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«HAIIMOHAJIBHBIN UCCJIEJJOBATEJBCKHUI
TOMCKHU MOJJATEXHUYECKA YHUBEPCUTET»

[IIxona MHxeHepHas 1IKOJIA SJIEPHBLIX TEXHOJIOTUN

Hampasnenue noarorosku 14.04.02 Snepubie Gusnka U TEXHOJIOTUU

OT,I[GJ'IGHI/IG mKoJbl OTaeNIeHUE SASPHO-TOINIMBHOTO ITUKJIA

MATUCTEPCKASA JTUCCEPTALUA

Tema paboTsl

Pa3pa60TI<a CUCTCMBI JISI pCIrUCTpallu COJIHCYHOI'O CIICKTpa

YJIK 537.531:543.422.3-74:523.98

CrypaeHt
I'pynna DdUO Hoanuch Hara
0AMS1 MaxmynoB @opxoKoH A3ZUMKOHOBUY 25.05.2020
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3BaHUe
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JloKHOCTH [%(0] ‘Y4enasi cTeneHb, Moanucey JaTa
3BaHue
Accucrent OATI] I'oronesa T. C. K.(b.-M.H. 25.05.2020
JOMYCTHUTH K 3ALIUTE:
PykoBoautens OOIT DdPUO YueHasi cTelneHb, IMoxnucn JaTa
3BaHue
Houent OATL] Hopodeena JI.W. K.(b.-M.H. 25.05.2020
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IINTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Kox
pe3yJabTara

Pe3yabTaTt 00yuenust
(KoMmeTeHHH)

IIpodeccuonanbHble KOMIIETEHIIMU

P1

IIpumensaTh riryOokue, MaTeMaTH4ECKueE, €CTECTBEHHOHAYYHBbIE,

COLMAJIbBHOOKOHOMUYECKHE M MpOo(decCHOHANbHbIE 3HaHMUSA I TEOPETUYECKUX U
OKCHEPUMEHTAIBHBIX HCCIENIOBAaHUNA B 00JACTH TEXHOJOTHH SACPHO-TOIITMBHOTO
LUK, (QU3UKUA KUHETUYECKUX SIBJICHUH, METOIOB pa3[elieHHsl XKHUJIKUX U Ta30BbIX
cMecel, M30TOIHBIX TEXHOJIOTHH M MAaTepHaIOB B MPO(ECCHOHAIbHON IeATEIbHOCTH.

P2

CraBUTb U peliaTb MHHOBAIIMOHHBIE HH)KEHEPHO-(DU3UYECKHE 3aa4H, PeaIn30BbIBATh
IIPOEKTHI B 00JIACTH U30TOMHBIX TEXHOIOTUI U MaTepUAIOB, HOJYUYEHHS BBICOKOYUCTBIX
BEIIECTB, IEPepabOTKH, YTHIN3AIMH U 00€3BPEKUBAHUS IPOMBIIICHHBIX OTXOJIOB.

P3

COBI[aBaTB TECOPECTUUCCKUC, (bI/ISI/ILIeCKI/Ie H MaTEMaTHYCCKHE MOJCIIN, OIIMCHIBAKOIIUC
SABJICHUA W 3aKOHOMCPHOCTU B 001aCTH HM30TOIIHBIX TEXHOJIOTUH U MaTcpualios,
IIpOBOAUTH UCCIICIOBAHUSA B obnactu pa3aciIiCHUA MOJICKYJIIPHBIX U U30TOITHBIX CMGCGI‘/'I,
IMOJIYUCHHU A BBICOKOYHMCTBIX BCIICCTB.

P4

Pa3pabaTbiBaTh HOBBIE aNTOPUTMBI M METOJBI pacueTa KacKaJoB JUIs pa3felieHus
MOJICKYJISIPHBIX M HW30TOMHBIX CMECEW, SKCIUTyaTHPOBaTh, MPOBOJIUTH HCIIBITAHUS,
MOHTaK ¥ HACTPOMKY COBPEMEHHBIX (DM3MUYECKUX YCTAHOBOK U YCTPOUCTB.

P5

OHGHI/IB&TB NCPCICKTUBLI PA3BUTHA ﬂﬂepHOﬁ OTpacCiii, aHAJIU3UPOBATDb paJuallMOHHBIC
PUCKH U CIIEHapUHM MOTEHIMATbHO BO3MOXHBIX aBapuii, pazpabarbiBaTh MEpbI 10
CHUKEHUIO PHUCKOB M OOECMEYEHUIO SICPHON U paJUallMOHHOW O€30MacCHOCTH
PYKOBOJICTBYSICh 3aKOHAMH M HOPMATHBHBIMHU JOKYMEHTAMH, COCTABISATH SKCIIEPTHOE
3aKJIIOUEHHUE.

P6

Pa3pabarbiBaTh ¥ BHEAPATH HOBBIE BU/IBI TPOIYKIIUU U TEXHOJIOTUMN, IPOSKTHUPOBATH U
OpTraHU30BBIBATh MHHOBAIIMOHHBIN OM3HEC, (HOpMUPOBATH YPPEKTUBHYIO CTPATETUIO U
AKTUBHYIO TOJIUTUKY PUCK-MEHEI)KMEHTa Ha NPEANPUATHH, MPUMEHSTh METO]IbI
OIICHKHU Ka4ueCTBa " p€3y.]'H)TaTI/IBHOCTI/I praa nepCOHana, HpI/IMeHﬂTI) 3HAHUEC OCHOBHBIX
MOJIOKEHUH TMAaTeHTHOIO 3aKOHOJATeNIbcTBA M aBTOPCKOro mnpaBa Poccuiickoit
denepanuu.

P7

JleMOHCTpUpOBaTh TIyOOKHE 3HAHUS COLHUAIBHBIX, ITHUECKUX U KYJIbTYPHBIX
aCMeKTOB HHHOBAIIMOHHOM  Mpo(ecCHOHATBHOM  JEeSTeNbHOCTH, HCIOIb30BaTh
COBPEMEHHBIE JOCTWKECHHMS M IIEPEIOBbIE TEXHOJIOTHU IIOJYYEHUS U NPUMEHECHMS
M30TONMHO-MOIU(UIIMPOBAHHBIX MaTEpUAJIOB B PO(ECCHOHATIBHOM JIeATENbHOCTH.

P8

CaMoCTOATeNbHO YUUTHCS M HEMPEPHIBHO MOBBIIATH KBATH(PHUKALIUIO B TEUEHUE BCETO
nepuo/ia Npo(ecCUOHANBHON NESITEIbHOCTH.

P9

AKTUBHO BJIa/IeTh MHOCTPAHHBIM S3BIKOM Ha YpPOBHE, MO3BOJISIONIEM paboTaTh B
MHOSI3bIYHOM cpefnie, pa3pabarbiBaTh JOKYMEHTALUIO, IPE3EHTOBATH PE3YJIbTAThI
poecCHOHAILHON 1€ TEIbHOCTH.

P10

O¢dexktuBHO paboTaTh HMHIMBUAYAIBHO U B KOJUIEKTHBE, JIEMOHCTPHPOBATH
OTBETCTBEHHOCTh 3a Pe3yJibTaThl pabOThl U TOTOBHOCThH CJIE€I0BaTh KOPHOPATHUBHOMN
KyJbTYpE OpraHU3aluu.




MunucrepcTBo o0pa3oBanusi  Hayku Poccuiickoii @enepanun dhenepaipbHOe
rOCy/IapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEIKIACHHUE BBICIIETO 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJIEJJIOBATEJIBCKHI
TOMCKHWA MOJIMTEXHUYECKWA YHUBEPCUTET»

[ITxona UHxeHepHas IIKOJIA SJIEPHBLIX TEXHOJIOTUN

Hampasnenue noarorosku 14.04.02 Snepubie Gusnka U TeXHOJIOTUU
Otnenenue mkoibl OTAEICHNE SIEPHO-TOIUIMBHOTO ITUKIIA

YTBEPXAIO:
PykoBoaurens OOII

JI.U. JlopodeeBa
« » 2020

3AJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(QUKANMOHHOMH PadoThI
B (hopme:

MaFHCTepCKaﬂ AUuccepranusa

Crynenry:

I'pynna L0d4 (0]

0AMS1 MaxmynoBy @opxo1KOHY A3UMKOHOBUUY

Tema paGoTsr:

Pa3pa60TI<a CHUCTCMBI UL PETUCTpallui COJIHEYHOI'O CIICKTpPa

YTBepxkIeHa MPUKA30M JUPEKTOpa (1ara, HOMEp) ‘ Ne62-51/c ot 02.03.2020 r.

Cpok c/1auul CTYJIEHTOM BBITIOJTHEHHOMN paOOThI: 25.05.2020 r.
TEXHUYECKOE 3AJIAHUE:

Hcxoanbie nanHbIe K padore — IlaTtents! Ha U300peTEHUS;

—  Cnexrporpad JDC-452;
—  ConHeuHblii TpeKep;
— TI3C-nmuneiika Sony;




IlepedyeHs MoAIEKANINX HCCTETOBAHMIO,
NMPOEKTHPOBAHMIO M pa3padoTKe
BOIIPOCOB

aHaJIu3 I/ICCJIGI[OBaHI/Iﬁ B o0acTu

CIICKTPOCKOIIMU COJIHCUHOT'O U3JTYUCHUA,

TIOMCK INPOTOTHUIIOB IJIA CO3aHUSA CUCTCMBI;

pa3paboTKa CUCTEMBI;

HCCICOOBAHUC CIICKTPOB C UCIIOJIb30BaAHUEM

CUCTCMBI.

KoHcyabTaHThI 110 pa3jeaM BbIIYCKHONH KBAJIM(PUKANMOHHON PadOThI

pecypcocOepexeHue

Paznen Koncyapranr
DuHAHCOBBIM MEHEKMEHT,
pecypcoddHeKTUBHOCTD U Kamyk 1.B.

COI_[I/IaJ'IbHaH OTBCTCTBCHHOCTD

TI'oronesa T.C.

A3bIKAX:

Ha3Banus pa3jienoB, KOTOpbIe 101:KHbI ObITH HAMMCAHBI HA PYCCKOM U HHOCTPAHHOM

1. O630p nuTEpaTYpHI

2. Paspa60TI<a CUCTCMBbI U3MCPCHUA COJIHCYHBIX CIICKTPOB

3. CouunanbpHas OTBETCTBEHHOCTD

4. ®uHaHCOBBI MEHEIKMEHT, pecypcorhHeKTUBHOCTD U pecypcocOepekeHne

JlaTa Bbl1a4u 3aJaHUS HA BHINOJHEHNE BbINYCKHOM 12.03.2020
KBAJIH(HUKAIMOHHOH PadoTHI 110 JMHEHHOMY rpaduky T
3aaHue BbI1AJ1 PYKOBOAMTEJb:
JloKHOCTH [(%(0] ‘Y4enast cTeneHb, Moanucey JlaTa
3BaHHUE
ITpodeccop OATL] B.®. Mbitikun a. ¢.-M. H. 12.03.2020
3aaHue NPUHSAJ K NCIOJHEHUIO CTY/ICHT:
I'pynna (0] 7 (0] Moanucey Jara
0AMS1 MaxmynoB @opxoKoH A3ZUMKOHOBAY 12.03.2020




_ 3AJIAHME ]ISl PA3/IEJIA
«®PUHAHCOBBIII MEHEKMEHT, PECYPCOY®®EKTUBHOCTH 1

PECYPCOCBEPEKXEHUE»
Crynenry:
'pynna ouo
0AMS1 Maxmy10B @OpX0JKOH A3UMKOHOBUY
IIkoaa HATII Otaenenne mkoabl (HOL) oATH
YpoBennb MarHCTpaTypa HanpasJienue/cnenuajbHOCTh 14.04.02 « ﬂI{eprIe
06pasoanus (bu3MKa ¥ TEXHOIOTHN»/

«M30TOITHBIE TEXHOJIOTUH
Y MaTepHaJIbI»

pecypcocOepexeHue»:

Hcxonnbie nannbie K paszneny « PHHaHCOBBIN MEHEIKMEHT, pecypcodPPeKTHBHOCTD U

1. Cmoumocmv pecypcog Hayunozo uccaedosanus (HH):
MaAMepuUaAnbHO-MEXHUYECKUX, IHEPLeMUYECKUX,
DUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBEUECKUX

[Ipn mpoBemeHMM WCCIEAOBAHUI  HCIOJB3yETCA
MaTepualpHO-TexHHYeckas 0Oaza HUW TIIY, B
WCCICIOBAaHUM  3aJCHCTBOBaHBI 2  dYEJOBEKa:
PYKOBOJAUTEIb U UCTIOJIHUTEINb

2. chonwyemaﬂ cucmema H(,UZ02005]109{C€HI/I}1, cmaesKku
HAJ102086, omtmcxzeHuﬁ, z)ucmHmupoeaHuﬂ u erdumoeaﬂuﬂ

OtuncneHus Bo BHEOIOKETHBIC (DOHIBI COCTABISIOT
30 %

Hepeqeﬂb BOIIPOCOB, MOJJC/KAINUX HCCICTO0BAHUIO,

MPOEeKTHPOBAHUIO U pa3padoTKe:

1. Oyenka rxommepueckoeo nomeHyuUAIa u NEPCNEeKMUEHOCMU
npogedenus HU

- IoTeHnmambHEIE TOTPEOUTENH PE3YIIHTATOB
HCCIIEIOBAHNS;

- AHann3 KOHKYPEHTHBIX TEXHUUECKUX PETIICHHUI;

- Marpuiia SWOT -ananus.

2. ©opmuposanue niana u epagpuxa paspabomxu HU

dopmupoBaHue miaHa u rpaduka pa3paboTKu:
- CocraBiieHHE MTEPEYHS 3TAIOB, PaboT;

- OmnpejieneHne TPyI0eMKOCTH paboT;

- Paszpabortka rpaduka nposenenust HU.

3. Cocmasnenue 0100cema HAYYHLIX UCCIEO08AHULL

dopmupoBanue OrojpkeTa 3aTpaT Ha Hay4YHOE
HCCIIeI0BaHME:!

- MarepuanbHble 3aTpaThl;

- 3arparsl Ha CrIer000Py/I0BaHHE;

- 3apaboTHas 1u1aTa (OCHOBHAS U JIOTIONTHUTEIBHAS);
- CTpaxoBbl€ OTYHCIICHHS;

- HaknanHble pacxofpl.

4. Oyenka pecypchotl, puHanco8ol, OI00HCemHOU
agppexmusnocmu HU

OnpeneneHue HoKa3aTenen: (buHaHCOBOM
3¢ peKTUBHOCTH, pecypcoaddexTuBHOCTH, u
UHTErpaIbHOU () (HEKTHBHOCTH.

Hepe‘lel—lb Fpa(l)ﬂ‘leCKOFO MAaTEePHUAJIA (c mounsiv yrasanuem 0bs3amenvHbIX yuepmenicetl)

1. Oyenxa KOHKYPeHMOCNOCOOHOCIU MEXHUYECKUX PeUeHUL
2. Mampuya SWOT

3. Ipagux nposedenus u 6100xcem HU

4. OcHnosnvie noxkasamenu d¢pghexmugnocmu HU

\ JlaTa BbI1a4M 3a1aHu U1 Pa3/iesia 1mo JHHEeHHOMY

rpaduky | 12.03.2020

3aganue BbIAAJ KOHCYJBTAHT:

JokHOCTH [27(0] YuyeHas cTeneHb, MMoanucn JlaTa
3BaHHe
Jouent OCT'H N.B. Kamyk K.T.H. 12.03.2020
38[[3Hl/le NMPUHAJT K UICITIOJJTHEHHUIO CTYACHT:
I'pynna DPUO Hoanuch Jara
0AMSI MaxmyaoB @opxokoH A3UMKOHOBUY 12.03.2020
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3AJJAHME JIJISI PA3JIEJIA
«COIMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
0AMSI1 MaxmyzoB PopxomkoH A3HMKOHOBUY
Ixoaa HATIIH Otaenenue (HOLL) OsATI
YpoBens o0pa3oBaHus Maructparypa HanpasJieHue/cnenuajbHOCTh 14.04.02 « Snepurie

bu3KMKa U TEXHOIOTHIY/
«M30TOMHBIE TEXHOJIOTHH
Y MaTepHaJIbIy

Tema BKP:

Pa3paGoTka cucTeMbl JJIsl PErHCTPAIIMM COJTHEYHOTO CTIEKTPa

Hcxonnble nannble K pazaeny «ConuaabHasi 0TBETCTBEHHOCTD) !

1. XapakTepucTika 00beKTa HCClIe10BaHus (BEIIECTBO, OOBEKT HucClleI0BaHKS — CUCTEMA
MaTepuai, npudop, aNropuTM, METOINKa, padovast 30Ha) U | PETUCTPAIMN COJHEYHBIX U3TY4YCHUH.
obnacTu ero mpuMeHeHHS

Ilepeuens BOIPOCOB, MOUICKALINX UCCIECIOBAHHUIO, IPOSKTUPOBAHMIO U pa3paboTKe:

paboueil 30HBI.

1. IlpaBoBbIe U OPraHU3aLHOHHbIE BONPOCHI
odecreyeHus 0€30MaACHOCTH:

— Tpynosoii konekc Poccuiickoit
®epnepauun ot 30.12.2001 N 197-03

—  chenuaibHbIe (XapaKTepHbIE MPHU IKCIUTyaTalluu (pen. ot 27.12.2018)
00bEKTa MCCIICIOBaHMsI, TPOSKTUPYEMOH paboyeit — CaulluH 2.2.2/2.4.1340-03.
30HBI) [IPAaBOBBIC HOPMBI TPYJOBOTO I'uruennyeckue TpeOOBAHUS K
3aKOHOJIATENNbCTRA,; MEPCOHANBHBIM 3JIEKTPOHHO-
— OpraHU3alMOHHBIC MEPOIPUATHS IPU KOMIIOHOBKE BBIYUCIUTEIBHBIM MaIlIUHAM U

OpraHu3aIyy PadoTHI.

BO3JICUCTBUS

2. IIpousBoacTBeHHasi 0€30NIACHOCTD:
2.1. AHanu3 BBISBICHHBIX BPEIHBIX U OMACHBIX (DAKTOPOB | —  OTKJIOHEHHUE MOKa3aTenei
2.2. ObocHOBaHNE MEPONPUSTHI TI0 CHUKEHHUIO

Bpennsie u onacHble hakTOpPHI:

MHKPOKJIMMATA;

—  IpEBBIIIEHHE YPOBHS IIyMa;

—  IOBBIIICHHBIN YPOBEHb
SJICKTPOMArHUTHOT'O U3JIYyUCHUS

—  HEJOCTaTOYHasi OCBEIIEHHOCTh
paboyeii 30HbI;

—  TICHXO(MHU3UOJIOTHIECKHE HAIPY3KH;

—  TIOpaXKEHHE IJTEKTPHUECKUM TOKOM.

3. OkoJiornyeckas 0€30MacCHOCTD:

aHaJIM3 BIUSHUA 00BEKTa U Ipolecca
HCCIICI0BAHUS HA OKPY>KAIOILYIO CPEAdy.

4. be3onacHOCTh B Ype3BbIYAHHBIX CHATYallAX:

— ananu3 HauOonee TunuyHoi YC:
nmo>kap B paboueM MOMENICHUH;

— TPEBEHTUBHBIE MEPHI U TTOPSIIOK
JeicTBuil npu Bo3HUKHOBEHUH UC

| JlaTa BbIIauM 3a1aHNs 105 pa3aeaa 0o JHHEHHOMY rpaguKy | 12.03.2020

3agaHue BbIAAJ KOHCYJIbTAHT:

Jlo/zkHOCTH DOUo0 Yuenas creneHb, MMoanuch Jara
3BaHHUC
Accucrtent OATL] l'oronesa Tatbsana K.(p.-M.H. 12.03.2020
CepreeBHa




3ananue NMPUHAJI K HCITIOJTHCHUIO CTYJACHT:

I'pynna

DPUO

IMoanucn

JlaTa

0AMS1

MaxmynoB @opx0oKOH A3UMKOHOBHY

12.03.2020




MunucTepcTBO 00pa3oBanus U HayKku Poccuiickoit @enepauun
(benepanbHOE rOCy1apCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE

YUpEXKJIEHUE BBICIIETO 00Pa30BaHUs

«HAIIMOHAJIBHBIN UCCJIEJJOBATEJBCKHUI
TOMCKHA MOJUTEXHUYECKHU YHUBEPCUTET»

Ixoma: WMmxeHepHas IIKOJA IAEPHBIX TEXHOJOTHNA

Hamnpasnenue noaroroku (cnenuanbHocTh) 14.04.02 SAnepHas dhusnka u TEXHOJIOTHH
YpoBenb 00pa3oBaHusi Marucrparypa
Otnenenne mkossl (HOL) Otnenenue siaepHO-TOMIMBHOTO IIUKIIA

HCpI/IO,I[ BBITIOJTHEHU A

(oceunuii / Becernnii cemectp 2019/2020 yuebHOrO roma)

®opma npeacTaBieHus: padoThI:

MaFI/ICTepCKaH JUuccepranua

KAJIEHJIAPHBIN PEUTUHT -TIJIAH

BbINIOJIHEHH S BBINIYCKHOM KBAJTH(UKANMOHHOMH PadoThI

CpOK Ccla4uu CTYyJCHTOM BBITTOJIHEHHOM pa6OTI>IZ ‘

25.05.2020

JlaTa KOHTpO.JIsA HasBanue pasnena (MoxyJist) / BUI MaxkcuManbHbIIi
padoThI (McciIeA0BAHMSA) 0aJ1 pa3aena (MoayJis)
02.03.2020 | Briiaua 3agaHus
13.03.2020 [IpoBenenue aHamm3a IUTEPATYPHI
05.04.2020 Pa3paboTka cucTeMbl H3MEPEHHI COTHEYHBIX CIIEKTPOB
01.05.2020 [IpoBenenne n3mMepeHuii U aHATN3 MOTYUYEHHBIX PE3yIbTaTOB
25.05.2020 Cnaua paboThr

CocraBui ImpenoaaBaTeiib:

Jlo/zKHOCTH DoUo Yu4eHnas crenenb, Iloanucn JlaTa
3BaHNe
[Tpodeccop OATL] Mpiikus B.®. . @.-M. H. 12.03.2020
COI'TIACOBAHO:
PykoBoautens OOIL DdUO Yuenas creneHb, Ioanucn Jata
3BaHNe
Houent OATIL] Hopodeena JI.U. K.(b.-M.H. 12.03.2020




Pegepar

Brinmycknas kBanudukanuontas pabota coaepxkut 87 crpanui, 19 tabnui,
22 pucyHKOB, 37 UCTOUYHUKOB, | IPHUIIOKEHUE.

KitoueBbie ciioBa: COJNHEYHBIH CHEKTP, NU(DPAKIMOHHBIA CIEKTPOMETD,
JIMHWSI TTOTJIONIEHUS, BOJA.

[lenr pabotel - Pa3paboTka cucTeMBI sl TIOMCKAa ClHAObIX JIMHUN
MOTJIOIICHHSI BOJBI B CIIEKTPE COTHEYHOTO U3ITyUEHHUSI.

B mporecce pabotel mpoBenéH 0030p HAyYHBIX CTaTe M MATCHTOB, Ha
OCHOBE KOTOpBIX ObLTa pa3paboTaHa U coOpaHa CHEKTpalibHasi CUCTEMa sl
PETUCTPALINU CJIA0BIX TUHUH MOTIIOMIEHHS BOBI. ICTIOIh30BaH KOPPEAIIMOHHBIHI
GuibTp B BUJIE )KUJKOM, TBEPIOH U ra3000pa3HOi BOJbI. PernctpupoBanu crexTp
COJTHEYHOTO M3Ty4YCHHS B PA3TIMYHBIX YCIOBUSIX OOJAYHOCTH.

B pesynbrare mpencraBieHa pabouasi cUCTEMa U3MEPEHMM COJIHEUHBIX
CIEKTPOB Ha OCHOBE criekTporpada JDC-452.

OO6nacTs MpUMEHEHHSI PE3yJIbTaTOB UCCIEIOBAHUS: SIIEPHBIC TEXHOJIOTHH,

IMPOMBIINIJIICHHBIC TCXHOJIOT'NH, HAYYHBIC UCCIICIOBAHMA.
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BBenenue

B cBs31 ¢ poCTOM aKTMBHOCTH MPOMBINUIEHHOCTH BO3HUKAET MOBBIIICHHAS
KOHIIEHTpAIUs MapHUKOBBIX Ta30B B aTMOC(epe, a TaK:KE MOTYT MOSIBUTHCS HOBBIE
Malible npuMecH. [IpuMecu MOryT OKa3bIBaTh HETaTUBHOE BO3aeucTBUE. [loaTOMYy
BO3HHMKAET HEOOXOAMMOCTh K pa3pabOTKE HOBBIX CHCTEM JUIsI TTOCTOSTHHOTO
CHUCTEMATHYECKOTO MOHUTOPUHTA COCTOsIHUSA atMocdepsrl. [Ipu aToM HEOOX01UMO
MCIIOJIB30BaTh JOPOTOCTOSIINE CIIEKTPATIbHBIE MPUOOPHI C BLICOKUM CIIEKTPaTbHBIM
pa3pelICHUEM.

