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CpoK cauu cTyIeHTOM BBIIIOJTHEHHOM padoThI: 31.05.2020
TEXHUYECKOE 3AJIAHHUE:
Hcxoanble nanHbie k padoTte OOBeKT wuccleoBaHUS — AITOPUTM TeHeparuu Mmoment-

matching cueHapusi, HCIOJB3YEMbI TpU  yNpaBICHUH
onTuMalibHOro moptdens ueHHelx Oymar. Ilpemaraemsrii
QITOPUTM JOJDKEH MOJJEPKUBATh BO3MOXKHOCTH 3aJaHUS
MOJIb30BaTeleM HEOoOXOAMMOro  KOJMYECTBA  CIEHAPHEB,
BEPOATHOCTh KOTOPBIX OTIMYAETCS OT PaBHOMEPHOTO 3aKOHA
pacnpenesieHusl, CI€HEPUPOBAHHBIE  CLEHAPUM  JIOJKHBI

(Haumenosane 00beKMa UCCc1e008aHUs UTU
NPOEKMUPOBAHUSA, NPOU3EOOUMENLHOCHIL UTIU
HazpysKa; pesxcum pabomol (Henpepuisubiil,

nepuoduyeckuil, yurkauyeckus u m. /1.);
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YAOBJICTBOPATH HaGHIOI[aeMBIM 3HAYCHUAM
cTaTucTU4YecKor 3HaYnMMOCTH (0=0,05).

Ha YpOBHE

IMepeyennb moaJIesKAIINUX
HCCJIeI0BAHMIO,
NMPOEKTHPOBAHNIO U Pa3padoTKe

BOIPOCOB

(ananumuyeckuii 0630p No IUMeEPAmypHoIM
UCMOYHUKAM C YebiO BbIACHEHUsL OOCMUNCEHU
MUPOBOUL HAYKU MEXHUKU 8 PACCMAMPUBACMOLL
obaacmi; ROCMAHOBKA 3a0auU UCCIeO08AHUS,
NPOEKMUPOBAHUSA, KOHCIPYUPOBAHUSL; COOEPIICAHUE
npoyedypel UCCACO08AHUSl, RPOCKMUPOBAHUSL,
KOHCMPYUpo8anust; 06CydicoeHue pe3yibmamos
BbINONIHEHHOU PAbOMbL; HAUMEHOBAHUE
OONOTIHUMENbHBIX PA30EN08, NOONEHCAUUX

paspabomke; 3aKatoueHue no pabome).

1. TlpoBecTn CpaBHUTENbHBIA aHAIU3 METOJOB TI'€HEpaLUU
CIIEHapHeB, yKa3aTb JJOCTOMHCTBA M HEIOCTaTKM METOJOB,
OTNKCAHHBIX B uTepaType. Onucarh CyecTBYIOIUE MOAX0IbI
K TECTUPOBAHUIO MOJIyYE€HHBIX PE3YJIbTATOB.

2. IlporpamMMHO peann30BaTh BHIOpPAHHBIN aJTOPUTM B Cpenie
nporpammupoBanus MATLAB.

3. Ipemnoxuts MOAU(PHUKALNIO CYLIIECTBYIOIINUX aIrOPUTMOB
reHepanuu (Hapumep, BHIOOp MaTpuilsl Z, Bekropa L).

4. TlpoBecTH TECTHpPOBAHHE AalTOPUTMa TEHEpallMd Ha
peambHBIX UCTOPHYECKUX JAHHBIX JUISI  ONTHMAIBHOTO
noprdens ueHHeix Oymar. HMcmomb3oBarh  TECTBl €

UCTIOJI30BaHUEM OyTCTpeI Mpoueayphl (IepecTaHOBOYHBIN
tect, Mmeto MounTe-Kapo u T.11.).

5. UnTepnperupoBath MIOJTyYCHHBIC pe3yIbTaThI
MOJICTTMPOBAHUS U CIIEIATh BEIBOJIBI 110 TIPOICIIAHHON padoTe.

Ilepeyennb rpagu4eckoro

MaTepuaJa

(c MOYHBIM YKA3aHUeM 0053ameNbHbIX Yepmedicell)

1. I'padux
cIieHapusl.
2. OyHKIMOHATBHAS 3aBHCHMOCTh BBIXOJHBIX IapaMETPOB
ITOPUTMOB OT 3HaYEHUS BXOIHBIX I1apaMETPOB.

3. KpuBeie CvaR mis onTuManbHOTO TOPTQENS IEHHBIX
Oymar.

pacmpesienieHdss BEpOATHOCTEH  HACTYIUICHHS

KOHchIbTaHTbI Mo pasaejgam BBIHyCKHOﬁ KBaJ]I/I(l)I/IKaIIHOHHOﬁ paﬁDTI)I

(eciu HEOOXOOUMO, C YKA3AHUEM PA30ei08)
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I xona VAT Otnenenne (HOIN) (0610
YpoBensn Marwuctparypa Hanpasienne/cnenuaiabHocTh | [IpukinanHas MateMaTruka
o0pazoBaHus 1 HHPOpMATHKA

Tema 1MNI0MHOI padoTHI:

An algorithm for moment-matching scenario generation with application to financial portfolio
optimization

HcxoaHnble JaHHbIE K pasaenay «COIII/laJILHaﬂ OTBETCTBEHHOCTb»

1. XapakrepucTuka 00BeKTa NCCIICAOBaHHS (BEIIECTBO,
MaTepHal, Mpuoop, aNrOpuT™M, METOINKA, pabodasi 30Ha) U
00JacTé ero NpUMEeHEeHUS

B namHOif pabore wmccuemyercss anrOpUTM

reHepanud  moment-matching  crenapues.
UccnenoBanue HPOBOJHUTCS pH
UCIIONB30BAaHUM  TPOTPaMMHBIX  yTHIIHT,

ycraHOBIeHHBIX Ha OBM. Pabouas 30Ha
BBITIOJIHEHHUsI paboThl — yueOHas ayIuTOpHs
10-oro kopmyca TITY.

Hepel{eHL BOIPOCOB, NOAJICKAIUX UCCICAOBAHNUIO, IPOCKTUPOBAH

W10 U pa3paboTKe:

1. IIpaBoBble N OPraHU3aIUOHHBIE BOMPOCHI
o0ecreyeHns 0€30MacHOCTH:

crenuanbHble (XapaKTepHbIe IPU KCIUTyaTalluu
00beKTa UCCIeJOBAaHUs, TPOCKTUPYEMOM
paboueit 30HbI) IPaBOBbIE HOPMBI TPYIOBOTO
3aKOHOJIATEIIbCTBA;

OpraHHU3aIIOHHBIE MEPOIIPHUATHS IIPU
KOMITOHOBKE pabouei 30HBI.

Tpynosoii konekc Poccuiickoit @enepanuu ot
30.12.2001 N 197; T'OCT 12.2.032-78 CCBT.
Pabouee MecTo TpH BBINOJIHEHUU paboOT CUSL.
Ob6urme 9ProHOMHUYECKHE TpeboBaHus;
CanlluH  2.2.2/2.4.1340-03.I' urneHm4yeckue
TpeOOBaHUS K TepcoHANEHEIM OBM u
OpTaHM3aIiH paOOTHI;

2. Ilpou3BoacTBeHHasi 6€30MACHOCTD:
2.1. AHanu3 BBISBICHHBIX BPEIHBIX M OMACHBIX (DaKTOPOB
2.2. O60cHOBaHNE MEPOTIPUATHI TI0 CHIKCHUIO BO3ICHCTBHS

o  [loBBIICHHBIN
AEKTPOMArHUTHOTO U3TY9ICHUS.

e HenocrarouHas OCBEUICHHOCTH pabodeit
30HBI.

e [IpeBblllieHHE YPOBHS IIyMa.

e  OTkJOHEHHE ToKa3aTelell MUKPOKINMAaTa.

o  [lopaxeHne HNEKTPUIECKUM TOKOM.

YpOBEHb

3. DkoJorunyeckasi 60e30MaCHOCTD:

e aHamM3 BIUSHUS O0BEKTA M TMpolecca
UCCJIe/IOBaHMS Ha OKPYKAIOIYIO Cpejy;

e  pa3paboTka OpraHU3alHOHHBIX u
TEXHHYECKAX MEPONPUSITUN [0 3aIluTe
OKpYKarolIen cpeipl.

4. Be3onmacHOCTL B qpessblqaﬁﬂmx CUTyalnusax:

Bri6op u onmcanue Bo3moxHbIX YC:

®  moXap.

e  000CHOBaHHE MEpOIPUATHIA o
npenorpauieHuo YC;

e pa3paboTka  moOpsAKa  OeHCTBHHA B

pesynbrare Bo3HuKHOBeHUs1 UC.

‘ JlaTta BbIIa4u 3a1aHMA AJI9 pa3ieia no JUHeiHHOMY rpaguKy

3aganue BbIAAT KOHCYJBTAHT:

JoKkHOCTD DdUO YuyeHnas cTeneHb, Hoanuck Jara
3BaHHe
Crapiuuii npernogaBaTelib Pomanosa C. B. 11.03.2020
33}131‘[“9 NPUHAJT K HCIOJHCHUI0 CTYACHT:
I'pynna DPUO Hoanuce Jara
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_ 3AIAHME JJISl PA3JIEJIA
«®UHAHCOBBIIf MEHEJKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHMUE»
Crynenty:
Fpynna [0]7[e]
0BMS81 W3mectbeBolii FOmmu KoHcTaHTHHOBHE
xoaa NSTIL Otaenenne mxoiabl (HOL) 06]0)
Yporeun Maructparypa | Hanpasaenne/cnemuansuocrs | 01.04.02 TIpukiagHas MaTeMaTHKa v
o0pa3oBaHus uHdOpMAaTHKa

HcxoaHble 1aHHbIE K pa3ieny «DUHAHCOBbIH MEeHEIKMEHT, pecypcodrGheKTHBHOCTH M pecypcochepekeHne .

1. Cmoumocms pecypcos nayunozo ucciedosanus (HHU): Cmoumocms  MamepuanibHulX pecypcos U
MamepuaibHO-MexHU4ecKux, IHepeemuiecKux, cneyuanvbHo2o  000pyO008aHUs.  OnpedeieHvl 8
Qunanco8vIX, UHDOPMAYUOHHBIX U YeL08eYECKUX coomeemcmeuu ¢ pelHOYHbIMU YeHnamu 2. Tomcka.

Tapugnvie cmagku ucnorHumenen onpeoeieHvl
wmamnovim pacnucanuem HU TI1Y.

2. Hopmbl u Hopmamuebl pacxo008anus pecypcos Kosgppuyuenmor ons pacuema zapabommotu
naamot: -30% npemuu; 20% wnaobasku;, 16%
HAaKIaoHble pacxoowl; 30% PatioHHbIl
Koo puyuenm

3. HUcnoavsyemasn cucmema HAN02000I0HCEHUS, CTNABKU s iopuduueckux  auy 6 obaacmu

HA0208, OMYUCIeHUL, OUCKOHMUPOBAHUS U KPeOUmosanus. | obpaszosanusi coyuaivHvle omuucienus = 30,2%.

Hepeqeﬂb BOIIPOCOB, MOMJICKAIIIUX UCCTECTOBAHNIO, IPOCKTUPOBAHUIO U pa3p260TKe:

1. Oyenka kommepuecko2o u UHHOBAYUOHHO20 HOMEHYUALA 1.Ilomenyuanvuvie nompebumenu pe3yibmamos
HTH uccneo0o8aHus;

2. Ananu3z KOHKYPEHMHbIX MEXHUYECKUX PeuleHull;

3.SWOT — ananus.

2. Paspabomka ycmaea Hay4HO-MeEXHU4ecKo20 npoeKma 1.Ilenu u pesynomam npoexma.
2.Opeanu3ayuoHHas cmpyKkmypa npoekma.
3. IInanuposanue npoyecca ynpasienus HTU: cmpykmypa u 1.Cmpykmypa pabom 6 pamkax HAy4yHO20
epagux npogederus, OI00HCem, PUCKU U OP2AHUZAYUSL uccne008anus;
3aKyNoK 2.0npedenenue  mpyooemMKoCmu  6bINOJHEHUS

pabom u paspabomka epaguka nposedeHUs.
HAYYHO20 UCCLEO08AHUSL,

3.Pacuem 61002icema HAYYHO — MEXHUYECKO20
uccaedosanus (HTU).

4. Onpeodenenue pecypcHou, PUHAHCOBOU, IKOHOMUYECKOU 1.0Onpedenenue unmespanivho2o  OUHAHCOBO20
aghgexmusrocmu nokasamesus paspabomkis;

2.0npedenenue uHme2paibHO20 NoKA3amens

pecypcoaghpexmusnocmu pazpabomiu;

3.0npedenenue  uHmMe2paIbHO20  NOKA3AMENS.

s¢ppexmusrocmu.

Ilepeuens rpauueckoro MaTepuasa (¢ MOYHbLIM YKA3aHUeM 00313amenbublx uepmedicell)

Oyenka KOHKYpeHmocnocoOHOCMU MeXHUYeCKUX peueHuii
Mampuya SWOT

OyeHKa 20MoBHOCMU HAYYHO20 NPOEKMA K KOMMEPYUATUIAYUY
Kanenoapuwiii nran npoexma

Huaepamma I'anmma

Pacuem 610001cema sampam HTH

Humeepanvhwiil nokasamens pecypcospexmusrocmu

JlaTta BbIAaYHM 3a/1aHUS VISl pa3jiesia o JuHeiiHoMy rpaduky

3agaHue BbIAAT KOHCYJBTAHT:

JomxHocTh DdUO Yuyenasi crenenb, IMoanucek JlaTta
3BaHHe
Jouent OCI'H IIIBUIT Kucenesa E. C. K.D. H 15.03.2020
33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYACHT:
I'pynna DPUO Hoanuce Jara
0BMS&1 MsmectbeBa FOnus KoncrantuHoBHA 15.03.2020 19&




3AIVTAHUPOBAHHBIE PE3YJIbTATBI OBYYEHUA 110 OOIT

Kon |

Pesynpratel 00ydeHus

OowenpogheccuonanvHble KOMnemeHyuu

P1

CaMOCTOSTEIIBEHO HpI/IO6pCTaTI), Pa3BHUBATH U IPUMECHATH MAaTCMATUYCCKNEC, CCTCCTBCHHOHAYYHBIC,
COMAaJIbHO-O3KOHOMHWYCCKHE U HpO(l)eCCI/IOHaJ'ILHI)IC SHaHUWA JJI pCIICHNA HECTAaHAAPTHLIX 3a/1a4, B
TOM YHCJI€ B HOBOM MJIM HE3HAKOMOM Cpeac U B MEXXIUCHUIUIMHAPHOM KOHTEKCTE.

P2

BJ'IaI[eTI) " IPpUMCHATHb METOABI K CPEACTBA IMOJTYUYCHUA, XPAHCHU, nepepa60TKH " TpaHCJIAIUun
I/IH(l)OpMaHI/II/I MOCPEACTBOM COBPEMCHHBIX KOMIIBIOTCPHBIX TCXHOHOFHﬁ, B TOM 4UCJIC B
rI100aITbHBIX KOMIIBIOTEPHBIX CETAX.

P3

JeMOHCTpHUpOBaThH KyJIbTYpPYy MBIIIICHHS, CTIOCOOHOCTD BHICTPAMBATh JIOTHKY PACCYKASHUH 1
BBICKA3bIBaHUH, OCHOBaHHBIX HA MHTEPIPETAlMY JAHHBIX, MHTETPUPOBAaHHBIX U3 Pa3HBIX
obrnactell HAYKH W TEXHUKH, BBIHOCHUTH CYX/ICHUS HA OCHOBAaHWH HETIONHBIX JaHHBIX,
aHAM3UPOBATH MPO(ECCHOHANBHYI0 HHPOPMAIIHIO, BBIICIATH B HEH II1aBHOE, CTPYKTYPHUPOBATH,
0(QOPMIISITE U IPECTABISATH B BHJIE aHATUTHYECKIX 0030pOB C 000CHOBAaHHBIMH BBHIBOJAMH U
PEKOMEHIAIMSMH.

P4

AHanu3upoBaTh U OLICHUBATh YPOBHU CBOMX KOMIIETEHIIMH B COYETAHUHU CO CIIOCOOHOCTHIO U
TOTOBHOCTBIO K CAaMOPETYJIMPOBAaHUIO JaJIbHEHIIEro 00pa3oBanus 1 MpogecCuoHaIbHON
MOOMIILHOCTH. Biiafiets, o kpaitHei Mepe, OAHUM U3 HHOCTPAHHBIX SI3IKOB Ha YPOBHE
COLMANILHOTO M MPO(ECCHOHAEHOTO OOIIEHNS, TPUMEHSTH CIICIUAIBHYIO JIEKCUKY U
npo¢eCcCHOHANBHYIO TEPMUHOJIOTHIO SI3BIKA.

JeMoHCTpHUPOBATh CIOCOOHOCTH K CAMOCTOSITEIbHOMY OOYYEHHIO HOBBIM METOAaM
UCCIIEIOBaHUS, CIOCOOHOCTH CAMOCTOSITENILHO MPHOOPETaTh C TOMOIIBIO HHPOPMAIIMOHHBIX
TEXHOJIOTHH M MCIIOJIb30BaTh B MPAKTUYECKON AEATENBHOCTH HOBBIC 3HAHUS M YMEHHSI.

P5

Hcnonb30BaTh Ha MPAKTUKE YMEHHS U HABBIKH B OPraHU3aLUU UCCIEI0BATEIBCKUX paboT 1o
UCIIOJIb30BaHHUI0 MATEMAaTHIECKUX METOZO0B M MOJICIIUPOBAHUS ISl PELICHUS 3a/1a4, CIIOCOOHOCTh
OpraHU30BHIBATh U PYKOBOJMTH paOOTON KOMaHIbL.

P6

CoBepIIeHCTBOBATh U Pa3BUBATh CBOW WHTEIDICKTYaIbHBIN 1 OOMIEKYIbTYPHBIA YPOBEHb.
ITposiBNIATS MHULIMATHBY, B TOM YHCJIE B CUTYALMSIX pUCKa, OpaTh Ha ceOs BCIO MOTHOTY
OTBE€TCTBCHHOCTH.

Hpo¢uﬂb«MameJuamu'tec1me MOOeJmpoeaHue U KOMRnbIOMEPHblLE 6bIYHUCTICHUA)

Pa3paOaTbIBaTh CTpaTeruy M LeJIU IPOSKTUPOBAHNUS, KpUTEPHH 3P PEKTUBHOCTH U OTrpaHUYCHHUS
MIPUMEHUMOCTH, HOBbIE METO/IbI, CPEJICTBA U TEXHOJOTUN MaTEMaTHUECKOTO MOACTUPOBAHUS

P7 .
00BEKTOB H SIBICHUH B Pa3IMYHBIX PEAMETHBIX 00JIACTIX
OcCy1ecTBIATh aBTOPCKOE COTPOBOXKIEHUE MPOIIECCOB MTPOESKTHPOBAHUS, BHEIPEHHUS,
P8 SKCILTyaTalli ¥ MOJEPHHU3AIIMU MOEINPYIOLINX POrpaMMHBIX KOMIUIEKCOB Ha BCEX dTamax

JKM3HCHHOT'O ITMKJIa




Pegepar

Brinmycknas kBanudukarmonHas padota cogaepxkut 80 crpanuil, 28 puCyHKOB,
19 tabnur, 43 UCTOYHMKA TUTEPATYPHI U 3 TPUITOKECHHUSL.

KarwueBbie ciaoBa: moment-matching, crienapuii, MoJeIUpOBaHKE, METOJ
Momnte-Kapio.

O0bekT uccienoBanusi: BpeMeHHuble psiabl akuuid [TAO «["azmpom», ITAO
«Coepobank» u [TAO «BTby» 3a nepuoz ¢ 01.01.2016 o 01.01.2018.

Heabp pabGoTbl: npUMEHEHHWE MeToJa TeHepanuu «Mmoment-matching»
CIIEHApHEeB K ONTHUMH3alUMU TMOpTdess LEeHHBbIX OyMar K ONTUMH3aluuu TopTdens
[IEHHBIX OyMmar.

MeToabl NpoBeeHHsI HCCIEAOBAHMSA: TCOPETUIECCKHIE U TPAKTHUECKHUE.

