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3ACTOCYBAHHA TEOPII IMOBIPHOCTI B ITPOBOMY
IV3AVIHI ABO YOMY «PAHJIOM» B ITPAX HE IIOBMHEH

bYTN YECHUM

Bo6pmes A.lI.
Crygent xadenpu nporpaMHoi iHxeHepil

XapKiBCKbKMII HALliOHAJIbHUIL YHIBEPCUTET paZiioeNeKTPOHIKI

Kiro4uoBi croBa: irpu; reiiM-ausaiis; Teopis IMOBIpHOCTI; irpoBuit 6amaHc; MOHe-

TU3aLid irop.

Keywords: games; game-design; probability theory; game balance; games

monetization of games.

Jly>ke 4acTo, Konu JIOAMHI He Iac-
TUTD y I'Pi MM MOXKeMO 9yTH TaKi C/lIoBa:
«Ile HeuyecHO, YoMy «PanHmom» 3aBxAM
mpoTtu MeHe?!» Ipasenp kaxke, 1[0 Xoue
MaKCUMa/bHO YecHOro «Panpgomy», ane
e He npasja. Ilepur 3a Bce mogn Xo4yTh
OTPMMAaTH 3a[l0OBOJIEHHA Bif Tpy, i mu-
TaHHsA YEeCHOCTI M1 HUX 3HAXOOUTbCS
Ha OCTaHHbOMY Miclji. Y miit ctarti Bu
JisHaeTech, B AKUX CUTYyalLiaX i YoMy
BapTO BIATUCH JIO IICEBJJOPAHIOMY».

JaBajiTe yABMMO TaKy CUTYyalil0: MM
cTBOPIOEMO Ipy B XaHpi RPG, cTBoproemo
6oca, 3 sKOro Oyze BMIIAJATU PilmKiCHUI
npegmeT 3 JiMoBipHicTIO 20%. Hami mu
IMBUMOCS Ha CTAaTUCTHKY i 6a41MO, 1110 Ha
KOXKHI 5 IlepeMOr TpaBlii OTPUMYIOTb Y
cepefHbOMY 1 TaKumil IpeMeT, aze AKIIO0
no6ynysaru rpadik BUIIaZaHHS OpeMeTa
B 3aJIEXKHOCTI BiJl KiTbKOCTi cnpo6, TO MU
MOYXEMO MO6AYNTH, IO AESIKUM TPaBLsIM
BiH MO)Ke BUIIACTH 3 IlepIIol cipobu, ane
He BCiM TaK IJACTUThb, HA KOXKEH MilTbiiOH
rpaBLiB Oyme 6araTo TaKux, SKUM IIPef-
MeT BuIaB 3 6, 7, abo HaBith 10 cipobm.
3BiCHO, 3aMiCTb 3aJIOBOJIEHHA IIi JIIOON
OTPMMAIOTh TIOPIIil0 PO3YapyBaHHHA, a
MO)Ke HaBiTb IlepecTaHyThb IpaTH.

Taka mpo6rema BUHIKAE Yepe3 Te, 10
BipOTifIHICTD BUIIAJJaHHA HE 3aJIEXUTb
Bifl KiZIBKOCTI CIIpO6 A/Is1 KOXKHOTO IpaB-
1, IO HaBiTh dYepes
100 crpo6 mpenMeT MOXKe He BUIIACTIA,
mpu upomy Ha 101 cmpoby uraHc Oyge
TaKuM CaMmM, fK i y nonepegni 100 pa-

o€ O3Ha4ae,

3iB. IIpu 1poMy OiNbIIiCTD JIIOfel BBa-
Xag, 110 3 KOXKHOI0 CIPOo6YIo MaHCK Ha
BUIIAJAHHA Bce OibuI. SIK ske BupimmTH
110 mpo6emy? e ayske rapHe MUTAHHSL
BifmoBigp Ha HBOrO Ay’Ke IpocTa: Tpeba
BJMKOPUCTOBYBATI «IICBEIOPAHAOM», 3
JIOTO JOIIOMOTOI0 He MiHAKYM I7100asIb-
HOI CTaTUCTUKY «1 IpeaMeT Ha 5 cripo6»,
MU 3pOOMMO TaK, IO «paHZOM» Oyrme
BecTH cebe Tak, sIK Aymae rpaserb. OTxe
Tpeba BBecTu (popmyiy, 3a JOIIOMOTO
sikol 6y/ie PO3paxoBYBATHUCs MIAHC BUIIA-
JaHHA IIpefMeTy Ha KOXKHY CIIpo0y:

Chance = (Max - Goods)/(Length -
Tries)

1o e o3nauae? IlllaHc BummagaHHAa Ha
KOXHY CITpO6y JOPIiBHIOE Pi3HMIIi MAKCH-
MaJIbHOI KiJIbKOCTI IpefMeTiB Ha Ki/b-
KicTp crnpo6(y HamoMy BHIAAKY -
1 mpepMet Ha 5 cripo6) i KinbKocTi nmpep-
METiB, L[O BXX€ BUMANN, MOAI/IEHOI Ha
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Tabnuua 1 -
LaHCcK BUNagaHHsA npu pisHuUx koediuieHtax K

K=0.9 K=1 K=1.1
1 npeameTt 21 cnpoba 8 cnpoba 2 cnpoba
2 npeamet 38 cnpoba 17 cnpoba 6 cnpoba
3 npegmet 52 cnpoba 26 cnpoba 11 cnpoba
4 npegmet 63 cnpoba 35 cnpoba 16 cnpoba
5 npegmet 72 cnpoba 44 cnpoba 23 cnpoba
6 npegmeTt 79 cnpoba 54 cnpoba 31 cnpoba
7 npegmet 84 cnpoba 63 cnpoba 41 cnpoba
8 npegmet 89 cnpoba 72 cnpoba 52 cnpoba
9 npegmet 93 cnpoba 81 cnpoba 66 cnpoba
10 npeamet 96 cnpoba 90 cnpoba 82 cnpoba

PISHMI[I0 MaKCUMAaIbHOI KiTbKOCTI CIIpo6
0O BMUIIAflaHHA IIpeAMeTa 1 KiJIbKOCTI
crpo6 rpaBId. Y gaHOMY BUIafKy Max =
1, Length = 5. TakuM YMHOM MU MOXXEMO
BUpaxXyBaTH, 10 NIpK IepIiil cipobi Bi-
POrifHiCTh BUIIaJJlaHHA NPEAMETY OPiB-
uroBatume (1 - 0)/(5 - 0), To6T0 20%, a
mpu apyriit cpobi (1 - 0)/(5 - 1), To6T0
Bxe 25%, a Ha 5 cripo6y BiH OpiBHIOBA-
tume 100%. IIpn npomy 36epiraerbcs
Halll OCHOBHMII IPMHINII «]1 IIpefMeT Ha
5 cripo6». Konu mpepmer Haperuti Buma-
Ja€, IIAHC 3HOBY MaJIa€ 10 TOYaTKOBOTO.

A Tenep masaiiTe mepeiineMo [0 OB
CEPIIO3HOTO IMTAHHS: @ Y/ MOXKEMO MM 3PO-
OuTy TaK, mo6 rpaBellb OTPUMYBaB IIpeN-
MeT y Ieplui ieKi/ibKa cipo6 i orpumyBas
3a/J0BOJIEHH BifJ TOTO, 110 OPTYHA Ha FOrO
6oui. [IIA 11bOro HOCTAaTHBO JJOHATU YapiB-
Huii KoedittieHT k 1o Harol popmyrm:

Chance = (Max - Goods)/(Length -
Tries)* (kA (Max — Goods))

Axwo, k = 1, To HiYoro He sMiHUTbHCH
Ta Hallla Belln4MHa Oye piBHOpO3IOfie-

HOIO, siK1[0 k > 1, To mpeaMert Gyze vacTi-
Ile BMIAJATH HA IEPIIMX CIpobax, a
akimo k < 1, To Ha ocranHix. Yn o6mMaH0-
€MO MM TaKMM YMHOM TpaBlA? 3BMYali-
HO, Tak! Aje Tpeba fopary, 1o JIOMY Bif
IIbOTO CTA€ Kpallle, TaK CaMo AK i HaM, 60
rpaBellb OTPUMYE 3a0BOIEHHA i IPOJi0-
BXye Ipatu. [laBajiTe SMEHIUMMO HIAHCU
BUIAJAHHs, MO0 pO3IISIHYTH pobOTY
¢dbopmymn y 6inpmomy macurrabi, Harpm-
kimaj «1 mpenmet Ha 10 cipo6»(Tadm.1).
Sk >xe 3acTOCYBaTM L€l IPUHLIMAIL I/1s
MOHeTM3allii¢? ¥ Ham dYac irpu mepexo-
IATb Ha CUCTeMy «Ka3MHO». IpaBui xo-
YyTb OTPUMYBATI IIpeMiyM-KOHTeHT. Ko-
PUCTYIOUNCDh TPUHIUIIOM «ICEBIOPaH-
IOMY», PO3POOHMKM NPUAYMAaX HOBY
CUCTEMY: IpoOfaBaTy «OOKCU», 3 SAKKX
MO>Ke BUIIACTM IpefMeT. TakuM 4mHOM
MU OTPUMYEMO TOI caMuii GiHapHMIT BU-
6ip «Bumage uyu Hi» Ta Koediuient K
Menie 1. leaxi cTypii mimm gami: BoHu
fofanmu I TPaBLA CIeliaNbHY MIKaIy
«yCHmixy». 3a KOXHMII Bifkputuit 60Kc

8
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IpaBellb OTPUMYE, CKaXKIMO, 5 OJMHULD
ycnixy. Komu 1mikasna 3anosHuTbCA o 100,
rpaBelb OTPUMAE MPEAMET OE3KOIITOB-
HO, aJIe HifIKUX TrapaHTill TOro, o Ipef-
MeT BUIIaJe BIPOROBXK Tux 20 cnpo6, AKi
BiH 3pobuth g0 nporo. Ha kiHerp
2019 poky — 11 OfiHi 3 HAMITONY/IA PHIIINMX
Mopenel MOHeTHU3allii.

CrnopiBatocs, y MeHe BUIIIIO IOSC-
HUTH, Y0My Tpeba BifjaBaTu IepeBary

«IICEB/IOPAH/IOMY» i 1Ii 3HAaHHSA [JOIIOMO-
JKYThb HiATPUMYBaTU BUCOKMII iHTepec
IPaBLiB [0 BallMX IIPOEKTIB.

Cnucox niteparypu

1. Imypman B.€.Teopis imoBipHOCTell Ta
MaTeMaTW4Ha crartucTyuka.Mocksa: Buira
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ITPAKTYECKOE IIPMMEHEHVE CBEPTOYHBIX
HENPOHHDBIX CETEN B PACIIO3HABAHVN JINI]

Tpubyx A.A
CryneHT

XapbKOBCKUII HALIMOHA/IbHbIN YHMBEPCUTET Payio37eKTPOHUKA

KiroueBble croBa: HellpOHHAsI CeTh, CBEPTKA, MCKYCCTBEHHBIN MHTEIEKT, Ma-
HIHHOE 00y4eHue, pacno3HaBaHue JInLl, IIyOMHHOe 06ydeHue.
Keywords: neural network, convolution, artificial intelligence, machine learning,

face recognition, deep learning.

Cseprounas HelipoHHas cetb (CHC),
9TO OfIHA U3 aPXUTEKTYP HEMPOCeTel, KO-
TOpast aKTMBHO JICIIO/Ib3YeTCs B 00paboTKe
M300paKeHWIT ¥ PaclIo3HaBaHMM 0OPa3oB.
Ha pannbiit MomeHT usydenne CHC - ato
OJTHO 113 CaMBbIX ITepCTIeKTYBHBIX HaIlpaBJie-
HMII B OO/IACTM MAIIVHHOTO OOyYeHVIsL
ITockonmbKy apXuTEKTypa CBE€PTOYHBIX
HelfpoceTeli TOCTOAHHO YIY4IIaeTCA U CO-
BEPIIEHCTBYETCS, YTO CYIIECTBEHHO TOBbI-
IIaeT TOYHOCTb paclo3HaBaHMA. A 3TO
MMEHHO TO, K YeMy CTPeMATCA BCe CIelu-
Q/IMCTBI, pabOTAIINX B 00/IACTI KOMIIBIO-
TEPHOT'O 3pPEHIA.

Wpnes wucnonb3oBaHUsA CBEPTOYHBIX
HEJIPOHHBIX CeTell BO3HMK/IA OTHOCUTENb-
Ho faBHo. Eme B manexkom 1998 ropy cre-
LIVJTVICT B 00/IACTV KOMITBIOTEPHBIX TEXHO-
noruit fIn JleKyH mpemjioXusn 1Cronb3o-
BaTh JJaHHbIV TUII HEIIPOHHBIX CETell B Iie-
JIIX MalIMHHOTO o6ydeHys. C IIOMOLIBIO
CBOEJ MOJE/IV YYEHHBII IIbITA/ICS PACIIOs-
HaTb PYKOIMCHBIE YNC/IA, HPUCYTCTBYIO-
Iye BO BXOZHOM m3obpaxeHun. [aHHas
paboTta ocTaBasach B TeHM ILIeIbIX 14 jeT
BIUIOTH 10 2012 rofa, Korjga Ha eXKerofgHbIX
COPEBHOBAHIAX IIO paCIO3HABAHUIO U
Knaccndukamyy n3obpakernit Image Net
JlAHHAs MOJENb MOKa3ana HaWIydIlInil pe-

3ynbrar, a K 2015 romy, Ha aHaJIOTMYHBIX
COCTSI3aHMUAX IIPEB3OLIIA B 9TOM UeIOBeKa.
VImeHHO TOIfia BO BCeM MIUpe 3arOBOPUIN
0 CBEPTOYHBIX HEIIPOHHBIX CETAX 1 HauasIu
HIMPOKO VICHO/Ib30BaTh JAHHYIO TE€XHOJO-
THIO.

Terepp TOTOBOPUMM O MPAKTUIECKOM
IIpMMEHEHNI CBEPTOYHBIX HelipoceTeil. B
Hallle BpeMsi, OCHOBHOII 00/1aCThIO IIpUMe-
Henus CHC sABnseTcs pacnosHaBaHMye JINIL
[TosToMy O Heit XO4eTcA MOTOBOPUTH B
IIepByI0 Odepesb. TeXHOMOruy 1o pacrios-
HaBaHMIO JINI| HA JAHHBI/I MOMEHT OYeHb
BocTpeboBanbl. OHI IPUMEHSIOTCS TIOBCe-
MECTHO: OT COBPEMEHHbIX CMapT¢OHOB, KO-
Topble ucnonb3ytor FacelD it upenTudu-
KaLyy HOJIb30BaTe/Isl Py Pa36IOKMpPOBKe
yCTpOIiCTBa [0 TOCYAAPCTBEHHBIX CIIell-
CITY>K0 1 HOMULN IS TIOUCKA JTIOfielt, KO-
TOpBIe CKPBIBAIOTCA OT IPaBoCyAys. B man-
HBII MOMEHT, CHEI[Ma/MNCThl IPUIUIM K
TOMY, YTO /L1 HOBBILIEHNA TOUHOCTI pac-
IT03HaBaHU,
OpupHbIe Mofen HeltpoHHbIX ceTeit. Ceit-

HY>XHO MCIIO/Ib30BaTh IN-

Yac MPpaKTUIeCKy BCeIia CBepTOYHAs Heli-
POCeTh MpeCTaBIsAeT COO0I 0O beNNHEH e
CBEPTOYHBIX C/IOEB C PA3HON CTENEHbIO
oKatyiA U300paKeHMA U IIOTTHOCBA3HOM
HelfpoceTn — IMeplLenTpoHa. B maHHOI Mo-
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Ienu BXOfislee N300 pasKeHe IPOITycKaeT-
s 4epes3 CBePTOYHYIO HEMIPOHHYIO CeTb 1, C
HOMOIIBIO CIIeLMANbHBIX GUIBTPOB, KOTO-
pble MINYT pasaMdHble IPU3HAKM Ha 130-
Opa>KeHNM OT JIMHMII M T'eOMeTPUYECKVX
HPYMUTVBOB [0 PealTbHbIX 00BEKTOB, CBO-
paunBaetcs [1]. 3ateM y>xe cKaToe 1306pa-
JKeHIe TIPOIYCKaeTCsl depe3 MOTHOCBA3-
HBIVT CTIOJ MEpLeNTPOHA [/IsI TOTO, YTOObI
KmaccuduimpoBarb 00beKT. Takum obpa-
30M OblIa JOCTUTHYTA O4€Hb BBICOKAS TOU-
HOCTb — BO3MOXXHOCTb OLIMOKY MeHee 1%.

MoskeT NMOKas3aTbCs, YTO 3TO BENUKO-
JIenHbIN pesynbrat. Ho Ha mpaxTuke 4enmo-
BEYECTBO CTONKHY/IOCh C CEpPbE3HOI Ipo-
6rmemoit. B ogHoM 13 aspormoproB Bennko-
OpuraHuy ObUIa YCTAHOB/IEHA CUCTEMA 110
OIIPENIENIEHNIO TTOJIO3PUTENIbHBIX JINII, CO-
IIacHO 6asaM VIHTeprona ¢ TOYHOCTBIO
pacriosHaBaHus puMepHo 99%. B xone He
CTIO>KHOI MaTeMaTyKY, CIIelMaTICThI TOf-
CYMTaJIN, 4TO Ha Kaxk/pIX 100 yenoBeK BO3-
HMKa/ma ofHa ommbka. Kaxercs, He Kpu-
tinano. Ho oHy He ywmt ToT (akTt, 4TO B
JieHb 4Yepe3 aspoIopT IPOXOAWU/IO OKOJIO
IIATYCOT THICAY Y€TIOBEK. A CTIeIOBAaTeIbHO
5 THICAY U3 HMX CUCTEMa paclo3Hala Kak
HOJO3PUTENIbHBIE. DTO YCIOKHMIO paboTy
cmyx6e 0e30IMacHOCTI U YXYAIUIMIO KOM-
¢dopt camux maccaxnpos. B ntore cucrema
ObUIa CHATA.

Vcxops 13 aTOro npuMepa MOXKHO Clie-
JIaTh BBIBOJ, YTO I PAOOTBHI C OONMBLINM
MIOTOKOM JIaHHBIX, HY>KHa TOYHOCTbD, CTpe-
MAmaAca K CTa mpoleHTaM. Hap stum
ceifqac BemyTcsl pabOTHI U VCCIENOBAHNS
crenuanucToB B obmactu Data Science u
MAIIVHHOTO OOYYeHNsI TI0 BCEMY MUDY.

IToMuMO TOYHOCTM CyLIECTBYeT elle
OflHa He MeHee CYILIeCTBEeHHas IpobieMa.

C mosiB/IeHMeM CHCTeM IO PacIIO3HABAHIIO
JIUL, Ha4aay paspabarbIBaThCsl PasHOO-
OpasHble MeTOnbl, YTOOBI OOMaHyTh MX.
OnHMM U3 CaMBIX MHTEPECHDIX 13 HIX 5IB-
JIAeTCA METOf, C IIOfICTAaHOBKOIl BMECTO
JIUIA TMYHOCTH, KOTOPas He XKeaeT ObITh
OIIO3HAHa, JIUI[0 COBEPIIEHHO APYIOro de-
JOBeKa — TaK HasblBaemblil Merop Fake
Faces. Takoit MHTepec OH BbI3BIBAET LIOTO-
My, YTO [POTUB HEro, TOIKOM He Hay4m-
ek 60poThes. V 3ajiaua CriermancToB Ha
CEeTOffHsI — OIPEJEINTD IPU3HAKI, 110 KOTO-
PBIM MOXKHO OIIPEe/IsiTh (eilKoBOe JINII0,
U C HOMOLIbIO METONOB MCKYCCTBEHHOTO
VHTE/UIEKTa, 3aI[POrPAMMIIPOBATh CUCTEMY
VIS PACIIO3HAHS JIULL — AeIaTh 9TO aBTO-
MaTHYeCKIL.

CBeprouHble HEPOHHbBIE CETU — 3TO
MOIIHBII MHCTPYMEHT B OOIACTV KOM-
bIoTepHOro 3peHust. V toT ¢axkr, 4ro 3a-
MEHBI, CIIOCOOHOI COCTaBUTb KOHKYpPeH-
LIMIO [JAHHOJ TeXHOJIOTMY Ha JJAHHBI MO-
MEHT He CYIeCTBYeT, fle/laeT JaHHOe Ha-
IpaB/ieHle OYeHb BOCTPEOOBAHHBIM I
axkTyanbHbIM. Ha mccmeoBaHms CBsi3aH-
Hble ¢ CV BBIEEISIOTCS 3HAYNTEIbHBIE
cymmbl. Ho camoe rmaBHOe, 4TO 9Ta Tex-
HOJIOTVSI TIOCTOSIHHO PasBUBAETCS U CO-
BepLIEHCTBYeTCsA. VI BO3MOXKHO, OYeHb
CKOPO HAC X[IeT 04epeHOI IPOPBIB, KO-
TOPBIIT CMOXKET CYLIECTBEHHO IIOB/IUTDH
Ha JeoBedeckoe 001IecTBO.

JInreparypa:

1. Yro Takoe CBEPTOYHAs HEJIPOHHAs CETb.
[9nexTponHsIt pecypc]

2. Pexxum pmocryma: https://habr.com/ru/
post/309508/ (zara obpaienys: 12.12.2019)

3. CNN in Face Recognition. [9meKTpoHHBbI
pecypc]

4. Pexxum pocryma: https://habr.com/ru/
post/322392/ (mara obpaiens: 12.12.2019)
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3ACTOCYBAHHS TEOPEMI BAVIECA Y POBOUYOMY

ITPOIIECI

I'morka B. O.

HayxoBwuit kepiBHUK — cTapiunit Bukiaagad kademgpu I11

Oneiinuxk O.B.

(61166, Xapkis, mp. Hayku, 14, kad. I11, ten. (050) 778-01-52) e-mail: valeriia.

hlotka@nure.ua)

CboropgHi NHUTAaHHA BUKOPUCTAHHA
Teopemu baiieca my>ke akTyanbHe IUTaH-
HA JUIA JUCKYCIil, aZiKe, 3 OFHOTO OOKY,
BOHA € Jy>Ke BipOriHOI0 Teopi€ero po6oTn
JIIOI,CBKOTO MO3KY 3a ifleallbHOTO PO3K/Ia-
Iy, a 3 IHIIOrO — Iie abCTPaKTHE MOHATTS
3 TOUKU 30PY CepeHbOCTATUCTUYHO] JTT0-
IOVIHM, SIK€ MOYKHA HETIPAaBU/IbHO TPaKTY-
BaTU Ta 3amiyTysarucs. Teopema baiieca
MAa€ CepefiHill MOPIr BXOMKEHHA: TIOAVHI
6e3 0a30BMX 3HaHb MaTeMaTUKU 3 Iep-
HIMX pasiB JOCUTb BAXKKO 3PO3YMITH, AK
Iie Teopema.

SIK y 6yb-sIKOMY IIUTAHHI, y TAHOMY €
¢danatnuHi npubiYHMKKM TeopeMn, sKi
IpParHyTh JOBECTH, IO AOCOTIOTHO BCe
IifgBIagHe 11, Ta 3aJy4UTU HOBUX IIPU-
6iunukis. IxHi BUCTOBMIOBAaHHSA, AK Ha-
COK, MOXYTb 30UTH 3 TONKY ab0 HaTu
HETOYHEe PO3YMiHHA NUTaHHA JIIO[UHI,
mo nikaBuThea. IIpoTe icHye mocTaTHBO
MmarepianiB, 106 06’€KTUBHO OLIHUTH
BIZIMB TeopeMu balieca Ha Hamie XUTTA.

L1 TeopeMa fy>xe KopucHa s ¢pop-
MyBaHH:A IpPaBUJIbHUX IepPeKOHaHb Ta
Bubopy. [i mpoctuit MaremarudHMit 3a-
THC:

P(B|E) = P(B) * P(E|B) / P(E), (1.1)

He P — yimoBipHicTb, B — nepexkonan-
w1, E - cBigoursa, P(B) — 7imoBipHicTh
toro, mo B - icruuno, P(E) - iimoBip-

HicTp Toro, wo E - icrunno, P(B|E) -
iiMOBipHicTp B y pasi ictunHOCTI E,
P(E|B) - itmoBipsicTb E y pasi ictunzoC-
Ti B.

Posyminnsa po6otn Teopemu baiteca
NPUXOANUTD HAMIIBUALIE B aHa/i3i KOH-
KPeTHUX NpPUKIAJiB 4Yepe3 aqropuT™m
CIPUITHATTA HOBOI iHpopmauii mogu-
HOMo0. K/TacyHNM NPUKIAZoM € pe3yib-
TaTy aHamisiB. KopoTko: AKIIO TOYHICTh
aHasmi3iB 99% Ta cratucTuuHO 1% Jromen
MAIOTh JaHMII IiaTHO3, TO HAMO1/IbII IMO-
BipHO, 1O IHTYITMBHO JIIO[Y BBa)XKalOTb
3a MO3UTMBHMX PE3Y/IbTaTiB aHa/i3iB ma-
1ieHT XBopuit mpubmusHo Ha 99%. IIpore
(hakTUIHO TPOCTi OGUNMC/IEHHSI HAIOThH
BigmoBizmb 50%. lle ButIMBae 3 Toro, 1o
JIOACBKIUIT MO3OK CXVW/IBHMII IIpUOiIbIIy-
BaTy JIMOBIpHICTb TOro, WO BifTIOBijae
/10ro MOfie/i CBIiTY, Ta aHAJIOTiYHO IIPU-
MEHIIYBaT/ IMOBipHICTh iHIIOTrO.

Hait6inpira mepesara Teopemu — He-
3aJIeKHICTD BiJi HIOYaTKOBMX (AIpiOpHIUX)
nepekoHaHb. lle cTae IOMITHO Ha JleKib-
KOX IlepeBipKax TeopeMl Ha 3a/laHOMy
IpUKIaZli: 3 KOXKHMM PasoM pesy/lbTaT
CTae Bce OiMbLI TOYHUMM dYepe3 Te, IO
YyTOUYHIOIOTbCS BXimHi pgani. Hait6inbi
MIOIIVPEHNM ChOTO/IHI IPUK/IAZIOM € CHC-
TeMU aHTH-ClIaM. BoHy omnepyrorh 6a3010
JAHMX KIIOYOBUX CiB, fKi JO3BONAIOTH
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pO3MisHABATH CIAM-TIOBi/JlOMIEHHA. [X-
Hill anroput™m mnepenbadae aHasIi3 vac-
TOTHOCTi 3’SIBJIEHHSI KOXKHOTO CJIOBa Y
rpymi HOPMa/JbHUX IOBiZOMIIEHb a60
cnaMHUX. bailecoBcbkmil MeTOR Iepef-
6avae ypaxyBaHHS 3arajJibHOI Ki/IbKOCTi
CJIiB Y KOXHIJl 3 TPYII Ta YMOBHI JIMOBIip-
HOCTI CJliB-CBiflolITB. BUKOPUCTOBYETbCA
HacTynHa GpopMmyIa:

p, = E/F, p, = E/F. P(H) = A/
(A+B), P(H,) = B/(A+B), (1.2)

ne A = pal*paz*"’*pan’ B = pbl*pbz*"'
*pbn, Fa 3arajibHa KiJIbKiCTh CITaM-
nosifomnenp, F . — KiIbKicTh 1OBifO-
MJIEHb 31 CBiJOLITBOM i y TpyIli IIOBiflO-
MIeHb cramy, F, - sarajgbHa KinbKiCTh
pe/leBaHTHUX IOBiIOM/IEHD, Fbi — Kiib-
KiCTb TOBiZOM/IEHb 3i CBiffonTBOM i y
IPymi peleBaHTHUX ITOBiIOM/IEHD.

Ile He efyHMII TPUKIIaT BUKOPUCTAH-
HA TeopeMu baiteca y mpoueci poboru.
IIpocTuM NpPUKIAIOM 3aCTOCYBaHHA €
oLiHKa po6oTu criBpobiTHMKIB. KIo
MeHepKep 6aunTh 2 TOMUTIKY 32 MICSIIb
y pobirHuka Bifginy, To BiH HaitliMOBip-
Hillle BUPIINTD IIOKapaTu IOro Oymb-
SAKUM 4YMHOM, IIPOTe, SAKIIO O BiH 3HaB,
IO Liell CIIBpOOITHUK BUKOHYE 4-5 TH-
€AY OJHOTUITHYX OIlepaLlill oMicALLA Ta
HOPUITYCKAETbCS MOMWIKM He Oinblre
10 pasis, itoro crapjeHHs 6y/10 6 30BCiM
immum. Takmit coiBpo6iTHMK 3acayro-
Bye Ha IIOKapaHHsA ab0 3ayBaKeHHS,
AKIIO 3p0o6UTh 20 MOMMIIOK 32 TIDK/EHb,
Hanpuknapn. lle 3HayHe moripuieHHA
JI0TO MOKa3HMKIB, Ta 1ell GaKT CYTTEBO

BIUIMBA€E Ha pe3y/nbTaT poOOTH Mifmpu-
€MCTBA.

Tako)X TeHJeHIlid YTOYHEHHs Pe3y/ib-
TaTiB Jla€ 3MOTy BUKOPUCTOBYBAT! TeOpe-
My baiieca y cucremax mTydHOro iHTeNmEK-
Ty. BoHM (yHKIIOHYIOTD, AK JIIOZCHKUI
MO30K: 6y/IyIOTb alpiopHi rimoTesu, mepe-
BipAIOTD IXHIO IIPaBAMBICTD Ta IEpepaxo-
BYIOTb BJIaCHI TillOTe3M Yy BiJJIIOBiJHOCTI 3
pesynbraroM. le nosponAe gocAr™m mysxe
TOYHMX IIOKAa3HMKIB Ha BiIMiHY Bifl HaIlO-
rO MIC/IEHHSI, 60 MoANHI HeoOXigHO ysIB-
JIeHHA TIpO Bi3NYHUIT CEHC TOrO, [0 BOHA
IOCTIXYE, a CK/IafHi 06paxyHKu Ta Impo-
MDKKOBI 3HaUEHHI JIETKO 30MBAIOTh 3 TTaH-
TeNMKY focnifiHmka. Ileit Hemomik BifcyT-
Hill y aBTOMAaTUYHMX CHCTEMAX.

Tox y mificymMKy Maemo:

Teopema baiieca cporopHi my»xe mo-
IIyJIAPHA, aJ>Ke BUABIIAIOTLCSA Bee Oiblie
0alleciBCbKMX CTPYKTYp Ta MOfeneil y
HaBKOJIMIIHbOMY CBiTi;

bartecoBcbka TeopeMa [03BOIAE Bifi-
KMHYTU HEJOJIKM JIIOACHKOTO MUCIEHHA
y Ipolieci aHa/mi3y IepeKOHaHb;

JlaHa TeopeMa IINPOKO BUKOPUCTOBY-
€TbCA B ycix cdepax misnpbHOCTI, 30Kpe-
Ma, y pobOTi: COpPTYBaHH IIOBiIOMIIEHb,
OLjiHKa IIOKa3HMKIB IIPOAYKTUBHOCTI,
BIIPOBAJPKEHHA CUCTEM IUTYYHOIO iHTe-
JIeKTy [yIA onTuMisanili pobodoro mpo-
Ljecy Ta IepeBipKa iXHbOI e(peKTUBHOCTI.

Ilocunanns
1. http://baguzin.ru/wp/idei-bajesa-dlya-
menedzherov/
2. https://habr.com/ru/post/404633/
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CydJacHa MeMLMHa 3aCHOBAaHa Ha 3a-
JIKHOCTSIX, 1[0 Oy/Iu oTpUMaHi 31e6i1b-
LIOTO €KCIIePMMEHTA/IbHO. Y XOfli €BOJIIO-
Lii MegUYHOI IPAKTUKNA YTBOPUIACA JIO-
KazoBa MeguiuHa. lleit TepMiH BMHUK,
KO/ 3apoaMBCs eeKTUBHMIT METOf Te-
pamii 3aXBOpIOBaHb — BeEHHsA IIPOTOKO-
ny. JJokasosa meguuuHa 3 1980-x orpu-
MaJjia HOBMII ITOIITOBX PO3BUTKY 3aB/IAKN
3’IBJIEHHIO KOMIIT I0T€PiB: BOHM JJa/IV 3MO-
ry 36epiraty Ta 0OpOOIATU CTaTUCTUYHI
maHi, poOUTH 1ie HIBUAKO Ta HAJiHO.
Komm'oTepu BupIIIYIOTh HailrOJIOBHILIY
npo6eMy B3a€MOZIi MIOAVMHM Ta Teopii
JIMOBIPHOCTI - IpPaBMUIBHICTD 06YMC-
JIEHb, KOJI BOHY CTalOTh TPOMI3JIK/MH Ta
JIOriyHO a60 IHTYITMBHO HE3PO3yMiTNMIL
Came TOMy MeIVYHi JOCI/IKEHHA CTann
3HAYHO Oi/IbII JOCTOBIpHMMY, Ta 3a IXHi-
MM pe3y/IbTaTaMy MOXKHa 6y/1o 6ymyBaru
IIPOTHO3M Ta TEOPpil.

Jlorika CTBOpeHHs BapiaHTiB JiKy-
BaHHs Ti€l 4y iHIIOI XBOPOOM JOCKUTH
mpocTa Ta Mae 6aifeciBCbKMIT MeXaHi3M:
30MpaloTbhCcA HaHi, aHaTi3yIOTbCs, OYyay-
I0TbCA MOfieNi, 10 IIEpeBipAITbCA Ha
ICTMHHICTD €KCIIEPMMEHTA/IBHO, a IOTiM
TOIOBHIOIOTLCS a00 KOPEryloThCsl Bifl-
IIOBiTHO J10 pe3ynbTaTiB TecTy. et nmpo-
1ec /I03BONAE OTPUMMATU 3HAYHy TOY-
HicTh OOpaxyHKiB Ta OygyBaTy 6imbin
TOYHI IPOTHO3M y CXOXMX BUIAJKaX.

MaremaTn4Ha popMyria 3a3Ha4eHOI Teo-
pemu bBaiieca:

P(B|E) = P(B) * P(E|B) / P(E), (1.1)

ne P — jimoBipHicTh, B — mepekonaH-
us, E - cBigoursa, P(B) - 7imoBipHicTh
toro, mo B - ictuuno, P(E) - jimoBip-
Hicte Toro, wo E - ictunno, P(B|E) -
MoBipHicTh B y pasi ictmnHHOCTI E,
P(E|B) - itmoBipsicts E y pasi ictunHOC-
Ti B.

L1 popmyra, HezameXKHO Bif BXifHIX
JaHUX, JA€ 3MOTy BMPAXyBaTH TOYHO
JIMOBIpHICTb TOTO, 1O, HAIIPUKJIaZ, PO3-
pobiieHa KOHIIEMIis IIKYBaHH CIIPAIoe
3a jaHoro piarmosy. Ilpore pma pmocsr-
HEHHsI G/IbIIOI TOYHOCTI PEKOMEHAYETD-
Cs1 IOBTOPUTH IIEPEBiPKY HeKi/bKa pasis,
[OTIOBHIOIOYY [TOYaTKOBUIT Habip iHdOp-
Marllii HOBUMM CBiffo[TBamMu. TaKuM 4u-
HOM 6y1o chopMOBaHO MaibKe yci Bigomi
3apas Mofieni 60poThby 3 Hemyramu, 30-
KpeMa, TOfICbKIMI.

Teopia MOBipHOCTEIT I[OTHA HasgBHA
y IpaKTuUli JiKapiB, HABITh AKIIO BOHU
He JI0 KiHI 1ie YCBiIOM/IIOIOTb. Ti npos-
BU — yce, IO MU 3BUKIU IPOPOOIATU
MaJiKe Ii/ICBilOMO: OPiEHTYBaHH:A Ha pe-
KOMEH/Iallil, aHa/li3yBaHHA Ta IOLIYK
CTaTUCTUYHUX JaHuX. BoHU — Hacmigkm
JOKa30BOI MEAMIIVIHY, IO CIMPAETHCA Y
CBOIJI KOHIIENIIii Ha JOKa30BY 0asy, sAKa, y
CBOIO Y€PTY, — Ha TEOPiI0 JIMOBipHOCTEIL.
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JocnifkeHHA ABUIIA TeOMEeTPUYHOL
JIMOBIpHOCTI IIpU3BE€/IO [0 YTBOPEHH:
PpO3iTy MaTeMaTUKN: IHTETrpalbHOL Ieo-
MeTpii. OcTaHHA BUKOPUCTOBYETHCA Y Pi3-
HUX 00/IaCTAX HAYKM, Y MeVILIVHI, 30Kpe-
Ma, — JUIs1 OTPUMAHHS TPUMIPHUX MOJe-
JIeii 32 iXHIMM JBOMIPHMMM Ilepepisamu.

Mu 3BUKIM BBaXaTU MeMLIVHY YU-
MOCH JIOCTOBIpHMM Ta HaJillHUM, XO4Ya He
BUK/IMKAIOTh 3[MBYBaHH:A IIOMWIKN Y Jiia-
rHO3ax a0o JKyBaHHs, Hanpukiag. Posy-
MiHHA TOTO, IO MEVYHA IIPAKTUKA 3aCHO-
BaHa Ha JIMOBIPHOCTSX, 3MiHIO€ CTAaBJIEHHA
IO LIbOro. 3BICHO, HeOEe3IeYHO CIIifyBaTy
HeNpaBWIbHUM IIPUIIMCAM, IIPOTE iHIIOro
Oibir eeKTMBHOrO aHA/NOry Hapasi He-
Mmae. lle BuIIIMBaEe 3 TOro, WO JIIOAMHA —
CKIAHUIT OaraTorpaHHMIl MeXaHi3M, Ta
HEeMOXJIMBO (Ha JJAHOMY eTamli pO3BUTKY
HayKJM) BpaxyBary yci pifoui hakropu Ta
nepen6adnTy BCi BapiaHTV ITOBERiHKM PO3-
pobieHoi Moperi. MozentoBaHHs BUKOPYC-
TOBYETbCA Il NOCMTIKEHHA JIMOBIPHOrO
PO3BUTKY IOZi1 /1A TIOJA/BLIOTO BIPOBA-
TPKEHHA METOJIiB Y KUTTA.

JleTkuM [l pO3yMiHHA TPUK/IA/IOM
ABHOI'O 3aCTOCYBAHHsA TeOpii IMOBIpHOC-
Tell € MeIYHA reHeTHKa, 110 CIelliali3y-
€TbCsl Ha BCTAHOBJIEHHI 3aleXKHOCTEN
MDK XBopobamn /ofielt Ta MOBIpHUMMU
iXHIMM BUTOKaMM y TE€HETUYHIll CXWUJIb-
HOCTI jocnipKyBanux. Ha possurok He-
IyTiB BIUIMBAIOTD 6e3/1id (akTOpiB, cepen
SKVIX eKOJIOTi4Ha CUTYallisl, 06pas KUTTA
Ta iHWIi, IPOTe aKLeHT JJaHOI raaysi came
Ha TeHeTHl, 1[0 BUIIMBAE 3 HA3BM.

Y nmocmimkeHHI 03HAaK HAIaIKiB Bifi-
TPAIOTh POJIb TeHU OATHKIB: IPUIIYCTUMO,

HabOp IXHIX CHiITbHUX O3HAK — IpsMe Ta
KydepsiBe BOJIOCCS, Kapi Ta romy6i oui.
Lleit HabOp [KO3BOJIsIE OTPUMATH 4 Pi3HMX
KOoMOiHaIii HalIa/IKiB: KAPOOKMit a6o ro-
y600KuUit 3 IpsiMUM 260 KydepsiBUM BO-
7occAM. Y KOXKHOTO 3 iCHYIOUMX BapiaH-
TiB € JJOMiHAaHTHI TeHU. 3a JOIOMOTOI0
Teopii JIMOBIPHOCTI pPO3PaxXOBYKTbHCH
LIAHCH HapOIPKEHHA JUTUHU 3 Pi3SHUMU
O3HaKaMU, 110 [03BO/MsA€e (hOpMyBaTu
npoHosu. Ile — yTpupyBaHuil IpuKIam,
SAKUI TI0KA3y€ MeXaHi3MU no6y110131/1 MO-
meneit y MeM4Hil reHeTui. AHamoriy-
HMM 4YMHOM QaHaIi3yIOTbCA TE€HETUYHI
CXMIBHOCTI IO TIeBHUX XBOPOO Ta OTpu-
MYIOTbCSL pe3ylbTaTU: YU IiCTOTHMIA
BIUIMB 1IbOrO (paKTOPy Ta UM CIIif 1OTO
YPaxoByBaTu.

[TigcymoByroun, MOXXHa CKasaTH, IO
MeIUIIHA, KO0 MU 11 3HAEMO ChOTOJIHI,
6a3yeTbcsi Ha Teopil JiMoBipHOCTeN Ta ii
MeXxaHi3Max gocmimkeHHsa. EnemenTu te-
opil JIMOBipHOCTENl OTOYYHOTb Hac Ta
Ipouec HAIOro JiKyBaHHA, 30KpeMa,
mopHA. Ile nposABIAETbcA y cxeMi BefleH-
HA CTAaTUCTUKM Ta IEpeBipLi rinores Ha
MpaKTHUIli 3 YTOUHEHHAM BXiJTHUX JIaHUX.
Ile mOsiICHIOE HECTOBiICOTKOBi TOYHICTb
pesynbTaTiB Ta IPOTHO3YBAHHA Pe3Yy/b-
tariB. IIpoTe 3 pO3BUTKOM TEXHOJIOTIiN
iCHy€ TeH[IeHLIi O BIOCKOHATEHHA Me-
TO/IiB.

JI>kepena moCHIaHb:
1. http://journal.forens-lit.ru/node/182
2. https://studbooks.net/2469585/meditsina/
primenenie_teorii_veroyatnosti_
matematicheskogo_analiza_meditsine

3. http://elib.bsu.by/bit-
stream/123456789/97600/1/46-49.pdf
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KnroueBsie cmoBa: Kmactepusanys, KOMIIPIOTEPHOE 3pEHYIE, MAIIMHHOE o6yquI/{e,

CErMEHTalINA M306pa>1<eH1/n7[.

Keywords: clustering, computer vision, machine learning, image segmentation.

KoMmrbioTepHOe 3peHne Ha CeromHSII-
HUI [EHb SABJIAETCS, MOXKATyil, OGHON 13
HanbosIee N3BECTHBIX 0O/IACTEN MAIHHO-
ro obydyennus. Ero akTMBHO JMCIIONB3YIOT B
PasHOOOpPa3HBIX MOb30BATENIBCKUX IIPH-
JIOXKEHISIX, a TaKkKe B IIPOMBIIUIEHHOCTI.
[Tpumeps! MCHONB30BAHMS: CHUCTEMbI Ha-
OMIONEeHNA U 0e30IIaCHOCTH, OeCIIOTHBIE
aBTOMOOW/IM, 9IEKTPOHHAs MeEIUI[IHA,
QHA/IN3 CIIy THUKOBBIX CHVMKOB 1 T.JI.

KommnbloTepHoe 3peHue - 0671acTh,
CBsI3aHHAS C AHANM30M M300paKEHUI 1
Bupgeo. C IOMOLIBI0 TEXHOIOTUIT KOM-
IbIOTEPHOTO 3PEHMsI MBI MOXKEM IONy-
YITD MOIe3HYI0 MHbopManuy u3 ¢GoTo-,
60 e U3 BUIEON300pasKeHMIL.

CymiecTByeT [JOCTaTOYHO MHOIO 3a-
Iad, CBSI3aHHBIX C aHAIN30M U3006paxe-
Huit. [TpuMepoM MOXXHO HasBaThb 3agaqy
cerMeHTaLMu U30b6paxkeHnit. Bce ocHoB-
Hble METOMIbI, KOTOpPbIE TO3BOMMIN OBl
BBIJIE/INTh MECTOIIONIOKEHUsT OOBEKTOB
Ha M300pKEHNN ONIMPAIOTCA UMEHHO Ha
cerMeHTanuio [1].

CermeHTanys M300pa>keHMi — Ipo-
1ecc pasbmeHus M306pakeHMsi Ha MHO-
XKeCTBO 007acTell, CBA3aHHBIX [PYT C
APYroM BU3YaabHO MO0 CeMaHTUYECKI
(pasbueHne mMKcenell Ha HEKOTOpbIE
CMBIC/IOBBIE TPYIIIBL 10 HEKOTOPBIM IIPH-

3HaKaM). Pe3y/npraToM CerMeHTaluu sB-
JISIETCSI COBOKYIIHOCTD CBEfieHMIT 06 uc-
XOJTHOM M300paykeHNn, Ha3bIBaeMas Kap-
TOJ M300paXKEHN.

JIna cerMeHTaluyu M300paKeHWUI B
OCHOBHOM NCIIO/Ib3YIOTCA a/ITOPUTMBI
kmacrepusanyu. Kracrepusarnust (min
K/IACTEPHBIII aHA/N3) — 3TO pasfe/eHIe
MHOXX€CTBA OO'BEKTOB Ha TPYIIIIbI, HA3bI-
BaeMble KaacTepamu. IIpmueM 06BEKTHI
U3 OJIHOII TPYIIIIBI CXOIHBI MEXy CO60it
0 KAaKOMY-/TM060 KPUTEPUIO U OT/INYAIOT-
¢s1 OT 00'beKTOB pyrux rpymiL. ToBops 06
M300paKeHNSIX, MBI MOXeM pa3buBaTh
IVKCE/TN Ha TPYIIIbI CXOHBIE [0 [[BETO-
BOMY IIPU3HAKY.

