TOMSK TOMCKUNNA
POLYTECHNIC MNONMUTEXHUYECKUN
UNIVERSITY INBBB YHUBEPCUTET

MMHUCTEPCTBO HayKM 1 Bbiclero obpasoBaHua Poccuitickoin Pegepaumm
bepepanbHoe rocygapcTeeHHOe aBTOHOMHOE
obpazoBaTesibHOe yupexaeHune Bbicllero obpasoBaHnA
«HauunoHanbHbIN nccnegoBaTenbCKnin TOMCKMIA MONUTEXHUYECKIA YHUBEpcuTeT» (TMY)

[Ikona — MmxeHepHas mkoiaa HHGOPMAIMOHHBIX TEXHOJIIOTUN U pOOOTOTEXHUKHU
HamnpaBnenue moarotoBku (crenuanbHOCTh) — 27.03.04 «YipaBieHre B TEXHUYECKHX CUCTEMaX»
Otnenenue mkonbsl (HOLL) — OTaenenue aBToMaTu3aui 1 pOOOTOTEXHUKH

MAT'UCTEPCKASA JUCCEPTALIUA

Tema pa6oThl
VccnenoBaHue 4acTOTHO-BPEMEHHOI KOPPEIALHOHHON (GYHKIMHY B 33Jja4aX 0OHApYKEHUsI yTeueK

YJIK 519.233:621.643.8

CryneHt
I'pynna DPUO Hoanuch Jara
8AM71 Mumno Aprem Bragumuposuy
PykoBogurens BKP
JloKHOCTH [ %(0] YueHasi cTeneHsb, 3BaHne Hoanuch JlaTa
ABpamuyk Banepwuit
Jlouent OAP UIIIATP pamiy p KT.H.
CrenmanoBuY
HopmoxkonTpons
JloKHOCTH [%(0] YueHnasi cTeneHnsp, 3BaHne Hoanuch JlaTa
CyxaHoB AJlekceit
Jlouent OAP UIIIUTP y K.X.H.
Buxroposuu

KOHCYJIBTAHTBI 11O PA3JIEJIAM:
ITo pazneny «PUHAHCOBBIN MEHEIKMEHT, pecypcor((HEeKTUBHOCTh U pecypcocOepeKeHUE

JloJzKHOCTh [025(0] YueHasi cTeneHb, 3BaHHE Iloanuck JlaTa
CkaxkoBckast Hatanus
Jouent OCI'H HIBUIT K.¢.H.
BsiyuecnaBoBHa
ITo pasaciny ((COL[I/IaJIbHa}I OTBETCTBECHHOCTH»
JoskHOCTH (025 (0] YueHasi cTeneHb, 3BaHHE Iloanuck Jara
AnexceeB Hukomaii
Accuctent OO/] HIBUIT -
Apxunosuy
JOINYCTUTD K 3AIIINTE:
J0KHOCTH (25 (0] YueHnas cTeneHnsb, 3BaHne Hoanuch JlaTta
Pyxosoaurens OOII IMymkapes Makcum K.T.H.
VBaHoBUY
PykoBogurens OAP Jleonos Cepreit K.T.H.
NIHIUTP Buagumuposuu

Tomck — 2019 1.


https://tpu.ru/university/structure/department/view?id=7951

IINTAHUPYEMBIE PE3YJIbTATBI OBYYEHMUS 110 OOII

Kon
pe3yJabTara

Pe3yabraTt 00yuenus
(BBINYCKHUK /10J17K€H ObITH T'OTOB)

Ipogheccuonanvnvie kKomnemenyuu

P1

HpI/IMeHSITL 0a30BbIE U CIICHUAJIbHBIC CCTCCTBCHHOHAYYHBIC U
MaAaTEMAaTUYCCKUEC 3HAHUA JJIs KOMIIJICKCHOM HH)I(CHepHOﬁ JACATCIIbBHOCTH I10
CO3aHNI0, BHCAPCHUIO U 3KCILIyaTalluK FGOI/IH(i)OpMaI_[I/IOHHbIX CHUCTEM U
TCXHOHOFHﬁ, a TaKXKC I/IH(i)OpMaI_II/IOHHBIX CHCTEM M TEXHOJIOI'HI B OH3HECE.

P2

HpI/IMeHHTL 0a30BbIE U CIICIMaJIbHbIC 3HAHU B obnactu COBPCMCHHBIX
PIH(bOpMaI_[I/IOHHBIX TEXHOJIOT Uit JJI pCIHICHNA MHXXCHCPHBIX 3a/1a4.

P3

CraBuTh U peniaTh 3a/1a4l KOMIUIEKCHOTO aHaJIn3a, CBSI3aHHBIE C CO31aHUEM
reOMH(MOPMALMOHHBIX CUCTEM U TEXHOJIOIMH, MHPOPMAIIMOHHBIX CUCTEM B
Ou3Hece, ¢ UCIOIb30BaHUEM 0a30BbIX U CIIEHUAILHBIX 3HAHUH, COBPEMEHHBIX
AHAJIMTHUYECKUX METO/I0B M MOJIENIEH.

P4

BBINOIHATE KOMIUIEKCHBIE HHKEHEPHBIE IPOEKTHI IO CO3AaHUIO
MH(POPMAITMOHHBIX CHCTEM U TEXHOJIOTHUM, a TAaK)Ke CPEJICTB X PeaTH3allun
(MH(MOPMAITMOHHBIX, METOJUYECKUX, MATEMAaTHYECKUX, AITOPUTMUYECKHX,
TEXHUYECKUX U IPOrPAMMHBIX ).

P5

HpOBOI{I/ITB TCOPCTUUCCKHUEC U SKCIICPUMCHTAJIbHBIC UCCIICAOBAHMA,
BKIIFOYArOIIUE ITOUCK U U3YUCHHUC HCO6XOHHMOﬁ Hay‘IHO'TeXHH‘ICCKOﬁ
I/IH(i)OpMaIII/II/I, MaTCMAaTU4YCCKOC MOACITIUPOBAHUC, TPOBCACHUC SKCIICPUMCHTA,
AHAJIN3 U UHTCPpHPCTAlUs ITIOTYUCHHBIX JaHHBIX, B obnactu CO31aHuA
FCOI/IHq}OpMaLII/IOHHI)IX CHUCTEM U TGXHOHOFHﬁ, a TaKXeE HH(i)OpMaIII/IOHHI)IX
CHCTEM M TEXHOJIOT'HI B OM3HECE.

P6

BHeapsTh, SKCIUTyaTupoBaTh 1 00CITY)KHBaTh COBPEMEHHBIE
reorH(OpPMALMOHHBIE CUCTEMBI M TEXHOJIOTUH, NH)OPMALIMOHHBIC CUCTEMBI U
TEXHOJIOTUH B OM3HECEe, 00eCIIeYnBaTh MX BBICOKYIO A (EKTHBHOCTD,
co0JIr01aTh MpaBUIIa OXPAHBI 310POBbs, 0€30MaCHOCTb TPYAA, BHITOIHAT
TpeOOBaHUS IO 3aITUTE OKPYKAIOIIEH CPeJIbl.

YHuBepCllﬂbele Komnemenuuu

P7

Hcnonp30Bath 0a30BBIC U CIICIMaJIbHBIC 3HAHU B o0mactu IMPOCKTHOT'O
MCHCIPKMCHTA OJId BEACHUA KOMIIJICKCHOM I/IH)KeHepHOI\/JI JCATCIIBHOCTH.

P8

Ocy1ecTBIATh KOMMYHHKAIIMH B IPOECCHOHATIBHOM cpejie U B 001IecTBE B
1enoM. Bianers ”HOCTpaHHBIM SI3bIKOM (YTITyOJIEHHBIN aHTIIMUCKUM S3BIK),
MO3BOJISIOIIEM paboTaTh B MHOSA3BIYHOM cpefie, pa3pabaThiBaTh
JOKYMEHTAIMIO, IPE3EHTOBATh U 3allUIIATh Pe3yJIbTaThl KOMITJIEKCHOM
VHXEHEPHOU JEATEIBHOCTH.

P9

DddexTrBHO paboTaTh HHAUBUAYATHHO U B KAYECTBE WICHAa KOMAH/IbI,
COCTOSIIIIEeN U3 CIISIUAINCTOB PA3INYHBIX HAMIPABJICHUN U KBaTH(pUKAIIUH,

P10

JIeMOHCTpUPOBATH JTUYHYIO OTBETCTBEHHOCTD 3a Pe3yJbTaThl padOTHI U
TOTOBHOCTH CJIEIOBATh MPO(PECCUOHANBHON ATHKE U HOPMaM BEJCHHS
KOMIIJIEKCHON MHKEHEPHOMW JIEATEIIbHOCTH.

P11

JleMOHCTpHUpOBaTh 3HAHUS MIPABOBBIX, COUUAIBHBIX, SKOJIOTHYECKUX U
KYJbTYPHBIX aCIIEKTOB KOMIUIEKCHOW MH)XEHEPHOM JAESATETbHOCTH, a TAKKE
TOTOBHOCTB K JOCTHKEHHIO JIOJKHOTO YPOBHS (DU3MUECKOM
MOATOTOBJIIEHHOCTH JJISI 00€CIIEYEeHNS [TOJTHOIIEHHON COIIMAIILHON 1
npodecCHOHATBEHOM IS TENLHOCTH.




TOMSK TOMCKWNN
POLYTECHNIC MONUTEXHUYECKUNN
UNIVERSITY MM YHUBEPCUTET

MWHMCTEPCTBO HayKM 1 Bbicllero o6pa3soBaHuA Poccuinckon ®egepaunn
depepanbHoe rocygapcTBeHHOE aBTOHOMHOE
obpa3oBaTesibHOEe yupexkaeHune Bbicliero obpasoBaHuA
«HaumoHanbHbIN nccnefoBaTebckii TOMCKMIA NOAUTEXHNYECKIA yHUBEpcUTeT» (TITY)

[Ixosna - MHxeHepHas 1Ko1a HHPOPMALMOHHBIX TEXHOJIOIHHA U pOOOTOTEXHUKH

Hampasnenue noarorosku (crenuanbHoOcTh) - 27.03.04 «YnpaBineHue B TEXHUUECKUX CUCTEMAaX»
VYpoBeHb 00pa3oBaHus MarkucTparypa

Otnenenue mkoinsl (HOLL) — OTnenenue aBToMaTu3anui U poOOTOTEXHUKU

[Iepron BBIMOJHEHUS - ocennmii / Becennuii cemectp 2018 /2019 yuebroro roaa

®dopma npeacTaBieHus: padoThI:

MaFHCTepCKaﬂ AUuccepranusa

(bakanaBpckas paboTa, TUITIOMHBIH TPOEKT/padoTa, MarucTepcKas TUCCepTaIns)

KAJIEHJIAPHBIN PEUTUHI -IIVIAH
BBIINOJIHEHHS] BBIYCKHOI KBATH(UKAIMOHHOKH padoThI

Cpok cauu CTYJEHTOM BBIMOJHEHHON paOOThI:

Jara HasBanue pasnena (MoaxyJst) / MakcuManbHbIIi
KOHTPOJIS BUJI padoThl (McciIeI0BAHMS) 0as1 pazaena
(moayist)
OcHOBHas 4acCTh
OUHAHCOBBIN MEHEIKMEHT, pecypcodhheKTUBHOCTh 51
pecypcocOepexeHre

CorumanbHast OTBETCTBEHHOCTD
O0s13aTeNIbHOE MPUIOKESHUE HA MHOCTPAHHOM SI3BIKE

COCTABUNJI:
PykoBoautear BKP
JloJzKHOCTH [01% (0] Yuenas crenenb, Iloanucn JlaTa
3BaHHUE
ABpamuyk Banepuit
Houent OAP MIIIUTP K.T.H.
Crema"HoBu4
COI'JIACOBAHO:
PykoBoauteas QOII
JloJzKHOCTH [01% (0] Yuenas crenenb, IToanucn JlaTa
3BaHHUE
Houent OAP UIIUTP [Tymkapés Makcum K.T.H
HBanoBuu




TOMSK
POLYTECHNIC
UNIVERSITY

TOMCKNN
NONMUTEXHUYECKUN
YHUBEPCUTET

MWHWCTEpPCTBO HaYKM 1 Bbiclero o6pa3zoBaHmA Poccuinckon Oegepauun
denepanbHoe rocygapcTseHHOE aBTOHOMHOE
obpasoBaTesibHOe yypexkaeHune Bbicliero o6pasoBaHua
«HaumoHanbHbIN nccnefoBaTeNbCcknii TOMCKUIA MONUTEXHNYECKN YHMUBEPCUTET» (TTTY)

[Ixona — MmxeHepHas mKkoJia MHPOPMAIMOHHBIX TEXHOJOTHH U POOOTOTEXHUKH
Hanpagnenue noarorosku (cnenuaibHOCTh) — 27.03.04 «YnpaBiieHHE B TEXHUUYECKUX CUCTEMAX )
Otnenenne mkoisl (HOIL) — OTaenenne aBromaTu3aui ¥ pOOOTOTEXHUKH

YTBEPX/IAIO:
PyxoBonutens OOII

Ilymkapés M.I.
([lata) (®.11.0.)

(IToxmmuce)

3AJJAHUE

HA BBINOJIHEHHE BBIYCKHOM KBAJIN(PHUKAIMOHHON PadoThl

B dopwme:

Marucrepckon Iuccepranuu

Crygnenry:

(bakanaBpcKoil pabOTHI, TUIMTIOMHOTO MPOEKTa/PabOTHI, MATUCTEPCKOM AUCCEPTALINH)

I'pynna

DUO

8AM71

unuto Apremy Biagumuposudy

Tema paGoThI:

HccnenoBaHue 4acTOTHO-BPEMEHHOM KOPPENAUOHHON (DYHKIIMHU B 33/1a4aX OOHAPYXKEHUS

yTeuek

YTBepxkaeHa MpUKa30M JUPEKTOpa (1aTa, HOMEP)

Cpok cauu CTYJICHTOM BBITIOJTHEHHON paOOThI:

TEXHUYECKOE 3AJIAHHUE:

Hcxoanbie 1aHHbIE K padoTe

(HaumeHoBaHUE 0OBEKMA UCCIe008AHUS UNU
NPOEKMUPOBAHUS; NPOU3EOOUMENLHOCTb W HASPY3KA,
pesrcum pabomvl (HenpepuvleHblil, NepuooUyecKutll,
YUKAUYECKULL U M. 0.); 8UO CbIPbS UL MAMEPUAT U30eNUs,
mpe6oanust K npooyKmy, u30eauio uu npoyeccy; 0coovie
mpebosans K 0cOOeHHOCAM (PYHKYUOHUPOBAHUSA
(axcnnyamayuu) 06vexma unu uzoeus 8 niane
besonacHocmu SKCRIYamayuy, IUAHUA HA OKPYIHCAIOUWYIO

cpedy, aHep203ampamam,; IKOHOMUIECKUl anamus u m. 0.).

1. Cnocob yacmomHo-epemenno2o KoppersiyuoHHO20 aHAIU3d
(namenm P®, No2405163);

2.  Cnocob  onpedeneHusi  HAMUYUS — 2APMOHUYECKUX
COCMABIANWUX U UX YACMOM 8 OUCKDeMMbIX CUSHANAX
(namenm P®, Ne2498324);

3. Mamemamuuecxuit nakem PTCMathcad 14 F000 (pyccxas
eepcusi).

4. Bubpoakkycmuueckue CueHaibl 0amiuKos, CHamyle npu
obcnedosanuu mpyoonpo8ooa 6000CHAOINCEHUsL KOMNAHUEN
00O «Tomckeodokanany (8 hopme Wav-gaiina,2 xaunaaa,
onumenvrHocms 10 ¢).

5. Mamemamuueckuii naxem ITITIT Matlabr2015b (pyccras

eepcust)
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IHepeyensb moaIexammMx
HCCJIEIOBAHNIO, TPOEKTUPOBAHUIO U

pa3padoTKe BONPOCOB

(ananumuueckuii 0630p no IUMePAMypPHLIM UCTHOYHUKAM C
UYejblo 6bIACHEHUS docmudicenutl .MMpOBOIJ HAYKUu MexHuKku 6
pacc,uampusae,woﬁ oﬁfmcmu; nocmanoska 3adauu
uccnedoeal-tuﬂ, NPOEeKmMupoeaHusi, KOHCMpyupoeaHusi,
codepoicanue npoyedypul UCCIe008AHUSA, NPOEKMUPOBAHUS,
KOHCMPYUpO8aHus; 006CyscoeHue pe3yibmamos
BbINOTHEHHOU p(l60mbl,' HAuMeHOBaHue OONOJHUMEIbHbIX
Paz0enos, NOOAENCAWUX paspabomke; 3aKI04eHue no
pabome).

Hccnedosanue 4ACMOMHO-8PEMEHHOU
KOPPENAYUOHHOU (DYHKYUU.
Hccnedosanue enuanusi OKOHHBIX — YHKYUU HA

Y4ACMOMHO-BPEMEHNYIO KOPPENAYUOHHYIO (DYHKYUIO U
Ha pe3ylbmamol U3MepeHUs.

Hccnedosanue — enuanus — uU3MEHEHUs — WUPUHDL
4ACMOMHBIX UHMEPBATIOB.
Hccneoosanue  6o30eticmeus  wupunvl  OKOHHOU

@ynKkyuu na pesyromamol usMepenus
Tlepesoo na anenutickuii A3k pazoend, Uccied08aHUs
4ACTNOMHO-BPEMEHHOU KOPPETAYUOHHOU QYHKYUL

Ilepeuyens rpapuueckoro marepuajia

(c mouHBIM yKazaHuem 06sA3amenbHbIX Yepmediceti)

KoHcyabTaHTBI 0 pa3aesiaM BbINTYCKHOH KBAJIN(PUKANUOHHON PadoThI

(c ykasanuem pazoenos)
Paznen KoncyapTant
CounaipHas .
AnexceeB Hukomnaii ApxunoBud
OTBCTCTBCHHOCTDH

@DUHAHCOBBI MEHEIKMEHT,
pecypcodrdHeKTUBHOCTE |
pecypcocOepexeHne

CkaxoBckast Hatannsa BsaueciiaBoBHa

AI3bIKAX:

HaszBanus pa3aesioB, KOTOpPbI€ NOJKHbI ObITh HANMCAHBLI HA PYCCKOM M MHOCTPAHHOM

yTe4yeK

HccnenoBanne 4acTOTHO-BPEMEHHOW KOPPEISIIMOHHOW (YHKIMU B 3a1adax OOHapyKeHUS

JaTa Bbl1a4¥ 3a/1aHUS HA BBINIOJTHEHHE BBINYCKHOM
KBATU(UKAIMOHHOM PadoThI 10 JUHeHHOMY rpauky

3agaHue BbI1AJ PYKOBOAUTENDb / KOHCYJILTAHT (IPH HAJIMYHH):

JosxkHoCcTH (1% (0] Yu4eHnas creneHb, Moanuch Hara
3BaHHuE
ABpamuyk Banepuit
Houent OAP UILINUTP p y p K.T.H.
CrenaHoBu4
3ana}me NPUHAJJT K HCIOJHCHUI0 CTYAECHT:
I'pynna ®UO Hoamucs Jara
8AM71 [vmo Aprem Biagnmuposuy




_ 3AJIAHHE JUISI PA3JIETIA
«®UTHAHCOBBI MEHE’KMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKXEHUME»
CryneHty:
I'pynna DPUO
8AM71 [Humno Apremy Bragumuposuuay
Ixoga NIINTP Otnenenune mkoabi(HOLD) OAP
YpoBeHb o0pazoBanust Maructp Hanpas/ieHue/cnenuajbHOCTb 15.03.04 ABromMaTu3anus

TEXHOJIOTUYECKUX MTPOLECCOB U
ITPOU3BOJICTB

pecypcochepekeHue:

Hcxoanblie nanHble K paszgeny «OUHAHCOBBII MEeHeKMEHT, pecypco3dPeKTHBHOCTD 1

1. Cmoumocms pecypcos HayuH020 Uccie008aHUs
(HH): mamepuanbHo-mexHU4ecKux, sHepeemuyeckux,
DUHAHCOBLIX, UHDOPMAYUOHHBIX U YEL0BEYECKUX

1.LJena annapamypsl 015 eviyucaenus 99783 pyo,,
Llena naamel pacuupenus 43384 pyo.
Tapug na snexkmposnepeuro 685,58 pyb.

2. Hopmbl u Hopmamugul pacxoooeanus pecypcos

2.Cneyuanvhoe nayunoe obopyoosanue226051,07 pyo.;
Hopma amopmuszayuu 10%.

30% npemuu; 20% naobaexu; 13,5% dononnumenvras
sapabomnas niama; 16% naxiadusie pacxoowl, 1,3
PAtioHHbLI KO Puyuenm.

3. Hcnoav3yemas cucmema Hano2000104ceHUs,
CMABKU HAN0208, OMHUUCTEHUN], OUCKOHMUPOSAHUS U
KpeoumogaHus

3. Koaghghuyuenm omuucnenuii Ha yniamy 6o
eHeb00dcemuvie ponovt — 27,1%

Hepeqeﬂb BOIIPOCOB, MOAJICKAIUX UCCICAOBAHUIO, IIDOCEKTUPOBAHUIO pa3paﬁoTRe:

1. Oyenxa kommepueckoeo nomenyuana
uHocenepuvix peuteruti (UP)

1. Ananu3 KOHKYpenmuvix mexHuieckux peulenull

2. @opmuposanue niana u epagura paspabomxu u
sneoperus UP

2. Onpeodenenue smanos pabom, onpeoenenue
mpydoemkocmu pabom, paspabomka epaguxa I anma

3. Obochosanue HeobX0OUMbIX UHBECMUYULL 015
paspabomiu u eHedperus UP

3. Onpedenenue 3ampam Ha nPOeKMUpoOBanue

4. Cocmasnenue 610024cema UHICEHEPHO20 NPOEKMA
(1)

4. Onpedenenue KanumanoeloHCeHUl 8 Menio8yio
cemb

5. Oyenka pecypcHoil, puHAHCOB01, COYUATLHOLL,
b10001cemuoii s¢hpexmusnocmu UP u
HOMEHYUAIbHBIX PUCKOS

5. Onpedenerue 3KCHIYAMAYUOHHBIX 3AMPAM,
pacuem uHmMezpaIbHO20 NOKA3ames
pecypcosghgpexmugrocmu

Ilepevyens rpaguueckoro MaTepUAaJIA(c TOUHbIM YKa3aHUEM 00A3aTENLHBIX YepTekeil):

Mampuya SWOT
I'paghux nposedenus u 6100scem HTH

AN A

Oyenounas kapma 0ist CPAGHEHUSI KOHKYDEHMHBIX MEXHUYECKUX PeuleHutl
Kanenoapuwiii nian-epaghux npoeedenus pabom no npoeKmuposanuio menjiogol cemu

Oyenka pecypcHoil, puHancosoll u IKoHomuueckou d¢gpexmusnocmu HTH

JaTa BbIIauM 3aaHus JJIs1 pa3jiena no JuHeitHoMYy

rpaguxy
3anaHne BbIIAJ KOHCYJbTAHT:
JloJzKHOCTH [01% (0] YuyeHas cTeneHb, MMoanucn Jara
3BaAaHHE
Houent OCT'H HIBHIT Ckaxosckas H.B. K.Q.H
3anaHne NPUHSII K HCTIOJIHEHHIO CTYIEHT:
I'pynna DPUO Hoanuch Jara
8AM71 [IIunuto Aprem BnaguMuposuy




3AJIAHME JJTSI PA3JIEJIA
«COHHaJ’leafl OTBETCTBEHHOCTb»

CryneHry:
'pynna DPUO
8AM71 [Humno Apremy Brnagumuposudy
Ixona HULINTP Otnesnenne mkoabi(HOLL) ABTOMATH3aLUU U
PO0OTOTEXHUKH
YpoBennb Marucrp Hanpasaenune/cneuuaibHocts | 15.03.04 ABromaTusanust
o0pa3zoBaHusl TEXHOJIOTHYECKHX
TPOIECCOB U MPOM3BOJACTB

Saganue

Hcxoanbie 1anubie K pasaeny «CounanbHas
OTBETCTBEHHOCTEL»:

1. Hokconoeuueckuil ananu3z uHHOBAYUOHHBIX

pewenutl no meme ouccepmayuy Ha npeomem

B03HUKHOBEHUSA!

—  8peOHbIX NposieieHUll pakmopos

npou3600CMEEHHOU CPeObl
(memeoycnogus, 8peoHble seujecmaa,
ocseuenue, wymul, 6ubpayulL,
INEKMPOMASHUMHbBIE NOJS, UOHUUPYIOUjUe
u3nyHeHus u op.);

— onacHuelx nposieeHuil ¢axkmopog
NnpOU3800CMBEHHOU Ccpedbl (MeXaHUYecKou
npupoodbl,  MEPMUYECKO20  Xapaxkmepad,
9NEKMPUYECKOU, NOJICAPHOU, 63DPbIGHOU U
Opyeoti npupoowbl);

—  He2amueHO20 8030eliCMauUs Ha
OKPYACAIOUYIO RPUPOOHYIOCPEDY
(ammocgepy, euopocgepy, rumocgepy);

—  UPEe36LIYAUHbIX CUMyayull (MexHO2eHHO20,
CMUXULIHO20, IKOTIO2UHECKO20 U COYUATILHO20
Xxapakmepa)

2. Komnemenmuocmuuliio030p 3aKOHOOAMENbHBIX
U HOPMAMUBHBIX OOKYMEHMO8 NO TeMe

NMPOEKTHPOBAHMIO H pa3padoTke:

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAIIIUX UCCIICAOBAHUIO,

1. Ananuz  eviseneHHbIX — 8PEOHBIXPAKMOPOS
NPOEKMUPYEMOU  NPOUIBOOCMEEHHOU  CPedbl 8
caedyioujeli noCcie008amenbHOCHu.

—  Qusuro-xumuyeckas npupooa gaxmopa, e2o
C68:3b C pazpadbamvléaemou memoi;

—  Oeticmsue akmopa Ha OpeanHusm 4eno8exd,

— npuseodeHue 0ONyCmuMbvIX HOpM c
HeoOX00UMOIL pA3MEPHOCMbIO (CO CCBLIKOU
HA  COOMEEMCMEYI WUl  HOPMAMUGHO-
mexHuyecKull OOKyMeHm),

— npednacaemvle cpedCmsa 3auumsl (CHaYaIQ
KOJUIEKMUGHOU3AWUMbL 3ameM -
UHOUBUOYATIbHBIE 3AUUMHblEe CPeOCEa).

2. Ananus 6vlAGNCHHVIX ORACHBLIX (HaAKmMopos
npoeKmupyemol npou3eo00CmeeHHou cpeodvl 8
credyioueli nocie008amerbHOCmu

— Mexauuueckue  ONACHOCU  (UCMOYHUKU,
cpeocmea 3auumul);

—  91eKmpoHe30NaACHOCb (8 M. 4. CIAMUYECKOe
NEKMPUYECNBO, MOTIHUCIAUSUMA—
UCTOYHUKU, CPEOCMBA 3AUUMbL);

—  10JKCapos3phieobe30nacHocmy  (MPUHUHDL,
npogurakmuueckue Meponpusimusi,
nepsuunble Cpedcmaea NONCAPOMYULeHUsL).

