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MATEMATHUYECKHUE METO/Ibl BOBBEKTHBU3AILIUA OKCIIEPTHBIX OLIEHOK
MPOU3BOJICTBEHHOM BE30ITIACHOCTH

Summary. A methodology has been developed for the quantitative assessment of expert agreement on the
ranking of factors affecting industrial safety. The methodology was tested in relation to the assessment of labor
safety at a large machine-building enterprise on the basis of the opinion of 20 independent experts. The stability
of the mathematical model in relation to the rare mistakes of experts and the size of their group was studied. It is
proposed to use the development to assess working conditions at enterprises of various profiles.

AunHoTauusi. PaspaboTaHa MeTOAMKA KOJMYECTBEHHOH OLGHKHM COIVIACHS OKCIIEPTOB B BOIpOCE
PaHXXUPOBaHUA Q)aKT()pOB, BIMSIIOIINX Ha MPOU3BOACTBCHHYIO 0e30IMacHOCTb. MCTOI[I/IK& HUCIIbITAHA
IIPUMEHUTCIIBHO K OLICHKE 6630HaCHOCTH TpyAa Ha KPYITHOM MallIMHOCTPOUTECIIBHOM IIPEANIPUATHH HA OCHOBAHUHN
MHeHusT 20-TH HE3aBHUCHMBIX OKCIIEPTOB. I/Isy'-IeHa yCTOﬁ'-IPIBOCTB MaTeMaTHIeCKOU MOJICIIK TI0 OTHOHICHHUIO K
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PEKMM OIMOKaM PKCIEPTOB U YMCICHHOCTH MX Tpymmsl. [IpuMeHsTh pa3paboTKy Hpejsiaraercst JUisl OLEHKH

YCJIOBHI TPy/a Ha MPEANPHUATUSIX PA3TUIHOTO TIPOMIIIS.

Key words: labor and occupational safety, expert opinion, statistics, correlation, distribution function,

computational stability.
Knouesvie  cnosa:

npou?sodcmsem-taﬂ bezonacnocmeo,

JKCnepmnvle  OYEHKU, mamemamudeckas

cmamucmuxa, KOppeiayuoHHblll AHAIu3, QYHKYuU pacnpeoeienus, yCmouuueocns ai2opummd.

BBEJEHHWE
KonnuecTBeHHOE NpECTAaBIEHHE JKCIEPTHBIX
OLIEHOK SBJIAETCA Ba)kHEHINM JJIEMEHTOM
TPYAHODOPMANHU3YeMbIX ~ CHCTEM, K  KOTOPBIM

OTHOCSITCS B T.4. Pa3HOTO POJA IKCICPTHHIC OLCHKH.
TIockonbKy LEbI0 TAaKOTO MPEACTABICHUSI CTaBHTCS
BBISIBJICHHE  OOBCKTHBHBIX ~HCTHH HAa  OCHOBE
MHOKECTBEHHBIX CyOBEKTUBHBIX JAHHBIX, IPHXOAUTCS
HPEIBSBIATH KECTKHE TPEOOBAHUS K HAIEKHOCTH KaK
COOCTBEHHO MCXOJIHOI SKCIIEPTHON HH(POPMALINH, TaK
U alropuTMaM HMX MaTeMaTHueckoil oOpaborku. DTn
TpeGOBaHMs CBOIATCS K OOBEKTHBHOCTH KOHEYHOIO

pesyJibTara, T.C. ero JI0CTOBEPHOCTH,

YHHUBEPCAIbHOCTH U Pa3yMHOH ycToitunBocTH [1].
Iox JIOCTOBEPHOCTBIO (opmanuzanun

OKCIIEPTHOH  OLIEHKH Oynem NOApa3yMeBaTh

COOTIOICHHE CIICYIOIINX YCIOBHIA:

1) KaduecTBEHHBI BEIOOP KIIOUEBBIX MOKA3aTENCH,
MO/UICKAIINX ~ JKCIIEPTHOMY  OLIEHMBaHHMIO  (cioza
BXOJST KaK CTPYKTypa, Tak U 00BEM aHAIM3UPYEMbBIX
(haKTHYECKHX JIAaHHBIX);

2) obecreveHne TEPBUYHON OLCHKU JAHHBIX
JIOCTATOYHBIM ~ YHCIIOM Haubojee KOMIIETEHTHBIX
pOo(eCcCHOHAIOB, UMEIOIHX OOraThlii ONBIT PabOTHI,
KaK B aHAIN3UPYEMOH MpPEIMETHON 00JacTH, Tak U B
CMEXHBIX C Helf 00/macTsxX;

3) HCIIOJIB30BAaHHE  TOJBKO  TIIATEIHEHO
anpoOHMPOBAHHBIX HAYYHBIX METOJOB IepepaboTKH
TPYAHO(POPMATH3YEMBIX MIPEIMETHBIX TaHHBIX;

4) BCECTOPOHHSSI IPOBEPKA  IEPEYHUCICHHBIX
BBIIIE YCJIOBHH M pE3yJbTaTOB Ha BCEX JTanax
KBaHTU(UIUPYEMOTO 9KCHEPTHOTO aHanmu3a
(OCyIIECTBISACTCS COMOCTABICHUEM C COJCPIKAHHEM,
HPOLIe/lypaMH U Pe3yJIbTATAMH CXOJIHBIX IPOEKTOB).

YHUBEPCAIBHOCTh pe3yJbTaTa IpeflyCcMaTpUBacT
ero HEMOCPEACTBEHHBII, Macurabupyemsii,
TpaHCHOPMHUPYEMBIl WM HHOW MEPEeHOC METOIO0B M
pe3yIbTaTOB Ha IIPOLEAYphl JKCIEPTHOTO aHAIM3a
[POYHX TPYAHODOPMATU3YEMBIX CHCTEM.

YCTOWYNBOCTE PE3yNIbTaTOB HKCIICPTHON OLIEHKH
SIBJISIETCSl. KOMIUIEKCHBIM T10Ka3aTejleM M CBOJHTCS K
MaJOMy M3MEHEHHIO KOHEYHOTo pe3yibTaTa Ipu
HE3HAYUTEINIbHBIX U3MEHEHUSX

1)  crpyktypsl u  0ObéMa
(reonndpo0BaHHBIX HCXOIHBIX JAHHBIX);

2) cocraBa  OKCHEPTHOH  KOMHUCCHH U
MHANBHAYAIBHOTO OMBITA SKCIIEPTOB, @ TAKIKE CPOKOB
1 yCIIOBHII IPOBEACHUSI IKCIICPTU3bI;

3) MeromoB MaTreMaTHYecko o0OpaboTKH ¥
HAJISIAHOTO — MPEJCTABJICHHUS JI@HHBIX, a Takxke
HCIOJIB3YEMBIX JUISl 9TOT0 HPOTPAMMHBIX CPEJICTB.

Takum o00pa3zoMm, pa3paboTKa MaTeMaTHYECKUX
Moyienieil 1 MeTOJIOB aHaiu3a TPy IHODOPMAIU3yEeMbIX
CyOBEKTUBHBIX JAHHBIX C LEIbI0 X IMOCIEAYIOIIEro

HUCXOOHBIX

HCIIOIb30BAHUS npu NPHHSITHI
MIPE/ICTABIISICTCSI KpaiiHe akTyasbHOM [1].

OcHOBHast ujiest pabOThI COCTOUT B CYIIECTBEHHOMH
JeTann3alii aHaIu3a TaOIMI IKCIEPTHBIX MHEHHH
JUISL BBISABICHMS TOHKHX XapaKTCPHCTHK, Kak B
pe3yJbTaTe Ompoca, TaK U CTENEHH MOATOTOBICHHOCTH

pereHuit

skcneproB. Takoif moaxox, opHako, Tpebyer
CYIIECTBCHHOHN BBIYMCIUTEIBHON pabOTHI, BEIOTHUTE
KOTOPYIO MO3KHO JIUII HCIIOJNB3YS

CIeNUAIN3UPOBAHHbIC BBIUMCIUTEIbHBIE CPEJCTBA U
TexHoJoruy [2].

L{esbI0 JaHHOTO MaTEMAaTHYECKOTr0 UCCIICJOBAHHS
CTaBUTCS OOBEKTUBHO OLICHUTH 3HAYUMOCTh (PAaKTOPOB,
BIMSIIONIMX Ha 0e30MacHOCTh IPOM3BOACTBEHHOTO
nepcoHana ¥ KoM(pOPTHOCTb TPYJOBBIX yciaoBuid. EE
aKTYaJIbHOCTb OINPENEIACTCS OCTPOil IOTPEOHOCTBIO
MOBBICHTh KYJIbTYPY MPOHM3BOJACTBA M Ka4ecTBO
pabounx MecT B MAalIMHOCTPOCHHH [0 HEPEeIoBOro (B
MHpE) YPOBHSI.

Peanuzauus 5Toil 1enu ocyuecTBiaseTca MyTEM
KOMIIIEKCHOTO PEIICHHs CIIeYIONINX 3a1au:

- BBIOOpA KIIFOYEBBIX KAUeCTBEHHBIX MOKa3aTeNeH,
TOJUISIKAIIUX KOJINYESCTBEHHOMY OIICHUBAHUIO;

- ¢opMupoBaHUS ~ KOJUIGKTHBAa  Haubouiee
KOMIICTeHTHBIX MPEIMETHBIX JKCIICPTOB IOCTATOUHOMN
YHCIICHHOCTH;

- TPOBEICHHS NEPBUYHOTO 3Tala MCCICHAOBAHUS
(cOOCTBEHHO IKCHEPTHOH OLICHKH);

- pa3pabOTKH  aIrOPUTMOB  OLICHHBAHHUS
00bEKTHBHOCTH SKCTIEPTHBIX MHEHHIT U HX pean3alin
NPUMEHHUTENIBHO K (DaKTUYECKUM  IIPEIMETHBIM
JIaHHBIM;

- MHTEpIpeTaliil U KBalTU(UKALMK Pe3yJIbTaTOB
9KCHEPTHOMN OLCHKH;

- BbIPa0OTKM pEKOMEHJaUMid Hu Mep Mo
COBEpIICHCTBOBAHHIO ~ OTPAabOTAHHOH  MpOLELyphI
9KCHEPTHOTO OLICHUBAHMUS, a TAKXKE 10 e€ BHEAPCHHIO
B NPAKTUKY KBaHTU(HKALHUK TPyAHODOPMAIN3YEMBIX
00BEKTOB Pa3INYHOM MPHPOBI.

HoBu3Ha mojaxona MCHOIB30BAHHBIX METOJNOB H
MOJy4EHHBIX pE3y/IbTATOB COCTOUT B OTPabOTKE
Hay4YHO-METOJMYECKOro 3ajelia, BOCTPEOOBAHHOTO
IpH BBIPAOOTKE aJEKBATHBIX PELICHUH KaCalOIHXCS
(YHKIMOHUPOBAHUSL CIOXKHBIX CHCTEM C Y4acTHEM
4enoBeka. Ero 0CHOBY cOCTaBIsIOT HHYOPMAL[MOHHBIE
MOJICIIH, OTPAKAIOLIUE CBSI3M B OONBIIMX BBHIOOPKAX
CyOBbeKTHMBHBIX MHEHHMH M peanu3yembie B (opme
CICLMATN3UPOBAHHBIX IPOTPAMM.

I[TpakTHYeCKOE MPUMEHEHHE Pa3pabOTKU BUANTCS
B MPUMEHEHHM HPOrPaMMbl Uil CUCTEMAaTH3aLMH U
aHanM3a 9KCIEPTHBIX OLICHOK B cepe
MPOU3BO/ICTBEHHOM 6E3011aCHOCTH.
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1. KinrouyeBble napaMerpbl NPOU3BOACTBEHHOI
0e30MacHOCTH

Jlns  co3maHMs ~ MaTeMaTHYECKOH  MOZIETH
OKCIIEPTHOW ~ CHCTEMBI ~ HAa  OCHOBE  aHAIHM3a
JIMTEPATYPHBIX HCTOYHHKOB HaMH ObLIN BbIAEeHBI 11
OCHOBHBIX  ITapaMeTpoB  0E30MacHOCTH paboyero
MecrTa:

1. OcHnawennocms
HanoJHEeHHue) pabodyero Mecrta — COBOKYITHOCTh
TIABHOTO W JIONOJHHUTEIBHOTO  000pY/JI0BaHUS
YIOBJICTBOPSIIOIIETO  HAMPaBICHHOCTH  pabodero
[POCTPAHCTBA, a TAKXKE OPraHM3alHOHHOM U
TEXHOJIOTHYECKOl  OCHAICHHOCTH, HHCTPYMEHTY,
CpeacTBaM CBSI3H, CICHMAIBHBIM YCTPOWCTBAM IO

(pynxunonansHoe

OXpaHe  TpyAa, TEeXHHKe  6e30mMacHOCTH U
[POM3BOJICTBEHHON CAaHUTApHH.
2. Coomeemcmeue 060pyoosanus

XApPAKmepucmuKkam 4enogeka — Oprauusanus padodero
MeCTa, CII0COOCTBYIOIIAst OOJICTYCHHIO TePEeMEILCHUS
paboTHMKa BO Bpems pabouero mporecca U
YIPOLICHHIO J0CTyNa K O0OOpYIOBaHHUIO Ul €ro
00CIyKUBaHHs, a TaKXKe BOCIPHATHIO 3BYKOBOH M
BHU3yaIbHON HHMOPMALINH.

3. Hanmuuue cpedcme — unHOUSUOYANbHOU U
KOJLNEKMUBHOU 3QUUMbL, A MAKHCE CUCMEM U CPeOCms
nodcapomyueHus.. Cpeocmesa UHOUBUOYATLHOU
sawumer (CH3) — 5T0 wn3menust Uil 3aliuThl U

HPEIOCTABICHHS TEPBOi MOMOIM pabOTHHKAM BO
BpeMs upe3Bbluaiinbix cutyauuid. K CU3 otHocsTCs:
CpeCTBA HHANBU/LYaIbHOM 3aIUThl OPraHOB JbIXaHUS
(IpOTHBOrasbl, CaMOCIHAcaTeNU, POTHBOAIPO30IIBHBIE
(UIBTPYIOIIHE TTOTyMAaCKH, PECIUPATOPHI U Tpoyee),
KOMIUICKTBI HHANBHUAYAIbHON MEIUIHHCKON 3aIUTHI,
[EePEeBsI30YHBIC MaKeTshl, VH/MBH/TyaTbHBII
npoTuBOXuMHYeckuii  maker u  ap. Cpeacrsa
kotekTuBHOW 3ammthel (CK3) wmcmoms3yror cpasy
HECKOJIBKO U Goiee coTpyaHHKOB. K HUM OTHOCSTCS
CpE/ICTBAa HOPMAJIM3ALMU BO3YLIHON cpesbl paboueit
30HBI; 3aIUTHBIC COOPYKEHHS IPaXKJAHCKONH 000POHEI
(yOexwuiia, MpOTUBOPAAUALIUOHHBIC YKPBITHS).

4. Jocmyn ma pabouee mecmo (MOHTaX,
JIEMOHTaX, OOCTy)KHUBaHHE, PEMOHT H T.0.) |
BO3MOXKHOCTh ObICTpOit 9BaKyalnu pu
BO3HHKHOBCHUH 4Ype3BbIYAHHOM CHTYaIHH.
PannonansHOE pacosokKeHHe pabouux MECT C y4eTOM
BCEX HOPM M  TpeboBanuii, obecneunBaromniee
GesomacHoe HEPEIBIKCHHE paGoTHHKOB "
TPAaHCIIOPTHBIX CPEACTB, yHOOHbIE M Oe30IacHbIe
JISHCTBUSL C IPOM3BOACTBEHHBIMH MaTepuajamu, a

TAKKE TEXHHYECKOE OOCIY)XMBAHHE U  PEMOHT
HPOU3BOICTBEHHOTO 000PYAOBAHUSL.
5. Hcnpasrocme npouU3e00CMBEHHO20

06opydosanus. COXpaHEHHE BCEX MPOM3BOJCTBEHHBIX
Ka4yecTB 000pyHoBaHMs. VIcnpaBHOCTH MpOBEpseTCs
PabOTHUKOM €XEIHEBHO M JOCTHTAaeTCS PEryJIpHBIM
TEXHUYECKUM O0OCITYyKMBAaHUEM.

6. Buinonnenue npouzgo0CmeEeHHbIX onepayuil
coznacho  mpebosanusim. llpeanonaraer —crporoe
COOJIIO/ICHHE TPOU3BOICTBEHHOTO LIMKJIIA, TPHMEHEHHE
CH3, 3aKperieHHbIX 33 OHePALHIMH.

7. Monumopunz pacnpedeieHHblX ONACHbIX U
speonvix  gpaxmopos.  Dusnueckue Gaxtoper  —

a’p0o30JM W TbUIb B OCHOBHOM (DHOPOreHHOrO
BO3JICHCTBUS; MOBBIIICHHBI YPOBEHb LIyMa, a TaKxkKe
nuppa3Byk W yIbTpa3Byk; BHOpamus (o0mas u
JIOKaJIbHast); 3JIEKTPOMAarHUTHBIC IOJIS, CO3JjaBacMble

I15BM; HEJI0CTaTOK €CTECTBEHHOTO, 1160
HCKYCCTBEHHOT'O OCBEILCHUSI; ITOBBILICHHAS SIPKOCTh U
OJIECKOCTD; HE COOTBETCTBYOLINI HOpMaMm

MHKPOKJIUMAT TMOMENICHHUsT ¥ mpoyee. XHMHUYECKHE
(dakTOpel — XMMHUYECKME BELIECTBA U  CMECH,
HaXOJSIIUECsS B BO3JyXe TPYIOBOIi 30HbI M Ha KOKHBIX
MOKPOBAX U OEkK/E PaOOTHHKOB, TAKKE BbIACIIACMbIE
IOpU TNPOM3BOACTBE Mapbl M rasbl. buonoruueckue
(dakTopsl — BIMSIONIME HA OpPraHM3M pabOTHHKA
MUKPOOPTaHU3MbI-TIPOLYLICHTHI, JKUBBIC KICTKH U
CIIOPBI, CoZiepKaIIHecs B GakTepHalbHbIX IIpenaparax,
MAaTOTEHHbIE ~ MHUKPOOPTaHWU3MBI ~—  BO30OyAUTEIN
MH(EKIHUOHHBIX 3a00s1eBanuil. HanpskeHHOCTH Tpyaa
— O9TO  XapaKTepUCTHKa TpyJOBOro  Iporiecca,
BKJIIOYAIONasi B ce0Os Harpy3Ky Ha LEHTPabHYIO
HEPBHYIO CHMCTEMY, YMCTBEHHOE U (pU3HUECKOE
NEPEHANpPSIKEHHE, MOHOTOHHOCTb  BBINOJHSAEMBIX
PadoT ¥ SMOLIMOHANIBHBIE TIEPErPy3KH.

8. Cobnodenue ycmanosnennozo nopsoka u
0P2AHU308AHHOCTIU, — LICOKOU  NPOU3BOOCMBEHHOLL,
mexuonoeuuecko U mpyoogol  OUCYUNTUHDL.
IMpenmonaraer OTBETCTBEHHOE OTHOIICHHE PaOOTHHKA
K BBEPEHHOMY €My TEXHOJIOTHYECKOMY TIPOLECCY.

9. Keanugurayus pabomnuxa. Tloareepxaaercs

COOTBETCTBUEM KBaJU(pHUKALHN paboTHUKA
3aHMMaeMoMy pabodyeMy MecTy.
10. Csoespemennoe npoxodcoOeHue

uncmpykmabgiceil u nepenod2omosxu pabomuura. Bee
PabOTHUKM NOMYCKAIOTCSA K pabodeMy MECTy TONIBKO
Hoclie MPOXOXKJICHUS MHCTPYKTaXeW IO TEXHHKE
6e3omacHOCTH. MIHCTpYKTaX MOApa3esseTcs Ha AT
HNOJABUJOB:  BBOAHBIH  MHCTPYKTaX; IICPBUYHBIN
MHCTPYKTaX Ha paboueM MecTe; TOBTOPHBII
HHCTPYKTAX; BHEIUIAHOBBIA HHCTPYKTaX; LEJICBON
HHCTpYKTaX. B umcne obs3aHHOCTEH paboToxatess B
chepe OesomacHocTH pabovero Mecra HaXOAUTCS
npodeccHoHalbHas NIEPENOr0TOBKA 110 OXpaHe Tpy/a
B OTHONIEHMM  KaipOB,  OTBETCTBEHHBIX  3a
s¢dexruBHOE (YHKIHOHHPOBaHNE CHCTEMBI
BHYTPEHHET0 KOHTPOJIS B 3ToH 4acTu. [IeprognaHOCTh
TaKkoro  OOy4YeHHs, €ro CpPOKH M  METOJAHMKa
periaaMeHTHPOBaHbI 3aKOHOIATEIECTBOM.

11. Pezynsapuocmo monumopunea. CrenuanbHas
onenka ycnosuit Tpyna (COYT) — wmeponpustus,
NPOU3BOJIMMBIE JUIs BBISBJICHHS OIACHBIX M (MJIM)
BPEIHbIX NPOU3BOJACTBEHHBIX  (PAaKTOPOB U IO
OLICHUBAHHMIO MX YPOBHs BO3JICHCTBHS Ha OPraHU3M
pabOTHHKA M ero caMouyBCTBHE B menoM. C ydetom
OTKJIOHEHMs INPAKTHYECKMX 3HA4eHHil (HaKTOpOB OT
HPEIeIbHO JOIMYCTHMOTO KOJIHYECTBA, IMOO YPOBHS U
KOHTPOIb HAIMYM M HCIIONB30BAHMUS  CPEACTB
UHAMBHAYAIbHOW M KOJUIGKTUBHOW  3all[UTBI
pabOTHUKOB.

2. Kos1eKTHB 3KCnepToB

Jlis  pOpMHUpPOBAaHMS MHOXKECTBAa MEPBUYHBIX
CyOBEKTUBHBIX ~OIEHOK KacaTeJIbHO 3HAYUMOCTH,
BBIJICICHHBIX BBIIIE KPUTEPHEB MPOU3BOACTBEHHON
GeszomacHOCTH,  ObLT  CHOPMHPOBAH  KOJUICKTUB
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9KCIEPTOB (20 YEeJI0BEK), HMMEIOIINX
MPOAOKUTENBHBIA  YCHEIIHbIH  ombIT B cdepe
MaIIHHOCTPOUTENBHOTO HPOU3BOJICTBA.

Pa3HOOOpa3Hble JOKHOCTH M (DYHKLHH, KOTOpBIC
3aHMMAJIM U BBINOJIHSIM SKCIIEPTHI HA POU3BOJICTBE,
00ecreynBaloT pa3sHOCTOPOHHMM B3I/ Ha IpodiemMy

OLICHUBAHMS IPOU3BOJCTBEHHOH 0€30IIaCHOCTH, YTO
JieNaeT  KOJUIGKTHBHYIO — CyOBEKTHBHYIO — OLCHKY
00006meEnHoi  m  raybokoit.  JloomkHOCTH WM
MPOM3BOJICTBEHHBIN OMBIT JKCIEPTHOTO KOJLIEKTHBA
npuBeIEH B TabI. 1.

Ta6nuna 1
JL0JIKHOCTH M IPOH3BO/ICTBEHHBIIi ONBIT IKCIEPTHOT0 KOJLIEKTHBA

Ne JlommKHOCT Crax paboTl

1 Benyumii nmkenep «Poctcepmann GoJiee AecsITH JieT
2 Kanauaar TexHHYeCKHX Hayk, 3aBejyronmii cekropom AT TY Gostee ecsTH JIeT
3 Benymmii cnermamict «Poctcensmann 0oJ1ee IECSITH JIET
4 Benyumii numxenep HUU «BuTy» GoJiee JAecsITH JieT
5 Ipodeccop AT'TY Gostee ecsTH JIeT
6 HauanbHyK Hay4HO-MCCIIEIOBATENIECKOTO OT/IENA Goee iecsTH €T
7 Hauansauk OTK «PoctoB-Muisib» Gostee aecsTH JIeT
8 Bemymwit umxenep OITIBull 0oJiee JAecsITH JieT
9 Ipodeccop AT TY Goee ecsTH JIeT
L0 Benynmii ciermanmict «Poctcenbmariny GoJiee JAecsITH JieT
11 WmsxeHep 1o NoroToBKe MPOM3BO/ICTBA Gostee ecsITH JIeT
12 Ipodeccop AT TY Goree ecsTH JIeT
13 HWmkeHep 1o MpoMbIIIUICHHOH Oe3onacHocTr «PocTeenpmanny GoJiee JaecsITH JieT
14 Kanauaar TexHI4eckHx Hayk, Beaynmid cnemmamct AI'TY Gostee ecsITH JIeT
15 Mxenep no oxpane Tpyza «Poctepromy Goree ecsTH JIeT
L6 CrienpanucT 1o oxpaHe TpyJja GoJiee JAecsITH JIeT
L7 Texungeckuii upexTop «PocToB-Mmib» Gostee 1ecsTH JIeT
18 Ipodeccop AT TY Goree ecsTH JIeT
19 Kanmiar TexHiueckux Hayk, Kadempa TM GoJiee JAecsITH JieT
P0 Ipodeccop AI'TY 0oJiee JecsITH JieT

Kak BHAHO M3 MPEACTAaBICHHOM TaGJIHIbI,
1000paHHbIe HAMM SKCIIEPTHI UMEIOT Pa3sHOOOpa3HbIit
HPOU3BOJICTBEHHBIN OIBIT, @ TAKXKE ONBIT PabOThl B
YNpaBICHYECKHX U 00pa30BaTEIbHBIX OPraHHU3aLMsX.
DTO M03BOJISIET MM BCECTOPOHHE OLICHUBATH NPOOIEMbI
HPOU3BOJICTBEHHOM 6€3011aCHOCTH.

3. IlepBu4HbIe IKCNIEPTHbIE MHEHHS

Jlns  co3maHMs  SKCHEPTHOM CHCTEMBbI  OBLIO
HPUHATO PEIICHHE HCIONB30BaTh METOJ JKCIEPTHBIX
oneHok. I'pymma skcmepToB B cocTaBe 20 desloBeK
IIPOM3BENIa OICHKY IapaMeTpoB I10 IIKaje oT 2 jio 12.
Omnpoc ObLT IPOBEIEH C OMOIIbIO aHKeTUpoBaHus. Ha
OCHOBE Pe3yJIbTaTOB OblIa CO3/1aHa CBOJIHAS MATPHULA.

OueBnyHO, 4TO st obecredeHHus OOBEKTHUBHOCTH
9KCNEPTHBIX CYXKJEHMH mpobiemMa MOYTH BCeraa
CBOJIUTCSA K OLIEHKE NPEIIIOYTEHHH) IPYIINIBI HA OCHOBE
HH/MBH Iy JIbHBIX MHEHHi ee Y4aCTHHKOB
(3KCHEePTHOI KOMUCCHH).

C uenplo NMpoOBEPUTH HAAEKHOCTH MPUBEAEHHOM
CyObEeKTHMBHOI OLIGHKH cImycTss 9 MecsiueB ObuT
HpoBeJEH MOBTOPHBIA ONpPOC, MPUYEM IIpeJuIaraiach
aHKeTa, COCTaBJICHHAas HMHbIM 00pa3oM. Pe3ynbTaThi
JIBOMHOTO AHKETHPOBAHUS, COTJACOBAHHBIE MEXLY
co00# T0 KakI0OMy KCIIEpTy, NpPeJICTaBICHBI B Ta0I.
2.

Tabnnua 2
Marpuua oueHKH apaMeTpoB §e30MACHOCTH paboyero Mecta
1111111111 |1]2
Tlapamerp 12345678901234567890
HcnpaBHOCT
HpoPBBOﬂ“‘““‘*ill11111181111111111
oro of1|1]2|1]2|0]1 tjojof1|2|1|of1|o|1
000opyIOBaHUS.
Joctyn Ha
17111 1 11171711 1111
pa60qeemeCTo01209079750120072018
Hammane CU3 n 1 1 1 1
CIT 99980991992989909999
CootBercTBHE
000pyIOBaHUs.
xapakrepuctuka | 5 | 6 | 5|7 |5 |5|6|5|5|2|5|5|6|4]|6|5|6|5|7]|5
M YeJoBeKa
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MoHuTopuHr
pacnpeienéHHbIX
OINacHbIX U 1
BPE/IHBIX
hakTopoB

H
N
-
-
-
—
-

,_\
-
N
N
=
-
N
N
-
N
-

Kamdukarmst
paboTHHKA 212|212 (4]12|2]3

=

OcHaléHHOCTh
paboyeromecra | 6 | 5| 6 |6 | 6|6 | 5|6

Bemonnenue
TIPOM3BOJICTBEHH
BIX OHepaLui
COTJIACHO
TpeOOBaHUSIM

IIpoxoxneHue
HMHCTPYKTXKEH U
neperogrotopku | 7 | 7 | 8 | 5| 7 | 8 7
paboTHHKA

[y

[y

Cobmonenue
HopsiaKa u
JWUCIMIUTMHBI

Perynspaoctb
MOHHUTOPHHIA 88|79 |8|7|8]|8

1 1
1 0

Taxum 06pa3om, B 9TOIf 4acTu paboThl M3yYeHa
TEXHHKA JKCIIEPTHBIX OLIEHOK, COCTABJIEH KOJUIEKTHB
9KCIIEPTOB, JBaX/bl NPOBEJEHA DKCIEPTHAs OlIEHKa
MPOM3BOACTBCHHOW  0e30macHOCTH  Ha  6a30BOM
MaIIHHOCTPOUTEIEHOM MPEAIPUATHH.
OXHOBPEMEHHO  IOCTaBJI€HA  3aJaya  BbIOpaTh
aJICKBATHYI0 METOJIMKY HMHTEPHPETal[MH 3KCIEPTHBIX
MHCHHIH,  IO3BOJSIOLIYIO  BBIABIAT  OOJbLIE
0COOCHHOCTEH B KOJUIGKTUBHOM ~ MHEHHH IO
CPABHEHHMIO C TPAMLIMOHHO UCIIOJIB3YEMBIM MOX00M
Kennanna.

4. YcoBepuIeHCTBOBaHHasi MeTOAMKA H

pe3yabTaThl CTATHCTHYECKOT0 aHa/Iu3a
JKCNEPTHBIX MHEHH
IpemnaraemMas  Meroguka  0asupyercs — Ha

MaTeMaTH4eCKOM —arapare CIydailHbIX BEIMYHH,
(byHKIHIH IPH KOPPEIIMOHHOM aHalN3e AaHHBIX [3].
Ilycte MHEHHE KaXIOrO OKCHEpTa IPEACTaBIsCT
coboit 11-n KOMITOHEHTHBIH BEKTOP B
COOTBETCTBYIOILIEM MPOCTPAHCTBE HATYPAIBHBIX YHCEIT
ot 2-x 10 12-tu. CymecTBeHHO, YTO B 3TOM BEKTOpE HE
CYIIECTBYET OJIMHAKOBBIX KOMIIOHEHT.

i r u,smsi r 0,9545; I 0,9545; r 0,5454; r u,sslsi i

098182"
0,95455

7 8 s

0,95855" 17 088182" 02" 095455 084545

095455 095455 0,88182" 17 0,8%091 " 0,50909 7 0,81818
094545 0,90909 09 089091" 17 0,94545” 0,89091
098182 096364 095455 090909 094525" 17 090909

02 086364084545 081818 0,89091 090909 1" 088182" 0,98182
096364 094545 09 0.9 094545 093635 088182 1" 0,90009
091818 07273 084545 081818 089091 052727 0,98182 090909
047275 0,40909 030909 04 058182 042727 045455 058182 052727
091818 09 092727/ 084545
099091 099091 096364 09455
095455 08182 095455 094545
2 089081 096364 034545 092727
5 057273 096368 04505 034545 095455 0,84545 090908 094545
093635 085051 085455 084545 091818 093636 087273 094545
090308 095455 0,93636 085455 01818 0,90909 081818

1 098182 095455 095455 094545 09818 09 096364
095455 007273 090909 098182 088182 091818 078182
096364 092727 086364 093636 092727 092727 091818 094585

0,81818
0,94585” 0,89091

" 0.93636” 092727

091818 097273
087273 082727 081818
091818 096364 088182 095455

0,85455 0,95455

0,58081

0,37 056364 " 0,918187 0,47273" 0,51818" 0,39091" 0,35455" 0,33091 " 0,87273" 0,33636 " 0,50908"
17 0,95455" 0,95455 " 0,30309 " 0,36364” 0,86364 " 0,94545 " 0,87273” 0,40908"
0,97 0,84545” 0,30008” 0,92727” 0,36364” 0,95455” 0,94545 " 0,94545” 0,85455 " 0,93636” 0,95455” 0,90909” 0,86364

058182
042727
045455
058182
052727

091818 09/ 084595 093636 083636 0,59091
088182 0,44545
089091 081818 036364
0,50808 0,49081
0,85091 046364
054525
0,85455 08 026364
0,91818 | 047273
091818 0,79081 035455
093636 0,58182

Ou4eBHIHO, PU TAKOM COCTABICHUH BCE BEKTOPHI
MHJIMBUIYaJbHBIX AKCIEPTHBIX OLEHOK Mi HuMmeror
OJIMHAKOBYIO JUTHHY. Oto 00CTOSATEIBCTBO
(HopMHpOBKa BekTOpoB M;) obierdaer aHammu3 OLeHKH
uX OIM30CTU: BEKTOPbl PAaBHOW JUIMHBI OTIMYAOTCS
JHMIIb CBOMM HampaBieHHeM B 11-Tu  MepHOM
npocTpaHcTBe. MneHTHuHeIM oneHkam M u M,
COOTBETCTBYIOT OJMHAKOBBIE BEKTODHI, a pas3iH4he B
OLICHKAaX XapaKTEePH3yeTCsl YIIIOM MEXIy BEKTOpaMu
oueHkn M; u M, npeiaraeMpIMH pa3IHYHBIMU
9KCIEPTAMU.

C TOYKH 3pEHHsS MAaTEMaTHYeCKOW CTaTHCTHKH,
KocuHyc yrma Mexay M; um Mg oTBedaer
K03 GUIHEHTY JTNHEITHON KOPPEISINU UX KOOPANHAT,
paccMaTpUBaeMbIX KaK  yHOPSHOYEHHbIE HAOOPBI
ypcen. COOTBETCTBEHHO O COITTACOBAHHOCTU MHEHHIt
9KCNIEPTOB  MO3BOJSAET CYAMTH  KOPPENISALHOHHAS
MaTpuLa.

KoppensuuoHHas Marpuua, BbIYUCICHHAs JUIA
20-TH 9KCIIEpPTOB, MEPEYUCIICHHBIX B Ta0I. 2, OKa3aHa
Ha puc. 1.

10 1 12 13 14 15 16 17 18 19 20
i i i T " d 1 : 0,35455 : 0,36364.
03" 0,92091" 0,98182" 0,96364 " 0,96364 " 0,89091 " 0,95¢55" 0,98182" 0,97273" 0,92727
4" 0,84545
051818 087273

9" 097273” 092727

" 0,9a585"
084545” 085455 081818

091818’

0,94545” 092727
091818
096364
088182
095455

094545
095455
094545
0.90909

0845857 085455
091818 0,81818

d 0,95455 " 0,98182
093636 0,90909'

0,94545” 0,88182'

4 0,93636
0.98162" ;91818

092727
092727
091818
094545

0972737 081818
0,94585” 0,94545 " 0,85455” 0,96364 " 091818
083636 0,88182" 0,81818 " 0,90909 " 0,89091” 0,99091 08" 0918187 0,79091" 0,93636
17 0,39091" 044545 0,36364” 0,49091” 0,46364” 0,54545” 0,26364" 0,47273” 0,35455” 058182

17 0,90909” 0,87275” 090909 0,91818” 088182 0,85455” 0,91818” 0,87273 0,88182
0,90909 17 097275" 098182" 0,95455" 097 092727" 0,99091" 0,96364 " 0,93636
087273 0972737 17 0,93636 " 0845457 0,82727" 0,82525" 0,95455" 0,954557 03
0,50209 0,98182 0,93636" 17 0,95455" 0,82727" 0,87 0,98001" 0,92727" 0,95455
001818 0,35455 0,94545 0,95455" 1" 0,50903 " 0,50808" 0,57273 " 0,93636" 0,93636
0,88182 0,5/ 082727 092727 0,90900" 1" 0,80008" 0,53636 " 0,82727" 0,95455
0,85455 0,92727 0,94545 03 050909 0,80909" 17 0,90903 " 0,59091 " 0,81818
091818 099091 095455 099091 097273 0,33636 0,90909" 17 0,95455” 0,96364
087273 096364 095455 092727 093636 082727 089091 0,95455" 17 09
088182 0,93636 09 095455

093636 0,95455 0B1B18 096364 08" 1

" 078182

093636 095455 0,89091 "

Puc. 1. Oxpawennas KopperayuoHHas Mampuya IKCREPMHOL OYeHKU CPAGHUMETbHOU 6AICHOCTU PAKMOPO8
npouseo0CcmeenHoll 6e30nacHoCmu Ha OCHOBAHUY UHOUBUOYATIbHBIX MHeHull mabi. 2
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Crpoku  uM  cTONOIBI  OTOH  MaTpHIBI
COOTBETCTBYIOT OTACNIbHBIM dKcnepram. Jlst ynoocTBa
aHAIM3a  MCMONB30BAHO  3aKpallMBaHHE  MOJICH:
BBICOKOKOPPEINPOBAaHHbIC 3HadeHHs (KOd(HIeHT
koppessinuu > 0,93) 371ech BBIACICHBI CHHUM LIBETOM,

cpenHekoppenupoBannbie (0,85 < koaddument
KOppeJsnu <0,93) - JKEIITBIM,
cl1aboKoppenupoBaHHBIE (xoahduupeHt

koppesinnn < 0,85) — KpacHbIM.
W3 1peicTaBiICHHBIX HA DHCYHKE JaHHBIX
CIIE/LYET, YTO B LIEJIOM SKCIIEPThl YBEPEHHO OJAMHAKOBO

PAHKHUPYIOT BBIOpaHHBIC Hamu (akTopsbI
MPOM3BOACTBCHHON Oe30macHOCTH. B TO Bpemst Kak
okcmepT  Nel0  BBICKa3bIBa€T  TOYKY  3pEHUS,

CYILIECTBEHHO OTINYHYIO OT cpeaneit. Ha rpaduxe puc.
1 9TOMY KCHEpPTy COOTBETCTBYET «KPACHBIH KpecT».
ITooToMy B nanbHEHIEM aHAIM3€ Mbl HCKIIOUUM €ro
U3 SKCNEPTHOro cooOuiecTBa. IIpakTHyecku ILEHHO,
packpariBaHue

4YTO INPEIJIOKEHHOEC B pa6o‘re

KOPPEJIIMOHHOM ~ MAaTpULBl  [O3BOJSIET  JIETKO
OTCEUBATh SKCIEPTOB C CYLIECTBEHHO OTIMYHOH OT
001IEH TO3UIIMEN.

AnbTepHATHBHBIM  y/IOOHBIM  IIPE/ICTABICHUEM
JIAHHBIX O COTJIACOBAHHOCTH OKCIIEPTHBIX MHEHHH

ABJIACTCA  JICIECTKOBasg JuarpamMma, OTpaKaromas
COI'JIaCOBAaHHOCThE MHEHHS OTACIBHOTO DJKCIepra ¢
pre}IHéHHHM KOJJICKTUBHBIM MHCHHEM.

CooTBeTCTBYIONMH  KOIPOUIMEHT KOppelsuu B
TaKoW IuarpaMMe OTKJIaJbIBACTCS KaK PaJiyc BEKTOP
B HAIpPABICHHH, OTBEAEHHOM OKCIEPTY, C JUIMHOIA,
otBevaromeit  koaduimenty  xoppemsimu. [l
JIaHHBIX pHC. | Takas AuarpaMma IoKa3aHa Ha pUC. 2.
Vcnonb3ys 9Ty AMAarpamMMy, TakXe JIETKO OTCEHBATh
HECOTJIACHBIX 93KCIEPTOB: TOYKA, OTBEYAIOI[as MX
MO3ULHMHK, B JAHHOM Cllyyae OKasblBaeTCs IIIyOOKO
BHYTpPH 30HBI HECOTJIACHS, KOTOPAsi OTMEYEHHA CHHUM
L[BETOB.

Puc. 2. Koppensiyust yacmmuuix 3KCRepMHbIX MHEHUIL ¢ KOIEKMUSHbIM cpednum. Homep sxcnepma na kpy2o6oii
ouazpamme yeeauuueaemcsi no 4acosol cmpeike; 60abuds OKPYICHOCHb COOMEEMCMEYem YPOGHIO KOPPeasiyuu
0,93, cpeonsis — 0,85, manas — 0,7

OTKIOHEHHs YaCTHBIX MHEHHMH 3KCIIEPTOB OT
CpEIHEro KOJUIEKTUBHOTO (M) =

1
72{:1 M; (I - 9K1CJI0 3KCIIEPTOB) XapaKTepU3yIoT
JaHHele puc. 3. Mepoil OTKIOHEHHs CIIY)XHT JUIMHA
BEKTOpa

M) — M| = (222 my, - Mt )

rme J = 11 — 4ucno paccMaTpHBacMBbIX
napameTpoB. IIpMMEHMTENBHO K HAlIUM JAHHBIM
COOTBETCTBYIOIINI pe3yIbTaT MOKa3aH Ha puc. 3.
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Puc. 3. Omrnonenue yacmuvix SKCRepMHbIX MHEHUL OM KOJIeKMUsHo20 cpednezo. Homep sxcnepma na
KpY20601i Ouazpamme y8eiususaencs no 4acosol cCmpeixe; YeHmpaibHas OKPYICHOCHb COOMEEmCmeyent
OMKIOHEHUI0 Om cpeoHe2o mMuenus Ha 1 bann, cpeduss — na 3 banna, 6onvwasn — na 5 6annos. Macumabnou
senuuuHoll moxcem cayxcums |(M)| = |M;| = 25,48

CBs13b MeX Ty JaHHBIMU puc. 2 U 3 onpezensercs
Teopemoii Koru: eciim gaHHbIe INIOTHO IPYNITUPYIOTCS
BOKPYI' CPEIHEro 3HAueHHWs, TO OHH IUIOTHO
TPYIIHUPYIOTCS MEXIY cO00i 1 HA0OOPOT.