ITosryuyeHHble pe3yJbTaThbl: B pabOTE HCIOJIB30BaH METOJ| TI'€HEpaluH
«moment-matching» cuenapueB. PaccMoTpeno BimsiHHEe BbIOOpa crmocoba pacuéra
napametrpa L Ha wmToroBelii pesyinbTar. Mccnemyempie cmmocoObl — CHMMETpUYHAS
MaTpulla, TOJOXKUTEIBHO OIpeNeieHHass MaTpula U pas3jioxeHue XOJELUKoro.
[TpoBeneHs! YnCcIEHHBIC YKCIIEPUMEHTHI Ha HCTOPHUYECKUX NaHHBIX. B nccnemyembiii
aJropuT™ BHepEH Metoa MonTte-Kapio a1 HopManu3anuu cirydyaiiHOM BETMUUHBI.

Crenenp BHeapeHMs: cpefHsis; TpeOyercss o]opmieHHEe MNPOrpaMMHOIO

KOJla B BUAC IIAKETa IIPOIrpaMm. Oo6nacTtb NPUMCHCHUS . MCXKAUCIUITIIIMHAPHASI.



ESSAY

The qualification work contains 80 pages, 28 figures, 19 tables, 43 literature
sources and 3 appendices.

Keywords: moment-matching, scenario, modeling, Monte-Carlo method.

Object of study: shares time series of Gazprom (GAZP), Shberbank (SBER)
and VTB (VTB) for the period from 01/01/2016 to 01/01/2018.

Purpose of work: to apply the method of generating “moment-matching”
scenarios to the optimization of the securities portfolio.

Research methods: theoretical and practical.

The results: In this work, the “moment-matching” scenario generation
method is used. The influence of choosing the method of calculating the parameter L
on the final result is considered. The methods studied are a symmetric matrix, a
positive definite matrix, and the Cholesky decomposition. Numerical experiments on
historical data are carried out. The Monte Carlo method is introduced into the
algorithm under study to normalize the random variable.

The implementation degree: medium; design of the program code in the

form of a software package is required. Scope: interdisciplinary.
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Introduction

Scientists often face the problem of choosing the optimal parameters in their
projects. The situation with this choice may be complicated by the presence of
mathematical uncertainty in the task. One of the classic approaches to solving
problems, including uncertainty and risk, is stochastic programming.

Stochastic programming is a method for solving optimization problems in
which the objective function is not available for calculation in its pure form, but can
be estimated or calculated through an error from empirical observations or
experiments [4]. Stochastic programming can be used in solving management
problems and dynamic identification. The advantage of stochastic programming over
direct methods of solving problems is that it does not require storage of all the
accumulated information about the object, but offers a method of adaptive correction
of estimates according to the following observation [5, 6].

Analytical solutions of stochastic problems can be achieved by various
methods. Examples of this methods include Robins-Monroe, Kiffer-Wolfowitz
methods, finite-convergent algorithms, random search methods, neural network and
genetic algorithms, hidden Markov models as special cases of stochastic
programming algorithms for solving various problems.

To obtain a numerical result from the stochastic program, the distribution that
is used in one must be approximated through discrete distributions with a finite
number of results. This approximation process is called a scenario generation process.

This work 1s aimed to apply the method of generating “moment-matching”
scenarios to the optimization of the securities portfolio.

To achieve this goal, the following tasks have been formulated:

1. To analyze the information about the method of generation and choose the
direction of research;

2. To implement the method in the Matlab programming environment;

3. To collect historical data and apply the studied method to it;

4. To interpret the results.
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1. Literature review

One way to obtain a set of scenarios is a sample from the intended distribution
or from historical data. As an example, we can assume that financial assets will
follow the geometric Brownian motion or the GARCH process [14]. Sampling
methods have clear advantages, but such distribution assumptions can be applied only
to one financing area.

Other approaches to the scenario generation include a model based on the
analysis of the main components [15], a stochastic approximation based on transport
metrics [16, 17] and hidden Markov models [18, 19, 20]. Detailed review of various
scenario generation methods is presented in [21].

Another class of methods for generating scenarios is based on comparing
small set of statistical properties, for example, moments [22]. These methods can be
divided into two groups.

In first approach statistical properties set as moments and include covariance
matrix. In [23], the cubic transformation of standard one-dimensional normal random
variables and factorization of the Cholesky’s covariance matrix allows to obtain a
multidimensional distribution that corresponds to a set of marginal central moments
and a covariance matrix. A similar approach of consistent moments is used to
generate probability weights and supporting points using non-convex optimization in
[24]. In [25], the entropy maximization method is used to generate a discrete
approximation to a continuous distribution.

In the second group, the parametric limit distributions are selected
independently and then applied together with the factorization of the Cholesky
covariance matrix to obtain the required multidimensional distribution. An iterative
procedure of this type is described in [26], where marginal distributions and a
correlation matrix are used to determine the correlated vectors of random numbers.

Generation methods of “moment-matching” scenarios are successfully
applied in the stochastic optimization problem. They have the following advantages —
these methods are not tied to a specific area, they do not use particular parametric

family of distributions and also they allow setting various boundaries. The algorithm
13



considered in this paper also has two great advantages over other existing methods of
generation “moment-matching” scenarios:

1. This method doesn’t include optimization, so the calculating speed of this
method is greater than the rest.

2. This method generates scenarios in conjunction with the corresponding

weighting probabilities, which also gives a great advantage in the program runtime.

1.1. Object and methods of research

This paper explores the generation of scenarios for a securities portfolio using
the "moment-matching” method. The historical data of stock prices were used as
input data. In simulation process the following methods were used to calculate the
matrix parameter of the algorithm:

* Cholesky decomposition;

* Calculation of a positive definite matrix;

* Calculation of a symmetric matrix.

To normalize the parameters of the method, the Monte Carlo method was

used.
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2.  Theory module
2.1. Securities portfolio

A security is a financial asset, drawn up in a certain form and with mandatory
details that should be protected only upon presentation of this document [1]. The
meaning of a security includes stocks, bonds, derivatives, etc.

A portfolio is a set of financial assets that an investor can dispose of [2]. A
portfolio may include various types of securities, contracts, real estate and their
combinations. The main characteristics of portfolio are:

1. Profitability;

2. Liquidity;

3. Reliability;

4. Feasibility;

5. The level of risk.

The main aim of forming a securities portfolio is to achieve a certain level of
expected return with minimal expected risk. At the same time, the results that are
achieved with the successful formation of the portfolio [3] include:

1. Maximizing capital growth;

2. Maximization of income;

3. Security;

4. Providing liquidity

Based on the desired result, portfolios are divided into the following types:

* The portfolio of income, which is collected from securities with quick return
income, but a low growth rate. The main task in creating that type of portfolio is the
selection of the most profitable securities with minimal risk.

» A growth portfolio that is assembled from high-yield securities. Its main
goal is to increase investor capital. The peculiarity of this portfolio is that it can use
risky assets that give high profits.

* A portfolio of venture capital is collected from securities of small and
medium-sized organizations specializing in the development and implementation of

the latest technologies, which potentially should bring high profits in the future.
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» A balanced portfolio contains securities of various natures, both profitable
and risky. The main goal in forming such a portfolio is to block the riskiness of
potentially high-yield investments by adding stable assets of average profit.

* The portfolio of short-term assets is compiled taking into account the
liquidity of these assets. If necessary, such a portfolio can be quickly sold out.

» The long-term investment portfolio is based on assets with a maturity of
more than 5 years.

* The regional portfolio is made up of assets of local enterprises.

* The industry portfolio includes securities of a narrow-specialized industry.

2.2. Stochastic programming

Stochastic programming is an approach to mathematical programming that
allows obtaining indeterminacy in optimization models [4].

In tasks that are aimed at planning it is a usual practice to face optimization
problems, which consider random character of certain parameters [5, 6]. Such
problems are solved by stochastic programming methods. In these cases, there may
be elements of the technological matrix, sizes, prices, and other factors as random
value. Their random nature is due to the fact that it is impossible to determine value
of every coefficient and standard, especially in long time planning. They can always
change, either due to some unforeseen events, or simply under the influence of time

and by an unknown value.

2.3. Matlab Software Environment
MATLAB is an application package of programs for solving scientific,
technical and engineering problems using its own high-level interpreted programming
language [7].
MATLAB features are its effectiveness in working with matrix data structures
of various sizes, a well-developed library of built-in functions aimed at solving a

wide class of problems and also the ability to connect extensions for working with
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highly specialized tasks. This software is used in various subject areas, among which
are:

1. Financial analysis;

2. Neural networks;

3. Signal and image processing;

4. Data visualization;

5. Control algorithms;

6. Databases;

7. Genetics, etc.

MATLAB’s language is a high-level programming language that includes
matrix-based data structures, a wide range of functions, an integrated development
environment, object-oriented features, and interfaces to programs written in other
programming languages.

Programs written in MATLAB are divided into two types — functions that
include input and output parameters, a workspace for computing and storing results,
and scripts that use a common workspace. Programs of both formats are stored as text
files and are dynamically compiled into machine code.

In this work, the MATLAB language is advantageous to use because of its

functionality and relatively fast work with large data arrays. [8].

2.4. Monte-Carlo method

The Monte-Carlo method is a method aimed at assessing the influence of
random model parameters on its work process. The method is most often used to
analyze the scatter of results with respect to quantity [27]. The main objectives of the
method are:

* Transformation of uncertainty for analytical models;

* Calculation of probabilities in situations when analytical methods cannot be
used.

Areas of application of the method are financial forecasting, analysis of

investment projects, business analytics.
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System models, information about the type of input data, sources of
uncertainty and the required output data are used as input data for Monte-Carlo
simulation. The input data and the corresponding uncertainty are considered in the
form of random variables with corresponding distributions [28].

The outputs are parameters’ values or probabilistic weights. The outputs may
be the identification of the basic functions of the model that have the greatest impact
on the output.

An analysis of the interaction of input and output parameters can determine
the relative value of the factors of the system and identify ways to reduce the
uncertainty of output values.

The procedure for applying the method usually includes the following
steps [29]:

1. Definition of a model or algorithm that describes in detail the investigated
problem;

2. Repeated iteration of the model with various input data generated through
random variables to obtain the output of the model.

The advantages of the method include the following:

* The method can be applied to any distribution of input data, including
empirical, based on observations of the systems under study;

* Models are understandable, and the relations between inputs and outputs are
transparent;

» The method allows achieving the required accuracy of the results;

* Method’s software is available and relatively inexpensive

The disadvantages of the method are the following:

» The accuracy of solutions depends on the number of iterations that can be
performed, which can cause difficulties with poor technological support;

* The method assumes that data uncertainty can be described by a known
distribution;

» Large and complex models can be difficult for specialists in modeling

process and make it difficult to engage stakeholders.
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2.5. Cholesky decomposition

For the first time, the Cholesky decomposition was proposed by the French
mathematician Andre-Louis Cholesky in 1918. Further, this decomposition was used
by T. Banashevich in 1938 [30].

Initially, Cholesky decomposition was used exclusively for dense symmetric
positive definite matrices. Currently, its use has become much wider, for example, it
is applied to complex conjugate matrices. To improve computing performance, a
block version of decomposition is often used.

For sparse matrices, the Cholesky decomposition is used as the main stage of
the direct method for solving linear systems. Cholesky decomposition options are
also used in iterative methods for constructing re-converters of sparse symmetric
positive definite matrices.

Cholesky decomposition is used to decompose positive definite Hermitian (in
the real case, symmetric) matrices in the form A = LL, where L is the left triangular
matrix, or A = U = U, where U is the right triangular matrix [31]. It consists in the
implementation of formulas for elements L. This decomposition has the following
features:

1) The symmetry of the matrix, which allows you to store and calculate only
half of its elements, which almost doubles both the amount of memory needed for the
calculations and the number of operations in comparison, for example, with
decomposition according to the Gauss method.

2) Accumulation mode: the calculation of scalar products takes a significant
part of the time; thanks to him, the Cholesky decomposition has the smallest
equivalent perturbation of all known matrix decompositions.

2.6. Scenario generation algorithm

The algorithm was developed and published in the work of K. Ponomareva,
D. Roman, and P. Date [9]. Later it was supplemented with corrections defined in the
work by authorship of Juan Pablo Contreras, Paul Bosch, and Mauricio Herrera [10].
This corrections concerned condition, parameters and steps of the algorithm, which

was needed in original method for correct formation of scenarios.
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Let us suppose that the information about the distribution of an N-variate
random vector r=[r* r?
known [9]:

4 — mean vector;

rNT™ is available in terms of the following quantities being

> — covariance matrix (positive definite);

K, —marginal third central moment of ri, j=12,...,N;
¢, —marginal fourth central moment of r/, j=12,...,N .
Define r) as the result of each according to the k-th scenario and denote the
central moments as
K, =K,
(2.1)

ij:éz

M= 1M

]

Z|lr Z|+

I
[N

For example, r could represent the future returns of N-assets, r being the

return of asset j under scenario k. The algorithm is generic and not specific to
financial portfolio applications; it is valid for generating scenarios of any random
vector r with moment properties specified as above. In the light of the application
considered in this paper, we will stick to notation prevalent in the financial
optimization literature.

The outline of how the algorithm which follows the works is as follows. An
even number of scenarios, 2Ns, proportional to the vector’s dimension, are generated
so that they match the first and second moments. These scenarios are symmetrically
distributed around the expected value so that the variance—covariance matrix is
matched. Three additional scenarios are generated in order to match the average
marginal skewness and the average marginal kurtosis of each individual component

of the random vector r.
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2.6.1. Algorithm’s parameters

The first step is to choose an arbitrary positive integer s, an arbitrary non-zero
deterministic vector Z, such as =—zz™ >0, and the scalar p<(0,1).

In [9], it was proposed to find the vector Z as z = p\/diag(z). That would
works correctly only for small values of , and if the matrix = is positive definite.

The second work [10] proposed using eigenvectors and eigenvalues of the

covariance matrix to select the vector Z. Let us assume that o< <..<4 Iis the

eigenvalues of the matrixz, and let be *,..,v" the corresponding orthonormal

eigenvectors. Set z = p,[4v', and then:

AV =
(-2Z")v' = AR : (2.2)
AA=-p )V, j=1
This method allows covering different scalar values of o .

When the necessary elements are determined, the following parameters can be
calculated:

124 =%¢1+%\/4¢2 _3¢12’
1 1 2
ﬂ:_5¢1+5\/4¢2 _3¢1 .

B 1
Cala+p)’
1
- 2.3
" B p) (23)
wozl—i,
pPa
Ng_zy[ i }
. 3.2
Z.,k'-fk
where
¢ NE’\]pSJrl
>z .
Nk_222|kL?k(Zis=11) |
¢, = b .
>z
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The matrix L is a positive definite matrix satisfying the following inequality
s=LL" +zZ". It can be defined as L=+x-zz" if it is assumed that the matrix L is a
positive definite symmetric matrix [9], and it can also be found with the Cholesky
decomposition as a triangular matrix [10].

Among other things, for this method, the necessary and sufficient condition

for its operation is introduced:

¢ -4’ >l ps+l|:A— Bzi} >1,

k=1 Py
__Nk | N¢ (2.5)
ZiNzlzi4 Zi’ilzis |
_ Zi,jL%
223" 7

This condition, which serves as a check of the positivity of parameters, was
added in [10], since the original work [9] did not take into account the possibility of
negative parameter values, which could potentially lead to negative probabilities for

some scenarios.

2.6.2. Weighted Probabilities

In the original work [9], some points about construction of scenarios with
respect to negative weighted probabilities were missed. It was indicated by the
authors of [10] who introduced additional restrictions for the correct operation of the
algorithm. The correct method for finding probabilities from the second paper will be
indicated later.

After the matrices Z and L are determined, it is necessary to find the values of

the probabilities p, and p,, that will satisfy (2.5). Consider the following

optimization problem that maximizes the value ¢, — 4?:
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Prr P k=1

max p5+{A BZ }
k

ps+1 :1—2nz pk (26)
k=1
ps+1’ pk 2 Olk =1,...,S

In order for condition (2.5) will work, it is necessary that A> 0. The point

B
P*=(p*,p*,...p")", p*:’/ZNA and Pg,;*=1-2Nsp™ are the stationary points of

problem (1.6) with the optimal value (\/K— 2NBS)2. Moreover, when the expression

JA—2NBs is positive and satisfies the sufficient second-order optimality condition,

we can prove that (P*, p*,,,) is the only maximum for the optimization problem.
Total, expression (2.5) can be written in the following form:

Nk [ NE J2>1 2N 2.t Z., L @27)
2_1 i Z—l i Z_l i 2 Z—l i

When p =p=> forallk=1,2, ..., s, the scenarios

1

ng;h’ (2.8)

Xy =pu*

will be the same foralli =1, ..., N.

Most approaches for the numerical solution of stochastic programming
problems are based on replacing the probability distribution with a discrete
distribution, where each scenario appears with its probability. A good approximation
of the probability distribution requires a large number of scenarios, and repeated
scenarios mean a reduction of elements in supporting the probability distribution.

For the purposes of the probability method P=* is no better than any other
vector of probabilities that satisfies the necessary and sufficient condition (2.5), this
is just one way of choosing them. To avoid repeated scenarios in the generation
procedures, insignificant changes are introduced in the optimal probability vector p*
without losing the fulfillment of condition (2.5). Suppose that Z, L have been already
selected and condition (2.7) is satisfied, then the optimal value of problem (2.6) is
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greater than 1. In this case, there is a neighborhood p* where condition (2.5) is still

fulfilled and the probabilities p, differ from each other.
Let s be an even number, and ¢,..,&,, be positive constants. Consider the
change in the probability vector as:
P={p*+te, PX+&ym PX+Egps s P*—E,, p*—gl}T. (2.9)
With this change, an additional probability p, , is maintained, and the value

¢, — 4> decreases according to the following equation:

2 _ A% A B S 2 p*s+1 BS/2 gkz 2
fom =P | A-B- D27 ;p*z_ek (2.10)

In order to make P feasible when ¢, -¢* >1, the following is necessary:
s/2 2

p*.. g * S
el kef<ps+{A—BF}1- (211)

p* S p*-

The following formula can be used to select values &, :

v*¥-1
=up* k=1..5s/2, _
& =up 4/ 0. A1 (2.12)

Where v* is the optimal solution to problem (2.6).

After that, the probabilities are redefined as p, = p*+¢ for k=1,..s/2,

p,=p*—¢ for k=s/2+1,..s,and p_, =p,, *.

2.6.3. Scenario output

Print scripts

Xi=put L.,

1
J2sp,
¢ 7

pea (213)
Xﬂ = y—%z,
s+l

Xo = M,

and the corresponding probabilities:
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V(X)) =V (X)) =y,

2.14
V(xo) =Psa WO’V(XQ') =Psaa W1’V(Xp) =Psa W, ( )

2.7. Conditional VaR (CVaR) model for portfolio optimization

Denote a random vector, representing future income from assets, as

r :[rl,...,rN]T.
Let x; be a fraction of the capital invested in asset j, then x=(x,,..,x,) isa

vector of shares in the entire portfolio of securities. The income of this portfolio is a

random variable:r = xr*+...+x, r"; this distribution depends on choice of the vector x

and on the distribution of the vector r.

In the theory of “medium risk” the portfolio income distribution is described
by two statistical variables: the expected value and the “risk” value. The portfolio
selected for method’s realization should be “effective”, it means that one’s should
have the lowest risk value for a given expected return. An effective portfolio is found
by solving the optimization problem, in which, for example, portfolio risk is
minimized, while the expected return is limited. Similar tasks are usually solved
numerically by approximating the distribution of future income through discrete ones
with a finite number of realizations, which is a generation of scenarios of future
income of assets.

Traditionally, risk is measured through variance [11]. In optimization problem
of the average variance scenarios are not needed for the future return on assets, only
their expected values and the covariance matrix. However, it was noted that risk can
be better quantified, so several alternative methods for measuring risk have been
proposed. Recently, the portfolio optimization task includes more sophisticated
methods for measuring risk, primarily ones that associated with the left tails of
distributions. Risk measurements in this category include CVaR, which has good
theoretical and computational properties and has gained wide acceptance among
scientists and practitioners [12]. The CVaR mean method, in contrast to the mean

deviation model, requires a full set of profit scenarios.
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Let r be a random variable, which represents portfolio income x for a certain
period, Ae(0,1) is the percentage of the “worst cases” of the results for r_(usually A
= 1%, A = 5%, A = 10%).

