbC cleaHaTa
dopmynara: V = H x d u HM moka3Ba, 4e TaJlaKTUKHA, KOMTO Ca Ha JiBa IBTH IO-
roJisSIMO Pa3CTOSIHKE OT HAC, C€ OTJajedaBarT JABa MbTU MO-0bp30. Te3u mbk, KOUTO ca
TPU MBTU MO-Jajiey, c€ ABUXKAT TPU MIBTU MO-0bp30 U T.H. Xa0ba MyOJIMKYyBa 3aKOHA
cu mpe3 1929r. m ToM mpupoOuBa TOJSMa TMOMYJISIPHOCT M C€ IIpUeMa KaTo
peBontonmoHeH. Mctunarta e, 4e JBe TOJAMHM TO-paHo, npe3 1927r., Genruilckusit
npodecop XKopx JlromeTbp Bede € omucan ChIIMsS 3aKOH, HO 32 ChKAJICHHUE Ha
OCNTUICKH €3UK U TPYABT My OCTaBa MOYTH HEITO3HAT.

Xa0bpn jgocthra OO0 3aKOHA CH CII€J KaTo M3CJIEeABa CIEKTPUTE Ha peaula
TaJIaKTUKA. MEeTOIbT, KOMTO M3IMO0J3Ba, C€ Hapuya CieKTpockomnus. Ts ce 6a3upa Ha
¢dakTa, 4e CBETIMHATA OT JIaJIeHa TajJakTUKa ChIbpiKa JIbYU C pa3IndHa JbKUHA Ha
BbiaHA. Ha TexHus (oH ce MOSBABAT M W3IIBKBAIIM WBHUIM, HAPCUCHH CMHUCHOHHH
muaun. CBETNIMHA C TakaBa AB/DKMHA C€ OTHENs OT Ta30BETe, ChIBbPXKAIIH CE B
Pa3IUYHU KOCMHUYECKHM OOCKTH IMpU NPECKAYaHETO Ha EJIEKTPOHH B Pa3IUYHU
eHepruiinu HuBa. Korato Xa0bi1 moydnsi eMUCHOHHUTE TMHUU OT MHOTO TaJIaKTUKH
Y TH CPaBHUJI C TAXHOTO OYaKBAHO MECTOHAXOXKJEHUE, OCTaHAJ YUyJeH OT (akTa, ue
ce moiydaBaid pa3MuHaBaHus. CHEKTpUTE TOYTH BHUHArM OWIM W3MECTEHU
yepBeHaTa 00JACT Ha CIEKTHPa, KbJIETO Ca BBIHUTE C MO-TOJsMa IBhDKUHA. XaObil
MHTEpHpeTupai Topa sBieHue karo Jlomiepos edpekr. Bcuuku Hue mo3HaBame TO3U
e(eKT, HO Hali-4yecTo IO acoIMUpaMe ChC 3BYK Ha IMpHUOIMKaBaIll ce U OTJajeuaBalll
ce oOekt. B actpoHoMmmsTa TOW Baxu 3a cBerTiquHara. CBeTiauHaTa OT
MpUOIMKABAIIMTE C€ KbM HAC M3TOYHUIM S HAOJFOJAaBaMe C TO-MaJyika Jb/DKUHA Ha
BBbJIHATA (T.€. B CUHsATA 00J1acT), a OT OHE3U, KOUTO Ce OTAajieuaBar, s HaOJo1aBame ¢
mo-rojisiMa Jb/DKMHaA (T.e. B dYepBeHaTa o0OmacT Ha cmekTepa). M umeHHO
OylaroapeHue Ha To3u €(EeKT, a ChbLI0 U Ha MHOXECTBOTO HAOIIOJATENHHU JIaHHH,
Xa0BJI HE caMO YCIISUT J1a aHAJTM3HUPa, Y€ MOYTH BCUYKH TATAKTUKH CE€ OTJaIedaBatr OT
Hac, HO U Y€ T'0 MPAaBST BCE MO-0BP30 Ha MO-TOJEMHU PA3CTOSTHUS.

HenodeuxeH usmovyHuk
Ha ceemnuna

Cnexmbpbm Ha
omdanevyasauy ce
U3MOYHUK Ha ceemnuna
npembpnsea YepeeHo
ommecmeaHe

Cnexmbpbm Ha
npubnuxaesauw, ce
U3MOYHUK Ha ceemnuHa
npembprsea cuHbo
ommecmeane

®@ur. 3. Ommecmeane Ha HaOIrOOaemama OvbIAHCUHA HA
8BIHAMA NPU OBUNCEHUEO HA USMOYHUKA

3.3. CepbxHoBuTe la. ToBa ca 00eKkTH, 0COOECHO MOAXOAAIIN TPU U3MEPBAHUS HA
KOCMHYECKH Pa3CTOSHUSA, 3all0TO T€ ca XOMOTCHHH [0 TPHUPOIA, HAPUYAHH OIIC
,.CTaHaapTHU cBemu . [103BoJIABaT HKU J1a HaOJIIOaBaMe MCTOPHATA Ha Pa3IIHMpPCHUC
Ha Bcenenara OnmarogapeHue Ha B3aMMOBpB3KaTa MEXIY Pa3CTOSHHE JI0 OOEKTa U
YEepBEHOTO My OTMeCTBaHe. Mnu ¢ npyru qymu — MEXIy pa3CTOSHUE W CKOPOCT Ha
oTJajieyaBaHe OT Hac. ToBa € BB3MOYKHO, 3alOTO CBETHMOCTTA Ha TE3U OOEKTH €
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€IHaKBa B MAaKCUMyMa UM Ha OJIACHK. A TO3M OJSCHK € MPUYUHEH OT B3PUB - TOJIKOBA
MOIIIEH, Y€ MOXE Jla C€ JOCTUTHE OJSCHKBT Ha IsUla rajaktuka. M30yxBaHeTo UM
MOXKe€E J1a Tpae 10 2 ceamunu. KakBo ca BCBIIHOCT Te3W CBpbXHOBHU? Te ca pe3ynrar
OT HATPYNBAHETO Ha BEIIECTBO BBHPXY IMOBBPXHOCTTA Ha OAJI0 JIKYI)KE B JIBOMHA
3BE€3/HAa CHCTEMa - Hali-4yeCTO OT YEpPBEH T'MIaHT W Osu10 JuKymke. ['paBuTanusta u
IUTBTHOCTTAa HA JUKYJDKETO TPUBIMYAT MaTepuaid OT YEpPBEHUS THUIAHT [0
JOCTUTaHETO HAa TOYHO OIpEJe/icHa TIpaHula Ha Maca, HapeyeHa TIpaHula Ha
Yannpacekap. Cien ToBa ce CiIydBa 3peNHINHA €KCTUIO3HSI, CITIOCOOHA Ja ChIICPHUYH
Ha U3JIBYBAHETO OT Iisla rajakTuka. ToBa maBa BB3MOXKHOCT Ja HaOJIOaBame
KaTaKJIN3MUYHOTO CHOUTHE, KOETO CE€ € CIYYUJIO JOPU MHOIO HaJajiey BbB BPEMETO.
CpaBHsiBaiiku O/15iIChKa Ha CBPBXHOBUTE OT THII | ¥ TeXHUTE YEpBEHU OTMECTBAHMUS,
npe3 1998 u 1999r. exunure Ha mpoektute ,,High-Z Supernova Search Team* wu
,»KOCMOJIOTHSI CBPBXHOBA™ JOCTUTAT JO U3HEHABAIM U3BO/I, Y€ PA3IIMPEHUETO Ha
Bcenenara e yckopurenHo — T.e. 4ye Bcenenara gHec ce pasayBa C MHO-TOJsIMA
CKOPOCT OTKOJKOTO mpenu 5 munuapaa rogunu. [Ipesz 2011r. HobGenoBaTta Harpana
no ¢usuka Ouna maanena Ha Can Ilepnmytep, bpasn Imut u Anam Puc 3a texuus
Hay4YeH TMpUHOC 3a TmpoOiematukara. OTToraBa HacaM BCHUYKUA HaOIIOJCHUS
MOTBBPKAABAT YCKOPSBAILIOTO CE€ pasluMpeHre Ha BceneHara karo: u3mepBaHus Ha
MHKPOBBIIHOBOTO KOCMHUYECKO J'bYECHHUE, rPaBUTALlHOHHUTE JICIH,
KpynmHoMaiiadHaTa CTpyKTypa U HOBUTE JJaHHU OT CBPbXHOBH THTI la.

3.4. ChuuocT Ha ThbMHATa eHeprusi: [ItprHocrra Ha TE (~ 7 x 107° glem®) e
MHOIO HHCKa - MHOTO MO-Majika OT IUTbTHOCTTa Ha OapHOHHOTO WA THMHOTO
BEIIECTBO B TAJIAKTUKUTE. BbIpeku TOBa, TS JAOMHUHUPA ChAbPKAHUETO BHB
Bcenenara B TO31 MOMEHT, 3aIlIOTO S U3ITBJIBA. BB3MOKHO € ThMHATa €HEPTHs 1A €

Vctopus
H

®ur. 4. Busyanuzayus na egonoyusama na Bcenenama u oomunayusama na
MbMHA enepausl npe3 nocieonume 5 muauapoa 2oounu. basupana na
unocmpayus om discovermagazine.com
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pe3yJITaT OT NOBEICHUETO HA BUPTYAIIHU YACTHUIM, KOUTO CE€ Ch3[1aBaT HEMPECTAHHO
BbB BaKyyMa MO JBOMKHM (YacTUIla WM HEWHaTa aHTU-YacCTHIA) M BIIOCIEIICTBUE
aHUXUJIUPAT, TEHEpUPANKH rojisiMa eHeprusi. Te3u BUPTyallHU YaCTHUIIM Ca MTOPOJICHH
oT (aykTyanuu Ha Bakyyma BbB Bcenenara. BakyyMHOTO TpOCTpaHCTBO HMa
yIUBUTEIHHU CBOMCTBA, YaCT OT KOMTO €/iBa 3armoyBamMe ja pazoupame. Hanpumep, ye
€ BB3MOXKHA IosfBaTa Ha mnoBede mnpocTtpaHcTBO. (€ BBBEKIAAHETO HA
,,KOCMOJIOTUYHATa KOHCTaHTA* BaKyyMbT NPHUI0OMBA OIIE €IHO HOBO CBOWCTBO —
OKa3Ba ce, ue MPa3HOTO MPOCTPAHCTBO MOKE J1a MIPUTEKaBa CBOSI COOCTBEHA CHEPTHUA.
TBI KaTO Ta3u EHEPrusi € CBOMCTBO HA CAMOTO MIPOCTPAHCTBO, TO TS HE CE pa3pexk/aa C
HEroBoto pasmupenue. C nosBaTa Ha MMOBEYE HOBO MPOCTPAHCTBO, MTOBEYE OT Ta3u
€HEeprus Ha NPOCTPAHCTBOTO Ie ce mnosBsaBa. Karo pesynrar ToBa Ie Kapa
Bcenenara ga ce pasmupsiBa Bce 1o-0bp30 U Mo-0bp30.

3.4.1. A moxe 6u HU TpsOBa omle equH PEeHOMEH — Taka HApEUCHUTE CKAJAPHH
noJiera. C TX BbB (PU3MKaTa Ce OMMCBAT YACTUIIM, KOUTO HAMAT CIIHH — €UH BUJ
IIPEABAPUTEIIHO 33]1aJICHa MIPEANIOYNTAHA [TIOCOKa. 3a Aa pa3depeM eBOJIOLMATA HA
Bcenenata 10 MOMeHTa ce OKa3Ba, 4e ¢a HM HEOOXOAMMH IIOHe 3 CKaJIapHH
nojieta, a uMeHHo Xurc, Unduaton m TbMHO (BBBEJECHO TYyK OT aBTOpA).
BneuatnaBamo e, dYe mOBbpBOTO (YHIAMEHTAJIHO CKaJlapHO Iojie € Ouio
€KCIIEpUMEHTAJIHO OTKpUTO eaBa npe3 2012r. Jlnec e HapedeHo XHre MoJIe ¢ YacTULa
npeHocuten Xurc 6030H. HeroaTa posisi € 1a mopax/jia Maca Ha IPEHOCUTEIUTE Ha
c1ab0TO B3aMMOJIEHCTBHE, a CHIIO TaKa M HA MO3HATUTE HU YACTUIM, U3TPaXKAAlIln
CBETa OKOJIO Hac (B TOBa YMCIIO Ha €JEKTPOHA, MIOOHA, KBapKuTe W T.H.). ToBa ce
MOCTUTa upe3 crnenuuyeH BUA Ha MOTEHIMadIHaTa My €Heprusi, Koato uMma ¢popmara
Ha MEKCHKaHCKa IlIarka, Moka3aHa Ha ¢ur. 5.

e, e

TokaneH Makcumym
OTCBLCTBME Ha Maca / 7

Hucica eHepma
Acume TpUeH
TloKaneH MHIYM
Harmune va Maca

@ur. 5. Dopma na nomenyuana na Xuec nonemo. basupana
Ha usmoynux om: astronomicamens.wordpress.com

3a na HaBie3eM olle Mo-abiI00ko B oOscHeHuero Ha TE, Tyk me HH €
HEOOXOIMMO Ja BbBEAEM OIIe €IWH TepMUH, a wuMeHHO Wudaanusara.
VY ckopsBanioTo ce pa3iupeHne, KoeTo Ha0Iro1apaMe THEeC, MOXKe Jla ¢ OKaKe, Ue He
€ M30JIMpaH ciay4yad B eBotonuaTa Ha Beenenara. [logoOen crieHapum Kato 4ye ju ce
€ CIy4YWI Olle B 30para Ha HEWHOTO ChIIECTBYBAHE. TOBAa € Taka HAPECUCHUST
HUnghnayuonen nepuoo vnu nepuoa Ha eKCMOHSHIIMAIHO pas3mvpeHue Ha Beenmenara.
Nudnanusara kato norsTie 3a PanHaTa BceneHa Ouia mbpBO MPEIOKEHA OT yUCHUS
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AnpH 'yt mpe3 1979r. Cranano sSiCHO W 4e TaKOBa pa3MIMPEHUE OW PEIIIO HIKOH
Habonenu mpoOnemu. Hampumep, ve 3a na usmiexna Bceenenara Taka, Kakto s
BIDKJIaMe JIHEC, TO TS € TPsIOBaJIo J1a 3aM0YHE B TOYHO OIPECIICHH YCIOBHS IO BpeMe
Ha ['omemus B3puB. [Ipennonara ce, 4ye mpouechT HA pa3MIMPEHUE CE € 3aXpaHBall OT
€Heprus, 3arnaceHa BbB (PU3HUYHO MOJIE, KOETO € XOMOI€HHO M CKaJapHO (T.e. TMoJie
HE3aBUCEIIO OT TOYKaTa B MPOCTPAHCTBOTO). To Ou reHepupano OTPULIATETHO
HaJsiraHe B paHHaTa BceneHna Bojenio 10 €KCIJIO3MBHO pa3liupeHre Ha Bcenenara.
A cybaroMHaTa YacTulla, CBbp3aHa C HEro, € HapeueHa uu@ramon. UHpnamusata
00sICHsIBA KaK BCUYKH PETHMOHAHU KOCMHUYECKH OCOOCHOCTH, KOMTO HaOJII0JaBaMe
JHeC, UaBaT OT €IHa paHHa epa Ha Bcernenara ¢ rossiMa BaKyyMHa €HEpPrHsl WIH
KOCMOJIOTUYHA KOHCTaHTa. M Kak MpOCTPaHCTBOTO MOXE Ja C€ pa3lMpsBa
EKCITIOHEHIIMATTHO 3apaju JAOMYyCKAaHOTO CKalapHO moje. Pa3mmpenueTo npoabinkaBa
J0TOTaBa, JOKATO IUTBTHOCTTA Ha €Heprusita B obema Ha Bcenenara ocraBa mo-
rojiiMa OT MacaTa Ha CKajJapHOTO IOJe, CJleJ KOETO TO C€ paslaja J0 MO-JIEKH
yacTui. Mudnanusara gHeC € OCHOBHATa TEOPETHYHA paMKa, KOSITO €HOBPEMEHHO
o0sicHsIBa paHHaTa BceeneHa v JHENIHUTE HAOMIOAATENIHN JaHHU. 32 TPUICET TOJIMHU
CHIIIECTBYBAHE TS OIEJsIBA /IO JICH JHEIIEH U 5 TOJKPENST JaHHUTE OT BCE IIO-
n00puTe HOBU HAOIOIaTETHU METO/IM U U3MEPBAHMSI.

Wndmanusita e TpsiOBao aa crpe B panHata Beenena (1o 107°° s ciaen Tomemus
B3pHB), 32 Ja OTCTBHIIM MACTO HAa KOCMOJIOTMYHA (a3a, JOMUHHpPAHA OT pajauanusd, a
nocyie u oT Marepusi. MukpoBbIHOBOTO (oHOBO nbueHue (CMB), Mmakap u na He €
CBBP3aHO TPSIKO C HWHQIANWNOHHHUS TEPUOA, HM HOCH BakHa HWHOpMaIms 3a
pasnpeeICHNEeTO Ha BEIICCTBOTO W HETOBHUTE XapaKTEPUCTUKA B MOMEHTA, B KOWTO
TO 3amo4Ba CBOOOAHOTO CH pasmpocTpaneHne. OT Hero Hay4yaBame, 4de
OTHOCHUTEITHUTE Pa3IMKM B TEMIIEpaTypuTe Ha CPABHUTEITHO OTAAJICYCHU €IIHA OT
apyra o0JlacTi, KOUTO HE ca OWM B MPUIMHHO-CIICCTBEHA BPHh3Ka B MOMEHTa Ha
ornensinero Ha CMB, ca mHoro cxognu. ToBa Moxe 1a Ob/Ie TOCTUTHATO CaMO aKO
Te3W 00JIaCTH ca MPOU3JE3NU OT OJIM3KH (U B MPUYUHHO-CIIE/ICTBEHA BpBb3Ka) 00JIaCTH
npeau UHQIAKUITa, KOUTO ca Ce pa3aajiedid IPU HACTHIIBAHETO M.

3.5. TbMHO moJie. AHAJOTMYHO Ha WHOIAIHMOHHUS MOJCI, MOXEM Ja
MIPEAINOJIOKIM, Y€ U ChbBPEMEHHOTO YCKOPSIBALIO CE€ pa3luuMpeHue Ha Bcenenara ce
IOBJDKA Ha CHILIECTBYBAHETO HA CKAJApPHO MOJE, KOETO TyK Hapuyame mwvmHo. To
clelBa J1a € C MHOIO Majlka Maca, Taka 4e Ja ChIIEeCTBYBa NPHU ChBPEMEHHATA
IUTBTHOCT Ha eHeprusita BbB Beenenara. OTHOBO, KaKTO U UH(IIATOHBT, TO TPSOBA Aa
€ XOMOI€HHO pa3MNpeliesIeH0 B MPOCTPAHCTBOTO M Ja HE CE€ M3MEHS C BPEMETO.
THMHOTO TOJIE CHIIO Taka MOXE M J1a HE € €AUHCTBEHOTO, KOETO Jla OTroBaps 3a
pasimpeHueTo Ha Bcenenarta gHec, a Aa € MPOCTO €IWH MPEACTABUTEN HA LSJIO
CEMENCTBO OT CKaJIApHU T0JIETa, Ch3/IaBallld OTPUIATEIIHOTO HAJIATAHE B PA3IMYHUTE
eTanu OT HeiHOTO pa3BuTue. Huto mHbnaTtoHbT, 00aye, HUTO THMHOTO IOJIE ca
HAONII0JJaBaHW BCE OIIE€ M TAXHOTO CBhIIECTBYBaHE € OOEKT Ha CHBPEMEHHHTE
W3CJIE[IBAHMS, KATO CaMO HayKaTa IIe IMOKaXke Jajlyd Te MUMaT MICTO B Obaemiara
KOCMOJIOTHSI.
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Nma HIKOJIKO BB3MOXKHOCTH 3a NPOMU3XOJa HA E€HEpruAra 3a pasliupeHue Ha
Bcenenara. Eqnara ce u3passiBa B TOBa, Y€ JOKATO THMHOTO IOJI€ CE€ pasnaja Ha
JPYrd KBAHTOBHM YAaCTHIM, TO CJIeJIBa J1a OTJaBa €HEprusta cu BbB (opmaTa Ha
pa3mMpsiBaHE Ha TMPOCTPAHCTBO-BPEMETO, KAKTO U B PAXKIAHETO HA APYTd HOBHU
YJaCTHUIIM, TaKa KaKkTo npu uHpIaToHa. Jpyr BapuaHT €, eHeprusTa Ha IOJIeTO Ja ce
3aXpaHBa OT BaKyyMHO IIOJie, T€HEpUpaHO OT BBHIINEH 3a Bcenenara w/mwim 3a
Ha0r0/1aBaHaTa CUCcTeMa U3TOYHUK. TakbB OM MOT'BJI J1a € T. Hap. ,,paiimB Bakyym*,
B KOWTO BEPOSITHO CE€ HAaMUpaMe€ M HHUE B MOMeHTa. [MiMa He Manmko Teopuu,
MIpPEANoJaramy HaJuIhueTO Ha MO-BHCOKO CHEPIrHeH JIOKAJIEH MUHHUMYM - (hasliivB
BaKyyM U TMO-HUCKO €HEPTHEH - UCTUHCKU BakyyM. DammuBusT, o0ade, 3apaau Io-
BHCOKAaTa CH CHEPrHifHa TUTBTHOCT € Jajied mo-HecTabuieH. Jlopyu mpyu MUHUMATHHA
(baykTyalluu B HEro MOXe Jla ce€ IMoJydyaBaT MPEXOJH U Jla ce MOSBABAT 00JIacTH B
MPOCTPAHCTBOTO, KBAETO TBMHOTO IOJIE € C MO-MAJIKa IJIBTHOCT Ha eHeprusara. Ot
TSIX MOXKE JIa CE€ 3apaxkaaT ,,MeXypu‘‘ Ha HOBU BCEJICHU C IMO-HUCKO €HEPIUEH BAKyYyM.
IIpu TakbB crieHapuil eHeprusTa oT (HaJIIUBHSI BHCOKO CHEPIHEH BaKyyM IIE ce
,,A3CHUIIBA‘ YCKOPEHO B MEXYPHUTE C MO-HUCKA €HEPTrUiiHA MUIBTHOCT M 1€ TH pa3ayBa
nH(marmonHo. Exun TaksB 0amoH OM MOTBI Ja € U MeXyphT Ha Hamata Bcenena,
JacT JOpU M OT MYJTHUBCEJICHHA CHCTeMa. AKO TOBa € Taka, TO ToraBa M30srBame
HEyZ00OCTBOTO OT OOSCHEHHETO Ha €CTeCTBOTO Ha [oleMusT B3pHB H
CHUHTYJIIPHOCTTA TIPEIM HEro, a ChII0 U OTKBJIC CE € B3ejla CHeprusaTa Ha WH(IaTOHA,
Y Ha TBMHOTO TI0JIE, aKO CUCTeMaTa Ha Bcenmenara HU € 3aTBOpEHA.

