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SaIIJIaHI/IpOBaHHbIe Pe3yJIbTAThI oﬁyquml

Kon
pesyib-Tara

PesynbraT 00yueHus
(KOMIEeTeHLINY BBITYCKHHKA)

Tpeb6oBanus ®I'OC,
KpUTEPHEB U/WIN
3aMHTEPECOBAHHBIX CTOPOH

Obwexynomypusie (YHUBEpCabHble) KOMNemenyuu

Pl CrnocobeH caMOoCTOATeNbHO IpuoOpeTaTh HOBbIe 3HaHUsA, | Tpebosanus ®I'OC (OK-1, OK-
WCIIONIb30BaTh ~ COBpeMeHHble  oOpaszoBarenbHble U | 2, OK-7, OK-8, OK-11, OK-19)
nH(OPMALMOHHBIE TEXHOJOTHH, COBEpIIEHCTBOBAaTH H | [2],
pa3BUBaTh cBOH npodeccuoHaTbHBIH ypoBens, | Kpurepuit 5 AOP (u. 1.1, 2.6),
MOJAeP>KUBATh 310POBBI 00pa3 XKU3HU COTJIACOBAHHBIN ¢ TpeOOBAHUAMU

MEXJIyHapOAHBIX  CTaHAapTOB
EUR-ACE u FEANI

P2 CnocobeH k moucky, obpaborke u uHTepnperauuu ¢ | Tpebosanus ®I'OC (OK-3, OK-
HCIIOJIb30BaHUEM COBPEMEHHBIX uHpopmanuonusix | 4, OK 8, OK-14, OK-15, IIK-10,
TEXHOJIOTUI JaHHBIX, HeOOXoauMbIX Ans ¢opmupoBanus | [IK-12, [IK-13,),

Cy>KIEHUI M0 COOTBETCTBYIOIIUM COLMANbHEIM, HayuHbIM | Kpurtepuit 5 AUOP (mm. 2.1, 2.2,

U 3THYECKMM IpobieMaM Kak B KOJUIEKTUBE, Tak u | 2.3), COIJIaCOBaHHBIN c

UHAMBUIYANbHO (Ha POJHOM U HHOCTPAHHOM SI3BIKE) TpeOOBAHUSAMHI MEXTYHAPOIHBIX
craugaptoB EUR-ACE u FEANI

P3 CnocobeH  kpuTHueckd  mepeocMelcnuBare  cBoit | Tpebosanus ®I'OC (OK-5, OK-
HaKOIUIEHHBII colManbHBIA U mpodeccuoHanbHblil onbIT, | 6, OK-7, OK-9, OK-10, IIK-5,
U3MEHSATh Ipu  HeoOxoxumoctu  mpodmis  cBoelt | [TK-18), Kpurepuit 5 AHNOP
npodeccruoHaNbHOM ASITENPHOCTH, CIeI0BaTh dTHUeCKUM | (mm. 2.4, 2.5), coriacoBaHHBIN ¢
U TIPaBOBBIM HOpPMaM U HECTH OTBETCTBEHHOCTb 3a | TpeOOBaHMAMHU MEXIyHApOIHBIX
HOCJIEJCTBUS CBOCH MHXXEHEPHOU JESTEIbHOCTH crangaptoB EUR-ACE u FEANI

Ilpogpeccuonanvrvie Komnemenyuu

P4 Crnioco6eH Kk OBIaIeHUIO U MpUMeHeHUIo 0a30BbIX 3HaHUll | Tpebosanus ®I'OC
B 00JIacTH €CTeCTBEHHBIX Hayk u Marematuku g | (OK-1, OK-9, OK-10, OK-11,
pemienus TnpodeccHOHaNbHBIX 3amad, K ycBoenuto | [IK-1, ITK-2, IIK-10), Kputepuii
OCHOBHBIX Iejgarorudeckux mojeneil, gopm u mnpuemon | 5 AWOP (m. 1.1), cornmacoBaHHBIH
Mearoruyeckoro BO3EHCTBUSL Ha JUYHOCTB; | C TpeOoBaHUSIMHU
3aKOHOMEPHOCTEH MeJaroruaeckoro MacTepcTBa MEXTyHapOIHBIX CTaHAAPTOB

EUR-ACE u FEANI

P5 Crnoco6eH NpUMEHUTH B IPOEKTaxX 10 TeMaTuke, 3afanHoi | Tpebosanus ®I'OC (OK-12, ITK-
3aMHTEPECOBAaHHBIMU opranmzanusmy, | 3, IIK-4, IIK-6, IIK-14) |
JKCIIEPUMEHTAIIbHBIE METO/IbI uccnenoBanus | Kpurepuit 5 AUOP (n. 1.1, 1.4,
KOHJICHCHPOBAaHHOT'O  COCTOSIHMSL ~ BelIecTBa, MeTonbl | 2.2, 2.6), COIJIaCOBaHHBIA C
aHaJln3a TOBEPXHOCTH TBEP/BIX TENI U TOHKUX IUIEHOK TpeOOBAHUSAMHI MEXYHAPOIHBIX

craugaptoB EUR-ACE u FEAN
/

P6 Crnioco6eH NpUMEHUTh B IPOEKTax M0 TeMaTuke, 3ajanHoil | Tpebosanus ®I'OC
3aMHTEpECOBAaHHBIMU  OpraHM3anusmMu, cospemennywoo | (OK-10, OK-11, IIK-1, IIK-2),
NEeKTPOHUKY B 3NeKTpopusndeckux u miaasMeHHeIX | Kputepuit 5 AHWOP (m. 1.1),
YCTaHOBKAX, a TaKXkKe y4ecTh B3aUMOACHCTBUE U3Iy4EHHUS | COTIACOBAHHBIM C TpeOOBaHUSAMHU
U IUIa3MBl C BEIIECTBOM, COBPEMEHHBIE JOCTMXKEHUS | MEXIyHapOIHBIX CTaHAAPTOB
BOJOPOJHON YHEPreTUKHU U IIA3MEHHBIX TEXHOJIOTHH EUR-ACE u FEANI

P7 Crnoco6eH NpUMEHUTH B IPOEKTaxX M0 TeMaTuke, 3aganHoi | Tpebosanus ®I'OC (OK-12, IIK-
3aMHTEPECOBAHHBIMU OpraHu3anusMy, 6azoseie | 3, IIK-4, TIIK-6, TIIK-14) |,
€CTeCTBEHHOHay4YHble M MaTeMaTuueckue 3HaHus npu | Kpurepuit 5 AUOP (m. 1.1, 1.4,
IOJIy4E€HUHU U UCCIEA0BAHUN HAHOMATEPHAIIOB 2.2, 2.6), coOIJacOBaHHBIH C

TpeOOBAHUSAMHI MEXTYHAPOIHBIX
craugaptoB EUR-ACE u FEAN
/

P8 Crioco0OeH MOHUMATh CYIHOCTb U 3HaueHue uHpopmanuu | Tpebosanus GI'OC

B Pa3BUTHH COBPEMEHHOI'0 HH(MOPMAIMOHHOTO 00OIIEeCTBa,
K NPUMEHEHHIO Ha NPAKTUKE IIOJIyYeHHBIX 3HAHUH IMpH
00paboTKe, aHAIN3e M CHHTE3€ MOJMYYEHHBIX (U3HMYECKUX
JITAaHHBIX B COOTBETCTBUH ¢ MpoduieM npodheccnoHalbHOI
JIeSITEIEHOCTH

(OK-12, OK-16, OK-21. IIK-1,
IIK-2, , IIK-5, IIK-6, IIK-7),
Kpurepuit 5 AHOP (m. 1.1),
COTJIACOBAHHBIN ¢ TpeOOBaHUAMU
MEXTyHapOIHBIX CTaHAAPTOB
EUR-ACE u FEANI




P9

CnocobeH MOHMMAaTh U UCIONb30BaTh Ha MPaKTHKE
TEOPEeTHYECKHE OCHOBBI IIJIAHUPOBAaHHS M OpPraHU3aLUH
(bU3MYECKUX UCCIEIOBAaHNM, PEACTABIATh PE3yIbTaThl U
NPUMEHATh Ha NPaKTUKE METOJbI yIpaBlieHHs B cdepe
HIPUPOJIOTIOIB30BAHHMS

Tpe6oBanus ®I'OC (OK-12, ITK-
3, IIK-4, TIK-6, I1K-7, TIK-8§, TTK-
9, IIK-14) , Kputepuit 5 ANOP
(m 1.1, 14, 22, 2.6),
COTJIACOBAHHBIN ¢ TpeOOBAHUAMU
MEXJIyHapOAHBIX  CTaHAapTOB
EUR-ACE u FEANI

P10

Crocober (opMupoBaTh CyXKICHHS O 3HAYCHUH U
MOCIJIEACTBUAX CBOEH MpodeccHoHanbHON AesSTeIBHOCTH C
yU4e€TOM  COLMANBHBIX, IPaBOBBIX, JTHYECKUX U
IPUPOJOOXPAHHBIX  ACIEKTOB, IpPHU HEOOXOAUMOCTH
IPUMEHHUTb PECYpPCO- U IHEprocOeperamue TeXHOJIOTHH

TpeboBanus ®I'OC

(OK-10, OK-11, IIK-1, IIK-2,
1IK-7, [1K-9),

Kpurepuit 5 AWOP (m. 1.1),
COTJIaCOBAHHBIN ¢ TpeOOBaHUAMU
MEXTyHapOIHBIX CTaHAAPTOB
EUR-ACE u FEANI




MunucrepcTBo o0pazoBanusi U Hayku Poccuiickoii @enepannu
(benepaapbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE
BBICIIIETO 00pa30BaHuUs
«HAIIMOHAJIBHBIA UCCJEJOBATEJBCKHAN
TOMCKUN NOJUTEXHUYECKUN YHUBEPCUTET»

®u3uko-TeXHUYECKUI HHCTUTYT
Hanpasnenue noaroroku - Gusuka
Kadenpa O6mieit pusuku

YTBEPXIAIO:
3aB. kadenpoii

(ITopmuce)  (Hata) (®.1.0.)

3AJJAHUE
HA BBINOJIHEHHE BBINYCKHOM KBAIN(pUKaANNOHHON PadoThl

B dopwme:

‘ BbakanaBpckoii paboTbl

(baxanaBpcKoi pabOTHI, TUIIIOMHOTO MPOEKTa/paboThl, MaruCTEPCKON TUCCEPTALMN)

Crygenry:

'pynnsi DPUO

0Bb31 3aBa3ueBoil [lapune TumypoBHe

Tema paGoTHI:

IJIOTHBIX IMTOTOKOB PCHTICHOBCKOTO U3JIYUCHUA

HerpananuroHHbie U3MEHEHHUs B ['a30BbIX DJIEKTPOHHBIX Y MHOXKHTEIIAX MO/ BO3ICHCTBUEM

VYTBepkaeHa IpUKa3oM AUpEKTopa (1ara, HOMEp) ‘

Cpok cliauM CTyAEHTOM BBIIIOJIHEHHOM paOOTHI: ‘

TEXHUYECKOE 3AJIAHHUE:

Hcxonnbie naHHble K padoTe PaccMmoTpeTs XapakTEpUCTHMKH IPOTOTHIIA JIETEKTOpa Ha
OCHOBE I'a30BBIX ONEKTPOHHBIX YMHOXUTENEH,
MIOABEPKCHHBIX  BO3ACHCTBUIO  IUIOTHBIX  IIOTOKOB
PEHTI€HOBCKOI'O B Fa30BOM CpeJlle HHEPTHOIO ra3a B CMECH C
ra3oM-«TacUTEIEM»

Ilepeyenn moaJeskamux - O630p IUTEpaTYpPHBIX HICTOUHUKOB,;

HCCJIEI0BAHMIO, - COopka TpexkKackaJHOTO MPOTOTHMA  JETEKTOpa

NPOEKTHPOBAHUIO M Pa3padoTKe | 3apsHKEHHBIX YACTHIl Ha ocHOBe [ DY
mporpaMMHOE  OOecreueHue, [Uisi  MPOBEICHUs

XapaKTEPUCTHK JETEKTOPA;

BOIIPOCOB - HOIIFOTOBKa CHUCTCMBEI, BKJIO4Yasa armapaTHoC

MMpOAOJIKUTCIILHbBIX, CUCTCMATHYCCKHUX HU3MCp CHHfI,

- COOp aHHBIX [0 U3MEPEHUSIM XapaKTEPUCTUK JETEKTOPA;
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- AHaJIM3 NOJYYCHHBIX JIaHHBIX;

- Omnenka 3¢ ¢deKTUBHOCTH (UHAHCOBOTO MEHEIKMCHTA,
pecypcodhPeKTUBHOCTH U pecypcocOepeKeHus;

- O1eHKa COIMaIbHOW OTBETCTBEHHOCTH;

- 3axIroueHue 1o MpoeTIaHHoM padorTe.

KoHcynbTaHTBI 0 pa3iesnaM BbITYCKHON KBATH(UKALMOHHOH padoThI:

Paznen Koncynabtant
ConuanbHasi OTBETCTBEHHOCTb ®enopuyk FOpuit Murpodanosuy, npopeccop 5K MHK
dunaHCOBBIN MEHEKMEHT, | MenbpiinkoBa Exarepuna BanentuHoBHa, nouent MEH
pecypcodhhekTHBHOCTH u| UCI'T
pecypcocOepexeHue
WNHOCTpaHHBIN SA3bIK Kab6peimeBa Oxcana IlaBnoBHa, cTapmmii mpernojaBaTellb
na ot

HasBanus pa3ae0B, KOTOPbI€ T0JKHBI ObITh HANIKMCAHBI HA HHOCTPAHHOM fI3bIKE:

I'naBa 1. Beenenne

I'nmaBa 2. 3mepenus no crapenuto ['DY nop Bo3nelcTBUEM PEHTIEHOBCKOIO U3ITyUEHUs

I'nmaBa 3. Pe3ynbTarsl usmepenuii no crapenuto ['0Y

I'naBa 4. 3axinrouenue

JaTa BbI1a4M 32JaHUA HA BBINOJTHEHHE BBIITYCKHOM
KBATH(UKAIIMOHHOM padoTHI 10 JTHHEHHOMY rpaduky

3agaHue Bb11aJ PYKOBOAUTEb:

Jl0NKHOCTD ®no Yuenad crencit, Moanucy Jlata
3BaHHE
PhD,
Hayunslii coTpyiHUK TuroB Makcum IIOYETHBIN
CEA Saclay [TerpoBuu npodeccop
TITY
3agaHue NPUHAJ K HCIIOJHEHHIO CTYJICHT:
I'pynnbi ono Moanucy Jara
0Bb31 3aBa3uesa Jlapuna TumypoBHa




3AJAHUE JJISA PA3JIEJIA
«®UHAHCOBBI MEHEJKMEHT, PECYPCOR®®EKTUBHOCTH U

PECYPCOCBEPEXXEHUE»
CrygneHry:
'pynnsi DPUO
0Bb31 3aBa3ueBoil lapune TumypoBHe
Hucrutyr dusuko-TexHudeckuit | Kaderpa O6mieit pusuku

YposeHb 00pa3oBanus

bakanasp

Hanpasiienne/cnenquajbHOCTh

03.03.02 ®dusuka

pecypcocOepeskeHue»:

Hcxonnbie 1aHHbIe K pasaeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(PpekTHBHOCTL U

1. Cmoumocmy pecypcos Hayunozo ucciedoganus (HH):
MamepuanbHO-mexHu4ecKux, sHepeemuieckux, PuHaHcossix,
UHPOPMAYUOHHBIX U YeT08EYECKUX

Amopmusayuonnvie omuucnenus — 34407 pyo6.,
3ampamsl HA HAYYHLIE U NPOU3BOOCHIBEHHbBIE
Komanouposxu — 64388 pyb., konmpacenmckue
pacxodsl — 1700 pyb.

2. Hopmbl u Hopmamugsl pacxo0o8anus pecypcos

Hopmet  amopmusayuu — om 10 oo 33%,
3ampamel HA HAY4HbIE U NPOU3BOOCHIGEHHbIE
KOMAaHOUposKu c yuemom mapugos
MPAHCROPMHBIX  KOMNAHUU, KOHMPA2EHMCKUE
pacxoosl 8 COOMEEMCMeUU ¢ NPAUCOM MUNOBbIX
yeaye TPLHKTT

IMepeyeHs BONPoOCOB, MOIJIEKANINX HCCJIET0BAHIIO, TPOEKTHPOBAHUIO U Pa3padoTKe:

1. Oyenxa KomMmepueck020 nNOmMeHyuand, nepcneKmusHOCmu u
anvmepuamug nposedenus HU ¢ nosuyuu
pecypcoapexmusnocmu u pecypcocbepedicenus

Ilomenyuanvnuvie nompebumenu pe3yabmamos
uccneoosanus Beinonnenue SWOT u FAST-
ananu3a npoexma.

uccneoosanuil

2. IInanuposanue u gpopmupogarnue 610024cema HayUHbIX

Cocmagnenue KaneHOApHO20 NIAHA NPOEKmA.
Onpeoenenue b6100a0cema HTH

3. Ompeodenenue pecypcHoil (pecypcocbepezaiouyei),
@unancosoil, 61001cemuoll, COYUAnbLHOU U IKOHOMUUECKOU
apexmusnocmu ucciedosanus

IIposedenue oyenxu pecypcHou u QuHancosoi
agpghexmugnocmu uccredosanusl.

Hepeqeﬂb rpa(l)nquKoro MAaTEePHUAJIA (c mounvim ykazanuem oba3amenvHbix yepmedicerl)’

Mampuya SWOT

AN

1. @yHKL{MOHCUZbHO—CWLOMMO(,‘mHa}Z 3asucumocnio

I'papuk nposedenus u 6r0dxcem HU
Oyenxa pecypcHotl, punancogoil u sxonomudeckou d¢pgexmusnocmu HU

‘ JaTa BbI1a4M 3aaHUA JJIA pa3/aenia no JHHeHHOMY rpaguky

33[{3HI/I€ BbIJ1AJI KOHCYJbTAHT:

Jlo/ZKHOCTH DPUO Y4eHasi cTeneHb, Hoanucey Jara
3BaHUE
JlonieHT MeHbIKoBa Kanaugar
Exarepuna dumnocopckux
BasieHTHOBHA HayK
3aaHue NPUHSJ K NCIIOJTHEHHUIO CTY/IeHT:
I'pynna ono Moanuce Jarta

0Bb31

3aBa3ueBa Jlapuna TumypoBHa




3AJAHUE JJISA PA3JIEJIA
«COUAJTBHASA OTBETCTBEHHOCTDb»

Crygnenry:
'pynnsi DPUO
0B31 3aBazueBoil Jlapune TuMypoBHe
Unernryt dusuko-Texuudeckuii | Kadepa O6meit pusukn

YposeHb 00pa3oBanus

bakanasp

HanpaspJiienne/cnenquajbHOCTh

03.03.02 ®dusuka

Hcxoanble JaHHBIE K pasaeay «COIII/Ia.]'[LHaH OTBETCTBCHHOCTDb»:

1. Onucanue pabouezo mecma (paboyeii 301bi,

MexHONI02UYeCK020 npoyeccd, MexaHuiecko2o obopy0osaniis)

Ha npec)Mem 603HUKHOBEHUAL.

BPEOHBIX NPOABNEHUN PAKMOPO8 NPOU3BOOCHBEHHOU CPEeObl

(Memeoy(:ﬂoeuﬂ, Gpe()Hble eewyecmea, oceeujerHue, utymol,

6u6pauuu, IJIEKMPOMACHUMHbLE NOJIsl, UOHU3Upyrowjue

u3nyUeHUs)

Upe3BLIYALIHBIX CUMYAYUL (MEXHO2EHHO20, CIMUXUUHO2O,

IKOJ102U4YeCKo2co U coyuailbHo2co xapakmepa)

ITpu BEIIOTHEHUH PAOOT IO aHANIN3Y JAHHBIX AT

BBISIBIICHUS JlerpalalluOHHbIX W3MEHEHUN

XapaKTEepUCTUK I'a30BBIX 3JIEKTPOHHBIX
YMHOXHUTEJNE Ha HCIOJHUTENEH BO3MOXKHBI
BpeIHbIE TPOSBICHUS CIAEAYIONINX (PaKTOPOB:

- OcBelleHue;

- Hlym;

- Mukpoxknumar;

- [lcuxoduznyeckne GakTopsl

Bo3Mmoskno Bo3uukHoBenre YC TeXHOTeHHOro 1
9KOJIOTUUECKOT0 XapaKTepa

2. 3uaxomcmeo u omoop 3aK0OH0OAMENbHBIX U HOPMAMUBHBIX

O0OKYMEHmMO8 no meme

ITo naHHOI TeMe paccMaTPUBAIOTCS CIEAYIOLUE
JIOKYMEHTBI:

- uHcTpykius Ne 2-08 mo oxpane Tpyaa
pu pabote ¢ [I9BM u BAT;

- CanlluH 2.2.2/2.4.1340-03.
I'uruennyeckue TpeGOBaHUS K
MePCOHATBHBIM IEKTPOHHO-
BBIUUCIIUTENFHBIM MAllTHHAM U
opraHu3zaius paboTsl;

- TOCT P 50948-01. Cpenctea
oToOpakeHus HHPOpMaLUU
UHAMBUIYAIbHOTO MOJIb30BAHHUS.
O61ue sproHoMuyeckre TpeOOBaHUs U
TpeboBaHUs OE30MaCHOCTH;

- TOCT P 50949-01. CpenctBa
oToOpakeHus HHPOpMALUU
UHAMBUIYaIbHOTO MOJIb30BaHHUS.
MeTonbl U3MEPEHUN U OLEHKU
PrOHOMUYECKHX ITapaMeTpoB U
mapaMeTpoB 0e30MacHOCTH;

- T'OCT P 50923-96. Pabouee MecTo
onepartopa. OOuIre SproHOMHUYECKHE
TpeOoBaHUs U TPeOOBAHUS K
IIPOU3BOJCTBEHHOU cpene. Meroabl
U3MEepEeHusl.

