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TOMSK
POLYTECHNIC
UNIVERSITY

S E ToMcKkun ]
Wl NONNTEXHUYECKUI

B vH/BEPCUTET

MWHWCTepPCTBO HaykM U Bbiclero obpa3osaHus Poccuiickod ®epepauun
denepanbHoe rocynapcteeHHoe aBTOHOMHOE
obpasoBaTenbHoe yupexaeHue BbICIEero obpasoBaHus
«HaunoHanbHbIN nccnenoBaTenbekmy TOMCKUIA NoNUTEXHUYeCKNA yHusepcuteT» (TIY)

IlIxona: HH)KeHCDHaH IKOJIa TPUPOAHBIX PECYPCOB

Hanpagnenne noprorosxu; 21.04.01 Hedrerazoroe ZIeJ10

Otaenenve mxonst: OTaeneHue Hed)TerazoBoro nefa

YTBEPX]JIAIO:
P auteas OOIT
LD, O.C. YepHosa
ITHCB) (Hara)
3AJAHUE
Ha BBINO/IHEHHE BBIMYCKHOI KBATH(PUKALHOHHOM padoTnl
B ¢opwme:
Marucrepckoit nucceprauuu j
CryneHry:
I'pynna [0} 7 (0]
2TM91 Baneman Hukurta KoHcTaHTMHOBHY

Tema paborer:

IIpumenenune Teopuu rpaos npu pactieTe TeXHOIOrMYeCKHUX XaPAKTEPUCTUK
PaboThI CKBAKHH HAa IPUMepPe CHHTETHYEeCKOro MecTopoxaenust SRM-6

YTBepx/€eHa NPUKa3oM AUPeKTOpa (nata, Homep) ‘ 02.03.2021 r. Ne 61-6/c
L CpoK cllauM CTYI€HTOM BBINONHEHHOM paboThI: l 15.06.2021r. T
TEXHUYECKOE 3AJTAHUE:

Hcxoansle nannsie k pabore

Cunmemuueckas modens SRM-6, codepacawasn €
cebe Kak uHgopmayulo no ckeaxcumam, max
4acmuuHo  pesynemamvi  2eopuzuveckux — u
2UOPOOUHAMUYECKUX uccneoosanui,
Xapakmepucmuka ombopa kepra, gunsmpayuonno-
eMKOCmHbLe C6OTICMBA KepHa.

Ponoosas.  u  nepuoduveckas numepamypa,
yuebnuxu, monozpagpuu.

Ilepeuens noanexamux uceregoBanuio,
NPOEKTHPOBAHHIO H pa3paboTke
BOIIPOCOB

1 Beeoenue

2 I'eonozuueckas xapaxmepucmuxa modenyu SRM-6
3 Hetiponnvie cemu u ux pasnosudnocmu

4 Ipumenenue meopuu  zpagos npu  pacyeme

mexHono2u4ecKux xapakmepucmuxk pa60mbz
CKBAMCUH

S Dunamcoewiil MeHeOHcmeHm,
pecypcospdhexmuenocme u pecypcocbepeorcenue
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6 Coyuanvnas omeemcmeennocme
7 3axnouenue

Ilepeuens rpadguyeckux matepuanos

Pucynru:
Pucynox 1.1 — Obwuii 6ud zeonozuueckoii modenu
SRM-6

Pucynox 1.2 — Kapma cpeoneri nopucmocmu
Pucynox 1.3 — Kapma cpeoneii NpOHUYaemMocmu
Pucynox 1.4 — Kapma ne@pmenaceiyennuix MOWUH
Pucynox 1.5 — I'ucmozpammet pacnpedenerus
Pucynok 1.6 — Modens nocne adanmayuu

Pucynox 2.1 — Ipumep netiponnoii cemu

Pucynox 2.2— IIpumep NOKA3bI8AIOWUTI 83AUMOCEA3D
homepe U 3HQUeHUIl 6eC08 MeHCIY HAYEHUAMU

Pucynox 2.3 — Ipocmoii zpagh

Pucynox 2.4 — I'pag A

Pucynox 2.5 —I'pagh B

Pucynox 2.6 — Ipumep cuzanmexozo epaga

Pucynox 2.7 — Hnnmiocmpayus o6noenenus cocmosnus
Y3na na ocrnose ungopmayuu o e2o cocedsx

Pucynox 2.8 — Csepmra epaghos

Pucynox 2.9 — Ipumep epaga c xapaxmepucmuxoi,
HA3HAYeHHO KaNCOOMY Y3ny

Pucynox 2.10 — Ilpumep mampuyer cmexncnocmu u
Mampuysl NPUSHAKOE

Pucynox 2.11 — Ilpumep ceepmxu gpaga ymHoocenuem
mampuy
Pucynox 2.12 — Cosdanue epagha cyenw

Pucynox  2.13 — Hzobpacenue C2eHepupo8ano u3
2pagos cyenuwl
Pucynox 2.14 — Pacnosnasanue HYNegozo evicmpena

“epes ceManmuteckue 609CeHUs U 2paghvl SHaAHUIL
Pucynox 3.1 — Modens do nepe-o6osnauenus

Pucynok 3.2 — Mooens nocne nepe-obosnauenus
Pucynok 3.3 — Cuemouda unu @yHkyus akmusayuu
Pucynok 3.4 — ®@ynxyus nomepbs npoyecca obyyenus u
nposepku

Pucynox 35 ~— Cpasnenue noxasamenei
NpOZHO3Upyemblx 0ebUMOB U UCIMUNHBIX nOKA3amenei).
Pucynox 4.1 — Komnnexmayus pabovezo mecma
Pucynox 4.2 — HYPERPC NANO X

Pucynox 5.1 — Cxema paboyezo mecma na ITK

Pucynok 5.2 — Pezynuposka oghucrozo cmyna

Pucynox 5.3 — Ipasunvroe nonoscenue PYKU HQ Mbluike

Pucynox 5.4 — [pasunvroe nonoocenue PYKU Ha
KAasuamype

Tabnuyw::

Tabnuya 3.1 — Cmamuueckue napamempul no uiecmu
CKBACUHAM
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Tabnuya 3.2 — Pacnpedenenue nopucmocmu no Cnoam
MeNCOY CKBANCUHAMU

Tabnuya 3.3 — Pacnpedenenue NPOHUYaemocmu no
CNOAM MENHCOY CKBANCUHAMU

Tabnuya 3.4 — Pacnpedenenue  nauanvhoii
6000HACBIUYEHHOCTIU NO CLOAM MEXHCOY CKEANCUHAMU
Tabruya 4.1 — Cpasuenue mpebyembix  pecypcos
mexncoy sapuanmamu

Tabruya 4.2  —  Dxonomuyeckue s3ampamvi
MPpaouyuoHHOU onyuu

Tabruya 4.3  —  Dxonomuueckue 3ampamel
npeonazaemor onyuu

Tabnuya 4.4 — Oxonomus npu  nepexode Ha

npeonazaemyio onyuio
Tabnuya 5.1 — Pasmepnas mabnuya c pexomenoayusimu
No pezynuposke 6bicomvl Kpecia u cmona

Koucynbranrsl no pasgenam BbINYCKHOH KBaJIN(QHKALHOHHOM paGoThI

Paznen Koucyabranr
«CouualibHast OTBETCTBEHHOCTDY benosepos B. B., npodeccop, 1.r-m.H.
«DUHAHCOBKIH MEHEIXMEHT,
pecypcoadekTHBHOCTE U Pyxaenmnnkos B. C., nouenr, PhD
pecypcocbepexenne

A3bIKAX:

Haseauusi pasgenos,

KOTOpbI€ J0/IKHBI ObITh HAalMHCaHbI Ha PYCCKOM H HHOCTPAHHOM

3 Heupounvie cemu u ux pasnoeuonocmu / Application of graph theory in the calculation of
technological characteristics of wells on the example of the synthetic field SRM-6

,I[aTa BbIJJa4YH 3a1aHUA HA BBIIIOJIHEHH e BblHyCKHOﬁ 15 03 2021
KBaaHGUKAUHOHHOH PaBoThI 0 TMHeHHOMY rpaguky o
321]3“"6 BbIaJ PYKOBOAHUTE/IbL / KOHCYJIbTAHT:

JosknocTs dUO Ydenas crenens, 3Banue Moanuck Hdara
Houent OHJT Margees U.B. K..-M.H. WL 15.03.2021
33[12““8 IIPUHSAJI K UCITOJTHEHU 10 CTYJA€HT:

I'pynna DPHO HOIIIHICI:’ Jlara
A
2TM91 Bansman Hukura KoHcTauTHHOBHY \/ﬁ 15.03.2021
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TOMSK & ToOMCKUM ]
POLYTECHNIC [l NONUTEXHUNECKUM
UNIVERSITY MM YHUBEPCUTET

MwviHncTepcTBO Hayku 1 Bbiclwero obpasoBaHua Poccuitckon Depepauun
$enepanbHoe rocyaapcTeeHHoe aBTOHOMHOE
o6pasoBsaTenbHoe yupexaeHme Bbicliero obpasoBaHus

«HauvoHanbHbIN nccnenosaTenbeKM TOMCKUI noAnTeXHUYECKNIA yHusepcutet» (TMY)

Ikona: UmxeHepHas wikona MIPUPOAHEIX PECYDPCOB

Hanpasnenve noarorosxu: 21.04.01 Hedrerazoroe neno

YpoBeHs 06pazoBanus: MarucTparypa

Ortaenenue wxonsl: OtneneHue HedTeraszoBoro nena

Ilepron BeInoNHEHUs (ocennuii / BecenHHii cemectp 2020 /2021 yue6bHoro rozaa)
Dopma npeacTaBneHus paboTEHI:

Marwucrepckas auccepranms —’

KAJTEHIAPHBIN PEVITUHI -IUIAH

BLITIOTHCHHS BbINYCKHOH KBAIH(PUKAUHOHHOI pa6oThI
u}pox CAa4M CTYNCHTOM BBINOJIHEHHOW paboThI: ‘ 15.06.2021r. T
Hara Haseanue pasgena (wonyns) / Maxkcumansubiii
KOHTpoJIs BHA paGoThI (Heeaea0Banus) 0ana pasgena (monyns)
27.03.2021 | 'eonozuyeckas Xapaxkmepucmuxa mecmopoicoenus 15
19.04.2021 | Heiiponnwvie cemu u ux PasHo8uOHOCMU 20
Application of  graph theory in the calculation of
29.04.2021 | technological characteristics of wells on the example of the 10
synthetic field SRM-6
04.05.202] Ilpumenenue meopuu 2pagoes npu pacyeme 25
IMEXHONOZUNECKUX XapaKkmepucmuk pabomui cKeaxicun
21.05.202] Qunancoevii  menedscmenm, pecypcoagpexmusnocme u Is
pecypcocbepeocenue
28.05.2021 | Coyuanvhas omeemcmeeHHoCMb 15
COCTABUI:
PykoBoaurenr BKP
JomxnocTn OUO Yuenas crenens, IMoanncn Jarta
3BaAHHE
Houent OHJJ Martsees U.B. K.().-M.H. % 15.06.2021r
COTI'JIACOBAHO:
PykoBoaurens OOII
Jonxuocts ()7 (0] Yuenasn crenenn, IMoanucen Jata
3BAHHE 1 /7(\/\

[Ipodeccop YepHoga O.C. A.r-M.H, (Q@@({x 15.06.2021r
7
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3ATAHME JIJISI PA3JIEJIA
«@UHAHCOBBIA MEHE/)KMEHT, PECYPCO3®®EKTUBHOCTE I

PECYPCOCBEPEXEHUE»
Crynenry:
I'pynna [025(0)
2TMO91 Baneman Hukuta KoncTaHTHHOBUY
MIkona ULLTIP Oraenenne (HOLI) OHJI
v 21.04.01
OﬁpgfoBBe:;"ﬂ Marwucrpatypa Hanpagaenune/cnennanbuocrs Hedrerazosoe
JeJo

ecypcochepeskenne:

Hcxoanbie nannble k pasaeny «®@HHAHCOBDIH MEHEXKMEHT, pecypcodpeKTHBHOCTL H

1. Cmoumocme pecypcos nayunozo uccredosanus (HH):
MamepuansHo-mexHu4ecKux, sHep2emuyecKkux,

(/mHchoswc, uHcﬁopMaz/uonnbzx U uyenoseyeckux

Cmoumocms  pecypcos ons  ewinonnenus

2€0102UYecKux U 2UOPOOUHAMUYECKUX
Mooerer).

Hepeqenb BOIIPOCOB, NOAJIEXKALHX HCCJICAOBAHUIO,

NPOEKTHPOBAHHIO M pa3paboTke:

1. Oyenka kommepueckozo u UHHOBAYUOHHO20 NOmeHyuana

HTH

Texruko-3xkoHOMUYecKkoe obocHosanue
yenecoobpasHocmu 6HEOpeHUs. HOB01i
MEeXHONO2UU BbINONIHEHO HA OCHOBAHUU OGHHBIX
0 cmoumocmu npoyecca 6bINoHeHUs paboml,

2. Onpedenenue pecypcroii, Gunarcosoii, sxonomuveckoil
sgphexmusnocmu

Pacuém sxonomunecrozo agpgpexma: sxonomus
3ampam npu 6bINONHEHUY USNA2AEMbIM 6
pabome memodom.

Hepeqeﬂb rpaqmqecxoro MAaTePHANA (c moynsim yrasanuem obszamensreix uepmesiceli):

1. Komnnexmayus pabouezo mecma
2. HYPERPC NANO X

LIIaTa BbIAAYH 321aHHUA /IS pas/iena 1o JIHHeHHOMY rpajguxy [ 15.03.2021 j
3afanue BbIJAT KOHCYILTAHT:
Jonxnocts [025(e) Y4eHas cTenenn, 3Banue Hoxngls /] Jata
JloueHt PykaBuinnmkos B.C. PhD A/ 03.2021

3anaﬂﬂe TNPHHSAJI K HCITIOJIHEHH IO CTYJdEHT:

I'pynna dUO

Hoanuen Hdata

2TMO91 Banbman Hukura KoHctanTuHOBHY ( % | 15.03.2021
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3AJAHUE JIIST PA3JIEJIA
«COIIUAJIBHASI OTBETCTBEHHOCTb»

- 8peOHbIX

- ONACHbIX

Crynenry:
I'pynna oUo
2TMO91 Baneman Hukura KoHcTanTHHOBHY
IIxoaa ULLTIIP Oraenenne (HOII) OHJI
YpoBeHb 21.04.01 Hedrerazopoe
o6pazoBanus Maructparypa| Hanpasaenne/cneuuansHocrs 1610

HMcxoanble nannble k pasgeny «CoumuanbHas OTBETCTBEHHOCTb):

1. Onucanue pabouezo mecma (paboueii 3onvi, | TpynoBbim MIPOCTPaHCTBOM npu
MEXHON02UYeCKO20 npoyecca, | BHITIOJIHEHMH paboThl  CYMTaeTcss  CcTO,
UCnonb3yemo2o 060pyooeanus) Ha npedmem | OCHAIEHHBI WHJWBUIYaJIbHEIM
B03HUKHOBEHUS: KOMIBIOTEPHO M CTaHLMEN. [pn

nposeneHuti paxmopos
NpouU3600CMEen Ot cpedbl (Memeoycnosus,
6pedHble  Gewjecmea, oceewjenue, uymeot,
subpayuy,  anexmpomaznummeie  nons,
UOHUSUPYIOWUE U3NYYeHUA U M.O.)
nposenenui pakmopoe
NPOU3B0OCMEEHHOU Cpedbl (MexaHuueckol
npupoosl,  mepmuyeckozo xapaxkmepa,
SNEKMPUYECKOU, NOKHCAPHOU NPUPOObL)

UPE3ELINAUHBIX  CUMYAYUTT  COYUANLHO20
Xxapaxmepa

BBINIOJIHEHHM  paboTel  Ha  OpPraHu3M
HCJIOBCKA BO3JCHCTBYET LIYyM, W3NyyeHHe
OT 5KpaHa MOHHTOpA, BIOJIHE BEPOATHO
HaJIMYUE HENOCTATOYHON OCBELIEHHOCTH,
OTKJIOHEHHH JIOKATBbHOIO KIMMaTa 31aHHs
OT TNOAXOAALUMX XapaKTepHCTHK. Takxke
Mpu  paboTe HYKHO TNPUHUMATh  BO
BHUMaHHe UHTEHCHBHOCTB Tpyaa.
CymectByer pUcK MOPaXKEHUS
SJICKTPUYECKHH TOKOM TMPH  BBINOJHEHUH
paboTsl.

2. Cnucok 3akonodamensupix u Hopmamuenwvix | - CanlluH  2.2.2/2.4.1340 — 03.
OOKYMeHmOo86 no meme «['mruennyeckue TpeboBaHMUs K
NEPCOHAIbHBIM BJIEKTPOHHO-

+ T'OCT 12.0.003-2015 «Cucrema
CTaHJapTOB 0E€30MacHOCTH Tpynaay,
TOU P-45-084-01 «Tunogas

BBIUUCITUTENBHBIM
OpraHu3auuu paboTeI»;

- CanlluH 2.2.4.548-96 «uruennueckue
TpeboBaHus K MHKPOKJTHMaTy
NIPOM3BOACTBEHHBIX MTOMELEHUTIN;

MalInuHam 14

WHCTPYKUMA MO OXpaHe Tpyaa mpu
paboTe Ha nepcoHanbHOM KOMITBIOTEpEY;
[IOT PO-14000-006-98 «Pa6oTsr ¢
TOBBILLIEHHON OMACHOCTBION

HCpe‘-lCHB BOIIPOCOB, NOAJIEKAILIUX HCCJIEIOBAHUIO, [TPOCKTHUPOBAHUIO U pa3pa60T1<e:

I Ananus evisgnennvix epednvix paxmopos

NpOEKMUpyeMoU npouseo0cmeenHoti cpedvl
6 cedyloujeti nocnedosamensrocmuy;
@usuKo-xumuueckas npupoda 8peoHocmu,
e€ cea3b ¢ paspabamvleaemoii memoii;

PaGota 3a komnbroTepom XapaKTepU3yeTcs
BIIMHUEM  Ha  OpraHusM  YeJioBeka
CIIEAYIOLIMX BPEIIHBIX dakTopos
NPOM3BOJCTBEHHOM CpeIbI:

1) noBeIIEHHEII ypoBeHS myma;

Oeticmeue ghaxmopa na opzaruzm yenoeeka,

2)HEIOCTaTOYHAs OCBEIIEHHOCTD paboueii
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npugedeHue . OONYCMUMbBIX ~ HOPM  C
Heobx00UMOU pasmepHOCmMbIo (CO CCbINKOU
Ha  COOmMBemMCmBYIOWull  HOPMAMUBHO-
MmexHUueCKul OOKyMeHm,),

npeonazaemvle cpeocmea 3auumol
(cHauana KoNNeKmuHOU 3auumel, 3amem —
UHOUBUOYAIbHbLE 3AWUMHBLE CPeOCmEa)

30HBI;
3) HOBBIICHHEBIH
3JIEKTPOMArHUTHBIX U3JTYyYEHUH;
4)HanpsHKEHHOCTH TPYIa;
5)0Ti<J10HeHHe
MUKPOKJIMMATA,;
OCHOBHBIMHM TPUHIMANAMH MHHUMU3ALNHA
BO3JICUCTBUS HAa OpPraHU3M  4YeJIOBEKa
BBIIICH3JIOKEHHBIX  (AKTOPOB  SIBIISIOTCS
coOro/leHne pexuMa Tpyda U OTABIXA,
HCIIOJIb30BaHHE CEPTUGUUIUPOBAHHOTO U
HUCIPaBHOTO 000pyIOBaHMs, COONIOACHHE
NpaBUJ HUCIOJIb30BaHUS  00OpYyIOBaHUS,
noanepxkaHue  KOM(QOPTHBIX  YCIOBHH
TpyZa B IOMEIIEHHUH.

YPOBEHb

nokazareneu

2 Ananu3 GulABNleHHbIX ONACHLIX HAKMOopos

NpOeKmupyemol npou3eeo0éHHol cpeobl 8
cnedyroweti nocied008amelbHOCHMU.
MexaHuyeckue ONACHOCMU  (UCTMOYHUKUY,
cpedcmea 3auumsl;

mepmuyeckue  ONACHOCMU  (UCMOYHUKL,
cpeocmea 3augumot);

anexmpobe3onacHocme (8 m.u.
cmamuueckoe INeKMpPULecmso,
MONHUE3AUUMA — UCMOYHUKY, Cpeocmea
3auumot);

noJCapos3pule0be3onacHocms  (NPUYUHDL,
npoghunaxmuueckue Meponpusmus,
nepsudHbvle CPeoCcmsea NOHCAPOMYULEHUS).

OnacHpIM (pakTOpOM, XapaKTEPH3YIOIIKUM
paboty 3a HWHIUBUIYITHHBIM
KOMITBIOTEPOM, CUUTAETCS 3JIEKTPHYECKHH
TOK. PuCK mOpakeHHS JIEKTPHYECKHM
TOKOM  BEpOATEH Ipd  INPUMEHEHHUH
000pyIOBaHUS C HEUCIIPABHOM IPOBOAKON
WIM K€  M30JSLMEH, HEHUCIIPaBHBIM
COCTOSHMEM DO3€TOK. [JIaBHBIE MEpHI

3JIEKTPOOE30IIaCHOCTH CBSI3aHBI c
coOmoaeHneM IIpaBUII MIPUMEHEHUS
3NEKTPO- YCTPOUCTB, HCIBITaHUE

HCIIPaBHOCTH MX IPOBOAKH M H3OJSILHUH,
BBIKJTFOUEHHS] YCTPOUCTB OT IIMEKTPUIECKOH
CETH MPU MOKUIAaHHUH 3TaHUS.

Jara BbI1a4u 3afaHust ISl pa3Jesia no JIMHeHHOMY rpaduky 15.03.2021
3aaalme BbIJAJI KOHCYJ/IbTAHT:
JIo/IKHOCTD DdUO qun::af;eeneub, "OLlII”HCb JlaTa
ITpodeccop Benosepos B. B. JL.T-M.H. %K// 15,03.2r

3apanue NPUHA K HCHHOJTHEHHUIO CTYACHT:

I'pynna OO0 IMoanucn Jlata
2TM91 Bansman Hukura Koncrantunosuu «, ﬁ/ (. ’/5 03.9 A
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Pegepar

Beimycknas kBanmudukammonHas padora cocroutr u3 106 crpanum, 31
pUcyHOK, 9 Tabnuil, 1 60 HCTOYHUKOB MCIIOJIb30BAHHOM JIUTEPATYPHI.

KawoueBbie cioBa: SRM-6, neiiponnas cetb, rpad, HedTh, CKBaXHHA,
TEXHOJIOTHYECKHE MapaMeTphl.

O0beKTOM WHCCNEAOBAaHUSA SIBISETCA CHHTETHYECKOE MECTOPOKIICHUE
SRM-6.

IIpeamMeTroM wucclieoOBaHUS  SIBJISIIOTCA ~ METOJMKA  MPOTHO3UPOBAHMS
TEXHOJOTHUECKUX TapaMeTpoB paboThl CKBaXWH, TOCPEACTBOM TpadoBOi
HEUPOHHOM CETH.

Leap paGoThl: wHcCHoNb30BaHHE Teopuu TpadoB C MENbIO aJanTaluu
THAPOIMHAMUYECKOW MOJIEIN W pacdyeTa TEXHOJOTMUECKUX IMOKa3areneil paboTsl
CKBOXKHMH C Y4€TOM BO3MOXXHOCTH MAacCIITaOMpOBaHUS yKa3aHHOW METOJMKH Ha
BEPXHEIOPCKUE OTIOKEHUSI.

B nmannHol paboTe paccMOTpEHbI OOIIME CBEJACHHS O HEHPOHHBIX CETIX U
rpadax, mpoBeIEeH aHAN3 UCXOJAHOW CHUHTETUYECKONW MOJIENH, CO3/IaHa METOINKA
U TIPOBEJICHO €€ ONMpoOOBaHNE Ha OOBEKTE UCCIETOBAHUS.

Ob6aacTh npuMeHeHusi: pa3paboTka HEPTIHBIX MECTOPOKICHHIM.