The determination of CVaR at the indicated level A is a mathematical

analogue of the concept of “average value of losses in the worst cases”. More

formally, CVaR at level A of r_is defined as minus the average value of the A-tail of
r. distribution, where the A-tail distribution is obtained by taking the lower part of
the r_distribution (corresponds to extremely unfavorable results) and scaling it to the
range [0, 1]. The A-tail distribution of r_only considers losses above VaR.

An important result is that CVaR can be calculated and optimized by solving
convex optimization problems [13]. For this, an auxiliary function F:XxR >R Iis

used, where X is the set of possible portfolios.
1 +
Fa(xv)=ZE[-r,+v] -V, (1.15)

where[u] =u if u>0, otherwise [u] =0. It was proved that minimizing CVaR over X
can be realized by minimizing F, over X.

When the income of a random asset is represented as a random discrete
variable through scenarios, the optimization problem through CVaR can be
formulated as a linear programming task:

min(v+iz Pkykj,
AS

N
V= rlx, <y, Vkell,..,S},
= (2.16)
Yy ZO,Vke{l,...,S},

N
> ux;zd;xeX,

j=1
where S is the number of scenarios,
N - the number of assets

P - the probability of occurrence of the k-th scenario, k =1, ..., S,
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r. - income from asset j in the scenariok, j =1, ..., N,
u; - the expected return on asset j,

d is the desired expected portfolio return.

Here P and r’ can be obtained from scenario generation or sampling of
historical data, x; it is estimated before optimization. The parameter d is determined

by the investor. Without imposing a final restriction on the expected return on the
portfolio, we get the minimum CVaR portfolio.
Variables used in the model:

x; - the share of portfolio assets invested in asset j,

v - the A-quantile of the distribution of portfolio returns,

y, - the value of the negative deviations of portfolio income relative to the

A-quantile for each scenario k.
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3. Practice module
3.1. Historical data and input parameters

The following shares was taken as historical data - Gazprom, Sberbank and
VTB for the period from 01/01/2016 to 01/01/2018. In model this data was used to
calculate returns. The algorithm of the method was programmed in the MATLAB. A
complete listing of the code can be seen in Appendix 1.

The input parameters of algorithm are:

e mean vector |,

e  covariation matrix X,

e the third averaged moment ¢,
e the fourth averaged moment k.
Based on historical data, these values were calculated and had the following
form:

4 =(0.0016, 0.0058, 0.0018),

0.0016 0.0013 0.0011
> =|0.0013 0.003 0.0017 (3.1)
0.0011 0.0017 0.0028

£=0.000061

& = 0.000055
p=0.6

Also, as input parameter the number of scenarios was taken as s = 10.

Parameter n = 3.

3.2. Calculation of parameters Z and L
At the first stage of algorithm process it was needed to determine calculation
methods for vector Z and matrix L.

Vector Z can be defined in 2 ways:

e asZ=py/diag(2),
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AV j=l
AA-pHV', j=1

In original work [9] it was shown that definition of vector Z in the first way

e  from expression(E—-ZZ") v’ = {

could work appropriate only if matrix 2 was positive and the value of scalar © was
chosen rather small. Relying on these 2 points it was decided to calculate vector Z in
the second way.

Z =(0.021, 0.034,0.032) .

Matrix L could be calculated in next 3 ways:

1. assymmetrical matrix L =2 —ZZ" |

2. xak positive definite matrix from the following condition
>=LL" +ZZ", eigenvalues(L) >0,
3. as Cholesky decomposition.
It was decided to consider the work of the algorithm for all three cases of

calculating the matrix L.

3.3. Algorithm calculation
3.3.1. Matrix L as a symmetric matrix
Matrix L was obtained as follows:
0.0340 0.0240 0.0207

0.0240 0.0427 0.0247
0.0207 0.0247 0.0423

Pic. 3.1 Symmetrical matrix L

Next, it was needed to verify condition (2.7). Fail in checking this one would
mean that the parameter w, which should be calculated further, may have non-
positive values. If condition (2.7) is not fulfilled, it would be necessary to reconsider
the methods for finding Z and L.

The condition passed the test for the chosen dataset.
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Cl=n*md/sum(Z.”4) - (n*m3/sum(Z."3) ) "2;
C2=1+(n*sum(Ll1."4,"all'")/sum(Z. 4))+2*sqgrt (n*sum(L1l.”4,"all")/sum(Z."4)):
if (Cl»C2Z)

checkl=1;
else

checkl=0;
end

Pic. 3.2Condition code

checkl =

Cl =

56.5055

18.77%9&
Pic. 3.3 Result of condition’s calculation

In the third step, the values of the variables A and B were determined

using formulas (2.5), the weighted probabilities p* (pp) and p*,_, (p1) were found
as stationary points of the problem (2.6). The parameter v, (nu) is the optimal value of

the stationary points.

The following values were obtained:

56.5055

[st]
]

0.00%6

PP =

0.0053

0.6803

Pic. 3.4 Calculated parameters.
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Next, we introduce a vector of random uniformly distributed numbers

u, €U(0,1),ke(1,s/2) and calculate the vector of constants according to the formula
(2.12). Then we recalculate weighted probabilities p, =p*+s fork=1..s/2,
p, = p*—¢ for k=s/2+1,..,s and p,_, =p=*,,.

1
0.0067
0.00e0
0.0072
0.0067
0.0078
0.0040
0.0047
0.0035
0.0039
0.0029
11 0.6803

[ ¥ T o' I o N 5 IR S S B LW P

—
(=]

Pic. 3.5 Vector p, .

Using formulas (2.3) and (2.4) determine the remaining model parameters:

fil 1.9868
fi2 41,0347
alpha 7.1638
beta 21770
wi 0.9730
wi 0.0113
we 0.0157

Pic. 3.6 Parameters of model
At the last step the scenarios and their probabilities were calculated using the
algorithm (2.13) and (2.14).
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1 2 3
1 0.0608 0.0763 01227
2 0.0602 0.0756 0.1214
3 0.0541 0.0684 0.1090
4 0.0497 0.0631 0.1000
] 0.0523 0.0661 0.1052
6 -0.0674 -0.07e3 -0.1390
7 -0.0684 -0.0776 -0.1411
8 -0.0851 -0.0975 -0.1753
9 -0.1242 -0.1440 -0.2549
10 -0.0957 -0.1101 -0.1968
11 0.0016 0.0058 0.0018
12 0.1848 0.3040 0.2775
13 0.1340 0.2213 0.2010

Pic. 3.7 Scenario matrix

0.5
0.4 1
1 0.0081
03T . 2 0.0065
i

0zt SN 3 0.0076
) 4 0.0068
O 5 00065
of T Y L 6 0.0026
—_ 7 0.0041
01T 8 0.0030
ook g 0.0039
10 0.0041
03r 11 0.6619
12| 0.0077

0.4
2 4 6 8 10 12 14 13 0.0107

Pic. 3.8 Plot of scenarios

Pic. 3.9 Probability vector

3.3.2. Matrix L as a positive definite matrix
Matrix L was obtained as follows:
0.0360 0.0073 0.0054
0.0140 0.0440 0.0140
0.0120 0.0067

0.0460

Pic. 3.10 Positive definite matrix L
Next calculations are similar to those that were made for the symmetric

matrix L.
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56.5055

0.0098

0.0054

pl =

0.6773

checkl =

Cc1

cz

56.5055

19.3286

Pic. 3.11 Result of condition’s calculation

Pic. 3.12 Calculated parameters

fi1
fi2

alpha
beta

wi
wil
we

1.9824
40.8628

7.1487
51664

09729
0.0114
Dﬂ15?|

Pic. 3.14 Parameters of model

33

1
1
2 0.0097
3 0.0087
4 0.0073
5 0.0091
G 0.0037
7 0.0010
8 0.0021
9 0.0034
10 0.0017
1 06773

Puc. 3.13 Vector p, .

1 2 3
1 00432 0.1246
2 00138 00376  0.1062
3 00144 00394 01121
4 00156 00423  0.1219
s 00142 0038  0.1096
6 -00180 -0.0454  -0.1664
7 -00355 -0.0913 -0.3171
§  -00248 -0.0631 -0.2246
9 -00189 -0.0478 -0.1742
10 -00278 -00711  -0.2508
11 00016 00058 00018
12 041843 03040 02775
13 041340 02213 02010

Pic. 3.15 Scenario matrix
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0.3

0.2 r

0.1

or LY
0.1
D21

0.3

04 . L . . .
o 2 4 6 ] 10

Pic. 3.16 Plot of scenarios

3.3.3.

Matrix L was obtained as follows:

0.0340
0
0

12

Puc. 3.17 Probability vector

0.01e9
0.0392
0

14

Matrix L as Cholesky decomposition

0.027
0.0101
0.0391

LV I+ BN I+ TR o I Y S 6 T & B

1
0.0097
0.0087
0.0073
0.0091
0.0037
0.0010
0.0021
0.0034
0.0017
0.6590
0.0077
0.01086

Pic. 3.18 Matrix L through Cholesky decomposition

Next calculations are similar to those that were made for the symmetric

matrix L.

checkl =

o §

cz

1

56.5055

13.40592

Pic. 3.19 Result of condition’s calculation.
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Pic. 3.20 Calculated parameters.

fi1
fi2

alpha

beta

wi
wi
w2

Pic. 3.22 Parameters of model

[¥]

pl =

[54]

L5055

L0077

L0048

o
w
I
[

. 7144

2.0358

43.4189

7.3670

33311

09745
0.0107
0.0148

0.5

04r

031

021

01r

ot

01

02

0.3
0

L
2

Pic. 3.24 Plot of scenarios

L
12

35

14

(Vo o' IR IR o Iy [ N R

e p—y
— O

1
0.0068
0.0070
0.0077
0.0058
0.0063
0.0028
0.0026
0.0018
0.0037
0.0032
0.7144

Pic. 3.21 Vector p, .

(s R o' B B o TR 1) (R - WV IR (N Y

0

-

12
13

Pic. 3.25 Probability vector

1
0.0355
0.0338
0.0386
0.0373

-0.0524
-0.0545
-0.0654
-0.0451
-0.0483
0.0016
0.1855
0.1347

1
2
3
4
5
6
7
8
9

10
11
12
13

2
0.0333
0.0329
0.0315
0.0353
0.0342

-0.0373
-0.0389
-0.0476
-0.0315
-0.0341

0.0058
0.3051
0.2224

1

0.0070
0.0077
0.0059
0.0063
0.0028
0.0026
0.0018
0.0037
0.0032
0.6962
0.0076
0.0106

3
0.1081
0.1066
0.1013
0.1161
0.1119

-0.1649
-0.1714
-0.2051
-0.1426
-0.1525

0.0018
0.2784
0.2020

Pic. 3.23 Scenario matrix



3.4. The influence of the Monte Carlo method on the resulting

scenarios

According to the obtained sets of scenarios, it can be seen, especially in the
graphical representation, that the scenarios are abrupt. In order to smooth the result, it
was decided to apply the Monte Carlo method.

The influence of the method on the result is easy to show using an example of
an algorithm that uses the Cholesky decomposition as a matrix L.

The number of iterations was set equal to 1000, the iteration process was
launched immediately before the introduction of a random variable.

After going through all the steps of the algorithm, similar to ones that are
described in paragraphs 3.3.1.-3.3.3., the final matrix of scenarios and its graph had

the following form:

1 2 3 -
1 00508  0.1243

2 0.0628 0.0507 0.1239 22y

3 00629 00508  0.1241 o5l I\

4| 00625 00505 01235 In !

5 00630 00509  0.1244 02} /

6 -0.1060 -00732 -0.2131 il

7 -01068 -0.0738 -0.2146 _ _

8| -0.1066 -00736 -0.2143 ot \\Q__ 7

g  -0.1074 -00742 -0.2158 ol A\ - /

100 -0.1055  -0.0728 -0.2120

11| 00016 00058  0.0018 02!

12/ 02599 04262  0.3904

13 01627 02679  0.2441 N o F A 2 = = o
Pic. 3.26 Scenario matrix Pic. 3.27 Plot of scenarios
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4. CounmajJbHasi OTBETCTBEHHOCTH

Oxpana Tpyga — DOTO CHCTeEMAa 3aKOHOJATENbHBIX, COLUAIBHO-
HIKOHOMUYECKUX, OPTraHU3AIIMOHHBIX, TEXHOJOTUYECKUX, TUTUEHUUECKUX U JIeueOHO-
npo(UIAKTUYECKMX MEPONPUIATUA U CpPEACTB, O0ECIEUMBAIOIINX OE30MaCHOCTbD,
COXpPaHEHHUE 370pOBbsl U pabOTOCIIOCOOHOCTH YesloBeKa B mpoliecce TpyAa. [IpaBuna
[0 OXpaHE TPyJa M TEXHUKH OE€30MaCHOCTH BBOJATCS B LEISAX MNPEIyHpeKICHUS
HECYACTHBIX CiIy4aeB, oOecreueHus Oe30MacHbIX YCIOBUH Tpyaa paboTarommx u
SBIIIIOTCA ~ OOsI3aTENbHBIMU  JUIS  MCIOJHEHHS  pabO4YMMM, PYKOBOJSIINMH,
VUH)XCHEPHO-TEXHUYECKUMHU PaOOTHUKAMHM.

Jannass pabora Obula NpPOBEIEHA 3a KOMIIBIOTEPOM, WIIM MEPCOHAIBHON
ANIEKTPOHHOM BbluucauTenbHOM MammHoi (IIDBM). IToaToMy B pamkax TEKyIIEro
paszzmena OyayT pacCMOTPEHBl COOTBETCTBYIOLME BOIIPOCHI, CBSI3aHHBIE CO
CJIEIyIOIIMMU KOMIIOHEHTaMU OXpaHbl TPyia:
® BBISIBIICHUE U U3YUYEHHE BPEIHBIX U OMACHBIX MPOU3BOACTBEHHBIX (DaKTOPOB MpHU

pabore ¢ [I19BM;
® peruoHajgbHas 0€30MaCHOCTb;
e (E30MacCHOCTh B UPE3BbIUAWHBIX CUTYalUsX;
® OXpaHa OKPY’KaroIEH Cpeapl;

® [IpaBOBbIE M OPraHU3AIMOHHBIE BOIIPOCHI 0OECIIeYeHUs1 0€30MacHOCTH;

4.1.11paBoBble M OPraHU3ALMOHHBIE BONPOCHI 00ecneyeHusi 6€30MacCHOCTH
4.1.1. CnenuajibHble IPaBOBbIe HOPMbI TPYA0BOI0 3AKOHOIATEJIbCTBA
OCHOBHBIC TIOJIOKEHUSI TI0 OXpaHE TPyJAa U3JIOKEHbI B TpPylIOBOM KOJIEKCE
Poccuiickoit @enepanuu [32]. B 3TOM J0KyMEeHTE yKa3aHO, YTO OXpaHa 370pPOBbSA
TPpyASAIMXCs,  oOecredyeHWe  OC30MacHBIX  YCIAOBUM  TpyJa,  JIMKBHAAIUS
npo¢eCCUOHANIBHBIX 3a00JICBAaHUN M TMPOU3BOJCTBEHHOIO TpaBMAaTH3Ma SIBJISIOTCS
OJIHOM M3 TJIaBHBIX 3a00T roCcy1apCcTBa.
Cornacao TpynoBomy kozekcy Poccuiickoit denepariuu, Kaxablii pabOTHUK
MMEET MPABO Ha:

e pabouyee MECTO, COOTBETCTBYIOIIIEE TPEOOBAHUSIM OXPaHbl TPY1a;
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00si3aTeIbHOE  COLIMANBHOE CTpaxOBaHHME OT HECUaCTHBIX CIydyaeB Ha
MIPOM3BOJICTBE ¥ MPO(ecCHOHANBHBIX 3a00I€BaHUH;

MOJly4YeHUE JOCTOBEpHOM HH(pOpMammu OT paboTomaTensi, COOTBETCTBYIOIIMX
rOCy/IapCTBCHHBIX OPraHOB M OOIIECTBEHHBIX OpraHu3alliii 00 YCIOBHSX U
OXpaHe Tpyla Ha paboueM MecTe, O CYIIECTBYIOIIEM PHCKE TOBPEKICHUS
3I0POBbs, @ TaKXKe€ O Mepax IO 3alIUTEe OT BO3JACHCTBUS BPEAHBIX U (UJIN)
OITACHBIX MPOU3BOJICTBEHHBIX (haKTOPOB;

OTKa3 OT BBIMIOJHEHHS paboT B Cllydae BOSHUKHOBEHHS OTMIACHOCTH JISI €T0 KU3HU
Y 37IOPOBbSI BCJIC/ICTBUE HAPYIIICHUS TPEOOBAHUI OXPaHbI TPY/a;

oOecrieueHUEe CpEACTBAMH WHIWBHIYyATbHOW W KOJUISKTHBHOW 3allUTHI B
COOTBETCTBHH C TPEOOBAHUSIMHU OXpaHbI TPY/JIa 32 CUET CPEJCTB paboTOAATENS;
oOyueHue Oe30macHBIM METOJaM M TpHeMaM TpyAa 3a CYET CpPEICTB
paboroaarerns;

JUYHOE Y4YacTHE WJIM Y4YacTHE€ 4Yepe3 CBOMX MPEJICTABUTENIEH B PACCMOTPEHUU
BOTIPOCOB, CBSI3aHHBIX C OOecleYeHHeM O€30MAaCHBIX YCJIOBHMH TpyAa Ha €ro
paboueM MecTe, U B pacclieIOBAHUU MPOUCIISANIETO C HUM HECYACTHOTO CITydast
Ha IIPOU3BOJICTBE WM MTPO(PECCHOHATIBHOTO 3a00JI€BaHUs;

BHEOYCPETHON MEAUITMHCKUA OCMOTP B COOTBETCTBHM C MEIWIIMHCKUMU
PEeKOMEHJIAIMAMHA C COXpPaHEHHWEM 3a HHM MecTa padoThl (JOKHOCTH) H
cpenHero 3apaboTka BO BpeMsl NPOXOXKIEHHUS YKa3aHHOTO MEIMIIMHCKOTO
OCMOTpA;

TapaHTHX W KOMIICHCAIIMH, YCTAaHOBJICHHBIE B COOTBETCTBHH C HACTOSIIUM
KonmekcoM,  KOJJIEKTUBHBIM  JIOTOBOPOM,  COTJIAIIICHHEM,  JIOKAJIbHBIM
HOPMATHBHBIM aKTOM, TPYAOBBIM JOTOBOPOM, €CIIM OH 3aHAT Ha paboTax ¢
BpPEAHBIMH U (MJIM) ONTACHBIMH YCJIOBUSMU TPY/IA.

B tpynoBom konekce Poccuiickon denepannii rOBOPUTCS, UTO HOpMaJbHAsS

MIPOJIOJDKUATEILHOCTh Pa00UYero BpEMEH!U HE MOKET MpeBbimaTh 40 9acoB B HECIIO,

paboronaTenb 00513aH BECTH YUET BpEMEHH, OTPAOOTAaHHOTO KaXKIbIM PAOOTHUKOM.

4.1.2. Opranu3anMoOHHbIe MEPONIPUATHS NPU KOMIIOHOBKe padoyeil 30HbI
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BrinmyckHas kBanu@ukanuoHHas paboTa CTyJIEHTa BBINOJIHAJIACH B JECATOM
koprryce TITY B oTnenenuu 3xcrnepuMeHTanbHol Gusnku. Pabodyee MecTo HaxXoaUTCs
Ha YETBEPTOM JTaxke 37aHUS B KaOuHere 427. W MpeACcTaBiIseT COOOW KOMHATY
JUTMHOW — 5 M., mupuHOW — 4 M. W BbicOTOM — 3 M. EcTecTBeHHOE OCBEIICHHE
KaOWHEeTa OCYILECTBISIETCA MOCPEICTBOM OJHOIO OKHa pazMepamu 2,2 M. x 1,5 m.
JIBepp — MeTajuIMyeckasi, OJJHOCTBOpYaTasi, ceporo uperta. Bricota aBepu — 2 M.,
mmpuHa - 1 M. CTeHbl KOMHATBl OKpaIIeHbl BOJOAIMYIBLCHOHHON Kpackoil 0€XeBOro
usera. [loronmoxk mnoxsecHoW, mumTouHbIM. [lonm mokpeIT JmHOIEYyMOM. Ilnmomans
kabunera coctasisier 20 M2, 06beM — 60 M°.