- T'OCT 30494-96 3nanus xKuibie u
00I1eCTBEHHbIE TOMEIIECHNUSI.
ITapameTpbl MUKPOKIMMATA B
MIOMEIICHUY;




- T'OCT 12.1.005 O6utue caHUTapHO-
TUTHEHUYeCKHe TPeOOBaHUS K BO3IYXY
paboueii 30HBI;

- CanlluH 2.2.4.548-96 I'uruennueckue
TpeOOBaHUS K MUKPOKIUMATY
MPOU3BOICTBECHHBIX ITOMEIIEHHH

IMepeyeHs BONPOCOB, MOJIEKANINX HCCJIET0BAHNIO, TPOEKTHPOBAHUIO U Pa3padoTKe:

1. Ananus @via61eHHbIX 8PEOHBIX PAKMOPOE NPOEKMUPYEMOl

npouU3B00CMBEEHHOU Cpedbl 8 credyruyel

NnOCIe008AMENbHOCIUL:

QusuKo-XUMUYECKAs NPUPOOa BPEeOHOCU, €€ C6513b C
paspabamvléaemoll memou;

Oeticmeue (hakmopa Ha OPeaHU3M 4eNo8eKd;
npugeodeniie OONYCMUMbIX HOPM C HE0DOX0OUMOL
PA3MEPHOCIBIO (CO CCHLIKOU HA COOMBEMCINEYIOUWULL
HOPMAMUBHO-MEXHUYECKUL OOKYMEHM);
npeonazaemvle cpeOCmaa 3auumol

(CHayana KoaneKmMuGHOU 3auumol, 3amem —
UHOUBUOYATIbHBLE 3AUUMHbIE CPEOCMBa)

1. Xapakrepuctuka (hakTOpoB H3ydaeMon
paboueil  cpeipl, ONHCHIBAIOIIUX  IPOILECC
B3aMMOJICHCTBUS UEJOBEKa C OKpy Karouen
IIPOU3BOJCTBEHHOU CPEeNoi:

— BoszgeicTBue  MHUKPOKIMMAaTHYECKHX
YCIIOBUI Ha OPraHU3M YEJIOBEKA;

— BoszaeicTBue 31€KTpOMarHUTHOIO IOJIS
Ha OPraHM3M YEJI0BEKa,

— Ilcuxodusudeckre GaxTopsl

2. Ananu3 6vis61eHHbIX ONACHBIX PAKMOPOS NPOEKMUPYEMOU

npoussedEnHoOU cpedvl 8 credyioujeli Nocie008amenrbHOCm

MexaHuyecKue onacHocmu (UCMOYHUKY, CPeoCcmead
3auumoi;

mepmuyecKue onacHocmu (UCMOYHUKU, CPeOCmea
3auumal),;

91eKmpo6e30nacHocms (6 m.u. cmamuieckoe
2NIeKMPUYECNBO, MOIHUE3AUWUMA — UCHOYHUKY, CPEOCTNEA
3auumal),;

noAHCaApo83pbi806e30nacHocmy (RPUUUHbL,
npogunaxmuieckue Meponpusmus, nepeuyHsle cpedcmsd
nocapomyuieHus)

2. AHanu3 omacHbIX (PaKTOPOB HMPOEKTHPYEMOU
IIPOU3BOJCTBEHHOU CPEbI:

—  2JeKTpo0e30nacHOCTh
(HemoCpeICTBEHHOE ~ MUTAHUE  AIMMAPaTyphI;
cpencTBa 3aIUTHI, MPeyCMOTPCHHBIC
KOHCTpYKLIMEH,  coOmoJeHne  MOpaBuil U

HHCTPYKIMUA 1O 3JIEKTPOOE30MacCHOCTH MPH
pabore);

—  moxkapHas 0e30macHOCTh (COOMIoeHHe
mpaBUaI 0€30MaCHOCTH M HPOQHIAKTHUECKUE
HMHCTPYKTHPYIOIME MEPOIPHUSATHS ).

3. Oxpana oxpyacarowell cpeovl.

3auuma cenumeoHoU 30Hbl

aumanus eosoeticmsus oovexma Ha ammocepy (6v16pocei);
aunanus eozoeticmsus 00vexma Ha cuopocgepy (copocot);
ananuz gosoelicmaust 06vekma Ha aumocgepy (0mxoowl);
paspabomamu pewienus no 06ecneyeHuIo SK0N02ULeCKol
be3onacnocmu co ccoinkamu na HT/{ no oxpane
oKpyarcaioueli cpeowl.

3. ®aktopel pabouero Mecra, BIUAIOIIME Ha
OKPYXKAIOUIYIO Cpeay:
—  VTuim3anus JIOMHUHECIEHTHBIX JIaMIT;
— IlepepaboTka GBITOBOTO MycOpa.

4. 3awuma 6 upe38biualiHbIX CUMYAYUAX!

nepeuenv osmodcnvix YC na ob6vexme;

6b100p Haubonee munuunol 4YC;

Paspabomia npegeHmueHuIX Mep no NPeOYNPEHCOeHUIO
4qc;

pazpabomia mep no NOGbLIUEHUIO YCIMOUYUB0CMU 00bEKmMA
K dannou 4YC;

paspabomxa Oeticmsuti 8 pezyromame go3nuxuei 4C u
Mep no auxeudayuu eé nocieocmautl

4. 3amuTa B Upe3BBIYAHBIX CUTYAIHIX!

—  pa3paboTka JAEHCTBHII B pe3yJsbTaTe
BosHukime YC u Mep MO IUKBUAANMU €&
MIOCTIEICTBHH.

5. Hpa@oeble U opeanu3ayuUoOHHble 60NpPOCHI obecneuenus

bezonacnocmu:

cneyuanvHvle (XapakmepHule 08 npoexmupyemou paboueti
30HbL) NPABOGLIE HOPMBL MPYO0BO20 3AKOHOOAMENLCMEA,

S. IIpaBoBbIE BOIIPOCHI obecrnieueHus

0€e30I1acHOCTH
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— Op2aHU3ayUOHHbIE Meponpusimus npu KOMNOHoeKe pa6oqeﬁ
30Hbl
Ilepeyens rpaguyeckoro MmaTepualia:

Ilpu Heobxooumocmu npedcmagums ICKU3HbIE epaguuecKue
mMamepuansl K pAcYEéMHOMY 3a0anuio  (00A3amenvHO  Ons

1.Cxema pacnonoxxeHus pabounx MecT;
2. IInaH pa3MelieHNs CBeTHIBHIKOB Ha IOTOJIKE

paboyero noMemieHus.

cneyuaiucmos u Mazucmpoe)

\ JlaTa BbI1a4M 321aHU4 U1 pa3/esia no JuHeiiHoMy rpaguky \ 10.03.2017
3anaHue BbIIAJ KOHCYJIbTAHT:
JI0JIKHOCTH ouo qun::a:‘eenem,, Toanuch Hara
®enopuyk FOpuii
IIpodecco .T.H.
pod p MutpodanoBuu !
3aaHue NPUHSAJ K NCTIOJJHEHUIO CTY/IEHT:
I'pynnbl ouo Hoanuch Jara
0B31 3aBa3uena Jlapuna TumypoBHa




PEDEPAT

Brimycknas kBanuduxanuonnas padora: 80 crpanun, 27 pucyHkosn, 20
Tabnul, 35 UCTOYHUKOB, 4 PUITOKEHUS.

KnroueBnie cioBa: ['a30BbId DJIEKTPOHHBIM YMHOXUTENb, [ DY, nomuumu,
Gaseous Electron multiplier, GEM, Kapton etching, GEM ageing, crapenune 'Y,
TpaBJIEHUE MOJMUMHU/IA.

OOBEeKTOM uCCNENOBaHUS ABJISIIOTCS IJIEHKHM ['a30BBIX DJIEKTPOHHBIX
YMHOXKUTENEH, KOTOPBIE SBJISISICH MPOMOPLUHOHAIBHBIMHA CYETUNKAMU, IPUMEHSFOTCS
B JICTEKTUPYIOLIUX CUCTEMAX B 0071aCTU (PU3UKHU BHICOKUX SHEPTHIA.

enb pabOTHI — YCTAHOBJIEHUE MEXAHU3MOB CTAPEHHUS IETEKTOPOB Ha OCHOBE
I'DY B x0n€e TpaBieHUs NOJIMUMHIHON TJICHKHU 101 BO3/IEMCTBUEM IUIOTHBIX MIOTOKOB
PEHTTE€HOBCKOTO U3ITyUYEHHUS.

B nporecce WCCIIEIOBAHUS MIPOBOJIUIIACH MPOAOJKUTEIbHBIE
CUCTEMATHYECKHE U3MEPEHUS XapaKTEPUCTUK TPEXKACKATHOIO IPOTOTUNIA JETEKTOPa
Ha oCHOBe ['DY, B 4MCIO KOTOPBIX BXOAT: BEJIMYMHA AHOJHOTO TOKA, MOJIOKEHUE
MHUKa aMIUIMTYJAHOTO PACIpEIeICHUsI CUTHAJIA, JHEPIreTHYECKOE pa3pellieHue u
KO3(pULIMEHT yCUIIeHHUS.

B pesynbrare uccnenoBaHusi ObUTM BBISIBIEHBI OCHOBHBIE 3aKOHOMEPHOCTH
nerpaganuu DY, koTopele HaOMIOAANNCh B 3aBUCUMOCTH OT MapameTpoB
JKCIUTyaTalliu: WHTEHCHUBHOCTEN W3JIy4YE€HUs, Ta30BOM CpeAbl W €€ YHUCTOTHI
(conmepraHusi BJIaru v BO3/LyXa).

Pe3ynbTaThl mpoBeleHHOW pabOThl U MPUBEJACHHAS METOJIUKA H3MEpPEHUI
MOTYT OBITh HCIOJB30BaHbl JIsi TUIAHUPOBAHUS JaJbHEUIIMX HCCIEIOBAHUI IO
cTapeHuIo nerekTupyromux cucteM Ha s3kcnepuMenTax ALICE, COMPASS, CMS nHa
bonbmiom Apnponnom Kosmmaiinepe B EBpomneiickoii OpraHuzanuy 10 SIAEPHBIM
uccienoanusm (CERN), a Takke Ha JpyruxX yCTaHOBKaX, UCIOJB3YIOIIUX JTE€TEKTOPBI

Ha ocHOBe [ DVY.
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Ol'lpeI[eJleHI/Iﬂ, 0603Haqemm, COKpalleHUusd 1 HOPpMAaTUBHBIC CCBIJIIKHA

I'DY —TI'a30BbIli DNEKTPOHHBIN Y MHOKUTEIb
GEM - Gas Electron Multiplier

MPGD — Micro-Pattern Gaseous Detectors
SWPC — Single-Wire Proportional Counter
MWPC — Multi-Wire Proportional Counter
MSGC — Micro-Strip Gas Counter

Kapton — Polyimide material developed by DuPont
Apical - Polyimide material developed by Kaneka
ALICE - A Large Ion Collider Experiment

LHC — Large Hadron Collider

TPC — Time Projection Chamber

SEM — Scanning Electron Microscopy

FIB — Focused Ion Beam
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Chapter 1. Introduction.

This chapter starts with introducing to gaseous detectors and their development.
Then we will focus on the Gas Electron Multiplier considered as a member of the
micro-pattern gaseous detectors family. Its applications and the problems assotiated to

the ageing processes will be also touched.

1.1. Brief history of gaseous detectors

The capability of gaseous avalanche detectors to register single electrons or
photons, 1.e. the smallest amount of charge or light, makes them important in high
energy physics.

History of gaseous detectors starts from the ionization chambers that at the
beginning were able to measure only the current produced by ionizing particles inside
the volume of the detector. The first typical ionization chambers existed at the end of
19" and beginning of 20™ centuries consisted of two electrodes, cathode and anode,
arranged either in the form of parallel plates or coaxial cylinders [1]. The measuring
current was generated when the gas between the electrodes was ionized by radiation.
The potential difference applied between the electrodes ensured that the ionization
current is fully collected and the current reaches a saturated value. But the sensitivity
of this detector was quite low because of the limitation of the electrometer circuit used.

Then avalanche multiplication processes described by John Townsend in the
early 1900s allowed to move from simple ionization chambers to avalanche detectors.
In a strong enough electric field free accelerated electrons can produce secondary
electrons by collisions with gas atoms and molecules. So, the secondary electrons are
in turn also accelerated and collide with gas atoms and molecules releasing even more
electrons. In such a way, an avalanche of electrons can be produced by a single primary
electron and collected on the anode [2].

The first avalanche gaseous detectors consisted of cylindrical cathode and thin
anode wire in the center. A narrow region of strong electric field was created around

the wire and electron avalanches developed in this region of a few wire diameters
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(Rutherford, 1908). But those detectors were not position sensitive. Later some
advanced designs of single-wire proportional counters (SWPC) [3] were capable to
determine where along the wire the primary electron was liberated. The position
resolution reached better than Imm.

The next step was the multi-wire proportional counter (MWPC) invented by
George Charpak in 1967-68 (Nobel Prize in Physics in 1992 for this invention) [4,5].
It is based on the principles of a SWPC. But it has an anode plane made of many parallel
wires with a pitch of 2-3mm located between two metallic cathode electrodes. Later,
the cathodes were also replaced with wires or strips. Operating MWPC in avalanche
mode signals cold be recorded on either anode and cathode allowing to determine the
2D coordinate of the avalanche. Many important discoveries were made with MWPC
because of its capability to determine not only the position of primary electrons, but
also to measure with some statistical accuracy their number, which can give an
information about the velocity and charge of incoming ionization.

X /“\\ Cathodes Equipotentielles
1 ,/"//\ 3

T T
e 7‘//§ S
B =

el

I

Lignes de champ
et équipotentielles

Figure 1. The field lines in MWPC (right) and its schematic view (lefi).

By the development of micro-strip gas counter (MSGC) [6] the wires were
replaced with very narrowly spaced conductor strips. Where the field strength
necessary to produce gas amplification is generated between neighboring strips and not
by the voltage difference between the strips and the detector cathode which can be at a
large distance. Because of this, a much higher position resolution was obtained (about

20 - 40um). The electrode spacing scaled down an order of magnitude in comparison
15



with a MWPC, largely improved the multi-hit capacity. The ions are also neutralized
much quicker by the nearby cathodes, reducing the accumulation of space-charge.
Because of this, also the high-rate capability increased. A schematic view of a MSGC

can be found in Fig.2.

BACK-PLANE

Figure 2. The field lines in MSGC (left) and microphotograph of the strips (right).

From these inventions, the development of micro-pattern gaseous detectors
(MPGD) has been started. Up to now a wide variety of them is introduced. For
example, micro-dot chambers are proportional counters made up of anode dots
surrounded by annular cathodes [7]. Device known as CAT has holes drilled through
a metal-insulator sandwich that concentrate the field lines from a drift to a high-field
region [8]. Widely spread design called Micromegas consists of a very thin metal mesh
stretched at a very small distance, 50 to 100um, above a readout electrode. The very
high field (30 kV/cm) over the gap collects and multiplies the electrons [9]. And finally,
the Gas Electron Multiplier studied within this thesis, is also one type of MPGDs. The

next sections will be devoted to its more detailed description.

1.2. Gaseous Electron Multiplier (GEM)

The Gas Electron Multiplier (GEM) presented by Fabio Sauli in 1997, consists
of insulating polyimide (Kapton, Apical) foil coated with copper on both sides [10].
Usually copper is Sum thin, the thickness of polyimide is around 50um. By the
photolithography technique on the foil large number of the holes is made (around 5000
holes per 1cm?). Each hole has a double conical shape. ‘Standard geometry’ of the

16



holes’ pattern has a pitch /p/ of 140um. Diameters of the holes are usually about 70pum
on copper /D] and 50um on polyimide /d/. A potential difference applied between top
and bottom copper electrodes creates a high electric field inside the holes. In such a
way field lines are squeezed into the holes. Electrons created in the drift region of the

detector are multiplied by the field and follow the lines.

Figure 3. The microphotograph of a GEM plate (left) and field lines
into the holes (right).

A great feature of GEMs id the fact that they can operate in a cascade mode. It
allows to have the more stable system because of operating at lower voltage. Usually
itis a Triple-GEM with a typically 300-500V applied to each plate electrodes. The gain
of such a detector can reach 10 [11].

Avalanches of electrons drift from the last stage towards to read-out anode
which can be metal pad or strip structure. The ions from the gas amplification are pulled
to and collected on the GEM surface. The intrinsic ion back-drift suppression is one of
the main advantages of the GEMs [12, 13].

Another advantage of the GEM amplification is the fast signal: the electron
signal is measured directly on the readout plane, which leads to a better time resolution.

Furthermore, the GEMs require less mounting structures as proportional wires do.

1.3. GEM application
Detection systems based on GEMs are widely used in high energy physics.

Great examples can be found at experiments at The European Organization for Nuclear
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Research (CERN) such as COMPASS or TOTEM [14,15]. Another high-energy
experiment using GEM 1is placed at Brookhaven National Laboratory and named
PHENIX [16].

GEMs are also studying for medical applications [17, 18]. By the great
performance of high rate capability GEMs can be useful in plasma diagnostics [19].
Furthermore, GEM detectors seem to have future in the neutron and neutrino detection
[20, 21].

Among all the mentioned fields the main application of GEMs is laying in Time
Projection Chambers [22]. The features making GEMs attractive for TPCs are the
following:

- great multi-track resolution;

- flexibility in the design and ability to mount large detection volumes;

- suppression of the ion backflow comparing to MWPC;

- high-rate capability.

A lot of hopes are related to the ALICE TPC upgrade with GEMs instead of
wires [23]. Various studies devoted to its characterization are relevant today. And the
fundamental direction of experimental work is related to ageing processes in GEMs
during their operation. The last studies performed by ALICE Experiment Group
released an observation of Kapton etching into the GEM holes during the operation at
relatively high gains [24]. The various tests performed within the framework of this
thesis could be useful in understanding of the mechanisms of degradation due to the

polyimide etching.

1.4. Ageing processes in MPGDs

Ageing processes in gaseous detectors are considering as a degradation of their
characteristics under the exposure to ionizing radiation. It is a complex phenomenon
which depends on various parameters. Among others, ageing depends on the gas

mixture and may be enhanced by the presence of pollutants in the gas. Within this
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section main features associated to the ageing mechanisms in micro-pattern gaseous

detectors will be indicated.

1.4.1. Ageing mechanisms in wire chambers

Since wire chambers have been used in high rate experiments a lot of studies
were dedicated to the problems associated with their long-term exposure to radiation,
limiting their useful time. The “classical aging effects” were defined as a result of
chemical reactions occurring in avalanche plasma near anodes in wire chambers
leading to formation of deposits on electrode surfaces [25]. During gas avalanches
many molecules break up in collisions with electrons, de-excitation of atoms, and UV-
absorption processes. Whereas most ionization processes require electron energies
greater than 10eV, the breaking of covalent bonds and formation of free radicals
requires only 3-4eV, and can lead to a higher concentration of free radicals than that of
ions in gaseous discharges. (Free radicals are unionized atomic or molecular species
with one or more unsatisfied valence bonds). Consequently, free-radical
polymerization is regarded as the dominating mechanism of wire chamber aging. Since
free radicals are chemically very active they will either recombine to form the original
molecules of other volatile species, or may start to form new cross-linked molecular
structures of increasing molecular weight. The ‘classical aging effects’ lead to the
formation of conductive or insulating deposits on the electrode surfaces and manifest
themselves as a decrease of the gas gain due to the modification of the electric field,
excessive currents, sparking and self-sustained discharges. The radiation-induced
degradation in wire chambers is sensitive to the nature and purity of the gas mixture,
different additives and trace contaminants, materials used in contact with the gas,
materials of electrodes and configuration of electric field.

In the case of hydrocarbon molecules used as a gas quencher in detectors
polymer formation occurs in the avalanche plasma from the cloud of ions and radicals
of the gas filling [26]. Hydrocarbon polymerizes in the avalanche plasma due to the

hydrogen deficiency of radicals and their ability to make bonds with hydrocarbon
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molecules, and similarly for all hydrocarbon gases. The ageing rate in Ar/CH4 gases
can be reduced by addition of oxygen-containing molecules, allowing large systems to

operate at low intensity without dramatic loss of performance [27].

1.4.2. Ageing mechanisms in GEM detectors

GEMs detectors are known to operate stably at high gains and high particle
fluxes. And no significant ageing effects in Ar/CO2 were observed in a triple GEM
after irradiating up to 27 mC/mm” [28]. Negligible gain variations were also found in
small area aging tests for three different CF4-based mixtures after 100 mC/mm?2 [29].
However, an evident current drop was observed in the heavily irradiated large scale
(20*24cm ) triple GEM 1n an Ar/CF4/CO2 (45:40:15) after 20 mC/mm2. The decrease
of the electric field intensity inside the holes, resulting in a smaller gain, was traced
both to the CF4 etching of copper and Kapton in proximity of GEM hole edges and
appearance of CuF metal fluorides in these places, and can be avoided by the sufficient
increase in gas flow [30]. Neither loss of gain nor evidence for the formation of deposits
was observed in non-polymerizing Ar/CO2 (70:30) mixture up to 10 mC/mm?® [31];
this accumulated charge is sufficient for large-scale and long-term experiments in
intense radiation fields. Furthermore, in these studies the GEM detector was found to
be less sensitive to ageing, caused by impurities and trace contaminants in Ar/CO?2,
than a single wire proportional counter installed in the same gas line, behind the GEM
detector.

However, any small modification of the GEM holes’ geometry, which can be
caused by Kapton etching [24], organic deposit formation etc. etc., is the main reason
for amplification field changings, i.e. GEM degradation.

Within this work, we will try to define the mechanisms of ageing processes in
Gas Electron Multiplier. We will focus on the operating parameters that can influence

on the degradation changes.
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Chapter 2. Ageing measurements due to the polyimide etching under Cu
X-Ray irradiation

Within this chapter, we will focus on the experimental aspects of performed
ageing measurements. The aim of our tests was to identify how degradation proceeds
and what kind of operating parameters can be “responsible” for ageing effects. We
were motivated to find optimal parameters for GEMs operating. But we have met some
challenges on the reproducibility of ageing effects and interpretation of obtained
results. And within following sections we will try to clarify undertaking actions and

give Reader an understanding of our methods.

2.1. Experimental setup

A “standard” triple-GEM detector with an active area of 10-10cm’ was
assembled. Ageing effect were studied under high fluxes of Cu X-Ray radiation.

The potential difference between each GEM electrodes was applied through
divider with a channel of a CAEN high-voltage power-supply. The anode current was
read on the 2D strip readout plate with two independent Keithley picoammeters. The
reason of using two ammeters was related to the ability of following the global gain
changes using active Fe55 source. By the Keythley “A” and also continuously
acquiring pulse-height spectra from the bottom of the third GEM in the absence of X-

Ray radiation temperature/pressure fluctuations were monitored.

GEM 10x10 active area

‘ = Keithley ‘A’

= Keithley ‘B’

—— ——
Keithley ‘A’ Keithley ‘B

fE2=] mcasooon

18]
t | Pocketmea

Figure 4. Schematic view of operated triple-GEM detector (top view).
21



Collimated in 1mm diameter beam 8keV X-rays from Cu X-ray generator were
used to produce the primary ionization. The detector was mounted vertically on a back-
plate with a distance <lcm to the X-ray generator. The X-ray fluxes were adjustable
by changing the X-ray tube intensity. The X-ray beam could be quickly turned on or
off with an integrated shutter. In additional by the following low rate X-Ray
background on the Keithley “A” we could monitor the stability of the source.

Event-by-event signals were read from the bottom electrode of the third GEM
via capacitive coupling to pre-amplifier and ORTEC Amplifier. At early tests, we used
ORTEC pre-amplifier which was not effective for high rates we achieved. By the
replacing it to A-PIC pre-amplifier with reduced shaping time [32] we observed a great
presence of obtained results that will be shown in following sections. Pulse-height
spectra were continuously acquired with an AMPTEK MCA-8000D Multi-Channel
Analyzer.

Detector was flushed with various gas mixtures at approximately 5 L/h. The
motivation to use different mixtures will be described later.

