TOMSK TOMCKUN
POLYTECHNIC MONUTEXHUYECKUN
UNIVERSITY BB yHVBEPCUTET

MWHMCTEPCTBO HayKu 1 Bbiclero obpa3soBaHua Poccuiickon Peaepaummn
denepanbHoe rocygapcTBEHHOE aBTOHOMHOE
obpasoBaTenbHoe yupexaeHue Bbicluero obpasoBaHUs
«HauunoHanbHbIN nccnefoBatenbCknii TOMCKUIA MONNTEXHUYECKNA yHUuBepcuTeT» (TMY)

[ITxona MH)keHEepHAas MIKOJA SIEPHBIX TEXHOJOTUI
Hamnpasnenue noarorosku _14.03.02 SnepHblie dhusrnka U TEXHOJIOTHH
Otnenenne mkoisl (HOLL) ornenenue saepHO-TOIUIMBHOTO MUK

BAKAJIABPCKAS PABOTA

Tema padoTsl

HccaenoBanue CBOMCTB MOHOJMTHBIX AKTHBHBIX MUKCEJIbHBIX CEHCOPOB cucrtembl ITS
skcnepumenta ALICE

VJIK 681.586:621.382.049.77

CryneHt
I'pynna DPUO Hoanuch Harta
0ASA bukmeroB Hukuta PadasnpeBuu
PykoBogurens BKP
J0KHOCTH [5(0] Yuenas creneHb, Moanucey Jara
3BaHHUE
Crapuuuit Cemenos A.O.
npenoaasatenb OATL]
KoncynpranT
J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHUE
Hayunslil cOTpyAHUK Kymmuns C. K.(b.-M.H.
HNsid AH YP
Wnxenep UAD AH YP Hcakos A. WNuxenep

KOHCYJBbTAHTHI 110 PA3JAEJIAM:
ITo pazneny «OUHAHCOBBI MEHEKMEHT, PeCYpcod(PhEKTHBHOCTH M PECYPCOCOEPEIKEHUE

J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JlaTa
3BaHHe
Honenr OCTH Sxumona T.b. K.3.H.
ITo pasaciny ((COIII/IaJ'IBHaﬂ OTBCTCTBCHHOCTDBL»
J0/KHOCTH [(%(0] Yuenas cTenens, Moanucey JlaTa
3BaHHe
Homent OATI] [Tepenepun 10.B. K.T.H.
JOIIYCTUTDB K 3AIIIUTE:
PykoBoautens OOIL DdPUO Yuenas creneHb, IMoanuch Jlarta
3BaHUe
Homent OATIL] brrukos I1.H. K.T.H.

Tomck — 2022 .




IIVTAHUPYEMBIE PE3YJIbTATBI OCBOEHUA OOII

PesyabTarsl

00yueHus

HanmeHoBaHMe KOMIIETEHIIUH

YHI/IBepcaJIbeIe KOMIIETCHIHHU

P-1

CriocobeH  OCYIIECTBIIATh TOWUCK, KPUTUYECKHA aHAIW3 W CHUHTE3
UHpOpMALlMK, TNPUMEHATh  CUCTEMHBIH  HOAXOA  JUId  pelleHHs
IIOCTaBJICHHBIX 3aja4

P-2

Criocoben ompenensTh Kpyr 3aad B paMKax IOCTaBICHHOW LEMH H
BbIOMPATh ONTHMAJIbHbBIE CLIOCOOBI UX PELICHUs, UCXOIA U3 JEHCTBYIOIUX
IIPABOBBIX HOPM, UMEIOLIUXCS PECYPCOB M OIpaHUYEHU

P-3

Crocoben OCYIICCTBIIATE CONUAIIBHOEC BSaHMOHCﬁCTBHe H PCaAJIM30BbLIBATDH
CBOIO POJIb B KOMAHJIC

P-4

Crioco6eH oCyLIEeCTBIATh J1I0BYI0O KOMMYHUKAIMIO B YCTHOM U
NUChbMEHHOMU (hopMax Ha rocynapcTBeHHOM si3bike Poccuiickoit denepanun
1 UHOCTPAHHOM(-BIX) sI3bIKE(-aX)

P-5

Crioco0OeH BOCIpUHUMATh MEXKKYJIBTYPHOE pasHOoOpa3ue o0IIecTsa B
COLMAIBHO-UCTOPHYECKOM, 3TUYECKOM U (HHUIIO0CO(HCKOM KOHTEKCTAX

P-6

Crioco0OeH ympaBIsTh CBOMM BpPEMEHEM, BBICTPAaWBATh M PEATU30BLIBATH
TPACKTOPHUIO CAaMOPa3BUTHS Ha OCHOBE ITPUHIIMIIOB 0Opa30BaHUs B TCUCHHE
BCEU KU3HU

CnoocobeHn MOJIJIEP>KUBATH IOJDKHBIN YPOBEHb (buzmdeckoit
HOJATOTOBJIIEHHOCTH JUIA OOECIeYeHUs MOJHOIEHHON COLUAJIBHOU WU
po¢eCCHOHATBHON JEATEIHHOCTH

Crocoben  co3maBaTh M MOJACPKHMBAaTH  O€30macHbIE  YCIOBHSA
KHU3HEJCATSIIFHOCTH, B TOM YHUCIE MPHU BO3HUKHOBEHHH YPE3BBIYAIHBIX
CUTYalH

P-9

CnocoOeH  mposBIATh  NPEANPUMMYMBOCTE B MPO(eccHOHAIbHON
NeSITeIbHOCTH, B T.4. B PaMKax pa3pabOoTKH KOMMEPUYECKH MEePCIEKTUBHOTO
IPOJYKTa HA OCHOBE HAYYHO-TEXHUUYECKOH Hlien

OomenpodeccHoHATbHbIE KOMIIETCHIMHU

P-10

CnocoOeH  ucnosp30BaTh  0a30Bble  3HAHMSI  €CTECTBEHHOHAYYHBIX
JUCLHUIUIMH B TNPO(EeCcCHOHANBHOM JesTeIbHOCTH, MPUMEHSTh METOMbI
MaTeMaTHYECKOTO0 aHall3a ¥  MOJCIHPOBAHUS, TEOPETHYECKOTO H
HKCIEPUMEHTAIBHOTO UCCIIEOBAHUS

P-11

Cnoco0OeH OcCylIecTBIATh IOMCK, XpaHEHue, o00paboTKy U aHalu3
UHpOPMAaLIUU U3 PA3IMYHBIX HCTOYHHUKOB U 0a3 TaHHBIX, IPEJOCTABIIATH €€
B TpebyemMom ¢opmare ¢  UCHOJb30BaHUEM HWH(POPMAIMOHHBIX,
KOMITbIOTEPHBIX U CETEBBIX TEXHOJIOTUI

P-12

CnocobeH  wucnonb3oBaTh B NPO(EcCHOHANBHOM  JIesSTeIbHOCTH
COBpPEMEHHbIE HH(POPMALIMOHHBIE CUCTEMbI, AaHATU3HPOBATh BO3SHUKAIOIIIUE
MPU STOM OINMACHOCTH W YIrpO3bl, COONIOJATh OCHOBHBIE TpeOOBaHUS
UH(POPMALIMOHHOM 0€30MacHOCTH, B TOM YHUCIIE 3aIIUTHl TOCYAAPCTBEHHOM
TanHBbI

IIpodeccnoHaIbHBIE KOMIIETCH U

P-13

CnocoOHOCTBIO  HCIIOJIB30BaTh ~ HAYyYHO-TEXHUUYECKYI0  HH(OpMAaIUIO,
OTEUYECTBEHHBIH U 3apyOCKHBIH ONBIT 10 TEMaTUKE MCCIIeOBaHUS,
COBPEMEHHbIE KOMIBbIOTEPHbIE TEXHOJIOIMH U MH(POPMAIIMOHHBIE PECYPChI
B CBOEH MpeMETHON 00JIacTH

P-14

CnocoOHOCTBIO OpOBOAUTE MATCMATHYCCKOC MOACIIMPOBAHUC IMMPOLECCOB U




00BEKTOB aTOMHOM OoTpaciini C UCIIOJIb30BAHUEM CTAHAAPTHBIX MCTOOOB U
KOMITIBIOTCPHBIX KOJOB JJId TPOCKTUPOBAHUA U aHAJIN3a

P-15

I'oTOoBHOCTRIO K IIPOBECACHUIO (bI/I3I/ILICCKI/IX SKCIIECPUMECHTOB I10 3a,HaHHOI>'I
MCTOJUKE, COCTABJICHUIO OITMCAHUA ITPOBOANMBIX HCCJICIOBaHUM U AHAJIN3y
IMOJIYYCHHBIX OKCIICPUMCEHTAJIBHBIX JAaHHBIX

P-16

CnocoOHOCTBIO HCIOJIB30BaTh TEXHUYECKUE cpeacrea jii U3MCPCHHA
OCHOBHBIX ITApaMETPOB 00BEKTOB Hucciaca0oBaHus

P-17

['OTOBHOCTBIO K COCTABJICHHIO OTYETa IO BBIMOJHEHHOMY 33JIaHUIO0, K
Y4aCTHUIO BO BHEIPEHUU PE3YNIbTATOB HCCIEAOBAHMM U pa3pabOTOK

P-18

CrocoOHOCTBIO  HMCIONIb30BaTh  MH()OPMAIIMOHHBIE TEXHOJOTMH  IIPH
pa3pabOTKe HOBBIX YCTaHOBOK, MAaTepualioB M MpHOOpOB, K cOOpy u
AHAJIN3y MCXOJHBIX HOAaHHBIX IJId IIPOCKTUPOBAHUA 00BEKTOB aTOMHOM
0Tpaciu

P-19

CrnocoOHOCTBIO K pacueTy ¥ MPOSKTUPOBAHUIO JCTANICH U Y3JI0B TPUOOPOB
Y YCTAaHOBOK B COOTBETCTBUU C TEXHUYECKUM 3aJ[aHUEM

P-20

['oToBHOCTBIO K pa3paboOTKe TMPOEKTHOW M pabouell TEXHUYECKOH
JIOKYMEHTAITUH, O(POPMIICHHUIO 3aKOHYCHHBIX MPOCKTHO-KOHCTPYKTOPCKHX
pabor

P-21

CrocoOHOCTBIO K KOHTPOJIIO COOTBETCTBUS pa3pabaThIBAEMBIX MPOEKTOB U
TEXHUYECKOM JOKYMEHTaluu CTaHAapTaM, TEXHUYECKUM YCIOBUSAM,
TpeOOBaHUSM O€30MaCHOCTH U APYTUM HOPMATHUBHBIM JOKYMEHTaM

P-22

['oTOBHOCTBIO K MIPOBEACHUIO MPEABAPUTEIILHOTO TEXHUKO-
HKOHOMHUYECKOTO OOOCHOBAaHUSI TMPOEKTHBIX PEHICHUH TpH pa3padoTKe
YCTaHOBOK M MPUOOPOB

P-23

CrocoOHOCTBIO K  KOHTPOJIFO 32  COOJIIOJICHUEM  TEXHOJIOTHYECKOM
JIMCITUILIMHBL U 00CTY)KUBAHUIO TEXHOJIOTHYECKOTO 000pY/I0BaHHUS

P-24

['oToBHOCTBIO K  JKCIUTyaTaluu COBPEMEHHOT0 ¢bu3nIecKoro
000py0BaHus1, MPUOOPOB U TEXHOIOTHI

P-25

CrnocoOHOCThIO K OIICHKE SIAEPHOM W paJualMOHHON 0€30macHOCTH, K
OIICHKE BO3JICHCTBUS Ha OKPYXKAWIIYI0 CpeAay, K KOHTPOIIO 3a
COOJTIOJICHNEM HKOJIOTUYECKOH Oe30MacHOCTH, TEXHHKH Oe301MacHOCTH,
HOPM U TIPaBHJI TPOU3BOJCTBEHHON CaHUTAPUU, TIOKAPHOH, paTuaIlMOHHOMI
U S;ZICPHOM 0€30IaCHOCTH, HOPM OXPaHBI TPYAa

P-26

I'oTOBHOCTBIO pa3pa6aTHBaTb CITOCOOBI MMPUMCHCHUA AACPHO-
SHCPICTUUCCKHX, IUIA3MCHHBIX, JIA3€PHBIX, CBCPXBBICOKOYACTOTHBIX U
MOINHBIX  HUMITYJIBCHBIX  YCTAHOBOK, 3JICKTPOHHBIX, HCI\/’ITpOHHBIX n
IMPOTOHHBIX ITYYKOB, MCTOJ0B BKCHGPHMGHTaHBHOﬁ (1)I/ISI/IKI/I B pCHICHUU
TCXHUYCCKUX, TCXHOJIOTHYCCKUX N MCOAUITMHCKHUX HpO6JICM

P-27

CnocoOHOCTBIO K COCTaBJICHUIO TEXHUYECKOM JOKyMeHTaluuu (rpaduxos
paboT, MHCTPYKLIMH, IJIAHOB, CMET, 3asBOK Ha MaTepHaibl, 000pyAOBaHHE),
a TaK)Ke YCTAHOBJICHHOW OTYETHOCTH MO YTBEPXKIAECHHBIM opMam




TOMSK TOMCKUNN
POLYTECHNIC MONMUTEXHUYECKUN
UNIVERSITY MBIl YHNBEPCUTET

MwnHMCTepCTBO HayKM 1 Bbiclwero obpasoaHua Poccuinckon Gegepaumnn
bepepanbHoe rocyaapcTBEHHOE aBTOHOMHOE
obpasoBaTesnibHoe yypexkaeHune Bbicliero obpasoBaHma
«HaumoHanbHbIn nccnefoBaTeNbCcknili TOMCKUIM NONMTEXHUYECKNA YHUBepcuTeT» (TI1Y)

[Ixomna MHKEHEpHAas IIKO0JIA A/IEPHBIX TEXHOJIOTUN
Hampasnenue noaroroBku (cnenuanbHocTh)  14.03.02 SAnepHbie hu3uka U TEXHOJIOTUU
Otnenenne mkoisl (HOLL) OTAEJICHUE AJICPHO-TOMJIMBHOTO ITUKJIA
YTBEPXIAIO:
PyxoBonutens OOII
beruxos [1.H.
(ITogmucs)  ([ata) (®.1.0.)

3AJJAHHUE
HA BBINOJIHEHHE BBIMYCKHOIH KBAJIN(PUKANMOHHO PadoThI
B dopwme:

‘ bakanaBpckoi paboThI

(bakanaBpcKkoii pabOTHI, UIUIOMHOTO MPOEKTa/PabOThI, MAaTUCTEPCKON AUCCEPTALIHHN)

CryneHry:
I'pynna (0] 4 (0]
0ASA bukmeroB Hukuta PadasnpeBuu
Tema paboThI:
UccnenoBanne CBOWCTB MOHOJUTHBIX AKTUBHBIX THKCEIBHBIX CEHCOPOB cuctembl [TS
skcniepumenta ALICE
YTBepkeHa MPUKa30M TUPEKTOopa (Jara, HoMep) ‘ 28.03.2022 1., No87-32/c
Cpok ciaum CTy/IEHTOM BBIITOJIHEHHOM paboThI: ‘ 10.06.2022
TEXHUYECKOE 3AJIAHHUE:
Hcxoanbie 1aHHbIE K padoTe OKCnepUMEHTalbHble  JaHHbIE C  JIETEKTOPHBIX

TEJIECKONOB ¢ wucnonb3oBanueM uunoB ALPIDE B
DESY u PS npu pa3nuuHbIX KOHQUTYpaLusax Mydka.

