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noaaKy ua 3ao6yir9 nayKoBoro crytrent
KaHAnAara ofuuKo-MaTeMaTsqnlIf, EayK 3a ctre[iarbHicrro

01.04.02 - TeoperEsHa rbbnKa

yfipoaoBx ocrarfiix ,@ox aecrrsriTb yBara 6ararox @i:axia-reopermaiB 3ocepe.{xera
Ba noir$a\ Moxn}lBocTeE nori€ofo oocEagE ocooom< npFwnunie KBar{ToBoi Teopii 3
o,uroro 6or<y ra penlrrr-rBicrcr,I(oi reopii rpaairaqii s iHEoro. V uboMy 3B's3I{y trocr)'noBo
c$opu1'aamlca )..sBregrrs flpo aolrircEicr6 (r'roxrmo, fi neo6xi,uicrr) Bi.{iirlr Bia ,4etruD(
T p44rdimo< yrBreHb 3 TrdM, rqo6 p€mpETtr 'repuropiro", Ea -Kii B,uacrhct Aoctrrli
rnrl6noro po3)nriEus c)"ri i cniBei,Fomeml o6ox reopii. 3orpeva, l reopi] r-paBilaliinoi
eracuoaii nprx,ver ruv ,^ elxi,q Ta paMKtr ruulcErrEoi iamrLHoi Teopii B1-4HocHocri. cropicErU
IoBirei rKoi Bia3l{aqaeMo rl6oro po(y, po:po6nenan pfuEDr ii arrBTepnarhBntD( BapiaHTiB.
Boanosac neegi "sycrpiui" rporo po6.:rrrr,cr 3 6oxy KBalrroBoi Teopii [ont, oKpeMtiM
rrpnRraaoM rloro e trpoBe,4eEEt ,4ocJIi,4KeFB KB?lHToBlfx rBnu 3a )rllfoB EeKoMlTaTEBIrocTi
npocropy i eiAnori,uroro iioro rGamyBarrqr-

A{cepraqir [prcB*reEa po3B'r3,rFnro Hr3xrl roB'c3aur,o( Mix co6orc 3a,qaqi Kox'Ea 3
rKlrx e Kpor(oM y 3'rcjrBarni ru-my rpaxloauun EeKor0'raruBrroctl ftoopaliHar Ira BnacrlrBocrl
o.{FoqacTrrrKoBlrx i 6ararosacTm{ogD< cucTeM y EeKoM}.raTrrBEoMy npocTopi. cepea EIix
onrc B HsoMy 6ararbox qacrmoK ra oni-oca eqrxnuoi veNi oapaverpa Hexov)'TarrBHocri.
B[rnBy rpaBiTarrifsoro tro.]Irr, E[argrEBocrei aroMa Bo,rtEro y c0epE.rEo-clrMerp[qroMy
HeKOM).TaTEBEOMy rrpOCTOPl.

A(ryarbHicrh reMq ,mcepmuii 6e:nocepe,[slo B'rrlrseae 3 aKTItBEIix no[)'raiB ELfiiB
no6yAoBri (BaEToBoi Teopii ryaBiTaqiftHoi B3aeMoail rKi npoBoatrr,ct y BiIoMEx MixEapo,uHlrx
Ea),r{oBEX qerrrp,x. Baxrmgo, qo e,&rcepraqil fHareEko x-fl. trpe.qcrarBllello pe3yjrETarr{, sKi
Micrrr6 (orfl(perEi qcnoBi ouiEq B}nn" noB'r3axlrx 3 KBaeroBasic'[o npocropy.

Hayr<oBy EoBrr:Ey,u{ceprauii :a6enevyror:
1). Orprd'aaErr i anani: eupa:y ,a:ra eibelclnBsoro qapaMerpa Ee(oM]"rarEBHocri, rtro

olscye p)x qeETpa Macr cEcTeME qaqtllEoK y Ee(oM).mTEBHoMy npocTopl.
2). Ilo6y,qosa cSepuwo-cmuerprwoi Ee(oMyrarEBHoi arn.e6pB, e(BiBaneHrHoi

rreKoNf,'TarrrBrrifi arre6pi r<axonilllroro rrny,
31. [oc,riaxerrur aroMa BoAsxr b ?Aaxotrxerc{v Do[paBoK !o eHeprerJr.]Hrx piBHiB.