Taka 4e, TBMHOTO U UH(IAIMOHHOTO MOJIeTa MOXe OU MOBEYE CU MPUIINYAT, KaTo
OCHOBHATa pa3jiuKa € B CKOpPOCTTa M Mailabute, ¢ KOUTO JBETE pa3lIUpsSBaT
MPOCTPAHCTBOTO. BB3MOXKHO €, eHeprusita Ha ThbMHOTO TOJIE Jla CE€ 3apexkaa U OT
KBAaHTOBH PEaKIMU, TCHEPUPAHU OT HOBOCH3/IaBalll C€ ThMHHU U OAPUOHHU YACTHUIU
1o a”ajorus Ha uH@uatona. MoxeM Ja cmomeHeM chIo, ye ako TE ce 3apexnaa ot
HEMPEKBCHATO PAX/IAIIU C€ U AaHUXWJIMPAIIX C€ YaCTUIM B MPOCTPAHCTBOTO, TO UMa
MIPETOJIOKEHHSI, Y€ YacT OT TSIX BOJAT A0 0Opa3yBaHE Ha CJICABAIIM HOBU YaCTHIIH,
KOMUTO OIEJISABAT U C€ MpeBpbIIaT B MaTepus. Ha Tasm mumes ce 6asupa ¥ €IHO OT
oOsicHEeHHsATa 3allo Cclea IIbpBOHAYaJHaTa aHMXWJIAIMSA B paHHarta BceneHa,
MaTrepusiTa HaaesBa HaJ aHTUMAaTepusATa (Makap /a ca OWiu paBHH 4acTH). AKO
TOBa € Taka, TO OM 0O3Ha4aBajo, 4¢ U MHQIAIMOHHOTO T0JIE, U ,,TBMHOTO " TeéHepHupaT
HOBHM OQpMOHHHM W THMHH YacCTHIIM, KOUTO HUTPasT POJIs 3a Macara M IpaBUTAIHMATA.
Cnopen HaOIOIATEIHUTE JaHHU W Ka3aHOTO JOTYK, OMXME MOIVIM J1a ThPCUM
00sICHEHHE U M3pa3 Ha ThbMHOTO MoJie, Ype3 (hu3uKaTa U €BOJIOIUATA HA OMTUCAHOTO
no-rope UHGIAMOHHO Moje. Te TBbpAE CH MpuIhyYaT Mo mapaMeTpu W pe3yiTaTw,
KaTO OCHOBHATA pa3jiMKa € CKOPOCTTa, C KOATO JBETE T'yOsT KMHETHUYHA €HEpPrus u
ChOTBETHO MalllabWTe Ha MPOCTPAHCTBOTO, KOETO paslupsBaT — HHEGIATOHA B
IbpBUTE CEKYHAU Ha Bceenenara, a TE e ¢ qoMuHamus oTipeau S Muidapaa roIuHHu.
Ho ToBa cbBceM 1OrMYHO ce 00siCHsABAa ¢ 00eMa M INITBTHOCTTA, C KOUTO JIBETE CE
CJIy4Bar.
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4. EBosronusi Ha Beesienara, Obaenie 1 TbMHA €HEeprusi.

B pasnuuHuTe €BONIOLMOHHM eTanmu Ha Bceenenara, pa3iuyHu ca WU
AoMuHupamute cuiai. KomOMHanusATa OT TAX BOAM A0 MOBEJECHUETO HA pa3llIMpEeHHE
Ha Bcenenara, koeto € mokazaHo Ha ¢ur. 4. B Hauanoro i HaOmtogaBame T. Hap.
MHQIALMOHHO pa3lIUpEeHue IMoJ JeHCTBUETO Ha HHQuanmoHHoTo mnoie. Cren
M3YEPIIBAHETO HA EHEPTUATA MY 3aII0YBa [TOYTH IOCTOSIHHO HEYCKOPEHO pa3IlIMpEeHHe
Ha Bcenenara. M1 taka no mpeau 5 munmapaa TOAWMHU, KOTAaTO IUTBTHOCTTA Ha
BEILIECTBOTO JIOCTAaThYHO € HaMaJsa, 3a 1a Hajzaenee cuinata Ha TE. CpoTBETHO, €
MOCJIEIBAJIMS CaJ B IUIBTHOCTTA Ha BELIECTBOTO PA3LIMPEHUETO 3alOYHANO Ja Ce
yckopsBa. Tyk TpsOBa 1a oTOenekum, e MOrpeliHo ce roBopu nonskora, ue TE ce e
nosiBuia npeaud S5 munuapnaa roaunu. llonero, koeto s 3axpaHBa, Ou cienBalio Jia
CBILIECTBYBA OT Ha4ajoTo Ha BceneHarta, HO HE € TOMUHHUPAIO COPSIMO BEILIECTBOTO.
B TurannuHara GuTKa MEX1y TpaBUTALUS U aHTU-TPABUTALIMA, I'bPBATa U MaTEpUsITA
3amo4Bat jaa ryost. Ho goxora?

Crnopen, MHOTO acTpodu3uiy ,pa3dareaHeTo’, 3apaau TE Ha rajakTukuTe enHa
OT Jpyra, B €JUH MOMEHT II€ JOCTUI'HE CKOPOCTTa Ha CBETJIMHATa M BCHUYKHU
raJJakTUKH OKOJIO HAcC, L€ MPEMHHAT KOCMOJOTUYHUS XOPU30HT Ha CHOUTHUATA, CIIE]
KOWTO JI0 HAac HsAMa Ja JOCTUra HUKAKBO €JIIEKTPOMAarHUTHO H3JIbYBAaHE. A 10
MOMEHTA, B KOMTO TOBAa C€ CIIy4H, CBETIIMHATA, KOATO JIOCTUIA JO HAc OT BCE OILE
BUJIUMUTE OOEKTH, II€ MMa BCE IMO-TOJSIMO YEPBEHO OTMECTBaHE. 3eMsiTa H
MiedHusIT mbT 1€ ce 3aAbpXaT B JIOKAJHATa Ipyna OT TAJIAKTUKHU, C KOUTO ca
IpaBUTAIMOHHO cBBbp3aHu. llle ocTtaHaT HE0OE3MOKOSIBAHM OT BBHIIHHU OOEKTH, HO
CBHILIO TaKa 1€ U3TYOST U BCSIKAKBU JOMBIHUTEIHN U3TOUYHHUIIM HA €HEpPrusi, JOKaToO
BCHYKH 3B€3/IM U YEPHU JIYIIKU B TE€3M raJaKTUKU U3YEPIAT CHEPrUHHUTE CH PECYPCH.

Bb3mMoxHU cueHapuu 3a 6bdeiemo Ha
eceneHa ¢ SoMuHUpaw,a mbMHa eHepaus

Fonsim B3pue

»*

|
oRliE Bcq,
’(\05,. 2 "%

®ur. 6. Cyenapuu 3a esonroyus Ha Becenenama.

To3u crienapuu € u3BecTeH Karo ,,I oasaMoTo pazosreane’. [lo aHagornueH HaYMH HA
MH(IAIMOHHOTO T0JIe 00aue MOXe Ja OYaKBaMe, Y€ CHEPrusTa U Ha ThMHOTO II0JIC
CBHLIO IIE CE U3YEPHU B €IMH MOMEHT. AKO TOBa HaWCTUHA CE€ CIIy4YH, TO IIE AOBEIE
710 HOB TieproJ Ha 3a0aBsiHe. ToraBa pasmpenueTro Ha BeeneHnata Moxe KakTo ciel
uHanuaTa, 1a ce 3a0aBu U Jaxe Moxe Aa cupe. OT TO3W ClieHapui cieaBa, 4e
Pa3IIMPEHUETO MOKE U JIa HE € BEYHO, a J1a ObJie MocleIBaHO AOpU OT MEPHO Ha
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ceuBaHe. To3um cueHapuil € u3BeCTEH Karo ,loistMmoTo cBuBaHe. IlocmemHusT
CLICHapui € CBBbP3aH ¢ Bb3MOXKHATa LIMKJIMYHOCT B €BoJitonusATa Ha Beenenara. Crnen
KaTO €HEPrusiTa Ha TBMHOTO MOJIE c€ u3uepiu, BeeneHnata BEepoOATHO 1€ 3al0vHe Ja
ce cBuBa. Ho He mpocTo nma ce CBMBA, a B €IMH MOMEHT MOXKE€ Ja JOCTUTHE
I'PBOHAYAITHUTE CH pa3MEPU M OTHOBO Jia HacThIU ['osiam B3puB. U Taka OTHOBO, U
OTHOBO.

5. 3akaouenue

N3yuaBanero Ha TE e BaxHo. Kakrto ce Bmxkna eBomoonusatra Ha Bcenenara e
IpPSKO CBBp3aHa C epeKTUTe OT JAECHCTBHETO Ha Ta3u Bce olle Hemo3Hara cuia. Ho
M3CIIEABAHETO U IIE HU MTO3BOJIA ITO-TOCTOBEPHO Ja MOXKEM Ja MPEACKaXKEM Kak Ile
ce pa3Bue Bceenenarta v 1o Ko OT BCUUKH CLEHApUH, TOKa3aHU Ha (ur. 7 11e noeme.
3a na Hay4uMM 1oBeve U 3a Haums mbT. [le Moxkem cbiio Taka no-go6pe aa pazdepem
Y 3aI0 BPEME-IIPOCTPAHCTBOTO M3IJIEXKAA 110 HAYMHA, 10 KOWTO HUE IO ,,BHKIaMe
JTHEC.
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»3JAPABENTE, IPO®ECOPE, TYK E CTOKXO.JIM.
TOKY-110 CHEYEJUXTE HOBEJIOBATA HATPAJIA”

HIEruTE HA HOBEJIOBUTE JIAYPEATH

Camka Anekcanjapona

Karenpa Ipunoxna ¢puzuka, ®IIMU, TY-Codus, 6yn.“Knmument Oxpuacku* 8, Codus 1000
e-mail: salex@tu-sofia.bg

Peztome. Hobenosama nacpaoa e nav-npecmudichama Hazpaoa 3a eout yueH. Cnopeo
npasunrama na Hobenosus komumem e6csika 2o0una 6 navaromo na oxmomepu Kpanckama
weedcka axademus Ha Haykume usdoupa Hobenosume naypeamu upe3 MHOZUHCMBO U Ce
00s656aM  BCAKA 200UHA 6 HAYALOMO Ha okmomep. Munymu npedu o00s6s6anemo Ha
Hazpadama 3a cvomeemuama oucyuniuna om Hobenosus komumem ce obadxcoam Ha
Hobenosume naypeamu u um cvodbwasam, ue ca nonyuuiu uazpaoama. Te3u obadicoanus
Mozam 0a 0oudam 6 Heo4aK8au MOMEHMmuU U 0a cmucHam 00 Jaypeamume HA HeOYaKEaHU
mecma. Tyk ca npeocmasenu CnOMeHU HA HAKOU V4eHU Kak ca Hayuuau 3a mexnume Hobenosu
Hazpaou, Kak ca peasupani 6 OHe3U CHeYUdIHU MOMEHMU, Ko2amo uoed ,,8biueOHOmo
obascoane “.

KuarwuoBu nymu: HoGenoBa Harpana, pusuka, paypeaT.
1. YBoa

B 3aBemianuero Ha HoGen mpe3 1895 r. marpanmara mo ¢u3uka € mocodyeHa Ha
I'BPBO MACTO CPEJl METTE YUPEJACHH Harpaju 4 € ,;3a TO3U, KOWTO € HamnpaBujl Haii-
BOXHO OTKPHUTHE WJIM W300peTeHre B oOiacTra Ha ¢u3MKarta™ mnpe3 u3MuHajIaTa
ronuHa. ToBa e Hali-ipecTWkHaTa Harpajaa 3a eauH ydyedH. Ot 1901 go 2019 r.
Harpaziarta 3a gusuka e BpbuBaHa 113 mbtu Ha 213 yueHu.

BppuBanero Ha HobenoBara Harpajga uma MIMPOK OT3BYK CPEI YUCHHTE IO IS
CBSIT, CBIIIO TaKa W Cpej IIMpoKaTa oOmiecTBeHOCT. JlaypeaTuTe craBaT mpumep 3a
noJipakaHne W BABXHOBEHHE 3a MIIaauTe ydeHU. MHTepechT HE ce u3uepnBa C
uHdopmanusaTa 3a TMOCTWXKEHUATa Ha Jaypearutre. Cnen oO0sSBIBAHETO UM ce
IUCKYTHUpAT KUTEUCKHSI BT HA JIaypeaTUTe Kak ca pearupaiv Ha MOCTHKCHHITA U
HEYCIEeXUTEe MM, KaK ca YCIENH Ja TIOCTUTHAT TOBA, KOETO CE € yAallo Ha MaJll[iHa.
Toa He e mpocto MmoOonuTcTBO. [10IPOOHOCTH M CHOUTHS OT KUBOTA UM TIOKA3BaT
YICTO YOBEUIKUS UM OOJIMK, HETIOKPUT OT cllaBaTa U U3BECTHOCTTA.

Oo6sBaBaneTo Ha HobOenoBuTe Harpaaw cTaBa B HA4aJlOTO HAa OKTOMBPH BCSIKa
roguHa okojo o0sx IlIBeacko Bpeme Ha cbhOTBeTHaTa JaTa. MUHYTH Mpeau
oOsiBsiBaneTo oT HoOenmoBusi komuteT ce obaxxkaatr HoOenoBute naypeaTd U UM
cboOmarar, de ca nomxyuwnn HoOGenoBa Harpaga. CpoOuieHHsITa JOCTUTAT [0
HarpajJieHuTe MO pa3iMyHO BpeMe MmecTa. Hskou ca 3aeTu ¢ KOHKPETHM 3a/Jauu, Ha
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KOH(epeHIIN WK, aKO C€ HaMUpaT Ha IPYT KOHTUHEHT, MOPaId YaCOBUTE PA3JIHKH,
3a TAX Bce omle € Homl. Hskoum ca Oe3kpailHO HW3HEHaJaHW, HSAKOM O€3KpaiHO
IIACTJIMBH, IPYTH OTJAaBHA ca MPECTaHaId Ja MUCIAT 3a Harpajad U MOXBaJH, HIKOU
TasT oouaa. [Ipyn BcHukM ciydaw HarpajaTa MPOMEHs )KMBOTa UM 3a JBJTO BpeMe.
ETo kak HsKOM ydeHHM pearupaT B OHE3W CIICHIMAJIHM MOMEHTH, KOTaTo HjBa
,,BBIIICOHOTO OOaXIaHe“ WM HaydyaBaT, Y€ ca cTaHaiu Jaypeatu Ha HoGenora
Harpasja.

HNuaue Kemo (Didier Queloz), Yuausepcurer B JKeHeBa W YHUBEPCHTET B
KeiimOpumx, HoOenoBa nHarpama mo ¢usuka 3a 2019 1. ,3a OTKpuUBaHETO Ha
eK30IlIaHeTa, OOMKAaJISAIa 3B€3/1a OT CIBHYCB THIT .

Korato Jlunue Keno monyyaBa HOBHHAaTa, BCHUIHOCT € OYakBaJl oOa)KaaHE 3a
JFPaHT, BBPXy KOWTO paboTH M 0OCHXKHa C
ollerd. B IbpBUS MOMEHT CMsATa, 4e TOBA €

aera. ,,EnBa moxkex jga gumaMm‘, ka3Ba Keo.
N3001m0 He MOXKeX Ja MHCIS, UMax IThJIHO
aThbMHEHHME,  3al0TO  eMoludTa  Oele
*[3KJIFOYMTETHO WHTEH3WBHA, Ka3Ba Toul. Jlo
penara Ha cienobena Tol BCe Ollle HE YCIsIBa
a ce CBBpKe Mo TeinedoHAa C OHMBIIMS CH
JBKOBOJMTENI M KoJlera-jaypear  Muien
Aaviop (Michel Mayor), koeto kakTo ka3Ba, €
Judue Keno ,, TUITAYHO Mutien*.

Pearupaiiku Ha HoBHHaTa, mpod. Keno ka3sa mpen BBC News: ,,HeBeposTHo e.
OT oTKpuBaHETO Mpeau 25 TOAWHU BCHYKH ITOCTOSSHHO MH Ka3Baxa: ,,]oBa ¢
otkputue 3a HobGenosa narpana “. 1 a3 ka3Bax: ,, O, 1a, 1a, Moxe Ou, KakTo U Aa e*.
Ho npe3 nocnennuTe ToMHA TOW MOBEYE WM MO-MAJKO ,,3a0paBsi’ 3a OTKPUTHUETO:
,JlOpH HE MHCJS 3a TOBa, Taka YECTHO Ka3aHo, na, Oemie m3HeHana. Pa3zbupam
BB3JCHCTBUETO HAa OTKPUTHETO, HO B CBETA CE IPaBAT TOJKOBAa TOJEMH HEIla BbHB
¢bus3ukara. [loMmucnux cu, 4e He € 3a Hac, HUKOTa HsAMa Ja s uMame™“. B MoMeHTa chbM
MaJIKo IOKHpaH. Bee o1e ce onmuTBaM cXBaHa KaKBO O3HaYaBa‘™.

Mumen Maiiop (Michel Mayor), Yuusepcutera B JKenera, HobenoBa Harpana
mo ¢usmka 3a 2019 r. 3aenno ¢ Jumme Kemo ,3a oTKpHBaHETO Ha €K30ILJIAHETA,
oOMKaJIsIIa 3B€3/1a OT CIBLHYEB THIT .

Muiien Maiiop € Ha JIeKIIMOHHA OOMKOJIKa
B Mcranus u paskas3Ba, 4ye € Hayyull, 4ye €
CIMH OT IOOCTUTEIUTE CAy4ailHO, KOraTo
BJIM3a B KOMITIOTBpPa CH, CJIeJ] KaTO Hamycka
xorena cu B Can CebacThaH B ceBepHaATa 4acT
Ha HMcnanus. Makap na 3Hae, 4ye e Oui
HOMHMHHpAH HSIKOJKO WHTH TPEAA TOBA,
mBEHIIAapCKUAT — mpodecop  3asiBsBa, Y
L3000 He Tr0 e ouakBan“. Cien
MPUCTATAHETO CH Ha JICTHIIETO B Maapu,

Muwen Mauop
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TOM Ka3Ba Mpej permopTepy, Ye HarpajgaTa € pe3ysrar Ha ,,IbIblr, ABIIBI TIEPHO]] Ha
paboTa, ¢ kosieru. ToBa € orpoMHa 4decr. "

Hoxeiimce TIuiiowiac (James Peebles), Ipuncrehcku yauBepcuter, HobGenosa
Harpaga mo ¢wusuka 3a 2019 1. ,3a TeopeTUYHHU OTKPUTUS BBHB (DHU3NUYEcKaTa
KOCMOJIOTHS

Pano cyTpuHTa BbB BTOPHUK, Ha 8 OKTOMBPH,
Jlxerimc  TIuitOwiic momydyaBa oOaxkaaHe OT
HoGenoBus komuter B llIBenus. IlbpBata my
MuCBHAI €. ,Korato moayuyuTe paHO CYTpPHH
obaxxmane 1o TtenedoHa, OOMKHOBEHO TOBA € HIIH
HEIIIO YKaCHO WJIM HEIIO MpeKpacHo!*

Ha Bbopoca B UWHTEpPBIO Ha clielBaliara
CyTpUH 3a TOBa KakK C€ 4YyBCTBa, KOraro e
Hay4uJ, 4e moyyyaBa Harpaaara, [luitosic Toi e
OTKpOBEH: ,,A3 paboTs B KocMmojorusta ot 1964
r.“, Ka3Ba TOH. ,,]oBa ca 55 rogunu. He uckam na
Ob/1a HECKPOMEH, HO M3TJIeXkKJa JIOTMYHO J1a MU BpbUaT Harpajara. bsax B Temara u
BUSX KaK TS M3pacTBa OT MHOIO Majlka Hayka JO OrpOMHa HaykKa M IOCTHra
OTPOMEH HANpPEIbK".

Jlocetime Tuiibowac

Hona Crpuxaana (Donna Strickland) craBa HoOenmoB maypeaT mo ¢usuka 3a
2018 r. (3aexno ¢ XKepap Mypy (Gérard Mourou)) ,,3a TeXHUSI METOJT 3a TeHEpUpaHe
Ha BUCOKOMHTEH3UBHH, YITPa KbCU ONTUYHU UMITYJICH".

LHllmameno e, korato Tene(@oHBT 3a3BBHU IO TOBA
Bpeme“, ka3Ba [lona CrpuknaHi, CIOMHAWKA CH
OKTOMBPHICKATa CYTPUH, KOATO ITPOMEHS KMUBOTA U
3aHamnpen. YaceT € 5 mectHO Bpeme BB Barepino, Kanana,
JloHa o1ie He € cTaHaia, KoraTo riac mo tenedoHa i ka3pa
,,BaxkHo obOakmane ot IlIBenusa’, na cToW Ha JIMHUATA, HO
CTpaHHO TeneoHBT 3amibkBa. Ts yaka, ¢ egHaTa pbKa
IbpkU TenedoHa, ¢ Apyrara CTHUCKa pbKaTra Ha ChIpyra
cu. ,,Mucis, ye ToBa ¢ HoGenoBara Harpaga®, ka3sa My Ts.
,,He mora na nopsippam*‘. 3Hae, 4e BCsKa roJiMHA Ha €IHa U
chima  jmara  HoOemoBusAT ~ KOMUTET  yBeAOMsIBa
€IHOBPEMEHHO TOJIyyaTeJIuTe Ha Harpaiara 1o ¢usuka.
,Hemo ce o0bpka. OUYEeBUIHO TEXHUYECKHU TMPOOJIEM.
Torapa BuISX HMMEII, B KOWTO C€ Ka3Ba, Y€ OTYASHO C€

Hona Cmpuknano ONMHTBAT Ja MU ce 00amar™, cu cnomust CTpukian. ,,bemie
MHOT'O IPUITHO ChOYkAaHe, ka3Ba Ts B TeraedoHHO MHTepBIo. Ciesl KaTo HOBUHATA
€ MoTBbpJeHa, JloHa m3Mpamia chOOIICHUS Ha YICHOBETE Ha CEMEUCTBOTO CH, HO
IpIeps U He BApBa HA CHOOIICHHUETO. ,,['s1 cu TOMUCHIIIA, Y€ TeleOHBT HA Mama €
XakHat", paska3Ba CTpUKIaH]I.
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Hpyrust naypear Kepap Mypy (Gérard Mourou), konera u meHTop Ha [loHa
Crpukianj, Ka3Ba mpej mnpecara, 4e My € TPYJIHO Ja ONUIIEe €MOIMUTE CH, KOraTo
Hay4aBa 3a Harpajata. “IIpocto He ouakBame ToBa. M0Oe YOBEK J1a CH TO MIPEICTAaBs,
HO KOTAaTo Ce ClIy4H, € pa3nu4Ho’. Toil HayyaBa 3a Harpajara rmoJoBHH 4Yac, IpeIu
Ja o0sABAT Jlaypeatute. ThKMO C€ € MPUTOTBUII
Jla OTHJIE 10 TUTyBHUS OaceiiH, KakKTO BCEKU JICH
1o o0ef1, Korato 3BBHAT OT CTOKXOJIM U TpsiOBa
na mpueMe oOaxmanero. [leHAT e TonkoBa
HaIpeaHaT, Y€ TOM He YCIIsiBa J1a Ce CBBPXKE C
Hona Crpuknana. ,,Pagoctra mMu € aBoiiHa.
[TomygaBam HoOemoBaTa Harpaga 3a CcBoOsATa
paborara u s cnojensMm ¢ J{oHa, 4oBeK, KOrOTo
MHOTI'O LIEHSI U KOSITO € Mos cTysieHTKa™. [Ipod.
Kepap Mypy paszkaza Tazu HUCTOpHUS U TIpel

Kepap Mypy

ObJrapckaTa MmyoOJiMKa MpH yIOCTOSIBAHETO MYy € THUTIaTa ,,JIoKTop XoHOpHC Kay3a‘
Ha Couiickusi yHUBEPCUTET.

