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METOJIUKA TECTUPOBAHUS U AHAJIU3 ITPOU3BOJUTEJILHOCTHU ONIEPATUBHOM
IHAMSATHU U ’KECTKOI'O ITNCKA B DOCKER U HA XOCTE

Annomayua. B oannou pabome uznodceHa CYWHOCMb HO0X00d K MeECMUPOBAHUID CKOPOCMU pabomul ¢
ONnepamusHoll NAMAMBIO U HCECMKUM OUCKOM 6 OnepayuoHHou cucmeme Windows npu eeinonnenuu onepayuii 8
konmetinepax Docker u Henocpedcmeenno Ha xocme. Ilpeocmaenenvl —pe3ynvbmamuvl  MeCMupOS8aHus.
NPOU3BOOUMENLHOCIIU U UX AHATU3.

Kniouesvle cnosa: memoouxa mecmuposaniis, npou3e00UmenbHOCMy, ONEPaAmueHas NAMAMY, HCECMKUL OUCK,
Konmetinep, xocm, Docker, supmyanuzayus.

Beenenue HETIOCPEJCTBEHHO Ha XOCTe. B COOTBETCTBHE C IIETBIO

Docker sBisercst ogHuM U3 HauboJiee MUPOKO OTIpeJIeTIeHB! CIIeYIOHNe 3a/1auil paboThI:
pacnpocTpaHEHHBIX CpPeACTB BUPTYaJIU3aLNH. A. TIpoBectu TeCcTUpOBaHUE CKOPOCTH PabOTHI C
[MpousBoauTensHOCTH padoTel Docker 3HaunTenbHO OINEPaTHBHOW IaMATHIO B OIEPALMOHHOW cHUCTEMe
BbIpociia B mocneaHee Bpems [14]. Hackombko Windows nipu BBINIOJIHEHHH OTepalyii B KOHTEHHepe
[eNecooOpa3sHo  OJHOBPEMEHHOE  HCIOJIb30BaHUE Docker n HermocpeaACTBEHHO Ha XOCTE.
KOHTEHHEpPOB Docker c TOYKH 3peHust B. [IpoBecTr TecTUpoBaHUE CKOPOCTH 3aIMCH U
MIPOU3BOANTEIHHOCTH i) CPaBHEHHIO c YTEHUs JaHHBIX Ha )KECTKHH AWCK B OINEPAlMOHHOMN
OJTHOBPEMEHHOH Pa0OTOI HECKOJBKHX 3K3EMIUIIPOB cucreme Windows Inpu BBINOJHEHHH OIIEpallid B
IpOrpaMMsbl Ha XocTe? KoHTelHepe Docker u HENOCPEACTBEHHO Ha XOCTE.

Lenpro maHHOM paboOTHI ABISETCS pazpaboTaka OnwumieM cpeny, B KOTOPOH — BBINMOJHSIIACH
METOJMKH  TECTHPOBAHUS  MPOU3BOAUTEIILHOCTH pabora. Ha yctpoiictse ¢ npoueccopom Intel Core i7,
BupTyanbHeIXx MamuH (BM) u cpaBHeHHEe uX 12 snpamu, 16 MOTOKaMu, HECKOJIBKUMH AECATKAMU
MPOM3BOAUTEIBHOCTH  C  IIPOU3BOJAUTEIBHOCTHIO o orepaTHBHON HaMsATH yCTaHOBJICHA

onepannonHas cucreMa Windows 1 1. Tum qrickoBoro
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xpanwmmma — SSD, ero oOmuii 00beM cocTaBiseT
6outee Thicsium [°0.

Tarxxe ObuTa ycTaHoBjeHa mporpamma Docker
Desktop 4.25.2 B kadecTBe BHPTYaJIIbHOW MAIIHHBI
JUIs paboThI c KOHTEHHEPU30BaHHBIMU
MIPUIIOKCHUSMH.

B kauectBe nBmkka Obul BeIOpaH Windows
Subsystem for Linux (WSL) 2. Kpome Toro, ectsb
BapuaHT ucnons3oBanus Hyper-V, ognako WSL 2
obecrieunBaeT  OOJNIBIIYIO  IPOM3BOJMTEILHOCTD,
yiydimaer oOmuii goctyn K (aioBoil cucteme U
Bpemsi 3arpy3ku [1]. Taxxe B Docker Desktop
MIPUMEHSETCS JUHAMUYECKOEe BBIJEIICHUE MaMATH B
WSL 2 npu ucnons30BaHHM pecypcoB IMpoLEccopa U
MaMATH, YTO TIO3BOJAET OBICTpPEE BBIMOIHSITHCS
3a7:a4aM, KOTOpbIE UX HHTEHCHBHO noTpebisitor [1]. C
WSL 2 Bpewms, HeoOXoIuMOe ISl 3alycKa JeMOoHa
Docker mocie XONOTHOTO 3alycka, 3HAYUTEIIBHO
cokpamaercs [1].

1. Ioaxox Kk TeCTHPOBAHUIO

Hwmwxe mnpuBeneHo omnmcaHue moaxoaa K
TECTHPOBAHUIO CKOPOCTH pabOTHI C OIEPAaTUBHOM
MaMAThIO, a TAK)KE CKOPOCTH 3alUCH M YTCHHS Ha
JKECTKHA IHUCK B ornepanuoHHOoW cucreme Windows
MU BBITIOJTHCHUU oriepaiuii B kouTeinepe Docker u
HETIOCPEICTBEHHO Ha XOCTe.

Tecthl ObLIN HAIMKMCAHBI Ha SI3BIKE
mporpaMmupoBaHus Python; ¢ momomrsio mMomyns
time W3MEpSJIOCh BpeMsl BBITONHCHHUS KOJa B
CeKyH/Iax.

TectupoBanue MIPOU3BOIUIOCH KakK
HETOCPEJCTBEHHO Ha XOCTE, TaK U B KOHTCHHEpax
Docker. Kaxaprit Tect Bermomasuics mo 50 pa3 (10 s
MaTpHIl), Ha OCHOBE IIOJYYCHHBIX pE3yJbTaTOB
BBIYMCIISIOCH cpenHee 3HAYECHHE. [Tpu
OJTHOBPEMCHHOM 3aITyCKE HECKOJBKUX MPOTrpaMM
HEMOCPEACTBEHHO Ha XOCT€ WJIH HECKOJbKUX
KOHTEHHEPOB UIS KaXJIOTO W3 HUX BBIYUCISIOCH
cpenHee BpeMs, MOTpaueHHOE Ha BBIMOJIHEHUE TecTa.

OOHOBpEMEHHBIH 3aIlyCK ®  BBHITIOJIHEHHE
HECKOJBKUX 3K3EMILISPOB IMPOTPaMM OCYIICCTBIISIICS
MTOCPENICTBOM MHOTOITPOIIECCHOCTH (Moxynb
multiprocessing) B Python. MmnoronpoueccHbri
PEXKUM YCKOPSIET BITOJHEHHE KO/Ia 33 CUET TOT'0, YTO

KXl Tpouecc, B  KOTOPOM  BBIIOJIHSETCS
COOTBETCTBYIOIIAsl 3a/ladya, HMEET COOCTBEHHBIE
pecypcbl M CBOW  OSK3EMIUIIp  MEXaHH3Ma

cunxponusaimu Global Interpreter Lock (GIL) [3].

1.1. TectupoBaHHe CKOPOCTH PaGOTHI ¢
ONnepaTUBHOI NaAMATHIO

Jlns  TEeCTUPOBAaHUSI CKOPOCTH  paboThl  C
OTIEPaTHBHOW ITaMSTHIO HCIIOIB30BAIHCH CIIEYIOIUE
TECTBI:

e pabora c wMarpumamu (aBe OoabIIvie |
HECKOJIbKO MEHBIIIETO pa3Mepa);

o mu(poBaHUE TEKCTA.

Paccmorpum ux noapobHee.

1.1.1. Paboma ¢ mampuyamu

Jnst paGoTel ¢ MaTpHLaMM HCIIOJIb30BAIACh
o6ubmmoreka NumPy, mpennasnaueHHas 17151 paboOThI ¢
OOoNBPIIMMH ~ MHOTOMEPHBIMH ~ MacCHBaMH  H
MaTpHLAMH, a TaKKe IMOJJICPKHUBAIOIIAsi OOJBIIYIO
KOJUISKIIMIO MAaTeMaTHYECKUX (YHKIHH BBICOKOTO
YpOBHS 1J1sl pabOTHI ¢ 3TUMHU MaccuBamiu [4]. Pabora
BeJachk ¢ OByMs Mmartpumamu pasmepoB 8000x8000
MHUKCENeH, a TakKe C MIECTHAANATHIO MaTpHIaMH
pa3mepoB 500x500 mukcerneit.

WMunnumanuszanust MaTpui OPOUCXOIUiIa IIyTeM
CUMTHIBAHUSI W300paKEHUST B OTTEHKAaX CEporo
¢yakomeit  cv2.imread Oubmmorekn  OpenCV,
COOTBETCTBEHHO THO JTAHHBIX JJIEMEHTOB
MaTpuIel — Uint8.

C nmByms wmarpunamu pasmepos  8000x8000

IMUKCEICH BBITNTOJIHAJIHUCH IMOCJICAOBATCIIBHO
CJICAYyomune ornepanmu: TPAHCIIOHUPOBAHUC,
HaX0XJICHUC 06paTHI)IX MaTpull, TIO3JICMCHTHBIC
CIIOXKCHHEC n YMHOXXEHUE. PeByHLTaTBI BCECX

BBIUNCIIEHUI 3alUCHIBAIUCH B COOTBETCTBYIOLIME
NepeMEHHbIE, a BpEeMs Ha BBIIOJIHEHHE BCEX
ornepanuii GPUKCUPOBAIOCH.

AHanorvyHele JEHCTBUSA TAKKE BBITOIHSUIUCH

Ui BocbMH map Marpul pasmepoB  500x500
MHUKCENeH.

1.1.2. Hlugpposanue mexcma

Brut Be1Opan anroputm DES mis TectupoBanus
mu¢pposBanueM. Crnemmduueckue JUIs  AaHHOTO

METOZa TECTHPOBAaHUSA (YHKIMH peaTu3yloTCs Ha
OCHOBE HCIIONIb30BaHUA HEOONBINUX MAaTpHLl U
MepecTaHOBOK ~ BeKTopoB. s TectupoBaHUs
ucnonp3oBanack ctpoka u3 80000 cuMBOIIOB.

1.2. TecTupoBaHHe CKOPOCTH 3alUCH H
YTEHUS HA KEeCTKHIl TUCK

B nmaHHOM ciyuae
CIIE/TyOLIME TECThI:

® 3aIIHICh Ha JUCK JaHHBIX OOJbIIOro o0heMa B
omuH (aiin U MeHbIIero 00beMa B HECKOJIBKO
(haiinos;

® UTCHHE C JIUCKA OJHOTO OOJNBINOro (Qaiia u
HECKOJIbKUX MaJIeHbKUX (hailiioB.

PaccmoTpum ux moapoOHee.

OyIyT TPUMEHSTHCS

1.2.1. Tecmuposanue nymem 3anucu

Jng Hagama TpPOTECTHPYEM CKOPOCTH 3amucH
JAHHBIX B (ailibl Ha IKECTKUH JUCK JBYMS
crioco0amH.

Bonpmolt 00beM TEKCTOBBIX AHHBIX, PAaBHBIN
250000 K06, 3annchiBaeTcsi B OJJMH OTKPBITHIN (aiin, a
UMEHHO cTpoka u3 31 cumBoia (B T.4. C CHMBOJIOM
MEepeHOca CTPOKU) MOCTPOYHO 3aIUCHIBACTCS 8 MIIH
pa3. [To okoH4aHuu 3amucu (aia 3akpeiBacTcs. [Ipu
3aIlyCKe HECKOIBKMX KOHTCHHEPOB OJHOBPEMEHHO
3aIUCh MPOBOJIUTCS B Pa3HbIe (aidJibl.

TekcToBBIE  [aHHBIE  MCEHBIIETO  OOBEMa
3aMKCHIBAIOTCS B HECKOJIBKO (aitios (o 25000 Ko B
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10 ¢aiinoB, To ectb mo 800 ThIc. 31-CHMBONBHBIX
CTpOK B (haill) OZHOBPEMEHHO KaXIbIi B CBOEM

mporiecce  Omaromapsi  WUCIOJIb30BAHUIO  MOMYJISI
subprocess.
3aMeTI/IM, 4YTO IMepea TEM, KaK 3alyCKaTrb

KOHTCHHEp Ha BBIIIOJHEHHE, HEOOXOIMMO CHayaia
NPOM3BECTH MOHTHpPOBaHHE (CO37aTh TOM, YKa3aB
MyTH [0 XOCTa M KOHTeHHepa). OTO IO3BOJIUT
3amuchIBaTh B (haiiil, pacroyoXeHHbIH Ha XocTe (To
€CTh Ha )KECTKHUI JHUCK).

1.2.2. Tecmuposanue nymem umeHus

UreHre OCYIIECTBISICTCS C JHUCKA JABYyMs
Croco0amMu: M3 OIHOTO OOJIBIIOrO TEKCTOBOTO (haiina
pasmepom 12464 K6 Bce comepXuUMoe IOITHOCTBHIO
3alMChIBACTCS B OJAHY IHepeMeHHylo u u3 10
TEKCTOBBIX (ailioB momeHsbIne pazmepamu 1247 K6
MOCTPOYHO B TEpPeMeHHY0. UTeHne U3 HECKOIbKHUX
(haitioB OymeT MPOUCXOAUTH OJHOBPEMEHHO 3a CUCT
MapajuieibHOr0 TOCTPOYHOr0 4TCHUS (aiioB B
MEepEeMEHHYI0 M3 HECKOJBKHAX BXOIHBIX ITOTOKOB C

nomotnbio Moy fileinput [2]. IIpu ncnonp3oBanmH
MHOTOIIOTOYHOCTH B paMKax oaHoro npoiecca GIL ¢
OTIpe/ieIEHHBIM HHTEPBAJIOM IEpeKTiodeHuit (5 Mc)
MEXIy IPYT APYroM paboTaroT HECKOIBKO ITOTOKOB
[3]. Takum o06pa3oMm, 3a cuUeT NapaICIHLHOIO
BEITIOJIHEGHHSI  OTCpalliid  TPOMCXOAWT  MEHBIIee
noTpebieHre pecypcoB, HO paboTa 3aMeuIsIeTcs.

2. Pe3ynbTaThl TECTHPOBAHMS

B Ta6n.1 u Tabn.2 mpencraBieHBl pe3yNbTaThI
TectoB. Tabn.l cOOEpKUT HaHHBIE IO 3aIlycKam
IporpamMM Ha XocTe, Tabj.2 COAEPKHUT AaHHBIE IO
3aIyCKaM KOHTEHHEpPOB.

Tarke Il  HaNAHOCTH — JIAaHHBIE IO
TECTUPOBAHUIO OINEPATHBHOW MaAMATH U KECTKOTO
IUCKa  oTpakeHBl Ha puc.l-4 w  puc.5-8
COOTBETCTBEHHO. [lyi1 cimy4aeB ¢ JABYMsS U Tpems
9K3eMIULIpaMH  HporpaMM /  KOHTeHHepamu
HCIIONB30BANOCH CPeiHEE 3HAUCHUE BPeMEHH PabOThI
9THX 9K3EMIIISIPOB / KOHTEHHEPOB.

Tabuauna 1. Pe3yJbTaThl TECTHPOBAHUS PA3HOI0 KOJHYECTBA K3EMILISIPOB IPOrPaMM Ha XOCTe

Henn Bua recra 1 ’3x3emnsAp 2 3x3eMIIsipa 3 3K3eMIIsIPa NPOTrPaMMBI, C
TeCTHPOBAHUS NMPOrpaMMmblI, MPOrpaMMbl, €
¢ | I [ I Il
OnepatuBHast PaGora ¢ 23,8627 50,0603 | 50,0687 | 74,2585 | 75,9705 | 75,9708
MaMsTh GoNbIIME
MaTpUIIAMH
Pabota ¢ 0,8535 38,0800 | 38,0800 | 90,6951 | 90,6888 | 90,7471
MaJICHbKUMHU
MaTpUIIAMH
Mudposanne 3,5850 4,0160 4,0775 4,4601 4,5069 4,6050
Kectkuil nuck 3anuce 4,4469 4,6646 4,7085 5,8261 5,9801 5,9965
60IBIIIOrO
(haitna
3anunce 1,1943 1,7943 1,7992 3,2164 3,2316 3,2387
MaJICHBKUX
Gaitnos
Urenue 0,0558 0,0537 0,0553 0,0569 0,0574 0,0593
601BIIIOr0
(haitna
Yrenue 0,0886 0,0781 0,0788 0,0816 0,0815 0,0819
MaJICHBKHAX
¢aiizoB
100
% 50
i -

M 1 3k3emnnap nporpammel B 2 3K3eMNAAPa NPOrpammbl

Pabota c Bonbwmmm

MaTpULEaMK

PaboTa ¢ maneHsKMMK
MaTpULEMK

3 3K3eMNIApa NPorpaMmmbl

Pucynok 1. TectupoBanne ckopocTH padoThl ¢ ONepaATHBHON NaMATHI0 HA 0CHOBE PadoThI ¢ MATPULAMHU
TPH Pa3HOM KOJIHYECTBE 3alyIIeHHBIX IK3eMILIIPOB NPOrpaMMBbl.
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6

p

=
§_ 2
0

Wndposarme

B 1 sksemnaAp nporpammel B 2 sksemnaspa nporpammel B 3 3k3emnaapa NporpaMmmel
Pucynok 2. TectrupoBaHue CKOPOCTH PaGoTHI C ONIEPATHBHOI MaMsITHI0 HA OCHOBe MH(POBaHUS TPH
Pa3HOM KOJHYECTBE 3aMyIIEHHBIX YK3eMILISIPOB MPOrpaMMBblI.

Bpems, ¢
[ T T R TU RN - ¥ I )

A =

3anuck Bonblioro daina 3anuch ManeHbKux hainos

M 1 sksemnnAap nporpammsl B 2 3K3emnaapa nporpammsl B 3 3K3eMnAspa Nporpammbl
Pucynok 3. TecTupoBaHue CKOPOCTH 3alIMCH HA KECTKHH JUCK IPH Pa3HOM KOJIMYeCTBe 3aNyIeHHbIX
IK3eMILISIPOB NPOTrPaMMBbl.

0.10
0.08
0.06

ema, ¢

2 0.04

B

0.02

0.00

Yrenme Gonbworo daina

YreHWe maneHekmnx dainos

M 1 sK3emMnAAp nporpammsl B 2 sK3emMnAApa nporpamMmsl M 3 3K3EMMAAPa NPOrpaMmmel
PﬂcyHOK 4, Tec’l'HpOBaHl/Ie CKOPOCTH YTCHHS € )KECTKOI0 TMCKA NMPHU PA3HOM KOJIMYECTBE 3alyIIICHHBIX
IK3EeMILIAPOB NMPOrpaMmmal.

CorilacHO TOJIy4eHHBIM pe3yjbTaTaM, Kak ¢
OXHJIANOCh, BPEMs BBINOJHEHUS OK3EMIULIPOB
porpaMM COBHIagaeT B paMKaX KOHKPETHOT'O
3aIIyCKa, IIOCKOJIbKY KaXKIbIH SK3EMIULIP MOTpedseT
TOJIBKO OTBEJICHHBIE II0JI HEr0 PEcypchl B paMKax
MHOTOIIPOLIECCOPHOT'O PEKMMa.

C yBeNMYEHHEM KOJINYECTBA OJHOBPEMEHHO
3aIyHICHHBIX YK3EMILISIPOB TMa/IaeT CKOPOCTh pabOThI
C OIEpaTHBHOI MaMATHIO, IIOCKOJBKY OIEpAaTHBHASL
NaMATh MMEET OrPaHUYCHHBIH O0BEM, a B KaKIOM
9K3EMILIIPE IPOUCXOINUT €€ AKTHBHOE 3aII0JIHEHHE.

C yBenMYEHHWEM KOJIMYECTBA OJHOBPEMEHHO
3aIyIeHHBIX 9K3EMILISIPOB porpamm (u
KOHTCHHEpOB Ha puc.5-8) cKopocTh pPaboTHI C
JKECTKUM JMCKOM BBICOKAsl, ITOCKOJIbKY HOTOKH
obecrieunBaroT  OpIcTponeiicTBue. Kpome ToroO,
CKOPOCTH paboThl C IKECTKHUM JUCKOM MEHSETCS
HEe3HAUWTeNpHO Onaromaps ocoOGeHHOCTM SSD
mucka u mumHBl PCI Express (PCI-E), xortopas

obecrieurBaeT OJJMHAKOBBIH JIOCTYI K JFO00H stueiike
TaMsITH.

PaccmoTpum moapobree. SSD o0namaer Takum
MPEeUMYIIECTBOM, KaKk CTa0MIBHOCTH BpPEMEHH
cunThiBaHUS (ailloB BHE 3aBUCHMOCTH OT HX
pacnonoxxeHus Wik ¢parmeHTanuu [5], moromy 4to
CKOpOCTB JOCTYIIa OJMHAKOBA UIS JIFO00H srueiiku He
3aBHCHMO OT TOT'O, TJie HaXOIUTCS KOHEYHBIN (haiin
(mostromy SSD He HyxmaeTcsa B IedparMeHTAINH)
[6]. Kpome Toro, B SSD wucnonszyercs NAND-
MHKpPOCXEMa, 711 KOTOPOIl BpeMs UTE€HHsI COCTABIIET
JlecsITKM  MHKpocekyHa [7]. Y1 B naHHOM cityuyae
¢mm-namsite NAND tpexypoBuesast (Three Level
Cell, TLC), uro mo3BonseT XpaHUTh MO TpU OWTa B
Kaxa0# aueiixe mamstu [13, c. 584] (3a cyer
HCTIOJIb30BAHUSI PAa3HBIX YPOBHEH 3JIEKTPHUYECKOTO
3apsiia Ha 3aTBOpax s4eeKk mamsTH [6]). B xauectBe
unTepdeiica momkmodenuss Kk SSD  ucnonb3yercs
NVM Express (NVMe) no mmne PCI Express (PCI-
E) s BBICOKOIIPOM3BOIUTEIBHOM
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[OCJIEI0BATENBLHOM TIEpeIaun JaHHbIX; HHPOPMALKs OTMeTHM, 4YTO 0PH YBEIMYEHHH YHCIA

HepeaaeTcsl Ha BBICOKMX CKOPOCTSIX B INPSMOM H
MIPOTHBOIIOJIOKHOM HAIPABICHUSIX 110 HE3aBUCHMBIM
KaHamaM (JIMHMAM), OT 4YHCIa KOTOPBIX 3aBHCHT
CKOPOCTB PabOThI U MPOIYCKHAs CIOCOOHOCTH IITUHBI
[8]. B nanHOM cimy4ae mpoIrycKHas cltocoOHOCTh Ha 4
J1HUY cocTasisier 7 ['6/c.

3amuch M UTEHHE S4YEEK pa3IUyaroTcs B
SHEPronoTpedJIeHNH:  ycTpoiicTBa  (uem-namsaTa
noTpeOnaoT OONMBIION TOK TMpH  3alUCH Ul
(hopMHpOBaHNST BBICOKMX HANpsDKCHUH, TOrAa Kak
IpU YTEHUU 3aTpaThl DSHEPIrHM  OTHOCHUTENIBHO
Maisl [7].