3)a4OBJreHrrX rreKoMyramBEicrro r(ooplQdar.
4). Pose'cgalrEs :aga.ri npo pJD( sacrlE{n o oguopianor'ry noni y cQeprrrro-

cfiMeTpri.rrroMy rreKoMyTmuBEoMy trpoclopi KasoEiqEofo TnrDr 3 Br{eBner urM BIL]rItBy
HeKOIf).IaTIlBsOCTr I]a BeIIiqIiI{y M:ICI]I IIaCTAEI('.

5). 3arpoea,qxerE paor 4nr ligaoelemn rp@my eroioanenrxocri e cSepu'ruo-
cnMer!r.1qHoMy Her(oMlrarHBHoMy npocTopi.

Ilepe-riqed troJrolrerrrrr Ea)aKoBoi HoBn3Fn aupo6oeaai y aofloBiatx lra Mit{Hapoat{rLx
nonQepeluirx (14 re pi:n{x r<oaQepeqii i crarrn y varepiauax rcou$epeaqii), a raKox y
Lnicrbox x)?Ha,rft,Hrx crarlrx- P$ylrhrarn- npeAcraBneHr B axcepral.tit- uui]'rorr,ct
:apy6iNnrauu ovenaur.r y eiqovr.rx vixnapoAnlx xypnatax.

Anceprauis cKrraAacrscr 1i jMicry- Bcryny- mecru poTairie. ercuorrie i  cnrcry
B[Koprcrarr?D< ,qxepe-n- flpaqe BIrI(ra,{eEa Ea 129-fii Fi6aiorpaQia Micrnrb 110
HatMeHyBaHb. BHKna,qeHHX Ha l6-Tt cropim{ax.



Bcryn uicrnm o6rpynryeanne arryan nocri o6panoi reu4 :o'-a:ox poboru :
rrayxoBrMn reltarun i npoerravn, QopMymoBaHrt Mern ra 3a,qaq .qocnirxenltt, BtcBiTreust
'rra)aKoBoro ra npa(Tusqoro 3EaqeIrHrI o'rpriMaarD( pe:yJmrarie, ra.linewo oco6ncrufi eaecor
3tro6)tsaqa ii exa:aro ua anpo6auiro peryrrrarie aaceprauii.

Porai,ri I npxcBrqeHo ornr-aori :rireparypl, 3a reMarr (oro ,oc,li.0xeH6 i
arqeur),a&uirrM yrara na niouepcrrci igei ra pe:ynr,rarr fai:eu6epr4 flaiiep:rca, CEafi,qepa.
Ilo,{a$o o3riaqeEsr ocrroBrrlD( BeJrrlDrE y He(oM}'TarriBrroMy rrpocropi, flpeAcraBnerro Ilprrrcla{Ir ,
3aaaq, po3rr-flryTrx paui[re iumrrtu aBToparMri, 33epH]'To ]tsary Ea neBtrpimeri FEraIi
[po6reMH.

y po|ni,r i  2 noAaHo pe3yn6TarM oparinanumrx aoc.niaxeHb. qKi clrncBo.sonoBHrororb i

]Torrrrororr, BucHoBKlr isrltltx ,rBTopiB crocoBrro cnequSixu otr[cy cucreMn r{acflrto( y
rreroir4).TarrcnoMy npocropi. orpevo Br.raineuo Bxna.qo( ,4aox rracrrtro( y aBoBITMipHoMy
npocropi. Ilorasauo, .m 3aAaqa qpo p)x ABox B3aeMo,4iro{rx vac'r{rloK y IreKoM}'rmIiBHoMy
rrpocropi 3BoAnrbcr Ao :agavi npo p1'r qeurpa Maca ra BiA1rocHoro plxy. BI{3qaqeIIo WoBy, 3a
E{oi (oop,qrrrarll ueH\pa Mac\4 i xoopaaxa -r ei,4nocnoro p]xy e fle3arrexEuMlt. ,{nx cr:crevl
N qacrnEo( y ABoBriMipEoMy npocropi B3tro ,{o }tsanr eOeKTnBHI]ii lapaMerp
rreKoM]'Tar[BHocri, 3aB.{rKri qoMy orpraMauro },TorrBeri ouiflI{l.r BepxH6oi Mexi ,urr lapaMerpa
IIoKOMyTaTLIBITOCTI eIeMeIlTapEIlX qaCTliIIO(.

