TOMSK TOMCKWNWN
POLYTECHNIC NONMUTEXHUYECKUN
UNIVERSITY INBBB YHUBEPCUTET

MWHWCTEPCTBO HaYKM 1 Bbiclero o6pa3soBaHmA Poccuinckon Oegepaunn
denepanbHoe rocygapcTseHHOE aBTOHOMHOE
obpasoBaTesibHOe yupekaeHune Bbicliero o6pasoBaHua
«HaumoHanbHbIN NccnefoBaTebCckii TOMCKUA NONUTEXHNYECK YHMUBEPCcUTET» (TITY)

NHxeHepHas MIKOIA sIePHBIX TEXHOJIOTUH
Hamnpasnenue noarorosku — 16.04.01 Texauveckas pusuka
Hayuno-o6pazoBarensnsiii nentp b.I1. BeiinGepra

MATUCTEPCKASA ITMCCEPTALIUSA

Tema padoTsl

H3yuenne aagponHo-cTpyiinbix koppeasiuuii B O-O u p-O cTojiKHOBeHUsIX

V/]IK 539.125/.126:539.186

Crynent
I'pynna (07 (0] Hoamuch Hdarta
0IMO1 UymakoB lanuun KambapoexoBuu
PykoBogutens BKP
JloKHOCTH (115 (0] Y4eHast cTeneHb, Moanucey JlaTa
3BaHHuE
nonent HOLL B.I1. Cunenés /[.B. K.T.H.
Beitn6epra
PykoBoaurens npaktudyeckoil yactu BKP
JloKHOCTH (1% (0] ‘Y4enast cTeneHb, Moanucey JlaTa
3BaHHUEC
PykoBoauTens rpymnnsl Ounun Kprxex 1.¢.-M.H.
skcriepumenta ALICE B
D AH YP
KOHCYJIBTAHTBHBI ITIO PA3JIEJIAM:
[To pazneny «OUHAHCOBBIA MEHEIKMEHT, pecypcod(PhEKTUBHOCTH M PECYpCOCOEPEIKEHUE
Jlo/zKHOCTH [01% (0] Yu4enas crenenb, IMoanucs Hara
3BaHHuE
Houent OCI'H Sxumona T.b. K.3.H.
[To pazaeny «CormanbpbHasi OTBETCTBEHHOCTHY
Jlo/KHOCTH [01% (0] Yu4enas crenenb, Iloanucn Hara
3BaHHuE
[Tpodeccop TITY ®enopuyk H0.M. J.T.H.
KoncynwsranT — nunarsuct HOILL B.I1. Bettn6epra UATI;
Jlo/zkHOCTH [01% (0] Yuenas crenenb, IToanuch JlaTa
3BaHHE
Cr.mpen. OUA Kab6psimena O.I1. -
JONNYCTUTD K BAILIUTE:
Pykosogurens OOII DUO Yyenasi crenens, Moamuce Jara
3BaHHUE
nouent HOILL B.11. Cunenés /.B. K.T.H.
Belin6epra

Tomck — 2022 1.




IINTAHUPYEMBIE PE3YJIBTATBI OCBOEHHUS OOII

Kon
KOMIIEeTEeHI| HaunmenoBanue KoMneTeHIUH
HH
YK(V)-1 | CtocoOHOCTh OCYIIECTBIISATh KPUTUUECKUN aHAIM3 MPOOIIEMHBIX CUTYaIlil Ha
OCHOBE CUCTEMHOTI'0 II0JIX0/1a, BbIpa0aThIBaTh CTPATETHUIO ACHCTBHIA
VK(Y)-2 | CiocoGHOCTb yIpaBiIATh IPOSKTOM Ha BCEX ITAIAX €ro )KU3HEHHOTO IIUKJIA
YK(Y)-3 | CnocoOHOCTh OpraHW30BBIBaTh U PYKOBOJUTH pa0OTON KOMaH/IbI, BEIpaOaThIBas
KOMaHHYIO CTPATETHUIO JJIs IOCTUKEHHUS TIOCTABICHHOH LIEIH
YK(V)-4 | CtocoOHOCTb TPUMEHSTH COBPEMEHHbIE KOMMYHUKAaTHBHBIE TEXHOJIOTUH, B
TOM YHCJIC Ha HHOCTPAHHOM (-BIX) SI3BIKE (-aX), JJIsS aKaJEMUIECKOTO U
PO ECCHOHAIBHOTO B3aUMOJICHCTBUSA
YK(Y)-5 | CnocoOHOCTh aHATHU3UPOBATh U YUUTHIBATh pa3HOOOpa3ue KylabTyp B Ipolecce
MEXKYJIBTYPHOTO B3aMMOICHCTBHS
YK(Y)-6 | CiocoOHOCTh ONpeneNsaTh H PEali30BBIBATH IMPUOPUTETHI COOCTBEHHOM
JESTEIIbHOCTH U CIIOCOOBI €€ COBEPILIEHCTBOBAHUS HA OCHOBE CAMOOLIEHKH
OIIK(Y)-1 | Croco6HOCTB K TPO(hEeCCHOHATLHOM IKCIUTyaTallid COBPEMEHHOTO HAyYHOTO U
TEXHOJOTMYECKOro 000pyJOoBaHMS U NpUOOpPOB, MpeAHA3HAYCHHBIX TS
UCTIOJIB30BaHUS B 00JIACTH TEXHUYECKOH (pr3ukm
OIIK(Y)-2 | CtocoGHOCTh AEMOHCTPUPOBATH U UCTIOIB30BATh YIITyOJIEHHBIC TEOPETHUSCKUE
U NIPaKTUYeCKHUEe 3HaHUS (YHIAMEHTAIbHBIX U NPUKJIAJHBIX HAyK, B TOM YHUCIIE
13 00J1aCTH TEXHUUECKON (PU3HUKH
OIIK(Y)-3 | I'oTOBHOCTh PYKOBOJHMTH KOJUIEKTUBOM B c(epe cBoeil mpodeccnoHaabHON
NEeSITeTbHOCTH,  TOJIEPAHTHO  BOCHPUHUMAS  COLMAIIbHBIC, OTHHYECKHE,
KOH(eCCHOHATIbHbIE U KYJIbTYPHbIE Pa3IHUMs
OIIK(Y)-4 | I'oToBHOCTh K KOMMYHHKAILIMU B YCTHOM M MMCbMEHHON (hopMax Ha pyccKOM U
MHOCTPAaHHOM SI3bIKaX JJISl pEIIeHUs 3a/1a4 MPo(hecCHOHAIBHON JesITeTbHOCTH B
00J1aCTH TEXHUYECKOH (PU3UKU
OIIK(VY)-5 | CriocoGHOCTh  OCYLIECTBIISATh HAy4YHbI MOUCK W pa3pabOTKy HOBBIX
HNEPCHEKTUBHBIX MOIXO0JI0B U METOJOB K PEIICHUIO NMPO(eCcCHOHAIBHBIX 3a/ad,
TOTOBHOCTH K NMPO(eCCHOHATEHOMY POCTY, K aKTHBHOMY YYacCTHIO B HAYYHOM
JesITeIbHOCTH, KOH(PEPEHIINAX, BHICTABKAX U MIPE3EHTAIMIX
[IK(Y)-1 | CtocoOHOCTb KPUTUYECKH aHAIN3UPOBATh COBPEMEHHBIE MPOOIEMBI

TEXHUYECKOH (U3MKH, CTAaBUTH 33Ja4u U pa3padaThIBaTh MPOrpaMmy
UCCIIEIOBaHMs, BEIOMPATh aJIeKBaTHBIE CIIOCOOBI M METObI PEIICHUS
JKCHEPUMEHTAIBHBIX U TEOPETUUECKUX 33714, NHTEPIPETUPOBAT,
IIPEACTABIIATH U IIPUMEHATH IIOJy4YEHHBIE PE3YJILTAThI




Kon
KOMITETEHI]
101

HaumeHoBaHMEe KOMIIETEHIIMH

TIK(Y)-2

CriocoOHOCTb CaMOCTOSITENIFHO BBIMOJIHATh (PU3UKO-TEXHUYECKUE HAy4YHBIC
UCCIICIOBaHMsl Ul ONTUMH3ALMM IapaMeTpoB OOBEKTOB U IPOLECCOB C
HCIIOJIb30BaHUEM CTaHJAPTHBIX u CIELUAIbHO pa3paboTaHHBIX
UHCTPYMEHTAJIBHBIX U IIPOIPAMMHBIX CPEICTB

TIK(Y)-3

['oTOBHOCTH OCBamBaTh U MPUMEHSATH COBPEMEHHbIE (PU3UKO-MaTeMaTHYECKUE
METOJIbI JIJIsi pEelIeHUs MPOPECCHOHANBHBIX 3a7a4 B OOJACTH TEXHUYECKOU
GU3MKH, COCTAaBIATH MPAKTUYECKUE PEKOMEHIAMH [0 HUCHOJIb30BAaHUIO
MOJYYEHHBIX PE3YJIbTATOB

TIK(Y)-4

CnocoOHOCTh TPENCTaBIATh Pe3yJbTaThl UCCIENOBaHUS B (GopMax OTUETOB,
pedeparoB, myOIMKaIMiA U IPE3CHTAUN

TIK(Y)-5

['oTOBHOCTP TPUHUMATH HEMOCPEACTBEHHOE Y4acTHE B Yy4eOHOH M yueOHO-
MeTou4YecKor paboTe 1o HanpaBieHuio « TexHuueckas pusuka», yyacTBOBaTh
B pa3paboTKe nporpamMm y4eOHbIX JUCLMILIMH U KYpPCOB

TIK(Y)-6

CrnocoOHOCTh TPOBOAUTH Y4YeOHBIE 3aHATHUS, JlabopaTOpHbIe PadoTHI,
obecrieunBaTh TNPAKTHYECKYID H  HAYYHO-HCCIICOBATEILCKYIO  paboTy
00y4armuxcs

TIK(Y)-7

CriocoOHOCTE INPpUMCHATL H p33pa6aTBIBaTL HOBBIC O6pa3OBaTeHBHLIC
TCXHOJIOTHNH

TIK(Y)-8

CriocoOHOCTh pa3pabaTbiBaTh U ONTUMHU3UPOBATh COBPEMEHHbBIE HAyKOEMKHE
TEXHOJOTMH B 00JAacCTAX TEXHUYECKOM (PU3UKHU, CBSI3aHHBIX C MPUMEHEHUEM
IIyYKOBBIX M IUIA3MEHHBIX TEXHOJOIMH, C YYE€TOM DJKOHOMHUYECKHX H
HKOJIOTMYECKUX TPeOOBaHUM

TIK(Y)-9

CnocoOHocTh  pa3pabarbiBaTh, NPOBOAWTH  HAJNaJAKy M  HCIBITaHMUS,
OKCIUTyaTUpOBaTh  HAYKOEMKOE  TEXHOJIOTMYeCKOe UM aHAJTUTHYECKOe
obopyioBaHue

TIK(Y)-10

I'oTOBHOCTB peuiate TNPUKIAAHBIC HWHXKCHCPHO-TCXHUUYCCKHUEC W TCXHHUKO-
9KOHOMHYECCKHUC 3aaa4Ui C MIOMOMIIbIO MaKETOB NPUKIIAAHBIX IPOTrpaMM




TOMSK TOMCKUNN
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY YHUWBEPCUTET

MuHUCcTepCTBO HayKM 1 Bbicluero obpasosaHuaA Poccuinickon Qegepaunm
depepanbHoe rocygapCcTBEHHOE aBTOHOMHOE
obpasoBaTeNibHOe yupexaeHue Bbicliero obpasoBaHus
«HaumoHanbHbIN nccnegoBaTenbCcknii TOMCKUI MONMTEXHUYECKNA YHUBEpPcUTeT> (TI1Y)

NHxeHepHas MIKOIA sIePHBIX TEXHOJIOTUM
Hamnpasnenue noarorosku — 16.04.01 Texauueckas ¢pusuka
Hayuno-o6pazoBarensnbiii nentp b.I1. BeiinGepra

YTBEPXAIO:
PykoBonurens OOII
Cunenés /1.B.
(ITonmuce) (Hara)
3AJJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHOH padoThI
B dopwme:
MarucTepCcKou Iucceprauuu
Crynenry:
I'pynna (0]5 (0]
0AMO1 YymakoBy [lanumny KambapoexkoBuuy
Tema paboThl:

N3y4denne aaponHo-cTpyiiHbIX Koppeasuuii B O-O u p-O cTo1KHOBeHUAX

YTBepxkaeHa MPUKA30M JUPEKTOpa (1aTa, HOMEP) [Tpuka3z Ned7-1/c ot 16.02.2022 r.

Cpok cliauu CTyICHTOM BBITIOJIHEHHOM pabOTHI: 15.06.2022 1.

TEXHUYECKOE 3AJIAHUE:

OKpYJHCAIOWYIO Cpedy, IHeP203AMPamam,; IKOHOMUIECKUl
aHauz u m. 0.).

HcxonHble 1aHHbIE K padoTe 1. CwmopnenupoBanubie B renepatope PYTHIA8 cobbitust pp-
CTOJIKHOBEHHH ¢ 3Hepruel B c.1u.M 5.02 TaB;

(HaumeHo8aHUe 00BEKMA UCCIeO0B8AHUSL UNU NPOEKIMUPOBAHUS, 2. Bubmuoreka (byHKIII/Iﬁ FastJet JUTSL PEKOHCTPYKIIUU Cprﬁ;

npou3eodumexzbﬁocmb uu Hae;jyska; pedcum f7a6omhz 3. CITO CERN ROOT st 06paBoTKH AAHHBIX;

(HenpepbiBHbILL, NEPUOOUYECKUL, YUKTUYECKUU U M. 0.), 8UO

ChIPbA UIU MAMEPUAT U30eNUs;, MPeGOBAHUSL K NPOOYKMY, 4. CoGpitus,  3apernctpupoBannbie  nerekropom  ALICE,

u30enuro unu npoyeccy; ocobvie mpebosanus K 0COOeHHOCMAM MOJyYeHHbIE M3 PP-CTOIKHOBEHHH C 3Heprueil B cC.IL.M

@ynkyuonuposanus (IKcnayamayuu) 06vekma unu u0enus 6 5.02 T3B;

naame 6e30NaAcCHOCHIU SKCHLYAMAayuu, IUAHUA HA 5. TIporpammnsiii kox RooUnfold.




Ilepeuens noaJIesKANINX HCCIETOBAHUIO,
NMPOEKTHPOBAHHUIO U Pa3padoTKe
BOIIPOCOB

AHaTuTHYECKHUI O630p JIMTEPATYPHBIX UCTOYHHUKOB C LECJIbIO
HUCCICA0BaHUA ra00anbHEIX HAY4YHbIX M TCXHOJOT'MYCCKUX
HOCTI/I)KCHI/Iﬁ B o0yact HUCCICO0BAHUA,

2. ®opMyIHpOBAaHUE [ICTH UCCIICTOBAHNUS;
(aHa/lMIﬂM’ieCKMIZ O630p no aumepamypHsviM UCMOYHUKAM C 3 OHI/ICE[HI/Ie OGLeKTa HCCHeHOBaHHH;
YebIO BLIACHEHUS OOCMUIICCHUI MUPOBOLL HAYKU MEXHUKU 6 4. Pa3pa60T1<a OporpaMMHOTO KOJa JUIA MOACIUPOBAHUA
paccmampugaemou 0oaacmu; NOCMAaHoO8Ka 3a0ayu COOBITHIA PP-CTOJKHOBEHHS,
oo oy weescoman wpocmiposaris, | & Pa3paGOTIQ  mporpawmmoro  xoza i  oGpaGork
KOHCMPYUpO8aHusi; 00CysicoeHue pe3yibmamos 6blnoIHeHHOU pe3yIbTaTOB,
pabomul; HAUMEHOBAHUE OONOIHUMENbHBIX PA30EN08, 6. Pa3pa60TI<a IIporpaMMHOT0 KOoJa 11 JICKOHBOJIIOIINH
noonedxcawux paspabomre; 3aKuoveHue no pabome). CIIEKTPOB;
7. OOCyxIeHHUE MOTYYCHHBIX PE3yJIbTATOB,;
8. DuHAHCOBBIA MEHCIKMEHT, pPecypcodPPeKTHBHOCTE U
pecypcocOepexeHuce;
9. CoranbHas OTBETCTBEHHOCTD;
10. 3akmoueHue.
Ilepeuyenb rpaguueckoro MarepuaJia 1. Bsenenne;
2. AKTyambHOCTH HCCIICIOBAHUS;
(c MOYHBIM yKa3aHuem 005A3amenbHbIX Yepmediceli) 3. Llenu u 3a1auy UCCIIEIOBAHUS,
4. TlonoxeHus, BEIHOCUMBIE Ha 3alUTY;
5. Merton agpoH-CTPYHHBIX KOPpesuui;
6. U3amepenue sddekra raueHus CTpyu;
7. OmnpeneneHne TOYHOCTH HM3MEHEHHs]  IHEPIeTUYECKOTO
cMereHus B P-O CTONIKHOBCHHUSX;
8. Ormpenemenue TOYHOCTH HM3MEHEHHS  OHEPTETHUECKOTO
cmerenus B O-O CTONKHOBEHUAX
9. JIeKOHBOMIOLHUS CIIEKTPOB;
10. BBogHbIE TaHHEBIE;
11. PesymbTaThl TPOBEPKM Ha COOTBETCTBHE  aJTOpUTMa
JIEKOHBOJIIOINH;
12. BBojHbIC IKCIICPUMEHTAIBHBIC JAHHBIC,
13. Pe3ynbraThl IEKOHBOIOIMUHU KCIIEPUMEHTAIBHOTO CIIEKTPA;
14. Onenka cHCTEMaTHYECKOU MOTPEIIHOCTH;
15. Ob6cyxnenue pe3yabTaToB;
16. 3akmroueHue.

KOHcy.]II)TaHTbI 1o pasaejaam BbIHyCKHOﬁ KBaJIl/I(l)I/IKaIII/IOHHOﬁ paﬁon

(c yrazanuem pazoenog)

Pa3nen

KoncyabTanr

[IpakTrueckuit pasaen

Ounun Kpmxek

Paznensl Ha aHTITUICKOM SI3BbIKE

Kaobpsimesa O.I1.

DUHAHCOBBIN MEHEDKMEHT, pecypcodPPEeKTUBHOCTh U PECYPCOCOEepeKeHIE

Sxumosa T.b.

COI_II/Ia.HBHaSI OTBCTCTBCHHOCTbD

®enopuyk HO.M.

Ha3panus pa3nesnoB, KOTOpbIe 10/KHBI OBITH HANIMCAHBI HA PYCCKOM M HHOCTPAHHOM SI3bIKAX:

®u3nKa CTOJIKHOBEHUH YIbTPAPENITUBUCTCKUX TSDKEIBIX HOHOB (HA aHTJIMICKOM SI3BIKE)

DKcrnepuMeHTallbHAs yCTaHOBKA (Ha aHTJIMICKOM SI3BIKE)




MopenupoBaHie W aHaIM3 Pr CIEKTPOB WHKIIO3UBHBIX 3apSDKEHHBIX CTPYH, TOJTYYCHHBIX IPH
MOJICIIMPOBAHNHU (HA AaHTJIMUCKOM SI3BIKE)

AHTJIUMCKOM SI3bIKE)

AHanu3 pr CIEKTPOB MHKIIIO3UBHBIX 3apsSKEHHBIX CTPYH, BOSHUKIIMX B X0/1€ PP-CTOJIKHOBEHUH (Ha

DUHAHCOBBIN MEHEHKMEHT, PecypcoddHEeKTUBHOCTh M pecypcocOepKeHue (Ha PYCCKOM SI3bIKE)

ConuanibHas OTBETCTBEHHOCTbH (Ha PYCCKOM SI3BIKE)

JlaTa BbIIa4M 32/1aHUA HA BHINOJTHEHHE BHINTYCKHOM 07.02.2022 r.
KBAJIM(PUKANMOHHOMH PadoThHI MO JUHEeHHOMY rpaduky
3aaHue BbI1aJ1 PYKOBOJIMTEIIb!
JloJKHOCTH DdPUO YyeHasi cTeneHb, IMoanuch Jlarta
3BaHHUE
nouent HOLL B.11. Cupenés /.B. K.T.H. 07.02.22 1.
Beitn6epra
PykoBoauTens rpynimsl Ounun Kpuxek .¢0.-M.H. 07.02.22 r.
skcniepumenTa ALICE B
sid AH 4P
3aaHue NPUHSJI K MCIIOJTHEHUIO CTY/AEHT:
I'pynna (07 (0] Moanucy Jara
0IMO1 Yymaxos J1.K. 07.02.22r




_ BAJAHUE JUIS PA3JEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crygenry:
I'pynna DPUO
0AMO01 UymaxoBy Janumny KambapbekoBuay
Ikoja AT Ornenenne mkouabl (HOIL) HOI1 B.I1. Beiinoepra
YpoBenb 06pa3oBaHus MamCTpaTypa HanpagsJienue/cnenuajibHOCTh 16.04.01 Texanueckas

¢u3uka/ IlyuxoBeie n
IUIa3MEHHBIC TEXHOJIOTHH

Hcxoaublie n1anHble K pa3aeny «DUHAHCOBbIH MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

pecypcochepeKkeHne»:

1. Cmoumocms pecypcos nayuno2o ucciedosaust
(HH1): mamepuanvrno-mexuuuecKux,
IHEP2eMU4ecKux, (PUHAHCOBLIX, UHPOPMAYUOHHBIX
U yenogeueckux

CrouMOCTh MaTepHANBHBIX PECYpPCOB M CIEIHAIBHOIO
000pyIOBaHUS OMpEIENICHBl B COOTBETCTBUU C PHIHOUHBIMU
neHamu 1. Tomcka. TapugHble CcTaBKM HUCIOJHHUTENCH
onpejeeHsl WTarHeM pacnucanuem HTU TITY

2. Hopmbvl u Hopmamuswl pacxo008anusi pecypcos

HopMbl aMOpPTH3allMOHHBIX OTYUCICHHM Ha CIELUANIbHOE
obopynoBanue

[MpemuaneHblit koadpunment 30%

Paiionnsnii koapduuest 30%

Koaddunment gomnat u HagbaBok 20%

3. HCI’IO]Zb3y€Ma}l cucmema HMOZOO@]IODIC@HM;I,
CMAaeKU HAJll02coe6, OMmyuUciIenutl

Otuncnenus Bo BHeOomkeTHBIE hoHIBI 30%

Hepe'{eﬂb BOIIPOCOB, INOJIC/KAINUX HCCIIECT0

BAHHIO0, NPOEKTHPOBAHMIO H pa3padoTKe:

1. Oyenxa xommepueckozo u UHHOBAYUOHHOSO
nomenyuana HTU

AHanu3 u orieHka KoHKypeHTocnocodonoct HTU;
SWOT-ananus.

2. Paspabomka ycmaea Hay4HO-MeXHUUECKO20
npoexma

1.1lenu u pe3ynbTaT NpoeKTa.
2.0praHu3alioHHas CTPYKTYpa MPOEKTa.
3.0rpaHnyeHNUS U AOMYIICHNUS TPOESKTA

3. IInanuposanue npoyecca ynpasnenus HTH:
cmpyKkmypa u epa@uk nposederusi, 6100xcem,
PUCKU U OP2AHU3AYUSL 3AKYNOK

®opmupoBanne  miIaHa M rpaguka  pa3pabOTKH.
®dopmupoBaHue OI0KeTa 3aTpaT Ha HAYYHOE HUCCIIE0BaHNE

4. Onpeodenenue pecypcholi, puHancosotl,
9KOHOMUYECKOU P PexmusHocmu

1.OmpezieneHie MHTErPajJbHOrO (DUHAHCOBOTO MOKAa3aTels
pa3paboTku;

2.0mpeneneHre HHTETPAITBHOTO MOKa3aTes
pecypcoaddexTuBHOCTH pa3pabOTKH;

3.0mnpeneneHre HHTETPAITBHOTO MOKa3aTess 3 (eKTUBHOCTH.

Hepe‘lel—lb rpa(l)l/lqecxoro MATEePHUAJIA (c mounviv yrasanuem 06s3amenbHbIX uepmedicell):

1. Ceemenmuposanue poinka
2. Oyenka KOHKYpEeHMOCNOCOGHOCHIU MEXHUYECKUX peuteHull
3. Mampuya SWOT
4. TIpagux nposedenus u 610oxcem HTH
5. [Iomenyuanvuvie pucku
| laTa BbIzaum 3a1anHust IS pasieia 1o JMHeiHoMy rpaduKy | 22.02.2022
3analme BbIAAJI KOHCYJbTAHT:
JloKHOCTH (1% (0] ‘Yuenasi cTeneHb, MMoanucy JlaTa
3BaHUE
Jomear OCT'H Sxkumona Tarpsina bopricoBHa | K.3.H. 22.02.2022
3ana}me NMPpUHAJI K UCIIOJTHEHHUIO CTYACHT:
I'pynna PUO Moamuce Jara
0JIMO1 UymaxoB Jlaanmn KambapOekoBud 22.02.2022




3AJIAHUE JIJISI PA3JIEJIA
«COILIUAJIBHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DOUO
0AMO1 Yymakoy [Janunny KambapoexkoBuuy
HIKOJIA MSITII Otaenenue mkouabl (HOIN) HOII B.II. Beiinoepra
YpoBennb Marwucrtparypa Hanpasienne/cnenuuajbHOCTh 16.04.01 TexHnueckast
o6pazoBaHus ¢usuka/ [Tyukosble 1
MJIa3MCHHBIC TCXHOJIOTUH

Tema BbIyCKHON KBAJIM(PUKALNOHHOMH padoThl: «3yyeHne aipoOHHO-CTPYHHBIX Koppeasuuii B O-O u

p-O CTOJKHOBEHUAX

Hcxonnsblie 1annble K pa3neny «ConuaibHas OTBETCTBEHHOCTb»:

obnacTu ero mpuMeHeHHs

1. XapakTepucTruka 00beKTa UCCIIeI0BaHuUs (BEIIECTBO,
MaTepuai, mpudop, aJropuTM, METOIMKa, paboyas 30Ha) U

MaremaTtuyeckast MOJEIb CTOJTKHOBEHHSI
BBICOKOIHEPIeTHUECKUX YACTHII,
paspabotanHas Ha [I9BM ncniomHuTENS.
PaboTel mpoBoauuch Ha 6aze MHcTUTyTA
sepHOl Gu3uku Akagemun Hayk Yemickoi
PecrryOnmkwm, 1. Paxex.

Pabouee mecTo mpencTaBisieT coOoi opUCHBIIH
KaOWHET co crosiaMu Jijisi paboTsl 3a [IDBM.

HCpC‘-ICHI) BOIIPOCOB, NOAJIC)KAIUX UCCIICAOBAHUIO, IIPOCKTU

POBaHHIO U pa3paboTKe:

1. IlpousBoacTBeHHAs 0€30MACHOCTH

1.1. AHanu3 BBIABICHHBIX BPEIHBIX (DaKTOPOB
e IIpupojna Bo3aeiicTBUs
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Abstract

Master’s thesis contains 158 pages, 33 figures, 4 tables, 74 references, 0
appendices.

Key words: hadron-jet correlations, energy shift, ALICE, PYTHIA,
ultrarelativistic heavy-ion collisions, jet quenching, SVD unfolding, Bayes
unfolding.

The object of the study are hadron jets emerging from the ultrarelativistic
heavy-ions collisions recoiling from the hadron track with high transverse
momentum.

The goal of research is to perform the projection on the minimum detectable
energy shift due to jet quenching for transverse momentum spectra (py) of jets which
recoil from a high-p; hadron track.

During the investigation, the Monte Carlo simulation of ultrarelativistic
heavy-ions collision was created. Glauber model was used to make projections on
the minimum detectable energy shift value due to the statistical and systematic
uncertainties. The raw experimental data from pp collisions were processed via SVD
unfolding used to suppress the detector effects. The unfolding was performed with
the variable parameters. As a result of the investigation, the minimum detectable
energy shift value was estimated for O-O and p-O collisions, and the uncertainty
value due to unfolding was calculated.

