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ILnanupyembl pe3yabTaTbl 00y4eHHU s

Kon
pe3ynbTaTa

PesyabTaT 00yuenust
(BBIYCKHUK JIOJKEH OBITh TOTOB)

P1

[IpumeHsaTh TIIyOOKHE, MaTeMaTHYeCKHE, €CTCCTBCHHOHAYYHBIC, COIHATBHO-
SKOHOMUYECKHE U TPO(PECCHOHAIbHbIE 3HAHUSA JJIs1 TEOPETHUYECKUX U
SKCIIEPUMEHTAJIHBIX HCCIEAOBAaHUNW B 0OJIACTH HCIOJB30BaHUS  SIIEPHOM
SHEPTUH, AJACPHBIX MATEPHAIIOB, CUCTEM yUeTa, KOHTPOJIS ¥ (PU3HUSCKOM 3aIUTHI
SIICPHBIX ~ MATEpUAIOB, TEXHOJIOTMM  pagualOHHOU 0e301IacHOCTH,
MEIMIIMHCKOW (U3UKH W SJICPHONH METUIMHBI, M30TOMHBIX TEXHOJIOTUUA W
MaTepuaIoB B MPOPECCHOHATILHON A TEIHHOCTH.

P2

CraBuTh W pelmiaTh HMHHOBAIIMOHHBIE WHXKEHEPHO-(U3MYECKUE 3a]auH,
peaTn30BhIBATh MTPOEKTHI B 00IACTH UCIIOIB30BAHUS SCPHOM DHEPTUH, SIEPHBIX
MaTepuajgoB, CHUCTEM Yyd4eTa, KOHTPOJSI U (PU3NYECKOW 3alUThl SIACPHBIX
MaTepuasoB, TEXHOJOTHI paIMallMOHHOM 6€30TaCHOCTH, METUITMHCKON (PU3UKH
U AJIEPHON MEIUIIMHBI, M30TOTTHBIX TEXHOJOTUN U MAaTEPHAJIOB.

P3

CoznaBath TeOpeTUUYECKUE, PUZNYECKUE U MaTeMaTHYeCKUe MOJIENH,
OTIMCBHIBAIOIME KOHJIEHCUPOBAHHOE COCTOSIHUE BEILECTBA, PACIIPOCTPAHCHUE U
B3aMMO/JICHICTBHE HOHU3HUPYIOIINX U3JIy4EHHUH C BEIIECTBOM U JKMBOW MaTepUEH,
(U3MKY KHUHETUYECKUX SBJICHUH, POIIECCH] B PEAKTOPAX, YCKOPUTEISIX,
IIPOLIECCHI M MEXaHMU3MBbI IEPEHOCA PAAMOAKTHBHOCTH B OKPYXKAIOLIEH cpenie.

P4

Pa3pabartbiBaTh HOBBIE AITOPUTMBI M METOJIBI: pacueTa COBPEMEHHBIX
(hu3MYECKUX YCTAaHOBOK U YCTPOUCTB; UCCIIEOBAHMS N30TOMHBIX TEXHOJIOTUN U
MaTepHaIoB; U3MEPEHUSI XapaKTEPUCTUK MOJIEH HOHU3UPYIOIINX U3Ty4EHU;
OIICHKHU KOJIMYECTBEHHBIX XapaKTEPUCTHUK SIIEPHBIX MATEPHAIIOB; U3MEPEHUS
PaAM0aKTUBHOCTH 0OBEKTOB OKPY)KAIOIIEH CpeJibl; HCCIEI0BAHUHN B
PaZAMO’KOJIOTHH, MEAUIIMHCKON (DM3HKE U SIEPHOIN METUIMHE.

P5

OueHuBaTh  MEpPCHEKTUBBI  Pa3BUTHUSL  AJEPHOM  OTpaciu, MEIULUHBI,
aHAJIM3UPOBAThH PAUAlIMOHHBIE PUCKH U CIICHAPUU MOTEHIIMATIBHO BO3MOMXKHBIX
aBapwii, pa3pabaTbiBaTh MEPHI IO CHIXKEHUIO PUCKOB U 00ECIIEUEHUIO SACPHON U
paauanroHHONW 0e30MacHOCTH PYKOBOJICTBYSCh 3aKOHAMHM M HOPMATUBHBIMU
JOKYMEHTaMH, COCTaBJISITh SKCIIEPTHOE 3aKIIIOUEHUE.

P6

[IpoexTrpoBaTh U OPraHU30BHIBATH UHHOBALIMOHHBIN OM3HEC, pa3padaTbiBaTh U
BHEJPATH HOBBIE BUJIBI MPOIYKIIMU U TEXHOJIOT UM, popMupoBaTh 3PHEKTUBHYIO
CTPAaTeTHI0 M AKTHUBHYIO IOJIMTHKY PHUCK-MEHEKMEHTa Ha MpPeIIpHUsATUH,
INPUMEHATh METO/Ibl OLIEHKH KauecTBa U PEe3yJIbTaTUBHOCTU TpyJa MEpCOHaa,
INPUMEHATh 3HAHUE OCHOBHBIX IOJIOKEHUM IMATEHTHOI'O 3aKOHOJATENIbCTBA U
aBTOpCcKoro npasa Poccuiickoit deneparuu.

P7

I[eMOHCTpI/IpOBaTb FJ'IY6OKI/IC 3HAHUS CONUAJIBHBIX, STUYCCKUX U KYJIBTYPHBIX
aCIIEKTOB MHHOBAL[MOHHOMN HpO(i)eCCHOHaHBHOﬁ JACATCIIBHOCTH.

P8

CaMOCTOATENHHO YYUTHCS M HETIPEPHIBHO MOBBINIATH KBATU(UKAIIUIO B TEUCHUE
BCEro Meproja npoecCHOHAIBHON 1eSTeIbHOCTH.

P9

AKTHBHO BJIaJIeTh MHOCTPAHHBIM SI3bIKOM Ha YPOBHE, ITO3BOJISAIOIIEM PabOTaTh B
MHOSI3BIYHOM cpefie, pa3pabaThiBaTh JOKYMEHTAIIMIO, IPE3EHTOBATh PE3YJIbTaThI
npo(ecCHOHATLHON 1S TEIbHOCTH.

P10

D¢ dexTuBHO paboTATh MHAUBUAYATHHO U B KOJUIEKTHBE, IEMOHCTPHPOBATH
OTBETCTBEHHOCTD 32 PE3YJIbTaThl padOTHl U TOTOBHOCTH CIIEI0BATh
KOPIOPAaTUBHOM KYJIbTYpE OpraHU3alUH.
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(benepanabHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKACHUE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

IIxona MHxeHepHas MIKOJA SASPHBIX TEXHOIOT UM
Hanpasiienne noaroroBku_Smepabpie GU3MKA U TEXHOJIOTHH
Otnenenue mkonsl (HOL) Otnenenue saepHOro TOIIMBHOIO UKIA

YTBEPX/IAIO:
PykoBoaurens OOII
Bepurun JI. A.
(ITommuce)  (Hata) (®.1.0.)
3AJJAHUE
HA BBINOJIHEHHE BBINYCKHOI KBAIN(pUKALNOHHO padoThl
B dopwme:
’ Marucrepckoi auccepTannu
Crynenry:
I'pynna DPUO
0AM74 WpanoBy /Imutpuio AHnpeeBuuy

Tema paboThI:
Co3aHue noJieBO aBTOMAaTHYECKON YCTAHOBKY TSl K3BMEPEHUS INIOTHOCTH MTOTOKA pajioHa ¢
MMOBEPXHOCTH TPYHTA
YTBepxKaeHa IPUKA30M JUPEKTOpa (1aTa, HOMEP) \

| Cpok ciauul CTyIEHTOM BBITIOJIHEHHOM pabOThI: |

TEXHUYECKOE 3ATAHHUE:

HCXOI[HI)IE JaHHbIE K paﬁoTe PCSYJ'IBTaTOM HcciacaJoBaHusg  ABJIIECTCA  CO3OaHUC
MMOJICBOM aBTOMAaTUYECKOM YCTaHOBKHU JIA U3MEPCHUA

IIJIOTHOCTH IIOTOKA paJIoHA C TIOBEPXHOCTHU I'PYHTA.

Iepeyens momie:kanmx ucejaenoBannio, | 1. OO030p U aHaNIM3 IUTEPATYPhl IO TEMATHKE HAYYHO

NPOEKTHPOBAHNIO U pa3padoTKe - UCCJIEZIOBATENILCKOM MTPAKTHKE.

BOIIPOCOB 2. CoznaHMe, YCTaHOBKa M OTJaJKa  IOJIEBOM
ABTOMAaTHYECKOM YCTAaHOBKHM JUIsI MOHMTOpPWHTa
IUIOTHOCTH TIOTOKA PajJOHa C BBICOKOM YacTOTOU
JUCKPETU3AINH TaHHBIX.

3. BoimonHenune — KamMOpPOBKM — YCTaHOBKH — JUIA
OTIpe/IeIeHNs TIONPABOYHOTO KO PHUIIMEHTA.

4. ®opmupoBaHue 0a3bl JaHHBIX [0 MOHHUTOPHUHIY
IUIOTHOCTHU NOTOKA PaJOHA C IOBEPXHOCTH T'PYHTA.
AHanu3 pe3ynbTaros.




KoHcyabTaHTBI 10 pa3iesiaM BbIIYCKHON KBAIH(GUKAIIMOHHONH padoThl

Paznen

KoncyabTanr

pecypcodhhekTUBHOCTh
pecypcocOepexeHne

DUHAHCOBBIM  MCEHEHKMEHT,

u

MenbpmukoBa E. B.

ConmanpHag OTBETCTBEHHOCTD

T'oronesa T.C.

WHOCTpaHHBIN A3bIK

Hlatikuua O. U.

HaszBanus Pa3acjioB, KOTOPbIC TOJKHBI ObITH HANIMCAHbI HA PYCCKOM U HHOCTPAHHOM SI3bIKAX:

1. Metoasl U3mepenns Iloroka Pagona

2. [Ipouenypbl NpoBeIeHUs MCCJIE0BAHNI OTOKOB PaJ0Ha

JaTa Bbl1a4M 3a]aHHUS HA BBINIOJITHEHHE BBIIIYCKHOM
KBAJTH(UKALUOHHOH padoThl N0 JHHEeHHOMY rpaduKy

3aganue BbIgAJ PYKOBOAUTEC/Ib:

JloKHOCTH DdUO Yuenas crement, Moanucey Jara
3BaHHe
IIpodeccop OATL] SAxosnena B. C. J.T.H.
3apanue NPUHAJ K HCITIOJITHCHUIO CTYACHT!
I'pynna [025(0) IMoanuch Jara
0AM74 WBanos Jlmutpnii AHIpeeBuY




MunncrepcrBo o6pazoBanusi U Hayku Poccuiickoii ®@enepannu
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BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
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IIxona MHxeHepHas MIKOJA SASPHBIX TEXHOIOT UM
Hanpasiienne noaroroBku SAmepubpie GU3MKA U TEXHOJIOTHH
Otnenenue mkonsl (HOL) Otnenenue saepHOro TOIMBHOIO MKIA

dopma npeacTaBiaeHUs pabOTHI:

‘ Marucrepckas nuccepramnus

KAJIEHJIAPHBIN PEUTUHT -TIJIAH
BbINOJIHEHH S BBINYCKHOI KBAJIH(UKALMOHHOMH PadoThI

Cpok ciaum CTy/IEHTOM BBITIOJTHEHHOM pabOThI: ‘

Jara Ha3Banue paznena (Mony.s) / MaxkcumManbHbIH
KOHTPOJIsI BM/I padoThl (Mccjie10BaHusl) 0aJu1 pa3zaesa (MoayJisi)

4.02.2019 Buvioaua 3a0anus

12.02.2019 00630p u ananuz 1umepamypvl N0 memamuxe Hay4Ho -
uccned08amenbCkol pabomeol.

18.03.2019 | H3eomosnenue paboueco komniekca O usmMepeHus
I111P

29.03.2019 | Ilposedenue uzmeperuii u aHaiu3 nNOJIYYEHHbIX
pe3yIbmamos

30.05.2019 Oghopmnenue nosacHumenbHoU 3aNUCKU, NPe3eHmayuu

CocTraBui npenojaBarTelib:

JomxHoCcTh ®UO Yuenast cTenexs, Moanucek Hdara
3BaHUE
[Tpodeccop OATIL Skosnesa B. C. JI.T.H.
COI'JIACOBAHO:
PyxoBoauteas OOIL DdPUO Yuenas cTeneH, Moanmucek Jata
3BaHHue
Texnomoruu
paauanuoHHON Bepurun 1. A. K.(.-M.H.
0€301aCHOCTH




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIN MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKEHUE»
Crynenry:

I'pynna DOUO

0AM74 HBanoBy JImutpuio AHIpeeBUdy
I koaa NATII OTtaenenue OATI

14.04.02 SAnepubie
YpoBennb o0pa3oBaHust Marucrparypa Hanpasienne/cnenuajabHOCTh
(U3HMKa U TEXHOJOTUH

Hcxoanblie faHHbIe K pa3geny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PeKTUBHOCTD U

pecypcochepeskeHne»:

1. Cmoumocmo pecypcoé nayunozo ucciedosanus (HHU): —  MaAmepuantbHO-MexHU4eCKUx,
—  OHepeemuuecKux,
—  4ell08eUECKUX.

2. Hopmul u Hopmamuewl pacxo008anusi pecypcos. —  DNIeKMPOdHEPIUL.

3. chozlwyeMaﬂ cucmema Ha]ZOZOO6JZO:)iC€HZ/l}Z, cmaeku| —
HA10208, OMYUCTICHULL: —

eOUNDBIIL COYUATIbHBIL HAN02,
0onoaHUmMeNbHAs 3apadbomHas nAamad.

IlepeyeHb BONPOCOB, MONJIEKALIMX HCCIETOBAHUIO, IPOEKTHPOBAHUIO H Pa3padoTKe:

1. Oyenxa kommepueckoco u uHHOBaYUOHHO20 nomeHyuara| OyeHounas Kapma KOHKYPEHMHLIX —MEeXHUYECKUX
HTU: peutenuii

2. Ilnanuposanue npoyecca ynpasnenus HTU: Hepapxuueckas cmpykmypa pabom

3. Onpedenenue pecypcHoti, QUHAHCOBOU, IKOHOMUHECKOU
aghpexmusnocmu HU:

Onpedenenue pecypcodgekmusrHocmu npoexma

Ilepeuenb rpauyeckoro MmarepuaJa:

—  «llopmpemy» nompebumens pesynomamos HTH

—  Oyenxa KOHKYpeHMOCHOCOOHOCMU MEXHUYECKUX PEeUeHUT
—  Mampuya SWOT

—  I'paghux npogedenus u 6100xcem HTH

— HOI’}’Z@Hljua/leble pucKu

—  Oyenxa pecypcHoii, (hunancogou u sxonomuyeckoi sgppexmuenocmu HTH

\ JlaTa BbI1a4u 3aIaHus JIJIs1 pa3jesia no JuHeiiHoMy rpaguky

3agaHue BbI/1aJ KOHCYJIbTAHT:

JloJzKHOCTH DdUO Y4eHasi cTelneHb, Hoanucy Jara
3BaHHe

Honent OCT'H MensmukoBa E. B. K.(utoc.H.

Baz[a}me NPUHAJ K UCIIOJTHCHUIO CTYAEHT:

I'pynna DPUO

Hoanucy Jara

0AM74 WBanoB Jimutpuit AHIpeeBuy




3AJAHUE JUISI PA3JIEJIA
«COLMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pymma (5[]
0AM74 WBanoBy /Imutputo AnjipeeBuuy
IlIxona MATII Otnenenue OSTIL
14.04.02 SAnepubie
YpoBeHb 00pa3oBaHus Marucrparypa Hanpagsienue/cenuansHOCT

($u3HMKa U TEXHOJOTUH

Hcxoanble JaHHbIE K pasaeiny «COIII/Ia.]'II)Haﬂ OTBETCTBEHHOCTDb)» .

603HUKHOBEHUA.

1. Onucanue paboueco mecma (paboueil 30HbL) Ha npeomem | —

BpPEIHBIX MIPOSIBIICHUIA (hakTopoB
MPOU3BOJICTBEHHOW  cpenbl  (MUKPOKIUMAT,
OCBEIICHUE, ITYMBI, BUOpanuw,
JNEKTPOMAarHUTHBIE TOJNS, HOHHU3UPYIOIIUeE
U3ITy4CHUs);

OMaCHBIX MIPOSIBIICHUIA (hakTopoB
MPOU3BOJCTBEHHON Cpefbl  (DJIEKTPUUYECKOM,

MOXapHOW U B3PBIBHOM NMPHUPOJIBI).

no meme

2. HepeueHb 3AKOHOOAMEIbHBIX U HOpMAmueHblX OOKyMEHWZOE —

TpeOOBaHMUs OXpaHbl TPy/a MpH padoTe Ha
[1O5BM;

npaBuiia 0€30MacHOCTH TP paboTe ¢
MasTIbHUKOM;

paauaIionHas 6e30MacHOCTb,
AIIEKTPOOE30MaCHOCTb;
MOKapOB3PHIBOOE30MACHOCTb.

IlepevyeHb BONPOCOB, MOJIEKAIIMX HCCJIET0BAHUIO, npoeKTnpOBaHmo U pa3padoTke:

cpeobl 8

1. Ananuz eviaenenHvix 6peoHbIX DAKMOPO8 NPOEKMUpyemoll
npoU3800CMEEHHOU
nocnedoeamerbHOCmu.

creoyroweni | —

JeificTBe (aKkTopa Ha OPraHU3M YeJIOBEKa;
MPUBEJICHNE JIOITYCTUMBIX HOpM c
HEOOXOMMOIl pa3MepHOCTBIO (CO CCBUTKOW Ha
COOTBETCTBYIOIIMH HOPMATUBHO-TEXHUYECKUI
JIOKYMEHT);

— §pennaraemble cpencraa 3aIIUTHI
(KOJUIEKTUBHBIE M HHINBUAYAIBHBIE).
2. Ananu3s 6vlA6NeHHbIX ONACHBIX (DAKMOPOS HPOEKMUpyemou | — 3IeKTPOOE30MacCHOCTD;
Nnpou38e0EHHOU Cpedbl 8 cledyioujeti NoCcied08ameIbHOCMU. —  [OAPOB3PEIBOGE30NACHOCTE (MpyHHHEL

NPOQIITAKTHISCKIE MEPOINPHUSTHS, TEPBUYHBIC
CpeICTBa MOXKAPOTYIIICHHUS).

‘ JlaTta BbI1auM 3a1aHusA JIs1 pa3/ieia 1o JuHeiiHOMY rpaduky ‘

3az[aﬂne BbIJIAJT KOHCYJbLTAHT:

JlomkHOCTB DOUO yqu:;Ia:;;ZHEHL’ IMonmuce Jlata
Accuctent OSATIL]
I'oronesa T.C. K.(p.-M.H.
AT ¢
3a;[afme NPUHAJ K UCITIOJTHCHUIO CTYACHT:
I'pynna [5(0) Ioamnuce Jata
0AM74 WBanoB Jimutpuit AHapeeBuy




Pedepar

Breinycknaa kBanugukanumonHas pabora 105 c., 29 pwuc., 20 Tabna., 52
WCTOYHHMKA, | mpui.

KiroueBble ci0Ba: MIIOTHOCTh MOTOKA PANOHA, MOJEBOM aBTOMATHYECKUM
KoMILIeke, 010k nerekrupoBanus bJI3A2-01, paananronHas 6€30MacHOCTb.

OOBEeKTOM HCCIIEJOBaHUS SBISETCS CO3JaHUE KOMIUIEKCa MO M3MEPEHUIO
IJIOTHOCTU TMOTOKA PajioHa C MOBEPXHOCTH YAOBJIETBOPSIOIIETO KIMMATHYECKUM
yCIOBUSM Ha TeppuTopun Poccurickon Penepanumu.

Llens paboThl — MPOEKTUPOBAHHE, CO3JAHUE M OTIAJKa IIOJEBOIO
ABTOHOMHOTI'0 KOMIIJIEKCA 10 U3MEPEHHUIO INIOTHOCTH MMOTOKA Pa/IOHA C IOBEPXHOCTH
3EMUIIH.

B mporecce uccrnenoBanus s peaqv3alMd JTaHHOW 1enu ObUT CO37aH
M0JIEBOM aBTOMATUYECKHUI KOMIJIEKC 110 U3MEPEHUIO MJIOTHOCTH MOTOKA paJioHa C
noBepxHocTH 3eMiu. ChopmupoBana 0aza JaHHBIX 1O WU3MEPEHUIO TIOTHOCTH
noToka pafoHa. [IpoBeneH aHanu3 MOJYYEHHBIX JAaHHBIX. B pamkax cpaBHEHUs
OpEACTaBICHbl  PE3yibTaThl  IUIOTHOCTHM  TOTOKAa  PaJOHa,  MOJYyYEHHBIE
pa3pabOTaHHBIM KOMIUIEKCOM U gaHHble «Anbdapan — Ilmoc AP». Obnacts
IIPUMEHCHHMS: TAHHBIN KOMIIJIEKC MOXKET OBITh ITOJIC3EH JIJII PAOHOB C TTOBBIIIICHHOMN
CECMHMYECKON aKTUBHOCTH JJIsI CBOEBPEMEHHOTO MPE/ICKA3bIBAHUS 3€MJIIETPSICEHHU .

MaFI/ICTepCKaﬂ JUCcCprannAaA BbBIIOJIHCHA C IIOMOIIBIO TCKCTOBOI'O

penaktopa Microsoft Office Word 2016.
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BBenenune

[ToneBoii aBTOHOMHBIN KOMILJIEKC, Pa3padaThIBAEMBbIi B X0J1€ MaruCTEPCKOM
nuccepramuu, aiia MoHutopuHra I[P Moxer oka3aTbCs TIOJE3HBIM IPHU
MCIIOJIb30BaHUE Pa3pabOTAHHOIO HAMHM aBTOHOMHOTO IIOJEBOrO KOMIUIEKCAa Ha
CTaHIMAX, 3aHUMAIOIIMECS MOHUTOPUHIOM, B COYETAaHUU C TpUOOpaMH,
NpEHA3HAYCHHBIMU IS U3MEPEHUSI TTIOPOBOMl aKTUBHOCTH pajJioHa B BO3AYyXE Ha
36MHOW MOBEPXHOCTH, BO3MOXKHO TMOBBICUT JOCTOBEPHOCTh MOJYUYEHHBIX
MPOTHO3HBIX JAHHBIX, a TaKXe€ IMOSBUTHCS BO3MOKHOCTh OMPEACIUTh W/WIH
YTOUHUTH MapaMeTpbl TPAHCHIOPTHOM MOJENIU pajioHa B T€OJIOTUUECKON cpele U
noBepxHOCTHOU aTMocdepe. Coneprkanue 0OJIBIIOr0 KOJIMYECTBA PajioHa B 30HAX
pa3jJoOMOB HAlLIO IPUMEHEHHE B pPalOHAaX C IIOBBIIMICHHOW CEUCMHUYECKOU
AKTUBHOCTH, NPU U3yUYEHUU TEKTOHUYECKUX JABWKEeHUH TUT. B 1966 roay B ropoje
TamkenT, cronuna VY30ekucTaHa, BO BpeMs 3eMIETPACEHMS, YyIaJoCh
3a(UKCUPOBaTh, PE3KOE YBEIUWYECHHE HACBHIINICHHE paZOHA, COCPEIOTOYCHHOrO B
IIOJ3EMHBIX BOJAX, B 5-7 pa3 3a HECKOJBKO JHEH IpexIe Mpou3oles Toa14ok. Ha
JAHHBI MOMEHT, TaKOW MPUHIIUIT MOHUTOPUHTA JAHHBIX (PU3MUECKHUX MPOIIECCOB
UCTIONIb3YeTCS ISl OTCIECKUBAHUS, (PUKCALMUA U TPEIyraablBaHUE CEMCMHYECKOM
aktuBHOoCTH B Muaum, M3zpaune, CIIA, TaiiBane, Typuuu u npyrux crpaHax. B
Poccun s addexTrBHOM pabOTOCTIOCOOHOCTH JAHHOTO KOMILIEKCa HE0OXO0AUMO
9TOOBI YCTAaHOBKA YAOBIETBOPsUIA PSY, HE MaJOBXKHBIX, OCOOCHHOCTEH, TaKUX
KaK, CypOBBI€ [TOI'0JIHbIE YCIIOBUI B 3MMHUI U BECEHHUI Iepro1 BpeMeHn. OCHOBOM
JUIS. CO3/JaHME aBTOHOMHOIO MOJIEBOTO KOMIUJIEKCA MO MOHUTOPHUHIY IUIOTHOCTH
IIOTOKA paJioHa C 3€MHOM MNOBepXHOCTM B Poccum mnocimyxuna JOpOroBH3HA

3apyOeKHBIX aHAJIOTOB.



Lenpto naHHON paOOTHI - SIBISIETCS CO3JAaHUE IMOJIEBOIO aBTOMATHYECKOTrO
KOMILJIEKCA JIJIs MOHUTOPHUHIA IJIOTHOCTU MOTOKA PaJlOHA C MMOBEPXHOCTHU TPYHTA.
3anauu:

1) OO030p W aHaIM3 JUTEpaTypbl IO TEMATUKE HAy4HO -
UCCIIeI0BaTENbCKOM padoTe.

2) Co3naHue, yCTaHOBKAa M OTJaJKa IIOJCBOW aBTOMATHYECKOM
YCTAHOBKM [JI1 MOHUTOPUHIA IUJIOTHOCTH IIOTOKAa paJOHa C BBICOKOM
4aCTOTON AMCKPETU3AllNU JaHHBIX.

3) BemonHeHWe KaJIMOPOBKU YCTAHOBKM JUIS  OINPEICIICHUS
MOMPaBOYHOr0 KO3 PuIneHTa.

4) ®opmupoBaHue 0a3bl JAHHBIX MO0 MOHUTOPHHTY IJIOTHOCTH

ITOTOKA paJOHa C ITOBCPXHOCTU I'PYHTA. Ananus PE3YIbTATOB.



1 I'naBa
1.1I1poucxoxaeHne U CBOMCTBA PaIOHA
1.1.1 ®dusuyeckue CBOICTBA M30TONOB PpaaoHa. PaguoakTuBHBIE

ceMencTBa

PanoH B HOpManbHBIX YCIOBUSX MNPEIACTABISET COOOM pajarOaKTHBHBIM
OeclBETHBI MHEPTHBIA Ta3 0e3 cTaOWIBHBIX M30TOMOB. BhICOKas KOHIIEHTpaLUs
pagoHa B BO3yX€ OIACHA JJIA XKU3HU U 340POBbs YelloBeKa. PU3NUECKUE CBOWCTBA
pazioHa yKa3aHbl HIKE B Tabiuue 1.

