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 = 1500  SJIF (Morocco) = 7.184  OAJI (USA) = 0.350

Issue Avrticle

SOlI: 1.1/TAS DOI: 10.15863/TAS
International Scientific Journal

Theoretical & Applied Science

p-ISSN: 2308-4944 (print)  e-1SSN: 2409-0085 (online)

Year: 2024 Issue: 02  Volume: 130

Published: 03.02.2024  http://T-Science.org

Yusufzhan Shadimetovich Shadimetov
Tashkent State Transport University
Doctor of Philological Sciences, Professor
Republic of Uzbekistan, Tashkent

Dmitriy Alekseyevich Ayrapetov
Tashkent State Transport University
assistant

Republic of Uzbekistan, Tashkent
ayrapetov92@mail.ru

Xoshimjon Pardayevich Niyazov
Tashkent State Transport University
assistant

Republic of Uzbekistan, Tashkent

AIR POLLUTION BY ROAD TRANSPORT IN TASHKENT

Abstract: The article is devoted to the problem of atmospheric air pollution using the example of Tashkent. The
priority substances that pollute the city's air and their impact on public health are identified.

Calculations of the content of pollutants in the air were carried out and criteria for the formation of dangerous
concentrations (smog) near highways were determined. The main parameters of the influence of natural and
anthropogenic factors on the level of atmospheric pollution have been identified. The article presents the results of
studies of the state of atmospheric air for the content of fine suspended particles PM10 and general dust, as well as
other pollutants, conducted in the city of Tashkent. Recommendations are given to reduce air pollution.
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3ATPAZHEHUE ATMOC®EPHOI'O BO31YXA ABTOMOBUJIBHBIM TPAHCIIOPTOM B I'OPO/IE
TAINKEHTE

Annomayusn:. Cmamos nocesaujena npooieme 3az2pazHeHus ammocgepHozo 8030yxa Ha npumepe 2. Tawkenma.
Buidenenvr npuopumemnvle sewecmea, 3azpasHaOuue 6030YUiHbINL bacceln 20podd U GIUAHUE UX HA 300pP08be
HaceneHus.

Ilpogedenvl pacuemvl cOOEPI*CAHU  3ASPASHAIOWUX Bewecms 6 6030yXe U OnpedesieHbl Kpumepuu
Gopmuposanusi onacHeix KomyeHmpayui (cmoz) e6nusu agmomazucmpanel. Buisenenvl ocnoenvle napamempul
BIUAHUS NPUPOOHBIX U AHMPONOLEHHBIX (PAKMOPO8 HA YPOBeHb 3azpA3HeHUs ammocghepvl. B cmamve npugedervl
PEe3YIbMamax UCCiIe008aHull COCMOSHUSL AMMOCHEPHO20 8030YXa HA COOEpICaAHUe 8 HEM MEIKOOUCTIEPCHBIX
836ewennvix yacmuy PMI10 u obweti nviiu, a maxoce Opy2ux 3aepA3HAIOUUX Geujecms, NPoBeOEHHbIX 8 20pooe
Tawxkenme. /lanvi pexomenoayuu O CHUICEHUSL 3a2PAZHEHUSL AMMOCPHEPHO20 8030YXA.

Knroueevie cnosa. ammocepHuiii 6030yX, 3aepssHeHue ammocqepol, 6blOPOCbl BPEOHBIX BEUECms,
aA8MOMOOUILHBLI MPAHCHOPM, 3A2PA3HeHUe OKpYydcaroueli cpeosl, ammocgepa, noiis, PM10.
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Brenenne

[Ipobnema 3arps3HEHUS BO3AyXa B TOpojax
TpeacTaBIseT COO0H CIOKHBIA Habop acmekToB. OHa
3aTparuBaet BOIIPOCHI, CBSI3aHHBIC c
3200JI€BaEMOCTHIO HaCEJICHHS, HEraTHBHBIM
BO3JIclicTBUEM Ha (iopy u ¢ayHy, a Takke oOmieH
YXYAIIAOmEeHcs 3KOJOTHIECKOW OOCTaHOBKOM B
TOPOJCKHX paiiloHaxX.

IMon TtepmuHOM "3arpsi3HeHHE aTMocdepHOro
BO3/yXxa" MOHUMAETCs JII000e U3MEHEHHUE €T0 COCTaBa
U XapaKTepPUCTHK, KOTOPOE OKa3bIBAa€T HETraTHBHOE
BO3JICHCTBME Ha 3[J0POBBLE JIIOJEH W KUBOTHBIX, a
TaKXKe BIIMSET Ha COCTOSIHUE PACTEHUU U IKOCHUCTEM
[1].

3arps3HeHHE aTMOC(EpHOrO0 BO3AyXa HMEET
pa3HooOpa3HOe MPOUCXOXKICHUE, MOAPa3Aesisich Ha
ecTecTBEHHOe M aHTpomnorenHoe [2]. EcrectBenHoe
3arps3HEHHE CBA3aHO C MPUPOIHBIMU IIPOIECCAMHU,
TaKUMH KaK BYJIKaHUYeCKas [EATEIbHOCTh U
BBIBETPUBAHME TOPHBIX MopoA. B cBorwo ouepens,
AQHTPOTIOTEHHOE 3arps3HeHue 00yCIIOBIICHO
BO3JICHCTBUEM 4YEJOBEKa U BKIIOYACT BBIOPOCHI
pa3sHOOOpa3HBIX 3arpsA3HAIOMIMX BeIlecTB. BaxHo

OTMCTUTD, 4qTo Macitab AHTPOIIOTCHHOT'O
3arpsA3HCHUA CYHICCTBECHHO MMPEBLIIIACT
C€CTCCTBCHHBIC MpoUECChI. AHTpOHOFeHHO@

3arpsi3HEHUE MOXKET IPOSIBISITECS B Pa3IMYHBIX
(hopMax: MECTHOM, PETHOHAIBHOM H TJI00aIHHOM.
MectHOE 3arpsi3HEHNE XapaKTepu3yeTcs
TMOBBIIICHHBIM COJACPKAHUEM BPCIAHBIX BCIICCTB Ha
OTPaHMYCHHON TEPPUTOPUH, HANPHMEP, B TOPOJE.
PernonanpHOe 3arpsi3HeHHWE OXBaThIBaeT —Ooliee
0OIIMpHBIE POCTPAHCTBA, HO HE IMEET III00aThHOTO
BO3JICHCTBUsS. [100abHOE 3arps3HCHHUE CBS3aHO C
o0IMM  HM3MEHEHHEM  COCTaBa  arMoc(epHOro
BO3/lyXa, BBI3bIBas HSKOJOTWYECKHE W3MEHEHHS Ha
MJIaHeTapHOM ypoBHe [3].

Yenoseuecknit OpraHu3M TTOCTOSTHHO
MOJIBEPraeTcst BO3/ICHCTBHIO pa3sHo00pa3HbIX
BPEIHBIX (PaKTOPOB, IPOUCXOSIINX U3 OKPYKAIOIIEH
cpenbl. BzammocBsizp Mexay 3a001€BaeMOCTBIO U
CMEPTHOCTBIO C COCTOSHHEM 3KOJIOTHH AIUTEIBHOE
BpeMs1 HaOIIOAeTCs, 0COOEHHO B MHIYCTPHAIBHBIX
ropoaax [4,5].

CoracHO pe3ysbTaTaM MEIUKO-IKOIOTHIECKUX
UCCJICJIOBAaHNH, 3arpsi3HEHHE OKpYIXKalolleld Cpejbl
MIPE/ACTABISIET ONMACHOCTh JUIS 3/I0POBBSI UEJIOBEKA.
OTO NOATBEPKIACTCSL:

e YaCTBIMHU JKanobamu KHUTEINEH,
MIPOKUBAIOLINX B 30HE 3arpsI3HEHHOI OKpYy’Karomen
cpenbl, Ha HENPHUATHBIE 3alaxH, TOJIOBHBIE O0IH,
obmee HeAOMOTaHWE W JApPYrHMe HETaTHBHBIC
COCTOSIHUS;

e JAHHBIMH  MEIUIHMHCKOM  CTaTHCTHKH,
YKa3bIBAIOIIMMH Ha yBeJIHYEeHUE 3a00JIeBaEMOCTH Ha
TEPPUTOPHAX C BHICOKIM YPOBHEM 3arps3HEHHUS;

e pe3yiabTaTaMH  CHENUAIBHBIX  HAYYHBIX
HCCHGHOB&HHﬁ, HaIlpaBJICHHBIX Ha BBISIBJICHHEC

KOJIMYECTBEHHBIX CBSA3€M MEXIy 3arps3sHEHUEM
OKpYXalome cpensl M ero BO3JCHCTBHEM Ha
opranusM [6]. CinenoBaTenbHO, OLEHKA 3arpsI3HEHUS
aTMOC(EepHOr0 BO3/AyXa M €ro BIUSHHS Ha 3J0POBHE
CTaHOBUTCS OJHOW U3 KITFOYEBBIX MPOOIIEM.

ABTOMOOWIIBHBIN TPAHCIIOPT BBICTYIACT KakK
3HAYUTEIBHBII HMCTOYHHK  BBEIOPOCOB  BPEIHBIX
BemectB B atMocdepy. Peskoe  yxymireHue
OKOJIOTMUECKON OOCTaHOBKH B KPYMHBIX TOpPOaX,
CBS3aHHOEC C  YBEIMYCHHEM  WHTCHCHUBHOCTH
JIBIDKEHUST ¥ (HOPMUPOBAHUEM  CIEHH(DUIECKUX
KIIMMaTU4YECKUX  YCJIOBHH, [€JlaeT HEOTJIOKHOM
3a/ady pa3pabOoTKH TEXHOJIOTHH OIICHKH 3arpsi3HEHUS
atMocepsl W ero OUHaMHKA. Jloms BKimaga
ABTOMOOWJIBHOTO  TpaHCIIOpPTAa B  3arps3HCHHE
atMoc(epbl  TPOJOIDKAET PAacTH, OCOOCHHO B
KPYIHBIX TOpOJax, rie oHa coctasisier 80% u OGornee
[7,8].

K OCHOBHBIM TOKCHYHBIM BEIOpOCaM
aBTOMOOWJICH OTHOCATCSA: OTpabOTaBIIME Tas3bl,
KapTepHbIE Ta3bl M TOIUIMBHBIC MCTIapeHus. Brimyckn
0TpabOTaBIINX Ta30B, BEIOPACKIBAEMBIX JIBUTATEIIEM,
BKIMOUatoT okcua yriaepoga (CO), yriaeBomopomsl,
OKCHIIBI a30Ta, OCH3alUpeH, AaNbIeTUABl U CaXy.
Caxa, OKCUJ yriaepoja, YriaeBoJOPOAbI U allbIeT U IbI
SBIISTIOTCSI  OCHOBHBIMH TOKCHYHBIMH BEI[ECTBAMH,
00pa3yIOMIMMUCS B PE3yJIbTaTe HEMOJIHOTO CrOPAHHUS
[9,10].

TeXHONOTHS OLIEHKU 3arps3HEHUS aTMOC(ephI
aBTOMOOWJIBHBIM  TPAHCIIOPTOM  OCHOBaHa  Ha
COBMECTHOM aHaJN3¢ WHTCHCHBHOCTH BBIOPOCOB
BBIXJIOMHBIX ~ Ta30B M XapaKTePUCTUK  HUX

TMEpEMEIINBAHUA C YUCTBhIM BO3yXOM.
HMHTeHCHBHOCTD BLI6pOCOB 3aBUCUT OT Tpa(l)I/IKa, B TO
BpEMA KakK AKTHBHOCTb nepeMenIMBaHusA

OTPENENSACTCSl CKOPOCTHI0O W HAIPaBICHHEM BETpa
[11].

Cpemu  (akTOpOB, BIMSIONUX HA BBIOPOCEHI,
MO’KHO BBIZIETTUTE: 00Illee KOJIHUECTBO aBTOMOOMIICH,
TUOBIL U BO3pAacT aBTOMOOWJICH B PETHOHE, IOIIO
ABTOMOOWJICH PA3IMYHBIX SKOJIOTUYCCKUX KIIACCOB,
KOJINYECTBO T'PY30BBIX aBTOMOOWIICH, COCTOSIHUE H
MIMPUHY TOPOT, KAa9ECTBO TOILUINBA, €r0 COOTBETCTBUE
AKOJIOTMUECKUM cTaHfapTtaM EBpo u apyrue [12,13].
3HaunTeNbHOE BO3JCHCTBHE Ha (POPMUPOBAHHE
OMACHOI'0  3arpsA3HCHHs aTMOC(EpPhl  OKa3bIBACT
TUTOTHOCTPH 3aCTPOMKH BJIOJTF AaBTOMArHCTPAJICH.

HecmoTpss Ha mocTeneHHOE  OOHOBIICHHE
aBTONIapKa aBTOMOOWIAMH 0ojee 3KOJIOTHYECKH
YHUCTHIX 4-TO U 5-T0 KJIAcCOB, JIOJISI aBTOTPAHCIIOPTA C
HU3KOH  9KoIorndyeckoil 3¢ dekTuBHOCTRIO  0-T0
KJIacca OCTAaeTCsl BBICOKOH.