Jannble puc. 2-3 TaKKe CBHAETENLCTBYIOT, YTO
MHeHue oHkcrmepra Ne 10 cmibHO pacxoaurcs C
KOJUICKTUBHBIM CPEIHUM, 4TO MOOYkKIAeT MCKIIOYUTH
€ro M3 cOCTaBa KCIEPTHOrO COOOIIECTBA.

7 8|
0" 0,96364" 0,918:

1 2 3 4 5 6
1 1" 0,08182" 0,95455 " 0,95455" 0,94545" 0,08182"
2 098182" 17 0,95855 " 0,95455 " 0,90209 " 0,96364 " 0,86364 " 0,94545
3 095455 0952557 1" ogme” 03" 0954557 0845057

4 095455 095455 0881827 17 089091 0.909097 0,81818"
5 084585 0,90909 08 0389001"

6 098182 096364 095455 0,90909

7 09 086364 084545 081818
& 096364 094545 09 08
¢ 091818 087273 084545 081818
01818 09 092727 0,84545
099091 099091

096364 0,98585
095455 098182 095455 0,84545
0,99091 0,96364

094585 0,92727
097273 096364 094545 0,84545
093636 0,89091 0,85455) 0,84545
0,80803 085455 0,33636 0,85455
17 1 098182 095855 095255
0,95455 087273 0,90809 0,98182
096364 092727 086364 095636

" 0,90909" 093636

0,009 17 088182
093636 088182
092727 098182

09/ 0845485
097273

0,85855
0,02727 081818
0,96364

0,88182
0,04545 0,30009
0,93636

097273,
0,80808 0,81818
098182

03
081818 0,78182
092727

091818

08525" 1
0,89091
094505
0,89091
051818
091818
087273
091818
085455
091818
081818
094585
088182
092727

.

r

093636,
0,95855
089091
0,95855
0,84545
094525
0,85255,
096364
091818
099545

18" 0,91818 " 0,90001" 0,95455” 099091 " 0,87273" 083636 " 030808 "
0,87273"

08" 0,82545" 0,92727" 0,95364 " 0,95455 " 0,04545 " 0,04545" 0,85455" 0,33636 " 0,95455 " 0,30808 " 085364
0970818187 0,84545" 0,94545” 0,94545" 0,92727" 0945457 084545 " 0,85455 " 0,95455” 0,98182" 0,93636
17 0,94545” 0,89091" 0,94545 " 0,89091" 0,91818” 0,91818" 0,87273 " 0,91818” 0,95455” 0918187 0,81818 " 0,04545 " 0,88182” 0,92727
092727
098182
1" 0,90009" 0,93636” 0,95455" 0,80001 " 095455 0,08545 " 0,94545 " 085455 " 0,96364 " 0,91818" 094545

083636"
0,88182
0,81818
0,90909
0,8%091
0,99091
08
091818
0,79091
0,93636

Iocie WCKIIOYEHMSI U3 DKCIEPTHOW KOMHCCHU
JIMIA ¢ CHIBHO NPOTHBOPEYALIMM O0LIeMy MHEHHEM
[OJly4aeM ONTHMH3MPOBAHHYIO TPYIIY 3KCIIEPTOB.

IIpoBeném 00pabOTKYy MHEHHII OJTOH TIpyINbl B
COOTBETCTBHH C IPHBEJICHHBIM BBIIIE aITOPUTMOM.
Koppensiuuss ~ mHenuit  19-tu ocraBmmMxcs

9KCIEPTOB MILIIOCTPUPYETCsl MaTpuiei Ha puc. 4, a
UHBIE CIIOCOOBI MOATBEPXKACHHUS COTIIACOBAHHOCTH UX
MHEHHH Ha puc. 5 1 6.

s 10 1 12 13 14 15 16 17 18 19

1" 0,95455" 096364
i 0,95455" 0,98182" 0,97273" 092727

09 r v

0,92091" 0,98182" 0,96364 " 0,96364 " 0,89091

" 0,92727" 0,96364” 0,955 "
" 0,81818" 0,88182 " 0,30208"
r r r r

" 0,90909 " 0,98182" 0,91818”
"ogB18” 02" 078182"
r r 4 4

9" 097273

g 093636
10,84545” 0,85855
r

097273

4 092727
i 0591818
4
17 0,83636" 0881227 0,81818 " 020002 " 0,8%091" 0,290917 0,8 0,91818" 0,79091" 093636
17 080000" 0,87273" 0,00009 " 001818 0,88182" 0,85455 " 001818 0,87273" 088182
10,9090 170972737 0981827 0,95455”  0,3” 0,92727" 0,99091 " 0,96364 " 0,93636
0g7273 0972737 1" 093636" 0045457 0,82727" 094545 " 095455 " 085455 09
090303 098182 0,93636 17095455" 0927277 0,97 0,99091 " 0,92727” 0,95455
091818 095055 084545 0,95455" 17 080000 0,80000 " 0,07273 " 0,93636” 093636
0,88182 09/ 082727 092727 090909 17 0,80909 " 0,93636 7 0,82727 " 0,95455
0,85455 082727 0,94545 0 0,50%05) 0,80909" 1" 0,90003" 0,800017 0,81818
091818 099091 095455 0,99091 097273 093636 0,90909" 17 0,95455” 0,96364
087273 086364 095455 0,02727 093636 082727 089091 0,95455" 17 og
088182 093636 09 095455 093636 095455  0B1B1E 096364 09" 1

Puc. 4. Oxkpawennas KoppersyuoHHas Mampuya SKCNEPMHOL OYeHKU CPABHUMENbHOT 8A HCHOCMU HAKMOPO8
npoU3600CMEeH Ol 6e30NACHOCHU HA OCHOBAHUU UHOUBUOYATLHBIX MHeHUl (maoba. 2)

IlpencraBnennsie  Ha  puc. 2.4-2.6  1aHHBIC
CBUJIETENLCTBYIOT O XOPOIIEM COIJIACHU 3KCIIEPTOB B

OTHOIICHNH Ba)KHOCTHOTO PAH)KMPOBAHHS BEIOPAHHBIX
(hakTOpOB MPOM3BOJCTBEHHO 6E30MACHOCTH.
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Puc. 6. Koppenayus 4acmHbix SKCHEPMHbIX MHEHUL C KOJIEKMUGHBIM CPEOHUM.
Obosnauenus ¢ coomeemcmeuu ¢ puc. 2

llaHHBIe puc. 7 NPEACTaBIAOT AJIbTCPHATUBHYIO OTJINYHNEC (cpeaHeKBanpa‘quHoe OTKJ'[OHeHPIe) YaCTHBIX
HWHTCPIIPETALMIO NAaHHBIX PHC. 5, TIO3BOJISAA OLCHUTH OKCIICPTHBIX MHEHHH OT YCPEAHEHHOTO.

n

11 10

Puc. 7. CoomHouienue OmKIOHEHUS YACMHBIX IKCNEPMHbIX MHEHUL (NPU8eOeHbl TOMAHOU JUHUeU ¢ MAPKepamu)
C KOJLIEKMUBHBIM CPEOHEKBAOPAMUUHBIM OMKIOHEHUEM (NPUBEOEHO CHIOWIHON TUHUeL)
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IIpoaHanu3upyeM 3aKOHOMEPHOCTH B OTJIMYHH
YaCTHBIX KCIEPTHBIX MHEHMH OT KOJUIEKTUBHOTO
CpeiHero, BbIOpPaB MEpOH OTIMYHS BEJIMYHHY yIja

MEXKITy BEKTOpaMHU HWHIUBHIYaIbHOTO u
KOJUIGKTUBHOTO MHeHuWil. Ecmu  0003HaunTh €&
CHMBOJIOM o, pacnpeneneHue MHEHHH

xapaktepusyercs Gpynkuueit F(o), moxazanHoi Ha puc.

F(a)

8. Tam ke, HapsIy C SMIMPHYECKHM PaCIpe/ieIeHHEM
F(o), mpuBeneHbl pe3ynbTaThl €€ ammpOKCHMAIUH
KyCOYHO-TMHEHHONW 3aBUCHMOCTBIO. XapakTep 3TUX
JIAHHBIX TO3BOJACT 3aKIIOYMTh, YTO BBIOpAHHAs IS
PAaHKMPOBAHHUS PABHOMEPHAs IIEJOYHCIICHHAs IIKajIa
JIoCTaTOYHa U yBEPEHHOro onpesieNeHus
LEHHOCTHBIX MPEANOYTECHNUH.

03 oA LE

Puc. 8. Dmnupuueckas @ynkyus pacnpeoenenus 05 OMKIOHEHUs. YACMHbIX IKCHEPMHBIX MHEHUTl Om
KOIIEKMUBHO20 CPeOHe20 U ee annpoKcuMayus Kyco4Ho-TuHeliHOl 3a8UCUMOCTIbIO

(DOpMyJ'[LHaSI almpoKcuManus MTaHHBIX PHC. 8
HUMECT BU:

0, « < 0.08606
F(a) =42.95143a — 0.254, 0.08606 < o < 0.42488 . )
1, a>0.42488
Jlns moaTBepxkaeHuUs, uto hopmyia (2) xopoiro
ONMCBHIBAET  HCXOJHBIC  JJaHHBIE,  COIOCTABHM 0, a<a
a—-a
UHTETPAIbHBIE XAPAKTEPUCTUKU 3TOTO MOAECIBHOTO Flay={,» asa=s b ®3)
pachpesieieHsi ¢ aHAJIOTHYHBIMU XapaKTePUCTHKAMU 1 a>b
UL UCXOIHBIX (Ha rpaduke pHC. 8 CHHUM IIBETOM)
ToueK. B KauyecTBe MHTErpalbHBIX XapaKTEPHCTHK CpeHEKBaIPATHYHOE OTKJIOHEHHE o,
BbIOEpEM CpeIHEKBa/IpAaTHIHOE OTKJIOHEHHE,  acummerpus (skewness) wu  akcuecc  (Kurtosis)
acUMMETpUI0 M dKkcuecc. Jlis  paBHOMEPHOTO  BBLIPAXAKOTCS COOTHOIIEHUSMH:
pacripejieiieHust
I = [ (rra =ty 1 g = Ioal
o= [F@-@rdr@ = [fa- 0 haa= @
_ 1 o 3 _ 1 b b+ayz 1 _
Skewness = ;Lm(a —(a))*dF(a) = ﬁfa (a— T) Ed(x =0, (5)
is =L (a—(a)* =L b=ttty L gg =2
Kurtosis = — [ (= (a))*dF () = = f (a ——)* - ;—da=_, (6)

o
B kotopeix (@)= [ adF(a). Pesymbrarhl
COMOCTABJICHHUS TEOPETHYECKHX (Il PaBHOMEPHOrO

pacnpenenenus (3)) u daxruueckux (puc. 8) JaHHBIX
NpHBeJIeHO B TabI. 3.

Ta6muna 3

Teopernueckune u paKkTHUECKHE MOMEHTHI PABHOMEPHOI'0 pacipeaeieHusi NPUMEHUTEIbHO
K JaHHBIM pHc. 8

Hcrounuk | ITapametp c Skewness Kurtosis
Teopust 0,09781 0 9/5
DaxTHICCKH 0,0986 -0,325 1,902
Januble Tabu. 3 MOATBEPXKAAIOT PAaBHOMEPHOCTh  BBICOKOE  KAauyeCTBO  BBINOJHEHHOTO  HKCIIEPTHOI
pa3dpoca  YACTHBIX OKCIePTHBIX MHEHHH OT  KOMHCCHEH  DAmKHPOBaHHS  IIPOM3BOACTBEHHBIX
KOJUICKTUBHOTO ~ CPEJHEro, 4YTO  IOATBEPIKIACT
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(hakTOpPOB 10 BaXKHOCTH B OTHOLICHUM 0€30MaCHOCTH
Tpyaa.

B omucanHo# cuTyaiun npeacTaBiaseT HHTEpeC I
POAHAIN3UPOBATH UYBCTBUTEIBFHOCT  MOIYyYEHHOTO
pe3ysbTaTa (SKCIEPTHOHW OLEHKH) MO OTHOLICHHWIO K
BO3MYIICHHSIM, KaK CaMO INpOLEaypbl OLEHHBAHMUS,
TaK W 10 OTHOIICHHIO K IIOTPEIIHOCTSM MHEHHS
OT/IETbHBIX JKCIIEPTOB W/WIM COCTaBY/YMCICHHOCTH
HKCHEPTHOr0 coo0IecTBa. XapakTep M pe3yJbTaThl
COOTBETCTBYIOLICHT PabOThI ONMHCAHBI B CIEAYIOLIEM
naparpade.

5. YCTOHYHBOCTH JKCHEPTHOH OLIGHKH K
Heomnpe/1eJIeHHOCTH YACTHBIX MHEHUit

BaxHyio poab B MaTeMaTHYECKOM aHAIIM3e
PEaNbHBIX MPOLECCOB UTPACT YCTOHYMBOCTH MOJEIEH.
VCTOWUMBOCTE  O3HAuaeT ~ Majoe  M3MEHEHHe
pesyibTaTa IpH  MaJlOM M3MEHEHHH HCXOJHBIX
JAHHBIX. MBI  «BO3MYILIAJIM» WCXOJIHbIE JaHHBIC,

1 2 3 4 6 7 8 g
17 096364 0,95455 " 0,93636 " 0,94545 " 0,98182" 0,84545 " 0,92727" 0,92727"
0,96364" 17 0,95455 " 0,9” 0,90009 " 0,95455 " 0,83636" 0,91818 " 0,92727"
0,95455 0,95455"7 17 0,88182"7 09" 0972737 0,77273" 086362 " 0,88182"
093636 03 088182" 1" 090909" 0.90009" 08" 0,85455” 0,81818"
0,94545 09 0590009" 17 094545 " 0,86364 " 0,94545 " 0,80000 "
0,98182 097273 090909 0,94545" 1" 087273" 09" 094545"
0,84545 0,77273 02 086364 0,87273" 17 0,81818" 0,94545"
0,92727 086364 0,85455 0,94545 09 081818" 1" 0,90000"
032727 085182 0,81818 050909 0,94545 0394545 0,90909" 17
082727 02 087273 084545 092727 084545 0,95455 0,89081"
0,36364 057273 091818 050309 094545 075455 091818 087273
01818 091818 091818 085455 0,89091 075455 0,86364 082727
036364 050809 0,92727 052727 093636 0778182 0,95455 0,89091
097273 094545 096364 095455 097273 088182 091818 091818
081818 083636 084545 091818 091818 097273 091818 097273
091818 0,50909 0,85455 | 0,84545 080909 087273 0,88182
097273 052727 091818 093636 082727 096364 0,92727
0,35455, 050309 0,95455 0,88182 073636 086364 0,80909
5 096364 088182 094545 082727 086364 091818 0,90909

Puc. 9. Koppenayuonunas mampuya sxcnepmmuoii

5

052727
036364
0,50809
097273
0,95455,
03636
081818

092727

CIy4aifHO IepecTaBisisi [BE CMEXKHbIC MO3UIMH BO
MHCHHH K&XIOrO OKcmepra. Takoe BO3MyILCHHE
HA30BeM OJHOKPATHBIM MM CAMHAYHBIM. Pesymbrar
BIMSHHUS OJHOKPATHOTO BO3MYLICHHS Ha aHCaMOIb
MHEHHMI U er0 CTaTHCTHYECKHE NTapaMeTPhI TOKa3aH Ha
puc. 9-13, Tabu. 4.

Bosmymexne 9KCIEPTHBIX MHEHHH
OCYIIECTBIAIOCh B PaMKaX CJEIyIolIeil mporesypsl.
McxonHoe  MHEHHE  KaXAOTO M3 OKCIEPTOB
[PEeTepIeBano eAUHUYHYIO CIy4ailHyI0 KOPPEKIHIO.
Crny4aiinbiM 06pa3om BbIOHpacs (hakTop ¢ paHroM X 1
PaBHOBEPOSTHEIM 00pa30M B3aHMHO [EPECTABILICS C
(hakTOpOM, UMEIOIIMM PAaHT Ha JUHMILY OOJNbIIE, HITH
Ha CIMHMIYy MEHbLIE. 3aTeM  COBOKYIHOCTb
BO3MYILICHHBIX 3KCIEPTHBIX MHEHHiIl MOJBEPraioch
CTaTHCTHYECKON 00pabOTKe MPHU MOMOLIH aJIrOPUTMOB
OIHMCAHHBIX BBILIE.

10 1 12 13 14 15 16 17 18 19
0,92727" 0,96364 " 0,91818 " 0,96364 " 0,97273" 0,91818" 0,91818" 0,97273 " 0,95455 " 0,96364
0,97 0972737 0,95455 " 0,92727 " 0,96364" 0,90909” 0,97273 7 0,95455" 0,93636 " 0,91818
0,97 0,97273" 0,91818" 0,90909 " 0,94545" 0,83636" 0,90008" 0,92727" 0,90908" 0,88182
0,87273" 0,91818" 091818 " 0,92727" 0,96364” 0,84545" 0,85455" 0,91818" 0,95455" 0,94545
0,94545 " 0,80009 " 0,85455 " 0,92727 " 0,95455 " 0918187 0,84545” 0,93636 " 0,88182" 0,92727
0,92727" 0,94545 " 0,89091 " 0,93636 " 0,97273" 0,91818" 0,90908 " 0,95455 " 0,90808 " 0,92727
0,84545 " 0,75455 " 0,75455 " 0,78182" 0,88182" 0,37273 " 0,80008 " 0,82727" 0,73636" 0,36364
095455 0,91818 " 0,86364 " 0,95455 " 0,31818" 0,91818" 0,87273" 0,96364" 0,86364" 0,91818
0,89091" 0872737 0,82727 " 0,89091" 0,91818" 0,97273" 0,88182" 0,92727" 0,80909" 0,90909
17 0,90000 " 0,84545 " 0,91818 " 0,93636 " 0,91818” 0,85455" 0,92727” 0,87273" 0,89091
0,90909 " 17 0,96364 " 0,95455 " 0,95455 0,84545" 0,92727" 0,96364” 0,94545" 0,92727
0,84545 0,96364 " 17 0970945457 0,82727" 0,95455" 0,92727" 0,91818" 0,91818
091818 0,95455 0a" 17 0,94525" 0,87273" 0,87273" 0,99091" 0,91818" 0,95455
093636 095455 094545 0,94545" 17 0,92727" 0,93636” 0,96364" 093636 0,95455
091818 0,84545 082727 087273 0,92727" 1" 0,g8182" 0,900007 0,82727" 0,91818
0,85455 0,82727 0,95455 087273 0,93636 0,88182" 1" 0,91818" 0,80091" 0,87273
092727 096364 092727 0,99091 096364 0,50909 091818" 1" 0,50909" 0,96364
087273 094545 091818 091818 093635 082727 083091 0,90908" 1" 0,50908
089091 092727 091818 095455 095455 091818 087273 0,96364 090908" 1

OYeHKU cpaenumenbuoﬁ sasrcHocmu qbakmopoe

npouseoo0cmeenHoll 6e30nacHoCmu Ha OCHOBAHUU UHOUBUOYATbHBIX MHeHull 19-mu dKcnepmog 0t 00HOU
CIYYAUHOU NEPeCMaHoBKU Y Kadico020 sKcnepma

Puc. 10. Omxnonenue yacmuuix SKCHEPMHbIX MHEHUI 0N KOLNEKMUBHO2O0 CPEOHe20, 00OHA CYYAUHAS
nepecmaHosKa Oisi Kaxicoo2o SKcnepma
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Puc. 11. Koppensyus uacmuvix 3KcnepmHuuix MHEHUll ¢ KOJUIEKMUBHBIM CPEOHUM.
OO0Ha cnyuatinas nepecmanoska 0isi Kaxicoo2o sxcnepma. O603Havenus coenacto puc. 2

Puc. 12. CoomHnouenue uacmuvix 3KCnepmHbix MHEHUlL
(npueedensi TIOMAHOU TUHUEI C MAPKEPAMU) C KOLIEKMUBHLIM CPEOHUM (NPUBEOEHO CRIOWIHOU TUHUE),
00HA CIYYAlIHAS NEPECAHO6KA Ol KAdCO020 IKCnepmd

Kak BuAHO M3 DaHHBIX Ha puC. 9-12 eAMHHYHOE  BO3MYIICHHE HHIMBUIYyaJlbHOro MHeHHs Ha ~ 1%
CllydailHOE BO3MYIICHHE MpPUBEJO K IMOSBICHHIO  IPHBEIO K HECOTTIACOBAaHHOCTH OOIIeH OLEHKH C Ha

OJIHOTO DKCIIEpTa C CyLIECTBEHHO oTanyaromumcs ot ~ 0,5 %.
obuiero  MHeHMEM. B 4HCIOBOM  BBIp@KEHHH

Fro)

i o o2 o o os
Puc. 13. Dunupuueckas pynkyus pacnpeoenenus 0iia OMKIOHEHUs YACIMHbIX IKCNEPMHbIX MHEHUI om
KOJUIEKMUBHO20 CPeOHe20 U ee AnnpOKCUMAYUs KYCOUHO-IUHEIIHOU 3A8UCUMOCIbIO, OOHA CILYHAliHAS

nepecmanoska 01 Kaxrcoo2o 9Kcnepma
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Ta6muua 4

Teopernueckue U paKTHYECKHE MOMEHTbI PABHOMEPHOI0 0/IHOKPATHO BO3MYIIEHHOI 0
pacnpeejieHHs SKCIEPTHBIX MHEHHI{

Hcrounuk | [Tapametp o Skewness Kurtosis
Teopust 0,09781 0 9/5
DaxTHIecKH 0,08495 0,226 2,982
Kax BHIHO M3 1aHHBIX puc. 13 u Tabu. 4, pazdpoc Omnpenenum nmapameTpbl (a) " o,

9KCIEPTHBIX MHEHHUH NPU OJHOKPATHOM BO3MYILCHUU
XapaKTepH3yeTcs, BEPOSITHO, bynkuuei
pacrpezienenus, noxoxei Ha 'ayccoBy HOpMabHYIO

L _la=(@)?
P(a) =dF(a)/da=-—e 207

V2mo (7)

Fra)

0w

BOCHOJIB30BABIINCH PEIIATENIEM ONTHMHU3AHOHHBIX
3a7a4, BCTPOCHHBIM B Excel. Pesynbrar
MHHIHaMM3anuu ['ayccoBoii QyHKIMU MOKa3aH Ha PUC.
14 u B Tabmn. 5.

.

o

Puc. 14. Dmnupuueckas pynxyus pacnpeoeienus 05t OMKIOHEHUs. YACTHBIX IKCREPMHBIX MHEHUL Om
KOJLIEKMUBHO20 CPEOHe20 U ee annpoKCUMAayiis HOpMAIbHbIM pacnpedenenuem Iaycca
(<a>=0,280912 ¢ = 0,083505), 00Ha cyuaiinas nepecmanoka Oist Kanico020 IKCepma

Ta6una 5

Teopernyeckue U paKTHYECKHE MOMEHTbI HOPMAJILHOI0 OTHOKPATHO BO3MYILEHHOI0 pacnpe/e/eHust
IKCMEPTHLIX MHEHHI{

Hcrounrk | [Tapametp c Skewness Kurtosis
Teopust 0,0833 0 3
DaKTUYECKU 0,085 0,225 2,982
Kpome TOTO, HEBsI3Ka (akTUYeCKNX — KBaIM(UUIHUPOBAHHBIX 3KCIEPTOB YACTO 3aTPYIHEH,

BO3MYIIEHHBIX MHEHHIT C TEOPETHIECKUM PE3YJIbTaTOM
B paMKax THUIOTE3bl O HOPMAIbHOM XapakTepe
pa3bpoca MHEHHH BABOC MEHbINE, 4YEM HEBsI3Ka C
TEOPETHYECKH TPEINOJIaracMbIM  pE3yIbTaToOM B
paMKax THIOTE3bI O PABHOMEPHOM pa3dpoce MHEHHI.

VYcunue Bo3MyIICHHE, pas3birpaB IO JBE, TPU U
T.J. Cily4aifHble NMEPEeCTAHOBKH Y KaXKIOro JKCIIepTa,
MOJIyYHJIM  Pe3ysbTaT, KOTOPBIf  CBOAMTCS K
cnenyromemy. [Ipu 1aHHON YMCIEHHOCTH YKCIEPTHOI
TPYINIIBI M COTJIACOBAaHHOCTH MPEIbABICHHBIX MHEHHUH
pa3paboTaHHash MOAEIb YCTOHYMBA K HEH30EKHBIM
eAUHUYHBIM OIIMOKaM KaXkJOoro SKcmepra. Takoit
pe3ysbTaT OOBSICHIETCS BHICOKOH CTENICHBIO COTIIACHs
MX Ha4aJIbHBIX MHEHHH.

6. Bansinne 4McIeHHOCTH YKCNIEPTHOMH IPynmbl
HA Pe3yabTATHI OLeHNBAHUS

IMockonbky oT6op

6oubIIOro qucna

NPEICTABISIET MHTEPEC HCCIIEN0BaTh, KaK KadyecTBO
9KCIICPTHON OLICHKHU 3aBHCHUT OT YHCICHHOCTH I'PYIIIIBL.
B pacuerax MBI IIOCIEJOBATENBHO  COKpAIIAIN
YHCJICHHOCTh JKCIEpTOB 1o cxeme 19 — 13 — 7
4esioBeK. Pe3ysbTaThl BEIYMCICHHUIT 1TOKa3aHbI HA PUC.
15 u cBomircs k cunepyroomemy. C HOHIKEHUEM

KauecTBa OTAENBbHBIX JKCIEPTOB,  BBIPAKAEMOTO
YBEIHYHBAIOIHMCS YHCIIOM omnboK,
COTJIACOBAHHOCTH YKCHEPTHOTO MHEHMS CHIDKAETCS.
Ilpu »3TOoM cpenHuil ypoBeHb KO3 duuHeHTa

KOppEJISIIUY YMEHBIIAETCA CO CKOpPOCThio ~ 1.5 % Ha
KaXIylo omuOKy BHE 3aBHCHMOCTH OT YHCIA
9KCHEPTOB, KOTOPbIE BHIOMPAIOTCS U3 KAaueCTBEHHBIX
19-t. YCTaHOBJIGHO, YTO JIOMYCTUMBIM SIBIISICTCS
COKpaIlleHHE Hamlell 3KCHEepTHOH TIPyNIbl OO CeMU
MIPOU3BOJIbHO BBIOpaHHBIX (13 19-Tn).
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y

y=-0,0122x+0,9272
R® =0,9756

®
¥ =-0,0157x+0,9262
R =0,9836

v =-0,0165x+0,9298

R*=0,7786

o 05 1 15 2

25 3 35 4 45

Puc. 15. Cruoicenue co2naco8anHocmu MHeHUl IKCNEPMHOU KOMUCCUU 8 3AUCUMOCIIY O YUCTA OWUOOK,
odonywennwix kascovim sxcnepmom. Cuneil tunueil (mapkepom) omobpaoicervt muenus 19-mu sxcnepmos.
Opanorcesoii — 13-mu sxcnepmog u cepoii — T-mu.

Tam orce npusedena TuHetiHas annpoKCUMAayUs JMUX 3a6UCUMOCTEN

IIpakTHYeCKH, HCHONb3ys MPEIIOKCHHBIT B
paboTe MaTeMaTHYECKHil IOJXO0, MOXKHO HE TOJIBKO
COKpAaTHTh YHCIO OJKCIepToB B 2.5 pasa, HO H
JIOMYCTUTB, YTO KaXIbIH M3 HUX MMEeT mpaBo Ha 1-2
OIIMOKH B 1MOI00HOM TecTe.

CylIecTBEHHO,  YTO  pasiMyYHble  CHOCOOBI
MPE/ICTABICHUS aHHBIX, MCIIOJIB30BaHHbIE B paboTe,
00JIer4aroT U yCKOPSIIOT aHAIN3 YKCIIEPTHBIX MHCHUIH.

3aki0ueHune

Pe3ynbrarsl 9KCIEPTHOTO OMPOCA, BHITOTHCHHBIC
0 KJIACCHYECKOMY M ACTAIM30BaHHOMY aJIrOPHTMY, B
LeIoM COIIacyIoTCsL: MHEHHS. 9KCIIEPTHOTO
coo0IecTBa B BOMPOCE OTHOCHUTENIBHOIM 3HAYMMOCTH
OIMacHOCTH u BPEAHOCTH OTIETBHBIX
[IPOU3BOJICTBEHHBIX (DAKTOPOB HEMPOTHBOPEUUBHI.

OxHako, B OTIMYHE OT  KIACCHYECKOTo,
npe/ularaeMblii  METOJ TIO3BOJIMJI  JIETKO — BBISIBUTH
HEOCTATOYHO COTTIACHBIX IKCTIEPTOB. IIpeiokeHHbIe
3[€Chb  AIFOPUTMBI  BBISBICHHS MPOTHBOPEUHMBBIX
AHHBIX OCHOBAaHBI HAa LEJIEBOM PACKPAIIMBaHUU

VK 62-533.65
I'PHTH 75.31.25

KOPPEJAIMOHHBIX MAaTPHIl M YJOOHBIX JIEMECTKOBBIX
jquarpamMmax. Tako TOJAXOM CHHMAaeT — BCSKHE
OrpaHHYEHUs Ha YUCIIO aHATM3UPYEMBIX (aKTOPOB M
NPHMBJIEKAEMBIX IKCIIEPTOB.

OO6Hapy)XeHHbIE B XOJ€  KOMIIBIOTEPHOTO
9KCIEPUMEHTA BO3MOKHOCTH Pa3paboTaHHBIX
AITOPUTMOB  MOKTBEPHKAAIOT MX HPHIOJHOCTh IS
ONTUMU3ALMH SKCIIEPTHBIX IPYIH U HPOLETYP.
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CUCTEMA PEI'YJIMPOBAHUA BO3JYXOOBMEHA B OGIIECTBEHHBIX IOMEIIEHUSAX B
3ABUCUMOCTH OT TEMIIEPATYPBI U BJJA’KHOCTH

Summary. The approach and a technique for monitoring and regulating two parameters of air, namely its
temperature and humidity, of viewers stay in the visual hall of the cinema, are considered. To obtain quantitative
indicators, the proposed simulation model of the air exchange control system in the visual hall of the cinema,
taking into account the support of the necessary climatic conditions.

AHHOTaH"ﬂ. PaCCMOTpeH TOAXO0X U METOWKAa KOHTPOJISI U PETYJIMPOBaHUA ABYX ITapaME€TpOB BO3yXa, a
HMEHHO €ro TeMIieparypa W BJIAJKHOCTb, KOTOPBIE BJIMAKOT Ha KOM(l)OpTHLIe ycioBus HpeGbIBaHPIS[ el B
3PUTEIILHOM 3ajie KWHOTeaTpa, KOTOPBIil BEIOpaH B KauecTBe 00beKTa UccienoBanus. Jiis aHann3a TMHAMUKA U
TIOJTYYCHUS KOJIUYCCTBCHHBIX ToKasaresei mo TEMIIEPATypPE M BJIIAXKHOCTH IPEAJIAracTCss UMATALlMOHHAsI MOICIIb
CHCTCMBI PETYJIUPOBAHUA BOSL[yXOOﬁMCHa B 3pHUTCIBHOM 3aJI€ C YYCTOM BO3MOXXHBIX M3MEHCHHH 3THX

[apameTpos.

Keywords: microclimate, air exchange, temperature, humidity, simulation model
Kniouesvle crnosa: MUKpOKaIUMAam, 6‘03())/)600641461-[, memnepamypa, 614)HCHOCMb, UMUMAYUOHHAS Mooenb

AKTYaJIbHOCTb. ObecrieueHne HY’KHOTO
KINMATHYECKOTO  pPEeXHMa B  3PHTEIBHOM  3aie
KHHOTEATpa sIBJISETCS MEPOINPHATHEM, TPeOYIOIHM
0co00ro Mmoaxo/a, MOCKOJIbKY OO0JbIIOE KOIMYECTBO
NIOZEit JOCTATOYHO JOJITOe BPeMsi HAXOJHUTCS B OTHOM
3aKpbITOM noMenieHnd. OCHOBHBIMU IapaMeTpaMH,
KOTOpBIC BIMSIOT Ha KOM(OPTHBIE KINMaTHYCCKHE
ycnoBus mpeGbIBaHMS 3pHUTENeil B 3aj1e KHHOTeaTpa
SIBIISIFOTCS. KQ4eCTBO BO3AyXa (ero rasoBbIi COCTaB),
TeMIIepaTypa 1 BIaXKHOCTb.

YucTelil Tenbiil BO3yX B KHHOTEATPE MO3BOJIUT
YyBCTBOBATh ce0sl 3pUTEINIO YIOTHO U KOM(OPTHO. DTO
0COOCHHO Ba)KHO, €CIIM IPEINONAraeTcs, 4To Mepes
CEaHCOM 3pUTENb JOKEH OCTaBIISATh CBOIO BEPXHIOI
onexay B rapaepo6e. [IoaToMmy HEOOXOIUMO yISTHTh
oco0oe BHHMAaHUE BEHTHJIALMU 3PUTEIBHOTO 3ama, B
TOM 4YHCJIE, YYHMTHIBas KJIMMAaTHICCKHE YCIOBHS
peruona, ero o06orpeBa TEIIIBIM BO3/LYyXOM, a TAKXKE B
COBOKYITHOCTH BEHTHIISILINK KMHOAMIAPATHO, a TAKXKE
¢oite kuHOTEaTpa (TEIJIOBBIC 3aBEChl B 3UMHHI
MIEPHONT).

Heanr u 3agauu. [loBblieHre 6e30MaCHOCTH U
ypoBHs ~ KOMGOPTHOCTH  3puTeNeid  3a  cyeT
peryiupoBaHusl BO3MyX00OMEHa B OOIIECTBEHHBIX
MOMEIIECHUSAX C YYeTOM INMOAJEPKaHHS HEOOXOJUMbIX
apaMeTpoB MUKPOKIMMATA.

OCHOBHBbIE 3a/1a4H CICAYIOLIHE:

- ONpe/eINTh OCHOBHBIC IOKa3aTeNlM KayecTBa
BO31yXa, KOTOpbIE BIHSAIOT HAa MHKPOKIMMAT B
0OLIIECTBEHHBIX TOMEIICHHSX;

- pa3paboTaTh MMHTALMOHHYIO MOJENb JUIS
HCCIICIOBAHUS KAHAJIOB yNPABICHUS TEMIICPATyPHBIM
PERUMOM U BIAKHOCTBIO B 3aJI6 KHHOTEATPa.

Marepuaa M Ppe3yabTaThl HCCJIeJOBAHMIA.
PexoMeHyeMble 3HAYEHUS TEMIIEPATypbl BO3AyXa B
0OIIIECTBEHHBIX MOMEIIEHHX COTJIaCHO
OTEYECTBEHHBIM HOPMaM Haxo/sItcs B npezenax 20-22
°C — B X0JI0AHBIN eprox roja u 22-25°C — B Teruiblii
nepuox roga. OTHOCHTENIbHAs BIAXKHOCTb BO3JyXa
JIOJDKHA  YZIOBJICTBOPATE KOM(OPTHBIM  YCIOBUSIM
HaXOX/ICHUS 3pHUTEeNeH B 3a5e KuHoTeaTpa. B nHeBHOE
BpeMsi OHa JOJDKHA JOCTHraTh MPHOIM3UTEIbHO 25-
30%, a mpu OTKIIOUEHMH BEHTHIALUH BO BpeMs
MOCTIEAHEr0 ceaHca BIAXKHOCTh MoAHMMaeTcst 1o 40-
50%. [1]

PerynupoBaTe Temmeparypy B 3ajie KHHOTearpa
1e1eco00pasHo B KaHAJIC YIPaBICHHUs Kaaopupepom,

H3MEHsISl KOJIMYECTBO TEIUIOHOCHTENsE (BOABI MM
napa).
JUis  MCCIe/OBaHMS — KaHalla  YIPaBJICHUS

TEMIIEPATYPHbIM pEKXUMOM 1 B 3aje KHHOTEarpa
CHHTE3MPOBaHA HMHTALIMOHHAs MOJEIb HAa OCHOBE
o6umx nonoxenui [2, 3, 4, 5], koropas npejacrasieHa
Ha puc. 1.

ETz RLT
——A
AT T
T Tv/Tn
n IJ Display
T
21
Tv Scope
T Tv, T, Tn
Tn D
Uyt

Puc. 1. Modenws kxanana pezynuposanus memnepamypsl 6030yxa 6 3aie KuHomeampa

OcHOBHBIE (DYHKIIHOHAIBHBIE YJIEMEHTBI MOJIEIIH:
OT - oObekT KaHala  PeryJupoBaHHs
TeMIepaTypsl BO3AyXa ¢ o0muM KodduimueHTom

nepenaunt Kot = Tn / Uytmax 1 TIOCTOSIHHOM BpeMeHH Tot
=320 ¢, rae Th = 21°C - HOMHHATIBbHAST HOPMHPOBAHHAS
BEIMYMHA TEMIIEPATYPhl BO3MyXa IS KOM(OPTHBIX
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yCIOBHIl TpeObIBaHHs JIIOACH MPH  JOIYyCTHMOM
JIMaNa30He U3MEHEHHs TeMIepaTypbl OT Tmim = 19°C
10 Tmax = 23°C, Uymax = 10 B — makcumansHOe
3HAYCHHE CHTHANIA YIPABICHUS;

AT - MPOMOPIHOHATEHO-HHTET PUPYFOLIHI
PeryJsTop TeMIeparyphi;

FT - GuibTp Ha BXOZIE CHCTEMBI YIIPaBICHUS IS
YMEHBILEHUS NIePeperyIupoBaHus 110 TeMIeparype;

ETn - Onox 3amaHusi HOPMHPOBAHHOIO
ONTHMAJIBHOTO 3HAYCHUS TEMIEpaTypsl I, B 3aie
KHHOTeaTpa;

ETz - 670k UMHTALMK CTYNEHYATOTO M3MEHEHHMS
Temmeparypsl B 3ane Tz = 21,0; 22,5; 21,0; 19,5; 21,0
°C;

RLT - onement ¢opMupoBaHHS JIMHEHHOM
3aBHCHMOCTH M3MEHEHHsI TeMIIepaTypsl B 3aiie TV BO
BPEMEHH.

Anroput™ (GyHKIHOHUPOBAHHS MOJEIIH:

0 <t< 3000 ¢ — moCTENEHHBII POCT TEMIIEPATYPbI
J10 HOMUHAJILHOTO 3HaueHus 21°C;

3000 <t <4000 ¢ — yBenuU4YeHHE TEMIIEPATYPBI B
3aiie a0 22,5°C;

4000 <t < 5000 ¢ — yMEHbIICHUE TEMIIEPaTypbl
J10 HOMAHAJILHOM;

5000 <t < 6000 ¢ — yMeHbLICHHE TEeMIIepPaTyphbl
1o 19,5°C;

6000 < t <7000 ¢ — yBean4eHHe TeMIEPaTyphI 10
HOPMUPOBAHHOTO 3HAUCHUS;

t = 7000 c - 3aBepuieHHe Ipolecca
MOJIETUPOBAHHSL.

JIByXKaHanbHBI ocuusiorpad Scope mo3Bosser
OTCIICANTh  JUHAMHMKY  IOBEICHHSA CHCTEMBI

peryaMpoBaHUsS TEMIEpPaTypbl € H3MEHEHHEM BO
BPEMEHH CIIEAYIOIINX MapaMeTpoB: TEMIEpaTyphl B
s3ate  Tv, ¢axruueckoit Ttemmeparypel T u ee
HOPMHPOBAHHOTO 3Ha4eHHs Tn, a Takxke curHama Uyt
Ha BBIXOAE pEryJsiTopa TeMIepaTypbl. YKa3aHHbIC
3aBUCUMOCTH H300paKeHBI Ha PUC. 2 B BUJIE TPAHUKOB.

Tv. T.Tn (rpan)
5 T T T T T
PLam——
Ry R
5 i I
Uyt (B) e
2
o 5 S— <= 4
\ g . EPEEEEY
A mmm——d Y
8 f wed
5 4
4 1
oL i
0 I i i i i I
0 1000 2000 3000 4000 5000 6000 7000

t,c

Puc. 2. I'pagpuku usmenenus nepemennvix kanaia pezyruposanus memnepamypot: TV(t), T(t), Ta(t), Un(t)

Ha nepBom Bxoge: Tv (t) - mynktupHas nunusi, T
(t) - crurommas muaus, Tn (t) - WITPHX-IyHKTHPHAS
mHus. Ha Bropom Bxoge: Uyt (t) - MyHKTHpHAs TMHAS.

JluarpaMMbl TeMIepaTyp HarJsiJHO OTPaXKaroT
BO3MOJKHOCTh HACTPOMKHM CHCTEMBI TaKUM 0Opa3oM,
4yToOBl 00ECTEUNTh B KXl MOMEHT BpPEMEHH
HoJuiepiKaHue HEe00X0 MOt HOPMUPOBAHHO#
Temneparypsl B 21°C. DTO MOATBEPKAAIOT MMOKA3aHUS
mudposoro mmepurens Display (em. puc. 1).

I'paduueckas 3aBucumocts Uyt (t) oroGpaxaer
XapaKkTep U3MEHEHHUsI CUT'HaJa YIPaBJICHHS Ha BBIXOJE
peryjsitopa TeMIepaTypbl, KOTOPbII B peaibHON

cucreMe  (DaKTHYECKH  MOJACTCS HAa  BXOX
JNIEKTPONPHUBO/A KJIAllaHa PErYINPOBAHUS KOJIHIECTBA
TETIIOHOCUTEIS Ha BXOJie Kajopudepa.

[TockosibKy B TPHPOAE PE3KOr0 HM3MEHEHHMS
BIQ)KHOCTH HE IPOMCXOIUT, TO [JIs YHPOIIEHUS
CUCTEMBI " TIOBBIIICHHS 9HEpro- u
pecypcochepexeHus nmeercs BO3MOKHOCTh
MOCTPOEHUsS] CUCTEMBbl C pEJIEeHHBIM HPUHIUIIOM
perynupoBaHUs BIAKHOCTH.

