TOMSK TOMCKUNNA
POLYTECHNIC MONIMTEXHUYECKNN
UNIVERSITY YHUBEPCUTET

MuHKCTEepCTBO HayKu 1 Bbicliero obpa3zoBaHua Poccriickon Gegepauun
bepepanbHoe rocyaapcTBEHHOE aBTOHOMHOE
obpasoBaTeNibHOe yupexaeHue Bbicliero o6pasoBaHus
«HaLoHanbHbI nccnefoBaTenbCKkni TOMCKMIA MONUTEXHMYECKI YHUBEpPcUTeT» (TI1Y)

WmxenepHas mkosia nHPOPMAIMOHHBIX TEXHOJIOTUH M POOOTOTEXHUKH
Hanpasnenue noarorosku 09.04.04 Ilporpammuast UH)XeHEpUs
Otnenenrie UHPOPMALIMOHHBIX TEXHOJIOTUI

MATUCTEPCKASA JUCCEPTALIUA

Tema padoTsI

NudopmannonHo-aHAIUTUYECKAs] CUCTEMA JJI1 aBTOMAaTU3UPOBAHHOM TUArHOCTUKU MATOJIOTHI
OpPraHoOB I'PYJHOM KIETKU

V]IK 004.652.032.26:621.386.8

CryneHt
I'pynna DPUO oanucn Jara
8IIM8U Kynebsikun Anekceii CepreeBuy
PykoBogutens BKP
JlozkHOCTH dUO Yu4enasi cTeneHsb, Hoanucn Jarta
3BaHHe
Houent OUT AxcénoB Ceprei o
NHINTP Brnagumuposuy B

KOHCYJIBTAHTBI 1O PA3JAEJIAM:
ITo pazneny «®UHAHCOBBIA MEHEIKMEHT, pecypcorhHEKTUBHOCTh U PECYypCoCcOepeKeHUE»

JloJzkHOCTH DdUO Yuenasi cTeneHb, Hoanucn Jarta
3BaHUE
Houent OCT'H MensbmukoBa EkaTepuna k. durtoc.
IIBUIT Banenrunosna ’ T
ITo pazneny «CounaibHasi OTBETCTBEHHOCThY
JloJzKHOCTH DdUO Y4eHas cTeneHb, Hoanucy Hara
3BaHUe
Houent OO/] INop6enko Muxann T
HIBUIT Bragumuposuy e
[1o pa3zmesly Ha aHITTMKECKOM SI3BIKE
JloJzKHOCTH DdUO Y4eHasi cTeneHb, Hoanucy Hara
3BaHUe
Crapunit IInuyrosa Muna -
MIPEIoIaBaTeNb JleonnnoBHa
JOIIYCTUTH K 3AIIUTE.:
PykoBoaurtean OOII dPUO YyeHnasi cTeneHb, Ioanucn Jara
3BaHUe
Houent OUT .
I'yonu EBrennii UBanosuyu K.(p.-M.H.
WILTP y P

Tomck — 2020 r.




IIJTAHUPYEMBIE PE3YJIBTATBI ObYUHEHUA 110 OOII

Kox
pe3yJbTara

PesyabTar 00yuenus

Oobuque no nanpaenenuto noocomosku 09.04.04 «Ilpozpammnan unscenepusn)

P1

CriocoGHOCTh TIPOBOIUTH HaY4YHBIC MCCIICIOBAHUS, CBSI3aHHBIC C 00BEKTaMHU
po(heCCUOHATILHOM JIEITEIIbHOCTH

P2

CrniocoOHOCTh pa3pabaThIBaTh HOBBIEC U YIYYIIATh CYIIECTBYIOIINE METOIbI U
AJITOPUTMBI O6pa6OTKI/I JaHHBbIX B I/IHq)OpMaIII/IOHHO-BI)I‘-II/ICJ'II/ITGJ'H)HI)IX
cucTeMax

P3

CriocoGHOCTh ~ COCTaBIATH ~ OTYETHI O  NPOBEJCHHOW  HAy4yHO-
HCCIIEI0BATENbCKOM paboTe U MyOIMKOBAaTh HAy4YHbIE PE3yJIbTAThI

P4

CriocoGHOCTh TPOEKTUPOBATH CHUCTEMBl C TNapaielbHOW 00paboTKOI
JaHHBIX U BBICOKOIMPOU3BOAUTEIIBHBIC CUCTEMBI

P5

CriocoOHOCTh OCYHIECTBIATh IPOrPAMMHYI0 PEATH3aLMI0 HHPOPMALMOHHO-
BBIYHMCIUTENIBHBIX CUCTEM, B TOM YHUCJIE paclpeaeIeHHbIX

P6

CriocoOHOCTh ~ OCYIIECTBIATh TPOTPAMMHYIO — pEaTU3allii0  CHUCTEM C
napajieTbHON 00paObOTKON TAaHHBIX U BRICOKOITPONU3BOAUTEIBHBIX CHCTEM

P7

CrniocoGHOCTh OpraHNU30BbIBATH IIPOMBILIUIEHHOE TECTHPOBAHUE
C03/1aBa€MOTr0 MTPOrpaMMHOr0 o0ecrieueHus

Ilpogpune «Texnonozuu d6onvuiux oannvix»/ «Big data solutions»

P8

CriocoGHOCTh McceIoBaTh U aHAJIU3UPOBaTh OOJIBLINE JaHHBIE, CO3/1aBaTh
WX MOJIEJIA ¥ UHTEPIPETUPOBATh CTPYKTYPHI JaHHBIX B TAKUX MOJEIISAX

P9

CriocoGHOCTh TMOHMMATh MPUHIMIIBI CO3JAaHUS, XpPaHEHWs], YIpaBICHUS,
mneperaud M aHanu3a OONBIIMX JAHHBIX C MCIOJNb30BAaHUEM HOBEWIINX
TEXHOJOTUI, MHCTPYMEHTOB U  cuUcTeM o0OpaOOTKM  JaHHBIX B
BBICOKOITPOU3BOIUTENBHBIX CETIX

P10

CriocoGHOCTh MPUMEHSATh TEOPHUIO paclpeAeICHHOW CHUCTEMbI YIpaBICHUS
0azaMu  JAaHHBIX K  TPAJUIMOHHBIM  pacHpelesieHHbIM  CHCTeMaM
PENSALMOHHBIX 0a3 JaHHBIX, 00JaYHBIM 0a3aM JaHHbBIX, KPYTHOMACIITAOHBIM
CUCTeMaM MAalIMHHOTO 00Y4YEHHUS U XpaHWINIIAM JaHHBIX




TOMSK TOMCKWNM
POLYTECHNIC MOJINTEXHUYECKUN
UNIVERSITY IMIM YHVBEPCUTET

MWHUCTEPCTBO HayKM 1 BbiClLero o6pasoBaHua Poccuiickon Oesepaunm
dbenepanbHoe rocyaapcTBeHHOe aBTOHOMHOE
obpasoBaTenbHoe yupexeHue Bbicliero obpasoBaHua
«HauunoHanbHbIN nccnegoBaTenbckuii TOMCKUA NONMTEXHNYECKNIA yHUBEpcuTeT» (TMY)

WmxenepHas mKkoina HHPOPMAIMOHHBIX TEXHOJIOTUH M POOOTOTEXHUKH
Hanpasnenue noarorosku 09.04.04 IIporpaMMHast HHXEHEpHS
Otnenenne nHGOPMAITMOHHBIX TEXHOJIOTUI

YTBEPX/IAIO:
PykoBonutens OOII
['y6un E.N.

(IToxmucp)  (MHata) (D.M.0O.)

3AJAHUE
HA BbINOJIHEHUE BBINYCKHON KBAJIN(QUKAMOHHON padoThl
B dopme:
Marucrepckoil auccepTanuu
(bakanaBpckoli pabOThI, IUITIOMHOTO IPOEKTa/paboThl, MATMCTEPCKOM AUCCEPTALIMN )

CryneHnry:

I'pynna DOUO

8IIM8U Kyne6sikun Anekceit CepreeBud

Tema paboThI:

NudopmannonHo-aHaNUTHYECKAs! CUCTEMA ISl aBTOMaTU3UPOBAHHOM TUAarHOCTUKU
NaTOJIOTUH OPTaHOB IPYIHOM KIETKH

YTBepxkaeHa IPUKA30M JUPEKTOpa (1aTa, HoMep) No59-62/c ot 28.02.2020 1.
Cpok cauu CTyZCHTOM BBITIOJTHEHHOM paOOTHI: 15.06.2020
TEXHUYECKOE 3AIAHUE:
Hcxonnble 1aHHBbIE K padoTe 1. HaGop mannbIx, cocrosmumi u3z 112120
PEHTT€HOBCKUX CHUMKOB BO ()pOHTAIIbHOMN
(HaumeHoganue 0ObeKMAa UCCIeO08AHUA UTU IJIOCKOCTH TPYIHOM KJIETKU
NpoOeKmupoearnus, I’lpOu360@um€]le0CWlb uiu 2 TpeGOBaHI/Ie paSpa6OTaTL CI/ICTeMy TUTSL UX

HazpysKa, pexcum pabomsl (HenpepwlHbill,
nepuooudecKull, YUKIUYeCcKuil u m. 0.); 8uo culpos
unu mamepuan uzoenus, mpebdosarus K NPOOYKmy,
u30enUro U npoyeccy,; ocobvie mpebo8anus K
0cobenHOCmAM (PYHKYUOHUPOBAHUS
(axcnyamayuu) ob6vekma iy uzoenus 8 niaue
0e30nacHocmu IKCHIYamayuy, 6IUsHUA HA
OKPYACAIOWYIO CPEDY, IHEP2O3AMPAMAM,
9KOHOMUYECKU AHAU3 U M. O.).

aHaJIM3a




Ilepeyenn moIesKANIUX UCCIIETOBAHUIO,
NMPOEKTHPOBAHUIO U Pa3padoTKe
BOIIPOCOB

(ananumuueckuii 0630p No IUMePaAmypHbIM
UCTNOYHUKAM C YeJIbiO BbIACHEHUS OOCTIUNCEHUTL
MUPOBOU HAYKU MEXHUKU 8 PACCMAMPUBAEMOTL
obnacmu; NOCMAHOBKA 300a4U UCCTICO08AHUS,
NPOEKMUPOBAHUSL, KOHCMPYUPOBAHUS, COOCPIHCAHUE
npoyedypsl UCCICO08AHUS, NPOCKMUPOBAHUS,
KOHCMPYUPOBAnUs, 06CYIcOeHUe Pe3yibmanmos
6bINOJIHEHHOU PabOMbL, HAUMEHOBAHUE
O0ONOTHUMETILHBIX PA30€108, NOONeHCAUUX
paspabomke; 3aK104eHUe no pabome).

1. TlpoBenenue 0630pa KOHKYPEHTHBIX
peLeHui

2. Ommcanne MeToma, ITO3BOJIAIONIETO
OTIPECIISATh MATOJOTHU Ha
pEHTTeHOTpaMMax

3. Peanmmzanus anropurma oOHApYKEHHS
THEBMOHHH Ha PEHTTCHOTPaMMe

4. Pa3zpaboTka NpuiIoKeHus st paboThI C
AITOPUTMOM

5. ®duHaHCOBBIM MEHEIKMEHT;

6. CormanabHass OTBETCTBEHHOCTb;

7. 3aKiIroveHue.

Ilepeyens rpaguyeckoro MarepuaJia

(c mouHbIM yKa3anuem 00s3ameibHblX Yepmedicell)

Pucynku u TabnMuUIIbI 17151 OMTUCAHUS
MCCJIEIOBAHMS TIPEIMETHON 00J1acTH,
peaTn30BaHHBIX MOJYJIEH CHCTEMBI,
cocTaBjIeHUs] (PUHAHCOBOW CTOPOHBI U
YTOUYHEHHUSI COIMAJIbHON OTBETCTBEHHOCTH.

KoHcyJbTaHTBI 110 pa3jeaM BbIYCKHOM

KBATU(PUKAIMOHHOH padoThI

Pa3nen

KoHncyabTant

DuHAHCOBBIM MCHE/KMEHT,
pecypcorhHEeKTUBHOCTD U
pecypcocOepexeHne

MenbsmukoBa Exkatepuna BaneHTnHOBHa,
norent OCI'H LIBUII, k. ¢utoc. H.

ConmainsHas OTBETCTBEHHOCTD

IN'op6enko Muxawnn BnagumupoBud, ONIEHT
OO/l LIBUII, k.1.H.

Pa3nen Ha aHITIMICKOM SI3BIKE

[TnuyroBa Muna JleonnaoBHa, cTapuinii

npenogasarens O [IBUITT
JaTa BpI1a4u 3aIaHUS HA BHINOJHEHHE BbINNYCKHOH KBAJIU(UKAIUOHHOM 01.03.2020
padoThI N0 JIMHEHHOMY rpaduKy e
3ananue BbIIAJ PYKOBOAUTEIb:
JoaxHocTh ®UO YyeHnas creneHb, Moanuceh Hdara
3BaHUE
oneHt OUT AxcénoB Cepreit K.T.H.
flon P 01.03.2020
NHINTP Bragumuposuy
3ajaHne NPUHSAJ K HCIIOJIHEHUIO CTY/ICHT:
I'pynna DOUO0 Hoanuch Hara
8IIM8U Kyne6sixun Anexceit CepreeBuy 01.03.2020




TOMSK TOMCKWNA
POLYTECHNIC NMOJIMTEXHUYECKUN
UNIVERSITY INIMB YHUBEPCUTET

MMHUCTEPCTBO HayKWM 1 Bbicluero o6pa3oBaHusa Poccuiickon Gegepauun
¢bepepanbHoe rocynapcTBeHHOE aBTOHOMHOE
obpaszoBaTefibHOE yupexeHue Bbicliero obpasoBaHmA
«HaumroHanbHbIN nccnegoBaTeNbCkui TOMCKUA NOANTEXHNYECKA yHUBEpcUTeT» (TIY)

WmxeHepHas mkoiia nHPOPMAIMOHHBIX TEXHOJIIOTUH H POOOTOTEXHUKU
Hanpasnenue noarorosku 09.04.04 IIporpaMMHast HHXEHEpHS
YpoBeHb 00pa3oBaHus — MarucTpaTypa

Otnenenne HHGOPMAITMOHHBIX TEXHOJIOTHIA

[Mepuon Beimonuenus: BeceHuuii cemectp 2019/2020 yueGHoro rogaa

®dopma BBINOIHEHUS PadOThI:

Marucrepckas quccepranus

(bakanaBpckas paboTa, JUITIOMHBIH TPOEKT/paboTa, MarucTepcKast TUccepTaius)

KAJIEHIAPHBIA PEUTUHT -TIJIAH
BbIIIOJIHEHH S BBIIYCKHON KBATH(PUKALMOHHON padoThI

Cpok caum CTyZICHTOM BBITIOJTHEHHON paOOTHI: 15.06.2020
Hara Ha3Banue pa3nena (moayJisi) / Bug padorsl MakcumManabHbIH 0211

KOHTPOJISA (MccyieqoBaHus) pasnaesna (MoayJist)

01.04.2020 | Momysib aBTOMaTU3UPOBAHHOM TMATHOCTUKH 30
MaTOJOTMH OPraHOB IPYAHON KIETKH

01.05.2020 | ITporpammHuas 060049Ka 7151 PAOOTHI C MOTyJIEM 30
JIMArHOCTHKY TaTOJIOTUH

24.05.2020 | ®duHAHCOBBIN MEHEHKMEHT, pecypcodhHEKTUBHOCTh 20
U pecypcocOepexeHne

31.05.2020 | CoumanbHast OTBETCTBEHHOCTh 20

CocraBun nperoaaBaTeCiib:

JoaxHocTh D®UO YuyeHas creneHb, Moanuceh Jdara
3BaHHUE
Houent OUT AxcénoB Cepreit K.T.H.
HUIHINTP Brnagumuposuu
COT'JIACOBAHO:
PykoBoaurennb dPUO Yuenas cTeneHb, Iopgnuck Jdara
(0]0)11 3BaHHe
Houent OUT . K.T.H., JOLEHT
I'yonn EBrenuit MIBanosuu >
WILNTP yo © °




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKEHHUE»
Crygnenry:
I'pynna DOUO
8IIM8U Kynebskun Anekceit CepreeBuy
Ixona NHInuTP OrtaeneHue onT
Yposenn Maructparypa | Hanpaeiaenne/cnemnanbuocts | 09,09.04 IIporpaMmMHas HHKCHEPHSI
o0pa3oBanus

pecypcochepexeHne»:

Hcxonnbie naHHbIe K pa3geny «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTD U

1. Cmoumocms pecypcos Hayuno2o ucciedosanus
(HH): mamepuanvHo-mexHu1ecKkux,
IHEP2eMUUecKux, PUHAHCOBLIX, UHDOPMAYUOHHBIX U
4e08eUeCcKUx

Oxnao pyxosooumens - 35120 pyo.

Oxnao unxcenepa- 21760 pyo.

Cmoumocms MamepuaibHblx pecypcos Onpedesiacs
CO2NACHO NPEtCKyPanmam KOMRAHULL

2. Hopmbl u Hopmamuesl pacxo008anus pecypcos

Haxnaouvie pacxoowvr 10%;
Paiionunouii kosgpgpuyuenm 30%.
Hopma amopmuzayuu I12BM 33,3%

3. HUcnonvsyemas cucmema Hano200010x4ceHus,
CMABKU HAI0206, OMUUCTEHUL, OUCKOHMUPOBAHUS U
Kpeoumosanusi

Koaghpuyuenm omuucnenuii na yniamy 80
sHebI00d0cemubie (honovl 30 %

IlepeyeHs BONMpPOCOB, MOAJIEKALIUX HCCIETOBAHNIO, IPOEKTHPOBAHUIO U pa3padoTke:

1. Oyenka kommepuecko2o u UHHOBAYUOHHO20
nomenyuana HTH

Ananuz nomeHyuaibHbix nompeoumeneti pe3yibmanos
UCCe008aHusl, OYeHKA Kavyecmea u nepcnekmueHoCmu
npoexma no mexuonozuu QuaD, SWOT-ananus

2. Paspabomxa ycmaea HayuHo-mexHuuecko2o
npoexma

Huuyuayus npoexma. onpeoenerue 3auHmepeco8anHblx
CMOpPOH NpOoeKma, yeneu u pe3yibmamos npoekma

3. Inanuposanue npoyecca ynpasnenus HTHU:
CMpYKmypa u epaghux npogedenust, OI00Ncem, pucku
U Op2anu3ayus 3aKynoK

Inan npoexma, onpedenenue mpyooemMKoCmu 6blNOIHEHUs.
pabom, pazpabomka epaguxa npoedeHUst HAYUHO2O
ucciedosarnus, paciem 0100xcema papabomyu

4. Onpeodenenue pecypchotl, puHancogot,
9KOHOMUYECKOU d¢hghexmusrocmu

Onucanue nomenyuanbHo2o 3¢gexma

Hepeqeﬂb Fpaq)l/l'-leCKOFO MAaTEPHUAJIA (c mounvim yraszanuem obazamenvublx yepmenicei) .

Oyenounas xapma ons QuaD-ananuza paspabomxu
Mampuya SWOT paspabomku

Juacpamma I'anma

I'pagux nposedenus pazpabomxu

brooowcem 3ampam

OcHosHble MepOnpUAMUsL O CHUICEHUIO PUCKOG

SoarwNE

‘ JaTa BbI1auM 3a1aHMA [JIs1 pa3/ieia 1o JuHeiiHoMY rpaduky

01.03.2020

3az[aﬂne BbIJ1AJI KOHCYJbTAHT:

JloJzKHOCTH DOUO

Y4yeHasi cTenenb, 3BaHHe Hoanucy Jara

Houenr OCTH
LIBUIT

MenbmukoBa Exarepuna
Banentunosna

K. (uioc. H. 01.03.2020

3az[a}me NPUHAJI K UCIIOJTHCHUIO CTY/ICHT:

I'pynna DdUO

IMoanucn Jara

S8IIM8I

Kyneb6sixun Anexceit CepreeBuy




3AJAHUE JUISI PA3JIEJIA
«COLUUAJILHASI OTBETCTBEHHOCTb»

Crygnenry:
I'pynna DPUO
8IIM8U Kynebskun Anekceit CepreeBuy
Ikoaa NIHINTP Otaenenue (HOLY) OUT
Yposenn o0pazoBaHus MarHCTpaTypa Hanpasaenue/cnenuanasnocts | 09.04.04 HpOFpaMMHaSI
HH)KEHEPUSL

Tema BKP:

IPYAHOU KJIETKU

HNudpopmManmoHHO-aHATUTHYECKAs CUCTEMA ISl aBTOMAaTH3WPOBAHHON JMArHOCTUKY MaTOJIOTHI OPTaHOB

I/ICXOI[HBIC JAaHHBbIC K pasaejay «COIII/IaJ'lBHaﬂ OTBETCTBEHHOCTDb) .

1. XapakTrepucThKa 00beKTa UCCACIOBAHMS
(BelecTBO, MaTepHUall, IpUOOp, aJArOPUTM, METOIUKA,
pabouast 30Ha) ¥ 00IACTH €T0 MPUMEHEHUS

Pa3pabotka MPEJICTaBIISET co00if
WH(POPMATMOHHO-aHAIUTHYECKAsT CUCTEMY  JUIS
ABTOMAaTU3UPOBAHHOM JHMArHOCTUKM NATOJOTUI
OpPraHOB I'PYJHOHN KJIETKU.

Cucrema MOXXET HCIONB30BATHCA MEIUITTHCKUM
IIEPCOHAJIOM BE3lle, TI'lE€ €CTh JOCTyI K CETH
WHTEPHET.