HccnenoBanuss ~ COCTOSHHS — aTMOC(EPHOTO
BO3IyXa Ha COJEpXKaHWE B HEM MEIKOAMCIICPCHBIX
B3BelICHHBIX YacTull PM10 u obmei meutu [14], a
TaKKe IPYTUX 3arps3HAIOMIAX BEMIECTB (IMOKCHI
a30Ta, TUOKCHUJI CEPBI, CEPOBOJIOPOJ, OKCHJ YTIIEPOIa,
ammMmHuak, exomn) 6puH poBeneHsl 13 centadps 2023
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roga CHenuaancTaMi, MUHUCTEPCTBO DKOJOTHH, PesynpraTl  IpOBEAEHHBIX  MCCIEAOBAHUN

OXpaHbl OKpYKarollleld cpellbl U U3MEHEHUs KiIMMaTa
PeciyOonmuku Y30ekucran TaiikeHTCKas ropojckast

YIIpaBICHAN.

OTZ[CJ'I MOHUTOPUHTA,

HU3MCHCHUC

KJIMMaTa 1 60ps0a ¢ ONYCTHIHUBAaHUEM OKPY KaIOIIUi
cpensl (ananmTHYeckas naboparopun). Habmromenms

MMpOBOAUJIUCE C

9KOJIOTHYECKON 1ab0paTOpHH.

nmomorelo  npubopa  (Dkoiad)

npencraBicHbl B Tabmuie Ne 1. OmeHka COCTOSHHS

aTMoc(hepHOro
COOTBETCTBHUH  C

BO3yXa

CanllmHom PV3

OCYyIIECTBJISIACh B
Ne0293-11

«I'uruennueckue HopmatuBhl. [lepeueHs npeaenbHo-
nmormryctumbix koHeHTpanuit (I[TAK) 3arpssasommx
BEILIECTB B aTMOC(EPHOM BO3/yXe HACEIEHHBIX MECT
Ha TeppuTopun PecrryOnukm Y30eKucTan.

Tadauma Nel
Ne Mecro orbopa, Bpems | Haumenosannme | Temneparypa | [laBnenue, MakcumansHo ITIKm.p | IlpeBbimenue
/n KOODPMHATHI orbopa HMHIpEIUCHTa °C MM.PT.CT. pa3zoBas mr/m® TIAKwM.p.
KOHIICHTpalus
3arpA3HsArOLIero
BEIECTBA, MI/M°
1 Touka Nel 124 PM10 30 725 0,0063 0,5
Koopaunatst ITe16 0,0091 0,5
N41.263207, E Jmokenn 0,01 0,085
69.222420 aszora
(Ymnanzapckuit Oxcup 7,0826 5 14
p-H,) yraepoaa
MIEPEKPECTOK Jlnoxcua 0 0,5
Manas cepel
KombLcBast AMMHaK 0,0032 0,2
Aopor Denon 0 0,01
DTOPUCTHIN 0 0,02
BOJIOPOJT
CepoBoopon 0,0046 0,008
2 Touka Ne2 124 PM10 30 725 0,0063 0,5
KOOPAWHATEI ITbutb 0,0091 0,5
N41.263335, Juokcua 0,0098 0,085
E 69.222527 azora
(Yunanzapckuit Oxcup 6,1040 5 1,2
P-n,) yriepona
MEPEKPECTOK Juoxcun 0 05
Manas cephl
KobrcBast AMMHaK 0,0028 0,2
Aopora 1 ®deHon 0 0,01
Hpuneraromas DTOpUCTHIH 0 0,02
TePPUTOPHS BOJIOPOII
CepoBosiopo 0,0045 0,008
3 Touka Ne3 1250 PM10 31 725 0,003 0,5
KOODP/IHATHI ITbuib 0,0032 0,5
N41.270025, Juokenn 0,0078 0,085
E 69.211592 azoTa
(Ymnan3apckuit Oxcun 2,0813 5 -
P-n,) yriepona
MEePEKPECTOK Junokcua 0 0,5
Manas cepal
KOJIBLICBAA AMMuax 0,0067 0,2
Aopora ®deHon 0 0,01
dropucTsiii 0 0,02
BOJIOPOJT
CepoBoziopo 0,0038 0,008
4 Touka Ne4 12% PM10 32 724 0,001 0,5
KOODP/IMHATHI ITeu1n 0,001 0,5
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N41.269344, Juokeun 0,0024 0,085
E 69.212323 azoTa
(Ymnan3apckuit Oxcun 2,1290 5
P-u,) yriepoja
MEPEKPECTOK Juokeun 0 0,5
Manas cephl
KOJbLCBas AMMMaK 0,0005 0,2
Aopora u deno 0 0,01
IIprIIeraromasi DropucThIii 0 0,02
TEPPUTOPHS BOJOPOL
CepoBoiopon 0,0034 0,008
5 Touka Ne5 13% PMI10 32 724 0,0009 0,5
KOOPIUHATHI ITe11b 0,0011 0,5
N41.288391, Jvokcun 0,0028 0,085
E 69.229625 azora
(Uunanzapckuit Oxcun 1,2564 5
P-n,) yriepoaa
MEePCKPECTOK Jnokcua 0 0,5
Manast cephl
KoJIbICBas AMMHax 0,001 0,2
Aopora u denon 0 0,01
Hpuieraromast dropuctsiii 0 0,02
TEPPUTOPHS BOJIOPOJT
CepoBomopon 0,0038 0,008
6 Touka Ne6 13% PM10 32 724 0,003 0,5
KOOpPIUHATHI ITe116 0,003 0,5
N41.288352, Juokenn 0,0022 0,085
E 69.229187 azora
(Ymnanzapckuit Oxcun 1,7548 5
P-n,) yriepoja
MCPCKPECTOK Jnoxcun 0 0,5
yin.Mykumuit cephl
AMMHak 0 0,2
deHon 0 0,01
DTOPUCTHIN 0 0,02
BOIOPOJ
CepoBomopo 0,0036 0,008
7 Touka Ne7 1310 PM10 32 724 0,005 0,5
KOOPAUHATHI ITeu1n 0,0062 0,5
N41.288282, Jnoxcun 0,0031 0,085
E 69.228998 asora
(Ymnanzapckuit Oxcun 1,2780 5
P-n,) yriepona
MEPEKPECTOK Jlnokeun 0 0,5
yn.Mykumuii u cephl
IpujIeTaromas AMMHuaK 0 0,2
TeppuUTOpHA ®denon 0 0,01
DTOpUCTHIN 0 0,02
BOIOPO.
CepoBomopo 0,0032 0,008
8 Touka Ne8 131° PM10 33 723 0,0054 0,5
KOODP/IMHATHI JUISHIS 0,0065 0,5
N41.291013, Jnoxcum 0,0046 0,085
E 69.225322 asora
(Ymnanzapckuit Oxcun 1,2160 5
P-n,) yriaepoja
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MEePEeKPECTOK Juokcun 0 0,5
yn.Mykumuii u cephl
MIPHJICTAIOIIAS AMMHaK 0,0022 0,2
TEPPUTOPHUSI denon 0 0,01
dropucTsiii 0 0,02
BOJIOPOJ
CepoBojiopont 0,0038 0,008
9 Touka Ne9 1320 PM10 33 723 0,0066 0,5
KOOPAWHATHI ITe116 0,007 0,5
N41.296315, Juokeun 0,0048 0,085
E 69.216591 asora
(Yunanzapckuit Oxcug 3,3403 5
P-u,) yriepozaa
MEPEKPECTOK Juoxcun 0 0,5
yin.Mykumuit cepbl
Cropt ToBapbI AMMHax 0,0021 0,2
Denon 0 0,01
DTOpUCTHIN 0 0,02
BOJIOPOJL
CepoBonopon 0,0043 0,008
10 Touka Nel0 1325 PM10 34 723 0,0065 0,5
KOOPJMHATHI ITe116 0,0072 0,5
N41.296396, Jlvokcun 0,0073 0,085
E 69.216792 azora
(Ymmanzapcekuit Oxcun 3,5890 5
P-u,) yriepoaa
MEPEKPECTOK Jnoxcua 0 0,5
yin.Mykumuit cepel
CropT ToBapsl U AMMHMAK 0 0,2
MpUJIeraroas DeHon 0 0,01
TEpPUTOPUA dTOpHCTHI 0 0,02
BOIOPOJ
CepoBoopo 0,0041 0,008
11| Touxa Nell 13%0 PM10 36 724 0,004 0,5
KOOPANHATHI JUISHI3 0,0047 0,5
N41.327935 E Jlvokcun 0,0254 0,085
69.283311 azoTa
(FOuycabanckuii Oxkcun 2,3101 5
p-1,) A.Temypa yriepozaa
Merpo Musrop Jnoxcun 0 0,5
CephI
AMMHak 0,0005 0,2
denon 0 0,01
DTOpUCTHIN 0 0,02
BOIOPOJ
CepoBomopos 0,0043 0,008
12 |  Touxa Nel2 13%8 PM10 36 723 0,004 0,5
KOOPAWHATHI JUISHI3 0,0047 0,5
N41.328314, Jlnokeun 0,0211 0,085
E 69.283546 asora
(FOnycabanckuii Oxcuz 1,3620 5
P-n,) ym. yriepona
A.Temypa u Jnoxcum 0 0,5
MIPHJICTAIOIIIAsT cepsl
TCPPUTOPU AMMHak 0,0007 0,2
denon 0 0,01
DTOPUCTHIN 0 0,02
[ ]
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BOJIOPOJT
CepoBojiopont 0,0044 0,008
13 Touka Nel3 13% PM10 36 723 0,004 0,5
KOOPAWHATEI JUISHIS 0,004 0,5
N41.334836, Juokcua 0,0059 0,085
E 69.284875 a30Ta
(fOnycabanckuit Oxcnn 1,4560 5
p-H,) yiL yriuepozaa
A.Temypan Juoxcun 0 0,5
MIPUJIEraroIas cepsl
TEPPUTOPUS AMMHaK 0,0003 0,2
Radisson Blu Denon 0 0,01
Hotel DTOpHUCTHIHA 0 0,02
BOJIOPOJL
CepoBoiopon 0,0048 0,008
14 Touka Nel4 14%° PM10 35 723 0,0041 0,5
KOOPIUHATHI ITe11b 0,0047 0,5
N41.334836, Jlvokcun 0,0954 0,085 1,2
E 69.284875 azora
(FOnycabanckuit Oxcug 2,4567 5
p-H,) yIL. yriepoja
A.Temypa Huoxcun 0 0,5
cepsl
AMMHax 0,001 0,2
denon 0 0,01
DTOpUCTHIH 0 0,02
BOJIOPOJL
CepoBomopon 0,0056 0,008
15 Touka Nel5 149 PM10 35 723 0,0044 0,5
KOOPMHATHI ITe116 0,0047 0,5
N41.334836, Juokenn 0,0792 0,085
E 69.284875 a30Ta
(FOnycabanckuii Oxcun 2,9430 5
p-H,) yIL yriepozaa
A.Temypa u JIHOKCH 0 0,5
MpUJIEraroIas cepbl
TCPPUTOPHUS AmMMmuax 0,001 0,2
denon 0 0,01
dropuctsiii 0 0,02
BOIOPOJ
CepoBomopon 0,0058 0,008
16 Touka Nel6 1510 PM10 38 722 0,0061 0,5
KOOPAUHATHI ITeu1n 0,0062 0,5
N41.280825, Jnoxcun 0,0166 0,085
E 69.328483 asora
(Slmuo6oacKMit Oxkcug 0,9941 5
p-H,) yIL yriepoaa
M. Ampadu JTHOKCHT 0 0,5
cepbl
AMMHak 0,0248 0,2
Denon 0 0,01
DTOpUCTHIN 0 0,02
BOIOPO.
CepoBomopo 0,0054 0,008
17 Touka Nel7 151° PM10 38 722 0,0066 0,5
KOOPAWHATHI JUISHI3 0,0068 0,5
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N41.393773, Juokeun 0,0162 0,085
E 69.227246 asora
(AuraoO0McKMit Oxcun 2,0140 5
p-H,) yIL. yriepoja
M.Ampadu Juokcu 0 0,5
cephl
AmMHak 0 0,2
denon 0 0,01
DTOpHUCTHIHA 0 0,02
BOJOPOX
CepoBoiopon 0,0072 0,008
18 Touka Nel8 1520 PM10 38 722 0,0038 0,5
KOOPIUHATHI ITe11b 0,0046 0,5
N41.273782 Jvokcun 0,0110 0,085
E 69.312402 azora
(AmnoO0ACKH Oxcun 2,0141 5
p-H,) yIL yriepoja
M. Awpadu Jnokcua 0 0,5
cepsl
AMMHax 0 0,2
denon 0 0,01
dTOopHCTHI 0 0,02
BOJIOPOJL
CepoBomopon 0,0071 0,008
19 Touka Nel9 152° PM10 36 722 0,0035 0,5
KOOpPIUHATHI ITe116 0,0036 0,5
N41.270626, Juokenn 0,0162 0,085
E 69.302735 asora
(Mupabanckuit Oxcun 1,6980 5
p-H,) yIL yriepozaa
A.Qwurpar JIHOKCH 0 0,5
cephl
AMMHak 0 0,2
denon 0 0,01
DTOPUCTHIN 0 0,02
BOIOPOJ
CepoBomopo 0,0054 0,008
20 Touka Ne20 15%0 PM10 36 722 0,003 0,5
KOOPAUHATHI ITeu1n 0,0033 0,5
N41.271880, Jnoxcun 0,0154 0,085
E 69.279452 asora
(Mupabanckuit Oxcun 1,0893 5
P-n,) yn yriepona
A.Dutpar JTnoxeny 0 0,5
cephl
AMMHak 0 0,2
Denon 0 0,01
DTOpUCTHIN 0 0,02
BOIOPO.
CepoBomopo 0,0066 0,008
21 Touka Ne21 15% PM10 35 721 0,0036 0,5
KOODP/IMHATHI JUISHIS 0,0041 0,5
N41.272033, Jnoxcum 0,0254 0,085
E 69.279162 asora
(Mupabanckuit Oxcun 1,5122 5
yriepoja
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P-n,) yn. Junokcua 0 0,5
A.®uTtpar cephl
AMMHax 0 0,2
denon 0 0,01
dropucTsiii 0 0,02
BOJIOPO
CepoBojiopont 0,0076 0,008

ILTKm.p. - npedenvHo-00nycmumas KOHYeHmpayusl, MaKkCUMAaiIbHO pa308asi.