KiracrepHblit aHanmn3 OTHOCUTCS K Me-
TOJJaM MHOTOMEPHOTO CTAaTUCTUYECKOTO
uccnenoBanus. To ecTb MMeroMascs Bbl-
6OopKa MAaHHBIX COCTOMT 13 3JIEMEHTOB
MHOTOMEPHOTO IPOCTPAHCTBA.

CregyeT Takke OTMETUTb, 4TO KiIa-
cTepusanysi OTHOCUTCS K TUITYy 3ajiad
obydeHns 6e3 yuutend. ITO 3HAUNUT, YTO
MBI He MIMeeM TOTOBBIX OTBETOB — y HAc
HeT TOTOBBIX KJIACCOB J/IA MMEIOIIEroCs
Habopa MaHHBIX, OHU OIPEHENATCI B
nporiecce 06ydeHu .

Knacrepusanysa 1o3BosseT «IOHATb»,
OIpefe/NTh KIACTEPHYID CTPYKTYPY
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TaHHBIX, YIIPOCTUTD AalbHENIIYI0 UX 06-
paboTKy.

ToBOpsi O TpaKTUYECKOM IIpMMeHe-
HUJ KIAaCTepM3alMy B PEIIEHUM 3afad
CerMeHTalny U300paXKeHNMIt, HY>KHO CKa-
3aTh, YTO HA CETOHSIIHUI [€Hb Cylle-
CTBYeT OTPOMHOE KOIMYeCTBO Pas/ind-
HBIX anroputMoB. Kak mpasuio, peann-
3alMs 9TUX AITOPUTMOB Y>Ke HaIMCaHa.
OpnHako J/Is1 IOTydeHns afileKBaTHbIX pe-
3y/IBTATOB, @ TAK)Xe HPABIIbHON UX UH-
TepIIpeTaruy ClefyeT IOHUMATh Pas/n-
9K MEXAY aITOPUTMaMy KIacTepusa-
IV, 3HATh B KaKUX CUTYAL[UAX CIefyeT
TOT MIU VIHOU @ITOPUTM, @ TaK>Ke MOHMU-
MaTb PaslTNuHbIe METPUKIL.

CaMbIM M3BECTHBIM Q/ITOPUTMOM KJIa-
cTepu3alyy U300paXKeHWIT ABJIACTCS all-
roputM Kk-cpegHux [2]. DroT anropurm
OCHOBaH Ha pasOuennu. OH [OCTATOYHO
IPOCT B peanusallvy ¥ MHTYUTUBHO IIO-
HATeH. MeTop 3aK/I04aeTcs B pasbueHnn
n 06'beKTOB Ha 3apaHee M3BECTHOE YMCIIO
Kmactepos k. B xoze feiicTBUs anropurt-
Ma IIPOMCXOLUT MUHVMMM3ALVSI CpefHe-
KBaJpaTNIeCKOr0 OTKIOHEHWS TOYeK
K/IaCTepOB OT LIEHTPOB TUX KIACTEPOB.
OCHOBHBIM MUHYCOM a/ITOPUTMA SBJIAET-
s TO, UTO HAM 3apaHee HY>KHO 3HATh, Ha
KaKoe KOJIMYeCTBO IPYIII CIeAyeT Ae/UTh
u306paXkeHIe, YTO B peasbHbIX 3afladax
IPaKTNYeCKU HEBO3MOYKHO IIPEyTafarh.

Jlpyroit mprumep anropurMa Kiacre-
pM3aIyM, KOTOPHI ITO3BOMN OBl OCYIIle-
CTBUTb CETMEHTAINIO M300pakeHNT, 3TO
anroputM mean-shift (mpouenypa cpen-

Hero czBura) [3]. TOT anropuT™M OTHO-
CUTCS K K/TAcCy IJIOTHOCTHBIX Herapame-
TpudecKux anroputMoB. OH 3aK/I0vYaeT-
Cs B OIPeHeNeHNN MeCTOIOMIOXEHsI
MAaKCMMYMOB IVIOTHOCTY BEPOSITHOCTHL. B
oTMuuy OT anroputma k-means, amro-
putM mean-shift He mpepmonaraer ToO,
4TO HaM 3apaHee HY>KHO 3HaTb KO/IUde-
CTBO KJIACTEPOB, YTO SIBIISAETCS OTPOM-
HBIM IUTIOCOM. TeM He MeHee, HaHHBII
QITOPUTM TaKXe MMeeT HefOCTATOK —
BBICOKAsI BBIUVC/IUTEIbHAS CTIOXKHOCTb.

IToaBOMs UTOT, XO4Y CKa3arh, 9TO CY-
IeCTByeT OTPOMHOE pasHOOOpasue airo-
PUTMOB K/IacTepusaluy, KOTOPble MOX-
HO MCIIONIb30BaTh M/ OOHAPY)KEHUs
00BEKTOB Ha M300paXKeHUN. Y KaXX[Oro
QITOPUTMA eCTb CBOY JOCTOVHCTBA 1 He-
HoCTaTKM. Pemrasi KOHKpETHYIO 3ajady,
HY’)KHO 00513aTe/IbHO IIPOBECTI VCCIIENO-
BaHMA M OIIPEfieNUThb, KaKoil moxpxoy 6y-
IieT Hanbosee yaqHbIM.

VcTounnkn
1. O630p anrOpUTMOB CerMeHTALMM. [DeK-
TPOHHBINI pecypc]. — Pexum pocryma:

https://habr.com/ru/company/intel/
blog/266347/ (mata obpamennst: 9.12.2019)

2. Tlpocreiiiast KmacTepusarysi n3006paKeHmit
METOIOM K-CPeHUX. [OD/IeKTPOHHBIT pe-
cypc]. — Pexum gocryma: https://habr.com/ru/
post/165087/ (Jata obpattennst: 11.12.2019).

3. Poinos C.A., AnropuT™ HemapameTpude-
CKOIf K/IacTepy3alluyl Ha OCHOBe KOMOH-
HAIMM CeTOYHOTO IIOAXOfA U IPOLENYPbI
CpemHero cABUra. — Pexxum [focTyma:
http://conf.nsc.ru/files/conferences/SDM-
2017/416780/(S1)RylovSA.pdf ([lata 06-
pamenus: 9.12.2019).
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KOPPEIAIIVIOHHBIVI AHATIN3

Tumuenko M.I.
CryneHt

XapbKOBCKI/IIU/I HaLU/IOHa)'IbeIf/I YHUBEPCUTET PAVIO3IEKTPOHNKN

KiroueBble crmoBa: KOppessilus, KOPPESALMOHHBbI aHanus, KoadduumeHTt

KOpPeALHN.

Keywords: correlation, correlation analysis, coefficient of correlation.

Ha cerogusamuuiti geHb cTaTUCTUYe-
CKHe JJaHHbIe AB/IAI0TCA BaYKHON 4acTbIO
HIOBCEHEBHOII KM3HI YeI0BEKA, 0COOeH-
HO B TakKux O0acTsAX, KaK COLVOJIOTNA,
9KOHOMMKA, IpaBO, MeAULMHA U T.J.
JIromy [OJKHBI Ha TPOTSXKEHUM BCell
JKM3HYM OPUEHTUPOBATLCA B MOTOKE UH-
dbopmarum, KOTOPBIiT HAIIPAB/IEH Ha HIX,
QHA/IM3MPOBATH €ro 1 00pabaTeIBaTh, I B
KOHEYHOM MWTOTe, IIPMHVMMATh apryMeH-
THUPOBaHHbBIE PEIIeHMI B CAaMbIX pas3/ind-
HBIX cuTyauuaAx. Ilpumepsl ncnonb3osa-
HIA: aHA/IN3 9KOHOMUYECKUX CUTYaIui,
MapHbINI TPEVHI, KOHTPOIb KadecTBa
IIPOMBIIIIEHHON NPORYKIUN 1 T.JI.

Koppemamisa — 910 TepMuH, KOTOPbIN
olpefieNiAeT CUITy B3aMMOCBA3SU MEXIY
IOBYM, UVCTEHHO M3MEpEeHHBIMM, Helpe-
PBIBHBIMM BeTMUMHAMM, T7ie CUIbHAA MU
BBICOKAsA KOppeNIALUA O3HayaeT, YToO [IBe
win 6osiee TepeMeHHBIX UMEIOT CHUIBHYIO
CBA3D JIPYT C IPyTOM, B TO BpeMs KaK CJla-
0as WM HU3Kasd KOPpPEeLALVIA O3HAYaerT,
YTO IepeMeHHble BpAL /i cBsA3aHbL Koppe-
JIAIMOHHBII aHA/IN3 — 3TO METOJ, CTAaTUCTH-
YeCKOJ1 OLIeHKY, VICIIO/Ib3yeMblit I/ 13yde-
HISA CUJIBL 9TO B3aIMOCBA3Y C TOCTYITHBI-
MM CTATUCTUYECKMM JAHHBIMIA [ 1]

VIMeHHO [JaHHBI TUII aHa/IM3a IIPAK-
TUYEH U TI0/I€3€H, KOIZla HY)KHO YCTaHO-
BIUTD, CYI[ECTBYIOT I/ BO3MOXXHbIE CBA3N

MeXAy HepeMeHHbIMHU. HacTo omnbo9HO
AYMaloT, YTO KOPPENALMOHHDBIN aHaIN3
onpepensaeT IPUIMHY U C/IEICTBIE; Of[HA-
KO 3TO He TaK, II0TOMY KaK JIpyrue Iepe-
MEHHbIE, O KOTOPBIX HE YIIOMMHAETCA B
JICCIEIOBAHNI, MOTJIM TaK YK€ IOBIUATH
Ha pe3y/IbTaThl.

Ecnmn Obima HaiiieHa KOppemsuus
MEXy IByMs II€PEMEHHBIMY, 3TO O3Ha-
4aeT, 9TO IPY CUCTEMATUYECKOM M3MEHe-
HIY B O HOI IIEpEMEHHOI, TaK>Ke IIPOVIC-
XOOUT CUCTEeMaTU4YeCcKoe M3MeHEeHlE B
OpYyroli; NepeMeHHble M3MEHAITCA BMe-
CTe B TeYEHMeE OIpPEMIe/IEHHOIO Iepuoja
Bpemenn. OOHapy>KeHHasI KOPPeIALs, B
3aBYICMMOCTH OT M3MEPEHHBIX YMCIOBBIX
3HAYEHNI, MOXKET OBITh KaK ITOTOXKM-
TE/IbHOM, TaK VM OTPULIATE/IbHOM, TaK U
HEJTPabHOIL.

ITonoxxutenbHass KOppensALMs cCyllle-
CTBYET, €C/IV OfIHA IlepeMeHHas YBelIN4u-
BAeTCA OJJHOBPEMEHHO C JJPYTOIL, TO €CTh
BBICOKIE YNC/IOBbIe 3HAYEHUS OFHON Ie-
PEMEHHOI OTHOCATCA K BBICOKMM YMC/IO-
BBIM 3HAYEHUAM JPYTOIL.

OrpunarenbHasg KoppenAlus cylie-
CTBYeT, €C/IM OflHAa IIepeMeHHasl YM€Hb-
LIaeTCA, KOTa Ipyras yBelIM4uBaeTCs, TO
€CTb BBICOKME YMC/IOBbIE 3HAYE€HUS Of-
HOJ TIE€PEMEHHONM OTHOCATCA K HU3KUM
YIIC/IOBBIM 3HAYEHMAM JIPYTOIA.
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HertirpanbHas Koppensamys: fiBe 1epe-
MeHHble He IOKasbIBAlOT B3auMMOJeil-
CTBUS APYT C pyrom. [2]

Cyl1ecTBYIOT pasHble TUIIBI KOPPeIsi-
LUV B 3aBUCHMOCTHU OT KOJIMYECTBa IIe-
PEMEHHBIX, UCIIO/Ib3YeMBIX TP MCCIIER0-
BaHMM: IPOCTasl, YaCTUYHAs M MHOXe-
CTBeHHas KoppenAnun. B mpocToit kop-
PeNALYN M3YYAIOTCs OTHOIICHVS MEXY
ABYMsI IlepeMEHHBIMI; B YaCTUYHOI KOP-
persanuy usydaercst 6osee ABYX Iiepe-
MEHHBIX, HO B 9TOM C/Iy4ae BIMsIHUE Ha
OfiHY IIEPEeMEHHYI0 COXPAHSETCS MOCTO-
SHHBIM U U3Y4aeTCs B3aUMOCBA3b MEXLY
IBYMsI OCTaBUIMMICS HePEMEHHBIMY; U B
MHOYXECTBEHHOI1 KOPPE/ILNU U3Y4YaloT-
Cs1 OIHOBPeMeHHO Tpu win Gortee mepe-
MeHHBIX. XOTsI IIPOCTast KOPPEJISILs XO-
polIa /I MOHMMAHNS IPOCTBIX B3au-
MOCBsI3€ll MEXy [TepPEMEHHBIMI, MOXKET
MIOKa3aThCs, YTO MHOXKECTBEHHasA Koppe-
NALUA JaéT pesynbTaThl JAydlle B COLM-
albHBIX HayKax. Tak IpPOMCXOAUT da-
CTUYHO IIOTOMY, YTO COLMa/IbHbIE SIBIIE-
HUsI TPeOYIT 6ojlee CIOKHBIX METOLOB
aHa/IN34a, TaK KaK JJO/DKHBI OBITH PACCMO-
TPEHBI C Pa3HbIX TOYEK 3PEHIIL.

B KoppenAnnoHHOM aHa/lIu3e MBI Olje-
HUBaeM BbIOOPOUHBIT K03 duLmeHT
KOppensauu BbI6Opku — Ko3dduimeHT
koppemsitun [TupcoHa — 0603HavaeMbli
1. 9TO M3MepeHue KOppeAnNN U AMaTa-
30HOB (B 3aBMCUMOCTH OT KOPPEJLILNN),
KOTOpble KomeOmorcs Mexay +1 u -1:

+1 ykasplBaeT Ha CaMyK CUIbHYIO
BO3MOXXHYIO TOJIOKUTETBHYI0 KOpPpesis-
L0

-1 ykasplBaeT Ha CaMyl0 CUIBHYIO
BO3MOXXHYI0O OTPUIATENBHYI0 KOpPpessi-
LMIO.

JauHbll K03 PUIMEeHT ompenenseT
HaIpaB/eHNe U CUTY JIMHENHOI CBS3H
MeXJy AByMs mepeMeHHbiMM. Ha Ha-
IIpaBJIeHIMe CBsI3Y YKasbIBaeT 3HAK K03(-
(unmeHTa KOppeIsnuN, a Ha CUTy CBSI3N
yKasblBaeT BeMM4YMHA Kod(duumenTa
koppesimy. C TOYKY 3peHus HarlpasJie-
HMsA OTHOILIEHMA MEXHY OJHON MM He-
CKOJIBKMMM TePEeMEHHBIMU MOTYT OBbITH
KaK IOJMIOKUTEIbHBIMM, TaK U OTPHUIIA-
Te/IbHBIMIL. DTU OTHOIIEHMsI, 6y/b TO IO-
JIOXKWTE/IbHbIE VIV OTPULIATE/IbHbIE, TaK-
)K€ MOTYT OBITb COBEpIIEHHBIMM, CUJIb-
HBIMU, YMEPEHHBIMM, CTTAOBIMI VITH JIOXK-
HbIMU. [Ipy omucaHyy CUIbI OTHOLICHMIT
OHM MOTYT OBITb CUIbHBIMMU, YMEPEHHBI-
mu win cnabbiMu. CreoBaTebHO, YeM
6mKe K09hPUIMEHT K TI0OOMY 13 3TUX
qIUCeI, TeM CHUIbHee KOpPpe/LIUMs [aH-
HBIX, KOTOpble OH IIPeCTaB/seT. B aT0it
mKaze 0 yKasbiBaeT Ha OTCYTCTBME KOp-
penALuM, T03TOMY 3HaUeHNs, O/IusKue K
HYJIIO, BBIAE/AIOT Oosee cmabyio / 6omee
IUIOXYI0 KOPPE/IALMIO, YeM 3HA4YeHIs,
6muskme X + 1/ -1.[3]

Kak mpumep MOXXHO IIPUBECTH TIOTIO-
JKUTENTBHYI0 KOPPETALI0, KOTOpasi U30-
OunyeT B MaKpOIKOHOMUKE, U3YUEHUU
9KOHOMUKM B IjenoM. [ToTpeburenbckue
pacxoppl u BBII ABnAroTca [ByMA IOKa-
3aTe/sIMM, KOTOpBbIE MPENCTAB/IAIT CO-
00it TIpUMepDI MOIOKUTEIBHO KOPPenn-
POBAHHBIX IIepeMEHHBIX, B KOTOPBIX [IB-
JKEHJE OJHOJl IIepeMEeHHOIl BhbI3BIBAET
IBVDKEHUe JIPYTOil, Yb€ OTHOLICHUE BbI-
paxkaeT IPUINHHO-CTIECTBEHHYIO CBS3b.
B sTOM Crydae moTpeOUTeNbCKIE PACKO-
IBI — 9TO IIepeMeHHas, KOTOpasl BIIUSIET
Ha nsMeHeHnne BBII. ®upmbl ycTanapmm-
BAIOT YPOBHU IIPOM3BOACTBA Ha OCHOBE
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CIIpoca, a CIIpoc M3MepseTcs MoTpebu-
TenbcKMMH pacxofamu. ITockonbky ypo-
BEHb IMOTPEOUTENbCKMX PACXOf[OB ABMU-
JKeTCsl BBEPX M BHU3, YPOBHY NPON3BOJ-
CTBa CTPEMATCA COOTBETCTBOBATDH M3Me-
crpoca,
MIOJIOXKUTETbHON B3aMMOCBA3Y MEXIY

HEHUIO 4TO TPUBOAUT K
ABYMs1 TIepeMeHHbIMH.

ITopBOpA MTOT, XOUY CKas3aTh, 4TO O/1a-
rofaps KOppeIALMOHHOMY aHaau3y II0-
AB/IAETCA BO3MOXHOCTb ITTy0XKe MCClie-
TOBaTb B3aMMOCBS3Y Pa3JIMYHBIX SBJIE-
HUJI U TIPOILIECCOB, BBIABUTD BIMAHME
OnpefieIéHHBIX (PAKTOPOB HA PE3y/IbTAThI
KaKoil-m00 JeATeNTbHOCTH, UCCIIeN0BaTh
U KOPPEKTHO OLEHMUTDH CIOXKMUBIIYIOCA
cuTyanyio. Bcé 3To monoXXuTenbHO CKa-

3bIBAETCS Ha OCYIIECTBJIEHUM Pa3HbIX
BUJIOB MIEATENBbHOCTHU, HPUHATHU 0060-
CHOBAHHBIX ¥ Pa3yMHbBIX PELIEHMIA.

Uctounukn

1. Correlation Analysis in Research: [Omex-
TPOHHBIN pecypc]. — Pexxum pocryma:
https://www.thoughtco.com/what-is-
correlation-analysis-3026696 [lata o6pa-
menus: 15.12.2019).

2. Introduction to correlation: [JmexTpoH-
HbIT pecypc]. — Pexxum gocrymna: https://
towardsdatascience.com/eveything-you-
need-to-know-about-interpreting-
correlations-2c485841c0b8 [Tara obpaire-
Husa: 17.12.2019).

3. KoppensauuoHHsbIl aHamu3: [DneKTpoH-
HBIT pecypc]. — Pexxum pocryma: http://
www.datuapstrade.lv/rus/spss/section_15/
(Mara obpamenns: 18.12.2019).
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3AYEM YUYUTD JUCKPETHYIO MATEMATIKY?

Kuner M. T.

cryneHTky rpynmnbl [I131111-19-2 @akynbreTa « KoMnbloTepHbIX HayK» HaydHbli
pykosoputenb: Crapumit npenogasarend 1M Oneitnuk Enena BragumuposHa
XapbKOBCKUI HAIJIOHA/IbHBIN YHMBEPCUTET Pa/IO3/I€KTPOHMKI

KroueBble cToBa: KOMIIbIOTEpHAs [VICKPETHAs MaTeMaTHKa, Teopus rpados, Te-
opusi oTHOIIeHuIt, ByneBas anrebpa, anroput™ [eiikcTpa, KBAHTOPEL.

MHorue CTyJeHTbl 49acTO 3aJaloTcsA
BOIIPOCOM: «3aueM y4HUTb AVCKPETHYIO
MaTeMaTHKy?». BepoATHO, OHM Hake He
II0[J03P€BAIOT, HACKO/IbKO YaCTO JaHHBIN
paspen MaTeMaTUKM IIPUMEHAETCA IIpuU
pelieHnn pasanyHbIX npobnem. Hampu-
Mep, B Teopuy Irpa)oB CYIeCTBYeT KIac-
cudeckas 3afiaya IOMCKa CaMOro KOpPOT-
KOTO IyTH, B KOTOPOM MUHUMU3UPYETCA
CyMMa BecoB pebep, COCTaBIAIIINX
IIyTh, & MMEHHO 3ajJjada O KpaTdailliem
IIyTH, U3BECTHAs TAKXe, KaK 3a/laya O
IUIVDKAHCe VIN 3a7jlada O MUHUMA/TbHOM
myT. Pasnuynble mpaKTU4ecKye IpyMe-
HeHUS NAHHOM 3aJjayMl OYeHb BEJIUKIN,
YTO OIpefieNsieT ee 3HauMMOCTb. Hampu-
Mep, IIpMMeHeH)e B HaBUraTope Jjis 1o-
JICKAa KpaTyajllero IyTH MEXAY ABYMs
IIePEKPECTKAMH, IJje B Ka4eCTBE BEPIINH
paccMaTpUBAIOTCA IIEPEKPECTKHU, a pe-
Opami SBJIAIOTCS JOPOTH JIeKallyie MeX-
oy HUMIA. CaMbIlT KOPOTKUI Iy Th 6y11eT
HalifleH, eCly CyMMa JIJIMH NOPOT MEXTY
ImepeKpecTKaMy MMHMMajbHa. 3ajaThb
IIPUOPUTET UCCIEJOBAHMA IIyTeN II03BO-
nsiet anroput™ devikctpst.[1] Ilpu ompe-
Ie/eHHBIX MOAM(UKAIMAX MOXXHO, Ha-
IIpUMEP, CO3[aTb AJITOPUTM IIOMCKa BbI-
XOfla M3 YPEe3BbIYAMHbIX CUTYaLUIA, YIU-
ThIBas BCIIOMOTATe/IbHbIE HAaTYMKN (rasa,

IIOKapHBIe, 3aTOIUICHUA U Apyrue). Mel
ybenuuch B IPUMEHUMOCTY TEOpUU
rpadoB, OHAKO 1 Apyrue paspiesibl UMe-
10T He MeHblllee 3HaueHNe. B HacTosAmee
BpeMs OUeHb BaKHO XPaHUTDb U 0bpaba-
THIBaThb OOJIBILION 00DbeM MHpOpMAIuL,
MMeoIeNn
CTPYKTypy. Ota MHpOpManMsA [OIKHA
OBITH IIpefcTaBIeHa B maMst IBM Tak,

CJIOKHYIO BHYTPEHHIOIO

9TOOBI €€ OBIIO JIETKO U3BJIEKATD, OO~
HATH U Npeo6pa3oBbIBaTh. PaccMoTpuM
OIVH V3 METOJOB IIOCTpOeHMs 6a3 HaH-
HBIX, pa3paboTaHHbIX B KOHIIE 60-X TOf{0B
U IIVPOKO MCIIO/MB3YEMBIil B HACTOsALIee
BpeMms. IIoCKONbKY IpencTaBeHNe UH-
dopmanuu B Buae Tabmuy sBIsgETCA
YHEOOHBIM ¥ NPUBBIYHBIM /IS YeTOBEKa,
OHO OBITIO B3SITO 32 OCHOBY U IIOKa3aHO,
4TO /MI060e IpefcTaBaeHNe TaHHbIX CBO-
AUTCST K COBOKYIIHOCTM JBYMEPHBIX Ta-
6. C MaTeMaTIIeCKOl TOYKHM 3peHNs
TabMIMYHOE TIPECTAB/IEHNE TAHHbIX JIET-
KO GOpMY/IMPYeTCA B TEPMUHAX OTHOLIE-
HUIL, ¥ IO3TOMY K HeMY IIPYIMEHMM allla-
pat Teopuy MHOXeCTB. Takas MOfesb
DaHHBIX HA3bIBAETCSA - PeIALMOHHON
(relation - otHomenue). st paboTsl ¢
PESIIMOHHON MOJeNbl0 OBbIIa CO3MIaHa
pesinyonHast anrebpa. Kaxpas omepa-
LA 9TON anreOpbl UCTIONb3YeT OGHY VN
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VYe>0 3N Vn:n>N |x,—al < e Obosnagenne lim, __ x .

Puc 1.1

HECKOJIbKO Tabmui (OTHOLIEHNIT) B Kade-
CTBe ee OIlepaHfOB U IIPOLYLVPYET B pe-
3y/IbTaTe HOBYIO TaO/INIY, T.€. IO3BOJIACT
«pas3pe3arb» M «CKIEMBATb» TaOIUIIBI.
OcHOBHas1 upesi PenALMOHHON anre6psl
COCTOUT B CJIEAYIOLIEM — HMOCKOIBKY OT-
HOLIEHMS SBJIAKTCA MHOXXECTBaMU, TO
CpencTBa MAaHUITY/IMPOBAHIA OTHOLIECH -
AMI MOTYT 6a3MpOBATbCA Ha TAKUX Tpa-
OVIMOHHBIX TEOPETUKO-MHOXXECTBEH-
HBIX OllepaluAX, KaKk oObefuHeHe, Iie-
pecedeHne, pasHOCTD, LEeKAPTOBO IIPOM3-
IOIIOMHEHHBIX HEKOTOPBIMU
crienyanpHbIMM onepanyamu.[2] He yxo-

BEICHUIE,

A JAJIEKO OT KOMIIBIOTEPHBIX TEXHOO-
rMil OTMeTVM, 4TO M DyneBas anre6pa
HaXOIMT IIMPOKOe IpUMeHeHMe B cepe
nporpammupoBanus. CylecTByeT faxe
OTJeNbHbIIT BUJ JaHHBIX boolean, B koTo-
pbIX 3HaYeHVsT 00O3HAYAOTCS KOHCTAaH-
Tamu true u false. [lanHble MOrMYEcKMe
3HaYE€HNA MOXXHO IIpUICBayBaTh, BO3Bpa-
marb B pyHkuyy u 1.5j. Hammcas HekoTo-
poe yciioBue, Mbl MOXXKEM €TI0 YIIPOCTUTD,
VICTIONB3YA 3aKOHBI JAHHOTO pasfena. Bo-
0011ie, MOXKHO OTMETHUTb, YTO BCs JUC-
KpeTHas MaTeéMaTlKa JICIIO/Ib3YeTCA IIPpU
COCTaBIEHUMN A/ITOPUTMOB B IIPOrpaMMM-
posanunu. Cam e A3BIK ANCKPETHOI Ma-
TEMATNKN O4Y€HDb yI[O6€H, OH q)aKTI/I‘—IeCKI/I

CTajl A3BIKOM BCeJl COBPEMEHHON Mare-
Matuky. Hampumep, npu cocTaBieHUU
MaTeMaTU4YeCKNX BBICKA3bIBAHMII JIC-
II0JIb3YIOTCSA KBAHTOPBI, KOTOPbIE OTHO-
CATCA K JIOTMKE IPENUKATOB IIEPBOTO I10-
psAnKa. PaccMOTpUMM KOHKDETHBIN IIpU-
Mep. IlocTosiHHOe 4MC/I0 a Ha3bIBaeTCA
Ipefie/ioM IOC/IeL0BaTeIbHOCTI {xn},
ec/m JyiA moOoro CKOIb YrOZHO MaJioro
IIOJIOKUTENIBHOTO 4Mca € > 0 CylmecTBy-
eT Homep N TaKoit, YTO BCe 3HAYEHUA X , Y
KOTOpBIX N > N, yOBIETBOPAIOT Hepa-
BEHCTBY |xn- a| < . JlaHHOE BBICKa3bIBa-
HIe 3alICBIBAETCs] HAMHOTO Ipote 6ra-
rofapss KBaHTOPOB, cM. puc 1.1. Taxum
o6pasoM, Hamy OBUIM IPUBEJEHBI HEKO-
TOpble TIPUMEPBI MCIONb30BaHMA [VIC-
kpeTHOit MareMaTukyu. OpfHaKo, maxke
PaccMOTpeB YacTHbIE C/Iy4ay IIpUMeEHe-
HIs JAHHOTO pasfiena, Mbl YBUJEIN, 9TO
OUCKpeTHasl MaTeMaTUKa VMMEET OIPOM-
HOe 3HauYeHNe B pasHbIX cdepax 1 TO, 4TO
ee M3y4eHMe HeOOXORMMO I Jja/bHell-
LIETO IMporpecca 4eJI0BeYeCTBa.
Cmicox nuTeparypol

1. Tkaue [I. B. Ipadsl un ux npumeHeHne

MpY  Ype3BBIYANHBIX CUTyanuax //

BectHux Haykn u obpasoBanms, 2019 1.
2. bonpgapenxo M.®., benoyc H.B., PyTkac

AT.  KommpioTepHad  AuCKpeTHas
MaTeMaruka. — Xapbkos, 2004. — 512 c.
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ITPOTHO3YBAHHA MOK/IMBOCTI BUHVNKHEHHA
3AXBOPIOBAHDb CEPIII HA OCHOBI PIBHA XOJIECTEPMHY
TA YACTOTHU CEPIHEBIX CKOPOYEHDb

3 BUKOPMCTAHHSM JITHIVIHOI PETPECII

Ceprienko O.C.
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Bcrym: 3acrocyBaHHA anropuTMiB Ma-
HIMHHOTO HABYAHHA € IOCUTD aKTYaTbHUM
Ha HaIll 4ac i IPOKO BUKOPUCTOBYETbCA B
PisHUX 0O/IACTAX HiS/TBHOCTI JIIOTVHM, Ta-
KIX SIK: OXOPOHa 3[0pOB’sI, piHaHCH, e/leK-
TPOHHa KoMepis, 6ionoriss Ta iHumd [1].
binbiry yacTuHy 3aBJaHb MAIIMHHOTO Ha-
BYAHHA MOAUIAIOTb HA HaBYAHHA 3 y4uTe-
7eM 1 HaBYaHHsS 6e3 yumtensa. Y pobori
Oyzne 6e3rocepeHbO POSILIHYTO MAIIVH-
He HABYAHHs 3 YUIMTeNleM, SIK HAMOUIbII
MIOIIVIPEHNIT 1 BUBYEHWII TUII HaBYaHHA,
AKMI Tiepenbadae Mmif coOO0K0 HAasABHICTH
HIOBHOTO HA0OpY JaHUX I TPeHYBaHHs
Mogeni Ha BCix eramax i moOymosu. Pos-
IJLIHYTO Ta OOIPYHTOBAHO BUPIIIEHHS 3a-
madi 6ararodaxTopHOI iHiTHOI perpecii.

ITocraHoBKa 3aBmaHHs:: [Ipobnema Bu-
COKOI CMEPTHOCTI BiJj cepLeBO-CyIMHHMIX
3aXBOPIOBaHb € JNOCUTDH 3HAYYILIOK, CaMe
TOMY METOI0 IaHOI POOOTHU € PO3IIAHYTH
Habip [aHUX, KU CTOCYETHCS 3aXBOPIO-
BaHb Cepl, Ta IHILIIOBaTM I HAaBYUTU
MOfe/Ib JTHIHOI perpecii, sika 6yzie cripo-
MO>KHa IPOTHO3YBaTV MOX/IMBICTb BM-
HUKHEHHS 3aXBOPIOBAaHb CepL 3 ypaxy-

BaHHAM JIBOX (paKTOPiB: piBH: XO/ecTepH-
HY Ta 4aCTOTY CEpIIEBUX CKOPOYEHb.

Brknanenna marepiany Ta pesynbTaTis:
I mocnimxeHHs 6y/I0 BUKOPUCTAHO Ha-
0ip JaHNX, SAKMIT CTOCYETbCS 3aXBOPIOBAHD
cepus. B nanomy Habopi HagaHa iHdopma-
Ljis Ipo BiK, CTaTb, TUII OOMI0 B IPYHIX,
aprepia/ibHUIl TUCK, PiBEHb XOJIECTEPUHY,
piBeHb IYKpY, YacTOTy CEpILEBUX CKOPO-
YeHb, CTeHOKapyito Ta iHui o3Haku [2]. B
paMKax TOCIKeHH OYIyThb IIpOaHaIi30-
BaHi TUIbKY iBa (haKTOpY: piBeHb XOJIecTe-
PMHY, a TaKOXK YacTOTa CEPLEBUX CKOPO-
YeHb, Ha OCHOBI sAKux Oynemo iHiniroBaTy i
TPeHyBaTy MOJEIb JIiHiIHOI perpecii, a
3TO[IOM NPOTHO3YBaTM MOXKIMBICTb BU-
HUKHEHHS 3aXBOPIOBAHD CEPIIA.

Jlist mporpamuoi peanisaunii 6y1o Bu-
KOPMCTAaHO  MOBY HpOrpaMyBaHHA
Python3; xomanpgHy OOONOHKY A iH-
TepaKTUBHUX  obumcieHp  Jupyter
Notebook, sika migrpumye Python3; 6i-
6miotexu numpy, pandas, matplotlib.
pyplot, plotly, plotly.graph_objs.

Ha mepmomy erami nopindgemMo pmaHi
Ha 2 Habopy: Habip HaBYaJIBHUX JJAHMX,
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® Habip HasyansHMx AaHMX
® TectoBWiA Habip

PucyHok 1 — Bisyanisauia Habopy HaBYanbHVX AaHUX Ta TECTOBOro Habopy

AKUIT OyJe BUKOPYUCTAHO JyIA HaBYaHHA
6aratodakTopHOl Mogeni NiHitHOI pe-
rpecii, i TecToOBuIL, Ha OCHOBI sIKOTO Oyze
BMKOHAHO IIEpEeBiPKY NPaBUIbHOCTI po-
6otn moperni (puc. 1).

Hari, ininitoeMo Mofienb /iHiHOL pe-
rpecii i 3aiiMaemMocs I HABYaHHAM, Bpa-
XOBYIOUM KIiJIBKICTD iTepaniif, IKi BUKO-
PUCTOBYIOTHCA aJITOPUTMOM TPaJIi€HTHO-
rO CIIYCKY JUI 3HaXO[PKEHHs MiHIMyMy
¢byHKLil BapTOCTi, PO3Mip KPOKY Tpai-
€HTHOTO CITYCKY, a TAKOXX ITapaMeTp pery-
napusanii. [Ina Hamoi Mopjeni KilbKicTb
irepanin cknagae 500, npyu Takiil Kinb-
KOCTi iTepalifi anroput™ Oype IpaioBa-
TU JOBILE, IPOTE IiIBUIIYETHCA IMOBIP-
HICTb TOTO, 1O I'PAJiEHTHUII CIIYCK 3MO-
e gocArty MiHiMymy [3]. Posmip kpoky
IpajlieHTHOTO CIycKy cknas 0.1, a mapa-
MeTp perynapusanii 0. IIpy mpasunbHO
HaBYeHilT Mofieni 3Ha4eHHs PyHKILiI Bap-

FpafieHTHWA CNYyCK

16000

14000

12000

10000

BapTicTs

8000

6000

) 100 200 300 400 500
KinbkicTe iTepauii

PucyHok 2 — padik 3anexHocCTi pyHKUiT
BapTOCTI Bif KiNbKOCTI iTepaLin

TOCTi Ma€ 3MEHITYBaTHCSA 3 KOXKHOIO Ha-
CTYIIHOIO iTepalli€o, AKIIO X 3HAYEHHS
361/IbIIyEThCSA, TO Iie O3HAYAE, IO Ipaji-
€HTHUII cOycK abo He JOCAT MiHIMyMy
¢dyHKuil BapToCTi, a60 MPOMYCTUB 10TO.
YV HalloMy BUIQJKy MOfenb Oy/Ia HaBue-
Ha IIPaBIIbHO, IO BUIUIMBAE 3 rpadiky
3a7IeKHOCTI QyHKIIT BapTOCTi Bif Kinb-
KocTi iTepaniit (puc. 2).
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® Habip HaBYansHKMY A3HKUX
® TectoBuid Habip
Mpadvik nporkosis

PucyHok 3 — padik nporHosie mogeni

PieHb xonectepuHy Yactora cepueBux ckopoveHs LUine [Mpornososana uink PisHuua
0 204 172 1 0.807718 0.192282
1 192 148 1 0.597579 0.402421
2 199 162 1 0.720160 0.279840
3 21 144 1 0.540726 0.459274
4 226 178 1 0.840503 0.159497
5 175 123 1 0.383361 0.616639
6 417 157 1 0447173 0.552827
T 304 170 1 0.685218 0.314782
8 308 142 1 0421344 0.578656
9 321 182 1 0.778853 0.221147

PucyHok 4 — Tabnuusi 3Ha4eHb NPOrHo3y

It Toro 106 3po3yMiTH HACKUIBKI O-
Ope Hallla MOJe/Ib HaBYWIACH, OYyEMO Ipa-
ik 1i IPOrHO3iB 10RO HAOOPY HABYA/IBHYX
IAHVX Ta TECTOBOTO Habopy (puc. 3).

KpiM 11p0rO, MM TaKoX MOKEMO TIpef-
CTaBUTK TaO/MLIO 3HAYEHDb IIPOTHO3Y, SKY
HaBYeHa MOJIE/Ib (POPMYE ISt HEBITOMIIX ALt
HAIIIOrO HabOPy 3HAYEHD PIBHS XO/IECTEPUHY
1 9acToTH CeprieBMX CKOPOUeHb (puc. 4).

Bucnosku: O1xe, y xofi poborn 3a
TOMOMOTrOI0 MAalIMHHOTO HaBYaHHA 3
y4nuTeNneM iHILIIOBAMM Ta HaBYMIM MO-
Ienb JiHIHOI perpecii IPOTHO3yBaTU
MOYK/IMBICTb BMHUKHEHHS 3aXBOPIOBAHb
Ceplis 3 ypaXyBaHHIM JIeKiNMbKOX aKTo-
piB: PiBHA XO/I€CTEPUHY Ta YaCTOTH Cep-
LIEBUX CKOpodYeHb. IlepeBaramm Takoro
X0y € JOCUTh BelMKa TOYHICTh MPO-
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THO3IB Ta MOXK/IMBICTb 06pOOKY 3HAYHOI
KIJIBKOCTi aHUX, ajie iCTOTHUM HeJO0JIi-
KOM € Te, 1IJ0 Mall¥iHHE HaBYaHHA 3 y4Iu-
Te/IeM BMKOPMCTOBYE BXKe€ iCHyI0uMii Ha-
6ip maHmux, SIKOro MoXxe He OyTH IIpH [0-
CIimKeHHI Impo6meMy, 1o e He Oya
BMBYEHA Ha JJOCTaTHbOMY PiBHi.

Cnucox nireparypu:
1. Tlpumenenne MarmmHHOro 06ydyenus u Data
Science B mpombIeHHOCTH [ EnexTporHmit

pecypc] - Pexum goctymy fo pecypcy: htt-
ps://habr.com/ru/company/mailru/
blog/462769/ ([lata sBepHenHs: 11.12.2019).
Heart Disease UCI [EnexTpoHHMI
pecypc] — Pexxum poctymy mo pecypcy:
https://www.kaggle.com/ronitf/heart-dis-
ease-uci (Jara sBepHenHs: 10.12.2019).
ManmmHHOe o6ydeHune OT mapTHepa Stan-
ford [Enextponnuit pecypc] - Pexum
moctymy po pecypcy: https://www.cour-
sera.org/learn/machine-learning (Jata
3BepHeHHs: 28.10.2019 - 18.12.2019).
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BUKOPUCTAHHS TEOPII HEUITKUX MHOXUH

Y BUTTOBYTKY JAHUX

Mixepesa B.4.

XapKiBCbKUI HalliOHAJIbHUI YHIBEPCUTET pafioeIeKTPOHIKM

KimoueBpie croBa: BUIOOyTOK IaHMX, HEYiTKi MHOXXVHM, HediTKa JIoTiKa.

Keywords: data mining, fuzzy sets, fuzzy logic.

Y Tenepilniii 9ac - 4ac, KOu JT0fuHA
Ma€ JOCTYII IO HEOCAXKHOI KiIbKOCTI Jla-
HIUX, KO/ JisTbHICTD 6arathoX oprasisa-
wiit, gpipM Ta KoMIaHill 3aCHOBaHa Ha BU-
KOpucTaHHi 6a3 JaHNX BCe YacTilll BUHM-
Kae HeOOXiIHICTb OTPMMAaHHA TaK 3BaHUX
«IIPUXOBAHNX» 3HaAHDb i3 «CUPpUX» TaHUX.

Takmit mpoliec AK BiIKPUTTA 3HAHD
CK/IaIA€ThCs 3 iIT€PaTUBHOI TOC/iJOBHOC-
Ti HACTYIIHUX KPOKiB:

1) ounIIEeHHs JaHUX;

2) iHTerpanis JaHux;

3) Bubip faHux;

4) mepeTBOPEHHs HAHNIX;

5) BUKOOYTOK JaHNUX;

6) orjiHKa Ia6TIoHY;

7) npeseHTAalisl 3HAHb.

PosrianeMo Taky CKIafoBy Ipoliecy
BiIKPUTTS 3HaHb AK BUHOOYTOK JJaHNX,
AKMIT 1le HasMBAIOTh iHTeNeKTya/lbHUM
aHajisoM pmaHux [4]. 3a BU3HAaYEHHAM,
BUA0OyTOK AaHMx (aHr1. data mining) -
Ije 30upanbHA Ha3Ba /I ITO3HAYEHHs
CYKYIIHOCTi METO/IiB BUABJIEHHSA Y TaHUX
panime
MPaKTUYHO KOPUCHUX Ta IOCTYIHUX iH-
TepIpeTalili 3HaHb, HEOOXITHMX [is
NpUIHATTA pilleHb Yy Pi3HOMaHITHMX
cdepax MIOACHKOI FiAMBHOCTI.

HEBiIOMUX, HETPUBiaJIbHUX,

Meronu BupoOyTKy HaHNX, SIK 3BiCHO,
JIeXXaTb Ha CTVKY 0a3 JaHUX, CTAaTUCTIKY Ta
HITy4YHOTO iHTenekTy. OCHOBY METONIiB BU-

HoOyTKYy [GaHMX CKIafaloTh Pi3HOMAaHITHI
Mertony Kimacmikanil, [0 3acCHOBaHi Ha
BMKOPVICTaHHi JIepeB pillleHb, INTYYHIX He-
JIPOHHIX MEPEeX, TEHETUYHIIX a/ITOPUTMIB,
€BOJIIOLIJIHOrO IIPOrpaMyBaHHs, aCOIlia-
THUBHOI ITaM’AITi, @ TAKOK HEYITKO] JIOTiKM.

3a [IOTIOMOrOX0 HEYITKMX MHOXUH
MOX/IMBE MOJE/TIOBAHHA HETOYHMX Ta
AKICHUX 3HaHb, a TAKOX Ilepefiava Ta I10-
BOJ/PKEHHS 3 HEBM3HAUEHICTIO Ha pi3HUX
eranax. HeuiTka jiorika 3jaTHa mipTpu-
MYyBaTi B PO3YMHIiil Mipi MipKyBaHHH
JIOAVIHU y IPUPOJHIiL popMi.

Heuitka norika — 1je MHOXX1HHU Oyrte-
BUX JIOTIK, 110 O6y/Iu posumpeni fs o6-
POOKM KOHIIENIii «IacTKOBMUX iCTMHHUX
3HaYeHb», AKi JeKaThb MK «I[iIZIKOM ic-
TUHHUMM» Ta «IOBHICTIO TTOMMUIKOBU-
MI». 3 Ha3BU BUIIIMBAE Te, IO 1€ JIOTIKa,
3a OCHOBY 5KOI Oy o6paHi ckopiut mpu-
61m3Hi crioco6u MipKyBaHH:, HDK TOYHI.

BaxnuBicTh HEYITKOI JIOTIKM JIEXUTH
y TOMY, 110 OiIbLICTD CIIOCOOIB MipKy-
BAHHS JIOAVHIY Ta 0COOINBO MIpKYBaHHI
3/I0POBOIO IJIy3[y IO CBOIN IIPUPOJL Ma-
I0Tb IIPUOIM3HNUIT XapaKTep.

Hani nepenidyeHi XapakTepuCTUKY He-
4iTKOI /1oTiKy, 1o 6ynmu chopmynpoBani
3apmepom JloTdi:

1) y HeuiTkiii yiorini To4He MipKyBaH-
HA PO3ILAJAETBCA SAK OOMEXyBaTbHUI
BUIAJOK NPUOIM3HMX MipKYBaHb;
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2) y HediTKiit JIoTilli BCe 3a/IeXXUTD Bif
CTYIIEHIO;

3) O6yab-sKa JIOTiYHA CHUCTeMa MOXe
OyTH HEUiTKOIO;

4) 3HaHHA CHOPUIMAIOTBCA AK CYKYII-
HICTb IIPY>KHUX a00 X, IO € piBHUM, He-
YiTKIX OOMEXeHb Ha CYKYTIHICTb 3MiHHMX;

5) IpUIYLIEHHS PO3IIALAETC 5K
HPOLIeC POSLIMPEHHS IPY)KHIX 0OMEXKEHb.