[Nepedens BOMPOCOB, MOUIEKANIMX HCCIICAOBAHUIO, IIPOSKTHPOBAHUIO U pa3paboTKe:

1. [IpaBoBbIe U OpraHU3aAIHOHHbIE BONPOCHI
obecrieueHus 0€30MACHOCTH:

CTeHaATbHBIC (XapaKTepHbIC MPH
JKCIUTyaTary 00hEKTa
HCCIIEIOBAHUS, IPOSKTHPYEMON
pabodeii 30HBI) IPABOBBIC HOPMBI
TPYZOBOT'O 3aKOHO/IATEIIHCTBA;
OpraHU3aIMOHHBIC MEPOTIPHUSATHUS MIPH
KOMITOHOBKE pa0odeii 30HBL

TpynoBoit kogexc Poccuiickoit @enepaiiuu ot
30.12.2001 N 197®3

®DenepanpabIid 3akoH ot 27.07.2006 N 152-
®3 (pen. ot 25.07.2011) «O I[lepcoHambHBIX
JIaHHBIX»

I'OCT 12.2.032-78 CCBT

2. [IpousBoacTBeHHAsT 0€30MACHOCTD:

2.1. AHanu3 BEIBJICHHBIX BPEIHBIX W OTIACHBIX
(hakTopoB

2.2. O00ocHOBaHNE MEPOIPUATHH 110 CHIKEHUIO
BO3JICUCTBUS

OTkIIOHEHHE MTOKa3aTeNeil MUKPOKIMMaTa
[IpeBbimieHre ypoBHS IIyMa

OTcyTcTBUE WM HEIOCTATOK €CTECTBEHHOTO
HCKYCCTBEHHOTO CBETa

[TopaxkeHue HMEeKTPUIECKUM TOKOM:
YMCTBEHHOE NepeHaNpsKEHUE:

3. Dkoornyeckas 0€30MaACHOCTD.

Hecymmmu yrposy okpy»karolieil cpene
ABJISIIOTCS CIIEAYIOIIE OOBEKTHI:

KommnbrorepHoe 00opyoBaHHE.

4. Be30NaCHOCTDb B YPe3BbIYAHHBIX CUTyaLUSsIX.

Haubonee BepositHoit UC siBisieTcst moxap B
3/IaHHH, B T.4. U3-32 KOPOTKOTO 3aMbIKaHUs
3JIEKTPONPOBOAKH.

Bo3moxxabiMu YC MOTYT SIBIATHCSI HABOJHEHUS,
yAapbl MOJTHUM, B3PbIBBI, SMHIEMHUN
MH(EKIMOHHBIX 3a00eBaHMI

‘ Jara BbI1auu 3agaHus JJIs1 pa3jielia mo JUHeHHOMY rpaduKy

01.03.2020




3anafme BbIAAJ1 KOHCYJIBTAHT:

JoKHOCTD ®UO Yuenas Moanucey Jarta
CTeneHsb,
3BaHHe
Houent OO/ IHBUIT | T'opbenko Muxaun BrnagumMupoBud | K.T.H. 01.03.2020
3az1alme NPUHAJ K HCIIOJIHCHHUIO CTYACHT:
I'pynna U0 Hoanuce Jarta
8IIM8U Kynebsxkun Anekceit CepreeBuy




Pedepar

BrinyckHas kBanupukanmoHHas paboTa cOCTOUT U3 /6 CTpaHUl, BKIIOYAET B
ce0s 16 pucynkoB, 19 tabnun u 1 npunoxxenue. [Ipu pabote 6bUIH UCTIOIB30BaAHbI 23
HMCTOYHUKOB JINTEPATYPHI.

KiroueBsie crnoBa: uctopust 0OJE3HHU, MATOIOTUH OPTaHOB T'PYAHON KIETKH,
MalIuHHOE 00yUYeHne, BeO-TIPUII0KEHHE, aBTOMAaTU3HPOBAHHAS TMAaTHOCTHKA.

Lens paGoThl — pa3paboTka HHCTPYMEHTA aHAJIM3a PEHTTEHOJIOIMYECKHX
CHUMKOB JIJISI JIOKQTH3AIMH MTaTOJIOTUH B 00JIaCTH JIETKOTO.

OOBEeKTOM WCCIEJOBaHUS SBIACTCS MpPAKTHUECKas 4YacThb pa3pabOTKH
aNropuT™Ma  OOHApYKCHHMS  TOpaKalIbHBIX  3a0ONIeBaHWMH W  TATOJNIOTMH  Ha
PEHTTCHOTpaMMax, a TaK)Ke MPUJIOKEHUS ISl paOdOThI C HUM C IIEJIbI0 MOCTAHOBKH
IpeBAPUTEIHLHOTO JUATHO3A.

OO6nacTh BHEIpEHUS TaHHOU pabOThI — 3PaBOOXPaHEHUE.

B pabote BbIMOIHEH aHAIW3 UMEIOIIUMXCS Ha PHIHKE PEHICHH CO CXO0XKHUM
(GYHKIIMOHAJIOM,  PAacCMOTPEHbl ~ AJITOPUTMBI  OOHApYy>KEHHUS  MATOJOTUH  Ha
pEeHTreHorpaMmax, oOydeHa W MPOTECTHPOBAHA MOJENb MAIIMHHOTO O0y4YeHUS,
pa3paboTaHo BeO-TIPUIIOKECHHE IS TIPOCTON U yA0OHON pabOThl C MOJIEIBIO.

B kadecTBe nanpbHEHIINX 11aroB MIIAHUPYETCS paclIupeHne GyHKIIMOHAA IS
JTUATHOCTUKM JAPYTHX TMAaToJOTUH M 3a00JIeBaHWM, TECTUPOBAaHUE CHUCTEMBI B

MEIULINHCKUX YUpexkIeHusX I. ToMcka



Omnpenenenusi, 0003HAYEHUSI, COKPALLICHUSA

B mnosicHUTENbHOM 3amMCKE MCHOJIB30BAIIUCH CIHEAYIOIIME TEPMHUHBI C
COOTBETCTBYIOIIUMHU OMPEICICHUSIMU, 0003HAUYCHUSIMU U COKPAIICHUSIMMU:

PeHTreHorpaMmMa — 3aperuCTPUPOBAHHOE Ha  CBETOUYBCTBUTEIHLHOM
Marepuaiie (porormnénke, poromiacTuHke) n3o0pakeHrne o0bEeKTa, BO3HUKAIOIIEE B
pe3yabTaTe B3auMOJICUCTBUSL PEHTICHOBCKUX JIyUel C BEIIECTBOM.

JIOKAJTU3ALMsl — TIPOIIECC OMPEICTIEHUS] MECTOTIOJIOKEHUS.

DenseNet — Densely Connected Convolutional Network

AUC-ROC - Area Under the Curve - Receiver Operating Characteristics

Al — Atrtificial Intelligence (MckyccTBEeHHBIN HHTEIIEKT)

ML — Machine Learning (MarmuaaOoe 00y4ueHue)

DL — Deep Learning (I'myookoe o0y4eHnue)
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BBenenue

CoBpeMeHHBIN MUP MOCTOSSHHO MEHSIETCSI, aBTOMAaTHU3aIUsl MPOHUKAET BO BCE
OoJiblliee KOJWMYECTBO OTpacied M OTpacib 3paBOOXPAHCHHS HE SBISETCSA
uckimoyeHueM. Ha mpuéme marnueHTa AOKTOpY OOJIBbIIE HE HYXKHO 3alOJIHATh TaKue
JaHHbIE, KaK UMs, JlaTa poKaeHus, 1o u T.4. [lpu cOope aHaMmHe3a JOKTOPY MOTYT
Mpeiaratbes MOAXOISAIINE KIIIOUEBBIE CII0BA U BO3MOXKHBIE BapHaHTHI IMAaTHO30B Ha
OCHOBaHUHW CUMITOMOB U MIPEABIAYIINX 3aMUCEN U3 UCTOPUHU OOJIC3HHU.

OnHako mpolecchl, CBsi3aHHBIE C 0OoJiee CIOXKHBIMH JTaHHBIMH, HaIlpUMED,
PEHTIeH-CHUMKaMHi BCE em€ HYXXJIAITCd B aBTOMATH3AllMU, TOCKOJBKY YHCIIO
cOOMpaeMBbIX JaHHBIX HEYKJIOHHO pPacTéT, ocobeHHo B 2020 roay mu3-3a BCHBIIIKU
COVID-19.

C pasBuTHeM MojeNield MaNIMHHOTO OOyYEeHHUs, a TakKe IOCTOSHHO
MOTIOJTHSIOIITUMCST 00bEMOM CHUMKOB CTAHOBHUTCSI BO3MOXKHBIM JIMAaTHOCTUPOBATH
NaTOJIOTUM C TOYHOCTHIO BHICOKOKBATM(DHUIIMPOBAHHOIO Bpaya-paguosiora M Jaxe
JyyIie.

Lensto  paboThl  siBAsieTCss ~ pa3paboTka  MHCTPYMEHTa  aHajiIu3a
PEHTT€HOJIOTHYECKUX CHUMKOB JIJIsl JIOKAJIU3allUK MaToJIOrui B obnactu jnérkoro. B
KayeCTBE WHCTPYMEHTOB OOYUYEHHUS MOJEIHU HCIONB3YIOTCS TIyOOKHe HEUpPOHHBIC
CETH.

OcHOBHBIE 331a41 UCCIIEIOBAHMUS:

1. npoBecTH aHanM3 CyIIECTBYIOUIMX PEIICHUH NJi1 aBTOMAaTU3UPOBAHHOU
JTAATHOCTUKH MATOJIOTHU OPraHOB I'PYIHOM KJIETKHU;

2. pa3paboTarh anroOpuTM OOHAPYKEHUS TMATOJOTHH OpPraHoB TPYIHOMN
KJICTKY (ITHEBMOHUWH), UCIIOJIB3Ys pPa3MEUYCHHbBIC PEHTIC¢H-CHUMKH,;

3. TpoOBeCTH TECTUPOBAHHWE  aNTOPUTMA JUISI  ONEHKH  TOYHOCTHU
oOHapy>KeHNUS;

4. pazpaboTaTh IPOrPaMMHYIO 00O0JIOUKY JJIsi paOOTHI C aITOPUTMOM.

I[Tong o00bexkTOM wHCcleAOBaHUSI MOHUMAaETCs pa3pabOTKa  ajlropuTMa
oOHapyXeHUs TOpaKaabHbIX 3a00JIEBAaHUM U TaTOJIOTUN HA PEHTI€HOTPaMMax, a TAKXKe

IMPUITOKCHHUA JIA pa6OTBI C HUM C LCJIbIO ITIOCTAHOBKH IIPCABAPHUTCIBHOIO JUAarHo3a.

13



IIpenmeToM HccnenoBaHus SIBISETCA 0030p CYLIECTBYIOIIMX DPELIEHUN CO
CXO0XUM (YHKLIHMOHAIOM, apXUTEKTYPbI ITyOOKON HEMPOHHOM CeTH, TOAXOAAIEH IS
peLIEeHUs NTOCTABICHHBIX 3a]ay.

Hayunast HoBU3Ha paOOoThI 3aKJII0YAETCS B YIIYUILIEHUH KauecTBa OOHApYKEHUS
MaTOJIOTU HAa pEHTreHorpamMMax TpyAHOW KIETKH, a Takke pa3padoTke
[IPOIPAMMHOI0 PELIECHUs C MEPCIEKTUBOM €ro BHEAPEHHUS B MEIULIUHCKUE
yupexaecHus 1. Tomcka.

IIpakTHueckass 3HAYMMOCTb PE3YJbTATOB MAaruCTEPCKOM aUCCepTalUuU
3aKJIF0YaeTCsl B MPWIOKEHUS Ui JUAarHOCTUKM M JIOKaJW3alMU [aTOJIOTUM 10
3arpy’kaeMbIM PEHTTEHOIpaMMaM IPyJHOM KIIETKH.

PesynbTaThl paboThI TNIAHUPYIOTCS K MCIOJIB30BAHUIO B OTJIEJICHUU JTy4YEBOU

muargoctuku Cuol’' MY r. Tomcka.
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1 AnaanTHyeckuii 0030p npeaMeTHOI o0aacTH

1.1 O030p KOHKYPEHTHBIX pelIeHn i

Ha ceropnsmHuili 1eHb Ha pBIHKE IPEICTABICHO MHOXXECTBO PELUICHUMN A
TEJIeMEJUIMHBI, a TakXKe JUIsl aBTOMAaTh3aluuu OOpaOOTKH MEAMIIMHCKUX JIaHHBIX.
BosIBIIMHCTBO U3 HUX MO3BOJIAIOT IPOBECTU KOHCYJIBTALMIO CO CIIELIMAIUCTOM IIyTEM
BUJeOKOHpepeHuu. OJHAKO MOXXHO OTMETHTb JBa pELICHUS, 00JIaJalomux
(GYHKIMOHAJIOM ISl IUarHOCTUKYU MATOJIOTHM 10 PEHTTeHOTpaMMaM.

B nannom paznene OyayT mpejcTaBieHbl OMMCAHMS KaXI0ro U3 perieHuil. B
KOHIIE pa3zaenia OyAeT BbIOpaHbI OCHOBHBIE MapaMeETpbl pa3padaThIBAEMON CHCTEMBI

JAUArdHOCTHKH.

1.1.1 ChestEye

OnHuM W3 penieHui i aBTOMATU3UPOBAHHONW 00pabOTKM M JUATrHOCTUKH
pentrenorpamm sieisiercs miaatgopma ChestEye komnanuu Oxipit, 6a3upyrorieiics B
[Monpme [1]. PemneHue KoMmaHWM TIO3BOJISIET JIHATHOCTUPOBATH 75 pa3MYHBIX
naToJoTMi  OpraHoB  TpyaHod  kiuerku.  [lnatdopma  maeHTHdUUUpYeET
pEeHTreHorpaMMmbl  0€3 aHOManui W CO3JaeT  MpeABapUTEIbHBIE  OTYETHI.
[IpenBaputenbHble OTYETHI O 3I0POBBIX MAIIUEHTAX CO3JAI0TCA TOJIBKO B TEX CIIydasx,
KOI'Jla CUCTEMa MaKCUMAaJIbHO YBEPEHA B pe3yibTaTax, npuMepHo y 20-40% ot Bcero
YKClia 3I0POBBIX MAIMEHTOB. MUHUMM3UPYS paOOTy PEHTIE€HOJIOTOB, HEOOXOIUMYIO
JUTSE TIOJTyYE€HUSI JUATHOCTUKHU 10 peHTreHOorpaMMaM 370pOBbIX manneHToB, ChestEye
MOBBIIAET MNPOU3BOJUTEIBHOCTh  PAJAMOJIONOB M TO3BOJSIET  MEIUIIMHCKUM
CHEUUATIUCTaM COCPEAOTOYUTh CBOE BHUMAaHHUE Ha Cly4yasix C OTKIOHEHUsAMH. K

CO’KaJICHUIO, KOMITAaHUS HE COOOIAeT O Ka4eCTBE M TOYHOCTH PAOOTHI TIaT(HOPMBI.

1.1.2 gXR

Hpyrum, Oornee NEPCHEKTHUBHBIM PEIICHUEM MOYKHO CUUTaTh pa3pabOTKH
komnanuu Qure.ai, 6asupyromeiics B Maguu [2]. Cucrema qXR v2.0 mo3Bossier
OOHapy>XUTh AaHOMAJLHBIC PE3yJNbTaThl HA PEHTTEHOTPAMMax TPYIHON KIETKH.
OCHOBHOU CLIEHApUid KCIIOJIB30BAaHHUSI — OTHAEJIEHUE PEHTTEHOTPAMM 340pPOBBIX

MManuCHTOB OT PCHTIICHOIpaMM ITALIMCHTOB C IIATOJIOTHMAMHA OPIraHOB pr,[[HOﬁ KJICTKH.
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gXR Takxe BKIOYAaeT B ce0s COOCTBEHHBIM aJIrOpUTM, KOTOPBIM MpOBEPsET
PEHTreHOrpaMMbl Ha HAJIM4YKE MPU3HAKOB TyOepKyJiesa.

[IpeumymectBo gXR no cpaBuenuto ¢ ChestEye 3akimtouaeTcss B BO3MOXKHOCTH
CreHEepUpOBaTh ONMMCAHME HAWJAEHHOW MATOJOTWHU, BKJIIOYaroliee B ceOs Ha3BaHHE,
pasMep M pacmoJioKEeHHe Iarojioruu. llosryyeHHblEe NaHHBIE MCIOJIB3YIOTCS IS

MpeBAPUTEIBHOIO 3aMOJIHEHUS OTYETA O IPOBEJACHUU PEHTIeHorpaduu.

Impression:

Abnormal study.

Preliminary Findings :
Pleural Effusion detected on
the right.

Pucynok 1 — TekctoBblit 0oT4ET 0 pabote cucreMbl gXR

-
—
—
—
—_
-
—
=

Pucynok 2 — Ilonb3oBaTtenbckuit uatepdeiic cuctemsr qXR
Takum 06pa3zom, ciemyeT pa3paboTaTh pelIeHre, KOTOpOe He TOJIBKO He OyaeT
YCTYIaTh PACCMOTPEHHBIM BBIIIE KOHKYPEHTHBIM PEIICHHSIM, HO U IPEBOCXOIUTh UX.
B uwactHOCTHM, mNnaHUpyeTCs 3HAYMUTEIBHO YIy4IIUTh HHTepdenc mo pabdoTe ¢
MEIUIIMHCKAMH JAaHHBIMH, a TakXKe 3aJ0)KUTh B CHUCTEMY BO3MOXKHOCTBH IS

pacmmpenus GyHKIHOHANA B OyAyIIIeM U MacIITaOuPOBaHUsI HA OOJIBIITIOE KOJTMIECTBO

MEIUIMHCKUAX YUPEKICHHUMN.
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1.2 Anropurmsl riry0oKkoro o0y4eHus 151 padoThbl ¢ peHTreH-CHUMKAMH

ANTOPUTMBI TIIYyOOKOTO OOYyuYeHHMs, TaKMe KaK TIIyOOKHWE HEWPOHHBIE CETH,
M3BECTHBI CBOEH BBICOKOW MPOU3BOJIUTEIBHOCTHIO U Kau€CTBOM PalOOThI, KOTJIa JEJI0
JOXOJUT 10 00paboTKK n300paxkenwuii [3; 4; 5].

Cy1iecTByeT MHOKECTBO apXUTEKTYp HEMPOHHBIX CETeH, KOTOPhIC MOJIXOMIST
JUI TIOMCKa MaTTepHOB Ha u3o0paxenusx. Omna u3 Hux — DenseNet (Densely
Connected Convolutional Network) [6]. M3nayaneHo oHa Oblia pa3paboTaHa Jist
oOyuenuss Ha HaOope mgaHHbIXx ImageNet, coxepxkamield Oonee 14 MUIIITMOHOB
n300paxkeHui, pa3outbix Ha 21 841 kateroputo. CeTb MOXKHO JIETKO IEPEOOYUUTH AJIs
paboTHI ¢ pa3IUYHBIMU HAOOpaMU JJAHHBIX, B TOM YHUCJIE U C PEHTT€H-CHUMKaMHU.

Bonee panHue HelipoHHBIE ceTH 00J1aa i MEHBIIMM KOJHUYECTBOM CIIOEB
(LeNet — 5 cnoés, VGG — 19 cioés). DenseNet sxe Mmoxket comepxarb ot 121 g0 264
CKPBITBIX CIIOEB, YTO 3HAYUTEIBHO YCIOKHSICT €€ apXUTEKTYDPY.

DenseNet coenuHgeT KaXIbld CJIOM C KaXIbIM MOCJIEAYIOIIAM CJIOEM
NOCJIEIOBATENIBHO, B TO BpEMsSl KakK TPAaJWIMOHHBIE CBEPTOYHBIE ceTh C L crosmu
UMEIOT L coeMHEeHUH, 110 OTHOMY MeXAy KaxbiM ciioeM — DenseNet umeer L (L +
1) /2 npsmeix coenuHenuid. KapTbl mNpu3HAKOB BceX MNPEAbIAYIIMX CIIOEB
UCTIOJIB3YIOTCSI B KAU€CTBE BXOJIHBIX JAHHBIX /IS KaXKIOTO CJIOs, a €r0 COOCTBEHHBIC
KapThl MPU3HAKOB HCIOJB3YIOTCS B KAdeCTBE BXOJHBIX JAHHBIX JUIsI BCEX
nocieayromux cioeB. Cetu DenseNet uMeroT psiji HEOCHOPUMBIX ITPEUMYIIIECTB: OHU
YMEHBIIAIOT MpoOJeMy HCYE3aI0MEero TPaJueHTa, YIY4IIaloT pPacIpOCTPAHECHHE
MIPU3HAKOB, CTUMYJHUPYIOT MOBTOPHOE HCMOJb30BaHUE IMPU3HAKOB U CYILECTBEHHO

COKpalarT KOJINYCCTBO I1apaMCTPOB.
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3neck CX — 310 cBépTouHbIii citoit X, DX — Dense-o6mok X, TX — Transition-61o0k
X, DLX — Dense-cinoit X.

Ecam BB mocMoTpuTe BHUMATENbHO, Kaxabli Dense-cioit gobaBmseT K
npeasiayiemMy 32 HOBbIE KapThl Mpu3HAKOB. [10ATOMY KOJIMYECTBO KapT MPU3HAKOB
yBenuuuBaeTcs ¢ 64 10 256 kaxsie 6 cioeB. Kpome Toro, Transition-0J10k BBIMOIHSIET
cBeptky 1x1 co 128 ¢umpTpamu. 3atem ciaemyer pooling-cioii 2x2 ¢ marom 2, B
pe3yJbTaTe Yero KOJIMYECTBO KapT MPU3HAKOB COKPAIAETCS BIBOE.

OnHako HEOOXOIUMO TaKXKe MOHATh, YTO MIPOMCXOIUT BHYTPHU Kaxkporo Dense
cinos B KaxiaoM Dense-Gioke, 4ToOBl MOHSATH, Kak padboTaeT Bcs ceTb. Ha camom
rTyOOKOM YPOBHE MOXKHO YBHJIETh, KAK Ha CAMOM JI€JI€ JIOCTUTaeTCs TAKOE MOBEICHUE
nobapnenus 32-kpaTHOTO KoimuecTBa cioeB. Kaxapii Dense-cioit umeer CBEPTKY
1x1 co 128 ¢unbprpamu nisi yMEHBIIECHUSI pa3Mepa KapT MPU3HAKOB M BBHIMOJTHEHUS
BBIYUCIIUTEILHO Oo0Jiee CIOKHOM CBEpTKHM 3X3 ¢ BBIOpaHHBIM KO3 DHUITUESHTOM
CKOPOCTH POCTa PaBHBIM 32 KapTam MPU3HAKOB.