Ilepeyenn momeKalmMX UCCaeI0BanuI0, | —  OO30p IUTEPATYPHBIX UCTOYHUKOB;
NMPOEKTHPOBAHUIO u pa3padorke | —  3alyCKM C OTKJIOHEHUSIMHM 4YaCTOThI JIOKHBIX
BOIIPOCOB cpabaThIBaHMIA IS MUJIOTHOTO myuka | TS2;

cpabaTbiBaHMit YnTIOB cucTeMbl [TS2;

IUIOCKOM muKcelbHbIX unnax ALPIDE;
—  Bnusanue MeTo/1a KJIACTEPU3aLINU

— I[IO pans MOHHUTOPUHra 4YacTOTHI JIOKHBIX

—  DOddexkr kaHanupoBaHUS B HM3OTHYTOM U

Ha

pacnpeaAcIiCHUC  IJIMH O6p A3yCMbIX  IMHKCCJIbHBIX




KJIaCTEPOB B IJIOCKOM M n3oruytom unnax ALPIDE;

—  AHanu3 MOyYeHHBIX Pe3yJIbTaTOB;

— duHaHCOBBIN MEHEJIPKMEHT,
pecypcodhhekTHBHOCTE U pecypcocOepekeHue;

—  CoumanpHasi OTBETCTBEHHOCTb;
3axiroueHue no padore;

ITepevyens rpauyeckoro MaTepuasa

[Ipezentanus pis 3amutsl BKP;
braok-cxema wmoayas ClusteringdD  ms
Corryvreckan

I10

KoncyabTaHThI 110 pa3aeaM BbIIYCKHONH KBAJIM(PUKALMOHHOH PadoThl

Paznen KoHcyabTaHT
Kymmnuns C.
OcHOBHas 4yacTh
Ucakos A.
dunancoBeli MeHeKMeEHT, | SIkumoBa T.b.
pecypcodhHeKTHBHOCTH u
pecypcocOepexeHue

ConmanpHas OTBETCTBEHHOCTD

ITepenepun 10.B.

Haszpanus pa3aejioB, KOTOPbLIE€ JTOJ/IZKHBI ObITh HANMCAHBLI HA PYCCKOM M HHOCTPAHHOM

A3bIKAX:

OcHOBHAs 4acTh — aHTJIUUCKUNA

@DHUHAHCOBBII MEHEKMEHT, pecypcodPPeKTHBHOCTh U pecypcocOepekeHre — pyCCKUn

COI_[I/IaJ'IbHaSI OTBCTCTBCHHOCTD — pYCCKI/Iﬁ

Jlata  BbIIaYM  3aJlaHUsi  HAa  BbINOJHeHHe  BbimyckHoi | 28.03.2022
KBAJIH(PUKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky
3aganue BbI1AJ PYKOBOAUTEIDb / KOHCYJIBTAHT
JokHocTH [5(0] Yu4eHnas creneHb, Moanuch Hara
3BaHUeE
Crapuuit CeMeHOB AHppeit
npenonaasarenb OSATL] OneroBuy
Hayunprii corpynnuk | Kymmwis C. PhD
NAD AH YP
Nnxenep USAD AHYP | Hcakos A. WNuxenep
3agaHue NPUHAJ K HCIIOJHEHUIO CTYICHT:
I'pynna DdUO Moanucey Jara
0A8A buxmeros Hukura PadasnbeBuu




_ 3AAHME JUISI PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCO®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crygnenry:
I'pynna (0] 4 (0]
0ASA bukmeroBy Hukurte PadasnbeBuuay
Ixoaa VAT Otaenenne mkoasl (HOL) OATL
YpoBeHb 00pa3oBaHus bakanaspuar HanpasJ/ieHue/cnenuajbHOCTb 14.03.02 SAnepuble puznka u

TexHosoruu / Paguanuonnas
0e30IacHOCTh YEI0BEKa 1

OKpYy>Karolei cpesbl

HUcxonnbie nanHble K paszgeny «DPHUHAHCOBbIH MeHEIKMEHT, pecypcodPPeKTUuBHOCTL H

pecypcocOepekeHue»:

1. Cmoumocms pecypcog: mamepuaibHO-MeXHUYECKUX, Cmoumocmv  000py008aHus, UCNONIb308AHHO20 6
9Hepeemu1ecKux, (PUHAHCOBBIX, UHGOPMAYUOHHBIX U UCCIe008aHUU 8 COOMEEMCMEUU C PbIHOYHBIMU
Yen08eecKux yeHamu.

Ok1aovl 6 coomeemcmeul ¢ OKIa0amMu pabomHuKos
TI1Y.
2. Hopmbl u Hopmamuewbl pacxo008anus pecypcos - pationuwiti kKod3ppuyuenm — 1,3;

- Koagppuyuenm OonoaHumenvHoU 3apabOMHOL
naamer — 1,12

3. HUcnoawsyemas cucmema HAN0200010H4CEHUsL, CAGKU Obwas cucmema HANO200010HCEHUSL.
HA0208, OMYUCTEeHUU, OUCKOHMUPOBanus u Kpeoumosanus | Omuucienus 6o eHedwoxcemuvle ponovt — 30,2%

IlepeyeHsb BONMPOCOB, MO/JIEKANMX UCCTEIOBAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. OL;EHKCZ KOMMepU4YeCKoco nomeHyuaia, nepcnekmusHocmu u Ananus NnOMeHYUaIbHovlx nompe6umeﬂeﬂ, ananus

AnbMePHAMUS NPOBEOeHUs UCCIE008AHUSA C NOZUYUU KOHKYPEHMHBIX MeXHUYeCKUX peulenutl, nposedenue
pecypcodaghdexmusrocmu u pecypcocbepexcerus SWOT-ananuza
2. Ilnanuposanue u gopmuposanue 06100xcema Dopmuposanue niana u epaguxa npoexma:

- onpedenenue CmpyKkmypuvl pabom,

- onpedenenue mpyooemKocmu pabom;

- oaspabomxa ouazpammul I anma.
Dopmuposanue b10xcema 3ampam npoexKma.

3. Onpeodenenue pecypcroii (pecypcocbepezaroweti), Pacuem UHMESPATILHO2O noxazameins
Qunarncogotl, 0100AHCeMHOU, COYUATLHOU U IKOHOMUYECKOU pecypcosdppexmugnocmu
aghgexmusrocmu

Ilepeyensb rpaguyeckoro marepuajia:

1. Oyenka KOHKYPEHMOCROCOOHOCIU MEXHUYECKUX PeuteHUll;
2. Mampuya SWOT,

3. [uaepamma I'anma;

4. Brooocem npoexma.

‘ JlaTta BbI1auM 3aJaHUA /ISl pa3esa no JuHelHoMY rpadguky 28.03.2022

3aganue BbIAAJ KOHCYJBTAHT:

Jo/KHOCTH [%(0] ‘Y4enasi cTeneHs, IMoanuch JlaTa
3BaHNe

Houent OCI'H SAxumona T.b. K.3.H.

33}13HI/IC NPUHAJT K HCIOJJHCHHUIO CTYACHT:

I'pynna DPUO Hoanuch Jara

0A8A bukmeroB Hukura Padasnbesuu




3AJJAHUE JIJISI PA3JIEJIA
«COLUAJIBHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna ouo
0A8A bukmeroBy Hukure PadasrnseBuuay
Ixoaa MATII Otaenenue (HOLL) OTL
Yposenb 00pa3oBaHus BakanaBpuar Hanpasaenne/cnemuansuocts | 14.03.02 Sneprsie ¢pusmka u

TexHooruy/ PagnanuonHas
0€301acHOCTb OKpYIKAIOIIeH
cpensl

Hcxoanblie 1aHHbIe K pa3aeny «CounajabHasi 0TBETCTBEHHOCTb .

1. Xapakmepucmuxa obvexma
(sewjecmso, mamepuan, npubop, arcopumm, Memoouxd,
pabouas 3ona) u obracmu e2o npumMeHeHs

uccneo0o8anus

Ceoticmea nuKcenbHblx ceHcopos Oeticmeyroweil cucmemsvl 1TS2 u
NPOMOMUNO8 U302HYMbIX O0eMeKmopos Ojia OalbHelue2o pa3eumisl
cucmemvl mpexunea 6 sxcnepumenme ALICE

IlepeyeHnb BONPOCOB, MO/JIEKANMX HCCTEI0BAHNIO, TPOEKTHPOBAHUIO U pa3padoTKe:

1. [Ilpasogvie u opeanuzayuoHHble ORPOCHL
obecneuenus 6€30NACHOCMU:

—  cneyuanvHvle (XapaxkmepHvle npu
IKCHIyamayuy 00beKma uccie008anus,
npoexmupyemou paboueti 301Hbl) NPABOGbie HOPMbl
mpyo006020 3aKOHOOAMENbCMBA;

—  OpeaHU3ayUOHHbLE Meponpusimus npu
KOMNOHOBKE pa6oqeﬁ 30Hbl.

— TOCT 12.0.003-2015 Cucmema cmandapmos
bezonacnocmu mpyoa (CCET). Onacuvie u gpednvle
npouzeodcmeennvie paxmopwl. Knaccugurayus.

—  T'OCT 30494-96 30anus swcunvie u
obwecmeennvie. [lapamempol MUKpoxiumama 6
nomeweHuUsIX.

— TOCT 12.1.003-83 Cucmema cmandapmog
bezonacnocmu mpyoa (CCET). LLym. Obwue
mpebosanus bezonacnocmu (¢ Usmenenuem N 1)

—  CHull 23-05-95* Ecmecmeennoe u
uckycemeentoe ocgewjerue (¢ Uzmenernuem N 1)

—  CIT12.13130.2009. Onpedenenue xamezoputi
nomewieHuil, 30aHUL U HAPYHCHLIX YCHIAHOBOK NO
83PbIBONOANCAPHOU U NOACAPHOU ONACHOCIU (8 PeO. U3M.
Ne [, ymes. npuxazom MYC Poccuu om 09.12.2010 Ne
643).

— TOCT 12.1.004-91 Cucmema cmandapmog
besonacnocmu mpyoa. loscapuas 6e30nachocmo.
Obwue mpebosarusi.

— TOCT 12.1.009-76 Cucmema cmandapmos
bezonacnocmu mpyoa (CCET). Onexkmpobesonacrocmo.
Tepmunvl u onpedenenusi

— TOCTPI2.1.019-2017 CChT
Dnexmpobeszonacnocms

— TOCT P MOK 61140-2000 3awuma om
nopascerus anekmpuyeckum mokom. Obuue
noa0dHCeHUs NO 6e30nacHocmu, obecneuugaemor
271eKmpoobopydosanuem U INeKmpoyCmaHO8KAMU 6 UX
83AUMOCBA3IL.

—  CanlluH 2.6.1.2523-09 Hopmei paduayuonnoii
bezonacnocmu HPE-99/2009

—  CanlluH 2.2.4.548-96 ['ueuenuyeckue
mpeb0o6anus K MUKPOKIUMAMY HPOU3E00CEEHHBIX
nomeuwjeHutl

— TOCT 32548-2013 Benmunsayus 30anuil.
Bosodyxopacnpedenumenvhule ycmpoticmsea. Obwue
mexHuyecKue yCiosus.

—  CHulI 41-01-2003 Omonnenue, senmunayus u
KOHOUYUOHUPOBAHUE

— TOCT 12.1.029-80 Cpeocmea u memoovt
3auumsl Om wiyma.

— TOCT 12.4.026-76* Cucmema cmanoapmos
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Abstract

Final qualifying work contains 101 p., 38 figures, 26 tables, 52 sources of
literature, 1 app.

Key words: ALICE, ITS, pixel sensors, ALPIDE chip, channeling.

The object of the study is monolithic active pixel sensors for ITS in ALICE
experiment.

The scope of this work is investigation of problematic runs for the ITS system
and the channeling effect for research prototypes of curved pixel chips in the ALICE
experiment.

As part of the ALICE experiment, a study was made of the properties of
monolithic active pixel sensors for the current ITS2 system and the ITS3 system
under development. For ITS2, a performance check of ALPIDE chips was carried
out. For ITS3, a study was made of the effect of clustering and channeling in
prototypes of new curved chips.

The result of the bent chip studies for ITS3 is the cluster length distributions
for different settings of test-beams and clusterization methods.

Implementation degree: high, the project can be used at the present time for
further pixel sensors characterization.

Applications: high energy physics, detection methods, detector development
and production.

Economics efficiency is high due to usage of free software.
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Introduction

At the moment, the most promising research in the field of physics are the
experiments carried out at the LHC (LHC) under the leadership of CERN. To obtain
all the necessary information about the phenomena under study, special detector units
are used, designed in accordance with the experiment being carried out.

Due to the complexity of conducting experiments on the collision of high-
energy particle beams, the requirements imposed on assessing the quality of the
installed equipment and conducting a preliminary analysis are significantly
increasing.

The detector system used in ALICE is currently being prepared for significant
improvements before the next launch of the LHC. In particular, it is planned to switch
to a new internal tracking system ITS3 (at the moment ITS2 is used), the design of
which is supposed to use new cylindrical pixel detectors. The study of the
characteristics and evaluation of the quality of new systems is an urgent task at the
moment at CERN.

The purpose of this work is the characterization of the ITS pixels sensors for
ITS2 and research prototypes for ITS3.

In accordance with the goal, the following series of tasks was drawn up:

— Study of technical features of silicon pixel sensor used in ITS2 and ITS3;

— Analysis of deviating work quality parameters of ITS2 pixel sensors;

— Development of the software for ITS2 parameters characterization and online
monitoring during LHC work;

— Analysis of clustering effect in bent pixel sensors for ITS3 studies;

— Data processing and cluster reconstruction software development for

channeling effect investigation in bent pixel sensors.
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1 Literature overview

1.1 ALICE experiment overview

ALICE (A Large lon Collider Experiment) is one of the four large high-energy
experiments at the LHC (Large Hadron Collider) at CERN [1]. The main purpose is
of the ALICE experiment is to investigate properties of hot and dense, strongly
interacting QCD (Quark-Gluon Plasma) [2] which is produced in collisions of ultra-
relativistic nuclei. Such collisions result in high-multiplicity final states and require
thus high granularity detector design.

General size of the ALICE is 16x16x26 m3. The ALICE detector can be
divided into the Central Barrel and forward muon arm. The Central Barrel hosts
several detectors which are installed inside a large L3 magnet. The magnet creates a

solenoidal magnetic field of 0.5 T parallel to the beam line [3].