I1iy He4iTKOI0 MHOXXMHOIO A PO3yMi-
€TbCA CYKYIHICTh YIOPAJNKOBAHMX IIap,
CK/IaJIEHMX 3 €/IEMEHTIB X YHiBepCa/lbHOI
MHOXMHM X Ta BifJIOBifHUX CTyIleHiB
Ha/IeXHOCTI Y, (x):

A= {(x, pﬂ(x)”x € X},

me w,(x) - dynxiia HanexxHOCTI, 110
BKa3ye, B KOMY CTYIIEHIO €leMEeHT X Ha-
NIeKUTh HediTkiit MHOXMHI X. OyHKIia
u,(x) TpuitMae sHaYEeHHA y [IEAKOMY -
HilTHO BIIOPAKOBaHiil MHOXXMHI M. MHO-
JKMHY M — Lle MHO>KMHA HaJIeXKHOCTI, 4ac-
tiute 3a M mpuiimaeTbes Bifpisok [0,1].

Teopist HeUITKMX MHOXXIH Bce OibII i
OiMBIIT 3aCTOCOBYETHCA B iHTENEKTYalb-
HUX CHCTeMax depes ii MpOCTOTy Ta cXO-
XKICTb IO MOACHKOrO MipKyBaHHA [1].

PosringHemo mipxim 70 «HEYiTKOTO»
BUOOYTKY [AaHUX, SKMIl MOJISATA€ B 3a-
CTOCYBaHHA IPUHLMITY HEYIiTKOCTi B ca-
Mol mobynosi Mozeri. IcHye fexinbka 3a-
CTOCYBaHb, 00CYIMMO TPU 3 HUX.

Knacrepisauist: xmacrepisauis k-3na-
YeHb € BXKe 3BUYHOKI0 TEXHIKOI HOOYTKY
maHyx 6e3 HarLAxy. Leit MeTop Ipy3Havae
KOXKHe CIIOCTEepeXXeHH:A OJHOMY i3 3asfia-
JIerizb BUM3HaYeHUX KiaacTepiB k, mo mae
Hallo/upKde 3HayeHHA. [Ipym HewiTkin
KJIacTepisallil CIOCTEpEXEHHsA IIE€BHOI0
Mipoio MOYKe HajIeXKaTu 6araTboM Kiiacre-

pam. I yacTKoBa NpMHAIEKHICTD OMUCY-
€TbCsT QYHKIIEI HaTeKHOCTI.

JlepeBa pillleHb: [jepeBa pillleHb 4acTo
BUKOPUCTOBYIOTbCSL [Is1 TOOYOBM IIPO-
rHO3HUX Mmopeneit. [1ig yac HaBYaHHS MO-
Ieneit y posIlenyieHHsl Y BHY TPIilHIX BY3-
7ax 3a3BMYall IPYHTYETbCA Ha Iy>Ke CyBO-
puX mIpaBuiax. 3acTOCYBaHHA HEYiTKUX
MHOXVH y LIbOMY BUIIQJKy JI03BOJIIE
oTpyMaty OiIbIIy THYYKiCTb. 3aMicTb ab-
COJIIOTHOTO 3HAYEHHs MOXKHA 3pOOUTH
PpO306UTTs Ha OCHOBI HEUITKOI MHOXKIHIL.

[TpaBua acorjianii: po3po6ka mpaBui
aconjallii BKIIOYa€E BUABIEHHS 3B A3KiB
MbK 3MiHHUMMK B Habopi maHux. OpuH 3
Ha6IIbII BiTOMMX HPUKIAZIB — i€ BU-
106YTOK YacTuX HaOOPiB IpenMeTiB, sAKi
HajfyacTime Kymyerbcs pasom. To6To,
TaK IIPaBUIIA, SIK KOXKEH, XTO KYIye X6
Ta KOBOACY, TAKOXK KYIYE CUP, MOXYTb
6yTu BUsBIeHI. BBemeHHS HeuiTKOCTi B
LIbOMY BMUIIQIKy MO>Ke IIPU3BECTH [0 HO-
CUJIEHHA MiITPYMKM IIPABUIL.

BusiBneHHs eeKTUBHMX Ta HafillHUX
MeTOfiB BUAOOYTKY JAHUX Hapasi € Kyxe
aKTYa/lbHOIO 3aja4yero. 3aCTOCYBaHH:A He-
4iTKOI JIOTiKM MOKe CIPOCTUTM peanisa-
1if0 I[UX 6araTboX METO/IIB, a TAKOX 3pO-
6uTH iX HAJIOIIbII pe3y/IbTATUBHIIMIL.
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OIIPEJIETEHUE 3HAYVIMBIX ACCOIIVIAIIMII
B TEHETMYECKVX JIJAHHBIX C [IOMOIIBIO
KO3 ®®UIIVEHTOB YACTHOVI KOPPE/ISIIVN

Yepuonoc M. M.
CryneHTKa

Hay4HbIil pyKOBOAUTENIb: CTAPIINIT IpeNofiaBaTeNnb Kaderpol

IIN Oneitnuk E. B.

XapbKOBCKI/II‘/'I HaIII/IOHaHbeIﬁ[ YHUBEPCUTET PaVIO3IEKTPOHNKN
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IIPUYMHHAA CBA3b, pErpeccus
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OcHOBHOII TIpO6/IEeMOIt CUCTEeMHOI!
Ouonmorny sBJsAETCSA OIpefeseHNe BUAA
OMOXMMUYECKNX B3aMOMEIICTBUII U3
KPYITHOMACIITAOHBIX HAOMIOf[EHNIT, B Ta-
KMX OTpac/ifAX, KakK, Halpumep, TPaHC-
KPUIITOMMKA, IIPOTEOMUKA WIM MeTabo-
noMuka. s obnerdenns safgadim u npes-
BApUTENIbHOJ OLIEHKM 3aBUCUMOCTEN
3/1eMEHTOB F€HOMa MOXKHO UCIIO/Ib30BaTh
YaCTUYHBIN KOPPENALVMOHHBIN aHajus.
OH 1N03BO/IAET MOCTPOUTH HPUOIM3U-
Te/IbHble HeOPUEHTUPOBAaHHbIe I'paduKu
3aBUCUMOCTel Ha 6ONMpIINX Maciirabax
OMOXVMIYECKMX NaHHBIX. JTOT IOAXOJ
MI03BOJIAET PA3JENNUTD NIPSAMbIE U KOCBEH-
Hble B3aMMOJEICTBUSA OUOXMMUYECKUX
coefuHeHnIt, 61arogapst 4eMy reHetude-
CKasl CeTh BBIBORUTCS OOjIee HAITISITHBIM
obpasom.

B kauecTBe MHAMKATOpa MePHI CBA3YU
MEXly HEITPEPBIBHBIMU CITy4ailHBIMU Be-
JIMYMHAMM IMIPOKO UCHOIb3YeTCs KOad-
¢unnent xoppesiunu [npcona. Kak us-
BECTHO, KOppenAnus — He IOKasaTenb
IMPUYMHHO-CTIENCTBEHHOI CBA3Y, TaK KaK

pasnnvYHbIie IIPUYNHHO-CIE€NCTBEHHDbIE

CBA3M MOTYT CPaBHMBATb OfIHY U Ty XKe
napy BennuuH. Ho HecMOTps Ha TO, 4TO
KOPPE/IAIMOHHbIE CeTU He COBMAJAIT C
OCHOBHBIMM IPWYNHHBIMI CETAMM, KOp-
persius [OBOIbHO MH(MOPMATHBHA HIpK
ee M3y4YeHUY B HabopaxX TeHeTMYeCKUX
maHHbIX. Hanbomnee BayKHOT KOHIIEMIINEN
B JAHHOM BOIIpOCe sIB/IseTCs K03 duiu-
€HT 4aCTHOJ KOPPeALNN.

Koadduument gyactHolt KOppensum
KOJIMYECTBEHHO OIIpefieNisieT KOppess-
LU0 MEXIY AByM:A IepeMeHHbIMM (Ha-
IIpUMep, TeHHas aKTMBHOCTb) IIPU YCTIOB-
HOJM 3aBUCUMOCTM OT OJHON WM He-
CKOTIbKUX JPYTUX IepeMeHHbIX. Hampu-
Mep, 4YTO UMEHHO ABJIAeTCA KoppenAalnen
I, MEXJy TIeDEMEHHBIMU X 11 Y C yCTIOBU-
eM 1? 9TO KOPPEALN MEXIY JacTAMM X
1y, KOTOPbIE HE CBA3aHBI C

r. YToOBI OTYYUTD 3TU YaCTU X U ¥,
o0e BeMMYMHBI MOABEPralTCs perpec-
cun 1o z. OcTaTKu MOTy4YeHHO perpec-
CUM ABJIAIOTCA YaCTAMU X U Y, KOTOpbIE
He cBfA3aHbl ¢ z. Koppemanmusa Mexpay
OCTaTKaMM X U y 6yAeT 4acTUIHOI KOp-
penAnuer MeXay X U y C yCIOBUEM Z.
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[Topsanox koadduumeHTa YaCTUYHON
KOppeALMU  OIpefensgeTcss Koaude-
CTBOM YC/IOBHBIX HepeMeHHbIX. Harpu-
Mep, I, ABIACTCA YaCTHBIM k03 Pum-
€HTOM KOPpe/LILUM IePBOrO IOPSAKA,
TaK Kak OOyC/IOB/IEH TOJBKO IepeMeH-
HoJ1 z. COOTHOIIIEHNE MEX/Y BYMSI IIe-
peMeHHbIe OLIEHMBAIOTCA IIyTeM IIpMMe-
HEeHNUs YCJIOBMII Ha BCeX BO3MOXKHBIX
mapax IepeMeHHBIX. Ecmm kaxas-nmmn6o
U3 9TUX Nap AaeT HY/IEBYIO YACTUIHYIO
KOppenALuio (WM KOPPeALNIO, Cylie-
CTBEHHO He OTIMYAIOIIYIOCSA OT HYJIA),
3TOT y3eN yHanAeTCsA U3 KOPPeAIVOH-
HOIl ceTu. B pesynbrate HmpuMeHeHU
TaHHOTO aJTOPUTMa KO BCEM y3JIaM II0-
OYepefHO, CO3[AeTCsI KOPPe/LALMOHHAS
CeTb, IIPEMIOIOKUTEIbHO COCTOAILAS 113
HAIPSIMYIO CBSI3AHHBIX BEIVYNH.

B pesy/brarte npuMeHeHNs IPECTaB-
JICHHOTO MeTofia OOHapy>KMBAeTCs, 4TO
HOJXOfi MMeeT XOPOIIYI0 CTaTUCTHYe-

CKYI0O MOIIIHOCTDb I HUSKUI YPOBEHD JIOXK-
HbIX Cpa6aTbIBaHI/IIU/I AoKe IIpU HaIM4Inm
myMa B JaHHBIX, a CJI€J0BaTE/IbHO, MO-
JKET YCIIENIHO JCIIONIb30BaTbCA IPpU MC-
CIIeJOBAHUN T€HETUMYECCKUX Ha6op03 Ha
Ha/mm4ane IIPpUYNHHO-CIIENCTBEHHDBIX IIe-
e CBA3U U KOppenAnMOHHBIX CBsI3€l.

JIntepaTypa

1. Imypman B. E.. Teopusa BepoATHOCTEl U
MaTeMaTudecKass CTaTucTuka. Mocksa.:
Bricias mkona, 2003. — 479c¢.

2. Sahoo P. Probability and Mathematical
Statistics. Louisville.: University of
Louisville, 2008. - 689c.

3. Jokmua P. PacmmpenHblit QeHOTHIL:
gnuHHAaA pyka TreHa. Mocksa.: ACT,
2014. - 384c.

4. B. Yang, Y. Wang, P-Y. Qian. Sensitivity and
correlation of hypervariable regions in 16S
rRNA genes in phylogenetic analysis. // BMC
Bioinformatics. 2016. Ne17. — Pesxum gocry-
ma: https://bmcbioinformatics.biomedcentral.
com/articles/10.1186/512859-016-0992-y/
(Hara obpamiennst: 25.12.2019).

30



SCIENCE,RESEARCH,DEVELOPMENT Ne24

TOCIIXEHHSA PEXXMMIB BOOHOTEIIZIOBOI OBPOBKMU
KYKYPYI3IHOI KPYIIU IIPM BUPOBHUIITBI IIJIACTIBIIIB

Kycros 1.0.

K.T.H., CTapiumii Bukiaazad, Ofecbka HallioHa/lbHA aKafleMisd XapuoBUX TEXHOJIOTi

Pu6unnacexuii P.C.
3mobyBau

KrrouoBi cmoBa: KyKypyzsa, BOgHOTeIUIOBa 006po6Ka, NpOMApIOBaHHA KPyIu,

ITIONIEH] TIPOYKTH.

B ymoBax 3pocTaHHA NONNUTY Ha Cy-
YacHi IUIIOIeHi HpPORYKTH IX BUPOOHMU-
LITBO CbOTOJHI 3[I1/ICHIOETHCS IPAKTUYHO
3 yCiX TpafINLII/IHNX BUJIiB 3€PHOBOI CUPO-
BUHM — IIIEHNUIi, AIMEHI0, PICY, Ipoca,
TPEYKM, TOPOXY, TP LbOMY BPaXOBYIOUYM
BiJICYTHICTh peKOMEH/IaLlill 1I0f0 BUPOO-
HHULTBA 3 HUX TaKOTO BUAY NPOAYKTIB 3a-
3UYail IepepoOHUMM MifIpUEMCTBAMU
PO3POOIAIOTECS 1 3aTBEPHXKYIOTHCS BIaC-
Hi BHYTPillIHi TeXHiYHi yMOBM.

I[Tpu BupoOHULTBI 37TaKOBKX Ta 6060-
BUX IUIACTiBLIiB B AKOCTi CUPOBMHM 3a-
CTOCOBYIOTb B AKOCTi CMPOBMHY LTy a60
HofpiOHeHy Kpymy [yid Kol Iicid 3pili-
CHEHH: KOHTPO/IbHUX OIlepallill 3acToco-
ByloTb MeTof BTO 3a xombiHOBaHOMO
CTPYKTYPOIO XOJIOHOTO Ta TIapsyoro
KOHZIMI{FOBaHHS, 110 JO3BOJISE 361/IbIIN-
TU BOJIOTiCTh KPYIIM Iepef] IpOonapoBaH-
HsM Ta BifMOBiAHO 6171l edeKTUBHO
MIPOBOAMUTY 3MiHM TEXHONIOTiUHUX BIaC-
TUBOCTEN Ta XiMIYHOTO CK/Iay IIpU He-
TPUBANIOMY IIPONapIOBaHHI KPYIN.

Bigomuit croci6b BupoGHuMIITBa mIlre-
HUYHUX IUTACTIBIIB, 110 epen6adae 3B0-
JIOKEHHA MIIEHNYHOI KPYIIN Y TPY eTanun
1o Bonmorocti 27-33 %, 1i BigBOIOXKeHH S,

MPOTApIOBAHHA Ta Ha 3aK/IIOYHOMY eTalli
wiomeHHA. [Ipu nepepo6ii ronosepHo-
IO AYMEHIO B IUIACTIBILi, Iepey III0IeH-
HAM IIPOBOJATH 3BOJNIOXKEHHA 3€pHA N0
26-27 % 3 HACTYIIHMM JIOTO KOPOTKOYac-
HUM BifIBOJIOKE€HHAM IIPOTATOM 4-5 rof.

OnHMM i3 Cy4acHMX CIIOCOOiB BUPO6-
HUILTBA ITIONIEHMX MPOAYKTIB i3 3/1aKO-
BUX KYyAbTYp € BuKopucranusa I4Y-
BUIPOMIHIOBaHHs. Bimommit cmoci6 Bu-
pOOGHMI[TBA IIACTIiBLIB 3 KYKypyA3u
SIKUIT Tlepenbavae OUYNIEeHHsS 3epHa Bif
JOMIIIOK, 3aMOYyBaHHdA, CcyminHsa Y-
mpoMeHAMM, 06pobKky IY-nmpoMenamu 3
MOJjaNbIIMM TIIOUEHHAM B IUIACTiBII.
Cymrinaa sepHa IY-npomensamu mposo-
IUTbCA npu foBXuHiI xButi 0,9-1,1 MKM i
LIiIIBHOCTI IIPOMEHUCTOTO IOTOKY 12-
14 kBt / M* mpoTsirom 2,5-3,0 XB 710 BO/IO-
rocti 30-32%, ob6pobxa sepua IY-
NIPOMEHAMM 3[IiICHIOETbCA NPU NOBXMHI
xBui 0,9-1,1 MKM 1 1iIbHOCTI IIpoMe-
HMCTOTO MOTOKY 18-20 kBT / M? mpors-
roMm 95-105 ¢ mO [OCATHEHHA 3€pHOM
TeMieparypu 160-170 ° C 3 mopganbmmm
IJTIIONIEHHAM B TapA40MY CTaHi B IIIac-
TiBIi ToBuHOIO 0,6-0,7 MM. CymiHHi
3epHa Ilepeflye 3aMOYYBAaHHA y BOJi ITpu
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PucyHok 1. — Bnnue pexumis BogHOTeNI0BOI 06pobkun Ha 3MiHy BUXOZy MNIOLLEHOro sapa

Ta 6opolueHus (cepis 2)

temrepatypi 18-20 © C mpotsarom 36 ro-
IVH 1o KiHieBoi Bomorocti 38-40%. Tos-
IIYHA OTPMMaHMX NJIACTiBIIiB ITPY 3aCTO-
CyBaHHi Takoi TeXHOJIOrii HepepoOKu
cknapgae 0,6-0,7 MM, BUXifi FOTOBOTO IIPO-
OYKTy — 97-98%.

Bigommit Takox cmoci6 BuUpOOHU-
ITBa KYKYPYH3AHMX IIACTiBIIB AKNIA
nepenbadae BUKOPMCTaHHS eTaIly eKC-
TpajyBaHHA. JlaHuil cnoci6 BKiIIoYae
NPUTOTYBAaHHA CyMillli 3 pelenTypHUX
KOMIIOHEHTIB, KOHJMIIiIOBaHHSA BOJs-
HOIO Mapolo cymili, 06pobKy y Bapuib-
HOMY €KCTPYZiepi, TPaHCHOPTYBaHHHA
€KCTPY[IaTy [0 PiXY4Oro MPUCTPOIO, Pi-
3aHHA, (QOpPMyBaHHA IUIACTIBLIB i 06-
cmMaxyBaHHA. CIOYaTKy 3/iJiCHIOIOTH
IpUTOTYBAaHHSA PELeNTyPHOI CyMilli, o
CKJIafla€ThCA 3 BOIM, LYKPY, COi i coro-
JOBOTO €KCTPAKTY, IPUTOTYBaHHH, PO3-
BaploBaHHA 1 QopMyBaHHA TicTa 37il-
CHIOIOTH B IlepeJ; KOHJMIIIOHEPI i eKCTpy-
Jepi, IpUYOMY IIOJ a4y CUPOBMHM 3MIili-

CHIOIOTh OJHOYACHO, [OfAlYM [0
BUXIJJHMX KOMIIOHEHTIB YOPHUIIIO CyIlle-
Hy 1%, BuciBku nmmenn4Hi 30%

MeTta poboTu: JOCTIPKEHHA BIUIVBY
PEeXMMIB eTamy BOSZHOTEITIOBOI 00pO6KM
(xoM6iHOBaHWIT METOT XOTORHOTO i Tapsi-
4Oro KOH/MIIII0BaHHA) Ha 3MiHY Kilbkic-
HOTO BUXOJY IUTIOIIEHOTO Afpa IpY IIe-
pepobneHHi KyKypy#3sHOI Kpymy Ta ix
BIUIMBY Ha 3MiHY JIeIKMX IIOKa3HMKIB Xi-
MIYHOTO CK/a/ly OTPMMaHOTO IIIOLIeHO-
To Afapa.

IIpenmer pOCHiIPKEHb: KYKypyZA3sHa
Kpyma Ne4: pomoricth - 13,1 %; mMacosa
qactka 3omu — 0,58 %; macoBa dYacTka
kpoxmanio - 71,1 %.

OO6’eKT HOCTIMKEHHS: PEXVMU BOJ-
HOTEIUIOBOI 06pOOKY (3BOTOXKEHHS, Bif-
BOJIO)KEHHSI, MPOIAPIOBAHHS), PEXUMU
IUTIOIEHH L.

YMoBU pociiny: Kpymy 6e3 momaTko-
Bol 0OpOOKIM HaIpaB/LANIM Ha IIPOIapIo-
BaHHA. TpuBamicTh mpomaproBaHHA: 2,5,
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PucyHok 2. — 3aranbHuin BUA, NNIOLWLEHOro NpoayKTy OTPUMaHOro npu
P= 0,01 MMa, t=10xB:a) Wn=20 %; 6) Wn=22 %; B) Wn=24 %.

5,0, 7,5, 10,0 Ta 12,5 xB. [lepen mromen-
HAM Kpymy TtemmepyBamu 10 mo 50 xB
(cepis 1). Kpyny sBonoxxyBanmm o 3apa-
HoOi BozorocTi 16 % Ta BiIBONMOXKYBaIu
12 rop. TpmBamicTp nmponapoBaHHs: 2,5,
5,0, 7,5, 10,0 Ta 12,5 xB. [lepen mromen-
HAM Kpymy TemrepyBamu 10 go 50 xB
(cepis 2).

[Tmomennsa Kpynu 3AiliCHIOBaIM Ha
BaJIbIIbOBOMY B€PCTAaTi 3 IMTaIKMU Bajlb-
LAMY Ipu pobodomy 3aszopi 0,3-0,4 Mm;

TeXHOMOTIYHO [OLIIBHUM PEXUMOM
BTO a1 mepepobxm KyKypyAs3stHOL Kpy-
I B IUIACTIiBIIi € BOJIOTIiCTD IIEpef Mpo-
mapoBaHHAM 16 % Ta TUCK napu
0,01 MITa Ta TpuBamicTh NpONAaPIOBAHHA
10 xB. [IponaproBaHHA Kpyny IpU TaKo-
My PeXUMi JO3BOJIAE OTPUMYBATU BUXiJ,
ITIOLIEHOTO AApa Ha piBHi 86-94 %.

3a momnepegHbOI0 OPraHONENTUYHOIO
OLIIHKOIO IITIOUIEHMI TPOJAYKT OTpUMa-
HIUI TIPU TaKOMY PeXUMi XapaKTepusy-
€Tbcs AK ApiOHI KyKypynssaHi mmacriBui
(puc. 2 a).

BifcyTHicTh eTamy momepegHbOTrO
3BOJIOKEHHA 10 16 %, a00 3MeHIIEeHHs
TPUBAJIOCTI NPONMApIOBAHHA  HIDKYE
10 xB, He [J03BOJIAE€ NIPOBeCTH 3MiHY i-
3MKO-XIMIYHMX Ta TEXHOJOTIYHUX BJIaC-
TUBOCTeNl KPYyIM y HOBHOMY 00c:A3i, Ha

1110 BKa3y€ 3Ha4YHa KiJIbKiCTh 6oporeHIis,
SIKa YTBOPIOETHCSA M ImoleHHi. OKpim
LIbOTO, IIPY IUIIOIIEHH] KPYyIN, IiITOTOB-
JIEHOI 3a TAaKOT'O PEXMMY, BiJl IIaCTiBLIiB
BiJIKO/IOIOTHCA YACTUHU 1 KiHI|€BUII IPO-
OYKT XapaKTepPU3yE€TbCs HeCUMETpPUY-
HOI0 HOpMOIO.

IMogasnbire 36iIblIeHHs Yacy IIpoma-
proBaHHA Bumle 12,5 XB, B CBOW uepry
TO3BOJIsIE€ 301IBIINTY BUXIiJ IUTIOIIEHOTO
AfApa Ta 3MEHIINTY BUXifi 6OpOIIeHI,
OJJHaK HaJMipHE 3HAXO[KEHHA KPyIM Y
KaMepi IpomnapioBayda NpuBOSUTH [0 I10-
[JIBIIIOTO PO3Ma3yBaHHs KPYIN, 3a01T-
TSI TEXHOJIOTTYHOTO 00/IafHAHHS, BUCOKOI
BOJIOTOCTi IJIACTIBIIiB, TOMY IIACTiBIi
OTPMMaHi IpM TaKOMY PeXUMi XapaKTe-
PU3YIOTHCA YACTKOBUMM 3/IMIIAHHAM Ta
HEOTHOPIHOI0 KpynHicTIo (puc. 2 B).
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ITPOBJIEMA AHAJIN3A IVICIIEPCHBIX MATEPMAJIOB
KAK OBFBEKTOB CYIIKI U CTPATETM EE PEHIEHUA

Caxxun B.B.

aKafieMuK, Ipodeccop, ZOKTOP TeXHUIECKNX HaYK,
nupeKTop Poccuiickoro MHBeCTUIMOHHO-VTHHOBALMIOHHOTO
Donpa «Hayuynas Ilepcnextusa», Mocksa, Poccusa

Caxxun b.C.

aKageMIK, Ipodeccop, JOKTOP TEXHNYECKNX HayK,
COBeTHUK Poccmiickoro MHBeCTUIIIOHHO-MHHOBALMOHHOTO
Qonpa «Hayunas [lepcnextusa», Mocksa, Poccnsa

KiroueBble croBa: XML, TEXHOJIOTVSI, CYIIKA, AMCIIEPCHBIIT, CAXKIH
Keywords: chemistry, technology, drying, dispersed, sazhin

Cymka — oguH 13 Hanbosee sHEpro-
€MKIX IIPOLLECCOB XMMMYECKOI TEXHOIO-
TN, 9aCTO OIpefieiAeT TOBAPHBIN BUJ, U
HOTpeOUTENbCKIe XapaKTePUCTUKU XU-
MIYEeCKIX NIPOAYKTOB. BHMMaHue K mpo-
eccy oOycIoB/IeHO TeM, 4To 1o 85% Io-
TpebseMoll 9HEPTUM XMMUIECKOTO
OpeAIpUATUA IPUXOAUTCA HA CYUIKY,
HOMEHKJIATypa IOJ/IEeXKAINX CYIIKe Be-
IIeCTB COCTAB/IAET COTHU ThICAY HauMe-
HOBaHMIl U TOCTOSIHHO pactér [1-9; 13;
16]. He m3XuTO CTpemieHrne Ha MPOU3-
BOJICTBE «IIOfIOTHATb» TEXHOJIOTUIO Tep-
MOO6OPabOTKM HOBOTO OODBEKTa CYILIKU
«I10f» MMeloleecs: 060pyoBaHue. 3aBe-
zomo HeapdexkTuBHOE OdOopMIeHNE
SHEepreTMUYecKy 3aTpPaTHOTO IIpolecca
MOApPBIBAET KOHKYPEHTHble IIO3UIUNU
IPOMBIIUIEHHO! IUIOIANKM U (3a CYeT
3aBBIIICHHOI IIPOM3BOJCTBEHHOI cebe-
CTOMMOCTM) HapyllaeT MHTepechl Iiepe-
paboTurKa M KOHEYHOro HOTpeOuTens
npopykuy [17-20; 22; 23; 40-42].

[TpoBeneHue MaclITaOHBIX MCCIIENO-
BaHMIT A IOAOOpa PeXMMHO-KOH-

CTPYKTMBHBIX IapaMeTpPOB IPOMBIII-
JIEHHOTO Ipoljecca — MpOLecC JIMUTEeNb-
HBII U 3arparHblil (Tpebyercs mopro-
TOBJIEHHBINI ~ IIEPCOHAJ,  XOpoulas
nprubopHas 6asa M MHOTME MeCALBI pa-
6o0th1) [1; 3; 15; 17; 22; 29].

IonpITKM OpraHM30BaTh PETrMOHAIIb-
Hble JCCTIefloBaTeNbcKue aabopaTopun
st OOCTYy>KUBaHNUA IMPEANPUATUII IO
aHa/IN3y XapaKTEePUCTHK IOJJIEKAIETO
CYHMIKM XMMMYECKOTO IMPOAYKTa U IOJ-
60py a1 Hero spQeKTUBHOTO TUAPOIN-
HaMMYECKOTO PeXXMMa ¥ KOHKPETHO aIl-
IapaTypsl C IPOBefeHIeM cepuit mabopa-
TOPHBIX UCCTIEOBAHMIT U TIOTYITPOMBIII-
TIEHHBIX VICTIBITAHUI ITOTEPIENN Heygady
BCJIEICTBME TOTO, YTO BBIfIE/NIAEMBINI Ha
MIPOMEXYTOYHOM 3Talle IMpPOU3BOACTBA
MOZIIEXKALMIA Ja/bHENIIeN CyLIKe IIPO-
IYKT CYILIECTBEHHO M3MEHSA CBOM CTPYK-
TypHblE XapaKTepPUCTUKU B IepBble 15-
20 MuHyT mocne BeigenenusA. VI maxe c
OopraHusanyel SKCTPEHHOM IePeBO3KU
(B crenyabHBIX KOHTEIHepaxX ¥ ¢ Mepa-
MU IPefOCTOPOXKHOCTY) BbIJIeJIEHHOTO
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Ha [POM3BOJICTBE «CBEXKEr0» BIAYKHOTO
HpPOIyKTa B PErMOHANIbHBII TabopaTop-
HbIIT LIEHTP, UCCTIEf0BATENIb UM [eNO0 C
COBEPIIEHHO MHBIM MaTePUAIOM, HEXKeNn
TOT, 9TO OBUI BbIJE/IEH HAa IPOU3BOJCTBE.
[TonyumBInast pacIpoCTpaHeHUe IPaKTH-
Ka TIPOBENEHNMs] VICCIENOBAHMII B IjeH-
TpPanbHOI  3aBOACKON nabopaTopun
(I1371) Ha mere moMorasna IuiIb B pUHAH-
COBO 3aTPaTHOM «OCBOEHUW» BBIJE/IEH-
HBIX OIO/PKETHBIX CPeACTB, T.K. MaTepuasl
peaybHO YCIIeBaI USMEHUTD CTPYKTYPY 1
CBOJICTBA [JaXKe 32 BPeMsl ITEPEHOCKIL ero
us uexa B 113J1I [1; 6; 9].

B 1960-x romax akajg. b.C. Caxun
HpefIoXNUI MPUHLIUINANTBHO HOBYIO
KOHIIEIIIINIO aHa/IN3a MaTePUaIoB Kak
00beKTOB Cyuku. JIo Hero HaydHbIe VC-
CJIef{OBAHMsI BOIIPOCA CYIeCTBOBAIN T1a-
PA/UIENIBHO C IPOMBIIITIEHHBIMU peajini-
aAMu. [ToaTOMy rpaMOTHBIE C TOUKM 3pe-
HYsA QyH/JaMeHTa/IbHO HayKM pelleH s
71160 He MOT/IN GBITh BOCIIPOV3BELEHHI B
IPOMBIIIIEHHBIX YCIOBUAX, MO0 HpU
BHEJIPEHNI [aBa/IM 3aBEJOMO HeIllpueM-
jleMble pe3yIbTaThl. PanjmoHamm3aTop-
CKIe YCHIUS CIIENMaNNCTOB-IPON3BOJ-
CTBEHHMKOB 3aBeJlOMO He MoImm obe-
creuyrBath paspaboTky 3¢ ¢eKTUBHBIX
pemennit. Tak yToyHeHMe peXUMHO-
KOHCTPYKTVMBHBIX IIaPaMETPOB U JIOBe-
JeHMe A0 TeXHOJOTMYECKOTO U aIllapa-
TYPHOTO COBEPIIEHCTBA CYIIKI XMMIde-
CKOTO TIPOAYKTa (HaIpuMep, XOPOLIO
CHINTy4ero AMUCIIEPCHOTO MaTepuanaa Co
CBSI3aHHOIl BJIAroil) B TEXHOJIOTMYECKU
HeapPEeKTUBHOM [Isl HEro TUPOJIHA-
MHIYECKOM pexuMe (Halpumep, B Bajb-
[JOBO-JICHTOYHBIX CYIIVIKAX W/IM allla-
paTax TuIa «BeHy/IeT») 3aBefOMO He

MOTYT CPAaBHUTBCA JjaXkKe ¢ HeCOBepIlIeH-
HOIT (C TOYKM 3peHNs aIapaTypHOTo
opopMIeHNss U «He HOBENEHHBIMU O
yMa» PeXMMHO-KOHCTPYKTMBHBIMI IIapa-
MeTpaMi) OpraHM3alyell TOro >Ke Ipo-
Ijecca, HO B CYLIMJIKAX C BHITOJHON (MMeH-
HO IS 3TOTO MaTepyana) IMAPOSHAMU-
KoI1 (CKaXkeM, B aImaparax GpOHTaHNPYIo-
miero cnos) [1; 4; 6-10; 37; 40. 41].

31ech clefyeT 3aMeTUTbh, YTO CKa3aH-
HOe BBIIlle CIPaBeI/IMBO B IIpefieliaX Off-
HOTO U TOTO K€ TEeXHOIOTMYECKOTr0 YK/Ia-
ma. B «coBeTckoe» BpeMs (#a u ropaspmo
HO3[IHee) CTpaHa 3aKylaja 3a BaliOTY
anmnapaTtypy, KOHCTPYKIUA KOTOPO
OblIa «3aMMCTBOBaHa» M3 POCCUICKUX
VICTOYHMKOB (aBTOPCKUIL IPUOPUTET OBLI
3a pOCCUIICKMMU Pa3paboTIMKaMm) 1 3a-
YacTYI0 la)kKe «He COBCEM Ka4eCTBEHHO
CKOIMPOBaHa ¢ opuruHana». Ho yposens
06paboTKM «pabodYMX IOBEPXHOCTEI» B
«MMIIOPTHBIX» allllapaTax ycTapeBlIel
KOHCTPYKIMM OBII HACTOMBKO BBICOK,
4TO OHM OBUIM B IIPOM3BOJCTBEHHBIX YC-
JIOBUSIX TOPAa3fo BBITOJHEe He TOJBKO
AQHAJIOTUYHOM CEPUIHOM IMPOAYKLUN
«OTEYeCTBEHHOTO» MAIIMHOCTPOEHMS,
HO ) «<OTeYeCTBEHHBIX» alllIapaToB Cyllle-
CTBEHHO 00JIee COBEPLICHHBIX (TOJIBKO
U3TOTOBJIEHHBIX B YC/IOBMAX HU3KOTO
TEXHO/IOTMYECKOT0 YKIIaja).

KoH1jemnys1 KopeHHOro IIpophIBa B pe-
IIeHNY IpOoO6IeMbl aHaIM3a AUCIEPCHBIX
Marepuanos b.C. CaxnHa npegycMaTpu-
BaJla HIDKeCTIeyIollyie MepOIpUATHA:

— Ha OCHOBaHMIU PacCMOTPEHMA COTEH
U COTEH M3BECTHBIX Pa3HOOOPA3HBIX Xa-
paxkTepucTUK (M CBOVICTB) MaTepMaoB
BBIIE/UTb OTPAHNYEHHOE YVC/IO OCHOB-
HbIX [1; 9; 13; 21; 25];
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- KIaccupuIupoBaTh OCHOBHBIE Xa-
PaKTEPUCTUKY IO OOMIMM IpU3HAKAM U
CO3/aTh JIOTUYHYIO U YHOOHYIO /I aHa-
mM3a KIacCUPUKAIWI0 XapaKTePUCTUK
MAaTepuaIoB Kak 00beKTOB CywKu [1; 6;
9; 11; 13];

- paspaborarb HOBYIO KIaccuuka-
LU0 TUAPOAMHAMMYECKUX PEXIMOB,
yBsI3aB €€ C BO3MOXXHOCTSIMU I TIOTpeb-
HOCTSIMM OTEeYeCTBEHHON IIPOMBIIIIEH-
HOCTH, I 9TOM aKI[eHTHPYsI BHUMAHIe
Ha CyIIeCTBYIOLIEN CEpUITHO BbINTyCKae-
MOJI CymMIbHON TexHuke [1; 3; 4; 6-10;
28; 32; 35; 38-41] (4T06BI M36€EXKATH Ya-
CTOJT OIIVOKY «PEBOMIOLMOHHBIX IPe06-
pasoBaTeseil MPOMBIIUIEHHOCTI», TIPef-
JIOKEHVSI KOTOPBIX (4acTo — [e/bHbIe)
OTBEpraiTcs maxe 0e3 MpegBapUTE/Ib-
HOJ 9KCIIEPTU3HI U3-3a MACIITAOHBIX Ma-
TepUATbHBIX 3aTPaT);

- mpu paspaboTke KmaccuduKanym
TUAPOSVHAMUYECKMX PEXKUMOB BKIIIO-
YUTh B Heé HOBbIE, NEPCIEKTUBHbIE pe-
JKUMBI, IJIS1 9€r0 IPOBECTU [OMONHU-
Te/IbHBIE MCCIEOBAHNUS TAKMX PEXUMOB
WA UX HAYIHOTO OOOCHOBAHUA M «JIO-
BOTIKV» JI0 BO3MOYKHOCTY BOCITPOM3BETIE-
HYS B IPOMBIIIEHHBIX 00pasiax Ha oc-
HOB€ CYIECTBYIOUINX IIPOU3BOACTBEH-
HBIX MOILIHOCTel 0e3 HeoOXOmMMOCTU
BBIJE/IEHNsI JTOTIOJTHUTENBHBIX OMKET-
HBIX cpefcTB [1; 6; 11; 19; 28-30];

- paspaboratb Teopuio 3pdexTUBHO-
CTY TUAPONMHAMMYECKUX PEXUMOB,
IIPEJIOKNUTD ¥ HAyYHO 060CHOBATb KPU-
Tepuit 3¢ eKTUBHOCTY TUAPOAMHAMIYE-
CKUX PEeXNMOB /sl paspabOTKM MHKe-
HEPHBIX METOMUK U IIPOOIEMHOOPUEHTH -
POBaHHBIX ITAKETOB IPOTPAMM JUIsl pac-
4yéTta U

CpPaBHUTENBHOTO aHaams3a

3G deKTUBHOCTU TUAPOAMHAMMUYIECKUX
pexumos [1; 6; 10; 35; 36; 38; 39];

- 13 BCeil COBOKYIMHOCTM Iapame-
TPOB, COOTBETCTBYIOI[UX OCHOBHBIM Xa-
PAKTEPUCTUKAM MaTePUAIoB KaK 0ObeK-
TOB CYIIKU BBIJIE/IUTD ¥ HAYIHO 0OOCHO-
BaTb MHTErPa/JbHble XapPaKTePUCTUKI
(zBe WK OBHY), KOTOPbIE OYAYT HAUIY4-
UM 006pa3oM OIpefeNATb CTaTyC Mare-
pranma Kak 06'beKTa CYLIKM, a TaKXe Ofi-
HO3HAYHO OIIPENE/ATh MEeCTOOIOKEeN e
[QHHOTO MaTepyasa B KIACCU(UKALINIL;

- paspaboTarh CTpaTeruio MHXeHep-
HOTO pacyéTa IIpoIlecca CYIIKY I CO3/IaTh
Ipo6EMHOOPUEHTUPOBAHHBIE ITaKeThI
mporpamm [6-10; 18; 27; 28; 32]

- paspaboratb QOpPMBI UTOTOBOIL
KIacCUUKAIMOHHON TabMUIIbl, TaOTUIIbI
Il IOf60pa OCHOBHOTO 0OOPYHOBAHUS,
TabmuuBl I OR6Opa CUCTEM IIBUIEO-
YUCTKM, TAOMULBI /I BBIOOpA KOHCTPYK-
LIt IIATATeNell-103aTopoB u ap. [1]

— IUIA K&XKJIOTO paspsa KaX/olt Iof-
TPYIIIIbL, KaXKIOU TPYIIIIBL, KaXKOTO KyIac-
ca KraccupuKanMm MaTepUanoB Kak
00BEKTOB CYIIKN IOZOOPATh CIieljuab-
Hble MOJie/IbHble MaTepuasbl, 06/Iafan-
111e OIPeNle/IEHHON CYyMMOJ IIPU3HAKOB
u cBONCTB [1; 6; 95 13];

— IJIs1 K&K/JOTO BBIOPAHHOTO MOJIE/b-
HOTO MaTepyaja IPOBECTU NCCIeHoBa-
HVSI IO QHAIN3Y XAPAKTEPUCTHUK, MOJe-
JIMPOBAHUIO KMHETUKN ¥ TUAPORMHAMM-
KU (C pa3paboTKOIl e[HOI MaTeMaTuye-
CKOIl MoOZenu), MO pacyéTy mpolecca
CYLIKY, BBIOOPY 3¢ (deKTUBHOTO TUAPO-
AMHAMUYECKOTO pexmma (BKIOYas UC-
CllefoBaHMsI Ha 1abOPATOPHBIX, INIOT-
HBIX, HOYIIPOMBIIIIEHHBIX ¥ IIPOMBIIII-
JIEHHBIX CYIUIM/IBHBIX YCTAQHOBKAX), IIO
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paspaboTKe METOUK MH>KEHEPHOIo pac-
4yéTa PEeXMMHO-KOHCTPYKTUBHBIX Mapa-
METPOB CYLIMJIbHBIX YCTAaHOBOK (BKIIIO-
yas 9KcepreTudyeckmiti aHamms) [3; 6-9;
11-15; 19; 24; 26; 28; 31; 33; 34; 36; 42].
YKasaHHBINI KOMIJIEKC MepONPUATHIA
BbINIOIHEH Hay4yHoII mKosoit b.C. Caxu-
Ha. VccnefoBaHusA Mpomo/IKanich OKOIO
45 ner, B X0fie MCCIeOBAHNII COTPYAHNU-
KaMI HAayYHOI MIKO/IBI OBUIO 3aIUIIeHO
6ostee 350 kaugUmaTcKux 1 6omnee 70 mOK-
TOPCKMX Aucceprammit. PagpaboTaHsl me-
CATKM KOHCTPYKLMII ammaparos (C IOJ-
TOTOBKOJ IIPOEKTHON JOKYMEHTAIVI)
II0/1y4eHo nopsAakKa 600 aBTOPCKUX CBU-
IeTeNbCTB Ha M300peTeHNsl U IIaTeHTOB
CCCP, PO, Opannun, OPI, Ipennn, Hu-
IoepnaHnios, JVicrmanpun,
HIsenum, Mramuu, lserinapun, Tepma-

ITopTyranumu,

Huy, Vicnannn, Benmukobpuranuu, benb-
ruy, CIIA u gpyrux crpan. Vspano 6o-
nee 4000 crtareint u cBepiie 100 kaur. Ilo-
JIy4e€HO 5 TOCYJapCTBEHHBIX IIpeMMUIl
CCCP u P® B 061acTyt HayKu U TeXHUKU
u 6oree 10 Memaert MPeCTVKHBIX MeX-
ITYHApOIHBIX MHHOBAI[MIOHHBIX CaJIOHOB.

PesloMupys, oTMeTUM, 4TO paspado-
TaHa KIaccupMKaLsa MaTepyuanoB Kak
00BEKTOB CYIIKM Ha OCHOBE CYIIHOCT-
HBIX K/IacCU(UKALMOHHBIX IPU3HAKOB —
KPUTUYECKOTO pasMepa Iop dkp " K09 (-
¢unyenTa anre3yOHHO-ayTOIe3MOHHOTO
B3auMoieiicTua K ,, e ux coBoKym-
HOCTb CTPOTO OIIpefeNnAeT MeCTOIIOJIO-
JKeHMe MaTepuana B KIacCUpUKanumn.
Inst xKaxporo Mecta Kmaccupukanuu
OpUIM TTOROOpPaHbI yHOOHBIE [/IsI aHaIM3a
MOZIe/IbHBIe MaTepuasIbl, UMEIe HyX-
HYIO COBOKYITHOCTDb NpM3HaKoB. Iy Ta-
KIX MaTepuasioB ObUIM IMPOBEEHbI Mac-

mTabHble MCCIeOBAHNS, BKIIOYAOLIIe
mopbop 3¢ deKTUBHOTO OCHOBHOTO I

BCIIOMOTI'aT€/JIbHOTO IIPOMBIIIJIEHHOTO

obopynoBanus (¢ 06s13aTe/IBHBIM IIPOBe-
[leHVeM IIOJyIPOMBIIUIEHHBIX U IIPO-
MBIIIJIEHHBIX VICTIBITAHUIT).

B HacTosiiee Bpems st 1I060T0 HO-
BOrO MaTepuajga JOCTATOYHO SKCIIEpH-
MEHTA/IbHO NOMy4uTh d, ., B COOTBET-
CTBUM C 9KCIIEPTHOII OLI€HKOJI, YTOYHNUTb
pasr K**, (koTOpbIiT olpeensaeTcs opra-
HOJIEIITYECKI ), OIIPefenTh (Ha OCHOBA-
HUJ 9TUX [BYX XapaKTepPUCTUK) MECTO
MaTepuana B KIacCUUKaLMM U BOC-
HO/Ib30BATbCS YK€ MOFOOPAHHBIM IS
3TOr0 KOHKPETHOTO MeCTa 3aBefoMO 3¢-
(EeKTUBHBIM IIPOMBIIIIEHHBIM PelIeHN-
eM [1; 6; 7; 9-13, 16; 20; 22; 25; 29].

JInteparypa

1. Caxun, b.C. HayuyHbple 0OCHOBBI TeXHUKM
cymku / b.C. Caxun, B.b. Caxun. - M.:
Hayka, 1997. — 448 c.

2. B.C. Caxxun u B.b. Caxxun YcTaHOBKa 11
CYMmIKM AucnepcHbx marepuanos /A.C.
CCCPNe 1025974: 30.06.1983//bionn.
nsobpetares. 9, 24 (72), 1983.

3. Caxun B.b. MopenupoBanue m pacyér
Iporiecca CYIIKM B amIlapaTax IICeBI00-
JKIDKEHHOTO0 cr1os1//Mopennpobanue 1 oI-
TuMusanus npoueccos cymkn (Kagdapos
B.B., opoxos VI.H.). Utorn Hayku n
TeXHUKH, BeITyck Nel5. M.. BMHUTIU.
1987. C. 25-42.