Tabmuma 1. dusnyeckue CBONCTBA pajoHa

TemnepaTtypa KuneHus -62°C
TemmepaTypa niaBiaeHus -71°C
[TnmoTHOCTH pagoHa B Ta3000pa3HOM
9,727 xr/™m>
COCTOSIHMH TPY HOPMAJIBHBIX YCIIOBHUSIX
Paanyc atoma 214 oM
DHeprus MOHU3AUU 10,74 »B

Pagon B 55 pa3 Tshkenee renus u B 7,6 pa3a Tshkenee Bozayxa. [1] B Tomie
BOJIBI M 3€MJIM PAcCEMBAETCsl OOJBIIOE KOJIUYECTBO PaJOH M Tenuid. B BepxHUX
CIIOSIX 3€MHOW KOPBI COCPEIOTAYMBACTCS OCHOBHOE KOJMYECTBO paJOHA, 4YTO
cocraBisier okosio 115 TonH. KonmuecTBo pagoHa B atMocdepe ropa3fao MEHbIIIE,
nopsanka 4 kr. [IpakTuuecku HyneBO€ COJEp)KaHHUE pajloHa B BO3JAyXE M JIbJIax
AnTapkTusl. [2-4]

PannoakTuBHBIN ra3-pajioH ABISAETCS MPOIYKTOM paciaja psiia IPUPOTHBIX
pPaNOaKTHBHBIX CEMEMCTB ypaHa u Topus. Hanbonee cTabMIbHBIM pauOHYKIHIOM
B JTOM ceMelicTBe sBasercs Rn?%? (T /2 = 3,8235 ana). CemelicTBo ypaHa
U?3® (Ty), = 7,13 -10% net) Bxmouaer B cebs Rn*'® (T, =3,96¢), ero
HAa3bIBAIOT AKTUHOHOM (An). CewmeiicTBO TOpUS
Th?32 (Ty/2 = 1,41 101° net) Brmrouaer B cebs Rn 22°(T1/2 = 55,6 C), KOTOpHIi
Ha3pBalOT TopoHOM (Tn). B koHewHOM mTOTE, B Tpoliecce pacrmaja Memu ITHX

pPaIMOaKTUBHBIX CEMEHCTB o00pa3yeTcss CTaOWIbHBIM paJUOU30TOIN CBHUHIIA,



TIOPA/IKOBEIIT HOMep KoToporo paseH 82. B cemeiictBe ypama 1o Pb2°¢, B
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cemeiictBe Topus 310 Ph2%8, B cemeiicTre akTunms sT0 PH2%7. [1-7]
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Pucynok 1. llenouka painOaKTUBHOTO CEMENCTBA pPa/IOHA

1.1.2 TIpoaykThl pacnaga pagoHa. @usn4yeckue CBOHCTBA PaJ0HA

[Ipy wucnyckaHuu 0-4acTULBI, PAAUOU3OTOIBI PaJOHA MEHSIOT CBOE
arperaTHO€ COCTOSIHME MPEBpaIlalOTCS W3 TPYNIbl MHEPTHBIX T'a30B B TBEPIbIE
pangnoaktuBHble u3oTombl. [8-10] B mporecce pacmama pamoHa 00pa3yroTCs
M30TOIbI, TAKUE KaK IOJOHWH, BUCMYT, Tajutki, cBUHeN. CTaOWIBHBIA H30TOI

CBHMHIIA SIBJISIETCS MOCJIEHUM 3BEHOM B LIEMIOYKE MTPEBPALICHU U30TOMOB PaJOHA.
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Pucynok 2. llenouku paiMOaKTUBHOIO pacIiajia U30TOMOB paJOHA
B pamkax paadoskojoruv W paJuMallMOHHOM O€30MacHOCTH, MpHU
paccMOTpeHre O00pa3yroUIuXcsl JAOYEPHUX MPOJIYKTOB pacmaja pajioHa, MOXKHO

OI'PaHUYIUTCA OHpCI[eHeHHOfI YacCTbIO OCIIH COACPIKAINKUC TOJBKO OOJIOKHUBYIIHUC
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usotonsl. B nenu Rn?%2 sto Ph?1°, ¢ mepuomom nonypacnana 22 roga. Ph?10 me
ylaeTcsi JOCTUYh PABHOBECHOM KOHIICHTPAIMU B aTMOc(epe, UMEHHO TTOATOMY UM
¥ TIOCIENYIOIIUMHU JOYEPHUMHU NPOAYKTaMHU paclaja IETMOYKH MOXHO CMEIO
npeHeopeyb.

B mpouecce pacniana pagoHa, o0pa3yroTcs METauIbl, KOTOPbIE HAXOASATCS B
CBOOOTHOM  COCTOSIHUE Ha TPOTSDKEHHWE  Majoro  BpeMEHH.  MeTasuibl
B3aWMOJICHCTBYI0O  C  TIOCTOSSHHO  NPHUCYTCTBYIOIIMMH B aTMmocdepe
HEePaINOaKTUBHBIMU a’PO30JIIMH, TAKUMH KaK TBEPAbIC YACTUIIBI MTBLIH, KATICISIMH
TyMaHa ¥ Tak jganee. [Ipu B3auMoJEHCTBUU METaJUIOB, 0Opa3yIOUIUXCS B TIPOIIECC
pacmajie pajgoHa, C HepaJuOAKTHBHBIMU a3pPO30JIsIMU 00pa3yIOTCsl paJuOaKTHBHBIE
a’pososid. Takum o0Opa3oM JIMHEWHBIM pa3Mep JOYEPHUX MPOJYKTOB pacraaa
palioHa yBEJIMYUBACTCS B HECKOJBKO pa3. [11-12]

OKBUBaJICHTHass 0ObEMHasi paBHOBECHAasi aKTUBHOCTH pagoHa (DPOA) mis
HEPABHOBECHOM CMECH KOPOTKOKUBYIIUX JOUEPHUX TPOIYKTOB paciiaja B BO3AYyXe
npesCcTaBisieT co0oil OOBEMHYI0 AaKTUBHOCTH paZOHA, KOTOPBIM HAXOIUTCS B
PaBHOBECHUU C €T0 JIOYEPHUMHU MTPOYKTAMU paclaia U UMEET TaKOe ke KOJIUYECTBO

CKPBITOM DHEPTUH, YTO U 3Ta HEPaBHOBECHas cMech. [11]

3PO0Ag, = F * OAg, = 0,51614p;, + 0,3793A5; + 0,1046A4,,, (1D

rae Ap,, App, Agi — 00bEMHBIC AKTUBHOCTH KOPOTKOXKHBYIIIUX IMPOIYKTOB paciiajia
pagoHa Po?18 Pb?1* y Bi?'*  coorBercTBEHHO, bk/ M3 F — K03 dunmeHT

paBHOBecus 3HaueHue koroporo ot 0 1o 1.



1.2 O6sacTy NpUMEeHEeHUs BeJIMUYUHBI IVIOTHOCTH MOTOKA PA/IOHA

B nacrosiiee Bpemst akTHBHO U3Y4aeTCsl 3HAUCHHUS INIOTHOCTH MTOTOKA paJioHa
KaK B TEOPUHU, TaK W HA MPAKTUKE JJI1 HAXOXKIACHUS PELICHUM Ha P Pa3IuUHBIX
3a/1a4 U MPoOJIeM B CIACAYIOMIMX 001aCTIX, YKa3aHHBIX HIKE:

—T'eousuka: ceiicMoyiorusi — Hayka O HPOTHO3MPOBAHUE W3MEHEHMM
HaIpPsHKEHHO-Ae()OPMUPOBAHHOTO  COCTOSIHUSL B HeJApax 3€MHOW  KOPBHI,
3eMJICTPSICEHUM; IbIXaHUE TTOYBHI.

— I'eodusuka: ¢pusuka arMmocdepsl, KIUMATOJIOTUS — HAayKa, 3aHUMAIOIIasCs
U3Y4YEHUEM U OLICHKOM BIMSIHUSA PaJiOHa, HAXOIAIIETOCS B 3eMJIE, Ha DJICKTPUUCCKHE
CBOMCTBAa BEpPXHUX CJI0OEB aTMochepbl, H3YyUYCHHUS TPACKTOPUM JIBUIKCHUSI
BO3JIYIITHBIX Macc.

— Paguoskonorus. ['eoskonorusi. PaguanuonHas Owojorusi — Hayka,
OLICHMBAIOIIasl pPaAUMAlMOHHYI0 OMNACHOCTh JJISI HAcEeJeHUsT OT OLEHKH
PaJOHOOIIACHOCTH HAa TEPPUTOPUH, KUIIBIX 3TaHHM.

1.2.1. Paauodkomnorusi. OueHka PagoOHOONACHOCTH TEPPUTOPUI U
30aHUM

1.2.1.1. PagoHoonacHOCTh TEPPUTOPUIA

[InoTHOCTH MOTOKA pajoHa HA MMOBEPXHOCTHU 3E€MJIU CIIY’KUT KPUTEPUEM I10
ONPEAEICHUIO TMOTECHUMAIBHON PaJOHOONACHOCTH TeppuTopuii B Poccuiickoi
@enepanmu, ycranoBneHHbIW mpaBuiaamu  OCIIOPB-99. [13] CormacHo
CaHWTapHBIM TPEOOBAHUSAM YCTAHOBJIICHHBIX Ha TepputTopuu PD [14], cpemnee
3HAYEHHUE IUIOTHOCTH IOTOKA paJOHa C MOBEPXHOCTH 3€MJIM Ha TEPPUTOPHH,
NpeHA3HAYEHU 107 CTPOUTENBCTBO, He OMKHO mnpesbimarts 80 MBk/M? c.
Tepputopusi mon o0pa3oBaTENbHBIE YUPEKJICHHS 3HAYEHUE IUIOTHOCTH MOTOKA
pajoHa He J0MmKHO ObITh 40 MBK /M?c. ['aBHBIM yCIOBHEM, TIPU CAUH SKUIIOTO
MOMEIIEHHUsI, YTOObI CPEJIHET00Basi paBHOBECHAsA 00beMHAsl aKTUBHOCTh PajloHa B

Bo31yXe He mpeBbimana 100 Bk/m3.[15]



1.2.1.2. PagoHoonacHOCTH 3aHUM

B Bo3myxe JKWIbIX W OOIIECTBEHHBIX 3JaHUSAX MPUCYTCTBYET pAaIOH,
KOTOpBIN SIBIIIETCA OJHUM M3 OCHOBHBIX KOMIIOHEHTOB 3arpsi3HEHHs BO3AyXa, a
TaK)K€ CUMTAETCS 3HAYUTEJbHBIM (PAKTOpPOM pHCKa Uil 310poBbsi HaceneHus. [lo
«HopmaMm paananimoHHONM 0€30MacHOCTH» COJEpKaHue OO0BEMHOU AaKTUBHOCTH
pajioHa He 10ikHO npesbimath 200 Bx/M3, s sxuneix 3nanuii. [16]

1.2.2. IIporuo3 3eMJieTPSICEHUH U BYJIKAHUYECKOl AKTUBHOCTH

OpHoli W3 BECOMBIX 3a7ad T'€O(PU3UKH CUYUTACTCS IOUCK JOCTOBEPHBIX
METOJIOB KPAaTKOCPOYHOTO IPOTHO3UPOBAHUS 3EMIICTPSICCHUN U HM3BEPIKCHHM
BYJIKQHOB. YBEJIMUCHHUE HAMPSDHKEHUH B 30HAX Pa3pbIBOB JIO 36MJICTPSICEHUH MOXKET
NPHUBECTH K 3HAYUTEIIBHBIM U3MCHCHHSIM TEMITIEPATyPHBIX TPaIUCHTOB, TPAIUCHTOB
TaBJIICHUS W, CIIEJIOBATEIbHO, K W3MEHEHHIO CKOPOCTH aJIBEKTHBHBIX TOKOB
TIOYBEHHBIX ra3oB. [lepeHoc pagoHa ¢ OONBIINX IITyOUH Ha TIOBEPXHOCTH BOBMOKCH
C YBEIMYCHHEM CKOpPOCTH aJIBeKIIMM TIOYBEHHBIX Ta30B. PocT ceiicMuyeckoit
AKTUBHOCTH TPHBOJUT K HM3MCHEHHIO CKOpPOCTH KOHBeKuuu.[17-20] Takum
o0pa3oM, pE3KO YBEIWYMBACTCS 3HAUCHHUS TUIOTHOCTH IIOTOKAa pajJoHa C
TIOBEPXHOCTH IPYHTA, a TAK)KE TPUBOJINT K aHOMAJILHBIM YBEIIMUYECHUEM BPEMEHHOM
KOHIICHTpAIIMK paJioHa W JPYTMX MOYBEHHBIX T'a30B B BO3/JyXE Ha MOBEPXHOCTH
3emiin.[20,21] MOHUTOPHHT XapaKTEPUCTUK PATOHOBOTO ITOJIS y TPAHUIIBI CHCTEMBI
«mrtocdepa-atMmochepa» TMO3BOIACT CYAUTh O TMPOIECCaX, MPOUCXOIANIUX B
3€MHOM KOpE.

Jliist yBemM4ueHUs! 9yBCTBUTEILHOCTH PAJIOHOBOTO METO/1a TPOTHO3UPOBAHMSI
3eMJICTPSICEHUH CTapalOTCs MPOBOJANTH MOHUTOPHUHT B paiOHAX, TJI€ MPUCYTCTBYIOT
[NIyOMHHBIC BBICOKOAKTHBHBIE HWCTOYHUKH pajgoHa (MOPOABI C  BBICOKHM
collepKaHMEM YypaHa; 30HBI TEKTOHHYECKHX Pa3JIOMOB B 3€MHOW KOpE) JUIs

YBCIMYCHHUA aMIITINTyJa aHOMAJIbHBIX BCIIJICCKOB.



1.2.3. Kuummarosorus. Pagon — kak Tpaccep BO3AyX000MEHHBIX

MPOIECCOB

Panon nonroe BpeMst HCIIOIB30BAJICS B KAUECTBE TPEKOB, KOTOPHIE CIAEAYIOT
3a BO3YIIHBIMH MacCaMH MO BEPTUKAIU U TOPU3OHTAIH. (TPAHCKOHTUHEHTAIbHBIN
Macita0) HanpasieHuu. [22-29] Kpome pamona, isi MCCICIOBAHUS Pa3IHUHbIX
JTUHAMHYECKUX aTMOC(EPHBIX MPOIECCOB M YTOUHEHHMS TI00ATbHON XUMHUUECKOMN
MOJIENIM TlepeHoca, MPUMEHSIOT APYIHe pajuoHYKIuasl — TopoH, Pb%12, pp?10,
Be’ , Be®u CO'™. U3 wnux PaIMOH YKJIU b Pb?10  Be”. Belo, KOTOpBIE
MPUCOCAUHSIOTCS C HEPATUOAKTHUBHBIM adPO30JIIMU U SBIISIIOTCS TOJIE3HBI TPU
U3YYEHUU CEIMMEHTAIlMM M3-3a OCAJKOB JIOKIA M cHera. MOHUTOPUHI STHUX
IPUPOHBIX PAJTMOHYKIIUIOB B OOJIBIIMX MaciiTabax HeOOXOIUMBI JUISl U3yUCHHS
MI00aJbHOTO HW3MEHEHUs] KiIuMara W TNPOTHO3UpoBaHusA. s pemieHus
BBINICYIOMSHYTBIX 3a/1ad HEOOXOAMMO 3HATh TOBEACHHE W TMPOCTPAHCTBEHHOE
pactpenenenue I1IIP ¢ moBepxHocTH 3eMiu. OgHAKO, CYHIECTBYIOIIMX 3HAHUN O
IPOCTPAHCTBEHHOM (110 BCEM MAaTepUKaM) M BPEMEHHOW W3MEHYMBOCTU BEIMYUHBI
IIITP no cux mop HegoctatouHo. [locTpoenue moapooHsIx kapT o 1P Ha ocHOBe
NaHHBIX 0 copepkaHun U238 (Ra?2%) TpeGyeT 3HaHMA MHOTUX HapaMeTpOB, TAKKX,
KaKk THUI W BIIAXXHOCTh TpyHTa, TemmepaTrypa (WIM BEPTUKAJIbHBIA TPAaJTUEHT
TEMIIEpaTypbl B CHUCTEME TPYHT arMmocdepa), MHTEHCUBHOCTb aTMOC(EpPHBIX
OCaJIKOB U Mp. DTO CTUMYJUPYET HOBBIE AKCHEPUMEHTAIbHBIE HCCIEIOBAHUS
nuHamuku [1T1P oqHOBpEMEHHO € yCOBEPILIEHCTBOBAHUEM METOJIOB U3MEPEHHS.

Kpome Toro, pagoH siBisieTCs MOJAE3HBIM UHCTPYMEHTOM IPH ONPEICICHUU
ko3 purmeHToB qudGy3nuu ra30B U a’dpo3oiiel B mpu3eMHoi atMochepe.[30,31]

Eme oaHo mnpumMeHeHHe paJoH Hallel B KadyecTBE HWHIUKATOpa
BEPTUKAIBHON  YCTOMYMBOCTH HIKHEW aTtMochephl ©  TONIIUHBI  CIIOS

KOHBEKTHUBHOTO TiepeMernuBanws. [32,33]



2 I'naBa
2.1 Knaccuukanus MeTo10B U3MepPEeHUS MJIOTHOCTU NMOTOKOB PalOHA
U TOPOHA

2.1.1 IIpsiMoii U KOCBEHHBII METOAbI U3MEPECHUSA

Metoapl, IO KOTOPBIM OCYILIECTBISETCS W3MEPEHHUs IUIOTHOCTH TOTOKA
pasioHa C TOBEPXHOCTHU 3EMJIU TTOAPA3LISIOTCS Ha JBA OCHOBHBIX BUA!

— Meroasl npsimoro usmepenus (/[aHHbI METOJT OCHOBAaH HAa M3MEpPCHHE
HaKOIUVICHHOTO pajJioHa B CIEHHAIM3UPOBAHHBIX KaMmMepax, YCTaHOBJICHHBIX Ha
MOBEPXHOCTH TPYyHTa, TMpU Oojee MO3AHEM WIM OJHOBPEMEHHOM H3MEPECHUU
HAKOIJICHHOW aKTUBHOCTH )

— KocBenHnble criocoObl u3MepeHus: (METOoAbl pacueTa Ha OCHOBE OJIHOM W3
MOJIeJIeH TIepeHoca pajioHa B MMOPUCTHIX CPeiax, HAPSAY C U3MEPEHUSMH OJTHOTO U3
BXOJIHBIX TapaMeTPOB MO/JIeNH (AaKTUBHOCTb pajioHA B TMOYBE WJIM BO3IYXE, PaJIUsI

WIN ypaHa B MOYBE) C MOCIEAYIOIMHUM MepecyeToM u3meperHHoro 3Hauenus B [1I1P.

METOZb! H3MEPEHUS NAOTHOCTH MOTOKA
PA/JOHA Y TOPOHA

Al Al

" MIPSIMBIE METO]TBI KOCBEHHBIE

HIMEPEHHSA METOJILI
H3IMEPEHHA

Judpyinonnas
MH;:IEJIB nepﬁqo-ca +
“"Rawmn "Thse
TPyHTE

Tudppyamonnias
MOJACHE NepeHoca +
WiMepenHLlil o
FPYHTE MPAIHEHT
OA panona

Judppysuonno-
ABCKTHBHAA MO-
JeNk NepeHoca +
WIMEPCHHAR B
rpyure OA panouna
Ha 2-x roybuHax

Ancopbusonnsiii

"Il:l:lllul.lt METO/IkLI I'IO pamuyl{m“}r
HIMEPCHHS HARKOD- B IPHIEMHOR aTMO-
JieHHoil AKTHBHOCTH ‘L“IH‘: pe

HIMEPEHHA HAKGN-

AeHuoil aKTHBHOCTH

Pucynok 3. — Cxema knaccuukany METOJ0B U3BMEPEHUS IIJIOTHOCTH

IMIOTOKA paJoHa C IIOBECPXHOCTHU ITIOPHUCTOIO MaTCpualia



2.2 KocBennbie meroasl — moaenupoBanue IIIIP mo uamenennsim OA

PajoHa B rPyHTE 2-X I1yOMHAX

Croco6 1Mo OmpeaescHHI0 IUIOTHOCTH IOTOKa pajJ0Ha OCHOBAaHHBIA Ha
Mozenn U] y3HOHHO-aJBEKTHBHOM IIEPEHOCE M JABYM 3HAYEHHSIM OOBEMHOM
AKTHBHOCTH paJiOHA, M3MEPEHHBIM Ha pasHBIX IyOMHAX. JlaHHBIA MeTox ObLI
MCIIBITAH B MOJIEBBIX YCIOBHUSAX, IIOKA3aB IIPU TOM OTJIMYHBIE Pe3ynbTaThl. OleHKa
IJIOTHOCTH IIOTOKA PafoHa YYUTHLIBAET BIUSHUE KIMMATHYECKUX YCIOBUIA.

OTJIMYMTENBHOM YEPTOM JaHHOIO METO/Aa SBJISETCS HE00A3aTelbHBIM
3HAHHMEM 3HAYE€HUS CKOPOCTH aIBEKI[UH, TaK KaK OCHOBAH Ha MCIIOJb30BAHHE YXKE
M3MEPEHHBIX 3HAYEHUN O00BEMHOM aKTUBHOCTH paJOHA B MOYBEHHOM BO3IyXe Ha
riayoure g0 1 Mmetpa. MeTox paspabotaH B 3-X BapraHTax.

[lepBblii BApHAHT METO/A [0 OLEHKH IUIOTHOCTHU IIOTOKA paJoHa

B 1aHHOM MeTOZie MOYKHO OIPaHHYUTCA OJHMM H3MEPEHHEM OOBEMHOM
aKTUBHOCTH ITOYBEHHOIO paJoHa M HCIOJb30BaTh HMH(POPMAIUI O (QU3HKO-
re0JIOrMYECKUX MapaMeTpax TIPYHTOB Ui OIEHKH 3HaueHus A,. O003HaUNM
U3MEpeHHyo Ha riyoumHe h xonuentpanuio pamona A(h) = A;. IoxcraBum B

ypaBHeHue (2)

vV OA v )
— N(55) +5-+
A(z) = Ao |1—exp ( (ZDe) ‘

D, 2D, (2)
Bripazum ko3 PUIueHT npu SKCIIOHEHTE B CIEAYIONIEM BHIE
(v>2+)l+v_l 1 1 3)
2D,) "D, 2D, \{_4u|h
Ag

B cooTBeTcTBUU ¢ 3ak0oHOM DUKa U C Y4CTOM PaarOJIOrH4CCKOro rnecpcHoca

WHTEHCHUBHOCTD IMOTOKA PaJI0oHa ONPEEIIICTCS BRIpaKeHUEM (4).

d
0@ = 0,249 | iaay &

C yuetom (2) pu z = 0 BeIpaxkeHue (4) npuMeT BU



v ¢ 1 v
1@limo = Denda| |(557) + 5+ 357 | (5)
3anumiem BeipaxkeHue (6) nepenucas ypaBHeHue (5), ¢ yuetoM (3), moayaum
GopMyny IS OIEHKM TUIOTHOCTH TIOTOKa pajoHa C TOBEPXHOCTH 3E€MIIM TIO
M3MEPEHHON Ha ONpeleNeHHOW TriayOuHe O0O0bEeMHOW aKTHUBHOCTH paJoHa B
MIOYBEHHOM BO3TyXE.
1 1
q(2)|z=0 = DenAosln| —— |4 (6)
—_Zh
AOO
[Ipu otcyTcTBHHM IOCTOBEpHOH HHMOpManuu O (HPU3UKO-TCOTOTHICCKUX
napaMeTpax TPYHTOB BMECTO 3HaueHUs A, MOXXHO HCIIOJIb30BaTh B pacyeTax,
Hapsny ¢ Ay, 3HadeHHEe OOBEMHOW aKTUBHOCTH PaJIoHA, U3MEPEHHOE Ha JPYroi
TIIyOuHE.
Bropoii BapuaHT MeTO/1a 10 OLIEHKH TUIOTHOCTH MOTOKA pajioHa
Korma wusmepenuss oOBEMHO AaKTUBHOCTH pajioHAa TPOU3BOIATCS Ha
rIIyOMHAX, pa3IMyaloImuXcs B 2 pa3a, 6osee Mojae3HbIM SIBISIETCS BTOPOM BapUaHT
METOJla MO OIEHKH IJIOTHOCTHM TMOTOKa panoHa. IloxpctaBum B ypaBHeHue (2)
3Ha4YCHUSI OOBEMHONM aKTMBHOCTHU pajioHa A; M A, U3MEpPEHHBIX Ha TIyOUHax hy H
h, nonyuum Beipaxkenus (7) u (2.7)

Ay = A (1 — exp™ VM), (7)

A, = A (1 — exp™¥12), (8)

2
A

rneY = (v) + 2+ 2

2D, D, 2D,

Beipazum Y u A, uepes A; u A,. B cinydae, korna h, = 2h,, cucrema

ypaBHeHwi (7, 8) MMeeT MpoCToe aHATUTHIECKoe penenre. O603HaunM exp Y =
x, Torna exp” Y2 = exp~2YM = x2y ypaBuenus (7, 8) NPUHUMAIOT BUJ
Al = Aoo(1 - X), (9)

Ay = A (1 — x?), (10)



Paznenus A, u A; ¥ nponorapu@mMupoBaB 00€ 4aCTU ypaBHEHUS, IOTYUYUM

bopmyny nnsa Y

=2 . (11)
=—Inl+——|
hy \ 42 _4

Aq

Bripaxkenue aiia A, yepe3 uaMepeHHble 00bEMHON aKTUBHOCTH pajioHa A4

U A, BBITJSIUT CIEIYIOIMIMM 00pa3omM

Aoo = _Az (12)

[Ipeobpasys ypaBaenue (5), ¢ yueroM (11) u (12), monyuum dopmyny s
omenku [IIIP ¢ TOBEpXHOCTH 3E€MJIM 10 IOPOBBIM AaKTUBHOCTSAM pPaJioOHa,

M3MEpPEHHBIM Ha rITyOMHaX, pa3nyaromuxcs B 2 pa3a

(2)| ;=0 = DenA L ! 4y (13)
q\Z)|z=0 = VN Ooh1n &_1 2_&
Ay Ay

TpeTuii BapuaHT METO/A MO OLIEHKU TUIOTHOCTH TIOTOKA paioHa

Korma wusmepennss 0OBEMHO aKTHBHOCTH pajoHA TIPOM3BOMIITCS Ha
IyOMHaX, pa3IMYaroNIuxcs B k pasza, 0oyee MoJje3HbIM SIBISETCS TPETUH BapUaHT
METO/a IO OIEHKH IIOTHOCTH MOTOKa pajaoHa. Ilpu stom h, = k - hy, oTHOIIEHNE

v A v

2
2h) D—;fﬁ) 1
. CnenaB HECKOJBKO

Ay xk A, paBuo X, a T = exp_< (
npeoOpazoBanuii ¢ ypaBHeHus MU (9) 1 (10) momyuum Beipaskenue (14)
XTF—T+(1-X)=0. (14)

[TonyuenHoe HenuHelHOe ypaBHeHHE (14) B 00111eM cilydae HE MOXKET ObITh
pEUIEHO aHAJTUTUYECKH, OJTHAKO, YHCIICHHBIE METO/Ibl MO3BOJIAIOT PEIIUTH JAHHOE
YpaBHEHHE [JIs ONPECICHUSI HEU3BECTHOW BEIUYHHBI T .

CkopocCTh aIBEKIIMU BBIPAKAETCS YePe3 UICKOMYIO BEIMUUHY T CIAEAyIONIUM

obpazom



1ze — (ln2 (T) - De)
1 Z,
v In(T) ' (15)

3HaueHUE PABHOBECHOW OOBEMHOM AKTUBHOCTH paJOHA B TOYBEHHOM

BO3/IyX€ PaBHO

_ A(zy)
® 1T

(16)

C yuetoMm cootHomienuit (15) u (16) BeIpakeHHe sl TUIOTHOCTH MOTOKa

pagoHa NIPUHUMAET BUJ

A(zy) < Azy In(T) > A Azy In(T) (17)

o =Den——= - D. -
4@lz=0 =D T—7\ \amp, ~ 22 ) ¥ 0. T 20D, 22

B pesynbpTaTe MIOTHOCTH MOTOKA PaJioHA C MOBEPXHOCTH 3EMJIM MOKHO
orleHUTh Mo cooTHouieHusM (6), (13) u (17) B 3aBUCHUMOCTH OT HMEIOIIEHCS
uHdOpMaIHH.