B ycrnoBusix neduimra pecypcoB CTAaHOBHUTCS aKTyaJbHBIM pa3paboTka
METOJIOB PETUCTPALIMU CIIEKTPOB CO CIIEKTPOMETPAMHU CO CPEAHUM pPa3pELICHUEM,
00€eCIEeYnBAIOIIMM PETUCTPALIMIO CJIA00T0 TOIJIONICHUS! WM CJIa0bIX JIMHUN
IIOTJIOLICHUS.

Jlist pa3pabOTKM TakoW CHUCTEMbl HEOOXOAMMO HMETh MPEICTaBICHHE O
MPUHIIUIE PpabOThl CHEKTPOMETPA, B3aUMOJCUCTBUU COJHEYHOTO H3IYUYCHHUS C
MaTpHIIEH, yUUTBIBATh OCOOCHHOCTU COTHEYHOTO U3ITYUYCHHS B pa3HBIX JIMalla30HaX.

[ens uccnenoBanus - PazpaboTka cucTeMsbl Jisi perucTpanuu ciadbix TUHUN
MIOIJIOLIEHUS BOJBI B CIIEKTPE COJTHEYHOI'O U3JIYyUYCHHUS.

JIns mOCTHXKEHUsSI TOCTABJIICHHOM IIEJIM HEOOXOJMMO PEUIUTh CISAYIONINE

3aJ1aum;
- O0630p TUTEPATYPHI;

— Pa3paboTka 1 peanu3aius CHCTEMbI PETMCTPALUU CIIEKTPA COJTHEUHOTO

U3ITy4YEeHHS] Yepe3 KOPPEIUIIUMOHHBIA (PUITBTD;

- PGFI/ICTpaI_[I/IH CIICKTpa COJIHCHHOI'O U3JIYUCHHUA U IIOMCK B HCM caa0BIX

JIMHUM ITOI'JIOIICHU BOIHBI.

12



1 O030p JuTeparypbl
1.1 IudpakumoHHbI CIEKTPOMETP

JleiictBue  nudpakMOHHON  PEMIETKH JIETKO TOHSTh, PacCMOTPEB
UHTEP(EPEHINIO OTACIBHBIX TUIOCKUX BOJH, UCHBITABIIUX JUPPAKIINIO HA MIENIAX
(Tpuxax) pemeTtku. B pesynbrare umHTepdEepeHInU JTydyeil OyayT HaOI0IaThCs
MaKCUMYMBbI, KOTJIa Pa3HOCTh XO0/a Jyuel, UCXOSAIINX U3 COCEIHUX Ieneu, A2 —
Al OyaeT paBHa IeJIOMY YHCITy BOJH [1].

[Ipu QopmupoBanun IUPAKIIMOHHON KapTUHBI OT AUPPAKIUOHHOM
peleTk HEeoOXOIMMO INPUHUMATh BO BHHUMaHUE Kak IUQPAKIUI0 HAa OJHOM

QJICMCHTC PCHICTKH, KOTOpas OIIMCBIBACTCS BBIPAKCHUAMHA

FU) = (592, (1)
U= b (sinci);sim,b)’

()
e Y — yroJj maJicHus CBeTa Ha pelieTky; ¢— audparupoBanubiii yroi; b — pasmep
OTPaKAFOIIETO JIEMEHTA PEIICTKH; A — JUTMHA BOJIHBI H3JTyICHHUS.

CymmapHas KapTHHA JJIsl JAHHOW JITMHBI BOJIHBI A, YYHTHIBAIOIIAs Kak
TudpakIMio HAa OJHOM DJIEMEHTE PelIeTKH, TaKk U Ha N mrpuxax. Takum oOpazom,
pemeTka o0pa3yeT IENyH0 CEPHIO CIIEKTPOB, TOPSIOK KOTOPBIX OIMPEAEIISIeTCS
3HaYeHHWEM (. B IeHTpe KapTUHBI HAXOAHWTCS HYJICBOH  MaKCHMYyM,
COOTBETCTBYIOIIMIA HEPa3JI0KEHHOMY cIeKkTpy. Ecnu pemietka mpoduimupoBana,
MaKCUMyM JUGPAKIIMOHHOW KAapTUHBI CMEIIaeTcs B 00JacTh 0o0Jiee BBICOKHX
MOPSIKOB Ha yroJI, Ha3bIBaeMbIl «yTjoM Oaecka» [1].

Pemerka paer OOJBIIOE YHCIO CIEKTPOB, COOTBETCTBYIOIIHUX Pa3HBIM
3HayeHusM K. [Ipu K = 0 uMeeM criekTp HyJIeBOTO MoOpsjaKa, A KOTOporo sing +
siny HE3aBUCHUMO OT JJIMHBI BOJHBL. BepxHee 3HaUYeHHWE K OTPAaHHYUBACTCS
ycimoBueM [sing + siny|< 2. TToaygaem kKA < 2t, 1, cienoBaTenbHO, MAKCUMATBHOE

3HAYEHHE K OYICT Koy < 2t/A.
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YroObl pemieTka JaBajla CIEKTP XOTsA Obl MEPBOrO MOPSAKA, JOJIKHO
BBIMOJHATHCS yciaoBue t > A/2. Takum oOpazom, migs A = 5000A mocTtosiHHas
pemieTku AobkHA ObITh Oonee 2500A, T.e. pemerka gomkHa umets menee 4000
mtp./MM. CoBpeMeHHbIe permeTkd uMmetoT oT 600 go 2400 mp./MM, T.e. OJU3KH K
ykazanHomy npeneny. st obmactu 10000A pemretka, umeromas 2400 mTp./mMm,
y>K€ HE TOJIUTCS, TaK KaK C €€ IOMOIIbIO HeNb3s1 HA0JII01aTh CHEKTP JaKe EPBOrO
nopsaka. [loatomy aiis Oonee AITMHHOBOIHOBOM 00JaCTH MPUXOIUTCS IPUMEHSTh

OTHOCHUTEIILHO TpyObIe pemieTkH, umetomue 300 mrp./MM u Meree [1].

1.2 AHaau3 cneKTpa BOAbI

AHanmu3 BOJABI B PA3IMYHBIX CPENax W MPU PA3THYHBIX YCIOBHUSAX SBIISICTCS
OCHOBHOM 4YacThiO 00JacTH cleKTpockomnuu, o6mu3koi k uHdpakpacHoit (NIR), c
MoMeHTa ee co3fanus. [Ipounocts nonoc nornomieHus: NIR, yHukanbHas mojoca
couetanus BoAbl mpu 1940 HM W YYBCTBUTEIBHOCTH TMOJOC TMOTJOMICHUS K
OKpY’Karolel cpeie MOJIeKYyJl BOAbI - Bce 3TO crnocoOcTtBoBasio ycrnexy NIR B
W3YYCHUU U U3MEPCHUU BOJHI [2].

ITonoce! moriomenus Boabl B oogactu 800-2500 HM npecTaBiaeHo B TabIUIIE
1. KommdyecTBO MUKOB BOISIHOTO Mapa, TOKA3aHHBIX B TAOJHUIIE, BEPOSITHO, B3SATHI U3
CIEKTpa C HU3KUM pa3perieHreM, TaK Kak ropaso OoJblIee KOJIMYECTBO MUKOB
BOJSTHOTO TIapa OBLIM 3apETHCTPUPOBAHBI NPYTrUMHU. [[pUHATHIC 3HAUCHUS IS IBYX
nonoc npuMepro 6900 cmt (1450 um) 1 10300 cm™ (970 HM) yKa3bIBAIOT, UTO TO
KOMOWHUPOBAHHBIE TOJIOCHI, BKJIIOYAIOIINE CHUMMETPUYHBIM W aCUMMETPHUYHBIN
PEXKUMBI PACTSDKCHHST MOJIEKYJIBl BOJABL. DTO HAOMIOACHUE OBLIO MPOBEIEHO IIO
CPaBHEHUIO CO CIIEKTPAMH TTAPOB C BEICOKUM pa3perieHrneM. belio Takxke BhICKa3aHo
MIPEANOJI0KEHNEe, YTO TIEPBBIM 00EPTOH AaCUMMETPUYHOTO PACTSIKEHUS CIydaiHO
neopMHUpPYETCS ¢ CyMMOW aCHMMETPUYHBIX M CHMMETPUYHBIX PACTSOKCHUH B

pa30aBlIeHHBIX pacTBOpax [2].
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Ta6mumna 1. JmuHbl BOJIH JTMHHUKM TOTJIOIMIEHUS BOIBI, JIbJIa U Mapa

Kunkocts, | Kunkocts, | Kugkocts, | JKUIKOCTS,
Omu3kas Kk | Onmskag Kk | Oim3kag K | OJu3kas K
Jen | Jlen [Tap | Ilap
TOYKE TOUYKE TOUKE TOYKE
(M) | (em?) (am) | (em?)
3aMEep3aHusl | 3aMEep3aHusl | KUIICHUS KHAIIEHUS
(HM) (em™) (HM) (cm™)
800 | 12500 770 13000 740 13500 723 | 13831
909 | 11000 847 11800 840 11900 823 | 12151
1025 | 9760 979 10210 967 10340 942 | 10613
1250 | 7990 1200 8310 1160 8640 1135 | 8807
1492 | 6700 1453 6880 1425 7020 1380 | 7252
1780 | 5620 1780 5620 1786 5600 - -
1988 | 5030 1938 5160 1916 5220 1875 | 5332

XOTs 3TH JBE TOJIOCHI OOBIYHO HA3bIBAIOT MEPBBIM M BTOPHIM OOEpPTOHAMU
pactsokennss OH, Ha caMOM Jiee OHU SIBIISSFOTCS KOMOMHAIIMOHHBIMH TTOJIOCaMHU.

CuipHbli Kk 5150 cwm?

(1940 ©M) mnpexacrtaBiasier co0OM KOMOMHAITUIO
ACHIMMETPUYHOTO PACTSHKEHUS M M3TH0a MOJEKYJbI BOJBL. B KuaKoi Boje Takxke
MMEIOTCS CIa0ble, IUPOKHE KOMOMHAMOHHBIE TI0JI0CH 0K0JI0 5620 cm™ (1780 Hm)
1 8310 cm (1200 uM) 1 BTOpOit HaGop oxomo 11800 u 13000 cm™? (840 u 740 HMm).
[Muxu Boasl ¢ MakcumyMamu okono 10300 cm™ (970 mm), 8330 cmt (1200 M), u
6900 cm? (1450 HM) MPU KOMHATHOM TEMIIEPATYPE CMEILAIOTCA B CTOPOHY OoJiee
BBICOKOT'O BOJHOBOTO uyucia (0Oojiee HU3KOW JJIMHBI BOJHBI) C YBEJIHMUYECHUEM
temriepatypbl. Mmoctpanuio temriepatypHoro sddekra npu "mepBom o6roHe"

nokazana Ha pucynke 1. M3ocGecroBas Touka mis momnocskl 10300 cm? (970 mm)

cocrapusger 10100 cm? (990 um), naa 8330 cm™ (1200 HM) cocraBnser okono 8400
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cm? (1190 M), u g 6900 cm™ (1450 HM) MOJIOCH! COCTaBIISET OKOIO 6960 cm™
[IpucytcTBre M30COECTOBOM TOUKHM YKa3bIBaeT Ha TO, 4TO KanmOpoBka NIR s
BOJBI HE3ABUCHMO OT TEMIIEPATYPhl MOXKET OBITH BO3MOXKHA IIyTEM Pa3yMHOIO

BLI60pa JJINHBI BOJIHBI.

7300 7200 7100 F000 6900 6800 6700 6600 6500

Absorbance/Wavenumber (cm™')

Pucynok 1 — Cnektpsl BoAsl 1pu 1mTH Temieparypax ot 25 °C no 65 °C
N3ocOecTHas To4Ka Takke ObUla M3ydyeHa Ul U3MEHEHUS JTaBJICHUS BOJbI
npu TocTostHHON Temmeparype [3]. CaBur k 0osiee BHICOKOMY BOJIHOBOMY YHCITY
(HIDKHSISL JJIMHA BOJIHBI) MPOM30LUIO C MOBBILIEHWEM JAaBieHus. JlaBieHue

n3zocOectoBoi Touku it 10300 cm

nuk 061 0KoJ10 10200 cm'1 (980 HM). Tam
OBLIM HEKOTOPBIE CIIOPHI IO MIOBOJTY TOTO, KUIKAs BOJIa COACPKUT MOJICKYJIbl BOJIBI
B TPEX COCTOSTHUSIX BOJOPOJHOM CBSI3U: CBOOOJIHBIN, CBSI3aHHBIM Uepe3 OJUH, JBa
WJIA TPU BOJOPOAHBIX CBSI3€H; WIM SABJISAETCS KOHTUHYYMOM Pa3JIMYHbIX CHJIBHBIX
CBSI3E€H WJIM T/Ie-TO MEXKIy. B menom, TeMriepaTypHbie UCCIAEAOBaHUS U 00paboTKU
JTAaHHBIX, TAKME KaK BTOPBIE TPOU3BOJAHBIE U CIIEKTPAIIBHOE Pa3pEUICHUE MTOKA3AIIH,
YTO CYUIECTBYIOT OTAEIbHBIC MMHKH, MPUCYTCTBYIOLINE JJISI PA3JIMYHBIX COCTOSIHUM
MOJIEKYJI BOIbI, CBSI3aHHBIX C BojopojaoM. Kak ykazaHo B [4] MHTEHCUBHOCTh U

IIUpHUHA 3THUX IIHMKOB 3aBUCAT OT AHTApMOHHMYHOCTb KaXJ0ro M3 HHUX, TaK 4YTO

MOJICKYJIbI, CBsA3aHHBIC C 0ojee CMEXKHBIX MOJICKYJI, HWMCIOIIMX MCHbBIIC
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aHrapMOHUYHOCTHU, OyneT mupe u ciadee. Ha pucynke 2 u pucyHke 3 mnokasaHbl
CIEKTPBI KUIKOW BOJBI W BOJBI B «CBOOOIHOM» COCTOSHUU, B TETPAXJIOPHUJC

yraepoaa.

72

NN

?? -

A A

12000 11000 10000 9000 8000 7000 6000 5000

Absorbance/Wavenumber (ecm™!)

PI/ICYHOK 2-B BCPXHCM CIICKTPC IIOKa3aHa XHAKasd BOJa CO CBO6O,I[HOI>JI )51

CBSI3aHHOW BOJIOW, 4 B HIXKHEM CIIEKTPE - BOJAA C TETPAXJIOPUAOM YTIIEpOa.

0.005 -

0.004 1

0.003 -

0.002 -

0.001 -

0 -

12000 11500 11000 10500 10000 9500 9000 8500
Absorbance/Wavenumber (cm™!)
Pucynok 3 — Cniektpbl BoAbl, 007acTh ¢ Oosee BhICOKOM yacToTol. JKuakas Boga
NOKa3aHa B BEPXHEM CIEKTpE, a BOJia B TETPAXJIOpUAE yIriepoa - B HUKHEM

CIIEKTpE.
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1.3 O630p npuGOPOB M METO0B PErUCTPANUN COJTHEYHOIO CIIEKTPa

B pabore [5], ycranoBka wucnosb3dyeT 20-QyTOBBIH KOHTEHHEp IS
pasmemenus IFS 125HR FTIR-Spectrometer, ¢ MakCHMaJTbHBIM ONITUYECKAM Ty TEM
257 cm. OH ocHarmieH ceerogenutenem CaFs,, InSb u InGaAs-aetexkropom. Tpekep
CMOHTHPOBAH MOBEPX KOHTEITHEpa. MexaHnueckasi yCTaHOBKA ajlbTa3uMyTadIbHOIO
TpeKepa noka3zana Ha pucyHke 4. COJIHEUHBIN CBET OTPAXKAETCSI B KOHTEUHED ABYMS
IJIOCKAMH  DJUIMIICOBUAHBIMU  3€pKajlaMHM, HMMEIMUMU 12 CcM B KadecTBe
NPOEKIMOHHOro auametpa. IlepBoe 3epkaio MOCTPOEHO Ha CHUCTEME BpalleHUS
RV80PP, 4ToOBI MOXKHO OBLIO MOMYYUTh JOCTYN K Pa3IU4YHbBIM BbicoTaMm. Bcs
yCTaHOBKa ¢ 000MMH 3epKajaMu CMOHTHPOBaHa Ha CTYINEHHU BpaieHus Newport
RV160PP, Ttak 4To MoOrim OBITh JOCTUTHYTHI Je(UCHBIE a3UMYTAJIbHbBIE
HaIpaBJeHUsl. DTOT JBUTATENh CIIOCOOCH MepeMeniaTh 3HaYNTEIbHBIN BEC, a TAKKE
HECeT KpBIIIKY Tpekepa B (opMe "OYKBEHHOIO SIIUKA', TaK YTO OTBEPCTUE
OPUEHTUPOBAHO B HAIPABJICHUM HAOJIOJCHUSA. DTa KPBIIIKA MOXKET OTKPbIBATHCS,
3aKpbIBAThCS U 3aKpbIBaThCs CkaThiM. RV160PP umeer nuametp ocu 11 cm, yepes
KOTOPBIM CBET MAaJaeT BEPTUKAIBLHO BHU3 B KOHTEMHED. J[Ba ABUTATEINs] COEIMHEHBI

¢ 6moxom koHTposuiepa Newport XPS BHyTpu KOHTElHEpa.

Pucynok 4 — CxeMaTH4eCKUil YEPTEK MUCIIOJIB3YEMOTO TPEKEPA.
Onrtuueckass HacTpoillka BHYTPH KOHTEHHEpa IOKa3aHa Ha PHUCYHKE 3.
Ontryeckuid TyTh OT BTOPOTO CHEASUIETO 3€pKaja [0 BXOJHOTO OKHA

CIEKTPOMETpa COCTaBIsAET OKoJo 2,5 M. Pannyc gokycupyercs Ha OorpaHUUHTENE

18



BXOJIHOT'O TOJIS CIIEKTPOMETpa apaboarueckuM 3epkajioM ¢ T-00pa3Hoil oChlo.

Pucynok 5 — CxemaTnueckoe n300pakeHUe BUJa CBEPXY KaMephl U
CBETOBOI IOPOXKKH IEpE U BHYTpU cekTpomeTpa. CBET Mafaer ¢ Tpekepa Ha
KPBIILLY, HEPIIEHINKYJISIPHO IJIOCKOCTH PUCYHKA Ha IepBoe 3epkano. CTpenku
YKa3bIBAIOT Ha U3JIyYEHHE, PACCEIHHOE KOJIECOM auadparMpl, 4aCTb KOTOPOTO
Ha0II01aeTCsl KaMepou
KommionenT Bricokopaspemaromero FTIR-criektpomerpa, onpenensrommn
noyie 3peHus UuHTeppepoMeTrpa MW  BIMSIOWIMNA, Hampumep, Ha ¢GopMmy
MHCTPYMEHTAJIbHOU JIMHUU. OHO peaiu3yeTcs MI0CKUM METAIUTMYECKUM KOJIECOM C
KPYIJIBIMA OTBEPCTUSIMH PA3HOTO JAMAMETpa, KOTOPbIE MOTYT BpalaTbCs HJis
BbIOOpa TpeOyeMoro AuaMeTpa yrnopa moJis.
OH HaKkJIOHEH Ha HECKOJIBKO I'PaJyCOB OTHOCHTEJIBHO MPOXOISAIIET0 Yepes
HEro cBeTa Uil NPeJOoTBpAlleHUsI OTPAKEHUM BHYTPU  CHEKTPOMETpA.
Hcnonb3dyemble AuaMeTpbl ymopa BXOAHOTO TMOJdS MEHbIIE, YeM pa3Mep
M300pakKeHHsI COJTHEYHOTO JUCKa Ha KoJjece ymopa mojs okojio 3,8 MM, 4To

ABIIIETCSI PE3YNbTATOM (POKYCHOTO PACCTOSIHUS Mapadosimyeckoro 3epkana (418
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MM). [locne mpoxokaeHus Mmojisi OCTAaHOBKU, CBET MapajuIeNIU3yeTcs C MOMOIIbIO
KOJUIMMATOpa, a 3aTeM IOCTyHaeT B MHTEpPPEpOMETp U, HAKOHEI], MOJAECTCS Ha
JETEKTOPBI.

J171s1 KOHTPOJIA U yIIPaBIE€HUEM TPEKEPOM UcTob3yeTcs ctanaapTHas CMOS
USB-kamepa (VRmagic VRM C-9 PRO BW ¢ 1280 x 1024 nukcensiMi) B Ka4ecTBe
ONTUYECKOW OOpaTHOM CBSI3U, KOTOPas PETUCTPUPYET H3IyUeHHUE, PacCestHHOE
o0OpaTHO OT OCBEIIEHHON CTOPOHBI OTpaHUYMUTENsA. PaccTostHue Mexiy 3Tou
KaMepOW M KOJIECOM OCTaHOBKH IOJISI COCTABIIAET 25 CM, M OHO PACIIONI0KEHO TAKUM
oOpa3oM, 4YTO OHO HE€ BIMSIET Ha TpeOyeMblli CHUTHAN, KCIOJIb3YEeMbIH
cnektpomerpoM.  Kamepa  ocHamieHa — cTaHAapTHBIM ~ OOBEKTUBOM U
COOTBETCTBYIOIIMMH ONTHYECKUMHU (PUIBTpaMU 71l PEryJUPOBKU  YPOBHS
OCBENICHHOCTU. brarogaps 3aBucsIIeil OT IJIMHBI BOJHBI pepakiuu Bo3ayxa, B
ciyyae NIR nu MIR cniekTpockonuueckux HaOJIF0A€HUI BBITOJTHO OCHAIIATh KaMepy
MH(PAKPACHBIM JIMHHOMEPHBIM (PHIIBTPOM, KOTOPBIA MPOIyCKAET HU3Iy4YEHUE
cBbiie 750 HM. B CBA3M cO CEKTpaIbHOW YyBCTBUTEIBHOCTHIO TeKymux CCD u
CMOS-kamep 3TOT BBIOOP OMpeAesaeT MOJIOCY MPOMYCKaHUs MMPUHON oKoJio 10
HM. ConHeuHbI OHCK uUMeeT auaMmeTp okoio 240 mukceneil Ha 3alMMCaHHBIX
KapTHHKAaX, TUAMETPbl OCTAHOBKH TOJISI OXBATHIBAIOT Auamna3oH okoio 30 mo 160
MUKCeJIed. DTO MPUBOAMT K YTIIOBOMY pazMepy NPUOIU3ZUTENBHO 8 IyT HA MUKCETb.
N300pakenus oneHuBaroTcs Ha crangaptHoM 1K B pexxume peanbHOro BpemMeHU
IpPOrpaMMOl € HCIOJIb30BAHUEM COOTBETCTBYIOIIMX aJIrOPUTMOB 00padOTKU
U300pKEeHUM, YTOOBI OMPENETUTh (PAKTUUECKYI) TOYHOCTh OTCIICKWBAHHS U
BBIUUCIUTh TpeOyeMble KOPPEKTHPOBKU Uil aCTPOHOMHUYECKOH JOPOXKKU C
3epKaJIbHBIMU YIJIAMH. 3aTe€M MpOorpaMma MOCHUJIAET KOMaH[bl OTCJICKUBAHUS B
neuraresb-koHTposuiep (Newport XPS) uepes IP- coequnenue.