3. Oxpana oxpyscaioweli cpeowi.

— 3awuma  cenumeOHOU U  Opyeux  30H
OKpYoicalouell cpedbl,




— aHamuz  6os0delicmeus  0bOvekma — Ha
ammocgepy (svlOpocot);

- aHanus 6030eticmsus obvexma Ha
euopocgpepy (copocul);

- aHanus 6030eticmsus obvexma Ha
aumocghepy (omxoovt);

— paspabomamv peuieHus no obecneueHuio
9KONOUYECKOUDE30NACHOCHU CO CCOLIKAMU
na HT][ no oxpane oxpyoscaroweti cpeowi.

4. 3auumas upe3ebIuaiiHblX CUMyayusx.

— nepeuenv 603moxchvix YC na obvexme;

—  gvlOop Haubonee munuunou 4C;

— paspabomka — NPeGEeHMUGHbIX ~ Mep  NO
npedynpedcoenuto 4C;

— paspabomka  mep  ho HOBbIUEHUIO
yemotiyueocmu 0ovexma k danrou YC;

— paspabomka Oelicmeuti 6  pe3yibmame
sozuuxueni YC u mep no auxeuoayuu eé
nocieocmaeuil.

5. Ilpasosvie u OpeaHU3AYUOHHBIE BONPOCHL
obecneuenus 6e30NACHOCMU:

— cneyuanvHble (xapaxmepHvie ons
npoexmupyemou paboueil 30Hbl) NPABOGble
HOPMbI MPYO06020 3aKOHOOAMENbCMEA,

Op2aHU3AYUOHHBIE MEPONPUSIMUSL NPU KOMNOHOBKE
Paboyezonbl.

IIpousBoacTBeHHast 0€30MIACHOCTD

Buissnennvie speonvie ghakmopul:
—  Hapyuwienue napamempos MUKpOKIUMama
—  nosviulenue wyma
—  HedoCmamouHoe oceeljeHue
—  9IeKmpOoMACHUMHbLE U3LYYeHUs
AHanu3 vls61€HHBIX ONACHBIX PAKMOPO8:
ONACHOCMb NOPAdICEHUS DIEKMPULECKUM MOKOM

IKogornyeckasa 0e30MacHOCTh:

— anamuz eo3oeticmeuss oowekma BKP u
obnacmu e2o ucnonvzosarnus na OC;
paspabomia pewieHuil no 0becneyeHuo
KOJI02UYECKOL Oe30NACHOCMU

Be3onacHOCTb B Ype3BbIYAWHBIX CUTYALUSIX:

Beibop u onucanue 6ozmoxcnvix 4C; munuunas
YC — noocap.
—  pazpabomka npeeeHmMueHvlx Mep No
npedynpeaicoenuro 4C;
paspabomka Oelcmaull 8 pe3yibmame 803HUKULEU
YC u mep no auxeudayuu e€ nociedcmasuil.
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JokHOCTH [27(0] Yuenas crenenb, IToanucn Jara
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I'pynna DPUO Hoanuch Jara
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Pedepar

BrimyckHas kBanu@ukaiuonnas paboTta coaepkuT (6e3 yuera pas3/ieioB B
npunokenusnx) 81 crpanmn, 42 pucyHkoB, 28 Tabmui, 3 NPHIOKEHUS.
Hcnonp30BaHo 28 HCTOUYHUKOB.

KiroueBble crmoBa: KOPpPEJSILIMOHHBIA — aHANW3, YaCTOTHO-BPEMEHHOU
KOPPEISUNOHHBIN aHamnus, oOHapy>KeHue yTEUEK, KOPPEJISATOPHI,
BUOpOIMAarHocTuka, mudpoBas oOpadoTka curHayioB, 3ddexkr ['md66ca, oxkoHHas
dbyukius, npeodbpasoBanue dypre.

OOBEKTOM HCCIEA0BAHMS ABIISETCS . YACTOTHO-BPEMEHHASI KOPPEISAIMOHHAS
GyHKLHS.

[lenp paboTHI: HCCIEIOBAaHHE YAaCTOTHO-BPEMEHHON KOPPEISIIMOHHON
(GyHKUIMHU B 3a7a4ax OOHAPYKEHUSI yTEUEK.

3amaun pabotel: MccnenoBaHne 4acTOTHO-BPEMEHHOM KOPPENSIIMOHHON
¢bynkuuu. MccnenoBanue BIMSHHUS OKOHHBIX (DYHKIIMM Ha 4aCTOTHO-BPEMEHHYIO
KOPPEJSLUOHHYIO (PYHKLHUIO U HA pe3yJbTaThl u3MepeHus. McciienoBanue BIUSHUSA
WU3MEHEHUS] IIUMPUHBI YAaCTOTHBIX MHTEPBAIOB. lcciienoBaHue BO3ACHCTBUSA
HIMPUHBI OKOHHOM (DYHKIIMU Ha Pe3ysbTaThl u3MepeHud. llepeBon Ha aHruiickuii
S3BIK pa3zielia, UCCIIeI0BAHUS YaCTOTHO-BPEMEHHON KOPPEAIIMOHHON (PYHKITUI

B mpouecce nccnenoBaHus MpOBOAWINCH: MI3MEHEHUS IIMPUHBI OKOHHOM
(GyHKUHMS ¢ LENbI0 NadbHEHIIEro aHaau3a MOJIy4eHHbIX CUTHaIoB. MccnenoBanus
BIIUSIHUS OKOHHBIX (DYHKIIMI Ha pe3yJabTaThl W3MEPEHUI, BHIOOP MOIXOSIIEH
¢bynkunu. MccnenoBanue M3MEHEHUW U BIMSHUS M3MEHEHUW HIMPHHBI OKOHHOM
(yHKUIMU Ha PE3yJIbTaThl U3BMEPEHU.

B pesynbraTe HccnenoBaHus: BbIOpaHa IIMPUHA OKOHHOM (DYHKIMHM U
MOJIyYeHBbl CHUTHAJbl, pE3ydbTaThl JIOCTYNHBI [JIs JaJbHEHIIEro aHaau3a.
[Tomo6pana oxoHHas (QYHKIMS, MOAXOAAIIAs JUisi pabOThl C pe3yjibTaTaMu.
[logoOpana mupuHAa 4YacTOTHOIO WHTEpBaja, MNOAXOAAIas s paldoThl C
pe3yabTaTaMyu U3MEPEHUM.

CreneHb BHEIPEHUS: TEOPETUYECKUE pE3yJbTaThl, NPEIJIOKECHHBIE B

JaHHON paboTe, OyAyT IMOJOXKEHbI B OCHOBY pa3pabOTKHM HOBBIX CIIOCOOOB
9



HOPMHUPOBAHHSI  YaCTOTHO-BPEMEHHBIX  KOPPENIALMOHHBIX  (PyHKUMHA, A
JabHENIIIeTo MOBBIEHUs 3P(HEKTUBHOCTH UCCIIEA0BaHUS TPYOOIIPOBOIOB.

OO6nacTb mpUMEHEeHHS: Pe3ylbTaThl JAHHOW pPabOThl (TEOpeTUYeCKHe U
IPOrPaMMHBIN KOJT), MOTYT OBITH UCIIOJIB30BAHBI TP Pa3zpabOTKe KOPPEISIIMOHHBIX
TEYeUCKaTeNlel, MpelycMaTPUBAIOIIUX BO3MOXKHOCTh MPUMEHEHHS YacTOTHO-
BPEMEHHOTO KOPPEISIIMOHHOTO aHAIIN3a.

OkoHomuueckas 3(PPEeKTUBHOCTH/3HAUUMOCTh palOThl JaHHas paboTa
SBISIETCS HEOOXOIMMBIM 3TarloM pPa3pabOTKU KOPPESILUOHHOTO TEYeHCKaTes
HOBOTO THUTIA.

B OynymeMm mnnmaHupyeTcss HCIOJIb30BaTh PE3yIbTAaThl HCCICJOBAHUS C
LENbI0 CHUHTE3UPOBATh M PETUCTPUPOBATH HOBBIE CIIOCOOBI HOPMUPOBAHUS

YaCTOTHO-BPEMEHHBIX KOPPEIALMOHHON (QYyHKIIUU.
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O00o3Ha4yeHNs U COKPaALLICHUS

B nannoit paboTe ucnoab30BaINCh CIEAYIONINE COKPAIICHUS:
AK® — aBTokoppesiuonHas QyHKIIHsI

BII® — 6vicTpoe nmpeobpazoBanne Dypbe

BK® — B3auMHO-KOppensiinoHHast GyHKIHS

JI1® — nuckpetHoe npeodbpazoBanne Oypobe

K® —xoppensaunonnas GpyHkuus

UBK® — yacTOoTHO-BpeMeHHast KOpPeIAIIUOHHAs (QyHKITUS
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Beenenue

1 O0Hapy:keHHe CUTHAJIOB

1.1. O6mue cBegeHusi 00 OOHAPYKEHNMH CUTHAJIOB

BroisiBnenve u JokaiM3anus yTEUYEK SBISIETCS CIOKHOW W HEMPOCTOU
3aJ1a4€il MPOILIOro U HACTOAIIETO BpeMeHrn. MunsHepro Poccuiickont denepanuu
npenoctaBisier naHHbple 3a 2002 rom o He wucnpaBHOCTH 15 % 0OBEKTOB U
WH)XEHEPHBIX ceTeld. Ha ydacTok MpOTSKEHHOCThIO JIECATh KMJIIOMETPOB TEIIOBBIX
CeTell KaXKIbIM TOJl PETUCTPUPYETCS 7 HEUCIPaBHOCTEH, 0€3 yueTra BO3MOXKHBIX
ne(eKToB, KOTOPHIE B MOCIEAYIOIIEM BJICKYT 3a COOOM HEMCIIPABHOCTh, a TAKXKE, B
KOHEUYHOM UTOT€ MPoOOH U HEOOXOAMMOCTh ABAPUHNHOI0 YCTpaHEHUs HenoIaa0k. B
2010 romy, rmaBoii MuHpernona bacapruHbiM 3asBIE€HO, YTO TEIJIOBBIC
KOMMYHUKAILIMM OTCITY>KHBIINE CBOU CPOKH, YBEIHUUIUCH 110 32,7 %, BOAOIPOBO
— 43,9 %, 6e3 yueTa BO3ZMOXHBIX CKPBITHIX J€PEKTOB, KOTOPhIE MOKHO 3aMETUTH
Os1aro1apsi UCIOJIb30BAaHUIO KOPPEJIAIIMOHHO-aKyCTHYECKOTO TeUSUCKATENS.

B [naHHBIE MOMEHT pBIHOK 3alOJHEH pa3HOOOpa3ueM pPOCCHUMCKUX H
WHOCTPAHHBIX TPUOOPOB [JIsl JIOKAIHM3AIMU YTEUYEeK TPYOONMPOBOIHBIX CETEH.
[TpuGopsl UMEIOT MOXO0KUH (PYHKIIMOHAI, CXOKHUE IKCIUTYyaTallMOHHBIC ITOKA3aTeIH,
OTJINYAsACh  KOMIUIEKTHOCTBIO ~ COCTaBOM M CTPOEHUEM,  Pa3IMYHBIMU
XapaKTEPUCTHUECCKUMU TTOKA3aTENISIMUA U 1IEHON. 3aMETUM, YTO METOJIUKHU pabOTHI C
CUTHaJaM{ W TIporpaMMHasi 4aCTh BHOCSAT BKJIaJl B 0ojiee TOYHOE MPOBEICHUE
aHAJIUTUYECKUX aeicTBuil. Mcxoas u3 3TOro, HOBOBBEACHHUS, 00ECIECUMBAIOIINE
OPUTMHAJIBHOCTh PEIICHUN JJIsl aHalli3a CUTHAJIOB, UMEIOT BECOMBI apryMEHT B
KOHKYPEHTOCIOCOOHOCTH.

3adacTyro Uil YCTpPaHEHHUs] aBapUU NPUXOJUTCA MPOU3BOAUTH PAJl
onepanuid, BKIOYAIOUMX B ce0sl PacKOINKH TpyOONpoBOAa B TPYAHOIOCTYIHBIX
y4acTKaX, TAaKUX Kak JOPOXKHOE IIOJOTHO, HACEJIEHHBbIE MYyHKTbI W IIpouee,

CJIEIOBATEIbHO, BHU3YyAJIBHOTO OOHApYXEHUS aBapuUUHOTO Yy4acTka. JlaHHbIe
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OpoLEeAypbl BIEKYT 3a COOOH JeMOHTax, OIJaTy paboT, BCIEICTBUE U
BOCCTAHOBUTEJIBHBIE ICHUCTBHUS.

CocrosiHue TpyOOIPOBOJHBIX CETEM OCTABIISIET KEJIATh JIYYIIEro B IUJIaHE
pa3BUTHS M HaxOXKJEHUsA 00Jieeé HOBBIX METOJIOB U CPEICTB CBOEBPEMEHHOIO
OoOHapy>KeHUsI BO3MOXKHBIX J1Ie(DEKTOB, KOTOPBIE BIEKYT 32 COOOW HEUCIIPABHOCTH,
CJIEIOBATEIbHO, AKOHOMHYECKME pacxoAbl. Ha [aHHBIA MOMEHT OTMEYaeTCs
MHO’KECTBO BO3MOJKHBIX BapHAHTOB JIOKAJIM3AalMU e()EKTHUBHBIX M aBapUUHBIX
Y4aCTKOB, UMEIOLIUX OYEBUIHBIE OCOOCHHBIE OTIUYMS U 3aMETHbIE HEIOPAOOTKHU.
Ha naHHBII MOMEHT M3BECTHBI M PACIpPOCTPAHEHbI JBa BHAA J1€(PEKTOCKOMOB:
aKyCTHYECKOTO THUIA U KOPPEISILUOHHO-aKyCTU4YecKoro. [lepBwlii ImOCTpOEH Ha
IOPUHLIKIE JIMHEHMHOTO MPOCIYIIMBAHUS JUHUM TPyO M JIOKAIM3alMM BBICOKOM
TOYKHU aKyCTHYeCcKoro curnana. Hemocratok Merona u nmpubOOpHOTo 000pyI0BaHUs
YKa3blBaeT Ha HE3HAYUTCIbHYI0 YyBCTBUTEIBHOCTH CHUIHAJA, B CBI3H C
3alIYMJICHHOCTBIO, MCK&KEHUEM CHUTHAJIA, MOCPEICTBOM IyMa MarucCTPaJIbHBIX
LENEeW aBTOTPAHCIIOPTA, KAaBUTAUMOHHBIX mnoMex H T.A. KoppensunoHHO-
aKyCTUYECKUH METOoJ,, (PyHAAaMEHTOM KOTOPOro SIBISETCS HH(POpMaTUBHAs
COCTaBJISAIIONIAs, IMOJYYEHHAs C JABYX YIAJIEHHBIX IPYr OT Jpyra JaTYUKOB Ha
TpyOOIIpOBOJE, Oa3UPYIOLIUICS Ha TOCTPOCHUH (DYHKLIMU B3aUMHOM KOPPETSLUU C
LEJIBI0 BBIYMCIICHUSI MECTAa aBAPUMHOIO ydacTKa. /[aHHBIM MeTOx Ipearosaraet
0oJjiee TOYHOE OMpelesieHUue clIadoro MecTa, OJHAKO COXPAHSIOT CBOKO CHIIY H

BHEIITHUE (DAaKTOPBI CPeibl, KaK U B aKyCTUYECKOM METO/IE.

Heas padorel — MccnenoBanue 4aCTOTHO-BPEMEHHOM KOPPEIALMOHHON
(GyHKUMM, BIMSHHS IIMPUHBI OKOHHOM (YHKUIMU Ha pe3yJbTaThl H3MEpPEHUH,

BJIMAHUWS IHMPUHBI 9aCTOTHOI'O JHAIla30Ha Ha rpaqmquKHe IIOKAa3aTCIIn.
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1.2 CnekTpaJjbHbIi aHAJIU3 CUTHAJIOB

[lepBasi 0COOEHHOCTH — 3TO BEKTOPHBIH BXOJ aJIrOpUTMa OBICTPOTO
npeooOpaszoBanus Pypre BIID [1]. Anroputm 3agacTyio padoTacT ¢ MacCHBaMHU
3HAYEHUN BXOJHOTO CHTHAJIA M HA BBIXOJAE IOJIYYAeTCs BEKTOP KOMIUIEKCHBIX
OTCUETOB CHEKTpa curHaina. TpeOyeTcsi BEKTOPHBIM BXOJ HO OTCUETHl CHUTHala
3a4acTyl0 TOCTYNAIT CKasipHO (1O OJHOMY), cienoBarenbHo niepen bBIID

OCyIIecTBIsieTCS Oydepu3ariys WM HaKOIUICHUE OTCYETOB BeKkTopa [2].

xy Xy
z 2 Xz
X
g r3
E Krs
& X16
Xy X7
xg Xra

Pucynok 1 - Bydepuzarus
BxomHOUM BEKTOp BpPEMEHHBIX OTCYETOB HA3BIBAETCS — OKHOM, BBIXOJHOW —
TOYKM WM orcueTsl BII®. Pa3smep BXOJHOTO OKHAa TE€M WJIM HHBIX CIIOCOOOM
npupaBHuBaercs k juymmHe bBII®. Ecam Bo BXOAHOM OKHE OTCUETOB OOJBINE YeM
HYKHO, JIIIHEE OTOpachIBaeTCs, €CIU MEHbBIIE — BXOJHON BEKTOP JOMOJHSAETCS
HyJIsIMUA. OTTOTO CKOJIBKO TOYEK IOJy4aeM 3aBUCUT pa3pelieHue IO YacToTe
onpezensiemoe no ¢popmyse (1):

RBW = & (1)

Ngrr

rae Fs — wacroTa quckperuzanuu,

NrFT — KOJIMYECTBO OTCUETOB.

To ecTh Ta yacTOTHas CETKa, MO KOTOPOH BOCCTAHABIMBACTCS aMIUIUTY/A U
¢da3wl rapMOHUK. Pa3peliieHne Tak e 3aBUCUT OT YaCTOThI JUCKPETU3AIIMK CUTHAJIA,
1o (akTy MPUMEHSIETCS] BECh YaCTOTHBIM TUAINa30H OT OTPHUIATEILHON TOJOBUHBI
YaCTOThI AUCKPETU3AIMHU JI0 TTOJO0KUTEIBLHOM MOJOBUHBI, 3aMOJHSS €r0 TOUKaMU B

KOTOPLIX OLCHUBACTCA CIICKTP.

17



PaccmoTpum n npoaHanU3upyeM AEHCTBUTENBHBIN CHTHAJ, pacCMaTpUBas
007acTh TMOJIOKUTETBHBIX YacTOT, OTPAaHUUYEHHYIO TMpeaelaMd OT HylIs [0

IIOJIOBUHBI YaCTOTBI AUCKPCTU3AIINH.

PR ELEREL
—

0 N firr  rEw fi/2

Pucynok 2 - O6macTh NOJOKUTETHHBIX YACTOT

B stom muanaszone paccmarpuBaetcs N/2 Touek BIID, ¢ paccrosiHreM MexTy
HUMM PaBHOMY pa3pelleHUIO0 10 yacrore. [Ipy KOHEYHOM 4HCiIe TOYEK CHEKTP
BCET/1a BBITVISIAUT TUCKPETHBIM, HO 3TO HE 03HAYAET UTO Y PEATIbHBIX CUTHAJIOB €CTh
kosiebanus o yactote fk, fk+1, He umest auuero mexay [2]. CriekTp HenpepbIBEH,
HO PacCMAaTpUBAETCA B OKPECTHOCTH KOHKPETHBIX YACTOTHBIX OTCYETOB, HE MMES
BO3MOKHOCTH TOJICUATATH PEAIBHBIM CHEKTP, HO C BO3MOYKHOCTBIO OIIEHUTBH C
KOHEYHOU TOYHOCTBIO.

YacTo BCIUTBIBAET MOHATUE CIEKTPATBHOM IJIOTHOCTH MOIIHOCTH, TO €CTh
MOIIIHOCTh CHTHaja, NPUXOMASIIAsACS HAa €IUHUYHBIA MHTEPBAJI YACTOTHI MJIU XKE
MTONABIINM HA ONPENETIEHHYIO ITOJI0CY Ha OCH 4acTOT. TaK ’Ke 3a4acTyro HE yHAaeTcs
ONPEIEIIUTh TOYHOE MOJI0KEHUE TOM UM UHOM TapMOHUKH B CIIEKTPE, TaK KaK OHA
[OMagaeT MeXAy ToukaMu OblcTporo mnpeoOpaszoBanuss dypbe. DHeprus 3Toi
FapMOHUKH MOXET NposBUTCS B coceqHux Toukax bII®, nanubeii sddext
HA3bIBACTCSl YTEUKOM CIIEKTpPa, KOTOPbI HEBO3MOXHO TIOJHOCTBIO H30€XAaTh.
CriaguTh BIMSHUE YTE€UYKM CIEKTPa MOXKHO MPU TMOMOIIM OKOHHBIX (DYHKIHUH.
OxoHHasg QyHKIUs — HA0Op BECOBBIX KOA(DPHUIIMEHTOB, U3MEHSIONINX 3HAUCHHUE
aAMIUTHTY]Ibl OTCUETOB CUTHAIA BO BpeMeHHo# obactu [3]. Korna ocymiectsisiercs
CHEKTpalbHBIA aHaIU3 OOJBIIOTO CUTHaja, OH JIETUTCS Ha HEOOJNbIINE OTPE3KH,
B3BCIIMBACMbIC OKOHHOW (YHKIIMEH U OTIPaBJIIeMbIX Ha BxoJ anroputma bI1d [1].

Pa3nuyHble OKOHHBIE (PYHKIIMU MTO3BOJIIOT BBIITOJHUTH OLIEHKH Pa3IMYHbIX

napaMeTpoB CIIEKTpa C OOJblIed TOYHOCTHIO, HO CaMU BHOCST HCKaKCHUSI.
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WneanpHas GyHKIUS B 4aCTOTHOM 00JacTH nMena Obl (popMy MpSMOYTOJIbHUKA U
nojydvana Obl PHEPIUIO TOJBKO B OKPECTHOCTAX CBOEH dacTOoTHOW 3aceuku. Ho
peasibHble OKOHHBIE ()YHKIIMU COOMPAIOT SHEPTUIO U3 COCEAHUX YaCTOTHBIX IOJIOC
CBOMMH OOKOBBIMH JICTIECTKAMH WJIH K€ HE TO3BOJISAIOT Pa3jiMuUTh TAPMOHHUKH 32

CUET OCHOBHOTO HIMUPOKOTO JjernecTka [3].

A" A
0 Tk Jxk+1  mEW fs/2

Pucynok 3 - OkoHHast GyHKIUS C IIUPOKUM OCHOBHBIM «JICTIECTKOM))

1.3 Bo3nuxkHoBenne JIPpdexra ['mG0ca npm HUCHOIb30BAHMU

npeodpasoBanns Oypbe

Pa3noxenue curaana Ha 4acTOThI M AMIUIATYZbI IPOUCXOIUT ITOCPEACTBOM
npUMEHeHus mpeoOpa3oBaHus Dypre, C 1eIbl0 MEpPeBOJa U3 BPEMEHHOTrO
npefcraBieHus B dvactotHoe [4]. dns paboTel € YHUCIEHHBIM CHTHAJIOM
MPUMEHSIETCSL TUCKpETHOE npeodpa3zoBanue Dypre. B pesynaprare monydyum Habop
KOMIUIEKCHBIX OTCUETOB CIIEKTPA.

JUist BBIYMCIIEHUS KaXIO0r0 TaKOro OTCYeTa MOTPeOyeTcsl MEPEMHOXKHUTDh U
IPOCYMMHpOBATh BECb HAOOP CUTHAJIOB BO BPEMEHHOH 00JIAaCTH CO 3HAUEHUSMU
KOMIUIEKCHOM aMIUIMTYIbl COOTBETCTBYIOLIEW 4YacTOThl. OTCUETHI CHEKTpa Ha
BBIOpPAHHON YaCTOTHOM CETKE COOTBETCTBYIOT JIeMEHTaM psiia Dypre, B KOTOPbIT
ObuTa pa3ioXxeHa BOAHAs MocienoBaTeNbHOCTh. CyIllIecTBYeT Tak e 00paTHoe
npeobpazoBanue Dypbe, MEPEHOCSIINI CUTHAT U3 YaCTOTHOW 00JacTH BO
BPEMEHHYIO, MOJAOOHBIM 00pa30M HMMEETCS BO3MOXKHOCTh MEpPEBOJA CUTHAJIOB B
YaCTOTHYIO 00JIaCTh U OOpaTHO 0€3 MOTepU TOYHOCTH, HO TOJBKO TOTJa, KOT/a

KOJIMYECTBO AJIEMEHTOB B psifie Ddypbe OeCKOHEUHO. B peasbHbIX BBIUHUCIUTEIAX
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MO00HOE PA3JIOKEHHE HEBO3MOXXHO, TO3TOMY OTPAHHYMBAETCS KOJIUYECTBO
asleMeHTOoB psina dypee [4].
B mudpoBoit  00paboTke  CUTHaJla  MCHOJB3YEeTCS  JUCKPETHOE

npeobpazoBanue Oypoe (mo N oTcueram):

27T
_ [l _ 2mkn . . 2kn
Xie = ENZxne W = TN eos () —isin ()] @)

I'me N — KOJIM4eCTBO OTCUETOB.

BpemeHnan ofnacTe ne “HacToTHas obnacTe

x(t) * X(f)

Pucynox 4 - Buzyanuzanus npeoOpazoBanus Oypbe
Bo3bmem npumep ¢dopmMupoBaHUsS CUTHaAIa W3 CUHYCOW]I, YKa3aHHBIX Ha

KapTHHKax CIIpaBa HAJICBO
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B) r)
Pucynox 5 - YMeHbllIeHHEe KOJTU4YecTBa rapMOHUK N: a) n=16; 6) n=32; B)
n=64; r)n=128

[Ipyn ymeHbIIEHUMH KOJIMYECTBA TApMOHUK, JOpMa CHrHajga OTIAJISAETCs OT
IIPSAMOYTOJIbHOU. YeM MeHblIIe 3J1IEMEHTOB psia Pypbe UCIIONB3YETCsl, TEM CIIOKHEE
IIPEACTABUTh MTHOBEHHBIN MTEPEXO0/ CUTHAJA U3 ITOJI0KUTEIBHOTO B OTPULIATEIIEHOE
3HaueHue. [10100HbII cCkauek MOXKHO OMUCATh CUHYCOUAON ¢ OECKOHEYHO OO0JIBLION
gacToTOW. VCKakeHMs CuUrHana, CBsA3aHHBIE C OrpaHudeHueM psga Dypee,

HasbpIBaroTCs 3 dexrom ['udoca [4].

1l

sipecrr | whiea

||'||-c|:-\_' K1
["wiihen

L

PAEMETHE T3
%

Pucynok 6 - Dddexr ['m66ca
IIpu Bo3nukHOBeHuM 3Pdexta ['m6Oca, HAOMIOAAIOTCS Pa3MBITUSI PE3KUX
nepenaaoB, TaK € HeXelaTelbHble BbIOPOCHI M KOJeOaHHS B pailoHEe 3THUX
nepenaaoB. Berpeuaercs nanHbiii 3 PEeKT B TOBCETHEBHOM KU3HU, K IPUMEPY, B

U(POBBIX U300PAKEHUSIX, YKA3AHHBIX HIKE.