Pe3ynbpraTel  NPOBENEHHBIX — HCCIEIOBAHMH
COCTOSIHMSI aTMOC(EPHOI0 BO3/yXa Ha TEPPUTOPUH
r.TamkeHra, MOKAa3aJI1 NpeBbIIICHAS
YCTAHOBJICHHBIX HOPMATHBOB npeneJabHO
AOMYCTHMOI MaKCHMAaJIbHO-Pa30Boii
koHuentpauuun (IIIKm.p.) mno ciegyroomum

3an$I3H$[}OH_II/IM BCIIICCTBAM:

- OKCHJ yriiepoja B Touke HaOmromeHus Nel B
1,4 paza,

- OKCHJ yTJIepofa B TOUke HaOmromeHus No2 B
1,2 paza.

- JIMOKCHJ a30Ta B Touke HaOmroneHus Neld B
1,2 paza.

Jnst CHWXXKEHWsS 3arps3HeHHs aTtMoc(epHOro
BO3/lyXa IpeJlaracTcsi pea30BaTh CJEYIOIUe
MEPONPHATHS: TIEPEeMEIICHUE TPYIIOBBIX KOTEIBEHBIX
U3 JKHIBIX 30H, o6ecnequI/Ie KAa4e€CTBCHHOI'O H
CBOEBPEMEHHOI'O  TEXHHYECKOTO  OOCIY>KHBaHHUS
aBTOMOOWIIEH, BKIIIOYAsl T€, YTO HAXOJATCS B IMYHOM
MOJb30BaHUU. Takke pPEKOMEH/IYeTCs CO3JaHue
CaHNTAapHO-3AIINUTHBIX 30H BOKPYT NPOMBIIUICHHBIX
NPEANPUSTHH, pa3Mepbl KOTOPBIX ONPENEISIOTCS Ha
OCHOBE PacyueTOB PACCEHBaHHs BBHIOPOCOB BPEIHBIX
BEIIeCTB B arTMocepy M COIVIACHO CaHHUTapHOM
knaccuukanuu opraHm3anuid [15]. Heob6xoammo
TaKKe BHEAPHUTH CHCTEMY PEryJIMpOBaHHS BHIOPOCOB
B armochepy B TeEpHOABI  HEOIArompHUATHBIX
METEOPOJIOTHYECKUX YCIOBHI.
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AHanu3 JNUTEepaTypHBIX HCTOYHUKOB ITOKA3all,
yTo TOpox TaIIKeHT XapaKTepu3yeTcs BBICOKHM
YPOBHEM 3arpsi3HEHUs] aTMOC(EpPHOro BO3LyXa H
3HAYNUTENbHOM  KOHLEHTpalued  BBHIOPOCOB  Ha
Ka)XJOr0 JKUTENS €XETOJHO, YTO JENacT AAHHYIO
npo0OsieMy 0coO6eHHO akTyanbHOH [16,17].

B pe3ynbrare npoBeAeHHBIX BBIYMCICHUH ObLIO
HNOJATBEPXKAEHO, YTO KOHIEHTPALUS 3arps3HAIOIIUX
BEIIECTB B aTMOC(EPHOM BO3JyXE IPEBbILIAET
YCTaHOBJICHHBIE CpesHeCcyTOUHbIE MIPEAEIBHO
JIOITyCTUMBIE 3HAUCHHWs B TEUEHHE 3HAYUTEIHHOIO
BPEMEHH 110 MHOTHM BEIIECTBAM.

OCHOBHBIMU HAIpaBJICHUSIMU AEATEIBHOCTU B
obnmactTm  3amUTBl  aTMOC(epbl OT  BBIOPOCOB
aBTOTPAHCIOPTA BKIIIOYAIOT:

e paclIMpeHHe IMPOU3BOACTBA aBTOMOOHJICH,
OCHAITIEHHBIX BBICOK03()(heKTHUBHBIMU u
MaJIOTOKCHUYHBIMHU JABUT'aTCIIIMU, BKJIrO4Yas
JaNbHEHIIYI0 NHU3EIM3ALUI0 aBTOMAapKa, a TaKKe
Mepexo] Ha aJbTepHATUBHBIE HICTOUHUKYU SHEPIHH;

e paspaborka u BHelpeHHe 3S(G(GEKTUBHBIX
CHcTeM HEeWTpaln3alud OTpabOTaHHBIX ra3oB, B TOM
YuClie U BBEJCHUE aHTUABIMHBIX Tpucajok [18];

e CHIKEHHE TOKCHYHOCTH MOTOPHBIX TOIIJIHB;

e yIyullleHWE  OpraHU3alUd  JOPOXKHOIO
IBIDKCHHS B TOpOJAX M  COBEPIICHCTBOBAHUE
MHQPACTPYKTYpBl JOpPOT C IENbl0 OOecTeYeHHs
OecriepeOoitHOTO IBIKEHHS Ha aBTOMAruCTPaJIsX.
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Abstract: the article summarizes the results of experimental and methodological work carried out over a number
of years of geophysical research, describes methods for determining porosity by acoustic, neural gamma logging;
extreme values of gamma and neutron gamma logging, as well as methods for isolating and evaluating reservoirs of
complex structure. These techniques and methods of interpretation are intended for the study of carbonate deposits
of the Jurassic and Cretaceous deposits of Turkmenistan and are recommended for testing in all geophysical
organizations conducting research on complex carbonate reservoirs.

Prospecting and exploration for oil and gas in Turkmenistan is mainly associated with Mesozoic sediments lying
at depths up to 5000 m or more, represented by both terrigenous and carbonate rocks. These deposits are exposed in
difficult geological and technical conditions; the reservoir is predominantly of complex structure, which makes it
difficult to isolate them due to the poor knowledge of geophysical dependencies and petrophysical security of
geophysical dependencies.
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Introduction porosity exceeding 5-6% and only in some cases the

On the territory of Turkmenistan, carbonate porosity coefficient is 3.5-5% (Fig.1).
deposits have a widespread distribution and The established boundary values of the
stratigraphically belong to the Upper Jurassic and geophysical parameters AJny and AJy (double
Lower Cretaceous ages. A large range of depth difference parameters of neutron-gamma logging
variations, clay content varying in section and area, (NGL) and gamma logging (GL), respectively) are
complex tectonic and thermobaric conditions, and 0.75 and 0.35.A comparison of the core analysis data
heterogeneous mineral composition led to the (Kp, Kper) also indicates the validity of the above data
development of reservoirs of various types: pore, (Fig. 2) [3, 4, 5].
pore-fractured, pore-cavernous or pore-fractured- In the carbonate deposits of the Central and
cavernous with a predominance of one or another type Western part of Turkmenistan, reservoirs are mainly
of porosity, which are established by geophysical data represented by low-power boards (1-3 m). The
[1, 2]. proportion of reservoirs with a capacity of 4 m or more

Analysis of the geophysical characteristics of the is an insignificant part, therefore, lateral electrical
tested objects showed that in most cases these are sounding is extremely rarely used to isolate reservoirs
reservoirs with a predominance of intergranular [6].
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Fig.1. Determination of the boundary AJny and AJy for the separation of carbonate rocks of the Mesozoic of
the Central part of Turkmenistan into reservoirs and non-reservoirs according to tested objects.

The main signs of pore-type reservoirs are the decrease in the diameter of the well due to the
presence of negative PS (spontaneous polarization) formation of a clay crust [7-10].
anomalies, low values and increments of AR
(apparent resistivity) in microcarotage diagrams, a
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Fig. 2. Comparison of the open porosity of the Kp and the permeability of the Kper of carbonate rocks of the
productive horizons of the Beurdeshik field
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However, with a decrease in reservoir capacity,
the efficiency of reservoir allocation according to the
listed criteria also decreases. In these cases, as well as
to isolate collectors of complex structure, temporary
measurements of electrical logging, simultaneous
studies with devices having different radial
characteristics (MLL-LL), and mechanical logging
data are used [11, 12].

Determination of porosity by acoustic logging.
The average time equation has become the most
widespread in the practice of field and geophysical
research to determine porosity

KAL, — AT = ATy
Ajig, = ATg

Its application presupposes knowledge of three
values; the interval time of the longitudinal wave in
the studied formation - AT, the time in the mineral
skeleton of the rock - ATsand in the liquid filling the
rock vapor in the research area AL - ATiiq. However,
it should be borne in mind that the above equation is
not a functional, but an approximate empirical
dependence V,=f(Kp), and the closest to the actual
values of porosity are obtained with the correct choice
of the initial values ATs and ATjig.

For pure monomineral rocks, the values of AT
are well maintained for various oil and gas bearing
regions of the globe. For the studied deposits of the
Lower Cretaceous and Jurassic (dolomites,
limestones, anhydrides, sandstones), a comparison of
ptts and AT was performed. The values of AT, which
practically correspond to the layers of dolomites,
limestones, anhydrides, sandstones with zero poraosity,
are respectively 142 mcs/m, 155, 164, 172 mcs/m. It
is recommended to use these values as AT« [13, 14,
15].

@)

In the vast majority of cases, the radius of the
acoustic logging probe is located within the
penetration zone, where the pores of the rock are filled
with a mixture of filtrate and reservoir fluid. The
interval time depends on the mineralization of the
mixture, pressure and temperature and can be
calculated from the following ratios:

Tiiq =[1410+1,21t = 0,037(t)* +1,148+0,18Px ]1,10° (2)
or

Tiiq =[1557-0,0245(75- )2+0,80Cjq +0,19P;q 11,10° (3)

where t - temperature of the mixture, °C; S - salinity

of the mixture, %; R iq. - hydrostatic pressure, kg/cm?;
Ciig. - mineralization of the mixture, g/l.

In 1975, based on laboratory data, the
dependences of ATiq. On pressure and temperature for
fixed values of Cjiq were constructed.

In 1979, according to formula (2), a complex
pallet was calculated and constructed to determine
ATiig. at a temperature change of up to 240 °C and a
pressure of 650 kg/cm? The values of AT,
determined by various methods for the geological and
technical conditions of the studied deposits vary
within the range of 590-610 mcs/m.

For practical purposes, when determining the K,
it is recommended to use ATjiq = 600 mcs/m, while the
absolute error when changing the K, from 2% to 9%
increases from 0.05% to 0.2%; when changing the K,
from 9% to 22.5% - from 0.2% to 0.5%. In all cases,
the relative error does not exceed 5%.

Determination of porosity by neutron gamma
logging. In Turkmenistan, the technique of two
support layers using a relative parameter has found the
greatest application in  determining  porosity
coefficients from neutron gamma y-logging.

A, = 18-~ Jnymin @
where Ju; 1ay., Juy min, Iny max - NGL readings in the
studied and support layers, respectively.

Knowing the value of the relative parameter AJ,,
according to the dependence AJ,,= f (Kp), it is defined
as KA (Fig.3).

The support layers must comply with the
following instructions. A limestone or dolomite
formation with maximum NGL readings should be
sufficiently powerful (h > 3 m), non-clay, the porosity
of which is assumed to be 1-3%. The specified range
of changes in the porosity of the support layer
introduces a significant error in determining the
KNCLp, since in this case the range of changes in J,, can
reach one conventional unit. It should also be borne in
mind that the studied carbonate deposits lie at
considerable depths (3000-4500 m or more). The
specific electrical resistances of formations with
maximum NGL readings reach 1000 and more than
Omm, therefore, their porosity coefficients are
significantly lower than 1%.