CuHTe3UpoBaHA HMMHTAlMOHHAS MOJEIb TaKOM
CHCTEMBI [ HCCIENOBAaHMS KaHala KOHTPOISL U
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peryiaupoBanus BiIaxHoctH H B 3ame KkuHOTearpa,
KOTOpasi PECTABICHA Ha PHC. 3.

EHz RLH
4
EH

Hnmin.. . Hnmax

Display

Hv Sc
H, Hv, ope
H | Hnmin, Hnmax

[Hnmin Hnmax]
Uyh

Puc. 3. Mooenv kanana Konmpons u pezyiupoanuis 61aiICHOCMU 6030yXa
6 3a71e KuHomeampa

OcHOBHBIE (DYHKIIMOHAIBHBIE YJIEMEHTBI MOJICIIH:

OH - 00beKT KaHana peryIupoBaHus BIaXHOCTH
Bo31IyXxa ¢ 00umm kodddunmentom nepenauu Kon = Hy
/ Uyhmax 1 TOCTOSIHHO#M Bpemenu Ton = 320 ¢, rae Hy =
40% - HOMMHAlbHAs HOPMHpPOBAaHHAs BEJIMYHHA
BJI&XKHOCTH BO3yXa JUIS KOM(MOPTHBIX YCIOBHIt
npebbiBanus moneH, Uynmax = 10 B - MakcumanbHOE
3HAYCHHE CUTHAJIA YIPABICHUS;

AH - [IpONOPLMOHAIBHO-MHTErPHPYIOLIHIA
PeryJsTop BIKHOCTH;

FH — dbunbTp Ha BXO/I€ CHCTEMBI YIIPABICHHS TS
YMEHBIICHHS! [IEPEPeryIMPOBAHUS 110 BIAXKHOCTH;

EHn - ©Onox 3amaHusi  HOPMHPOBAHHOTO
ONTHMAIILHOTO ~ 3HAYeHHs  BIAKHOCTH B  3aie
KHHOTEaTpa;

EHz - 6ok nMuTaIMy CTyNIeHYaToro M3MEHEHHs
BJIaXkHOCTH B 3a5ie Hz = 40, 25, 40, 55, 40, 25%;

RLH - osnement dopmupoBaHus JHHEIHOM
3aBHCHMOCTH M3MEHEHHs BiaxkHocTi Hv BO Bpemenw;

EH — peneitabiii smemeHT, oOecneyrBaronui
HEepeKJIFOYCHHE M MOJJCPIKAHUE B  JONMYCTUMOM
HOPMUPOBAHHOM JIHANA30HE H3MEHEHHMS BIAXKHOCTH OT
Hnmim = 30% (umxwss rpanuna) 10 Hnmax = 45%
(BEpXHss TPAHULIA).

Anroput™ (HyHKIHOHHPOBAHUS MOICIH:

0 <t <3000 ¢ - noCcTEeNEeHHbIH POCT BIAKHOCTU J10
HOPMUPOBAHHOTO MUHUMAJIBHOTO 3HaueHus 30%:;

3000 <t <5000 ¢ - yMEHBIIICHHE BIAKHOCTH B 3aJ1€
10 25%;

5000 < t <7000 ¢ - yBelMYCHHE BIIAKHOCTH JIO
HOMUHAJIBHOTO 3HaueHus 40%;

7000 < t <9000 ¢ - yBeIUYEHUE BIAKHOCTH 10
55%;

9000 <t <11000 ¢ - yMeHbIICHHE BIAXKHOCTH 10
HOMUHANBHOH 40%;

11000 < t <14000 ¢ - ymMeHbLIEHHE BJIa)XHOCTH B
3aiie 10 25%;

t = 14000 c¢ - oOKoHwWaHHMEe Ipolecca
MOJICITHPOBAHHSL.
JIByXKaHAIbHBIA ocuuIorpad Scope

MPEIOCTABIISIET BO3MOXKHOCT OTCIICKUBATH THHAMUKY
MOBEICHHUS CHCTEMBI PETryJIUPOBAHHS BIKHOCTH MPH
H3MEHCHHH BO BPEMEHH: BIaXHOCTH B 3ame Hv,
(akruyeckoil BraxkHoctH H W ee HOPMHPOBaHHBIX
JonmycTuMbIX 3HadeHnid Hnmim u Hnmax, a Ttaxke
curHaia Uyh Ha BbIXOJE peryisiTopa BIa)KHOCTH.
Vka3aHHbIE 3aBUCHMOCTH H300pa)keHbl Ha puc. 4 B
BHJIE rpadUKOB.

Ha nepsom Bxoze: Hv (t) - nynktupnas nunus, H
(t) - coutornas uaus, Hnmim (t) u Hnmax (t) - mrpux-
MIYHKTHPHBIC TMHHH.

Ha Bropom Bxoze: Uyh (t) - myHkrupHas muHus.

JluarpaMMBbl BJIQXKHOCTH OTOOPaXKaloT HACTPOHKY
CHCTEMBI TakUM 00pa3oM, 4YTOOBI 00ecHe4nTh B
KaX/(blii MOMEHT BPEMEHH MOIEPKaHHe 3HAYCHHI
BII@XHOCTH B mpejenax kopugopa Hnmim u Hnmax.
ITepexox Ha 3TH OTpaHHYEHUS IPOUCXOJHUT B Cliydae,
KOT'/]a 3HAUCHHE BIIAXKHOCTH BBIXOJST 32 9TH IPE/CIBI.

Eciv  BI@XHOCTH CTAaHOBHTCS MEHBILIE HIDKHEH
rpanuusl - noaaepxkusaercs H = Homim = 30%, a B
cllyyae, KOTJi@ BIQKHOCTh CTAHOBUTCS — OOJIbLIE

BepXHel rpanuipl - nopaepxkuBaercss H = Humax =
45%. DTO NOATBEPKIAIOT Ul HIDKHEH TPaHMIBI
JMana3oHa  MOKa3aHMsA  LH(PPOBOTO  H3MEPHTEN
Display (cm. puc. 3).
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H. Hv. Hnmin, Hrmax (24)
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Puc. 4. I'pauku uzmenenus nepemeHHbIxX KaHaIa pecyiupo6anus 61adCHOCMU:

Hv(t), H(t), Hamin(t), Hamax(t), Uyn(t)

I'paduueckas 3aBucumocts Uyh (t) oToOpaxaer
XapakTep U3MEHEHUs CUTHAJa yIPABICHUs Ha BBIXOJE
PEryIsTOpa BIaXKHOCTH, KOTOPBIH B peabHOIl ccTeMe
(aKTUYeCKH IMOJACTCs Ha BXOJA IPHBOJA KJANaHa
PEryJIMPOBAaHUS KOJIMYECTBA YBIAKHHUTENIS B Kamepe
OpOLLIEHHS - TIapa WX BOJSTHOM ITyJIBIIBI.

BoiBoabI. [[iisi aHANM3a IMHAMMKM U HOTy4YCHHS
KOJIMYECTBEHHBIX II0Ka3aTeled 1o Temmeparype Hu
BJI&)KHOCTHU OblTa pa3paboTaHa MMHUTALUOHHAS MOJICITH
CHCTEMBl  PETyJHPOBaHMS  BO3LYX0OOMEHa B
3PUTEILHOM 34/l C YYETOM BO3MOXKHBIX M3MEHEHHH
3TUX HapaMeTpoB. Kanan PEryJHpOBaHUs
TEMIIEPaTyphl MO3BOJIACT MOMNEPKUBATH MOCTOSHHOE
HOPMHMPOBAaHHOE 3HAYCHHE 3a CYET HM3MCHEHHS
KOJIMYECTBA TEIUIOHOCHTEIIs Ha BXOje Kanopubepa.
KaHanm KOHTpOJNS M PEryjMpoBaHMs  BIAKHOCTH
BO3/lyXa pealn3yeT PeICHHBI NPUHIMIT YIIPABICHHS,

TOAACPKMBAasA 3HAYCHHUE BJIAXHOCTH Ha YPOBHE
HOPMHUPYEMBIX BO3MOXKHBIX 3HAYCHUM.
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EFFICIENCY IMPROVEMENT METHOD OF THE IRON ORE
PELLETS PRODUCTION PROCESS CONTROL

Oxcanuy Hpuna I'puzopvesna

KaHOuoam mexuHu4eckux Hayx,

doyenm

doyenm Kagheopvl agmomamuzayuy U UHGOPMAYUOHHBIX CUCTEM
Kpemenuyeckuii HayuoHaIbHwlll yHUGEPCUMEN
umenu Muxaunra Ocmpozpadckoeo
Kpemenuye, Ykpauna

Koemyn /Imumpuit Bhaoumuposuu
acnupanm

Kpemenuyzckuii nayuonanbuvlil ynugepcumem
umenu Muxauna Ocmpozpadckozo
Kpemenuye, YVkpauna

METO/J NOBBIINEHUSI 3®PEKTHBHOCTUA ONEPATUBHOTI'O YIIPABJIEHUSI
MPOU3BOJACTBOM KEJE3OPYJIHbBIX OKATBIIIEN

Summary. The article describes the method of deepening the monitoring of the firing process of iron
ore pellets, in particular, reducing the error of firing temperature measurement inside the rotary kiln. A
mathematical model has been developed that describes the composition of the atmosphere inside the kiln
and the significant factors that influence the temperature measurement error of a radiation pyrometer. The
proposed model was checked for adequacy and the results obtained in the form of calculated values of
temperature, standard error for each model value, 95% confidence interval of model values, and 95%
confidence interval for average response. The proposed method will increase the efficiency of process
control of the iron ore pellets production.

AunHoTaums. B cratee paccMaTpyuBacTCA METO/ ITOBBILICHHUA MOHUTOPHUHIA TEXHOJIOTHYECKOro mponecca
OTXKHUTa KEJIE30PpYyTHBIX OKaTLILHeﬁ, B YaCTHOCTH YMEHBIICHHUE ITOTPEITHOCTU U3BMEPEHUA TEMIIEPATYPHI OTXKHUT'a B
LEHTpe Bpalnamlieiicss neun. Pa3paboTaHa MaTeMaTHYecKash MOJCNIb KOTOpas OMUCHIBAET COCTaB aTMOc(heph
BHYTPH MEYH W ONpejeieHbl (HaKTOpbl, KOTOPbIC BIMSIOT Ha IOTPEIIHOCTh HM3MEPEHHUS TEMIIepaTypbl
paguaniiOHHBIM ITHPOMETPOM. Beimonaena IpoBEpKa HpCHJ’IO)KeHHOﬁ MOZeI Ha aACKBATHOCTDH, U ITOJTYICHHBI
pe3yabTaThl B BHAC PACUCTHBIX 3HAYCHUI TEMIICPaTyphI, CTaHLlapTHOﬁ O OKK JUISL Ka)Xaoro MoICJIbHOIo
3HayeHus, 95% -# JOBEpPUTENbHBII MHTEPBAT MOJCIBHBIX 3HaUeHUH U 95% -i 1OBepUTENbHBIH UHTEPBAT A
CPEIHETO OTKIIHMKA. Hpeﬂj’[o)](eHHLIfI MCTOJ{ ITO3BOJIUT IIOBBICUTH 3¢)(1)CKTHBHOCTL OIICPAaTUBHOI'O YIIPABJICHUA
TIPOIIECCOM ITPOU3BOICTBA XKEJIC30PYAHBIX OKAaTBIIIICH.

Key words: monitoring, process control, pellets, firing.

Knrouesvie crosa: MOHUMOPUHZ, onepamueHoe ynpaesjierue, OKamolii, omatcue

Introduction.

In terms of information and material flows, the
production process of iron ore pellets is characterized
by a sufficiently large number of technological
operations [1]. Most of these operations are sufficiently
probabilistic because of the influence of uncontrollable
factors on the production process. As a result, the pellet
production process requires constant adjustment of
process plans and process decisions [2].

Monitoring is an important part of the iron ore
pellets production process control. It allows to detect in

advance possible disturbances in the pellets production
process to identify emergencies and, thereby, gives the
opportunity to reduce the average production time of a
batch of pellets.

Data obtained during the monitoring process can
then be converted into diagnostic parameters. Based on
these data takes place the identification of emergency
situations. Monitoring allows to reduce the influence of
operators’ and technologists’ errors on the control of
technological process, which is especially important
task in the production of iron ore pellets due to the
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complexity of the processes of preparation of the
charge mixture (kiln feed) and firing of the pellets.

One of the important elements of the iron ore
pellets production process is firing process. Increasing
the depth of monitoring of this process will reduce or
prevent the occurrence of abnormal situations, and thus
increase the efficiency of the production process.

Analysis of recent research and publications.

For a long time, the issue of improving the quality
of iron ore pellets has been addressed both, at domestic
and foreign enterprises, but at present the methods used
at enterprises do not fully solve the tasks of process
control.

Modern literature presents systems for controlling
the production of pellets, which include subsystems for
monitoring process disturbances [3]. Work [4]
describes an intelligent decision support system, which
enables to collect and analyse the data in real time. A
system for optimization of the sintering process based
on neural networks was also developed, which
prognoses the main indicators of process efficiency for
its further optimization [5].

In the field of mathematical modeling of the
production process of iron ore pellets are widely used
works by Kitaev B.1. and his followers [6 — 8].

Many attempts have been made to create systems
based, for example, on accumulated statistics (advisory
systems, fuzzy logic, empirical models) or on
theoretical fundamentals (eg, Isaev EA model theory)
[9]. The complexity of creating such systems is
explained by the insufficient amount of information
and insufficient depth of monitoring of the elements of
the technological process.

Highlighting previously unresolved parts of a
common problem. Analysis of the literature has shown
that the amount of information that enters the system of
process control of the production of iron ore pellets
plays a critical role in decision making. Of great
importance is the information from the monitoring

nuK .1+ U, /Ui, + Ubg/Ui.s‘\/abAf

system for process parameters at all stages of
production. At the same time, the depth of monitoring
does not always let to make the right and timely
decisions.

This problem can be caused by various reasons,
such as the difficulty in controlling by sensors of some
process parameters, the lack of accuracy of the sensors
controlling some of the processes, etc. Such example is
the temperature inside a rotary kiln, the measurement
of which is the complicated element of the annealing
process. Usually temperature monitoring is performed
by the method of light spectroscopy based on partial
radiation frequency pyrometer. At the same time, the
transparency and contamination of the optical medium
between the measuring object, in our case the burner
firing zone, and the inspection window, through which
the pyrometer optics focuses, significantly influences
the accuracy of the pyrometer temperature
measurement.

Therefore, the purpose of our study is to develop a
method of in-depth monitoring of the temperature of
the rotary kiln to improve the efficiency of

process control of iron ore pellets production.

Presenting main study material.

A rotary Kiln firing pellets is a complex element of
the annealing (firing) process. The firing of the pellets
happens due to the radiation of the burner’s flame and
the hot refractory lining of the furnace, as well as the
convection heat exchange between the gas flow
circulating through the furnace, the refractory lining
and the surface of the pellets’ layer.

In works [10], authors developed a mathematical
model and a method for calculating the temperature
sensitivity of a pyrometer, which works on its own
radiation of objects taking into account the reflected
radiation of the surrounding background and the
radiation of the optical elements of the scheme, which
is described by the following formula:

AT,

sen

B AwD * ¢, [(% f;: ST, (DT (DT, (Ae(D)A1M, A, Td(A))]
1

+

1

+
+(— 12 Sra(yraiyrs (A)pm)rlMe(A).rbgdi)

Tpg?

Where p — ratio «signal / noise»; Ke — the usage
index of the radiation source of the reference source; U
i.s. — interference signal equivalent to electrical noise;
Uo and U bg — integral signals of internal optical and
external background interference; a, b— linear
dimensions of the sensitive area of the radiation
receiver; Af — the frequency band of the radiation
receiver; A — the area of the incoming pupil of the
pyrometer lens; @ — body angle of view of the lens; D*—
the specific ability of the radiation receiver; co—
Planck's second constant formula; T — thermodynamic
(absolute) surface temperature of the object; S(A) -
relative spectral sensitivity of the radiation receiver;
Tu(X), ta(A), (X)) — spectral transmittance coefficients
towards the lens, atmosphere layer and spectral filter,

@

respectively; &(A) — spectral coefficient of thermal
radiation of the object surface; A — length of the wave;
Me (A, T) — the spectral density of the energy brightness
of a completely black body (CBB); Tuy — absolute
background temperature (environment); p(A) — spectral
reflectance of the surface of the object under study; €,
(L) — spectral coefficient of thermal radiation of the
surface of optical elements; Me(A, Tng ) — spectral
density of background’s energy brightness.

In our case, considering that the temperature field
on the surface of the background is heterogeneous, in
formula (1) under the value Ubg we take the rms (room-
mean-square) value of the interference signal (2):



East European Scientific Journal #6(58), 2020 23

AU, = [AUZ = JU -U2 %)

and the values Tug and Me(A, Thg) Will make sense
of the mathematical expectation against the background
temperature field and the Planck function for the
brightness of the CBB with the temperature Thg.

Let’s suppose that the function of distributing the
temperature field over the surface of the atmosphere of
arotary kiln is some function P (Tsg), then we can write:

—
Tog = fy 2 TogPThgd Ty ®)

_2 —_—2
02 = (Tog — Tog) = fTT:bg(Tbg — Tog) PTigdTig 4

bg

In turn, the rms of the interference signal \[A Ugg we can get as follows:

AUy, = JAszg =

U5 AwD *
K. fabAf Toe

€34Ty,
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Considering (1), the expression for pyrometer’s
temperature sensitivity of the true-temperature for a

ATS =

K, (1 + Uy /Uy + \[Auzg/ui_s_) Jabbf

rotary kiln having the inhomogeneity of the
background radiation temperature field, we can write:

+

+

AwD * ¢, X (% f;: ST, (DT (DT, (De(DAIM,(A), Td/l)

bg

The atmosphere of a rotary kiln can be considered
as an inhomogeneous background that creates an
obstacle and depends on the spectral coefficients of
transmittance of the atmosphere layer, the spectral
coefficient of thermal radiation of the combustion zone,

- (6)
(% I su)romfa(A)r¢<l)p(A)rlme(n.r_bgdn)

the absolute temperature of the atmosphere of the rotary
kiln, the spectral density of the atmosphere energy
density. Respectively, we can assume that it obeys the
law of expectation.

Let’s rewrite expression (5) as:

AUy = Upg(Tog) + 6Upg %)

where Ubg(ﬁg) and §U,, are constant and variable components of interfering signl, that are equal to:
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Considering that, let’s rewrite formula (1) as following:

ATbgbot —

TpKe(1+Uo/Uno, +Upg/Uis)y/abAf

where

(10)

AwD+*B
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Thus, it is possible to propose a method of taking
into account the change in the sensitivity of the
pyrometer under the influence of the atmosphere of the
rotary kiln:

Set the temperature change range ATy, = Ty, —
Tbgl

and distribution function P (Tg).

Me(l' Tbg) = gbg(l)cll_s

5. By formulas (8) and (9) we can calculate values:

Ubg(Tyg) and 8U,,.

6. By formula (7) we can calc the rms value of the
interference signal AUy,

7. By formula (10) we can calculate the change in
the sensitivity of the pyrometer under the influence of

the atmosphere of the rotary kiln AT29¢ .

Considering formula (7) we can express formula
(11) as following:

ST (DT, (DT, Ae(D)A"IM A, Td(A) +

14Uo/Uj5+AUpg /Ui

1
|
|

|

2. By formula (3), the mathematical expectation of
the temperature field Tyy is calculated taking into
account the distribution function.

3. By formula (4), the dispersion g2 for the
temperature Tyq is calculated.

4. The obtained value Ty is substituted into the
formula for the brightness of the atmosphere with the
spectral coefficient of thermal radiation & (A):

1
e [ATpg _ 1

To evaluate the influence of the kiln’s atmosphere
inhomogeneity at the value of temperature sensitivity
of the true-temperature pyrometer [3], let’s consider the
following formula:

Let’s assume the following ratios:

then (12) we can rewrite as:

Let’s introduce value:

bot _
Asen = ATien 14+Uo/Uis+Upg [Uis. (ll)
bot _ 1+Uo/Uis.+(Upg(Thg)/Uis +6Ung/Uis)
Asen = Alsen 14+Uo /Ui s +Ung/Uss, ' (12)
Ubg(Tbg) ~ Ubg; AUbg/Ui.s. >> (1 + UO/Ui.s.)' Ubg/Ui.s. >> (1 + UO/Ui.s.)»
bot _ SUbg
AT = ATy [1 45702 13)
F(AT,, Ty =1+ OUb;
b’ "be Ubg(Tog)

then (13) will look like:

ATE = ATy F (ATyg, Tyg)

Function F (AT, Tyg) physically characterizes the
influence of the background radiation temperature field

parameters at the value of the pyrometer’s temperature
sensitivity.
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F(ATyg, Tg)
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The temperature difference between the furnace and the atmosphere, K

Fig. 1 — influence of the kiln’s atmosphere radiation temperature field on the pyrometer’s temperature
sensitivity: 1 — temperature of the atmosphere 1470 °K; 2 — temperature of the atmosphere 1480 °K;

3 — temperature of the

Calculated in MathCad values of the pyrometer’s
sensitivity decrease coefficient are shown on fig. 1. The
obtained dependence of the temperature sensitivity of
the pyrometer on the temperature of the burner of the
rotary kiln is shown on fig.2.

1. The burner temperature was measured without
pellets in the kiln, i.e., there was no influence of kiln’s
atmosphere and dust;

2. The temperature of the burner was measured
without rotation of the kiln, i.e. there was no influence
of dust;

AT,
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2

0
1150

1200

1250 1300

atmosphere 1490 °K.

3. The temperature of the burner was measured
during the rotation of the kiln, i.e. the effects of dust
and atmosphere existed,;

4. The temperature of the burner during the
rotation of the furnace was measured, so there were
effects of dusting and the atmosphere using the
proposed method of taking into account the change in
the sensitivity of the pyrometer under the influence of
the kiln’s atmosphere;

1350 1400 1450 1500

Bumer temperature, K

Fig. 2 — dependence of the temperature sensitivity of

the pyrometer on the temperature of the burner: 1 —

temperature of the atmosphere 1470 °K; 2 — temperature of the atmosphere 1480 °K; 3 — temperature of the
atmosphere 1490 °K.

The following scheme was used to evaluate
model’s adequacy:

Burner temperature values measured with a
pyrometer without atmospheric influence and dusting
were taken as an etalon.
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15

Discrepancy between reference and
experimental values of C

Experiment number

Fig. 3 — Deviations of the burner temperature etalon values from test values, °C: / —temperature deviation with
the obstruction of the atmosphere of the furnace; 2 - deviation of temperature under influence of restriction of
the kiln’s atmosphere using the proposed method of correction of temperature measurement.

The analysis of the obtained results shows that
the discrepancy between the calculated and
experimental data does not exceed + 10 ° C, which is
quite sufficient for the temperature of the
combustion zone and for solving the problem of
increasing the accuracy of measuring the combustion
zone temperature of the rotary kiln firing pellets.

Deviations chart of the etalon values from
experimental with the influence of the combustion zone
atmosphere is shown on fig. 3.

Conclusions and suggestions.

The article proposes a method of deepening the
monitoring of pellets firing process by reducing the
error of measuring the firing temperature by taking into
account the influence of the atmosphere of the rotary
kiln, in order to increase the efficiency of operational
control of the production of iron ore pellets. It is shown
by simulation that, when exposed to the
inhomogeneous field of thermal radiation of the
background, as an obstacle to the operation of the
pyrometer, its temperature sensitivity worsens. It is
shown that physically the nature of the decrease in the
sensitivity of the pyrometer is explained by two factors:
the first factor is the "illumination” of the radiation
receiver of the pyrometer constant component of the
background radiation, the second factor is associated
with the increase of the signal because of the
interference due to the variable radiation component of
the kiln’s atmosphere.
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Havanvrux omoena 2eono2uu u auyensuposanus OO0 « YpanOiiny,
Poccus, 614990, e. Ilepmv, yn. Cubupckas, 4.

Tamapunos H.A.
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PA3PABOTKA BEPOSITHOCTHBIX MOJIEJIEI 30HAJIBHOT'O ITPOTHO3A
HE®TEI'A3OHOCHOCTHU INEPMCKOI'O CBOJIA I1O CTPYKTYPHBIM KPUTEPUSAM

Annoranus. IIporHo3 He(TErasoHOCHOCTH IO MAapKHMPYIOIMM M He(Tera3soHOCHBIM TOPU3OHTaM B
nepeznenax ITepmckoro cBona (IIC) B Tpex 30Hax Hedyrerazoreonornyeckoro paitonuposanus (HI'TP). [l sToro
CTPOMIINCh OJJHOMEPHBIE M KOMIUICKCHBIE MOJIENH [ KaKJOH 30HBI. MOCTPOCHBI BEPOATHOCTHBIC CXEMBI
MEPCIeKTHB He(Tera30HOCHOCTH 110 PACCMOTPEHHBIM BBIIIE TOKA3aTelsM 1 BCel Tepputopuu Ilepmckoro

CBOJA.

Iesnb pa3paboTka BEPOATHOCTHO-CTATUCTHUECKUX 30HAIBHBIX MOJIENICH OLIEHKH He()TEHOCHOCTH.
O6nekThI Tepputopus Ilepmckoro cona (ITepMckuii kpaii)
Metoabl 1porHosza He(Tera’oHOCHOCTH Tepputopuu IlepMCKOro cBoja BEPOSTHO-CTATUCTUYECKUMH

METOJaMH.

Pe3yJIbTaThl BHIIOIHEH POTHO3 HE(PTEra30HOCHOCTH M0 MapKUPYIOIIMM M He()TEera30HOCHBIM FOPU30HTaM
B mepezenax IlepMckoro cBoja B Tpex 30HAaX HE()TEra3oreoIOrMHYecKoro paioHupoBaHus. JIs Kaxmoro
oKasaTelisi 000CHOBBIBAIMCH IPOTHO3HBIE MOJIEIHN H [0 HUM CTPOHIJICH CXEMBI IEPCIIEKTHB He(hTera30HOCHOCTH.

Kuiouegvie cnosa: 6eposmuocmp, TUHEUHAS CMAMUCMUYECKAs MOOelb, MHO2OMEPHAS CIMAMUCMUYECKAs.
MoOenb, Kodghhuyuenm Kopperayuu, HeghmeeazoHOCHOCHTb, CIMAMUCIMUYECKUE KpUMepuu

Beenenne

ITporHo3 Hed)Tera30HOCHOCTH MO MaPKHPYIOIMM
n  He(TEera3oHOCHBIM TOPH30HTAM MPOBOAMICS B
nepenenax Ilepmckoro ceoma (IIC) B Tpex 30Hax
Hedrerazoreosorndeckoro parionuposanus (HITP).
Jlst 9TOTO CTPOMIINCH OZHOMEPHBIC M KOMILICKCHBIE
Moienu I Kaxmod 3oHel [1-20]. Pasmuunsrie
MaTeMaTHYeCKHe ammapartbl M BO3MOXHOCTH HX
HCIOJIB30BAHUS ISl PEIICHHS PA3IHIHBIX IIPOTHO3HBIX
3ajia4 npuBeaeHs! [21-34].

Jlnsi aHanM3a MCIOJIb30BAIUCh JaHHble 10 447
ry6okuM ckBaxkunHam (puc.l.2). CraTuctuueckoi
00paboTKe OBUIM TOABEPTHYTHI a0COMIOTHBIE OTMETKU
KPOBJIH CJICYIOIIHX TOPU3OHTOB U SIPYCOB:

e Bepeiickuit ropu3oHT — Cavr,

e TeppUreHHas Mayka apTHHCKOro sipyca — Piary,

e kapOOHATHAs MTauKa apTHHCKOTO sipyca — Piary,

®  HUPEHCKHii ropu3oHT — Piir.

Heobxomimo OTMETHTB, 4TO cpenu
He(TEra30HOCHBIX ~ TOPH30HTOB  AHAIM3HPOBAICS
TOJIBKO BEpEHCKMHA. OTO CBsI3aHO C TeM, 4YTO

CTaTUCTUYECCKHU 3HAYUMBIC KOPPEIAIUOHHBIC CBA3H

He(rerazonocusiMu ropuszontamu (Cibb, Citly, Catly,
Czb, Covr). KoadduimeHTbl KOPpESAUNKE H3MEHSIOTCS
ot 0,94 10 0,99 (tabsn.1.1), To ecTh CBSA3U NPAKTUUECKU
(YHKIMOHAJIbHBIE. JIOnOIHUTEIBHO K
THIICOMETPUYECKIM OTMETKAM M3y4aaach MOIIHOCTh
TOJNIIM MEXAY MApKHPYIOIIHIMH IIOBEPXHOCTIMU U
BEpPEHCKIM FOPH30HTOM.

B 30me 1-A HedrerazoHOCHOCTh M3ydanach Ui
Cesepokamckoro 1 KpacHOKaMCKOT0 MECTOPOXK/ICHUS
HeTH.

B 3ome 2-A wuccnenoBaHHs MPOBOAWINCH IS
cIeyIomMX MecTopokaenuil: I'opckoe, PaccerHoe,
BakinanoBckoe, KosybaeBckoe u JlobaHOBCKOE.

B 30He 3-A MojenM CTPOMINCE 1Tl 30PUHCKOTO,
Ky3zneuosckoro, Illemernnckoro, Ilona3neHckoro,
MexeBcKoro U TanuIKoro MeCTOPOXKICHUH.

3ona 1-A

JIyist maHHOM 30HBI OBUIM PACCUUTAHBI OCHOBHBIC
CTaTUCTHYECKUE  Xapaktepuctukun  (1abm.1.1) B
npezienax KoHTypa HedrerasoHocHocts (Ki. 1) u 3a ero
npexenamu (Ki.2) s runcoMeTpuyecKux OTMETOK
KPOBJI HPEHCKOT'0 M BEPEHCKOro TOPU30HTOB, a TAKKE
JUTSL TOJILLMHBI CIIOSI MEKY HUMH — M (Vr-ir).

CYLIECTBYIOT MEXLY BCEM H3Y4aeMbIMU
Tabmuua 1.1.
OCHOBHBIE CTATHCTHYECKHE XapaKTEPHCTHKH JUIsi 30HbI 1-A
Cpemn. 3Hau. CT. OTKJIOHEH. MuH. 3Hau. \ Makc.3Ha4.
Tokazarenb H(ir), m
K1 71 55,9 -193,6 105,2
Ki.2 -154,3 89,4 -336,1 54,0
Kn.1+Kn.2 -67,7 101,8 -336,1 105,2
TTokazarenb H(vr), m
K1 -822,9 235 -906,6 -789,1
Kn.2 -901,6 448 -1007,6 -818,2
K. 1+Kn.2 -855,3 515 -1007,6 -789,1
ITokasarens m(vr-ir), M
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Kn.1 815,8 55,0 709,0 938,0
Kn.2 747,3 69,3 660,0 907,0
Ki.1+Kn.2 787,6 69,7 660,0 938,0
Kak BuaHO n3 TaGmMIbl, KPOBIS HMPEHCKOTO ITo  nmamHoi  Momemnm  Obula  MOCTPOEHA
rOPU30HTA B IIpeJieNlaX KOHTYpa He()TEra3’oHOCHOCTH  BEPOSATHOCTHAs cxema MEepCIeKTHB

3aJleraeT 3Ha4YUTENIBHO BbIIIE, YEM 3a €ro NpeseaaMu.
BepositHocTs  Hanmmuums  HedrenocHoctu  (puc.l.l)
Bospacraer ot 0,05 10 0,74 npu ysennuennn H(ir) ot -
336,1 g0 105,2 M 10 TUHEIHOM 3aBUCUMOCTH

P(ir) = 0,5943+0,0015 H(ir).

0,9

HedrerazonocHocty s 3061 HITP 1-A (puc.1.2). U3
PHCYHKa BHIHO, YTO IO [OBBILICHHBIM 3HAYCHHSAM

Bepositioctn  (P(ir) >0,5) d4eTko  BBIAGISIOTCS
CeBepokaMmckoe 1 KpacHokaMcKkoe MeCTOPOXKICHHS,
npudeM Ha  IEpBOM M3 HHMX  MaKCHMajbHas

BeposaTHOCTH Bhime (0,74), uem Ha BTopoM (0,59).

0,7

0,5

P(ir)

0,3

0,1

-300 -200

-100 0 100

H(ir), m

Puc.1.1. Beposmnocmuas xkpugas 0as noxkazamens H(ir) oas sonet HI'TP 1-A

4
A

Puc.1.2. Beposmnocmuas cxema nepcnekmue Hepmezazonochocmu no nokazamento P(ir) ons 3onvt HITP 1-A
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KpoBnst Bepeiickoro ropusoHra, Kak BHIHO U3

TaGIIHIBI 1.1, B npezenax KOHTYpa
He(TEera3s0HOCHOCTH 3aJIeTaeT 3HAYNTEIbHO BBILIE, 4EM
32 ero mpenenaMu.  BeposTHocTs  HamMums

HedrenocHoctu (puc.1.3) Bospacraer ot 0,22 mo 0,71
npu yseandenun H(vr) or -1007 mo -789 M mo
JIMHEWHOH 3aBUCUMOCTH

P(vr) = 2,4885+0,0023 H(vr)

HedrerazonocHocty s 3061 HITP 1-A (puc.3.4). U3
pHCYHKa BHAHO, YTO MO IIOBBIICHHBIM 3HAYCHUSIM
Bepostiocti  (P(ir)  >0,5) d4eTko  BBIAGISIIOTCS
CeBepokaMckoe U KpacHOKaMCKOE MECTOPOKICHUS,
IpUYeM Ha TIEPBOM U3 HUX BeposTHOCTh Huxke (0,60),
yem Ha BropoMm (0,71). To ectp 1O HpeHCKOMY
TOPU30HTY BEPOSTHOCTb HE()TEra30HOCHOCTH BBIIIE Y
CeBepo-Kamckoro Mectopox/eHus, a 1o Bepeickomy,

Ilo nanHoW  Momenu  Obula  TOCTpoeHa — HaoOopot, y KpacHokamckoro.
BEPOATHOCTHAsA cxema TIEPCIICKTUB

0,8
0,6
=)

Q 04
0,2
0,0
-1020 -980 -940 -900 -860 -820 -780

H(vr), m

Puc.1.3. Beposimnocmuas kpugas 0 nokazamens H(Vr) ons sonet HITP 1-A

N

[
Nk

Puc.1.4. Bepossimnocmuas cxema nepcnekmug neghmezazonocnocmu no noxazamento P(vr) ons sonet HITP 1-A

CpenHee 3HAa4yeHHE TONIIMHBI CIOS  MEXIY
BEpEHCKIM M MPEHCKHM TOPH30HTAMHU, KaK BUJIHO U3
TaGIHIIBI 1.1, B npezenax KOHTYpa

He(rerazonocuocti (815 M) 3Ha4YMTENBHO OOIbIIE,
4eMm 3a ero npeznenamu (747 m). BeposTHOCTh HATHUUst
He(renocHocTu (puc.l.5) Bo3pacraer HE3HAUUTEILHO



30 East European Scientific Journal # 6(58), 2020

or 0,47 no 0,53 npu yBeauuenun M(Vr-ir) or 660 xo
938 M 1o nMHEIHHOIT 3aBUCMOCTH

P(vr-ir) = 0,3449+0,0002 m(vr-ir)

Ilo  nannHoM

HedrerazonocHoctu st 3ol HITP 1.A. (puc.1.6).
W3 prcyHKa BUHO, YTO MO TIOBBIIICHHBIMH 3HAYCHUSIM
BepositHocTH (P(ir)>0,5), momumo CeBepoOKaMCKOro u
KpacHOKaMCKOro MECTOPOXK/ICHHH, XapaKTePU3yeTCs U
IUIOIA/b, PACHOJIOXKEHHAs FOKHEE UX.

Mozenu  ObIa  HOCTpOEHA
BEPOATHOCTHAs cxema HepCIeKTUB
0,65
0,55
: ////
a 045
0,35
0,25
660 700 740 780 820 860 900 940
m(vr-ir), m

Puc.1.5. Bepossmuocmuas kpusas ons nokazamens m(vr-ir)
onst sonet HITP 1.4.

2
>
©
©

Puc.1.6. Beposimnocmuas, cxema nepcnekmue Heghyme2azoHoOCHOCML RO NOKA3AME0
P(vr-ir) ona sonwt HITP 1-A
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BE5Y |
B pesymbrate  BBIIOJHEHHOrO  aHauu3a

YCTAQHOBIICHO:
1 Bcee paccMOTpEeHHbIE TOKa3aTeNnu

KOHTPOJIUPYIOT HE(TEra30HOCHOCTb, B Pas3IMYHON
CTeNeHN HHPOPMATHBHBI.

3. Bee NOKa3aTeNM  XapaKTepU3ylTcs
OJIHOHATIPABJICHHBIM BHIOM H3MEHEHHS BEPOSTHOCTU
NPH yBEIHUYEHHUH NOKA3ATENS.

3. AHainu3 IOCTPOEHHBIX BEPOSTHOCTHBIX CXEM
HE(TEHOCHOCTH OKA3aJl, YTO HHTEPBAJ BAPbUPOBAHHS
BEPOATHOCTEH pPa3THYHBIX MOKa3aTenedl B mpejenax
TUIOIIAM MCCNEOBAaHUI Pa3sIMueH M Ha OJHHX M TeX

JKe ydacTKax pasHble II0Ka3aTedd  OKa3bIBAIOT
Pa3INYHOE BIUSHHE HA HETECHOCHOCTb.

4, Hu omuH w3 TmoOKa3areneid, B3ATHIA B
OTHENBHOCTH, OJIHO3HAYHO HE orobpaxaer

HedTera3oHOCHOCTh H3y4aeMOH TepPUTOPHH.

CrietoBaTeNnbHO, Ul PEUICHHUs TPOTHO3HBIX 32124
HEO0OX0MMO KOMIUIEKCHO YUHUTHIBATh BCE
paccMarpuBaeMble IOKa3aTeld C Y4YeToM BKJIAaJa
Ka)XIOTO IOKa3aTelsi B OKOHYATENbHBIH pe3ysbTat.
Jlnst 9TuX neseit OyaeM MCroib30BaTh KOMITICKCHBIH
KPHUTEPHiA, KOTOPBIH Pa3einT STATOHHYIO BEIOOPKY Ha
nBe 4vactH Oosiee CHIBHO, 4Y€M IO OTACIBHO
HCTIOIb3YEMBIM BEPOSITHOCTSIM.

3HaueHUsT  KOMIUICKCHOl ~ BEPOSITHOCTH 110
CTPYKTYPHBIM MOKa3aTe/siM OyJeM BBIYMCISTH MO
cnenmyromei popmyne:

Prom®=
m

[!P(WJJXJ')

J

TP )+ TT0-P W /x )

rae P(Wi/Xj) -COOTBETCTBEHHO BEpOSTHOCTH:
P(ir), P(vr) u P(vr-ir).

Ilo  nanHoOli  Mozmenu MOCTPOEHA
BEPOSTHOCTHAS cxema MEePCIIeKTUB
HedrerazonocHocty i 3061 HI'TP 1-A (puc.1.7). U3
PHMCYHKa BHJIHO, YTO IO IIOBBIIEHHBIM 3HAYEHHAM
BeposatHOCTH  (Pkom™>0,5)  4eTko  BBIACISIOTCS
CeBepokamckoe n KpacHOKaMCKOe MECTOPOKICHUS,
IIpUYEM Ha IIepBOM U3 HHX BeposTHOCTH Bbiie (0,84),
yem Ha BropoM (0,73). OcTanbHAast TEPPUTOPUS 30HBI
HITP 1-A wMmanonepcnekTHBHA IO CTPYKTYPHBIM
TIOKa3aTeNIsIM JUIs1 TOKCKa 3aJexKeil HehTH U rasa.

+
+
4
A
A
+ +

ObLIa

Puc.1.7. Beposimnocmuas cxema nepcnekmug Hegyme2azonocHOCIi no ROKA3AMeio
Prou ona sonet HITP 1-A
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3ona 2-A
JIiist maHHOM 30HBI ObLIA UCIIOJIB30BaHA TAKasl JKE
KOMIUICKCHAsI METOJHMKA MOCTPOCHHS BEPOSTHOCTHOIM

CXEMBI TIEpPCHEKTUB HEe()TEra3soHOCHOCTH JUIS 30HBI
HITP 2-A (puc.1.8).

W3 pucyHKa BHJIHO, 4YTO 1O HOBBIIIEHHBIM
3HauenusmM  BepostHocTH  (Prom™  >0,5) uerko
BBIJICIIAIOTCS KOHTYpBI HedTeHocHOCTH Ko3ybaeBckoro
n Jlo6anoBckoro mectopoxaeHuii. Jlns baknanosckoro
MECTOPOXJICHHS ~ KOHTYp  HE(TEHOCHOCTH MO
3HaYEHUSIM Pkom BBIIEISETCS HE TaK YETKO.

Puc.1.8. Bepossimnocmuas cxema nepcnekmue Heghme2azonoCHOCMU o NOKA3AMeno
PKOMCII ons 30nvt HITP 2-A

30Ha 3-A

Jlns naHHOW 30HBI Tak)Ke ObLIa HMCHOJIb30BaHA
KOMIUICKCHAsI METOJHKA MOCTPOCHHS BEPOSTHOCTHOM
CXEMbI TIEPCICKTHB HE()TEra30HOCHOCTH JUIS 30HBI
HITP 3-A (puc.1.9).

W3 pucyHka BHUIHO,
3HAUCHUSIM  BEPOSTHOCTH
BBIJICISIOTCS  KOHTYPBI

YTO MO MOBBILIEHHBIM
(Pkom™  >0,5) uerko
HEe(TEHOCHOCTH  BCEX

MECTOPOXK/ICHHMIT, 3a HCKIoueHHeM Ky3HEIoBCKoro,
rae BeposaTHOCTh paBHa 0,26. HeoOxomuMo oTMeTHTSH,
9T0  omeHka  Ky3HEIOBCKOTO  MECTOPOXKICHHS
MIPOBOJMIIACK IO TPEM CKBAKHHAM, KOTOPHIC SBIISIOTCS
HENpOIYKTUBHBIMH. MaKCHMaIbHOH BEPOATHOCTBIO,
paBuoii 0,76, xapaxrepusyercs  IlonasHeHckoe
MECTOPOXKICHHE.