During performing all the measurements, we used three sets of GEM foils
independently at different periods of time. The first set was used to build an
experimental system for early tests. It allowed us to catch some bugs and find ways to
keep system controlled. The second setup was improved by faster electronics, and
performed measurements became more trustable. For the last setup three brand new

GEM foils provided by ‘Techtra’ were used. Setup was improved by cleansing of gas

Vg

i @ CERN| [[2m_omers o0 e i S e e i OCERN]
Figure 5. The SEM images of the cross sections of the holes on the 3”1 GEM fozl

used within each setup (a — foil used within the first setup, b - foil used within the
second setup, ¢ — brand new foil provided by ‘Techtra’ used within the third

setup).
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system and complemented by Galvanic Fuel Cell Oxygen and Dewpoint Transmitters
in the gas output. Fig.5 shows the holes’ cross sections produced by Focused Ion Beam.

Before moving on to the results of performed measurements it is needed to
specify some characteristics of GEM detectors and explain our motivation to perform

the measurements in the way we did.

2.2. Gas quencher

The chemical structure of the gas mixture is crucial for the performance of a
gas detector. Usually the mixture is made up out of 2 gases with different properties to
permit the best detector operation. In noble gases (argon, neon, krypton, helium)
avalanche multiplication happens at much lower fields than in more complex
molecules. Therefore, noble gases are used for the main component that takes care of
the electron multiplication in the detector. They are called counting gases. But pure
noble gases would make the detector too vulnerable for discharges they can only return
to the ground state through radiative emission and because of this reason quencher
gases are added [33]. These quenchers are usually polyatomic gases, like CO2 which
can dissipate a considerable amount of energy, because they can have radiationless
transitions into their excited vibrational and rotational modes.

As i1t was indicated within Chapter 1 gas quencher can affect the ageing.
Because of that we were interested to compare the degradation effects in different gas
mixtures. In our tests, we were mostly flushing with ArCO, mixture of 70% of argon
and 30% of carbon dioxide. We also performed a series of measurements with different
concentration of Ar and CO, in mixture sampled 90/10, 80/20 and 70/30. By replacing
CO, to CH4 we performed measurements with mixture of 95% of argon and 5% of

methane.

2.3. Gain definition
When it comes to detector stability it is usually meant the stability of detectors

basic characteristics such as effective gain or energy resolution.
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The gain of a GEM detector is a coefficient which describes the number of
electrons collected on the readout plate for each primary electron that is produced in

the drift region. It is calculating by the following expression:

I
Gerr = "R e
here: I the readout current, R4 1s the effective rate measured as a number of events per
irradiated area and e is the electron charge (e = 1.602*10°"° C). n is the number of
primary electrons created by X-Ray photons in the drift region. It can be calculated by
dividing the energy of a photon with the effective ionization energy of the gas.
Depending on gas mixture it varies from about 200 to 250 electrons.
As a result of our measurements we were following the gain changes but not
directly the coefficient value. Because of the proportional dependence of the readout
current and gain we were monitoring the changes of anode current. And also by strong

correlation observed between the measurements of readout current and peak position

of pulse-height spectra we were able to follow either this parameter (Fig.6).
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Figure 6. An example of the correlation between readout

current and peak position measurements.

The changes of anode current and peak position were monitored in dependence

on the charge accumulated per irradiated area.
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2.4. Charging-up effects

One of the most characteristic features of GEM physics is charging-up.
Charging-up takes place when one starts irradiating the detector. Because of the double
conical geometry of the holes, some of the field lines at first hit the Kapton surface.
Because of this, more and more electrons are collected on one side of the hole, while
the other side is filled with ions. These space charges in the Kapton layer slightly
increase the electric fields in the GEM holes and thus the gain increases as well. The
field lines are bent a bit more to the middle of the holes and less field lines reach the
Kapton surface. This rise continues until an equilibrium is reached in which no field
lines end up at the Kapton anymore. Measurements with standard GEMs indicate a
gain increase can reach 20%. This rise already takes place in a matter of minutes and
the memory of this event turns out to be around a day [34]. So even after stopping the
irradiation, the gain will stay a bit elevated during several hours. This charging-up is a
local effect since it is caused by space-charge accumulation which can only take place
under irradiation.

Due to the charging-up effects it was observed [34, 35] that the gain of the

detector depends on the rate in such a way which is demonstrated in Fig.7.
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Figure 7. An example of the gain-rate dependence.
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The increase of effective gain can be explained by the distortions of the transfer
fields between the GEMs. Space-charge effects are increasing the electron efficiencies
while at the same time they are reducing the ion efficiencies. At the “critical” point the
electrons start to saturate the holes, and the increasing of the gain stops. By the further
increase in the rate gain goes down.

Since we had very high rates (up to 2MHz/mm?2) it was proposed to monitor
the gain change at lower rates during the irradiation to follow the change of gain-rate

dependence.
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Chapter 3. Results on the ageing measurements

Within this chapter, results obtained during performed measurements will be
presented. As far as we used different sets of the GEM foils each section will be
dedicated to the results obtained on one particular setup ran under the same conditions
and without a long-term delay between tests. Since results strongly differ depending

on the quencher we will discuss them in separated sections.

3.1. Results in ArCO2 mixture

3.1.1. Results on the rate dependence

The “rate dependence” measurements were performed to understand how the
rate affects on the degradation in GEMs. During the last tests performed using Techtra
foils it has been proposed to change the rate by changing the source intensity during
continuous irradiation. For this measurement two values have been chosen. With 4mA
on X-Ray source the effective rate was around 500kHz/mm?, with 16mA on source the

rate was maximal and value was around 2000kHz/mm”.
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Figure 8. The change of pulse height spectra peak position at
17kHz/mm’ for 500 and 2000 kHz/mn’.
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The gain drop was monitored by the change of pulse height spectra peak
position at the lowest rate around 17kHz/mm’, i.e. we were irradiating mainly at 500
and 2000kHz/mm” but to avoid space-charge effects periodically taken peak position
at 17kHz/mm® was monitored. The change of the rate was carried out by the change of
the intensity of the source approximately each 15mC/mm” during the irradiation in

premixed ArCO2 70/30 gas mixture. The results of performed test in Fig.8 are shown.

EHT = 10.00 kv
WD = 6.8mm
Signal A = SE2

Figure 9. SEM images of non-irradiated area (left) and
irradiated at 500/2000kHz/mm’ area (right).

The Scanning Electron Microscope (SEM) images of irradiated area of the last
GEM can be found in Fig.9. It can be seen that the effect of Kapton etching occurred.
All the measurements performed in ArCO2 mixture have the similar performance of

Kapton removal.

3.1.2. Results on the CO2 concentration dependence

The other question interested us was related to CO2 concentration. Using the
second set of foils, measurements in ArCO2 mixture of 70/30, 80/20 and 90/10
percentage were performed. The gas flow was provided from the gas mixer. One
additional test was carried out with ArCO2 70/30 premixed mixture. It is known that
the purity of CO2 in two cases is different. For these measurements, we were trying to
keep all conditions the same. Operating high voltages have been chosen to keep gain
at 10" calculated for irradiation of Fe55 (7MBq) source. X-Ray fluxes for three cases
were kept at 1200kHz/mm”. The results of performed measurements in Fig.10 are

shown.
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Figure 10. The change of pulse height spectra peak position
(normalized to 1) for various O2 concentration.

It can be noticed that for different concentration of carbon dioxide space-charge
effects are not the same. Kapton degradation occurs in all the cases. Microphotographs

of the holes on irradiated areas can be found bellow.
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Figure 11. SEM images of the holes on a — non-irradiated area, b —
area irradiated in ArCO2 90/10 mixture, ¢ — area irradiated in
ArCO2 70/30 gas mixture.
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3.1.3. Results on the humidity level dependence

To find out how humidity level can affect the ageing processes we performed
measurements in two configurations of our setup with Techtra foils. One of them
included only metallic pipes in gas line, to the other one it has been added about 40m
of plastic pipes. By this action, we assumed that the H20 concentration increased in
10 times. Measurement were carried out at the rate around 1200kHz/mm?2 and minimal
gain (under radiation of Fe55) of approximately 10*. Results obtained within these tests

can be found in Fig.12. The system was flushed with ArCO2 70/30 mixture.
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Figure 12. The change of readout current (normalized) for
different humidity level.

The problem of non-reproducibility of the results obtained in high humidity
configuration in the first test could be related to some local differences because we
were irradiating in four different areas.

The FIB cross sectional images of irradiated holes of the last GEM can be found
in Fig.13. There are no any obvious differences in the effect of Kapton etching. Amount

of etched material depends on total accumulated charge.
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Figure 13. Cross-sectional SEM images of a — non-irradiated area, b
— area irradiated in low humidity configuration, ¢ — area irradiated
in high humidity configuration.

Assuming the degradation rate can differ depending on water and oxygen
content we have prepared the setup allowed us to change the gas line during the
irradiation. In such a way, we managed to change the content of water and oxygen
inside the system without any changing of the position of irradiated area. The
measurements were performed at the rate of around 1200kHz/mm?2 and lasted few
days. Gas line was changed every day at approximately the same time. We were

monitoring water and oxygen content with the sensors. The results of these continuous

measurements can be found bellow.

2000 ——M@m™Mm————————— 77—
L
~ 1600 - 4
<
<
I=
o
5 1200 - -
O
5
(e}
® 800 |- s
9] S > o
o o (= S
XS] xS} S
o ° S
3 3 3
400 /——— L :
0.0 0.1

Accumulated charge density (C/mm?)

Figure 14. The change of pulse height spectra peak position during
the irradiation in a different humidity conditions.
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It can be noticed that the charging-up effects are much bigger in case of high
humidity level. So, the gain increases immediately when content of oxygen and water
becomes higher. It can be explained by the modifying of the conductivity of the holes.

The other thing that could be noted in this section is the fact how GEM surfaces
change depending on humidity level. In Fig.16 SEM images of top and bottom surfaces
of the last GEM are shown. In case of “humid” configuration on the surfaces organic

compounds are deposited.
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Figure 16. SEM images of: a — top and b — bottom sides of area
irradiated in high humidity configuration, c — top and d — bottom
sides of area irradiated in low humidity configuration.
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3.2. Results in ArCH4 mixture
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Figure 17. The change of pulse height spectra peak position during
the irradiation in a various gas mixtures.

Running the second set of GEM foils additional measurements in ArCH4 gas
mixture were performed. Mixture was provided through gas mixer and consisted of
95% of argon and 5% of methane.

The gain for this test was kept at 10* as it was done for other measurements in
ArCO2 (section 3.1.2). The rate value was equal to around 1200 kHz/mm®. Results of
performed measurements in Fig.17 are shown. It is obvious that the ageing mechanisms
in ArCH4 are not the same as in ArCO2. SEM images of the holes irradiated in ArCH4

can be found in Fig.18
b)

ceusn

Figure 18. SEM images of the holes on a — top side of non-irradiated
area; b — top side and c — bottom side of the area irradiated in
ArCH4 95/5 gas mixture.
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To find out what kind of compound is deposited across the holes, energy
dispersive analysis (EDS) was performed. EDS analysis was provided by The Tomsk

Regional Common Use Centre.

3
/ .". bottom surface 30.0kV x10000 2um ——

Figure 19. Regions have been chosen for EDS analysis of deposits
across the holes on the top (left) and bottom (right) side of the area
irradiated in ArCHA.

kR
top surface 30.0kV x10000 2um ——

Table 1. Results of EDS analysis

P1 top | P2 top | P3 top P1 bottom | P2 bottom | P3 bottom

Reference
top
Reference
bottom

C(Wt%) | L1 | 187 | 212 | 234 | 06 3.0 45 8.2
Cu(Wt%) | 989 | 804 | 78.8 | 76.1 | 99.4 97.0 95.5 91.8
0 (Wt%) - 0.9 0.5 - - - ;

SEM image of the irradiated area in Fig.20 (left) is shown. It can be seen that
some holes appeared to have sealed, and others showed less Kapton than original holes
of non-irradiated area. The SEM image of the holes’ FIB cross-section (right) shows

an example of hole’s closure.
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|F -2000kV Mag= 441X 155326 Lunt

Figure 20. SEM images of area irradiated in ArCH4 (left) and
cross-sectional view of the holes (right).
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3.3. Some additional results

3.3.1. Rate scan during the irradiation

As it was discussed in section 2.4 charging-up effects can affect the effective
gain value. Assuming that the gain change at high rates will be not the same than at
lower rates it was decided to monitor periodically the gain change at different rates
during the irradiation. The rates values were set by the source intensity and varied from
17kHz/mm?2 up to 2000kHz/mm?2. In such a way, we could follow the gain-rate
dependency with irradiation time. To plot this dependence pulse-height spectra peak
position was considered as a characteristic of the gain. Arbitrary value calculated by
dividing readout current by peak position was considered as a characteristic of the rate.

Resulting graph can be found in Fig.21.
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Figure 21. “Gain-Rate” plot obtained during the irradiation.

The maximum gain drop occurred at 500kHz/mm?, when at 17kHz/mm” it is

1.4 times less. Vertical “rate” lines confirm the fact that we had stable source.

35



3.3.2.

Change of the energy resolution

For the last setup ran with “Techtra” foils we could estimate energy resolution

using pulse-height spectra. Even for rates up to 2000kHz peak shape allowed us to get

an information about full width at half maximum (FWHM) of the height of the fitted

Gaussian peak for each acquired spectra.

Results for various measurements on the last setup in Fig.22 are shown. All the

tests were performed in ArCO2 70/30 mixture with about 5.5L/h flow. It is observed

that energy resolution for this particular setup starts to increase at the moment when

total accumulated charge is equal to approximately 30mC/mm”.
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Figure 22. Change of the Energy resolution for the

3.3.3.

measurements on the last setup.

Change of the oxygen concentration during the rate scan

During the measurements discussed in section 3.1.3 oxygen concentration in

the gas output was monitored using Galvanic Fuel Cell Oxygen Transmitter.

In Fig.23 the change of O2 content is shown. On the graph, empty space

between readout current measurements corresponds to the measurements at lower rates

— down to 17kHz/mm”.
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It was observed that the concentration of O2 changes depending on the rate, i.e.
intensity of the source. That fact confirms that the less O2 molecules are producing

less the source intensity is.
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Figure 23. Change of the oxygen concentration during the

rate scan.
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Chapter 4. Conclusion and outlook

Within the frameworks of present thesis various ageing measurements were
carried out. It was revealed that the degradation mechanisms mainly differ depending
on the gas mixture, i.e. gas quencher. But they are associated to the modification of the
GEM holes’ geometry. In case of carbon dioxide, it occurs by changing the original
shape of the hole caused by polyimide etching. In case of hydrocarbon it is caused by
chemical deposits across the holes and their closure.

It was observed that in dependence on the X-Ray fluxes degradation rate
differs. So, for the 500kHz/mm” ageing rate is higher than for the 2000kHz/mm”. Water
content and CO2 concentration affects the charging-up effects but not significantly
Kapton etching itself. In all the measurements in ArCO2 gas mixture etching effect is
reproduced.

An observation of the significant changing of the gain and energy resolution
arises at different values of total accumulated charge for different GEM foils. For the

foils provided by “Techtra” energy resolution starts to increase at the value of

30mC/mm>.
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I'maBa 5. ®OuHAHCOBBIM MEHEIKMEHT, pecypcodPpdekTuBHOCTL H
pecypcocoepexkenue

[lenecooOpa3HOCTh  BBIMOJHEHHS TEX WM HWHBIX UCCIEJOBAaHUM B
COBPEMEHHOM MHpE OIpeaeisieTcs KOMMEPYECKOW IIEHHOCThIO paboThl - €€
(uHAHCOBON BBITOAHOCTHIO. OIleHKa KOMMEPYECKOW IIEHHOCTU (MOTEHIINAaa)
UCCIIEIOBAHUM  SIBJISIETCS  OOSA3aTEIbHBIM  YCIOBUEM B TIOMCKE HCTOYHUKOB
(¢buHaHCUpOBaHUS Il TPOBEACHUS HAYYHOM pabOThl M KOMMEpIHAIU3AINN €€
pe3yJIbTATOB. DTO MPEACTABIISIET BAXKHOCTh JJIsI MCCIEAOBATEIBCKUX OPraHU3allNiM,
KOTOpBbIE€ JOJDKHBI OLUEHHUTh MNEPCIEKTHUBBI MPOBOJMMBIX HAYUYHBIX HCCIEIOBAHUM.
brnaromapss Takol OLIEHKE Y4YE€HBIM MOXKET paccMaTpuUBaTh MOUCKU NMApPTHEPOB IS
JaJbHENIIErO MIPOBEICHUS Hay4HOTO MCCIIEIOBAHUS, IJIAHUPOBATH
KOMMEPIUATU3AIMIO PE3yJbTaTOB CBOMX pE3yJbTaTOB U 3allyCK COOCTBEHHOTO
MIPOU3BOJCTBA.
Takum 00pa3om, 1eIbI0 BBIMOJHEHUS (PUHAHCOBO-AKOHOMUYECKOM YacTH BBIITYCKHOM
KBaJTU(DUKAIIMOHHONW pabOTHhI sSIBAsiETCS POPMUPOBAHUE HABBIKOB OIIEHKH pe3yJsibTaTa
Hay4YHOU pabOThl U MOUCK UCTOYHUKOB (PUHAHCUPOBAHUS JIJIsi IPOBEACHUSI HAYYHOTO
HCCJIEIOBAHUS.
Jlnst nocTrkeHus 0003HAYEHHOM e He0OOXO0IUMO PEIIUTh CIAEAYIONIUE 3a/1aUH:
1) mpoBectn SWOT-ananu3 maHHOTO UCCIEIOBAHUS,
2) onpenenuTh CTPYKTYPY padoT B paMKaX HAYYHOTO HUCCIIEIOBAHMUS;
3) onpeAenuTh TPYIOEMKOCTh BBITIOJIHEHUS padoT;
4) pa3pabotath rpaduk MPOBEACHUS HAYYHOT'O UCCIIEIOBAHUS;

5) OLICHUTD 6IOI[)K€T HAaYYHO-TCXHHUYCCKOT'O UCCIICIOBAHUSI.
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5.1. IloreHuMAJIbHBIE IOTPEOUTEIH Pe3yaIbTATOB UCCICI0BAHUS

B pamkax mnpeacTaBieHHOM HAy4YHO-HUCCIIEIOBATEILCKOM pabOThl  ObLI
MPOBEACH pAN CUCTEMATHYECKUX MMPOIOJLKUTEIbHBIX H3MEPEHUM XapaKTEPUCTHK
ra3oBbIX JJIEKTPOHHBIX YMHOXHTENIEH, KOTOpPhlE ObUIM IMOJBEP>KEHbl BO3/IEUCTBUIO
TJIOTHBIX TOTOKOB PEHTIEHOBCKOTO M3IIyueHUs. L[eNbio n3MepeHnid CTano BhISIBICHUE
pabouyux TapaMeTpoB, IPH KOTOPHIX Jerpaganus cBOUCTB ['DY mposBiseTcs
HauOosiee MEJJIEHHO, TakuM o00pa3oM TpojaJieBas AKCIUIyaTallMOHHBIM CpPOK
JNETEKTUPYIOIMX CUCTEM HA UX OCHOBE.

Pe3ynbTaThl NpoBEAEHHBIX U3MEPEHHIN NPEACTABIISIIOT LIEHHOCTD JIJI1 HAYYHBIX
CPYIIIL, IPUMEHSIOIIUX Fa30BbI€ AJEKTPOHHBIE YMHOKHUTEIU B CBOUX DKCIIEPUMEHTAX.
['maBHbIM 00pa3oMm, TakWe Hay4yHbIE TPYIIbl MPOBOAST HCCIEAOBAaHUS B 00JIaCTH
(U3UKHN BBICOKUX 3HEpruid. B yacTHOCTH, eTeKTOpHI HA OcCHOBE DY npuMeHsI0TCS B
TPEKOBBIX JETEKTOpaX, OBICTPHIX JIETEKTOpAaX HJisl TPUTTEPHBIX CHUCTEM, TOPIEBBIX
NETEKTOpax JJs BPEMSA-NIPOCKIMOHHBIX KaMep, YEPEHKOBCKUX JIETEKTOpax,
HEUTPOHHBIX JIETEKTOpax, JETEKTOpax CHUHXPOTPOHHOIO M3JIYyYEHHUS, Ta30BBIX
dboronerexktopax. KpuoreHHnbie naBUHHBIE JETEKTOPHI Ha OCHOBE KackaaHbix [DY
MPEIINOaraeTcsl MPUMEHUTh [JI1 PETUCTpAalMM HEUTPUHO, TEMHOW MaTE€pUu U
KOT€PEHTHOT'O PACCESIHUSI HEUTPUHO HA SApax.

Takum 00pa3oM, MHOKECTBO YUEHBIX-IKCIIEPUMEHTATOPOB 3aMHTEPECOBAHBI B
M3YyYEHUH CBOMCTB T'a30BBIX JIEKTPOHHBIX YMHOXHUTENIECH, B TOM YHCIIE, B U3yUCHUU

MPOLIECCOB CTAPEHUS, MPOTEKAIOIINX B XOJE UX IKCIUTyaTallUH.

5.2 FAST-ananu3

FAST-ananu3 npencrasisier coOoi (yHKIIMOHATLHO-CTOMMOCTHOM aHau3.
Ero cyTh ocHOBaHa Ha TOM, UTO 3aTpaThl, CBSI3aHHbBIEC C TPOBEJECHUEM UCCIIEOBAHMUS,
COCTOSIT U3 HEOOXOAUMBIX JJII ATOTO JIOMOJTHUTEIbHBIX, HEOMPaBIAHHbBIX, U3TUIITHUX
3aTpar, KOTOPbI€ BO3HUKAIOT M3-3a BBEJICHHS HEHYXKHBIX (DYHKIMI, HE HMMEIOUIUX

IpsaMoro OTHOLICHMUA K HAa3Ha4YCHHUIO HCCHCHOB&HHﬁ, 501041 CBs3aHBI C
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HCCOBCPIICHCTBOM KOHCTPYKIIMH, TCEXHOJOIHYCCKHUX IIPONICCCOB,

MaTcpuaJIoB, MCTOA0B OpraHrn3alvi TpyJa U T. /1.

MNPUMCHACMBIX

B nannoit pabote 00bEKTOM HCCIIEIOBAHUS BBICTYIIAET TPEXKACKAAHBIM MIPOTOTHUIT HA

ocHoBe ['DY, Ha koTOpOM ObLIM MpOBeneHBI U3Mepenust. Jis ocymectBinenust FAST-

aHajgu3a HEOO0XOJMMO ONpPEeACNUTh (PYHKIMH JaHHOTO OOBEKTa HCCIEIOBaHMUS.

Pe3ynbTaThl onipeneneHus JaHHbIX (YHKIUN MpeCTaBICHbI B Ta0IuIE 2.