Ocuoeni p*y:rrraru po3airry 3 rroB'ffasi 3 aqluri3oM pinuaur, pyxy Ma(pocKol]illuoro
ri:ra lvacruur.rr; y rpaBiTauiftHo\D noni ) KoHTeKcri BJzKoHaHHT nprH|Iiny eKBbanemnocrr.
BcranoB.[eEo, rqo qet r]priErlqll y npocropi 3 r{auoEiqr]orc HexoMyraraBHicrlo (oopAtrIrar

Brr(oEyeTr,cr, rKIlIo [apaMeTp rre(oM]'TaT[BEocTi arri qacTuEKi o6epHeHo flpotlopqiiil{qil ao i'i
Macu, f loKalaHo. uo aHaioriqHa cMTyauD Ma. Micue n,u ct, |c' levu qacruHoK.

Po:ai,r 4 nicrnTl, pesyn6TaM, td croc]alorbc-r onucy @istwrl'< nBIrIq y rplrBuMipHoMy
HeKOM)"TarnBrroMy npocropi, r4o norpe6ye norn6:reuoao aEarrby BnacrEBocri coepd.{Eoi
cnrerpii. AJLq uooro B po6ori 3anpoBa,4rkeno c$epnurro-cwerpra+ry EeKoMyrarriBuy affeopyi
eKBiBarreHTny amebpi KalloEiirlroro r[rly. B[(oprrcraqo y3ara"]rbseHr,ri fiapaMeap
uerolrlrarrlenocri Ta ,4o,4m(oai (oop.Drrnarf, sKi (oMyr).rorb 3 orreparopaMu ltoopallrrar ra
iv n1,r ucie.

Tpa4ruiitno arolr lo.{Ero e BaucrraBuM o6'ercroru, na nxouy anpo61'rorsca pirni nigxogr
ao ofiacy (BalrToBEx cucreu. Y po:gi,ri 5 lEcepTaxii ocrroBHa ]tsaxa 3ocepeaxerra B.rraclle Ira
,qodriaNenai B;racrrBocrefi aroMa Bo,urro y cQepuwo-curlerp[qrroMy iIe(oM)TarItBI{oMy
npocropi i niacraBom anr qboro e pe3ynbrart [o[epe.4rrboro po3airy. B3cro ao ).Bar'[ ,@a
uox,runi eapiauru lto6yAoBn coep[sro-crrMe'rpFrrroi Ee(oM)'rarrBEoi affe6pl i
BCTaEOB.rreHO, UIO 3Hafi,{eFi nollpaBrur,4O e}repaerl-tqErlx piBFiB aroMa soIHro e oaEaKoBrrMI.I ars
r{rrx Bt4rra,ryiB. Orprnrano nepinnicrr,, rr(a HaFra,qae cllr6Hillle o6MexeEE Ea BerqquHy
naparMell la HeKoM )'r aru BFocri.  sjx eiaove e,r ireparlpi Ha ocHoEi laHlo(.qju neM6iBcbKoro
3cyBy.

V po:4i,ri 6 npoaoexero EfiBqefiHr cneqlilbilar Brrn[By rra p)x qacrrHxl

rpaairaqiiiuoro IIoII,r, Terrep y c$ep8rso-clrMerp[qEoMy se(oM]'Tarlinuouy upocropi. flo:re
BBD(a€TbCr O.{nOpi.Unrry, rqo ail-rio sMory nporecm ni,4roeigui o6qEcresus rolIIIo, 6e3
Ea6rnxeHE 3a MaurIlM napaMerpoM I{eKoMyrarliBliocri. IlpoaEarrLoBaEo ani3orponirc ]uac[
qacTIrII(Il, 3)MOBIeHy IIeI(OMITaTITBEjCTIO I(OOpAr4lraT. BCTaHOBJIeHO ,A{OB[, 3a tfl{X
Bril(oEyeTr,cr rIpIlIIrlI-lII e(BiBarreHrnocri y cQeprvuo-cl-iMeTpljqqoMy Ite(oMyTaTItBHoMy

npoc ropi.
J BlcHoBKal niaeeleto niac1wr<l ,4ocni,4xeHb ir etaineuHqNa ocHoBHrl\ opur iHaihHr,t-\

pe3yn6TaTiB.
Y npoqeci aocniaNeur, .{rceprauT eibeKTIrBIro BllI<optlcroBye Meroalr i ni,nxo.qr cflacHoi

Teoperr-rqHoi QfuII(r,
. l locroeipricrs o,neprr€Hr.rx pej).rbrariB'I.r BncHoBKiB BunrTrBac ir KopeKrHocti

eiAuoeiAnrix apauu-rnnx [epexo,qiB nprr Br,rKollaHHi o6{uc,rer6, ix 3icraB,,IeuHt 3 pe3yrlTaraM[,



orpr{MaHliMu inmrvn a.eropzuu, aucororo pilna anpo6auii lerepiatry n Ng.pHaJIBEIix cmrr')<
ra aonosia4< sa l(osoepelllliD( i ceMiEapax.