4. 3anopoxern, E.Il. Mopenuposanue 1mpo-
Ijecca CyLIKy TBEPAOTo Marepuasa B poH-
ranupyomem cnoe/ E.II. 3amopoxer,
JL.II. Xonmanos, B.b. Caxun // TOXT,
1997, tom 31, Ne4, c. 638-653

5. Caxwun, b.C. OxcepreTmyecknii aHanus
paboThl NPOMBIIIIEHHBIX YCTAHOBOK /
b.C. Caxun, A.Il. Bynexos, B.b. Caxxun. -
M.: MTH, 2000. - 297 c.

6. Caxun B.b. HayuHble OCHOBBI TeXHUKMU

38



SCIENCE,RESEARCH,DEVELOPMENT Ne24

10.

11.

12.

13.

14.

15.

16.

CYILIKM JUCIEPCHBIX MaTepyanoB Ipu a¢-
(eKTUBHBIX TUAPOAMHAMMUYIECKUX PEXI-
Max B3BEIIEHHOTO C/1osl. [lucc ... JOKTOpa
TexH. Hayk. M.: Msg-so PXTY, 2000. T.
1-617¢,T.2-203c.

Caxnn, B.b. Cymka B 3aKpy4eHHBIX ITO-
TOKAaX: TEOPWS, PACIET, TEXHUIECKIUE pe-
menns / B.b. Caxnn, M.b. Caxxnna. M.:
Poc3UTIIIL, 2001. - 324 c.

Boi6op U pacyéT ammaparoB C B3BeIIEH-
HeiM cnoeM / B.B. Caxxun, M.B. Caxxnua.
M.: Poc3UTIJIII, 2001. — 336 c.

B. S. Sazhin and V. B. Sazhin Scientific
Principles of Drying Technology /New
York -Connecticut-Wallingford (U.K.):
Begell House Inc.-2007.-506 PP./

Caxunn, B.C. Cymka B akTUBHBIX TUAPO-
muHaMmdecknx pexxumax/ b.C. CaxnH,
B.B. Caxun, E.B. Orpy6saHHMKOB U Ap. //
TOXT, 2008, Tom 42, N6, c. 638-653.
Caxnn, b.C. HaydHble OCHOBBI TepMmoO-
B/I&KHOCTHOI 06pabOTKM JVUCIIEPCHBIX 1
pynonnsix marepuanos/ b.C. Caxus, B.B.
Caxnu. M.: Xumus, 2012. -776 c., wi.
CaxnH, b.C. Maremariyeckoe MOJepo-
BaHIMe [IBIDKEHVs rasa B CelapaljyioHHON
30He IPSIMOTOYHOTO BUXPEBOTO aIrapara
Ha OCHOBe (KT-¢€)-MOJie/M TYpOyIeHTHOCTI/
b.C. Caxwun, A.B. Akymmy, B.b. Caxxun //
TOXT, 2001, Tom 35, Ne 5, c. 472-478.
Caxxnu B.b. Hay4yHble 0CHOBBI cTpaTernn
BbIOOpa 3G (PEKTUBHOrO CYIIMIBHOTO
obopynoBaunsa / Bb.C. Caxun, B.B. Ca-
>kuH. M.: Xumus, 2013. — 544 c., nn.
Caxun, B.b. Marematuueckas Mojenb
mpoljecca CyLIKM ChINYy4MX HPORYKTOB B
nceBgookinkeHHoMm cmoe/ B.B. Caxums,
A.A. Oiitren6nnk, VI.H. Topoxos, B.B. Ka-
¢apos// TIpoMblIlIeHHas TEIIOTEXHMKA,
1985, Ne 6, T. 7, c. 40-46

Efremov G., Sazhin B., Sazhin V. Calcula-
tion of parameters of drying using a com-
bination of microwave and convective
heating. Drying’ 98, Proc., vol. C, ZITI
Edition, Greece, 1998, p. 2129-2133.
CaxxuH, B.b. AHamM3 0CHOBHBIX IIOJXO[OB
K Kraccudukanuym MaTepuagoB  Kak

17.

18.

19.

20.

21.

22.

o6pexrToB cymku/ B.b. Caxun, M.B.
Caxnna, b.C. Caxxnn.- VsBecTus By3oB:
Xumust ¥ XUMUYecKas TeXHonmorus, Tom
48, Ne5, 2005. C. 99-104.

Caxus, B.b. OnrTrmMmsarius anmaparypHo-
r0 0OPM/IEHNS CYIINIBHBIX IIPOLIECCOB B
TexHUKe B3BemeHHoro cnost/ B.Bb. Caxnn,
B.C. Caxxun, M.B. Caxxuna u pip. //Ycnexu
B XUMUM ¥ XUMWYECKON TEXHOJOTUU. —
Tom XXI.-2007.- Nel (69).- C. 49-65
BpeMst CyIIKU CBITYYuX IIPOZYKTOB B yC-
JIOBUSIX TICEBIOOKIDKEHHOTO Crmost /A.A.
Oiiren6muk, B.A. Kopsirna, B.B. Caxxun n
op.//XuMudeckass IpPOMBINUIEHHOCTD,
Nell, 1989. C. 66-72 (866-872).

Drying in Active Hidrodinamic Regimes
/B.S. Sazhin, V.B. Sazhin, E.V. Otrubjan-
nikov, and L.M. Kochetov/ Teoretical
Foundations of Chemical Engineering,
2008, Vol. 42, No. 6, pp. 837-851. - Pleades
Publishing Ltd., 2008.

V. Sazhin & B. Sazhin Innovative imple-
mentation strategy of industrial drying
processes in a fluidized bed / 21 century:
fundamental science and technology VIII:
Proceedings of the Conference. North
Charleston, 23-24.01.2014, in 3 vs /Vol. 2
- North Charleston, SC, USA:CreateSpace,
2014, pp. 241 ISBN: 978-1495417696),
154-157 p.

V. Sazhin & B. Sazhin Determination of
thermal properties of materials as objects of
thermal and humidity processing / «Aca-
demic science -problems and achievements
III» (Moscow, 20-21, Feb. 2014, North
Charleston, SC, USA, 20-21, Feb. 2014): in
3 vv. — Vol. 2.- «<SPC Academic», North
Charleston, SC, USA 29406, 2014.- 304pp.
(ISBN: 978-1496106537). P. 231-236.

V. Sazhin & B. Sazhin Procedure discrimi-
nation alternatives in implementing the
strategy of choice for efficient drying in-
stallation of dispersed materials / «Funda-
mental science and technology - promis-
ing developments IV» North Charleston,
SC, USA, September, 29-30, 2014): in 3 vv.
Vol. 2. - «<SPC Academic», North Charles-

39



MONOGRAFIA POKONFERENCY]JNA

23.

24.

25.

26.

27.

28.

ton, SC, USA 29406, 2014.- 281pp. (ISBN:
978-1502702210). P.102-106.

V. Sazhin & B. Sazhin Methods of increas-
ing the efficiency of production processes
for the textile, chemical and allied indus-
tries / «Academic science -problems and
achievements V» (North Charleston, SC,
USA, December, 1-2, 2014): in 3 vv. - Vol.
1.- «<SPC Academic», North Charleston,
SC, USA 29406, 2014.- 280pp. (ISBN: 978-
1505392654). P. 68-71.

V.Sazhin & B.Sazhin Application of exer-
gy analysis to reduce the anthropogenic
impact on the industrial environment [ar-
ticle] / «Topical areas of fundamental and
applied research V») (North Charleston,
SC, USA, December, 22-23, 2014): in 2 vv.
Vol. 1. - «<SPC Academic», North Charles-
ton, SC, USA 29406, 2015. - 233pp.
(ISBN: 978-1-50585-703-0). P. 116-119.

V. Sazhin & B. Sazhin Principles classifying
materials as processing objects for the pro-
cesses of drying and washing [article] /
«Fundamental science and technology -
promising developments V» (North Charles-
ton, SC, USA, February, 24-25, 2015): in
2 vv. Vol. 1. - «SPC Academic», North
Charleston, SC, USA 29406, 2015. - 225pp.
(ISBN: 978-1508657552). P. 135-140.
Caxun B.b., Caxxun b.C. Knnernka mac-
COOOMEHHBIX ITPOL[ECCOB B TEKCTU/IBHOI I
xummdeckoit orpacisax [Tekcr]/B.B. Ca-
KUH // MeXIyHapOTHBIN aKafeMIIecKIit
BectHuk (ISSN: 2312-5519), Nel1(7), 2015.
C. 136-139.

V. Sazhin & B. Sazhin Modeling of drying
and washing under the terms of the so-
called “balance problems” [article]/ «Fun-
damental and applied science today V»
(North Charleston, SC, USA, March, 30-
31, 2015): in 3 vv. Vol. 1. - «<SPC Aca-
demic», 4900 LaCross Road, North
Charleston, SC, USA 29406, 2015.- 216pp.
(I-IV+i-vi) (ISBN: 978-1511565684). P.
113-117.

CaxnH, B.B. Ouenka addexTuBHOrO
[NPUMEHEHUS TUPOAVHAMUYECKUX PEXKI-

29.

30.

31.

32.

33.

34.

MOB B3BELIEHHOTO CJIOs /ISl Peanm3arin
TEIIOMacCOOOMeHHBIX IpoleccoB /B.B.
Caxnn, b.C. Caxkne // Mex/ryHapOIHBIi
akameMmnueckuit BectHuk (ISSN: 2312-
5519), Ne2(8), 2015. C. 123-128.

CaxxuH, B.B. Cosnanne s dekTBHOI Cy-
IIVJIBHOJ YCTAHOBKM 1 pa3paboTKa Ipo-
MBIIIIEHHOTO KOJA: TEXHOMOTMYIeCKast 3a-
Java U eé pelLleHNe I MaTeprana Kak
obbekra cymku / B.B. Caxun, B.C. Ca-
KVH // MeX[yHapOIHBIi aKafleMIIecKit
Bectauk (ISSN: 2312-5519), Ne5(11),
2015. C. 99-102.

Ornenka 9¢GeKTUBHOTO TIPYMEHEHNS TH-
IPORMHAMIYECKIX PEXXVIMOB B3BelLIeHHO-
TO CIIOSI YIS Peanm3anuy TeIIoMaccoo6-
MeHHBIX mpoleccos/B.b. Caxxun //Mexp,.
akameMm. BectHmK (ISSN: 2312-5519),
Ne2(8), 2015. C. 123-128.

V. Sazhin & B. Sazhin Modeling of drying
and washing [article] // Fundamental sci-
ence and technology - promising develop-
ments VII: Proceedings of the Conference.
North Charleston, 1-2.12.2015, Vol. 1. -
North Charleston, SC, USA:CreateSpace,
2015, - 278p. P. 112-117.

Caxun, B.b. Kpurepnn axtuBHOCTH TH-
IPOAVIHAMIYECKOIT OOCTAHOBKIY B aIllapa-
TaxX IpY peamnsanyy IpoLecca CYLKy /
B.b. Caxun, B.C. Caxxne //MexayHapon-
HbI1 akageMmyeckuit BecTHUK (ISSN: 2312-
5519), Ne6(12), 2015. C. 61-64.

V. Sazhin & B. Sazhin Evaluation of ther-
modynamic activity in the apparatus of the
weighted layer during the heat and mass
transfer processes // 21 century: fundamen-
tal science and technology VIII: Proceed-
ings of the Conference. North Charleston,
25-26.01.2016, in 3 vs /Vol. — North
Charleston, SC, USA:CreateSpace, 2016, p.
224 ISBN: 978-1523740369), 97-102 p.

V. Sazhin & B. Sazhin Determination of
rational acquisition and development of
the technical code for drying equipment //
Academic science - problems and achieve-
ments VIII: Proceedings of the Confer-
ence. North Charleston, Feb.,15-16, 2016,

40



SCIENCE,RESEARCH,DEVELOPMENT Ne24

35.

36.

37.

38.

in 3 vs /Vol. 1 - North Charleston, SC,
USA:CreateSpace, 2016, p. 204, ISBN: 978-
1530131884, 118-121 p.

V. Sazhin & B. Sazhin Problems of selec-
tion of standard equipment for efficient
drying of materials // Topical areas of
fundamental and applied research VIIIL:
Proceedings of the Conference. North
Charleston, Mar., 9-10, 2016, in 3 vs /
Vol. 1 - North Charleston, SC,
USA:CreateSpace, 2016, p. 203, ISBN: 978-
1530537464, 96-101 p.

V. Sazhin & B. Sazhin Evaluation MFP ac-
tivity to the swirling flows directed to-
wards each other // Topical areas of funda-
mental and applied research X: Proceed-
ings of the Conference. North Charleston,
Nov., 7-8, 2016, in 2 vs /Vol. 1 — North
Charleston, SC, USA:CreateSpace, 2016, p.
163, ISBN: 978-1540404183, 61-63 p.
Caxxus, B.b. MopenpoBaHye KIHETUKN
CYIUKY HOTIM/VICTIEPCHBIX JACTIL] PA3/INT-
Hot dopwmbl (opyHOYHasAs yactuia)/ B.B.
CaxnH, A.A. Oitrenbnuk u gp. //Viccne-
IOBAHVIS 10 XUMUM M XUMUIECKOI TEXHO-
JIOTMJE MYHEPA/IBHBIX YEOOPEHMIA U CHIPbsI
s ux npoussopctBa: CO. Hayd. Tp. M,:
MXTH, 1990. C. 46-50.

V.B. Sazhin, B.S. Sazhin Choice of Rational
Composition of Drying Installation With
Dispersed Material Fluidized Bed. Energy-

39.

40.

41.

42.

Saving Technologies for Drying and Hy-
grotermal Processing. 28-31 May 2002.
Proceedings. V.1. Plenary Reports. P. 87.
B.S. Sazhin, V.B. Sazhin Policy of A Choice
of Rational Auxiliary Equip-ment of Pro-
cess Drying/Energy-Saving Technologies
for Drying and Hygro-termal Processing.
28-31 May 2002. Proceedings. V.1. Plenary
Reports. P. 84.

MeTox MCCefOBaHMA KUHETUKM CYLIKK
CBINTy4YMX HPOAYKTOB B IICEBJOOXKIDKEH-
sowm cioe / C.B. Copoknn, B.B. Caxun //
Amnmaparsl ¢ HETIOABIDKHBIMIL ¥ KIS -
MU C/IOSIMM B XJIOPHOI IPOMBILIUIEHHO-
cm: C6. Hayu. Tp. M.:. HUUTIXUM,
1988. C. 106-111.

Caxxna B.B. u p. MakpokuHeTVKa u Kn-
HeTHKa IIPOLIECCOB CYIIKV CBHITYYMX HMPO-
IYKTOB B TICEBJJOOKIDKeHHOM croe/Cy-
muibHOe 00O0pyHOBaHME I XMMU4e-
ckux npousBopcts. CO. Hay4. Tp. (XMMU-
yeckoe MAIIMHOCTpPOEHNE). M.:
HUMXVIMVMAIIIL1987. C. 64-72.
Caxun, B.b. [mppogyHaamirgeckoe Momen-
poOBaHNMe CYIIWILHBIX alllapaToB B IIPOMU3-
BOJICTBE MMHEpPAIbHBIX ypobpennit / B.B.
Caxun, H.B. Menbmytnaa, 9.M. Kombiio-
Ba 1 Ap. // ViccmenoBaHuA 1O XVIMVIM Y XVIM.
TEXHOJIOTMJ MUHEPAJIbHBIX YHOOpeHMil 1
CBIPbS 1A X npousBozcTBa: CO. Hayd. Tp.
M.: MXTH, 1990. C. 84-88.

41



MONOGRAFIA POKONFERENCY]JNA
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Keywords: chemistry, technology, drying, dispersed, sazhin

Pacuyér cymmabpHOro ammapara Ipep-
HoJIaraeT MpeaBapUTe/IbHOE OIpefe/ieHNe
TerIopM3nIecKyx xapakTepuctuk (TOX)
Marepuaa, ABIAIErocs 06beKTOM CyII-
kn [1-12]. Ins BbiOOpa paroHasbHOTO
Mmetozia nsydennss TOK MoxHO oTTankm-
BaTbCA OT TIPEACTABIEHMA MeXaHM3Ma
TEPMOBO3/IEIICTBISI Ha MCCIIENyeMblil 00-
pasel, IIPeAIIo/IaraolIero MoC/Ie0BaTeNb-
HOe IPOXOXKIEHMe OIpefie/I€HHbIX (as.
Hanpnmep, pasmmyaioT XapaKkTepHble Te-
IUIOBBIE PEXVMBI HA4Ya/IbHBIN, YIIOPSMO-
YeHHBIN 1 CTallMOHAPHBbII. B yacTHOM C1y-
Yae CYMMETPUYHBIX TPAHMYHBIX YCJIO-
BUII — HA4Ya/JbHbI U YIODPAJOYEHHBII.
JI71s1 HavyaIbHOTO PeXXMMa IIPeJIoIaraeT-
¢Sl MHOTO(AaKTOPHOCTDb ¥ HeJleTepPMUHI-
pOBaHHOCTb ommcanusa. Jna cimydas
YCTAaHOBUBILETOCA TEIMIOBOIO peXMMa
(Hanmuume croxacTM4eckoro akropa
MOXKHO 32 MAaJOCTbI0 HE YYMUTHIBATD)
OIJCaHMe CYIIeCTBEHHO YIIPOILIaeTcs,
T.K. TeMIIePaTypHas 3aBUCUMOCTb MOXET
ObITH JMHeapu30BaHa M CTpATerusi pac-
4éTOB B 9TOM Cjydae (Halpumep, s

orpenienieHNsi TemIOPU3NIECKUX Xapak-
TEPUCTUK HECTALMOHAPHBIMI METO/JaMM)
OCHOBaHa Ha OIIpeJie/IeHMI TaHT€HCa yIIa
HAKJIOHA TAaKO}l MMHUM K ocu abcrycc.
YnopA[O4YeHHBINI  TEIJIOBON  PeXUM
ACHMIITOTUYECKN TOXOAUT K paBHOBEC-
HOMY TEepMOAVHAMUYECKOMY COCTOSHUIO
(TIpM CUMMETPUYHOM pacIpOCTPaHeHNN
TeIIa) WIM BIJCBIBAETCS B CTal[MOHAp-
HyI0 cTaguio (IpM HeCHMMMeTPUYHBIX
KpaeBBIX YC/IOBUAX), MaTeMaTU4YecKoe
OIlMCaHVe KOTOPBIX elié 6osee ympolna-
ercs.

OcHOBHBIMU TeITODU3NIECKUMU Xa-
pakTepuCcTUKaMM A4 pacdyéTa Ipoliecca
CYHWIKM JUCIIEPCHBIX MaTepuanoB ABJIA-
I0TCS TEIJIONIPOBOJIHOCTD, TEIVIOEMKOCTD
U TeMIepaTypOIpOBOJHOCTD [12-19; 21-
25; 35-38; 40]. B cOOTBETCTBUM C HOBBIM
MEXTOCY/lapCTBEHHBIM  CTaHAapPTOM
(TOCT 33160-2014) mennonposodHocmo
A [Br/(M K), Br/(M °C)] - Temodmsnye-
CKasl XapaKTepUCTMKa MaTepuaja, OTpa-
JKaIoIllasi €ro CBOJICTBO I€pefaBaTbh Te-
IIJIOTY 32 CYET TEIIONPOBOJHOCTH U YMC-
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JIEHHO paBHas IUIOTHOCTY TEIIOBOTO
[IOTOKAa 4epe3 ITOBEPXHOCTD, MepIIeH/N-
KY/IAPHYIO TEIJIOBOMY TIOTOKY B MaTepu-
aje OpM TpajjieHTe TeMIePaTyphl B
1 Br/K (TennonpoBORHOCTD SIB/SETCS
K09 PUIMEHTOM TTPOMOPIMOHATIBHOCTI
B juddepeHIaTbHOM YpaBHEHUN 3aKO-
Ha Dypbe, a TaKXe 3aBUCUT OT XMMIUYe-
CKOTO COCTaBa MaTepyaja, ero CTPyKTy-
PbL, ITIOTHOCTH, B/IaXKHOCTH, TeMIIEpaTy-
pol u gp.); mennoémxocme C [Ix/K] -
KO/INMYECTBO TEIUIOTHI, Tpebyemoe MLt
HarpeBaHus tena Ha 1 °C (K); memnepa-
myponposodHocmy a [M*/c] — dusnde-
CKasl BeMYMHA, YUCTIEHHO paBHasI TEIIO-
IIPOBOJHOCTH, eTIEHHOI HA INTOTHOCTD U
00DBEMHYIO TEIIOEMKOCTD (XapaKTepuay-
€T CBOJCTBO Marepmasia BBIPABHUBATD
TEMIIEpaTypy; Tela, NMeIoLe OObIIYIo
TEMIIepaTypPOIPOBOZHOCTD, HArpeBaIoOT-
¢ (oX/maKpawTcs) ObIcTpee IO CpaBHe-
HUIO C TelaMy, MMEMI[UMM MEHBIIYIO
TEeMIIePaTypPOIPOBOJHOCTD; TeMIIepary-
POIIPOBOLHOCTD PaBHA [OBBIIIEHUIO TEM-
IepaTyphl, KOTOpOE MPOU3OMIET Y eu-
HUIBI 00bEMA JJAHHOTO BEIECTBA, €C/IU
eMy IepeaTb KOJMIeCTBO TEIIOTHI, YNC-
JIEHHO PaBHOE €ro TeIUIONPOBOJHOCTIH,
Br/(m K); TemmepaTypompoBOZHOCTD
paBHA IJIOTHOCTH TEIIOBOTO OTOKA TIPK
rpajmeHTe OOBEMHON KOHIEHTPAIUN
BHyTpeHHell sHepruu B 1 [x/m?*)/m=]Ix/
MY ompemesieHNs] IaHbI I MaTepuasa
OIHOPOMHOTO U HeIIPO3PayHOro).
CyliecTBYIOT pasyyHble METOLBI
PasenbHOTO U KOMITTIEKCHOTO OTIpefierie-
HUS TETO(GM3NIECKUX XapaKTEPUCTUK
(T®X) marepmanoB ¢ MCIOIb30BaHEM
HarpeBa (B ILIMPOKOM TeMIEPATYPHOM
IManasoHe) — OT Ha4yaJIbHOTO JI0 CTALIMO-

HapHoro. [l n3ydaeMsIx 06pasios (1M
JUIs1 IPOCTOTHI OIIMCAHMS 9aCTO MPU/AET-
Cs oIpeenéHHas «MofielibHas» Gopma,
HAIpUMeD, [UIACTUHBI, WINHAPA, 11apa)
HeoOXOAMMO 3HATh BUJ QYHKLIMY TEMIIe-
PaTypHOrO 0/, onuchiBaeMoro audde-
PEHLMAIbHBIMI COOTHOIIEHMAMMU. A
TaKXKe HeOOXOMMO 3aMKHYTb CUCTEMY
ypaBHEHNIT, J06aBUB YCIOBUS OfHO3HAY-
HOCTU 110 (paKTOpPy BpEMEHN, reOMeTpH-
Jeckue, PU3UIECKe UV TPAHIIHbIE YC-
nosus [4; 10-12; 15; 17-18; 20; 39].

IIpuHATO pasfeniTb SKCIepUMeH-
TajbHble MeTORbL onpenenenns TOX Ha
CTal[IOHAPHBIe, HECTALMOHAPHBIE V1 KOM-
IIEKCHbIE METOJBL.

CrannoHapHble METObI OCHOBAHBI Ha
3aKoHe TemonposopgHocT Dyppe 1A
CTAIMIOHAPHOTO TEIUIOBOTO IOTOKA. [Tpn
VX peanusanuy UCCIefyeMOMy MaTepua-
ny (06pasiy mjs SKCIepUMeHTa) IMpupa-
éTcsl OfHA U3 «KAHOHUYeCKMx» GHopMm ¢
HOHATHBIM (CTaHJAPTHBIM) MaTeMaTnde-
CKMM aNlapaTtoM - IUIACTUHBI, LWIVH-
IPUYECKOIl TIOTIOi TPYyObI, cheprraecKoit
000/109KM, BHYTPU KOTOPBIX CO3[AETCS
COOTBETCTBYIOLIleE OJHOMEPHOE TeMIIe-
paTypHoe more.

OKCIepUMEHTAIbHOE  OIpefe/eHue
XapaKTEPUCTUK MaTepUanoB COIPOBO-
XK/JAeTCs PSAROM IOOOYHBIX SIBICHUIL,
ybparth KOTOpble TPYAHO M J[OPOro, a
KOPPEKTHO y9eCTb HEBO3MOXKHO: yTeUKa-
M TeIUIa Yepes TOPLIbl, KOHBEKIell, 13-
JlydeHmeM, CKadKOM TeMIepaTypsl Ha
rpaHuIle TBEPHOTO Tela U rasa (XKULKO-
ctun). [t yCTpaHeHNs TEIIOBBIX [OTepb
IPUMEHSIOTCA PasHOOOpasHble OXpaH-
Hble HArpeBaTeNy, KOJbIIA, KOMIAYKIL
I[Tpy MCIIONIb30BAHNM CTALMOHAPHBIX Me-
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TOJIOB VICCTIE[IOBAHM B IIpoOLjecce Harpe-
Ba JICCTIE[yeMBIX BIQKHBIX MaTepuanoB
IPOMCXORUT Iepepacrpenie/ieHrie Biary,
YTO UCKAXKAET OIIbITHBIE MaHHbIe [21-25].

MeTopbl CTalMOHAPHOTO TEMIOBOTO
pac-
pOoCTpaHeHre Onarofapsi mpocrore pe-

peXuMa HOAYYMIM IIMPOKOe
IIeHNsA YpaBHEHUA TeIIoIepefaun B yc-
JIOBMAX CTAI[MOHAPHOTO TeI/IOBOTO IIO-
Toka (t=¥, Fo=¥), mpoxopsiero uepes
OIIBITHBIIT 06pas3er] 3aJaHHbIX PA3MePOB C
BO3HIKHOBEHIEM IIPJ YCTAaHOBMBIIEMCS
TEIVIOBOM peXIJMe Ilepemnajia TeMIepa-
Typ Ha M30TEePMUYECKUX CTOPOHAX 00-
pasua [14-15; 18].

HecTanuonapHble MeTOfbI OIIpefiene-
Hua TOX marepnaaoB OCHOBaHBI Ha T€O-
pUU TEIIONPOBOXHOCTY IIPU HECTAIVO-
HapHOM TEIUIOBOM IoTOke. Kpmrepum
Qypbe 1 bruo nmpu HecTalMoHapHOI 3a-
Jade OTHOCATCS K TeIJIOOOMEHY TeIio-
IIPOBOJHOCTDBIO, YYUTBhIBas (u3MUecKue
CBOJICTBA Tl U BpeMeHHble XapaKTepu-
crukn. Yncno Oyppe (Wi Mepa Termmo-
BOJI HACBILIEHHOCTY Teja) YMCIEHHO Xa-
pakTepusyeT HECTAI[MOHAPHOCTb IIPO-
necca (4em 6ombuie Dyppe, TeM OmDKe
CTeHKa K II0JTHOMY IIPOIPEBaHUIO).

B HecTanmoHapHBIX MeTOfaX B 3aBU-
CUMOCTH OT BernuuHbI uncen Pypbe pas-
JIMYA0T MeToxbl HavanbHON cragun (Fo
< 0,55) 1 MeTORbI PeryIApHOrO peXuma
(Fo = 0,55). Taxxxe mpeypmaraeTcsi BBECTU
001l TpPUSHAK peryipusaluu Ipo-
1jecca HarpeBaHM:A Teql — IO KpPaeBbIM ycC-
JIOBVSIM, 3a[JAHHBIM TIpU pelteHun nud-
(bepeHINaTbHOTO YpaBHEHNUS TEIUIONPO-
BOLHOCTHU. B ob1mem ciay4ae (mst mmpo-
KOro jyarna3ona remueparyp or 170 rpag
K po 700 rpap K) ncnonpsyrorcsa MeTOAbI

MOHOTOHHOTO pexxuma. Ilpu ycmosusax,
6/IM3KUX K KHOPMAJIbHBIM» — METOJ[BI pe-
TyAPHOTO peXXuma IepBoro poya.

Inpokoe pacnpocTpaHeHue B MpaK-
TUKe TeIUIO(PU3NIECKNX U3MEPEHUII II0-
AY4UIU METOJBI PETryIAPHOTO PEXNMA,
paspaboranuble KoHpaTbeBBIM U IIOTY-
YMBILINE JjaTbHelllllee pasBuUTHE B pabo-
TaXx JAPyTUX uccaegoBaTeneir. MeTopbl
MIO3BOJIAIOT OIPENENNTh BCE TPU TEIIO-
(dusnyeckue XapaKTepUCTUKY MaTepuaa
3a CPaBHUTEIbHO HEIPOMO/DKUTEIbHOE
BpeMs 3KCIIepMMeHTa. B 0cHOBY MeTOZ10B
PETYIAPHOIO PEeXMMa IIOTOXKEHbI 3aKO-
HOMEPHOCTY BTOPOTO IEPUOJA OXIaXie-
HIs VIV HarpeBaHusA, XapaKTepusyIolle-
rocs MOCTOAHHBIM TeMIloM. Pacnipenerne-
HI€ TEMIIEPATYPhl IO TOYKAM CHCTEMbI
3aBUCHUT He OT Ha4a/IbHOTO COCTOSIHUA, a
oT (opMbl, pasMepoB, YCIOBUII Tell-
noo6MeHa Ha TpaHULe ¥ Ternodusmde-
CKVIX XapaKTepucTuk tema [1-2; 4; 8; 10;
21-22; 25-28; 34].

Bonpuie BOSMOXXHOCTM OTKPBIBAIOT
7 METOfIbl KBa3MCTAlMIOHAPHOIO TEIIO-
BOTO peXUMa, TNpefnoKeHHble JIbIKo-
BBIM, NIpeJIIoaramliye IMHeIHOe U3Me-
HeHMe TeMIIePaTypBl B TI000i1 TOUKe Tera
BO BpeMeHI. DTV METOMbI, I03BOJIAIOLINE
OCYLIECTB/IATh IUMPOKOTEMIIEPATYPHbBIE
M3MEPEHN, MOYKHO CYUTATD IIePEXOHbI-
MU MEXJ1y Hada/IbHbIM PEXMMOM, IOC/Ie-
AYIOLIMM HeCTAallIOHAapHBIM U CTalMO-
HapHBIMU PEXKUMAMMU.

Jna sKCIepyMeHTanbHOTO OIpefienie-
Husa TOX MarepuanoB TakKe UCIONIb3Y-
IOT KOMIUIEKCHBIE METOJIbI, KOTODble B
OOJIBIIMHCTBE CIIy9aeB OCHOBBIBAIOTCS
Ha TEOPUI HAYa/IbHOI U YIIOPALOYEHHO
CTafi¥yl HeCTAalYIOHapHON TeIUIONPOBO-
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mHocTu. KoMImekcHbIe MeTO/IbI O3BOJIA-
0T OIPENe/IATh OfHOBPEMEHHO 13 OJIHO-
TO 9KCIEPUMEHTA Ha OJHOI YCTAHOBKE U
Ha OfHOM o6pasie Heckombko TOX B
IIMPOKOM HuHTepBate Temmeparyp. Ogn-
HAKO, MaCCOBOT'O PaCIpOCTPAaHEHsI KOM-
IUIEKCHBIE METOMIbI II0Ka He MOy

BriBoppl. CraljyioHapHbIe METOMIBI MO-
TyT OBITb IIPUMEHEHBI I/ M3MEePEHNs Te-
IVIONIPOBOJHOCTY ITIPU YC/IOBUM, €C/IU B
MCCTIefyeMbIX BelljecTBax (TBEPHbIE U ChI-
IIy41ie MaTepyasbl) He IIPOVCXOAUT XVMM-
YeCKUX MpeBpaleHuit (Kak, Halpumep,
IpM pereHepanuy copb6eHTOB). MeTopbl
HETIPUTOMHBI JIS MCCIIEOBAaHNA 3aKOHO-
MepHocTeit n3Menenus TOX B saBucumo-
CTH OT TeMIIePATYpBl, U3MEHEHUS XVMMI-
YeCKOTO COCTaBa U MOPO3HOCTH. VIMeroT
OTpaHMYEHNs, HAIIPUMED, I03BOJLIIOT
onpenenuth K03 dULUMEHT TemIonpoBo-
THOCTH, @ TeMIIEpaTyPOIIPOBOJHOCTb —
HeT (1A eé ompefeneHNs HIPUMEHSIOT
METOJIBI PEery/IsipHOro pexxuma). bombiras
IINTEeIBHOCTD MCC/IE[OBAHNsI CTAHOBUTCS
IPUYMHOI GOJIBIINX TIOTPELIHOCTEN B pe-
3y/IbTaTe MUTPALVIV B/IATY TIOf AEICTBIEM
TeMIIepaTypHOro rpaayenTa [31-33; 41].

HecranyonapHble MeTOBI C TOYKM
3peHMsI OIIePaTBHOCTH, IIOMTHOTHI MOy~
qaemoil nHGOpManuu 06 06beKTax WC-
C/Ie[OBAHMsI ¥ IIPOCTOTHI peannsalnu
9KCIIEPMMEHTA/IBHBIX YCTAHOBOK SIBJISI-
1oTcs1 60ree MepCHeKTUBHBIMI. B HecTa-
IIVIOHAPHBIX METONAX MCCIeOBAHNUA Te-
w10pU3NIeCKNX CBOIICTB BEIECTB IIO
CPaBHEHMIO CO CTAllMOHAPHBIMMU CHIDKe-
HBI TPeGOBAHN K TEIUIOBOII 3allNTe, 3a-
TPAYMBAETCsI MEHBIIIe BPEMEHN U TeIlIo-
BOJI 9HEPTUM [iIsl IIPOBEIEHNMS IKCIIePH-
MeHTA.

K HeflocTaTKaM HeCTaIlIOHAPHBIX Me-
TOJIOB C/IeyeT OTHECTY TPYJHOCTD OIleH-
KII COOTBETCTBUA HEVICTBUTEIbHBIX I'pa-
HUYHBIX YC/IOBUII B 9KCIIEpUMEHTe C yc-
TOBUAMY, IPUHATBIMU B Teopunu. Camn
mnddepeHnMaNbHbIe YPaBHEHUA TeMIIe-
paTypHOro crmyyae
CTaIlIOHAaPHOTO PEeXXMMa, 110 CpaBHEeHue

nonst B He-
CO CTalMOHAPHBIM PEXMMOM, HAMHOIO
6o7ee CTIOXXHBI U1 B OOJIBIINHCTBE CITyda-
€B He PeIIaloTCsl aHATUTUYECKH, OFHAKO
KPAaTKOBPEMEHHOCTb IIpollecca M BO3-
MO>KHOCTb OJJHOBPEMEHHOTO OIIpefierie-
HVSI BCeX TPEX Ternoduanyecknx Koad-
(ULMEHTOB, IPUTOJHOCTD METOLOB LS
B/IQ)KHBIX MaTEpUAJIOB IpK OOIbIINX
TEMIIEPATYPHBIX IPa/ieHTaX AeIAIT TH
METOMIbI TPEIIIOYTUTENbHBIMI TaM, TJe
€CTb BO3MOYXHOCTb MAIIMHHON 06paboT-
Ki pesynbratoB. OCHOBHBIM OrpaHude-
HIEM METOJ[OB KBa3MCTALMOHAPHOIO Te-
IUIOBOTO PEXMMa SIBJISIETCS CIIOKHOCTb
3a/jaHysI Ha TIOBEPXHOCTSX aHA/IM3Upye-
MOrO Marepuajga IIOCTOSHHBIX M peru-
CTPUPYEMBIX TEIUIOBBIX II0TOKOB K Hemo-
craTkaM Haubosee pPAIVOHAIBHBIX AT
aHa/mM3a JVCIIEPCHBIX MAaTepuasoB He-
CTAIIOHAPHBIX METONOB PEry/SIPHOTO
PeXMMa OTHOCSATCS CIIOXKHOCTD aIlapa-
TYpHOTO OQOPM/IEHUS, 3aBUCUMOCTD
TOYHOCTH OIIpefieieHust oT Koaduum-
€HTA TEIUIOOT/AAYN, KOTOPBII IIPeIoa-
raercst 60 IOCTOSTHHBIM, /MO0 PAaBHBIM
0€CKOHEYHOCTH.

HecranuonapHble MeTOLBI HAaXOMNAT
[IMPOKOEe IIpUMeHeHMe O1arofapsi Ipo-
CTOTe U KPATKOBPEMEHHOCTH IIPOLIECCa, B
pesynbrare
XapaKTEPUCTUKN B IIPOLiECCe OIIperere-

4yero Temnodusnyeckne

HUsA Majio 3aBMCAT OT BO3MYIAKOIINX
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BO3pericTBMIL. Bee Tpu Temnodusndeckue
XapaKTEepPUCTUKY, KaK IIPaBUJIO, OIpefie-
JIAI0TCA 3a ofiMH onbIT. [1o aToi npuunue
B HaCToslllee BpeM: Y/e/lbHBI Bec Te-
WI0pU3NIeCKNX MCCTIefOBaHMIl CMela-
€TCA B CTOPOHY METOJOB HeCTaljMOHap-
HOTO PeXMMa U KOMOMHUPOBAHHBIX Me-
TOfI0B. BMecTe ¢ TeM, KOMOMHMPOBaHHbBIE
METOJBI IIOKA He MOTY4M/IN pacIpocTpa-
Henusd [1-2; 4; 6; 8-9; 18; 21-22; 25; 27-28;
33; 41].

IIpuBnexaTenbHbI 9KCIPECC-METO/bI
TeII0(PU3NYECKUX U3MEpeHUIl, KpoMe
TOTO, Pa3BUTHUE STIEMEHTHON 6a3bl UIET B
CTOPOHY TIPOBEIEHNUS TEIIOMU3IIECKUX
UCC/IElOBAHNUII C JMICIIONIb30BAHMEM KOM-
wiekcoB ACHI (aBTOMaTM3upoBaHHBIX
CHCTeM Hay4HbIX MccregoBaHmit). Ilpu-
4éM, CO3JlaHMe IIaKeTOB IIPMK/IAJHbIX
IIpOrpaMM M Pa3BUTVeE 9IeMEHTHOI 06a3bl
OIpefeNAIT MHTepec K pa3paboTke rub-
KUX JCC/Iel0BAaTENbCKUX KOMILIEKCOB,
MO3BOIAIOIIMX CYLECTBEHHO PACIIMPUTD
KPYT pelllaeMbIX 3a/jad, IPOBOJA HE TOJb-
KO Ternoduanyeckre U3MepeHUs, HO 1
UCCIelOBaHME KMHETUKU IPOLECCOB
CYHWIKM U TpaHYIMpOBaHUA, IIPOIECCOB
pasneneHys U nbUleyIaBnuBanus [1; 4; 8;
11-14; 20-22; 25; 27-28; 33-34; 37; 41].
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HEYETKME MHOKECTBA

Conanux A.P.
CryneHTKa

XapbKOBCKI/II‘/'I HaIII/IOHaHbeIﬁ[ YHUBEPCUTET PaVIO3I€KTPOHNKN

KnroueBbie cmoBa: HeueTKoe MHO>X€ECTBO, (byHKLU/IH IIPUMHAIEKHOCTY, OII€pal,

C)'[y‘{af/‘[HaH Be€/INMYMHA, IIPOCKLINA cnyqaﬁu-loro MHOXXECTBA.

Key words: fuzzy set, membership function, operation, random value, random set

projection.

JJaHHas CTaTbs NMOCBAIIEHA IOHATHUIO
«HeYeTKOe MHOXKeCTBO». B Heit chopmy-
NTMPOBAaHbl OCHOBBI TEOPUM HEYETKNX
MHOYKECTB, a TaK>Ke OIepaluu HaJ, HUMI.

Tak>ke B cTaTbe paccMaTpuBaeTcsA MO-
JIOXKeHMEe O TOM, YTO TEOPUI0 HeueTKUX
MHOXXeCTB MOXXHO CUMTATh YACTBIO TeO-
PUM CIyYaiiHBIX MHOXKECTB, a 3HAUUT U
YaCTbIO TEOPNM BepOATHOCTH. Taknme pac-
CY>XJIeH!s NMOABUINCH B 60-€ rofa mnpo-
LIJIOTO BeKa,
MHOXKeCTB Hadaja TOJIbKO 3apOXKIaThCA.

Korga Teopusa HEYETKUX

Heuerkye MHOXeCTBa MOXXHO paccMa-
TPUBATh KaK IPOEKIUI CTy4aiiHbIX MHO-
KeCTB. DTO CXOXKe C TeM, KaK 3a PyHKIIN-
AMI paclipenenennsa BUHBI C}Iy‘laf/leIe
BEINYVHBI, HA KOTOPBIX OCHOBBIBAKOTCA
HaHHbIE QYHKIVIN.

1. O6uIye cBeeHNs 0 HEYeTKIX
MHOXXeCTBAaxX

BiiepBble IOHATIE «HEYETKOE MHOXKE-
CTBO» IIOSIBUJIOCH B cTarbe «Fuzzy Sets» B
KypHase
JlanHas craTba Obla oOmy6IMKOBaHA
npodeccopom undpopmaruku Kamudop-
Huiickoro Yausepcurera B bepkmn Jlot-
¢u A. 3age B 1965 romy. OT0 HOHATHE
PAacIIMPNIO KIACCUYeCKOe OIpefie/eHIe

«Information and control».

MHOX€ECTBA, AOIIYCTUB, YTO XapaKTepu-

cTudeckass QYHKIUS MHOXKeCTBA, KOTO-
pyo Jlordu 3aze HazBan QyHKIMET IpU-
Ha[JI&KHOCTM /I HEYETKOIO MHOXe-
CTBa, MOXKET IIPMHMMATD He TOJIbKO 3Ha-
vyenust 1 u 0, Ho v u3 uHTepBana [0, 1] [1].
TloHATME HEYETKOTO MHOXKECTBA 0be-
CIIeYnBaeT BOSMOYKHOCTb MATEMATUYECKOIO
TIpefICTaB/IeHNsI KAYeCTBEHHBIX OL[EHOK, BbI-
PpakaeMbIX JTIOIbMI B (pOpMe TMHTBUCTIIE-
CKVIX 3HAYEHMI1 1 HeYeTKIX yuicer [2].
HeueTkoe MHOXeCTBO 9TO TIpymIia
397IEMEHTOB, IIPO KOTOpPble He/lb3s TOYHO
CKa3aTh — €CTb I Yy HUX ONpefe/IeHHOe
OT/IMYNTENbHOE CBOICTBO, KOTOpOE
MOYKHO MCIIO/Ib30BaTh MPM 3aJaHUN He-
4eTKOro MHOXKeCTBa. BBeeM crepyroriee
ob6o3HaueHMe: U(X) — CTeleHb INpUHAJ-
JIOKHOCTM 97IeMEeHTa X K HeYeTKOMY MHO-
JKEeCTBY, KOTOpasi IpefcTaBisieT 06001e-
HUe TIOHATUS XapaKTepUCTUIECKOI
¢dyHKUMN O6BIYHOTO MHOXKeCTBa. Torga
HEYEeTKMM MHOKecTBOM C HasbIBaeTcs
MHOXXeCTBO YIIOpsIjOUYeHHBbIX mmap Bupa C
= {u(x)/x}, mpu 3TOM U(X) MO>KET IPUHIU-
Marh o6ble 3HaYeHNs B uHTepBase [0, 1]
[3]. ITpu aTom, sHaveHne (x) = 0 03Hava-
eT OTCYTCTBUE NPUHAMISKHOCTY K MHO-
JKECTBY, 1 — IOHYI0 IPUHAIEXKHOCTD.
BBenem moHsTHE QYHKIMM IPUHAZ-
JIEKHOCTU, KOTOpPasi TPEACTABISAET CO-
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60J1 XapaKTepUCTUKY HEYeTKOrO MHO-
xecTBa. DYHKIUA INPUHAJISKHOCTU
U, (X) KOMMYeCTBEHHO TPafiynpyeT Mpu-
HaJl/IeXHOCTDb 3/IEMEHTOB (YH/IaMeH-
TaJbHOTO MHOXECTBA IPOCTPAHCTBA
paccyxpenns X _ X He4ETKOMY MHOXe-
crBy A. 3HaueHue 0 O3Ha4aeT, YTO 9JIe-
MEHT He BKJIIOYEH B HEYETKOe MHOXe-
CTBO, a 3Ha4YeHMe 1 OMMCBHIBAET MOJHO-
CTBIO BK/IIOYEHHDII 9/1eMEHT. 3HaYeHNs
Mexay 0 u 1 XapakTepusyroT HEYETKO
BK/IIOUEHHBIE 3JIEMEHTHIL.

Ha pucynky 1 nzo6paxen rpadux, Ha
KOTOPOM MOXKHO YBUJIUTD M300pakeHNe
bYHKIMM KTacC4ecKOoro(4eTKoro) MHO-
JKECTBA, a TaKoKe (QYHKINIO IPUHAJJIEXK-
HOCTH HEYETKOTO.

MOIHOCTBI0 HEYETKOTO0 MHOXKECTBA
Ha3bIBAETCsI YMC/IO CONEPIKAIIVXCS B HEM
nmap. 3HavyeHMe MOIIHOCTY HEYeTKOTO
MHOXKeCTBA A COBIIaflaeT CO 3HaYEHUEM
ero npo6nemHoit obmactu X.