3aTeM BXOJHOM OJIOK M pe3yJIbTaT 3THX JIBYX omneparuil (KOTOpbIe OJUHAKOBHI
s kaknaoro Dense-cmos B kaxaom Dense-010ke) oOBEAMHSAIOTCS B TIpoliecce

no0aBiieHNs HOBOM HH(pOPMAIIUK K O0IEMY 3HAHUIO CETH.
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1.3 Ha6op nannbix ChestX-rayl4

HabGop mannbeix ChestX-rayl4 sBusercs mNONyJsIpHBIM — OOIIEAOCTYITHBIM
HaOopoM, cogepxamuM 112120 peHTreHOBCKUX CHHUMKOB BO (POHTaIbHOM
IUIOCKOCTH TPYAHOM KJICTKH, MoiaydeHHbIX y 30805 yHUKaIbHBIX HaIMeHTOB [7].
Kaxnoe n3obpaxxkenne B HaOOpe AaHHBIX CHAOXXEHO aHHOTalMel o 14 pa3audyHbIX
MaTOJOTHSX OPraHOB TPYAHOW KiIeTKW. JlaHHBIE aHHOTAIMK OBUIM TIONYYEHBI C
UCTIONb30BAHUEM  METOJIOB  aBTOMAaTHYECKOTO  W3BICYCHHS  JaHHBIX U3
PaMOIOTHYECKUX OTYETOB.

JUJist HArJIATHOCTH M B KayecTBe JIeMOHCcTpauuu padoTsl cetu DenseNet-121 B
naHHOW paboTte u3 Bcex 14 maromoruii st oOHapyXeHHsl Oblla BBIOpaHa TOJBKO
MHEBMOHUS, Kak Hambojee pacnpocTpaHéHHas. WM300paxeHws, y KOTOpPHIX B
aHHOTaIMK ObUIa yKa3aHa ITHEBMOHHS, OBUIM IOMEYCHBI KaK IMOJIOKHUTEIbHBIC
IpUMEpHI, a BCE OCTaIbHBIE N300pakeHUsT OBIIIM TIOMEUEHBI KaK OTpHUIaTeabHbIe. J1Jis
3a/1auyu OOHAPYKEHHUsI THEBMOHUHU HA0Op TaHHBIX ObUI CIIy4allHbIM 00pa3oM paszienieH
Ha oOyuaromyio (28744 maruenta, 98637 uzoOpaxenwii), BamumanuoHuymo (1672
nanenta, 6351 uzobpakenue) u tectoByro (389 mamumenToB, 420 H300paKeHUIN)
BbIOOPKHU. B BEIOOpKAx HET cily4aeB, KOT/1a CHUMKH OJTHOTO U TOTO K€ MaIlieHTa MOTyT
OKa3aThCsl B pa3HBIX BbIOOpKax. Ilepen momadeit n300pakeHUi B ceTh M300paKEHUS
OBUTH YMEHBIIICHBI 10 224 X 224 nukcenell U HOPMaJIM30BaHbI HA OCHOBE CPETHETrO
3HAUEHHUS W CTaHJAPTHOTO OTKIOHEHHs M300paxeHuil B Habope maHHbIXx ImageNet,
WCIIOJIb30BAaHHOM JUIsl TpefoOydeHus ceTtu. Takxke oOydaromas BbIOOpKa Oblia
pacimipeHa 3a CY€T TOPU3OHTAIBHOIO OTPAKEHUS HEKOTOPHIX M300pa’kKeHUil B

CIIyYalHOM TOPSIIKE.

Pucynoxk 4 — [Mpumep u3obOpakenus u3 Habopa nanueix ChestX-rayl14
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2. PazpaGoTka MmoayJifl 111 00HApPYKeHHs] TIHEBMOHUM HA
PEHTIreHOorpaMMax
2.1 Bb160p nmporpaMMHOro odecrne4eHust
B kauecTBe sA3bIKa MPOrpaMMUPOBAHMS ISl PEIICHUs MOCTaBIECHHOHN 3aadu
ObL1 BbIOpaH s13bIKk Python. Python — BbICOKOYpOBHEBBIN MHTEPIPETUPYEMBINA SI3bIK
MPOrpaMMHUPOBAaHMSI, TOCTPOEHHBI HAa UAESIX HMIEPATUBHOIO, OOBEKTHO-
OPUEHTUPOBAHHOTO W (PYHKLIHMOHAIBHOTO MporpamMmmupoBaHusi. S3bik co3gan ['Bumo
BaH PoccymoM B 1989 roay u ¢ Tex mop HEMpEepHIBHO COBEPIICHCTBYETCS.
K mpeumymiectBam Python moxHO oTHecTH:
— OTKPBITOCTb €T0 KOJA;
- cranaapt PEP-8 ctumynupyet pa3paboTuynKoB Ha HATUCAHUE MPOCTOTO U
XOPOIIIO YATAEMOT'0 KOJIa,
— BO3MOXHOCTb ITPOCTOT0O pa3JeieHHs KO/1a Ha OT/AeNIbHbIE MOIYJIH,
— 00JIbLIOE KOIMYECTBO OMOJIMOTEK AJI1 MAILIMHHOTO O0y4YeHMUS,
— BO3MOXHOCTb Pa3pabOTKH CEpBEPHON YaCTU BEO-TPUIIOKEHHUS.
Hcxonst W3 [aHHBIX MNPEUMYIIECTB, SI3BIK IMporpamMMupoBanusi Python
UI€aJbHO MOAXOAUT JJsl pELIEHUs IOCTAaBICHHOW 3ajauM, T.€. pa3paboTKu

HNCITOJIHACMOTI'O MOIYJIA IJIA O6H&py>KCHI/IH ITHCBMOHHUMH.

2.2 UcnoJsib3yeMble OUOJINOTEKH

B xonme peamusanuu mnpoekTa OBUIM KMCIOJB30BaHBI HEKOTOphle Python
OubMMoTeKH 11 pabOThI C OMNpPEACICHHBIMU THIAMH JAHHBIX M HWCIIOJIH30BaHUS
CHEIUANTBHBIX (HYHKIUNA, PACIIMPSIONINX BO3MOXHOCTH SI3bIKA.

bubmmorexn NUumPy u Pandas mist paGoTel ¢ MHOTOMEPHBIMH MacCHBaMH,
MaTpuIlaMH, TPOBEACHHS HAJ HUMH MAaTEMaTHYECKHUX OMeparui, a TaKxke s
UCIOIb30BaHus cTpykTyphl DataFrame.

bubmuorexn PIL w PyTorch Obutn wucnonbp3oBaHbl it pabOTBl  C

M300pKEHUSMH | JIJIs1 TOoCTpoeHUs u oOydenwus cetr DenseNet cooTBeTcTBEHHO.
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2.3 lHocTpoenue u o6yuyenue DenseNet-121

Mopens MamMHHOTO OOYYEHUS, HCIOJB3YIOMYI0 B KAauyeCTBE OCHOBBI
riyookyto cBépTtouHyro ceThb DenseNet-121 MoxHO MO0 HamucaTth BpPYYHYIO,
UCTIONIB3Ysl 3apaHee HamucaHHble (QYHKOMUA i cio€B cetu u3 PyTorch, mmbo
HCII0JIb30BaTh YK€ Mpeao0yueHHyto Ha Habope nanubix ImageNet monens ceT.

[TockobKy B OCHOBHYIO apXHTEKTYpy CETH U3MCHECHHS BHOCHUTHCS HE OYIyT,
JIOTUYHEE BOCIIOIB30BAaThCS BTOPHIM BapWaHTOM. B TakoM ciydyae, HEOOXOIUMO
BOCTIOJIB30BAThCSI CPETHUM M CTaHJIAPTHBIM OTKJIOHCHHEM ITOJIYYCHHBIM B TIPOIIecce
npenoOydenust Ha ImageNet nns Hopmanuzamum.

UtoOb1 amantupoBath DenseNet-121 mon 3amauy HEoOXOAMMO 3aMEHUTH
MOCJICTHUH TTOJTHOCBSI3HBIN CJIOM B MOJIC/IM Ha CJIOM C OJHUM BBIXOJIOM U NMPUMEHHUTD
CUTMOUJIATBHY IO HEJIMHCHHOCTD.

OOydeHHe ceTH POU3BOAMIOCH C HCITOJIb30BaHHEeM onTuMu3aTopa Adam. Ha
BXO/I 32 OAMH pa3 nofaércst MUHU-0aTy u3 16 n3006paskeHuil 11 yCKOpEHus mpoiiecca
o0yuenus. CtapToBbiii KOADPUIIUEHT CKOPOCTH 00yueHus ObLT BeIOpaH paBHbIM (.01
U ymeHbInaercs B 10 pa3 kaxaplid pa3, Korja omuOKa Ha BalUIAIMOHHONW BBHIOOpKE
nepecTaér U3MEHATHCS IOCJIE OYepEAHON MOXU 00yuyeHus. 3ajaya COCTOUT B TOM,
9TOOBI BEIOPATH MOJICNIb C HAUMEHBIIICH OMTUOKOM Ha BATUAAIIMOHHON BEIOOPKE.

J11st TOTO, 9TOOBI OIEHUTH MPOU3BOAUTEIILHOCTD i KAYE€CTBO 00YUYEHUS MOJIEIH
OBLT HMCIONB30BaH MeToA mojacuéra miomanu mog kpusoir AUC (Area Under the
Curve) ROC (Receiver Operating Characteristics). Kpuas AUC-ROC — 310
M3MEpPEHUE TMPOU3BOAUTEILHOCTH IS 3aJa4d KJIacCU(PUKAIMKM TPH Pa3IAYHBIX
HacTpoikax moporoseix 3HaueHUi. ROC — 310 KpuBas BeposaTHocTH, a AUC — cTeneHb
WIN Mepa OTIASIMMOCTH, OHA IOKa3bIBa€T, HACKOJIBKO XOPOIIO MOJEIbh CIIOCOOHA
OTIENUTh OJMH Kilacc OoT Apyroro. Uem Beiie AUC, TeM syunie Mojenb CocoOHa

OTJINYUTH MAI[UEHTOB C MMATOJIOTHUEH, HAIPUMEDP, THEBMOHKEHN U 0€3 HeE.

21



10¢

0.8k

(=}

h
T
—

Sensitivity

(=]
-
-n_\

0.2k |

0.2

0.4 0.6
1 - Specificity

(] 1.0

Pucynok 5 — Kpusasst AUC-ROC (cpennee s 14 kinaccoB)

Jiist Toro, 4To0Bl YOEAUTHCS, UTO CETh Obla XOpoLIo 00yyeHa, Ol IPOBEIEH

CIICAYIOIINI SKCTIEPUMEHT: ObUTH B3THI €1l Tpu Moaenu — DenseNet-169 ¢ 6onpiium

gucioM cioéB 1o cpapHeHuto ¢ DenseNet-121, a taxke ResNet-50 u SEResNet-50 u

O6y‘{eHLI Ha TCX K€ Ha TOM XK€ Ha60pe JaHHBIX.

B pesynbTaTe Oblia mojgyuyeHa cpaBHUTEIbHAS Tabnuia 1, B KOTOpOH yKa3aHbl

sHaueHus: AUC-ROC nnsa kaxmaoi MoJend Mo KakKIoMy KJaccy, a TakKe cpejHee

3HA4YCHUC I10 BCCM KJIaCCaM.

Ta6muma 1 — 3nauenuss AUC-ROC s DenseNet-121 B cpaBHeHUU ¢ APYTUMHU CETIMHU

ITaTosorus DenseNet-121 | DenseNet-169 | ResNet-50 | SEResNet-50
Atelectasis 0.8248 0.8156 0.8063 0.8144
Cardiomegaly 0.8982 0.8993 0.9072 0.8981
Effusion 0.8757 0.8792 0.8779 0.8743
Infiltration 0.6738 0.6737 0.6638 0.6756
Mass 0.8469 0.8313 0.8261 0.8342
Nodule 0.7643 0.7491 0.728 0.7583
Pneumonia 0.7781 0.7735 0.7551 0.7608
Pneumothorax 0.8541 0.8602 0.8382 0.8638
Consolidation 0.8107 0.8096 0.8069 0.8092
Edema 0.9033 0.9103 0.9073 0.9081
Emphysema 0.9209 0.91 0.8724 0.9194
Fibrosis 0.8284 0.818 0.7981 0.8291
Pleural Thickening | 0.7735 0.7658 0.7431 0.766
Hernia 0.9194 0.9355 0.863 0.9322
AUC-ROC Mean |0.8337 0.8308 0.8138 0.8317
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N3 tabamner 1 moxHO BHAeTh, yTto DenseNet-121 cmocoOHa oTAEHATH
HEKOTOPHIE MATOJIOTHH XYXKE, YEM IPYTUE MOJCIIH, B3ATHIC JJIsl CPABHEHUS, HO CPETHEE
sHaueHne AUC-ROC, a Ttaxke 3HaueHHE [JIsi MHEBMOHUU SBISETCS JYUYIIUM U3
YETBIPEX MOJETIEH.

2.4 BiBOABI 10 pa3aeny

Takum 00pazoM, uMesl TOJyYEHHBIC TaHHBIC, MOXHO CIENaTh BBIBOJ, YTO
MoJieNib Oblla BBIOpaHa BEPHO M €€ MOXHO HCIIOJIB30BaTh IS OOHApYKCHHS
THEBMOHUY Ha PEHTTEH-CHUMKaX.

W3meHeHne  rumepmapaMeTpoB  TaKWX, KaK ~ CTapTOBOEC  3HAUYCHUE
K03 (HHUIMEHTAa CKOPOCTH O0YUYCHHS HE JAJI0 CEPhE3HBIX yiydineHnid. CHUXKas ero J0
0.001 u no 0.0001, yBenuumiio Bpemsi 00y4eHHsI, HO TIOCKOJIbKY B MpoOIlecce 00yUeHus
€ro 3Ha4YCHHE BCE PaBHO OIYCKACTCS 10 3THX 3HAYCHHH, HCYJIMBHTEIBHO, YTO HE
HaOMr0aeTcs yaydllIeHne mpousBoauTeabHocTd. OpHako ero yeenuuenue jgo 0.1
camsmio cpennee 3HadueHue AUC-ROC no 0.7956.

JlanpHeHIUX yIydIIeHuH MOXKHO TOOUThCS €CIIH:

- HCIOJIb30BaTh HAOOp AAHHBIX C OOJIBIIMM KOJIMYECTBOM PEHTTEHOIPAMM,
BKJTFOUAIOIINM B ce0s Takke OOKOBYIO MPOEKIIUIO TPYIHOM KIIETKH, a TakKe 0a30BYIO
UH(GOPMAIIHIO O MAIUEHTE — €r0 BO3PACT, MOJ U paHee 0OHapyKEHHbIE MMAaTOJIOTHH;

- pa3paboraTh MOAEHb ¢ 00Jiee COBEPIICHHOW apXUTEKTypPOr HEHUpPOHHOMU
CETH.

Oba BapuaHTa TOTPEOYIOT YBEIMYCHHsSI BBIYMCIUTEIBHBIX MOIIHOCTEH IS
oOy4yeHHMs] MOJENH, a TakKe OONbIIOe KOJUYECTBO XOPOIIO OOYUYEHHBIX
CHEIUATMCTOB-PAANOJIOTOB ISl PA3METKH JaHHBIX.

[Tomy4yeHHbIC pe3ynbTaThl MOKA3bIBAIOT BICOKHM MOTEHIIMAT Pa3paboTaHHOTO
pelmieHusT W MOTYT OBITh WCIOJB30BaHBI, KaK MHUHUMYM, JUIS OTICICHUS
PEHTTCHOTPpaMM 3JIOPOBBIX IMAIMEHTOB OT CHUMKOB C HAWJECHHBIMH IATOJIOTHSIMHU.
bonee toro, ecnu Oymer BBIABICHA Kakas-TMO0 MATOJIOTHS, MEIUIIMHCKUN TIEPCOHAT
OyJzieT cpa3zy ke YBeJOMIIEH 00 3TOM, YTOOBI TPOBEPUTH PE3YIbTATHI U JIMOO YTBEPAUTD

Hp@I{J’IO)KGHHBIﬁ AUAar”Ho3s, 00 Ha3HAYMUTH HCKOTOPBLIC OOIIOJIHHUTCIIBHBIC TCCThI,
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YTOOBI Y66I[I/ITBC$I B IIPAaBHUJIBHOCTH / HCTIPaBUJIbHOCTH ITOCTAHOBKHU IIPEABAPHUTCIIBHOI'O

AWarHosa, €CJIu CricuaJIuCT HC JOBCPACT MPCIIOKCHHBIM PCKOMCHAALIUSM.
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3. IpoekTHpoBaHKe U pa3padoTKa NPUI0KEHHUA I O0HAPYKEHUS
NATOJIOT Uil OPIraHOB I'PYJAHOM KJIETKH 10 PEHTIeH-CHUMKAaM

C penplo NPOBEPKU U JAEMOHCTpAalUU pabdOTOCIOCOOHOCTU MPEAIaraeMoro
KJIacCu(puKaTopa, a TaKKe JUIs YHPOILEHUs pabOThl C HUM, HEOOXOOUMO CO34aTh
IIPUJIOKEHUE, OCHOBHOM LIEJIBI0 KOTOPOTO SIBISETCS IMOMOIIb Bpadyy B IOCTAHOBKE
JMAarHo3a.

[TpunosxeHue JOMAKHO BBIIIOJIIHATD CIEAYIOIINE 3a7a4uu: 3arpy3Ka, 00paboTka 1
aHaJIM3 PEHTTeH-CHUMKOB IPYJIHOM KJIETKM MAlMEHTOB, COXpaHeHUEe MH(GOpMAaIU O
IPOBEAEHHOM O0CIIETOBAaHUH.

Ha ocHOBaHMK NOCTaBIEHHBIX LEIU U 3aJa4eid MPUIOKEHNUSI MOKHO MEPEUTH

K €10 ITPOCKTUPOBAHUTO.

3.1 IlpoekTpoBaHUe MPUJIOKEHNS U BLIOOP CpeICTB pa3padoTku
Ha pucynke 6 mnpezacraBieHa auarpaMma IOCJIE€I0BAaTEILHOCTH pabOThI

IMPUIIOKCHUA 110 3arpy3Ke, aHaJIN3y U COXPAHCHUHU NAHHBIX IMAaIUCHTA B CUCTCMY.

Front-End Back-End Pneumonia Detector basa pgaHHbIX
] I 1 I
! 3arpyska ! 06036 & ! c 5 !
DEHTFeH-CHMMKA paboTka M3o6paxeHns OXpaHeHue U306pakeHns
> > > >
PeaynbTaT paboTbl
KnaccuoukaTopa
Monb3oBaTtenb e eaeeaaenas S —
i
3arpyska gaHHbIX nayueHTa
P . s L ————

O6HoBneHWe

[aHHBIX COXpaHeHME AaHHbIX 0 AWarHOCTUKe

v
v

Pucynok 6 — JIlmarpamma mocienoBaTeIbHOCTH PAOOTHI IPUITOKECHHUS TS

0OHapy»XEHHUS MaTOJIOTHI 10 PEeHTTeH-CHUMKaM

Kak BuHO U3 TIpeIcTaBIIEHHOW AUarpaMMbl, ITOJIb30BATEIb B3aUMO1CUCTBYET

¢ nmpuitoxkenueM uepe3 Front-End gacts. B cBoro ouepens, Front-End wacts peanmusyer
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OCHOBHYIO JIOTUKY W OTepalnuy ¢ 0a30i MaHHBIX, BBI30OBBI MOIYJISI Ui JUATHOCTUKA
MMHEBMOHMU W OTJA€T KOHEUYHBIM OTBET mnoJib3oBarento cpenctBamu REST APIL
Mopayne nass o0paboOTKM u300pa)keHud, KiacCupUKalMd |, Kak CIEICTBUE,
JTUATHOCTUKH TIPEJCTABIISAET U3 CeOsl OTEIBHBIN MPOIECC, KOTOPHIN 3aIyCcKaeTCs Py
oOpaieHuu K HeMy co CTOpoHbI cepBepa. [lociae 06paboTku n300pakeHust U padOThI
KJaccudukaTopa, MOJYYEHHBIN pe3yJbTaT OTHpAaBiIseTCs OOpaTHO HAa KIMEHTCKYIO
9acTh JUIsI OTOOPaKCHHSI BMECTE C JIAHHBIMU O IMAIMCHTE, B3ATHIMU M3 0a3bl JTAHHBIX.
[Ipy HEOOXOMMMOCTH BHECTH KaKHE-IMOO W3MCHCHHS B JIAHHBIE O ITIOCCIICHUH
NalMEHTOM CIEIUATUCTa 3TO JIETKO MOXHO ClieJlaTh Ha CTOPOHE KIIMEHTa, a IMOoCJe
COXPaHUTh JIAaHHBIC O MPUEME U JTUATHOCTHUKE B 0a3y JTaHHBIX.

OCHOBBIBasICh Ha TIOCTABJIEHHBIX 3aJayaxX, a TakKKe OCOOCHHOCTSIX pPalOThI
Kiaccudukatopa, Iy pa3paOOTKU MPHIOKEHUS OBLT BBHIOpaAJ CIECIYIOMINN CTEK
TEXHOJIOTHUM:

—  React.js g paspaborku Front-End gactu;

—  s3bIk Python coBmecTHO ¢ 6ubroTekoi Flask, mpenmyiectBoM koTopoii
MOXKHO OTMETUTHb yJAOOCTBO HCHOJb30BaHUS B TMPOEKTax C HEOONBIIUM
(G yHKIIMOHAIOM;

—  TIOCKOJIbKY JIaHHBIE O TIOCEIICHHH TaIlMeHTOM Bpada-pajuoiiora
NPEJICTABIISIIOT COOOM 3aMUCH B «MEAUITMHCKYIO KapTy» OyJeT JIOTMYHO UCTIONh30BATh

JIOKYMEHTHO-OPHEHTHPOBAHHYIO CUCTEMY yTpaBieHus 6azamu qanHbeix MongoDB.