Cornacuo CanlluH 2.2.2/2.4.1340-03 [34], HopMa TuTOIIaan pabodyero Mecra
C IIEPCOHAIBHBIM KOMIIBIOTEPOM COCTaBiIseT 4,5 M%. B paccmaTpuBaeMoil ayiuTopun
yCTaHOBIeHO 4 pabouynx MecTa C MEpPCOHATBHBIMU  KOMIIBIOTEPAMH U
KUIKOKPUCTAIUINYECKUMU  3KpaHaMH. COOTBETCTBEHHO, Ha OJHOIO YEJIOBEKa

IMPUXOIUTCA 5 M2, 4TO COOTBCTCTBYCT BBIIICYKA3aHHBIM Tp€6OBaHI/IHM.

4.2 11pou3BoacTBeHHAs1 0€30I1ACHOCTH

Tak kak BbeimosHeHue nanHod BKP monpasymeBaer mon co6oit paboty ¢
MaTEeMaTHYECKUMH MOJICIISIMU B MPOTPAMMHBIX CPEACTBAX, MOKHO CIENIaTh BBIBOJ,
4TO 3Ta paboTa HE MOXKET CO3AaTh BPEIHBIX U OMACHBIX (haKTOPOB.

PaccmoTtpum BpenHbie U onacHbie (PaKTOpPbI, KOTOPhIE MOTYT BO3HUKHYTH Ha
paboueM MecTe IpH MPOBEACHUU UCCIIEIOBAHU.

CornacHo HOMEHKJaType, onacHbie U Bpeanbie (hakTopsl mo 'OCT 12.0.003-
2015[35]  nmensTcs Ha  CIEAyIONIME TPYMIbl:  (QHU3MUECKUE; XHMHUYECKHUE;
ncuxoduznonornueckue; ononorunueckue. [lepedeHn omacHbIX U BPEIHBIX (PaKTOPOB,
BIUSIOIIMX Ha TNEPCOHAd B 3a/laHHBIX YCJOBHUSX JI€ATENbHOCTH, NPEICTABICH B
tabin. 4.1.

Otu  (akTOphl MOTYT BIMITH Ha COCTOSHUE 3/I0pPOBbsl, TMPUBECTH K
TPaBMOOIIACHOM WJIM aBAPUMHOM CHUTyallMd, IO3TOMY CJIEAYET YCTaHOBUTH
3¢ ()EeKTUBHBIN KOHTPOJIb 32 COONIIOACHUEM HOPM U TpeOOBaHMM, MPEIbABICHHBIX K

UX MapaMeTpam.
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Tabnuma 4.1 — Bo3moxHbIe OMacHbIE U BpeAHbIE (aKTOPHI

Otarnbl paboT

S
<
= S| 8
PakTOophI Lé 5 é HopmartnBHBIE TOKYMEHTBI
o| 2| =
I | O 5
A~ o
=
CanlluH 2.2.2/2.4.1340-03.
. CaHHUTapHO-3MTHIEMHUOJIOTHYECKUE
[ToBeIlIEHHBIN
IIPAaBUJIa U HOPMATHBBI
YPOBEHb
+ + + «I'urueHnyeckre TpedoBaHUs K
AIEKTPOMArHUTHOTO
IIEPCOHAIBHBIM 3JIEKTPOHHO-
W3JIyYEHUS
BBIUYHCIIUTEIBbHBIM MalllMHAM U
opranusaiu padoTe. [3]
CanlluH 2.2.1/2.1.1.1278-03.
['uruennueckue TpeOOBaHUS K
HenmocraTrounas €CTECTBEHHOMY, HCKYCCTBEHHOMY H
OCBCIICHHOCTh + + + | COBMEILIEHHOMY OCBEILCHUIO JKUIIBbIX
paboueil 30HbI 1 OOIIECTBEHHBIX 3JJaHUMN. [ 5]

CII 52.13330.2016. EcrecTBeHHOE 1
HCKYCCTBEHHOE OocBelicHue.[6]
CH 2.2.4/2.1.8.562-96. lllym Ha

[peBbliicHHE YPOBHS pabounx MecTax, B MOMEIICHHSIX
ryma KHIIBIX, OOIIIECTBEHHBIX 3[aHUI U Ha

TEPPUTOPUH 3aCTPOUKH. [7]
CanlluH 2.2.4.548-96.

OTk0HEHHE
. I'uruennueckue TpeboBaHUs K

IoKa3aTejacu + + +

MUKPOKJIUMATY MTPOU3BOJICTBEHHBIX

MUKpPOKJIMMAaTa .
noMeIIeHuH. [2]
I'OCT 12.1.038- 82 CCBT.

[Topaxxenue DnekTpode3onacHOCTh. [IpeaensHo

DIIEKTPUYECKUM TOKOM JIONyCTUMBIC YPOBHHU HANPSHKEHUH
NPUKOCHOBEHUS M TOKOB. [8]

[Ipu mpoBeneHuu paboOT, CBSI3aHHBIX C TEOPETHUYECKUM HCCIICIOBAHUEM,
BAXKHYIO pOJIb UTPAET IUIAHUPOBKA paboyero mecra. OHa JOJKHA COOTBETCTBOBATH
MpaBUJiaM OXpaHbl TPyJa U YAOBJICTBOPSTH TPEOOBAHUSAM YJI0OCTBA BBIMOJHEHUS

paboThl, S)KOHOMUU SHEPTUU U BPEMEHU WHKEHEPA.
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OCHOBHBIM JIOKYMEHTOM, OIPEIEISIONIMM YCIOBUS TPY/la HAa MEPCOHATBHBIX
OBM, sBastorcs «l'urmennueckue TpeOOBaHUS K MEpPCOHANBbHBIM Pa3paboTrka
Otnagka TecThpoBaHUE 3JICKTPOHHO-BBIUUCIUTEIIBHBIM MalllMHAM W OpraHu3alluu
pabote». Canutapusie HOpMmbl W mpaBuna CanlluH 2.2.2/2.4.1340-03, xoTopbie

obutu BBeeHnl 30 urous 2003 roxaa.

4.2.1. HenocraTouHnasi ocBellieHHOCTh padoyeil 30HbI

Pabouee (oOmiee) OCBEIICHNE — 3TO OCHOBHOE OCBEIIICHHE, 00SCIICUNBAIOIICE
HOPMAJIBHBIE YCIIOBUS JUTsl HAXOKICHHSI YeJI0OBeKa B moMenieHnu. [1og HopManbHBIMU
MMOHUMAIOTCS YCIOBUS KU3HESATCIIBHOCTH YeJIOBEKa, IIPU KOTOPHIX OH HE HAIpATaeT
3peHHe, YTOOBI BBIMOJHUTHL JIHO00OE ACHCTBHE, M1 KOTOPOTO JIaHHOE MOMEIICHUE
npeaHa3HaAYCHO.

OcBerieHue B HEIOCTATOYHOM CTEIEHHM MOXKET MPUBECTH K HANPSHKEHHUIO
3peHUs, OCIA0JICHUIO BHUMAHUS M HACTYIUICHHIO MPEXACBPEMEHHON YTOMIICHHOCTH.
Ocnemnyenue, pe3b B IUIa3ax U pa3ApakeHUE MOTYT OBITh BBI3BAHBI UPE3MEPHO SIPKUM
ocBenieHueM. CBET Ha MECTe TPY/la MOXKET CO3/1aTh CHJIbHBIE TEHU WJIM OTOJIECKH, a
TaKXe JIC30PUEHTUPOBATH PabOTAIOIIIETO.

CBeT SBISETCA €CTECTBCHHBIM YCJIOBHEM JKHU3HHM 4YeloBeka. [IpaBHIIBHO
CIIPOCKTHPOBAHHOE ¥ BBIMTOJTHEHHOE OCBEIICHUE OOECIeYMBACT BHICOKHH YPOBEHB
PabOTOCIIOCOOHOCTH, OKa3bIBACT TOJIOKUTEIBLHOE IICHXOJIOTHYECKOE IeHCTBUE Ha
YeJIOBEKa M CIIOCOOCTBYET IMOBBIIICHUIO MPOU3BOAUTEIBLHOCTH Tpyaa. Ha paboueit
MOBEPXHOCTH  JIOJDKHBI ~ OTCYTCTBOBAaTh pE3KHE TEHH, KOTOpPHIE  CO3MAI0T
HEPAaBHOMEPHOE paCHpe/ICICHHEe ITOBEPXHOCTEH ¢ pa3jIuYHOM SPKOCTHIO B II0JIC
3peHHS, HCKakaeT pa3Mepbl U (OpPMBI OOBEKTOB pa3guyusi, B pe3yJbTare
MOBBIIIACTCS YTOMIIIEMOCTD U CHUYKAETCS TIPOU3BOIUTEIILHOCTD TPYy/a.

CyliiecTByeT Tpu BHUJA OCBEIICHUS: €CTECTBEHHOE — 3a CYET COJHEYHOTO
U3ITy4YCHUs, MCKYCCTBEHHOE€ — 3a CY€T HCTOYHHUKOB HCKYCCTBEHHOTO CBETa H

COBMCIICHHOC — OCBCHICHHMC, BKIIIOYAKOIICC B cebs Kak CCTCCTBCHHOC, TaK H

HCKYCCTBCHHOC OCBCIICHMA.
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[To HOpMaTuBY [34] OCBEHmIEHHOCTh HAa TOBEPXHOCTH CTOJIAa B 30HE
pa3MmelneHuss pabodero aokymeHTa jgoibkHa ObITh 300-500 nk. OcenieHue He
JIOJDKHO CO3/1aBaTh OJIMKOB Ha MOBEPXHOCTH 3KpaHa. OCBEIIEHHOCTh MOBEPXHOCTH
’KpaHa He JAoJbkHa ObITh O60see 300 k.

SIpKoCTh CBETUJIILHUKOB OOIIETr0 OCBEIICHHS B 30HE YIJIOB M3iIyuyeHus oT 50
110 90° ¢ BepTUKAJIBbIO B MPOAOJIBHOMN U MOMEPEYHON IITOCKOCTSIX A0KHA COCTABIISTH
He Oosnee 200 ka/M, 3alIUTHBIA yroJl CBETUJIBHUKOB JOJKEH OBITh He MeHee 40°.
Koaddumment 3amaca (K3) mams oCBETUTENBHBIX YCTAaHOBOK OOIIETO OCBEIIECHUS
JOJDKEH TpuHUMatbest paBHbIM 1,4, Koadduuuent mnynbcanuu He J0DKEH

npeBbIaTh 5%.

4.2.2. IloBbllIeHNE YPOBHS HIyMa

JIrogu, KOTOpPBIM MPUXOAUTCS padoTaTh B YCJIOBMSIX JJIMTENBHOIO IIyMa,
OOBIYHO UMEIOT T'OJIOBHBIE O0JIH, pa3ApPaKUTEIBHOCTD, CTAIKUBAIOTCS CO CHUKEHUEM
NaMATH, MOBBIIMICHHON YTOMJISIEMOCTBIO, TAKKE€ Y MHOIMX IOHWXKEH alIeTUT, €CTh
O0omu B ymax u T. 1. I[lepeunciieHHble ()aKThl CHUYKAIOT MPOU3BOAUTEINBHOCTb,
paboTOCIIOCOOHOCTH YETIOBEKA, & TAK)KE KAYeCTBO TPY/a.

HlymoBoit ¢oH mnomenieHust co3narT 4 OJHOBPEMEHHO pPaOOTAIOIIUX
KOMITbIOTEPOB. Takke BOZHUKAET IIYM, UCXOSAIIUN OT MPUHTEPA WU TENEPOHHBIX
anmnaparos.

Bo u30exaHue HEraTUBHBIX MOCIEACTBUM OT MPOU3BOJACTBEHHOrO IIIyMa, €ro
HEO0OXOIMMO PEryJIMpOBaTh B COOTBETCTBUE C HOpMaMmH, KOTopbie yka3aHsl B [OCT
12.1.003-2014, CaunlluH 2.2.4/2.4.1340-03.

JlonmycTuMble YpOBHM 3ByKa M 3BYKOBOTO JaBJIEHHS JUisl paboyero mecra
nporpaMmMucTa cornacHo BeieykazanaoMy ['OCTy npeacraBnenst B Tabm. 4.2,

Tabnuma 4.2 [IpeaenbHO JOMyCTUMBIE YPOBHU 3BYKa

YpoBHHU 3ByKa ¥ 3BYKOBOTO JIaBJICHUSA, 1b, B OKTaBHBIX
PaGouee mecTo moJjocax Co CpCAHCICOMCTPUICCKUMHA YaCTOTAMU, FL[|

31,5 | 63| 125| 250 | 500 | 1000 | 2000 | 4000 | 8000

VYuebHas ayauropus 86 71| 61 | 54 49 45 42 40 38
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T.e. momycTUMBIN ypOBEHBb 3BYKOBOTO JaBiieHus kosiebsercs ot 38 n1b mo 86

b pu wacrore ot 8000 I'y 1o 31,5 ', COOTBETCTBEHHO.

4.2.3. OTKJI0HEHHE MoKa3aTe/Ieil MUKPOKJIUMATA

MukpoKIMMar npOU3BOJACTBEHHBIX IMOMEIICHUA — 3TO KJIMMAT BHYTPECHHEH
Cpellbl MOMENICHU I, KOTOPbIN ONpeneNnseTcs AeUCTBYIOIMMMHI HA OPTaHU3M YeJIoBeKa
COUCTAHUSAMH TEMIIEpAaTyp BO3AyXa W IMOBEPXHOCTEH, OTHOCHUTEIHHOW BIIAKHOCTHU
BO3/lyXa, CKOPOCTH JIBMJKEHMSI BO3AyXa M HHTEHCHUBHOCTH TEIUIOBOTO HU3ITyYEHHS.
[TokazaTenu MUKpOKIMMATa JOJDKHBI 00€CIeuynBaTh COXpaHEHUE TEIJIOBOro Oajianca
YEJIOBEKA C OKPYKAIOWIEH CPEAON U MOAAEPHKAHUE ONTUMAIBHOTO WM JIOITYyCTUMOTO
TEIJIOBOTO COCTOSTHUSI OpraHu3Ma.

OnTuManbHbIe MUKPOKIMMATHYECKHE TIPH BO3JCHCTBHMM HAa 4YEJIOBEKAa B
TeueHue paboueld CMEHbl O00ECMEeYMBAIOT COXPAHEHHE TEIUIOBOIO COCTOSIHUS
OpraHM3Ma U HE BBI3BIBAIOT OTKJIOHEHHWW B COCTOSIHUM 370pOBbs. [lomycTumblie
MUKPOKIIMMATUYECKHE  YCJIOBHSI ~ MOTYT  TPUBOAWTH K  HE3HAYUTCIHHBIM
TUCKOM(OPTHBIM TEIUIOBBIM  OLIyIIEHUsIM. B03MOXHO BpeMeHHOe (B TEUYCHHE
paboueii CMeHbI) CHUKEHUE Pab0TOCIOCOOHOCTH, O€3 HAPYILIEHHUS 310POBbSI.

Hopmbl onTHManmbHBIX W JOMYCTUMBIX ITOKa3aTelied MUKpPOKIMMAaTa IpHU
pabore ¢ DBM ycranaBnmuBaer CanlluH 2.2.2/2.4.1340-03u [33]. Bce karteropuu
paboT pa3rpaHUUYMBAIOTCS HAa OCHOBE WHTCHCHBHOCTH DJHEPro3arpaT OpraHu3Ma B
kkaj/4 (Bt). PaGoTa, mpon3BoauMasi CUii ¥ CONPOBOKIAIOIIASACS HE3HAYUTEIHHBIM
(bU3MYECKUM HaIpsHKEHUEM, OTHOCHUTCS K KaTeropuu la — pabota ¢ MHTEHCUBHOCTHIO
sHepro3zatpar a0 120 kkan/g (mo 139 Br). Jlnga naHHOW KaTeropuu JOMYCTHUMBIC
HOPMBI MUKPOKJIUMATa MPeICTaBlIeHbI B Tabnuie 4.3.

Ecim Ttemmeparypa BoO3ayxa OTIMYAETCS OT HOPMAIbHOW, TO BpeMs
npeObIBaHUsSI B TaKOM TIOMEIICHUU JOHKHO OBITh OTPAaHUYECHO B 3aBUCHMOCTH OT

KaTeropuu TAKECTU padoT.
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Taomuna 4.3

I[OHYCTI/IMI:»Ie BEJIMYMHBI TOKA3aTEIeH MUKPOKJINMATA

Ceszon < Temneparypa, C OTHOcUTEeNbHAS CkopocThb
roja 3 BIIAXKHOCTB, % JIBYKCHUS

2 = BO3/IyXa, M/CEK

[°N = Q I5) [0 1) O )

= %é 2o ge So So go Co

SEQ | OF = o= == o= ==

SE8 | ok = = O I =B O I ==

o' = g o 5 ) =] 5 ) T o 5 O

= NI =) =h=) = = o

O 3 =S > =S > o >

e m 2h-- =g 2 T =N 2 T =

< S M Q™ < N S ™ S M o m

2 S N S/ N S| N
Xononupi | la (22+24)| (19+24)| 55 | (15+75)| 01 <0,1
Terubrit la (23+25)| (20-28)| 55 (15+75)| 0,1 <0,2

Tabnuma 4.4

PGKOMGHI[YCMOS BpCM:A pa6OTBI IIpHu TEMIICPATYPC BO3AYyXad HMIKC JOITYCTUMBIX

BCIIMYUH

Temneparypa Bo3nyxa, °C

Bpewmst npeGriBanus, He

ooiee, U
17 6
18 7

Tab6auma 4.5

Pexomenmyemoe Bpemsi pabOTHI IIPH TEMIIEPATYPE BO3AyXa BBIIIE JOMYCTUMBIX

BCJIIMYUH

Temneparypa Bo3nyxa, °C

Bpewmst npeGriBanus, He Oosiee,

q
30,0 5
29,5 5,5
29,0 6

4.2.4. IloBbIIEHHBIN YPOBEHb 3JIEKTPOMATHUTHOIO U3/ 1yYeHHUSs

DNEeKTPOMAarHUTHOE HW3IYYCHHE - PACHPOCTPAHSIONICECS] B IMPOCTPAHCTBE

BO3MYIICHHC QJICKTPUICCKUX u MardmMTHBIX MOJICH. HcTounukamu

QJICKTPOMArduTHOrO HM3JIYUCHHSA B JaHHOM HCCICAOBAHHU ABJIAIOTCA MOHHUTOPBI U

CUCTEMHBII OJIOK.
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HopMsl anexkTpoMarHuTHBIX ToJiel, co3aaBaembix [I9BM npuBeneHs! B Ta0JI.

6.6, B cooTBeTCTBUU C [34].

Tabswuia 4.6
Homyctumelie ypoBau OMII, coznaBaembix 11K
HanmenoBanne napameTpos B/
vV OMII
HarmpsokeHHOCTH B IMara3oHe 4actoT 5 ' - 2 25 B/Mm
AJIEKTPUYECKOTO MOJIs Kl
B nuarma3zone yactot 2 kI 11 - 400 2,5 B/m
Kl'11
[InoTHOCTH B JMarna3oHe yacTtoT 5 I'1y - 2 250 HTn
MarHUTHOTO MOTOKa Kl
B auamna3oHe dyactot 2 k[ 1 - 400 25 1T
Kl'11
DJIEKTPOCTATUYECKHAN ITOTEHIAT KpaHa 500 B
BHJICOMOHUTOPA
4.2.5. IHopaxkeHue 3J1eKTPUIECKUM TOKOM

3HaHUE AOMYCTUMBIX ISl YeJIOBEKA 3HAYEHUHN TOKA M HAIIPSKEHUS MTO3BOJISET
MPaBUJIBLHO OIICHUTH OMACHOCTh MOPAXKEHUS U ONPENETUTh TPEOOBAaHUS K 3aIIUTHBIM
MepaM OT MTOPAKEHUS FJIEKTPUIECKUM TOKOM.