Clay layers, where the diameter of the well is
eroded to 50 cm or more, should be used as support
layers with minimal NGL readings [16, 17, 18]. The
porosity of such layers is considered to be equivalent
to 35-48%. There are practically no formations with
such parameters in the studied sections. It is not
uncommon for there to be no support layers at all in
the intervals of the NGL study that meet the above
requirements.

ny = -
T Jp,max-Jn, min
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To increase the reliability of the results of
quantitative interpretation of NGL materials, the
following method is proposed for determining the
extreme values of the support layers [19, 20]. The
values or P, of NGC for the studied formations are
compared in a semi-logarithmic coordinate system
(Fig. 4). For formations with granular porosity,
numerous studies have established a relationship close
to linear in such a coordinate system.

An averaging dependence line is drawn along the
points characterizing non-clay formations with
granular porosity, moreover, the position of the point

for a formation with K, = 48% is determined by the
coordinates Pp,=5+10 and 1 conventional unit in the
NGL diagram [21]. The correctness of the choice of
this point is confirmed by the results of determining
the values of the pairs Jny and o cl. (Kp P™%) in clay
layers in the range 2308-2320m, 2254-2260m, 2287-
2290m, 20184-2020m (well.2-Dengli), which are
characterized by the following parameters:

1.dc=26cm Jny=1,80 conv. un. ® cl =22 Pp=38
2.dc=26cm Jny=1,66 conv. un. ® cl =26 Pp=26
3.dc=29cm Jny=1,60 conv. un.  cl=27 Pp=23
4.dc=43cm Jny= 1,40 conv. un.  cl=37 Pp=10
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Fig. 4. Determination of the extreme values of NGL (well 2, Dengli square)

These strata, stratigraphically dated to the
Aptian-Albian age, are regionally traced in the studied
areas, and can be used for monitoring when
conducting a line of granular rocks [22, 23]. In
addition, limestone and dolomite layers with granular
porosity, highlighted in microprobe diagrams, are
used for this purpose.

We find the extreme values of NGL. To
determine the position of a formation with a porosity
of 1%, it is necessary to continue the line of granular
rocks to the intersection with the ordinate — Ppq. =
60000 (Kp = 1%). Thus, we obtain the value of J,, max
= 4.70 cont.units. The minimum value of J,, min,
corresponding to wc. = 40%, will be characterized by
a relative resistance equal to 7.5, which through the
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OCOBEHHOCTHU INPENNIOJABAHUSA MATEMATHUYECKOI'O MOJAEJIMPOBAHUSA

Annomayusn: B cmambe u3100/CeHbl  HEKOMOpble OCOOEHHOCMU,  C8A3aHHble C  NPEenoO0dA8aHUEeM
MAMeMAMULECKO20 MOOCTUPOBAHUSL. Yuem makux 0COOeHHOCmell No380Jen YIyHuums Kauecmseo no020mosKi
BbINYCKHUKOS, NOGLICUMb UX KOHKYPEHMOCNOCOOHOCb.

Kniouesvle cnosa:. obpaszoeanue, mMamemamuyeckas MoOeib, MAMeMAMU4ecKoe MOOeIUpOsaHie,
NPUHYURUATLHBLIL NOOX00, 0OYUeHue.

Beenenue 00yCIIOBIICHO MHOTUMH TIPHYHHAMI, CPEIH KOTOPBIX:

Marematiueckoe MOJEIUPOBAHHE KaK CIOco0 YCIIOKHEHHE U COKpAIllEHHEe CPOKOB HCCIIEIOBaHMM,
HCCICIOBAaHUSI W [ONYYEHWS HOBBIX  3HAHHUIA pocT GDMHAHCOBBIX, YHEPTETHUCCKHUX U APYTHX 3aTPAT
NPUMEHSIOT B PA3iNYHBIX OOJACTIX YEIIOBEYSCKOU Ha 00CITy)KMBaHHE 3KCIEPUMEHTOB, HEOOXOIUMOCTh
JOCATENbHOCTH. MHOTHE HaydHble —IyOIMKauu PCIICHHS DKOJOTHYCCKUX, COLMAIBHBIX W IPYTHX
[OKa3bIBAIOT BO3MOJKHOCTH, KOTOPBIE OTKPBIBAET COITYTCTBYIOLIUX UCCIICIOBAHUIO [IPOOIEM.
MaTeMaTH4ecKoe MOJeaupoBanie. B  Hacrosmee Maremariueckoe MOJCIMPOBAHHE AKTHBHO
BpeMsi BO3pacTacT poib  MEKAHCIUILIMHAPHBIX HCIONB3YIOT B COBPEMEHHON CHCTEMe 00pa30BaHMSL.
uccienoBannii, (QOPMHUPYIOTCS HOBBIC HAy4HbIC [Tpo6iembl, CBsI3aHHBIC C MPEMOIABAHIEM SIICMEHTOB
HAIPaBIICHUS, YCIIEIIHO HCIIOJB3YIOLIIE MAaTEeMaTHIECKOTO MO/IEIIMPOBAHHUL, IIPOKO
MEXIUCUUIUIMHAPHBIA T0AX04. B cBsi3m ¢ 3THM 00CYXIat0TCS B COBPEMEHHOI Hay4YHOH JUTEpaType,
3aCIIy)KHBAIOT BHUMaHUs paboThI (CM., HarpuMmep, [1— HpPH 3TOM PacCMaTPHBAIOTCS Pa3HBIC TOYKH 3PEHUSI
5]), KoTOopble  JEMOHCTPUPYIOT  BO3MOXHOCTH (cMm., Hanpumep, [6-11]). MHorue y4eHsle CUMTAIOT,
MaTEeMaTHYECKOTO MOJICIUPOBAHUS TPU PEIICHUN 4TO HW3y4YCHHE MATEMATHYECKOTO MOJCIUPOBAHUS
IpO(ECCHOHATIBHBIX 3a/1a4, BO3HUKAOIIMX HA CTBHIKE HOBBIIIACT MaTeMaTHIeCKy 0 IPaMOTHOCTb
HECKOJIBbKUX aKaJeMUYCCKUX AUCIUILINH. o0yyarlmuXcs, pa3BUBacT MX [O3HABATEIbHBIC

Bo3HHKHOBEHHE HOBBIX (YHIAMEHTAIBHBIX U CIIOCOBHOCTH, CO3MACT IYUIIYI0 MOTHBALUAIO YUCHUS,
NPUKIAJHBIX 3a/lad MPUBOAUT K HEOOXOJUMOCTH YKpEIUIAeT  MEXIUCIMIUTMHAPHBIE  CBA3UM  (CM.,
JAIbHENIIETO AKTHBHOT'O UCIIOJIB30BAHUS Hampumep, [12-15]).
MaTeMaTH9IECKOro MOJICITUPOBAHUSL. 310
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B 3TOU CBSI3U CTAaHOBUTCS Ba)XHBIM CBoiicTBO aJeKBATHOCTH. AnexBaTHas

MpernojaBaHle MaTeMaTU4eCKOro MOJETUPOBaHuUS,
HaIpaBICHHOE HA M3YYEHHE COBPEMEHHBIX METOJIOB
MIOCTPOCHHUS MAaTEMaTHYECKHX MOJIENeH, crnocoOoB
Ka4eCTBEHHOTO M KOJMYECTBCHHOTO  aHalH3a
MaTeMAaTHIECKUX MOJENeH, METOINK, TO3BOJISIOIINX
panuoHaIbHO HCTIONb30BaTh BO3MOXKHOCTH
MaTEeMaTHIECKOTO MOJICITHPOBAHMSL.

Lenpto  Hacrosimieli  pabOTBHI  SABJISIETCA
U3JI0KECHHE HEKOTOPBIX TEOPETUIECKUX "
METOJOJIOTHYCCKUX OCOOCHHOCTEH TIperoaaBaHus
MAaTEMATHYCCKOI'O MOACINPOBAHUA, KOTOPBIC
CO3MAIOT  TPEINOCHUIKK A PalHOHAIBHOTO
HCTIOJB30BAHUSA BO3MOXKHOCTEHl MaTeMaTH4ecKoro
MonenupoBaHusa. B pamkax maHHOW paboOTHl B
COOTBETCTBUM C BBIOPaHHOM LENBI0  yTOYHEH
CYIIECTBYIONINI MOHATHIHBIN ammapaT, 0003Ha4eHbI
9Tanbl MaTEMAaTU4YECKOr0 MOJAEIHPOBAHUS, KOTOPHIE

MOTYT  OBITh ~ pPCAIM30BAaHBI  OOYYAROLIHMMHCS,
MpeajoKeHa THUIOoBas 3a7aya, pELIeHUE KOTOPOH
thopmupyer HEO0XOTUMBIC HaBBIKH, JIaHbI

METOMOJIOTHICCKNE PEKOMEHAAONHN 10 OpraHU3alnun
yqe6H0ro mpounecca.

1. ITouaTHS U onpeeTeHUsI

Ilogxoapl K TOCTPOEHHIO MaTeMaTU4YeCKOU
MOJIEINH, CITOCOOBI M METOMBI €€ M3YUCHUS MOIPOOHO
W3JIOKEHBI B OOIIMPHOM y4eOHOW W Hay4HOIl
nuteparype (cm., Hampumep, [16-19]). Ommako B
HEKOTOPBIX CIy4yasix BO3MOXKHOCTH MaTEMaTHYECKOTO
MOJIETUPOBAHUS UCTIONB3YIOT He pariuoHanbHo. OnHa
W3 TpPUYMH JTOrO0 3aKJIIOYaeTcss B TOM, 4TO
MOCTPOCHHBIC MATEMAaTHUCCKUE MOJICITH HE 00J1a1a10T
HY>KHBIMHU CBOHCTBaMH.

OcHOBBIBasICh Ha MEPENOBOM I€Iaroru4eckoM
OMBITe, YTOYHHM IIOHATHE  «MaTEeMaTHIECKOe
MOJIETUPOBAHUE», KOTOPOE OMNPEIeNIUM KaK 3aMeHy
00BEKTa HCCIIEeOBAHMUS IPUTOAHON MaTeMaTHIeCKOi
MOJIENTBIO H €€ MOCIIeYoIIee N3yUYCHHE U3BECTHRIMU
MeToJlaMH, crocobamu. MaTemMaTHUecKylo MOMAETh
CUUTAEM MPUTOAHOM, €CIIM OHA B JIOCTATOYHON Mepe
06na}1aeT Hy)KHI)IMI/I CBOﬁCTBaMH le/IMeHl/ITeJ'l]:HO K
KOHKPETHOMY HMCCIEIOBAaHUIO.

1.1. CpoiicTBa MaTeMaTHYeCKUX MoaeJIeii

Maremarnyeckass MoOIEIb MOXKET 00J1a1aTh
MHOTUMH cBoiicTBamMu. OIHAKO €€ UCIIOIL30BaHKE HE
Oyner >((eKTUBHBIM, €CIIM CpeOu JTUX CBOMHCTB
OTCYTCTBYIOT T€, KOTOPbIC HYKHBI JJIsI IPOBOMMOTO
uccrnenoBanud. Jlamee mpuBeneM KpaTKOE OMUCAHUE
HEKOTOPBIX CBOMCTB MaTeMarnueckux moueneit [20].

CaoiicTBo moaHoThI. [loHas MmaTeMaTHyecKas
MOJIEJIb OTPaXKaeT CYNICCTBEHHBIC B JJAHHOM CITydyac
CBOMCTBA U KaYyeCcTBa 00BEKTA UCCIEIOBAHUS.

MareMaTudcckasa MoJACIb obecreunBaeT MMpaBUJIbHOC
Ka4C€CTBCHHOC M TOYHOC KOJIMYCCTBCHHOC OIIMCAaHHC
MPEACTABJIAIOIINX MHTEPEC XapPaAKTCPHUCTUK 00BeKTa

UCCIE0BaHuU. Hanpumep, npu  usyueHuHH
TEXHHYECKUX YCTpOHCTB WIIH cucTeM
MaTeMaTH4ECKYI0 MOJIENb CUUTAIOT aIeKBATHOM, €CITH
OHAa  ONHCHIBAET  MPEICTaBIIOIIME  HHTEpEC
KOJINYECTBEHHbIE XapaKTepUCTUKU o0OBbeKTa

HCCIICIIOBAHUSI C OTHOCHTETBHOH MOTPENTHOCTRIO HE
Oosee 3aJaHHOrO 3HAYEHUA J,,.

CBoiicTBO NMPOAYKTHBHOCTH. DTO CBOICTBO
CBS3BIBAIOT C  BO3MOXKHOCTBIO  pacIojiaraTh
JIOCTOBEPHBIMU HMCXOJIHBIMHU JNaHHbIMHU. Eciu Takon
BO3MOKHOCTH HET, TO MaTreMaTWdecKas MOJIETbh He

oOamaer CBOMCTBOM MPOJTyKTUBHOCTH, ee
JalbHENIIIee HCII0JIb30BaHIE CTaHOBUTCS
3aTPyIHUTEJIbHBIM WA HEBO3MOXKHBIM.