Ecnu roBoputh 0 CKOpOCTH 3alKCH, TO OHA U
pecypc SSD-nakonuTeneil 3HAYNTEIHHO 3aBUCAT OT
OCTaBIIETOCS CBOOOJHOTO MPOCTPaHCTBa [5] (Bpems
3aM1cu COCTaBIIACT JECATKU-COTHH
MUKpocekyH [7]). HecMOTpst Ha BBICOKYIO €MKOCTB
TLC, KOnIW4YecTBO  IUKJIOB  CTHpPaHUS-3aIIUCH
cocraBisger 5000 (mpW COTHSIX THICSY AJISL PYTUX
TUTIOB TaMATH) [§], 4TO BIUSIET HA CPOK CITYKOBI YnIia
C JaHHBIM THUIIOM MaMSTH, IOCKOJIBKY H3MEHEHHE
3apsja CONPSDKEHO C HaKOIUICHHEM HeoOpaTHMBIX
N3MEHEHUH B CTPYKType, MO3TOMY KOJHUYECTBO
3aIucei Il S9eiKy (QIen-naMsaTi orpaHndeHo [7].
TakuMm 06pa3oM, IMEHHO TIO3TOMY BpeMs 3aIHCH TIPH
HECKOJIBKMX 3K3EMIUIIpax IPOrpaMMBbl pacTeT, HO
muHa PCI-E crinaxuBaeT BO3MOXHBIH PEe3KUN POCT
BPEMEHH.

PaccmoTrpum noapoGHee paboTy ¢ MaJeHBKUMH
MaTpUIlaMH. 3aMeTHM, UYTO B JaHHOM Clly4ae
MHOTOIIOTOYHOCTE Ha OCHOBE Moy threading Obima
Obl ObICTpEE, YeM MHOTOIPOLIECCHOCTh HAa OCHOBE

multiprocessing. Brum HCCIIIOBAHbI
nAeHTU(UKATOPBI 0OBEKTOB (IIEPEMEHHBIX) B Pa3HBIX
nporeccax. IMomyunnocs, YTO  HEKOTOpbIC

MEPEeMEHHbBIC UMEIOT OJMHAKOBBIC HICHTU(PHKATOPHI
W HaxOJsATCS B Pa3HBIX Ipoueccax (is orpeaeneH s
HOMepa Tpolecca OblIa HCIONb30BaHA (DYHKI[HS
multiprocessing.current_process()). Takum 00pazom,
MOCKOJIbKY B Pa3HBbIX MOTOKaX COBIAIAIOT ajpeca,
3HAQUUT TPATUTCS JIOTMOJHHUTEILHOE BpeMs Ha
B3aUMOJICHCTBUE TPOIECCOB, U MHOTOIIPOIIECCHOCTh
menee d(QdekTHBHA B JAHHOM Clly4ae, YeM
MHOTOIOTOYHOCTh. DTO CBA3aHO C TeM, uTo Python
MepeMEHHbIe, y KOTOPBIX COBMAJMAIOT 3HAYCHUS,
UMCIOT OAUHAKOBBIC I/I}:[eHTI/I(i)I/IKaTOpI)I. IIJ'IH
onpejielieHus]  WACHTU(HHUKATOPOB  KCIONB3YETCs
¢dynkuust id(), Bo3BpaliaeMoe 3Ha4€HHE — 3TO aJIpec
obsexkta B mamsata  [10].  Tlotokm  mpm
MHOT'OIIOTOYHOCTH HCIONB3YIOT 00Iee aJpecHoe
MPOCTPAHCTBO IAMSTH, a KaKAbIH HpolecC HUMeeT
CBOE aJIpecHOE MPOCTPAHCTBO. MEXMpoIeccHoe
B3aUMOJICHCTBUE  TpeJACTaBisieT  coboit  Ooiee
CIIOKHBII MEXaHW3M M TpeOyeT IOMOJHUTEIBHBIX
00BEKTOB (HAPUMED, OUepe/IH) IS OCYIICCTBICHHUS
oOMeHa HaHHBIX, B TO BpEMs KaK MOTOKH MOIYT
JIEJIATH 00IIMeE JaHHbIE Oolee JIErKo.

MPOLIECCOB IPOUCXOJUT 3HAYNUTEIHLHOE 3aMe/IeHHe
npu paboTe ¢ MaTpullaMH. DTO MPOUCXOIHUT H3-3a
YBEIMUYNBAIOLICHCS 3arPy3KH TIPOIEccopa.

IlyreM mnocnenoBaTeNbHOIO 3allyCcKa KayKIOW
Olepaliy IO OTAENBHOCTH, OBLIO BBISIBICHO, YTO
ocHoBHOW mnorpeburens CPU mpu nByx u Tpex
mporeccax — 3TO ONepanus BBIYUCICHUS 0OpaTHOH
MaTpHIBL.

B pamkax 3amycka OJHOI HpOrpamMMbl JaHHas
oTiepanys BBIIONHAECTCS OBICTPO W MO PacXOIyeT
pecypcst CPU. Opnako ¢ yBelIMUEHHEM 4YHCTa
mporeccoB ucnonp3yembiii  oosem CPU pacrer,
MOCKOJIbKY oOpaTHasi Marpuia B CpaBHEHHH C
JPYTHMH OIEpanusMU BKIIIOYAeT B ceOsl MHOXKECTBO

Ppa3INYHBIX COITYTCTBYIOIINX oreparui "
uHCTpyKuuid [12], a mmenHo CPU otBewaer 3a
BBITTOJIHEHHE apu(pMeTHIECKUX, JIOTUYECKUX

ornepauuii U MHCTpyKuui mporpammsel [11]. Kpome
TOT0, BO3HUKAET aHATOTHYHASI IPOOJIeMa C HATMINEM
OJIMHAKOBBIX a/IPECOB B Pa3HBIX MIpoIeccax.

Taxoke He UCIOIb3yeTCs BCS JOCTYIHAs TaMSATh,
MOTOMY YTO XBaraeT JOCTYHHOro o0beMa B

Heckolibko  siecatkoB  ['6.  IlpoBepuB  pasmepsl
O0OBEKTOB B TIaMsITH C HoOMOWbI0  (QyHKINH
sys.getsizeof, momyuaem, dYTO pa3Mep OAHOH
MaJICHPKOW  MaTpWIBl  cocTaBisieT 128 Oair,

oOpaTHOW ManeHbKOW MaTpulbl — 2 MO, pe3ysbTarsl
MO3JIEMEHTHOTO CYMMHPOBAHUSI / yMHOXCHUS —
0,25M6. W oKkecTKWiA JOUCK TIPAKTHYCCKH HE
Harpyskaercsi paboroii penakropa koaa Visual Studio
Code: B Process Explorer 3Hauenuns B cronOmax
yrenus 1/O Read Bytes u 3anucu /O Write Bytes
MOTHSUTUCH B cpenHeM Ha 2 MO.

PaccmoTpuM  mompoOHee — pe3ynbTaThl IO
KOHTEeMHepaMm.
OTtMeTM  HAOMIOJCHWE 1O  3aBUCUMOCTH

TeCTUpyeMoro oObeKkTa OT pazMepa MaTpHl, C
KOTOPBIMH BeJieTCs. paboTra, OMUCAaB MEpea 3THM
pecypcHbIe OrpaHWYeHMs, HaloKeHHble Ha Docker
Desktop.

OOmuit 00beM HCIOJIB30BAHUS ONEPATHBHON
namsaTu KoHTeitHepamu B Docker Desktop cocraBnser
15,12T76. Taxke KOHTEHHepaM IOCTYITHO Ha
ucrnonb3oBanue 10 szmep, TO eCTh HCHONb30BaHHE
CPU cocrasmser 1000%.

TakuMm 00pa3oM, COIJIaCHO HAOIIOACHUIM,
KOT/1a pa3Mepbl MaTPHIl MEHbBIIIE HECKOIBKUX ThIC. X
TBIC. IIMKCEJIeH, TO TIPH Pa3HOOOPA3HBIX ONEpaLUsX C
HUMU TECTUPYETCS IPEUMYILECTBEHHO MPOIECCOp
(ucnonp3yeMble  pecypechl IMOCTOSHHO IPEBBIIAIOT
Beizenennsie 1000% u cocrapmsitor 6osee 1500%)
MpPU JIOCTATOYHO HU3KOM 3alOIHEHUH ONEPATUBHOM
naMaTH  (HECKOJNBbKO  JecsitkoB-coreH MO). C
yBeJNIMYEHWEM Yuciia KoHTewnepoB (1, 2 m 3 mr.)
MPOHUCXOJIUT POCT HCHOJIB3YeMOH KOHTEHHepamu
namsty (1 6,2 I'6 u 8 T'6).

Ecin B3aTh pasmep OONBIIOH  MaTpHIIBL,
Hanpumep, 8000x8000, To yXe aKTMBHO HAaYMHAET
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3aI1I0JIHATBCA OHepaTI/IBHaH IIaMATh U HepHOﬂI/IlIeCKI/I MakcumanbHbIN 06’beM OHepaTI/IBHOP'I IIaMATH,

CHIDKaeTcss ucmonabdyeMbli  mpouent CPU  no
HECKOJIbKUX COTeH mnporeHToB. Hampumep, mpu 1 u 2
KoHTeliHepax RAM 3amommsiercs Ha 3 uw 5 0
cootBercTBeHHO, CPU koseOnercs: AepxuTcs Ha
yposae 100-800% u 600% u noxgaumaercs 1o 1500-
1600% (B ciaydae 1 KOHTelHEpa MEPUOJUUYECKH, TIPH
2 — yame). [Ipu 3 xonteiinepax CPU gmepxwurcst Ha

UCTONb3yEMBbIIl BUPTYyalnbHOIl MalIMHOW B ciyuae 3
KOHTe#HepoB, pocturain 12 I'6.

CoOTBETCTBEHHO, YTOOBI OOBEMBI TECTHPYEMBIX
JAHHBIX COBM3Jald W TECTUPOBAJIACh HMEHHO
OTlepaTHBHAs MaMsITh, Pa3Mep MaJCHbKOW MAaTpPHIIBI
Obul BBIOpaH Kak MOXHO ONMXKe K THIC. X ThIC.
MHUKCENEH, U YTOOBI KOJMMYECTBO 3THX MATPHIl TOXKE

YpOBHE

1500-1600%, a

RAM

- 6-8T6.

OBLIIO HE CIIMIIKOM MAJICHBKHM.

Tab6umua 2. Pe3yibTaThl TECTHPOBAHUSI B KOHTEHHepax

Hean Buna tecra 1 2 KOoHTeiiHepa, ¢ 3 KoHTeliHEpa, ¢
TeCTUPOBAHMSA KOHTeiiHep, | 1| | I I
c
OneparuBHast Pabora c 19,2549 52,0667 | 52,0807 | 72,9361 | 72,3071 | 72,9455
aMsTh OoBITIMHA
MaTpULaMH
Pabora ¢ 0,2241 44,4604 | 44,4095 | 56,5963 | 56,5321 | 56,2000
MaJIeHbKUMH
MaTpULIaMH
HluppoBanue 6,2040 6,4297 6,4885 7,3361 7,3269 7,3472
KecTkuii nuck 3anuch 4,3574 4,2263 4,2325 4,9393 4,9410 4,9262
00JIBILIOr0
(aiina
3anuch 1,3098 2,0861 2,0820 2,6787 2,6780 2,6761
MaJIeHbKHX
(haiinoB
YreHue 0,0471 0,0478 0,0477 0,0494 0,0496 0,0482
60JIBILIOT0
Gaitna
Urenue 0,0911 0,1006 0,1045 0,1305 0,1377 0,1166
MaJICHbKHX
taiton

Bpema, ¢
N
(= -]

=]

Pabota c 6onbwmmn
marpuuamm

B 1 koHTEWHHEP

M 2 KoHTEWHEpaA

- Ji _ai

PaboTa c maneHbKMMM
maTpuLamm

3 koHTEWHEepa

PucyHok 5. TectupoBaHue CKOPOCTH PadoThI € ONEPATHBHON NaMITBHI0 HA OCHOBE PaGoThl ¢ MATPULAMH
IpH Pa3HOM KOJIMYeCTBe 3alylIeHHbIX KOHTeiiHepoB.

~

Bpems, ¢

M 1 KoHTelHep

LndpoeaHue

MW ? KOoHTeliHepa

3 KOHTEMHEpa

Pucynok 6. TecTupoBanue cKopocTH paGoThl ¢ ONEPATHBHOI NaMATHIO HA OCHOBE MIN(POBAHUS PH
PAa3HOM KOJIHNYeCTBe 3alyINeHHBIX KOHTEeHHEePOoB.

Philadelphia, USA 206

2 Clarivate
Analytics indexed



ISRA (India)  =6317 SIS(USA)  =0912 ICV (Poland) = 6.630
ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India =1.940
Impact Factor: GIF((AustraIia) ):0.564 ESJIl(lK(Z) ):8.771 IBI ((India)) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350
5
a
22
. A
0

3anuce 6onbworo daina

B 1 KoHTElHEp

M 2 koHTeWHepa

3anuch ManeHbKux dainos

3 KoHTelHepa

Pucynok 7. TecTupoBaHHe CKOPOCTH 3alMCH HA KeCTKHIH AUCK MPH Pa3HOM KOJIMYeCTBe 3aNyleHHbIX
KOHTeHHepoB.

0.15

0.10

Bpema, ¢

o
o
i

0.00

Yrenme Honblworo daitna

M 1 KoHTelHep

M 2 KoHTelHepa

o M|

UTeHue MmaneHbkux haiknos

3 KOHTEMHEpa

PucyHnok 8. TecTupoBaHu€e CKOPOCTH YTEHHS C KECTKOI'0 JMCK MPH Pa3HOM KOJMYeCTBE 3amyIeHHbIX
KOHTeIiHepoB.

CornacHO TIONyYEHHBIM pe3yJbTaTaM, MOXKHO
ceNaTh CIEAYIOIEe BEIBOBIL:

1. Heckombko KOHTEHHEPOB npu
OTHOBPEMECHHOM 3aIycKe padoTaloT MmapayielbHO H
3aKaHYHMBAIOT PA0OTy MPAKTHYCCKH OJJHOBPEMEHHO C
HEOONIPIIION TOTPemHOCTRI0. Takoe IOBeIeHHe
MOXXHO OOBSCHHUTH TEM, UYTO KaXJIblii KOHTCHHEp
WCIIONIb3YET TOJILKO OTBEACHHBIE €My PECYPCHI sIIIEp
(Bcero moctymHo 10 smep O HCIONB30BaHUS

KOHTeHHepaMu). 3Hayur, KOHTEHHEPBI HE
KOHKYPHPYIOT MeXIy coboii 3a pecypcbt CPU.
2.C yBenMuYeHHWEM YUCIa  KOHTEHHEPOB

CHI)KAETCSI CKOPOCTh PAbOTBl C  TECTUPYEMBIM
00bEeKTOM (OrepaTHBHAs MaMATh, >KECTKHH IHCK).
OT0 0COOEHHO 3aMETHO TPH BBIMOJIHEHUH OIIEPAIHii
C MaTpulaMH B OICpaTUBHOW mamsatd. Pabora ¢
HECKOJIbKUMH MaTpHLlaMU pa3MepOB B COTHU-TBHICSYU
NHUKCeNed B IIMPUHY M BBICOTY IIOJpa3syMeBacT
WHTEHCHBHBIC oOparieHus K naMsatd. [loatomy Takoi
HaOJIOZAaEMBIH CKA4OK MOJKHO OOBSICHUTH, BO-
HIEPBBIX, OJTHOBPEMEHHBIM OrpaHU4eHHEM
noctynHbeix pecypcoB CPU (mpum 10 smpax Oputo
oompme 1000%, Oomee moapoOHOE HAOIFOICHIHA
OIMCaHUE TMPEJICTABIICHO BBIIIE), TOCKOJBKY TOJIBKO
Ha OAWH KOHTEHep yxomaT coTHH mpoueHToB CPU,
COOTBETCTBEHHO NPU TpeX KOHTEHHEpPax MOXKHO
HPUOIU3UTECA K TUMHUTY WM JaXKe BBIMTH 3a HETo, H,
BO-BTOPBIX, PE3KUM 3aIlOJIHCHWEM OIEepaTUBHOM
namsaTti cBbime 8 ['0, 4To U mokas3pIBajia CTaTHCTKA
Docker Desktop B onmcanuu k puc.5-8 Boimre. Ilpn
3TOM HE UCKIIIOYEHO, YTO BO3MOXKHA CHTYaIHsl, KOTIa
pasMepsl MaTpHIBl OyOyT HACTONBKO OONBIINMHU
(manmpumep, st coBpemenHoro Intel Core 17 o0beM

CPU cocrasnsier 30 MO), 4to Bce pe3ysbTarhl
orepanuii ¢ Heit OyayT cpasy HUCIIOIb30BATH PECYPCHI
MaMsATH, TPAKTHUYECKH MMHYs Iporeccop (Tak Kak
CPU He mnpenHa3HaueH Uil XpaHEHUS OOJIBILIOTO
o0beMa  BpeMeHHOW  HMHGpOpMAIMH,  IOITOMY
3aneiictByercs RAM).

3. B GonbimHCTBE CiyyaeB NpU TECTUPOBAHUH
CKOpPOCTH pabOThl C ONEpPaTUBHOM NaMATHIO U
JKECTKUM JTUCKOM 00paboTKa B OJHOM KOHTEHHepe
OKa3zajiach HeMHOT0 3 (heKTHBHEE, YeM 00paboTKa Ha
XOCTe. DTO MOXKET OBITh CBSI3aHO C TEM, YTO B
KOHTEHHEPHOH  cpele  BBINOJHSETCS  MEHbIIE
(OHOBBIX 3aa4, 4eM Ha XOCTe, TIe MHOXXECTBO
CHCTEMHBIX IIPOIIECCOB M  CIY>X0 IOCTOSHHO
ucnonusiforcs.  OfHaKO € yBEJIMYCHHEM 4HCiIa
KOHTEHHEPOB ISl MATPHIL POCIIO U BpeMsl UX paboThl,
MIOCKOJIBKY ~ OJJHOBPEMEHHO 00palaThiBajioCch 10
HECKOJIPKO HEMAaJCHBKHX MaTpull (mogpoOHee cM.
BBIBOA 2). A mmdpoBaHHe, HA00OPOT, UCIIOIb3YET
TOJILKO HECIIOKHBIC ONEepalud U HEOOJBIIOE YHCIO
MaJIeHbKUX  MaTpHll, MO3TOMY HOTpeOseMble
pecypchbl MPaKTHYECKH OJIMHAKOBBI BO BCEX CIIyUasiX €
KOHTelHepamu (OHH BCe pabOTalOT HE3aBUCHMO JPYT
OT Jpyra, He KOHKYpUpYys 3a pecypchl). Mckirouenne
COCTaBIICT 3amuch Oompmioro aiima — Takoi
pe3yibpTaT MOXET OBITh CBsI3aH C OOpallleHHeM W3
KOHTelHepa K (ailiry Ha XocTe 3a C4eT MOHTUPOBAHHSI
(ecnu OBI 3amMCh MPOUCXOIMIIA BHYTPU KOHTEIHEpa,
a He Ha JIUCK, TO IporpamMma pabotaiia Obl OBICTpEE).

4.Tlpu omepaiusix 3amuch sl OONIBIINX H
MaJIeHbKUX (haiJIoB U YTeHHU OONBIIMX (haliIoB Ha
XOCT€ W B KOHTEHHEepax HaOJI0JaeTCs OIMHAKOBOE
MOBEACHNE. A TIPH YTEHWH MaJIeHbKUX (haijioB OHO
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OTJINYACTCsA: Ha XOCTE HpI/I yBeHI/IquI/H/I quciia HpeﬂHO)KeHI/Iﬂ METOAUKHN 110 TeCTHpOBaHH}O
OK3EMILISIPOB BpeM 60Hee PaBHOMEPHOC. 9TO MOKXHO MMPOU3BOAUTECIIBHOCTU BUPTYaAJIbHBIX MalllnuH C

000CHOBATh MIpUMEHCHUEM MOJTyJIs
MHoOTOIporeccopHocTd multiprocessing wHa Python,
KOTJla TpH 3aIlycKe KaXJ0To Ipoliecca 3amycKaeTcs
cBOi MexaHm3M cuHXpoHm3anun Global Interpreter
Lock, 4To no3BosisieT Kaxk10My poLeccy MOIHOCTHIO
3aHMMaTh BbIeneHHBIH emy GIL, w 3HaumT, He
MPOUCXOIUT KOHKYPEHIIMH 3a pecypchl pasHbix GIL

[3]. Takum o6pasom, BHyTpu Kaxmgoro GIL
MIPOMCXOIUT  BBIIIOJIHEHWE CBOETO  SK3EMIULIpa
MIPOrPaMMBL.

BriBoabl

B pamkax pabGorel ObpUTa  JIOCTHUTHYTa

MOCTAaBJICHHAd HCJb W PCHICHBbI 3aJa4u IIYTCM
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METOJUKA TECTUPOBAHMSI U AHAJIN3 CKOPOCTH BbIITIOJTHEHUSI APUOMETHYECKHX
OIIEPALIMU B DOCKER U HA XOCTE

Annomayun. B Oannoii cmamve npeocmasnena MemoouKkda MecmupoSanusi CKOPOCMU  GbINOJIHEHUs.
apugmemuueckux onepayuil ¢ YeaviMu U OeliCmEUmenbHbIMU YUCIAMU 6 ONEPAYUOHHOU cucmeme Linux npu
8bINONIHEeHUU Bbluucienull ¢ konmetnepe Docker u nenocpedcmeenno na xocme. Taxoce npugeoeHvl pe3yibmanbl
MECMUPOBAHUsL U UX AHATIU3.

Knrouesvie cnosa: memoouxa mecmupoganus, apugpmemuieckue onepayuu, ckopocmo, Docker, xocm, WSL,
KOHMeUHep, 8UPIMyanu3ayus.