2.3. Cratuveckuii 1 JMHAMMYECKUI METObI H3MEpPEHM I

OTTaJIKUBasCh OT KOHCTPYKIIMHM HAKOMMTEIBHOH KaMepbl, KOTopas
UCIIOJIb3YyeTCs Il U3MEPEHUS TUIOTHOCTH IMOTOKA PaJioHa C TIOBEPXHOCTH T'PYHTAa,
METOJIbl U3MEPEHUIH MOXKHO T10]Ipa3/ICIUTh Ha JIBa OCHOBHBIX

— crarnueckue (HakomuTenpbHas kamepa BCE€ BpeMsi HaXOAUTHCS B 3aKPBITOM
COCTOSIHUH. 3aMephl MPOU3BOIATCS HEMIOCPEICTBEHHO HA HAKOIIJICHHOM KOJIMYECTBE
pajoHa B HAKOIUTEIBHOU KaMepe, IIPH MOCISAYIOIeM H3MEPEHUE HAKOIUTEIIbHAS
Kamepa IpoBeTpuBaeTcs.) JlaHHbINH MeTo ] ucronb3yeTces Jaiie. (puc. 4a, 0);

— IUHAMHYECKUe (TIPOMCXOIUTh HENpEephIBHAS IMHMPKYJSIUS BO3ayXa B

HaKONUTEJIbHOM Kamepe) (puc. 5).
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Pucynok 4. Cxema ctatuyeckoro metosa uzmepenus 1111P

M3meputenbHoe yCTPOUCTBO,
nubo KnanaH ans

Rn BbiBOAA rasa RN

Pucynok 5. Cxema nuHamuueckoro Meroaa uzmepenus I11P



2.4 Co3naHue 10JIeBOM aBTOMATHYECKOHW YCTAHOBKH ISl M3MEpPEeHMs

IJIOTHOCTH MOTOKA pajioHa ¢ MOBEPXHOCTHU I'PYHTA.

HakonurenpHass kamepa IIOJIEBOTO aBTOMATHUYECKOIO KOMILIEKCA UL
MOHUTOPHUHTA INIOTHOCTH MOTOKA PaJl0OHa U3rOTOBJIEHA U3 KACTPIOJIH, BBIIIOJHEHHAS
13 HepXKaBerouen ctanu, ¢ auamerpom 260 mm u Beicotot 120 mm. C Bepxy, Ha AHE
KAaCTPIOJIM TIPOCBEPJICHBI YETHIPE OJMHAKOBBIX OTBEPCTHH AUAMETPOM 5 MM IS
Npe0TBPAILEHNUs HAKOIUIEHHs OOJIbIION KOHLIEHTpAIMU PaJoHa B HAKOMUTEIbHOM
KaMepe, TEM CaMbIM COXpaHss MOJYpaBHOBECTHOW KOHIEHTpauuu. B kauecTse
OJl0Ka JeTeKTopa, JUIsl HAIIero IOJEBOr0 AaBTOMATUYECKOTrO KOMILIEKCa,
UCIIONIb3YeTCd  CUMHTWUISLMOHHBIN  Onok  gerexktupoBanus  BJI3A2-01,

pa60TanmHﬁ moJa YIpaBJICHUCM 3aBOACKOIO IIPOTpaMMHOTO oOecIieueHusI.

sl

10 cMm

Pucynok 6. Cxema yCTaHOBKH JJ11 U3MEPEHHUS MIIOTHOCTH MTOTOKA pajoHa C
MTOBEPXHOCTH T'PYHTA.

rae | - HakomuTenbHas Kamepa, IpeaHasHadeHHas i usMmepenus [IIIP ¢

MOBEPXHOCTH TpyHTa. Kamepa ycTtaHoBlieHa B TPYHT TaK, 4TOObI pacCTOSHHUE OT

MOBEPXHOCTH 3€MJIM A0 JeTeKTopa cocTaBiisuio 10 cMm; 2- OMOK JETEKTHUPOBAHUS

BJI3A2-01.



2.4.1. HaznauyeHue H 00J1acTb NpHUMEHEHHUs] 0J10KA NETEKTHPOBAHUS

BI3A2-01

biok nerektupoBanus BJ/[3A2-01 wmcnonp3yeTcss HENMOCPENCTBEHHO IS
peructpanuu anb(a-u3iayueHus B paboyeM uHTepBasie >Hepruit ot 4,18 mo 5,15
Mb5B. Ilpsamoe Haznauenue 6soka aerexktupoanre b/I3A2-01 aBnsgercss KOHTPOIb
3arpsi3HEHUS] MMOBEPXHOCTU PYK M OAEKIbl IEpCOHaNa, padoTaromero ¢ anbga-
AKTUBHBIMU BEILLIECTBAMU.

[Mpunun paboter Onoka gerexktupoBanHusi bBJI3A2-01 ocHoBan Ha
perucrtpanuu o-u3nydeHus gerekropom ZnS (Ag). OH mnpencrapisier coOoi
JETEKTOP Ha OCHOBE JIOMUHO(pOpa ZnS (Ag) U OpraHMYEcKOro CTekja. o-4acTHIla,
nomnajas B JIOMUHOGOPHBIHN ciioit ZnS (Ag), BEI3BIBAET MOSBICHNUE BCIIBIIIKY CBETA.
CBeToBbIE BCIBIIIKKM MPeo0pa3yroTcss (POTOYMHOXKHUTENEM B IJIEKTPUUECKHE
UMITYJIbChI, KOTOpPbIE YCHJIMBAIOTCS OJIOKOM BBIXOJHOTO Kackana. [lonydeHHble Ha
BBIXOJIe¢ OJIOKa JE€TEKTHPOBAHMUS HMITYJbChl HAIPSDKEHHUS IPONOPLUOHAIBHBI
pacnpezeseHuIo anb(a-yacTHIL 10 SHEPTUSM.

Tabnuna 2. Texandeckue xapakrepuctuku bJI3A2-01

Tun GoTOIEKTPOHHOTO YMHOXKHUTESA OOVY-49b
DHeprus perucTpupyeMoi 4acTUIbI O
5,15
u3inyyenus, M>B
[Tnomanpe nerexropa, cmM2 200
D¢} dexTUBHOCTD perucTpanuy mpu SHEPTUH 0.-
usnyudenus 5,15 MaB, %: 20
C IBYMS CJIOSIMU 3alIUTHOM TUICHKH
— HE MeHee
C OJTHUM CIIOEM CBETO3AIIUTHOTO SKpaHa — He 59
MeHee
YpoBenb cobcTBeHHOTO (poHA — HE Oouiee, .
VIMIL./MUH




2.4.2 AsromaTuzanus 010ka nerekruposanusi b/13A2-01

biok nerektupoBanua bJI3A2-01 mnpenHazHadueH Il pPETUCTPALAU
0-M3JIyYEHHS C 3arpSI3HEHHOU MOBEPXHOCTH. I MOMyYEHHE JaHHBIX aKTHBHOCTH
O-M3JIyYEHHS] UCIOJIb3YETCS CTaHJIApPTHBIA MPUOOpP — U3MEPUTETH CKOPOCTU CUETa
YUM-2. Jlaunsiii uzmeputens Y UM-2, He moaxoauT Jjis Halied paboThl Tak, KaK
JaHHBIE CHUMAIOTCSA BPYUYHYIO, UTO KpalHe 3aTPYIHUTENBHO YUUTHIBAs, UTO MPUOOP
o 3aJyMKe JOJKEH HENpEepbhIBHO pabOTaTh Ha MPOTSHKEHHE HECKOIbKUX JTHEH,
HEJENb U JaXKE MECSLIEB.

Yro6wl 6ok nerekrupoBanusi B/I3A2-01 mor pabGorta Oonee mecdua, u
3aMMChIBaTh CKOPOCTh cueTa 0Oe3 ydacTus 4YesOBeKa, ObLJIO MPUHATO pelIeHHe
aanTUpoOBaTh OJIOK JETEKTUPOBAHMS Ha JabOpaTOPHYIO CUETHYIO IUIaTy,
MO3BOJIAIONIEI0 (PUKCUPOBATH CKOPOCTH cUeTa OeCIpephIBHO.

Jlnst ocymiecTBiieHHs, 3aJyMaHHOTO HaM TOHAaJ00WICS OOBIKHOBEHHBIM
WHBEPTOP, KOTOPBIM TMpeoOpaszyeT OTpuUIaTeNbHBIM curHai oT Omoka BbJI3A B

[MOJIOKUTEIIBHBIN JI HAIllel CYETHOM IUIATHL.

L

Pucynok 7. Cxema ycTaHOBKU

['me 1-6mox mutanus, 2-uaBEepTOp, 3-OBM, 4- 610K AetextupoBanms bJI3A2-01.



3 I'1aBa

3.1 Kaaubposka 0J10ka nerekrupoBanus b/{3A2-01

bnoku BI3A2-01 Obut pa3menieHsl Ha MITAHTe TaK, YTOOBI OT IOBEPXHOCTH
3eMJIM 10 YYBCTBHUTEJIBHOM 4acTH AeTekTopa Obul 1 merp. B xome xammOpoBku
MOJCTPauBajIl 4YyBCTBUTENIBbHOCTh 0yIokoB bBJI3A u ObU1 BBIABIEH OIUH
HEUCITPaBHBIN OJIOK AETEKTUPOBAHMS, KOTOPBIA CUIILHO pearupoBall Ha COJTHEYHBIH

CBCT.

Pucynok 8. Kanubposka 6;1okoB B/[3A2-01

Hmm./c

10000

26.7.18 31.7.18 5.8.18 10.8.18
——BJ13A2-01(1) ——BJI3A2-01(2)

Pucynok 9. Cxopocts cuera 6moka BJI3A (nerextop 1 u 2)
Ha pwuc.9. mabGmiomaeTcss CHHXPOHHOCTHh CIEKTPOB OTHOCUTEIIBHO JBYX

61oxoB netexktupoBanus b/I3A2-01.



3.2 H3mepeHHe IUIOTHOCTH IOTOKOB PAaJ0OHA C MOMOUIIbI0 0J10Ka

nerekrupopanusi bJ13A2-01.

bnok nerextupoBanust bJI3A2-01, a Takxke «Anbdapan — [lnroc AP» Ob111
YCTAHOBJIEHbl HAa SKCIEPUMEHTAIbHOM Iuiomaake. s uM3MepeHusl IMIOTHOCTH
notoka paaoHa naerektopsl B/I3A2-01 u «Anwsdpapag — Ilmoc AP» Obuin
YCTAHOBJIEHbl Ha HAKOMUTEJIbHBbIE KaMepbl, KOTOpbIE pa3MEIIaJUCh pPAIOM,

OTHOCHUTENBHO JIPYT ApYyTa.

Pucynok 10. Cxema ycTaHOBKH JJIs1 U3MEPEHUS INIOTHOCTH NIOTOKA pajioHa

Ha IKCIIEPUMEHTAIBHOMN TIJIOMAKE
I'me 1 — Onox nerektupoBanus bJI3A2-01; 2 — wnakomurenpHas Kamepa,
MpeIHa3HAYCHHAs I M3MEPEHUsl TUIOTHOCTHM TOTOKAa pajioHa, MJs JIeTeKTopa
b/I3A2-01; 3 — wnHakomuTenbHas Kamepa, NpeIHA3HAUYCHHAs I H3MEpPEHUS

IJIOTHOCTH MOTOKA pajioHa, s feTekropa «Anbdapan — [Tnroc AP»



Pucynok 11. Kanu6poska nerektopoB b/I3A2-01 B HakonuTenbHON
Kamepe

Onna HakomuTeNIbHAasE Kamepa HCMOJIb30Bajach IS  ONPEACIICHHS
IJIOTHOCTH MIOTOKA PaJioHa C TOBEPXHOCTHU IPYHTA KOMILIEKCOM «Anbdapan — [Tntoc
AP». Bropas kamepa s ONpeAei€HUs]  KOJUYECTBA  MMIIYJILCOB
O-M3JIYYalOIIUX JOUYEPHUX MPOJYKTOB paclaja pajoHa 3a JJIUTEIbHOCTh OJHOTO
u3MepeHus 1, 6j1okom nerektupoBaHuss b/I3A2-01. IlonydyeHHbIe gaHHBIE B XOJ€
M3MEPEHUI MCTIOJIb30BAIUCH IS OTIPEICIICHUSI TTOITPaBOYHOT0 KO3 dummeHTa s
nepeBojia 3HaUYCHUH U3 UMIIL. /C B €IMHUIBI U3MEPEHUN TUIOTHOCTH TIOTOKA pajioHa
MBK/(MZ%c).

Ko TP p e papas (MBK/M%C)
e Ngj3a2—01(MMI./C)

(18)

JI1s1 Hadana mpolenypbl MOHUTOPUHTA ONpeAeieHHOe U3 BhipaxkeHus (3.1)
3HaueHUeKp BHOCAT B IporpaMMy KOMITBIOTEpA JIJIA pacyeTa MIOTHOCTH MOTOKa
pajioHa.

CpaBHuBas JaHHBIE TUIOTHOCTH TIOTOKAa pajJoHa TMOJIydeHHBIE, B XOJe
KaUTMOPOBKH, OT pa3pabOTaHHOTO KOMILIEKCA, OCHOBAaHHOTO Ha  OJIOKe
nerektupoBanus  BJI3A2-01 W JaHHbIE  aTTECTOBAHHOIO  KOMILIEKca
«Anwsdapan — [Imroc AP», HabGar01a€M CHHXPOHHOCTD paboThI AeTekTOpOB (Puc.12),
YTO TOBOPHUT O IMPABWILHOCTH PabOTHI pa3pab0OTAaHHOTO HaMU KOMIUIEKCA IIO

M3MEPEHUIO IUNIOTHOCTH MTOTOKA PAaJiOHA C MTOBEPXHOCTH I'PYHTA.
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Pucynok 12. U3mepenue mioTHOCTH MOTOKA PaJioHa B XOJ€ KaIMOPOBKH
osioka netexktupoBanusi b/[3A2-01 Ha sKkCiepUMEHTAIbHON TUIOIIAIKE.
Taxoke, Ha PKCNEPUMEHTAIBHON TUIOMIAJKE JJIsI ONMpEeAeeHUs TUIOTHOCTH
MOTOKA pajioHa ycTaHoBieH 00Kk aeTektupoBanusi bJIITA-01. CpaBHUM JaHHBIE C
osoka B/IITA ¢ monydennbiMu nanabiMu BJ13A2-01.
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Pucynok 13. 3mepenure mI0THOCTH TOTOKA pajioHa 0J0Ka IETEKTHPOBAHUS
BJITA u B/I3A2-01.

Tak kak mnomans gerekropa bJI3A2-01, mpakTuuecku, B 1Ba pa3a OoJbliie
mwiomanu B/AITA, To u 3pdeKTUBHOCTh perucTpanuu OJ0Ka JETEKTHPOBAHHS

BJI3A2-01 6ynet Gombie, uTo MBI ¥ HaOmogaem Ha (puc.13). Takxe, HabmrOTaEM



cuHXpoHHOCTh JaHHbIXx Mexay bBJIIIA-O1 u BJI3A2-01, HO c HebGombITUM

BPCMCHHBIM CABHUI'OM.

3.3 BuusiHMe NMOrOAHBIX YCJOBMH HAa NMOKA3aHHE IJIOTHOCTH IOTOKA

paaoHa (TemMnepaTypa, BJAKHOCTbD)

CenTsi0pb

B JaHHOM pa3aecjic Mbl paCCMOTPHUM, KaK 3aBUCAT 3HAYCHHA IINIOTHOCTH

IMIOTOKA paJjoHa OT TEMIICPATYPhI U BJIAKHOCTH.
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Pucynok 14. BiusiHue temrieparypsl U BIAXKHOCTH BO3yXa Ha MOKa3aHUs
IJIOTHOCTH MOTOKA PaJioHa B CEHTSIOpe
Paccuntaem 3HaueHue KodpdUIIMEHTA KOPPENSIUU sl 3HAYCHUU

BJI3A2-01 ot TemmnepaTypsl U BIaXKHOCTH BO3/lyXa 3a MEPUOJ BPEMEHU CEHTSIOPb.



Koadumment xoppensiuuu ans remnepatypsl coctaBun Ki=0.33

Cents0ps K, =0,33
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Pucynoxk 15. 3aBucumocts Temneparypsl ot IIT1P nonyuennsix BJI3A2-01
W3 3aBUCHMOCTH BBIIIE U MO MOJXYYCHHOMY KOA(D(PUIIMEHTY KOppPENsiHu
Ha0JIt0/1aeM POCT TUIOTHOCTH MOTOKA pajioHa ¢ MOBEPXHOCTH TPYHTA, MOYUYEHHBIE C
nomotipbio 6s10ka aetexkrupoBanus bJI3A2-01, ¢ poctom TemmnepaTypbl 1 HA00OPOT.

Koaddurment koppensiuu mo MoaysIto sl BIAKHOCTH BO3/1yXa COCTaBHUII

Kh:0.18

Cents0ps K,=0,18

90 °
%0 *. e ¢
bl I ) R L T A AU ."5
_ 60
% o y = -0,0288x + 79,145
= 10
30
20
10
0
0 50 100 150 200 250 300 350

BJI3A2-01 mbx/M%c

Pucynok 16. 3aBucumocts BiaaxxHocTH Bo3ayxa ot [IT1P monyueHHbIX
b/I3A2-01
N3 3aBUCHUMOCTH BBIIIE U MO MOJYYEHHOMY KOA(D(PUIMEHTY KOPpPEJsIuu,
kotopblii paBeH Kp=0.18 HaOmrogaeM CHUKEHUE IUIOTHOCTHM MOTOKA pajoHa C

MOBEPXHOCTH TPYHTA, TOYYEHHBIC C TTIOMOIIBI0 OJ10Ka nerektupoBanus bJI3A2-01,



C POCTOM OTHOCHUTEIBHOM BIIAJKHOCTH BO3/1yXa U HA00OPOT, YBEJIMUEHUE INIOTHOCTH

IMIOTOKA pajoHa C YMCHBIICHHC BJIIAJKHOCTHU BO3ayXa.
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Pucynok 17. Bnusnaue TemnepaTypsl U BIa)KHOCTU BO3/lyXa HAa MOKa3aHUs
IUIOTHOCTH TMOTOKA paJioHa B OKTSIOpe
Paccuntaem 3Hauenume KodpduIMEHTAa KOppeIsIUH JJisi 3HAYCHUN
BJI3A2-01 oT TeMmepaTypsl U BIa)KHOCTH BO3/yXa 3a MEPUOJ BPEMEHU OKTSIOPb.

Koadhumment xoppensiiinu s remrepaTtypsl coctaBui Ki=0.3



Oxts6ps K=0.3
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Pucynok 18. 3aBucumocts Temneparypsl ot IITIP nonyuennsix bJI3A2-01

N3 3aBUCHMOCTH BBINIE U TIO MOJYYCHHOMY KOA(D(PUIIMEHTY KOPPEJISIIUH,
koTopbiii paBeH Ky=0.22, HaOmr0gaeM poCT IUIOTHOCTH IOTOKA pajioHa C
MOBEPXHOCTH TPYHTA, MOYYCHHBIE C MOMOIIBIO O1oka nerektupoBanus bJI3A2-01,
C POCTOM TeMIIepaTypbl 1 HA0OOPOT.

Paccuntaem 3HadyeHue Kkod(pPuIMEHTA KOPPENSIUU Il  3HAYCHHM
BJI3A2-01 ot TemMIiepaTyphsl U BIAXKHOCTH BO3/IyXa 3a MEPUO BPEMEHU OKTSIOPb.

Koadpunment koppensuuu ajis remmnepaTypbl coctaBui Kp=0.22

OxTts10ps K=0,22
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Pucynok 19. 3aBucumocts BiaxxHocTH Bo3ayxa ot [ITTP nmonydeHHbix
b/13A2-01
N3 3aBUCHUMOCTH BBIIIE U MO MOJYYEHHOMY KOA(D(PUIMEHTY KOPpPEISIuH,
kotopbli paBeH Kyn=0.22, HaOmrolaeM HE3HAUYMUTENIBHOE CHUXXEHUE IUIOTHOCTHU

MOTOKA pajJioHa C T[OBEPXHOCTH TPYHTA, IOJyYEHHBbIE C TMOMOIIBIO OJoKa



nerektupoBanus bJI3A2-01, ¢ pocTOM OTHOCHUTENBHOW BIIAJKHOCTH BO31yXa H
HAao0OpOT, yBEIMUYEHHE IUIOTHOCTU IIOTOKA paJoHa C YMEHBIIECHHE BIAXXHOCTHU
BO31yXa.

3.4 BiuusiHMe NMOTOAHBIX YCJOBHMH Ha NMOKAa3aHHE IJIOTHOCTH INOTOKA

pagoHa (CKOpOCTh BeTpPAa)

CenTsi0pb
B nanHoM paszienie Mbl pacCMOTPHUM, KaK 3aBUCAT 3HAYEHUS IUIOTHOCTH

IMOTOKaA pajjoHa OT CKOpPOCTHU BETpPaA.
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Pucynok 20. BnusgHue CKOpOCTH BETpa Ha MOKA3aHUs IUIOTHOCTHU ITOTOKA

pazoHa B CEHTIOpe



Paccuutaem 3HaueHwe Ko3(DPUIMEHTa KOppeIALMH [ 3HAYCHHH
B/I3A2-01 ot ckopocTu BeTpa 3a NEPUOJ] BPEMEHU CEHTAOPb.

KoadurmenT koppensiuu mo MoayIto st CKOpocTH Betpa paBeH Ky=0.52

CenTa6ps K ,=0.52
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Pucynok 21. 3aBucumocts ckopoctu BeTpa ot [P nomydeHHbIX
b/13A2-01
W3 3aBUCUMOCTH BBIIIE U MO MOJIYYCHHOMY KO3(PODHUIIMEHTY KOPPEIALNH,
KoTopbiii paBeH K,=0.22, HaOmiogaeM CHUKEHHE IUIOTHOCTH IOTOKa pajoHA C
MOBEPXHOCTH I'PYHTA, MOJIYYEHHBIE C TOMOIIbIO Osioka AeTexkTupoanus bJI3A2-01,
C POCTOM CKOPOCTH BeTpa M HA00OpOT, yBEJIMYEHHUE TJIOTHOCTH MOTOKA pajioHa C

YMCHBIHICHUC CKOPOCTH BCTPA.
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Pucynok 22. BnusitHue CKOpoCTH BeTpa Ha MOKa3aHUs TUIOTHOCTH MOTOKA
pazoHa B OKTsI0pe
Paccuntaem 3HadyeHwe Kkod(pPuUIMEHTA KOPPENSIUU ISl 3HAYCHH
BJI3A2-01 ot ckopocTu BeTpa 3a MEPHO]l BPEMEHU OKTAOPE.

KoadpunmenT koppensaimu mo MOy i CKopocTH BeTpa paBeH Ky=0.46

Oxts6pp K,=0.46
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Pucynok 23. 3aBucumocts ckopoctu BeTpa oT I1I1P nomydenHsix
b/13A2-01
W3 3aBUCUMOCTH BBIIIE U TO MOJIYYCHHOMY KO3(PDHUIIMEHTY KOPPEISINH,
KoTopbiii paBeH K,=0.46, HabOmiogaeM CHMKEHHE TUIOTHOCTH TMOTOKa pajoHa C
MTOBEPXHOCTH I'PYHTA, TTOJIYYEHHBIE ¢ TOMOIIIBIO OJ10Ka neTekTupoBanus b/13A2-01,
C POCTOM CKOPOCTH BeTpa M HA00OpPOT, YBEIMYCHUE IIOTHOCTH MOTOKA PaJioHa C

YMEHBIIIEHHE CKOPOCTH BETpa.



3.5 BiusiHMe NMOrOAHBIX YCJIOBHII HA NMOKAa3aHHMEe IUIOTHOCTH MOTOKA

panona (atMocdepHoe 1aBJIeHHE)

CenTsi0pb
B nanHoM paszzgene Mbl pacCMOTPUM, KaK 3aBHUCST 3HAYEHUsl TIOTHOCTH
IIOTOKA PaJOHA OT aTMOC(EPHOTO AABJICHUS.
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Pucynok 24. Bausiaue atMmocepHOTo TaBIeHUS HA MOKa3aHUs TUIOTHOCTH
MOTOKA PajJioHa B CEHTIOpe
Paccuntaem 3HadueHwe kod(uIMEHTAa KOPPEISIUU Il  3HAYCHHM
BJI3A2-01 ot atmMocdepHOro aBieHus 3a NEPUO]l BPEMEHHU CEHTAOPb.
Koadhdumment xoppensiuu 1o MOAyI0 IS aTMOC(HEpPHOTO JaBICHUS

pasen Kp=0.65
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Pucynok 25. 3aBucumocts atmocdepHoro nasnenus ot [P momyueHHbIx
b/13A2-01

N3 3aBUCHUMOCTH BBINIE U TIO MOJYYCHHOMY KOA(DPUIIMEHTY KOPPEISIIUH,

KoTophiil paBeH Ky=0.65, HabnrogaemM 3HaYUTENbHOE CHUYKEHUE TJIOTHOCTH MOTOKA

paZioHa ¢ MOBEPXHOCTH IPYHTA, TOJYUYEHHBIE C MOMOIIbIO OJIOKA JETEKTUPOBAHMS

B/I3A2-01, ¢ cHmwkeHneM aTMOC(HEpPHOTO JaBJICHHs] M HA00OPOT, yBEIHMYCHHUE

IJIOTHOCTH IIOTOKA paaoHa ¢ pOCTOM aTMOC(l)epHOFO JaBJICHUS.
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Pucynok 26. Bausinue atMmocdepHOro 1aBieHUs HA MOKa3aHUs MIIOTHOCTU
MOTOKA paJioHa B OKTSIOpe
Paccuntaem 3Hadyenwe Kod(DPUIIMEHTA KOPPENANUH JUIsl 3HAYCHHM
B/I3A2-01 ot atMocdepHOTOo JaBIeHUs 3a MEPUOT BPEMEHH OKTAOPE.

Koapdumment xoppemsiuu 1Mo MOAYJIIO Uil aTMOC(EpPHOro JTaBICHUS

pasen Kp=0.48
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Pucynok 27. 3aBucumocts armochepHoro nasienus ot [P momyuennsix
b/13A2-01

N3 3aBUCHMOCTH BBINIE U TIO MOJYYCHHOMY KOA(D(PUIIMEHTY KOPPEJISIIUH,

koTopsiil paBeH Ky=0.46, HabnrogaemM 3HaYUTENbHOE CHUYKEHUE TJIOTHOCTH MOTOKA

paZioHa ¢ IOBEPXHOCTU I'PYHTA, MOJYyUYEHHBIE C MOMOIIbIO OJI0KA JETEKTUPOBAHUS

B/13A2-01, ¢ cHmwkeHneM aTMOCHEpPHOTO JaBJICHHs M HA00OPOT, YBEIUYCHHUE

INIOTHOCTH IIOTOKA paaoHa ¢ poOCTOM aTMOC(l)epHOFO JaBJICHUS.



3aKJII0uYeHue

B xome wmaructepckoil auccepranuu Oblla W3y4YeHHas HeoOXoaumasi
JUTEpaTyp Mo JaHHON TEMaTHUKE.