THE ALICE DETECTOR /7, a. ITS SPD (Pixel)
e A b. ITS SDD (Drift)
(¢ c. ITS SSD (Strip)

d. VOand TO

e. FMD

i®

(TN T
(I T
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FMD, TO, VO
TPC

TRD
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HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.zZDC

19. ACORDE

cCmNOUAWNE

Figure 1 — ALICE detector during LHC Run 1 and Run 2. Taken from [1].

These 18 subsystems could be divided into three groups:
1) The central barrel, detectors of which cover the pseudorapidity range

In| < 0,9 and cover the full azimuth. Central barrel group includes:
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2) The forward detectors, which are located outside of the central barrel
coverage at |n| > 0,9. In this area trigger detectors are placed to receive trigger
signals and additional event characterization.

3) The muon arm, which consists of absorber, muon tracker, wall and trigger
and dipole magnet, covers the pseudorapidity range —2,5 <1n < 4,0. It is used to
measure muons produced during heavy-ion collisions.

One of the main advantages of the ALICE in comparison with ATLAS and
CMS is significantly low material budget. Particle produced in nuclear interactions
has to transverse 11-13% of radiation length until it flies out of the Time-Projection
Chamber (TPC) [4], while in ATLAS and CMS it is ~40% before particle enters the
calorimeters at mid-rapidity [5,6]. Such small material content is achieved by usage
of TPC, which active volume is filled with gas for tracking purposes. A 05 T
solenoid magnet allows tracking at lower particles transverse momentum (about 80
GeV/c only with use of Inner Tracking System) than ATLAS [5] and CMS [6].

Particle identification processes in ALICE are based on:

— lonization energy losses measurements (—dE /dx);
— Time-of-flight;
— Electromagnetic calorimetry;
— Muon filters;
— Cherenkov radiation;
— Topological decay reconstruction [1].
Utilization of wide variety of identification methods provides great particle

identification in wide range of transverse momentum.

1.2 Inner Tracking System (ITS)

The ITS underwent a complete upgrade during the LHC long shut down phase
2 in 2018--2021. The new detector called ITS2 is formed by seven cylindrical layers

of monolithic active pixel sensors [7], see Fig. 2. The layers are arranged to the Inner
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Barrel (IB) and the Outer Barrel. The IB encompasses the three innermost layers
(labeled as 0,1,2). The OB if formed by the four outer layers referred to as layers
3-6. Each layer is constructed from segments called staves, which plays a role of
building blocks of the ITS2.

Figure 2 — ITS2 detector. Taken from [8].

Each stave includes three elements:

— Space Frame: a support structure made of carbon to provide a mechanical
support;

— Cold Plate: a part of cooling system. Cold Plate is basically is a sheet made of
carbon fibre which dissipate heat generated in sensors.

— Hybrid Integrated Circuit (HIC) which consists of pixel sensors and Flexible

Printed Circuit (FPC) with readout and power buses.

Structure of stave can be seen in Fig. 3.
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Figure 3 — Scheme of ITS2 staves. See text for more details. Taken from [8].

Technical parameters of the ITS2 are presented in the Table 1.

Table 1 — Technical parameters of ITS2 [9]

Parameter Inner Layers Middle Layers | Outer Layers
Layer Number 0 1 2 3 4 5 6
Length, mm 271 843 1475
Radius, mm 224 | 30.1 | 378 | 1944 | 2439 | 342.3 | 391.8
Number of pixel chips 108 144 | 180 | 2688 | 3360 | 8232 | 9408
Number of modules 12 16 20 384 480 1176 | 1344
Number of staves 12 16 20 24 30 42 48
Chip square, mm? 15 x 30

Coverage square, m? 10

1.3 Monolithic Active Pixel Sensors (MAPS)

Main tasks of ITS are tracking of particles with low transverse momentum (<
1 GeV/c) and improvement of tracking spatial resolution in pair with TPC. With
correct tracking and very low material budget (= 0,3% X,) it is possible to localize

the interaction point with great resolution (o,.,0, = 5 um).

Each of seven layers consists of ALPIDE modules. ALPIDE module is formed
of 1024x512 pixel sensors and has a s size of 30x15 mm [10].
18




Figure 4 — Photograph of an ALPIDE module. Taken from [9].

All layers of the ITS2 are equipped with the same type of Monolithic Active
Pixel Sensors (MAPS). The MAPS technology was chosen to meet strict
requirements for high granularity and low material budget [7]. Total amount of pixels
is about 12,5 - 10° with digital output. Pixel proportions are 27 x 27 um and its
thickness was reduced to 50 um for less material budget [9]. MAPS can be used to
produce very thin silicon detectors, since the sensor and readout electronics are
integrated into one silicon matrix. This allows to reduce materials per each sensor
and simplifies the production.

MAPS technology has been rapidly developing in last years. The first
large-scale application of this technology was in STAR PXL detector. The
ULTIMATE chips were produced with AMS 0,45 pum technology [11]. However,
these chips were not suitable for ITS2 upgrade due to their low readout speed and
radiation resistance. The ITS2 sensors were produced with the 180 nm CMOS
technology by the company TowerJazz [12].

The TowerJazz technology allows for achieving high integration density by the
availability of six metal layers and the small structure size as well as of the deep p-
well. This deep p-well enables to fabricate the PMOS transitors on a p-type epitaxial
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layer and prevents n-well electrode of PMOS transistors from competing in charge
collection with the readout n-well diods, see Fig. 5.

The epitaxial layer has high-resistivity ( > 1 kOhm/cm). A moderate reverse
substrate bias ( < 10 V) can be applied to increase size of the depleted region and to

improve charge collection [12].

n-well transistors n-well
diode NMOS PMOS diode

p-well | pwell  nwell | pwell

deep p-well ; deep p-well

diffusion

epitaxial layer P- N NA ~ 103 cm™3

substrate P++ NA ~ 1018 ¢cm™3

Figure 5 — Schematic view of the well-structure in MAPS for ALPIDE [13].

Each pixel in the ALPIDE sensor contains signal processing chain consisting
of a amplifier, signal comparator, and multiple-event memory buffer, see the right
inset in Fig 6. Event time resolution is defined by the rise time of the discriminating
amplifier, which is less than 2 us [14]. The shaping time is longer and makes it act as
an analogue delay line. All this allows to be discriminated and strobed with latency of
~2 us into pixel buffers during the operation of a system.

Table 2 shows requirements which were imposed on the MAPS technology for
ITS2 in TDR [14]. The rightmost column then shows that the designed ALPIDE

sensor meets all of them.
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Table 2 — MAPS parameters and ITS2 requirements [14]

Required parameters IB requirements | OB requirements ALPIDE
Chip size, mm? < 30x15 <30x15 Achieved
Chip thickness, pm 50 100 Achieved
Detection efficiency, % > 99 > 99 Achieved
Fake-hit rate,

_ <10 <10 «10°

pixelt- event?

Spatial resolution, um 5 10 ~5

Maximal radiation _
2700 100 Achieved

hardness, krad

Maximal indirect radiation

hardness, 1.7 - 108 1012 Achieved

1 MgV - ng- cm™

The ALPIDE readout system was developed to receive and analyze signals

from the matrix. Such architecture makes the chip more energy efficient since the

transmitting data consists only of digital signals inside of chip. ALPIDE applies zero

suppression, so it sends to the readout only the addresses of the pixels which fired.

This allowed to reduce the power consumption.

1024 pixel columns

DO OO0 O
DED D?DDEDD
0fi0 Ofi0 - 0ffi0 O
:00 00 00 O
00 OO0 0. O
OfI0 ORI0 - OkI0 O
O Q OF Qg ---OFd O
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Bias, Readout, Control

l

Readout (zero suppression)

o
L 0000---0000)
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Figure 6 — Architecture of ALPIDE chip [10].
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1.4 Motivation for ITS3 upgrade

For the LHC Run 4, the ALICE collaboration prepares a follow up upgrade of
the ITS IB. Goal of this upgrade would be to further reduce material budget in the
vicinity of the interaction point and to move the inner most pixel sensors even closer

to the interaction point [8].
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Figure 7 — Azimuthal distribution of the material budget of Layer0 in ITS2 [8]

The material budget of the ITS2 IB stave is largely formed by passive
materials, see Fig. 7. The silicon sensor, which is ideally the only component required
for particle detection, contributes only by 15% to the total material budget, while the
rest of the budget comes from the FPC (~50% including passive components and
glue), the cooling system (~20%) and the carbon spaceframe (~15%). This passive
material causes significant multiple scattering of low transverse momentum particles
and deteriorates tracking and vertexing capabilities.

The recent technology called stitching allows to fabricate sensors of arbitrary
dimensions, so the only limiting factor is the size of the wafer. The distribution of
signals and power could be arranged entirely inside the chip.

The current cooling system, which utilizes water, could be replaced with new
system based on low-speed (< 2 m/s) air flow to remove produced heat by chips [8].
The possibility of utilizing air convention in pair with peripheral liquid cooling was

22



already investigated during ITS2 research and development. During this investigation
it was demonstrated, that such cooling system is efficient for sensors with power
density below 20 mW/cm? [15]. It also should be taken into consideration, that higher
air flow is need to be supplemented with stiffer mechanical support as the vibrations
caused by air flow need to stay insignificant during data taking [8].

In the ITS2 ALPIDE chips the power density is about 40 mW/cm?. However,
most of this power is dissipated be the digital interface circuit and high-speed data
links, which are placed close to one edge of the chip in a small area of about
30 mm x 1,5 mm. About sixth part is only dissipated in the pixel matrix, so the power
density there is ~ 7 mW/cm?. Therefore, it is possible to arrange the digital periphery

at the edge of the detector in case if the pixel sensor has the dimensions of a stave [8].
1.5 Technologiesin ITS3
The new key idea is to produce efficient large scale sensors with stitching

technology in order to replace current modules based on staves. Figure 8 shows an

example of detector for X-Ray applications manufactured with stitching technology.

Figure 8 — Stitched sensor chip for X-Ray applications. Size 139,2x120 mm [8]

The current idea is to develop a new circuit shown at figure 9 of size

15x140 mm, which is equals to half of stave length. The columns have the same size
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as in the ALPIDE sensor. Black arrow shows the direction of data transmission along

one long side of the sensor.

(syu1| jeuas ‘siaynqg Asowaw
2180| 7412) 1N2.1 |esaydiiad
wl gy

14 cm

Figure 9 — Scheme of sensor stitched into horizontal direction [8].

Large sensor should be thinned to 20-40 um (0.05 % Xo) and the surface of it
will be plasma polished to release mechanical stress. Opportunity to operate very thin
bended sensors of about 20 um seems very promising and could lead to production of

silicon-only cylindrical layers of ITS.

Cylindrical

—
Structural Shell ‘

Figure 10 — Scheme of layout for ITS3 IB [8].

24



In plans ITS3 will still consist of two separate Outer and Inner Barrels. The
OB will stay similar to ITS2 and continue to utilize staves, while IB layers will be
replaced with completely new stitched sensors. ITS3 IB is planned to be formed with
two half-barrels, each of half-barrels will contain three half-layers. These half layer
are intended to have truly cylindrical shape achieved with chip bending technologies.
Each half-layer will be segmented in two halves called quarter-layers, which consists
of single large stitched pixel chip. The scheme of the ITS3 IB is presented in the Fig.
11.

The main supporting components of ITS3 IB are the End-Wheels and the outer
Cylindrical Structural Shell (CYSS), which are manufactured with Carbon Fibre
Reinforced Plastic (CFRP) materials, and several light half-wheel spacers, inserted
between layers to keep the relative distance constant. End-Wheels are connected with

CYSS and forms a support structure for all three sensor layers [8].

END-WHEEL (Aside)

l END-WHEEL (C-side)

Figure 11 — Scheme of layout for ITS3 IB [8].

The main layout and geometrical parameters for Inner Barrel of ITS3 is

presented in table 3.
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Table 3 — Expected geometrical parameters of ITS3 [16,17]

Inner/outer radius of beampipe, mm 16,0/16,5

IB Layers parameters Layer O Layer 1 Layer 2
Radial position, mm 18,0 24,0 30,0
Pseudo-rapidity coverage +2.5 +2.3 +2.0
Active area, cm? 610 816 1016
Pixel sensors dimensions, mm? 280%56.5 280x75.5 280x94
Number of pixel sensors 6

Pixel size, um? 30%30

Bending and warping usually is considered to be negative effect during the

work of 50 um-thick sensors. Experiments on several CMOS chips have proven that

bending of thin wafers is possible not only mechanically. But also electrically to

achieve the necessary bending radius. 20 um-thin chips already have been bent to

radius o far below 10 mm [17].

a) 50 um-thick bent ALPIDE chip

Figure 12 — Bent sensors from the ITS2 ALPIDE [18].

b) Detached ALPIDE wafer during the
chip thinning process

Cooling is planning to be arranged via laminar flow between IB layers in axial

direction. The further wind tunnels tests should be performed to develop an
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understanding how to apply to this task mathematical models of Finite Elements and
Model (FEM) and Computational Fluid Dynamics (CFD) [18].

Figure 13 and 14 illustrate how the new IB design improves pointing
resolution and reconstruction efficiency for low momentum particles with respect
to the current 1TS2. The ITS3 design improves the pointing resolution by a factor of

2 and extends the reach for track reconstruction down to about 50 MeV.

10° fj—— 10 BT |
N [ : H
o —— ITS3,R__ =28 mm —_ :
e . — 1Ts2 g N 5
5 % \ —— ITS only (FMCT c Vﬂ\ i
.‘2102 R - only ( ) .9102 ) o@ 3 i
2 Nk > ITS only (Full MC) 5 i \\% N
Q o ) :
& N N | e ITS+TPC (FMCT) @0 \‘% N
> EGm > AN
S 10 L TRSerRm. o 5 10 N N
o EAES O A TR N B Ie] i
o , : 5
q L T gl ; i
0.050.1 0.2 1 234 10 20 0.050.1 0.2 1 234 10 20
Transverse Momentum (GeV/c) Transverse Momentum (GeV/c)
a) b)

Figure 13 — Pointing resolution in a) transverse plane and in b) the beam pipe

direction. Simulation for primary charged pions [8].
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Figure 14 — a) Tracking efficiency in central Pb-Pb collisions and
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1.6 Physical effects in silicon pixel detectors

This thesis deals with two topics which are related to characterization of
ALPIDE sensors. The first topic concerns search for channeling effects in ALPIDE
sensor and the second topic deals with characterization of ITS2 ALPIDE sensors in
terms of fake hit rate and cluster properties . The following sections therefore
introduce concept of particle channeling and discuss some basic information about

semi-conductor detectors and fake hit rate measurement.

1.6.1 Basic theory of channeling effect

Channeling — is a physical effect of a crystal lattice influence on the trajectories
of particles traversing the crystal itself. During channeling the particle is guided along
the channels in crystal which are formed be rows and planes of atoms in the
crystalline lattice. This effect allows particle to travel inside the crystal across long
distances. In case of silicon sensors, which are implemented on single crystal matrix,
such effect could problems with trajectory reconstruction and data interpretation.