Brenenne Onucanne UCMOJIb3YeMOT0 000Py10BAHUS
Kak wm3BectHo, Docker pacnpocTpaneHHBIH TectrpoBaHue MPOBOIIUIOCH HA 000PYIOBAHNUH,
WHCTPYMEHT  BHUPTyaJU3alldi B  HHIYCTPHUH. y xotoporo tun nporeccopa Intel Core 17, 12 sinep,
Uccnenyem MIPOU3BOAUTENEHOCTh paboTsI 00BEM onepatuBHOM mamsaTu 32 I'6, 16 moTOKOB, THIT
koHTeliHepoB  Docker, s 3TOro  mocraBuM JIUCKOBOro xpanwiuma — SSD, pa3mep AMCKOBOTO
CIenylonyro 1elb — pa3paboTaTh METOIUKY xpanuiuiia 2 TO, THI UCIOJIB3yeMOU oTnepanioHHON
TECTHPOBAHUS TPOU3BOAUTEIEHOCTH BHUPTYAIBHBIX cucremsl Windows 11.
MallluH C HUCIIOJIb30BAHHUEM apI/I(bMCTI/I‘-ICCKI/IX
omepandii M CPaBHUTH  MPOU3BOIUTEIHHOCTH Onucanne napaMeTpoB X0cTa "
BHUPTYQJIbHBIX MAIIMH C MPOU3BOAUTEILHOCTHIO Ha BHPTYAJILHOW MAIIUHBI
XOCTe. TectupoBanue mpoBoamioch B WSL 2, Ha
B cratee paccmarpuBaroTcs — CleIyIOIIHME kotopoi ycranosieHa Ubuntu 22.04.2 LTS u Docker
apu(MeTHUCCKUE ONEpalru: CJI0KCHHUE, BRIYNTAHNUE, ¢ Bepcueii 4.25.1.
YMHOXCHHE U JICIICHHE.
~ .
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WSL 2 HCIIONB3YeT TEXHOJIOTHIO 3amada BTOPOTO TECTa — y3HATh, KAKOE BIHSHUE
BUpTyaJM3aluK JuIs 3amycka cpeasl  Linux OKa3bIBaIOT KOMOHMHAaIN paccMaTpuBaeMbIX
HENOCPEICTBEHHO Ha Windows, 0e3 apru(METHYCCKHX OIepaluii Ha CKOpPOCTh. Tect
HEOOXOAMMOCTH  pa3BEpPTHIBAHUS  OTACIBHOU MPOBOAMIICS. Ha pEATbHOM 3ajadye — yBEJIHMYCHHE
BUpTyanbHOW MamuHE [8; 9; 10]. n300pakeHNs c IIOMOUIBIO OMNMHEeHHON
uaTepnomsimun  [1, ¢. 100-102], mockompky —mpm
Onucanne TecToB peanu3aiu OuMHeHHON HUHTEPHONALUI

Kaxnpiii Tect npoBoauics A LENIbIX U
JICWCTBUTENFHBIX YMcel. Bce mporpaMMbl HanmMcaHbl
Ha s361ke Python. Kaxxnprit Tect Bemommsica 50 pas,
" B KavyecTBe CKOpOCTH BBITIOJTHEHHS
apu(MeTHUeCKUX  orepauuii  Opanochk  cpeaHee
apu(MeTHUECKOe BPEMEHN HX BBINOJHEHUS. Bpems
paboThI 3aMepsIIOCh C MOMOILBI0 GYHKIMH time() 13
MOy time.

3aja4a mepBoro Tecta — MPOBEPHUTH JUIS KaXKT0H
apu(METHUECKOH Omepanuy, Kak €€ KOJINYECTBO
BIMSET Ha BpeMs BBIIONHEHWs. s 3TOro s
Ka)XJIOro ciiy4asi ObUIO CTeHEpHPOBAHO CIIy4allHBIM
obpazom mo 10 000, 100 000 n 1 000 000 dmcen u

BBINOJTHEHBI COOTBETCTBYIOIINE OIlepaLuH.

Omneparuu CI0XEeHHUS peICTaBIeHBI popmyoit (1):
S=x1+x,+ -+ x4 +xp, (D)

rme Xy, Xz,  Xp-q1, Xn —  DJIEMEHTHI

IIOCJICA0BATCIIBHOCTU, N — KOJUYECTBO JJICMCHTOB
IOoCJICA0OBATCIIBHOCTH.

MHorokpatHoe BBITIOJTHEHHE oreparuu
BEIYMTAHUS IPEACTaBICHO PopMyIoii (2):
r
S =Xy —Xp— = Xpoq — X, (2
rne Xq, X3, Xp_1, Xp  —  DIIEMEHTEHI

IIOCJICA0BATCIIBHOCTU, N — KOJUYCCTBO J3JICMCHTOB
OCJICA0OBATCIIBHOCTH.

MHOFOKpaTHOC BBIINIOJIHCHHUC ornepanuu
YMHOXEHHUS IpeacTaBieHo Gopmyoi (3):
M = xy X3 Xp_q1"Xn, 3)
e Xy, X3,  Xp—q1, Xn —  DJIEMEHTHI
MOCJIEI0BATENILHOCTH, N — KOJMYECTBO DIIEMEHTOB
MOCIIEJOBATEILHOCTH.
Tect JUIA MHOTOKpPAaTHOI'O BBIITIOJIHCHUA

onepanun OCJICHUSA HE TPOBOAUTCA, IMOTOMY 4YTO
pe3yibTaTt 6LICTpO CTPEMUTCH K HYJIIO.

UCTIONB3YIOTCSI BCE apU(hMETHUECKHE OIIEPALIIH.

N3obpaxenue npezcrasisier coO0i MaTpuiyy, B
JTAHHOM TECTE KaKJ0€ N300pakeHHEe CUMTHIBACTCS B
rpaganusx ceporo [5], TakuMm 00pa3oM TOIy4aecM
JIByMEpHbIE MAaTpuipl [6]. DOIeMEeHTH MaTpHILEI
UMEIOT TUN JaHHBIX uint8. Jnsg  paboTel ¢
JICUCTBUTENILHBIMA YHCIaMH, THIT JaHHbIX float64,
3HA4YEHHUsT 3JIEMEHTOB B KaXAOW MaTpuue ObUTH
pasJiesieHbl Ha KOHCTaHTy, paBHYIo 1.5.

bununeiinas  UHTEpHONAIUS  pealn3yeTcs
CIICAYIOMIMM O00pa3oM — KaXKABI 3JICMEHT JTOH
MaTpHI[Bl paBEH B3BEUICHHOMY YCPEAHEHHIO YeThIpeX
OKpYXalolNX nuKceneu [2].

PaccmarpuBanuce  M300pakeHHs  pa3zMepoM
1200x1200, 4000x4000 u 8000x8000 mukceneit. C
MOMOIIBIO OMJIMHEIHOW WHTEPIIOSIINK  YBEIUUNM
Ka)k[J0€ M300pa’keHNe B HECKOJIBKO Pa3, B TEKYIINX
TecTax B 9 pas.

B TpeThbeM TecTe MIPOU3BOIMIICS
OJHOBPEMEHHBIN 3allyCcK OJHOHM, ABYX M Tpex
nporpaMMm M3 BTOPOrO TecTa Uil H300pa)KeHHs
pasmepom 4000x4000 mukceneir. 3agada 3TOTO TecTa
3aKJIIOYaeTCs B TOM, YTOOBI y3HATh, KAKOE BIIMSIHUE HA
CKOpPOCTh OKAa3bIBAaeT TMapajUIebHOE BBITIOITHEHHE
apuMeTHYeCKnX  omepamuid B HECKOJIBKHX
IporpaMmax. B WSL TIPOU3BOIUICS
OTHOBPEMEHHBIN 3amyck mporpamMm, a B Docker

OJTHOBPEMEHHBIM  3amyck  KoHTeiiHepoB.  [lng
OJHOBPEMEHHOTO  3alycka  CKPHNTOB  Jmbo
koHTeHepoB B Ubuntu s mapamiensHOro

BBIITIOJTHCHHUS MOXKHO HUCITOJIb30BATh 3HAK aMnepcaHﬂa
&[3].

Pe3yabTaTsl TeCTHPOBAHUS
PesynbraThl pezacraBieHsl B Ta0M. 1.

Tab6uuna 1. Pe3yJbTaThl TeCTHPOBAHUS

Tectbl Onepanuu [MTapametpsi WSL Docker
TECTUPOBAHUS
Bpewms Bpewms ms Bpems Bpewms mns
IS JeHCTBUTEIbHBIX, TU1SE JEeHCTBUTEIIBHBIX,
LETIBIX, MC LETBIX, MC
MC MC
Tect 1 | Cnoxenue 10 000 0.27 0.25 0.69 0.69
100 000 3.15 2.82 7 8.08
1 000 000 32.12 28.66 66.25 70.91
Brrunranue 10 000 0.27 0.26 0.68 0.69
100 000 3.19 2.8 7.36 8.08
1 000 000 32.01 28.68 66.18 70.77
YMHOKeHnE 10 000 5.03 0.25 6.89 0.71
100 000 508.32 2.8 601.57 7.1
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1 000 000 54 995.59 28.37 55 664.49 72.44
Tecr 2 | KomOunupoBanue 1200x1200 35.46 10.32 46.97 14.53
4000x4000 120.22 48.29 132.27 57.73
8000x8000 258.25 131.46 275.47 163.25
Tecr 3 | IlapannensHoe 1 120.22 48.29 132.27 57.73
BBIIIOJIHEHUE 2 1 136.11 51.94 141.4 64.28
2 136.32 52.06 149.53 64.36
3 1 145.23 63.48 168.21 69.01
2 146.1 64.72 168.01 68.48
3 149.58 64.58 166.51 68.03
Bumno, 4ro CcKOpOCTh  apu(METHUECKUX Ha puc. 1 mpexacraBiieHBI pe3ysbTaThl IIEPBOTO

orepanuii Ha xocte ObicTpee, yeM B Docker. Kpome
TOT0, COTTIACHO MOJIyYEHHBIM Pe3yJIbTaTaM, CKOPOCTb
JUIsl IeWCTBUTENBHBIX YHCENl B OCHOBHOM OBICTpEe,
4eM JUIs LeTbIX.

TEeCTa Il MHOT'OKPATHBIX BBIIIOJIHCHU OHGPaL[I/Iﬁ
CIIOKCHUA.

70 | MEE WSL, uensie

B Docker, uenbie
60

50

40

Bpemsa, Mc

30

207

10 4

I WSL, feicTBUTENbHEIE

B Docker, 0eiCTBUTENBHLIE

f
10 000

100 000

1000 000

KonM4ecTBo 3Ha4eHul B TecTe

Pucynok 1. Cpeanee Bpems 1Jisi OnepalMii CI0KeHMS.

Ha puc. 2 u3o0paskeHBI pe3yiabTaThl MEPBOTO
TeCTa A7l MHOTOKPATHBIX BBINOJHEHUI omepanuii
BBIYUTAHMS.

70 4 EEE WSL, uensie

B Docker, uenkle
60

50

40

Bpems, mMc

30 4

20

10 4

. WSL, neAcTBMTeNnbHEIe

BN Docker, peACTBMTENbHbIE

f
10 000

100 000

1 000 000

Konv4ecTBo 3Ha4eHWA B TecTe

Pucynok 2. CpegHee Bpemsi 1Jisl oniepanuii BbIYUTAHUS.
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Ha puc. 3 mpuBeneHsl pe3yabTaTbl IIEPBOTO
TecTa Ui MHOTOKPATHBIX BBINOJHEHWH oOIepanuit
yMHOXKeHUs. IlockoibKy [uama3oH MOJTy4eHHBIX

3HAUCHUH OYCHb BEJUK,

TO IO OCH OpauHaT

HCIIOJIb3yeM JioraprudMuyueckylo mkany [4; 7].

10°
I \WSL, uensle

104 { WM Docker, uensie

103 4

107 A

Bpems, mc

101 §

10°

10 000

N WSL, DecTBMTENbHBIE

BN Docker, neficTBUTENbHBIE

100 000

1 000 000

KOonwyecTBO 3Ha4eHNA B TECTEe

Pucynox 3. Cpensee Bpems 1JIsl ollepanuii YMHOKeHHS.

ITo pesyipraraM MEpBOrO TECTAa BUIUM, 4YTO
BpeMsi BBIYHCIICHHS YBEIHYHUBACTCSI
NPONOPLHOHANBHO YUCTy onepaiuid. Camas nonras
omepanust A1 LeJIbIX YUCe] — YMHOXKEHHE, 0COOCHHO
910 3ametHo 1ipu 1 000 000 3HaueHHil. ITO MOKHO
OOBSACHUTH TEM, YTO MPU TAKOM OOJIBIIIOM KOIHYECTBE

MOBTOPEHUH  yMHOXCEHHUS  pe3ysibTaT  ObICTpPO
CTpeMUTCS K OECKOHEYHOCTH, COOTBETCTBEHHO,
YMHOKEHHE  OYEeHb  OONIBIIMX  4HCed  Oyner

BBITIOJTHATHCA OOJIBIIC. I[JIH CJIOKCHHUA — pEe3yJibTaT

orepanyu ToXe OyJeT TOJBKO YBEIMYMBATHCS, TO
€CTh CTPEMHUThCS K +00, a sl BBIYMTaHUS —
CTPEMHTBCS K —00, 3TOT (aKTOp TOKE MOXKET BIUATH
Ha yBenuueHWe BpeMeHu oOpaborku. CKopocTh
BBIIIOJIHEHHUS OICpalidi CIOKEHHUS M BBIYUTAHUS
MOYTH OJMHAKOBAa M B Cilyyae IENBbIX YHCEN, U B
ciy4ae JIeHCTBUTENbHBIX.
I'paduxn  pesymbTaToB
n300pakeHbl Ha pHcC. 4.

BTOpOTo TECTa

B \WSL, uenele

2507 mmm Docker, uenble

200 A

150 A

Bpems, Mc

100 A

1200x1200

mm WSL, gercTBMTENbHEBIE

B Docker, BeACTBUTENbHbIE

4000x4000

8000x8000

Pazmep n3obpaxkeHua

Pucynok 4. Cpennee BpeMs apugMeTuyecKux onepauuii 115 BTOPOro Tecra.

Pe3ynbpTaThl TpEeThEro TECTA MPUBEAEHBI HA PUC. 5.
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Pucynok 5. Cpeanee BpeMsi apu(pMeTHYECKUX Onepaluii 1151 TPeThero Tecra.

Mo pe3ynbTaTtam BTOPOrO TECTa BUIUM, YTO MPH
KOMOWHUPOBAaHUU OIIEPAllii pasHHUIAa B CKOPOCTH
YBEJIMYMBACTCS TIPU YBEITHUUCHUH M300paKCHUS, KaK
JUISL LIENBIX, TaK U JUIS JEUCTBHUTEIBHBIX JJIEMEHTOB
MaTpuIbl. [Ipu 3TOM U BO BTOPOM, U B TPETHEM TECTE
BBIIIICONMCAHHBIE BBIBOJBI PO TO, YTO CKOPOCTh HA
xocte OpicTpee, yem B Docker u To, 4TO omepanuu st
JICWCTBUTENILHBIX YHCEIT BBITTOJIHSIOTCS ObICTpEE, YeM
JUTSL 1IEJBIX — BEPHBI.

Kpome Toro, anamm3upys pe3yibTaThl BCEX
TECTOB BHJHO, 4YTO [UIi MEHEe pPEeCypCOEMKHX
omepanuii pa3sHUIA BO BPEMCHU BBIYMCICHUN Ha
XOCTE€ M B KOHTEWHEpe 3HAuUTeNbHas, a s Ooliee
CJIOKHBIX OTEpaldii ¢ TOYKU 3PCHUS BHIYUCICHUN —
HaoOopoT. Takoe noBenenue Docker MOXKHO CBSI3aTh
C JIONOJHUTEIbHBIMU HAKIAJHBIMK PACXOJaMHU Ha
MOJIICPKaHUE BHUPTYAIHU3alUU, KOTOPBIC HE JArOT
BBIMIPHIIIA [IPU BBIMOIHEHUH TPOCTHIX OMEPALUi C
TOYKH 3PCHUS HU3KOYPOBHEBBIX BEIYUCIICHHA.

Pe3ynbTaThl TpEThEro TecTa IMOKa3bIBAIOT, YTO
IpH TApATICTFHOM  BBIIOJHCHUH  HECKOIBKUX
nporpamMm B WSL 1100 HECKOIBKUX KOHTEHHEPOB B
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Docker pa3Huiia B CKOPOCTH yBEIMYHMBAETCS, HO HE
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TECTUPOBAHUE CKOPOCTH BBIIIOJTHEHUS APUPMETUYECKUX ONEPALIAI C LEJIBIMA U
JEMCTBATEJbLHBIMA YHUCJIIAMH BUOHEPAIII/IOHHOFI CUCTEME WINDOWS ITPH
BBIITIOJIHEHVU BBIYUCJIEHUU B KOHTEMHEPE DOCKER U HEITOCPEJICTBEHHO HA XOCTE

Annomayusn: Lleno OanHoll cmamvu npoeecmu CPAGHUMENbHBI AHANU3 PE3YIbIMAMO8 3aMepd 6peMeHU
BbINONIHEHUSL  MECMOB020 CKpunm aiia ¢ GbIMUCIEHUSMU —apUBMEmuYecKux onepayuti ¢ yeivimu U
OeticmeumenvHulMu uuciamu 8 Konmeunepe Docker u na xocme 6 onepayuonnou cucmeme Windows 11.

Knrwouesvie crosa: Bupmyanuzayus, konmeiinep Docker, yenvie u oelicmeumenshvle YUcid, CpasHUmMeIbHbll
AHANU3 APUDMEMUUECKUX ONePayuUil.

Beenenue pe3yJIbTaTOB MOKET OBITH TOJIE3€H B HEKOTOPHIX
[Mpotiecc TecTUPOBaHKS CKOPOCTH BBITIOJTHEHUS CHUTYaIUsIX.
apupMETHUECKUX ~ OMepanuidi ¢ IeIbIMH | Bo-meperix, npH ONITHMHU3AIINH
JNEHCTBUTENFHBIMA ~ YHMCIIAMH B OTEPAIlHOHHON MPOM3BOAUTENBLHOCTH, TO €CTh TAHHOE TECTHPOBAHHE
cucreme Windows mpu BBIITOJHEHUH BBIYHCIICHUIN B MOKa3bIBa€T, HACKOJIBKO OBICTPO WM MEIEHHO
kouTeitHepe Docker v HemocpeaCTBEHHO Ha XOCTE U BBITIOJIHSIFOTCS  apu(METHYECKHe  Ollepalnd B
MOCTICTYIOITHI CPAaBHUTEIbHBIN aHAIN3 OTYYCHHBIX kouteinepe Docker u na xocre B OC Windows npu

Pa3INYHBIX YCJIOBUAX, YTO BIIOCICACTBHUU ITOMOTACT

Philadelphia, USA 215 '; Clarivate
Analytics indexed


http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
http://s-o-i.org/1.1/TAS-01-129-16
https://dx.doi.org/10.15863/TAS.2024.01.129.16

ISRA (India)  =6317 SIS(USA)  =0912 ICV (Poland) = 6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350
OpY ONTHMU3ALMKM [POrPaMMHOIO Koja M BbIOOpa ITporpamma «Test-script.py», Hcnonb3yemas

OINITUMAJIIBHOI'O OKPY’KCHU BBIITOJIHCHUS.

Bo-BTOpBIX, IO3BOISET BBIIOJHUTH OLEHKY
TEKyLIETO OKpPYXKECHUS BBINOJIHEHUS u
COBMECTUMOCTH €  TEKyllled  OIEepaliOHHOMI
CHUCTEMOI.

Takum 00pa3om, pe3yJbTaThl TECTUPOBAHMUS
MOT'YT OBITh HCIIOJIB30BAHbI /ISl IPUHATHS PELICHUH
npu  pa3paboTke M ONTUMH3ALUH  IPOTpaMM,
0COOCHHO B Cllyyae, KOTJa IPOHM3BOAUTEIHHOCTD
UTpaeT KIIOYEBYIO POIIb.

Henu u 3agaun nuccjieA0BaHUS

B cBsI3u ¢ 3TUM 1enbl0 JAHHOM CTaThU cTaja
pa3paboTka METOIMKH TECTHPOBAHUS
MPOU3BOJUTENBRHOCTH KoHTelHepa Docker u OC
Windows 11, npoBefieHHe JaHHOI'O TECTUPOBAHMS U
aHaJIM3 TIOJyYEHHBIX Pe3yJIbTaToB.

Jns AOCTHXKEHMS MOCTaBJICHHOM €M HYKHO
BEITIOJTHUTH CIICIYFOIIUE 3aJa4H:

e HamucaTh CKPUNT (aiil ¢ BBIYUCICHHSIMH
apudMETHUCCKUX  Omepaluii ¢  UeNBIMH = H|
JICCTBUTEFHBIMU YHCIIAMH.

® 3aMEpHUTh BPEMs BHITIOIHEHUS ATOTO (haiiyia B
koHTelHepe Docker.

® 3aMEpHUTH BpeMs BBHITOJHEHHS 3TOro (aiima
Ha xocte B OC Windows

® CPaBHUTH NOITYYCHHBIC PE3yIbTATHI.

IMapameTpsl BUPTYaJbHONH MalIMHBI

B xozme BbIMoOdHEHHS PadOTHI HCIOJIb30BAJIACh
BHPTyaJIbHAS MammHa ~ Ubuntu  22.04 c
ycranoBineHHbIM Docker 24.0.5.

Jnst  ycranoBkm Ubuntu Ha BUPTYyalIbHYIO
MallMHy  MOXHO  HCIIOJIb30BAaTh  pa3iIHYHbIC
TEXHOJIOTUHU BUpTyanu3aiuu. B nanHoit padoTe ObLI
ucnoip3oBaH «VirtualBox» — 3t0 OecmmatHoe u
OTKpBITOE MIPOrpaMMHOE o0becrieuenue,
IpefocTaBIsioNniee wiaTGopMy BUPTyaTU3aLUN AT
Pas3IMYHBIX ONEpallnOHHBIX ccTeM, BKitodas Ubuntu
[3]. Takum oOpasom, Oblda cO3maHa BHUPTYaabHAs
MalMHa, ei ObUIM Ha3HaueHbl pecypcsl U
ycranoBieHa Ubuntu, a B Heill yxe ObUT yCTaHOBJIEH
Docker.

Mertoa TecTUpPOBaHUSA

Jlis mpoBeieHUs TeCTHPOBaHUs ObLIa HATIFICaHA
nporpaMma Ha s3blke MporpammupoBanus Python.
Bribop B monme3y MAaHHOTO S3BIKa OOYCIIOBIICH TEM,
4YTO MpPaKTHYECKH BO BceX KoHTeWHepax Docker
OH mpemyctaHoBieH [9]. Ins Toro, 9ToOBI 3aITyCTHTD
nporpamMmy, HanMcaHHylo Ha Python nocrarouno
MIPOCTO BBI3BATH CKPHUINIT B KOHTEHHEpE WIIM XK€ B
KOMaHJHOU CTPOKE.

Konreitnep Docker — 3T0 MCHONHSAEMBI MaKeT,
paboTaromuii aBTOHOMHO. O0paboTtka  koma
BO3MOJKHa, KOTJa TPHCYTCTBYET MCXOIHBIM KO,
cpena o0paOOTKH, CHCTEMHBIE WHCTPYMEHTHI H
OubnuoTeku ¢ HacTpoiikamu [5].

JUTSL TECTUPOBAHHMS, BKIIIOYACT B ce0s 2 LKA, OJHH
U3 KOTOPBIX paboTaeT C LeIbIMH YHCIAMH, APYTOd —
C BEIIECTBEHHBIMH uHciamu. Ha crapre mukia
¢bukcupyercst  Tekymiee  Bpems  «start_timey,
ONpE/IENCHHOE KaK HAYal0 BPEMEHU BBIIOIHCHHS
BbIuKciIeHuid. [1o 3aBepiieHnn paboThl IMKIIA TAKXKe
¢duxcupyercst BpeMs «end_timey, ornpeneneHHoe Kak
3aBepIICHHEC BPEMCHU BBIMOJIHCHUS BBIYMCIICHHI.

3areM Ui TOTO, 4YTOOBI BBICUHUTATh BpEMH,
3aTpAau€HHOE Ha BBIMOJIHEHHE apUPMETHUECKUX
onepaunﬁ, BBITTOJIHACTCS BBIUYUTAHUC ABYX

(DMKCUPOBAHHBIX 3HAYCHHH BPEMEHH C BBIBOAOM
pe3yibTara.