Puc.1.9. Beposmnocmuas cxema nepcnekmus Hegyme2asoHocHoC no OKA3amenio
Pov " ons sonwer HITP 3-A
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3akiioueHue

B pesynbraTe BBHINOTHEHHBIX MCCIEOBAHUIM
OBITH IOCTPOCHBI BEPOSITHOCTHBIC CXEMbI MEPCIEKTUB
He()TETa30HOCHOCTH  TI0  PACCMOTPEHHBIM  BBIIIE
oKasaTteJisiM 1715 Beeit Teppuropun Ilepmckoro coja.

Ha puc.1.10 mnpuBenena cxema MepCeKTUB
He(Tera30HOCHOCTH, MOCTPOEHHAS MO BEPOSTHOCTSIM
Mapkupytomux ropusonrtoB P(ir), P(ar) u P(arg). U3
pucyHka BuaHO, uTo B 30Hax HITP 1-A
(Kpachokamckoe 1 CeBepOKaMCKOE MECTOPOXKICHUS)

u 2-A (Kysnenosckoe, [Tonasnenckoe, MexeBckoe u
Tanuukoe MECTOPOXKICHHS) MOBBIIICHHBIC 3HAYCHHS
BEPOSITHOCTEH KOHTPOJIUPYIOT KOHTYPbI
He(TEera30HOCHOCTH. MakcumanbHast cpeaHsst
BEPOSITHOCTH B KOHType HedTeHocHOCTH, paBHast 0,65,
nabmoznaercss Ha CeBepOKaMCKOM MECTOPOXKICHHUH.
HeobOxomuMo oTMETHTH, dYTO Ha 3OpPHHCKOM ¢

I_UEMCTPIHCKOM MeCTOpO)KlIeH]/IﬂX cpem-me 3HAYCHUA
BepOﬂTHOCTeI‘;I MCHBIIIC 0,5 W COOTBETCTBEHHO PaBHBI
0,42 11 0,44.

Puc.1.10. Beposimnocmuas cxema nepcnekmue Hepme2azoHoCHOCMU RO NOKA3AMENSAM
P(ir), P(ar,) u P(ary) ons meppumopuu I[1C

B 3ome HITP 2-A (Iopckoe, PaccserHoe,
baknanosckoe, KosybaeBckoe u JlobGaHoBcKOE)
3HAUCHUSI BEPOATHOCTEH HaxoxsaTcst Ha yposHe 0,5, o
KOTOPBIM KOHTPOJIb HE(hTEra30HOCHOCTH HEBO3MOXKCH.

Ha puc 1.11 mnpuBeneHa cxema II€PCIEKTHB
HeTera3oHOCHOCTH, MOCTPOCHHAS M0 BEPOSITHOCTSAM
Bepeiickoro ropusoHta P(vr). B gaHHOM ciyuae
BEPOSTHOCTU KOHTPOJIUPYIOT KOHTYPBI
He()TEra3oHOCHOCTM Yy  BCEX  MECTOPOXACHH.
MakcuManbHBIMU CPETHUMHU 3HaYeHHsME P(vr) Gomnee
0,63 XapaKTEePU3YIOTCS Kpacnoxamckoe,
Bbakmanosckoe, PacceetHoe u  IlomasHeHckoe

MecTopoxaeHus, a MuHuMaipbHeiMH (0,52-0,54) —
T'opcxkoe, JlobanoBckoe u Tanunkoe MECTOPOXKICHUSL.

Ha puc.1.12 mnpuBemeHa cxema TEPCIEKTHB
He(TEra30HOCHOCTH, MOCTPOCHHAS MO BEPOSTHOCTSIM
MOIIHOCTHBIX TOKazatenei P(vr- ir), P(vr- ary) n P(vr-
arg). M3 pucyHka BUIHO, 4TO B Ipeneiax Bcel
wiomaan  IIC  BeposTHOCTH  U3MEHSIOTCS B
He3HauuTeabHoM uHTepBaie ot 0,48 no 0,53. Konrtyp
He()TEera30HOCHOCTH 10 JTHM BEPOSATHOCTSIM HE
KOHTPOJIMPYETCS, XOTSI Ha CAMHMX MECTOPOXKACHUSX U
IUIOMIASAX, MPUWICTAIONMIMX K HHM, B OOJIBLINHCTBE
ciTy4yaeB BeposTHOCTH BbIe 0,5.



34 East European Scientific Journal # 6(58), 2020

[

Ha puc.1.13 npuBeseHa cxema MNEPCHEKTHB

He(TEera30HOCHOCTH o KOMIIIEKCHOMY
BEPOATHOCTHOMY TIoKasatemo Pkov!l. AHanus cxembr
MOKa3bIBAET, 4YTO  KOMIUIEKCHBIE  BEPOSATHOCTH

KOHTPOJIUPYIOT KOHTYpPBI He(hTEra30HOCHOCTH y BCEX

paccMaTpHBaeMbIX MECTOPOKIEHHUIA.
MaxkcuMabHBIMU 3HAYCHUAMHU Prom®™
XapaKTepH3yl0TCst CeBepokamckoe (0,73),

Kpacnokamckoe  (0,67), bakmanockoe  (0,67),
Ionaszuenckoe  (0,67), PaccBernoe (0,64) wu
MesxeBckoe (0,63) MECTOPOKICHUSL. Jlost
Kosy6aesckoro mecroposkaenus Pxom™ pasno 0,57.
T'opckoe, Jlobanosckoe, Tammmkoe, 3opuHCKOE U
[lleMeTHHCKOE MECTOPOXIEHUSI  XapaKTepHU3yIOTCs
MUHUMAJIbEHBIMU 3HAYEHUAMHU Prom®",
n3Mensronmucs B uarepsaie 0,51-0,53.

Puc.1.11. Beposimnocmuas cxema nepcnekmus Hepme2azoHOCHOCHU RO NOKA3AMENIO

P(vr) ons meppumopuu I1C

Puc.1.12. Beposimnocmuas cxema nepcnekmug Heghme2azoHoCHOCMU N0 NOKA3AMENSIM
P(vr- ir), P(vr- ary u P(vr- ary) o meppumopuu I[1C
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Puc.1.13. Bepossmuocmuasi cxema nepcnekmug Hegpme2a3oHOCHOCIU NO NOKA3AMeNI0
Pxom™ onst meppumopuu I1C
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Haconoe Eszenuit Anexcanoposuu

XapvroscKkutl HAYUOHATLHBLIL YHUSEPCUMEN PAOUOINEKMPOHUKU

METO/JbI OFPABOTKH BOJIBIIOTO KOJIMYECTBA KYJIMHAPHBIX PELHEIITOB
YUYUTBIBAIOIIME CEMAHTHYECKYIO BJIN30CTh HHI'PEJUEHTOB

Summary. Methods of processing of big food recipe data are considered in this article. Specifics of Russian
language text processing are considered when it comes to food recipes. A model food recipe vector representation
that considers semantic relationships is developed. A brief survey of available software implementations of

Russian language text processing algorithms is given.

AHHOTaulﬂl. B crathe paccMaTpuBarOTCA METOIbI paGOTLI ¢ OOJIBIIUM KOJUYECTBOM MOJIb30BATEIbCKHX
KyJIMHAapHBIX PCLCITOB M HX aHaJIHU3a. PaCCManPIBaIOTCS{ METOAbI pa60TI>I C TCKCOM Ha PYCCKOM S3BIKC B
NPUMCHEHHH K KOHKPETHOHW mpeaMeTHOW o6mactu. PaszpaboTaHa Mojenb BEKTOPHOTO IPEICTABICHHS
KyJIMHApHBIX PCELCIITOB, y'-IPITLIBaIOIlIPIfI CEMaHTHYCCKYIO 6IM30CTh HWHI'PEOUCHTOB. Takxe IIPOBOJUTCS 0630]3
JAOCTYITHBIX IPOIrPaMMHBIX HHCTPYMEHTOB [UISI PEUICHU 3a4a1 06p360TKI/I TCKCTOB.

Key words: big data, food recipes, semantic relationships, machine learning, natural language processing.

Kuouesvie cnosa: Gonvuiue l)llHHble, cemManmuyecKue OMHOWeHUsA, KYJIUHApHble peyenmvl, MAWUHHOe

06yueHue, 06pabomka ecmecmeeHHbIX A3bIKO8.

IMocraHoBka npoodJieMbl. D dexruHas
aBTOMaTH3HPOBAHHAS obpaboTka KyJHHAPHBIX
PELenToB SIBISETCS AOCTATOYHO CIOXKHOM 3amadei, ¢
KOTOpas ~ HPEACTABISICT  OZHOBPEMEHHO KaK
TEOpeTHYeCKHii WHTEepec B obmact  00paboTKH
€CTECTBEHHBIX S3bIKOB, MAIIMHHOrO OO0ydYeHus 0e3
yuuTens, a 6onee TOYHO aIrOPHUTMOB KIIACTEPH3aLHH,
TaKk M TNPaKTHYECKHI HMHTEpPeC MPOSKTHPOBAHUS H
HOCTPOCHHsST  BEO-CHCTEM, KOTOpbIE MOIJIH OBl
MPOU3BOJNTh KAYeCTBEHHYIO 00pabOTKy OONBIIUX
00BbEMOB JIaHHBIX U OTBEYaTh 3a II0JI30BATEIBCKHE
3alpOChl; TAKXKE MPABWIBHBIA aHAIU3  JAHHBIX
[03BOJISIET BBIMOJIHSTH PA3JIMYHBIE POLIECCHI, KOTOPhIE
[OMOTAIOT MOBBICHTb PENEBAHTHOCTH BEO-CHCTEMBI C
nomompto SEO (Search Engine Optimization) [1]. B
ciayyae Manod()eKTHBHOrO pa3pelleHus — 3a1aqu
00paboTKM KyJIMHApHBIX pPELENTOB BeO-cHcTeMa
MOJKET HTHOPUPOBATHCSI COBPEMEHHBIMH TIOUCKOBBIMHU
cucreMaMu. Jlaxke MoIaB Ha Takoil CaliT 10JIb30BaTeNb
CTOJIKHETCSl C TPYAHOCTSIMH BBI3BaHHBIMU OOJIBLION
BapHalieil KIACCHYECKUX KyJIMHAPHBIX OJIOA U eMmy
OyZIeT CII0)KHO HaiiTH MCKOMYI MH(OpMALMIO Cpean
GOJBLIOr0  KOJNMYECTBA IUIOXO CrPYHIIMPOBAHHOTO
[POAHATN3UPOBAHHOTO BO MHOTOM MOBTOPSIOLIETOCS
Matepuana. Hemocpencrennas npobiema 06paboTKu
PELENTOB KyJIMHApHBIX OIIOA B IIEPBYIO OYepelb
OCJIOXKHSIETCSL KJIACCHYECKUMH 3aJadyaMi  00paboTKH
€CTECTBEHHOTO s3bIKa. Tak, HEOOXOIUMO yMETh
BBIICJSITh  KIIOYEBBIE  CYLIHOCTH  TEKCTa Ul
ONpEJIEICHHs] MHTPEANEHTOB M HX 3HAYMMOCTh B
KOHKpeTHOM Omome. [lanee, Oonblive JaHHbIC,
KOTOPBIC HEOOXOIMMBI Ul aJrOPUTMOB MAIIMHHOTO
o0ydeHHs, 3a4acTyl0 [PUXOAMTCS COOMpaTh B
Pa3IMYHBIX HCTOYHHUKAX MOJIb30BATENIbCKUX PELEITOB,
KOTOpBIE, K COXKAJICHHIO, MOTYT COJEp)KaTh pa3HbIC
OIMCKH, HCIOJIb30BaTh HEOJOTH3MBI, YHOTPEOIATH

CHMHOHHMBI MECTHOTO BepHaKyjsipa. HecoMHEHHO
CIIOXKHOM 3ajiaueit SIBIISICTCS paspeleHne
KopedepeHIHid, C MOMOIIBI0 Yero MOXHO OBUIO OBI
oosee  dPpeKTHBHO  ompemeNsATh  3HAYUMOCTH

MHrpeaneHTa. Jlanee mepes HaMU CTAHOBUTCS 3ajia4ya
yYI00HOTO TPEACTABICHUS [aHHBIX TAaKUM 00pasoMm,
4TOOBI  MOXKHO ~ OBUIO  NPUMEHSITH  Pasid4yHbIE

AITOPUTMbI MAIIMHHOTO OOY4YeHHs, a Takke oadop
CaMHX aJITOPUTMOB ONMHUPAsCh HA CrCHH(HUKY JaHHBIX,
HX pa3Mep, a TAKKe XapaKTePUCTHKH MOJEIH
NPECTABICHHS JAHHBIX.

AHAIM3  NOCJHeIHHX  HCCIEOBAHUS M
ny6aukanuii. Utk necne10BaHbl METOIBI 00pabOTKH
TEKCTOB Ha €CTECTBEHHOM s3bIKe. B yacTHOCTH, ObLIH
U3y4eHBl METOJbl TaKMX CIOXHBIX 3aja4, Kak
pasperienne KopedepeHiuil [2]; Ha OCHOBaHUH Yero
MOXXHO OLCHUTh (DAKTHYECKYIO CIIOKHOCTH 3aJadu.
CTOMT BBICIHUTH. BbII BBINOJIHEH CpPaBHHUTEIbHBII
aHaAJIM3 KOPITYCOB PYCCKOTO U aHTJIMHCKOTO SI3BIKOB, a
TaKKe MHCTPYMEHTOB MX 00paboTKH, B pe3ysbTaTe
9Yero MOXKHO CKa3aTh, YTO TOTOBBIC MPOrPaMMHBIC
pelIeHus 3a1a4 06pabOTKU PYCCKOTO SI3bIKa YCTYMAlOT
aHramiickomy — s3bIky.  CpeaM  HMCClIEIOBAaHHBIX
UHCTPYMEHTOB CTOUT BBIJCIUTH MOP(OIOrHIECKHI
anaymzatop pymorphy?2 [3], koTopslit umMeeT yao6HbIi
nporpaMMHBIi uHTepdeiic Ha s3bike Python, a Takxke
JIOBOJILHO OBICTPOE BpPEMsi BBINOJHEHHS KIIIOYEBBIX
OdyHKIMH, TakMX Kak JIeMMaTH3alus, KOTopas
3a4acTyl0 SIBJISIETCS OJHUM M3 IIEPBHYHBIX JTaIlloB
00pabOTKH TEKCTa U B cilydae paboThl ¢ OONBIIUMHU
o0beMaMH JaHHBIX KyJIHHAPHBIX PELENTOB CKOPOCTh
BBITIOJIHCHHS TaKUX 0a30BBIX ONEpaLUii HECOMHEHHO
BakHa. K coxanenmio, pymorphy2 He mo3BonsieT
BBIMOJIHATh ~ KOHTEKCTHYIO  JISMMATH3alMIO, 4TO
HOTCHIHAJIFHO MOIJIO Obl MPUBECTU K YIIy4LICHHIO
TOYHOCTH PE3yJbTaTOB JalbHEHIINX omnepauuii ¢
TEKCTOM. Jast BBITIOJTHEHHS KOHTEKCTHOH
JeMMaTU3alul  OblI  HUCIPOOOBAaH  HMHCTPYMEHT
PyMystem3 ot kommanun Yandex, 0JHaKO CKOPOCTb
ero paboThl OKa3anach HEJOCTATOYHOW IS PELICHUS
3a/1a4 MAIIMHHOTO O0YYEHMs! CBSI3aHHBIX C OOJIBIIUMHU
nmanHeiMH.  Takke a1 paboTl € BBIACICHHEM
KIIOYEBBIX ~ CYIIHOCTEH, B  HamleM  ciydae
UHTPEJANCHTOB, TOMHMO PaspelIeH!s KopedepeHLmii,
HY)KHO yMeThb paboTaTh C CHHOHMMAMH W
cloBocoyeTaHusAMH. [t paGoThl ¢ CHHOHHUMaMu
JIOCTATOYHO HCIIOJIB30BaTh Te3aypyc. Pabory co
CIIOBOCOYETAHUSIMH MPOBOIUTH 3HAYUTENBHO
cr10)kHee. MO)KHO HCIIOIb30BaTh CIOBAPH YCTONUUBBIX
CIIOBOCOYETAHHII PYCCKOTO  53bIKA, OJHAKO Ha
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3(h(GEKTHBHOCTh TAKOTO IMOJXO0Ja B PEILICHUH 3aj1ad
00paboTKH KyJIMHAPHBIX PELENTOB HAACATHCS HE
NPUXOJMTCS, T.K. TAKHE CIOBAPH HE YUYUTHIBAIOT
HHTEPECYIOIUEe HAC CIOBOCOYCTAHHS-HHIPEIUCHTHI.
Boiee a¢deKxTHBHBIE METOBI HCIIONB3YIOT
CTATUCTHYECKUH aHauu3 OWIrpaMM; Takol MeToJ
TIOJTyYHJI pa3BUTHE B cTaThe [4], T1e ObUTH BBIICICHBI 1
[pOaHaIN3UPOBAHHBI OCHOBHbIE METPUKH
CTATUCTHYECKOI COYETAeMOCTH JIEKCHUECKHX CAMHHUIL,
Takue kak MI, LL, MI3, MS, t-score, a Takxke
paccMOTpeHsl  TpeOOBaHMS K  MPOrPAMMHOMY
o0ecreyeHnIo, KOTOpble aKTyalbHbl M Ha JaHHBII
MOMEHT,  OTMEYaeTCsi  HEXBaTKa  MOIIHBIX U
BapHaTHBHBIX HHCTPYMEHTOB il 00pabOTKH TeKCTa
Ha pycckoM si3bIke. [Toxoxwuit moaxox ObLT OmMCaH B
[5], rme 3amava GblIa paccMOTpeHa HEMOCPEICTBEHHO
JUISL UMEH CYIIECTBUTENBHBIX, YTO IIPEACTaBIsET
HauboNbIIKil UHTEpEC Ui PabOTHl C KyJIHMHAPHBIMU
peuentamu, a emé MO3AHEE HWIEH  OIYYHJIH
JanpHeiiliee pa3sBUTHE B CTOPOHY MAlIMHHOIO
oOyuenust [6]. s MCHONB30BAaHUSI PACCMOTPEHHBIX
KBaHTUTATUBHBIX [IOIXOZ0B HECOMHEHHO HEOOX0UMO
paborath ¢ OOJBIIMMH KOPIyCaMH, BO MHOTHX
Cllydasix JKenaTelbHO MMETh Pa3MEUCHHBIC KOPITYCHI;
y10OHBII HPOrpaMMHBIH HHTEP(EHC K TAKOBBIM TaKKe
HEOOXO/IMMBI JUIS TOCTPOCHUSI IPOTPAMMHBIX CHCTEM;
B JIAHHOW CTaThe PacCMaTpHUBAJICSH OTKPBITHI KOPITYC
pycckoro si3bika OpenCorpora.

K Bompocy  KiacTepusalMu  KyJIMHapHBIX
perenTtoB o0pamnairuch B [7], 4To MO3BOIMIIO TOIYYUTh
HPEICTABICHHS O HENOCPEICTBEHHOM OIIBITE PadOTHI C
KyJMHApHBIMH pELENTaMi, a He C OOIIEesI3bIKOBBIMU
kopmycamu. Iloaxo craTbu CI0KHO 000OLIUTH, T.K.
aBTOp ~ MpOM3BOAWI  paboTy C  JIOCTATOYHO
creU(UIHBIM 1 OTPAaHHYCHHBIM HA0OPOM JaHHBIX, B
CBSI3M C 4eM Obutk obserdeHsl 3amaun oOpabOTKH
€CTECTBEHHOTO sI3bIKa; 00Jiee TOro, pacCMOTPEHHBII
KOPITYC HE SIBISIETCSI IOCTATOYHO OOJIBIIMM, YTOOBI €10
MOXKHO OBIIO CPaBHHTb C TeMU OObEMaMH JAaHHBIX,
KOTOpBIC BCTPEYAIOTCS B HMPOMBIIUICHHBIX 3a[ayax C
COTHSIMH ThICSTY HEYOPSIJOUSHHBIX MOJIb30BaTENIbCKUX
peuentoB. TeM He MeHee, HNPUMEHEHHE METOJOB
KIacTepu3aluyd K aHaIM3y MAAHHBIX [PEICTABISICT
0co0sIit HHTEpEC.

Brinesienne HepelmeHHBIX 4acTeil NMPoOJeMBbl.
TakuMm 06pa3oM, MOKHO 3aKJIIOUHTh HEAOCTATOYHOCTh
OCBOCHHS JITOPUTMOB 00pPabOTKH TEKCTOB Ha PYCCKOM
A3bIKEe B CHEUUPUIHBIX 00JIACTSAX, B YaCTHOCTH JUIS
00paboTKH KyJIMHApHBIX PELeNTOB. BbUIO OTME4YeHO
HAJINYMe KOPIYCOB OOIIEro Ha3HAYCHUs, OJHAKO
OTKPBITBIM OCTAETCS BOIPOC BBICOKOKAYECTBEHHOTO
HCTOYHMKA JAHHBIX peunentoB Omox. OTKPBITBIM
OCTaeTcsi BOMPOC CHELMATM3UPOBAHHOIO MOIXOAA
M3BICUCHUSI TOJNE3HONM HMH(POPMALUKH U3 TEKCTOB
KyJIMHapHBIX peuentoB. Tawke Oblla OTMEYCHA
CIIOKHOCTh ~ 3aJa4d  paspelieHus KopedepeHuid,
9 dexTHBHOE ¥ JOCTYIIHOE pEIICHHEe KOTOpOH
HECOMHEHHO TIOMOJXKET JIy4Ille CIIPABJIATHCS C ITAIIOM
npeaoOpaboTKH  MHOTMX — aKTyalbHBIX  3ajad.
CymecTByeT He  TaKk  MHOIO  HPOTrPaMMHBIX
HMHCTPYMEHTOB [UIS  BBILOJIHEHUS PACCMOTPEHHBIX
3a/1a4, ¥ HE BCE U3 HUX UMCIOT COBPEMEHHBIH y100HbIH

nnTepdelic. BblM BbIIEICHBI OJX0/bI ONpPEAeICHHs
KOJUIOKAIMii B TEKCTe Ha OCHOBE OWrpaMm o
ITOPUTMOB MALIMHHOTO 00y4eHus1. OTHAKO OCTAIOTCS
npoOiIeMbl  CEMaHTHYECKOM — OJIM30CTH  CIOB U
CIIOBOCOYETAHMUIT, YTO MOXKET IIPECTABIATH OOJIBIIYIO
LEHHOCTh [JIi TOCTPOCHHS AJTOPUTMOB aHaiu3a
KyJIMHApHBIX peuentoB. HekoTopble KyJInHApHbIC
WHIPEAMEHTHl  MOTYT  HPHHAIEKATH  OJHOMY
CHHOHUMHYECKOMY JIMOO acCOILMATHBHOMY PSIIy HIIN
ke OBITh PasHBIMH THUNAMH OJHOTO U TOTO JKe
HHTPEANCHTA, HANpPHMEpP, Pa3sHBIMH BHIAMH ChIpa.
OcraeTcss BONMPOC ONTHMAIBGHOTO —yd4eTa TaKHX
CeMAaHTHUYECKMX  OTHOLICHHWII NpH  HOCTPOCHHU
MOJIETICH.

Leas crarbu. Llenpio JTaHHOTO HCCIIEIOBAHUS
SBISETCS  M3YYeHHE OCOOCHHOCTEl  MOCTPOCHHS
cHCTeM, paloTaloIMX C  OOJBIINMH  JaHHBIMH
T0JIb30BATEIILCKHX KyJIMHAPHBIX peLenTos.
IIpennaraercst crnoco6 pereHust 3a/1a4n
CEeMaHTUYECKOH OJIM30CTH KYJIMHAPHBIX HHIPEIHEHTOB
Ha OCHOBE AQJTOPUTMOB MAIIMHHOrO OOydYeHUs, a
TaK)Ke PACCMOTPEHBI METOIbI TOCTPOCHHST BEKTOPHOTO
NPEICTABICHHS JAHHBIX PELENTOB IS AalbHEHIIel
paboTs KITACCHYECKUX AITOPUTMOB.
PaccMaTpuBaOTCST  OCHOBHBIE — IEPBHUYHBIC  LIAard
CBE/ICHUS IAHHBIX K BHY, B KOTOPOM C HUMH MOXHO
Oyzmer paboTaTh C KOHKpPETHBIMHU 3agadamu. Taxxke
pPaccMaTpPUBAIOTCSL  COBPEMEHHBIE  IPOrpaMMHBIE
HHCTPYMEHTBI c 3a1la4aMu KOMIIBIOTEPHOIT
JIMHTBUCTHKH.

H3i0xkeHne OCHOBHOIO MaTepHaJia.
paccMOTpeHHeM  CcrmocoboB  00pabOTKM  JaHHBIX
pelenTtoB  HEOOXOAMMO  OrOBOPUTH  IPOLECC
MOJIyYCHHUS CaMHUX JaHHbIX. Tak Kak Ha JaHHBII
MOMEHT HE HMEeTCsI OJIBIIOT0 Pa3MEYEeHHOT0 KOpIyca
JIAHHBIX KyJIHHAPHBIX PELENTOB, TO TAKHE IAHHbBIC
TIPHXOUTCS cobuparb COOCTBEHHOPYYHO.
CymiecTByloT ~ calfTbl,  coOuparomue  Oosblnoe
KOJIMYECTBO IOJIB30BATEICKUX peLenToB. Takum
00pa3oM, MOJIydaeTcsi, YTO TEKCThI PELENTOB MOTYT
cojlepiKaTh Pa3INYHYl0 CTUIIMCTHKY, JIGKCHMYECKUX
omMOKM ¥ Tpod., H3-32 Yero HeoOXOIUMO
MPOM3BOJUTE MPeJoOpabOTKy peLenToB, PexKIe YeM
JIBUTAThCS Jajibllle, HO yI)KE Ha 3TOM JTare OTMEYaeTes
BO3MOJXKHAsl OTEPs] TOYHOCTH HTOTOBBIX MO/IENICH.
HekoTopble CailThl IPEAOCTABISIIOT BMECTE C TEKCTOM
peLenTos CIIMCOK HMHIPEJIUCHTOB, KOTOpBIE
NPUBOSATCS B HOPMaIBHOW (DOpPME H IIPOBEPSIOTCS
aJIMUHUCTpalLMel caiiTa; JUIsI HMCCIeNOBaHUA ObUI
MPOaHAJIM3UPOBAH sl BeO-pecypcoB U ObLIT BbIOpaH
OIUH M3 TAaKUX CaWToOB [8], KOTOpBIA MO3BONAET
paborats ¢ Goiaee, yem 140000 monB30BAaTENBCKUX
PELEnToB, B KKIOM U3 KOTOPBIX BBIICICH IEpeYeHb
HCHOJIb3yEeMbIX ~MHIPEAWCHTOB B  yIOOHOM  [uist
aBTOMAaTH3UPOBAaHHOTO  W3BIEYCHHs  Buae. B
pe3yJbTaTe aHau3a AaHHBIX OBLIO YCTAHOBJICHO, YTO
cpeiHee  KOJMYECTBO  HHIPEMEHTOB,  KOTOPOE
COJIepKHUTCS B OOJBIIMHCTBE perenToB pasHO 10, 4to
MOXET OKa3aTbCs TIOJe3HOW uHpopmarmei s
OLICHKH KOJIMYECTBA NapaMETPOB PA3IMYHBIX MOJIENCH;
TaKOKe aHAJIU3 II0KAa3al, Y4TO CYLIECTBYIOT PELEMNThI,
KOTOPBIE COCTOSIT BCETO M3 OJHOTO MHIPEIMCHTA, Ha

Ilepen
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4TO HY)KHO o0OpalmaTh BHUMAaHME Ha DdTane
NpEBapUTENbHON OUMCTKH JaHHBIX OT IIymMa B
3aBHCHMOCTH OT LEJIM aHaIu3a NaHHBIX. Takoke ObuI
BBITIOJIHEH aHAII3 CYLIECTBYIOMIETO IPOrpaMMHOIO
obecrieyeHHst I NpeABapUTENIbHON  06paboOTKH
TEKCTOB Ha PYCCKOM S3bIKE C TOUKU 3pEHHs yJ00HOCTH
UCTIONb30BAHUS, BPEMCHM BBINONHEHUS, a TaKXkKe
TOYHOCTH. Ormeuaercst HeOOTBIION BBIOOD
MHCTPYMEHTOB JJI PEICHHs TAKUX 3a/1a4 U OCHOBHBIM
HCHONb3yeMbIM ~ TPOTPAMMHBIM ~ MOJYyJIEM  CTall
nporpammubelii  maker  NLTK,  xotopsiii  =He
paspabatbIBaics CIENMANbHO JUISl PYCCKOTO s3BIKA,
YUHTBIBasl €ro JIMHIBUCTHUYECKHE OCOOCHHOCTH, HO
HOIEP/KUBACT ero Hapsgy c JIPYTUMHI
pacmpocTpaHeHHbIMH si3bIkamMu Mupa. NLTK umeer
YAOOHBI HPOrpaMMHBIH HHTEpHEHC M ero MOXKHO
nonpoboBaTh HE YCTaHABIMBAss Ha JIOKAJIbHYIO
pabouyio CTAHIMIO WCIOJb3ys OOJAuHbIH CepBHC
Google Colab; maker OMGIHOTEK B NEpPBYIO o4Yepeb
HCHOB3YeTCs IS yAaleHus CTOIN-CIIOB U MyHKTYaluu
U3 TEKCTa, YTO BBINOJHAETCS BO MHOTHMX 3ajadax
00paboTKM TEKCTa U ONMPENENECHHO HEOOXOAMMO MHpU
PACCMOTPEHHH CHEHU(UKU HPEAMETHON 00nacTu,
KOrJa TJAaBHBIA MHTEpeC MPEJCTABIAIOT HMEHA
cymecTBUTENbHbIH. OOpaboTka TEKCTOB pelenta
TIIaBHBIM  00pa3oM HeoOXoauMa JUIs  BBIACICHHS
LEHHOCTH WHTPEANEHTOB JUIS JalbHEHIIero ydyera B
Pa3IUYHBIX aNropuTMax. Eciu, B OTIIMYMHU OT HAIIEro
Clydas, CIHCOK HMHIPEJUEHTOB HE JaH 3apaHee B
YIOOHOM JUIs BBIICNEHHS BHJE, TO HEOOXOIUMO
HPOM3BECTH HAXOXKJIEHHE KIIOYEBBIX CYIIHOCTEH B
TEKCTe, npu yem pabora OCJIOKHAETCS
HEOOXOAMMOCTBIO PabOTBl €O  CIIOBOCOYCTAHHAMH,
KOTOpbIE HE O00S3aTeNbHO IPEACTAaBIAIOT  COOOI
yCTOSIBIINECS BhIpaXkeHUs. JI71s MOBHIIICHUS KauecTBa
o0pabotku, obpamascs Kk [5], ciemyer mpoU3BOIHTH
CTATUCTHYECKYIO aHAJIM3 OWrpaMM M TPUTPAMM,
BO3MOJKHO, €CJIM  aHAlM3  CJIOBaps  BO3MOXHBIX
MHIPEIMEHTOB TOKaXET, aHaau3 N-rpamm; aHaiu3
JaHHBIX I[IOKa3aj, YTO WHIPEIUeHThl caiita [7]
cojiepkat He GoJiee YEThIPEX CJIOB, OJHAKO B IOJIHOM
BHJIE B TEKCTE PEIENTOB He BCTpeyaroTcs. bonee Toro,
crneyeT oOpamaTe BHUMaHHE Ha aBTOPCKMI CTHIIb;
TaK, HanmpuMep, ObLIO 3aMEUEHO Ha3BaHUE «ITYK-PbIOay
JUIst 0003HAYEHHS CMECH PBIOBI € JIyKOM; 00palasich K
9TOMY JKE CIy4yalo, HYKHO He 3a0bIBaTh IIPO
CHHOHHUMHYECKHE PSIJIbI, TJIe HA CAMOM JIeJIe, B pelenTe
UCTIONB3yeTCsl HE TPOCTO pbiba, a KOHKPETHBIH
MHIpesneHT — Kambana. PaccMarpuBas 0coOEHHOCTH
HpeJMETHON ~ 007acTH,  MOXHO  CKa3aTh, 4YTO
KOHKPETHBIC Ha3BaHHs PELENTOB MMEIT OOJbLIYI0
IIEHHOCTh, YeM OOIIME, H TOMOTAI0T OTAECTUTH PELenT
OT psafa Jpyrux. 37ech MOXKET CTaTh BOMPOC

pa3pa6cmm CAHOHMMHYCCKOI O CJIoBaps T
KOHKPETHOT'O ciry4das paccMOTpEeHUS JAHHBIX
KYJIMHApHBIX peuenTos, OIOHAKO B JaHHOM
HCCIICAOBAaHUH HCIT0JIb30BaJIaCh CEMaHTH4YECCKas

OJIM30CTH CIIOB, 0 KOTOPOH Oy et cka3aHo mainbiue. [t
BBIJICJICHUS KJIFOUEBBIX CYILHOCTEH, B JJAHHOM Cllydyae
MHIPEIMEHTOB, YacTo ucnoib3yercs Merpuka TF-IDF
(term frequency-inverse document frequency). B cBsizu
CO CIOXXHOCTBIO OJHOBPEMEHHOH pabotsl ¢ N-

rpamMmmamu, BMecTo ucnoib3oBanus TF-IDF, ¢ nenbio
COKpAIIEHHUsI 3aTPaT BPEMEHHBIX PECYPCOB Ha aHAIN3
JTAHHBIX, HCCIIeI0BaHNE OrpaHUINIOCH
HCIOJIb30BAaHUEM BEKTOPHOTO NpeICTaBICHHS,
OCHOBAHHOT'O Ha CEMAHTHYECKUX CBSI3SX.

[peacTaBieHHe MAHHBIX B BEKTOPHOM BHJE
SBIIACTCS. BAXHBIM  OTaloM  3aga4  00paboTKu
€CTECTBEHHOTO sI3bIKa M B YaCTHOCTH HalleH 3a1a4H,
I'JIe HY’KHO IOTBITaThes 1aTh (G PEKTUBHOE YHCICHHOE
NpeJCTaBlIeHUe KylIuHapHbIM penentam. [Ipocreiimeit
MoJenbio sBisieTca «Memok cnoB» [9], koTopas He
YUHTHIBACT CEMAaHTHIECKUX CBSI3eH HHIPEIUCHTOB U HE
MOXET OMPEACIUTh, HANPUMEp, YTO pas3Hble copTa
BHHA MOTYT B3aHMO3aMEHSTHCS U HCIIONB30BATHCS B
MOXOXHX Omonax. B xome wuccinenoBanus OblIo
omnpeneneno Hanmuuue 1104 wHrpennenToB Ha caiite
[8]. Monens MoxuO nononHuTh MeTpukoil TF-1DF,
HCIOJIB3YsI BMECTO JBOWYHOIO HHAMKATOPA HAIHMIHS
uHrpeanenra ero Bec. Takke werpuka TF-IDF
MO3BOJIUT W30ABUTHCS OT YPE3MEPHOro BKJIA/A TAKUX
HHTPEANCHTOB, KaK «KYXOHHAs COJIb», KOTOPBIit
MPUCYTCTBYET B OOJBIIMHCTBE PELENTOB M BIOJHE
MOJXeT OBITh HE yKa3aH aBTOPOM BBH/Y OYEBHIHOCTH.
Ecimn ke He wmcnosab3oBath TF-IDF, HeoOGxomumo
3apaHee MPOaHaIN3HUPOBATh YaCTOTY HHIPEIUCHTOB BO
BCeM Habope MaHHBIX M OTCESTh BPYUHYIO, HJIH )K€
YCTaHOBHUTH MAJICHbKHUIA BEC, HanOOJIee YacThIM, BPOJIE
COJIM M MyKH.

JI71s yueta CeMaHTHYECKHX CBSA3EH MHIPEIUCHTOB
Obl1a BEIOpaHa MOJIeNIb OCHOBaHHAs Ha mojxoxae word
embedding [10]. Mojaenp HCHONB3yeT apXUTEKTYpy
HEWPOHHBIX ceTell «ABTOKOAUPOBIIUK» M TO3BOJISET
MOJIy4HTh BEKTOPHOE MpEICTABICHHE CIIOBa B OoJee
HU3KOM H3MCPEHHH, Ye€M KOJIMYECTBO BCEX CIIOB;
CIIOBa, YMOTPEOJSAIONIMECS B CXOXKEM KOHTEKCTE,
HMEIOT MEHbIIEe KOCHHYCHOE PAaCcCTOSHHUE, Y€M CJIOBa,
KOTOpBIE 3a4acTyi0 OOIIEro KOHTEKCTa HE HMEIOT;
HMEHHO OOIIMi KOHTEKCT W MOHHUMAETCsl 0[]
CeMaHTHUUYeCKOW Oyu30CcThIO cioB. [IpenmyIiiecTBoM
SIBJIICTCSL TAKXKE MPOCTOTA HHTEep(elica U JOCTYTHOCTh
HUMEIOIIUXCsl  peanu3anuid. JlaHHOe HCciel0BaHHE
HCTIOJIBb3YeT MPOrpaMMHBIN makeT word2vec mpoekra
gensim. C noOMOIIBIO JaHHOW Mozenu ObLia
BBINIOJIHCHA ~ MONBITKA  HOJIYYCHHS  BEKTOPHOTO
[PE/ICTaBICHHS HHIPEIMEHTOB, KOTOPast yIUTBIBACT UX
CceMaHTH4YecKylo Oim3octb. OIHUM W3 BaKHEHIIMX
apaMeTpoB MOJCIH SIBISIETCS M3MEPEHHE KOHEYHBIX
BEKTOPOB. JTO YHCJIO OOBIYHO YCTaHABIMBACTCS
IMIMPUYECKUM 00pa3oM. B jaHHOM wHccie0BaHHI
1104 u3mepennii ObLIM cokpatieHsl 10 75. B q1aHHOM
HCCIICIOBAaHUH Pa3Mep KOHTEKCTa OblI yCTaHOBICH
paBHbBIM 10, 94TO COOTBETCTBYET CPEAHEMY KOJINYECTBY
HHTPEANCHTOB B PELENTe U ObLIO MOJ0OPaHO MCXOMIT
n3 crnequUKH UCTIONB3YEeMbIX JaHHBIX. Ynciao ObLIo
HOJOOpaHO M3 COOOpaXKEHMH CKOPOCTH 00y4eHHS
MOJICIM, a TaKKe aJeKBaTHOCTU IIPEJCTaBICHHS.
To4HOCTH mpeAcTaBiIeHHs OLIEHMBANACh Ha OCHOBE
CXOZAMMOCTH MOJIENH; TaK, HAIPUMep, HPH MEHBIINX
Wik GOJIBIIMX M3MEPEHHSIX OCTABAIMCH HHIPEAUEHTHI,
«BBIOPOCHI», KOTOpbIE OBUIM 3HAYUTEIBHO OTHAJICHBI
OT BCEX OCTaJbHBIX M ATy HpoOJieMy He HOIydaloch
YCTPaHHUTh MPH PA3HOM KOJHYECTBE SIOX OOYyUICHHUS.
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Hannumne «BbIOPOCOBY» ONpenesiioch Irpaduueckum
CrnocoOOM HCIO0JIB3Ysl METOJ IJIABHBIX KOMIIOHEHT. Ha

pucynke 1 u300pakeHBI CcaMble CEMAHTHYCCKH-
OJIM3KHE CII0BA HHTPEJUCHTY «OpbIH3a».

‘deTa', ©.7788855241584778),

'CHp agnredckuid’, @.7259960174568547),
'Cep CcynayryHu', ©.6897695231437683),
‘mouapenna’, @.5436751842498779),

"cep TEepAwid', ©.5171306729316711),
'CHp roanaHackwii', 8.49687977271e88a17),
'Cup nonyTeEepawi’, 8.4841534197338475),

(

(

(

( !

("cep MArkMiA', ©.5195363759994587),
(

(

(

(

"heTakn', 8.4506104323863983),
("mapmezax’, ©.42259855376852856) ],

Pucynok 1. Hnepeouenmul ¢ HQUMEHbWUM KOCUHYCHBIM DACCMOSHUEM OM UHSPEOUeHMA «OPbIH3A».

Buano, 4To €1OBO, KOTOpOEe MOP(OIOrUYECKH
HUKAK HE MOKAa3bIBAET IPUHAJIEKHOCTD ChIpaM, ObLIO
yNoTpe6IeHO B OJMHAKOBOM KOHTEKCTE CO MHOTHMHM
JPYTUMH COpPTaMH cbipa. Takum 06pa3oM, noimyyaercs
JIOBOJIBHO yJIOOHBI CEeMaHTHUECKH ClIOBaph JUIst
KOHKPETHO#H IpeIMeTHO 00J1aCTH MCTIONB3Y S JIMIIb HA
MEeTOJaX MAalIMHHOTO Oo0yyeHHs M He mnpuberas K
CIIeUANTN3UPOBAHHBIM CIOBAPSIM, KOTOPbIE MOTYT U HE
coJiepKaTh BCEX CHHOHMMOB C IIOJIb30BATENbCKOIO

calita. BcmomMHuM BBIICIPUBENCHHBIM HpHMEp C
«KaM0aoi» 1 MOCMOTPHM Ha CEMaHTHYECKHUiT coceeit
9TOr0 MHIpeHeHTa Ha pucyHke 2. Takum obpasoM,
MOJIENb CIOCOOHA IIOHMMATh, YTO «KaMbana» — 3TO
peiba. Tem He MeHee, He BCe NPHMEPHI CTOJIBKO
XOpOIIIM; TaK, HaNpHUMep, MOJENb He NMOHMMAeT, 4To
«KaKao» M «KaKao-TIOPOIIOK» — CEMaHTHYECKH
CXOXHE  DJIEMEHTH. OJTO  MOXKHO  CBs3aTh  C
HEJI0CTaTOYHOCTBIO IAHHBIX.