Tabnuya 2. Knaccugukayus ¢pynxyuii, 861noaHsemvix 00beKmom uccied08aHus

Brinonnsemas pyHkiums

Panr gpysnkuun

I'maBuas | OcHoBHag | BcmomorarenpHas
["a30BO€ ycuneHue 3apsaa dJIEKTPOHOB X
Peructpanus 3apsikeHHbBIX 4aCTUIL X

JIByMepHOE omnpeiesIeHHE TOJI0KEHUS
PETUCTPUPYEMBIX YaCTHIL

OrnpeneneHue SHEPruv MOHU3ALUN

pa3pelleHns IeTeKTopa

MOJIEKYJI, COJIEPKAIINXCS B TA30BOU X
cMecH
Ornpenenenne SJHEPreTUYECKOro x

Jlanee HEOOXOAMMO ONPEETUTHCS CO 3HAUUMOCTBIO BBITTOTHAEMBIX (YHKITUH.

Jlnst sToro Obula COCTaBlieHa MaTpHUIla CMEXHOCTH (YHKIUW, MpeCTaBICHHAas B

Tabnure 3.
Tabnuya 3. Mampuya cmedxcrnocmu
Oyukuuda 1 | Oynkuuda 2 | Oynkiusa 3 | Oyakuusa 4 | OyHkuus 5
Oyukuus 1 = = > > >
OyHKuus 2 = = > > >
Oynkuus 3 < < = > >
Oynkuusa 4 < < < = =
DOyHKIUA S < < < = =

[Ipumeuanue: «=» — OIMHAKOBBIE (PYHKIIMH [0 3HAYUMOCTH; «>» — 00Jiee 3HaUuMasi;

«<» — MEHEE 3HaYnMasl.
Marpuily, mNpeACTaBICHHYIO

B TalOJmie

3 mepeBeaeM

KOJIMYECTBEHHBIX COOTHOIIEHUHM PyHKIMHU (Tabnuna 4).
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Tabnruya 4. Mampuya konuuecmeeHHbIX COOMHOWEHUN DYHKYUU

@yukiyst 1 | Oynkuug 2 | Oynkuusa 3 | Oyt 4 | Oynkuua 5 | UTOI'O
Oyukmws 1 1 1 1,5 1,5 1,5 6.5
OyHkuus 2 1 1 1,5 1,5 1,5 6,5
@OyHkuus 3 0,5 0,5 1 1,5 1,5 5
Oyukuus 4 0,5 0,5 0,5 1 1 3,5
DyHKIUA 5 0,5 0,5 0,5 1 1 3,5
Cymma 25

[Tpumeuanue: 0,5 npu «<»; 1,5 npu «>»; 1 mpu «=», Y =25.

OnpenenuM 3HAYUMOCTh KaxaoW ¢yHkuuu. IIpousBoauTcs 3TO myTeM
neneHus 6auia, KOTOPbIA MOTyuynia Kaxaas QyHKIus, Ha O0UTy0 CyMMy OalljloB BCEX
¢ynkuumii. Tak, nug GyHKUMH 1 OTHOCHTENbHASI 3HAYUMOCTh paBHa 6/25 = 0,26; nus
byukiuu 0,26; s dyukiuu 3 — 0,2; nna pyakuuu 4 — 0,14; ans pyakuuu 5 — 0,14,

[TocTtpouB (yHKIIMOHATBEHO-CTOMMOCTHYIO Auarpammy (Pucynok 24), MOXHO
ceylaTh BBIBOJ O TOM, HAcCKOJbKO ONTHUMHM3UPOBAHBI 3aTpaThl B 3aBUCHMOCTH OT
CTEMEeHU BAXKHOCTH TOM Wi MHOU (yHKIuU. V3 quarpammbl BUAHO, YTO CPECTBA

pacrpeiesieHsbl 1esecoo0pa3Ho, yUuThIBasi, 4To 3aTpaThl HA OyHKIUIO | — HYyJEBBIE.

0.6

0.4
02 I I
0
1 2 3 4 5

OTHOCUTEIbHASI 3HAYNMOCTb (byHHKI/II/I

= OTHOCHENbHAs! CTOUMOCTb (DYHKUMU

Pucynox 24. @ynxkyuonanvno-cmoumocmuas ouazpamma.

5.3 SWOT-ananu3
SWOT (Strengths - cunbhble cTopoHbl, Weaknesses - cinalOble CTOPOHBI,

Opportunities — Bo3MoxkHOCTH U Threats — yrpo3bl) aHanu3 OpeAcTaBisieT COOOM
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komIuiekcHy10 oueHky HUP. SWOT-ananu3 npuMeHsroT 4151 HCCAEA0BAHUS BHEIITHEN
Y BHYTPEHHEU CPEIbl MPOCKTA.

CunbHBIE  CTOPOHBI  XapaKTEPU3YIOT KOHKYPEHTOCIIOCOOHYIO  CTOPOHY
uccienoBanuii. CuUbHbIE CTOPOHBI CBUIETEIBCTBYIOT O TOM, YTO y IPOEKTa €CTh
OTJIMYUTENIBHOE MPEUMYILECTBO UM OCOOBIE PECYPCHI, SBISAIOIINUECS OCOOCHHBIMU C
TOYKU 3pPEHUSI KOHKYpPEHIUU. [[pyruMu cioBaMu, CUIIbHBIE CTOPOHBI — 3TO PECYPCHI
WM BO3MOYKHOCTH, KOTOPBIMHU PacIoylaraeT pyKOBOJACTBO MPOEKTa U KOTOPbIE MOTYT
OBITH 9P (HEKTUBHO UCTIOIB30BAHBI JJIsI TOCTUXKEHUS TOCTABIEHHBIX IIEJeH.

Cnalble  CTOpOHBI MPEACTABISIOT  YIOYHICHUS WX  OTPAHUYECHHOCTH
UCCJIEIOBAHMS, KOTOpPbIE MOTYT MpPENSATCTBYIOT JOCTHXKEHUIO ero uened. OHu
ONPENENSIOTCA HEJOCTATOYHBIMH BO3MOXXHOCTAMM WJIM PECYpPCaMU IO CPABHEHUIO C
KOHKYPEHTaMHU.

B03MOXXHOCTH BKIIIOHAIOT B c€0s 00y MPEANOYTUTENBHYIO CUTYalHIO B
HACTOSIIIEM WU OyAylIeM, BO3HUKAIOIIYIO B YCIOBUAX OKpPYKalOLIEH cpeibl IPOEKTa,
HaIlpuMep, TEHACHIUIO, U3MEHEHHE WM MpeArojaraeMyr MOTPeOHOCTh, KOTOpas
MOJJIEP)KUBAET CIPOC HA PE3yJIbTAaThl MPOEKTA U MO3BOJSET PYKOBOJCTBY MPOEKTA
YIYUYIIUTh CBOKO KOHKYPEHTHYIO MO3UIIHUIO.

VYrpo3za npeacrasisieT co00i 00yI0 HEXKENATENbHYIO CUTYAIUIO, TEHACHIINIO
WIM W3MEHEHHE B YCJIOBHUSAX OKPYKAIOIIEW Cpeabl IPOEKTa, KOTOpPhIE HMEIOT
pa3pyLIUTENbHbIN WIM YTPOKAIOIIMKA XapaKTep ISl €ro KOHKYPEHTOCIIOCOOHOCTH B
HacTosiieM Wik OynaymeM. B kadecTBe yrpo3bl MOXET BBICTyIATh Oapbep,
OTpaHUYCHHE WJIM YTO-TMOO €Ile, YTO MOXET IMOBJeYb 3a CO000M MpoOIEMBI,
paspylieHus, BpeJ WK yuiep0, HAHOCUMBINA ITPOEKTY.

SWOT-ananu3 JaHHOW Hay4YHO-HCCIIEI0BATEIbCKOW pabOThl MPEACTABICH B

MPUIIOKEHNH A.

5.4 CTpykrypa padoT B paMKax UCCJIeI0BAHMS
JIns BBIMOJIHEHUSI MCCIEAOBATEILCKOTO MpoeKkTa QopMmupyercs paboudas

(Hay4dHasi) Tpynma, B COCTaB KOTOPOW MOTYT BXOJWTh HAy4HbIE COTPYAHUKH H
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npenojaBaTesid, WHXXEHEPhl, TEXHUKU U JTA0OpaHThI, YUCICHHOCTh TPYIIBI MOXET
BapbHpoBaThcsa. [lo KaxkaoMy BUIY 3allJIAHUPOBAHHBIX PaOOT yCTaHABJIMBAETCS
COOTBETCTBYIOIIAS IOJKHOCTh UCITOJTHUTEIIEH.

Jns  nmanbHEHIed OIGHKM SKOHOMHYECKOM 3(P()EKTUBHOCTH COCTaBJICH
MepeyeHb JTaloB MU paboOT B paMKax NPOBEACHUS HAYYHOTO HCCIEIOBAHUS H

pacnpeaeneHre UCIOTHUTENEeH o BugaM padboT (Tabmuia 5).

Tabnuya 5. Ilepeuenv smanos, pabom u pacnpeoenenue UcnoIHumenel

Ne OJKHOCTh
Oransl paboTs Copneprxanue padot A
pad. WCTIOJTHUTEIIS
CocraBiieHHE U YTBEPKJIEHUE
Pazpabotka YTBEPAL
1 | Tex.3aaHus — IOCTAHOBKA LIEJH, PykoBonurens
TEXHUYECKOI'0 3aJJaHUs
oIpesiesICHUE 3a1a4
KanennapHoe ruianupoBanue paboT 1Mo
[InanupoBanue 2 TeMe P P P PykoBongurens
JKCIIEPUMEHTA =
3 | Opranu3zanusi 0poBEACHHS U3MEPEHUI PykoBogurenn
N3yueHne criennanbHOM JIMTEPATyphl 110
4 Y H patyp CryneHt
TeMe pabOThHI
5 | IlogroroBka MpoOTOTHIIA JETEKTOpA CryneHt
IToaroroBka U3MEPUTEIBLHONU CUCTEMBI C CTyxent
Teoperuueckue u 6 | HeOOXOIMMBIM armapaTHBIM U Y ’
PYKOBOJUTEID
IKCICPHMCHTAIILHBIC IPOTpaMMHBIM 00ecrieueHHEeM
UCCIIEIOBaHUS
IIpoBeneHue cucTeMaTUYECKUX
7 . Crynent
IIPOJOJKUTEIBHBIX U3MEPEHUN
8 | ObpaboTka pe3yabTaToB CryneHt
9 OneHka aIeKBaTHOCTHU M IOCTOBEpHOCTH | PykoBonuTens,
€3yJIbTaTOB CTYIEHT
OneHka pe3yabTaToB pesy A
AnpobupoBaHue pe3yabTaToOB B HAYYHOM
10 POOHP pesy Y PykoBongurens
coo01ecTse
Odopminenue CocTraBreHne NOSICHUTEIbHON 3aIIUCKU
nosryyeHHeix B HMP 11 | BeImycKHOM KBanu(UKaIUOHHOM paboThl | CTyaeHT
pe3yIbTaTOB OaxayiaBpa

5.5 llnanupoBaHue ynpaBJjieHHs] HAYYHO-TEXHUYECKUM MPOEKTOM
['pynma mporieccoB MIaHUPOBAHUS COCTOUT U3 MPOLIECCOB, OCYIIECTBISIEMBIX
JUIsL ompejieieHus: oOIero cojep:kaHus padoT, YTOYHEHHUs leled u pa3paboTKu

IIOCJICA0BATCIbHOCTH I[CflCTBHfI, Tpe6yeMbe JJIA JOCTHIXKCHUA JaHHBIX ueneﬁ.
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B pamMkax mnaHupoBaHMS HAay4yHOTO MPOEKTa HEOOXOJAUMO MOCTPOUTH
KaJIeHAapHbId rpaduk npoekta. [ns mnanuposanuss HUP Obina BeiOpana auarpamma
l'anTa, KoTOpas mpeactaBisieT cOOOM TUM CTOJOYATHIX AUArpamm (TUCTOTPaMM),
KOTOPBIM MCHOJNB3yeTCs I WUIIOCTpAllMU KaJeHJAapHOro IulaHa mnpoekta. Ha
auarpamMMe paboThl MO TeMe NPEACTAaBISIOTCS MPOTSHKEHHBIMU BO BpPEMEHHU
OTpE3KaMU, XapaKTepU3yIOIIMMHCS JaTaMd Hayalla M OKOHYAHHUS BBIIIOJTHEHUS
JAHHBIX padoT.

Jlst mocTpoenus tuarpaMMbl ['aHTa HEOOXOAMMO ONPENEIUTh JJIUTEIIBHOCTh KaXK10T0
13 3TaroB paboThl (Tabauia 6).

Tabnuya 6. Bpemennvie noxazamenu npogedeHUsi Hay4Ho20 UCCAe008AaAHUS

TpyroeMKoCTh JlHTebHOCTS JUIUTEBHOCTD
pabot B
HasBanwne paboTsl Hcr. fmins | tmax, | fowi, | PabOT B pabouux KaJICHTapHBIX
qel- | 4en- | 4el- JTHSIX
T. JTHSIX
JHUA | JTHU | JTHH ol Txi
Cocrapnenune T3, PykoBoauTens 3 7 4,6 4.6 7
TUTAHUPOBAHKE
IKCIIEPUMEHTA
N3yuenue Crynent 65 80 | 71 71 106
JUTEPaATyPBI
[ToaroroBka Crynent 5 10 7 7 10
MPOTOTHIIA
JIETeKTOopa
IToaroroska Crynenr, 30 [ 50 | 38 19 28
U3MEPUTEILHON PYKOBOJIUTEIb
CUCTEMBI
IIpoBenenue CryneHt 45 | 50 | 47 47 70
U3MEPEHU,
obOpaboTka
pe3ybTaToB
Ouenka PykoBogutens | 10 20 14 14 21
pe3yNIbTaTOB
Hanucanue CryneHt 50 | 55 | 52 52 78
BBIITYCKHOHN
KBTU(DUKAITMOHHOM
paboThI

Jl1s onpenesieHust TPYJI0EMKOCTH BBITTOJIHEHUSI HAYYHON pabOThl IPUMEHSLIICS
AKCIEPTHBIA MYTh B YEIOBEKO-IHIX. TPYyIOEMKOCTh 3aBUCUT OT MHOYKECTBA TPYJIHO

YUYUTHIBa€MbIX  (PaKTOPOB, MOATOMY  3HAYEHUE  TPYJIOEMKOCTH  OOJajaeT

45



BCPOATHOCTHBIM XapaKTCPOM. I[J'If[ OLCHKN CPCAHCIO 3HAYCHUSA TPYAOCMKOCTHU Toxi

UCIOab3yeTcs hopmyia:

_ 3tminit2tmaxi

TIE e — OKUJACMas TPYIOEMKOCTD BBITIOJHEHUS i-OH paOOTHI B UeI.-1IH;
tmini — MAHUMAJIBHO BO3MOXHAsl TPYJAOEMKOCTh BBITIOJHEHUS 3aJaHHOM i-O1
paboTHI B Yel.-H;
tmaxi — MAKCUMAJIBHO BO3MOJKHAS TPYJAOEMKOCTh BBIITOJIHCHUS 3aJaHHOW i-Oi
paboTHI B UEIL.-H.
Tak, TPyIOEMKOCTb BBINOJHCHHsSI pPaOOTBI IS HAYYHOTO PYKOBOIUTEIS
COCTaBUIJIA:
toxi = 4,6 + 38 + 14 = 56,6 (uen-an) (2)
TpynoeMKOCTh BBIITOJIHEHUS PAOOTHI JIJIs CTYICHTA:
toi = 225 (uen-an) (3)
[Tocne mosydeHus CpeHEro 3HaueHUs TPYIOCMKOCTH, MOXKHO OIPEICTUThH
IPOJOJDKUTEIBHOCTS Ul KayKAOro 3Tama pabotsl 7, B pabounx nusax. [Ipu pacdere
3HAYCHUS MPOJOKUTEILHOCTH, YIUTHIBACTCS apaluIeIbHOCTD BBIITOJIHEHUS PaOOTHI
HECKOJIbKUMH  HCIOJHHUTEIsIMU.  JIms  ompeieneHus  MPOJOJDKHTEILHOCTD

HCIIOJIB3YCTCA BBIPAKCHUC!

Loxi
Tpi = ’ (4)

rae 7,—TpoJ0JKUTENBHOCTh OHOU pabOoThI B pal.aH.;
Lowei = CPEIHSSI TPYTOEMKOCTD BBITIOJTHEHHSI OJTHOW paOOThI, Yell.-JIH.;
Y;— 9UCIICHHOCTh UCIIOJTHUTEIIEH, BHITIOMHSIOIIUX OJTHOBPEMEHHO OJTHY U TY
e paboTy Ha JaHHOM 3Tare, Jell.
Takum 00pazoM, TPOJOIKUTEIHPHOCTh pPAOOTHI BBITTOJHEHHUS HAYYHOTO

HUCCIICA0OBAHUA IJIs1 pYKOBOI[I/ITCHHI
38
Ty = 46 + 14 + = = 37,6(pac.1m.) (5)

st ctynenta — 206 pal.aH.
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[TpoOKUTETFHOCTh BBITIONHEHUST i-d PaOOThI B KaJICHIAPHBIX MHAX 1)
paccuuThIBanach mno popmye 6:
Twi = Tpi Kyans (6)
rae 7,—poaoJKUTEIbHOCTD BBIIOJIHEHUS i-i paOOTHI B pabOUYMX THSIX;
kia:— K03 PUIIMEHT KaJeHIapHOCTH.

KoaddunmenT kanennapHocTu onpeaensieTcs no ciaeayomuiei hopmyie:

TKaJT
Kan = 7——" —— (7)

Txan—Terix— Tnp
A€ Ty — KOTUYECTBO KAICHAAPHBIX THEU B TOAY, 1., = 365 nHEH;
T,.;x — KOJIMYECTBO BBIXOJIHBIX JHEW B roay, 1, = 104 nuei;
T, — KOJNIMYECTBO MPa3gHUYHBIX AHEW B rony, 1, = 14 nHei.
Juarpamma ["anTa cTpoutcst B Buje TaOJIUIIbI B IPUIOKEHUU b ¢ pa3ouBkoit
0 MecsIaM 3a MEePUO]I BPEMEHHU BBIMOJHEHUSI HAy4YHOTO npoekTa. [Ipu 3ToM paboThl
Ha rpaduke BbIACICHBI PA3IUYHON IITPUXOBKOW B 3aBUCUMOCTU OT UCIIOJHUTENEH,

OTBETCTBEHHBIX 3a Ty WJIK UHYIO paboTy.

5.6 Bioa:keT HAYYHO-TEXHUYECKOT0 MCCJIeI0BAHUS

[Ipu nnanupoBanuu Owmxera HUP nomxHO ObITH 0OecriedeHO MOJHOE U
JIOCTOBEPHOE OTPA’KEHHE BCEX BHJIOB PACXOJOB, CBSI3aHHBIX C €0 BHIMOJIHEHUEM. B
nporecce popmupoBanus Oromkera HUP ucnonb3yercs cneayromas rpynnupoBKa
3aTpar Mo CTaThsIM:
1) matepuanbhbie 3aTpaThl HUP;
2) 3aTpaThl Ha CHElUalbHOE O00OpYJOBaHUE [JIi HAyYHBIX (SKCIEPUMEHTAJbHBIX)
paborT;
3) OCHOBHas M JOMOJHUTENbHAS 3apa00THAas IJ1aTa UCTIOTHUTENEH;
4) oTuncneHus BO BHEOIOKETHbIE (POHIBI (CTPaXxOBbI€ OTUUCIICHUSA);
5) 3aTpathl Ha HayYHBIE U IPOU3BOJICTBEHHBIE KOMaHIUPOBKH;
6) KOHTPAreHTHbIE PACXO/IbL;
7) HaKJIagHBIE PACXOJIBI.

OcranoBumcs 0osiee TOAPOOHO HA pacueTax OCHOBHBIX 3aTpar.
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5.6.1 Pacuem mamepuanbHoulx 3ampam

JlaHHasi cTaThs BKJIIOYAET CTOMMOCTh BCEX MaTEPHUAOB, UCIOJIb3YEMbIX MPHU
pa3paboTke mpoekTa. B 3Ty cTaThlo BXOHAST 3aTpaThl Ha ChIPhE, MAaTEpPUAIIbI,
ncnonp3yemsle B npouecce HUP, komruiekryromme u3aenus u T. 1.

B marepuanbHbie 3aTpaThl TaK)Ke€ BKIIOUAIOTCSA JOMOJHUTENIBHO 3aTpaThl Ha
KaHIEISIPCKUE TPUHAJICKHOCTH, JUCKH, KapTPUIKHU U T.11. OTHAKO UX y4eT BeJeTCs
B JIAaHHOM CTaThe TOJILKO B TOM CIly4ae, €CJIM B OpraHM3allii X HE BKIIOYAIOT B
pacxo/bpl Ha HMCHOJIb30BaHHE O0OOpPYJIOBaHMS WM HaKJIaJHbIe pacxolbl. B mepBom
CJIyyae Ha HUX ONPEACIISIIOTCS COOTBETCTBYIOIIUE HOPMBI pacXojia OT YCTaHOBIICHHOM
0a3bl. Bo BTOpoM cilyyae ux BeTMYMHA YUUTHIBACTCS KaK HeKas J0Ji B KO3 PuiueHTe
HaKJIQJHBIX PacXOJI0B.

Pacuet maTepuanbHBIX 3aTpaT OCYLIECTBISIETCS MO CleayIoliei popmyiie:

Bu = 1+ kT) ) Z‘{Zl I; - Npacxia (3
rae m - KOJWYECTBO BHJOB MaTEpPUAIbHBIX PECYpPCOB, MOTPEOISIEMBIX MPH
BBIIOJIHEHUH HAyYHOTO UCCIIEAOBAHUS; Npyeyi — KOTMUECTBO MAaTEPUAIIBHBIX PECYPCOB
[-TO BUJA, IUIAHUPYEMBIX K UCIOJB30BAHUIO TIPU BBIMNOJHEHUH HAYYHOIO
nccieaoBanus (IIT., KT, M, M2 U T.1.); []; — 1ieHa MpuoOpeTeHus eIUHUIIBI i-T0 BH]IA
MOTPeOIIIEMBbIX MaTepUalbHBIX pecypcoB (pyo0./mrt., py6./kr, py6./M, py0./M2 1 T.11.);
kr — k03 PUIMEHT, YUYUTHIBAIOIINI TPAHCIIOPTHO-3aTOTOBUTEIILHBIE PACXO/BI.

[Ipyu nmnpoBeneHHM JAaHHOTO HAYYHO-TEXHUYECKOTO UCCIEAOBAaHUS HE
MPOBOAMIOCH 3aKYTIOK, BIEKYIIUX MaT€pUAIbHbIE 3aTPATHI.