Koz nporpammel pecTaBieH HUXKE:

import time

from datetime import datetime

#uenple yncaa
start_time = time.time()
value = 2
for i in range(1, 300000):
value = (value + value * 2) * 3

#BeH.[eCTBeHHBIe qucia

# start_time = time.time()

# value = 6.13

# for i in range(1, 300000):

# value = (value + value * 5) * 2

end_time = time.time()

print('Execution time =", end_time - start_time)

Jiast  Toro  9TOOBI  MOJHOCTBIO  OICHHUTH
MOJy4EHHBbIC PE3yJIbTAaThl, HEOOXOIUMO YYUTHIBATH,
uto B Python apudmerndeckue onepanuu ¢ HeabIMA
YHCIaMHU  BBIMOJIHSIOTCS  JIOJIbIIE, 4YeM Te IKe
OlepaliMi  C  BEHIECTBEHHBIMH  YHCIAaMH. OJTO
0COOCHHOCTh CaMOro SI3bIKa I[POrPAMMHPOBAHUS,
MOTOMY YTO OH I10-Pa3HOMY MPEJCTABISET 3TH YHCIIA.

Ilenpte umcma B Python mpencraBimeHbl Kak
CTpyKTypa s36ika C, TO ecTh OHM MOJOOHBI CIICKY,
HUMEIOIIEeMy HEepPEMEHHYI0 UTHHY, mo3ToMy Python
MOJICP)KUBaeT paboTy ¢ OOJBIIMMH  YHCIAMHU.
Crpyxkrypa 1enoro yucna B Python umeer 2 nanbosee
3HaunMmbIX nosst: ob_digit u ob_size. Ob_digit — sto
MAacCUB €AMHUYHON JJIMHBI, KOTOPBIA SIBISIETCS
yKazareJieM Ha YUCII0, U PH HEOOXOAUMOCTH MOXKET
ObITH yBenmuueH a0 Joboi amuubel. Ob_Size — aro
KOJIMYECTBO deMenToB B 0b_digit [6].

BemectBennsie uncia B Python — sto Twm
nganneix double us s3pika C, umeromux 64 6ura s
XpaHeHHsl TaHHBIX O uucie. J[Mama3oH Takux 4ucen
ropaszo mesbiue [7].

CrnemoBatensHo, momywaeM, urto  Python
MO3BOJISIET XPAHUTH U 00Pa0bATHIBATH CKOJIBKO YTOJHO
OoJiplIMe IIEJIbIE YHMCIIA, A BBIYHUCICHHSA C TaKUMH
4KciIaMu TpeOyroT ropas o 0ombiie Bpemenu. B atom
cilyyae MOXHO ONTHMH3UPOBATH pabOTy C LENBIMH
YHCIaMH, HO I[elb JaHHOTO  HCCIIEIOBaHUS
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3aKIIFOYAETCs HE B TOM, YTOOBI CPABHUTD BHIYNCIICHUS
W TPOBECTH HX ONTHMHU3AIMIO, & B TOM, YTOOBI
CPaBHHTH BBINOJHEHHS 3THX OIEPaIMi HA XOCTE U B
koHTeitHepe Docker.

B gpanbHelimem B Kkoje OyaeT MEHATHCA
KOJIMYECTBO nurTepanuit BHYTpHU LIUKJIa:
300 000, 500 000 u 700 000.

Taroke Ui TpOBEAEHHWS TECTHPOBAHHMSA HaM
noHagoburcst 3amyckath B Docker Heckombko
KOHTEHHEPOB, BBINOJIHSIIOUIMX TECTOBBIA CKPUOT
napautenbHo. KonndecTBo KoHTEitHEpOB ToXe OyneT
MmeHatbes: 1,2, 3 u 5.

A Ha Xxocre HYXHO OyJeT aHaJOrW4HO
3allyCTUTDb TECTOBBII CKpHUIT Tak, ‘-ITO6I)I
mapajielbHO OBUIO BEITONTHEHO 1, 2, 3 11 5 mporpamMm.
Just aTOr0 Hajo MCHOoNb30BaTh bat-¢aiin, B koTopom
INPUMEHSETCS IUKJI C MapaulelIbHBIM  3aIlyCKOM
TECTUPYEMOI'0 CKpUNT (aina. 3a mapauienbHbII
3allyCK OTBedyaeT KomaHzma «starty» Bmecre cC
napameTpoM «/Bx» [1].

Jist  HECKONBKUX  KOHTEHHEpOB W JUIA
HECKOJBKUX IporpamMMm Oyaem OpaTh ycperXHCHHBIH
pe3ynbTar o BpEMEHH BBIITOJIHEHHIO,

Open ~ 1

1 FROM python:3.9-slim
2
3 COPY Test_Script.py /

COOTBETCTBEHHO, 10 2, IO 3 | 0 5 IporpaMMam HiIH
KOHTEITHepaMm.

Hacrpoiika Docker

Jlnist Toro, 4yTOOBI 3aIlyCTUTh TECTOBBIH CKPUIT
Ha BBIIONHEHHe BHyTpu Docker, co3gaamm
OTJENbHYI0O TMalKy B BHUPTyaJbHOM MalIUHE C
HazBaHueM «testy. Co3maguM B Hed 3 (aiina:
Dockerfile, docker-compose.yml Gaiin u
Test_Script.py.

@aiin Test Script.py — 3To ckpunt daiin Python.

®aiin Dockerfile — ato ¢aiin Docker, koTopsiii
Oyzer comepkaTb HEOOXOMUMBIE HHCTPYKIIHMH LIS
CO3JJaHUsl CPEeIbl.

@aitn  docker-compose.yml — 3T0 (aiin,
KOTOPBI ~ WCIIONIb3YeTCs Uil OJJHOBPEMEHHOTO
yIIpaBJI€HUs HECKOJIbKUMU KOHTeWHepamu. [1pu aTom
HECKOJIKO KOHTEHHEPOB 3aIlyCKalOTCs MapaJuIeIbHO
M BBIIOJHAIOT BBIYUCICHUA HE3aBUCUMO Jpyr OT
apyra [10].

Conepxumoe Dockerfile npencrasieno Ha
pucynke 1.

Dockerfile
~/test

Pucynok 1 — Conep:xumoe Dockerfile.

Docker-gaitn Bcerma MOMKEH HAYHHATHCS C
uMIopTa 6a3oBoro oopasa. JIJst 3TOro UCHONb3yeTCs
kiroueBoe cnoBo «FROM». B nmannoii  pabote
HCIOJIBb3YyEeTCs JISTKOBECHBIH 00pa3 Python 3.9

Hanee, 4roObl 3amycTuTh Kon Python, ero
HEOOXO0/IMMO HWMIIOPTHPOBaTh B Ham o6pa3. s
3TOTO HCIONB3yeTcss KimodeBoe ciaoBo «COPY».

[epeiii mapamerp «Test-Script.py» — 310 uMs Qaiina
Ha xocTe. BTopoii mapamerp «/» — 3T0 myTh K (aiiny.
B nmanHOM ciydae aiin momemaercsi B KOPHEBYIO
narnky oopasa.

Cogaepxumoe
MIPE/ICTAaBJICHO HAa PUCYHKE 2.

docker-compose.yml
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open v | m ducker-c.qtr'i;\\fnse.yml
1 version:
2
3 services:
4 containeri:
5 image: 1
6 build:
7 context: .
8 dockerfile: D«
9 command: python pt.
10 container2:
11 image: |
12 build:
] context: .
14 dockerfile: D«
15 command: python t
16 container3:
17 image: 1zbs
18 build:
19 context: .
20 dockerfile: D«
21 command: pythe
22 container4:
23 image: 1zbs
24 build:
25 context: .
26 dockerfile: D«
27 command: python t
28 container5:
29 image: 1abs
30 build:
31 context: .
32 dockerfile: [
33 command: pytho t

Pucynok 2 — Conep:xumoe docker-compose.yml.

®aiin docker-compose NOKEH HaYMHATHCS C
Tera BEpCHM, B JAaHHOM CJydae MCHONb3yeTcs 3
Bepcust. Docker-composes padoTaer ¢ cepBucamu: |
CepBUC 1 xonreiinep. Pazgen, omnuchiBarommii
CEepBUC, HAUYMHAETCS C KIFOUEBOTO CIIOBA «SEIVicesy.
B naHHOM cityuyae onmucaHbl 5 0IMHAKOBBIX Pa3/esioB,
JUlsl 3amycka 5 koHTeliHepoB. HasBanus kaxzaoro
cepBUCa — JTO Ha3BaHUE KaKAOTOo KOHTEHHepa,
clieIoBaTeNnbHo, «containerly, «container2» u T. 1.
KiroueBoe ciioBo «image» ykasbIBacT Ha Ha3BaHUE
obpaza «lab8», a KiIOYeBOe CIOBO «contexty
yKa3zpiBaeT Ha pacroioxenne docker-paiima: «.»
03Ha4aeT, uyTo (haiy HaXOJAUTCS B TOH Ke TUPEKTOPUH
gyto u docker-compose daiin. KiroueBoe cmoBo

«command» yka3bIBaeT Ha KOMaH/ly, KOTOPYIO HY»KHO
3aIyCTUTH MOCIIE CO3JjaHus obpasza [2].

[Janee B tepmunae Ubuntu Hy>XKHO TepelTH B
CO3JaHHYIO paHee Mamnky «test», re pacIioIOKEHBI
HY>KHBIC HaM (paiiinbl. J{71s mpoBeIeHIS TECTHPOBAHUS
HaM MOHa00sTCs 2 KOMaH/Ibl:

sudo docker-compose build — ms Toro, 4ro6s!
coOparh MPOEKT.

sudo docker-compose up — s TOro,
3aIlyCTUTh MIPOEKT.

YTOOBI

TecTupoBaHue
TecTUpoBaHHe BellleCTBEHHBIX YK Cell

Ta6auna 1. Bpems BbInoJiHeHHs TeCTOBOI0 CKPUIITA HA XOCTe.

300 000 ureparmit 500 000 uTeparmit 700 000 urTeparmit
xocT 1 mporpamma 0,01460 c. 0,02543 c. 0,03850 c.
XOCT 2 MpOrpaMMbl 0,01508 c. 0,02385 c. 0,03679 c.
XOCT 3 TporpamMmbl 0,01492 c. 0,02421 c. 0,03378 c.
XOCT 5 mporpaMm 0,01540 c. 0,02473 c. 0,03432 c.

3nech M B JaNIbHEHIIEM B KauyecTBE BPEMEHHU
BBINOJIHEHHUSI  yKa3aHO YCpPEIHEHHOE 3HadeHHue,
COOTBETCTBEHHO, 110 2, 110 3 ¥ 10 5 IporpaMmMam.

[To narHBIM TaOIHIEI | MOXKHO IPOCIEANUTH, YTO
C YBEJIMYEHHEM KOJMYECTBA UTEPALIU BPEMS PaCTeET,
HO HE3HAYMTEIIHHO.
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Ta6auna 2. Bpemsi BbINoJHEHHs TECTOBOro ckpumnrta B Docker.

300 000 ureparmii 500 000 uTepanuit 700 000 nTepanuit
Jokep 1 xoHTeitHep 0,02934 c. 0,04109 c. 0,05627 c.
JIOKep 2 KOHTeitHepa 0,02910 c. 0,04203 c. 0,05836 c.
Jokep 3 KoHTelHepa 0,02722 c. 0,04753 c. 0,06454 c.
JIOKEP 5 KOHTEHHEPOB 0,03131 c. 0,04941 c. 0,06521 c.

3mech W B JaibHEWIIEM B KadecTBE BPEMEHH
BEITIOJIHCHUS ~ YKa3aHO YCPENHCHHOE 3HAYCHUE,
COOTBETCTBEHHO, 110 2, 10 3 1 10 5 KOHTEeHHEepaMm.

[To maHHBIM TaOIHIIBI 2 MOKHO IPOCIEANUTH, 9TO
BpeMﬂ BBIIIOJIHCHUS C yBeJ’lI/I'-{eHI/ICM KOJIMYECTBA
WUTEpALMN pacTET, HO He3HaUUTeNbHO. [Tpu 3TOM eciun

CpaBHHUBATH JaHHbIC [TOKA3aTEIH C OIyYSHHBIMH ITPU
BBIYHMCIIEHUM Ha XOCTE, TO BpeMs, Tpedyemoe s
BBIYMCICHUsT B KoHTeitHepax Docker, Gompimre. C
YBEIHYCHHEM KOJIMYECTBA OJJHOBPEMEHHO
3aIyIeHHbIX KOHTEWHEPOB Ha0rogaeTcs
YBEJINYCHNE BPEMEHH BBITIOJIHEHHSI.

3aBHUCHMOCTD BPEMCHU BBIITOJTHCHU S apI/I(bMeTI/I‘IeCKI/IX onepaumﬁ C BCIICCTBCHHBIMHU
YHCJIaMU OT KOJI-Ba 3alTYIIICHHBIX ITPOTrpAMM H KOJI-Ba I/ITepaHI/Iﬁ B ITUKIJIC

0,07000
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0,05000

0,04000

0,03000

0,02000

0,01000

0,00000

300 000 utepanuit 500 000 utepanuit

/

xocT | mporpamma

XOCT 2 MPOTPaMMBI
XOCT 3 mporpaMMsl

XOCT 5 mporpamMm

nokep 1 xoHTeliHep

JIoKep 2 KOHTelHepa

JIoKep 3 KOoHTelHepa

JIOKEP 5 KOHTEMHEPOB

700 000 utepaumit

Pucynok 3 — I'paduk 3aBHCHMOCTH /ISl BellIeCTBEHHBIX YHCell.

ITo rpacduky 3aBHCHMOCTH, HPEICTABICHHOMY
Ha pHUCYyHKEe 3, TakKe MOXXHO CJeNaTh HarJIAIHBINA
BBIBOJI O TOM, YTO BPEMS BBHIIIOJIHEHHS, 3aTPAaueHHOE
koHTeiinepamu  docker, Gosbiie, YeM  Bpewms,
3aTPa4eHHOE XOCTOM. DTO MPOUCXOIMT ITOTOMY, UTO
B JIaHHOH paboTe HMCHOJb3yeTcs BUPTyalH3alus Ha
YpOBHE XOCTa, CIEIOBAaTEeIbHO IMOJTYy4aeM, 4YTO
KOHTCHHEpHI 3allyCKAlOTCd BHYTPH BHUPTYaJIbHOH
MaIMHbI, YTO MOXET JOOaBUThH elle OJMH YpOBEHb
BUPTyaln3alii ¥ NOBJIMATH Ha IPOU3BOAUTEIHHOCTD
[8]. Tarxke yeM OOJIBIIEC HCIIOMB3YETCsT KOHTCHHEPOB,
TEM JOJIbIIE IO BPEMEHH BBITTOJIHSIIOTCS BEIYMCIICHHS.
[Tpu sTOM NpM ManoM KoinvecTBe KoHTelHepoB (1 u

2) BpeMsi BBIIIOJIHEHHS PAKTUYECKH HE OTIMYAETCS.
MoxHO 3aMCTUTD, qTO YBEIIMYUCHUC qucia
KOHTEHHEPOB  MPHUBOJUT K  HE3HAYUTEIHHOMY
YBCJIMYCHNIO BDEMECHU BBINTOJIHCHUSA, TaK KaK Ka)KI[,LIﬁ
KOHTeiHep paboTaeT Ha  OTHEIBHBIX  S/Pax
mporieccopa, MHHAMHU3UPYS ~ KOHKYPCHIIMIO 32
BBIUNCIIUTENbHBIE pecypchl [4].

JIaHHBI BBIBOJ MOXHO TMOJTBEPANUTH, CCIH

B3[VISIHYTh Ha TpauK 3aBUCHUMOCTH BpPEMEHH
BBIMIONIHEHUSI OT KOJNMYECTBA KOHTEHHEPOB U
KOJIM4ecTBa  UTepanuil, K  [OpuMepy, Ui

BCIICCTBCHHBIX YHMCCII. On TIPEACTABJICH HAa PUCYHKE
4,
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3aBHCHMOCTb BPEMEHH BBIITOJIHEHHS apU(PMETHUSCKUX ONEPAUi ¢ BEIECTBCHHBIMH
YHCIIaMH OT KOJI-Ba KOHTEHHEPOB M KOJI-Ba UTEPALIUH
0,07000
0,06000 === 1300 000 ureparmii
0.05000 =500 000 urepaunit
0,04000 =
700 000 uTeparuit
0,03000
""""" JIuneitnas (300 000
UTeparHii)
0,02000
--------- Jlunetinas (500 000
UTEpaLUui
0,01000 partai)
Jluneitnas (700 000
ATEpaIui
0,00000 pani)
Jokep 1 JIoKep 2 Jokep 3 JIOKep 5
KOHTEHHEp KOHTEHHEpa  KOHTEHHEpa  KOHTEHHEPOB

Pucynok 4 — I'pauk 3aBHCMMOCTH /151 BellIeCTBEHHBIX YKceJI (Pa3HOe KOJ-BO KOHTeHHEPOB).

Ecmu paccMoTpeTs rpaduk AeTanbHO, TO MOYKHO
3aMETUTh, YTO JaHHas 3aBUCHMOCTb IIOXOXa Ha

TeCTHPOBaHI/le HeJbIX YUCeJI.

HHHeﬁHy}O, COOTBETCTBEHHO MOXHO CKa3aTb, 4YTO
BPEMs BBIIIOJIHCHUS PACTCT JINHCHHO.

Taﬁ.ﬂnua 3. Bperl BBINIOJTHCHUA TECTOBOI'0 CKPHUIITA HA X0CTE.

300 000 urepaunit 500 000 uTepauuit 700 000 urepaunit
xocT 1 mporpamma 8,5194 c. 22,2986 c. 45,2996 c.
XOCT 2 IPOrpaMMBl 7,6112 c. 22,6559 c. 45,6153 c.
XOCT 3 IpOrpaMMsl 8,3271 c. 22,9861 c. 46,6445 c.
XOCT 5 MporpaMm 8,3074 c. 24,2456 c. 48,3412 c.

[To ranHBIM TaOMUIIBI 3 MOYKHO MTPOCIEUTH, YTO
C YBEIMUYCHHEM KOJHMUYECTBA HTEpALUi B LHUKIE,
3HAYUTEIHHO pacrer BpeMs BBITIOJTHEHHUS
BbIuncieHuil. Hanpumep, npu 3amycke 1 mporpamMMel
IIpH yBeIMUeHUHU KonndecTta urepauuii ¢ 300 000 no
500 000 Bpems yBenuuwioch B 3 pasza, IpH
nmanpHeimem yBenmdeHnrd 10 700 000 wureparmii —
HaOoaeTcs yBellMueHne BpeMeHu B 2 pasa. Taxke
IpU  YBEIWYEHUH  KOJHMYECTBA  OAHOBPEMEHHO

3aMyIIeHHBIX TPOrpaMM 00IIee BPeMs BBITIOTHEHUC
TOKE€ YBEITMIUBACTCS, HO HE CHIIHHO.

Takoll cUNIBbHBIN IPUPOCT BPEMEHHU BBINOIHEHUS
00bsICHsIETCSE 0COOEHHOCTIMM paboTHI si3bika Python ¢
[ENBIMA  YUCIIAMH, YTO OBUIO Oollee TOaPOOHO
OTIMCAaHO paHee B pazjene « MeTobl TECTUPOBAHUS.

Uem Ooxplie WTEpanuii BBIIONHACTCS, TEM
OoNbIIC TMOJNydYaeTCs YHCIO, a CIICJA0BATEIbHO,
Oompmie BpeMeHH TpeOyeTcst Ha ero oO0paboTKy H
XpaHCHHE.

Ta6auna 4. Bpems BpinoJiHeHus TecToBoro ckpunta B Docker.

300 000 utepauuit | 500 000 urepaunii | 700 000 urepauuit
Jnokep 1 koHTelHep 5,8573 c. 16,5532 c. 31,5185 c.
JIOKep 2 KOHTEeWHepa 6,0802 c. 16,9165 c. 36,7937 c.
*
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JIoKep 3 KoHTeliHepa 6,3979 c. 17,2942 c. 40,5345 c.
JOKep 5 KOHTeiHepOoB 7,8667 c. 22,0901 c. 47,9846 c.

[To nanHBIM TaOIUIIBI 4 MOKHO MTPOCIEUTH, YTO
TaK ke, KaKk ¥ B TPUMepe BBIIIC IPH YBEITHUCHUH
KOJIMYEeCTBA HUTepaluii B LHUKJIE, YBEIUYHUBAET U
BpEMsi, 3aTPauMBacMOE Ha BBITIOJIHCHUE OIEPAIMH.
Hanpumep, mpu 3amycke 1 KkoHTeliHepa u mpu
yBeNW4YeHnH KonuuecTBa utepanuii ¢ 300 000 zo 500
000 Bpems yBenuumioch B 3 pasa, a 3aTeM IIpH
yBenuuenuu 70 700 000 utepanuii — B 2 pasa.

IIpu yBenuueHMH KONHWYECTBAa OJHOBPEMEHHO
3allyIICHHBIX ~KOHTEHHEPOB HAOMIONAETCSI  pOCT
BPEMEHM  BBINIOJIHEHUS, TIpU O3TOM  Haubolee
OTYETJINBO 3TO MPOCIEKUBAETCS MPU OOJBIIOM KOJI-
Be utepauuid. Tak, mpu 700000 utepamnusx u 3amycke
3 koHTelHepoB BpeMs paBHO 33,8912 cekyHa, a nmpu
3amycke 5 KoHTeiiHepoB — 47,9846 cekyHz,
CJI/IOBATENIbHO, HAOIIOAaeM YBEIMUYCHUH BpPEMEHH
Ha 14 cexyHI.

3aBHCHMOCTD BPEMCHH BBIITIOJIHCHU apI/I(i)MGTI/I‘ICCKI/IX Ol'[epa].[I/Iﬁ C ICJIBIMHU YUCJIaMH OT
KOJI-Ba 3aITyYIICHHBIX IIPOTpaMM U KOJI-Ba I/ITepaHI/Iﬁ B IIHUKIJIC
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700 000 utepaumit

PucyHok 5 — I'paduk 3aBUCMMOCTH /ISl LieJIBIX YHCEJI.

ITo rpaduky 3aBUCHMOCTH, MPEICTABICHHOMY
Ha PUCYHKE 5, MOXHO CZeJIaTh BBIBOJ O TOM, UTO JUIs
BEITIOJTHCHUS apU(METUICCKUX OTCPAIHi C IIETBIMH
YuCIaMH  XOCTy TpeOyercss OoJbllie BpPEMEHH,

0COOEHHO 93TO MPOCIESKHBAETCS MPHU  OOJBIIOM
KOJIMYECTBE HTEPALU BBIMOJHEHHS BBIYMCIICHHH,
YTO OOYCJIOBJICHO OCOOCHHOCTSIMH HCIIOJIE3YEMOTO
SI3bIKA IPOTPaMMUPOBAHHS.

Philadelphia, USA

221

2 Clarivate
Analytics indexed



ISRA (Indiay  =6317 SIS(USA)  =0912  ICV (Poland)  =6.630

. ISI (Dubai, UAE) = 1.582 PUHIL (Russia) =3.939  PIF (India) =1.940

Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

3aBHCHMOCTD BPEMEHH BHITIOTHEHUS apu(METHYECKHUX OIEPaIHii C IETBIMU YUCIaMH OT
KOJI-Ba KOHTEMHEPOB U KOJI-Ba UTEPALIUN
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Pucynok 6 — I'pauk 3aBHCMMOCTH /IS LeIbIX YK ceJl (pa3HOe KOJI-BO KOHTEHHEPOB).