Channeling of particles occurs if the paticle is aligned with a major symmetry
direction of a crystal. In such a configuration, atoms are arranged in rows and define
““channels"” in the electrostatic potential of the lattice through which the particle can
easily penetrate.
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Figure 15 — Scheme of particle trajectories during the channeling [19].
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The trajectory of a channeling particle is such that it makes a small angle
scattering with axes or planes of the crystal and is being steered by small-angle
scattering at distances more than 0,01 nm from the atoms [19].

For description of the channeling particle it is possible to use a continuum
model in which nuclear charge of atoms is uniform along the row or plane [19].
Particle-row (plane) interaction could be described with a single continuum potential
Ua(r), which represents the value of average atomic potential along the atomic row

(plane) with spacing d. In axial case:

(0]

U,(r) =% f %4 (\/z2 + rz) dz,

—o0
where 72 = z2 +r2 — is a spherical radial coordinate and V(#) is the screened

Coulomb potential. The screened Coulomb potential is:

1 1
=~ )
V(7) 142€ 7 =2 1 (242

where C? is usually taken as 3 and a is the Thomas-Fermi screening distance:

0,885a,
= 2/3 "

(Vz,+z;)

Here a, — Bohr radius (0,53 A)

So the mean axial continuum potential will be:

Z,Z,e%  [/Ca\*
U,(r) = 7 In (T) + 1]

a

Magnitude of this potential has the order of atomic potentials. For He ions at
r = 0,01 nmin Si lattice (d = 0,384 nm) the potential is about 223 eV [19].

The critical angle for the channeling effect could be found from the continuum
potential and conservation of energy. The total traversing particle energy inside the
crystal could be calculated as:

2
_pj Pl

E—m+ﬂ+(]a(r),
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where p;; and p, are the parallel and perpendicular components of the momentum

with respect to the channel axes.

Figure 16 — Parallel and perpendicular components of the traversing particle

momentum vector at angle v [19]

Therefore,
p) =pcosy,p, =psiny,
and
2 2 2 cin2
p“cos“y p“sin“y
E = U .
or T am T U™
In a small angle approximation the traverse energy of a particle is:
2,1,2
Py
E_L == ZM + Ua(T),

With this approximation the traversing particle energy is conserved since the total

energy is conserved. Then the critical angle could be found as:

U(rmin)>

Elpcz = U(Tmin) = Y = < E

30



AR
WWW...

CRYSTAL SURFACE

Figure 17 — Ideal crystal with continuous rows of atoms. Around each row of atoms
is an area rrr;%;,, in which particle cannot channel, particles incident at r > r,,,;;,, can
channel [19].

The portion of non-channeling particles could be expressed as:

where 1y is the radius associated with each atomic row defined as:
1

Nd’

where N — atomic concentration of atoms [19].

2 _
nry =

As it could be seen from the theory, the channeling effect depends on:

— Incident angle of the particle;

— Particle charge. Positive particle (protons and positive pions) tend to travel
longer distances since the are following the direction along row at largest possible
distance from crystalline planes, which reduces the probability of interaction with
nuclei and dechanneling.

— Particle energy. At low energies the effects is not present since the glancing
scattering requires large impact parameters At low energies the dominating process is
particle diffraction on the crystalline lattice. At higher energies quantum effects and

particle diffraction is much less probable and the channeling effect becomes possible.
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1.6.2 Fake-hit rate

ALPIDE sensor pixels contain the signal processing chain formed by amplifier
and signal comparator. The charge comparator provides binary decision whether the
charge on input was greater or less than a defined threshold. In case of the ALPIDE
sensor the threshold value can be tuned and it is typically set to 100 e, which is
significantly larger than typical noise but at the same time smaller than expected
signal of a minimum ionizing particle. Threshold corresponding to given sensor
setting is measured by means of repeated injections of a given charge to the signal
processing chain and determining the probability that it is registered as a hit.
Threshold is defined as a mean charge which will pass the with 50% probability. Let
us note that the value of the threshold is not sharp but it is smeared with temporal
noise.

Due to thermal fluctuations inside the crystal of the chip or fluctuations of the
amplifier output signal the accidental crossings of the threshold becomes possible. If
the signal amplitude caused not by traversing particle ionization will be higher than
the set up threshold on comparator, such crossings could be registered as hit of pixel

by traversing particle, therefore this hits have been called as fake hits (Fig. 18).

>

'large' signal

voltage

‘small’ signal

-------------------

No hit

comparator
threshold

1 1 )
time

Figure 18 — Illustration of the detection threshold for different signal pulses. Taken
from [20]
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To characterize the quality of the pixel detector performance the value Fake-
Hit Rate (FHR) could be used. It is estimated as:

FHR = NFake—hits :

Npixels * Nevents

where Nrgke-nits — 1S the number of registered fake-hits. the number of registered
fake-hits , Ny ;s is the number of pixels in the sensor and Nyep.s is the number of
recorded events. FHR is measured in standalone runs when the sensor is not
irradiated with beam particles. Only then registered hits can be attributed to noise.
They could be identified as fake hits in case the timestamps of the hit does not

correspond to trigger event.

1.6.3 Clusterization

Depending on the incident point and angle of traversing particle, the particle
may create electron-hole pairs in two or more neighboring pixels. Moreover, the
charge in adjacent pixel could ‘leak’ to another pixels by lateral diffusion. This effect
is called charge sharing. Since several hits could be caused by only one particle, they
should be grouped into one cluster. Such clusters of hits are assigned to particles if
the hits from the possible clusters have the same of very close timestamps (times of

arrival) to event timestamp.

1.7 Quality Control (QC) at CERN

Operation of the ALICE detector needs to be monitored by checking time
trends of different parameters and data flow. This task is followed by the Quality

Control (QC) group — a group of specialists, who maintain the computing and data

transmission systems, which received the same name QC.
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1.7.1 O? computing system

Physics goals which has ALICE outlined for Run 3 and Run 4 require, that
ALICE will measure all minimum bias collisions in continuous readout mode. It is
expected that data flow from the upgraded ALICE detector will be as large as 3.5
TB/s. Handling of such a large data flow required to develop a new Online and
Offline Computing system (O?).

To meet the requirements a new Online and Offline Computing system was
developed recently. This system provides the continuous readout of all physical
interactions, performs data compression by means of partial online reconstruction and
calibration and handles sharing of common computing resources during and after data
taking [21].

There are two main computing layers:

1) the First Level Processors (FLPs);
2) the Event Processing Nodes (EPNS).

FLPs are utilizing FPGAs (Field-Programmable Gate Array) in its design and
EPNs employ GPUs.

The whole O? software is using multi-processing message-based system. A
Data Processing Layer software is developed on base of the FairMQ data transport
layer [21].

1.7.2 Data Quality Control architecture

One of the key software components of the O? system is the “Data Quality
Control and Assessment” (QC) that replaced the former online Data Quality
Monitoring (DQM) [22,23] and offline Quality Assurance (QA) [23,25]. The QC [21]
is critical to identify and overcome problems during data taking, to provide good
quality data for physics analyses, and to ensure that the data processing behaves as

expected, especially when running synchronously with the data taking.
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The unification of the online and offline modes of work and discarding of raw

input data in favor of reconstructed data, make the need for a reliable data quality

control even more essential. The challenge is made greater due to the more than 15

different detector teams involved, the very large amount of data to look after (3.5

TB/s) and the expected number of QC tasks (>100) that are going to run in parallel

and produce more than ten thousand unmerged objects per second.
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Figure 19 — Scheme of the QC architecture. Taken from [21]

‘ web clients H

The scheme of the QC architecture is presented on the figure 19. As it could be

seen it is split into several parts:

— Data Sampling;

— QC tasks;
— Checkers:

— Post-process

ing.

1) Data Sampling (blue dotted arrows) is in charge of selecting and distributing

data samples which depends on settings and configurations. The Dispatcher, the key
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component of the data sampling, rans on every node where data should be sampled.
The main features of it are pseudo-random sampling of parallel data flows distributed
among several machines, the custom filtering as a plugin system, and available
reconfiguration during the process of data taking [21].

2) The QC tasks (purple boxes) execute special algorithms for each types of
detector locally on the FLPs and the EPNs or remotely on Quality Control Servers.
The typical results of the algorithms are presented in a form of ROOT histograms.
Since the tasks runs in multithreading mode, their output should be merged, which is
done with special QC functions called Mergers.

3) The Checkers then take care of evaluating the quality of the objects by
running user algorithms developed under a common interface. A common set of
checks is provided but users can develop their own. In parallel, the usage of Machine
Learning is being investigated as a mean to perform a similar evaluation of the QC
Objects. Finally, the QC Objects and the quality flags are stored in the QC repository
where they are available to shifters and experts. Moreover, a system to aggregate
these objects and use them to trigger alarms is planned [21].

4) The Post-processing component includes any task running asynchronously
to the main data flow. The main use is the correlation and trending of data derived
from QC Objects and Quialities. It is triggered periodically, manually or on certain
events (e.g. start of run or end of fill).

5) Once the QC Obijects are stored, along with some Quality Objects, shifters
and experts use the web-interface QC GUI (QCG) to visualize them. This is a generic
user interface for browsing through the list of objects and displaying them. Users can
create layouts to save the arrangement of tabs and objects, as well as their display

options, and reuse or share them later [21].
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Figure 20 — QC GUI example of pads for noise level of the Muon Chambers [21]
1.7.3 Quality Control data rates

With each step of data processing the data volume is reduced via sampling and
replacement by objects with a higher level of abstraction. Figure 21 presents a QC

data chain and the steps in data volume reduction.

3.5 TB/s of raw data +
temporary and permanent derivative data

‘ SAMPLING
LOCAL
REMOTE QC TASKS
QC TASKS _ ~10000 local QC Objects updated each minute,
250 kB on average

CORRELATION
& TRENDING ~25000 QC Objects updated each minute,

250 kB on average
;
- ~100000 Qualities produced each minute

Figure 21 — QC chain and data transmission rates on its steps [21]

The full O? system is working with around 3.5 TB/s of raw data as its input.
After the first level processing a stream of 635 GB/s reaches the Event Processing
Nodes, where it will be further reduced to 100 GB/s as we replace the raw data with

reconstructed data.
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Some processing steps might generate additional temporary data as well. The
granularity of data might differ significantly, starting from 2 MB up to timeframes of
a dozen of GBs. That will have a direct influence on message rates in the system. Just
one process might produce 7500 messages per second, if we assume 2 MB payloads.
QC tasks will usually use between 1% and 10% of messages of different data types
and only in a few cases they will require a full stream. An average QC Object might
have a size of 250 kB. Out of partial QC Objects produced by QC Tasks, Mergers
will have to generate complete versions of 10000 objects each minute. In total, the
QC Tasks and Post-processing Tasks are estimated to produce about 25000 complete
objects updated each minute. These will be evaluated, resulting in around 100000

objects.

1.8 Corryvreckan

Corryvreckan is a flexible and highly configurable software for reconstruction
and analysis of test-beam data measured by telescopes made of silicon sensor planes
[27]. It was initially developed in the CLIC Detector & Physics (CLICdp)
collaboration at CERN [28]. The software is capable of performing all steps of a test-
beam analysis. The example of test-beam telescope is presented in Fig. 22.

Beam telescopes allow to investigate future particle detection sensors (DUT =
Device Under Test). Usually DUT is put in the middle of the telescope between
reference planes. Reference planes are the detectors which have already been
thoroughly characterized and been widely utilized. That allows to compare the
collected data from DUT and from reference detectors to investigate characteristics of
detector prototypes.
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Figure 22 — Example of test-beam telescope in the CERN and DESY based on
MIMOSA-26 pixel sensors [29]

The typical scheme of the test-beam setup is presented in Fig 23.

reference
planes

Ay

7

/est beam

Figure 23 — Typical scheme of the test-beam telescope. Black arrow here represents

the test-beam direction; grey boxes — reference planes; green boxes — DUTS; yellow

boxes — scintillators, which are used to form a trigger signals. Taken from [30]

Each step of the reconstruction is performed by a dedicated module, which can
be configured by the user. An example of the reconstruction chain showing the
involved modules in Corryvreckan is presented in Fig. 24.
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Figure 24 — Corryvreckan steps of reconstruction chain [20]

Corryvreckan is built in a modular way, such that each module performs a
separate task such as reading raw data, clusterization or tracking. The main
configuration file defines the reconstruction chain by listing all modules to be used
and contains all relevant parameters. If a parameter is not specified, its predefined
default value is used.

There is a short description of several widely used modules in Corryvreckan,

which were also implemented in this work.
1) EventLoaderEUDAQ2

This module is used to read data into Corryvreckan from EUDAQ2 binary files
as raw detector data. For each type of detector, the corresponding cinverter module in
EUDAQ?2 is used to transform the data into “Standard Plane” event type before
storing the pixels into Corryvreckan object called clipboard, which contains all the
pixels from one plane and events.

For each event, the module algorithm checks for a corresponding event on the
clipboard. In case none is available, this event defines the event on the clipboard.
Otherwise, it is checked whether or not the current event lies within clipboard event.
If yes, the corresponding pixels are added to clipboard for this event. If the current
event is earlier than the clipboard one, then the next event is read until a matching
event is found. If later, the pointer to this event is kept and it continues with next
detector [31].
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2) Metronome

The Metronome module is used to slice the data, which is not been divided into
the strict events structure, in arbitrarily long time frames for proper work of several
further modules. An Event object is created and stored on the clipboard, with the
begin and end of the frame calculated.

This module also allows user to add trigger IDs to generated event by
specifying the number of triggers to be set per event. Trigger IDs are serial numbers,
starting at zero [31].

3) Clustering 4D

The Clustering 4D module performs a clustering for detectors with a valid
individual hit timestamps. The method of clusterization is either an arithmetic mean
or a charge-weighed center-of-gravity calculation with use of a positional cut and
timing cut. In case the pixel information is binary (no valid charge-equivalent
information), the arithmetic mean method is used.

Split clusters can be recovered using a larger search radius for a neighboring
pixels. This allows to reconstruct clusters with same or very close event timestamps

which have a gap between fired pixels (see Fig. 25).

| | s
F -

clusters

split clusters
without gap P

Figure 25 — Example of different clusters with and without a gap [20]

For correct work of Corryvreckan it is necessary to set the main configuration
file and geometry file. In configuration file all the necessary for analysis modules are
written with set parameters. In geometry file the types of detectors and their relative
positions should be set. Also the tilt of the detectors and their misalignment could be
set in this file.
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3 DuHAHCOBbIN MEHEI)KMEHT, pecypcodpPeKTHBHOCTD "

pecypcocdepe:xeHue

OrneHka KOMMEPUECKON IHEHHOCTH Pa3pabOTKH SBISETCS BaXKHBIM YCIOBHUEM
IpPU TMOUCKE WMCTOYHMKOB (PMHAHCUPOBAHMS [IJIi HAYYHBIX HCCIENOBaHH. DTO He
TOJIbKO BaXKHBIA JTall HAYYHOIO HCCJIENOBAHMUS C I1IEJbI0 TOWCKAa HCTOYHUKOB
¢buHaHCHpPOBaHUS, HO M BO3MOXKHOCTb OIICHKHM TOTOBHOCTH U TEPCIEKTHUBHOCTHU
poeKTa AJis pa3padoTyukoB. [Ipy momoIu Takoro aHajanu3a MOXHO MPUBIIEYb HOBBIX
NapTHEPOB WJIH K€ KOMMEPIHUATU3UPOBATh HAYUYHYIO pa3padoTKy.