CaoiicTBO 3KOHOMHMYHOCTH. Econ
MareMaTHdeckas MOJeNIb 00JagaeT  CBOMCTBOM
SKOHOMHUYHOCTH, TO €€ U3yueHue He TpedyeT

OoNBIIMX 3aTpaT BpeMEeHH U pecypcoB. Uem Oomee
MPOCTOH SBJISIETCS MaTeMaTH4YeCcKas MOJECNb, TEM B
OOJIbIIEH CTENEHN OHA 00JIaaeT dTUM CBOMCTBOM.
YCTaHOBHB  HYXHBIE  JUII  IPOBOIMMOTO
HCCIICIOBAaHHS CBOWCTBA, MOXKHO C(OPMYJIHPOBAThH
TpeOOBaHUS K MAaTEeMaTHYeCKOM Mojaenn oOBeKTa
uccnenoBanus. Takue TpeOOBaHUS POTHBOPCUUBEI U
Ha MPAKTUKE MOT'YT ObITh YJOBJICTBOPEHBI HA OCHOBE

pa3yMHOT0  KOMIIPOMHKCCA, JIOCTHTaeMOI0  TIpH
MPOXOXKICHUU JTaIloB MaTEMaTHYECKOTO
MOJICITUPOBAHHS.

1.2. OcHoBHbBIE 3Tanbl MaTEMATHYECKOIO
MOIEJTHPOBAHUS

Ha puc. 1 mnpencraBiena cxema, KoTopas
OMpeNeNsieT  IMOCIEA0BATEeIbHOCTh  MPOBEICHHUS
OCHOBHBIX JTaIloB MaTeMaTH4eCKOro
MOJIeTUpoBaHus. B o0iem cirydae MOXHO BBIICITUTH
CIICIYIONIHE JTaIlbI MaTeMaTH4ECKOro
MO/JICTTUPOBAHHS.

Ha IEPBOM Jramne MaTeMaTHYECKOT O
MO/ICTIUPOBAHUS BBIIIOIHSAOT HeQopMaITbHBIH
MepexoJ OT OOBEKTa WCCICMOBAHUSA K  €ro

cozmepxxarenbHoi mogenu. Ilox coneprkarenbHOR
MOJICNTFI0 TTOHUMAIOT YCIIOBHOE OITMCAaHUE OOBEKTa
WCCIIEIOBaHMS, KOTOpPOE JOJDKHO YYHUTHIBATh €ro
0COOCHHOCTH ¥ KOJHYSCTBEHHBIC XapaKTEPUCTHKH,
CYIIIECTBEHHBIE JJIs1 paccMaTpuBaeMoro ciydas. [Ipu
9TOM OOOCHOBBIBAIOT JOMYIICHUS W YIIPOIICHUS,
MO3BOJISIFONINE HE YUUTHIBATh T€ CBOMCTBA U KauecTBa
00BEKTa WCCIIEOBAaHUSA, KOTOpPBIE IPENNOIararoT
HECYILIECTBEHHBIMH.
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OOBEKT UCCIEN0BAHUS

| aTan %

A CO,I[Gp)KaTeJ'ILHaSI MOACIIb

]

| 3Tan%

MaremaTnyeckasi MOJICNIb -«

11 5ram \

Pabouast maTemaTHueckas MOACIIb

IV stan {

BrraucinrenpHast 3agada

V sran %

YuCIeHHBIN METO/T

VI sran {

BrruuciauTenbHbIi anroputm

VII 3Tal‘[{

IIporpammuoe

obecrieuenne

VI oran \

HcnpiTanne nporpaMMHOTO NPOYKTa

IX stan {

BrruncnutenbHbIN 9KCIEPUMEHT

PﬂcyHOK 1 — DTanbl MATEMATHYECKOI0 Moae/JIMpoBaHus.

Ha BTOPOM Jramne
MaTeMaTH4ecKoe OIMCaHue CoZIepIKaTeIbHOMN
Mozmenmu. B pesymerare Takoro (OpMaIbHOTO
ONHUCAaHUS TOIYyYaroT MaTeMaTH4ecKyl0 MOJIeb
00BEKTa UCCIEIOBAHNSA, IPUIEM MOXHO pa3padoTaTh
HE OJHY, a HECKOJBKO MAaTeMaTHYeCKAX MOJeINei
OJTHOTO U TOTO € 00BEKTa UCCIICIOBAHNUSI.

Ha  TperreM  dSTame = MaTeMaTH4eCKOTO
MOJACINPOBAHUA TTPU BBIMOJHCHUU KAYECTBEHHOI'O U
OIIEHOYHOTO KOJINYECTBEHHOTO aHarm3a
MaTeMaTH4ecKod  MOJENM  MOTYT  BO3HHUKHYTb
OCHOBaHMSA [UII YTOYHEHHS WJIH TIEpecMoTpa
COJZIep)KaTeNbHOW  MOJENHM, YTO HpUBENeT K
MOBTOPHOMY  TNPOXOXKAEHHIO  TIEPBOrO  9JTama
MaTeMaTH4ecKoro  mozenupoBanusa.  CpaBHEHHE
pe3yJIbTaToOB aHalM3a Pa3IMYHBIX MaTeMaTHYeCKUX
MOJIeJIeH TTO3BOJISIET CIeNaTh 0OOCHOBAaHHBIM BBIOOD
MaTeMaTH4ecKod  MoJenu Uil JaJIbHEHIIero
JETaJbHOTO KOJNMYECTBEHHOTO aHaim3a. lTorom
paccMaTpuBaeMoro dTama SIBISIETCS  pa3paboTka
paboueii MaTeMaTH4eCKOW MOHENH, TO €CTh

OCYHICCTBJIAOT

MaTeMaTH4ecKOl MOZEeNH, IpeAHa3HaYeHHON I
JIETAILHOT'O KOJIMYECTBEHHOT'0 aHaJIH3a.

Ha YETBEPTOM JTamne (hopMyIHpyIOT
BBIUMCIIUTENBHYIO 33jady, aHalnu3 pe3yJIbTaToB
pelIeHus] KOTOpOW MOXET JaTb OTBEThl Ha
MHTEPECYIOINE BOTIPOCHI.

Ha IIATOM JTare MaTeMaTU4ECKOTO
MOJICTTMPOBAHMSL ~ OCYIIECTBISIIOT ~ OOOCHOBAHHBIH
BBIOOp WIJIM TOCTPOGHHE YHCIEHHOro Mmerona. Kak
MPaBWJIO, YUCICHHBIH METOA HE BKIIOYaeT MHOTHE
Jerany, 0e3 KOTOPhIX HEBO3MOXKHO HCIOJIb30BATh
cpeacTBa BBIYUCITUTENBHOMN TEXHHUKH. Tyt
HeoOxoauMa IopoOHas JeTann3anys BCEeX 3TaroB
BI)I‘II/ICJ'ICHPIﬁ, JJIsL TOro lITOGI)I TMOJIYUnTh
peannzyeMbIi AITOPUTM BBIYHCIUTEIHHOTO
SKCIEPUMEHTA. Pazpabotka s¢dexTrBHOTO
ITOpUTMa BBIUHMCITUTELHOTO 9KCTIEpUMEHTa
SIBJISIETCSI UTOTOM IIECTOr0 3Tara MaTeMaTH4eCKOro
MOJICTTHPOBAHHS.
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Ha  cempMoM  dTame  pa3pabaThHIBAIOT PaccMOTpEM ~ HapauIeNbHOE  COCIUHEHHE
HPOrPaMMHOE obecrnieyenue, peanmsyoiiee TepmopesucTopos. Ilycte T, — Temmeparypa i-ro
BbITUCITUTENBHBIM aJITOPUTM. TEPMOPE3UCTOpa,  KOTOpas  HE  3aBUCUT  OT

Ha BocebMOM »3Tame mpoOBOAST UCHBITAHUE
IPOrpaMMHOI0 MNponaykTa. TiiarenabHas IpoBepKa
pe3yNbTaToB ~ PacueToB  MOXET  OOHApyXHTh
HEOOCTATKU, AJId YCTPAaHCHUS KOTOPbLIX HeOGXOZlI/IMO
MPOXOXKICHHE IpEIBbLIYIIHX JTaNoB
MaTEMaTU4ECKOro MOJIEINPOBAHMUSL. ITocne
YCTpaHEHHsI  BCEX  BBIABICHHBIX  HEIOCTATKOB
OPUCTYNAIOT K pealu3allid  BBIYUCIUTEIBHOIO
OKCIICPpUMEHTA. HpOBe)]eHI/Ie BBIYHCIUTCIBHOTO
OKCIEPUMEHTA SABISIETCA MTONOM 3aBEPLIAIOLIETO
JIEBSATOTO 3Tala MaTeMaTHu4ecKOro MOAETHPOBAHUSL.

IIpencraBneHHas MOCIENOBATENBHOCTD JTANOB
MaTEMaTU4ECKOro MOJICTUPOBAHUS MOXET
BHJIOU3MEHATBHCA B KOHKPETHBIX ciydasx. IIpu sTom
JUISl YIIOBJIETBOPEHUS IIPOTUBOPEUYMBEIX TPEOOBAHUM,
MPEABSABISEMbIX K MAaTEMATHUECKON MOJIeNin 00heKTa
UCCIIEJIOBaHNs, OOBIYHO COOJIONAIOT MpaBWiIa U
BBIMONHAIOT ~ PEKOMEHJAIMM,  KOTOphle  CTalH
pe3ynpTaToM 00O0OIMIEHNsT MPAKTHYECKOTO OTIBITA,
HAKOMJIEHHOTO MpH IOCTPOCHUU MAaTeMaTUYECKUX
Mozaeneil. B 3Tol  cBA3M  0COOBI  WHTEpeC
MpPECTABISIOT MIPUHLIUTIBI HOCTPOECHHUS
MaTeMaTH4eCKHX MOJEeNel, KOTOpbIe HOCAT O0UIHMi 1
YHHUBEpCAlbHBIA  XapakTep. Jlamee paccMoTpum
HarJAJHBIM ~ [pUMEp  IOCTPOCHUS  NPUTOIHOHI
MaTeMaTHYECKOH MOJEIIH.

2. Ilpumep mnoOCTPOEHHMSI MaTeMaTHYeCKOii
MO/IeJIH

IToctpouM  OPUrOAHYH0  MaTEeMaTHYECKYIO
MOJIeTb 00BEKTa HCCIEIOBAHMS, MCIIONb3Ys IIHPOKO
U3BECTHBI MNPHHLIUI — MPHHLUI IIOCTENEHHOrO
ycnoxHeHus.  CorylacHO — JaHHOMY — NPHHIIHILY
MIOCTPOEHHE MaTeMaTHYeCKOW Mojelu  00beKTa
HCCIIE0BaHNs HEOOXOJUMO HAUYMHATH C MTPOCTEHIINX
MaremaTtndeckux moxeneil. Ecmu monens obiamaer

HY>XXHBIMU CBOMCTBaMH IMPUMEHHUTEIIBHO K
KOHKPETHOMY HCCJIECOOBAHUIO, TO €€ WCIOJIB3YIOT Ha
MoCIeAyromux oTarax MaATEMaTHYCCKOI'O

MOJICTIMPOBaHUs. B MpoTHBHOM cityyae HEOOXOIUMO
OCYIIECTBUTH  CIEAYIONMH IUKJI  MoJu(UKannuu
MareMaTU4eCKOH MOJEIM, KOTOPBIM IPUBEINET K
MIOCTPOEHHIO O0Jiee CIOKHOW MOJIEIH, TPOBEPKE ee
MIPUTOIHOCTH M TaK Jiajiee A0 TeX Iop, MoKa He OyieT
MOJydyeHa MPUrofHas MaTeMaTHdeckas Monenb. B
9TOM  ClIy4ae  yJaeTcd  IOCTPOHUTh  LEINYIO
COBOKYIHOCTh MOJEJIEH OJHOTO M TOTO ke 0OBEeKTa

HUCCIICOOBAaHUA. CpaBHeHI/Ie PE3YJIbTATOB,
IIOJTY4YCHHBIX C HCII0JIb30BAHUEM Pa3InIHbIX
MaATEMaTUYCCKUX MOHGHCﬁ, MOXET HE TOJBKO

000raTuTh MO3HAHHME O PacCMaTPUBAEMOM OOBEKTE
HCCIICJOBaHUs, HO U TMOBBICUTH JOCTOBEPHOCTb
MOJIYYCHHBIX PE3YJIbTaTOB.

2.1. IlocranoBKa 3ama4u

IMPOCTPAaHCTBEHHBIX KOOpAWHAT, mpuueM T, <T°7,
B HAYaIbHBI MOMEHT
Ha

Iomane0 S,

i<n. Temneparypa T

Bpemenu t,  pasma T,. IIOBEPXHOCTH

TEpMOpE3HUCTOpPa MIPOMCXOAUT

KOHBEKTHBHBIH TEIIJIOOOMEH C OKpY’Karollel Cpeion,
TeMIepaTypa KOTOpoi paBHa T,, K0d(QUIHECHT

TCIIOOTAAYH HN3BCCTCH n paBE€H Q. 21.]'[5[
CPaBHUTCJIIbHO Y3KOI'O Aualia3oHa TEeMIIEpaTyp OT TO

oo T° cumraem, 4to
R (Ti)=r{1+l?vi (T _To)]’
C.(T)=¢ [1+7, (T -T)],

rae R (T;) n C,(T;) — conpornenenue n nonHas
TEIIOEMKOCTb -0 TepMopesucTopa; I, u C, —
CONPOTHBICHME M TMOJHAasA TEILIOEMKOCTH  i-TO
TepMopesucropa mpu I, =T,; B uw vy, —

MOJIOKHUTEbHBIC TIOCTOSHHBIE BeaudnHbl. Yepes i-it
TEPMOPE3UCTOP MNPOTEKAET INEKTPUUECKUI TOK, CUIIa
KOTOPOT'O paBHa

U
I, = ,
fi |:1+Bi (T.-T,) }
rie U — NOCTOAHHAS pAa3sHOCTh OIEKTPHUECKHUX
MOTEHIIMAIOB Ha MOMIOCAX i-T0 3IEMEHTA.