21



Pucynok 7 - Cxxarue JPG ¢aiina
Anroput™m cxatus JPG ¢aiina ocHoBaH Ha mpeobpazoBannu Dypbe u Ha
TpaHUIEe TIEperajoB SIPKOCTH MHUKCeNel HaOMogaeTCsl pa3MbITHE BBHIOPOCHI U
Kosie0aHusl aMIUIUTYAbI. Tak jke MOXHO HE TOJBKO BUJETh, HO U CIBIIIATh JaHHBIN
s dexr. [Ipu cxxatrn My3bIKalIbHOTO (haiina KoyieOaHus, BOZHUKAIOUTUE 10 PE3KOTO
nepemnajga MOTYT paccMaTpuUBaThCs Kak Ipe-3X0, K TNpUMEpy, IMpPU PE3KOM

BCTYIUICHUH MAPTUU WIH YJape MO TAPEIIKE.

1.4 KoppeasimuonHas GpyHKuus

Korma paccmarpuBaroTcs — CiiydyailHble  OPOILIECCHI,  YIOMHUHAKOTCS
KOppersiioHHas (QYHKIMS Kak Mepa HW3MEHEHHsS CKOPOCTH Ipoliecca.
Koppensimonnas ¢yHKuus usmepsercs [Uisl CUTHajda, a 3HAYUT MPOUCXOAUT
CpaBHEHHE CUTHAJIa C CAMUM COOOM, KOTOPBIN CIBHHYT BO BpeMeHH [5].

R z

Pucynok 8 - Koppensiiimonnast pyHKIMs: a) pacTsHyTa BO BpEMEHHOM 00J1acTu;
0) He pacTsHyTa
JIns MOHMMaHHWS TOTO KakK HaWTH KOPPEISIUOHHYI0 (YHKIMIO CHTHAJIA
BCIIOMUHAETCA MOHITUE Koppesiiuu. Koppensiius — 3To Mepa 3aBUCUMOCTH ABYX

BEeITUYMH I YHUCJICHHOW OIEHKH HCIOIb3yeTCs KOADPUIIMEHT KOppesIu,
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KOTOPBI HE MOXKET OBITh OOJIbIIIE SAMHUIIBI U MEHbIIE MUHYC enuHMIbL. Korma
KOA(PGUIIUEHT KOPPESALUU TUTIOC OJUH, TOBOPUTCS YTO JBE BEIUYUHBI UCATBHO
KOppEIUpOBaHbl JIpyr ¢ napyrom [5] u 3HAYUT, YTO TpHU W3MEHCHHUH IEPBOU
BEJIMUMHBI Ha KaKOoe-IMOO 3HaueHue, BTOpasi U3MEHSETCA Ha TaKoe e 3HAYCHHE.
Ecnu koadpuieHT MUHYC €IMHULA, TO POCT y NIEPBOM BETUYMHBI COOTBETCTBYET

YMCHBIICHUIO BTOpOfI BCJIMYMHBI Ha TAKOC K€ 3HAYCHHC.

b

Pucynok 9 - 3aBucuMocTh KO3QGUIMEHTA KOPPEIALMHU OT BPEMEHHOTO CJIBUTA

B HayanbHbII MOMEHT BpPEMEHM CUTHAJIbI BBIPOBHEHBI M KO3()PUIIMEHT
KOppENSMA paBeH IUIKOC eauHuue. [Ipm paBHOMEpPHOM mNpupamieHWH NepBas U
BTOpasi PYHKIMHU U3MEHSIOTCS OAMHAKOBO. [Ipy paBHOM NpupaiieHu U3MEHsAeTCs
Ha pPaBHYIO BEJIMYMHY a 3HA4YUT KOAP(GULUHMEHT KOPPEISLUU MEXAY JBYMS
3aBUCUMOCTSIMU CTAaHOBUTCS MEHbIIIE. Y BEIMUMUBAsi BDEMEHHOM CABUT JOXOIHUM /0
MOMEHTA, KOIJida 3HAaY€HUE MEPBOM BEJIMYMHBI, COOTBETCTBYIOT YBEIMYECHHIO
3HAUEHUA BTOPOM, a 3HAYUT KOAP(DPUIMEHT KOPPEJSLMH  CTAHOBUTCS
OTPULIATEIbHBIM.

3aBUCUMOCTh KOd(pPUIIMEeHTa KOPPEJALUA OT BPEMEHHOTO CABUTA MEXKIY
CUTHAJIAMHU T10 CYTH €CTh KOppesuuoHHas (yHKIIHS.

PaccMoTpuM B3aMHO KOPPENSIMOHHYIO (DYHKIIUIO U OLIEHUM 3aBUCUMOCTD
MEXIYy ABYMsI CUTHaJaMH. YacCTHBIM CllydaeM B3aMMHOM KOPPEJSLUU SIBISETCS
aBTOKOPPEISAMOHHAs (YHKIUS, KOT/Ia CPAaBHUBAETCS CUTHAJN C 3a/Iep>KaHHOM BO

BPEMEHHU KOITHUEM.
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Pucynox 10 - BzauMHo koppensiiiuoHHas GyHKIUS

[MepBas pynkus f pukcupyercs Ha BpeMEHHOH OCH, a BTOpast 110 3TOH 0CH
HiepeMeniaeTcsl U3 3HAUCHHs OTPHIATEIBLHOTO ciBura [5,6] Mexay GyHKuusMH B
001aCTh MOJOKUTENBHBIX 3HAUCHUH cABUTa. BennunHa Koppensiiiuu COOTBETCTBYET
IUIOLIAAN MTEPEKPHITHS ABYX I'PpahUKOB U MAKCUMYMa JOCTUTAET, KOrAa ABE PUTYpPBI
MaKCUMAaJIbHO HAKJIAAbIBAIOTCS APYT Ha apyra. OTMETHM, YTO €CJIHU ITOMEHATDH JBE
GyHKIIMKM MecTamu, 3aUKCUPOBaB ( M CKOJb3s 1o f, TO BHI KOppENIAIIMOHHON
(GyHKUMM U3MEHUTCS Ha 3epKalibHbIA. B ciydae aBTOKOppENsUMOHHOW (DyHKIIMH
¢dopMa 3aBUCHMOCTH BCEI/la CUMMETPUYHA U UMEET MAaKCUMyM B TOYKE pPaBHOM
HYJIEBOMY C/ABUTY CUTHAJIa OTHOCUTEIIbHO CaMoro ceOs.

BaxxHO OTMETUTH aBTOKOPPEISAIMOHHYIO (PYHKITUIO CIIYy4alHOTO MpoIiecca.
Ona uMeeT OUH BBIPAKEHHBIN MAKCUMYM M IIPU MaJICHUILIEM CIABUTE 3HAYECHUS €€
NajaroT 0 HYJIS — 3TO TOBOPUT O TOM, UTO IIyM CJIab0 KOPPETUPOBAHHBIN MPOLECC
¥ OTUM CBOMCTBOM MOJIb3yeMCsI B paMKax IaHHOW paOoThI ITpH 00pabOTKE CUTHAJIOB.
O06paboTka KOPPEIAUOHHBIMUA METO/IAMU 3TO BaXKHasl 4acTh 00paboTKH HU(POBOIt

00pabOTKH CHTHAJIOB.
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Pucynok 11 - ABTokoppensiinoHHas (pyHKLUS CIydaiiHOro mpouecca
[Ipy moMoIM BBIYUCIIEHUS B3aUMHO KOPPENALMOHHOW (PYHKLIHMHU MOMHO
00HApPYKUTh UHTEPECYIOIINE OTPE3KH CUrHaia B ddupe [6], B ToMm yucie Ha (oHe

IIyMOB.

Pucynox 12 - Curnan Ha gone nryma
Panee 6b110 MOKa3aHo, yToO mKpuHa okHa BII® (N) oka3piBaeT BIMSHUE HA
IIOMEXOYCTOWUYMBOCTh  KOPPEJSIIUOHHOTO  aHain3a. B cBA3M € OTUM,
DKCIIEPUMEHTAIIBHO MNPOU3BOAWIACH OLECHKA BIWAHUSA WMHUPHHBI OKHA bIID Ha

3(peKTUBHOCTh  BBIJICTICHUSI TapMOHUYECKOM  cocTaBisitonieid. [lapamerpsr
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CUTHAJIOB, MPUCYTCTBYIOMIMX B CMecH. YacToTa IUCKpEeTH3allMM CHUTHala f; =

44100 I'n,

1.5 IIpeoOpazoBanne ®@ypbe M KOppeasiiMOHHAA (YHKIUA B 3aJadax

00OHApPY:KeHUSsI CHTHAJIOB

Pa3nokeHne curHajia Ha 4acTOThl U aMIUTUTYAbl IPOUCXOIUT MOCPEICTBOM
npuMeHeHusi mnpeoOpazoBanuss Dypwse, C 1EIbI0 MEpeBOJa U3 BPEMEHHOTO
MIPEACTABICHUS] B 9acTOTHOE. /{711 pabOThl ¢ YMCICHHBIM CUTHAJIOM TPUMEHSIETCS
nuckpeTHoe npeodpazoanue Oypne. B pesynbrare monydnm HaOOp KOMIUIEKCHBIX
OTCUETOB CHEKTpa.

JI1si BBIYUCICHHS KaXKJIOTO TAaKOro OTcueTa MOoTpedyercs MEepPeMHOXKUTHh U
IPOCYMMHUPOBATh BECh HAOOP CUTHAJIOB BO BPEMEHHOW OOJACTH CO 3HAYCHUSIMU
KOMIUJIEKCHOM aMIUIATYJIBl COOTBETCTBYIOIIEH 4YacTOThl. OTCUETHI CIEKTpa Ha
BBIOPAHHON YaCTOTHOM CETKE COOTBETCTBYIOT JIeMEHTaM psijia Dypre, B KOTOPbIH
Obl1a pasfioKeHa BOJHAs IMOCIEN0BaTeIbHOCTh. CyIIECTBYET Tak ke oOpaTHOE
npeodpazoBanue Dypbe, MEPEHOCSIINI CUTHAT U3 YACTOTHOM 0O0JacTU BO
BPEMEHHYIO, MOJOOHBIM 00pa3oM HMMEETCS BO3MOXHOCTh TMEpPEBO/a CUTHAIOB B
YaCTOTHYIO 00J1acTh U 00paTHO 0€3 MOTEpPH TOUYHOCTHU, HO TOJIBKO TOT/a, KOTa
KOJIMYECTBO AJIEMEHTOB B psife Dypbe OeckoHeuHO. B peanbHBIX BBIYUCIUTENSX
MoJI00HOE Pa3NIOKEHHE HEBO3MOXKHO, TOITOMY OTrPaHUYMBAETCS KOJMYECTBO
31eMeHTOB psana Dypsbe.

B nudpoBoit 06paboTke curHaia uCmoyb3yeTcs IUCKPETHOE MPeoOpa3oBaHue

®ypre (o N oTcueram).

1.6 Anroput™Mbl BbIYHCJIeHUS ObICTPOro npeodpazoBanus Oypne

brictpoe mpeobpazoBanne dypre — 3T0 IPHEKTUBHBIN AITOPUTM IS
BBIUMCIICHUSI JHUCKpPETHOro mpeoOpasoBanusi @Dypee. [Inuna BpemenHoi

nocienoareabHocT BI1® pasua 2™ [7].
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EcTp HECKOBKO Bapualuii anroputMa; 00jiee U3BECTHAS BEPCHUS: aJITOPUTM
Kynu-Teroku. J[aHHBIM anrOpuT™M OCHOBBIBAETCA Ha TOM (DakTe 4TO BBIYMCIICHUE
JUCKpPETHOro ImpeoOpasoBanus Dypbe, k npumepy [7] u3 8 Touek MoxKer
BBITIOJTHATHCSI OTOOPOM HYETHBIX W HEYCTHBIX 3HAUYCHWW BXOJAHOTO CHTHAjla |
BBINIOJIHEHUEM JIBYX 4YeTblpexToueuyHblx JIIID ¢ pmanpHeWien onepanuen

IMPOPCIKNBAHNUA BO BPCMCHHU
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Pucynok 13 - Anroputm Kynu-Treroku.
Onepanust npopeXuBaHUs BO BPEMEHM TpeOyeT YMHOKEHHSI BBIXOJHBIX
otyetoB J{I1® Ha noBopaunBaromue K03(GpPUIHNEHTHI, ABISIOIMMHUCI 3HAYCHUSIMU

KOMILIEKCHOU DKCIIOHEHTHI.
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Pucynok 14 - 3HaueHuss KOMIUIEKCHOW 3KCIIOHEHTHI
[Ipuyem 3HadyeHUit OepeTcs HA OKPYXKHOCTh CTOJBKO 3HAYEHUMH, CKOJIBKO
touek JIID Ttpebyercs oOveaunuth. Ecnu paccmarpuBaercs AII® mo nBym
TOYKaM, TO U TOBOPAYMBAOIINX KOIPHUIIUEHTOB (TOYEK Ha OKPYXKHOCTHU

KOMITJIEKCHOM 3KCIIOHEHTHI), MNOTpeOyroTcss 2. 3HauyeHus SBISAIOTCS Cyry0o
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nedcteurenpHbiMi +1 u -1. B cayyae JII® mo yerblpeM WM BOCBMH TOYKaM
3aJICICTBYIOTCSI MHUMBIE M KOMIUICKCHBIE KO3(PQPHUIIMEHTHI, HO MPOCTEHIINI
JIByXTOUEYHBIN BAPUAHT NO3BOJIIET OOONUTUCH ONIEPALIUSIMU CIOKEHUS U BBIYUTAHUSA
orcueToB. JlanHas oneparus nmeeT HazBanue «Butterfly» [7], 3a BHemHee cX0acTBO
rpaga ¢ HaCEKOMBIM.
Yo = Xo|xy ¥ wl
Vi = Xo +x1 xw2
Yo =X+ X1

Vi =X +X;

Pucynok 15 - CioxeHus U BBIYMTaHUS OTCUETOB, anroput™ «Butterflyy
Ucnonws3oBanue mpopexuBanus bII® mo BpeMeHHM MO3BOJIAT BOCHMU
To4ueuyHoe ObICTpoe mpeoOpazoBanue Dypre K MpUMEPY, BBIUUCIUTH U3 JBYX

YCTBIPEXTOYCYHBIX, YCTBIPECX ABYXTOUYCUHBIX
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Pucynok 16 - Beruucnenne BII®: A) 2 yetbipexToueunsix, b) 4
JIByXTOUCYHBIX.
CrnenoBareinbHO, MOKHO Pa3iokuTh Jito6oe bI1®D crenenn noiiku [7].
brictpoe n obpatHoe mpeodpazoBanne Dypbe NPUMEHSIOTCA B Pa3THIHBIX
3amagax UppoBoi 0OpabOTKU CUTHANOB, TaKUX Kak: (UIbTpalus B 4aCTOTHOM
ob0nacTu, cC)XaTue, OCYIIECTBICHHE OBICTPOW AMCKPETHOM CBEPTKH U TpHU

CIICKTPAJIbHOM aHaJIU3C.

]J"TI‘"I‘L-’ﬂ-’ ﬁ;ﬁ%&?ﬁa -}IlIhI-} osne 2

xfn] X{f bl yin]

Pucynox 17 - Ucnonb3oBanue bI1® u OBIID
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3 DOuHAHCOBBIH MEHEe’KMEHT, pecypcodpPeKTHUBHOCTH "

pecypcocdepe:xeHue

3.1 KpaTkoe onucaHue uccjie1oBaTe/ IbcKoil padoThl

Llenpr0  JaHHOM  HAy4YHO-HUCCIEAOBATENIBCKOM  padOThl  SIBISIETCS
UCCIIEJOBAaHUE YaCTOTHO-BPEMEHHOM KOpPEJIALMOHHOW (QYHKIUMM B 3a1adax
OOHapy)XeHMsI yT€UeK, a TakKe BIMSIHMS I[IUPUHBI OKOHHOM (YHKIMHM Ha
pe3ynpTaThl M3MEPEHMH M MIMPUHBI YaCTOTHOTO OKHA. Paborta mpoBoautcs
UCKJIIOYUTENIFHO Ha KOMIIBIOTEpE B CpellaXx MPOrpaMMHUPOBAHUS U BBIIOJHEHUS
matemaTrueckux oneparuii ITIIT Mathcad, Matlab. 3amaun onpenenenus mecra
UCTCUCHUS KUAKOCTA OCTAIOTCS aKTyaJIbHBIMH B HACTOSIIEE BPEMS, U HAXOJAT
IPUMEHEHUE B JKUJIUIIHO-KOMMYHAJIbHOM CEKTOpE, He(TerazoBoil oTpaciu u
IPOYHNX MECTaX TPAHCIOPTUPOBKH KUAKOU U Ta3000pa3HOM CPEIbI.

Cnenyer OTMETUTh, 4TO MpEJICTaBICHHas paboTa  MPUXOAUTCA
HEOOXOJUMOW M 3HAUYMMOM YacThlO MPOEKTa, MMEIOIIETO 3aJady pa3padboTKu
TEYETIOMCKOBOTO KOMIUJIEKCA, HCIHOJB3YIOMIET0, TaK XK€ C TPaAUIMOHHBIMU

METOMKaMU ITU(POBOTO aHAIN3a CUTHAJIOB.
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Meton o0paboTku wuHpOpManMM B TEUYETIOMCKOBOM  KOMILIEKCE
(oTIMYaromuMiics ~ MOOMJIBHOCTBIO M BBICOKOW  MPOU3BOAMTEIHHOCTHIO),
NPUMEHSIOMMNA ~ YHUKAJIbHBIA — oOllleMaTeMaTUYecKuid  ammapar  YacTOTHO-
CKOPOTEUHBIX B3aMMOCBSI3HBIX (YHKIIUH, C I1E€TbI0 O0OpabOTKHM CBEICHUH,
peObIBAIOIINX B UCCIIEAYEMOM TPyOOIIPOBOIE.

IleneBou pbIHOK:

Otpacip HedTenepepadaTHIBAIOIINX KOMIAHUH, KOMMYHAJIbHO-KHJIAIITHOES

XO3AUCTBO.

Buns! Teuenckareneii

BHICOKOTIPOH3BOIHTENbHBIE | BEICOKOIPOH3BOIHTEIBHEIE
TTopTratHBRHEIE | YHHBepcalbHEIS

MOGHILHELE - KOHCO/ILHEIC

Pazmep xoMnanuu

PFEIFFER
GUTERMANN CPs
Pucynoxk 40 — KapTa cermMeHTa pbIlHKa TEYEUCKATENIEN U UX TUIIOB
CrnenoBaTebHO, OCHOBHBIE KOHKYPEHTHI — 3T0 Kommanuu [1daiidep, Bakym
u ['yrepman.

3.2 AHAJIN3 KOHKYPEHTHBIX TEXHHYECKHX peleHui

B Ta6m/1ue HMIKXC  YKa3bIBACTCA OLNCHUBAKOIIAA CXEMa C LOCJIbRO

COMOCTAaBJICHUSI KOHKYPEHTHBIX TEXHUYECKUX 3aKJIIOUEHHM (MCCIeA0BaHM).
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Tabmuna 9 - OueHuBaromas cxemMa € LEJIbI0 CONOCTaBIEHHUS KOHKYPEHTHBIX

TEXHNYECKUX 3aKJIIOUCHUHN (HCCHGHOB&HHﬁ).
Bec S HOHK}.'IJEHTO—
Kporepon oneERO COoco0HOCTE
KpOTepHA
By | Ba | B | Kp | K [ K
1 2 3 4 5 6 7 8

TexHOYecKOe KPATEPON 0OeHKT pecypcozdpeRTOEROCTH

1. TloBnimenye OpOH3EOIUTENEHOCTH TPYIA 0,09 5 4 4 045 0.36 0,36
TIONE30BATENS

2. ¥a00CcTBO B 3KCIUIVATAIEH (COOTEETCTEVET

TpeBoRanmEmM nOTpeGHTETEH) 0.18 3 4 4 090 | 072 | 0,72
3. Hagezmocts 0,13 5 3 4 065 | 039 | 0,52
4, IIpocToTa 3ECIUTYATAITHE 0,12 4 5 5 048 0.60 0.60
5. KagecTso HETEUIEKTYAILHOTO HATEpdeiica 0.09 5 4 4 0,45 036 | 0,36

JKOHOMOTEeCKTE KPATEPON 0MeERE 3¢ erTOBHOCTH

1. KoHEypeHTOCIOCODHOCTE IPOIYETA 0,08 5 4 4 0,40 032 | 0,32
2. YpOREHE IPOHAKHOBEHHT HA PEHOK 0,07 3 5 5 021 0.35 0,35
3. lena 0,09 5 3 4 045 | 027 | 0,36
4. TlpegmonaracMeli CPOK IKCILTVATAITHE 0.08 5 3 4 0,40 024 | 0,32
5. Iocnempomassoe 0OCIYyAHEAHHE 0,07 5 4 4 035 0.28 0,28
Hroro 1 47 39 42 474 | 389 | 419

[IpumeHeHne BBICOKOIIPOU3BOAUTEIIBHON TEXHOJOTUU PaclapauieIEHHOTO
MPOTrPAMMUPOBAHMS, TPEJOCTABISIET BO3MOXKHOCTH JOCTHYb 00JIe€ BBICOKHX
OIICHOK B TEXHUYECKOM U ((MHAHCOBOM ILJIaHE.

3.3 SWOT-aunaaus

SWOT: S — cunipHas cropona, W — cimabas cropona, O — BO3MOXKHOCTB, T —
yrpo3a. [IpenocraBnsercs BO3MOKHOCTh B KOMIUIEKCE MTPOAHAIM3UPOBATH HAYIHO-

UCCIIEIOBATENLCKYIO ICATSIbHOCTh. AHAIU3 TIPUBECH B ipuiiokennu b[15].

3.4 YcraHoBjieHHe  BEpPOSITHBIX  AJbTEPHATHB  BbINOJHEHUS

aKajeMH4eCKUX U3ydeHui

[Tpumep 1 — TedenouckoBasi TEXHUKA C MPUMEHEHUEM TpadUuecKon KapThl

C IOCJIBIO ITPOBCACHUSA MACCUBHBIX PACIIapaJlVICIICHHBIX BBIYHUCINTCIIbHBIX ,Z[GﬁCTBI/Iﬁ.
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[Ipumep 2 — TedemoWCKOBash TEXHUKA C MPUMEHEHHEM MHOTOSIIEPHOTO
IIEHTPAIIBHOTO TIpoIleccopa C IEIbI0 COBEPIICHHS OOJBIINX alreOpandecKux
ucuncnenuii. [Ipumep 3 — TedemonckoBas TEXHWKA C MpUMEHeHHeM Tiatel DSP,

pacCHIMPSIONINX BBIYUCICHUE OONBIINX AIreOpandecKux JeHCTBUM.

3.5 [linaHupoBaHUe HAYYHOI HCCJIeI0BATENbCKOI PadoThI

Crpyktypa paboThl B paMKaxX 3allJIaHUPOBAHHOW HCCIIEIOBATEIHCKON
nesitenbHOCTH [15].

Tab6nuna 10 - [lepeuncnenue »TanoB pabOTHI U paclpeieiCHHE JIeaTeNeH.

KiroueBoii atan Ne CymHOCTh paboTh JomxHOCTh

IToaroroska 1 Ilenesas nocraHOBKa Hayunprii
PYKOBOJUTEIb

2 Co3nanue Tex. 3aJaHus Hayunbrit
PYKOBOJIUTEIIB,

MAarucTp

3 Br16op u u3ydeHne HCTOYHUKOB, TEXHOJIOTHI Maructp

W3zyyenne n ananus 4 OmnpeneneHHOCTh (PYHKIIMOHUPOBAHUS CHCTEMBI Hayunsrit
HpeaMETHOH chepsl PYKOBOANTEID,

MarucTp

5 HccnenoBanne 1 OlEHUBaHWE UMEIOLITUXCS Marwuctp

HU300peTeHMIA
6 dopMynHpoBKa INIaBHOTO NPUHIUIIA TPOTPAaMMHOTO Marwuctp

odopmreHnst u3enus (aNropUTMHYECKOE

anredpangeckoe obecreueHune)

Co3pmanue npoekra 7 ITot60p TEXHOTOTHYECKOTO M APXUTEKTYPHBIX Maructp

0CcO0EHHOCTEN CO3MaHUs

8 Co3nanue mporpaMmmbl Maructp
9 Tect u oTnakxuBaHue (TIOUCK M UCKITFOUCHHE Hayunprit
OIIMOKH) PYKOBOJUTEIID,

Maructp

Odopmitenne 10 Co3maHne MOsICHATENIFHOTO JOKYMEHTa Marwuctp
JIOKyMEHTOB U (MeToAnYecKHnX yKa3aHHi)

MIOATOTOBKA K 11 Hanmcanue otueTHoctn o padore Maructp

[IPE3CHTALNN 12 [ToxroToBka rpagmUeCcKNX MaTepPHaIOB Maructp
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3.6 I'padux padoThl HaJ HAYYHBIM HCCJIEJOBAHHEM

[IpowsBenenne pacdera KOIPPHUIIMEHTHOTO IOKA3aTeNsl KaJICHIAPHOCTH
[15]:

- Kanennapusie 1au B rony Dy, = 365;

- Beixoansble v npa3gHuku B roay D, + Dp = 124

D, D, 365
Kk = = = =~ 15
Dy —D,—D, Dy—(D,+D,) 365—124

Iloka3zarenu BPpEMCHH OCYIICCTBIICHUA HCCHCHOB&TCHBCKOﬁ ACATCIIBHOCTH,

B TaOJIUIIE HUXKE.
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Tabmuma 11 - Bpems, TpebyemMoe i1t OCYIIeCTBICHUS UCCIEA0BATEILCKON NeATETLHOCTH