JKOHOMUYECKAs  3HAYMMOCTL  JIaHHOM  paboThl  OOyCJOBJIEHA
BO3MOXKHOCTBIO COKpAILIEHHs 3aTpaT Ha MPOIECC MOJSITUPOBAHHS MECTOPOKACHUN

YTJIEBOJIOPOJIHOTO CHIPHSI.
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Ilepeyennb 0003HAYEHNIT U COKPALLEHU

BHK — BogoHehTSHOI KOHTAKT;

I['MC — reodusnueckne uccieqoBaHUE CKBAKUH;

HJIII — HelpOIMHTBUCTHYECKOE TPOTPAMMUPOBAHHUE;

O®II — oTtHOCUTENbHASA (Da30Bast MPOHULIAEMOCTb;

ITK — nepcoHabHBIN KOMIBIOTED;

BFS — breadth-first search wim nouck B mupuHy;

CNN — convolutional neural network wmm cBeprouHasi HelipoHHAS CETh;

DFS — depth-first search wiu nmouck B riyouny;

GAN — generative adversarial network mimm reHepaTuBHO-COCTS3aTeIbHAS
HENPOCETH;

GNN — graph neural network unu rpadoBas HelipoHHas CETb;

LTSM — long short-term memory wim pexyppeHTHbIC HEHPOHHBIE CETH C
JIOJITOM KPaTKOCPOYHOM NaMSThIO;

MSE — Mean Squared Error uimu cpeaHsis KBaapaTudHas OIioKa;

RNN — recurrent neural network i pekyppeHTHas HEHpPOHHAs CETh;

SNA — Systems Network Architecture miu apxurexkTypa HEHPOHHON CETH.
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BBEJAEHUE

AKTyallbHOCTh pabOThl 3aKIIOYaeTcsl B pa3padOTKe HOBOM METOAMKHU
MPOTHO3a TEXHOJIOTMYECKUX I[IOKa3aTesie CKBaXHH MpH MOMOIIU TpadoBoi
HEUPOHHOM CETH, YTO ABJISAETCA OJHUM UX HOBEUIINX TUIIOB HEMPOHHBIX CETEH.

Cy1niecTBYIOT pa3Hble BUJIbI HEUPOHHBIX CETEH: PEKypPpEeHTHAsl, CBEpTOUHAs,
rpadoBas. Ilocnemuuii Bua Haudanm pasBuBatbess B 2018 romy. B ocHoBHOM
pa3pabOoTKaMu Ha €ro OCHOBE 3aHUMAIOTCAd 3a pyOeKoM. YHHKaIbHOCTb
rpa)oBOro MpPEJACTaBICHUS HEMPOHHOM CETH 3aKJIIOYaeTCsi B BU3YAJIbHOM
npeacraBieHud Trpada M 3aT€M €ro KOAUPOBAHMM B  BOCIPUHUMAEMBII
AITOPUTMOM 00pPaOOTKHU BUJI.

I'padbl — 3TO CTpPYKTypa AAaHHBIX, KOTOpas HpEACTaBiIsieT coboil Habop
00BbeKTOB (Y3JI0B) U UX OTHOIIEHUU (pebep). B mocnennee Bpemsi ucciaeoBaHUSIM
M0 aHanu3y TpadoB C MOMOIIHI0 MAINTUHHOTO OOYUEHHMs YIENSsIeTCS BCe OOMbIIe
BHUMAaHMS W3-32 OOJIBILION BbIpa3UTENbHOM cuibl TpadoB, rpadbl MOTYT
UCIIOJIb30BAThCS B KauecTBE 0003HAYEHUsl OOJIBIIOTO YKCIIa CUCTEM B PA3IMUHBIX
obnactsx. ['padbl sSBASIOTCS YHUKAIBbHON HEEBKIUAOBOW CTPYKTYPOU JaHHBIX, B
QITOPUTMAaX MAIIMHHOTO OOy4Y€HHs UX aHaIu3 (POKycHpyeTcs Ha TaKMX 3ajayvax,
KaKk Kiaccuukamus y3JoB, IPOTHO3UPOBAHUE CBSI3ed U KiacTepU3alus.
I'padoBeic Hediponubie cetd (GNN) — 3TO MeToIbl, OCHOBaHHBIC Ha TIyOOKOM
oOy4eHHH, B  OCHOBE  KOTOpPBIX  JIGKUT  MAaTeMaTHMYeCKUil  ammapar
OCYIIECTBISIONMI 00pabOTKy M aHalIu3 JaHHBIX, MPEJCTABICHHBIX B BUJEC
rpadoBoit cTpyKTyphl. B nmocnennue roasl BapuanTel GNN, Takue Kak CBepTOYHAas
cetb Ha rpagdax (GCN), cerb BHuManus Ha rpadax (GAT), moBTopsromiascs ceTb
Ha rpadax (GRN), mpoaeMoHCTpUpOBaIM HOBATOPCKYIO MPOU3BOIUTEIHLHOCTH BO
MHOTHX 3aJlayax TJIyOOKOTO 00yUYeHHUs.

Teopernyeckrue BOMpPOCHl pa3pabOTKW HEUPOHHBIX CETEH UIUTFOCTPUPYIOTCS

B paboTax: Jie Zhou (2019), Ganqu Cui (2017), Shengding Hu (2018), Zhengyan
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Zhang (2016), Cheng Yang (2018), Zhiyuan Liu (2018), Lifeng Wang (2020) [43,
14,9, 38, 54, 44, 55].

OOBEKTOM  HUCCJENIOBAHMS  SIBIIETCS CHUHTETHYECKOE MECTOPOXKICHHE
SRM-6.

[IpenMeToM  HcClieIOBaHUSL  ABJSIETCS  METOJMKA  IPOTHO3UPOBAHUS
TEXHOJIOTUYECKUX MapamMeTpoB pabOThl CKBaXXHH, C HMCIOJIb30BAHHEM IpadoBOi
HEUPOHHOM CETH.

Llens paboThl: ucnosib30BaHUE TeOopuUd TrpadoB C LETBI0 aJaNTalUH
TUAPOAMHAMUYECKON MOJEIN U pacueTa TEXHOJOTMYECKHX MoKazareneld padoThl
CKBOXMH C Y4€TOM BO3MOYKHOCTH MAacIITaOMpOBaHUS yKa3aHHOW METOJMKH Ha
BEPXHEIOPCKUE OTIOKEHMUS.

[IpumeHnenne  pa3padOTaHHOrO  MEXaHHM3Ma  IpeAnojaraercs  Ha
CUHTETHYECKON Mmonenu pesepByapa SRM-6, cocrosmedt u3 6 ckBaxkuH (3
HarHeTaTeNIbHbIX, 3 JOOBIBaIOIINX ). MOIIIHOCTH 11€7IEBOT0 MHTEpBAJIa BapbUPYETCS
or 11 no 14 metpos.

3ajaun UCCIEeI0BAHUS:

o N3yuuTh 131K IporpammupoBanus «Pythony Ha 6a3oBom ypoBHe;

o O3HaKOMHUTBCS C Pa3sHOBUIHOCTSAMHM HEWPOHHBIX CETEH, H3Y4YHUTh
OCHOBBI Pa0OTHI ¢ TPaOBHIMU HEUPOHHBIMU CETAMH;

° [IpumenuTs rpadoBble HEUPOHHBIE CETH C IIEJbI0 aJanTaluu
runpoauHamMudeckoi mogenn SRM-6 u pacdera TEXHONIOTHMUECKHUX TOKa3aTelen
paboThl CKBAKUH,

Teopetnueckas ocHOBa pa3pabaTbiBacMOW METOJMKM ObLla MpeicTaBlIeHA
Ha XXV MexayHapoJHOM Hay4YHOM CUMIIO3UYME CTYJIEHTOB U MOJIOJBIX YUEHBIX
nMeHHn akajgemuka M.A. YcoBa «IIpoGieMbl Te0JIOTHH U OCBOCHHS HEIP» B BHJIC
cratb  «lIlpumenenne Teopun rpadoB TPU pacCUYETE TEXHOJIOTHYECKUX

XapaKTCPHUCTUK pa6OTBI CKBAXHMH Ha IMPUMEPE CHHTCTHUYCCKOTO MCCTOPOXKACHUS

SRM-6.
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1 TEOJIOIT'NTYECKAS XAPAKTEPUCTUKA MOJIEJIN SRM-6

1.1 KpaTtkue cBeieHHsI 0 MECTOPOKIEHUMN

SRM-6 — cunretndeckas wmozenb Kosuiekropa [60] (Pucynox 1.1),

ABJIAOIIAACA IPUMCPOM BerHeBaCIOFaHCKOﬁ IMMOACBUTHI U PACIIOJIOKCHHOI'O B HEH

ropuzonTta O-I.
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Pucynok 1.1 — OOmwuii By reojiorundeckoid Mmoaean SRM-6 [60].

Cunrernueckyto mojnenb SRM-6, B3aryto s onpoOOBaHHMS METOIUKH,
3asBJICHHOM B TEME€ MArucTepCcKou nuccepraumu, cosgan EpemsH ['pauuk
ApaukoBUY TIyTEeM YCpeaHEeHUs reodusuueckux ucciepoBanuii ckpaxus (I'MC),
NOPUCTOCTH, MPOHUIAEMOCTH, a TakXkKe TIpadUKOB OTHOCHUTEIBHBIX (Ha30BbIX
nponunaemocteii (ODII) u pe3ynbTaTOB UCCIICIOBAHUS KAMIUIIPHOTO JTaBICHHS
M0 OJTHOMY U3 MeCTOpokaeHui 3anaanoit Cubupmu.

SRM-6 conepxut B cebe 6 ckBakuH (3 HarHETATENbHBIX, 3 JOOBIBAIOIINX ) U
SBJISIETCS YHMCJIICHHOM MOJIeNbI0, KoTopas coaepkut 6 480 sueek (pa3sMepHOCTH
cetku 18 X 24 x 15). [Tnomane Moxenupyemoro ydactka cocrasiser 1800 x 2400

METPOB, a TOJIIKHA [IeJIEBOT0 ¢cJ1os Kosebsercs ot 11 1o 14 metpos [60].
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Pucynku 1.2 - 1.4 wumocTpupyloT pacnpoCTpaHEHHE CPEAHHX CBOWCTB

MO/IEIH.
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Pucynoxk 1.2 — Kapra cpeaneit nopucroctu

CornacHo PucyHky 1.2 TpeHI1 yBennUYeHUsl MOPUCTOCTU HAMPABIIEH C CeBEpa
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Pucynox 1.3 — Kapra cpenHeit mpoHUIIaeMOCTH

Tpenn pacmpocTpaHeHUS TPOHUIIAEMOCTH HACIEAYEeTCs OT MOPHCTOCTH.

CpaBnuBas kapty nopucroct (Pucynok 1.2) u kapty nponunaemoctu (PucyHok
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1.3) 30HBI yBEIMYEHHS U YMEHBIIECHUS KOPPEIUPYIOT B OOJbIIECH 4acTH 30H Ha

JaHHBIX KapTax.
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Pucynox 1.4 — Kapra He(pTeHACHITICHHBIX TOIIWH

3anexxp MMEEeT IJIaCTOBO-CBOJOBYIO CTPYKTypy. CpenHss HayanbHas

BOJIOHACKIIIICHHOCTh B He(TsAHOU yacTu 3anexu — 0,4,

[eonorvueckue 3amackl HeTH ydacTka cocrapiasior 600 Teic M3, a

MOIBIDKHBIE 3ammachl cOCTaBisiFoT 210 Thic M2,

B moxpenmn IMPpCACTABJICHA I/I36I/IpaTeJ'IBHaSI CCTKa CKBaXXHWH, T.K. JaHHOC
PaCIIOJIOKCHUC CKBAKMH HCBO3MOKHO OTHCCTHM HHU K OJHOMY M3 CTAHAAPTHBIX
paCHOJ'IO)KeHI/Iﬁ CKBa>XHH. HaruerartenbHble  CKBa)KMHBI pPacCIoJIOKCHbI B

3aKOHTYPHOM 30HE.

['mcTorpamMMel  pacnpesieneHus: MeTpopu3nYeckux CBOWCTB ITOKa3aHbl Ha
Pucynke 1.5. Cpennee 3nauenme mnopucroctu — 0,18. Cpennee 3HaueHue

npoHuniaeMoct — 45,2 m/1.

24



% |1 2 3 4 5 6 7 & 9 10 1M 12 13 W 15 1 17 18 19 20 21 2 23 % 2 4 8 &8 10 12 4 16 8 0 2 N 2%

i] - Z -Ih :hﬂ[HH a

0 0.02 0.04 006 008 01 012 014 016 018 02 022 0.0001 0001 001 o1 10 100

Hror Cdupscaledecelis Eweitogs Epem [Cupscaled cells Ewelllogs
2 g

a 0
Pucynok 1.5 — I'uctorpammsl pactpeneneHus: a— MOPUCTOCTH,

0 — nponunaemoctu [60]

HcxonHas ruapoauHamMuueckass MoJielb He Obula caJanTUpoBaHa Ha
UCTOPUYECKHE JaHHbIE MO pabdoTe CKBaXXHH. B mpoliecce BBIMOJHEHUS PadOThI
JIOTIOJIHUTEIBHO Oblila MPOBE/ICHA €€ aJanTalus MyTeM JOKaJIbHON KOPPEKTUPOBKU
neTpopU3NYECKUX CBOMCTB M OTHOCUTEIBHBIX (PA30BBIX MPOHUIIAEMOCTEM .

Ha pucynke 1.7 mokas3aHbl XapakTEpUCTHKH pabOThl CKBOXXHH B MOJEIH
(1eOuTel HEPTH, BOJBI, KUIKOCTH, a TaKkKe 3a00MHOE JaBJICHUE) U Pe3yibTaT

agamnTtanvn Ha HCTOPUICCKUEC TaHHBIC.
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w— Truth_Case, BoBom hole pressute = Truth_C3ase, Liquid production rate

Pucynok 1.7 — Mogaens nocite apantanuu [60]
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2 HEHPOHHBIE CETHA U1 UX PASHOBUJIHOCTHU

HelipoHHBIE CETH - 3TO BBIYMCIUTEIBHBIE CUCTEMBI CO B3aHUMOCBSA3aHHBIMU
y3JaMH, KOTOpble paboTaloT Tak >K€, KaKk HEWPOHBI B YEIOBEYECKOM MO3TY.
Hcronb3yst anropuTMbl, OHA MOTYT PACIIO3HABaThb CKPBITHIE 3aKOHOMEPHOCTH M
KOppeysiiiii B HEOOpaOOTaHHBIX JAHHBIX, KJIACTEPU30BATh M KJIACCU(UIIMPOBATH

ux. [Ipumep npocreiiiieit HelpPOHHOM ceT nmokaszaH Ha Pucynke 2.1.

Hidden Layers

Connections .
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Pucynok 2.1 — IIpumep HelipoHHOI ceTn

2.1 UcTtopusi HeMPOHHBIX ceTeil

Nnesa «mammnpl, KOTOpass AyMAaET CAMOCTOSTEIIBHO» BOCXOIUT K JIPEBHUM
rpeKaM, HO MCCJIEIOBaHMs, PE3yJbTaTOM KOTOPHIX CTana pa3paboTka HEHPOHHBIX
ceTel, Hagaauch B XX BeEke.

B 1943 rony Yoppen C. Makkanok u Yonrep [Iuttc omy0iamkoBagn cTaThio
«Jlormueckuil pacder HAEH, NPUCYIIUX HEPBHOM HesaTelbHOCTH». I[Ipeamerom
WCCJIEIOBAHUS CTaJld MPOLECCHI, OCYIIECTBISEMbIC YEJIOBEUECKUM MO3IOM IIPHU

CO31aHNH CJIOXHBIX MOI[eJIeﬁ 4cpe3 CBA3BAHHBIC KIICTKHW MO3ra HJIA HeﬁpOHBI.
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OnHOM U3 OCHOBHBIX HJIEH, KOTOPbIE BOZHUKIIN B PE3yJbTaTe 3TOW padoThI, OBLIO
CpaBHEHHUE HEHPOHOB C OMHAPHBIM MMOPOTOM C OYyJIEBOM JIOTHUKOM (TO ecTh, 0/1 mnm
YTBEPXKJAEHUS UICTUHHO / JIOKHO) [25].

B 1958 ronmy ®pouk Po3eHOnaTr BBen NOHATHE NEPCENTPOH WU
NEepIEenTPOH — MOJIEIN BOCHPUATUS MHGOPMAIIMKM MO3TOM, MaTeMaTUYECKOW WU
KoMmnbloTepHOU. B umccnenoBanun «llepcenTpoH: BEpOSTHOCTHAs MOJIEIb
XpaHEHUs U OpraHu3ali UHQOpPMAIMK B MO3Te» B ypaBHEHUS, OINMCHIBAIOIINE
MIPOIIECCHI B YEIOBEYECKOM MO3T€ BBOISATCA BECA ISl IEPEMEHHBIX. [[pakTrnueckuii
pesynbTaT padotel: PozenOiart Hayuwn MamuHy (IBM 704) otnmuaTth KapThl,
OTMEUYCHHBIE CJIEBA, OT KapT, OTMEUECHHBIX crpasa [25].

ITonr Bepboc B 1974 romy BHepBbIE HCCIEAYyET HJCKO OOpPaTHOTO
pacnpocTpaHeHus! OIMOKH, U €€ TPUMEHEHUE B HEMPOHHBIX ceTAX [25]. DTy uaero
paszBuBaet fH JlekyH. B 1989 rogy oH omyOaukoBasl cTaThio 00 aaropuTMax, rie
[IOKa3aHO, KaK HCIOJb30BaHUE OrPAaHUYEHUN B OOpaTHOM pacHpOCTPaHEHUU
OIMOKM M €ro HUHTErpaluss B AapXUTEKTYpy HEUPOHHOM CETHU MOXKET
UCIIOJIb30BaThCS JUIsl OOy4YeHHUsl ajlropuTMOB. B 3TOM HCClieOBaHUM YCHEIIHO
UCIIOJIb30Baach HEHUPOHHAs CeThb IS pAClO3HABaHUS PYKOMHUCHBIX IUOD

MOYTOBOTO MHJCKCA, IPEIOCTaBICHHOI0 TOYTOBOM ciyx06oii CIITA [25].

2.2 Tunbl HeliPOHHBIX ceTel

Oxapaktepu3yeM MpPEUMYIIeCTBAa U HEAOCTATKH TIYOOKHWX HEHPOHHBIX
ceTel, B 3aBUCUMOCTH OT II€JIM UCTIOJIb30BaHUSI.

Ceeprounsie Heliponnbie ceTd (CNN) mpumenstorcs mpu KiaccupuKamm
n300pakeHu U 0OHaApYyKeHUU 00BeKTOB. OHU COJlepKaT MATh TUIIOB CJIOEB WIIU
YPOBHEM: BXOJl, CBEpTKAa, OOBEAMHEHHUE, TOJHOCBA3HBIA M BBIXOJHOW CIIOW.

Kaxnaplii ypoBeHb UMEET ONpENCNICHHYI0 1elb, Hampumep, o00001IeHue,
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coequHenre winu aktuBauuio. CNN Takke NpUMEHSIOTCS MpH  00padoTKe
€CTECTBEHHOTO S3bIKa U MPOTHO3UPOBAHUMU.

Pexyppentasie HeliponHble cetd (RNN) wmcmonb3yrorT mociaenoBaTeabHYIO
uHbOpMaIMIO, TaKyl0 Kak JaHHbIE C OTMETKaMH BpPEMEHH OT CEHCOPHOTO
YCTPOMCTBA WM YCTHOE MPEIJIOKEHHE, COCTOSIIIEE H3 IMOCIEA0BATEIbHOCTH
TEPMHUHOB. B oOTiMuyme OT TpagulIMOHHBIX HEHUPOHHBIX CETEH, BCE BXOABI B
PEKYPPEHTHYIO HEHMPOHHYIO CETh HE HE3aBUCUMBI APYr OT ApPyra, a BBIXOJIHbIE
JAHHBIE I KaXXIOTO 3JIEMEHTA 3aBUCAT OT BBIYMCIECHHUW €ro MPEeAIIECTBYIOIINX
anemeHTOB. RNN ncnonas3yloTes B IpHIOKEHUSIX POTHO3UPOBAHUS U BPEMEHHBIX
PSAOB, aHAJIM3E TOHATBHOCTH M IPYTUX TEKCTOBBIX NPHIOKEHUAX [19].

Heitponnbie cetn ¢ npsimoii cBs3bio (FFN). HeitpoHHble ceTH, B KOTOPBIX
KK/l MEpUENTPOH B OJHOM CJIO€ MOJKIIOYEH K KaXJAOMYy MEpPUENTPOHY H3
cienymomero cios. MHpopmanus mnepenaeTcss OT OJHOTO YPOBHA K JIpPYroMy
TOJILKO B TpAMOM HampaBieHuu. Her HHMKakux nerenb oOpaTHOM CBS3H.
HelipoHHbIE ceTH ¢ MPSIMOM CBSI3bEO MCIIOJIB3YIOTCS B 33/1a4ax MPOTHO3UPOBAHUSA,
JUIsL pacrlio3HaBaHMs 0Opa30B U B 3ajjauax yIpaBJICHUS.

Hetiponnsie cetn ¢ aBrosHkoaepamu (AEN). Mnes aBTO9HKOAEPOB COCTOUT
B TOM, 4YTOOBl CHU3UTHh YYBCTBUTEIBHOCTb HECYLIECTBEHHOIO U IOBBICUTH
YyBCTBUTEJIBHOCTh  PEJIEBAHTHOrO. HeHpoHHBIE CE€TH €  aBTO’HKOJEpaMu
UCIIOJB3YIOTCS JUIsl CO3JaHusl aOCTpakiuid (KOAMPOBIIMKOB), CO3J@aHHBIX W3
3aJJaHHOTO Habopa BXOJHBIX JTaHHBIX. ABTOHKOZEPHI MOX0XHU HAa TPaJAULIMOHHbBIE
HEHPOHHBIE CETHU, HO OHU CTPEMATCA MOJIETUPOBATH CAMU BXOIHBIC JTaHHBIE, U
MO3TOMY METOJ] CUMTAETCA HEKOHTpoJupyeMbiM. Ilo mepe nobOaBiieHHs] CIOEB
nanpHeimme abctpakiuu GOpMyITHPYIOTCS Ha 00Jiee BRICOKUX YPOBHAX (YPOBHSX,
O KalIIMX K TOYKE, B KOTOPOH BBOJUTCS YPOBEHb JIeKO/epa). DTU aOCTpaKIUuu

34TEM MOT'YT HUCIIOJIb30BATHCA JIMHEHHBIMU UJIM HEJIMHEUHBIMU KHaCCI/I(I)I/IKaTOPaMI/I

[54].
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2.3 Mexanu3m paGoThbl HePOHHBIX ceTei

Kaxnplii OTHEnbHBIN y3€]1 HEMPOHHOM CETM — WHIAWBHYaJbHAas JIMHEHMHAsS
pEerpecCuOHHasl MOJENb, COCTOSAIIAS U3 BXOJHBIX JAHHBIX, BECOB, CMCILCHHS U
BBIXOAHBIX MaHHBIX [49]. [locie ompeneneHuss BXOAHOTO CIIOSI HA3HAYAIOTCS Beca.
OTH Beca NOMOTaroT ONPEJEIUTh BAXKHOCTD JIFOOOW JaHHOW NEPEMEHHOM, TPUYEM
Oosee KpynmHblE M3 HUX BHOCAT Oo0Jiee 3HAUUTENbHBIN BKJIQJ B peE3ysbTaTr IO
CPAaBHEHHUIO C JPYITMMHU BXOJHBIMU JaHHBIMU. 3aT€M BCE BXOJHBIC JIaHHBIE
YMHOXAIOTCSI HA UX COOTBETCTBYIOIIME BECa M 3aTeM CymMmupyrorcs. Popmyia
OyZAeT BBITTISAAETh IPUMEPHO TAK:

>WiXi + bias = wiXg + WoXp + WaXs + bias (2.1)

output =f (X) = 1, ecitm Y Wix1 + b>=0; 0, ectmr Y WiX; + b <0 (2.2)

[locne »TOro BBIBOA MPOXOAUT dYepe3 (YHKUHMIO aKTHBALUHU, KOTOPAs
ornpenensieT BoIBOA. Eciu 3TOT BBIXOAHOM CUTHaI MPEBBIILIAET 33aHHbII OPOT, OH
«3ammyckaer» (WM aKTUBUPYET) y3ell, llepe/iaBasi JaHHbIE Ha CIEAYIOUINI ypOBEHb
B cetu [38]. DTO MPUBOIUT K TOMY, YTO BBIXOJ OJHOTO y3JIa CTAHOBUTCS BXOJIOM
CIIEIYIOIIEro y3ja. OTOT NpoLecC Mepelayd JaHHBIX OT OJHOIO YPOBHS K
CIIEYIOIEMYy  OTpEeAeNseT d3Ty HEHPOHHYI CeTh KaKk CeTh MPSMOTO
pacnpocTpaHeHUs.

PaccMoTpuM nmpuMep €AMHCTBEHHOTO y3J1a, UCIIOJIb3YSl JTBOMYHbIC 3HAUCHHUS.
Bonpoc: crout nu 3anumathes ceppunrom ([a: 1, Her: 0) [58]. Pemenune uaru
WIM HE UATU - 3TO MPOTHO3UpYEeMbIH pesynbratr. Ilpenmonoxum, Ha perieHue
BIUSIOT TpHU (aKkTOpa:

1. Xopomue au BosHbl? ([a: 1, Her: 0)

2. CBob6oano mu mope? ([a: 1, Het: 0)

3. boino nu Hanmagenue akynsl B nociennee spems? ([a: 0, Her: 1)

3amaauM cleayroue BXOAHbIE TaHHbIC:

. X1 =1, Tak KaKk BOJIHbI pACKAUYUBAIOT

. Xz =0, MOCKOJIbKY TOJITIBI HET
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. X3z =1, mOCKONbKY B MOCIEAHEe BpeMsl He ObLIO HamaJACHHs aKyJl.
Crnenyrommii mar — IpUCBOEHUE NEPEMEHHBIM BECOB, YTOOBI ONPEIECIHUTH
BaXHOCTh. boblline Beca 03HAYalOT, YTO OINPEACIICHHBbIE NEPEMEHHBIE HUMEIOT

Oosblliee 3HAYCHHE VIS PELLICHUS WIH PE3YJIbTaTa.