5.6.2 Pacuem 3ampam na cneyuanvroe o60opyooganue

JlaHHasi cTaThsl BKJIIOYAET B ce0sl BCE 3aTpaThl, CBSI3aHHbIE C TPUOOpPETEHUEM
CIELUAIBHOTO 000PY/1I0BaHUS (IPUOOPOB, KOHTPOJIHHO-U3MEPUTEILHON aNmaparyphl,
CTEHJIOB, YCTPONCTB M MEXaHU3MOB), HEOOXOJAMMOTO MJii TMpoBeaeHus pador. B
JaHHOM paboTe UCIMOIb30BANIOCHh YXKE HMEIoIIeecss O00OpylIOBaHUE, M 3aKyIKa
CIELUAIBHOTO O0OPYJIOBaHUS HE Mpou3Bojauiiack. B TakoM ciydae 3aTpaThl Ha

CIELMAIIBHOE 000PYJOBAHUE OTCYTCTBYIOT.
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OnHako B XOJie SKCIUTyaTalldd OCHOBHOTO OOOpPYJIOBaHHSI CPEACTBAa ObLIH
3aTpayvyeHbl B COOTBETCTBUU C aMOPTU3AIIMOHHBIMU OTUYHCICHUSIMH.

Tak, pacueT aMOPTU3ALMOHHBIX OTYHUCICHUN MPOU3BOJUIICA JUHEUHBIM
METOJIOM, PE3yJIbTaThl PACUE€TOB CBEJEHBI B TAOIHILY 7.

Tabauya 7. AmopmuzayuonHvie pacxoowl

Cpox H C A
Hanmenosann | CTouMO | MOJIE3HOTO opMa POK MOPTH3AIHO
aMoOpTH3a | JKCIUTyaTa HHBIE
e mpubopa | CTb, pyO. | UCIIOIB30BA o .
uuu, % U, THEH | pacxojbl, pyo.
HUSL, JIET
bnox mutagug | 114000 10 10 64 1999
Pentrenonexa | 545 10 10 47 1841
a TpyOKa
Ocntumiorpad | 740000 7 14 64 18165
YCHIHTETb | 350 10 10 59 2134
CUTHAJIA
MynbpTrKanan
bHEBII 192500 3 33 59 10268
aHaJIU3aToP
UTOI'O 34407

5.6.3. Ocnosnas u OononHumMenvbHas 3apabomuas niama UcnoaHumerell
pabomul

JlaHHasi cTaThsi BKJIIOYAeT B ceOs 3aTpaThl Ha OIJIATy TpyJa paOOTHHUKOB,
HETMOCPEJCTBEHHO YyUacTBYIOUX B BbinoiHeHun HUP (Bkitowas mpemun, AOTMIIATHI),
U JOTIOJIHUTEINIbHYIO 3apa00THYIO ILJIATy.

B pamkax Beimonnennod HUP ucnonuurensmu paboT SIBIASIIUCH COTPYIHUKHU
EBpomneiickoil opraHu3aniu 10O SAJEPHBIM HCCICAOBAHUSAM, HAXOIAIICHCA Ha
TEPPUTOPUHN UHOCTPAHHOTO rocyiapctBa. JlanHeie o 3apabOTHOM MIaTe COTPYIHUKOB
SIBJISIFOTCSI KOH(PHUISHITHATbHON HHpOopMaIueil.

OnHako, B COOTBETCTBUU C PACUYETOM OCHOBHOM 3apaOOTHOM IJIaThl HAYYHBIX
Y MTHKEHEPHO-TEXHUYECKUX paOOTHUKOB, pHu BoinoaHeHnU padotr HU TITY, pacxoss

coctaBwix Obl 145562 py0us.
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Jlns pacuera OCHOBHOM 3apaOOTHOM TuIaThl ObLT CHOpPMHUpPOBAH OalaHC
paboyero BpeMeHH, MIPUBEJASHHOTO B TabmIe 8.

Tabnuya 8. bananc pabouezo spemenu

CryneHr-
[ToxazaTtenu paboyero BpeMeHU PykoBoguTens ya

HWHKEHED

KanenmapHoe 4nciio qaem 365 365

KonunaectBo Hepabounx nHEH (BBIXOAHBIE JHU, 66 66

npa3AHUYHBIC JTHH)
[ToTepu pabouero BpemeHu (OTMYCK, HEBBIXObI 43
1o 00JIe3HN)
€HCTBUTENBHBIN ro0BOM (hOoH padoyero
A AIOBOE GOHA P 251 299
BPEMCHHU

CpennenneBHas 3apaboTHas TUIaTa pacCUUThIBaeTCs 1Mo Ghopmyiie 28:

3u'M
3,&1—1 = F (9)

A

rjie 3, — MECSYHBIN JOMKHOCTHOM OKJaj] paboTHUKA, pYO.;
M = 10,4 mecseB, 6-T1HEBHASA HEJEII;
F, — nefictBUTENBHBIN TOAO0BOM (DOHI.
OcHoBHast 3apabotHas 1iata (3,.,) PYKOBOJMTEINSI PACCUUTHIBACTCS IIO
cnenyromieit popmyine 10:

Bocu = 3,:[1—1 ) Tpa6 (10)
rae 3,, — CpellHeIHeBHAs 3apa0oTHas IuiaTa padoTHUKA, pyO; mis mpodeccopa oHa
coctasisier 36800 pyO., aiist uHxkeHepa — 9893 pyo.

T},46 — IPOAOIIKUTENIBHOCTD PAOOT, BBINOJIHAEMbIX HAYYHO-TEXHUUECKHM PAOOTHUKOM,
pao. aH.

Tabnuya 9. Pacuém ocrhosHol 3apabommuotl niamol

HUcnomaHurenn 36, pyO. | 3, py0. | Tp, pad. mH. | 3,, pyO0. | 3o, PYO.
PykoBoautenb 36800 1982 38 47840 75324
CTyneHT-uH)eHep 9893 447 196 12860 87612
UTOI'O | 162936
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5.6.4. Pacuem 3ampam Ha Hay4Hble KOMAHOUPOBKU

3aTpaTbl HA HAY4YHbIE U MPOU3BOJCTBEHHBIE KOMAHIUPOBKU HCIOJIHUTEIECH
ONPENEISAIOTCA B COOTBETCTBUM C IUIAHOM BBIIIOJIHEHUS TEMBI M C YYETOM
NEUCTBYIOIIMX HOPM  KOMAaHIAMPOBOYHBIX  PAacXOJOB  pa3jIMYHOrO BHAA U
TpaHCHOPTHBIX TapudoB. YacTs paboT B pamkax BeimosHeHHOW HUP npoBoauiack B
HU TITY, ognako 6osbliiias yacTh paboT npoBoAmiack B EBponelickoil opranuzanuu
O AIEPHBIM ucciienoBanusM. [Ipu 3ToM 3aTpaThl HA KOMaHIUPOBKH JJISI TPOBEICHUS
npeaycMaTpUBalid TOJIbKO TPaHCTIOPTHBIE pacxojbl (Tabmuima 10). [Ipoune pacxoss
OBLIIM MOKPHITHI 32 CUET 3apaO0THOM TJIATHI.

Tabnruya 10. 3ampamoel Ha HayyHble U NPOU3BOOCHBEHHbLE KOMAHOUPOBKU

Bunel pacxonos Cpoxu KOMaHIUPOBKH Cymwma, pyo.

ABuamnepeneTsl 10 MapuIpyTy
Tomck — Mocksa — Xenea — | Hos6pb — nexabps 2016 roxa 29867
Mocksa - Tomck

ABuariepeneTsl 10 MapLIpyTy
Tomck — MockBa — XKeneBa — | SHBaps — anpens 2017 rona 34521
Mocksa - Tomck

Hroro: 64388

5.6.5 Konmpazeumckue pacxoowl

Kontparentckue pacxojibl BKIIOYAIOT 3aTPaThl, CBA3aHHBIC C BBHIMOJIHEHUEM
KaKux-1u00 pabdoT MO TeMe€ CTOPOHHUMH OpraHu3anusMu (KOHTpAareHTamu,
cyononpsimuukamu). PacueT BeNIMUYMHBI A3TOM TPYIIBI PacxoJioB 3aBUCHUT OT
IJIAaHUPYEMOTOo 00bemMa paboT W ompenensercss U3 YCIOBUM JOTOBOPOB C
KOHTpPareHTaMu WiK CyOnoapsiAuruKaMH.

B pamkax BBINOJHEHHBIX WCCIEIOBAHUMN, MaTEpUATIOBEIUECKUN aHAIINU3
IJIEHOK JIETEKTOpa ObLI MpoBeieH B TOMCKOM peruoHaibHOM LEHTPE KOJIEKTUBHOTO
nonp30oBanus. B coorBerctBum ¢ mpaiicom TunoBeix ycayr TPHKII 2017 [1]
CTOMMOCTD MPOBEJICHUS AIIEMEHTHOTO YHEPTOAUCIIEPCUOHHOIO aHAIN3a Ha CUCTEME C

ANEKTPOHHBIM U CcPOKycHpoBaHHBIM MOHHBIM myukamu Quanta 200 3D cocraBuna

1700 pyo6.
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5.6.6. Dopmuposarue b6100x0cema 3ampam

Paccuntannas BenuurHa 3aTpaT HAYYHO-UCCIEAOBATEIHLCKON pabOThI (TEMBI)
ABJISIETCA OCHOBOM i (opMuUpOBaHUs OrOKETa 3aTpaT MPOEKTa, KOTOPBIM Mpu
(dbopMUpPOBAaHUM JOTOBOpPA C 3aKa3YMKOM 3alllMINAETCSl HAyYHOW OpraHu3aluei B
KaueCTBE HIKHETO Mpeieia 3aTpaT Ha pa3paboTKy HAyYHO-TEXHUUECKON MPOTYKIIUH.
Onpenenenue OroKeTa 3aTpaT HA HAYYHO-UCCIEOBATENbCKUNA MTPOEKT MO KAXKIOMY
BApUAHTY UCTOJIHEHUS PUBEJICH B Tabnuie 11.

Tabnuya 11. Pacuem 6100xcema 3ampam HTH

HaumeHnoBaHue cTaTbn Cymma, pyo.
MatepuanbHble 3aTpaThbl 0
3arpathl Ha CrIeNUAIbHOE 000PYI0BAHUE IS 34407
HAYYHBIX (3KCIIEPUMEHTAIIBHBIX) PadoT
3aTpatrhbl IO OCHOBHOM M IOMOJIHUTEIbHON 0
3apabOTHOI TJ1aTe UCTIOTHUTENCH TEMBI
3aTpaThl Ha HAY4YHbIE U IPOU3BO/ICTBEHHBIE 64388
KOMaHIUPOBKH
KoHnTparenTckue pacxozsl 1700
broxxer 3atpatr HTHU 100495

Onnako, B ciyuyae BbImojgHeHUs] pabor corpynnukamu HU TIIY 3atpaTsi

coctaBuii 061 263431 pyOab — ¢ yueToM 3apab0THOM IIaThl HCIIOJIHUTEINEH.

5.7. Onpenesienune pecypcHoi 3pPeKTHBHOCTH UCCAECT0BAHUS
WNHTerpanbHBIi  TIOKa3aTenb  pecypcHOW  A(PQPEKTHUBHOCTH  BapHUAHTOB
UCIIOJHEHUsI 00BEKTa UCCIEA0BAHUS MOKHO ONIPEACIIUTH CIEAYIOIINM 00pa3oMm:

Iy = Ya;- b, )]
rae [, — MHTErpajbHbIM IOKa3aTenb pecypcodP(PEeKTUBHOCTH Ul i-TO BapHaHTa
UCIIOJHEHUs pa3pabOTKU; @; — BECOBOM KOI(PQUIMEHT i-r0 BapuUaHTa WCIOIHEHUS
pa3paboTku; b; — OalbHas OlLIEHKAa I-T0 BapuaHTa WCIOJHEHUS pa3paboTKH,
YCTaHABIMBACTCS SKCIEPTHBIM IMTYTEM TI0 BRIOPAHHOW IIKaje OTICHUBAHUS, 7 — YHCIIO
napaMeTpoB CPAaBHEHUSI.

B kadecTBe BO3MOXHBIX BapUAHTOB HCIIOJHEHUS BBHIOEPEM peaTu30BaHHBIN

croco0, a Tak)Ke JiBa aTbTEPHATUBHBIX BApUAHTA: BAPUAHT C 3aKyIKOU 000pY0BaHUS
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y CTOPOHHHMX OpraHu3aluii U TMOCHeayIolllee BBIMOJHEHHE paboT 1Mo ero
CaMOCTOATEJIbHOMY MOHTUPOBAHMIO M HCIIOJb30BaHMI0 B pamkax HTH, a taxxke
BAPUAHT C 3aKyNKOW O0OOpyJOBaHUS M 3aKa30M Ha BBINIOJIHEHHWE pPabOT MO €ro
MOHTUPOBKE W BBOAY B JKCIUTyaTallMl0 y CTOPOHHEW opraHu3auvu. OCHOBHBIM
auMuTHpYOmKUM (dakTopoM B mpexactaBieHHoM HTU sBnsimack ero CTOMMOCT.
[Tokynka oOoOpy/OBaHUSl Y CTOPOHHEW OpraHu3aliu COKpaTuia Obl pabouee Bpemst
UCIIOJHUTENEH TEMBbI, OJJHAKO, TPUBHECHA Obl JOMOJHUTEIBHYIO CTAaThIO pacxoja B
pasmepe 1321500 py6. Tperuil mpeacTaBiICHHBIA BapuUaHT SIBISIETCS emle Oosee
HEBBITOJIHBIM B OTHOILLIEHWU CTOMMOCTHU MPOEKTA. B 3aTpaTel B 3TOM ciaydae BOWAYT
OCHOBHAs M JOTOJIHUTENIbHAsI 3apa0O0THBIC TUIATHI JI1 BHICOKOKBATU(UIIMPOBAHHBIX
WHXXEHEPOB, COOTBETCTBYIOIIUE OTUYMCICHHUS BO BHEOIOKETHBIE (POHIBI, a TAKXKE
3aTparhl Ha 0(hOpMIIEHUE JJIsl HUX TIPOU3BOJICTBEHHBIX KOMaHIUPOBOK.

Tabnuya 12 — CpagnumenvHas oyeHKa 6apuUanmos UCHOJIHEHUS UCCe008AHUS

(Ucm. 1) (Vier. 2) (Ucm. 3)
Brinonnenue I ’ IMokyrmka
OKYIIKA
paboThI B paMKax 60 };BaHHH 000pyI0BaHUS
Becosoii HTU ¢ pyA M 3aKa3 Ha
Kpurepuu K03 PUIHEHT COOTBETCTBYIOLIUMH 1 EZIH;HHZ%HE: BBIIIOJIHEHIE
TAJIbHOU
napamMeTpa 3aTparaMu 6o paboThI B
THI B
(peanuzoBaHHOE arl)vncax HTH CTOPOHHEH
HCTIOJTHCHHE) p OpraHu3aluu
Llena 0,4 4 2 1
Y106
HODETEO 0,1 5 5 5
AKCILTyaTaIluu
TouHOCTH 0,2 3 3 5
[TomexoycTOHYMBOCTH 0,15 4 4 4
HanesxHocThb 0,15 3 3 5
Wroro: 1 19 17 20

[IpoBenem pacuer UHTETPATBLHOTO MOKa3aTels pecypcodHEeKTUBHOCTH IS
Ka)XJI0T0 BapUaHTa UCTIOTHEHHUS:
Iy—yen1 =4-04+5-01+3-02+4-0,15+3-0,15 = 3,75; (10)
Iyoyenz =2-04+5-01+3-02+4-0,15+3-0,15 = 2,95; (11)

Iy—yen3 =1-0445-014+5-02+4-0,15+5-0,15=3,25;  (12)
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Kaxk BuHO U3 paccunTaHHBIX 3HAYE€HUM, BAPUAHT UCTIOJHEHHUS, KOTOPBIA ObLIT

peanu3oBaH B JaHHOU pabote, sBisieTca Hanbomee pecypcodPheKTUBHBIM.

5.8. BoiBOabI

W3 mpow3BeneHHBIX PacuyeToB CIIEMyeT, YTO OCHOBHBIC 3aTpaThl HA HAYYHO-
TEXHUYECKOE HWCCIAEAOBaHWE TMPUXOMATCS HA 3aTparhl HA  HAy4YHbIE W
MPOU3BOJICTBEHHbIE KOMaHIUpPOBKU (64388 py6.). DTO CBsSI3aHO C TE€M, 4YTO
BBITIOJTHEHUE JTaHHOW palboThl BBUAY €€ OCOOCHHOCTEHl TpeboBaio peanu3aluu B
HH(paCTpyKType, CylIecTBYIONIEH Ha 0aze 3apyOexHOU opranuzanuu. B cymme xe
BECh OIOJKET HAyYHO-TEXHUYECKOTO HCClieoBaHus cocTaBisier 66088 pyoOueil.
PacueT nHTErpambHOTO MOKa3aTeNs peCypcHOl 3D PEKTUBHOCTH MOKa3ajl, YTO BAPHAHT
WCIIOJTHEHUsI, KOTOpbIA OBbLI peanu3oBaH B JaHHOW paboTe, sBIsAETCS Hauboiee

pecypco3PheKTUBHBIM.
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I'naBa 6. CounajibHasi 0OTBETCTBEHHOCTh

VYcnoBust Tpyna cuuTaroTcsi 0€30MacHbIMU, €CJIM BO3JICHCTBUE BPEIHBIX WU
OMAaCHBIX MPOU3BOJACTBEHHBIX (DAKTOPOB HE MPEBBIIIAET YCTAHOBICHHBIE HOPMATHUBHI.

OnHO Y3 OCHOBHBIX HAIpaBJICHUN TPOPUIAKTUUECKON PAOOThI MO CHUKEHUIO
MIPOU3BOJICTBEHHOI'O TpaBMaTHU3Ma U MPOQPECCUOHATBLHON 3a00JIEBAEMOCTHU SIBISETCS
IMOBCEMECTHOE BHEIPEHUE KOMIUIEKCHOM CHUCTEMbI YIPABICHUS OXPAHOM Tpy/la.
OxpaHa Tpyga — CHCTEMA 3aKOHOJATENBHBIX, COLMAIbHO-3KOHOMUYECKHUX,
OpPraHu3alMOHHBIX, TEXHOJIOTUYECKUX, TUTUECHUYECKUX 151 nae4eOHo-
NpoPUIAKTUYECKUX MEPONPUSATUM U CPENCTB, OOECMEeUUBAIOIIUX OE€30MaCHOCTD,
COXpaHEHHE 3/I0POBhS U PAOOTOCTIOCOOHOCTH YEJIOBEKA B MpOlIecce Tpyaa.

Oxpana Tpyla U 0€30MACHOCTh >KU3HEACITEIBHOCTH PETYIUPYETCS PAOM
pPa3IMYHBIX HOPMATHUBHO-IIPABOBBIX, 3aKOHOJATEIbHBIX AKTOB, B TOM YHCIIE
Tpynoseim Konekcom Poccuiickoit ®@exneparuu, Kogekcom 00 aAMUHUCTPATUBHBIX
HapymeHusx, YronoBHbiM Kogekcom u Koncrturyuuei PO.

B pamkax panHO#l paboOThl MPOBOJWIICA AaHAIU3 YHUCICHHBIX JIaHHBIX,
MOJYYEHHBIX C MPOJOJKUTEIBHBIX H3MEPEHNUN XAPAKTEPUCTUK TPOTOTHUIIA IETEKTOPA
Ha OCHOBe ['a30BbIX DJIEKTPOHHBIX YMHOXuTeneu. [Ipu BwimomHeHuun padoT Oblia
WCIOJIb30BaHa 3JIEKTPOHHO-BBIYUCIIATENIbHAS alllaparypa.

[Iponecc paboThl XapakTepuzyeTcsi TaKUMHU BpeIHbIMU (DaKTOpamu, Kak
HEJIOCTATOK E€CTECTBEHHOTO OCBEIICHUs, HEAOCTATOYHAsl OCBEIIEHHOCTh pabouero
MECTa, BO3MOXXHOCTh KOPOTKOT'O 3aMBIKaHUs U TOPAKEHHUE UCCIIEI0OBATENS TOKOM.

B nanHOl rnaBe paccMOTpEeHBI U HaMAEHBI PEIICHUS [JIsi O0eCleueHUs
YIOBIIETBOPUTEIBHBIX YCIOBUW Tpyaa uccienosarens. [IpoBeaeHa xapakTepucThka
MIPOU3BOJICTBEHHBIX MPOIECCOB, aHAIN3 BPEHBIX U OMACHBIX ()aKTOPOB MPHU TAHHOM
BHJI€ TIPOU3BOJCTBEHHON JEATENLHOCTH M PEIICHUI0 BOMPOCOB OE30MaCHOCTH Ha
OCHOBE TpeOOBaHUM JEHCTBYIONIUX HOPMATUBHO-TEXHUYECKUX IOKYMEHTOB.

JlanHast BBITTyCKHasl KBaJIMPUKaIIMOHHas paboTa Oblia MpoBe/eHa B OPUCHOM
MOMEIIEHUH, OOOpPYyIOBAaHHOM  HEOOXOJAMMOW  TEXHUKOM ISl  BBINOJTHEHUS

UCCIIEIOBAHUM, MCIOJIb30BAHUSI CTAHIAPTHOTO M CHEUUPUYECKOrO MPOTrPaMMHOTO
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obecnieuenusi. Jlyis sToro pabouero momenieHusi OyneT MPUBEACH pacueT TaKuX

IMPONU3BOJACTBCHHBIX (1)aKTOpOB, KaK OCBCHICHHOCTD M IIYyM.

6.1 TexHorennast 0e30IaCHOCTDL
PaGouee momenieHue umeeT JIHUHEHHBIE pa3Mmepsl 8,8x5,3M U BBICOTY 3 M,

HaxOJUTCSl Ha TEepBOM HdTaxe 3aaHus. [loMmenieHne MMeeT JBa OKHa pa3MepaMu
1,8x1,5M, KOTOpBIE PacCIOI0KEHBI TAKUM 00pa3oM, 4TO 0OECIIEUMBAIOT JOCTATOYHOE
MIPOHUKHOBEHUE COJTHEYHOTro cBeTa. C MPOTUBOIMOJIOXKHOM OT OKOH CTOPOHBI
HAaXOJUTCS ABEPHOM MPOEM.

[lomemenne  obecnieunBaeT 3  pabouumx  MecTta, OOOpPYIOBaHHBIX
MepCOHAIBHBIMU KOMIbIOTEpaMu. PacmnonoxeHnue oO0OpyIOBaHHUS MPHUBEACHO Ha
Pucynke 25.

Paznen «TexHorenHas 0e30MacHOCThY» JOJKEH COAEPKATh aHAIU3 (PaKTOpPOB
pabouell 30HBI Ha TPEAMET BBISBICHUS WX BPEIHBIX M OMACHBIX Bo3aeucTBuil. K
nepBo rpymnme (pakTopoB MOXKHO OTHECTH MUKPOKIMMAT MOMEIICHUS, OCBEICHHUE
paboueii 30HbI, JEKTPOMATHUTHOE TI0JIE U LITyM, a TaK:Ke MCuXopu3ndeckue (hakTopsbl.
B kauectBe BTOpOUl rpynmbl (HAaKTOPOB HEOOXOJAMMO PACCMOTPETH BO3MOXKHOCTD

IMOPAXCHUSA SJICKTPUICCKUM TOKOM.