Tperusar naypear 3a 2018 r. - ApTBp
Amxun (Arthur Ashkin), xoiito Ha 96
FOAWHU, € HaW-BB3PACTHUAT HOCHUTEI
HoGenoBa wHarpama, Toi Kka3Ba Ha
Komurera, ue HAMaA Oa MOXKE Ja daJec
WHTEPBIOTA, ThH KaTO € ,,MHOTO 3aeT ¢
MOCJIeIHATa CU HAay4yHa cTaTusa. oW cMsTa,
ye € MOrnil nga creueand HoOeimosata
Harpaja ouie Ipeau HIKOJIKO JI€CETHIICTHS.
bun e npenedpernar npe3 1997 r., korato

Apmvp Awikun JIPYT M3CIIe0BaTell, aMEPUKAHCKUAT (DU3UK
CtuBbH Uy, mosjydaBa Harpajaara 3a JIa3epHO OXJIaXKJaHE W 3ajlaBsSHE HAa aTOMMUTE.
IIpecranai e na ce MpUTECHsBA 3a MOI00HU Hellla IMPEd MHOT'O BpEME.

Koncrantn HoBocesioB, craBa naypear nmo ¢usuka 3a 2010 T, ,,3a HOBaTOPCKH
EKCIIEpMMEHTH 110 OTHOIICHHE Ha IByMepHUs Matepuan rpader”. Axam CMUT OT
[Ipeccekperapuara Ha HobenoBus
KOMUTET € TpOBEJI MHOTO TeneoHHU
pasroBOpH, TMPOMEHSIIM JKMBOTAa  Ha
ydeHHuTe, HO obakaaHeTo Ha KoHcTaHTHMH
HoBocenmoB ¢ Moxke OM Hal-BEeCeloTo.
Koraro Cmutr My ce obaxna, 3a J1a My
nmpemane HOBUHATA, TOW TBKMO IpaBU
WU3MEpPBaHUS U HE € 003€T OT JKEJTaHUETO Ja
ro OesmokosT. ,JMckate ma kaxere, de
TpsOBa Ja cCopa eKCIIEPUMEHTUTE CH
cera?, kazga HoBocenoB. OTroBopbsT Ha

Koncmanmu Hosocenos

Anam Cmur e ,,bos ce, ue ga“.
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Maptun Yaadm (Martin Chalfie), KoxymOwuiicku ynuBepcuter, HobOemora
Harpaja o xumus 3a 2008 r.

,,Dellle Hellerna cuTyaus, mo-ckopo cMemta. E, tazu Hoir yyx TeinedoH Aa 3BbHU
OTJIaJIEKO, MPEANOJIOKUX, Y€ € Teae@oHbT Ha cbeeaa Mu. CrOynux ce B 6 u 10 Ha
CYTpHUHTA, CETUX C€, Ue Beue TpsOBa na ca 00siBuin HobOenoBaTa Harpaja no XuMus u
NPEAnoiIokKuX, Y€ Harpajgata € OTUIUIa Npu Hsakod apyr. Cren ToBa OTBOPHX
nanTomna cu U BIsi3ox Ha Nobelprize.org, 3a na BuIg Kol € TIIynakbT, KOHTO €
noiayuyusl Harpajgara. M tam Buasix uMetro cu 3aeqHo ¢ ToBa Ha Ozamy lllumomypa
(Osamu Shimomura) u Pomxsp Luen (Roger Tsien). I'mymaksT 0sx a3! Kaszax Ha
*eHa cu ,,ETo Ha, ye crana“. A 1a otroBopu ,,KakBo? [la He cMe ce ycmanu jga
3aBeJIeM JbIIEPS HU Ha yuuiuiie? .

Kapoa [I'peiinpp (Carol Greider), MemunuHckn yHHBEpCUTET ,,J[PKOHC
XonkuHc', HobGenoBa Harpazaa 3a ¢pusnonorus win Mmeauiuia 3a 2009 r.

Ts crpBa mpaHe korato B 5 4. U ce
obaxar no Tenedona. ,,O0MKHOBEHO HE ce
3aHUMaBaM C IIPaHETO TOJKOBa PaHO
CyTpMH, HO Beue OSX CTaHajia U ISJIOTO
TOBa IIpaHe ce Oemre BTopadmio B MeH. [lo-
KbCHO TpsOBaIlle JjJa Ce CpeliHa ¢ JBe
MPUATEIIKK 3a HAIIMs CYTPEIIeH Kiac I10
cnuauHr. 3a HoOenmoBara Harpama ce
TOBOpEIIIe, Y€ HAKBJIC MPE3 CIASABANTUTE TIET
TOJMHA MOXE Ja HH C€ CIy4dd HEIIo
nomoOHo. W MwmHamaTta TOaMHA XOpaTa
Ka3Baxa: ,Moxe Ou Ta3um roauHA™, HO HE CcTaHa Taka. Poiltepc Hamnpasu
MpeACKa3aHne, 4¢ TO3W MBT MOXKE Ja s MmojaydyuM. Ho HamcThHa HSAMax HHUKaKBa
npeacrtaBa. Moxke OM HUKora Hsma fAa ce ciayud. Mma BaxHu (yHIaMeHTaTHH
OTKPHUTHS, KOUTO HUKOTA HE IMojaydaBaT Harpaau. Ciej KaTo Mojaydux oO0axaaHEeTo,
m3npaTux uMmeni: ,,CekainsBaM, HsIMa HE MoOra Ja BBPTS KOJEJIOTO B MOMECHTA.
Cneuemnx HoGenosara Harpaga®. Kapoa Oyau nenara cu ¢ xyMure ,,Mexay Ipyroro
cnevyenux HoOemnoBa narpama“. Cnena BwIpoc ,llle xoaum nm Ha yuumumie?*.
,,Pazoupa ce®, ,,O He, HAMA* U JerlaTa OTUBAT ¢ Hes Ha paboTa.

)
RO ——

Kapon I'petiovp

IHutbp Arpe (Peter Agre), M3cinenoBaTeiacku MHCTUTYT 3a Majapudara ,,J[>KOH
XonkuHc*, HocuTen Ha HoGenoBa Harpana o xumus 3a 2003 r.

,YIMallie HIKOU HaMeIlu, Y€ TOBa MOXe Ja ce ciayun. KaTto ma Obenn nokaHeH B
[IBenunsa na n3Hacam Jekund. Ho B 5:30 yaca cyTpuHTa Ha OKTOMBpPHIICKAaTa CyTPUH
TeneOHbT WU33BBHA. ,,31paBeiite, mpodecop Arpe, Tyk e CrtokxonMm. Toky-110
crieuenuxte HoOenmoBara Harpaga mo xumus. Cnen okono 10 MUHYTH uMame
MpecKoH(EepeHIIUsl U IEIUAT CBAT Ie pa3depe — Taka Y€ CIOKOWHO MOXKeTe Ja
IMPOABIDKUATE JICHS ch'. A3 CKOYMX IOJ IyIla, chlpyrara Mu Mepu ce obamu Ha
Malika MH, a T kKa3a: "ToBa € MHOro Xy0aBo, HO HE TO OCTaBSHUTE Ja My CE 3aBbPTH
riaBara'.
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IMoa I'puitnrapa (Paul Greengard), Yausepcuter Pokdenep, HoGemoa Harpana
3a ¢usuosiorus wiu meaunuaa 3a 2000 r.

A3 crax. Ob6amuxa mu ce B 5:15 4. Ilpeaum He ca yBeaoMsBaad JUPEKTHO
JaypeaTuTe M XopaTa ca 4YyBaJd OT HOBUHAPCKH CHOOIECHUS WK OT JIPYTHU X0pa, 4e
ca crneuenund. JKynum AKcenapoJ BEAHBXK MM Kasza, 4e € 4YyJ, JOKaTo Ceau Ha
3pOosIeKkapckus cton! Mainko mpenu Aa credens, KoMUTeThT 3a HoOenoBa Harpajaa
Oemie pemwmi, 4Ye Ime ce o0aaiT Ha JjaypeaTuTe OKOJIo 45 MUHYTH TIpeau
CBHOOIIIEHUETO, 3a Ja TM yBeAoMsT. MmMalie ucTtopuu, Korato xopara MOHSIKOTa CH
MpaBexa THIIH MIETH C MOTCHIIUATHU MoOeIUTEH, KaTo UM ce O0akIaxa M Ka3Baxa:
,»3ApaBei, Toky-1mo cneuenn Hobenosa narpaga®. M taka, B 5:15 mo Haiie Bpeme, Te
Mu ce obammxa. Uyx temedona ma 3BpHU. [[bIeps HU TOo BaurHa. Uyx s 1a Kaspa:
,Toi crnu apndoko. HamctuHa mu mckate Aa ro cpOyasa?”. M dyx HsAKoO# Ja Ka3Ba:
,JKa3sam ce Xanc Hopusan n cbM cexperap Ha HoGenosus komuter.” M3Bnkax ,He
3aTBapsu!”.

Kapa Buiiman (Carl Wieman), Ctandopacku ynuepcutet, HobGenosa narpana
o ¢usuka mo 2001 r.

,»DAX B JIETJIOTO U CIfAX, pa3dupa ce! BebmHOCT Me chOyau He olaxaaHe OT
[IBemus, a 6par mu. llIBeauTe He ycmsum na HaydaT Mosl TesleOHEH HOMep, HO
0€3yMHO ONTUMHUCTUYHUSAT MH OpaT CcTaHal TOCpe] HOII, 3a Ja MpoBepU
00sBSIBAHETO Ha Harpajaara o ¢pu3nKa B UHTEPHET U M€ ChOYH, 3a J]a M€ MO3/paBH.
Tt kaTo ToBa Oelie Opar MU, MbpBaTa MU peakius Oelie J1a oThaa Ja MpoBeps B
MHTEPHET, 3a 14 CE€ YBEPs, U€ TOM HE CU MPABU HAKOS ThIIa IIera’.

Epuk benur (Eric Betzig), Menuuacku HHCTUTYT ,,Xaybpa X3, HoOemosa
Harpaja no xumus 3a 2014 r.

,,bsiX B MIOHXEH, 3a Ja h3Heca JIeKIUs Ha KoH(depeHius, korato ot Komurera ce
obanuxa na MU Kaxkart 3a Harpajaara. HoGenoBara Harpaaa Oelie mocjiaeHOTO HENIo,
3a koeto muciex. Korato MoOWIHMAT Mu TenedOH 3BbHHA, C€ 3a4ylAuX KOW IO
nsBonuTe 1me Mu ce 06aau B 5:30 cyrpunTa Ha 3TOUHOTO KpaiiOpexue u BeaHara ce
MPUTECHUX Ja HAMa MpoOJjeM BKbIM. BChIIHOCT, MbpBO ce Osixa 00amaguin o
TenedoHa Ha OMBIIIATAa MU K€HA, HO 16-TOMUIITHOTO MU XJIalle UM Ka3aJio KbJIe J1a Me
HamepsaT. Cnen oxosio 20 cexkynau oObpkBaHe u omie 20 CEeKyHAM, 32 Ja UM Kaxka
,Ja“, 3aTBOpUX B IMOK. Hali-Onm3kaTta aHajaorus, KOSTO Mora ja HampaBs €, 4e ce
YyBCTBaM KaTo yAapeH OT aBToOyc. Pa3dupare, 4e TOKy-110 CTE MPEKUBSUTH HAITHITHO
HEOYaKBaHO W MPOMEHSIIO KUBOTA CHOUTHE U HSIMaTe HUKAKBa MPEJICTaBa KakK IIe Ce
OTpa3u Ha Bac W BaIIUTE MJIAHOBE 3a OBCIIECTO.

IMox Pombp (Paul Romer), Hiotiopkcku ynuBepcuter, HoGemoBa Harpaga o
nkoHoMHKa 3a 2018 r.

Koraro or IlIBenckara kpancka akaaeMHsi Ha HAyKUTE€ pPaHO CYTPHUHTA C€
obaxzar, 3a Ja ro MHQOpMHUpAT, 4ye € HocuTen Ha TasroauiHara Hobenosa Harpana
0 UKOHOMUKA, MPOoecopbT Mmycka 00axaaHeTo 10 riacoBara MoIla, MUCIEHKH, de
MOJE Jla € caMO TeJeMapKeTHHI B TaKbB paHeH 4vac. ,,He oTroBopux Ha tenedoHa,
3aIl[0TO TIOJy4yaBax TOJIKOBA MHOTO cmam obaxnanus™, xasBa Pomep mpeny ABC
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News. ,,IIpocTo npenmnonoxux, 4e € ouie eIHo TakoBa“. Muciau cu, ye Harpajaurte
e ObJIaT MPUCHICHU Clie/IBalIiaTa CeAMUIIA.

CBETOBHOM3BECTHUAT MKOHOMUCT CH JIKH B JIETJIOTO, MUCJIM CH KOJIKO CTPAHHO €
Jla TIOJIy4H JBE TOCie0oBaTeIHU TenedOHHN 00aKTaHus TOJIKOBA PaHO U CE€ OMUTBA
nak jia 3acnu. ,,Ho He MoXkax J1a 3acrsi ¥ OTUI0X Jia TIPOBeps O00aKTaHUsTa J1a BUJS
JlaIy € OT HAKOE OT JiellaTa MU WJIM HEIllo MoJI00H0 , kKa3Ba Toi. Pa3zmo3HaBa Homepa
kaTo uasail ot IlIBerms.

,»laka 4ge, MOMHUCIUX CH, T0-100pe 1a ce BhpHa obaxmanero. Hukora He ¢hbM cH
MHCIIAIL, Y€ MOKE J1a CIIeYelIsl Harpajaara’.

Meii-bpur (May-Britt) u Exyapa Mo3ep (Edvard Moser), HoGemosa Harpaaa 1o
¢dbusznonorusa uiu meauiuHa 3a 2014 r.

Hapwuuar ru HOpBexkKkaTa nBoiika ,,Kropu*. Koraro HayuaBat 3a Harpajaara, Te ca
Ha CTOTUIY KUJIOMETPHU €IUH OT JAPYT.

Meii-bput € Ha ceMuHap, OOCHXIa JaHHU C
KOJIETH, KOraTo mpuctura odaxxaaHeTo oT CTOKXOJIM.
,b€3 MaJKo Ja He BAWrHa TenedoHa, JUCKYCHUsITa
Oeme TONMKOBa WHTepecHa. I[lo mpuHIUI He
OTroBapsiM, aKO HE 3HaM HOMEpa, HO pEUIUX Ja Ce
00aJis, HE CbM C€ U 3aMHCIIsIIa KOU JeH €. 3aKIouuX
ce B KaOuHeTa cU U OT ImBeackus HoOenoB HHCTUTYT
MH Ka3axa 3a KakBO CTaBa BBIPOC. 3aloyHax JAa
mwiada, 0sx B mwok‘“. Ilo-kbcHO Mei-bput Mo3zep e
MOKa3aHa M0 HOPBEXKATa TEJIEBU3MS, KATO TaHIlyBa C
yaia [IaMIIAaHCKO Ha mapTtu B TpoHAXENM, T0KaTo
HeliHuTe Koyiern mear ,,Yectur HobOen 3a Ted*“ Ha
MEJIOIUSTA Ha ,,YeCTUT pOKIIeH AeH .

Cenpyrst 1 Enyapa He HayyaBa BegHara HoBuHarta. Tol ce HaMupa B CaMOJIET Ha
T 3a ['epmanus. Benpeku, dye e noiyyaBa okoio 150 uMmeiisia mo Bpeme Ha mojera
Ocno-MronxeH, Toil He pa3zdbupa, 4ye € craHan HoOenoB mnaypear, J0KaTo
MPEJICTABUTEN HA JIeTUIIETO W wieH Ha HMuctutyra Makc IlnaHk ro mocpemar
TBP’KECTBEHO.

Bapu Mapman (Barry Marshall), YauBepcurer Ha 3amagHa ABcTpaius, U
Pooun Yopwba (Robin Warren), Kpanckara Oomnuma B Anenawga, HobGemosa
Harpaja 3a gusuonorus u meaunuHa 3a 2005 r.
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bapu Mapman nonydaBa 00aXJaHETO B aBCTpalIMCKa
KpbuMa ¢ koiierata cu PoOuH YOpbH, KBIETO XOIAT BCSKa
roJIiHa B JIeHs, KoraTo ce choOIaBar Harpaaure. ,,Jickam na
KaXka, ye pa3bupa ce, BUHArM CM€ MEYTaJd Jia CIeYesIuM
HobGenoBa Harpana, HO BChIIHOCT HUKOTAa HE CME MUCIIHIIH,
ye 1e crane.” M3BecTHm ca ¢ 1mierara Ccu, KOraTo
nyOJIMKyBaT cratusta cu mpe3 1983 r., de mie credensT
HoGenoBara Harpaga mpe3 1986 r. ToBa BCBIIHOCT c€
cayuBa ciaen 19 rommnu! Jlopu cien um Kato IoJdydaBat
HoOenoBara Harpama 3a 2005 r., Te nOpoabDKaBar ¢
TOJIMIITHOTO CH TIOCEIICHNE B KphuMarTa.

[1] https://lwww.nobelprize.org/prizes/themes/the-nobel-call

www.nytimes.com » science > where-where-you-nobel-prize-call-stories

[2] https://apnews.com/4c6b4449846e47db85d1c6511bd3add3

[3] https://www.princeton.edu/news/2019/10/08/joy-ride-career-peebles-wins-nobel-
prize-physics-tackling-big-questions-about
[4]https://edition.cnn.com/2009/HEALTH/12/07/nobel.prize.mom.telomeres/index.ht
mlhttps://www.nobelprize.org/womenwhochangedscience/stories/donna-strickland
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N3UCKBAHUA TPU NIOAT'OTOBKA U ITPEJICTABSHE HA
HPE3EHTALIUA C POWERPOINT

Eaena XanoBa u Hesena Koxxyxaposa

Karenpa Ipunoxna @uzuka, DIIMU, TY-Codus, 6yn. “Kn. Oxpuacku” Ne8, Codus 1000
e-mail: ehalova@tu-sofia.bg, nkojuharova@tu-sofia.bg

Pe3tome. Hacmoswusm  00kiad npedcmaes  HAKOU — 3A0bIAACUMENHU
UBUCKBAHUSL OMHOCHO UHMOPMAYUOHHOMO CbOBPIUCAHUE, Koumo mpsadea oa ce
cnazeéam npu noo2omoska Ha npeszemmayusi ¢ PowerPoint, npedcmasena cwvc
CbBPEMEHHU MEXHUYeCKU CpedCmea Kamo Janmon u MyamumeoueH npoexmop. B
00KNIa0a ca U3N0JHCEHU U OnpeoeieHU UUCKBAHUS NO OMHOWEHUe HA CAMOMO
npeocmaesHe Ha 0a0eHa npe3eHmayusl.

KarouoBu nymu. npesenranuu ¢ PowerPoint, u3uckBaHus KbM MOATOTOBKATA H
Mpe3eHTUPAHE.

|. U3uckBaHusi npu NOArOTOBKATA HA npe3eHTanus ¢ PowerPoint

N3non3BaHeTo Ha WH(MOPMAIIMOHHU TEXHOJIOTMM M3JUra Ha KAa4eCTBEHO HOBO
paBHMIIE TIpoIleca Ha TNPE3CHTHUpPAHE Ha KOH(EpEeHIUMH, CEeMUHApH, JEKIUU U
paziuuHu puUpMEHU CHOUTHS. 3a ONTUMAIHO OPTaHU3UpPAHE Ha TMPE3CHTAIUU C
W3I0JI3BAHE HA MYJITUMEIWNHUA TEXHOJOTHM CE€ HW3UCKBA, 'BbPBO Ja C€ MO3HABAT
Bb3MOKHOCTUTE, KOUTO TE€ MPEAOCTABAT U BTOPO — YMEHUS 3a PAMOHAIIHOTO UM
m3noisBane [1-3]. ToBa wu3nckBa BpeMe M yCWIWs 0pPU NOATOTOBKAaTa Ha
NPE3CHTAI[MMTE ¢ MYJTUMEAUWHU TEXHOJIOTHH, Hampumep ¢ PowerPoint, kakrto u
HENPEKBCHATO MM YCBBBPIICHCTBAaHE. 1€3U TEXHOJOIMU MPEAU3BUKBAT IMOBUIICH
VHTEPEC U IMO3BOJISABAT J1a CE€ 3a1bpP’KAa BHUMAHUETO U aKTUBHOCTTA HA ayJAUTOPUSATA
10 BpEME Ha MPE3CHTALUNUTE U JIEKIUUTE.

[Ipeszentaniuure ¢ PowerPoint mpenocTaBsaT Ha JIEKTOpa MIMPOKH BH3MOKHOCTU
KaTo aHUMAIMH, BUI€O U (PUIMOB MaTepuall, HapUMep 3a WIOCTPUpaAHE HA JAaJICHU
(GU3UYHMA SBIIEHUS W TPOIIECH, KOMTO HSAMAa Kak Ja C€ JIEMOHCTPUpPAT Ha KXUBO B
JIEKIIMOHHA 3ajla. Morat ja ce u30posT U peaulia APYyrd MpeIuMcTBa, 0COOCHO Ha
nekiuute ¢ PowerPoint, B mpenonaBanero Ha Kypca 1o ¢usuka [4].

Bbrpekn BCHYKH JOCTOMHCTBA, MYJTUMENUWNHOTO TIPEICTABIHE KpUE U
OTIPENICJICHH TPYAHOCTH, CBBbpP3aHU C HEOOXOAMMOCTTAa OT KOpPEHHAa MpOMSHA Ha
MOIX0/1a MPHU MOATOTOBKATAa U MPOBEXKIaHETO Ha mpe3eHTaruu ¢ PowerPoint [5].