I'OCT 12.1.038-82 ycraHaBIMBaeT MPEAECIbHO JOMYCTUMbIE YPOBHU
HaIIPSDKEHUM ITPUKOCHOBEHUSI M TOKOB, IPOTEKAKOUIMX 4Yepe3 Teslo yenoseka. [lox
HaIpsHKEHUEM TMPUKOCHOBEHUS MOHMMAETCA HANPSKEHUE MEXAY JIBYMS TOYKAMH
LIEIU TOKA, KOTOPBIX OJJHOBPEMEHHO KacaeTcs yenoBek. HopMbl mpeHazHayeHbl 1S
IPOEKTUPOBAHUS CIIOCOOOB U CPENICTB 3AILUTHI OT MOPAKEHUS AIEKTPUUECKUM TOKOM
JOJAEH NpPH UX B3aUMOJEHCTBUM C AJIEKTPOyCTaHOBKaMH. OHM COOTBETCTBYIOT
IIPOXO0’KJICHUIO TOKA YEpe3 TEJIO0 YEJIOBEKA M0 IyTH PyKa - pyKa WIH PyKa - HOTH.

CranpapT mnpeaycMaTpUBaeT HOPMBI IS BJEKTPOYCTAHOBOK  IPH
HOpPMAaJIbLHOM (HEaBapUITHOM) PEXUME UX PaObOThI, a TAKXKE MPU aBAPUNHBIX PEKUMaAX
MPOU3BOICTBEHHBIX U OBITOBBIX AJEKTPOYCTAHOBOK.

3HaueHUs HANPSHKEHUsI MPUKOCHOBEHMSI M CHJIBI TOKA, MIPOTEKAIOUIEr0 Yepe3
TEJIO0  YeloBeKa MpPU  HOPMAJIbHOM  (HEaBapUlHOM)  pexume  padoThI

QJICKTPOYCTAHOBKH, HE JOJDKHBI ITPCBBIIIATD 3H&‘I€HHI>1, IMPHUBCACHHBIX B Tabxa. 4.7.
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TabOmuma 4.7

HpC,Z[CJIBHO AOITYyCTHUMBIC 3HAYCHUS HAIMMPSAXKCHUA COIIPUKOCHOBCHHA U CHUIIBI TOKa

HaunGosbmme 10ImyCcTUMBbIC 3HAUCHHEC
Ponx m gactoTra ToKa
Unp, B Ih, MA
[lepemennsniit, 50 ' 2 0.3
[Tepemennsiii, 400 I'g 3 0.4
[TocTosHHEBIN 8 1

Jlis i1, BBIMONHAIOMKUX paboOTy B YCIOBHSIX BBICOKOH TeMIlEpaTypbl H
BJIQXKHOCTH (OTHOCHUTEJNIbHAS BIAXXHOCTh Oousblie 75%), 3T HOPMBI JOJIKHBI OBITH

YMEHBIIEHBI B TP pasa.

4.3.000cHOBaHNEe MEPONIPUATHI M0 3aLUTE UCCIEA0BATEIA OT AelicTBUSA

ONACHBIX M BPeAHBIX (PAKTOPOB

4.3.1. HenocraToyHnasi 0CBelIEeHHOCTH padoyeil 30HbI

PaGoune cronpl ciexyer — pasMmemiaTh  TakuM  00pa3oM,  4YTOOBI
BUJICOMCIUIEHHBIE TEPMHUHAIBI OBLUIM OPHUEHTHUPOBAaHbI OOKOBOW CTOPOHOM K
CBETOBBIM IpoeMaM, YTOObl €CTECTBEHHBIM CBET Majall MPEUMYLIECTBEHHO CJIEBA.
Takxe Kak CpeACTBO 3alIUTHl AJs MUHMMM3AIMU BO3JEHCTBUS (pakTopa ClEoyeT
YCTAaHOBKAa MECTHOI'O OCBEIIECHHS H3-3a HEIOCTATOYHON OCBEIICHHOCTH, OKOHHBIE
IPOEMBbl JIOJDKHBI OBITh  OOOpPYAOBaHBI PETYJIUPYEMBIMH yCTPOHMCTBAMHM THIIA:
YKaJTI03H, 3aHaBECEH, BHEITHUX KO3BIPHKOB H JIp.

Ecnu momenieHue He COOTBETCTBYET BBILICONHMCAHHBIM HOPMaM TO 3TO
BJ€YET 3a COOOW YXyHIUIEHHE 3/I0pOBbsS pabOuuMX U Kak CIEICTBUE YXYJIIICHHE

pabouero mpoiiecca.

4.3.2. IoBbIIEHHBIN YPOBEHDb LIyMA
B unccnenoBaTenbckux ayAMTOPUSAX MMEIOT MECTO IIYyMbI Pa3jIMYHOrO poja,
KOTOpbIE T€HEPUPYIOTCS KaK BHYTPEHHUMHM, TaK U BHEIIHUMHU UCTOYHUKAMHU IIYMOB.

B paccmarpuBaemMoM ciiyyae BHyTPEHHUMH UCTOYHUKAMU IIIYMOB SIBJISIIOTCS pabouee
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o0opyi0BaHUE, a UMEHHO TMEPCOHAIBHBIM KOMITBIOTEP, BEHTUJISIMOHHAS CUCTEMA, a
TAK)K€ KOMIIbIOTEPHAsi TEXHUKA IPYTUX CTYJAEHTOB, HAXOASAIIUXCA B Ay JUTOPUHU.

IIpn Bo3MOxkHOM mpeBbiieHnH [1/[Y BO3MOXKHO 3aKiIFOUEHHE BEHTUISITOPOB
B 3aAlIMTHBIM KOXYX M YCTAaHOBJIEHHE HMX BHYTpH Kopryca OBM. [l cHUKeHUs
YPOBHS IIIyMa CT€HbI U MOTOJIOK MOMEIICHUH, T/I€ YCTAHOBJIEHBI KOMITBIOTEPHI, MOTYT
ObITh OOJIUIIOBaHBI 3BYKOMOTJIONIAIOIIMMHM MaTepUaliaMd € MaKCUMaJbHBIMU
kod(pdunreHTaMu  3BYKOIOTJIONIEHWS B oOjactu  dvactor 63 - 8000 I
3BYKOMOTJIOMAIONMIAE OOJUIIOBKA IO BHJY HCIOIB3YEMOTO 3BYKOIIOTJIONIAIOIIETO
MaTepuajia UMEIOT CJICAYIOIINE KOHCTPYKIMH: OOJUIIOBKH U3 KECTKUX OJHOPOIHBIX
MIOPHUCTBHIX MATEPHAJIOB; OOJIHUIIOBKH C MEPPOPUPOBAHHBIM MOKPHITHEM B 3aITUTHBIX
000J0uKax W3 TKaHU W ITUICHKH. B KauecTBe MOPUCTBHIX MaTepUaioB MPUMEHSIOT
IJIATBl MHUHEPAJIOBATHBIE XOJICTHI M3 CYNEPTOHKOIO CTEKJIOBOJIOKHA, MAaThl H3
CYNEpPTOHKOTO 0a3aJbTOBOrO BOJIOKHA, BCIIEHEHHBIC IOJMMEPHBIE MaTepuaibl U

KOMOMHUPOBaHHbIE.

4.3.3. OTk/I0HEeHHe MoKa3aTe/ieil MUKPOK/JIMMATA

B mpou3BOJACTBEHHBIX MOMEUICHUSX, TJ€ JONYCTUMbIE HOPMATHUBHBIE
BEJIMYMHBI MHUKPOKJIMMATa TMONJCPKUBATh HE TMPEACTABISETCS BO3MOXKHBIM,
HEOOXOJMMO MPOBOAMTH MEPOINPUATHS MO 3alluTe PaOOTHUKOB OT BO3MOXKHOT'O
NEPEeTpeBaHusl W OXJAKACHHUS. OTO JOCTUTACTCS Pa3IHMYHBIMH CPEICTBAMHU:
IPUMEHEHHEM CHCTEM MECTHOTO KOHIWIIMOHMPOBAHHS BO3/AyXa; HCIIOJIb30BAHUEM
UHAMBUIYAIbHBIX CPEICTB  3aIlMThl OT TMOBBIIIEHHOW WJIM TOHWKEHHOU
TEMIEpaTyphbl;  peryiaMeHTanueil  mepuonoB  paboTel B HEOJIArompusSTHOM
MUKPOKJIUMATe, M OTAbIXa B IOMEIIEHHH C MHUKPOKJIMMATOM, HOPMaIM3YIOIIUM
TEIJIOBOE COCTOSIHUE; COKpAILICHHEM paboyeil CMEHBbI U Jp.

[Ipodunaktuka neperpeBanus paOOTHUKOB B HarpeBalollleM MHKPOKIUMAaTe
BKJIIOUAET CJICAYIOIINE MEPOINPHUSITHS: HOPMHUPOBAHWE BEPXHEW T'PAHMIIBI BHEITHEH
TEPMHUYECKON Harpy3ku Ha JOIyCTUMOM YPOBHE NPHUMEHUTEIBHO K 8-4acoBOii
paboueii cMeHe; perjJaMeHTalusl MPOA0JDKUTEILHOCTH BO3JIEHCTBHS HarpeBarolleit

cpenbl (HEmpephIBHO M 3a pabodyl0 CMEHY) HJisl TMOJJACPKAHUS CPETHECMEHHOTO
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TEIUIOBOI'O COCTOSIHUSA HAa ONTUMAJIbHOM WJIM JIONYCTHMOM YPOBHE; MCIOJIb30BAHHE
cnenuanbbix CK3 w CHU3, yMmeHbIIAIOMKMX TMOCTYIUICHWE TEIUIa HW3BHE K
MOBEPXHOCTH TeJIa YEJIOBEKA M 00ECIEUHBAIOIIUX JIOIYCTUMOE TEIJIOBOE COCTOSIHUE
pabOTHHUKOB.
434, IloBbIIEHHBIN YPOBEHb 3JIEKTPOMATHUTHOT0 M3JIy4eHHS
IIpn Bo3MOxHOM mipeBbiieHnA 11/Y BO3MOKHBI Clienyromue Mephl 3alUThI:
YBEJIMYCHHUE PACCTOSHUA MEXIy UCTouHUKOM OMMU u paboueild 30HOW, yCTaHOBKA
OTpaXaroIUX WX MOTJIOMIAIOIINX SKPAHOB, pa3MEIEHUE B CIIEUANIbHBIX 000J0UKaxX
TOKOBEIYIIHX AJIEMEHTOB aIlllapaToB U YCTPOUCTB.
4.3.5. IMopaskeHue 31eKTPUIECKHUM TOKOM
CreneHp OMacHOro BO3JEUCTBUS Ha YEJIOBEKA JJIEKTPUYECKOTO TOKa
3aBUCHT OT:
® pOJia U BETMYMHBI HAIIPSKEHUS U TOKA;
® YacTOTHI MIEKTPUUYECKOIO TOKA;
® [IyTH NPOXOXKIEHUS TOKA Yepe3 TEJIO YETIOBEKA;
® [IPOJOJKUTEIBHOCTH BO3JCHCTBUS HA OPraHU3M YEJI0BEKA;
® YCIIOBHAW BHEIIHEN CPEBI.
OCHOBHBIMM MEPONPHUITUSMH MO 3aIIUTE OT MOPAXKEHHS AIEKTPUUYECKUM
TOKOM SIBJISIFOTCSL:
e oOecrieueHHE  HENOCTYMHOCTH  TOKOBEIYIIMX  YacTed  MyTEM
UCIIOJIb30BaHUS U30JIALIMU B KOPITycax 000py0BaHMS;
® [IPUMEHEHHE CpPEACTB KOJUIEKTMBHOW 3allUTBl OT IOPAKEHUs
ANEKTPUUYECKUM TOKOM;
® [UCIIOJB30BAaHMWE 3AIUTHOTO 3a3€MJICHMS, 3aUIUTHOTO 3aHYJICHUS,
3amuTHOro oTKIr0oueHus [40];
® HCIOJb30BaHUE YCTPOUCTB OecnepeOOHHOro MUTaHusl.
TexHnuyeckue crnocoObl U CpeCcTBAa MPUMEHSIOT Pa3AeIbHO WIM B COYETAHUU
JPYT C APYTroM Tak, 4TOOBI 0OECIeuynBaIach ONTUMAaJIbHas 3aIUTa.
Opranu3aiuOHHBIMU MEPONPUATUSMU IO 3JIEKTPOOE30MaCHOCTH SIBIIAIOTCS

MIEPUOJIMYECKHE W BHEIUIAHOBBIE WHCTPYKTaXHd. llepuoanuecknii WMHCTPYKTax
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IPOBOJUTCS  BCEMY  HERJIEKTPOTEXHUYECKOMY  IE€PCOHANLY,  BBIIOJHSIOLIEMY
cienyromuye padoThl: BKIIOUEHHUE M OTKIIOYEHHME 3JIEKTponpubopoB, yOOpKa
MOMEIIEHUI BOMU3M AIIEKTPOIIMUTOB, PO3ETOK M BBIKIIOYaTened u T. A. Bechb
HEDJIEKTPOTEXHUUECKU TepcoHan JODKeH ObITh aTTecTOBaH Ha  MEPBYIO
KBAIM(UKALIMOHHYIO ~ Ipynmy 1o  3jekTpobOe3omacHocTH.  [lepuoanueckuii
MHCTPYKTaX MPOBOJUTCSI HE MEHEE OJJTHOTO pa3a B TOJ.

BHem1aHOBbIN MHCTPYKTaXK MPOBOJUTCS PYKOBOAMUTENEM MOAPA3IEICHUS IIPU

BBEJICHUU B IKCILTyaTaI[Mi0 HOBOTO TEXHUYECKOTO JIEKTPOOOOPYOBAHUS.

4.4.9koj0rn4ecKas 0€30IMacHOCTD
4.4.1. AHanu3 BJIUSAHUS 00bEKTA MUCCIEJOBAHNS HA OKPYKAIILYIO Cpeay
Hcxonsa u3 tematuku BKP M0oXXHO caienaTs BBIBOJ, YTO JAaHHOE MCCIICI0BaHUE
0Cc000Tr0 BIMSHUS Ha OKPYXKAIOIIYIO Cpeay HE OKa3bIBaeT. B3anmmoeicTBue B ciydae
JTAHHOW pabOThI MPOUCXOAUT JIMIIH C IPOTPAMMHBIM ITPOJTYKTOM, KOTOPBIN J1ajiee TaK
U OCTAaeTCsl B BUJE MPOTPAaMMHOIO KOJia WJIU MPHWJIOKEHUS, HE TMPUBSI3aHHOTO HU K

KaKuM IIOTCHIOMAJIBHO OIIAaCHBIM CHCTCMAaM.

4.4.2. AHaIM3 BJIUSAHMS MPOLIECCa MCCIEIOBAHNUSI HA OKPYKAIOIIYIO Cpeay

[Ipotiecc uccnenoBanusi TakKe HE OKa3bIBA€T CYIIECTBEHHOTO BIIHMSHHUS Ha
COCTOSIHUE OKpY’)Karomiel cpeapl, T. K. HCCJIEIOBaHUE NPOU3BOJIUTCS B yUYEOHOM
ayuTtopun 0e3 MPUMEHEHHUsI IPUPOJIHBIX PECYPCOB.

OCHOBHBIMH OTXOJIaMH SIBJISIIOTCS UYEPHOBUKM Oymaru u OTpabOTaBIINE
JIOMUHECIICHTHBIC ~ JlaMIbl. [aK  KaKk  YEepHOBUKHM  MOTYT  COJEp)KaTh
KOH(HUICHINATBEHYI0 WH(OpPMAIMio, TO WX pa3pe3aloT Ha MEIKHE KYCOYKH,
YIAKOBBIBAIOT H  OTIHPABJISIOT Ha yTWIH3alUIo0. JIIOMHUHECIICHTHBIC —JIaMIIbI
YIAKOBBIBAIOT B TEPMETHYHYIO Tapy M OTHPaBISIOT HA  MPEINpPUITHE,
YTHIIM3HPYIOIIEe PTYThCoaepIKaIiue oTxoasl [41].

BosnelictBue Ha nutocdepy mnpeaycMaTpuBaeT IMOJ COOOW yTHUIM3ALMIO
AJIEKTPOHHON TEXHUKW: KOMIIBIOTEPOB, CKAaHEPOB W T.I. YTHIM3AIUS TaKOTro
00OpyZIOBaHUS SIBIIAECTCS JIOCTATOYHO CJIOXKHOM, TaK KaK OHHM HMMEIOT CIIOXKHYIO

cTpykrypy. HenocpenctBenHas mnepepaboTka OoOJbIIed YacTH KOMIIOHEHTOB
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BKJIFOYAET B CeOsl X COPTHUPOBKY, MOCIEAYIOUIYI0 TOMOTEHU3AIUIO U OTIPABKY AJIs

IMOBTOPHOI'O MCIIOJBb30BaHUA, T.C. C IPCABAPUTCIbHBIM ITIOMOJIOM HUJIN HGpGHHaBKOﬁ.

4.4.3. O0ocHOBaHMe MepPONIPUATHI 110 3alllUTE OKPYKAKOUIel cpeabl

CHIWXeHHE  3arps3HEHUs] BO3MOXHO 3a CUET  COBEPIICHCTBOBAHMS
o0Opy/nOBaHUsl,  MPOU3BOJAILICTO  AJIEKTPOIHEPIrHIO,  NpUMEHEHus  Ooisee
HSKOHOMHUYHBIX M PE3yJbTATUBHBIX TEXHOJOTHUN, HCIOJIb30BaHUS HOBBIX METOJIOB
MOJIYYEHHS] DJIEKTPOIHEPTUM U BHEJAPEHHS COBPEMEHHBIX METOJIOB M CIOCOOOB
OUYUCTKH W O00E3BPEKMBAHMS OTXOJOB Mpou3BoAcTBa. Kpome TOro, sta mpobiema
JTOJDKHA pemarbess M 3a CU€T A(@PEKTUBHOTO W HSKOHOMHOIO HCIOJIb30BaHUS
ANEKTPOSHEPTUH  CaMHMHM  MOTpPEOUTENsIMH.  ODTO  HCIOJNb30BaHHE  Ooliee
HSKOHOMUYHOI'O0 00O0pyIOBaHUs, a Takke 3((EKTUBHOIO pexuma 3arpy3KH 3TOrO
obopynoBanusi. Croa Takke BKIIOYAeTCSI M COOJIIOJIEHUE MPOU3BOACTBEHHOMN
JUCUUIUIMHBI B paMKaX MPaBUIIbHOTO UCIOJIb30BAHUS AJIEKTPOIHEPTUH.

N3 3TOro MOXHO clienaTh MPOCTOW BBIBOJA, YTO HEOOXOJUMO CTPEMHTHCS K
CHIDKEHHUIO SHEPromnoTpeOsieHus, TO €CTh pa3padaThlBaTh M BHEAPATH CUCTEMBI C
MaJIbIM YHEPIroNnoTPeOICHUEM.

B CcOBpeMEHHBIX KOMIIBIOTEPAX IOBCEMECTHO HCIIOIb3YIOTCS PEXUMBI C

MOHWYKEHHBIM MOTPEOJICHUEM BIECKTPOIHEPTUH TIPU IJIUTEIHHOM MPOCTOE.

4.5.be30MacHOCTb B Ype3BbIYAWHBIX CUTYAIUSIX

45.1. AHanu3 BeposATHbIX UC, koTOpble MOryT BO3HHKHYTH Ha
padoueM MecTe NMPH MPOBeIEHUH HCCIeI0BAHUIA

Onaumu u3 Hanbosiee BEPOSITHBIX U Pa3pyIINTEIbHBIX BUIOB YPE3BBIYAMHBIX
CUTyalluil SIBIAIOTCS TIOXKap WM B3pbIB Ha pabodem Mecte. [loxap wMoxer
BO3HUKHYTh BCJIEJICTBUE MPUYHH HEIIEKTPUUECKOTO U ANEKTPUUECKOTO XapaKTepa.

K mpuurHamM HEIJIEKTPUYECKOTO XapakTepa OTHOCSTCS XajaTHOE U
HEOCTOPOXKHOE oOOpaiieHrue ¢ OrHéMm (KypeHue, ocTaBlieHHe 0€3 MpUcMOTpa
HarpeBaTesIbHbIX TPUOOPOB).

K IMpHUYHAM DJICKTPHYCCKOI'O XapaKTEpa OTHOCATCA:
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® KOpPOTKOE 3aMbIKaHHUE;
e [ieperpyska npoBOJOB;

® UCKpPEHHUE;

® CTaTUYECKOE IEKTPUUYECTBO.