HanmenoBanue O0wem Tpyna Wcnomaurens Jmut., pab. gauD,. Jlmwrt., kanesa. tHu Dy,
Totn Twa To

ur |12 |13 | U1 | N2 u3 nuir | N2 u3 ui n2 | u3 | Ul n2 us3 401 n2 us3
OmpeneneHie U MOCTaHOBKA 2 2 2 3 3 3 2,4 2,4 2,4 1 1 1 2-3 2-3 2-3 3-4 3-4 3-4
uenen
Coznanue Tex 3aJaHus 1 0,5 1 15 1 1,5 1,2 0,7 1,2 2 2 2 2-3 1-2 2-3 3-4 2-3 3-4
Br16op n aHANHA3 HCTOYHUKOB 20 15 30 25 20 35 22 17 32 1 1 1 20-25 | 15-20 | 30-35 | 30-38 | 23-30 | 46-53
Bri6op ¢yskumonupoBanus | 0,5 0, 0,5 1 1 1 0,7 0,7 0,7 2 2 2 1-2 1-2 1-2 2-3 2-3 2-3
CHCTEMEI 5
OcHOBa TIPUHIOUIIOB PabOTHI HaX 1 1 1 2 2 2 1,4 1,4 1,4 1 1 1 2-3 1-2 2-3 3-4 2-3 2-3
HPOILYKTOM
Bri6op TEXHOJIOTHH, 2 1 2 3 2 3 2,4 1,4 2,4 1 1 1 1-2 1-2 1-2 2-3 2-3 2-3
ApXUTEKTYpHOE MOCTPOCHHE
IporpaMmuoe penieHne 28 | 20 | 32 | 35 28 42 1308 | 232 36 1 1 1 | 28-35 | 20-28 | 32-42 | 43-53 | 30-43 | 48-65
TecT u oTiIaXkuBaHUE 3,5 1 4 45 25 45 3,9 1,6 472 2 2 2 7-9 2-5 8-9 11-14 3-8 12-14
TTonoxenue MOSCHUTEIBLHOTO 6 6 6 8 8 8 6,8 6,8 6,8 1 1 1 6-8 6-8 6-8 9-12 9-12 9-12
OIUCaHUs
Coznanue oTyera paboThI 4 4 4 8 8 8 5,6 5,6 5,6 1 1 1 4-8 4-8 4-8 6-12 | 6-12 | 6-12
I'paduueckuii marepuan 1 1 1 2 2 2 14 14 1,4 1 1 1 1-2 1-2 1-2 2-3 2-3 2-3
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Tabnuma 12 - Kanennaps miaH-rpapuk

e D TIpoar s mancTh EXTOTESHHE PaadT
B pasor I IEEApE Sespans M2LT AP
HroomereTs
T, E3T TE 3 1 1 3 1 i 3 1 i 3 1 i 3 ) 3
2TETEHHS H DHCTAHOEED [
1 Onp - Hp 4
OaTEE
7 COCTIENRSEE TEXERTECE0TO HF, 4 E
3AIAEER Maormcmpaar
Tozoap  moyaeass I
3 53
— a u Margcrpaar
. COnpegsteEre $YEERER HF, 3 i
CHL TRME] Marmcrpaar
Hay=eere B aneEEa
5 Rk . Marmcrpaar 3 I
CYIIECTHVHIIHE FomeaHy
FOpMyTHPOBAHHR OCHOEERTL l
] TPEEIETDS EpOTpasWanE Marmcmpaar 3
PEATHIANEE OpOTYETA
E160p TETHOTICHE B l
7 A[PEHTEETY ShI% OpHHTETOE Marmcrpasr 3
[PEATHIAMHEE
T | D | Moo | T
HP,
Q TecTHPOSAERE B OTMHIEA 14
Marmcrpaar
CoCTasnesEe O0SCEETETLEOR
10 Marmcrpaar 12
ZAHCER
Hammcanme 0T35Ta 0
11 . Maormcmpaar 12
TOE0JEREHCE pasaTe
Qipopemerns IPaSaIerEQrD
12 MargcTpaar 3
MATEPEAT
25 oot pracse mre: () MarecpaaT
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Tabmuma 13 - Oxumgaemsbiii 00beM padoT

Ne [Tpumepa O06BeM paboT, yen. THU
1 79,5
2 62,9
3 94,7

3.7 EIOIDKeT TEXHUYCCKH HAYYHOI'0 HCCTICAOBAHUS

Hmoz ¢llHaH(308blx sampam mexHu41ecKo20 Hay4Hoz2o uccneo008anus

Bo3bmem koaddunuent [16], TpaHCHOPTHBIX 3arOTOBUTEIBHBIX PACXOI0B

R, =0.18

Tabnuua 14 - ®uHaHCOBBIE 3aTPATHI

3aTPATHl HA MATEPHATEL
E mmm- Kommgecteo llenazaen., pyo. P FEP '
i (3x). pYO.
13 H2
Hamuernoparme
MEpe- — ] oy — [ o' ™ =1 Lot
55|85 |58 |5 | B 5 | 5
HEA === = o~ = = = =
Tetpags (43
TP ( IOIT. 21212 >4 54 54 | 12744 | 12744 (1274
THCTOB)
byvara ona
obHCHOH TeXHHEH MATEA 1 1 1 | 156 | 1536 | 156 | 184,08 | 184,08 |184.08
{500 mHcTOR)
Torep 11
TazepHCTO IPHHTEpa
IOT. 1 1 1 | 110 | 110 | 110 | 1298 | 1298 (12938
HP LT 1200 AQC
(maxom, 150 rp.)
244
JMEeKTPO3HePIHA EBT=g (233 | T8 | 75 | 2,76 | 276 | 2,76 | 73884 | 234,03 26
Hroro: 1200,16 | 695,35 |685,58
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3.10 Pacuyer pacxo10oB Ha He0OX0AMMOe 000PYy/AOBaAHME

Tabmuia 15 - Pacder pacxo/10B Ha MOKYNKY HEOOXOIMMOTO 000PYI0BaHUS JIJIsl HAYYHON pabOThHI

Ne Hazpanue Komn-Bo ex. Lena 3a en., pyo. 006111 cTouM-Th, T. PyO0.
ui n2 nu3 ui n2 nu3 ui n2 nu3 Ui n2 nu3
[Iponeccop AMD [Ipomeccop AMD [Iponeccop AMD 1 1 1 2,69 11,642 2,69 2,69 11,642 2,69
FX-4300 F3-03590 FX-4300
Kynep Cooler Master | Kymep Cooler Master | Kynep Cooler Master 1 1 1 3,287 3,287 3,287 3,287 3,287 3,287
Hyper TPC 212 Hyper TPC 812 Hyper TPC 212
Mar. mmara Gigabyte | Mar moara Gigabyte | Mar. maara Gigabyte 1 1 1 8,776 8,776 8,776 8,776 8,776 8,776
GA-DD0FNA-TUD7 GA-QR0FXA-TTDT GA-DD0FNA-TUD7
Haxonmrers 55D Hagomurene 55D Hagomurens 55D 1 1 1 6,11 6,11 6,11 6,11 6,11 6,11
ADATA 256GM-C ADATA 256GM-C ADATA 256GM-C
Biaox nuTasHT Baox mHTaHERA berox mHTaEHT 1 1 1 7,544 7,544 7,544 7,544 7,544 7,544
Corsair HX1050 Corsair HX1050 Corsair HX1050
Kopmye Miditower Kopmye Miditower Kopmye Miditower 1 1 1 3,110 3,110 3,110 3,110 3,110 3,110
Corsair 300R Corsair 300R Corsair 300R
anmars DDR3 INamaTe DDR3 anmars DDR3 1 1 1 2,697 2,697 2,697 2,697 2,697 2,697
Crucial 8Gp 1600 Crucial 8Gp 1600 Crucial 8Gp 1600
Mhz Mhz Mhz
Bazeorapra ASUS Brzeoxapra ASUS Bazeorapra ASUS 3 1 1 9,17 9,17 9,17 26,9 9,17 9,17
GTX-760 GTX-760 GTX-760
_ _ [lnata pacimupesus _ _ 1 _ _ 43,384 _ _ 43,384
DSP EX-TDEO111
Hroro 61,114 | 52,336 | 86,768
HUroro ¢ 15% nobaBkoii Ha MOHTaX U IOCTABKY 70,281 | 60,186 | 99,783
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3.11 3apaboTHas omiaTa UCNOJHUTeIell padoThI

Paccunraem 3apiutary [16] mo cienyroreit popmyie:

_ Zy*M

Zy = , Z - OKJIazl pabouero 3a Mecsll, pyo.;

Fgq

['ne  F,;- PaGodee BpeMst HayqHOTO paboyero rnepcoHaia, aH;

M — o011ee yucao MecsIIeB IeSITEILHOCTH 0€3 OTIyCKa 3a TO/I;

- [Ipu otniycke B 24 pabounx aust M — 11,2 mec. 5 nHelt B Henesro.

- [Ipu otiiycke B 48 pabounx nqueit M — 10,4 mec. 6 qHel B HEICIIO.

Tabnuma 16 - bananc BpemeHu paboOThI

pabouero BpeMeHH

TloxasaTenn pabodero BpeMeHH Pyxosommrens Hmxerep-nporpaMMucT
Kamennaproe wicto qHeH 365 365
KomagecTBo HepadoUHx THEH: 124 124
— BBIXOJHBIC THH:
— TIpa3IHHYHBIC THH.
Ilotepn pabouero BpeMeHH: 24 24
— OTIIyCK:
— HEBBIXOIEI IO DOMIS3HH.
TeficTBHTEIRHBII  TOIOBOH (orz | 217 217

Oxkutaz 3a MecsIl pabodero:

Zy=Zrc *x (1 + kpr + kg) * ky

I'me  Zpc —3apmiara ¢ yuetom TapudHOM CTaBKH, pyO.;

k- kO3 bunmenT npemun paBHbii 0.3;

k,; — norutara n HagOaska, mpumepHo 0.15 (3a mpodeccrnoHamn3M);

k,, — paiionnbiit ko3 dument pasen 1.3 ms r. ToMck.

3apmiata ¢ ydetoMm TapudHoil craBku [16] Bbruucisercss mpousBeacHHEM
nokasatesiel ctaBku Tapuda padouero neporo paspsna T-;=4330 pybneit (ucxomas u3
TOTO YTO CJWHAS CETh II0 OIUIaTe TPYAOBBIX JEHCTBHHA pabOYMX OFOHKETHOTO

YUPEKICHUS] PETUOHATBLHOTO U MYHHIIMIIATBLHOTO YPOBHS ¢ miepBoro siuBapst 2009 r.)

Ha kKod(purmeHT tapuda k.

Ji1st iHKeHepa, UMEIOIIETO MIECTOU pa3psi U CIIOCOOHOCTH MPOTPaMMHUPOBATH

k,=1,407
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OcymiecTBUM pacdeT OIiaThl TPyAa COTJIACHO Tapu(HOW CTaBKe, MECSYHBIN
JTOJHDKHOCTHOM OKJIaH, cpeaHenHeBHas 3II aias mporpaMMHpyrONIEro HH)KEHepa
IIECTOTO pa3psaa:

Zie = Ty * k, = 4330 * 1.407 = 6092.31 rub
Zy = Zee * (L + kpy + kg) * ky = 6092.31 % (14 0.3 4+ 0.15) * 1.3 = 11484 rub

_Zy*M 11484+ 112

= 592.72 rub
F, 217 r

Zdn

Oxman 3a Mecsn pykooautens B TIIY [16], He B3siB B yueT pailOHHBIN
kod(urment, nomyuaercs 23264,86 pyoneit.
VYytem pernoHanbHbIA KOIDPUITUEHT:
Zy = Zy * ky, = 23264.86 * 1.3 = 30244.3 rub

_Zyx*M 302443 %11.2

Z ~ 1561 rub
an =" 217 t

PacuntanHas OCHOBHas 3apruiata Jjis BceX padOTaroluX HajJ ITPOEKTOM B

TaOIUIaX HAXKE:
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Tabmuua 17 - PacueT OCHOBHOM 3apIuiaThl CTYI€HTaIUIIIIOMHHUKA

MNa HamvenoBaHHe 3TAoB Henonmserem mo | TpynoémocTs, 9em-TH. 3apaboTHan mwara, npExofAmaica | Beero apaboTHad mmata oo TapEdy (DEIATOM). TEIC.
o'n EATETODHIM Ha OJHH 3&1L —IH., TEIC. PyD. pyo.

Hem 1

— ] L — 4 L — [ ) — ~ )
Hem. 2 = £ IS = £ IS = = I [= = c
£l £ 2 £ =] 2 £l 53 £ o 2 £l

e 3 = = = = = = = = = = = =

2 HP HP HP 1.2 0,7 12 0,592 0,502 0,592 0,7104 04144 07104
COCTARTERHE TEXHHIECKOTO 33AHAT
H H H
3 Toabop H H3yIeHHe THTEPATYPE! H TEXHOTOTHA H H H 2 17 32 0,592 0,502 0,592 13,024 10,064 18.044
4 Ompenenerre §yHEEITHE CHCTEME H H H 07 0,7 07 0,592 0,502 0,592 04144 04144 04144
5 HzyderEe H ONEHKA CYMECTEYICMHK PEIeHHH H H H 14 14 14 0,592 0,502 0,592 0,8288 05288 0,8288
i) $opMyMHPOBAEAE OCHOBHEL IPHEIHTIOR H H H 24 14 24 0,592 0,502 0,592 1.4208 0.8288 14208
TIPOrpaMMHOH PeATHIATHE IPOTYKTA
7 Br10op TeXHONOIEH H APXHETEKTYPHEN IPHEHIHTIOR H H H 1.4 14 14 0,592 0,592 0,592 0,8208 0.8208 0.8208
[peATHIATTHT
5 [IporpanpvEAd peATHIANEA H H H 308 232 36 0,592 0,502 0,592 18,2336 13,7344 21,312
9 HPH | HP HP 3.9 1.6 42 0,592 0,502 0,592 23088 0.9472 24864
TecTHpOEAaHHE H OTIATKA
H H

10 CoCTaBIenre O0SCHATERHOH 3AMHCKH H H H 6.8 0.8 6.3 0,592 0,502 0,592 40256 40256 40258
11 Hammacanwe oT96Ta 0 IpOAENaHEoH pabote H H H 3,6 5.6 5.6 0,592 0,502 0,592 33152 3.3152 3,3152
12 Odpopyomerse rpad BIECHOI0 MATEPHATA H H H 1.4 14 14 0,592 0,592 0,592 08288 0.8288 0.,8288
Hroro: 45,9302 36,2304 55,1152
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Tabnuna 18 - Pacuer omnatel Tpyaa pyKoBoauTeNs HaydyHoi padboTsl TITY

Ne | HaaMeHORAHHE 3TAMIOB HenmonuatenH mo | Tpymo&MKOCTE, 3apaGoTHag nmata, | Beero zapaboTHas mnara mo Tapudy
wn KaTeropHaM efI-1H. IPHXOAAmALcA Ha OOHH | (OKIaZoM), TEIC. PyO.
el —aH., ThIC. PY0.
Hem. 1
— ol 3] — (o] o — o~ f32] — o o
Hem. 2 =] g = g = = = E = = = =]
=] [+ L] [+ [&] [ =] [} L] [*] [ [#]
Her. 3 =~ =~ = =~ = = =~ = = - = =~
1 Omnpenenenne H nmoctaHoBka neneti | HP | HP HP 2.4 2.4 2.4 1,561 | 1,561 | 1,561 | 3.,7464 3,7464 3,7464
5 CocTaBIeHHE TeXHHIECKOIO HP (HP |HP 1.2 0,7 1.2 1,561 | 1,561 | 1,561 |1,8732 1,0927 1.8732
3aJaHHA " 151 1
4 Onpenenensde dyuarmmi cactemer | HP | HP HP 0.7 0,7 0.7 1,561 | 1,561 | 1,561 | 1,0927 1,0927 1,0927
)4l J41 n
9 TecTHpOBRaHHE H 0TIIAKA HP | HP HP 39 1.6 4.2 1,561 | 1,561 | 1,561 | 6,08769 2,4976 6,5562
51 51 H
Hroro: 12,8002 8.4294 13,2685
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3.12 lonoJiHUTeIbHAA 3apIJIaTa PadoTaIOIIMX HA/l TPOEKTOM

Tabnuna 19 -Pacuet nononauteIbHOr0 (PUHAHCOBOTO MOOILIPEHUS 32 TPY

Hesitens OcH. Onnata Tpyna, T. pyo Hom. Omrara Tpyn

ui n2 U3 n1 n2 us
Pyk-mp TIIY 12,8002 8,4294 13,2685 1,92 1,26441 1,99027
CryneHt 45,9392 36,2304 55,1152 6,89088 5,43456 8,26728
Uroro: 58,7394 44,6598 68,3837 8,81088 6,69897 10,25755

OTtuucneHust BO BHEOIOXKETHBIC (DOHIBI:

Zyneb = kvnep(Zosn + Zdop)

I'ne kypep — K03 PUIIMEHT HAUMCICHUIA YIIIATHI BO BHEOIOKETHBINA (HOH/.

Ha 2016 r. B coorBercTBUM ¢ DeaepanbHbiM 3aKOHOM OT 24.07.09 Ne212-

@3 ycraHoBJeHa pa3MepHOCTh B3HOCOB paBHast 30 %. Ha ocHoBanuu myHkTa 1 cT.

58 3akoHa Ne212-®3 myist ydpekIeHUM, OCYHIECTBIISIIONIMX 00pa30BaTEIbHYIO U

HAYYHYIO JIeATeTbHOCTE ¢ 2014 r. BBOIUTCS OHMKEHHAas cTaBka — 27,1%][16].

Ta6muna 20 - OtuncneHus: BO BHEOOKETHBIN (GOH/T

Wcnonaurtens OcHoBHas 1aTa, T. P. Hom. Ilnara, 1. P.
ni n2 us3 1401 n2 us3
Pyk-np TITY 12,8002 8,4294 13,2685 1,92 1,26441 1,99027
Cryn-t 45,9392 36,2304 55,1152 6,89088 5,43456 8,26728
Koad. OTunca-i 0,27
Hroro

ni (12,8002+1,92+45,9392+6,89088)*0,271=18,30612 TbIC. pYO.

n2 (8,4294+36,2304+1,26441+5,43456)*0,271=13,91823 THIC. pYO.

u3 (13,2685+1,99027+55,1152+8,26728)*0,271=21,31178 THIC. PYO.

3.13 HakaaaHble pacxoabl

Haxknagneie pacxobl pacCUMTHIBAIOTCS clieaytoiei popmyroit [3]:

1
Zonakl = (cyMMa cTaTeH 7) * k.,

['ne k- 0,16 K03 GUIIMEHT HAKIIATHBIX PACXOIOB.
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Tabnuna 21 - HaknanHble pacxoabl

Hcnonuenue Haknannsle pacxonsl, pyo.
ui (1200,16+71624+58739,4+8810,88+18306,12+0+0)*0,16=25388,89
n2 (695,35+60657+44659,8+6698,97+13918,23+0+0)*0,16=20260,70
n3 (685,58+94233+68383,7+10257,55+21311,78+0+0)*0,16=31179,46

3.14 ®opmupoBaHue OwKeTa 3aTPAaT HAYYHOIl MCCJIe0BATEIbCKO

HCATECJIBHOCTH

Tabmuia 22 - PacueT OrokeTa HAYIHOTO TEXHUISCKOTO UCCIICIOBAHUS

HaumenoBanue Cymma, py0 [Ipuuey-e
n1 n2 us3

1. ®un. 3aTpatsl 1200,16 695,35 685,58 2.7

2. Pacxonp! Ha crrer;. O60pya. 71624 60657 94233 2.10

3. 3arpatel mo oOcHOBHOW 3apabotHoii | 58739,4 44659,8 68383,7 2.11

IUIATE UCIIOIHUTEIIEN TEMBI

4. 3arpatst o nononuuaTensHoi | 8810,88 6698,97 10257,55 2.11

3apabOTHOM JIaTe UCIOJHUTENICH TEMbI

5. Otuucnenus Bo BHeOKeTHBIC oHapl | 18306,12 13918,23 21311,78 2.12

6. 3arpaTbl Ha Hay4HbIe ul|0 0 0

IPONU3BOACTBCHHBIC KOMAaHIUPOBKHU

7. KoHTpareHTCKHE pacxo/ibl 0 0 0

8. HaknaiHbIe pacxopl 25388,89 20260,70 31179,46 2.13

9. bromkert 3arpar HTU 184069,45 146890,05 226051,07 Cymma

3.15 Omnpenenenne pecypcocoeperaroineii, GuHAHCOBOI, OOIKETHOI,

COLMAJIBHON U IKOHOMHUYECKOU IPPeKTUBHOCTH UCCICA0BAHUM

3.15.1 Pacuer HHTErPAJIbHBIX noxkasareJei (punancosoi

3¢ dexTUBHOCTH

WuterpanbHbiii GpuH. mokazarenb d¢dextusHocTH [15]:

Iisp — CDI'II/I
fln CI)M.':IX

I'me  @,, — CTOUMOCTb U-TO BapHUaHTa CO3JIaHMS

®D,,.x — MAaKCUMaJIbHBIN MOKa3aTeb CTOMMOCTHA HAYyYHOT'O UCCIEI0BaHUS

vt _ P _ 18406945

Pl _ = ~ 0,814
fin @, 226051,07
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I = e = Sraeeien ~
Max )

v _ @5  226051,07

fin. T @ .~ 226051,07

0,650

W3BrneyeHHass BeIMUYMHA  OTpakaromas  (PUHAHCOBBIA  MOKa3aTellb
pa3paboOTKH, O3HAYAIOIINKM YBEJIIMUCHHE CTOMMOCTH B pa3ax (3HaueHnue > 1), mubo
YHCJICHHO Y/ICIICBIICHHAs] CTOMMOCTD Pa3paboTKH B pasbl (3HaueHue < 1 Ho>0)

AHanu3 UHTETpalbHOTO (PUHAHCOBOTO TOKa3aTeNsl TOMOTaeT CenaThb

BBIBOJ UYTO CaMas ACHICBAsA pa3pa60TKa sto N2.

3.15.2 PacyeTr MHTerpaJbHbIX MOKa3aTeseil pecypcodpPpeKkTuBHOCTH

Ocyl1ecTBUM pacyeT MpH MOMOIITH cieayromieit popmyis (3.1):

S

[ne I,; — MHTErpaJbHBIN MOKa3aTellb pecypcodHEKTUBHOCTH ISl | BapuaHTa

J
WCITOJTHEHHSI pa3pabOTKH;

a; — BECOBOH KO3(PQPHUIMEHT I-TO KPUTEPUs OICHKH I |-TO BapHaHTa
co3/IaHusl pa3pabOTaHHOU UJICH.

b; — OampHas OIlCHKA MO HM-OMY KPHTEPHIO >XH-TO BapHWaHTa CO3JaHMUS
pa3pabOTKH.

N — 9MCJI0 CPAaBHUBAIOIIMX MTAPaAMETPOB.

Pacuernsie  gelicTBuS  Haa  TOKazareleM — pecypcodddeKTHBHOCTH

MIPUBECHBI B Tabiuie HUXKE.
[isp2 _ D _ 146890,05 o
fin ®,.x 226051,07
[isp3 _ D3 _ 226051,07 o1
fin d,.x 226051,07

0,650
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W3BneyenHass BenMuYMHA ~ OTpakaromiass  (PUHAHCOBBIA  MOKa3aTellb
pa3pabOTKH, O3HAYAIOIINNA YBEIMYCHHE CTOMMOCTH B pa3ax (3HaueHme > 1), mubo
YHCJICHHO Y/ICHICBJICHHAs! CTOMMOCTD Pa3paboTKH B pasbl (3HaueHue < 1 Ho>0)

AHanu3 UWHTETpalbHOTO (PUHAHCOBOTO TOKa3aTeNsl TOMOTaeT CenaThb

BBIBOJ 4YTO CaMasia ACHICBAsA pa3pa60TKa sto N2.

3.15.2 PacueTr nHTEerpajbHbIX Noka3artesieii pecypco3(pPpeKTUBHOCTH

OcymiecTBUM pacyeT MPpH MOMOIIH cieayroreid hopmys (3.1):

n

Ij = zaibi (3.1)

i=1

I'ne I; — MHTerpanbHbIi 10Ka3aTelb PecypcodPGEKTUBHOCTH I j BapHaHTa
UCIIOJTHEHUSI pa3pabOTKU;

a; — BECOBOM KOA(PQUIMEHT I-T0O KPUTEpUs OLCHKH ISl J-TO BapUaHTa
CO3/1aHus pa3pabOTaHHOM UJIEH.

b; — OanpHas OLIEHKa MO HM-OMY KPHUTEPHUIO XU-TO BapHaHTa CO3JIaHUS
pa3pabOTKH.

N — YUCJIO CPAaBHUBAIOLIUX [1aPaMETPOB.

Pacuetnbie  geiicTBusi Hax — mokazareneM  pecypcoddp(HeKTUBHOCTH

IIPUBCACHLI B Ta6J'II/H_Ie HMOKC.
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Tabmuma 23 - CpaBHUTENbHAS OIIEHKA XapaKTEPUCTHK CO3aHUS TIPOCKTA

Kpurepwuii O0-T uccn-s1 Bec-ii k03d-T 1 2 3
1. YBenu4eHue Mpou3B-TH TPYAa HOIb3. 0,1 5 5 5
2. Y100CTBO B HCITOIB30BAHUHN 0,15 5 5 4
3. HagexxHocTh 0,15 3 4 5
4. IIpocToTa MOIB30BAHUS 0,20 5 5 5
5. Kau-Bo naTemI. naTepd-ca 0,25 5 5 5
6. DHeprocoep-e 0,15 3 5 4
Htoro 1 6 9 8
3.15.3 Pacuer wWHTerpajJbHbIX mNoKa3aTedeid 3IPdexkTUBHOCTH
BapUHaHTOB UCIIOJTHCHUSA pa3paﬁoTKn
I, 4.4 I, 485
I, =2 =5405;1, ., =0 s = =7 462;
0814 2 065
I, 4.7
I.,=—Fr—=47
A3 Ium: 1
gup

CpaBHMM HHTETpaTbHBINA MOKa3aTelb dPGEKTUBHOCTH BapHaHTA CO3IaHUS

MIOMO’KET BBIYUCIUTh CPABHUBAIOMIYIO 3(DPEKTUBHOCTD AEATENBHOCTH U TIOJI00paTh

HanOoJIee MOAXO AN BapuaHT co3manus [15].

OcymiecTBUM BBIYUCICHHE CPABHUTEIBHOU 3(P(HEKTUBHOCTH pPa3zpabOTKH

JUISL Pa3HBIX IPUMEPOB:

2. .= = 0.724- 5 __ .
=TI, 7462 T
3{ " =Iucﬂ — ! -46% .-1:51-38{] , 3( 13 =

N 405 i
3,5 =ﬁ=img__gﬁg; S
'TI, 5.405 ’

_ L 5405
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Tabnuna 24 - CpaBuutenbHas 3¢ (HEeKTUBHOCTH pa3pabOTaHHON TEMBI.

Ne IToxa3arens Ul n2 n3

1 Wurerpa. ¢y noxasarens pa3-Ku 0,814 0,65 1

2 Wnrerp. Ilokas-nb pecype-Tupaspad. 4,4 4,85 4,7

3 Uuterp. Ilokas . 3¢-Tu 5,405 7,462 47

4 Cpas. Dd-15 Bap. Mcnonu-s Dep12=0.724; D2 1=1.38; Fep31=0,869:
Dp1=1,15. Fep23=1,588. Fep32=0.63.

CJIGI[OB&TCJ'IBHO, n3 Ta6JII/IHI>I CJICOYCT 4YTO C TOYKH 3PCHUA (I)I/IHaHCOBOFO u

pecypcHoro cektopa 3¢ dekTuBHOCTH M2 BBITTIAIUT caMbIM 3PGEKTUBHBIM.

3.16 Ouenka HAYYHOT'0-TEXHMYECKOIo YPOBHS HAYYHOMH

HCCJIEA0BATEIbCKOM AeSITEJIbHOCTH

B B3amMoCBsI3M ¢ 3TUM, TO YTO JaHHAs JEATCIHLHOCTH IOApPa3yMeBacT
M3BJICUCHUE UTOTOB, CTICITUATU3UPOBAHHBIX C IEIBI0 IPUMEHEHUS B MIOCIICIYIOIIEM,
B TJIaBHOM, IIPUCYTCTBHE UCCIICIOBAHMS MPOTPAMMHO-AIAPATHBIX TEUSITONCKOBBIX
aHcamOJiell 1 ancamOJiel BUOPOMAarHOCTUPOBAHUS, B CBOMCTBE TJIABHOTO acIeKTa
€ro IPOM3BOJUTEIBHOCTH YCTAaHOBJIEH CO3/aBaCMbIil YUCHO-TIPOMBIIIJICHHBIN
pe3ynbTar.