[Ipy mnoaroToBkara Ha €IHA TIPE3CHTAIMS Ha JaaeHo WHGOPMAITUOHHO
ChABPKAHHUE, B TOBA YHCJIO U JICKIUOHEH MaTepuall, MPEACTaBSIH ChC ChbBPEMEHHU
TEXHUYECKHU CPEJCTBA, KATO JIANTON U MYJITUMENUEH NPOECKTOP, € HATOKUTEIHO /1A CE
Cra3BaT HAKOM OCHOBHU M3UCKBAHUS, KOUTO CE PA3IJICKIAT B Ta3U MyOJIMKALIMS.
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1. llpuabp:kaHe KbM OCHOBHHUTE HAM-BA’KHU MOMEHTH OT ChAbPKAHUETO HA
NnpeACTABEHUSI MATEPHAaJl B IIPe3eHTAIUATA.

CraiinoBere He TpsiOBa /Ja ca NPENBIHEHU C MHPOpPMALUS WM I'BJIHU C OHOBA,
koeto Enyapn Tadr [6] mapuua ,,rpaduduen ooxayk”. TpsoBa na ce m3oésirBar
JIOT0Ta, MHULIMAJIN WM aTPaKTUBEH (POH, KOUTO HE ca MOAXOAIIM Mpes CTyAeHTCKa
ayIUTOpHUsl, Makap 4e ca OT 3HAu€HUE IpH NPEJCTaBsSIHE Ha KOH(EpPEHLHH WU
¢upmenn cvOutus. Ilpen cTyaeHTcka aynuTopus T€ OTBIMYAT BHUMAHHUETO U
3aTpyaHSBAT MO-T00pOTO pa3dupaHe M YCBOSBAHE HA JIEKIUOHHHS MaTepual.
[IpenopbuuTenHo € Aa ce U30sArBaT NMpeKkaJeHO MHOTO IrpadUKu WM TBBPAE MHOTO
TekcT. llo-cumHo mie ObIe BU3YaTHOTO IMOCHAHUE, KOETO CE€ OTIpPaBs KbM
ayJIUTOpHSITA, aKO CIIANJOBETE HE Ca MPEKATIECHO MPETPYNAHH ¢ MH(POpMaITHS.

2. OrpannyaBaHe 10 MUHUMYM OYJIETH U TEKCT.

CrnaiioBeTe TpsOBa J1a ChABPKAT Bb3MOKHO Hail-MaJIKO OYyJIETH U TEKCT, a JOpU
MoraTt u300110 J1a HE ChIbpXKaT TeKCT. M3mon3Banero Ha OyneT cien Oyner cien
OyJeT 1e OTEeKYM aylUTOpHUsATa U MpeapasnoJara KbM 3acnuBaHe. Bbopeku ToBa
MaJKo OyJeTH ca 3a MpeAnodyuTane npen noAapodeH Tekct (¢ur. 1). CMUCHIBT Ha
Oynerure € HE Ja 3aMecTAT JIeKTopa, a Ja VIECHAT ayAuTOpusTa Npu
IIPOCIIEASBAHETO HAa U3JI0’KEHNUETO U BOJICHETO Ha 3aIIMCKH.

MbpBUAT YoBEK CTLNUN Ha JlyHaTa MbpBUAT YoBeK cTbNUN Ha JlyHaTta

MbpBUAT NUNOTMPaH KOCMUYecku Kopab or nporpamara
»Anono* Ha HACA, ,Anorno 11* usnura Ha 16 tonu 1969r. ot < Ha 16.07.1969r. B 15 h 1 32 min 6.8. usnuta ,,Anono 11
kocMmuyeckus ueHTbp Keiin Keneau wara ®nopuga B 15 u.
32 M. 6Bnrapcko Bpeme ¢ ekunax komangup Huin
ApwmcTpoHr, Maiikbn Konuuc u Eayns Ongpus. “Anono 117
ce cbCTOM OT Tpu YacTu: Komangen moayn (“Konymous”),
Jlynen moayn “Uiirbn (Open) u cepsused mogyn. O6uworo
My Terno e 44 ToHa.

(= . i ,A
H. O. ApmcTpoHr M. Konuhxe E. OngpuH
< “Anono 11” - KomangeH mogyn (“Konym6us”), llyHeH

moayn “Unren” (Open) n cepBuseH moayn; Terno e 44 t

< g

H. O. ApmcTpoHr M. KonuHc E. OngpuH

®ur. 1. Cratioose c noopober mexkcm u ¢ 6yaremu

3. OrpannyaBaHe NpexoJauTe U AHUMALUUTE.

[Ipexonute Mexy cinaigoBere U anumanuure B PowerPoint TpsiOBa na ca mManko
U 1o npeaHazHadenue. Manonssanero Ha “Wipe” e no0pe 3a aHuMUpaHe Ha OYJIeTH.
B mHOro mpeseHtanuu, BHIPEKH Y€ ca MPEKOMEPHO IBJITH M OaBHU, MOTraTr ja ce
usnon3par “Float” wim manpumep “Fly”. IlpenopbunTenHo € aa ce M3MOJ3BAT HE
nmoBede oT 2-3 Tuna edekra 3a MpPexoJ W TO HE MEXKIy BCHUYKH CIIaliIOBE.
AHUMaIMUTE Ja ce MpWiIaraT camo TaM, KBJAETO € HEOOXOAMMO MpEACTaBsSHE Ha
MpoLeC WK sIBJICHUE B pa3Butue (¢ur. 2).
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3akoH Ha lMei-MNMwocak — 1802r. :
OnuTt Ha KOHr
—

http://www.surendranath.org/Applets.html

@ur. 2a. Mzomepmen npoyec. ®ur. 26. Uumeppepenyus na
ceemauHama

4. U3moy3BaHe HA BUCOKOKAYECTBEHH CHUMKH.

HeoOxoauMo € W3MOI3BaHETO HAa BHCOKOKAYECTBEHHM CHUMKH C BHCOKA
pE30NIONKs 32 T[OCTUTaHe Ha TMOAXOAAIIa SPKOCT W KOHTPACTHOCT TMPH
MIPEICTaBIHETO UM BbpXY claia. He ce mpenopbuBa pasirbBaHe Ha Majika CHUMKA C
HHUCKa PE30JIIOIHS C LIEe Jia 3aeMe MO-TOJIIMO MSCTO B ClIaiijia, T.K. OIIE TMOBEYE Ce
BJIOIIaBa pe3ororusTa (pur. 3).

€
CesepeH reorpacdocku  HOxeH marHuteH
nonwoc 11,5° nonwoc

\
b el
Q\ MarnutHa oc
T

3emHa (poTauunoHHa) oc

3

®@ur. 3. CHumKa ¢ 8nouiena pe3onoyusl ®@ur. 4. Cnaiio c ,, Komuxcu

He tpsbBa na ce usnomssa Clip Art-a na PowerPoint wim apyru uzo0pakeHus
tun “komukcn” (ur. 4). Bp3MoxHU ca ¥ U3KITIOYEHUS, pa3dupa ce, HO TpsOBa jaa ce
nprjiaraT BHUIMAaTEIHO, HE PEKOMEPHO M CIIOpE] KOHKpETHATA ayAUTOPHS.

5. M3noJs3BaHe HA MOAXOASAIIM rPAGUKH U TAOJIUIIH.

C muen HamansiBaHe J0 MHUHHMYM WH(GOPMAIMOHHOTO CbHIBPKAHUE BBPXY
ClaiiioBeTe, MPU BB3MOKHOCT TO C€ TpenactaBs moja ¢opmara Ha rpaduKu WIH
tabmumu. Exna madopmarus moxke ma ce m3o0pasu B rpaduyeH BHUJ MO peauIa
HaunHU. [Ipu kpveosu ouacpamu wHGOpMaNHSITA ce TIPEACTaBs B MPOICHTH KAaTo Ce
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npernopbyBa CEeKTopuTre na ca a0 4-6, a HalW-BaXHOTO € Ja C€ OTKPOH dpe3
KOHTPACTEH IBAT WK Ype3 U3MIbKHAIOCT ((ur. 5a).

100

| 90 - [ in class
~10% 13% sol I with TeSLA
B
' £ oo}
o) Z sof
21% z o
o
(0) g 3o
56% E
o
10+
0
1 2 3
groups
®ur. Sa. Kpveosu @ur. 50. Bepmuxannu
ouazpamu epacpuku

[Tpu mpencraBsHe Ha MPOMEHH B KOJUYECTBEHUTE MOKA3aTed C TEUEHUE Ha
BPEMETO WJIM TIXHOTO CpaBHSBAHE C€ W3IMON3BAT 2pauKku ¢ BepmMuUKAIHU UlU
Xopuzonmaanu cmuibose — okoio 4-8 Ha 6poit (¢ur. 56). [Ipenopbusa ce runetinume
epaguku a ce M3IMOoJI3BAT C LieJl IEMOHCTPUPAHE TEHACHLUATA B Pa3BUTUETO Ha
IaZieHO sIBJI€HWE, Teopus, pa3aen wid npouec. Ha eaun cmaiin He OuBa na ce
MOCTAaBSIT MOBEYE OT 2 TpaduKu U TO IPU HEOOXOTUMOCT OT CPABHSIBAHETO WM.

M3nom3BaHeTo Ha TAOJMIM € TOIXOMSIIO 332 HEMOCPEACTBEHO CpaBHEHHE Ha
BEJIMYMHU, XapaKTUPUCTUKU U 1p. (pur. 6). IIpu cpaBHsIBaHE HAa JaHHU B MOBEYETO
Cllydad, TPU TAX JIUICBA aKIEHT BBbPXY HAW-BAXXHOTO M € TPYIHO 3a BBH3IPHEMAaHE
0COOEHO TPH MHOTO pefioBe M KOJOHU. ToBa € mpuyMHaTa a ce MpenopbuBa Ta3u
uHbpopMalus Aa ce npeacrans rpaguyaHo (dur. 7).

KOPNYCKYNAPHW BL/IHOBH CBOMCTBEA
ceoncTea (BLnHata Ha AbO Enement | 1869r. | 1871r 1971r.
Bpoin)
Ckopoct  © Ounxuna Ha Bbjﬂl'la}a Epounii 56 170 167,26
] ]
. —p_mv Wtpnii 60 89 89,91
Mmnync YectoTa . .

Fomb y=E_me Llepuii 92 140 | 140,12
Exneprua Ha ceobogHa |[pynoBa ckopocT Topuii 118 231 232,03
MHKpOYacTHLa v, =V

. . § Ocmuii 199 193 190,2
_r — ®azoBa cKopocT B
E=P =me u=S Wpummii | 198 195 | 192,22
v

®ur. 6. Cpasnumenna mabauya ®@ur. 7. Tabauya

6. U3noa3Bane Ha crangapTauTe PowerPoint remmnueiitu.

He ce mpenoppuBa na ce M3MOJN3BAT CTAHIAPTHUTE TEMIUICHTH, BKIIOYCHU B
naketa PowerPoint Design Template. Ilpu BB3MOXHOCT CH Ch3JaliTe COOCTBEHU
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TeMIUIEHTH C (POHOBe, KONTO ca MO-OnmM3KHM M0 BammTe ciymarenu. [Ipm ToBa e
JKEJIATETHO BCSIKA MPE3CHTalMs Ja € C Pa3JInueH TEMIUICUT, KOETO HIMa /1a OTErdu
ayauropusita Bu.

7. IIpaBUJIHO M3M0JI3BAHE HA IIBETOBETE.

W3non3BaHeTo Ha MPAaBWJIHUAT LBSIT UTpae OrpOMHA POJIs MPU MPEACTaBsSHE Ha
UH(OPMAIIMOHHOTO ChAbpxkaHue. lloaxoasmuar AT me yOend U MOTHUBHpA
ayJIuTOpUsITA, 1Ie TTOBUIIM UHTEpPECAa U OCUTYPHU MO-A00pPOTO pazdupaHe, HAPUMED
Ha JICKIMOHEH Mmarepuan. He e HeoOXOoaMMoO BCEKM Ja € eKCIepT B TeopHsTa Ha
IIBETOBETE, HO HSIKOM OCHOBHA MOMEHTH OT TEOPHSATA € JKEJATETHO Ja Ce MpuJarar.

Crnopen TeopusiTa Ha LIBETOBETE TE€ C€ JIEJAT HA JBE IPYNH: CTy/EHU (KaTO CUHBO
M 3€J€H0) M TOIUIM (Karo OpaHXeBO W uepBeHO). CTyJeHUTE LBETOBE ca Hail-
noaxo s 3a ¢oHoBe. [1o To3m HaUMH ce HaMmayIsiBa akIEHTHT BBPXY (hoHA, KOETO
ocurypasa ,,0TJajeyaBaHe” Ha (oHa. 3a Ja ce aKIECHTPUpa BBPXY CHIIHOCTTA,
HarpuMep B JajieHa JIEKIHUs BBPXY JajeHa (u3MyHa BETUYMHA WM 3aKOH, HaM-
MOIXO/ISIIIN Ca TOITUTE IIBETOBE, KOUTO Ch3JaBaT WIIO3UATA, Y€ ,,uJBAT KbM HAC U
3aCHJIBAT BU3YAIIHOTO MY BB3MPHUSITHE.

@®OHBT U CHIBPKAHUETO Ha
JaZieH cilaij ChIno TPsiOBa MPABUIHO
na ce  cpueraBar.  Hampuwmep
CBETJIUSAT (DOH U CBETIUTE I[BETOBE 3a
TEeKCT 3aTpyIHsSBa ayJAWTOPHUATA Ja
BB3MPUEME  CHIBPKAHUETO Ha
cnaiima. Mexnay QOHBT U TEKCTHT
BUHAru TpsiOBa Ja wuMa CHJICH
KOHTpAcT.

[TonOopa Ha 1BeTOBE 3a (poHA U
TEKCTa 3aBUCH OT 3ajiaTa, B KOSITO IIIe
ce u3BBpIIBa Tpe3eHTanuara. Karto
MpaBUJIO  TPU  OCBETCHH  WJIU
IOJyOCBETEHH 3amH, a Te ca cunHo Pur. 8. Couemanue na o u coowvpoicanue
MIPENOPBhUNTENIHA, (DOHBT TPSAOBA Aa € OsJI WIIM MHOTO CBETHJI C YEPEH WM ThMEH
tekcT. KoraTo 3amara e 3aTrpmHEHa, 00paTHO (POHBT TpsAOBa Ja € ThMEH (THMHO
CHHBO, TBMHOCHBO, Y€PHO U JIp.) C OsT MIIM CBETHI U ApbK TekcT (dur. 8). Te3u aBe
KOMOWHAIIUMA, B 3aBUCUMOCT OT KOHKpETHaTa 3aja, II¢ IOBHINM CTCIEHTa Ha
YCBOSIBAaHE Ha MPE3CHTUPAHUS MaTepHal.

8. N30upane Ha npaBuiIHM WpudTOBe.

[TpaBmiiHO MOMOpaHuTe MIPUGTOBE CHINO, MaKap M KOCBEHO, OKa3BaT BIIHSHHE
BHPXY CTENEHTa Ha YCBOSIBAaHE Ha MPE3CHTHpPAHUS MaTepuan. 3a Ta3u Iell ¢
HEoOXO0IMMO M3BECTHO MO3HaHME 3a BUAoBeTe mpudTose. Te ce nensr Ha ABa Buja:
cepupnu mpudroe (Hanpumep Times New Roman) u HecepupHu mpudToBe
(Arial mm Helvetica).
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Cepudnurte mpudToBe Ce U3MOIA3BAT B MAaTEPHAIIN, KATO AOKJIAAH, CTATUU, KHUTH
M JIp., KOUTO CHABPKAT MHOTO TEKCT M Ca JICCHU 32 YETCHE MPH MMO-MaJIKH pa3MepH Ha
oyksute. Ilpu mpoekTupaHe Ha Tpe3eHTAMATa HA €KpaH Te3W HpudroBe HEe ce
BIDKJAT SICHO, HE Ca JIECHM 3a YETEeHE M He Ce Mpernopbyar. 3a MpPEe3eHTHpaHE Ha
TOJISIM €KpaH ce U3MnoJ3Bat HecepudHute mpudrose (¢ur. 9).

Moske na ce W3moii3Ba M MEXKIWHEH MpudT Mexmy cepudeH u HecepudeH,
kakbBTO € Hampemep Gill Sans, koiiTo oT enHa cTpana e npodecroHaneH, HO OT
Apyra HaMaJsiBa TUCTaHIMATa MEXKAY JIEKTOpa U ayAUTOPUs KOATO IO CIyIIa.

[IpenopbunTeIHO € U3MON3BAaHETO HAa €IMH M CbhINM ImpudT 3a IsUIata
npe3enranyst — Arial u o 2 paznougHocTH — Arial Italic u Arial Bold.

He tpsiOBa na ce 3abpaBsi, ue KaKbBTO U MIPUPT J1a ce U3MOJI3Ba € HEOOXOUMO J1a
ce MpoBepsABa JalIHu TOU ce uere 100pe

U OT HaW-oTHaJIeueHaTa TOYKa Ha
3ajara. M3bop Ha WpndT M36op Ha pa3mep Ha

Arial, Times New Roman Oykem Arial 24,18

[Toxxomsy pasmep Ha
u3Mnoia3BaHuTe mpudprToe e 22-26
“KakbB e MHepYHUA Def. nsotepmeH npouec —
IMIyHKTa, a 3a 3arjlaBusd W 3HAYUTCIHO MOMEHT Ha TANo npouec, KOMTO NPOTHUYA NpPK
[IO-TOJISIM ((bHr 9) 3a na ce 1'[0,[[66[)6 CNPAMO NPOU3BONHA NOCTOSHHA TemnepaTypa
oc?” T = const
moaxogsmara TroJIEMHHA Ha 6YKBI/IT€
“Kukan  mncpuns oo s o e
IIpH pasHOpoaHa aynuTopus, MOMEHT HA THJI0 CIPAMO Temnepatypa
HaIrpuMmep KoH(epeHuuu WUIM ~ mpom3BoiHa oc?” T =const

CEMUHApU CE€ M3IO0I3BA  CICAHUSA
aNrOpuTBM:  BB3pacTTa Ha  Hau-

BB3pacTHUA oT CIyHIaTCJINTC ®ur. 9. Cpasrenus 3a wpugpmose u
pa3HeHeHa Ha IBC. pagMep HA 6yl<6u

9. M3no/13BaHe BU1€0 U aYIHO.

N3no0y13BaHETO HA BUJEO KIIHUIIOBE,
CBBp3aHU C JIaJICH MaTepuail 3aCUIBaT
KOTHUTUBHUAT IIPOLEC, KOUTO € U
CCTECTBEHUA HAYMH 32 YCBOSIBAHE HA . 00 0 o o
I/IH(I)OpMaHI/IﬂTa. HNznon3BaneTo Ha eKCMepUMeHT € u3Tuyalla
BHJCO KJWI WIIOCTpUpa T0o-100pe ‘E’z‘;‘:nff"w°p“”(m°’
OoOCHXKIaHUSI ~ Marepuan, MPOMEHS
pUTBbMa Ha Tpe3eHTaluATa U TOBa

o http://www.vbox7.com/play:1f
CBICICTBA 3a IOBHUILIABAHE HHTEPECA  2217062r=google
Ha ayauTopusiTa M 3aabpkaHe Ha
BHUMHHUETO UM (¢ur. 10).

B mpesenranum ¢ PowerPoint
MoOraT Ja c€ WM3I0J3BaT W ayJauo
KJIMIIOBE KAaToO Ce€ u30srBaT €BTUHU
3BYKOBH €(eKTH, 0COOCHO TIPH MPEX0] MEXKTY OTACITHUTE CIIAiI0BE.

Cuna Ha Kopuonuc B npupoaara

®ur. 10. H3nonzeane na suoeo kiunosge
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Bcesiko n3non3BaHe Ha BUACO W ayIUO TPSOBA J1a € 100pe peMEPEHo, 3a Ja He ce
HaMaJli CEPHO3HOCTTA M 3HAYMMOCTTA Ha MPEICTaBSHHS MaTepUall.

10. OTnensiHe BpeMe 3a NMoApexaaHe HA cJiaiiioBeTe.

CrpiectBeH (DakToOp MpU IMOATOTOBKA HA €JIHA IMPEe3eHTalUs, OCOOEHO JICKIIUS
npesa CTyJASHTCKa ayJIuTOpHs, € MPaBUIIHOTO MOJAPEKIaHe Ha OTICITHUTE ClIaijoBe.
Crnopen Ilpunmuna Ha CermenTanusaTa [/] B MyaTUMeAWHHATa TEOPHs 3a YUCHE,
ayIUTOpHUsATa pa3dbupa M YCBOsIBa IMO-100pe MHGOpMAIMATa KOTaTO C€ IMOJHACS Ha
MaJiku nopuuu (cermeHTn) (dur. 11).

Korato ce Bneze B pexum Slide
Sorter View mMoxe na ce I[IPpEeHCHU Kak MarHuTHO none Ha Ge3KpaliHO ALMbI NPOBOOHUK
BBPBU JIOTHYECKOTO pa3BUTHE Ha
JIEKIUATA, Ja C€ MpPEleHU Jalu HE €
no-go0pe AajieH clai aa ce paszaeiu
HanpuMmep Ha 2-3 ciaija, ¢ 1uen T4 Ja
CTaHe TIIO-JJOTUYHA H  MO-JIECHO
pazoupaema. B TO3u pexuM Moxke na
ce 3a0esexar HIKOU TPYAHO
pazoupaemMu JeTaliii OT MPeICTaBESHUS
Marepuall, HaJUYMeTO Ha TBBPJIC
noapodbHa MHpOpMaIUsi, KOSITO € TO-
nobpe ga Obxa Hamanena, 3a ga ce ‘@ur. 11. Ceawenmupane na cvovpacanue
MTOBHUIITN BU3yaTHATa SICHOTA.

1. U3u3KkBaHMs KbM HAYHUHA HA NMPe3eHTUPAHE

IHo3uumusiTa Ha JIeKTOpa CHIIO € OT ChHIIECTBEHO 3HAaueHHE. BB3MOXHHM ca
HSIKOJIKO TIOJIOXKEHHSI, KOUTO ca IMOJIXOJISIIHN 3a pa3IMuHu ciryqau (¢ur. 12).
JIekTopbhT CcTOM BIASICHO Ha eKpaHa. ToBa € MO3UIMATA Ha JIEKTOpa KOrato

aKIIEHTHT € BHPXY UH(POPMAIIMOHHOTO
PowerPoint

ChIIbp)KAaHUE HA CIIANJOBETE, a HE Mo3uUKA HA NEKTOPa CNPAMO. eKpaHa
neKTOp'I:T € aKUueHT

BBpXy camusi Hero. Tasu mo3uuus e
npernopbynTesiHa KOraro JajeHara
uH(pOpMalKsATa € MHOTO CBIIECTBEHA,
CbC CTpOra JIOTHYECKa IMOCJe0-
BAaTETHOCT W W3WUCKBA TMOBHIICHA
KOHIIeHTpausa. B To3u cioydal ce
HACJIarBaT CIIyXOBOTO M BHU3YaJHOTO
BB3NPUATHE, KOETO 1€ TOBHIIU
CIIOCOOHOCTTa 3a BB3MNpHUEMaHe Ha
MPEOCTAaBEHOTO nH()OPMAIITOHHO
ChIIbPKaHUE OT ayTUTOPHUSATA.