PexxuM KOpOTKOrOo 3aMbIKaHHMsT — TOSIBIEHUE B PpE3yJIbTaTe pPe3KOro
BO3pPACTaHUsl CHJIbI TOKA, AJIEKTPHUYECKUX HMCKpP, YACTHI[ PACILIABIEHHOTO METajua,
AIEKTPUUECKOU TyTU, OTKPHITOTO OTHS, BOCIIJIAMEHUBIIEHCS N30JISIUN.

[IpuurHBI BOSBHUKHOBEHHUS KOPOTKOTO 3aMbIKAHMUSI:

e OMMOKYU NPU NPOEKTUPOBAHUH;
® CTapeHue U30JISIHY;

® YBIAXHEHUE U3O0JISLINH;

® MEXaHWYECKUE MEPErPy3KH.

[loxxapHass OMAacHOCT, TMIpU TNEperpy3kax — Ype3MEpPHOE HarpeBaHue
OTIEIbHBIX  DJIEMEHTOB, KOTOpPO€  MOMKET MPOUCXOJUTh MpU  OLIMOKax
IIPOCKTUPOBAHMSI B CIydae JUIMTEIBHOIO IPOXOXKIEHUS TOKA, MPEBBIIIAOLIEIO

HOMHMWHAJIbHOC 3HAYCHHUC.

45.2. Ob6ocHoBanne MeponpusiTuii mo mnpeaorspamenniy YC wu
pa3padoTka nopsiika AeMcCTBUS B CJyyae BOSHUKHOBeHUus YC

Bcesikuii paboTHUK TIpy 00HApYKEHHUH MoXKapa goinkeH [43]:

*  HE3aMEeIJUTENbHO COOOLIUTH 00 ATOM B MOXKAPHYIO OXPaHY;

*  TPUHATH MEPHI MO IBAKYyAINH JIOCH, KAKUX-THO0 MaTepUaTbHbBIX
LIEHHOCTEH COIJIacHO IJIaHy ABaKyalluH;

*  OTKIIOYHUTH DJIEKTPOIHEPTHUIO, MPUCTYNHUTD K TYIICHHUIO MOKapa

IICPBUYHBIMU CPCACTBAMU ITOKAPOTYIICHUA.

[Ipy BO3HMKHOBEHHH MOXapa JOJKHA CpadOTaTh CUCTEMa MOXKapOTYILICHHUS,
nepeaB Ha MyHKT MoapHou craHuuu curHain o YC. B ciywae ecnau cucrema He

cpaboTana, TO HeOOXOAMMO CaMOCTOATENLHO MPOU3BECTH BBI30B MOXKAPHOM CITY>KObI
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no Tenedony 101, cooOumTh TouHBIN agpec Mecta Bo3HUKHOBeHUs UC u oXugaTh
npue3a CrenuatucToB.

JUist  TymieHus moXapoB B pabouell 30HE HEOOXOOUMO TIPUMEHSTHh
yraekuciaotaeie (OY-5 mmum OY-10) um mopomkoBble orHerymutenu (OIT1-10),
KOTOpBIE€ 00J1aJJal0T BBHICOKOW CKOPOCTBIO TYLIEHMsI, OOJIBIIUM BPEMEHEM JAECUCTBHUS,
BO3MOXKHOCTBIO TYIIECHUS 3JIEKTPOYCTAHOBOK, BBHICOKOU 3(()EKTUBHOCTHIO OOPHOBI C
OTHEM.

PaGouee momemieHre  JOMKHO  OBITH  00OPYJOBAaHO  IMOKAPHBIMU
U3BELIATENSIMH, KOTOPBIE MO3BOJIIOT OMOBECTUTH JEXKYPHBIH IEPCOHAN O IMOXKape.
BriBenenue mrojiei U3 30HbBI OKapa JOHKHO MTPOU3BOAUTHCS 110 MJIaHY dBaKyalluu.

PaGouee mecto pacnonaraercst B 10 xoprryce TITY 427(A) ayautopus. [lnan

YCNOBHLIE OBO3IHANEHMNRA

3 orvery 3 P nBRXEHHA

BB romapwuii xpan B -syxoson onosewarens

B pHoR

nm‘on 400-424 - HOMEPa NOMOWOHNR

A ssaxyausonnsii suixon @ hmm’

nyTe & Y y y ssixony |
- — -nyTe K y y y swixoqy

'--—.—v
01,cor 010

2 Sesorposan
R

Pucynok 4.1 — I1nan no>xapHo# 3BaKyaiuu
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4.6.3akJ/i09eHne 1O pa3aesy

B xone paccmotpenusi 6€30MacHOCTH UM OXpaHbl TPyJa MPH OCYIIECTBICHUN
pabot Ha [I9BM, ObutM BBISBICHBI BpeJHbIE M omacHbie (akTopbl paboyei 30HBHI,
MPUYMHBl UX BO3HUKHOBEHMS. K HHMM OTHOCATCS OTKJIOHEHHE MHUKpPOKIMMAaTa B
TMOMEILICHHH, HEJI0CTaTOYHAas OCBEIIEHHOCTD pabouei 30HBI, Iy,
AJIEKTPOMArHUTHOE M3JIIYYCHUE M IIOPAXKCHHUE DICKTPUUYECKUM TOKOM. Bce atn
(baKTOpBI MPHU MPEBBINICHAN YCTAHOBJICHHBIX HOPM HETATUBHO BIUSIOT HA 3/I0POBHE
YEJI0BEKa, BbI3bIBAS JOJITOCPOYHBIE YXY/IIICHUSI €70 COCTOSHUS WA TPABMBI.

B yactu «Dxonoruueckass 6€30MacHOCTH» OBUIM PACCMOTPEHBI BO3MOYKHBIC
HETaTUBHBIC TOCJEACTBHUSA, BIUSIONIME HA OKPYXKAIOIIYI0 Cpeay, B Xoje pabouero
mpouecca.

B kaudectBe Hambomnee BeposTHOM UC B 3aKIIOUMTENIHHOM YacTH pasjelia
OblJIa paccMOTpeHa TmoXkapHas omacHocTh. [l sroir UC Obumm pa3zpaboTaHBI

OpraHM3alMOHHBIE MEPOIIPUATHSA 10 €€ MPENOTBPALICHUIO U YCTPAHEHHUIO.
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5. DUHAHCOBBII MeHEIKMEHT, pecypcoddeKTUBHOCTHL HpPecypcocOepekeHne
Lenpto paznena «DUHAHCOBBIM MEHEIKMEHT, pecypcodrDEeKTUBHOCTh U
pecypcocOepexeHney SBISIETCS OICHKAa METo/la TeHepanuud «moment-matching
CIEHApHeB K  ONTUMHU3AMK  TNOpTdesiss UEeHHbIX OyMar C  [O3UIUU
KOHKYPEHTOCTIOCOOHOCTH U pecypcodPEeKTHBHOCTH.
JIIst  TOCTYDKEHMSI TIOCTABJICHHOW IIeTM HEOOXOIWMO PEIIUTh CIICTYIONTNe
3a/1a4H:
[TpoBecTn aHAIN3 KOHKYPEHTHBIX pa3padOTOK.
OULEeHNUTh COCTOSIHUSL BHYTPEHHEW M BHELIHEW CPEbl MPOEKTA.
OuLeHUTh TOTOBHOCTH MPOEKTa K KOMMEPIUAIU3aI1H.

CrutaHupoBaTh 3TAlbl pean3alii NPOEKTa.

o k w0 Dnp e

Paccuurtath 6IOII)KCT HAaYYHO-TCXHHUYICCKOI'O HCCICAOBAHNA

5.1.0neHka KOMMeEpPYECKOro NMOTEHMAIA U MePCNEeKTUBHOCTH NPOBeIeHH s
HAYYHBbIX HCCJIEAOBAHUMN € MO3UMIUH pecypcodP(PeKTUBHOCTH U
pecypcocoepexeHust
5.1.1. IHoTeHuuaJbHbIC MOTPEOUTETH MPOAYKTA
Uccnenosanue, npoBeaéHHOE B JAaHHON paboTe, UMEET HEMOCPEACTBEHHOE

OTHOIIEHHWE K O001acT MOPTPETBHOT0 MOACIHPOBaHUA. [loTeHIMAIBHBIMU
noTpeOuTeNsIMU €€ pe3yJabTaTOB MOTYT OBITh KaK HWHBECTOPHI, BIIAJICIONINC
noptdeneM, Tak W OaHKM W OAHKOBCKHME OpraHu3aiuu. Takke JTaHHBIMH
UCCJICIOBAHUSIMU ~ MOTYT  BOCTIOJB30BAThCSl  TOCYNAPCTBEHHBIE  YUPEKIACHHUS,
WHTEPHET-PECYpPChl M JIpyTUE CBs3aHHbIC ¢ (PMHAHCAMU U TOPT(HETHHBIM aHAIU30M

OpraHU3alu.

5.1.2. AHaJIM3 KOHKYPEHTHBIX TEXHUYECKHX pPelIeHNH
JleTanpHbI aHANW3 KOHKYPUPYIOIIUMX pa3pabOTOK, CYIHIECTBYIOIIUX Ha
pBIHKE, HEOOXOIMMO MPOBOJIUTH CUCTEMATHUYECKU, MTOCKOJIBKY PBIHKH MPEOBIBAIOT B

ITIOCTOAHHOM ABMXXCHUMH. Takoi aHajau3 MOMOTaeT BHOCHUTH KOPPEKTHBbBI B HAYYHOC
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UCCIIeIOBaHUE, YTOOBI YCIIEIIHee IPOTUBOCTOSITH CBOMM COINEpHUKaM. BaxkHo
pPEAIMCTUYHO OLIEHUTH CHIIbHBIE U C1a0ble CTOPOHBI Pa3pabOTOK KOHKYPEHTOB.

AHanM3  KOHKYPEHTHBIX  TEXHHYECKHMX  pEUIeHHH ¢  TO3UILHUHU
pecypcodPPeKTUBHOCTH U PecypcocOepexeHrs MO3BOJSET IPOBECTH OLECHKY
CpaBHUTEIHHON 3(PPEKTUBHOCTH HAYYHOU pa3pabOTKH U OMPEICIUTh HAIpaBICHUS
115 ee Oy TyIIero MOBBIIICHHUS.

OCHOBHBIMU KOHKYPEHTAMU SIBJISIFOTCSI OpPTaHU3aI|H, A€ATeIbHOCTh KOTOPBIX
CBSI3aHa C HCIIOJIb30BAHUEM BBIUMCIUTEIBHOW TEXHUKU U HH(DOPMAIIMOHHBIX
TEXHOJOTHH U MOCIEAYIOIUM HAMMCAaHUEM IPOTPaMMHOTO 00ECTICUeHHUS.

KonkypeHTaMu peann3oBaHHOIO MPOTPaMMHOTO MPOAYKTa MOTYT BBICTYHaTh
Mo GopMHUpOBaHUS OPTQeneld, OCHOBaHHBIC HA IPYTUX METO/AX.

Yame Bcero sl reHepaluu CIEHApUEB, MPUMEHSIEMbIX MpPU ONTHUMH3ALUU

noptdens, ucnonb3yroTces Moaesb Mapkosuiia (k1) u monens Hlapna (x2).

Tabmuma 5.1
AHaJIN3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHAN
Kpurepun Bec bamubr KonkypeHTocrnocoOHOCTh
OLICHKH KpUTEpUs bo ‘ bxi ‘ b2 Ko ‘ Kx1 ‘ Kx2
TexHuUeCKUEe KPUTEPUH OLICHKH pecypcod3(hHEeKTHBHOCTH
1. Copocre 0,25 5 3 4 125 | 0,75 1
pacuéra
2. Y1o6¢cTBO
HCTIOTH3OBATHA 0,15 4 5 3 06 | 075 | 045
BBIOpaHHOM
MOJEITH
3. IIpoctora
[TOHAMAaHUS 0,15 4 4 4 0,6 0,6 0,6
MOJEITH
4. ITorpeGHOCTH B 0.2 4 5 4 0.8 1 0.8
pecypcax namsTH
5. AIanTUBHOCTH
0,15 5 3 3 0,75 0,45 0,45
METOo/1a
6.
PacnipocTpanénn 0,1 3 5 4 0,3 0,5 0,4
OCTh Ha PBIHKE
Hroro 1 25 25 22 4,3 4,05 3,7
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BbiOop  TeXHMUECKMX  KpUTEPHUEB  OLIEHKH  pecypcodPPpeKkTuBHOCTU
oOyCJIOBIIEH  OXUJaHUSMU  3(PGEKTUBHOCTH  MOJYYEHHBIX  pEe3yJbTaTOB U
MUHUMU3AIUY 3aTpaT M0 WX MoJydeHuto. JKeraeMbIM pe3ysIbTaTOM SIBIISETCS BbICOKAs
CKOpPOCTh pacyeToB, HHU3Kas NOTPEOHOCTb B pecypcax MamsiTU U BO3MOXKHOCThb
MIPUMEHEHUS OJTHOTO METO/a B Pa3HbIX 00JIACTSX.

[To pe3ynpTaram CpaBHEHHUSI KOHKYPEHTHBIX PEIICHUH MOXHO CKa3aTbh, YTO

peanu3yeMblii MPOEKT HE YCTyMaeT B pecypcoddHeKTUBHOCTH MeToay MapkoBuiia

(K1) u nmpeBocxonut meton [llapna (K2).

5.1.3. SWOT-ananu3

SWOT - Strengths (cumpHbIe cTOpOHBI), Weaknesses (cimabble CTOPOHBI),
Opportunities (Bo3MoxkHocTu) U Threats (yrpo3sl) — TIpeICTaBiIseT COOOM
KOMIUIEKCHBI ~aHAIM3 HAy4YyHO-HUCCIeAoBarelbckoro mpoekra. SWOT-ananus
IPUMEHSIOT JIJIsl HCCTICIOBAHUS BHEITHEH W BHYTPEHHEH CPEJIbI IPOCKTA.

Omnrcanve CHIIBHBIX M CTa0BIX CTOPOH MPOEKTA, BHIIBICHUE BO3MOKHOCTEH 1
yTpo3 — pe3yJabTaThl JAHHOTO aHaJIn3a MpecTaBicHbl B [Ipunoxkenuu 2.

WuTepakTrBHAs MaTpHIla MPOEKTa MpeacTaBieHa B Ta01.5. 2:

Tabnuua 5.2
HNHTepakTUBHAs MAaTpULIAa MPOEKTA (CHIIbHBIE CTOPOHBI)
Cl C2
Bl + -
B2 0 +
Vi + -
V2 + +

Takum o00pa3oMm, MOXKHO cJenaTh BBIBOJ, YTO MPOEKT HEOOXOIUMO
pa3BUBaTh, OMMMPASICHh HA TIPEUMYIIECTBO B BBIYUCIUTEILHBIX MOITHOCTSIX, KOTOPOE
MO3BOJISIET OXBAThIBaTh OOJIBIIMNA CETMEHT 3aWHTEPECOBAHHOM ayJAUTOPHUH U

HCIIOJBb30BaATh MCHBIICC KOJIMYCCTBO IIPOrpaMMHBIX YTHUIINT.

5.1.4. OuneHka roTOBHOCTH MPOEKTA K KOMMePIHAIU3aLMU
JIiist nanHO¥M pabOTHI MPOBEAEH aHANN3 CTEIIEHU MTPOPAOOTAHHOCTH POEKTA

C MO3UIMHM KoMMepruaiau3anuu. JlaHHpId aHanu3 npuBeaéH B Tabmuie 7.3 ¢
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OIICHKAMU CTENEHU TOTOBHOCTH HAyYHOTO MPOEKTa B KOMMEPUYECKOM OTHOIIICHUHU.
Kaxxnplii mokasarenb aHaiu3a ObLUI OLIEHEH IO MATHOAIbHOM InKane. OIleHKH

CTETeHU TPOPaOOTAHHOCTH HAYYHOTO IIPOEKTa TPAKTYIOTCS CIETYIOIIUM 00pa3oMm:

1 — He mpopaboTaHo;

2 — npopaboTaHo c1ado;

3 — BBITNIOJIHEHO, HO KaY€CTBO M0Jl COMHEHUEM;

4 — BBITIOJIHEHO KaY€CTBEHHO;

5 — UMEETCS MOJIOKUTEIIBHOE 3aKJIF0UEHUE HE3aBUCUMOTO HKCIEpTa.

OneHka ypoBHS HMMEIONIMXCS 3HAHMM Yy pa3paboTyuka OMNpenessieTcss B
COOTBETCTBHHU CO CIIEAYIONIEH CUCTEMOI OAIIIOB:

1 — He 3HAKOM HJIM 3HAKOM MAaJIo;

2 — 3HAKOM C TEOpHUEH;

3 — 3HaKOM C TEOPHEH W MPAKTHISCKUMHU MIPUMEPaMU TPUMEHEHUS;

4 — 3HAKOM C TEOpUEU U CAMOCTOSITEILHO BBITIOJHSET;

5 — 3HaKOM C T€OPHIO, BHITMOIHSAET, MOKET KOHCYJIHbTHPOBATh.

Urorosas onenka b onpenensercs kak cymMma BceX OLIEHOK b 1o kaxaomy

b= ZBI
i

Tabnumna 5.3 - OrieHKa rOTOBHOCTH HAYYHOTO MIPOEKTa K KOMMEpIUATU3allun

ITOKa3aTCIIo:

S
5 2|58
e = Q ani =
s o Q. g =)
HanmenoBanmue CHS 18 B
5 o 2 b \Q©
HE O o© m S
O 2 |3 &
s 5|2 &
SYR -
E | >
Omnpenenén nMEIUNCsS HAyYHO-TEXHUYECKUH 3a]1eT 5 5
OrnpeneneHsl NepCcneKTUBHBIE HATTPABICHUS 5 5
KOMMepIHUaIn3aluu
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OmnpeneneHsl OTpaciiv U TEXHOJIOTUU JUISl IPETIOKEHUS 3) 3)

Ha PBIHKC

Omnpenenena ToBapHasi popMa HAyIHO-TEXHUIECCKOTO 3 2

3azciia i IpCACTABJIICHUA HAa PbIHOK

OmnpeneneHbl aBTOPBI U OCYILIECTBIEHA OXpaHa UX IpaB 5 4
IIpoBeneHa oLeHKa CTOMMOCTH MHTEIJIEKTYAJIbHOU 1 1
COOCTBEHHOCTHU
[TpoBeneHbl MapKETUHIOBBIE UCCIIEOBAHUS PHIHKOB 3 2
cObITa
Pa3paboTan Ou3HEC-TUIaH KOMMEPLIMATIA3AMN HAyYHOM 1 1
pazpaboTKu
OmnpeneneHsl MyTH TPOJBUKEHUS Pa3padOTKU Ha PHIHOK 1 1
Pa3paboTana cTparerus peanu3anuy HAy4YHOU pa3padOTKu 4 4
[IpopabGoTanbl BOIIPOCH! MEXKITYHAPOTHOTO 1 1

COTPYJHHMYECTBA U BBIXOJIa HA 3apyOEKHBIN PHIHOK

[TpopaGoTaHbl BONPOCKHI UCIIOJIB30BAHUS YCIYT 1 1

UHGPACTPYKTYPHI MOAJACPKKH, TTOTYISHUS JIbTOT

[IpopaboTanbl BOIPOCH! (PUHAHCUPOBAHUS 1 1

KOMMeEpLHUaIU3alui HAyYHOU pa3padoTKu

Nmeetcs komanaa Juisi KOMMEPIHAIA3AIUN pa3pabOTKU 1 1
[IpopaboTan MeXaHU3M peau3alii HayYHOTO MPOEKTa 1 1
UTOT'O 38 35

[TonyueHusie CyMMapHbIe 3HAYCHUS COOTBETCTBYIOT cpenHeit

MEPCIEKTUBHOCTU TMPOEKTa Ha KoMMepruaiusanuioo. [losromy menecooOpa3Ho B
KaueCcTBE METOoJIa KOMMEpUHAIU3allid BBIOpaTh TNepeaady MHTEIUICKTYaIbHOM

COOCTBEHHOCTHU TPETHEMY JIUILY HA KOMMEPUYECKHUX yCIOBUSIX.
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5.2.1lnaHnupoBaHNe HAYYHO-UCCI€A0BATEIbCKHX PadoT