N3BecTHO TexHUUECKOe pelieHue [6], cocTosee B yCTPONUCTBE CICKECHUS 3a
ConHilem, BXOASIIEH B COCTaB CUCTEMbI YIIPABIEHUS TOPU30HTAIBHBIM COJIHEYHBIM
teneckonom Casituckort Comneunoit oocepatopuu (Bevzov A. N., Kotov V. N.,
Lubkov A. A., Lylov S. A., Perebeynos S.V. Automated control system for

horizontal solar telescope of Sayansk solar observatory. // Proceedings of the
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IASTED International Conferences on Automation, Control and Information
Technology (ACIT 2010) (Novosibirsk, Russia, June 15-18, 2010), vol. "Control,
Diagnostic sand Automation", Acta Press, Calgary, 2010. P. 178-182). B 6ioke
(GOTOIATYMKOB ATOM MOJCUCTEMBI UCTIOIB3YETCS YEThIpE Mapbl (POTONPUEMHHUKOB,
PACIOJIOKEHHBIX MOMAPHO MO OKPYKHOCTH, C IEHTpPaIbHBIM yriioM 90° mexmy
napaMu u opueHTanuen mo ocsim X u Y. Takast KOHCTpyKIus 6J10ka (OTOAATINKOB
pemaer mpoOJeMy BHUHBETHUPOBAHMS, HO HMEET HEJOCTAaTOK - CJEKECHHE
OCYIIIECTBJISICTCSI BCETO IO ABYM TOUYKaM Kpas m300pakeHus: 00bEeKTa, TaK UYTO TIPH
M3MEHEHHHU €ro YIJIOBOIO pa3Mmepa, MPOUCXOJHUT MEIJIEHHOE CMEILICHHE LIEHTpa
U300pKEHUS C ITUKIUYHOCTBIO OJIMH T'OJ U 4YTO Obl M30€KaTh TOTO ONEepaTop
JIOJKEH TEePUOJUYECKA B Hadaje KaxJaoro HaOMIOJCHUS BPYUHYIO CUMMETPUYHO
cMmeniaTh GoToaaTyuku BJoJb ocei X 1 Y, 4TOObI KOMIIEHCUPOBATH 3TO M3MEHEHUE.
BTtopoii HemocTaTOK JAHHOrO BapuMaHTa — O3TO OTCYTCTBHE DPEXUMA
aBTOMAaTHUYECKOTO BBIOOpAa TMpPU BUHBETUPOBAHUU JIHOOOTO U3 (OTOAATUUKOB U
OTIepaTop JOJIKEH BIOMPATh HE BUHBETUPOBAHHYIO MApy (POTOAATUUKOB BPYUHYIO.
N, HakoHel, TpeTHul HEAOCTATOK - OTCYTCTBHE CBSI3M C KOMIIBIOTEPOM IS
YIOpPaBJICHHUS PEKUMaMH PabOThI M KOHTPOJS COCTOSIHUSI YCTPOWCTBA CIICKEHUS.
Tpernii  HEOOCTATKOM  HM3BECTHOTO  TEXHUYECKOTO  PELICHUS  SABJISETCS
HEBO3MOXHOCTh Pa0OTHI B aBTOMAaTHYECKOM PEKUME CIICIKECHHUS.

N3BecTHO crnensmee yCcTpoucTBO «@POTOIIEKTPUUECKOE YCTPOUCTBO IS
CJIeKEHUSI 3a MPOTSLKEHHBIM 00BbekToM, Hampumep Comnuem» [/7], MIIK G02B
23/00, GO1C 21/24, GO1D 5, omy6inukoBano 04.06.1971), B KOTOPOM THINPOBAHKE
(TouyHOE MO3UITMOHUPOBAHKE TEJIECKOMA IO OMOPHBIM 3BE37aM, HEOOXOIUMOE,
HapsIy ¢ KOMIIEHCAIMEH CYTOYHOTO BpalleHus 3emid, s actpodoTorpadun)
OCYIIIECTBIISICTCS TIO JIBYM Y4YacTKaM H300paxxeHusi 00bekTa, U (HOTONPUEMHUKH
PacCIoJIoKEeHbI TTOMAPHO HA OCBEIICHHBIX W HE OCBEIICHHBIX 30HAX HM300pa)KEHUsI
rpaHullbl 00bEKTa Ha Ayre ¢ LEHTpalIbHBIM yriioM 90° Mexay mnapamu cC
opueHTanuen mo ocsiM X W Y. Takas KOHCTPpYKUMsS CHCTEMBI UMEET TOT K€
HEJIOCTATOK, YTO W MPEAbIAylas - HOpH CJIEKEHUH TOJBKO MO JBYM YyYacTKaM

n300pakeHnss O0O0BEeKTa B CiIydyae BHUHBETUPOBAHHS XOTS OBl OJHOTO W3
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(GOTONPUEMHUKOB MPOUCXOAUT TMOTEPS] OOBEKTA CIEKEHUS U J00aBIsSETCS €Ile
OJIMH HEJOCTATOK - MPU U3MEHEHHH Pa3MEPOB OOBEKTa CIEKEHHS, HalpUMep,
ConHiia, yrioBoil pazmep KOToporo usmensiercs Ha 3,27% B TeueHue roja, eHTp
oOBbeKTa OyJeT cCMenaThCsl Ha Ty K€ BEIIMYUHY, YTO HEJOIMYCTUMO JJIsl CUCTEMBI
TUANPOBAHUS TEJECKOoma W TpeOdyeT NEpPEeHACTPOHWKH TIOJIOKEHUS JTaTYUKOB
OIIepaTOPOM BPYUHYIO.

BoiBog: B pesynbrare  BBINOJIHEHWS  JAHHOTO  pasjena,  ObulH
MpOaHaIN3UPOBAHBI HAYUHBIE CTAThU B 00JIACTU MU3MEPEHUN COJIHEUHBIX CIIEKTPOB,
Takke ObUIM MPOAHAIM3UPOBAHBI U300PETEHUS, KOTOPbIE MOTYT HMPUMEHSTCS B
JTAHHOM 00J1acTu ucclieqoBanus. 3 aHanusa BUIHO, UTO COJTHEUHBIE CIIEKTPHI HE JI0

KOHIIAa U3Y4YCHBbI, YTO ITOKA3bIBACT aAKTYAJIbHOCTb JAHHOI'O UCCJICTOBAHMAA.

22



2 Pa3paboTka cucTeMbl U3MEPEHHUS COJTHEYHBIX CIIEKTPOB

2.1 IlpuHuun padoTbl CHCTEMBbI

CounHIle — 3TO UCTOYHUK TETUIOBOTO M3IyUEHUSs, CIIEKTP KOTOPOTro OJU30K K
CHEKTPY abCOIIOTHO YEPHOMY TEJIy U HeNpephIBeH. Pacrpenenenre crekTpaabHON
IUIOTHOCTH COJHEYHOI'O0 M3JIy4Y€HHUs, KaK W I JI000ro JApyroro TEIOBOIO
WCTOYHHUKA, onipeaersiercs Gpopmynoit [Tnanka:

_ 8rhv®
pV - CS

1
T_

1

h
ek

rae P, - IIOTHOCTh SHEPTUH U3IyYSHUs, pacCUMTaHHas Ha €IMHUYHBIN MHTEpBaJ
yacToT V, h - noctosiHHas [lnanka, C - ckopocTh cBeTa, T - TeMieparypa TemIoBOro
ucTouHrKa. [ITOTHOCTH PHEPTUH TEIIIOBOTO M3IIyYCHHS MMEET BHJI, KaK IMMOKa3aHO
Ha pUCYHKe 0.

%

¥

Pucynoxk 6 — [1TOTHOCTh 3HEPTUU TEILIOBOTO W3TYyUYEHUSI B OTHOCUTEIIBHBIX
SIMHHIIAX.

Cnektp CoJHIla BKJIIOYAET JIMHUM TMOTJIONICHUS Pa3JIMYHbIX Ta30B,
COCTaBJISIIOIINX COJHEYHYIO KOpoHy (DpayHrodepoBbl nuHHH). XUMUYECKUN
coctaB ConHua: Bojgopon — 70%, renuit — 29%, nons Apyrux 3J€MEHTOB — OKOJIO
1%. OTW NWHUU OYEHb Y3KHWE, MX MOXHO pa3IM4MTh, €CJIU paccMaTpHUBaTh

W3JIy4YEHHUE C BBICOKUM CIIEKTPaJIbHBIM PA3PEIICHUEM.
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JUis peructpaluy CHEKTpa M3Iy4YEHHs COJHEYHOTO CBETa HMCIOJb30BaHA
HKCIIEPUMEHTaJbHAsl YCTAHOBKA, OCHOBHBIM 3JIEMEHTOM KOTOpPOTO SIBIJISETCA
cnektporpad JDPC-452. B cmekrporpade UCHoNb30BaHA OTpakaTeabHAs
mudpaknuonHas pemerka 600 mrp./mMm. B kauectBe (PoTOCUMTHIBAIOIIETO
ycTpoiicTBa ucnoasizoBaiach [13C — nuneiika Sony 1LX511, kotopast umeet 2048
S4YEEK IPU TEOMETPUUECKOM JTNHE = 28 MM.

Jia peructpaunu cnekrpa CoJHIa UCIOJIb3YETCsl 3aBOAHAsl ONTHKA, CXeMa

KOTOPOW MPEICTABICHA HA PUCYHOK 7.

1

/

a0 4

3

Pucynok 7 — Cxema yCTaHOBKH IS TTOJTYYEHHS COJIHEUHOTO CIEKTPA
aTMocdephl.

Mexannueckas cucrema (naapHOMep) (2) aBTOMATHYECKH CIEIUT 3a
Connuem (1), TeM camMbIM COJHEYHBIA CBET BCErjaa MOMAJaeT Ha YCTAaHOBKY. B
MEXaHUYEeCKO cucteMe (2) HaxoauTcs JuH3a, GOKyCUpYIOIlas MOMaIaroi Ha
HEe MapajiiebHbI My4OK CBeTa B oAuH koHel cBeToBojaa (3). T.e. doxanpHas
IUIOCKOCTh JTAHHOM JIMH3bI HAXOJUTCS B 3TOM KOHIIE cBeTOBOAA. CBET, BBIXOAS U3
KOHIIa CBETOBO/IA, MOIa/1aeT Ha BXOAHYIO 1Ieb (1) ciekTpanbHoro npubopa, cxema
KOTOPOTO MPEACTABICHA HA PUCYHKE 8.

OnTuyeckoe U3IydeHHE, NPOXOAs BXOAHYIO IIENIb, OTPa)Kaercs OT
MOBOPOTHOTO 3epkaina (2) u nonaaaet Ha TuH3Y (3), hokanbHas MII0CKOCTh KOTOPOH
COBMEINIEHA C INIOCKOCTBIO BXOAHOM 1mienu. [Tydok pacxoasmerocs cBeTa, IpoxXoas
yepe3 JIMH3Y, CTAaHOBUTCA IUIOCKOMAPAJIEIIbHBIM U MaJaeT Ha IU(PaKIUOHHYIO

pemetky (4). Cer mudparupyer Ha JUPAKIIMOHHON pelIeTKe, CHOBA MPOXOJAUT
24



yepes JIMH3Y U, BBIXOS U3 crieKTpomeTpa, nonaaaet Ha [13C-nuneiiky (5), koTopas
nojakio4YeHa K kommblotepy. [13C-nmunelika HaxoauTcs B (POKaNbHON TIIOCKOCTH

obbekTuBa (3).
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:_______________________.___1_ __________ :
Pucynok 8 — Cxema crnekTpaiabHOro rnpuodopa
O6mwmii Bua cnektporpada JOC — 452 npuseaeH Ha pucyHke 9.
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Pucynok 9. OOuuii BUJ1 ycTaHOBKU
1 — mamna HakanuBaHus; 2,4- KOHJIEHCOPHI; 3 — KIOBETa C oioM; 5 —
3epkajo; 6 BXoaHas 1eib criekTporpada; 7 — MaxoBUK PETyIUPOBKHA BXOTHON
mienu criektporpada; 8 — prytHo-renuenas jgammna JJPT'C-12; 9 — pykositka
BKJIIOUECHUA 3epKaia; 10 —pyKosiTKa MEepeKIoueHus pemeTok; 1 1-MaxoBuk

MOBOPOTA PEIIETKH; 12 — mepekiouaTenb Nopsaaka TudpakiiMOHHBIX PEIETOK;
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13—mkana amuH BosH; 14 — TymOiep “cerh”’(BKIItOUeHHE criekTporpada); 15 -
TyMOJep “3aTBOp”’; 16 — MepekimoyaTesp “nepeMeIIeHne KacceThl BBEpX-BHU3; 17
— Kaccera; 18 — pamka kacceTHOU yacTH; 19- 3auM [u1sl 3aKperuieHus kaccersl; 20
—IIIKajia OTCYEeTa NEPEMEILICHUs] PAMKH KacCETHOM yacTu; 21 — MexaHu3M
NepEeMEIIECHHS KACCETHOM YacTu; 22 — OJIOK mUuTaHus jJami; 23 — TymOmep “ceTs’;
24 — nepexmouarens “JIPI'C — nammna HakanmuBaaus’; 25 — TymOep “anon’; 26 —
TyMOJep “Hakan’.

Hcnonp3yeMplil JUisl peanu3aii COJHEYHOTO CIEeKTpa AU(pakinOHHBIN
cnekrporpad JADC-452 6bu1 cHabxken [13C-nuHelikol U aBTOMAaTU3UPOBaH. DTO
MO3BOJIUJIO PETUCTPUPOBATH OOJIBIIOE KOJIMYECTBO YUACTKOB CIEKTPA.

2.2 Onpenesnenue padodero quanazona I3C-nuneiiku

Jlnisa onpenenenust cnekrpaibHoro auana3zona [13C-nuueliku Obuia BIOpaHa
muHust @paynrodepa. Mccneayemblii Auana3zoH CeKTpa, BKIOYAIOIUN U3ITyYeHHE
Ha JyirHe BoJiHbl 840 HM, npencTtaBieH Ha pucyHke 10. Jlng onpeaenenus: padboyero
JMana3oHa MpOBOAWIOCH NepeMelieHre JIMHUA 840 HM K KpasiM perucTpUpyeEMo,
¢ nomoupto I113C-MaTpuiipl, 00acTu crnekTpa. ITU CHEKTPbl NMPEACTABICHBI Ha
pucyHkax 11 u 12. PacueT ¢ HOMOIIbIO PETUCTPUPYEMBIX CIEKTPOB MOKA3all, YTO

reometpuueckas niuuHa [13C-nmureiiku cocramsier [ = 875,2 — 828 = 47,2 um.
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Pucynok 10 — JIuaus @paynrodepa.
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Pucynok 11 — Cmemenue muann Opaynrodepa BieBo.
10000 S
g000 ~
= 6000 -
-
z
=
4000 ~
2000 -
T T T T T T T 1
0 200 1000 1500 2000
Mumber

Pucynox 12 — Cmemenue auann @paynrodepa Brpaso.

2.3 U3mepeHne COTHEYHBIX CIIEKTPOB € MCIOJIb30BAHMEM Pa3HbIX Cpel

Peructpaiysi COMHEUHBIX CINEKTPOB MPOBOAMIIOCH B Mepuo (eBpaib-MapT
2020 roga, B comHeuHble THU. Bo BpeMsi H3MEpEeHHI HUCTOb30Balach CTEKIISTHHAS
KIoBeTa paszMepamu 25X5X15 cM. [[ns aHanu3a CrieKTpoB BHaYalle pEruCTPUPOBAIIU
Y4aCTOK CIIEKTpa C MyCTOM KIOBETHI. 3aT€M OHa 3aroJIHSIIACh BOJOW WJIM JIBIOM H
MOBTOPHO PETUCTPUPOBAIIU TOT K€ YUACTOK CIIEKTpA.

CnekTpsl uznyyeHusi, 3anucanibie 25.02.2020 B auamna3zoHe JIWH BOJH

885,4 — 932,6 am nipenicTaBieHbl Ha pucyHke 13.

Ucxons u3 crnekTpa ¢ myCcTo KIOBETOH, MOKHO ClIeJIaTh MPEIOI0KEHHE O
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HAJIMYUU KOCMUYECKHX OO0JaKOB, KOTOPhIE MOTJIOMIAIOT M3IIyYEHHE, BCIIEJCTBUE
4ero IMPOUCXOIUT “mpocedanue” rpaduka. [Ipu Hamuuuu BOJBI B KIOBETE
YBEJIMUMBAECTCS OTHOCUTEIBHBI YpOBEHb IlIymMa. JTO CBSI3aHO C TEM, 4YTO
perucTpupytoniasi CuCTeMa aBTOMAaTHYECKH OTCIIEKMBAET JIMANla30H H3MEHEHUS
CUTHajda ¥ BBICTABIACT HIKHUM W BEPXHUW JMaMa30H CUTHajIa C
COOTBETCTBYIOIIMMHU TpaHULIAMU PAMKH PETUCTPALlUM WM  BU3YaJM3alUU.
Hanpumep, ecnu B ciiydae myCcTOW KIOBETHI ITyMbl UMEIOT YPOBEHb IMPUMEPHO 5%
OT CHTHAJIa, TO C BOJIOM OTHOCUTEIbHAS MHTEHCUBHOCTD IIyMa YBEIUYUBACTCS J10
20%. Ilpu >TOM OTYETIMBO BUIHBI JMHUH NOTJIONIEHUA. B TOXke Bpems mpu
3alIOJIHEHUU KIOBETHI JIbJIOM MOYXHO 3aMETUTh ycuiieHne mryMoB 10 60%. [Toatomy
OMpeNIeJICHNe HMHTEHCUBHOCTH JIMHWM TMOTJIONMICHUSI H3-3a IIyMa 3HAYUTEIIBHO
YCIOXKHSIETCA. ITO OOYCJIOBIEHO TEM, YTO TMpPU TMPOBEACHUH HU3MEPECHUN
MCIIOJIB30BaJICSl HEOTHOPOIHBIM JIe]l, KOTOPBIN MPUBOANII K U3BMEHEHUIO TPACKTOPUHU

OTACJBHBIN JTy4YeH CBETA.
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Pucynox 13 — Cniektp conneunoro uznydenus ot 25.02.2020
JIns ieMoHCTpaIuy U3MEHEHUs] THTEHCUBHOCTH COJIHEUHOT'O M3JTyUYCHHS Ha
pucyHke 14 u 15 npuBeeHbI KpUBbIE, MOTYUYECHHBIE ITyTEM JICJIICHUS CIIEKTPOB APYT

Ha Jpyra.
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Pucynok 14 — I'padpuik OTHOIIICHUSI HHTEHCUBHOCTEH CTIICKTPAJIbHBIX JIMHUH,
PETUCTPUPYEMBIX YEPE3 IIYCTYIO KIOBETY U KIOBETOU C BOJOM.
I'padux OTHOMIEHUSI CHEKTPOB IYCTOM M 3aMOJIHEHHOW BOJOM KIOBETaMHU
BUJTHO, YTO rpaduK MPUOOPETAET BHIMYKIYIO (hOPMY, UTO CBUACTEILCTBYET O TOM,

4YTO BOAA MOIJIOIACT U3JIYUYCHHA B JAHHOM JUAITa30HC.

—— water/ice

Intensity

T T T T T T T T
0 500 1000 1500 Number 2000
Pucynok 15 — I'paduik oTHOIIEHUSI MHTEHCUBHOCTEN CIIEKTPaIbHBIX JIMHUM,

PETUCTPUPYEMBIX Yepe3 KIOBETY C BOJIOW U KIOBETOM CO JIbJIOM
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N3-3a CUJIBHBIX IIYMOB B CHEKTPE M3IY4Y€HHUs C HCIOJIb30BAHUEM JbJa
HEBO3MOKHO IMPOBECTH TOYHBIM aHAIN3 MU3MEHEHMs CIEeKTpoB. OAHAKO, MOXKHO
CIeNaTh MPEANONIOXKEHHEe, YTOo (GopMa CHEKTpa TakkKe OyAeT BBIMYKJIOW, HO C
OOJBIIMM 3HAYEHHEM OTHOIIEHUS. Tak, eclii MpU OTHOIIEHHWE WHTEHCHUBHOCTEH
U3ITyYCHHsSI C MTyCTOW KIOBETOM K MHTEHCUBHOCTH CIIEKTpa Yepe3 KIOBETY C BOJOM,
nocturaerca B 1,5 — 2 pa3za, TO B ciydae KIOBEThl CO JIbJJIOM OTHOIICHUE
MHTEHCUBHOCTEN JTOJKHO TIOCTUTAThCA 3HAYEHUs B 5 — 6 pas.

N3mepenns 15.03.2020 roma, m3nyduenus B auanazone 806,4 — 853,6 Hm
MIPEACTABIICHBI HA PUCYHKE 16.
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Pucynok 16 — Cnektp conneunoro nzmydenus ot 15.03.2020
YacTh CIEKTPOB OBLIO MOTYUYEHBI C UCTIONIb30BAHUEM KIOBEThI O€3 BOJIbI, HO B
3TO BpeMsl COJHIIE ObLIO 3aKkpbITO oOnakamu. Ilocne Toro kak HeGO MPOSCHUIIOCH
(oOnaka paccesyiuch), ObUTH MPOAOJKEHBI U3MEPEHHUS C IPUMEHEHUEM KIOBETHI C
Bogoi. Ha pucynke 17 npuBeaeHbl 4aCTh 3TUX CIIEKTPOB.
W3 nprBeEHHBIX BBILIE CIEKTPOB BUIHO, YTO KOA(PPUIUEHTHI OTIIOLIEHUS
BOJIbI B KIOBETE M IIApPOB BOJIbI 00JIAKOB HAXOAATCSA HA OAHOM YPOBHE. DTO BUJHO U3

TOr'0, 4YTO YPOBCHb IyMa U3MCHUJICA HC3HAYNUTCIIbHO.
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Pucynok 17 — CriekTp COJIHEUHOTO M3Ty4EHHUS.

PesynbraTel uzmepenuit 17.03.2020 roxa, B nuanazone cuekrpa 806,4 — 853,6

HM IIPEJICTaBJICHbI HA pUCYHKE 18.
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Pucynok 18 — Cnextp conneunoro nzinydenus ot 17.03.2020.
JlaHHbple UM3MEpEHUsT MNPOBOAWIMCH TNPHU OJUHAKOBBIX YCJIOBHSX C

u3mepeHusmMu ot 15.03.2020, nomoaHUTEILHO OBLIM MPOBEICHBI U3MEPEHUS CO
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apnoM. Kak BUJHO Ha pucyHKe 17, CHEKTp M3JIydeHHUS 4Yepe3 KIOBETY CO JIbJIOM
TaKXe 00JiazaeT OOJBIIMM YPOBHEM IIyMa, HO B TOXKE BpeMs KOHTYp CIIEKTpa
COBIIAJaeT C KOHTYPOM CIIEKTpa 0e3 KOPPEUIAIIUOHHOTO (PHIIBTPA, a TAKKE MOKHO
c11a00 pa3IUTh MUK TOTJIOMICHUS U3ITyYCHHS Yepe3 JIe/.

Pesynbrater mamepenuit 20.03.2020, B muanaszone criektpa 736,4 — 783,6 HM,

MpeCTaBIICHbI HA PUCYHKE 19.
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Pucynok 19 — Cnextp conneunoro uznyuenus ot 20.03.2020
Pucynok 19 nmnoxa3piBaeT, Kak M3MEHSETCA ypOBEHb ILIyMa IIpHU
VCIIOJIb30BaHUM KIOBETHI C BOAOW. TaKkke MOKHO 3aMETUTD, YTO CIIEKTPBI CXOXKH T10
3aKOHOMEpPHOCTH H3MeHeHus. OpHako, 10 W I0CJHE JMHUN MOIJIOLIEHUS TaKKe
HAOJIOAAEeTCsl HECEJEKTUBHOE TMOIJIONIEHUE COJIHEYHOTO W3JIYYEHHUS BOJOM.
YpoBeHb IIyMa Ha CHEKTPAx ITO3BOJIAET OLEHUBATh HHTEHCUBHOCTD MPOIIEAIIETO

Ha (OTONPUEMHHUK COJTHEYHOTO CIIEKTPA.
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Pucynox 20 — I'paduk OTHOILIEHHSI HHTEHCUBHOCTEW CIIEKTPABbHBIX

JIMHUN, PETUCTPUPYEMBIX Yepes IyCTYIO KIOBETY U KIOBETOU € BOJOMN

Ha pucynke 20 Taxxe npeacTaBieH rpapuk OTHOLIEHWHM MHTEHCUBHOCTEHN
CHEKTPOB C Pa3HbIMH KOPPEIALHOHHBIMU (priibTpamu. BuaHo, uro HabOmomaercs
HE3HAYUTEIbHOE IOTJIOIICHUE DHEPIUMM B CEpPEAUHE JAHHOIO Y4acTKa CIIEKTpa,
KOTOpasi YMEHBINAETCA IPU YBEIWUYEHUM [UJIMHBI BOJIHBL. Takyke BHIHA JIMHUA
IIOTJIOLIEHUS BOJBI B CEPEIMHE CIIEKTpA.

B mmanazone 819,4 — 866,6 HM, mnpeacTtaBieHHbI Ha pucyHke 20, npu
COOTHOIIIEHHH CHEKTPOB pPa3HbIMU CpeAaMH MOXXHO HaOJI0JaTh Kak pacTeT
Pa3HOCTh COOTHOUIIEHWM, NpPEACTaBICHHbIA Ha pucyHke 21. Mcxoas u3 »3Toro
COOTHOILIEHHSI MOKHO IPEIIIOI0KHUTh, YTO B 3TOM JIHANA30HE MOXKET HAXOAUTHCS

JIMHWA TOTJIOIICHUS U3JTYYCHUA BO)IOP'I.
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Pucynok 20 — CriekTp COJIHEUHOI0 U3Iy4eHHs B Auamnas3one 819,4 — 866,6 Hm.
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Pucynok 21 — I'paduk OTHOIIEHHSI HHTEHCUBHOCTEH CIIEKTPAIbHBIX
JINHUH, PETUCTPUPYEMBIX Yepe3 MyCTYIO0 KIOBETY U KIOBETOM C BOJOM
PesynbraTel usmepenuit 24.03.2020, B nuanazone cnekrpa 819,4 — 866,6 Hm
MIPEACTABIICHBI HA PUCYHKE 22.
Buauane ObuTM TpOBEJEHBI CTaHAAPTHBIE H3MEPEHUS: PETUCTPUPOBAIU
COJIHEUHBIEC CIIEKTPBI B PA3HBIX YCJIOBHUAX B CIEAYIOLIEH MOCIECA0BATEIBHOCTH: C
IyCTOW KIOBETOM, KFOBETOM C BOJAOM U KIOBETOU €O JbJI0M. [locne atux uzmepeHuii

OBLIH MPOAOJIZKCHBI U3BMCPCHHUA CO JIbAOM 1O MOMCHTA, KOI'la BECh JICA IICPCXOINII
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B X KUJAKOC€ COCTOSHHUC. OTH HN3MCPCHUA ObLIN HYXXHBI OJI ITOJTYUCHUS I/IH(bOpMaHI/II/I
00 HM3MCHEHUH CIICKTpAa COJIHCYHOI'O H3JIYYCHHA IIPH IMOCTCIICHHOM HAI'PCBAHNU

cpenbl. IHTepBall MeXAy U3MEPEHHUSIMU COCTABIISUT 1 MUHYTY.