Aa aKleHTHpa
Aa NOBTOpU Hali-CBLIECTBEHOTO

na 0606WKn BaXKHUTE MOMEHTH

®ur. 12. Ilo3uyuu Ha rekmop
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JlekTOpBT €TOM BJIABO HAa eKkpaHa. ToBa e mpenopbyeTenHATa MO3HULIMS Ha
JIEKTOpa B CIlydauTe, KOraTo UCKa camusm mou 0a e akyeHm Ha npe3eHmayusma, a
HE ChIBP’KAHUETO Ha ciainoBere. Taka JIEKTOPHT MMa BB3MOXKHOCT Jla aKIEHTUPA
Wi 00001 Ba)XXHUTE MOMEHTH, JIOpU MPU HEOOXOJUMOCT Jla TOBTOPU Haii-
chiecTBeHOTO. OOSICHETHETO Ha TOBa TBBpJAEHHUE € MpocTo. [loBeueTo xopa yerar
OTJISIBO-HAJSICHO, C M3KIIIOUEHHE Ha apaOuTe, U ca CBUKHAIU Ja CJIEAST C MOTIed
Ja7ieH TeKCT, purypa, rpaduka U T.H. ChILIO OTISABO-HASICHO.

[Tpu mpe3enTanus npen ayautopus ¢ nomoinra Ha PowerPoint, e mpsabsea oa ce
NPOUHACAM Cblyume OyMu, KOUmo ca UsNUCaHu Ha eKpand, Thi KaTo TOBa HAMA Ja €
edeKTUBHO, a caMo IIIe HATOBapH MPEKaJIeHO MHOTO MO3BIIUTE HA CIYIIATEIUTE U 1€
HaMaJIM CIIOCOOHOCTTa MM Jia pa3dupaT KakBo ce mpe3eHtupa. Koraro ayauropusra
paz0epe, 4e JIEKTOPBT YETETE TEKCTa, TS CHIIO 3al0uBa Ja Y€Te, HO IO YeTe Mpeau
JEKTOpa, Thil KaTO ayAUTOpUATA YeTe MO-ObpP30, OTKOJIKOTO JEKTOPHT yCIsBaTe Aa
M3rOBOPU CBHINUS TEKCT. B pe3ynTsAT Ha TOBa ce HapyllaBa CHUHXPOHBT MEXIY
aekTopa u ayauropusra. [lo-epektuBHO OM OO, aKO Ha €KpaHa Ce MOKa3Ba €/IHO
ChABpKAHUE, a JIa C€ U3roBaps APyro.

HambinHo noepewino e npes noseuemo epeme jiekmopvm 0a 2neda KoM eKpaua C
MpPE3CHTAllUATa, @ HE KbM ayJUTOPHATA, & OIIE HO-HEOONyCmuMo e 0a ueme
HANUCAHOMO OM eKpaHa “‘eOHO KbM eOHO .

He e 3agbpkuTenHO JEKTOPHT Ja CTOM Mpe3 IisiylaTa MPe3eHTalls WU CaMo
OTJISIBO WIM CaMO OTJSICHO Ha €KpaHa, HO W HE TpsOBa JIEKTOPBT 0a ce 08udicu
HenpekbCcHamo, 3alloTO HEroBOTO JBWXKEHUE 3aTpyAHSBAa BUAMUMOCTTA Ha
ayIuTopusTa KbM ClaiiioBeTe, a ChUIO Taka S PA3KOHLUEHTpUpA MOpaau
HEMPEKbCHOTOTO CJIEICHE Ha JIEKTOpa M Ha ciaiiaoBere. JIGKTOpBT OM MOrba Aa ce
JBUKU CaMO B CIIy4aWTe, KOraTo pa3Ka3Ba HAapUMEp HCTOPHSITA HAa HIKOE HAYYHO
OTKpUTHE, OHorpadusaTa Ha BUAEH Y4YE€H WJIM KOraTo JaBa IMpUMEp, T.€. KOraro
CJIAIJIOBETE HE CE CMEHSAT Ha €KpaHa.

JlekTopbT HUKOra He TpsOBa 3a 3a0paBs OIlE€ €IHO OCHOBHO IPaBHJIO MpPH
npe3eHTupane ¢ PowerPoint Ha rojmsiM ekpaH, a UMEHHO, HUKOTa JIGKTOPBT Ja He
00pvUa 2pbO KbM ayJUTOPHUSATA.

111l.3aka0ouenue

[Ipe3enTupaneTo mpen pa3inyHa ayAuTOPUsS B HACTOSIMA MOMEHT Tipe3 XXI Bek
€ HEeMUCIUMO 0€3 M3MOJI3BAHETO HAa ChBPEMEHHUTE METOAM 3a MPEACTaBSHE, Cpell
KOUTO € U MYJITUMEIUHHOTO. JJoOpoTO ycBOsiBaHe Ha MH(pOpMalusaTa 61 MOTJo Jia ce
OCBIIECTBU CaMoO IIPU CIIa3BaHE Ha OINPEIEIICHU OCHOBHU IPaBWJIA, TOJIsIMA 4acT OT
KOUTO Ca IIPEICTaBEeHU TyK. B mocnegHure mecenu CbC Ch3hajnara C€ U3BbHPEAHA
CUTyaIlus B ILIEJIUsI CBSAT C Bb3HUKHAIATa MaHAEMHUsS BCE MO-0CE3aeMO U HEOOXOAUMO
CTaHa W3II0JI3BAaHETO Ha TPE3CHTAIlMU, BKIIOYUTEIHO W ¢ PowerPoint, xoeto e
IIPEACTAaBEHO OT aBTopuTe. Ta3W crathsg MMa 3a OCHOBHA LEJ IMOJAIIOMAaraHe Ha
JIEKTOPUTE U BCUYKH, KOUTO TPSAOBA Ja MPEACTABAT pe3yiaTaTUTe OT paboTaTa cH, aAa
ro HAmpaBsT MO-YCIENIHO M pa3OupaeMo OT ayAuTOpHUsATa. ABTOPUTE CE€ HasIBAT
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MOHE YacT OT MPEACTABEHUTE NPENOPhKU KbM MPE3CHTUPAILIUTE Ja MOA0OpST
Ka4ueCTBOTO Ha IPEIACTAaBIHOTO ChABP)KAHKWE, KAKTO U J1a IIOMOTHAT HA HACTOSIIUTE
CJIyIlIaTeIN, KOUTO L€ CTAHAT JIEKTOPHU, Aa MPUI00UAT HAKOM OCHOBHM YMEHUS NpPHU
IOJArOTOBKAaTa Ha OBJCHINTE UM MPEACTaBSHUS IIPE]l rojisiMa UM HE TOJKOBA rojisiMa
ayIUTOpU.
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Abstract. The influence of intrapulse Raman scattering (IRS) on the solutions of the
complex cubic Ginzburg - Landau equation (CCGLE) is studied by means of the dynamical
model proposed in [17]. It is shown that results obtained by means of this dynamical model
confirms recent numerical results of [16] for the vanishing of stable pulses in the presence of
perturbed with IRS CCGLE when the magnitude of the IRS coefficient goes to zero.

Keywords: Nonlinear fiber optics, complex cubic Ginzburg-Landau equation,
dissipative solitons, intrapulse Raman scattering, mode locked lasers

1. Introduction

In optics the complex cubic-quintic Ginzburg - Landau equation (CCQGLE) and
the complex cubic Ginzburg - Landau equation (CCGLE) have been used to describe
a passive mode-locked solid state and fiber lasers as well as soliton transmission lines
[1-2]. The numerical solutions of the CCQGLE have revealed the existence of
localized pulsating solutions in the negative dispersion region: plain pulsating,
creeping, and erupting (exploding) solutions [3-4]. Finite-dimensional dynamical
models for solutions of the CCQGLE have been derived through the method of
moments [5-7] and the variation method in [8]. For the study of ultra-short optical
pulses it is necessary to include higher-order effects (HOE): third-order of dispersion
(TOD), self-steepening (SS) and intrapulse Raman scattering (IRS) [2,9-10].
Attention has been paid to the investigation of the influence of HOE on the exploding
solutions numerically [11-13] and analytically [14-16]. In a recent study the role of
IRS as a feedback mechanism for the existence of stable propagating dissipative
solitons with uniquely determined velocity in the complex cubic Ginzburg-Landau
equation (CCGLE) has been studied through a semi-analytical approach [16]. It has
been shown that the limit of vanishing magnitude of the IRS coefficient is singular.
Scaling relations for the velocity, pulse amplitude, frequency and full-width at half-
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maximum of the pulse have been proposed and through numerical solution of
CCGLE verified [16].

Using the method of momentum [5] we have developed the finite degree of a
freedom model for the analysis of the influence of HOE on the solutions of the
CCQGLE in the anomalous dispersion regime [17]. The aim of this report is to apply
the finite—dimensional model of [17] in the investigation of the existence of stable
propagating dissipative solitons in the complex cubic Ginzburg-Landau equation in
the presence of IRS.

2. Moaea

The dynamical behavior is described by the following CCGLE perturbed with
HOE [2-3]:

U . 2 0 2
o ieuf'u +7Ua(|U| ) (1)

2

i% %8&8 +Ufu =isu +ip
where U is the normalized envelope of the electric field, t and X are the evolutional
and spatial variables, s is the linear loss-gain coefficient, g describes the spectral
filtering, & is the nonlinear gain or absorption coefficient (the nonlinear gain arises
from saturable absorption). In this equation we have implied that the group-velocity
dispersion is anomalous. Parameter y takes into account the effect of IRS in the
simplest quasi — instantaneous description. To derive the dynamical model of [17] for
the CCQGLE we use the trial function in the form [5-7]:

U (x,t)=7(x)sec h{t ;;()8()} exp[i o(x )t —k(x))+ic(x )t —k(x)) ] (2)

where 7(x), o(x) and k(x) are respectively the amplitude, width, and position of the
pulse maximum, «(x) is the frequency, and c(x) is the chirp parameter. The dynamical

model (DM) of [17] reduced for the case CCGLE perturbed only by IRS has the
form:
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3
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z—z=(50)n+ﬂ[n( 60577 +3r'c’o )nm2]+€2(3+ﬂ' )

1572%0° 3r? g
1+ 7°c’c" )@ 2
d_a’:_4ﬁ¥+§7’7_2,
dx 3o 15" o
dk 27° 2
—=w- cwo?’, 3
W 3 P (3)
do 8 16 ,, 3j 4 )
— =2Co + —-—r‘C’o’ |—-—¢on’,
dx 'B(ﬂza 15 7’ 7
2 4(3+7%)c
%:(_2&4_ 224_ 22772)_ ( 2 2) .
dx r°o" rno 3r°o

The essential point in the derivation of this equation is the relation between the
width and chirp of the pulse [5]. The evolution of numerical solution of Eg. 1 into a
solution with a sech-like form given by Eqg. (2) is decisive for the successive
application of DM (3). The numerical results presented here have been obtained by
means of Wolfram Mathematica [18].

3. Pe3yararu

In a recent study the role of IRS as a feedback mechanism for the existence of
stable propagating dissipative solitons with uniquely determined velocity (see Fig. 1
there) in the complex cubic Ginzburg-Landau equation (CCGLE) has been studied
through a semi-analytical approach [16]. Firstly, it has been shown that the value of
velocity of dissipative solutions reduce with the increase of the parameter » (see Fig.
1 in [16]). We apply here DM (3) in the study of this dependence. As in [16], the
following values of physical parameters have been used: &=-0.012;3=0.6;£=0.3.

Note that the parameter of IRS is y. Initial condition for DM (3) is:
n(0)=% a(o)z/]{](o);c(o)zo and »(0)=0. Distance of calculation is: x,,, =200. In

order to compare our results with the results obtained by numerical solution of Eq. (1)
in [16] we should mention that the velocity v of [16] corresponds to k(X )/ X, Of

DM(3).
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®dur. 1. Results obtained by the numerical solution of DM (3)
for the dependence of the velocity of dissipative solution vs
the parameter of IRS y at §=-0.012; #=0.6;£=0.3. The
initial condition is 7(0)=1 o(0)=1/7(0); ¢(0)=0;»(0)=0.
The propagation distance is x__ =200.

As seen in Fig. 1, the magnitude of velocity of the dissipative solution reduces
with the increase of the parameter of IRS » . The shape of this hyperbola - type
curve should be compared with the shape of the curve of numerical results presented
in Fig. 1 of [16]. Excellent agreement between both curves should be mentioned.

It has been shown also that the limit of vanishing magnitude of the IRS coefficient
is singular. Following scaling relations for the velocity, pulse amplitude, and full-
width at half-maximum of the pulse have been proposed and numerically (through
numerical solution of Eq. (1)) verified in [16] (see Eqg. (11) and Fig. 10, Fig.11,
Fig.12, and Fig. 13 in [16]).

In terms of notations of the quantities which describe our trial function given by
Eq.(2) some of these scaling relations take the form:

V=K(Xpue ) X ~Y 7 1 =1y ; w=2(ln2+\/§)a(xmax) ~y (4)

In the next Fig.2, the velocity v as a function of y (in the limit of small y
demonstrating the first scaling relation of Eq. (4)) is shown.
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®dwur. 2. Results obtained by the numerical solution of DM (3)
for the dependence of the velocity of dissipative solution vs the
parameter of IRS at 6 =-0.012; 5 =0.6; ¢ =0.3. The initial
condition is 7(0)=1;,o(0)=1/7(0); ¢(0)=0;(0)=0. The
propagation distance is x . =200.

It can be seen that the magnitude of velocity of the dissipative solution reduces
with the increase of the parameter of IRS y (as in Fig. 1 but now for a small values
of 7). Note here that the magnitude of velocity of dissipative soliton diverges. The

shape of this curve is a hyperbola which could be expected from the first relation of
Eq.(4). The curve of Fig. 2 should be compared with the shape of the curve of
numerical results presented in Fig. 10 of [16]. A very good agreement between both
curves could be observed. In the next Fig.3, the amplitude of dissipative soliton » as

a function of 7 (in the limit of small y demonstrating the second scaling relation of
Eq. (4)) is shown.
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®dwur. 3. Results obtained by the numerical solution of DM
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(3) for the dependence of the amplitude of the dissipative
solution » vs the parameter of IRS y at
5 =-0.012; B =0.6; £ =0.3. The initial condition is
1(0)=106(0)=1/7(0); ¢(0)=0;»(0)=0. The propagation
distance is x_, =200.

As can be seen from Fig. 3 the value of the amplitude of the dissipative solution
reduces with the increase of the parameter of IRS » . We note here that the magnitude
of the amplitude of dissipative soliton diverges. The shape of this curve is a
hyperbola which could be expected from the second relation of Eq.(4). The curve of
Fig. 3 should be compared with the shape of the curve of numerical results presented
in Fig. 11 of [16]. A good agreement between both curves could be observed.

In the last Fig.4 the full width at half maximum (FWHM) of dissipative soliton as
a function of y (in the limit of small » demonstrating the third scaling relation of Eqg.
(4)) is shown. We should mention that the FWHM of [16] corresponds to
2(I2+/3) (X ) Of DM(3).

As can be seen from Fig. 4 the magnitude of the FWHM of the dissipative
solution increases with the increase of the parameter of IRS » in a way which could
be expected from the third scaling relation of EQ.(4). The way in which the
magnitude of the FWHM of stationary solution increases with the increase of the
parameter of IRS y should be compared with numerical results presented in Fig. 13

0.5

0.1

0.0
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Y

®dwur. 4. Results obtained by the numerical solution of DM
(3) for the dependence of the FWHM of dissipative solution
vs the parameter of IRS y at §=-0.012; =0.6;£=0.3. The

initial condition is 7(0)=1; o(0)=1/7(0); ¢(0)=0;(0)=0.
The propagation distance is x_, =200.
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of [16]. Excellent agreement of results presented in Fig. 4 with those of Fig. 13 of
[16] could be found.

4. Conclusions

The influence of intrapulse Raman scattering (IRS) on the solutions of the
complex cubic Ginzburg - Landau equation (CCGLE) is studied by means of the
dynamical model given by Eq. (3) proposed in [17]. Applying this dynamical model
for the parameters used in [16] we have obtained results for the amplitude, velocity
and FWHM of the dissipative solitons as a function of the parameter of IRS » which
are in excellent agreement with results obtained by the numerical solution of Eq. (1)
presented in [16]. These results of ours show that the DM(3) confirms the scaling
relations reported in [16] and therefore properly describes vanishing of stable pulses
in the presence of perturbed with IRS CCGLE when the magnitude of the IRS
coefficient goes to zero.

We should mention in the end that similar tendencies in the change of the
amplitude, velocity and width of dissipative solitons with extreme spikes (DSES) of
complex cubic-quintic Ginzburg-Landau equation with increase of the parameter of
IRS 7 have been observed recently in [19]. It has been found there that the
transformation of the single spike DSES into Raman dissipative solitons exists. It has
been shown that reduction of the amplitude and velocity as well as the increase of
width of the Raman dissipative solitons with the increase of the magnitude of the IRS
coefficient appear. More over these features have been successfully described by
means of the dynamical model proposed in [17].
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HAKOHU OCHOBHU PEXKUMU HA IMHAMUKATA HA
CBPBXUHTEH3UBHU CBPBXKBbCHU CBET/IMHHU UMITYJICH
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'O6eauueH TexHIUeCKH KOTEK, TY-Codus, 6yn. "Ki. Oxpuncku" 8, Codus 1000
Karenpa "TpunoxHa dusuka", ®IIMU, TY-Codust, 6yi. "Ki. Oxpunckn" 8, Codust 1000
3KaTe/:[pat "MareMmaruuecko Mozaenupane u ynciienn meroau', ®IIMU, TY-Codwus,
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Pesrome. Ycmanosenu ca HAKOIKO OCHOBHU PedACUMA HA NPOCMPAHCMBEHO-8PEMEHHama
OUHAMUKA HA CBPBXUHMEH3UBHU CEPLXKHCU CEEMIUHHU UMNYACU 8 0O0eMHU HelUuHeluHU cpeou,
bazupanu Ha HenuHeltiHomo ypasHenue Ha LlIpboounecep u Ha HeNUHENHOMO YpasHeHue Ha
obsuekama. Ycmanosena e ponama Ha UOHU3AYUAMA HA Ccpeoama 6vbpxXy CmeneHma Ha
CAMOKOMNpeCUsl Ha UMNYICA U HA CMAOUTHOCIMMA HA PA3NPOCMPAHEHUEemO HA UMNYICA.

Kur04oBM QyMH: CBETIMHHM MMITYJICH, CBPbXUHTEH3UBHU, CBPBbXKbCH, OCHOBHH
PEKUMH.

2. YBoxa

[IpocTpaHCTBEHO-BpeMEHHATa JWHAMHUKA HAa CBPBXUHTEH3UBHU CBPBXKBCU
ceeriuaHM umnyiicu (CCCU) B MarepualiHa cpela € Mpeau3BUKaTeIHa 3ajada,
KOATO TPYAHO MOXeE Jla ObJIe CUCTEMATU3UpaHa U MPEACTABEHA B pAMKUTE Ha OOIIO0
3aKiaroueHUe. ToBa ce IbKK Ha rojeMus Opoi JUHEWHHM W HEJIWHECWHH IIPOIIECH,
KOUTO Ca €IHOBPEMEHHO MHTEH3UBHH MOPAJIH CHIIHATA JIOKAIU3allis HAa UMITYJICA BbB
BPEMETO M MPOCTPAHCTBOTO (B pe3ysiTaT Ha caMO(OKYCHPOBKA) U HA BUCOKUS MY
nHteH3urer. C yBeIMYaBaHE HA MHTEH3UTETA, KOJWYECTBOTO HA HEIMHEUHUTE
MPOIIECH CWJIHO HapacTBa, a TAXHOTO B3aMMHO BIIMSHHE C€ 3acuiiBa. ToBa BOAM 0
roJisiMo pazHoo6pasue B moBeaeHueTo Ha CCCHU npu pa3nmuyHu yCIOBUS.

Pannure wuscnenBanusa Bbpxy pasnpoctpanenuero Ha CCCHU  nmoeepgoxa 1o
3aKII0YEHUETO, Y€ HMMITYJICHT CE€ pa3lIMpsBa W paslienBa B cpeAa C MOJIOKHUTEIHA
IUCIIEpCHs Ha TpyroBara ckopocT [1-3], a chIIECTBYBAaHETO HAa MPOCTPAHCTBEHO-
BPEMEHEH COJIUTOH € MPEeICKa3aHO TEOPETUYHO B Cpe/ia ¢ OTpULIaTeNIHa AUCTIepCUs Ha
rpynoBata ckopocT [4]. ToBa pa3OupaHe Oerie peBU3UPAHO C OTKPUBAHE Ha
saBiaeHueTo camoxomnpecus Ha CCCHU B pa3inuyHu Cpeu ¢ MOJIOKUTEIHA TUCTIEPCUS
Ha TIpynoBaTa CKOpPOCT (aTOMHM W MOJIEKYJHM ra3oBe M aMmopdeH KBapl) Hu
EKCIIEPUMEHTATHOTO HaOJIoJaBaHe Ha CTAOWIM3aIlus Ha WMITyJica B PaMKUATE Ha
omnpeiesieH MPOCTpaHCTBEH uHTepBal [5, 6]. [locnenBanure m3cienBaHus pa3Kpuxa
rojieMusi MOTEHIMA]I Ha caMOKOMIpecusiTa, nmo3pojsiBail ga ce renepupatr CCCU ¢
MPOABIKATEIHOCT OT HAKOJIKO ONTHUYHU IUKBJIA 0 €IMHUYEH IIUKbBJ Ha HOCelaTa
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gecrora (2,5 fs/yuxwn ) [7, 8]. CamoxoMnpecusaTa e eIMHCTBEHUAT U3BECTEH 3acera
TMpoLEC B cpela C MOJOKMTETHA UCIEPCHS, KOMTO MOXKe Ja IPOTHBOCTOM HA
Pa3IIMPSABAHETO U HA PA3IIENBAHETO HAa CBPBXKBCHTE UMITYJICH BBB BPEMETO.

IlenTa Ha HacTosAIaTa paboTa € Ja CHCTEMAaTH3Mpa HAKOM GAas3HCHH PEKMMH Ha
IIPOCTpaHCTBEHO-BpeMeHHaTa auHamuka Ha CCCH, reHepupaHH OT OCHOBHHS
Na3epeH M3TOYHNK Ha TAKMBA HMITYJICH — J1a3ephT Ha TUTAaH-Carup.

2. Pexxumu Ha pasnpocTpaHeHue, GU3MYHM MOJAeJIH U OCHOBHH Pe3yJITATH

Bonpeku ronemus Opoil (M3MYHM MPOIECHM M BapHallid Ha TNapamMeTpuUTe Ha
UMITyJICa U cpejaTa, Iie ObaaT pa3rpaHuYeHU HSIKOW OCHOBHM (DM3UYHU MOJICNIA U Ha
Ta3u 0aza 1e ObJIe HAallpaBeH OMUT 3a cucTeMatusupane Ha noseaeHuero Ha CCCU u
cBbp3aHuTe ¢ TAX ycinoBus. llle Obnar pasrienaHu cieaHuTe (U3UUHU MOJACIU
0asupanu Ha: (3+1)D HeamHeiiHo ypaBHenue Ha llIproaunrep 6e3 iioHn3anus Ha
cpenara; (3+1)D HeanHeiiHO ypaBHeHHWe HAa OOBHMBKATa 0e3 HOHH3AIUsI Ha
cpeaara;

(3+1)D HeqiuHEHHO ypaBHeHHEe HA 00BUBKATA ¢ HOHU3ALUS HA CpeAara.