Patient

Pucynok 7 — [Ipumep MeIUIIMHCKOMN KapThl MalMeHTa U3 0a3bl TaHHBIX

26



Kak MOXHO 3aMETUTh NPUIIOKEHUE SBIIAETCS HE OYEHB CIOXKHBIM IO CBOEH
apXUTEKTYype, IMOCKOIBbKY (POKYyCHUPYyeTCs Ha KOHKPETHOH 3ajadye — JAMArHOCTHKE
ITHEBMOHUHU. 3a CYET MOIAYJIBHOCTH HWHCTPYMEHTOB JUAarHOCTUKH BO3MOXHO
JanbHeiilee yBenuyeHue GyHKIHOHANA NPUIIOKEeHHs 0e3 yiiepOa YCI0KHEHUS ero
apxutekTypbl. K ToMy ke, eciii 700aBUTh BOBMOXHOCTb BX0/1a B CUCTEMY, UCTIOJIb3YS
Y4ETHBIE 3alKMCH, NPUHANICKAIINE PAIUYHBIM MEAUIMHCKUM YUYPEXKIACHUSAM, TO
CUCTEMY MOXHO OyJeT JIeTKO MacliTabupoBaTh Kak B Maciutabax ropoja, Tak U

CTpaHbl U BCETO MUPA.

3.2 IIpoekTHpOBaHHe MOJIb30BATEJIHLCKOI0 MHTEP(Pefica MPUIoKeHUus

[IpocToit ¥ MOHATHBIA MOJIB30BATEIBCKUN HMHTEpPQENC SIBISIETCS KIIOUOM K
NOBBIIEHUIO CKOPOCTH BBITIOJIHEHUS JIIOOOM 3ajauyd, M 3ajada JAUArHOCTUKU
NaTOJIOTUN HE SBIAETCS HCKIHOYEHHEM. [IOCKOIBKY MOJIb30BAaThCS MPUIIOKEHUEM
Bpauu OyAyT KaK[bIi 1€Hb, HEOOXOUMO MaKCUMAaJIbHO HANPaBUTh (POKYC HA pabOTy
C JaHHBIMM MALMEHTA U UCKIIIOYUTH JTI00YI0 HEPEIEBAHTHYIO HHPOPMALIHIO.

ba30BbIii clieHapUii UCIIOIB30BaHUS MPUIIOKEHHS IIPEICTABICH HA PUCYHKE 8.
PykoBOJACTBYsSICb MM MOYHO CIIPOEKTHpPOBaTh HHTEp(deic, KOTOPBIH IO3BOJUT
BBIIIOJIHATD OTU JEUCTBUS.

I'maBnas pabGouass 30HAa MNPUIOKEHUS TIPEACTABISIET COOOM  CIHMCOK
MEIUMLIHAHCKUX 3amMced nanueHta. HemocpencTBeHHO camMoro nanuMeHTa MOXKHO
BbIOpaTh, mepeias B «MeHwo HaBuranun» — «llanmmeHTsl» — BBIOpaTh NMAlMEHTA,
1ocjie 3TOro OyJIeT BO3MOXHO J00aBUTh HOBBIE 3alMCH B MEIUIUHCKYIO KapTbl
NalUeHTa, NPUKPEIUIsAs PEHTICHOTpaMMy WM JK€ MPOCTO BHOCS HEOOXOJIUMBIE
JaHHbBIE O AUATHO3€, €CIM PEHTTeHOrpaMMa He POBOAMUIIACh MU He TpeOoBatach s

KOHKPCTHOI'O CJIy4asd.

BHecenne
W3MEHEeHWiA

S CoxpaHeHune
aHanusa/usmeHeHuii

Pucynox 8 — ba3oBsrii crieHapuii pabOThI ¢ IPHIIOKEHUEM

3arpyaka
Bui6op nauuenta O O
PEHTreH-CHUMKa
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Pucynok 9 — MeHro HaBuranuu
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Pucynok 10 — Ilponecc no6aBneHust peHTT€HOTPAMMBI B CUCTEMY

healthapp + .

X-ray Analysis
Patient:

Name: Jake Brown
Sex:  Male

Age: 28

Date: 02032020

Result:

Likelihood of having pneumonia
on the scan is 72.60%

Disclaimer:

Result above is NOT a proper
diagnosis, but only likelihood of
having a pathology on an X-Ray
scan

o =)

Previous records:

Patient: Appointment:

(a) (6)
Pucynok 11 — MHTepdeiic npunoxenus: (a) Ipu IpOCMOTPE pe3yJibTara,

(6) mpu HaBeIEHUU HA PEHTTEHOTPAMMY
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Ha pucynke 11 noka3an npumep paOOThI € 3arpyKE€HHBIM B CUCTEMY CHUMKOM
— CHELHMAIIUCTY MPeIaraeTcs BEpOsITHBIA JUArHO3 U BO3MOKHOCTB JINOO COTJIACUTHCS
C HUM, COXpPaHMB PE3yJbTaThl 00CIENOBaHMs, JTUOO K€ OTPEJAKTUPOBATh U IOCIE —
coxpaHuTh. [Ipu HaBeqeHUM Ha pPEHTreHOrpamMMmy OTOOpa3UTCA TEIUIOBasl KapTa C
BEPOSITHBIM PACIOJIOKEHUEM MaTOJIOTMHU Ha CHUMKE.

Kak MoxHO 3aMeTuTh U3 puUCyHKOB 9-11 mpunoxeHue 00sagaeT MpOCThIM
uHTepdeiicoM M MO3BOJISAET JErkKo padoTaThb C PEHTreH-CHUMKAMH IallMEeHTOB,
M03TOMY MOKHO CUMTaTh, YTO CBOM 3a/1a4d MPHUIIOKEHUE BBITOIHIET MAKCUMAJIbHO

3¢ PeKTUBHO.

Pe3yabTaTsl

B pa3paboTrke KOHEYHOr0 MPWIOKEHUS MNPUMEHSIIUCh  CICAYIOIIHE
HHCTPYMEHTHI 1 TexHosoruu: React.js, Python, Flask, MongoDB, PyTorch.

C mnoMOIIBIO CO3JAHHOTO TPWJIOKEHUS BO3MOXHO OBICTPO U TOYHO
JMAarHOCTUPOBATh TATOJOTHHU OPraHOB TPYIHOH KIETKH, a TpH HEOOXOAUMOCTH
BHECTH M3MEHEHUA B JJUarHOCTUKY WJIM MPOBECTHU JIOMIOTHUTEIIHHBIE TECTHI.

HecMmoTpst Ha TO, 4TO B paMKax TEKYILIETO 3aKOHOJATEIhCTBA HEBO3MOXHO
UCIIONIB30BaTh  CHUCTEMY 0O€3 TMPOBEPKH  pe3yibTaTa  KBATH(PUIIMPOBAHHBIM
CIIEIUAJINCTOM, OHA BCE K€ MOXKET OBITh MCIOJb30BaHA JjIs MOMOIIM BpadaMm TpH
IIOCTaHOBKE JHArHo3a.

B OynymeMm mmaHupyeTcs MpOTECTUPOBATH CUCTEMY B OTICICHUU JTyYEBOU

muarHoctuku Cu6l’' MY u qpyrux MEIUIIMHCKUX YUIPEKIACHUSIX r. Tomcka.
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4. OUHAHCOBBI MEHEIKMEHT, pecypcodpPpeKTHBHOCTH U
pecypcocoepexenune

4.1 llpeanpoeKTHBIN aHAIU3

B pamkax nanHo# paboTbl pa3pabaTheiBaeTcsi HHPOPMaMOHHO-aHATUTHYECKas
cucremMa i1 aBTOMAaTU3UPOBAHHOW JHMArHOCTUKHU I1aTOJOTMM OPraHOB IPYIHOU
KJeTkd. JlaHHas cucTtemMa MOXET ObITh UCIOJIb30BaHA B MEAMIIMHCKUX YUPEKACHUSIX
IUTSl TOAIEP’KKU IPUHATHUS PELICHUS Bpaya.

[loTeHMANIBHBIMU ~ TOTPEOUTENSIMU  TOJOOHBIX ~ CUCTEM  SIBISIOTCSA
OPEINPUATUS 3APABOOXPAHECHUS: TOJUKIMHUKY, 00JIbHULIBI. Takue cucTeMbl TOMOTYT
Bpaudy ObICTpee W, UHOTia, 00Jiee KOPPEKTHO MPUHAThH PEIIeHUEe O CrocoOe JieueHus
JaHHOTO TanueHTa. JIpyruMu mOTpEeOUTENSIMU MOKHO CUUTATh MpeACTaBUTENCH
HAy4YHOTO COOOINEeCTBA, 3aMHTEPECOBAHHBIX B YIYUYIIEHWH KauyecTBa U TOYHOCTHU
JUArHOCTUKH, a TAaK)Ke PacCIIUPEeHUU (DYHKIIMOHAIA CUCTEMBI.

Llenbro JaHHOTO pa3zena sBIsEeTCs aHaIN3 COBOKYITHOCTH (paKTOPOB, KOTOPHIE
OTIpPENEISAI0T KOMMEPUECKYIO IPUBIIEKATEIBHOCTD pa3padOTKH, €€ NEPCIIEKTUBHOCTD U
ycnemHocTs. OCHOBHBIMHU 33JJa4aMU SIBJISIETCS OLIEHKA EPCIIEKTUBHOCTH Pa3pabOTKH,
€€ TOTOBHOCTU K KOMMEPLMAJIU3ALUY, BBISBICHUE ITOTCHLUAIBHBIX YIPO3, a TAKXKe

pacyeT CTOMMOCTH M COCTaBJeHHE IrpadrKa IPOBeACHUS padoT.

4.1.1 Texnoaorusa QuaD

Texnomoruss QuaD mnpencrapisieTr co0oit TMOKUH HHCTPYMEHT H3MEPEHHUS
XapaKTePUCTUK, OMUCHIBAIOIINX Ka4eCTBO HOBOU Pa3pabOTKU U €€ MEePCIeKTUBHOCTD
Ha PBIHKE W TIO3BOJISIONIME TPHHUMATh PEIICHHUE I1eeCO00Pa3HOCTH BIIOKEHUS
JNEHE)KHBIX CPEICTB B HAYYHO-HCCIEAOBATEIBCKUN NPOEKT. B OCHOBE TEXHOJIOTHMH
JIEKUT HAXO0XKJICHUE CPEAHEB3BEUICHHOW BEIMYMHBI MoKazaTened. OueHouHas Kapra

npejcTaBjcHa B Tabuie 2.
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Tabnuua 2 — Ouenoynas kaprta Texnonoruu QuaD

CpenneB3Be
. | OTHocHuTeIBLHOE
Bec MakcuMaabHbIIH IIeHHOe
Kpurepnu onenku Bamasl 3HAYeHHe
KpuTepus 0aJu1 3HAYeHHne
(3/4)
(5x2)
1 2 3 4 5 6

ITpon3BOIUTENBHOCTH 0,07 75 100 0,75 0,0525
OTKa30yCTOHYHBOCTh 0,08 90 100 0,90 0,072
YHUPHUIUPOBAHHOCTH 0,05 60 100 0,60 0,03
BesonacHocTh 0,1 70 100 0,70 0,07
Hombsoparescirit 012 | 95 100 0,95 0,114
uHTepdeiic
[TpocToTa 1moJib30BaHUS 0,11 90 100 0,90 0,099
PYHKUHORATEHAA 0,1 75 100 0,75 0,075
MOIIIHOCTb
MacmTabupyemocTb 0,1 80 100 0,80 0,08
KonkypentocnocoGHOCTh 0,08 20 100 0,70 0,056
MIPOTyKTa
[TepCcIIeKTHBHOCTD PHIHKA 0,07 85 100 0,85 0,0595
Iena 0,05 70 100 0,70 0,035
dunancoBas
3P PEKTHBHOCTh HAYYIHOU 0,07 85 100 0,85 0,0595
pa3paboTKu

Hroro 1 0,8025

OHGHKa Ka4CCTBa U IICPCIICKTUBHOCTH 110 TCXHOJIOTNHN QuaD onpeaAcACTCA 110

dbopmyie:
I, = ¥1I; - 100 = 0,8025 - 100 = 80,25, 1)
rne  [l, — CPEIHEB3BEUIEHHOE 3HAYEHHME MOKA3aTeel KavyecTBa U
NEPCIIEKTUBHOCTH HAay4YHOH pa3paboTku; [I; — CpEIHEB3BEIICHHOE 3HAYCHUE
TIoKa3aTels.

3uayenue /1., MO3BOJAET TOBOPHUTH O TEPCIEKTUBAX Pa3pabOTKU U KaueCTBE
IPOBEJICHHOT0 MCcieoBanus. Eciu 3Hauenune nokasarenst /1., nonyuunocs ot 100 mo

80, To Takas pa3paboTka cumTaercs mnepcrnektuBHou. Ecim ot 79 mo 60 — TO
MEPCIEKTUBHOCTh BBIIIE CpenHero. M3 TaOnumpl MOXHO cHelaTh BBIBOJ, YTO

pa3pabOTKy MOXKHO CUUTATh MEPCIEKTUBHOM.
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4.1.2 SWOT-anaaus

SWOT-ananu3

pa3paboOTaHHOTO

IIPOTOKOJIA

npeAcTaBiIsieT  co0oit

JBYX3TallHbII KOMILJIEKCHBIN aHalu3 pa3paOoTku. Pe3ynbraThl aHaan3a npeacTaBieHbl

B Tabiuue 3.

Tabnuua 3 — Marpunia SWOT pa3zpabotku

CuibHbIE CTOPOHBI
pa3padoTKu:

S1. HeBbICOKast CTOMMOCTb.

S2. TIpocToTa HCITOJIB30BAHHS.
S3. CxopocThb.

S4. Bo3MOXKHOCTB pacIIupeHust
(dyHKIIMOHaNA.

S5. IepcneKTHBBI A5t
yIy4IlIeHHUs KauecTBa
JIMarHOCTUKH.

Cnalble CTOPOHBI
pa3padoTKu:

W1. TexHnyeckasi ClI0)KHOCTb.
W?2. OrcyrcTBHE
(buHaHCUpPOBaHUS I
pa3paboTKH.

Wa3. Cnalbrit pyHKIIMOHAT B
MOMEHT 3aITyCKa Ha PbIHOK.
W4. OtcyTcTBHE penyTaniu
Ha pbIHKE.

WS5. HegocraTo4Ho BBICOKAS
TOYHOCTh IMATHOCTHKHU.

Bo3moxHoCTH:

O1. Cokpamienune
(UHAHCUPOBaHUS CHCTEMBI
3I[PaBOOXPAHEHHS, TIOITOMY
€CTh TOTPEOHOCTH B
aBTOMATH3AI[HH.

02. BoctpeOoBaHHOCTH
WHCTPYMEHTOB
aBTOMATH3aIMK PabOTHI C
MEIUIMHCKUMHE JAHHBIMH.
O3. IlpuBneuenune
CICIIUAIIMCTOB CO BCErO MHpa
IUTSL PACHIMPEHHS
(GyHKIIMOHAJIA M KaYeCTBa

Jannas pazpaboTka sSBIsSETCS
BOCTPEOOBAHHBIM, THOKUM U
MacCIITaOUPyEMBIM CPEJICTBOM
aBTOMAaTHU3aIUH TUAarHOCTUKU
MaTOJIOTHI IO PEHTTEeH-
CHUMKaM T'py/IHOM KJIETKH.

Moy nbHOCTh HHCTPYMEHTOB
JUISL TUATHOCTHKYU TIO3BOJIUT
JIETKO pacIupUTh (PyHKIMOHAI
CUCTEMBL.

Hecmotps Ha cipoc Ha
cucreMy, e€ GyHKIIMOHAT Ha
HAYaJIbHOM 3Talle MOXET He
YAOBJIETBOPUTH
MOTEHLUAJIbHBIX TOKYIaTeNeH,
a CHIDKEeHUs (PrHaHCHUPOBaHUSA
MOJKET TaKKe€ HETaTUBHO
CKa3aTbcs Ha Ipolecce
pa3paboTKH.

T2. 3anper Ha
UCIOJIb30BAHUS CUCTEMBI B
MEJHUIIMHCKUX YUIPEKICHUIX
T3. HecBoeBpemeHHOE
¢uHaHCOBOE OOecreYeHne co
CTOPOHBI TOCYZapCTBa U
MEJHUIIMHCKUX YUPEKACHUH.

KPYIIHBIX KOMIITAHUH MOTYT
IPEBbIIIATh (PYHKIIMOHAT
CUCTEMBL.

JTMarHOCTHKH.
Yrpo3si: Hacrynnenue cuenapuen W3-3a BricOKUX TpeOOBaHUil K
T1. OrcytcTBHE Cripoca Ha OOJIBIIMHCTBA YTPO3 KayeCTBY U TOUHOCTH
MPOJYKT. ManoBeposaTHo. TpeboBanus JTUArHOCTHKHU, MOXKET

CJIy4UThCS CUTYalus, KOrja
YJIy4IllIEHUE 3TUX 1apaMeTpOB
OyZeT CTOUTh KpaitHe Joporo.

HGO6XOI{I/IMO OTMCTHUTB, 4YTO 0COOEHHOCTBIO JaHHOI'O pCIICHHA ABJIACTCA €TI0

CKOPOCTb, IPOCTOTA UCIOJIb30BAHUS U MOAYJIBHOCTh. Paciinpenne QpyHKIHOHANA CO
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BPEMEHEM TO3BOJMUT emi¢ OOobIlle aBTOMATU3UPOBATH JTUATHOCTUKY TMAlUEHTOB.
[lopnepxanue cTaOUILHON IIEHOBOM MOMUTUKHU U OKa3aHHE YCIIYT MO HACTPOMKE IO
KOHKPETHBIE MEJUIMHCKUE YUYpEeXKIACHUS OyneT HampsMyl0 CHoCOOCTBOBAaTh

KOHKYPEHTOCTIOCOOHOCTH pa3padaThiBa€MOTr0 PEIICHHUS.

4.1.3 OueHka TOTOBHOCTH HAaYYHO-MCCJEJ0BaTeJbCKOI0 IpOeKTa K
KOMMepUHAJIN3aAUNU

OpHOlM W3 BaXHBIX 3a/lad B XOJI€ BBHIMOJHEHHS JaHHOTO pasjelna SBISETCS
OLICHKa TOTOBHOCTH  pa3paboTK K KoMmMmepruammzanuu. OIleHHBaeMbIMH
napaMeTpaMH SBJISIFOTCS KaK Hay9Hasl, TAaK U KOMMepUecKasi CoCTaBsomas. Tadnuia
4 mpexactaBiasier coOOM OJIaHK OIIGHKM CTENEHW TOTOBHOCTH pPa3pabOTKU K

KOMMCpIOHUAJIN3allun.

Ta6JII/IIIa 4 — bnank OLOCHKHU CTCIICHU T'OTOBHOCTH p213pa6OTKI/I K KOMMCpIHaJIn3allnu

Ne Crenenb YpoBennb
n/n HaumenoBanue NPopadOTAHHOCTH | UMEIOIIUXCH 3HAHUH
pa3padoTKu y pa3padoTyuka
1. | OnpeneneH UMEIOIIHICT HAYYHO- 4 4
TEXHUYECKUH 3aeT
2. | OnpeneneHpl MEPCICKTUBHBIC HATIPABIICHUS
KOMMeEPIHAIA3AIUN HAyIHO-TEXHUIECKOTO 4 5
3ajena
3. | OnpeneneHbl OTPACIH U TEXHOJIOTHH
(TOBapBHI, YCIyru) AJIs MPEUIOKEHUS Ha 4 3
pBIHKE
4. | Onpenenena ToBapHas ¢popMa HayqHO-
TEXHUYECKOTO 3aJIeNIa JJIs TIPE/ICTABICHUS Ha 3 4
PBIHOK
5. | OnpeneneHsl aBTOPHI M OCYIIECTBIICHA 3 3
OXpaHa X IpaB
6. | [IpoBeneHa oleHKa CTOMMOCTH 3 3
WHTEJUICKTYaJIbHOW COOCTBEHHOCTH
7. | [IpoBeneHbI MAPKETUHTOBBIC UCCIICIOBAHMSI 5 3
PBIHKOB COBITa
8. | Pa3paboran 6u3Hec-TIIaH 1 1
KOMMepIHaIN3allui Hay4YHOH pa3paboTKu
9. | OnpeneneHs! MyTH NPOJBUKEHUS HAYYHOM 3 3
pa3pabOTKU Ha PHIHOK
10. | Pa3paborana ctpaterus (popma) peanuzanuu 5 4
Hay4YHOH pa3paboTKu
11. | IIpopaGoTanbl BONPOCH MEXKAYHAPOTHOTO
COTPYZAHUYECTBA U BBIX0/1a Ha 3apyOeKHBIN 3 4
PBIHOK
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12. | IIpopaboTaHbl BOMPOCH UCTIOIB30BAHUS
yCIyT HH(PPACTPYKTYphI MOACPIKKH, 1 1
MOJTYYSHHS JIbTOT

13. | IIpopaboTansl BONpOCH (PMHAHCHPOBAHHUS 1 5
KOMMEpIHAIN3aIlIUN HaAyYHO! pa3paboTKH

14. | NmeeTcs komMaH1a A1l KOMMeEpLHMAIU3alun 2 3
HAy4HOU pa3paboTKu

15. | IlpopaGoTan MexaHU3M peann3aluu 5 5
pa3paboTKu

Hroro: 44 [ 75 48 /75

N3 Tabnuiisl MOKHO CIENaTh BBIBOJ O TOM, UTO MEPCIIEKTUBHOCTh pa3padoTKu
ABIIAETCS CpeAHel U Uil JaibHEeHWIed KOMMEpIMaIu3aluu jKeJIaTeIbHO BOBJICUEHHE
CTOPOHHMX CIIELIUMAJIUCTOB B 3TON 00J1aCTH.

Ycnex npoaBMKEHUS TOBapa Ha PhIHOK BO MHOT'OM 3aBUCHUT OT NPAaBUIIBHOCTH
BbIOOpa MeTojga KomMmepluanuzanuu. Jlns maHHoro paspaboTku  Haunbosee
IpPUEMJIEMBIM METOJIOM KOMMEPIUATU3AINHU SIBISIETCS MPEIOCTABICHHUE 3aKa3UUKy Ha
OCHOBE JIOroBOpa jJoctyma K cepBucy. K ToMy ke, B mpolecce HCIOIb30BaHUA
IPOrpaMMHOI0 MPOJyKTa MOTpedyeTcs ero JopadoTka U afanTaius K KOHKPETHOU

Cpcac UCITIOJIb30BaHU:A, a ,HaHHBIﬁ MCTO KOMMCEpIHUAIN3ALNU 3TO ITO3BOJIACT.