. W, =5, Tak kak 00JbIIMe MOPBIBBI BETPa BOZHUKAIOT HEYACTO
. W, = 2, Tak KaK BbI MPUBBIKJIA K TOJIIIE
. W3 = 4, Tak KaK BBl OOUTECH Kyl

Haxkonen, noporoBoe 3HaueHue 3, YTO COOTBETCTBYET 3HAUEHUIO CMEILICHUS

—3. [loxcraBnss BXoAHbIe AaHHBIE B popmyny (1), momyyaem:
y=(1*5)+0*2)+(1*4)-3=6 (2.3)

Ecnu Bocmonbk3oBatbesi QyHKImend akTuBaiuu (2.2), CTaHET BO3MOXKHBIM
OMPENICNIUTh, YTO HA BBIXOJI€ ATOTO y3ia Oynaer 1, mockosibky 6 6ombiie 0. B aTom
cllydae 4eJIoBeK OyJeT 3aHUMAaTbCsl CEpYUHIOM; HO, €CIIU OYYyT CKOPPEKTUPOBAHbI
BECa WJIM MOPOT, B MOJAEIIA MOTYT OBITh MOJY4YE€HBI IPYTUE€ PE3YJIbTATHl U APYroe
3HaYCHHE Ha BbIXoJe Takoro y3ia [16]. HaOmromas 3a ogHMM pelieHueM, Kak B
IIPUBEICHHOM BBIILIE IIPUMEPE, MOXXHO YBHUIETb, KAK HEHWPOHHAs CETb MOXKET
NpUHUMaTh Bce O0o0yiee CIIOKHBbIE PEIIEHHS B 3aBUCMMOCTH OT pE3yJIbTaTOB
MPEABIAYIINX PEIIEHUN I YPOBHEHN.

B npuBeneHHOM BblIlIe TpuMepe ObUIN UCIOJB30BaHbl MEPLUENTPOHBI, YTOOBI
POWJUTFOCTPUPOBATh HEKOTOPBIE MATEMATHUECKHUE ACTIEKTHI MOJIYYEHNs 3HAUECHUI
Ha BBIXOJE M3 y3J1la. HEeHpOHHBIE CeTH, KaK MPABUIIO, UCIIOJIb3YIOT CUTMOBH/IHbBIC
HEWPOHBI, KOTOPBIE pa3nyaroTcs UHTEpBajIoM 3HadeHur ot 0 no 1. HeiponHsle
CETH BelyT ce0sl aHAJOTUYHO JAEPEBBSIM PEILICHUM, JaHHbIE KaCKaJHO MEepeatoTCs
OT OoAHOro ysna K apyromy. Hamnuwe 3Hauennidi X mexay 0 u 1 ymenpmaer
BIIUSIHUE JIOOOT0 33JaHHOTO M3MEHEHHUS! OJIHOM NMEepPeMEHHOW Ha BBIBOJ JHOOOTO
3aJJaHHOTO y3J1a, a 3aTeM U Ha BBIBOJ HEHPOHHOM ceTu [6].

IIpu mpakThyeckux BapuaHTax MCIOJIB30BAaHMUS HEUPOHHBIX CETEH, TAKUX
KaK pacro3HaBaHWe WM  Kjlaccudukanmus H300paKeHHM, HCMOIb3YyeTcCs
KOHTPOJIMpYyEeMOe O0y4YeHHE WM Pa3MEUYeHHble HAOOPHI JAHHBIX A OO0y4YeHUs

anroput™ma. Bo Bpems oOyueHus Mojenu HY>KHO OyAeT OIEHUTh €€ TOYHOCTD,
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UCTIONB3YS. (DYHKLHIO CTOMMOCTH (HJIM MOTEph). ITO Takke OObIYHO HA3bIBAIOT

cpenHekBagparnaHon omuokoi (MSE).

Cost Function = MSE= 1/2m Y (y -y)? (2.4)
rae
. | — umHACKC 00pasIa,
. ¥ — IPOTHO3UPYEMBIA Pe3yIIbTaT,
. y — (hakTHUecKoe 3HAUCHHE,
. M — KOJUYECTBO 00PasIiOB.

B xoHeuHOM HTOTE 11€JIb COCTOUT B TOM, YTOOBI MUHUMU3UPOBATH (PYHKIIUIO
3aTpar, 4ToObl TapaHTUPOBATh MPABUILHOCTH OTJIAJIKM/OOYUYEHHS] aJIrOpUTMA JJIs
moboro manHoro HaOmrogeHus. [lo Mepe Toro, kak Mojellb KOPPEKTUPYET CBOU
BECa W CMEIIEHWE, OHA MCHOJb3yeT (QYHKUHIO CTOMMOCTH U OOydYeHHE C
MOJIKPETIEHUEM, YTOOBI JJOCTUYb TOYKH CXOJMMOCTH WJIM JIOKAJIbBHOTO MUHUMYyMa
[29]. TIpomecc, B KOTOPOM ajIropuT™M KOPPEKTHPYET CBOHM BECa, OCYIICCTBISCTCS
IIOCPEACTBOM TPAIMEHTHOTO CIIyCKa, YTO TO3BOJSET MOJENU OIpPENEHATh
HaIpaBJeHUE, B KOTOPOM CIIEIyEeT JBUTaThCs, YTOOBI YMEHBIIUTHh ONIMOKHK (WK
MUHUMU3UPOBATh (YHKIMIO CTOMMOCTH). B kaxjaom mnpumepe oOydeHUs
napamMeTpbl MOJIETTM HACTPaWBAaIOTCA TaK, YTOOBI IOCTENEHHO CXOJMUTHCS K
MHHUMYMY.

Loss

/ Starting point

l Value of weight

Point of convergence, i.e.
where the cost function is
at its minimum

Pucynok 2.2— [Ipumep nmoka3bpIBaroINil B3aUMOCBSI3b IOTEPh U 3HAUEHUI BECOB

MCIKAY 3HAUCHUAMU
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BonbmnHCTBO rTy0OKMX HEHPOHHBIX CETe MMEIOT MPSIMYIO CBSI3b, TO €CTh
OHHM JBWXKYTCA TOJBKO B OJHOM HAampaBIEHUH, OT BXOJa K Bbixonay. OmHako
MOKHO OOYYHTh MOJEJNb C MOMOIIBI0 OOPATHOTO PACHpPOCTPAHEHUs OLIMOKH; TO
€CTh JBUTaThCsl B IPOTHUBOIIOJIOKHOM HAIPABJIEHUH OT BbIBOJA K BBOy. OOpaTHOE
pacipoCTpaHEHUE IO3BOJIAET BBIYMCIUTH M NPUIKCATH OIIMOKY, CBSI3aHHYIO C
KaXXIbIM HEHPOHOM, YTO IO3BOJISIET COOTBETCTBYIOIIMM OOpa3oM HAaCTPOUTh U

II0JIOTHATH TTapaMeTpbl Mojienn (Mojeneit) [22].
2.4 I'padoBrie Heiiponnsbie cetu (GNN)

2.4.1 Teopus rpagos

I'pad — cTpyKTypa HJaHHBIX, COCTOSIIAS W3 JABYX KOMIIOHCHTOB: BEPIINH U
pebep. OH ucmonp3yeTcss Kak MaTeMaTHYecKas CTPYKTypa /I aHajdu3a MMapHBIX
WM OMHAPHBIX OTHOIICHUH MeX Ty oObekTamMu U cyrHocTssMu [48]. OObruHO Tpad,
noka3anHblii Ha Pucynke 2.3, onpenenstiercs kak G = (V, E), rae V — ato Habdop

y3710B, a E — pebpa Mex 1y Humu.

-

@
G =(V,E)

Pucynok 2.3 — Ilpocroii rpad [8].

I'pad wacro mpencraBinen marpurieii cmexknoct A. Ecmu rpad umeer N
y31m0B, To A wumeer pasmepHoctb (NXN). MHorma mpemocraBisieTcs maTpuila
MIPU3HAKOB JUIsl onMcaHus y370B Ha rpade. Ecnu kaxawiil y3en umeer F HOMepoB

dyHKIMIA, TOr1a MaTpuIa mpusHakoB X umeet pazmep (NXF).
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2.4.2 CnoxHocTh aHaan3a rpagos

Jlns mpousBosbHOTO Tpada, Kak MpaBUIIO, HENb3s MOCTPOUTH MOJEIbh B
TPEXMEPHOM  €BKJIMJIOBOM  IPOCTPAHCTBE. OJTO 3HAYUTENIBHO  YCIIOKHSAET
MHTEPIPETAIMIO JAHHBIX rpada MO CPaBHEHUIO C JPYTMMU THUIIAMU JAHHBIX,
TaKMMH KaK BOJHBI, U300pa)KECHHS T CUTHAJIBI BPEMEHHBIX PATIOB ((TEKCT)» TaKXKe
MOXHO paccMaTpuBaTh KaK BpPEMEHHBIE PsiZibl), KOTOPHIE MOXKHO JIETKO
npeAcTaBuTh B jaBymepHoM (2-D) wimm  Ttpexmeprom (3-D) eBkimaoBom
IPOCTPAHCTBE.

Bo-BTophix, rpad He umeer dukcupoBanHoil dhopmbl. ['pad A (puc. 2.4) u
rpadp b (puc.2.5) UMEIOT COBEpIICHHO pa3HYK CTPYKTYPY ¥ BH3YaJIBHO
pazmuyatrorcsi. Ho mnpu mpencraBieHUMM KaxAoro M3 3THUX TIpadoB MaTpuien

CMCKHOCTH ITIOJIYIHUM OI[HH&KOBBIﬁ pe3yiabTarT (GCJ'II/I HC YUUTBIBATH BCC p€6€p)

Pucynok 2.4 — I'pad A [8]. Pucynok 2.5 —I'pad b [8].

PaccmoTpennnie rpadpt A u b HETpYIHO BU3YyaTu3UpOBaTh I TabHEHIIICH
uHTepnpeTanuu. Eciu pazmepHocTh rpada BeluKa, T.€. OH BKJIIOYACT COTHU WIIU
TBICSIYM Y3JI0B, W Y3Jbl IUIOTHO CIPYIIHUPOBAHBI, TO 3TO CHJIBHO 3aTPYIHSET
noHuMaHue rpada, ero Bu3yanuzanuio. [loaromy oO0y4uTh MammHy 3TOH 3a7ade
cinokHo. Ha pucynke 2.6 mokasan rpad, MOAeTUpyrONUi JTOTUUYECKUE BEHTUIIN B

UHTErpanbHoi cxeme [52].
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Pucynoxk 2.6 — Ilpumep rurantckoro rpada [26].

2.4.3 TlpenmyuiecTBa rpadoBoro npeacraBjieHus JAaHHBIX

[lepeuncnumM NpUYUHBI, TIO KOTOPHIM OTHAeTCs MPEAnoYTeHHe padbore C

rpagamu:

1.T'padnr oOecrneunBaroT Jydimuii crnocod padOThl C aOCTpaKTHBHIMU
NOHATUSAMHU, TaKUMU Kak OTHOLIEHUS U B3auMojehcTBUs. OHHU Takxke
NpeTaraloT MHTYUTHBHO-BU3YAIBHBIA CITOCOO OCMBICTICHHS 3TUX KOHIISIIIIHIA.
['padpl Takke COCTABISAIOT €CTECTBEHHYIO OCHOBY ISl aHAJIM3a OTHOIICHUHN B
COIMaAILHOM KOHTeKcTe [41].

2.I'padppr  morytr pemarb Oojiee CIOXHBIE NPOOJIEMBbI, YIpoLIas
npobiemMbl 10 ©Oojee TPOCTBIX TMPEACTABICHUN WM TMPEoOpa3OBBIBas

po0JIeMbI B IIPECTABIICHHUS C pa3HbIX TOYeK 3penus [41].
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3.Teopur W KoOHUENUUH TpadoB HCIONB3YIOTCA AN M3YYCHHUS U
MOJCIIMPOBAHNS COLMAJIBHBIX CETEW, MOJENECH MOLICHHUYECTBA, MOJEIEH
HHEPronoTpeOIeHNs, BAPYCHOCTH U BIUSHUS B COLMAJIBHBIX CETSAX. AHaIu3
cormanbHbix cereil (SNA), BeposTHO, caMOe M3BECTHOE MPUIIOKEHHUE TEOPUU

rpadoB [JIsl HAYKU O AaHHBIX [41].

2.4.4 TpaauumoHHbIE MeTOAbI aHAJIN3a rpadoB

TpamunoHHBIE METOJbI aHaiu3a TIpadoB OCHOBAHBI Ha CJEAYIOIINX

aIroOpuTMax:
1. JITOPUTMBI TOMCKa, Harpumep, BFS, DFS
2. ANTOPUTMBl KpaTYaulIero IyTH, HANPUMEpP, aJIrOpUTM JIeHKCTpbI

(6mmkatitrero cocena)

3. aJrOpUTMBI CBA3YIOIIETO JepPeBa, HAIPUMeEp, alropuT™ IIprma

4.  MeTonbl KIaCTepPHU3alK, HAlIPUMED, BHICOKOCBI3HBIE KOMITOHEHTHI, K-
cpennee [24]

OrpaHnyeHre TaKUX alTOPUTMOB COCTOUT B TOM, YTO HEOOXOIUMO TIOIyYHUTh
HpeIBapUTEIbHbIE 3HAHUSA O rpade C OMIPEIEIEHHOM CTENEHBI0 YBEPEHHOCTH,
IPEKIE YeM TOJYYHTCS MPUMEHHUTH aaropuT™. JIpyrMMHU CIOBaMH, 3TO HE JaeT
BO3MOKHOCTH U3y4HTh caM rpad. M camoe riaaBHOE, HET BO3MOKHOCTH BBIITOJHHTE

KiaaccuuKaIuio Ha ypoBHe rpada [28].

2.4.5 I'padoBasi HelipOHHAS CETh

I'padoBast HeilpoHHast ceTb — O3TO HEHPOHHAsE CETh, KOTOPYIO MOKHO

HCII0JIB30BAaTh B CJIy4dac, KOorjga MCXOAHBbIC HJAaHHBLIC IMPCACTABIICHBI B BUC rpa(ba.
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Takast ceTh MCIONB3YyETCs IS 3a/1a4 MPOTHO3MPOBAHKS HA YPOBHE y37a, YPOBHE
Kpast 1 ypoBHe rpada [36].

B nuteparype npeacrtaBieHsl B OCHOBHOM TpHU THIA IpadoOBbIX HEUPOHHBIX

CeTeu:
1. PexyppenTtHas rpadoBas HEMpOHHas CETh
2. [IpocTpaHCcTBEHHAsI CBEPTOYHAS CETh
3. CrnekTpasnbHasi CBEpTOUHAS CETh

Nutyunus rpadoBoii HEMPOHHOHW CETH B TOM, UYTO Y3JIbl €CTECTBEHHBIM
0o0pa3oM OMpEeNeNsoTCS CBOMMHU COCEIsIMU M coeauHeHusMu. ClemoBaTeNbHO,
COCeIM y3J1a M COCIUMHEHHS C COCEISIMH OINPEACIAIOT KOHIEHIMIo y3na [27].
[TosTOMYy B HEHpPOHHBIX I'paOBBIX CETIX KaXIOMY Y3Iy 3amaeTcs coctosaue (X),
YTOOBI MPEJACTaBUTh €r0 KOHIICHIHIO. MOYKHO UCIOJIB30BaTh COCTOSHHE y3ia (X)
JUIA TIOJydeHHs: BbIBoJa (0), TO ecTh perreHus o kounernuuu [39]. Koneunoe
cocTosiHHE (Xp) y371a OOBIYHO Ha3bIBaeTCs «BHEAPCHHEM y3ia». 3anada Bceir GNN -
OTIPECIUTD «BJIOXKEHUE Y3JIa» JUIS KOKIOTO y3Jia, pocMaTpuBas HHPOPMAIIUIO O

ero COCEIHUX y3JIax.

2.4.6 PexyppentHas rpagoBasi HelipoOHHAs ceTh

PexyppeHTHass HeWpOHHAs CEThb IOCTPOEHA HAa OCHOBE Teopembl banaxa o
HETOJBMKHOM Touke. Teopema banaxa O HEMOJIBMKHOM TOYKE YTBEPKIAET, YTO:
[Tycts (X, d) - momHOe Merpuueckoe mpoctpancTtBo U mycth (T: X — X) —
ckuMatomee oroopakenne [45]. Torma T MMeeT ¢IMHCTBEHHYIO HEMOIBHIKHYIO
TOYKY (X*) ¥ u1s JIF000T0 X € X MOCIeI0BATEIBHOCTD T (X) IPU N — 00 CXOIUTCS K
(X*). DTO 03HAYaeT, YTO €CIU NPUMEHUTh K X oToOpaxkenue T K pas, XX momkHo

ObITH TpubIM3uTEnBLHO paBHo XKD, To ecTh:

Xi=T(X1), k € (1,n) (2.5)
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PexyppenTHas HElpOHHAs CETh OMPEEIIAET MapaMeTPU30BaHHYIO (YHKIHIO

Xn=Fw(ln, Ico[n] yXne[n] Ine[n]) (2.6)
rie In, leo, Xne, Ine TIPEICTABISAIOT XapaKTEPUCTHKU TEKYIIEro y3ia [N], kpas

y3J1a [N], COCTOSHUE COCEHUX Y3JI0B M XapaKTEPUCTUKH COCEIHUX y3II0B [44].

X5

x1= fo (1 2y 13,1y s Ly e, 1) X2 X3 X4, X6, B 13, 1y L B )
~
[co[]] X nell] lne[m’

Pucynox 2.7 — Unnroctparuisi OOHOBJICHUS! COCTOSIHUS y3J1a HA OCHOBE

uHpopmaiuu o ero cocensx [11].

Hakownerr, nociie K ureparuii KOHEYHOE COCTOSIHUE Y371 HUCIOJIb3YETCS JIIsI
CO3/1aHMSI BBIXOAHBIX JAHHBIX JJI PUHATHUS PEUIeHUs 10 KaxaoMy y3iy (Pucynok

2.7). ®yHKIMSA BBIBOJIA ONIPEICIACTCS KakK:

On:gw (Xn,ln) (2-7)
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2.4.7 IIpocTpaHCTBEHHAsS] CBEPTOYHASA CETh

WuTynius ceTd MpOCTPAHCTBEHHOM CBEPTKU aHAJIOTMYHA WHTYWUIIUU CETH
CNN, «kortopas Hambojee YacTO HCIOJB3YeTCS TMpPH  pPEIICHUH  3ajad
KJaccH(pHKAIMK U CeTMEHTAIMK n300pakenuii [32].

Wnest cBepTKH H300paKEHHUsI 3aKIIOYAETCS B CYMMHPOBaHHHM COCETHHX
NMUKCeNed  BOKPYI  IEHTPAIBHOTO  TMHKCENs, 3aJaHHOr0  (QUIBTPOM  C
HapaMeTpU30BaHHBIM pa3MepoM u oOydaembiM Becom [35]. IlpoctpaHcTBeHHAs
CBEPTOYHAS CETh UCTIOIB3YET Ty )K€ UCI0, 00BeANHSSA (PYHKIINU COCETHUX Y3JIOB B

LHEHTPAIbHBIN y3€l.

[XIXIXT W\
XIX] ——)

Pucynox 2.8 — Cseptka rpados (CreBa: cBepTKa Ha OOBIYHOM Tpade, TAKOM Kak

u3o0pakenue. CripaBa: CBEpTKa MPOU3BOJILHOU CTPYKTYphI rpada) [23].

2.4.8 CnekTpajibHasi CBEPTOYHAS CETh

CrnexTpanbpHasi CBEpTOYHAsI CE€Th MOCTPOCHA HAa OCHOBE TEOPUHM OOpabOTKHU
CUTHAJIOB rpada, myTeM YIPOIICHHS U NMPUOJIMKeHHs cBepTKU rpada [7].
Ha ocHoBe mnonuHoMuanibHOrO TpubIMKeHus YeOwImieBa, cBepTKy rpada
MO>KHO YTIPOCTHUTH JI0 CIEAYIONIETO BHUIA:
Jo * X = Y K=o OKTK(A) (2.8)
[Tocne nmaneueitmero ympomenuss GCN npennmaraeT ABYyXypOBHEBYIO
CTPYKTYpY HEHPOHHOM CE€TH, KOTOPYIO MOKHO OIMCATh OJTHUM YPaBHCHHEM:

Z=f(X,A)=softmax(A Relu(A XW@)ww®) (2.9)
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rae A - 3To mpenBapuTeIbHO 00paOOTaHHBIN JIaIUIACHaH UCXOAHOW MaTPHIIBI
cmexHocTa rpada A [20].
JlanHast hopmyIia — 3TO OOBIYHO HCIIOJb3yeMasl ABYXYPOBHEBAsI CTPYKTYpa,

HO B 3TOM CJTy4ae OHa CIYXKHT CBEPTKOU rpada.

0|1(1

Pucynoxk 2.9 — IIpumep rpacda ¢ xapakTepuCTUKOM, HA3HAYCHHON KKIOMY Y3ITy

[53].

[IpenmnonoxuMm, y Hac ecthb npoctoit rpad c¢ 4 yzmamu. Kaxxmomy uz stux
y3JI0B Ha3HA4YaeTCsl MaTpulla MPU3HAKOB, Kak Moka3zaHo Ha Pucynke 2.9. Jlerko

MOJIYYUTh MAaTPUIy CMEXHOCTU rpada u mMarpuiy (yHKUUN, KaK MMOKAa3aHO HIKE

[34]:

1(1(110 11010
111110 0|10
1|11 (1 0|01
0|01 |1 0|11
Adjacency matrix (A) Feature matrix (X)

Pucynok 2.10 — IlpumMep MaTpuilsl CMEXHOCTH M MaTpHIIbl ipru3HaKkoB [40].
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JInaroHanb MaTpHIlbl CMEKHOCTH HAMEPEHHO HM3MEHeHa Ha «l», YTOOBI
N00aBUTh TETNIIO Ui Kakmaoro ysna [9]. DTo momkHO BKIIOYATH (DYHKIIHIO

Ka>Xa0ro y3ja, KOrJa BbIIMOJHACM aIpCrupOBAHUC (bYHKHI/IfI

AXX =H

R

 Fo—
—

1
0
0

1|0
1|0
111
1|1

= O|R=| O
== OO

111
111
111
010 0

O|lR (k= |k=
=N = =
NN | =

hi1 =A11X11+A12X01 +A13X31 +A14X44

hyip; =A11X12 +A12X0, +A13X3, + A14X47
hi3 =A11X13+A12X53+A13X33 + A14X43

Pucynox 2.11 — IIpumep cBeptku rpada yMHOKEHHUEM MaTpuIl [46].

Pe3ynbrar yMHOXKEHUS MaTpull MOKa3aH B CaMOW NIPaBOM MaTpHIIE.
PaccmoTpuM Ha mpumepe NpUBEACHHYI0 OCOOCHHOCTH IepBoro ysna. Herpyano
3aMETUTh, UTO PE3yJbTaT MPEICTaBIAEeT COO0N CyMMYy BCEX XapaKTepUCTHK y3ia 1,
BKJIIOYasl PYHKIMIO caMoro y3ia 1, a GyHKiuu y3ia 4 He BKIIIOYAKOTCS, TOCKOJIBKY
OH He sBJIsteTcs cocenoM y3na 1 [15]. Marematndecku MaTpuiia CMEXKXHOCTH rpada
UMeEeT 3HaueHue «1» ToJabKo npu Hamuuuu pedpa u «0» B IPOTUBHOM ciiydae. ITo
JieNaeT MATPUYHOE YMHOXKEHHE CYMMOM XapakTepUCTHK Y3JI0B, KOTOpPbIE
MOJIKJIFOYEHBI K OTIOPHOMY Y3I1y.

CrnenoBarenbHO, CIEKTpalibHAs CBEPTOYHAs CETh M MPOCTPAHCTBEHHAS
CBEpPTOYHAsl CETh, MMEs PA3JIMYHBIE OCHOBAHMS, HCHOJB3YIOT OJHO U TO XK€
npaBuIIo pacrnpocTpanenus [47].

Bce noctynHble B HacTosiliee BpeMsi HEHPOHHbBIE CETU CBEPTOUYHBIX rpadoB

UCTOJB3YIOT OAUH U TOT e ¢opMmaT. Bce oHM MBITAIOTCS U3yYUTh (PYHKIMIO IS
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nepenaun uHdopmanuu 00 y3ne u OOHOBJICHUS COCTOSHUS y3ja C TOMOIIBIO ATOTO
nporiecca nepeaaun cooomenui [59].