2.1 (3+1)D nenumneiino ypasuenue na lllpvoounzep de3 nonuzayus na cpeoama

PasrnexpanusaT (QusnyeH MOJEN BKIIOYBA 00EMHA, XOMO2EHHA U U30MPONHA
HeluHelHa cpeda ¢ BUCOKO JISKAIo IbPBO BH30yI€HO HUBO U BUCOK HOHU3AIIMOHEH
noreHimal, kakto 1 CCCH ¢ OTHOCUTENTHO HUChK HWHTEH3UTETHT, TaKa Y€ MPOIECH
KaTo eTHO(POTOHHO WJIM MHOTO(GOTOHHO TIOTJIBIIAHe, AUPEKTHA WM KacKaJlHa
HOHM3aINS, ¥ HEPE30OHAHCHHU HEIMHCWHH MPOIECH, TT0-BUCOKH OT KYOMYHH, MOTaT Ja
ce mnpeneOperHar. Karto Haii-noOpa peanHa cpefa yAOBJIETBOpsIBallla Te3U
M3KWCKBAHMSI CE SBSIBAT MHEPTHUTE ra3oBe. B paMKuTe Ha TO3M MOJEN C€ pas3TeKaarT
0a3ucHUTE JMHEHHU TpollecH, AUQPPAKIUI U JUCIIEPCHS Ha TpyroBaTta CKOPOCT, U
HEJIMHEEH MpoLec OT Hal-HUCBHK mopsabk - kyoumuHa (Kep) nemuueirinoct. Tosu
MoJIen e Ob/Ie O3HaueH KaTo Munumaien mooer (MM) [9].

Pasmpoctpanennero Ha CCCU B pamkute Ha MM ce omnucsa ¢ (3+1)D nerunetino

ypasnenue na Illpboounecep 3a KOMIUIEKCHATa aMILIUTyga Ha monero E(r,z,7),
KOETO B JIOKAJIHO BpeMe 7 HMMa Buja (B CTaHIApTHU O3HAUYCHUS):

T .

oz 2k 2 o7’ n,

oE i i3, o°E ikn, [~2 ~
ﬂz 2 ‘E‘ E — 0 (1)
HOJ’IeTO CC OIINCBAa B paMKI/ITe Ha KOHIICIIIIUATA Hoceuwa qecmoma—o66u61<a U CC

npeAcTaBs BBB BHUJA E(t)=|§o (t)exp(—iw,t + i) + c.c. Jluncata Ha HeoOpaTUMHU

3aryou B MoJjiejia 03HauaBa, 4e € MPUJI0KUMO YCIOBHETO 3a 3alla3BaHe Ha CHEPrusiTa
Ha umnyica W(z), T.€.,
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oo
W(z) = jj ‘E(r,z,r)rdsdr =W, = const | (2)
S, —®©

KBJIETO MHTETPUPAHETO € BBPXY HANPEYHOTO CEUYECHHE HA HMITYJICA U JIOKATHOTO
BpeMe 7 . YcioBue (2) MOXKE J1a Ce M3I0JI3Ba M KaTO YCIIOBHE 33 HOPMHPOBKAa Ha

OJIETO.
Havanuusat uMmmync ce npueMa 3a JMHEWHO NMOJISIPU3MPAH C MPOABIDKUTEIHOCT
100 fs, 6e3 umpt, ¢ ['aycoBa hopMa B HanpewyHO HampaBieHHe I u BBB BpeMeTo T,

E(r,z=0,7) = E,exp(~r?/2r> =7*/2r?), u apmxuna Ha BBHaTa 800nM. Pesynrature

OT YHCJCHHUTE CHMYJAIlMM 3a €BOJIOLMATA Ha HMIyJca B pamkure Ha MM ca
nokasanu Ha ¢ur. 1 u 2.

=)

E1000 .60 Z

= 2 =100

3 B g 40 S

S n 2 ©

g 500 E 5l S 5ot

e+ % P

g 0 A L1 L 80 L L 2 9 1 L1 I
0 05 1.0 0 05 10 a 0 05 . 1.0
propagation distance [m] propagation distance [m] propagation distance [m]

0 B

®ur. 1. Egonroyus na paouyca na umnyica (a), nukosus unmensumem (0) u
NPOOBANCUMETHOCIMA HA UMNYICA (8) OM PAZCMOSHUENO

®ur. 2. I[lpocmpancmeeno-epemerHa hopma Ha HAYATHUSA UMRYIC (a),
Komnpecupauus umnyic (0) u Ha pasyenenus umnyic (8)

B pamkute Ha MM no0pe ce Bb3npou3BexkIaT caMo(POKyCUpPOBKaTa HA UMITyJICa,
¢dur. la; HapacTBaHETO Ha MHTEH3UTETa, ur. 16 U ¢ur. 26; caMoOKOMIpecHusiTa Ha
uMmirysica ¢ur. 1B u ¢ur. 20; u pasuenBaHeTo Ha uMmiyJica, gur. 2B. B pamkute Ha
MM 3a mppBH TBT € MOKa3aHO, Y€ CAMOKOMIIpECHsS Ha HMITyJIca MOXE Jia ce
HaOmoaBa caMo Ha 0a3aTta Ha TPUTE OCHOBHHM Ipolieca - Audpakuus, AUCTIEPCHs U

62



Juu Ha ¢usukara’2020 28 - 30 mait, Codus

KyOnuHa HenuHerHHocT. OCHOBEH HenocTaThbk Ha MM e, ue He € B ChCTOSHHUE Ja
OMHUIIE T.H. (PUIAMEHTALIMS HA UMITYJICA M CTAOMIHOTO COJIMTOHOIIOI00HO MOBEICHUE
B PAMKHTE Ha ONPEIEICHO Pa3CTOSHUE HA PA3IIPOCTPAHEHNUE.

Henocrareuure Ha MM moraT n1a ce mpeofosiesT, o IPUHIMUI, B PAMKUTE Ha
cienBaumre Aa noxaxona. Ilpm Tax, 3a pasznuka or MM, BkiItoueHUTE (PU3UYHU
IIPOLIECH Ca TaKWBa, Y€ HAa BCEKM HHTEH3MBEH IPOLEC, ACHUCTBAIl B OIpPEACIICHA
nocoka mno ortHomeHue Ha epomouuATra Ha CCCH, uma noHEe €IWH HMHTEH3UBEH
IIpOLIEC JeHCTBAIl B MPOTUBOMNOJIOKHA MOcOKa. TakbB €IMH MoJen e Ob/ie O3HAUYEH
KaTo MuHumaner oocmamoyer mooen (MJIM) [10].

MUHUMAIEH 00CHAMBYECH MOOEl

OCHOBHO ypaBHEHHE Ha pasnpoctpaneHue B MJIM e nerunetinomo ypasuenue na
obsuskama (HYO) A(r,z,7), xoeto uma Buza (B crangapTHH o3Hadenus) [11, 12]:

aA i o ) - A .a)o o 2 .a)o A 4
— = —TVSA + IDA+1—n,T A- 1—n,T A
oz Zko 1 c 2 |A| C 4 |A| ()
3
i k20 Tipa — ZpA _MA
2n; p, 2 2

HVYO cbabpika sIBHO TpeTa W MeTa HEIMHEWHOCT, KOUTO Ca ¢ MPOTUBOIIOJIOXKEH 3HAK,
KaKTO ¥ YJICHOBE OMKCBAIIM HOHU3amMsITa Ha cpeaara. KoHIeHTpausta Ha
CIIEKTPOHUTE p CE ONMHUCBA C KWHETHYHO ypaBHEHHE (B CTaHAapTHU o3HaueHwus) [12]:

%’) = W(I)(p, - p) +@Wp— f(p) )

P

Pasrnexna ce MHOrO(pOTOHEH peXUM Ha HOHM3ALUs ChC CKOPOCT, MPONOPLMOHATHA
Ha K-Ta CTeleH Ha uHTeHsuTera, W = o, 1, KbaeTo k € 6posaT GOoToHH 3a HOHM3ALMSL.

HoHu3anusta oka3sa BIMsC U BbPXY JUCIIEPCHUITA HA TPYIIOBAaTa CKOPOCT, YUHTO
aHAJIMTHYCH U3pa3 UMa B (B CTaHIApTHU o3HaveHus) [13]:

e’ 2’
ﬁi(Z) - _ P — 7 (5)
272-2m C4 1-— u
) zm,c?

OTpuLATEIHUAT NPUHOC Ha HoHM3anMaATa A2 KbM AMCIIEpCHATa HAa IPyNoBara
ckopoct, 8% = 9 4+ g2 e enMHCTBEHUAT IpoOLEC, KOITO AUPEKTHO MPOTHBOCTOM Ha
JUCIIEPCUSATA HA TPyHOBATa CKOPOCT Ha HeyTpanute, B2, KoATo e MoN0kKUTEeTHA IPH

obuyaitau ycioBus. C BKIIOYBAHETO Ha mocieanus npoiec, M/IM moxke na ce cunta
3a 3aBbpieH. Ha 6a3ata na M/IM e pasriename ciaeaHuTe ABa MOIX0/1a.

63



Juu Ha ¢usukara’2020 28 - 30 mait, Codus

2.2 (3+1)D nenuneuno ypasnenue na obeuekama 6e3 iionusayus na cpedama

OONYaHUAT TMOJXOJ B TakWBa Clydad MpeiroJiara eJIMMUHUpPAHE HAa BCHUYKO
CBBP3aHO C BBIIPOCHUS MPOIIEC, B ciydyasd — noHnzanusara. B MJIM ToBa o3HauaBa na
ce aHyJupaT u3IsIo ypaBHeHus (4) u (5), KakTo U BCUYKU 4jieHOBE B (3), CBBp3aHU C
HoHM3anuATa Ha cpenara. Tyk € cieaBaH MO-pa3judyeH MOAXOJ — ThPCHUM TaKUBa
rmapaMeTpu Ha HMIyJica W Cpelara, Npu KOWTO HOHM3alLMATa Ha Ccpejara ¢
npeneOpexxuma. [IpemumcrBara mpu To3u moaxox ca: (I) HaMHUpaHe HA peaTHU
YCIIOBUS, TIPH KOWTO JIBaTa peXMMa MoraT Jia ce HaOronaBar, u (i) HaOmoaBaHe Ha
IJIaBEH IIPEXOJ OT €ANHUS PEKUM KbM JIPYTHS.

B pamkxute Ha M/IM Oemie ycraHOBeHO, Y€ HOHHM3aluUsATa € MpeHeOpexuma
(KOHIIEHTpaIHsITa Ha EJICKTPOHUTE p< 4cm™>) mpu uMItyic ¢ eneprus 0.5mJ , HauanHa

npoabmkutenHoct 7 =150fs (['aycoBa mpocTpaHcTBEeHO-BpeMeHHa (Gopma) U cpena
aproH npu Hajsiraie 3atm. Pe3ynratuTe OT YUCIEHUTE CUMYJAIUK 32 €BOJIIOLMATA
Ha UMITyJICA [IPU TE3U YCIIOBUS ca MOKa3aHu Ha ¢ur. 3 u 4.

]

E 150~

=200 - Sat Z |
5 s L S0
3 T — > = T
5 100 | 211 o T
I 2 3 50
- | o [ o
% | | | E %

LS I
g 0 12 3 %0 > 3 &0 7 3

propagation distance [m] & propagation distance [m] propagation distance [m]

a 0 B

®ur. 3. Egonroyus Ha paduyca na umnyica (a), nukosus unmenzumem (0) u
NPOOBLANCUMETHOCIIMA HA UMNYJICA (8) OM pA3CMOSHUEMO.
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@ur. 4. IIlpocmpancmeeno-8pemerna popma Ha KOMNPeCcupanus UMnyic
Ha pazcmosHus, npubauzumento, Im (a), 2m (6), 3m (8)
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Ot nmomydenure pesynratu, ¢ur. 3 u 4, ce Buxaa, ye B pamkure Ha MJIM c
npeHeOpekuMa HOHU3aIMsl Ha cpeaaTa ce€ BB3IPOU3BEKIAAT BCHYKHM OCHOBHH
EKCIICPUMEHTAJIHA  XapaKTepucTUKW Ha pasnpoctpanenuero Ha CCCH. Tlo-
CIICLUAITHO, OCBEH TE3W, KOWUTO Bb3OpousBexkaa MM, MM Bb3npousBexaa
dbunamenTanuaTa, Gur. 3a, U, KOETO € 0COOEHO BaXKHO, CTAOUIIHO COJTUTOHOMOI00HO
pa3npoCTpaHECHHE B paMKHUTE Ha OMpeJIesIeHO pa3cTosHue, ¢ur. 3 u ¢ur. 46 u 4B.

2.3 (3+1)D nenunenno ypasnenue na obeuekama c uoHuU3aAUUA Ha cpedama

B pamkute Ha M/IM 6erie ycTaHOBEHO, Y€ PEXXHUM ChC 3HAUUTENIHA HOHU3aLUs Ha
cpenara ce mnojiyyaBa mpu umiyic ¢ eHeprus 0.5mJ, HadallHa MPOABILKUTEIHOCT
r=150fs (I'aycoBa mpocTpaHCTBEHO-BpeMEHHA (opMa) U cpeda aproH IpH HaJsAraHe
18atm. Pe3ynTaTuTe OT YUCICHUTE CUMYJIAIIMHU 32 €BOJIOLUSITA HA UMITYJICa MPU TE3U
yCcIIOBHUS ca Noka3zaHu Ha ¢ur. 5 u ¢ur. 6. 3a cpaBHEHHE C MPEAXONHHUS CIyyai,
KOHIICHTPAUATA HA E€JIEKTPOHUTE, B MAJIbK Y4aCThK OT TPAEKTOPHUATA, JOCTUTA J0O
p~5.10"cm™ . OrpOMHOTO HapacTBaHE HA KOHIICHTPAIMITA HAa €JICKTPOHUTE MPH TE3U
YCIIOBHS C€ IBJKUA Ha TOJSIMOTO HaJsSIraHe, BOJIELIO /10 MMO-CHUJIHA caMO(pOKYyCUPOBKa,
HapacTBaHE Ha MHTEH3UTETa 70 noutu 5.10°W /cm?, ¢ur. 56, (cpemry 1,5.10%W /cm?,
¢ur. 30) U MHOro CHJIHaTa 3aBUCUMOCT Ha MHOro)OTOHHaTa WOHM3ALUSI OT
WHTEH3UTETa — 3a HoHu3amus Ha Al aToM TpsiOBa Jja ce MOrbJIHAT €AHOBpeMEeHHO 11
nazepuu Gorona (Ha 800 NM), KOETO € HeJMHEEH mporec OT 2 1-Bu mopsabk, ;.

(8]
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I I
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pulse duration [fs]
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peak intensity [1013W/cm?]
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propagation distance [cm]

®ur. 5. Esontoyus Ha paduyca Ha umnyica (a), nukosusi unmensumem (0) u
NPOOBANCUMETHOCIMA HA UMRYJICA (8) Om pA3CMOsSIHUEmO

Ot monyuenute pesynratd, ¢ur. S u 6 ¢ BUAHO, 4e B pamkutre Ha MJIM c
WOHM3alMsI HA cpellara C€ BB3MPOM3BEKIAT BCUYKM OCHOBHM €KCHEPUMEHTAJIHU
XapakTepucTUKU Ha pasnpoctpaHeHrnero Ha CCCHU, BKIIIOUUTENHO (PrtameHTanusTa
U OTHOCUTEJIHO CTAOUIIHOTO COJIMTOHOMOJOOHO pa3MpOCTPAHEHHE B PAMKUTE Ha
onpeneneHo pascrosiHue, gur. 60 u ¢ur. 68. OCHOBHATa pa3ivKa ChC Clydas ¢
npeHeOpexxuMa HWOHU3ALMS €, Y€ cera pa3CTOSHUETO Ha KOETO ce HalirojaBa
cTabuiiM3alus Ha UMIYJIca € 3HaYUTETHO MO-KbCO, OTCTOSTHUETO MEXKY UMITYJICUTE
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N => -> -> ->
AN gl

T T
a 0 B T

@ur. 6. Esontoyus Ha 8pemenHus npogdun Ha UMNYICA: HAYaleH
umMnyJc (a), KoMnpecupan UMnYJc 8 08e pasiuitu
nonodicenust (6) u (8), u pazyenex uUMnyJc (2)

Ha ur. 66 u pur. 68 € okoso 10 cm. Ot npyra cTpaHa, HOHU3AUATA BOJU JO MHOTO
MO-CHJIHA CAMOKOMIIPECHS Ha UMITyJICa: OT OKOJIO 3 ITBTH, B Cly4yail ¢ mpeHeOpexnuma
onm3zanus, 10 Haj 10 obTH, B TO3U ciydail ¢ HOHU3AIMS.

4.3aka0ueHue

[Ipensioxen e munumanen oocmamvien mMooesl, B pAaMKUTE Ha KOMTO MOrar jaa ce
ONMUIIAT BCUYKM OCHOBHM E€JIEMEHTH OT IMHAMUKATA HA CEPLXUHMEHZUBHU CBPLXKBLCU
ceemauHHu umnyicu B OO0EMHU HenuHeWHU cpeau. M3scHena e ponsita Ha
WOHM3ALMATA BBPXY JWHAMUKATA HA TE3W HUMIYJICH, Karo € II0OKa3aHo, 4e
WOHM3ALMATA BOJU 10 TO-TOJIIMA CAMOKOMITPECHS] HA UMITYJICA, KATO ChIIEBPEMEHHO
3aTpyAHsIBA TOCTUTAHETO Ha CTAOWIIM3allUs Ha UMITyJICa MPU Pa3lpOCTPaHEHUE.
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X-RAY QUASI-PERIODIC OSCILLATIONS AND ESTIMATES OF
THE MASS AND THE SPIN OF THE NUTRON STAR IN 4U 1728-34

Ivan Zhivkov Stefanov

Department of Applied Physics, Faculty of Applied Mathematics and Informatics,
Technical University of Sofia,
8, Snt. Kliment Ohridski Blvd.,1000 Sofia, Bulgaria
e-mail: izhivkov@tu-sofia.bg:

Abstract: Three of the averaged light curves from the X-ray spectrum of the neutron star
binary 4U 1728-34 contain triads of quasi-periodic oscillations — two kHz, an upper and a
lower one, and one low-frequency. In the present work, with the assumption that the triads
occur simultaneously and with the application of the relativistic precession model the mass and
the spin of the neutron star in the atoll source 4U 1728-34 is obtained. The consistency of the
three independent estimates of the mass and the spin is also tested. According to the obtained
results, the studied neutron star has relatively high mass and moderate spin.

Key words: low mass X-ray binaries, quasi-periodic oscillations, neutron stars,
relativistic precession model, individuals: 4U 1728-34.

1. Introduction

According to the modern understanding, the quasi-periodic oscillations (QPOSs)
present in the power density spectra of many low-mass X-ray binaries (LMXBs) are
manifestations of physical processes from the immediate vicinity of the compact
objects located in them — neutron stars or black holes. Hence, QPOs provide
invaluable information about strong field gravity and its sources. Moreover, it
appears that QPOs, especially kHz QPOs, are one of the few currently available
methods for the measurement of the spin of compact objects.

Motta et al. [1] demonstrated that the presence of a simultaneous triad of QPOs in
the power density spectrum of a black hole, consisting of one low-frequency quasi-
periodic oscillation and a pair of kHz QPOs — a lower and an upper, allow us to
obtain very precise estimates on the mass and the spin of the central black hole. They
applied the relativistic precession model (RP) [2, 3] and assumed Kerr metric for the
description of the spacetime of the black hole in the microquasar GRO J1655-40. In
order to evaluate the uncertainties of the estimated parameters, mass and spin, they
used a Monte Carlo technique.

In a later work, using the same model and metric, Bambi [4] reanalyzed the
simultaneous triad of QPOs displayed by GRO J1655-40 and proposed an alternative,
numerically much more efficient method for the obtaining of estimates and
confidence limits on the black hole parameters.
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In both of these studies an assessment of the adequacy of the model, in the sense
of goodness of fit test, is missing.

The current work aims at an application of the RP model for the estimation of the
mass and the spin of the neutron star in the LMXB 4U 1728-34 through the method
proposed by Bambi [4]. As a byproduct, with this object we have the possibility to
test the adequacy of the model (or the metric). The power density spectrum of
4U 1728-34 contains not one but three supposedly simultaneous triads of QPOs. Each
one of them can be used for the estimation of the parameters of the neutron star, so
we have three independent measurements. A natural question in this situation is
whether these three independent measurements comply with each-other. A possible
conflict between them could be attributed to a wrong choice of either a model, or a
metric, or both.

2. Observational data

The X-ray spectrum of the atoll source 4U 1728-34 was analyzed in [5] and [6].
The light curve which presents the X-ray variability of 4U 1728-34 is divided into
256-s long segments, observations. The power density spectra of these segments are
grouped in 19 intervals according to the state of the source which is determined by its
position on the color-color diagram. Each interval contains 10 to 134 spectra, which
are averaged at the end. According to [5], the change of the selection criteria, which
determine the inclusion of a given observation in one or another interval, does not
significantly change the averaged light curves.

Three of the 19 intervals contain triads of QPOs consisting of one low-frequency
quasi-periodic oscillation and a pair of twin kHz QPOs. They are reproduced here in
Table 1.

Table 1 Observed values of the QPOs of 4U 1728-34, given in reference [6]
interaval  LF, (Hz) L, (Hz) U, (Hz)

10 42.14+0.77 513+18 849.5+2.0
11 45.52+0.66 561+11 875.7+1.6
12 46.70+£0.91 604+14 907.6+2.5

3. Relativistic precession model

According to the RP model the X-ray emission is modulated by the motion of hot
inhomogeneities dubbed hot spots in the accretion disk. The two kHz QPOs, the
upper and the lower, and the low frequency QPOs are manifestations of the orbital
vy, the periastron v4 —v; and the nodal precession v4 —vy frequencies of the hot

spot, respectively. The epicyclic frequencies for evaluated with Kerr metric are [7, 8]
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The upper (lower) sign corresponds to prograde (retrograde) direction of rotation
of the hot spot. In this paper all the masses are scaled with the Solar mass Mo, the

radii are scaled with the gravitational radius ry =GM / 02, and the specific angular

momentum a=cJ /GMZ, where G is Newton’s gravitational constant, ¢ is the
speed of light, J is the angular momentum of the star, is used.