The implementation of the obtained results means the direct use of
information about the minimum detectable energy shift due to evaluated uncertainty
in ALICE Run 3. These results may be used for the fine-tuning of the experimental
equipment considering the influence of specified uncertainty sources. Fields of
application are particle physics, heavy-ion collisions physics, experimental nuclear
physics.

The economical efficiency and significance of this work lies in the
development of preliminary physical experiment simulation that allows to perform

fine-tuning of the experimental equipment before its start.
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Introduction

Nuclear matter under extreme energy densities and temperatures undergoes a
phase transition into the Quark Gluon Plasma (QGP), in which quarks and gluons
are deconfined from hadrons [1]. Collisions of ultrarelativistic heavy nuclei are used
to study QGP properties, as in such collisions it is possible to achieve high energy

density and temperature in a finite volume. The QGP which is created in the
collisions lives on a time scale of 10 me During to live time it expands and cools and

finally undergoes a transition to the hadron gas phase. Properties of the QGP medium
can be investigated by means of rare scattering processes with large four-momentum
transfer which take place at the beginning of the collision process. These processes
produce collimated sprays of particles — the so-called jets. Current understanding of
the properties of the QGP is based primarily on two phenomena observed in high
energy nuclear collisions and their comparison to theoretical calculations: strong
collective flow [2], and jet quenching, which arises from interaction of energetic jets
with the medium [3].

The jet quenching phenomenon is observed as a significant decrease in energy
of high-p; hadrons and jets energy which traversed through the QGP medium. Their
yield measured in ultrarelativistic heavy-ions collisions is suppressed in comparison
to the yield expected from the superposition of corresponding the number of pp
collisions. Although the jet quenching phenomenon has not been observed in pp and
proton-nucleus collisions, such as p-Pb [4], it is of special interest to determine the
smallest collision system size exhibiting jet quenching. In LHC Run 3 it is planned
to perform a short oxygen-beam run with O-O and p-O collisions [5]. Before the
oxygen run takes place it is desired to estimate both statistical and systematic
uncertainties of the experimental jet quenching observables. This can be done using
Monte Carlo simulations and data previously obtained from LHC.

The goal of this thesis is to perform such projection for transverse momentum
spectra (py) of jets which recoil from a high-p, hadron track, so called trigger track.

This technique allows for subtraction of jet yield uncorrelated to the trigger track
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using statistical data driven approach. To achieve this goal, it is necessary to perform

the following tasks:

to learn the basic concepts of ultrarelativistic heavy ions collisions physics
and QCD;

to get familiar with the Glauber model,

to describe jets and their reconstruction in the experiment;

to study the hadron-jet correlation technique;

to generate pp events using PYTHIA8 MC generator and study them using
hadron-jet correlation technique;

to estimate the statistical and systematic uncertainties for the observables
in future LHC O-0 and p-O runs;

to use hadron-jet correlation technique to analyze data from pp collisions
at+/s = 5.02 TeV measured by ALICE;

to make the closure test of the unfolding procedure and the unfolding of
the real data;

to estimate the systematic uncertainties for the unfolded spectra;

to discuss the achieved results.
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1 Physics of ultrarelativistic heavy-ion collisions

The physics of ultrarelativistic heavy-ion collisions lies at the intersection of
several areas of science, such as elementary particle physics at high energies, nuclear
physics, as well as cosmology and astrophysics. Ultrarelativistic heavy ions are
nuclei with large number of nucleons for which kinetic energy per nucleon

significantly exceeds the rest energy of the nucleon [6]:

GeV
c?’

Ejap
A

»> myc?;my = 1 (1.1)

One of the principal goals of the heavy-ion physics program is to map phase

diagram of the strongly interacting matter. The high energy density and temperature

frontier of this diagram is investigated with the help of collider accelerators.

Colliding beams can exploit most of the energy for particle production. In the
ultrarelativistic regime the center of mass energy per nucleon-nucleon collision is:

\Syn D> myc?. (1.2)

Ultrarelativistic heavy-ion collisions provide a unique opportunity to study

the properties of quark-gluon plasma since they create finite volume of this phase

(see Fig. 1). The quark-gluon plasma is a phase in which quarks and gluons escape

their confinement in hadrons. When created in a heavy-ion collision, it exists on very

short time scale of order of 10 me [1].
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Figure 1 — Phase diagram of QCD matter [7]
The system then undergoes rapid evolution results in a final state having high
multiplicity of produced particles. These experiments are therefore demanding from

the perspective of detector design as well as data processing, since large data
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volumes have to be recorded and processed. At the Large Hadron Collider at CERN,

such considerations start to play role also for proton-proton collisions.

1.1 Kinematic quantities

In high-energy physics, relativistic effects cannot be neglected. It is more
advantageous to make calculations in the natural system of units, in what follows we
will adopt the system of units where c = A = kg = 1.

The common notations for the components of a vector quantity A relative to
the beam axis (z) are as follows: A, = A, is the component parallel to the z axis,
A, = A; is the perpendicular one.

It is important to use quantities that are invariant and additive with respect to
the Lorentz transformation - such that they do not depend on the choice of reference
frame when working with relativistic particles. In this case, it turns out to be
inconvenient to operate with linear velocity of the particle when performing
kinematic calculations, as the simple addition of relativistic velocities (v, + v,)
does not provide realistic result. Instead of velocity, the quantity called rapidity y is
used in calculations. This quantity is additive with respect to the Lorentz

transformations [6]:

N i J Py —
y =3 In ey arctanh(E) = arctanh (v), (1.3)

where E = \/m? + p? is the total energy of particle, vy = 2L is the longitudinal
component of speed parallel to the beam axis.
One can calculate energy and longitudinal momentum of particle using
transverse mass and y:
E =m, coshy, (1.4)
p; = my sinhy. (1.5)
where m is so-called transverse mass which can be defined in the system of

natural units as:

m, =+ m?+ p? (1.6)
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Scattering angle 6 is not additive with respect to Lorentz transformation.

Instead, one should use the quantity called pseudorapidity n [6]:

_ 1 Apltp) _ oy _ _ 0.
n=s ln—(lpl—p”) In(ctg 2) In(tg 2). (1.7)

Using pseudorapidity, one can calculate the absolute value of particle 4-momentum

and its longitudinal component:

Ip| = p, coshn, (1.8)
py = pysinhn. (1.9)
For the massless particles (with m — 0) rapidity y and pseudorapidity n are equal,
but for the particles with finite masses they are related with the following equations

which can be used to recalculate one quantity from another [6]:

1 \[pf_ coshZn+m?2+p, sinhn
y =3In[

1, (1.10)

\/pi cosh2n+m2-p, sinhn

\/mi cosh?y—-m2+m, sinhy

(1.11)

1
n =3lIn|

Jmf_ cosh? y—m?—m, sinhy
The equation showing the connection between the rapidity distribution of particles
and pseudorapidity distribution is presented in [6].

In the center-of-momentum frame, the region of phase space where
y = n = 0, is called the central rapidity region or the midrapidity region. The
regions corresponding to the initial rapidities of the projectile and target are called
the projectile and target fragmentation regions.

1.2 Key concepts

In the study of nucleus-nucleus and nucleon-nucleus collisions, several
concepts are introduced to characterize the collision. The first to be mentioned is the
concept of spectators and participants. Let us assume that during an ultrarelativistic
nucleus-nucleus collision, all nucleons of the nuclei move along mutually parallel
trajectories. Those that do not meet on their way a single nucleon of the other nucleus
and do not participate in any collision event are called spectators. The rest nucleons

which have undergone at least one collision are called participants (see Fig. 2). The
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participants which have suffered at least one inelastic collision are called the

wounded nucleons.

spectators

participants

participants

Spectators

Figure 2 — Scheme of ultrarelativistic nuclei collision [6]

An impact vector is a two-dimensional vector connecting the centers of the
colliding nuclei in a plane transverse to the trajectories of the nuclei. The length of
impact vector is called the impact parameter.

The value of impact parameter allows to determine the number of participant
nucleons Ny, and spectator ones Ng,... Ny Value is experimentally determined
by counting the number of particles in the zero-degree detectors, as well as the
energy absorbed in the zero-degree calorimeters. This name of the detectors is
associated with their location and the type of particles they register, as they typically
register neutral particles, such as spectator neutrons. Zero-degree detectors are
located along the beam axis behind the deflecting magnets of an accelerator.
Charged particles are deflected by these magnets, and thus do not induce signal in
the zero-degree detectors. Neutral particles that did not participate in hard interaction
processes have a large momentum along the direction of the beam. They are not
deflected by magnets, so they are registered by zero-angle detectors.

The number of binary nucleon-nucleon collisions N.,; is determined by the
number of any interaction acts between two particles. Typically, Ny,q+ < Neoy,
since at ultrarelativistic energies in a collision process, both elastic and inelastic

multiple scattering of intranuclear particles play an important role [8].
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When considering a collision of particles, a rectangular coordinate system is
introduced in such a way that the z axis is parallel to the beam axis, and the x axis
is directed along the impact vector. These two axes define the reaction plane for the
collision in question [6].

Relativistic heavy ions collisions can proceed in different ways. In case when
a collision with a high energy loss (with a high stopping power) occurs, most of the
particles from the colliding nuclei stop in the midrapidity region, and a high particle
density is achieved in it. In the so-called transparent collisions, the energy losses of
particles turn out to be negligible compared to their energies, and two nuclei fly
through each other. In such collisions, inelastic processes are not observed [6].

Collisions with impact parameter close to zero are called central (in practice,
these are the ones with an impact parameter less than a given threshold). The need
to characterize the collisions leads us to the concept of centrality c, the fraction of
particles directly involved in the interaction.

An inclusive process is a process in which it is impossible to measure the
kinematic characteristics of all interaction products, and therefore the process is
described only for a certain set of particles.

The minimum bias mode includes measurements or simulations without
special constraints, in which the results are averaged over different impact
parameters. Collisions in the minimum bias mode include not only "hard" processes
with a significant change in momentum, but also "soft" ones, not related to the
interaction of partons.

Commonly, charged particles are used to describe inclusive processes, since
they are unambiguously registered by detectors, and it is possible to determine the
trajectory, energy, momentum, and charge for them. In this case, neutral particles
are excluded from consideration since they cannot be registered by detectors
directly, but only by the products of their decay or interaction with other particles.
Accordingly, the cross sections of processes which lead to the production of
inclusive particles, as well as the combinations of such particles (for example, jets)

are also called inclusive.
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The opposite of an inclusive process is called an exclusive process. In such
process the characteristics of all particles produced and processes occurring are well
measured or known.

A soft process is a common name for interaction of particles, which cannot be
described in terms of perturbation theory for instance perturbative quantum
chromodynamics. Such interactions lead to the production of low-energy particles

having their energies compatible or lower than Ag¢p.

Particles which are having their transverse momentum or mass larger than
couple of G;LV were likely to be created in the so-called hard process associated with

interparton interactions and significant momentum transfer during the interaction.
Such interactions can be explained in terms of perturbation theory in the framework
of quantum chromodynamics, since in this case the strong interaction constant
decreases, and nonperturbative effects can be accounted for by phenomenological
functions describing initial parton distribution and hadronization.

The difference in the nature of such collisions delimits the scaling methods
for finding the relationship between the number of produced particle yield N,,,, and
the number of binary collisions during the interaction of nuclei N.,;;. For hard
processes, a proportional character is established between these quantities: each hard
collision process is well localized, and the interference effects between different
collision processes can be neglected due to significant momentum transfer.

For soft processes, the wounded nucleon model is used, which makes it
possible to establish a relationship between the number of binary collisions and
interaction products [8,9]. According to this model, the average multiplicity of

produced particles for the collision of two nuclei A and B will be:

(Nag) = = (Wap }(Npp), (1.12)
where (N,,,) is the average multiplicity in pp collisions, (w,z) is the average number
of wounded nucleons calculated according to the Glauber model.

Multiplicity is characteristics of a collision equal to the number of registered

particles per one pair of colliding nuclei. For example, in the collision of gold nuclei
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at the RHIC accelerator at /s,y = 200 GeV, the total multiplicity was about 5000
particles, i.e. the number of formed particles is approximately 10 times higher than
the number of nucleons in the colliding nuclei [6].

Nuclear modification factor R,z (pr) is used to compare the distributions of
observed quantities (for example, the number of reaction products as a function of
transverse momentum) in nucleus-nucleus and proton-proton collisions. It is defined
as follows [8]:

1 . dz(Nevt> 1 . dzagg:l 1.13
(Ncow) prdn ° 0y dprdn

Rap(pr) =

where (N_,;;) is the average number of binary nucleon-nucleon collisions, (N,,,) is

the average number of interaction products per one interaction between nuclei, o},

is the total cross section of pp interactions, a2?

incl Is the cross section of the inclusive

pp

i . . . d?N 1 do;
processes in pp interactions. The quantity —22 = — - —2<L represents an average
dprdn Oiot dprdn

to the transverse momentum distribution of particles produced in pp collisions in a
given region of the phase space integrated over azimuth.

The nuclear modification factor can be also expressed as [10]:

AB\™1 . A+B
(Nin ‘ANparax/APT

(TaB)- AT} g o/ APT

Rup(pr) = , (1.14)

where (T,g) = (Naf\,—",\,”) is the nuclear overlap factor from Glauber model, N2 = N,

in

is the mean number of inelastic nucleon-nucleon collisions of A+B nuclei, N/:5 ,

bp

is the multiplicity of x-type particles produced in hard processes, a4 , 1S the cross

section of the same kind of particles production in hard processes for pp collisions.
For simplicity, in the formula we have suppressed explicit writing of dy. The above
mentioned dy usually represents the range in pseudorapidity in which the spectrum
was measured. The description of Glauber model is provided in Section 1.4.

The underlying events are the processes and their products, accompanying the

considered inclusive processes and their products. For hard processes, the

23



underlying events result from all processes which are not related to hard parton-
parton interactions.

A hadron jet is a collimated spray of high-energy hadrons resulting from
hadronization of scattered partons. The hadrons inside the jet move predominantly
in the direction close to the total jet momentum given by the initial momentum of
the released parton. The very definition of a jet follows from a clustering algorithm
that combines particles into jets and sums the 4-momenta of the jet particles
according to a given set of rules. More thorough description of jet clustering
algorithms is provided in Section 1.5.

Production of high p, particles or jets is very rare process. Some Monte Carlo
event generators therefore offer possibility to constrain momentum transfer in
simulated collisions. This allows to populate with sufficient statistics otherwise
sparsely populated regions of phase space. This mode of operation is call hard bins.
Authors of the generator then offer prescription how to perform weighted sum of

contribution of different hard bins in order to obtain unbiased distribution.
1.3 Quantum chromodynamics

1.3.1 History of development

In ultrarelativistic nuclei collision processes, a multiparticle system of
strongly interacting particles is formed. The properties of the strong force are
explained within the framework of quantum chromodynamics, a branch of physics
that studies the theory of quarks and gluons confined in hadrons.

In 1964, Gell-Mann and Zweig proposed the idea that hadrons could also be
made up of smaller particles called quarks [11]. Further, it was realized that quarks
have an additional degree of freedom (quantum number), which determines their
interaction with each other - this is the so-called color charge. The interaction of
quarks is carried out with the help of color charge carriers - gluons. Both gluons and
quarks determine the internal composition of hadrons. A common name for quarks

and gluons is partons.
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Feynman [12] and Bjorken [13] argued that the existence of partons could be
proven in experiments of deep inelastic scattering of high-energy electrons on
protons. Such an experiment was carried out in 1969 at the SLAC accelerator, and
the results provided unambiguous evidence that electron scatters incoherently on
charged partons within the proton [14]. Charges of these partons were found to be
compatible with the quark charges predicted by the Gell-Mann quark model.

The absence of free quarks and gluons is explained by the asymptotic freedom
of the strong interaction. This phenomenon is observed as the reduction of
interaction intensity between quarks with a decrease in the distance between them.
This means that at large distances the quarks will tend to reduce the distance between
themselves, and in the asymptotic limit » — 0 they stop interacting with each other.
Another consequence of asymptotic freedom phenomenon of the strong interaction
Is the confinement of particles that carry a color charge. Such particles (quarks and
gluons) cannot be isolated as a separate object and, accordingly, they cannot be
observed directly.

In other words, it is preferable for quarks and gluons to remain in a compact
bound state inside hadrons. This exact phenomenon is called the quark confinement
effect. If, for example, a sufficiently large energy is applied to a particle meson,
which is a system of two quarks, so that this energy is enough to separate quarks,
the excess energy will be spent on the formation of new quarks. These new quarks
will accordingly combine with the separated quarks, and the hadronization of the
separated quarks will occur, resulting to the formation of several new hadrons.

In 1975, Collins and Perry suggested that superdense matter (for example,
present in the early Universe, in the explosion of black holes, and in the cores of
neutron stars) should consist of quarks and gluons, not hadrons [15]. Under usual
conditions, quarks and gluons are confined inside hadrons. However, with an
increase in temperature and simultaneous compression of matter, a phase transition
should occur to a state in which hadrons do not exist. In this case, the deconfinement
of quarks and gluons from hadronic matter occurs, and so-called quark-gluon plasma

(QGP) is formed. According to Collins and Perry, QGP should be a weakly
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interacting gas of quarks and gluons. The predominant influence of the weak
interaction in QGP is due to the property of asymptotic freedom of the strong
interaction since quarks and gluons in the QGP are arranged compactly. Therefore,
it is possible for them to exist in a free state in such matter.

One of the key tasks in the study of ultrarelativistic heavy ions collisions is to
investigate structure of the QCD matter phase diagram and the study of the state and
properties of matter at the moment of deconfinement.

1.3.2 Calculation of the hard processes cross-sections

It is not possible to calculate the cross-sections of hard interaction processes
of hadrons from basic principles, but only phenomenologically. The interaction
process can be divided into three parts. The initial internal structure of colliding
composite particles is described by parton distribution functions. These functions
determine the distribution of quarks and gluons inside the proton before the collision.
The next part is the cross section of the collision process on partonic level which is
calculable using QCD Lagrangian [16]. The last part is fragmentation function
which describes hadronization that occurs after the interaction. The factorization

theorem equation can be written as follows:

1 1
Op+Boh+X = Dab,cd fxl min fxz min dx1dxzf% “fb Oarbocta - Dr,  (1.15)
! ! B

[

where g,.5_n+x 1S the cross section of the interaction of two hadrons A and B

containing partons a and b, respectively, fi(x, Q%) are parton distribution functions
1

of the parton i in particle I dependent on the fraction of momentum carried by the
parton x and energy scale Q2, o,4pc+q 1S the elementary cross section of

corresponding partons, Dx(z, py) is the fragmentation function of parton c that

yields the hadron h carrying the fraction z of the original parton energy and the
transverse momentum p [16].
1.3.3 The QCD Lagrangian
In QCD, Lagrangian density is described as [17]:
LQCD = 2(3;:1 l/jj,a(iyﬂDu,ab - mSab)lpj,b - iZ?l:l G;vajlw’ (1-16)
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which is invariant under SU(3) color gauge transformations. The upper-case indices
A =1...8 denote adjoint indices while lower-case indices a = 1,2,3 denote the
fundamental indices of the SU(3) corresponding to three color indices. Here the
spinors 1/7]-,(1 and v; , correspond to the quark and antiquark fields, m is the quark
mass, gocp IS the coupling constant of the strong interaction, D,, ,, is the covariant
derivative of QCD acting on the triplet fields:

Dyab = 0ubap — igocp ZC(thqﬁ)ab , (1.17)
where t¢ are the fundamental generators of SU(3) represented by the Gell-Mann
matrices A4, t4 = 214/2, which are eight traceless hermitian matrices. The field
strength tensor is:

Gﬁqv = awﬂﬁl - avc/qﬁl - gQCDfABCUqﬁ‘AS’ (1.18)
where A/ represents the gluon field.

The specific nature of QCD can be demonstrated by a comparison with QED
using QED Lagrangian density [18]:

Logp = $(iy*Dy — m)Y — 2 Fo Y, (1.19)
where F,, = d,A, — 0,4, is the electromagnetic field strength tensor, A, is the
electromagnetic 4-potential. The electromagnetic field strength tensor and the gluon
field strength tensor have similar role and describe dynamics of the gauge fields.
Since gluons carry color degrees of freedom, in contrast to photons that do not
possess the electromagnetic charge, the term gocpf abCAﬁAf, allows gluon self-
interactions. Photons are not allowed to self-interact in the leading order of QED,
but in higher orders of perturbation photons can interact via a fermion loop.

1.3.3 Asymptoptic freedom

Value of the coupling in QCD, gocp = \/Fas depends on the transferred 4-
momentum. For large momentum transfers the QCD coupling decreases to zero.
This phenomenon is known as asymptotic freedom [19]. For small momentum
transfers the coupling diverges. This behaviour of the coupling can be explained as

follows. In QED, free charges are surrounded by a cloud of virtual fermion anti-
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fermion pairs arising from vacuum. This is known as vacuum polarisation and these
virtual pairs screen the central bare charge [19]. This leads to a notion of an effective
charge which constitues the net charge of the particle and its surrounding cloud of
particle anti-particle pairs.

The screening effect is also present in QCD. However, the fact that gluons
posses color degrees of freedom introduces a new phenomenon—anti-screening.
Virtual gluons can be created from vacuum and enhance the net colour charge and
therefore affect the coupling strength. The change in the coupling strength due to
screening effects is known as the running of the coupling constant [19]. The running

of the coupling constant with Q2 is shown in Fig. 3.
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Figure 3 — Summary of the strong coupling constant ag measurement as a
function of the respective energy scale Q [20]

The fact that leim as(Q?%) = 0 represents the asymptotic freedom: the higher

the energy, the smaller is the strong coupling.

1.3.4 Confinement

Fragmentation functions give the probability that after an interaction quark g
ends up in hadron h with transverse momentum p, and carries the fraction z of its
energy. These functions phenomenologically describe the probability of the
transition of an object with color a charge to a color-neutral state and reflect color

charge confinement [16].
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The color charge confinement is a feature of QCD postulating that no color
charge can exist in an isolated state. Although the detailed quantitative
understanding of color confinement is still an open question, it is supported by the
extensive lack of observations of any isolated color charges.

Historically various phenomenological models that describe confinement of
quarks in hadrons have been developed. The MIT Bag model [21] is used to describe
quarks in stationary hadrons. It assumes that the quarks are massless objects in a
bag. Confinement arises with the introduction of the inward bag pressure B which
is balanced by the kinetic energy of the quarks inside the bag. It can be shown [21]
that the bag pressure is related to the number of particles in the bag N and the size

of the bag R as:

1

B% _ (2.04N)Z 1 (1.20)

41T R

The confinement radius for a 3 quark system can be taken as R = 0.8 fm to yield
1
the value of the bag pressure B+ =206 MeV, which is consistent with the

experimental limits 145 < B% < 235 MeV [22].

A simple Bag model, however, is not suitable for the description of the
dynamics of the color confinement during hadronization. A more suitable model
[22] envisions the field between quarks as a color string. The gluon self-interaction
restricts the color field into strings between individual quarks in a hadron. To model
the color string between quarks, the effective QCD potential can be introduced in
the form [22]:

eff — _% %
Voco = =35~ + kr, (1.21)
where r is the distance and k = 1 (;Lm" Is the string tension.

Consider a particle — anti-particle pair connected by a color string. The pair of
bound particles oscillates in a so-called yo-yo mode. When trying to separate these
two bound quarks by transferring energy to them, the potential energy in the
hypothetical string grows with increasing distance until it prompts creation of a

particle — anti-particle pair from vacuum as depicted in Fig. 4. Thus, two strings are
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formed which leads to production of hadrons and restoration of the color neutrality

giving rise to the confinement of the color charge.

t
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Figure 4 — QCD color confinement in the string model. Two quarks with a
string are pulled apart. The potential energy in the string increases until a pair of
virtual particles is created from vacuum which restores the color neutrality of the

original object.

The Lund model [23] gives the probability distribution of the locations of the
vertices at which the string is broken. The vertices lie approximately on the constant
proper time world line. The worldlines of the interacting particles and the subsequent
breaking of the string into new particles with their worldlines are illustrated in Fig. 5.

When two partons interact via a hard process the phenomenon of confinement
leads to the production of new particles — fragmentation. It is the result of the
restoration of the color neutrality of the interacting partons. Therefore, hard
processes with quarks and gluons in the final state are characteristic by the
production of showers of particles in the form of jets. Gluons carry more color
charge then quarks and therefore generally fragment to more particles than quarks
[24].
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Figure 5 — The break-up in space—time of a Lund color string into n hadrons.

The fragmentation area is denoted by A [25].

1.4 Glauber model

Evolution of the system created by a nucleus-nucleus collision is largely
driven by the initial geometry of the collision. The collision process is determined
by its centrality c, which, in turn, is determined by the impact parameter b, the

number of participant nucleons N, and the number of binary nucleon-nucleon

collisions N_,; [10].

All these gquantities cannot be exactly measured in experiment for each single
colliding nucleus-nucleus system. However, there are several theoretical methods
such as Glauber model [26], which make it possible to estimate these quantities from
experimental results using quantum mechanical scattering theory for composite
systems. They consider the multiple scattering of nucleons in nuclear targets during
collision both for proton-nucleus (p+A) and nucleus-nucleus (A+B) systems [27].

In addition, with the development of accelerators technology, detectors were
also improved. For example, at a distance from the collision point, zero-degree
calorimeters are installed. These detectors register the spectator nucleons. Spectator
nucleons do not directly collide with other nucleons or participate only in soft
interactions, which means that the centrality of the collision can be estimated from
their number. Nuclei in the LHC are accelerated up to units of TeV per nucleon in

c.m.s. [28], therefore only those particles that directly participated in the inelastic
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nucleon-nucleon interaction and scattered through a large angle will undergo a
significant change in momentum, and the products of their reaction will be registered
by midrapidity detectors.

For a peripheral collision, the number of spectator nucleons will be maximal,
since only a small fraction of nucleons participated in the direct inelastic interaction.
Accordingly, for a central collision, in which most of the nucleons interacted with
each other, the number of spectator nucleons will be minimal. Thus, data from zero-
degree calorimeters are used to approve Glauber model calculations with the

reference to experimental results.

1.4.1 History of Glauber model

The development of a model for describing the characteristics of the colliding
nuclei interactions was a response to the development of charged particle
accelerators, which enabled to collide nuclei both with a fixed target and with each
other at energies significantly exceeding a few MeV. The first works were devoted
to calculations of total and differential interaction cross sections and were based on
the work of Moliere. Later, Glauber generalized the experimental results and brought
them into accordance with guantum mechanical collision theory for protons
colliding with deuterium nuclei and heavier particles.

In the 1970s Glauber theory was further developed due to the introduction of
new accelerator technology [9]. The Glauber model was used to describe proton-
nucleus and nucleus-nucleus elastic and inelastic scattering. In turn, the increase in
computing power of computers made it possible to develop Glauber Monte Carlo
simulation methods, in which nuclei were represented as a set of nucleons
uncorrelated with each other, randomly located in simulated volume in accordance
with the experimentally obtained nuclear charge distribution functions. In such
models, two colliding nuclei are located in space with a random impact parameter,
projected onto the XY plane, and interaction probabilities were assigned to each pair

of nucleons in accordance with the relative distance between their centroids.
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1.4.2 Inputs for Glauber model

As with any computational model, Glauber simulations of particle collision
require initial input data, usually obtained in experiments. These are the distribution
function of the nuclear charge density p(r), measured in experiments that scatter
low-energy electrons on nuclei, and the dependence of the inelastic nucleon-nucleon
scattering cross section on the collision energy oYV [10].

The nuclear charge density distribution is given by the Fermi distribution:

r 2
1+w(z
p(r) = pg - 1+ew(R)

Xp (ﬂ

w (1.22)
where p, is the nuclear saturation density or, in other words, the density of nucleons
in the center of the nucleus, R is the radius of nucleus, a is the “skin depth” of
nucleus in which the nuclear density changes with the respect to the nuclear
saturation density, w is the sphericity parameter (for the spherical nuclei w = 0).
One of common nucleon density distributions for heavy nuclei is Woods-
Saxon one, which is the particle density distribution of a single nucleon inside a

nucleus:

p(r) = —=L° =y (1.23)

where A is the number of nucleons,

po = 0.17 fm~3,

R=(112 A —0.86 - A‘i) fm,

a = 0.54 fm [8].