N
PAVAY
AOAYATATAYIY
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Pucynok 22 — Cnextp cosHeuHoro uziny4denus ot 24.03.2020

Kak BugHO M3 pucyHKa 22, JTUHUS TMOIJIOMICHUS JbJla HAXOJAUTCS B Hayaje
CIeKTpa, B 00JlacTH JIMHBI BOJIHBI 820 HM, KOTOpasi, UCXOoAs U3 TaOuuibl 1,
COOTBETCTBYET JIMHUY ITOTJIONICHUS BOJSHOTO Tlapa. B Toxe BpeMsi, Ipyu U3MEHEHU U
TEeMIIepaTypbl BOJbI, JOJKHA ObUTa TOSBUTHCS JIMHUS TIOTJIOIICHUS B 00JIACTH
JUTUHBI BOJIHBI 847 HM, 4ero Ha JaHHBIX CIIEKTpax He HaOIr0gaeTCs.

Hcxons m3 paHHBIX pabOThl [2], TIpU HM3MEHEHHH TEMIIEpaTyphl JTOJKHO
MPOUCXOUTh CMEIICHHUE JIMHUN B CIIEKTPE COJTHEUHOro n3nmydeHus. Ha criekrpax,
MPUBEICHHBIX BBIILIE HA PUCYHKE 22, TPU TMOBBIIIEHUU TEMIEpaTypbl JUHUU
CIIEKTpa JIOJDKHBI CMEIIATHCS B MPABYIO CTOPOHY. Ha yka3aHHBIX CIIEKTpax MOKHO
HaOJI0/1aTh JIMIIh HEOOJIBIIOE CMEIICHUE, YTO CBHUJETEIBCTBYET O HEOOJBIINUX

HN3MCHCHUAX B TCMIICPATYPC.
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BbIBO/JbI

[Ipu perucTpanuu CreKTpa COTHEUHOTO N3TyICHHS TToKa3aHa Y)PEeKTUBHOCTD
KOPEJUIALIMOHHON CXeMbl I M3Yy4YeHHs CcJa00 TMOrIOMAOIUX JTUHUN
aTMOC(EPHBIX Ta30B WJIM MAJIBIX TIPUMECEH

B nwmamazone 760-730 HM pEruCTpUPYIOTCS HW3BECTHBIC CJIA0ble JIMHUW
MOTJIONIEHUS BOJIBI

[TokazaHo, 94TO TpHU yBEIWYEHUUW UTMH BOJH B oOmactu 819,4 — 866,6 HM
HAOJIOMAeTCsl TMOCTENEHHOE YBEIUYEHHE OTHOILIECHUS WHTEHCUBHOCTEH
U3ITy4YeHHUM, PETUCTPUPYEMBIX Yepe3 MyCTYIO KIOBETY U Yepe3 KIOBETY C BOOM.
DTO CBA3aHO C HAXOXKJEHUEM B 3TOM 00JIaCTH JIMHUY MOTJIOIICHUS BOJIbI, paHEee
HE OIKMCaHHas B JIUTEpAType, 4YTO TMOATBEPKAAeT HEOOXOAUMOCTb

JaTbHEUIIero ucciaeaoBanus ooacTu crnekrpa 819,4 — 866,6 Hwm.
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3 ConnajabHasl OTBETCTBEHHOCTDH

Ilenbro BBITIOTHEHUS BBIMYCKHOM KBanmudukaimonHo pabdotel (BKP)
SABJIETCST  pa3pabOTKa CHCTEMBl PETHCTPAllMA  COJTHEYHOTO H3JIy4YeHHUS C
MOCJEAYIOIIUM TPUMEHEHUEM Ha MPAKTHUKE.

B skcnepumenrtanbHoit yactu BKP Obuia pa3paboraHa M MCHOJIb30BaHa
CUCTEMa pErucTpald COJIHEUHBIX M3Iy4YeHUH, coOpaHHas Ha OCHOBE
TU(PAKIIMOHHOTO CHEKTPOMETPAa € ONTHYECKOW CHUCTEMOM ISl KOHIICHTpalUU
My4Ka CBETA, COJIHEUHBIN TPEKEP U CUCTEMbI PETUCTPAIIMU CIIEKTPOB.

Brmonuenne BKP npoBoauinocs B OTHENEHUH — SIEPHO-TOIUIMBHOIO
nukia (OATL) UuxenepHoit mkoinsl siaepubix texuonoruit (MATII) Tomckoro
MOJUTEXHUYECKOTO YHUBEpCUTETA. {1 BBINIOTHEHUS SKCIEPUMEHTAIIBHOW 4YacTu
BKP B kauectBe paboyero mecra MCHOIB30BAJICA KOMITBIOTEPHBIA cTON ¢ DBM,
COOTBETCTBYIOIICE NepudepuitHoe 000pyI0BaHNe (MOHUTOP, KJIaBUATypPa, MBIIIIb)

u iporpammuoe obdecrieuenue (Microsoft Word, OriginLab).

3.1 IlpaBoBble ¥ OpraHM3alMOHHbLIE BOINPOCHI oO0ecHeYeHUs
0e30IacHOCTH

3.1.1 CneunaJjibHble (XapakTepHbIe sl padouyeil 30HbI UCCJIeI0BATEIs)
NMPaBOBbIe HOPMbI TPYA0BOI0 3AKOHOIATEJILCTBA

OCHOBHBIE TOJOKEHUS IO OXPaHE TPyAa U3JI0KEHbI B TpPyAOBOM KOJAEKCE
Poccuiickoii deneparnu [8]. B 3ToM mOoKyMeHTe yka3aHO, YTO OXpaHa 30pPOBBS
TPyIAIIUXCsi, oOecredyeHue O€30MacHBIX  YCIOBUH  TpyHa, JIMKBUJAIUSA
poecCHOHANIbHBIX 3a00JIEBaHUI W MPOU3BOJICTBEHHOTO TPABMATU3Ma SIBIISTFOTCS
OJIHOM M3 TJIaBHBIX 3a00T rOCy1apCTRa.

Cornacuno TpynoBomy koaekcy Poccuiickoit @enepanuu, KaxIblii paOOTHHK
MMEET IPaBo Ha:

o pabouee MecTo, COOTBETCTBYIOIIEE TPEOOBAHUSM OXPaHBI TPYIa;

o 00s13aTeNIbHOE COIMAIbHOE CTPaXxOBaHUE OT HECYACTHBIX CIydacB Ha

IIPOM3BOJICTBE M PO eCCHOHATBLHBIX 3a00JICBaHUIA;

38



o MOJIydeHUE  JOCTOBepHOW  wHpoOpMamuu  OT  paboromarens,
COOTBETCTBYIOIIUX TOCYAaPCTBEHHBIX OPraHOB M OOIECTBEHHBIX OpraHU3aluii 00
YCIOBUSIX W OXpaHe TpyAa Ha paboyeM MecTe, O CYLIECTBYIOIIEM pHUCKE
MOBPEXKICHUS 3I0POBbSI, @ TAKXKE O MEPax IO 3aIUTe OT BO3JACUCTBUS BPEIHBIX U
(WJIHM) OTIaCHBIX TIPOU3BOJICTBEHHBIX (PAKTOPOB;

o OTKa3 OT BHIMIOJHEHHsI pa0OT B CIIy4ae BOSHUKHOBEHHUS OTIACHOCTH JIJISI
€T0 KU3HU U 3JI0POBbsI BCIICICTBHE HAPYIICHHS TPEOOBAaHUHN OXPaHBI TPY/Ia;

o obecrieueHre CpeICTBAaMU WHIANBUYyJIbHON U KOJUICKTUBHOM 3aIIUTHI

B COOTBETCTBUU C TPEOOBAaHUSAIMU OXPAHBI TPYJA 33 CYET CPENCTB pabOTONATEIIS;

. oOydeHne 0€30TMacHBIM METOJIaM M TpheMaM TpyJa 3a CUeT CPE/ICTB
paboroaarens;
. JUYHOE Yy4YacTHUE WIM YydYacTHE dYepe3 CBOMX MPEACTABHTCICH B

pPacCMOTPEHUHU BOIIPOCOB, CBSA3AHHBIX ¢ 00ecreueHneM 0€30MacHbIX YCIOBHUM Tpyia
Ha ero paboyeM MecTe, U B paccieJOBaHUM MPOUCIIEIIETO C HUM HECYACTHOTO
cllydas Ha IPOU3BOJACTBE WU MPOPECCHOHANIBHOIO 3a00JI€BaHNUS;

o BHEOUYEPEIHOM  MEIULMHCKMM  OCMOTP B  COOTBETCTBUM  C
MEAMIMHCKUMHM PEKOMEHJAIMSIMU C COXpaHEHHWEM 3a HHM MecTa padoThl
(TOJDKHOCTH) M cpefHero 3apaboTka BO BpeMsl MPOXOXKIEHUS YKa3aHHOTO
MEJIUIIMHCKOTO OCMOTPA;

o rapaHTUM M KOMIICHCAIlUM, YCTAHOBJICHHBIE B COOTBETCTBUU C
HACTOSILMM KOJEKCOM, KOJUJIEKTUBHBIM JIOTOBOPOM, COIVIAILIEHUEM, JIOKaJIbHBIM
HOPMATHUBHBIM aKTOM, TPYIOBBIM JOTOBOPOM, €CIM OH 3aHIAT Ha padoTax cC
BpPEAHBIMH U (MJIM) OMACHBIMH YCIOBUSIMHU TPY/IA.

B tpynoBom komekce Poccurickor denepan rTOBOPUTCS, YTO HOPMaJIbHAS
MPOJIOJKUTEILHOCTh Pa00YEro BpeMEeHH HE MOXKET MpeBbIaTh 40 4acoB B HENIEIIO,
paboTromarenb 00s13aH BECTU y4€T BPEMEHH, OTPAOOTAaHHOTO KaXIbIM PAOOTHUKOM.

3.1.2 Opranu3anMoHHbIe MEPONIPUATHS IPH KOMIIOHOBKe padovei 30HbI
ucciaenoBares

PaGouee mecto npu padore ¢ I[TK 1omkHO cocTaBnsaTh He MeHee ueM 6 M2 [9].
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Brinonnenue skcnepuMentanbHor yactu BKP npoBoaunocs B ayauropun 0016
yae6Horo xopiyca Ne 10 TITY. O6mias miomans ayguropun 140,4 M2, no 23,4 m?
Ha 0JJHOT0 ornepaTopa 9BM, 4TO COOTBETCTBYET TMTMEHUYECKUM TPEOOBAHUSIM IIPU
pabote ¢ OBM.

IIpocTpaHCTBO AJI HOT TOJKHO COOTBETCTBOBATH CJIEIYIOLIUM ITapaMeTPaM:
BBICOTA MTPOCTPAHCTBA U1 HOT HEe MeHee 600 MM, pacCTOSIHHE CUIEHBS 10 HUKHETO
Kpast paboueii moBepXHOCTH He MeHee 150 MM, a BeicoTa cuacHbs 420 mm [10].

Tax >xe mpegycMOTpeHbI clieAyromure TpeOOBaHus K OpraHu3aluu pabodyero
Mecta mojibs3oBarensi [IOBM: koHcTpykius pabodero cryna (Kpeciia) J0JDKHA
oOecrieunBath MojAepKaHre palmoHaIbHON pabouelt o3kl pu padore Ha [[9BM
MO3BOJIATh U3MEHSTH O3y C LEIbI0 CHUKEHUSI CTATUYECKOT0 HAMPSIKEHUS MBIIIII]
HICHHO-TIJICYeBOM 00IaCTH M CIUHBI I NPEIyHpPEKISHUS PA3BUTHS yTOMIICHUS.
Tun pabouero ctyna (kpecia) clieayeT BbIOUpaTh ¢ YYETOM POCTa MOJIb30BaTENs,
XapakTepa M MPOJIOJLKUTENbHOCTH paboTel ¢ [I9BM. PabGouuii ctyn (kpecio)
JIOJDKEH OBITh TMOJBEMHO-TIOBOPOTHBIM, PETYJIUPYEMBIM IO BBICOTE U yTiaM
HAKJIOHA CUJEHBbS U CIMHKH, & TAK)K€ PACCTOSHUIO CIIMHKU OT IMEPEAHEro Kpas
CUJICHBS, TIPU STOM PETYJIMPOBKA KaXKIOTO TTapameTpa JI0JKHA ObITh HE3aBUCUMOH,

JIETKO OCYIIIECTBIIIEMOM 1 UMETh HaJIeXKHYI0 pukcaruio [9].

3.2 Ilpou3BoacTBEHHASI 0€30MIACHOCTD

3.2.1 AHa/1M3 BpeaHbIX U ONMACHBIX (PAKTOPOB, KOTOPbIE MOKET CO31aTh
00beKT UCCIIeJOBAHUSA

OOBEKTOM HCCIIEIOBAHUS SBJISIOTCS CUCTEMa JUIsl PETUCTPAIIMKA COTHEUHBIX
U3yYeHUI, YTO TMOApPa3yMEBaeT WCIOIb30BAHNE ONTUYECKUX CHUCTEM Jis
KOHIICHTpAIH MMy4YKa CBETa.

[Ipu paboTe B 1abOpaTOpuU C UCIIOJIb30BAHUEM ONTHYECKUM CHUCTEM IS
KOHIIEHTpAIlMU MydYKa CBETa HEO0OXOAUMO CcOOII0aaTh Mephl 0€30MaCHOCTH H
WCIIOJIb30BaTh CPEACTBA MHAMBUAYAIBHOW 3alUTHI TJa3, JJIS MPEIOTBPAICHUS

oxxora cetuaTku riasa [10].
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3.2.2 AHaau3 BpeIHBIX H ONACHBIX (PAKTOPOB, KOTOpPbi€ MOIYT
BO3HMKHYTh Ha pa0do4yeM MecTe NPHU NPOBEACHUHN UCCIeI0BAHUI

PaboTa no BeInoIHEHHIO SKcniepuMeHTanbHoi yacth BKP npoBoaunaces npu
IIOMOIIY ITEPCOHAIIBHOI0 KOMIIbIOTEpa. [Ipy ero ucnosib30BaHMM MOTYT BO3HUKHYTh
pa3nuyHble BpPEAHbIE M ONAcHble (PaKTOpbl, KOTOpbIE NPHUBEACHBI B Tabmauue 1.
ObecrnieueHre KOMPOPTHBIX YCIOBHUM Tpy/na B 3HAUUTEIHHOW CTETIEHU OKa3bIBAET
BIMSHUE Ha MPOU3BOJUTENIBHOCTh TPyJAa M CHIKEHUE MpodeccrnoHaIbHBIX
3aboseBanui [12].

Tabnuua 2. Bo3MoxkHbie ONacHbIE U BpeHbIE (PaKTOPbI

daxTopbl HopmaTuBHBIE TOKYMEHTHI

CanlluH 2.2.2/2.4.1340-03.
CaHUTapHO-3MTUIEMUOJIOTHYECKUE
npaBuia U HOpMaTUBEI « UTHeHnYeckue
TpeOOBaHUS K IEPCOHATBHBIM
AJIEKTPOHHO-BBIYUCIUTEIHHBIM

2. HenocratouHas MalllMHAM M OPTaHU3aLUK PabOThD.
OCBELUCHHOCTL paboueit 30HBI | CapTTyH 2.2.1/2.1.1.1278-03.
['urneHnyeckue TpeOOBaAHUS K
€CTECTBEHHOMY, NCKYCCTBEHHOMY U
COBMEILIEHHOMY OCBEIIEHUIO KUJIBIX U
OOI1IeCTBEHHBIX 37aHUMN.
CH 2.2.4/2.1.8.562-96. Illym Ha
pabounx MecTax, B MOMEIICHUSIX
YKUJIBIX, OOIIIECTBEHHBIX 3/IaHUN U Ha
TEPPUTOPUH 3aCTPOUKH.
M3y aCHIA CanlluH 2.2.4.548-96. I'uruennueckue
TpeOOBaHUS K MUKPOKJIUMATY
MIPOU3BOICTBEHHBIX TTOMEIICHHM.
5. [lcuxogusnonornueckue | I'OCT 12.1.038-82 CCBT.

HArpy3Ku DnekTpobe3omnacHOCTh. [IpeaenbHO

JOTTYCTUMBIE YPOBHU HANIPSHKCHUH

1. OTknoHEeHHE MoKa3aTeIch
MUKPOKJIMMAaTa

3. IlpeBblierne ypoBHS
nryma

4. TToBbIIICHHBIN YPOBEHD
AIEKTPOMATHUTHOTO
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MIPUKOCHOBEHUS U TOKOB.
CII 52.13330.2016. EcTtectBeHHOE 1

6. [lopaxenue
MCKYCCTBEHHOE OCBEIIICHHE.

SJICKTPUICCKHUM TOKOM

[Ipu npoBeneHun pabOT, CBSI3aHHBIX C TEOPETUYECKUM HCCIEIOBAHUEM,
BAXHYIO pOJIb TaKkKe WrpaeT IUIaHMpoBKa pabodero mecta. OHa J0JDKHA
COOTBETCTBOBATh MpaBWJaM OXpaHbl TpyAa M YAOBIETBOPATH TPeOOBaHUIM
yA00CTBa BBIIIOJIHEHUS pa0OThI, 3KOHOMHUH SHEPTUH U BPEMEHU MHKEHEPA.

OCHOBHBIM JOKYMEHTOM, OIpPEACIISAIONIUM YCIOBHUS TpyJaa Mpu pabore ¢
[19BM, sBnsercs CanlluH 2.2.2/2.4.1340-03 «['uruenuueckue TpeOOBaHUS K
NEPCOHAIIBHBIM 3JI€KTPOHHO-BBIYUCIUTEIbHBIM MAIIMHAM U OPTaHU3auU PA0OTHI.
B mnpaBuiiax ykazaHbl OCHOBHBIE TPEOOBaHUS K MOMEIIECHUSM, MHUKPOKIUMATY,
IIyMy U BUOpAILMM, OCBEIICHHIO MOMENIEHUI M padouyMx MECT, OpraHH3aluu U
000py10BaHUIO0 pabOYMX MECT.

Cornacuo [14] 3HauuMbIM Pu3NYeCKUM (HAKTOPOM SIBISIETCS MUKPOKIUMAT
paboueil 30HBI (TEeMIIepaTypa, BIAXKHOCTh U CKOPOCTb JBH)KEHHS BO31yXa).
TeMmneparypa, OTHOCUTEIbHAS BIAXKHOCTh U CKOPOCTh JIBUKEHUS BO3/lyXa BIUSIOT
Ha TEIUIOOOMEH W HEOOXOIMMO YYMUTHIBATh HMX KOMIUJIEKCHOE BO3JIEHCTBUE.
Hapyuienue teninooOMeHa BbI3bIBAET TEIIOBYIO THIIEPTEPMUIO, UITU TIEPETPEB.

OntumanbHble HOPMBI  TEMIIEPATypPbl, OTHOCUTEIBHOM BIIAXKHOCTH U
CKOPOCTH JBW)XEHHMS BO3AyXa IPOU3BOJCTBEHHBIX NOMEIICHUN st pador,
OPOM3BOAUMBIX CHIAS M HE TpeOyIOUMX CHCTEMAaTUYECKOro (HU3NYECKOro
HanpsbkeHus (kareropus la), mpuBenensl B Tabnuiie 2, B cootBercTBun ¢ CanlluH
2.2.2/2.4.1340-03 u [13].

Tabnuna 3. HopMbl Temniepatypbl, OTHOCUTEIFHON BIAKHOCTH U CKOPOCTH

JABHIKCHHUA BO3ayXa

CxopocTtb
Kareropus OtHOcuTEeNnbHAs
Temmeparypa, JIBUKECHUS
[Tepuon rona TSKECTH o BIIAYKHOCTh
aboT ¢ BO3/yXa, % BO3AYX4, HE
V]
P yx, 0onee m/c
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X OJIOAHBII Ia 2224 4060 0,1
Tembiit Ia 2325 40-+60 0,1
HcTtouynnkaMu cBeTa MOTYT OBITh KaK €CTECTBEHHBIC, TaK M HCKYCCTBEHHBIC

00BekThl. ECTeCTBEHHBIM HWCTOYHUKOM B TIOMEIICHWH CIY>KAT  COJIHIIE,
MCKYCCTBEHHBIMU SIBIIIIOTCS AJIEKTpUUECKHE JTaMITouKu. [Ipu niutenbHoi padoTe B
YCJIOBUSAX HEJOCTATOUHOW OCBEIICHHOCTH W MPHU HAPYUIEHUU JIPYTUX MAapaMeTpPOB
CBETOBOI CpeJibl 3pUTEIbHOE BOCIIPUITHE CHUKACTCS, PA3BUBACTCS OJIM30PYKOCTH,
00JIe3Hb TJ1a3, TOSBISIFOTCS TOJIOBHBIE OOJIH.

[To HopmaTuBy [9] OCBEIIEHHOCTH HA TOBEPXHOCTH CTOJIA B 30HE PA3MEIICHUS
pabouero gokymeHnTa goipkHa 0bITh 300-500 k. OcBenieHre He TOKHO CO31aBaTh
OJINKOB Ha MOBEPXHOCTHU 3KpaHa. OCBEIIEHHOCTh MOBEPXHOCTH SKpaHa HE JIOHKHA
obITH OoJee 300 k.

AKYCTHYECKHI IIyM SBISETCS OJHUM W3 pPa3JpaXKUTENIed OpraHu3ma
YyeJIoBeKa IPU JIUTEIBHOM BO3AEHCTBUM. [Ipy IIyMOBOM BO3IEHCTBUM y4allaeTCs
MyJbC, AbIXAHHWE, MOBBIIIACTCS apTEPUATbHOE IABJICHHUE, BO3HUKAIOT T'OJIOBHBIC
0oy, ocnabygeTcss BHUMaHUE W 3aMEJUISIIOTCS TICUXWYECKHE pEakluH, 4YTO B
KOHEUYHOM UTOTe MPUBOIUT K CHIMKEHUIO pabOTOCIIOCOOHOCTH YeIOBEKa.

[IIym MoxeT co3maBathbcsi paboTaromuM O0OpYAOBaHHEM, YCTaHOBKAMU
KOHJIUIIMOHUPOBAHUSI BO3AYyXa, OCBETUTEIILHBIMU MPUOOpaMH JHEBHOIO CBETa, a
Tak)Ke€ MPOHUKATh M3BHE. {7 kaTeropuu TsokecTH padboT la ypoBeHp miyma Ha
paboueM MecTe TPYyASIIErocs He T0JbKeH npesbimats 50 J10 [15].

IIpu BemonHeHnn BKP OCHOBHBIMH HCTOYHMKAMHU 3JIEKTPOMArHUTHOTO
uznydenust (OMU) sBasitorest cuctemusiii 6510k [I9BM 1 skpan BujpeoMoHUTOpA.
Kak u mym, snekrpomarautHoe nosie (OMII) cBouM Bo3aelcTBUEM MOXKET OBITh
MPUYMHOMN YYalIEHHOTO MYJIbCa, JbIXaHUS, MOBBIIICHHUS apTEPUATIBLHOTO JaBIICHUS,
BO3HMKHOBEHUS TOJIOBHBIX 00JI€H, OCIa0IeHNs] BHUMAHUS U 3aMEJICHUS PEaKIuH,
YTO CHHXKAeT OOIIyl0 paboToCmocOOHOCTh ueioBeka. B coorBercTBHM C [9]
HanpsbkeHHocTh OMII Ha paccrosauu 50 ¢M BOKPYT 3KpaHa MO 3JIEKTPUUYECKOU

COCTAaBJIIOIIEH TOKHA OBITH HE OoJIee:

° B guamna3oHe 4yactotr SI'n—2 kl'm: 25B/m;
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° B guana3oHe 4yactoT 2kl 1—400 kI'1: 2,5B/Mm.