Pazpabotan, ycTaHOBJIEH U OTJIaXEH MOJICBOM aBTOMATUYECKHUI KOMIIEKC,
OCHOBaHHBIN Ha Onoke aerekTupoBanus bJI3A2-01, Mo MOHUTOPUHTY MJIOTHOCTH
MOTOKAa pajioHa C TMOBEPXHOCTU 3eMJIM. BhimojiHeHa KanuOpoBKa KOMILIEKCA B
HAKOMUTEJIbHOW  Kamepe. [lo  TOJNlydeHHBIM  ONpPEACIWINA  TOMPABOYHBIM
kod(dduienTa s TepeBoJa 3HAYEHUW W3 UMIL/C B EIUHUIBI H3MEPEHUs
MJIOTHOCTH MOTOKA pajoHa mbk/M%c, uto coctaBmi Kip=0,047 Mbx/umm.m?.

CdopmupoBana 6a3a JaHHBIX 110 U3MEPECHHIO TUIOTHOCTU MOTOKA pajJioHa C
MOBEPXHOCTH IPYHTA, 32 OCECHHHI TIEPHO]T BPEMEHH.

[IpoBenen aHanmM3 TMOJYYCHHBIX JIAHHBIX € OJIOKA JETeKTUPOBAHUS
BJI3A2-01 no uamepeHuto MIOTHOCTHU MOTOKA PaJioHa OTHOCUTEIBHO METEOITaHHBIX,
TAaKUX Kak TeMIepaTypa, OTHOCUTENIbHAs BIAKHOCTh BO3lyXa, aTMochepHoe
JaBJIeHUe, CKOpOCTH BeTpa. Paccuntan KodDPUIUMEHT KOppensuuu is
METEOJaHHbIX U 3HAYEHUE IJIOTHOCTH MOTOKA pajioHa.

Pa3paboTranHbIii 1 CO3aHHBIN HAMU KOMILJIEKC 10 MOHUTOPUHTY INIOTHOCTH
MOTOKA pajioHa C MOBEPXHOCTH 3E€MJIM SBJISIETCS BIIOJIHE PaOOTOCIIOCOOHBIM, HO
HY)XJaeTcs B J0pabOTKe, HEOOXOIMMO PEIIUTh MpoOieMy ¢ OO0JeAeHEHHUEM B
3UMHUE W BeCeHHUE BpeMsa roaa. llpu cpaBHeHHE JaHHBIX MOJYYEHHBIX
pa3pa0OTaHHBIM HaMU KOMIUIEKCOM, OCHOBAaHHOTO Ha OJIOKE JETEKTUPOBAHUS
B/I3A2-01, u maHHBIX MOJYYEHHBIMU aTTeCTOBAaHHBIM «Ajbbapan — I[lmoc APy,
ybenunuch, dYro 3HaudeHus, Koropbie BbymaBan bJ[3A2-01, noctoBepHBI ¢

OTHOCHUTEJIbHOW MOTPEeIIHOCThIO B 23%.



4 rnasa
4 DUHAHCOBBIM MEHE/IKMEHT, pecypcod(ppeKTHBHOCTD "

pecypcocoepexenune

B HacTosmiee BpeMs MEPCHEKTHBHOCTh HAYYHOTO  HCCIICIOBaHHS
OTPEICACTCS HE CTOJBKO MAcIITadOM OTKPBITHS, OLIGHUTh KOTOPOE Ha IMEPBBIX
dTamax >KU3HEHHOTO IMKJIa BBICOKOTEXHOJOTHYECKOro M pecypcodhHEeKTHBHOIO
OpOAyKTa OBIBA€T JOCTATOYHO TPYAHO, CKOJIBKO KOMMEPUYECKOW IEHHOCTBHIO
pa3paboTku. OIleHKa KOMMEPYECKOW  IIEHHOCTH  pa3pabOTKHU  SIBIISETCS
HCOOXOJMMBIM YCJIOBHEM TMPH IIOWCKE HMCTOYHUKOB (DUHAHCUPOBAHUS IS
MPOBEACHHS HAyYHOTO MCCICIOBAHUS U KOMMEPIHAIN3AINN €TI0 PE3yIbTaTOB. JTO
BAXHO JIJI pPa3pabOTYMKOB, KOTOpBIC JOUKHBI MPEACTABIATh COCTOSHUE |
HEPCIEKTUBBI MPOBOIUMBIX HAyYHBIX UCCIICAOBAHUM.

Heo0xoauMo moHUMaTh, 4YTO KOMMEpUYecKas MPUBJICKATEIIbHOCTh HAYYHOTO
UCCJICIOBAHUS ONPECISICTCS HE TOJIBKO MPEBBIIIICHUEM TEXHUYCCKUX MapaMeTpOB
HaJ TPEIbIAYIIMMHU pa3paOd0TKaMu, HO M TEM, HACKOJBKO OBICTPO pa3paboTUMK
CyMEeT HAaWTH OTBETHl HAa TAaKHE BOIPOCH — OyJaeT JU MPOJYKT BOCTpeOOBaH
PBIHKOM, KaKoBa OyJIET €ro IieHa, KaKOB OFOPKET HayYHOIr'O MPOEKTa, KaKOW CPOK
noTpeOyeTcs JJIs BbIXO/a Ha PHIHOK H T.]I.

JlocTryKeHuE 1eTH 00CCIICYMBACTCS PEIICHUEM 3a/1ay:

— OIICHKAa KOMMEPUYECKOro IOTCHI[MANa M IEePCIECKTUBHOCTH ITPOBEICHHS
HAyYHBIX HCCIICIOBaHUN;

— ONpEJCIICHHE  BO3MOXKHBIX  QJIbTEPHATUB  IPOBEJICHHS  HAyYHBIX
WCCJICIOBAHMI, OTBEUYAIOIIMX COBPEMEHHBIM  TPEOOBaHHMSIM B  00JACTH
pecypcodPEKTUBHOCTH U peCcypcocOepeKeHHUS;

— IUTAHMPOBAHUE HAyYHO-UCCIIEI0BATEILCKHX PadOT;

— ompeNieNicHre  pecypcHor  (pecypcocOeperaromieii),  (HUHAHCOBOH,

O10J1KETHOM, COILIMANIbHON M IKOHOMUYECKOU 3P(HEKTUBHOCTU UCCIICIOBAHMSL.



4.1 lloTteHuMaJIbHbIE MOTPEOUTEH Pe3yJIbTATOB HCCJIEI0BAHUS

Pe3ynbratom uccienoBaHus SABISETCS CO3AAHUE MOJIEBOM aBTOMaTHYECKON
YCTAaHOBKH JJI1 U3MEPEHUS TUIOTHOCTH MOTOKA PaioHa ¢ TOBEPXHOCTH IPYHTA.

Jljist Toro 4roObl Y3HaTh B KAKOM HAaIpaBJIC€HUHU MPOBOJUTH UCCIEIO0BAHUS,
OBLJI IPOBEJIEH aHAIN3 OTPEOUTENEH.

LleneBbIM pBIHKOM JIaHHOM pa3pabOTKU OyJeT SBISATbCS HaydHas W
oOpa3oBarenbHasi oTpacib. B kauecTBe morpedurteneil ObUIM BBIOpaHbI yuyeOHbBIE
YUPEKICHHUS.

Tabnuua 3. kapTa CErMEHTUPOBAHUS

Opranuzanuu [TomeBast aBTOMaTWMyeckass yCTaHOBKA JUIS

HN3MEPCHUA INIOTHOCTH IIOTOKA paaoHa.

O0pa3oBarenbHble " Hay4yHO- | MOHHUTOPUHI KOHIEHTPALMM paJOHa IS

HCCICA0BATCIBCKUE YUPCIKACHUA CIIKCHUS CEMCMUYECKON aKTUBHOCTH.

U3 KapTbl CCTMCHTHPOBAHUA BHIHO, YTO B CO3daHUHU MOJIEBOM
aBTOMATHYECKOM YCTAaHOBKH IJIA U3MCPCHUSA INNIOTHOCTU ITOTOKA pPaJdOoHa CICAYCT
OPUCHTUPOBATHCA HA BBLICHIHNC 06pa3OBaT€JIBHBI€ y‘-I€6HI>I€ 3aBCACHUA U HAYYHO-
HCCIICAOBATCIILCKUC YUPCKACHUA, IIPOBOAAININC OSKCIICPUMCHTBI, CBA3AHHBIC C

MOHUTOPHUHIOM KOHIECHTPALMU PaJOHa JJIs CICKEHUS CECMUYECKON aKTUBHOCTH.

4.2 AHaaM3 KOHKYPEHTHBIX TEeXHHYECKHX PpelleHUil ¢ NO3ULIHNHU

pecypcod¢dPeKTUBHOCTH U pecypcochepekeHus

AHanu3  KOHKYPEHTHBIX  TEXHUMYECKMX  pEIICHHH ¢  MO3UIUHU
pecypcodPEeKTUBHOCTH M PECypCOCOEPEIKCHHUST TMO3BOJIAET MPOBECTH OILICHKY
CpaBHUTENBHON 2 (HEKTUBHOCTH HAYYHOU Pa3padOTKH U OMPEICTUTh HAPABIICHUS
JUTsE ee OyAayIIero MoBbImeHns. JJaHHbIN aHAIU3 TPOBENICH C TIOMOIIBIO OTICHOYHOM
KapThl, KOTOpas npuBecHa B Ta0nuie 6.2. b — aBToMaTU3MpOBaHHBIN KOMIUIEKC 15
M3MEpPEHUS TIOTHOCTH MOTOKA PajOHa HA OCHOBE CUMHTHILISIHIUOHHOTO JIETEKTOpA

B/I3A-01, bkl- xoHKypeHTHble pa3paboTku. B KkauecTBe KOHKYPEHTHOMU



pa3pabotku Obul npuHAT: bkl — «Anbsdapan mmoc - AP» Paanomerp pagona u
TOpPOHA.

[lo3uuua pa3pabOTKU M KOHKYPEHTOB OLICHMBAETCS MO KaXIOMY
MOKa3aTeII0 JKCIEPTHBIM MyTeM M0 MATHOAIILHOM Ikane, rae 1 — Haubosee
cnabag mo3uuusa, a 5 — HambOosee cuibHad. Beca moxasarenel, omnpejaenseMble
AKCIIEPTHBIM ITYTEM, B CyMME JOJKHBI COCTABIATh €IMHHUILY.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PEIIeHH ornpeaensercs no ¢hopmyse

K=2Bj-bj (19)

TAc K- KOHKypeHTOCHOCO6HOCT]':> HaquOﬁ pa3pa60TKH HJIN KOHKYPCHTA,

Bi — Bec mokazarens (B T0JISIX ¢AMHHUIIB);

Bi — 0as1 i-ro nmokasarens.

Tabnuua 4. OueHoyHas KapTa AJis CPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

Bec bamner | KoHkypeHTOCIIOCOOHOCTh
Kputepuu onenku

KpUTEpUs

b | Bkl | K Kkl

TexHuueckune XapakTepUCTUKH OIICHKH pecypcodDPeKTUBHOCTH
Bpemst HapaOOTKM TaHHBIX 0,2 5 |4 0,5 0,4
[ToMexoycTONYMBOCTH 0,07 4 |5 0,4 0,5
Be3omacHocTs 0,2 515 0,4 0,4
DyHKIIMOHATBHAS MOIIIHOCTh 0,06 4 |5 0,3 0,35
[IpocroTa skcmnyaTanuu 0,09 4 |5 0,35 0,45
BosmoxHocTh noaxiaouyenus B cetb OBM | 0,1 515 0,5 0,5
B03MOXHOCTE aBTOMATHYECKON 3allMCU U

0,05 5 14 0,5 0,4
nepenayu vHGoOpMaIuu
DKOHOMHYECKHE KPUTEPHUH OIIEHKHU pecypcodPpPeKkTHBHOCTH
KoHKypeHTOCTIOCOOHOCTh MPOayKTa 0,03 5 |4 0,2 0,15
duHaHCUpPOBaHNE HAYYHOU pa3paboTKu 0,05 3 |5 0,3 0,5
Lena 0,05 5 13 0,4 0,3
Hror 1 45145 | 3,85 3,95

bk1 — «Ansdapan toc - APII» PaguomeTp pagona u TopoHa.




W3 nanHOro aHanu3a BUIAHO, YTO pa3padOTaHHbBIN aBTOMATUYECKUN MOJIEBOM
KOMILUIEKC MMEET MPEUMYIIECTBO Nepes] KOHKYPEHTHOW pa3paboTKoil B IIaHe
KpPYTJIOrOAMYHOIO OecrnpepblBHOIO MOHHUTOPUHIa M 00JagaeT KpalHe HHU3KON
cebectouMocThio.  OpgHako  3aMeTHOM  mpoOjeMol  siBisieTcs  ciiaboe
(uHaHCMpOBaHME Hay4yHOW pa3paboTku, He 3aumHTepecoBaHHocTh HUUW wu3-3a

HOBHU3HbI KOMIIJICKCA.

4.3 SWOT-anaau3s

SWOT - Strengths (cunbHbIe cTOpoHBI), Weaknesses (ciabbie CTOpOHBI),
Opportunities (Bo3moxkHOCTH) u Threats (yrpo3sl) — TpeacTaBisieT cobOoi
KOMIUICKCHBIM aHallu3 Hay4HO-UCCIIeI0oBaTeIbcKoro mpoekta. SWOT-ananmu3
NPUMECHSIOT JJIS HCCIICIOBAaHUS BHEIITHEH M BHYTPEHHEH CPEIbl TPOCKTA.

CunbHbIe CTOPOHBI — 3TO (dakTopsl, XapaKTepHU3yoIIre
KOHKYPEHTOCITOCOOHYIO CTOPOHY Hay4YHO-HCCIIEIOBATENILCKOTO MpoekTa. CUIIbHBIC
CTOPOHBI CBUJICTEIBCTBYIOT O TOM, 4YTO Yy TPOCKTa €CTh OTIHYUTEIBHOE
IPEUMYIIECTBO WJIH 0COOBIE PECYPCHI, SBISIOMINECS OCOOCHHBIMU C TOYKH 3PCHHUS
KOHKYpEHITMH. J[pyruMu CJIOBaMH, CHJIBHBIE CTOPOHBI — JTO PECYpPCHl HIIU
BO3MOKHOCTH, KOTOPBIMH pAaCIojiaracT PyKOBOJCTBO IMPOCKTa W KOTOPHIE MOTYT
OBITH (P HEKTUBHO HUCITOIB30BAHBI IS IOCTHKEHHUS MOCTABICHHBIX LIECTICH.

Cnabbie CTOPOHBI — ATO HEAOCTATOK, YIYIIEHWE WJIM OTPAaHUYCHHOCTH
HAyYHO-UCCIIEIOBATEIBCKOTO MPOEKTA, KOTOPHIE MPEMSITCTBYIOT JOCTHKEHUIO €T0
1eseil. 3To To, YTO MII0XO MOJIyYaeTcsl B paMKaXxX MPOEKTa WUITU T/I€ OH pacrojiaraet
HEJIOCTATOYHBIMA  BO3MOKHOCTSIMH ~ WJIM  pecypcamMd TI0 CPaBHCHHIO C
KOHKYpPEHTaMHU.

Bo3MoHOCTH BKITIOYAIOT B c€0s1 JIFOOYIO TPEAMOYTHTEIFHYIO CUTYAIIHIO B
HACTOSIIIEM Wi OyayrieM, BO3HUKAIONIYI0 B YCJIOBHSX OKpY)KAIOMIEH Cpembl
MPOEKTa, HAIIPUMEP, TEHICHITNIO, N3MEHECHUE WIIN MPEIoaracMyto MoTpeOHOCTb,
KOTOpast OIIEPKUBACT CIIPOC HA PE3YybTAThI IPOEKTA U TMO3BOJISIET PYKOBOJCTBY

MPOEKTA YJIIYYIIUTh CBOKO KOHKYPEHTHYIO MMO3ULIHIO.



Yrpoza mpexacTaBiaser co00il OOy  HEXeNIaTeNbHYI CHUTYallUIo,
TEHJEHIUIO WM U3MEHEHUE B YCJIOBHUSAX OKPYXAlOUIEH Cpeabl MPOEKTa, KOTOpbIE
MMEIOT  paspyLIMTEIbHBIA WM YIPOXKAIOIIMKM  XapakTep Uil €ro
KOHKYPEHTOCTIOCOOHOCTH B HACTOSILEM WK OyaymeM. B kauecTBe yrpo3bl MOXKET
BBICTYIaTh Oapbep, OrpaHUUYCHHUE WU YTO-IHOO0 €llle, YTO MOKET MOBJIeYb 32 COO0M
po0eMbl, pa3pylIeHus, Bpea Win yiepd, HAHOCUMBIIN MPOEKTY.

B ta6nune 5. npeacrasien SWOT-ananu3 Bujie TaOIUIbI, TAK K TTOKA3aHBI
PE3yNbTAaThl IEPECEUCHUN CTOPOH, BO3MOKHOCTEN U yTpo3.

Taomuna 5. SWOT-ananus

CuiibHBIE CTOPOHBI HAYYHO-
HCCTIE0BATENHCKOTO MTPOEKTA:
C1.HoBu3Ha uaen HayqHOTO
HCCIIeI0BaHUSI.

C2. IlpocroTa ycTpoicTBa.
C3.bosee HU3KAsE CTOMMOCTh
IIPOU3BOJICTBA IO CPABHEHMIO C
JPYTUMU TEXHOJOTHUSIMHU.
C4. TlpocroTa 3KCIuTyaTanuu
YCTaHOBKH.
C5.PeMOHTONPUTOAHOCTD KaXKA0TO
OT/AEJIBHOTO y3J1a YCTaHOBKHU.

Cnabble CTOPOHBI HAYYHO-
HCCIICIOBATEIIHCKOTO MTPOSKTA:
Cinl.HenpuBnekaTenbHbIN
JIN3aiH.
Cn2.0t1cyrcBue
WHXUHUPUHTOBON KOMITAHHH,
CIOCOOHOM HAAUTh CEPUMHOE
MIPOU3BOJICTBO.
Cn3.0t1cyrcTBHE
OCBEIOMJIEHHOCTH 00
HCCIIEIOBAaHUAX JAHHOTO THIA.




[Iponomxenue TabauLbl S.

BosmoxHocTH: Pe3ynbrarhl aHanu3a HUHTEPaKTUBHOM

MaTpullbl mpoekTa nojiei «CuiibHbie

CTOPOHBI 1 BOSMOIKXHOCTH»:

Pesynbprarel ananmsa
B1.Hcnons3oBanue MHTEPAaKTUBHOW MAaTPULIbI
npoekra nosuei «Cnadbie

CTOPOHBI U BO3MOYKHOCTH»:

1. OrcyrcTBUE 60IBIIOTO YKCIA

3aKa30B Ha IMPOBCACHHUC

WHHOBALIMOHHOM

uHopactpykrypsl TITY.

B2. CoBepiieHcTBOBaHNE

YCTpOMCTBA NPUBEIET K

JOTIOJTHUTEITLHOMY
cupocy HUMN.

B3. Bricokas croumocTh

1. Poct cipoca Ha uccieqoBaHus
JTAHHOTO THUIIA 32 CUET
pacrpoCTpaHeHus CpeIu pa3IuYHbIX
OpraHu3aliil 1 YHUBEPCUTETOB.
2. IlpuopuTteT K 1aHHOMY
UCCIIEIOBAHHIO 110 CPABHEHUIO C

HUCCJIENOBAHUM.
2. IlpuoputeT KOHKYPEHTHBIX

Opra"u3anui nu3-3a
AHAJIOTUYHBIX HpI/I60p0B. KOHKYpPCHTaMH 3a CHCT

OCYILIECTBJIEHUS JOJKHOM
HAJIEKHOCTU U 0€30I1aCHOCTH
YCTaHOBKHU.

JUTUTETTHOTO CPOKa
HUCCIIENOBAaHUN WA

HCBBIIIOJTHCHHBIX B CPOK.

Yrpo3sl: Pe3ynbTaThl aHanM3a UHTEPAKTUBHOM

MaTpHIbl NpoekTa mosier «CuabHbIe

PesynpraTel ananmsa
V1. Pa3zuras

WHTEPAKTUBHOW MAaTPUIIbI

KOHKYPEHIIUS CTOPOHBI M YTPO3bI»: npoekTa noJsiel «Crnadpie
TEXHOJIOTHI boiiee HM3Kas CTOUMOCTH CTOPOHBI B YTPO3BI»:
MIPOM3BOICTBA

YCTPOWCTBA, a TAKXKE MPOCTOTA

CrnenyeT nNoBBICUTH
00CITy>)KHBaHUS TTO3BOJIUT

XapaKTEePUCTHKH, ClIeNaTh 0oJiee

V2. BBenenue

JOTIOJTHUTEITHHBIX CO3/IaHHOMY KOMILIEKCY OBITh MPUBJICKATEILHBIM BHEITHUM
roCyJapCTBEHHBIX BOCTPEOOBaHHBIM B OT€YECTBEHHBIX BU]I.
TpeOOBaHUH K YUPEKICHUSIX U Ha PHIHKE TOBAPOB.
cepTuduKaImu
TIPOYKITHH.

V4. OrcyrcrBue
(uHAHCUPOBAHUS CO
CTOPOHBI, KaK
YHHUBEPCUTETA, TaK U
rocyiapcTBa.

Ha ocnHoBe PE3YyJIbTAaTOB aHAJIN3a HaHHOﬁ MaTpHIbl MOKHO CACJIATh BBIBOJ
O TOM, 4YTO TPYAHOCTH H HpO6J’I€MBI, C KOTOPbBIMH TaK HIIKM HHA4YC MOXKCT

CTOJIKHYTBCA I[aHHBIﬁ I/ICCJ'IeI[OBaTeJ'IBCKI/Iﬁ IIPOCKT MOXKHO 6yz[eT peUInTh 3a CUCT

HMCIOIINXCA CUIIBHBIX CTOPOH MCCICIOBAHMA.



4.4 TlnaHupoBaHNe HAYYHO-HCCJIE0BATEIbLCKOH PadoThI

B naHHOM paszene coCTaBlIeH IEPEeYeHb TANoB U PadOT MO BBHIIOIHEHUIO
HUP, nposeneno pacnpeneneHue UCIOIHUTENEH 1o BugaM padoT. [lopsanok sTanos
1 paOoT NpH BHINIOJIHEHUH MaruCTePCKOi ArccepTaluy MpUBeaeH B Tabuuue 6.

Tabnuua 6. Ilepeyens 3TanoB, paboT U pacnpeeeHle HCTIOTHUTENEH

T
OcHOBHBIE No Conaepxanue P, flata Hatiana
pab.aH. OKOHYaHUS UcnionauTens
JTarnbl pabot paboTsl
pabot
p 5 Pa3pabotka T3 5 4.02.2019 —
aspabotia 1 MarucTepcKomn 8.02.2019 PykoBouTens
TEXHHYECKOTO
3aJlaHus Ha Auccepranu
HIP 5 CocraBnenue u 4 8.02.2019 — PykxoBoaureb,
yTBepkaeHue T3 12.02.2019 MarucTpaHT
CO6op u mouck 25 12.02.2019 -
TEMaTUYECKOU 14.03.2019
3 Maructpanr
JUTEPaTypHI B
paMKax MpoeKTa
Br10
. z;;;m Cpaprenue 3 14.03.2019 —
P AQHAJIOTMYHBIX 16.03.2019
WCCIICIOBAaHUS .
4 U3JICTINiA, BEIOOp H PykoBoaurenp,
000CHOBaHHE Maructpant
npeamera
pa3paboTku
Teoperuueckue | 5 Paspaborka 2 16.03.2019 - PykoBoauTeNb
p HPUHIHITHAIBHOM 18.03.2019 YKOBOA ’
UCCIICIOBAHUS MarucTpaHT
CXEMBbI HHBEPTOpA
MArOTOR ICHIE Nsrotosnenue 3 18.03.2019 —
6 paboueii ycTaHOBKH 20.03.2019 Maructpant
npudopa
qus uamepenus [P




[Iponomxenue Tadnuibl 6.

7 [IporpammupoBanue 3 20.03.2019 - AcnupaHr,
MUKpPOKOHTpOJLIEpa 22.03.2019 MarucTpaHT
TectupoBanue 6 22.03.2019 -
i 29.03.
YCTPOWCTBA H 9.03.2019 Acmupar,
8 UCCIIIOBAHHE €r0
MarucTpaHT
XapaKTePUCTHUK,
KaJuOpoBKa
[IpoBenenue 34 29.03.2018 —
AKCIIEPUMEHTA C 7.05.2019
TectupoBanue .
9 perucrparnmei Marucrtpast
npudopa
CHTHaJa OT
MCTOYHHKA
Amnanus u o6paboTka 7 7.05.2019 —
10 MOJTy4E€HHBIX 15.05.2019 Marucrtpanr
JTAHHBIX
11 O0001esne n 7 15.05.2019 — PVKOBOTHTOLE
OIIEHKA Pe3yJIhbTaTOB 22.05.2019 YROBOA
Odopmnenue 4 22.05.2019 -
12 MOSICHUTEILHOM 25.05.2019 Maructpant
Odopmnenue
oTyeTa 1o Sanert
MAMTCTEnCKOi [ToaroroBka k 7 27.05.2019 -
P sampuTe 3.06.2019
JyccepTanuu 13 . Maructpant
MarucTepCKOM
T CCEPTaIH

4.4.1 Uauumnanus npoexkra

['pynma mpoueccoB HWHULMALMT

BBIITOJIHATOTCA

U ONpeaeIICHUs

COCTOUT H3 IIPOLCCCOB,

HOBOI'O

MIPOEKTa

WJIA HOBOHU

KOTOpBIE

dbazbl

CYIIECTBYIONIETO. B pamMkax mporieccoB HHUITMAIIMHN OYyAyT OMMCaHbl U3HAYATIbHBIC

uend u conuepkanue. llokasaHbl BHYTpEHHHME M BHEIIHUE 3aUHTEPECOBAHHBIC

CTOPOHBI TPOEKTa, KOTOpble OYAyT B3aUMOJEHCTBOBATh W BIHITH Ha OOIIUI

pe3yNnbTaT HAydyHOrOo TpoekTa. JlaHHas wHpOpManus 3aKkpervisieTcss B YcCTaBe

npoekta. OCHOBHbIE MOMEHTHI yCTaBa MPOEKTa OyAYT ONMUCAHBI HUKE 110 MMYHKTaM.
1) Llenu u pe3ynbTaThl MPOEKTA

JlaHHbIE pa3fiena CBeIeHbI U MPEeJICTaBlIeHbl B Ta0nuile 7 U Tabnune 8.



Tabnuua 7. 3auHTEpecOBaHHBIE CTOPOHBI MPOEKTA

3auHTEpPECOBaHHbBIE CTOPOHBI IIPOEKTa Oxunanns 3aMHTEPECOBAHHBIX CTOPOH

HU TITY UATII Co3manre aBTOHOMHOTO KOMILIEKCA T10

n3mepenuto 1P ¢ moBepxHocTH 3emin

Tabmumna 8.

Co0patp 10J1eBOM aBTOMATHUECKUN KOMIUIEKC JUIsl U3MEPEHHUS
Lemn npoekra:
IUIOTHOCTH TIOTOKA paJioHa.