YCcTaHOBICHO, TO YTO aHAIW3 HAYYHO-TEXHOJOTHYCCKON CTENEHU
JEATEIIBHOCTH HCIIOJHSACTCS ¢ TOIepKKOoM OanpHOro crocoba. IlpucyrcTBue B
JTAaHHOM, COIJACHO MMEIOIIUMCS acleKTaM BBIINOJHAETCS OajbHBIA aHaNu3
MoA0OHBIX JaHHBIX PABHOCHIIBHBIX HOBU3HE. XapaKTePHUCTHUKA MTPHU3HAKOB HAyYHO-

MCCIIEI0BATENHCKONU PabOThHI MPOU3BOIUTCS B TAOJIMYHOM BUJIE, HIKE:
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Tabnuma 25 - OOmme pacxoipl Ha BBINOJIHEHHWE HAYYHOM HCCIENIOBATENIbCKON

padoTHL.
[Ipu3Hak HayIHO-TEX-TO 3(-Ta Xap-kunpu3H. HUOKP Becogoit k03¢-T
HUP
YpoBeHb HOBH3HEI CrcreMaTU3upyIOTCs, 0000IIat0TCs 0,4
CYIIECTBYIOIINE JTaHHEIE,
hopmupyroTcs HOBEHIIIHE
B3aUMOCBSI3M  CPEOH  H3BECTHBIX
YCIOBUH
Teop. YpoBeHb Cosznanue metona. Ero npumenenue 0,1
c LIENBI0 BEITIOTHEHUS
BBIYUCIISIEMBIX UCCIICTOBaHUN
Bo3m-Tepeanus. [lepnon co3manus B TeuyeHUu 1-X 0,5
jet
Macmur. Peamns-u Pan coep 00IICHAPOAHOTO
X035HCTBa: JKWINILHO-
o01ecTBEHHOE MIPOU3BOJICTBO;
nepeBo3Ka HedTH U
HedTenpoayKToB

PGBYJIBTI/IPYIOHH/IG IIOKAa3aTCJIn IIPU3HAKOB HAY4YHO I/ICCHGI[OBaTeHBCKOﬁ
pa6OTBI N UX IMOATBCPKACHHUC OOBOAATCA B Ta6J'II/II_[e HUXKE. Hy)KHO BbIACIIUTH, TO
YTO aHAJIM3 COTJIACHO MOKAa3aTeIi0 MacIiTadoB pcain3annn, HC OCYIICCTBILACTCA B
CBA3U C HCAKKYMYJIITUBHOCTBIO IIPHM OTHOIOCHHUMW K IIPpHU3HAKAM BO3MOKHOCTH

pealn3aluy.
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Tabmuma 26 - OuneHka HAYyYyHOTO  TEXHUYECKOTO  YPOBHSA — HAy4dHOU

UCCIIEIOBATENLCKON pabOThI

®axrop HTY Bec VYposens akropa | bamn

OrHoc. Hos 4

O6ocHOBaHIE BEIOpaHHOTO Oasia

YpoBeHb HOBH3HEI 0,4 Brmomnasercs H3ydeHUE

MPOU3BOJUTENBHOCTH  YHHKAJIBHOTO
MeToZa oOpabaThIBaHHSA CHUTHAIOB C
LENBI0 TIOCTAHOBJICHUS (PAKTHYCCKHUX
BOIIPOCOB, a KpOME TOr0  €ro
COIIOCTABJIEHHE C  KJIACCUYECKUMHU

METOIaMU

Teopernueckuit 0,1 Pa3-ka anr-ma 6 C LIeNBI0 H3YYCHUS

YPOBEHB CYIIECTBYIOT H300pETCHHBIE METOJbI
pPaccCMOTpPEHHUs U TeHepaliy CUTHAJIOB.
Cdepa

AIrOPUTMOB

HUCCICO0BAaHUA n CcOoCTaB

ObLTH 0TOoOpaHbI
MMOJOOHBIM CIIOCOOOM, JIS TOTO YTOOBI
MpPEJCIbHO OOJCrYHuTh TMOCICAYIOIIEe

IIPUMEHEHUE.

BosMoxHOCTE 0,5 B ted-u mepB-x 10 Jannas EATENBHOCTD

peaim3anuun JIET CUHUTACTCA Ba’>XHbBIM marom

OCYIIIECTBIICHUS ITaHa,
CKOHIICHTPUPOBAHHOTO B
HCCIIeIOBaHUN KOPPEAIHOHHOTO
TEYEHUCKATEs. ITpn HaJIu4uu
HE3HAUUTENBHOTO  (PMHAHCHPOBAHUS,
obOpasern ammapara CriocoO€H SIBISTHCS

B X0JI€ 2X JIET

Tabnuna 27 - PacueT k03¢ HUIIMEHTOB HAYYHOTO TEXHUYECKOTO YPOBHS

®daxTop bann Bec Bxian B Tex. ypoBeHb

YPOB-HB HOBU3HBI

4

0,4 1,6

Teop-i1 ypoBeHb

6

01 06

Bo3Mm-Tb peanuzanuu

10

0,5 5,0

WTorosslii pe3yabTart:

7,2

OTTankuBasch OT 3HaUYCHHUIN KOA(DPUIIUEHTOB pe3yybTaTa, AeIacTCsl BHIBO,
YTO TpoJieNaHHas paboTa oxapakTepu3oBaHa Oo0Jie€ CPEIHEr0 HAyYHOTO
TEXHUYECKOTO YPOBHS, 3aT€M OCYIIECTBIISIEMBbI HAYYHBIM TeXHUYECKUU d(DPexT

MIPOU3BOJIUTH HEIETIEeCO00pa3Ho.
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Haubonee neranpHOE MOATBEP)KIAEHUE TOMOOpPAaHHBIX 0ANOB yKa3bIBACTCS
nanee. Ha ocHOBe OalbHBIX OLIEHOK, YKa3aHHBIX B TaOJIMUIE HUXKE, ObUI pacCUMTaH
[0Ka3aTeiap Hay4dHOM TexHoJioruueckon crerneHn HUP ¢ ydetom B3BelIeHHBIX
kodpduiueHToB. Berunciaenne kodpuUIMEHTa HAYYHOM TEXHOJIOTHYECKON

CTCIICHHU 0T06pa)KaeTCH JaJIbIIIC.

3.17 Onenka 3kOHOMHYeCKOro 3P pexra

Kak ortmedarmoce paHee, maHHas paboTa TPUXOAUTCS HEKAM OSTalloM
CO37aHMsl TPOEKTa, IEJbI0 KOTOPOro SBIseTCA pa3paboTka TedercKaTess
KOPPENAIMOHHOTO THUNa. B JaHHBIA MOMEHT, TEYENOMCKOBBIA KOMILIEKC
KOPPEJSIMOHHOIO THUIA TMPEACTABISIIOTCS HE MeHee A(MQPEeKTUBHBIMU U
YHUBEPCAIbHBIMH TPUOOpaMU OOHAPYXKEHUS TEeUH, KOTOPHIE MPUMEHSIOTCS B
KUJIUITHOM  KOMMYHQJIbHOM  XO3SWCTBE. [ JIaBHBIM  TIPEHMYIIECTBCHHBIM
MoKa3zaTesieM MPUMEHEHHS KOPPENSIUOHHBIX TEUEMOMCKOBBIX KOMIUIEKCOB IPHU
aHanu3e TpyOOIPOBOHBIX CETEH SIBISETCS IOCTOBEPHOCTD OIpeAeNieHUs (10 IBYX
METPOB TPH TOPOJCKOM IITyM€) U MPOAYKTHBHOCTH (TIOMCK TIPOUCXOIUT 3a IBA-TPHU
yaca). HegocrtatkoMm Takux nmpuOGOpoB sBJsieTCsl OObINast 1eHa W TPYIHAs MOJIETh
WCITOJIB30BaHUsI paOOTHHKaMU 0Oe3 Hamexamero ymeHus. COOTBETCTBEHHO,
NepeBIKHAS JTabopaTopusi, KOMIUIEKTYETCS HE JOPOTMMH OTE€YECTBEHHBIMU
CUCTEMaMU OOHAPYKEHHs, C MAJICHbKUMHU XapaKTEPUCTUKAMHU HKCIUTyaTallud |
BO3MOKHOCTSIMH, OTO OTpakaeTcsl Ha pe3yjbTaTax aHajdu3a TPYOOTpPOBOIHBIX
cucteM. Coznanue amnmapara OOHapyXEHUsI YTEUKH MPUMEHSIONIETO yCTPONCTBO
YaCTOTHO-BPEMEHHOTO KOPPEISAIIMOHHOTO METO/a, JaeT BO3MOXKHOCTh BBIBOJIA Ha
PBIHOK HOBOTO YCTPOKMCTBA, XapaKTEPUCTHUCCKUE MOKA3aTEIIM KOTOPOTO HE XYy¥Ke
3apyOEKHBIX aHAJIOTOB, TPU HEOOIBIIIONW CTOMMOCTH.

[TogoOHBIM ciocoOOM, (DMHAHCOBBINA PE3yJIbTaT COCTOUT B: 1) CHMXKEHHE
IIEHbl aHajgu3a TPYOOMPOBOJOJHBIX CHUCTEM JIOCTHUTAETCS W3-3a pe3yJbTara
JUTUTEIIbHOCTU COOBITUI UCCIIEIOBAHUS; 2) TIOBBINICHNE MPABWJILHOCTH BBISBIICHUS

30H UCTCUYCHUSA BOABLI U COKPAIICHUC BEPOATHOCTU BLIABJICHUA OITMOOYHBIX TCUEH
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JalyT BO3MOXXHOCTb YMEHBIIUTHh PACXOJbl B NPEAOTBPALICHUN aBAPHUIHBIX
CUTYyallui, CONPSIKEHHBIX C MPEIOCTABICHUEM JIOMYCKa K TPyOOIPOBOY.

Tak xak pa3mep oOIIeCTBEHHBIX TPYOOIIPOBOIHBIX ceTei B PO Benuk, a ux
MOJIOKEHUE —3aCTABIISIET JKEJIATh JIYUIIEr0, BEPOATHOCTh ONIEPATUBHOM JINKBUAALIAN
aBapUITHOTO MOJIOKEHUS CUCTEM OTCYTCTBYET. Takum 00pa3om BBeJieHUE Hanbosee
pe3yJbTaTUBHOM CYMMBI JEHEr IJisi JIUArHOCTHKUA JAaCT BO3MOXHOCTh IOMHMO
OTIEPAaTUBHOTO OOHAPYXKEHUS yTEeUeK OOHAPYKUTh HE3HAYUTEIbHBIC IE(PEKTHI,

YMCHbIIAA ITOTCPH JKUAKOCTU U SOHCPTUHU
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4 ConpajbHaf OTBEeTCTBEHHOCTH

4.1 KpaTkoe onucanue BbINOJHAEMOH padoThl

PabGoTa BBINONHSAETCA MCKIIOYUTENBHO Ha KOMIIBIOTEPE, 3aKIIOYAeTCs B
UCCIICIOBAaHUM  YaCTOTHO-BPEMEHHOM  KOPPEISIUOHHOM  (QYHKUIMH HU B
UCCJICIOBAHUM BIIUSHUS IIUPUHBI OKOHHOM (YHKIMHA W BIUSHUU IIHUPUHBI
YaCTOTHOT'O MHTEPBaIa Ha Pe3yIbTaThl U3MEPECHUI.

OObecnieyeHre  MPOW3BOACTBEHHONM W DKOJIOTHYECKOW  OE30MacHOCTH
SBJIIETCSI HEOOXOUMBIM YCJIOBHEM pEaNU3alMK JIIOOBIX MPOEKTOB, B TOM YHCIIC
KOHCTPYKTOPCKHX U HccheaoBaTenbekux. O0ecrneuenne 0€30nacHOCTH, B OOLIEM,
IIPEANoaraeT co31anue 0€30MacHbIX U 0JaronpUsATHRIX pa00OUYUX YCIOBUH JIJIS BCEX
JIU11, 33]IEHCTBOBAHHBIX B pa00Tax, MPEIyCMOTPEHHBIX IPOSKTOM, a TAK)KE YCIOBHH,
00€eCIeYnBaOIINX IKOJIOTHUYECKYI0 O€30IIaCHOCTh OKPYKAIOIIEH CPEe/Ibl.

[lepBUyHBIM dTanioM B 3a7aue oOecriedeHus: 6€30MacCHOCTH TPYJa SABIISIECTCS
BBISIBICHHE BO3MOXKHBIX TPUYMH TOTEHIMAJbHBIX HECYACTHBIX CIIyYaes,
IIPOU3BOICTBEHHBIX TPAaBM, IPO(EeCCHOHANBHBIX 3a00JIeBaHUM, aBapuil U MOKAPOB
[19]. lanbHeHIIIMME STanaMu SIBJISIOTCS pa3paboTKa MEPOTIPUATHIA 110 YCTPAHCHUIO
BBISIBJICHHBIX MPUYUH W WX peanm3arus. [loTeHImanpHble MPUYUHBI M PUCKH, a
TaK)K€ KOHKPETHBIA HA0Op MEpONPUATHNA MO WX YCTPAHEHHIO, OIMPEICIISIIOTCS
cnerupUKoi BBITIOIHAEMBIX PaOOT U aPUOPHBIMH YCIIOBUSIMH TPY/a (B YACTHOCTH,
BUJIOM U COCTOSTHUEM pabO4YuX MeCT ucroiaHuTenei) [19].

Hannas kBanmupukanmoHHas paboTa SBISETCS HEOOXOIUMBIM STaroM
peanu3alnuy MPOEKTa, MPEeIyCMaTPUBAIOLIEIO pa3padOTKy TEYENOUMCKOBOIO
KOMILJIEKCA, HCIOJb3YIOUIEr0 OpPUIMHAJIbHBIE CIIOCOOBI YacCTOTHO BPEMEHHOTO
KOPPETSAIUOHHOTO  aHaiau3a il  oOpaOOTKM  JaHHBIX, TOCTYMAIOMUX C
obcnemyemoro TpybompoBoaa. HemocpencrBeHHo naHHash paboTa mpearnojiaraet
WCCJICIOBAHUE CBOWCTB YaCTOTHO-BPEMEHHBIX KOPPEISAIMOHHBIX  (YHKIIUH,
NPUMEHUTEIPHO K PEIIEHUI0 TaKWX 3aJad Kak OOHapy>KeHHE YTEeueK B
TpyOONpoOBOJaX U JUArHOCTUKA MAIIMHHOTO 000pynoBaHus. B cBsi3u ¢ TeM, 4yTo Ha

JaHHOM pCaJIM3alluU IMPOCKTAa B HCJIOM, OTCYTCTBYIOT YCJIIOBUS JII IIPOBCIACHUA
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($u3NYECKUX IKCIEPUMEHTOB (B YAaCTHOCTH, MPOTOTUI YCTPOWCTBAa HAXOIUTCS B
pa3paboTKe), OCHOBHBIM MOAXOAOM K MPOBEICHUIO  3alJIAHUPOBAHHBIX
UCCIIEJOBAaHUM SIBJIIETCS KOMIIBIOTEPHOE MojenupoBaHue. Takum o0pasom,
OCHOBHBIMU pPabOYMMMU CpPEICTBAMM, 3aJCHCTBOBAaHHBIMM B JaHHOW paborTe,

sBigroTed 11K,

4.2 O01as xapaKTepUCTHKA padovyero nomMeneHnst

OcHOBHass dYacTh JaHHOW KBaJU()UKAMOHHOW palOThl BBINOIHSIACH
necsitoM yuyeoHoM kopryce TIIY nHa kadenpe ABtomatuku u KommbroTepHBIX
Cucrem (AuKC) B ayautopuu Ne 1176. Beibop ayautopun onpeaensics HaTu4uem
HEOOXOAMMOIrO  JJii  BBINOJHEHWS MOCTAaBICHHBIX 3aad  [POrpaMMHOIO
o0ecrniedeHus, a TaKkke rpaduKoM BOCTPEOOBAHHOCTH ayAUTOPUHU.

OO6mmas miom@aas pabodero MOMEIIeHHUsI COCTaBIIsIeT 54 M2 (mmHa a = 9 M,
mupuHa b = 6 M, h = 3,5 M), 06beM cocrtapisger 189 M. AyauTopus paccuMTaHa
Ha OJJHOBPEMEHHYIO palOoTy Ipynn 10 8 yesnoBeK. Takum o0pa3oMm, Ha KaxKIOTro
paboTAaIOIIEro MPUXOAUTCS HEMHOTO 6oJee 6,5 Mm% obmiell momany u okono 24 m3
o0miero oobema.

Cormacao CanlluH [18], caHuTapHbiec HOpPMBI Ha OJHOTO YeEJIOBEKa
cocTaBisioT 6,5 M2 momanu u 20 M3 06bema. Takum 06pa3zom, pabodee IIOMELIEHHE

IMOJIHOCTBIO COOTBCTCTBYCT HCfICTBYIOHIHM CaHHUTAapHBIM HOpMaM.

4.3 Ilpou3BoacTBeHHAs1 0€30MIACHOCTH

[Ipou3BoACTBEHHBIE YyCIOBHS Ha pabo4eM MECTE€ XapaKTepU3yrTCs
HaJIMYMEM pa3IMYHBIX OMNACHBIX W BPEIHBIX IPOU3BOJCTBEHHBIX (PAKTOPOB,
OKa3bIBAIOIINX HETAaTUBHOE BIMSHUE HA paboTHUKOB. [lon BpennbpiMu dakTopamu,
MOHUMAIOT Takue (PaKTOpbl TPYAOBOTO MpoIllecca U padodeil Cpenbl, KOTOpbIe
XapaKTEPU3YIOTCSA IMOTEHIIMAIBLHON OIMACHOCTBIO IS 370POBbS, B YAaCTHOCTH
CIIOCOOCTBYIOT Pa3BUTHUIO KaKHX-JTHMOO 3a00JieBaHHWM, MPUBOAST K TOBBIIICHHOMN

YTOMJIIEMOCTH U CHIDKEHHIO padorocniocoOHocTH. [Ipu 3TOM, BpeaHbie (akTOph
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MPOSIBJSIIOTCS. TPU  ONPENETEHHBIX YCIOBHSIX TAaKUX KaK WHTEHCHUBHOCTh U
JUTMTEIIBHOCTh BO3MeWCTBUSA. OmacHbIe MPOU3BOJICTBEHHBIE (DAaKTOPBI CIOCOOHBI
MOMEHTAJIFHO OKa3aTh BIUSHUE Ha 370pPOBbE PaOOTHHKA: MPHBECTH K TpaBMaM,
OKOTaM WJIM K PE3KOMY VXYIIICHUIO 370pOBbS pPAaOOTHUKOB B pe3yibTaTe
oTpaBiicHHs WK o0mydeHus [19].

Tabnuua 28 - OnacHble U BpeHbIe (PaKTOPbl MPU BBHITOJIHEHUH PA0OT IO OLIEHKE

TEXHUYECKOTO COCTOSIHHSI MOABOTHOTO Mepexoa Hedrerazonponoia

HUctoununk ¢pakropa, ®axropst (mo F'OCT 12.0.003-74) HopmatusHbIE
HaNMEHOBaHHE PadboT Bpennsie OmacHsle JOKYMEHTBI
[oneBsie pabOTHI: 1.OTKII0OHCHHNE 1. Iemwkymuecs mamuael | CanlluH 2.2.4 — 548 — 96
l)3auricTka BHYTpEHHEW | mOKa3zaTeiei u mexanmsmer; | TOCT 12.1.003 - 83
MOJIOCTH  TPYOOIpPOBOIA | MUKPOKIIMIMATA Ha | MOJBUXHBIE yactu | CCBT,
oT WHOPOJHBIX | OTKPBITOM BO3ZYXE; HPOU3BOJICTBEHHOTO rocr 12.1.029 - 80
IIPEIMETOB; 2. TloBelmeHue ypoBHeH | 0OOpyIOBaHUS; CCBT
2)kannOpoBKa 1IymMa 1 BUOpanuu; 2. DNeKTpUUecKuit TOK. rocTt 12.1.045 - 84
TpyOOTpoBOIa; 3. [ToBbimeHHAs CCbhT
3)o0OcnenoBanme 3ara30BaHHOCTh BO3IyXa CH 2.2.4/2.1.8.562-96
TpyOOIIPOBOA; pabodero mpocTpaHCTBa. CII 51.13330.2011
4) o0cliefoBanme CII 52.13330.2011
TpyOompoBoa
KOPPEJSHOHHBIM
Je(hEKTOCKOTIOM
TeYeHCcKaTesIeM

4.3.1 AHaau3 BpeHbIX NPOU3BOJACTBEHHBIX (PAKTOPOB M CAHUTAPHBIX

HOPM

Kak oTrmeuasiock paHee, BaKHbIM 3TanioM o0ecreueHus MPOU3BOICTBEHHON
0€30MacHOCTH SIBJISIETCS aHAJW3 BPEIHBIX IPOU3BOJCTBEHHBIX (DAKTOPOB H
U3y4eHHE BONpOca MPOM3BOACTBEHHOM caHUTapuu. B cuiy toro, uro cnenuduka
BBITIOJIHEHHUS

JaHHOW  paboTHhI, NPOAOJKUTENbHYIO  paboTy

IIK,

npernoiaraet

HUCIIOJIHUTEICH C MOT'YyT OBITH BBIICIICHBI  CJICAYHOIIMEC  BPCIHBIC

MIPOU3BOJICTBEHHBIE (haKTOPHI:
1) TloBBIICHHBIH YPOBEHD JIEKTPOMATHUTHBIX U 3JIEKTPOCTATUYECCKUX TTOJICH;

2) TloBbIlIeHHBII YPOBEHb HOHU3UPYIOIINUX U3TYUCHUIA;
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3) IloBblIeHHBIN YPOBEHB IIIyMa ¥ BHOPALINY;
4) OTKJIOHEHHS MOKa3aTeNei MUKPOKIINMATA;
5) HenocrarouHoe ocBemnieHne paboueii 30HbI;
6) Bpenubie ncuxodusunonorndeckre HaKkTopsl.
Jlanee npou3BOANTCS aHAJIN3 BIUSHUS IEPEUUCICHHBIX (DAKTOPOB U OLIEHKA
UX BIIMSHUS Ha TPYJIOBOM MPOLIECC, C YUETOM IPOU3BOIUMBIX MEPOIIPUITHH.
a) Tlosvluiennvlii ypoeens 31eKMpPOMACHUMHBIX USTYYEHUN, SAeKMPOCNAMUYECKUX
noJjiet, UOHUUPYIOUWUX U3TYYeHUL
Kak mpaBuiio, B Ka4eCcTBE MCTOYHMKA MHTEHCUBHBIX 3JIEKTPOMArHUTHBIX
MOJIEW pacCMaTPHUBAIOTCA TOKOBEIYIIUE YAaCTH ICUCTBYIOIINUX CUIOBBIX YCTAaHOBOK.
OpnHako B JaHHOM CJIy4ae MICTOYHUKAMM JIEKTPOMATHUTHOTO U3IyYEHUS SABISIOTCS
MOHUTOP M CHUCTEMHBIH OJIOK TEPCOHAIBHOTO KoMmIbioTepa. Bompoc o
CYLLIECTBEHHOCTH  BIIMSHMS  DJIIEKTPOMAarHUTHOTO  M3JIyYEHHS COBPEMEHHBIX
IIEPCOHAIIBHBIX KOMIIBIOTEPOB Ha 3/I0POBBE IIOJIB30BATENSI B HACTOSIIEE BPEMS
ABJIAETCSI JUCKYCCUOHHBIM W HE HAaXOJWUT OJAHO3HAYHOTO OTBETA B HAYYHOU U
MEAMIMHCKOMN cpegax [20].
JIeHCTBYIOIIMMU HOPMAaTUBHBIMU JOKYMEHTAMH TPUBOJATCS CIIETYIOIINE

TpeOOBaHMUS K YPOBHIO AJIEKTPOMArHUTHBIX TOJICH Tpu paboTe ¢ kommbroTepoM [20]

Tabnuma 29 - Bpemennsie gomyctumsie ypoBau OMII, cozgaBaembix [I9BM

HanmMeHnoBanue napamMeTpoB B/1Y SMII
HanpsiseHHOCTb YIeKTPHHUECKOTO MO | r @ OHC HacTOT > In-2 25 B/u
p P B quamna3oHe 4acToT 2 K[’ — 400 xI'1g 2,5 B/m
B quamna3oHe JyactoT 5 ' - 2 kI 250 uTn
[I10THOCTH MArHUTHOTO OTOKA
B auana3one yactoT 2 kI’ — 400 kI’ 25uTn
HanpskeHHOCTb 3JIEKTPOCTATUHYECKOTO TOJIS 15 kB/m
DIEKTPOCTAaTUYECKUI TOTEHIMAJ SKPaHa BUJIEOMOHUTOPA 500 B

B cmny NOpUHIMNAANBHBIX W KOHCTPYKTHBHBIX — OCOOEHHOCTEH
KUJIKOKPUCTAUNIMYECKUX MOHHTOPOB, HAJUYHE WOHU3HUPYIOMIETO W3IYyUCHUS
WCKITIOYAETCSA B CBSI3M C OTCYTCTBUEM MOTOKA JIEKTPOHOB, 00JIAAIONINX BHICOKOM
sHEpruei (MCTOUHUK U300paKe€HUsI MOHUTOPOB C DJIEKTPOHHO-JIY4EBOU TPYOKOil).
DNEKTPOCTATUUECKUI TOTEHITMAT S>KUIKOKPUCTALIMIECKUX MOHUTOPOB, TaK XKe

ABJIIETCS MPEHEOPEXKUMO MaJIbIM (10 OLIEHKaM B TOM UHMCIIE, pa3pabOTUUKOB CEpUU
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crannaptoB TCO) u He TpeOyeT MpOBEICHUS TAKUX MEPOIPHUITHI KaK YBIaKHEHUE
MOBEPXHOCTH 3KpaHa WX MOBBIIICHUE BIIAXKHOCTH BO3yXa B TOMEIICHHH.

JIns  CHWKEHUS  BO3JECWCTBUA  CYIIECTBYIOIIMX THUIIOB  M3JIy4EHUS
PEKOMEHAYETCSl MPUMEHSATh MOHUTOPHI C TMOHM)KEHHBIM YPOBHEM W3JIyUYEHUS,
COOTBETCTBYIOIIMX COBPEMEHHBIM, PACIHPOCTPAHEHHBIM B MHUPE 3IKOJIOTHYECKUM
crangaptaM (takum kak MRP-Il, TCO-99). B cnydyae HeBO3MOXHOCTH 3aMEHBI
YCTPOMCTB, KOMIUIEKTOBAaTh HMMEIOLIMECS 3allUTHBIMM 3SKpaHaMu. B kauecTBe
OpTraHM3allMOHHBIX MEpP, HANpPaBICHHbIX HAa MUHUMH3ALHUI0 HETaTUBHOTO
BO3JICHCTBHS Ha 3[0pPOBbE PAOOTHHUKOB, PEKOMEHIYETCS PErIAMEHTHPOBATH U
co0JroaTh peKUMbl Tpyaa v oTAbixa [20]. s cHuXEHUs BIUSIHUS U3ITy4CHUS,
UCTOYHUKOM KOTOpOrO SIBIISIFOTCA coceAHue paboume Mmecra, pasmenienue 11K
COCEJTHUX OCYILIECTBJISICTCS HA PACCTOSTHUM HE MEHee yeM 1,2 M.