[lern paHHOM TaBBl —  ONPENENICHHE IEPCIEKTUBHOCTH  HAY4YHOTO
UCCIIEJOBaHMsI, pa3paboTKa MEXaHU3Ma YIPABJICHUS U CONPOBOXKIECHUS KOHKPETHBIX
MPOEKTHBIX PEIICHUI Ha ATare peann3anui. PacCMOTpPEHBI CIeayOIINe 3341

— OlLeHKa KOMMEPUYECKOro NoTeHIuana pa3paboTKy;

— [InanupoBaHue Hay4HO-UCCIIEAOBATEILCKON pabOTHI;

— Pacuer OroxeTa HaydHO-HCCIIEA0BATENBCKON PabOThI;

— Onmnpenenenue pecypcHoM, (¢uHaHCOBOM, OroKeTHOM 3P (HEKTUBHOCTH

uccienoanus [32].

JlanHast nurioMHasi paboTa 3aKII0YaeTcsl B MCCIEAOBAHUHM XapaKTEPHUCTHK
M30THYTHIX MOHOJIUTHBIX mNUKCeNbHbIX uyunoB ALPIDE nans mnmanupyemoro
yinydiienusi TpekoBod cuctembl 1TS3 mnsa skcnepumenta ALICE. B pabote
ucnonb3oBanack creruansHoe [0 Corryvreckan [33] mist 0OpabOTKM JaHHBIX,
MOJydaeMbIX TIpU OOJYyYEHUH TEJECKOMa MUKCEIbHBIX JETEKTOPOB ITyYKOM
BBICOKOIHEPIeTHUECKUX 3apsKEHHBIX YACTHIL. Taxxe UCIIOJIb30BAJICS

matematudeckuii maker CERN ROOT niist nanbHeiteit o0paboTKu TaHHBIX.
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3.1 OueHka KOMMEpPYECKOI0 NOTEHIHAJA M NePCHeKTHUBHOCTH
NpPOBEJCHUS HAYYHBIX HCCJIEIOBAHMI C MO3UIUM pecypcod3PPeKTUBHOCTH H

pecypcocoepeskeHust

HccnenoBanne CBOWCTB MUKCEIBHBIX JETEKTOPOB SBIISIETCS Ba)XHBIM ITarloM
IpU TMPOCKTUPOBKE JNETEKTOPHOM ycTaHOBKU. OCHOBHOWM 1I€NbIO MPOBEJICHHOM B
paboTe uccne0BaHuy SBISETCS U3yueHue BIUsIHUS d(pdexTa KaHATUPOBAHUS YACTHII
B KPUCTAJUTMYECKOW peIIeTKe muKcele wu3ornyroro jnerekropa ALPIDE.
HeobxoaumocTts nccnenoBanus o0ycnosieHa mranamu ALICE mo co3ganuio HOBOM
cuctembl |ITS ¢ ucnonp30BaHMEM MOHOKPUCTAJUTMUECKUX CEHCOPOB H3O0THYTHIX B

dbopme MoTyHUIUHIPA.

3.1.1 IMoreHuMaabHBIE MOTPEOUTETH Pe3yIbTATOB UCCIETOBAHUS

[ToTpebuTeny MaHHOW HAy4YHO-UCCIEAOBATEIBLCKOM pabOThl — KoJu1aboparus
ALICE, a Tax)xe MHBIE HCCIIEIOBATEIBCKAE OPraHMU3AINH, TEpe] KOTOPHIMU CTOSAT
CXOJHBIE 3a1a4H.

Jns 3amycka wmacmrtabnoro okcnepumenta ALICE  paspabateiBarorces
pas3auYHbIE JETEKTOPBI, COCTOAIIME M3 MOJYNPOBOAHUKOB, YYBCTBUTEIBHBIX K
MOHM3MpYIOIIeMy u3inydeHuto. [[ns mosyueHuss Oosee KayeCTBEHHBIX JaHHBIX U
Pa3BUTHIO TEOpPUH B 00JIACTU (PU3MKHU BBICOKMX JHEPruil TpeOyeTcs MOCTOSHHOE
YIIyYIIEHHE TEXHUYECKUX NOKa3aTeliel JETEKTOPOB.

Pesyneratel uccnemoBanus OyayT ucronb3oBanbl ALICE mns manbreiimei

MPOEKTUPOBKU HOBOM TpeKOBOM cuctemsl 1 TS3.

3.1.2 TloreHuMaIbHbIE NOTPEOUTETH Pe3yIbTATOB UCCIEAOBAHUS

PexkoncTpykuus u o0paboTKa JaHHBIX B PE3ysbTare OOJy4YeHUs TelecKomna

HaIIpaBJICHHBIM ITYUYKOM 3apsi’KCHHBLIX YaCTHUI[ MOXKET OBITH BBITIOJIHEHA C IIOMOIIIBIO
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Bo3moxkHocTeit I10 Corryvreckan u ILCSoft [34]. Takyke BO3MOXKHO HCC/ICIOBAaHKE
XapaKTEPUCTHK C HMCIOIH30BAHUEM COOCTBEHHO pa3pabOTaHHOTO HCCIEAOBATEIISIMU
[IO Ha s3bIKaX MTPOTPAMMHUPOBAHUS, CO37AaBAEMOTO IS KaXKIOTO KOHKPETHOTO
TEJIECKOTIA.
B nanHol paboTe paccMaTpuBalOTCS TPH BapuaHTa PEKOHCTPYKIIUU JTaHHBIX
JUISL UCCTIeTIOBAHUSI XapaKTepucTUK nuckenbHoro unna ALPIDE.
1) Ucnons3oanue [10 Corryvreckan, pazpaboranrnoro koymadopamueii CLIC;
2) Ucnonp3oBanue [10 ILCSoft, pazpaboranHoro kosaboparueii ILC;
3) Cozmanue cobctBeHHOro I1O s 0OpaOOTKM JAHHBIX C MOMOIIBIO SI3BIKOB
MIPOTPaAaMMHUPOBAHWS;
B  omnenouHoit Tabnuie CpaBHEHbl CHJIBHBIE U Cia0ble  CTOPOHBI
KOHKYPHUPYIOIIUX TEXHAYECKUX PEIICHHM.
CpaBHUTENBHBIN aHANIU3 OCYIIECTBISIETCA M0 HauboJiee BaKHBIM MMOKA3aTEISIM
C TOMOIIBIO IKCIEPTHOM OIEHKHU MO MATHOAIFHOM ImiKane, rae 1 — Hauxyjamas
OIICHKa, a S5 — HawIydlas OIGHKAa COOTBETCTBHS TEXHHUYECKOTO PpEIICHUS
nokasatento. OOt Bec Bcex Mmokasaresiel B CyMMe JI0JKEH COCTaBIATh 1.

Tabmuua 5 — OueHoyHas Ta0auUa JUisi CPaBHEHUSI KOHKYPEHTHBIX TEXHHUYECKHUX
pelIeHu

Bec basbl KonkypeHTOCNIOCOOHOCTH

Kpurepuu ouenxn xputepusi | Bap.1 | Bap.2 | Bap.3 | Bap.l | Bap.2 | Bap.3

TexHuveckne KpUTEPUM OlleHKH pecypcodrpdekTUBHOCTH

1. TouyHoCTH

0,3 5 4 3 15 1,2 0,9
PEKOHCTPYKITUH
2. Tpocrora 0,25 3 3 1 0,75 0,75 | 0,25
WCIIOJIb30BaHUS
3. YHUBEpCaIhHOCTh 0,2 4 2 5 0,8 0,4 1
4. Bo3MOXHOCTb
JOpabOTKH U 0,15 4 2 5 0,6 0,3 0,75

HacTpoiiku 110

IKOHOMHYECKHE KPUTEPHH OLeHKH 3((PeKTHBHOCTH

5. Cpok 3KcIutyaTanuu 0,1 5 3 1 0,5 0,3 0,1

Hroro 1 23 21 18 4,15 2,95 3,00

Pe3ynbTaThl KOHKYpEHTHOTO aHallu3a, MPEACTABJICHHBIE B TalOmuIEe S,
MTO3BOJISIFOT 3aKJIIOYNTD, 4TO HauOosee MPEANOYTUTETBHBIN u

KOHKYPEHTHOCIIOCOOHBIN MeToJ — wucmoib3oBanue Corryvreckan mist oOpaboTku
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nansbix. |LCSoft Mmenee yHuMBepcalieH U UCTONB3YETCSI B OCHOBHOM COTPYAHHKAMHU
Ha nuHeitHoM yckoputene CLIC, a takke Oonee cinoxkeH B ocBoeHHH. PazpaboTka
cooctBenHoro 1O st 06paboTKM JaHHBIX TpeOyeT 3HAYUTEIbHBIX 3aTpaT BPEeMEHU
¥ SIBJISICTCSl HAMEHEE YHUBEPCAIBHBIM METOJ/IOM, YTO HE TIO3BOJISIET €r0 d3PHEKTUBHO
UCIIONIb30BAaTh JUIS aHajiW3a JaHHBIX C  TeJIeCKOMa

Inpun HU3MCHCHHUU €TI0

KOH(UTYpaIIUH.

3.1.3 SWOT — anaaus

SWOT - Strengths (cwibHBIe cTOpOoHBI), Weaknesses (cimabbie CTOPOHBI),
Opportunities (Bo3moxkHOcTH) U Threats (yrpo3bl) — KOMILJIEKCHBINA aHAU3 Hay4YHO-
MCCJIEIOBATENLCKOTO0 MPOEKTa, MPOBOJSIIMNCS B HECKOJBKO 3TanoB. Pe3ynbTaTh
nepBoro stana SWOT-aHanu3a, 3aKJII04aroerocsl B BhISIBICHUM CUJIBHBIX U CIA0BIX

CTOpPOH ITIPOCKTA, BO3MOKHOCTEH €ro pPa3BUTHUA U YI'PO3, ITPCACTABIICHLI B Ta6HI/I]_I€ 6.

Tabmuma 6 — SWOT-ananus

Strengths (cuabHBIE CTOPOHBI)
S1. YausepcanpHOCTS [10;
S2. I'mokocts [10;
S3. Bo3moxxHOCTE HCI0JIB30BaHUS
M000T0 KOMIIBIOTEPA B JIF000€ BpeMsl UL
MPOBE/ICHUS PACUETOB;
S4. JlocTtaTouHbli 00BEM M BBICOKOE
Ka4eCTBO CIIPAaBOYHOM JOKYMCHTAIIUH;
S5. Unterpauus ¢ ROOT.

Weaknesses (ciiaGble CTOPOHDI)
W1. [ns pabotel TpebyroTcs
HaBBIKH [IPOrPAMMHPOBAHUS;

W2. [pu HEOOXOIUMOCTH
JIOpaboTKU MOyJell HeoO0XOIUMO
rIyOOKOe TOHUMAaHHE CTPYKTYPHI
Io.

Opportunities (Bo3MoxkHOCTH) Bo3moxHocTh  ObicTpoit  pexoHcTpykimu | Heobxomnma TIOHSTHAS
Ol. MHccnenoBaHue pasiM4YHBIX | AaHHBIX € TEJECKONa  JETEKTOPOB | MHCTPYKLUS c OIMCAaHUEM
CBOWCTB IMHKCEIHHBIX CCHCOPOB; ALPIDE; TUTIOBBIX  CHUTyalllid ®  psna
02. BosmoxHocTh | [Tomyuenue 00JIBIIOTO KoJIm4ecTBa | 0a30BBIX MIPHUHITUTIOB

PEKOHCTPYKIIMM TPEKOB YaCTHIl M | TOYHBIX JTAHHBIX B pe3ynbTare | MporpaMMHUpPOBAHUS U (HU3HUKH;
MIHPOKO# 00paboTKH | PEKOHCTPYKIINH; Heobxonnma Oaza
9KCIIEPUMEHTAIHBIX TaHHBIX. I'mbrocth HaCTPOUKH MO3BOJISIET | SKCHEPUMEHTAIBHBIX ~JaHHBIX, K
ucronb3oBath  [1O  aist  pa3nuuHBIX | KOTOPHIM ~ MOXKET  0OpalaTbes

MCCJIe/IOBATEIbCKUX TEIECKOIIOB. T10JIb30BATEb.

Threats (yrpo3sr) WaTerparnms ROOT mo3BoJisieT | JlomonHuTENRHBIE MOTyJIH

T1. Ucnione3oBarme cxoxero [10; | mpoW3BOAWTE  MIMPOKYID W TOYHYIO | pacmupsioT Bo3moxaocTH [10;
T2. OrtcyrctBue rpaduueckoro | o0paboTky  JaHHBIX c nomoupto | IIpoBenenue HOBBIX
uHTepdeiica MOXET BbI3bIBATh | IPOBEPEHHBIX AITOPUTMOB U IIOJY4aTh | MCCIIEIOBaHHIA CBOWCTB
CJIOYKHOCTH Y I10JIb30BaTENeH. perpe3eHTaTHBHbIC MTUKCEIBbHBIX JIETEKTOPOB
rpaMKH/TUCTOTPAMMBI. MO3BOJISIET COCTABUTH LIMPOKYIO

0a3y NaHHBIX.
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Bropoii »s3tan 3akimodaeTcs B IOCTPOCHMM HHTEPAKTUBHBIX  MaTPHLL
BO3MOXKHOCTEH M yIrpo3, MO3BOJSIONIUX OLUEHUTH dPPEKTUBHOCTD MPOCKTA, a TAKXKE
HAJEXKHOCTh €ro peannsanuu, Ha ocHoBaHuu wmartpunbl SWOT. CooTHomeHus

napamMeTpoB MPEACTABICHBI B Tabmiax 7-10.

Tabmuna 7 — WHrepakTuBHaAs oOLeHKa MpoeKkTa «CBsi3b CHIIBHBIX CTOPOH C
BO3MOKHOCTSIMU.
S1 S2 S3 S4 S5
01 + + + — +
02 + + + + +
Tabnuma 8 — HHarepakTuBHasi oleHkKa TmpoekTta «CBs3b CHa0BIX CTOPOH C
BO3MOXHOCTSIMUY.
01 02
W1 + +
w2 + +
Tabmuna 9 — WMHrepakTuBHAs oleHKa MpoeKkTa «CBsi3b CHIIBHBIX CTOPOH C
yrpo3amm».
S1 S2 S3 S4 S5
T1 + + — + +
T2 — — — + +

Tabmuma 10 — MaTepakTuBHAS OlleHKa MpoekTa «CBA3b CIa0BIX CTOPOH C YTPO3aMM».