1.4.3 Optical limit Glauber model

In the case of using the Glauber model with an optical limit, the diffraction
scattering model is used. In this case, for the wave function of a particle incident to
a nucleus with an impact parameter b, the total phase shift y(b) is equal to the sum
over all possible phase shifts in individual collisions of this particle with each
nucleon of the nucleus:

X(b) = X(b; 51, "'JSA) = Zf:l)((b - Sj)’ (123)
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where b is the incident particle impact parameter, s; is the coordinate of each jth
nucleon with respect to the impact parameter axis in coordinate space r; = {s;, z;}
[10].

The model assumes that at high energies the nucleons have sufficient
momentum not to deflect significantly from the direction of the initial momentum
during the elastic scattering, while inelastic scattering of nucleons will lead to the
significant deflection. Moreover, each nucleon moves independently of the other
nucleons in the nucleus, and the nucleus is large compared to the reach of nucleon-
nucleon forces. Thus, in the approximation of independent linear trajectories, it is
possible to obtain expressions for calculating the cross sections for nucleus-nucleus
interactions, as well as for the number of participant nucleons N, and the number
of binary collisions N_,; [10].

For two interacting ions, namely, target A and projectile B, colliding at
relativistic velocities with an impact parameter b, one can single out two regions
shifted by a distance s from the center of the target ion and by s — b from the center
of the projectile ion, respectively (see Fig. 6). In a collision, these regions will
overlap, and the normalized per unit area probability of finding a certain nucleon in
the given region {s, z} of the target ion will be equal to

Ty(s) = | pa(s, z4)dzy, (1.24)
where p, (s, z,) is the density of probability to find a certain nucleon in the {s, z,}
region. Analogous expression is valid for the probability to find incident nucleon
T (s — b). The product of these probabilities will then give the overall probability
of finding a particular incident nucleon and a target nucleon in the overlapping
collision region. The integral over all values of s defines the thickness function
T, (b) as the effective overlap area in which a given nucleon in the target nucleus
A can potentially interact with a given nucleon in the projectile B [10]:
Tas(b) = | To(s) Tg(s — b)d?s. (1.25)
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Figure 6 — Scheme showing the relative position of colliding nucleons in incident

and target nuclei [8]

The probability of a single interaction between two given nucleons is
determined using the thickness function T,z (b) and the inelastic interaction cross
section oYV as T,z (b)aXN. The probability of passing n such interactions between
the nucleus A (with A nucleons) and B (with B nucleons) is given by the binomial

distribution:

P(n,b) = (*5) - [T )oM]" - [1 - T ()M, (L.26)

where (“7) determines the number of combinations to obtain n collisions from AB
potential nucleon-nucleon interactions, [m(b)a{,‘i” " is the probability to get n

collisions, [1 — T,z (b)ai’)’lN]AB_n is the probability of absence of AB — n collisions.

Then the total probability of interaction between the nuclei A and B is equal to:

a*ofn'® _  A+B AB o NNAB
W = pin (b) = n=1 P(n, b) = 1 - [1 - TAB(b)O-in y (127)

and for unpolarized nuclei, the vector impact parameter can be replaced by a scalar
distance, and then the total interaction cross section will be equal to:
oA*E = [ 2mbdb(1 — [1 - Tap(b)ali™] ™

in = i ), (1.28)

so the total number of nucleon-nucleon collisions for a system of nucleus A and
nucleus B:

Neou(b) = X321 nP(n,b) = AB - Ty (b)ajy". (1.29)

The total number of nucleons participating in at least one collision can be

defined as:
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Npare(b) = A+ [ To(s) (1= [1 = To(s — b)ai]”) d?s +
+B- [ To(s = b) (1 - [1=To(s)aM]") a?s, (1.30)

with oA®

S5 = [d?%s (1 —[1-alN- TA(B)(S)]A(B)) as corresponding inelastic
scattering cross section for nucleon-nucleus collisions [10].

Optical limit Glauber model cannot be used to find nucleons at certain spatial
coordinates, as it uses continuous nucleon density distributions, in contrast to
Glauber Monte Carlo simulation.

1.4.4 Glauber Monte Carlo simulations

The main advantage of this simulation method is the ability to directly
determine collision characteristics such as (Nyq,¢) and (Ng,;;) through multiple
simulation runs. In addition, with Monte Carlo simulations it is possible to find
experimentally determined quantities such as the collision multiplicity for a charged
particle, utilize the results obtained to analyze the experimental results and
determine the centrality of collisions.

In the simulation, two colliding nuclei are defined as follows: both A nucleons
in the nucleus A and B nucleons in the nucleus B are distributed in a three-

dimensional coordinate system according to their nuclear density distribution
function. Then a random impact parameter is set from the distribution Z—Z = 2mb.

The process of a nucleus-nucleus collision is carried out as a sequence of
independent binary nucleon-nucleon collisions. The nucleons move along linear
trajectories, and the cross section oYV is assumed to be independent of the number
of collisions that the nucleon has undergone earlier. A collision between nucleons is
considered to have occurred if the distance between the projections of nucleons on

a plane perpendicular to the collision axis satisfies the following condition [10]:
d< [oNN/m. (1.31)

Sequential computer simulation of nucleon-nucleon collisions allows to

derive both the number of binary collisions N,,;; and the total number of participant
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nucleons N, for each pair of nuclei with a given impact parameter directly.
Therefore, Monte Carlo simulation is preferable for carrying out preliminary
calculations of nucleus-nucleus collisions characteristics without introducing
additional constraints and side effects.

1.4.5 Systematic effects in Glauber model

The Glauber model takes as input the nucleon-nucleon inelastic cross section
oM and the nuclear collision geometry. The collision geometry is determined by
the impact parameter b and the number of nucleons in the colliding nuclei, and o/}

depends on the energy in the c.m.s. as shown in Fig. 7.

102

o
£ S i i
— UL e
°© Lmdsaeto st =
oNN(Pythia)
2
10 =
o 5 =
1
Guiastit
1
10° 10°
\|5NN (GeV)

Figure 7 — Inelastic nucleon-nucleon cross section oY%, as parametrized by

Pythia (solid line) along with data on total and elastic nucleon-nucleon cross

sections as function of v/s [10]

In turn, the number of participant nucleons and the number of binary collisions also
depend on the cross section of the inelastic nucleon-nucleon interaction. However,
within the framework of Glauber-Gribov model [29], the so-called nuclear
shadowing effect is present [30], which is observed as the fact that the nuclear
structure function per number of constituent nucleons is smaller than the structure

function of a single nucleon. As a result, the size of o'%, fluctuates.
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1.4.6 Relating Glauber model to experimental data
The collisions characteristics Nyq,+ and N,; cannot be directly evaluated

from the experimental data. The data typically include measured values, such as the
number of final state charged particles registered by some detectors N, and the
number of events N,,,.. To determine the characteristics of collisions, the concept of
“centrality classes” is introduced. To determine centrality classes, the experimental
and simulated distributions are divided into segments, which correspond to
collisions with different centrality classes, as shown in Fig. 8. For example, these

may be the distributions of the events as a function of charged particle multiplicity
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Figure 8 — A cartoon example of the correlation of N, with Glauber calculated
quantities (b, Npg,¢) [10]

The division of the distributions into centrality classes is based on the
assumption that the multiplicity of particles in collisions depends monotonically on
the impact parameter b. For peripheral events with large b it is expected that a small
number of nucleons participate in the collision, and a large number of spectator

nucleons do not participate in the inelastic interaction. When registering events, such
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a situation corresponds to a small number of hits in midrapidity detectors and a large
number of hits in zero-degree calorimeters.

The opposite situation is expected in the case of a central collision, when a
large fraction of nucleons in colliding nuclei is involved in the process of inelastic
interaction, and a large number of hits are recorded in midrapidity detectors, while
a small number is recorded in zero-degree calorimeters.

One should integrate the resulting spectra, find the area under the distribution,
and then divide spectra into several sections corresponding in range to the proportion
of the area under the distribution (0-5%, 5-10%, ..., 50-90%). The partition of the
spectra is performed starting from large values of N_; to small ones. Each range is
assigned to a certain centrality class. For example, in Fig. 8 the segment 0-5%
corresponds to the most central collisions with the largest number of N, and
50 — 90% to peripheral ones with the inverse situation. Range boundaries in ideal
case can be set as follows (using as an example a 5-10% section for central collisions

with boundaries ns and n,,):

fgsffilyvei;ltdlvc oﬁloiill\’vei;ltdlvch
c — . c —
S dNay 005, ANy — 0.1. (132)
Joo B dN cpy Joo i
©dN., € ©dN., €

The partition boundaries of the ranges for the experimental and calculated
spectra do not have to be the same. However, in the real experiment the situation is
more complicated due to the presence of ultraperipheral electromagnetic
interactions, which obscure hadronic part of the cross section for the ultraperipheral
events. In that case the integration does not go to infinity, but to the anchor point for
which the hadronic interaction dominates.

For calculated distributions, mean values (N,q) and (N, are calculated
within each centrality class. At the same time, for the calculated distributions, the
geometric characteristics and centrality of the collision are known. Therefore, the
calculated distributions partitioned by centrality classes can be compared with the

experimental data. According to the results of centrality classes comparison for the
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calculated and experimental distributions, information about the average values of
(Npare) and (N ) is extracted for the experimental spectrum.

It should be noted that this situation is true for the registration of particles in
minimum bias mode, when most of the events are determined by soft processes. In
this case, most of the particles formed by such processes continue to move along the
beam axis or slightly deflect from it and are recorded by zero-degree detectors.

Midrapidity detectors of charged particles detect a small number of particles, which
do

means that turns out to be large enough for peripheral collisions due to the small

Ncp

number of N, and decreases with increasing centrality due to an increase in N,

and a decrease in the number of spectator nucleons.

The distribution -22

~ obtained in minimum bias mode is well approximated
ch

by the negative binomial distribution (NBD). It is worth noting that multiplicity in
pp collisions is well described by the NBD as well. This distribution has the property
that when folding two NBD, one gets NBD again.

However, in addition to centrality, the multiplicity of the process is affected
by its rigidity which quantifies the change in particle 4-momentum Q2. With
increasing rigidity, the multiplicity of the process increases. For example, in hard
processes with parton-parton interaction, deconfinement of quarks and their
subsequent hadronization, a large number of particles is emitted in the form of
hadrons jet. Such processes are characterized by a significant change in the
momentum of the particles with respect to the initial momentum of the colliding
nuclei, and the hadrons in the jets are emitted with a large transverse momentum
(more than a few GeV /c) with respect to the beam axis.

These collision products are registered by detectors, and the multiplicity of
such processes turns out to be higher than in minimum bias collisions on average.
However, hard interaction processes occur less often than soft ones, and their
contribution to the final distribution turns out to be small compared to the

multiplicity distribution from soft processes.
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Thus, in heavy-ion collisions, most multiplicity spectra are similar to those for
proton-proton collisions in minimum bias mode with a small contribution from rare
hard processes. The resulting multiplicity distribution is roughly defined as the
superposition of a large number of negative binomial distributions.

Experimental determination of the number of charged particles includes
determination of charged tracks number in detectors with the possibility of spatial
registration of particle tracks.

To compare the observed quantities related to hard processes in nucleus-

nucleus and proton-proton collisions, the nuclear overlap function (T, ) for a given
centrality class f is used:
(Tap)s = (Ncoll)f/o-iIXN' (1.33)
1.4.6 Nuclear overlap function scaling
The number of hard processes occurring in a nucleus-nucleus collision is
proportional to the function of the nuclear overlap thickness T,z(b). In a hard

process with a cross section o given for proton-proton collisions, the calculation

ard
of the average particle yield per one collision event of two nuclei A and B with

impact parameter b is given by the following relation [10]:
N (b) = Tap(b) - o
where T,z (b) is normalized in such way that [ T,z(b)d?b = AB.

Nevertheless, at large values of the impact parameter (ultraperipheral and

(1.34)

ard !

peripheral collisions), the collision of nuclei A and B does not always guarantee the
occurrence of inelastic scattering. Then the average number of hard processes per

one inelastic collision of nuclei A + B [10]:

Tap(b)
ifatfi (b) /iqu(b) Ohard> (1-35)

where pitE(b) is the probability of inclusive inelastic scattering of A+B nuclei.

Typically, the particle yield is represented as a distribution function depending on

be measured for the case of

o pp
the transverse momentum p,. Let the distribution dd;
T

a hard proton-proton interaction that led to the formation of particle x. Then, for an
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inelastic collision of nuclei A + B, the multiplicity of x particle production will be

given as follows:

A+B pp
1 thard,x _ TAB(b) . dahard,x (1 36)

NGE dpr pi+B(b) dpr

This distribution must be averaged over the impact parameter function:

——=2mb- pitE(b).

For the centrality class f in the range of impact parameters b; < b < b, the

distribution of x particle production is [10]:

A+B
1 aN hard,x

pp
. ddhard,x
AB
Nin dpr

dpr '

|f = (TAB>f ) (1.37)

b
ffdzb Tag(b) fbf db 21th T 45(b)
A+B — b .
Jra?b pfP () Jp? ab 2mb pf+P (b)

n

where (Typ)r =

For the Glauber Monte Carlo simulation, the nuclear overlap function

. N . . . ..
iS{Typ)r = ( ;;’,ﬁf?f for the chosen centrality class with averaging over all collision

mn

processes of nuclei, and in collisions where at least one inelastic nucleon-nucleon

collision occurred. For the full range of impact parameters (T,z) = %‘ We can

geom

approximately assume (T,z) = AB. Then the x particle multiplicity distribution
function as a function of p; is given as a set of A-B distribution functions for pp

collisions [10]:
1 dN;‘?C—lFTB;l,x — AB

pp
. . dahard,x
N{E dpr dpr

(1.38)

To quantitatively determine the influence of nuclear effects on the formation
of particles in the processes of hard interaction, the nuclear modification factor
R,5(pr) is introduced, which is defined as follows [10]:

AB\"1 , A+B
(Nin “ANpgra o/ APT

(TAB)f‘dO';Izgrd'x/de ’

Rup(pr) = (1.39)

This modification factor shows the difference between the distributions of the x
particle production yield in the collision of nuclei A + B and in the set of independent

proton-proton collisions corresponding to such a collision.
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The high values of the transverse momentum p; > 5 GeV/c for hadrons, can
signal the formation of particles due to hard processes. Hence, in the absence of
unaccounted nuclear effects R,z should be equal to 1. Nevertheless, for the
formation of charged particles in hard processes during nucleus-nucleus collisions,
with an increase in the number of participating nucleons, the measured particle yield
in (A + B) is suppressed compared to the yield that would expected from independent
superposition of the corresponding number of pp collisions. Thus, Ry <1 is
observed.

This effect can be explained by a suppression in the yield of charged particles
with high p; due to the phenomenon of jet quenching which occurs in QGP. This
effect can be described as follows. Highly virtual partons which emerge after hard
scattering process fragment to a partonic shower. This shower interacts with the
ambient QGP medium by collisional and radiative processes, which dissipate energy
of the shower. After the hadronization we thus observe smaller number of high-p;
hadrons and high-p; jets.

The validity of T, scaling is confirmed by the results of experiments where
one measures yield of produced direct photons or the heavy weak intermediate
bosons. Due to their electromagnetic nature, photons are not affected by the presence
of the QGP, which means that unlike for hadrons, the suppression should not be
observed for them. In addition, for the high-p; direct photons the scaling condition
must be satisfied in accordance with the value of the nuclear overlap function T,5.
Indeed, the behavior of the nuclear modification factor for direct photons

corresponds to the T,z scaling according to Fig. 9.
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Figure 9 — Nuclear modification factor R4, in Au+Au collisions at

VSyy = 200 GeV for direct-photon and neutral-pion yields integrated above

pr = 6—.
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1.5 Hadron jets and jet clustering algorithms

As noted earlier, a hadron jet is a collimated spray of high-energy hadrons
resulting from the hadronization of deconfined partons. The deconfinement of
partons occurs as a result of a hard process of deep inelastic scattering. Since one
cannot assign particles to a jet in unambiguous way one uses phenomenological jet
definition which is based on algorithm. The algorithm is designed to combine
particle to a jet if they are close to each other in given metric and sums their 4-
momenta according to a given set of rules.

There are several requirements which jet clustering algorithms have to fulfill.
The requirements crucial to establish a correspondence between the jets in real
experiment and parton level QCD jets are the infrared and collinear safety
requirements (IRC-safety) [31]. The infrared safety requires that the emission of a

low-energy particle does not change the configuration of final state jets (see Fig. 10).
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Figure 10 — Configurations illustrating infrared unsafety of jet clustering
algorithms. Picture a) shows the initial definition of jets. In case of IR-unsafe
algorithm, the emission of a soft gluon has converted the event from having two

jets to only one [31]

The collinear safety requires the conservation of the jet configuration during
collinear splitting of particles (see Fig. 11). In order to obtain finite cross sections of
the processes which involve jet production, the clustering algorithm must meet both

requirements.

Collinear safe jet alg. Collinear unsafe jet alg
a) b) c) d)
e — | e — I — | I — |
jet 1 jet1 jet 1 jet1 —
jet2

Figure 11 — lllustration of collinear safety (left) and collinear unsafety in jet
clustering algorithms. Pictures a) and b) illustrate collinearly safe algorithms where
the emission of a collinear gluon does not change the definition of a jet whereas

pictures ¢) and d) illustrate collinearly unsafe algorithms [31]

There are two main types of jet clustering algorithms: cone and sequential

recombination ones. In this thesis only the sequential recombination algorithms were
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used. The detailed information about other types of clustering algorithms is provided
in [31].

The sequential recombination algorithms have first been used in the
experiments with e*e™ collision showers. The first sequential recombination
algorithm is JADE, developed in 1980s in JADE collaboration [32]. The sequence
of the algorithm work is as follows:

1. For each pair of particles i, j one should calculate the distance:

_ 2E{Ej(1—-cosbij)
Yij = 02 ,

where Q is the event total energy, E; is the energy of given particle i, 6;; is

(1.40)

the angle between pair of particles i,j. For massless particles y;; is equal to the

normalized squared invariant mass of the pair.

2. Fromall y;; one should select the minimal distance y;;,.

3. If y,.;n 1S less than threshold resolution distance y,,;, then one should
recombine i,j into a single new particle, a “pseudojet” and repeat from
step 1.

4. Else one should declare all remaining particles to be jets and terminate the
iteration.

This algorithm is infrared and collinear safe.

The next sequential recombination algorithm is k. Its implementation for

et e interactions is equal to JADE algorithm, but the distance between particles is

declared in other way [33]:

2 min(E7 E})(1-cos6;))
Yij = 0? :

It means that k, algorithm starts clusterization from the softest particles.

(1.41)

In experiments on the collision of both individual hadrons and nuclei
consisting of them, several problems arise using the above algorithms. For example,
the total event energy Q cannot be accurately determined from experimental data as
mainly the inclusive processes and events are under study. Then, instead of the

dimensionless distance, it is necessary to calculate the dimensionful distance:
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di; = 2min(EZ, E}) (1 — cosb;)), (1.42)
together with the dimensionful jet resolution parameter d,;, which determines the
maximal distance between the particles to be clusterized. In addition, it is necessary
to consider the distance not only between the particles in the selected pairs, but also
between the particle and the beamline direction. This need relates to the
discrepancies in the branching coefficients of QCD processes both for particle pairs
and for a particle-beam pair during clustering by the k; algorithm for interacting
particles.

Initially the distance between beam and particle was introduced as:
dip = 2E7(1 — cosb;p), (1.43)
where B refers to the values related with the beam. The whole algorithm

contains the same steps, but if the distance d;z < d;;, the particle merges with the

ijs
beam.

In case of collisions of ultrarelativistic particles, clustering algorithms have to
be defined via quantities that are invariant under Lorentz transformations, since
quantities that do not meet this requirement are not additive in the relativistic case.
Therefore, the distance between particles for relativistic particles is determined using

Lorentz-invariant quantities such as transverse momentum and rapidity [34]:

d;j = min(p%i,p%j)ARizj, (1.44)
dip = D34, (1.45)

2 2
AR = (yi— ;)" +(¢:i — ;)" (1.46)

These distances are used in an exclusive version of the k, algorithm, in which
the characteristics of each particle are known. In this case each particle will be
associated with either a final state jet or a beam jet.

In reality, when studying hard processes, the characteristics of neutral
particles are not monitored. That is why it is necessary to operate with inclusive
quantities and consider inclusive processes. Then for the inclusive algorithm k. the

distances are given as follows [35]:
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d.. = min(p2. p2 AR}
ij = mln(pTirij) "Rz

dip = p72"i’ (1.48)

where R is jet resolution parameter for the algorithm of clusterization.

(1.47)

The full sequence of steps for k algorithm is the following:

1. One should calculate all the distances d;;, d;p.

2. One should fine the minimal distance d;; or d;p

3. If d;; is minimal, one should merge particles i, j into a single new particle

and return to step 1.

4. Else, if d;g is the minimal distance, one should declare particle i as jet in

final state and delete it from the list of particles.

5. After all particles will be merged or excluded from the list, one should

terminate the execution of the algorithm.

In this version of the algorithm, the jet is determined only by the resolution
parameter R: if for a particle i there is no particles within the region at a distance R,
then d;p < d;; for any j, and the particle (or collection of particles) i becomes a jet
in the final state and is excluded from further clustering. An important consequence
is the fact that soft particles can become jets themselves, and therefore, for the
inclusive k, algorithm, it is necessary to set a threshold value for the minimum
transverse momentum of the jet, starting from which the results obtained are
subjected to further analysis.

A common algorithm for studying hard processes in collisions of relativistic
nuclei is the anti-k, algorithm, which is a generalization of the approaches used in
the sequential Cambridge/Aachen [36] and inclusive k; [35] algorithms. The

distances for the algorithm are defined as follows [37]:

ARL-ZJ-

dij = min(pif,pi? e (1.49)

dip = Pry, (1.50)
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where p = 1 for k; algorithm, 0 for C/A, —1 for anti-k. Thus, for the anti-
k. algorithm, the distance between particles is determined starting from the hardest

particles (with the largest transverse momentum p;) [37]:

ARiZj

dij = min(prf, pr}) - =% (1.51)
dig = D7is (1.52)

The formation of a jet in the process of clustering occurs around the “seed”,
which is a particle with the largest transverse momentum. Such an algorithm is less
sensitive to the influence of background events formed due to accompanying
processes and is well suited for particle clustering in the study of parton-parton
interactions in the collision of ultrarelativistic nuclei.

Collisions of ultrarelativistic heavy ions have typically large number of
particles in final state. After running jet reconstruction algorithm, each of the
particles will be associated to some jet. Jets which emerge from hard scattering
process are typically rare. Most of the reconstructed jets are so called combinatorial
background jets emerging from the underlying event particles. Production of these
background jets cannot be calculated from perturbative QCD and hence it is required
to mitigate their contribution to the resulting spectrum of jets.

In this thesis the k; and anti—k; algorithms as implemented in the FastJet
open-source software [38] were used. The preliminary clustering using k algorithm
was used to estimate the underlying event density in the simulated events. Next,
using the anti—k; algorithm, clustering of particles into jets was performed.
Transverse momentum of the anti—kjet was further corrected for contribution of

the underlying event by equation [39]:

corr _ ,raw.anti—Kkr _ anti— kg
Pt jet = DT jet P Ajet ,

(1.53)
where A is the area of the jet and p is the estimated underlying event density.

The intensity of underlying event is determined by clustering the jets using
the k; algorithm with a given resolution parameter R simultaneously with
determining the area of the jets in the phase space. To accurately determine the jet

area during clustering, a grid is introduced over the entire phase space with a uniform
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distribution of “ghost” particles with an infinitely small p; (of the order of
107100 %) [39]. Since the k; and anti-k; algorithms are IRC safe, such particles

do not affect the shape and p; distribution of the jets obtained by clustering. Then

the area of the jet is equal to:

Nghost Nghost
__ jet __ jet
Ajet — ~_ghost — N ghost ) Atot’ (154)
jet tot
ghost __ Atot - . . .
where Pjet = ~ghost IS the density of ghost particles in {n, ¢} phase space, equal

tot

to the ratio of the total acceptance area of detectors in phase space to the total number

of ghost particles, NJ:Z?O“ is the number of ghost particles within certain jet.

During clustering, there may be regions not covered by jets that include true
particles. In such regions, only ghost particles are located, and they constitute the
so-called ghost jets, for which the area is determined, but their transverse moment
turns out to be infinitely small [39].

After determining the area of the jets, it becomes possible to estimate the
distribution density of the jets p;. For each clustered jet, the k algorithm determines
the ratio of jet p; to its area, after which the median value of ratio is selected from

the entire set as the underlying events density p [39]:
jet

p= mediankﬁetg{%}. (1.55)
The underlying event is dominated by soft particles. This motivates the usage
of the k; algorithm, which starts clusterization procedure from the softest particles
in the event. Since events corresponding to hard events are rare compared to the
frequency of soft events, it seems reasonable in the analysis to use the median value
rather than the mean in order to suppress contribution of "real perturbative QCD"
jets which are known to have on average larger p when compared to combinatorial
background jets. Often one also excludes two leading k; jets to suppress

contribution of the perturbative QCD jets.
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The resulting spectrum given by Eq. 1.53 includes jets with negative pr.
These are the jets that include mostly particles from the underlying event, so-called
combinatorial background jets.

1.6 Jet quenching

When partons propagate through the medium, they are expected to interact
and lose energy via both elastic collisional energy loss with the medium constituents
and radiative energy loss induced by the medium [40]. Those two interactions are
illustrated in Fig. 12. For high-p partons the radiative energy loss is expected to be
the dominant mechanism. As a result, we observe suppression of yield of high-p;
hadrons and jets. This phenomenon is known as jet quenching [40]. There are a
variety of theoretical approaches to jet quenching [41]. These models can be
characterized by g, which describes the average transverse momentum squared per
mean interaction path length, L, that is transferred to a jet moving through the

medium.

E E-AE

E ¥ AE

I
I

+ AE ' E-AE
I

X
(medium)

Figure 12 — Diagrams for collisional (left) and radiative (right) energy losses of a

quark of energy E traversing a quark-gluon plasma medium [40]

There are a number of perturbative QCD based models which make a variety
of different assumptions about how to describe the interaction, but all of them are
mostly developed to calculate the rate of gluon emissions by the jet [40]. These

models assume that the effects of energy loss are largely expected in modifications
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of fragmentation functions in the medium. For these models, collision energy loss is
expected to be proportional to L, while radiative it is expected to be proportional to
L?. An alternative to this perturbative QCD approach is available through anti-de
Sitter/conformal field theory correspondence (AdS/CFT) [42]. This approach
calculates energy loss as equivalent to drag of the jet propagating through a medium,
with energy loss proportional to L3.

One can expect to observe the impact of the jet-medium interactions as
modification of jets, in the form depending on chosen observable. It is expected that
quenching will reduce the p;and modify the internal jet structure. Such a
measurement requires a reference, typically this is the same measurement for pp
collisions. For instance, suppression of jet yield is commonly quantified by means
of the nuclear modification factor R,4. Another option is to employ a two particle
correlation technique, which quantifies the yield of hadron-hadron pairs as a
function of their azimuthal distance A¢. Historically, one of the first measurements
of jet quenching was done by measuring the yield of these A¢ correlations, as this
observable allows to examine on statistical basis how jet fragment yield gets
modified [43]. The angular distance is calculated as Ap = ¢rrigger — Passoc fOr
each trigger — associated hadron pair, and then normalizer per number of triggers.
These correlations are shown in the Fig. 13 for Au-Au, pp and d-Au collisions. The
suppression of azimuthal two-particle correlation yield in Au-Au collisions due to
the quenching of the recoil jet in QGP is observed, as it is shown in Fig. 13 for the
corresponding recoil jet peak around A¢ = m. Since the suppression of the back-to-
back correlation is not observed for d-Au, it was inferred that the jet quenching

phenomenon is not due to cold nuclear matter effects in the initial state.
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Figure 13 — (a) Efficiency corrected two-particle azimuthal distributions for
minimum bias and central d+Au collisions, and for p+p collisions. (b) Comparison
of two-particle azimuthal distributions for central d+Au collisions to those seen in

p+p and central Au+Au collisions [43]

The observation of jet quenching through the nuclear modification factor R, 4
can be achieved by comparison of spectra measured in different collision systems
by taking the ratio of spectrum measured in nucleus-nucleus collision to the
spectrum measured in pp, which is multiplied by the number of binary collisions in
nucleus-nucleus according to the Glauber model (see Fig. 14). In case of small
collisions systems with few interacting nucleons, such as d-Au or p-Pb or O-O, it is
expected that jet quenching effects should be small.