4.2 Uaunuanus pa3padoTku

B paMkax uHUIMANMK pa3pabOTKH (GOPMYIUPYIOTCS METU U O0XKHIAEMBbIC
pe3ynbTaThl paboThl. Takke ONpenessIFoTCs 3aHHTEPECOBAHHBIE CTOPOHBI pa3padOTKH
M BO3MOJKHBIC OTPaHUYCHHUS. 3aMHTEPECOBAHHBIC B JIAHHOW pa3pabOTKE CTOPOHBI

MpeCTaBICHbI B TaOIHIE 5.

Tabnuna 5 — 3auHTepecoBaHHbIE CTOPOHBI Pa3pabOTKH

3anHTepecoBaHHbIE CTOPOHDI O:xuaaHus 3aMHTEPECOBAHHBIX CTOPOH

Pa3paboTaTe ¥ BHEAPUTH B MEJUIIMHCKUX YUPEKICHHUSAX T.
Tomcka cucteMy aBTOMaTU3UPOBAHHON IUAarHOCTUKU
NaTOJIOTUH OPraHOB I'PYTHON KIETKU

Hay4nslii pyKOBOAUTEIB,
WH)KEHEp

YMeHbI1eHne BpPECMCHHU pa6OTBI C MagucHTaMu, 6J1ar0):[ap${

MeaunuHCcKHi epcoHan
aBTOMATH3alMK IIpoliecca paboThl C MEAULIIMHCKUMU TaHHBIMU

COKpaI_I_[CHI/IC OXKHUJaHUud pe3yJIbTaTOB NTUArHOCTUKU 34 CU€T

ITaneHTHI
HUCIOJIL30BAaHUS CUCTEMBI

HayuHnoe coo0miecTBo B03M0OXHOCTh BHEIPUTH CBOU MCCIIEIOBaHUS U pa3pabOTKU
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[enu u pe3ynpTat MpoekTa 0TOOpakeHbl B TabUIIE 6.

Tabnuua 6 — Lenu u pe3yapTaT pa3paboTKu

Leab npoekra:
Pa3paboraTe anroputMudeckoe U IporpaMMHOE

oOecrnieueHune AJis JUarHOCTUKY NaTOJIOTHil OpraHoB
JbIXaHMS 110 PEHTI€H-CHUMKAaM IallieHTa

Oxunaemelie pe3yibTaThl: 1. ®opmann30BaHHOE OIMCAHUE CUCTEMBI

2. [IporpamMMHas peam3aius CUCTEMBI
Kputepun npueMku pe3yabrara ITpoxoxaeHue GyHKIHOHATHHOTO TECTUPOBAHHUS
npoexTa: pEIIEHUS Ha TECTOBBIX JAHHBIX
TpebGoBanus Kk pe3yjbTary 1. BolnosiHEeHBI Bce MyHKTHI TEXHUYECKOTO 3a/1aHUs 2.
NPOEKTA: Pa3paboranHblil pyHKIIMOHA TOJIHOCTHIO COOTBETCTBYET

IMPOCKTHLIM PCHICHHUAM

B tabnune 7 npencrapiena paboyast rpyIa pa3padoTKu, onpeesaeHa poib 1

OCHOBHbIE ()YHKIIMH KaXKJIOTO yYaCTHHUKA B pa3paboTKe.

Tabnuua 7 — PaGouast rpymmna pa3paboTku

Ne ®UO, ocHOBHOE Poub B Tpyno3zarparsl,
n/n MecTO padoThl dOyHKIun Jac.
IlOJI)KI:-IOCTb ’ pa3paboTke YKL
1. YTBepKIeHNE OCHOBHBIX 29
AxcénoB Cepreit " a3/Ie0B, BbIIaYa 3aJaHUH K
BJ‘IaI[I/IMI/IpO]];I/I‘{ TIIY Hayumsiii e I/I(’:nonII[{eHmoﬂ
’ KOBOIUTEIH ’
OUT NIINTP, noueHT py A KOOPAMHUPOBAHUE
JESITENLHOCTHA UCIIOIHUTEIIS
2. | Kynebsikun Anekcei 228
Cepreesuy, TITY OUT HUcnonuenue nocTaBieHHBIX
NHINTP, maructpant HenoneuTe:s 3aga4
rp. SIIM8N
HUroro: 257

JlanHblii pasgen oTpaxkaeT TOT (akT, YTO BHIMOJHSAEMas paboTa HUMeEeT
JIOBOJILHO OOJNBIION 00BeM. 3aWHTEpPeCOBaHHBIC CTOPOHBI TMPOEKTA OXKUAAIOT
JI0OCTaTOYHO BBICOKOKAUYECTBEHHBIE PE3YJbTAaThl, KOTOpPbIE HEOOXOIMMO TOCTHYb

HUCITIOJTHUTCIIIO.

4. 311nanupoBaHue ynpaBJjieHUs pa3padoTKoi
4.3.1 Ilnaun pa3pabdoTku
UToOBI OTpa3uTh KIFOYEBBIE COOBITHS MO BEICHHUIO Pa3pabOTKU, HEOOXOIUMO

COCTaBUThH KaJeHAAPHBIN 11aH. [lman npencrapieH B Tadiwmie 8.
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Tabnuua 8 — Kanengaphsliii 1iad pa3paboTKu

4.3.2 Pa3paboTka rpaduka npoBeieHus pa3padoTKu

Kox JdaureabHoctb, | ara Hara Cocran
Ha3Banue JTHH HAYyajla | OKOHYAHHS
padoThI YYACTHHKOB
padoTr padoTr

1 Br16op HayyHOTO 6 15.02.20 | 21.02.20 Kynebskun
PYKOBOJUTENS A.C.

2 CocraBnenue u 2 22.02.20 | 25.02.20 Axcénon C.B.
YTBEPIKICHUE TEMBI
CocraBnenue 4 26.02.20 | 29.02.20 Kynebskun

3 KaJIEHJAapHOTO IJIaHa- A.C.
rpaduka BbITOJIHEHUS Axkcénos C.B.
paboThI
[Ton6Gop u uzydyenue 11 01.03.20 | 14.03.20 Kynebsixkun

4 JIUTEPATyphl 110 TEME A.C.
MarucTepckoil paboThl

5 AHanus npeaMeTHOU 6 15.03.20 | 21.03.20 Kynebskun
oOnactu A.C.

6 TTonck ncxomubIX 3 22.03.20 | 25.03.20 Kynebsixkun
JTAaHHBIX A.C.

7 [MocTpoenmue 13 26.03.20 | 09.04.20 Kynebsxun
KiaccudukaTopa A.C.
[IpoexTupoBanue 18 10.04.20 | 30.04.20 Kynebsixkun

8 0JIb30BATEIHCKOTO A.C.
nHTepderica
CormacoBanue 5 01.05.20 | 08.05.20 Kynebsixkun

9 BBITIOJTHEHHOM pabOTHI C A.C.
HAaY4YHBIM PYKOBOJIUTEIIEM Axcénon C.B.
Brimonnenue apyrux 14 09.05.20 | 26.05.20 Kynebsixkun

10 yacTeit paboTs (puH. A.C.
MEHEPKMEHT, COLL.

OTBETCTBEHHOCTb)
IlonBeneHue UTOrOB, 4 27.05.20 | 31.05.20 Kynebsikun

11 odopmiieHHEe PabOTHI A.C.

Akcénos C.B.
Hroro: 86 15.02.20 | 31.05.20

B pamkax miaHupoBaHMSI Hay4YHO-HCCJIEAOBATEIBCKOrO MPOEKTA MOCTPOUM
KaJIeHJapHBIA W JTUHEHHBIA rpadukn. KaneHmapHblii miiaH MPOeKTa MPEICTaBIeH Ha

pucynke 12.
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FEB 2020 MAR 2020 APR 2020 MAY 2020 JUN 2020

Thesis 96%
v Thesis 96%
BriGop HayuHoro pykoBoauTens

CocTagnenne u yisepkaeHhe Temsl

COCTaBNEHNE KANEHNAPHOT MNaHa-MPa.
MlonGop v uayueHne NMTEPaTYPLI NO Te...
AHANM3 NPEMETHOR o6nacTH

Flonck CXOHBIX A@HHBIX

TMocTpoeHKe KnaccHpukaropa
TPOEKTHROBAHHE NMO/IL20BATENLCKOTD H...

CornacoBaHue BLiNONHEeHHOI PatoTki C ...

Buinonxee Apyrix yactei pacoTs (¢...

TloABEneHHe UTOTOB, OGOPMNEHHE Pab, 75% [ AKCEHOB C.B., KyneGaKuH A.C.

Pucynok 12 — Jluarpamma ["anra
N3 nuarpammbl ["aHTa HarisiAHO BUAHBI TPAHMIBI  ATAOB  HAy4YHO-

NCCJICAOBATCIILCKOTO ITPOCKTA. I[J'II/ITeJ'IBHOCTB CI'O BBIIIOJTHCHMUA 3,5 Mceci1a.

4.4 broaxker pa3padoTKu

bromxer Hay4YHO-MCCIEA0BATENBCKOTO MPOEKTa JIOJDKEH OBITh OCHOBAaH Ha
JIOCTOBEPHOM OTOOPaXKCHHHM BCEX BHJIOB pAaCcXOJOB, CBSI3aHHBIX BBIIOJHEHUEM
npoekra. B mpouecce QopMupoBaHus OrojpkeTa pa3pabOTKU  HCIONb3YeTCs
cieayromas rpyninupoBKa 3aTpar MO CTaThsIM:

1. MarepuanbHble 3aTpaThl;
AMOpPTHU3AIMOHHBIE OTUYUCIICHHUS,
OcHoBHas 3apaboTHas 1J1aTa UCTIOTHUTENCH;
JlononmHuTeNbHAS 3apaboTHAs IJ1aTa UCTIOJTHUTEIICH;

OTtuucnenus: Bo BHEOIOKETHBIE (DOHIBI (CTPAXOBbIE OTUHUCIICHHS);

S e

Haxmagueie pacxomusl.

4.4.1 Pacuer MaTepuajIbHBIX 3aTPaT
Jlist mpoBeAeHUST HMCCIENOBAaHUS KaKue-THOO CHelHalbHbIE MaTepuaibl U
KOMIUICKTYIOIIME HE mpuodperanuch. EnuHas cymMmMa Ha  KaHUEISIPCKUE

npuHaIekHOCTH cocTaBiseT 2000 pyOiei.

4.4.2 AMOpTH3allHOHHBIE 3aTPATHI

Jlns IpoBeICHUS HCCIICIOBAHMS CIICIIMAIbHOE 000PYI0BaHUE HE TTOKYITAJIOCh,
MO3TOMY TPHU PacUETe 3aTpaT YYUTHIBACTCS TOJIBKO amopTu3anusa. [lepBoHavanbHas
croumocTh [IK MarucrpanTta, HUCHOJB3yeMOIro JJjisi MPOBEICHUS HCCICIOBAaHUM,

coctaisier 50000 py6ieir. Cpok IMOJIE3HOTO MCIOJIB30BAaHMS JTAHHOW MAIIMHBI — 3
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roza, u3 KoTopbix 4 mecsues (15.02.2020 — 15.06.2020) mammHa HCTIOIB30BANIACH TS
HanucaHus u 3amuTsl BKP.

HopMma amopruzanuu:

4, = % 100% = g 100% = 33,33% 2)
FOI[OBBIC aMOpTI/I3aHI/IOHHBIC OTYUCJICHUA.

A4, = 50000 - 0,33 = 16500 pyéueii (3)
ExemecsauHabie AMOPTHU3AITNOHHBIC OTUYUCIICHUA:

A, = 1615200 = 1375 pyb6neii 4)

Hrorosas cymma amoptuszanuu coctaBut 4 * 1375 = 5500 pyouneit

4.4.3 3apaboTHas nJIaTa UCIIOJHUTEJ el
Cratbs  BKIIOYAE€T OCHOBHYIO  3apa0OTHYI0  IulaTy  paOOTHHKOB,
HENOCPEJCTBEHHO 3aHATHIX BbimodHeHneM HTU, (Bximrowass mpemuu, AOIIaThl) U
JOTIOJIHUTEINIbHYI0 3apaboTHY10 maTy. OHa paccUUThIBAeTCs 10 popMyJe:
3317 = 30(:H. + 30011.1 (5)
rae 3,., — OCHOBHas 3apaboTHas 1iarta; 3,,, — JONOJIHUTENIbHAs 3apaboTHas
mwiata (12-20 % ot 3,,,,).

CpennenneBHas 3apaboTHas TUIaTa pacCUUTHIBACTCS 10 hopMyJie:

3y, = Y (6)

Fy
r7e 33, — MECSIYHBIN JTOKHOCTHOM OKJIaa paboTHHKA, py0.; M — KoinuecTBo

MecsIeB paboThl 0€3 OTIycKa B TeUeHHe rona; F, T~ JEeHCTBUTEIBHBIN TOTOBOM (HOH/T

pabodero BpeMEHH HAyYHO- TEXHUIECKOTO MIEpPCOHaa, pad. JIH.

Tabnuua 9 - bananc pabouero Bpemenu (Jis1 6-THEBHON HEEIIN)

IToxa3atenu paboyero BpeMeHn Auun
KanennapHoe uyncio auen 365
KommuecTBo Hepabouux JHel (BBIXOIHBIE, MPa3HAYHbIC THN) 66
[Totepu paboyero BpeMeHH (OTITyCK, HEBBIXO/IBI 110 OOJIE3HM) 56
JeficTBUTENBHBII rOg0BON (OHA pabouero BpeMeHH 243
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Jliist pacyeTa OCHOBHOW 3apaOOTHOM IIaThl MHKEHEpa OepeM OKJial, paBHbIN
oknany 21760 py6. Jlyis pacueTa OCHOBHOM 3apabOTHOM IIAThl PYKOBOJAUTENS B pacueT
BO3bMEM OKJIaJl, paBHbIN 35120 pyo.

Mecsaunblii ok paOOTHUKA PAaCCUUTHIBAETCA 1O GopMyJIe:

3u = 3rc (1 + knp + k()) ) kp! (7)

rae: 3¢ — 3apaboTHas miata 1o TapupHo cTaBke, pyo.; ky, — IpeMHUaIbHBIH

koo dunuent, pasuslii 0,3 (1.€. 30% 0T 37¢); k; — K03pduIMEHT KONIAT U HATOABOK
cocraisieT npumepHo 0,2 — 0,5 (8 HUW u Ha npOMBIIIEHHBIX NPEANPUITUIX — 32
pacmpenue cgep oOcayKuBaHUs, 32 MPOGECCUOHATBLHOE MAacTEPCTBO, 3a BPEIHBIC
ycnosust: 15-20% ot 37¢); k, — pationnbiii koo duument, papubiii 1,3 (111 Tomcka).

Pacuér ocHOBHOM 3apaboTHOM TUIaThl TpuBeAEH B Tabauie 10.

Tabnuua 10 — PacyeT ocHOBHOM 3apabOTHOM MIIaThI

Hcnoanurenu k,, k, k, 3> PYO. Tp pab. mu. | 3, pyo.
Unskenep 0 0 1,3 12107 84 101 698,8
Hay-mbii 0,3 0,2 1,3 2931 15 43 965
PYKOBOJIUTEIIb

B nmomonHWMTEnpHYO 3apa0OTHYIO IUIATy BXOAST CYMMBI  BBIIUIAT,
NpeyCMOTPEHHBIE TPYIOBBIM KOJEKCOM, HAIlpUMeEp, OIUlaTa eXETrOJHBIX |
JIOTIOTHUTENBHBIX OTIMYCKOB. 3alljlaHUPyeM JOMOIHHUTEIbHYIO 3apa00THYIO IUIaTy B
pasmepe 15 % oT ocHOBHOUM 3apaOoTHOW TuIaThl ucnonHUTeneh. B Tabmume 11

MPEICTaBIICH pacyeT 3aTpaT Ha 3apa0O0THYIO MJIaHy UCTIOTHUTEICH.

Tabnuna 11 — 3arpaTsl Ha 3apabOTHYIO ATy 0€3 OTYHCIICHUN

HUcnosaurenn 3ocn., PYO. 390n., PYO. 3, pYyo.

Nnxenep 101 698,8 15 254,82 116 953,62

Hayunslii pykoBOAUTEND 43 965 6 594,75 50 559,75
HTroro: 145 663,8 21 849,57 167 513,37
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4.4.4 OTuuciaeHus: BO BHeOKW/:KeTHbIE (hOHIBI

O6mume tapudsl crpaxoBbix B3HOCOB B 2020 rony B UPHC:

— 22 % — Ha IEHCUOHHOE CTPAaXOBAHMUE;

— 2,9 % — ctpaxoBaHue 10 BPEMEHHOM HETPYJOCIIOCOOHOCTH;

— 5,1 % — MenuIIMHCKOE CTpaxOBaHUE;

Bennuuna otuncneHuii BO BHEOIOKETHbIE (POH/IBI OMPEAeeTCs] UCXOII U3
bopMybI:

3ene6. = k6H€6. ) (3OCH. + 36011.)1 (8)

r71€ Kanes — KOODPUIIMEHT OTUYHUCICHUN Ha yIJIaTy BO BHEOIOKETHbIE (DOHIBI
(nencuonHbIN HoHI, HOHT 00513aTEIBLHOTO0 MEUIIMHCKOTO CTPaXOBaHUA U TIP. ).

Takum o0OpazoM, C y4eToM pe3yJbTaTOB pacyeTa 3apIiuiaT Ha 3apabOTHYIO
IUIaTy BEJIMYMHA OTYUCIICHUN BO BHEOIOKETHBIE (POH]IBI COCTABIISET:

3405, = 0,3 - 167 513,37 = 50 254,01 py®. (9)

4.4.5 HaknagHble pacxoabl

[Ipy BBIMOJIHEHHH TPOEKTa MOTYT BO3HUKHYTh KOCBEHHBIE H3JIEPKKUA —
HaKJIaJHble PACXOJlbl, BO3HUKAIOUIUME JOTOJHUTEIBHO K OCHOBHBIM 3aTpaTam,
HanpuMep, Ha KOHCYJIbTallUOHHBIE YCIYTH, OIUIaTy KOMMYHAJIBHBIX YCIYT, PacXOJIbl
Ha YCIyru cBsa3u (TenedoH, MHTEPHET) W TakK Jajee. Pacder HakJIagHBIX pPacxoioB
ompenensercs mo hopmyiie:

3Hal<. = Z Cm - ka' (10)

e k,, — K09phUIMeHT, yIUTHIBAIOIIMA HAKIAIHbIE pacxoibl; Cn — 3aTpaThl
0 CTaThSIM HAKJIAJHBIX PACXOJIOB.

Bennuuny koaddunmenta HakIagHBIX PACXO0B MOXHO B3SiITh B pa3Mepe
10%.

(2000+5500+167 513,37+50 254,01)
3HaK =
) 10

= 22 526,74 py6. (11)

4.4.6 ®opMupoBaHue OKOIKeTA
Paccuntannass BenwuMHA 3aTpaT HAYYHO-HCCIICIOBATEIHCKOH  pabOTHI

SBJISIETCS OCHOBOM JUisi popMHpoOBaHMs OroKeTa 3aTpar mnpoekTta. OmnpenelieHue
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Oro/pKkeTa 3aTpaT Ha HAYYHO-HCCIEAOBATENbCKUM IMPOEKT MO KaXJAOMYy BapHUaHTY

WCIIOJTHEHUS MpUBEJeH B Tadmute 12.

Tabnuna 12 — bromxeT pazpaboTku HAyYHO-HCCIIEI0BATEIHLCKOTO MPOEKTa

HaumenoBanme Cymma, pyo. Yneabnsliii Bec, %
MarepuanbHbIe 3aTpaThl 2000 0,81
3arpaThl Ha CIEIHAILHOE 000PYI0BAHHE 5500 2,22
3arpaThl Ha OCHOBHYIO 3apa0OTHYIO TUIATY 145 663,8 58,78
3arpaThl Ha JOTOJIHUTEIIBHYIO 3apab0THYO ATy 21 849,57 8,82
CrpaxoBbie B3HOCHI 50 254,01 20,28
HaknamHbie pacxomsl 22 526,74 9,09
OO0 oromxKeT 247 794,12 100

OO6muii OromkeT pazpadoTku cocTaBisier 247794,12 pyGneii. JlanHbIN OO KET

ABJACTCA ITPUCMIICMBIM JIJIA HepCHGKTHBHOﬁ pa3pa60TKH.

4.4.7 Pucku npu padoTe HaX MPOEKTOM

HpOBeIleHI/Ie JT1000T0 HAaYYHO-HCCICOAOBATCIILCKOI'O IIPOCKTA COIIPSAKCHO C

BO3HHKHOBCHUCM pPA3JIMYHBIX PHUCKOB.

[IpenBaputenprHOEe ONpEAEIICHHE PUCKOB

IIOMOI'aeT CBOECBPEMEHHOMY MPUHATHIO MEp IO NPENOTBPALICHUI0 BO3HUKHOBEHMUS

YI'p0O3 WJIKM MUHUMH3AIINN UX HOCHCHCTBHﬁ.

Ta6muma 13 — Peectp puckos

oTeHUHATLHO BepositH | Bausinue Vposens Coco0bl YcaoBus
Puck N OCTh puckKa CMSAT4eHus HACTYILJICHU
e Bo3/1eiicTBHE (1-5) (1-5) pucka pHCKa a
Kanpossiit | OtcyTcTBHE 4 5 Boicokuii | [loBbimenue [Toreps
pHUCK VCITOJIHUTE MOTHUBALINH UHTEpeca K
7€l mpoeKTa UCIIOJIHUTENEH | IeATEeIbHOC
MIPOEKTa TH NPOEKTA
Texuunuec | Iloreps 3 5 Beicokuii | PesepBHoe OTkas
Kuii puck | ¢aitnos KOMMpOBaHUeE; | 000pya0BaH
MIPOEKTAa; [lokynka mon. | ust
Hexsarka MOILHOCTH
MOIIIHOCTEH
Hoctyn k | OtcyTcTBHE 1 5 Boicokuii | 3akinroueHue 3akpbITHE
JAHHBIM JAHHBIX JIs JIOTOBOpa Ha Joctyna K
paboTsI MOCTaBKY PEHTIeH-
CUCTEMBI JTAHHBIX CHHUMKaM
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N3 aHanmm3a peecTtpa pUCKOB MOXKHO 3aKJIIOYUTh, UYTO MNEPBBIM U BTOPBIM
TUMAMHU PUCKOB 00JIaJlaeT MPaKTUYECKU KaX bl IPOEKT. PUCK ke moTepu AocTyna K
JAHHBIM BO BpPEMS BBINOJHEHUS AAHHOTO HAYYHO-HCCIEAOBATEIILCKOTO MPOEKTa

CYHCCTBCHCH AJIA p€ain3alun, OAHAKO MaJIOBCPOATCH.