W1 W2

T1 + +

T2 - _

PesynbTaTel TabnuIl 3-6 cBeneHbl B enuHy0 Tadauiy 2. B pesyasrare SWOT-
aHanu3a OBUIO BBISBICHO, YTO paboTa SBIAETCS TMEPCHEKTUBHOM 3a CUeT
yauBepcaiabHoctu [10 Corryvreackan m BO3MOXHOCTH TMOKOCTH B U3MEHEHHUHU €ro
KOMITOHEHTOB. TakuMm oOpazom manHoe [IO MoOkeT OBITh HMCHOJIB30BAHO IS
MPOBEICHMUSI PA3IMYHBIX DSKCICPUMEHTOB C TeJeCKomaMu JeTekTopoB. OmHako,

3aMEYEeHO, 4YTO JUIS HWCHOJb30BaHWsA ToOJHOrO QyHkuuonana Corryvreckan
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HEOOXOMMO Xopollee MoHuMaHue cTpykTypbl [1O, ero KOMIOHEHTOB, a TaKke

JI0OCTATOYHBIEC 3HAHUSA SA3bIKA MTporpaMMmupoBanust C++.

3.2 HJ'IaHHPOBaHl/Ie HAYIYHO-UCCIECA0BATCIbCKUX paﬁoT

3.2.1 Crpykrypa paGoT B paMKax HAy4YHOI'0 UCCJIe0BAHUSA

[InanupoBanue MpU3BaHO OOECIEUYUTh pallMOHATBHOE  MCIOJIb30BAHUE
BpEMEHH M TIpU (POPMUPOBAHWUU HAYIHO-HCCIICTOBATEIHCKON pPaOOTHI SBISICTCS,
HECOMHEHHO, BaXXHBIM dTanoM. [lnaHupoBaHue KOMIUIEKCA MPEIoiaraeMbIX padoT
OCYILECTBIISIETCS B CIIEAYIOLIEM MOPSIJIKE:

1) onpezeneHre CTPYKTYPhI padOT B paMKaxX HAyYHOTO UCCIICTIOBAHHMS,
2) ompeJeNieHue YIaCTHUKOB KaKI0H paboTh;

3) ycTaHOBJICHHE TPOJIOJIKUTEIHLHOCTH PadoT;

4) mocTtpoeHue rpaduKa MPOBEICHHUS HAYYHBIX UCCIICIOBAHUM.

JI1s1 BBITIOJIHEHUSI HAYYHBIX UCCIeAoBaHUN (popMupyercs pabodas rpynmna, B
COCTaB KOTOPOI MOTYT BXOJUTh HayYHbIE COTPYAHUKH U MIPETNOaBaTEIN, HHKEHEPHI,
TEXHUKU U JTAOOPAHTHI, YUCICHHOCTh TPYII MOXET COCTaBIATH OT 3 70 15 yenoBek.
Jlnst mpoBelieHus TaHHOM HCClleIoBaTeIbCKOM paboThl OblIa chopMupoBaHa paboydast
rpynna, B COCTaB KOTOPOM BOLLIM: HAYYHBIA PYKOBOJMUTEL U CTYAEHT. B nmanHOM
pazfziesne ObUT COCTaBJICH MepedYeHb 3TArnoB U padoT mo BeinogHenuto HUP, kotopsiii
npejcTaBiieH B Tabsuie 11.

Tabnuna 11 — Cniucok mpou3BOUMBIX 3a/1a4 U pabOT ¥ UX UCTIOJIHUTEITU

OcHoBHBIE 3TANBbI Ne Copaepxanue pador J0JKHOCTD
pao HCTIOJTHUTEJIA
Pa3pabotka CocraBieHue U YTBEP)KICHHE TEXHUUYECKOTO
1 PykoBogutens
TEXHUYIECKOTO 3a/IaHUs 3aJaHHS
PykoBoaurens
2 Br160p HanpaBieHus ncciaenoBaHui
Crynent
Br16op HanpaBiieHust Y

HCCIea0BaHNH 3 [TonGop ¥ U3yueHHe MATEPHAIIOB 110 TEME Crynent

4 [TnanupoBanue paboOT MO UCCIETOBAHUIO PyxoBonuTens
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[Tponomxenue Tabmuupl 11

5 [IpoBeneHue SKCIIEpUMEHTA Pyxososmrens
PykoBoauTens
6 [onmyyenne HeoOpabOTaHHBIX
9KCHEPUMEHTAIbHBIX JaHHBIX CryneHr
TeopeTnueckue u
SKCIIEPUMEHTAIIBHBIC 7 Buecenue nzmenenuit B mogyu 110 CTyxeHT
Corryvreckan Y
UCCIIEIOBaHUS
8 O06paboTka 1 peKOHCTpYKLMs AaHHBIX B [10 CTyneHt
Corryvreckan
9 [MoyyeHue pe3yabTaToB MOIEIUPOBAHKS Crynent
10 Hanucanue makpocos it ROOT u Cryment
aBTOMaTH3aIHs 00pabOTKH JaHHBIX
0606 11 [TocTpoeHue CpaBHUTENBHBIX TUCTOTPAMM U
OOIIICHHUC U OLICHKA Fpa(i)I/IKOB CTyﬂeHT
pe3yJIbTaToB
PykoBoaurens
12 OlieHKa OJIYYeHHBIX PE3yJIbTaTOB
Cryaent
KonTtpons u KoHTposb kauecTBa BbINOIHEHUS paboT U
13 PyxoBonuTens
koopauaupoBanne HMP KOHCYJIbTUPOBAHUE UCIIOJIHUTEIIS
Pa3pabotka TexHu- .
o CocraieHue NOSACHUTEIbHON 3alMCKH K
4yecKol JokymeHTauuu u| 14 Crynenr
MIPOrpaMMHOMY KOy
IIPOEKTUPOBAHHE

3.2.2 Onpeaenenue TPyI0eMKOCTH BbINOJIHEHUs padoT

OcHOBHBIE 3aTpaThl — 3TO TPYIAOBBIE 3aTpaTbl, IOATOMY B MIPOLECCE
IJIAaHUPOBAHMS HAYYHO-HMCCIIEIOBATEIBCKON pabOThl ObLIa YUTEHA TPYJOEMKOCTh JJIs
YYaCTHUKOB UCCIIEA0BATEILCKOW IPYIIIBI.

TpyI0eMKOCTh 3aBUCHUT OT TPYJHO YUUTHIBAEMBIX ITapaMeTpoB. MHaue roBops,
TPYAOEMKOCTh HOCUT BEPOSTHOCTHBIM XapakTep, MOATOMY MOXKET ObITh BBIpa)KEHA B
YeJI0BEeKO-IHAX. I onpeneneHus 0)ku1aeMoro (CpeIHero) 3Ha4eHus TpyA0EMKOCTH
toyki UCTIONB3YyeTCs cienytomias popmyra:

_ 3tmini + 2tmaxi
toxi = = )
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rae toy; — OKUAaemasl TPYAOEMKOCTh BBIOJHEHHUS 1-0i pabOThl Yes.-JH.; tyini —
MUHUMAJIBHO BO3MOXKHasT TPYJOCMKOCTb BBITIOJHEHHUS 3aJaHHOW 1-0M paboThI
(onTHMHCTHYECKAs OIICHKA: MPEANONOKCHHM HauOojee OJIArONPUIATHOTO CTCUCHHS
00CTOSTENBCTB), YeN.-lH.; tpmgyi — MAKCHMAJIbHO BO3MOJXKHAs TPYJAOEMKOCTh
BBITIOJTHCHMS 3aJaHHOM -0 paOoThI (MECCUMHUCTHYECKAs OLIEHKA: B MPEAMOI0KCHHH
HanOoJiee HEOIAroNMPUATHOTO CTCUCHHUSI 0OCTOSITEIBCTB), YEII.-/TH.

Ucxons u3 0XKUJaEMOM TPYAOEMKOCTH pabor, oIpeensaercs
IPOJOJDKATEIBHOCTh  KaXKJIOoW paboTel B pabouMX  JHSAX, YYHUTHIBAOIIAS

MapaJuiCJIbHOCTb BBIIIOJIHCHUA pa60T HCCKOJIbKMMH UCIIOJTHHUTCIISIMU

T = Loy
pi — ’
4;
rne Tp; — TPOIOIKUTENBHOCT OAHOM paboThl, pabd.aH.; Y; — YHCIECHHOCTH

HCHOHHHTCHGﬁ, BBIIIOJHAOINX OAHOBPCMCHHO OOHY M TY JKC pa60Ty Ha JaHHOM

JTamne, 4ell.

3.2.3 Omnpenesnenne TPy10eMKOCTH BbINOJIHEHUsSI padoT

Jlns  HarnsgHoro  oToOpakeHuss Tpaduka mpoBeAeHUss padoT  Obuia
UCIoyib30BaHa auarpamma ['anta. OHa npeacTaBiseT co00i OTPe3KU, pa3MeIICHHBIC
Ha TOPHU3OHTAIBHOM BPEMEHHOM WIKaje, TaKUM O00pa3oM KaXIbld OTPE30K
COOTBETCTBYET OTHAENbHOH 3aj1aue uiv noazagade. Hauano, koHen u JyiMHA OTpe3Ka
Ha I[IKaJ€ BPEMEHU COOTBETCTBYIOT Haudally, KOHI[y M JJIUTEIbHOCTH 3aJayH.
[TocTpoenHas quarpaMmma npejicTaBieHa Ha pucyHke 1.

JIns mocTtpoeHus auarpaMmbl ['aHTa, cleAyeT MEepeBEeCTU JIUTEIbHOCTh
KQKJI0M U3 BBITIOJHIEMBIX pabOT u3 pabouyux IHEW B KajeHAapHbIe AHU. J[Js1 3TOrO
HEOOXOJIMMO BOCHOJIB30BAThCS (hOpMYJION 3, IJId KaKJIOTO HCIIOIHUTENS pacueThbl

IMPOU3BOAATCA NHANBUAYAJIBHO!
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rine K., — kanennaphslit ko3dduument, Ty; — NPOIOIKHTEILHOCTb BBITIOIHEHHS i-07

pa6OTBI B KAJICHAAPHBIX ITHAX.

Kanennapnsiii koadduimeHT onpeaensercs no Gopmysie:
TKaII

kKaJI = ’

TKaJI - TBbIX - Tnp

rae T, — oblee KOJIMUYECTBO KaNeHIapHbIX JHEH B TOMy; 1., — 0Oliee KOJTHIECTBO

BBIXOZHBIX JHEH B TOfy; T, — 00lIee KOIMIECTBO Pa3IHUIHbIX JHEH B TOAY.

Pacyer TpymoeMKOCTH W MPOJOIKUTEILHOCTH pabOT, Ha MpUMEpe 3aaauu

«Bp100Op HanpaBiieHUs UCCIEIOBAHUIY:

3tminit2tmaxi _ 32425
Cowi = m””s e = - = 3.2 4en-IH.

toei 3.2
T, = === =1.6 4eJ-1H.
pt qi 2 CI-A
Kanenmgapuslit Ko3(GUIMEHT 115 IATHIHEBHON paboyeit Heenn CTy/IeHTa:
B Tean 365

k — —_—
KaJL.CT ijI — Toprx — Tnp 365—104 — 14

= 1.48

Onpenenenue KajaeHAapHONW MPOAOKUTEILHOCTH BBIIIOJIHEHNS PaOOTHI:
Tyicr = Tpi * Kyan = 1.6 - 1.48 = 2,368 kan. an.
Oxpyruisist B 00JIBLIYIO CTOPOHY MOJIYYUM 3 KaJeHJApHbBIX JHS Ha JaHHYIO 3a/1ayy.
Pacuer kanengapHoro koadduimieHTa s MIECTUIHEBHOW pabodeil Henenu

(pabouas Henemnst pyKOBOIUTEIS):

_ Txan _ 365 _
Keanpyx = = 1.28.

TKaJ‘[_TBb[X_THp o 365—66—14

Pacuer  kameHpmapHOW ~ TPOJOJDKUTEIBHOCTH  BBIMOJHEHUS  3a/layu
PYKOBOJIUTEIIEM:
Tyinux = Tpi * Kyan = 1.6 - 1.28 = 2.04 = 2 xan.jn.

Pe3ynbTaThl pacueToB JJIs BCEX TAINOB MPUBECHBI B Tabuie 12.
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Tabnuna 12 — Bpemennble noka3aTenu IpOeKTUPOBAHUS

Hassanue

paboThI

TpynoémkocTs paboT

Yyell-IHU

tmin,

tmax,

yell-IHU

Lo y

yell-IHA

JlnutensHOCT
b

pabot B
paboumx JHSX

T .
pl

JlnuTensHOCT
b

pabot B
KaJICHAAPHBIX

JHAX

Ki

PyxoBoau

TCJIb

CryneHt
PyxoBoau
TeIb
CryneHt
PyxoBoau
TeNb

CryneHt

TCJIb

PyxoBoau
CryneHt

TEJIb

PyxoBoau
Crynent

CocraBieHue 1
YTBEPXKICHHE
TEXHUYECKOTO 3aaHUs

N
oo

N
0]
1

Br16op HampasieHus
HUCCIEeO0BAaHUN

3,2

3,8

1,6 1,9

[TonOop u uzyuenue
MaTepuaioB Mo TeMe

10 - 15 -

12

Kanennapnoe
IUTAaHUpOBaHKE paboT 1o
MIPOBEICHUIO
HCCIICAOBaHUS

1,8

[IpoBenenue
JKCIIEPUMEHTA

2,8

2,8 -

[Tonyuyenue
HeoOpabOTaHHBIX
SKCIICPUMCHTAJIbHBIX
JTAHHBIX

2,8

2,8

1,4 1,4

Buecenue n3menenuii B
moxaynu 110
Corryvreckan

10 - 20 -

12

O6paboTka u
PEKOHCTPYKIUS TAaHHBIX
B [10 Corryvreckan

12

[TosyueHue pe3ynabTaToB
PEKOHCTPYKIIUU

2,8

Hanucanune makpocos
st ROOT u
aBTOMaTHU3aIUs
00pabOTKH JaHHBIX

IToctpoenue
CPaBHUTECJIbHBIX
TUCTOTPaMM U TpaduKOB
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[Tponomkenue Tabnuipt 12

TpynoémkocTs padot JmurensHoct | JnuTensHOCT
b b
tmin, tmax, tomi,
pabot B pabot B
Yel-JAHU Yel-JAHU Yel-aHU
pabounx MHAX | KaJeHIapHBIX
HazBanue T . THAX
pi
paboThI .
K
= = = = =
=¢ = | = = = = ¢ £ =4 =
© A 5y o 1 5} o 15} Q 5] Q 1 5]
m = = m = = m = = m = = m = =
C o > C o > C o > C o > C o >
A © & © & SA-9 © & ©
O1ieHKa OJTYYeHHBIX
B 1 2 | 3 3|5 24|38 12 | 19 | 2 3
pe3yNbTaToB
KonTposnb kauectBa
BBITIOJIHEHHSI paboT 1 4 ) 6 ) 48 ) 48 i 6 i
KOHCYJIbTUPOBAHUE ' ’
UCTIOJTHUTEIS
CocraBnenue
MOSICHUTCILHOM 3aIIUCKY | - 2 - 3 - 2,4 - 2,4 - 4
K [IPOrPaMMHOMY KOZY
Utoro 15 | 52 | 29 | 9% | 206 | 68 | 16,4 | 64,4 22 85

Ha ocHOBaHMM MOJYYEHHBIX [aHHBIX ObLI MOCTPOEH IJIaH-TpauK B BUIE

nuarpamMmel [anTa. ['paduk cTpouTcst ¢ pa3OMBKOM Mo MecsaM u HeaensaMm (7 aHei)

BO BpCM:A HAIIMCAHHA I[PIHJ'IOMHOﬁ pa6OTI)I U IIPOBCACHUA UCCICAOBAHNA.