For centrality biased collisions, the Glauber model provides only limited
precision of T,,. Therefore, it is convenient to search for jet quenching using other
techniques based on semi-inclusive hadron-jet correlations [44]. These observables
are suitable even for jet quenching searches in high-multiplicity pp collisions were

the Glauber model scaling is not defined.
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Figure 14 — Left: Unfolded pp and Pb-Pb full jet spectra comparison at

VSyy = 5.02 TeV for R = 0.4 with 7? leading track requirement. Right: Jet

nuclear modification factor at \/syy = 5.02 TeV for R = 0.4 [44]
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2 Experimental setup

2.1 The Large Hadron Collider

The Large Hadron Collider is a particle accelerator located at the European
Organisation for Nuclear Research (CERN) in Geneva, Switzerland. The LHC is the
world’s largest circular accelerator. It accelerates protons and heavier nuclei in
ultrahigh vacuum (up to 10~8 Pa) in two beams in opposite directions. These beams
cross at four locations around the accelerator ring at the positions of four particle
detectors ATLAS, ALICE, CMS, LHCb. Particles are guided through the ring using
superconducting electromagnets cooled by superfluid helium to 1.9 K [28].

The LHC was built for better understanding open questions in high energy
physics by colliding particles at high energies and luminosities. The acceleration of
particles in the LHC is a multi-step process consisting of several stages. When it is
necessary to accelerate protons, the first step is to ionize hydrogen molecule by an
electric discharge which removes the electron from hydrogen atoms leaving only
hydrogen nuclei — protons. These are then accelerated in a linear accelerator Linac
2 which accelerates them to 50 MeV. The protons are then injected into the Proton
Synchrotron Booster — a circular accelerator that accelerates them to 1.4 GeV. The
chain continues with the Proton Synchrotron (PS) and the Super Proton Synchrotron
(SPS) which accelerate the protons to 25 GeV and 450 GeV respectively. The Super
Proton Synchrotron then injects the particles into the LHC which accelerates protons
to a maximum energy of 6.5 TeV [28].

The accelerator complex can also accelerate ions, for example, Pb. Lead ions
emerge from lead vapor heated to a temperature of about 800°C. The lead vapor is
ionized by an electron current. Many different charge states are produced with a
maximum around Pb 29*. These ions are selected and accelerated to 4.2 MeV per
nucleon before passing through a carbon foil, which strips most of them to Pb>**,
The Pb>** beam is accumulated, then accelerated to 72 MeV per nucleon in the Low
Energy lon Ring (LEIR), which transfers them to the PS. The PS accelerates the
beam to 5.9 GeV per nucleon and sends it to the SPS after first passing it through a
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second foil where it is fully stripped to Pb32*. The SPS accelerates it to 177 GeV
per nucleon, then sends it to the LHC, which accelerates it to 2.56 TeV per nucleon

[28]. The full accelerator chain is depicted in Fig. 15.
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Figure 15 — The accelerator chain [28]

2.2 A Large lon Colliding Experiment (ALICE)

A Large lon Colliding Experiment (ALICE) [45] is an experiment with the
detector of the same name specialized in measuring and analyzing proton-proton,
lead-lead and proton-lead collisions. Proton-proton and proton-lead collisions are
used as a reference data taken during the heavy-ion runs. The main goal of the
ALICE experiment is to study Quark Gluon Plasma— a state of matter created in
high energy heavy ion collisions. Besides the heavy-ion program, ALICE has a rich
pp physics program as well.

ALICE consists of a central barrel and a forward muon arm. The central barrel
is placed in the L3 magnet which supplies a 0.5 T magnetic field. The interaction
point is located in the centre of the central barrel. The detectors surrounding the
interaction point are dedicated to track reconstruction and identify the outgoing

particles. The three detectors, ITS, TPC and VO are of importance to the analysis of
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jets production and event selection, and they shall be discussed further. The

schematic depiction of ALICE is presented in Figure 16.

Strip Drift Pixel

e
CHAMBERS
A S

Figure 16 — Schematic view of the ALICE experiment. The zoomed view on the
vicinity of the interaction point with the Inner Tracking System detectors and

forward detectors is shown in the upper-right inset [46]

2.3 Inner Tracking System (ITS)

The Inner Tracking System (ITS) detector [45] is designed to determine the
position of the primary and secondary vertices in a collision and to aid tracking and
particle identification. It consists of six layers of silicon detectors. Silicon Pixel
Detectors are the two innermost layers. The middle two layers consist of Silicon
Drift Detectors. The two outermost layers are Silicon Strip Detectors. Each of the
six layers is centered around the vertex diamond and the beam goes through the axis.
The ITS covers the pseudorapidity range of n € (—0.9,0.9). The first layer has a

more extended pseudorapidity coverage |n| < 1.98 to provide, together with the
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Forward Multiplicity Detectors (FMD), continuous coverage for the measurement

of charged particle multiplicity. The ITS is illustrated in Figure 17.
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Figure 17 — Layout of the ITS [45]

2.4 Time Projection Chamber (TPC)
The Time Projection Chamber (TPC) [45] is the main detector in ALICE that

provides tracking and particle identification based on Z—i. It is a cylinder with an

inner radius of 85 cm, an outer radius of 250 cm and a length of 500 cm filled with
a mixture of Ne and CO,. The pseudorapidity range covered by the TPC is || < 0.9
for the tracks with full radial length, and for reduced track length an acceptance up
to |n| = 1.5 is accessible. The TPC covers the full azimuth.

The electromagnetic field in the TPC is generated by a central cathode and
end plate cap anodes and has the potential gradient 400 Clm The electric field of the

TPC is collinear with the magnetic field of the ALICE L3 solenoid. A particle
propagating through the chamber ionizes the gas which produces electron-ion pairs.
lons drift to the central electrodes and electrons drift in the electromagnetic field to
the multi-wire proportional chambers at the end caps of the TPC. These electrons
provide the x and y coordinates in the transverse plane to the beam axis of the vertex

where the ionization occurred. The z coordinate is obtained from the drift time.
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2.5 VZERO (V0) detector system

The VO detector [45,47] consists of two rings of plastic scintillators VOA and
VOC. The VOA is located at forward, 2.8 <n < 5.1, and VOC at backward,
—3.7 < n < —1.7 pseudorapidities. VOA is 340 cm away from the center of the
detector and VOC is 90 cm away. This asymmetry is caused by an absorber in the
muon arm. Both disks are segmented into 32 individual scintillators placed in 4
concentric rings. The VO detector is used for triggering and measurement of

centrality and reaction plane angle.
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5 Final results

The projections of statistical and systematic precision for jet quenching
measurements in LHC Run3 O-O and p-O collisions are made for the different
values of an integrated luminosity scenarios. We found out that the minimum energy
shift which would be detectable at the 90% CL in O-O would be 740 MeV, with the
significant impact of the uncertainty introduced by pp reference spectrum

extrapolation in energy. For the minimum energy shift limit from event activity

nggz’y), we obtained stricter limit on the minimal shift of

biased OO collisions (

230 MeV for the basic luminosity scenario 0.5nb~1. The minimum detectable
energy shift for p-O collisions was found to be about 670 MeV. This value is also
dominated by the uncertainty introduced by systematic uncertainty due to pp
reference spectrum extrapolation.

The thesis was further dealing with analysis of hadron-jet correlations in pp

collisions at /s = 5.02 TeV. The input data were measured by ALICE in 2017. The
measured A,...,;; Spectrum was corrected for instrumental effects introduced by the
reconstruction procedure using unfolding. The analysis steps were cross checked by
means of a closure test. The search for the sources of uncertainty and estimation of
the corresponding systematic uncertainties was performed. The relative value of the
total systematic uncertainty varies between 2 and 15%. The fully corrected spectrum
IS within uncertainties compatible with calculation performed by PYTHIAS8

Monash.
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6 DUHAHCOBBINI MEHEIKMEHT, pecypcod3dPeKTHBHOCTH U
pecypcocOepexeHue

[Ipu npoBeneHHM HAYYHBIX HMCCIEAOBAHUN OJHUM H3 BAXKHBIX YCIIOBHI
SBJISIETCSI OIICHKA MEPCIIEKTUBHOCTH M KOMMEPUECKOU IIEHHOCTH pa3paboTku. Takas
OIICHKA TIO3BOJIIET HE TOJBKO YCTAHOBUTH TMOTCHIHAIbHBIE HCTOYHUKH
(GbVHAaHCUPOBAaHUS WCCICIOBAHUN, HO W ONPEICTUTh CTENEeHb TOTOBHOCTH W
MEPCIIEKTUBHOCTH  NpoekTa. bmarogaps  aHamu3y  NEPCHEKTHBHOCTH U
KOMMEPUYECKOM  ILEHHOCTHM  MOHO  NPUBJIEYL HOBBIX MApPTHEPOB  WIH
KOMMEPIUATN3UPOBATh pa3paboTKy.

[lenpto [aHHOTO pasjaesia SBIAETCS ONPEIEICHUE NEPCHEKTUBHOCTU
HAay4YHOTO HCCIIeIOBaHMs, pa3paboTKa MEXaHU3Ma YIPABICHUS U COMPOBOXKICHUS
KOHKPETHBIX MPOEKTHBIX PEUICHUWN Ha JTane peanu3anuu. sl DOCTHKEHUS
MOCTABJICHHOW L€ HEOOXO0IMMO PEIIUTh CIAEAYIOIINE 3a1a4u:

- OnpenenuTs NOTEHUUAIbHBIX TOTPEOUTENE pe3yIbTaTOB UCCIIEI0BAHNS;

- [IpoBecTn aHanM3 KOHKYPEHTHBIX TEXHUUECKUX PEIICHUM;

- Bemmommante SWOT-ananm3: onrcath CHIIbHBIC U CJ1a0bIe CTOPOHBI IIPOEKTA,
BBISIBUTH BO3MOXXHOCTH M YTPO3bI U1 peain3aluu MPOEKTa;

- IloctpouTh KaneHAapHBIM MIaH-TpaduK MpoBeaeHUs pabOT B paMKax
HAy4HO-UCCIIEI0BATENBCKON padOThI;

- Paccuurath Gr0/KeT HAyYHO-UCCIIEIOBATENBCKOM pabOThI;

- Omnpenenuth pecypcHylo, (UHAHCOBYIO, OIOKETHYIO 3((HEKTUBHOCTh
MCCIIEIOBAHMUSI.

DTa Marucrepckas JuccepTalus MOCBSIIEHA MCCIEAOBAHUIO BO3MOMXKHOCTHU
o0pa3oBaHus KBAapK-TJIOOHHOM IUJIa3Mbl B MAaJIOHYKJIOHHBIX CTaJIKUBAIOITUXCS
cuctemMax, Takux kak p+p wimm O+O, ¢ momMomplo MeToda aapOH-CTPYHHBIX
Koppensiuid. OCHOBHBIM MHCTPYMEHTOB HCCIICIOBAHUS SIBJISIETCS CUMYJISIITUS

coObITuil B reneparope PY THIAS.
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6.1 IlpennpoeKTHBIN aHATU3

6.1.1 lloreHuMaJIbHbIE IOTPEOUTEH Pe3yIbTATOB UCCICAOBAHNS

IleneBoli pHIHOK BKJIIOYAET B cE0s CErMEHTHI phIHKA, HA KOTOPOM OyAyT
UCIIOJIB30BaThCA B JAJIbHEHILIEM pPe3ynbTaThbl HccienoBaHusa. CerMeHT pbIHKa —
rpynnsl NOTpeduTesnei, o0safgaroMX ONpEACTICHHbIMA OOIMMHU IpHU3HAKaAMU.
CerMeHTHpOBaHME — pa3JeleHUE IOKyNareaeld Ha OJHOPOAHBIE TPYIIbI, IS
KaXXI0W U3 KOTOPBIX MOXKET MOTPEOOBATHCSI OMPEICICHHBIN TOBAp WU YCIyTa.

OOBEKTOM TEKYLIEro HCCIEIOBaHMs SIBISETCS MaTeMaTH4ecKas MOJIENb
nporiecca (popMHUpPOBaHUS KBApPK-TJIOOHHOW TIUIa3Mbl B XOJI€ CTOJKHOBEHUH
BBICOKODHEPIeTUYECKUX YACTHULL HA YCKOPUTENAX. TeMaThKa UCCIIeI0BaHus CBsA3aHa
UCKIIIOUUTENBbHO C (PyHOAaMEHTaJbHOM HAyKOW W HE HMMEET MacCOBOIO
MIPAKTUYECKOro npuMmeHeHus. lIpeamosaraercs, 4ro pe3ysbTaTbl HCCIEAOBAHUSA
OyayT BOoCcTpeOOBaHBI TOJIBKO CPEAH Y3KOTO Kpyra CleHUallCcTOB, 3aHUMAIOIIUXCS
UCCJIEIOBAHUSIMU B 00JIaCTU (PU3UKHU BBICOKOAHEPTETUYECKUX MPOIIECCOB. B cBA3M
C 3TUM, CETMEHTUPOBAHUE PbIHKA HE IIPEACTABIAETCS BO3MOKHBIM.

Tabnuma 6.1 — Kapta cerMeHTUpOBaHUS PhIHKA YCITyT

Opranu3zanust

HccnenoBarenbckue HEHTPBI

KannGpoBka 1eTeKTOpOB YCKOPUTENSI ¢ TOMOIIBIO

MOJIeNU
ObnacThb HayuHno-uccnenoBarenbckas pabota
MIPUMEHEHUS TouHast HacTpoiika aarOpUTMOB 00PAOOTKHU

AAHHBIX C JaTYMKOB HA YCKOPUTEIIC C IOMOIIBIO
MOACIHN

6.1.2 AHa/IU3 KOHKYPEHTHBIX TEXHUYECKUX PelleHuii

[Tomydyenne ©HaOopa MaHHBIX I MCCIEAOBaHHUS OOpa30BaHUS aJpPOH-
CTPYHHBIX KOPPETSIUA B HACTOSIIEE BPEMS MOXKET OBITh OCYIIECTBICHO TOJBKO C
MTOMOIIIBIO MOJICTTUPOBAHUS TIPEACTOAIIETO IKcIiepuMenTa. CylecTByeT HECKOIbKO
BapuaHToB [IO, CrOCOOHOTO MPOM3BOIUTH CHMYJISIIUIO CTOJKHOBCHHH YaCTHIL

CBEPXBBICOKHX SHEPTHUIL:
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Bapuant 1 — monenupoBanue yckopurtenbHOoro skcnepumenta B CIIO
PYTHIAS, pazpaborannom B JlyHackoM yHuBepcutete, lIBerusi.

Bapuant 2 — monenupoBaHHe yckopuTenapHOro skcnepumenta B CIIO
SHERPA, pazpabotannom B ['apBapackom yHusepcurere, CILIA

Bapuant 3 — monenupoBaHue yckopuTenapbHOro skcnepumenta B CIIO
Herwig7, pa3paboTaHHOM B Hay9YHO-HCCIICAOBATEILCKOM KoJuTaboparuu Herwig.

Bce Bapuantel [1O OGecnnaTHbl, pacnpoCTPaHSIOTCS B COOTBETCTBUU C
munensueir GNU GPL kak ceo6oaHO pacnpoctpansemoe [10 u moctymHbl 1r060My
KEJA0ILEMY M10JIb30BATEITIO.

B omeHouHod kapTe CpaBHEHBl CUJBHBIE M cla0ble  CTOPOHBI
KOHKYPHUPYIOIIUX TEXHAYECCKUX PEIICHHM.

CpaBHUTENBHBI  aHANIM3  OCYHIECTBISIETCS IO Haubojee BaKHBIM
MOKAa3aTeNsiM C MOMOIIBIO IKCIIEPTHOU OIEHKHU IO MATUOAIUILHOM miKane, rae 1 —
HauXyAmas OICHKa, a 5 — HawIydias OIICHKAa COOTBETCTBUS TEXHHUYECKOTO
pereHus nokasaresnto. OOIIM BeC BCeX MOKa3aTeseid B CyMMe JOJIKEH COCTABIIATh
1.

Tabnuua 6.2 — OrieHouHas KapTa sl CPABHEHHS] KOHKYPEHTHBIX TEXHUUYECKHUX

peuieHuii (pa3paboToK)

Bec banbl KoHKYypeHTOCIIOCOOHOCTH
Kpurepus | Bap. 1 ‘ Bap. 2 ‘ Bap.3 | Bap.1 | Bap. 2 ‘ Bap. 3
TexHuYecKHe KPUTEPHH OLIEHKHU pecypcodpheKTHBHOCTH

Kpurtepun onenkn

1. IlorpemHocCTs

0,3 5 3 4 15 0,9 1,2
pe3yIbTaTOB
2. Tpocrora 0,1 5 4 4 0,5 04 | 04
HCIIOJIb30BAHUS
3. Ckopoctb 02 4 5 5 0,8 1 1
BBINOJIHEHUSI pacyeTa
4. YHUBEPCAILHOCTH 0,15 5 3 3 0,75 0,45 0,45
5. Bo3M0XHOCTB 0,15 5 4 4 0,75 06 06

TOHKOW HaCTPOMKH

JKOHOMHUYECKHE KPUTEPHH OlleHKH 3(PPeKTHBHOCTH
5. TpeboBaTenbHOCTH

K pecypcam DBM 0.1 3 5 5 0,3 0,5 0,5
Hroro 1 27 24 25 4,6 3,85 415
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Pe3ynbTaThl KOHKYpPEHTHOTO aHaiu3a, MpeACTaBICHHbIE B Tabmuue 6.2,

MO3BOJISIOT 3aKJIIOYUTH, 4TO HaubOoJee PeANnOYTUTEIIbHBIN u
KOHKYPEHTOCTIOCOOHBI BapHUaHT MOJEIUPOBAHUS I TEKYIIETO HCCICIOBAHMS
3aKiro4aeTcss B ucrnolsib3oBaHuu TreHeparopa PYTHIAS. Dtor reneparop Obul
pa3paboTaH C y4ETOM IOCIECTHUX IKCIIEPUMEHTATBHBIX TAHHBIX B (PH3UKE BBHICOKHX
sHepruii. KpoMe Toro, oH mo3BOJISET MPOBOIUTH PACUYEThl CTOJIKHOBEHUN YaCTHI]
Pa3HBIX TUIOB M OCYIIECTBIISATH HACTPOUKY PEKUMOB pabOThI reHepaTopa. B cBsizu
C OTUM, BBINNOJHATH pacyeThl C HCMONb30BaHWEeM TeHeparopa PYTHIAS
PEKOMEHIyeTCsl Ha MHOTOSICPHBIX WM MHOTOIPOIIECCOPHBIX CHUCTEMax —
«CYTIEPKOMIIBIOTEPAX», OJTHAKO MPOCTHIE PACUETHI MOTYT BBINOJIHATHECA U HAa OBM
UCCIIeIOBATETISI.

I'eneparoper SHERPA wu Herwig7 mnpenacTtaBisioT coOOi mpenblayiiee
nokosienue IIO s  MoaenMpoBaHUsA CTOJKHOBEHUW YAaCTHUI[ W MOTOMY
OKa3bIBAIOTCS MEHEE TOYHBIMH TPH TIOJYYCHHH pe3yiabTaToB. Kpome Toro, oHM
MEHEE YHHUBEpPCaJbHbI M  COMPOBOXKIAIOTCS  HEJOCTATOYHO  MOJPOOHOM
JIOKYMEHTAILUEH.

6.1.3 SWOT-ananu3

SWOT - Strengths (cunbHbie cTopoHbI), Weaknesses (ciiabbie CTOPOHBI),
Opportunities (Bo3amoxHocTH) 1 Threats (yrpo3bl) — KOMILICKCHBIN aHATW3 HAYYHO-

Jlist

cocrapienust matpuribl SWOT HEo0XoauMo ompeneinnuTh CUIbHBIE W Clialble

UCCIIEIOBATENILCKOTO TMPOEKTa, TPOBOMALINICS B HECKOJIBKO OTaloB.
CTOPOHBI TPOEKTAa, YIPO3bl WU BO3MOXKHOCTH, CBS3aHHBIC C TMPOCKTOM, a TaKKe
B3aMMOCBsI3b MKy HUMU. Pesynbratel SWOT ananuza npusenensl B Tadnuiie 6.3.

Tabmuma 6.3 — Matpunia SWOT-ananm3a

Strengths (cuyibHBIE CTOPOHBI)
S1. AktyanbpHOCTh paboThI, CBSI3aHHAS
¢ rimaBHOM 3amauecit merektopa ALICE
Ha yckopurene BAK;

S2. BecruiaTHoe u
ycranaBnuBaemoe 110;
S3. Pabora Moxer
yIlaJIeHHO;

S4. Joctynm K cepBepaM C BBICOKOH
MPOM3BOIUTENBEHOCTBIO JJIS pacyera.

JIETKO

BBITIOJIHATBCA

Weaknesses (ciiadbie
CTOPOHBI)

WI1. Jlns paboTel TpeOyroTcst
HAaBBIKH IIPOIrPAMMUPOBAHUS;
W2. Bonpioe KOIHYECTBO
BpPEMEHH, HEO00XOoANMOe I
MO/JICITUPOBAHNS;
W3. V3kasg HampaBIeHHOCTH
paboTsl;
W4.  OrcyrctBue
paboTsl B chepe.

OIIbITa
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Opportunities (Bo3moxuocTtu) | HanpaBienus pa3BuTus: Cnep:xuBamouye GpaKTopbl:
Ol. Hcnomp3oBanme  HoBbIX | O1S3. Monenuposanue Ha ynanennsix | O103W2. IIponecc
BBIYHCIIUTEIbHBIX MOIITHOCTEIH; cepBepax IO3BOJISIET OCYIIECTBIIATH | BEIYMCIEHUA W 00pabOTKH
02. Hcnonb3oBaHHE  JaHHBIX | HENPEPHIBHYIO 00PabOTKY pe3ysIbTaToB | MOXHO OpraHU30BaTh
nerexktopa ALICE ¢ npenpiaynmx | mo Mepe ux reHepariH. napasuiesIbHO c
9KCIIEPUMEHTOB; 02S1. J[lannmbie nerektopa ALICE | ucnonb3oBaHueM HECKOIbKUX
03. IIpoemenme 00paOOTKH | MOTYT OBITH HWCIONB30BAaHBl IS | CEPBEPOB, HUYTO  IO3BOJISIET
pe3ynbTaToOB  MapaieNbHO  C | BepU(HUKALUH PE3yIbTATOB. YBEIHIHUTh 00BeM
BBIYUCIICHISIMU; 03S4. Hcmonp3oBaHHWE  CEPBEPOB | CTATUCTUYICCKH 3HAYMMBIX
O4. TIporpaMMHBIf KOX MOJET | IMO3BOJSET MOIy4daTh M 0OpabaThIBaTh | Pe3yibTATOB.

OBITH HCTIONB30BaH UL | Pe3ynbTaThl OBICTPO. 04W3. Hcnonp3yemsrit
MOJICITUPOBAHS npyrux | O4S2. [IporpaMMHEI KOJT MOXKET OBITh | MIPOTPAMMHBI ~ KOJT  MOMKET
9KCIIEPUMEHTOB Ha YCKOpWTENE | MepenucaH sl YCIOBUH JPYroro | MpeACTaBisITh HHTEpEC s
BAK. 9KCIIEPUMEHTA. uccienoBaTenaed U3 ApYrux
TpYIIIL.
Threats (yrpo3sbr) Yrpo3sl pasBuTHS: Yaspumocrtu:

T1. Bonbuoii 00beM AaHHBIX, yTo | T1S3S4. Hecmotps Ha orpanuuennsie | T1T3WI1WA4. Ha
MOXET IIPUBECTH K HEXBATKE | PECypcChbl UCIIOJIHUTEILS, CERN | nepBoHadanbHOM Jramne
MaMsTH Ha cepBepax; MPeI0CTaBIISET JOCTYTI K | TpOeKTa BO3MOXKHO
T2. HeoOGXoauMoCTh HHTEPHET- | BHICOKONPOW3BOIUTEIBHBIM CEPBEPaM. | JIONMYIIEHHE  OMMOOK  CO
TIOTKITFOUCHHS,; T2S354. [pu BO3HIKHOBEHHH | CTOPOHBI HCIIONHUTENS H3-32
T3. HenpaBunbHast HacTpoiika | mpoOiieM ¢ HMHTEPHET-COCIMHEHHEM | OTCYTCTBUS OMBITa pPabOTHI,
TeHepaTopa MOXKET MPUBECTH K | paboTa MOXeT OBITh IPOJOIDKEHa B | UTO KOMITCHCHPYETCS
¢usnueckn HEOOOCHOBAaHHBIM | JIFOOOM JPYTOM MeEcCTe. KOHTPOJIEM  CO  CTOPOHBI
pe3yJsbTaTaMm. HAay4YHOT'O PYKOBOJUTEJIS.

[To wuroram SWOT-ananuza ObUIO YCTaHOBJIEHO, YTO paloTa SIBIAETCS
MEePCTICKTUBHON, HECMOTPS Ha HaJMYHME CIa00CTEH M yrpo3, TaK KakK CYIIECCTBYIOT
NyTH Pa3BUTHSA MPOEKTA, YMEHBIIAIOIINE BIUSHUE YCTAHOBIIEHHBIX HETaTUBHBIX
(GbakTOpOoB Ha TPOIECC BHIMOJHEHUS paboT B pamkax mpoekra. Kpome Toro,
BBISIBICHHBIC CHJIBHBIE CTOPOHBI W BO3MOYKHOCTH TIO3BOJISIOT pa3paboTaTth
CTpaTETUH 0 YBEIUYCHUIO HAYYHON IIEHHOCTH MPOEKTA.

6.2 Uuunuanus npoexKra

6.2.1 Ileaiu u pe3ybTAaT IPOEKTA
B sToMm pa3zzaene npuBeneHa nHpopmarms 0 3aMHTEPECOBAHHBIX CTOPOHAX MPOEKTA,
VEPAPXUH LIEJEN ITPOEKTA U KPUTEPUAX TOCTHKEHUS LIEEH.

[Tox 3aMHTEpECOBAaHHBIMH CTOPOHAMU TPOEKTa TOHMMAIOTCS JIMIA WA
OpraHW3allid, KOTOPhIE aKTUBHO YYacCTBYIOT B IMPOCKTE WM WHTEPECHI KOTOPHIX
MOTYT OBITh 3aTPOHYTHI KakK TIOJOKHUTEIBbHO, TaK W OTPHUIATEIIBHO B XO7E
WCITOJTHCHHSI WJIM B PE3YJIbTaTe 3aBEPIICHUS MPOEKTa. ITO MOTYT OBITh 3aKa34YHKH,
CIIOHCOPBI, OOIIECTBEHHOCTH 1 T.1. NH(pOopMmaIus o 3auHTepecOBaHHBIM CTOPOHAM

MPOEKTa MpeJcTaBlieHa B Tadymiie 6.4.
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Tabnuna 6.4 — 3anHTEepecOBaHHbBIE CTOPOHBI ITPOCKTA

3aI/IHTep€COBaHHBIC CTOPOHEI ITPOCKTA O)KI/II[aHI/IH 3aNMHTCPCCOBAHHBIX CTOPOH

Wucturyt sinepHoit pusuku AH YP ITomyuyenue pe3ysbTaToB UCCIEAOBAHUSA

nporecca GOpMUPOBAHUS KBAPK-TITFOOHHON
TUTa3MBbI ITyTeM MOJICITUPOBAHMSI CTOJTKHOBEHUH
Hayunas xomnabopanust ALICE
BBICOKOYHEPTETUYCCKUX YACTHII Ha

YCKOPUTEISX

B tabnuue 6.5 npencrasiena uHpopMaius 00 Uepapxuu e npoekTa u
KPUTEPUSIX TOCTUKEHUS LICIICH.