<

|

II3BM

T

Ilxad

Cron

>
;,/

VrioBoi cton

OxHO

JBepb

AT W

Pucynok 25. Ilnan kabunema pabouetl epynnol.
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6.1.1 Ocsewjenue

KauecTBO ocBemieHusi BauseT Ha pabOTOCIOCOOHOCTH COTPYJHHMKA, Ha €ro
MICUXOJIOTUYECKOE COCTOSIHUE B TIpollecce BbIMOJHEHUs1 pabor. Haubonee
0JIarONpusiTHOE BIUSHHUE HA COCTOSHHE COTPYAHMKA OKA3bIBA€T MPEUMYIIECTBEHHO
ecTecTBeHHOE ocBeleHrue. HopMbl ecTeCTBEHHOT0, MCKYCCTBEHHOTO Y COBMEILIEHHOTO
OCBEIICHUSI 3/IaHUM U COOPYXKEHUM, MECT TMPOU3BOJACTBA pabOT BHE 3JaHUM
npencrasiensl B CHulle 23-05-95.

OCHOBHBIMM pErjIaMEHTUPYEMBIMU (DAKTOpPAMU HOPM OCBEILICHHS SIBISETCS
XapakTep 3pUTEIbHOU paboThl, (OH, KOHTpPACT 00bEKTa ¢ (OHOM, CHCTEMa W BHU/I
OCBEIICHUS.

I'maBHOMt 3amaueld TEKyIIETO CBETOTEXHUYECKOTO pacyeTa SBISETCS
onpenesieHre HeoOXOAMMON MOIIHOCTH 3JIEKTPUYECKOW OCBETUTEIHHON YCTAaHOBKH
JUTSL CO3J1aHusl TpeOyeMOM OCBEIIEHHOCTH.

B pacuérHoM 3amaHuu AOMKHBI OBITH PEMICHBI CIEAYIOIIUE BOMPOCKI: BEIOOP
CUCTEMBbl OCBEIICHUS; BHIOOP MCTOYHHUKOB CBETA; BBIOOP CBETUJIBHUKOB U HX
pa3MmernieHue; BhIOOP HOPMHUPYEMOM OCBEHIEHHOCTH; PACUET OCBEILEHHUS METOJ0M
CBETOBOT'0 MOTOKA.

1. Bribop cuctemMbl ocBemieHus. s mpou3BOJCTBEHHBIX MOMEIIEHUN BCEX
[I9BM Ha3zHaueHWl NOPUMEHSAIOTCA CHUCTEMBI O0Hero (PaBHOMEPHOTO WM
JIOKaJIM30BAaHHOI'0) 1 KOMOMHUPOBAHHOTO (00111eT0 ¥ MECTHOT0) ocBenleHus. Cuctema
KOMOMHUPOBAHHOTO OCBEIIECHUS TPUHUMAETCSI B OCHOBHOM J1JIsl TOMEIIEHUM PEMOHTA,
PEryJIMPOBKY, YUCTKH U MaWKK anmnapaTypbl U MpUOOPOB, B MPOUYUX CIydasX ClIeIyeT
MCIIOJIB30BaTh CUCTEMY OOIIEro (PaBHOMEPHOI'O WJIHU JIOKAIM30BAHHOTO) OCBEILICHMUSI.
Jlst nanHO# paboyelt 30HbI BEIOMpPAETCs pacyeT 00I1er0 paBHOMEPHOTO OCBEILICHHUS.

2. BpiOop wuctouyHUKOB cBeTa. VcTOuHMKM CBeTa, MNPUMEHSEMbIE IS
MCKYCCTBEHHOT'O OCBEILICHHUS, JICTIST Ha JIBE TPYIIIBI — Fra30pa3psIHbIC JIAMIIBI U JIAMIIBI
HakanuBaHus. JlJisi BBHIOpAHHOTO THUIIA OCBEUIEHHUS, KaK MPaBUIIO, MPUMEHSIOTCS

ra3opaspsaaHbIC JaMIIbl, TAK KaK OHH SHCPICTUICCKHU 0ojiee SKOHOMUYHEI U O6J'IaI[aIOT
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OoNbIIUM  CpPOKOM  ciiyxObl. Haubonee  pacnpocTpaHEHHBIMU  SIBIISIFOTCA
JFOMUHECLIEHTHBIE JIAMITBI.

3. BbiOop CBETUNBHUKOB W UX pazmenieHue. CBETUIBHUK — MpUOOD,
nepepacnpeeNisiomuii  CBeT JaMIl BHYTPU OOJIBIIMX TEJNECHBIX YIJIOB H
o0ecrnieunBalONIMi  YIJIOBYI0 KOHIIEHTPAIIMIO CBETOBOrO TMOTOKAa. BpiOop Tuma
CBETHJIbHUKOB OCHOBBIBAETCSl HAa CBETOTEXHUYECKHX TPEOOBAHUAX, IKOHOMUYECKUX
MOKAa3aTeNsaX U yCIOBUAX cpelbl. [{ns nanHoil paboueil 30HbI BEIOMpPAeM CBETUIIBHUK
HaksaaHou OJ], kpensuuiics Ha HOBEPXHOCTh MOTOJKa, MOITHOCTHIO 30BT. Pazmepsnl
cBeTWIbHUKA: 933x204MM.

[IpocTpaHCTBEHHOE MOJOKEHUE CBETHUJIIBHUKOB B BBHIOPAHHOM IMOMEIICHUU
OTpeNeNAeTCs CIeAYIOINIMMU TapaMeTpaMH:

- /=3 — BpICcOTa IOMEIICHUS;

- he=0,2 — paccTosiHNE CBETUJILHUKOB OT MEPEKPHITUA (M);

-hn=H— h.=2,8 —BBICOTa MOJIBECa (M);

- hp = 0,7 — BpIcOTa paboueil MOBEPXHOCTU HAJ TOJIOM (M);

-h=h,— hpy=2,1 —pacueTHas BrIcOTa (M);

- L — paccTostHuEe MEXKy COCEIHUMU CBETHJILHUKAMU (M);

- | — paccTrosiHEE OT KpailHUX CBETHJIBHUKOB JI0 CTEHBI (M).

OnTuManbHOE pacCTOsTHWE | OT KpaWHEro psjma CBETHIHHUKOB JIO0 CTCHBI
PEKOMEHAYETCsl IPUHUMATh paBHBIM L/3.

Hanbonee mnpuemiemMbiM pacroigoKeHUEM CBETUIBHUKOB SBIAETCS HUX
PaCIIONIOKEHUE B IIaXMATHOM IMOpPsJKE, JUOO MO CTOpOoHaM KBajpaTa. B manHOM
ciydae OyAeT UCIOJIb30BAHO pa3MelIeHre 0 CTOPOHAM KBapara.

JIXOMUHECLIEHTHBIE CBETUJILHUKHU MPU PABHOMEPHOM PACIIOIOKEHUU OOBIYHO
pacrionaratorcss psgamMd. OCHOBHBIM KpPUTEPUEM ONTUMAIBHOTO PAaCIOJIOKEHHS
CBETUJILHUKOB sIBIIsieTCs BennunHa A = L/h - HauBBITOAHEHIIIEE PACCTOSHUE MEKTY
OCBETUTEIIbHBIMU TMPUOOPaMHU, YMEHBIIEHHE KOTOPOrO YJOPOXKAET YCTPOUCTBO H
o0CITy’KMBAaHME OCBEIICHUS, a Ype3MEpPHOE YBEIUYEHHE BEIET K PE3KOH

HEpaBHOMEPHOCTH OCBEIIEHHOCTU. JlaHHAs BeJIWMYMHA 3aBUCUT OT KPHUBOW CBETa
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CBeTWJIbHUKA. JIJ1s1 BRIOpAaHHOTO CBETHIJIBHUKA XapakTepHa KpuBas tuma JI, roe A = 1,2
- 1,6. I1pu BEIMOMHEHNN pacueTa mpuHUMaeM A = 1,4,
Paccrosiane L Mexay CBETHIIbHUKAMH ONPEAEISAETCS KAK:
L=A-h=14-21=294wm (13)
Paccrosiane oT KpailHUX CBETUIIBHUKOB O CTEHBI:
1=L/y=29%, = 098w (14)
[IpousBenem pacuer yncia psIoB U KOJTUYECTBA CBETUILHHUKOB B psiay. Uucmo

pPAI0B CBCTHUIIbHUKOB B IIOMCIICHHM

A 58
Ny=2=20x2 (15)
YUCI0 CBETHILHUKOB B PAY:
B 531
Np = L 294 (16)

Tak kak moMeleHne UMEET NPSIMOYTONIBHYIO (hOpMY, TO pa3yMHee 100aBUTH B
KXIbIA psAll 110 OAHOMY JIOMOJHUTEILHOMY CBETHIIBHUKY, TEM CAMBIM YMEHBIIUB
pacCTOsSIHME MEXJYy CBETWIbHUKaMH B pany A0 50 cM. DTO MO3BOJUT YCWIUTh
OCBEIIEHHOCTb MOMEIIEeHUS il 007ee KOMPOPTHOM pabOTHI.

Takum oOpazom, 00IIIee YUCTIO CBETUILHUKOB B TIOMEIIICHUH:

N=N,*N,=3%2=6 (17)

Ha pucynke 26 u3zo0paxkeH ImjiaH kaOMHETa U PACHOJIOKEHUS] MCTOYHUKOB

CB€Ta C JIOMHMHCCIHCHTHBIMU JTaMIIaMH.
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Pucynoxk 26. llnan pacnonoscenus ucmo4Hukos ceema.
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4. BwiOop Hopmupyemoil ocBeméHHOCTH. (OCHOBHBIE TpeOOBaHUSA TIO
3HAYEHUSIM HOPMHUPYEMON OCBEIIEHHOCTH pabOYuX MOBEPXHOCTEHN CHOPMYITUPOBAHBI
B CHull 23-05-95. Be1i60p OCBEIIEHHOCTH OCHOBAaH Ha TaKUX YCIOBUAX KakK pasmep
o0béMa paznuueHust (TOJNIIUHA JUHUHU, PUCKH, BBICOTa OYKBBI), KOHTpacTa 00BEKTa C
(dhoHOM, XapakTepucTUKu (oHa.

B cootBerctBUU ¢ TpeboBanusiMu 1o padote ¢ 1K, mpu padote ¢ s3xpaHom B
coueTaHuu Cc paboOTON HaJ NOKYMEHTaMHU Haubojee ONTUMAaIbHOM sl pabOThI C
3KPaHOM SIBJISIETCA OCBEIIEHHOCTH 200 JIK.

5. Pacuér oOmero paBHOMEpHOTO oOcBereHus. [ mpousBeneHUs pacyéra
00I1lleT0 PaBHOMEPHOTO MCKYCCTBEHHOI'O OCBEIIECHHUS TOPU3OHTAIBHOW paboueit
MMOBEPXHOCTU HCIOJB3YeTCsI METOJ KOo3((pUIMEHTa CBETOBOrO MOTOKA, KOTOPBIM
YUUTBIBAET CBETOBOM IOTOK, OTpaXEHHBIM OT MOTOJKAa M CTeH. Pacyer oOmiero
PAaBHOMEPHOTO YPOBHSI MCKYCCTBEHHOT'O OCBEILICHHUSI TOPU3OHTAIBHOU MOBEPXHOCTHU

paboyero Mecta MPOU3BOJAUTCSA CLIOCOOOM KO3 (hHITMeHTa CBETOBOTO MOTOKA:

¢n

rae Ep — HopMupyemass MUHUMalbHas ocBemiéHHocTh o CHull 23-05- 95, E£,=200

__ ExSKsZ __ 200:30,8:1,5:1,1
Nn 12:0,53

= 1598 JIm (18)

JIk (Xapakrepuctuka 3puteiabHoi padotsl VI: ['pybas (oueHs Manoit Tounoctun)); S —
IUIOMIAJb OCBEIIAEMOI0 MOMEIICHHUS, M2; K3 — xoadduiuent 3amaca, yUuThbIBarOIIUN
3arpsi3HEHUE CBETHJIbHUKA (MCTOYHHMKA CBETA, CBETOTEXHUYECKOU apMaTyphl, CTEH U
mp., T. €. OTPa)kKaroIIUX MOBEPXHOCTEH), HaIW4UMe B aTMocdepe 1exa JibIMa, MbUIH,
K3=1,5 (Ilomemenus ¢ MaiubIM BBIJEIEHHEM IbUH), Z — Kod(duumeHt
HEPABHOMEPHOCTH OCBELIEHHS, OTHOMIEHHE Ecp/Emin. [ TIOMMHECUEHTHBIX JTaMII
npu pacu€rax Oepércs paBHbiM 1,1; N — uwcino namn B momenieHuu, 12; n —
KO3(ppUILIMEHT UCTIOIB30BaHUs CBETOBOI0 OTOKA, 0,53.

Koadpunment ucnonb3oBanusi CBETOBOrO MOTOKA MOKA3bIBAET, KaKas 4acTh
CBETOBOI0 IMOTOKA JlaMNl TOMNajaeT Ha pabouyro MNOBEpXHOCTh. OH 3aBUCUT OT
WHJIEKCa TIOMENIEHUs I, TUMa CBETWJIbHHMKA, BHICOTHl CBETHJIBHUKOB HaJ padoueit

MOBEPXHOCTBIO /1 U KOO (ULIUEHTOB OTPAKEHUS CTEH P U MOTOJKA P,
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WNHunekc noMenienus onpenensercs no gopmye 19:

> 98— 1,3 (19)

L= h(A+B) _ 211111
Koadpunment orpaxenus cTeH (CBeKenoOeIeHHOE COCTOSIHUE CTEH C OKHAMU
6e3 mrop): p.= 50 %;
Koadunment orpaxkeHus notoaka (CBeKenoOeIeHHOe COCTOSIHUE TTOTOJIKA):
Pn="10 %;
Jlemaem MpoOBEPKY BBHITIOTHEHUS yCIIOBHUS:

q)ﬂﬂ_q)l_[

~10% < =21 100% < 20% (20)
JIA
Pan = Pn 0006 = 2690 = 1598 100 = 3,20
D T 1650 0T e

Takum o6pazom: —10% <3,2%< 20%, OCBEIIEHHOCTh pacCMaTPUBAEMOTO
ITOMEIIESHHS] HAaXOIUTCS B JUAIIa30HE ONTHMAILHOTO OCBEIICHHS. JTO 03HAYACT, YTO
MOIITHOCTD ¥ KOJUYECTBO OCBETHTEIIBHBIX MPUOOPOB JIJIsI JAHHOTO MOMEIIICHUS

BBIOpaHbl MPABUIILHO.

6.1.2 lllym

[Iym — OecnopsiouHbIe KOJEOAHUS PA3TUYHON (DU3UUECKON MTPUPOJIbI,
OTJINYAIOIINECS CIIOKHOCTHIO BPEMEHHOU M CHEKTPATIbHOW CTPYKTYpHhI. JlJIUTeNbHOE
BO3/ICIICTBUE IlIyMa MOKET MPUBECTHU K YXYAIICHUIO CITyXa, a B OTJIENbHBIX CIydyasx —
K TIyXOTe. YCTaHOBJIEHO, UYTO LIYMOBOE 3arps3HEHHUE Cpelbl Ha pabodyeM MecTe
HETaTMBHO BJIMSET HAa paOOTaIOIIMX, BCJIECACTBUE YETO Y HUX CHM)XAETCS BHUMAHMUE,
YBEIIUYMBAECTCS PaCcXoJ JHEPrUM TpPU OJAMHAKOBOM (U3UYECKOW Harpyske,
3aMeUISIETC CKOPOCTh MCUXUYECKUX PEAKIUA U T.M. B KOHEYHOM UTOre CHUXKAETCS
MIPOU3BOJIUTEIIBHOCTh TPYJa U KAU€CTBO BBIMOJIHIEMOMN PabOTHI.

Cornacuo I'OCT 12.1.003-83 npu pa3zpaboTke TEXHOJOTMYECKUX MPOLIECCOB,
MPOEKTUPOBAHUM, H3TOTOBJICHUM U OKCIUTyaTallMd MaIlWH, MPOU3BOJICTBEHHBIX
3IaHUI U COOPY>KEHHU, a TAK)Ke MPU OpraHu3aluu pabourx MECT ClielyeT TPUHUMATD
BCE HEOOXOJIUMBIE MEPBI MO CHIXEHUIO ITyMa, BO3JCHCTBYIOIIETO HA YEIOBEKa, 10

3H&‘I€HH§I, HC MPCBBINAIOIHUX JOITYCTUMBIC.
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3ammTa OT IIyMa JOJKHA OO0ECNeYuBaTHCS Pa3paOOTKOW MIyMOOE30MacHOM
TEXHUKH, MPUMEHEHHUEM CPEACTB M METOJ0B KOJUICKTUBHOM 3aIlUTHI, B TOM YHCIIE
CTPOUTENIbHO-aKyCTUYECKHUX, TPUMEHEHUEM CPEJICTB UHANBUYaTbHOM 3alllUTHI.

B niepByto odepenb cieayeT UCTOIb30BaTh CPEACTBA KOJUIEKTUBHOM 3aIIIUTHI.
[To OTHONIEHUIO K UCTOYHUKY BO30YXKIEHUS IITyMa KOJIJIEKTUBHBIE CPEJICTBA 3aIUTHI
MOAPA3AEIAIOTCS Ha CPEJICTBA, CHIKAIOIIKUE [ITYM B UCTOYHUKE €r0 BOZHUKHOBEHHUS, U
CpPEACTBA, CHIDKAIONIME IIyM Ha MyTH €ro paclpoCTPaHEHHUs OT HMCTOYHHKA J0
3amuinaeMoro oobekra. CHIKEHHE IIyMa B HMCTOYHUKE OCYIIECTBISAETCS 3a CUET
YIY4YlIEHUs] KOHCTPYKIIMU MAIIMHBI WM U3MEHEHMs] TEXHOJIOTMYECKOro MpoIlecca.
CpencrtBa, CHIXKAIOIIUE IIYM B MCTOYHUKE €r0 BOSHUKHOBEHUS B 3aBUCHUMOCTH OT
Xapakrepa HIryMooOpa3oBaHUs TMOJPA3JENAIOTCd HAa CPENICTBA, CHUXKAIOIIME IIyM
MEXaHUYECKOTO IPOUCXOXKICHHS, a’pOJIUHAMHUYECKOTO M THIAPOJUHAMHUYECKOTO
MIPOMCXOXKICHHS, IJIEKTPOMArHUTHOTO TTPOUCXOKICHUS.

BriOop mupuHBl CaHUTAPHO-3AIIUTHON 30HBI 3aBUCUT OT YCTAHOBJIICHHOTO
o0opynoBaHus, HaApUMep, MIUPUHA CAHUTAPHO-3AIIUTHON 30HBI BOKPYT KPYIHBIX
TOC MoOXeT COCTaBJISITh HECKOJBKO KHJIIOMETPOB. J[J11 OOBEKTOB, HAXOJSIIUXCS B
yepTe TOpoja, CO3JaHHE TaKOW CaHWUTAPHO-3AIIUTHOM 30HBI IOPOM CTAaHOBHUTCS
Hepazpemunmon 3amadeii. COKpaTUTh HMIUPUHY CAHUTAPHO-3AIATHOM 30HBI MOYKHO
YMEHBIIIEHUEM ITyMa Ha MyTSAX €r0 paclpoCTpaHEHUSI.

VYpoBHH 1mIyma Ha pabouyMx MecTax IOJIb30BaTeliel MepCOHATBbHBIX
KOMIIBIOTEPOB HE JOJDKHBI TMPEBbIIATh 3HAaueHUW, ycraHoBieHHbIX CaunlluH
2.2.2/2.4.1340-03 u CH 2.2.4/2.1.8.562-96. PaGouasi 30Ha COOTHOCUTCS C KaTeropueu
«BpIcokoKkBamupuIIMpOBaHHASL pabora, TpeOyromias COCPEIOTOYEHHOCTH,
aJIMUHUCTPATUBHO-YTIPABJICHUYECKAS JeSTEIbHOCTD, M3MEpPUTETbHBIC u
aHaIUTHYECKuEe paboThl B jJabopaTopuu; paboure MecTa B MOMEIICHUSX IIEXOBOTO
YIpaBIEHYECKOr0 ammnaparta, B pa0o4yMX KOMHAaTaX KOHTOPCKUX IOMEIECHUH, B
naboparopusix». lIpenenbHO DOMyCTUMBIE YPOBHHM 3BYKOBOT'O JaBJICHUS, YPOBHHU

3BYKa M DKBHBAJICHTHbIE YPOBHU 3BYKa JJI TOM KaTeropuu NpuBeAeHbI B Ta0auue 13.
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Tabnuya 13. IlpedenvHo donycmumble YpoSHU 36YKOB020 0AGIeHUS, YPOBHU

36YKA U IKBUBAEHNIHblIE YPOBHU 36YKA

YpoBHH
VYpoBHU 3BYKOBOTO JIaBJICHHSI B OKTaBHBIX IOJ0CAX CO CPEIHEr€OMETPUUECKUMU SBVKA B
yactotamu [['11] [};I[B]
31,5 63 125 250 500 1000 2000 4000 8000 60
93 79 70 68 58 55 52 52 49

I[JIH pacdceTta ypOBHsS HIIyMad, BO3HHMKAIOIICIO OT HECKOJBKHUX HCTOYHHKOB,
HUCIIOJIB3YCTCA HNPUHOHII SHCPIreTUYICCKOro CyMMHUPOBAHHA H3Hy‘-l€HHI>1 OTACIBbHBIX
HCTOYHHUKOB.

Tabnuya 14. YposHu wiyma ucmounuKos 8 nomeweHuu

Hcroynuk nryma YpoBHu 3ByKa B [1b]
Kectkuii quck 45
Bentunstop 50
Mouutop 15
Knasuatypa 10
L=10lg¥" n-10%1 % (21)

L=101g(4-10%1%> + 4109150 4+ 4. 10115 + 4. 109119) = 57,22 nBA
rae L; — ypOBEHb 3BYKOBOT'O JIaBJEHHUS i-F0 WUCTOYHHMKA IIyMa; 72 — KOJIUYECTBO
HMCTOYHHMKOB IIIyMa.

ITo pacdeTy momydeHo 3HaYeHHE 3ByKa B nomeunieHun ~57 nbA, KOTopoe He
IIPEBBIIAET MPENEIBHO YCTAHOBJIEHHYIO BenuuuHy B 60 nbA, yto roBopur o
COOJII0JIEHNHU YPOBHS IIymMa B paboyeil 30He.