Heuerkoe MHOXeCTBO A, GyHKUMA
IPMHA/JIEXHOCTY KOTOPOTO PaBHA HY/IIO
Ha BCell IpefMeTHOIT 06macTu X, Ha3bIlBa-
€TCsI YCTHIM.

HeveTkoe MHOXXeCTBO, BCe 9/IEMEHTBI
[IpeMETHOM 06/1acT KOTOPOTO MMEIOT
CTETIeHb IPUHAJIEXHOCTY, PaBHYIO 1,
Ha3bIBAETCA YHUBEPCAIbHBIM.

2. Onepanyuy HajJ He4YeTKUMU
MHOXXeCTBaMM

Hay HeyeTKMMM MHOXKECTBAMIU MOX-
HO BBIIIO/THATD TaKie oneparyn [4]:

Bxmovenne. Ilycts A u B - Hever-
KIfe MHOYKEeCTBA Ha YHMBEPCaIbHOM MHO-
)xecTBe X. [oBOPAT, 4TO A CoflepKUTCA B
B, mmn B Bxmiowaer A, Te. A _ B, ecn
X X i, (x) < p(x). MiHorAa ucnonbayioT
TEepMUH «[IOMMHMPOBaHUeE», T.e. B jomu-
nupyer A mpu A _B.

Pasenctso. Ilyctb A u B - HeueTkue
MHO)KEeCTBA Ha YHMBEPCa/JbHOM MHOXe-
cree X. ToBopAT, uto A u B paBHHI, T.e.
A=B,ecm ,x _Xp,(x)=p,(x).Bnpo-
TUBHOM ciiy4dae A # B.

Hononuenne. Ilyctb A u B - HeueT-
KIfe MHOYKeCTBAa C MHOXKECTBOM IIPMHAJI-
JIeXKHOCTEN XapaKTepUCTUIeCKNX (PyHK-
muit M = [0;1], 3ajjaHHbBle Ha yHUBeEp-
cazibHOM MHOecTBe X. [oBOpAT, uTo A 1
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B pomonusior apyr gpyra, T.e. A = B win
B=A,ecm ,x Xp,(x)=1-p(x).
IlepeceyeHme  HEYETKMX  MHO-
JKecTB A 11 B , 3a/laHHbIX Ha YHUBEPCaTbHOM
MHOXeCTBe X , — 9TO HauboJIblllee HeYeTKOoe
MHOXecTBO A | B, copepkamieecst oHO-
BpeMeHHO 1 B A , u1 B B ¢ pynk1imest npuHay-
JIKHOCTH, 3aJAHHOI CTIERYIOLIM 00pasoM:
v X o X, (%) = min(y, (x); p,(x)).
O6pbennHeHne  HEYETKUX  MHO-
JKecTB A 1 B, 3aJlaHHBIX Ha yHUBEpCab-
HOM MHOXeCTBe X , — 9TO Hay¥IMeHblIIee He-
4eTKoe MHOXecTBO A | B, BKIouaromee
Kak A , Tak 1 B ¢ dpyHKIMel IprHamIex-
HOCTH, 3a[JaHHOJI CTIERYIOLIVIM 00pasoM:
Vx€Xp, (x)=max(y,(x) ; u(x))
Pasnocmv HEYeTKUX MHO-
JKecTB A 1 B, 3a[JaHHBIX Ha yHMBEpPCaIb-
HOM MHOXXeCTBe X, — 3TO HEYE€TKOE MHO-
xectBo A \ B = A N B ¢ pynxumeir mpu-
HaJJIOKHOCTY, 3aJaHHON CIefyIoM
obpasom:
VxeX pA\B(x) = W, 5(x) = min(p, (x)
S 1 ().

3. CB:3b TeOpHM HeYeTKIX MHOKECTB
¥ TeOPUY BEPOATHOCTH

Teopusa HedeTKUX MHOXECTB CBOJMT-
Csl K TEOPUY C/Ty4YaiiHbIX MHOXKECTB C II0-
MOIIbIO TIOHATUA «IIPOEKLsA CIydaiiHO-
ro MHOXecTBa». IlosTomMy pnma Havama
CTOMT pa3obpaTbcs, YTO >Ke TaKoe CIIy-
yaliHoe MHOXXecTBO. Ho HauHeM MbI co
crmyvariHoit Benmm4uHbl. Ciy4aliHol Be-
JIVYMHONM Ha3bIBAeTCA BEINMYMHA, KOTO-
pas B pesy/nbTaTe OIbITAa MOXKET IPUHATD
TO WM MHOEe 3HaueHMe, IpUYeM Heus-
BECTHO 3apaHee, Kakoe uMeHHo. [Ipnme-
POB TaKUX BEIMYMH JIOCTATOYHO MHOTO,
HaIpuMep:

e YJC/IO NONAJAHUIL B IIe/Ib IPK IATH
BBICTpE/Iax;

e YIC/IO BBIMABIINX OYKOB Ha UTPATIb-
HOM KyOuKe;

e YJCIIO Ma/JbYMKOB cpegu 10 HOBO-
POKIIEHHBIX.

CirygaifHoe MHOXKECTBO — 9TO MHOXKe-
CTBO, 3aBMCsIIIIee OT Cay4asi. VIHbIMIU C/10-
BaMI1, 3TO U3MepuMast GyHKIMs, 0TOOpa-
JKAIOI[asi BEPOSTHOCTHOE MPOCTPAHCTBO
B MPOCTPAHCTBO MOJAMHOYXECTB HEKOTO-
poro (KOHEYHOTr0) MHOXKECTBA.

Termepb, KOTa MBI BBISICHUIN, 9YTO
TaKoe C/Iy4aiiHoe MHOXKeCTBO, BepHEMCS
K IOHATUIO «IIPOEKLUsA CIy4aiiHOTO
MHOXecCTBa». Onpefennm HeKyo GpyHK-
L[MI0 — BEPOSITHOCTD TOTO, YTO BeIMYMHA
OPMHANIEKUT HTAHHOMY MHOXECTBY.
BblssicHMTCA, 4TO HaHHas QYHKIVUA 00-
7ajlaeT TeMU >Ke CBOICTBAMM, 4TO U
YHKUMSA IPUHAJJIOKHOCTU HEYETKOTO
MHO)XeCTBa. [109TOMy HedeTKOe MHOXKe-
CTBO, COOTBETCTBYIOIllee CIy4aiiHOMY
MHO>XXECTBY, Ha3bIBAIOT IIPOEKIIVE JaH-
HOTO C/Iy4aliHOTO MHOXecTBa. Vlcxopa
13 9TOT0, €CTh BCE OCHOBAHMA I10/1araTh,
9TO yCTAHOB/IEHHAS CBsI3b MEXXK/Y HedeT-
KOCTBI0O ¥ BEPOSITHOCTHIO IIO3BOJIUT
[IPYMEHNUTD B TEOPUU HEYETKOCTHU METO-
bl ¥ Pe3y/IbTaThl, HAKOI/ICHHbIE B T€O-
puUM CIyYaiiHBIX MHOXECTB. A Takxe
[aCT BO3MOXKHOCTD TIEPEHECT TTOHSTIS
M TTOCTAHOBKM 3aj[ad U3 MEPBOI TEOPUU
BO BTOPYI0, 4TO IOCTY>KUT pPa3BUTUIO
obeux.
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How often do our ideas about ran-
dom, regular, and impossible differ from
probability theory data and statistics? It is
common for every person to seek out pat-
terns in events and ascribe to them their
own values. So what is real probability?

Probability is a quantitative measure
of the feasibility of an event in the pres-
ence of uncertainty, that is, in a situation
where this event is characterized as pos-
sible (which may or may not happen).
Probability is one of the most important
general scientific and philosophical cate-
gories. It is based on the fact that it ex-
presses a measure of the transformation
of opportunity into reality in situations of
uncertainty.

In science, probability is considered as
a quantitative, characterizing stability, the
degree of possibility of the occurrence of
random events under fixed observation
conditions. For example, in the case of
classical probability, uncertainty is gener-
ated by an experiment (possibly mental)
with a finite number of incompatible
equally possible outcomes, an event in the
implementation of any of a certain group
of outcomes (called favorable events), and
the probability of an event is defined as
the ratio of the number of favorable out-
comes to the number of possible out-
comes. The source of the occurrence of
frequency probability is a real experiment

whose outcome frequencies are statisti-
cally stable.

Representations of probability existed a
long time ago and related to the character-
istic of human knowledge. At the same
time, the presence of knowledge that is
different from reliable and false is recog-
nized. The impact of the idea of probability
on scientific thinking, on the development
of knowledge is directly related to the de-
velopment of probability theory as a math-
ematical discipline. The origin of the
mathematical doctrine of probability dates
back to the 17th century, when the founda-
tion was laid for the development of a
kernel of concepts that allow a numerical
characteristic. Probability has entered the
structures of such sciences as physics, ge-
netics, cybernetics, quantum theory, infor-
mation theory and others. Accordingly,
probability represents the stage in the de-
velopment of science, which is now de-
fined as non-classical science.

The very definition of probability al-
ways relies on the formation of the initial
mass phenomenon. Huygens wrote in his
work “On Calculations in Gambling™:
“Once regularities are observed in ran-
dom phenomena, they can be explained,
and in the ideal case, predicted”. Subse-
quently, this thesis developed into what
we call probability theory - that is, into a
mathematical discipline that in an ab-
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stract form studies the laws inherent in
random phenomena. In the modern pres-
entation, probability theory is based on
4 axioms and several concepts built on
direct observation. It allows you to dis-
cover and predict new facts theoretically,
without direct observation.

The birth date of probability theory is
1654. This year, a well-known nobleman
at the French court, the gentleman De
Mere addressed Pascal with an angry let-
ter to mathematics. Anger proceeded
from the fact that his theoretical calcula-
tions of the results of the game of dice
were not confirmed in practice. Accord-
ing to De Mere, mathematics is to blame.
Pascal found errors in De Merre’s reason-
ing using probability theory.

There are 5 stages of the development
of probability theory:

1. Background (until the beginning of
the 17th century). The team of Italian
scientists Cordano, Tartaglia, Galileo Gal-
ilei, all of them solved the problem of
“sharing the rate” The essence of the
problem: two play — money is put on the
line. To take them, you need to win n -
parties. For some reason, the game was
interrupted at the moment when the st
won k < n, the 2nd p < n games. How to
split a bid?

2. Origin (mid 17th - early 18th cen-
tury). In the correspondence of Pascal
and Fermat, the first concepts of probabil-
ity arise (probability, mathematical expec-
tation). Huygens wrote the first book in
probability. All three, independently of
each other, solved the problem of dividing
the rate. Pascal has advanced far in com-
binatorics.

3. Development (beginning of the
18th century - mid-19th century). Here
are such names: Jacob Bernoulli, Simp-
son, Poisson, Buffon, Moir, Laplace,
Gauss. The classical definition of proba-
bility is brought to the modern level.

4. Russian (mid-19th century - 1933).
Russia at that time was the only country
where the mathematical foundations of
probability theories were seriously culti-
vated. Chebyshev, Lyapunov, Markov,
Pearson, the results of their work stimu-
lated the penetration of probability theory
into physics and other sciences.

5. Modern (since 1933). At the begin-
ning of the century, Hilbert and Poincare
tried to revive interest in probability the-
ory. Borel, Lebesgue, Kolmogorov in their
works removed the contradictions and
paradoxes of probability theory, it became
an ordinary discipline. Penetrated almost
all sciences. Many of its chapters became
an independent science.

The mathematical theory of probabil-
ity has become the general basis around
which various interpretations of probabil-
ity have appeared and subsequently devel-
oped. The classical mathematical inter-
pretation of probability, arising from the
mathematical analysis of gambling, de-
fines probability as the ratio of the num-
ber of favorable chances, or cases, to the
number of all equally possible.

Statistical or frequency probability has
found wide application in the natural,
technical and social sciences, although it
does not so much determine probability
as it estimates it. Its essential drawback is
that it does not apply to individual events
and statements.
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In logic, probability characterizes the
semantic relationship between premises
and the conclusion of inductive reasoning.
In empirical sciences, a typical example of
logical probability is the relationship
between a hypothesis and its evidence, the
degree of confirmation of which assesses
the likelihood of a hypothesis. Opinions
differ the quantitative
assessment of logical probability: some
believe that it can be expressed only in
comparative terms (more, less and equal),
others in numerical terms.

The problem of the applicability of
probabilistic methods is solved in the
framework of the development of
mathematical theory, the deepening of
knowledge in the relevant applied fields,
and the comprehension of accumulated
experience. Formalization of the concept of

regarding

probability and the terms associated with it,
as well as the development of the
corresponding analytical apparatus and
methods for solving applied problems using
probabilistic methods, make up the content
of the section of mathematics — probability
theory and related disciplines: mathematical
statistics, random test method, stochastic
control theory, acceptance theory decisions
and a number of others.
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Probability theory is just one area of
mathematics. But it is interesting in that it
has a lot of paradoxes. What is meant by
the word “paradox”? In this case, this is
something that from an intuitive point of
view seems to us wrong, impossible, or
difficult to understand, but mathemati-
cally, if you count, then everything con-
verges and turns out to be true. Consider
a couple of interesting paradoxes:

1) Monty Hall problem

Number one, of course, should right-
tully be the Monty Hall problem or Monty
Hall paradox. This paradox, of course, is
purely intuitive, and the wrong answers of
ordinary people are based on a poor
knowledge of probability theory. And so,
by the condition of the game, there are
three doors in front of the player, one of
which has a prize. The player selects one
of them without opening. After this, the
presenter opens one of the two remaining
doors. The host knows which of the doors
has a prize, and always opens a door for
which there is no prize. Next, the player is
invited to change the originally selected
door to another, which remains closed.
Question: does the player’s chances in-
crease when changing the selected door?
Intuitively, changing a door doesn’t work.
The prize is either at one door or at an-
other. The situation is symmetrical, and

the probabilities are the same. However,
probability theory shows that changing
the door doubles the odds of winning.

2) Birthday problem

If you take 365 people together, it’s pos-
sible that they all have different birthdays.
However, out of 366 people there will
probably be at least two of those whose
birthdays are on the same day. However, if
we set ourselves the goal of finding how
many people should be, so that with a
probability of 99% two of them have the
same birthday, then we find that 55 people
are enough. At the same time, among
68 people with a probability of 99.9%, at
least two have the same birthday.

Such a statement may seem strange and
contrary to common sense, since the prob-
ability of one being born on a certain day of
the year is rather small, and the likelihood of
two being born on a particular day is even
less, but it is true in accordance with prob-
ability theory. Thus, it is not a paradox in
the strict scientific sense - there is no logical
contradiction in it, and the paradox lies only
in the differences between a person’s intui-
tive perception of the situation and the re-
sults of mathematical calculation.

3) Three prisoners problem
This paradox is reminiscent of the
Monty Hall paradox, but with a more
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tragic fate for the main characters. Three
prisoners (A, B and C) were sentenced to
death and placed in solitary confinement.
The governor randomly chooses one of
them and gives him a pardon. The over-
seer knows which of the three is par-
doned, but he cannot be divulged. Pris-
oner A asks the guard to tell him the
name of the second prisoner (other than
himself) who will be executed for sure: “If
B has mercy, tell me that C will be execut-
ed. If C is merciful, tell me that B will be
executed. And if I am pardoned, toss a
coin, and say any of these two names”. The
warder says that prisoner B will be exe-
cuted. Should prisoner A be rejoiced?

It would seem yes. Indeed, before re-
ceiving this information, the probability
of death of prisoner A was 2/3, and now
he knows that one of the other two pris-
oners will be executed — which means that
the probability of his execution has de-
creased to 1/2. But in reality, prisoner A
did not learn anything new: if he wasn’t
pardoned, he would be given the name of
another prisoner, and he already knew
that one of the two remaining was execut-
ed. If he was lucky and the execution was
canceled, he will hear the random name B
or C. Therefore, his chances of salvation
have not changed. Now imagine that one
of the remaining prisoners finds out about
the question of prisoner A and the answer
received. This will change his view of the
likelihood of a pardon. If prisoner B over-
hears the conversation, he finds out that
he is definitely executed. And if the pris-
oner is C, then the probability of his par-
don will be 2/3. Why did it happen? Pris-

oner A received no information, and his

chances of pardon are still 1/3. Prisoner B
will certainly not be pardoned, and his
chances are zero. So, the probability that
the third prisoner will be released is 2/3.

The problems associated with the ap-
plication of statistical thinking and ratio-
nal thinking are generally considered in
David Kahnemans book “Think slowly,
solve fast”. Studies by Kahneman and his
colleagues showed that a person is prone
to make mistakes in situations where even
simple mathematical calculations need to
be performed, not to mention probability
estimates.

Kahnemann introduces the concept
of two systems. System 1 - “fast’, intui-
tive, heuristic thinking. A person uses it,
for example, to determine mood by facial
expression or when assessing a traffic
situation when a car is driving. This is an
automatic, almost instantaneous reac-
tion, and works in most everyday situa-
tions.

System 2 — “slow”, rational, mathemat-
ical and statistical thinking. This system is
connected with effort. A person begins to
analyze the situation in order to make a
decision. In the case of statistical prob-
lems, the correct answer is not obvious. In
order to come to it, a person must analyze
the data, make calculations and choose
the highest values of statistical indicators.

Thus, we can conclude that a person is
inclined to ignore or incorrectly use the
calculation of probability and statistics
when choosing a strategy.
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TA 3ACTOCYBAHHS HA IIPAKTUIII
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CryneHt XapkiBCbKuit HalliOHa/IbHNI YHIBEPCUTET pajjioeNeKTPOHIKY

Anomauis. B 0aniii cmammi po3nosioaemuvcs npo memoo HalimeHwux keaopamie —
MAMmeMamu4Huti mMemoo, U0 BUKOPUCIOBYEMbCA 08 BUPIUUEHHS Ne6H020 KAcy
3aday. IIpusodsamuvcs NPpUKIAoU tiozo 3actocy8anHs 6 Pi3HUX 001acmsX, 30Kpema 6
cucmemax NOULYKy pisHoMAaHimmol ingopmaii.
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CiJiHMIT aHa/Ii3, CUCTeMa IIOLIYKY.
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search engine.

Mertop Halimenmyx kBazgparis (MHK)
JOCHIIPKYBABCA LIIJIOK0 TPYIOK MaTeMa-
TUKiB JOCUTD TpuBaauii 4ac. Bin ymocko-
HAJII0BaBCA BIIPOZIOBXX MalDKe CTa POKiB,
ae I0ro 1noyvaToK noxnanu Axpien-Mapi
Jlexxanpp i Kapn TIaycc. Taycc ynepiue 3a-
CTOCYBaB faHui meron y 1795 p., a Jle-
JKaHJIp He3a/IeXHO BiIKpUB Ta OIyOIiKy-
BaB JIOTO IIifl CY4aCHOI0 Ha3Bomw y 1805 p.
Po6oru MapkoBa A. A. Ha mouarky XX
CTOTITTA J[IO3BONMIN BiTHECTU METOJ,
HalIMEHIINX KBaJpaTiB 10 Teopii OLiHIO-
BaHHs MaTeMaTUYHOI CTaTUCTUKMY, Jie BiH
Ma€ Ba)X/IMBe 3HAYEHHS.

CBoro HaMIIMPIIOTO 3aCTOCYBAHHA
TaHMIT MeTof; HabyB y perpeciliHOMy aHa-
Ji3i, 30Kpema i OLIHKM IlapaMeTpiB
MiHIMHOI perpecii, 1[0 MIMPOKO 3aCTOCO-
BYETbCA B MaTeMaTU4Hill cTaTucTuui i
exoHometputi. Takox, MHK Bukopuc-
TOBYETBCS IJIs1 PO3B’SI3KY CUCTeM JIiHili-
HIUX piBHAHbD.

PosrianemMo mpocTuit puKiaj, Komm
norpi6Ho BukopucroByBaru MHK. Ha
puc. 1 306paxkeno tpu touku: (-1; 0), (0,

1) i (1, 0). Jani TOYKM He JeKaTh HA Of-
Hilt npsimiit. HeobxigHO 3HAlTM Taky
IpsIMY, sIKa HainpHime 6 HOpwsaraaa
IO MX TOYOK. [HIIMMHU ClOBaMu, HeOO-
XifHO 3HANTKM YMCIa, SIKI NPUOIU3HO
PO3B’A3YI0Tb HECYMICHY CHUCTeMy, IO
CK/Ia/Ia€ThCA 3 TPbOX JIHINHNX PiBHAHD 3
JIIBOMa HeBijoMuUMM:

—a+b=0
h=1
at+b=0

Cyrb MHK - 3pobutnu sikomora MeH-
ILIOI0 CYMY KBaJpaTiB MOXMOO0K MiX ITpa-
BOIO i JIIBOO CTOpPOHaMI L€l CUCTEMI,
TOOTO 3HANTHU MiHIMYM PyHKIII:

f(a,b) = (a—b)? + (1 - b)? + (—a — b)?

OckinbKM HOXUOKU MOXKYTb OYTU HO-
JaTHUMM, & MOXYTb OYTM BiI’ EMHUMI,
HeoOXiJHO paxyBaTy He IPOCTO iX Cymy,
a CyMy iX KBaJparis.

3HaituroBIy MiHiMyM QyHKIil yepes
0OUMC/IeHHs] YacTKOBOI IIOXifHOI Bif
¢yHKuil o0, HeOOXiAHO IPUPIBHATH iX
IO Hy/IA Ta OTPUMATH CUCTEMY ABOX piB-
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HSHD 3 IBOMa HeBiffoMumu. Po3p’si3kom
OTpUMAaHOI CHCTeMN i € mIyKaHi Koediwi-
€HTH IIPSAMOIL.

et npuxian € TpUBialIbHUM 3aCTO-
cysanuaM MHK 3a jioro npusHauyeHHAM.
OpHak MeTOf, MO>KHA BUKOPMCTOBYBATH i
B 6aratpox iHIINX 0O/IACTSIX.

CpOrofHi, 6iIbIIICTD CHCTEM, B AKUX
HasBHA (yHKIiA momyky iHpopmarii,
IIPONIOHYIOTh KOPUCTyBady CXOXi 3amm-
TH, AKILO 33 pe3y/IbTaTaMy MOITYKY Hid0-
ro He 3HaiifeHo. Hampuknaj, Kopucry-
Bay JIesAKOI cucTeMu OaXkae 3HalTH CTart-
TIO 32 II TEMOIO, ajie BBOIUTD B IIOJI€ I1O-
HIYKY PAZIOK 3 HIOMUJIKOIO. 32 JOIIOMOT 010
MHK Mo)XHa 3HANTH CTAaTTi 3 HAOIbII
CXOXOI0 Ha3Bow. JIyisi 1{bOro moTpi6HO
3HAIITU CyMU KBaJpaTiB OXMOOK MOPAJ-
KOBMX HOMEPIB KO>KHOI JIITEPU B PAJKY
3aIUTY [/ BCiX Ha3B cTaTell, HAABHUX Y
cuctemi. CraTTi, AKi MalOTb HalIMEeHIIY
TaKy CyMy, Haitbi/plile BiffIIOBITAIOTH 3a-
NUTY KOPUCTyBaya.

Posrnsanemo, mo co6010 ABIAE MOXU0-
Ka MOpsAAKOBOro HOMepy miTepu. Hexaii €

PANIOK 3aIIUTy KOPUCTYBaya — CTI0BO «Bi3»
1 pANOK IOTEHIIIHOTO Pe3y/IbTaTy IOLIY-
Ky — cnoBo «Bick». Ilopapkosuii HOMep
TiTepH «B» B 000X PsKaX JOPIBHIOE OfN-
HIIi, TOMY IIOMWJIKa B IbOMY BUIIAJIKY:

1-1=0

AHaJOTIYHO 3 JIiTepoIo «i»:

2-2=0

To6T0 mOXMOKA — 1€ Pi3HNI MIX HO-
PASKOBMM HOMEPOM JIiTEPU B PANKY IO-
TEHIIIHOTO Pe3y/lbTaTy Ta MOPAJKOBUM
HOMEpPOM JIiTepu B pAAKy sammuty. s
miTepu «3» CHUTyallid [ello iHaKIIa,
OCKIJIbKM JIaHa JIiTepa BiICyTHA B CIOBi
«Bicb». B Takomy pasi 3a moxmbky fmo-
LiIbHO OpaTy KiIBKIiCTB JTiTEP PSAKY IO-
TEHL[ITHOTO 3aIUTY, TOOTO YMCIIO YOTUPU
I/ JAHOTO BUITAJKY.

Taxmit anTOpUTM € HeCcTaHJAPTHUM
BuxkopuctaniamM MHK, HaroMicTb, BiH
MO>XKe 6yTU KOPMCHUM Y OYAb-AKUX CHC-
TeMax, AKi HaJJal0Th MOXK/IMBIiCTD ITOIIYKY
indopmamii.
MO>KHa Oy[yBaTU CHCTeMM, 10 JO3BOJLA-

AHaOTiYHUM  IIISIXOM

I0TDb 3[iJICHIOBATHU ITIOUIYK 3a 300pakeH-
HAMM, BigOuTKamy nanblis. [onoBHe —
BU3HAYNTH, 1O € TOXMOKOK B KOHTEKCTI
faHoro Habopy iHpopMariil.

Omxe, MeToi HalMEHIIMX KBafIpaTiB
MO’KHA BMKOPUCTATH Y 6ararbox 00/MacTsIX,
fie oTpibHa 06pOOKa JIAHMX, X OLIHIOBaHHS
Ta IPOTHO3YBaHH:, Yepes 1110 BiH € OHMM i3
HaVBX/IMBIIINX y Teopil VIMOBIpHOCTEl Ta
MaTeMaTUYHIli CTaTUCTUIII B3arasli.

Jliteparypa
1. Imypman B. E. Teopua BeposaTHOCTel n

MareMaTudeckas CTaTUCTuMKa. MOCKBa:
Boicimas mkosna, 2003, — 480 c.
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OIIA ICTOPII KOMBIHATOPUKI
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XapKiBCbKUI HalliOHAZIbHUI YHIBEPCUTET pafiioeeKTPOHIKM,
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Kombinatopuka — 1e pospia enemMeH-
TapHOi anreOpu, B SIKOMY BUBYAIOTHCS
IesaKi omnepauii HaJ CKiHYEHHUMMMU MHO-
KMHaMM 1 PO3BA3YIOTbCA  3afaui,
noB>si3aHi 3 numu onepauismu [1]. B ga-
HOMY po3piii BuBYaroTbCcsa KOMOiHaLii Ta
IepecTaHOBKM IIPEIMETIB, a CaMe — CIO-
coOu Ta KiZbKicTh Cr1oco6iB posMmilieHb
abo KoMOiHaIill TpefMeTiB.

Kombinaropuka 3acTOCOByeThCsI B 6a-
raTboX JOCUTD PiSHMX O0/IACTIX, a He 00-
MEXY€ETbCA TiIbKYM MaTeMaTMYHVMU Hay-
KaMy, AK Ile MOXKe 3JaTCA Ha Teplnii
HOIVISIA, — IPOTpaMyBaHHsA, XiMmis, ¢disuka,
JHTBICTMKA, TeHETHKa, iHpopMaTHKa, 6io-
norist, actpormoris, Kpunrorpadis, Ha-
CTinbHi irpn Tomo. CTOCOBHO MaTeMaTu-
KU, CIIEKTP BUKOPMCTAHHS KOMOiHaTOpM-
KU B Ll o6/acTi € gyxe nmpokum. Pop-
My KOMOiHATOPMKM 3aCTOCOBYIOTH Y
3ajjaqax IIOB’SI3aHMX 3 TEOpi€l0 JIMOBIp-
HOCTeiT, y PO3B’sI3aHHi 3agad Teopil rpa-
¢iB, y [UCKpeTHIN MaTeMaTuIi i T.IL

Buxopstau 3 TOTO, 110 KOMOiHATOpHKA
HACTIIBKY IIOIIVPeHa, MOXKHa 3poOuTu
MpUIYILEHH:, 10 BOHA BUHMKIIA JOCUTh

maBHO. | Ile IpuIyIieHHs € abCOMOTHO
BipHMM — II€pIIi 3a4aTKM BMKOPUCTAHHA
KOMOiHaTOpMKY, siKa Ife He Oy/a Bifmo-
BiJHUM pO3[i/IOM MaTeMaTUKU i He BU-
BYajlacAd fAK HaykKa B3araji, 3’ ABIINCA 3
MOABOIO HACTiNbHMUX irop me y Crapopas-
HboMmy €runti. OnHieo 3 HajicTapimmx
HACTi/IbHUX irOp € JaBHbOETUIIETChKA I'Pa
ceHer, moiumpena B 35 ct. go H.e. [2]. ITis-
Hilme 3’sBuMCs ¥ iHUN irpu - Hapan,
KHUTalChbKa I'0, JOMiHO, IIaxy, IIAIIKN Ta
innni. Hespakarouy Ha pisHi IpaBu/a Iux
irop, ix 06’enHye Te, 10 IepeMarae TOi,
XTO Kpallle 3HA€ Pi3Hi BUTpalIHi IIOEN-
HaHHA Ta KOMOiHaIil i BMi€e yHMKaTH
mporpamHmx [3].

e onHa 3 faBHIX 3raOK PO 61M3bKi
o KOM6iHaTOpI/IKI/I NUTAHHSA — MaTidyHUNI
kBagpaT Jlo Ily. 3a nerenporo, Kuraii-
CbKWIT iMIIepaTop, MPOryIIYNUCh Oins
piuku, nomitus yepenaxy. [i manuyp 6ys
pO3JiiyIeHNiT Ha JIeB’ATh YaCTIH, Ha KOX-
Hill 3 AKMX OyIM HaMaJIbOBaHI KpamkKu
(puc.1). IMneparop mopaxysas ix Kilb-
KICTh Yy KOXKHIl 9aCTUHi, OTPMMaBILIN Ta-
O/1MII0 Yucen Bif OFHOTO [O JeB’ATH, i
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BUABUTIOCH, 1110 CyMa YMCeI 110 [iiaroHarti,
BepPTUKAJi Y/ TOPU3OHTAIIL 3aBXK/AM OffHA
it Ta K [4].

B Iupii «BueHi BuB4anu kombinamii y
3B>AI3KY i3 3aCTOCYBAaHHAM IX y MOETHUII],
Hayli PO CTPYKTYpy Bipiia J1 IOeTHY-
HUX K00y TKiB» [5]. Hanpuxian, npu mig-
PaxyHKy MOXIMBUX IIO€JHAaHb Harojo-
LIEHNMX i HEHATOJIOMIEHUX CK/Ia/iiB CTOIN.
BBakaerbcs, o came iHAINLI MepIIMMMU
Bigkpunn 6iHoMianbHi KoedinieHTH:
3ajada
«CKiTBbKM icHYE C11oCco6iB BUTATTH M ee-

«Knacuuyna KOMOiHATOPUKIL:
MEHTIB 3 N MOXX/IMBUX» 3TaYETbCA B CY-
Tpax, MOYMHAI0YM NPUOTUSHO 3 4 CT. 10
H.e. IHAIICBKI MareMaTMKM IepLINMU
Bigkpw 6iHOMiampHi KoedimienTn i ix
3B>30K 3 6iHoMoM HplotoHa. ¥V 2 cT. 1o
H.e. IHfiNLi B)Xe 3Ha/u, 10 CyMa BCiX 6i-
HOMia/IbHUX Koe(illieHTiB CTeIeHIo N 1Oo-
piBHIOE 2n>» [6].

Y HpesHiit Ipenii Takox Oymu 3Ha-
JifieHi eJleMeHT 3aCTOCYBaHHS KOMOiHa-
TOPMKHU, ajIe JAHUX IIPO IIe AY>Ke Maso.
Binomo, 1110 aHTUYHI I'PeKU BUCIOB/IIOBA-
M CBOI AYMKHU IIOAO KiZIbKOCTi TBeEp-
IPKeHb, fIKi MOXKHa OTPUMAaTH 3 AeCATU
akciom. Tak, Xpicinm BBaxas, 110 6inbIie
Mi/IbIOHa, a [innapx Kasas., 10 «3i cTBep-
IPKYBAJIbHMX aKCioM MOXXHa CKIacTu
103049 cnonydenp, a AKIIO JONATH [0
HYIX 3alepedyBaibHi — 310952» [3]. BBa-
JKa€eThCA, 110 Mi3Hillle, TPeKU BUKOPUCTO-
BYBa/IM CBOi 3HAaHHA PO KOMOIHATOPUKY
IIPY CBOIX NOJA/IBINNX JOCTIPKEHHAX UM~
ceJl Ta HyMepOJIOrii.

OTxe, mepuri «I3BiHOUKM» KOMOiHa-
TOPUKY 3’SIBUINCS Ife B aHTUYHI Yacu.
Po3BuTox KoMOiHaTOpMKM CTaB Oinbir
aKTMBHMM Yy Yacl CepeflHbOBivuA — B 3a-

.

&

«306paxeHHs Jlo LLy» pucyHok 1

3 17 CT. IOYMHAIOTD 3 ABIIATUCS TEO-
peTuyHi BiToMOCTi came Ipo KoMbiHaTo-
puky. B 1665 poui 3’siBuBcst «Tpaxrar
Ipo apuMeTNYHMII TPUKYTHUK» biesa
[Tackans, B sAKOMYy BIleplle Oy/lIO BUKO-
pUCTaHO
(combination). ITosiBa TepmiHy «koMO6i-
HaTOpMKa» BIIEpIIe 3yCTPiYaeTbCs B PO-

TepMiH «CIONYYEHHA»

6ori Jlert6Hira « MipkyBaHHA PO KOMOi-
HaTOpHe MUCTeTBO» B 1666 p. Tax, neit
PO3IUT MaTeMaTUKM IIOYMHAIOTh PO3IJLA-
JaT! K CaMOCTiliHy HayKy. B 1713 pomni
Oyna omy6mikoBaHa KHura fxo6a bep-
Hyw1i «MucTenTBo IepenbadyeHHA», B
AKiiT 6Y7I0 BYKUTO TEPMIiHM «IlepeCcTaHOB-
Ka» (permutation) Ta «po3MileHHs»
(arrangement), a TakoX «Oy10 BKasaHO
dopmynu s KimbKOCTi po3MileHb 3 n
efleMeHTIB 110 Kk, 6y/0 BuBefeHO BMpasu
IS cTeneHeBUX cyM» [7; 3]. 3ropom, Jle-
oHapp Eiinep BuBuaB eneMeHTV KOM6iHa-
TOPUKM i PO3IJIAHYB y CBOIX IpallAX ALK
3ajiad Ta TOTOYACHUX NPOOIeM y it 06-
JACTi.

B xinui 18 cT. BueHi koMmbiHaTOpHOI
mkoyu ['inpen6ypra cipobysanu
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no6yfyBaT 3araabHy KOMOiHaTOpHY
TEOPi0, BUKOPUCTOBYIOUM HECKiHUEHHI

pApu. BoHM BUBYMIM BENMKY Kislb-
KIiCTb II€peTBOPEHDb P:AJIB 3a IOIIOMOIOI0
pisHux maremarmuynux giit [8]. Ilpote 11s
cripoba Tak i He CTaja YCIILIHOIO Ieper
yCiM yepe3 HENOCTAaTHIO, Ha TON 4ac,
KiJIbKiCTh BOK/IMBUX 3afa4, AKi 3Mornu 6
cratit GyHAaMEHTOM Teopil.

B 19 ct. kombiHaTOpHUKa pO3IIsAKana-
€Sl 3 TeOMETPUYHOI TOYKIU 30pPy — «BIIEp-
IIe 3’ABMBCA TEPMiH «TeOMeTpUYHA KOH-
¢irypanis» B JIeK1iAX 3 IPOEKTUBHOI re-
oMerpii mpocdecopa yHiBepcuTeTy B
Crpac6ypsi Peite (1882 r.)» [8]. Takox
Oyno copMOBaHO i HOBelEHO psfi reo-
METPUYHMX TeOpeM KOMOIHATOPUKIL.

B 20 c1. — xoMbiHaTOpyuKa BUBYAIACs
3 anrebpaiynHoi TOUKM 30py. Bakmmsum
MOMEHTOM € Te, IO 6aThbKOM Cy4acHOI
KOMOiHATOPMKIM BBa)XKAETbCA YTOPCHKMIL
Buennit [Tan Eppent, sixuit yBiB y Kom6i-
HaTOPMKY JIMOBIpHICHMII aHaIi3.

Tak, KoM6iHaTOpMKa 3a CBOIO JOBTY
icropito ¢opmyBaHHA, Habyna BIACHNX
MeTOiB AOCTiKeHb i cTajla CaMOCTiil-
HOIo Haykolo. IcTopito ii cTBopenHs 6yno
TOCTf[)KEHO 1 PO3INAHYTO B 6araTtbox
I>Kepernax, IpoTe, Ha MOI0 JyMKY, Haii-
Oi/IBIII PO3TOPHYTO, JOK/IAAHO i I[iKaBo (3
TUX JKepeJl, [0 51 BUBYMIA) BifoOpasus
MateMaTuk H.A. Binenkin B cBoOill KHM3I
«ITonynsapHa kombiHaTopuka». BiH ocBi-
TUB He TUIbKM icTOpilo KOMOiHaTOpuUKM
1le 3 [aBHIX 4YaciB, a I 3alpOIIOHYBaB
YuTayeBi MO3HAMTOMUTUCS 3 BiJIIIOBITHM-
MM KOMOIHaTOpPHUMU 3afjadaMi. Takox,
JOCUTD JIeTaJIbHO Ta He MEHII IIOBHO IIPO
KOMOIHATOPMKY K HayKy HAIl/ICaB MaTe-
matuk K.O. Pu6HikoB y kuusi «Kombina-

TOPHUII aHasi3; HapucK icTopii». AHOTa-
11is1 JO KHUTY [OBHICTIO BioOpakae, Ipo
10 HeThcs B KHM3i: «Cepia Hapucis mpo
OPUYMHY, 00CTaBUHY, CIIOCOON i MIISXU
(dhopMyBaHHA TEOPETUYHUX OCHOB KOM-
6iHaTOpHOTO aHaMi3y B APYTiil MOMOBWHI
20-ro cromTTsa» [9].

OTrxe, KoMbiHaTOpMKa — HacIpaBszi
Iy>Ke JaBHA HayKa 3 JNOBIMM Ta IIOCTili-
HIJM PO3BUTKOM, HaC/iJKOM AKOTO CTa/lIo
il MMPOKe 3aCTOCYBAaHHA y Pi3HUX Tajy-
34X CYy4aCHOI'O CBiTY.
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ITAPATIOKC BOPEIA-KOJIMOI'OPOBA

Emennanona E. O.
CryneHTKa
XapbKOBCKI/IIU/I HaLU/IOHa)'IbeIf/I yHI/IBepCI/ITeT pa,[[I/IOSHeKTpOHI/IKI/[

KnroueBnie crmoBa: Tmapazmokc Bopeml, yCnoBHasA BEPOATHOCTD, pacCIIpelieNIeHNe
cny‘{aﬁmmx BEJINMYVH.

B Teopun BepoATHocTel! mapafokc bopena-Konmoroposa (Taxoke M3BeCTHBIN Kak
napagokc Bopens) mpencraBisier co60it mapamoKc, OTHOCSIUICA K YCIOBHOIM
BEpPOSATHOCTH OTHOCKUTEIBHO COOBITUSI C HY/IEBOI BEPOSITHOCTBIO (HAa3bIBA€MOrO
HYyJIeBBIM MHOecTBOM). Ha3BaH B yecTb ¢paHIy3ckoro MaTeMaruka OMumia bopens
1 coBeTcKoro Maremaruka Axugpes Kommoroposa.

ITapajjokc 3akmo9aeTca B TOM, YTO YCIOBHOE DacIIpefeNieHyieé OTHOCUTENIbHO
TaKOTO COOBITMSI HEOJHO3HAYHO, €CIM TOMBKO OHO He pPacCMaTpuUBaeTCs Kak
HaO/MIoleHNe OT HeIPepbIBHON CIy4ailHOM BenmumHbL. KpoMme TOro, CyliecTByeT
pasnu4ne B METOJIE OIPENIe/IEHNA STON CMy4aiiHON BEIMYMHBI.

PaccMoTpyM KaHOHMYECKNMIT ITpUMeEP JaHHOTO IMapajiokca. bygem momarare, 4To
Cly4aliHasg TOYKa PaBHOMEPHO pacIipefiefieHa IO IIOBEPXHOCTM IIPEIoIaraeMoi
«3emmu», uMmetomeint ¢opmy cdeppl. CpaBHUM crlefylolljie JBa YCIOBHbIE
pacmpesieneHus:

Honrora (X), yanTbiBasg ToT $aKT, 4To HabmofaeMas TOUYKa HAXOAUTCA Ha 6O/b-
IIOM KpyTe BRO/b 9KkBaropa (umpora Y = 0).

IIupora (Y), yauTsiBas, 4T0 Hab/IofaeMas TOUKa HAXOAUTCS Ha HY/IEBOM MEPUIN-
ane (monrora X = 0).

YcnoBHOE pacnipesienieHNe B IEPBOM ClTy4ae sAB/IAETCA PAaBHOMEPHBIM Ha MHTEpPBa-
ne (—71; 77) - Tlapajiokc BOSHUKAET BO BTOPOM CIydae.

Vcxopsa us cuMMeTpUYHOCTY QUTYpBI, OOJBIION KPYT, MPOXOAALINIL Yepes HyIe-
BOJI MepU/IaH, aHAJIOTMIHO OOMIBIIOMY KPYTY BJOJIb 9KBAaTOPa, HO/DKEH OBITh PaBHO-

I
MEPHO pacIipefie/ieH, B JaHHOM C/Ty4yae Ha MHTepBase | — —:—|.

3aMeTI/IM, 9TO IMpOTa M JOJTOTA — HE3aBMCUMbIE CTydallHbIE IIEPEMEHHDIE, 1109~
TOMY YCZIOBHO€ pacCIpeNeIEH € BO BTOPOM C/Iy4da€ paBHO IIPE€AEIbHOMY paclpenenne-

HUIO IIMPOTBHI C IIOTHOCTBIO: s T
pr) = heosy.y e (2.0
2 2
U, 3HAUUT, pacIipefie/ieHe He SABIAETCS paBHOMEPHDIM.
Temnepp, IpeAIONIOXNB, UYTO YCTIOBHOE pacIipefie/ieHne BEPOATHOCTEN /I Bein-
HBI Y IIpY TUIIOTe3e, 4TO X JIOKUT Ha MEePUVIaHHOM KpYTe, HO/DKHO OBITh paBHOMEp-
HBIM, TIO/Ty4aeM IPOTUBOpeYNe.
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B cnyvae (1), ykasaHHOM BBIIle, YC/IOBHASA BEPOSATHOCTb TOTO, YTO JONTOTa X
NPUHAJIEKUT MHOXKECTBY E , YYUTBIBAA, YTO ¥ — p MOXXHO 3aIMCaTh Kak:

PX €E|Y = 0y-

JleMeHTapHaA TeOPUsA BEPOATHOCTH IIPEIIONAraeT, YTO 3TO MOYKHO NPeACTaBUTh
B BUJIE:

P(X eEandV = 0)
P(Y = 0) ,

Bupno, uto npu P(Y = g) = g BbIPaXXeHue He onpepeneHo. Teopus Mepbl MHO-

JKeCTBa IIPEOCTABILAET CIHOCOO OIpefie/leHNsI YC/IOBHOI BEPOSTHOCTHU, MCHOb3Ys
ceMelicTBa COOBITMIL:
Royp={V:a<Y <h}p

KOTOpBbIE IIPECTAB/ISIOT COOO0I TOPM3OHTA/IBHBIE KOJIbIA, COCTOSIIVE U3 BCEX TO-
YeK C IIMPOTON, TeXKallell B IpefieNiax oT g 0 k . R ;, MOXET UCIONb30BATHCA IS
HOCTPOEHNS QYHKIIMNL:

fE0)=PX ElY =)

KOTOpas ONpefiefieHa B TOUKe f (g).

Paspemrenne mapajokca 3aKIHYaeTcss B TOM, 4TO B ciydae (2), QpyHKums
PY eF|X = x) OUPENEIALTCA C UCTIONb3OBAHMEM ceMeitcTBa COOBITHUIL:

Lop={X:a<X <h}p

KOTOpBbI€e ABJIAIOTCSA BePTUKAIbHBIMU 30HAMU CeTKV KoOpamHar (aHri. lunes), co-
CTOALIVIMU U3 BCEX TOYEK, JO/ITOTa KOTOPBIX JIKUT B IIpefieiaX MeXAY g U p . Touxkn
PX|Y =0 "P¥{) X = 0 06ecreyrBalOT paclpefieieHne BepPOsATHOCTeI!
Ha 0OJIbIIOM KpYTe, OJHAKO OffHA 13 HUX OIIPefie/IAeTCs C MCIONMb30BaHNEM KOJIell, a
Apyras ¢ MOMOLIBIO 30H CeTKM KoopanHaT. TakuM 06pa3oM, HeyAUBUTEILHO, YTO BBI-
60p IMPOTHI ¥ JOATOTHI MMEIOT Pa3HbIe pacIpeNe/ieHNA.

IToHATHE YCTOBHOM BEPOATHOCTU B OTHOIIEHNY M30/IMPOBAaHHON IMIIOTE3bI, BEPO-
ATHOCTb KOTOPOI1 paBHa 0, HegonycTuMO. MOXKHO MOyYUTD pacpesiefieHyie BepoAT-
HOCTY IIMPOTHI Ha MEPUMAHHOM KPYTe, TONbKO €C/IM PAaCCMaTpUBaTh 3TOT KPYT KaK
97IEMEHT Pas/IoXKeHMsI Beell cepyIecKoil MOBEPXHOCTU KPYITIBIX MEPUAMNAHOB C 3a-
TAHHBIMI TIO/IIOCAMI.