4.5 OnpeaesieHue NOTEHIHAJIBHOTO 3(pekTa pazpadoTku

Pe3ynbpTaThl OLIEHKM BOCTPEOOBAHHOCTH pa3padOTKM MOXXHO CUUTATh
MOJIO)KUTENbHBIMHU, TIOCKOJIbKY, BO-TIEPBBIX, OBLIM BBISBICHBI MMOTEHIMAIbHBIC
notpedbuTeNnu HacToslero pemenus. Bo-Bropeix, B PO noka He 3amyIieH moao0HbIil
CEpBUC B KOMMEpYECKOE TOJIb30BaHHE, a 3HAYUT He npuaérca OopoThcs ¢
KOHKypEeHTaMu 3a norpeduteneid. B-tpetbux, nmposenennsii SWOT ananu3 nokasain
NEPCIEKTUBHOCTh pa3paboTku. Pacumivpenue QyHKIMOHANA, OKa3aHUWE YCIYT IO
HACTPOMKE WM KOHCYJIbTUPOBAHHMIO TOJA Ka)XJ0€ KOHKPETHOE MEIUIIMHCKOE
YUpEXKIEHHE COBMECTHO C MOICPKAHUEM CTAOMIbHOMN 1IEHOBOM MOJIUTUKHU TTO3BOIUT
COXPaHATh CBOKO KOHKYPEHTOCIIOCOOHOCTh NMPH BBIXOJIE APYTUX UIPOKOB Ha PHIHOK.

Kpowme Toro, B nanHO# rinaBe Obul pazpaboTaH IU1aH U chOpMHUPOBAH OIOIKET
TEXHUYECKOTro perieHus. [Ipo1omkuTenbHOCTh IpoeKTa cocTaBmia 86 pabounx JHs, a
oOmumii 6ro/KeT 3aTpaT cocTaBui 247794,12 pybnei — 3T0 aGCOMIOTHO MPUEMIIEMBbIC
HoKa3aTenu s CO3/aHUs MEPCIEeKTHBHOro MpoaykTa. Pa3paboranHblil peectp
PUCKOB OTpPa)kaeT NOTCHLIMAJIBHBIE IIyTH INPEOAOJEHUS BHEIIHUX M BHYTPEHHUX
PHUCKOB UM CIIOCOOCTBYET YCHEIIHOW peanu3aliy MpOeKTa, a TaKkKe €ro JajbHeinliee

CyIICCTBOBAHUC.
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5. CouuajbHasi 0OTBETCTBEHHOCTH

Henbto pumioMHOM pabOThl sBIsIETCS pa3paboTka HH(POPMAIIMOHHO-
AHAIUTUYECKOM CHUCTEMBI JJIi ABTOMATU3UPOBAHHOW JIHArHOCTUKHA IIATOJIOTUH
opraHoB rpynHoi kieTku. CucremMa Mo3BOJUT BpauaM MOJYYUTh MPEIBAPUTEIbHBIN
JTMarHo3 MO PEHTTeH-CHUMKY I'pYJIHOW KJIETKU MallMeHTa U CYIIECTBEHHO COKPATUTh
Bpemsi obOcnenoBanusi. Cozganue Cucrembl ObUIO HMHULMHUpPOBaHO LleHTpom
TPAHCIISIIMKA METUITMHCKUX TexHosoruit Cu6I’'MY comectho ¢ TITV. [1]

B nmanHOoM pazpene OyayT paccMOTpPEHBI OIMACHBIE U BpeHbIE (HAKTOPHI,
OKa3bIBAIOIIUE BIUSHUE HAa MPOU3BOJCTBEHHYIO JEATEIbHOCTh HWHXKEHEpa-
paspadotunka I10, Bo3aeicTBHS 0O0BEKTAa HCCIEAOBAHUSA HAa OKPYKAIOIIYIO Cpeny,
IIPaBOBBIE W OPTraHU3AIMOHHBIE BOIPOCHI, & TAK)KE MEPOINPHUATHUS B YPE3BbIYANHBIX
cutyarusx. [IpoekrupoBanue, pa3paboTKa U TECTUPOBAHUE CUCTEMBbI ITPOU3BOIUIOCH
B ayaUTOpUH TOMCKOTO MOJIUTEXHUYECKOT0 yHUBepcuTeTa. OCHOBHBIM CPEJICTBOM
paboTHI SBISIETCS IEPCOHATIBHBIN KOMITBIOTEP C BHIXOJUM B ceTh IHTEpHET.

5.11IpaBoBble 1 OpraHu3alMOHHbIE BONIPOCHI o0ecriedeHus 0€30MaACHOCTH

HopmaTtuBHOE peryiaupoBaHue OXpaHbl TPy/la IPU OCYILIECTBICHUU TPYAOBOM
NEATEIbHOCTH 32 KOMIIBIOTEPAMU OCYILECTBIISIETCS TOCPEACTBOM JIOKYMEHTOB,
NEPEUYHCICHHBIX B CIIHCKE JINTEPATYPHI.

OnHako, HEMOCPEJACTBEHHO TIPU BBIMOJIHEHUH PAaOOTHl COTPYAHUKOM-
WH)XCHEPOM HOPMAaJIbHBIE YCIOBHS JIJISl BHIMIOJTHEHUS pAaOOTHUKAMU HOPM BBIPaOOTKU
o0s3aH obOecneunTh paboTomarens corjacHo "TpymoBomy koaekcy Poccuiickoii
@®eneparmu” ot 30.12.2001 N 197-@3. [2] K Takum yclIOBHAM, B YacTHOCTH,
OTHOCSITCSL:

—  HUCIpPaBHOE COCTOSIHHUE MMOMEILICHUH, COOPYKEHUH, MallHH,
TEXHOJIOTMYECKOW OCHACTKU U 000pyAOBaHUS;

—  CBOEBPEMEHHOE O0€CIeYeHHE TEXHUYECKOW W MHOM HEO0OXOIUMOM it
paboThl JOKYMEHTAIUEH;

—  HaJaJexamiee KadecTBO MaTepHasioB, MHCTPYMEHTOB, MHBIX CPEICTB U
MpEAMETOB, HEOOXOAUMBIX [JIsi BBIIOJHEHUSI PabOThl, HUX CBOEBPEMEHHOE

MpeoCcTaBlIeHUE PAOOTHUKY;
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—  YCIIOBUS TpyJa, COOTBETCTBYIONIHME TPEOOBAHHMSIM OXpaHbl Tpylda M
0€30MacHOCTH MPOU3BOJICTBA;

—  co3gaHue M QYHKIIMOHUPOBAHUE CHUCTEMBI YIIPABICHUS OXpaHOH Tpyaa;

—  COOTBETCTBYIOIME TPEeOOBaHUSIM OXpaHbl TpPyAa YCJIOBUS Tpylda Ha
KaXJIOM pabo4yeM MecCTe;

—  PEeXHM Tpyla W OTAbIXa PaOOTHHKOB B COOTBETCTBHHM C TPYIOBBIM
3aKOHOJIATEIbCTBOM M WHBIMH HOPMATHBHBIMH IMPABOBBIMH aKTaMH, COJEPIKAIIAMU
HOPMBI TPYIOBOTO MPaBa;

—  oOydeHuwe O€30MacHBIM METOJAaM M TpHUEMaM BBHINIOJHEHUS pPaboT
OKa3aHWI0 TEPBOM TOMOINM TOCTPAJaBIIMM Ha MPOU3BOJICTBE, IPOBEACHUE
MHCTPYKTaXKa 10 OXPaHe TPyJa, CTAXKUPOBKU Ha pabOYeM MECTE U MPOBEPKU 3HAHUS
TpeOOBaHUI OXpaHbI TPY/IA;

—  HeIOoIyIIeHUE K padoTe JIHI], He MPOIICANINX B YCTAHOBICHHOM TOPSIJIKE
oOydYeHHEe W HHCTPYKTa)X II0 OXpaHe TpyAa, CTAXHUPOBKY M TPOBEPKY 3HAHUU
TpeOOBaHUN OXpaHBI TPY/IA;

—  OpraHu3alyi0 KOHTPOJS 3a COCTOSHUEM YCIOBUU Tpyla Ha pabouux
MeCTaX, a TaKXke 3a TPaBWIbHOCTHIO TMPUMEHEHUsT paOOTHUKAMU CPEICTB
VHIUBHUAYaTbHON U KOJUIEKTUBHOMW 3aIUTHI;

—  uHpOpMHUpOBaHUE PAOOTHUKOB 00 YCIOBUAX U OXpaHE TPy/a Ha pabounx
MECTaX, O PHUCKE TOBPEXKIEHUS 3J0POBBS, MPENOCTABISEMbIX WM TapaHTHIX,
MOJIATAIONTUXCSI UM KOMIIEHCAIUSAX U CPEJICTBAX MHANBUAYAITBHOM 3aIUTHI;

—  TPUHITHE MEp 10 MPEAOTBPAIICHUIO aBAPUITHBIX CUTYaIlUi, COXPAHCHHIO
’KU3HU 1 3JI0POBbsI PAOOTHUKOB MPU BO3SHUKHOBEHUH TAKUX CUTYaIlUi, B TOM YHUCJIE TI0
OKa3aHUIO TIOCTPAJABIINM TIEPBOM TOMOIIIH;

—  CaHUTApHO-OBITOBOE OOCTY)KMBaHME M MEIUIIMHCKOE obecreueHne
pabOTHUKOB B COOTBETCTBHH C TPEOOBAaHUSMH OXpPaHbI TPY/Za, a TAaKKe JOCTaBKY
pabOTHUKOB, 3a00JICBIINX HA pabodeM MECTe, B METUIIMHCKYIO OpPTaHU3AIINIO B CITydae

HGO6XOI{I/IMOCTI/I OKa3aHUS UM HEOTJIOKHOU MGI[HLIHHCKOﬁ IIOMOIIH.
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Hopmaruueie mnonoxenuss CanlluHa 2.2.2/2.4.1340-03 npenbsaBiasioT

OIMpCACIICHHLIC TpC6OBaHI/IH K OCHAIlCHHUIO pa6oqero MCCTa, NPEAYyCMATPUBAIOLICTO

JaTenbHyo padoTty 3a ITK [3]:

Ta6numa 14 — Hopmel o6opynoBanust paboynx MecT

BricoTa neperopook, pas3aeisromux
pabouune Mecra

He menee 1,5 meTpoB

upuna pabouero crosa

Ot 80 1o 140 cm

I'myOuna pabouero crona

Ot 80 1o 100 cm

Bricorta pabGouero crona

7,25 cMm

Paccrosmaue ot rias 1o MOHHUTOpA

Ot 60 1o 70 cMm

Paccrosinue kmaBuaTyphl OT Kpast cToja

Ot 10 1o 30 c™m

Cunenue

JI0J’KHO TTO3BOJIATE PETYIUPOBKY I10 BBICOTE,
MOBOPOTY U YIJIy HAaKJIOHA CIIMHKU (PEryJIupPOBKH
JOJKHBI OBITH HE3aBUCHMBIMH JIPYT OT JIPYTa)

TloacraBka u1st HOT

[upuna — ot 30 cm, rry6una — ot 40 cM, ¢ yrioMm
HaksoHa 10 20 rpamycoB

5.211pou3BoacTBeHHAsI 0€30MACHOCTH

5.2.1 AHaju3 BbIfAIBJEHHBIX BPeJHbIX U ONMACHBIX (PAKTOPOB

B nanHoM moppasziene aHaNMM3UPYIOTCS BpEIHBIE W OMACHBIE (DaKTOpHI,

KOTOphIE MOTYT BO3HUKAaTh MPU NPOBEICHUU HUCCIECNOBAHHMA B JabopaToOpuu, MpH

pa3paboTKe WK IKCILTyaTallii MPOEKTUPYEMOTO PEIICHUS.

Cornacxo 'OCT 12.0.003-2015 [4] B TabGaure 15 npencraBiieHbl BO3MOYKHBIC

BpeAHbIC U onacHbie akTopbl. PabGoTa mo pa3paboTke MporpaMMHOTO 00ecriey CHHS

JICNATCS Ha TPU OCHOBHBIX dTalla: MPOCKTUPOBAHKE, pa3pab0TKa M KCILTyaTallHsl.
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Tabnuua 15 — Bpeansie u onacHble (pakToOphl Npu padbOTE 32 KOMIIBIOTEPOM

Oransl padoT

@DakTopsl

(T'OCT 12.0.003-2015)

HOpMaTI/IBHBIG JAOKYMCHTBI

Pa3zpaboTka
DKcrutyaTauus

* | IpoektupoBanue

+
+

1. OTKIIOHEHHE TIOKa3aTeNell MEKPOKJINMaTa CanlluH 2.2.4.548-96 [12]
CanlluH 2.2.2/2.4.1340-03
[10]

2. 1peBbllieHHEe YPOBHSI IIIyMa 'OCT 12.1.003-2014 [13]
3. OTCcyTCTBHE WIIM HEIOCTATOK + + + | CIT152.13330.2011 [14]

€CTCCTBCHHOI'O CBE€TAa

+
+
+

4. HenocraTtouHasi OCBEIIEHHOCTh paboyeit + + + CIT 52.13330.2011 [14]
30HBI
5. IloBbIlIEeHHOE 3HAUCHHE HATIPSOKCHUS B + + + | 'OCT 12.1.019-2017 [16]
JNEKTPUYECKON LIETH, 3aMbIKaHHE KOTOPOU

MOKET MTPOU30UTH Yepe3 TEJIO YeTOBeKa
6. YMCTBEHHOE TIepeHANPSKEHUE + + + | TOU P-45-084-01 [17]

5.2.2 O0ocHOBaHNE MEPONPUSATHIA MO CHUKEHHUIO BO3/IeCTBHS

Teoperudecku, 00bEKT UCCIIETOBAHMS (CUCTEMA JUATHOCTUKU ATOJIOTUH ) IpU
OTPEJICTICHHBIX  YCIOBUSAX, HE TPEIYCMOTPEHHBIX pa3pabOoTUMKaMH, CHOCOOEH
npuBectu K mneperpy3kaMm B II9BM wu BbI3BaTh ONpENENICHHbIE IIOCIEICTBUS.
[TockonbKy pa3paboTKa He SBISETCS 0Cs3aeMbIM 00bEKTOM U HeoTAenuma ot [I19BM,
BpE/IHbBIC U OMAaCHbIE (DAKTOPHI, KOTOPHIE MOTYT OBITH MPSMO I KOCBEHHO OTHECEHBI
K pa3paboTKe, OTHOCATCS M K pabodyeMy MecCTY.

5.2.2.1 OrtkjoHeHHE MOKa3aTelell MUKPOKJINMATA

[TokazaTenn MUKpOKIMMATa JODKHBI 00ECTeYrBaTh COXpPAaHEHUE TEILIOBOTO
OaylaHca 4YeloBEKa C OKpYXKAlomlel cpefiod W TMOjAep)KaHue ONTUMAIBLHOTO WU
JOMYCTUMOTO TEIUIOBOTO COCTOSHUS opraHu3ma. OTKIIOHEHHE MTOKa3aTeIel OT HOPMBI
B MpeJieNiax JOMYCTUMBIX BEJIMUUH MOTYT BbI3BATh JIOKAJIbHBIEC OLTYIIECHUS! TEILNIOBOTO
auckoM(popTa U HAMPSHKEHUE MEXaHU3MOB TEPMOPETYJISIINH.

CornacHo CanlluH 2.2.4.548-96 [12], canuTapHble MpaBuia yCTAHABIUBAIOT

TUTUCHHUYCCKHEC Tpe60BaHI/I$I K IIOKa3aTcIsIM MHMKPOKIIMMATa pa60‘{I/IX MCCT
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MPOU3BOJCTBEHHBIX IMOMEIIEHU C Y4YeTOM HMHTEHCHUBHOCTH 3HEpro3arpar
pabOTHUKOB, BPEMEHH BBITIOJIHEHUS pabOThl, IEPUOOB TOJla U COIEPKAT TPEOOBAHUS
K METOJaM U3MEpPEHHUs U KOHTPOJISI MUKPOKJIMMATUYECKUX YCIOBUH.

OnTumanbHble MUKPOKIMMATUYECKUE YCIOBHUS YCTAHOBJIEHBI MO KPUTEPUAM
ONTUMAJIBHOTO TEIJIOBOrO M  (PYHKUMOHAIBHOIO COCTOSHUSL 4yenoBeka. OHu
obOecrnieunBaroT 0011I€€ U JIOKAJTbHOE ONIYIICHUE TEIIOBOro KoMdopra B TeueHue 8-
yacoBoM paboueld CMEHbl TNpPU MHUHUMAJIBHOM  HANpsDKEHUU  MEXaHU3MOB
TEPMOPETYJISIIUU, HE BBI3BIBAIOT OTKJIOHEHUH B COCTOSHHM 3[I0POBbs, CO3JAIOT
OPENNOChUIKM  JJIE  BBICOKOIO  YPOBHSA  pabOTOCIIOCOOHOCTH U SIBIISIFOTCS
NPEeINOYTUTENbHBIMU Ha pa00YHX MECTax.

Kareropust paGor ompeneneHa, Kak HauMMEHEE SHeproszarpaTHasi, T.. HE
COMPOBOXKJAMOIIAACH  KaKoH-muO0o  (u3nueckod  Harpy3kol  (cuasuuii  BHI
NEeSTENbHOCTH, YMCTBEHHBIH TpyA) — la. OnTumManbHble BENWYMHBI TMOKa3aTenen

MUKPOKINMAaTa IpCIACTABIICHLI B Ta6JII/IIIC 16.

Tabnuua 16 — OnTuManbHbIe BEJIMYMHBI TOKa3aTejaell MUKpOKIMMAaTa Ha pabouyux

MECTax
[Tepuon Kareropus Temnepatypa OtHOcHUTENbHAS CKopoCTh ABUKEHUS
roja pabot BO3aYyXa, °C BJIQXKHOCTh BO3/yXa, | BO3[yXa, M/C
%
Teruerin la 22-24 60-40 0,1
X OJIOIHBIN la 23-25 60-40 0,1

JIns ompeneneHuss TeMIlEpaTypbl BO3ayXa B IMOMELIEHUHM MCMOJIb30BaCs
HacTeHHbIA TepMoMeTp. [lokazanus TemmepaTypbl BO3/1yXa COCTaBIsAIOT okoio 23 °C.
OTtcroga MOXHO cenaTh BBIBOJ, YTO MUKPOKIMMAT Ha pabodyeM MecTe SIBISETCS

OIITUMAJIBHBIM IJIA pa60TI>I B JaHHOC BPCM: roza.

5.2.2.2 TlpeBblllieHHe YPOBHS LIyMa

[IpeBbimieHns ypoBHS IITyMa SIBIISIETCS BpEAHBIM (pakTopom Ha pabodem MecTe.
[TocTOAHHBIN H1yM, NPEBBIIAOIINT JONYCTUMbIE 3HAYEHUS, HE TOJIBKO BO3JAEHCTBYET
Ha OpraHbl cliyXxa, HO ¥ BIUsAET Ha 00lllee caMO4yBCTBUE PAOOTHUKA, CIIOCOOCTBYET

0CJIa0JIEHUIO OPraHu3Ma, a TaK)Ke CHUKAET pabOTOCIIOCOOHOCTb.

47



Cormacuo 'OCT 12.1.003-2014 [13], mammHbI, KOTOPBIE B IpoIiecce padoThl
MOTYT TPOU3BOJIUTH UIYM, HEOJArompUsATHO BO3JIECUCTBYIOIIMNA Ha pPabOTHUKOB,
clelyeT KOHCTPYUpOBaTh U M3TOTOBIATH C YYETOM TOCIHEAHUX JIOCTHIKEHUH
TEXHOJIOTUH W TPUHIIUIIOB MPOEKTUPOBAHMS, MO3BOJISIIOININX CHU3UTH H3IIy4YaeMbIii
HIYM.

HaunGonbmuM 1m1yMoBBIM COOBITHEM Ha paboyeM MecTe AJis MCCielnoBaTess
asisiercsa [IDBM.

CanlluH 2.2.2/2.4.1340-03 perynupyeT IONyCTUMbIE 3HAUEHUS YPOBHEH
3BYKOBOI'O JIaBJICHHMSI B OKTABHBIX I0JIOCAX YacCTOT U YPOBHS 3BYyKa, CO34aBa€MOr0

[T9BM. Jlannsie npecTabiieHsl B Tadmuie 17.