Tabnuna 6.5 — L{enu u pe3yabTaT MpoeKTa

Hccnenoanue npouecca GopMUpOBaHUs KBApPK-TIIFOOHHOM
enun npoexra TIJ1a3MBbl myTeM MOJICIIUPOBAHUS CTOJIKHOBEHUH

BBICOKOOHECPTICTUYCCKHUX YaCTUI] HA YCKOPUTECIIAX

CrexTpsl NPOAYKTOB CTOJIKHOBEHUS BBICOKOIHEPT€TUUECKUX
O:xugaembie pe3yabTaThl
3apSOKCHHBIX YaCTHII

CpaBHHTEIBHBIH aHaJm3 CIIEKTPOB MPOAYKTOB
Kpurtepuu npueMKku pe3yjabrara
CTOJIKHOBEHUS BRICOKODHEPTETHUECKUX 3aPSIKEHHBIX YACTHII
NpoeKTa
(O+0, p+O) c ITaNOHHBIMU CHEKTPAMH P+p CTOIKHOBEHUH

TpebdoBanue

AHanoruyHas STaJIOHHOW ¢opma CHeKTpa IOMEePEYHOro

HUMITYJIbCAa HaCTUIL]

bonpmas mo CpaBHCHHIO C ATaJIOHHON CTaTHCTHYECKas

HCOMPCACIICHHOCTh MONICPCYHOI'0 NUMITYJIbCAa YaCTUIL

TpebGoBanus Kk pe3yjabTarty Paccuntana B aOCONIOTHBIX €IWHUIAX TOMNEPEYHOTO
NMPOEKTAa HMITYJIbCA YaCTHI] CUCTEMATHYECKasl HEONPEAEIEHHOCTD JIst

reHepaTopa B 3aBUCUMOCTH OT BbIOOpa HACTPOEK

CymiecTByeT CMELICHHE B HU3KOHEPreTUYECKYI 00JacTb
CIIEKTpa MONEPEYHOr0 MMITYJIbCA YaCTHUI] M0 CPABHEHHIO C

OTaJIOHHBIM

Ha cmonennpoBaHHBIX CIIEKTpax OTCYTCTBYIOT BHIOPOCHI
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6.2.2 OpraHn3anuoHHAasi CTPYKTYpPa NPOEKTa

B tabnuie 6.6 npusenena undopmaiis o padbodeil rpymnmne npoekTa, B TOM

YHCJIe OTUCAaHbI POJIU, PYHKIIMU U TPYA03aTPaThl KaXJA0T0 YYaCTHHKA TPYIIIIHI.

Tabnuma 6.6 — PaGouast rpynmna mpoekTa

®UO, ocHOBHOE T
03aTpaThl,
Ne /it MECTO paboTHlI, Posib B mpoekTe OyHKIMHU 24 P
qac
JOJIKHOCTh
OtBeuaer 3a
peann3anuo
MPOEKTa B
Kpuxek @., npeaenax
nsiAd AH 4P, 3aJaHHBIX
PyxoBonurens .
1 PYKOBOJUTEIb OTpaHUYEHUH 110 168
MPOEKTa
rpynnst ALICE B pecypcam,
nAD KOOPAUHUPYET
JeSITeNIbHOCTD
YYaCTHUKOB
POEKTa
Yymaxos 1.K., " Beinonnenue
CIIOJIHUTEIIb 10
2 TIIY, OT/ICNIbHBIX pabOT 1056
MIPOEKTY
MarucTpaHT 0 MPOEKTY.
Htoro 1224
B peanuszaumm < HaAy4yHOrOo  MOPOEKTA  3aJE€MCTBOBAHBI  CIEIYIOLIUE

CIEHUAIIMCTB: PYKOBOJAUTENbL MPOEKTa, HUCIOJIHUTENIb MpoekTa. PykoBoauTennb
OTBEUACT 3a peajau3alldio MpPOeKTa B IIpeaesiax 3aJaHHbIX OTrPaHUMYEHUN MO
pecypcam, KOOPJIWHUPYET ACSITEIbHOCTh YUYACTHUKOB MPOEKTa. B OOJIBIIMHCTBE
CIydyaeB »JTy pOJIb BBINOJHAECT PYKOBOAUTEIh MAruCTEPCKON JHUCCEepTAIUU.
HcnonauTens MPOEKTa — CIICIUAIKNCT, BBIMOJHSIONIMNA OTAEIbHBIC PAOOTHI IO
npoekTy. B ciydae, ecnu maructepckasi paboTa SBISETCS 3aKOHYEHHBIM HayYHbBIM
MCCIIEIOBAaHUEM, MCIIOJIHUTENIEM MPOEKTa SIBJIAETCS MarucTpaHT. B ciydae, eciu
MarucTepckasi padoTa sIBISETCS YaCThIO HAYYHOTO MPOEKTA, UCTIOTHUTEICH MOXKET
OBITH HECKOJIBKO.

Texymas paboTta npenHa3HadYeHA 71l BHIMOJHEHUS OJHUM HCIOJHUTEIEM

oA KOHTPOJIEM PYKOBOAUTCIIA.
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6.2.3 OrpannyeHus v J0NMyLIEHUs MPOEKTA
OrpaHuyeHusl MPOEKTa — 3TO BCE (PAKTOPhI, KOTOPbIE MOTYT IOCIY>KUTh
OTpaHUYEHHEM CTENEHU CBOOOABI YYACTHMKOB KOMaHIbl MPOEKTa, a TaKXKe
«TPaHULIBI IPOEKTa» - MapaMeTPbl MPOEKTa WK €0 NPOAYKTa, KOTOpbIE HE OyayT
pealn30BaHHBIX B paMKax JaHHOTO MpoekTa. B Tabmuie 6.7 mokazaHbl 3HAYECHUS
OTPaHUYCHHUM MPOEKTA.

Tabnuua 6.7 — OrpaHudeHus NpoeKTa

dakrtop OrpaHudeHus/ IOy ICHUS
bromker npoekra, pyo He BbImie 500 TeIC. pyo.
Hcrounnk puHAaHCHPOBAHUS nAD AH 4P
Cpoxu mpoexTa 4 mecsma
Jlata yTBepAeHHUS IJIaHa YIPaBICHUS 11.01.2022
MIPOEKTOM
JaTa 3aBepiieHus MpoeKTa 23.05.2022

6.3 IlnanupoBaHue ynpaBJieHUs] HAYYHO-TEXHHYECKHUM MPOEKTOM

6.3.1 [l1an npoekTa

[InanupoBaHre KOMIUIEKCA MpPEAINOoiaraéMbix padOT OCYILECTBISAETCA B
CIIEAYIOLIEM TOPSAKE:

— OomnpenesieHue CTPYKTYphl pad0T B paMKaxX HAy4YHOI'O UCCIIEIOBAHMS;

— OMpeiesIeHne YYaCTHUKOB KaXKJ10M paboThI;

— YCTaHOBJICHHE MPOJOJKUTENBLHOCTH PadoT;

— MOCTpOEHUE rpaduKa MPOBEACHHS HAYUYHBIX UCCIEAOBAHUIA.

[IpuMepHBIii TOPSIIOK COCTABJIEHUS ATAaoOB W pabOT, pacHpeeseHne
UCIIOJIHUTENIEH 10 JaHHbIM BujgaM pabor (HP — nayunsiii pykoBoautens, HC —
HAy4YHbIH COTPYAHMK, OH K€ CTYJIEHT MarucTpaTypbl) NpuBeaeH B Tadaune 6.8.

Tabnuma 6.8 — [lnan nmpoekTa ¢ 3TamamMu padoT U pacnpeieICHUEM UCTIOJTHUTETIEH

I10 X BUaAaM

ara ara
Howmep JUITMTEeIbHOCTD, A A JIOJIDKHOCTD
HazBanue Hayajo OKOHYaHHUS
paboThl JTHU pabor pabor HCITOJTHUTEIIS
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CocraBieHnue 1
YTBEPKICHHE
TCXHHUYCCKOI'O

3aaHus

11.01.2022

13.01.2022

HP

CoracoBanue
TEMATUKU
HACCIIEIOBAHUS

13.01.2022

16.01.2022

HP

Pazpabotka
METOTUKH
NIPOBE/ICHUS
UCCIICIOBAHMSI

16.01.2022

23.01.2022

HP
HC

Kanennapnoe
IJIAHUPOBAHUE
pabot

N

23.01.2022

25.01.2022

HP
HC

[Ton6op n
U3yYCHUE
JIATEPATYPEI 110
TEeMe
MCCIICTOBAHMSI

21

25.01.2022

15.02.2022

HC

Hamnmcanue
MIPOTPAMMHOI0
KoJa

28

15.02.2022

15.03.2022

HC

I'enepanus
JTAHHBIX

15

15.05.2022

30.05.2022

HC

O6paboTka
MTOJTYICHHBIX
JAHHBIX

14

30.03.2022

13.04.2022

HC

Anamms
MOJTYYEHHBIX
pe3yIbTaTOB

7
21

13.04.2022

04.05.2022

HP
HC

10

CocraBienue
HOSICHUTEJIHLHOU
3aIIHMCKU

19

04.05.2022

23.05.2022

HC

HUroro

132

6.3.2 OmnpenesieHne TPYA0EMKOCTH BBINOJHEHUs1 padoT u pa3padorka
rpaguka npoBeaeHUs

Kanenmapuseiii mnaH-rpaduk MpeAcTaBleH B BHUAE AWarpaMMbl ['aHTTa C
pa3OMBKOM MO MecdlaM W JeKaJgaM 3a TIepUOJl BBITIOJHEHUS HAyYHOTO
uccienoBanus. sl KaXXI0TO MCTOTHHUTENS CTOJOEI CO BPEMEHEM BBHITIOTHEHHUS

onpeneneHHoﬁ pa6OTBI IMOTPUXYCTCA B COOTBCTCTBHUU C J'IGFGHI[Oﬁ AuarpaMMal.
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SuBaps Despans Mapr Anpens Mai
2 3 1 2 3 1 2 3 1 2 3 1 2 3

Cocrasnenue T3

CornacoBaHHe TeM. HCCIL. | .
Paspa0. meTo. uee. 5
Kanena.nmnanup. 1 E
H3yuenue nutep. 1 N \I
Hanucanue nporp. koja h \{
Ienepais JLaHthx_' - ; | ; | | . | | i
O06pab. nomyu. ,ElaHHbIX_- Em ]
AHAIH3 NONyY. pe3ybT. ] - |
N N
CocTaBieHHe NMOACH. 3aNHCKH - - :

WO\ Hayumslit coTpyaauK B Hayunnii pykoBoauTens

Pucynox 31 - Jluarpamma ["antra

6.4 brog:xker HTU

[Ipn nnanupoBaHuM OFOJKETAa HAYYHOI'O HCCIEAOBAHUS JOHKHO OBIThH
0o0ecrieyeHo MOJHOE W JOCTOBEPHOE OTPAKEHUE BCEX BHUJOB IUIAHUPYEMBbIX
pacxoq0B, HEOOXOAMMBIX AJI1 €ro BbINOJHEHUA. B mpouecce ¢gopMupoBaHus
Oro/1KeTa MIIaHUPyEMbI€ 3aTpaThl ObUIH CIPYHIHPOBAHBI MO CIAEAYIOIINM CTAThsIM:

- MaTepuaIbHbIe 3aTPaThl HAYYHO-KCcleaoBaTenbckoi padbotsl (HUP);

- 3aTpaThl Ha CHeUAIbHOE 000PYI0BAHUE;

- OCHOBHas 3apab0THas MJiaTa UCIIOJIHUTENICH TEMBI;

- Hay4YHbI€ 3aTpaThl U MPOU3BOJCTBEHHbBIE KOMAHINPOBKHU;

- OTUMCJICHUSI BO BHEOIOIKETHBIE (DOHABI (CTPaXOBbIe OTUHCIICHHUS);

- HaKkJaaHbIie pacxoasl HAP.

6.4.1 Chbipbe, maTepua/ibl, NMOKYINHbIe HW3ACJUS M MNOJy(padpuKaThl
(3a BbIYE€TOM 0TXO0/10B)
B »Ty craThio BKIIOYAIOTCS 3aTpaThl Ha MPUOOpPETEHUE BCEX BHUIOB

MaTepHaoB, KOMIUIEKTYIOIUX U3JEAUN U MoiaypadpuKkaToB, HEOOXOIUMBIX IS
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BBITIOJTHEHHsI paboT 1Mo JaHHOW Teme. KonmuecTBO mMOTpeOHBIX MaTepuUaIbHBIX
IIEHHOCTEH OTpeeNsieTcs 0 HopMaM pacxoja. Pacder cToMMoCcTH MaTepuaibHBIX
3aTpaT MPOU3BOJUTCS IO ACHCTBYIONTUM IPEHUCKypaHTaM WU JOTOBOPHBIM IIEHAM.
B crouMocTh MaTepuaNbHBIX 3aTpaT BKIIOYAIOT TPAHCIOPTHO-3arOTOBUTEIHHBIC
pacxonbl (3 — 5 % oT 1eHsl). B 3Ty e cTaThi0 BKJIIOYAIOTCS 3aTpaThl Ha
oopMiIeHHE MTOKYMEHTAIMU (KaHIEIIPCKUE TPUHAMICKHOCTH, THPAKUPOBAHUE
MaTepuaioB).

Texymiee HayyHOE HUCCIIEIOBAaHUE MMOJTHOCTHIO CBA3AHO C MOJICIMPOBAHUEM U
TEOPETUUECKUMH pacueTaMH, OHO He TpeOyeT 3aTpaT Ha MPOU3BOJICTBO KOHEUHOTO
npoaykTa. VMICTOUHMKOM MaTepuaibHBIX 3aTpaT SIBJISIOTCS TOJIBKO KaHIEISIPCKUE
MIPUHAICKHOCTH U PACXOTHUKH JIJIS TICYATH OTYETOB U TpapMuecKuX pe3yIbTaToB.
PesynbTaThl pacyeTa 3aTpart cBeieHbI B Tabiuily 6.9.

Tabnuma 6.9 — MarepuansHbie 3aTpaThl

Haumenosanune Mapka, Kon- |Ilena 3a equnuity,| Cymma,
pasmep BO pyo. pyo.
KoMIekT kaHIenspckux Erich 4 350 1400

MIPUHAICKHOCTEH Krause
Kaprpumk nns nazepHoro Canon 725 1 3390 3390
PUHTEpA

Bcero 3a matepualibl 4790
TpaHcopTHO-3aroTOBUTENBbHBIC pacxo bl (3-5%) 239,5

Uroro mo cratee Cy| 5029,5

6.4.2 CnieunanbHoe 000py10BaHuUe JISI HAYYHBIX padoT

B nmaHHyI0 CTaThiO BKIIFOYAIOT BCE 3aTpaThl, CBA3aHHBIC C MPHOOPETCHHEM
crenuaibHOro  obopymoBanusi  (MPUOOPOB,  KOHTPOJBHO-U3MEPHUTEIILHON
anmaparypsl, CTCH/IOB, YCTPOMCTB M MEXaHU3MOB), HEOOXOIUMOTO TSI TPOBEICHHUS
paboT 1o KOHKpeTHOM Teme. OmpeneneHrne CTOMMOCTH CHE000pYI0BaHUS
MTPOU3BOAUTCS M0 IEUCTBYIOLIUM ITPEUCKYPAHTAM, a B PAJIE CIIy4aeB MO JOTOBOPHOU
neHe. [Ipu npuobpeTernn cenobopyI0BaHus HEOOXOIMMO YIECTh 3aTPATHI MO €T0
JIOCTaBKEe M MOHTaXy B paszmepe 15 % ot ero mensl. CTOMMOCTh 000py0BaHUS,
WCITOJIb3yEMOTO IPH BHITIOJIHEHUHA KOHKPETHOTO HAYYHOTO MTPOCKTA M HMEIOIIETOCS

B I[ElHHOfI HAay4YHO -TE€XHUYECKOMU OpraHu3aliuu, YUUTBIBACTCA B BUJIC
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aMOPTH3AIlMOHHBIX ~ OTYMCIICHHH. Bce  pacuerel M0  MpUOOPETECHHUIO
cenoOopyIoBaHuss W O0OpYJOBaHMS, HMCIOIICTOCS B OpraHU3alMH, HO
UCIIOJIb3YEMOTO IS BHITIOJIHEHUS! KOHKPETHOM TeMBbI, CBOAATCS B Ta0. 6.10.

[Ipu BBIMOTHEHUH pabOT, CBA3AaHHBIX C MOJCIMPOBAHHUEM, OBLIO
WCITOJIF30BAHO 000PYI0BaHNE, UMEIOIIEECs B HAYYHO-TEXHHYECKOW OpTraHu3aIiy 1
MpUHAIeKAIIEe UCTIOTHUTENIO MpoekTa. [[03ToMy 1m0 cTaThe pacXxo10B, CBI3aHHBIX
C TPHOOPETCHHEM CIICIHAIBHOTO 00O0pYyJI0BaHMS, OyJYyT YUYHUTHIBATHCS TOJBKO
aMOPTHU3AITMOHHBIC PACXOIBI.

PaccunTaeM aMOpTH3aIMOHHBIE PACXO/IbI HA IPUMEPE JTa3ePHOTO MPUHTEPA
Canon I-SENSYS LBP6030B. Cpok IOJIE3HOI'O HCITOJIB30BAHUS JTOH €IMHHUILIBI

000pyIOBaHUs COCTABIISIET 3 TOJA, TOI/Ia HOPMa aMOPTU3ALMHU OYJET COCTABIIATD:
1

Ni=—=:=0333, (6.1)

S|k

rac n — CpoOK IMOJIC3HOT'O NUCITIOJIb30BaHUA, H3M€p5[€MLIﬁ B rogax

Torga amopTuzanus 000pyAOBaHUS PACCUUTHIBAETCS MO PopMyJie:

Npg-M
365

A=y (6.2)

rne N, — HOpma amopTtuzauuu obGopynoBaHusi, d = 127 nH — Cpok
WCITOJIb30BAaHUS  OOOpYAOBAaHHWS HWCIOIHUTENIeM, M — T1IeHa 3a CIUHHUIY
obopynoBanus. Jlns maseproro mpuaTepa Canon i-SENSYS LBP6030B

amopTu3alus OyJeT paBHa:
_Hy- Md ~0,333-15000
365 365

Tabnmuma 6.10 — AMOPTH3aIMOHHBIC OTYUCICHUS

A

. 127 = 1739,73 py6.

HaumenoBanune |Mapka, pazmep|Kon-| ILlenasa |Cpoxk monesnoro| AMoptu3zamnus,
BO | €QUHUIy, | MOJb30BaHMS, pyo.
pyoO. JeT
[15BM Lenovo 1 72000 5 5010,41
Thinkbook 15

G2 ITL

Omneparmonnas | Windows 10 | 1 13500 5 939,45
cucTeMa Home

[TakeT TekcTOBOI Microsoft 1 4500 5 313,15
BEPCTKH Office
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JlazepHbIit Canon i- 1 15000 3 1739,73
MIPUHTED SENSYS
LBP6030B
Bcero amopTr3animoHHBIX OTUYHUCIEHUH, PYO 8002,74

6.4.3 OcHoBHas 3apad0THAA IJIATA UCHIOJIHUTEJIEH TeMbI

B HacTosimyto cTaThio BKIIOYAETCS OCHOBHAs 3apab0OTHAs MJlaTa HAyYHBIX U
WHKCHEPHO-TEXHUYECKUX PAOOTHUKOB, pa0OUYMX MAaKETHBIX MACTEPCKUX U
OTIBITHBIX TTPOU3BOJICTB, HETIOCPEACTBEHHO YYACTBYIOIINX B BBHITTOJIHCHUH PA0OT T10
JaHHOM Teme. BennunHa pacxo10B 1o 3apaboTHOM Tu1aTe onpeaesisieTcsi HICXOAs U3
TPYIOEMKOCTH BBITIONHSACMBIX padOT M IEHCTBYIONICH CHCTEMBI OIUIaThl Tpyaa. B
COCTaB OCHOBHOW 3apaOOTHOM IIaThl BKJIIOYAETCS MPEMHUSA, BBIMNIAYMBAEMAs
exxeMmecsiyHo U3 (poHa 3apaboTHOI matTel (pazmep onpezensercs [lonoxenunem 06
oruiate Tpyjaa).

Cratbst  BKJIIOYAET OCHOBHYIO  3apa0OTHyl0  1uiaTy  paOOTHUKOB,
HEIOCPEICTBEHHO 3aHSATHIX BBIMOJTHCHUEM MPOEKTa, (BKIIIOYAsS MTPEMUH, JTOIIIATHI)
U JIONOJTHUTENBbHYIO 3apa0oTHYIO IIJIaTy.

Con = 3o t+ 3,£Lon' (63)
rae, 3,cy — OCHOBHAs 3apabOoTHas miara, 3,,; — A0IOJIHUTEIbHAs 3apaboTHas
niara.
OcHoBHas 3apa0oTHasi TIaTa PYKOBOAUTENsS (JlabopaHTa, WHIXKEHEPA)
paccUMTHIBAETCA M0 Cienyroei hopmyre:
30c1—1 = 3/11—1 ) Tpa6r (64)
rie 3,y — OCHOBHas 3apaboTHas Miarta OJHOrO paboTHUKA, Tpa6—
MPOJIOJDKATEILHOCTh Pa0OT, BBITIOJHSEMBIX HAyYHO-TCXHHUYECKHM DPAOOTHUKOM,
pab. nu., 3,,— cpeaHenHeBHas 3apab0THas miaTa paboTHUKA, PYO.
CpennenneBHas 3apaboTHas 1UIaTa paCCUUTHIBAETCS 10 (hopMyJIe:
_ 3uy'M

3 = —— (6.5)

Fp
rae 3, — MEeCSYHbIN TOJHKHOCTHOM OKJIa] padoTHUKA, py0.; M — KoJIU4ecTBO

MecsleB padoThl 0€3 OTIyCKa B T€UEHHUE Toja; npu otnycke B 48 pad. aHeit M =
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10.4 mecsma nns 6-gHEeBHOM Heaenw; F, — IeUCTBUTENbHBIA TOA0BOM (DOHI
padoyero BpeMeH! HayYHO-TEXHUYECKOTO MepcoHaa, pad. ad. (tadmuma 6.11).

Tabnuma 6.11 — bananc paboyero BpeMeHu

ITokazaTenu pabouero Hayunsblii coTpynHuK
Hayunslii pykoBOAUTEIND
BpEMEHU (cTymeHT MarucTparypbl)
Kanennapnoe uncio nuei 365 365
KonnuectBo Hepabouux aHen
e 52 52
-BBIXOJIHBIE THU
e A 14 14

-IIpa3JHN4YHbIC THU

[ToTepu pabodero BpeMeHu
-OTIyCK 48 48
HeBbixoap! 1o 0ose3Hu

JlericTBUTEIBbHBIN FOA0BOM

251 251

(dhong pabodero BpeMeH!

Jist onpenenenus pabounx auei (T,) MOKHO BOCIIONB30BATHCS POPMYIION:

_ TKi

Ty =

, (6.6)

KKaJI

rae Ty; — MPOJOJKUTEILHOCTD BBITIOJHEHUS 1-TOW pabOThl B KaJIeHIapHBIX
TTHSIX;

T i =TIPOJIOJKUTENBHOCTD BHITIONHEHHUS i-TOM paboTh B pabounX JIHAX;

Kyan — KO3QGUIIMEHT KaJleHJaPHOCTH.

KoadduimeHT kanenmapHocTy onpeaesieTcs o cieayieit hopmyie:

KKaﬂ _ Txan _ 365 _ ﬁ _ 1,22 (67)

Tyar—Teex—Tnp  365-52-14 299

rae Ty, ;- KOMMYECTBO KaJCHIAPHBIX JTHEW B TOMY
Tgux — KOJTIMYECTBO BBIXOJHBIX THEN B TOLY

T, — KOIMYECTBO NPa3IHUYHBIX THEH B TOLY

np
MecsuHbIi TOJKHOCTHOM OKJIa paOOTHHKA!

3M = 3TC ' (1 + kl'[p + k,[[) ' kp, (68)
riae 3, — 3apaboTHas 1iata mo TapudHoi cTaBke, pyo.;

knp — npemuanbhbi ko3duument, pasusiii 0,3 (T.e. 30% ot 3.);
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k , — koo dunuent nomnar u HagdaBok cocrasigeT npuMepuo 0,2 —0,5;

k,, — paiionnbIii Koopduirent, paubii 1,3 (s Tomckoi obmactu).

Pacuét ocHOBHOI 3apaO0THOM TUIaThI IPUBEAEH B TabiuIe 6.12.

[IpuBenem pacueT 3apaOOTHOM TJIATHI JUIS HAYYHOTO PYKOBOJIUTENS C

0a3zoBeIM okiagoM B 41300 pyO, COOTBETCTBYIOIIMM JOJKHOCTH BEAYIIETO

HAy4HOI'O COTPYJAHUKA (JOKTOpA HAYK) C YACIOM KaneHAapHbIX qHed T, = 21 nH.:

3, = 41300 (1 + 0.3 + 0.2) - 1.3 = 80535 py6.

~ 118300 - 10.4

AH

251

= 3336,91 py6.

3ocu = 3336,91- 21 = 70075,08 pyo.

HpI/IBGIIeM pacucT 3apa6OTHOﬁ I1aTbl O HMCIIOJIHHUTCILI C 0a30BBIM

okinagoM B 23800 pyO, COOTBETCTBYIOIIMM JOHKHOCTH MIIQJIIIETO HAyYHOTO

coTpyaHuKa (0€3 yUeHOU CTEIeHH):

3, = 23800 (1 + 0.3+ 0.2) - 1.3 = 46410 py6.

AH

_ 46410-104

251

= 1922,96 py6.

Boen = 1922,96 - 127 = 244216,45 py6.

Tabnuna 6.12 — Pacuetr ocHOBHO# 3apab0OTHOM TUTATHI

0 3 3 o] Il
KITaj, , , !
Hcnonnurenn ko | ky k, " o Kajx. | paO. ocH

pyo. pyo pyo. pyo.

IH. | JAH.
Hayunsrii
41300 03 | 02 | 13 80535 333691 | 21 | 17,2 | 5740397
PYKOBOAUTEINb
Wcnonuutens 23800 03 |02 | 13 46410 1922,96 | 127 | 104 | 200056,76
Hroro: 257460,73

6.4.4 JlonosiHuTe/IbHAA 3apa00THAA IJIATA HAYYHO-NIPOM3BOACTBEHHOIO

nmepcoHaJa

B JAaHHYIO CTAaTblO BKJIIHOYACTCA CyMMa BbBIILIAT, MIPCAYCMOTPCHHBIX

3daKOHOATCIILCTBOM O TPYAC, HAIIPUMCP, OIlJIaTa OYCPCAHLIX W JOIIOJHUTCIbHBIX
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OTIIyCKOB; OILUIaTa BPEMEHHU, CBSI3aHHOTO C BBINIOJIHEHHEM TOCYIapCTBEHHBIX U
OOIIECTBEHHBIX 00513aHHOCTEH; BhITUIATa BOSHATPAXKACHUS 32 BBICIYTY JIET U T.I1. (B
cpemaeM — 12 % OT cymMMBl OCHOBHOW 3apaOOTHOW IiaTel). JlomomHuTEHHAS
3apaboTHas 1uiata paccuuThiBaeTcss ucxonsd u3 10-15% ot ocHOBHOM 3apaboTHOM
1aThl, PAOOTHUKOB, HEMTOCPEICTBEHHO YYACTBYIOMINX B BBHITIOJIHCHUE TEMBI:
3,[(011 = k,qon *Bocu (69)

rae 30, — AONOJIHUTENbHAS 3apadoTHAs I1IaTa, pyo.;

kpon = 0.15 — K03GPUIHEHT TONONIHUTENEHOM 3apILIATEL,

3ocu — OCHOBHas 3apaboTHas IiaTa, pyo.

B Tabn. 6.13 mpuBeaeHa ¢opma pacyéra OCHOBHOW W JIOIOJHHUTEIBHON
3apabOTHOM TIJIATHI.