[110THOCTH MarHUTHOTO MOTOKA JIOJIKHA OBITH HE OoJiee:

° B auamna3oHe yactoT SI'—2 kIt 2508T;
° B nuana3oHe 4acToT 2Kl 1—400 xI'm: 258 Ta

Ha onepaTtopa 3BM Takske BO31eHCTBYIOT ICUXO0()H3NOIOTHUECKUE OTTACHBIC
U BpeAHble TMPOU3BOACTBEHHbIE ¢akTopsl. OHU JensaTcs Ha: (U3HUYECKUe
neperpy3ku (CTaTuueckue, JUHAMHUYECKHE) U HEPBHO-TICUXUYECKUE TEPErpy3Ku
(YMCTBEHHOE  TEpeHaNpsbKeHHEe, MOHOTOHHOCTh — TPyZa, AMOIIMOHAJIbHBIE
neperpysku). [lpu pabore ¢ [I9BM ¢usndeckue neperpy3ku BbI3BaHbI paboueii
0301 U MMOBTOPEHUEM CTEPEOTUITHBIX PAOOUUX ABUKEHUM, 2 HEPBHO-TICUXUYECKUE
— HaIPsDKEHHOCTRIO Tpy1oBoro Tporiecca [10].

OmnacaeiM  ¢akTopoM 1ipu  padore ¢ II9BM wu nepudepuitHbiM
000pyIOBaHUEM SIBJISIETCS TTOPAKEHUE DIEKTPUIECKUM TOKOM. Mcxoas u3 aHanmza
COCTOSIHUA  TOMelIeHusi, pabodyee MECTO  HHXKEHEepa, 3aHUMAIOIIErocs
TEOPETUYECKUMHU  MCCJICJOBAHUSAMM, II0 CTENEHU OMACHOCTH  IOpaKEHUs
AIEKTPUUECKUM TOKOM MOKHO OTHECTHU K KJIAcCy MOMEIIeHUN 0e3 MOBBIIICHHON
OMacCHOCTH.

HOpa)KCHI/IC QJICKTPUYCCKHUM TOKOM MOKECT HpOHSOﬁTH B CIICAyrOHHrXx

CIIy4asx:
o IIPH HENOCPEACTBEHHOM IPUKOCHOBEHUHM K TOKOBELYIIUM YacCTsAM BO
BpeMst pemoHTa [I19BM;
o IIPU NIPUKOCHOBEHWH K HETOKOBEAYIIMM YACTSIM, OKA3aBIIMMCS IIOJ

HaIpsHKEeHUEM (B cilydae HapyIlIeHHs U30JISLUY ToKoBeayux yacteit [IDBM);

o Opy TNPUKOCHOBEHHMM C TMOJOM, CTEHaMH, OKa3aBIIUMUCS O]
HaNpsHKEHUEM;
o OpyU KOPOTKOM 3aMbIKaHUM B BBICOKOBOJBTHBIX OJIOKax: OJ0OKe

MUTaHUS ¥ OJIOKE AUCIUIeHHON pa3BEépTku [15].
[Tpoxoxst wepe3 OpraHu3M, JJEKTPUYECKHA TOK BBI3BIBACT TEPMHUUYECKOE,

IEKTPOIUTUYECKOE U OWOJIOTHYecKoe JeiicTBue. Tepmuueckoe JeicTBUe
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BBIPAKAETCS B 0’KOTaxX OTJEIbHBIX YYaCTKOB T€Jia, HAarpeBe KPOBEHOCHBIX COCYI0B
Y HEPBHBIX BOJIOKOH. DIJIEKTPOJIUTHUECKOE JIEUCTBHE pasjiaracT KPOBb U JIpyrue
OpraHWYECKUE JKUJIKOCTH, BBI3bIBAS 3HAYUTEIBHBIC HAPYIIEHUS UX (DU3UKO-
XUMHUYECKUX COCTaBOB. buosornueckoe AeHCTBUE MPOSIBISETCS B pa3apakeHUH U
BO3OY)KIICHMM J>KUBBIX TKAaHEW OpraHW3Ma, 4YTO MOXET COIMPOBOKIATHCS
HEIMPOU3BOJIBHBIM CYJOPOKHBIM COKPAIIEHUEM MBIIIII, B TOM YHCIIE MBI CepIia
U JIETKHX.

3HaHMWE JOIMYCTUMBIX JIJIS YeJIOBEKA 3HAUYCHUW TOKA U HAMIPSKEHUS TTO3BOJISICT
NpaBUJIBHO OILICHUTh OMNACHOCTh MOPAKEHUS U ONpPEAeNuTh TpeOOoBaHUS K
3aIIUTHBIM MEPaM OT MOPAKEHUS AIEKTPUUESCKIUM TOKOM.

I'OCT 12.1.038-82 ycraHaBIMBaeT MNPENEIbHO MAOIYCTHUMBIE YPOBHU
HalpsHKEHUM  TPUKOCHOBEHUSI W TOKOB,  MPOTEKAIOMIMX  4Yepe3  Telo
yenoBeka (Tabmuua Ne3). Ilox HampspkeHHEM TMPUKOCHOBEHUST TOHUMAETCS
HaIPSHKECHUE MEXKTY TBYMSI TOYKAMH IEMTH TOKA, KOTOPBIX OJTHOBPEMEHHO KacaeTcs
yesioBek. Hopmbl mpegHa3HaueHbl JJisi TPOEKTHUPOBAHUS CIIOCOOOB U CPEJICTB
3aIUATHI OT TIOPAXKEHUS DICKTPHUCCKUM TOKOM JIFOJIeH TIPU WX B3aUMOJCHCTBHUU C
eKTpoycTaHOBKaMu. OHHM COOTBETCTBYIOT MPOXOXKICHUIO TOKa 4Yepe3 Tejo
YeJIoBeKa 10 IMyTH pyKa-pyKa Win pyka-Horu [16].

Tabmuna 4. IlpemenbHO  AOMYyCTUMBbIE — 3HAYEHUS  HAMNPsDKEHUS

COIMPUKOCHOBCHUA U CHUJIBI TOKaA

HawnGomnpmmie qomycTUMbIC 3HAUCHHE
Pon n wactora Toka
Unp, B Ih, MA
ITepemennsiii, 50 I'1g 2 0,3
ITepemennsrit, 400 ' 3 0,4
[TocTostHHBIN 8 1,0

Cranpapt mnOpeaycMaTpuBae€T HOPMBI  JJISI  DJIEKTPOYCTAHOBOK  IpHU
HOpPMaJIbHOM (HEaBapUHHOM) pEXKHUME HUX paldOThl, a TaKXKE MPHU aABAPUNHBIX

peXrMax MPOU3BOJCTBEHHBIX U OBITOBBIX YJIEKTPOYCTAHOBOK.
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JUist JdL, BBIMOJHSIIONIMX pa0OTy B YCIOBHSIX BBICOKOW TeMIIEpaTyphbl U
BJIQKHOCTH (OTHOCUTENIbHAS BIAKHOCTH OoJibllie 75%), 3T HOPMBI IOTKHBI OBITh

YMEHBIIIEHBI B TPU pa3a.

3.2.3 OOocHOBaHHMe MEPONPHUATHH IO 3alHUTe HCCJIAEAOBATEJIA OT
NeHCTBUS ONMACHBIX U BPEeHbIX ()AKTOPOB

Bce paboTbl co CEKTpOMETPOM M ONTHUYECKOM CHUCTEMOUN MPUMEHSIOTCS
WHMBHIyaJIbHbIE CpeAcTBa 3amuThl [ 10].

[Tomemenus s skcrryatauuu [I9BM 10mKHBEI UMETh €CTECTBEHHOE U
UCKYCCTBEHHOE ocBenieHue. [limomanps ogHOro paboudero Mecra IMOJIb30BaTENs
[19BM c BugeoaucruieiinbiMm TepmunasioM (BJIT) Ha 0aze »nekTpoHHO-Ty4eBOM
Tpy6ku (DJIT) nomxHa cocTaBisATh He MeHee 6 M2, a nua BJIT Ha 6ase mIOCKOro
JUCKPETHOTO SKpaHa (KUAKOKPHUCTAIUIMYECKHH, TIa3MeHHbIN) 4,5 M2 [9].

PabGouue crosbl ciemayer pasmeniaTh Takum oOpazoM, 4ToObl BJIT Obuin
OpUEHTHUPOBaHbI OOKOBOM CTOPOHOM K CBETOBBIM IIPOEMaM, YTOObI €CTECTBEHHBIN
CBET TMAaJaJl NPEUMYIIECTBEHHO cjeBa. Takke Kak CpeICTBO 3alluThl JUJIA
MUHHAMM3AIUU BO3JEHCTBUA (haKTOpa ClIeyeT yCTaHOBKAa MECTHOTO OCBEIIICHHUS U3-
32 HEJIOCTATOYHOM OCBEIIEHHOCTH, OKOHHBIE MPOEMBI JIOJKHBI OBITh 000PY10BaHbI
pPETyIMPYEMBIMH YCTPOMCTBAMM THIIA: KaJTKO3U, 3AHABECEH, BHEIIIHUX KO3BIPHKOB.

Ecnmu momenieHne He COOTBETCTBYET BBILICONMCAHHBIM HOpMaM, TO 3TO
BJIEUET 3a COOOW YXyIIIECHHE 3JI0POBbs PabOUYMX M KakK CJEACTBUE YXYIIICHUE
pabouero mporecca.

Jiist obecrieueHrst yCTaHOBJICHHBIX HOPM MUKPOKJIMMATHYECKUX MTapaMeTpOB
Y YKCTOTHI BO3/IyXa Ha pab04MX MECTaX U B MOMEIICHUSX MPUMEHSIOT BEHTUJISIITUIO
[17]. O6meoOMeHHass BEHTWISALINAS UCTIOIB3YETCS TSl 0OECTICUCHHS B TIOMETIICHUSIX
COOTBETCTBYIOIIET0 MUKpOKIUMaTa. [lepruonndecku HOJKEH BECTHUCHh KOHTPOJIb
BJIAJKHOCTH BO3/1yXa. B jieTHee BpeMst IIpU BEICOKOM YIIMYHOU TEMIIEPATYPE JOJLKHBI
UCIIOJIb30BaThCA CUCTEMbI KOHAUIIMOHUPOBAHUSL.

Panpuatopsl 10JDKHBI YCTaHABIMBATHLCS B HUIIAX, MPUKPBITHIX JIEPEBIHHBIMU

WM METAJUIMYeCKUMHU pemerkamu. [Ipu 3ToM Temmeparypa Ha MNOBEPXHOCTH
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HarpeBaTeNIbHbIX MPUOOPOB HE AOJKHA MpeBblmarh 95 °C, 4yTOOBl UCKIIOYUTH
npuropanue neuim [18].

B uccnenoBaTenbCKuX ayJuTOPUSX UMEIOT MECTO IIyMbl Pa3IMYHOIO PO,
KOTOpbIE TeHEPUPYIOTCS KaK BHYTPEHHUMHU, TaK U BHEIIHUMU UCTOYHUKAMH IITyMOB.
B paccmarpuBaemMoMm ciydyae BHYTPEHHHMMHM HWCTOYHUKAMHU IIYMOB SIBIISIFOTCS
pabouee o00OpyJOBaHHME, a HWMEHHO NEPCOHAIBHBI KOMIBIOTEP, MPUHTED,
BEHTWISILIMOHHASI CUCTEMA, a TaK)K€ KOMIBIOTEpHAsl TEXHUKA JIPYTUX MH)XXEHEPOB,
HaxojsAmuxcss B ayautopuu. Ilpm Bo3moxkHOM mpeBbiieHnu IIJ[Y myma [19]
MEPOTPHUATHS M0 3AIIUTE OT IIyMa JOJIKHBI IPeTyCMaTPUBATh 3BYKOTOTJIONIAIOIINE
KOHCTPYKIIMU  (3BYKONOTJIOIIAIOMIUE OOJUIIOBKH, INTYYHBIE MOTJIOTUTEIN),
aKyCTUUECKUE DKpaHbl, DJIYIIUTEIW IIyMa B CHUCTEMax BEHTWISALHUH U
KOHJIUIIMOHUPOBAHUS BO3AyXa. /[ yMEHbIICHUS TyMa, TPOHUKAIOIIETO CHAPYKU
MOMEIIEHUSI, CIIETYET YCTAHOBUTH YIUIOTHEHUS 110 IEPUMETPY MMPUTBOPOB JBEPEU U
okoH [20].

ITpu nipeBwimienuu [1JY OMMU [9] BO3MOXKHBI CHEAYIOMIME MEPHI 3aIUTHI:
YBEJIMUEHUE PACCTOSHUS MEXIy UCTOUHUKOM DOMMU u paboueil 30HO#, ycTaHOBKA
OTPAKAKOUIUX WIIH MMOMIOMIAI0IINX 3KPAaHOB, KOHCTPYKTUBHOE COBEPIIIEHCTBOBAHUE
00OpyZIOBaHUSI C LEJIbI0 CHWXKEHHUS MCHOJIb3yeMbIX ypoBHe OMMU, oOmein
noTPeOJIIEMOI U U3Ty4aeMOil MOIIIHOCTH 000pPY/I0BaHMUSI.

Haubounee 2 dhexTrBHBIE CpencTBa MPEAYPEXKICHNUS yTOMIICHUS TIPU paboTe
Ha TIPOU3BOJACTBE — OTO CPEIACTBA, HOPMAIMU3YIOIIUE AaKTHUBHYIO TPYIOBYIO
NesATeTbHOCTh uenoBeka. Ha (oHe HOpMabHOTO MPOTEKaHUsI TPOU3BOJICTBEHHBIX
MIPOIIECCOB OJTHAM M3 BAXKHBIX (PHU3UOIOTHIECKUX MEPOTIPUATUN MPOTUB YTOMIICHUS
SBJISIETCS MPABUJIBHBIN PEXUM Tpyaa W otabixa. st ymeHbleHUs] GU3NYECKUX
Harpy30K OpraHu3Ma BO BpeMsi palOOThl PEKOMEHAYETCS HCIOJIb30BaTh
crenuaibHyl0 MeOelb ¢ BO3MOXXHOCTBIO PETryJIMPOBKM TMOJ KOHKPETHbIE
aHTPOTNIOMETPHUYECKUE JaHHbIC, HAIPUMEp, SPrOHOMHYHOE Kpecio [21].

CreneHb 0NacHOro BO3JEHCTBUS HA YEJIOBEKA SJIEKTPUUYECKOIO TOKA 3aBUCUT
OT POJia ¥ BEJIMYUHBI HANIPSKEHUSI U TOKA, YACTOTHI AJIEKTPUUYECKOTO TOKA, MyTH

MMPOXOXKACHUA TOKa 4CpPE3 TCJIO0 YCIOBCKA, ITPOIJOJIKUTCIBHOCTH BOBI[GP'ICTBI/ISI Ha
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OpraHW3M YEJIOBEKA, YCIOBUN BHEIIHEN CPEBL.

OCHOBHBIMM MEPONPHUATUSAMH MO 3AUIUTE OT MOPAKEHUS DIIEKTPUUYECKUM
TOKOM SIBJISIFOTCSI:

o obecriedyeHUE  HEIOCTYMHOCTH  TOKOBEAYIIMX  YacTed  MyTEM
MCITIOJIb30BAHUS U30JISIMU B KOpIycax 000pyI0BaHUS;

o OPUMEHEHUE CPEACTB KOJUIEKTMBHOM 3alUTBl OT TOPAKEHUS
ANEKTPUUECKUM TOKOM;

o WCMOJIb30BaHUE 3AlIMTHOTO 3a3€MJICHUS, 3allUTHOTO 3aHYJICHUS,
3aIIUTHOTO OTKJIIOYCHHUS;

o UCIIOJIb30BaHUE YCTPOUCTB OecriepeOoiHoro nutanus [22].

Texnuueckue cnocoObl U CPeICTBA MPUMEHSIIOT PA3ICIbHO UM B COUCTAHUU
JIPYT C IPYyroM Tak, 4YTOObI 0OecrieunBaiach ONTUMaIbHAs 3allUTA.

OpraHu3aluOHHBIMU MEPONPUATUIMH MO 3JIEKTPOOE30MACHOCTH SIBISIOTCS
MEPUOANYECKHE M BHEIUIAHOBBIE WHCTPYKTaXU. l[leproauyeckuii MHCTPYKTax
MPOBOAUTCS. BCEMY HEAICKTPOTEXHUYECKOMY TMEPCOHANLY, BBIMOJIHSIOMIEMY
cienyrone paboThl: BKIIOYEHHE M OTKIIOYEHHE JJIEKTpOnpuOopoB, yOopka
MOMEIIEHUH BOJIM3U DJICKTPOIIMTOB, PO3ETOK M BBIKIIOUaTele u T. 1. Bech
HEDJIEKTPOTEXHUYECKUN TepcoHal JOJDKEH OBbITh aTTeCTOBAaH Ha MEPBYIO
KBAUIM(PUKAMOHHYIO  TPyIIy 1o  23JekTpobe3onacHoct. [lepuognueckuit
WHCTPYKTAX MPOBOJUTCS HE MEHEE OJTHOTO pa3a B IOJI.

BHennaHOBBI MHCTPYKTaK MPOBOAUTCS PYKOBOIAUTEIEM MOAPA3AECIECHUS

IIpX BBCACHHUH B SKCILTyaTalluiO HOBOI'O TCXHUYICCKOI'O 3J'I€KTpOO60py,I[0BaHI/IH.

3.3 Dkonornyeckas 0e30MacCHOCTb

3.3.1 AHa/1u3 BJIMAHMSA NPOLECCa HCCIEAOBAHNS HA OKPY/KAKOILYIO Cpeay

[Ipouiecc wuccnenoBaHusi TPOBOJAWICS B ayJIUTOPUM C HCIOJIb30BAHUEM
[I9BM. B nanHOM city4ae BIMSHHE Ha OKPY’KAIOLILYIO Cpey IPOUCXOIHUIIO Ha 3Tare
MPOU3BOJICTBA U TMOTPEOJCHUS DJIEKTPOIHEPTUU, a TAKXKE IPHU MPOU3BOACTBE U

YTHUJIM3aluu BBIUMCIIUTECILHOM TEXHUKHU.
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DHepreTuka BIUsIET Ha Bce chepbl OKpyKaroleh cpebl. DINEKTPOCTAHIIUU
3arpsi3HSIOT arMocdepy (moTpediieHne KUCI0opoa, BRIOPOCH MapHUKOBBIX T'a30B,
BJIaTM W TBEPABIX dYacTuil), ruapochepy (moTpeOICHUE BOJBI, CO3AaHUE
MCKYCCTBEHHBIX BOJOXPaHWIHIL, COPOCHI 3arPSA3HEHHBIX U HAIPEThIX BOJ, KUJKHX
OTX0J0B) u JuTochepy (mMOTpeOseHne HWCKOMAaeMbIX TOIUIUB, HW3MEHEHHE
nanamadTa, BBIOPOCH TOKCHYHBIX BemecTB) [25]. CHWKEHHE 3arps3HCHUS
BO3MOXXHO 32 CUY€T COBEPIICHCTBOBaHUS O00OpYIOBaHHUS, IMPOU3BOJSIIETO
ANEKTPOIHEPTHUIO, MPUMEHEHHS 0o0Jiee DHKOHOMUYHBIX H  PE3yJbTATUBHBIX
TEXHOJIOTU, HUCIOJIb30BaHUSI HOBBIX METOJOB TIOJYUYEHUs] BJICKTPOIHEPIHH U
BHEJIDEHUSI COBPEMEHHBIX METOJIOB U CIOCOOOB OYMCTKA M OOE3BPEKUBAHUS
OTXO0JI0B Ipou3BojacTBa. KpoMe Toro, ganHas mpoOiiemMa AOJDKHA pemarbes U 3a
cu€T A(PPEKTUBHOTO U  HDKOHOMHOTO  HCHOJB30BAHMS  DJIEKTPOIHEPTUU
NOTPEOUTENSIMUA. DTO HCHOJIb30BaHWE 00Jiee SKOHOMUYHOTO OOOpYyAOBaHUsA, a
Takke S(PPEeKTUBHOTO peXUMa 3arpy3Kd HSTOro OOOPYJIOBaHMS, COOJIOJCHUE
MPOU3BOJICTBEHHOM JHUCUUIUIMHBI B paMKax MPaBUIBHOTO UCIIOJIb30BaHUs
ANEKTPO3HEPTUH. B COBpEMEHHBIX KOMIIBIOTEPAX IMOBCEMECTHO HCIOJIb3YIOTCS
pPEXKHUMBI C TIOHW)KEHHBIM TOTPEOJICHUEM JJIEKTPOSHEPTHH TIPH  JITUTEIIBHOM
npocroe [26].

BpenHoe Bo3nelcTBHE HAa OKPYXAIOLIYH CpPEAy OKa3bIBA€T MPOU3BOACTBO
KOMITJIEKTYIOIIUX COBPEMEHHBIX KOMIIBIOTEPOB M mMepuepuifHON TEXHHUKHU.
Kabenu, monkirodaemble K 3JIEKTPOHHBIM YCTPOMCTBaM, W3rOTaBIMBAIOTCS W3
nonuBuHWwiIXIopuaa (IIBX), kOTOpblii MNpakTUYECKHM HEBO3MOXHO MPABHIIBHO
yTHIM3UPOBaTh. B pe3ynbTaTe cTaphiii MaTepuan OKa3bIBaeTCsl OOBIYHO Ha CBAJIKE C
orxogaMu. CBaJKd M XHMHYECKUE 3aXOPOHEHUS 3arps3HSAIOT MUCTOYHUKHU BOJIBI.
EnuHCcTBEHHBIN crioco0 mpaBwibHO yTuiam3upoBaTh [IBX 3akmrouaercss B ToM,
4TOOBI OTIIPABUTH €r0 B IIEHTP OMACHBIX OTX0I0B [27]. Penko3eMenbHbIe METaslIbl
UCIOJIB3YIOTCSl TIPU CO3JIaHWU JIMCILJIEEB MOHUTOPOB (MTTpUH, TepOUil, eBpomuil),
MOIIHBIX ~MarHUTOB JJIl JKECTKUX JUCKOB W  JIMHAMUKOB (HEOAHM),
aKKyMyJsTOpoB (1anTtaH). OpHako J00blYa  PEIKO3EMENbHBIX HCKOMAEMBbIX

MIPOBOILIUPYET BEIOPOC B aTMOCHEPY CICTYIOIINX 3arPsI3HSAIONINX BEIIECTB: TUOKCH]T
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Cepbl, OKCHUJI YIIIepo/ia, AMOKCHUJ a30Ta, HEOpraHWYEeCKas MblUlb, TBEPbIE PTOPUIDI,
dropucteiii Bogopoa [28]. T'uapocdepa mpu NPOU3BOJCTBE PEIKO3EMETHHBIX
METAJJIOB 3arpsi3HSIETCSt CTOKaMU, B KOTOPBIX MPUCYTCTBYIOT METAIBI U HX
COCIIMHEHHUS, a Takke Mmarepuaiabl B QopMe cycneHzuu. Jlpyrue BeliecTsa,
MOTIA/TAFOIIME B BOJY B 3HAUUTEIBHBIX KOJWYECTBAX — ITO XJOPHUABI, (PTOPUABI 1
cynb(darel. YMEHBIIEHWE YPOBHS 3arpsi3HSAIONIMX BEIIECTB JOCTUTACTCS TIPH
MOMOIIIM BOJIOOYUCTHBIX M AJIEKTPOJIUAIN3HBIX YCTAaHOBOK, Ojarojapsi KOTOPbIM
BO3MOXXHO TOBTOPHOE HCIOJB30BAaHUE >KUJKUX OTXOJOB NPOU3BOJACTBA. Jlis
MpeI0TBpaIIeHUs] BHIOPOCOB B aTMOC(epy UCIONIb3YIOTCS LIEHTPOOEKHbBIE CUCTEMA

U MOKpBIE CKpyOOepsI [29].

3.3.2 O6ocHOBaHHE MEPONIPHUSATHIA M0 3aIUTE OKPYKAKIIEH cpeabl

PanmmonanbHOE  HMCIIONB30BAHME KOMIIBIOTEPHOW TEXHUKHA  I1O3BOJISET
JOCTUTHYTh MakcUMyMa 3(()EKTUBHOCTH €€ MNPUMEHEHHUS, a TaKXKE CHHU3UTH
BO3JCIICTBE  HA  OKpyXamollylo  cpeny. PeMoHTHoO-mpoduiakTuueckoe
00CITy’)KMBaHUE TEXHUKH MPEyCMATPUBAET CIETYIOUINE paOOThI:

o OYMCTKY OT MbUIM BHYTPEHHUX 00beMOB OjokoB muTaHus [IOBM,
YCTPOUCTB HE3aBUCUMOIO MUTAHUA C MOCIEAYIOIIUM UX TECTUPOBAHUEM, IKPAHOB

BHUJIEOMOHHUTOPOB, PETYIUPOBKY, HACTPOMKY U CMA3Ky BEHTUJISTOPOB.

o MPOBEJCHUE JUArHOCTUKA W  JIOKAJIW3alMsl HEHCIPABHOCTEU
YCTPOWCTB;
o IIOJIHO€ TECTUPOBAHUE ONEPATUBHOIO 3alIOMHHAIOILIETO YCTPOMCTBA

(O3Y) u BbISIBJIEHUE HEUCTIPABHBIX MOAYJIEH;

o PEMOHT OJIOKOB THUTAaHMUSI C 3aMEHOM HEHCHPABHBIX AJIEMEHTOB H
MOCJIEAYIOLIEN PETYIUPOBKON;

o PEMOHT IPUHTEPOB U CKAHEPOB, BUJCOMOHUTOPOB, HakonuTenei [30].