6.1.3. Muxpokaumam

MukpoKIMMar MPOU3BOACTBEHHBIX MOMEIMIEHUN — METEOPOJIOTHUYECKUE
YCIIOBHSI BHYTPEHHEHN Cpelibl MOMEMIECHUN, KOTOPBIE ONMPENAECISIOTCS AECUCTBYIOIMIUMHU
Ha OPTaHU3M YEJIOBEKA COUETAHUSIMUA TEMIIEPATYPBI, BIAKHOCTH, CKOPOCTH IBUKECHUS
BO3/IyXa U TEIJIOBOTO U3IIYUYEHUS; KOMIUIEKC PU3HUECKUX (PaKTOPOB, OKA3bIBAIOIIUX
BIIMSIHUE Ha TEIUIOOOMEH UeJIOBEKA C OKPYXKAIOIIEeH cpeioil, Ha TEMI0BOE COCTOSHHE
YeJloBeKa U ONPEIENSIOIUX CaMOYyBCTBHE, pabdOTOCIOCOOHOCTh, 3J0POBbE H
MPOU3BOIUTENBHOCTh Tpyna. B coorBerctBum ¢ CanlluHom 2.2.2/2.4.1340-03 u

CanlluHom 2.2.4.548-96 mnokazarenn MHUKPOKJIMMATA: TEMIIEPATypa BO3AYyXa;
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OTHOCUTEJbHASI BIAXHOCTh, CKOPOCTh €ro JBIDKEHHUS, MOIIHOCTh TETIOBOTO
U3ITYYICHHS.

JIns  moNHOLIEHHON paboOThl  COTPYIHHMKOB HEOOXOAMMO COOJI0JICHUE
HOPMAaJIbHOTO (DU3HUOJIOTUUECKUX MPOLIECCOB B OPraHU3ME YEJIOBEKa. DTO BO3MOXKHO
MPU COOJTFOICHUM YCIIOBHSI, €CITU TEIUIO BBIJEISIEMOE B MOMEIICHUU BBIIEISIOCH B
OKpy»karouryto cpeny. [Ipu coOmto1eHrn 3TOTO YCIOBUS Y COTPYIHUKA HE BOZHUKAET
KaKUX-TM00 OIIYIIEHUN TEPMUYECKOTO AUCKOMQOpTa - X0JI0[a WIH Meperpena.

Tun paboT, BEIMOTHAEMBIX B PacCMaTPUBAEMOM IOMEIICHUH, OTHOCUTCS K
kateropuu la. 9Tu paboThl OTHOCATCS K paboTaM C UHTEHCUBHOCTBIO YHEPTO3aTpaT 10

120 xkan/u (mo 139 BT), koTOopbie MNPOU3BOASTCS CHAS U COMPOBOXKIAAIOTCS

HE3HAYUTEIbHBIM  (U3MYECKUM  HampsbkeHueM.  OnTUMaibHblEe  BEIUYUHBI
noKa3aresied MUKpOKJIMMAaTa MpUBEAeHbI B Tabiuie 15.
s CO3JaHUs ONTUMAJIBHBIX  IIapamMeTpoOB MHUKpPOKJIUMATa B

MPOU3BOACTBCHHBIX IMOMCHICHHUAX HCIOJb3YIOTCSA CUCTCMblI KOHAWIMOHWUPOBAHUA, a
obecrieucHue AOIYCTUMBIX IIapaMCTpPOB — OOBIYHBIMH CHCTEMaMH BCHTUIIAIINKU H
oTtoruicHus. B J'Ia60paTOpI/II/I OCyHICCTBIACTCA CCTCCTBCHHAA MW HMCKYCCTBCHHAsA
BCHTHUJIALINA. BOBI[}IX MOCTYIACT N yAAJACTCA 4CPE3 IS, OKHA, ABCPH, a TAKIKEC UCPC3
CIICOAJIbHYIO CUCTEMY KOHTPOJISI MUKPOKJIMMATA. HpI/I TaKOM CHUCTEME BCHTUJIALINN
HpPITO‘IHBIfI BO34YX, HOCTyrIaIOHII/Iﬁ B TIOMCHICHHUC YCPE3 CHCTECMY KOHTPOJA
MUKPOKJIMMATa, IMMpoXoAuT MPCABAPUTCIbHYIO OUUCTKY XU HAI'PCBAHHC.
Ta6ﬂuua 15. Onmumanwvhole genuyunbl noKazamenet MUKpOKaumama Ha

pa6oqux mecmax npous’eodcmeeﬂﬂblx nomeu;eHud

Kareropus pabot
OTtHOcuTeNnbHAs Ckopoctb
10 YPOBHIO Temmeparypa
[Tepuon rona A BIIQXKHOCTh JIBYDKEHUS
SHEepro3arpaT Bo3ayxa, °C 0
BO31YyXa, %0 BO3/yXa, M/C
XOJIOAHBIN Ia 22-24 60-40 0,1
Tenabin Ia 23-25 60-40 0,1

OI[HaKO YyCIIOBUA pa6OTI)I OTPpaHUYHUBAIOTCA OOIMYCTUMBIMH BCIIMYMHAMU

nokaszareyieid MUKpOKJIMMAaTa, KOTOpbIE TPUBEICHbI B Tabaule 16.

64




Tabnuya 16 — [lonycmumvie gequdunvl nokazamenet MUKpOKIUMaAma Ha

pa60qux mecmax np0u3eodcmeeHHb1x l’lOM@ZMeHMIZ.

Temneparypa CKopocTb ABMKEHUS
Bo3nyxa, °C BO3IyXa, M/C
Kareropus Jnst s
aboT 1o
Heono p o JMATIA30H | JMAMA30H | (oo | JMala3oHa | JHalla30Ha
r(}: all 313’5 - HHXE BBIIIC ag BIaKHOCTE | TCMICPATyp | TeMIeparyp
)it P P | ontuManes | onTHMAaNb Bo3yxa, % BO3yXxa BO3yXxa
ar H BIX H BIX HUKE BBIIIIE
BEJIMYUH | BEJIUYUH ONTUMAJIBH | ONTHUMAaJIbH
BIX BEJIMUUH | BIX BEJIMYUH
XO0J101HBI
HH Ia 20,0-21,9 | 24,1-25,0 15-75 0,1 0,1
Tembin Ia 21,0-22,9 | 25,1-28,0 15-75 0,1 0,2
6.1.4. IAnekmpomazHumHoe nojie
9J’ICKTpOMaFHI/ITHOG IIoJI€ — OTO CHIOBOC IIOJC, 06p330BaHHOe BOKpPYyT

ANEKTPUUYECKOTO TOKA, SKBUBAICHTHOE AJIEKTPUUECKOMY MO0 U MATHUTHOMY TOJIIO,
PACIIONOKEHHBIM TOJI IPSIMBIMU yTiaMH Jpyr K Apyry. OCHOBHBIMU UCTOYHUKAMU
AJEKTPOMArHUTHBIX TOJIEM  SBJISIIOTCSA  JIMHUW  DJIEKTpomepenad, JOMAaIlHsIs
AIEKTPONPOBOIKA, HHCTPYMEHTHI C IPUBOJIOM OT JBUTATENS, IKPAHBI KOMIIBIOTEPOB,
TENIEKOMMYHUKAIIUU U YCTPOUCTBA ISl BELAHUSI, MOOUIIbHBIE TeNe(OHBI.

B paccMaTprUBaeMOM IIOMEIIEHHH, OCHOBHBIM HCTOYHHKOM
ANEKTPOMArHUTHOTO U3JIyYeHHUs MOXKHO cunuTath [1K, 4acToThl U3nyueHus MpUBEACHBI
B TaOauIe 17.

Tabnuya 17 — Yacmomuwt uznyuenus 1K

Hcrounuk Jlmana3oH 4acToT
MonwuTop:

CeteBoii TpanchopmaTop 6JI0Ka MUTAHUS 50T
CTaTUYECKUN  mpeoOpa3oBaTeldb  HANPSKEHUS B

UMITYJIbCHOM OJIOKE MUTaHUs 20 — 100 xI'y

OJIOK KaJIpOBOM pa3BEPTKU U CHHXPOHU3AINH
YCKODSIIOLIIee aHOAHOE HANPSIKEHUEe MOHUTOPA (TOIBKO | 48 — 160 [y
1u1st MOHUTOPOB ¢ DJIT)

CucreMHBIN 0JIOK 50 I'm — 1000 MI'1t
YcrpoiicTBa BBOJIa/BBIBOIa HHGOPMAITUHT 0T, 50 I'n
Hctounuku 6ecriepeOOMHOr0 MUTAHUS 50T, 20 — 100 xI'1x
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B Poccun cucrema craHgapTOB MO 3JIEKTPOMArHUTHON 0€30MacHOCTH
cxianpiBaercs u3 ['OCT u CanlluH. IlpenensHo momycTuMble 3HAYEHUS IJIOTHOCTH
MOTOKA DHEPTHHU JIEKTPOMATHUTHOIO IMOJISI COCTABIAIOT — 25 MKkBT/cM2 B TeueHne 8
yacoB, 100 MxkB1/cM2 makcumanbHoe 3HaueHue He npesbiaet 1000 MkB1/cm2.

DnexkTpoMarauTHoe mose ¢ yactoror ot 60 kI'm go 300 MI'n HopMupyroTCA
OTAEJBHO M0 JIEKTPUUYECKON U IO MArHUTHOM COCTABJISIONIEH, T.K. HA 3TUX 4aCTOTax
Ha 4YEJOBEKa ACHUCTBYIOT U JJEKTpUYECKOoe, U MarHuTHoe mone. g momein CBY
nuanazona (300 MI'u - 300 I'T'q) HOpMUPYIOT TPeAebHO-TONYCTUMYIO TIIOTHOCTD
MOTOKA SHEPruu, KoTopasi He NoJpkHa npeBbimaTth 10 Bt/M2 [IpenensHo qomycTumbie
ypoBHHU 3eKkTpomaruutHoro nois s [IK npuBenens: B Tabmuie 18.

Tabnuya 18— IlpedenvHo donycmumsie ypOSHU IIEKMPOMASHUMHO20 N0

Hcrounuk Jnanazon 3nauenue [1JIY
5T — 2 kT Euy =25B/M
- By =250 HTn
BuneoagucnneiiHbIin E.  =25B/m
I[I5BM - my — 45
tepmuHain 110 2 -400 xI'n B =25 0T
IToBEpXHOCTHBIH 3JIEKTPOCTATUUECKUNA TOTEHIIAAT V=500B

6.1.5. Ilcuxoguszuueckue chakmopwi

K omacHbIM ® BpeIHBIM TICUXO(PHU3HOJOTHYCCKUM IIPOM3BOJICTBEHHBIM
dbakTOopaM  OTHOCSTCS bu3ndecKue (cTaTmyeckue, TUHAMHYECKHE M|
TUTIOIMHAMHUYECKIE) U HEPBHO-TICUXUIECKUE TIEPETPYy3KH (YMCTBEHHBIC, 3pUTEIHHBIC,
AMOILIMOHAILHBIC).

Tak Kak BBIITOJTHEHHE padOT CBI3aHO C IMMOCTOSHHBIM MCIoJb30BanueM 11K, To
UMEeT MECTO CTaThdeckas (Qu3nueckas Harpy3ka B TEUCGHHE BCETO [HS, YTO
CKa3bIBACTCS OTPHUIATEIHHO I PaOOTHHKA. DTO MOXET MPUBECTH K HAPYIICHUIO
KPOBOOOPAIIICHUS B HIDKHIX KOHCYHOCTSX M OpraHax Ta30BOM 001aCTH, TUITOAUHAMHH
— HapymIeHUI0 PYHKIUH OpraHu3Ma MPY OTPAHNYCHHO JIBUTATEIHLHOW aKTHBHOCTH, a
TaKKe MaJieHuIo 3peHus s mpoduiIakKTHKY TUITOAMHAMHUH HE00X0IMMO UCKITIOUCHUE
CTaTUYECKOW paboThl, a TaK XK€ W3MEHEeHHe pabodeil mo3bl B mporecce paboThI,
MIPOBEJICHUE IPOU3BOJACTBEHHOW THMHACTHKH C PAlHOHAIBHBIM KOMILIEKCOM

(bU3MYECKUX YIPAXKHEHUM U T.1I.
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Jlannast paboTta OTHOCUTCS K @QopMaM TpyJa C BBICOKUM HEPBHO-
AMOIMOHATBLHBIM HanpsikeHueM. McrnomHuTento HeoOX0AMMO MOAACPKUBATh YPOBEHD
KOHIIEHTPAITUH JJIs1 HEIPEPBIBHOTO Mpoliecca paboThl C OOIBIINMHU MaKETaMH JaHHBIX,
BBISIBJICHHS OIITMOOK B XOJIe UX 00pabOTKH, HAXOXKICHHUS «OCOOBIX» TOYEK B MACCHUBAX
JNEeUCTBUTENBHBIX YHCEN U BBOJA MEYATHOT'O TEKCTA, YTO MPH JIJIUTEIBHON 3aHITOCTH
MOXET OTpa3uThCcsi B  BUAEC CHIDKCHHMS  KOHLEHTPAMM U yXYIUICHUS
TICUXOJIOTHYECKOTO  cocTosHUSA. Kpome HeraTMBHOrO BIMSHHS Ha OIOPHO-
JIBUTATENIbHYIO CHUCTEMY, MOCTOSIHHAs pa0oTa 3a KOMIBIOTEPOM BIUSET Ha 3pEHUE
pabOTHHUKA, YTO CKA3bIBAE€TCSI HAa YCTAJIOCTHU TJIa3 U BO3MOXKHOTO YXY/IIIIEHUS 3pEHMUS,
TaK Kak B TEUYEHHUE JIHS HCIOJb3YeTCs JOCTATOYHO SIPKUWA DKpaH, BBICOKAs
KOHIICHTpAIlMs Ha W300paXeHWH 3acTaBIIIET MOpPrarb pexe, OT Yero TIJiasa
nepechIXaroT U ObicTpee ycTaroT. Bo u3zbexanue 3Toro Hy»KHO AeNaTh MOCIE KaKIbIX
20 mMuHYT paboThl mepepbiB Ha 20 CEKyHJ M CMOTpPETh Ha JajdbHUE OOBEKTHI Ha
paccTosiHUM He MeHee 6 MeTpoB. Takke AJIsl 3alUTHI TJIa3 OT U3TYy4YeHUS MOHUTOpA
JKeJIaTeJIbHO HOIIIEHHE OYKOB C OTPaKaIOMMM IMOKphITHEM. Bo m3bexaHue morepu
TPYAOCTIOCOOHOCTH PAOOTHHKA, MPEAYyCMATPUBAIOTCA KOMHAThl TCUXOJOTHYECKOMN

pasrpy3KH.

6.2. DJaeKTp00e30NMacHOCTh

DnekTpo0e30MacHOCTh — CHUCTeMa OpPraHU3alMOHHBIX U TEXHUYECKUX
MEpONPUSITUNA U CPENICTB, 00ECTICUNBAIOIINX 3AITUTY JIFOJEH OT BPEHOTO U OMACHOTO
BO3JICHCTBUSI AJIEKTPUUECKOTO TOKA, AJIEKTPUUECKON TyTH, FIEKTPOMArHUTHOTO TOJIS
U CTaTUYECKOTO AJIEKTPUUYECTBA.

CornacHo TpeboBanusMm anekrpodesonacHoctd (I'OCT 12.1.019-79 «CCBT.
OnekTpobe3onacHocTu. OOImKe TpeOOBaHUS U HOMEHKJIATypa BUAOB 3alIUThI»). Bcé
ANEKTPOOOOPYyAOBaHUE U TPUOOPHI NOTKHBI HAXOJUTHCS Ha CIEIUAIBbHO OTBEIEHHBIX
MecTax u 3a3emsieHbl. COMpOTHUBIICHHUE 3a3€MIICHHUS JI0JKHO OBITh HEe Oojee 4 Om.

B HACTOSAIIEE BpeMsi Oonpliass  JOJAsS ~ BHUMaHUS  yJeleHa

3H€KTpO6C3OHaCHOCTI/I, TaK KaK HCII0Jb30BaHHUE B IMOBCEAHECBHOM KU3HU Pas3aIn4dHoOro
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BUJA DJIEKTPOYCTAHOBOK HEYKIOHHO pACTET. AHAIU3 OMACHOCTH SJICKTPUUYECKUX
CETeU MPAKTUYECKHU CBOJUTCS K ONMPEACICHUIO 3HAUCHUS TOKA, TPOTEKAIOIIETO Yepe3
TEJIO YEJIOBEKA B PA3JIMYHBIX YCJIOBHUSX, B KOTOPBIX MOYKET OKA3aThCs YEJIOBEK IPHU
AKCIUTyaTalllu JIEKTPUUECKUX CeTel. be3omacHoM ISl yesloBeKa SBJISIETCS BEJIMYMHA
nepeMeHHoro Toka — 10MA, nocrosaHoro — S0MA, 6e3omacHoe HanpsikeHue 12B.

B ucnonp3zyeMoM nmomeneHnn MpUMEHSIOTCS YCTAHOBKHA HANPSDKEHUEM 110 |
kB. Ilo »snexkTpobe30onacHOCTH MNOMENIEHUEe OTHOCUTCA K TIEpBOMY Kiaccy —
MOMeIeHUsT 0e3 TOBBIIIEHHONM OMacHOCTH (CyXOoe, XOpOIlIO OTalIuBaeMoe,
MOMEIIEHNE C TOKOHEMPOBOIAIIMMHU IIOJaMH, ¢ Temmeparypoun [18—20°, c¢
BlIaxXHOCTHIO 40-50%).

OCHOBHBIMM TE€XHMYECKUMU MEPONPHUATHUSAMHU [0 3alIATE MEPCOHANIA OT
MTOPAXKECHUS JIEKTPUUECKUM TOKOM, coriacHo 11Y D, aBnsAroTCs 3alIMTHOE 3a3€MIICHUE,
ABTOMATUYECKOE OTKIIOYECHHE NUTAHUSA, YCTPOMCTBA 3alIUTHOrO OTKIIOYEHUs. B
paboueil 30HE NPEAYCMOTPEHbI BCE IMEpEUYUCIEHHbIe MepornpusiTus. B memsax
NpOPUIAKTUKA MEPUOJUYECKH MPOBOJUTCS HHCTPYKTAX PAOOTHUKOB IO TEXHUKE

0€30MacHOCTH.

6.3. Upe3BbluaiiHbIe CUTYAllUH

Upessbiuaiinas cutyanus (UC) — cocrosiHue, mpu KOTOPOM B PE3yJbTatre
BO3HUKHOBEHHUS HMCTOYHMKA YpPE3BBIYAWHON CUTyallud Ha OOBEKTE, ONMpPEIACIICHHOU
TEPPUTOPUM WM aKBATOPUM HAPYIIAIOTCS HOPMAJIbHBIE YCIIOBHS JKU3HU U
NEATENbHOCTU JII0/IeH, BOZHUKAET yrpo3a UX JKU3HU U 3J0POBbIO, HAHOCUTCS YIIEpO
MMYILECTBY HACEJIEHUSI, HAPOJHOMY XO3AMCTBY U OKPY’KAIOIIEH TPUPOAHOM CpeTe.

UpesBblualiHble CUTYalluu ObIBAIOT TEXHOTEHHBIE U TPUPOAHbIC. TeXHOTEHHbIE
Ype3BblYaHbIE CUTYallMU BbI3BAHBI IPOU3BOJICTBEHHOU JI€SITEIHLHOCTHIO YEIOBEKA, B
TO BpeMs kKak mnpupojnple YC BO3HUKAIOT MO MPUYHWHE IMPUPOIHBIX SBICHUN U
npoieccoB. Tak, K TEXHOT€HHBbIM YpPE3BbIYaHBIM CUTYaIIMSIM OTHOCATCS MOXKaphl U
B3pBIBBI Ha MPOM3BOJCTBE, aBapMU C BBHIOPOCOM XHUMHUUYECKH OIMACHBIX WU

paadnuOaKTHMBHBIX BCIICCTB MU T.I. HpHpOI[HBIC qC MOT'YT BO3HUKHYTH BBHIY
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HAaBOJHEHHMS, 3aMOpO3Ka, yparaHa u T.4. Paccmorpum mo ogHomy mnpumepy UYC
BBIIIEYNOMSIHYTBIX THUIIOB M COOTBETCTBYIOIIME MM JIEUCTBUA MO OOECHEUYEHUIO
0€30MacHOCTH.

6.3.1. IIpedynpeosicoenue upe38bluaiiHblX CUMYayull

[IpenynpexaeHue 4ype3BbIUAMHBIX CUTYallud - 3TO KOMIUIEKC MEPONPUSITHH,
MPOBOJAUMBIX 3a0JJarOBPEMEHHO M HAIMPABJICHHBIX HAa MAaKCHUMaJIbHO BO3MOXKHOE
YMEHBIIICHUE PHUCKA BO3HUKHOBEHUSI UPE3BbIYAMHBIX CHUTyallMii, a Takxe Ha
COXpaHEHHE 3JI0POBbS JIIOJEH, CHUKEHHE pa3sMepoB yilepOa MPUPOIHON cpeae U
MaTepUaNIbHBIX MOTEPh B CIy4yae UX BOSHUKHOBEHHUA. DTO MOHITUE XapaKTEPU3yeTCs
TaKkKe KaK COBOKYIMHOCTh MEPONPUSITUN, MPOBOAUMBIX (eaepalbHbBIMU OpraHamMu
WCIIOJHUTEILHON BIACTH, OPraHaMU UCTIOJIHUTENIbHOM BllacT cyObekTOB Poccuiickoit
Qenepany, OpraHaMyd MECTHOTO CaMOYIPABJIEHHUS W OPraHU3alMOHHBIMU
ctpykrypamu PCUC, HanpaBieHHBIX Ha TPEAOTBPAIllCHUE YPE3BbIYAHBIX CUTYaALIUM
Y yMEHbIIeHHE UX MacuTaboB B ciydae BosHUKHOBeHUs (I'OCT P22.0.02-94).

Komrieke Mep 1o nmpeaynpekIeHUI0 Ype3BbIYalHbIX CUTYalluid MPUPOTHOTO
Y TEXHOTE€HHOT'O XapaKTepa BKJIIOYAET MEPbHl OPraHU3alMOHHOI0, OPTaHU3AlMOHHO-

9KOHOMHYCCKOTI'0, HH)KCHCPHO-TCXHUYCCKOI'O U CIICHHUAJIBbHOI'O XapaKTepa.

6.3.2. Iloocapuas 6ezonacnocmo

OnxuM u3 HanboJee pacnpoOCTPAHEHHBIX U OMACHBIX BUJIOB TeXHOTEeHHBIX UC
apisieTca  moxap. I[loxkapoMm Ha3bIBaeTCS HEKOHTPOJIUPYEMOE TOpPEHHUE BHE
crienuanbHoro ovara. [loxapsl MIPUYMHAIOT 3HAYUTENbHBIA MaTepUaIbHbIN yilepo, B
psilie CIy4aeB BBI3BIBAIOT TSKEIIbIE TPABMBI U THOENB Jtoaeil. OCHOBOMOJAraloImuMu
3aKOHOJATENbHBIMU aKTaMu B OOJIAaCTH TMOXapHOW O€30MaCHOCTU  SIBJISIIOTCS
®denepanbHbie 3aKOHBI "O mokapHO# O0e3omacHOCTH" M ""TeXHUYECKUM perjiaMeHT O
TpeOOBaHUSIX TOXKApHOM Oe3omacHoCTH", ompenensdonme oOlme paBOBLIE,
AKOHOMMYECKHE U COILMaJbHBIE OCHOBBI OO€CHEUEeHUs] MOKapHOW OE30MacCHOCTH B
Poccuiickoit @enepanumu.