4. Method

Bambi [4] defines the following merit function

2 2
(vu: (@M,r) - VEES) (vL(a,M, r)— vﬁbs)

22 (aM,r)= ) + .
OLF oL (@)
obs 2
(VU (a,M,I’)—VU )
+ 2
ou

In order to obtain the best estimates of the parameters one usually minimizes the
merit function with respect to them. In this case, however, the minimized merit
function is not a chi-square variable since it is a function of three parameters, and has
exactly three terms. If it was a chi-square variable it would have zero degrees of

freedom which is meaningless. The value of 752 cannot be used for the evaluation of

the goodness of the fit. It tells us nothing about the adequacy of the model. Besides,
its value is zero whenever the algebraic system defined by the three observed
frequencies has a solution, as mentioned in [4]. Nevertheless, we can use the merit
function (4) to find the optimal values (point estimates) of the parameters of the

modela, M andr, i.e. the values which minimize the merit function ;(2.
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In order to obtain a confidence level region in the plane determined by two of the
parameters, e.g. a andM , we shift the parameters from their optimal values and

minimize the quantityA;(2 :;(2 _Zr%in , Where ?(r%in Is the minimum value of;(Z,
with respect to the third parameter, which in this case is r[9]. The minimization of

A;(Z with respect to one of the parameters is a constraint which reduces the number
of degrees of freedom by one. The presence of three data points (three QPOs in each

of the observational intervals) and one constraint means that in this case A;(Z has two

degrees of freedom dof =2 and the values of A;(Z which correspond to confidence
levels 68.3%, 95.4% and 99.73% are 2.3, 6.17 and 11.8, respectively [9].

5. Estimations of the mass and the spin of 4U 1728-34

2,857
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Iy I

2,70] “.

2,651

2,60- T T Trr Tt T T Trrrr T T
035 036 037 038 0,39

a

Figure.1l The 68.3% confidence regions obtained by
the three intervals of observational data — 10 (solid),
11(dashed) and 12 (dotted).

The 68.3% 2D confidence regions that we obtain® are given in fig. 1. The
contours which represent the confidence regions coming from the three intervals of
observational data — 10, 11 and 12 are, respectively, solid, dashed and dotted?.

! For an explanation on the obtaining of confidence limits on the fitted parameters in the case of
nonlinear models we refer the reader to Section 15.6 of [9] but also Chapter 11.5 of [10]. For other
pedagogical texts see also [11] and [12].
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The optimal values of the fitted parameters a and M, and their standard errors,
obtained for A;(Z =1 are given in Table 2.

Table 2 Estimates on the mass and the spin of the neutron star in 4U 1728-34

interval a M

10 0-375i818ﬁ 2.70+0.07
11 0_373t8:882 2.77+0.04
12 0-360i81883 2.72+0.04

6. Consistency test

If we treat the different observation intervals as separate, independent
measurements one might want to know whether the estimates coming from them are
consistent with each other. Can they be represented by a single number such as their
weighted mean? In order to answer this question we define the following chi-square

variables®
3( M, —M ?
2 w — Vi
— Sw o 5
M i_( o J ()
2 3 gw_ai i
Xa :Z - | > (6)
i=1\ Oaii
Zl%/la =1+ Z:f : (7)

where M,, and a,, are the weighted mean values of the mass and spin, M; and a;

denote the optimal values of mass and spin coming from the i -th observation group,
and oy j and oy j are their uncertainties. See Table 2.

We use the first two of them to assess the consistency of the three mass estimates
and the three spin estimates, respectively. The third one can be applied to test the
hypothesis that both the masses and the spin are compatible with their weighted

% The boundaries of the confidence level regions in the a — M plane are implicitly defined by the

system A;gz =2.3, A;(?r = 0. (Here the comma designates the derivative with respect to the
parameter I .) This system has also geometric interpretation. It gives the projection of the 3D region

defined by equation A;(Z =2.3onthe a— M plane.

¥ A wonderful example of the application of the chi-square test to assess the consistency of different
measurements can be found in [11].
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means. The values of ;(,%A ;(g and ;(,%Aa that we obtain, and the corresponding p -
values evaluated with them are

Zﬁn =0.865, dof =2, p-value=0.649
;(5 =1.832, dof =2, p-value=0.400

Z|%/|a =2.697, dof =4, p-value=0.610

There is no reason to question the agreement between the three independent
measurements since all the p -values are significantly greater than 0.05.

7. Conclusion

According to the obtained results, the studied neutron star has relatively high
mass and moderate spin. As it can be seen, the three confidence regions partially
overlap, i.e. we have no obvious reason to question the applicability of the relativistic
precession model to the simultaneous triads of QPOs.

Had the obtained masses been lower than 2M, the validity of the Kerr metric for
the description of the space-time in the vicinity of the neutron star in 4U 1728-34
would have been guestionable.
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HPUJIOXKEHUE HA MOJIEJIUTE HA UBKPUBEHUA TUCK U
HPUJIMBHOTO PABKBCBAHE 3A U3CJIEJIBAHE HA ATOJI
MN3TOYHUKA 4U 1728-34

Panocruna Tamena u UBan Credanon

Karenpa ,,ITpunoxna ¢pusuka“, ®IIMU, TY-Codus, Oyin. ,,Kin. Oxpuacku“ 8, Codus 1000,
e-mail rpt@tu-sofia.bg, izhivkov@tu-sofia.bg

Pestome: Koperayuama medxncoy 0onrHama Vi U 20pHaAma vy om 0eme 8UCOKU YeComu
na keazunepuoouunu ocyurayuu (QPO) 6 penmeenosust cnexkmwvp na atoll usmounuxa 4U 1728-
34 cayosicu kamo ocnosa 3a uzciedsame Ha Heeogume xapaxmepucmuku. Ilpunacanemo na
eeooezuynume mooenu Ha uskpusenus ouck (WD) u na npuruenomo paskvceane (TD)
cvemecmo ¢ yF mecma 600sm 00 NPUEMIUSU CMOUHOCMU 34 ONMUMATHAMA MACA Ha
YEHMPATHAMA HEYMPOHHA 36€30d, CoUEMAHO ¢ 201eMlU CMOTHOCIU HA MUHUMATHOMO }.

Abstract: The correlation between the lower v and the upper w, high frequencies of the
quasiperiodic oscillations (QPOs) in the X-ray spectrum of the attol source 4U 1728-34 is a
base for investigation of its characteristics. The application of geodesic models of warped
disk(WD) and tidal disruption (TD) together with the ;*test leads to acceptable values of the
optimal mass of the central neutron star along with large estimates for the minimal 7.

Karo4oBu gymmu: mmysacapu, KBa3UNEPUOINIHU OCHUIAINH, PEHTITCHOBH CIIEKTPH

1. BnBeaenue

HeyTtponnute 3Be3nu cbCc cla00 MarHUTHO T1IOJ€ B CbCTaBa Ha SIPKUTE
MaJIOMaCHBHU JBOWHU CHCTEMHU YECTO TIOKA3BaT M30yXBaHMS B PEHTTCHOBHSI CTICKTH
C IPHUOJU3UTEITHO TIOBTAPSII C& PUTHM, KOUTO MOTAT Jia ObJaT HHTEPIIPETUPAHHA KATO
kBazunepuoanunu ocruianuu (QPOs). Karo ce uznonssa ¢akra, 4e Te3u 00CKTH B
HAMUpAIY C€ B KpalHWTE CTaJWHM Ha 3BE3/IHATA CH EBOJIOIMS cCa B ChCTaBa Ha
OWHApHM CHCTEMHM, MOTAT JIa C€ HaAIPaBsAT, Bb3 OCHOBA HA 3aKOHHUTE 3a JBUKCHHUCTO
UM, TIPECMATAHUS 32 TEXHUTE MacH M ‘bIJIOBH MOMCHTH.

OTroBopbT Ha BBIPOCA KaK BBH3HUKBAT KBA3HIICPUOAUYHHUTE OCIHUJIAIUN €
CBBP3aH CBhC B3aUMOJCKHCTBHMETO Ha 3Be3AUTe B cucremara. llpernecusta Ha
aKpEIMOHHUTE JMCKOBE, 0Opa3yBaHW OKOJIO IIEHTpaJHATA HM3KIIOUMTETHA TUTHTHA
HEYTpOHHA 3Be3/1a, € Ha TMpaKTHKa HEBB3MOXKHA 3a HaOmoaeHwe. Koraro obOaue
roJisiM 00JIaK OT MO-TUTETHA TOpeIa MaTepust MOMaHe OT 3Be3/1aTa KOMITAHHOH BBPXY
JIMCKa, HETOBOTO ABMKEHUE MOXE Jla TPeau3BUKAa M30yXBaHUS HA PEHTTCHOBUS
MOTOK C MPUOIU3UTENTHO MEPUOJUYEH XapakTep, T.e. BbpocHute QPOS.

Bob3nuknanure QPOS ocmwmanuu ca HuckodectoTHH (LF) M BucokodecTOTHH
(HF). Makap nuckouecrotHure (moj 10HZz) nma ca ¢ rojsiM HHTEH3UTET, TE€ HE
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mpeaAoCTaBAT AOCTATBYHO HAACKIHHW JaHHU IOpaar CHIIHATA CH IIPOMCHJIMBOCT.
I[BOﬁKHTe BHCOKHM YCCTOTHU OT Apyra CTpaHa - ropHaTra Vy U JOJIHATA V|, 0COOEHO aKo
BBb3HUKBAT CIHOBPCMCHHO, MOIraT JAa IIO3BOJIIT OHOCHKHM Ha IIapaMCTPUTC Ha
HCYTpOHHATa 3BC3M4d. Te3n 4ecToTM MOHSKOra AoCTurar CTOTHULIH, OOPH XWJIAOad

Xeplia.
2. Atoll m3tounuka 4U 1728-34

PesynTaTn 3a monydeHW 4YECTOTH HA KBAa3UMNEPHOIUYHHUTE OCIMUIAIIMA HAa aToJ
n3trounnka 4U 1728-34 ce mosBsiBaT B JquTeparypaTa 3a IbpBH BT B paboTara Ha
van Straaten et. al. [1]. Te o6paboTBaT ¢ moMoITa HA MYJTH JOPCHIMAHHU JaHHHU,
nonyueHn npe3 1993 or Zhang etal. [2]. ITomydeHuTe BHCOKH 4YECTOTH ca B
Jana3oHa Ha Taka HAPEYEHUTE KUIIOXEPIOBHU YE€CTOTH — B aAuana3zoHa mMexay 100 u
1000 Hz. Ha Tabmuma 1 ca mpeacTtaBeHHW ropHaTa Vy W JIOJHATa 1| OT BHUCOKHTE
YEeCTOTU 3a oceM uHTepBaja — oT 10 1o 17 BKIIOYMTENHO, Thid KaTO T€ ChABPKAT U
JBET€ BUCOKHU yecToTu. OOmusT Opoii Ha 00paboTeHUTEe BpEMEBU UHTEpBaIM € 19.
Teii kaTo TOJydeHUTe B W3cieaBaHeTo[l] CBETIMHHUTE KPUBH Ca YCPEAHCHH IIO
OJIICHK, HE € ChBCEM SICHO, Y€ IMTOCOUYCHHUTE B TAOJINIIaTa TBOWKH BUCOKHA YECTOTH BB
BCCKM BPEMEBU HMHTEPBAJI BBH3HHWKBAT €AHOBPEMEHHO, HO 3a IEIMNTE HA HaIlara
paboTa mpeamnoaaraMe ue ToBa yCJIOBUE € U3ITBIHEHO.

Taoauua 1. Habnrooaemu wecmomu 3a atoll usmounuxa 4U 1728-34

interval | Lower kHz QPOs, [Hz] | Upper kHz QPOs, [Hz]

10 513+18 849.5+2.0
11 561+11 875.7+1.6
12 604+14 907.6+2.5
13 680+10 951.0+3.7
14 754.0+3.7 1056.248.2
15 775.3+1.7 1107.5+7.2
16 819.9+4.1 1134+12

17 879.2+3.0 1161+16

3. MoaesiuTe Ha U3KpUBeHHs AUcK (WD) H nNpuauBHOTO pa3kbeBaHe (TD)

['eomesnunure Mojenu 3a OOsICHEHMS Ha HAOMIOJaBaHWUTE OCHUJIAINH B
PEHTICHOBHSI CIICKTHhP Ha HEYTPOHHUTE 3BE3JM U YEPHUTE AYINKH CE OCHOBABAT HA
MIPEANOJI0KEHUETO, Y€ BBPTCHETO HA aKPEIMOHHUSA JUCK U B3aUMOJICMCTBHETO HA
HETOBHUSI MOMEHT Ha MMITYyJICa C TO3W HAa MAaCUBHHUS IIEHTPAJICH OOEKT MpEIU3BUKBAT
JBYDKEHUST HA SICHO TPOCIEAUMHU SPKH YacTH OT JHWCKA, YUUTO TIEPUOIUYHH
,,TIPOOJISICBaHUA" B PEHTI€HOBATa YacT Ha CIEKThpa ce uurepnperupar karo QPOS.

Mogensr Ha ,m3kpuBeHus guck (warped disk, WD) [3] omnmucsa
BHCOKOYECTOTHHUTE OCIWIAIIMKA KAaTO CJICICTBHE OT TOBA, Y€ OCUTE HA BHPTEHE Ha
aKpeIMOHHUS JUCK W IEHTpaTHUS OOCKT He chBHagar. lleprybamuure KOUTO
BB3HUKBAT Ca peE3yJTaT OT BBTPEIIHOTO TPHEHE M aauabaTHOTO CBHUBAaHE Ha
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nedopmupainus ce TUCK. 3a TO3U MOJIEN J0JIHATA OT BUCOKHUTE Y€CTOTH € V| = 2(Vg -
Vi), @ TOpHaTa vy = 2Vg - Vy. TYK Vo U V; ca choTBeTHO KeruiepoBaTta u pajauanHara
4eCTOTa Ha BbPTEHE Ha MpeJrosiaracMa 4acTUIla B aKPEIHOHHUS TUCK 110 OJIM3Ka 110
CIUNTHYHATA OpOUTA BB BCEKM MOMEHT.

Mogenbt Ha ,,ipuauBHOTO paskbeBane (tidal disruption, TD) [4] ce ocHoBaBa Ha
BB3/ICHCTBUETO HA MPUIMBHUTE CHJIM Ha EKCTPEMATHOTO I'PABUTAIMOHHO IOJIC Ha
CBOJTIOMpalIaTa 3Be371a BbPXY MaJallliTe OT Japyrara 3Be3Ja YILTBTHEHHS OT TOpelll
ra3. Teil KaTo TE3W YIIBTHEHHUS CE HaMHMpaT OJU30 J0 BBHTPEIIHATA I'paHHIA Ha
aKpelUOHHs ra3, Te OMBaT OYKBAIHO ,,pa3KbCaHU’ OT NPUIMBHHUTE CHJIH. 3a TO3M
MOJIEJT TOJTHATA BHCOKA YECTOTA € V| =Vg, & TOPHATA - Vy = Vg + Vy.

4. xz MeToAa

Beska ot HabmiogaBaHUTE 4ecTOTH 3aBUCHM OT M - Macata Ha 3Be3jaTa, a -
BIJIOBUS. MOMEHT M I - paguychT Ha opOuTaTaTa Ha KOSTO JaJieHaTa 4YecToTa
BB3HMKBA. 3a J1a MOTaT Jla c€ U3BBbpIIAT NIPECMITAHUATA CE MpEAroara ye OpoOuTHTe
Ha €JHOBPEMEHHO Bb3HUKBAIIMTE IBOWKH YECTOTU UMAT €UH U CBIIU paguyc I =ry.
[lon6panure OT Hac MOJAENM HMMAT OUIE €JHO MPEIUMCTBOTO — ONTHMAaliHATa
CTOMHOCT Ha MacaTa Mgy ce MojydaBa, KakTo MOKa3zaxme B [5], mpu cToHHOCTH Ha
MOMEHT Ha uMmmysnca a = 0 T.e. 32 TO3M ciaydail € NPUIOKMMa METpHUKaTa Ha
[IBapammna. Ts mpeacrasisiBa pPEUICHUETO HA YPAaBHEHUMETO HAa AMWHIIAWH OT
oOlaTa Teopusi Ha OTHOCHTEIHOCTTAa 3a ciiydyasd Ha cEepU4HO TS0 Oe3 3apsa u
MOMEHT Ha UMITYJICa.

Torasa:

obs

y.(M,r)=v, (1)

obs

vo(M, 1) =v§ 2)

M3knrouBaHeTo Ha paguyca I OT JBOWKaTa ypaBHEHHS IMO3BOJISIBA Ja CE€ MOJIYYH
¢yukumnonanmHara 3aBucumoct v = f (vy). C mpyru nymu, monenHata QyHKIuUS €
3aajieHa B TMapaMeTpU4eH BuUJ - (HaKT, KOUTO 3aTPyAHsIBA MPUIATAHETO Ha
CTaHJIapPTEH COPTYep 3a CTATUCTUUECKH TMPECMITAHHUS.

Benuunnara x° ce onpesens no GpopMyara;

B )= b)) ()

L,i

obs

CTaHI[apTHOTO OTKJIOHCHHUC Ha 3aBUCUMATA IIPOMCHJIMBA v, ™ € O 5, CTaHAAPTHOTO

obs

OTKJIOHCHHE 3a HAOJIFOJIaBaHUTE BUCOKM TOPHHM YECTOTH Vv~ Cc€ TpeHeOperna u

2 2
1=1,2,3...7. Tlpu X = Zwin yacata e onTumanHa — M = Mgpt. 32 N = 8 nBoiiku
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YECTOTH U SIHH CBOOOICH mapamMeTspa M, T.e. 7 CTerneHH Ha CBOGOA, Y min TPIOBA 12
O0b1e B rpanunure 0 < XZS 12.02 npu 90% noBepUTENIEH HHTEPBAJL.

5. Pesyararu u guckycust

¥’ TeCTHT € IPHIIOKEH 3a OCeM JBOHKH BHMCOKHM uecToTH (B Tabmuma 1) c
IOMOIITa Ha BCEKM OT JBaTa HU30paHM MoOJela W € IHpelcTaBeHa TIpaduyHO
3aBHCHMOCTTA Ha JIOJIHATa BHCOKA YeCTOTa V| KaTo (yHKIUS Ha TopHarta vy (dur.1).
IIpy MHHEMH3HPAHETO Ha X°, 33 ONPE/IC/IHE MONOKEHHETO HA KPHBATA OIHCBAILA

CKCIICPUMCHTAJIHUTC TOYKH € U3II0JI3BAHA HEJIMHEHHA perpecus.

y IS
, \
900- s 9007 |
v 8 ! o
6 2004 ' a, 800+ /’;
o A o .
Qi' +/ - 4!
Ay 4 e yd
= 7001 pd = 700 . 7
5 vt 2 d
5 4 g -
3
™ 600- 3 6001 ) 17
¥ A
-~ -~
5001 ~ 1( 5001 -~ f
Va
800 900 1000 1100 1200 800 900 1000 1100
Upper kHz QPOs Upper kHz QPOs
@) WD 6) TD

®ur.1. I paguxa na 3asucumocmma Ha 0onHama 4ecmoma v Kamo QyHKYus Ha
2opHama vy 3a 0sama 2eoodesudnu mooena a) WD; 6)TD

Cnen mpunaranero Ha WD mozena nomydaBame oneHka 3a Macata Mgy = 2.217
Mop. Ta3u omnenka obaue € HampaBeHa Ha 0a3aTa Ha MHMHHMMAaJIHaTa CTOMHOCT Ha
PEYLHPAHOTO ¥, T.€. Y min, PA3ACICHO Ha OPOS HA CTENEHHTE HA CBOGOIA, KOMTO B
Hamms ciaydait ca N = 7. Ipu npumarasero sa WD mozena ymin/d.0.f = 33.7 mpu
OYaKkBaHa CTOWHOCT, OJM3Ka JIO €IWHUIIA, T.C. Ha NpPaKTHKa Ce HaOJI0/JaBa JIOIIO
CHOTBETCTBUE MEXKIY MOJIEIIa M €KCIICPUMEHTATHUTE TaHHU.

B cnyyas na TD mozena omnenkaTa 3a Macara € OTHOBO HAITJIHO NMPHEMIIMBA 32
HeyTpoHHa 3Be3na M = 2,221 Mg. 3a TD monena szin =70.0.

N30panuTe OT HAC MOJEIH, MaKap Ja JaBaT JOOpU CTOHHOCTH 32 MacUTE, MOXKE
7la HE ca TOJXO/ISIIY 32 MoJyYaBaHe Ha MmapaMeTpUTe Ha 00eKTa Karto 1sut0. HaMmek B
Ta3dw IMOcoka ¢ wusciaeapanero Ha Lin at. al.[6]. Te npumarar mozena Ha
nedopmupanus guck WD 3a aron obGekra 4U1636-536 m mosywyaBaT momoOHH
BHCOKH CTOMHOCTH 33 PeAyIMPaHHuTe ¥ min/d.0.f = 31
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MosKke 1a CBIIECTBYBAT M APYTH MPHYMHH 33 BHCOKHTE CTOMHOCTH HA X min.
Teopae e Bb3MOxkHO H30paHara MmeTpuka Ha [lIBapammna na He e noaxosma. baBHo
BBPTSIIN CE HEYTPOHHU 3Be3H ¢ MacH 01130 10 3 Mg OOMKHOBEHO ce OmUCBAaT T0-
nobpe ¢ Mmerpukara Ha Kep. Heorumranero Ha CTaHIApTHOTO OTKIIOHEHHE Ha
HE3aBHCHMATA IPOMCHIINBA Vy [IPH MUHUMU3HPAHE Ha Y CHIIO MOXE 1a € H3TOUHHK
Ha JIOMBJIHHUTENHA TpemKka. CI0XKHOTO MOBEIEHHE HA TE3W PEATHU OOCKTH MOXE Ja
W3MCKBa MPUJIAraHEeTO Ha MOBeUe OT eAnH Mojell. JJoOpo penieHne MoXke J1a ce OKaxe
u3nosBaHeTo Ha Switch resonance mogena Ha Cryxmuk [7/], mpm KoWTO ce
npejroiara ChIIECTBYBAHETO Ha PE30HAHCHA TOYK, NMPH KOATO CTaBa JpPAcTUYHA
npoMsHa Ha YCJIOBHATa 3a oOpasyBaHe Ha HabmogaBanute QPOS, T.e craBa
MPEBKIIFOYBAHE OT STUH MOJIET KBM JIPYT.

6. 3akiIrouyeHue

OOexT Ha m3cneaBaHe € aToj M3TOUYHUKBT 4U 1728-34, 3a koMTO ca M3BECTHU
HAOJIIOJaeMUTE CTOMHOCTH Ha 8 [BOWKM JOJHH M TOPHH BHCOKH YECTOTH B
PCHTIEHOBHUS My CHeKThp. CpaBHECHHETO HAa 3aBUCHMOCTUTE B IMapaMETPUUCH BH/I, C
KOMTO C€ M3YUCIIABAT YECTOTUTE HA BUCOKHMTE KBA3UIICPUOIANIHN OCIIMJIALIMH CIIOPE]
Mozaena Ha wu3kpuBeHus jauck WD u Ha npwimBHOTO paskbeBane TD ¢
HAOJII01aBaHNUTE YECTOTH, BOAM [0 H3BOAM 3a MacaTa Ha IIEHTpajHaTa HEyTPOHHA
3Be3/1a IpU MPEAIMOI0KEHHIE 3a HyJIeBa CTOMHOCT Ha BIUIOBHS My MOMEHT.