IIpn OTCYTCTBMM BO3MOXHOCTH PEMOHTA M IMOBTOPHOIO HCIIOJIb30BaHHUS
TEXHMKA MOMJEKUT YTUIU3AUUU. YTUIM3AlMs KOMIIBIOTEPHOro 000pyAOBaHHUSA

OCYIIECTBIIICTCSI MO CICHUATBHO pa3padOTaHHOH cXeme, KoTopas JOJDKHA

50



COOJIOIAThCS B OpraHU3aLUsIX:

o Co3aHne KOMHUCCUM, 3a/adya KOTOPOWM 3aKIII04aeTcsl B MPHUHITHU
PELICHHI 0 CIMCAaHUIO MOPAJIBHO yCTApEBILIEH WU HE paboyell TEXHUKU.

o Pa3paboTka mpukaza o coucaHuM ycTpoicTB. s mIpoBedeHMs
DKCIEPTU3bl NPUBJIEKAECTCA  KBAIM(DUIMPOBAHHOE CTOPOHHEE JIMIO WU
OpraHu3aLus.

o CocraBieHue axkTa YTWIN3AallMM, OCHOBAHHOIO Ha pe3yJIbTaTax
TEXHUYECKOTO aHajn3a, KOTOPBIM MOATBEPKIAET HETOAHOCTh 00OPYJOBaHMS AJIs

JAJbHEUILIETO IPUMEHEHHS.

o dopMUpoBaHUE IPUKA3a HA YTHIU3AIHIO.
o YTunuzanus OpPrTEXHHWKH, OCYIIECTBISIEMas CICIHAIN3UPOBAHHON
bupmoii.

[locne odopmiieHHsT BceX HEOOXOAMMBIX JOKYMEHTOB, KOMIIBIOTEpHAs
TEXHHMKa BBIBO3UTCS CO CKJIa/1a Ha epepadartpiBarollyto ¢padpuky. Bce nmomyueHHbie
B XOA€ IepepabOTKU MaTepuajigbl BTOPUYHO MCIONB3YIOTCS B  Pa3iMUHBIX

MPOM3BOJACTBEHHBIX Tponeccax [31].

3.4 be3onacHOCTH B YPe3BbIYAHHbBIX CUTYALUAX

B namHoM pa3zgene mpoBOAUTCS  aHalU3  HauboJliee  BEPOSITHBIX
ype3BbryaiiHbix curyanuii (UC), HCTOUHUKOM KOTOPBIX MOKET MOCTYKUTh OOBEKT
MCCJICIOBAHUS M HEMOCPEICTBEHHO caM IMPOIEeCC UCCIETOBAHMUS.

YC mnpexacraBusier coOoil 0OOCTaHOBKY Ha OMNPEACICHHOM TEPPUTOPUH,
CIOXKMBIIYIOCSI B pe3yjbTaTe aBapuu, OMNACHOTO MPUPOJHOTO SIBJICHUS,
KaTacTpo(dbl, CTUXUHHOTO WJM MHOTO O€JCTBUS, KOTOpPbIE MOTYT MOBJIEYL WM
MOBJIEKJIM 3a COOOM YemoBEYECKHE >KEPTBBI, YIIepO 30pOBHIO JIIOJACH WIH
OKpy>Kalollel cpeje, 3HAYUTENbHbIE MaTepUalibHbIE TMOTEPU U HaAPYIICHUE
YCIIOBUM )KU3HEAECATEIIBHOCTH Jtozeit [32].

[Ipenynpexaeane YC — 3TO KOMIUIEKC MEPONPUATHH, MPOBOIUMBIX

3a6HaFOBpCMCHHO M HaIIpaBJCHHBIX Ha MaKCHUMAJIbHO BO3MOXHOC YMCHLIICHUC
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pUCKa BO3HUKHOBEHHS 4YPE3BbIYAWHBIX CHUTYallMd, a TakKe Ha COXPAHEHHUE
3MI0POBbsl  JIIOJIEH, CHUKEHUE pa3MepoB yiiepbda OKpyxkKawlleil cpene
MaTepuaJibHbIX MOTEPh B CIIy4ae X BOSHUKHOBEHUS [33].

JIukBupamusa YC — 3TO aBapuiHO-CHACATENIbHBIE W APYTHE HEOTIIOKHBIC
paboThl, MOPOBOAUMBIE TMPH BO3HUKHOBEHUU YPE3BbIYAWHBIX CHUTyallMid U
HaIlpABJICHHBIC HA CIACEHUE JKU3HHU U COXPAHEHUE 3/10POBbS JIIOAECH, CHUKECHHE
pasmepoB yiiep0a OKpyKarollel cpele M MaTepualibHbIX TMOTEepPb, a TAKXKE Ha
JOKAJIM3AMI0 30H 4YPE3BbIYaWHBIX CUTyalUd, IIPEKpalleHue JEeUCTBUS
XapaKTEPHBIX JJI1 HUX onacHbIX (akTopoB [33].

be3zonacHocte B upe3BbiyadiHbix cutyamusax (BUC) —  cocrosiHue
3AIIMIIEHHOCTH HaceJIeHUsl, OOBEKTOB SKOHOMUKHU M OKPY)KAIOMIEH Ccpeasl OT

OMAaCHOCTEN B UpE3BbIYANHBIX CUTyalusx [32].

3.4.1 Anaau3 BeposaTHbIXx UC, KoTOpbIe MOI'YT BOBHUKHYTh Ha padoyeM
MecTe NP MPOBEACHUH MCCIE0BAHNI

IIpr npoBeneHUM SKCIEPUMEHTANBHBIX HMCCIEAOBAHUN? HCIOJIB30BAIOCH
clenyoliee 000pyJOBaHUE: CIIEKTPOMETP, OINTHUYECKass CUCTeMa M CpeACTBa
JNETEKTUPOBAHUS U3ITyYEHHUs], — MpU paboTe KOTOPHIX BO3MOXHO BO3HHUKHOBEHHE
KOPOTKOT'O 3aMbIKaHUS U BO3TOPAHHE.

Kpome TOro, wucciemnoBaHusi MPOBOJMIUCH C  HCIOJb30BaHUEM
NEPCOHAILHOTO KOMITBIOTEPA, MPHU HKCILTyaTallid KOTOPOTO TaKK€ BO3MOKHO
BO3rOpaHve. B COBpPEMEHHBIX KOMIBIOTEPAaX OYEHb BBICOKAs IIJIOTHOCTH
pa3MelIeHNs AJIEMEHTOB 3JIEKTPOHHBIX CHUCTEM, B HENOCPEACTBEHHOM OJIM30CTU
JpYT OT Jpyra pacroyiaraloTcsi COeIMHUTEIbHBIE MPOBOAA U KOMMYHHUKAIIMOHHBIE
kabenu. [Ipu npoTekaHuy Mo HUM ANEKTPUIECKOTO TOKA BBIACIISAETCS 3HAUUTEIHHOE
KOJIMYECTBO TEIJIOTHI, YTO MOXET TMPUBECTH K TOBBILIEHUIO TEMIIEPATYPbI
otaenbHbIX y350B 70 80-100 °C. Ilpu 5TOM BO3MOKHBI OIJIABJICHHE HW3OJISIIUU
COEIMHUTEIBHBIX IPOBOJOB, UX OTOJICHUE U, KaK CIEICTBUE, KOPOTKOE 3aMbIKAHUE,
COMPOBOXK/IAEMOE HCKPEHHEM, KOTOpPO€ BEIET K HEIONMYyCTHUMBIM Ieperpy3kam

AJIEMEHTOB 3JIEKTPOHHBIX cXeM. lleperpeBasch, OHU CTOPArOT ¢ pa3OpPBHI3TUBAHUEM
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uckp [35].

3.4.2 QOOocHoBanue wMeponpusiTuii mo mnpegorspamenury UYC wu
pa3padoTKa MOPAAKA AeiCTBUA B Ci1y4yae BOSHUKHOBeHuss YC

Ucxons w3 [37] mokapHas TNpoQHIaKTHKA OO0ECTICUMBACTCS: CHUCTEMOM
MPENOTBPALLCHUS roskapa, CHUCTEMOU MIPOTHUBONIOKAPHOMU 3ALLUTHI;
OpraHU3alMOHHO-TEXHUYECKUMU Meponpustuamu. K mMepam npenoTBpaiieHus
N0’Kapa OTHOCSTCS: MPUMEHEHHE CPENCTB 3AIIUTHOIO OTKIIFOUEHHS BO3MOMHBIX
MCTOYHUKOB 3aropaHusi (3allUTHOTO 3aHYJIEHU); TPUMEHEHUE UCKPOOE30IMacHOro
000py10BaHUSs; BBIMOJIHEHNUE MPABHII (MHCTPYKIIHI) IO MOKApHOU O€30IacCHOCTH.

K MepaM mpoTHBOMOXApHOW 3alUTHI OTHOCSTCS: MPUMEHEHUE MOKAPHBIX
U3BeLlaTeNIel;  CPEICTB  KOJUICKTMBHOM  (yCTpoiicTBa ~ BEHTWIILIMM U
KOHJIUIMOHUPOBAHUS BO3/1yXa, 3HAKU O€30M1aCHOCTH) U MHAUBUIYAIBHON 3alIUThI
(omexnma coenuanbHas 3alllUTHAs, CPEJCTBA 3alUThl OPraHOB JAbIXaHUS) OT
¢dakTopoB mokapa (IIaMsi U KCKpBI, MOBBILICHHAs TeMIlepaTypa OKpY’Karolen
Cpellbl, TOBBIINICHHAs KOHLEHTpPAlusi TOKCHUYHBIX MPOJAYKTOB TOPEHUS, [IbIM,
NOHWKEHHAs] KOHILIEHTpAlMsl KHUCJIOpPO/a); CUCTEMbl aBTOMATUYECKOM MOXKapHOU
CUTHAJIM3AIIMH; TTOPOIIKOBBIX WJIHM YTJIEKUCIOTHBIX OTHETYIIUTEIEH.

[Ipu oOHapyXeHHH BO3rOpaHUsi HEOOXOIMMO COOOUUTH 00 3TOM
PYKOBOJIUTENIO, IO3BOHUTH B TOXKApHYIO0 oxpany 1o Tenedony 01, 101 umum 112,
NPUCTYNIUTh K DJBaKyallud JIIOAEM W MaTepUalbHBIX LEHHOCTEH. TymeHune
OpraHu3yeTcsl TMEPBUYHBIMU CpEICTBAMH C MOMEHTa OOHapy’>KEHHus IoXKapa.

[TocTpanaBmmM mpu moxkape 00ecrneynBaeTCsl CKopasi MEAUITUHCKAS TTOMOIIIb.
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BbIBO/IbI

[Tpu BeimonHeHun pazgena «ConuanbHasi OTBETCTBEHHOCThY MarucTEepPCKOn
JYccepTalMi ObIIM PacCMOTPEHBI CIICIHATIbHBIE MPABOBBIE HOPMBI TPYIOBOIO
3aKOHOAATEIbCTBA U OPraHU3ALMOHHBIE MEPONPUATHS NP KOMIIOHOBKE paboueit
30HBI UCCIIEIOBATENSA, KOTOPBIE PETYIUPYIOTCS TPYAOBBIM KOJEeKCOM Poccuiickoit
®deneparun u CanlluH 2.2.2/2.4.1.1340-03. ITpoBeaeH aHaau3 OCHOBHBIX BPEIHBIX
U OMAacHBIX (PAaKTOPOB, CPEAH KOTOPBIX: BPEAHBIC BEIIECTBA, OTKJIOHCHHE
noKaszaresyied MUKpOKJIMMaTa, MPEeBBIIICHUE YPOBHS ITyMa, TOBBIIMICHHBINM YPOBEHb
AJIEKTPOMArHUuTHOTO W3JTYyYCHHUS, MCUX0(U3NOTIOTHISCKUE (bhaKkTopHI,
HEJIOCTATOYHAs! OCBEILIEHHOCTh paboueid 30HbI, MOPAKEHUE IIEKTPUUECKUM TOKOM.
Taxke mpoBeneH aHaaW3 BIHUSHUS OOBEKTA M IIpoIlecca MCCIICAOBaHUS Ha
OKPY’KAIOILYIO CPEY, PACCMOTPEHBI MEPOIPUATHS 110 TPEAOTBPAIICHUIO Hanbojiee

BeposiTHoU YUC: Bo3ropanus Ha paboueM MecTe.
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4 DOUHAHCOBBIN MEHEI)KMEHT, pecypcod3p(PeKTUBHOCTH U
pecypcocoepexeHue
BBenenue
OcHOBHas 1EeIp JAHHOTO pa3/iesla — OLEHUTh MEPCIEKTUBHOCTh PA3BUTHUS U
IJIAaHUPOBATh (PMHAHCOBYI0O M KOMMEPYECKYIO IIEHHOCTh KOHEYHOTO IPOIYKTa,
MPEACTAaBICHHOTO B paMKaX MCCIIEI0BATEIbCKON PaOOTHI.
JlaHHBIN pa3zieln, IpeayCcMaTpUBaET PACCMOTPEHUE CIAEAYIOIIUX 3a/1ay:
* OueHKa KOMMEPYECKOT0 MOTEHIIHAIA Pa3pabOTKH.
 [lnanupoBaHue HayYHO-HCCIIEIOBATEIBCKON pabOTHI;
» Pacuer GroKeTa HAYYHO-HCCIIEIOBATEIBCKOM pabOThI;
* Omnpenenenne pecypcHor, (uUHAHCOBOM, OroKeTHON 3(P(HEKTUBHOCTH

HCCICOAOBaHUA.

4.1 OuneHka KOMMEPYECKOI0 TMOTEHIHMAJA U MEePCHeKTHUBHOCTH
NPOBEJACHUS] HAYYHBIX MCCIAEAOBAHMH € MO3ULUMU pecypcodPPeKTUBHOCTH U
pecypcocoepekeHust

4.1.1 IloTeHUMATBbHBbIE OTPEOUTEIH Pe3yIbTATOB UCCIACAOBAHUSA

B nanHoil Hay4YHO-HCCIIEI0OBATENIBCKON paboTe pacCcMOTPEHA BO3MOXKHOCThD C
MOMOII[BIO CIEKTPa COJHEYHOTO U3JIyYEHHUs MPOBOAUTH KaueCTBEHHBIN aHaIN3
aTMoc(epbl Ha HaJU4KMe MAapPHUKOBBIX Ta30B. Takum oOpa3zoM, Oblia pazpaboTaHa
CUCTEeMa JIJIi PETHCTpPAIlMU COJIHEUHOTO M3JIyYCHHS Ha OCHOBE TUDPAKIIMOHHOTO
cnektpoMmerpa JIDC-42. JlanHoe u300peTeHHE MOXKET OBITh HMCIIOJB30BAaHO Ha
J1000M TIPOMBIIINICHHOM MPEANPUITHH /1T MOHUTOPUHTA COCTOSIHUSI aTMOC(hEphI
ra HaJlu4ue BEIOPOCOB ra3oB B aTMochepy.

MOXHO TPHUBECTH HECKOJIbKO MPUMEPOB 3aWHTEPECOBAHHBIX B 3TOU
pa3zpaboTKe MpeanpUsSTUH:

e AO «Cubupckuit XUMUYSCKHI KOMOWHATY
e [TAO «HoBocuOupckuii 3aB0Ji XUMKOHIIEHTPATOBY;

o [IAO «MammHOCTPOUTENBHBINA 3aBOI.
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[lenpto pazmena «DUHAHCOBBIM MEHEIKMEHT, pecypcodHEeKTHBHOCTh H
pecypcocOepexeHue»  SABISICTCS  SABISETCS  MPOCKTHPOBAaHWE W CO3JaHHC
KOHKYPEHTOCTIOCOOHBIX Pa3padO0TOK, TEXHOJIOTHM, OTBEYAIONIMX COBPEMECHHBIM
TpeOOBaHUSIM B 00J1acTH pecypcodHPEKTUBHOCTH U PeCypcocOepeKeHus.

JlocTrxeHne 1eian 00ecreynBaeTCs pelieHUeM 3a1a4:

® OIICHKAa KOMMEpPUYECKOTO IOTEHIMajda W TMEPCIEKTHBHOCTH IPOBEICHUS
HAyYHBIX MCCIICOBAHUN;

® TUTAHWPOBAHME HAYYHO-UCCIEI0BATENBCKUX PaldoT;

e omnpejeneHue Ol KETa UCCIICIOBAHMS,

e ompeneneHue ¢uHaHCOBOM 3(h(HEKTUBHOCTH, pecypcodPPeKTUBHOCTU, U
UHTErpalibHON 2P HEKTUBHOCTH.

4.1.2 AHaJu3 KOHKYPEHTHBIX TEXHHYECKHX PpeleHuid ¢ TMO3UIUN
pecypco3¢PeKTUBHOCTH U pecypcocdepexeHust

AHanmu3  KOHKYPEHTHBIX  TEXHMYECKMX  PEIIEHUH ¢ TO3UIMH
pecypcodPheKTUBHOCTH M pecypcocOepekeHUs] TO3BOJISIET MPOBECTH OIEHKY
CpaBHUTEIbHOU 3(h(HEKTUBHOCTU HAYUHOUM pa3pabOTKU U ONPEAEIUTh HAIIPaBICHUS
st ee Oynymiero moBbimieHus. llenecooOpa3HO MPOBOMWUTH JAHHBINM aHAIU3 C
MOMOIIIBIO OLIEHOYHOM KapThl (Tab. 1).

st cpaBHeHMsI BBIOpaHBI JBa BUJA CIHEKTPOMETPOB: IUGPAKIIMOHHBIN
CeKTpoMeTp U Dypbe-CIIeKTPOMETP.

Tabnuua 5. OueHouHast KapTa JUisl CPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX

peLIeHUI
Bec Babt Konkypenro-
Kpurtepuu onenku KpHTe- C0COOHOCTE
pust B‘i’ by K(b KKI
1 2 3 4 5 6
TexHn4yecKkue KpUTEPUN OLIEHKH pecypcodPPeKTUBHOCTH
1. ITpon3BOIUTETBLHOCTD 0,2 5 2 1 0,7
2. Y100CTBO B OKCILTyaTaluu 0,05 5 3 0,25 0,25
3. HagexxHocThb 0,1 5 5 0,5 0,5
4. YpoBeHb NyMa 0,05 5 5 0,15 0,15
5. be3omacHOCTE 0,1 5 5 0,5 0,5
IJKOHOMHYECKHE KPUTEPUH OleHKH 3(peKTUBHOCTH
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Htoro

1. DHeprocbepexeHme 0,4 4 4 1,6 1,6
2. ITorpeGHOCTH B pecypcax 0,1 5 4 0,5 0,3
1 34 28 4,5 4

W3 npencTaBieHHOM TaOIUIBI MOXKHO CIIENaTh BBIBOJ, YTO 00a CLIEKTPOMETpa

olnHakoBO 3¢ (dexTuBHb, HO Bce ke Dypbe-CeKTpOMETp HEMHOTO YCTyIaeT

mudpaxkimonHoMy. OCHOBHOM aKIIEHT JIelaeTcs Ha Pa3HHUIE TPOU3BOIUTEILHOCTH

9TUX JIBYX CIICKTPOMCTPOB. HOBTOMy C TOYKH 3PCHHA IIPOU3BOJHUTCIILHOCTHU

UCCJIeIyeMbIii HaMU CHUCTEMa MOJydeHUs CreKTpoB Oosee s dexTuBHbIN. Takxke

HCOCIIOPUMBIM TIPCUMYIICCTBOM BI)I6paHHOFO HaMH CIICKTpOMCTpa ABJIACTCA €TO

YI[O6CTBO B OKCILIyaTalluu, Tpe6y}omee HaMHOT'O MCHBIIIC BPCMCHHU HaA IMOJYYCHHUC

pE3yIbTATOB.

4.1.3 SWOT-anainu3

SWOT - Strengths (cunbHble ctoponbl), Weaknesses (ciaOble CTOPOHBI),

Opportunities (Bo3moxkHOcTH) u Threats (yrpo3bl) — mpeacTaBisieT coOoi

KOMIIICKCHBIM ~aHaJIu3 Hay4YHO-HCCJICIOBATCIBLCKOTO IIPOCKTA.

NPUMEHSIOT JIUIsl KCCIICI0BAHUS BHEITHEH U BHYTPEHHEH cpejibl mpoekTa [36].

SWOT-anamu3
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Taomuma 6. SWOT -ananusza

CujibHBIE CTOPOHBI

Cia0dble CTOPOHBI HAYYHO-

HAY4HO- HCCJIeI0BATEIHCKOT0
HCCJIe10BATEILCKOI0 npoeKTa:
MPOEKTA: Cal. HewnsyueHnHocTh
Cl. bsicTpoe mnoaydeHHE | METOJIa U CIOXXHOCTH B €ro
pe3yJIbTaTOB. pPa3BUTHH.
C2. OxonomuuHoe | Cn2. Huszkas akTyalbHOCTh
UCIIOJIb30BaHUE UCCIIE0BaHUM.
AJIEKTPOIHEPTUH. Cn3. HeobxoaumocTh
C3. [Ilpocrora MOHTaxa | sICHOTO HebAa.
YCTAHOBKH M SKCILTyaTalus Cn4. bonpmue rabapuThl
CIIEKTPOMETpA.
Bo3mo:xkHOCTH: W3 nmamsoW koMmOuHanmu | B CBOIO ouepelib
Bl1. [losiBneHue | BUIHO, YTO  CYUIECTBYET | HEU3YUYEHHOCTh METOJA,
JIOTIOIHUTENBHOTO CIpOCa Ha | BOBMOXKHOCTh CO3/IaHUs | HU3Kas  aKTyallbHOCThb,  a
HOBBIN TIPOJIYKT. YCOBEPILIEHCTBOBAHHOM U | TaKxKe HE0OXOANMBIC
B2. VcosepuieHCTBOBaHUE | 9KOHOMUYECKHU BBITO/IHOM | TIOTOJTHBIE YCJIOBHUS MOXKET
YCTaHOBKH. YCTAHOBKM 110 TIOJIYYCHHUIO | BHECTH MHOTO TPYJIHOCTEH
COJIHEYHBIX CIIEKTPOB. npu paboTe ¢ yCTaHOBKOH U
pa3pabOTKe HOBBIX MTPOCKTOB.
¥Yrpo3si: [IpoBenst anHanu3 cuibHBIX | HeusyueHHOCTH MeTo/1a,
V1. OTcyTCTBHE | CTOPOH M YTpoO3, BHUJIHO, YTO | CJIO)KHOCTh €r0 pa3BUTHS U
(buHaHCUPOBAHUS. BBHIIIIEYKA3aHHbIE  CHJIbHBIC | HU3Kas aKTyaJlbHOCTh MOTYT
¥2. OtcyTcTBHE CcHpoca Ha | CTOPOHBI  MPOEKTAa  MOTYT | IPUBECTH K  OTCYTCTBUIO
TEXHOJIOTHIO. CYILLIECTBEHHO MOHU3UTH | GUHAHCHPOBAHUS U CIpoca
MIPOLICHT yrpo3 | Ha TEXHOJIOTHIO
HCCIIEA0BaHMSL. MIPOM3BOJICTBA.

ITo pesynbratam BeinojgHeHuss SWOT-ananu3a MOXKHO CJliejiaTh BBIBOJ, UYTO
CHUJIbHBIE CTOPOHBI IIPOCKTA, TAaKHWE KakK OBICTPOTA IOJYYEHHUS PE3yIbTaToB,
SKOHOMHMYHOE HCIOJIb30BaHNE U MPOCTOTA YCTAHOBKU OJArOTBOPUTENIBHO BIIUSIIOT
Ha yCOBEPIIICHCTBOBAaHUE JAaHHOM pa3pabOTKH.

CunbHBIE CTOPOHBI MPOEKTA HUBEIUPYIOT yrpo3bl. [IpocToTa ycraHoBKH, a
TAKXK€ CKOPOCTb C KOTOPOM MOXHO MOJYYUTh PE3YJbTaThl MOTYT OKYIUTh
OTCYTCTBHUE CIIPOCa HA JAHHYIO pa3pabOTKy, K TOMY K€ OTCYTCTBHE aHAJOTHYHBIX
CUCTEM IOJIOKUTEIBHO CKa3bIBAETCS Ha (PMHAHCUPOBAHUE TIPOCKTA.