Po6ora eaKonaua y Jlrriocrrouy aaqioua-nrnouy yrrleepozreri iMeEi IBaEa Oparl<a
griano : ,4epN6rolxeruolo reMolo i [poeIGoM Aept@Buoro Qontry $yuaavenraulmrx
IOCtl,{XeE6.

3aynaxeunn

l). IIpu o6roeopenrd rrptrrlqlrtry exsisareuTnocri rra c. 43 alrcepralliftroi po6oru ca|{
po:airunz aaa rlopvyaroeamra npamtrny ercieanexrHocri - e repvinax raxonovipuocri
BirbHoro [44iEE i pienocd iaeprnoi ra rpagiraqiihroi Mac: y trepEoMy Br-IrlaAr<y e Jlirepa'r1pi
Br-rKoprcroB].rorl repuin "cna6wd npuurgrn eruieanearnocri", B apyroMy - "rrai6itrrul
cna6xut [pl'Iqtrtr eroinaaettuocri", MaIorIu Ha ]Ba3i tqe pbli Qopuynrcaauna cnnluoro
npunqrzny eruiealenrnocri.

2).,4odnbno 6yro 6 sa:ua*rru, s< g\aisrororrcs cniooi,mromemu, orpnMani B
,4[cepraqil, 3a ;l,loB ]?ax]tsarlu potxtteicrcrxra< eQercrin, uanpncrag, xoar tavicrr
llllorouisclxoro sarouy na4inna 6para ao )tsani piBIttEHs reo,4eiitnlr{ niuifi y trori
IIIBap{uin6,qa.

3).Iluuoai ouisxs, noaani r 4Irceprauii, rle 3afiB[M 6yno 6 aonoaslira aarrldrll ant
HefiTpnuo, qo e axrytrmqaM B KoETeKcri ercneprorenrie i cnocT epexear y par\d(ax llpoeKTy
IceCube.

Bxa:aui sayaaxenru ne 3slrtiTrorb 3arar6ry orcory oqinrcy aacepraqii luarenro X.[. i
ae uprnaenuryorr ii nayKoBe 3llaqeEri-{. ,4ucepraqit e 3aBepEeHI{M Ha}aKoBliM aocnl(xeHlrllM.
Marepia.ir suMaaeHo [ocniaoBEo i eirro. ,{ucepranr npotBlt'Ia BacoKy na;xoay epy,utuiro,
euiuna cauocrifuro po:r'aslearu r:alxori:4qavi. Teopern*re sHaqeHE i rrpafis.cra qiusicrr
ocrroBlrrrx rorloxer{6, p*ynrrarit i nucnorrie Aucepraqiiuoi po6oru ne rn<rmrarorr c1'llniay

Aeropeoepar 4ucepTalii siao6paxae i-i sMicr Ha HanexnoMy piBHi. Ony6liroaani crarri
i Te3q ao[oBiAeft oxomuotorr' gci noloNenn , pey:rrmrn i eucuoexr alcepraqiiqoi po6orlr.

3a ualxorru piBEeM i o6ctroM npoBe.4eHhx aocninxetg ,urceprauifiHa po6ora
Xpucrnuu IIasriBEa fEarer*o <O,qno - i 6ararosacrunrosi 344aqi y Ee(oM)'rarIiBEoMy
npocropi >> si$IoBiaae scii.a sENIoraM BAI{ Vrtpain ao KanAlr,{arclr<rD. alrceprarit, a i'i aBrop
3acJryroBy€ flpllcyrxellrur ii Ha]T(oBoro cr)a[ell I Kuru.{IrAara (pi:uro-uareuaru*rzx Ea}aI( 3a
cueqiaEHicrro 01.04.02 reopemwra Qi:zrca.
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