JIrobast rpacdhoBasi HEHPOHHAsSI CETh MOXET OBITh BBIPAXKCHA KaK HEHpPOHHAs
cetb (J. Gilmer et al., 2017) ¢ ¢yHkmei nepemxaun coodmeHnn M, QyHkIHIeH

o6HoBIenus y31a H'*! u dynkuumeit cunTeiBanus Y.

m*=M(H',A) (2.10)
H*1=U, (H' m'*Y) (2.11)
y=R(H") (2.12)

2.4.9 ®ynkuuu GNN

[IpoGaemsbl, kotopbie pemaer GNN, MOXHO yCIOBHO pa3nenuTh Ha TpH

kareropuu [17]:

1. Knaccudukarms y3mnos
2. [Iporuo3upoBaHue CChbUIOK
3.  Knaccuduxamms rpados

[Ipu knaccudukanuu y3jioB 3agadya COCTOMT B TOM, YTOOBI NpEICKa3aTh
BHEJPEHHE y3J1a JUIS KaKIOro y3ia B rpade. IToT THUI 3a7a4 OObIYHO oOydaercs
TIOJTY-KOHTPOJIMPYEMBIM CITOCOOOM, KOTJa TOMEYEHa TOJILKO 4acThb Tpada [31].
TunuuHble TOPUIOKEHUS Ui KJIACCM(UKAMU  Y3JIOB  BKJIIOYAIOT  CETU
uTHpoBaHus, coodmeHus Reddit, Buaeo Ha Youtube u oTHOIICHUS ¢ IPYy3bIMH B
Facebook.

[Ipy mporHO3WpPOBaHWM CBS3M 3ajJadya COCTOUT B TOM, YTOOBI TIOHATH
B3aMMOCBSI3b MEXKAY 00BeKTaMUu B rpadax W MpeAcKa3aTh, €CTh U MEXKIY IBYMS
o0BbeKTaMu cBA3b. Hamprumep, peKkoMeH1aTeIbHYI0 CUCTEMY MO>KHO paccMaTpuBaTh
Kak TpoOJieMy TPOTHO3MPOBAHHS CCBHUIOK, TJA€ MOJCIM JaeTcs Habop
MOJIb30BATENILCKUX 0030POB PA3NUYHBIX MPOAYKTOB, 337a4a COCTOUT B TOM, YTOOBI
IpeacKa3aTh NPEANOYTeHUs IOJIb30BaTeNed M HACTPOUTh PEKOMEHATENbHYIO

CHCTEMY JIJIS IPOJIBOKEHHMSI 00JIee PeJIeBaHTHBIX POAYKTOB [42].
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[Ipu kmaccupukanmu TpadoB 3ahaya COCTOUT B TOM, UTOOBI
KJacCu(UIIMPOBaTh BeCh Tpad MO PA3NMUHBIM KATETOPUSM. IJTO TOXOXKE Ha
KJ1accuuKaIio n300pakeHui, HO 1IeJIb MeHsieTcsl Ha o0nacTh rpada. CymiecTByer
IMIMPOKUI CHEKTP MPOMBIIUICHHBIX 3a]a4, B KOTOPBIX KiacCHpUKaius rpadon
MOJKET TIPUMEHSTHLCS, HAPUMEpP, B XUMHUH, OMOMETUITNHE, (PU3MKe, TAe MOJeIH
3a7aeTcsa MOJISKYIISIpHAsl CTPYKTypa M Tpejyiaraetcs KiacCHu(pUIMpoBaTh Ieb 10
3HAYMMBIM KaTeropusiM [56]. DTo yckopsieT aHa3 aTomMa, MOJICKYJIbI WIIH JTFOOBIX

JIPYTUX TUTIOB CTPYKTYPUPOBAHHBIX TAHHBIX.

2.4.10 HexoTopble peajibHble IPUMeHEHHUA

GNN 6 o6pabomke ecmecmseernno20 A3blKA.

GNN mpoko ucnosb3yercst B 00padoTke ecrecTBeHHOTO si3bika (NLP). Kak
IPaBUJIO, YEJIOBEK AYMAET, YTO TEKCT JIOJIKEH OBITh TUIIOM MOCIIEI0BATENbHbIX WIN
BPEMEHHBIX JaHHBIX, KOTOpbIe Jydire Bcero onuchiBatores RNN wim LTSM [14].
GNN mnogxogut k mnpobieme ¢ coBepiieHHO apyroi Touku 3penus. GNN
UCTIOJIb3yeT BHYTPEHHHE OTHOIIEHUS CIIOB WJIM JOKYMEHTOB Ui TpEICKa3aHus
Kareropuii. Hampumep, ceTh UMTHPOBaHHS TBITAETCS MPEACKA3aTh JTUKETKY
KaXJ0M CTaTbU B CETH, 33/1aBAEMYyI0 COOTHOLICHHEM LUTUPOBAaHUS CTaTbU U
CIIOBaMH, KOTOPBIE IUTHUPYIOTCS B IPYrUX cTaThsiX. OH TaK)Ke MOXET MOCTPOUTH
CUHTAKCUYECKYI0 MOJEJb, paccMaTpuBasi pa3Hble YacTH MPEIJIOKEHHUS BMECTO
yucTo IocneaoBaTelbHbIX, Kak B RNN min LTSM.

GNN 6 komnvromepruom 3penuu (CV).

Mmuorue meronbl, ocHoBaHHbIe HAa CNN, MO3BOJISIOT C BHICOKONH TOYHOCTBIO
OOHApYXUTh OOBEKT HA M300pPAKEHUSIX, HO BCE K€ HE JAIOT TOYHOIO 3HAHUS O
B3aMMOOTHOILICHUSX MEXTy oObekTamu. OnHo u3 ycnemHnbix npumeHennii GNN B
CV — ucnonb3oBanue rpadoB 1751 MOJECIUPOBAHUS OTHOIICHUH MEXTy 00bEKTaMH,

obHapyxeHHbiMH JeTekTopoM Ha ocHoBe CNN [33]. Ilocime Toro, kak 0OBEKTHI
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oOHapyXeHbl Ha H300pakeHUsiX, oHu 3areMm mnepenatorcsi B GNN-BbBon st
NpeCcKa3aHus B3aUMOCBA3H, Kak 1MokazaHo Ha Pucynke 2.12. PezynpraToM BbIBO/IA
GNN sBnsiercss creHepupoBaHHBIN Tpad, MOACIUPYIOMIMK OTHOIICHUS MEXIY

Pa3 IM9IHbIMU 00BEKTaMH.

image object proposal scene graph

CNN+RPN

Pucynok 2.12 — Co3nanue rpada cuessl [55].

B CV cymectByer BO3MOXKHOCTH CO3MaHHS HM300pPaKCHUM W3 OMHMCAHHMA
rpadoB. TpaaguMOHHBIN CIIOCOO TeHEepaluy N300paXKEeHU - 3TO TeHepalys TeKCTa
B u3o0Opaxkenue c¢ ucnosb3oBanueM GAN wmm aBroxomupoBmuka [57]. B CV
BMECTO HCIOJIb30BAaHUSI TEKCTa JJIsl OMUCAHUS M300pakeHus1, co3maercs rpad s
n3o0paxxkenus. OH mpenocrasisieT Oosblie HHGOPMAIMM O CEMAHTUYECKHX

CTpyKTypax uzoopaxkenuii (PucyHnok 2.13).

Graph
Convolution

Layout prediction 1.~

man < rightof <= man

) +
throwing  boy <= behind
+ 4

frisbee on == patio

Input: Scene graph Object Scene

features layout ‘ Cascaded Refinement Network Output: Image

Pucynox 2.13 — M3o06pakenne creHepupoBaHo u3 rpados ciensl [13].
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Obyuenue ¢ Hy1e8bIM BLICMPENOM

OOydeHrne ¢ HyJeBbIM BbICTpenioM (ZSL). ZSL mbITaeTcss HayduThCS
KJIacCCU(PUITMPOBATH KJIacC, HE YUUThIBas 00yJaromnX BEIOOPOK (I1€EBBIX KJIACCOB).
OTo TpymoemKas 3ajada, IOTOMY YTO, €CJIM He OBLIO JaHO 00YyYaromuX BBIOOPOK,
HY)KHO TIO3BOJIUTH MOJICIH <«JIyMaTb» JIOTHYECKH, YTOOBI pAaclo3HATh IIEJb.
Hamnpumep, ecnu ganel Tpu n3o0pakeHusi (Kak mokazaHo Ha Pucynke 2.14) u
HY>KHO HalTH Cpeu HUX «OKamm». BO3MOXHO, 4ETOBEK paHbIIe HE BUACI «OKAITH»
[51]. Ho eciu Obl emy Takke ObLTa IpemocTaBicHa HH(pOpPMAIHS O TOM, YTO
«OKammm» — 3TO KUBOTHOE C OJICHBUM JIMIIOM, YETBIPhMS HOTAMH W TIOJIOCATOMN
KOKEH, TO HETPYTHO BBIICHUTH, KAKOE W3 TPEACTABICHHBIX >KHBOTHBIX «OKATIH.
Tunu4Hble METOIBI — MOJIEITUPOBAHUE ITOTO «MBICIUTEIBHOTO MPOIeccay MyTeM
npeoOpa3oBaHUs OOHAPY)KCHHBIX MPU3HAKOB B TEKCT. OHAKO KOAUPOBKH TEKCTA
HE3aBUCUMBI JIpyr OT JApyra. CJl0XXHO CMOJETUPOBATH OTHOIICHUS MEXKIY

TCKCTOBBIMU OITMCAHMAMM.

Can you find “okapi” in these images?

Pucynok 2.14 — Pacno3HaBaHue HYJE€BOTO BBICTpEIa Yepe3 CEMaHTHUECKUE

BJIO’KEHUS U rpadbl 3HaHui [18].

GNN 6 opyeux oomenax

bonee mpaktuueckue npumeneHuss GNN  BkiouyaroT  oOHapyxkeHHE
YeJIOBEUECKOIo MOBEACHUS, YIIPABIECHUE TPAPUKOM, UCCIET0BAaHIE MOJICKYJISIPHON
CTPYKTYpbI, PEKOMEHJIATEIbHYIO CHCTEMY, NPOBEPKY MPOrpaMM, JIOTUYECKOE
paccykJeHue, MNPOrHO3MPOBAHUE COLMAIBHOIO BIHSHHUS W IPEIOTBpAILCHHUE

BpaxneOHbIX atak [43]. Hike mokasa rpad, MOACTUPYIONINI OTHOMICHHUS JIIOCH
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B comuanbHOi cetn. GNN MoOXXHO npuMeHATH IS OOBEIUHEHUS JIOJEH B

pa3IUYHbBIE TPYIIHI COOOIIECTBA.
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3 MIPUMEHEHHUE TEOPUU I'PA®OB IIPU PACYHETE
TEXHOJOI'MYECKUX XAPAKTEPUCTUK PABOTBI CKBAKUH

UToOBI MpeacTaBUTh JAaHHBIC THAPOJNHAMUYECKON MOJACIN B YIOOHOM IS
«Pythony» u «PyTorch Geometric» Buje ncrmolib30Bajiach MOJEIb rpada.

[Ipu dopmupoBaHuM KiIacTepa JaHHBIX, KOTOpPhIE B  IOCIEICTBHUE
UCTIONB30BAINCh IS HANUCAaHWs KoJa, TpeOOoBaIOCh OOO03HAYUTH KaXKIYIO
CKBOKUHY M HMX COCAMHEHHS HOBBIM HHACKcoM/HOMepoM (Pucynok 3.1-3.2).
CKBaXWHBI pacCMaTPUBAEMOT0 YYaCTKa MECTOPOXKACHUS TPEICTABISLINCH B BUC
y3JI0B MIPOHYMEpOBaHHOTO Tpada. Pebpa rpada xapakTepu3oBaiu B3aMMOCBS3U
MEXKTy CKBOKWHAMHU, OIIPEICTICHHBIC U3 MPEATIOI0KEHHS, YTO KaXKAasi N3 CKBaKHUH

BJIUSIET HA TApAMETPhI pabOThI OJIMKAUIINX K HEM.
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Pucynok 3.1 — Mogensb 10 nepe-o603HaueHusl.
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Pucynoxk 3.2 — Mogens miociie repe-o003HaueHus (B YepHBIX KBaJpaTax HoMepa

CBSI3€H MEXy CKBaXKMHAMHM, B O€JIbIX KBaJpaTax HOMEpa CKBAXKHH).

Crnenyroium 3TanoM MOCTPOCHUSI HEUPOHHOM ceTH ObLIO CO3/1aHNE MacCHUBa
JTAHHBIX, XapaKTEPU3YIOIINE CBOMCTBA KOJUIEKTOpA BOJIM3U KAXKIOW U3 CKBXHUH U
pexuMbl ux padoTsl. OH co37aBalics MO CPe/ICTBAM aHAJIN3a UCXOAHBIX JJAHHBIX IO
SRM-6. B ocHoBe Teopernueckoii 6a3pl METOJAMKH U JIOTHKUA MOCTpOeHus rpada
JexaT paboThI 1O MpeACcKa3aHuio J0poxHOro Tpaduka [9,32].

MaccuB JaHHBIX COCTOMT W3 JaHHBIX JJi1 O0Oy4eHHUs] HEMPOHHOU ceTH — 5
cratudeckux napametrpoB (Tabmmia 3.1) u 1 nuHaAMUYecKuit — 1eOUTHI MO KaXK10M
n3 ckBaxuH. CraThuueckue HE MEHSAITCS B TMPOIECcce pacuera CeTd, a
JTUHAMUYECKUN MEHSIETCS U SIBJISCTCS PSIZIOM JAHHBIX, HA OCHOBE KOTOPBIX MOKHO

B KOHIIE CJI€JIaTh 3aKJII0YEHUE O TOYHOCTH HEMPOHHOM CETH.
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Tabnuna 3.1 — Cratudeckue mapameTpsbl 1O MIECTH CKBAKUHAM

P1 P2 P3 11 12 13

X 17 13 8 12 19 7
y 7 12 9 4 12 14
Porosity 0,180/ 0,181 0,177 0,172 0,171 0,174
Permeability 54,16 58,82 44,03 38,63 35,11 39,40
Saturation 0,462 0,672 0,668 0,345 0,098 0,261

C uenplo MoJydeHUsI KOPPEKTHO paloTaroliel HeMpOHHON CETH, TOMUMO
JAHHBIX I €e OOydeHHus, JOHKEH ObITh MacCUB JaHHBIX JJIS TPOBEICHUS
TECTUPOBAHUS/CBEPKU €€  MpecKa3aTeibHOM  CrocoOHOCTH  (TIpOBEpOYHas
BBIOOPKA).

B kauectBe oOyuaroieil BHIOOPKH OBLIO B3ATO MEPBBIE IMIECTH JIET JOOBIYH
u3 mojenu SRM-6, a kauecTBe IPOBEPOYHON BHIOOPKH — TOCICTHUHN (CEaBMON)
rof noObruu. JlaHHble Tpenenbl OOYCJIOBIEHB MaKCUMAJIbHO BO3MOXKHBIM
pa3MepoM MacCuBa JaHHBIX W3 MMEIOIINXCS, KOTOpPhIE MOTYT MOCIYXHUTh
oOyuaronieil BEIOOPKO#, a Takxke 00s13aTeNbHOE HAIUYUE MPOBEPOYHON BBIOOPKH,
KOTOpas TaKkKe JI0JDKHA OBITh IOCTATOYHO PENPE3CHTATUBHOM.

Jlns mepBoit peain3aliiii METOAUKHU OBbLIO B3ITO MUHHUMAJIBHO BO3MO>KHBIN
pa3Mep MaccuBa JIAHHBIX, YTOOBI MPU YCIEIIHOM €€ MPUMEHEHUH B JaJbHEUIeM
YCOBEPILIEHCTBOBATh M MOYKHO OBUIO YBEIMYUTHh pa3Mep BXOJHOTO MacCHBa
JIAHHBIX, TEM CaMbIM MPOJOJDKUB TECTUPOBAHUE M PACIIUPSST BO3MOXKHOCTHU
HEUPOHHOM CETH.

[IpoBepouHOI BBIOOPKOM SIBISJICA TMOCIAEAHUNA TOA JOOBIYM B JaHHOM
MECTOPOXKICHUHU.

Bo Bpemsa peasmzanuu yKa3aHHOWM METOAMKU B paMKax MaruCTepCKOU
JUCCepTAallMM HE YAAJOoCh JIOBECTH JIO 3asBJIEHHOM 1eau, M03ToMy Oblia
MpUMEHEHa JApyras HEUpOHHash CETh, BO OCHOBE KOTOPOW HE JIEKHUT rpadoBOeC
NPEACTAaBICHUE HEUPOHHBIX CETe, HO OHA TakKXKe BBIMOIHACT (QYHKIHIO

IMPOTHO3UPOBAHUA TCXHOJIOTHYCCKUX ITapaMETPOB CKBAXKHUH.
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AKTYalnbHOCTh U MPHUBJIEKATENLHOCTh IPadOBON HEHPOHHOW CETHU OCTAETCA
HEM3MEHHOM, U B OyayIeM AaHHas METOAUKa OyJeT nopaboTaHa U OCYIIECTBIICHA,
a TakkKe IUTaHUpYeTCs Tiy0xke paccMOTpeTh (U3HUKY I1acTa U Pean30BaTh
METO/IMKY, KOTOPasi YYUTBHIBAET CBS3b CKBAKUH KaXKJI0M C KaXIOU.

B peanuzoBaHHy10 HEHPOHHYIO CETh 3a/1a€TCSI MACCUB JaHHBIX MO JOObIYE B
TEUEHHE IIECTH JIET, KaXKJIOMY HEHPOHY YyCTAaHABIIMBAETCS CIIy4alHBINA BEC, 3aTEM
Ha4YMHAeTCs OO0y4YeHHe C METOJOM OOpaTHOTO pacmpocTpaHeHusl ommoOku. B
cillydae €clid TOYHOCTh MpelIcKa3aHus MalleHbkasi oOpaTHOE pacrnpoCTpaHEHUE
BO3BpAIAeTCA K | CJIOK0 HEMPOHHOW CETH U MEHsAET Beca. DyHKIHUS aKTUBALIMH,
KOTOpas TOBOPUT O TOM, KaKW€ HEUpOHbl HAYMHAIOT padoTaTh — CUTMOMJA

(Pucynok 3.3).

1 T T T T —F
B.9 = -
B.83 =
B:.7 [ =
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Pucynok 3.3 — Curmouna uin GyHKITUS aKTUBAIIUU

ITocKOJIBKY HEMpPOHHAsI CETh 10 CBOEMY HAIOJHEHHUIO KOAA OTIIMYAECTCSA OT
MIPEANOJIAraeéMON B 3asBJICHHOM METOJIE, TO KOJMYECTBO 30X MOXKET JOCTUTaTh
JNecATKH Thicad. Ha BpIXOAEe monydaeM MNOpencKa3aHHbIE AaHHBIE HAa OCHOBE
TPEHUPOBOYHOIO MACCUBA, KOTOPHIM B MOCJIEACTBUU CPABHUBAETCA C HCTHHHBIMU
3HAQUEHUSIMH JUISL  ONPENENEHUS TOYHOCTH MPEACKA3aHHbIX JaHHBIX Ha
MIPOBEPOYHOM BHIOOPKE.

Ha Pucynke 3.4 oTpaxeHa TOYHOCTb TEKyIlel HEWPOHHON CeTH Ha

oOyyaroiiel U TecToBOM BBIOOpPKax B mpoliecce oOyudeHus, a Ha Pucynke 3.5
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MOKa3aHbl 3HA4YEHHUs JeOUTOB, KOTOpPhIE OHAa MPOTHO3UMPYET Ha oOydaromed u

TECTOBOM BHIOOpKaxX (aHHBIE 30HBI pa3/EICHbI KPACHOMN BEPTUKAIBLHONU YEPTOH).
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Pucynoxk 3.4 — ®yHKIMS OTEPH MpoIecca 00yYeHHs U IPOBEPKHU.
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Pucynok 3.5 — CpaBHeHue nokasatesneil IpOrHO3UPYEMBbIX 1€OUTOB U HCTUHHBIX

OKa3aTeJIen.
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[Ipu mompoOHOM paccCMOTpPEeHHHM CpaBHUTENbHOTO Pucynka 3.5 MOXxHO
3aMETUTh, YTO TIOCJE TEPBOrO CHUKEHHMS M PE3KOro YBEIHYEHHUs T00bIUH,
CBSI3aHHOT'O C BBOJIOM HOBOM CKBa)KMHbI, IEOUT, KOTOPBIN BbIAACT HEHPOHHAS CETh
HAaYMHAET OOJIbIIE OTKIOHATHCA OT UICTUHHBIX 3HaUEHUM. JlaHHOE SBJICHHE CBSA3aHO
C TIONBITKOM HEHUPOHHOW CETH YJIOBUTH CIECAYIOIIWM BBOJ CKBaXUHbI W OHA
JyMaeT, YTO KAXKIOE€ CIEAYIOLIEe 3HAYEHHWE MOYKET OKa3aThbCsi MOMEHTOM BBOJA
HOBOW CKBa»KHHBI.

Bo Bpemss aHanu3a [OaHHBIX OBUIO BBISBICHO, YTO TP HCXOIHOM
MUHUMAJIBHO BO3MOXXHOM pa3Mepe MacCHBa JIaHHBIX, JAHHbBIE MOJYYEHHBIE MpU
3HayeHn#n 3mox oT 1 mo 100 He pempe3eHTATUBHBI, O YeM TOBOPUT BBICOKOE
3HA4YEHUE NIOTPELIHOCTH.

PaccmatpuBast pesnbyTarsl pabOThl HEHPOHHOM ceTH, Il KOTOpPOH
3HaueHue smox paBHO 100 Takxke coxpaHseTCs BBICOKAsl MOTPEIIHOCTh, HO YXkKe
3HAYUTENIbHO MeHbIlIe. YTOOBI onpeaenuTs ya1000puMOe YHCIIO 30X Pa3 3a pa3oM
ObLITM yBEeNMUYMHBI 3HaueHus. Kak pe3ynbrar ObUIO JTOCTUTHYTO ONTHMAJIbHOE
3nauenue B 5000 3mox, MOrpemHocTs Ipu KoTopoii paBHa 21 %.

3aTeM IIpU YBJIEWYEHUH 4YHUCIA JIOX IMOPreIIHOCTh YMEHBIIEAETCs, 4YTO
ABSITIBETCS UAECAJIOM, HO IPY TAKOM 3HAYEHUU BPEMSI pacueTa YBEIUUMBAETCS, €CIH
Ha MCMOJIb3yeMOM MAaCCUBE JIaHHBIX 3TO HE TaK 3aMETHO, TO MPU €T0 YBEINYECHUHO
BpeMsi OyJeT pacTd B TE€OMETPUYECKOW TMPOrpecCHd, NPAKTUUYECKU, Cpaszy
JOCTUTHYB KPUTHUUYECKHU BBICOKOTO.

N3 sToro cimemyer, 4To NpH AalNbHEHIIEM PACIIMPEHUH MAacCHBA JaHHBIX U
MPUMEHEHUU METOJIUKH Ha APYTHX MAcCHUBaX CJIEAYyeT MPUHATh 3HAYEHUE 30X
pasuoe 5000.

[Ipyu OonbIIOM KOJMYECTBE JIMOX MOXET BO3HUKHYTH MpobiieMa
nepeoOydeHrs HEHPOHHOW CeTH, KOrjJa pe3yJbTaT Yepe3MEepHON MOATOHKU
napaMeTpoB MOJIENHU K 3aBUCUMOCTSIM, COJIEpKaIllUMCcs B 00y4aroleM MHOKECTBE.
Ecnu nmpoucxoaut nepeoOydeHue, TO MOJEeNIb HE MPUOOpETaeT CIOCOOHOCTH K

0000IIEHHI0 — BO3MOXKHOCTH PACIPOCTPAHITh OOHApPYKEHHbIE Ha O0yd4arouiem
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MHOKCCTBC 3aBHUCUMOCTH MW 3dKOHOMCPHOCTHM Ha HOBBIC JIdAHHBIC. Hp06HeMa
nepeo6yquH;1 SIBSITIBETCST OOJIBIIINM IMPCIATCTBUEM AJII MAJIBIX MACCUBOB NAHHBIX.

B namem ClIydac OIITHMAJIBHOC YHCJIO 3II0X HC IIOABCPIKCHO JaHHOMY
SABJICHUIO, YTO HOATBCPIKAACTCS HC CIMIIKOM MAaJIbIM 3HAUCHHUCM IIOTPCINHOCTH, a
TAKXKC BHIAWMBIC CKa4KW IIpHU CPABHCHHHW C HWCTHHHBIMH 3HAYCHUAMH, KaK

oOy4aronieil BBIOOPKH, TaK U MPOBEPOUHOM.