HeunszyueHHOCTh METOHA, CIIOKHOCTH B €r0 PAa3BUTHUH, a TaKXKE HHU3Kasd
aKTyaJIbHOCTh HCCIICIOBAHUM YCIOXKHSAIOT peaau3alyio BO3MOKHOCTEH MPOEKTA,
YTO TPUBOJAUT K TPYAHOCTSM YCOBEPUICHCTBOBAHUS YCTAHOBKHM M MaJIOW

BCPOATHOCTH IOABJICHUA JOIIOJIHUTCIIBHOTO CIIPOCA Ha IMPOAYKIUIO.
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Cnabble CTOPOHBI MPOEKTa YCUIMBAIOT yrpo3bl. HemzyueHHOCTh MeTona |
HU3Kasl aKTyallbHOCTh MOTYT OTPUIIATENIbHO CKa3aThCs Ha peaM3alliyd CHUCTEMBbI
pErucTpanuy COJTHEYHBIX U3TyYeHUN B HAYUYHO-UCCIIEIOBATEIILCKON JEATEIbHOCTH

N IIPUBCCTHU K OTCYTCTBHIO CIIPOCA U q)HHaHCI/IpOBaHI/ISI.

4.2 IlnaHupoOBaHNE HAYYHO-HCCJIE0BATEILCKUX PadoT
4.2.1 Ctpykrypa patoT B paMKaxX HAyYHOI0 UCCJIeJOBAHUSA

Tabnuua 7. [lepeueHs 3TanoB paboT U pacnpeieIeHue UCTIOJHUTENEH

OCHOBHBIE 3TaIbl No Coneprkanue padboT JomkHoCTh

pab WCTIOJTHUTEIS
[TonOop u n3ydeHue MaTepuanoB Mo
1 Ao0P y p Ucnonuurens
TeMe

N3ydenue nureparypsl . PyxoBogurens
y patyp 2 Br16op HanpaBieHus ucciaenoBaHui Y ’

o TeMe WCIIOJTHUTEIIb
3 Kanennapuoe minanupoBanue padboT PykoBonurens,

10 TeMe WCIIOJTHUTEIIb
4 MopenupoBaHue TEXHOJIOTUYECKOTO PykoBonurens,

MoaenupoBanue npouecca Ha [1K HUCIIOJIHUTEID
nporecca u 5 [IpoBeneHue 3KCIEpUMEHTATBHBIX PykoBonurens,

3KCIEPUMEHTAJIbHbIE HCCIIE0BAHMI HCIIOJIHUTEIIb
HCCIIEIOBAHUS 6 Amnanmu3 u 06paboTKa MoTy4eHHBIX PykoBonurens,

pe3yIbTaTOB HCIIOJIHUTEIIb
7 Onenka 3¢eKTUBHOCTH MONTYy4YeHHbIX | PykoBoauresns,

pEe3yIbTaTOB HCIIOJIHUTEIIb

O6o61ieHne 1 OleHKa 8 OdopmineHne nosCHUTENBHON "

PE3YITBTATOB SATIHCKL CIOJIHUTEIb

9 [ToaroroBka k 3amure HcnomauTens

4.2.2 OnpeneneHue TPy10eMKOCTH BBINOJHEHUs padoT M pa3padorka
rpa¢guka npoBeaeHus

TpynoBble 3arparbl B OOJNBIIMHCTBE ClOy4yasx oOpa3ylOT OCHOBHYIO YacTh
CTOMMOCTH DPa3pabOTKH, MO3TOMY BaXHbIM MOMEHTOM SIBJISETCS OIpeAeiieHUe
TPYJIOEMKOCTH padOT KaXA0ro U3 YYaCTHUKOB HAYYHOT'O UCCIIEAOBaAHUS.

TpyOo€MKOCTh  BBINOJHEHHUS HAYYHOTO HCCJEIOBAaHUS  OLICHUBAETCS
HKCIIEPTHBIM MYTEM B YEJIOBEKO-AHSIX M HOCUT BEPOSITHOCTHBIM XapakTep, T.K.

3aBUCUT OT MHOXXECTBa TPYJIHO Yy4HMTbIBaeMbIX (akTopoB. Jlns omnpeneneHus

0XKHIaeMOT0 (CPeIHEro) 3HaYeHus TpyaoeMKocTu 1, MCHonb3yercs ciexyromas
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dbopmya:

3t i + 2t i

t .=
OXK1 5 ) (1)

rae U, — oumaemas TpyI0EMKOCTh BBIMTOJIHEHHUS i-Oi PabOThI Yel.~/H. ;

t. . N
mnt — MUHUMaJIbHO BO3MOJKHas TPYIAOCMKOCTbH BBIIIOJIHCHUS 3aJaHHOU |-OU

paboThI (ONTUMUCTUYECKASI OIIEHKA: B TIPEIITOIOKEHUN HanboJiee 0JIaronmpusTHOTO

CTEUYEHHUS 0OCTOSTEILCTB), Ye.-JIH.;
lexi — MAKCHMaJIBHO BO3MOKHAS TPYIOEMKOCTh BBIIOJIHEHHS 3aaHHOM i-0ii

paboThl  (IecCUMUCTUYECKAs  OLEHKA: B TPEANOJIORKEHUM  HauboJsiee
HEOJIAronpUsITHOTO CTEYEHUsI 00CTOSATEILCTB), Ye.-]H.

Ucxons w3  oXumaemMol  TPYJOEMKOCTH  paboT,  OmpeaesieTcs
IPOAODKUTENBHOCT KaXIAOW paboTel B paboumx MAHIX 1p, YYUTHIBAIOIIAS
NapaJyieIbHOCTh BBITIOJIHEHUSI PAa00T HECKOJbKHUMH HCIOJHUTEISIMU. Takoe
BBIYUCJIEHHE HE00XOAUMO JIJI1 0O0CHOBAHHOTO pacueTa 3apad0THOM IJ1aThl, TAK KakK
yAENBHBIN BeC 3apIuiaThl B OOIIEH CMETHOM CTOMMOCTH HAyYHBIX HCCJIEIOBaHUMN

CcOCTaBJIgET 0KOJIO 65 %.
__ oxi
=0, )

1€ T, — IPOJOJDKUTENILHOCTD OJTHOM paboThl, pad. aH.;
i, — OKHIaeMas TPYJOEMKOCTh BBIIOJHEHHS OHOM paboThI, Y€l -/IH.

qi — YHCJIICHHOCTH HCHOHHPITGHGIZ, BBIITOJIHAIOMIUX OAHOBPEMCHHO OAHY U

Ty K€ paboTy Ha JaHHOM JTare, yell.
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Jluarpamma ['aHTa — TOPU3OHTAIBHBIA JICHTOUHBIA TpadUK, Ha KOTOPOM
paboThl O TeM€ MPEACTAaBISAIOTCS MPOTSHKEHHBIMM BO BPEMEHHU OTPE3KAMH,
XapaKTEPHU3YIONTUMUCS JaTaMU Havyalla 1 OKOHYAHUSI BHITIOJTHEHUS TAHHBIX padoT.

Jist ynobctBa mocTpoeHUs: rpaduka, JIUTEIbHOCTh KaXKIOro W3 HTaroB
paboT u3 pabouux [HEH cleqyeT MEepeBeCTH B KajeHJAapHble AHU. g 3TOro

HEO0OXOMMO BOCIIOJIB30BAThLCS CIeAyIomen (HopMyItoi:
TKi = Tpi ’ kkan ’ (3)
rie Txi— MPOJAODKUTEILHOCTD BBITOJHEHHS I-i paOOThI B KAJICHIAPHBIX THSX;

Ti — IPOAOIKUTEIBHOCTD BBITIOHEHHS I-i1 pabOTHI B pabounX JHSX;

K an Kyar— K03 PUIIMEHT KaJIeHIapHOCTH.

KoaddurmenT xaneHaapHOCTH onpeAesisieTcs 1no cienyroiei hopmyre:

T

Kall

kKaﬂ TKaJI o TBBIX o TH ’ (4)

p
rae I, — KOJIMYeCTBO KaJleHIapHEIX JHEH B TOAY;
T — KOJUYECTBO BBIXOJHBIX IHEN B TOAY;

T, — KOMMYECTBO Mpa3HUYHBIX JHEN B TOIY.

Paccuntannble 3HaUeHUs B KaJCHIAPHBIX JHAX MO KaXIoi padoTe T

H€O6XOI[I/IMO OKPYIJINTH 4O LEJI0ro 4rucia.

365
k =——=1/48.
Kal — 365-104-14 ’
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Ta6Jmua 8. BpeMeHHBIG IMMOKa3aTejau MMPOBCACHUA HAYYHOI'O HCCICA0OBAHHNA

Ha3zBanue Tpynoémkocrts | Ucnnostnurenn | Jomureabn | JiauresabHoC
padoThI pabot 0CTh Th padoT B
t . padoT B | KaJleHJAApHbI
Umin, | tmax, padounx X JTHAX,
;e}IJL ;2; ye- ngﬂ-x, Ki
JTHA pi
[TonGop u
MSYHCHHC 12 | 16 | 136 51 13,6 20
MaTepHasoB IO
TeMe
Br16op
HaIIpaBIICHUS 5 8 6,2 P, 1 3,1 5
HCCJIETOBAHUN
KanengapHoe
IJIAHUPOBAHUE 2 4 2,8 P, U 1,4 2
paboT 1o Teme
MonenupoBanue
TEXHOJIOTMYECKOT | 5 o5 29 " 29 33
0 mpolecca Ha
[K
[IpoBenenue
JKCHEPHMEHTAIL | 55 | 39 | 27 P, U 13,5 20
HBIX
HCCJIEIOBAHUN
AnHanus u
obpabotia 11 | 15 | 12,6 P, U 6,3 9
MOJTYYEeHHBIX
pe3yJIbTaTOB
OueHka
s dexTuBHOCTH 7 19 9 P.U 45 7
MOJTyYEHHBIX
pe3yJIbTaTOB
Odopminenue
MOSICHUTEIbHOM 6 11 8 4 8 12
3aIUCKHU
IToaroroBka k 5 10 7 1 7 10
3aIlNTe
108, P/
Hroro: 5 28.8/79.4 118

62




Tabmuma 9. KanenmapHsiil mimaH-rpaduk mpoBeIeHHUs] HAYYHOTO HCCIICIOBAHMUS

. [TpoomKUTENPHOCTD BEIIOTHEHHS PadoT
No Kl
pador Bux pabor CTIONHUTEN] ot STHBapp ®DeBpalib Maprt Anpenb HioHb
H 2 2 2 2 1 2
[TonGop n n3yuenue
1 Ucnonuurens 20
MaTeprajoB 0 TeEMe
2 Bri0op HampaBieHus PykoBoautens, 5
HCCIIEN0BAHUN HCMOJHUTEIb
Kanengapuoe
PykoBoautens,
3 IJIaHUPOBaHHUE PadOT IO 2
WCTIOTHUTEIh
TeMe
MoaenupoBaHue PYKOBOHTED
4 TEXHOJIOTHYECKOTO Y ’ 33
HCTIOJTHUTEITh
npouecca Ha [1K
IIpoBenenue
POBEL PykoBoguTens,
5 IKCIIEPUMEHTAITBHBIX 20
. HCIIOJTHUTEITH
WCCIIeIOBAaHUHN
Amnanus u 06paboTka
PykoBoautens,
6 MOJTyYE€HHBIX 9
HCIIOJTHUTEITH
pE3yNIbTaTOB
OueHka
7 3¢ ekTuBHOCTH PykoBogutens, 7
TIOJTYYEHHBIX HCTIOJTHUTEITH
pe3yNbTaTOB
Odopmnenne
8 MOSICHUTEJBHOMN Hcnonuurens 12
3aIUCKU
9 IToaroroBka k 3amure Ucnomnurens 10
"';j — DVKOBOIMTEND . — UCIIOJIHUTE]Ib
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3.3 bromxer HayuHO-TexHU4YecKoro ucciaenoanus (HTH)

[Tpu mnanupoBanum Ormxetra HTU gomkHO ObITh 0OecreueHo MONHOE U
JOCTOBEPHOE OTPaKEHHE BCEX BUJIOB PACXOJI0B, CBA3AHHBIX C €ro BBINOJHEHHEM. B
nporecce popmupoBanus 61omkera HTU ucnons3yerces crneayromas rpynmnupoBKa
3aTparT MO CTAThsM:

e MarepuasbHble 3aTparsl HTU;

® 3arparbl Ha  CHENMaJbHOE  O0OpYyJOBaHME Uil HAy4YHBIX
(3KCIIepUMEHTaIBHBIX) PadoT;

® OCHOBHas 3apa0OTHas IJIaTa UCIIOJIHUTENEH TEMBI;

® JIOTIOJHUTENbHAs 3apaboTHAs IJIaTa UCTIOJHUTEICH TEMBI;

® OTYMCIIEHHUS BO BHEOIO/KETHBIE (POHIBI (CTPAXOBbIE OTUHUCIICHUS);

® HaKJIaJHbIE PACXO/BbI.
3.3.1 Pacuer marepuaabnbix 3arpatr HTU

Pacder maTepuanbHBIX 3aTpaT OCYIIESCTBISIETCS IO CIEAYIOIICH dhopmyIie:
m
3M :(1+kT)ZL[| 'Npacxi ' (5)
i=1

rae M — KOJWYECTBO BUJIOB MaTE€PHUAIbHBIX PECYPCOB, MOTPEOISIEMbIX TPH
BBIITOJTHEHUN HAYYHOT'O UCCIIEIOBAHMS;
Npacxi — KOJTMYECTBO MaTepHAIBHBIX PECYpCOB I-T0 BUJA, IIAHUPYEMBIX K

HCIIOJIB30BAHUIO ITPHU BBIIIOJHCHHUHU HAYYHOI'O UCCIACIOBAHUA (HIT., KI', M, M2

U T.J.);
L1; — neHa nproOpETEHUS SAMHUIIBI I-TO BUIA TOTPEOISIEMBIX MaTEPUATEHBIX
pecypcos (py6./mr., py6./kr, py6./m, py6./M? u T.11.);
kr — KO3(pQuIMEHT, YYUTHIBAIOIIUI TPAHCIOPTHO-3arOTOBUTEIIBHBIC

pacxopl.



Tabauma 10. MaTtepuanabHbie 3aTpaThl
HaumeHnoBanue
MATEPUAJIOB
Kommnekc

KaHIIEIAPCKUX 340 4 1200
MIPUHAJIEKHOCTEN
Kaprpumx nos

JIa3epHOTO 3490 1 3490
MpUHTEpa
Uroro: 8 290
[lenbl TpUHATBEI HA OCHOBAHMM TpPAMC-IIUCTa TOCTaBIIMKA MaTEPHAJIOB:
https://papirus-tomsk.ru, https://mvideo.ru.

Ilena 3a en., pyo. Koa-Bo, exn. Cymma, pyo0.

4.3.2 Pacuer 3arpar Ha cneuuajJbHOe 000pylOBaHHE /IJIsi HAYYHBIX

(3KCcnepUMEeHTAJIbHBIX) padoT

B nanHOM pasznene BKIIIOYEHBI 3aTpaTrhl, CBSI3aHHBIE C MOKYIKOU
o0opysoBaHusl, KOTOpoe HeoOxoaumo Juisi padoThl. CTOMMOCTH JaHHOTO
00OpyIOBaHUsI OMPEESETCs M0 Mpac-TUCTy WM O0OTOBapUBaeTCs B Ipoliecce
3aKJIIOUCHHS JOTOBOPA.

Tabnuna 11. CtoumocTs 000py10BaHUS

HanmenoBanue IIpumeuanue KomnuectBo | Ilena3saen., 3arpaThl Ha
pyo. Marepuansl, (3,,),
pyo.
Hepeonanbibit 1 52000 52000
KOMITBIOTEP
[TpunTep Kyocera FS-

1020MFP 1 17200 17200

Hroro 69200

CroumMocTh 000pyI0OBaHMUSI, UCTIOIB3YEMOT0 MPU BBIMOTHEHUH KOHKPETHOTO
HTH u umeronerocs B JaHHOW HAYYHO-TEXHUYECKON OpraHU3alui, YYUTHIBACTCS B

KaJIbKYJISIIUKA B BUAC aMOPTU3AINOHHBIX OTYMCJICHUM.

CTOUMOCTD * Ny 69200 - 20
A — AHEN UCIIbITAHUA — _ 1263 93 6
Cpok ca1yx0Bbl - 365 3-365 22 PY
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4.3.3 OcHoBHasi 3apa0oTHAas JIaTa UCIIOJHUTEJIeH TeMbl
CraTesi  BKJIIOYAET OCHOBHYIO  3apa0OTHYI  IulaTy  pabOOTHHUKOB,
HETOCPEJCTBEHHO 3aHATHIX BhimonHeHneM HTU, (Bkirouas mpemuu, AOIUIATHI) U

JOTIOJTHUTEIBHYIO 3apaboTHyI0 aty [37]:

331'[ = 3OCH + 3,[[011 1 (6)

r7e 3o — OCHOBHAS 3apabOTHAS IJ1aTa;
30n — JOTIOJIHUTEBHAS 3apadoTHas miarta (12-20 % oT Bocy).

OcHoBHas 3apaboTHas miata (3oc) pykoBoauTENS (JTabopaHTa, MHKEHEpa) OT
npeanpuaTus (Ipu HAJIUYUKU PYKOBOJIUTENS OT MPEINPUSATHS) PACCUUTHIBAETCS TI0
cienytomie hopmyre:

Boen =3 T, ()
rae 3ocu — OCHOBHAs 3apa0OTHAs IJiaTa OJJHOTO PAOOTHHUKA,
T, — NOPOJOKUTENBHOCTh pPadOT, BBINOJHAEMBIX HAayYHO-TEXHUYECKUM
paboTHUKOM, pad. JH.;
3m— CpeaHeaHEBHas 3apaboTHas 1yiaTa paboTHHKA, PYO.
CpennenHeBHasi 3apabOTHAsI IJIaTa PaCCUUTHIBAETCA 10 (HOpMyJIe:
3,-M
311H = F— , (8)
a
rjae 3y — MECSYHBIN JOKHOCTHOM OKJaj] padOTHUKA, PYO.;
M — Konm4ecTBO MecsIeB paboThl 0€3 OTITyCKa B TEYEHUE TOa:
npu oTnycke B 24 pab. nua M =11,2 mecsiia, 5-1HeBHAs HEENs;
npu otnycke B 48 pad. queit M=10,4 mecsiia, 6-1HEeBHAs HEIES;
F. — onelicTBuTenbHBIM T0/M0BOM (oHI paboyero BpeMEHH HAy4YHO-

TEXHUUYECKOTO TepcoHaa, pad. JaH.
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Tabnuma 12. bananc pabouero BpeMeHu

[Tokazarenu paboyero BpeMeHu PykoBogurens| Mcnonnurens
Kanennapnoe uncno nuei 365 365
KonuuectBo Hepabouux aHei

- BBIXOJHBIE THH 104 104

- Tpa3gHUYHBIC THU 14 14
[Torepu paGoyero BpeMeHH

- OTILyCK 48 24

- HEBBIXOJIbI 110 O0JIC3HH — —
JlelicTBUTENBHBIN TOJ0BOM (OH] pab0Yero BpeMeHH 199 223

Mecsiunbli TOTKHOCTHOM OKJIaa pabOTHUKA!

31\4 :3TC '(1+knp+kn).kp! (9)
rae 3. — 3apaboTHas 1iaTa no TapudHoil ctaBke, pyo;
Knp — mpeMuanbHblil koaddurment, pasusbiii 0,3 (1.e. 30% 0T 31c);
Ky — ko3 unmenT norar u HagdaBok cocrariser npumepHo 0,2 — 0,5;
K, — paitonnsbIit ko3 durenT, paBueii 1,3 (s Tomcka).
Tabmuma 13. Pacuét ocHOBHOM 3apaO0THOM IJIaThI
3TC1 ka k,l:[ kp 3M1 3,I[H1 Tp, 3OCH,
pyo. pyo pyo. pao. pyo.
TTH.
PykoBogutens| 33664 | 0,3| 0,2| 1,3| 65644,8| 3430,7 | 28,8 | 98804,2
Ucnomaurens | 13396,59| 0,3| 0,2| 1,3| 26123,4| 1312,03| 79,4 | 104175,2
Ntoro 3ocn 202979,4

4.3.4 lonosiHUTEIbHAA 3apa00THASA IJIATA UCIIOJHUTEJIEH TeMbI
Pacuer nomnosiHuTENBHOM 3apabOTHOWM TJIAThl BEAETCS MO CIEAyroIen
bopmyie:
3;;011 = kaon " Bocus (10)

rae ko; — K03(QQUIMEHT TONONIHUTENBHON 3apadOTHOM IJIATEL.

Tabnuua 14. Pacy€T monosHUTETHHOM 3apaboTHOM TUTaThI

Bocs, Kion | 3on,

pyo. pyo.

PykoBonutens| 98804,2 | 0,14| 13832,6
Ucnomuurens | 104175,2| 0,14 145845
HTtoro 3on 28417,1
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4.3.5 OT4yucaenns BO BHeOWIKeTHbIE (OHABI (CTPaXOBbIe OTYMCICHUS)

BenuuuHa oTunCIIEHUN BO BHG6I-OII}KCTHI>I€ (bOHIH)I OIIPCACIIACTCA HCXOIA U3

ciemyromei (opMyIIbl:

rac kBHeG -

BI

3 HeO = kBHeG : (3OCH + 3;:[or1) '

(11)

KO3 (UIIMEHT OTYUCIEHUWH Ha yIUIaTy BO BHEOIOJKETHBIC (DOHIBI

(nencuoHHbIN HoH, HOH 00513aTEIIPHOTO MEIUIIMHCKOTO CTPAXOBaHUS U TIP.).

Tabnuma 15. OTuncnenus BoO BHEOIOKETHBIE (POHIBI

OcHoBHa | JlomoanurtensH | Koappuuue Beanuuna
| asl 3apadoTHaA HT OTYHCJICHUH
3apa0doTHa miara, pyo. OTYUCJICHU I BO
s IJ1arTa, BO BHeOIOIuKeTH
pYyoO. BHEOKOIKETH | ble (POHBI,
ble (POHBI pYyo.
PykoBoaure
98804,2 13832,6 0,3 33791,04
b
HUcnonauren
. 104175,2 14584,5 0,3 35627,91
Htoro 3,6 69418,95

4.3.6 HakiagHble pacxoabl

Haxkmannaele pacxoapl y4WTBHIBAIOT IIPOYME 3aTparbl OpraHu3alvy, He

[MOoIIaBmMIKMC B IMPCALIAYINIHC CTATbHU PACXOdO0B: IICHATh H KCCPOKOIIMPOBAHHC

MaTCpUaJIOB HCCIICAOBAHUSA, OILIaTa YCIYI CBA3H, JJICKTPOOHCPIrHHU, IIOYTOBBIC U

TesnerpadHbie pacxo/Ibl, pa3MHOKEHHE MaTepUAJIOB | T.]I.

DKCNEPUMEHTAIbHBIEC UCCIIEIOBAHUS MPOBOAMINCH 20 THEH 110 OTHOMY Yacy,

MOIIIHOCTh YCTaHOBKH 35 kBT/4yac. 3aTpaThl Ha 3IEKTPOIHEPTUIO PACCUUTHIBAIOTCS

o popMmyie:

Con = Uy~ P - Fog,

(12)
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rne L,, — Tapud HA NPOMBIIUICHHYIO OJJIEKTPOIHEPTHI0; P — MOIIHOCTH
obopynoBanus, KBT; F,; — BpeMmst uCoab30BaHusl 000pyI0BaHUS, U.

Tapud Ha mNPOMBIIUIEHHYIO OAJEKTpodHepruo uia «HarmumonansHoro
UCCIIEI0BATENBCKOr0 TOMCKOrO MOIUTEXHUYECKOT0 YHUBEPCUTETA) COCTABIISAET 5,8

py6.3a 1 kBT-4.
C,, = 5,8-35-20 = 4060 pyo.

3arpaThl Ha BOJJOCHA0KCHHE:
Cy =L, Q- F, (13)
rae L, — Tapud Ha npoMsbluuieHHOE BojocHabxkenue (24,66 py6 3a 1 m%); Q —
pacxon Bozsl, M°; Fy; — BpeMsl HCIIOIb30BaHus 000pYI0BaHus, 4.
C, = 24,66-1,8-20 = 887 py®6.
3arpaThl Ha MPUOOPETEHUE JUIEH3HMOHHOTO IMPOTPaAaMMHOTO OOecreueHus
TERRA coctaBumm Cr;g = 2038 py6Jiei.
Benuunna 3atpaT Ha aAMHUHHCTPATHUBHBIC PAOOTHI:
Cap = (4060 + 887 + 2038) - 0,16 = 1117,6 py6.
Haxsannabie pacxoibr:
Bpaxn = Coy + Co + Cpp + Cppo + (cymma cTaTert 1 = 5) - 10 %, (14)
Buarn = 4060 + 887 +1117,6 + 2038
+ (24720 + 9446,4 + 202979,4 + 28417,1 4+ 69418,95) - 0,1
= 41600,79 pyo.