[("okyHb mopckol', B.5929579138755798),
‘pwba’, ©.578944931898175),
‘naHracuyc’, 8.5736755132675171),
‘kapn’, ©.5489171147346457),

‘¢mne peibHoe', 8.537221372127533),
'ckymbpua’, ©.5231668684476929),
'Tpecka', ©.58595859873398198),

(
(
E
("¢hopens’, ©.5452172756195868),
(
(
(
(

‘ropbywa’, 9.496327348606287476),
("TunanmAa', ©.4793583154678345)])

Pucynox 2. Hnepeduenmbz C HAUMEHbUUM KOCUHYCHbIM PACCMOAHUEM Om unepeduenma «kambanay.

Beuta monydyeHa Mofenb, KOTOpas MO3BOJISET
[PEACTABISITh HWHIPEAUCHTHl ONI0a B BEKTOPHOM
[POCTPAHCTBE YYHUTHIBASI CEMAHTHYECKUE CBSI3H. DTy
MOZellb  MOXHO [OAaBaTh Ha BXOJ APYTHM
AIrOpUTMaM, HallpUMep, AIrOPUTMAM KJIaCTEePH3aL[HH.
Jlnst nosTy4eHus BEeKTOPHOTO MPEACTABICHUS PeLenTa
MOXHO  BBIYMCIUTH  CpPEAHee  apu(pMeTHYecKoe
HHrpequeHToB Omoma. Takas Moxaenb He Oyner
YUHTBIBATh LEHHOCTh OTIENIBHOTO HHIPEAMCHTA B

Omone. Mozaens MOXHO JONOTHUTH HCIOIB3YS
merpuky TF-IDF naBas Bec BexkTopaM M BBIYHCIIASA
cpenHee B3BEIICHHOE, BMECTO CpeaHero
apr(METHIECKOTO.

BbIBoABI M MpeNI0KeHusi. Bbun paccMOTpeHs!
HoCJIeHNE MMyOIIMKaLMK 00pabOTKH TEKCTOB PYCCKOro
si3bIKa. BBUTH paccCMOTpEHbI MyOnMKanuu paboThl ¢
KyJIMHapHBIME peuentamu. Takke OblI MPOU3BEACH
0030p  JIOCTYIIHOTO  OTKPBHITOTO  HPOIPaMMHOIO
obecrieyeHns, HEOOXOAMMOro /Ui PEIICHHs 3a1ad
CBSA3aHHBIX C 0OpabOTKOM OOJIBIIMX KOINYECTB
KyJIMHAPHBIX peLenTos. B HCCIICJOBAaHUH

YIIOMHHAIOTCSI  HEKOTOpPBIE OCOOCHHOCTH  PaboThI
HMEHHO C IOJb30BaTeIbCKUMH peLenTaMH, a He
TOTOBBIMHU Pa3MEYEHHBIMHU KOPITyCaMH, a TakkKe ObLIN
NPEUIOKEHbI METO/IbI PEIICHHs KIACCHYECKUX 3ajad
00pabOTKH €CTECTBEHHBIX S3BIKOB KOHKPETHBIMU
MPOrpaMMHBIMH HHCTPYMEHTAMH [JIi KOHKPETHOM
mpeAMeTHO# obnactu. Bbul  mpemioxkeH  crocob
MOJIy4eHHUsT BEKTOPHOTO IIPEACTaBICHMS JIAHHBIX,
KOTOPBI OCHOBBIBACTCS Ha aIrOPHTMAax HEHPOHHBIX
ceTeil, M MO3BOJISIET PEIIATh 33j4ady CEMaHTHYECKOI
CXOXECTH HMHrpeueHToB. [lomydeHHass Mojenb, mpu
HAJINYUK OOJIBIINX KQYECTBEHHBIX JAAHHBIX, TO3BOJISIET
YaCTHYHO M30aBUTBCS OT HTara COCTABICHHS CIOBaps
CHUHOHUMOB /Ui KOHKPETHOM y3KOW NpeIMeTHOH
obmacti. HakoHer, ObUIM IPEUIOKEHBI CIOCOOBI
HCHOJIb30BAaHUSI MOZICIIH B KQUeCTBE BXOJHBIX JAHHBIX
JUISL IPYTHX QiIrOPHUTMOB, a TAKKe MNPEIIoKeHa
uHTerpanus Meroga c¢ Merpukod TF-IDF. Takxke
paccMaTpHBalOTCs BO3MOXKHBIC YIIYHIICHHs TIpolecca
00paboTki ¢ mOMOIIbI0 0ojJee  MPOABHHYTOrO
MIPOrpaMMHOTO obecrieyeHns, B YaCTHOCTH
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3G GeKTHBHOrO  paspelieHus KopedepeHuuid s

yayumenus noacyera TF-1DF.
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RESEARCH OF PARAMETERS OF OPERATION OF A REFRIGERATING UNIT WITH AN AIR
CHAMBER

AunHoTauusi. B 1aHHOIT cTaThe paccMOTPEHBI HCCIIEI0BAHMUS ITApaMETPOB pabOThI XOJIOAWIBHOTO arperara ¢
BO3IyIIHOI Kamepoil. O6ocHoBana BaxxHOCTh coOmoxeHus ['OCTos, CHulloB u mpaBmin Ha Bcex JTamax

IIPOCKTUPOBAHUH,

MOHTaXa H OKCIUTyaTalluu XOJIOIUIIBHON YCTaHOBKH.

Pe3yHLTaTaMI/I Hcce10BaHui

3KC]‘IepHMeHTaJ‘ILHOﬁ XOHOHMHBHOﬁ YCTaHOBKH YCTAaHOBJICHBI HApYLICHUSA IPOCKTHPOBOYHBIX pPACYETOB II0
noz{60py BO3yXO00XJIAAUTEIIA, CHUKAIOIIUE 3(1)4)8KTHBHOCTL pa6(m>1 XOJIOOAWIIBHOT'O arperara

Abstarct.. This article examines the parameters of the refrigeration unit with an air chamber. The importance
of compliance with GOSTs, SNIPs and regulations at all stages of the design, installation and operation of the
refrigeration unit is justified. The results of studies of the experimental refrigeration unit revealed violations of the
design calculations for the selection of the air cooler, reducing the efficiency of the refrigeration unit

Kniouegvie cnosa: xono0unbHowiil azpezam, sosdyumaﬂ Kamepa, xo.rm00np0u380()umeﬂbnocmb, MOHmMAdHC,

npoexmuposanue, IPdexmusHocns

Keywords: refrigeration unit, air chamber, cool performance, installation, design, efficiency.

COBpEMEHHBIH PBIHOK IHUIIEBBIX IPOIYKTOB
MOJKHO KOPOTKO 0XapaKTepH30BaTh JBYMSI
napaMeTpaMu: acCOPTUMEHT U KadectBo. J{is Toro,
4TOOBI TH MPOAYKTHI MUTAHUS MOMAJATH HA CTOI
noTpeburens B KaueCTBEHHOM COCTOSTHUH,
HEO0OX0MMO 00ECIEeUNTh X HAIECKHYIO COXPAHHOCTh
Ha MyTH OT NPOU3BOJHUTENS A0 MOKyHaTens, T.c.
00eCreYnTh  HENPEPBIBHYIO  XOJOAWIBHYIO — LEIb
(HXTLD). Bbonbmroit ACCOPTUMEHT MPOAYKTOB
OCJIOKHSICT 9Ty 3ajady, TaK, KakK TeMIlepaTypHbIe
YCJIOBHS XPaHEHHs pPa3JIMYHBIX TOBAPOB CHJIBHO
pasznuuaroTcsi. B urore BO3HHMKaeT MOTpeOHOCTH B
OrPOMHOM KOJIMYECTBE OXJIAXKIAEMBIX IOMEIIECHHI
pasHOro o0beMa M C pa3IUYHON TeMIepaTypoi
xpaHeHus [1].

Peumts 3Ty mpobieMy MOMOTaroT XOJI0JHIbHEIC
KaMepbl pa3JMYHOTO HA3HAYCHHS M BMECTHMOCTH.
XonoannbHbIE KaMepbl BBIMYCKAIOTCS B OOJBLIIOM

[BOVMHOWM 3aMOK C
OTKPbITbIM KpEnNeHnem

[1BOMHOM 3aMOK C OTKPbITbIM

CIEKTPEe BMECTHMOCTH M OCHAIIAIOTCS XOJIOMIEHBIMU
MOHOOJIOKaMH, CIUIUT-CUCTEMaMH, XOJIOJHIbHBIMU
LEHTPAJSIMU Pa3IMYHON MPOU3BOIUTEIBHOCTH [2].
CambiMu 3O GEKTUBHBIMUH  XOJIOJAMIBHBIMU
KaMepaMH CIICHHATNCTBl CYUTAIOT KOHCTPYKLHH U3
COHABHY-TIAHENEH. OTO COBPEMEHHBIH MaTepHal,
KOTOpBIA ~ mpeAcTaBmsieT  co0oif  MeTanyecKue
IUIACTUHBI € MPOCTPAHCTBOM,  3aMOJHCHHBIM
CHEHUANTbHBIM TEPMOHM30JISIIIMOHHBIM KOMIIOHEHTOM.
JIyyiluMM HamOJIHUTENSIMU  SIBJISIIOTCSL OTHECTOMKMHA
noymusonuanypar PIR n nenononuyperan PUR [3].
COopka XOJOMHIBHBIX KaMep OCYIIECTBILIETCS
IyTeM CTBIKOBKH COHJ(BHY-TIaHENeH Mex1y coboil ¢
MPUMEHEHHEM CTBIKOBOYHBIX 3aMKOB IIHII-TIa3) (PHC
1), 4ro TmO3BONSET  HCHOIb30BATH  MHHHUMYM
PacxomHbIX MaTepuaios, obecneunBas
MaKCHMAJIBHYIO JKECTKOCTh KOHCTPYKIMH, a TaKxke
HCKITIOYAsi HAIMYHUE «MOCTHKOB Xonoma» [3].

J[1BOMHOM 3aMOK C OTKPbITbIM

3aMKOM «LIun-nas»

KpenneHuem

Pucynox 1 - Obwuii 610 6apuanmos Kpenenus muna «Wun-nasy» conoeud-namenetl

Jlns  opraHu3anuyM  Hapy>KHOH IOBEPXHOCTH
XOJIOAMIBHBIX KaMep HUCIIONIb3YIOTCS pa3HbIe COHABHY-
[aHeN B 3aBUCHMOCTH OT Ha3HAYCHHsl KOHCTPYKLIUH,
MecTa OKCIUTyaTallid, XPaHUMbIX BHIOB TOBApOB.
Hanpumep, kamepsl, KOTOpbIe Oy/IyT PacloNoKeHbI Ha
yidLe, — 3a4acTyl0  JeNAalT U3 KPOBEIbHBIX
npodUIMPOBaHHbBIX MaHenei [3].

Tun XOJOAMIBHOrO arperata BblOMpaeTcs B
3aBUCHMOCTH OT TEMIIEPATYPHOTO pexuMa U oObema
kamepsl. B Poccum  MIMPOKO  MPHMEHSIOTCS
XOJIOAWIBbHBIE arperatbl M3BECTHBIX MPOH3BOJAUTEINCH
Polair (Poccust), Tecnoblock (Mrtamust), Zanotti
(Uramus).

MOHOGJIOK IPECTABIISIET YCTPOIHCTBO, B KOTOPOM
B OJHOM KOpIyce OOBCAMHECHBl HCHIAPUTENh U
KOMIIPECCOp XOJIOAMILHUKA, €ro pasMelaloT B CTEHe
XOJIONAWIBHOM ~KaMephl Tak, YTOOBl MCIAPUTENh
HaXOMWJICA BHYTPM KaMepbl, a KOMIIpeEccop M
KOHJICHCATOp cHapyxu (puc. 2 a). bonee CloXHBIM
YCTPOMCTBOM  ABJIAETCS CIUIMT-CHCTEMA,  KOTOpas
COCTOMT M3 JBYX OJIOKOB - BO BHYTPEHHEM OlOKe
HAaXOMUTCS MCNAPUTENb M BEHTUIATOP CHUCTEMBI
OXJIQXKICHHS KaMEpBI, a B HAPY>KHOM - KOMIPECCOp U
npubopsl aBTOMaTHKH (puc. 2 6) [1].



a)
Pucynok 2 - [Ipunyunuanvhas cxema pasmeujeHus MOHoO10Ka (a) unu cnaum-cucmemst (6)
6 XOIOOUTLHOU Kamepe.

Ha CETOIHAIIHUH i (S13 MIpUMEHEHUE
COBPEMEHHBIX M J3KOJOTHYHBIX CHUCTEM OXJIAXKIACHUS
CHeNaNl0 MOAYJbHBIC XOJNOAWIBHBIE KaMmepel U3
COHABUY-TIAHENEHl yHHMBEpCAIbHBIM CPEJCTBOM B
Goppbe 3a BBICOKYIO COXPAaHHOCTH U KadecTBO
TPOXYKTOB IUTaHMSA. BOJNBIIMHCTBO COBPEMEHHBIX
KPYITHBIX TIPEANPUSATHI HCTIONB3YIOT
LIEHTPAIIM30BAaHHOE XOJIOJIOCHA0KEHHE, Korja Lemas
CeTh XOJIOAMIBHBIX NPUOOPOB, KaMep WM MPHIABKOB
o0CITyKHMBAIOTCSL ~ OJHOIT  oOmIell  XOJoHIbHON
YCTaHOBKOM.

Bamorom »¢pdextuBHOi M OecnepeboiiHoi
paboThl MPEANPHUATHI, HCIOIb3YIOMUX TAKUE CXEMBI
OopraHusanuu XOJIOI[HHLHOﬁ YCTaHOBKH  SIBJISICTCS
NPaBWIBHBIA 1OA00p 000PYNOBaHMS, €r0 MOHTaX H
sxcruryararus [4].
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Ha 6aze MPOBEJCHHOTO 0630pa
UHPOPMALHOHHBIX HCTOYHHKOB paspaborana
cTpykTypHast cxema (puc. 3), oroOpaxaromas
OCHOBHbIE  ()aKTOpbI, BIMSIOKE HAa  OOLIyIO
3¢ (eKTHBHOCTh XOJOAMIBHON YCTAaHOBKH HA TaKHX
JTanax ee CO3/aHus, KaK: IPOCKTUPOBAHHUE, MOHTAX H
9KcIUTyaTanus. JlaHHas cxeMa IOKas3bIBaeT, YTO IMPH
oleHKe  A(GQEKTHBHOCTH  pabOThl  XOJOMUIBHOU
CHCTEMBI JIOCTATOYHO CIIOXKHO BBIICIHTH KaKOi-TH00
OIPEIETISAFOLIH I (axrop, MOCKOJIBKY BCE
paccMOTpeHHbIe (haKTOPBI B PaBHOM CTENEeHH TPeOyoT
BHHUMAaHUA co CTOPOHBI WHXXCHEPOB-
MPOCKTUPOBIIUKOB, CICHAAIMCTOB II0 MOHTaXy H
00CITy)KUBAIOLIET0 IepCOHAA.

Pucynox 3 -

CmpyKkmypHas cxema 0OCHOBHbIX (PaKMOPOs, BAUAIOWUX HA 0OWYIO I PeKmueHoCmy X0100UNbHOU YCMAHOBKU
Ha 2Manax npoeKmupo8anust, MOHMANCA U IKCHLYAMayuu



44 East European Scientific Journal # 6(58), 2020

0030p 1 aHaIM3 MHGOPMAIIMOHHOTO MaTepuaa B
0071aCTH MPOEKTUPOBAHHS, IPOU3BOICTBA, MOHTAKA U
9KCIUTyaTaluH XOJIOJUIBHOTO 000PYA0OBAHNS, a TAKKe
BO3MOXKHOCTb aBapUHHBIX CHTYalUH M INOCIEACTBHIA
IpU HAIMYUM HApYIICHHH B IPOCKTHPOBAHUM, B
TEXHOJOTMH COOPKHM, MOHTa)Xka M OKCIUTyaTaluu
MO3BOJIMJI ~ aBTOpaM ~ O0OCHOBaTh  aKTyaJIbHOCTh
BBIOPAHHOTO HAIPABJICHHUS UCCIIEIOBAHUA.

B MoCKOBCKOM rocy1apcTBEHHOM YHHBEPCHTETE
NUIIEBBIX HPOM3BOACTB Ha Kadeape «MHxeHepus

df(?OOI(XXWXXXXX)O(XXMX
6

a4

2ORXKKRHXX XXXXX

MPOILIECCOB, aNIapaToB, XOJOAWIBHON TEXHUKH U
TEXHOJIOTUID Ob11 YCTaHOBIICH Hay4HO-
9KCHEPUMEHTANBHBIII CTEHA, B COCTaB KOTOPOTO
BXOJMT XOJIOJWIbHAs KaMepa M3 COHIBUY MaHeseit
obvemom 12 M® Polair — 11.02, XomoamisHOTo
arperata, COCTOSIIEr0 W3  TpeX  IOPLIHEBBIX
repMeTHuHbIX KommpeccopoB Tecumseh TAG 25227,
Bo3nyxooxiamutenss Alfa Laval CCEHS01AS wu
KOHJICHCATOPa € BO3JYIIHBIM OXJaXJICHHEM (DHPMBI
Alfa Laval AGS501CSH/V (puc. 4)

Pucynox 4 — Cxema HayuHo-9KCnepumMeHmanbho2o cmenod: 1 - Xon00unbHas yenmpans, 2 — KOHOeHCamop ¢
8030V UIHBIM OXIAdNCOEHUEM; 3 — B030YX0OXAAOUMEND, 4 - XON0OUNbHAS Kamepd, 5 - Wum YnpasneHus,
6 - 610K ynpasnenus 6030yxooxaaoumenem; 7 - Cmon ¢ KOHMPOIbHO-UZMEPUMETbHOU ANNAPAmypou;
8 - komnvromep; 9 - usmepumens memnepamypul ¢ mepmonapamu «Oseny; 10 - anemomemp Testo 435-1.

Hcnonb3yeMasi B CTEH/IE XOJIOAMIbHAS LIEHTPalb
(1) paboraer Ha ¢peone R404a, uro mo3Bomser
HOJIEP/KUBATh  PEKMMBI  PabOTBI  XOJOJMIBHOU
ueHrpamu B uHTepBane to or - 10 °C o - 40 °C, u,
COOTBETCTBEHHO, ~ TeMIepaTypy Bo3ayxa t, B
XoJIoAMIbHOM Kamepe (4) B untepsaie ot 0 °C o t, = -
30°C.

Lenblo  MccnenoBaHuii  ObUIO:  BBISABICHHE
OCHOBHBIX ~ QJI'OPUTMOB  PabOTBl  XOJOJMILHOIO
arperata Ha 0a3e TpeX TEPMETUYHBIX IOPIIHEBBIX
KOMIIPECCOPOB NPU PA3IMYHBIX PEXHMAX pabOTHI;

BBISIBJICHHE JICHCTBUTEIBHBIX mapaMeTpoB  LHUKJIA
XOJIOAUIBHOM YCTaHOBKM B TJIaBHBIX  TOYKax;
HUCCICOOBAHUC TEXHAYCCKUX XapaKTCPUCTHUK

TEIUIOOOMEHHBIX ~ aNIaparoB M  BCIIOMOTaTejbHOrO
000pyIOBaHUSI ICHTPAIIH.

Jns BBISBJICHUS aJrOpuTMOB padoThI
XOJIOAWIBHOTO arperata Ha 0ase TpeX IepMETHUYHBIX
KOMIIPECCOPOB TIPH paboTe B Pa3IHYHBIX PEKUMAX

paboTel Ha BCAcCHIBAIOIIMX M  HATrHETATENbHBIX
naTpyOkax OBUIM  Pa3MEIUCHBl TEPMOMIApBI, HpU
MOMOIIM  KOTOPBIX  MPOM3BOJAMINCH  H3MEPEHHUS
TEMIepaTyp XOJOJWILHOTO areHTa M MX W3MEHEeHUs
npu IJIABHOM PeryJIMpoBaHuN
X0JI0/10IPOU3BOAUTENBLHOCTU XOJIOAMIBHOM

YCTAaHOBKH. Pe3ynbTaTel Takux M3MepeHMil MoKasaiy,
4TO BCE TPH KOMIpeccopa 3allyCKaioTcst B pabory
OZHOBPEMEHHO HE3aBHCHMO OT BBHIOPAHHOIO PEXKUMA,
a  peryliHpOBaHHE  XOJOXOINPOH3BOAHTEILHOCTH
OCYLIECTBISIETCS ~ MyTeM  IUIABHOTO  M3MCHCHHS
apaMeTpoB paboThI XOJIOAMIBHOTO LHKIIA, YTO BUIHO
U3 TMOJIyYCHHBIX 3HAYCHHIl TEMIEepaTyp BCaChIBaHHS
(t1)  HarHeTaHus (t2) XonoAMIIBHOTO arenTa (tadi. 1).

Ta6uuna 1
H3mepeHune TeMnepaTyp BeachbiBaHus (t1) M HarHeTaHus (t2) TPEXKOMIIPECCOPHOI0 arperara
Temrneparypa kurnenus to, °C:
Ne kommpeccopa O06o3HaueHHs DATYp o,
-10 -40
1 - BCachIBaHue fg 2,2 51
- HarHeTanue tp 53,7 714
2 - BCachbIBaHKeE fg 25 55
- gargeTanue tp 54,8 75,2
3 - BcachIBaHMe 1y 24 -52
- gargeTanue tp 55,2 79,5
Ha  Bropom »orame, Ui ompeleneHUss  TOYKaxX. Pe3ynbTarhl HM3MEpEeHUil NpeNCTaBICHbI B
(hakTHYECKMX MapaMeTpoB LHMKJIA H3MEpHTEIbHbIC — Tabm.2.

TEPMOIIapbl ObuTH pasMCIICHUH B KIIIOYEBBIX €T0
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Tabnuua 2
ITapamMeTpbl TOYEK J1eliCTBUTEJILHOI0 X0I0JHJILHOI0 IIMKJIA TPEXKOMIIPECCOPHOTO arperaTa
Temneparypa
IMapamerp KITIOUEBBIX TOUCK kunenus to, °C:
-10°C -40°C
1. Temmepatypa Ha BXOJI€ B KOMIIPECCOP 1 -6
2. Temmeparypa Ha BbIXOJIE U3 KOMIIpECcopa 55 79
3. Temmneparypa nepejt BXOIOM B KOHJICHCATOp 55 57
4. Temmepatypa mocie KOHIEHCATopa 29 32
5. Temmneparypa nepei JpoCCeUPYONIM YCTPOHCTBOM 27 29
6. Temnepatypa rocJie IpocceMpyIolIero ycTpoiicTa -10 -40
7. Temmepatypa nepej1 HCIapUTEIieM -5 -28
8. Temrieparypa Iocie UCIapuTest -2 -6

o HOJTyYSHHBIM JTAaHHBIM CTPOWITH
JieficTBUTENbHbIE LIUKJIbI XOJOMIbHON YCTaHOBKH Ha
TEPMOJANHAMHYECKHX JHarpaMMmax W IPOM3BOJIMIN
TEPMOJMHAMHYECKYI0 HX OLICHKY, B CPaBHCHUH C
TEOPETHYECKUM LUKIIOM TIPH PABHBIX YCIOBHSX. BbLI1O
YCTaHOBJICHO H3MEHEHHE IIepenaga TeMIepaTyp KA
¢ At=40°C no At =75 + 80 °C nnpu U3MEHEHUH PESKHMA
PpaboTHI XOJOAMILHON YCTaHOBKH € to = -10 °C Ha to = -
40 °C, 4To MOKa3bIBAET M3MEHEHHE CTETICHU CXKATHUS
XonoawiabHOro areHra. OpnHako, B Xone paboThI
XOJOIWJIBHOTO  arperata B paMKax  OJHOIO
TEMIIepaTypHOrO pexuMa to MIPUMEHSIETCS
peryJMpoBaHue XOJIOJOIPOU3BOAUTEILHOCTH ITyCKOM
- OCTAaHOBKOH OTHEJIBHBIX KOMIPECCOPOB HJIM )K€ BCEit
YCTAaHOBKM. B 1eOM  J0Ka3aHO COOTBETCTBHE
apamMeTpoB paboThl yCTAHOBKH CTEHJA IPOCKTHOMY

PEUICHUIO.
Ha TPETBEEM STare HCCHCHOBHHHﬁ, prue:s
OIMpeACIICHUS TEXHUYCCKUX XapakTECPpUCTHK

TEMII00OMEHHOTO U BCIIOMOTATEIbHOr0 000PY J0BaHHS
OBLIH IPOM3BEACHBI UX TEOMETPHUYECKHE 0OMEPBI.

B mocnenctBun ObUIM NPOBEICHBI HHKEHEPHO-
TeXHHYECKHe pAacueTbl, CTPOsIuecs Ha Oase IO
pesysbTaTaMm TEIIOBBIX U3MEpeHHit u
TEOMETPHIECKUX.

CpaBHEHHE IOIYYCHHBIX PE3yIbTATOB BBLIBHIO
HE COOTBETCTBHE YCTaHOBJICHHOTO
BO3IyXOOXJIAIUTEISl 110 €ro ILIOMANH TeIUI00OMeHa,
HPAaKTHYECKH  BJBOE, T.6. €ro  CIOCOOHOCTH
OCYLISCTBIIITh ~ Nepejiady  XojoJa Oojblie, uem
HPOM3BOIUTENLHOCTh  arperaTa; Uil OCTalbHBIX
HpuOOPOB  OTMEYEHO COOTBETCTBHE WHXKCHEPHO-
HPOEKTHPOBOYHBIM PacyeTam.

Ouenka  d¢dexTuBHOCTH  pabOTBI  TaKoH
YCTaHOBKH, Ha 0a3ze OOHApYXCHHBIX HapyIICHHUH B
moxbope BO3OYXOOXIAQUTENs, a TakKe Ha 0Oase

BBILICTIPHBEACHHON CTPYKTYPHOW CXEMbI OCHOBHBIX
(haKkTOpOB OLICHKH, [T0Ka3aa, 4To (yHKIMOHUPOBAHHE
YCTaHOBKH BBIHYXKJIEHHO OCYLIECTBISETCS C 4YacTOW
OCTaHOBKOl KOMIIPECCOPOB, YTO IPUBOIKT K CKaYKaM
TEMIIEpaTypbl BO3/lyXa B KaMepe Ha dTalle XPaHCHHs
npoaykiuu. To ecTh, B UTOTE, HAKTOPOM, CHIIKAKOLIKM
s dexTrBHOCTD

paGoThI JAHHOM KCIIEPUMEHTAIBHON YCTAaHOBKH, SIBJI
SIFOTCSL OLIMOKH TIPOSKTUPOBOYHBIX paboT Mo MoAG0py
BO3/IyX0OXJIaJUTEIs.
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JIOMKHOCTS WIH Kype Marwuctp kadeapst JloueHT kadenpbt JloueHT kadenpbt
¢ VKa3aHHOM Ka q):a(ypm WKeHepust POLIECCOB, UkeHepyst IIpOLIECcCOB, UkeHepyst IIpOLECcCoB,
y AP anmapaToB, XOJIOAMIBHON anmapaToB, XOJIOAMIBHON anmapaToB, XOJIOAMIBHON
WIIN TIOJPa3/IesIeHHUs
TEXHHKU M TEXHOJIOTHH TEXHUKH ¥ TEXHOJIOTHH TEXHHKH ¥ TEXHOJIOTHH
YueHas cTeneHsb,
Kanauuar TeXHH4ecKux Kanauuar TeXHH4ecKux
yueHoe 3BaHue (IIpH
HayK HayK
HAJIMYUN)
Hyxen
ceprudukar o it Ja Ja
Ty OIMKaIyn
KonrakrHsiii Tenedon HET HET HET
VJIK 358.23; 502.25
Tapabanos B.H.

MATTEPH - KAK IIPEJICTABJIEHUE CYIECTBYIOUIEN PET'YJIAPHOCTHY B IPUPOJIE U
OBIIECTBE ITPU UCCJIEJOBAHUU PA3BUTHSI MBIIJIEHUSI H PUCKA JE®POPMAIIMHU
BUOC®EPHI B MIPOMEXXYTKE BPEMEHH OT 12 TBICSY JIET 10 H. 3. U JAJIEE 10 19
CTOJIETHA H.O.

AHHoTanms. PaccMoTpeHa maTTepHa ONpeAeNaeHHs! JUHAMHUKH PUCKa GHOCHEPHI (upes. HA IEPBOM OTpPE3KE
TPACChI MBIIUICHUS HAYAIbHOM YaCTH HCTOPUYECKOM ATTOXH, HaunHasi ¢ 12 ThICSYH JIeT 10 H.9. 1 ganee 19 cronerus
H.9. Pe3ynbrarhl MCCIEOBaHHN MOTYT OBITh MOJIC3HBI B AQHAIMTHYECKUX BBIBOJAX PACHIMPEHHS AMANA30HA
[aTTepHbI PUCKOB Aedopmarn 6Gnocepsl i B pa3IHIHbIX 00IACTAX HAYKH U TEXHHKH.

Knrouesvie crosa: puck, 6uocgepa, nammepn, «Texnocepnas 6e30nacHocmvy, npeobicmopusi puckd,
nepeobbimmblii uenoeex, «npumamsely, Homo Sapiens, nepeas mexnuueckas pesonioyus, MoluiieHue

1. Cocrosinne Bompoca

1.1. Jloruka [1]

Jloruka - 3T0 Hayka 0 3aKoHax M dopmax
MpllLIeHusl. MpllIeHHe — 3TO  NCHXMYECKHii
npouecc, MO3BOJIAIOINUI  0o0padoTaTh  paHee
NOJIy4eHHYI0 uHdopmManuio. Jloruyeckoe
MblIILJIEHHEe BBICTpanBaeT MBIC/IHTE/IbHbIE
npouecchl B TaKOii M0C/1eJ0BATeJIbHOCTH, KOTOPast
MO3BOJISIET  MPOCJeIUTH  B3aUMOCBSA3b  MEKIY
COOBITHSIMH HJIH PACCMATPHBAEMBIMH 00beKTaMH.

Ecnu onumparbcs Ha KOHKPETHOE OIpesesIeHHe,
TO TEPMHMH JIOTHYECKOE MbIIIJIeHHe MPou3omesa 0T
CJI0B  «IOTHKa» W «MblnuieHne». B dunocopun
JIOTHKA OIpE/IeNIAeTCsl KaK Hayka, KOTOpas IO3HAeT
3aKOHBI MHTEJIEKTYaIbHOMN TO3HABaTENbHON
JESTEIBHOCTH M MMEET MPEANOCHUIKH B aHTHYHOCTH.
OHa u3yuyaeT METOJbl, NPU KOTOPBIX MOXHO Y3HATh
UCTHUHY.

B cratee mnpuBomATCS 0000IICHHE 3HAHUIA,
KOTOpBIE TIO3BOJISIT YBHJIETH BO3MOKHOCTH
YIpaBICHUS  TPOMEKYTOUHOTO  PUCKA  upom.l,
ONpEJIENAEMOro B NpPEJCTABIEHHOH  CTaTbe U
HPOMEXKYTOUHOIO PHUCKA (upow2. Y3HATH HCTHHY HU
IPaHHIbI TOCTABJIEHHOH LETH.

1.2. MeTpuka M Ku3Hb [2]

B ¢unocopecknx Tpymax 4acTo YMOMHHACTCS
cnoBo ""MeTpuka', KOTOPYIO IPOTHUBOIOCTABILIOT
reHeTH4eckoi mamATH BceneHHOH, OTBETCTBEHHOMN
TOJNIBKO 3a KPHMBM3HY NPOCTPaHCTBa BceleHHoI,
KOTOpas PpaccMaTpHBaeT TOJIBKO T'EOMETPUUYECKHE
taxTops.

B paborax mpuBeneHBl CBSI3M  METPHKH,
YCTaHABJIMBAIOIINE POJCTBEHHbIE CBA3H B TEXHOIOTHU
HOCTpOeHHs (yHKIMOHANBHBIX cucTeM. Maes eauHoro

IUIaHa CTPOCHHMS BCeX ()OPM MaTEepHUH BOILIOIIACTCS B
dbopme  Tesa  Kak  aHTGHHE Ha  NPUHIUIE
(pakTaspHOCTH. Kaxxnprii MOCIIe Iy FOLHHA
(paxTanabHBI yPOBEHb HAYMHACTCS C 3aPOXKICHUS U3
BBICOKOYACTOTHOTO CEMEHH MPE/bIAYIIEro MepHoa.
Enunas xuBas CyIIHOCTb COCTOMT W3 MarHUTHOTO U
JNEKTPHIECKOr0 AUIMONICH, 00pa3yIonmx KBagpynoib.
XKenckoe Hawamo - 9TO JKBHBAJICHT CTPYKTYpBI
MaMATH, PAMKH C TOKOM, SKBHBAJICHT PAMKH C TOKOM,
9KBHBAJICHT MarHUTHOTO noJtsi. Mysxkckoe Hauano - ato
qyBCTBUTEIbHBIN JIIEMEHT, HKBHUBAJIECHT
NIEKTPHIECKOT'O JAUIIONIS, SKBUBAJICHT 3JIEKTPHUECKOTO

TOJISL. Bwmecte OHH 00pasyroT SIIMHYIO
3JIEKTPOMArHHTHYIO CHCTEMY KOCMOCA.

1.3. YesnoBék pasymuslii [3]

Yenosék pasymublii - Homo  sapiens -

Buz pona Jlroqu (HOMO) w3 cemeiicTBa roMuHU] B
OTpsi/ie MPUMATOB. B Hauyane BepXHEro ManeoinTa,
okoJ10 40 ThICSY JIET Ha3a[, ero apeall y>ke 0XBaTbIBall
MOYTH BCIO 3eMitio (KpoMe AMEpHKaHCKOTO
KOHTHHEHTA), KOTOPBIA ObUI  3aceléH  Mo3xKe,
Ipumepno B 12 000 - 17 000 et 10 H..3. BUA poaa
Homo sapiens cran ycToH4MBBIM B JIOKAJbHOM

coob1ecTBe. Or OCTaJbHBIX
COBPEMEHHBIX YEJI0BEKOOOPA3HBIX, MOMHUMO
psioa aHATOMUYECKHX  OCOOEHHOCTEM,  OTIIMYaeTcs
OTHOCHTEJIEHO BBICOKHM YpOBHEM

Pa3BUTHS MaTepHANLHOI 1

HEMaTepUabHON Ky IbTYpBI (BKIIFOUAs H3TOTOBJICHHE
U KCTIONB30BaHHE OPYAMil TpyzAa), CHOCOOHOCTBIO K
4JIEHOPa3/IeNbHOM peyn u Kpaiine
pasButomy abcrpaktHOMY Mbluuienuio [2]. TToatomy
OyJIeM CUMTaTh, YTO HEPEXOJL


https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B2%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9B%D1%8E%D0%B4%D0%B8_(%D1%80%D0%BE%D0%B4)
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BC%D0%B8%D0%BD%D0%B8%D0%B4%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BC%D0%B0%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B5%D0%BE%D0%BB%D0%B8%D1%82
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B5%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B2%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%BE%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BD%D1%8B%D0%B5
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA_%D1%80%D0%B0%D0%B7%D1%83%D0%BC%D0%BD%D1%8B%D0%B9#%D0%90%D0%BD%D0%B0%D1%82%D0%BE%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B8_%D1%84%D0%B8%D0%B7%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D0%B8_%D1%87%D0%B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D1%80%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D1%83%D0%BB%D1%8C%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%80%D1%83%D0%B4%D0%B8%D1%8F_%D1%82%D1%80%D1%83%D0%B4%D0%B0
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D1%87%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D1%82%D1%80%D0%B0%D0%BA%D1%82%D0%BD%D0%BE%D0%B5_%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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Yenoséka pasymHoro - Homo sapiens ot
JIOKaJIbHOTO coobmiecTBa K yCTOIYHBOMY
peruonanbHOMy B 12 000 romy mponuioro cToiaeTHs 10
H. 3. COCTOSIICS.

I'mobanbHBIe TPOOIEMBI YENIOBEUECTBA CTAIH

BaKHBIM 00BEKTOM MEXIMCLUIUTHHAPHBIX
HCCIEJIOBAaHUH, B KOTOPHIX  y4acTBYIOT U
00LIECTBEHHBIE, M €CTECTBCHHBbIC, W TEXHHYECKHE
HayKH.

2. iTorn 0CHOBHBIX 3TANOB HCTOPUH PA3BUTHUS
MHPO - cHcTeMBbl [4]

| oman  —»Mup Ipupodwr». Mup Ilpuponst
pa3BUBAICS THICAYM JIET—H MOSBUICS «TOMOPHK»,
KOTOpBIH OBUT KpaifHe HEO0O0XOoauM [iss 0OpasHOro
onucanus Beemuproro Pasyma kak TBopia, koTopoe
CTaJI0 OCHOBOW pa3BuTHs J000# penurnu. Ceromus
obpazHoe omucaHue co3jaeT  (GyHAAMEHT Uit
UCCIICJIOBAHUST M PA3BUTUSI OOBEKTOB MaTepUaIbHOIO
mupa. «MccnenoBanust  pucka  Ouocdepel B
HCTOPHYECKUI EPUO/ BDEMEHH C MOMEHTA IOSIBICHUS
XOPOBBIX U KIIPUMATOBY, HAYHHASI CO 2 - TO MIIPA. JIeT
10 snoxu Heosnmra 6b1tn nccneoBansr paHee [].

Il oman—  »Mup Pemecen. Mup  Pemecen
Pa3BHUBAJICS THICSTY JIET U LIMPOKOE PACIIPOCTPAHEHHE
MONTy4Ynao BepOalbHOE ONHCAaHHUE OOIIECTBEHHOMH
CHCTEeMBI. DTO  ONHCAaHME  3aJOKMIO  OCHOBBI
CHCTEMHOTO TOAXOJa K MCCIIEJOBAHHIO OOBEKTOB
MaTepuaibHOro MHpa.

Il sman — »Aepapneni Mup«. llosBunock
«koneco». Haorane pa3Butus (yHKIMOHAIbHBII
HOJIXOZ TO3BOJTHIT HCCIIeIOBaTh 00OBEKTHI

MaTepuanbHOro Mupa. ArpapHsiii Mup pasBuBaics
MHOTHE COTHH JIET—H TOSBUIIACH «IIAPOBAsk MAILIMHA.

IV sman — »HUnOycmpuanvhwlil
Mup«pa3BuBancs—u  TOSBUICA  KKOMIBIOTEPY,
KOTOPBIH 00ecreun yHUKaNIbHBIH MOIX0 K TeXHHKE,
CTUMYJIMPOBAI  pPa3BUTHE  MEXaHHUKH M JPYTUX
oTpaciell MHAYCTpUH M o0ecredyus BO3MOXXHOCTh
UCCNIEJIOBAHUS  CTPYKTYPhl ~TEXHHYECKHX CHCTEM
U YCTAHOBJICHUS CTporoi MaTeMaTHYeCKOi
3aBUCHMOCTH MEXly CBOHCTBaMM (yHKIIMOHAIBHBIX
JJIEMEHTOB  3THX cucTeM. HaosTame pasBuTus
Mupycrpuansroro Mupa cTan akTHBHO Pa3BUBATHCS
HOBEJCHYECKHIl MOAXO0M K MCCICNOBAHUIO MPOLECCOB
(YHKIHOHUPOBAHUS 00BEKTOB Ppa3InuHOM
(du3nueckoil NMPUPOABI; TOBEICHYECKHH MOJX0za
HCTIOIBb30BANl CTATHCTHYECKHUE METO/IBI HCCIIEI0BAHMS,
10 CpPaBHEHHIO ¢ QYHKIOHATLHBIM TOAXOZIOM
K OITMCAHHIO TEXHUYECKUX CHUCTEM.

V oman — »Mup Kommynukayuti«
B COBOKYIHOCTH ~ CO3JaJl TEXHOJOTMYECKyro 0a3zy
IIpoMbIIITIEHHOW PEBOMIONUU B IEPBOM MONOBHUHE
XIX Beka. PeBOIIOIMOHHOE 3HAYEHHE 3aKIIOYACTCS
B TOM, 4TO 3TOT MOJAXOJ 00ECIEUMBAET BO3MOXKHOCTh
YIpaBIeHUs] TOBEJACHHEM OOBEKTOB  pa3IMUHON
HpHUPOJbI 6e3 MCCIIeOBAaHMSI BHYTPEHHEH CTPYKTYPBI
9TUX O00BEKTOB. [JaBHBIMHM mpu3HaKamu Mupa
Kommynukamuit 6eimn «MHTEpHET» ¥ rI006ann3arus
MHPOBOI IKOHOMHKH.

Haostom  3aBepimiaercs  HCTOpUs  pa3BUTHUA
MHYCTPUAIBHOTO ~MHpPA ¥ HAYMHACTCS  HCTOPHSA
HOCTHHAYCTPUANbHOTO Mupa. Hastame pa3sutus

Mupa KomMmyHHKanuii cTajq aKkTUBHO pa3BUBATHCS
CTPYKTYPHBII MOJXOA K HCCIEAOBAHHIO IPOLIECCOB
YOpaBACHHUS MOBEACHHEM OOBEKTOB  Pa3IMYHOM
¢dusnueckoit mpupoxsl. Haoartoit ocHoBe OblTa
YCTAQHOBJICHO HEWM3BECTHAs paHee 3aKOHOMEPHOCTb,
KOTOpasi YCTaHaBJINBAET OOBEKTHBHO CYLICCTBYIOLIHE
CBSI3U MEXY JCHCTBHAMH, MTOPOXKIAIONIMMHA POLIECC
obecrieyeH st )KU3HECTIOCOOHOCTH CIIOXKHBIX CUCTEM.

Mup KommyHukaumii  pasBuBajics — Oosee
ISITHACCATH JIeT—H T0BHJIAch HH(OPMAIHOHHbIE
CHCTeMBI, HEOOXOaMMBblC [ pa3BuTHs  Mupa
Hutennexra.