Onenknre 3a MacaTa CIOpea JABaTa Mojeia ca MHoro Oommskm = 2,2 Mo u
MPUEMIIMBU 33 HCYTPOHHA 3Be3/a. MHUHHUMAJIHUTE CTOHHOCTH Ha xzmin/d.o.f, Bb3
OCHOBA Ha KOHTO Ca HAIPABEHH TE3H OLICHKH 00ade, ca TBbPIE BHCOKH Y min/d.0.f =
33.73a WD u xzmin/d.o.f = 70.0 3a TD cpotBeTHO. [IprunHuTEe 32 TOBA MOTAaT Ja ca
CBBpP3aHM C HEOTYMTAHE CTAHAAPTHOTO OTKIIOHCHHME Ha HE3aBHCHMAaTa IMPOMCHIINBA,
HEMpaBUJIeH W300p Ha METPUKAa, HEMpaBWICH H300p Ha Moaen H.T.H. EgHO oT
BB3MOKHUTE PEIICHUS MOXKE JIa ce Kpue B pujiaraHeTo Ha SWitch resonance mozaena
Ha Ctyxnuk [6], KOWTO 1a OCHIypH aJeKBaTHO OMMCBAHE Ha MOBEICHUETO Ha 00EKTa
B Pa3IMYHA MOMEHTH OT HETOBOTO Pa3BUTHE.
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Resume. The Indian Ocean demonstrates many unusual and strange facts related to the
geomorphology, natural geophysical fields’ anomalies, natural hazards density, multihazards
early warning systems, etc. All these phenomena are described, supported by the visual
materials, and possible explanations from the recent geophysical point of view. Some of the
phenomena require additional research and investigations to reveal the specifics and correct
interpretation.

Key words: Indian Ocean, unusual observations and phenomena, scientific
interpretation.

1. Introduction

The Indian Ocean has a lot of specifics from many points of view. The
geomorphology as a result of the geotectonic development and recent geodynamics
revel two major units of the oceanic plate — the west part (with very high geodynamic
activity) and eastern part — much more calm, but separated by other continental and
oceanic plates with the highest geotectonic activity in the world. This frame
constructed almost all peculiarities’ of the Indian Ocean bottom bathymetry, margins,
contemporary depths structures and continental elevations development. Anomalous
negative gravity field in the geoid of the planet, highest seismic and volcanic activity,
geographical configuration provoking active influence from tsunami, typhoons,
heavy rain and droughts, forest fires and sand storms and many other natural hazards
presented to the most populated coastal areas in the world. The needs to protect the
population and infrastructure after several major disasters (M9.1 Sumatra earthquake
of 2004, followed by the most deadly tsunami in the whole human history, heavy
floods in India, Sri Lanka, Indonesia, Myanmar, typhoons and volcanic eruptions
during the last decades) reveal the need of the modern multihazards early warning
systems at local and regional level.

These observed phenomena are under the extended scientific research by many
specialists trying to discover the deeper understanding about the reasons,
development and unusual peculiarities — why, where and when these phenomena
exist, what is their influence to the population, economics and ecology problems and
how they can be solved? The paper presents many of the observed phenomena, their
geophysical peculiarities’ and focused to some unsolved problems related to them.
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2. Data and materials

Most data and used materials are extracted from the public sources and many of
them have been collected and presented in different publications during the execution
of the Erasmus+ CABARET Project (2016-2020). Data for the geodynamics,
geophysics, seismicity, gravity field and the origin of Maldives [1], [2], [3], have
been processed during the investigations of the Maldives and Indian Ocean
geotectonic development and geodynamics and reflected in[4], [5].

The data and information about the natural hazards and early warning systems
have been collected, interpreted and presented in [7] and [8].

Geomorphology and Geodynamic features

The movement of the India subcontinent since the Cretaceous to the present
position lasts about 71 My and according all reconstructions is following the straight
line. This is strange because the driving force keeps the direction relatively constant
for so long time interval — fig. 1.
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Fig. 1. Movement of the Indian subcontinent with Sri Lanka
during the last 70 My
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Fig. 2. The position of the Indian ocean plate (IOP) — west
part (ellipse) and east part (diamond).

The west and east part of the IOP are completely different in their geodynamic
characteristics — the east part is calm with no significant number of earthquakes. The
west part is much more seismically active, contains hot spots, active volcanoes and
active fault structures — fig. 2.

Fig. 3. Bottom features of the Indian Ocean. Note the
straight structure from Antarctica to the Bengal bay — so
called ”90F ridge” in the east part of the IOP.

The strange straight line structure called”90E ridge” is a linear feature longer then
7000 km. This is the only bottom mountain of such shape and size in the world.
There is not a clear explanation about the origin and geodynamics of this
geodynamical calm and not presently active structure — fig. 3.
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Fig. 4. Map of east boundary of the IOP. Note the anomalous number
of plates and microplates contained in the red quadrangle.

The east boundary of the 10P is a great paradox of concentration of several major
plates and many microplates. This is the only place of the globe where such
phenomena exist. No clear explanation is obtained up to now — fig. 4. The collision
zone eastward is one of the most geodynamical active zone in the world.

Geophysics and Geophysical fields

Fig. 5. Map of the geoid gravity field by the GOCE mission.

The most intensive geoid gravity anomaly reaches more then — 40 mGal. There is
no clear explanation about the intensity and the position of this large anomaly — fig.5.
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Fig. 6. Map of the devastating M9.1 and M8.6 earthquakes (2004-
2005). The M8.1 and M8.6 of 2012 indicating the probable origin of

For the first time in the history of Geology the creation of the possible new
tectonic boundary was expressed by the scientists related to the two very strong
earthquakes occurred on 11" April 2012 — fig. 6. (for examp. Yue H, Lay T, Koper
KD. En échelon and orthogonal fault ruptures of the 11 April 2012 great intraplate

new tectonic boundary in IOP.

earthquakes. Nature. 490: 245-9.)
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Fig. 7. Location of the Mayote island.
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Fig. 8. Harmonic signals generated by the Mayote phenomena,
registered to several seismic station.

The location of the Mayote Island — fig. 7. The very harmonic signals registered
by the world seismic network are presented to fig. 8. The generation mechanism of
these signals remain unknown several months after 11" November 2020, until the
idealized model was created in [9] — fig. 9. This model has difficulties to explain all
observations.
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Fig. 9. The idealized model trying to explain the
observations of the possible volcanic hum generated by the
movement of the magma in the channel connecting the
magma chambers — deep (at depth about 20-25 km) and
shallow (depth 2-3 km) below the underwater volcano

Natural hazards and early warning systems

In general the eastern part of the Indian Ocean is one of the most prone areas to
the natural hazards. The highest seismic and volcanic activity, geographical
configuration and bottom depths provoked active influence from tsunami, floods,
typhoons, heavy rain and droughts, forest fires and sand storms and many other
natural hazards. They are presented to the most populated coastal areas in the world
and investigations show that several of the intensively populated cities and industrial
areas — ports, NPP’s, other facilities are the most prone sites in the world. For
example Indonesian’s Padang city is the most dangerous city in the world. This city
has about 1 000 000 inhabitants. The expressed risks are from floods, landslides,
earthquakes, tsunamis, rainfalls, forest fires, storms, active volcanoes. This formulate
the highest complex risk — about two times more than every city in the World. What
Is very important is also the high frequency of occurrence. All these elements need
the development and correct functionality of the multihazards early warning systems.
As typical example is taken Indonesia — fig. 10.
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Fig. 10. Map of the Indonesia Natural Hazards Risks (2011).

Indonesia is a typical example of the very prone country to the natural hazards
and risks. The most populated Islamic country is spread over 17 000 islands with high
concentration of people and infrastructure. After the Boxing Day (26" December,
2004) M9.1 earthquake and the following tsunami the country experienced the most
deadly disaster after the Krakatau eruption in 1883. A lot of foreign tourists also lost
their lives. With the intensive help of Germany the Indian Ocean Tsunami Early
Warning System was created and started functioning after 2 years. Simultaneously
the Indonesian early warning multihazards system was established. Two main
administrative units are acting to mitigate the negative effects to the people in
Indonesia — BMPB (the local Civil defense governmental agency) and BMKG (the
local EWS administration under the direct presidency control). These two units reach
high professionalism and effectiveness. The equipment is at the best level.
Seismology broad band stations network control the local and regional seismicity —
fig. 11. The system of “DART” stations are responsible for the detection and data
emissions about the tsunami generated by earthquakes - fig. 12. There are also
additional systems for GNSS, satellite communications, etc. All this equipment is
connected with the International Indian Ocean Tsunami Early Warning System
(IOTEWS) and provides and receive information about earthquakes and tsunamis
covering the entire Indian Ocean.

86



Juu Ha ¢usukara’2020 28 - 30 mait, Codus
20N - n—

Fig. 11. Sketch of the international seismic network of
Indonesia.
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Fig. 12. International DART buoys system in Indonesia.

Despite the well-equipped and institutional organization of the Civil defense and
the early warning systems in Indonesia, two events in 2018, show the failure of these
organizational mitigation measures. These events became the illustration of the low
effectiveness when the nature generates unusual, strange, unexpected events, which

can kill people and bring destruction and damages.
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The first event — Palu earthquake and tsunami generated huge damages and kill
more than 2 256 deaths, more than 70 000 houses damaged, 10 679 injured, 1 075
missing, 70 821 evacuated and about 206 500 refugees.

The second event — Krakatau volcanic eruption, followed by a flank collapse and
a huge tsunami caused deaths — 437, injured — 14 060, missing — 25, property damage
— 2,752 houses and 510 boats and ships.

3. Methodology

The methodology used for data collection and presentation is as follows:

- Graphic presentation of the investigated areas and phenomena. This gives a
possibility to cover the whole area of the Indian Ocean and surroundings.

- Comparison and discovery of the phenomena not usual and well explained by
the recent scientific geodynamics paradigm.

- Investigation of the strange phenomena, paradoxes and unusual observations to
reveal the abnormal peculiarities.

- Search of explanation and/or enigmatic ideas to perform to the strange
phenomena.

- Development of tools to use pragmatically the observations, interpretations and
applications of the phenomena for the safety and security of the populated areas and
environment.

Similar approach gives the possibility of the interpreter to select the best fit of the
data and information to the task and required elements thus providing flexibility and
multi variances. The algorithms and models used, consider the scale of the
investigated area, the density of phenomena etc., but need most accurate assessment
and explanations. Frequently it is not possible to assure such accuracy due to the
intensive variability of the geography, geophysics and environmental specifics and
needs the use of different approximations and extrapolation. The geodynamics
aspects are most important to explain scientifically the observed facts and
phenomena. Some specifics are separately developed at the results and discussion
section.

4. Results and Discussion

The data and the described methodology have been performed to the
Geomorphology and Geodynamic phenomena. All observed peculiarities can be
explained by the recent geodynamics paradigm, but needs much more investigations
to explain clearly the “90E ridge” structure, its length and shape and the mantle
conditions and movements during the last 20 My, which do not disturb the linear
shape of the bottom mountain.

The combination and the concentration of the macro and micro plates to the
eastern boundary of IOP are explainable by the Plate tectonics paradigm. Deeper
Investigations are needed to establish why this area is constructed in this way and
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why the mantle and asthenosphere deep movements predestinate such unique
structure of this very specific area.

The application of the methodology to the geophysical fields and unusual
geophysics phenomena also show explainable results. The deep negative gravity
anomaly probably is due to the lower density of the deeper layers. This needs
additional investigations to the mantle, asthenosphere and even deeper horizons to
reveal the reason of this lower density and why the size and intensity are these, but
not others.

The Mayote incident needs much more detailed studies, especially to the chemical
composition of the rock samples from the lava cone of the underwater volcano. This
can suggest the possible explanation of the deep origin of the magma chambers and
the velocity of magma movements in the magma channel to the ocean bottom
surface.

The natural hazards and early warnings in Indian Ocean (the example is
Indonesia) are important from human point of view. Thus the examples of Palu
earthquake and the Krakatau eruption and the following tsunami are important to
learn the lessons why the systems failed to provide secure warnings and to save
people lives and infrastructure stability.

Due to the previous analysis and publications [3], [6], [7] the following
recommendations are suggested [8]:

- Completely new design and establishment of a seismic early warning systems with
sensors located in each seismic source. The specialized devices have to be
connected in a specialized SEWS. This approach can present independent
establishment to the SEWS and its use. Much better is to consider unification of
all devices in the SEWS and TEWS which is essential to the highest
effectiveness.

The establishment of a TEWS is necessary due to the possibility of a coincidence
in time of the high water level (for example seasonal flooding or storm surge,
etc.) and the tsunami generation in a far field source. In such a moment the small
additional water level increase can generate much more destructions due to the
nonlinear effects observed in similar situations (Palu 2018 example).

The TEWS needs a specialized approach for the assessment of the locations and
the equipment establishment. The earlier investigation show that each site needs
rather specific equipment, based on the specialized investigations [3], and
considering the local conditions. In any case the complex bottom stations are an
obligatory element of such systems [6], [8].

The construction of a specific decision matrix, specialized protocols of
announcements and other elements providing the warning issue to the authorities
and population is another direction which must be developed for any MHEWS
[6].

The consideration of the non-seismic tsunamis is now essential element of the
MHEWS (Palu and Anak Krakatau cases) in 2018 needs deeper investigations
and new concepts.
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5. Conclusion

The collected data and information about many geodynamic peculiarities
observed in and around the Indian Ocean are interpreted from modern scientific point
of view. Most of the observed phenomena are easy to explain by recent scientific
paradigm. Several of the mentioned facts (for example negative gravity anomaly,
Mayote Island hum, linear 90E ridge, etc.) need additional complex research and
multidisciplinary approach to reveal the specifics of these strange phenomena. In any
case the extended research, new data and a complex analysis are the necessary tools
to discover new and/or known enigmatic features of the Indian Ocean and their
scientific competent explanations. This can help the preventive and mitigation
measures targeted to the populated coastal communities all around the Ocean.
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Resume. This work is presenting the methodology, data sources and mapping of the soil
ground conditions reflected by the parameter Vs_30. This parameter is an integral
characteristic of the ground conditions used in almost all procedures of the seismic hazard
mapping software. The Vs_30 means the velocity of the transverse seismic waves to the depths
of 30 meters of the ground layers. It depends of many factors such as density and type of rocks
and sediments of the surface earth’s strata, surface water level, the strength of the medium, etc.
and modifying the influence of the seismic waves to the structures located on the surface. The
digitalization of this parameter is the main task solved for several big cities of Bulgaria
intended to the seismic hazard and risk assessment. Examples of the solutions are presented.

Key words: ground conditions, seismic hazard models, digitalization.

1. Introduction

The mapping of the natural hazards and environmental threats, vulnerability of
structures and risk assessment and management are important issues to the prevention
of population and the infrastructure [1, 2]. The assessment of the damages and losses
is the most important task in case of huge catastrophes and frequently influencing the
GDP of any country [3]. The most advanced techniques and technologies are
extensively used for the research and assessment of the consequences of the natural
and technological disasters such as space remote sensing, high effective
communication systems, etc. [4, 5].

The seismic hazard and risk assessment in the recent times are exploited and
implemented using different technologies, the most popular of which are models for
simulation and risk management. This study is focused to the Vs_30 determination
and digitalization as the very important parameter to the seismic hazard modeling.

The Vs_30 means the average velocity of the transverse seismic waves (S-waves)
to the depths of 30 meters. This important characteristic is responsible for the S
wave’s velocity changes in the most upper ground layer and is an essential element
included in the most calculus software packages for seismic hazard and risk
assessment (HAZUS, EMERCOM, etc.) [6]. Increased difficulties appear when the
Vs_30 determination is necessary to be done for the seismic microzonation, seismic
hazard and risk assessment, vulnerability of structures in the populated zones, urban
areas etc., and have to be performed in large scales [7]. All methods described above
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are very difficult to perform, due to the complicated measurement conditions. It is
absolutely impossible to make regular grid, to perform bore holing and/or to take
samples. Due to these difficulties a lot of archive materials have to be extracted,
collected, digitized and interpret [8], which is performed in this work.

2. Data and materials

The used materials have mostly the archive origin (the archive information is
useful, having in mind that the ground conditions are conservative and did not change
a lot in the time domain). In the urban environment frequently this is the only way to
obtain reliable primary data and information. The collected and exploited data and
materials are as follows:

- Data and information about former direct measurements of Vs 30 (seismic
exploration data)

- Data and information about former direct measurements of Vp_30 (obtained by
different seismic methods) and the following calculation of Vs_30 using well known
relationships.

- Former borehole data extracted by borehole direct (seismic) and non-direct
(densitometry) measurements

- Archive information about geology (maps of different scales, layers of
petrology composition, age, time of origin, thickness, roughness of the layers
overlapping boundaries, lateral inhomogeneities, etc.)

- Hydrogeology information including archive data about depth of the ground
waters level, pore permeability, liquefaction potential, etc.

- Laboratory tests data about samples taken earlier (use of the petrophysical
properties relationships to determine Vs (when possible), granulometry data,
penetration tests, loading tests, etc.)

- Seismological data about macro seismic field of former earthquakes, intensities
observed in the area, local inhomogeneities, observed liquefaction, cracks, sand
volcanoes, land sliding and subsidence, etc. [8].

- Recent DEM, river’s network, water bodies.

- Other data about former earthquakes, the macroseismic maps, acceleration
records, attenuation lows.

- Geophysical maps and data about active faults, block structures, regional
geophysical fields, geophysical prospecting information, etc.

In-situ measurements are performed, when possible, including direct seismic
methods (Vp, Vs estimation), ground water level measurements, possible landslide
surfaces determination, angle of slopes assessment.
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To obtain the formal data and information is necessary to discover, transform and
use the archives, to transfer the obtained information into recent measurement units
and present effectively analogue data collected in former times and not used until
now. This is not an easy task. The transformation from analogue format to the digital
one is performed using different software and processing platforms. The advantages
of digitalization are visible and useful, much easy accessible and effective.

3. Methodology

The methodology used for data processing and interpretations includes:

- Graphic presentation of the investigated site as a polygon. This gives a
possibility to cover the whole area of the urban territory following the curvature of
the city shape.

- Construction of the dense network of longitudinal and latitudinal lines (in
different scales, if necessary) and formation of a grid.

- Interpolation procedures and calculation of the investigated parameter as
weighted average value (Vs_30).

- Performing the comparative analysis of all available date, processing the
information and assessing the reliability of obtained values of Vs _30 as input data
introduced.

- Attribution to each sell of the grid the two obtained values of Vs 30 (the
minimal and the maximal value). This provides the conservative approach and the
user can choose the minimum value, the maximum value or the average one. This
gives the possibility of the multiparameter approach for selection of the different
variants for further calculations [10].

- Creation of the final map containing all geology units (simplified and presented
like blocks for practical use), digital Excel table containing the presented on the map
values of Vs 30 (min and max), together with the geography coordinates (in
preferred by the user coordination system) thus forming the digital data base for the
users [9].

- Presentation of the explanatory notes considering the liquefaction potential, the
landslide potential and the possible modification of the amplitudes and velocities of S
waves due to the different hardness of the ground [7].

- The data for former earthquakes and their influences are presented as well. It
includes, intensities, macroseismic maps, observed secondary effects generated by
strong earthquakes (liquefaction, surface cracks, triggered landslides and stone falls,
subsidence, generated tsunamis, avalanches and other gravitational phenomena, etc.
[11].

Similar approach gives the possibility of the interpreter to select the best fit of the
data and information to the task and required elements thus providing flexibility and
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multi variances. The algorithms and models used consider the scale of the
investigated area, the density of buildings and structures, the population distribution,
etc., but need most accurate ground condition assessment. Frequently it is not
possible to assure such accuracy due to the intensive variability of the ground
conditions and needs the use of different approximations and extrapolation.

4. Examples and discussion

The data and the described methodology have been performed for several seismic
vulnerable urban areas (cities) in Bulgaria. The presented maps illustrate the results
obtained to the different examples and the reliability of all calculations. The grid
selection (250x250 meters) is dominated by the practical consideration of convenient
use and reliable results to the seismic hazard maps generation. Two maps are
presented to illustrate the obtained results — fig. 1 and fig. 2.
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Fig. 1. Map of Vs_30 for Plovdiv city. This is the example of simple
ground conditions — young sediments (green and yellow) and ancient
volcanic cones (red).
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The first map (fig. 1.) shows the average values of Vs 39, as well as their
variability presented as Vs 30 min and Vs_30max for the city of Plovdiv. As seen
there are three areas which differs the Vs_30 due to the geological ground conditions.
Block 1 presenting the total background of quaternary sediments, Block 2 related to
the recent river sediments and low level of the underground waters, and Block 3 —
volcanogenic bodies well known as “tepetata” in Plovdiv, built up by volcanic rocks
(Cretaceous age).

The fig. 2 represents the digital set of values of 250m x 250m grid for the city of
Blagoevgrad and has much more complicated ground structure due to the different
geological formation at a ground level. There are sediments, metamorphic and
igneous rocks. Also the DEM of the region differs between 200 and 500 meter above
sea level. There is a plain part and a hilly part which also complicated the picture of
the ground conditions.
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Fig. 2. Map of Vs_30 for Blagoevgrad city. This is the most seismic
vulnerable city in Bulgaria, because of the close location to the most
powerful seismic source (generated the well-known earthquake of April
1904 — M7.8).
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The obtained results, suggested that the used methodology is rather effective and
can be performed in cases with different conditions (sizes of the investigated areas do
not matter). The methodology is not sensitive to the size of the polygon,
geomorphology conditions and scale of the map (the grid in case of digital map is
changeable according the users’ needs). Vs 30 is an integral characteristic and
includes many parameters (thickness, density, geological and petrophysical
parameters, ground waters’ level, etc.). The presented values can be used for seismic
hazard maps calculations [12]. The extension to the risk maps including vulnerability
and exposure of the societies is very important but needs increased accuracy for the
decision making process [3]. The digital technologies give such possibilities in the
seismic risk mapping and now the scale of the maps is less important than before [7].

4. Conclusions

The updated digital methodology for assessment of the integral values of Vs_30 is
developed for practical purposes. It is intended to be in use for the massive electronic
calculations of the digital seismic hazards maps for big cities in Bulgaria. In total six
cities are selected (Varna, Rousse, Plovdiv, Blagoevgrad, Veliko Tarnovo and Sofia,
located in seismic prone areas), but for the illustration purposes only two are
presented (Plovdiv and Blagoevgrad). The performed methodology including mostly
archive materials (but also some in-situ measurements) shows high effectiveness and
reasonable results. The new element is the suggestion of the two values of the Vs_30
(Vs_30min and Vs_30max). This provides the users of the newly calculated maps,
wide diapason in variability of this parameter and gives the possibility for multi
variant approach. The performance in different ground conditions in different case
studies and seismic hazards calculations needs near future verification [12].
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