Tabmuma 6.13 — 3apaboTtHas miata ucnoaauTeneir HTU

3apaboTHas 1uaTa Hayunsiii pyxoBoautens|Hayunsiii coTpyIHUK
OcHoBHast 3apriaTa 57403,97 200056,76
JlomomHATEIBHAS 3apILiaTa 8610,59 30008,51
3apruiaTa UCTIOJTHUTEIA 66014,56 230065,27
Hroro no cratbe Csy 296079,83
Ortpaszum 00s13aTeIbHBIC OTYUCIECHUS o YCTaHOBJICHHBIM

3aKOHOIaTeNnbCTBOM Poccuiickon @denepaniin HOpMaMm oprasaM rocyaapCTBEHHOIO
cormaibHoro crpaxoBanus (P@CC), nencuonnoro ¢ouna (I1d) u MeauIUHCKOTO
ctpaxoBaHus (PPOMC) oT 3aTpar Ha OIUIATy TpyJa paOOTHUKOB.
Benuuuna otunciiennii BO BHEOIOIKETHBIE (DOHIBI ONIPEACIICTCS UCXOIS U3
cieayrolieit GopmyJibL:
CBHe6 = kBHe6 ] (30c1-1 + 3,&011) - kBHe6 ) C3r1 ’ (610)
koues — KOG PUITMEHT OTYMCIICHUH Ha yIJIaTy BO BHEOIOKETHBIC (DOHIBI.

Pacuet otuncnenuit Bo BHEOOKEeTHBIE (DOHIBI TPUBE/IEH B Tabnuiie 6.14.
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Ta6nuna 6.14 — BennunHa oT4MCICHUN BO BHEOIOKETHBIE (DOH/IBI

3apa60THa}1 jiaTa UCIIOJIHUTCIIA,

BHEOOKEeTHBIE (POHIBI, pYO:

Hcnonaurens

pyo.
Hayunslit pykoBoauTENb 66014,56
Hayunslit coTpynHuk 230065,27
Hroro o cratbe Cin 296079,83
Koadduuuent oruncnenuii 0,3
Benmnunna OTUYHCIICHUN BO 88823,95

6.4.5 Hay4Hble U IPOM3BOACTBEHHbIE KOMAHIUPOBKH

B 5Ty cratei0 BKIIOYAKOTCS Pacxojbl

0 KOMaHAWPOBKAM HAYYHOI'0O H

IMPOU3BOACTBCHHOI'O IICPCOHAJIA, CBA3AHHOI'O C HCTIOCPCACTBCHHBIM BBIIIOJIHCHUCM

KOHKPCTHOI'O IIPOCKTA, BCIMYHMHA KOTOPBIX IIPHHUMACTCSA B PasMCpce 10% ot

OCHOBHOW M JTOTNIOJHUTEIBHOW 3apa0OTHOM IUIaThl BCETO IEPCOHAIA, 3aHATOrO Ha

BBIITOJIHCHUH HaHHOﬁ TeMbl. Pacuet oTunciieHni Ha HAaY4YHBIC U ITPOU3BOACTBCHHBIC

KOMaHJUPOBKH MPUBEICH B TabmuIe 6.15.

Tabnuna 6.15 — Benuunnaa oTunciaeHnid HA KOMaHIUPOBKU

3apa60THaﬂ j1aTa UCIIOJJHUTCIIA,

KOMaHAHPOBKH, PyO:

Hcnonuurens

pyo.
HayuHbIil pyKOBOIUTEIND 66014,56
HayuHblii cOTpyIHUK 230065,27
Htoro no cratbe Csyy 296079,83
Koad¢unment oruncnenuit 0,1
Benmnunna OTYHCIECHUHN Ha 29607,98
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6.4.6 Onnara pa6oT, BbINOJIHSIEMbIX CTOPOHHMMM OPraHM3alUsIMH H
npeanpusTHAMHA

K sToli cTaThe OTHOCHUTCSI CTOMMOCTh KOHTPareHTHBIX paboT, T.e. padoT,
BBITIOJIHEHHBIX CTOPOHHUMU OPTaHU3ALMIMH U NPEANPUITUIME IO 3aKa3y JaHHOU
HAayYHO-TEXHUYECKOW OpraHU3allMH, pPE3yJIbTaThl KOTOPBIX HCHOJB3YIOTCS B
koHkpetHom HTU. Kpome TOoro, Ha 3Ty CTarbl0 pacxoJ0B OTHOCAT OIUIATy
KOHCYJIbTAIMM, ucnonb3oBanue Internet u T.1. BenmuumHa »TUX pacxolioB
OIPEIENSIETCS TI0 JOTOBOPHBIM YCIIOBUSIM.

Jliig ocyuiecTBiieHUs: pabOT HEOOXOIUM €KETHEBHBIN JocTyn B IHTEpHET Ha
IOPOTSKEHHE BCEro IEepuojia BBIMOIHEHHUA padoT. Pacuer omiaTsl MOJIb30BaHUS
yciyramu MIHTepHET-IpoBaiiepa IPOU3BOAUTCS € y4ETOM AHEBHOrO Tapuda Cyyy =
12 py6/an. Torma cymMmapHO 3a Bce BpeMsl BBINIOJHEHHsS padOT Ha JOCTYyH B
WHTepHEeT A0KHO OBITh OTPAYEHO:

Cery = Cpy - T = 12 - 132 = 1584 py6 (6.11)
[TocTOSSHHBIM TOTPEOUTENEM 3JIEKTPOIHEPTHH SIBISIETCS MEPCOHAIBHBIN
OBM (HOyTOYK), noTpedsitouuii MomHocTh 65 BT. Ilpu Bpemenu paboThl 1o 8
4acoB B JIEHb IJIaHUpYeETCsl Ucroiab30Bath [I9BM B Teuenne 1056 yacos. Toraa
3aTpaThl HA AJIEKTPOIHEPIUI0 PACCUUTHIBAIOTCS MO (hopMmyJie:
C=Uy; P F,g =6.17-0.065-1056 = 423,51 py®6. (6.12)
riae L5 — Tapud Ha nmpoMbIIUIEHHYIO deKTposHepruio (6.17 py06. 3a 1 kBt -
4), P — momHocTs [I19BM, kBT, F, 5 — Bpems UCIOJb30BaHus 000pyA0BaHUS, Y.
CymMmapHble pacxoabl Ha OIUIaTy paOoT, BBINOJHSAEMBIX CTOPOHHUMH
OpraHW3alusIMHU, PUBEICHBI B Ta0IuIIe 6.16.

Tabnuua 6.16 — Pacxoapl Ha omiaTy paboT CTOPOHHUX MPEITPUATHI

Tun pabot Pacxonpl, pyo
Onuara gocryna B UHTEpHET 1584,00
Omata moTpeOIeHHS DJIEKTPOIHEPTUN 423,51
HUroro, pyoO: 2007,51
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6.4.7 HakaaHble pacxoabl

B 3Ty crarbio BKIIIOYAIOTCS 3aTpaThl Ha YMPaBICHUE U XO3SMCTBEHHOE
oOcy’KUBaHUE, KOTOPHIE MOTYT OBITh OTHECEHBI HETTIOCPEICTBEHHO HA KOHKPETHYIO
TeMy. Kpome Toro, crojla OTHOCSTCS PacXo/ibl MO COJEPIKAHMIO, IKCILTyaTalluil U
PEMOHTY 000pYIOBaHHUSI, PONU3BOJCTBEHHOTO HHCTPYMEHTA U MHBEHTAPS, 3IaHUMH,
COOPYKEHUU U JIp.

Haxnannusie pacxonbl coctaBiasitoT 20-25 % oOT CcyMMbl OCHOBHOM U
JOTMIOJTHUTENBHOW ~ 3apa0OTHOM  IIaThl,  pPaOOTHUKOB,  HEMOCPEICTBEHHO
YYacCTBYIOIIMX B BBITIOJIHEHUE TEMBI.

Pacuer HakiagHBIX pacxo0B BelETCA MO cienytomie hopmyre:

Charcn = Knaren * Boen + 3501, (6.13)
rae k., — KOO9QPUIHMEHT HAKIIATHBIX PACXO/I0B.

Ta6mmma 6.17 — Haknagabie pacXosl

3apa0oTHas 1mjiaTa UCIIOJIHUTEIS,
Hcnonuurens
pyo.
Hayunslll pyKOBOIUTEIb 66014,56
Hayunslit coTpynHuk 230065,27
Utoro no crarbe Csx 296079,83
Koad¢ument oruncnenuit 0,2
Beanunnaa oTumciieHnii Ha HaKJIagHBIC 59215,97
pacxopl, pyo:

PaccunTannas BeauMYMHA 3aTpaT HAYYHO-UCCIEAOBATEIHCKOM PpaldOoThI
SBJIIETCSI OCHOBOM [Is1 pOpMUPOBaHUsSI OIOPKETa 3aTpaT MPOEKTa, KOTOPHIN Mpu
dbopMHUpOBaHUN JOTOBOPA C 3aKA3UMKOM 3AlMINACTCS HAyYHOW OpraHU3aIleil B
KaueCTBE HIWIKHETO TMpelesia 3aTpaT Ha pa3pabOTKy HayYHO-TEXHUYECKOU
npoayKiuu. PacdeTr OrokeTa HaydHO-HCCIEIOBATENBCKON pPabOThI MPUBEIEH B

tabmnurie 6.18.
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Tabnuma 6.18 — Pacuert Orompketa 3arpatr HTU

HaumenoBanue cratbu CymmMma, pyo.

1. MatepuanbHble 3aTpaThbl 5029,50
1. OTuncneHus Ha aMOPTHU3AIUs CIICIUAILHOTO 000PYI0BaHUS 8002,74
2. OcHoBHas 3apabOTHasl 1iaTa 257460,73
3. JononHuTenpHas 3apaboTHAs TuIaTa 38619,11
4. OtuncneHus BO BHEOWKETHBIE (DOHIBI 88823,95
5. Hayunsbie 1 mpon3BOJCTBEHHBIE KOMAHIUPOBKH 29607,98
6. OmnaTta paboT, BBIMOJHIEMBIX CTOPOHHUMHU OPraHU3ALUSIMU U 2007,51
P ATIPUATHIMHA

7. HaknamHble pacxoapl 59215,97
brojker 3aTpar: 488767,49

Takum 00pa3oM, TMPOBEICHO IUIAHUPOBaHUE OMOHKETa HAy4YHOTO
WCCJIEIOBAHMUSI, PACCUMTAHBI MAaTEPUAIIbHBIC 3aTPaThl, OCHOBHAS U JOTIOJHUTEIbHAS
3apaboTHAsl TUlaTa HAYYHOTO PYKOBOJUTEIS W COTPYIHUKA, OTYUCICHHS BO
BHEOIO/KETHBIE (POHIBI (CTPAaxOBbIE OTYHUCIEHHUS), PACXOJbl HAa HAy4HbIE U
MPOU3BOJICTBEHHBIE KOMAHIUPOBKH, PACXOJbl HA OIJIATy PabOT, BBIMTOJIHIEMBIX
CTOPOHHHMMU OPTaHU3aLMsIMU U HAKJIaIHbIC pacXo bl npeanpusitus. broker 3aTpar

cocraBui 488767,49 pyonei.

6.5 Peectp puckon

WNnentuduuupoBaHHble PUCKH MPOEKTa BKIKOYAIOT B €0 BO3MOXKHBIE
HCOIIPCACICHHBIC CO6I)ITI/I$I, KOTOPBIC MOI'YT BO3HHMKHYTb B IIPOCKTC M BbI3BATb
MOCIIEACTBHSI, KOTOpPBIE TIOBIEKYT 3a CO0OW HexemarenbHble A OEKTHI.

Nudopmarus mo nanHoMy pasjaeny Obuta cBeieHa B Tabmuiry 6.19.
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Tabnuma 6.19 — Peectp puckoB

IMTorennuanbpHOE YpoBeHb Croco0
Ne Puck . BepositHocTs | Biusinue
BO3/ICHCTBUE pucka CMSITYEHHS pUCKa
Pacnipenenenue
Ilepesarpyska IToTteps pac4eTHOro
1 | ynanenHoro pe3yabTaToB 1 3) Beicokuii | 3amaHus MEXIY
cepBepa BBIYMCIICHUI HECKOJIbKUMU
cepBepamu
[Ipenocrasienue
CTYIEHT
3aTpyIHEeHUE Y Y
[Tonomka . | pabouero mecta ¢
2 MIPOBEICHUS 3 2 Cpennuit
HOYTOYKa . KOMITBIOTEPOM U
BBIYMCIICHHUI
HEO0OXO0IUMBIM
1O

6.6 Onpenesienue pecypcHoii, GuHAHCOBOM, OIOMKETHOM, COUATBHOM U

IKOHOMHYECKOI 3P PEeKTUBHOCTH UCCJICIOBAHMS

Onpez[eneHHe 3(1)(1)€KTI/IBHOCTI/I IMPOUCXOIUT Ha OCHOBC pacucTa

MHTErPaJIbHOTO TOKa3zaTensd 3(PQEeKTUBHOCTH HAy4yHOro wuccienoBanus. Ero
HaXO0XJIEHUE CBSI3aHO C OINpEACICHUEM [IByX CpPEIHEB3BEIICHHBIX BEIMYUH:
buHaHCcOBOM 3P HEKTUBHOCTH U pecypcorhHEKTUBHOCTH

WNHurerpanbHblii  mokaszatellb (QUHAHCOBOM 3(PQPEKTUBHOCTH HAYYHOTO
HCCIICIOBaHUS TIOJIY4YarT B XOJI€ OICHKHM OIOJDKeTa 3arparT Tpex (mium Oojee)
BAPUAHTOB HCIIOJIHEHHUSI HAY4YHOTO uccienoBaHus. Jns 3Toro HamOOIbIINI

MHTErpaJIbHBIN MMOKa3aTeNb peain3alii TEXHUYECKOH 3a1aui MpUHUMAaeTcs 3a 0azy

pacuera (Kak 3HaMEHATelb), ¢ KOTOPhIM COOTHOCUTCS ()MHAHCOBBIC 3HAYCHUS IO

BCEM BapuaHTaM HcHojiHeHusa. VHTerpanbHbiii  (UHAHCOBBIM  MOKa3aTesb
pa3pabOTKu OIpenessieTcs Kak:
ot = P (6.14)
(Dmax

HUCILL

rae Iy, -MHTCTPANbHBIN (PUHAHCOBBIH IOKasatTenb paspaborkn; @p; -

CTOUMOCTh I-TO BapuaHTa HCHONHEHUS; D,y MAaKCHUMAaJIbHAasi CTOMMOCTh

WCIIOJTHEHUSI HAYYHO-UCCIIEI0OBATEIbCKOTO MPOEKTA (B T.4. aHAJIOTH).
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[TomydeHHass BeMMYMHA WHTETPAIbHOrO  (UHAHCOBOTO  TOKa3aTells
pa3paboTKu OTpakaeT COOTBETCTBYIOIIEE YHCICHHOE YBEIMUCHHE OO0/ KEeTa 3aTpar
pa3paboTKM B pa3ax (3Ha4eHHWE OOJbIIE EIWHUIIBI), JUOO COOTBETCTBYIOIICE
YHCIICHHOE YCIICBICHNE CTOMMOCTH pa3pabOTKH B pa3ax (3HAUYCHHE MEHBIIE
€UHULIBI, HO OOJIbIIIE HYJIS).

WuTerpanbHblii  Mokazatenb — pecypcod(pPEeKTUBHOCTH  BapHaHTOB
UCTIOJTHEHUS 00BEKTa UCCIICIOBAHUS MOYKHO OTPEICIIUTD CICTYIOIINM 00pa3oMm:

Ipi = Z aibi, (615)
rae l,;— WHTerpaibHbIi MOKa3aTelb pecypcodGPEeKTHBHOCTH I i-ro
BapHaHTa UCIIOJHEHUS pa3pabOTKH;

a; — BECOBO K03 (GUIMEHT I-T0 BapraHTa UCTIONHEHHS pa3padOTKH;

b, blp — OanmpHas OIGHKA I-TO BapuaHTa WCIOJHEHUS pPa3pabOTKH,
YCTAHABIIMBAETCS HKCIEPTHBIM IyTEM 10 BEIOPAaHHOM IlIKaJIe OLIEHUBAHUS;

N — YUCJIO TapaMEeTPOB CPABHEHUSI.

Bo3moxHbIe BapUaHThI UCTIOJIHEHUS HAYYHOTO UCCIIEIOBAHUS

Ucn.1 — Pe3ynbrarel MonenupoBanus 00pabOTaHbl ¢ MOMOIIBIO aHTH-K
aITOpUTMa KJIaCTepU3allMyd YacTHIl. Takod anropuT™M OoJiee UyBCTBUTEIECH K
YacTULIaM, TMOJYYEHHBIM B XOJI€ BBICOKOIHEPI€TUYECKUX IPOLECCOB, HO MEHEe
YYBCTBUTEJIEH K (DOHOBBIM COOBITHSIM.

Hcn.2 — Pesynbrartel MoIeaupoBaHUsS 00paboOTaHbl C TOMOMIBIO ki
aJITOpUTMa KJIACTEpU3alMK YacTULl. TaKol aJropuTM JIydllle BCEr0 MCIOJIb30BaTh,
KOTJIa BKHO YUUTHIBATh UHTEHCUBHOCTH (DOHOBBIX COOBITHIA.

Ucn. 3 - Pesynbrarel MojenupoBaHus o0OpaOOTaHbBI C TMOMOIIBIO
KOHHYECKOI0 aJrOpUTMa KJIACTEPU3AIMH YACTHUI. DTOT aITOPUTM SIBIISETCS OJJHUM
u3 Hamboysee  OBICTPOACUCTBYIONINX, OJHAKO JJIA HET0  CYyIIECTBYIOT
JIOTIOJIHUTEIbHBIE OTPAaHUYEHUS TPU HUCMHOJIb30BAaHUM B (DU3HKE CTOJKHOBEHUH

HOHOB.
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Tabnuua 6.20 - CpaBHUTENbHAS OLIEHKA XapAKTEPUCTUK BAPUAHTOB UCIIOTHEHUS

IIPOCKTAa
OOBeKT uccneaoBaHus Becogoit
Kpurepun KOA(PPUIHEHT Hen.l | HUcn.2 Hcn. 3
napamerpa

1. C

OOTBETCTBUE  TPEABAPUTEIHHBIX 0.30 5 4 3
IKCIIEPUMEHTAIBHBIX JaHHBIX U MOJICITU
2. Y100CTBO IPUMEHECHHS 0,10 3 5 5
3. beicTponeticTBue 0,10 3 4 5
4. 4

YBCTBUTEIBHOCTh K 0.30 5 3 3

BBICOKOYHEPTETHYECKUM ITPOIeccam
5. ITorpentHocTh aropuT™Ma 0,20 4 4 3
Hroro 1 20 20 19

Iyyens =03°5+01-3+01-3+03-4+024 =44
Ip—yenz =0.3:4+01-5+03-4+03-3+02-4=38
Iy—yens = 03°3+0.1:5+03-5+0.3-3+0.2:3 = 3.4

Nuterpanpubiii  mokazatrenb A(OPEKTUBHOCTA BapUAHTOB HCIOJHEHUS
pa3pabotku (I,.;;) ONpenensercs Ha OCHOBAaHWU WHTETPALHOTO TOKa3aTels

pecypcoddp(HEeKTUBHOCTH U HHTETPAIbHOTO (PMHAHCOBOTO MOKa3aTeis no popmyiie:

I— L

__ ‘p—ucnl __ ‘p—wucn2

Il/ICl'Iil - Iucn.i 'II/ICI'IiZ - Incr[.i . (616)
HH dun

CpaBHEHHE WHTETPAIBLHOTO TMOKa3arens dS()PEKTUBHOCTH BapHaHTOB

WCITOJTHEHHSI Pa3pabOTKH TO3BOJIMT OMPECIIUTh CPABHUTEIbHYIO 3()PEKTUBHOCTD

MpoeKkTa W BBIOpaTh Hambojee I1eeco00pa3Hblii BapUAHT U3 MPEAJIOKCHHBIX.

CpasHautenbHas 3QpPEKTHBHOCTD TPOEKTA (I p):

3, = lpoueni (17)

cp =
p Ip—ucnl

Tabnuma 6.21 - CpaBauTenbpHas 23pGHEeKTHBHOCTH pa3pabOTKU

Ne /it [Nokazaremnu Hcn.1 Hcn.2 Hcn.3
1 WuTterpanbHblil pruHAHCOBBIN 1 1 1
nokasaresb pa3padoTKu
7 =
9 HTETpaJIbHBIN M0Ka3aTelb 44 38 33

pecypcoddHeKTUBHOCTH pa3pabOTKH
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WHTerpanbHbIi ITOKa3aTelb
3 4.4 3.8 3.3
3¢ (HEeKTHBHOCTH
CpaBHuTtenbHas 3 (HEKTUBHOCTh
4 P b 1 0.86 0.77
BapUAaHTOB UCIIOJHEHUS

CpaBHeHHE 3HAYCHMH MHTErPAJbHBIX IMOKa3aTenel A(pQPEeKTUBHOCTH
MO3BOJIAET TOHATH M BbIOpaTh Oojee HSPQPEKTUBHBIN BapuUaHT pPELICHUS
IIOCTaBJICHHOW B MAarucTepcKoil pabdoTe TEXHUYECKOW 3afauyd ¢ MO3HIUU

(buHaHCOBOU U pecypcHOM A3(DPEKTUBHOCTH.

6.7 BeiBOabI 10 pa3aeiy

B pe3ynbTaTe BhINOMHEHUS U3HAYAIbHO CHOPMYITUPOBAHHBIX IIeJIel pa3ena
MOYHO C/IE€JIATh CJIEIYIOIINE BBIBOBI:

Pe3ynbpTaTomM npoBEeIEHHOTO aHAIN3a KOHKYPEHTHBIX TEXHUYECKUX PEIICHUN
SBJIIETCS] BLIOOP OJTHOTO M3 BapMAHTOB pealn3alliid UCCIEAOBaHUS KaK HamOoJiee
MPEANOYTUTENBHOTO U PALIMOHAIBHOTO 110 CPABHEHMIO C OCTAJIbHBIMU;

[Ipu mpoBeieHNH TUTAHUPOBAHUS ObLT pa3padoTaH MIaH-TpadUK BHITIOJHEHUS
3TanoB paldOT s HAYyYHOIO PYKOBOJWUTENST W HAYYHOTO COTPYAHHKA,
MO3BOJISIONIMN OLUEHUTh M CIUIAHUPOBAaTh pabodee BpeMs HCHOJHUTENEH. bblam
OTIpeJIeNICHBI: 00111ee KOJUYECTBO KAJICHAAPHBIX THEH JJIS BBIOJHEHHUS paOOThl —
132 nHeit, oO1Iee KOJUUECTBO KAJICHAAPHBIX JTHEHW, B TEUECHUE KOTOPHIX padoTal
HAy4YHBIA COTPYAHUK — 127 u oOlee KOJMYECTBO KaJICHAAPHBIX THEH, B TEUCHUE
KOTOPBIX paboTall pyKOBOJIUTEND - 21;

CocraBneH OOKET HAyYHOrO HCCIEAOBAaHUS, MO3BOJSIOMINNA OLEHUTH
3aTpaThl Ha €T0 pean3alliio, KOTOpble cocTaBisioT 488767,49 pyo;

ITo pakry onenku r3pdextuBHOCTH HU MOXKHO c/ienath ClaeAyIOIIUE BBIBOIBI:

- 3HaueHue uHTerpabHoro punancosoro nokasarenss HU cocrasnser 1 qis
BCEX BAapUAHTOB HWCIIOJHEHUS, YTO OOBACHSICTCS OJWHAKOBBIMU 3aTpaTaMyd Ha
CO3[JaHHE PA3JINYHBIX BAPUAHTOB;

- 3HayeHWEe WHTErpajJbHOTO TOoKaszarens pecypcoddbdextuaoctn HIU

cocTaBisieT 4.4, o cpaBHEHUIO ¢ 3.8 U 3.4 Wi IpyTruX BapUaHTOB;
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- 3HayeHue WUHTErpajdbHoro mokazarens i3¢dextuBHoctt HU  Takxe
coctapisieT 4.4, o cpaBHeHUIO ¢ 3.8 U 3.4 1l ApYyTUX BApUAHTOB

- CpaBHutenbHas 5>(QQPEKTUBHOCTh BapuaHTOB wucnonHeHus it HU
coctaBisier 1, mo cpaBHeHutro ¢ 0.86 u 0.77 pans Apyrux BapuaHTOB, YTO
CBUACTEIBCTBYET O TOM, 4YTO ObLI BBHIOpaH Haubosnee 3¢pGEeKTUBHBIN BapuUaHT

UCTIOJIHEHUS] HAYy4YHO-HCCIIEJ0BATENbCKON pabOTHI.
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7 ConnajibHAs OTBETCTBEHHOCTH

7.1 Beenenue

B Tekymiem pasnene pacCMOTPEHbI BOIPOCHI, CBA3aHHBIE C AHAIU30M H
BBISIBJICHMEM BO3MOKHBIX OIACHBIX U BPEIHBIX (PAKTOPOB Ha paboyeM MecTe
HAy4YHOTr'0 COTPYJHHKA, OpraHu3anueil paboyero Mecta B COOTBETCTBUU C HOPMAMU
IPOU3BOJICTBEHHOM CAHUTApUH, TEXHUKUA MPOU3BOJICTBEHHONM O€30MACHOCTU H
OXPaHbI OKPY>KAIOIIEH CPEIbI.

OTa Marucrepckas aucceprauus IMOCBSIICHA UCCIEAOBAHUIO BO3MOXHOCTU
o0Opa30BaHUs KBapK-TJIFOOHHOW IUIa3Mbl B MAJIOHYKJIOHHBIX CTAJIKHBAOLIUXCS
CUCTEMAX C IIOMOLIBI0 METOAA AAPOH-CTPYHHBIX Koppensunid. OCHOBHBIM
WHCTPYMEHTOB  HUCCJEJOBAHMS  SBISIETCS ~ MOJEIUPOBAHUE  CTOJIKHOBEHHS
BBICOKO3HEpreTuueckux MOHOB B reHepatope PYTHIAS. OObekTOM TEKyIIEero
UCCIIEIOBaHMSI AIBJISIETCS] MaTeMaTHUECKasi MOJIeb IIpolecca GopMHUpOBaHMSI KBapK-
[JIFOOHHOW TUTa3Mbl B XOJI€ CTOJKHOBEHUN BBICOKOPHEPIETHMUECKHX YACTHI[ Ha
yckoputensix. OCHOBHasi 4yacTh pPaOOThl - HaNKMCAHWE MPOrPaMMHOIO Koda MU
00paboTKa AaHHBIX - IPOU3BOAMIIACH B (hru3nueckoM Kopmyce MHCTUTyTa saepHOit
¢busuku Akagemun Hayk Yenickoit Pecriyonuku, r. Paxex. Bee paboTsl, cBsi3aHHbBIE
C IPOBEJCHUEM TEKYILEro UCCIEeI0BaHUs, TPOBOAWIUCH B O(QUCHOM MOMEILEHUH
wiomaaeio 54 M2, 060pyIOBaHHOM [y pabOThl TPEX HAYYHBIX COTPYAHHKOB C
ucrosib3oBanueM nepcoHanbHbix IBM (IIDBM). ITox npoektrpoBanuem padbodero
MecTa TOHHMMAETCsl LeJecoo0pa3Hoe MPOCTPAHCTBEHHOE pa3MEUIeHUE B
TOPU30HTAJIBHOM U BEPTUKAIBHON MIIOCKOCTAX (DYHKIIMOHATIBHO B3aUMOYBS3aHHBIX
CPEICTB MPOU3BOJICTBA, HEOOXOAUMBIX Il OCYLIECTBIICHUS TPYIOBOrO IpoLecca.
[Ipn mnpoexTHpoBaHMM pabOUMX MECT JOJDKHBI OBITh YYTEHbl CaHUTapHO-
TMTMEeHUYecKe TpeOOBaHUA K opraHu3anuu padbouux mect. [lpu npoekTrupoBaHuu
71a00paTopuu TaKKe HEOOXOAUMO yAECTUTh BHUMaHUE OXpaHe OKPYKaroIIel cpebl,
B YACTHOCTH OpraHu3aiui 0€30TX0AHOrO MPOU3BOACTBA.

Taxxke HEOOXOAMMO YYHMTHIBATH BO3MOKHOCTH YPE3BBIYAMHBIX CHUTYaIlHM.