Ecnu paccmorpers Oosee neranbHO Tpaduk,
HOKaSBIBaIOHII/Iﬁ 3aBUCUMOCTb BPEMCHU BBLIITOJITHCHUSA
OT KOJIMYECTBA KOHTEHHEPOB 1 KOJINYECTBA HTEPALIUi
B IUKJIC, TO TaK X€, KaK U B IPUMEPE BLILIC JId
BEIIECTBEHHBIX UHCEN, JUI1 MLEJNbIX YHCENl TOXE
HalmonaeTcs JIMHEHHAs 3aBHCHUMOCTD,
[IOKAa3bIBAIOLIAs JIMHEHHBIA pOCT BPEMEHHU U €IIE pa3
JIOKa3bIBAIOIIAs BEIBOZ O TOM, YTO YBEJIMUCHUE YHCIIa
KOHTCHHEpPOB  NPHUBOOUT K  HE3HAYUTECIBHOMY
YBEIMUYCHNIO  BpPEMEHHM  BBINOJNHEHHs. [ 'padux
MPECTaBJICH Ha PUCYHKE 6.

BoiBoabI

Takum oOpa3oM, B [JaHHOH cTaThe OBUIH
MMPOTECTUPOBAHBI CKOpPOCTU BBIITOJIHCHUA
apu(METHYSCKHUX  Omepaluii ¢  [EIbIMH |
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O HAITIPABJEHMSIX BOPbEBI C CEMEVHBIM HACUJIUEM

Annomayus:. B cmamve paccmampusaiomesi cospementsie npodaembvl, CéaA3aHHble ¢ CeMelinblM HACUUEM,
KOMOopbie HYHCOAIMCA 8 CB0e8PeMeHHOM paspeuieHuu. 1 060pumcs o mom, ymo Hacuiue Moxcem Obimy HanPaeieHo
6 OMHOWEHUU KAXCO020 UNeHA CeMbU U MOJICEN NOBIEUL CepbesHble OlA dcepmesl nociedcmeus. Pacckasvieaemes
0 pOoU cpedcms Maccogoli UHGopmayuL 8 npusieweHuy 6HUMAHUA 0OUeCmeeHHOCU K npobneme HACUNUS 8 ceMbe
u oceewenue cnocobog ee npeoomspaujerus.. Ommeuaemcs 6aNCHOCHb NOHUMAHUS COYUATLHBIX, K)IbMYPHbIX,
9KOHOMUHECKUX U NOTUMUYECKUX PAKMOPOs, KOmopble CnOCOOCMBYIOM NOO0OHBIM ABNEHUAM, YOOI pa3padomams
OelicmeeHHble npozcpammvl U Mepbl npedomsepawgenus. Ilpu smom, HeoOX00uMo co30aHue OOCMYNHOU U
s hexmusHol cucmemvl nOOOEPIHCKU OIS IHCEPIMB CeMENH020 HACUNUA, BKIIOUAS KPUUCHbIE YEHMPbl, OKA3AHUE
KOHCYbMAMUSHO-NPABOEOL NOMOUIU.

Knrouesvie cnosa: nacunue, Hacuiue 6 cemve, cemelinoe Hacuaue, 60pboa ¢ ceMeliHbIM HACUUEM, NOOOEPAHCKA
JHcepme cemelino2o HAcUnusl, cyobexmyl NPOPUIAKMUKYU CeMEUH020 HACUNUA

BBenenne TCHJICPHBIN aCIICKT, ¥ OHO Yallle BCEro HAMPaBJICHO Ha

CeMeitHOe HacWIMe OCTaeTCsl CEpbe3HOH W JKEHIIUH U JeBodeK[1]. OTo cBsA3aHO ¢ TeHACPHBIMH
pacCIpoOCTpaHCHHOH TpPoOJIEeMOil O BCeMy MHDY. HEPaBCHCTBAMUA U  CTCPEOTHIIAMH, KOTOPBIC
MWUIHOHBI KCHIMMH ©  [OETeH [MOJBEPraroTCs [OIICP’KUBAIOT HACKIIME B OTHOIICHHIX. HekoTopsie
HACHWJIMIO B CEMbE KaXKIBIA TOA, W 3Ta MpodiiemMa o0IecTBa CTaJKMBAalOTCA C HEIOCTATOYHOCTBIO
MPOJ0JKACT OCTaBaThCsA aKTyanbHOW. Hacuiue B PECYpCOB, 3aKOHOB M MPOrPaMM TMOMICPKKHU IS
CeMbE OKa3bIBACT pa3pylIMTEbHOE BO3JCHCTBHE HA JKEPTB Hacwuius. DTO JenaeT mpobiemy emie Gonee
JKEPTB, BbI3bIBasS (DU3MYCCKHE M TICHXOJIOTHYCCKUE aKTyaJbHOH, TaK KaK KEPTBHI MOTYT HCIBITHIBATH
TPaBMbL. JTO BIMSAET HE TOJIBKO HA WHAUBHIYAIbHOE CIIOKHOCTH C IOJy4YE€HHEM I[IOMOIIM U 3allHTOM.
Omaromnoiy4ne, HO U Ha OOIIECTBEHHEBIC 3aTpaThl Ha CeMeilHOE HaCHIIME OKa3bIBA€T HETATUBHOE BIIMSHUE
3/IPAaBOOXPAHEHUE U COLMATBHYIO MOJICPIKKY. Ha  OOIIECTBEHHOE  OJIArOCOCTOSHUE,  BBI3LIBAs

CeMeitHOe HacwiIHe UMEET SPKO BBIPAXKCHHBIN SKOHOMHYCCKHE TIOTepH, YXYALUICHHE 30POBB,
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MpoOJIeMbl COIUANFHON aJalTalud M pa3pylIcHHe
CEeMEHHBIX OTHOILICHUH.

CeMeifHOe HacwiMe BKIIOYaeT B ceOsl pasHbIC
BHJIBI arpeccHy, KOTOPHIC OCHOBaHBI Ha IOJOBOM
MPUHAIICKHOCTU KEPTBHI. 3T0 MOXKET BKJIOUYATh B
celst:

1. ®usnueckoe NpUUUHEHHE Bpela JKEHIIHMHE,
Takoe KaK yaapel, modou u apyrue GopMbl HACHIIHS.

2. YTpo3bl, ICHXOJOTHYCCKHE OCKOPOJICHUS,
YVHIDKEHUS, KOHTPOJIb U M30JISAIHIO.

3. TlpuHyXIeHHEe K CEKCYalIbHBIM aKTaM 0e3

corjlacusi JKEpTBBI, [JaBJICHUE Ha CEKCyaJbHbIC
OTHOIICHUSI WM Jpyrue (GOpMBI CEKCYalbHOTO
HaCcuJins.

4. DKOHOMHYECKOE Hacmime — 3T0 ¢opma
Hacwiusi, TP KOTOPOH IKepTBa OTpaHUYCHA B

Joctyne K (MHAHCOBBIM pecypcaM M BO3MOXKHOCTSIM
Juist QUHAHCOBOM HE3aBHCHUMOCTH.

5. KyneTrypHOoe ©  couuanbHOe  HAacuiIHe
BKJIIOYaeT B Ce0S CEKCH3M, CTEPEOTHIIBI O POJIX
M0JIOB, YHHYIKHUTEIBHOE IIOBEJACHHE U JIpyrue
(opMBI  HacWiIHMs, KOTOpBIe OasupyloTcs  Ha
KyJIBTYpHBIX HOpMax U npeapaccyakax|2].

CemMeliHOE HacUIIE MOXKET IPOSIBIISATHCSA BHYTPU
CeMbU M MEXAy ONM3KUMH POJCTBEHHHKAMH. OTO
MOXET BKJIIOYATh B Ce0sI HACHIIUE MEX/Iy CyNpyraMH,
Hacwine B OTHOIIGHWH JeTed M apyrue (Hhopmbl
ceMeiiHoro Hacuiaus. Hacuiime BHyTpH ceMbU 4acTo
OCHOBAaHO Ha JOMMHHMPOBAaHMH OJHOTO IIOJIa Hal
JPYTHM Y HA YCTAHOBJICHMU KOHTPOJIS.

Boprba ¢ cemeiHBIM HacWiIeM BaxHa U
TpeOyer COBMECTHBIX yCHIIHH o01ecTna,
3aKOHOJATCJIIbHBIX OPraHOB W MPAaBOOXPAaHUTCIbHBIX
opraHoB. CyIIecTBYIOT 3aKOHBI M IIPOTPaMMBbI IS
3aIIUTBHl KEPTB CEMEWHOro HacWiIMsl M HaKa3aHHs
BUHOBHBIX. Taxoke Ba)KHA oOImecTBeHHAs
OCBEIOMJICHHOCTh W 00pa3oBaHHE, YTOObI N3MEHUTH
KyJIbTYPHBIE HOPMBI, KOTOpPBIE CLIOCOOCTBYIOT TAKOMY
HaCWJINIO.

CeMeliHOe HacHIIME€ — 3TO HIMPOKHUH CIIEKTP
HapyIIEHUH, KOTOpPBIE MPOUCXOST BHYTPU CEMBH U
BOBJICKAIOT WIEHOB CEMbU. JTO MOXET BKJIIOYATh B
cebst  (Qu3MYecKoe HaCWIHME, TCHUXOJIOTHYECKOe
Hacuiue, 9KOHOMHYECKOE Hacuime u
NPEeHEOPEKUTEIBHOE OTHOLIEHHE. BaKHO OTMETHTS,
YTO CceMeHHOe Hacwine MOXKET 3aTparuBaTh HeE
TOJIBKO MapTHEPOB B OTHOUICHUAX, HO TAKXKEC U z[eTeﬁ,
CTapIINX POJUTENCH U IPYTHX WICHOB CEMbBH.

CeMeliHOe HAaCHIIME MOXET HMMEThb CEepbhe3HBbIC
MOCJIEACTBHUSA Ul JKEPTB, BKIIOYAs (U3MUECKHE U
TMICHXOJIOTUYECKHE TPABMBI, a TaKKe COLMUAJIbHBIE U
dKOHOMHYECKHE TpoOsieMbl[3]. MHorue CcTpaHbl
HUMEIOT 3aKOHBI M NIPOrpaMMBbl, HalpaBJeHHBIE Ha
Mpe0TBpAllCHUE U HaKa3aHUE 32 HACUIIUE B CEMBE, a
TaKKe Ha OKa3aHWEe MOMOIIH XepTBaM. BaxxHO 3HATH
CBOM TIpaBa M PpECYpCHI, IOCTYIIHBIE JUIS JKEpPTB
CEeMEHHOT0 HAaCWIUs, W TPH HEOOXOIUMOCTH
oOpamarbcsi 3a MOMOLIBIO K COOTBETCTBYIOIIMM
ciy>x0aM M OpraHu3aIHsIM.

[IpoGnema HacHiInMs B OTHOIICHHH >KCHIIUH
ocTaercss akTyaJlbHOH M Ha MHPOBOM YpPOBHE.
HecMmoTpst Ha HEKOTOpbIE yIy4YlIE€HHS W CABUTH B
Ooppbe C 3TOi MpOONEeMOH, MHOTHE CTpaHHl II0-
MPCKHEMY CTaJIKMBAIOTCA C BBICOKUMHU YPOBHAMU
HACWJIMS, JIOMOTATeNbCTB MW JUCKPUMUHAIIMK B
OTHOLLICHUHN JKCHIIUH. Baxxno IMPpOJaO0IKATh
HOBBIILIATH OCBEAOMIICHHOCTD O IIPOOJIeMe HACHIIHS B
OTHOUIIEHHH JKEHIIWH, (OPMUPOBATH 3aKOHBI H
NOJINTUKY, HAaIpaBJIeHHbIE Ha NPEeNOTBpalleHHEe M
HaKa3aHWEe HAaCWIMsi, a Takke 00ecreYnBaTh
MOJJIEPIKKY KEPTBAM.

[TpuHATHE HAWISKAIIUX MEpP UL PETHCTPALIUH,
pacciieloBaHusl U YroJIOBHOT'O IPECIeIOBaHUs BCEX
CIly4aeB HACWIMS B OTHOLICHHH JKCHIIWH, JaXe B
oTCyTCTBUE (POPMAJIBHBIX KaJo0, SBIISETCS Ba)KHBIM
maroM Uil obecredeHHs CHpPaBEeIMBOCTH LA
MOCTPaJaBIIMX M IPEIOTBPALCHUS JalbHEHIIEero
HaCHJIUs. IToBbIIEHNE noTreHuuaia
NPaBOOXPaHHUTEIBHBIX OpraHoB, o0yueHue
COTPYJHHMKOB CYyJIEOHBIX M IIPAaBOOXPAHUTEIBHBIX
OpPraHoB ¥  IPOBEACHHE  MIMPOKOMACIITAOHBIX
00IECTBEHHO-TTPOCBETHTEIILCKIX KaMIaHU it
HallpaBJIeHbl HAa W3MEHEHHE KyJIbTYPHBIX HOPM M
co3manue OoJiee OE30MaCHOM CpelIbl IS KESHIHH.

CpezncrBa MaccoBoi HH(GOpPMAILIUU MOTYT UTPaTh
BOXHYIO pOIb B  IPUBJICYCHHUH  BHUMAHUS
00ILIECTBEHHOCTH K IPOOJIEeME HACKIIUSI B OTHOILICHUH
JKCHILMH, OCBELICHHU CIIy4aeB M paccKase HCTOpHH
MOCTPaJIaBIINX, YTOOBI IPUBJICYb OOJbIIE BHUMAHHS
K JTOil mpobieMe M CTUMYJIMPOBaTh JHAJIOl B

obmrectse[4].
AHaﬂI/IS HpI/I‘lI/IH CyHleCTBOBaHI/IH u
pacupoCTpaHCHUA HOI[O6HBIX SIBJICHAH TAaKXKE

SIBJISIETCSI BOXHBIM 11aroM JUIsl TIOHUMaHUsl KOpHei
mpobiemMbl U pa3paboTrkm  Goree APPEKTHBHBIX
cTparernii OOppOBI C HACHJIMEM B OTHOLICHHH
JKEHIIMH. BaXHO TIOHUMATh COUHOKYJIBTYPHBIC,
SKOHOMHYECKUE U MOJIMTHIECKUE (PAKTOPEI, KOTOPHIE
CIOCOOCTBYIOT ~ MMOJOOHBIM  SIBIICHHSM,  YTOOBI
pa3paboTaTth [eiCTBEHHBIE MPOTPAMMBI H MEpBI
NPEJOTBPALLECHHUS.

bBoppba ¢ ceMeWHBIM HACHIIUEM SBIISECTCS
CIIO)KHOM W MHOTOTpaHHOW 3amadei, TpeOyrome
KOMIUIEKCHOTO TO/IX0/1a, BKJIIOYAIOUIEro B celsi Kak
3aKOHOJATEIBHBIC MEPHI, TAaK U IHPOKOMACIITA0HEIC
COIIMAJIBHBIC IIporpaMMBal. COBepH_IeHCTBOBaHI/Ie
3aKOHOJATeNbCTBA -  OJHa M3  KIIFOYECBBIX
COCTABJISIONINX OOPHOBI ¢ CEMEHHBIM HACHIUEM. JTO
BKITIOYaeT B ce0s yXKecToueHHe HakKa3zaHHs 3a
HacuJIue B CEMbE, PACIINPEHHE OIPEEIeHHUs] CaMOTO
MOHATHUS HACHIINS, a TakkKe CO3TaHHE MEXaHU3MOB
3alIMTHl ¥ MOIJIEPXKKH st xkepTB. [lomumo aroro,
BaXHO obOecneunTh J(deKTHBHOE NpPHUMEHEHUE
3aKOHOJATeNbCTBA U CO3/1aTh CHUCTEMY, CIIOCOOHYIO
CBOEBPEMEHHO pearupoBaTh Ha Cllydyad HACHIMS B
cembe[5].

OmHaKo TIOMHMO 3aKOHOJATENbHBIX  Mep,
HEO0XOIMMO TaK)Ke IPOBOIUTH ITUPOKOMACIITAOHYTO

Philadelphia, USA

225

2 Clarivate

Ana lytics indexed



ISRA (India) =6.317 SIS (USA) =0.912 ICV (Poland) =6.630
. ISI (Dubai, UAE) = 1.582 PUHII (Russia) = 3.939 PIF (India) =1.940
Impact Factor: g\ australia) =0564 ESJI(KZ)  =8771  IBI (India) = 4.260
JIF =1.500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350
pabory 1o o0Opa3zoBaHHIO W WHPOPMHPOBAHUIO OTHOIIICHHH.
obmectBa 0 mpodjeMe CeMEHOro HacHiMs, ero Buenpenue s¢dexkTuBHOrO MeXaHu3Ma

MOCIIEACTBUSX W CIIOCO0axX MpemoTBpalieHus. ITO
BKIIFOYaeT B  ceOf  TpOBENCHHWE  KaMITaHWH
OCBEIOMJICHUS, o0yueHHe mpo¢)eCCHOHANOB,
paboTalOMMX C CEMBSIMH, a TAKXKE TOJIEPKKA KEPTB
u ux peabwiutanus. Kpome TOro, BayKHO CO3JIaHHE
JOCTYITHOW 1 3()(HEKTHBHON CUCTEMBI TIOAICPIKKH IS
JKEPTB CEMEHHOTrO HACWIHS, BKIIOYas KPU3UCHEBIC
HEHTPBl,  OKa3aHWE  KOHCYJIHTaTHBHO-TIPABOBOI
romorntu[6].

OOIIIECTBEHHOE OCYXKICHHE CEMEITHOTO HACHITHS
u (HOpMHpPOBAHWE HYJIEBOH TEPIUMOCTH K HEMY
TaK)KE WIrpaloT BAXHYIO pPOjb B OOpbde ¢ 3TOi
mpob6aemoii[7]. Tompko TpPH COBOKYITHOM YYaCTHH
TrOCyIapCTBa, TPAXKIAHCKOTO OOIIECTBA M YaCTHOTO
CeKTOpa MOXKHO JOOHUTHCS 3HAYUTENBHBIX
pe3yapTaTOB B MPENOTBPALICHUU U OOphOe C
CEMEMHBIM HAaCUIIMEM.

Kak yxe OBUIO CKa3aHO BHIIE, MPOOIEMa
CEMCHHOT0 HAaCWJIHS SIBIISCTCS CIIOXHOW U TpeOyer
KOMIIIEKCHOTO TIOAXOJa JJIsl CBOETO pemieHus|[8].
JleiicTBUTENILHO, BBHUIY OCOOCHHOCTEH CEMEHHBIX
OTHOIIEHHUH, TPagUIHOHHBIE MEPHl YTOJOBHOTO M
aJMAHUCTPATHBHOTO BO3JCHCTBUS MOTYT OKa3aThCs
Hed(p(PEeKTUBHBIMH, OCOOCHHO €CIIM TOCTpajaBIias
CTOpOHa HE JKeJaeT WIH HE MOXKET TPHUMCHHUTH

KapaTCJIbHBIC MEPbIL K BUHOBHHUKY. B TaKUuX
CHTyallUsiX pa3paboTka CICHUalJbHOTO  3aKOHA,
HAIPaBJICHHOTO Ha MpenynpeKICHUE u

NpOQUITAKTHKY CEMEWHOr0 HACHJIMS, MOXET OBITh
Ba)XKHBIM IIIarOM K PEIICHHUIO 3TOH MpoOiembl.

Takoii 3akOH MOXKeT BKJIIOYAaThL B ceds
pa3nuYHBIC MEpPBl U MEXaHH3MbI, HAIpPaBJICHHBIC Ha
paHHee BBISBIICHHE W NPEAOTBPALICHHE CEMEWHOIo
Hacwins, a TaKKe Ha OKa3aHWe IIOMOIIH
MOCTpa/aBIIMM. BakKHBIM acHeKTOM TakKoro 3aKoHa
SBIISIETCS TAKXKE pa3pab0TKa M BHEAPEHHUE MPOrpaMM
W MEXaHN3MOB ITOMOIIM ITOCTPAJABIINM, BKIOYAs
TICHXOJIOTHYECKYI0, MEIUIIMHCKYIO U FOPHIHYECKYIO
moIepxkKy[9].

Co3aHue ceTH B3aMMOJCUCTBHS Pa3IMYHBIX
CTPYKTYp, TAKHX KaK IPABOOXPAHUTEIBHBIC OPTaHbl,
COIIMAJIBHBIE CITY>KOBI, MEUIIMHCKHE YUPEXKICHUS U
HEKOMMEPUECKUe OpraHM3aluy, MOXKET
Ccroco0CTBOBATh 3¢ PeKTHBHOMY BBISIBIICHHTO
CllyyaeB CEMEWHOr0 HACHWIIMS, a TaKKe OKa3aHHIO
KOMIUIEKCHOHM TTOMOIIM MOCTPAABIINM. JTO TaKxKe
Mo3BONIUT Oosiee  A(PPEKTUBHO KOOPAMHUPOBATH
YCHIIHS TI0 MIPEAOTBPALICHUIO CEMEHHOr0 HACWIINS 1
€ro TMOCJIEACTBUI.

ITomumo 3toro, 0OpazoBaTeNbHBIE MPOrPAMMBI
W KaMIIaHWM, HalpaBJeHHblE Ha IIPOCBELICHUE
o01ecTBa 0 BpeJie ceMEHHOro HacWIIMs M Crocodax
€ro MPEeAOTBPAIICHUS, TAKXKE MOTYT UI'PaTh BAKHYIO
poNb B M3MEHEHUHM OOIIECTBEHHOrO MHEHHS U
OTHOUIECHUS K 3TOH IpobieMe. ITO MOMOXKET CO3/1aTh
aTMoc(epy HETEpIMMOCTH K CEMEITHOMY HAaCHIIMIO H
COJZIECTBOBATH (POPMUPOBAHHIO 3TOPOBBIX CEMEHHBIX

pearupoBaHusl Ha CEMEMHOe HaCUIIUE JIEHCTBUTEIIHHO
UTpACT BAXHYIO POJIb B 00CCIICUCHUHN O€30ITacCHOCTH
MnmocTpagaBmnuX W MPCAOTBpAIICHUN ﬂMLHCﬁIHI/IX
ciydaeB Hacwius. UeTKoe BIHCHIBAHAE MEXaHM3Ma B
CYIIECTBYIOIIIEE MPOIecCyaIbHOE 3aKOHOAATEIBCTBO
1 HAJIOKEHHE COOTBETCTBYIOIINX MEpP BO3ICUCTBHA U

OFpaHI/I‘ICHI/Iﬁ Ha BHUHOBHOC JINIIO MOXCT
CIoco0CTBOBATh TTOBBIICHUIO OTYECTHOCTH 3a
COBCPLICHHBIC MPECTYIVICHUSA n Ooiee

3P PEKTUBHOMY MPHUBICUYCHHIO K OTBETCTBEHHOCTH
BHHOBHBIX.