5.2.1. CTtpykTypa pa6doT B paMKax HAYYHOT0 MCCJIe0BAHUSA
[Tepeuenb 3TanoB pabOThI HA/l UCCIICIOBAHUEM TIPUBEIEH B Ta0I. 5.4:
Tabmnura 5.4
KanenmgapHslii 11aH MPOeKTa
Ne Yran JnurenpsHOCTS, Hara Hara CocraB
pa6. JHHU Ha4dajia OKOHYaHHUA Y4YaCTHUKOB
1 CocTasemue u yTsepxcHne 5 01.04.2019 | 06.04.2019 | PykoBoauTes
HaY4YHOI'O 3aJaHUs
2 Kanennaproe nianuposaiuue no 6 43562 43568 | PykoBoauTeND
TEMEC
3 [Tonbop u M3ydeHne MaTepruaIioB 14 14.04.2019 | 28.04.2019 PykoBoguTtens,
I10 TEME HUCIIOJIHUTCIIb
4 Bribop nanpassieris 10 20.04.2019 | 09.05.2019 | PYKoBOAHTEIE,
HCCIICA0BAaHUU HUCIIOJIHUTCIIb
5 Br100p MCXOAHBIX TaHHBIX 4 10.05.2019 | 14.05.2019 | HcnonHurennb
6 PaspaboTka MeTOOIOTHH 62 15.05.2019 | 16.07.2019 | TyKoBOAHTEIID,
HUCIIOJIHUTECIIb
7 Hanucanne mporpamMmmHoro kojaa 70 17.07.2019 | 25.09.2019 | HcnonHutenb
8 Tecruposare n MouuKans 144 26.09.2019 | 17.02.2020 | Hcnonuurens
HPOrpaMMHOI0 K0Jia
9 COCTaBIICHNC NOACHNTENbHOM 62 18.02.2020 | 20.04.2020 | Wcnonuurens
3anucku k BKP
Hroro 377

Htoro moiywyaem, 4yTO CyMMapHOE€ BpeMsl Ha pa3pabOTKy NpOEKTa CHUIAMHU

Wcnonnurensa u PykoBogurens cocrasisiet 377 gHEM.
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5.2.2. OnpenesieHue TPYyA0eMKOCTH BbINOJHEHHsI padoT
O1eHrM TPYTOEMKOCTh BBITIOJTHEHHS BBIIICO3HAYCHHBIX paboT. [[ist 3Toro oneHum
MUHHAMAJIFHOE ¥ MaKCUMAaJILHOE BPEMsI BBITOJTHEHUS KaXaou. Takke mpous3BeaemM

pacyeT 0XKUAAEMOr0 3HAYEHUS TPYJOEMKOCTH 1O cieayroien Gpopmyie:

t 31:mini + 2tmaxi
0XK1 5 H

rae t , — oXugaemasi TpyIO€MKOCTb BBHITIONTHEHUS 1-0i paOOThI Uel.-IH.;

t NV
mini _ MUHUMaJIbHO BO3MOJKHAsl TPYJIOEMKOCTh BBITIOJIHEHUS 3aJaHHOU 1-OM
paboThl (ONTUMUCTHUYECKAS OIICHKA: B MPEATIONOKECHUH HanOoJiee OJIarompUsSTHOTO

CTCUCHUA O6CT05ITGJII>CTB), qCJI.-IH.,

tn’axi — MAaKCUMaJIbHO BO3MOKHAA TPYAOCMKOCTDb BBIIIOJIHCHUA 3aHaHHOﬁ 1-oH

paboTbl  (TIECCUMHUCTMYECKas  OLICHKa: B MPEANOJIOKEHUH  Haubosee
HEOJIAronpUsITHOTO CTeYEHUsI 00CTOSATEIBCTB), Y.~ IH.
PaccunTaeM 3HaueHHE 0)KMIAEMON TPYJOEMKOCTH padoT.

YcraHoBIEeHUE JINTCIIBHOCTH pa60T B pa60‘II/IX AHAX OCYHICCTBIIACTCA 110

dbopmyie:

/1€ tpi— TPYJOEMKOCTb PabOThI, YETOBEKO-IHH,

LIi - YUCJICHHOCTBH I/ICHOJIHHTCHeﬁ, BBIITOJIHATOIMKUX OJHOBPEMCHHO OHY U TY

e paboTy Ha JaHHOM JTarie, Yel.

[Ipy BBITIOJIHEHWHM AWIUIOMHBIX pa0dOT CTYJACHTHI B OCHOBHOM CTaHOBSITCS
YYaCTHHUKAaMH CPAaBHHUTEILHO HEOOJBIIUX TO 00beMy HaydHbIX TeM. l[lodTomy
HanOoJiee YJOOHBIM U HATJISHBIM SIBIISIETCS TIOCTPOCHHUE JIEHTOYHOTO Trpaduka
MIPOBE/ICHHUSI HAYYHBIX pabOT B opMe auarpaMMbl ['aHTTa, KOTOpas IMPEICTaBIISICT
co0Oll JIEHTOUYHBINM TpaduK, Ha KOTOPOM PAOOTHI TO TEME MPEACTABISIIOTCS
MPOTSDKEHHBIMUA BO BPEMEHU OTPE3KaMH, XapaKTEePU3YIONIUMHUCS JaTaMy Hadaia u

OKOHYaHUsA BBIIIOJTHCHHUA JaHHBIX pa60T.
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Jlns ynobctBa mocTpoeHHsl rpaduka, JUIMTEIBHOCTh KaXJIOTO M3 ITaroB
paboT M3 paboumx IHEH cleayeT MepeBecTH B KajeHAapHble AHH. s 3TOTrO
HEO0OXOMMO BOCITOJIB30BATHCS (DOPMYJIION:

Tki = Tpi * KKaJI
Trac Tki — HIPOAOCJLDKHUTCIIBHOCTb BbIITOJIHCHUA pa6OTBI B KaJICHAAPHBIX

JTHSIX;
Tpi— TPOIOKUTENBHOCTD BBINIOJHEHUS paOOThHI B paOOYHX [HSIX;
Kiar — KOOQOUIIMEHT KaJCHIApHOCTH, TPEIHA3HAYCH  JIJIs TIEpPeBOJIa
pabouero BpeMeHH B KaJeHIapHOE.

KoaddumumenT kanenmapaocTu onpeaensercs mo Gopmyrie:
TKaJ'[
TKaJI - Tnp - TBbIX

KKaJI =

t1€ Tyan Tups Topix - IMCITO KaTCHIAPHBIX, TPA3AHAYHBIX U BHIXOMHBIX JTHEH B
roJly, COOTBETCTBEHHO.

Paccuntannble 3HaueHUs] B KaJICHAApPHBIX JHAX 1O KaxJIoh pabote
HEO0OXOIUMO OKPYTJIUTH JI0 LEJNIOr0 YUCIA.

Boruucinum k03GUIUeHT KaJleHIapHOCTH:

Tean B 365
Tean — Tup — Tomxy 365 — 14 — 52

Kyan = = 1,22

Tabmauna 5.5
BpeMeHnHbIe ToKa3aTeny OCYIeCTBISHUS KOMITIEKca padoT

[TpoomKUTENEHOCTD paboT
Ne tmin i, tmax i, tox i, tpi, tki,
pa60T YCIIOBCKO YCJIOBCKO YCJIOBCKO YCJIOBCKO YCJIIOBECKO
BbI -IHU -THU -THU Hcnonaurenu -JIHU -JTHA
1 3 6 4 P 4 5
2 4 6 5 P 5 6
3 11 12 11 P,U 6 6 7 7
4 7 10 8 P,U 4 4 5 5
5 2 5 3 3 4
6 45 60 51 P,U 25 | 25 31 | 31
7 54 62 57 " 57 70
8 113 126 118 " 118 144
9 48 55 51 " 51 62
HUTOIO 35 ’273 43 ‘ 333
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Tabmuma 5.6
Jwnarpamma ['antTa

E [TponomKUTENEHOCTD BBIMOIHEHUS paboT, AHU
No Conepxanue = ) tki, 5019 2020
JTana Jrana E M Mait | Wroms | Mioms | Asr. | Cenr. | Oxr. | Hos6. | Jex. S, | ®es. | Mapr | Amp.
S 20 20 20 20 20 | 20 | 20 20 20 20 20 20 | 20 | 20 20 20 20
CocraBnenue u
YTBEpXKJICHUE
! HAY4HOTO P .
3aJaHus
Kanennapuoe
2 mwiaauposanne | P 6 [ ]
1o TeMe
[TonGop u
3 H3y4yeHue P, 7 :
marepuanopmno | U
TeMe
Bribop
P,
4 HaIpaBIEeHUS " 5 :
UCCIIeJOBaHUI
Bribop
5 HMCXOJIHBIX u 4 [ ]
JTAaHHBIX
6 Pa3paborka P, 31 ﬁ
METOI0JIOTUU "
Hanncanue
7 mporpammuoro | M | 70 .
KoJ/ia
TectupoBanue u
8 MOTHOUKAIAA |y | 9 .
MIPOTPaMMHOT0
KoJia
CocraBnenune
9 nosicautenbHO | 1 | 62 W
3anucku kK BKP

PykoBonurens m, McrionHurens m.
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5.3.brokeT HAYYHO-TEeXHHUYECKOT0 UCCaeq0BaHMS
[Tpu nnanupoBannu 610 xeTa HTU nomkHO ObITE 006€cTiedeHO MOoJTHOE U

JIOCTOBEPHOE OTPAXKEHUE BCEX BUAOB PACXOHO0B, CBSI3AHHBIX C €r0 BBIITOJIHECHHUEM.
B nporecce hopmupoBanus Oroxera HTU ucnonb3yercs ciaenyromnias
TPYNIIAPOBKA 3aTPAT IO CTATHSM:

- maTepuanbHble 3atpatsl HTU;

- OCHOBHas 3apaboTHAas MiaTa UCTIOJIHUTEIICH TEMBI,

- IONOJTHUTEIbHAS 3apa0OTHAs TIaTa UCTIOTHUTENICH TEMBI,

- OTUMCIICHUs BO BHEOIOKETHBIE (POH/IBI (CTPaXOBBIE OTYHUCIICHHUS);

5.3.1. 3aTpaTsl HAa MaTepHAJIbI

JlaHHasi cTaThsl OTpakaeT CTOMMOCTh BCEX MaTEPHANIOB, UCIOIb3YEMBIX MPHU
pa3paboTKe TPOEKTa, BKIIOYAs pacxXoJbl Ha HUX MPUOOPETEHHUE U JOCTaBKY.
TpancnopTHeie pacxoabl MPUHUMAIOTCS B mpenenax 3-5% OT CTOMMOCTH
MaTepuanioB. B MarepuanbHBIC 3aTpaThl, MMOMUMO BHIICYKA3aHHBIX, BKIIOYAIOTCS
JOTIOJTHUTEHHO 3aTPaThl HA KAHIEIAPCKUE IPUHAIICKHOCTH, TUCKH, KAPTPUIKA
u  T1.1. OgHaKoO UX y4eT BeleTcs B JaHHOW CTaThe TOJBKO B TOM Clydae, €clid B
HAyYHOW OpraHU3alMH WX HE BKIIFOYAIOT B PacX0JIbl Ha HCTIOJb30BAHHE
o0OpyZIOBaHUS WM HAaKJaJHbIE pacxojspl. Pacuer 3arpaT Ha Marepuabl

MIPOU3BOJIUTCS TI0 (popMe, MPUBEACHHOM B TabIuIe S.7.

Tabmuua 5.7
MarepuranbHbIe 3aTpaThI
3aTpaThl Ha
Enunuia [lena 3a | maTepuansl (3m),
HaunmenoBanue n3mepenus | Koaudectso | en., pyo. pyo.
bymara [Tauka 1 250 250
Kaprpumx ns
OpUHTEpa 106) 1 2500 2500
Kanuenspckue
IPUHAJICKHOCTH 106) 1 300 300
Ntoro 3050
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5.3.2. 3aTparthbl 3JIeKTPOIHEPT U

BosbpMeMm cpenHee sHepronoTpedieHne KOMIBIOTEPOM 3a 4ac paboThl Kak
3 =220 Brt. B nens Bpems paboTsl t = 5 dacos, a Tapud Ha snexTposHepruto K = 5,8.
KonnuecTBo nHel, moTpaueHHbIX Ha padoTy N = 58.

Toraa, paccunTaem 3aTpaThl Ha 3JIEKTPOIHEPTHUIO KaK:
3*k*t*N_220*5*5,8*58
1000 1000

3Ha4YUT, MaTEpUaIbHBIE 3aTpaThl Tenephb cocTaBisaoT 3050+370=3420 pyo.

= 370 py6.

5.3.3. OcHoBHasi 3apa0oTHas MJ1aTa

BenuunHa pacxofoB mo 3apa0OTHOM IUIaTe OMNPEAENAeTCs HCXOIsd U3
TPYJIOEMKOCTH BBINIOJHAEMBIX pabOT W JEHCTBYIOLIEH CHCTEMBI OKIAJIOB H
Tapu(HBIX CTaBOK. B cocTaB OCHOBHOI 3apa0OTHOM IIaThl BKJIKOYAETCS MpPEMMUS,
BhITUTAUMBaeMas exeMecsuyHo u3 pouaa 3apaboTHoM maThl B pazmepe 20 — 30 % ot
Tapuda UM OKJIajaa.

CraTbsi  BKJIIOYAET OCHOBHYIO  3apabOTHYIl0  Iaty  paOOTHUKOB,
HEIMOCPEICTBEHHO 3aHATHIX BhIMOaHeHMeM HTU, (Bkirodas mpemuu, AOIIIATHI) H
JIOTIOJTHUTEIBHYIO 3apa00THYIO TIIATY:

331'[ = 3OCH + 3,;[01'[

raie 30CH — OCHOBHas 3apa0oTHas TIulaTa; 3700 — JOMOJIHUTENIbHAs
3apabotHas miuata. OcHOBHas 3apaboTHas miaTta (30cH) pykoBoauTens (i1abopaHTa,
WHXKEHEpa)

OT TIpeaAnpuATas (IPH HATUYUH PYKOBOAMUTENS OT MPEANPUSITHS) PACCUUTHIBACTCS
o cieaymlieit hopmyiie:
3OCH = 3,£LH * Tp

rie 30CH — OCHOBHas 3apa0oTHas 1uiata oaHOro pabotHuka, Tp —
MPOJIOJDKATEILHOCTh  Pa0O0T, BBITIOJHICMBIX HAyYHO-TEXHHYECCKUM PaOOTHUKOM,
pal. aH.; 31H — cpeAHeHEBHAs 3apa0oTHAas Ij1aTa paboTHUKA, PYyO.

CpennenHeBHas 3apabOTHAsI IJIATa PACCUUTHIBACTCS TTO (OpMYyIIE:

_3u*M

3 F,
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rae 3y — MECAYHBIN JOIDKHOCTHOM OKIaJ paboTHuUKa, pyo.; F, —
NeWCTBUTEIBHBIN TO/I0BOM (DOH]T pabouero BpeMEeHH HayYHO-TEXHUYECKOTO
nepcoHana, pad. JaH.;
M — KOIMYEeCTBO MeCAIIEB pabOTHI O€3 OTITyCKa B TEUEHHE Io/1a:
e 1pu oTirycke B 24 pab. nust M =11,2 Mecsina, S-1HeBHas HEIe,

e 1pu oTirycke B 48 pab. nueit M=10,4 mecsiia, 6-1HEBHAs HEACIS;

MecsaHbIN TOKHOCTHOM OKJIaJl paOOTHHUKA:
3, =3, Q+k,+k )k,
rae 3y — 3apaboTHas 1uiata 1no Tapu@Hoi craBke, pyo.;
Knp — ipemMuanbHbiii k03¢ durmeHT, paBasbii 0,3;
K, — koaddunment goruiat u HagpbaBoK coctapisieT npumepHo 0,2 — 0,5;

K, — palioHHBIN KOA(pPHULIMEHT, paBHbIi 1,3.

Tabnuma 5.8
Pacuér ocHOBHOI 3apabOTHOM MIaThI
Ucnomauremn | Oxnan | Ko | Ky | Kp | 3w 3w, | T, Bocn,
pyo py0. |pab.| pyo.

IH.
PykoBogutens | 35120 | 0,3(0,2(1,3| 68484 | 2884 | 43 | 124012

Nnxenep 12000 | 0 | O [1,3| 15600 | 657 | 333 | 218781

UTOI'O 342793

5.3.4. OTunci/ieHus1 BO BHEOK/:KeTHbIE (POHbI

Otuucnenuss BO BHEOMOKETHbIE (GOHABI SBISIOTCS OO0S3aTEeIbHBIMU 10
YCTaHOBJICHHBIM 3aKOHOAATENBCTBOM Poccuiickont denepanmu HOpMaMm OpraHam
rocyaapctBeHHoro conuanbHoro crpaxoBanus (OCC), nencuonnoro dpouaa (I1dD) u
meuimHckoro crpaxoBanus (DPOOMC) ot 3aTpaT Ha orIaTy Tpyia pabOTHUKOB.

Benuuuna oTunciiennii BO BHEOIOKETHBIE (DOH/IBI ONPEIETISAETCS UCXOIS U3
cieayrolieit GopmyJibL:

331—1e6 = kBx-xe6 * (30CH)
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rie Kpueg — KOIPPUIMEHT OTUUCICHWA HA YIIATy BO BHEOIOKETHBIE (DOHIBI
(nencuoHHbIN HoHI, HOoH 00s13aTETLHOT0 MEAUIIMHCKOTO CTPaXOBaHUs U TIp.).

B coorBercTtBUM ¢ ®DenepanbHbiM 3aKOHOM Ne212-D3 ycTaHOBJIEH pa3Mep
CTPaxoBbIX B3HOCOB paBHbIil 30,2%.

OTtuncnenus BO BHEOIOKETHBIC (DOHJIBI TTpECTaBICHbI B TabuIle 5.9.

Tabnuma 5.9
OTuucneHus Bo BHEOIOKETHBIE (DOHTBI

Wcnonantenu Ocnognas 311, py6. | Homomautensras 311, pyo.
PykoBoauTenbtuHKeHED 124012 0

218781 0
KoaddunmenT oruncnennit

0,302
BO BHEOIO/KETHBIE (POH/TBI
HUTOI'O: 103523

5.35. Hakaaanbie pacxoabl

Hakmanuele pacxoibl YYUTBHIBAIOT MPOYME 3aTpaThl OpraHU3alldd, HE
NONaBUIME B MPEIbIAYLIME CTAaTbU pAcCXOJOB: I€YaTh M KCEPOKONMUPOBAHHE
MaTepUalOB HCCIENOBaHUsA, OIUIaTa YCIYyI CBS3HM, 3JIEKTPOIHEPTMH, IOYTOBBIE U
TenerpadHble pacxolbl, pa3MHOXKEHHE MarepuaqoB u T.1. HWx BennuuHa
OIpeseNsieTcs Mo cienyomen Gopmye:

3Ha1<n = ka * (3OCH + 3BHe6 + 3MaT)
rae kap — koahpureHT, yauThIBAIOIINN HAKIaIHbIE PACXO/IbI.

3 = 544785 * 0,16 = 71958 py6.

5.3.6. ®opmupoBanue o61o1:xeta 3arpat HTU
PaccunTannas Benu4MHA 3aTpaT HAyYHO-UCCIIEAOBATEIHLCKOM PabOTHI (TEMBbI)
SIBIISICTCS OCHOBOW Uit (DOpMUpPOBaHHS OIO/PKETa 3aTpaT MPOEKTa, KOTOPBIA MpH

(dbopMHpPOBAHUU JJOTOBOPA C 3aKA3UMKOM 3aIUIIACTCS HAYYHOW OpraHu3aIen
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B KauecTBe HW)KHEro TIpe/ena 3arpaT Ha pa3padOTKy HaydyHO-TEXHHYECKOM
npoaykiuu. OnpeneneHue Or0pKeTa 3aTpaT Ha HAYYHO-UCCIIEAOBATEILCKUN MPOCKT
npusenieH B Tabmuie 5.10.