ITycts B pamMKax IPOBOJMMOIO HCCIIEIOBAHHSA
MpeJCTaBIsIET HHTEPEC BEIUUUHA

|:§n:|i. @)

IMocTpoum MaTeMaTHYECKYIO MOJETb
MaKpOypOBHSI OOBEKTa HCCIEIOBAaHMS, KOTOpas B
JIOCTAaTOYHOM Mepe 00J1afaeT CBONCTBAMM IOJHOTHI,
a/IeKBaTHOCTH, MPOJYKTUBHOCTH ¥ 5 KOHOMHYHOCTH.

@)

2.2. Pemienue 3agaum npu N =1

JIis pereHrs MOCTaBICHHOM 3a/1a4d Pa3/IelIuM
00BEKT HcCcIeIoOBaHUS Ha OTHIEbHBIE 0oJiee IPOCThIE
JJIEMEHTHI,  JOMYCKAIOIIFe WX  HE3aBHCHUMOE
UCCJEZ0OBaHNE C MOCIEAYIONMM yYETOM B3aHMMHOTO
BIIMSIHHASA. JTO IMO3BOJACT MEPEHTH K PAacCMOTPEHHIO
TEXHUYECKON CHUCTEMBI, KOTOpas BKIIIOYACT TOJBKO
OJIUH TEPMOPE3UCTOP, T. €. N =1.

BeicTpoum HEPAPXHUIO MaTEMaTHYECKUX
MOJEJEN MaKpOypOBHS TaKOM TEXHUYECKON CUCTEMBI
U OINpPENCIIUM YCIIOBUS, NMPHU BBHIIOJHCHUH KOTOPBIX
MOKHO C OTHOCHTEIBHOH IMOTPEUTHOCThI0 He Ooree
3aJaHHOTO 3HAUYEHUS O, HAHTH MCKOMYIO BEJIMUHHY

l.
Ecin pasnocts T, —T, nocraroyno maina, TO

cormaco (1) HalfimeM WCKOMYIO BEIMYHHY 10
thopmyie
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U |
l,=—. 3 l=—>2
° oy ® 14 (T,-Ty)
OHpC,Z[CJII/IM YCiI0BUs, ITPU KOTOPBIX TPUMEHNMA c(bopMy_]]preM 3a1auy Ko
nonydyeHHass ¢opmyna. Jias 3TOro paccMoTpuM cU dl, oSU-aSrl, —B,rU |1z
YCTaHOBMBIIIMWCSA TMpoIece TemioooMeHa. B atom 12 dt = U | |
cllyda€ MOIIHOCTb TEIUIOBBLACIEHHUS B MaTepUalie B ihl VY ~ il +P ihh
TEPMOpPE3UCTOPa  paBHA  TEIJIOBOMY  IMOTOKY, 1 (t,)=Ur". @)
OTBOJIMMOMY OT TEPMOPE3UCTOPA, T. €. Tor/ia HailleM MOMEHT BpeMeHH
U 2
=0 (T.-Ty)S, t =t I (Y rl_l*_]_+5 i+
R(T.) %S, | B\ U ° Jnl.
rae T, — yCTaHOBUBILEECS 3HAYCHHUE TEMIIEPATyPHI

TEPMOPE3UCTOPA. U3 IMOJYUYCHHOI'0 paBCHCTBA JICTKO

HalTH
2
T, :To+i -1+ ’1+—4[31U ,
2Bl a’l Slrl

a 3aTeM OIpeNeiIUTh YCTAHOBUBILIEECS 3HAUYECHUE
MCKOMOM BEJIWYHHBI

I = o . @
2 -lg-1,-1
6|1+ (14U %0, |
MpUYeM JUI JaHHOTO AWara3oHa TeMIIepaTyp
U 2 *
<1+B,(T"-T,). )

0,8, (T"=T,)

Jnsg OTHOCHTENBHOM MOTrPElTHOCTH BETUYHHBI
I, 3anumem

8(|0)=

HpI/I BBINIOJTHCHUHW HEPABCHCTBA

L-l =0 _1<0_q
I I,

Il

:—0—1360

MOXKHO C OTHOCHTENBHOM HOrPEeLIHOCTBI0 He Oonee
8, wucrnonb3oBath Gopmyiay (3) it HaxoXKICHHS

*

HCKOMOH BCJIIMYUHBI. CJ'Ie]lOBaTeHBHO, pu
BBITIOJIHEHNU HEPABEHCTBA

I, <(1+8,)1, 6)
MareMaTH4eckass Mojenb MakpoypoBHs (3) B

JOCTaTOYHOU Mepe 00JaaeT CBOMCTBAMHU MOJHOTHI,

AJIEKBATHOCTH, NTPOJAYKTUBHOCTH M 9KOHOMUYHOCTH.
3aTeM OmNpeneauM YCIOBUS, TP  KOTOPBIX

pPUMEHNMa MaTeMaTtndeckass Mozaens (4). st atoro

paccMoTpuM HEYCTaHOBUBIIIAKCS mporecc
TeooOMeHa. B 3ToM  cioyyae  W3MEHEHHUE
TEMIIEpaTypbl TepMOpE3ucTopa BO BpemeHu
OMHCHIBAET  OOBIKHOBEHHOE  auddepeHIraIbHOe
ypaBHEHHE MIEPBOTO MOPSIKA
dar, U?
1 _ — —
Cl(Tl) at T U'l(Tl TO)Sl’

R(T.)
a Ha4yaJIbHOE YCIIOBHE UMEET BH]L

T.(t) =T

YuuteIBas, 4To

Y o wY-nl U
2U-rl, B, 2U-rl rl,

1j><
ain[2-5- 5 1Y,
U 20—,

(nUal U U )
B, 2U —rlL 1l U-rl

JJI1 KOTOPOro

l.

|1(t1)=

1-3,
OueBuaHO, uTO IpH t 21
-1 I
— |1 *— *
8(1.)= B —l—I—SBO,
1 1
a 3HaueHMe |. MOXHO C  OTHOCHTENbHOI

TOTPeIHOCTEIO He Gonee 3, cumtats pasHbM | (t).

CrenoBarenbHO,  MOXHO  C  OTHOCHTENIBHOM
HOI'PEIIHOCTBIO He 00J1ee 8, UCII0Nb30BaTh (OPMYILY

(4) mms HAxXOXKIOCHHWSA HMCKOMOW BEIHYHHBI. JTO
MO3BOJISET chopMyIHpOBaTH ciestyrouiee
YTBEp)KACHHE OO0 HCIOJIb30BAaHUM MAaTEMaTHIeCKON
mojenu (4).

Yr1Bep:xkaenue 1. Ecin He BHIITOIHEHO yCIIOBHE
(6), To mMaremaTH4eckas MOJENb MaKpOypoBHs (4)
npu t >1, B ocTaTOYHON Mepe 00aacT CBOHCTBAMH

MOJIHOTBI,  aJICKBAaTHOCTH,
SKOHOMUYHOCTH.

PazpaboTka HOBOII MaTeMaTHIECKOW MOIEIH
npu  (OPMHUPOBAHUU HEPAPXUU MATEMATUYCCKUX
MojieNiell 00bEeKTa UCCIIeIOBAaHUS MOXKET MPUBECTH K
YTOYHEHUIO HaWJICHHBIX paHee YCIIOBUHN
MPUMEHUMOCTH  TIOCTPOCHHBIX ~ MaTeMaTHYEeCKHUX
MOJIENICH. JlelicTBUTENBHO, HCIIOJb3YS
MaTeMaTH4eckyro Moneib (7), MOXHO YTOYHHUTH
ycnoBue npumeHumoctd dopmyisl (3). lnst atoro
HalJieM MOMEHT BpeMeHU

. (hﬂi+
® oS [\ B, 2U —rlL 1l

+L—l In| 1+ rlI*SO -
20 —rl, U

OPOAYKTUBHOCTH u
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B u +ﬁU—r1I* U
2U—-rl. B, 2U-rl rl,

xln(l——u ri'*l aoj—ﬁé‘)o ,

n 1
U KOTOPOTO

|
L(t)=—2—.
(%) 1+3,
OuesuHo, uto 1ipu t <t/

=1 |
— |t 0| __0
3(1y) = [ = 212,
1 1
a 3HaueHne |, MOXHO C  OTHOCHTENBLHOH

NOrPeIHOCTIO He Gonee 8, cuntath pasHbM |, (t).

CremoBaTenbHO,  MOXHO  C  OTHOCHTEIHLHOU
HOTPEIIHOCTBIO He 00J1ee 3, UCIIONb30BaTh (HOpMYITy

(3) mas HaxXOXKIEHHS HMCKOMOW BEIMYMHBL JTO

MO3BOJISIET  COPMYIIUPOBATE  YTBEPKICHHE 00

HCIIOJIb30BAHUK MaTeMaTHueckoi moaenu (3).
Yreep:xknenne 2. Eciu BoimonnerHo ycnosue (6)

wi t <1, To MaTemMaTHyecKas MOJIEIb MAKPOYPOBHS

(3) B mocrarouHoit Mepe o0namaeT CBOWCTBAMH
NOJNHOTBI,  aJCKBaTHOCTH, IPOAYKTUBHOCTH H
9KOHOMHYHOCTH.

Toroga  OpPUMEHHMTENBHO K  MOCTPOCHHOM
Hepapxvd  MAaTEeMaTHYeCKUX  MOJeleld  JaHHOTO
O00BEKTa HCCIENOBAaHMS CIIPABEIMBO CIIEIYIOIIee
yTBepKJCHHE 00 HCIONB30BaHUH MaTeMaTHYECKOH
mogmenu (7).

Yr1Bep:xkaenue 3. Eciu He BHITOIHEHO yCIIOBHE
(6), To mMaremaTHdeckas MoOJenb MakpoypoBHs (7)

npu t <t<t B pmocrarounoii Mepe ob6nagaer

CBOIiCTBaMH IIOJIHOTHI,
MMPOAYKTUBHOCTHU 1 SKOHOMUYHOCTH.

aJICKBaTHOCTH,

2.3. Pemenne 3amaun mpu N > 1

ITyctp  TexHHueckas cHUCTeMa  BKIOYAET
HECKOJIBKO napajuIesIbHO COEMHEHHBIX
TepMOpe3ucTOpoB. [Insi  pemieHuss NOCTaBJIEHHOU
3a7la4y WMCIIOJB3YEM IIOJydEeHHBIE pe3yJbTaThl HpPH
Nn=1. OHU NO3BOJIAIOT JIETKO HOCTPOUTH UEPAPXUIO
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HCIIOJIb30BaHMH MaTeMaTHUeCKoi Moaenu (8).

VYrBep:kaenue 5. Ecim BBIIOTHEHO ycloBHE
(11) wm t<t,
MakpoypoBHs1 (8) B mocTaTouHOM Mepe oOmamaer
CBOMCTBaMHU MOJIHOTHI, aJIeKBaTHOCTH,
MPOAYKTHBHOCTH U SKOHOMHUYHOCTH.

Toraa  NPUMEHHTENLHO K MOCTPOEHHOM
HepapXWh  MaTeMaTHYeCKHX  Moelell  JaHHOTO
00BEKTa HCCIIENOBAaHHS CIIPABEUIMBO  CIIEAYIONIEE
yTBEp)KAECHHE 00 HCIOJIBb30BAaHUM MaTeMaTH4eCKON
mozenu (2), (12).

YrBep:xaenne 6. Eciin He BBIOIHEHO YCIOBHE
(11), To maremaTHyecKass MO MakpOypoBHs (2),

TO MaréMaTrTudcCkKkas MOICIIb

(12) mpu t* <t<t, B mocrarouHoii mepe obGmamact

CBOWCTBaMU MTOJIHOTEI, aZIcKBaTHOCTH,
NPOAYKTHBHOCTH W SKOHOMHUYHOCTH.