Paboune mecta HCHOJNHUTENEH, YIOBJIETBOPSIOT BCEM IEPEUHCICHHBIM
TpeOOBAaHUAM: HCIOJIb3YIOTCS COBPEMEHHBIE >KUIKOKPUCTAIIMYECKUE MOHUTOPBI,
YIOBJIETBOPSIOIIME HOPMATUBHBIM TPEOOBAaHUSAM IO MMOKA3ATEISIM HAIPSHKEHHOCTH
anekTpuueckux mojeit (B coorBerctBuu ¢ TCO ‘03); pacnonoxkenue [IK
COOTBETCTBYET NMPHUBOAAIIMMCS B MeTOAWYECKOW nutepaTrype [18] mpaBummam; B

pabouem rpaduke, IpeTycCMOTPEHbI KPATKOBPEMEHHBIE MTEPEPHIBHI.

0) Pecnamenmuposarnue pexcumos mpyoa u omowvixa npu opeanu3ayuu pabomaol
HecobOmtonennst pexxMMOB TpyJa M OTIbIXa IpH paboTe 3a KOMIBIOTEPOM
MOKET MPUBECTH K TEPEHANPSHKCHUIO 3PUTENBHOIO armapara, HapylIeHUIO CHa,
BO3HUKHOBEHHUIO OOJIE3HEHHBIX OIIYIIEHUN B TJia3ax, MOSCHUIIE, e U pyKax. B
CBSI3U C DTUM, CAHUTapHbIE HOPMHI [17] pernmaMeHTUpYeT NIUTEIbHOCTh MTEPEPHIBOB
npu paboTe 3a KOMITBIOTEPOM B 3aBUCHUMOCTH OT MPOAOKUTEIBHOCTH paboueit
CMEHBI, BUJOB M KATErOPUHA TPYIAOBOM HEATEIBHOCTA C BHUICOAUCILUIEHHBIM

TEPMUHAJIOM U NepCcOHaIbHbBIM DBM.
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Tabmuma 30 - Bpemsi periaMeHTHpOBAaHHBIX TIE€PEPHIBOB IMpH paboTe Ha

KOMIIBIOTEPC
Kateropis VYpoBeHb Harpy3ku 3a padouyio cmeHy npu| CyMMapHOe BpeMs periiaMeHTUPO-
paboTs: Buaax padotel ¢ BT BaHHBIX MEPEPHIBOB, MUH
¢ BAT nmn Tpymna A, | Ipynna b, I'pynna B, [Ipu 8-yacoBoii [Ipu 12-gacoBoit
KOJHMYECTBO | KOJIUYECTBO
II5BM 4acoB CMEHE CMEHE
3HAKOB 3HAKOB
| o 20000 o 15000 1o 2,0 30 70
I 1o 40000 1o 30000 10 4,0 50 90
Il 1o 60 000 1o 40 000 10 6,0 70 120

BrinonHenue ucciieJoBaHUN NMPEayCMOTPEHHBIX JaHHOM pabOThl, MOXKET
OBITh KJIaCCU(UIIMPOBAHO KaK OTHOcsIIeecs K rpynmne B («TBopueckas pabota B
¢dopme nuanora c I1IK»). Tak kak BbIIIOJIHEHUE 3aJa4 NPEANOIaraeT 3HaYUTEIbHOE
Bpems paboThl ¢ [1K, Harpyska coorBercTByet kareropui II. Takum oOpazom, uepes
2 yaca mocie paloThl, periaMeHTHpPYroTca 10 MHHYTHBIE MEpPEpbIBbI KaxXAbIN
nocneayoumii yac [17]. Ilpu BbImosHEHUH pabOT MEpPEpPBIBBl COUYETAIUCH C
BBINIOJIHEHUEM psAJIa paccaalsomnX YIPaXHEHUH IS I71a3, ¢ UEJbI0 MOBBIIIECHUS
3G ()EKTUBHOCTH OTIbIXa U CHUKEHHUS HETATUBHOIO BIIUSHHUS Ha 3PUTENbHYIO

CUCTEMY.

8) llosvluiennvlil yposeHs wiyma u subpayuu
BpenubiM mpou3BOACTBEHHBIM (AKTOPOM TaKXKe SIBISIETCS IIIYyM, YTO
CBSI3aHO C €ro HEraTUBHBIM BO3JCHCTBUEM Ha Opranu3Mm 4yenoBeka. llon

BO3JICMCTBHEM IlIyMa CHI)KAETCS KOHILIEHTpalUMs BHUMAaHUS, HapyIIAlOTCS
¢duznonornyeckue (QyHKIMH, MOSBISIETCS YCTaJOCTh B CBSI3U C IOBBIIIEHHBIMU
HPHEPreTUYECKUMHU 3aTpaTaMi U HEPBHO-TICUXMUYECKUM HANPsHDKEHUEM, YXYIIIAeTCs
pedyeBass KoOMMyTauus. Bce mnepeduciaeHHoe SBISETCS NPUYMHONM CHUKEHUS
paboTOCIIOCOOHOCTH YCIIOBEKA M MTPUBOAMT K MaJCHUIO TPOU3BOIUTEIBLHOCTH [22].

B cootBercTBuu ¢ [17], mpu BeinonHeHuu padotsl Ha [1IK (ITID9BM) ypoBens
nmyma Ha pabodeMm Mecte He moipkeH mpesbimaTh 50 n1b A. B 3amax o6pabotku

UH(POpPMAIIUK TIOCPEICTBOM BBIUMCIUTENLHBIX MamuH — 65 1b A. CornacHo [21]
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3alUTa OT IIyMa JOJDKHA OOecmeurBaThbCs pa3paboTKOl W IpHUMEHEHUEM
IIyMOOE30I1aCHOM TEXHUKH, MPUMEHEHUEM CPEACTB M METOJOB KOJUIEKTUBHOMN
3aIMUTHI, TPUMEHEHUEM CPEICTB HHAWBUIYaNbHON 3alIUTBL. B yacTHOCTH, MJId
CHIDKEHHUS YPOBHS IIIyMa CTEHBI M TIOTOJIKH TTOMEIIEHUI MOTYT OBITH OOJIMIIOBaHBI
3BYKOMNOIIOMIAIOIMMY MaTepuajgaMu. Y pOBEHb BUOpPALMK B MOMEIICHUSIX MOXKET
OBITh CHUKEH MTyTeM BUOPOU3OJISIIIUU CO3/IAI0IINX ITyMbl YCTPONCTB.

B pabouem mnomemieHnd, B KOTOPOM MPOUCXOJUIIO BBINOJHEHUE JAHHOU

paboThl, YpOBEHB IIIyMa U BUOpAIIMU HAXOAMWIICA B Mpeeiax HOPMBI.

2) Omxnonenue noxkazamesei MUKPOKIUMAMA

OnHuM ©3 HEOOXOAUMBIX OJIArOMPUSATHBIX YCIOBUW TpyJa SBISIETCS
o0OecrieyeHHE B TOMEIICHUAX HOPMAIBHBIX METEOPOJIOTHUYECKUX YCIIOBUH,
OKa3bIBAIOIIMX CYIIECTBEHHOE BIUSHUE HA TEIIOBOE CaMOYYBCTBHE YEJIOBEKA.
MeTeoponoruueckue yciaoBus B IPOU3BOACTBEHHBIX TOMEIIEHUSIX (MUKPOKIMMAT),
3aBUCAT OT psifla OCOOCHHOCTEH TEXHOJOTUYECKOro MpOoIecca, a TaKKE BHEIIHUX
ycioBul (KJiMMarta, C€30Ha, YCJIOBUI BEHTWISIIIUU U OTOTLICHHUS).

Mukpokiaumar MIPOU3BOJICTBEHHBIX NOMEUIEHU ONpeeaeTCs
CICAYIONIMMHU TOKa3aTeNIIMU: TEMIIEPAaTypOi, OTHOCUTEIbHOW BJIAXKHOCTHIO U
CKOPOCTBIO JBWKEHHMS BO3QyXa. ONTHMAIbHOE COYETaHUE MEPEUHUCICHHBIX
napamMeTpoB OOecreunBacT HOPMaJIbHBIM TEIJIOO0OMEH YelIOBEeKa C OKpyKaromen
Cpeloii M OKa3bplBaeT IIO3UTHUBHOE BIIMSHHE Ha ero camouyBcTBue [18].
OnTuManbpHble 3HAYCHUS TEPEUYMCICHHBIX MmapameTpoB miua pabor c¢ IIK,

yCTaHOBJICHHBIEC CAHUTApHBIMU HopMamu [17, 19], mpuBeneHs! B TabmuIle.

Tabnuna 31 - OnTuMansHbIe 3HaAUEHUS TTOKa3aTeIeld MUKPOKJINMATa

. OTtHOcuTeNnbHAS Ckopoctb
IIepunon | Temmeparypa |TemmneparypamnoBepxHOCTEM,
BJIQXKHOCTh BO3/yXa, | JIBHJKEHUS

roza BO3ayxa, °C C % BosIyXa, M/C
X 0JIOTHEIN 22-24 19-26 40-60 0,1
Tennpi 23-25 20-29 40-60 0,1
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B paboyem momernieHny MCHOTHUTENEH NOAACPKUBATUCH OJIaronpusTHbIC
YCIIOBHSI MHUKPOKJIHMMAaTa, 3a cueT (PYHKIMOHMPOBAHUS CHUCTEM BEHTWIALHMHU U

OTOILNICHUA KOPITyCa B LICJIOM.

0) Opeonomuueckue mpebosarus Kk pabouemy mecmy
Pabouee MecTo M B3aMMHOE PACMOJIOXKEHHE BCEX €Tr0 AJIEMEHTOB JOJIKHO
COOTBETCTBOBATh AHTPOIIOMETPUYECKUM, (U3HUECKUM H TICUXOJOTHICCKUM
TpeOOBaHMSIM C YYETOM XapaKTepa BBIMONHSIEMOW paboThl. B wacTHOCTH, Tipn
OpraHm3anuu pabodero MecTa HHKEHEpa-MpOorpaMMUCTa  JOJDKHBI  OBITh
COOJIIOIGHBI  CAEAYIONINE OCHOBHBIE YCIIOBHUS: ONTHMAalbHOE pa3MEIICHHUE
00OpyIOBaHUs, BXOMAIIETO B COCTaB paboyero mMecra M JIOCTaTOYHOE padouee
MPOCTPAHCTBO, IMO3BOJISIONIECE OCYIIECTBIATh BCE HEOOXOJIUMBIE JIBJKCHUS U
epeMeIeHHS.
B gacTHOCTH, SprOHOMUYECKUMU aCTICKTaMH MMPOCKTHPOBAHUS pabOunX
MecT sBisitoTes [23]:
e  BbICOTa paboUEii MOBEPXHOCTH;
®  pa3Mepbl NPOCTPAHCTBA /ISl HOT;
e  TpeOOBaHMS K PACIOJIOKEHUIO JOKYMEHTOB Ha paboyeM MecTe
(HayMuuMe u pa3Mepsbl MOJICTABKH JIsl TOKYMEHTOB, BO3MOXXHOCTh Pa3IMYHOTO
pa3MelieHnsi TOKYMEHTOB, PAacCTOSHHE OT TJia3 IMOJb30BaTeNs 10 JKpaHa,
JOKYMEHTA, KJIAaBHATYPHI U T.11.);
®  XapaKTEePUCTUKU paboyero Kpecna;
e  TpeOOBaHUS K MOBEPXHOCTH pabOYero CToja;
®  PEryIMpyeMOCTh dJIEMEHTOB pabouero MecTa.
st koM¢popTHO pabOThl CTON JOJDKEH YAOBIECTBOPSTH CIETYIOIIUM
TpeboBanusm [23]:
® BBICOTA CTOJIA JOJDKHA OBITh BBHIOpaHA C yYE€TOM BO3MOXXHOCTH CHJICTh
CBOOOIHO, B YO0OHO# 103€, MPY HEOOXOAMMOCTU OMUPASICh HA MO IJIOKOTHUKH;
® HIDKHSS 4YacTh CTOJIa JOJDKHa OBITh CKOHCTPYMPOBAaHAa TakK, YTOOBI

NporpaMmMuUcCT MOT' YI[O6HO CHACTH, HC OBLIT BBIHYXICH IMOJKUMATb HOT'H;
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® T[IOBEPXHOCTh CTOJAa JOJDKHA 00JaJaTh CBONCTBaMH, HCKIIOYAIOIIUMU
MOsIBJICHHE OJIMKOB B MOJIE 3PEHUSI POTPAMMHUCTA;

® KOHCTPYKIMSI CTOJIa JOJDKHA MPEeayCMAaTpUBaTh HAJIUYHUE BbIJIBHXKHBIX
SIIUKOB.

e BpICOTAa pabouell MOBEPXHOCTH PEKOMEHIyeTcs B mpenenax 680-760Mm.
BricoTa MOBEpXHOCTH, HA KOTOPYIO YCTaHABIMBACTCS KJaBUATypa, MOJDKHA OBITh
0K0J10 650MM.

BaxkHoe 3HaueHHE ¢ TOYKU 3PEHUS] SPTOHOMUKH HMEIOT XapaKTePUCTUKU
pabouero kpenca. Tak, pekoMeHIyemasi BbICOTa CUJIEHbS HaJ YPOBHEM IIOJia
HaxoauTcs B ipezenax 420-550 mm. [ToBepXHOCTh CUACHBS MsITKasl, IepeaHUIN Kpai
3aKpYTJCHHBIN, & YTOJI HAKJIOHA CIIMHKU - PETYJIUPYEMBIil.

CornacHo [5], cylIEeCTBEHHOE BIMSHUE Ha TMPOU3BOAUTEIBHOCTh U
Ka4eCTBEHHO pa0OThl HA KOMITBIOTEPE OKA3bIBAIOT Pa3MepPhl 3HAKOB, IJIOTHOCTh UX
pa3MelleHns, KOHTPACT U COOTHOIIEHHE SIPKOCTEN CUMBOJIOB U (hoHA 3KpaHa. Eciu
paccTosHHE OT TJIa3 omepaTopa A0 3KpaHa auciuies coctaBisier 60...80 cm, TO
BBICOTA 3HAaKa JOJDKHA OBITh HE MEHEe 3 MM, ONITHMAIBHOE COOTHOIICHUE IITUPHHBI
M BBICOTHI 3HaKa COCTaBiIeT 3:4, a paccTosiHMEe Mexay 3Hakamu — 15...20% wux
BbICOTHI. COOTHOIIIEHUE SIPKOCTH (hOHA IKpaHA ¥ CUMBOJIOB - OoT 1:2 o 1:15 [5]. B
X0/J1€ BBITIOJTHEHUS paOOThI, TPOTPaMMHBIN KOJI, & TAK)Ke HHTEp(EeHChl pabounx cpe
oopmisutuce mpudramu TimesNewRoman, Cambria, Arial pasmepom 10-14 pt.
Takum oOpa3om, HaYEepTaHKWE CUMBOJIOB yIOBJIETBOPSIET COOTHOIICHUSIM IITUPUHBI U
BBICOTBHI. MeTpruecKnil pasmep cocTaBisieT 3,5-5 MM.

Paboune mectra B aynutopun Ne 1176 gecsitoro xopryca TITY orBeuaet

BCEM IPUBEJICHHBIM TPEOOBAHUSM SPTOHOMUYHOCTH.

e) Heoocmamounas oceeuennocms paboueti 30Hul

KadectBo mH(bOpMaIrum, moiaydaeMoil MOCPEACTBOM 3pPEHHUS, BO MHOTOM
3aBUCHUT OT OCBEIICHHUS, YTO OCOOCHHO aKTyaJbHO IMPHU MPOAOHKUTEIBHON paboTe
3a KOMIBIOTEpOM. M3BECTHO, YTO HEIOCTATOYHOE OCBEIICHHWE 3aTPYIHSET
BOCIIpUATHE WH(OOpPMAIIMK, a TakKe MPUBOAUT K YTOMIICHHIO 3PUTEIBHBIX

aHAJIM3aTOPOB M OpraHWU3Ma 4YeloBeKa B 1esioM. J[nmutenbHas paboTa B YCIOBHUSIX
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HEJOCTATOYHOW OCBEUICHHOCTH MOXET MPHUBECTH K Pa3ApaXUTEIbHOCTH M HE
yIIOBJIETBOPEHHOCTH PabOTOMl M HEraTHBHO CKa3aTbCsid Ha MPOU3BOIAUTEIHLHOCTU
tpyxaa [18].

Cornacuo [17] nomenienus, npeaHa3HAYCHHBIE ISl BBIMOJHEHHS padOT Ha
[1K, nomkHBI MMETh KaK €CTECTBEHHOE TaK M MCKYCCTBEHHOE oOcBelieHue. B
YaCTHOCTHU, B JOKYMEHTE MPUBOAATCS CIEAYyIONIHe TPeOOBaHMS: OCBEUIEHHOCTh Ha
ypoBHE paboueld MOBEPXHOCTU JAoJKHA cocTaBiarh 300-500 5K; SpKOCTH
CBETSAIIUXCS MOBEPXHOCTEN (OKOH, CBETHJIBHUKOB. ), HAXOISALIUXCS B TOJIe 3pEHUS,
nosokHa ObITh He Gonee 200 K1/M?; OCBEIEHHOCTh MOBEPXHOCTH DKPaHa HE J0JDKHA
obITh Oosiee 300 JIK; IPKOCTh OJIMKOB HA 3KpaHE MOHUTOpPA HE JOJIKHA MPEBBIIIATH
40 xn/M?; ApPKOCTH IOTOJKA HE H0/ukHa mpesbimate 200 kn/m%. Kpome Toro,
ko3 duiment ecrectBeHHOM ocBemieHHoctTh KEO B momemeHusix ¢
ucroipzoBanueM 11K nomxeH ObITh He Hibke 1,2%.

Jlanee TPOM3BOOUTCS pPacyeT MCKYCCTBEHHOIO OCBEIIEHUsl paboueit
ayJUTOPUH, KOTOpasi XapaKTepU3yeTcs CIACAYIOUIMMH pa3MepaMu: JUIMHA a = 9 M,
mupuHa b =6M , h = 3,5 M. lleapto MaHHBIX pacyeTOB SBISCTCA OIICHKA
COOTBETCTBHSI MCKYCCTBEHHOTO OCBEIIEHHUS CYIIECTBYIOIIMM peKOMEHAanusMm. B
ayJUTOPUM TPEAYyCMOTPEHO oOOlee pPaBHOMEPHOE OCBEIEHUE, JJIsi KOTOPOTO
OPUMEHSIOTCS JIIOMUHECHIeHTHbIe jJammnbl Tuna JIb (mamnel Oenmoro nBera), amis
KOTOPBIX UCTIONB3YI0TCs cBeTHIIbHUKN T O/ - 2-30 (mymuHOM 933 MM, MpUHOMA
204 Mm).

CornacHO peKOMEHIAIMSIM, ONTHUMAIbHOE pPa3MEIICHHUE CBETHILHUKOB B
INOMEILLEHUN ONpENeNsIeTcs CIEAYIOIUMA TE€OMETPUUYECKUMHU MapaMeTpaMu
nomerienus [24]:

H-BpicoTa nometienus (3,5 m);
h. = H — h,,- paccTosiHUE CBETUJILHUKOB OT MEPEKPHITUS (CBEC);
h,,- BbICOTa CBETUJIBHUKA HAJl TIOJIOM, BBICOTA MO/BECA;

h,- BbIcOTa paboueli MOBEPXHOCTU HaJ MOJIOM;

P
h = hy, —hy, - pacyeTHas BBICOTA, BBICOTA CBETHUIbHMKA Hajx pabouei

IIOBCPXHOCTEHIO,
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L- paccTrosiHue MeXIy COCEHUMU CBETUIILHUKAMU WIIU PSIIaMU;
[ - paccTosiHMEe OT KpallHUX CBETWJILHUKOB WJIU PSAJIOB JO CTEHBI (COTJIACHO
pEKOMEHIaIUAM, TaHHBIM B [24] nmpuHuMaeTcs paBeHCTBO [ = L/3).

Taxke yduTBIBAETCA KPUTEPUN MHTErPAIBHBIM KPUTEPUM ONTUMAJIBHOCTU
pacCMOJIOXKEHUSI CBETHJIBHUKOB B MOMEIICHUU A (ONTUMATbHOCTh 3aKIIIOUAETCS B
KOMIIPOMHUCCE CTOMMOCTH O0OPYIOBaHUS U €ro OOCIYyXKMBaHHS U PAaBHOMEPHOCTH
npousBoaumMoro cera). CormacHo [5], mis 0003HAYEHHOTO THITA CBETHIIBHHKOB
A=14.

Hnsa ceetunbaukoB tuna OJ] - 2-30 u 3amaHHOTO pa3mepa MOMEIICHUs
XapaKTEPHBI CIACAYIOMNE 3HAYCHHS 0003HAYEHHBIX MapameTpoB: h, = 3,5M; h. =
0; hp= 1,5mM;h=2m;L =A-h = 2,8m.

B cuny Toro, 4to noMmenieHue UMEIOT MPSIMOYTOJIbHYIO JOPMY, PACCTOSIHUE JI0
KpalHUX PSAJOB CBETHJILHUKOB pasznuyHbl: [, = L/3 =0,93m; 1, =(b—L—w)/
2 =1,39M, rae w — cyMMapHas [HUPHUHA MPEANOIATaeMbIX PSIOB CBETHUIBHUKOB
(0,408m).

Ha ocHOBe HaHHBIX pacyeTOB PEKOMEHAYETCS Pa3MECTUTh CBETHJIBHUKU B 2
psifa, B KaXIOM U3 KOTOPBIX HYXHO YCTaHOBUTH 6 cBeTWJIbHUKOB THma O/l - 2
MomHOCThIO 30 BT (cM. pucyHok 3.1). IIpu 3ToM pa3pbiBbl MEKIY CBETHIIBHUKAMU
B psaay coctaBsaT 0,30 M. YuuThiBas, 4TO B KaKJIOM CBETWJIBHHKE YCTAHOBJIEHO I10

JIBE JIAMIIbI, OOIIlee YK CJIIO JIAaMII B IOMEIIEHUHU COCTAaBUT 24.

A

1,39m
0,94m 0,94m

Y
A

2,8m
0,3Mm

1,39m

y

Pucynok 41 - [1nan pa3MenieHrsi CBETUILHUKOB B TOMEILICHUN
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Pacyer oOmero paBHOMEpPHOTO OCBEIIEHHUS BBINOJHAECTCS METOIOM
K03 uUIMEHTa CBETOBOIO MOTOKA, YUUTHIBAIOIIMM CBETOBON MOTOK, OTPAKEHHBII
or notojika ¥ creH [19]. CBeToBOI MOTOK TPyNIbl JIOMHUHECIEHTHBIX JIaMII

CBETHJIbHUKA OTpeenseTcs mo Gpopmye:
E,xS*K3*Z
F =
n*n

(4.1)

I'nme E, - HOpMHpyeMass MUHUMAJIbHAsi OCBEUIEHHOCTh ([JIsI TaHHOW KaTeropuu
nomenenuit E,; - 300 1x);

S - mnomans ocsemaemoro nomemienus (54 m?);K; - xo>dpunuenr 3anaca,
YUUTHIBAIONINIA 3arpsi3HEHHE CBETWIbHHUKA, 3ambuieHHOCTh (K3 = 1,5 - s
MOMEMICHUI ¢ MaJbIM BBIIECJIEHUEM TbUIN); Z - KO3((PUIMEHT HEpaBHOMEPHOCTU
OCBellleHUs (A1 JIIOMUHECUEHTHBIX JIaMIl OepeTcs paBHbIM 1,1); n - gucio namm
(n=24); n - kKOOpPUIMEHT KCIONB30BaHHUS CBETOBOTO TOTOKA - TOKA3bIBACT,
KaKasi 4aCTh CB€TOBOI'O IIOTOKA JIAMII [TONa1aeT Ha pabovyto MOBEPXHOCTb.

CremneHb MCIMOJIB30BaHUS CBETOBOTO MOTOKA JIAMIT B TIOMEIICHUH 3aBUCUT
KakK OT reoMeTpun oMeteHus (turomanu (S), TMHeHHBIX pa3Mepos (a, b), BEICOTHI
YPOBHSI CBETHJILHUKOB HaJl paboyeil moBepxHocThio (h)), Tak U 0T K03 PUIIHEeHTOB
OTPaXXKEHUS CTEH P, U MOTOJIKA P;. YUET reOMETPUH OMEIEHUS OCYIECTBIIsETCS,

C IIOMOIIBIO MHACKCA ITOMCIICHHM A, BBIYHUCIIICMOTI'O 110 (I)OpMYJ'Ie:

__S 4.2)
~ hx(a+b)

YuuTeiBas, mapaMeTpbl INOMEILIEHHUs, NPUBEICHHbIE BblLE - | = 1,8M .
KoadduimenTsl oTpaskeHus p. U p, UMeOT caenyromue 3nadenus [9]: p.= 70%
(cTeHbl CBeXEnoOeNeHHbIE ¢ OKHAMU 3aKPBITHIMU IITOPAMH); py.= 70% (moTomIoK
cBexenonoOeneHHbiii). CorjmacHo Tabmuie KOI(P(OUIMEHTOB HCTOIb30BAHUS
CBETOBOI'O TMOTOKA, C JIIOMHUHECIICHTHBIMHU JIAMITAMHU TIPUBEJCHHON B [24] rMeeM 1)
= 53%.

Bosepamasice, momyuum F = 2101 nx. Takum oOpaszoMm, wucxoas u3
U3BECTHOTO THUIMA JIAMITBI, a TaK)X€ BBIYMCIEHHOTO HEOOXOAMMOIO CBETOBOTO

MOTOKa, MOXET OBITh Mojo0paHa CTaHAAPTHAs JIaMIla, YJIOBIETBOPSIONIAS
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TpeOOBaHUSAM  OcBelmeHHOCTH momenienus. CormacHo [24],  OGmepkaimiei
NOAXOJAIIEH cTaHAapTHOW snamnon ssisiercs - JIb 30 Bt ¢ morokom 2180 k.
Hanpsixenue cetn 220 B, Hanpsbkenue Ha amie 104 B

[To pe3ynbTaTam BBIIETPUBEICHHOTO aHAIIN3a, MOXKET OBITh C/AENIaH BHIBOJ,
YTO MHTEHCUBHOCTh MCKYCCTBEHHOTO OCBEILEHUS YAOBIETBOPSET TPEOOBAHUAM,
NPEABIBISIEMbIM K TOMEIICHUSIM JAHHOTO Turma. PDaKkTUYECKOe pacCIOIOKEHUE
CBETWJIbHUKOB, a TaK)K€ CBETOBas XapaKTEPHCTHKA JIAMI M WX HOMHHAJIbHAS
MOIIIHOCTh COOTBETCTBYIOT HPHUBOAMMBIM B [24] peKOMEHJauusM Mo Moadopy,
KOMIUJIEKTALMHA U PACHOJIOKEHUIO CBETUIIBHUKOB ISl KAYECTBEHHOM OpraHu3aluu
ocsenieHusl. CTOUT OTMETUTh, YTO paccMaTpuBaemasi ayJUTOpUs UMEET KPYITHOE
OKHO, 3aHMMAIOIIEeEe 3HAYUTEIBHYIO 4YacTh IUIOIIAAM BOCTOYHOM CTEHBI, TaKHM
00pa3oM, OCBEILIEHHE MOXKET CUUTAThCAd KOMOMHUPOBAHHBIM. I yiydiieHus
UCIIOJIb30BaHUSl CBETOBOI'O IOTOKA, OKHO CHA0KEHO 3aHaBeCKaMH B KauecTBE
KOTOPBIX BBICTYHAIOT Oelible >kKamo3u. B 1iemom, opraHusanus OCBEUICHHS B
paboueit ayTMTOpUHU ABIISIETCS YOBIETBOPUTEIBHOM.