VYiydrenue B3aUMOJIEHCTBHS MEX LY
CyOBEKTaMH OXpaHbl W 3al[UTHl OT CEMEHHOro
HACHJIUSI MOXET o0ecreduTh Oojee OBICTPHIA |
CKOOPIMHHMPOBAHHBIM OTKIMK Ha ClIydYaW HACHIIHSL.
OTO TaKKe MOXKET CIOCOOCTBOBATh YIYUIICHHIO

MPOGUIAKTHKH u 0OKa3aThb BIIMSHUE Ha
npeaynpexaeHue Oyaymux nHIuAeHToB[ 10].
ConyanbHplii  MEXaHM3M, COCTOSINMH U3

Pa3IUUHBIX CyOBEKTOB, MMEET KIIFOUCBOE 3HAUCHUE
Uit obecriedeHUs1 OE30MacHOCTH M NPOQHIAKTHKI
MpecTyIUIeHnH. Ba)kHO 00ecreynTs COTIacoBaHHYIO
paboTy  3THX  CyOBEKTOB Uil  JIOCTHIXKCHUS
MaKCHMaJIHOTO 3¢Qekrta B MNpPeAOTBPALICHUH U
IpeceYeHNH CiIyyacB Hacwius B cembe. JlaBaiite
pa3depeM HECKOJIBKO KITFOUEBBIX MOMEHTOR:

e OOyueHHEe W  TOATOTOBKAa  IEPCOHAIA,
paboraroriero B cdepe mpodUIAKTUKA CEMEHHOTO
HACWJINS, UTPAET PELIAIOMIYIO POJIb. DTO IOMOTAeT UM
Jydiae IIOHUMATh MIPU3HAKU u I10CJICACTBUA
CeMEHHOro  HacWiIWs, a TaKKke  OKa3bIBaTh
3¢ PEeKTUBHYIO IIOMOILb TOCTPAAABIINM.

e [IpoBesieHne KammaHWi cpeay HaceJICHUs
CIIOCOOCTBYET ~ OCBEIOMIICHHOCTH O  Ipobieme
CEMENHOro HACHJIUSL. D¢ dexTnBHOE
MH(QOPMHUPOBAHHE MOXET OMOYb BBISIBUTH CIIydau
HACHJIUS B yOeInTh JKePTB 00PaTUTHCS 32 TIOMOIIBIO.

e CorpynunaectBo ¢ CMU wmmeer Oombimoe
3Ha4YeHHe VI MyOJIMYHOCTH NPOOJIEeMBI CEMEHHOTO
Hacuiusi. CMH MoryT pacKkphIBaTh CIy4an HaCHIIHS,
00CcyX1aTh BOIIPOCHI, u CIOCOOCTBOBATh
(hopMHUpPOBaHHUIO 0O0IIIECTBEHHOT O MHEHHUS,
MOJIEP>KUBAOIIIETO KEPTB.

o OIMH U3 KIFOYEBBIX aCHCKTOB 3()(eKTHBHOM
60pBOBI C CeMEHHBIM HaCHIIMEM — 3TO cOOp 1 aHAIH3
JaHHBIX. Pa3po3HEHHOCTh [JaHHBIX B  Pa3HBIX
OpTaHM3aLUsIX MOJKET ObITH poOJIEMOH.
Yuudukauuss MeTomoB cOopa JaHHBIX H  HX
COBEpIICHCTBOBAHHE IIOMOTYT JIy4mIe IIOHATH
MacmTad mpoOieMbl W pa3pabaTeiBaTh — Oojee
JeHCTBEHHBIE CTPATErMH OOPHOBI.

e JlaTeHTHOCTH HaCHUJIUs. BrisBnenue
JATEHTHOTO (CKPBITOTO) HACHIIHS B CEMBSIX MOXKET
OBITH CJIOKHOMW 3a/ladyeil, MOCKOJIbKY KEPTBBI 4acTO
CTAJIKHMBAIOTCA C JIABJICHUEM, CTPaxOM WJIH APYTUMH
(hakTOpamMH, KOTOpBIE MOTYT MeIIaTb UM OTKPBITO
TOBOPHTH O HAacWiIMW. BakHO NOMHHTH, HYTO
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BEISIBIICHUE JIATEHTHOT O HACHIIHS TpeOyeT olmiecTBa O Bpele HACHIHSA M CIOCO0ax OOpBOBI C
TaKTUYHOCTH, YYBCTBAa OMIIATHH U YBAXKCHUSA K HUM. Takue Mepbl CHOCOOCTBYIOT H3MEHEHHIO
MpUBaTHOCTH KepTBbl. Co3nanue 6e30macHoi cpenbl oOIIeCTBEHHOT0O  MHEHHUST ®W  (HOPMHUPOBAHHIO

JUIL  OTKpBITOM  Oecembl M TPEAOCTaBIICHHE
MOJJIEP)KKA MOXKET CHAENaTh MPOLECC BBISBICHUS
Hacwius Oolee 3PPEKTHBHBIM.

OO01Ue ycuus Jj1s1 COBEPIICHCTBOBAHUS cOOpa
JAHHBIX,  TIOBBIIICHUS  OCBEIOMJICHHOCTH U
MOJITOTOBKH TiepcoHasa u AKTHBHOT'O
B3amMojeiictBus ¢ obmectBom u CMU  moryt
3HAQUUTEIBHO YIy4lmUTh OOpr0y ¢ ceMelHHBIM
HaCHUJIMEM u IIOMOYb KEpTBaM MOJIYYUTh
HEOOXOIUMYIO TTOJICPIKKY .

HanzopHblil MexaHu3M J0JKEH OXBaThblBaTh HE
TOJIBKO PEAKIUIO Ha COBEPIICHHBIC IPECTYIUICHHUS, HO
U TpEeAyNpexJIeHUE HacWIus, a TaKkkKe OKa3aHue
HNOJJICP)KKA ~ JKepTBaM,  4TOOBI ~ HOMOYb UM
BOCCTAaHOBHUTHCSI W CHOBAa MHTEIPUPOBATHCSA B
obmecTtBo. OpraHsl MECTHOTO CaMOYIPaBJICHUS,
OpraHbl COLMAIBHOM 3aINThI, KPU3UCHBIE LICHTPHI 1
YUpEKICHUS 3/IpaBOOXPaHEHUS JIOJDKHBI
SpPEKTUBHO COTPYOHHYATH, YTOOBI O0OECTICUUTH
JKepTBaM HACWIINS BCE BHUIBI HEOOXOIMMOM ITOMOLIH.
OTO0 MOXET BKIIOYaTh B ce0s KOHCYJIBTHPOBAHHE,
MEIUINHCKYIO TIOMOIITb, TICHXO0JIOTHIECKYIO
MOANEPKKY, BPEMEHHOE YKpPBITUE U JPYrue BUIBI
COLIMATIBHOM TOAIECPIKKH.

Kpowme TOTO, BAXKHO MPOBOJUTH
WH(POPMALIMOHHBIE KAMITaHUM ¥ O00pa30oBaTeIbHEIC
NpOrpaMMbl,  HalpaBJICHHbIE Ha  IIPOCBELICHUE
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3JIOPOBBIX CTEPEOTHIIOB O PpABEHCTBE TIIOJIOB |
HEHACHJIbCTBEHHBIX OTHOIICHHSIX.
Takum o00pazoM, dYTOOBI PEUMIUTH IPOOIEMY

Hacwiusi B OTHOUIGHUHM JKCHIIMH, HEO0O0XOJUMO
NPUHAMAaTh  KOMIUIEKCHBIE  MEpBl,  KOTOpbIC
OXBaTBIBAIOT  pasiW4yHble  cdepsl  oOIecTna.
CrneunanpHple  MeEpsl M [POTPaMMBI IO

MPEAYNPEXICHUI0 CEMEHHO-OBITOBOIO U TE€HICPHOTO
HACHJIUS TOJDKHBI OBITh WHTETPUPOBAHBI B IIUPOKHHA
KOHTEKCT OOpBOBI C TPECTYHHOCTHIO M JIOJDKHBI
YUUTBIBATH COLMAJIbHBIC, 3KOHOMHYECKUEC nu
KyJIbTypHbIE  acleKThl. BaxHo, 4YTOOBI Takue
MPOTPaMMEBI YYUTHIBATIH MECTHBIC OOBIYAH, TPAIUIIHH
U COLIMOKYJIbTYPHBIH KOHTEKCT, U B TO XK€ BpeMs
CTPEMIIINCH K U3MEHEHHIO OTHOIICHHS K JKEHIIHAM
W HUX PO B 0OmmiecTBe. DTO TPeOyeT CHUCTEMHOTO
MOJX0Aa K  H3MEHEHHID)  CTEPEOTHIIOB U
NPE/IPAcCy/IKOB O POJIM KEHIIUH B obOmiectse. [lpu
9TOM  HM3MEHEHUsS]  JOJDKHBI  MOJKPEIUISITHCS
TOCYJapCTBEHHOW IOJMTHKOM, 00pa3oBaTeIbHBIMHU
IporpaMMaMd W APYyrUMH (GOpMaMu ITyOINIHOTO
Bo3eiicTBUs. Kpome TOro, Takue yCHJIMS JOJIKHBI
OBITH JTOJTOCPOYHBIMH M YCTOWYHMBBIMH, YTOOBI
CO3/1aTh OCHOBY [UIsSl PABEHCTBA IIOJIOB M yBa)KCHHS
[IpaB JKECHIIUH.
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Introduction of waste and send them to appropriate places for

Georgia is focused on integration into the recycling. These materials are: aluminum, cardboard,
common economic environment of the European glass, paper, plastic, steel, wood. The modern
Union, which is impossible for it without observing approach brought another fourth stage - replace,
the principles of the directives and relevant which suggests to replace plastic bottle with glass
conventions stipulated in the agreement on association bottle, polythene bags with paper and others.
with the European Union. Therefore, it is urgent and a All these four stages require raising people's self-
big problem to develop a local, regional and national awareness and responsibility, which we should teach
waste management system that will meet the goals of our children from childhood.
ecological safety, will be aimed at improving the Based on the problem, | decided to conduct a
legislative and normative base of waste management, survey (research) among the population of Georgia on
as well as at the following processes: waste collection, issues related to waste management.
transportation, placement, separation, recycling, First of all, | talked to people who are competent
utilization , the organization of environmental and work in the field of waste management in different
monitoring, risk assessment and management, the directions. In particular, | recorded an interview with
relationship of various state and private structures, Mr. Gocha Varshalomidze, the economist of the city
organizations on the development of a complex of of Batumi, and Davit Chankselian, the lawyer of
technological processes related to this issue. "Thilservice" of the city of Thilisi.

In relation to the above, the main problem is for One of the important questions was related to the
the population to understand that they should collect existing problem, raising awareness among the
household waste at the initial stage and put it in the population regarding waste management issues.
right place. A special law has been adopted in the There are different ways to solve this problem:
European Union, which obliges the citizens of the * lessons in kindergartens and schools;

European Union countries to classify specific 7 types
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We should start teaching about waste separation
from kindergarten age. In America, in California, they
have included the teaching of waste separation in the
kindergarten program. There, children are fed in
special packages with cardboard and plastic
containers. After eating, children sort the waste
themselves.

Classes should be held in schools regarding
waste management. Children learn civic education,
perhaps one lesson of this subject can be devoted to
receiving information on waste separation, and
environmental field trips can be organized in schools.

* Providing information on the usefulness of
waste management to the population through social
media;

One of the ways to raise awareness among the
population is through stands. It is necessary to place
them in crowded places: universities, schools,
shopping centers, tourist areas, so that as many people
as possible understand the importance of waste
separation. It is also necessary to constantly provide
information through social media.

* Financial interest of the population;

According to the data obtained on the basis of the
monitoring of waste management processes, the
material interest of the population, in particular, the
reduction of the cleaning fee tariff in exchange for
separated waste.

* "door to door" principle;

In the experience of one small town in Sweden,
cleaning companies, services and the municipality
managed to switch to separate collection on a door-to-
door basis. They came to the families, knocked on all
the doors, distributed leaflets to the residents, which
described the rules for using separate garbage cans. It
turned out to be a turning pointFor Sweden, the "door-
to-door" principle.

As for the results of the online survey. We
present to you the answers and opinions of the
respondents on what measures should be taken to raise
the awareness of the population in terms of waste
management.

* It is desirable to turn garbage recycling into a
business. Companies should offer money to the
population in exchange for separated waste;
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* Separate bins (glass, plastic, paper) with
instructions are an important way;

* Motivational projects to encourage the
population;

* Providing information to the population
through media means: TV commercials, presentations
on waste sorting in various shows, sharing the
experience of other successful countries with the
population on the radio, advertisements on social
media pages, distribution of information brochures in
neighborhoods, public events to inform the population
as much as possible, explaining why waste sorting is
necessary, how much harm It puts waste on the earth
and how important it is to reduce it. Placement of
posters in the streets, articles in magazines and
newspapers detailing the benefits of recycling waste;

« display of products made from recycled waste,
organization of competitions for objects made from
waste in different areas;

 activities related to waste collection and
sorting, in which the population will participate;

Thus, based on the answers of the respondents,
we have formulated the measures, with the help of
which we will raise awareness regarding the waste
management process.

In my opinion, it is important to accustom
children to sort the waste from the kindergarten age,
encouraging activities are needed in order to increase
motivation. It is necessary to place more separate bins
in the districts and stands where instructions will be
indicated as to which bin to place specific waste.

It is important that both the country's
government and population are involved in the
successful implementation of this complex process
(waste management). With the influence of all the
listed events and activities, we will be able to solve the
most important problem of the modern world - waste
management, and over time, sorting waste will
become a habit of the population.
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Introduction

In the current situation, attention to the formation
and implementation of the regional policy of the state
is increasing in many foreign countries. In different
countries, Governments use different methods and
tools to solve regional problems.

Today, the territorial policy of the state is
implemented primarily through the purposeful
application of an unconventional management system
in the region to the administrative and territorial
structure. In most foreign countries, the socio-
economic development of regions is managed mainly
in cooperation with the centre and the regions [1]. The
central level of management has a purposeful impact
on economic processes, territorial units and main
production units through economic incentives. The
centre will create a legal environment covering all the
activities of the territorial administration. The division
of responsibilities between all levels of government is
carried out directly in the "centre”. In a number of
countries, there are central state bodies specializing in
the implementation of State territorial policy.

In Japan, for example, the Ministry of Public
Lands and Transport is responsible for regulating
regional development. The Cabinet of Ministers also
includes the Minister of Administrative Reforms of
Okinawa and the Northern Regions [2], the Economic

Doi: &Gos¥® https://dx.doi.org/10.15863/TAS.2024.01.129.19

Advisory Council for Integrated Regional Planning,
the Working Organization for the Development of
Regional Economic and Regional Development
Programs and Plans, the Department of Economic
Planning in regional development. Poland has a State
Committee for Regional Development. It consists of
the Main Planning Department, the Council of
Deputies of the Seimas, voivodes, scientists,
representatives of various ministries and departments,
etc. legislative and executive authorities [3]. As an
advisory body to the Council of Ministers of the
Republic of Poland, the powers of the Council include
the formulation of proposals for the formulation of
State territorial policy and the assessment of territorial
regulation.

In France, there is an Interdepartmental
Committee on the Arrangement and Operation of
Territories, which makes government decisions on
regional policy. This policy is implemented by
presenting the structure and functioning of the
regions. In Canada, the Committee on Economic and
Regional Development has a Department of Regional
Organization and Regional Development and an
Interdepartmental Committee  on  Regional
Organization and Development [4].

In Germany, the Chancellor heads the Regional
Development Committee, and in Italy, the
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interdepartmental economic planning committee deals
with regional development issues. Unlike most
European countries, the United States does not have a
single officially declared state body responsible for
the implementation of state territorial policy at the
federal level.

However, the central administration is actively
involved in the development of socio-economic
regulation of the regions. The Advisory Commission
on Interstate Relations and the Presidential
Commission on Federal Affairs will jointly develop
ways to develop federal relations, regulate the current
activities of the Federal Office for the Development of
Interregional Relations, and prepare analytical reports
and recommendations for the President and Congress.
The powers and responsibilities of the various levels
of government are defined in the U.S. and state
constitutions, and federal and state laws. To manage
these powers, the Federal Government is responsible
for passing laws, setting taxes, and collecting reserves.
The U.S. Constitution and the laws passed by the
federal Government are the supreme laws of the
country. If state constitutions and laws contradict the
U.S. Constitution and federal laws, they may be
deemed unfounded by a court decision.
In areas where the federal Government is not
authorized by the Constitution, the supreme power is
exercised by the states. Each state has its own
constitution, which enshrines the basic principles and
forms of state-building. They also strengthen the
principles of formation and operation of
representative offices of local self-government bodies.
States and local governments have the right to collect
taxes and receive other types of income on their
territory.

The second level of regulation of the economic
development of regions is carried out at the level of
large administrative-territorial units. Management at
this level is mainly focused on the complex task of
regulating socio-economic development, which is
performed by lands in Germany, provinces in Canada,
states in the USA, and regions in France, Italy and
Spain [5].

For example, in the USA, the jurisdiction of the
states includes trade regulation, insurance, the
development of norms and standards for occupational
safety, health, utilities, education, professional
training of the workforce and retraining, social
security, environmental protection, regulation of
private  entrepreneurship, assistance to the
development of the local economy, corporate
licensing, road construction [6].

In Canada, the provincial government is
responsible for social security and health care, the use
of natural resources in the provinces, the issuance of
permits for the establishment of private enterprises in
the service sector, the registration of companies at the
provincial level, and others.

The USA and Canada, which currently have an
effective system of territorial administration, have a
complex apparatus of states, provinces and local
governments, and the study of their strengths is of
practical importance in Uzbekistan's transition to a
market economy. The states and provinces are the
main administrative, legal and organizational units of
the federal structure of these states and operate at the
legislative, executive and judicial levels. The states
and provinces have departments, ministries of finance,
Industry and Trade, Agriculture, Transport,
communications, consumption, social Affairs, Natural
Resources and Environmental Protection, justice,
prisoner protection, local governments and agencies.
Socio-economic strategies, programs and activities
are managed by a network of management
organizations with offices in the USA and ministries
in Canada [7]. Departments and ministries have
financial, planning, legal, personnel, information and
administrative departments, as well as many other
public organizations. These organizations are
characterized by organizational and economic
independence in the implementation of their policies.

The most numerous groups are commissions and
councils created to perform complex tasks of state
regulation, one of the main functions of which is to
regulate the administrative activities of private
businesses. These commissions and councils approve
prices and tariffs for products and services produced
by companies, set standards for product safety and
quality, issue permits for the use of natural resources
and create enterprises, as well as impose fines on
companies that violate legal and administrative rules.
However, despite the measures taken to improve the
organization of territorial administration, outdated
forms, complex problems and contradictions remain
in the system of administrative-territorial
administration. World practice shows that in the last
10 years, the use of direct state intervention in the
economy of developed countries has increased. In this
regard, it is worth noting the following processes
identified in the development of public administration
in the regions [8], [9], [10]:

- specialization and stratification of the tasks of
the state apparatus to solve specific problems of the
development of individual sectors of the economy and
socio-economic spheres;

- strengthening of the central and planning-
analytical apparatus of this system by personnel,
creation  of  interdepartmental coordination
organizations, combining them administratively due
to the interconnectedness and similarity of their
functions, various organizational measures have been
taken to strengthen ties;

- A comprehensive organizational mechanism
for coordinating regional ties has been created.

The third level of the territorial administration
system is that at the local level, management is carried
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out at the level of small administrative-territorial
units, including local self-government organizations.
The economic base of self-government in
foreign countries is higher than in Uzbekistan. For
example, the share of local budgets in Eastern
European countries in the state budget and gross
regional product is 1.5-2 times higher than in
Uzbekistan [11]. Having economic independence and
a solid economic base in foreign countries, local
governments have the opportunity to take a very
active part in the territorial management of socio-
economic development. Their responsibilities include
school education, primary and secondary education,
vocational education, health care and social
protection. Issues such as recreation, physical
education and the development of a cultural lifestyle
also play an important role in the organization of
housing and urban development. Another important
task of local authorities is the use of land,
environmental protection, and the creation of parks.

Theoretically and practically, it is important to
study the experience of the developed countries of
Uzbekistan at a time when local governments are
given great opportunities and freedoms in the context
of economic liberalization and deepening reforms. In
this regard, it is advisable to study the organization of
local self-government in foreign countries, their main
types, forms and functions of management.

In the USA there is no unified system of local
organizations and a strict principle of their formation.
States are responsible for the independent
organization of local self-government, its legal status,
legal boundaries, organizational forms and powers.

For Uzbekistan, the experience gained in the
Commonwealth is more important. The work carried
out in this area in the Russian Federation deserves
special attention. A number of government decisions
on the integrated development of the regions have
been adopted strategies and programs have been
developed within the regions. In 1996, in accordance
with the Decree of the President of the Russian
Federation "On the fundamentals of regional policy in
the Russian Federation", a regional policy strategy
was approved in the country, and a regional
development fund was established. The funds will be
used to finance federal development programs and
free economic zones. In 2001 A special government
resolution was adopted to reduce imbalances in
interregional socio-economic development, and in
2005 the Ministry of Regional Development
developed a regional development program.

Currently, at the initiative of the Russian
government, it is planned to create about 20 special
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economic zones. The main purpose of creating such
zones is to achieve high rates of economic growth and
expand the production of export-oriented products
through the effective use of the natural and economic
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The concept and program of regional policy have
been developed in the Republic of Kazakhstan, which
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almost all CIS countries have developed special
strategies for the socio-economic development of
regions.

In general, administrative and economic
methods of regulating the development of regions are
widely used in foreign countries.

While administrative methods are based on the
relationship  of power and  subordination:
administrative  instructions, rules, regulations,
recommendations and control measures, economic
methods are indirectly related to the process of
territorial reproduction, supporting the economic
interests of regional entities. The economic effect is
achieved through such instruments as tax incentives,
loans, subventions and subsidies. The most commonly
used mechanisms as administrative measures include
strategies, programs and plans.

The following forms of economic incentives
used by the state for the rational allocation of
productive forces in various foreign countries should
be considered: investment subsidies and remuneration
(Germany, Great Britain, Canada); land sale
concessions  (Germany, France); depreciation
deductions (Germany, Japan); soft loans (Germany,
USA); soft loans (Japan, India); tax benefits (Japan);
training and retraining assistance  (France);
agricultural assistance (France); wage subsidies
(Canada); land tax (France); assistance to agricultural
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Tax benefits are widely used in the practice of
foreign countries with federal and unitary systems. So,
in foreign countries, the state now influences regional
economic processes with the help of economic
regulatory support and through territorial units and
key production links. Among these programs, a
strategic approach to regulating socio-economic
development within countries and regions is widely
used. In the context of economic reforms in our
country, the study of the experience of foreign
countries in the formation and implementation of
regional policy is of great scientific and practical
importance.
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INVESTIGATION OF THE STRENGTH OF A BRICK WALL OF A
BUILDING UNDER THE ACTION OF STATIC LOAD

Abstract: The results of the stress and strain state of the structural elements of the building under the action of
static load on the wall were demonstrated in the article. According to the predicted values, the deflection of the wall,
the contact pressure in the brickwork and the safety factor of all structural elements of the building were determined.
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Introduction Carrying out theoretical calculations and experimental
When designing buildings, engineers are guided tests for strength, rigidity and stability of structures of
by the fundamentals of the strength of materials. buildings makes it possible to obtain reliable and
~ .
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economically justified dimensions of elements at the
design stage.

During operation, constant and temporary loads
are applied to buildings (including residential ones).
Constant loads do not change for a long time, i.e. they
are static. Temporary loads change over time in
magnitude and direction, i.e. they are dynamic. In
addition to traditional calculations and experiments
[1-10], special computer programs of engineering
analysis are used to visualize the state of a loaded
object.

The impact on the structure from the outside,
statically or dynamically, will make it possible to
predict possible destruction of elements. Without
taking into account the loads acting on the structural
elements due to the mass of other elements, consider
the static loading of a brick wall of the building in a
direction perpendicular to the force plane of the
brickwork.

Materials and methods
The study of the strength of the brick wall of the
building model was performed in the Autodesk

o I

|

|

|=seaih =S|

A

Results and discussion

The results of the computer calculation are
presented in the Fig. 2. The color contours on the
model of the building depict the intensity of
displacement, von Mises stress, equivalent strain and
contact pressure of the wall elements. Also, the value
of safety factor of the building under the action of the
applied load was calculated.