3. CraéuabHoe o6uectso Homo Sapiens

Tpyn caenan u3 oGe3bsHbl uenoBeka. OH Ke B
Hadajle KaMEHHOTO ThICS4aleTus mnpeBpatwa Homo
sapiens KpoBOXaJHBIX MaHBSIKOB B apXUTEKTOPOB,
CKYJIBIITOPOB, KMBOIMCLEB U My3blkaHTOB. Hauanuce
BO#tHBI. O/1HAKO, B OCJEAYIOMINE To/bl KaMeHHbIIH Bek
OKa3aJcsi BOBCE HE TAKHM YX IUIOXUM BPEMEHEM.
310poBbIii  00pa3  JKM3HH, XOpOIIas JKOJOTHS,
n300penu xJied, KOTOPBIit CTal OAHUM U3 APEBHEHIINX
U BaXHEHIINX NPOMYKTOB IHTAHUS YEIOBEKA, JHETa,
HOCTOSIHHBIC (DU3MUECKUE HArPy3KH H CIOKOHCTBHE
MaJICHbKHX JI€pPEBEHb, HCKPEHHSA Bepa B OOroB u
BOJIIIEOHBIX MOHCTpOB. JIIOAM MO3JHEr0 KaMEHHOTO
BEKa JI0 H. 5. M TIEPBOTO CTOJICTUS H.5. BHEIIHE HUYEM
HE OTJMYAIHUCh OT COBPEMEHHOI0 YeloBeKa U MO
00BEMY M MO3ra TaKiKe.

Heomur no H. 2. mepepactaer B co3jnaHue B 27
ThICSYA JIETUHM JI0 H.3. B PuMckylo nMneputo. Pumckas
UMIIEpUs NPOCYLIECTBOBANA, U3MEHSAACH, EIIE OKOJIO
HOJyTOpa TBICAYM JIET, 3aTeM NpeobpaszoBanach B
PumMckyto pecnyOnuKy k KoHIY V eexa H. 3. I'maBHOe
coziep’KaHMEe DSTOTO IIepHOJa COCTAaBIAECT IIPOLECC
BCECTOPOHHEr0 00BEAMHEHUs aHTHYHOro Mupa. OHO
COBepLIANIOCh Yke PuMCcKoH pecryOnukoi, HO ObLIO
TOTJIa  MaTepuaibHBIM, 3aKIIOYaloch B  (akTe
3aBOCBAHUS U MIOAYUHEHHUSL.

B aHTMYHOM MHpe M B CpPEIHHE BEKa YXKe
HCIIONIB30BAJIaCh YHEPIUsl BETPA M BOJbI B BETPSIHBIX U
BOJUIHBIX MeNbHHIAX. VIcTOpUs sHepronorpedieHns —
9TO UCTOPUS LUBHIM3aLHN. [4]

IeJ1b HaNKCAHUS CTAThU — [IOKA3aTh CBSI3U ITANOB
pa3BUTHA B OOOCHOBAaHMH KPUTHYECKHMX 3HAYCHUIH
MBIIUICHNS. ¥ PUCKA B KaXIOW 3M0XE YeIOBEYECKOTO
Pa3BUTHs, HAYMHAs C JMOXM NPAoOLIMHBI (Mepexoia
Homo sapiens B 4enoBeka) ¢ 12 - ro Teicsiua JeTUst 10
H. 9., Jlajee, ¢ 1- mepBoro Beka H.3. 10 KoHma 18 - ro
CTOJIETHS H.3..

3agaun JOCTIKEHHS Ha3BaHHOM 1EJIH:

- 000CHOBaHME  TpPAEKTOPHil  MBIILICHUS
YEJIOBEYECTBA, a TAKXKE PUCK Aeopmanun Guocheps
IpU Pa3BUTHU OOIIECTBA B YKa3aHHOM BPEMEHHOM
TPOMEXYTKE .

3.1. Onmnpeneienne MbIULICHUS ©
BO3/ICHCTBHSL  4YeslOBeYecTBa Ha
YKa3aHHOM BPeMeHHOM MPOMeXKyTKe

Bo BpeMeHHOM neprozie 10 H. 3. pajocTeii Mupa y

pucka
onocepy B

Homo sapiens HECKOJIbKO 1oy0aBHIIOCh:
HeoOGX0MMMOCTh caMOyTBepykieH s B HoBOM MHPOBOM
oflIecTBe,  COMPOBOXKIAIOLIEECS — BOHHAMH,  HE

IIOHMMAHUEM BaXHOCTHU H HEO6XOZ{HMOCTI/I 3aKOHOB


https://ru.wikipedia.org/wiki/V_%D0%B2%D0%B5%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://www.baltfriends.ru/energysave/energy_history.html
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OOIIEKUTHS MEXKIY COOOLIECTBAMH, HE MOHUMAHMS
Ba)KHOCTHU B3aHMMOCBSI3H OCHOBHOTO 3akoHa: Yenosek -
TIpupona. IlosToMy TOBOPHTH O CYyLIECTBEHHBIX
HOABIKKaX B obmactu jedopmaruu  Ouocdepsr,
[PaKTHYECKH He nmeeT cmbicaa. OHAKO 3HaHHE
MPEIIOCHIIOK STOT0 HAIPaBJICHUS] HEOOXOJUMO.

Ho yxe B HOBOIl 3pe 4YelOBEYECTBO HAYMHACT
NOTPeOIATh YHEPTUI0O U MOIIHOCTh B 3HAYUTEIHLHOM
MPEBBIIICHUH, YeM HaceleHHe B Ipoliol ape. K atum

NPEBBIIEHUSIM ~ OTHOCATCA ~ U30BITOYHOCTH U
"mpUBEpPEeAIUBOCTE" K MpPOJYKTaM IHTaHUS U IO
OTHOLICHHIO K BEIIaM, KOTOPhIX HE MaJo ObLIO
n300PETEHO B TOT MEPUOJ, T. €. MPOOHBAIOTCSA POCTKU
OyJyIero IOTEHIHAIBHOTO HEYASPKUMOTO pPOCTa
CBAJIOK M OTXOJI0B IIPOM3BOJCTBA. [5]

MHOTHX aBTOPOB HHTEPECOBAIM  IPOOIEMBI
MBIIICHNS] X PUCKA HACEJICHHS M B TPOLIION U HOBOM
apax. [2].
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Puc. 1. Omnocumenvro-cpagnumensvHvie epapuru npoyeccos MbluieHus u 00padomKu-60Cnpuamus
uHpopMayuL Yeno8eKOM (CRIOWHAS TUHUSL — MbluLIeHUe, NyHKMupHas — ungopmayus) [6]

Ha puc. 1 mokazanbl rpaduky mpoleccoB
MBIIUICHAST U 00pabOTKU-BOCHPHATHS HH(pOpMAILHK
YeJI0BEKOM 3a BpeMeHHOU nepuoz ot 500 MuH. JeT 1o
snoxu Heomur mpomutoit 3psl apyrux aBTopoB. Ha
JTAaHHOM rpaduKe He BHIHO

MUHAMHMKH ~ W3MCHCHUS  PUCKOB  M3MCHEHHS
nedopmarun Guocdeps! B pe3yibraTte ACSITEIbHOCTH
yenoBeka. OYEBHAHO, HA TOT MOMEHT HMCCIICIOBAHUH
Takast HHpopmanus ocodo 6buta HesHaunma. OnHako,
aBTOP PacCMaTPUBACT U BHAMT LEHHOCTh TPyJa, Kak
6asy JuI1 pasMbllIUIeHHH Oyaymiero mnoaxoja K
HPOrHO3Y MOCTABJICHHOM LIe/IM B HOBO# KOHLEmwmu 4,0
pasBuTHs o0wecTBa. [7]

B npouunoii spe uenoBek clieg0Ba €xXeIHEBHbIM
cBouM  motpebHOCTSIM.  COBpEMEHHBI  4enoBeK
BBIHYX/ICH CJIC/OBATh BBI30BaM IPHUPOABI, YACTHIO

KOTOpOil OH caM SBISIETCS M KOTOPYIO HE Bceraa
YUHUTBIBACT B CBOMX MEPKAHTHIILHBIX HHTEpECaX.

4. Tapmonnueckue PABHOYCKOpeHHbIe
KoJIeOaHMs IBYX CXeM ¢ OJIM3KHMH 4acTOTaMH H
Pa3sHBIMH AMILIHTYIAMHU

4.1. Tpacca MblLLIeHHSs

B paGote [9] npuBeseH rpauKk HUKIHYHOCTH B
9BOJIIOIMU JKHBOTO, TZI¢ aBTOP IOKAa3al TPACKTOPHIO
YeJOBEYECKOr0 MBIIUICHUS C MOMEHTA IOSBICHHS
cemeiicTBa XopnoBbIX (500 mutH. siet g0 25 - 30 ThIC.
ner 1o H.. JlIS aHAIMTHYEeCKHX HCCIIEJAOBAaHHN B
HacTosied pabore UpHBOIMTCS OJIOK - cXxema
JanbHEHIIMX HCCIeN0BaHUN Tpacchl MBILNITIEHHA, C
nepuona HayuHas 12000 Teic. et 1o H.9. u nanee, 1 -
TO CTONeTHS 0 18 - ro cToNeTHs BKIIIOUUTENBHO (PUC.
2u3).
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BieHNA, EOSHUKAKIINE B PesyIIETATE
ClOXEHHA JEYX TP OEHIECKHR

TEpreH IHEYTIADHED: KONe0aauil B cTydas
Ags=2Ag: 1 Ao =0.10ss

Puc. 2. bnok - cxema mpaccol Muluiienus: nepeoobImHO20 4eno8ekda ¢ nepuood, Ha4uHas
12 moic. niem 0o n. 9. u danee ¢ 1 - 20 cmonemus 00 18 - 20 cmoaemust H.9. BKIOUUMENLHO

B Hauvane npensiayniell ctathe [] W Hacrosiei
JIaHO KpaTKkoe 00OCHOBaHWE yCTOWYMBOCTH BHJ POJa
Homo sapiens B Ji0kaJbHOM COOOIIECTBE — HPUMEPHO
B 12 000 ner no H.3. 1 fanee 10 KoHua 18 cronerus H.3.
Jlnst  COMOCTaBUMOCTH PHCKOB B O0EHX CTAaThsX

"[ulockoro  Mupa" paBHO yAaJEHHBIX THIEPOOIT
MOIIHOCTH TOTpeOHOCTeH mmioei  oT  "MHpOBOI
muaun": [14] ynanéHHod "dmcToil" - B HavYanbHOM
TOYKE @ 0 nmo xoHua meporo croserus 12000

CTOJICTHS 70 H. 3. U COTIOCTABUMOM C HEl B H.3. KOHIIA

NPUMEHAIOTCS  CBOWCTBA ~ NPONOPIMOHANBHOCTH 18 CTONETHS 10 BCCH BPEMEHHOMN TPACKTOPHIL

[ ) ————— t=19% T

o * 1
TOZEHTOOHA EDEMEHHEX 210X —

JoHD. [Meperti sex H. 3.
A
r=1%
‘.

@y

Daparosiys cEos EOM=DaERS DEVR ESRIDIEC NS0 SHIHEVIADHEDL

@FHEIHE K2 EEDTYATEE0M KO S0 KON

EOHWC2

Puc. 3. Brok - cxema mpaccol Mbluienus nepeodbimno2o 4enogekd ¢ nepuood, HauuHas
17 moic. nem 0o H. 3. u danee ¢ 1 - 20 cmoaemus 0o 18 - 20 cmonemus H.9. BKIOUUMENLHO (NPOOOIIHCEHUE
puc.2)

[ToaToMy cieBa B paccMaTpuBaeMOil BpeMEHHON
cucteme B Touke to = 0 u

@0 ~ 0, - HayanpHas TOYKA CTAOWIU3ALUH
nepexona Homo sapiens B npaoOuuHy, HHade, ganee
BPEMs aKTUBHOTO MBIIUICHHS OOIIECTBA JIIOCH.

IlpuHEMaeM HaA4yajxo  PasBUTHS  MBILIICHUS
NepBOOBITHBIX JIIOJEH B BHJAC TapMOHHYECKOrO
PaBHOYCKOPEHHOTO KOJIeOaHUs BYX CXEM C OJIM3KUMHU

YaCTOTAMU ® U PA3HBIMU aMIUIUTYAaMU A B KaX10#
nepeMeHHo# . Yucno GIOKOB B paccMaTpuBacMOit
cxeMe: JI0 H. 3. tyous =~ 12 000 seT; B H. 3. {1+ 13 = 1800
JIET, TIPU 3TOM KaXK/bli BpeMeHHO#t 0ok ti~ 100 et
IMonaraem, 4TO rapMOHUYECKOE
PaBHOYCKOPEHHOE Kojebanue B TeyeHHe
paccMaTpHBaeMoro BPEMEHH IMPH 1epexose tuo u» B 1-
bIif meproxn (0110K1) H..9. (BBIPBIB 2, puc. 2) W Tpu


https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B2%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
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HEPEX0/IE€ OJJHOTO OJIOKA B JIPYroi TakKe HEU3MEHHBI.
IIpu sToM B fanpHeiimem, npu mepexoje oT 18 - ro
cronetust kK 19 H. 3. u T. A. (BEIpBIB 1, puc. 2), -
COCJIMHEHNE BPEMEHHBIX OJIOKOB MPOM3OMIET depe3
(axrop GueHwus.

IpuHsATEIE  YCIOBHS ~ MOXHO  OOBSCHHUTH
COCMHEHUSI  KOJeOaHMi  pasiMYHbIX  OJIOKOB
ONpPEJENSAOTCS  TEM, YTO  BOIPOCHI  OMACHOCTH
Ouocdepsl B paccMaTpuUBacMble  BpeMeHa  He

CYLIECTBEHHbI [|, OOHAKO B JajbHEHIIEM, TpPH
paccmoTpennn pucka gedopmamuu  Guocdepst B
3aBUCHMOCTH OT BEJIMYMH MBIIUICHAS HEOO0XOIUMBI
OyZyT 3HaHHs OIOPHBIX BEIMYMH MBIIUICHUS B
COOTBETCTBHH 3aKOHY MPUPOJIBI - XPOHOLEIBHOCTH.
PaccmoTpum OCHOBBI OueHus JIBYX
rapMOHHYECKOr0  PAaBHOYCKODEHHOTO  KoyeOaHHs

X, = Ay - cos(wy -

Ecin 4acToThl KoJeOaHHii X1 M X1, HEOAMHAKOBBI,
BeKkTOpbl A1 U A2 OymyT Bpamarbcs € pa3IndHON

CKOpocThlo. B aTOM cimywae pesynbTHpyrOMit
BEKTOp A IyIbCHPYET MO BEIHYMHE U BPaIlaeTcs ¢ He
MOCTOSIHHOM CKOPOCTBIO. Pesynsrupyrommm

NIBIKCHUE yxke OyIeT He rapMOHHYECKOe KoebaHue, a
CJIOXKHBIN KOJIeOaTeNIbHBIN TpoIece.

CymMMa JByX rapMOHHMYECKHX KOJeOaHHUil Takxke
Oy/ieT rapMOHHYECKUM KOJIeOaHUEM TOM e KPyroBoi
4aCTOTHI:

X=x;+x,=4A-cos(wy-t+¢) ()
1

21 21
Ts=—=—"—"—=——+— 4
L S R Yoy
Bennunna |A(t)|, xapakrtepusyromas pasmax

KOJIeOaHMi NIpU OMEHHSX, U3MEHSETCS B Mpeenax OT
|41 - A2| no |A1 + Az2| ¢ uuknuyeckoii yacToToit GueHus

Q=2 - @1, (5)

INockompky dacToTa OHMEHHMH BO MHOTO pa3
MEHBIIIE YacTOThl Konebauid (£ « 1 ), TO
HepeMeHHyl0  Benuduny A(t), yCIOBHO — Ha3bIBAIOT
ammuTy ol Ouenuit. Iepuox Ouennit Ts u yacrora f
OueHMil paBHBbI.

AMIuTyia KoJeOaHUH MPU TOM MEHSEeTCsl OT
MHMHMMAJIbHOIO ~ 3HA4Y€HHMs  PABHOTO  Pa3HOCTH
MCXOJHBIX aMIUIMTYJ /0 MAaKCHMMajlbHOTO 3HAYECHMs,
PaBHOTO CyMME aMIUINTYJ HMCXOIHbBIX KoJeOaHWi, u
BHOBb JI0 MHHHMAajIbHOTO 3HaueHus. Ilepumomom
OueHHit SABIISIETCS BpeMs IOBTOPEHHs 3TOTO MpoIiecca.

(BBIPBIB 1, puc. 2), IBYX CXeM C OJIM3KUMHU 4aCTOTAMHU
® ¥ pa3HbIMU aMILTHTY JaMi A.

Buenus. BueHuss BO3HHKAIOT TPH  CIOKECHUH
KoJIeOaHuii, OTJIMYAIOLINXCS o 4acToTe
Ha HeGOJIbINYIO BEIMYMHY, U  TNpPOSBISIIOTCA B
nosiBJieHHH ~ 0oJiee  HU3KOYACTOTHBIX — M3MEHEHHH
aMIUTHTY/(Bl CyMMapHOTO CHIHAJa, [0 CPAaBHEHHIO C
HCXOJHBIMH YaCTOTAMH.

TIpu CIIOKEHUHM JIBYX TapPMOHMYECKHX KoJeOaHuii
OJIMHAKOBOTO HanpaBJICHUsI u Y4aCTOThI,
pe3yIbTUpYIOLIee CMeleHne Oy IeT CyMMOii

X =X, + Xy, 1)

KOTOpBIE 3aIUIIYTCS CIeyIOUMH

BBIPKCHUSMU:
x; = A; - cos(wg -t + Pq),
t+¢,) (2

— 1 —
Vﬁ—T_—|f2_f1|- (6)
6

rne Ti,fi uTf- mnepumogsl W 9acToTh

CKJIaJIbIBAEMbIX KOJIeOaHHUIt.

B naHHO# cTaThe NpUBEAEH pHMep OHEHHS IBYX
cronetuii 18 wu 19 ycinoBHO paccMaTpuBaeMbIX
aBTOPOM, KaK 3JIEMEHTOB (JII0X) OJIHOH BpEeMEHHOH
TpaekTopuH. B cienyromieii crarbe K Bonpocam OHeHHst
9THX 3I0X BEPHEMCS.

4.2. ®opmupoBaHHe NJOTHOH MaTepHAIbLHOU
¢opmbl HM3 ynopsizoueHHoii B (opMy CcHIOBBIX
JIMHMI SHepruu [10 - 11]

Ilpyn wu3MeHeHMH apryMeHTa Ha 27 CHHYC U
KOCHHYC NIPHHUMAIOT CBOE TIepBOHAYAIBLHOE 3HAUCHUE,
YTO COOTBETCTBYET OJHOMY O0OpOTY Telia BpaIlleHHs,
WM OJIHOMY II€PUOJTY JKM3HHU KMBOH KaIlld MaTepHH,
32 BpeMss  KOTOPOr0  IPOMCXOIMT  HOJHAas
IePEToJII0COBKAa MAarHUTHOT'O 0JIsL 9TOH KaIlIU SKM3HU.
BBenenuem  HavanbHOW  dasel @0 - [mamsre
OpEAbIIYIIMX  ACHCTBUH] -  (YHKUMOHAIBbHYIO
UHAMBHIYalbHOCTb, MPEICTABIAIOT  POACTBEHHYIO
napy " OTJIMYAIOTCs JAPYT OT JIPyra TOJNBKO 3HAYEHUEM
9TO HavanmbHOH (asel. DTo "xeHckoe" [kocunyc] u
"Myskckoe" [cuHyC] Havyaja, CBUHYTHIC B Ha4aJIbHOMH
TOYKe Tepuoja pa3Buths Ha 7/2. JKenckoe Hagayio

obnamaer
XPaHHT 3Ty HavalbHyl0 (Gasy - @o, OHa

NaMATBIO NIPEJKOB U MOTOMY CHJIBHO MHTYHTHBHO K
BOCHPHUSATHIO TOT'O, 4TO ObLJIO, K TOMY OIIBITY HPOLIIBIX
JIeWCTBUIl, KOTOpblE B HACTOAIIUM TEPHON KU3HH
SBJISIIOTCS DHEPIeTHYECKU 3allUTaHHBIMH, & HOTOMY
HOCTOSHHO HY)KIAIOIIUMHCA B TIONIOJTHEHUM SHEPTUH.
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&

Puc. 4. Cnoxicenue 08yx 00UHAKOBLIX 60IH 60.H, COBUHYMBIX N0 haze na 90° u delicmsyiowux 60 63aumo
NePReHOUKYIAPHBIX NIOCKOCMSAX, 06pazys epawarowyiocs no kpyay 6oany.[10 - 11]

Iyctb mo ocu "x" neiicTByeT KonebaHue Tumna:

Acos(w -t + ¢q), )

a no ocu "y", mepHeHIUKYIspHO K ocu "X"
JeicTByeT konebanue tuna:B - cos(w - t + ¢,), (8)

Ecrm daser oboux  konebaumit  Oynyt
O/IMHAKOBBIMHU IPH HAJIO)KCHUH BOJIH, TOTJ[d HMEEM:

y=x3 ©

a 9TO0 €CThb YPaBHEHHE JIMHUM JIMarOHaIH
HOJTy4EHHOT'O TIPSAMOYTOJIBHUKA .

OOmeil TpaekTopHell ABYX 3JI€KTPOMAarHUTHBIX
KoneOaHui, JEHCTBYIONIMX MO/ IIPSAMBIM YIJIOM JPYT K
JIpyTy, IPH PaBEHCTBE NMEPBOPOHBIX (a3 KonebaHumii,
OyJieT mpsiMast JINHHS, COOTBETCTBYIOMIAs UArOHAIIA B
NPSIMOYTOJILHUKE CO cTopoHamu 2A 1o ocu "x" u 2B
mo ocu "y" (cMm. puc. 5). Bo3MOXHBI BapHaHTHI
TPAeKTOpMl  JBMXKEHMA  JIByX  IapMOHHYECKHX
kosebanuid. [10-11]

I'paduueckoe NpejncTaBICHUE CIOKEHHS JIBYX
9JIEKTPOMArHUTHBIX BOJIH. II0Ka3aHO Ha puc.4.

v

¢

2= Q1=

Puc. 5..BekmopHoe npedcmasnenue mpaexkmopus dgudicenus yacmuysi [10 -11]

CrioxeHue JBYX OJWHAKOBBIX BOJIH, CIABUHYTBIX

no ¢asze 90° wu peficTByromux BO  B3aUMHO
HEPHIEeHTUKYIAPHBIX IIOCKOCTSX, obpasyer
BpalIaloNylocs MO Kpyry BoiHy. B miuockoctn
KoopauHaT  KosnebGamus BonHel  Ei,  geiicTByer
MarHuTHBIH ~ BekTOp BOJHBI E;.  OOpasoBaiachk
CaMoperyJIMpyIoIIascs cucTeMa eIMHUYHOM

JKU3HEOANHOYHBIX JJIEKTPOMArHUTHBIX BOJIH. BTopas
ONMHOYHAs ~ BOJHA  JCHCTBYeT B  IUIOCKOCTH
MEePIICHANKYISIPHOM BOJIHBI.
Hamnpasnenne nefictBus oaHo u Toxe. CaBur
o aze 90° (n/2).

Fo | Fa

5. Puck 0nocepbl B HCTOPpUYECKHE NEPHOABI
BpPeMEeHH ¢ MOMEHTa TOsSIBJIEHHsI TNPHMATOB,
NepPBOOLITHOIO YeJIOBeKa /0 H. 3. H C IepBoOro 10
KoHua 18 - ro cTosieTns H. 3.

5.1. Cuoxenme JBYX Koje0aHU OTHOTO
HanpaBJIeHUs
OrmnpesesiuM  MOCTOSHHBIE [PH  [EPEMEHHBIX

rapMOHUYECKHX KoJie0aHuii,

ecii KoJebaHus coBepuIalTes B dase, T. €. ¢z -
(1= 27N, TZI€ N - LIeTI0€ YHCIIo,

BKJIIOYasl HyJb, TO COS(2 - ¢1) =1 M aMITUTYAbI
KoOJIeOaHUi MPOCTO CKIIAIBIBAIOTCS:
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A=A+ A2+ 2-A1-Az- cos(pz2- 1) =

3Hasi  MOCTOSIHHBIC  TPACKTOPHIA,

MEepPEeXOAUTh K MOCTPOEHHIO [MAarpaMM U JAPYTHX,

MOHO

=A?+ AP +2A1A2= 2A12  (10)  HeoGXOAMMBIX PACUSTOB Il ONPENCNCHHS — pHCKA
Guocdepsl B KOHLE 3alaHHON TpaekTopun - 18
cos(¢z - ¢1) = CTOJICTUH H. 3. [8]
Heo6x0MMble apaMeTphl JaHHbIX Ui pacyéta
A = Anapa =Ty = 19 =rog. (ll)

Anapa - TTOCTOSIHHASL B YPABHEHHH TPACKTOPHU X U
Y COOTBETCTBEHHO OT 1Beka 12 TeicsyaneTus 10 H. 9. ,
nanee ot 1 0 koHna 18 - ro croyerus H. 3.;

Awun - TIOCTOSIHHAasE B YPaBHEHHH TPAaeKTOPUH
1Beka 12 ThIcs/YaIeTHs JI0 H. .

IMockonbKy 00a caraeMbIX BEKTOPa BPAILAIOTCS C
OJMHAKOBOM YaCTOTOH, TO pPE3ydbTaTOM CIOXKEHUS
Kone6aHuit Oyner rapMoHnYecKoe Konebanue A,
MOCTPOCHHOTO Ha BEKTOPAX Awun = Anapa .

TaHreHc yrma tgp MOXHO BBIYHCINTB, 3HAS
BeKTOPA Awun = Anapa= A1 1 A2 1 YTIIBI MEXKTy HUIMH Ha

pucka Ouocdepsl B KOHIIE BPEMEHHOH 3aBHCHMOCTH
TPaeKTOPHH MBILJICHHS IPUBECHBI B Tabume 1.

5.2. Ompeneinenne PpHCKA  TPaeKTOPHUH
MBbIIJICHHS HaceJIeHHusl, 0II0CpPeI0BAHO
neiicTByomero Ha jaedopmanui Ouocdepbl B
npejeaax pacCMOTPEHHbIX BPEMEHHBIX 3110X.

Cnenyer BCIIOMHUTb, 4TO KasKas
SIEKTPOMArHUTHAs BOJHA COCTOUT M3 JBYX BOIH
IPOTHBOIIONIOKHOTO BpallleHHs. B Hawane crathu
npuBeJieHa Kkpartkas uHpopmaums "Merpuka', B
KOTOPO# yNnoMHHaIoTCs (paKT - €IMHbIH IJIaH CTPOSHHS
Bcex (opM MaTepuM M OCHOBBI OOIIEro JWIMOILHOTO

107: IUIAaHa CTPOCHHS IKUBBIX MaTepHalbHBIX  (opMm,
COOTBETCTBYIOMIX Jarpammax [10]: obecreyrnBaoInX BO3HUKHOBEHHS puT™Ma
Ay-singy+Ay-sind, KoJ1e0aTeNbHOTO mpolecca.
t'g¢ = Aq-cos pq+Az-cos Py (12)
Tabnuua 1
Poct Hacenenusi Mupa [12] u pacuéTHble JaHHbIE /151 ONpe/eJeHUs pucKa ouocdep
No/m.
I'on . I[TpuBenénnas Llucmz Honesmast THomias
PPEMCHHOH LH’[CHGHH?CTB JoneH . MOIITHOCTh MOIITHOCTh ﬂOI'IOJ'IHVlTCJ'IbHI)IC
;;:::; szjl\fl)él;:()ﬁ szl:f(e);{g(’l/l TOI0BOIO TOI0BOIO OHEpros. Ha €11., Puck
TPACKTOPUU | SMOXH TPACCHI Tpacchl gglge){éﬁ:—ﬂm: gﬂ?efng Hgﬁﬁﬁﬁ; IAU?’I G 0€
MBILIICHUSA TPacKTOPH TPAeKTOPHH ron, ron, 0.
MBIIIEHUs. MBIIIIEHUs. P.. Br- 10, Ni. KBI- o,
10 -nj, ven. 10 -nj, gen. b A b A
1 2 3 4 5 6 7 8
2 Jlo HoBoii 3pbI
3 -1200 18 3-8
4 -7000 10-15 0,36
5 -2000 47
6 0 1885 100- 230
7 Hogas 3pa
8 100 100 - 230
9 200 1885 -
10 300 -
11 400 -
12 500 239 -
13 600 -
14 700 -
15 800 290 290
16 900 -
17 1000 300
18 1100 317 -
19 1200 350 9,82-10°
20 1300 400 446107 3,79 104, 0,36 °
21 1400 413 -
22 1500 440
23 1600 545
24 1700 712 640
25 1800 950
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[Ipumeuanue

1. He 3anoJHEHHBIE CTPOKH - CPE/IHEE KOIHIECTBO JIFoeH (2Nj, 4el.) B COOTBETCTBYIOIICH BPEMEHHOM! dMoXe
(OTCYTCTBYIOT B IOMCKOBOI1 CHCTEME) B CTONIOLE 4 BOCHIOTHEHBI yCPEIHEHHBIMHU 3HAYEHHAMH TPACChl TPACKTOPHU

MbIuTeHus. ([ Ou3nexamux BpeMEeHHBIX 3110X).

2. CtpokH cTONOLOB 6 "MONHAs MOIIHOCTB FOJOBOTO MOTpeOIeHHs 2Nj -- X Yell. B TOA," MPEeJCTaBICHBI B
BHJIC YCPEIHEHHOI CyMBI MOCIEAYIONIMX TPEX BPEMEHHBIX 20X TpaekTopwit [12].

Wnes muaHa, oOmocpeioBaHO —IIOKAa3aHHAs B
pasnene 4.2. "®dopmupoBaHue 000 IUIOTHOM
MarepuaibHOi (GOpMBI U3 yHOpsIOYCHHOU B (opmy
CHJIOBBIX JIMHMI 3HEpru0” Ha JajbHeHIIee pa3BUTHE
Marepul U CHOCOOHOCTH  COXPaHATH  CTPOTrO
YIOPSAOYCHHYIO CTPYKTYpY (B HallleM Cilydae reHoMa
mbimteHnss B crpykrype JHK) paccumrana Ha
JUTUTENIFHOE BPEMS.

5.3. Hcxoausle JaHHBIE [  PacyéToB
CKOPOCTH M YCKOPEHHsI ONTHMAJIBLHOTO MBIILIEHUS
JI0/IeH 10 H.).

Ionesnas MoumHOCTh Pj cHCTEMBI - 9TO aKTHBHBIH
MOTOK  JHeprud. KajopuilHOCT  MOTpeOssieMbIX
MPOAYKTOB NMHUTAHHSA B 3aBHUCHMOCTH OT BO3pacTa U
(du3nueckoii  Harpy3km  4enoBeka  KomeOaeTcs
npumepHo 125 Bt [8]. IIpu 5ToM conmansHOE BpeMs:
MUJLTHOH Y€JIOBEKO - YaCOB B roJ] MpuHHMaetcs 8760 B
rox . [8]. IIpu sToM commambHOE BpeMS: MHIUTHOH
YEII0BEKO -4acoB B roJ] npuHuMaercs 8760 B rox . [8].

IMosnast momuHocTs W) moTpeGneHus JByxX
4eJioBeK (2N - mapbl) BO3HUKAET NOTPEOHOCTH K TPYAY,
JMYHOW M OOIIECTBEHHOH 3alluTe COOTBETCTBYET
CONMAIBLHOMY T'0JIOBOMY : MUJUTHOH YEJIOBEKO - YacoB
B rog 8760 B rom [8]. JlomonHUTEIbHBIC
SHEpro3aTpaTbl Ha EIMHMIYY Mapbl, HEOOXOJUMOMH
MOIIHOCTH, cocTaBsiloT A = 0,36 o.e. u morepu
MOIIHOCTH (KaueCTBO KM3HHU, BOMHBI U TIp.) :

Puor = 0,5+(0,1 + 0,2) kBT - rox [9]. (13)

QDusuyeckue BEIUYMHbI HE W3MCHSIOIINE CBOMX
3HAYEHMH TpH Tepexoje U3 OJHOH  CHCTEMBI
KOOPJMHAT B IPYTYIO C HCIIOJIB30BAHUEM KAaKOT0-J1160
npeoOpa3oBaHus Ha3bIBAIOTCS] HHBAPHAHTAMH
OTHOCHMTEIBHO  NPHUMEHEHHOro  NpeoOpa3oBaHMs
MHPOBOH JINHUIO 00beKTa, 10 MuHKoBcKoMy [11 - 12].

[TosToMy B nanbHeiilleM B cTaTbe paccMOTPEHO
ypaBHeHHe YCKOpEHHS, KOTOpOE OTBEYaeT
MHBAapUAHTHBIM  CBOiicTBaM. B kmaccmueckoit
MEXaHUKH, (HU3UYECKOe TEeN0 HEe MOXKET BCE BpeMs
JIBUTATBCSI C YCKOPEHHEM, TaK KaK B 9TOM ClIydae ero
CKOPOCTb PaHO MITH TTO3/THO MPEBBICUT CKOPOCTH CBETA.
OnHako COOCTBEHHOE YCKODEHHE MOXeT ObITh
HOCTOSIHHBIM CKOJIb YTO/IHO JIOJITO, IPH TOM CKOPOCTh
00beKTa B (PMKCHPOBAHHOI HHEPIMAIBHON cHcTeMe
orcyéra OyJeT aCHMNITOTHYECKH IIPUONMKATHCS K
CKOPOCTH CBETa, HO HUKOTJa He mpeB3oiner eé. [11 -
12] .

PaccMOTpUM ypaBHEHHE YCKOPEHHSI MarHHTHOTO
nunons [11 - 13].

CuHyC M KOCHHYC BEIYT CBOIO uepeny
NpEeBpalieHUil NpPH  KaXAOM 000pOTe KU3HEHHBIX
MPOILIECCOB. YpaBHEHHE JIyya JJIs TONEPEYHOM BOJIHBI

COOTBETCTBYET IIEPEMEIICHHIO MIN OTKIOHEHHIO
YacTHOBl 1O BepTHKamu (koopamHata 'y" )
MIPOJONBHON BOJIHBI:
" 2.t 2-TX
= A-sin (3=
y sin (= )
(14)
Ax A
v=—==-=f-1 15
Z_iogen (15)
1 2
rne T =)—c=?—r{epnou ofHOTO  000pOTa;
o =27f, rme f - |wacrora BHyTpPeHHHX

npeobpasoBanmil; t - Tekyllee BpeMs; Ije A - JuIMHA
BOJIHBIL; V - YHCIIO BOJIH.

PaccMOTpUM ypaBHEHHE YCKOPEHHS MArHHTHOTO
Mol B OOLIEM BHIE UL CIyd4aeB ypaBHEHHE
yckopenus y,,

(16)
YpaBHEHHE yCKOPEHHUSI Yama
Y =Asinf 2 27X,
Mun const T :

" —
YVnapa =

()

B ypaBuenmsx (16 u 17) umeeMm cuenyromniue
B3aUMO3aMEHBI:

Y i = (Mo = 6-10%)1, (. 11.)2 = f(t) - pynxums
MBIIUIEHHS YCKOPEHUS OT

Y = (Myn)™ , (1. )% = f(t) - dynxums
MBIIUICHHUS. YCKOPEHUsI OT BpeMeHu ligo = 100 rox
nepsoro croietus 12000 oT HauanbHOH TOUKU @o = 0
TOJIE3HON MOITHOCTBIO X = Y = 1,41 - 10Y7, kBT.-
roz;

Y upa = (Muapa)™, (8. 1)? = f(tuapa ) - ymxmms
MBIIVICHUS YCKOPEHHUs OT BpemeHH tiiiso = 1,118:10%
rojl, Ha4nHas oT Qo = 0 [y BPEMEHHOH TPaeKTOpUU
1,1-10% €T 10 MOJNHOM MOUIHOCTH Xugpa = Y mapay = 1,41
- 10%, kBT.- rog;

A=MTy=610°19 = 1,14 -10ner.

OnpenenuM MOIIHOCTb MApbl C OTEPSIMHU TPACCHI
MBIIUTEHHs (HA4aao - mepBoe cromerus 12 -
TBICSYENCTHS JI0 H. 3.

Younn = 8760 - (Pi + Pi /A) - t100- gons.- 0,5 ni =8760-0,94-100-9-4 =

~2,96:107, kBT - rox,

(18)


https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D0%BA%D0%BE%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
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Snapar = = (Pj +Py/A) = 8760 - {Pj + P/[(A - Pror)]} * tipj- 0,5  Njep. = 8760 - 5,85+ -1,118 -10%- 4,75 - 108 = 1,41 -

10%, kBr.- rox,

(19)

roe t-;p,i =1,2.3,,....18 = YHCJIO 3MOX IMOCJICA0BATCIIBHO - COCIMHEHHBIX.

PaccMoTpUM  OCHOBHBIE —IIOKa3aTeld M MX
napameTpsl JUisl OACTaHOBKHU B yp. (16 - 17).

IlpunumaeM ONIOK NaMsATH, KaK COBOKYIHOCTb
JKECTKO CKOPPEINPOBAHHBIX MEXIY COOOH HEHpOHOB
N, Hecyumx Bcto nupopmanmio namsty . [10 -11]

3akoH pacnana HeiipoHoB No B 610ke mamstun N
YeJoBEeKa CO BPEMEHEM ! M Tn - BPEMEHH JKU3HH
HeipoHa, UMeeT BUL

_t
N =Nye /., (20)

TIe Ul YeOBEeKa OTHOLIEHUE BPeMEH t/th = 4 u
No=2-M [10 - 11].

OnTUMaNbHOE MBINUICHHE JIIOJCH CUUTACTCS 10
Bospacta 20 yer, B mepepacuére Ha CEKYHJBI IS
ozaHoro yesnoseka [10 - 11]:

Ty =6 108 c =19 ner. (21)

TeHOM 4elIOBeKa (HYKJICOTHIHBIX Map) 0003HaYNM
[10 - 11]:

M=610° 5.1 (22)

Aconst. = Anupa =Ty=19 ner.

100

(Myy)” = 6-10% 19 - sin(

(Mypa)” = 610719 - sin (

B mo6oit Mammne, a 3eMis — ecTh CBOeoOpasHast

«oboOmenHas» MamuHa»  [8]  mepHoxMyYecKoro
JBIKCHUS B (pa30BOM IIPOCTPAHCTBE, pabOUMil LUKI
MallMHBl ~ WJIM  YCTAQHOBHBIIMICS — Xapaktep &

JIBVDKEHHSI BO3MOXKHBI TOTZA M TOJIBKO TOTJA, KOTJa
HUMeeT MecTO OallaHC MMOTOKOB CBOOOIHOM YHEPIUH, TO
€CTh IOCTYIUICHHE SHEPIHH B KAQHAJ MAIIMHbI PABHON
OTTOKY HEPTHHU B HATPY3KY.

Onpenennm 3HAYCHHUS pucka B
nuddepeHIranbHO - HHTErPUPOBAHHOM IIPOCTPAHCTBE
10 METOAUKeE []:

Monaraem: Myuu * = 1,12:10%, (m.m/rom)? -
HoJIe3HasE MOILIHOCTh Pyuy dHepruu, norpebisiemast
JO/IBMH, Ul OOCCIICUCHHUs JKM3HEICATCIBHOCTH H
MBILUIEHUS] JIIOJICH B TpejeiiaXx MepBOro CTOJETHUS
12000 - ro TeicsyaneTus riobaIbHOro Mmporecca Jio H.
3. (90 ); Qwan = 1070 0. €. - mosaraem puck aedopmanuu
Ouocdepbl [0/ BIMSHIUEM MBIIUICHHS] HAYUHAS C TOYKU

2100  2:7-2,69-107

100

- CPEe/IHHMI BO3PACT B3POCIIOTO YEJIOBEKA B OXY
10 H. 9., siet [12]
thapa = 25 (23)

- TpUHUMAaeM B pacuérax YacTOTy TPacchl
MblnuieHus, Iepir.
f=0,01 (24)

- CpeJJHHI BO3pAcT B3POCIOr0 YelIOBEeKa B JIOXY
H. 9., jaer [12]
tuapa = 35; (23)

- TpUHMMaeM B pacyéTax MepHoJ] TpPacchl
MBIIIIEHHUS, JIET.

T=100;

- YKCJIO BOJH IO BCEl BPEMEHHOM JInHE Tpacce
MBILJIEHHUS, €]1.

v =10% (25)
- IIOCTOsIHHASA B YPAaBHEHUH YCKOPEHUSA:
(26)
) = 11210, (.n/ron)” (27)
T~ ) = L1410, G frog)2 (28)

@0 = 0 1t nepsoro cronerus 12000 - ro TeICSYaIeTHA
ria06anpHOro Mpolecca J10 H.9.;

Mygpa ** = 1,14:10', (n.m./ron)®> - nonHas
MOIIHOCTh JHEPTUH, MoTpediseMas JIOJIbMH, Ui
obecrieyeHHs! JKM3HEAESTEIbHOCTH ¥ MBIIUICHHS
ntojiei, HauuHast ¢ (o ) = 0 mepBoro cronerust 12000 -
rO ThICAYANETUs A0 H. 3. MO BCEH BPEMEHHOH [UIMHE
Tpaccel MpIuieHus (¢ mepsoro cronxerust 12000 - ro
TBICSYAIICTHS JI0 H. 9. U, Jlajiee, C IePBOro CTONETHS J10
xonma 18 crometust H..); Quw = ? - Tpebyercs
ompenenuth puck aepopmaruu  Ouocdepbl  Hox
BIIMSTHUEM MBILICHHS JIIOICH.

Ha puc. 6 mpexcraBieHa cxema OJHOPOIHOM
JIMHUH - KaK «0000IeHHbIH TpaHcdopmaTopy.