3.1 anbHeiine MJIaHbl pa3BUTHSA

B panpHelimem  cToMT TUIyOXke — M3YyUYUTh  (PU3MYECKYIO  OCHOBY
IpEJCTaBICHNUs JAHHBIX MO PabOTe CKBAKMH M CBOMCTBAX KOJUIEKTOpa B BHUJIE
rpadga u mpuMeHeHus K Hemy rpad)oBoil HEHPOHHOW CETH, YTOOBI peaan30BaTh
BHauaje YKa3aHHbIH M OMNHUCAHHBIA B paboTe MOAXO0J, a 3aTeM IMepelTH K
YCIO)KHEHHUIO METOJUMKU M JONOJHUTh HEHUPOHHYIO CETh CIIOCOOHOCTBIO
IpeacKa3aTh MOBEJICHUE CYIIECTBYIOIIUX CKAKUH U WX BIMSHUE APYT Ha Jpyra
OpU YCIIOBUU J00aBICHUS HOBOM CKBa)XMHBI WJIM W3MEHEHHUS peXHUMa paboThl
(I'TM) cymiecTBytouie.

C uwenpto Oosiee KOPPEKTHOIO W TOYHOIO Yy4eTa TeOJIOTMYECKUX
0COOCHHOCTEN M (PU3NUECKUX MPOIIECCOB, MPOXOASIIUX B IJIACTE, CIEAYET yUECTh
pacrpeeHue CBOMCTB B MEKCKBAXKHOM MPOCTPAHCTBE.

O4eBUIHO, YTO MPEAINOJIOKEHHE 00 OJHOPOAHOCTH CBOMCTB MpPEICTaBIsICT
co0Ol OYEHb YIPOUIEHHBIM MOJAXO0J, KOTOPBIH B HEKOTOPHIX CIIy4asX MOXKET
CUMTAThCSI HE(QU3UYHBIM, OJHAKO MPEUMYIIECTBA C TOUKH 3PEHHUS CKOPOCTH H
IIPOCTOTHI aHAJIN3a HEOCTIOPUMBI.

[ToyyeHHast B pe3ynbTaTe MOJENb JI0JKHA YIOBIETBOPSATH TPEOOBAHUSAM:

1. y4eT BCEro MMEIOUIETrocsi 00beMa JaHHBIX O IUIACTE - TE€OJIOTHIO

miacTa, CBOMCTBa (pIon0B, paboTy CKBaKUHBI,
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2. BO3MOKHOCTh MACIITA0MPOBAHKS HA JAPYTHE pacCMaTpUBAEMbIC
MECTOPOKICHHUS.
bescycnoBHO, momaxon c Ooiee TMONHBIM TPEACTATICHUEM pPACTpPEACTHUS
CBOMCTB B IPOCTAPHCTBE MEXKIYy CKBOKHHAMH TOYHEE C TOUYKH 3pEHUS (PU3UKH
IUTacTa, HO TaKke MoTpeOyeT OONBIIEro pacueTHOTO BPEMEHH, HO €r0 YBEIHMUCHHUE
OyZaeT HE3HAYMTETbHBIM, €CIM HCIOJb30BaTh MOIIHYIO BBIUYHUCIHTEIHHYIO
MaIuHy.
Hcxonss w3 Bcero BBINIE CKAa3aHHOTO, B BHJE BXOJHOW WHGPOpMAIUU B

HEHPOHHYIO CE€Th OyIyT NOJArPYXKAThCS CIAEAYIOLINE JaHHBIE:

° Pacnpenenenrie mopucToCTH MO CIOSM MEXK]Ty CKBaXKUHAMH,

° Pacnipenenenne  MNPOHMIITAEMOCTH IO CIOAM  MEXKIY
CKBa)KMHAMU;

° Pacripenenenne HayanbHOW BOJHACBIIIEHHOCTH IO  CJIOSIM

MCKAY CKBa)XWHaMM, KOTOpasa BIOCJICACTBHU 6y1:[eT nepecururada B

He(TeHACHIIIEHHOCTh, Kak SO = 1 — Sw.
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Tabnuma 3.2 — Pacnpenenenue moprucToCTH MO CIOSIM MEXAY CKBaKUHAMU

(Mo BEpTUKAIA — CJIOU MOJIEIH, IO TOPU3OHTATIU — CBSI3U MOJICIIN).

MNopuctocTtb, %
cnown/
1 2 3 4 5 6 7 8 9

CBA3M

1 01474 0,1463 0,1439 0,1408 0,1474 0,1556 0,1556 0,1583 0,1521
2 01776 0,1664 0,1776 0,1708 0,1756 0,1874 0,1852 0,1772 0,171
3 0,201 0,204 0,2022 0,1888 0,1969 0,1974 0,1944 0,202 0,1946
4 0,1947 0,1966 0,1908 0,1854 0,197 0,1892 0,1866 0,1911 0,1954
5 0,18 0,1771 0,186 0,1939 0,1822 0,1816 0,1918 0,1873 0,1876
6 01789 0,1836 0,1827 0,1853 0,192 0,1838 0,184 0,1878 0,1926
7 01795 0,1861 0,1846 0,1827 0,1891 0,1901 0,1795 0,1795 0,1795
8 0,187 0,1846 0,1912 0,1737 0,1885 0,1875 0,1908 0,193 0,1836
9 01791 0,1782 0,189 0,178 0,1817 0,1865 0,1888 0,1927 0,1815
10 0,178 0,1791 0,1751 0,1725 0,1737 0,1777 0,1743 0,1722 0,1783
11 0,171 10,1608 0,178 0,1776 0,1806 0,189 0,1749 0,1695 0,1826
12 0,683 0,18 0,1751 0,1833 0,1811 0,1704 0,1626 0,1738 0,1741
13 0,1642 0,1727 0,1698 0,1731 0,171 0,1637 0,1598 0,1502 0,1679
14 0,1723 0,1646 0,1632 0,1698 0,1681 0,1616 0,1566 0,1598 0,159
15 0,1525 0,1624 0,166 0,1669 0,1617 0,1627 0,1574 0,1572 0,1598
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Tabnuna 3.3 — Pacnpenenenne MpOHUIIAEMOCTHU IO CIIOSIM MEXIY

CKBa>XMHaMH (HO BCPTUKAJIN — CJIOM MOJCJIN, 110 TOPU30OHTAJIN — CBA3U MOI[CJ'H/I).

MpoHnuaemocTb, M/,
cnou/
1 2 3 4 5 6 7 8 9

CBA3N

1 7,1738 5,8528 5,7147 4,1008 5,8815 10,896 11,086 11,301 7,6318
2 45,946 20,139 40,251 19,553 27,435 67,849 60,325 34,211 21,7
3 117,89 132,94 127,23 81,537 110,84 108,35 94,415 129,16 95,33
4 93,377 102,39 77,369 64,642 96,428 67,633 65,072 80,293 95,067
5 57,544 32,844 60,554 88,37 49,658 50,398 81,69 64,267 65,799
6 43,626 51,076 44,901 63,849 86,044 56,304 53,62 67,191 88,582
7 37,398 57,1 53,689 52,163 71,863 73,974 38,953 44,913 41,973
8 65,364 59,733 81,608 25,152 70,269 65,302 73,815 88,283 57,517
9 39,785 37,316 71,115 36,908 44,834 62,541 67,866 83,297 47,623
10 34,575 39,115 29,92 26,977 27,077 31,901 28,469 26,383 34,223
11 19,485 14,031 33,766 37,083 41,42 68475 30,311 31,144 48,581
12 17,864 43,328 39,699 53,499 48,649 25,534 13,924 28,859 27,91
13 15,967 26,212 21,551 24916 20,768 15,107 14,335 7,6013 16,203
14 27,918 15,928 14,796 20,11 18,694 13,301 10,877 12,427 12,604
15 8,6662 16,382 17,149 18,44 13,476 13,713 11,188 10,331 11,328
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Tabmuma 3.4 — Pacnpenenenre HauaabHON BOIOHACKHIIIIEHHOCTH TIO CIIOSIM

MCKAY CKBaA)KMHAMU (HO BCPTHUKAJIN — CJIOU MOJICJIN, I10 TOPHU30HTAJIM — CBA3HU

MOJIEIH).
HayanbHasa HedTeHacbIWeHHOCTb, % (1-Swi)
cnoun/
2 3 4 5 6 7 8 9

cBA3MU
1 0,5573 0,5673 0,5761 0,542 0,5839 0,6118 0,4929 0,506 0,5792
2 0,6505 0,6287 0,6691 0,6227 0,6578 0,6978 0,6023 0,6223 0,6278
3 0,7128 0,727 0,7325 0,6965 0,725 0,7247 0,6533 0,688 0,7059
4 0,6973 0,7126 0,7069 0,6759 0,719 0,6998 0,6083 0,6482 0,7036
5 0,6542 0,6468 0,6934 0,6934 0,6843 0,6793 0,5591 0,5679 0,6785
6 0,6296 0,6687 0,6783 0,6703 0,7086 0,6831 04571 0,561 0,6868
7 0,6128 0,6721 0,6847 0,6426 0,7029 0,6939 0,4361 0,4633 0,635
8 0,6269 0,658 0,7054 0,5282 0,7021 0,6903 0,4515 0,4921 0,5933
9 0,5845 0,6378 0,6931 0,5388 0,6798 0,6833 0,428 0,4829 0,5783
10 0,5114 0,5919 0,6465 0,5218 0,6545 0,64 0,3215 0,3575 0,5552
11 0,4285 0,5395 0,6468 0,5347 0,6717 0,673 0,197 0,3566 0,5654
12 0,4129 0,5906 0,6396 0,4784 0,6811 0,6099 0,1224 0,3498 0,4832
13 0,3968 0,564 0,615 04395 0,6409 0,573 0,1177 0,2376 0,4503
14 04117 0,622 05565 0,4214 0,6329 0,4708 0 0,2377 0,4257
15 0,1684 0,4406 0,5632 0,4087 0,6117 0,4654 0 0,2249 0,3686

B ropusoHTasbHON OCHM TpHUBENEHBl 3HAUYEHUS OCPEIHEHHbIE IO BCEMY
CIJIOI0, YTO TIPH CJIEAYIONIEH UTEpallMid CETH CIEeNyeT TaKKe pa3BepHYTh, KaK BCE
3Ha4YEeHUsI, KOTOpPbIE ObLIIM OCPEIHEHBI, @ HE OJHO Ha CIIOM.

[Ipu popmupoBaHuM MaccuBa JaHHBIX OyaeT TpeOoBaTbcs OOJEe CIOKHAS
ero CTPYyKTypa.

xit) = YU (D, jeniy @ (Y, x4V ei) (3.1)
r7e

X — BIJIO’KEHUS y3JI0B;

€ — rpaHUYHBbIC OCOOCHHOCTH;

¢ — QyHKIUSA COOOIICHUS;

0 — (QyHKIUS arperupoBaHus;

¥y — GyHKIHsSI OOHOBJICHHUS.
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Eciu pébpa B rpade He MMEIOT APYrMX CBOMCTB, KpOME CBS3HOCTH, €
ABIIsIETCSL UHAEKCOM pEOep rpada. Bepxuuil nHACKC MpeacTaBiIseT WHACKC CIIOAL.
Korna k = 1, X mpeacTaBiisieT BXOJHYIO XapaKTEPUCTUKY KaXKIOTO y3Iia.

Hwxke mpuBoautcss moApoOHBI TpuMep wucroiib3oBaHue edge index mms
BEKTOPOHOTO MAacCHBa JaHHBIX.

{"edge_mapping": {"edge_index": {"50": [[37, 109], [37, 66], [0, 109], [22,
22], [47, 47], [41, 41], [58, 60], [93, 93], [43, 22], [37, 37], [37, 65], [10, 10], [10,
51], [115, 115], [37, 98], [32, 32], [23, 23], [22, 105], [93, 82], [12, 12], [22, 10],
[90, 41], [93, 83], [0, 41], [35, 41], [35, 35], [98, 98], [0, 0], [35, 33], [37, 110],
[41, 90], [90, 14], [90, 90], [90, 40], [0, 371, [74, 83], [93, 74], 82, 23]......

...[25, 0], [42, 121], [42, 28], [103, 0], [103, 91], [121, 65], [121, O], [121,
5], [121, 128], [28, 65], [28, 57], [28, 128], [103, 64]] [34]

JUis  ciaydasi, ONUCBIBAEMOro B paboTe cleAayeT Y4YUThIBaTb TO, 4YTO
IPUCYTCTBYET 5 CTaTUYECKUX MapameTpoB (KOOpAMHATHI (X, Y), MOPUCTOCTS,
NPOHMIIAEMOCTh, HaYaJIbHAsI BOJIOHACKHIIIEHHOCTH), TIOOTOMY IMPHUBEICHHAS BBIIIC
cxema OyzeT paboTaTh B MOJOOHOM BHJIE, TOJIBKO JJIA TUHAMUYECKOTO TapaMeTpa,

a CTaTMYECKHe NmapaMeTpbl OyAyT yKa3aHbl Epe] JaHHOM 3aIUChIO.
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4 DUHAHCOBBIA MEHE[)KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXXEHHUE

HedrerazoBsie kopropanuu nOpeanpUHUMAIOT IIAard 10 YBEIUYEHUIO
OTIEPAITMOHHON MTPOU3BOAUTEIILHOCTH M ONTUMHU3AINH TIpoliecca J00bUr HETH H
ra3a. [Ipu naHHOM MHOTOIpaHHAasi POU3BOACTBEHHAs MH(OpMAIUs peBpaIlaeTCs
B TJIaBHBIA Oa3uCHBIN pecypc ymOpaBieHHs (QPYHKIIMOHHUPOBAHUEM IEPEIOBBIX
MPOU3BOJICTBEHHBIX CHUCTEM, a CTENEHb MPUMEHSIEMBbIX HWH()OPMAIIMOHHBIX
TEXHOJIOTU B 3HAYMMOW MeEpe OMNpeNeNsieT CMbICT KOHKYPEHTOCIIOCOOHOCTH
HedTenpombicia, HepTenpoBoaa uiu ke HII3 u 1p. npous3BoaCTB.

C 2011 roma B mnpodeccHOHaNbHBIM CIEHT OBLJIO BBEACHO IMOHSTHE
4eTBEPTOM HHIYCTPUATBHON («MAIIMHHOWY) PEBOIIONUU, KOTOPYIO MOYKHO
OmHMcaTh KaK T[EpexoJl Ha BCELEJO aBTOMAaTU3UPOBAHHOE IPOU3BOJCTBO,
oOnaiaroriee «MCKyCCTBEHHBIM MHTEJUIEKTOM» B TMPOIECCE yrpaBiieHUus. J{aHHbIN
MPOIIECC MTPOUCXOIUT B PEKUME HACTOAIIECTO BPEMEHU, HAXOAUTCS B TTOCTOSTHHOM
B3aMMOJICHCTBUU C OKPYKAIOLIEH CPENOM, a TaKXKE BBIXOAMT 32 MPEAEIIBI OJHOTO
npeanpuaTud. B nanpHeieM uMeroTcs mepCreKTUBbI 00bEIMHEHUS TIPEITPUSTUI
B IJ100AJIbHYIO MPOMBIIIJIEHHYIO CETh MPOU3BOCTBA.

OCHOBHBIC ABHXKYIIHME CHJIBI TPOUCXOSAIICH “IU(DPOBON” PEBOJIIOIUN — ITO
MMOBCEMECTHOE PACIPOCTPAHEHUE DSIIEMEHTOB M YCTPOWCTB BBIYUCIUTEILHON
TEXHUKHU, TPEXKJE BCETO: IMEPCOHATBHBIX KOMIIBIOTEPOB, BCEOOBEMITIOINIETO
MpOHUKHOBeHUs1 MHTepHETa, a Tak)Ke MacCOBOTO IMPUMEHEHHUS Pa3HOOOpPa3HBIX
MePCOHATBHBIX MOPTATUBHBIX KOMMYHUKAIITMOHHBIX YCTPOMCTB.

PesynbraTom “1iudpoBoi” pEeBOIONMM SBISETCS TOBCEMECTHBIN MEPexoa K
“mudpoBoit” skoHomuke (Digital Economic), mpakTuyeckue MpUHIUIBI KOTOPOM
3aKJIIOUCHBI B KOHIIEIIINH, ToJyunBIiiel Ha3Banue «uayctpus 4.0»

[Tpu stom, kounenuus Uuaycrpuu 4.0 nmpenycmatpuBaet “nudpoBuzaiuio”
Y WMHTETPAlMIO BCEX MPOLECCOB XKM3HEHHOIO LUKJIA MPOU3BOJAUMBIX MPOAYKTOB:

HauWHasg OT IIporecca p8,3pa6OTKI/I N 3aKaH4YMUBas IpoHecCaMu HUX JIOTUCTHKHU H
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cepuca. B coorBercTBuuM ¢ KoHuenuuer Muayctpun 4.0 Kaxaplid BbITYCKaeMbIi
IPOAYKT AOJDKEH UMETh CBOM «I(ppoBOi» 00pa3, T. €. Bcsl HHGOpPMALIUA O HEM —
YepTeKW U TEXHOJOTWsT  MPOM3BOJCTBA,  MpaBuUiia  DKCILIyaTalluw,
TE€XO0CTYKUBaHUS U YTUJIU3ALMHU — JI0JKHA OBITh “‘OLM(pOoBaHa” U JOCTYIHA JJIS
CUMTBIBAHUSI YCTPOUCTBAMHU U JIFOJIBMH.

Heobxoaumo OTMETUTh, YTO J1aHHbIE 000 BCEX MPOTEKAIOLIUX IMpoIleccax,
JTamax MPOM3BOJACTBA, JETalsAX, COOPOYHBIX y37daX M TMOJy4aeMbIX Ha
MPOU3BOJACTBE  MPOAYKTaX  JOJKHBI ~ OBITh  JIOCTYNHBI  ABTOPHU30BAHHBIM
MOJIb30BATENSIM B PEXHME PEaTbHOTO BPEMEHHM B paMKax €IMHOM “IH(PpOBON”
CETH.

B pesynbrate KpyrnHble HE(PTAHbIE KOMIIAHUU MO BCEMY MHUPY HEPEXOJAT K
npUMeEHEHUI0 «uppoBbix» TexHonorui: Shell u Total ucnons3yroT podOTOB,
Chevron u Shell — aponsi, Statoil — 3D-Buzyanuzamuto, Chevron npu moMmonu
BUJICOAHAJIUTUKH BBISBIISICT BOSHUKHOBEHUE MPOTEUEK Ha HedrenpoBoaax, a B BP
peanm3yeTcss MacIITaOHBIA TPOEKT, CBSI3aHHBIM C MPUMEHEHHEM Ha MOPCKHX
NoOBIBaOIIMX TU1aTopMax NpoMbIIUIeHHOTO MIHTepHeTa Beleit.

B wmarumcrepckoil gmccepTaniy Tak)Ke paccMaTpUBAETCs TMPUMEHEHUE
U(POBBIX TEXHOJIOTHM, HO B Oojiee y3KOM €ro MOHMMAaHHUU, KOTJa MPOUCXOAUT
nmepexoj OT TOro, 4YTo ObUJIO paHee (OT JOPOTOCTOSIIIMX JIUIEH3WM Ha
HEOO0XOMMbIE TIPOTPAMMHBIE TPOAYKTHI JI0 IIEH Ha DJIEKTPOIHEPTHUIO AJI TPYTIIHI
CHELMATUCTOB, a He A 0HOr0). B pabore mpeamaraeTcss KOHLENT Mepexona oOT
ucnonb3oBanus [10, takoro kak tNavigator u Petrel, x OecruiaTHOMy S3BIKY
nporpaMMmupoBanuio Python, Ha oOcCHOBE KOTOpPOrO TpeiJiaraeTcsi Harucarhb
HEHPOHHYIO CE€Th, KOTOpasi Oy/IeT Ha OCHOBE OMNPEECICHHBIX BXOIHBIX [TapaMeTpPOB
paccuuThIBaTh TEXHOJOTHYECKHE TMapaMeTpbl CKBRXHHBI (HAa JaHHOM JTare
co37aHusi — JACOUT CKBAXUH).

[Ipu ananu3e mapamMeTpoOB M YCJIOBHH paOOThl CUTyalluid TPUBBIYHBIX
(paboter B I10) u nporpammupoBanue Ha Python mo meroamke, M3JI0KEHHOH B
JTaHHOM paboTe, OyAeT pacCCMOTPEHO JIBa CITydasi: TPAIUITMOHHBINA (TIPUBBIYHBIN) U

MpeIaracMblIi.
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Pacuersl npom3BOAMINCE W3 OPUEHTHPOBOYHBIX CPOKOB M TPYAOBBIX

CIAHHUII, Tpe6yeMHx JJI1 BBIIIOJIHCHUS CPCAHCTO ITPOCKTA.

Tabmuma 4.1 — CpaBHeHHE TpeOyeMBbIX PECYPCOB MEXTy BapHaHTaMHU.

[TapameTpsl En. m3mepenus/ Onuun
CTOMMOCTh Tpamunnonnas | IIpennaracmas
CotpyaHuku YEJIOBEK 2 1
Petrel JINLIEH3USA 1 0
tNavigator JIALEH3 U 1 0
CpoKu BBINOJIHEHUSA MECSIII 8 3

VYxe mo Tabmuie 4.1 MOXHO 3aMETUTh, YTO B MpEAJIaraeMOM Ha YPOBHE
pecypcoB TpeOyeTcsi MeHbIle 3arpaT. [[ns moaHoro mnpeaocTaBiieHUs CIEAyeT

OLICHUTh MPUMEPHBIE 3aTPaThl HA 00a BapUaHTA.

Tabnuma 4.2 — DKOHOMHYECKHE 3aTPAThl TPATUIIMOHHON OTIIHH.

Pecypchl KOJI-BO €. U3M.
TpynoBoii 248* yell./neHb
JIeHeXHbI! 9,2 MJTH.pYO.
JInuennms Petrel 48 MJTH.pYO.
JIuuennus tNavigator 2,5 MJTH.pYO.
3apaboTHas TuIaTa COTPYIHUKY 3a
1,2 MJTH.pYO.
BPEMSI BBITTOJIHEHUS
DJIEKTPOIHEPTHUs 0,2 MJTH.pYO.
PaGouee mecto 28,8 TBIC.pYO.
KommbroTtep 439,6 TBIC.pYO.

* — mepecyeT UAET U3 COOTHOIICHUS, YTO MPH TPATUIIMOHHON OMNIuU OyIeT

paboTaTh ABa COTPYJHUKA 10 4 MecsIa KaxIbIi.
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Tabnuma 4.3 — DKoHOMUYECKHE 3aTpaThl IpeIIaraéMoil Onuu.

Pecypchr KOJI-BO e/I.U3M.
TpynoBoi 92 yesl./neHb
JleHeKHBbIi 0,7 MJTH.pYO.
Python 0,0 MJTH.pYO.
3apaboTHas TUIaTa COTPYIHUKY 3a
0,4 MJIH.pYO.
BpPEMSI BBITIOJTHCHUS
DNEeKTpOsHEprus 0,1 MJTH.pYO.
Pabouee mecto 14,4 THIC.pYO.
Komnbrorep 219,8 THIC.pYO.

Tabnuna 4.4 — DKOHOMUS TIPU MIEPEXOJIE HA MIPEAJIaraeMyro OMIIUIO.

Pecypc Koun-Bo En.usm.
TpynoBoit 32 yell./neHp
JleHeXHbI! 8,4 MJIH.pYO.

DKOHOMHUSI B CPaBHECHUHM OIIMA MPUCYTCTBYET JCHEIKHOM M TPYIOBOM
pecypcax (Tabnuma 4.4).

JIeHe)KHOM pecypce MpPHUCYTCTBYIOT mo3unuu «Pabodee MecTo» W
«Kommbrotep». B maHHBIX MO3MIMAX Obla yYTeHA MHHHMAajbHas HEOOXOAuMast
KOMILICKTAIIHSL.

«Pabouee MecTo» — BKIIIOYAET B CeOsI CTOJ, HACTOIBHYIO JIAMITY U CTYJI.
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Pucynok 4.1 — Komruiekranus pabodero Mecra.

«Komnprorep» BbIOpaH HCXOAs U3 HEOOXOJUMBIX XapaKTEPUCTUK IpU
BBIIIOJIHEHUH PAcUY€TOB I'E€OJIOTHYECKUX U THIPOJNHAMHUYECKUX MOJCIICH, a TaKkKe
JUTSL BBIIIOJTHEHUST CUMYJIALIMI HEMMCAHHOTO IPOTPAMMHOI0 KOJa.

[Ipu cpaBHenuu mojeneir Obuia BbiOpaHa mojenb kommbiorepa NANO X
¢upmbl HyperX opueHTHpysICh Ha KOMIUIEKTYIOIIME BXOJSILIME B COCTAB JIaHHOM
COOpKH, a TakKe KadecTBO KOMIIBIOTEPOB OT JaHHOM (upmbl. OcTaiabHbIe
KOMIUJIEKTYIOIME OB BbIOpAHbI CTAHAAPTHBIE, T.K. OCHOBHOE B KOMIIBIOTEPE —

ATO CUCTEMHBIN OJIOK, KOTOPBIN TpeOyeT TIAaTeILHOTO Mo00pa.