B X0/1€ BBIITOIHEHUS PArOOThI, IPUHSITHIE MEPHI IO3BOJIIFOT KOHCTaTUPOBATh
HaJIM4Me CO3JaHHOW OJIaronpusaTHON pabouyeil cpe/bl B XO/1€ BBINIOJHEHUS JaHHOU

paboTHI.

4.2.2 AHA/JU3 ONACHBIX MNPOM3BOJACTBEHHBLIX (PAKTOPOB M TeXHHKA

0€301MaCHOCTH.

K 4wmciny omacHbIX NpPOU3BOJCTBEHHBIX (HDAaKTOPOB, XapaKTEPHBIX JIS
pabodero Mmecra WHXKEHEpa-MPOrPaMMUCTA, OTHOCHUTCS DJIEKTPUYECKUM TOK.
CreneHb ONMacHOTO BO3JEHCTBUSA Ha YeJIOBEKAa 3JIEKTPUUYECKOTO TOKA 3aBHCHUT OT
pO/ia ¥ BETUYUHBI HAMIPSKEHUS M TOKA, & TAKKE OT YaCTOTHI AJIEKTPUUECKOTO TOKA,
NyTH TOKa Yepe3 TeJI0 4YeIOBEKa, MPOJOKUTEIbHOCTH €ro BO3JAEHCTBUS Ha
OpraHu3M YeJ0BeKa, yCcIIoBHil BHEIIHEN cpenl [10]. B yacTHOCTH, 3ieKTpuuecKuit
TOK, MPOTEKasi 4Yepe3 TEJI0 YeIOBEeKa, MPOU3BOJUT TEPMUUECKOE, MEXAaHUYECKOE U
CBETOBOE BO3/CUCTBHUE (IIEKTPOJUTUUECKOE PA3IIOKEHUE KUIKOCTH, B TOM UUCIIE

1 KPOBH, CYJIOPOKHOE COKPAILEHUE MBIIIIL, Pa3pbIB TKAHEW U MOPaKEHUE IJ1a3).
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C Touku 3peHus 3nekTpodesomnacHoctH, daboparopus Ne 1176 gecstoro
kopmyca TITY oTHOCHTCS K KaTETOpHH MOMEIIEHUH 0e3 MOBBIIICHHON OMAaCHOCTH,
T.K. €€ MOKHO OXapaKTepHU30BaTh KaK cyxoe (OTHOCUTENbHAs BIAXKHOCTh BO3TyXa
He mnpeBbimaetT 60%), OecnbUIbHOE MOMENICHUE C HOPMAaJbHOM TeMmIepaTypoun
Bosayxa (+24°C), ¢ M30IMpYIOIMMH CyXUMH OETOHHBIMH HOJIAMH, MOKPBITBIMU
JUHOJIEYMOM. EIMHCTBEHHBIM THUIIOM TEXHOJOTHYECKOIO 3JIEKTPOOOOPYI0BAHUS
IPUCYTCTBYIOIIUM B pabO4YeM MOMEIIEHUU SIBISETCS BBIYMCIWTEIbHAS TEXHHKA
(mepcoHanbHble KOMIBIOTEPHI). Takum 00pa3zom, Bce NMpUMEHsEMOE Jii paboThl
ANEKTpooOOpyI0BaHUE UMeeT HanpsbkeHue nutanus 10 1000 B u manoe BbIxoiHOE
HaIpsHbKeHUE Mpeo0pa3oBaTeNIbHBIX AJIEMEHTOB (Hanpumep, 01oka nutanus 11K - 5-
25 B). B cBs3u cBbilie 0003HAYEHHBIMH OOCTOSTENBCTBAMHU, B 1LIEJIOM, YPOBEHBb
AIEKTPUYECKOM OMTACHOCTU Pab0oyero MoMeneHUs MOXKHO PACLICHUBATh KaK HU3KUU.
C nenbro npenynpexiacHus 3JeKTPOTPaBMaTHU3Ma CpPEIU HCIOJHUTENIEH
IPOBOAMJICS MHCTPYKTAX MO TEXHUKE O€30M1aCHOCTH, B KOTOPOM JEKIapUpPOBAIIUCH
OCHOBHBIE METOJIbl M30€raHus MOPa)KEHUs AIEKTPHUUECKUM TOKOM. B dacTHOCTH,
ObUTM 0003HAYEHBI CIEAYIOIINE OJIOKEHUS:
® 3aMpeIlaeTCcsl IMO0JIb30BAaThCA JJIEKTPUUYECKUMHU pO3eTKaMu 0e3 3allUTHBIX
M30JUPYIOLIMX KOXKYXOB HIJIA C HEUCITPABHBIMU KOXKYXaMU;

e 3ampemaeTcs BKIOYaTh B dnekTpocerh [IK ¢ oromeHHbIMH mpoBOJAMHU H
TOKOBEAYIIUMH YACTSIMU JIEKTPUUECKUX YCTPOUCTB;

® 3aIpENIacTCs BHITATUBATh BUIKY U3 PO3ETKH 3a LIHYP;

e 3amnpemraercs padortats Ha [1IK co CHATBIMU 00JIMIIOBOYHBIMU YACTSIMU;

® 3anpeuaeTcsl 3aKiaJblBaTh MPOBOJA W LIHYPHI 32 BOJONPOBOAHBIE TPYOBI U
OaTapeu OTOILICHHUS,

e 3ampeniaercs ocTaBisATh [IK BKIIOYEHHBIM B CETh MPU JJIUTEIILHOM MEPEPHIBE B
paboTe U Mpu NponagaHu HANPSHKEHUS B CETH.

Takum 06pa3om, MPOBEJACHHBIE MEPOTIPUSITHS MOTYT CUATATHCS TOCTATOYHBIMHU
JUISI MUHUMU3AIUU PUCKA MOPAKEHUs] MUCHOJHUTENEH AJIEKTPUUECKMM TOKOM Ha

pabouem mecTe.
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4.3 Jxosoruyeckas 0€30MACHOCTH M OXPAHA OKPYKaoUel cpeabl

B Hacrosiee BpeMs o0ecrieueHne 3KOJOTHIECKON 0€30MaCHOCTH U 3alIuTa
OKpYXalolenl cpeibl SIBISIOTCS BaXXHBIM AaCIEKTOM JH00O0M TEXHOJIOTHYECKOM
JEATeIbHOCTH.  Mepbl, TPUHUMAEMbIe JUIsi TOBBIIIEHUS  JKOJIOTHYECKOU
0e30MacHOCTH, B OCHOBHOM 3aKJIIOYAIOTCSI B CHIDKEHUU YPOBHS 3arpsi3HEHUS
OKpyxaroiei cpeapl. Bce 3arps3HeHuss MOryT ObITh KJIacCHU(UIIMPOBAHBI B
COOTBETCTBHUH C THIIOM 3arps3HsIeMOi cpefbl: 1) 3arps3HeHus autocdeps! (IOUBbI);
2) 3arpsizHeHHe Tuapocdepsl; 3) 3arps3HeHus aTMOChEpHI.

3arpsi3HeHUs aTMoc(epbl, B pe3yJbTaTe€ HCKYCCTBEHHOM BEHTHIISLUU
BO3/yXa, M 3arpsi3HeHUs] rusipocdepbl, B pe3yjbTaTe BbIXOAa MPOU3BOJAUMBIX B
MPOIECCe KU3BHEACSITEIBHOCTH COTPYAHUKOB CTOYHBIX BOJI, HE CBSI3aHbI
HETMOCPECTBEHHO C pealun3alneil TaHHOW padoThl 1 UMEIOT OTHOIIEHUS K padoTe
JIECSATOTO yueOHOro Kopiryca B 1iejoMm. [1pu aTom, BiausiHUE yKa3aHHBIX (DaKTOPOB Ha
rJI00AIBHYI0O W JIOKAJbHYIO SKOJIOTMYECKYI0 OOCTAaHOBKY HE3HAUUTEIbHO IPHU
OTCYTCTBUM aBAPUMHBIX CUTyallMil. ITO CBSI3aHO, C OTCYTCTBUEM B 3JJaHUU, KAKHUX
JM00 TEXHOJOTUYECKUX JIMHEH, padoTa KOTOPBIX, COMPOBOXKIAETCS BBIOPOCOM
YKUJIKUX WA Ta3000pa3HbIX OTXOOB.

HemnocpencTBeHHO ¢ BBITIOJIHEHUEM JaHHOU pabOThl, MOTYT OBITh CBSI3aHbI
HEraTHUBHO BIUSIONINE HA DKOJIOTHIO (PaKTOPhI, COMyTCTBYIoME dKcTuryaTaruu [TK.
B wacTtHOCTH, acrieKTaMy HETaTUBHOTO BJIMSIHUS SIBJISIFOTCSI, OTXOJIbI U BBIOPOCHI,
UMeroImMe MecTo Ha 3Ttane mpou3BojcTBa [IK, a Takke OTXOAbl, CBSI3aHHBIE C
HEMOJIHOW WX yTuiauszauuel. KpoMe TOoro, KOMIBIOTEpHAass TEXHUKA SIBIISIETCA
Ha0OpoM TIPUOOPOB, MOTPEONSIOMIUX DICKTPOIHEPTHUIO, B CBSI3HM C YeM,
HEpaIMOHAJILHOE WX HWCIOJB30BAHUE MOXKET OBITh TaK)Ke paCleHEeHO, Kak
HE0OOCHOBaHHAs HAarpy3Ka Ha OKPYXaIOILyIO Cpeay.

Ha ocHOBe BBINOJHEHHOTO aHajiu3a BIUSHUS KOMIIbBIOTEPHON TEXHUKHU Ha
OKPYKaIUIyI Cpeny, CTOUT OTMETUTH, 4TO coBpeMeHHble [IK, mpaktuuecku He
OKa3bIBAIOT HETAaTUBHOIO BIUSHUSA Ha OKPYXAIOLIYyI0 Cpeay, IOCPEACTBOM
AJIEKTPOMArHUTHBIX (B pa3HbIX AMANA30HAX YACTOT CIEKTpa) u3nydeHusx. Kpome

TOro, 1151 coBpeMeHHbIX 11K XapakTepeH HU3KHUIl ypOBEHB ITPOU3BOIUMBIX IIIYMOB.
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Takum oOpa3oM, mpu JalbHEUIIEM PACCMOTPEHHM MPOOJIEMBI 1LIEIECO00pa3HO
OCTaHOBHUTHCS HA MOCIEAHUX ABYX (paKTOpax BIUSHUA.

B cBsa3u ¢ TeMm, 4TO B HacTosIIEe BpPEMs NPOAOKAECTCS HWHTEHCHUBHOE
pa3BUTHE KOMIIBIOTEPHON TEXHUKH, COMPOBOXKAAIOIIEECS pPACIIUPEHUEM Kpyra
pelaeMbIX 3a7ad, MPOUCXOIUT OBICTPOE YCTapeBaHME KaK annapaTHOM dYacTu
KOMIIBIOTEPOB, TaK M HUX [porpaMMHOro ooecrneuenus. JlabopaTopuu
BBIUHCIIUTENFHON TEXHUKH, B OJHOW M3 KOTOPHIX MPOU3BOIUIOCH BBINOJHEHHE
JaHHOW  paboThl, s CO3JaHUS  YCIOBUHM I TNPOBEACHUS  HAy4YHO-
UCCIIEIOBATENLCKUX ~ pabOT  JOJKHBI ~ KOMIUIEKTOBATHCS  OTHOCHUTEIIBHO
COBPEMEHHOW TEXHHKOM ¥ pPa3sHOOOpa3HBIM, aKTyaJIbHBIM MPOTPaMMHBIM
obecnieyeHrneM. JT0, B YaCTHOCTH, O3HAYAET HEOOXOJUMOCTh MEPUOJUIECKO (pa3
B HECKOJIBKO JIET) 3aMEHbl HCHOJIb3YIOMIMXCA KOMIIbIOTEpOB. Takum oOpazom,
BO3HHUKAET Mpo0iieMa yTHIN3AlK yCTapeBIleld TEXHUKH, KOTOPasi B COOTBETCTBUU
CO CBOMMH MacIITabaMU HE MOKET ObITh pEllleHa B paMKax JaHHON paboThl M

JIOJDKHA pemarbes Ha ypoBHe TITY B memoM.

4.4 be3onacHOCTh B Ype3BbIYAWHBIX CHUTyalHAX (TE€XHOT€HHOTIO,

NPHUPOAHOI0, COHAIBLHOIO XapaKTepa)

K d4pe3BblyaiHbIM = CUTyalusiM, KOTOpbIE MOTYT BO3HUKHYTH IIpU
OpOBEJCHUE  JIA0OPaTOPHBIX  HMCCIEAOBAHUN  IMOCPEJACTBOM  OpraHU3aluu
BBIYMCIIUTEIBHBIX JKCIIEPUMEHTOB, OTHOCHUTCS BO3HHKHOBEHHME II0KapOB H
B3pbIBOB. BO3HMKHOBEHME YPE3BBIYANHBIX CUTyalHWH APYroro poaa SBISIETCA
MaJOBEPOSATHBIM, B CHJIY CHEUU(PUKHA TreorpamyecKkoro MOJIOKEHUsI IECATOro
kopnyca TIIY u ctabuinbHON COLMaTbHO-?9KOHOMHYECKOW CUTYallud Ha TEPPUTOPUN
Tomckoit o0nacTu.

[Toxkappl B MOMEHIEHUSIX C KOMIIBIOTEPAMHU MPEACTABISIOT OCO0OYIO
OMAaCHOCTb, TAaK KaK COMNpPSDKEHbI C OOJNBIIMMU MAaTepUAIbHBIMH IOTEPSMHU.
XapakTepHass OCOOCHHOCTh TaKHUX IIOMEIICHUH — HeOOJbIIHe IUIOIIAH
noMeleHui. M3BeCTHO, UTO mOXkKap MOXKET BO3HUKHYTH IPU B3aUMOACHUCTBUU

roproumx BCHICCTB, OKHCJIICHHA WM HCTOYHHKOB 3a’KHI'aHU. B IIOMCIICHUAX, TAC
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CTOSAT KOMITBIOTEPHI, TMPHUCYTCTBYIOT BCE TPU OCHOBHBIX (DaKTOpa, HEOOXOAUMBIE
JUIl BO3HMKHOBEHMS MHOapa. KOMIUIEKC OpraHM3alMOHHBIX W TEXHUYECKHUX
MEpPOIPUITHI, HANpaBJIECHHBIX Ha oOecreueHne O€30IaCHOCTH JIIOJEH, Ha
IIPENOTBPAICHUE I0Kapa, OrPaHUYEHUE €ro pPacIpOCTPAaHEHHMs, a TAKXKE Ha
CO3JaHME YCJIOBHMM JUIsl YCIEUIHOIO €ro TYLICHMsI, Ha3bIBalOT IPOTHUBOIIOKAPHON
3amuTon [17]. B paMkax IpOTHBOIIOKAPHOM 3allUTHI, KAK IPABUJIO, IPOBOASTCS
CIIEAYIOIINE MEPOIPUATHSA:

1. OpraHnu3aoHHbIe: K HUM OTHOCATCA OOydeHHe padodyuxX M CIIyKallux
npaBuiaM MOKapHOW 0€30MacHOCTH, pa3padoTKa W pean3alusi HOPM U MPaBUIl
MOKApHON 0€30MacHOCTH, WHCTPYKIUN NPaBWIBHOW SKCILUIyaTaluu padodero
o0opyioBaHus, pa3paboTKa IUIAHOB 3BaKyalluy Jroen u T.1. PazpaboTanHblil nian
’BaKyalllH JIIOJeH U3 paboyel ayIuTOpHH.

2. TexHn4yeckue: K HUM OTHOCSTCS BBIOOP M HCIIOJIb30BAHHWE COBPEMEHHBIX
aBTOMATHYECKUX CPEICTB CUTHAIM3ALMH, ABTOMaTUHYECKUX CTAl[MOHAPHBIX CHCTEM
TYILIECHHSI MT0KapOB, MEPBUYHBIX CPEICTB MOKAPOTYUIEHUS, pa3pabOoTKa METOJOB U
IIPUMEHEHUE YCTPONCTB OTPAaHUYEHHUS PACIIPOCTPAHEHUS OTHS U T.II.

B kadecTBe TEXHMYECKHMX CPEACTB TYLIEHHUs IOXKAPOB, MPEAHA3HAYEHHBIX
JUI  JIOKaIU3aly HEOOJIbIIUMX BO3TOPAaHUM, OTHOCSTCS TIOXKAapHbBIE CTBOJIBL,
BHYTPEHHUE MOXKapHbI€ BOAOIPOBObI, OTHETYIIUTEIH, CyXOi MecoK, acOeCTOBbIE
olesuia U T. 1. B 31aHMAX, T€ pacroararoTcs MOMEIIECHHs], B KOTOPBIX HaXOAATCS
KOMITBIOTEPBI, MTOKAPHBIE KPaHbl YCTAHABIMBAIOTCS B KOPUIOPAX, Ha IJIOMIAKAX
JIECTHUYHBIX KJIETOK U BXOJIOB. B Ka4eCTBE MEPBUYHBIX CPEACTB MOKAPOTYIICHUS B
ayoIUTOPUM  HUCIONB3YIOTCA 2 mopomkoBbix  or"erymmrens — OIIC-6,
IpeIHA3HAYEHHBbIE ISl IPUMEHEHHUSI IPU TYIUEHUHN TOPSALIUX [ETOYHBIX METAJIOB.
B kadecTBe HCTOYHMKA BOABI INPHU MOXKAPE MPEIAIONAracTCsl HCIOJIb30BaHUE
M0’KAPHOTO TMIAPAHTA, PACIIOIOKEHHOTO B IOXKAPHOM IIMTKE B KOHIIE KOpuaopa (Ha
maHe, HanpotuB ayautopuud 103a). Ilomumo ruapaTHa, MOXKAPHBIM MIMTOK

YKOMIUIEKTOBaH HA0OpOM MHCTPYMEHTOB (TOIOP, carepHas jornara).
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3AKVIIOYEHHUE

B xome nmanHoO# paboThl paccMarpuBaiach mpoOieMa OOHApyXKEeHHs U
WCCIICIOBAHNSI CUTHAJIOB, OLICHUBAJIMCH MapaMETpPbl BIUSHUS IIUPUHBI OKOHHOW
(GYHKIIMHM HA TTOKA3aTeIH B PE3yJIbTaTe MOTYyYEeHHBIX H3MEPEHUIA.

Baxxnoit 3agadeit octaercs moadOp MIMPUHBI OKOHHOM (DYHKITUH OBICTPOTO
npeoOpazoBanus Dypbe, Kak BUIHO U3 pUCYHKa 27, OKa3biBaeT BIUSHUE Ha
3¢ (HEeKTUBHOCTh KOPPEIALUOHHOTO aHanmn3a. COOTBETCTBEHHO, BBIUUCIUTEIbHBIC
3aTparsl, IPOU3BOAMMBIE Ha BbluncieHne bII®, a Takxke cI0)KHOCTh BU3Yyalln3alun
PE3YJIbTATOB TAKXKE 3aBUCST OT BeJIMYMHBI N (IIMPUHBI OKHA).

Taxum oOpazom, BbIOOp 3HaueHUs N, Kak MpaBWIO, MPEACTABIAET COOOH
KOMITPOMMCC M€Y BBIYUCIUTEIBHON CI0KHOCTBIO U CII0KHOCTBIO BU3YaIU3aLlH,
Y MIOMEXOYCTOMYMBOCTBIO M pa3pelIaroliell ClocOOHOCThIO MO YacToTe MeToa. B
JaHHOI paboTe, IpK MPOBEICHUN UCCIIEI0BAHMI UCTIONb3yeTcd 3HaueHne N = 214,
4YTO 00YCIIaBIMBAETCS OTHOCUTENBHO BEHIOPAHHOM CPEIOil peann3aluu alrOpUTMOB,
a Takxe HegocTaTkoM pecypcoB IIK (B ocoOeHHOCTH, 00bEMa ONIEPATUBHIA TAMSITH).

CornacHo pe3ynbTaTaMm ONBITHBIX MUCCIEI0BAaHUN TPyOOIIPOBOIOB, IIMPHUHA
CIIEKTpa IMOJIE3HOTO CUTHala YTeUKH, KaK mpaBuiio, coctapiser 1,5-3 kl'u. Takum
o0Opa3oM, Ui pelIeHUss MHOTUX MPAKTUYECKUX 3aJad JOCTATOYHO IMPOU3BOJUTH
U3MEHEHUE UIUPHUHBl YaCTOTHOTO WHTEpBaja NPH BBIYUCIEHUU YACTOTHO-
BPEMEHHOU KoppemsimonHon Gpynkiuu B auana3zone ot 500 I'u qo 2 kI

Kpome Toro, BEIOOp MasibIX BEJIMUUH YaCTOTHBIX MHTEpBaioB (100-250 ')
MPUBOJNUT K YPAaBHUBAHUIO MOBEPXHOCTH (DYHKIIMH B MOJIOCE MOJIE3HOTO CUTHAJIA U
3aTpyJHSET ONpENeJIeHUe TIpaHMl] CHEKTpa CcurHaiga. B Toxe Bpems, BbIOOp
OONBIIMX BENWYMH 4YacTOTHBIX HHTEepBasioB (or 2000 I'1) mnpuBoauT K
pacTIruBaHuIO MUKa (YHKIUU HE TOJBKO BIOJb OCH YaCTOT, HO TAKXKE U BJIOJIb OCH
BpEMEHU, CHUXKasi THPOPMATUBHOCTb rpaduKu (CM. PUCYHKH 24, 25).

VBenuuenne  mwmpuHbl  okHa  BII®  mpuBoguT Kk OojblIel
MOMEXOYCTOMYUBOCTH, O YEM CBUJCTEILCTBYIOT AaHHble B Tabmume 2. CTtouT

OTMCTUTD, YTO YMCHBIICHUN SHCPIrUn OCHOBHOM rapMOHHKHU B CIICKTPC CUTHAJIA C
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YBCIIMYCHUEM N  cBs3aHO C YMCHBIICHHUEM IHYMOBOﬁ COCTaBJIHIOHleﬁ,

IIPUCYTCTBYIOIIEW HA YACTOTE TAPMOHUKH.
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CONCLUSION

In the course of this work, the problem of detection and investigation of
signals was considered, the parameters of the influence of the width of the window
function on the parameters as a result of the obtained measurements were evaluated.

An important task is the selection of the width of the window function of the
fast Fourier transform, as can be seen from Figure 27, has an impact on the efficiency
of the correlation analysis. Accordingly, the computational costs incurred for
calculating the FFT, as well as the complexity of visualizing the results, also depend
on the value of N (window width).

Thus, the choice of the N value, as a rule, is a compromise between
computational complexity and visualization complexity, and noise immunity and
frequency resolution of the method. In this work, when conducting research, the
value N = 2 ~ 14 is used, which is caused by the chosen environment for the
implementation of the algorithms, as well as by the lack of PC resources (especially
the amount of RAM).

According to the results of experimental studies of pipelines, the width of
the spectrum of the useful signal leakage, as a rule, is 1.5-3 kHz. Thus, to solve many
practical problems, it is sufficient to change the width of the frequency interval when
calculating the time-frequency correlation function in the range from 500 Hz to 2
kHz.

In addition, the choice of small values of frequency intervals (100-250 Hz)
leads to the equalization of the surface of the function in the band of the useful signal
and makes it difficult to determine the boundaries of the signal spectrum. At the
same time, the choice of large values of frequency intervals (from 2000 Hz) leads to
stretching the peak of the function not only along the frequency axis, but also along
the time axis, reducing the informativeness of the graphics (see Figures 24, 25).

Increasing the width of the FFT window leads to greater noise immunity, as
evidenced by the data in Table 2. It is worth noting that the decrease in the energy
of the main harmonic in the signal spectrum with increasing N is associated with a

decrease in the noise component present at the harmonic frequency.
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A.1 General description of work

Relevance of the topic. The detection and localization of leaks is a complex
and difficult task of the past and present. The Ministry of Energy of the Russian
Federation provides data for 2002 on the failure of 15% of facilities and engineering
networks. Every year, 7 malfunctions are recorded on a section of ten kilometers of
heating networks, without taking into account possible defects, which subsequently
entail a malfunction, and, ultimately, breakdown and the need for emergency
troubleshooting. In 2010, the head of the Ministry of Regional Development
Basargin announced that thermal communications that had served their time
increased to 32.7%, plumbing - 43.9%, without taking into account possible hidden
defects that can be seen through the use of a correlation-acoustic leak detector. At
the moment, the market is filled with a variety of Russian and foreign devices for
localizing leakage of pipeline networks. The devices have similar functionality,
similar performance indicators, differing in completeness [1]. composition and
structure, various characteristic indicators and price. Note that the methods of
working with signals and the software part contribute to more accurate analytical
actions. Based on this, innovations that provide originality of solutions for signal
analysis [2] have a strong argument in competitiveness. Often, to eliminate an
accident, it is necessary to perform a number of operations, including excavation of
the pipeline in hard-to-reach areas, such as road bed, settlements, etc., therefore
visual detection of an emergency site. These procedures entail dismantling, payment
for work, and, consequently, remedial actions.

The state of pipeline networks leaves much to be desired in terms of the
development and finding of newer methods and means of timely detection of
possible defects that entail malfunctions, therefore, economic costs.At the moment,
there are many possible localization options for defective and emergency sites that
have obvious special differences and noticeable flaws. At the moment, two types of
flaw detectors are known and distributed: acoustic type and correlation-acoustic. The

first one is based on the principle of linear listening to the line of pipes and localizing
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the high point of the acoustic signal. The lack of a method and instrumentation
indicates a slight sensitivity of the signal, due to noise, signal distortion, through the
noise of the main circuits of vehicles, cavitation interference, etc. Correlation-
acoustic method, the foundation of which is the informative component, obtained
from two sensors located at a distance from each other on the pipeline, based on the
construction of the cross-correlation function to calculate the location of the
emergency section. This method assumes a more accurate definition of a weak spot,
but the external environmental factors also retain their strength, as in the acoustic
method.

The purpose of work is a calculating method.Localizing pipeline leaks based
on the coherence function, which determines the defect and the correlation function,
which localizes the finding of the breakdown.

A 1.2 Signal generation
The most common type of accident in plumbing systems is a deformation

and destruction of pipe thickness, which leads to outflow of water, oil and other
liquids. The main danger of such an emergency is invisibility of cracks and defects
in the pipeline. In addition, during a long-term process of fluid outflow, negative
factors occur, affecting the eroded soil, marshland is formed, water is lost, and, as a
result, affects the quality of fluid.

To find faults and leaks, a variety of research tools using for the vulnerable
part of the network, including a correlation leak detector [3]. The high accuracy and
high sensitivity of leak detectors is a distinctive advantage, [3], which allows
locating a leak with a low flow rate. An important advantage lies in the possibility
of carrying out search activities without stopping the flow of fluid in the pipeline
and without completely digging the line.