[ToACTaBUM 4YHCIICHHBIE 3HAYCHHsS] PACYETHBIX
JaHHBIX yp. (28), B GopMyny pucKa, HIPEIOKEHHYIO
npod. Kysnenossim ILT. [8]:
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Puc. 6. Cxema 00nopoonoii nunuu (c nomepsmu) kak «0606ujennvii mpancgopmamop» [8]

LG = 2. [Misapa ™= 1,14-10", (s.11./r0m)?]} = {Guuan = 100 0. €. [ My ** = 1,12-10%,(s.11./r0)?]}.

Omnpenensiem puck aedopmannu duochepst:

Guex = ¥ Makc.

PaccuuTaHHBIH PUCK PaBeH ek, = 9,82:10710> g =
3:10°, 3HaueHHe KOTOPOTO OTJIMYAETCS OT BETMYUHBI
PHCKa, IOJIyYE€HHOTO B MPEAbIAYLIEM aHAINTHIECKOM
MCCIIEJIOBAaHNUH aBTOPA MPH ONpeieleHnH JehopMaruu
Oouochepsl B pe3ynbTaTe ACATENBHOCTH IHOACH C
"momaun" MX MBILIUICHUS.

3ak/04enne

[ocraBnennass Ieab W 3agayM  HanMcaHHUSA
CTaThbH BBIMOJHEHBL. IIpeanoKeHsl u O0OOCHOBAHBI
DJIEMEHTBI MATTEPHBL: JIOTHKA, METPHKA, HHBAPHAHTHL.

Jlano obocHOBaHHE JJIEMEHTOB BPEMEHHO
BUPTYaJIbHOH TPAGKTOPHU C HOCHTEISIMH MBILIUICHUS
Jofed  MUpa, W HAKOHEl, OINpeleNéH  PUCK

nedopmanuu  6uocdepbl. [IpuHATHIE TOHATHA B
JanbHeHIIeM (B CIeAyoLIei CTaThe) MO3BOJISIT CBA3ATh
sireHHs JKU3HU ¢ 3BOIIOLMEH IPOCTPAHCTBO - BpEMSI.

Pe3ynbTaThl — QHATMTHYECKUX  HMCCIICIOBAHMIL
MOKa3bIBAIOT, YTO B KOHIE 18 - ro cromerus H.3.
HECMOTpSl HM Ha Kakhe Ka3yChl 4eJIOBEYECKOro
MbINUIeHHsT  Ouocdepa TMOKa  yCTOWYMBA, PHCK
JIOTTy CTUMBIH. Oror  dakr  coriacyercs ¢
uccinegopanusiMu  yuéHoro  mpodeccopa  J.T.H.
Kysnenosa I1.T.[]
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OLEHKA 1 OITUMU3ALIAA HHOPACTPYKTYPBI IPOTPAMMHOI'O ITPOJIYKTA

Abstract. The work is devoted to study methods that can be used for evaluation of software product

infrastructure and for its optimization,

Software product infrastructure contains of vide variety of components. There are three main vectors in
modern reality: deploy on virtual machines, containers or cloud functions. Software product was deployed in two
installations: deployed on virtual machines and cloud functions. For analyze of both infrastructures performance
testing was performed. A graph is constructed between the response time and the number of requests.

For infrastructure optimization algorithm was developed. Based on experimental data mathematical model
was built and applied to several test installations. After analyzing received data was made a conclusion about
method efficiency,

AHHOTalllflfl. HaHHa}I pa60Ta TIOCBAILIIEHA METOJAAaM, KOTOPBIE BO3MOXHO HCIIOJB30BaTh I OLIEHKA
cymecTBytonieii MH)PacTPyKTypbl NPOrPaMMHOrO IPOAYKTa, a TAKXKE MHPOBEACHHIO ONTUMHU3ALMU ITOH
UH(PACTPYKTYPBI.

NudpacTpykTypa IporpaMMHOTO MPOAYKTA COCTOUT U3 MHOXKECTBA PA3IMYHBIX KOMIOHEHTOB. 3a4acTyIo B
COBPEMCHHOCTH OHa I/ILléT 1o ’I‘pCM HalpaBJICHUSIM paSBépTLIBaHI/ISII paSBépTLIBaHI/IC Ha BUPTYaJIbHBIX MalllHHAX,
KOHTEHHEpU3aIMs WK HCIOoJIb30Banue o0naunblx GyHkuuid. TIporpaMMubiil mpogykT ObuT pa3sBEPHYT B ABYX
MHCTAJULINMSX: BUPTyaJbHbIC MAIIMHBI M 0Odaunble (yHkumu. [ anamuza oOeux HMHOPACTPyKTyp ObLIO
[IPOBE/ICHO HATPY30YHOE TECTUPOBAHUE U TIOCTPOCH IpaMK BPEMEHH OTKIIMKA OT KOJIMYECTBA 3aIIPOCOB.

Bbut pa3paboTaH aaropuT™ Ui ONTHMHU3ALUKM HHPPAcTpyKTypbl. Ha OCHOBaHHMHM MONYYCHHBIX B XOJ€
OKCIEpUMEHTa TaHHBIX Oblia IIOCTpOCHA MaTeéMaTH4YECKass MOJECIb U IIPUMEHEHA K eIé HECKOJIbKUM TE€CTOBBIM
HUHCTAJIJIILUAM. OCHOBBIBasICh Ha TIOJIy4Y€HHBIX JTaHHBIX GLIJII/I CJ¢CJIaHbI BBIBOJBI OTHOCUTECIBHO 3(1)(1)6KTHBHOCTI/I
JAHHOTO MOAX0/1a.

Key words: scalability, usability, cost-efficiency.

Kuroueswvie cnosa: Macmmaéupyemocmb, lo3a6uﬂumu, OKOHOMUYeCcKas 3¢(])ekmusnocmb.

Beenenne: CroumocTh TIPOrpaMMHOTO
obecrieyeHns: COCTOMT U3 MHOXecTBa (DaKTOpoB:
KOJIMYECTBO 3aTpayeHbIX YeJIOBEKO-4acoB,
YHUKAJIbHOCTU MPOrPaMMHOI0 pelieHus,
nHOGPACTPYKTYphl HEOOXOAMMON IJs ero paboThL.
Tlepsblit  dakTop ymupaeTcs B YIpaBICHYECKHE
METO/IbI IPUMEHSIEMbIE Ha TpoekTe. Bropoii dakrop —
YOHpaeTcsl B CYIIECTBYIOIIMH pPBHIHOK. Tpermii xe
(hakTOp 3aBUCHT KaK OT CHCTEMHBIX TpeGOBaHHIt
MPOYKTa TaK ¥ OT He(YHKIIMOHAIBHBIX TPeOOBAHHIA.

3atpathl  Ha  MHQPACTPYKTYpy  SBISIOTCS
MOCTOSIHHONH ~ cTaThE  PacXoJoB Ul  HPOAIYKTa.
B03MOXHOCTE  ONTHMHM3ALMK  MHPPACTPYKTYPHI C
LIEJIbIO YMEHBILIEHHUs PacX0/loB Ha e€ cojiepikanue Oe3
YTpaThl IPOU3BOAUTENBHOCTUH CAMOIO HPUIOKEHHS
SIBTISIETCS BAXKHOU 3a7a4eii B COBPEMEHHOM MHpE.

B MpOCKTHBIX KOMaHIaX Ha [JaHHbBI MOMEHT
CyllecTBYeT  JBE  KPalHOCTH B  OTHOLICHHU
uHOpacTpyKTyphl. IlepBblii MOIXOA 3aKIIOYaeTCs B
UCIOJIB30BAHMHE  MAaKCUMAJIBHO — HPOH3BOIUTENBHOI
HHOPACTPYKTYPHI, KOTOPYIO MO3BOISICT UCIIONB30BATH
Gromxer. HemoctaTkoM Takoro merona SIBISIETCS TO,
9TO JOCTYIHBIC MOIIHOCTH HE HCIONB3YIOTCS, a
OIO/KET MPOCTO YXOAUT BIAAENblIAM OOJaYHBIX
CEePBHMCOB HIIM Ha CYeTa 3a 3JIEKTpU4ecTBO. BTopoit
MOJXOJ HAmpOTHB HAET MO IyTH MHHUMAIbHON
UHPACTPYKTypbl M €€ pacUIMPEHHI0 10  Mepe
Pa3BUTHA NPOAYKTA. DTOT HOJX0] 60jIee HalOMHUHAET
PAaLMOHANBHBIN, HO BEAET K TOMY, YTO HAa U3MEHEHHS
MHOPACTPYKTYPHI HOCTOSHHO 3aTPAauMBACTCS BPEMsl
CHeHanuCcTOB. TakuM 00pa3oM OHOKET TpaTHTCS He

[— sformatowano: Czcionka: 10 pkt

[ — sformatowano: Angielski (Stany Zjednoczone)
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Ha T0JIe3Hble PabOThl, a HA IOCTOSIHHOE M3MEHEHHE
pecypcoB.

IMocTanoBka npodJemsl: B pesynabrate paboTh
HEOOXOMMMO MCCIIEZOBATh CYLIECTBYIOIIME METOMBI

aHanmM3a ~ MHQPACTPYKTYpl W crmocoObl  eé
ONTHMHU3ALHUH.
Heob6xomumo MPOAHaIN3NPOBATh

YHHMBEPCAJIbHOCTh BBIOPAHHOTO METOJAa aHalM3a, a

TaKKke, pa3oOpaB  CyIIECTBYIONIME MOAXOABI K
yIpaBiaeHuIO HHOPACTPYKTYPOH, pa3paborath METO[
JUTSL ONTHMH3AIMH CYIIECTBYIOMEeH NHYPACTPyKTypPbI
U MCCIENOBaTh €ro 3(G(EKTUBHOCTh HA HECKOIBKUX
YK€ CYLIECTBYIOIIMX MPOrPAMMHBIX  IIPOAYKTaXx.
CxeMy MeToJa ONTHMH3ALMH MOXHO YBHACTH Ha
pucynke 1.1.

OnpesensHue ToMITepos

AHanua Tp ONA ABTOMATMUECKOND > E:EE:;;EDE?;:;FM > MEC”‘;TSZK?‘HHWE
MaclITabHPOBaHWA
Pucynox 1.1 — Cxema aneopumma onmumuzayuu

AHAIN3  NOCHEJHUX  HCCIeIOBAHMH M JIOTOBOpaX aKLCHTUPYIOT BHHMaHHE Ha (DMHAHCOBOIL
ny6aukanmii: IIpy nccie0BaHUM METOOB aHAIM3a  CTOPOHE, a HE HHPPACTPYKTYPHOM.
UH(PACTPYKTYypsl ~ OBUIO  BBIJENCHO  HECKOJIBKO Bropoit moxxox 3a cBOI0 0CHOBY OepéT paboTy ¢
TIOJIXOJI0B. MPOTPAMMHBIM NIPOJYKTOM KaK C «UEPHBIM SIIHKOM»!

ITepBblii MoAX0J aHANM3UPYeT MHOPPACTPYKTYPY  UENOBEK, aHAIM3UPYIOMINH ITPOrpaMMHBIN MPOIYKT He
OTHOCHTENIBHO ~ KOJa IIPOrPaMMHOIO  NPOJyKTa:  3HAeT HUYEro IIPO €ro YCTPOHCTBO, a aHAIM3HUpPYeT
SKCHEPT AaHaIM3UpyeT TPeOOBaHUS IPOrPaMMHOTO  TOJIBKO BXOJSIIME M McXojsuiue panubie [1]. Ognum
HPOJIYKTa, CYILECTBYIOIIYIO HNPOrpaMMHYIO U3 TAaKMX METOJOB MOXHO CYUMTAaTh Harpy304HoOe

peain3alHio U Ha OCHOBAHHMHM DTHX BEIIeH, a Takxke
CBOEr0 HKCIEPTHOrO MHEHHS BBIJBUTACT BEPIUKT
KacaTeabHO HEOOXOANMOMN HH(PACTPYKTYpPHI B CiIydae
HEePBUYHON Pa3BEPTKH MPHIIOKEHUS HITH OTITUMU3ALIHI
€ro B ciTydaii aHann3a yke pa3BEPHYTOr0 HPHIOKEHHS
[1].

HemocraTkaMu  JTaHHOTO — METOJa  SIBIISIETCSI
CyObEKTHBHOCTD OIBITA DKCIEPTa, HEOJHOPOAHOCTH
OITMCAaHMsl TPEOOBaHUH M HEJOCTATKH IPOrPaMMHOI
peanu3zanuu. HeoqHOPOAHOCTE omicanus TpeOoBaHMiA
HPOJYKTa TPHUBOAUT K CIOKHOCTH MX HOHHMAaHHs,
TaKKe 3TO TpeOyeT Hanu4usl Kakoif-mmbo MpoeKTHOMH

JIOKyMEHTAllMM, YTO Ha TNpakTHKe He BCeraa
COOTBETCTBYET ~ PEANbHOCTH: YacTO  pealH3alus
(YHKIHOHANBHBIX TpeboBaHuit TIPHIIOKCHHUS

OmepexaeT HAIMCAHUE TEXHUYECKOH TOKYMEHTALHH, a
B cBa3u ¢ npumeHenmeM  Agile-meromonoruit
HPUBOIUT K TOMY, YTO B ITOTOHE 3a NMPEAOCTABICHUEM
HOBOI  (DyHKI[MOHAIBHOCTH KJIMEHTY TPHXOMUTCS
JKEPTBOBATh yJ0OCTBOM IOJNEPKAHHS MPHIIOKEHHUS.
Henoctatkun mnporpamMmHOi  peann3alud  MPOEKTa
BEIYT K TOMY, YTO HPH OJMHAKOBBIX TPEOOBAHMAX
BO3MOXKHO  IIPEBBINICHHE  HEOOXOAMMOIO  YMCHIA
KOIMYECTBA ~ KOMMYHHMKAalMii ~ MEXI  4acTiAMH
HPUIIOKEHUA: YacTO B IPHIOKCHUSX BCTPEYAOTCS
poO6IeMbl B KOMMYHHKALIUM CEpBEpa MPHIOKEHHUS C
cepBepoM 0a3bl JaHHBIX M3-32 HEONTHMAJIBHOIO
KOJIMYECTBA  3alpOCOB B  0asy  JaHHBIX MM
HEONTUMAJBHBIX 3ampocoB. Takue HeROpabOTKH B
KO710BO# 6a3e NPUII0KEHUs IPUBOJAT K HEOKUIAHHBIM
HPOCaZKaM B IIPOU3BOAUTENIBHOCTH, a KaK CIIEJCTBUE K
MOBBIICHHBIM ~ TpeOOBaHMSIM K  HH(pacTpyKType.
CyOBEKTUBHOCTh  3KCIIEPTa K€ MOXET 3aIlpocTo
NPUBECTH 3aKa3yMKa B CUTYallMIO, KOIJa OH
HOIEPKUBACT HHPPACTPYKTYPy Oosee MOLIHYO, YeM
HEOOXOMMMO, B CBS3M C TEM, YTO 3KCIEPT PELIMI
IepecTpaxoBaThCsl M 3aJIOKHTH  3amac IO
HPOU3BOANTEILHOCTH OONBLINK, YeM HEOOXO0MUMO.
DTO TaKkxkKe CBS3aHO C TEM, YTO 3a4aCTY0 KOMIIAHUH B

TECTUPOBAHMUE. Harpy3ounoe TECTUPOBAHHE
COCTaBIsIET coboit BBITIOJHEHHE psaa
(YHKIOHATBHBIX ~ TECTOB ~ OTHOCHTENBHO  yXKe
pa3BEPHYTOrO  NPWIIOKCHUS U aHAIM3a  TaKHX

COCTAaBISIONINX KaK BPEeMsI OTKIHKA M KOPPEKTHOCTh
obpabotku 3ampoca. Taxke BO BpeMms MPOBEICHHS
HArpy304HOr0 TECTHPOBAHUS IPU MOHHTOPHHIE
UHPACTPYKTYPbl MOXKHO BBISIBUTH HE TOJIBKO TO, YTO
pu YBEJINYCHHI KOJIMYecTBa 3a1pocoB
YBEJIMYNBACTCS BPEMs OTKIJIHKA, HO U TO, YTO C KAKOIo-
TO MOMEHTa 3amlpockl B 0a3y JaHHBIX IIE€PECTAIOT
00pabaThIBaTBCSl WM TO, YTO MPHUIOKCHUE MMOWMAIo
deadlock.

Cpeny IUTIOCOB JQHHOTO METOAA AU aHAIn3a
UH(PACTPYKTYpPBI MO>KHO BBIJICITUTD ero
YHUBEPCAIBHOCTh: NPH HATHYHH (YHKIIMOHAIBHBIX
TpeGoBaHMiI K MPOrpaMMHOMY IPOIYKTY BO3MOXKHO
MPOBECTH HArpy304HOE TECTUPOBAHKE U HAHTH ci1abble
MecTa paboThl IPUIIOKESHUS.

HeznocTaTkoM ke JaHHOTO MOAXO0JA SBIISETCS TOT
(hakT, YTO TECTUPOBAHHE YKAXKET BaM Ha MPOOIEMBI C
HHQPACTPYKTYpOH, HO He ¢ KOHKPETHOH peanu3anueit
(yHKIHOHATIBHBIX TpeOoBaHui. CTOUT 3aMETUTh, YTO
JUISL MOHHUTOPHHTA TAaKXKe HEOOXOAMMO MPHBICUCHHS
ONBITHOTO ~ JKCMEpPTa, KOTOPBIH CMOXKET HAaWTH
poGIIeMBI, KOTOPBIE IPUBOIAT K MOSBICHHIO TEX HIN
HHBIX MPOOIEM.

IpenocraBurenn  OOJMAYHBIX  CEPBHCOB  yXKe
HMEIOT ~ CEpPBHCHI  [OMOTAIOLIHE  ONTHUMH3UPOBATH
UHQPACTPYKTYpPY  CYIIECTBYIOIIUX  IIPHJIOKCHHIL.

Hanpumep Azure AdViSOr aHanmu3upyer TEKyIIyIo
KOH(UTYPALHIO U TEIEMETPHIO MPUIOKECHHUS M HA HX
OCHOBAaHHH IPEAOCTABIACT COBCTHI IJIT ONTUMH3AIINH
nHppacTpykTypsl. Takoil MOIXO0A MO3BOSET CACNATH
BBIBOIbI OTHOCHUTECIIBHO 3(1)(1)CKTI/IBHOCTI/I
HCHOJIB30BAHMSI  TeKylieil  MH(PACTPYKTypbl, HO
UrHOpHpYeT (YHKIMOHANbHbIE 1 He(YHKIIMOHAIbHbIE
tpeGoBanus. AWS  Trusted Advisor mnpumensier
AHAJIOTHYHBIC IoAXO0AbI JUI aHali3a

unppactpykrypsl. Taioke 00a  mpemocraBUTEINs
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00J1aYHBIX CEPBUCOB INPENOCTABIAIOT HOIIEPKKY OT
technical account manager mis Gonee neranbHOU
ONTHMHU3ALUH U SKOHOMHHU.

Beijesienne HepeleHHBIX paHee yacTeii o0umeii
npodJembl: Takum obpazom HE0oOX0 MO
pa3paboTaTh METOJ IIO3BOJISAIONINI HA OCHOBaHUM
(YHKIHOHAIBHBIX TpeboBaHuit TIPHIIOKCHUH
HPEIOCTABIISAT COBETBI mno ONTHMHU3ALUN
MH(PACTPYKTYpbl HIM  MOAM(DHUIMPOBATH TEKYIHE
METOABl ONTHMHU3ALUM JUIL TOro, 4TOOBI YHYECTh
(yHKIOHAIBHBIC TPEOOBAHMUSL.

Heasn CTATbH: IIpenoctaButs JaHHEIC
HOJTy4eHHbIE B XOJE SKCNEPUMEHTATBHOH NPOBEPKU
HUH(PACTPYKTYpPbI MPOTrPAMMHBIX MPOJYKTOB.
TIpenocTaBuTh faHHBIC HOTYYCHHBIC B XOJE aHAIU3a
HPEJIII0KEHHOTO MeTona OINTHMHU3ALUH
uHQpacTpykTypsl. IIpoaHanusupoBaTh pe3yJbTaThl
ONTHMHU3ALUK U NMPENOCTABHTH PE3YNIBTATHl JAHHOTO
UCCIICJIOBAHUSL.

Ounenka MHQPACTPYKTYpPhl NPOrPaAMMHOIO
npoaykra: Jlns aHamu3a HHPPACTPYKTYphl MyTEM
Harpy304HOTO TECTUPOBaHHs ObUIO BBIOpaHO [Ba
HPUIIOKEHHUS: Pa3BEPHYTOE HAa BUPTYANIbHBIX MAIIMHAX
U MOIIHOCTH KOTOPOTO HCIOJb3YIOT —OOJIauHbIe
¢GyHKuMu. B XoJe MOArOTOBKH K 3KCHEPHMEHTY IO
OJTHOMY Ha0opy (yHKIMOHAIBHBIX TPeOOBaHMIT OBLIO
peaM30BaHO J(Ba NPUIOKEHHs. DTO CBA3AHO C TEM,
YTO B  COBPEMEHHBIX  pEallMsAX  BO3MOMKHOCTU
Pa3BEPTHIBAHMSA NIPHIIOKEHHS HANPAMYIO 3aBUCAT OT
ero peanmsauuu. Takum o0pa3zoM ObLIO IIOJIYYEHO
java-npunoxenust ¢ 6asoil mamnbix MongoDB
Ipejronaramonee pa3sBEPTbIBAHUE HAa BUPTYalbHOU
MammHe 1 Habop dynkumiit AWS Lambda na si3bike
python ¢ ucnons3oBarnem 6a3sr nanubix DynamoDB.

IlepBoe mpuIOKEHHE OBLIO YCTAHOBICHHO Ha
IBYX BHPTyalbHBIX MamuHax t2.mini B o6make AWS.
Bropoe 6bl0 Takxke pa3BépHyTo B obimake AWS. Ha
9TOM 9Tane CTOUT OTJEIBHO OCTAHOBHTHCS M
pPaccMOTpeTh  pasHHIly  MEXIy HOJIXOJaMh K
Pa3BEPTHIBAHHIO MPUITOKEHHH.

Pa3BépThIBAHMA NPUIIOKEHNS HAa BUPTYallbHBIX
MalllMHaX T0Zpa3syMeBaeT I0J co0oil mojnepxkaHue
HEKOTOPOTO KOJIMYECTBA BHUPTYalbHBIX CEPBEPOB C
KOINHUAMHU MCXOIHOTO KOZIa HPUIIOKEHUS, Pa3BEPHYTOM
6a3oif maHHBIX M e€ permMKamu. Takod Mmoaxon
SBISCTCS  CTAaHZAPTOM B MHpPE  IIPOrPaMMHBIX
npoiykToB. IlpeMmymiectBa  JaHHOTO — IOAXOZAA
3aKJIIOYAIOTCS B TOM, YTO JAHHBIN MOAXOA IPOBEPEH
BPEMEHEM M OOJIBUIMHCTBO CHEIUANMCTOB YMEIT C

HUM paborarh. HemocTaTkamMu jke TaKoro MoJxXozia
SIBIISIIOTCS  CIIOXKHOCTH — MaciutabupoBanus.  Jlist
MacmTabupoBaHUs TAKHX HPHIOKCHUH CyIIECTBYET
Ba TOJXOAA: TOPHU3OHTAIBHOE M BEPTHKAIBHOE
MacmrabupoBanue. BepTukansHoe MaciITabupoBaHue
roJjlaraeTcsi Ha yBelIMYeHHE 00bEMa  pecypcoB
JIOCTYIHBIX ~HPWIOKEHHIO 32 CYET  YBEIHMYCHUS
pecypcoB Ha BUPTyalbHOW MammHe. ['opu3oHTaNIBHOE
)K€ MacITaOUpOBaHME MOJAraeTcsi Ha OalaHCHPOBKY
Harpy3KH U YBEITMUCHUE PECYPCOB MPUIOKEHHUS 3aCUET
YBEIMYCHHS! KOJNMYECTBA BUPTYANbHBIX  MAIIHH.
BeprukanpHoe — MamrabUpOBaHHE  HMEET  CBOM
OrPaHUYCHUSI CO CTOPOHBI MPEJOCTABUTEIS 00JaYHbIX
CepPBHCOB, a TOPH3OHTAIbHOE MAacIITaOUPOBAHHE
TpebyeT NpOAyMBIBAHHS APXUTEKTYPbI, OTCYTCTBHE
KOTOpPOIl Ha paHHHMX »JTalax MOXXET NPHBECTH K
YCIOXKHEHUIO pedakTopuHra U paboThl MPUIIOKEHUS
[1].

[Toxxon 00nauHBIX (GYHKIHMH HANPOTHB B CBOIO
OCHOBY Oepér mpoctoTy MacmrabupoBanus. Jls
BBITIOJIHCHHS KaXKOTO 3ampoca MPOMCXOMUT BBI30B
«pyHKIEM» - HE3aBHCHMOTrO (parmMeHra Koja,
KOTOPBIM BBHIMOJHACT TOJNBKO TpeOdyeMylo 3amady.
Pa3BopaunBaeTcst KOHTEHEP B KOTOPOM BBITTOJHSETCS
xox. Ha xaxnplii 3ampoc co3maérest HOBBII KOHTEHHED
WM UCHOJIB3YeTCsl CBOOOMHBIN. DTO IMPUBOJUT HAC K

TOMY, 4YTO TIIOMHMO BBIIIOJJHEHHA CaMOTr0o KoJa
TIPATIOKECHUA Ha 60J'ILI.HyIO 4acTb 3arpocoB
JOMOJIHUTEIBHO nobaBsieTcs BpeMs CO31aHusA

KOHTeiiHepa. B o0nayHbIX cepBHCax 3TO Ha3bIBaeTCS
BPEMEHEM XOJIOJHOrO CTapTa. Bpems XoJOIHOrO
cTapTa 3aBHCHT OT pa3mepa (QyHKIHH, a TaKKe OT e&
s3bIKa [2].

Bo Bpems MHOAroTOBKM K ciemyiomed (ase
HccneoBaHusl ObUT MPOBEAEH OKCHEPUMEHT UL
BBIICHCHHSI O3TOTO BpPEMEHH. Pe3ynpTaTbl MOXXHO
yBuzets B Tabmuue 1.1. Beiscumiiocs, uro st java
BpeMsi XOJIOZAHOTO CTapTa B cpejHeM coctasisier 500
MWUIMCEKYHI, a 11 python 200 muuucekyua. [pu
pa3BEépThIBAHUK OOBIYHOTO CepBepa MPHIOKCHUH
TaKuX NpodiaeM He HabIonaeTCs.

Takum 00pa3oM pa3o0paB OCHOBHBIC pa3IHUHs
MEXIy apXUTEKTypOil HAlIMX PEIICHHIl MPUCTYIIHM K
cOopy maHHbIX. i cOopa JaHHBIX HA OCHOBAaHHU
(YHKIIMOHATBHEIX TpeOOBaHMH OBUT MOCTPOGH psJ
Harpy304HbIX TECTOB, KOJIMYECTBO 3alIPOCOB B CEKYHTY
MOCTENEeHHO yBenmuuuBaiock oT 100 go  1500.
PesynbraTel MOkHO yBuaeTh Ha rpaduxe 1.1 m B
Tabuune 1.2.

Tabnuua 1.1
Bpems X0/101HOT0 cTapTa 00/1a4HOI QYHKIIMH
KomriecTeo BEMEueREOH] 128 Mb 1024 Mb 3008 Mb
ONEePATHBHOM NAMSTH

Java 650 mc 567 mc 480 mc

Python 253 mc 223 mc 189 mc

Node JS 199 mc 212 mc 210 mc

Golang 350 mc 320 mc 300 mMc
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Tpagpux 1.1 — Maxcumanvroe pemsi OMKIUKA RPULOACEHUS (MC) OM YUCIA 3aNPOCO8

Ta6muma 1.2
MakcuMaJIbHOE BpeMsl OTKJIMKA MPHJI0KEeHUsI
Yucro 3anpocoB 100 500 1000 1500
Bpemst omm;:;a MOHOJIUTA, 167 236 a3 445
Bpewmst oTkimka serverless, 252 264 257 268
MC
[lpy aHammM3e MONYYCHHBIX MJAHHBIX MOXKHO  COCTABISIOLICH caiiTa 3TO HOPManbHOE BpeMs

3aMETHUTB, YTO C POCTOM KOJIMYIECTBA 3aIlIpOCOB BPEMSA

OTKJIMKa OONAa4YHbIX (QYHKIUH MPaKTHYECKH HE
M3MEHSUIOCh M JiepXkaiock B mpuienax 250
MUJUTHCEKYHI, 4TO COOTBETCTBYET 200
MHJUIMCEKYHIAM ~ XOJIOZHOTO cTapra M BPEeMEHH

BBITIOJIHEHHS caMoil pyHKIMH. Peryaupys KoIu4ecTBo
OJTHOBPEMEHHO ’KUBYIIUX KOHTEI{HEPOB MOXKHO HalTU
ONTHUMAJIbHYI0 KOMONHALHUIO [0 IPOU3BOAUTEILHOCTH.

IIpou3BOAUTENBHOM K€  MHCTALLILMH — Ha
BUPTYaJIbHOH MAallMHE OCTABJISECT JKENaTh JIyYIIEero.
TIpoananu3upoBaB JaHHbIC ObLI CHENIAH BBIBOJ, YTO
POOJIEMBI C MPOM3BOANTENIBHOCTBIO OBUIH CBSA3AHBI C
TeM, 4To Tomcat moxer oOpabaTbiBaTh OKOJO 350
TpaH3aKuuii B cekyHy [3].

B uenom Mbl MOXeM HaOIIOaTh, YTO MPHMEPHO
Ha 350 3ampocaX MHCTAUISILUS HA BUPTYaTbHOH
MalipHe AocTuria rpaHunbl B 200 MHJUTMCEKYHI Ha
OTBET Ha 3ampoc. B 1emoMm, i IMHAMHYECKOH

OTKJIMKA, HO C POCTOM TpaduKka BpeMsi OTKIIMKA
JIOCTHIJIO JIOCTATOYHO HEYJOOHBIX UIsi KOHEYHOro
oJIb30BaTeNs uncen [4].

OnTumMuzanus MHQPACTPYKTYPHI
NPOrpaMMHOro TPOAYKTA: NPOaHAJIM3UPOBAB
JIAHHBIC ~ TOJNYYeHHbIE B  XOAE  HArpy304HOrO

TECTUPOBAHHS OB TOCTPOSH METOJ ISl ONTHMH3ALHK
nHOGPACTPYKTYPHl Pa3sBEPHYTOH Ha BHPTYaIbHbBIX
mammHax. CyThb MeTOJa 3aKIIOYaeTcs B TOM, 4YTO
Harpy3ka peajbHOTO MpPHIOKEHHUS HPHUBOAUTCS K
MaTeMaTH4eCKOH MOJICIH U aHAIIM3UPYETCS MOCIIE YeTo
Ha OCHOBaHMH O3THX JaHHBIX MbI POU3BOAUM
aBTOMATHYECKOE YBEJIIMYEHHE WIM  YMEHbIICHHE
MOIIHOCTeH B TeueHUHW JHsA. s aHanu3a BO3BMEM
Tpaduk oxHoro HeGosbiioro mpuiaokeHus. Cepsep
passépayT B AWS Ha BupTyanbHON MainuHe C5.large.
VBUIEeTh €ro Harpy3ky MoHO Ha rpaduke 1.2 u B
Tabmuue 1.3.
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Ipagux 1.2 — Konuuecmeo 3anpocos 6 cekynoy 6 meueHuu Cymoxk aHaiusupyemozo npooykma

Tabmuua 1.3
CyTouHasi HATPy3Ka aHAJM3HPYEMOro MPOAYKTa
Bpewmst cyTok 4:00 6:00 9:00 12:00 15:00 18:00 21:00 00:00 2:00
3arpocoB B CEKyH/Ty 139 226 421 653 763 1236 1672 1257 805
TMosennm JaHHble PO HAPY3KY Ha IPOMEKYTKH
U THpOBEAEM CIVIAKMBAHHE METOAOM  CKOJB3SILIEro
cpeanero no ¢opmyie 1.1.
n
)
sMA =221 @y
n
rae P; — tpaduk,
N — OCHOBHO# mapaMeTp — JUIMHHA CIIa)KUBaHUs WK nepuoa SMA
Tlocne aToro mpoBeAéM  ammpOKCHMALMIO  JJAHHBIE 110 CKOPOCTH POCTa KOJIMYECTBA 3alPOCOB B
KaXKJ10r0 u3 Y4acTKOB pu MOMOIIM  CEeKyHJy, KOTOpble OyaeM HCHOJIb30BaTh B KaueCTBE

MOJUTHHOMHUATIBHON PErpecCHu M Haii/isi MPOU3BOJHBIE
OT TOJyYeHHBIX (YHKIMH MONYyYUM CKOPOCTh C
KOTOpOIl yBEIMUYMBACTCS KOJMYECTBO 3alpoCoB B
MOMEHTBI, KOrAa Bpemss o0paboTku  3ampoca
nepecekaer 4epry B 200 MWIIMCEKYHJ IS OJHOTO
cepBepa [5].

B pamkax skcrnepumeHTa ObUIO ONpPeJIEeIeHO, YTO
9TO 3HAaUY€HME B HalleM ciayuyae paBHO 350 3ampocam.
Haiiném 3HaueHus MPOM3BOAHOI IS BCEX MHOXKECTB
3HayeHuH ¢ mwarom B 350 3arpocoB. Tak Mbl MOTyYHIH

300
250

200

TPHITEpa A7 H3MCHCHIS KOH(PHUTypaIin.

Hacrpoum load-balancer takum o6paszom, 4To6bt
NIPH YBEJITMYCHHN KOJUYECTBA 3alIPOCOB OH MOJIHUMAI
HOBbIC BUPTYaIbHbIC MAILINHEL, @ IPH YMCHBIICHAN —
YMEHbIIANT MX KOJM4YecTBO. IIpUMEHMM JlaHHbBIC
MOJXO0J K CYIIECTBYIOIIEMY HPOIYKTY M Pa3sBEepHEM
HECKOJIPKO BUPTYalIbHBIX MALIHH JUIi OOECIIeYeHHs
paboTOCOCOGHOCTH  MPWIOXKEHHS.  Pe3ynbraTsl
MOXHO yBHIETb Ha rpaduke 1.3 n tabmuue 1.4.
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ITpoaHanu3upoBaB MOJyYCHHbIE JAHHBIE MBI
BHIMM, 4YTO C YBEIMYCHHEM pOCTa 3alpocoB
MaKCHMAaIbHOE BPeMs OTKINKA Y MNPIIOKEHHST 10
ONTHMHM3ALMM  IOCTENEHHO  Bo3pactaeT. Ilocie
ONTHMHU3ALUKM MBI MOXEM 3aMETHTb, YTO Ha MaJloM
YHCIie 3aIPOCOB BpeMsi UX 00paboTky GoJiblie, Y4eM y
MHCTAULLME JI0 ONTHMHU3ALUH. DTO MOXET OBITh
O0yCIIOBICHHO TEM, 4YTO JUIs ONTHMH3UPOBAHHOM
UHOPPACTPYKTYpHl OBUIM TIPUMEHEHBI BHUPTYaIbHbIC

XapaKTepUCTHKaM HpourpsiBaioT C5.large, kotopas
HCIOJIb30BaNACh B HEPBUYHOI KoHuryparuu. [Tuk Ha
300 3ampocax OOYCIOBIEH TeM, YTO IPABHIO
NPUMEHEHHOE JUIS TOAHATUS HOBBIX BUPTYalbHBIX
MalMH emé He OoTpaboTano W BTOPOIl cepBep Uit
00paboTKH 3ampocoB He ObUT MOAHAT. B nanbHeiimem
JMHAMHYECKH TOJHATBIC BUPTYalbHBIC MaIlIHHBI
MO3BOJISIIOT JIEPKaTh BPEMsi OTKJIHKA B MPUEMIMMBIX
rpaHHIaxX.

MallUHBI t2.small, KOTOpBIE o CBOMM
Ta6muna 1.4
Pe3ybTaThl ONTHMH3ALUH
KoJi4ecTBo 3a1pocoB B CEKYHILY 100 | 300 | 500 | 700 | 900 | 1100 | 1300 | 1500 | 1700 | 1900

Bpewmst oTKIHMKA 10 ONTUMH3ALIHH 125 | 165

186 | 192 | 201 | 213 | 234 | 253 | 267 | 282

Bpewmst otkimka nocinie ontumuzami | 146 | 221

165 | 176 | 178 | 181 | 179 | 186 | 210 | 246

VBenauuyeHue BpeMeHH OTKIMKa tocie 1500
3alpOCOB  CBHIETENBCTBYET O TOM, YTO JaHHBIH
TPUITEp IUIOXO pearupyer Ha HempecKasyeMble
HArpy3Kd, KOTOpble MPEBBIIAIOT JaHHBIC Ha
OCHOBAHHH KOTOPBIX JIAaHHBIH TPHUITEP CTPOHJICS, YTO
CTaBUT TMOA COMHEHHE €ro MNPUMEHHMOCTH U
BBIHYXK/JACT K aHAIN3y JPYTHX TPHUITEPOB LIS
W3MEeHEeHHUsI HHPPACTPYKTypBI.

C  (uHAHCOBOW TOYKM 3pEHUS  HCXOMHAs
uHdpacTpykTypa cromna 72 jgoiuiapa B MECSIl
cuuTaem, 4to cepsep C5.1arge Gbi1 aKTHBEH Kablil
JIeHb B TEYEHMHM Mecsua npu croumocts 0,097
noiutapoB  3a uac.  Mudpactpykrypa  mocie
ONTHUMHU3ALMK  CTOMT 65  [OmIapoB: B XO#e
9KCMEPUMEHTA IOTyYHIOCh, YTO OJHA BHPTyaIbHAas
MaliHa Obljla akTHBHA 24 Yaca B T€YEHUH MECSI, eIé
nBe — 16 yacoB u emé nBe 8 yacos npu nexe B 0,027
JI0JUTApOB 32 OJHY BHUPTYaJbHYIO MAIIMHY B 4ac. OTO
CBSI3aHO C TEM, YTO OOJAYHBIE CEPBUCHI MOOLIPSIOT
5((deKTHBHOE  MCIONB30BAHHE  BBIYHCIUTEIBHBIX
pecypcoB 3a CY4€T CBOMX IICHOBBIX IIOJIUTHK.
Hcnons3oBaHne OONBIIOTO KOJHMYECTBA BPEMEHHBIX
BHPTYaJIbHBIX MAIIHH (B HAIlIEM YKCIIEpUMEHTe oT 1 J10
5) oKa3aJoch HE TOJNBKO BBITOJHEE C TOYKH 3PEHHUS
0JIb30BATENIBCKOM yI0OHOCTH, HO U C (DHHAHCOBOIT
ToukM 3peHus. IIpoBenst nanbHeWimii ananus ObLIO
BBUSICHEHO, 9YTO TMPH  YBEIMYEHHH CTOUMOCTH
BUPTYaQJIbHOH MAalIMHBl ISt ONTHMH3WPOBAHHOMN
UHOPACTPYKTYPHI HA | LEHT NPHUBEIIO GBI K IPOUTPBILTY
1o (MHAHCOBOM COCTABISIOLICH, a UMEHHO TO, 4TO
uHpacTpykTypa 00Xxoaunacs Obl HaM B 86 10/1apoB.

BbiBoabI M npeiokenusi: B xone npoBenéuHoit
paboThI OBLT MPOAHATM3HPOBAH TIPE/UTOKEHHbINH METO/
ONTUMHU3ALMH  HMH(PACTPYKTYpEL. Tlony4enHble
JTAHHBIE CBUJICTEIILCTBYIO O TOM, YTO METO/] IPUMEHUM
1 1aéT BO3MOXKHOCTD MOAAEPXKUBATE HHPPACTPYKTYpy
B TIOJIOXKEHUM TIPH KOTOPOM IpHIIOXKeHue Oyner 6e3

3aTPY/HEHHIl MCIIOJIB30BaThCS MOJB30BaTeIIMU. TO,
410 (PMHAHCOBO ONTUMHU3UPOBAHHAS HHPPACTPYKTYpa
OKa3aJlaCh BBITOJIHEE, SIBISIETCS — COIMYTCTBYIOLIUM
pE3yIbTaTOM M HHUKAaK HE KOPPENUpyeT HH C YeM,
KPOME [ICHOBBIX HOJIUTHK PEI0CTaBUTENCH 00IaYHBIX
cepBUCOB. IIpe[UIOXKEeHHBI TpUITep, a HMEHHO
CKOPOCTh POCTa KOJMYECTBA 3alPOCOB, HEOOXOIUMO
CPaBHHTH C JPYIMMH BO3MOXHBIMH, a HMMEHHO C
KOJIMYECTBOM 3alPOCOB B CEKYHIY U MaKCHMAaJbHBIM
BpeMeHeM oTK/InKa. CyliecTBYeT BEpOsTHOCTh, 4TO
TPHUITEPbl HA KOJINYECTBO 3al[POCOB M BPEMsI OTKIIMKA
Oynyt sddexTuBHEe 11s1 Oojiee Hempenckasyemoun
Harpy3KH,
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Abstract. The article deals with the legal framework for regulating the activities of the media in Uzbekistan.
The history of the right to information is studied; its reflection in the legislation of Uzbekistan is analyzed.
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of the media organization, their definition in the norms of the law, their peculiarities are studied.
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Today, the information that has become a daily
human need is being updated every second. Its area is
so wide that if you can't find what you need, you're
bound to be looking for a traveling star. At the same
time, it has the power to rule the world - information
has also gone through certain periods of development.
Among them, the conscious dissemination of
information by man took place in the fifth stage. In
doing so, people went through morphological creation
and achieved the results of real thinking and creativity.
Conscious creation, on the other hand, was not limited
to the collection and processing of information, but also
encouraged the search for ways to disseminate it to the
masses. The result has been pre-journalism scenes,
including meetings, announcements, correspondence,
lithography, and other forms of mutual information
exchange.*

Sources say that drastic changes in the field of
information have occurred three times. The first took
place when a special mechanism for recording and
distributing time, by region, emerged. The second
change is related to the beginning of book printing. It
consisted of copying documented information using a
special typewriter. The third is characterized by the
invention of electronic computers. This change is
significant as the transfer of work in human activity to
technology.