4.3.7 ®@opmupoBaHHe OIIKeTa 3aTPaT HAYYHO-HMCCJIE0BATEIbCKOIO

NMpoeKTa

PaccunTannas BelIuurHa 3aTpaT HAYYHO-UCCIIEA0BATEIHLCKON pabOThI (TEMBI)
SBJIIETCSI OCHOBOM /151 (hOpMUpPOBaHUS OFOKETa 3aTpaT MPOSKTAa.

Tabnuua 16. Pacuer 610pxeta 3atpar HTU
HaumenoBanue cratbn Cymma, pyo. [Tpumeuanue

1. Marepuanbnble 3aTpatsl HTU 8290 [Tynkr 1.3.1
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2. 3arpaThl Ha CrielUaIbHOE

000pyaOBaHUe AJI HAYYHBIX 1263,93 [Tynkr 1.3.2
(3KCTIepUMEHTAIBHBIX) Pa0OT

3. 3arpartsl Mo OCHOBHOI 3apaboTHOI 202979.4 Tyskr 133
[LIaTE UCIIOJIHUTEIEH TEMBI

4, 3anaTB£ o I[OHOJIHI/ITGJIBHOI/Iv 284171 Myskr 1.3.4
3apa0OTHOM IJIATE MCTIOJHUTEIEH TEMBI

5. OrunciaeHus BO BHEOIOHKETHRIE 6941895 Myskr 1.3.5
(hOHIBI

6. Haknagable pacxosl 41600,79 ITynkr 1.3.6
7. bromxker 3atpar HTU 351970,17 Cymma ct. 1- 6
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4.4 OmnpenesieHue pecypcHoil (pecypcocoOeperamwineii), (puHAHCOBOI,

Or0m:keTHOM 3 PeKTUBHOCTH HCCIIEIOBAHUS

Omnpenenenre 3PGEKTUBHOCTH  MPOWCXOMUT HA  OCHOBE  pacuera
WHTETPAILHOTO ToKazaTens 3¢GGEeKTUBHOCTH HAYYHOTO ucciefaoBaHus. Ero
HAaXOXXJEHUE CBS3aHO C OMPEICICHUEM JIBYX CpPEIHEB3BCIICHHBIX BEIUYNH:
dbunaHCOBOM 3 (HEKTUBHOCTH U pecypcodrDPEKTUBHOCTH.

WNHTerpanbHblii (UHAHCOBBIA MOKa3aTellb pa3pabOTKH OMNPENENseTCs Kak

[37]:
IHHC.i _ chi 5
bunp — ’ (1 )
()
max
HIIC.I - v .
rac I(l)I/IHp — HUHTCTPAJIbHBIN (bHHaHCOBBII/I IIOKa3aTCJIb p33pa60TKI/I,
®,; — CTOMMOCTb i-r0 BapHaHTa HCTIOJTHEHNS,
Dax — MaKCHUMaJIbHas CTOMMOCTH HCIIOJTHEHUS HAay4HO-

HCCICOAO0BATCIBLCKOI'O ITPOCKTA (B T.4. aHaJ]OFI/I).

Tabmuua 17. 3HauyeHHs] HMHTErpalbHbBIX (PUHAHCOBBIX IOKa3aTesen

pa3paboTKu
Ucn.1 | Hcn.2
Jmei |1 0,6

WNHTterpanbHbIi oKa3aTenb pecypco3PPeKTUBHOCTH BAPUAHTOB UCIIOJIHEHHUS

00BEKTa UCCIAEAOBAHUS MOKHO ONPEAEIUTh CIETYIOUMM 00pa3oM:

Lpi = z a; - by, (16)

rae L,; — MHTerpanbHeli mokasarenb pecypcodG@PeKTHBHOCTH JIs i-ro BapHaHTa
UCTIOJTHEHUS pa3pabOTKu;
a; — BecoBOi K03 (PUIIMEHT I-T0 BapuaHTa UCTIOJIHEHHUS pa3pabOTKH;
b{, blp — OanbHas OIEHKa I-r0 BapWaHTa WCIOJHEHHUS pPa3pabOTKH,
YCTaHABIIMBAETCS HKCIEPTHBIM IyTEM 1O BEIOpaHHOM IIKaJie OLICHUBAHMUS,

N — YMCJI0 IMapaMEeTpOB CPAaBHCHMUA.
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Tabnuma 18. CpaBHUTENbHAS OIICHKA XapAaKTEPUCTUK BAPUAHTOB UCTIOTHEHHS

IpOEeKTa
OBEKT UCCIIENOBAHUA Becosoii Ucn.1 Ucn.2
K03 UIIUEHT

Kpurepun rapamerpa

1. [Tpou3BOAUTENHHOCTh 0,5 5 4

2. DHeprocoepexeHue 0,2 5 4
3. HapgexxuocTth 0,2 5 5

4. MaTepuaaoeMKOCTh 0,1 5 4
UTOIO 1

Ly—yen1 =5-05+5-02+5-02+5-0,1=5,
Iy—yenz =4-05+4-02+5-02+4-0,1=4,2.

Hcxoas 3 moy4yeHHbIX pe3yJIbTaTOB, MOXKHO CHI€NIaTh BBIBOJI, UYTO HAYYHO-
TEXHUUYECKOE HCCieloBaHue OyneT pecypcod(PpheKTUBHO TMpU MEPBOM BapUAHTE
UCIIOJHEHUS  NpPOEKTa, T.€. TIPU  BBICOKOW  IMPOU3ZBOAUTEIBHOCTH U
9HEProdhHEeKTUBHOCTH MPOEKTA.

Nurterpanpubiii  mokazatenb A(OQPEKTUBHOCTA BapUAHTOB HUCIOJHEHUS
pa3zpabotku (I,.,;) oOmpenensercs Ha OCHOBAHHHM HWHTETPAIBHOTO TOKA3aTess

pecypcoddp(HEeKTUBHOCTH U HHTETPAIbHOTO (PMHAHCOBOTO MOKa3aTess o popMmyiie:

I I
__ "p—ucnl __ 'p—wucn2
II/ICI'I.l - ucn.l ’tucm2 — UCI.2 A T. ?a' (17)
buHp bunp

CpaBHEHHME MHTErpaJibHOro TMokazareias 3(P(EKTUBHOCTH BapUaHTOB
UCTIOTHEHHS Pa3paOOTKH MO3BOJIUT OMPEICIUTh CPABHUTENBHYIO d()(PEKTHBHOCTD
npoekta (Tabn.12) wm BeIOpaTh HamboJee I1eIecoo0pa3Hblii BapuUaHT W3

peIoKeHHbIX. CpaBHUTENbHAS 3QPEKTHBHOCTD ITPOEKTA (I p):

_ II/ICI'Il
p =

3, (18)

II/ICl'IZ
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Tabnuma 19. CpaBuutenbHas 3¢ HeKTUBHOCT pa3pabOTKH

Ne IlokazaTenu Hcn.1 Hcn.2
n/m
1 WNHuTterpanbHblli  (PMHAHCOBBIA TIOKA3aTelb 1 0,6
pa3paboTKu
2 WuTerpanbHbIit rokasareJb 5 4,2

pecypcoddHEeKTUBHOCTH pa3pabOTKH

3 HHTerpanbHbIi MMOKa3aTelb 5 7
3¢ (HEeKTHBHOCTH
4 CpaBHuTenbHas 3¢ PEKTUBHOCTD 1 0,71

BAapHaHTOB UCIIOJTHCHHA

BoIBOABI

[Ipu  BhimonHeHMM  pasnena  «DOUHAHCOBBIM  MEHEIKMEHT,
pecypcodPheKTUBHOCT U PECypCOCOEPEIKEHUE» MarucTepCKON JuccepTaluu
OBLIIN BBISBJICHBI IOTPEOUTEINN PE3yIbTATOB UCCIICIOBAHUS, COCTABIICHA OIICHOYHAs
KapTa JJi CPAaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX pelieHud (tadma. 1) u nmpoBeneH
SWOT-anamm3 (tabn. 2). B pamkax miaHUpoBaHHs HayYHO-HCCIIEIOBATEILCKON
paboThl ObUT COCTABJIEH MEPEUEHb ATANOB PA0OT U pacClpe/IeTICHUE UCTIOTHUTENEH
(Tabin. 3), pazpabotad rpaduxk MpoBEACHUS HAYYHOTO HccieaoBaHus (Tadu. 4) u
KaJIeHAapHbl 1iaH-rpaduk (tadm. 5). Ilpu dopmupoBanum OroxKeTa MPOEKTA
ObLTM  pacCuMTaHbl MaTepHAIbHBIC 3aTpaThl, 3aTpaTbl Ha  CIEIHUAIBHOE
o0opy0BaHUE, OCHOBHAS W JIOTIOJHUTEIbHAS 3apaOOTHBIC TUIATHI UCIIOJTHUTEIICH,
OTUYHUCJICHUSI BO BHEOIO/KETHBIC (DOHJBI M HAKIIAJHBIE PACXO[IbI, TAHHBIC CTAThU
pacxooB npuBeaeHBI B Ta0auIe 12. bromkeT mpoekTa coctaBui 351970,17 pyGieii.
[Ipu onenke >PGEeKTUBHOCTH HMCCIEAOBAaHUS OBLIM pPacCUMTAaHbl MHTETPAJIbHbBIC
(GbUHAHCOBBIN TIOKAa3aTelb pa3pabOTKH, TOKazaTellb pecypcodrhHeKTuBHOCTH
pa3paboTku U mokazaresb 3¢ dexTuBHOCTH (Tadu. 15). Mcxoas w3 mosrydeHHbIX
pe3ynbTaTOB, MOKHO CJENaTh BBIBOJ, YTO HAy4YHOE WCCJEJAOBaHHE OyneT
pecypcodddHEeKTUBHO TpU TEPBOM BapUAHTE HCIIOJHECHUSI TMPOEKTa, T.€. TpHU

BBICOKOW MPOU3BOAUTEIHHOCTH U dHEPTrod(HPEKTUBHOCTH MPOEKTA.
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3akJIoueHue

B pe3ynpTaTe BBINOJHEHUS MAruCTEPCKOM AMCCEPTAlU ObUTH MPOU3BEIECHbI
aHaJIM3 JIUTEPATyphl B 00JACTH COJHEYHOW CHEKTPOCKONHUU, U3 KOTOPOH MOKHO
cienaTh BBIBOJ O TOM, 4YTO JaHHass oOJacTb HE [0 KOHIIA H3ydYeHa, 4TO
CBUCTEIHCTBYET O HEOOIBIIOM KOJIMYECTBE UCCIIEIOBATEIBCKUX PaObOT. DTO TaKKe
MOKAa3bIBAET O JOCTATOYHO Y3KOM HAMPABJICHUH UCCIIEIOBAHUI HA IaHHBIA MOMEHT,
B OyyieM 001acTh MPUMEHEHHUS UCCIIEIOBAaHHM OyIeT pacIIUpATCs, YTO MPUBET K
YBEJIMYCHHOMY MHTEPECY TEXHOJIOTUMN B JAaHHOM HANpaBIICHUH.

Pa3zpaboTtannas cucrema rmokaszana 3QpGheKTUBHOCTh KOPEIUTSIITUOHHONW CXEMBI
JUISL M3Y4YEeHUs CJIad0 MNOTJOMIAIIMINUX JMHUM aTMOC(EpPHBIX Ta30B MM MajbIX
npumeceid. Takxe BBIABICHO, UTO NPU YBEJIWYEHUH JUIMH BOJIH B oOnactu 819,4 —
866,6 HM HaOIIOJAETCS MOCTENEHHOE YBEJIMYEHUE OTHOILIECHUS HHTEHCUBHOCTEH
U3IIy4YECHHUI, PETHCTPUPYEMBIX UEPE3 IYCTYIO KIOBETY U UEPE3 KIOBETY C BOAOU. ITO
CBSI3aHO C HAXOXJIEHHWEM B 3TOH 00JacTW JMHUM TOTJIONICHUS BOJIbI, paHEEe He
ONHMCAaHHAs B JIUTEPAType, 4YTO MOJATBEPKAAET HEOOXOAMMOCTh JalbHEHIIEro
uccieaoBanus ooaactu crekrpa 819,4 — 866,6 HM.

boutn  paccMOTpeHbl  crieluanbHble  MPABOBbIE  HOPMBI  TPYIOBOIO
3aKOHOJATEIbCTBA U OPraHU3aLMOHHBIE MEPOIPUSATUS MPU KOMIIOHOBKE padouei
30HBI UCCIIENOBATENSA, KOTOPBIE PETYIUPYIOTCS TPYAOBBIM KOJIEKCOM Poccuiickoi
®eneparu u CanlluH 2.2.2/2.4.1.1340-03. [IpoBenen aHamu3 OCHOBHBIX BPEIHBIX
U ONacHbIX (aKTOpPOB, CpEeIu KOTOPBIX: BpEAHBbIC BEIIECTBA, OTKIOHEHHE
noKasaresied MUKpOKJIMMATa, MPEBBIIIIEHUE YPOBHS IyMa, MOBBIIICHHBIH YPOBEHb
AIEKTPOMATHUTHOTO U3ITy4YEHHUS, NCUXO(PU3UOTOTHYECKUE (bakTopshl,
HEJ0CTaTOYHAasi OCBEUIEHHOCTh paboueli 30Hbl, MOPAXKEHUE IEKTPUUECKUM TOKOM.

boin BeimonHen SWOT-ananu3 v cocTaBieH OMODKET MPOEKTa, KOTOPBIM
cocraBmin 351970,17 pyOneii. Taxxe Obuta TpuBeIcHA OILICHOYHAS KapTa s

CpaBHCHHA KOHKYPCHTHBIX TCXHUYCCKHUX pemeHHﬁ.
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Development of solar spectrum recording system
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1 Literature review

1.1 Diffraction spectrometer

The effect of the diffraction lattice is easy to understand, having considered
the interference of individual flat waves, which have experienced diffraction on the
slits (strokes) of the lattice. As a result, the interference of the rays will be observed
highs, when the difference of the rays emanating from the adjacent crevices, A2 to
A1 will be equal to the whole number of waves [1].

When forming a diffraction pattern from the diffraction lattice, it is necessary
to take into account both the diffraction on one element of the lattice, which is

described by expressions

FU) = (593 ()

U= nb(sing + siny)
B A (@)

where is i the angle of light falling on the grid; ¢ — the the diffracted corner; b -

size of the reflecting element of the grid; A — the wavelength of radiation.

The total picture for this wavelength is a picture that takes into account both
the diffraction on one element of the grille and the N strokes. Thus, the lattice forms
a series of spectrums, the order of which is determined by the value of g. In the
center of the picture is a zero-maximum corresponding to the undecomposed
spectrum. If the lattice is profiled, the maximum diffraction pattern is shifted to a
higher order area at an angle called the "shine angle". [1]

The lattice gives a large number of spectrums corresponding to different
values to. The upper value to is limited to the condition [sing + siny|< 2. We get to
the kA < 2t, and therefore the maximum value to be k4, < 2t/A.

In order for the lattice to give a spectrum of at least the first order, the
condition of t > A/2 must be fulfilled. Thus, for the A = 5000A the constant of a
lattice has to be more than 2500A, i.e. the grille must have less than 4000 lines/mm.
Modern lattice has from 600 to 2400 lines/mm, i.e. close to the specified limit. For
an area of 10000A, the grille, which has 2400 lines/mm, is no longer suitable, as it

Is impossible to observe the spectrum of even the first order. Therefore, for a longer
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waver area, relatively rough lattice with 300 lines/mm and less is needed. [1]

1.2 Water Spectrum Analysis

Water analysis in different environments and under different conditions is a
major part of the spectrum close to infrared (NIR) since its inception. The strength
of NIR's absorption bands, the unique water combination strip at 1940 nm and the
sensitivity of the absorption bands to the environment of water molecules, all
contributed to NIR's success in the study and measurement of water. [2]

The water absorption bands in the area of 800-2500 nm are represented in
Table 1. The number of waters vapor peaks shown in the table is probably taken
from the low-resolution spectrum, as many more water vapor peaks have been
recorded by others. The accepted values for the two bands are approximately 6,900
cm-1 (1450 nm) and 10,300 cm-1 (970 nm) indicate that these are combined bands,
including symmetrical and asymmetrical stretching modes of a water molecule. This
observation was conducted in comparison with the high-resolution vapor spectrums.
It has also been suggested that the first overtone of asymmetric stretching is
accidentally deformed with an amount of asymmetrical and symmetrical stretches in
diluted solutions. [2]

Table 1. Peaks of absorption of water, ice and steam

Liquid Liquid Liquid Liquid

Ice Ice Near Near Near Near Vapor | Vapor

(nm) | (cm™) Freezing Freezing Boiling Boiling (nm) (cm™)
Point (nm) | Point (cm™) | Point (nm) | Point (cm™)

800 | 12500 770 13000 740 13500 723 13831

909 | 11000 847 11800 840 11900 823 12151
1025 | 9760 979 10210 967 10340 942 10613
1250 | 7990 1200 8310 1160 8640 1135 8807
1492 | 6700 1453 6880 1425 7020 1380 7252
1780 | 5620 1780 5620 1786 5600 - -
1988 | 5030 1938 5160 1916 5220 1875 5332
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The strong 5150 cm-1 (1940 nm) peak is a combination of the asymmetric
stretch and bending of the water molecule. In liquid water, there are also weak, broad
combination bands near 5620 cm-1 (1780 nm) and 8310 cm-1 (1200 nm) and a
second set near 11800 and 13000 cm-1 (840 and 740 nm).

The water peaks with maxima near [3] 10300 cm-1 (970 nm),7 8330 cm-1
(1200 nm),3,7 and 6900 cm-1 (1450 nm) at room temperature shift toward higher
wavenumber (lower wavelength) with increasing temperature, and appear to consist
of an unresolved pair of peaks with an isosbestic point between them. See Figure 6.1
for an illustration of the temperature effect at the “first overtone.” The isosbestic
point for the 10300 cm-1 (970 nm) band is 10100 cm-1 (990 nm), for the 8330 cm-—
1 (1200 nm) is about 8400 cm-1 (1190 nm),3 and for the 6900 cm-1 (1450 nm)
band is at about 6960 cm-1 (1440 nm).4 The presence of an isosbestic point
indicates that NIR calibrations for water independent of temperature may be possible

by judicious wavelength choice.
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Figure 1 — Water spectra at five temperatures from 25°C to 65°C
An isosbestic point has also been studied for pressure changes of water at
constant temperature.7 A shift to higher wavenumber (lower wavelength) occurred
with increasing pressure. The pressure isosbestic point for the 10300 cm—1 peak was
at about 10200 cm-1 (980 nm).

There has been some controversy over [4] whether liquid water contains water
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molecules in three states of hydrogen bonding: free, bonded through one, two, or
three hydrogen bonds; or is a continuum of different bond strengths or somewhere
in between. In general, temperature studies and data treatments such as second
derivatives and spectral resolution have indicated that there are separate peaks
present for different states of hydrogen-bonded water molecules. As pointed out by
Maeda et al.,9 the intensities and width of these peaks are affected by the
anharmonicity of each, so that the molecules bonded to more adjacent molecules,
having less anharmonicity, will be broader and weaker. Figure 6.2 and Figure 6.3

show the spectra of liquid water and water in a “free” state, in carbon tetrachloride.

?7 -

7

T T

T T T T T T
12000 11000 10000 9000 8000 7000 6000 5000
Absorbance/Wavenumber (cm™')
Figure 2 — Free and bonded water spectra liquid water is shown in the top

spectrum and water in carbon tetrachloride in the bottom spectrum.
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Figure 3 — Water spectra, higher frequency region. Liquid water is shown in the
top spectrum and water in carbon tetrachloride in the bottom spectrum.
1.3 Patent and research analysis for system development
In the work [5], the installation uses a 20 ft container to house the IFS 125HR
FTIR-Spectrometer, with a maximum optical path of 257 cm. This is equipped with
a CaF,, InSb and InGaAs-detector. The tracker is mounted on top of the container.
The mechanical installation of the altazimutal tracker is shown in Figure 4. Sunlight
is reflected in the container by two flat elliptical mirrors with 12 cm as a projection
diameter. The first mirror is built on the RV80PP rotation system so that you can
access different heights. The entire installation with both mirrors is mounted on the
rotation stage of the Newport RV160PP, so that hyphenated azimuth directions
could be achieved. This engine is able to move significant weight, and also carries
the lid of the tracker in the form of a "letter box" so that the hole is oriented in the
direction of observation. This lid can open, close and close in compressed. The
RV160PP has an axis diameter of 11 cm through which the light falls vertically down
into the container. The two engines are connected to the Newport XPS controller

unit inside the container.
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Figure 4 — Schematic drawing of the tracker used.
The optical setting inside the container is shown in Figure 5. The optical path
from the second tracking mirror to the input window of the spectrometer is about 2.5
m. The radius focuses on the limiter of the input field of the spectrometer with a

parabolic mirror with a T-shaped axis.

Figure 5 - Schematic image of the view from above the camera and the light track
in front and inside the spectrometer. The light falls from the tracker to the roof,
perpendicular to the plane drawing on the first mirror. The arrows point to

radiation scattered by the aperture wheel, part of which is observed by the camera
85



A component of a high-resolution FTIR spectrometer that determines the field
of view of the interferometer and affects, for example, the shape of the instrumental
line. It is implemented by a flat metal wheel with round holes of different diameters,
which can rotate to select the desired diameter of the field rest.

It is tilted a few degrees relative to the light passing through it to prevent
reflections inside the spectrometer. The input field's input diameters used are smaller
than the size of the solar disk on the field's point wheel of about 3.8 mm, which is
the result of the focal distance of the parabolic mirror (418 mm). After passing the
stop field, the light is paralleled by a collimator, and then enters the interferometer
and finally fed to the detectors.

The standard CMOS USB camera (VRmagic VRM C-9 PRO BW with 1280
x 1024 pixels) is used to control and control the tracker as an optical feedback that
registers radiation scattered back from the illuminated side of the limiter. The
distance between this camera and the field stop wheel is 25 cm and is positioned in
such a way that it does not affect the required signal used by the spectrometer. The
camera is equipped with a standard lens and appropriate optical filters to adjust the
level of light. Thanks to the wavelength-dependent air refraction, in the case of NIR
and MIR spectroscopic observations, it is advantageous to equip the camera with an
infrared long-dimensional filter that transmits radiation in excess of 750 nm. Due to
the spectral sensitivity of current CCDs and CMOS cameras, this choice determines
bandwidth about 10 nm wide. The solar disk has a diameter of about 240 pixels in
recorded images, with the diameters of the stop field covering a range of about 30 to
160 pixels. This results in an angular size of approximately 8 arcs per pixel. Images
are evaluated on a standard PC in real-time by a program using appropriate image
processing algorithms to determine the actual accuracy of tracking and calculate the
required adjustments for the astronomical track with mirror angles. The program
then sends tracking commands to the Newport XPS engine via an IP connection.

A technical solution is known [6], to be part of the Sun Tracking System, part
of the Sayan Solar Observatory's horizontal solar telescope (Bevzov A. N., Kotov
V. N., Lubkov A. A,, Lylov S. A., Perebeynos S.V. Automated control system for
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horizontal solar telescope of Sayansk solar observatory. / Proceedings of the
IASTED International Conferences on Automation, Control and Information
Technology (ACIT 2010) (Novosibirsk, Russia, June 15-18, 2010), vol. P. 178-182).
The photo sensor block of this subsystem uses four pairs of photo receivers, located
in pairs in a circle, With a central angle of 90 degrees between the pairs and the
orientation of the X and Y axles. The second drawback of this option is the lack of
automatic selection mode when vignetteing any of the photo sensors and the operator
should choose a non-vignetteed pair of photo sensors by hand. And finally, the third
drawback is the lack of communication with the computer to control the modes of
operation and control the state of the tracking device. The third drawback of a well-
known technical solution is the inability to work automatically.

A tracking device is known to "Photoelectric device for tracking a long object,
such as the Sun" [7]. IPC G02B 23/00, GO1C 21/24, GO1D 5/, published
04.06.1971), in which the hydration is carried out on two sections of the image of
the object, and the photo receivers are located in pairs on the illuminated and unlit
areas of the image of the boundary of the object at the arc with a central angle of 90
degrees between the pairs with orientation on the x and Y the structure of the system
has the same flaw. that and the previous - when tracking only two areas of the image
of the object in the case of vignettes at least one of the photo receivers is lost object
tracking and added another drawback - when changing the size of the tracking object,
for example, the Sun, the angular size of which changes by 3.27% during the year,
the center of the object will shift to the same size, which is unacceptable for the
system of guiding the telescope and requires a reconfiguration of the position of the
sensors by the operator manually.

Conclusion: as a result of the implementation of this section, work on
measurements of solar spectrums was analyzed, and inventions that can be used in
this area of research were analyzed. As a result of the analysis, we can say that the

solar spectrums are not fully studied, which shows the relevance of this study.
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