O>xupaeMble pe3ynbTaTsl | Pa3zpaboTka HafexKHOro M pabouero KOMIUIEKCa 10 U3MEPEHUI0

IIPOEKTA: IUIOTHOCTH IIOTOKA PAI0OHA C MOBEPXHOCTH 3E€MIIH

Kpurepun npuemkn JIOCTOBEPHOCTB MOIYYEHHBIX PE3yJIbTaTOB H3MEPEHUIN

pe3yJibTaTa MpOeKTa: IUIOTHOCTH IIOTOKA PAI0OHA C MOBEPXHOCTH 3E€MIIH
TpeboBanue:

Jlonruii cpok ciry 0l

TpebGoBanus k pe3ynbrary Kpyrinoroguunoe nsmepenue
MIPOEKTa:

IToro10ycTON4MBOCTh KOMILJIEKCA

Ha,HC)KHOCTB 1 TOYHOCTh KOMIIJICKCA

2) OpraHu3zaioHHasi CTPYKTypa MPOeKTa

Ha nannom stamne paboTsl ObUIH PEIIeHBI CIeAYIONME BOPOCKI: KTO OYyIeT
BXOJUTh B pPabodyr0 Tpynmy JaHHOTO TMPOEKTa, OMPENEICHBbl PO KaxIOoTro
y4acTHUKA TMPOEKTa, a TaKkKe MPOIMUCAHbI (DYHKIIMH, BBIIONHIEMBIC KaXIbIM H3
YYaCTHUKOB M TPYJ03aTpaThl B IpOoeKTe. /laHHbIE IO OpraHU3allMOHHON CTPYKTYype

OITMcaHbl B Ta0uIe 9.

Tabnuna 9.
Ne DdUO, Ponw B mpoekrte OyHKIMU Tpyno-
n/n OCHOBHOE MECTO 3aTparthl,
paboTHI, Yachl.
JOJIKHOCTh
1 B.C. SxoBneBa PykoBoaurens PykoBoauTs, 126
HU TI1Y, KOOpAUHHUPOBATH
JIOKTOp TeX. HAyK
2 M.C. Yepenneés Acnupast KoHcynbpTHpOBaTh, 54
Cotpynuuk otnena Pb AT HAaIpPABJIATH
3 J.A. UBaHoOB, Wcnonuurens Brimonsaenue paboT o 588
Maructpant IpoeKTa IIPOEKTY
HUTOI'O: 768




3) Orpanuvuenuss ¥ JOMyIIEHHUs] MpoeKkTa Bce umeromuecs MaHHBIE IO
OTPaHUYEHUSIM U JOMYIIEHUSIM OMUCAHbI U CBeJIeHbI B Tabuie 10

Tabnuua 10. OrpanuyeHus: poeKTa

dakrtop OrpannueHust/ JOMyHICHUS
3.1. Brojuket mpoekTa 359 702,12 pyGuneit
3.1.1. Uctounuk ¢puHaHCUPOBAHUS HU TITY
3.2. Cpoxu mpoeKTa:
3.2.1. JlaTa yTBepKaeHUS TJIaHa yIpaBICHUs 4.02.2019
MIPOEKTOM
3.2.2. Jlara 3aBeplIeHUS TPOEKTa 3.06.2019

4.2.1 Uepapxuyeckasi CTPYKTypa padoT mMpoeKTa

B nmporecce co3maHMs UMEpapXUYECKOW CTPYKTYphl pabOT MpoeKTa
(puc. 6.10) cTpyKTYpUpOBaHbI U ONIPEEIICHBI COJIepKaHNe BCEro npoekra. ['pymnma
IPOIIECCOB TUIAHUPOBAHUS COCTOUT U3 IMPOLIECCOB, OCYIIECTBISAEMBIX JUIS
onpejienieHusi oOIIero cojepkaHus padoT, yTOYHEHHWsS ILejeil U pa3paboTku
MOCJIEIOBATEIbHOCTA JCHCTBUM, TpeOyeMbIX [JIsi JOCTHKEHHUS JaHHBIX IeJeH.
Uepapxuyeckas ctpykrypa padot (MCP) — neranuzaiust yKpynmHeHHOU CTPYKTYPbI
paboT: pasnesieHre Bcero 00bEMa 3arIaHMPOBaHHOM PabOThI, HA MEJIKUE OTIepalliH,
9TOOBl OHU COOTBETCTBOBAJIM YPOBHIO, IMPU KOTOPOM CIOCOO BBITIOJHEHUS
3aIUTAaHUPOBAHHBIX JEWCTBUN OBLT OBl SICEH, a ornepanuu ObUTM OBl OLICHEHBI U

CILNTAaHUPOBAHEI.



Pazpaborka T3
— MAarucTepcKou
JIICCEPTULINN

CocraBlieHHE 1
yrBepxkaeHue T3

CpaBHEeHHE aHAJOTMIHBIX
W3JeNuii, BEIOOp 1
000CHOBaHHE TIpenMeTa

COop u Touck
— TeMaTHUeCKOU UTEpaTyphl
B paMKaX MMPOeKTa

pazpabotku
Pazpabotka
— DpPUHIMIHAAIBEHON CXeMBbl
WHBEPTOpPA
Usroroenenne pabdoueit
[MporpammupoBanue
— YCTAHOBKHM ISl U3MEPEHHUS
TP MHKPOKOHTpOJLIEpa

pabota

IIpoBeneHue 3xciepuMeHTa
—{C perucTpanueil cursaia ot
UCTOYHHUKA

TectupoBaHue ycTpOHCTBA

BrinyckHas kBaJM(UITMOHHAS

M UCCIIEIOBAHUE €ro Amnanms u 00pabotka
XapaKTEPUCTHUK, TTONTY9CHHBIX JTaHHBIX
KanOpoBKa

O06001IEHNE U OLIEHKA
pe3ylIbTaToB

[oaroToBka k 3ammuTe
MarucTepcKon
JicCepTaln

Odopmienne
MOSICHUTEILHOM 3aIMCKU

Pucynok 28. Uepapxudeckas cTpykTypa paboT

4.4.3 Kanenaapubiid ian-rpaguk B Bujae auarpammsol I'anrra

Ha ocHOBaHuM MOJy4eHHBIX JAHHBIX ObUI TIOCTPOEH IUIaH-TpaduK B BHJE
nuarpammbl ["anTTa. ['paduk cTpoutcs ¢ pa3dbuBKoil mo MecamaMm u aekanam (10
JTHEW) 3a Tepuoj BpEeMEHH JurioMupoBaHus. Ilpm sTom paboTel Ha Tpaduke
CJIEyeT BBIJCIUTH PA3JIMYHONW IITPUXOBKOW B 3aBUCUMOCTH OT HCIIOJHHUTEIECH,
OTBETCTBEHHBIX 3a Ty WX WHYIO paboTy. KanenmapHspli miraH-rpad)vK BBITTOJTHEHUS

JAHHOM JUTIJIOMHOM paOOThI MPEICTABICH HUXKE B TaOIHIIE



Tabnuua 11. Kanennapusiii mnan-rpaguk nposeaenuss HUOKP no teme

®eBpa | Maprt Arnpenb Mait Hronb

T. b

Bun pabot «

Pazpaborka T3
MarucTepcKoit P |5 |:|

JIMCCepTaIiu

CocraBnegne u | P

yrBepxkaenue T3 | M

COop M TMOMCK

gutepatypel B | M | 31

paMKax IMpoOCKTa

CpaBHeHHE
AHAJIOTNYHBIX
W3AeIui, BBIOOP
u obocHOBaHWE 3
ONTHUMAIILHOTO
cpezcTBa

M3MEpEeHHS

Pazpabotka
[IPUHIMITHATIBHO 3

M CXEMBI

Wsrorosienne
pabouero M |3

KOMIIJIICKCa




[Tponomxenue tadmuns! 11

IIporpammuposa
HHE A
MUKpOKOHTpoi1 | M

epa

TectupoBanue

YCTpOMCTBa 5

<

HCCIIeOBaHNe
ero A
XapaKTepUCTUK,

KaJInOpOBKa

IIpoBenenue

JKCIIEpUMEHTa

Ananus "
obOpaboTka
TTOJTYICHHBIX

JTAHHBIX

O0o001eHne u
OILlEHKA P 8

pe3ynbTaToB

Odopmienne
nogcuurenpHol | M | 4

3aIlIMCKH1

ITogroroska K

3alIUTC

MAarucTepcKon

JCCEepTaIUN

N

- MaruCTpaHT; - PYKOBOAUTEIND, u - ACIIUPaHT

Kak BuaHO M3 KajeHAapHOTO PEUTHHI IJIaHAa, BpPeMs, OTBEJCHHOE Ha
BBITIOJIHEHUE MAarucTOpCKoil paboThl, OBLIO pacmpeAesieHO PaBHOMEPHO, ATO
MO3BOJIMJIO  YMOPSAJOYUTh U OOJErduTh MPOLIECC MOATOTOBKH MAarucTepCcKOn

paboTHI.



4.5 BroakeT HAy4YHOr0 UCCJIe0BAHUS

[Tpu nnanuposanun Oromxera HTU nomxHO ObITE 00€CHEUEHO MONHOE U
JIOCTOBEPHOE OTPAKEHUE BCEX BUOB PACXOJI0B, CBA3AHHBIX C €T0 BBIIIOJIHEHHEM. B
npouecce opmupoBanus 6roxera HTU ucnonb3yerces cnenyronas rpynnupoBKa
3aTpaT MO CTaThsM:

— MarepuaibHble 3aTpatsl HTU;

— OCHOBHas 3apa0O0THas IUIaTa UCIIOJHUTENICH TEMBI;

— JIONIOJIHUTENIbHAS 3apa00THAsl TJIaTa UCTIOJHUTEIEH TEMBI;

— OTYHUCJICHHSI BO BHEOIOXKEeTHBIE (DOHABI (CTPaXOBble OTUUCICHU );

— 3aTpaThl HAYYHbIE ¥ MPOU3BOJICTBEHHbIE KOMAaHIUPOBKU;

— KOHTPareHTHBIE PAaCXO/Ibl;

— HAKJIAJJHBIC paCXO/JbI.

4.5.1 Pacuer maTepuaabubix 3aTpat HTU

B o1y crarbio BKIIOYAOTCS 3aTpaThl Ha MNPUOOpPETEHHE BCEX BHUJOB
MaTepHajgoB, KOMIUICKTYIONIUX H3ACIUA U Toxy(hadbpruKaToB, HEOOXOIUMBIX JIJIs
BBIMIOJTHEHUSI paboT mo fgaHHOM Teme. KonmdecTBO mMOTpPeOHBIX MaTepHATIbHBIX
[IEHHOCTEW OMpeesieTCsl 0 HopMaM pacxoa.

PacueT ctonMocTi MaTepuanbHBIX 3aTPaT MPOU3BOIUTCSA 0 ICHCTBYIOMIUM
MpeCKypaHTaM WU JOTOBOPHBIM II€HaM. B cTOMMOCTh MaTepuaibHBIX 3aTpaT
BKJIIOYAIOT TPAHCIOPTHO-3arOTOBUTENBbHBIE pacxo bl (3 — 5 % oT ueHsl). B 3Ty xe
CTaThlO0 BKJIIOYAIOTCS 3aTpaThl Ha O(OpPMIICHHE TOKyMEHTAIMH (KaHIIEISPCKHUE
MPUHAIICKHOCTH, TUPAKUPOBAHUE MATEpUAIOB). Pe3ynbTaThl IO JaHHOW CTaThe

3aHOCATCS B Tabmuiy 12.



Tabmuua 12. Celppe, Marepuanibl, KOMIUIEKTYIOIIME W3A€IUs M TOKYIHBIE

nosty(adpHuKaThl
HaumenoBanue Mapka, pazmep Kou-Bo [lena 3a en., Cymma,
pyo pyo
Crabunmzarop TL431 8 12 96
HaIps>KCHUA
OnepannoHHBINA LMOQ74 16 15.83 253,28
YCHJIUTEITh
Pesucrop 220 xOm 16 10,80 172,8
Konpencarop 330 Hd 12 5 60
KepaMUYECKU I
Bcero 3a marepuast 582,08
TpaHcropTHO-3arOTOBUTENIBHBIC pacxobl (3 - 5%) 29,10
HToro o cratee Cy 611,20

3arpaThl Ha IEKTPOIHEPTHUIO PACCUUTHIBAIOTCS 110 (hopMyJIe:

C:uan'P'Fo6 (20)

rae U, Tapu( Ha MPOMBIIIEHHYIO 2IeKTpodHeprHio (5,8 py6. 3a 1 kBt-u); P

— MOIIHOCTh 000pyAoBaHus, KBT; Fo BpeMs MCIOJB30BaHUS 000PYI0BaHU,
9.
Jlng xkomnproTepa:
C=U,,"P Fyg=58-035-6600 = 13398 (21)
rae Foo KpPYTJIOCYTOYHOE BpeMsi Ucnoib3oBaHus DBM B TeueHue 9 mecsies

MonuTtopunra IIITP, yto coctaBmiio 6600 u.
JI714 nasyibHOM CTaHIIMU:
C=U,,-P-F,s =58-0,025-27,6 =4 (22)

3aTpathl Ha NEKTpodHEPruto coctaBuiiu 13402 pyOreit.



4.5.2 OcHoBHasi 3apa0doTHAasl IIaTA UCHIOJTHUTEJIe TeMbl

B HacTos1y10 cTaThiO BKIIOYAETCSl OCHOBHAA 3apa0OTHAs IJ1aTa HAYYHBIX U
WH)XEHEPHO-TEXHUYECKUX pPAOOTHUKOB, pPAOOYMX MAKETHBIX MACTEPCKUX U
OTBITHBIX MPOU3BOJICTB, HETIOCPECTBEHHO YYaCTBYIOIIMX B BHIMOJHEHUH pabOT 1O
JaHHOM TeMe. BennumHa pacxo/10B 10 3apa00THOM TUIaTe ONpeNesseTcs] UCXOIs U3
TPYJOEMKOCTH BBITIOJIHSIEMBIX pabdOT M JIEWCTBYIOLIEH CHCTEMbl OKIJIAJIOB H
Tapu(PHBIX CTaBOK. B cocTaB 0CHOBHOM 3apaOOTHOM MJIaThl BKJIIOYAETCS MpeMus,
BhITUTAUMBaeMas exemMecsuHo u3 (ponma 3apadotHoit miarel pazmepe 20 —30 % ot
Tapuda WId OKJIajaa.

Cratbs  BKJIIOYAET OCHOBHYIO  3apa0OTHYH IuiaTy  pabOTHUKOB,
HEIMOCPEJACTBEHHO 3aHATHIX BhIMojsHeHueM HTU, (Bkirouas mpemMuwu, JOTUIATHI) H
JIOTIOTHUTEINIbHYI0 3apa00THYIO TUIATY:

33r1 = 3OCH + 3,£L0r11 (23)

rae 30CH — OCHOBHas 3apa0oTHas IUiata; 3000 — JOMOJHUTEIbHAs
3apabotnas miara (12-20 % ot 3ocH).

OcHoBHast 3apabotHass mnata (3ocH) pykoBomutens (1abopaHra,
MarucTpaHTa) OT NpeAnpustus (IpH HAJUYUH PYKOBOJIUTENS OT MPEATPHUSITHS)
paccUMThIBAaETCA M0 Cienyomieil popmyse:

3OCH = 3;{1—1 ' Tp 1 (24)

rae Tp — NpoIOKUTEFHOCTH padoT, BBHITIOJIHIEMBIX HAYUYHO-TEXHUUECKIM
paboTHUKOM, pab. MH.; 3MH — cpeaHeaHEeBHAs 3apa0oTHas maTta paboTHUKA, PYO.
CpennenHeBHas 3apabOTHAS TJIaTa PACCYUTHIBACTCS 1O hopMyIie:
_ 3,-M
JH F ]

pit

3 (25)
rae 3M — MeCSIYHbIN JOJKHOCTHOM OKJ1a]l paboTHHKA, py0.; M — KOJIHYECTBO
MecsiIeB paboThl 0€3 OTIyCKa B TEUEHHUE ToJia: Mpu oTnycke B 24 pad. nust M =11,2

Mecslla, S-aHeBHas Henmels; * npu oTmycke B 48 pabd. nueit M =10,4 mecsna, 6-



JTHCBHas Heneuns; Fi — neficTBUTeIbHBIN T010BOM (OoH pabodero BpeMeH! Hay4YHO-
TEXHUYECKOTO MepCoHaa, pad.aH. (Tadimna 13)

Tabnuua 13. bananc padoyero BpemeHu

[Toxa3zaTenu pabodero BpeMeHH PykoBogurens/ | Maructpan
Acnupant T
PYKOBOJIUTEIIS
KanennapHoe uncio auei 365 365
KonunuectBo Hepaboumnx aHen 52 52
- BBIXOIHEIE JTHU 14 14
- TIpa3JHUYHBIC JHU
[ToTepu pabouero BpemeHH 48 48
- OTIYCK

- HEBBIXOJbI 10 00JE3HU

JeiicTBuTenbHbIi rogoBoi GoHa padodero 251 251
BpPEMEHHU

Mecsunblii OkJ1a] pabOTHHKA C y4yeToM pailoHHOro koddduimeHta s
Tomcka kp = 1,3, Beruncnsiercs:

3, = 3.+ 1,3 (26)

Hampumep, ais pykoBoauTENsE pacyeT OCHOBHOM 3apaOOTHOM IUIaThl, 3Has,
910 ero okiaja 23264pyb/mecsil, MPOBOAUTCS CISTYIONTUM 00pa3oM:

- HaXOIUM MECSYHBIN JOKHOCTHOMW OKJIad:
3, = 47104 -1,3 = 61235,2 py6./MecsL; (27)
— pacCYUTHIBAEM CPEIHETHEBHYIO 3apa00THYIO IIJIATY:

61235,2 - 10,4
Sun = 251

= 2537,2 py6./neHb; (28)

— paccuuTHIBAEM OCHOBHYIO 3apa0OTHYIO IIATY:
3ocu = 139820 = 9786 py6. (29)

[TomoOHBII pacueT MPOBOAMUTCS TSl BBHIYHCICHUS OCHOBHOUM 3apaOOTHOM
[JIAThl PYKOBOJIMTENS, aCIIUPAHTA U MAaruCTPaHTA.
JlaHHBIE U pe3yNbTaThl pacueTa OCHOBHOW 3apabOTHOM IJIaThl IPUBE/ICHBI B

Tabnure 14.



Tabnuua 14. Pacuér ocHOBHOI 3apaOOTHOM IIAaThI

HUcnonuurenu 3tc, kp 3M, 31, Tp,pad. 3ocH,
pyo. py0./mecsn | py0./neHb JTH. pyo.
PykoBoaurens | 47104 1,3 61235,2 2830,4 21 59 428,4
MaructpaHr 12663 1,3 16462 682 98 66 836
AcnupaHt 21760 1,3 28288 1172 9 10 548,8
Hroro 3ocH 136 813,2

4.5.4 OTunc/ieHusi BO BHeOKOI:KeTHbIE (POH/IBI (CTPAXOBbIE OTYHCIEHHS)

B nanHOW cTatbe pacxoj0B OTpaxaroTcs oOsA3aTENbHbIE OTYHMCICHHUS IO
YCTaHOBJICHHBIM 3aKOHOJATEIhCTBOM Poccuiickoit depepariuu HOpMaM OpraHam
rocygapcTBeHHoro conuanbpHoro crpaxoBanusi (OCC), nencuonnoro ouna (I1D)
u MeauimHckoro crpaxoBanus (POOMC) ot 3aTpar Ha oriaTy Tpyaa paOOTHUKOB.

Benunuuna oTuncnenuii Bo BHEOIOKETHbIE (DOHIBI OMIPEAEIIAeTCS UCXOIS U3

cienytomieit GopMyIibl:

3BH€6 = kBHe6 ) (30CH + 3A0n)1 (30)

rae kBHeO — K03 HUIIMEHT OTUMCICHWM Ha YIJIATy BO BHEOIJKECTHHIC
dbouabl (MeHcHOHHBIH (PoH, POHT 0053aTEIHPHOTO MEIUIIMHCKOTO CTPAXOBAHUS H
np.).

Ha 2019 r. B cootBeTcTBUM ¢ DeaepanbHbiM 3aKOHOM OT 24.07.2009 Ne212-
@3 ycTaHOBJIEH pa3Mep CTPaxoBbIX B3HOCOB paBHbIl 30%. Ha ocHoBanuu nynkra 1
cT.58 3akona Ne212-D3 s yupexaeHui, OCyIeCTBISIONUX 00pa30BaTeIbHYIO U
Hay4IHYIO JeATelIbHOCTh B 2014 romy, BoauUTCs MOHMKeHHas cTaBka — 27,1%.

Kones = Kog + K. + K (31)

BHEO

Kk . k
rae  "®- kod(. oTYNCIICHUS B IEHCUOHHBIA (POHI; ¢ - KO3(d. OTUNUCICHUS

K .
CTpaxoOBbIX B3ZHOCOB, ™ - KOB(I). OTYHUCJICHUA B ITIOAOXOAHBIM HAJIOT .

Koues = 0,271 (32)



Takum oOpa3zom oTuMcieHUsT BO BHEOKJKETHbIE (DOHABI OT 3aTPaThl HA

OIUIaTy TPYyZla PYKOBOJUTENS BEIYMCIISIOTCS CIEAYIOLUM 00pa3oM:

3pues = 0,271 * 136813,2 = 37076,37 py6. (33)
Tabnuua 15. Otunciienrs Bo BHEOIOIKETHbIE (POHIBI
Hcnonaurens PykoBoaurens +
Acnupant+Marucpast
OcHoBHas 3apaboTHas 11aTa, pyo. 136 813,2
JlomomHATEIBHAS 3apa0oTHAS TUIaTa, pyo. 20 521,98
Koaddumment otuncnennii BO BHEOIOKETHBIE 0,271
boHIBI
CymMma oT9uCIIeHU | 42 637,83

4.5.5 3aTpaTbl Ha Hay4YHbIe U IPON3BOJACTBEHHbIE KOMAHIUPOBKHU

3aTpaTbl HA HAYYHbIE U TPOU3BOJACTBEHHbIE KOMaHAUPOBKN UCIIOJHUTENEH
ONPENENATCS B COOTBETCTBUM C IUIAHOM BBIIIOJHEHUS TEMBI U C YYETOM
NEUCTBYIOIIMX HOPM KOMAaHJIMPOBOYHBIX pacxXoAOB pPa3IWyHOIO BHUAA U
TpaHCTIOPTHBIX TapudoB. B 1aHHOW BBIMYCKHOW KBAIU(PUKIIMOHHON pabdoTe

3aTpaThl HA KOMaHAUPOBKU PAaBHbI HYIIIO.

4.5.6 KonTpareHTHbI€ pacxoabl

KoHTpareHTHBIE pacxopl BKIIOYAIOT 3aTPaThl, CBI3aHHBIC C BBHITTOJTHCHUEM
KaKUX-JIMOO paboT 1O TeMe CTOPOHHMMH OpraHHU3aIusIMH (KOHTpareHTaMH,
CyOImoapsTIYuKamMmu ), T.€.:

1) PaGoTel W ycIyrd MOpOU3BOACTBEHHOTO XapaKTepa, BBHITIOIHICMBIC
CTOPOHHUMH TPEANPHATHIMHA W OPTaHU3AIUSIMH.

2) PaboThl, BBIMOTHSAEMBIC IPYTHUMH YUPSKACHUSIMH, MPEINPUATHIMA U
OpraHM3aIusIMH (B T.4. HAXOISAIIUMHUCS Ha CAaMOCTOSTEIIBHOM OajaHCe ONBITHBIMH
(3KCIIepUMEHTATBHBIMH ) IPEATPUATASIMHA 1o KOHTPareHTCKUM

(COMCTIONHUTENBCKMM) JIOTOBOPAM Ha CO3JaHME HAYyYHO-TEXHUUYECKOW MPOIYKIUH,



TOJIOBHBIM (T€HEpabHBIM) HCIOJHUTENIEM KOTOPBIX SIBISIETCS JaHHAs HaydHas
opraHuzanus).

Pacuer BenuuuMHBI 3TON TPYIIBI PACXOJ0B 3aBUCUT OT ILJIAHUPYEMOTO
o0beMa paboOT M OIpeAenseTcs U3 YCIOBUH JOTOBOPOB C KOHTpAareHTaMu WM
cyonoapsipunkamu. B ganHON paboTe 3aTpaThl MO JAaHHOW CTaThe pPacxo0B

OTCYTCTBYIOT.

4.5.7 Haks1agHble pacxoabl

B nanHyto cTaThio BXOAST PacxoJibl Ha COJEPIKAHUE almapara ynpaBieHUs
U OO0IIEexX03sUCTBEHHBIX clyk0. [lo 2TOM cTarhe YYMTHIBAIOTCS OIUIaTa Tpyjaa
aJMUHUCTPATUBHO-YIIPABICHUYECKOTO nepcoHarna, coJiepKaHue 3/IaHUH,
OPTTEXHUKH U XO3UHBEHTAPsI, aMOPTHU3AIUS UMYIIIECTBA, PACXOBI TT0 OXpaHe Tpy/a
U noirotoBke kaapos. 30% ot 136 813,2 (41 043,96 pybieit)

3aTpathl Ha IEKTPOIHEPTrUto coctaBuiu 13 402 pyoieil.

4.5.8 ®@opmupoBanue OHOHKeTa 3aTPAT HAYYHO-HCCJIEI0BATEIHCKOIO

MpoeKTa

Paccuntannas BeauMuMHA 3aTpaT HAYYHO-HUCCIEAOBATENBCKOM PabOTHI
(Tembl) SBISIETCS OCHOBOM JUTsi hOpMHUPOBAHUS OIO/KETA 3aTPAT MPOEKTA, KOTOPHIi
pu GOPMHUPOBAHUHU JOTOBOPA C 3aKA3YMKOM 3aIIUIIACTCS HAYYHON OpraHU3aIneH
B KayeCTBE HIDKHETO TIpejesia 3aTpar Ha pa3padOTKy HAyYHO-TEXHHUYECKOU
MPOAYKIIUH.

Onpenenenue O0r0KeTa 3aTpaT HA HAYYHO-UCCIEAOBATENbCKUI MPOEKT IO

KaKJIOMY BapuaHTy HCTIOJHEHUS MTpUBEJeH B Tabnuiie 16.

Tabnuua 16. Pacuer Gromkera 3atpat HTU



HaumenoBanue cratbu Cymwma, pyo.

Marepuansnsie 3atpatsl HTU 611,20

3arpaThl IO OCHOBHOU 3apabOTHOM T1aTe 136 813,2
WCIIOJIHUTEINIEN TEMBI

3arpathl 10 JOTIOTHUTEIHLHON 10 496,58
3apa0OTHOM IJIaTe UCTIOJIHUTENICH TEMBI

OTtuncneHus BO BHEOIODKETHBIC (POHIBI 42 637,83

3arpaTbl Ha HAY4HbIE U -
MIPOU3BOICTBEHHBIE KOMaHIUPOBKH

[Ipouue npsiMbie pacxoabl 13 402
Haxmagapie pacxobl 41 043,96
bromxer 3atpar HTU 245 004,77

N3 Tabnuupl BUAHO, YTO UTOTOBAsi CTOMMOCTH IPOEKTa OYJET COCTABIATH
nopsiaka 245 004,77 Teicsia pyOieil, OCHOBHOM BKJIaJ B UTOTOBYIO CYMMY OIO/KETa

BHOCSIT 3aTpaThl HA 3apa0OTHYIO IJIATY.