Tabnuua 17 — JlomycTtuMble 3HaYeHUsI YPOBHEHW 3BYKOBOT'O JIaBJICHUS B OKTaBHBIX

1oJiocax 4acToT M YPOBHS 3ByKa, co3aaBaemoro [I9BM

YPOBHM 3ByKOBOTO JIaBJICHHUS B OKTABHBIX ITOJI0CAX CO YpoBHH
CpeIHETeOMETPUUCCKUMHU YACTOTAMHU 3BYyKa B
31,5 | 63T |125 250 500 1000 | 2000 |4000 |8000 AbA
' ' I'x I' I' I'n ' '
86 1b |71 b |61 b |54 b |49 ab |45 ab |42 nb |40 nb | 38 nb | 50

B nmomernenuun 6611 IpoU3BeIEH 3aMeEP YPOBHS 3BYKa, OH COCTABHII B CPEIHEM

47,2 nBA, 4TO yAOBJIETBOPAET JAHHBIM YCIOBHSIM.

o' YOTA LTE @ 00:06
& youlean.co

10 — =

Whisper

Pucynok 13 — M3mepenue ypoBHS IiTymMa B IOMEIIICHUN
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5.2.2.3 OrcyTcTBHE WIN HEAOCTATOK CBETA

OTCyTCTBHE €CTECTBEHHOTO CBETa B TEMHOE BpEMS CYTOK SIBIISCTCS
€CTECTBECHHBIM SIBJICHHEM, aKTyaJbHBIM JUIS T. TOMCKa B Te4eHHE pabouero THS B
3UMHHH TIEPUOJ] B CUITY KOPOTKOTO CBETOBOTO JIHS. [109TOMY OCHOBHBIM UCTOYHHUKOM
OCBEIIICHMSI Ha pabodeM MecTe SBISICTCS] HICKYCCTBEHHOE ocBelienne. Hemoctarounas
OCBEIIICHHOCTh paboueii MOBEPXHOCTH MOYKET CKa3aThCs Ha 3JJOPOBbE pAOOTHHKA U €TO
npousBouTenbHocTH Tpyaa. CoryacHo Tabnuie 18, ocBemeHHOCTh Ha pabouem

mecte fomkHa coctaBisaTh 300 — 500 nk. [14]

Tabnuua 18 — TpeGoBaHus K OCBEILIEHUIO Ha pabouux MecTax, o0opyaoBaHHbIx [1K

OcBernieHHOCTh Ha paboveM MecTe 300 — 500 ax
OcgemennocTs Ha dkpane [1K He Boime 300 nk
bnuku Ha ’xpane He Boime 40 x1/m?
[Ipsimast 6JIEKIOCTh UICTOYHHKA CBETA 200 k1/m?
[Tokazarenb ocienieHHOCTH He 6onee 20
[TokazaTtens nuckomdopra He 6omee 15
OTHoOMIECHUE SPKOCTH:

— MEXIy pabOuYuMHU MMOBEPXHOCTIMH 3:1-51

— MEXy MOBEPXHOCTSIMH CTCH U 000pY0BaHUS 10:1
Koaddumnment mynbcarum: He 6omee 5%

B nomemiennn (pucyHok 15) wucmosib3yeTcs CBETOAMOMAHAs JiaMIa ¢
napamMeTpaMu, MNpeACTaBICHHbIMU Ha pucyHke 14. J[ns Toro, 4roObl paccUUTaTh
OCBEIIEHHOCTh Ha paboyeM MecTe HEOOXOIUMO Y3HATh CBETOBOM IMOTOK,

UCITyCKaeMbIi 1aMIo#, oH cocTaBiseT 4200 . [15]

Pucynox 14 — [lapameTpbl CBETOIUOIHOM JIAaMIIbl B TOMEICHUH

49



35m

06m

1,45m

12m

Pucynok 15 — Ilnan nomenieHus ¥ pa3MelieHus] CBETUIHLHUKOB CO CBETOAMOIHBIMU
JamMnamu
Paccuutath ocBemEHHOCTH MOXHO 1o ¢dopmyne E = @ /S, rne E —
OCBELIEHHOCTh pabouero mnpoctpaHcTBa, @ — CBETOBOM MOTOK, S — IUIoUIaab
nometenus. [lonyuaem E = 4200 M / (3,5M - 3 M) = 400 J1K, 4TO yIOBIETBOPSET

yCJIOBHSIM, TIPUBEJICHHBIM B Tabsmie 18.

5.2.2.4 TloBbllIEeHHOE 3HAYEHUE HATIPSKEHUSI B JJIeKTPHUUYECKOH 1enu

K omacupiM (akTopam Ha paboueM MecTe OTHOCHTCS TOpaKeHUe
ANEKTPUYECKUM  TOKOM, TIOCKOJBKY  HMCCJIeJOBaTelb  B3aUMOJEHCTBYET  C
AIEKTPOOOOPYIOBAHHUEM.

Cormacao I'OCT 12.1.019-2017 CCBT [16], Bo wu30exaHue MOpaKSHHS
pabOTHUKA DJIICKTPUYECKHUM TOKOM CJIEAyeT COOMI0JaTh Cleayromue 0a30BbIe
IIPUHITUTIBL:

1) IIpoBopsiye 4acTH, HAXOAANIUECS O] OMACHBIM PaOOYMM, HaBEACHHBIM,
OCTAaTOYHBIM HANpPsSOKEHWEM, HE JIOJDKHBI OBITh JOCTYITHBIMH, a JIOCTYITHBIC
MPOBOJISIIIIME YacCTH HE JOJDKHBI HAXOJHWTHCS I10J] ONMACHBIM HANpPsHKCHUEM TIPH
HOPMaJIBHBIX YCJIOBHSAX (TP OTCYTCTBHH TIOBPEKJICHHSA), a TakKe B Clydae
EAMHUYHOTO TTOBPEKICHUS.

2) 3ammTy Npyu HOPMAIBHBIX YCIOBUSX (3aLUTY OT MPSAMOTO NPUKOCHOBEHHS)
o0ecreunBaOT TOCPEJCTBOM OCHOBHOW 3allUThl, a 3alUTy TMPH YCIOBHSIX
€AMHUYHOTO TTOBPEKICHUS (3AIUTY TPH KOCBEHHOM MTPUKOCHOBEHUH ) 00ECTICUNBAIOT

MMOCPCACTBOM 3alllUTHI IIPU ITIOBPCIKACHUU.
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Crenenp OMACHOTO BO3JACHCTBUS HA 4YEJIOBEKA JJIEKTPUYECKOTO TOKa
JJIEKTPUYECKOU TYTU 3aBUCUT OT:

1) BenMUYMHBI HANPSKEHUS! TPUKOCHOBEHHUSI, ANEKTPUUECKOTO COMPOTUBICHUS
TEJa 4eJIOBEKA, CUJIbl TOKA, MPOTEKAIOLIEH YEPE3 HETO, a TAKKE BEJIMYMHBI N1aJA0IIEH
SHEPTUU ANEKTPUUECKOU TyTH;

2) pona (MOCTOSIHHBIA, MEPEMEHHbIW, BBIIPSAMIICHHbIN) TOKa U YaCTOTHI
NEPEMEHHOI0 3JIEKTPUUECKOTO TOKA;

3) myTH OpOTEKaHWUs TOKA 4Yepe3 TeJI0 YeJOBEKA W IUIOAAM KOHTAKTa
ANEKTPUUYECKON IyTH C IOBEPXHOCTHIO TEJA YEIOBEKA;

4) npoaOJKUTENBHOCTH BO3IAEHCTBUS AIEKTPUUECKOTO TOKA U DIEKTPUUYECKOM
IyTH Ha OPraHu3M 4YEeJIOBEKa;

5) MHAUBHUAYABHBIX OCOOCHHOCTEH OpraHnu3Ma 4eJIOBEKa;

6) yCIOBMI1 BHEIIHEN CPEIbI.

5.2.2.5 YMCTBEeHHOE nepeHanpsKeHue

Paboras 3a [IDBM, paboTHUK Tak)Ke HAXOJAUTCS TOJ BIUSHUEM €IIe OJTHOTO
BPEIHOTO IMPOU3BOJICTBEHHOTO (PaKTOpa, HEPBHO-TICUXUYECKON TMEPErpy3KH B BHJIC
YMCTBEHHOT'O TIE€pECHAIPSKEHUS.

Cornmacio TOM P-45-084-01 [17], Buasl TPYdOBOW IEATCIBHOCTH
pa3ensroTcs Ha 3 TPYIIIBL: Tpynma A - paboTa 1o CYUTHIBAHUIO HH(POPMAITUH ¢ DKpaHa
KOMITbIOTEpA C MPEIBapHUTENIBHBIM 3alpocoMm; Trpynma b - pabora mo BBOIY
nHpopManuu; rpynmna B - TBopueckas paboTa B peXHME IUAJIOTa C KOMIIBIOTEPOM.
IIpu BeITOTHEHWH B TedeHHE pabodelt CMEHBI pabOT, OTHOCSIIMXCS K Pa3THIHBIM
BHJIaM TPYJIOBOM JESITCIHPHOCTH, 32 OCHOBHYIO pabOTy C KOMIIBIOTEPOM CIEAYeT
MIPUHUMATh TaKylo, KoTopas 3aHuMaeT He MeHee 50% BpeMeHHM B TeueHHe paboueit

CMeHBI WK pabodero AHS. YPOBEHBb HATPY3KH MPECTaBICH B Tabymiie 6.

Tabmuma 19 — YpoBeHb Harpy3ku 3a pabo4dyro CMeHy mpu paboTe ¢ KOMITBIOTEPOM

KaTeronms YpoBeHb Harpy3Kku 3a pabouyro CMeHy IpH paboTe ¢ KOMIIBIOTEPOM
P rpynna A, Konu4ectBo | rpynna b, konuuecTtso
pabot rpynmna B, yac.
3HaKOB 3HAKOB
11 o 60000 Jlo 40000 o 6,0
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5.39koy0rn4yeckas 0e30NaCHOCTh

HestenbHocTh 1o pa3zpadbotke 110 He cBsi3aHa ¢ MPOU3BOJACTBOM, MO3TOMY
BIIMSHUE HAa OKPYXaIOIIyl0 cpeay MuHUMaibHO. [lpu pabGore Hajg mNpoeKkToM
MIPUMEHSIIOTCS PEKOMEHAAIMU 110 MUHUMU3AIUU BIUSHUS HA OKPYKAIOIIYIO Cpey.

C yuerom TOro, uro HauOoJyiee 3HAYUTENBHYIO 4YacTh TBEPABIX OBITOBBIX
orxofoB (mo0 40 % B pa3BUTHIX CTpaHax) cOCTaBiseT Oymara sl Teyatd —
aKTyaJbHBIM  SIBJISICTCS ~ OCYIIECTBICHHUE €€ YTWIW3alUuu JJIi  MOBTOPHOIO
UCIIOJIb30BaHUSI B MPOMBIIIJIEHHOM TPOU3BOJACTBE, UTO SIBIsETCS Haubosee
SKOHOMHYECKH 3(PEeKTUBHBIM criocoboM oOpatienus ¢ orxogamu corsacio ['OCT P
55090-2012 «Pecypcocbepexxkenne. OOpaiieHue ¢ orxoiamu. PexomeHpanuu 1o
YTUIU3AIUU 0TX0A0B Oymarn» [18].

IIpu 3aBepmienun cpoka ciyx0b [IK MX MOXHO OTHECTH K OTXOJaMm
AJNIEKTPOHHON MpOMBIIUIEHHOCTU. [lepepaboTka TakWX OTXOJOB OCYIIECTBIISAETCS
paszieJeHueM Ha OJHOPOJIHbIE KOMIIOHEHThI, XUMUYECKUM BBIIEIEHUEM MPUTOTHBIX
JUIsL  JANbHEMINEero WCMOJIb30BaHUS KOMIIOHEHTOB U HaIlpaBlI€HUEM HX s
nanpHeinmero ucnonb3zoBanus corimacHo 'OCT P 55102-2012 «Pecypcocbepexenue.
OOpamenne ¢ orxonamu. PykoBojacTBO 1o Oe30macHOMYy cOOpy, XpaHEHHIO,
TPAHCTIOPTUPOBAHUIO H  pa30opke OTpabOTaBIIErO JJIEKTPOTEXHHUUYECKOTO0 U
AIEKTPOHHOTO O0OpYIOBaHUS, 332 HCKIOYCHHEM PTYThCOAECPKAIIUX YCTPOHCTB H
npuboposy [19].

[lepedeHpb AIEMEHTOB U COJEpIKaIee UX OTPAOOTaHHOE IEKTPOTEXHUUIECKOE
U DJIEKTPOHHOE O000pyJ0BaHWE, KOTOPHIE JOJKHBI OBITH pPa3lelbHO COOpaHBI MpU
BBIBOJIE OTPA0OTABIIETO SJIEKTPOTEXHUUYECKOTO M AJICKTPOHHOTO 00OPYIOBAaHUSA M3
AKCILTyaTalluH:

—  KOHJAEHcaTtopsl, coaepxkamue [1Xb;

—  TeyaTHble MIATHI C IJIONIABI0 TOBEPXHOCTH Gombie 10 cm?;

—  KapTpHIIKH;

—  IUTACTHK;

—  DJEKTPOHHO-JIy4YE€BbIE TPYOKHU;
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—  DJIEMEHTBl OTpPAa0OTABIIETO 3JIEKTPOTEXHUYECKOTO M  3JIEKTPOHHOTO
000py10BaHMUS;

—  KMJKOKPHUCTAJUIMYECKHME JKpaHbl (eciu HEoO0XOauMo, BMECTE C
KOpIycoM) ¢ ToBepXHOCThi0 Oosiee 100 cM2 u Bce DKpaHbl C TMOJICBETKOMN
ra3opaspsaHBIMU JIaMIIaMU;

—  BHEUIHUE OJJIeKTpUYecKue Kabemu; - DJIEMEHThI, CcoJepiKallue
OTHEYTIOPHbIE KEPaMUYIECKHUE CIIOH;

—  KOHJEHCATOPBl, COJAEpKaIUe 3JIEKTPOJUT (pazMep XOoTs Obl OJHOW U3
CTOPOH KOHJIEHCATOPa JI0OJKEH ObITh 25 MM miu 0oiee).

JIFOMHHECIIEHTHBIE JTAMITBI OTHOCAT K PTYTHCOJEPKAIIIM OTXOAaM, U JUIsl UX
yrmimzauun neictByet Ilocranosnenue IlpaBurensctBa PO ot 03.09.2010 Ne 681
(pen. ot 01.10.2013) «O6 ytBepxkaeHuu IlpaBunm oOpameHUss ¢ OTXOJAMH
MPOM3BOJICTBA U TMOTPEOJICHUST B YACTH OCBETHTEIBHBIX YCTPOWCTB, DJICKTPUYCCKHUX
JamI, HeHaajexamue cOop, HaKOIUIEHHE, HCIOIb30BaHue, 0O0e3BpeKUBaHUE,
TPAaHCIIOPTUPOBAHUE U pa3MEILIEHUE KOTOPBIX MOKET IOBJIEYb NMPUUMHEHHE Bpela
’KU3HU, 3J0POBBIO TPaK]aH, Bpella KUBOTHBIM, PACTEHUSAM M OKpY)Karollel cpene»
[20]. CornacHo NOCTaHOBJICHUIO, YCTAHABIMBACTCS MOPSIIOK OOPAIICHUS C OTXOAaMHU
IPOU3BOJICTBA U MOTPEOJICHUSI B YACTU OCBETUTEIbHBIX YCTPOMCTB, 3JIEKTPUUYECKHX
JamIm, HEeHaaJexamue cOop, HaKOIUIEHHE, UCIOIb30BaHUE, OO0e3BpEKUBAHUE,
TPAHCIIOPTUPOBAHUE U pa3MELIEHHE KOTOPBIX MOKET IOBJIE€Yb NMPUYMHEHUE Bpenaa
’KU3HH, 310POBbIO IPAXKIaH, Bpea )KUBOTHBIM, PAaCTEHUSIM M OKpY>Kalollel cpeje.

He nomyckaercs camocTosTeabHOE 00€3BpEXKHMBAHHME, HCIOJIb30BAHUE,
TPAHCIIOPTUPOBAHUWE U pa3MElIEHUE OTPaOOTaHHBIX PTYTHCOAEPKAIIMX JIAMII
NOTPeOUTEISIMU OTPAOOTAaHHBIX PTYTHCOAEPKAIIMX JIaMII, a TAK)KE UX HAKOIJICHHE B
MecCTaX, SBIAIOIUXCS  OOIIMM  HMMYIIECTBOM  COOCTBEHHHUKOB  IOMEIICHUN
MHOTOKBAapTHUPHOTO JIOMa, 32 UCKIIOYEHUEM Pa3MeIleHUs B MECTaxX MepBUYHOTO cOopa
U pa3MeIleHus] ¥ TPAaHCTIOPTUPOBAHHUS 10 HUX.

COop  oTpabOTaHHBIX  PTYThCOJAEpKAIIMX JlaMIl Yy  [OTpeOuTenei

OCYHICCTBIIAIOT CIICHUAIM3UPOBAHHBIC OpraHU3aliiu.
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OTxonpl, HE MOAJNEXKAIIUEe MEepepadOTKE W BTOPUYHOMY HCIOJIB30BaHUIO,
MOJIJIeKAT 3aXOPOHEHUIO Ha TOJUTOHAX.

5.4be30nacHOCTb B Ype3BbIYAHHBIX CUTYAIMAX

BosmoxxapiMu UC MOTYT SIBIATHCS HABOJHEHHSI, yIapbl MOJHHIA, B3PBIBHI,
AnuaeMUH MHHEKITMOHHBIX 3a00JICBaHUN.

Haub6onee BepostaeiM UC siBnsieTcst moxkap. MicTouHrKamMu BO3ropaHusi MOXKET
CTaTh DIJIGKTPONPOBOJKA, BHYTpeHHHE pabortarommue ycrpoiictBa I[IK u apyrue
AIIEKTPONIPUOOPHI, HAXOAAIINECS B TOMEIIICHHH.

[Topaxaromumu (hakTopaMu MOKAPOB B MOMEIIEHUH SBISIFOTCSI TOKCHYIECKOE
BO3/ICHCTBHE TOPIOYMX MarepuasoB (B T.4. OTpaBICHHE YTapHBIM Ta30oM),
AKCTpEMabHBIA HAarpeB Cpeibl, a TakKe OOJOMKH W OCKOJIKM TpPH HapylICHHH
IIEJIOCTHOCTH KOHCTPYKIH# 31anus [21].

JUIs  MUHUMHU3AlMd  BO3MOXKHOCTH BO3HUKHOBEHHUS (QakTopa TOXxapa
HEOOXOIUMO TMPOBOJIUT TMOXKapHyro mpodmiaktuky. [loxkapHas npodurakTuka
Ipe/ICTaBsieT cO00M KOMIUIEKC OPTraHM3AIIMOHHBIX M TEXHUYECKUX MEPONPUATUH,
HaIPaBJICHHBIX Ha oOecrieyeHre 0e30MacHOCTH JII0/IeH, Ha MPEJOTBPAIIEHUHU TTOXKapa,
OTpaHUYEHHUE €r0 PACIPOCTPAHEHHUs, a TAKXKE CO3JaHHE YCIOBUM JJI YCIEIIHOTO
TylieHus mnoxkapa. g mpoduiiakTHKU TMoXKapa 4pe3BhYAHHO BakHA TMpaBUIIbHAS
OIICHKa TI0’KapOOIACHOCTH, OIpEJEICHUE OMacHbIX (PAKTOpOB U O0OOCHOBaHUE
CIOCOOOB M CPEJICTB MOXKAP MPEAYIPEKICHUS U 3alTUTHI.

OmHo w3 ycnoBuil oOecredeHHs I0XKapoOe30MacHOCTH - JIMKBUJIAIIHS
BO3MO’KHBIX HCTOYHUKOB BOCIIJIAMEHEHHS.

OOorpeBaHne  NOMELIECHUS  OTKPBITBIMH  3JIEKTPOHArpeBaTeIbHBIMU
npubopaMu MOTYT NMPHUBECTH K MOXapy, T.K. B IMOMEIIEHUU HaXOASITCsd OyMaKHbIE
JOKYMEHTHI U ClipaBouHas jutepatypa. CienoBaTebHO, UCIIOIb30BAaHNE OTKPHITOTO

HarpeBaTeJIbHOIr0 MpUOOpa HEMPUEMIIEMO.

5.4.1 Meponpustus no npexorspamenuro YC u pazpadorka nopsiaka
neficTBUM B cjiydyae BOSHUKHOBeHHs1t UC
Cornacuo 'OCT P 22.3.03-94 [22], obecnieuenre 6e3omacHocTH atoaei B UC,

O6YCJ'IOBJ'ICHHI>IX INPpUPOAHBIMHA CTUXUHUHBIMU 66I[CTBI/I$IMI/I, TCXHOICHHBIMHA aBapHsAMU
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U KatacTpodaMu, a TakKe MPUMEHEHHEM COBpPEMEHHOro opyxkus (BoeHHbie YC)
ABJIAETCS OOILIErocyAapCTBEHHOM 3ajadeil, o00s3aTeNbHOW HJisi PpEUIEHUs BCEMU
TEPPUTOPUATIBHBIMU, BEJJOMCTBEHHBIMU U ()YHKIIMOHAJIbHBIMU OpTraHAMU yHpaBICHUS
U pEeryiupoBaHus, ciayx0amMu © (DOPMHUPOBAHUAMH, a TaKXKe IOJCUCTEMAaMHU,
BXOIAIIMMU B POCCUIMCKYIO CUCTEMY NIPENYNIPEKIACHUSA U JEUCTBUN B UpE3BbIYAWHBIX
curyarusx (PCC).

Meponpusitus 1o 3amure Jrojieid oT uIcTOUHUKOB YC JOJIKHBI MJIaHUPOBATHCS
B 00beMax, rapaHTUPYIOIIUX HENPEBBIIICHNE HOPMATUBHOTO BO3JCHCTBUS Ha HHUX
BO3MOXKHBIX TTOpaxarouux Gpakropos s pacuetHoit UC.

Jist 3amuThl KU3HU U 310poBbs HaceneHuss B YC crienyeT NpUMEHSTh
CJIEIYIOLIME OCHOBHBIE MEPONPHUITHS TPaXIAaHCKOM OOOPOHBI,  SBIISIFOIIUECS
cocTaBHOM yacTeio Meponpustuii PCUC:

1) ykpeITHE NIOJIEH B MPHUCIIOCOOJICHHBIX MO HYXKJIBI 3alllUThl HACEJICHUS
MOMEIIIEHUSX MPOU3BOJCTBEHHBIX, OOIIECTBEHHBIX M KWIBIX 37aHUI, a TaKkKe B
CHEUHUATIBHBIX 3AIIUTHBIX COOPYKEHUSAX;

2) sBakyanuto HaceneHus u3 30H UC;

3) HWCHONB30BaHUE CPEICTB WHIMBUAYAIbHOM 3alUThl OPTaHOB JbIXaHHS H
KOXHBIX ITOKPOBOB;

4) mpoBeJICHUE MEPOTIPUITUI MEAUIIMHCKOM 3aIlIUThI;

5) mpoBeneHHE aBapHUITHO-CIIAcaTENbHBIX M APYTHMX HEOTIOXKHBIX padoT B
3oHax YC.

Mepamu no npenynpexaenuto UC sBastorcs:

1) Cobmronenne TexHUKM Oe3omacHocth Tnpu  pabore ¢ [IOBM.
Hcnonp30BaHUE TONBKO UCIIPABHOTO 000PYJOBAHUS.

2) CoeBpemennoe mnposenaenue TO wu IIIIP s1mexkTpoycTaHOBOK COTIJIacHO
YTBEP)KICHHOTO Tpaduka M TEXHHUYECKUX CPEICTB MPOTHBOMOKAPHOW 3alTUTHI H
MOKapOTYLICHUS.

3) YcraHOBKA MPOTHBOTIOKAPHON CUTHATH3AIUH.