KaneHaapHbIi nnaH-rpaduK BLINOMAHEHMA 33434 NO UCCNEA0BAHUIO BAUAHWA 3PEKTa KAHANMPOBAHMA B MOHONMUTHBIX
nUcKkenbHbix ceHcopax ALPIDE

CocrasneHue T3

Pyxosopurens

Crynent

‘ despans

Mapt

Anpens

Maid

El 2

BuiGop HanpasneHUA MCcCefoBaHUA

W3yuenwne matepuana

KaneHaapHoe NnaHMpoBaHue

|_Pyxosogurens

Crynenr

| Pyxosopurens

Crynent

Pyxosogutens

Crynent

MpoBefeHKe 3KcNepHMeHTa

Pyxosogurens

Cryent

TMony4eHne AaHHbIX

Pyxosogurens

Crynent

HameHeHue Corryvreckan

PekoHcTpyKUWA gaHHbix B Corryvreckan |

Pyxosogurens

Pyrosopmens
Crypent

Mony4eHre Pe3ybTaToB PEKOHCTPYKLMK |

O6paboTka gaHHbix B ROOT

nGCTDDeHI!IE CPAaBHUTE/NbHBIX TMCTOrpamMmm

PykoaoguTens
CryneHt

| Pyxosogurens

Crynewt

Pyxosopurens

Crynent

OLEeHKa NoNYYeHHBIX PE3YNLTATOB

PyxosopuTens

Crynent

KoHTponb KavecTsa

PyxosopuTens

Crynent

COCTaBNEHUE MOACHUMENEHOM 33MMCKU

Pyrosoguens

Crygent

3

1

2

3

2 3 [ 1 2 3

Pucynox 38 — JIlnarpamma I"anTta
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CYMMapHaH JINTCIIBHOCTD ACATCIBbHOCTH KaXXa0ro HUCIIOJITHUTCIIA B

KaJICHIAPHBIX THIX MpecTaBieHa B Tadmuie 13.

Ta6nuna 13 — CroaHas TabnuIa Mo KajaeHIapHBIM JHIM

KomnuectBo | KonnuectBo
KaJICHAapHBIX pabounx
JHEW JHEW
O0111ee KOJIMYECTBO JHEH JUIsl BHIITOJIHEHUS PAa0OThI 80 107
OO0r11ee KOJIMYECTBO AHEH, B TEUEHUE KOTOPBIX PabOTal HHKEHEP 64 85
OO11ee KOJIMYECTBO JHEH, B TEYCHHE KOTOPBIX padoTan 16 99
PYKOBOIUTEIb

3.3 HJIaHI/IpOBaHl/Ie HAYIYHO-UCCIECA0BATCIbCKUX paﬁoT

[Ipn nnanupoBanun Ormxera HTU nomkHO OBITH 00ECHIEYEHO MOJHOE U

AOCTOBCPHOC OTPAKCHHUC BCCX BHIOB PACXOJ0B, CBA3AHHLIX C CT'O BLIIIOJIHCHUCM. B

npouecce popmupoBanus Oromkera HTU ucnons3yercs cnenyromas rpynmnupoBKa

3aTpar 110 CTAaTbAM!

— Marepuanbsble 3atpatsl HTU;

— 3aTpaTbl HA OCHOBHOE 000PYI0BaHUE AJI1 HAYYHO-3KCIIEPUMEHTAIIBHBIX PadoT;

— OCHOBHAas 3apa0O0THas MIaTa UCIIOJHUTENEH TEMBI,

— JOIIOJIHUTCJIbHAsA 3apa60THa$1 IiaTa UCIOJIHUTEICH TCMBI,

— OTYMCJICHHS BO BHEOIOKETHBIE (DOHTHI (CTPAXOBBIE OTYUCIICHHUS);

— HaKJIaaHBIC PAaCXOJbI.

3.3.1 Pacuer 3aTpaTt Ha cnenuajibHOe 000PY/A0BaHMeE VISl HAYYHBIX padoT

B o1y crateio BKIIOUWAKOTCS 3aTpaThl Ha MpUOOpETEHHWE BCEX BUOB

MaTepHaioB, KOMIUIEKTYIOIIUX H3AeIUi U moiay(aOpukaToB, HEOOXOAMMBIX Jis

BBITIOJIHEHUS paboT mo naHHOM Teme. KonmnmdyecTBO MOTPEOHBIX MaTepHabHBIX

IICHHOCTEH OIPEeNISIeTCs TI0 HOPMaM pacxoa.
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Pacuer 3arpat Ha 000pyAOBaHNE CBOJAUTCS K OMPEACICHUIO aMOPTH3AIIMOHHBIX
OTUYUCJICHUH, TaKk Kak 000pymoBaHWE ObUIO MPUOOpPETEHO 10 Havaia BITOJHEHUS
ATOM pabOThI — NMEPCOHANIbHBIA KOMIBIOTEP pupmbI LENOVO.

HopMma amopTu3aiiuu BeIYUCIIETCS MO CleAyoueil popmyre:

re N — CPOK MOJIE3HOI'0 UCIIOJIb30BaHUsl, U3MEPSAEMbIN B TO/1axX.
AmMopTuzanusi  000pyJOBaHUS  JIMHEWHBIM  CIIOCOOOM  pacCUUTHIBACTCS

CJIeIyIOIUM 00pa3zoM:
N, -m-N
A=——F——
365

rne N — uroroBast cymma, ThIC. py0.; M—BpeMsl UCIIOJIb30BAHUSI, MEC.

EanncTBEeHHBIM 000py0BaHUEM, UCIIOJIB30BAaHHBIM B padote, Obu1 IIK Lenovo
IdeaPad L340-15ALI, npuobperennsiii B Gpepaie 2021 roga 3a 27999 pyoieii. Cpok
nosiezHoro wucnons3zoBanuss [IK cocraBaser 5 ner. B wurore ofOmas cymma

aMOpTI/ISaL[I/IOHHBIX OT‘II/ICJ'IeHI/Iﬁ cocTraBujia.
e 0,2-27999 - 85
fK = 365

CYMMapHI)Ie 3aTpaTbl aAMOPTU3AIHMOHHBIX OTYHCJICHUH OBIIM 3aHECEHBI B

= 1304,1 pye6.

tabauiy 14.

Tabnuma 14 — CymMapHbi€ 3aTpaThl aMOPTU3AIIMOHHBIX OTYUCIICHHM

Ne HaumenoBanue Oobmast Cpoxk none3Horo Cpox AMOpTHU3aIIUOHHBIE
000pyIoBaHHs CTOMMOCTb UCIIONIb30BAHMS, | TOJIb30BAHMS | OTYHCIICHHS, PYO.
00opyoBaHwMsl, ner B paMKax
TBIC. PYO. MTPOEKTA, JIH.
1 Lenovo IdeaPad 43999 5 85 1304,1
L340-15ALI
Hroro: 1304 py0.
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3.3.2 OcHoBHas1 3apa6oTHas miarta ucnoanuresaeis HTU

JlanHast cTaThsi PAcXOJOB BKIIOYAET OCHOBHYIO 3apa0OTHYIO ILIATy
pabOTHUKOB, HEMOCPEJACTBEHHO 3aHATHIX BbionHeHuem HTU, (Bkirowas mpemMuu u
JIOTIaThI) W JIOMOJIHUTENIbHYIO 3apa0oTHyI0 IuiaTy. Takke BKIIIOYAETCS MpEeMHs,
BBITIJIAUMBaeMasl exxemMecsuHo u3 ¢oHaa 3apabotHoi 1miaTel B pazmepe 20-30 % ot
Tapuda Wi OKJIaa.

B nmanHoM pasnmene paccudThiBaeTcs 3apa0oTHas IUIaTa CTyleHTa (Kak
WH)KCHEpa-uCCIAeIoBaTeNsl) W pykoBoguTens  (Kak  AUPEKTOpa  HAyYHOU
1ab0paTopuun), MOMUMO ITOTO TakKe ObUIM PAacCUMTaHbl pacxoAbl MO 3apabOTHOM
riaTe, onpeaeseMble TPYT0EMKOCTRIO UCCIIEIOBATEIBCKON PabOThI U ICUCTBYIOIICH
CUCTEMOM OKJIAJA.

OcHoBHast 3apaboTHasi 1ata 3,. OJHOrO PaOOTHHKA PACCUUTHIBAETCS IO
cienyroieit hopmyie:

Boc = 3pu " Tps
rae 3, — CpeaHeHeBHas 3apaboTHast miara, pyo.; T,— IpoIOIIKUTEILHOCTE padoT,
BBIMOJIHAEMBIX paOOTHUKOM, pad.aH. (Tabsmia 13).

CpennenneBHas 3apabOTHasI MIaTa pacCUUTHIBAETCS 1O hopmyJie:
A
rjae 3,, — JOJDKHOCTHOM OKJjaj paOOTHHKA 332 MECSII; F, — IeiCcTBUTEBHBIN TO0BOM
¢doHI paboyero BpeMeHH HCHOMHHUTENCH, pad.aH. (Tabmmua 13); M — KoaumdecTBO
MecsIeB paboThl O€3 OTIYyCKa B TEUECHHE roja, JJis MEeCTUIHEBHON padodelt Heaenu
M=10,4 mecsr1a.
Jlnst mectTuaHeBHOM pabodeit Hemenu (pabodast HEAeNsl PYKOBOJIWUTENS) MPHU
3apabotHoii iate 58 240 pyo6. [35]:
_3yM 58240 -10.4

San =" 252

= 2403,6 py6.
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Tabnuna 15 — bananc pabodero BpeMeHU HCTIOTHUTENEH

IMoka3arenu padouero BpeMeH" PykoBoaurenn Crynenr
KanennapHoe uncio nuei 365 365
KonnyecTBo HepaboUmx aHEH: 52/14 52/14
—  BBIXOJHBIC THH
— TIpa3IHUYHBIC JHU
[Totepu paboyero BpeMeHH: 48/5 48/5
—  OTHYCK
—  HEBBIXOJIBI 110 0OJIC3HU
JeticTBuTenbHBIN TO0BOM (POHT paboyero BpeMeHu 252 252

Pacuér ocHoBHOW 3apaboTHOM TIaTel mpuBeAEH B Tabmume 16. 3apaboTHas
iata cTyjaeHTa (Kak JUIsl WHKeHepa-ucciemoBaTens Oe3 cremenu) [35] 23 800.

Paiionnbli ko>pduuuent k, nna r. Tomck pasen 1,3 [36]. Berumcienne 3,

OCYIIIECTBJICHO C YUETOM pabouux JHEH corjiacHo Tabiuie 16.

Tabnuma 16 — Pacdyet 0cCHOBHOI1 3apaOOTHOM MJIAThI UCTIOTHUTENEH

HCHOJ}III;ITMH 3rcs py6 kp 3w py6 3AH' py6 TP’ pag on. Bocus py6
PykoBouTenb 44800 1,3 58240 2403,6 22 52879,2
CryneHt 23800 1,3 30940 1276,9 85 108536,5
HToro: 161415,7

3.3.3 JlonmosiHuTeILHAS 3apadoTHas miiaTa ucnoaHuteaeit HTU

3aTpaThl 1O JOMOJHUTEILHONM 3apaOO0THOM TUIaTe€ MCHOJHUTENCH TEMBI
YUUTBIBAIOT BEIIMYUHY MPEAYCMOTPEHHBIX TpynoBbiM Kojaekcom P® nommar 3a
OTKJIOHEHHE OT HOPMAaJbHBIX YCJIOBUW TpPyAa, a TAaKX€ BBILIAT, CBA3aHHBIX C
oOecrieueHUEM TapaHTUW W KOMIEHCAlui (TP HCIOIHEHWU TOCYJIapCTBEHHBIX U

OOIIECTBEHHBIX O00SI3aHHOCTEH, MPU COBMEIICHHH pPabOThl ¢ OOy4YeHHEM, IpHU
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NPEIOCTABIICHUN  €XKETOJHOT0  OIUIAYMBacMoOro oOrmycka u  T.a.) [32] wm
pacCcUUTHIBACTCA CIEIYIOIIUM 00pazoM:

3.&011 = k,aon ) 3ocw
rae 3,,; — JAONOJHUTENbHAs 3apaboTHas mara, pyo., k., — xoddduument
JIOTIOJTHUTEIHHOMN 3apruiatTel, paBHbId 0,12; 3., — OCHOBHas 3apaboTHas 1u1arta, pyo.
B Tabnune 17 mpuBeneHsl pe3yabTaThl pacdeTa JJisi OCHOBHOW M JOTOTHHUTEIHHOU
3apabOTHOM TIJIaThl PYKOBOJIUTEINS, M CTYACHTA

Tabnuna 17 — 3apaboTHas m1aTa UCIIOJIHUTENEH TPOeKTa

3apaboTHas miara PykoBoaurenn Crynenr
(MHIKeHep-uCcCiIe10BaTeb)

OcHoOBHas 3apriaTa 52879,2 108536,5

JlomoytHUTETBHAS 3apIlIaTa 6345,5 13024,38

3apruiaTa UCTIOJTHUTENA 59224,7 121560,88

Hroro: 180785,58 py6.