ITpoeMOHCTpUpYeM AaHHBI ITApafoKc Ha nmpuMepe. [Ipeamonoxnm, 4to GyHK-
LIVIM YCTIOBHOJ IVIOTHOCTY He ABJIAIOTCA IHBAPMAHTHBIMIY IIPU IPe0Opa3soBaHUM KO-

OpJMHAT YC/IOBHOJN IepeMeHHOl. PaccMOTpyM JiBe HelpephIBHbIE C/TydaliHble Beu-

vV
anHbI ([J,17) ¢ COBMECTHOI IVIOTHOCTBIO P yryr . IlycTh W= g‘ an IJIs HEKOTOPO
HOJIOXKUTEIbHO HelpepbIBHON (QyHKUMu g. IIpy M3MeHeHMU IIepeMeHHBIX IUIOT-

Hocth (U, W) cocrasnser:
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aqd
Puw @, W) = Py (1, w gan) Iﬁl =pyy (1w gan)ga

W = 0 Torza u TONbKO TOIfa, KOTA [/ — g », IO3TOMY MOXKHO CHEIaTh Omnbod-
HBIII BBIBOJ] O TOM, YTO YC/IOBHOE pacIpefe/ieHue [J TO/DKHO OBITb O THAKOBBIM IIPU
KaXKIIOM U3 3TUX COOBITHIL, OHAKO:

Pv|: Ty, @ Pyy . 0)g ),

TOTTa KaK

PIvlzly—, W % Pyy@.0),
KOTOpbI€ He PABHDI, €C/IN g He IIOCTOSHHA.
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FEATURES OF ANOVA
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Analysis of variance (ANOVA) is one
of the types of analysis in mathematical
statistics that allows you to identify the
presence of dependence of some value on
one or more factors [1].

Generally, it may seem strange that
this method is called analysis of variance,
since the essence of the method is to com-
pare the means. However, in fact, we are
comparing sample variances. For the first
time, the concept of this method was pro-
posed by the famous English statistician
and biologist Sir Ronald Fisher in 1920.
And initially, analysis of variance was de-
signed to analyze data from experiments,
and was considered the only method that
would correctly investigate causal rela-
tionships.

Using this method, the equality of av-
erages in several general populations with
a normal distribution is checked.

In other words, the method of analysis
of variance is used to determine whether
a certain (or some) qualitative independ-
ent variable affects one quantitative de-
pendent variable.

In such a model, there is an assumption
that some variables may be causes (factors;
independent variables), while others may be
consequences (dependent variables).

The main objective in the ANOVA is
the comparison of variances. By dividing
variances into several sources, it becomes
possible to compare variances that are
caused by group difference and intra-
group variability.

At the beginning of the analysis of
variance, a certain null hypothesis is put
forward, which states that the averages are
equal in several groups. When stating
such a hypothesis, it is assumed that the
variance estimate associated with intra-
group variability approaches the inter-
group variance estimate. As a result of the
analysis of variance, either the null hy-
pothesis is accepted as true, or it is re-
jected and an alternative hypothesis is
accepted, indicating that an independent
variable (factor) affects the value of the
dependent variable (consequence).

The key point in the analysis of vari-
ance is the comparison of the components
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Table 1
Data for ANOVA
Research number |Graduation factor (lesson number)
First Second Third
1 51 50 70
2 44 53 54
3 47 60 66

of the variance with each other using the
F-test Fisher [2]. With the help of this, it
is possible to determine whether the fac-
tor nevertheless affects some value.

For research using the method of
ANOVA, it is necessary to have three or
more samples and at least two gradations
of the factor.

Why is analysis of variance used nev-
ertheless, and what cases is it appropriate
to apply it in?

Analysis of variance is appropriate in
many tasks that are related to the manu-
facturing sector. This may be, for exam-
ple, a study of the influence of several
factors on the work capacity of an em-
ployee (for example, a programmer). That
is, a certain number of people work at
some enterprise, while the working con-
ditions (lighting, humidity, temperature,
monitor size, etc.) are different. To deter-
mine the effect of these conditions on the
employee’s performance (let it be the
number of orders completed per unit
time), analysis of variance can be used.
Moreover, in addition to determining the
relationship of factors affecting working
capacity, such an analysis will be able to
show which of the factors has the greatest
influence.

In general terms, the tasks that can be
processed by this type of analysis can be
formulated as follows: with the help of

some studies, the unevenness of a certain
process or the quality of a certain product
is established. However, in this case, the
data do not indicate the main causes of
process inconsistency or product quality.
In other words, there is some desired val-
ue of the investigated quantity, which
must be achieved. And in order to do this,
it is necessary to determine how and how
much each factor affects the value, so as to
make the deviation from the desired as
small as possible [3].

However, it should be considered that
in order to use this approach and, in par-
ticular, the method of analysis of variance,
it is necessary to verify that the data sample
has a normal distribution. Such a check
can be done graphically by constructing,
for example, a frequency histogram of the
data and comparing it with a histogram of
the normal distribution. Either verification
can be achieved by conducting formal
tests, such as the Shapiro-Wilk test, or
Anderson-Darling, or others.

To illustrate the use of the method of
analysis of variance we give an example.
Our task will be to determine the influ-
ence of the lesson that the student needs
to come to for the time during which the
student gets to the university.

The data were obtained empirically as
a result of repeated experimental meas-
urements.
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Table 2

Data for ANOVA with group average

Research number |Graduation factor (lesson number)

First Second Third

1 51 50 70

2 44 53 54

3 47 60 66
Group average, gr (47,33 54,33 63,33

This analysis is one-way (only the se-
quence number of the lesson in the sched-
ule affects time). To continue the analysis,
it is proposed to build a table for the visu-
al perception of information (table 1).
This table contains the gradations of the
factor in the columns and the numbers of
studies in the rows, at the intersection
there is the time in minutes for which the
student gets to the university.

First of all, according to the method of
analysis of variance, it is necessary to for-
mulate a null hypothesis with a signifi-
cance level of a = 0.05: the effective at-
tribute for all gradations of the factor is
the same. The next step will be to calcu-
late group averages (table 2).

With such group averages, the total
average is 55.

Next, it is necessary to calculate the
general sum of squared deviations of
group averages from the total average and
the factor sum of squared deviations of
group averages from the total average, as
well as the residual amount (pic. 1).

Sgen = 602; Spop = 386; S,oqiqg = 216

Picture 1 — Three sums

And the last step in our analysis of
variance will be the comparison of factor
and residual variances using the Fisher
test.

As a result, we get the value 5.36. This
value is called the observed Fisher value.
Now, in order to answer the question and
accept or reject the null hypothesis, it is
necessary to compare the obtained crite-
rion with the tabular one at a = 0.05 pic. 2).

To determine the required value, it is
necessary to find out the values of degrees
of freedom for this analysis. They are
equal to 2 and 6, respectively. Thus:

Ftable = 5|14

Picture 2 — Tabular Fisher value

And the last: we compare the values of
the table and the observed Fisher criteri-
on (pi. 3).

Ftabie < Fabservad
Picture 3 — Comparing Fisher criteria

Having obtained such a result, we can
reject the null hypothesis and say that for
different values of the factor, different
values of the resultant attribute take place.
In other words, the serial number of the
lesson that the student needs to come to
affects the time it takes him to get to the
university.

Using this method of analysis of vari-
ance, it is possible to analyze not only the
influence of one factor on a certain char-
acteristic, but also their combination. In
this case, it is possible not only to unam-
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biguously determine whether a factor af-

fects, but also to find out how factors in-

teract with each other and how much

each of them affects some value
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Currently, a huge number of tasks re-
quire high system performance. Physical
limitations do not allow infinitely increas-
ing the number of transistors on the pro-
cessor chip. The geometrical dimensions
of transistors cannot be physically re-
duced, since when exceeding the possible
allowable sizes, phenomena begin to ap-
pear that are not noticeable with large
sizes of active elements - quantum size
effects begin to strongly affect. Transistors
start to work incorrectly.

Thus, in order to increase the power of
computer systems, one has to look for
other ways. This is the use of multiproces-
sors, multicomputers. This approach is
characterized by a large number of pro-
cessor elements, which leads to independ-
ent execution of subtasks on each com-
puting device.

There are many ways to increase the
efficiency of systems and all are quite
different. One of such methods is the
use of vector processors, which signifi-
cantly increase the speed of calcula-
tions. Unlike scalar processors, which
process one data element per instruc-
tion (SISD), vector processors are capa-
ble of processing several data elements

(SIMD) per instruction. Most modern
processors are scalar. But many of the
tasks they solve require a large amount
of computation: video, sound process-
ing, graphics, scientific calculations and
much more. To speed up the computa-
tion process, processor manufacturers
began to integrate additional streaming
SIMD extensions into their devices.

Accordingly, with a certain pro-
gramming approach, it became possi-
ble to use vector processing of data in
the processor. Existing Extensions:
MMX, SSE, and AVX. They allow you
to use additional processor capabilities
for accelerated processing of large data
arrays.

The main representatives of the SIMD
class: vector processors, matrix processors
and processors with VLIW architecture.

Matrix processors have no analogy
with vector ones. A matrix processor is an
array of processors with a single stream of
instructions. A large source data array is
divided into parts that are subject to iden-
tical processing. Each processor of the
array processes the corresponding part of
the data, executing a single stream of in-
structions.
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A promising representative of the
SIMD class is the VLIW architecture. One
instruction in such a command system is
a tuple of several RISC instructions,
which are independent according to each
other. The VLIW processor does not need
to check the tuple instructions to identify
structural dependencies, data dependen-
cies, or control dependencies. Now these
functions are assigned to the compiler.
The processor can immediately go to the
execution phase.

Blocks such as dynamic scheduler,
reservation stations, etc., are abolished
here. Released resources (transistors) are
redistributed to improve system perfor-
mance (cache sizes, BTB and TLB buffers
increase). Thus, the processor and the
compiler provide a good level of concur-
rency of commands. One of the most
powerful VLIW processors is Intel Itani-
um 2.

SSE (Eng. Streaming SIMD Exten-
sions, streaming SIMD-extension of the
processor) is a SIMD (Eng. Single In-
struction, Multiple Data, One instruction
- a lot of data) a set of instructions. The
SSE includes eight 128-bit registers and a
set of instructions in the processor archi-
tecture. SSE technology was first intro-
duced in Pentium III in 1999. Over time,
this instruction set has been improved by
adding more complex operations. Eight
(in x86-64 - sixteen) 128-bit registers
were added to the processor: from xmmO
to xmm?7.

SSE technology in C ++ is implement-
ed by low-level instructions, presented in
the form of pseudo-code, which reflect
assembly instructions. So, for example,

the command _ m128 _mm_add_ps (__
ml28 a, _ m1l28 b); converted to the as-
sembler instruction ADDPS operandl,
operand2. Accordingly, the command __
ml128 _mm_add_ss (__ ml28 a, _ ml28
b); will be converted to the ADDSS in-
struction operandl, operand2. These two
commands do almost the same thing:
they add up the elements of the array, but
in slightly different ways. _mm_add_ps
stacks the entire register with the register.

Other commands are arranged on the
same principle, such as subtraction, divi-
sion, square root, minimum, maximum
and other operations.

To write a program, you
manipulate 128-bit registers like __m128
for float, _ m128d for double, and __
m128i for int, short, char. At the same
time, you can not use arrays of type __
m128, but use the given pointers of the
array float to type __m128 *.

In this case, several working conditions
should be taken into account:

o Float data loaded and stored in an
16-byte

can

__ml28 object must have
alignment

o Some built-in functions require that
their argument be of type integer
constants, due to the nature of the
instruction

o The result of arithmetic operations
acting on two NAN arguments is not
defined.

C ++ implementation:
#include “iostream”
#include “xmmintrin.h”
int main()

{

const auto N = 8;

alignas(16) float a[] = { 41982.0,
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81.5091, 3.14, 42.666, 54776.45, 342.4556,
6756.2344, 4563.789 };

alignas(16) float b[] = { 85989.111,
156.5091, 3.14, 42.666, 1006.45,
9999.4546, 0.2344, 7893.789 };

__m128* a_simd = reinterpret_
cast<__m128*>(a);

__m128* b_simd = reinterpret_
cast<__m128*>(b);

auto size = sizeof(float);
void *ptr = _aligned_malloc(N * size,
32);
float* ¢ = reinterpret_
cast<float*>(ptr);

for (size_ti=0;i<N/2;i++, a_
simd++, b_simd++, ¢ += 4)
_mm_store_
ps(c, _mm_add_ps(*a_simd, *b_simd));
c-=N;

std::cout.precision(10);
for (size_ti=0;i<N;i++)
std::cout <<
cli] << std::endl;

_aligned_free(ptr);

system(“PAUSE”);
return 0;

}

o alignas (#) - the standard portable
way for C ++ to define custom alignment
of variables and user types. Used in C ++
11 and supported by Visual Studio 2015.
You can use another option - __declspec
(align (#)) declarator. Data management
tools for alignment during static memory
allocation. If alignment with dynamic se-
lection is necessary, use void * _aligned_
malloc (size_t size, size_t alignment);

o Then convert the pointer to the array
a and b to type _m128 * using reinter-
pret_cast, which allows you to convert
any pointer to a pointer of any other type.

« After, dynamically allocate the
aligned memory using the already men-

tioned above function _aligned malloc
(N * sizeof (float), 16);

o We select the number of necessary
bytes based on the number of elements,
taking into account the type dimension,
and 16 is the alignment value, which
should be a power of two. And then a
pointer to this piece of memory is reduced
to another type of pointer, so that you
could work with it taking into account the
dimension of type float as an array.

In many cases, vectorization gives a
4-8 x increase in performance. Complex
algorithms will require ingenuity. With
little effort, we can get as much perfor-
mance from the system as possible, utiliz-
ing all possible hardware resources.

In many cases, the compiler cannot
recognize the possibility of efficiently ap-
plying vector operations. Some compilers
(for example, Intel C / C ++ Compiler)
support special directives, with which the
programmer can give the compiler addi-
tional information about the code, con-
tributing to its vectorization. For example,
a directive may indicate to the compiler
that iterations of a certain loop are inde-
pendent of each other and can be per-
formed in parallel.
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METOJ HAVIMEHIINX KBAJIPATIB. IOTO CYTh
TA 3ACTOCYBAHHSA HA IIPAKTUIII

Kpasnos [I. O.

CryzenTt XapKiBCbKIMIil HalliOHA/IbHUI YHiBEpCUTET pajiioe/IeKTPOHIKN

Anomauisi. B 0aniii cmammi po3nosioacmvcsi npo memoo HatimeHwux k6aopamis —
MAmemMamuuHuti mMemoo, W0 BUKOPUCIIOBYEMbCA O BUPIUMEHHS Ne6H020 KaAacy
3a0ay. IIpusodamuvcs npuxnadu 1iozo 3actocy8aHHs 6 Pi3HUX 0071acmsX, 30KpeMa 6
cucmemax NOwyKy pisHomauimnoi ingpopmauii.

Knro4oBi cmoBa: MeTop HaliMeHIINX KBa/IpaTiB, MaTeMaTU4YHa CTaTUCTHKA, perpe-

CiIHMII aHai3, cUCTeMa MTOIIYKY.

Keywords: the method of least squares, mathematical statistics, regression analysis,

search engine.

Mertop Harimenmyx kBagparis (MHK)
TOCTi/KYBaBCs IIi/IOI0 IPYIO0 MaTeMa-
TUKIB JOCUTH TpuBaauii 9ac. Bin ygocko-
HaJII0BABCs BIIPOJOBX MalbKe CTa POKiB,
aJie 10ro 1movaToK nokmanu AnpieH-Mapi
Jlexxanpp i Kapn TIaycc. Taycc ynepiue 3a-
CTOCyBaB JlaHuUit MeTof y 1795 p., a Jle-
JKaHJIp He3a/IeXHO BiIKpUB Ta OIyOIiKy-
BaB JIOTO il Cy4acHOI0 Ha3Bomw y 1805 p.
Po6orn MapkoBa A. A. Ha mouarky XX
CTOJITTA JIO3BONM/IN BifIHECTM METON,
HalIMEHIINX KBaJpaTiB 10 TeOopii OLiHIO-
BaHHA MaTeMaTMYHOI CTaTUCTUKY, Jie BiH
Ma€ Ba)XK/IMBEe 3HAYEHHS.

CBoro HajllIMpIIOro 3aCTOCYBaHHA Jla-
HIIT MeTOf; HaOyB Y perpeciiiHoMy aHaIisi,
30KpeMa JyIA OLIHKM NapaMeTpiB JiHiliHOi
perpecii, 1[0 IMPOKO 3aCTOCOBYETbCS B
MAaTeMaTUYHill CTaTUCTUL i eKOHOMETPH-
ii. Takoxx, MHK BukoprucroByerbcs it
PO3B’SI3KY CUCTeM JIHIITHMX PiBHSHD.

PosrnsaneMo mpocTuit npuxia, Konu
noTpi6bno Bukopucrosysaty MHK. Ha
puc. 1 306paxkeno tpu touku: (-1; 0), (0,
1) i (1, 0). Tani TOYKM He /EXKAThb Ha Of-
Hill npamiit. HeoOxigHo 3sHaiiTu Taky

IpsMy, sIKa HalliibHime 6 mpusrasa
IO LMX TOYOK. IHmMMU croBamu, Heob-
XiZHO 3HANTM YUCIa, SKi TPUOIN3HO
PO3B’A3YIOTb HECYMICHY CHUCTeMy, L0
CKJIAJIA€ThCA 3 TPHOX JIHINHUX PIBHAHD 3
ABOMa HeBiJOMMMIL:

—a+b=0
b=1
a+b=0

Cytp MHK - 3pobutn sikomMora MeH-
IIOI0 CyMY KBafIpaTiB IMOXMOOK MiX IIpa-
BOIO i JIIBOI0O CTOpPOHAMM L€l CHUCTEMI,
TOOTO 3HAWTU MiHIMyM (QYHKILII:

flab)=(a—D)¥?+(1-Db)?2+ (—a—D)?

OcKinbKyM MOXMOKU MOXKYTb OyTH J0-
[aTHMMIY, a MOXYTb OyTU Bif €MHUMU,
HeoOXi[HO paxyBaTy He IIPOCTO iX CyMmy,
a cyMmy IX KBaJpaTis.

3HajimoBmy MiHiMyM QyHKLUIl Yepes
00OYIC/IeHHs YacTKOBOI IIOXifHOI Bif
dyHKUiT 110710, HeOOXITHO TPUPIBHATH IX
[0 HY/A Ta OTPUMATHU CUCTEMY IBOX PiB-
HSAHb 3 IBOMa HeBigjoMuMmu. Posp’s3KoM
OTpUMaHOI crcTeMH i € mykaHi xoedii-
€HTH NPAMOL.
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PucyHok 1

et npukian € TpUBiaJIbHUM 3acTO-
cysanHsaM MHK 3a jioro mpusHaueHHAM.
OpHak MeTof, MO>KHA BUKOPVCTOBYBATH i
B OaraTbox iHIIMX 0O/IACTAX.

CpOrofHi, 6iIbIIICTD CUCTEM, B AKUX
HasBHa (yHKUig momyky iHdopmauii,
IIPOINIOHYIOTh KOPUCTYBady CXOXi 3amm-
TU, AKIO 32 pe3y/bTaTaMy MOLIYKY Hido-
ro He 3HalijeHo. Hampuknaj, Kopucry-
Ba4 JeAKOI cucTeM Oa’Ka€ 3HAWTH CTaT-
TIO 3a Il TEMOIO, ajie BBOUTD B II0JIE I10-
HIYKY PAZIOK 3 TOMMJIKOIO. 3a JOIIOMOTOI0
MHK MoxxHa 3HaTH CTaTTi 3 Hait6ibLI
CXOXKOI0 Has3BOM. [l 1boro moTpibHO
3HAIITI CyMI KBaJpariB MOXNOOK HOPsfi-
KOBUX HOMEDIB KOXXHOI JITepU B PAAKY
3aIUTY JI/IA BCiX Ha3B CTaTell, HAsIBHUX Y
cucremi. CrarTi, AKi MalOTb HalMEHIIY
TaKy CyMy, Haitbi/blile BifIOBifalOTh 3a-
IUTY KOPUCTyBaya.

PosrisaHeMo, 1110 00010 ABJIAE TOXUO-
Ka IIOpAAKOBOro Homepy nitepu. Hexaii €
PANOK 3amMTy KOpPUCTyBada — C/IOBO
«Bi3» 1 PAMIOK IOTEHIIITHOrO pe3ynbTary
MOIIYKYy — C/MoBO «Bich». Ilopsankosuii

HOMep JIiTepu «B» B 000X psARKax HOpiB-
HIOE OJVHMII, TOMy NOMMUJIKA B LIbOMY
BUIIAZIKY:

1-1=0

AHAaJIOTIYHO 3 MiTeporo «i»:

2—-2=0

To6T0 moxmbKa — e Pi3HULS MK II0-
PAIKOBMM HOMEPOM JIiTepU B PAAKY IO-
TEHL[IIHOTO PEe3y/IbTaTy Ta MOPALKOBUM
HOMEpPOM JIiTepU B PAAKY 3ammuTy. Jlna
JmiTepu  «3» CHUTyallisg [elio iHaKIla,
OCKIJIbKM JlaHa JIiTepa BiICyTHA B CIOBi
«Bicb». B TakoMy pasi 3a moxubky mo-
L[iIPHO OpaTy KiZIbKIiCTb JIiTep pAOKY Io-
TEHIIITHOTO 3aINTY, TOOTO YNUCIIO YOTUPH
TJIA JAHOTO BUITAJIKY.

Taknmit anropMT™M € HeCTaHJAPTHUM
BukopucraniaM MHK, nHaromicTb, BiH
MO)Ke OyTU KOPUCHUM Y OyAb-SKUX CHUC-
TeMax, AKi HaJJal0Tb MOXX/IMBICTD MOIIYKY
indopmanii.
MO>KHa OyfyBaTi CHCTEMH, LIO JO3BOJIA-
I0Th 3[iJICHIOBATH IIOLIYK 3a 300pakeH-
HAMM, Bigbutkamy nanbilis. [onoBHe —

AHa/MOTiYHNM HIIIXOM

BU3HAYNTY, IO € NOXMOKOI0 B KOHTEKCTi
maHoro Habopy iHdopmaril.

Orxe, MeTOfl HalIMEHIINX KBaJpaTiB
MO’KHA BUKOPUCTaTK y 6ararbox obrmac-
TSIX, Jie TOTPiOHA 00pO6Ka HaHMX, X OIfi-
HIOBaHHA Ta ITPOTHO3YBaHH:A, 4Yepes3 o
BiH € OHMM i3 HAMIBaX/IMBILINX Yy TeOpil
JIMOBIpHOCTEN Ta MaTEMATUYHI CTATHC-
TUIIi B3araii.
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CYYACHI TEHAEHIIIT B KOHCTPYIOBAHHI
TA O3TOBJIEHHI MYCYIbMAHCBKOTO JKIHOYOTO OISITY

Ilenena A. O
MarictpaHTKa

KniBcbkuiil HallioHa/IbHUI YHIBEPCUTET TEXHOIOTIN Ta AU3aiiHy

binauceka M. M.

JIOKTOp mefarorivHmx HayK, AOLEHT, AOLEeHT Kadenpu npodeciitHol ocBiTu

B chepi TeXHOTIOTIT Ta AU3ANHY

KuniBcbkuil HallioHaIbHUI YHIBEPCUTET TEXHOIOTII Ta AU3aiiHy

Anomauis. Y cmammi po3ensoarnmovcsi 0cobnusocmi 6a308020 60panHs 07
CYHACHOI MYCYZIbMAHCOKOT JHCiHKU. 3p0OIeH0 021510 OU3ALIHEPCOKUX PilleHb Y CTBopeHi

BECINVHUX CYKOHb 1A PO3KPUMO OCHOBHI MemoOu 0300071eHHS 0052).

Kiro40Bi c1oBa: MycynbMaHCbKa CYKH, 0300/IEHHS OJATY, BeCIIbHA CYKHSI.

Annotation. The article deals with the features of basic attire for a modern Muslim
woman. An overview of design decisions in the creation of wedding dresses is made and
the basic methods of decoration of clothes are revealed.

Keywords: muslim dress, decor of clothes, wedding dress.

3a gannmu 3Bity The Future of World
Religions: Population Growth Projec-
tions, Ha TemnepilHii yac B YKpaiHi nmpo-
KUBae 6IM3BKO 1 MJIH. MyCy/IbMaH, IO
CTaHOBUTDH 2% HacenmeHHA. Y 2050 p. ni
MTOKa3HMKM CKIaflaTUMYTh IPOrHO30Ba-
HOo 1,3 MiH. 0ci6 (3,7% Hacenenns) [1].3
OITIAMY Ha Iie, BUHUKAE IOoTpeba y mepe-
I7IA/ll CTAHJAPTIB OAArY [ JKiHOK ic-
JTAMCBKOTO BipocmoBiflaHHA. OCKinbKu
KaHOHM MYCYJIbMAHCBKOI peJlirii moBoi
CYBOpIi, a XiHKaM HaJTO B yMOBax ak-
TUBHOTO CIIOCOOY XXUTTA LOCUTDb CKIaf-
HO 3HAWTM OJAL, KOTPUIL 3a/l0BOJIbHUB
6u ix motpebu i BopHOYAC BifIIOBinaB
BUMOTraM peririi. MycynbMaHCbKa perti-
ris 3a60pOHsI€ )KiHKaM HOCUTHU BifKpu-
TUIL OfAr. Bigkputumm pjis >XKiHOK MoO-
XKYTb OyTHU JIMIe OJIOHi, CTYIHI HIir Ta
00/IM4Ys, BOZHOYAC XiHKaM J03BOJIEHO

B )KIHOYOMY KOJIEKTUBI Ta y KOJIi pOJVHMI
HOCUTY BOpaHH:, siKe MifKpecnoe ix
Kpacy. He spaxaroum Ha cTporictb
BOpaHHs, BOHO BOJIOZi€ IEBHUM MarHe-
TU3MOM, TOMY JIOTO XOU€ThCA PO3ITIAfa-
TU Ta BUBYATH.

B6paHHA MyCyIbMaHCHKMX XIHOK Xa-
PaKTepPU3YETHCA BiIbHUM KPOEM i Bemm-
KOO KiJIPKICTIO [palipOBKM, pPO3MAITOIO
KOJIbOPOBOIO TaMOIO Ta JIETKICTIO CTPyM-
JIMBMX TKaHVMH, BEJIMKOIO Ki/TbKIiCTIO JIEKO-
Py — BUIIVBKA 30/I0TMMU HUTKamuy, Oi-
cep, cTpasu, Mepexxusa Ta iH. Ha 3axopi
IIPOBiIHI MOZENbEPU BXKE NABHO BUITYC-
KAIOThb KOJIEKLII OfIATY «MYyCIiM-IIyK», 1[0
KOPUCTYETHCS MONY/APHICTIO Y MOTHMLb
He3aJIeKHO BiJi BipocnoBifaHHA [2].

IToMUIKOBO BBa)KaIOTh, 1O BECh Iap-
Iepo6 MyCyIbMaHCbKOI MOTHUII 0OMexX-
YETbCA MapaHXew. Aje Ile Janeko He
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Puc. 2. [)xenaba

Puc.1. MyHa

1 C2 13
l

a) 0) B)

Puc. 5. Buagn nanaHTuHiB

TaK, TOMy IPOINOHYEMO po3ibparucs y
BUJiaX BOpaHHA.

OcHoBoMW0 rapaepoby € «MyHa» — 6a-
30Ba JIOBIa OIHOTOHHA CYKHS Tparlele-
HOAi6HOTO KPOIO 3 [JOBIMMU 3aBY>KEHIMU
pyKaBamM, 11O Ie€pefae BUTOHYEHY Ipa-
i Ta )XiHOYHY BennyHicTh (puc 1.).

«J>kemaba» — [OBra CyKHs BilbHOrO
KPOI 3 HIMPOKMMM pYKaBaMM, iHOAi 3
KaIlIOLUIOHOM, fIKa Ma€ CBOi sACKpaBi ak-
LIeHTU Y BUIMIAAL KOIbOPOBUX IPUHTIB,
PO3KILIHUX e/leMeHTiB fexopy (puc. 2).

«Abails» Harafiye OLIATHUII Xasar,
SIKVIT OFSITAlOTh B XpaM 260 Ha iHmi ypo-
YJCTi 3aXofiM. Burorosnserbcsa 3 mopo-
I'MX SAIKICHMX MaTepiasiB, po3lmuTa 30J10-
ToM, GicepoM, cTpasammu, iHOAI ZOpoOro-
LiHHNM KaMiHHAM (puc. 3).

3aBIAKM CYJacHUM [IM3aiiHepaM B My-
CY/IBMAHCBKOMY Tapfepobi HOCHTh He Tak
IaBHO 3'ABUBCA «BypkiHi» — KOCTIOM I

Puc. 3. Abaiia

|

YONGSEN

/

Puc. 4. EypKiHi

€)

TTaBaHH:A, CIIOPTUBHII KOCTIOM 3 6ploKamMu
BIIBHOTO KPOI0 Ta KO(TOI0, JOBXKIHA KO
HIDKYe JTiHil creroH. Kocriom sakpusae yce
Ti/IO, KPiM O3BOJIEHNX YacTuH (pric. 4).

O60B’A3KOBUM €JIEMEHTOM MYCY/Ib-
MAHCBKOTO BOPAHHS € MaJlaHTUH, SKIIT
IIPOKPUBAE TOIOBY >KiHKM (pHuc. 5):

«Iefina» — JOBTUIT TPAMOKYTHUI
map@, KOTpUM Bi/IbHO 06TOPTAIOTh FOTIO-
BY Ta KJIa[[yTh Ha IIIeYi.

6) «Ximkab» - TpapmuiiiHa apabcbka
XyCTKa, KO0 IIOKPUBAITh BOIOCCS,
HINIO i YaCTMHY IIedeit, 3aIMIIaldy Bij-
KPUTUM O0/IMIUs.

B) «Ximxab amipa» CKIaja€Tbcs 3
[IBOX YaCTMH: OfIHA IIiIHO OOJIArae ro-
JIOBY, @ Apyra y BUIJIAAL Iapa, ofsra-
€TBbCSI 3BEPXY.

r) «XiMap» — HaKMJKa JOBXIHOK [0
JiHil Tas1il, 10 3aKpUBAE BOJIOCCA Ta IIjIe-
4i, 3 IpOPi3oM 1 06IMYYA.
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Puc. 6. MycynbmaHcbKi BECirbHI CYKHI

1) «Yagpa» — jerke )xiHoue MOKpuBa-
710 61710r0, CUHBOTO a00 YOPHOTO KOJIBO-
Py, 1o 3akpuBae Girypy >XiHKM 3 TOTIOBU
IO HiT, 3a/IMIIAI0YN BiFKPUTUM OOIMYIYsL.

e) «Hixab» - ronosuuit ybip, o 3sa-
KpUBae OOMMYUs, 3 BYy3bKUM IIPOPI3OM
TIJIST OYelt.

€) «Ilapanmxa abo Bypka» - Haii-
OINbII CYBOPUIT MYCYIbMaHCBKUI OJIAL,
1110 sABJIsIE COOOIO XasiaT 3 CITKOO, 10 3a-
KpuBae obmmads [ 3].

OxpemMo MOXKHa BUJIIUTU BECIIbHY
MYCYIbMaHCBKY CYKHIO. MyCy/IbMaHCbhKa
TpajuliiiHa BECiIbHA CYKHSA — L€ OfIAL,
AKUI TaKOXX 3aKpMBA€ BCi YaCTMHMU Tina
JiBYMHY, ajie 3arajIbHUIl BUITIAT, CYKHI €
PO3KILIHUM 3aBJAK/ KOLITOBHMM TKaHU-
HaM Ta fgekopy. O6MexeHb Y KOIbOpi
CYKHI cxXigHoi HapedeHoi Hemae. OpgHax
mepeBary HaJalOTb CBiT/Iil i AcCKpaBin
IIaJIiTPi KO/IbOPiB, OCKI/IbKM BOHM IO/IaT-
KOBO IIiIKPECIIOI0Th HDKHICTD MiBYMHM
(puc. 6).

BecinpHe BOpaHHS MOXKHA ITORIMUTH
Ha JIBa BUU:

e CTPOTWIi BapiaHT CyKHi, IO TiKpec-
JII0€ CKPOMHICTb, ITOKipHICTD 1 BiaHICTDh
40710BiKOBi. Taka CyKHA IIOBHICTIO 3aKpM-

Bae TiJ1o, ii 037001eHHs MaliKe He IIOMIT-
He, TIpMKpacy Ta BMIIMBKA O3HAYAIOTh
LACTA B CIMETHOMY >KUTTI i IJIOI0YiCTb.
HesBakarounm Ha BCIO CYBOpICTb, TaKi
CTpOI € €JIETaHTHNIMY;

e HapAJHi CYKHi 3aKpUTi TOBHICTIO, OI-
HaK MalOTh HaCMY€HY KOMbOPOBY raMy Ta
BE/IMKY KIJIbKICTb €/IEMEHTIB [eKOpy:
AICKpaBa BUIIMBKA, HAMUCTUHH i CTpasu,
6apBicTe Mepex1Bo. Y TaKOMy BOpaHHI
miBunHa Oyfe BifmoBimaTu BCiM HpaBu-
MaM icrmamy, BOJHOYAC BUNIATUMETHCA
3-TIOMDK 1HINX [4].

O3100/IeHHA OfATY € OfHUM i3 BaX-
nmmBuX (akTopis Jioro BUroTosneHH:A. Ha
TeNepillHiil Yac iCHye Be/MKa KiJIbKiCTb
BIUIB 0300/IEHHSI OfATY PISHUMU METO-
JaMM Ta 3 BMKOPMCTAHHAM CY4YacHUX
TexHiK i MaTepianiB. O3[006/1eHHs OfATY
MO>KHA IIOIIINTY Ha IOCTiiHe (CKIamKu,
CTpOYKY, TacbMa, Oeiika, KaHT, 060pKa,
pIOLI, KaHT, BUIIMBKA, MepeXXKa, 6axpo-
Ma, CTpasy, alvIikais) i sMiHHe (KoMip,
MaHXeTH, TI0ACH, Kabo).

OpHMM 3 SICKpaBUX 03T00/IEHD € PO3-
IIMBaHHA CyKHi cTpasamu. JIns Bpanoro
037100/1€HHSI BOK/IMBYM IIPABUTIOM € TIifi-
6ip 1X KOIbOPY i po3Mipy, a TakoX rpa-
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MOTHICTb y po3pob1ii BisepyHky. Crpasu
OyBarTb 3 OTBOPAMU IS IX IPUIIUBAH-
Hsl, Ha KJIeOBili OCHOBI Ta imMiTallis Ha-
TYPa/lbHUX KPUCTAJIiB.

Tig6ip cTpasiB MOYNHAIOTH 3 BLOOPY
KOIbOpy. BiH moBuHen OyTu Ha 2-3 TOHU
cBiTmimmM abo TeMHIMNM 32 OCHOBHUIT
komip omsary. Ilif TemMHy cyKHI0O o6upa-
I0Th KOHTpacTHUII Koiip crpasis. Ilepen
IEeKOpOM BMKIAJAIOTh MPUONTM3HUIT Bi-
3€PYHOK 1 TiZIbKM IiC/IA IBOTO iX IOYM-
HalOThb npuimyBaTy. IIpumuBHI cTpasu
MaIOTb NI€BHi IepeBaru Haj KI1eiloBUMI,
OCKi/IBKM iX MOXKHa 6e3 IMOIIKOIKEeHHS
I TKaHMHM BUJATUTU 1 HEPEelnTH.
[Ticns 6araTopasoBOro MpaHHSA MOpU-
HIMBHI CTPasy He 0O6CUIUIATHCA 1 Bisepy-
HOK He BTPAaTUTh cBOro BuraApy. ITpu-
IIVBaHHA CTPas3iB MOXXHa BUKOHYBaTU
AK HATKOIO B TOH TKaHMHMY, TaK i MPO30-
POI0 MOHOHMTKOIO.

Otxe, acOpTUMEHT BOpaHH:A, 3a JI0-
IIOMOTOI0 IKOTO MYCYIbMaHChKi >KiHKM
HaMaralTbCA IiIKPECIUTU CBOIO Kpacy,
HeBermukuit. IToTpebye BIpOBamKEeHHS

pospobka Mofenell Ta KOHCTPYIOBaHHSA
OJIATY J/11 MyCY/IbMAaHCBKMX JKiHOK, SAKMIt
6 IpUKPMBAB Ti/MO 1 BOFHOYAC ITiKpec-
TIOBAB XXiHOYY Kpacy.
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BUKOPUCTAHHA TEHETYHUX AJITOPUTMIB /T4
HABYAHHSA HEVIPOHHIX MEPEX

ABepo6ax [I. M.

Crynent XapKiBCbKuil HalliOHa/IbHMI YHIBEPCUTET PaJIioeNeKTPOHIKI

Kimio4uoBi coBa: reHeTHYHI a/ITOPUTMM, HEVIPOHHI Mepexxi, Bif0ip, cXxpelyBaHH,

MyTaljis.

Keywords: genetic algorithms, neural networks, selection, crossover, mutate.

OcraHHIM 4YacoM cHocTepiraeTbcsa
piske 30i/IblIIeHHS iHTepeCy O HePOH-
HUX MEpeX, fAKi BXXe CbOrOfHi YCIIIIHO
3aCTOCOBYIOTbCA B Pi3HUX Talys3AX JIOJ-
CHKOI Jis/IBHOCTI — MeguuuHi, OisHeci i
texHini. HeliponHi Mepexi mupoxo Bu-
KOPUCTOBYIOTbCA I BUPIIIEHHA TaKUX
BOX/IMBUX 3aBJIaHb, AK IPOrHO3yBaHHA,
kinacudikaiis, posmnisHaBaHHS 00pasis,
aHajli3 TEKCTiB, CEMaHTMYHMII IOIIYK i
YIPpaBIiHHA CKIAJHUMU CUCTEMAMMU.

ITpu HaBuaHHi HelipoHHOI Mepexi 3
HEBIPHO MifiOpaHMMM JAHUMM BUHUKAE
Take SABUII, AK IlepeHaBYaHH:A. TaKox
I/Is1 OTPUMAHHSI HOTPIGHOTO pe3ynbrary
Bify Mepexi moTpibHO mocTiitHO 0buparn
HOTpiOHY TOIOJIOrI0, 10 NOTpedye 3Ha-
YHMX 3aTpar 4Yacy Bif pospobHuKa. [lns
CIIPOIIEHHA PO3POOKM JIOIIIBHO BUKO-
pUCTaTy TEHETUYHi aITOPUTMHU, AKi TeHe-
PYIOTb MOXK/IMBI Bapiallii HEIPOHHUX Me-
PeX 3 pi3HMMU TOIONOTiAMU, AKi 3 KOX-
HIUM IIOKOJIIHHAM BUPIIIYIOTH IIOCTaBIIE-
He 3aBJIaHHA Kpalle.

leneT4HMii aNrOPUTM BiTHOCUTHCA
JI0 CTOXaCTUYHMM METOJIaM i 3aCHOBaHUI
Ha IPUMHLMNII IPUPOFHOIO €BOIIOLIHO-
ro Binbopy. Inest reHeTUYHNX QITOPUTMIB
3aII03MYeHa y )KMBOI IpUpOay i cKaja-
€TbCS B MOJIEIIOBAaHHI €BOJIOIiTHOTO
IIPOLIeCY, KiHI1IeBOIO METOIO IKOTO € OTPU-

MaHHS OITMMAa/IPHOTO pillleHHs CK/IafiHOl
KoMbiHaTtopHoi 3azadi. [1]

TeneTnuHi anropuTMIU NMpPaLOTh 110
aHaJIoril 3 cucTeEMaMy iCHYIOUMMU B XKU-
Bilf mpupopi. Boun omepyroorh 3 cykyn-
HICTIO «0COOMHY», I1[0 IPECTABIIAITD CO-
0010 3aKOfOBaHi pillleHHs 3afadi, Mofi-
OHO [0 TOrO, IK TEHETUYHMIT KOJ KOLYE
¢denoTumivHi BIacTUBOCTI OpraHisMmis.
[IpucrocoBaHicTb OCOOMHM OLIHIOETHCA
3a JIOTIOMOTOIO CIlellia/IbHOL (byHKui'i, 3Ba-
Hoi ¢yHKuielo npupatHocTi. [2] Haii-
OLMBII IPUCTOCOBAHI OTPUMYIOTH LIAHC
CXpellyBaTuCA i faBaTy MOTOMCTBO. Ta-
KUM YMHOM, IIPUCTOCOBAaHICTb HOBOTO
MTOKOIHHA B CEpeJHbOMY BHIIE TIOMepe-
mHboro. [3]

HariBakuBinroro BIacTUBICTIO He-
JIPOHHMX MepPEeX € IX 3JaTHICTb HaBYaTu-
Cs1 Ha OCHOBI JaHMX HaBKOJIUIIHBOTO Ce-
penoBuIa i B pe3ynbTaTi HABYaHHA IIij-
BUIYBaT! CBOIO IPOAYKTMBHIiCTb. IIif-
BUILIEHHA IPOJYKTUBHOCTI BilI6YBa€TbC}I
3 4acoM BIifITIOBiJHO [10 II€BHUX IIPABUIIL
HapyanHs HelipoHHOI Mepexi BinbyBa-
€TbCA 32 JOIOMOIOK iHTEPAaKTMBHOIO
NpoLeCy KOPUT'YBAHHA CMHONITUYHUX Bar
i moporis. B ifgeanmpHOMy BUIIafKy He-
JIpOHHAa MepeXka OTPUMYE 3HAHHA IIPO
HABKO/MMIIHE CEepefoBMILEe Ha KOXHIN
itepanil mpouecy HaB4aHH:. [4]
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TeHeTHYHMIT A/ITOPUTM CKTaJAE€ThCA 3
watu das:

CTBOpEHHS NOYaTKOBOI MOMYIALil —
CTBOPEHHA BUIA[KOBMM YMHOM [esAKOl
MEPBMHHOI IIOMYJIALII.

Orninka (’pyHKuiem NpUAATHOCTI -
aHasli3 KOXKHOI 0COOMHM Ta BUCTaB/I€HHSA
ii1 6asIiB /11 IOJA/IBIIOTO BiZOOPY.

Binbip - BigOupaHHs Hailkpamux re-
HOTUITIB Ha OCHOBI OiTiB BUCTaBIEHMX
¢byHKIIi€I0 TPUAATHOCTI.

CxpenryBaHHs — CTBOPEHHSA HOBOI
0co0M 3a JJOIIOMOTOI0 CXpeILeHHS JIBOX
XPOMOCOM-0aTbKiB.

MyTanis — 3MiHa OFHOro ab0 HeKinb-
KOX 6iTOBMX 3HaYeHb Y XpoMocoMi. MyTa-
1is BifOyBaeTbCst A/t MIATPUMKHU Pi3HO-
MaHITHOCTI B HONY/IAL{l Ta 3amobiraHH:A
nepenyacHoro 36mmkenns. Koedirient
MyTalil He TOBMHEH TiepeBuitysatu 10%.

[TpoTAroM ycboro wacy pobu reHe-
TUYHOTO aITOPUTMYy PO3MIp IMOIY/IALi
3a/MIIAETbCA He 3MiHIOBaHMM. Posmip
IOIY/IALl BIVIMBAE Ha AKICTb BUPIIIEHHA
IIOCTaBJIeHO1 3a/javi.

Y reHeTMYHOMY a/ITOPUTMi BUKOPUCTO-
BYETbCSI KPUTEPIi 3yIIMHKM, 1O JIA€ TapaH-
Tio Ha 30DKHicTH anropurmy. OmHMM 3
KPpUTEPIiB € BiICyTHICTb 3MiH B IIPUCTOCO-
BAaHOCTI Iomy/Auift. [HmmM KputepieM €
TOCATHEHHA 3a/JaHOI ITPYCTOCOBAHOCTI.

BukopucraHHsA Te€HETMYHOIO aJro-
PUTMY /i1 HaBYaHHA HEPOHHUX Mepex
MAIOTb TaKi IlepeBaru:

— TeHETUYHi aJropuTMM MOXKHa 3a-
CTOCOBYBAaTM [0 JaHUX pi3HOrO BUAY,
NIPUYOMY i€ 3aCTOCYBAHHA HOCUTD He3a-
JIEKHUI XapaKTep;

— MO>KHa 3HaXO[UTH YHiBepca/bHi pi-
LIEHHS;

— edeKTVBHe I1apajie/ibHe HaBYaHHS;

OCHOBHMM HEZIOMKOM reHeTUYHUX aJl-
TOPUTMIB /Il HABYAaHHA HENIPOHHUX Me-
PeX € HeOoOXiHICTD B BEMUKUX OOUNUCITIO-
BaJIbHMX pecypcax. depes 1ie JIoro mmpo-
KO BUKODPUCTOBYIOTb B€IMKi KOMIIaHii. A
IIpY BUPILIEHH] NPOCTUX 3a/lad BUKOPYC-
TOBYIOTb iHILI METOAM, HAIIPUK/IAJ, METOL,
3BOPOTHOTI'O IOIIVPEHHS ITIOMMUJIKI.