TexHudyeckuil perasaMeHT O TpeOOBaHUSIX TMOXKAPHOW OE30MaCHOCTH

periaMeHTUpyeT  KiIacCUPUKAIMIO  3aHUil MO0  CTENEeHHM  OTHECTOMKOCTH,
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KOHCTPYKTUBHOM ¥ (YHKIMOHAJIHLHOM TMOXKapHOM omacHocTtu. [lo moxkapHOit
OMAaCHOCTH IMOMEIIIEHHUE U 3JJaHUE BO3MOKHO OTHECTH K KJtaccy [l , T.€. K TOMEIIEHUsM,
B KOTOPBIX HaXOAsATCA (0OpaniarTcs) HEroprovKre BEelecTBa U MaTepralbl B XOJI0AHOM
COCTOSIHUHU.

OCHOBHBIMHM BHJAaMU 3alIUTHI Pa3IUYHBIX OOBEKTOB OT MOKAPOB, SBIISIIOTCS
CpeACTBAa CHUTHAJIM3AIlMU M TMOXapoTylieHus. B  paccMarpuBaeMoM  3/aHUU
MpeayCMOTpPEHA BJIEKTpUUEcKas MoXKapHas CUTHAIM3AIUS, MO3BOJISIONIas OBICTPO U
TOYHO yKa3aTh MECTO BO3HUKHOBEHHUs moxkapa. CurHanuzainus oOecrneunBaeT
aBTOMAaTHYECKU BBOJ B JEHCTBUE NPEAYCMOTPEHHBIX Ha OOBEKTE CpEJICTB
MOKAPOTYLIECHHUS U IBIMOY TAJICHHUSI.

B 3manuum cymiecTByroT moxkapHble KpaHbl. B kauecTBe MEpBUYHBIX CPEACTB
MOXKAPOTYLIEHUSI ~ MCHOJIB3YIOTCS  YIJIEKUCIOTHBIE  orHerymutenu — OVY-5.
[IpeumyiiecTBa yriieKUCIOTHBIX OTHETYIIUTENEH: 3P(HEKTUBHOCTD TYIICHUS KUIKUX
MU Ta3000pa3HBIX BEIIECTB M BJIEKTPOYCTAHOBOK IMoj HampsbkeHuem 10 1000 B;
OTCYTCTBHE CJEAO0B TYIICHUS; quarna3od padouux remmnepatyp ot -40 °C mo +50 °.

HeoOxonumocts pa3paboTKu IJIaHA 3BaKyallMd JIIOJEH B ciiydae IMoxapa,
MHCTPYKIMI K HEMY, a TaK € MPOEKTUPOBAHUE CUCTEMBI OIMOBEILECHUS JOJIEH O
noxkape B IIKOJAX, HA3HAUYEHWE JIMI] HUMEIOIIUX MpaBO Ha €€ BKIIOYCHHE
pernamentupoBansl  n.n.16,17,102  IIIIb  01-03. Ilman »Bakyauuu  u3
paccmaTpruBaeMoro o(uCHOTO MoMeleHus, n3oopaxen B [Ipunoxenun B.

6.3.3 IIpupoonas 4C

B kadecTtBe upe3BbIUAHON CUTyallud OPHUPOJHOTO XapaKTepa pacCMOTPUM
pe3Koe TMOHIKEHUE TeMIlepaTypbl BO3JyXa OKpyxKawmied cpenbl. Takoe
Ype3BblYAHOE  MPUPOJHOE  COOBITHE  MOXKET TPUBECTH K  HAPYUICHUIO
MPOU3BOJICTBEHHOTI'O Mpoliecca, HEJOMYCTUMOMY U3MEHEHUIO MUKPOKIUMAaTa pabouux
MOMEIIEHUM, TPAaHCIIOPTHBIM aBapusiM U T.A. B CBSI3U ¢ 3TUM HEOOXOaUM psii Mep,
KOTOPBIM TO3BOJUT H30€XKaTh BO3MOXHBIX ABAPUMHBIX CHUTYyallMd W Pa3IMYHBIX

HapylieHui pabouero mporecca.

70



B ciyyae Takoil 4pe3BbIYAHONW CHUTyalMd HEOOXOAMMO Ba)KHBIM SIBIISIETCS
HaJM4YM€ CHUCTEMbl KJIMMAaT KOHTpOJIA, KOTopas Obl oOecrneurBajia 3HAYEHUS
napamMeTpoB MHUKpPOKIMMaTa padouux IMOMEUIEHUWH B JOMYCTHMOM Juana3oHe. B
Clly4yae BbIXOJa U3 CTPOsI CUCTEMBI OTOIUIEHHS] HEOOXOIUMO MPEAYCMOTPETh HAIMYNE
o0orpeBareneil pa3IMYHOIO TUMNA, B T.Y. Ta30BBIX Ha CiIy4yaldl OTKIIOYEHHS WU
nepe0oeB ANEKTPOCHAOKEHUS.

Takxxke pexkoMeHIyeTcsi OpraHu3auus JIONOJHUTEIBHOTO  CIY»KE€OHOro
TpaHCHopTa AJIA JY4YLIEro COOOIIEHHMs, IEPEMELIEHUsI COTPYAHUKOB U MOOUIIBHOCTH

HUX B JOCTHXKXCHHNU aBapHﬁHBIX Y4aCTKOB

6.4. OxpaHa okpyxawuIel cpeabl

OxpaHa oOKpyXawuiei cpeabl NpeAcTaBiIsieT Cco0O0W KOMIUIEKC Mep,
HANpaBJICHHbII HA OrPAHUYEHHWE HETaTUBHOTO BO3JACHUCTBHUSL  YEIOBEYECKOU
NEATENIbHOCTU HAa PUPOJTY.

OnnuM w3 Takux (aKTOpoOB SIBISETCS  HemojoOaronas — yTHIM3ALUS
JIOMUHECLIEHTHBIX JIaMIl, UCIOJb3YEMbIX B CHUCTEME OCBEIIeHuss padouero
nomeneHus. JIOMUHECIIEHTHBIE JTAMITbI COJIEpPKaT OT 3 0 5 MI' pTYTH U OTHOCSTCS K
1 kiaccy TOKCHMUHBIX 0TX0/10B. Clie10BaTeNbHO, TAKOTO THUIIA JIAMITBI TPEOYIOT 0COOBIE
YCJOBUS XpaHEHUS, SKCIUTYyaTalluu U yTHIN3ALHUH.

[Ipob6iema nepepaOOTKH MPOMBIIIUIEHHOTO M OBITOBOIO MycOpa 3HAYUTEIbLHO
YIPOIIAEeTCs MPOLIECCOM €T0 COPTUPOBKU. B rpyIirie, B KOTOPOUl BRIMOJHSIACH TaHHAS
paboTa, opraHu3oBaH cOOP MPOMBIIIJIEHHBIX OTX00B, COPTUPOBKA M OTIIPaBKa MX Ha

YTUIIU3ALUIO.

6.5. BbIBOABI

B pesynbTaTe paccMoTpeHuss 0e30MacHOCTH pabOThl U TUTHEHBI TpyJa MpHU
OCYILIECTBJIICHUU aHaIN3a JAaHHBIX C MPOJOJLKUTENBHBIX U3MEPEHUN XapaKTEPUCTUK
I'DV Ob1mu paccMoTpeHbl (hakTOPhl TEXHOTEHHOM Oe3omacHocTH. Kpome Toro, Oblin
pPacCMOTPEHBI pa3MyHbIE Ype3BbIYaliHbIE CUTyalldd W TOBEJEHHWE B HUX. B memsax
MPAaKTUYECKOM pPabOThl, ObLT MPOU3BEIECH paCUeT HCKYCCTBEHHOW OCBEIIEHHOCTH
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paboueii 30HbI OPUCHOTO TOMEIIEHUSI, B KOTOPOM MpoBoauiIack padbora. B pesynbrate
pacueTa MCKYCCTBEHHOI'O OCBEILEHHS ObLIO BBISIBIEHO, uTO Jamnbl JIJ[ tunma O[]
MomHOoCcThi0 30 BT, mnpumMmeHsieMble JUisi OCBElleHUS pabodero KaOWHeETa,

COOTBETCTBYIOT HOpMaM.

72



Cnucok Jureparypbl

1.  Knoll G. F. Radiation detection and measurement. — John Wiley & Sons,
2010.

2. Sauli F. Gaseous radiation detectors: fundamentals and applications. —
Cambridge University Press, 2014. — No. 36.

3. Sauli F. Principles of operation of multiwire proportional and drift
chambers. — Cern, 1977. — Ne. CERN-77-09.

4.  Charpak G. et al. The use of multiwire proportional counters to select and
localize charged particles //Nuclear Instruments and Methods. — 1968. — T. 62. — Ne. 3.
—C.262-268.

5. Nobel Media AB. Press Release: The 1992 Nobel Prize in Physics, 2014.
URL http://www.nobelprize.org/nobel prizes/physics/ laureates/1992/press.html

6. Oed A. Position-sensitive detector with microstrip anode for electron
multiplication with gases //Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 1988.
—T.263. - Ne. 2-3. — C. 351-359.

7. Biagi S. F., Jones T. J. The microdot gas avalanche chamber: an
investigation of new geometries //Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment. — 1995. — T. 361. — Ne. 1-2. — C. 72-76.

8. Bartol F. et al. The CAT pixel proportional gas counter detector //Journal
de Physique III. — 1996. — T. 6. — Ne. 3. — C. 337-347.

9.  Giomataris Y. et al. MICROMEGAS: a high-granularity position-
sensitive gaseous detector for high particle-flux environments //Nuclear Instruments
and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment. — 1996. — T. 376. — Ne. 1. — C. 29-35.

10. Sauli F. GEM: A new concept for electron amplification in gas detectors

//Nuclear Instruments and Methods in Physics Research Section A: Accelerators,

73



Spectrometers, Detectors and Associated Equipment. — 1997. — T. 386. — Ne. 2-3. — C.
531-534.

11. Altunbas C. et al. Construction, test and commissioning of the triple-gem
tracking detector for compass //Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 2002.
—T.490. —Ne. 1. - C. 177-203.

12. Bouclier R. et al. The gas electron multiplier (GEM) //IEEE Transactions
on Nuclear Science. — 1997. — T. 44. — No. 3. — C. 646-650.

13. Sauli F., Ropelewski L., Everaerts P. Ion feedback suppression in time
projection chambers //Nuclear Instruments and Methods in Physics Research Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment. — 2006. — T.
560. — Ne. 2. — C. 269-277.

14. Ketzer B. et al. GEM detectors for COMPASS //IEEE Transactions on
Nuclear Science. —2001. — T. 48. — Ne. 4. — C. 1065-1069.

15. Bozzo M. et al. Design and construction of the triple gem detector for
totem //Nuclear Science Symposium Conference Record, 2004 IEEE. — IEEE, 2004. —
T. 1. - C. 447-450.

16. Kozlov A. et al. Development of a triple GEM UV-photon detector
operated in pure CF 4 for the PHENIX experiment //Nuclear Instruments and Methods
in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment. —2004. — T. 523. — Neo. 3. — C. 345-354.

17. Sauli F. Development and applications of gas electron multiplier detectors
//Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment. — 2003. — T. 505. — Ne. 1. — C.
195-198.

18. Sauli F. Imaging with the gas electron multiplier //Nuclear Instruments
and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors

and Associated Equipment. — 2007. — T. 580. — Ne. 2. — C. 971-973.

74



19. Mazon D. et al. Design of soft-X-ray tomographic system in WEST using
GEM detectors //Fusion Engineering and Design. — 2015. — T. 96. — C. 856-860.

20. Ohshita H. et al. Development of a neutron detector with a GEM //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment. — 2010. — T. 623. — Ne. 1. — C. 126-128.

21. Barbeau P. S. et al. Toward coherent neutrino detection using low-
background micropattern gas detectors //IEEE Transactions on Nuclear Science. —
2003. - T. 50. — No. 5. — C. 1285-1289.

22. Sauli F. The gas electron multiplier (GEM): Operating principles and
applications //Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment. — 2016. — T. 805.
- C.2-24.

23. Ketzer B. et al. A time projection chamber for high-rate experiments:
Towards an upgrade of the ALICE TPC //Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated
Equipment. —2013. - T. 732. — C. 237-240.

24. Renato Negrao, Michael Jung and Chilo Garabatos. Ageing studies with
GEMs at relatively high gains presented at MPGD Applications Beyond Fundamental
Science Workshop and the 18th RDS51 Collaboration Meeting, Aveiro, Portugal.
https://indico.cern.ch/event/525268/contributions/2301380/attachments/1335653/200
8900/Ageing MPGD Sept 2016 v2.pdf

25. Va’vraJ. Physics and chemistry of aging—early developments //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment. — 2003. — T. 515. — Ne. 1. — C. 1-14.

26. Capeans M. Aging and materials: lessons for detectors and gas systems
//Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment. — 2003. — T. 515. — Ne. 1. — C.
73-88.

75



27. Binkley M. et al. Aging in large CDF tracking chambers //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment. — 2003. — T. 515. — Ne. 1. — C. 53-59.

28. QGuirl L. et al. An aging study of triple GEMs in Ar—CO 2 //Nuclear
Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment. — 2002. — T. 478. — Ne. 1. — C. 263-266.

29. Alfonsi M. et al. Aging measurements on triple-GEM detectors operated
with CF4-based gas mixtures //Nuclear Physics B-Proceedings Supplements. — 2006.
—T. 150. - C. 159-163.

30. Titov M. RADHATION DAMAGE AND LONG-TERMAGING IN
GAS //Innovative Detectors for Supercolliders: Proceedings of the 42nd Workshop of
the INFN ELOISATRON Project, Erice, Italy, 28 Sept-4 Oct 2003. — World Scientific,
2004. - T.25.—C. 199.

31. Altunbas M. C. et al. Aging measurements with the gas electron multiplier
(GEM) //Nuclear Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated Equipment. — 2003. — T. 515.
—No. 1. — C. 249-254.

32. Hans Muller. Analogue Pickup Amplifiers/Shapers, APICs presented at
MPGD Applications Beyond Fundamental Science Workshop and the 18th RDS5I
Collaboration Meeting, Aveiro, Portugal.
https://indico.cern.ch/event/525268/contributions/2296991/attachments/1335991/200
9514/APIC _Slides_Aveiro_2016.pdf

33. Sharma A., Veenhof R. Properties of some gas mixtures used in tracking
detectors //SLAC Journal, ICFA. — 1998. —T. 16.

34. Everaerts P. Rate capability and ion feedback in GEM detectors : nuc. —
Universiteit Gent, 2006.

35. Thuiner P. Ion space-charge effects in multi-GEM detectors: challenges

and possible solutions for future applications : guc. — CERN.

76



Mpunoxenue A

Tabnuya Al. SWOT-ananus

CuibHbIe CTOPOHBI HccaeqoBaHud (strengths)

C1. IIpumenenue Hoseliuiezo 060pyO0BaHUs: B KaueCTBe
MIpeIyCUINTENsI CUTHaNIa Obljla BeIOpaHa HOBeHIas
pa3paboTka, IPOU3BECHHAS B HAYYHOU TPYIIIE 110
pa3paboTKe Ta30BBIX JETEKTOPOB; IS aHAJIN3a Ta30BOTO
cocTaBa TakXKe BIIEPBBIE ObLI IPUMEHEH aHAIHU3aTopP,
pa3paboTaHHbII HayyHOI TpyHIHOH

C2. IIpuknaonoii xapakmep padomul: pe3ynbTaThl pabOTHI
IPECTABISAIOT OOMIBIIYI0 LIEHHOCTH /Ul Pa0OYHX IpyIN Ha
9KCHEPUMEHTaX B 001aCTH (PU3UKH BEICOKUX DHEPTUit

C3. ®ynoamenmansvHocms ucciedosanuil: Hrusnueckue
MPOIIECCHI, U3y4aeMble B X0€ PaOOTHI, SIBIAIOTCS OCHOBOIL
(GU3MKK 4acTUL, 3TOT (HaKT MOXKET OBITH MOJE3HBIM MPH
IJIAHWPOBAHUU JAIbHEHIINX UCCIIEJOBAHUN

Caadble cTOpoHBI HecenoBanns (weaknesses)

Cnl. Buvicokasa yena ucxooHblx Mamepuanog u
0060pydosanua: MUKPOCTPYKTYPBI, IPUMEHSIOIIUECS B
HCCIE€A0BaHUAX, CJIOKHBI U TPYJOCMKHU B IPOU3BOACTBE,
B CIIE/ICTBHE YETO MMEIOT BEICOKYIO CTOMMOCTB; KpOMe
TOro, 000pya0BaHUE, HEOOXOIUMOE B X0JI€ U3MEPEHHUH,
TaKXXe JI0porocTosiiee

Cn2. Cnoscrnocms ¢plnonHeHUA: IPOBEJCHNE
HU3MepeHuil OO OCIO0KHEHO B CIIEACTBUE
HE00XOAUMOCTH KOHTPOJIUPOBATH MHOXKECTBO
[1apaMeTPOB, BLITEKAIOMNUX U3 IPOTEKAHUA
€CTCCTBCHHBIX T€TCPOTCHHBIX MMPOIIECCOB B ra3ax

Bo3moxxHOCTH HccaenoBaHust (opportunities)

B1. OpuenTanus Ha MOJy4YeHHbIE Pe3yIbTaThl IpU
IIPOBEACHUH SKCIEPUMEHTOB B 001aCTU (QU3UKU
BBICOKUX YHEpruit

B2. cnonp30BaHue MOIyUYE€HHBIX TEOPETUUYECKUX
3HaHMN B 00JaCTH (PU3UKU YaCTHUIL

B3. [IpumeHeHne cIOCOO0B U3MEPEHUH,
anpoOUpOBaHHEBIX B paboTe, B AATbHEHITNX
UCCIIEIOBAHUSX 110 CTAPEHUIO Ta30BBIX JETEKTOPOB

BIC2. [1na B1 C2 aBasieTcst onpeaensomei, Tak Kak CerogHs
CyIIeCTBYyeT HEOOXOIUMOCTh Pa3BUTHS 001aCTH (PU3UKH
BBICOKUX YHEPruit

B2C3. TlockonbKy 001acTh (PM3UKH YaCTHUI] SIBISIETCS
CPaBHHUTEJILHO MOJIOJIOH, (YyHAaMEHTAIBHOCTh H3Y4aeMbIX
MPOIIECCOB UIPAET BAXHYIO POJIb

B3C1. 1ns Oynymux vccae0BaHUuN MO CTAPEHUIO Ta30BbIX
netexTopoB C1 sBiIseTcs BaKHBIM (PaKTOPOM C TOUKHU 3PEHUS
YIPOIIEHHUS IKCIIEPIMEHTOB U BO3MOXKHOCTH IOJIy4aTh
JIOCTOBEPHBIE Pe3yIbTATHI

B1Cn2. CnoxHOCTb IPOBEACHUS U3MEPEHUN MOXKET
0Tpa3uThcsa Ha 00paboTKe pe3ynbTaToB U U3
HUHTEpIpEeTalN, YTO MOXKET HOCIYXKUTh OTpaHUYCHUEM
Bl

B3Cnl. KpynHble 3aTpaThl Ha IPOBEIeHHE U3MEPEHUIl
IO CTAPEHUIO JETEKTUPYIOMUX CUCTEM MOTYT
MOCTYXHUTh IPENSTCTBUEM I IPOBEACHUS
JanpHeimux, 0oee TOUHBIX U TTTyOOKHUX HCCIIeI0BaHHUH

¥Yrpo3sl npoBeieHHI0 HccaegoBanns (threats)
Y1. Bo3M0KHOCTB 0TKa3a OT IPUMEHEeHHUs
MHKPOCTPYKTYP, H3y4eHHBIX B padoTe

Y2. Hanuune KOHKYPEHTHBIX CTPYKTYP CX03Kero
Ha3HAYCHUS

Y1C2. Otka3 ot 'a30BBIX 2JTEKTPOHHBIX YMHOXKUTENEH MOXKHO
n30eXaTh MyTeM COBEPIICHCTBOBAHMS UX CBOUCTB U
IpUMEeHEeHUs O6oJiee COBEPILICHHOT0 000py10BaHNUs, HAIIPUMED,
YMEHBIIEHUS SJHEPTeTUYECKOT0 pPa3pelIeHNs, IPUMEHss
JIEKTPOHUKY C MEHBIINM BpeMeHeM ()OPMUPOBaHHs CUTHAJIA
¥Y2C1. O6opynoBanue, IpUMEHIEMOE B HKCIIEPUMEHTAX 110
(u3uKN YacTUIl B OOJIBIIMHCTBE CIydaeB HECOBMECTHMO C
KOHKYPHUPYIOIUMH CTPYKTYpaMu

Y1Yy2Cnl. B cnencteue Beicokoit crouMmoct DY n
00opyoBaHuUs, IPUMEHAEMOT0 B X0/1€ UX
9KCIUTyaTaluH, BO3MOXKEH 0TKa3 OT UX MIPUMEHEHHUS B
o0xacTé (GpU3MNKH BHICOKUX YHEPIUil U 3aMeHa Ha Apyrue
aHaJIOIMYHbIE yCTPOICTBA




Tabnuya b1. Kanenoapuwiii nian-epaghux nposeoenuss HUOKP no meme

IIpuioxenue b

KBaJTU(UKAITTOHHON pabOThI

] PykoBoaurens
W Crygenr

Bun pabot Hcn. J;FI’;HI; Cents10pp | OxTs16ps | HosiOps | [lexkabpp | DeBpans | Mapt Arnpenb Mai
Cocrapnenue T3, muaHupoBaHue P 7
HKCIIEPUMEHTA
N3yuenue nutepaTypsl C 106
IloaroroBka nporoTHna JETEKTOpa C 10
28
[ToaroroBka n3mepurenbHoi cucremsl | C, P
70
[TpoBenenue n3mepenuii, oopaboTka C
pe3yIbTaToB
21
OreHka pe3ysbTaToB P,C
Hanucanue BolyCKHOM C 78




[punoxenue B
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Pucynoxk 27. Ilnan s3saxyayuu nroodeti npu nosxicape.
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IIpuiaoxenue I

I'maBal
BBenenue
I'maBa?2
H3mepenus o crapenuro ' DY noa Bo3aeiicTBHEM PEHTIEHOBCKOI'O U3JIYICHUSA
I'maBa3
Pe3ynpTaThl H3MepeHui o crapeHuro ['0Y
I'maBa4
3aKiIoueHue
CrygneHr:
I'pynnbl ono Moanuco Jara
0B31 3aBa3uena Jlapuna TumypoBHa
Koncynbrant kadeaps OPD:
J{0JIKHOCTH onuo qun::a:‘eenem,, Toanuch Hara
Jlunep Annpeit
3aBenyromui kadeapoi K.(.-M.H.
AyIom Genp MapkoBuu ¢
KoHCynbTaHT — TUHTBUCT Kadeapsl Ul ®TU:
JI0JIKHOCTH onuo qun::a:‘eenem,, Toanuch Hara
Crapmnit

Kabpsimesa Oxcana

npenogasaresib Kaheapul
p 6 (beap IlaBimoBHa

HHOCTPAHHBLIX SA3BIKOB
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