4.6 PeecTp PUCKOB NIPOEKTA

WNnentudunupoBaHHble PUCKH TMPOEKTAa BKIIOYAIOT B Ce0S BO3MOXKHBIC
HEOIpeIeJICHHBIE COOBITUSI, KOTOPhIE MOTYT BO3HUKHYTh B TPOEKTE W BBI3BAThH
MOCJICICTBUS, KOTOpBIE TIOBJIEKYT 3a C€O000M HexenarelbHble 3 (EKTHI.
Nudopmamnuio o ganHoMy paszjaeiay HeoOX0AuMO CBECTH B Tabnuiry 17.

Tabmuma 17. Peectp puckos

Ne Puck [Torenumanen | BepostH | Bimsnue | YposeHs CriocoOsr Ycnosus
oe octb | pucka (1- | pucka* CMATYEHUs1 | HACTYILIE
BO3JICHCTBUE | HACTYILI 5) puckKa HUA
enus (1-
5)
1 | Bo3moxxHOCT Beixon u3 3 4 BbICOKUN | MonepHusa | Peskuii
b CTpOs s nepenaj
obneneHeHust | 000pPyAOBaHU KOMILJIEKCa | TemrmepaT
B 3UMHHM A yYpBI
[IEpUOJ
BPEMEHU




[Iponomxenue Tabnuubl 17.

2 | OrcyrctBue | HeBoctpeGoB 3 3 cpennuii | Pexmamupon Bonee
crpoca B aHHOCTbh Y aHue packpyue

HUN norpeduTenei KOMILJIEKCa HHBIE
KOHKYpEH

TBI

3 | Bo3uukHOB [Tepenan 3 5 cpenuuii | Kontpons | Beixona uz

eHHE HaIpsHKCHNUS, BO BpeMs CTpOst
HeTpeacKas3 CruxuitHbie OKCIUTyaTal] | AJIEKTPUY

YEeMBIX OencTBus 1787 €CKOM

CUTYaIuit pa3paboTku qJacTu
npudopa

4.7 OnpeneseHue pecypcHoii, PMHAHCOBOM, OI0’KeTHOI, COIMATBLHON U

IKOHOMHUYECKOU IPPEeKTUBHOCTH UCCACIOBAHUSA

D PeKkTUBHOCTh HAYYHOTO PECYpPCOCOEPEraroIiero MpoekTa BKIIOYACT B
cebss  comuanbHyl0  3(G(PEKTUBHOCTh, SKOHOMHYECKYIO U  OIOJKETHYIO
s exkrnBHOCTh. [lokazaTenu oOmiecTBeHHOM A()QPEKTUBHOCTH  YUUTHIBAIOT
COLIMAJIbHO-PKOHOMHYECKHE TOCIECTBUS OCYIIECTBICHUS HWHBECTUIIMOHHOTO
IIPOEKTa Kak JiJisi 00IeCcTBa B I[EJIOM, B TOM YHUCJI€ HEMOCPECTBEHHBIE PE3yIbTaThI
M 3aTpaThl IPOEKTa, TAK U 3aTPATHI, U PE3YJIbTATHI B CMEKHBIX CEKTOPaX 9KOHOMHUKH,
AKOJIOTUYECKHUE, COIIMATIbHBIC U HHbIE BHEAKOHOMUYECKUE (D PEKTHI.

[lokazatenu SKOHOMUYECKOHW OS(OPEKTUBHOCTH TMPOEKTA YUHUTHIBAIOT
(uHAHCOBBIE TIOCTECTBUS €T0 OCYIIECTBICHUS JIJISl IPEANIPUSITHSI, PEATU3YIOIETO
JAaHHBIA TPOEKT. B 3TOM ciyuae mokazarenu 3¢(HEKTUBHOCTH MPOEKTa B IEIOM
XapaKTepU3yIT ¢ SKOHOMUYECKON TOUYKU 3PEHUs TEXHUYECKHE, TEXHOIOTHUECKHE
Y OpraHU3alMOHHBIC POCKTHHIE PEIICHUS.

bromkernas 3(pPeKTUBHOCTD XapaKTepHU3yeTCsl Yy4acTHEM TOCy/lapcTBa B
MIPOEKTE C TOUKHU 3PEHUS PACXOI0B M IOXOA0B OFO/IKETOB BCEX YPOBHEH.

Kpome BoImenepeunciaeHHbIX BHIOB 3(PGEKTUBHOCTH MOYKHO BBIICIUTH
pecypcHbIi 3 @eKT (XapaKkTepu3yeTcsl IMOoKa3aTeIsIMH, OTPaKaloIIUMU BIUSHUE

WHHOBAIlMM Ha 00BeEM IMpoOnU3BOACTBA H HOTpe6J'IeHI/I$I TOro HJIM HWHOI'O BHAA



pecypca), HAyYHO-TEXHMYECKMH (OIICHMBAETCS TMOKA3aTeNIMH HOBHU3HBI U
MOJIE3HOCTH ) U JIP.

Onpenenenue S(PGHEKTUBHOCTA MPOUCXOAUT HA  OCHOBE pacuera
WHTETPAILHOTO ToKazaTens d(O(PEeKTHBHOCTH HAydyHOro wuccieaoBanus. Ero
HAXOXJIEHUE CBS3aHO C OMpEACICHHEM [IBYyX CpPEIHEB3BEUICHHBIX BEIUYHH:
¢buHancoBoi 3PpheKTUBHOCTU U pecypcodPHEeKTUBHOCTH.

WuTerpanbHblii  mokazatens (UHAHCOBOH 3G (EKTUBHOCTH HAYYHOTO
UCCJIEIOBaHUs TIOJYy4YalOT B XOJ€ OLIEHKM Orojkera 3aTpar Tpex (i Oosee)
BapUaHTOB MCIOJIHEHUS] HAy4yHOTo uccienoBanus (tabiu. 18). B kauecTBe ananora
ObL1 B3AT «Anbdapan mitoc - APIDy Paguometp pagona u Topona.

CpaBHeHHE 3HAYCHUH WHTETPATBHBIX TMOKaszarened d¢pHEeKTHBHOCTH
MO3BOJIIET TOHATH U BbIOpaTh Oonee 3GOEKTUBHBIM BapUaHT pPEIICHUS
MIOCTaBJICHHON B BBITYCKHOM KBaTU(UKAIMOHHON paboTe OakaiaBpa TEXHHUYECKOM
3a]1a4M ¢ NO3UIMH (PUHAHCOBOW U pecypcHOM 3(pPpeKTUBHOCTH.

Tabnuna 18. CpaBHHTENbHas OlLEHKA XapaKTEPUCTUK BAPUAHTOB HCIIOJHEHHUS

IMPOCKTa
Becosoit Texymuit «Anbdapan
110 kodpurmeHT npoekT | mwitoc - APIT»
Kp 15051 napaMmeTpa Pagnomerp
pajoHa u
TOpOHA.
CrocoOCTBYyeT pOCTy 0,1 5 5
MIPOU3BOIUTENBHOCTH TPYIa
M0JIb30BATENS
Y 106CTBO B SKCILTyaTaIlNH 0,15 4 5
(coOoTBETCTBYET TPEOOBAHUSIM
noTpeoburenei)
[TomMexoycTONYMBOCTh 0,15 4 4
DHeprocbepexeHne 0,2 4 5
Hanexunocts 0,25 5 5
MarepuanoeMKoCcTh 0,15 5 4
HUTOI'O: 1 4,5 4,6




5 rnaBa

5 COIII/IaJII:HaSI OTBETCTBCHHOCTDH

B coBpemMeHHBIX yCIIOBHUSIX OJTHUM U3 OCHOBHBIX HAIlPaBICHHN KOPEHHOTO
yIy4IIeHUsI Bce MpoUIaKTUYECKOU padOThl IO CHUKEHUIO MPOU3BOJACTBEHHOIO
TpaBMaTu3Ma W Npo(ecCHoHaTbHON 3a00JIEBAEMOCTH SIBISIETCSI MOBCEMECTHOE
BHEJIPEHHUE KOMIUJIEKCHOW CHCTEMBI YINpaBJICHUS OXPaHOU TpyAa, TO €CTh IMyTeM
00bEIUHECHUS Pa3pO3HEHHBIX MEpOTIPUSTUI B eUHYIO CUCTEMY
IieJICHANIPABIEHHBIX JCHCTBUM Ha BCEX YPOBHSAX U CTAAUSIX MPOU3BOJCTBEHHOTO
npoiiecca. [log oxpaHoif Tpy/a TOHUMAETCSI CUCTEMA COLUAIbHO-IYKOHOMUYECKHUX,
3aKOHO/IATENIbHBIX, OPTaHU3AIMOHHO-TEXHUYECKUX U JPYTUX MEPONPUITHH U
CpPE/ACTB, OOECIEUUBAIONINX COXPAaHEHUE JKU3HU W 370pPOBbS PAOOTHUKOB B
npoiecce TpyAaoBoi AesatenbHOCTH [35]. [IpaBoBble MepONIPUSTUS 3aKIIOYAIOTCS B
CO37IaHUM CHCTEMbI IIPABOBBIX HOPM, YCTAHABIIUBAIOIINX CTAHAAPTHI O€30MACHBIX U
310pPOBBIX ycioBUH Tpyaa. ColnanbHO-3KOHOMHUYECKUE MEPOIPUATUS BKIIIOUYAOT:
MepbI TOCYAapCTBEHHOTO CTUMYJIUPOBAHUS pab0TOAaTeNeH 10 MOBBIIICHUIO YPOBHS
OXpaHbl TPYJa; YCTAHOBICHHUE KOMIIEHCAUM U JIBIOT MPHU BBITOTHEHUH TSHKEIIBIX
pabor. OpraHu3alMOHHO-TEXHUYECKUE MEPOTPHUATUS 3aKII0YaloTCsa B IENISIX
IUTAHUPOBAHUs PabOThl MO OXpaHE TPyJa, a TaKkKe OOecleyeHUs KOHTPOJS 3a
coONI0O/IeHNeM TMpaBUJI OXpaHbl Tpyna. YemoBeKk MOJABEpraeTcs BO3ACHCTBUIO
ONACHOCTEM B CBOEW TPYAOBOM JEATEIBHOCTH. B INpPOW3BOACTBEHHOW cpefe
OOBEKTUBHO CKJIAJBIBAIOTCS BpEeAHBIE M OMAacCHBIE (PAKTOpPHI, HETaTHUBHO
BO3JICHCTBYIOIIME Ha YEJIOBEKA B MPOIIECCE €ro Ku3HeaesTeabHocTH [35]. Bpennsie
MIPOU3BOJICTBEHHBIC (DaKTOPHI MOTYT MMPUBOJAUTH K CHUKEHUIO TPYAOCTIOCOOHOCTH U
nmpodeccuoHaTbHBIM 3a00JI€BaHUSM, OMACHBIE (PAKTOPHI — K MPOU3BOJICTBEHHOMY
TpaBMaTU3My M HECUACTHBIM ClIy4asiM Ha Npous3BoAcTBe. HeOmarompusTHbIN
MUKPOKJIMMAT, MOBBIIIEHHBIH ypOBEHb IlIyMa, BHOpAalMM, IUIOXOE€ OCBEUIEHUE,
HEOJIaronpusTHBIA a3pOMOHHBIM COCTaB BO3/lyXa MPUHSITO OTHECTH K BPEIHBIM
MPOU3BOJICTBEHHBIM (pakTopam. BbicoTa, OTOHb, 3JIEKTPUUECKUN TOK, IBUKYIIUECS

MPEAMETHI, B3PBIB — 3TO BCE OMAaCHbIE MPOU3BOICTBEHHbIE (PakTophl. Llens oxpanbl
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Tpyda — CBECTM K MHUHHUMYMY BEPOATHOCTh NOpaXXEHUs WIH 3a00jeBaHus
paboTaromero nepcoHana Npu MakKCUMaJIbHOM IPOU3BOAMTENBHOCTH Tpyna. s
TOr0, 4TOOBI CO3AaTh O€30MAaCHbIE YCIOBUM TpyAa U MPEAYNPEAUTh HECUACTHBIE
CIIly4au JIIoJIeH B mpolecce padboThl BBOAATCS MPaBUiia IO OXPaHe TPYAa U TEXHUKH
0e30MacHOCTH, SIBISAIOIIMECS O0S3aTeNbHBIMU U BBINIOJIHEHUS WHXKEHEPHO-

TEXHUYECKUMU paOOTHUKAMHU, PYKOBOJIAIIUMHU, PAOOUUMHU.

5.1 AHa/1M3 ONMACHBIX M BPEeIHbIX NIPOM3BOJACTBEHHBIX (PAKTOPOB

[IpousBoACTBEHHBIE YCIIOBUS Ha pabodyeM MeCcTe XapaKTepU3yITCs
HAJUYMEM OIACHBIX M BPEIHBIX (HaKTOPOB, KOTOPHIE KIACCUPHUIUPYIOTCS TIO0
rpyImnam AJIIEMEHTOB: busznyeckue, XUMUYECKHE, OMOJIOTHYECKHUE,
ncuxodusuonornyeckue. C 1eIbI0 BBITIOJHCHUS aHAIW3a OIMACHBIX W BPEIHBIX
IIPOU3BOJICTBEHHBIX (DAKTOPOB MPOM3BOJICTBEHHBIN MpoIecC ObUT pa3zesieH Ha JIBE
OCHOBHBIE  Tpymmbl  pabOT. DJEeMEHThl  MPOU3BOACTBEHHOTO  IpoIlecca,
dbopMupyromIrie BpeaHbIe U OMACHbIE YCIOBUA TpyAa OTOOpakeHbl B Tadiuie 19.
Heo6xoauMo yuuThiBaTh omacHele W BpenHble 1D, koTophie BO3HUKAIOT TPHU
pabore Ha DBM (mepcoHaibHBI KOMIBIOTEP), MAsIIBHON CTaHIUHU, IpU padoTe ¢
3aKPBITBIMA HOHU3UPYIOIIUMHA HCTOUHUKAMH.

Tabmuma 19. OcHOBHBIE 3JIEMEHTHI MPOU3BOACTBEHHOIO Mpoliecca, GOpMUPYIOITHE

OTIaCHBIE U BPEeIHbIE (DaKTOPBHI.

HaumenoBanue Buzon DOAKTOPEI
paboT u mapameTpoB I'OCT 12.0.003-74 CCBT HopmarusHslie
IIPpOU3BOACTBCHHOI'O BpeﬂHHe OrmnacHble JAOKYMCHTBIL
rporecca
PaGora ¢ uzoTonom [ToBeIIEHHBIT Hopwmsbl pagunannoHHom
JUIsL IPOBEPKU YPOBEHb 6ezonacnoctu (HPB-
paboToCTIOCOOHOCTH MOHU3HPYIOIINX 99/2009). CIT2.6.1.2523-
JETEKTOpa U3ITy4YeHUN B 09.
paboueii 30He




[Iponomkenue Tabnuusl 19.

Pa6ora ¢ [1DBM, DneKTpuUecKuit I'OCT 12.1.038-82
ocrmiorpadom, TOK CCBT.
NasUTbHOM CTaHIMEH, OnekTpo0e30nacHOCTb;
TeHEPaTOPOM
HMMITYJILCOB BosnelictBue CanlluH 2.2.2/2.4.1340-
pamuanuu (BY, 03
YBY,CBY u T.1.) CanuTapHo-
AMUACMHUOTIOTUICCKUEC

IIPaBUJIa 1 HOPMATHBBI.

«'urnennyeckue
TpeboBanus k [I9BM u
opranuzaius padboThD»
[Toxapnas [ToxapHas v B3pbIBHAs
0€301acHOCTh 6e3omacHoCTh. O0mNe

tpedoBanus. 'OCT
12.1.004-91. CCBT.

B mpoiiecce paboThl, CBA3aHHOM € 3IeKTponprubopamu (TasuibHasi CTAHIIMS,
ocumiorpad, reHepaTop UMITYJIbCOB U T.1.) U ¢ pabotoit Ha OBM, Ha unHxxeHepa,
BO3JIEHCTBYIOT Cieayronre (GaKkTopsl:

duznvecKue:

— TEMIIEpaTypa 1 BIaKHOCTh BO31YyXa;

— IIyM;

— CTaTUYECKOE BJIIEKTPUUYECTBO;

— DIIEKTPOMArHUTHOE T0JI€ HU3KOW YHUCTOTHI;

— OCBEILIEHHOCTBH;

— HaJIM4YUe U3IyYCHUS;

— Tapbl BPEIHBIX BEILIECTB;

— BBICOKasl TeMIepaTypa MOBEPXHOCTU U3/ENHS, UHCTPYMEHTA U PacIjiaBOB
MIPUIIOEB.

[cuxoduznonornveckue:

— (hu3nyeckue neperpy3ku (CTaTu4eckue, TMHAMUYECKUE);

— HEPBHO-TICUXUYECKUE TMEPerpy3ku (YMCTBEHHOE MEpeHaIpsKEeHHeE,

MOHOTOHHOCTH TPY/ia, SMOIIMOHAJIBHBIC TIEPETPYy3KH ).



5.2 Pa3paborka MeponpuATHH IO CHUKCHHUI0O YPOBHEH BPEIHOIO H
OMIACHOI0 BO3JeHCTBMA M YCTPAHEHMIO HX BJHUAHHMA 1Npu padore ¢
HCIO0JIb3yeMbIM 000py10BaHUEM

5.2.1 Opranu3zanMOHHBbIC MEPONPHUATHSA

Becb mepconan o00si3aH 3HATh M CTPOTO COONIOATH TMpaBHJIa TEXHUKHU
6e3omacHoctu. OOydeHne epcoHana TeXHUke 0€30MacHOCTH U MMPOU3BOICTBEHHOM
CaHUTAPHUH COCTOMT W3 BBOJHOI'O MHCTPYKTAKa M MHCTPYKTaKa Ha pabodyeM MecTe
OTBETCTBCHHBIM JIUI[OM.

[IpoBepka 3HAaHWK TPABWI TEXHUKH OC30MACHOCTH  MPOBOJIHUTCS
KBAIM(UKAIIMOHHONW  KOMHUCCHEW 1mociae oOydeHuss Ha pabodyemM  MecTe.
[TpoBepsieMOMy, IPUCBAUBACTCS COOTBETCTBYIOIAS €TI0 3HAHUSM M OTBITY PaOOTHI
KBaJIM(DHKAIIMOHHAS TPYyMIIa 10 TEXHUKE 0E30MaCHOCTH M BBIJIACTCS CIICIIUAILHOM
yIIOCTOBEPCHHE.

JIuma, 00CITYy’)KMBAOIINE 3JEKTPOYCTAHOBKH HE JOJHKHBI MMETh YBEUHH U
Ooye3Hell, MemamImux MPOU3BOJACTBEHHOW padore. CocCTOsSHUE 3I0POBbBA

YCTaHaBJINBACTCA MCAUIMHCKHUM OCBUACTCIIbLCTBOBAHHUCM.

5.2.2 Opranmn3auusi pabodero mecto oneparopa IBM

Bce BpennocTu, Bo3HuKaromme npu padore ¢ 9BM MoxkHO pa3genuTts Ha
TPH TPYIIIIBL:

— TIapaMeTpsl pabouero Mecta u pabodeit 30HbI;

— BU3yaJibHble  (pAaKTOphl  (SIPKOCTh,  KOHTPACTHOCTh,  MEpLAHUE
M300pakeHus, OJTUKN);

— U3Ny4eHus: (PEHTIE€HOBCKOE, JJIEKTPOMAarHUTHOE W3JIy4yeHue, raMma-
U3IIyYEHUE, AIEKTPOCTATUYECKHUE TTOJIA).

PanmonanbHas miuaHupoBKa padoyero mecra MNpeaycMaTpPUBAET YETKUU

MMOPAAOK U ITIOCTOAHCTBO pasMCIICHUA ITPEAMETOB, CPCACTB TPpyada U AOKYMCHTAIIUU.



To, 4ro TpebyeTrcs Uil BBIIOJHEHUS pabOT 4Yalle AOKHO PacloiaraTbCs B 30HE

JIETKOM TOCATAeMOCTH Pabodyero MpoCTPaHCTBA, KaK MOKa3aHo Ha puc. 29
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Pucynok 29. 30HbI 10CATaEMOCTH PYK B TOPU3OHTATBHOM MJIOCKOCTH

a - 30Ha MAaKCUMAJIbHOM JTOCSATaeMOCTHU PYK;

0 - 30Ha JJOCITaeMOCTH TaJIbIIEB MPU BBHITSIHYTOU PYKE;

B - 30HA JIETKOM JI0CATa€MOCTH JIaJIOHH;

T - ONITUMAJIBHOE MPOCTPAHCTBO IS TPYOOU pydHOM pabOoTHI;

11 - ONITUMAJIBHOE MPOCTPAHCTBO JIJI1 TOHKOW PYYHOU PaOOTHI.

OnrtuManbHOE pa3MEIIeHHE MPEAMETOB TPyAa U JOKYMEHTAllMd B 30HAX
JOCSITa€MOCTH PYK: IUCIIIEH pa3MeliaeTcs B 30He a (B IEHTPE); KJIaBUATypa — B 30HE
/1, CUCTEeMHBIN OJIOK pa3MmerniaeTcs B 30He O (clieBa); MPUHTEP HAXOIUTCSA B 30HE a
(cripaBa); JMOKyMEHTAIlMs: B 30HE JIETKOM JOCSATAaeMOCTH JIAJIOHM — B (CiieBa) —
JTUTEepaTypa U JOKYMEHTAIHsI, HEoOX0auMasi Ipu paboTe; B BBIABMIKHBIX SAIIAKAX
CTOJIa — JIUTEPATypa, HE UCTIOIb3yeMasi MOCTOSHHO.

[Ipy mpoeKTHPOBAaHWM THUCHMEHHOTO CTOJIa JOJKHBI OBITh YYTCHBI
cieayrolne TpeOOBaHMUs.

BricoTa paboueit MIOBEPXHOCTH cTosia pPEKOMEHyeTCA

B npenemax 680-800 wmM. Bwicota paboueil MOBEPXHOCTH, Ha KOTOPYIO



yCTaHaBIIMBAETCS KJIaBUATYpa, NOJKHA ObITh 650 MM. Pabounii cTo qoiKeH ObITh
mupuHoil He MeHee 700 MM m jumHOM He MeHee 1400 mm. J[omKHO MMeEThCS
MPOCTPAHCTBO JJIs1 HOT BbICOTOM HE MeHee 600 MM, muprHOil — HE MeHee S00 M,
rIIyOMHOW Ha ypOBHE KOJeH — He MeHee 450 MM U Ha YPOBHE BBITSIHYTBIX HOT — HE
MeHee 650 mm.

Pabouee kpeciio JOMKHO ObITh MOABEMHO-TIOBOPOTHBIM U PETYIUPYEMBIM
[0 BBICOTE M yTJlaM HAaKJIOHA CUJACHbS U CIIMHKH, a TAK)KE PACCTOSHUIO CIIUHKH 0
NepelHero Kpasi CHUJIeHbA. PexkoMmMeHJyeTcs BbICOTAa CHJIEHbS HaJ YypOBHEM
nosa 420-550 mm. KoncTpykius paboyero kpecia J10JkHa 00ecreunBaTh: HIUPUHY
U TIyOuMHY TOBEpPXHOCTH cuieHbs He MeHee 400 MM; MOBEPXHOCTb CHJACHbS C
3ariay0iEHHBIM MEPEIHUM KpaeM.

Monutop noikeH OBITh PACHOJOKEH Ha YpOBHE TJia3 olepaTopa Ha
pacctosaun 500-600 mm. CornacHo HOpMaMm, Yoyl HaOIIOASHUS B TOPU3OHTATBHON
IUIOCKOCTH JIOJKeH OBITh He OoJiee 45 rpaaycoB K HOpMalid dKpaHa. Jlydie eciu
yroi o63opa Oyner coctaBiuaTh 30 rpamgycoB. Kpome Ttoro, nomkHa OBITh
BO3MOXHOCTb BBIOMpATh YPOBEHb KOHTPACTHOCTH M SIPKOCTH H300pa)KeHUs Ha
JKpaHe.

JloJKHA MpeycCMaTpUBATHCS BO3MOKHOCTD PETYJIMPOBAHUS SKpaHa:

— 110 BBICOTE +3 CM;

— 110 HakJIoHY oT 10 10 20 rpaaycoB OTHOCUTEIBLHO BEPTUKAIIH;

— B JIEBOM U [IPAaBOM HaIPABJICHUSIX.

KiaBuarypy cieayer pacnojiaraTb Ha OBEPXHOCTH CTOJa HA PACCTOSHHUM
100-300 MM oT kpas. HopManbHBIM TMOJOXEHUEM KIaBUATYpPHI SBISETCS €€
pa3MeIleHNEe Ha YpOBHE JIOKTS OIeparopa C YIJIOM HaKJIOHAa K FOPU30HTAIBHON
miockoctd 15 rpamycoB. bonee ymob6HO paboTarth C KiIaBHIIAMU, HMEIOITUMHU
BOTHYTYIO TMOBEPXHOCTb, YETBIPEXYTONBbHYIO (HOPMY C 3aKpyriI€HHBIMU YIJIaMHU.
KoHcTpykius KinaBUIIM JOJKHA 0OeCreynBaTh ONEpaTopy OILIYIIEHUE MIeTYKa.
[{BeT KJ1aBUII JOJIKEH KOHTPACTUPOBATH C LIBETOM HaHEIH.

IIpu omHOOOpa3HON yMCTBEHHOH paboTe, TpeOyrouel 3HAYUTEIHLHOTO

HEPBHOT'O HAIPSDKEHUS] U OOJIBIIOTO COCPEAOTOUYEHUS, PEKOMEHIYETCS BBIOUPATh



HEsApKHUE, MAaJOKOHTPACTHBIE IIBETOYHBIE OTTEHKH, KOTOpPHIE HE PACCEUBAIOT
BHUMaHHUE (MaJIOHACBHIICHHbIE OTTEHKHM XOJIOJAHOTO 3€JIE€HOr0 WM TIoiy0oro
useroB). Ilpu pabore, TpeOyromield UHTEHCUBHOM YMCTBEHHOW WU (DU3MUECKOM
HaIpPsHKEHHOCTH, PEKOMEHAYIOTCSI OTTEHKH TEMJIBIX TOHOB, KOTOPbIE BO30YXIAOT

AKTHUBHOCTDH YCJIOBCKA.

5.2.3 YcaoBus 0e3onacHoil padoThl

K ocHOBHBIM mapaMmeTpaMm, XapakTEpU3YIOIIUM YCJIOBUsA Oe30macHOU
paboThl,  OTHOCSTCS  MHKPOKJIMMAT, OCBEHIEHHOCTh, IIIyM,  BHUOparus,
AJICKTPOMArHUTHOE ToJie W u3aydeHue. [lokazatensiMu, XapaKTepHU3YIOIMUMHU
MUKpokiIumat, corsiacHo Caullun 2.2.4.548-96, sBngiotcs Temmnepatypa BO3AyXa,
OTHOCHUTEJIbHAS BIQXKHOCTh BO3/IyXa, CKOPOCTh JIBHDKCHUS BO3/1yXa, MHTCHCUBHOCTH
TEIUIOBOT'O U3JTYYECHHUS.