Bo3moxnoit UC B 3umMHee BpeMsl rojia MOXKET ObITh HACTYILIEHHE MOPO30B. 3-3a
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MHTEpeCa KaK K pe3ysibTaTaM pacueTa, TAK U BO3MOKHOCTH MOJIyYEHUSI HE3AKOHHOTO
JIOCTyNla K BHYTpPEHHEW cetu wuccienoBarenbckux rpynn [[EPH, omnoit w3

BO3MOXHBIX YC MOKET ObITh TUBEPCHUS WU MPOMBIIUICHHBIN IIMMHOHAXK.

7.2 AHa/IM3 BBISIBJICHHBIX BPEIHBIX U ONIACHBIX (PAKTOPOB

B sTOM nyHKTE paccMaTpuBarOTCsS BpEIHBIE U OMACHbIE (PaKTOPbI, KOTOPHIE
MOTYT BO3HUKATh MPH MOJACITUPOBAHUU (PUZNUECKUX MTPOLIECCOB C UCTIOIB30BAHUEM
[I9BM. [lepeyeHb BpeJHBIX U OMACHBIX ()aKTOPOB, BO3IEHCTBYIOIINX Ha OllepaTopa
OBM, mnpuBenen B Tabnuue 7.1. BpeaHbiM NpOM3BOACTBEHHBIM (PaKTOpOM
Ha3bIBAETCSI TAKOM IPOM3BOJCTBEHHBIM (akTOp, BO3ACHCTBUE KOTOPOrO Ha
paboTaroUIero YeI0BeKa B ONPEIEICHHBIX YCIOBUAX IPUBOJUT K 3a00JIEBaHUIO WIIN
CHIDKEHHUIO TpyJ0ocrnocoOHoCcTH. OmnacHbIM  Ha3bIBAE€TCAd MPOU3BOJICTBEHHBIN
dbakTop, BO3JECUCTBHE KOTOPOrO0 Ha pabOTAIOIIETO B OMNPEASICHHBIX YCIOBHUSX
IPUBOJUT K TPaBME€ WJIHM IPYroMy BHE3AIIHOMY PE3KOMY YXYJILIEHUIO 310POBbS.
Kpurepuu oTHOLIEHUS (pakTOpa K BPEIHBIM UK onacHbIM ycTaHaBiuBatoTcs ['OCT

12.0.003-2015 CCBT [65].

Tabnuua 7.1 — Bpennbie u onacHbie (HhaKTOPBI

HcTtounuk axropa
HanmenoBanue
BHJIOB paboT

dDakTopsl

Bpennsie

OmnacHble

HopmatuBHbIE
JIOKYMEHTBI

1. 3amyck nuTaHus B
MTOMEILEHUU

2. MonenupoBanue
nporiecca Ha [IDBM
3. Yrenue
JUTEPATYypPHI C
OINMCaHUEM IIpoLECCa

1. OTKI0HEHHE
rokazaresei
MUKPOKJIUMATa

2. IlpeBbilicHME
YpOBHS IIyMa B
paboueii 30He

3. HenmocraTounas
OCBECIIEHHOCTD
paboueit 30HbI

4. TToBBIIIICHHBIN
YPOBEHB
ANIEKTPOMATrHUTHOTO
W3ITyYCHUS

1. DnexTpuyeckuit
TOK
2.

HO)KapOOHaCHOCTL

I'OCT 12.0.003-2015
CCBhbT;

I'OCT 12.1.005-88
CCBhbT;

I'OCT 27818-88 (CT
CDOB 5147-85);

CII 52.13330.2016;
CaulluH 1.2.3685-21;
I[1YD (u3a. 7);

I'OCT 12.1.038-82*
CCBhT;

I'OCT 12.1.019-2017
CCBhT;

HIIb 105-03;

CII 12.13130.2009;
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7.3 Bpeansblie ¢pakTopbl

7.3.1 OTK/I0HEeHHe MoKa3aTe/ieil MUKPOK/JIMMATA

MuxkpoxiIuMar mpou3BOJACTBEHHBIX OMELEHUN — 3TO KIMMAT BHYTPEHHEN
Cpeabl ATUX NOMEUIEHUN, KOTOPBIM ONpENesaeTCs NEUCTBYIOIIMMHU Ha OpraHU3M
COUYETAHMSIMM TEMIIEPATyphl, BIAKHOCTH M CKOPOCTH JIBUJKEHUS BO3IyXa.
OnTuManbHble MUKPOKJIMMATHYECKHE YCIOBHS 00ECIEUNBAIOT 00IIEE U JIOKAJIBbHOE
OLIyIIEHUE TEIUIOBOro koM@opTa B TeueHHE 8-4acoBOW paboueil CMEHBI, HE
BBI3bIBAIOT OTKJIOHEHMH B COCTOSIHUM 3JI0pPOBbS U CO3JAOT MPEANOCHUIKH IS
BBICOKOM  pabOTOCIOCOOHOCTH  Onarojapss ~ OTCYTCTBHUIO  MOCTOPOHHHX
pasapakuTenel opraHu3Ma ueaoBeKa.

OO0mure caHUTapHO-TUTMEHUYECKUE TPEOOBAHUS K BO3AYyXY B paboueil 30HE
noixHbl coorBeTcTBOBaTH 'OCT 12.1.005—88 CCBT [66] B COOTBETCTBHH C JICTKOM
(Ia) xareropueir paGor. OnTUManbHbBIE U JOMYCTUMBIE HOPMBI TEMIIEPATYpHI,
OTHOCHTENFHOW BIQXKHOCTH W CKOPOCTH IBMKCHHS BO3IyXa sl TPOBEACHUS
MIPOU3BOJICTBEHHBIX PAaOOT MpUBEACHBI B TAOIHIIE /.2.

Muxkpoxiumar pabodero NMoMeIIeHHus Ha pacCMaTpUBAaEMOM MPEANPUSTUU
MOJIICPKUBACTCS HA ONTHUMAIBHOM YPOBHE CHCTEMOM BOJSHOTO IICHTPAIHHOTO
OTOIUICHUS, IPUHYAUTEIbHON BEHTHIIALIUEHN, @ TAK)KE TOMOTHUTEIbHBIM IPOTPEBOM
B XOJIOJIHOE BpeMS TOJ1a.

Tabnuna 7.2 — Hopmbsl MukpoxiimMara B paboueii 30He MPOU3BOICTBEHHBIX

[TOMEIIEHUN
Hopwmsr Temneparypa Brnaxnocts CKOpOCTh  ABUKEHUS
MHUKpPOKJIMMaTa BO3ayxa, °C BO31yXa, % OTHOC. BO3yXa, M/C
OnTumManbHbie 19-22 40-60 <0.2
JlommycTuMbIe 15-28 20-80 <05

7.3.2 IlpeBblllIeHHE YPOBHA IIyMa HA pabdoyeM MecTe

ym sBisieTcst 0OUIEOMOIOTUYECKUM PA3IPAXKUTEIEM U B ONpPEETIECHHBIX
YCIOBUSIX MOKET BIIMSTh HAa OpPraHbl M CUCTEMBlI OpraHus3Mma uesioBeka. [llym
YXyAIIAeT TOYHOCTh BBIMOJIHEHHsI pPaOOuMX oOmepauui, 3aTpyIHSET MpPUEM U
Bocnipusitue  uHbopmauuu. JlnutenbHoe  Bo3neHcTBHE — IIymMa  OOJBIION
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MHTEHCUBHOCTU IPUBOJUT K IIATOJOTMYECKOMY COCTOSIHUKO OPIraHM3Ma, K €ro
YTOMJICHHIO. VIHTEHCHBHBIM IIyM BBI3BIBAET W3MEHEHUS CEPICYHO-COCYAUCTOU
CUCTEMBI, COIPOBOKJAEMbIE HApyUIEHUEM TOHyCa M pUTMa CEpACYHBIX
COKpAILIEHUH, U3MEHSIETCS apTEpUATIbHOE KPOBSIHOE JaBIICHUE.

MeTonbl yCTaHOBJIEHUS MPEAEIBHO JAOMYCTUMBIX IIYMOBBIX XapaKT€PUCTUK
OBM u mpouynx yCTpOMCTB IJIsl MCCIEAOBAaHUN, pa3pabOTOK, KOHCTPYHPOBAHUS,
IPOrpaMMHUPOBAHUS U BpauyeOHOM JAESITEIbHOCTH YCTAaHABJINBAIOTCSI B COOTBETCTBUU
c TOCT 27818-88 (CT COB 5147-85) [67]. LLIym Ha pabounx MecTaX TaKKe MOXKET
IPOHUKATh M3BHE uepe3 KaHajbl BEHTWIILMM U MPOEM JBEpPU U3 KaOUHETa B
KOPHUJIOP.

[Ipu padote ¢ IIDBM 0CHOBHOI MCTOYHUK IIYMOB — BEHTUJISITOP CUCTEMBI
OXJIAKIECHUSI BHYTPEHHETO 3JIEKTPOHHOTO 000pYJOBaHUs, a Takke NnepudpepuinHoe
o0opynoBaHue (KJIaBHIIMA KiaBuatypsl). st paboynmx MECT ¢ MCHOJb30BaAHUEM
YCTPOWCTB TUISL VCCIICIOBAHNM, pa3paboToK, KOHCTPYHUPOBAaHHS,
IpPOrpaMMHUpPOBAaHUS U BpauyeOHOW JEATEIbHOCTH YPOBEHb IlIyMa HE JIOJDKEH
npebimiath 50 1b (T'OCT 27818-88 [67]). [Ipu pabore ¢ ucrnonb3yembiM [I19BM
YPOBEHB IlIyMa OT pabOThl UCIIPABHOTO BEHTUJISITOPA OXJIAXACHUS HE MPEBbIIIAET
15 nb.

YMeHbllIeHHE BIMSHHUS IIyMa BO3MOXXHO ITYTEM H30JIALMH HCTOYHUKOB
IIYMOB, TIPOBEACHHUS AaKyCTHYECKOM 00paboTku momemieHus: (mpuMeHEHUs
3BYKOMNOIJIOWAIOIIEH  OOJIMIIOBKM,  aKyCTHMYECKMX  JKpPaHOB,  CO3JaHMs
JOTIOJTHUTENBHBIX ITEPErOPOJIOK U3 3ByKOU30JISIIUOHHBIX MaTEPHAIIOB); IPOBEICHUS
npo(UIaKTUYECKUX pPa0OT, MPUMEHEHUS CPEICTB HWHAUBUAYAIbHOM 3alUThI
OpraHoB CllyXa — IPOTUBOLIYMHBIX HAYIIHUKOB, YIIHBIX BKJIAJbIIICH (Oepymieil).

7.3.3 HenocTarouHasi 0CBELIEHHOCTH padoyeil 30HbI

OcCBelIeHHOCTh - BaKHEHIIMH MapamMeTp Ha paboueM MecTe Oomeparopa,
oOecreynBaOMid  KOM(OPTHBIE YCIOBUS, TOBBIIMIEHHYIO 3(()EKTUBHOCTh H
0€30MacHOCTh TpyJa, CHUKAIOUIMM yTOMJICHHE W TpPaBMaTHU3M, COXPaHSIOLIUMA

PaboTOCTIOCOOHOCTb.
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B cootBercTBuu co CIT52.13330.2016 [68] ocBeliienne 1015KHO 00SCIICUNTh:
CaHUTapHbIE HOPMBI OCBEIIEHHOCTH HAa pabOYMX MECTaX, PABHOMEPHYIO IPKOCTh B
TI0JIC 3pEHUSI, OTCYTCTBHE PE3KUX TCHEH M OJIECKOCTH, ITOCTOSHCTBO OCBEIIEHHOCTH
10 BPEMEHU U MPABWIBHOCTh HANPABJICHUS CBETOBOrO MOTOKAa. OCBEIIEHHOCTh Ha
pabouyux MecTax ¥ B MMPOU3BOACTBEHHBIX MMOMEIICHUSIX TOJDKHA KOHTPOJIUPOBATHCS
HE pexe OJHOro pasza B roj. dakTuueckas OCBEIIEHHOCTh B MMOMEIICHUH JOJIKHA
ObITh OOJBIIIE WJIM paBHA HOPMHUPYEMOM OCBELIEHHOCTH. TpeboBaHws,
MpUBEACHHBIC B Ta0IMIIE 7.3, COOTBETCTBYIOT YCIOBHSIM Tpyaa onepatopa IBM.

K TUTUEHUYECKUM TpeOOBaHUSIM, OTpaXKaIoIUM KaueCcTBO
MIPOU3BOJICTBEHHOT'O OCBEIIICHUSI, OTHOCSITCSI:

- paBHOMEpHOE paclpe/ieiicHue SIPKOCTEe B IMOJie 3pEHUS U OrpaHUYCHHUE
TCHEH;

- OrpaHUYEHUE MIPSMON U OTPAKEHHOM OJIECKOCTH;

- OTpaHWYEHUE WK YCTPAaHCHUE KOJICOAHWH CBETOBOTO MTOTOKA.

Tabnuna 7.3 — TpeboBaHuUs K OCBEIICHHOCTH TTOMEIIESHUS

. Bricokon
XapakTepHUCTHKA 3PUTEIBHON PabOTHI
TOYHOCTH
HaumeHnpmii v SKBUBAJIEHTHBIN pa3Mep 00bEKTa pa3inyueHusi, MM Ot 0,30 10 0,50
Pazpsi 3putenbHOi paboThl Il
[Tonpa3psa 3puTenbHON paboThI r
Kontpact o0bekTa ¢ poHom Cpennuit
XapakTepucTuka goHa Caerabiii
ITpu CUCTEME | BCETO 400
KOMOMHHUPOBAHHOTO B T.4. oT
OCBeIIeHHOCTb, JIK p 200
OCBEIICHUS o01rero
HckyccTBeHHOE o 5 200
U CHCTEM T'0 OCBEIICHUS
OCBIICHHE pH cUCTEME O0ILEro OCBelle
Coueranue HOPMHUPYEMBIX BEJINYMH | P 40
ITOKa3aTes OCJICTIJIEHHOCTH P u
0
ko2 duirenta mynbcarmu (K) Ky, % 15
IIpn BEPXHEM 1581051
EcrecTBeHHOE .
KOMOMHHPOBAHHOM OCBEILIEHUHU
OCBEIIICHUE Koadpdurment
[Tpu 60KOBOM OCBEIICHUHU -
€CTECTBEHHOI'O
0 ITpn BEPXHEM J5R05
CosmenieHHoe | ocsereHus (ey), % 3,0
KOMOWHUPOBAaHHOM OCBEILEHUH
OCBEILEHUE
[Tpu G0KOBOM OCBEIIEHUU 1,2

JIJ'ISI obecrieueHus pPaOHAJIBHOTO OCBCIICHUS, OTBECUAIOIICTO TCXHUYCCKHUM

n CAHUTAPpHO-TUTHCHUYCCKUM HOpMam, B IIOMCIHICHUN npcayCMOTPCHLI

128



OCTCKJICHHBIC OKHA B CTCHAX AJIA JOCTATOYHOI'O IPOHUKHOBECHHUA COJTHEYHOI'O CBETA
B CBCTIIOC BpCM:A CYTOK, a TaAKXKC CHCTCMAa CBCTHUIIBHUKOB JHCBHOI'O CBCTA,

06GCH6‘—II/IBaIOH_II/IX AO0CTATOYHYIO OCBCIICHHOCTL B TCMHOC BPpEMS CYTOK.

7.3.4 Pacuet HCKYCCTBEHHOT'0 OCBEIEHUSI

Corimacuo CIT 52.13330.2016 [68], B kaOunHertax HWHGOPMATHKH H
BBIYHCIIUTEIILHON TEXHUKH TIPU CUYUTHIBAHUU HWHGOPMAIMKA C JKpaHa TUCIUICS
OCBEIICHHOCTH MPH CUCTEME OOIIETO OCBENICHHS HE TOJDKHA ObITh HIbke 200 JIK.

[IpaBMIIBHO CITPOSKTUPOBAHHOE W BBITIOJHEHHOE OCBEICHHE OOeCTieurnBaeT
BBICOKHI  YpOBEHb  pPabOTOCMOCOOHOCTH,  OKAa3bIBACT  MOJIOKUTEIHHOE
MICUXOJIOTUYECKOE JIEMCTBME Ha YeJIOBeKa U CIOCOOCTBYET IOBBIIICHUIO
MIPOU3BOAUTEIILHOCTH TPYy/a.

Pacuér o011ero PaBHOMEPHOTO HCKYCCTBEHHOTO OCBEIIICHUS
TOPU30HTAJILHOM paboyell MOBEPXHOCTH BBITIOJIHSIETCS METOJOM Ko3(dduimenTa
CBETOBOTO IMOTOKA, YYUTHIBAIOIIIUM CBETOBOM MOTOK, OTPAKEHHBIA OT MOTOJIKA H
CTEH.

CBeTOBOI MOTOK JIAMITbI OTIpEIENsIieTCs o hopmyJie:

_ EySKyZ

P = (7.1)

rae Ey — Hopmupyemas MmuHuMalbHasi ocBemiéHHOCTh 1o CIT52.13330.2016,
JIK; S — IIOM[agh OCBEIIAEMOro momerreHns, M°; K, — xoadduuuenT 3amaca,
YUUTBHIBAIOIINN 3arpsi3HEHHUE CBETUJIbHUKA (MCTOYHHKA CBETA, CBETOTEXHHYECKOU
apMaTypsbl, CTE€H U Mp., T. €. OTPAXKAIOLIUX MMOBEPXHOCTEN), HAIIMUUE B aTMochepe
nexa JibiMa, nbiii; Z — KodhGUIIMEeHT HepaBHOMEPHOCTH OCBEILIEHUS, OTHOIIICHUE
Eopl Emin. JIns1 TIOMHHECIIGHTHBIX JIaMI TpH pacuérax Oepércst paBHbeiM 1,1; N —
YHUCJIO JIAMIT B TTIOMEIICHHH; 1] — KO3 PHUITMEHT UCTIOJIB30BAHUS CBETOBOTO TTOTOKA.

Jnmuna nomenienust A = 9 M, mupuna B = 6 M, BbicoTta = 3,5 M. BricoTa

paboueii noepxuoctn Hax noiaom h, = 1,0 M. Cormacno CII 52.13330.2016,

HEOO0XO0MMO CO371aTh OCBEIICHHOCTh He Hike 200 JIK, B COOTBETCTBHHU C Pa3psiioM
3pUTEITHLHOU PaOOTHI.

[ momags moMenieHus:
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S=A-B, (7.2)
rae A — nnuna, M; B — mmpuna, M. Torna S = 9 - 6 = 54 M2,

Koadduiment otpaxeHus cBekenoOEICHHBIX CTEH ¢ OKHaMu, 0e3 IMITOop
pc = 50%, cBexenobenenHoro moroska motoska pp = 70 %. Koaddunuent
3armaca, YYMTBHIBAIOIIMN 3arps3HEHUE CBETHJIBHHKA, UISI MOMEIICHUI € MajbIM
BbiiesieHneM mbuin paBeH Kz = 1,5. KoadduuueHnt HepaBHOMEpHOCTH st
JIIOMUHECHEHTHBIX JaMIl Z = 1,1.

Bribupaem nammy naeBHoro cseta JI/[-30, cBETOBOI MOTOK KOTOPOIl paBeH
D1 = 1650 M. K Heli BEIOEpEM CBETUIILHUKH € JIFOMUHECLIEHTHBIMH JIAMIIAMH THIIA
OZ1OP-2-30. DTOT CBETUIBHHK HMEET ABE JaMIibl MOIIHOCTRIO 30 BT kaxmas,
JUIMHA CBETWJIBHUKA paBHA 925 MM, mupuHa - 265 MM.

NHTerpanbHbIM KPUTEPUEM ONTHUMATbHOCTH PACIIOJIOKEHUS CBETUILHUKOB
SBJIICTCS] BETUIMHA A, KOTOpAst JAJIS JIIOMUHECIIEHTHBIX CBETHJIBHUKOB C 3AITUTHON
pemérkoii nexutr B auanazone 1,1-1,3. Ilpuaummaem A = 1,1, paccrosiHHe
CBETWJILHUKOB OT nepekpbiTus (cBec) h, = 0,5 m.

Bricota cBeTunpHUKA HaJ paboueil MOBEPXHOCTHIO OMPEACNSIETCS 10
dbopmyie:

h =hy - h,, (7.3)

rae h; —BBICOTA CBETHJILHHMKA Haj IIOJOM, BBICOTa Mojaseca, h, — BbICcOTa

paboueii OBepXHOCTH HaJl MoJioM. HanmeHnsb1as nomyctumasi BbICoTa MoABECa HaJl

MoJIOM Ui ABYXJammoBbiX cBetunbHUkOB OJIOP: h; = 3,5 M. Beicora
CBETHJIbHHKA HaJ paboueii MOBEpXHOCTHIO onpeessercs mo popmye (7.4):

h=H-hp — hc =35-1-05=20m. (7.4)

PaccTostnue Mexay cOCeTHUMHU CBETUJIbHHUKAMH WIIH PSAAMU ONPEAeIIsieTCs
no opmyie (7.5):

L=A-h=11-2=22m. (7.5)

B 6
Hucno psaoB CBETUIBHUKOB B OMENIEHUU: N = 1555 2,72 = 3 mr,

A_ 9
Yucino cBETUNBHUKOB B psAny: Ny = T=55= 4,1 = 4 mir,
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O6mee yncio cBeTuIbHUKOB Ny = Ny - Ng =3 -4 = 12 mir.
Torga oG1iee ynco JaMIl B CBETHIIBHUKAX (10 2 JTaMITbl HA CBETHJIBHUK):
N = 2N = 24 mwr.

PaccrosiHre OT KpallHUX CBETWJIBHUKOB WIH PSAOB O CTEHBI OIPENEIseTCs
L .
Kak [ = > Y cTaHOBUM TOYHBIE PACCTOSIHUS MEKy CBETUIIbHUKAaMHU. Hannem Ly, Lg:

(Ng=1) Ly +=La+ Ny Ly = A= 3-Ly+2L, +4-925 = 9000 (7.6)

_ A-Ngl, _ 9000-4-925
(Na-1+3) (4-1+2)

4 = 1445 m; Ly = 2 = 480 v, (7.7)

(Np—1)-Lp+=Ly+Np-lp=B—>2-Lp+-Lp+3-265=6000  (7.8)

_ B-Nplg _ 6000-3-265
(Np—1+2) (3-1+2)

B = 1950 mm; L, = L?B =650 mm. (7.9)

P asMClIacM CBCTUJIbHUKHU B TPpHU pAda 110 YCTBIPC CBETUJIbHUKA B KAXKIOM. Ha
PHUCYHKC 32 H306pa>1<eH IUIaH IIOMCIOCHHUA H pPa3sMCIICHUA CBCTHUIBHHUKOB C

JIOMHMHCCHCHTHBIMH JIaMITIaMH.

480, 925 _
|
\ [ | | | 1
(W
& L
r S
— — — — S
) — — — —
2 r
!
1445
_ 9000 _

PI/ICYHOK 32 - IInan pasMCIICHUA CBCTUIIBHUKOB C IIOMUHCCICHTHBIMU JIaMIIaMHU

Wuaekc noMenieHus onpeaensercs mo gpopmyie (7.10):

jo_AB 96 _
" h-(A+B)  2-(9+6)

1,8 (7.10)
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Koadduiment ucnonb3oBaHus CBETOBOIO IMOTOKA, MOKA3bIBAIOIIMN Kakas
4acTh CBETOBOTO II0TOKAa JaMIl IIOMajgaeT Ha pabouyyro IMOBEPXHOCTb, IS
cBeTwbHUKOB TUMa OJOP ¢ moMunecnieHTHbIMU Jamnamu 1ipu p = 70 %, po =
50% u unnexce nmomemienusi [ = 1,8 paen n = 0,5.

[ToTpeOHBIiT CBETOBOM MOTOK IPYIIITHI TIOMUHECIICHTHBIX JIAMII CBETUIILHUKOB

ompezensieTcs mo Gopmyie:

O, = EySKyZ _ 200541511 _ 1485 v, (7.11)

N 24-0,5

CeeroBoii moTok BbIOpanHoi namnbl JIJ[-30 cocraBnser @ ;= 1650 mm.

HpOBepI/IM BBITIOJIHCHUC YCHOBI/IH BBI60pa JIAMIIBI.
Dn1—Pn

~10% <~ < 20% (7.12)
I1
P = Pn 100% = 1650 — 1485 100% = 11%
D ° T 1485 TP

Takum o0Opa3oM, HEOOXOJUMBIM CBETOBOM MOTOK HE BBIXOAUT 3a MPEACIIbI
TpedyemMoro auanazoHa. BeIOpaHHBIN THIT JJaMIT M CBETHIIBHUKA ITO3BOJISIIOT CO3/1aTh

HY>KHYIO OCBCIICHHOCTH B ITIOMCIIICHUU.

7.3.5 D1eKTpOMarHuTHbIE MOJISI B IPOU3BOJICTBEHHBIX MOMEIIeHUIX

OCHOBHBIM BpPEAHBIM (PAaKTOPOM SIBJISIETCS AJeKTpoMarautHoe mose (OMII).
Haxonsch B 37IEKTPOMarHUTHOM I10J1€, YEJIOBEK MOTJIOMIAET €ro SHEPTHIO, B TKAHAX
BO3HUKAIOT BHICOKOUACTOTHBIE TOKU ¢ 00pa3oBaHUEM TEIJI0BOTO A ekTa.

buonornyeckoe nelcTBUE SIEKTPOMATHUTHOTO W3IYYEHHUS] 3aBUCUT OT
JUTMHBI BOJTHBI, HAITPSHKEHHOCTH TIOJIS, JTUTEIHHOCTH U pekuMa Bo3aeicTeus. [Ipu
BO3JICUCTBUM Ha YeJIOBEKA AJIEKTPOMATHUTHOTO TMOJISI BO3HUKAIOT HAPYIICHUS
MEKTPO(PHU3NOIOTHUECKUX TPOIECCOB B IIEHTPAJIHLHOM HEPBHOW W CEpPIICUHO-
COCYIUCTOM cucteMax, (QyHKIMA IIMTOBUAHON JKeNe3bl, FTEHEPaATUBHON (DYyHKIMH
OopraHu3ma.

OCHOBHBIM HMCTOYHMKOM DJIEKTPOMAarHUTHOTO W3JIyYCHHs] BO BpeMs
MIPOBEJICHUSI KCCIIEIOBATEIBCKUX Pa0O0T ObLI epcoHANBHBIN IBM.

Cornacuo CanlluH 1.2.3685-21 [69], BpeMeHHBIC AOMYCTUMBIC YPOBHH

OMII, co3naBaeMbIX HCTOYHUKAMU JIEKTPOMArHUTHOTO u3ayuenus (B T.4. [IDBM):
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I[TJIY HanpspK€eHHOCTM MArHUTHOTO TOJIS MOPOMBINUIEHHONM dYactothl S50 '

coctrapisier 10 mMxTm; TIAY snexrpomaruutHoro moist (DI1) wactoroit 50 I'my Ha
pabouem mMecTe cocTaBisieT 5 KB/m.

Cornacno CanlluH 1.2.3685-21 ['uruennueckre HOpMaTUBBI U TPEOOBAHUS

K obecrieueHnto 0e30MmacHOCTH U (WiaM) OE3BpPEIHOCTH AJisi yesnoBeKa (HaKTOpoB

cpensl oouranus [69], ITY cuHyconaaTbHOro MAarHUTHOTO T0J1s wactoTor S50 I':

Tabnuua 7.4 - [lpenensHo T0MYyCTUMbIE YPOBHH CUHYCOUIAIBHOTO

MAarduTHOTO mojd gyactoToi 50 I'1x

Bpewms Honyctumbie ypoBan MIL, H [A/M]/ B [mxTn]| npu
npeObIBaHus, 4 BO3JICHCTBUHI
Oobmem JlokanbHOM
<1 1600/2000 6400/8000
2 800/1000 3200/4000
4 400/500 1600/2000
8 80/100 800/1000

[TJTY HanpsKEHHOCTH Y INIOTHOCTH NOTOKa 3Heprun DMII auamazona wactor
> 30 k't — 300 I'T'; cocTaBIIsIIOT:
Tabmuua 7.5 - ITIY HanpsyKeHHOCTH U INIOTHOCTH MOTOKa 3Heprun DMII

nuana3oHa yacTtoT = 30 xI'm — 300 I'T'1x

ITapamertp MakcuMaIbHO IONYCTHMbIE YPOBHHM B JHana3zoHax yactoT (MI'n)
>0,03-3,0 | >3,0-30,0 > 30,0 > 50,0 > 300,0 — 3
—50,0 —300,0 105
E, B/m 500 300 80 80 -
H, A/m 50 s 3,0 - -
[0, - - - - 1000
MKBT/cM?