The principle of operation of the flaw detector is based on the localization of
the noisy zone. Noisy zones are formed in the pipe when there is a breakdown or defect.
The problem area is searched for by a pair of vibroacoustic sensors that are equidistant

from each other. [4]. Signal arising from the leakage is weak, with the help of
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correlation; it is possible to obtain information about the place of outflow of the

fluid. The principle of operation of the leak detector shown in Figure A.1.
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Figure A.1 - The principle of operation of the leak detector, using the cross-
correlation function.

Sensors A and B are equidistant along the pipeline laying line, the distance
between them is indicated by d. Point C shows the presence of breakdown, acoustic
emission. Below is a timing diagram of the signal indicators of fluid flow (C, A, B).
The graph below shows the function of mutual correlation between signal A and
signal B, starting from the position of the maximum point and determining the time
offset, based on this, the interval to leakage is calculated [4].

The mathematical description is given to the initialization of the correlation
function, finding the maximum point, calculating the gap before the breakdown in

the pipe. We define the correlation function, respectively

t2

ra(t) = j Sp(0) * Syt + D)t 1)

t1
Where S(A, B) (t) - signal indicators of sensor A and sensor B (Figure 1).
t1,2 - the value of the integration time. To determine the distance to the leak use

P _dttgxv (2)
AB =T 5
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Where td is the temporal displacement, v is an indicator of the velocity of
the propagating acoustics signal emanating from the sensors propagating along the
pipe.These manipulations with signals are digitized, using special software. It is
necessary to take into account the qualitative indicators of the implementation of
algorithmic actions that affect the sensitivity values, more accurate determination of
leaks, and resistance to interference [5].

In order to compare the available market programs for the correlation
analysis of signals in program development, one can conduct test experiments using
stands or field work [6].Another approach, abstracted from negative influences
programmatically by creating a time series, accompanying the signals of fluid flow.
The difficulties in the operation of this approach are based on complex and diverse
mathematical models of hydrodynamic systems, for example, the pipeline under
study.

The generation and propagation of signals are subject to distortion due to the
geometrical factors of the pipe structure, thickness and material used to create the
pipeline. Also, the influence of the density of the adjacent soil and the density of
the flowing fluid contribute characteristic features to the received signal [6].

Consider the process of generating a test signal that is close to real, designed
to debug and evaluate the effectiveness of the correlator. Functionality:

1. generating a simulation digital signal of a defect, where the discretization
frequency fd is specified. The pseudo-random sequence is filtered in a given
frequency range [f(n,) f(in,)] and the rationing of energy indicators is performed.
Frequency range selected accordingly [7, 8].

Where P is the pressure indicator inside the pipeline, P_atm is the
atmospheric pressure, p is the density of the liquid, d is the hole diameter parameter,
the numerator coefficient indicates the average value of the flow coefficient.

2. Simulation of a delayed signal indicator of the outflow of fluid directed to
the place of measurement of the leak detector.

3. Mixing of signals carrying information and additive noise with a given

power spectral density.
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4. The file is generated and saved in the .wav format.

Algorithms are used to form a test signal used to debug the mathematical
core of the flaw detector program. Correlation analysis to solve the problem of
finding the outgoing signal leakage

To extract data from signals that are used for digital processing, correlation
analysis finds its place. As mentioned earlier, when a correlation analysis is
performed, it is worth paying attention to the maximum point of the correlation
function. This maximum indicates the location of the defect in the pipe during
diagnostic activities.

The specific task of working with signals is to conduct actions with mixed
signals [9] the various low signal interconnection and noise of their power. There
are noisy sections of the pipeline, non-correlated noise recorded by different
measurement channels, the maximum of the correlation function may be
imperceptible. It is possible to determine the maximum point of the correlation
function using a complex method that allows analyzing the obtained measurements
using a visual study of the graphical indicators of the correlation function.To
quantify the differences in the highs is possible by means of calculation using a ratio.

With 1, we evaluate information content quantitatively, r_max represents the
maximum value of the correlation function, ¢_r is the average square of the values
of the correlation function. In a similar way, questions of the input signal of a given
form in radio engineering [10] were solved.Also, this method has found its
application in working with digital signals [11].

A 1.3 Short Signal Analysis

Correlation analysis, as mentioned earlier, leads to the creation of an
algorithm based on finding the maximum of the correlation function r_12 (j), signals
in digitized form & 1,2 (i) with(i=0,1, ... , N-1).

Where F is the Discrete Fourier transform, the direct (DFT), F~ (- 1) is the
inverse. F* * - result in a complex conjugate form. N_0 is the width of the discrete
Fourier transform window, K = N / N_0 is the number of windows of the discrete

Fourier transform, where the window width N_0 is indicated.
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In order to use (5), a useful leakage signal should be made in a stationary
form at the input of the correlator. By a stationary form of a useful signal of a leak
we mean the invariance of the spectrum of amplitude and frequency in an acoustic
signal emanating from a source, which is a breakdown or defect in a pipeline.

Signals that are amenable to analysis are considered to be quasi-stationary,
due to the fact that they are stationary in the interval of a short duration of time.
Therefore, it becomes necessary to limit the duration of the analyzed signal T, as
well as for the duration of the sample being studied.

With f_d - denoting the sampling rate, N - the sample size for the study
affects the quality of analysis, due to the use of averaging the correlation function in
(5) using coherence, which helps suppress noise at the outputs of the correlators and
accompanies the definition of the maximum point on the correlation graph [12].

Also, understanding the peculiarities of pipeline systems and possible
conditions that prevent testing for defects in a pipe, when a leak signal is found, there
may be a case when the maximum of the correlation function becomes difficult to
distinguish or there are several maxima. In this situation, ambiguous determination
of the location of the maximum is possible [13].In order to solve this issue, various
methods are used, aimed at additional investigation of the signal, based on the use
of spectrum information, for example, they resort to calculating time-frequency
correlation functions [14].At the moment, if N is not large, then the above may be

ineffective.

|... THE VALUE OF THE BLOCKING PARAMETER
FIRST WINDOW SECOND WINDOW
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Figure A.2 - Overlapping parameter, application of window analysis of

digital signals.
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A natural measure of an artificially increasing interval number, over which
it is possible to average the correlation function to eliminate random noise,
introduces an overlap parameter at the output of the correlator.

The overlap parameter w (0<w<l) indicates the portion of the total count in
two different windows with signals in the neighborhood (Figure 2). Therefore, using
the overlap, we determine the average set of correlation functions

In tabular form, an effective study of the influence of the overlap factor on
the informativeness of the time-frequency correlation function, obtained from
analytical actions on 16384 or N = 2 ~ 14 samples of the original signal, is provided.
With a given window width, the Fourier transform is 2~ 12 generated in MATLAB
(the ratio of signal and noise on the input parameters of the correlator is -20
dB).Information was evaluated using the approach described in [15]

Table A.1. Using the approach

Ne Overlap Informative
1 w=0K=4 1

2 w=1/4K=5 1.0211

3 w=1/2,K=7 1.0792

4 w=1/3,K=13 1.1(1)

This method is used to improve the quality of analytical actions, overlapping
random noise, due to the fact that we increase the amount of computational actions
while increasing parameter K. This condition is based on coherence averaging [12,
15].

A 1.4 Continuous signal analysis
Currently implemented digital correlators, the calculation of which is carried

out using the discrete Fourier transform, based on the correlations specified in
[1L6]Also, the main parameter for the calculation and affecting the results, the
parameter is called the width of the Fourier transform window. The parameter name
refers to the counts of the digitized signal, those that are used to calculate the
correlation function. Therefore, the width of the window is interpreted by the
duration of the signal being simultaneously analyze.

With fd called sampling rate and TO signal duration.
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Note that the initialization of the correlation function is associated with the
implementation of large volumes of computational actions, even if the correlation
theorem is used [17]In order to calculate the direct and inverse Fourier transform,
fast Fourier transform algorithms are used. A special difference is considered to be
the imposition of additional restrictions on the width of the transform window.

Denote n>2, n - an integer.

As noted earlier, the width of the window affects the effective consideration
of the signal and analytic actions, attenuating broadband noise, increasing the quality
of the frequency reference in the signal index of the spectrum. At the moment of
increasing N, the number of calculations increases. This is a relevant measure of the
applicability of the impact of the width of the window Fourier transforms on the
qualitative indicators of analytical measures. Let's assume that with the help of
sensors in the period of a given time T, the instantaneous values of the signal
indicators of vibro-acoustics emitted by equidistant sensorst =1/ fd at a given time
are recorded.

Therefore, at any instant discrete time ti (i = 0,1, ..., N-1) by N is meant the
total counting number). The alarm indicators fixed by the sensor one, are
represented in the form

By nl (i) is meant the index of the noise signal coming from sensor number
one; j1 =11/t is the sensor lag signal number one.

The correlation function is calculated as

By F we mean the DFT; F* - representation of the result of the discrete
Fourier transform (DFT) in a complex-conjugate form. 1=0, 1, ..., NO-1; NO<N.
The visualization of the correlation graph shows the values of the r_12 (j) maxima
corresponding to

It determines the parametric estimate tt = t2-t1, which is used to determine
the location of the defect.An alternative to the correlation analysis method, the part-
time function specified in [18] is applied.The method becomes noise-resistant by

applying the above approach and increasing computational actions [19]. It also
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contributes to obtaining a more visual and convenient surface of the function of time-
frequency correlation.

Analytical actions carried out over long-lasting signals by increasing the
width of the Fourier transform window require additional methods of noise
suppression at the output of the correlator.

Analysis, using correlation and averaging the coherence of the correlation
function, is denoted by the expression

When K is equal to the number of window indices of the fast Fourier
transform, N_0 width, represented by a sample of signals

Identical and acceptable implementation is specified in (15)

Note that coherently averaging a segment of the signal in the time domain
helps to improve the signal-to-noise ratio when the initial phase coincides.

The following are the resulting indicators of the study of the influence of the
Fourier transform window width and the informativeness of the frequency-time
correlation functions obtained by analytic actions on 65536 signals. The test signals
were generated in MATLAB, the signal-to-noise ratio was -20 dB.

Table A.2. Effect of window width

No Nywindowwidth Informative
1 1024 1.0
2 4096 1.8942
3 16384 3.2701
4 65536 4.8465

Based on the table indicators the conclusion follows:

1) The basis of the choice of the width of the window is the ability of the
computing capabilities of the device;

2) In practice, the signal indicators that can be analyzed are represented by
thousands of samples (possibly hundreds of thousands) in 10 seconds with a
sampling frequency of 44.1 kHz; it is meaningless to choose a window width of
65536.

3) Due to the fact that the window width defines the window capabilities of

temporal indicators and frequency, it makes sense to take a width of more than 1024.
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A 1.5 Properties and characteristics of the complexes for the purpose of
search
Reducing the time interval from the stage of appearance of the outflow of a

fluid to the possible localization of its location allows for extremely quick measures
to be taken according to the detection of a defect, respectively, costs for correcting
negative results that occurred after the outflow of the fluid are reduced. Correlators
are used and have several positives, for example [20]: relatively significant accuracy
of information that determines the location of the leak, the ability to study straight
length of the pipeline network, up to a hundred metersThe constituent components
of the search-and-seek complex are some devices: a pair of vibroacoustic sensors, a
signal processing unit (digital signal processor), and devices required to transfer
information between sensors.

The signal from the sensor to the signal processing unit can be transmitted
as an analog signal. If it is transmitted over a considerable distance, then the use of
prescalers is possible, the digital type of information is also supported.When it is
necessary to transmit a digital signal, the wired and wireless communication method
is used, which allows to reduce the mass of the set.

A correlation-acoustic leak detector is shown in (Figure A.3) [21].

Figure A.3 - Leak Detectors: a) LEAKFINDER RT; 6) TAK 2001; B)
AQUASCAN;
r) Korshun 11 MTA
At the moment, the market is filled with a variety of devices of domestic and

imported production, despite looking at similar functionality, with different
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configurations, unique operating possibilities and advantages of the structure differ
characteristically. The described devices vary in cost, and to resolve a task, a
correlator is selected to determine the location of the pipeline leak.Searching
complexes of modernity, framed by strict requirements [22].

The main requirements are the accuracy and truth of the localization of the
source of the leak signal, the possibility of using in difficult climatic conditions, the
possibility of long-term operation without power supply (battery), compact design
and minimum weight. Extreme performance indicators are initialized by the device
performance and capacitive battery performance can be set in fact or using
methodological guidelines.

Also, the approach of estimating the exact search for the location of a leak is
not carried out according to the regulations, since the correlator is not a measuring
tool complying with the law of the Russian Federation “On ensuring the uniformity
of measurements”.

Table A.3. Characteristic indicators of import leak detectors

Name Manufacturer | Configurations Features Value,
rub.
LeakFinderRT | EchologicsEnineering, Based on PC, equipment for working 1300
Kanada wireless with plastic pipelines
AqguaScan 610 Gutermann AG, Based on PC, Soundvelocitymeasurement 1400
Laptop Switzerland wireless
LC-2500 FUJI TECOM INC., Based on DSP, assessment of the 900
Japan wired reliability of the results
Correlux P-2 Seba KTM, Germany Based on DSP, automated filter setup 600
wired
Korshun 11TA EchoLogicsDisit, Based on DSP, advanced digital spectral 900
Ukrain Wireless analysis capabilities
(wired)

In a tabular form below are the names of the leak detection complexes
represented by the Russian market, reflecting the features. A comprehensive
description provided by the manufacturing companies, respectively, and links to

electronic resources are provided in [23]. Cost and data were obtained from
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individual distributors, publicly available informative sources with public
procurement, respectively, are not considered accurate.

The extreme is associated with a significant part of the cost of software and
the total cost of the complex. The high cost of software specific to a personal
computer is justified by the significant abilities of today's computers, applying the
tasks of signal processing and creating a visual result.

Table A.4. Characteristic indicators of domestic-made leak detectors

Name Manufacturer | Configurations Features Value, rub.

T 2001 M INCOTEX, Based on DSP, Simple execution, compact, 200

NizhnyNovgorod wired complex analysis only
through a PC.
HCKOP 405 TEXNO-AC, Based on DSP, Trailfinder 500
Kolomna Wireless

TAK 2005 TPU, Based on PS, Implementation of an 150

Tomsk Wired/Wireless integrated signal filtering (non actually)
approach

Therefore, the signal processing methodologies and the feasibility in software
form will determine the resulting signal analysis indicators. Also, the introduction
of an original instrumental solution aimed at analytic actions on signals [24] in
software can turn out to be competitive.

Optimization of coherent function calculations

The continuous growth of the amount of information being processed and the
creation of modern methods for processing a signal that are distinguished by the high
requirements for computing resources of a personal computer, is led to the creation
of computational technologies, productive use of computer hardware resources. The
basic computing power of a modern PC is the central processor, whose productive
capacity is firstly determined by the clock frequency [25].

The main way to increase speed came by increasing the clock frequency. In
the same period, this led to more noticeable power consumption and heat dissipation
in computer technology, which was eliminated by means of a smaller technological

procession of microcircuits. But in this period, the interrelation of constraints and,
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subsequently, the diminutiveness of the product becomes difficult, as a consequence,
the addition of computational nuclear power becomes more in demand [26].

Large data arrays are involved in processing the coherent function, there are
approximately four million counting activities that impose new necessary
procedures on the computing device when operating in a mode close to real time.
There is also a place for the presentation of increased requirements for the temporary
restriction of the software.

In digital signal processing, the coherent function is mainly used to determine
the frequency band of a static signal, by highlighting the power-law indicators of the
linear dependence of signals of different frequencies [26].Define the coherence
function as the denominator of the mutual spectral signal components and the root
of the multiplied energy spectrum:

When E is equal to the averaging operator, PAA (k) and PBB (k) are the
energy spectra of the signals S(A, B). The energy spectrum of the signal can be
calculated by the following formula FD - direct discrete Fourier transform.

One can come across different approaches to computing a coherent function,
distinguishable by the averaging method of the denominator values. The most
common at the moment there is a method of averaging Bartlett [28] reducible to the
form.

If you look at the program, the algorithm can be represented by the main loop,
which is triggered by a specified execution number (multiple windows calculated
earlier). Each iteration selects data that creates the desired width of the window.
With the window view, special actions are performed related to the calculation of
the spectrum, depending on the calculated functions of coherence. Then, the
window parameters are multiplied with the corresponding window function values.

The use of coherent functions requires the use of a large set of computational
actions of the discrete Fourier transform. To increase the productive capacity of
solutions in computational quality, algorithms are chosen for the fast Fourier
calculation of the Cooley-Tukey functions [28] puncturing in the frequency band

with a lag constant of two. The use of these algorithmic actions is explained by its
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simple implementation, a clear view, and a high degree of internal parallelism [29,
30].The Example View shows in tabular form the resulting indicators that estimate
the fast response of computational activity on a powerful quad-core mobile
processor based on twenty-two nanometer Haswell architecture Intel Core i7-4720
HQ.

Table A.5. Indicators that estimate the fast response of computing activity on a

powerful quad-core, eight-slot mobile processor

Windowwidth Sample Ts,p. * 2 Ts, p. * 2
Consistently
218 210 0,4022 0,1435
220 0,7580 0,2651
221 1,3918 0,5700
222 2,5634 1,1216
216 219 0,3773 0,1477
220 0,8089 0,2706
221 1,3614 0,5830
222 2,1811 1,1585
217 219 0,4263 0,1550
220 0,8688 0,3044
221 1,6732 0,5778
222 3,2742 1,1878
Sy
3
29 ..——;-—-—-—‘—-—-—-
2.8 —

—+—Intel Core i5-4120U
-8~ ntel Core i7-4720HQ
AMD FX=-0590

524288 1048576 2097152 4194304 N

=+—[ntel Core i5-41200
—-Intel Core 17-4T720HQ
AMD FX-9590

S2Z4288 1048576 2097132 4194304 N

Figure A.4 - Increase speed
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The increase in speed depends on the different window widths, as the figure
shows. The most appropriate implementation, avoiding a sharp increase in the cost
of computing tools, by increasing the efficient use of hardware resources to find
coherent functions, introduces parallelism. Currently, computing platforms are

personal computers with multi-core central processing units.
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Ipuioxenne b Swot anaaus

SWOT ananuz Cuabnast cropona: OObpssienHas dskoHomusi ¥ | Ciabasi cropona: HemoctaTok y BO3MOXHBIX IOKyIaTeIel TpaMOTHBIX KaIpoB.

3Hepro’PHeKTUBHOCTh TEXHOJIOTUUECKUX MponeccoB. | HemocTaTok MHKHHUPHHTOBOTO — OOCTY)KMBaHMS, HANpaBICHHOIO Ha o00ydeHHe
OKOJIOTHYHOCTh TEXHUYECKHUX MPOIECCOB. COBEpILEHUsS JeHCTBHUI TpyAa B paMKax npoekra. HegoctaTok TpeOyeMoro ocHauieHus ¢
HanbGonee nmpruemiemas ieHa H3TOTOBJICHUS COTTIACHO | IEJbI0 BBIIOJHEHMS MPOBEPKU KBATH(HIMPOBAHHOTO 00pasia. 3HAYNTEIbHBIH MepHos
COMOCTABIICHUIO C HHBIMU TOBapaMH. MOCTAaBKH HCIIOIb3YEMOT0 MaTepHala U KOMIJIEKTHOCTH, MPUMEHSIEMBIX B IIPOBEACHUN
BricokokBamnUIIPOBaHHBIH MITAT. aKaJeMHUYECKOTO H3yUEHUs.

Bo3MmokHOCTB: IIpumenenue nHHOBaTopckoil | Co3maHue TEYEeNmOUCKOBOTO MPOJYKTa, HMMEIOIIero | YBelnueHHe KBATH(UKAINK COTPYAHUKOB Y BO3MOXKHEIX HOTpeOHTENEH.

HHQPACTPYKTYpHI MOJUTEXHMYECKOTO | HauboJiee 3HAYNTEIbHbIC KaueCTBeHHBIE ToKa3aTend, | PopMupoBaHne HWHKMHUPHHTOBOTO OOCIY)KHBAaHHSI C ILIENBIO IIPOBEICHUS TPYJOBBIX

yHuBepcuteTa.Bo3HuKHOBEHNE BCIIOMOTATEIBHOTO | CPAaBHHUBAsl C MMEIONIMMICS PHIHOUHBIMU (HambOomnee | mecTBHMil C mAeHicTByrommM wu3fenueM. llomydeHne TpeOyeMoro OCHAIIEHHS ISt

cnpoca K  HoBeWmemy mpoxykry. CokxpamieHue | 3Ha4HMTeIbHas HAJIEKHOCTh M OBICTpHIH OTKIMK). C | BBINOJHEHHS NPOBEPKH KBaIM(UIMpPOBaHHOro obOpasua. CHIKEHHE IOCTAaBOK, JNOO

TAMOKCHHBIX TIONUIMH B  CHIPhEBBIE MaTEpUalbl, | HETbI0 CO3JAHMS KOHKYPEHTOCIOCOOHOTO W3/eNHs | MepeMeHa MOCTABIIUKOB.

NPUMEHSIEMBIX IIPU  HCCIEAOBATENBCKOW  pabOTHL. | YHOBIETBOPSIOMIETO IIEHOH, BRICOKOKAYECTBEHHOE.

YBenuueHue LICHBI KOHKYPEHTOCIIOCOOHBIX

HCCIIeIOBAaHUM.

Yrpo3a: Henocratox crpoca B HoBeHImmX | PasBuTHe mpoekTa, HaleNeHHOTO Ha (GOpMHpOBaHHE | YBEIHMUYCHHE KBATHM(QHIUPOBAHHBIX COTPYJHHKOB Y BO3MOXHBIX IOTpeOUTETEH.

TEXHOJIOTHIECKHUX MPOI[eccax MPOU3BOJICTBA. cnpoca. DopmHpoBaHHE KOHKYPEHTOCHIOCOOHBIX | DopMHpOBaHNE HWHXWHHPHHTOBOTO OOCTYXHMBAaHHS HAIEJIEHHOTO Ha IIPETojaBaHHe

CcopmupoBaHHast KOHKYpPEHTHas Oopr0a | MONOKUTENBHBIX CTOPOH pa3pabOTaHHOTO MPOAYKTA. | TPyAa C CO3JAHHBIM MNpoaykToM. [lonydeHue TpeOyemMOro OCHAIIEHHs C ILENbIo

TEXHOJIOTHIECKOTO TIPOU3BOJICTBA. Buenpenne | Ceprudukanust u yHUGUKAINST H3AETAS. BBITIOJTHEHUSI IPOBEPKU KBATHU(PHUITIPOBAHHOTO 00pa3ma.

106aBOYHBIX MyHUIINTIATBHBIX YCIOBHHN K cepTH()HUKaINH

MPOJIYKTA.

CHIWKEHHE TIOCTaBOK, JIMOO TMepeMeHa IMOCTaBIIMKOB. PR KoMmMmaHum HaleneHHOe Ha
¢dopmupoBanue crnpoca. DoOpMHpOBAHHE KOHKYPEHTOCHOCOOHBIX —TMOJOKUTEIBHBIX

CTOPOH co3JaHHoro npoaykra. CepTuduxarys u yHuUKAIs.
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Ipuioxkenue B JIucTUHI nporpamMmbl

(oOs3aTenbHOE)

Jluctunr nporpammuoii yactu Mathcad, Haxo:kaeHue 4acTOTHO-BpeMeHHOMH

GyHKUMHM KOppeasiuuu

Ctpoka BEI3bIBAOIIAS (PYHKITHIO
TF wdf (Data IN, Length IN, St IN, Size IN, Wid IN, Wind FUN, Sswm Rate IN_ Fil IHN)

Bxoanble 1aHHBIE

1)

2)

3)

4)

5)

6)

Data_IN (maccuB M X 2) — copepakaiieii OTCYEThI CUTHAJIOB, U3BJICKACTCS U3
wav-¢aiina (I0KeH CcoAepKaTh JIBa KaHaia). M — KOJMYECTBO OTCYETOB,
cojiepKaIuxcs B ¢aiie.

Length_IN(BemiecTBeHHOE) — IIMTEIBHOCTh AHAIU3UPYEMOIrO (parMeHTa
curHazia (B cekynaax). B ciyyae, ecnu qauTenbHOCTD ¢aiina (1pu 3agaHHON
yactore aumckperusauun Sam_Rate IN) wmenbire, uwem Length INOymer
HCIIOJIL30BaThCS BCA JUIMTEIBHOCTS (haiiia).

St_IN(memoe) — HaXOXKICHHWE aHATU3UPYyeMOro (parMeHTa CHUTHAlIa
OTHOCHTEJIbHO Havasa ¢aitna (B 010kax, comepkammx Size_IN orcyeron). B
ciydae, eclii TIp¥ UMEFOITICHCS I TeabHOCTH (paiia, ¢ BeiOpanHbM St_INHe
ylaeTcss 00ecneynTh 3aJJaHHON JITTUTEIbHOCTH aHAJIU3UPYyeMOro (parMeHTa
Length IN, To BMmecto St INBbIOMpaeTcsi MHUHUMAIbLHOE BO3MOXKHOE
3HAYCHHE.

Size_IN(uenoe) — ucnonb3yemas MUpUHA OKHA OBICTPOTrO MPeoOpa3oBaHMUs
dypse;

Wid_IN(BemectBeHHOE)— mmpuHa 4YactoTHoro uHTepBasia (B ['1). Ilpwm
BBIUMCIICHUH Oy/aeT Mcrnojb3oBatbes Ommkaiimee k Wid_IN 3Hauenue, mist
oOecrieueHs paBHOM MUPUHBI YaCTOTHBIX HHTEPBAJIOB;
Wind_FUN(¢dyHkust) — wucnoab3yercss OKoHHas (yHKIUS. 3ajaHHas B
cienyromeM Buae: function(i,N), rue i— apryment dynkuuu, N — okoHHas

HIMPHUHA.
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7) Sam_Rate IN(menoe) — gacToTa qUCKpETH3AIMK CUTHAIA. 3HAUYCHUE JAaHHOK
NEPEMEHHOM MOXKET OBITh MOJTyueHa Py YTeHUU Wav-daiina,

8) Fil_IN(maccuB F X 2)-Hactpoiika mosocoBoro ¢uisTpa. F — KOJUYECTBO
MOJIOC, B KOTOPBIX MPOW3BOAUTCS (GuiabTpamus (MPOIyCKAaHWE CUTHAIA).
[TepBbiii cTOJIOCIH] B MAaCCHBE — HUYKHHUE TPAHUIIBI COOTBETCTBYIOIIUX IOJIOC,
BTOPO# CTOJIOEI] — BEpXHHUE IPAHUIIBI TOJIOC.

BbixogHble JaHHDbIE

Beixoadyukiuu — wmaccuB, uMeErOmUNA 3HadYeHHs orcueToB UBK®
PasmepHocteio — M X Size_IN, tne M — WUTOro 4acCTOTHBIX WHTEpPBAIIOB M =
round(Sam_Rate_IN /2 - Wid_IN). Kaxnoe 3HaueHHE B MacCHUBE OepeTcs IO
MOJYJIFO © HOPMUPYETCS MAaKCUMAJIbHBIM 3HAYEHUEM, TO €CTh JIEKAT B IUANA30HE

[0..1].
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