4) CBoeBpeMEHHOE MPOBEICHUE NHCTPYKTaka pabouero nepconana. B ciyudae

yrpo3sl Bo3HUKHOBeHUs1 UC (mokapa) HEOOXOJMMO BbI3BaTh IPOTHBOMOKAPHYIO
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CIIy 0y, OTKIIOYUTH IEKTPOIHEPTUIO M, CIEAys IUIAaHY 3BaKyallud, 3BaKyHpOBATb
HaxOJSIIUXCS B MOMEIIEHUH JIOJEH U MOKUHYTh NToMenieHrne. B cioydae, ecim odar
BO3TOpPaHUs SIBISIETCS HEOOJIBIINM, U HET YTPO3bl MOPAKEHUS DIEKTPUUECKUM TOKOM,
MOYKHO HCHOJIb30BaTh YTJIEKUCIOTHBIE OTHETymUTenn OVY-5 BBICOKOIO JNABIECHHS C
3aps0M KHUIKOW ABYOKHCH yrieposa, cornacHo ['OCT 8050-85 [23]. Pacnonoxenue
OTHETYLIMTENEN OTMEUEHO Ha IUIaHE HBAKyalluu JoAeu npu noxape u apyrux YC us

nomenienuii oomexutus Nel2, ormeueHHOM Ha pucyHke 16.

TUIAH
9BAKYaLHH JIIOJIeH U3 KOMHAThI Ne obmexurs Nel2 npu noxape
(ys1. Bepumnuna 37, 2 oTax)

222 220 218 216 214 212 210 208 206 204 202

T T T T
ITLEL

I M

221 219 217 215 213 211 1209 207 205 203 201

@ - Bawe MeCTO HaxOXKACHHA @ - orHerywuTeNb - [yTh 9BaKyallnK

Pucynok 16 — ITnan aBakyanuu npu noxkape u apyrux UC

5.5BBIBOABI O pa3aeny

B pesynbpTaTe mpoBeIeHHOTO aHaiu3a ObUIH BBISIBICHBI BPEIHBIE U OMACHBIE
IIPOU3BOJICTBEHHBIC (PAKTOPHI JJIsI KOMIBIOTEPHOW ayauTopuu Kadeapsl, U paboThI,
CBSI3aHHOM C IMPOEKTOM.

JIJist BpeIHBIX M OMACHBIX (PAKTOPOB, W3 HOPMATHUBHBIX JTOKYMEHTOB, OBbLIN
OTIpEeJICICHbl 3HAYCHUSI HOPMATUBHBIX IIOKa3aTelield, KOTOpPhIE CpPaBHUBAIUCH CO
3HAYEHUSMH, JCHUCTBYIOIIMMH MIPH pa3paboTke mpoekTa. [IpuBeneHs pekoMeH1anuu
MO YJIYUIICHHUS YCIOBUN TpyJa ¥ MUHUMHU3AIUN BIUSHUS Ha paOOTHUKA BPEIHBIX U
omacHbIX (pakTopoB. [IpoBeneH aHamm3 BO3ACWUCTBHUS HAa OKPYXKAIOIIYIO Cpely U
0003HaYeHBI TTPOOIEMBI YTUIU3AMNH OTXOJ0B. OmpesaeieHa KaTeropusi MOMEIEeHUs
M0 MO’KAPOOIACHOCTH, a TaKXKe JEUCTBUS M0 MHUHUMH3AIIUU PUCKA BO3SHUKHOBEHUS
nmo’kapa.

Taxoke OBIITM paccCMOTPEHBI TPABOBBIE HOPMBI TPYIOBOTO 3aKOHOATEIIHCTBA,
MPUMEHUMBIC K YCIOBUSM HACTOSIIETO MPOEKTa, ONPEIeTICHBI OCHOBHBIC TPEOOBaHMUS

K OpraHuzaiuu paboyero Mecra.
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Ilocne IMPOBCACHHOI'0 aHa/IM3a MOXHO CHACJIaTb BBIBOJ, 4YTO pa6oqee MECTO
COOTBCTCTBYCT BCCM HOPMATHBHBIM Tp€6OBaHI/IHM HpOHSBOI[CTBeHHOfI 0e30IMacHOCTH

1 OXpaHbl TPY/Ja.
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3axirouenue

B xone nanHoit paboThl ObLI 3aIPOrpaMMUPOBAH U IPOTECTUPOBAH AJITOPUTM
OoOHapy’>Xe€HUs TMAaTOJIOTMH OpraHOB TPYJHOM KJIETKM Ha peHTreHorpamme. Jlis
B3aUMOJICHCTBUSL C QJITOPUTMOM OBLUIO CIPOEKTUPOBAHO U pa3paboTaHO BeO-
MIPUJIOKEHUE, TO3BOJSIONIEE 32 HECKOJBKO CEKYH]I MOJYYHUTh PEKOMEHIAIUIO TMPU
MOCTAHOBKE AUArHO3a BpauyoOM-paiuOIOrOM.

KauecTBO 0OHapykxeHUsI HA JAaHHOM JTale MOKa HE MO3BOJISET UCIOIL30BaTh
cucreMy 0€3 MPOBEPKH pPE3YJIbTATOB KBATH(PUIIMPOBAHHBIM CIEIHUAIUCTOM, HO
MOMOTa€T COKPATUTh BPEMSI U CTOMMOCTh JUATHOCTUKH.

[Tpu nocnenyromieit 1opabOTKe Kak aaropuT™Ma, Tak U MPUJIOKEHHUSI, TPOTYKT
MOXHO OyJeT JIeTKO BBIBECTH Ha PBIHOK, a TPU YBEIWYEHUHU CIpoca —
MacIITabupoBaTh €ro Ha OrPOMHOE KOJIMYECTBO MEIUIMHCKUX YUPEKICHUN H
JOTIOJTHATH TPEOYeMbIM (DYHKITMOHAJIOM 3a CUET MOJIYJIBHOCTH KaK ajJropuTMa, Tak U
IPUIOKEHHUS.

B OyaymeM mnaHupyercs MpOTECTHUPOBATH CUCTEMY B OT/ACJICHUU Jy4eBOU
muarHoctTuku Cubl'MY u npyrux MeAuIMHCKUX YUYpexkAeHusx r. Tomcka — 3To
NO3BOJUT  JIOMOJHUTEIBHO YIOCTOBEPUTHCA B  KOMMEPUYECKOM IMOTEHIIHANE

pa3paboTaHHON CHCTEMBI.
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Introduction

Technology in the fields of life sciences and healthcare is constantly evolving.
New manufacturing techniques have made it possible to make more effective therapies,
and advances in research have led to more cost-effective solutions to conditions that
were once considered too expensive to treat.

One of the most interesting aspects of the evolution of medical technology is
the constantly increasing involvement of automation in various medical operations,
particularly in diagnostics.

Before the involvement of automation, essential diagnostic procedures relied
fully on manual procedures. While conventional methods were successful to a certain
degree, they were hampered by certain limitations. For instance, manual testing of
specimens is slow and prone to mistakes caused by poor human judgment.

Automation helps to get rid of these limitations to achieve more accurate results
in less time. A delay in the diagnostic process puts the patient at risk of the illness
getting worse as it remains undiagnosed longer. However, trying to accelerate the
process also makes it more likely for medical professionals to come up with inaccurate
results. To ensure proper diagnosis, the technology used to automate diagnostic
processes must be able to deliver both speed and precision.

Overall, the involvement of automation leads to 3 main advantages:

- more affordable treatment: diagnosis is faster and more accurate with
automation and doctors will be able to recommend the right medicine to patients before
ilinesses require more expensive treatment options;

- safer solutions: more accurate diagnosis means there is a lower risk of
complications associated with patients receiving ineffective or incorrect treatment.
Doctors will not have to second-guess their recommendations, and patients can rest
easily knowing that they will always receive the treatment they need;

- more patients treated: by reducing the time it takes to complete a
diagnosis, the laboratory can perform more tests with the right automated tools.

The goal of this master thesis is to develop an application for detecting thoracic

diseases on chest X-ray scans. The application should also have an ability to be scaled
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to a large number of medical institutions and have modular structure for future

functionality expansion.

Competitor analysis

Currently there are lots of solutions for telemedicine, as well as for automated
medical data processing, but only two of them have similar functionality to the one that
should be designed and developed during the master’s program.

The first solution is the ChestEye developed by Oxipit, a Poland-based
company [1]. ChestEye support 75 most common radiological findings. It identifies
chest X-ray images with no abnormality and produces preliminary reports. Preliminary
healthy patient reports are produced only in cases where the system is highly confident
of the results (20-40% of all healthy patient cases). By minimizing radiologist input
required for healthy patient chest X-ray reporting, ChestEye improves radiologist
productivity and allows medical specialists to focus their attention on cases with
abnormalities. Unfortunately, Oxipit does not provide any information about their
system’s quality and accuracy.

The second and more promising solution is the tool called gXR 2.0 developed
by the company Qure.ai based in India [2]. gXR detects abnormal chest X-ray findings.
It can be used to separate normal from abnormal X-rays, for pre-read assistance, or as
a radiology audit tool. gXR also includes a proprietary algorithm that screens X-rays
for the signs of tuberculosis. The key feature of gXR is that it generates a description
of the X-ray findings, including name, size and location of the abnormality, which is
used to pre-fill radiology reports. gXR was built with deep learning and have been

trained and tested using a growing database (over 2.5 Million) of X-rays from diverse

sources.

T
VLU

Figure 1. User interface of the gXR system
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Impression:

Abnormal study.

Preliminary Findings :
Pleural Effusion detected on
the right.

Figure 2. Full text report that pre-fills the radiology template
As it was mentioned, a proposed solution should not only have the functionality
similar to the two described above, but also surpass them. In particular, it is planned to
significantly improve the user interface for working with medical data, as well as to
make the system scalable to an infinite number of medical institutions with an

opportunity to expand its functionality in the future.

Artificial Intelligence

Most of the automated solutions including those mentioned above are, in fact,
based on machine learning (ML) algorithms and to be more specific — deep learning
(DL) models. Both DL and ML are parts of artificial intelligence (Figure 3). Many
people are surprised to learn that Al is nothing new. It dates back centuries, but first
became viable in the 1900s — and really took off in the 1950s. When computer scientist
Alan Turing developed the Turing Test, he created the first test of machine intelligence
against that of a human counterpart [3].

After that, each decade saw advancements in Al ranging from industrial robots
in the automotive industry to interactive computer programs that could communicate
with humans (i.e. the first inception of chatbots), sci-fi film depictions of humanized
bots, and voice assistants in smartphones that are programmed with natural language
processing (NLP) capabilities.

All of these advancements led to Al becoming commonplace in our lives so
much that we often overlook that many of our day-to-day processes are fueled by

artificial intelligence.
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Machine learning is a subset of Al. That is, all machine learning counts as Al,
but not all Al counts as machine learning. For example, symbolic logic — rules engines,
expert systems and knowledge graphs — could all be described as Al, and none of them
are machine learning.

One aspect that separates machine learning from the knowledge graphs and
expert systems is its ability to modify itself when exposed to more data; i.e. machine
learning is dynamic and does not require human intervention to make certain changes.
That makes it less brittle, and less reliant on human experts.

The “learning” part of machine learning means that ML algorithms attempt to
optimize along a certain dimension; i.e. they usually try to minimize error or maximize
the likelihood of their predictions being true. This has three names: an error function,
a loss function, or an objective function.

Deep learning is a subset of machine learning. Usually, when people use the
term deep learning, they are referring to deep artificial neural networks, and somewhat
less frequently to deep reinforcement learning.

Deep artificial neural networks are a set of algorithms that have set new records
in accuracy for many important problems, such as image recognition, sound
recognition, recommender systems, natural language processing etc. For example, deep
learning is part of DeepMind’s well-known AlphaGo algorithm, which beat the former
world champion Lee Sedol at Go in early 2016, and the current world champion Ke Jie
in early 2017.

Deep is a technical term. It refers to the number of layers in a neural network.
A shallow network has one so-called hidden layer, and a deep network has more than
one layer. Multiple hidden layers allow deep neural networks to learn features of the
data in a so-called feature hierarchy, because simple features recombine from one layer
to the next to form more complex features. Neural networks with many layers pass
input data (features) through more mathematical operations than nets with few layers,
and, therefore, they are more computationally intensive to train. Computational

intensity is one of the hallmarks of deep learning, and it is the reason why a new kind
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of chips called GPUs (Graphics Processing Units) is in demand to train deep-learning

models.

ARTIFICIAL INTELLIGENCE

A program that can sense,
act, and adapt

MACHINE LEARNING

Algorithms whose perform:
as they are exposed to mor:

Figure 3. Venn diagram of Al, machine learning and deep learning

The truth is that Al, as its core, is merely programming. The use and application
of Al and machine learning in healthcare enterprise systems are still relatively new. In
the current ecosystem, with increasing healthcare costs, Al and machine learning
algorithms can help to save lots of money by using it for patients’ data analysis.

Both patients and healthcare professionals generate a huge amount of data.
There are several medical data types: text, numeric, time-series and images. Image data
is by far the most complex data to work with.

The ethics of Al are currently without guidelines and regulations. Many assume
that Al has an objectivity that puts it above questions of morality, but in healthcare it
Is not the case. Al algorithms are only as fair and unbiased as the learnings, which

come from the environmental data.

Applications of Al and machine learning for healthcare

Machine learning and Al are transforming the healthcare industry and
significantly improving outcomes. However, it is unlikely that Al agents will ever
completely replace doctors. Machine learning algorithms can improve diagnostics,
predict certain outcomes, and will be a basis of personalized care.

The potential applications of machine learning in healthcare are vast. Predicting
disease, detecting the risk of cancers or other pathologies that can be found on X-ray

scans, suggesting meditation courses — are potential applications. Doctors make
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challenging decisions every day. It is vital that these decisions are as informed as
possible. Since it is illegal to fully rely on machine learning algorithms when it comes
to human lives, the best use of Al and ML right now is to help doctors rationalize
decisions and suggest better treatment options [4].

As for Al-assisted radiology, there is a huge amount of electronically-stored
medical imaging data and deep learning algorithms which are the best suited for
working with imaging data can be fed with this kind of dataset to detect and discover
patterns and anomalies. Algorithms can interpret the imaging data like a highly trained
radiologist can — identifying suspicious spots on the skin, lesions, tumors, and brain
bleeds. The usage of AI/ML tools for assisting radiologists is, therefore, going to
expand exponentially.

A critical problem in the healthcare right now is a lack of well-trained
radiologists. In most circumstances, such skilled workers are under enormous strain
due to the deluge of digital medical data. An average radiologist needs to produce

interpretation results for one image every 3—4 seconds to meet the demand. [5]

Deep Learning for X-ray scan analysis

Deep learning algorithms like deep neural networks are known for their high
performance when it comes to image processing.

There are several neural network architectures that could work for finding
patterns on X-ray scans. One of them is called Densely Connected Convolutional
Network [6], DenseNet. It was originally designed to be trained on the ImageNet
dataset but could be easily retrained to work with different datasets due to its adaptive
architecture.

Previously developed neural networks had from 5 to 20 hidden layers inside
them. DenseNet is the next step, since it is increasing the depth of deep convolutional
networks to 121, 169, 201 and 264 hidden layers.

DenseNet connects each layer to every other layer in a feed-forward fashion.
Whereas traditional convolutional networks with L layers have L connections — one

between each layer and its subsequent layer — DenseNet has L(L + 1) / 2 direct
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connections. For each layer, the feature-maps of all preceding layers are used as inputs,
and its own feature-maps are used as inputs into all subsequent layers. DenseNets have
several compelling advantages: they alleviate the vanishing-gradient problem,
strengthen feature propagation, encourage feature reuse, and substantially reduce the

number of parameters.
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Figure 4. Full schematic representation of DenseNet-121
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Here Cx is a Convolution Layer x, Dx — Dense Block x, Tx — Transition Block
X, DLx — Dense Layer x.

If you look closely, every Dense Layer is adding to the previous volume these
32 new feature maps. This is why it goes from 64 to 256 after 6 layers. In addition,
Transition Block performs as 1x1 convolution with 128 filters followed by a 2x2
pooling with a stride of 2, resulting on dividing the size of the volume and the number
of feature maps on half. A couple of statements from this pattern observation:

- The volume within a Dense Block remains constant;

- The volume and the feature maps are halved after every Transition Block.

However, it is necessary to understand what is going on inside every Dense
Layer within each Dense Block to get the idea of how the whole network works. On
the deepest level it can be seen how actually this behavior of adding 32 times the
number of layers is achieved. Each Dense Layer has a 1x1 convolution with 128 filters
to reduce the feature maps size and perform a more expensive 3x3 convolution with

this chosen 32 number of feature maps of growth rate.
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Then, the input volume and the result of the two operations (which are the same
for every Dense Layer within every Dense Block) are concatenated, in the action of

adding new information to the common knowledge of the network.

The Dataset and Training

The ChestX-rayl4 dataset is a popular publicly available dataset released by
Wang et al. which contains 112,120 frontal-view X-ray images of 30,805 unique
patients [7]. Each image in the dataset is annotated with up to 14 different thoracic
pathology labels using automatic extraction methods on radiology reports.

For the sake of simplicity and as a proof of concept, only pneumonia was
diagnosed in this master thesis. Images that have pneumonia as one of the annotated
pathologies were labeled as positive examples and all other images were labeled as
negative examples. For the pneumonia detection task, the dataset was randomly split
into training (28744 patients, 98637 images), validation (1672 patients, 6351 images),
and test (389 patients, 420 images) sets. There is no patient overlap between the sets.
Before inputting the images into the network, the images were downscaled to 224x224
pixels and normalized based on the mean and standard deviation of images in the
ImageNet training set. It is also reasonable to augment the training data with random

horizontal flipping to make the model more flexible.

Figure 5. Sample image from the ChestX-ray14 dataset
The training process is fairly simple — the final fully connected layer of the
DenseNet-121 is replaced with one that has a single output, after which a sigmoid
nonlinearity is applied. The weights of the network are initialized with weights from a

model pretrained on ImageNet. The network is trained end-to-end using Adam
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optimizer. The network’s input on each training epoch is a minibatch of 16 images.
Initial learning rate is set to be 0.01 and it decays by a factor of 10 each time the
validation loss plateaus after an epoch, and picks the model with the lowest validation
loss.

To test the model’s performance an AUC (Area Under the Curve) ROC
(Receiver Operating Characteristics) method was used. AUC — ROC curve is a
performance measurement for classification problem at various thresholds settings.
ROC is a probability curve and AUC represents degree or measure of separability. It
tells how much model is capable of distinguishing between classes. The higher the
AUC is, the better the model is at predicting Os as Os and 1s as 1s. By analogy, the
higher the AUC is, the better the model is at distinguishing between patients with
disease and no disease.

An excellent model has AUC near to the 1 which means it has good measure
of separability. A poor model has AUC near to the O which means it has worse measure
of separability. In fact, it means it is reciprocating the result. It is predicting 0s as 1s
and 1s as 0s. In addition, when AUC is 0.5, it means the model has no class separation
capacity whatsoever.

The model’s performance is shown in Table 1. However, to ensure that the
chosen model has the best performance it is necessary to compare it to other popular

deep neural networks.

Table 1. DenseNet-121 performance compared to other popular deep neural networks

Pathology DenseNet-121 | DenseNet-169 | ResNet-50 | SEResNet-50
AUC - ROC Mean | 0.8337 0.8308 0.8138 0.8317
Atelectasis 0.8248 0.8156 0.8063 0.8144
Cardiomegaly 0.8982 0.8993 0.9072 0.8981
Effusion 0.8757 0.8792 0.8779 0.8743
Infiltration 0.6738 0.6737 0.6638 0.6756
Mass 0.8469 0.8313 0.8261 0.8342
Nodule 0.7643 0.7491 0.728 0.7583
Pneumonia 0.7781 0.7735 0.7551 0.7608
Pneumothorax 0.8541 0.8602 0.8382 0.8638
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Consolidation 0.8107 0.8096 0.8069 0.8092
Edema 0.9033 0.9103 0.9073 0.9081
Emphysema 0.9209 0.91 0.8724 0.9194
Fibrosis 0.8284 0.818 0.7981 0.8291
Pleural Thickening | 0.7735 0.7658 0.7431 0.766

Hernia 0.9194 0.9355 0.863 0.9322

As it can be seen in Table 1, in some cases DenseNet-121 performs worse than
other networks. However, the mean AUC-ROC and especially the one for detecting
pneumonia is the best of all 4 models. It means that DenseNet-121 is indeed well-suited
for the task of detecting pneumonia on X-ray scans. Increasing the number of hidden
layers will not give better results as seen in the comparison between DenseNet-121 and
DenseNet-169. Additionally, the training time is increasing exponentially with the
increasing number of layers. With the current configuration it took about 3 hours to
train the DenseNet-121.

Changing hyperparameters like learning rate will not significantly improve the
performance either — learning rate equal 0.001 or even 0.0001 will just make the
training process slower and 0.1 and higher will make the model perform worse.

The further improvements could be made by switching to:

- adifferent dataset with a larger number of X-ray scans that involves not
only frontal-view scans but also side-views and basic patient’s data like age, sex and
previously found pathologies;

- aneural network with a different, more advanced architecture.

These two options will require much more computing power to train the model
and even more qualified radiologists to label the data.

However, the current results show the high potential of the developed solution
and could be used to at least separate the patients without pathologies from those who
have them. Moreover, if any pathology is identified, a healthcare specialist will be
notified as soon as possible to review the finding and either approve the proposed
diagnosis or set some further tests to make sure that the diagnosis is correct/wrong if

the specialist does not trust the recommendation.
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Conclusion

The current state of Al and Deep Learning algorithms allow us to automate not
only routine tasks like filtering e-mail spam but even more complex ones like detecting
a variety of pathologies or developing new drugs, for instance.

A constantly increasing demand for the qualified diagnostics force humanity to
rely more on automated solutions like the one described above. It is possible that it will
take years to integrate intelligent tools into the existing healthcare systems, but it is
absolutely necessary. As an example, the COVID-19 pandemic happening right now
that has already taken over 400,000 lives could have been suppressed much earlier if
humanity had developed and integrated solutions to automatically decode virus’
genome and detect the atypical pneumonia on earlier stages.

However, since much more laboratories and researchers are constantly working
on developing preventive solutions, there is a high chance that the future pandemics

will not be so fatal and will be defeated before it does a lot of harm to the humanity.
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