The contour color characterizes the intensity of
the stress and strain state of the structural elements of
the building. It is noted that the effect of concentrated
force on one brick of the wall leads to the

Inventor computer program. To do this, a 3D model of
the building with a foundation was built. The physical
properties of the building model were: weight —
121338 kg, area — 673119000 mm?, volume —
5.04039x10% mm?, center of mass — x = 2382.45 mm,
y = 5037.88 mm and z = -361.409 mm. The wall
consisted of bricks connected to each other. The
following properties were adopted for the brick
model: mass density — 2.40731 g/cmd, yield strength —
2.41329 MPa, final tensile strength — 2.41329 MPa,
Young's modulus — 23.25 GPa, Poisson’s ratio — 0.167,
shear modulus — 9.96144 GPa. A static load of 15 kN
was applied to the brick wall of the building.

The finite element grid on the building model
was configured as follows: the average size of the
element (fractional value of the diameter of the model)
— 0.1, the minimum element size (fractional value of
the average size) — 0.2, the coefficient of
heterogeneity — 1.5, max. angle of rotation — 60
degrees. This allowed us to obtain satisfactory
simulation results. The conditions for the experiment
are presented in the Fig. 1.

B
Figure 1 — Experimental conditions: A — application of the load on the wall of the building model and
B — the grid on the building model.

displacement of several closely spaced rows of bricks.
The greatest displacement of the wall occurs above the
point of application of the load, due to the lack of
fixation of the last row of bricks. The smallest
displacement of the wall occurs below the point of
application of the load. However, the intensity of
stress and strain prevails at the place of application of
the load, near the foundation and at the junction of the
piles. The contact pressure was determined at the
joints between the bricks above the applied load. The
most loaded elements are the foundation and the piles
connected to it.
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Figure 2 — Computer calculation results: A — displacement (mm), B — von Mises stress (MPa),
C - equivalent strain, D — contact pressure (MPa), E — safety factor.

Conclusion

According to the results of computer modeling,
the loaded sections of the brick wall of the building
were identified when exposed to a concentrated load.
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PREDICTING THE STRENGTH OF KEVLAR WHEN FIRING FROM AN
ASSAULT RIFLE

Abstract: The results of a computer calculation of the dynamic impact of an assault rifle bullet on a 30 mm thick
Kevlar sample were presented in the article. Conclusions are made about the strength of Kevlar based on the analysis
of stresses in various planes, strain, internal energy and temperature of the material after damage.
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Introduction projected body armor from the thickness of the
Improving the means of protection against component materials.
firearm bullets and cold steel strikes is an actual task
to reduce the deaths of people. Body armor made of Materials and methods
various materials is widely used for mobile protection The state of the Kevlar sample after being hit by
of a person from firearms. The basis for modern body an assault rifle bullet was investigated in the Autodyn
armor is Kevlar (para-aramid fiber) [1-4]. software product. A 30 mm wide plate placed on a
Kevlar has excellent performance properties. plane was used as a sample. The sample was fixed
The ultimate strength of Kevlar exceeds the ultimate along the lower edge of the rectangle. The
strength of steel by 5 times. The results of Kevlar Kalashnikov assault rifle bullet model with a diameter
dynamic impact tests when firing firearms are of 7.62 mm had an initial flight speed of 720 m/s. The
presented in a number of scientific papers [5-10]. interaction of the models was performed using the
The article proposes to analyze the state of the Lagrange method.
damaged Kevlar after being hit by an assault rifle
bullet. By setting real conditions, it is possible to Results and discussion
perform qualitative modeling of the process and The simulation results are presented in the Fig. 1
obtain with high reliability the dependences of the in the form of dependences of stresses, strain, internal
stress and strain state of Kevlar on its thickness. Thus, energy and temperature of the damaged sample on its
it is possible to predict the effective protection of the thickness.
[ ]
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Figure 1 — Simulation results: A — compression on the sample thickness; B — the von Mises stress on the
sample thickness; C — stress TXX on the sample thickness; D —stress TXY on the sample thickness;
E —stress TYY on the sample thickness; F — effective strain on the sample thickness; G —internal energy on
the sample thickness; H — temperature on the sample thickness.

The impact of the assault rifle bullet on the
sample leads to significant deformations at the point
of contact. Since the strain of the sample model
occurred in a two-dimensional formulation, it is
rational to consider the stress of the material in various
planes. It can be noted that the stresses along the
planes have mostly negative values. This indicates the
predominance of compression of the material along
the coordinate axis of the bullet flight. A more detailed
representation of the compressed state of the sample
is displayed on the dependence of the compression of

the material on the thickness of the sample. Effective
strain of the sample at the point of penetration of the
bullet is more than 3, which indicates partial
destruction of the material. Significant strains are
observed up to the middle of the sample thickness.
The internal energy in the thickness of the sample
varies in positive and negative values. The negative
internal energy calculated in the middle of the sample
indicates plastic deformation of the material. The
temperature deformation of Kevlar at the impact site
increases by more than two times compared to the
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initial temperature. It is also determined that the
equivalent stress of the material is practically absent
in the middle of the sample after a direct bullet hit. At
the same time, the von Mises stress on the reverse side
of the sample is greater than on the side of the bullet
impact.

Conclusion

A direct bullet hit leads to nonlinear deformation
of Kevlar over the entire thickness of the sample. The
predicted values of strain and stresses in various
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PALETTE OF MEANINGS OF LEARNING FACTORS
SCHOOLCHILDREN 20 US PUBLIC SCHOOLS

Abstract: A system of 6 semantic equations with 6 unknown y-senses has been developed. The model cognitively
models the meaning of the calculated new uncorrelated y-variables. Calculated (not modeled) values of y-variables,
calculating meters ci=corr(z.Y;), k €{1,...,6}, j€{1,...,6} quantitative connections of manifestations of properties. 6
semantic solutions were found: meaning(y1), meaning(y2), meaning(ys),..., meaning(ys), significantly complementing
the initial knowledge. Numerical y-variables are not mathematically correlated with each other:
corr(ys,y2)=corr(yz,ys)=corr(ys,ys)=...=corr (vs,Ys)=0, since the eigenvalue matrix Ass= (1/m)YTmsYms is diagonal:
Ass=lgs. . These equalities are a consequence of the initial hypothesis of the model: the y-variables are independent
in meaning from each other. The z-variabilities of 20 measurements of each of the 6 correlated indicators are
calculated. The matrix of z-variability values Zme={zi}, zi=(21j,22j, ...,zmj)", j=1,...,6, is transformed into the matrix
Yme=ZmeCes={Yi}, Yi=(Y1j ..., ¥mj)", uncorrelated y-variability values. 2 matrices (Ces,465) Were calculated using the
correlation matrix Ree, where Reez(l/m)ZTmezme, YmezzmeCBG, R65C65=C55/165, CeeCT56=|56, CT66C66=|55,
Ase=diag(3.6235,1.3922,0.5762,0.2936,0.0731,0.0415), tr(Aes)=A1t...+1s=6. The initial semantic equality is a
semantic matrix equality of the form: meaning (Yms)=meaning(ZmeCss). We found 6 semantic solutions to the semantic
multidimensional  equation  meaning(y1)@...  @meaning(ys)=meaning(ZmsC1) @... @meaning(ZmeCs), Where
Ccj=(C1j,Czj...,cej) " is the j-th eigenvector from jth column of the Ces matrix. The semantic and formulaic justification
of knowledge from 6 semantic equations is given. The variables introduced into the model are endowed with
mathematical and statistical properties, and the parameters are constant. The meanings of the explanatory factors
change their degrees of variability (Table 4) from constant to highly random (6 gradations). In Tables 4, 5, the
primary evidentiary phrases of knowledge are rewritten in more compact forms of the semantic format of information
from the matrices Ceses,Y ms,Zms: Semantic format of information from the matrices Ceees,Yme,Z ms: about the factors
of schoolchildren's learning and about the controlled values of the model parameters that influence the status of the
family and the grades of schoolchildren in 20 public schools in the United States. Each set of parameters determines
its own type of family, which includes its own set of factors. The status of parents influences the success of the student
- type No. 1 (0.0415/6 = 0.69% - an almost constantly present factor). The socio-economic status of the family and
the status of parents have little influence on the success of schoolchildren - type No. 2 (0.0731/6=1.2% - an almost
constantly present factor). The socio-economic status of the family and the status of parents have an even weaker
influence on the success of schoolchildren K-type No. 3 (0.2936/6=4.89% - an almost constantly present factor). The
socio-economic status of the family has a greater influence than the status of the parents on the success of the student
- type No. 4 (0.5762/6=9.6% - a random factor that did not appear by chance). With a noticeable level of payment
for school staff and with a low level of socio-economic status of the family and the status of parents, the current
grades of schoolchildren are higher than grades for 6 classes - type No. 5 (1.3922/6=23.20% - a random factor that
did not appear by chance). With an imperceptible level of payment for school staff and with a noticeable level of
socio-economic status of the family and the status of parents, the current grades of schoolchildren are higher than
grades for 6 classes - type No. 6 (Table 5). This factor has the greatest information content: 3.6235/6=60.39% is a
non-random factor, manifested by chance, because it depends on 5 z-factors, manifested with equal strength c=(-
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0.48)%. With the least dispersion of y-factors ye,ys,ya,ys,y2,y1 (from 0.0415 to 0.5762 - “constant facts”, then (with a
slightly larger dispersion) - “other facts”. Next - “noticeable random facts” , "highly noticeable random facts that
require regulation by departments of municipal government structures. The greatest degree of variability in the
explanatory y-factor y1 (11=3.6235) corresponds to highly noticeable random facts from the “parent-students-
school” system.”

Key words: semantic information format, semantic variables, matrix semantic equality, multi-semantic equation
with known and unknown semantic variables, cognitive model.
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CMBICJIOBAS ITAJINTPA ®AKTOPOB OBYUYEHUS IIKOJBbHUKOB 20 MYHUIINAJIBHBIX
IIKOJI CIITA

Annomayusn: Paspabomana cucmema uz 6 cmblcio8biX YpaGHeHUll ¢ 6 Heu38eCmMHbIMU y-cmblciamu. B mooenu
KOZHUMUBHO MOOETUPYIOMCS CMbICIbL bIYUCTEHHBIX HOBbIX HEKOPPENUPOBAHHBIX y-NepeMeHHblX. Buiuuciennvie (ne
MOOEUPYIOMCsl) 3HAUEHUs Y-NePeMEHHbIX, GblUUCTAMCA uzmepumenu c=corr(zy;), ke{fl,...6}, je{l,...,6}
KOZUYeCmeeHHble 653U Nposenenutl ceoticms. Hailoenvt 6 cemammuueckux peuwteHuil. cMuica(yi), CMblea(y2),
cMbICA()V3), ..., CMBICA(V6), CYWECmBeHHO  OONONHAIWUE UCXOOHble 3HAaHUs.  duciosvle y-nepemenHble
Mamemamuyecku He Koppeaupyiom opye ¢ opyeom. Corr(yi,y2)=corr(ys,ys)=corr(yi,ys)=...=corr(ys,ys) =0, max xax
mampuya cobcmeennvix yucen Ags=(1/M)Y meYme Ouazonanvua: Ass=lss. Imu pasencmea — credcmsue UCXOOHOL
2unomesvl MOOeIU: y-nepemMeHHble He3a8UCUMbL NO cMblciam Opye om Opyed. Buiuucnenvl z-uzmenuusocmu 20
PEAnbHbIX UBMEPEHUTI Kanc0020 U3 6 KOppeaupoganHvix nokazamenei. Mampuya 3nauenuti z-uzmMeH4u8oCmu
Zne={z}, zi=(24jZ2....2m))", Jj=1I,...,.6, npeobpazosana 6 mampuyy Yme=ZnsCes={yi}, Yi=(Yyj ... ymj)",
HEKOpPenuposanHulx 3Havenull y-uzmenuusocmu. Buruucnenvt 2 mampuysl (Ces,Ass) N0 KOpperiyuoHHou mampuye
Res, 20e Res=(1/M)Z"16Z e, Ym6=ZmeCes, ResCo6=Coe165, Ce6CTe6=les, CT66Co6=l6s,
Ass=diag(3.6235,1.3922,0.5762,0.2936,0.0731,0.0415), tr(Aes)= A1+ ... tA6=6. HcxoOHbIM CMBLCIO8BIM PABEHCNEOM
CILYJHCUM  CMBICI080€ MAMpUYHOe pageHcmso 6uda: cmbica(Yme)=cmoici(ZmeCes). Hatioenmsvl 6 cemanmuueckux
PeuleHUll CMbICIOBbIX MHO2OMEPHBIX YpasHeHutl cmulei(y1) @... Eemvica(ye) =cmovlen(ZmsCl) @... Bemwblien(ZmeCs), 20e
Ci=(C1j,Cj...,cej)" - j-viti cobemeennviii 6ekmop uz j—o2o cmonbya mampuyvt  Ces.  Ilpusedenst cmviciogoe u
Gopmynvroe 060cHO6aNUsL 3HAHUT U3 O CMBICIOGLIX YpasHeHull. Beedennvie 6 mMooenb nepemenuvle HAdeneHbl
MAMEMAMUYecKUMU U CIMAMUCMU4ecKUMIU CE0UCMEamMy, a napamempvi NOCmosiiHbl. CMbICIbL 0OBACHAIOUUX
gaxmopos mensirom ceou cmenenu usmenuugocmu (Tabnuya 4) om nocmosiHHo 00 cubHo cayyanou (6 epadayuil).
B Tabnuyax 4, 5 nepenucanvl nepguunvle 0okazamenbHvle hpasvl 8bISAGICHHBIX 3HAHUIL 8 601ee KOMNAKMHBIX (hOpMAxX
CMBICI06020 (He KOIMO020posckoeo) gopmama ungopmayuu u3z mampuy Cessdes,Yme,Zms: 0 (pakmopax oOyueHus
WKONbHUKO8 U 00 YNpAGNseMblX 3HAYEHUSIX NApAMempos MOOenu, GIusiowue Ha CMAamyc cembu U OYeHKU
wkonbHuko8 20 mynuyunanenvix wkon CLLIA. Kasxcooe mHodcecmso napamempog onpeoensem 80U mun cemetl,
sxOHarOWUll ceoll Habop Gakmopos. Cmamyc  podumeneil 6uusem HA Ycnexu wKoabHuka — mun Nel
(0,0415/6=0,69%-npaxmuuecku  nocmosnno  npucymcmeyrowuti  Gakmop).  CoyuanbHO-IKOHOMUUHLECKOE
NONOdCEeHUe ceMbll U cmamyc pooumeneli ciabo eusiom Ha ycnexu wikonvhuxa - mun Ne2 (0.0731/6=1.2% -
NPAKMU4ecKy NOCMosHHoO npucymcmeyiouui gpaxmop). CoyuanbHO-9KOHOMUULECKOE NOJIONCEHUE CeMbU U CIAMYC
pooumeneil ewe crabee enussom Ha ycnexu wkonvHuxka - mun Ne3 (0.2936/6=4,89%- npakmuyecku nOCMOSHHO
npucymcmeyrowuii. pakmop). CoyuanbHO-9KOHOMUUYECKOe NOL0NHCEHUe CeMbl Oonbule Gausem, dem Cmamyc
pooumeneil euusAlom Ha ycnexu wikoavhuka - mun Ned (0.5762/6=9.6%% - cayuaiinvli (pakmop, nposeieHHbill
Hecayuaiino). Ilpu 3amemnom yposHe oniamol nepcoHaNa WKOIbL U NPU MAIOM YPOBHE COYUATLHO-IKOHOMUUYECKO2O0
HOJLOJICEHUSL CEMbU U CIAMYca poOumenei meKyuue OyeHKU WKOIbHUKOS 8blile, YeM OYEHKU 3d 6 Kiaccos - mun
N5 (1.3922/6=23.20%- cayuainvlii ghakmop, nposisienHblil Hecayyauno). [Ilpu Hezamemuom yposHe ONIambl
NepCOHANa WIKONbL U NPU 3AMEMHOM YPOGHE COYUALbHO-IKOHOMUUHLECKO20 — NONOJCEHUT CEMbU U CMAmycad
pooumeneil mexkywue OYeHKU WKOIbHUKOS gblule, YeM oyeHKu 3a 6 knaccog - mun Ne6 (Tabauya 5). Smom ¢paxmop
obnadaem naubonvuieli ungopmamusrocmvio: 3.6235/6=60.39% - necayuatinwiii haxmop, nposeieHHblIl CAYHAlHO,
ubo 3asucum om 5 z-ghaxmopos, nposieneHHvix ¢ oounaxogol cunoti c#(-0.48)2. C naumenvuteri oucnepcueii Y-
axmopos Ys,Ys,Ya,Y3,Y2,Y1 (om 0,0415 0o 0.5762 — «nocmosiHusie pakmsly, 3amem (¢ 4uyms boavuiel oucnepcuetl) —
«Opyeue axmory). [lanee - «3amemmuvle CLyuatiHble QAaKmoly, «CUIbHO 3aMemHble CyUYaliHble (axmyl, mpebyoujue
pe2yiuposanus. co CMOPOHbl OeNnapmamennmosd MYHUYUNUALbHbIX cmpykmyp eiacmu. Haubonvwel cmenenu
usmenuusocmu obvscusiowezo Y-gpaxmopa Y1 (41=3.6235) coomeemcmeyrom — cunbHO 3aMeMHBLIM CLYYAUHBIM
Gaxkmam uz cucmemul «POOUMENL-UKOLLHUKU-UUKOLAY.
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KOCHUMUBHASL MOOEb.

Beenenue

Hanbomnee oOmumu MeTOAaMH HpPEACTABICHUS
3HAaHUIl SBIAIOTCS: INpaBUJA, CEMAHTHYECKUE CETH,
(dpetimer. [IpencraBieHne 3HaHWI B BHIEC IPaBUI
npearnojaraeT Hanmpyue (akToB W MpaBWI, U3
KOTOPBIX  BBIBOIATCA CMBICHBI  (BBIBOABI) [1].
BonpmuHCcTBO CcymecTByromux kommepdeckux OC
OCHOBaHBl Ha IMpaBuWiax. B a3Tolf pabore HaWneH
CMBICT KOMOWHAIlMM CMBICIOB Z—TIEPEMEHHBIX.
Takux xoMmOMHanui paccMoTpeHo 6. B cucremax
uckyccrBeHHoro naTemiekTa (M) onn urparot pois
3HaHM{:  Oyaymass  KapbepHas  YCIEHIHOCTb
IIKOJIPHUKA CYHIECTBEHHO 3aBHCUT OT «cTaTyca
poauTene» U OT «CpeJHEH OLIEHKU B HIKOJE». OTH
BBIBO/IBI TIOJTyYEHBI MOCIEe 00pabOTKH MPUBOIMMBIX
HIDKE 6 TIOKazaTelelt (M3 CMBICTIOB M 3HadeHui). [Ipn
JIPYTHX CMbICIIaX IOKa3aresied ¥ (M) UX 3HaYeHUH
MOTYT OBITh NOJYYEHBI APYTHE BHIBOABL. B o0mem
Cllydae, UWHTEUIEKT MOXKHO MpPEJCTaBUTh Kak
COBOKYIHOCTb (DaKTOB U IPaBMJI UX MCIIONB30BAHMUSL.
Ilemn pmocturarorcss ¢ MOMONIBIO TPAaBHA M|
UCIIONIb30BAHUEM  BCEX  M3BECTHBIX  (haKTOB.
KommgectBo pakToB U mMpaBmil MOXKET OBITH JTFOOBIM
KOHEYHBIM, a CMBIC]I BBIBOJIOB M3 HHUX — Da3HOU
CTENICHN COAEPKATEJbHOCTH: OT OYEBHIHBIX [0
HOBBIX. B MeToakel mpuBoadrcs ciyuan Hanuuus «1
(axT+2 mpaBunay, «3 dakrat9 mnpasuia». Hinke
paccMarpuBaeTcsl ciaydail «MHOTO TpaBHI+H(6+6%6)
«BBIYMCIICHHBIX)» (baxToBy. W3Bnexarores
(opMann3oBaHHBIE  3HAHHS, W3BICUCHHBIE W3
CKPBITOr0 coCTOsAHUA. DOopMalU30BaHHBIE 3HAHUSA
(dopMmynupyroTcst B KHHTaX,  PYKOBOJACTBAaxX,
JIOKyMEHTaX B BHJIE OOIIMX M CTPOTUX CYXICHHUH
(3ak0HOB, GOPMYII, MOZAETICH, ANTOPUTMOB H T.II.).

B mporpamMMHO#l cucteme, UMHUTHpYIOIIEH Ha
KOMIIBIOTEPE MBIIIJICHUE 4YeJIOBeKa, B IIpolecce
MBIIUICHUS] PEUIAalOTCsl OMNPENENCHHBIC 3a/1a4l N
[IPUHUMAKOTCSl PELIEHUS B KOHKPETHOM Y3KOHU
obsiacTu. BBIAENAIOT OCHOBHBIE CUTYaIlMU IIpoLecca
«J100BIYMY» 3HaHUH (TIPH IPUMEHEHUH pa3paboTaHHON
CHCTEMBI IPOTPaMMHBIX CPEJICTB, BOCTIPOU3BOIAIINX
UX Ha KOMIBIOTEPE CMBICIOBBIC, CHMBOJIBHBIC,
YHUCJIOBbIE W HHBbIE AIrOpUTMBL. B nporpammuoin
crcTeMe, UMUTHPYIONIEH Ha KOMITBIOTEPE MBIIIJICHHE
YeJloBeKa M MpOIlecC  MBIIUICHUS  YellOBEKa,
(hopmanmzyrorcs CMBICIIOBBIC 3a1a4u c
MepPEMEHHBIMHY, MapaMeTpaMH U3 Y3KOil KOHKpEeTHOU
npeaMetHoit oOmactu [3-12]. Hwke paccmorpena
CUCTEMA  «POAUTENIU-IIKOJIBHUKU-IIKONIA»  4Yepe3
JaHHbIe 0 6 moka3zaTensiXx Mo 20 MyHUIMNATbHBIM
mkosaM CIHA (Tabmuma 1). B craree [1] Obumn

1 Meroapt npeacTasieHus 3HaHui: Meron. ykas. / Cocrt. U. JI.
Kopo6oga. - Tam60B: M31-Bo Tam6. roc. TexH. yH-Ta, 2003. - 24 c.