Pucynoxk 4.2 — HYPERPC NANO X.
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5 COIUAJIBHASA OTBETCTBEHHOCTD

5.1 HopmaTuBHas 6a3a

[IpuzHakoM TOTO, YTO COTPYJIHHUKAM HEOOXOAUMO COOJ0/IaTh MpaBUIIa
TEXHUKHU O€30MaCHOCTH MPU UCIOJIH30BAHUN KOMIIBIOTEPA, CTAHOBUTCS TO, YTO TU
BOIIPOCH! 3a()UKCUPOBAHBI M B JCHCTBYIOIIEM 3aKOHOAATENIbCTBE. (OCHOBHBIMU
HOPMATUBHBIMU JIOKYMEHTaMHU, KOTOpPbIE COJEpXaT 00s3aTelbHble TpeOOBaHUS,

MOJXXHO CUHUTATh.

5.2 TpynoBoii kogekc

CanurapHo-ruruenudeckue Hopmbl U npaBuia CanlluH 2.2.2/2.4.1340-03,
YTBEPKACHHBIC MOCTAHOBICHUEM [ J1aBHOrO rocymapCTBEHHOTO caHBpada OT 13
utons 2003 roga N 118 [2];

MexrocynapctBernbii crangapT ['OCT 12.0.003-2015, koTopblit coepKuT
CIIMCOK OCHOBHBIX BPEIHBIX W OMNACHBIX MPOW3BOACTBEHHBIC (AKTOPOB M UX
KaaccuuIUpyroinye npusHaku [4];

Tunosas uactpykius TOU P-45-084-01, B koTopoii coaep:KaTcsi OCHOBHBIE
IpaBuJIa i1 PaOOTHUKOB, UCIIOJB3YIONIMX KoMIbloTep [5];

TpeGoBaHus MEPEUYNCICHHBIX TMPABOBBIX AKTOB, B KOTOPBIX COJEpKATCA
oO0IIHe TpaBuiia 3allMThl TIEPCOHAJIA NP BHITIOJTHEHUH TPYAOBBIX 005S3aHHOCTEH U
TEXHUKa OE€30MaCHOCTH BO BpeMsi pabOThl 3a KOMITBIOTEPOM, O00S3aTE€IbHBI K

HCIIOJTHCHHUIO BCCMH pa6OTHI/II(aMI/I ATOM KaTCropuu.
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5.3 BpenonocHble pakTOpPBI

Hcnonbs3oBaHWe  MEPCOHAIBHOIO  KOMIBIOTEpA  HECET Bpeld  IpH
HECOOIOICHUN TMpaBuil 0€30MacHOCTU. DJTO MOATBEpXkKAaeTcs HH(OpMaILUEH,
coaepikarieiics B crangapre I'OCT 12.0.003-2015 [4], onuchiBaroIieM OCHOBHBIE
BpE/HbIE U OMIaCHBIE (PaKTOPHI TPYIOBOTO IMpoliecca. B uxX cucok BXOAST:

Bricokass Temmeparypa, XapakTepHas Uil OTHEIbHBIX  JJIEMEHTOB
KOMITBIOTEPHOM TEXHUKHM M CO3Jaromias oOLIui MOBBIIMICHHBIA TeMIIepaTypHBIM
¢ oH B paboueM NOMEIICHUY;

Bricokas creneHb MOHOTOHHOCTH pabovero mnpoiiecca;

3HAYUTEIBHBI  YpPOBEHb  3pUTEIBHBIA  HArpy30K,  HCIBITBIBAEMBIX
PabOTHUKOM;

Puck mopakeHHsI CTaTUYECKUM 3JIEKTPUUECTBOM IPU CIYyYailHOM KOHTAKTE
C OTJEIbHBIMH 3JIEMEHTAMU TEXHUKU;

HenocTtarounast ocBEIeHHOCTh paboueii 30HbI;

[ToBBILIEHHBI YPOBEHb HAMPSIKEHHOCTU AJIEKTPUUYECKOT0 M MarHUTHOTO
MOJIEH, TEHEPUPYEMBIX padOTaIOLIEH TEXHUKOM;

Boicokuii ypoBeHb OJECKOCTM M KOHTPACTHOCTH paboyero 3KpaHa,

HECTaTUBHO BJ'II/ISIIOIHI/Iﬁ Ha 3pCHUC pa6OTHI/IKa B HHHTCHBHOﬁ ICPCIICKTUBC,

5.4 'mruennyeckne TpedOBaAHUS

B cBa3u ¢ HanuuumeMm BO3AEMCTBUS OOJBIIONO CHUCKAa BPEIOHOCHBIX
dbakTopoB Ha pabOTHMKA, TPeOOBaHMS TEXHUKH O€30MACHOCTU MpH padoTe C
KOMITBIOTEPOM ~ OXBAaThIBAlOT HE TOJILKO caM [poliecc TpyAa, HO U
COMPOBOXAAIOIINE €ro  OOCTOSTENbCTBA, KOTOpPBIE TakKe BIUSIOT Ha
paboTOCIIOCOOHOCTh U COXPAHHOCTh 3J0POBbSl  COTPYIHHMKA Ha JUIMHHBIX

BPEMEHHBIX Topu30oHTax. COOTBETCTBYIOIIME IpaBWia OpraHU3alHUd padoyvero
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nporecca npuBeaeHsl B CanlluH 2.2.2/2.4.1340-03 [2]. OHu BKIOYAOT PSiX
HOPMAaTUBOB, KOTOPBIE KACAIOTCSI CJICIYIOIINX MOMEHTOB:

o oOlue TmpaBujia OpraHu3aluud  paboThl € KCIOJB30BAHHEM
KOMITBIOTEPHOU U O(DUCHOM TEXHUKHU;

o TpeOOBaHMSI K TEPCOHATBPHOMY KOMITBIOTEPY, HCIOIB3YEMOMY IS
MOCTOSIHHOM pabOThl COTPY/IHUKA;

o TpeOOBaHMS K TOMEIIECHUSIM, B KOTOPBIX BBIMOJIHSETCS paboTa ¢
npuMeHeHHueM 0(pMCHON TEXHUKHU;

o TpeOOBaHMS K MUKPOKIMMATY JIJIi COOTBETCTBYIOIIMX PabOYUX MECT,

BKJIIIO49asaA COACPKAHHNC B BO3OYXC pa6oqeﬁ 30HBI A3POHMOHOB MW BPCAHLIX

XHUMUKATOB;
o JNOIYCTHMBIA  YPOBEHb  IIIyMa,  TIEHEPHPYEMOTro  paboduM
o0opy1I0BaHUEM;
o IIPaBHJIa OPTaHU3AIMH OCBEIICHUS padoyveii 30HbI;
o pa3pelIeHHbIC HOPMATHUBBI B OTHOIICHUHU napaMeTpoB

AIIEKTPOMArHUTHBIX NOJIEH Ha paboYnX MecTax;

o TEXHMKa O€30MAaCHOCTH MpPHU TOJb30BAHUHM KOMIIBIOTEPOM, KOTOpas
CBsI3aHa C OpraHu3anuen paboyrx MeCT COTPYAHHUKOB;

o MEAMIMHCKUI KOHTPOJIb 32 340POBbEM IIEPCOHAIA,

o HOPSIOK OpraHu3alNH roCcyAapCTBEHHOIO CaHUTapHO-

SIMACMHOJIOTHYCCKOIO Ha/I30Pa U BBIIIOJTHCHUS ITPOU3BOACTBCHHOI'O KOHTPOJIA.

5.5 UHCTPYKTAaK 0 TeXHUKE 0€30IACHOCTH 32 KOMIILIOTEPOM

UtoOsl goHecTH 10 paboTHHWKA TpeOOBaHMS, KOTOPHIC YCTAHABIMBACT
TEeXHUKa 0€30MacHOCTH TIPH HCIIOIB30BAaHUN KOMIIBIOTEpPaA, paboTojaTeNbh 00s13aH
OpraHu30BaTh HMHCTPYKTaX. OH TMPOBOAWTCS HA OCHOBAaHWUHU CIICIIUAIBHO
COCTABJICHHOW HWHCTPYKIIUH, KOTOPYIO OOBIYHO pa3pabaThiBaeT CHEIUAIKCT IO
OXpaHe TpyJda WM HEMOCPEICTBEHHBI pyKOBOIWUTENb paboTHHKa. [IpoBeneHue

HHCTPYKTAKAa HYXHO OPraHHU30BaThb OO0 Haydajad CaMOCTOSITEIbHOM pa6OTBI:
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CHELMAIUCT JOIMYCKAeTCsl K paboTe TOIBKO MOCIE €ro MPOXOXKIEHUS. DTO 3HAYUT,
JI0 HErO JOHECEHbI MPaBUJIa TEXHUKU 0€30MaCHOCTU NpHU pabOTE C KOMITBIOTEPOM.
HNHCTpyKUIMA-TaMATKa 0 TEXHUKE 0€30IaCHOCTU 32 KOMIBIOTEPOM JOJDKHA OBITh
BbIIaHa KaXXIOMY paOOTHUKY B OyMaXHOM WJIM 3JEKTPOHHOM BHje. Eil MOXHO
JaTh BHUJ JerkouuTaeMoll uHporpadpuku — Hanpumep, 10 mpaBuil TEXHUKH

0e301macHOCTH 3a KOMIIBIOTCPOM.

5.6 Mepbl 0e30naCHOCTH Mepe] HAYAJI0M PadoThl

B pamkax npoBeneHHs HHCTPYKTaXka 10 PaOOTHHUKA JOBOJSTCS CBEICHHS O
HEOOXOMMBIX JICHCTBHSIX, BBITOTHICMBIX Ha KaXJIOM 3Tare pabouero mpoiiecca
[5]. Texnuka Oe3omacHOocTH B Hayaie pabOTBl Ha KOMIIBIOTEpe Tpelyer
BBITTOJTHCHUS CIICTYIOIIMX OTIepaIlnii:

. IPOBEPUTH MCIIPABHOCTh JIIEMEHTOB AIIEKTPOCUCTEMBI,
obecrieunBaroIeii  MUTAaHWE  KOMIBIOTEpA,  BKJIIOYAs  DJICKTPOMPOBOJKY,
BBIKITIOYATENIM, BWJIKA W PO3ETKH, NPU TMOMOIIM KOTOPBIX armmaparypa
HOKJIFOYAETCS K CETH;

. POKOHTPOJIMPOBATH 3a3€MJICHUE KOMITBIOTEPA;

. IPOBEPUTH €0 PAbOTOCIIOCOOHOCTH [5].

5.7 TexHuka 0€30MACHOCTH BO3JIe KOMIIBIOTEPA B mpoiecce padoTbl

ITpu BBINIOJIHEHUH paOdOT HYKHO COOJIIOIATh CIEAYIONINE IPAaBUIA!

o 3ampeniaeTcss KJIacTb Ha KOpPIYC MW JUCINIEH  KOMIbKOTEpa
NOCTOPOHHHUE TMPEIMETHI, MpPHUKAcaTbCsl K JJIEMEHTaM almaparypbl MOKPBHIMHU
pyKaMuy, NOPOU3BOAMUTH YHUCTKY KoOpiyca oOOpyJdoBaHUs, HaXOISIIErocs MOJ
HANpsDKEHUEM, pacrloliaraTb TEXHUKY OJM3KO K  JKWJIMIIHO-KOMMYHaJIbHBIM

WH)KCHEPHBIM cucTemMam [5];
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o B ciayyae OOHapyXeHHs HEHCHPABHOCTH KOMIBIOTEpAa HEMEJICHHO
IPEKPaTUTh pabOTy U COOOIIUTH 00 3TOM HEMOCPEACTBEHHOMY PYKOBOIUTEITIO;

o AKCIUTYyaTUPOBATh KOMIBIOTEP TOJBKO C COOJIIOAEHHEM HHCTPYKLHUH,
YCTaHOBJIEHHOM IPOU3BOAUTETIEM;

o u30eratb 4acToro U HEOOOCHOBAHHOTO BKJIIOUEHUS M BBIKIIOUYCHHS
KOMITBIOTEpa BO BpeMs paboThI [5].

o TexHuka 6€30MaCHOCTH 110 OKOHYaHUIO padOThI 32 KOMIIBIOTEPOM

o [Tocne 3aBepmieHuss paOOTBl COTPYJHUKY HYXKHO BBIIOJHUTD
CHEYIOIINE JECUCTBUS:

o BBIKJIIOYMTh  KOMIIBIOTEP  C  HCIIOJIb30BAHMEM  aJTrOpUTMAa,

YCTAHOBJICHHOT'O ITPOU3BOAUTCIICM;

o obecTounTh nepudepuitnoe 000py10BaHUE;
o yOEeIUTHCS B OTKITFOUCHUH TEXHUKH,
o BEITIOJTHATH OYHCTKY Pa0OUYNX TIOBEPXHOCTEH BIIAYKHOMN TKAHBIO.

5.8 PexomMeH10BaHHOE MOJIOKEHHE TeJIa MPU CU/siYeill padoTe

5.8.1 [os102xeHMe HOT NIPH PadoTe 32 KOMIIBITEPOM

OpTornenpl yBEpEeHbI, YTO XOPOIIYK0 OCAHKY HEBO3MOKHO COXPaHHUTh, €CIIU
CTaBUTh HOTH B MOJIOKEHUH CUJS HENPaBWIbHO. J[ake eciin cTapaThCs MOCTOSHHO
JIep’KaTh COUHY NPSIMOM — HACAbHBIX YCIOBUN NJIsl MOJACPKKH MTO3BOHOUYHOIO
cT0j10a 6€3 MPaBUIBLHOTO MOJIOKEHUS HOT' CO3/1aTh HE MOJTyUUTCS.

Horu pomxHbl OBITH 0053aT€IBHO COTHYTHI MOJ MpsMbIM yriioM — 90
rpaaycoB (MOXHO 4yTh OOJbIlIe, HO HE3HAYUTENbHO). [Ipu 3TOM CTYNmHHU Ba)KHO
pacnoJiaraTb HEMOCPEICTBEHHO Ha IMOdY. Takke He CTOUT NMPUHUMATH TOJBKO Ha

MEPBBIA B3IV KaXyIIyrocs yI0OHOW 103y "Hora 3a HOTy"' — 3TO MOJXET
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IPHUBCCTH K 3aCTOI0 KPOBHU, a4 TAKIKC IMCPCHAIPAKCHUIO MBIHIL, YTO CO BPCMCHCM

IpHUBEJIET K 00s3aTeILHBIM 0OJIC3HSAM HE TOJIBKO HOT, HO M BCEro opranms3ma [5].
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Pucynok 5.1 — Cxema pabouero mecta Ha [1K [5].

5.8.2 [lon0:xeHne cniuHbI U meu npu padore na MK

Cpenu campIx XapaKTEpHBIX OIIMOOK JIFOACH MpU CHASYCH T03e —
HETMPaBWIbHOE MOJIOKEHNUE CIUHBI. YT0OBI cOalaHCHUpOBAaTh HATPY3Ky HEKOTOpHIE
CTaparoTCsl PACHOJIOKUTHCS '"3urzarom" WIM HENPaBUIbHO BBITSAHYTH IICHO IS
OPUHATUS JIO)KHOW KOMGOpPTHOM 1O3bl. Bce 3THM MOJOXKEHHS HE SBISIIOTCA

YI[O6HI)IMI/I, KpOME TOI'O MOT'yT IMPUBCCTHU K KOMIIPCCCHUUN TTO3BOHKOB.
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Bech MO3BOHOYHHMK OYKBaJbHO CXKMMAETCS MPH HEMPAaBUIBHOW CHASYEH
03¢ — €CJIM JOJT0 HAaXOJIWUTbCA B TAKOM IOJIO)KEHHH IO3BOHKM MOTYT HadaTh
pa3pyliaTbCs, MEXIO3BOHOYHBIE JUCKH CYIIECTBEHHO MCTOHYAKOTCI — B
pE3yNbTaTe MOXKET Pa3pyLIUTHCA U CaM XPSI, JIEYEHUE KOTOPOTO SBIISETCS BEChMa
JOPOTOCTOSIIIIAM.

MHorue npeano4yuTaroT MOCTOSHHO CHJAETh, CTOPOMBIIMCH 332 CTOJIOM —
HENpaBWJIbHAS TPUBBIYKA, NMPUOOpPETEHHas emié C JETCTBA, SBISETCS IEPBBIM
IIarOM K CEpbE3HbIM 3a00JIEBAaHUSAM OIIOPHO-/IBUraTENILHOTO ammapaTa. ToJIbKO
MHOTHE CUMIITOMBI MPOSIBIISIIOTCA HE cpa3y — cusvas padoTa MOXKET JaTh 3HATh
0 cebe uepe3 HeckobKo JeT. [Ipu cuasueit paboTe Ba)KHO HE OTKHUJIBIBATH CIIUHY
Hazax win Brepén. OT MO3BOHOYHUKA OTXOAUT 32 BaKHBIX HEPBA, KOTOPHIE JIETKO
MO>KHO 3alIEMUTh MPHU JUIMTEIIbHON HEMPABUIILHOM 03€, a 3TO MOXKET MPUBECTU K
HApYILIEHUIO EATEIbBHOCTH MHOTHX OpraHoB. Ilnedn Ba)KHO pacIioNOKUTh TaKUM
oOpa3oM, 4ToOsI JlonaTku "cMoTpenu" Apyr Ha apyra. [logbopomok HEOOX0aUMO
ClleTKa TOTSHYTh Ha ce0s — H3TO MO3BOJUT MPABUIBHO JEpKaTh IICHO U

paciiojaraTtb IICMHBIC MO3BOHKHU II0 BCEM [IpaBujiaM, IIpcAOTBpalnasa CMCIICHUC

[5].

° [ ] [ ] [ ] ° ® °
BbicoTa BbicoTa yron Haknoua rﬂyﬁ““a 8biCoTa paccronHue mexay
CHAeHbA CNUHKEN CTIMHKW CHOSHWUR noNnanNoOKoTHUKOS NOANOKOTHUKAMW

Pucynok 5.2 — PerynupoBka oucHoro cryna.

Ecmu BBl uCHoONb3yeTe NOpaBWIBHBIA OPTONEAUYECKUN CTYJI, MOXHO
NEPUOANYECKH TMPUHUMATh O3y "OTKMHYBUIMCH' Ha CIOMHKY — Harpy3ka Ha

MBIIIILIBI COUHBI OyIET MPAaBUIILHO pacIpeielieHa.
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5.8.3 YceTaaocTh 171a3 0T KOMIbIOTEpa

Bo Bpems uHTEepHET-cepuUHIra WIM HENOCPEICTBEHHOW paboThl C
JOKYMEHTalMed Ba)XHO HE TOJIbKO NPHHATh MPABUJIBHYI0 CHAAYYIO MO3Yy 3a
paboyuM CTOJIOM, HO M 1T03a00TUTHCS O 3peHuu. [Ipexe Bcero, BaKHO MTPOBEPUTH
yroJl OCBEIICHUSI — SIPKUI UICTOYHMK CBETA JIOJKEH 003aTEIbHO HAXOAUTHCS MO
yriaoM 90 rpazycoB OTHOCHTEIBHO JKpaHa MOHHMTOpa — B TakOM ClIydae
NOSIBJIEHNE OJMKOB UCKJIIOYEHO, KAK M3BECTHO MMEHHO OHU MOTYT CYILIECTBEHHO
IIOPTUTH 3PEHHUE.

PaboTas 3a KOMIIBIOTEPOM JJIMTEIBHOE BpEMs, BaXHO HE 3a0bIBATh O
3pUTEIBHON 3apsIKe — HEKOTOPHIE CTaHAAPTHBIE YIIPAXKHEHUS IOMOTYT CHU3UTh

PHUCK YXYAIIECHUS 3pEHHUS B Pa3bl.

5.8.4 [IpaBUIbHOE TOJIOKEHNE PYK

Pyku mnpu cunsueit pabore 3a KOMITBIOTEPOM HCIBITHIBAIOT OCOOYIO
Harpy3ky. Ix pekoMeHayeTcs Iep>KaTb B COTHYTOM IMOJ0KeHUU — 90 rpamycos.
[Ipu 3TOM cCreNMaIMCTBl HE PEKOMEHIYIOT ONMUPAThCS JIOKTSMU Ha CTOJ — 3TO
MOXET MPUBECTU K 3aKUMY HEKOTOPBIX MbIl. [Ipu nnuTensHOM nedaTaHUU
MOXET TMOSIBUTHCS JTUCKOMMOPT B 3amsiCThe — [JIsi DTOrO CIeIUaIucTaMu
pa3paboTaHbI CIICIIMATILHBIE KOBPUKH JIJISI MBIIITH, OPTOMEANIECKHE KIaBUATYPHI, a
TaKXe CIEUAJIbHBIC MOJCTABKU JJISl PYK.

Crporo He pexoMeHayeTcs "BblaepxkuBath" yroy Oonee 120 rpagycoB —
O0COOEHHO 3TO Kacaercs TeX, KTO MPHUBBIK paboraTh ¢ MbImKoi. Harpyska Ha
3aMsiCTbe MPU TAKOM 3HAYEHWU CYIIECTBEHHO BO3pacTaeT, W MpU JIUTEIbHOU
paboTe MOTYT BO3HUKHYThH CHJbHbIE Oojiu. KiiaBuaTtypy M Mbllib HEOOXOIUMO
pacmoyiaraTh Ha OJIHOM YpOBHE (TIpaBWJIBHOE MOJIOKEHWE OyJIeT MPUMEPHO Ha

YPOBHE JIOKTS).
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Mpika qo/kHA OBITh MaKCUMAJIbHO YJOOHOM — Ha CETOMHSIIHHUM JIeHb
pa3palboTaHbl clenuaIbHble MPUCIIOCOONICHUST i TeWMEpOB U TpadUuecKux
PEAKTOPOB, KOTOPHIM MPUXOJIUTCS Haumboiee YacTo padboTaTh C MBILIBIO.
CrneunanbHbie UTPOBBIE MBIILIKH oOnanaroT JOTOJTHUTEIbHBIMU
(YHKIIMOHAJIBHBIMU  TPUCIIOCOOJIEHHUAMH, a  rpaduueckue  BapUaHTbI

00eCIeYnBaroT MAaKCHUMAJIbHYIO TOYHOCTb HABCACHUA KypCopa.

NMPABU/IBHO

MPABWUJ/IbHO

Pucynok 5.3 — [IpaBuiibHOE MONOXKEHUE PYKH HA MBIIIIKE.

CyllecTBYIOT TakXe CICIMaJbHbIe KOBPUKH JJIi MBIIIKKH C TOABHKHOM
OMOpOHM, KOTOpPbIE MOTYT MPABUIBHO OTPEryJIUPOBATH MOJOXKEHUE U CHATH
Harpy3ky c¢ pyk. Ilpu pabore 3a KOMIBIOTEPOM JJIMTEIBHOE BPEMS BaKHO
NEePUOANYECKA pa3MUHATh TMajblbl W JI€JIaeT CHENHalIbHbIE MAacCUPYIOIIUE
yIOpaKHEHUS JIJI1 MBI PYK.

[Ipy HemocpenCTBEHHOM TMedaTH 3arsiCThsl JOJDKHBI  ''HaBUCaTh' HaM
KJIABHATYpPO — OTO HEOOXOAUMO I TOro, 4ToObl B paboTy ObUIM TpHU
HEOOXOJMMOCTH  BKJIIOYEHbl Bce mnaibllbl. [IpaBuibHas oproreauyeckas
KJIABHATypa MOXKET COAECPKATh CIECIHAIBHOE MPUCIIOCOOJIEHNE B BUJIE TIO/ICTABKH.

OyHKIIMOHAIbHAS TTOICTABKA TI0]T KJIABUATYPY MOXKET YAOOHO PETYIHPOBATHCS TI0
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BBICOTC — B 3daBHUCHMMOCTH OT MWHIUBUAYAJIBbHBIX OCOOEHHOCTEH MOIKHO

3aUKCHPOBATH IPABMIIHHOE MOJIOKEHUE 1T KOM(POPTHOM TIEUaTH.

NPABU/ILHO EEEE T
l b / <
A L O T T \\\

o H HE NMPABUJ/IbHO

l l

l l

l l

MPABUJIBHO

Pucynok 5.4 — IlpaBusibHOE MOJIO)KEHUE PYKH Ha KJIaBHAType.

C MeaMIMHCKOW TOYKM 3pEHMsI KJIaBHaTypa JOJKHA ObITh MAaKCHUMAaJIbHO
yIOOHOW — Ha)kaTMe Ha KJIABUIIM HE JOJDKHO TpeOoBaTh OCOOBIX YCHUIIUH,
IIOCKOJIBKY IIPM NE€YaTH HE JOJDKHO YyBCTBOBATHCS HU €IWHOTO HAIPSKEHUS B
3amscThsAX. IlpaBuipHas NOJACTaBKAa MOMOXKET JepKaTb PYKM Ha KIABHUIIAX
NpaBUIbHO — BCE 3TO IMO3BOJIUT 3HAYMTENIbHO CHU3UTH OOIIYH0 Harpy3Ky Ha

MBIIINBI.