3amura 4eaoBeKa OT OMacHOTO BO3/IEUCTBHS 3JIEKTPOMArHUTHOTO U3TyYEHUs
OCYUIECTBJISIETCS] TOCPECTBOM CPEICTB KOJIJIEKTUBHOM 3aIlIUTHI:

— 3allMTa BPEMEHEM,

— 3alllUTa PACCTOSTHUEM,

— CHW)XEHME WHTEHCHUBHOCTH MW3JIYyYEHHUs HEMNOCPEACTBEHHO B CaMOM
VCTOYHHKE U3ITyYEHHUS,

— 3KpaHHUPOBAHUC UCTOYHHUKA 3a3C€MJICHHBIM MCTAJIJIIMYCCKUM OI'PaAKIACHHUCM.
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K uHauBuyabHBIM CPEICTBAM 3aIUTHI OT CTATUYECKOTO JEKTPUUYECTBA U
ANEKTPUUECKUX TOJIEH MPOMBIIUIEHHOW YacTOThl OTHOCST KOMOWHE30HBI, OYKH,
creno0yBb, 3a3eMJIISIONIUE OpacieThl, 3a3eMJISIOIINE YCTPOMCTBA, YCTPONUCTBA IS
YBJIQKHEHUS BO3]yXa, AaHTUPJIEKTPOCTATUYECKHE TIOKPBITUS W  IPOMUTKH,
HEHUTpaJIN3aTOPhl CTATUYECKOTO 3IEKTPUIECTBA.

B npouecce BBITONHEHUS] HAYYHOI'O HCCIEAOBAaHUS HE ObUIM NPEBBILLIEHBI
HopMmbl CanlluH 1.2.3685-21 I'uruenuueckue HOpMaTWBBI M TpeOOBaHUS K
o0ecrniedyeHnto 6€30macHOCTH U (WK) 6€3BpeAHOCTH TSI YeTOBEKa (PAaKTOPOB CPEIbI

obutanus [69].
7.4 OnacHble paKkTOpPbI

7.4.1 DneKTpUYECKHUI TOK

K omacHbiM akTOpaM MOKHO OTHECTU HAJIMUKE B IOMEIICHUU anmnapaTyphl,
UCIOJIb3YIOIIEH 0AHO(Aa3HbIN 3JIEKTPUUYECKU TOK HanpskeHueM 220 B u yactoroi
50 T'u. [Tomerenue, B KOTOPOM BBITIOHSUIUCH PaOOThI, OTHOCUTCSL K Kiaccy 0e3
NOBBIIIEHHON OIACHOCTH, TOCKOJBKY OHO XapaKTEpHU3yeTCs CIEAYIOIIMMHU
MPU3HAKAMU: B HIOMEIICHUY HET MOBBIIIEHHOW TEMIIEPATYPhI, BBICOKOW BIIAXKHOCTH,
OTCYTCTBYET BO3JICHCTBHE KOPPO3UOHHBIX u eIKHNX BEILIECTB,
ANEKTPOOOOPYIOBAHNE U DJIEKTPUYECKHE CETHU YCTAHOBJIEHBI B COOTBETCTBUM C
«[IpaBunamu yctporicTBa 3iekTpoyctanoBok» (ITYD) [70].

[I9BM pabotaer mnoa HampsbkeHuemM 220 B (oTHocuTCs K rpymne
anekTpoycTaHoBOK 10 1000 B), oTHOCUTCS K TpyIIie YCTAHOBOK C MaJlbIMU TOKaMU
3aMmbIkanus Ha 3emimro. Cormacuo ITVYD [70], compoTHBieHHE 3a3€MIISIONIETO
yCTpOMCTBA B JIE0OOE BpeMs Tojia JOJDKHO ObITh He Oosiee 4 OM, TpH ATOM CEUCHHE
3a3eMIISFOICH JKUIIBI IOJKHO OBITh He MeHee 4 MM? ISl MEIHBIX IIPOBOJHUKOB, HE
MeHee 6 MM? — JUTS ATFOMUHHUEBBIX U He MeHee 20 MM? — JiJ1s1 CTaIbHBIX. be3onacHbie
3HaueHusa Toka coctaBisitor 0,1 A, nHampsokenus — (12...36) B, comportuBnenus
3azemieHus — 4 Om, B coorBercTBun ¢ 'OCT 12.1.038-82* CCBT [71].

B npouecce BeimonaHeHus: pabor Ha DBM MOXET BO3HUKHYTh OMAacHOCTb

MMOPaXXCHUA JJICKTPUYICCKHUM TOKOM. OCHOBHBIMH IMpuInHaMu ISTOIO0 MOT'YT
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MOCIIYXUTh CIeAyomue (HakTopbl: MPUKOCHOBEHUE K TOKOBEIYIIMM YacTsIM WU
MPUKOCHOBEHUE K METALIUYECKUM KOHCTPYKTHUBHBIM YACTAM, OKa3aBIIMMCS IO
HampspkeHueM. JIns mpeaoTBpamieHusl OMAaCHOCTH IMOPAKEHUS AJIEKTPHUYECKUM
TOKOM CJIeTyeT COOII0aTh PaBUIa dJIEKTPUIECKOI 0€30MacCHOCTH:

— nepen BkItoyeHueM DBM B ceTh HEOOXOOUMO BHU3YaJIbHO MTPOBEPUTH €€
ANEKTPUYECKYI0 YacTh HAa OTCYTCTBHE BO3MOXKHBIX BHUJIUMBIX HApPYIICHUN
U30JISIIMU, a TaKKe Ha OTCYTCTBHE TOKOIPOBOJSIIMX 4YacTell Ha KopIryce
KOMITBIOTEPA,

— DBM noaxiroyaeTcs uepe3 OJIOK MUTAHUSI UM TUTAIOIIEe YCTPOMCTBO,
UMEIolIee CEeTeBOW (PHUIIBTP, KOHJEHCATOPHl KOTOPOIrO IpEIHA3HAUEHBl IS
IIYHTUPOBAHUSL 4Yepe3 MPOBOJ 3aHYJEHUS M COOTBETCTBYIOIIME TPEXIIOJIOCHBIE
BUJIKY M PO3ETKY BBICOKOYACTOTHBIX MOMEX MUTAOIIEH CETU HA 3EMIIIO,

— TpU BBIABJICHUU TPU3HAKOB 3aMbIKAHUS HEOOXOJMMO HEMEJICHHO
OTKJIIOUUTH OT ANEKTpUYECKOU nenu DBM;

Kaxxnomy HE00X01uMO 3HATh MEPhI METUIIUHCKOM MTOMOIIIH MPHU MOPAKEHUN
AIEKTPUYECKUM TokoM. B mro0oM paboueM mnoOMENIEHUH HEOOXOJUMO HMETh
MEJIMIIMHCKYIO alTeUKy ISl OKa3aHUs epBOM MEAUIIMHCKON MOMOIIIH.

JIxo0o0# 351eKTponpudop J0JKEH OBITh HEMEIJIEHHO 00€CTOUYEH B CJICTYIOIINX
Clly4asix: BO3HMKHOBEHHME YIPO3bl >KM3HU WM 30POBBIO YEJIOBEKA, MOSBICHHE
3araxa, XapaKTepHOTO JIJIsl TOPSIIEeH U30JISIIUN WK TIJIACTMACCHI, TTOSIBIICHUE JIbIMA,
OTHS, UCKPEHHUsI, OOHAPYKEHHUE BHIMMOIO MOBPEXACHUS CUJIOBBIX KaOened Wiu
JIPYTUX YCTPOUCTB.

JI71s1 3alUTHI OT MOPAXKEHUS AIEKTPUUECKUM TOKOM rcnoiib3ytoT C1U3 u CK3
B cootBercTBuu ¢ 'OCT 12.1.019-2017 CCBT [72].

CpenctBa KOJUIEKTUBHOM 3allIUTHI:

- 3a3€MJICHUE UCTOYHUKOB JIEKTPUYECKOTO TOKA;

- JUIS 3allUThl OT TOKOB KOPOTKOTO 3aMbIKaHHUS HEOOXOJUMO HaJIUYue
OBICTPOJICHCTBYIOMINX YCTPOMCTB 3aIUTHI; AJICKTPUUECKasi CETh JODKHA HUMETh
3alUTYy OT TOKOB KOPOTKOIO 3aMbIKaHHs, OOECIEYHMBAIOLIYI0 MO BO3MOKHOCTH

HaMMCHBIICC BPCMS OTKIIIOUYCHHUA U Tpe6OBaHI/I$I CCJIICKTUBHOCTH,
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- ICTIOJIb30BAHUE LITUTOB, OAPHEPOB, KIETOK, IIUPM, a TAK)KE 3a3€MIISIOIINX U
IIYHTUPYIOIIUX [ITAHT, CIIEIAATBHBIX 3HAKOB U ILUIAKATOB.

CpencTBa MHAMBHUIYATbHOMN 3aIUTHI:

- WCIOJIb30BAHUE HUABJICKTPUYECKUX IEPUYATOK, HU3OJUPYIOIIUX KIICHIEH U
IITaHT, CIIECAPHBIX MHCTPYMEHTOB C M30JUPOBAHHBIMHU PYKOSATKAMH, YKa3aTeleu

BCIIMYMHBI HAITPAKCHW A, KAaJIOII, 60T, MMoACTaBOK U KOBPHUKOB.

7.4.2 Ilo:xxapHas 6e30I1aCHOCTH

[Toxxapnast ©e30macHOCTh OOECIEYMBACTCA CHCTEMOW MPeIOTBPAILICHUS
nokapa M CHCTEMOM ITOXKapHOW 3amuThbl. 1[I0 B3ppIBOIIOXKApPHOW M TMOYKApHOMN
OMACHOCTH TIOMEIICHUs mnoAapaszneisitorcs Ha kareropuu A, b, B1-B4, I' u /I, a
3nanud Ha kareropuu A, b, B, I' u 1.

CornacHo HITb 105-03 [73], naGoparopuss OTHOCHTCS K KaTeropuu B —
TOPIOYHME U TPYJIHO TOPIOYME KUIAKOCTHU, TBEPHBIC FOPIOYME U TPYAHO TOPIOYHE
BEILIECTBA U MaTepUAJIbl, BEIIECTBA U MaTEpHUasbl, CIOCOOHbBIE TTPU B3aUMOJICUCTBUU
C BOJIOM, KUCJIIOPOJOM BO3yXa MJIM JIPYT C APYIOM TOJIBKO IOPETh, IIPH YCIIOBUH,
YTO TOMEIIEHHUS, B KOTOPBIX HAaXOJIUTCA, HE OTHOCATCS K KaTreropuu Haubosee
onacHbIX A miu b. I1o cTenneHn orHeCTOMKOCTH JaHHOE ITOMEIIEHUE OTHOCUTCS K 1-
it crenenn ornecroiikoctu mo CIT 12.13130.2009 [74] (BbImonHEHO M3 KUpIHYa,
KOTOPBIM OTHOCUTCSI K TPYAHOCTOPAEMBIM MaTepuajam).

Bo3nukHOBeHUE Tokapa Mnpu padoTe C AJIEKTPOHHOW amnmapaTypoid MOXKET
OBITh IO MPUYUHAM KaK JIEKTPUUECKOT0, TAK U HEIJIEKTPUIECKOTO XapaKTepa.

B nensix noxxapHoii 6€301MacHOCTH MOMEIIEHHE 000pYI0BaHO PyOUIIbHUKAMU
JUTSL TIOJTHOTO 00ECTOYMBAHUS TOMEIIEHUS, a TaKKe MPUMEHEHUEM CIEeIUaIbHbIX
3aIIUTHBIX YCTPOMCTB, YTO TaKXXe JOIMOJHIET MEPHI MO 3JeKTpobe3omnacHocTu. B
Ka4eCTBE CPEACTB OIMOBEMICHUS MPU MOXKape B MOMEIICHUN YCTAHOBJICHA CUCTEMA
DKCTPEHHOT'O OMOBEIICHUS CO 3BYKOBBIM M3BEIIATEIIEM.

Jns noxkanu3alvu WM JIMKBUJALMKM 3aropaHdsl Ha HAYaJlbHOW CTauU
UCIIOJB3YIOTCS TEpPBUYHBIE CpelIcTBa MokaporyuieHusa. [lepBuuHbie cpencTBa

MOXKAPOTYIIEHUS OOBIYHO MPUMEHSIOT 10 TPUOBITHS TTOKAPHON KOMaH/IBI.
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B kayecTBe IMEPBUYHBIX CPEACTB IIOKAPOTYIUEHUS  MCIOJIB3YIOTCS
nopouikoBbie orHerymmuTenu OI1-4, OII-5, a Takke yIriIeKUCIOTHBIE OTHETY LU TENN
tuna OY-5. Oruerymmrenu Boao-neHHbie (OXBII-10) ncnons3ytor s TymeHus
OYyaroB Io)kapa 0€3 HaJIW4Ms DJIEKTPOIHEPTUU. YTJIEKUCIOTHBIE U MOPOIIKOBBIE
OTHETYILUWTENIN MPEIHA3HAYEHBI U1 TYLICHHS JJIEKTPOYCTAHOBOK, HAXOMSAIIUXCS
nox HampsbkeHueM go 1000 B. g TymeHuss TOKOBEAYIIMX YacTed u
JIEKTPOYCTAHOBOK IIPUMEHSETCS IEPEHOCHON IOPOIIKOBBIA OTHETYIIHUTEID,
Hanpumep OII-5. B oO0mIecTBEHHBIX 3JaHUSIX U COOPYKEHHUSIX Ha KaKIIOM STaxe
JOJDKHO — pasMeIlaTrbCss HE MEHee JBYX IIEPEHOCHBIX  OTHETYIIUTEIICH.
OrHerymuTeNu ciaeayeT pacroiaraTb Ha BUJIHBIX MecTaxX BOJM3U OT BBIXOJOB U3

IMOMEIICHUI Ha BEICOTE HE Oojree 1,35 M.

MNAH O3BAKYALUWU T1PU MOXAPE U [OPYIUX 4cC

13 NOMELLEeHWNIA HayYHOro napka,

np. llenuna, 2, ctp. 33 - 1 atax
. Yreey
o Havanshuk Y20

L& ' @raoyBOHMTNY
5\“5{ | N. H. Kosbinun
\

YCNOBHbLIE OBO3HAYEHUA
Il orverywurens 101-107 - Homepa nometseHmit
b
i soixos [l KpaH
[@] xHonka a
@ Bu1 Haxoputecs 3neck [[5) 6nok AYNC

€ NyTh K 3BaKyaUMOHHOMY BbIXOAY
€=~ nyTb K aBaAPUIHOMY BbIXOAY A 3N.WMT

AeACTBUA NPU NoXape
CoxpamATs CrioKoicTKe!

1 Coobums no Tenegony _ - aapec obvexa
- MECTO BOJHHKHOBEHMA

01, coroebin 101 &":ﬁmn

SRV o | P
=
| TywieHuio noxapa JaumTsl

Pucynok 33 — Ilnan sBakyaruu
B 1npou3BOACTBEHHOM TIOMEIIEHUH O053aTeIbHO JOJKEH OBbITh IUIaH
ABAKyalluu JIIOACU NpPU MOXKape, PETIaMEHTUPYIOIIUM JEUCTBUSA IIEpCOHAla B
CJIydyae BOZHMKHOBEHMS O4Yara BO3rOPAaHMS U YKa3bIBAIOIIMMU MECTa PACIIONIOKECHUS

no>kapHo# TexHUKH. [111aH sBaKyanuu MMpyu mokape IpeIcTaBlIeH Ha pUCYHKe 33.
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C nenpo mpenoTBpalleHHs] MOKapoB HEOOXOIUMO YXOJd M3 MOMEIICHHUS,
MPOBEPUTH OTKJIIOUEHHUE JJICKTPONPHUOOPOB, CHUIOBOM W OCBETUTEIBLHOW CETH;
KYpUTh TOJBKO B OTBEJCHHBIX I KypeHHUsI MeCTaX; MPOBECTH O3HAKOMIICHUE

COTPYAHUKOB C IINTAHOM 3BaKyallu J'IIOI[Cﬁ IIpH I1OXKape.

7.5 DKOIOrNYHOCTH

B OBM coxpepxutcss OOJIBIIOE KOJMYECTBO KOMIIOHEHTOB, KOTOpPBIE
coJiep>KaT TOKCUYHBIE BEIIECTBA U MPEACTABIISIIOT YIPO3y Kak JUIsl YEIOBEKa, TaK U
JUIsL OKpYy Karolen cpefpl. K Takum BemecTBaM OTHOCATCS CBUHEL], PTYTh, HUKEIb,
nuHK, menoun. [loatomy OBM TpeOyer cnenuanbHbIX METOJOB YTHUIM3ALUU.
OTtpaboTaBuIne CBOM pecypc JIIOMHHECLEHTHBIE JaMIlbl M OaTapedku Takxke
ABJIAIOTCS HEOE30MMACHBIMU JIJISl IPUPO/JIBI U yeoBeKa. Mcnoab30BaHHbIE OyMaXKHbIE
YEpPHOBHKM Pa3yMHO BBECTH BO BTOPUYHYIO OOpabOTKy i MOCIETYIOLIEro
NIOBTOPHOT'O HCIIOJIb30BaHUA. B CBs3M ¢ 3TUM, I NPAaBWIBHOW yTWIM3ALUU
OTXO0JIOB PEKOMEHYETCs IPUMEHSTH CIEAYIOIINE MEPHI:

- OTJEJICHUE METAJUINYECKUX YaCTe TEXHUKHU OT HEMETAJUIMYECKUX;

- pazJieNeHue U3EIUN U3 YIIIEPOAUCTBIX CTAIEH U U3 LIBETHBIX METAJIJIOB,;

- U3MENbUYCHHE MJIACTMACCOBBIX U3/IENUI /U1l yMEHbIIEHUS 00beMa;

- U3MeJNIbYeHHE OYMaKHBIX TOKYMEHTOB B LIpEAEPE;

- CKJaJMpOBAaHUE JIIOMHUHECLEHTHBIX JIaMH M Oarapeek B TI'e€pMETHYHOMN
JKECTKOU Tape;

- YIIaKOBKa II€YaTHOTO MOPOLIKA U MPOKJIACCU(PUIIMPOBAHHBIX U3MEIbYEHHBIX
KOMITOHEHTOB OPI'TEXHUKH B OT/EJIbHYIO YIAaKOBKY C JAJIbHEUIIUM XpaHEHUEM Ha
CKJa/ie MO Mepe HaKOIUIEHUS A0 JOCTHKEHHUsS 0o0beMa B OJHY TPaHCIOPTHYIO
€AVHHUILY;

- OTIIPaBKa MPOKIaCCU(PUIMPOBAHHBIX OTXOOB IO MEPE HAKOIIEHUS 00beMa
OpeanpusITusIM U (Gupmam, CIEHUATU3UPYIOLIUMCS M0 HepepaboTKe OTAETbHBIX
BUJIOB MaTEPHUAJIOB.

YTuam3upoBaTh OPITEXHUKY CIEIHAIBHBIM 00pa3oM HEOOXOAMMO TIO

CIEAYIOIIMM MPUYMHAM: BO-TIEPBBIX, B OBM U oOpraHu3aliluoHHON TEXHUKE
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COOACPIKUTCA HCKOTOPOC KOJUYCCTBO ApPAarouC€HHbIX MCTAIJIOB, a BO-BTOPLIX,
NpCaAIpuATUC MOXKCT OBITH OHITpa(i)OBaHO 3a HGC&HKHHOHHpOBaHHBIﬁ BBIBO3

TCXHUKHU NUJIN O6Op}II[OBaHI/I$[ Ha 00BHEKTHI 3aXOPOHCHUA TBCPAbIX OBITOBBIX O0TXO0O0B,

7.6 Be30nacHOCTb B Ype3BbIYAHHBIX CHTYAIMAX

YpesBblyaiiHas cUTyalus — 3TO OOCTAaHOBKA Ha OIPENEICHHON TEPPUTOPHH,
CIIO’KMBILIASACS B Pe3yJIbTaTe aBapuu, OMACHOTO MPUPOTHOTO SABJICHUS, KATaCTPOPBHI,
pacmpocTpaHeHHs 3a00JeBaHUs, MPEACTABISAIONIETO OMACHOCTh AJIsI OKPYKAIOIIHX,
CTUXUHHOTO WJIX MHOTO O€ACTBHSI, KOTOPBIE MOTYT ITOBJIEYb UJIU MOBJIEKIIU 3a COOOM
YEJIOBEUECKHE JKEPTBbI, YIIEpO 3J0pPOBBIO JIOJAEH WM OKpYXKalolehd cpene,
3HAYUTEIIbHBIE MATEPUAJIbHBIE IOTEPU U HAPYIIEHHUE YCIOBUH JKU3HEACATENBHOCTH
monei. B tekyiieit paboTe HEBO3MOKHO OXBAaTUTh BECh CIEKTP BO3MOXKHBIX UC,
OCHOBHOE BHHMaHUE yAeJIeHO AByM BapuanTaM UC: nmpupoaHON U TEXHOTEHHOM.

K npuponroit HC 0THOCATCS IOTOAHBIE YCIOBUS — CUIIBHBIE MOPO3bI 3UMOM.

CusibHBIE MOPO3BI MOTYT HAaHECTU BpEJ KaK COTPYAHUKaM, pabOTaroUUM Ha
IPEANPUATHHN, TAK U CAMOMY NPEAIPHUSITHIO.

Jis coxpaHeHus pabOTOCHOCOOHOCTH COTPYAHMKOB WU IPEIOTBPALICHMS
pucKa 3a00JIEBAaHUI NIPEANPUATHE TOJDKHO MPEANPUHITh MEPHI, HAMIPABIEHHbIE HA
CHIW)KECHUE BEPOSITHOCTH IIOJIYYEHHUS COTPYJHUKAMH TpaBM B pe3yJbTare
NEPEOXNAKICHUA — COKPATUTh KOJMYECTBO paldOTAIOUIUX COTPYJHUKOB (HE
NPUBJIEKATh COTPYJHUKOB K paboTe B MEPUOJ CHIBHBIX XOJOJIOB 0€3 OCTpoil
HEOOXOIMMOCTH), 00€CHeUnuTh COTPYJAHUKOB TPAHCIOPTOM U JIepXaTh B
TOTOBHOCTH CPEJICTBA MEPBOM MOMOIM, IPUMEHSIEMbIE MPU MEPEOXTAKICHUU.

JUis mpenynpexIeHus: aBapuil CUCTEM Ha MPEIIpUiTUN TpeOyeTcs yAeIUuTh
0c000€ BHUMaHNE COCTOSIHUIO TEIJIOBBIX U BOJAOHOCHBIX JTMHUM KOMMYHHUKAIIUU BO
n30exkaHue MX MPOMEp3aHHsl, TAKXKe MPEAYCMOTPETh BO3MOKHOCTH PE3EPBHOIO
OTOIUIEHUS (BJEKTPOKOTENbHAs WM TEIUIOBBIE MYIIKH) MPU OTKAa3€ OCHOBHOMN
MarucTpaiu JJis HeJOMYILEHUs Pa3MOPO3KHU 3/1aHHUS.

[Ipy mnoAroToBKE K 3MME CIEAyeT MpeayCMOTPEeTh: TIa300alIOHHbIE

Kasiopudepsl (3armacHple 000rpeBaTeln), AU3elIb- WM OCH303JEKTPOreHEPATOPHI;
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3amachl MUThEBOW U TEXHUYECKOHN BOABI Ha ckiaze (He MmeHee 30 11 Ha 1 yenoBeka);
TEIUIbIA TPAHCHOPT AJIA JOCTaBKU PaOOTHUKOB HAa paboOTy W ¢ pabOThI IOMOIl B
cilydae 0TKa3a MyHUIIMIAIbLHOTO TPaHCIIOPTa.

K TexnorenHoit YUC OTHOCHUTCS HECAHKIIMOHUPOBAHHOE NPOHUKHOBEHHUE
MOCTOPOHHUX Ha pabodee Mecto. JIJIs HemOMyIIEeHUS HECAHKIIMOHUPOBAHHOTO
MPOHUKHOBEHUS Ha pabodee MeCTO Ha MPEANPUITUN CIIEAYET MPUMEHSATh CUCTEMY
KOHTpPOJISL U YIPABIEHUSI JTIOCTYIOM, Kbl COTPYAHHUK JIOJDKEH UMETh KIIOY-
KapTy JUIsl TPOXOJia Yepe3 MPOIyCKHOM NYyHKT. Ha nuieBol CTOpoHE TaKOW KapThl
pasmemaercs ororpadus u ®UO corpynHuka, Ha 3aqHEH CTOPOHE — HOMEP
nponycka. IIpomyckHble NyHKTBI CIEAYET pacrojarartb Ha BXOJIE U BHYTPH
npeanpustusa. KoHTpoiabr Ha HUX CIEIyeT OCYLIECTBIATh, MOMHMO MPOYETO,
BU3YaJIbHO Ha cOOTBeTCTBUE doTorpaduu. Jis nmonagaHus B KICKOMOE MOMEIICHHUE
HYKHO TMPEOJ0JIETh HE MEHEE 2-X MPOMYCKHBIX MYHKTOB, YTO MPaKTHYECKU
HCKJIIOYAET HECAHKIIMOHUPOBAHHBIN JTOCTYTI.

Jns  mOpenynpexaeHuss — BEPOSTHOCTH  OCYIIECTBIEHUS  JUBEPCUU
OpeAnpUsiTAEC JIOJDKHO ObITh  O0OpYJIOBAaHO CHCTEMOM  BHJICOHAOJIOJICHMUS,
KPYTIJIOCYyTOYHOM OXPaHOM, MPOIYCKHOW CHUCTEMOM, HAJEKHOW CHUCTEMOM CBS3H.
Kpome Toro, Tpebyercsi UCKIIOUUTh PAcHpOCTpaHEHHE HMH(OpMAIIUU O CHCTEME
OXpaHbl 00BEKTa, PACIOJIOKEHUH TOMEIICHUN U 000pyJAOBaHUS B MOMEIICHUSX,
CUCTEMAaX OXPaHbl, CHTHAJIN3aTOPaX, UX MECTAX YCTAHOBKH U KOJIMYECTBE.
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Summary

This thesis provides projections of statistical and systematic precision for jet
quenching measurements in LHC Run3 O-O and p-O collisions. Jet quenching
effects in O-O collision system are searched using the inclusive hadron-jet recoil.
The projections are made for the different values of an integrated luminosity,
including 0.5 ... 5nb™! for O-O and 2 nb~! for p-O. We found out that the
minimum energy shift which would be detectable at the 90% CL in O-O would be
740 MeV. Size of this limit is largely due to uncertainty introduced by pp reference

spectrum extrapolation in energy. When estimating the minimum energy shift limit

0—-20% - . ..
), we obtained stricter limit on the
50—-100%

from event activity biased OO collisions (
minimal shift of 230 MeV for the basic luminosity scenario 0.5nb~1. We have
estimated size of the shift also for p-O collisions, and in this case the minimum jet
energy shift limit was found to be about 670 MeV. This value is also dominated by
the uncertainty introduced by systematic uncertainty due to pp reference spectrum
extrapolation.

The thesis was further dealing with analysis of hadron-jet correlations in pp
collisions atv/s = 5.02 TeV. The input data were measured by ALICE in 2017. The
measured A,...,;; Spectrum was corrected for instrumental effects introduced by the
reconstruction procedure using unfolding. The analysis steps were cross checked by
means of a closure test. Estimation of the corresponding systematic uncertainties
was performed. The fully corrected spectrum is within uncertainties compatible with
calculation performed by PYTHIA8 Monash.

The economical efficiency of this study was estimated. A schedule of work
was created for each performer, and the amount of spendings on the implementation
of this scientific investigation was calculated. Potential risks threatening the
completion of the study were assessed.

The main hazardous and harmful factors corresponding to the type of work
were identified, and the measures to protect personnel from the influence of these

factors were developed. In addition to this, the measures to prevent the pollution of
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environment during the working process and to ensure the sustainable operation of

the working systems and personnel were defined.
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