OTXe, BUKOPUCTaHHA TE€HETUYHOTO
aTOPUTMY J[i/ii HAaBYAHHA HENPOHHUX
MepeX JOLiNbHO NpY BUPIIIEHH] CKIaj-
HIIX 3a7lady, [0 He MOXYTb 6y T BUpimIeHi
3a IOIIOMOTOI0 IIPOCTMX METO/IiB, HAIIPU-
KJIaJ, JialrHOCTMKY 3aXBOPIOBAHb.
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KOIT/IEKCHBIVT KPUTEPUU HEITAPAMETPUYECKOM
CTATUCTUKU B 3ATAYAX PACIIO3HABAHIS OBPBEKTOB

®epgoposny A.V., Beicouxnii P.B., Kysmunos [I.B.
Maructp, MarucTp, KaHAUAAT TEXHIIECKIUX HayK
[ HerIpoBCKMil HalMOHAIbHBI YHUBepcuTeT uMenn Orecst [ongapa

KrmroueBble crmoBa: BbIOOpKa M3MeEpEHMIl, HelmapameTpuyecKas CTAaTUCTUKA,
KpUTepuii, BEepOSTHOCTHbIE XapAKTEePUCTUKI, CABUIL, MacIITa0.
Keywords: sampling of measurements, nonparametric statistics, criterion, probabi-

listic characteristics, shift, scale.

CpaBHeHue [IByX BBIOOPOK M3Mepe-
HUI B 3ajadvax HaOmomeHus (MOHUTO-
pMHTa) 3a COCTOSHMEM TEeXHUYEeCKUX
00BEKTOB 1 TEXHONOTMYECKUX IIpOIiec-
COB MMeeT CBOeil IIe/bl0 OOHApy>KeHNe
M3MEHeHNII CTaTUCTUIECKIX 3aKOHOMeP-
HOCTe]I IIyTeM OILIeHKM IIapaMeTpOB
coBUra M Macmrraba. drta 3ajada pelna-
JIach IyTeM IPOBEeIeHN BBIUMCIUTEND-
HBIX 9KCIEPUMEHTOB Ha MOJENAX CIy-
YalfHBIX BEIMYMH C Pa3TMIHBIMU 3aKOHA-
MIL pacIIpefieieHus BepOsSITHOCTI U Iapa-
MeTpaMl, XapaKTepU3YIOIUMU CBUL U
Macmtab BBIOOPOK m3MepeHwmit. Vccre-
IDOBAJIUCh CTy4ailHble BEINYUHBI C CUM-
METPUYHBIMU ¥ aCHMMETPUYHBIMU 3a-
KOHaMM pacipefe/ieHNs BePOATHOCTH.

I[TyTeM IpOBefeHNs BBIMMUCIUTETBHBIX
9KCIIEPVMEHTOB JVICC/IE[IOBAHO BJIUSIHIUE
o6beMa M3MepeHUIt 1 BUJJOB 3aKOHOB pac-
IpefieIeHNsT BEPOSTHOCTEN IBYX BBIOOPOK
C paBHBIMU MaTeMaTU4eCKVMM OXXVMIAHNA-
MM M JMCIepCHAMM Ha CTaTUCTUYeCKUe
3aKOHOMepHOCTH Kputepys byma-Bunpa.

VccnenoBanach 9 QeKTUBHOCTD Kpu-
Tepus Byma-Bunpa nytem cpaBHeHms pe-
MIAOMVX [PaBWI PACIO3HABAHNA, OLTHU-
MaJIbHbIX — npaBuia Helimana-ITupcona u
HOJTyYeHHBIX IIPY MCIIONIb30BaHMe IPEfIO-

JKeHHOro KpurepusA. Paccmarpusanmich e
BBIOOPKI) HOPMAJIBHBIX C/IyYailHbIX Be/l-
YMH C pPasIMIHbIMM MaTeMaTH4eCKUMMU
OXMJAHVAMU U PABHBIMM JVICTIEPCUAMIA.

Pemraromiee MpaBMIO OOHAPY>KeHUs
CABUTA BTOPOJ BBIOOPKYM OTHOCHUTEIBHO
MEPBOV TIPU MCHOAb30BAHUU KPUTEPUA
byma-Buupga monyyuM Ha OCHOBaHMM
clnenyromux sHaHuil. Eciu BbIOOpKM He
MMEIOT CIBUTA JI Y HUX PaBHbIE JIUCIIED-
cum, To Kputepuit byma-Bunpga npu pgnm-
He BBIOOpKM Gosbire 20 9TO CrydariHas
BE/IMYMHA C 3aKOHOM pacIIpefieNeHIs X1-
KBAZIPaT C YETHIPbMsI CTEIEHsIMU CBO6O-
npl. Ilopor cpaBHeHUA B 3TOM Cydae 3a-
BJICUT TOJIBKO OT BEIMYMHBI JOIYCTUMOI
BEPOATHOCTY HPUHATUA ONTUMATbHOTO
pelleHns o CoBUTE.

Crartuctuka kxpurtepus bymura-Bunpa
PV CPaBHEHNH HEOTHOPOIHBIX BEIOOPOK.

V3BeCTHO, 4TO €C/M JiBe UCCTIeyeMble
BBIOOPKM C/IyYallHbIX BEINYMH UMEIOT
OJMIHAKOBDbIE 3aKOHBI pacIpefle/ieHNs Be-
POATHOCTEN M OJVMHAKOBbIE IAapaMeTPhl
CABUTa M MacliTaba, TO He3aBUCUMO OT
BUJla 3TUX 3aKOHOB Kpurtepmit byma-
BuHpa Kak crmyvaiiHas BelIMYMHA MMeEET
3aKOH pacIipefie/IeHNs XU-KBajjpaT C 4Je-
TBIPbMSI CTETIeHsIMU CBOOOBI [2].
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[l ORHOPOIHBIX BBIOOPOK MaTeMaTH-
4yecKoe OKMIAHMe U IUCTIepCusA TIoKasaTe-
na byma-Buupa paBHbl 4 m 8 coorBer-
cTBeHHO. Ilo pesympraTam 3KcIepyMeH-
TOB OLIEHKM MaTeMaTMYeCKUX OXKMaHUI
U CpeJHEKBaJJpaTMYHble OTKIOHEHUA He-
CKO/IbKO MEHbIIIe TeOPeTUYECKMX 3Hade-
Huit 4 u 2,83).

IIpn msmenHenmm cpsura B 2 pasa
cpefHee 3HaYeHe ITOKa3aTeld YBeIN4n-
nochb ¢ 3,68 1o 19,21 npumepHo B 5 pas),
CPEeIHEKBA/IpaTNYHOE 3HAYEHNE ISMEHN-
nocp mpumepHo B 1,8 pasa. ITpu yBenuye-
HyM Maclitaba B 2 pasa, cpefHee 3Haye-
HIle U3MeHsieTcs ¢ 3,62 1o 9,46 B 3 pasa),
CpellHeKBajipaTyecKoe 3Ha4deHMe Ipak-
TUYECKM He m3MeHmr1och (2,58 m 2,89).
IIpu opHOBpEMEHHOM M3MEHEHUN CIBUTA
n Macutaba B 2 pasa 3TM IIOKasaTenn
yBenmuunauch B 3 u 1,5 pasa.

ITockonmbKy peneeBcKoe ¥ 9KCIIOHEHIIN-
a/IbHOe pacIIpefiefieHNns ABMAITCA OfHO-
IapaMeTPUYeCcKUMI, TO IIpY M3MEeHNN 3Ha-
YeHI TTapaMeTpa B 2 pa3a OfHOBPEMEHHO
MSMEHATCS CABUT U Maciitab. [yt aKcro-
HEHI[MAZIbHOTO PaCIIpefieNIeHNs 3HA4YeHVe
MOKa3aTe/A U JUCHEPCUN TaKXKe yBeTnIu-
BaeTcA B 2 pasa. [l peseeBCKOro pacmpe-
Te/leHNns 3HaueHNUA TOoKasaTe/ld M3MeHsAeT-
cs1 B 3 pasa, a €ro QMCIepCcys B 2 pasa.

BoiBogbr

1. Kpurepnit byma-Bunpa xak moxa-
3aTe/b OGHOPOJHOCTY BBIOOPOK CrIydaii-
HBIX BE/IMYVH MOXXET UCIIO/Ib30BaH IS
OLIEHKM CTelleH! HeOTHOPOTHOCTU W3-
MepeHMIT IpU HeM3BEeCTHBIX 3aKOHAX pac-
Ipefie/IeHNs] BEPOATHOCTY U UX IapaMe-
TPOB B 3aJjayaX MOHUTOPMHIA TeXHMYe-
CKIX 0OBEKTOB.

2. Kpurepnit byma-Bunpa asnderca
CJIy4aiiHOM BE/IMYMHOM U MOJEIbIO €ro
CTAaTUCTUYECKUX 3aKOHOMEPHOCTEN MO-
JKeT CIY>KUTb 3aKOH pacIpefie/ieHns X1-
KBaJ[paT IIpY CPAaBHEHMM KaK OFHOPOJ-
HBIX, TaK ¥ HEOJTHOPOJIHBIX BBIOOPOK 13-
MEepEeHUIL.

3. [l HEOHOPOIHBIX BHIOOPOK HUMIC-
JIO CTeIleHeit CBOOO/IbI 3aKOHA X11-KBaJ[paT
3aBUCUT OT Pa3sMepPOB CPaBHMBAEMbIX
BBIOOPOK M CTEIIEeHM pas3ndnsl UX Hmapa-
METPOB, I €r0 3HAUeHMe MIPYMEPHO PaB-
HO CpefJHEMY 3HAUYEHUIO.

4. Ha ocHOBe MccnefoBaHns BEpOAT-
HOCTHBIX XapaKTepUCTVK OOHApPY>KeHUs
M3MEeHEHNI CTaTUCTNYECKUX 3aKOHOMeP-
HOCTeil BBIOOPOK M3MEepPEeHNIT YCTaHOBIe-
HO CHIDKeHMe 3G (GeKTUBHOCTY SMIVPH-
YECKOTO pelIalollero MpaBuja IO CpaB-
HEHMIO C ONTVMMA/IbHBIM KaK IUIaTy 3a
He3HaHMe 3aKOHOB PacIIpefieieHNs Bepo-
ATHOCTE C/Ty4YaliHbIX BENMYMH: BEPOAT-
HOCTb OOHApy>XEHNUsI YMEHbIIAeTCs C
0,98 1o 0,89 u 0,9 pu gnMHAX BHIGOPOK
ot 30 mo 100.
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IBOMIOINA PEHIEHMA ITPOBJIEM C IIOMOIIIBIO

HEVPOHHBIX CETEN

ITaBnenko 4. B.
crygment rpynnst 1131111-18-9

XapbKOBCKNUII HALIMOHAJIbHbIN YHMBEPCUTET Paio37IeKTPOHUKA

Oneiinux E. B.
Hay‘{Hbe/l pyKOBOHl/ITeTIb,

CTapLIii IpenofaBare/b Kagenpsl [IporpaMMHOI MHXeHepun
XapbKOBCKMII HAIIVIOHA/IbHBI YHUBEPCUTET PaMO3/IEKTPOHMKI

KnroueBble crmoBa: HellpoHHasA ceTb, aBTOMATM3alNsA, HENPOHBI, IaMATh,

3BOJTIOIMSL.

Ha mporskeHUM MHOTMX BEKOB MM-
PpOBOII CTOPUM YeTOBeYeCTBO HAKaIlIU-
BAJIO L[eHHBI OIIBIT, 00yYIaI0Ch U pasBu-
BajIoCh. YemoBeK CTaJKMBAJICSI C MHOTH-
MU TIpo6/ieMaMi B CBOEIT TIOBCETHEBHOI
KU3Hb. UTOOBI YIPOCTUTH CBOE Cylle-
CTBOBaHMe eMy TpeOOBaNIOCh HANTHU IIOf-
XOfIbl K pellleHNIO TOJ MM MHOM 3afadn,
OPYMEHNUTD JIOTMKY, HaiTH OOXO[gHBIE
IyTH WV aBTOMATU3UPOBATh paboTy.

ITO NMPOU3BENIO K IBOMIOUNM KaK Ca-
MOTO 4e/I0BeKa, TaK U IO/IXOMIOB K pellle-
Huio 3agad. Co BpeMeHeM CTajlo U3BeCT-
HO, YTO JIa)ke camble IPOCTbIe n300peTe-
HIA CYLIeCTBEHHO YIPOILAIOT KI3Hb.

Hampumep, mosiBeHMe BCEro MIIb
06BIYHOTO Ka/IbKY/ISITOpa WK ero 6omee
PaHHETrO aHAJIOra — «CYETOB» IIPUBENIO K
3HAYNTE/IbHOMY YBEINYEHNI0 IPORYK-
TUBHOCTY U YIPOIEHNIO YMCTBEHHOTO
TpYy/ia YelloBeKa.

OpHo TmpocToe M300peTeHMe BHECIO
OTPOMHBIN BKJIAfl B KYALTYPY >KU3HU U
YBENMYW/IO B/IMAHME HA PAa3BUTHE TEXHO-
JIOTMIL. A BeIb OHO JIMIIB IIOMOTAET ObI-
CTpO [e/aThb HeCJIO)KHble MaTeMaTuye-
CKJi€ pacueThl.

3a rocegHe BeKa YeI0BEYECTBO CO-
BEPIUMIO MHOTO IIO/IEe3HBIX N300peTeH N
M OTKPBITUIT B PA3TIMIHBIX 06/TaCcTAX Ha-
yku. Hanpumep, 6bUm Cy1iecTBo ymyd-
LIIeHbl MaTeMaTu4ecKyie TeOpUM, HOsIBU-
JIMCh HOBBIE ONTMMaJbHbIe (OPMYIBI U
IIOIXOABI K PEIIEHUI0 TPYLOEMKIX MaTe-
MaTH4ecKue 3afad. Bemmkas Teopema
depma, KoTOpas He IOAJaBaNach K pe-
LIEHNIO MaTeMAaTMKOB Ha HPOTSHIKEHUN
[IOYTHM YEeTBIPEX THICAUENEeTH L, ObIIa 10-
KasaHa B 1994 rofy OpuTaHCKMM MaTeMa-
THKOM DHjpIo Yaitncom [1].

OpHaKO, XOTh BCE OTKPBIThIE METOJIBI,
TEXHOIOIMU ¥ M300peTeHMs YIIpOLaan
paboTy, oHM OBIIM He COBEPLIEHBI 1 Tpe-
60Ba/I IIOMOIIY YeJI0OBEKA.

Hamnpumep, Bce TOT e KalIbKY/IATOD,
XOTb 9TO OH ¥ [IOMOTaJI BEIYUCTISTH apud-
MeTHYecKye KOMaH/Ibl, CYUTATh LieHy TO-
Bapa y KacChl MarasyHa, HO OH He MOT
IIOTHOCTBIO BBINOTHATD BeCh LUK pado-
TBI. 7151 3TOr0 TpebOBaNCs YeIOBeK, ero
rojI0Ba, KOTOpas YIpaBANa KalbKyJA-
topoM. Takyke, HaIIpuMep, JJIsL TOTO YTO-
OBl y3HABaTh /I paHee 3HAKOMBbIX JII0-
el Ha y/IMLe CIYCTSA MHOTO JIeT, BBIYMC-
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JINTENbHBbIE IPUOOPBI He TORMIUCD. Pac-
[I03HaBaTh 006pasbl OBIT CIIOCOOEH TOMBKO
YeoBeK.

BexkTop pasBuTMA TEXHONOTUI U3Me-
Hwics. Tenepp uccnegoBarerm eié 60mb-
IIe CTPEMIWIVCh IepeHeCTH Bce PYHKIN
Ye/loBeKa B 9MEKTPOHUKY U KUOepHeTH-
Ky, BO3pOC/ia 3HAYMMOCTb TE€OPUM Bepo-
satHocTi. Havascs nepuop pobotusanym
u 6uonmxenepunu. [Jaxe 6bU1a 0OCBOEHa
3aMeHa OOIBHOTO CepALja Ha UCKYCCTBEH-
HO€, HO TaK U He yJaloCh CO3/laTh MO3T
ITOXOXKIMIT Ha Y€TTOBEYECKUIL.

VIMeHHO B UAesAx paspaboTKM CXeMBI,
1O7f00HOI 6MOTIOTMYECKOMY MO3TY, CIIO-
COOHOTO K CaMOOOYUEHMIO U PacyeTy Be-
POSATHOCTHM COOBITHIL, TEKUT HAYAJIO Hell-
POHHBIX CeTel.

Takme ceTm COCTOAT M3 «HENPOHOB»
HaIOMUHAIOLIMX Y KOIMPYIOILUX paboTy
HAaCTOSIIEero 4YeJI0BeYeCKOro Mo3ra. B
ceTy MOXKeT IIPUCYTCTBOBATD apansesnb-
Hast paboTa, TaK KaK «HEMPOH» OIpere-
ngeT co0O0J HEKMII BBIYMCAUTETbHBIN
npouecc.

C moMoIbio HeMIPOHHBIX CeTell MOXX-
HO pelIaTh 3a/laull, paHee He BO3MOKHbIE
I7id MCKYCCTBEHHBIX TeXHonmoruit. OHu
MOTIyT pacrmosHaBaTh obpassl. Ilo cyTn,
MCKYCCTBEHHas HeJPOHHast ceTb 0Oyda-
eTcs1, 6rarogapst BHIYMCIEHNIO BECOBBIX
K09 UIIMIEHTOB MaTPULIBL.

B nepuop o6ydyeHUsA aaropuTM CeTH
IIPOBOLUT BBIOOP OITMMAJIBHOTO pellle-
HYSI C IIOMOLIBIO OIpefe/leHHbIX (QYHK-
LA,

Paboraer Takast cucTeMa CIefYIOLIM
06pasoM: Ha BXOf] HEIPOHOB IIOCTYIIAIOT
CUTHAJIBI, KOTOpPble CYMMUPYIOTCH, IpU
3TOM YUYUTBIBAETCS 3HAYMMOCTD KaXK/IOTO

BXOfia (CMHONITMYECKNUIT BeC), IOC/Ie BbI-
XOJHbIE CHUTHA/IbI IepPeNaloTCs APYTUM
HEpOHaM, BeC KaXK[OW CBA3YM MOXET
OBITH MOIO>KUTEIBHBIM VI OTPUIIATENIb-
HBIM, 9TV CBSI3U IO CYTH SIBJISIOTCS «IIa-
MATbI0 ceTn» [2]. CO6CTBEHHO MMEHHO
TaKye MOJEIM CEeTV OYeHb HOXOXKM Ha
pabory mosra. OHM MOIYT pacIO3HaBaTh
06pasbl Ha OCHOBE pelIeHNIT 3afiad Kyac-
cudmkarmn.

PasymeeTcst, XOTb OHU MMEIOT OfHA-
KOBYIO MJEI0, Y HIX PasHasl «[IaMsTb», a
3HAYUT OHY PasHBIE.

[l KOpPpPEeKTHOTO BBLINIOMHEHMA pe-
IIeHNs 3374yl HelfTPOHHYIO CeThb HeoO-
xopumo o6yunth. HyxHO momaBaTh Ha
BXOf; MHGOPMALUIO, U €C/IN CeThb He IIpa-
BIJIBHO BBIIIOJIHM/IA CBOIO 3ajady: airo-
pUTM 06paTHOTO PAaCIpPOCTPAHEHNUs
OIIMOKY BBIYMCISET BKJIAJ KaXK/OI CBsI-
311 B KOHEYHBII Pe3y/IbTaT U M3MEeHACT NX
sHauuMocTh [3]. Takum o6pasbl depes
MHOTHe TIONBITKI CeTb YAAETCs 00yInTD.

CoBpeMeHHbIe HeIPOHHBIE CETIL MOTY
OOBITPBIBATD YEMITMOHOB MUpPA IO IIaX-
MaTaM, IIOKepy, pacllo3HaBaTb 0Opasbl.
Tak e, COBCeM HeJaBHO MOSIBUJIVICH CETI
KOTOpBbIe, HaITpUMep, MOTYT depe3 KaMe-
PbI BUIEOHAOIIONICHNSI OIPeNeINTb, KOT-
lla TOKymaTenb OepeT WIM CTaBUT Ha
HOJIKY TOBap, U B CIyd4ae eC/IM MOKyIa-
TeJIb XOYeT COBEPILINTH IIOKYIKY, TO OH
[IPOCTO JO/DKEH B3sITh TOBAp C IIOJIKI
MarasyHa, a aJrOPUTMBI, yIpaBJAeMble
HEIPOHHOI CeTbI0 3apUKCUPYIOT 3TO U
aBTOMAaTUYeCKM CHUMYT TpebyeMyio
CyMy C KapTsl (IIpM YCTIOBMH, ITO KapTa,
U INYHOCTD ObUIN 3apaHee naeHTH(uIN-
POBaHBI, HAIIPUMeEp, P BXOJE B Mara-
3uH). CyILIeCTBYIOT TaKXe CeTH, KOTOpble
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MOT'YT HaxomuTh ¢ororpadum MOXOXMX
JIIOfielt 13 OTPOMHOIT 6a3bl MM IIPSIMO 13
cetn mHTepHeT [4]. XOTS HepOHHBIE
CeTu TIOSABWINCh COBCEM HeJaBHO, OHU
CyMe/y OYIUTh IINPOKOE PacIpocTpa-
HeHJe ¥ MOTYT IPUMEHATCA IOYTH Be3ie.
Hanpumep, B urpe Ha Oupske, npu pac-
II03HABAaHMM TEKCTOB M PaclpOCTpaHe-
HUA TApreTUPOBAHHON PeKIaMbl B MH-
TEpHeTe, B CHCTEMaX BUIEOHAOTIONEHN,
MAIIVHHOM II€PeBOJE, B IONCKOBBIX CU-
cTeMax.

B 6ynymieM HellpOHHbIE CeTH BOVIAYT
BO Bce c(epbl )KU3HY YeJIoBeKa, OHY 3Ha-
YUTENPHO YIPOCTAT PaboTy, a Takxke
IIOJIHOCTPI0 ABTOMATU3MPYIOT MHOXeE-
CTBO IIPOIIECCOB, BBITECHAT OIPOMHYIO
MacCy HEHY>KHBIX Inpodeccuii, Hampu-
Mep, POJABIIOB ¥ KOHCY/IBTAaHTOB, OMY-
YyaTh KOHCYIbTALMIO Pa3INYHBIX BUTOB
HOCPeICTBOM OOIIEHNUSA C TOOCOBBIMU
nomouHyKamy. OHH TaK>XKe HOMOTYT 60-
Jiee IIPOCTO BEPCTATh CalThl, HAIIPUMED,

MO>KHO OYIeT MPOCTO HapUCOBaTh MaKeT
caiita B rpaMIecKoM pefakTope, 3amy-
CTUTD HepoCeTb, KOTOpas Ha €ro0 OCHO-
Be, HAIIMIIET KOJ, /I OTOOpakeHNs cail-
Ta, BK/II0YasA IpaduuecKue acIeKThl.

Xota Oypmymiee M TyYMaHHO, TOYHO
SICHO, YTO HEIPOHHBIE CeTU MEHAIT ¢u-
nocoduio BocnpuATHA MHOpMALMU U
BEKTOP Pa3BUTHUA TEXHOJIOIMII B CTOPOHY
aBTOMATM3alVM BCero U BcA. Bmouas,
KaK IIPOCTBI€, TaK U C/IOXKHbIE, Ka3aBIIN-
eCs HeBBIITOJTHMMBIMM 3a/jadyl, HePOH-
Hble CeTV 3HAYMUTEe/IbHO IPOABUHYIN
mporpecc o6IecTsa.
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B coBpeMeHHOM MUpe OIHOI 13 OCHOB-
HBIX IIPMYMH CMEPTHOCTY JIXOZIEN ABTIAIOT-
Cs1 OHKOJIOTMYecKye 3aboreBanys. UncrneH-
HOCTD GOJIbHBIX PaKOM HaCUUTBIBAeT 6oree
32 MuumoHoB 4enoBeK. C KaXKIbIM I'OoM
KOJIM'9eCTBO OHKOOOJIBHBIX TO/IBKO PACTET.
Benymye OHKOMOTM IPOTHOSUPYIOT, YTO
KO/IVYECTBO C/IydaeB 3a00/leBaHMA PaKOM
BO BceM Mype B Omipkaiiie 20 JIeT yBenu-
ynTCcA npubmsutenbHo Ha 70%. Hanbornee
pacnpocTpaHeHHble OHKOJIOTMYECKNE 3a-
O0/eBaHIs CPefy MYXKUMH PaK JIETKIX, a
Cpery JKEHIMH paK MOJIOYHONM >KeNe3bl.
PaHHee BbIABIEHME paka CIIOCOOCTBYeT
Haubosee JIETKOMY JIe4eHUI0 U Ha MHOTO
YBEMYMBAET IIAHC TOJTHOTO BHI3JOPOBIIE-
HyA. B Hacrosiee Bpems it 6omee Obl-
CTpOJl [IMAaTHOCTMKM WCIIONIb3YIOT BCe
O0sIbllIe BBIYVMC/IUTEIBHOI TEXHUKI U Pa3-
JIMYHBIX a7ITOPUTMOB ITOMOTAIOLIMX OIpe-
IelUTDb OHKOJIOTMYecKye 3aboeBanus. Vic-
TO/Ib3YA a/ITOPUTMBbI KTaCTEPU3ALINI MOXK-
HO JMarHOCTMPOBATh pPaslN4HbIe 3abore-
BaHMA.

B maHHOM MCCNENOBAaHUU UCIONDb3Y-
IOTCA METOMBI K/IacTepusanum A Jua-
THOCTMKM paKa MOJIOYHOV >Ke/le3bl U
BBISIBJIEHME paKa JIeTKMX Y OOJIbHOTO

IIyTeM KIaCTePHOrO aHa/In3a u3obpaxe-
HUJI IONTYYeHHBIX IIPU KOMIIBIOTEPHOI
TOMOrpadum.

KracrtepHsit aHanus — MHOrOMepHast
CTATUCTUYECKas IIPOLIEAYPA, BBIIOTHIIO-
1mas c60p FAaHHBIX, COfep>KAIUX UHPOP-
Malio O BbIOOpKe OOBEKTOB, U 3aTeM
yIopsouMBaoias o0beKTbl B CPaBHU-
TeNbHO ofHOpomHble rpymmbl [1]. Kra-
cTepu3anysi 00beKTOB SBJETCS BaXKHOI
06/1aCTPI0 MCCIENOBAHMIT M HpaKTU4Ie-
CKOTO TIPMMEHEHMsI B Pa3INIHBIX 0Ora-
CTAX, B TOM YNC/Ie paclo3HaBaHuA obpa-
30B, CTATUCTUKN M MEAUITMHBEL [2].

s oOHapyXeHMs paka MOJIOYHOI
XKeresbl OyAeT MCIOMb30BaH METOf, Kila-
crepusanun k-cpeguux. Yto6pr mpose-
CTV WMCCIIESOBAHMUS, OMATHOCTMKM paxa
MOJIOYHOI XeJIe3bl, OyAeT MCIIONIb30BaHa
6asa manabix WBCD, cocrosmas us
683 ciry4aeB U3 KOTOPBIX 444 nobpoxade-
CTBEHHBIX I 239 3/10KaueCTBEHHBIX, NIOfI-
TOTOB/IEHHAs] [JOKTOPOM  YUJIbSIMOM
Bonb6eprom Yuusepcurera BuckoncuHa.
basa mannbix WBCD BxarouaeT B cebs
KTAcCHUKALVIO KXXJOTO CIIydast, sIBJIs-
eTcA JIM OIyXO/lb HOOpPOKauecTBEHHON
WM 3710KadecTBeHHOoI [2]. Becero B 6ase
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TAHHBIX COJIEP>KNUTCS NEBATH CUMIITOMOB,
3HAYEHME KaXKIOro CUMIITOMA Kojeber-
csa ot 1 1o 10, a TakKe OIpeiesIeH CTaTyC
Kacca [OOPOKAYeCTBEHHBIN — 2, 60
3/I0Ka4eCTBEHHBIN — 4 [3].

OCHOBHBIE 3Tambl
K-cpepnux gia WBCD:

OmnpepennTb KOMMYECTBO KIACTEPOB.
[t maHHOTO Criyvast TpeOyeTcs oBa Kia-
cTepa, TaK KaK HabOp ZaHHbBIX MMeeT IBa

K/IaCTepU3aLNN

KJIacca, TO eCTb KIacTep st fobpokade-
CTBEHHBIX C/Ty4aeB M KJIacTep /I 3710Ka-
YeCTBEHHBIX C/Ty4aeB.

Omnpepnenenne neHTpa knactepa. Llen-
TPl KJIacTepa OIpefenseM CIydaiiHbIM
BBIOOPOM JIBYX 9K3eMIILIPOB.

Omnpepnenenne Mepbl paccToAHuA. B
KauecTBe MeTPUKM MCIONb3yeTcss EBkmm-
TOBO PacCTOSTHIUE.

O6HoBeHne nentpos. Korpa Bee cy-
yayu B 6ase MAaHHBIX TPYNIUPYIOTCA B
KJIaCTepbl, aATOPUTM O0ODBABIAET 06
OKOHYAHMM LIMK/IA, a 3aTeM OOHOBIISET
KXJBII LIEHTP IIyTeM YCpeJHEHN TOY-
K1, IIPUHAJJIeXAIIel 3TOMY K/IacTepy.

Omnpepenenne KpuTepus OCTAaHOBKIL
[TpemmaraeMblii anTOPUTM OCTAHAB/INBA-
eTcs, KOTIjja BCe 3K3eMIULAPbI pacIiofara-
I0TCA B KJIACTEPaX HOCTOAHHO, APYTUMMU
C7I0BaMU, 9K3eMIULAPLI He IepefjaloTcA 13
K/1acTepa B IpyTOI.

B pesynbraTe BBLINIOMHEHNUA GAHHOTO
QITOPUTMaA YAA/IOCh JOOUTbCA yCIexa B
Kknaccudukanuy 6asbl SaHHBIX Ha 96%,
YTO TOBOPUT O XOPOIIEll TOYHOCTH U BO3-
MO>KHOCTY TIPYIMEHeHMA MeTONa LA [V-
aTHOCTMKA paKa MOJIOYHOI! >KeJIe3bl.

Vcrionb3yst KOMIIBIOTEPHYIO TOMOTPa-
¢uro 1 MeTox K-MeyiaH NMOABIIAETCA BO3-
MO>XKHOCTbD BBIABJIATD pakK JIE€TKUX Ha paH-

HUX CTaAMsAX. B cerMeHTanmym MeguipyH-
CKMX M300paKEHMIl TOYHOCTb VMeEeT
[ePBOCTENIEHHOE 3HAYeHUe, MOCKOIbKY
pedb MEET O YemoBeYeCcKMx XU3Hsiax. Ha
[IepBOM 3Talle IPOBOANUTCSA MpeaBapu-
Te/lbHas 00paboTKa M300paXKeHNs ¢ Iie-
JIBI0 YMEHBIUNTD LIYMBI, ¥ YIYYIIUTD Ka-
4ecTBO U300paXKeHMs TIepels UCCIIeoBa-
HyeM. BTopoil aTaim 3akio4aeTcst B pu-
MeHeHVe MeTofa K-MenuaH, ocie 9Toro
YacTh ONYXO/IU M3BJIEKAETCSI U3 CETrMeH-
THPOBAHHBIX PE3Y/IbTATOB I CPABHIBAET-
s ¢ py4HOIL sKcTpakiueit [4]. B pesyib-
TaTe Ha BBIXOJle MONyYaeTcsi n3obpake-
HIME C U3BJIEIEHHOI OIYXOJIBIO.

Merop k-Mennan siBisieTcss Bapuary-
eit Meropa k-cpefHUX 115t 3aja4 Kyiacre-
pusarnuu, re AJisl OIpefieIeHNs eHTPO-
Ui K/IacTepa BMECTO CPEHEro BBIYNC-
nsiercst mepmana [4]. Kmacrepst o6paso-
METOOM
KoMIakTHbI. OCHOBHbIE ATV AITOPUTMA
crenymouiye:

BaHHBIC 3TUM 6omee

BribpaTp crydaiiHble KIacTepHbIE
LIEHTPBHI.

PaccunTarh €BKINI0OBO pacCTOSHME.

Kaxpplii muKcenb Ha3HAYUTb COOT-
BETCTBYIOIEMY K/IaCTePY, Ii€ EBKINTOBO
paccrosaHue MUHMMAIbHOE.

Kak TonbKO Bce mumkcem OyayT pas-
JleTIeHbl TI0 K/macTepaM TpebyeTcs Tepe-
CYMTATh HOBBIN LEHTP K/IacTepa, MCIO/b-
3y MeIMaHHOE 3Ha4yeHMe BMECTO KBa-
IpaTHON (OPMYIIBL.

IToBTOpUTD mmIarK ¢ 2 1O 4 A HEKo-
TOPOTO KOMMYECTBA UTEPALMs MM TOKa
He Oy/ieT BBIIOTHEHO OIIpefie/ieHHOe YC-
TIOBHE.

IIpu npoBefeHNM MCCNENOBAHNA B3A-
TBI 20 M306paXKeHMiI KOMIIBIOTEPHOI TO-
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PucyHok 1. PesynbraTtel TOMHOCTM MeToda k-megmaH

Morpaduy ¢ pakoM JIerKMX PasHBIX CTa-
muit. Vicnonb3yst MeTonbl peann3oBaHHbIe
¢ nomorbio MATLAB-kopnpoBaHust 66171
IIPOBEMleH aHA/IN3 TOYHOCTM ANTOPUTMA,
KoTopasi coctaBmna 82.4% (puc. 1).

B aToM mcciemoBaHny pa3nuyHbIe an-
TOPUTMBI KJTaCTEePU3ALN OBUIU OL|eHEHbI
I [MAaTHOCTUPOBAHUS OHKOJIOTHYeE-
CKyX 3a0071eBaHMit 1 OOHAPY>XKeHMe OITy-
XO/M IyTeM KOMIIBIOTEPHON TOMOTpa-
¢dbun. MeTopbl KracTepusaluu TEeMOH-
CTPUPYIOT BBICOKMII IIPOLEHT yCIexa
KIacCUpMKALUY PasINYHBIX 0OBEKTOB,
HO IS IpUMEHEHVSI 9TUX METOfIOB B Me-
IMIMHe TpeOyeTCsl OUYeHb BBICOKAs TOY-
HOCTb, TaK KaK OT 9TOTO 3aBUCUT YeIOBe-
YyecKasd >KU3HD, II09TOMY I HONy4eHNA
6oJee HaJeXKHBIX Pe3y/IbTaTOB U IIOBBI-
IIeHUA NIPOV3BOAUTENILHOCTH CYIECTBY-
€T BO3MOYKHOCTD OIITUMM3ALI METOIOB
K/TacTepyu3alyi C IOMOIIbI0 Pa3TMIHBIX
Q/ICOPUTMOB OLHUM U3 KOTOPBIX, SB/ISET-
Cs1 TIPaBU/IBHBILI TOZO0P Havya/IbHbIX II€H-
TPOB K/IacTepU3aLUN.
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SIMD
BBIUMC/IEHNI, TO3BOAIONMIT obecie-

— TIPMHINII KOMIIBIOTEPHDBIX

YUTH NapajyIeNu3M Ha YpOBHe HaHHBIX.
OnuH U3 KIAacCOB BBIYMCIATEIbHBIX CH-
creM B knaccudukaryy OmHHa.
HasBaHue [aHHOTO THIIA KOMaHJ
npencTasiser coboit abbpeBmarypy or
Single Instruction Multiple Data - 6yk-
BQJIbHO «OJHA MHCTPYKLMS — MHOTO [JaH-
HbIX». B oT/M4Me OT OOBIYHBIX KOMaHI,
onepupyomux AByMsa umcnamy, SIMD-
KOMaH/[bl 00pabaThIBalOT Cpasy fBe
Tpymmsl ducen (B MPUHIMUIIE UX MOXKHO
HAs3bIBATh TPYIIOBBIMU KOMAaHZAMI).
OmepaHpbl TaKMX KOMAHJ OOBIYHO TIpef-
CTaBlIeHbl B OFHOM M3 YIIAKOBAHHBIX

¢dbopmaros.

Knaccnduxanus Onuuna  (SISD;
SIMD - BeKTOpHbIE, MaTPUYHbBIE, —aCCO-
IIMaTUBHbIE, CUCTONMM4YecKue, — VLIW;
MISD; MIMD).

Wpest SIMD-06paboTtku 6b11a BbIIBU-
HyTa B VIHCTUTyTe TOYHON MeXaHUKU U
BbIuMcInTenbHON TexHukn um. C.A. Jle-
OemeBa B 1978 romy B paMKax NpOeKTa
«9mpbpyc-1». C 1992 ropma KOMaHAbI
tuna SIMD cTaHOBATCA HEOTbEM/IEMBIM
anemenToM ACK Mukpomnpomeccopos
¢upm Intel 1 AMD, IToBogoM mocmyxu-

JI0 IIMPOKOE PACHPOCTPaHEHME MY/IbTH-
MeJUIHBIX NpUIOKeHui. Bupeo, Tpex-
MepHas rpaduka u 3ByK B OBM mpep-
CTaB/IAITCA OONBIIMMI MacCHBAaMMU JjaH-
HBIX, 3/IEMEHTBl KOTOPBIX 4alle BCEro
06pabaThIBAOTCA UAEHTUYHO. Tak, mpu
CXKATNUI BUJIEO 1 IPe0oOpPasOBaHUY €0 B
dopmar MPEG opnH 1 TOT ke anropuTm
IIPUMEHAETCS K ThICSIYaM OMTOB JJAHHBIX.
B TpexmepHOIT rpaduke 4acTo BCTpeda-
I0TCSL Ollepaluyl, KOTOPble MOXKHO BbI-
IIOJTHUTD 33 OJVH TAKT: MHTEPIIONMPOBa-
HI€ ¥ HOPMUPOBKA BEKTOPOB, BBIUMCIIE-
HUe CKa/IIPHOTO IPOM3BENEHMs BEKTO-
POB, MHTEPIONALMS KOMIIOHEHTOB LIBETa
u T. 0. Bxmouenne SIMD-komang 8 ACK
IIO3BOJISIET CYLIECTBEHHO YCKOPUTD IIO-
IOOHbIE BBIYMC/ICHUS.
SIMD-KoMIIBIOTEPBI COCTOAT U3 Of-
HOTO KOMAaHJHOTO IIpoleccopa (ympas-
JIAIOIIEr0 MOJAY/A), Ha3blBaeMOrO KOH-
TPOJUIEPOM, U HECKOJIbKUX MOJyJIeit 06-
paboTKM JJAHHBIX, Ha3bIBAE€MBIX IIPOIEC-
COPHBIMM 37IEMEHTAMMU. YIPAB/AIOLUI
MOZIyNb IPUHUMAET, aHA/U3UPYET U BbI-
MonHsAeT KoMmaHAbl. Ecmm B KoMmaHpe
BCTPEYAIOTCA JIaHHbIe, KOHTPOJUIEP pac-
CBUIA€T Ha BCE€ IPOLECCOPHBIE 3IEMEHTEI
KOMAaHZy, ¥ 3Ta KOMaHJa BBbIIIOJTHAETCA
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Ha HeCKOJIbKMX M/IM Ha BCeX Ipolleccop-
HBIX 371eMeHTaX. Ka>K/Iblil TpoIlecCOpHBbIi
97IEMEHT UMeeT CBOI0 COOCTBEHHYIO ITa-
MATb I XpaHeHuA JaHHbIX. OgHNM 13
IpeNMyIIeCTB JaHHOI apXMTEKTYpBI
CUUTAEeTCA TO, YTO B 9TOM CIydae Oojee
3¢ deKTMBHO peann3oBaHa JIOTMKa BBI-
yyceHnit. [0 TOZIOBMHBI JIOTMYeCKUX
MHCTPYKIMIT 0OBIYHOTO IIPOLIeccopa CBsi-
3aHO C yIIpaB/IeHMeM BBbIIIOTHEHUEM Ma-
IIVHHBIX KOMaHJ, a OCTaJIbHAA MX 4acTb
OTHOCHUTCSI K paboTe C BHYTpPeHHeIl Ia-
MATBIO IIPOLECCOPAa M  BBIMOTHEHNIO
apudpmernyeckux omepauumii. B SIMD-
KOMIIbIOTEpE YIpaB/ieHUe BbINOTHAETCA
KOHTPOJIEPOM, a «aprudMeTnKa» OTHaHA
IIPOLIECCOPHBIM 9/IeMEHTaM.

ITepBoit Ha My/IBTUMEVITHBIIL 6yM OT-
pearmpoBana ¢upma Intel, o6aBus B cu-
CTeMy KOMaHJ, CBOEr0 MUKPOIIpoIjeccopa
Pentium MMX 57 SIMD-komanj. Hassa-
Hite MMX (MultiMedia eXtention — My/b-
TUMeJMITHOE pacIIMpeHne) pa3paboryan-
KU 0OOCHOBBIBA/IM TeM, ITO IIPU BBIOOpE
coCTaBa HOBBIX KOMaH[, ObUIY IIpOaHaIN-
3MPOBAHBl AJITOPUTMBI, IIpUMEHsAeMble B
Pas/MYHBIX MY/IBTUMENVITHBIX IIPUTIOXKe-
Husax. Komauger MMX o6ecriednBani ma-
pajIenbHyI0 06pabOTKy YIIaKOBaHHBIX
enbIx urcer. [Ipy BbImonHeHny apudme-
TUYECKMX OMNepaluil KaKgoe M3 ducer,
BXOAIIMX B TPYIIY, paccMaTpUBaeTCA
KaK CaMOCTOATe/IbHOe, 6e3 CBA3U C CoCef-
HYMM 4YUCTaMM. YUUTBIBAas Crenuduky
obpabarbiBaeMoil nHpopMaIM, KOMaH-
ool MMX peannsyroT TaK Ha3blBaeMYIO
aprMeTHKy C HaCbIIeHNeM: eCIi B pe-
3y/bTate CIOXKeHUs1 obpasyercst 4uUCIO,
BBIXOZAILEe 32 IPefe/ibl OTBEIeHHBIX O
HETO ITO3MLIL, OHO 3aMeHseTCsA Habo/Ib-

HIYM ABOMYHBIM YMCIOM, KOTOpOE B 3T
Orpanndenus
MMX: HeT uncen ¢ rraBaIeit 3arsToin,

mosymaumym  BMEITACTCA.

peructpbl MMX coBMelEHbI C pETUCTPa-
MU MaTeMaTUYeCKOTO COIpOIeccopa.
Henp3ss ogHOBpeMEHHO MCHONTb30BATh
MMX u corporieccop).

Crnepymomum IIaroM CTaao COo3JaHue
HOBBIX HabopoB SIMD-xomauz, pabora-
IOIUX TaK)Xe C ONlepaHfaMM, NpefCTaB-
JIEHHBIMU B BIJie YIIAaKOBAHHBIX 4MCEN C
IUTaBaoIel 3amATol. Takye KOMaHbl B
COOTBETCTBYIOMIMX IPUIOKEHNAX IOBBI-
LIAI0T IIPOU3BOAMUTENBHOCTD IpoIieccopa
npruMepHo BpBoe. IlepBoit mopo6HYIO
TEXHOJIOTUIO B cepefinHe 1998 ropa npep-
noxnna ¢upma AMD. Dto mynbTHMe-
AUITHOe pacIIMpeHue BKIIYANo B cebs
21 SIMD-xkoMaHAy ¥ IIOTyYM/IO Ha3Ba-
Hue 3DNow!. Pacmmpenne 3DNow! B
pononHenne kK SIMD-o6paboTke Leno-
qycieHHoit uHpopManuy tiuma MMX
IIO3BOJIAZIO OIEPMPOBATh IAPOIl yIaKo-
BaHHBIX YMCeN B popMare C IJIaBaroliei
3DNow
OIIepUPOBATh C HOBBIM TUIIOM JAHHBIX —

3aIIATOI. o (rmosBomnser
[Iapoyl YIIAaKOBaHHBIX Yucen B popmaTe ¢
IUIaBaoleil TOUKOi. DTU YMCIa 3aHMMa-
10T 10 2 * 32 6uTta B 64-X OUTOBBIX pery-
crpax MMX. B cucremy xomaup f06as-
7neHa 21 HoOBasA MHCTPYKLINA, 6o0/1bIIast
4acTb KOTOPBIX IIpefjHa3HaueHa JId 00-
pabOoTKM YIIaKOBaHHBIX YNCENI C IIaBal0-
Lell TOYKOI).

Mucrpykuunu texnonorun 3DNow!
IpefHa3HAYeHbl i1 YCKOpeHus obpa-
6otk 3D B mpunokennsx. [Ipoueccop
MOYKET BBIIONHATD II0 JIB€ MHCTPYKLNU
texHonorun 3DNow! 3a Takrt. Bce mn-
crpykunn texsonornu 3DNow! pabora-
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I0T C TeMM )K€ PeTMCTpaMM, YTO M UH-
crpykuun texsonornn MMX.

[Tonyrogom mosxe dupma Intel BBea
B CBOM MUKPOIIPOLIECCOPBI TaK Ha3bIBae-
Mble TIOTOKOBble SIMD-komanHpgbl, 060-
3HauMB Mx ab6peBumarypoir SSE -
Streaming SIMD Extension (moroxosas
06paboTKa 10 MPUHINUITY «OLHA KOMaH[a
— MHOTO JaHHbIX»). CHadasma 3TO ObLINU
70 xoMaH], B MUKpoIpoueccope Pentium
III. KomaHfbl [OMOMHAMM TIPYNIIOBbIE
Le/04McaeHHble onepanyuyn MMX u pac-
MMPS/IN UX 33 CYeT TPYIIIOBBIX OIlepa-
Iuii ¢ 32-paspsAAHbBIMU BeleCTBEHHBIMI
YJC/TAMIL.

[IpyHIMI - OJHOBpeMeHHas 0b6pa-
60TKa HECKOJIbKIX 37IEMEHTOB [JAHHBIX B
OJITHOVI KOMaHJIe.