Tabnuma 5.10
Pacuer 0romxera 3atpatr HTU

HaumenoBaHue craTbu Cymma, pyo0.
1.Marepuanshsie 3atpatel HTU 3420
2.3aTpaTsl M0 OCHOBHOM 3apabOTHOM T1aTe 342793

UCIOJHUTEJIEH TEMBI

3.3aTpaThl 1O JOMOTHUTEIHHON 3apaboTHON 0
I1aTe UCIIOJTHUTENIEH TEMBI

4.0tuucnenus BO BHEOIOKETHBIEC (DOH/IBI 103523
5. HaknagHble pacxozsl 71958
6. bromxer 3aTtpar HTU 521694

5.3.7. Onpenenenne pecypcHoii (pecypcocOeperaroieii), ¢GpuUHAHCOBOIA,
OI0’KeTHOM, COUMATBHON U IKOHOMUYECKOM 3P PeKTUBHOCTH HCCIEIOBAHUA

Onpenenenne  3¢G(EKTUBHOCTH  MPOMCXOJAUT HA  OCHOBE  pacyeTa
UHTErpalIbHOTO  MoKa3aTenss A()QPEeKTUBHOCTH HAy4yHOro wuccienoBanHus. Ero
HaXOXKJCHUE CBS3aHO C OIpPEACICHUEM [BYX CpPEJHEB3BEILICHHBIX BEIUYHH:
(¢buHaHCOBOM 3P(HEKTUBHOCTH U pecypcorh(PEeKTUBHOCTH.

WNHurerpanbHblii  mokasarenb  (UHAHCOBOM  A((PEKTUBHOCTH  HAYYHOTO
UCCIICIOBaHUsI TOJy4aloT B XOJI€ OIEHKM OrojpkeTa 3arparT Tpex (uiau Oosee)
BAPUMAHTOB UCIOJIHEHHUS HAay4yHOro wuccienoBanud. [{ns storo HanOonblun
MHTErPaJIbHBIN NOKa3aTeNlb pealn3alud TEXHUYECKON 3aJauyu NpUHUMAaeTcs 3a 0a3zy
pacuera (Kak 3HAMEHATElb), C KOTOPHIM COOTHOCUTCS (DMHAHCOBBIC 3HAYCHUS TIO
BCEM BapHUaHTaM HUCIIOJTHEHUS.

WNurerpanbHblil GMHAHCOBBIN MOKa3aTenb pa3pabOTKU ONpenesieTcs Kak:

o .

I ueni __ p!

$unp 06

max
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; y y
rae |y — MHTETpanbHBIA (HUHAHCOBBIN MOKasaTenb paspaborTku; Dpi —

CTOMMOCTh 1-TO BapHaHTa HCIIOJHCHH, cDmax — MaKCHuMaJIbHas CTOUMOCTD

WCIIOJHEHUSI HAay4YHO-UCCJIEAOBATEIbCKOrO MpoekTa (B T.4. aHaJIOru). 3a

MaKCHUMaJIbHO BO3MOXKHYIO CTOMMOCTh ucmoiaHeHus mpumem 100000 pyo.

[TonyyeHHass  BeJIMYMHA  WHTErPAbHOTO  (MHAHCOBOTO  MOKa3aTess
pa3paboOTKu OTpa)kaeT COOTBETCTBYIOILIEE UMCIEHHOE YBEJIMYeHUEe OroKeTa 3arpar
pa3paboTku B pa3ax (3HaueHUWe OOJbIIE EIUHMIIBI), JIMOO COOTBETCTBYIOIIEE
YUCJICHHOE VCIICBIICHHE CTOMMOCTH pa3paboTKu B paszax (3HAYCHHE MEHBIIEC
€UHULIBI, HO OOJIbIIIE HYJIS).

B HamieM ciydae BapuaHT UCIIOJIHEHUS HAYYHOTO MCCIIEIOBAHUS OJIMH.
[ToaTOMYy MHTETrpaIbHBIN PUHAHCOBBIN MMOKA3aTENb PaBEH 1.

WHTerpanbHbIi MoKa3aTeab pecypcoddPeKTHBHOCTH BapHaHTOB MCIIOTHEHUS
00BEKTa UCCIEIOBAHUS MOKHO OTPECIUTD CIEAYIOIIMM 00pa3oMm:

l;=> a;-b

rae Ipi — WHTErpanbHbBIM IOKasaTenb pecypcodP(EKTUBHOCTH IS 1-TO
BapUaHTa HCIOJIHEHUS pa3pabOTKH; aj — BECOBOM KOA((UIMEHT 1-TO BapuaHTa

WCTIONHEeHHs paspaboTky; b%, bPj — GanbHas OlEHKa i-r0 BapHaHTa HCIIONHEHMS
pa3pabOTKu, YCTaHABIMBAECTCSl HSKCHEPTHBIM IyTeM MO BHIOpPAHHOM IIKale
OLICHUBAHMS; N — YKCIIO TapaMETPOB CPAaBHEHHS.

I, —ucnl1=5-02+3-015+5-0,25+4-0,15+4-0,25 = 4,3;

p —ucommax =5-0,2+5-0,154+5-0,254+5-0,154+5:0,25 = 5;

WNurerpanbHpiii  moka3arenb 3(()EKTUBHOCTH BapUAHTOB  HCIOJHEHUS

p
I

pa3paboTku  (Iycpi) ompenensieTcs Ha OCHOBAHUM WHTETPAIIBHOTO TMOKa3aTess

pecypcodp(HEeKTUBHOCTH U MHTETPAIIBHOTO (PMHAHCOBOTO MOKa3aTes no popmyie:

ucn.l = ucn.l
unp

p—ucnl

CpaBHEeHHME MHTErpaJibHOro mokazarenss A((PEKTUBHOCTH BapUAHTOB
UCIIOJIHEHUSI Pa3pabO0TKH IMO3BOJUT OMNPEACIUTh CPaBHUTEIbHYIO 3(P(PEKTUBHOCTh

MPOEKTa U BBIOpaTh Hanbosee 1menecooOpa3Hblil BApUAHT U3 TIPEITI0KEHHBIX.
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CpaBuurenbHasg 3pPeKTUBHOCTD MTPOEKTA ONpeAesieTcs no hopmyJe:

I
_ Tucnl
QCP = —I
ucn.2

Tak kak wuccrneqoBaHWE BBITOJHEHO B OJHOM BapUaHTE WCIOIHEHUS,
paccuuTacM  HHTETPAJIbHBIA  IMOKa3aTelb  3(P(EKTUBHOCTH  OTHOCHTEIBHO
MaKCHUMaJIbHO BO3MOXHOTO BapruaHTa. CpaBHUTEIbHASA 3PPEKTUBHOCTH Pa3pabOTKH
npejcTaBiieHa B Tabnuie 5.11.

Tabmuna 5.11
CpaBautenbHas 9QPeKTUBHOCTD pa3pabOTKH

Becosoii OLeHKa

Kpurepuu K03 punneHT Onenka Mlelu(c

rapamerpa '
AJIEKBaTHOCTH (CTaTUYECKAs 0,2 5 5

3HAYUMOCTh )
Bo3MOXHOCTH TPUMEHEHUS JTHOOBIM 0,1 3 5
[Ipennpusituem
TpeOyeT HaNM4UMA UCTOPUUECKUX 0,2 5 3)
JTAHHBIX
IIpocTtoTa npuMeHeHuUs 0,25 4 5
KonkypenrocnocoOHOCTH (¢ 0,25 4 5
JIPYTUMU MOJIEIISIMUA )

UTOI'O 1 4,3 5

Tabnuma 5.12
WHuTerpanbHbIil okazarenb pecypcodPpekTuBHOCTU

Hcm. Hcm.
IToka3arenu
1 max
WNHurerpanbHblil GMHAHCOBBIN MOKa3aTeab pa3paboTKU 0,44 1
WHTerpanbHbIii ToKazatens pecypcoddHeKTUBHOCTH
4,3 3)
pa3paboTKu
9,77
WNuterpanbHblii mokaszarens 3 ()EeKTUBHOCTH
CpaBHUTENBHBIN TIOKa3aTenh 3 (HEKTUBHOCTH 1,954

69



CpaBHeHME 3HaYE€HUN UHTETPAIbHBIX MOKa3aTesnei 3(pHEeKTUBHOCTH MO3BOISET
MOHATh U BBIOpaTh OoJsiee >(PPEKTUBHBIA BapUAHT PEIICHUS TOCTABICHHOW B
MarucTepcKol paboTe TEXHUYECKON 3amadyul C MO3UIMH (UHAHCOBOW M PECypCHOU

3 PEeKTUBHOCTH.

5.4.BpiBoabI 1O ri1aBe «DUHAHCOBBIN MEHEIKMEHT, pecypco3dPeKTUHBHOCTH
U pecypcocOepeKeHue»

e OmnpeneneHbl NOTEHUUANbHBIE OTPEOUTENHN PE3YyIbTATOB HCCIEIOBAHUS - UMHU
MOTYT OBITh KaK MHBECTOPBI, BIaICIOIIME TOPTQeneM, Tak U OaHKU 1 OAaHKOBCKHE
opraHuszauuy. TakKe [TaHHBIMM MCCIIEIOBAHUSAMU MOTYT BOCIIOJIB30BATHCS
IOCYJapCTBEHHBIE YUPEKIACHUsA, UHTEPHET-PECYPCHl U JPYIHE CBI3aHHBIE C
(¢uHaHCaMM U OPT(HETHHBIM aHAIU30M OpraHU3aIIH.

e AHanu3 KOHKYPEHTHBIX pPa3pabOTOK IOKa3ad, YTO pEan3yeMblid IMPOEKT HE
YCTYMaeT B pecypcodPEKTUBHOCTA CBOMM OCHOBHBIM KOHKYPEHTaM - METOIY
Mapkosuna u merony Ilapna, npudyem nocieIHUN CUIBHO IPEBOCXOINT.

e OlEHKa COCTOSHHSA BHYTPEHHEH M BHEUIHEH Cpelbl MPOEKTa IOCPEICTBOM
cocraienust SWOT-1a0auisl moMoriia onpeaeaInTh BEKTOP, B KOTOPOM CTOUT
pa3BHUBaTh IPOEKT, a HMMEHHO — Jelarb YyIOp Ha NPEUMYyLIECTBO B
BBIUMCIIUTENBHBIX MOIIHOCTAX, KOTOPOE€ TIO3BOJSIET OXBaThIBATh OOJBIINNA
CErMEHT 3aMHTEPECOBAHHOW AyIUTOPUU U HCIIOIB30BaTh MEHBIIEE KOJIUYECTBO
MIPOTPAMMHBIX YTHIIUT.

e OneHKa TOTOBHOCTM MNPOEKTa K KOMMEpPLHUAIM3aLUMU [0Ka3ajaa, YTO IIPOEKT
YAOBJIETBOPSIET CPEAHEN NEPCIEKTUBHOCTH HAa KOMMEPLUHMAIM3ALAID W YTO
1eJIeco00pa3HO B KayecTBE METOoJla KOMMEpIMalIW3aluu BbhIOpaTh Mepenavy
MHTEJJICKTYalIbHOM COOCTBEHHOCTH TPEThEMY JIMILY HA KOMMEPUYECKHUX yCIOBHSIX.

e [l1aHupoBaHus HTAaNOB pEAIM3aLUM MPOEKTA IMOMOIVIO YETKO PACHPENEIIUTH
pOJIM, CTENEHb BOBJICUEHHOCTH W BpPEMEHHbIE paMKH, HEOOXOAMMBIE MJis

YCIIEITHOTO 3aBepiieHus npoekrta.litoro, pabouas rpymnmna Obuta 3apuKcupoBaHa
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B COCTaBe JIByX uenoBek — PykoBoaurens u Mcnonaurens. Bpems, oTBoguMoe Ha
popabOTKy NpoeKkTa, coctaBwiio 377 nHeld. Ha ocHOBE BpeMEHHBIX MTOKa3aTelen
M0 Ka)KJI0M M3 MPOU3BEACHHBIX Pa00T ObLI MOCTPOEH KaJeHAapHBIN TUTaH-TpaduK,
MIOCTPOCHHBIM HA OCHOBE IUAarpamMMbl ['aHTTa, T0 KOTOPOMY MOKHO yYBHUIETh, YTO
camble TPOJOJDKUTENBHBIE MO BpPEMEHH pabOThl — 3TO TECTUPOBAHUE U
MoauduKamms nporpaMMHoro koaa (144 n.).

boulpaccuntan  OromkeT, HEOOXOAMMBINA MJii TPOBEICHUS HUCCIECTOBAHMS.
MartepuanbHbie 3aTpaThl coctaBuin 3420 p., 3aTpaThl Ha 3apaOOTHYIO IJIATy —
342793 p., oruncinenus Bo BHeOwkeTHbie GoHABI — 103523 p., HakmaaHBIC
pacxonsl 71958 p. Utoro, o6mimii Oromxet coctaBui 521694 p.

brina paccuntana cpaBHuTENbHas A(P(HEKTUBHOCTh pa3pabOTKU, OHA COCTaBHIIA

4,3 u3 5, a TakKe UHTErpAJIbHBIN MOKa3aTeNlb Pecypcod(PPEeKTUBHOCTH, PABHBIN

9,77.
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Conclusion

In this work a moment-matching method has been developed for constructing
scenarios for a securities portfolio. The algorithm was applied to the historical data of
Gazprom, Sberbank and VTB for the period from 01.01.2016 to 01.01.2018.
MATLAB software was used as a programming environment.

The algorithm was implemented using three different methods for
constructing the matrix L — symmetric, positive definite, and through Cholesky
decomposition. Each of the methods gave a positive result for the selected historical
data. The third method was chosen as the most effective one. Comparing the graphs
of the obtained scenarios, we can see that the scenarios for all three assets were closer
to each other while the third method was used. Moreover, as an advantage, we can
take into account the fact that during Cholesky decomposition we get a triangular
matrix that stores fewer values, which means it has a positive effect on the computing
power of the program. It is important in works where large data arrays are used.

In addition, the influence of the Monte Carlo method on the scenario
construction algorithm has been considered. Its application allowed us to smooth out

the jJumps in scenarios that arose due to a random variable u, U (0,1).

Also, in the "Financial Management" section, calculations of the effectiveness
of this work, an analysis of the strengths and weaknesses and the possibilities of its
development were made.

In the section “Social Responsibility”, harmful and dangerous factors of the

working area and possible threats to the environment were identified.
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[Tpunoxenue Nel
JIuctunr nporpammuoro koga MATLAB

clearall; clc;
Cov=readmatrix('c matrix.txt');

m=readmatrix ('vect.txt')"';
L2=readmatrix ('ILmatrix.txt');
n=3;

s=10;

p=0.506;

[evect,eval]l=eigs (Cov,1);
m3=0.000065713;
m4=0.000054058;
Z=p* (eval) " (1/2) *evect;
LL=Cov-2*7.";
Ll=chol (LL) ;
syms LO;
LO=solve (LO*transpose (L0)==LL,L0) ;
L3=LL."(1/2);
Cl=n*m4/sum(Z."4)-(n*m3/sum(Z."3))"2;
C2=1+(n*sum(L1l.%4,"'all')/sum(Z."4))+2*sqrt (n*sum(L1."4, 'all")/sum(Z."4));
if (C1>C2)

checkl=1;
else

checkl1l=0;
end
A=C1l;
B=sqgrt(sum(L1.74,'all"))/ (2*s”2*sqrt (sum(z."4)));
pp=sqrt (B/ (2*n*A)) ;
nu=(sqrt (A) -sgrt (2*n*B) *s) "2;
pl=1-2*n*s*pp;
N=1000;
for g=1:N
u=rand(s/2,1);

eps=u*pp*sqrt ((nu-1)/ (pl*A-1));
for k=1:s5/2
pk (k) =ppteps (k) ;

end

for k=s/2+1:s
pk (k) =pp-eps (k-s/2) ;

end
Pk=pk';
Pk (s+1l)=pl;
Pkl=Pk."';

Pk mean(q, :)=Pk1(1,:);

fil=n*m3*sqrt (Pk(s+1))/sum(Z."3);

fi2=Pk (s+1) * (n*m4- (sum (L1.74, 'all")*sum(1l/pk"))/ (2*s"2))/ (sum(zZ."4));
alpha=(fil+sqrt (4*£fi2-3*£fil17°2))/2;

beta=(-fil+sqrt (4*£fi2-3*£fi1"2))/2;

w0=1-1/ (alpha*beta) ;

wl=1/ (alpha* (alpha+beta)) ;

w2=1/ (beta* (alphatbeta)) ;

if (wl4+w24+w0==1)
check2=1;
else
check2=0;
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end
X0=m;
Xa=X0+alpha*Z'/sqgrt (Pk(s+1));
Xb=X0+beta*Z'/sqrt (Pk(s+1));

for i=1:n

for k=1:s
if (k<=s/2)
X(k,:)=X0'+L1(:,1)/sqrt(2*s*Pk(k)) ;
else
X(k,:)=X0"'"-L1(:,1i)/sqrt(2*s*Pk(k));

end

end

end

X1 (g, :)=X(1,:);
X2(q,:)=X(2,:);
X3(q, :)=X(3,1:);
X4 (g, :)=X(4,:);
X5(qg, :)=X(5,:);
X6 (q,:)=X(6,:);
XT(q, :)=X(7,:);
X8 (q, :)=X(8,:);
X9(q,:)=X(9,:);
X10 (g, :)=X(10,1:);
XX0 (g, :)=X0(1,:);
XXa (g, :)=Xal(l,:);
XXb (g, :)=Xb (1, :);

Xall=[X;X0;Xa;Xb];
end

Pkk=(mean (Pk mean)).';
Xalll=[mean (X1) ;mean (X2) ;mean (X3) ;mean (X4) ;mean (X5) ;mean (X6) ;mean (X7) ;mean (X8) ;m
ean (X9) ;mean (X10) ;mean (XX0) ;ymean (XXa) ;ymean (XXb) ] ;

Px=Pkk;

Px0=Pkk (s+1) *w0;
Pxa=Pkk (s+1) *wl;
Pxb=Pkk (s+1) *w2;

if (Px0+Pxa+Pxb+2*n*sum (Pkk (1l:s))==1)
check3=1;
else
check3=0;
end
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[Tpunoxxenue No2

SWOT-rabaura

CuibHBIE CTOPOHBI

1. BrIcokasi CKOPOCTb
paboThI METO/IA.

2. Het npuBssku K
y3KO0# o0JacTu

Cna0ble CTOPOHBI

1. ITapamerpsl MeTOAAQ,
HAXO0XKIEHUE KOTOPBIX
HE OMPEJIEICHO OJTHUM
KOHKPETHBIM CIIOCOOOM.

Ha OJTHOM PBIHKE, IPOIYKT
MOYHO aIanTUPOBaTh NOA
JAPYTUE HYXKIBI.

IIPUMCHCHHUS. 2. Hebompimoe
KOJIMYECTBO JOCTYMIHBIX
MaTEpPHAJIOB IO METOLY.
Bo3moxnoctu BI1CI: B1C2:
[TosBnenue Bo3moxHOCTB C pocToM uHTEpeca K JaHHOM
JIOTIOJIHUTEJIBHOT | IPEIOCTaBICHUS Hay4HOH pa3paboTke
O cIipoca Ha KOM(OPTHOTO MOSIBUTCS] BO3MOKHOCTD
Hay4YHYIO HCTIOJIb30BaHUS METO/1a pacipeHust padoT u
pa3paboTKy. IIPU Pa3IUYHBIX MaTepUaJIOB 10 UCCIIELYEMOI
BBIYUCIUTEIBHBIX TEME.
. YriyOieHHoe MOIIHOCTSIX. B2ClI:
U3y4EeHUE B2C2: HNmeercst BO3MOKHOCTD
METOJa U [TosiBNIeHNE HOBBIX W3YUYCHUSI BIUSHUS
CHI0CO00B €ro ONTUMH3ALINNA, KOTOPHIE B | PA3IMYHBIX CIOCOOOB pacuéra
pa3BUTHSL. OyayiieM OyayT JIETKO [IapaMeTPOB Ha UCCIIEyEMBIN
WHTETPUPOBATHCS B METO/I.
[IporpaMMy, ITOBBIIIAs €€
TUPAKUPYEMOCTD.

Yrpo3sl VICI: Y1C2:
CII0)KHOCTh JI1g ucroJib30BaHus Peanu3zanus npoekra Ha
npUOOpETEHUS METOJa JOCTATOYHO JIpYTUX cpeaax
JIMIIEH3UOHHOTO | 6a3oBoro makera Matlab, | mporpammupoBanusi.

I1O Matlab. KOTOPBIH 000iaeTcs

neuiesine 0e3 Y2Cl:
OTtcyTcTBHE CONYTCTBYIOIIHNX JloGaBnenue
crpoca Ha JOTIOJTHUTENBHBIX YTUIUT. | TOTIOJHUTEIBHBIX CIOCOOOB
MPOTPAMMHBIN Y2C2: pacyera napameTpoB.
METOJ. [Ipm oTcyTcTBHHM cripoca
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