Ha pabGounx Mectax mosip3oBaresneil NepCOHaTbHBIX KOMITBIOTEPOB TOJKHBI
oOecreynBaTbCa ONTUMAJIbHBIE MapaMeTpbl MUKPOKIMMAaTa B COOTBETCTBUU C
Canllun 2.2.4.548-96. Ha paGodem MecTe MmoJib30BaTesel TOKHBI 00€CTICUMBATHCS
ONTHMaJbHbIE MapaMeTpbl MUKpokInMaTa [36]. Ha paborax, mpou3BOIUMBIX CHAS
U He TpeOyromux GU3NIeCKOT0 HAPsHKEHUsI, TEMIIepaTypa BO31yXa JOJDKHA OBITh
B XOJIOJHBIN mepuoa roja ot 22 o 24 °C, termislii nepuoy rojga — ot 23 mo 25 °C.
OTHocuTeNnbHAs BIAXHOCTh BO3JIyXa Ha IMOCTOSHHBIX pa0OUYMX MecTaxX JOJKHA
coctaBiATh 40 — 60%, CKOpOCTh MBMXKEHUS BO3ayxa MoipkHa Obith 0,1 m/c. s
MOBBIIIEHUS BIQXKHOCTH BO3yXa B IOMEIICHUSX CIEAYET IPUMEHSATH YBIAXKHUTEIU
BO3/1yXa.

OcBellleHHOCTh Ha MOBEPXHOCTH CTOJa B 30HE pa3MelleHus pabodero
nokyMeHTa nomkHa 06Tk 300 — 500 k. OcBeleHre He T0KHO CO3/1aBaTh OJIMKOB
Ha MOBEPXHOCTH 3KpaHa. OCBEIIEHHOCTh MOBEPXHOCTU 3KpaHa HE JIOJKHA OBbITh
oosnee 300 nk. [36] McKycCTBEeHHOE OCBEIICHHE B TMOMEIICHUSX SKCILTyaTalluH
KOMIIBIOTEPOB  JOJKHO OCYILIECTBISATHCS CUCTEMOW OOILEro paBHOMEPHOIO

OCBCIICHMUA. I[J'IH oOecreueHus HOPMATHUBHBIX 3HAYCHUM OCBCIICHHOCTH B



MOMEIIECHUSIX ~CIEyeT MPOBOAUTh YHUCTKY CTEKOJ OKOHHBIX TMPOEMOB U
CBETWJIBHHKOB HE peXe JABYX pa3 B roj U IPOBOJUTH CBOECBPEMEHHYIO 3aMEHY
neperopeBmux Jamn. OTpaxkeHHas OJeCKOCTh Ha pabdouyux MOBEPXHOCTIX
OTPAaHUYUBACTCS 3a CYET NPABUJIBHOI'O BHIOOpA CBETWJIBHUKA M PACIOJIOKEHHUS
pabounX MECT MO OTHOIICHUIO K €CTECTBEHHOMY UCTOUHUKY CBeTa. SIpKOCTh OJIMKOB
Ha DKpaHe MOHHUTOpa He JobkHa mnpeBblmaTh 40 kn/m2 [36]. Jlomyckaetcs
NPUMEHEHHE CBETUJIBHUKOB MECTHOTO OCBCIICHMSI C JaMIlaMH HaKaJuBaHUS.
CBETUILHUKY JIOJKHBI PACTIONaraThCs B BUJE CTUIONTHBIX WIIM TTPEPHIBUCTHIX JIMHUI
cOOKy OT pabounx MeCT MapaUieJbHO JIMHUHM 3PEHUS MOJIb30BaTENs MPU PA3HOM
PacCIOI0KEHUH KOMITbIOTEPOB.

[Iym wu BuOpamus yXyaIalrOT YCJIOBUS TpPyJa, OKa3bIBAIOT BPETHOE
BO3JICHCTBHME HAa OPraHM3M 4YeJOoBeKa, a MMEHHO, Ha OpraHbl Cliyxa M Ha BeCh
OpraHu3M 4Yepe3 LEHTPAIbHYI0 HEPBHYIO cHUCTEMy. B pesyaprare 3TOro
oclabJsieTcsl BHUMaHUE, YXY/IIaeTCsl MaMsITh, CHIXKAETCS PeaKius, yBEeIUIMBACTCS
guciio omubok mnpu paborte. Illym MoxkeT co3gaBaThCs PpabOTAIOIIUM
o0opyAOBaHNEM, YCTAHOBKAMU KOHAMIIMOHUPOBAHUS BO3AYyXa, OCBETUTEIHHBIMU
npuOopaMu THEBHOTO CBETA, a TAK)KE MPOHUKATH U3BHE. [Ipu BbIMOMHEHUN PaOOTHI
Ha [I9BM ypoBenb myma Ha paboueM MeCTe He JoJukeH rnpeBbimaTh 50 ab. [36]

CHU3UTh ypOBEHb IlIyMa B TOMEIICHUAX MOYKHO HCIOJIb30BAHHUEM
3BYKOIOTJIOMIAIONIMX ~ MAaTepUaJiOB €  MaKCHUMAJIbHBIMH KO3 UIIMEHTaMH
3ByKoIorjomieHust B ooiactu yactor 63 — 8000 'y 11t OTAEIKM CTEH U MOTOJIKA
nmoMenieHud.  JIomoJHWUTENBHBIH  3BYKomorjomarmui  3¢ddexr  co3garor
OJIHOTOHHBIE 3aHABECKU U3 IJIOTHOM TKaHU, OBEIIEHHBIE B CKJIAIKy Ha PACCTOSIHUU
15 — 20 cm ot orpaxaenus. [llupuHa 3aHaBecku NOKHA OBITH B 2 pa3a OoJbliie
IIMPUHBI OKHA [36].

[lepcoHanbHbIi ~ KOMIOBIOTEP  SIBISETCS  MCTOYHHUKOM  IEPEMEHHBIX
ANEKTPUYECKUX M MAarHuTHbIX moJjed. [IpuHsATO CcyuTaTth, YTO OCHOBHBIM
ucrouHukoM OMII, omnpenensommuM 3JIEKTPOMATHUTHYIO OOCTAHOBKY CIIyXaT
coctaBHple 4actu OBM. Kak mokaspiBaeT TmpakThKa, B PpPSAe CIydacB

MHTSHCUBHOCTh OMII co3maeTcss BHENIHMMHM HMCTOYHHMKAMH, T. €. 3JEMEHTaMU



CUCTEMBI JJIEKTPOCHAOKEHUS 31aHus, TpaHCHOpMATOpaMH, BO3AYIIHBIMUA JTUHUSIMU
anekTponepenad u T. . [loatomy npu ycranoske [1K Ha pabouem Mecte OH 10TKEH
OBITh TMPABWJIBHO MOAKIIOUEH K JJIEKTPONUTAHUIO M HANEXKHO 3a3eMiieH. [lpu
AKCIUTyaTalluM 3allUTHBIM (UIBTP AOJKEH ObITh TUIOTHO YCTAHOBJIGH Ha JKpaH
JUCILIeS U HAJIeKHO 3a3eMJIeH. ExXeTHEBHO €ro ClieyeT OUUIlaTh OT MbLIU, TaK XKe,
KaK ¥ 9KpaH aucruies. J[Jis 3amuTsl paboTaromuX Ha COCETHUX pabodnxX MecTax
PEKOMEHYeTCsl YCTaHABJIMBATH MEXIYy pabodYrMHU CTOJIaMH  CICIHAJIbHBIC
3alIUTHBIC OKPaHbl, HWMEIOIIME TOKPBITUE, TMOIJIONIAIONIEe HU3KOYACTOTHOE
AJIEKTPOMArHUTHOE U3JTyYCHUE.

CornacHo [36] HaNps)KEHHOCTh JIEKTPOMArHUTHOTO MOJIs Ha PACCTOSIHUU
50 cM BOKPYT dKpaHa I10 AJIEKTPUUECKON COCTABIISIIONIEH TOJDKHA OBITh HE Ooliee:

— B quamasone Jyactot 5 I'u-2 k' — 25 B/m;

— B quamna3one yactot 2 kI 11-400 kI'; — 2,5 B/Mm.

[110THOCTH MAarHUTHOTO MOTOKA JOJIKHA OBITH HE OoJIee:

— B quana3one yactot 5 I'm-2 kI['p — 250 T,

— B nuamna3oHe 4actoT 2 kKl 11-400 xI'tix — 25 gTm.

CyIecTBYIOT CIIeAYIONIHE ClIOCOObI 3amuThl 0T DMII:

— YBEJIMYEHUE PACCTOSIHUS OT MCTOYHMKA (3KpaH JOJKEH HAXOAUThCSA Ha
pacctosinuu He MeHee 50 cM OT MoJIb30BaTENA);

— IPUMEHEHHE MPUIKPAHHBIX (PUIBTPOB, CHEIUATBHBIX YKPAHOB U APYTHUX
CPEACTB MHAMBHIYaJIbHON 3aIUTHI.

[Ipu pabote ¢ KOMIBIOTEPOM HCTOYHUKOM HOHU3HUPYIOMIETO H3ITYYCHHS
apisiercss auciuiedl. [lon BAMSHUEM HOHHU3UPYIOUIETO M3IIYYEHUST B OpraHU3ME
MOXET TMPOUCXOJIUTh HAPYIIEHHWE HOPMAJbHONW CBEPTHIBAEMOCTH  KPOBH,
YBEIIMYEHUE XPYIKOCTH KPOBEHOCHBIX COCY/I0B, CHU)KEHHE UMMYHUTETA U Jp. /{032
oOnyuenus npu pacctosauu g0 aucruies 20 cm coctaBusier 0,5 Mx3B/gac. [lo
HopmaM [36] koHcTpykumss OBM  pgomxHa —oOecneyuMBaTh  MOUIHOCTH
AKCMO3UIIMOHHOMN J03bl PEHTT€HOBCKOTO U3JIyYEHUS B TIOOOM TOUKE HA pACCTOSIHUU

0,05Mm ot skpaHna He 6osiee 1 Mmk3B/4ac.



5.2.4 IIpaBuiia 0e30nacHOCTH NPH padoTe ¢ NastIbHUKOM

[Ipu pabore ¢ MNasVIBHUKOM HEOOXOIMMO COOJIOaTh CIEAYIOIIKe
npasuia [39]:

1. PaGoTHuKHM, 3aHATHIC MAWKOW MNasIbHUKOM, JOJDKHBEI O0CCIICUHMBATHLCS
CpeACTBAMU HMHAMBUIAYAJIbHOM 3amuThl  (MEpYaTKU, OYKH, PECHUPATOPHI,
CIICTIOICIKIA).

2. PaGoTbl C BpeIHBIMH U B3PBIBOMOXKAPOOIMACHBIMU BEIICCTBAMH TMPU
HAHECEHUH TMPUIIOEB, (JIIOCOB, MAsJIBHBIX IMACT, CBA3YIOUIUX U PACTBOPUTEIICH
JIOJKHBI TIPOBOJIMTHCS MPU JIEUCTBYIONIEH OOIIIEOOMEHHON W MECTHOM BBITSKHOM
BeHTWIAIMU. CHCTEMBbI MECTHBIX OTCOCOB JOJIKHBI BKJIFOYAThCS /10 Hadaia padoT u
BBIKJIFOUATHCS MOCII€ UX OKOHYAHUSI.

3. TlasnbHMK JOMKEH MPOXOAUTH MPOBEPKY W HCHBITAHUA B CPOKU H
o0beMax, yCTAaHOBJICHHBIX TEXHUYECKON JOKYMEHTAIIMEH Ha HETO.

4. KabGenp mnasnpHUKAa [OJDKEH OBITh 3alllMIIEH OT CIIy4ailHOTro
MEXaHMYECKOT'0 MTOBPEXKIACHUS U CONPUKOCHOBEHUS C TOPSIYUMHU JIETATIAMMU.

5. Jlns mecTHOro ocBemieHHUs paboyux MeCT NpH TNakKe MasIbHUKOM
JNOJKHBI TIPUMEHSTHCS CBETUJIBHMKHA C HENPOCBEUYUBAKOLIUMU OTPAXKaTEIIMU.
CBETWJIBHUKU JOJDKHBI pAacrojaratbcs TakuM o0pa3oM, 4TOOBI HMX CBETSIIHE
AIIEMEHTHI HE TIOTMA/1aii B TI0JIe 3pEHUs PAOOTHUKOB.

6. Ha y4acTkax mpuroToBieHHs (JIFOCOB JTOJDKHBI OBITh BOJIOIPOBOIHBIHN
KpaH C PAakOBUHOM M HEUTPAIM3YIOLIME KUAKOCTU [JJIs YIAJICHUS NasIbHBIX
¢rocoB, cogepkanux GTOPUCTHIE U XJIOPUCTHIC COJIM, B CIIyYasiX UX MO aHMs HA
KOXY paOOTHHKA.

7. Paboure MOBEPXHOCTH CTOJOB M OOOpPYIOBAaHMS HAa YYacTKaX IMaWKH
MAsUIbHUKOM, & TAK)K€ MOBEPXHOCTH SIIMKOB JJIs1 XPAHEHUSI UHCTPYMEHTOB JOJIKHBI
MOKPBIBATHCS TIJIAJIKUM, JIETKO OYMINAEMbIM U OOMBIBAEMbIM MaTEPUATIOM.

8. Mcnonb3oBaHHbIEC MIPU MaiiKe NasIbHUKOM Cal(eTKH U BETOUIb JIOJKHBI
coOUpaThbcsi B CHEIUATBHYIO €MKOCTb, YAAISITHCA HMX IMOMEIICHHUS MO MEpe HuX

HAKOINJICHHA B CIICHHAJIBHO OTBCACHHOC MCCTO.



9. PaboTHMK, 3aHATHIM NMAMKOHN IMasJIbHOM CTaHIMEH, 00sA3aH HEeMEIJICHHO
M3BEIIaTh CBOETO HEMOCPEICTBEHHOTO WIIH BBIIIECTOSIIIETO PYKOBOIUTENS O JTHOOBIX

4Ype3BbIYANHBIX cUTyarusx [39].

5.3 Pagnannonnas 0e30MacHOCTD

Bce paGoThl ¢ MOHM3HUPYIOIIEM U3TYyYEHUEM JIOJDKHBI OBITH OpraHU30BaHBI
TakuM 00pa3oM, 4ToObl obecreynBaiach pagranroHHas 0e30MacHOCTh MepcoHaa
M HaceleHHWs, a TakkKe OXpaHy OKpYXKarolled cpenbl OT pPaauO0aKTHBHOTO
3arpsi3HEHMSL.

PykoBoasImuM JOKYMEHTOM NIPH OpraHU3alud paboT ¢ HCTOYHUKAMM
WOHM3UPYIOIIUX H3IydeHUW sBIsAOTCS «OCHOBHBIC CaHHUTApHBIC IpaBUia
oOecrnieuenusi paguanuonHon OezomacHoctu (OCIIOPB — 99/2010)» u «Hopmbl
panunannonnoi 6e3omnacaoctu (HPB-99/2009)» [40].

B pesynbrare BO3IEHCTBUS HOHM3UPYIOIIMX H3ITYyYEHUH HA OpPraHU3M
YeJioBeKa B TKAHSAX MOTYT NMPOUCXOIUTH CIOXHBIE (PU3NUYECKHE, XUMUUYECKHE U
OMOXMMUYECKHE MPOIeCChl. VOHM3UPYIONME HU3IyYeHHUS! BBI3BIBAIOT MOHHM3AIUIO
aTOMOB U MOJEKYJl BEIECTBA, B PE3ylbTaTe YEro MOJEKYJbl M KJIETKH TKaHH
pa3pymaTcs.

B pesynprate BO3ACHCTBHUS HMOHUZUPYIOIIUX W3JIYUYCHUW HAPYIIAETCS
HOpMaJIbHOE TeUeHHE OMOXUMHUYECKHUX MPOILIECCOB U OOMEH BEILECTB B OpraHU3MeE.
B 3aBucMMOCTM OT BEIMYMHBI TOTJIOMICHHOW JO3bl MW3Iy4YeHUS U OT
WHIUBUIYaTbHBIX OCOOCHHOCTEHW OpraHn3Ma BBI3BAHHBIE U3MEHEHHS MOTYT OBIThH
oOpaTtuMbIMH Wi HeoOpaTuMbiMH. [Ipu HeOOIBIIMX A03aX MOpaKEHHAs TKAHb
BOCCTaHABJIMBACT CBOIO (YHKIIMOHAIBHYIO NEATEIHLHOCTh. BONbINHME 03Bl TPH
JUTMTETHLHOM BO3JICHCTBUM MOTYT BBI3BaTh HEOOpPATUMOE TMOPAXKEHHE OTICITHHBIX
OpraHOB WJIM BCETO OpraHmu3Ma (JiydeBoe 3a00JIeBaHNUE).

JIroOoi BHA HOHM3HUPYIOIIUX M3JIYYCHUM BBI3BIBACT OHOJOTHYECKHE
W3MCHEHUS B OpTraHW3Me KaK MpU BHENTHEM OOJY4YeHUH, KOTJa WCTOYHHK

00JIydeHUsI HAXOJIUTCSI BHE OpraHM3Ma, TaK U MPU BHYTPEHHEM OOJIY4YEHUH, KOTJa



paAMOaKTHBHBIE  BEIIECTBA  MOMANAalOT BHYTPh  OpraHu3Ma, HamlpuMep,
MHTAIALMOHHBIM MYyTEM — MPHU BABIXAHWM WU MPU 3arJIaTbIBAHUU C MULIEH WA
BOJOM.

buonoruyeckoe neWcTBUE WOHU3UPYIOUIETO M3IYYEHUS 3aBUCHUT OT
BEJIMYMHBI 03Bl U BPEMEHU BO3/ICHCTBUS U3TyUEHHUs, OT BUJIa paiuallii, Pa3MepOB
00JyyaeMoil MOBEPXHOCTH U UHIMBUIYAJIbHBIX OCOOEHHOCTEN OpraHu3Ma.

HopMmbl  panuanmoHHOW 0€30MaCHOCTH — ONpEnNeNsiioT  TpeOoBaHUA K
OTpaHUYECHUIO TEXHOT€HHOI'0 00JIy4eHHUs], IPU 3TOM YCTaHABJIMBAIOTCS CIIETYIOUINE
KaTeropuu oomy4daembix jiumil [40]:

— nepconadi (rpymnmsl A u b);

— BCE HaceJieHue, BKIIIOYasl JIMI] U3 MepcoHana, BHE cepbl U YCIOBHM UX
IIPOU3BOJICTBEHHON JEATEIHHOCTH.

OcuoBubie mpenensl 103 (I11) u momyctumble YpOBHH OT OJIHOTO BHUAA
n3nydenus (1Y) nist nepconana rpynnsl b, He 1oKHBI IpeBbIIaTh, 1/4 3HaUEHUH
it Tpynnbsl A. OCHOBHBIE IIPEIENBl 103 Ul HACEJIEHUS U NEPCOHANA TPYIIbI A
npuBeaeHbl B Taduie 20.

Ta6mmma 20. OCHOBHBIC MPEJIETBI 103

Hopmupyembie
BEJTUYHMHBI

[lepconain rpymnmnbsr A Hacenenue

20 M3B B roJ1 B cpetHeM 3a Jiro0bie | 1 M3B B IO/ B CpeiHEM 3a JIto0bIe
DddexTuBHAsA 703a | MOCICAOBATEIbHBIE 5 JIET, HO HE | TOCJIeI0BAaTEIbHbBIC 5 JIET, HO HE

0oiee 50 M3B B TO 0oiee 5 M3B B 1o

B o0miem Buie MOKHO yKa3aTh CICAYIONME OCHOBHBIC TPUHIIAITBI TEXHUKH
panuannoHHol 6e3onacHocty [41]:

1. K pabore ¢ paaviOakTUBHBIMH BEIIECTBAMH M HOHU3HUPYIOIUMHU
U3ITyYSHUSIMH  JTOTTYCKAFOTCSI MEpPCOHal rpynnsl A W b, KOTOpbIE MpOILIH
CHEIMATTLHOE MEIUIIMHCKOE 00CIIeIOBAaHUE COCTOSTHHS 3JI0POBbsI U OBLIH TIPU3HAHEI
0 pe3yJibTaTaM 3TOT0 00CJIeIOBaHMSI PUTOIHBIMU K YKa3aHHOW padoTe.

2. Tlepen wHauaioM pabOTBI C paJUOAKTHBHBIMH BEHISCTBAMH U

HOHU3HUPYIOIIUM HU3JIYYCHHUECM B 3dBUCUMOCTH OT TCXHUYCCKOI'O 1 HAYYHOI'O YPOBHA



U Xapakrepa pa0oT KaK/blii paOOTHUK JOJKEH MPOUTH ClieUaIbHOE 00yYeHUE U
CAaTh COOTBETCTBYIOIIUHI 3K3aMEH MO TEXHUKE PaJHaIllMOHHON 0€30MacHOCTH.

3. Bce paboThl ¢ paguMOaKTUBHBIMU BEIIECTBAMH M HOHU3UPYIOLIUM
U3JTy4€HHUEM JOJDKHBI IPOBOIUTHCS B YCIOBHUAX CTPOKANIIETO COOIIOICHHSI TPABUII
paanaMoOHHON 0€30MacHOCTH MPHU HAJIMYMHU MOCTOSSHHOTO KOHTPOJI CO CTOPOHBI
JIUL, OTBETCTBEHHBIX 32 PaJAHAILIMOHHYIO0 O€30MIaCHOCTh B JAHHOM YUPEXKIACHHUHU.

Bce mecta, B KOTOpBIX BEIyTCS PaJMOAKTHBHBIE PAa0OTHI, JOHKHBI OBIThH
OTMEUEHbI 3HAaKaMH paJUallMOHHON omacHocTU. PaboTaromue ¢ pagnoakTUBHBIMU
UCTOYHUKAMH 00s3aHbl OOecreunBaTh HAJEKHYIO 3alIUTYy OT OOJydeHMs s
okpyxkarormx [40].

B paborte wucnonb3oBancs 3aKpbITBIA MCTOYHUK oO-u3nydeHus Pu239.
AKTHBHOCTb HCTOUHHKA cocTapiseT A = 213 - 103Bk

3aKphIThIE MCTOYHUKH — OTO HUCTOYHUKH, YCTPOMCTBO KOTOPBIX, MpHU
HOPMAJIBHOM SKCIUTyaTallui, HCKJIIOYAeT IOCTYIUIEHUE COJEpMKAUIUXCS B HUX
PaIUMOHYKIUAOB B OKPYKAIOIIYI0 CpPEAy B YCJIOBHUSIX NPUMEHEHHUS U M3HOCA, HA
KOTOpPBIC OHH paccuuTanbl [40].

Nmeromuecss B opraHu3aliil UCTOYHUMKH, HE HaXOJsIIuecs B padoTe,
JOJKHBI XPAaHUTHCS B OTACIBHBIX CIEIHAIBHO OOOpPYAOBAHHBIX XPAaHWIHUINAX,
00€eCreynBaoIIUX UX COXPAHHOCTh U UCKITIOYAIOIIUX JOCTYI K HUM MOCTOPOHHUX
T

AKTHUBHOCTh HWCTOYHMKOB, HAXOIAIIMXCS B XpPaHWUIUIIE, HE JOJDKHA
MpEBbIIATh  3HAYEHUM, yKa3aHHbIX B  CAHUTAPHO-3IUJEMHOJIOTHYECKOM
3AKJITFOYECHUH.

B xpanunuiie MICTOUHUKY MOTYT XPaHUTHCS B CIIELUATIbHBIX ITEHATaX UK B
MEPEHOCHBIX KOHTEHHepax, NOMENIaeMbIX B 3alllUTHbIE YCTPOMCTBAa st

xpanenus [40].



5.4 Dy1eKTP0O0E301ACHOCTD

Ha paGouem mecte nonb3oBatenss I9BM pa3menieHsl quciiieid, KjiaBuatypa
U CUCTeMHBIN Osiok. [lpu BKIIFOYEHUUW AuUCIUIes Ha AJIEKTPOHHO-IYYEBOU TpPyOKe
CO3/IA€TCS BHICOKOE HAIPSIKEHUE B HECKOJBKO KWJIOBOJIBT. [loaTOMY 3ampemiaercs
MIPUKACATHCA K ThUIBHON CTOPOHE AUCILIES, BBITUPATH MbLIb C KOMIIBIOTEPA MPU €TO
BKJIFOYEHHOM COCTOSIHMH, pa0OTaTh Ha KOMIBIOTEPE BO BJIAXKHON OJEKIE U
BJIQKHBIMU PYKaMH.

[Tepen Hauamom paboOTHI clieIyeT YOSAUTHCS B OTCYTCTBUU CBEIITUBAIOIITUXCS
CO CTOJIa WM BUCSUIMX MOJ CTOJOM IPOBOJOB AJIEKTPONMUTAHUS, B LEIOCTHOCTHU
BWIKM M MPOBOJAA DJCKTPONUTAHUS, B OTCYTCTBUM BHUIUMBIX TOBPEKICHUN
anmapatypbl U pabouedi MeOenu, B OTCYTCTBHUM TIOBPEKICHHN UM HAIUYUH
3a3eMJICHHS TTPUIKPAHHOTO (PUIIhTpA.

Toku craTu4eckoro »JIEKTPUYECTBA, HAaBEACHHBIE B Mpollecce pabOThI
KOMITBIOTEpA Ha KOPITyCaX MOHHMTOPA, CUCTEMHOI0 OJOKa M KJIaBUATYpbI, MOTYT
OPUBOAUTE K pa3psaM MpU MPUKOCHOBEHHUH K 3THUM 3JIeMEHTaM. Takue pa3psiibl
OMAaCHOCTH JIJIs1 4YEJIOBEKA HE MPECTABISAIOT, HO MOT'YT IIPUBECTH K BBIXOIY U3 CTPOS
KoMIbtoTepa. JlIsi CHMKEHUSI BEJIMYMH TOKOB CTaTHYECKOTO AJIEKTPUYECTBA
UCIIONIB3YIOTCSI HEUTpaIM3aTOpbl, MECTHOE H o0O0Ilee YBIaXKHEHUE BO3AyXa,
UCITIOJIb30BAHUE TTOKPBITHS MOJIOB C aHTUCTATUYECKOU MPOMUTKOM.

OnacHOCTh TOpPaXKEHUSI TOKOM 4YEJIOBEKAa MOKET YBEJIMYHUBATHCS WIIU
YMEHBIIATBCA B 3aBUCUMOCTH OT YCJIOBHM, NPENOCTABIAEMBIX B IOMEIICHUH.
PaGotars ¢ [I9BM B ycioBUSX MOBBIIIEHHON BIIKHOCTH, BEICOKOW TEMIIEPATYPHI
(6onee 35 °C), HaTUYUU TOKOIMPOBOJSAIIECH ITHUIM, TOKOIPOBOISAIINX IIOJIOB HE
CIEayeT.

JlelicTBrE 3IEKTPUYECKOTO TOKA HA KUBYIO TKaHb HOCHUT Pa3HOCTOPOHHUU
xapaktep. IIpoxonss dyepe3 OpraHm3sM YEJIOBEKA, OJJIEKTPOTOK MPOU3BOIUT
TEPMUUYECKOE, DJICKTPOJIUTUUYECKOE, MEXAHMYECKOE U OUOJOTUYECKOE JIEUCTBUSI.
MexaHH4eCcKOoe JEeMCTBME TOKAa NPUBOJUT K PACCIOCHHIO, Pa3pbIBy TKaHEH

opraHM3mMa B pe3yJbTaTe »JJeKTpoAMHaMHuecKoro »sddekra, a TakkKe K



MTHOBCHHOMY, B3PBIBOIIOJOOHOMY OOpa30BaHUIO Tapa W3 TKAHEBOW YKUIKOCTH U
KpPOBH.

TepMmuueckoe JnelCTBHE TOKa TMPOSIBISETCS B  0XKOTax HEKOTOPBIX
OTJICTBHBIX YYACTKOB TeJIa, HarpeBa KPOBEHOCHBIX COCYIOB, HEPBOB, KPOBH U T.II.