Pacrmmpenne SSE (Streaming SIMD
Extension) C mpoueccopom IntelPenti-
umlIl BnepBble MOABMIOCH pacUIMpeHe
SSE. 9to pacumpennue paboraer ¢ Hesa-
BUCUMBIM O70KOM 13 BOocbMu 128-6mT-
HBIX perncTpoB XMMO-XMM?7. Kaxpbii
peructp XMM npexacrasisier coboit de-
THIpe YIAaKOBaHHBIX 32-OMTHBIX Bellle-
CTBEHHBIX 4YMC/Ta C OAVHAPHON TOYHO-
ctp1o. Komaupe! 6110ka XMM 1103BOJIAOT
BBIIIOJIHATh KaK BEKTOpPHbIEe (Haj, BCeMU
YeThIPbM:A 3HAYCHMAMU PErNCTpa), TaK U
CKaJIIpHBIe oIlepanyy (TONIBKO HaZ Of-
HYIM CaMbIM M/IaiiNM 3HadeHyeM). Kpo-
Me KoMaH/, iyist pabotsl ¢ 61okom XMM B
pacmirpenue SSE BXOgAT M HOMONMHU-
Te/IbHBIEe 1IeI0YMC/IeHHble KOMAHMbI /I
pabotsr ¢ peructpamr MMX, a Taxke
KOMaH[bI YIIpaB/IeHUA KIIIMpOBaHueM. B
apxXuTeKType Xx86-64 4YUCIO PErncTpon
XMM 651110 yBenmmdeHo 1o 16-tu: XMMO-
XMM15.

Komanper SSE pmenarcsa Ha 4 karero-
pun:

o SIMD-kOMaH/BI I JAHHBIX OfiMHAp-
HOM TOYHOCTM C II/TaBaloOIIeil 3amsaTon
(SPFP-koMaHIbI);

o JlomomranTenbHbIe SIMD-KOMaHBI s
LIe/TOYMC/IEHHBIX TAHHBIX;

» KomaHfb! ypaB/eHs KaIIMPOBaHNEM;

o Komanppbl coxpaHeHMsI ¥ BOCCTaHOBJIE-
HISL KOMIIOHEHT COCTOSTHIA TIPOLieccopa.

ITorokoBoe Pacmmpennue SIMD
(Streaming SIMD Extensions (Single
Instruction, Multiple Data - ogna komaH-
[1a, HECKONIbKO 97IEMEHTOB JTaHHBIX)) 9TO
06001IaIee Ha3BaHMe BCEX HOBBIX BO3-
MOo>KHOCTel mpoueccopa Pentium III, uro
CO3[JaHbl I TIOBBLIIIEHNS MPOU3BOAU-
TEJILHOCTY B MY/IbTVMeIMa M MHpOpMa-
LVIOHHBIX IPWIOXKEHNAX. ITU HOBOBBeE-
meHus (KOTOpble BKIIOYAIOT HOBBIE Peru-
CTPBI, TUIIBI JAaHHBIX, ¥ KOMaHAbI) 00be-
OVHSIOTCS C BBIIOTHIAEMON MOJIENTbI0
SIMD p1s1 TOBBILIEHNST OBICTPOAEIICTBIUS
npunoxennii. IlpumeHeHume HOBBIX
SIMD-KoMaHJ, 3HaYNTE/IbHO YBeININBa-
€T TPOM3BOANUTENBHOCTD IPUIOXKEHMIL,
06pabaThIBAOINX [JAHHBIE C [TABAIOIIEN
3aIIATON, UM TPUTOXKEHMUIT, KOTOpble B
OCHOBHOM JCIIONIb3YIOT a/ITOPUTMBI C MH-
TEHCUBHBIMU BbIYMC/TIEHUSIMI, BBIIIO/THSIA
[TOBTOPSIIOIIVIE OTIePALINy HaJl 6OIbIINMU
MacuBaMIU TPOCTBIX, OTPUIIATETbHBIX
efleMeHTax JaHHbIX. Taxoke oT SSE BbIn-
IPBIBAIOT MPUIOKEHNA KOTOPBIM HY>KeH
[IOCTOSIHHBI JOCTYI K 6O/IBIINM pasMe-
paM JaHHBIX.

Takue onepanum MMUPOKO UCIIOIb3Y-
10TCsI 47151 00pabOTKM U306paXkeHmit, 3BY-
KOBBIX CUTHAJIOB 11 B PYTVX IPUIOKEHMN-
sX. [l BBINONMHEHUA 9TUX OIlepanuii B
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COCTaB IIPOILIECCOPOB BBEJIEHBI CIIEIN-
a/lpHble O/IOKM, peannsymliye COOTBET-
CTByIOILI[Ie HAOOpPBI KOMaHJI, KOTOpPbIE B
pasaMYHbIX IPOLeCCOPOB
(Pentium, Athlon) momyumnu Ha3BaHue
MMX (Milti-Media Extension) - Myb-
TUMeJUIHOe pacmupenue; SSE
(Streaming SIMD Extension) - Ilotoko-
«3D -
Extension» — TpexmepHoe pacimpeHue.

THUIIaX

Boe SIMD-pacmupeHnne;
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in parallel programming.

Parallel programming is used when a
sequential program needs to reduce its
execution time, or when a serial program,
due to the large amount of data, ceases to
fit in the memory of one computer. The
direction of development in the field of
high-performance computing is precisely
aimed at solving these two problems: cre-
ating powerful computing systems with a
large amount of RAM on the one hand
and developing the corresponding soft-
ware on the other.

The development of parallel programs
(PP) consists of three main stages: De-
composition of the task into subtasks. It is
ideal that these subtasks work indepen-
dently of each other (the principle of data
locality). Sharing data between subtasks is
an expensive operation, especially if it is
sharing over a network. Distribution of
tasks by processors (virtual processors).
In some cases, the solution to this issue
can be left to the discretion of the soft-
ware execution environment. Writing a
program using some kind of parallel li-
brary. The choice of library may depend
on the platform on which the program
will be executed, on the required level of

performance and on the nature of the task
itself.

For the most part, all computing com-
plexes and computers are divided into
three groups: Systems with distributed
memory. Each processor has its own
memory and cannot directly access the
memory of another processor. When de-
veloping programs for such systems, the
programmer must explicitly specify the
entire communication system (Message
Passing). Libraries: MPI, PVM, Shmem
(Cray only). Systems with shared (shared)
memory. A processor can directly access
the memory of another processor. Proces-
sors can sit on one bus (SMP). Shared
memory can be physically distributed, but
then the cost of accessing the remote
memory can be very high and this should
be considered by the software developer.

OpenMP is a mechanism for writing
parallel programs for systems with shared
memory. Consists of a set of compiler di-
rectives and library functions. Allows you
to easily create multi-threaded applica-
tions in C / C ++, Fortran. It is supported
by hardware manufacturers (Intel, HP,
SGI, Sun, IBM), compiler developers (In-
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tel, Microsoft, KAI, PGI, PSR, APR, Ab-
soft).

OpenMP provides the following syn-
chronization constructs: critical - critical
section atomic - atomicity of the barrier
operation — synchronization point mas-
ter — a block that will be executed only by
the main thread. There is no implicit syn-
chronization at the end of the block.or-
dered - execute a block in the given se-
quence flush — immediately dump shared
variable values into memory.

Critical sections can be named or un-
named. In various situations, improves
performance. According to the standard,
all critical sections without a name will be
associated with one name. Using the criti-
cal directive, we can specify a section of
code that will be executed by only one
thread at a time. If one of the threads
started executing a critical section with
the given name, then the other threads
that started executing the same section
will be blocked. They will wait in line. As
soon as the first thread completes the ex-
ecution of the section, one of the blocked
threads will enter it. The choice of the
next thread that will execute the critical
section will be random.

Atomic operation has much less over-
head. Where possible, he takes advantage
of hardware, such as atomic increment
operations; in this case, there is no need
to lock / unlock when entering / exiting a
line of code, it simply does an atomic in-
crement, which, as the hardware reports,
cannot intervene. The pluses are that the
overhead is much lower, and one thread
in an atomic operation does not block any
(other) atomic operations that may occur.

The disadvantage is the limited set of op-
erations that atomic supports.

A barrier is one of the primitives of
synchronization. It is created on a num-
ber of threads. When the first thread
completes its work, it remains to wait at
the barrier and waits until the rest of the
threads have completed their work.

As soon as exactly as many streams
accumulate at the barrier as the barrier
was created, all flows that wait at the bar-
rier continue to work.

Synchronization of the master type is
used to determine the structural block of
the program, which will be performed
exclusively in the main thread (parallel
thread with a zero number) from the en-
tire set of parallel threads. This building
block follows the directive

#pragma omp master

in programs written in C / C ++. In
Fortran programs, master synchroniza-
tion is set as follows:

c$omp master

<structured block >

c$omp end master

Synchronization of the ordered type is
used to determine the threads in the par-
allel area of the program, which are exe-
cuted in the order corresponding to the
serial version of the program.

c$omp parallel default (shared) pri-
vate (I, J)

c$omp do ordered

doI=1,N

doJ=1,M

Z(D) =z + X (L) *Y(, 1)
enddo

c$omp ordered
if (I<21) then
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print*, Z (\1,) = 5 Z ()

endif

c$omp end ordered

enddo

Synchronization of the flush type is
used to update the values of local varia-
bles listed as arguments to this command
in RAM. After executing this directive, all
the variables listed in this directive have
the same value for all parallel threads.

The principle of operation of synchro-
nization can be described as follows.
When initializing a set of parallel pro-
cesses in the program, a control point is
set (similar to the control point in the
debugger), in which the program expects
the completion of all generated parallel
processes. Note that until all parallel pro-
cesses have completed their work, the
program cannot continue to work beyond
the synchronization point. And since all
modern high-performance processors are
conveyor-type processors, the high com-

plexity of the synchronization procedure
becomes clear.

Indeed, until all parallel processes are
completed, the program cannot begin
preparing the loading of processor pipe-
lines. This is what leads to large losses
during synchronization of processes, sim-
ilar to losses during the operation of con-
ditional statements in a regular sequential
program.
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In conditions of increasing require-
ments for the energy efficiency of tech-
nologies, it becomes relevant to address
the inertia of the thermal method of non-
destructive testing.

There are various non-destructive
testing methods - magnetic, electric,
eddy current, radio wave, thermal, opti-
cal, radiation, acoustic [1]. Their use is
determined by the conditions conducting
and properties of the controlled object.

Thermal non-destructive testing is
used for registration temperature changes
in the defective zone. The advantage of
the method is the ability to identify in-
cipient physical problems - chips, cracks
and other mechanical damage. The pas-
sive method of thermal control is effective
for determining the quality of assembly of
mechanical components, identifying mal-
functions of mechanisms due to lubrica-
tion defects and other non-mechanical
defects [2].

The main disadvantage of the thermal
method for assessing the technical condi-

tion is a slow response to malfunctions. It
takes a long time for the control object to
enter the control mode.

This feature of the method is based on
the laws of the thermal behavior of solids
upon heating. A solid of any shape goes
through three stages of heating. In the
first stage of disordered heating, the ther-
mal behavior of a solid is determined by
the initial conditions. In the second stage
of regular heating, the heating tempera-
ture varies exponentially with time. In the
third stage of stationary heating, the body
takes the same temperature at all points
and thermal equilibrium sets in.

All existing methods for conducting
thermal control of friction units are based
on measurements in the stationary heat-
ing stage. In the normative documents
indicate the temperature of the maximum
permissible heating of the mechanical
components and the time for the mea-
surements.

The heating rate is established, which
characterizes the output of the test object
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to the stationary heating stage — the fluc-
tuations in the temperature difference do
not exceed 2 ° C in 4 hours [3]. It takes a
long time for the control object to enter
the stationary heating mode. Carrying
out thermal control causes additional
electricity consumption to ensure the
nominal operating mode of the mechani-
cal unit.

Today, the method of regular heating
has begun to develop actively [4]. It is
based on the determination of the pace of
heating of the body:

Ind — Ind,

m=————
AT

where 9 - object temperature, ° C; In

9, - ambient temperature, ° C; At - time,
minutes.

= const (1)

The heating pace characterizes the
growth rate of excess body temperature.
In regular heating mode, the temperature
is exponentially dependent on time. With
a logarithm, the exponential dependence
becomes linear. The moment of time at
which the logarithm of the excess tem-
perature of any point changes according
to the law of a straight line determines the
beginning of the stage of regular heating.
The slope of the line graph determines the
heating pace. The use of the method of
regular heating by the heating pace makes
it possible to quickly make a decision on
the technical condition of the object until
the temperature stabilizes.

The studies of the authors of this arti-
cle were aimed at studying the thermal
behavior of heterogeneous objects during
an unsteady heating process by the meth-
od of regular heating. Field experiments

were carried out to study the heating tem-
perature of the bearing assemblies of the
technological equipment of the tin-can
workshop of the Odessa cannery.

Direct measurements of the heating
temperature of the surface of the bearing
assemblies were carried out by the pyro-
metric thermal method. Based on the
data obtained, the heating pace is calcu-
lated by the formula (1). The results of the
heating pace of the SMV press bearings
are shown in Figure 1.

From graph (fig. 1) it can be seen
that the function does not acquire a
linear dependence and has bends.
Therefore, it is not possible to reliably
determine the time interval of the regu-
lar mode and the angle of the graph.
The indicated shortcomings of the reg-
ular heating method for non-stationary
processes are confirmed by the studies
of the authors [5].

The results of field experiments
showed that the use of the method of
regular heating by the parameter of the
heating pace does not allow to make an
operational assessment of the technical
condition of rolling bearings. Based on
the theory of regular heating, the authors
developed an experimental methodology
for assessing the technical condition of
rolling bearings using the method of pas-
sive thermal non-destructive testing. It is
proposed to determine the operational
state of the bearing assembly by the pa-
rameter of the heating rate in the stage of
the regular heating mode. This technique
allows us to solve the problem of inertia of
the thermal method by reducing the time
spent on control [6].
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Figure 1. Press SMV Bearing Heating Speed
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B cmamve paccmompervi 80NpPOCHI U3MEHEHUTI 2eoMemputecKux pasmepos
MHO20CTIOTHbIX MKAHEBbIX 0007104eK npu cocamuii no monuwsure. Hayunoti Ho6b13HOL
pabomvl sensemcss onpedesieHue BeNUUUHLL NONHOLU 0eOPMAUUU MHOZOCTIOUHBIX
mKaHesvix 0007104eK 6 3ABUCUMOCIIU OM YCUNUSA CHAMUA U KOMUHeCMEa UUKI08
HazpysceHus no paspabomannoii mermoouxe. Pesynomamot nposedeHHvIX UCCIe008aHUT
0a10me 03MONHOCIDb 8 HAUATHOL CMAdUL NPOeKMUPOBAHUS ONpedenums napamempu
MeXHONOZUMeCKUX NPOUECCO8 U320MOBIEHUSI MHO20CIOUHbIX MKAHe8blx 0007104eK
mpe6yemoti MOnUUHU U 00BDeMHOL NIOMHOCHIU.
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U3MIETSL.
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B kadecTBe KpuTepus OLIEHKM M3MEHEHMS TeOMEeTPUYECKMX pasMepoB
MHOTOC/IONHBIX 000/1049eK BbIOpaHa BeMU4YMHA AeOpMalnU CXKATHU 110 TOMIINHE.
PerynmpoBaHue reoMeTpUYECKNX PasMepPOB U OOBEMHOI IUIOTHOCTM BO MHOIOM
3aBUCHUT OT TEXHOJIOTMYECKMX IPOIECCOB M3TOTOB/IEHNA MHOTOC/IOMHONM TKaHEBON
o6omouky u c6opkm camoro uspemudA. Haitbosee JOCTYIHBIM CIOCOOOM CO3HaHMA
apMMPOBAHHBIX CTPYKTYP ABIAETCA CHOCOO MPOIIMBKY CIOMCTBIX MaTepuasaoB C
IIOMOII[BIO IIBEITHOTO 060pymoBanms.|1;2]

B kadecTBe KpuUTepysi OLIEHKU M3MEHEHNUsI FeOMeTPUIECKUX PA3MePOB 0OO0MIOUKI
BplOpaHa BennuuHa AedOpMALUM CXATUS IO TOMIMHE, T.K. IPU CO3LAHUK
apMumpylolero Kapkaca Heo0xomumo ofecrednTb TpebyeMyio TOMIIUHY IIpU
OTIpefieieHHOl BenyHe 06'beMHOIT IOTHOCTI. OOBEKTOM UCC/IETOBAHS SBTISIIOTCS
MHOTOC/IONHbIe 000JIOUKM U3 CTEKTOTKAHY C IOBEPXHOCTHOI ITIOTHOCTHI0 250 /M~

VicripiTaHuA 1O ONpele/IeHNI0 U3MEHEHNU TOMIMHDI TP CKATUM IIPOBOJINCH
mo paspaboTaHHOI MeTofmuKe Ha ycraHoBke BPMXC, mpepHasHadeHHON [is
OIpefeIeH st )KeCTKOCTH IIACTMACC Ha U3THUO.

JIy1s1 MHOTOC/IONHBIX 000/I0YeK [AMAIA30H JAB/IEHMNIA, IPY KOTOPBIX IIPOBOAUIINCH
VICCTIEIOBAHNUA BBIOPAaH C y4eTOM Harpys3ok, KOTOpbIe MCIIBITBIBAeT MHOTOC/IOVHASA
000/104Ke TOJ [HeliCTBMEM paboduMxX OpraHOB TEXHOJIOTMYECKOro OOOpYyHOBaHNA,
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IpuMeHseMoro i npomuBkn. Ilo pesymbrataM MecnefoBaHMIT, IPOBEJEHHBIX Ha
pabodeM 00OpYZOBaHUM, YCTAHOBIEHO, YTO YCWIME IPIVDKATHUS IPOIINBaEMOIL
MHOTOC/IOIHOI 000TOUKY K PeiiKe M3MEHAEeTCs B TeUeHNe LMK/Ia PabOThl MAIVHBL 1
3aBMCUT OT MAacChl 3BE€HbEB IPIDKMMHOIO YCTPONICTBA, IPUBENCHHON K CTEP>KHIO
JIAIIKY, TOJATIMBOCTY IPYXXVHBI JIAIIKM U IIOJATIVBOCTY CIIVBAaeMbIX JeTaslell.
Vicxopst M3 9TMX JaHHBIX, 00pasiibl MHOTOCTOMHBIX 000I0UEK MCIBITHIBANNCH TIPU
3HaueHusAX naBnerus 100, 300, 600, 900, 1200 KIIa.

Ha nepBom 3Tame paboThI ObIIO pacCYMTAHO KOMMYECTBO CIOEB, IIPU KOTOPOM BO
BpeMs TEXHOTOIMYECKOlt 0O6paboTKM 006ONOYKM TOMIMHA JOCTUTAET Topebyemoe
3HadeHue 4,9+0,1Mm npu 06beMHOI IToTHOCTH 1£0,2r\CeM’.

VcnoBHasgs o6beMHas IJIOTHOCTh MHOTOC/IONHON OOOMOYKM MOXKET ObITh
paccunraHa 1o popmye

Mn

Y= (1)

['me M - moBepXHOCTHAs IJIOTHOCTD C/I05I 000/MOYKY, T\CM% N- KOIMYECTBO CIIOEB,
wT ; h- Tonumaa 0601049KH, CM.

YcraHOB/IEHO, 4YTO TpeOyeMBIX MapaMeTPOB MOXXHO HOCTUYb C IIOMOIIBIO
MHOTOC/IONHOI 060mouky u3 18,19,20,21,22 cnoes [5].

C menbio onpepeneHnst TpeOyeMOro Komm4ecTBa M3MepeHmit, 06ecIiednBaoIero
IZOCTOBEPHOCTD Pe3y/IbTaTOB, IPY 3a/JaHHOI HAarpy3Ke ObUIN YICCTIeOBAHBbI Pas/IN4HbIe
00pasIipl MHOTOCTIONMHOI 00607104k, Kak 1MOKa3bIBalOT CTaTU4eCKe Pe3y/IbTaThl, /s
HO/Ty4eHsI TAPAHTUPOBAHHOI OTHOCUTENBHON OMIMOKN CpeHero apiupMeTIIecKoro,
He NpeBuIasAmei 5%, J0CTaTOYHO MPOBECTI 6 M3MEPEHMIL.

Tak KaK B yCTIOBUSIX M3TOTOBJIEHVISI MHOTOC/IONHBIX 000/I04€eK M3MeHEHIE TOIIIHbI
3aBMICUT B OCHOBHOM OT [e/ICTBYIOLIENl HAarpysky, HeOOXOAUMO YCTaHOBUTD
MaTeMaTMYeCKYI0 3aBMCHUMOCTb TOMIIMHBL OT CKMMAIOLIEN HAIPY3KM ANA BCeX
CTydaeB.

[Tycte H, - Tonmmmna obomouky; H - tommuuua npu pgasnenun P. Torma mpu
U3MEHEHMM JaBJeHMs Ha BenuunHy AP mpomsoiier M3MeHeHMe TOJIMHBL Ha
BemmuyHy AH. Cunras 9T11 3aBUCMMOCTY HeJIMHEHBIMY, TIOTTYYNM YpaBHeHue:

~AH =KAP(H,-H)" (2)
IpUBOJAIIEe IPU AP —y () K AuddepeHInanbHOMy ypaBHeHNe:
~dH =K (H,~-HY dp (3)

rie K u p - HekoTopble k03¢ GUIIMEHTD! TIPOIOPIMOHAIBHOCTH, OIpefersieMble
MaTrepyaoM. Pelras aTo ypaBHeHNe, HOTY4NM:

1
:
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ITu coobpaskeHNA IPUBOAAT HAC K ClefytoeMy Bupy saBucumoctu H ot P:
H=C+ BP (5)
rae A, B, C - HekoTOpbIe [eliCTBUTEe/IbHbIE YMCTIA.

YuurbiBad cBoiicTBa MaTepuaa, Bennauny Ho  Hip HocAT cryyarinblit XxapakTep,
II03TOMY TOYHO OIIpefe/LATh 13 ypaBHeHMA (4) mapameTpsl A, B, C He IpencTasisercs
BO3MO>KHBIM.

B cBasu ¢ srtuMm Oblia mocTaBleHa ciefyiomas 3ajada. Bemmumusr A, B, C
HaXOfIM/IX METOZOM HalMEHBIINX KBApaToB, T.e. MUHMMM3MPOBA/IAch BeIYMHA

L =i(E—BPA —c)2 / 67 —>min ©)
i=0

rne H, - cpepHee sHadenne rommuH H npu pasnenvm P =P,

1 5
H, = ngif rie H snavenne H nipu pasnenun P, B j-musmepenmi,
1 =
2
o= ZZ(H ;—H ;) - CpefiHee KBa/[paTUMYHOE OTK/IOHEHNe.
i=1

Mopens (6) sIB/SIETCS HEMUMHENMHON M IPEACTABIsAET COOOI JOBOIBHO CIIOXKHYIO
3ajaqy [6.7], s ee peleHns UCIonp3oBanach Mopudukanyst mporpammsl “PRGBL
10”. Boum monydens! oneHku 4, B, C mapamerpos A, B, C. 95% poBeputenbHbIe
uHTepBasnbl And A, B, C umeror Bup:

A: A% o 1, = A£3,180,

) )
B:B+3,180,, C:Ct3,180,,

Dle GA,GB,GC, — OLIEHKM aCMMTOTNYECKNX CTAHIAPTHDBIX OTKJIOHEHU HaxXogmImncb
kak n Bemmanubl K, K, K - ¢ momorbio K09 PuIeHTOB MaTpuLbl, 0OPaTHO K
MaTpuie, onpenensaeMon BTOpbIMI YaCTHBIMU IIPOM3BOAHbBIMU:

O’L &°L &L 9’L O’L 0L

04> dB*’ 8C*  0AOB’ 940C  0BOC

" OL[eHKOM [y1s1 iucriepcun 62,

i(ﬁf—fw:’ —6’]

§2? = i

m-—3
t,.,,=3,18 ( m3 Tabmmiu CThlofieHTa MO YMCITY CTereHelt CBOOOIbI)

i A

CraHfapTHOEe OTK/IOHEHWe [Ist ﬁ( p) = BP*+(C Haxoamaoch creaywommum
obpasom:
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o (p)=0o’ BP'+C-BP'—C|=
H

(7)

A-4

=o*-| C-C+| B-B |P"+BP* 1—P[ ]

I[anee, Tak Kak 95% }Z[OBCPI/ITCTIbeIﬁI VMHTEpBaI JOCTATOYHO MaJl, TO INOC/IEAHVIM
clmara€MbIM MO>XKHO npeHe6peqb " TaKUM o6pa30M

(8)

Ora BeMMYMHA CIYKAT HAA ONIpefiefIeHNs CpefHell TOMIMHBI M3fIeNuA IIpu

o (P)=0,P"” +2K,.P"
H

masrennu P. Hampumep, mprb6aBneHHBIM 95% J[JOBEPUTEIbHBIM VHTEPBAIOM LA
cpenHero sHaueHus H npu nasnenus P 6yzert:

A A A

H(P)+3,180, (P)=| H(P)-3,180, (P)H(P)+3,180. (P)

J/1s1 mpoBepKY aleKBaTHOCTY MOJIENN JMCII0/Ib30BaIach CTaTUCTUKA [8],
F,=M /Mg, 9)

m A N 2 m o A A \2
o M, :Z(H,.—H( l.)j J(m=2) s Mg, =22 (Hi—Hij /5
i=1 i=l j=1

CpefiHMe KBaIpaThl pa3bpoca OTHOCUTENIPHO PErpecuyt M BHYTPU TPYIII
Ecnn F;J < E),95 (m—3,5) To Hynepas rumnoresa Ho «mopenb ajexBaTHas»
IpYHUMAETCs IIpy ypoBHe 3HaummocTy 005. 3HaveHus E),95 (vl,vz)HaXOI[HTCH us3
tabnuy Ouiepa [3].

Vicxops 13 3TUX 3aBMCHMOCTEN, Pe3y/IbTaTbl UCIIBITAHUI 00pabaThIBaNnyCh
MeTOfaMy MaTeMaTudecKoi craTuctuku. OmmbKa OmbITa He IIPeBBIIIAJIO
5%,4T0 CBUAETENbCTBYeT O MAOCTATOYHO XOpoIlell BOCIPOU3BOAUMOCTU
VICIIBITAHUI ¥ ABNAETCA MOJATBEPXKIEHMEM BbICOKON TOYHOCTU MCIIONb3yeMON
YCTaHOBKM.

O6paboTKa JAaHHBIX IIO3BOJIIJIA IIOAYIUTH IpaduuecKkyo 3aBUCUMOCTH (puc.l)
TOJIIVHBI MHOTOC/IOVHOI 000JIOYKY OT HaBJIeHNUA U yPaBHEHUA perpeccuu i BceX
MICCTIefyeMBIX 00pasIioB.

[IpeBpinieHne Tab6AMYHOrO 3HadeHus Kpurtepus ODuirepa Haj pacyeTHBIM
II03BOJISIET CAEMATh BBIBOJ, 00 aleKBATHOCTH MTONTYYEeHHBIX YPaBHEHMIT perpecCut.

AHanu3 KpMBBIX 3aBMCUMOCTY TOMIIVMHBI OOPA3I[OB OT BEIMYMHBI [aBIEHI
CBUIETENbCTBYET 00 X MJIeHTMYHOCTH. B Haua IbHbII IIepyoJ, IPUIOKEHNA HaTPy3KU
IPOMCXOOUT 3HauuTeNbHas feopManusd O0OJIOYKM, a 3aTeM IIpM yBeIUYeHUU
Harpysku pedopmalusa IOCTENIEHHO 3aTyxaeT. T.e. XapaKTepHO Haau4dye JBYX
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Tabnuua 1
PekomeHagyemasn BenuuuHa cxmmatoLlen Harpysku (kla) ans nonyveHuns Tpebyemoin
TONWMHBI 060MNOYKM

TpebGyemas Ton- | BenuunHa Harpysku (kla) npu konuyecTee cnoes
WUHa, MM

18 19 20 21 22
4,940,1 660 +831 |755+956 |840+ 1058 |957+1204 |1159+ 1467

8,8
8,3
7,8
7,3
6,8
6,3
5,8
5,3
4,8
4,3
0 100 300 600 900 1200

Harpyska

- == m@mm =@m=  e=@m==T0/ILLMHA

Puc. 1. 3aBncMMOCTb TONLWMHBI 06pa3LOB OT CXXMMAIOLLEN Harpy3kun nocne Tpex LUKnoB
cxatus

YYaCTKOB: IIEPBBII — HArpys3ka BbI3bIBaeT 3HAYMTENbHOE YMEHbIIEH)E TOJILIVHbI
Marepuana; BTOPOil — YMeHbLIEHe TOMIIMHBI UAET He3HAYUTE/IbHO.

Tak KaK Ha IPaKTUKe BO3HMKAET HeOOXOMVMOCTD ITO/TyIeHIsi MHOTOCTIONHOI 060/I0UKY
C 3aJaHHBIMI 3HAYEHSIMY TOMIIVIHBL, PV OTIpefie/leHHOM 3HadeHNI 00 eMHOI ITIOTHOCT,
JOITyCTHMbIe OTK/IOHEHISI KOTOPBIX He JO/DKHBI IPEBBIIIATh COOTBETCTBEHHO +0,1 MM 1
+0,02 r/cm’, Ha OCHOBe IOTTyYeHHBIX Pe3y/IbTaToB (puc.1) ObUIM OpefeeHbl peKOMeH Tye-
Mble Be/IYMHBI CKMMAIOLIEN HArPy3KI1 Ha [IAKeT UL IOTyIe s TpeOyeMbIX IIapaMeTpoB
B IIpoLiecce M3roToBIeHus (Tabm.l). A B TabIL.2 IpecTaBIeHbl BEMMYMHBI OOBEMHON
IVIOTHOCTY MICCTIEAYeMBIX 00pas1ioB B 3aBMCUMOCTH OT BEIMYMH CKUMAOIIEl Harpy3KIL.

B pesynbraTe mpoOBemeHHBIX MCCAEKOBAHUII U O0OpPabOTKM pe3yIbTaToB
YCTaHOBJIEHO, YTO IIPU IPOEKTUPOBAHUN MHOTOC/IONHBIX 000/I0UeK U3 CTEKTIOTKAHM
MOBEPXHOCTHON IUIOTHOCTBIO 250 1/M? m TommumHOM 4,910,1 MM, ¢ 06beMHOI
IIOTHOTBIO 1£0,02 r\cM’ peKkoMeHAyeTcs UCIUIb30BaTh OOOJIOYKM, COCTOAIIME M3
20 cnoes, npu cxumaromel Harpyske 840-1058 xIIA.
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Ta6nuua 2

3HayeHnss 06beMHI NNOTHOCTY (r/cM3) 060NOYEK B 3aBUCMMOCTM OT CXXUMALOLLEN Harpysku

TpebGyemas 3HauyeHne 06bLEMHOI NJIOTHOCTU NPU CXXUMAaIOLLE Harpy3a-
o6bemHas nnoT- |Ke, kMa
HOCTb, I/cm?® . . . } .
660 ~831 |755+956 |840+1058 |[957~ 1204 |1159+ 1467
1£0,02 0,9-0,94
1+0,02 0,95-0,99
1+0,02 1-1,04
1£0,02 1,05-1,09
1£0,02 1,1-1,14
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Topicality

Many enterprises and energy companies raise the issue of reequipping an out-
dated base (modernization of electric networks and appliances 20 years ago). It
implies the use of new security systems that have enhanced functionality and a
high level of reliability. Protective systems are an essential part of the whole mech-
anism, since they prevent accidents from occurring, thereby saving money on re-
pairs. Computer simulation allows you to simulate the normal operation of the
system and emergency situations that can occur in it and, based on the results
obtained, design protective devices. The following functions are implemented in
relay protection devices: three-level maximum current protection, protection
against earth faults and zero sequence currents, protection of maximum and
minimum voltage, automatic frequency unloading, automatic acceleration when
the circuit breaker is turned on, redundancy of the circuit breaker failure and au-
tomatic switching on of the reserve, two times or one-time automatic restart.

Depending on the complexity of the system under consideration, the processes
being analyzed, the range of tasks to be solved, various approaches are applied in
the development of mathematical models of electrical objects. Existing models can
be divided into several classes: Exact models based on complete remote controls,
taking into account many factors, design features of elements, changing parame-
ters when changing modes, etc. Such models are usually developed for individual
machines or simple schemes. They require accurate initial data, complex calcula-
tions and do not allow to study the behavior of the electrical system as a whole.
Models for calculations in complexly configured networks with a large number of
nodes that implement the classical model when the dynamic properties of genera-
tors in the remote control are taken into account by the damper moment. Such
models are based, as a rule, on simplified differential or algebraic equations writ-
ten for a single-line circuit, because of which it is impossible to observe phase
quantities, to analyze asymmetric and swing modes. In addition, such models
make it possible to obtain ultra-transitional and steady-state effective values of
values at short circuit, but they do not make it possible to analyze instantaneous
values.
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«Scheme of a simulated power plant» figure 1

Modeling object

As an object of modeling, we will consider a block power plant, a typical circuit of
which is shown in Fig. 1 where accepted following designations: BT'1, BT2, BT3 - block
transformers; C1 C2 - electrical systems; JI1, JI2 — typical lines; I'l, I'2, I'3 - generators;
CII - synchronous motors; AJl - asynchronous motors.

The equations for determining the stresses in the nodes are written on the basis of
the first Kirchhoff law for the derivatives of currents in the coordinates a, b, ¢ for each
node and in general form in matrix form are:

AB =E + PZ, (1)
where A is the matrix of nodal inverse inductances; B is the vector of nodal stresses;
E is the vector of the rate of change of the master nodal currents; P is the diagonal
matrix of attenuation coefficients of the branches connected to the nodes; Z is the
column vector of the currents of circuit elements connected to the node. In fig. 2 shows
a circuit similar to the circuit of Fig. 1, but in a three-phase image (j = a, b, ¢), where
the following notation is used: it contains the total number of nodesn=11"3 + 18 =
51. A 3-phase scheme for nodes 1-33 and 1-phase is adopted zero sequence diagram
for nodes 34-51: 34, 35 - load lines JI1, J12; 36, 37 - places of short circuits on JI1, JI2;
38,39,40 - BT1, BT2, BT3 neutrals; 41, 42, 43 - output I'l, I'2, I'3; 44, 45, 46 - sections
of the CH; 47, 48 - systems C1, C2; 49, 50 - places of short circuits on bus systems Ul,
U2; 51 - neutral AT.
In this case, equations (1) take the form (2):
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«Scheme of a simulated power plant» figure 2
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wherel =1, 2,..11; m = 34, 35,..51; matrix A includes intrinsic (A) and mutual (AA)
inverse inductances, and has a size of 51 x 51.

For the calculation of short-circuit currents in complex electrical networks of
energy systems and power systems, integrated programs V-VI-1 - V-VI-50P2 have
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«Block diagram of the algorithm for generating a mathematical model of a power plant»
figure 3

been developed. [1-2] The basis of the programs is work with the basic mathemat-
ical model of the network, which allows you to work with circuits of up to
3000 electrical nodes. When calculating transients in the power system, sections
are allocated with circuits of up to 100 nodes, which represent the basic model of
the district. It is for the basic model of the region, containing its own and mutual
resistances and voltage of the nodes before the accident, that the transients are
calculated, and the rest of the power system is equivalent to the region under con-
sideration.

According to the program, the following types of calculations can be performed:
multivariate calculations of short circuits and non-phase disconnections of branches
for the purpose of relay protection in areas of a complex electric network automati-
cally allocated by a computer. Any types of short-circuit can be calculated - three-
phase, two-phase, two-phase short-circuit to ground and single-phase.

To calculate the dynamic stability of complex power systems, programs IV-2 -
IV-4 have been developed. In these programs, the calculation of the quasistationary
electric regime on the PP interval was carried out by the Gauss-Seidel iterative method,
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modified taking into ac-
count the characteristics of
the task of generating
19 units. Modeling of ARV
generators and dynamic
swxa load characteristics in
combination with the vol-
e wa ume of tasks to be solved
(up to 70 nodes, 25 gener-
ators) fully satisfied the re-
quirements of practice and
created the possibility of
industrial use of the pro-

a4 kKA

«Earth fault current at the fault points, depending on the loca-
tion of the fault points on the lines, phase C is shorted to .
ground on the first line, phase A is closed to the second line» For the analysis of

figure 4 transients and quasi-
steady-state modes in elec-
trical systems, the study of
the laws of regulation and
the properties of control
4 gystems  of  switching
equipment, as well as the
laws of regulation of the
2 wa excitation of rotating ma-
chines, the PUTM[3] com-

1 kA
puter complex was created.

gram.

3 kA

The composition of the
studied electrical systems
may include: transformers

and autotransformers, re-
«The fault current in the lines, depending on the location of ; ;
the fault points on the lines, depending on the location of the actor.s, rota.tlng e?ectrlcal
fault points on the lines: A — red, phase, B — yellow, phase machines with various ex-
C — green (phase 1 is shorted to ground on phase 1, 2- oh  cjtation control systems,
line — phase A)» figure 5

AC and DC power lines,
switching devices and de-
vices (valves, arresters, switches, etc.), elements of electrical systems, which can be
represented by design circuits of resistors, inductances, capacitors, ideal switches, emf
and current sources, ideal transformers. The computer complex has continuous and
discrete models of typical elements that form expandable libraries and are activated by
the task of numerical material. The calculation scheme of the investigated electrical
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system is generated automatically according to user-entered information about the

connections of the external poles of typical elements.

To study transients in the considered system, a computer program can be used, the

block diagram of which is shown in Figure 3 [4].

In this paper, to solve the problem of computer simulation of emergencies, it is

proposed to use the mathematical package Mathcad 13.

Below are the results of computing the system using Mathcad in graphical form:
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At the beginning of the XX century
scientists came to the conclusion that
weather can be predicted using mathe-
matical equations. But these equations
were so complicated that it was almost
impossible to verify the theory. The com-
puter coped with this task, and currently
the most complicated weather models are
widely used by national services. Com-
puter modeling has become the foremost
weather forecaster tool. Some models al-
low you to make a very detailed forecast
for one to two days for a limited area,
while others give a less detailed forecast,
but for one to two weeks.

Many countries are developing highly
sophisticated models that can handle an
ever-increasing flow of data. Weather
models use a huge number of mathemati-
cal equations necessary to calculate the
possible behavior of the atmosphere and
oceans. Some of them describe air cur-
rents, others — the formation, movement
and disappearance of clouds of all types
and the likelihood of rain, snow or hail.
The equations should take into account
many variables that affect the formation
of the weather. Only with the help of com-
puter simulation of the circulation of the
entire atmosphere of the Earth, taking
into account all the other (optical, aero-

sol, chemical, etc.) processes that affect it,
it is possible to solve the problems of cli-
mate modeling and weather forecasting.
Mathematical modeling is improved eve-
ry year thanks to the expansion of the
global meteorological network of obser-
vations and the most modern computer
technologies.

The combination of bright colors,
lines and arrows allows you to show sev-
eral weather parameters on the map at the
same time. This allows weather forecast-
ers to see the combination and mutual
influence of various factors - (img. 1).

When modeling the processes occur-
ring in the atmosphere, it is necessary to
make an incredible amount of calcula-
tions. For this, weather forecasters need
the most powerful and fastest computing
machines. Such supercomputers are used
in world meteorological centers. The
leader in the list of 500 most powerful
computing systems of the planet Earth
Simulator (Japan), which is able to oper-
ate with models with a grid spacing of
only about 10 km. This makes it possible
to simulate climatic processes with an
unprecedented level of detail, for exam-
ple, to observe local cyclones and hurri-
canes in the early stages of their forma-
tion. At present, forecasting by an ensem-
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«Weather parameters» image 1

ble, that is, by a group of forecasts, allows
to automatically obtain information on
the probabilities of meteorological events
in relation to the needs of users. Similar
technologies are being improved more
and more.

Forecasts with lead times exceeding
several hours are almost always based
entirely on numerical weather prediction
(NWP). NWP models represent the at-
mosphere on a three-dimensional grid.
Only meteorological systems that are sev-
eral times greater than the grid spacing
can be predicted accurately, and therefore
phenomena of smaller scales are de-
scribed only approximately, using statisti-
cal and other methods. Such limitations
in NWP models have a particular impact
on detailed forecasts of local weather ele-
ments such as clouds and fog, as well as

extreme events such as heavy rainfall and
peak gusts. Forecasters know that the
quality of some forecasts is affected by the
presence of areas with very poor data cov-
erage. Therefore, it is necessary to con-
stantly improve observing systems and
methods for accounting and processing
information in NWP models. Since
ancient times, human activity has relied
on a certain climatic «<norm» for a certain
time of the year. Unfortunately, the
current weather does not always coincide
with the average. Advance information
about what awaits us in the upcoming
season is extremely important, especially
for agriculture. At a seasonal forecasting
scale, hydromet centers use a number of
special techniques. Currently, such
forecasts are prepared using both
statistical schemes and dynamic models.
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The statistical approach is based on the
detection of repeating patterns in the
climate: the wet period follows the dry
period, the cold period follows the hot
period. The main tools for dynamic fore-
casting are combined models - those that
include both the atmosphere and other
important environments, especially the
ocean.

Computer models are widely used in
the study of climate change in time and
space. There is a certain predictability of
temperature and precipitation anomalies
for periods up to several seasons. It is pos-
sible due to repeated interactions between

the atmosphere, oceans and land surface
at the scale of a given season. At the same
time, it is necessary to take into account
in these models how polar ice, atmos-
pheric pollution, and deforestation affect
long-term climate changes.
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Unfortunately, in society has created
wrong stereotype about the area of mod-
ern technologies. Often is a sign of iden-
tity between seismology and forecast
earthquakes, however, these two science
and technology differ from each other
well as far as, for example, physics semi-
conductors and computer calculations.

Although physics semiconductors im-
portant to create chips modern comput-
ers, but to the programming and gener-
ally to technology work on the computer
she has no relationship. Also and seismol-
ogy - only science, studying the structure
of the Earth with the help of seismic
waves and consequences impacts seismic
waves. Forecast earthquakes is practical
technology information on future earth-
quakes.

In fact, the knowledge of seismology
(science about the dimensions of seismic
events) does not imply any specific
knowledge in the field of forecast. So it is
in practice, which shows that today no
seismologist cannot predict the earth-
quake with any high statistical accuracy.

For a successful predict earthquakes
necessary whole technological system
collection and processing of geophysical
specific information, in other words, the
service forecast earthquakes. This service
is similar to the service of the weather

forecast, already mastered by humanity.

It requires a large number of stations
collection seismic forecast (geophysical)
information, optional seismological
character, system operational collection
of this information on the basis of mod-
ern means of telecommunications, pow-
erful computer funds processing incom-
ing data systems modeling, analysis and
display tectonic process, that is the pro-
cess of the movement of the depths of
the earth.

On the basis of received information
and her computer processing experts on
the forecast can give the one or another
kind of seismic forecast.

The need arises not at all in the fore-
cast earthquakes, and the forecast de-
structive earthquakes, leading to human
victims and economic losses.

On our planet happen millions of
small earthquakes annually. Their register
only devices. Strong earthquakes very lit-
tle, but they can lead to a disastrous con-
sequences with numerous victims.

In connection with a maximum of the
moon-solar tide occurring in the second
half of the night, major earthquake for
which this factor is often the trigger, oc-
cur at night, when people are inside their
homes and sleep, and therefore their
homes be for them deadly a trap. It is seen
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«Earthquake aftermath in Hajchensk» image 1

as the percentage of the dead when earth-
quakes under the wreckage of houses
(order 99%), as well as for example, a
good forecast made in China in 1975 be-
fore the quake in Hajchensk (img. 1)
which happened February 4th the magni-
tude of Ms = 7.3 when population in the
night earthquake was forbidden to be in
the premises, and all the people were
saved, while the house more than a mil-
lion residents were destroyed.

This is probably the only an example
of a successful practical forecast, when
really was prevented the death of 100 -
200 thousand people.

Unfortunately, the feature of human
psychology is that people prefer not to
think about such a rare catastrophic
events, as the earthquake, war and epi-
demic, but this the consequences of these
events not be less tragic.

Apparently therefore, the problem
forecast earthquakes and the preparation
of the population to such events not paid
proper attention neither side of the au-
thorities, no on the part of the population.

Task of the prediction is a warning of
the population of probability devastating
earthquake a certain magnitude and in-
tensity of concussion soil in the fact or
another place in certain “temporary win-
dows”, that is an indication of a certain
threat temporary period for this site that
will give people additional chance to the
survival.

In connection with natural feature
tectonic process, that is the movement of
the depths of the earth, the unavailability
direct observation of this movement, the
unavailability direct measurement me-
chanical stress in the depths of the earth,
forecast earthquakes is based on the indi-
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rect harbingers an upcoming earthquake.
These harbingers can wear a long-term,
the medium or short-term character. That
is one harbingers can occur over the
years, but not carry information on exact
time earthquake, other appear for a few
hours and minutes before the main de-
structive push, but often not provide in-
formation about the power and place.
Such harbingers, as a rule, it is difficult to
use, if you do not have a preliminary in-
formation from more long-term of har-
bingers.

The forecast earthquakes, as always
probabilistic, as well as the weather fore-
cast, can be reliable only in the case when
used a complex geophysical data and pro-
duced necessary modeling of the process
of preparing the earthquake.

It is convenient to divide the types of
forecast for temporary ordinal the ranking,
which corresponds to a different, inde-
pendent types of harbingers. Then be-
comes possible almost to carry out the
prediction in a certain time window when
the seismic forecast information is in short
supply, and you can also to determine the
appointment of each type of forecast.
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