2.4. BbIBoabI

IMocTpoeHre  WepapXuu  MaTEeMaTHYECKUX

MOJIeNiel MaKpOypOBHS 0OBEKTa MCCICIOBAHUS TIPU
BBITIOJIHEHNK HepaBeHCTBa (9) TO3BONIAET BBLISBHTH
MAaTeMaTU4Y€CKyr0 MOJCJIb MaKpOypOBHs, KOTOpasd B
JOCTAaTOYHON Mepe 00J1agaeT HyKHBIMH CBOMCTBAMH
[PUMEHHUTENBLHO K KOHKPETHOMY HCCJIEIOBAHHIO, a
HCCIIeIOBATEIh oJTy4aeT TICHHBIH
UHTEJUIEKTYAIbHBI  TPOJYKT SKBUBAJICHT
HU3yJ4aeMOro OOBeKTa Ui PaccMaTpUBAEMOTO WM
4acTHOTO ciy4ast. JIeHCTBUTENBHO, SCIU BBIOIHEHO
ycaoue (11) wim B paMKax — MPOBOIAMMOIO
uccnenosanus t<t", To MareMaTHMYeCcKyH MOelb
MakpoypoBHs (8) paccMaTpuBaeM Kak IMPHUTOIHYIO
MaTeMaTHYeCKyl0 Mojelb. Eciu He BBIOIHEHO
yernopue  (11), To mpm  t>t,  BeIOHpaem
MareMarnueckyro Mozens (10). B mporuBHOM citydae

[PUTOJHON MAaTeMaTH4eCKOM MOJEIBI0 CUHTAeM
MaTeMaTHIECKy 0 MOJIENTb MakpoypoBHs (2), (12).

OyeBUAHO, YTO NPUMEHEHUE MPUTOJHOU
MaTeMaTH4YeCKOH MOJIENI MPUBOAUT K COKPAIEHUIO
3aTparT BpPEMEHH W CPEICTB Ha IIPOBEICHUE
HCCIIeIOBAHUS, MO3BOJISET paloHaIbHO
HCIOJIF30BAaTh  BO3MOXKHOCTH  MaTEMaTHYECKOIrO
MOJICTTUPOBAHUSI.

3akaryenue

[IpenogaBanue MaTEMaTHYECKOTO
MOJICITUPOBAHIS c y4eToM H3JI0KEHHBIX
TEOPETUYCCKUX M METOJIOJOTMYCCKHX OCOOCHHOCTEH
He  TpeOyeT  CYIIECTBEHHOH  KOPPEKTHPOBKH
COJIepIKaHUA MCIUILIMHGL, crenuagbHOM

opraHu3zanuu y4eOHOro mpouecca. HeoOxoaumbie
MPUKIIA/IHBIE 33/1a41 MOTYT OBITh JIETKO MMOJyYEeHbI U3
yKe CymiecTByromux 3amad. OIHAKO peanu3aius
TaKUX  OCOOCHHOCTEW  pa3BHBAET  JINUHOCTHBIC
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KadyeCTBa n I/IHZ[I/IBI/IZ[yaHBHBIe CHOCO6HOCTI/I CT&TL;I MOXET 6BITB [OJIE3HOM HE TOJBKO
06y‘{aIOHII/IXC$I, CO31acT YCJIOBUA MJid ITOBBIIICHUSA npenoaaBaTe/isiM U YYUTCIIAM, KOTOPBIC IPUMCHSIIOT
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OTZAEIBHOTO 00yJarouerocs, Tak U IPYIIIHI B LEIOM,
(hopmupyer 0OlIyI0O ¥ HEpa3pbIBHYIO CBSI3b MEKIY
W3y4aeMBbIMH IWCHHUIUIMHAMH, YIy4IIaeT KadecTBO
MOJITOTOBKH 00y4aroImuxcs K Oynyuie
npo(eCCHOHANBHON ~ AESTENBHOCTH B YCIOBHAX
OBICTPO M3MEHSIOLIETOCS MHUpA.
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FACTORS AFFECTING MARRIED WOMEN'S WORK PARTICIPATION
IN THE PROCESSING INDUSTRY SECTOR IN PELALAWAN
DISTRICT

Abstract: This study was conducted to determine the effect of wage level, education level, age, husband's income
level and expenditure level on married women's work participation in the manufacturing industry sector in Pelalawan
Regency. In addition, the study aimed to identify the most influential variables among these factors on married
women's work participation in the same sector and region. This study used a special sampling method, with a total
of 64 respondents, and data analysis was conducted using multiple linear regression assisted by Eviews 10 software
program. The research findings show that collective wage rate, education level, age, husband's income level and
expenditure level have a statistically significant effect on the labor participation of married women in the
manufacturing industry sector in Pelalawan Regency. Individually, wage level (X1) has a significant and positive
effect on married women's work participation, education level (X2) has a significant and positive effect on married
women's work participation, while age (X3) has a significant and negative effect on married women's work
participation. Similarly, husband's income level (X4) has a significant and negative influence on married women's
work participation and expenditure level (X5) has a significant and negative influence on married women's work
participation. Among the five independent variables, education level is the most dominating factor affecting married
women's work participation in the manufacturing industry sector in Pelalawan Regency. The cumulative effect (R2)
of these three variables on the dependent variable is 63%, and the remaining 37% is influenced by other variables
that have not been examined in this study.
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Introduction

National development aims to create quality
human resources. Improvements in women's quality of
life can be achieved through development in the labor
market. Women have taken on the role of the labor
market in Indonesia as part of human resources, and
have made a major contribution. According to data
from the Indonesian Central Bureau of Statistics
(2023) in August 2021, the labor force participation
rate (TPAK) for men reached 83.87 percent, while the
TPAK for women reached 53.41 percent. Although the
labor force participation rate of men remains higher
than that of women, there has been a significant
increase in women's TPAK from 53.34 percent in 2021
to 53.41 percent in 2022.

The high number of women entering the labor
market has a positive impact on economic growth,
because it provides a positive response to the increase
in the number of available workers, as stated (Maryam,
2021). The abundant availability of labor not only
encourages economic growth, but is also the result of
economic development itself. As mentioned by Malik
(2016), during the period from 1970 to 2000,
Indonesia experienced structural changes in its
economy towards a sector that was more oriented
towards the non-agrarian sector. These changes also
affect the employment structure and job opportunities
in the country.

The role of the agricultural sector in national
production or gross domestic product (GDP) tends to
continue to decline, replaced by the trade and services
sector as well as the industrial sector which continues
to experience significant increases. According to Mc
Cawley in (Sumilat & Wahyuni, 2020) around 80% of
the workforce in the industrial sector lives in rural
areas, and almost halfthe majority of these workers are
women. Apart from that, Pelalawan Regency is also
experiencing a change in economic structure from the
agricultural sector to the industrial sector.

Pelalawan Regency, which is located in Riau
Province, has an economy dominated by sectors such
as processing industry, agriculture, forestry,
plantations, wholesale trade and retail. The economic
structure in this region is greatly influenced by the role
of these sectors in the production of goods and
services. In 2021, the two sectors that dominate are the
processing industry, which reaches 48.40 percent, and
the agriculture, forestry and fisheries sector at 41.13
percent. However, in 2022, the processing industry
will increase to 49.14 percent, while the agriculture,
forestry and fisheries sectors will decrease to 39.95
percent (Pelalawan Central Statistics Agency, 2022).

The growth of the processing industry sector has

Doi: &os¥ef https://dx.doi.org/10.15863/TAS

experienced rapid development and has had an impact
on increasing labor participation in this sector. The job
opportunities available in this industrial sector also
encourage women to join the workforce (Teja 2015).
This can be seen from women's work participation
which is lower than men's work participation. When
compared with other areas in Riau Province,
Pelalawan Regency has the lowest absorption capacity
for women in the processing industry sector.

According to the Indonesian Central Statistics
Agency (2023), male labor participation in the
processing industry sector in 2022 will reach 11,000
people, while women will only be around 1,897
people. The low number of female workers in the
processing industry sector indicates limited
employment opportunities for women. The structure
of the female workforce is closely related to changes
in economic structure, which is based on added value
(GRDP) and reflects regional dependence on various
production sectors.

The number of female workers in the processing
industry sector in Pelalawan Regency in 2022 in the
large industrial sector is 242 people, medium industry
is 398 people, then small industry is 1,184 people and
household industry is 73 people (Department of
Manpower and Riau Province Transmigration, 2023).
According to the Pelalawan Central Statistics Agency
(2022), large industry makes the largest contribution
to the GRDP of Pelalawan Regency, because there is
the Crude Palm Oil (CPO) industrial sector and the
pulp and paper pulp industry which supports the large
industrial sector. Data on female workers is based on
23 companies in the Crude Palm Qil (CPO) industrial
sector and the pulp and paper pulp industry in
Pelalawan Regency.

Many women involved in large industrial sectors
are influenced by various factors. Firstly, the wage
factor, where high wages offered by the labor market
certainly encourage someone to enter the labor market
(Uppun, P., & Ramadhan 2022). The wages women
earn can be used to supplement and meet their daily
needs.

Second, the educational factor, which involves
an element of prestige, especially for highly educated
women who see work as a means to prove or actualize
themselves (Putri and Purwanti 2012). Women
currently have better access to education, so that more
women who have a good education will have greater
job opportunities.

Apart from educational factors, productive age
factors also encourage married women to enter the
labor market (Rochmawati et all., 2018). Based on the
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Pelalawan Central Statistics Agency (2023), the
highest level of female work participation occurs in the
35-44 year age group. Meanwhile, the work
participation rate of women in the 55-60+ year age
group is lower, this is due to the fact that in the 40-60
year age range, women's work productivity tends to
decline. According to Annazah (2021), the older a
woman is, the greater her risk of experiencing health
problems, but on the contrary, young women tend to
be more likely to choose to work compared to older
women. Therefore, good management of the
productive age group can have a positive impact on the
country's economic performance.

Economic factors also play a role in the
decisionwomen to work, especially if the household
economic conditions are low and the husband's income
is deemed insufficient for the family's needs.
Therefore, women look for work to increase household
income (Handayani et al., 2020). A husband's income
can be measured by the district/city minimum wage,
which is an important indicator in determining a
person's income level.

According to data from the Pelalawan Regency
Central Statistics Agency in 2022, it appears that every
year the minimum wage in Pelalawan Regency has
increased, and in 2023, the minimum wage in
Pelalawan Regency will reach IDR 3,287,623. The
minimum wage level received by a person reflects the
individual's income level and consumption level.

Married women's work participation often relies
on their husband's ability to generate income. A
married woman's decision to work is greatly
influenced by her husband's income level. Wives
usually work harder to help with household costs if
they feel their hushand's income is still insufficient, to
help meet household needs (Dewi, 2018).

Household expenditure is also an economic
factor that influences women's work participation, the
greater the level of household expenditure, the higher
the work participation rate of married women (Direja
2021). The number of dependents in the family will
influence the amount of family expenses, in this case
family needs.

Household expenses are influenced by the

number of family members, the greater the number of
family members who have to support the greater the
household expenses. Having large household expenses
that must be met, the wife feels the need to increase
her working hours.

Factors that influence the work participation of
married women in the processing industry sector in
Pelalawan district include wage level, education level,
age, husband's income level and expenditure level.

RESEARCH METHODS

The research involved a population of research
subjects consisting of 189 female workers who
worked in five large industrial companies in
Pelalawan Regency. The sampling method used in the
research is purposive sampling, which is included in
the non-probability sampling category. The sample
used in this research was 64 women who were married
and worked in five large companies, located in
Pelalawan Regency. The research methodology
applied is a quantitative approach, using primary and
secondary data. One method used by researchers to
collect data is through the use of questionnaires. In
this research, cross section data is used to analyze
multiple linear regression using the Ordinary Least
Squares (OLS) method. Multiple linear regression
analysis is used to assess the correlation between two
or more independent variables and the dependent
variable (Y) (Wirawan 2017).

RESULTS AND DISCUSSION

Normality Test Results

The normality test is used to evaluate the
distribution of data in the variables used in the
research. When checking the assumption of normality,
the Jarque-Bera (JB) test was used. If the calculated
JB probability exceeds 0.05, then the data is
considered to have a distribution that is close to
normal. However, if the calculated JB probability is
less than 0.05, then the data is considered not to follow
a normal distribution (August 2015). The results of
normality testing using the Jarque-Bera test can be
seen in Picture 1.

Series: Residuals
Sample 1 64
Observations 64
Mean 1.10e-15
Median -0.002234
Maximum 0.063428
Minimum -0.065663
Std. Dev. 0.029760
Skewness 0.110105
Kurtosis 2.653120
ﬂ Jarque-Bera  0.450181
Probability 0.798444

§il

T
-0.06

——
-0.04 -0.02 0.00

——
0.02

——
0.04

—
0.06

Picture 1. Normality Test.

Source: Eviews Data Processing Results, 2023
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Judging from the results of the previous
normality test, it can be concluded that the Jarque-
probability of 0.798444 exceeds the threshold of 0.05,

which indicates that the data in this research variable
can be considered to follow a normal distribution.

Variables Coefficient Uncentered Centered
Variance VIF VIF
C 0.500730 33312.36 NA
LOG(WAGE) 0.002504 40594.99 1.337276
LOG(EDUCATION) 0.005703 2924.242 1.486193
LOG(AGE) 0.000968 816.6302 1.608291
LOG(SUAM_REVENUEI) 0.000546 8707.589 1.364107
LOG(EXPENSE_HOUSEHOLD) 0.000886 13939.48 1.397497

Table 1. Multicollinearity Test Results
Variance Inflation Factors
Sample: 1 64

Source: Eviews 2023 Data Processing Results

Multicollinearity Test Results

According to Ghozali (2016) the purpose of the
multicollinearity test is to find out whether the
independent variables in the regression model are
correlated with each other. Variance Inflation Factor
(VIF) is a technique used to assess multicollinearity.
Table 1 shows that if the VIF value is less than 10, then
there is no evidence of a multicollinearity problem.