5.8.5 lIpaBuiibHast HACTPOIiKa €TOJIa MPU padoTe 32 KOMIBIOTEPOM

Jlns co3maHus MO-HAcTosAlmeMy KOMGOPTHBIX YCIOBHM mpu padboTe 3a
KOMITBIOTEPOM OJIHOW HACTPOMKHU Kpecya HEOCTAaTOYHO, OYEHb BAKHOU SIBIISIETCA
HacTpOMKa BBICOTHI CTOJIa B 3aBUCMMOCTH OT Bamero pocrta. K coxanenuro,

BBICOTA OOJIBIIIMHCTBA O(bI/ICHBIX, KOMIIBIOTCPHBIX WJIM IMHCBMCHHBIX CTOJIOB
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BapbUpyeTCs B AMana3zoHe OT 72 10 78 cM, B PEAKUX CIy4yasX €CThb BO3MOXKHOCTh
pEeryJIUpoOBKH, elle ¢ MUHyC 2-3 cM. Ho 3TOro sIBHO HETOCTATOYHO JIJIsl JIFOJIEH,
pPOCT KOTOpPBIX MOXeT ObITh, Kak 150, Tak u Bce 200 cMm. Humxe npuBeneHa
pa3MepHas TabJmIla ¢ pEeKOMEHIAIUSIMHE 10 PEryJIUPOBKE BBICOTHI Kpeciia M CTOJIa

B 3aBUCHMMOCTH OT pOCTa IIOJIb30BaTCIIA.

Tabmumna 5.1 — Pa3mepHas Tabauia ¢ peKOMEHJAIUSIMHU 110 PeryJnpOBKe

BBICOTHI KpECJia U CTOJIA.

| 191cm [  48cm |  72em [ 117cm |

195 cm 49 cm 73 cm 120 cm

[Ton BBICOTOIN CTOJAa MOApPA3yMEBAETCsl PAcCTOSHUE OT Mojia A0 paboueit
MOBEPXHOCTH, HA KOTOPOWM YCTAaHOBJIEHA KjaBuaTypa. BcmomorartenbHbIe
yCTpOMCTBa MOTYT OBITh pa3MelleHbl He TOJIbKO Ha pabodeM cToie, HO W,
HarpuMep, Ha TIOJKEe (JIOTKE) I KIABHATYPhI, KOTOpas B 3aBUCHUMOCTU OT
KOHCTPYKIIMM MOKET HE€ TOJIbKO BBIE3)KATh HW3-TIOJ CTOJNA, HO U MEHSTh yroil
HAKJIOHa M JlaXXe BBICOTY. BakHO CHIETh MakCHMalbHO TIIYOOKO B Kpecie U
MaKCUMAaJIbHO OJM3KO K Kparo CTOJA, TaK, YTOOBI BbI HE TSAHYJIHCH K KJIaBUATypE, B
ATOM ciydae Jirobas criuHKa OyaeT He (yHKIIMOHaJIbHA, BEJlb HArpy3ka J0JDKHA

PaBHOMCPHO pacCHpcACIIAATLCA, a 3TO BO3MO’KHO TOJIBKO B CJICTKA OTKJIOHCHHOM
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Ha3a]l MOJIo’)KeHNH. Tak ke BaXHO HACTPOUTH BBICOTY JUCIUICS HAa YPOBEHB Ijia3 U
Ha PACCTOSIHUE «BBITSIHYTON PYKH.

B mocnennee BpeMs MOSBHIOCHh MHOKECTBO BCEBO3MOXKHBIX HAJCTPOCK Ha
O(HUCHBIE CTOJIBI: KOHBEPTEPHI, PETYIHPYEMbIC CTEHIBI, TUIAT(HOPMBI TSI PaOOTHI
CHUJIS-CTOSI, HACTOJIbHbIC KPOHIITEWHBI /I MOHHTOpPA M KJIaBHATYyphl. Bce aTH
HOBIIIECTBA MOTYT HCIIONB30BAThCsI B Tape ¢ OOBIYHBIM, HE PETYIUPYEMBIM IIO
BBICOTE CTOJIOM, JJIS TOTO, YTOOBI TOJIB30BATEIh MOT JIETKO MEHSTH IMOJIOKEHUE
cuas  Ha  cros.  UepemoBaHWE — PEKUMOB — pabOThI,  TNEPUOJAMUYECKOEC
nepepacrpe/ieiecHne Harpy3Kku, MO3BOJSIET OCTaBaThCS B XOpoIIel (HU3HUecKoit
dbopme maxe mociae MHOro4acoBoro padouero jaHsa. CrneruaaucTbl peKOMEHIYIOT
oOpaTuTh 0cO00O€ BHUMaHUE TMIPU CO3JAaHUM KOMGOPTHOW paboueil cpenpl,
ynobHoro pabodero Mecra Al TOTO YTO COXPAHHUTH 3/I0pPOBbE, HAa KOTOPOM

KOHCYHO HC CTOUT DKOHOMMTD.

5.8.6 JIbixanue Bo BpeMsi padoThl 32 KOMIIbIOTEPOM

O JIpIXaHUU Majio KTO 3a00TUTCS BO BpeMs pabOTHI 3a KOMITBIOTEPOM — Ha
NIEPBBIA B3IJIAT 3/16Ch HE MOXET BO3HHUKHYTH OCOOBIX IMPOOJIEM, CBSI3aHHBIX CO
310poBheM JIETKUX. Ho korma pedsb UAET 0 MOCTOSHHON paboTe 3a KOMITBIOTEPOM,
MOTYT BO3HHKHYTh HEKOTOPBIE TTOCIICACTBHS.

Y dyBCTBUTCIBHBIX JIOACH MOTYT BO3HHKHYTH CaMbie pPa3HOOOpa3HbIC
aJIJICPrUYeCKUe PeakIMi — IPH 3TOM B KauyeCTBE a/UIEPICHOB MOTYT BBICTYIATh
CUCTEMHBIH OJIOK M J1ayke MOHUTOP. JIFOIH, CKIIOHHBIC K aJIICPIHH, MOTYT OIIYTHTh
HEJIOMOTaHUEe — Yy HUX BO3HHUKAET Kalllellb, TOJIOBHAsS 00J1b, B HEKOTOPBIX CIIydasx
CYIIIECTBYET PHUCK OTEKa CIIM3UCTHIX 0000ueK [1].

CrienuaancTbl COBETYIOT, KaK MOXHO 4Yallle NMPOBETPUBATH IOMEIICHHE, B

KOTOPOM HaxoAuTCA KOMIIBIOTCPD — CBEXUI BO3AyX B COUYCTAHHU C C)KeﬂHeBHOﬁ
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BIIQYKHOUW yOOPKOM MOMOTYT M30€KaTh MHOTUX MPOOJIEM, CBSI3aHHBIX C OOJIC3HIMHU
OpTraHOB JIbIXaHMUSI.

VY4yeHbie pEeKOMEHIYIOT H30aBJISATHCA OT OSTOTO OIMNACHOTO COCTOSHUSI U
COBETYIOT JBIIIATh TIITyOOKO W POBHO BO BpeMs paOOThI 3a KOMITbIOTepoM. MHaue
MOXKHO TOJYYHTh LENbId psii 3a00JieBaHUN — YCHUJICHHOE Cep/ieOneHue,
HapylIeHHe padOThl MO3Ta, MOBBIIMICHHOE TOTOOTICIICHUE U JPYTHE HEMPHUSTHHIC

IIOCJICACTBHA.

5.8.7 YcaoBus padoThl 32 KOMIBLIOTEPOM (TeMIepaTypa, BJIAKHOCTb,

OCBEIIIEHHOCTD)

CyImecTByIOT HEKOTOpbIE MapaMeTphl ONTHMAIbHOTO MHUKPOKINMATA,
KOTOpbIE€ HEOOXOJUMO CO37aBaTh IMPHU AJIUTENIBHON padboTe 3a KOMIBIOTEPOM.
CranaapTHBIMU YCIOBUSIMU CUUTAOTCS:

OoNTHMaJIbHAs TEMIIepaTypa Bo3ayxa B nomemenuu (19-20 rpamycon);

BJIQYKHOCTh BO3yXa JOJKHA COCTABIIATH OT 62 10 55%;

pabounii CTON JOJDKEH OBITh OCHAIEH XOpPOIIeH HACTOJBbHOW JIaMIIOM,
o0ecIeynBaroIleil KaueCTBEHHOE OCBELIECHUE.

OnTuMalbHBIM ~ BapHaHTOM  SBJIETCS  MCKYCCTBEHHOE  OCBEILEHUE,
MIOCKOJIBKY SIPKUH COTHEYHBIN CBET MOXKET JaBaTh CHIIbHBIC OJMKH HA SKpaH — HE
PEKOMEH IyeTCsl YCTaHABIMBATh Pa00OUMiA CTOJ MPSMO Y OKHA.

[Tpu cobmroneHNn JaHHBIX MapaMeTPOB MOKHO OPTraHU30BaTh JOCTATOYHO
KOM(OpPTHBIE YCIOBHS [JIsi TOCTOSHHOM paOOThl 3a KOMIBIOTEPOM — €CIIU
OPaBWJIBHO OpraHu30BaTh pabouee MeCTO M OCBEUICHHOCTh, CYIIECTBYET

BEPOSATHOCTh 3HAYUTEILHO OTPAJMTh OPTaHU3M OT BPEeIHBIX (hakTopoB [2].
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5.9 Pexkumbl Tpy/a U OTABIXA

Pexxumebl Tpyna u oTIbIXa, BpeMs Hadajla 1 OKOHYaHUS CMEH, TIEPEPBIBhI IS
OTIbIXa U 00€IEHHBIE MEPEPHIBBI ONMPELIAIOTCS paboToAaTeNeM ¢ COOII0ICHIEM
YCTAaHOBJICHHOM 3aKOHOAATEIbCTBOM MPOJOJLKUTEILHOCTH Pabodyero BpEeMEHH U
M0 COTJIACOBAHHUIO C COOTBETCTBYIOIIMMHU BBIOOPHBIMHU MPOQCOIO3HBIMUA OpraHaAMU
C Y4eTOM crelupuKu padoThl U MHEHUS TPYJOBOTO KOJJIEKTUBA U 3aKPEIUISIOTCS B
npaBuiaX BHYTPEHHEro TPYJIOBOTO PacHOpsiKa, YTBEPKIAeMOro  OOIIMM
coOpanunem (koH(epeHlHei) padOTHUKOB OpraHU3alMu MO MPEACTABICHUIO
aJIMUHUCTPALINH.

[Tpu cMeHHOM pexuMe paboThI TEPEXO U3 OJHONW CMEHBI B IPYTYIO JOJIKEH
IPOUCXOANTh, KaK MPABUIO, Yepe3 KaxAylo HEACNI0 B Yachl, OMpPEICICHHBIC
rpauKoOM CMEHHOCTH.

Jlo Havayia paboThI KaX bl paOoTaromMil 00s3aH OTMETUTh CBOM MIPUXO/T HA
paboTy, a 1O OKOHYaHWU paboyero MHA - YXOI C paboThl B TMOPSIKE,
YCTaHOBJICHHOM Ha MIPEANPHUATHH.

PykoBoauTenb CTpPYKTypHOTO ToApaszzieneHus (liexa, ydacTka) oO0s3aH
OpraHU30BaTh yUeT SBKU Ha pabOTy U yXoja ¢ paboThI.

[Ipn ycCTaHOBJICHUU PEXKUMOB TpyAa W OTIbIXa JOJKHBI YUHUTHIBATHCS
CTEIEeHU OIACHOCTH U BPEIHOCTH COITYTCTBYIOILIUX nporeccam
IPOM3BOJICTBEHHBIX (hakTopoB [5].

Jlnsg mojmepkaHusl ONTUMAaIbHOW pabOTOCTIOCOOHOCTH CTAaHOYHHKOB Ha
MPOTSHKEHUN CMEHBI JIOJDKHO YCTaHABJIMBATHCS Y€pPEOBAHUE MEPUOTOB PAOOTHI U
OTJbIXa C YYETOM CTETICHH TSDKECTH M HAMPSIKEHHOCTH TPYZAa, a TaKXKe yCIOBUH
TpyJa Ha pabouem mecte. [lepepbiB Ha o0en JoJKEH Ha3Hadarbes yepes 3,5 - 4
yaca MocJjie Hayaja CMEHbl U UMETh NPOJOJLKUTENBHOCTH 45 - 60 MuH. B TeueHue
CMEHBI PEKOMEHyeTCsl TIpelycCMaTpuBaTh JBa MepephiBa: MepBbId - uepes 2 - 2,5
yaca MocJjie Hayaja CMEHBI JTIMTEIbHOCThIO 5 MUH, BTOpoi - 3a 1,5 - 2 yaca g0

KOHIIa CMCHBI IIPOAOJLKUTCIIBHOCTBIO 10 MuH.
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[Ipu pabGoTax cTOS MEPBBIM MEPEpPHIB JOHKEH HUCHOIB30BATHCS IS
NACCUBHOIO OTIbIXa, BTOPOM MEPEPHIB - JUISI BBIIOJHEHHS CIELHAIBHOIO
KOMIUIEKCa THMHACTUYECKUX YIPaKHEHUH.

B coorBerctBun ¢ CanlluHom 2.2.2.540-96 [1] u pa3paboraHHOTO Ha WX
ocHoBe "[lonoxenus. Bubpaunonnas 0e3onacHocTb. Pexumsl Tpyna paOOTHUKOB
BuOpoonacubix npodeccuii (ITOT PO-14000-006-98)" [3], mpu sTOM:

CymmapHoe Bpemsi pabOThl B KOHTakTe€ C pYYHBIMH MalllMHAMH,
TEHEPUPYIOLUIMMHU BHOpallMI0 B IIpelneiax CaHUTApHBIX HOPM, HE JOJDKHO
npeBbIaTh 480 MUHYT (C y4€TOM ABYX PErJIAMEHTUPOBAHHBIX IEPEPHIBOB).

CepxypouHbie pabOThl ¢ BAOPOOIIACHBIM HHCTPYMEHTOM 3aNPELICHBI.

JlomyctuMoe CyMMapHOE€ BpeMs pabOThl B KOHTAKT€ C JIOKAJIbHOM
BUOpaIMel JOJKHO OIpEAeNATbCs B 3aBUCHUMOCTM OT YpPOBHEH BHOpanuu
II0YaCOBBIMH LIUKJIAMU B TEYEHUE CMEHBI;

CrpykTypa 0JHOYACOBOIrO LMKJA JOJKHA YCTAHABIMBATECSA C yU4ETOM TOrO,
YTO BpeMs OJHOPA30BOIO HEMPEPHIBHOTO BO3JAEHCTBUS BUOpalMU HE JOJKHO
npeBbimarh 10 - 15 MUH., a COOTHOIIIEHWE BPEMEHH BO3JCHCTBHS BUOpaIUu U
CJIEIYIOLIETO 3a HUM BPEMEHH, HE CBSI3AHHOTO C BO3/ICUCTBUEM BUOPALIMH, TOJKHO
COOTHOCHUTBECS He Oosiee uem 1:1;

Bpewmsi pernmaMeHTHPOBAHHBIX MEPEPHIBOB MPOAOTIKUTEILHOCTRIO 20 u 30
MHH., YCTpanuBaeMbIX yepe3 | - 2 gaca mociie Hayana CMEHBI U 4yepe3 2 yaca Mocie
00€eICHHOT O TIepepbhIBa, JOKHO BKIOYATHCS B HOPMY BBIPAOOTKU;

[Ipu pabGoTtax ¢ MalIMHAMU, TEHEPUPYIOUIUMHU BUOpPAIUIO, PEKOMEHAYETCS
OopraHu3anys KOMIUIEKCHBIX Opuraa ¢ B3aMMO3aMEHSEMOCThI0 mpodeccuili u
BBE/ICHHEM BHYTPUCMEHHBIX PEKUMOB C YEPEAOBAHUEM LIMKJIOB TPYIA U OT/AbIXA;

[Ipu BoO3nelicTBUM Ha padOTAIOIIUMX BUOPOOMACHBIX MPOPECCUi IPYyrux
HEOJIAaronpusITHBIX (PaKkTOpoB (IIyma, TEMIIEpaTypbl, U3Ty4YEHUS, 3aIlbUIEHHOCTH,
3ara30BaHHOCTH), MPEBBIIAKIINX CAaHUTAPHBIE HOPMBI, CTATHYECKOW HArpys3KH,
pabodeil mo3bl U Ap., PEKUMBI TpyJa U OTAbIXa JOJKHBI YCTAHABIMBATHCS C

YUETOM CTEIEeHU HeOJaronpusaTHOTO BO3/IEUCTBUS BCETO KOMILIEKCa (paKTOPOB.
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PernamMeHTupOBaHHBIE MEPEPHIBBI CIEAYET MCMHOJIb30BaTh AJIsI MPOBEICHUS
KOMIUIEKCA THMHACTUYECKUX YNPAKHEHWNA, AaKTUBHOTO OTJbIXa, JedeOHO-
npOopUIAKTUIECKUX MEPOIIPUATUI U TIPOLIETYP.

AJMUHHCTpAIUsl ~ OpraHU3allud, OAKCIUTyaTHpYIOIlel  BHOpoomacHoe
obopyioBaHue, 00sI3aHa:

ObecnieunTs pa3pabOTKy M BHEApPEHHE PEKUMOB TpyAa A paOOTHHKOB
BUOpOOMACHBIX Tpodeccui;

K »oskcrutyaranmum — OMyCKaTh  TEXHHYECKHM  HCIPaBHBIE — MAIIUHBI,
IPOBEpPEHHBIE MO BUOPAIMOHHBIM TapaMmerpam. [l Yero Ha mpeanpHUsITHA
JOJKeH OBITh OPTaHW30BaH IIEHTPAIM30BAHHBIM PEMOHT ATOr0 00OpYAOBaHUA U
YCTaHOBJIEH CTPOTMM KOHTPOJIb 332 €r0 COCTOSHUEM C 3aMEpOM BHUOPAIMOHHBIX
XapaKTepUCTHK ¥ BHECEHHWEM JAaHHBIX KOHTPOJSI B Tacmopra Ha 3TO
00opy10BaHUE;

ObecrieunTh OpraHu3alvilo, 00OpPyAOBaHHE U PpabOTy MOMEUIEHHH IS
npueMa Je4eOHO-TPOPUIAKTUISCKUX TMPOIETYyp MOA KOHTPOJEM MEAMIIMHCKHUX
pabOTHUKOB.

B uensix mnpegynpexaeHuss BUOPaLMOHHON Oosie3HU Yy paloTarolmux ¢
00Opy/I0BaHUEM, TEHEPUPYIOUIMM BHUOpALMH, PEKOMEHAYETCS B KOMIUIEKCE C
palMoHalbHBIM TIOCTPOCHHEM HUX peXHMa TpyJa, IO 3aKIIOYEHUI0 OpraHoOB
CaHUTApHOIO HAJ30pa, MPOBEACHUE KOMIUIEKCAa (PU3HONPOPUIAKTHIECKUX
MeponpusTHid  (BOOHBIX  MpOLENyp, Maccaxa, JiedeOHOW  THMHACTHKH,

yIbTpa(HOIECTOBOrO 00TyUEHUs, BATAMUHU3AIUY U JIp.).
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3AKVIIOYEHHUE

Takke mpu HalmMCaHUM MAaruCTEPCKOW JUccepTaluu Oblia MOJTBEPKICHA
aKTyaJIbHOCTh TE€Mbl B YBEIMYMBAIOLIEHCA TMOIMYJSAPHOCTHIO JAHHOM TEMBI B
HAy4YHBIX Kpyrax U BCE HOBBIX €€ IPUMEHEHUSX.

Lenpro gaHHOW pabOTHI SIBISUIOCH MCIOJB30BaHUE TEOPUH rpadoB C IS
ajanTalyy  THAPOJWHAMMYECKOM MOJENM U pacyera TEXHOJOTMYECKHX
nokasareyied paboThl CKBOKHH C YYETOM BO3MOXKHOCTH MACIITA0OUPOBAHMUS
YKa3aHHOW METOJUKH Ha BEPXHEIOPCKHUE OTIOKEHUS.

JUIst AOCTUKEHUS MOCTABICHHOM 1IeJM ObUIA C(POPMYITHPOBAHBI CIAEAYIOIINE

3aJ1a4yu:
o N3yuuTh s13b6IK IporpammupoBanus «Pythony Ha 6azoBom ypoBHe;
o O3HAaKOMUTBCS C PA3HOBUIHOCTSIMU HEUPOHHBIX CETEH, H3YUUTh

OCHOBBI paboThI ¢ TpadOBBIMU HEHPOHHBIMU CETSIMU;

o [Tpumenutp rpadoBble HEWPOHHBIE CETU C LENbI0 aJanTaluu
runpoauHamMudeckoi mogenn SRM-6 u pacdera TEXHONIOTHMUECKHUX TOKa3aTelen
pabOThI CKBAXKUH;

BbL1 BBIMOSTHEH JTUTEpATypHBIA 0030p 110 HEHPOHHBIM CETSIM U, B YACTHOCTH,
npuMeHeHus1 rpaOBbIX HEHUPOHHBIX CETeM ISl PEIICHHs] CXOXKUX IO TEMAaTHKe

HCCICAOBAaHUs 3a1a4.

B kadectBe BXOJHBIX TapameTpoB s T'padoBOM HEUPOHHOU CETH, Ha
ocHoBe wMmojienu SRM-6, ObulM MNPUHATBI MATh CTaTHYECKUX MapaMeTpoB
(KOOpAMHATBI CKBAXKUH — X, Y, @ TAKXKE MOPUCTOCTb, MPOHUIIAEMOCTh U HayalbHas
BOJIOHACHIIIEHHOCTh) M OJMH JMHAMHYCCKHU Tapametp (neOut xumkoctu). Jlus
nepBoro 0a3oBOro NMPUMEHEHHS] METOJUKHU OBbLIO pPEUIEHO MPOBECTH pacyeT Ha
CEMHU TI0JIax UCTOPUYECKHUX JaHHbIX. [IpMHATH mepBbIE MIECTh JET B KAaYECTBE
oOyuaronieil BBIOOPKU U OJIMH, CEABMOM o1, — MPOBEPOUHOIN BHIOOPKHU.

Bo Bpemsa peanmmzaumu yka3aHHOW METOJMKM B PaMKaxX MarvCTEepCKOU
JUCCepTallii HE YJajioCh MOBECTH JO 3asBICHHOM IleNd, MO3TOMY Oblia

NpUMEHEHa Jpyras HEMpOHHasi CETh, BO OCHOBE KOTOpPOM He JEeXHUT rpadoBoe
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NpeICTaBICHUEe HEHPOHHBIM CceTel, HO OHAa TakXKe BBIMNOJIHACT (PYHKIIHIO
IIPOTHO3WPOBAHUS TEXHOJIOTUYECKUX MapaMETPOB CKBAKHH.

AKTYyaJbHOCTh U MPUBJIEKATEILHOCTh I'padOBOM HEUPOHHOUM CETH OCTaeTCs
HEM3MEHHOM, U B OyAyIIeM JaHHas METOAUKa OyJeT JopaboTaHa U OCYIIECTBIICHA,
a TakkKe IUTaHUpYeTCs Tiy0xke paccMOTpeTh (U3HMKY I1acTa U Pean30BaTh
METOJIMKY, KOTOPasi YYUTHIBAET CBSI3b CKBAKUH KAXKJION C KaxIOM.

[Ipu ucmonb30BaHUU APYTrol HEHPOHHOU ceTH ObLT CPOPMUPOBAH MACCHB
JAHHBIX, COCTOSAIIUHN U3 3HAUCHUM eOnTa 3a MIECTh JIET pa0OThl MECTOPOKICHUSI.

@DakTUYECKH HCIIOJIb30BaHHAsI HEUPOHHAS CETh TAaKXKe pellaeT mpodiemy
IIPOTHO3UPOBAHUSI TEXHOJIOTMYECKUX IapaMeTpoB CKBaXuH. boiee Toro, ee
MO’KHO MCHOJIb30BaTh TAKXKE MPU MIPOrHO3UPOBAHUM TEMIIOB aJIEHUS JOOBIYU AJIs
CKBQ)XMH OTAEJIBHO WM MECTOPOXKICHUN B LIEJIOM, a TAK)K€ IPU IPOTHO3UPOBAHUU
XapaKTEPUCTUK BBITECHEHUS HE(PTH HAa OCHOBE 3allyCKHBIX IapaMeTpoB U
HAKOIUIEHHOM OOBIUN.