3.3.4 OTuncjieHus1 BO BHeOIOAKeTHBIE (DOH/IbI

B naHHOM cTaThe pPacxXoAOB OTpaXaroTCs 00s3aTeNbHbIE OTYUCIECHHS II0
YCTAHOBJIEHHBIM 3aKOHOAATENBCTBOM Poccuiickoii ®denepanuy HOpMaMm OpraHam
rocyJapCcTBEHHOTo coruanbHoro crpaxoBanus (OCC), nencuonnoro ¢ouaa (I1dD) u
meuimHckoro crpaxoBadus (ODOMC) ot 3aTpar Ha oruiaty Tpyaa pabOTHUKOB,
OMpEIEIIAEMbIE 10 CIAEAYIOUEMY BbIPAXKEHUIO:

3BHe6 = kBHe6(3OCH + 3aon)'
e kpueg — KOIDDUIIMEHT OTYMCIEHWM Ha YIJIaTy BO BHEOMOKETHBIE (DOHBI
(meHcuoHHbIt (HOHA, (POHI 005S3aTETHHOTO MEIUIIMHCKOTO CTPAaxOBaHUS W TIp.),
paBubIit 0,302. Pe3ynbTaThl OTYHCIICHNI BO BHEOIOKETHBIE (DOH/IBI TTPEICTABICHBI B

tabnurte 18.
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Tabmuma 18 — OTuncnenust BO BHEOIOHKETHBIE (POHIBI

HUcnonnuresanb PykoBoaurenn CryneHT (MHKEHep)
OcHoBHas 3apaboTHas 1UIaTa, 52879,2 108536,5
pyo.
JononuuTtenpHas 3apaboTHAs 6345,5 13024,38
miarta, pyo.

Koadduiment  oruucnenuit
0,302
BO BHEOIO/KETHBIC (DOHIBI

Htoro 77110,56 158272,66

Htoro no cratwe: 235382,23 pyo.

3.3.5 Hakuaaanble pacxoabl

B nannom pasznese Oblia paccyuTaHa CTaThsl pacX0JI0B, CBSI3aHHAS C 3aTpaTamMu
Ha DJICKTPOIHEPTUI0, TaK KaK 3TO EIUHCTBEHHBIH pECcypc, HEOOXOIUMBIN s
MIPOBEICHMSI JAHHOTO MCCIIEIOBAHUS. 3aTpaThl HA JICKTPOIHEPTHUIO PACCUNTHIBAIOTCS
B COOTBETCTBUU C BBIPAKECHUEM:

C=T,, P-ty,
rae T,, — Tapud Ha smekrposnepruro (5,8 pyd. 3a 1 KBT-4); P — MomHOCTH
obopynoBanus, KBT; t,; — BpeMs UCIIOIB30BaHUS 000PYI0BAHUS, U.
PesynbraThl pacuera cBefieHbI B TabHIEe 19.

Ta6numa 19 — 3aTpaTel Ha AIEKTPOIHEPTHIO

Tapud Ha | MoniHocTh Bpewms "
TOT
AIIEKTPOIHEPTHUIO | 00OPYIOBAHMS | UCTIOIB30BAHUS 060
,py0.3a 1 kBr'u |, kBT , 4 » BYO-
MK Lenovo IdeaPad L340-
15AL | 58 0,2 680 788,8
Hroro no cratne: 788,8 pyod
Bce HU3JICPKKHU HAYIHO-UCCICAOBATCIIbCKOTO IIPOCKTA ObLIN CBCICHbBI B
tabnuiy 20.
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Tabnuna 20 — BromxeTt 3aTpaT npoexTa

Ne n/m | HaumeHoBaHuUe CTATHU Cymma, pyo.
1 3arpatrsl Ha 000pyAOBaHHE I 00paOOTKH JaHHBIX 1304,1
2 3arpaThl 10 OCHOBHOH 3apaOOTHOM IUIaTE MCIOIHUTEIEH 161415,7
TEMBI
3 3atpaThl Ha JIONOJIHMTEIbHOW 3apaboTHON  miaTe 19369,88

HUCIIOJHUTEIIEU TEMBI

4 OTuucienus BO BHEOIOHKETHBIE (POHIBI 54597,25

5 Hakitamnbie pacxoapl 788,8

Broxxer 3aTpar npoexkta: 237475,7 pyo.

[InanoBas cebectouMocTh mpoekTa cocrapisier 237475,7 py6neit. Tak kak
ocHOBHas paboTa Obuia mposeneHa ¢ nmomoiisio 1K, To ocHOBHAs cTaThs pacxoaoB —
9Ta 3apaboTHBIE IUIAThl. B MpoekTe HEe MCHOJIb30Balach HUKAKOE CBIPbE, KpoMe

anekTpos3Hepruu s nuranus [1K.

3.4 OmnpenejieHue pecypcHoii (pecypcocOeperaromieii), (UHAHCOBOI,

OIOI’)KETHOI, COUMATBHON U IKOHOMUYECKO 3P PeKTUBHOCTH HCCICTOBAHUS

Onpeneneane  3¢pGEKTUBHOCTH  MPOMCXOJWT HA  OCHOBE  pacyeTa
UHTErpajibHOTO  MoKa3aTenss A(Q@PEeKTUBHOCTM HayyHOro wucciefgoBaHus. Ero
HAaXOXKJEHUE CBS3aHO C OMNPEACICHHEM [BYX CPEIHEB3BEIICHHBIX BEIUYUH:
(buHaHcoBOH 3P PeKTHBHOCTH U pecypcodddextuBHOCTH [32].

Nurterpanpubiii  mokazarenb  (UHAHCOBOM  3(D(PEKTUBHOCTH  HAYYHOTO
WCCJICIOBAHMs TIOTY4YaloT B XOJE€ OIEHKH OrojpkeTa 3aTpar Tpex (wim Oosee)
BApUAHTOB WCIIOJIHEHHUSI HAYYHOTO WUCcienoBanus. HamOonpImii MHTErpagbHBIN
MoKasaTellb peajlu3alud TEeXHUYECKOM 3aJayd NpUHUMaeTcs 3a 0a3y pacuera (Kak
3HAMEHATEJb), C KOTOPHIM COOTHOCUTCSI ()MHAHCOBBIC 3HAYCHHS 1O BCEM BapHaHTaM
WCIIOJTHEHUS.

BapuaHTbl UICTIOJTHEHUSI HAYYHO-UCCIIEA0BATENHCKOU PaOOTHI:
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1) OcHoBHOe wmcmonHeHune: wucnonb3oBanue cpeacts [10 ROOT  mus

00paboTku naHHbIX. [10100HBIM BapHAHT KUCIIOJIHEHUS TIO3BOJISIET U3MEHATH MOJYJN
Corryvreckan mis moaydeHue AOMOJHUTEIBHON MH(GOpPMANUU U ee 00pabOTKH, Tak
kak cpeacrBa ROOT wmuTerpupoBanbl B [10 Corryvreckan m HamucaHbsl Ha OJHOM
si3bIKe TporpammupoBanusi C++, 4TO JaeT BO3MOXKHOCTh THOKO HACTPOUTH MPOIIECC
PEKOHCTPYKIIMM  JaHHBIX. B TakoM cioydyae  HCHOJB3yeTcs  OECIUIaTHO
pacmpocTpaHsieMoe MporpamMHoe oOecreueHne, TakuM 00pa3oM JaHHas peanu3anus
HE BHOCUT JIOTIOJHHUTENBHBIX 3aTpaT Ha MOKynky IIO, mo3ToMy BBITOAHA C
HKOHOMUYECKOMN TOUKH 3PEHUS.

2) OOpaboTKa JaHHBIX MOXKET OBITh BBINOJHEHA C HCIOJE30BAHUEM
Microsoft Visual Studio PRO. Cpena Microsoft Visual Studio PRO o6magaer psaom
IPEUMYIIECTB. BO3MOXKHOCTb OIICHKH OBICTPOACUCTBUA MPOTPAMMBI, YAOOCTBO
KOMIIWISIIIAA ¥ HCIIOJIHCHUS TIPOTPAaMMBI, a TaKXKE€ B OTCIC)KHBAHWH OIIUOOK M WX
UCTpaBlieHUH. JIOTOJIHUTEIBHO, MOXHO KOHTPOJMPOBATH TOTPEOISIEMYIO IMaMSTh
KommbroTepoM. OHaKo, peanu3aiys npoekTa B cpene Microsoft Visual Studio PRO
tpebyet yctanoBku OC Microsoft Windows, uro yBenuuuBaer 3arpatbl Ha 30 ThIC.
pyo.

3) OO0paboTka JaHHBIX MOXET OBITH peai30BaHa C MOMOIIbI0 padoueit
cpenbl C++ CLion. [lanHas cpeia mpeaocTaBisieT IPEUMYIIeCTBa, CXO0KUE C TEMH,
yro mnpenoctaiser Microsoft Visual Studio PRO, a Ttakke kadecTBeHHYIO
TEXHUUYECKYI0 TMOJAECPKKY U CBOOOJHOE pacHpOCTpaHEHUWE CO3JAHHBIX B HeE
npoaykToB. OHAKO CTOMMOCTB JIMIIEH3UHU Ha Tofa coctaBisgeT — 44405 pyoneil.

NurterpansHbiii GUHAHCOBBIN TTOKa3aTEIb Pa3padOTKU ONPEACIISIETCS KaK:

jucni — _pi

buH

)
cDmax

rae I, — WHTETpanbHbIA (UHAHCOBEIH MOKa3aTenb pa3padboTku; P,; — CTOMMOCTS

I-ro BapuanTa ucrnosHeHust; ®,,,, — MaKCMMaabHass CTOMMOCTb UCIIOJHEHHUS MTPOEKTa
(B T.4. aHAJIOTH).
[TonyuenHass  BeJIMYMHA  MHTErPaJIbHOrO  (PMHAHCOBOTO  TOKa3aTess

pa3paboOTKKU OTpaXkaeT COOTBETCTBYIOIEE YHCICHHOE YBEJIMYCHUE OOJpKeTa 3arpar
71



pa3paboTK B paszax (3Ha4ueHHWE OOJbIIE EAWHHIIBI), OO0 COOTBETCTBYIOIICE
YUCJICHHOE YCIICBICHHE CTOMMOCTH pa3pabOoTKu B paszax (3HAYCHHE MEHBIIE
SIUHUIIBI, HO OOJIBIIIEC HYJIA).

JIist TpeX BapHMAHTOB HWCIIOJHEHUS HAYYHO-HCCIICIOBATEIHCKOTO TPOEKTA

SHAYCHUA UHTCTPAJIBHOI'O q)HHaHCOBOI“O IMOKa3aTeisl COCTaBUIIN.

®,, 2374757

Ich.l — — = 0,76;
Wi T, 311880,7
@ 237475,7

et = P = = 0,89;
Dpax 2674757
@ 311880,7

ot = P2 = = 1,00.

e 311880,7
WHTerpanbHbIil moKa3atenab pecypcoddPeKTUBHOCTH BapUAHTOB MCIIOTHEHUS

00BbEKTa UCCIIEIOBAHUSI OTIPEIECSAETCS CICAYIOMMUM 00pa3oM:

n

L = zai * by,

i=1
rae I,; — MHTErpanbHbIi MoKa3aTenb pecypcodd@PeKTMBHOCTH Ui i-ro BapHMaHTa
UCTIOTHEHUST Pa3pabOTKH; a; — BECOBOM K03(dHIIMEHT I-r0 BapuaHTa HCIOJHCHHUS
pa3paboTku; b;— OanbHAas OICHKA I-TO BapuaHTa WCIOJIHEHUS pPa3pabOTKH,
yCTaHABIMBAETCS IKCIIEPTHBIM ITyTEM 10 BRIOPAHHOM IIIKaJIe OLIEHUBAHUS.
B Tabmune 21 conepkarcs OalibHbIE OIEHKH U BECOBBIE KOIPDUIIMEHTHI, a

TAKKC paCCUUNTAHHBIC KOHCYHBIC HHTCTPAJIbHBIC IIOKA3aTCIIN.

Tabnuna 21 — CpaBHUTENTbHAS XapAKTEPUCTUK BAPUAHTOB MCTIOTHEHUS MTPOCKTA

Kpurepun BecoBoii Hcn.1 Hcn.2 Hcn.3

k03¢ Ppu-ument

1. KoHtpons kauecTBa Koja 0.15 3 5 5

2. IIpocroTa ncnosb30BaHus 0.15 2 4 5
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[Tponomkenne Tabmuipt 21

3. BO3MOXXHOCTbh MHTETPAIHU C

I1O st peKOHCPYKIIUH 0.4 5 2 2
(Corryvreckan)
4. IToTpebiieHne pecypcoB
P peeyp 0.15 4 3 5
KOMITbIOTEpa
5. JIoCTymTHOCTh CIIPaBOYHOM
Hloctyn P 0.15 5 2 4
JIOKYMEHTAIU!
Hroro: 1 41 2,9 3,65

WNuTterpanbHblil moka3atenb 3()QPEKTUBHOCTH OMNPEEISeTCS Ha OCHOBAaHUU

HHTCTPAJIBHOI'O IIOKAa3aTCJIA pecprOB(i)(l)eKTI/IBHOCTI/I U MHTCTPAJIBHOI'O (bHHaHCOBOFO

MMOoKa3aTcJIs B COOTBCTCTBUHU CO CIICAYIOIIMUM BBIPAKCHHUCM:

P
ueni = jucn.1
MH
CpaBHEHHME  MHTErpajbHOrO  MOKa3aTels

3 pekTuBHOCTH

BAPUAHTOB

WCIIOJIHEHUSI Pa3paOO0TKH TO3BOJIMET OMNPEACIUTh CPAaBHUTEIBHYIO 3()PEKTUBHOCTD

WCIIOJTHEHHUSI HCCJIEIOBATENIbCKOM paboThl M BBIOpaTh Haubojee ONTUMAabHbBIN

BAPUAHT.

MIPUBEICHBI B TabuIe 22.

Pe3ynpTaThl oOLIEHKM mokKa3aTens S()QPEKTUBHOCTH M UX CPaBHEHHUE

Tabnuna 22 — CBoaHas Tabnuiia moka3aTesel OleHKH pecypcodpPexTuBHOCTH

Ne
IToxa3arenn Hcen.1 Hcn.2 Hcn.3
n/n
1 NuTterpanbHblil prHAHCOBBIN MOKa3aTeNb pa3paboTKu 0,76 0,89 1
2 WHTerpanbHblil oka3zaTenb pecypcodPPeKTHBHOCTH 41 2.9 3,65
pa3paboTKu
3 WuTerpanbHbIil mokazaTens 3P HEeKTUBHOCTH 5,4 3,26 3,65
4 CpaBuurenbHas 3pPeKTUBHOCT BapUAHTOB 1 0.6 0.68

HUCITOJTHCHUA
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CrnenoBaTenbHO, TEKYIIHI BapUaHT MCIIOJHEHUS HAYYHO-UCCIIEI0BATENbCKOTO
npoekta Haubosiee pecypcodPPEKTUBHBIM MO CPaBHEHHIO C aHAJIOTaMHU 3a CUET
OTCYTCTBUS JIOMOJIHUTENBHBIX pACXOJI0B, CBA3aHHBIX ¢ mnpuobperenuem 110 u
JMIIEH3UH Ha €ro HCMoib3oBaHue. Takke BO3MOKHOCTh HHTerpanuu cpeacts ROOT
B 1O Corryvreckan sBisercsi 3HAYUTEIBHBIM IPEUMYIIECCTBOM B CPAaBHEHUH C

OCTaJIbHBIMH BapHWaHTAMMU.

74