Now they are assessing how democracy works by
ensuring freedom of information and speech. In
particular, this is one of the important directions in the
current stage of democratic renewal in our country,
which focuses on ensuring freedom of information.

If we look to the past, we will see that the right to
freedom of information and speech, one of the most
important hallmarks of democracy, also has its own
history. In particular, in 1945 in Mexico City was held
a conference of American states on strengthening the
right to information at the international level, where the
slogan "freedom of information" was first raised by the
United States.

The first session of the UN General Assembly in
1946 adopted Resolution 59 (1), entitled "Convening
an International Conference on Freedom of

lHistory of world journalism.Textbook-T.: Publishing
House of the National Society of Philosophers of
Uzbekistan. 2006 ( p. 9)

Information”, which stated that "the right to
information consists of the right of a person to collect,
transmit and publish information without hindrance”,
was pushed.

It should be noted that in a number of European
countries, the idea of freedom of the press and speech
has developed a long time ago. In particular, in Sweden
in 1766 the Law "On freedom of the press and speech"
(in the new edition of April 5, 1949) was adopted,
which strengthened the right of citizens to information.

It is noteworthy that freedom of information and
speech is recognized as one of the basic personal rights
of citizens around the world, and every year 3" May is
celebrated as World Press Freedom Day.

The adoption of national constitutions in many
countries has led to the emergence of the right of
citizens to information in the system of rights and
freedoms and the strengthening of this institution on the
basis of constitutional provisions. In particular, Article
29 of the Constitution of Uzbekistan contains a
provision guaranteeing the right to information,
according to which “Everyone has the right to freedom
of thought, speech and religion. Everyone has the right
to seek, receive and impart information of his choice,
except for information directed against the existing
constitutional order and other restrictions established
by law.

In accordance with this constitutional principle, a
number of laws and programs aimed at ensuring public
awareness of the necessary information have been
adopted. These include the Law on Informatization, the
Law on Principles and Guarantees of Freedom of
Information, and the Law on Mass Media.

In this regard, it is necessary to provide
information on the mechanism for exercising the right
to information. This process consists of three stages:

e the first is the existence of a regulatory
framework that serves to ensure the emergence,
provision and guarantee of the rights and obligations of
citizens related to access to information;

e the second is the relationship between
information subjects;
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e the third is to prevent violations of citizens'
rights to information and, if so, to restore their
legitimate interests and rights.?

In all countries of the world, the media play an
important role in the socio-political life of society. In
the world experience, there are laws regulating the
organization, conduct, termination of media activities,
as well as all actions in the system as a whole. In
particular, these laws play a key role in the policy of
media management in Uzbekistan. The Law on Mass
Media, which was revised on January 15, 2007 and
contains a total of 40 articles, contains a number of
articles regulating the activities of the media,
organizing the editorial office, and conducting
management policy in accordance with the laws of
economic management.

The law strictly defines the management policy of
the media. In particular, Article 8 states that the right to
establish mass media is vested in legal entities and
individuals. Articles 9-10-11 provide a general
description of the founding document and the
memorandum of association between the founder and
the editorial board, as well as the charter of the editorial
office.

Articles 12-13-14 specify the agreement between
the founder and the editorial board, the rights and
obligations of the founder. For example, Article 15
defines the activities of an editorial office as follows:
“An editorial office is a structural unit of a legal entity
or an individual who publishes a media outlet. The
editorial office can be organized in any form provided
by the legislation. The editorial office is independent in
its professional activities. It consists of the editor-in-
chief and the editorial staff. The editorial office can
start its work after the registration of the mass media. ”
Distribution of mass media can be carried out directly
by the editorial staff, individuals and legal entities on a
contractual basis. Distribution of printed media
products is carried out through the organization of
subscriptions to them, as well as through the retail
network. The number of registered periodicals through
the retail network, including manual sales, is carried out
by state distributors of publications or by legal entities
that own the network, individual entrepreneurs in the
manner prescribed by law.

Laws “On Protection of Journalism”, “On
Advertising”, “On Principles and Guarantees of
Freedom of Information”, “On Informatization” and a
number of other legal acts regulate the activities in the
field.

These legal documents define the legal boundaries
that must be followed in the organization and conduct
of editorial activities. The team, from the editorial
manager to the youngest employee, must follow them.

2Collection  of Legislation of the Republic of
Uzbekistan, 2007, No. 3, Article 20; Legislation April
19, 2018., n003/18/476/1087/

3 Law of the Republic of Uzbekistan "On Private
Enterprise". Tashkent,2003 year, 11 december,558-11-
number —https://lex.uz/docs/53877

Failure to comply with the norms will result in liability
before the law.

The following main directions of the activity of
the editorial office and the printed edition issued by it
in such special laws regulating the activity of the
system:

o the legal status of the editorial office and its
print publication, the conditions of their establishment,
their relations with government agencies and other
structures of society;

e subjects of editorial
interrelation;

The legal status of the journalist as a member of
the editorial staff, as well as the author of articles in the
newspaper and his relationship with the editorial staff;

Defines the relationship of the editorial office and
its journalist with the readership of the print media.

Under current law, a media outlet can also be
established by several founders.

The following may not be founders of the media:

e aperson under the age of eighteen;

e a person whose criminal record has not been
completed or conviction has not been expunged or who
has been declared incompetent by a court for an
intentional act;

e a non-governmental non-profit organization
whose activities are prohibited by law.

Also, the establishment of mass media by legal
entities with a share of foreign investment in the charter
capital of thirty percent or more is not allowed.

The Law on Mass Media also provides for the
provision of financial support to the media and the
procedure for conducting it.

Thus, in accordance with the second part of Article
15, the editorial board of the media can be formed in
any organizational and legal form established by law.
The decision to choose the organizational and legal
form of the editorial office is made by the owner of the
property as a legal entity. The editorial office of a print
media may be established and registered with the status
of a legal entity, private enterprise, limited or additional
liability company, unitary enterprise, open or closed
joint stock company, as well as other organizational
and legal forms.

Private enterprise. A commercial organization
established and managed by a single individual owner
is recognized as a private enterprise.®

Private enterprise is an organizational and legal
form of business entities.

A limited liability company (LLC) is a limited
liability company established by one or more person,
the charter capital (authorized capital) of which is
divided into shares in the amounts specified in the
constituent documents. within the value of their
contributions.*

activity and their

4 Law of the Republic of Uzbekistan “On limited and
additional liability companies”, Tashkent city,
december 6, 2001, no. 310-11-
https://www.lex.uz/acts/22525
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Joint-stock company (JSC) - a joint-stock
company (hereinafter referred to as a company) is a
commercial organization divided into a certain number
of shares, which confirms the rights of shareholders to
the joint-stock company.®

Unitary enterprise. A unitary enterprise is a
commercial organization that has not been granted the
right of ownership by the owner of the property. The
property of a unitary enterprise is indivisible and cannot
be divided into shares (shares, stakes) (including
among the employees of the enterprise). The property
of the unitary enterprise shall belong to it on the right
of economic management or operational management.

The choice of organizational and legal form of the
editorial office depends on:

e type of business and its scale;

e the number of future business partners, the
level of participation and responsibility of each of
them;

e the amount of available funds and the statutory
fund established by law;

e the amount of the share of each of the partners
in the charter capital;

e characteristics of each of the listed legal
forms.

In the practice of organizing print media in
Uzbekistan, the most commonly used organizational
and legal forms are private enterprises, limited liability
companies and closed joint stock companies. Each of
these forms has its own characteristics.

The right to information is also closely linked to
the right of citizens to apply to public authorities.

The Law "On transparency of public
administration™ adopted on March 11, 2014 is expected
to be a guideline for ensuring the effectiveness of
activities in this area. The legal norm consists of 24
articles, which cover important aspects of the direction.
In particular, Article 4 of the Law sets out the basic
principles of transparency of public administration,
according to which:

°> Collection of legislation of the Republic of
Uzbekistan, 2014, no. 19.

The main principles of transparency of public
authorities are:

* the information provided by them is accessible
to all, its timeliness and reliability;

* openness and transparency of their activities;

* freedom to seek, receive and disseminate
information on the activities of public authorities;

* observance of the rights and legitimate interests
of citizens to protect their honor and dignity from
aggression, intrusion into their private lives, as well as
the rights of citizens and legal entities to protect their
business reputation when providing information on the
activities of public authorities.

It is noteworthy that the law includes a special
clause on the conduct of the media, which guarantees
access to information on the activities of public
authorities and administration.

In conclusion, ensuring freedom of information
and speech is even more important today.

After all, the issue of ensuring the rights and
freedoms of citizens in the field of information
embodies the human right and freedom to receive
information, disseminate information and personal
opinion, which is a key factor in the formation of a
democratic society in Uzbekistan.
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POJIb IPOMHUHAHTHOCTHU B MATPUYHOM MOJEJIUPOBAHUU KOHUEINTA ITOITHTHKA
(HA BA3E NIYBJIMOUCTHYECKOT'O JUCKYPCA CIIA)

Summary. The article represents a mechanism of reproducing a matrix model of the POLITICS concept,
which is done via the methodology of component analysis in a discourse sample of 180 US celebrities’ utterances.
In particular, the contexts are processed for defining an implicit integral seme as well as explicit differential ones
that are further equated to the macrodomains (base — profile) of the POLITICS concept. Having been analyzed
subsequently via the cognitive interpretation by Z.D. Popova and I.A. Sternin, the microstructure of upper domains
is arranged as lexical-semantical fields (LSFs). The frequency of the latter in the whole sample is regarded as the
prominence operation by R. Langacker, which establishes what concept features are the main in terms of
Americans’ view on the POLITICS as a social phenomenon. The role of prominence in the matrix research is
compared with identical network reconstruction of the POLITICS concept in the previous study. A schema of the
generated matrix is revealed in the article as well.

Annotanus. CTaThsi pacKpbIBacT MEXaHH3M PEKOHCTPYKLIUK MaTpuuHoi Mozenu konuenrta [IOJIMTHUKA,
YTO BBINOJIIHEHO MOCPEACTBOM METOAUKN KOMIIOHEHTHOTO aHalli3a JUCKYPCHBHOM BbIOOpKH 180 BbICKa3bIBaHMI
3HaMmeHuTocteil CIIA. B yacTHOCTH, KOHTEKCTHI aHATU3UPYIOTCS C ONPEACICHUEM UMILTUIUTHO UHTErPaJIbHON
U DKCIUIMIUTHO JudepeHImanbHbIX ceM, KOTOpble NMPUPaBHUBAIOTCA K MakpojoMeHaM (0a3a — mpoduiib)
konnenta [IOJIMTUKA. Tlocine korHUTHBHO# MHTepnperaiuu koHTekcToB mo 3., Tlomosoii, M.A. CrepHuHy
MHKPOCTPYKTYpa BBICHIMX JOMEHOB COPTHpYeTCs Kak Jiekcuko-ceMantuueckue noias (JICIT). YactHocTh
MIOCIICAHUX B BBI60pKC paccMaTpUBaACTCs KaK peaIn3anusa onepanuyu MIPpOMHUHAHTHOCTH P. HCHCKCPH, 6nar0)1aps{
KOTOPOI1 ONpeaenseTcs], YT0 KOHKPETHO ABJIACTCS TIIaBHBIM 11 amepukanies B ocmbicnennn [IOJIMTUKU kak
counuanpHoro geHoMeHa. Posb MpOMHUHAHTHOCTH B MatpuuHOi pekoHcTpykuuu ITOJIMTUKU comocraBieHa ¢
CeTeBOM pCHpOZ[yKLIPICﬁ KOHIICTITA. I[OHOHHP[TCHLHO YKasaHnbl HWIIIOCTpAllNH CMOHCHHPOB&HHOﬁ MaTpHILbI
KOHIICTITA.

Key words: concept, discourse, US celebrities’ utterances, matrix model, domain, cognitive interpretation,
prominence

Kniouesvie crnosa: KoHyenm, OUCKypc, evickaszvleanust snamenumocmeti CLLIA, mampuunas modeib, 0omeH,
KOocHUMUBHAs uHmepnpemayus, NpOMUHaAHmHoOCmMs

Obtaining knowledge produces mental formations  the first ever done study of the POLITICS concept from

—concepts. As a piece of information activated in mind
by a language unit, the concept is structured via the
network or matrix formats [1]. Although both have
been widely used for generating concept visualizations
(e.g. JOY [2], EMPATHY [3, p. 190-202],
BUSINESSMAN [4], MYSTERY [5] for the network;
TIME [6], RITE [7], DAMAGE [8] for the matrix), an
issue of modifying conceptual schemas into cognitive
models remains unsettled. The latter, started by
S.A. Zhabotinskaja within converting the JOY
conceptual model into a cognitive one using some
cognitive operations [2], is being considered by me in
studying the POLITICS concept on the basis of USA
discourse. After producing the POLITICS cognitive
model [9] through the network format with operations
of cognitive interpretation by Z.D.Popova &
LA, Sternin  [10,p. 200] and prominence by
R. Langacker [11, p. 66-73], there is an urgent need to
construct a similar matrix cognitive model. The fact of

such a perspective stipulates the research relevance.
Regarding the POLITICS concept as the research
object and construction of its matrix model modified
by prominence as the research topic, | compile the
research material — a 180-context sample of USA
celebrities’ utterances (retrieved from Internet quote
bases [12; 13; 14; 15]). That is processed via the
methodology of component analysis whose essence
has been revealed in the previous study of POLITICS
via lexicographical definitions [16] — an implicit
integral seme as well as explicit differential ones are
defined and equated to units in the domain hierarchy of
the concept. Then semes-domains are interpreted
cognitively for grouping as compact LSFs (with
subsequent reproduction in the form of the POLITICS
matrix schema) while their counted frequency in the
sample — prominence — is used as a criterion to find out
what is the main for Americans in considering
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POLITICS as a social phenomenon. Reaching such a
research aim requires explanation.

The sample of 180 USA celebrities’ utterances has
been previously compiled by me when I represented the
role of cognitive interpretation in matrix research via
political and celebrity discourses [17]. Therefore, the
sample has been already processed through the
component analysis as well as cognitive interpretation,
and a detailed explanation can be found on Google
Drive [18]. The semes-domains can be now indicated
as LSFs. They are stated below (in round brackets there
is the seme frequency within the sample, which is
clarified in angle brackets via ASSESSMENT - H for
HIGH, M for MODERATE, L for LOW, N for
NEUTRAL).

Integral seme: COORDINATION.

Differential semes:

FORM OF COORDINATION
<H15/M13/L23/N57>):

1. SCIENCE (9; <HO/MO0/L1/N8>): art (6);
science (1); politics (2);

2. IDEAS (44; <H4 /M6 /L7 /N27>): interests
(2); ideas (3); opinions (1); conception (1); feeling (1);
duty (1); responsibility (1); mission (1); topic (1);
attempt (1); politics (1); power (1); leadership (2); not
leadership (1); optimism (1); common pulsebeat (1);
conspiracy (1); Cold War (1); war (1); revolution (2);
alliance (1); regime (1); democracy (4); leftist side of
politics (1); radical side of politics (1); right-wing
politics (1); left politics (1); right politics (1); identity
politics (2); job politics (1); social politics (1);
government politics (1); grass-roots politics (1); an
expression and form of public ethics (1); pop culture

@

(108;

3. ACTIVITY (55; <H11/M7/L15/N22>):

EVENTS (7; <H4 / M0/ L2 / N1>): politics (7);

WORK  (47; <H7/M7/L13/N20>): politics
(33); political affiliation (1); practice (1); profession
(1); job (2); office (1); field (1); orchestration of power
(1); forum (1); conduct (1); business (1); show business
(2); entertainment branch (1); life (1);

BEHAVIOR (1; <HO/MO0/L0/N1>): politics
1).

CIRCUMSTANCES OF COORDINATION
(279; <HO/ M4/ L10 / N265>):

1. SPHERE (136; <HO / M3 /L6 / N127>):

REALITY (1; <HO/ MO/ L0/ N1>): the real (1);

POLITICS (105; <HO/ M1/ L5/ N99>): politics
(98); public affairs (1); democracy (1); international
politics (1); foreign policy (1); elections (1);
government (1); world leadership (1);

ECONOMICS (9; <HO / MO0 / LO / N9>): business
(6); industry (1); economics (1); manufacturing (1);

CULTURE (2; <HO/ MO0/ L0/ N2>): pop culture
(1); entertainment (1);

CIVIL SPHERE (6; <HO/M1/LO/N5>):
community life (1); every bold intention (1); lives (1);
justice (1); race (1); charity (1);

EDUCATION (2;
education (2);

NATURAL SCIENCES €]
<HO /MO0 / L1/ N2>): global warming (1); science (2)

<HO/M1/L0/N1>):

RELIGION AND HUMANITIES (8;
<HO / MO/ LO / N8>): new religious right (1); political
philosophy (1); the Bible (1); religion (4); beliefs (1);

2. PLACE (38; <HO / M1/ L3/ N34>):

TERRITORY IN SPACE ASPECT (19;
<HO/M1/L3/N15>): everywhere (1); the Earth (1);
world (13); space (1); environment (1); where you live
(1); where your heart is (1);

SOCIAL  ADMINISTRATIVE UNIT (6;
<HO/ MO0/ L0/ N6>): country (5); government (1);

AMERICAN SOCIAL ADMINISTRATIVE
UNIT (10; <HO/MO0/LO/N10>): America (7); the
United States (1); Louisiana (1); Federal Government
(1)

EURASIAN / AFRICAN SOCIAL
ADMINISTRATIVE UNIT (3; <HO /MO0 / L0/ N3>):
Israel (1); Middle East (1); Lebanon (1);

3. OBJECT (55; <HO/ MO0/ L1/ N54>):

3.1. PEOPLE (42; <HO/ MO0/ L1/ N41>):

QUANTITATIVE GROUPING ASPECT (24,
<HO/MO0/L1/N23>): society (2); the public (2);
people (10); populace (1); humans (3); audiences (1);
men (2); persons (1); others (2);

SOCIAL CLASS ASPECT (10;
<HO /MO0 / L0/ N10>): the rich (3); the poor (2); grass
roots (1); the ignorant (1); the illiterate (1); the
uneducated (1); enemies (1);

RELIGIOUS ASPECT (1; <HO/ MO/ L0/ N1>):
Christians (1);

COMMON ASPECT (7; <HO/MO/LO/N7>):
we (4); you (1); those (1); everybody (1);

3.2.CIVIL LAW RELATIONS (13;
<HO/MO0/L0/N13>): troubles (1); challenges (1);
irrationalities (1); the disastrous (1); the unpalatable
(1); marriage (1); debate (1); wrongs and paltry rights
(1); issues (1); ideas (1); dreams (1); roles (1); smut (1);

4. TIME / CONDITION (50;
<HO / MO/ LO / N50>): for years (1); too long (1); for
the rest of life (1); now (1); today (3); everyday (2);
someday (1); sometimes (1); modern (1); ever (2);
always (7); often (2); in 2018 (1); by 2000 (1); for 50
years (1); in the Internet age (1); the Greatest
Generation (1); the Silent Generation (1); for so long
(1); condition (1); every time (1); in the old days (1);
anymore (1); once in a while (1); new age (1); new time
(1); time (1); advent of television (2); in many cases (1);
choosing (1); in the long run (1); writing (1); side (1);
next elections (1); absence of education (1); past (1);
elections (1); lying (1).

SUBJECT OF COORDINATION (144;
<H8/M6 /L6 /N124>):

PEOPLE (144; <H8 / M6 / L6 / N124>):

1.POWER HIERARCHY ASPECT (16;

<H2/M1/L2/N11>): Lincoln (1); the Clintons (1);
Bernie Sanders (1); chief executive (1); leader (2);
politician (6); those in power (1); political bedfellows
(1); top (1); bottom (1);

2. POWER RESPONSIBILITY ASPECT (15;
<HO/M2/L2/N11>):

LEGISLATIVE (10; <HO/M2/L2/N6>):
parties (5); factions (1); left (1); right (1); leftists (1);
radicals (1);
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EXECUTIVE (2;
Administration (1); consul (1);

EDUCATION (1; <HO/ MO/ L0/ N1>): people
of education (1);

JOURNALISM (1; <HO/MO/LO/N1>): the
media (1);

SERVICE SECTOR (1; <HO0/MO0/LO/N1>):
bellhops (1);

3. QUANTITATIVE AND SOCIAL
ORGANIZATION ASPECT (32; <H2/
MO/ L1/ N29>): many (1); people (10); the public (1);
group (1); humans (2); men (5); women (4); persons
(2); citizens (1); Americans (2); Europeans (1); groups
(1); tribes (1);

4. AGE ASPECT (2; <H2/MO/LO/NO>):
children’s children (1); successors (1);

5. SOCIAL CLASS ASPECT (5;
<HO /MO /L1/N4>): the rich (1); the poor (1); black
woman (1); foreigners (1); strangers (1);

6. WILL ASPECT (11; <H1/ M2/ L0/ N8>): the
best among us (1); the unproductive but organized (1);
the productive but unorganized (1); nutcases (1);
martyrs (1); adherents (1); thieves (1); terrorists (1);
the Devil (1); sumbitch (1); liars (1);

7. COMMON ASPECT (63;
<H1/M1/L0/N61>): someone (1); one (1); I (9); we
(16); you (16); he (6); she (1); they (5); everybody (4);
those (2); each to the other (1); who (1).

TOOL OF COORDINATION
<H36/ M28/ L59 / N54>):

POWER SUBJECTS AND ACTIONS (16;
<H3/M1/L5/N7>): politics (7); political means (1);
retreat (1); control (2); power (2); bipartisan consensus
(1); support (1); voting (1);

POWER MONOPOLY (1; <HO /MO0 /L0 /N1>):
domination (1);

NO KEEPING LAWS (1; <HO/M1/L0/NO0>):
drugs (1);

<HO/ MO/ L0/ N2>):

(177,

SELF-CRITICISM (1; <HO/MO0/LO/N1>):
narcissism (1);
FORCE (7; <HO/M1/L4/N2>): war (3);

menacing (1); rule (1); abuse of power through digital
networks (1); no public discussion (1);

DIPLOMACY (7; <H2 / M2/ L0/ N3>): without
controversy (1); a non-violent way (1); arguments (1);
cooperation (1); consensus (1); declining competition
(1); collaboration (1);

HOSTILITY 7; <HO /M2 /L3/N2>):
competition (1); vindictiveness (1); no cooperation (1);
no friends (1); division (1); disagreement (1); no
arguments (1);

RESISTANCE (4; <HO/MO0/L1/N3>):
revolution as an abrupt change (1); attenuation (1);
struggle (1); fight (1);

INFIRMITY (3; <HO/M1/L2/NO0>): fear (1);
inexperience (1); responsibility without authority (1);

PERSISTENCE (10; <H6/MO/L1/N3>):
courage (2); patience (2); tolerance (1); suffering (1);
optimism (1); carving (1); mauling (1); influence (1);

REASON (11; <H2 / M3/ L1/ N5>): rationalism
(1); choosing words and actions (1); gossip (1); words
and gestures or their absence (1); psychology (1);

choosing (1); making a choice (1); combining reality
and appearance (1); pleasing (1); expedience (1);
understanding (1);

REFORMING (1; <HO0/MO0/L1/N0>):
agreeing on rules and slowly changing them (1);

NO REFORMING (1; <HO/M1/LO0O/NO>):
failure of political organization or power (1);

MASS MEDIA (6; <H2/MO0/L4/NO0>):
Facebookistan (1); media (1); television (2); objective
journalism (1); journalism (1);

SCIENCE, ECONOMICS AND INDUSTRY (5;
<H1/MO0/L2/N2>): science (1); history (1);
technology (1); oil trade (1); money (1);

IDEOLOGY (16; <H1/M7 /L5 /N3>): race (1);
religion (5); no religion (1); ideological polarization
(1); no parties (1); political views (1); conception of
people acting against their own best interests (1);
misogyny (1); Cold War (1); the worst ideas (1); the
best ideas (1); ideology (1);

ART (4;<H3 /MO0 /L1/NO0>): art (1); music (1);
record (1); culture (1);

KEEPING MORALITY (17;
<H8/ M6/ L0/ N3>): virtue (1); Jesus (1); emotions
(1); loyalty (1); honesty (1); truth (1); short memory (1);
liking people (1); outgoingness (1); without alienation
(1); trust (1); no money (1); ideas (1); hope (1); joy (1);
kindness (1); lesser evils (1);

NO KEEPING MORALITY (35;
<HO /M2 /L22/N11>): bribery (1); favoritism (1);
corruption (4); money (5); finance (1); no rules (1);
without merit (1); no truth (1); separation from
humanity (1); lousy way (1); manipulation (1); doing
whatever you want (1); make-believe (1); step on heads
(1); step over bodies (1); lie (1); no honesty (2); hatreds
(1); sliming (1); manipulation of money (1); forgetting
(1); failure of love (1); no ethics (1); power rather than
truth (1); no shame (1); playing (1); gobbling cash (1);

DOING DUTIES PROPERLY (6;
<H4 / M1/ L0/ N1>):noignoring (1); no verbal abuse
(1); picture rather than words (1); seeking to control
(1); seriousness (1); facts, numbers and results (1);

DOING DUTIES IMPROPERLY (9;
<HO / MO/ L5/ N4>): keeping no promises (2); words
rather than facts, numbers or results (1); diagnosing
incorrectly (1); applying wrong remedies (1); verbal
abuse (1); ignoring facts (1); lack of control (1); caring
improperly (1);

SOCIAL EQUALITY (6; <H4/MO0/LO/N2>):
social justice (1); private sector (1); right for politics
(1); law (1); interdependence (1); race economic
independence (1);

SOCIAL INEQUALITY (3;
<HO/MO0/L2/N1>): no right for politics (1); no
independence (1); no political correctness (1).

RESULT OF COORDINATION
<H17/ M1/ L25/N98>):

1. PURPOSE (76; <H17 / M1/ L19 / N39>):

SOCIAL PROGRESS (34;
<H17 /MO0 /LO/N17>): peace (4); progress (1);
support (1); military considerations (1); ethical reasons
(1); justice (3); keeping populace alarmed (1); human
evolution (1); accountability for lie (1); people (1);

(141;
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marriage equality (1); prosperity (2); security (2); less
suffering (1); improvement of people’s lives (1);
liberation (1); against imperialism (1); against scarcity
(1); supremacy (1); integrity (1); doing big worthy
things (1); proper social stratification (1); identity (1);
publicly funded elections (1); truth (1); people (2);

PROFIT (42; <HO/M1/L19/N22>): private
advantage (6); self-interest (3); election (1); getting
votes (1); campaign funds (1); profitable reaction (2);
power (4); politics (1); government (3); King of the
Mountain (1); money (4); enriching oneself (1);
robbery (1); business (2); prestige (1); tax cuts (1);
deregulation (1); serving someone’s politics (1);
winning (1); getting things done (1); no religion’s
running country (1); no truth (1); no aging out of
politics (1); corruption (1); no accountability for lie (1);

2. CONSEQUENCE (65; <HO/ MO0/ L6 / N59>):

2.1. SOCIAL CHANGES (47,
<HO /MO / L5/ N42>):

~.
A

life

Result of
coordination P

( - Subject of
coordination

¢ Worsening social ™

coordination
parameters

COORDINATION

coordination ";\\‘ Science

BETTERING SOCIAL LIFE (15;
<HO0 / MO0/ LO / N15>): strengthening social units (4);
providing social and political progress (11);

WORSENING SOCIAL LIFE (32;
<HO /MO0 /L5/N27>): weakening social units (6);
providing no social and political progress (26);

2.2. PERSONAL CHANGES (18;
<HO /MO0 /L1 /N17>): change of human conduct (4);
change of social trust (1); degree of proceeding to goal
(13).

ASSESSMENT
PARAMETERS:

1. HIGH ASSESSMENT (76);

2. MODERATE ASSESSMENT (52);

3. LOW ASSESSMENT (123);

4. NEUTRAL ASSESSMENT (598).

Total: 849 cases of all domain realizations in the
sample.

The defined LSFs are equated to domains in the
hierarchy of the POLITICS concept, which can be
visualized as a matrix model (figures 1-4).
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Figure 1. Matrix model of the POLITICS concept
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Figure 2. Matrix model of the POLITICS concept:
microstructure of the TOOL domain
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Figure 3. Matrix model of the POLITICS concept:
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Figure 4. Matrix model of the POLITICS concept:
microstructure of the CIRCUMSTANCES domain

Thus, the POLITICS macrostructure is
represented by the COORDINATION profile and the
FORM, CIRCUMSTANCES, SUBJECT, TOOL,
RESULT, ASSESSMENT base. Among all base
macrodomains, a peculiar attention is paid to the
ASSESSMENT unit: within cognitive interpretation
the sample semes have been analyzed as to pragmatic
intention in authors’ utterances, which produced their
positive, moderate, negative or neutral estimation for
corresponding domains [17]. The fact of such
ASSESSMENT laying over other units gives a reason
for regarding it as an auxiliary macrodomain rather than
a separate one.

The frequency of subdomains in the sample
(prominence) allows defining cognitive features that
are considered by Americans as important in terms of
their view on POLITICS. The most prominent units
within the concept microstructure can be briefly
summarized as the following list:

1) FORM OF COORDINATION — ACTIVITY
(55 of 108 — 50.9% of 100%);

2) CIRCUMSTANCES OF COORDINATION —
SPHERE (136 of 279 — 48.7% of 100%);

3) SUBJECT OF COORDINATION - PEOPLE
in COMMON ASPECT (63 of 144 — 43.75% of 100%);

4) TOOL OF COORDINATION — NO KEEPING
MORALITY (35 of 177 — 19.8% of 100%);

5) RESULT OF COORDINATION — PROFIT in
PURPOSE, SOCIAL CHANGES in CONSEQUENCE
(42, 47 of 141 — 29.8%, 33.3% of 100%)).

These prominent concept features indicate that
Americans usually consider POLITICS in terms of its
actual realization (who and in which sphere performs
political ~ duties). On the other hand, this
implementation is mostly viewed to find possible faults

in governing the state, because politics is often misused
to get personal benefits.

Meanwhile, some considerable prominent data are
obtained from the ASSESSMENT domain as well.
Among all 849 cases (100%), 598 subdomains are
valued NEUTRALLY (70.4%), 76 — HIGHLY (9%),
52 - MODERATELY (6.1%), 123 — LOWLY (14.5%).
This says POLITICS is usually analyzed by celebrities
critically to find both advantages and disadvantages in
social coordination. Omitting NEUTRAL
ASSESSMENT (without 598 cases) gives some other
results: 30.3% (HIGH), 20.7% (MODERATE), 49%
(LOW) for all 251 cases. This fact shows critical nature
of POLITICS consideration although a greater attention
is paid to fails in governing strategies.

Apart from general macrostructure assessment,
separate POLITICS subunits are also valued within the
concept microstructure. The most active tendency in
prominence difference from such a perspective is
revealed in the TOOL domain. Among all 177 cases
(100%)), its 36 semes-subdomains (20%) are assessed
HIGHLY, 28 (16%) — MODERATELY, 59 (33%) —
LOWLY, 54 (31%) — NEUTRALLY. These figures
show that POLITICS implementation is usually
analyzed pragmatically to detect both more and less
effective tools for public welfare.

Remark: results of prominence within the
POLITICS matrix model differ from those of the
network format [9]. While the former simply singles
out the most important cognitive features for
POLITICS in American mind, the latter further
arranges them by decreasing frequency as zones of the
field cognitive model (in terms of the formula “core —
close — far — extreme periphery”). Therefore, in the
current research the POLITICS cognitive model
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(obtained via matrix that is modified by prominence) is
not a field one. However, it can be studied in future as
a research prospect.
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Abstract. This article focuses on the axiological aspects of the Uzbek national identity and reveals a
philosophical and historical analysis of the role and significance of axiological factors in the manifestation of the
Uzbek identity. It is also devoted to the issues of globalization and the preservation of the Uzbek national identity

on the threshold of the third millennium.
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The third millennium on the threshold of
globalization, which began with a sharp phase of
globalization, the radical social, political and economic
changes that have occurred in the world, has led to a
growing interdependence of different countries,
peoples and cultures. This situation is explained by the
fact that the phenomenon of globalization involves the
formation of new forms and institutions designed to
become regulators of social processes in the 21st
century. While the implementation of socio-economic
reforms in all spheres of life during the period of
independence begins the process of understanding
national identity, studying and researching our rich
spiritual history, on the other hand, the integration of
human development in inverse proportion to the
axiological system of the nation. The study of the
problems they create is also of particular importance.

At a time when a complex process of formation of
national identity is taking place in Uzbekistan, a
constant  situation exists in axiological social,
economic, political and cultural institutions, but there
are certain destructive shifts in the attitude of public
consciousness towards science, family, homeland and
national values. This is not the result of the centuries-
old complication of the former trade union policy, but
the desire of society to move towards global peace on
the threshold of a new millennium.

Within the very term “identity,” Western scholars
conducted large-scale systematic research throughout
the twentieth and early twenty-first centuries. © In these
studies, identity and values are viewed as the basis for
the organization of a more national state. 7 The
problems of identification, identity, national identity
are one of the least studied issues in the social sciences
and humanities of Uzbekistan. In the Uzbek social
sciences, the term identity is often used as a tradition,
value, national spirituality, although it is often not used
in the context of identity in S. Atamurodov's
"Globalization and the Nation". In the book "Global
spirituality - the ideological basis of globalization" by

6 Erickson E. Identity: Youth and Crisis. - M .: Flint, MPSI,
Progress, 2006.

Anderson, B. Imagined Communities. Reflections on the
Origin and Spread of Nationalism . — London: Verso, 1983.
Barth, F. Ethnic Groups and Boundaries . — Oslo: Bergen,
1969. Brubaker, R.Ethnicity without Groups. —
Cambridge: Harvard University Press, 2002.

a local researcher Sh. Kahhorova, identity is considered
in the sense of national spiritual roots as a mechanism
that connects the nation and global development. The
need to study identity and axiology in relation is
growing at an extremely rapid pace. In the book
"Anthropology of Identity" by Sh.O0.Madaeva
theoretical and methodological research of these issues
is carried out, studied under the historical-retrospective
system. °

Historical memory is important in maintaining a
value system in the understanding of national identity.
Because historical memory is an integral part of the
spiritual potential of the nation, created during the
conscious activity, it is a concept that means the level
of the nation's knowledge of the past, its appreciation,
the ability to learn from it.

Historical memory occurs during the conscious
activity of a nation and is passed down from generation
to generation in the process of the rise of its social
consciousness. There will be no future for a nation that
has not been able to preserve its historical memory and
pass it on to the next generation. Because memory is
the most important resource for the future of a nation,
an important source of lessons from past life
experiences. It is this source of resourcefulness that
strengthens national identity. If the historical memory
of each nation is strong, if it has great potential to pass
it from generation to generation, then in its idea the
national spirit will also be strong and retain its
originality.

National identity is manifested in a sense of
belonging to a nation, a systematic understanding of its
history, customs, traditions and values. National
cultural identity is a dynamic historical quality of being
a nation.

In the process of national identification, the
axiological system acts as a unifying force of the
nation, which is clearly felt when the honor, dignity,
dignity of the nation are violated or when the interests
of the nation are violated. In this case, all

7 Gellner, Hrock et al. Nation and nationalism.-M: Progress.
1991.

8 Otamurodov S. Globalization and the Nation, Tashkent: A
New Generation. 2008.

9 Madaeva Sh.O. Anthropology of Identity, -Tashkent:
Nishon Publisher, 2015.
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representatives of the nation, regardless of their
economic status and position, unite on the basis of an
understanding of the common goals and interests facing
the nation.

National identity is reflected in the feelings,
actions, psychology, beliefs of the representatives of
the nation, their attitude to the material and spiritual
values of their nation, their dreams about the fate of the
homeland. That is, the understanding of national
identity is a mental state that is manifested in the minds
of people. Accordingly, it serves as an internal spiritual
force that acts in the protection and development of the
material and spiritual interests of the nation, the nation-
state, and moves and unites the nation in the pursuit of
these goals.

Awareness of national identity is a factor that
mobilizes and organizes the nation in active action in
solving problems in the socio-economic and political,
cultural and educational spheres in the process of
national development.

The axiological system at the heart of national
identity serves not only as the expression or protection
of the interests of the nation in all its forms and
manifestations, but also as a solid foundation for the
existence of the nation. It guarantees that it remains
faithful to the native language, Motherland, traditions,
customs, lifestyle and culture of the nation, does not
leave it under any circumstances and is ready to
sacrifice his life for the independence of the
Motherland. At a time when the world is in turmoil,
every nation should be aware of the influence of various
extremist forces, religious fundamentalism and other
harmful ideas, especially to protect the younger
generation from these alien influences.

Each of the above tools covers the main aspects of
national identity and constitutes its content, but does
not cover all aspects of it. Because the realization of
national identity is such a process that at each stage of
the development of the nation, its content expands and
its importance increases.

National identity is formed as a result of
combining the social orientation of the nation and the
essence of the axiological system, the nation becomes
the main goal and faith of activity.

Although in the history of Uzbek identity the
territorial understanding of the world is connected with
the concept of country, homeland, purpose, Mother
Earth, when people think about existence, in myths,
stories or epics the value of the universe, its infinity,
cosmic and human relations, meaning, content, purpose
and courage , commented on values such as humility,
goodness, loyalty, patriotism, and even deified some of
them.

Although ancient stone inscriptions date back to
the 8th century BC, they reflect ideas, lifestyles, dreams
and aspirations, values and traditions, socio-political
and philosophical and moral values of the three-
thousand-year history of our people, religious, artistic
views, historical and spiritual memory. The
philosophical-historical analysis of the problem of values

! Fayzullaev A.F. The scientific creation of Mukhammad al-
Khorazmi.-T.: Fan. 1983

is based on the ancient tales, legends, myths, stories, epics
created on our soil, that is, on the examples of folklore. It
is known that in the pre-Islamic period, i.e before the
Arab conquest, there were Zoroastrianism, Buddhism,
Christianity and Monism in Central Asia, the most
widespread of which was Zoroastrianism. According to
the Avesta scholar Oldenburg, "... Zoroastrianism is the
most rational religion among the religions of the past,
which attached great importance to the well-being of man
on earth”. The founder of this religion was Zoroaster,
during the period when he lived and wrote the book
"Avesto", the main part of the population in Central
Asia began to move to sedentary life, farming and
handicrafts, increasing attention to nomadic
pastoralism. These social changes in the lives of the
peoples of our country required the renewal of the
ideology that hindered its development, the
implementation of religious reforms that could meet the
requirements of a new society. This reform demand is
reflected in the Avesto. Moreover, this period laid the
groundwork for the emergence of identification
features in the minds of people.

Since the Avesto is the sacred book of
Zoroastrianism, it reflects the system of values of this
religion. At the same time, the book emphasizes universal
values, their importance for human spirituality and
practical activity. In the play, such qualities as goodness,
perfection, kindness, humanity are shown through the
image of Ahuramazda. According to one of the authors
of the book, Zarathustra (Zoroaster), people should
follow the forces of good, light, distinguish good from
evil, justice from injustice, and be on the side of
Ahuramazda throughout their lives. Man's value in this
process is reflected in the fact that he is not indifferent in
the struggle for the victory of good, in his way of life, in
his spiritual image, in his social activity.

At the same time, during the spread of Islam in our
country and the Arab revolution, many national values
became syncretic with Islam. Beruni gave information
about this in his book "Monuments of the ancient
people”. It should also be noted that the values of our
country's civilization have undoubtedly had a
significant impact on the development of culture in the
Arab world. Thinkers such as Khorezmi, Farobi, Beruni,
Ibn Sino, Ulugbek, al-Bukhari, al-Termizi, Kubro,
Ahmad Yassavi, Nagshband, Lutfi, Navoi. The influence
of not only Islam, but also the culture and values of our
civilization on the development of such people as Babur,
Bedil, Mashrab is incomparable. In the period after the
introduction of Islam in our country, civil wars were
relatively eradicated, and social life was relatively
stable. This period of relative stability opened up
opportunities  for  cultural  development, the
advancement of science and literature. One of the great
thinkers of that time, Mukhammad al-Khorazmi, had a
great position in the House of Wisdom, founded by the
Caliph al-Ma'mun. The ideas he put forward explain the
universal aspects of values.! The views of Abu Nasr al-
Farabi (873-959), who played an important role in the
history of Eastern culture, can be clearly seen in the
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teachings of Madinah al-Fazila. As an encyclopedic
scholar, in the teachings of Farobi, the lofty ideas, fair
social relations, explained the general system of
spiritual and moral values that emerged in the decisive
period. Farobi emphasizes that in such a society, religious
values also have a certain importance, but in it the
representatives of kalam  (theology) and fiqd
(jurisprudence) govern the areas responsible for the
spiritual and moral development of people, and the main
areas of social relations are governed by philosophers. The
thinker was one of the first Eastern philosophers to
consider human, social, and scientific values as one of
the main themes of philosophical knowledge at a time
when religious views were of paramount importance in
the ideological field.

The ideas of Abu Nars Farobi were developed in
the teachings of Alisher Navoi, a scholar of medieval
Eastern philosophy. According to him, in the
pantheistic understanding of the world, man emerged
as the highest value.

In the Jadid national democratic doctrine, the main
aspects of national identity and axiology were the
preservation of the nation, and for this purpose the
promotion of the ideal of science, education,
enlightenment as a value in society. While presenting
ideas that preserve national unity and society through
progressive thought and teaching, the Jadids sought to
dispel stereotypes that were ingrained in the minds of
the people and to change the culture of thinking in order
to preserve the nation as a concept of value.

In today’s era of high development, no country can
stay out of the overall integration process. Each state
develops in cooperation with other states. After all,
development is impossible without international
relations. Because for many centuries, the countries of
the world have enriched each other on a global scale.

In general, however, there is a growing desire to
show or maintain a nationality that embodies states
such as the understanding of the identity of a people and
a nation, the differentiation or identification of oneself
from others. Naturally, the Uzbek people and its
identity are undergoing certain changes in the
information society and the globalized world.

In conclusion, a synergetic process of Uzbek
identity is taking place in determining the laws of
reciprocity of globalization and axiological principles.
In it, customs, traditions, ceremonies, holidays play a
special role as a factor of preserving identity in the
national consciousness.
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