HalJIeHbl TOJIbKO 3 cMbIcia (3 6) 3-X 0000IIeHHBIX
y-thakTopos Y1,Y2,Y3 c JIOMUHHUPYIOITIMHI
JAUCIICPCUAMMU. DToro Mano JUISA IIO3HAHUA CHCTEMbI
«POANTENH-IIKOIbHUKH-IIIKOIIAY. «KonuuectBo
JOMHHHUPYIOLIUX JUCIEPCHI MaJlo, a8 UTHOPHPOBAHUE
HEJIOMUHHPYIOIINX  JUCHEPCHA CYIIECTBEHHO
YMEHBIIAET KOJNYECTBO HCIIOIB3YEMbIX KOMIIOHEHT
COOCTBEHHBIX BEKTOPOB (MHIUKATOPOB IPUCYTCTBUS
W3BIIEKAEMBIX 3HaHWU [2]) — y HccienoBaTenei
MMPOUCXOAAT CTyallun «YIMYHICHHBIX BO3MOXXHOCTE)
[2]. OOmsicuenme ¢(akToB W TpPaBUI B MOJCITH
W3BJICYCHUS 3HAHUH N3 JaHHBIX — KaK PEabHBIX, TaK
U «BBIUUCIECHHBIX», OyJeM MpPOBOAUTH HA OCHOBE
COBOKYITHOCTH BBIYHCIICHHBIX 3HaYCHUH
COOCTBEHHBIX UYHCET A4,...,A6 H KOMIIOHEHT 6
COOCTBEHHBIX BEKTOPOB C.1 ,..., C.6 (Tabmuna 2). [Ipu
9TOM OBUIM TOCTPOEHBI 6 OPHUEHTHUPOBAHHBIX Ipad
it y-iepeMeHHBIX Nel,..., Ne6, oHM WMEIOT BHI
(pucynox 1, [1]). OObscHenue, oOOCHOBaHHE
(rmyOmHHBIA ~ aHAMM3  JAHHBIX M CMBICJIOB
MEpEMEHHBIX) TIOCTPOCHO Ha OCHOBE aHaiIm3a 6
JJIEMEHTOB CHeKTpa Ass M BCEX DIEMEHTOB 6
CTOJIOLIOB Matpursl  Ceg, B cTaThe [1]
AQHATU3UPOBAINCEH 2 AJIEMEHTOB CHEKTpa U 2 cTosIbna
MaTtpuilsl Ces. OCTanbHBIE IEMEHTHI ITaphl MATPHII
(Ae6,Ce6) paHee He ymenu oObsCHITH [1] .

Cpenu cucreM WM, mupoko BHEAPSEMBIX B
00J1acTh aBTOMATH3alUHU TPOSKTHPOBAHMUS, CIEIAyeT
BbIACJIIMTb, TaK HA3bIBAECMbIC, SKCHEPTHLIC CUCTEMBI
(3C), B OCHOBE KOTOPBHIX HAXOAWUTCS OOIIHUPHBINA
3arac 3HaHMH M DKCHEPTHBIX OLEHOK O KOHKPETHOM
TIPEeIMEeTHON 00xacTi. 3HaHUS KOTOPBHIMH 00Jamaet
CIEUaINCT B  KakoH-mMOO  00JacTH  MOXKHO
pa3nenuTh Ha (opmann3zoBaHHbIE "
HeopMmanu3oBaHHble. Dopmann3oBaHHBIE 3HAHUA
¢dbopmynmupyloTcst B KHUIax, pPYyKOBOZCTBaXx,
JOKyMEHTaX B BHJE OOIIMX M CTPOTUX CYKICHHH
(3ak0oHOB, (GOpMyJ, MOJEJICH, AITOPUTMOB U T.II.).
BonpmuHCTBO CcymecTByonmx Kommepueckux IC
OCHOBaHbI Ha mpasmiaax. [Ipum 3TOM mpaBuia MOryT
OBITH MNpeACTaBJICHbBI B OJHOM M3 JBYX BI/I):[OB1
CMBICITBI  OOBSCHAIOMNX (DAKTOPOB MEHSIOT CBOU
cteneHu n3MeHunBocTH (Tabnuma 4) oT MOCTOSHHOMN
JI0 CHJIBHO ciydaiiHo (6 rpanmammii). B Tabmumax 4,
5 HeoOXOIUMO TOKa3aTh, UTO M3 CEOS MPEICTABISCT
CMBICIIOBOH (hopMaT mH(pOpMAIMK W3 BBEIYMCICHHBIX
Hwke Marpuil CesAes, Y me,Zms. CMBICITOBOI (hopmar
uHOpPManUK NO/DKEH JaTh 3HaHMA O (haKTopax
00y4eHMsI IIKOJILHUKOB U 3HAHUsS 00 yNpaBiIsieMbIX
3HAYEHHUSX T1apaMeTpoOB  Pa3pabOTaHHOW  HIKE
MO/IEIIH, BBISIBUTH TApaMEeTPhl, KOHKPETHBIE 3HAYCHHS
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3THX TAPaMETPOB, BIUSIOMNX HA CTATYC CEMBU U Ha
OLIEHKH IIKOJBHUKOB 20 MyHHIUNAIBHBIX LIKOJI
CIIA. VYuuBepcaJdbHBIX OMNpPENCICHUH MOHATHIA
(mannble, wHOpMauMsA, 3HAHHE) HET, OHH
TPaKTyIOTCSI TO-pa3HoMy. bynem wucnonb3oBaTh
oOsi3aTenbHBIe OOBEKTHI IS TIPOIEcca  «JIOOBITM
3HAHWW:  JlaHHBblE,  «BBIYKMCJICHHBIE»  JaHHbIC
(mHpOpMaIUs), MOIENs  W3BJICUCHHUA  3HAHUM,
CUCTEMBI CMBICIIOBBIX ypaBHeHUil [13,14], cucrema
OOBSICHEHUI CMBICIIOB, YHCIOBBIX (hakToB [14] m
npaBuJl W3BJIeUeHMs 3HaHui [13,14].

Hcxoanble JaHHDBIE

Ucxonnele paHHBle O 6 mokasatensx 20
MyHAIUNATBHBIX Ko CLIA (Tabnwma 1) B mogens
BBEJICHBI CMBICITBI M 3HAYCHUS 6 KOPPEITHUPOBAHHBIX Z-
MepeMeHHbIX. VIMeHa-CMBICHBI Z-TIepeMeHHbBIX [1]
CIIeTyoLIHe:

1) «omuiara MIKOIBHOTO TEPCOHANA B pacueTe Ha
OJTHOTO YUCHUKaY (Z1);

2) «% OTIIOB - OENBIX Y MECTUKITACCHUKOBY (Z2);

3)  «COIMAITBPHO—KOHOMHYECKOE ITOJIONKCHHIE
(C3II), cxmamepiBatomeecs u3 cpepHux (y  6-
KJIACCHUKOB) - pa3Mepa ceMel, MOJHOThI CEME,
o0pa3oBaHUS  OTIOB, OOpa3oBaHUS  MaTepew,
MPOIICHTA OTIIOB — OEJIBIX, pa3Mepa KBapTHPBI» (23);

4) «cpenHss MIKOJIbHAS (Texymmas
YCIIEBaEMOCTh) OLEHKA YYEHHKA 32 YCTHYIO PEYb)
(z4);

5) «c cpenHmii 00pa3oOBaTENBHBIN YPOBEHB
MaTepel  6-KJIacCHMKOB  (S€AMHUIIE  H3MEPEHHUS
COOTBETCTBYET 2 Kjacca, MaTrepd HMEIOT TOJBKO
HIKOJIbHOE 00pa3oBaHue)» (Zs);

6) cpenHss OleHKa YICHHUKA 33 YCTHYIO peyb (3a
Bce 6 KI1accoB) (zg).

@DakTel HYJEBOrO
CBEJICHUSI:

a) Tokazatelnb Ne
TOYKH 3PCHHUS IIKOJEI;

6) mokazarenu Ne 2, 3,5 xapakTepu3yIOT CEMbIO
U pOIUTEINEH.

B) mokazatenb Ne 4 u Ne6 XxapakTepusyroT
YCIeXH Y9eHHKA B IIKOJIE.

Juiis Toro, 4ToOBl TOKAa3aTh, YTO 3TH JAHHBIC
HUMEIOT peasIbHBIN CMBICI PACCMOTPHM, HampumMep, 1-
yIO CTPOKy Hamred Ttabmuibl maHHbIx: 3.83; 28.87;
7.20; 26.60; 6.19; 37.01. 3neck uncio 3.83 o3Hayaer
(cromberr Nel - «oIniara MIKOJIBHOTO TIEPCOHANA B
pacdere Ha OJHOTO yueHukKa» (z1). Yucno 28.87
o3Hauaet (cronder; No2 - mpOIIeHT OTIIOB - OeNbIX y 6-
KJIaCCHUKOB OJHOM mKkoibl). Yucno 7.20 o3Hauaer
(cTtonberr Ne3 — peWTHHTOBAs OIEHKA COLHAIbHO—
SKOHOMHYECKOE MTOJIO’KEHHE (C3ID),
CKIajpIBatoleecss u3 cpeaHux (y 6-KIaCCHUKOB):
pasmepa ceMmel, TIIONHOTHI ceMel, 00pa3oBaHHA
OTIOB, 00pa3oBaHUsl MaTeped, NPOLEHTa OTIOB —
OembIx, pasMepa kBapTHphL. Ymcio 26.60 o3Haudaer
(3T0 cromber; Nod) - cpemHss MIKOJBHAS OIEHKA 3a
ycTHYI0 peub. Uncno 26.60 - «cpenmHss MIKOTbHAS

YPOBHS COAEpIKaT IPOCTHIE

1 xapakTepusyeT yuuTeneit ¢

(Texymias ycneBaeMoCThb) OIICHKA YICHHKA 32 YCTHYIO
peuby. Yucno 6.19 o3nauaer (cronbdery N5 - cpennuit
o0Opa3oBaTeNbHBIIl YPOBEHb MaTepeil 6-KIacCHUKOB
(emuHMIIE W3MEpEHHMs COOTBETCTBYeT 2 Kiacca
HIKOJIBI, MaTepd HWMEIOT Yalle BCEero IIKOJIbHOE
o0Opa3oBaHNe - UX JCTH ydaTcsi B MYHHITUIAIHHBIX
HIKOJIax, TJae o0y4yeHue OecruiatHoe). JJaHHOE YuCIo,
€CJIM IIOJICNIUTH Ha 2, paBHO 18 Kilaccam, 4TO 03Ha4YaeT
— OHa y4uJiachk 0oJbIe § JIeT UM HE TOJIBKO B OJTHOM
mkone. [lo »tuM 1uppoBeM ¢akTtam ObUIH
BBIYHCIICHBI IpyTHE («BBIYUCICHHBIEY) (hakThl. ucio
37.01 o3naudaer (crosiber; Ne6 - orurara IMIKOJIBLHOTO
IepcoHaja B pacyere Ha OJHOIO IIKOJNBHWKA (B
JoJJIapax, paBHa CyMMe BCeX 3arpart, JieJeHHas Ha
obmiee 4ncino y4eHHKoB). OHH - HOBBIE arperarsl
nudp — 3HaYeHHS MPeoOpa30BaHHBIX Y—TIEpEMEHHBIX,
yIOOHBIE JJIs HAILISH LeIH.

KoruutuBHas mojaenb ¢GakTopoB o0y4eHUs:
IKOJbHUKOB 20 MyHUIMNAAbHBIX K01 CIITA

Jltst KOTHHUTHUBHOM
MICPEMCHHBIMH SIBIISTFOTCSL:

a) 4YHCIOBBIE JaHHBIE O 6 mokasarensx 20
MyHunUnansHEIX mkon CIIIA (Tabmuma 1);

6)  WMCHA-CMBICIBI  Z-TiepeMeHHbIX  [1]
CIICYIOIIHE:

1) «omuaTa MKOABHOTO MEPCOHAA B pacyeTe Ha
OJIHOTO YUeHHKa» (Z1);

2) «% OTIIOB - OENBIX Y MIECTUKIACCHUKOBY (Z2);

3) «COMAIBHO — YKOHOMHUYECKOE TOJIOKCHHE
ceMbm» (23);

4) «cpemHss IIKOJbHAs OIGHKAa yYeHHKa 3a
YCTHYIO peub» (Z4);

5) «cpemHUil  00pa3oBaTEIBHBIN  YPOBCHB
Marepeii 6-KIacCHUKOBY (Zs);

6) cpenHsg OLICHKA YYE€HHKa 3a YCTHYIO peyb (3a
BCe 6 Ki1accoB) (zg);

2. BBeneHBI B MOJENb YHCJIOBBIC 3HAYCHUS
HEKOPPEIMPOBAHHBIX Y-TIepeMeHHbIX (covar(yy,Y2)=

MOJEIN BXOIHBIMH

covar(yz,ys)=...=covar(ys,ys)=covar(yi,ys)=0) "
BBEJICHBI CMBICIIOBBIE TIEpEMEHHBIE (Y-TIepEMEHHBIE):
cMbIci(Y1), cMBICI(Y?), ..., CMBICI(Ys).

3. Bouncnenst 2 wmarpuilbl  (Ces,Ass) OHH
BBIYHCISIIOTCS € BBICOKOM ~ TOYHOCTBIO  TI0
KoppensinnoHHoi Marpuiie Res, rme marpuma Res
BBIYHCIISIETCS 110 PEanbHBIM JaHHBIM. Ee MaTpuia
COOCTBEHHBIX YHCENl Ags W MaTpuIla COOCTBEHHBIX
BEKTOPOB Ces yIOBJETBOPSIOT  YCIIOBHSM:
Re6=(1/M)Z m6Zms, Ymn=ZmeCss, Ae6=(1/M)Y Tm6Yms,
Re6Co6=CesAcs,  Ce6Cle6=les, C'e6Coc=les, A=
diag(3.6235,1.3922,0.5762,0.2936,0.0731,0.0415),
tr(Aes)= AM+...+h6=6. B Matpuiie Yms 3IeMEHTHI j-TO
cronbua Yi;,Yoj,....ymj (j-ast y-mepemennas, j=1,...,6)
HAMEIOT CcpefHee apu(pMETHIECKOe, PaBHOE HYIIIO:
(2/m)(y1j+Yait...tYm))=0 u mucmepcuio paBHYIO Aj:
(/M) (Y21j+y?o5t. . . +Y%mj)=)i, cyMMa ucrepcHii paBHa
6: M+...+As=6.

4. Beruncnennsie 2 wMarpuibl Y ms=ZmeCes
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00pa3yloT CHCTEMY YHCIOBBIX alTeOpandecKux KIIACCOB)»;
ypaBHeHI/Iﬁ C HU3BECTHBIMHU YU CJIIOBBIMH B) CMI)ICJ'I(y4):<(CeMLI/I, rae A€Tu UMCIOT HU3KYIO

nepeMeHHbIMH (Y1, ...,Y6),(Z1, Z2,...,26):
y1=(21)*(-0.1790)+(z2) *(-0.4803)+(z3)*(-0.4982) +
(24)*(-0.1622) +(z5)*(-0.4805) +(z6)*(-0.4816);
y2=(21)*(0.6548)+(z2)*(-0.2093)+(z3)*(-0.0947)+
(24)*(0.7014)+(z5)*(-0.1622)+ (z6)*(-0.0112);
y3=(21)*(-0.6852)+(z2)*(-0.2202)+(z3)*(0.0908)+
(24)*(0.551)+(z5)*(-0.1779)+ (z6)*(0.3722);
Ya=(21)*(0.243)+(22)*(-0.3517)+(z3)*(0.4384)+(z4)*
(-0.3854)+(z5)*(-0.5193)+ (z6)*0.4548);
y5=(21)*(0.0153)+(z2)*(0.7021)+(z3)*(-0.3481)+
(24)*(0.0181)+(z5)*(-0.5784)+ (z6)*(0.2252);
Y6=(21)*(0.102)+(z2)*(-0.2457)+(z3)*(-0.649)+
(24)*(-0.1708)+(z5)*(0.3271)+(z5)*(0.6098).

5.CMBICIIOBOC MAaTpUYHOE pAaBEHCTBO BHJA!
cMBICT(Y mg)=CMBICII(ZmeCe6)  CIYIKHT  HMCXOIHBIM
yciaoBueM.  MImeTcss  ceMaHTHYECKOE — pelIeHHe
CMBICIIOBOTO MHOTOMEPHOTO ypaBHEHHS
eMbIci(Y1)®D. .. cmbici(Ye)=cMBICT(ZmsC1) D
@cMbIci(ZmeCs), rre ¢Ti=(C1j,C2},C3j, Csj),
Yi=(Vaj,--Ymi),  Zme={zi}, =(24},22, 235, Zmj),
=1,...,6.

6. Koruurtusao KOHCTPYUPYIOTCS 6
CEMaHTHYECKUX peIIeHun: cMbICi(Y1), CMBICI(Y?),
cMbIci(Y3), cMBICT(Ys), CYIIECTBEHHO JIOMOJIHSIOIINE
HCXOMHBIC CMBICTBI M peIlacTcss cucreMa 3 6
CMBICIIOBBIX YPaBHEHUIA:
embIci(y1)=cMbicn(z1)*(-0.1790)+cembici(z2)* (-
0.4803)+cmbici(z3)*(-0.4982)+cmbici(Z4)*(-
0.1622)+cmbici(zs)*(-0.4805)+cmbici (26)*(-0.4816);
eMbIci(Y2)=cMbici(Z1)*(0.6548)+cmbici(z2)* (-
0.2093)+cmbici(z3)*(-0.0947)+cmbici(z4)*
(0.7014)+cmbicn(zs)*(-0.1622)+cmbicm(ze)* (-
0.0112);
eMbIci(Ys)=cMbic(z1)*(-0.6852)+cmbici(z2)* (-
0.2202)+cmbici(z3)*(0.0908)+cmbici(z4)*(0.551)+
cMbIci(Z5)*(-0.1779)+cmbicn (26)*(0.3722);
cMbIci(Ya)=cMbicia(Z1)*(0.243)+cmbicia(Z2) * (-
0.3517)+cmbici(z3)*(0.4384)+cmbicn(z4)* (-
0.3854)+cmbIci(zs)*(-0.5193)+cmbici(Zs) *0.4548);
cmbici(Ys)=cMbici(z1)*(0.0153)+cmbicn(z2)*(0.7021)
+cmbicn(z3)*(-0.3481)+embicn(z4)*(0.0181) +
cMBICi(Zs)*(-0.5784)+cmbicn (26)*(0.2252);
cmbici(Ys)=cMbici(Z1)*(0.1020)+cmbicn(z2)* (-
0.2457)+cmbici(z3)*0(-0.649)+cmbici(z4)*0-
0.1708)+cmbici(Zs)*(0.3271)+cmbic (Z6)*(0.6098).

7.CemaHTHUECKHE pEIICHUS CHUCTEMBI U3 6
CMBICIIOBBIX YPaBHEHHI BRIPAXKAIOTCS (hpazamu:

a) cMBICT(Ye)=«04Y€Hb HU3KUI YPOBEHbH KU3HH U
HU3KHH CTaTyC pOJIMTENEH IMKOIbHUKAY,

0) cMmbIci(ys)=«CpemHssl  OICHKa Yy4eHHKa
(¥MerorIero pomuTeNnieii ¢ HU3KUMH CTaTyCOM |
YPOBHEM >KH3HH, TIO3BOJISIFONIMX MPUHATH UX JETEH B
Koy Uil OOydeHHs) 3a YCTHy0 pedb (3a 6

zT

(c oTpumarenbHOi cumoit c?44-0.3854)%) «cpenHio
IIKOJIBHYI0  (TEKyNIyl0 110 BceeM IpeaAMeTam,
CMBICII(Z4)) HU3KYIO «OIIGHKY 32 YCTHYIO peuby», a
TaKKe NMEIOT HU3KYI0 «CPEAHIOI0 OLIEHKY 3a YCTHYIO
peur (3a 6 KmaccoB, ¢ cuioii css=(0.4548)?),
CMBICT(Zs).

r) cMbIci(Y3)=«ceMbr THIA 4, ¢ U3MEPCHHBIMH
«CPEeIHUMM» YPOBHAMH YCIIEXOB UX JETEH B yuecOe»;
[IKOJbHAsE OLEHKAa YMEHBIIACTCS TPH MOBBIIICHUH
pa3Mepa oIiaThl MepcoHajia IIKOJbI 332 OOy4YeHHUe
IIKOJIbHUKOB;

J1) cMBICH(Y2)=«IIpH 3aMETHOM IPOSIBIICHUU Z-
dakropa z1 (CDII cembu) c cumoit c?2=(0.6548)?
IKONBHUKK (C  Gonbmioit cumoit  c242=(0.7014)?)
y4aTcs CO CpeHel MKOIbHOHN (TEKyIIe) OLIeHKOH 3a
YCTHYIO peub» (Zs), HO HMMEIOT HHU3KHH ypOBEHb
«CpefiHel OIIeHKM y4YeHHWKa 3a YCTHYIO peub (3a 6
KnaccoB) (zg), paBHyI0 c%2=(-0.0112)2»;

e) cmbica(yr)=«IIpu 3amMeTHOM NPOSBICHUH
(haxTOpa 71 «OIIaTa MIKOJIFHOTO TIEPCOHANA B PacueTe
Ha OJJHOTO YYEHHKa» BBIJICJICHbI 3aMETHbBIC YPOBEHb
JKU3HU U CTaTyC POAUTEIEH».

8. BpmumcneHHBIE 1O PEAIBHBIM JIaHHBIM
YHCIIOBBIE MATPUIBI: MaTpullda Zme Z-OTKJIOHEHHH,
marpuga  Xms  X-OTKJIOHEHHMH  OT  CpPEIHUX
(OTIONHUTENBPHO K CTAaHAAPTHU30BAHHOW MaTpule
Zme, IO O0OBIYM  [IOMOJHHUTENBHBIX 3HAHUH O
B3aUMHBIX JMHAMHUKaX X-OTKJIIOHEHMH CBOWCTB
3epPHOBOM KYJBTYpbI), MATPHUIIBI Y-OTKIOHEHH#t oT O -
Y m6=ZmsCes, Y me=XmeCes6, Xm6=ZmsS66-

9. Busyanu3zauusi KpUBBIX B3aMMHBIX JAWHAMHUK
Z-, X-, Y-OTKIOHEHHH (AKTOPOB, BHIUMCICHHBIX B
Mo3HawIeld Moxenu o 6 IMokasaTensiX PoJuTeNeH,
MIKOJIbHUKOB, TIEPCOHAA MKOJIBI 20 MyHHIIUITATEHBIX
mkost CHIA ortobpaxena Ha Pucynkax 1-11.

10. B momenm pemieHa 3amava: paszpaboTaTh
CUCTEMY M3 6 CMBICIOBBIX ypaBHeHHH c 12=6+6
CEeMaHTUYECKUMU nepeMeHHbIMH cmbici(y1),
cMbIci(y2), cMbIci(Ys), cMbIci(Ys), CMBICI(Z1), ...,

CMBICI(Zs), YAOBJIETBOPSIOLINX MaTpUYHOMY
CMBICIIOBOMY PaBEHCTBY BUZA
cMBICI( Y mg)=CMBICI(ZmsCes), rae

CMBICT(Zme)=cMBICT(Y1)D. .. DcMbIci(Ys),
eMBICT(ZmeCe6)=CMBICT(ZmeC1)D. .. DcMbIci(ZmeCs).
j-brit cronbGer; Cj matpuibl Ces (j-blii COOCTBEHHBIM
BeKTOp) uMmeeT BUI: Cj=(C1j,Czj,...,Cq)", i=1,...,6.
MatpraHomy CMBICITIOBOMY paBeHCTBY
COOTBETCTBYET MaTeMaTHYECKOe MaTpUYHOE

PaBEHCTBO ISl YHCIOBBIX TIEPEMEHHBIX BHJIA:
Ce6/\66, Yms, Zms, Yme=ZmsCes.
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Taéauua 1. Tannbie mo 6 nokaszareasiMm 20 MyHHIHNAJBHBIX Ko CIITA

Ne X% X% x%3 x% X% X%

1 3,83 28,87 7,20 26,60 6,19 37,01
2 2,89 20,10 | -11,71 24,40 5,17 26,51
3 2,86 69,05 | 12,32 25,70 7,04 36,51
4 2,92 65,40 | 14,28 25,70 7,10 40,70
5 3,06 29,59 6,31 25,40 6,15 37,10
6 2,07 44,82 6,16 2