DIEKTPOIUTUYECKOE JEHCTBUE TOKA TPOSIBISCTCS B Pa3IOKCHUU KPOBH U
JIPYTHX OpPraHWYECKUX JKUJIKOCTEH OpraHM3Ma | BBI3BIBACT 3HAYHMTEIBHBIC
HapyIICHUS UX (PU3NKO-XUMUIECKOTO COCTaBA.

buonornyeckoe meilcTBHE TOKAa TMPOSIBISETCS KakK pa3IpakeHUE W
BO30YK/ICHUE )KMBBIX TKAHEH OpraHu3Ma, YTO COMPOBOXKIACTCS HEPOU3BOJILHBIMHU
CYJIOPOXHBIMH COKPAIIICHUSIMH MBIIIIII, B TOM YHUCJIE JICTKUX B cepama. B pesynbrare
MOTYT BO3HUKHYTh pa3JIMYHbIC HAPYIICHUS, W JaXe TOJHOE IMPEKpaIlcHHe
JCSATEIIBHOCTH OPTraHOB KPOBOOOPAIICHHUS U JIbIXaHUS.

Bo m3bexxaHne mopakeHHs 3JICKTPHYSCKUM TOKOM B CIIydan HEO0OXOJIUMO
IPOBOAUTH MPOPUIAKTUYECKHUE PAOOTHI 10 IPOBEPKE TOKOMOIBOSIINX FIEMEHTOB
(MpoOBOIOB MUTAHUS MOIXOSIIUX K KOMIIBIOTEPY) U AJIEMEHTOB 3a3€MJICHUS.

B paGore wucCHONB30BaNUCh BIEKTPONPUOOPHI: TMasibHAs  CTaHIUA,
ociiorpad, TeHepaTop UMITYJIbCOB.

MeponpusTusMu o obecrieYeHU0 AIEKTPOOE30MaCHOCTH
AIEKTPOOOOPYIOBAHMS TaK K€ BKIIOYAIOT B ceOsI:

— OTKJIIOUEHHE HAMPsDKCHUS C TOKOBEAYIIUWX YacTel, Ha KOTOPBIX WIH
PSZIOM C KOTOPBIMU OYTyT MPOBOJAUTHCS paOOTHI;

— BBIBEIIMBAHUE TUIAKATOB, KOTOPBIE YKA3BIBAIOT MECTO PAOOTHI;

— 3a3¢MJICHHE KOPITyCOB BCEX YCTAHOBOK C HCIOJB30BAHUEM HYJIEBOTO
MPOBOJIA;

— [IOKPBITHE  HAAEKHOW M30JLMEd METAUIMYECKUX ITOBEPXHOCTEU
WHCTPYMEHTOB;

— HEJIOCTYITHOCTh TOKOBEAYIIUX YACTEN alapaTypsl.



5.5 lHoxkapHas u B3pbIBHAs 0€30I1aCHOCTH

B 3aBucHMMOCTM OT XapaKTEpUCTHK, HCIOJb3YEMbIX B TPOU3BOJICTBE
BEIIECTB U MX KOJIMYECTBA, IO MOKAPHOM M B3PBIBHOM OMACHOCTH, COIJIACHO [4],
MIPOBOJUTCS KaTeropu3aius noMemieHuid. Beinensiercs nsate kareropuii: A, b, B, T,
J1. Tak kak moMenIeHNe OTHOCUTCS K KaTeropuu B, T.e. K HOMENIEHUSIM ¢ TBEPAbIMU
CrOparIMu MaTepraiaMu, HE0OX0AUMO MPETyCMOTPETH Pl TPOPUIAKTUUESCKUX
MepornpudaTuil. [[pyurHaMu BO3ropaHusi MOTYT CTaTh:

— paboTa ¢ OTKPBITOM IEKTPOAIapaTypPOi;

— KOPOTKHE 3aMbIKaHUS B OJIOKE MUTAHMUS;

— HEUCIPABHOCTh TOKOBEAYIINX YacTe 000py0BaHNS,

— HECOOJTI0/ICHNE TTPABUII MTOXKAPHOU OE30MMaCHOCTH;

— HAJINYUE TOPIOYUX KOMIIOHEHTOB: JBEPHU, JOKYMEHTBI, CTOJIbI, U30JALUS
kabenei u zp.

MepornpusiTusi 10 TOXKApHON MNPOPUIAKTUKE MOAPA3NETAIOTCS  Ha:
TEXHUYECKHUE, OPTraHU3AI[MOHHBIE, KCIUTyaTallMOHHBIE U PEKUMHBIE.

K opraHu3alluOHHBIM MEpPOINPHUATHIM OTHOCAT: NPABUIBHOE COJIEPIKAHUE
3MaHU U TEPPUTOpUM,  TpaBUJIbHAA  OKCIUIyaTalus  OOOpYIOBaHMS,
IPOTUBOMOKAPHBIA ~ MHCTPYKTaX  COTPYJHUKOB  MPEANPUATHS,  U3JAaHUE
UHCTPYKIUM.

[To>xapHass 06e30MacHOCTh OOECIEYMBACTCA CHUCTEMON MPEIOTBPAICHUS
nokapa M CHUCTEMOW IMOXapHOW 3amuTbl. Bo Bcex cllyKEOHBIX MOMEIICHUSX
o0s3aTeNbHO  JODKeH ObITh «llman »Bakyanuu o€ TpU  TOXKapey,
PErIaMEHTUPYIOINI JEUCTBUS IEPCOHANIA B CiIydya€ BO3HUKHOBEHMS oOuara
BO3TOpPaHMS U YKA3bIBAIOIIMK MECTA PACIIOJIOKEHUS MTOKAPHOU TEXHUKH.

[Ipu BOBHMKHOBEHUHU aBapUITHON CUTYalluu HEOOXOUMO:

— COOOIINTH PYKOBOJICTBY WJIH JISKYPHOMY;

— MO3BOHUTH B COOTBETCTBYIOIIYIO aBapuiiHyt0 ciiyx0y wiu MUC;

— IIPHUHATDH MCPHI 110 JIMKBUAAIIMW aBapHuH B COOTBCTCTBUU C HHCTPYKHHCﬁ.
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Radon Flux Measurement Techniques

1. Introduction

Several investigators have used various types of accumulators or charcoal
canisters to measure radon fluxes. However, at the present time there exists no
facility that can be used to accurately calibrate these flux measuring devices under
varying meteorological conditions. The flux is generally calculated by dividing the
total quantity of radon collected in the device by the area covered by the device and
by the sampling time. Therefore, it is not really possible at the present time to

compare the accuracies with which the various devices measure the radon flux.

2. The Charcoal Canister Method

Several investigators have employed various types of passive charcoal
canisters to measure the radon flux. The canister containing charcoal is placed
directly in contact with the surface. The charcoal adsorbs the emanating radon, and
after a period of time ranging from a few hours to a few days the charcoal is removed
and the average to be flux determined from the quantity of radon adsorbed on the
charcoal. The radon is usually measured by sealing the charcoal in an air tight
container, allowing the charcoal to sit for a few hours to allow the short-lived radon
daughters to come to equilibrium with the radon, and counting the gamma-rays
emitted by the short-lived radon daughter, 214Bi, using either a Nai(TIl) or a
germanium diode gamma-ray spectrometer. However, the radon can also be
desorbed from the charcoal and counted in a ZnS scintillation detector cell. The
charcoal canister method has the advantage that many measurements can be made
inexpensively because of the low cost of the canisters and the ease with which they
can be deployed and recovered.

Countess (1977) has used a modified U.S. Army MII gas mask charcoal
canister to measure radon fluxes. This canister covers an area of 87 cm2 and contains

148 g of activated charcoal. Countess (1977) reports that a lower limit of detection



of 0.03 pCi/m2-sec can be obtained for a four-day exposure using this canister. This
detection limit should be more than adequate for determining whether the flux is
greater than 2 pCi/m2-sec. Mine Safety Appliance Co. manufactures an activated
charcoal cartridge type GMA No. 459315 that is suitable for measuring radon fluxes.
It will cover an area of 41 cm2 and contains 36 g of charcoal (Countess, 1977). It is
also quite easy to construct charcoal canisters using PVC pipe or similar material.

MacBeth, et al. (1978) reported that the precision and accuracy of the
charcoal canister method is £15%. This figure may be optimistic, however, because
a two-laboratory comparison study performed to determine whether the actual
analysis of the charcoal canister is a major contributor to variations in measured
fluxes found that the average difference in the measurements between the two
laboratories was 16% (Horton, 1979). However, with careful counter calibration it
should be possible to measure the radon with a considerably better precision than
this.

Charcoal canisters have the drawback that they can only be used to measure
the flux over a very limited area for a limited period of time. Therefore, they should
be used to measure the flux at several locations and at several times at each location
to determine the average radon flux.

Maguml and Mamuro (1972) increased the measurement area to 2,450 cm
2 by spreading the charcoal over a netting laid on the ground. The charccal was
Isolated from the atmosphere by covering it with PVVC film. Kisieleski, et al. (1980)
Iincreased the area measured by attaching an army gas mask canister to the center of
a collector lid covering an area of 2,300 cm 2. However, the diffusion of the radon
under the collector lid to the charcoal canister may be too slow to prevent the radon
concentration under the lid from rising to the level at which it lowers the net radon
flux from the emanating surface, so this method could give results that are too low.
Therefore, it should not be used to measure radon fluxes until it can be proved to
provide accurate measurements. Any time the charcoal canister method is used, care

should be taken to minimize the distance between the charcoal and the emanating



surface to prevent the radon concentration from building up above the emanating

surface.

3 The Flow Method

Several investigators have measured the average radon flux over a relatively
large area by circulating the air under a collector through a charcoal bed. Pacific
Northwest Laboratory (PNL) developed a recirculating, pressure balanced, flow-
through radon flux measuring system that uses a 76 X 122 X 5 r:m (9300 cm 2 area)
aluminum tent to cover the area to be measured (Thomas, et al., 1982; Freeman,
1981). A diaphragm vacuum pump draws air through a drierite column to remove
water vapor, through a filter to remove particulates, and then through an activated
carbon trap to remove radon. The carbon trap consists of a 4.8 cm diameter
convoluted tube that is filled with 400g of Pittsburgh Carbon Company 8-12 mesh
activated carbon. This trap has been shown to absorb 99.9% of the radon in air that
is circulating through the trap at a rate of 2 liters per minute at a temperature of 44°C
(Hartley, et al., 1981). This sytem is sealed to tailings by pushing the lip of the tent
into the tailings. It is sealed to asphalt by means of caulking compound. After about
four hours of sampling, the charcoal is transferred to a petri dish and counted after a
few hours delay for 214Bi using either a Nai(TI) or an intrinsic germanium gamma-
ray spectrometer to obtain the radon concentration.

The coefficient of variation of the radon flux across the area covered by the
PNL flux measuring system is expected to be much less than the coefficient of
variation between the fluxes at widely separated locations on the tailings pile.
Freeman (1981) found that the coefficient of variation of the fluxes measured at
different locations on the Grand Junction tailings pile using the PNL system was
0.84. This is much larger than the coefficient of variation of 0.29 that Silker and
Heasler (1981) measured between four locations within an area of 200 cm2 using a
41 cm2 area charcoal canister. Countess (1977) found an even smaller coefficient of

variation between multiple measurements of radon flux over a one to two square



meter area on several test surfaces. He found that the coefficient of variation ranged
from 0.06 for an outdoor location in the phosphate region of Florida to 0.15 for
measurements on soil in New Jersey. The variation in the flux across a covered
tailings pile will be dependent upon the degree of heterogeneity of the tailings and
cover material. However, if it is assumed that the coefficient of variation of the flux
(as measured by a charcoal canister) across the PNL system will be 0.29, and the
coefficient of variation in the flux (as measured by the PNL system) across the entire
tailings pile will be 0.84, then it can be calculated that using a charcoal canister rather
than the PNL system will only increase the coefficient of variation of the measured
fluxes from 0.84 to {0.842 + 0.29 2)1/2=0.89. According to Equation (1), this would
only increase from 32 to 36 the number of locations at which it was necessary to
measure the flux in order to determine the average flux with a 25% accuracy at the
95% confidence level. It therefore appears that the average flux over a large area
could be determined just as accurately with a charcoal canister as with the PNL
system, although a few more measurements might be required. It should be
remembered also that a charcoal canister can be used to measure the radon flux over
a longer time period than can the flow system, so a single measurement using a
charcoal canister would probably provide a better estimate of the temporal average
than would a single measurement using a flow system. In summary, comparisons
between a charcoal canister system and a flow system indicate that charcoal canisters
are more effective in terms of cost and effort for measuring the average radon flux
across a large area such as a reclaimed disposal site. However, the accuracies of the
two techniques must still be compared using a calibration facility before a choice

can be made between them.
4 The Accumulation Method
The accumulation method involves the measurement of the radon that

accumulates in an open-faced container that is inverted and sealed to the emanating

surface. The accumulator is generally sealed to a soil surface using wet bentonite or



by imbedding the rim of the accumulator several centimeters into the soil. The
accumulator is sealed to rigid surfaces such as building materials using epoxy resins
or other caulking agents. Accumulators of many sizes and shapes have been used,
with large barrel accumulators being popular.

The radon flux is determined by measuring the initial rate of change in the
radon concentrations in samples of air that are withdrawn periodically from the
accumulator through a sampling port. The air in the accumulator is generally mixed
with a small fan to insure that representative samples are obtained. The flux is
calculated using the equation

F=L (2 m) @

where E = radon flux (atoms/ cm 2 -sec)

v = volume of accumulator (cm 3)

A = surface area of accumulator (cm 2)

n = radon concentration (atoms/ cm 3)

t = time (sec)

A = radon decay constant (sec-1)

The rate of change in the radon concentration in the accumulator can be used
to calculate the radon flux only until such time as the concentration reaches a level
that is a significant fraction of the concentration in the emanating material. At that
time back diffusion into the emanating material will decrease the concentration
gradient in the emanating material and thereby lower the net flux into the
accumulator. Wilkening, et al. (1972) recommends that the concentration in the
accumulator be kept below 10% of the soil gas concentration at a depth of 13 cm.
For most soils this concentration is reached in a matter of hours.

Errors may arise in the measurement of radon fluxes using accumulators
because of errors in the measurement of the quantity of radon in the accumulator,
and because the accumulator (1) changes the flux by disturbing the soil, (2) changes
the soil temperature, which may change the thermal stability or the amount of radon

adsorbed onto soil grains, (3) reduces the flux because Of increased radon



concentrations inside the accumulator and (4) changes the temperature, wind
velocity, and turbulence above the soil surface (Duwe, 1976). However, the same
difficulties are faced by the charcoal canister and flow methods.

Wilkening (1977) reported that typical error limits for the accumulation
method are 6 to 10%. Bernhardt, et al. (1975) performed the most extensive
evaluation and verification of the accumulation method. They found that although
the counting errors were generally less than 5% for each radon sample, the precision
for replicate flux measurements was typically 20% for fluxe~ of 100 pCi/m 2-sec
and 50 to 100% for fluxes of less than 10 pCi/m -sec.

The accumulator has the advantage that it can be used to measure the radon
flux over a larger area than is generally measured using a charcoal canister.
However, sampling time is limited because of the build-up of radon in the
accumulator. The accumulator is a much more complicated and expensive device
than a charcoal canister, and the measurement of radon is more complicated using
the accumulator. It also appears that the precision of accumulator measurements at
low radon fluxes is not very good. These factors would seem to indicate that the
accumulator method would be a less satisfactory method for conducting radon flux
surveys than is the charcoal canister method. However, the accumulator method
could still be the method of choice if it could be shown to provide more accurate

flux measurements than other techniques.

5 Track Etch and Thermoluminescent Dosimeter (TLD) Detectors

Radon fluxes show large temporal variations, so average annual fluxes
should be determined from several measurements during the course of a year if a
measurement technique is used that is not capable of making a measurement over a
period of longer than a few days. Therefore, it might seem more practical to measure

the radon flux using a Track Etch™ or TLD detector which was buried beneath the
soil surface, or attached to the surface of a material such as asphalt or concrete, and

left in place for a year or more. Extensive measurements of soil gas concentrations



have been made using these devices by many investigators, especially during the
exploration for uranium deposits. However, the Track Etch and TLD detectors
measure the radon concentration rather than the flux. Therefore, the radon
concentrations would have to be measured at several depths and the effective
diffusion coefficient determined before fluxes could be calculated from these
concentration measurements. Alternatively, it might be possible to derive
approximate empirical factors relating single-depth radon concentrations to radon
fluxes from simultaneous measurements of concentration and flux for various
materials. Wilkening, et al. (1972) found that there was a good correlation between
radon flux and soil gas concentration near Socorro, New Mexico. However, the
derived factors might be expected to be different for different materials, and might
be expected to change with meteorological conditions and soil moisture. Therefore,
it appears that the measurement of radon fluxes using Track Etch™ or TLD detectors
would not be practical until extensive simultaneous measurements of concentrations
and fluxes had been made to derive empirical factors relating concentrations to

fluxes for various materials and conditions.

Procedures for Conducting Radon Flux Surveys

1 Summary of Recommended Procedures

A gamma-ray survey should be performed using a detector system such as a
micro-R-meter to measure the gamma-ray exposure rates at an elevation of 80 to 140
cm at the grid points of 350 by 350 cm grid. If an increase in the exposure rate is
detected at any location, a search around that location should be made at the surface
for elevated contact readings. Radon fluxes should be measured at locations showing
exposure rates greater than three standard deviations above the average for the
tailings pile. Flux measurements should also be made at enough locations on a
rectangular grid to bring the total number of measurements up to the number

required by Equation {1) or to 30, whichever is greater.



Each flux measurement should be made over as long a period of time as is
practical, preferably two or three days. The measurements should not be made after
a heavy rain, when there is an ice cover, or during high winds. If the cover material
has been sprinkled with water during application, then flux measurements should
not be begun until the covered tailings pile has dried out enough so that the radon
fluxes have stopped increasing rapidly with time. Repeated measurements at a few
locations on at least two of the first piles measured should be used to estimate how
long a time should be waited. Ideally, the flux measurements should be made every
other month over the course of at least one year. However, if the flux measurements
are being made to determine whether the flux exceeds a performance standard, it
may be necessary to complete the measurements within a shorter period of time, so
that a decision can be made as to whether further remedial action is required. In that
case, flux measurements should be made once a week for two months at each
location.

If the measurements are being made to determine whether the average flux
exceeds a performance standard, they should be discontinued whenever it becomes
possible to be reasonably certain whether or not the average flux will exceed the
standard. The measurements should be discontinued if at any time it is calculated
that there is either a less than 5% probability that the average net flux will be greater
than the existing flux standard, or a greater than 95% probability that the average net
flux will exceed the standard (net flux equals total flux minus the flux from the cover
material). After the measurements have been completed, the average and the
coefficient of variation of the measured fluxes should be used to calculate the
probability that the true average flux exceeds the standard.

On the other hand, if the flux measurements are being made to determine
whether the cover is performing as designed, fluxes from at least a few tailings piles
should be measured every other month for at least one year, because the fluxes could
change systematically with time as a result of factors such as changes in soil
moisture, erosion, settling of the cover material, growth of vegetation, and the action

of burrowing animals. After the first year the measurements should be made once a



year until it is certain that there are no significant long-term trends in the radon

fluxes.

2 Gamma-Ray Surveys

Considerably elevated radon fluxes could occur at isolated locations on a
covered tailings pile because of (1) fissures in the material used to stabilize the
tailings pile, (2) elevated exhalation rates from the underlying tailings material, or
(3) variations in the thickness of the stabilizing material. Elevated gamma-ray
exposure rates could occur at these locations because of the emission of gamma-rays
from radon daughters that would deposit on the cover material. It is quite likely that
at least some of these "hot spots™ would be missed during a radon flux survey
consisting of measurements at 30 or so locations. Therefore, it would be desirable to
determine the locations of these hot spots, and to make flux measurements at these
locations.

For the above reasons, gamma-ray surveys should be conducted before radon
flux measurements are made. The measurements should be made using micro-R-
meters at an elevation of about 80 to 140 cm at the grid points of about a
3.5 X 3.5 m grid (Young, et al, 1982). This is a considerably denser grid than is
likely to be used for the radon flux measurements. If an increase in the gamma-ray
exposure rate is detected at any location, a careful search should be made at the
surface around that location for elevated contact exposure rates. The average
exposure rate and the coefficient of variation of the exposure rates should then be
calculated from the measurements at the grid points. Radon flux measurements
should be made at locations showing exposure rates greater than three standard
deviations above the average.

It may be that the gamma-ray surveys will detect no significant hot spots. If
this is found to be the case for the first few tailings piles measured, then the gamma-

ray surveys may be discontinued for subsequent piles.



3 Radon Flux Sampling Grid

According to Leggett, et al. (1978), a parameter should be measured at 30
locations, or at a number of locations equal to 45 times the square of the coefficient
of variation of the measurements between the sampling locations, whichever is
greater. Therefore, in addition to the flux measurements made at locations of
elevated gamma-ray exposure rates, measurements should be made at enough grid
points on a rectangular grid to bring the total number of measurements up to at least
30. The coefficient of variation of the measurements should then be calculated to
determine from Equation (1) whether additional measurements should be made. If
additional measurements are required, they should be made at locations where the
original measurements have indicated that elevated radon fluxes might be present. It
may turn out to be cost-effective to make more than 30 flux measurements initially
to insure that it does not turn out to be necessary to go back later to make additional

measurements.

4. Time Schedule of Flux Measurements

A. Year-Long Measurement Series

The radon flux at any location will fluctuate with time as a result of
meteorological conditions and the moisture content of the emanating material. Since
the fluctuations could have a seasonal component, radon fluxes should be measured
every other month throughout at least a year to obtain the annual average. If the
measurements are being conducted to determine whether the cover is performing as
designed, then measurements should be made once a year after the first year or so
until it appears certain that the flux is not changing significantly with time.

Each flux measurement should be made over as long a time period as is
practical for the measurement techniques being used. If charcoal canisters are used,
each measurement should be made over a period of at least one, and preferably two

or three days because of the possibility of diurnal and other short-term variations. It



Is not practical to sample over much longer time periods than this because radon has
only a 3.8-day half-life, so the radon originally collected would mostly decay away
before measurement if longer sampling periods were used. Also, the saturation of
the charcoal by moisture and radon during longer sampling periods might lower the
adsorption efficiency of the charcoal. The adsorption efficiency of the charcoal
canister system used should be determined as a function of sampling time by making
side-by-side measurements on homogeneous tailings material whose moisture
content and radon flux is higher than would be expected for the actual covered
tailings piles that are to be measured. The measured radon fluxes for given time
periods should then be compared with fluxes measured simultaneously over shorter
time periods to determine how long a time it takes for the collection efficiency to
begin to decrease. The measurement periods for tailings piles should be kept short
compared to this time.

Radon fluxes will be measured during only a small fraction of the total time
even with an ambitious measurement program, so the measurements should not be
made at times when it is expected that the fluxes will depart considerably from
average values. Therefore, measurements should not be made following a heavy
rain, when there is ice cover, or during high winds. It is also likely that flux
measurements should not be made for a period of time following the completion of
the stabilization of the tailings pile. It is probable that the cover material will be
sprinkled with water following its placement on the tailings pile so that it can be
packed down more readily. If this is done, the radon flux should remain below
normal until the cover and tailings material dry out enough to approach equilibrium
moisture conditions. Therefore, flux measurements should be made at intervals at a
given location on the tailings pile to determine when fluxes appear to stop changing
systematically with time. At that time extensive measurements to determine the
average flux at a given location from the covered pile may be begun. After
measurements have been made on a couple of piles it may be possible to estimate
the time it takes fluxes to approach representative values, so that flux measurements

may be begun following this delay period on subsequent piles. However, the time



required for the cover material to approach equilibrium moisture content could vary
greatly with the nature of the cover material and climatic conditions.

The number of measurements that would be required to determine the
average flux at a given location with a precision of 25% at the 95% confidence level
Is given by Equation (1). There have been some repeated measurements at given
locations on tailings piles over extended periods of time. On the average, the
measurements of Silker and Heasler (1979), Marple and Clements (I1917), and
Clements, et al. (1978) show a coefficient of variation with time of 0.4. According
to Equation (1), six measurements would be required if the measurements showed
this coefficient of variation. The variation would be expected to be different at
different locations, so the total number of measurements that would be required at
any location would have to be determined from the coefficient of variation of the
first few measurements at that location.

It may be that the radon fluxes from a given tailings pile will either be so low
that it will be clear after a few measurements that the net flux will be less than the
radon flux standard~ or so high that it will be clear that the average will be greater
than the standard. Therefore, if the flux measurements are being conducted to
determine whether the average flux exceeds a performance standard, the average and
coefficient of variation of the flux should be calculated at each sampling location
after the second (and each subsequent) measurement, and then be used to calculate
the average and the coefficient of variation of the flux for the total pile. If it is
calculated that there is either a less than 5% or a greater than 95% probability that
the average flux will exceed the standard, the flux measurements should be
discontinued.

After the flux measurements have been completed, the average and
coefficient of variation of the measured fluxes should be calculated to determine the
probability that the true average flux exceeds the standard. If the average flux
exceeds the standard, and the decision is made to add additional cover material to
locations showing fluxes greater than the standard, then additional flux

measurements should be made at these locations following the addition of the cover



material. These measurements should be continued until the probability that the
average flux from the pile will exceed the standard is calculated to be less than 5%
or greater than 95%, or until the total number of measurements required by Equation
(1) is completed.

It is possible that the measurements over an extended period of time will
indicate that there is a continued change in the flux with time. In that case, if an
extrapolation of the data indicates that net flux could change from less than to greater
than the standard (or vice versa) in the future, periodic measurements should be
continued, if possible, until it is possible to be reasonably certain whether the final
average net flux will be greater than the standard.

The average flux calculated in the above manner will probably be somewhat
higher than the true average because sampling locations have been selected where
elevated fluxes are expected. The coefficient of variation of the measurements might
also be expected to be greater because of this selection of sampling locations, so the
number of required sampling locations calculated from Equation (1) would be
expected to be greater than would be the case if measurements were made only at
grid points. However, there are significant experimental errors in the measurements,
and the temporal variations of the radon flux will limit the accuracy of the calculated
average fluxes. Therefore, the bias in the calculated average flux caused by the
selection of sampling locations should be useful in decreasing the probability that
the true average flux will be greater than the standard even though the measured
average flux is 'less than the standard.

The possibility does exist, however, that tailings piles will have a large
enough number of small areas of high radon flux (hot spots) to cause the average
flux, calculated in the above manner, to exceed the true average flux by an
unacceptable amount. Model calculations by Mayer and Zimmerman (1981) indicate
that a 1.5 cm diameter hole that extends completely through a 100 cm thick cover
will increase the average flux over a 150 cmz2 area by a factor of about 30. Therefore,
if a large number of hot spots are detected, the areas of these hot spots should be

estimated. Each flux measurement, including the measurements at the grid points,



should then be weighted according to the area it represents when the average flux is

calculated.

B. Two-Month Measurement Series

It is possible that it will be decided that the requirement of a year-long flux
measurement series would produce an unacceptable delay in the verification of
compliance with a performance standard. In that case, the flux measurements should
be made once a week for two months, even though this shortened measurement
schedule would probably result in a decrease in the accuracy of the determination of
the average flux. The flux measurements should not be begun until the radon flux
has approached equilibrium values. Repeated measurements at a few locations on at
least two piles should be used to estimate how long to wait. If the measured fluxes
change systematically with time, it may be necessary to continue the measurements,
perhaps with lower frequency, until it can be predicted with reasonable certainty

whether the average flux will be greater than the standard.
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