Pe3ynbTaToM  BBINOJHEHHOHM pPabOThl MOXKET CUYMTAThCS  KOHLIETILIMS
METOJUMKA TpUMEHEHUs TpadoBbIX HEHPOHHBIX CeTe [  ajanTaluuu
TUAPOJMHAMUYECKON MOJENH M pacueTa TEXHOJIOTMYECKUX IMOoKa3aTeiaeil padoThbl
CKBOXWMH, KoTopas Oyner pgopaboTaHa u oOmpoOOBaHA HA CHHTETHYECKOM
MectopoxaeHnn SRM-6. A Takke mpuMeHEHUE PEKYPPEHTHONW HEMpPOHHOUW ceTu
JUIsl TIPOTHO3MPOBAHMSI TeMMa MaJieHHusl OObIYM Ha PAacCMATPUBAEMOM YYACTKE
MECTOPOKACHUS.

bb110 mpoun3BeieHa cpaBHUTENbHAS OLEHKa YP(EKTUBHOCTH MPEaraeMoro
NOAX0/Ja C METOAOM, MPENoJIaralolldM  KMCMHOJb30BAHUE  MPOTrPaMMHBIX
IPOAYKTOB JUIi TEOJIOTMYECKOTO0 W THJIPOJWHAMHYECKOTO MOJAEINPOBAHUS.
[Ipennaraemsiii nonxon Ha 90% meHee 3arpaTeH ¢ PUHAHCOBOW TOYKH 3PEHUS U

Ha 60% TpeOyeM MeHbIlIe BPEMEHHBIX PECYpPCOB.
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BACKGROUNDS

Multivariate Time Series Forecasting

Time series forecasting has been studied for a long time. The majority of
existing methods follow a statistical approach [4]. The autoregressive integrated
moving average (ARIMA) generalizes a family of a linear model, including auto-
regressive (AR), moving average (MA), and auto-regressive moving average
(ARMA). The vector auto-regressive model (VAR) extends the AR model to
capture the linear interdependencies among multiple time series. Similarly, the
vector auto-regressive moving average model (VARMA) is proposed as a
multivariate version of the ARMA model. Gaussian process (GP), as a Bayesian
approach, models the distribution of a multivariate variable over functions. GP can
be applied naturally to model multivariate time series data. Although statistical
models are widely used in time series forecasting due to their simplicity and
interpretability, they make strong assumptions with respect to a stationary process
and they do not scale well to multivariate time series data. Deep-learning-based
approaches are free from stationary assumptions and they are effective methods to
capture non-linearity. Lai et al. and Shih et al. are the first two deep-learning-based
models designed for multivariate time series forecasting. They employ
convolutional neural networks to capture local dependencies among variables and
recurrent neural networks to preserve long-term temporal dependencies.
Convolutional neural networks encapsulate interactions among variables into a
global hidden state. Therefore, they cannot fully exploit latent dependencies

between pairs of variables.
Graph Neural Networks

Graph neural networks have enjoyed great success in handling spatial
dependencies among entities in a network. Graph neural networks assume that the
state of a node depends on the states of its neighbors. To capture this type of
spatial dependency, various kinds of graph neural networks have been developed

through message passing, information propagation, and graph convolution. Sharing
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similar roles, they essentially capture a node’s highlevel representation by passing
information from a node’s neighbors to the node itself. Most recently, we have
seen the emergence of a type of graph neural networks known as spatial-temporal
graph neural networks. This form of neural networks is proposed initially to solve
the problem of traffic prediction [2, 5, 6] and skeleton-based action recognition.
The inputs to spatialtemporal graph neural networks are multivariate time series
with an external graph structure which describes the relationships among variables
in multivariate time series. For spatial-temporal graph neural networks, spatial
dependencies among nodes are captured by graph convolutions, while temporal
dependencies among historical states are preserved by recurrent neural networks
[2] or 1D convolutions [6]. Although existing spatial-temporal graph neural
networks have achieved significant improvements compared to methods without
using a graph structure, they are incapable of handling pure multivariate time series
data effectively due to the absence of a pre-defined graph and lack of a general

framework.
PROBLEM FORMULATION

In this paper, we focus on the task of multivariate time series forecasting.
Let z; € RN denote the value of a multivariate variable of dimension N at time step
t, where z; [i] € R denote the value of the i variable at time step t. Given a
sequence of historical P time steps of observations on a multivariate variable, X =
{zt,,zt,, - - -, zp }, our goal is to predict the Q-step-away value of Y = {zp.q },
or a sequence of future values Y = {Zp+1, Zip+2, - * -, Zip+q }. More generally, the
input signals can be coupled with other auxiliary features such as time of the day,
day of the week, and day of the season. Concatenating the input signals with
auxiliary features, we assume the inputs instead are X = {Su, Sz, - - -, Sip }
where Si € RVP, D is the feature dimension, the first column of S equals to z; ,
and the rest are auxiliary features. We aim to build a mapping f (-) from X to Y by

minimizing the absolute loss with I, regularization.
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Graphs describe the relationships among entities in a network. We give a

formal definition of graph-related concepts below.

Definition 1 (Graph). A graph is formulated as G = (V, E) where V is the set
of nodes, and E is the set of edges. We use N to denote the number of nodes in a

graph.

Definition 2 (Node Neighborhood). Let v € V to denote a node and e = (v,u)
€ E to denote an edge pointing from u to v. The neighborhood of a node v is
defined as N(v) ={u € V |(v,u) € E}.

Definition 3 (Adjacency Matrix). The adjacency matrix is a mathematical
representation of a graph, denoted as A € RNMNwith Aij=c >0 if (vi,v;) € E and
Aij=0if (vi,v;) <E.

From a graph-based perspective, we consider variables in multivariate time
series as nodes in graphs. We describe the relationships among nodes using the
graph adjacency matrix. The graph adjacency matrix is not given by the

multivariate time series data in most cases and will be learned by our model.

FRAMEWORK OF MTGNN
Model Architecture

We first elaborate on the general framework of our model. As illustrated in
Figure 1, MTGNN on the highest level consists of a graph learning layer,m graph
convolution modules,m temporal convolution modules, and an output module. To
discover hidden associations among nodes, a graph learning layer computes a
graph adjacency matrix, which is later used as an input to all graph convolution
modules. Graph convolution modules are interleaved with temporal convolution
modules to capture spatial and temporal dependencies respectively. Figure 2 gives
a demonstration of how a temporal convolution module and a graph convolution
module collaborate with each other. To avoid the problem of gradient vanishing,
residual connections are added from the inputs of a temporal convolution module

to the outputs of a graph convolution module. Skip connections are added after

91



each temporal convolution module. To get the final outputs, the output module
projects the hidden features to the desired output dimension. In more detail, the

core components of our model are illustrated in the following:
Graph Learning Layer

The graph learning layer learns a graph adjacency matrix adaptively to
capture the hidden relationships among time series data. To construct a graph,
existing studies measure the similarity between pairs of nodes by a distance metric,
such as dot product and Euclidean distance [2]. This leads inevitably to the
problem of high time and space complexity with O(N2). It means the computation
and memory cost grows quadratically with the increase of graph size. This restricts
the model’s capability of handling larger graphs. To address this limitation, we
adopt a sampling approach, which only calculates pair-wise relationships among a
subset of nodes. This cuts off the bottleneck of computation and memory in each

minibatch.

Another problem is that existing distance metrics are often symmetric or bi-
directional. In multivariate time series forecasting, we expect that the change of a
node’s condition causes the change of another node’s condition such as traffic
flow. Therefore, the learned relation is supposed to be uni-directional. Our
proposed graph learning layer is specifically designed to extract uni-directional

relationships, illustrated as follows:

M; = tanh(aE,0,)

1)
M; = tanh(aE,0,)
2)
A =ReLU (tanh(a(M;M;"™= MaM;T)))
3)
fori=1,2,---,N
4)
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idx = argtopk(Al[i, :])
5)
Ali, —idx] =0,

6)
where E;, E, represents randomly initialized node embeddings, which are
learnable during training, ®1,0, are model parameters, a is a hyper-parameter for
controlling the saturation rate of the activation function, and argtopk(-) returns the
index of the top-k largest values of a vector. The asymmetric property of our
proposed graph adjacency matrix is achieved by Equation 3. The subtraction term
and the ReL U activation function regularize the adjacency matrix so that if Ay, is
positive, its diagonal counterpart Ay, will be zero. Equation 5-6 is a strategy to
make the adjacency matrix sparse while reducing the computation cost of the
following graph convolution. For each node, we select its top-k closest nodes as its
neighbors. While retaining the weights for connected nodes, we set the weights of

non-connected nodes as zero.

Incorporate External Data. The inputs to the graph learning layer are not
limited to node embeddings. In case that external knowledge about the attributes of
each node is given, we can also set E; = E, = Z, where Z is a static node feature
matrix. Some works have considered capturing dynamic spatial dependencies [3].
In other words, they dynamically adjust the weight of two connected nodes based
on temporal inputs. However, assuming dynamic spatial dependencies makes the
model extremely hard to converge when we need to learn the graph structure at the
same time. The advantage of our approach is that we can learn stable and
interpretable node relationships over the period of the training dataset. Once the
model is trained in an on-line learning version, our graph adjacency matrix is also

adaptable to change as new training data updates the model parameters.
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Residual Connections Residual Connections Residual Connections
A A A
1x1 TC Module Ll GC TC Module GC b e TC Module N GC
Conv (d=q") l Module (d=q*) Module (d=q™) I Module
Inputs:
x € RTm*NxD Skip Connections Skip Connections Skip Connections
Output Module Outputs:Y € RTour*N

Figure 1 — The framework of MTGNN. A 1 x 1 standard convolution first
projects the inputs into a latent space. Afterward, temporal convolution modules
and graph convolution modules are interleaved with each other to capture temporal
and spatial dependencies respectively. The hyper-parameter, dilation factor d,
which controls the receptive field size of a temporal convolution module, is
increased at an exponential rate of g. The graph learning layer learns the hidden
graph adjacency matrix, which is used by graph convolution modules. Residual

connections and skip connections are added to the model to avoid the problem of

gradient vanishing. The output module projects hidden features to the desired

dimension to get the final results.

Figure 2 — A demonstration of how a temporal convolution module and a graph

convolution module collaborate with each other. A temporal convolution module

filters the inputs by sliding a 1D window over the time and node axes, as denoted

by the red. A graph convolution module filters the inputs at each step, denoted by
the blue.

Graph Convolution Module

The graph convolution module aims to fuse a node’s information with its
neighbors’ information to handle spatial dependencies in a graph. The graph
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convolution module consists of two mixhop propagation layers to process inflow
and outflow information passed through each node separately. The net inflow
information is obtained by adding the outputs of the two mix-hop propagation
layers. Figure 3 shows the architecture of the graph convolution module and the

mix-hop propagation layer.

O

A Mix-hop Mix-hop AT
— Propagation Propagation +——
Layer Layer

e

Figure 3 — Graph convolution and mix-hop propagation layer. (a — GC module,

b — Mix-hop propagation layer)

Mix-hop Propagation Layer. Given a graph adjacency matrix, we propose
the mix-hop propagation layer to handle information flow over spatially dependent
nodes. The proposed mix-hop propagation layer consists of two steps - the
information propagation step and the information selection step. We first give the
mathematical form of these two steps and then illustrate our motivations. The

information propagation step is defined as follows:

H® = pH;, + (1 - pAHKD
7)

where B is a hyper parameter, which controls the ratio of retaining the root

node’s original states. The information selection step is defined as follows

K
H,y = Z Hw k)
i=0 8)

where K is the depth of propagation, Hi, represents the input hidden states
outputted by the previous layer, Hou: represents the output hidden states of the
current layer, HO = Hj,, "A = "D}(A+ 1), and "Dii = 1 + Y Aj; . In Figure 3b, we
demonstrate the information propagation step and information selection step in the
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proposed mix-hop propagation layer. It first propagates information horizontally

and selects information vertically.

The information propagation step propagates node information along with
the given graph structure recursively. A severe limitation of graph convolutional
networks is that node hidden states converge to a single point as the number of
graph convolution layers goes to infinity. This is because the graph convolutional
network with many layers reaches the random walk’s limit distribution regardless
of the initial node states. To address this problem, motivated by Klicpera et al., we
retain a proportion of nodes’ original states during the propagation process so that
the propagated node states can both preserve locality and explore a deep
neighborhood. However, if we only apply Equation 7, some node information will
be lost. Under the extreme circumstance that no spatial dependencies exist,
aggregating neighborhood information simply adds useless noises to each node.
Therefore, the information selection step is introduced to filter out important
information produced at each hop. According to Equation 8, the parameter matrix
W(k) functions as a feature selector. When the given graph structure does not
entail spatial dependencies, Equation 8 is still able to preserve the original node-

self information by adjusting W® to 0 for all k > 0.

Connection to existing works. The idea of mix-hop has been explored by [1].
Kapoor et al. [1] concatenate information from different hops. Chen et al.
However, as GCN faces the oversmoothing problem, information from higher hops
may not or negatively contribute to the overall performance. To avoid this, our
approach keeps a balance between local and neighborhood information.
Furthermore, Kapoor et al. [1] show that their proposed model with two mix-hop
layers has the capability to represent the delta difference between two consecutive
hops. Our approach can achieve the same effect with only one mix-hop
propagation layer. Suppose K =2, W@ =0, W = -1, and W® =1, then

Hout = A(H(Z)’H(l)) = H2 - H1
9)
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From this perspective, using summation is more efficient to represent all

linear interactions of different hops compared with the concatenation method.

tanh sigmoid
Dilated Dilated

. - |
o || e [ re J[o7]

f f TT‘TT

Figure 4: The temporal convolution and dilated inception layer. (a — TC module,

i

b — Dilated inception layer)
Temporal Convolution Module

The temporal convolution module applies a set of standard dilated 1D
convolution filters to extract high-level temporal features. This module consists of
two dilated inception layers. One dilated inception layer is followed by a tangent
hyperbolic activation function and works as a filter. The other layer is followed by
a sigmoid activation function and functions as a gate to control the amount of
information that the filter can pass to the next module. Figure 4 shows the

architecture of the temporal convolution module and the dilated inception layer.

Dilated Inception Layer. The temporal convolution module captures
sequential patterns of time series data through 1D convolutional filters. To come
up with a temporal convolution module that is able to both discover temporal
patterns with various ranges and handle very long sequences, we propose the
dilated inception layer which combines two widely applied strategies from
convolutional neural networks, i.e., using filters with multiple sizes [4] and

applying dilated convolution [7].

First, choosing the right kernel size is a challenging problem for
convolutional networks. The filter size can be too large to represent short-term
signal patterns subtly, or too small to discover long-term signal patterns

sufficiently. In image processing, a widely employed strategy is called inception,
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which concatenates the outputs of 2D convolution filters with three different kernel
sizes, 1 X 1,3 x 3, and 5 x 5. Moving from 2D images to 1D time series, the set of
1 x 1, 1x3, and 1x5 filter sizes do not suit the nature of temporal signals. As
temporal signals tend to have several inherent periods such as 7, 12, 24, 28, and 60,
a stack of inception layers with filter size 1 x 1, 1 x 3, and 1 X 5 cannot well
encompass those periods. Alternatively, we propose a temporal inception layer
consisting of four filter sizes, viz. 1 x 2, 1 x 3, 1 x 6, and 1 X 7. The
aforementioned periods can all be covered by the combination of these filter sizes.
For example, to represent the period 12, a model can pass the inputs through a 1 x
7 filter from the first temporal inception layer followed by a 1 x 6 filter from the

second temporal inception layer.

Second, the receptive field size of a convolutional network grows in a linear
progression with the depth of the network and the kernel size of the filter. Consider
a convolutional network with m 1D convolution layers of kernel size c, the

receptive field size of the convolutional network is,

R=m(c—1)+1
10)
To process very long sequences, it requires either a very deep network or
very large filters. We adopt dilated convolution to reduce model complexity.
Dilated convolution operates a standard convolution filter on down-sampled inputs
with a certain frequency. For example, where the dilation factor is 2, it applies
standard convolution on inputs sampled every two steps. Following, we let the
dilation factor for each layer increase exponentially at a rate of g (q > 1). Suppose
the initial dilation factor is 1, the receptive field size of am layer dilated

convolutional network with kernel size c is

R=1+@c—-1)(q"—Dliq—-1)
11)
This indicates that the receptive field size of the network also grows

exponentially with an increase in the number of hidden layers at the rate of g.
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Therefore, using this dilation strategy can capture much longer sequences than

proceeding without it.

Formally, combining inception and dilation, we propose the dilated
inception layer, demonstrated by Figure 4b. Given a 1D sequence input z € RT and
filters consisting of f., € R? f.3 € R, fi.s € RS and f.; € R’, our dilated

inception layer takes the form,

z = concat(z * f1.2, Z * 1.3, 2 * Tix6, Z % T147)
12)
where the outputs of the four filters are truncated to the same length
according to the largest filter and concatenated across the channel dimension, and

the dilated convolution denoted by zxf,. is defined as

Zx T (t) = ZE;& fixk (8)z(t —d X s)
13)

where d is the dilation factor.
Skip Connection Layer & Output Module

Skip connection layers are essentially 1 x L; standard convolutions where L;
is the sequence length of the inputs to the ith skip connection layer. It standardizes
information that jumps to the output module to have the same sequence length 1.
The output module consists of two 1 % 1 standard convolution layers, transforming
the channel dimension of the inputs to the desired output dimension. In case we
want to predict a certain future step only, the desired output dimension is 1. When

we want to predict Q consecutive steps, the desired output dimension is Q.
Proposed Learning Algorithm

We propose a learning algorithm to enhance our model’s capability of
handling large graphs and stabilizing in a better local optimum. Training on a
graph often requires storing all node intermediate states into memory. If a graph is

large, it will face the problem of memory overflow. Most relevant to us, Chiang et
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al. They apply a graph clustering algorithm to partition a graph into subgraphs and
train a graph convolutional network on the partitioned sub-graphs. In our problem,
it is not practical to cluster nodes based on their topological information because
our model learns the latent graph structure at the same time. Alternatively, in each
iteration, we randomly split the nodes into several groups and let the algorithm
learn a sub-graph structure based on the sampled nodes. This gives each node the
full possibilities of being assigned with another node in one group so that the
similarity score between these two nodes can be computed and updated. As a side
benefit, if we split the nodes nto s groups, we can reduce the time and space
complexity of our graph learning layer from O(N,) to (N/s)? in each iteration. After
training, as all node embeddings are well-trained, a global graph can be
constructed to fully utilize spatial relationships. Although it is computationally
expensive, the adjacency matrix can be precomputed in parallel before making

predictions.

The second consideration of our proposed algorithm is to facilitate our
model stabilize in a better local optimum. In the task of multi-step forecasting, we
observe that long-term predictions often achieve greater improvements than those
in the short-term in terms of model performance. We believe the reason is that our
model predicts multi-steps altogether, and long-term predictions produce a much
higher loss than short-term predictions. As a result, to minimize the overall loss,
the model focuses more on improving the accuracy of long-term predictions. To
address this issue we propose a curriculum learning strategy for the multi-step
forecasting task. The algorithm starts with solving the easiest problem, predicting
the next one-step only. It is very advantageous for the model to find a good starting
point. With the increase in iteration numbers, we increase the prediction length of
the model gradually so that the model can learn the hard task step by step.

Covering all this, our algorithm is given in Figure 6.
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1: Input: The dataset O, node set V, the initialized MTGNN model f(-)
with ©, learning rate y, batch size b, step size s, split size m (default=1).
2: setiter=1,r=1

3: repeat

4 sample a batch (X € RPXT<NxD_ i ¢ ROxT'xN) from 0.

5 random split the node set V' into m groups, U V; = V.

6: if iter%s == 0 and r <= T’ then

7 r=r+1

8: end if

9 foriin 1:m do

10: compute Y- F(X[s 5 id(Vi), :];©)

11: compute L = Ioss(y[:, iy, Ms e, id(Vy)])

12: compute the stochastic gradient of © according to L.

13: update model parameters © according to their gradients and
the learning rate y.

14: end for

15: iter = ifter + 1.

16: until convergence

Figure 6 — Algorithm of MTGNN learning
Baseline Methods for Comparision

MTGNN and MTGNN-+sampling are our models to be evaluated. MTGNN
is our proposed model. MTGNN+sampling is our proposed model trained on a
sampled subset of a graph in each iteration. Baseline methods are summarized in

the following:
Single-step forecasting.
* AR: An auto-regressive model.

* VAR-MLP: A hybrid model of the multilayer perception (MLP) and auto-
regressive model (VAR).

* GP: A Gaussian Process time series model.

* RNN-GRU: A recurrent neural network with fully connected GRU hidden

units.

* LSTNet: A deep neural network, which combines convolutional neural

networks and recurrent neural networks.
« TPA-LSTM: An attention-recurrent neural network.

Multi-step forecasting.
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« DCRNN: A diffusion convolutional recurrent neural network, which

combines diffusion graph convolutions with recurrent neural networks [2].

« STGCN: A spatial-temporal graph convolutional network, which

incorporates graph convolutions with 1D convolutions [6].

» Graph WaveNet: A spatial-temporal graph convolutional network, which

integrates diffusion graph convolutions with 1D dilated convolutions [5].

« ST-MetaNet: A sequence-to-sequence architecture, which employs meta

networks to generate parameters.

* GMAN: A graph multi-attention network with spatial and temporal

attentions.

* MRA-BGCN: A multi-range attentive bicomponent GCN.
Main Results

We observe that MTGNN achieves state-of-the-art results on most of the
tasks, and the performance of MTGNN only degrades marginal when it samples
sub-graphs for training. In the following, we discuss experimental results of single-

step and multi-step forecasting respectively.

Single-step forecasting. In this experiment, we compare MTGNN with other
multivariate time series models. In general, our MTGNN achieves state-of-the-art
results over almost all horizons on Solar-Energy, Traffic, and Electricity data. In
particular, on Traffic data, the improvement of MTGNN in terms of RSE is
significant. MTGNN lowers down RSE by 7.24%, 3.88%, 4.83% over the horizons
of 3, 12, 24 on the traffic data. The main reason why MTGNN improves the results
of traffic data evidently is that the nature of traffic data is better suited for our
model assumption about the spatial-temporal dependencies. Obviously, the future
traffic occupancy rate of a road not only depends on its past but also on its

connected roads’ occupancy rates. MTGNN fails to make improvements on the
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exchange-rate data, possibly due to the smaller graph size and fewer training

examples of exchange-rate data.

Multi-step forecasting. In this experiment, we compare MTGNN with other
spatial-temporal graph neural network models. The significance of MTGNN lies in
that it achieves on-par performance with state-of-the-art spatial-temporal graph
neural networks without using a pre-defined graph, while DCRNN, STGCN, and
MRA-BGCN fully rely on pre-defined graphs. Graph Wavenet proposes a self-
adaptive adjacency matrix, but it needs to combine with a pre-defined graph in
order to achieve optimal performance. ST-MetaNet employs attention mechanisms
to adjust the edge weights of a pre-defined graph. GMAN leverages node2vec
algorithm to preserve node structural information while performing attention
mechanisms. When a graph is not defined, these methods cannot model

multivariate times series data efficiently.
Study of the Graph Learning Layer

To validate the effectiveness of our proposed graph learning layer, we
conduct a study which experiments with different ways of constructing a graph
adjacency matrix. Table 1 shows different forms of A with experimental results
tested on the validation set of the METR-LA data averaged on 10 runs. Predefined-
A is constructed by road network distance [2]. Global-A assumes the adjacency
matrix is a parameter matrix, which contains N, parameters. Motivated by [5],
Undirected-A and Directed-A are computed by the similarity scores of node
embeddings. Motivated by [3], Dynamic-A assumes the spatial dependency at each
time step is dependent on its node inputs. Uni-directed-A is our proposed method.
According to Table 1, our proposed uni-directed-A achieves the lowest mean
MAE, RMSE, and MAPE. It improves over predefined-A, undirected- A, and
dynamic-A significantly. Our uni-directed-A improves over undirected-A and
directed-A marginally in terms of MAEand MAPE but proves to be more robust
due to a lower RMSE. We further investigate the learned graph adjacency matrix

via a case study. In Figure 7a, we plot the raw time series of node 55 and its pre-
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defined top-3 neighbors. In Figure 7b, we chart the raw time series of node 55 and
its learned top-3 neighbors. Figure 7c shows the geo-location of these nodes, with
green nodes representing the central node’s learned top-3 neighbors and yellow
nodes representing the central node’s pre-defined top-3 neighbors. We observe that
the central node’s pre-defined top-3 neighbors are much closer to the node itself on
the map. As a result, their time series are more correlated simultaneously, as shown
by the red circles in Figure 6a. On the contrary, the central node’s learned top-3
neighbors distribute further away from it but still lie on the same road it follows.
According to Figure 7b, time series of the learned top-3 neighbors are more

capable of indicating extreme traffic conditions of the central node in advance.
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Figure 7: Case study (a— Time series of node 55 and its top-3 neighbors given by
the pre-defined A, b — Time series of node 55 and its top-3 neighbors given by the
learned A, ¢ — Node locations of node 55 and its neighbors marked on Google
Maps. Yellow nodes represent node 55’s top-3 neighbors given by the pre-defined

A. Green nodes represent node 55°s top-3 neighbors given by the learned A.)

Table 1. Comparison of different graph learning methods.

Methods Fquation | MaE | rMsE | marE
Pre-efined-A - 20017400078 | 6.128820.0345 | 0.083620.0009
Glokal-A A= BeLlU(W) 28457200107 | 5.990020.0390 | 0.050520.0009
Undirected-A A= RelU{tark{2(M,MT 1)) 27736400185 | 58411200523 | 00783200012
Directed-A A = BeLUTtark{a(M M)} 2IT5840.0088 | 5217200451 | 00783200006
Drynamic-A A= SaftMax(tank(X W1 eanb(WTXT)) | 2812400002 | 5008920.0280 | 0.07%420.0008
Uni-directed-A {ours) A = KeLU(tamh{a(M M] - MM ) 2771500119 | S.H0T0+0.0512 | 0.0778+0.000%
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