Table 1 shows that each variable in this study has
a VIF (Variance Inflation Factor) which is below 10.
Wage level has a VIF of 1.337276, education level of
1.486193, age of 1.608291, husband's income level of
1.364107 and household expenditure level of
1.397497 From these results, there is no

multicollinearity between the independent variables.
As a result, the data in this study met the requirements
of the multicollinearity test.

Heteroscedasticity Test Results (Glejser)

The heteroscedasticity test is carried out to
determine whether there is inequality in the residual
variance from one observation to another in the
regression model (Ghozali 2016). Decisions in the
heteroscedasticity test are taken based on a probability
greater than the significance level (0.05), which
indicates that the model does not experience
heteroscedasticity.

Table 2. Heteroscedasticity Test Results (Glejser)
Heteroskedasticity Test: Glejser

F-statistic 2.156468  Prob. F(5,58) 0.0714
Obs*R-squared 10.03266  Prob. Chi-Square(5) 0.0743
Scaled explained SS ~ 9.168872  Prob. Chi-Square(5) 0.1025

Source: Eviews Data Processing Results, 2023

Based on table 2 it is known that the valueThe
chi-square probability is 0.0743 > 0.05, so it can be
stated that in this regression, there is no

heteroscedasticity problem.

Multiple Linear Regression Results
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Table 3. Multiple Linear Regression Results
Dependent Variable: LOG (PEREMPUAN_WORK PARTICIPATION)
Method: Least Squares
Variables Coefficient Std. Error  t-Statistics Prob.
C 3.597451 0.707623 5.083854 0.0000
LOG(WAGE) 0.134445 0.050039 2.686833 0.0094
LOG(EDUCATION) 0.284165 0.075519 3.762828 0.0004
LOG(AGE) -0.147119 0.031118 -4.727838 0.0000
LOG(HUSBAND'S_INCOME) -0.076012 0.023369 -3.252711 0.0019
LOG(HOME_EXPENSESLADDER) -0.059659 0.029762 -2.004549 0.0497
lared 0.706118 | dependent var 3.867436
sted R-squared 0.680783 ependentvar 0.054897
‘regression 0.031016 <e info criterion -4.019552
squared resid 0.055796 rarz criterion -3.817156
ikelihood 134.6257 an-Quinn Criter. -3.939818
tistic 27.87162 in-Watson stat 2.195111

(F-statistic)

0.000000

Source: Eviews Data Processing Results, 2023

The results of this research identify variables that
have an impact on married women's work participation
in the processing industry sector in Pelalawan
Regency, as documented in table 3. The following are
the results of the multiple linear regression analysis in
this research:

LogY = 3.597451 + 0.134445LogX1 +
0.284165LogX2 - 0.147119LogX3 -
0.076012LogX4 — 0.059659LogX5

Based on the equations in the multiple linear
regression results in Table 3, we can interpret them as
follows:

a. The constant value is 3.597451. This shows
that if all independent factors are considered constant
or fixed, then the work participation of married women
in the processing industry sector in Pelalawan
Regency is around 3.597451%.

b. The coefficient value for the wage level
variable (X1) is positive at 0.134445. The results of
this coefficient indicate that an increase in wage levels
of 1% will result in an increase in the participation of
married women working in the processing industry
sector by around 0.134445%.

C. The coefficient value for the education level
variable (X2) is positive at 0.284165. The results of
this coefficient indicate that an increase in education
level of 1% will result in an increase in the
participation of married women working in the
processing industry sector by around 0.284165%.

d. The coefficient for the age variable (X3) has a
negative value of -0.147119. This illustrates that every
1% increase in the age of married women will reduce
the work participation of married women in the
processing industry sector by around 0.147119%.

€. The coefficient value of the hushand's income
level (X4) has a negative coefficient value of -

0.076012. The results of this coefficient show that
every 1% increase in the husband's income level will
reduce the work participation of married women in the
processing industry sector by 0.076012%.

f. The coefficient value of household
expenditure level (X5) has a negative coefficient value
of - 0.059659. The results of this coefficient show that
every 1% increase in household expenditure levels
will reduce the work participation of married women
in the processing industry sector by 0.059659%.

Coefficient of Determination Results (R2)

The coefficient of determination is usedto
measure how big or far the independent variable is
from the dependent variable. The coefficient of
determination has a value of 0.680783 according to the
results of multiple linear regression analysis which can
be seen in table 3. This means that around 68 percent
of the variation in married women's work participation
in the processing industry sector in Pelalawan
Regency can be explained by the wage level variable,
education level, age, husband's income level and
expenditure level have been included in this regression
model. Meanwhile, the remaining 32 percent is
influenced by other factors not included in this
regression model.

Simultaneous Test Results (F Test)

The F test is used to assess the influence of
independent factors on the dependent variable
together. The significance level of this test has been
set at 5% or 0.05. The F test probability value of
0.0000 is less than 0.05 based on the findings of
multiple linear regression analysis in table 3.
Therefore, it can be concluded that the variables wage
level, education level, age, husband's income level and
expenditure level together have significant influence
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on the work participation of married women in the
processing industry sector in Pelalawan Regency.

Partial Test Results (t Test)

This test uses significance criteria, where a
significance value of less than 0.05 indicates a
significant influence between the independent variable
and the dependent variable. The following are the
results of the multiple linear regression analysis in
Table 3:

1. Wage Level has a significance value of
0.0094 <0.05, so it can be concluded that the wage
level variable partially has a significant effect on the
work participation of married women in the processing
industry sector in Pelalawan Regency.

2. Education level has a significance value of
0.0004 <0.05, so it can be concluded that the variable
level of education partially has a significant effect on
the work participation of married women in the
processing industry sector in Pelalawan Regency.

3. Age has a significance value of 0.0000 <0.05,
so the Age variable partially has a significant effect on
the work participation of married women in the
processing industry sector in Pelalawan Regency.

4. The significance level for the husband's
income level variable is 0.0019 <0.05. Therefore,
partially the husband's income level variable has a
significant effect on the work participation of married
women in the processing industry sector in Pelalawan
Regency.

5. The significance level for the husband's
income level variable is 0.0497 <0.05. Therefore,
partially the husband's income level variable has a
significant effect on the work participation of married
women in the processing industry sector in Pelalawan
Regency.

Discussion

The Influence of Variables: Wage Level,
Education Level, Age, Husband's Income Level, and
Expenditure Level Simultaneously

The research results show that simultaneously,
the husband's education level, age and income level
influence the work participation of married women in
the processing industry sector of Pelalawan Regency,
with a probability F value of 0.0000 which is lower
than 0.05. This confirms that the husband's education
level, age and income level have a significant
influence on the work participation of married women
in the processing industry sector of Pelalawan
Regency.

Research by Klasen et al., (2020) shows a
number of factors that influence changes in women's
participation rates in the labor market. In a number of
countries, including Blovia, Brazil, India, Jordan,
South Africa, Tanzania, and Vietnam, they conducted
comparative comparisons. Their study findings show
that the main determinants influencing the level of
women's involvement in the labor market include

disparities in women's and family characteristics, as
well as social, institutional, and economic barriers. In
addition, education level, age and income have a
significant influence on married women's work
participation, especially in countries with lower
economic levels.

The Influence of Wage Level Variables on
Married Women's Work Participation in the
Processing Industry Sector in Pelalawan Regency

The results of the analysis in this study reveal that
the work participation of married women in the
processing industry sector in Pelalawan Regency is
influenced positively and significantly by the
education level variable. This can be seen from the
positive coefficient value of 0.134445 and the
significant probability F, which is 0.0094 which is less
than 0.05. The results of this coefficient indicate that
the work participation of married women in the
processing industry sector in Pelalawan Regency will
increase along with higher wage levels. Increasing the
wife's income helps the husband to meet the family's
needs.

According to neo-classical economic theory, it is
explained that women's participation in the labor
market depends on the variable wages offered. If the
market offers high wages (exceeding expected
expectations) then women's participation in the labor
market will increase (Maryam 2021).

Explanations in the research also reveal that the
reason married female workers work in the processing
industry sector in Pelalawan Regency is that the wages
offered by the company are very high. The high wages
earned by wives help to meet the family's needs. The
results of this research are in line with Purwanti, E., &
Rohayati (2015) who stated that increasing the income
level of female workers, their work participation will
also increase, the income of female workers obtained
from the work of female workers is influenced by the
level of participation of women themselves. in work.

The Influence of Educational Level Variables
on Married Women's Work Participation in the
Processing Industry Sector in Pelalawan Regency

The results of the analysis in this study reveal that
the work participation of married women in the
processing industry sector in Pelalawan Regency is
influenced positively and significantly by the
education level variable. This can be seen from the
positive coefficient value of 0.284165 and the
significant probability F of 0.0004 which is less than
0.05. The results of this coefficient indicate that the
work participation of married women in the processing
industry sector in Pelalawan Regency will increase
along with higher levels of education. This can
increase married women's income and improve overall
welfare.

In the formal sector in large companies in the
processing industry sector of Pelalawan Regency, the
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education pursued by female workers is a major
concern. On average, married female workers
complete their final education within a period of 16-18
years in the processing industry sector of Pelalawan
Regency. This shows that education is very important
to form knowledge and work experience which can
later improve skills. With skills, companies expect
good and increased productivity from the workforce.

The Influence of Age on Married Women's
Work Participation in the Processing Industry
Sector in Pelalawan Regency

The results of the analysis in this study reveal
that the age variable has a significant and negative
influence on the work participation of married
women in the processing industry sector in
Pelalawan Regency. This result can be seen from the
probability that F is significant at 0.0000, which is
less than 0.05, and the negative coefficient value is -
0.147119. The results of this coefficient indicate that
the older married women are, the more their work
participation in the processing industry sector in
Pelalawan Regency will decrease.

Dwi (2020) also explains that work
participation tends to decline after reaching old age.
This is in accordance with the fact that at that age,
many people enter retirement and may be physically
unable to work anymore. In research, Berliana and
Lukmi (2016) also support this finding by showing
that women who are married and older have a lower
probability of working more than 40 hours a week.

These results are related to the characteristics
of the respondents, married women who work in the
processing industry sector are predominantly in the
33-35 year age range which is classified as
productive age. The decline in work participation at
older ages can be caused by the decline in
productivity that usually occurs with increasing age
and declining health conditions.

The Influence of Husband's Income Level on
Married Women's Work Participation in the
Processing Industry Sector in Pelalawan Regency

The results of the analysis in this research
include the husband's income level variable which
has a significant and negative influence on the work
participation of married women in the processing
industry sector in Pelalawan Regency. This can be
seen from the significance of the F probability which
reaches 0.0019, which is smaller than 0.05, as well
as the negative coefficient value of -0.076012. The
results of this coefficient indicate that the higher the
husband's income, the lower the work participation
of married women in the processing industry sector
in Pelalawan Regency.

Explanations in the research also reveal that the
reason married female workers work in the
processing industry sector in Pelalawan Regency is
to meet family or household needs. The high needs

of the family and the increase in prices of goods
which are not always matched by an increase in
income cause wives to help their husbands in earning
a living for the family. A husband's ability to
generate income has a major impact on how much
married women participate in the labor market.
Wives will work to help with household costs if their
husband's income is still insufficient, as revealed in
research by (Epinda, et all 2021).

The Influence of Expenditure Levels on
Married Women's Work Participation in the
Processing Industry Sector in Pelalawan Regency

The results of the analysis in this research
variable level of expenditure have a significant and
negative influence on the work participation of
married women in the processing industry sector in
Pelalawan Regency. This can be seen from the
significance of the F probability which reaches
0.0497, which is smaller than 0.05, as well as the
negative coefficient value of -0.059659. The results
of this coefficient indicate that the higher the level of
expenditure, the lower the work participation of
married women in the processing industry sector in
Pelalawan Regency.

The results of this research are not in line with
Maryam's (2021) opinion that if the level of
expenditure is high, the level of work participation
will also increase. This is because household
expenditure follows the needs of household
members who are dependent on the household.

Women who work in the processing industry
sector, especially large industries, on average have a
small number of dependents so the costs they incur
for education are not too large. The company also
provides facilities such as houses, electricity, etc., so
expenses do not become large.

Dominant Factors that Influence Married
Women's Work Participation in the Processing
Industry Sector in Pelalawan Regency

Based on the research results in table 3, it can
be concluded that the largest regression coefficient is
owned by the independent variable wage level (X1)
of 0.134445, education level (X2) of 0.284165,
while age (X3) has a coefficient of -0.147119,
husband's income (X4) is -0.076012 and the
expenditure level has a coefficient of -0.059659. The
coefficient value shows that the education level
variable has the strongest or dominating influence on
the work participation of married women in the
processing industry sector in Pelalawan Regency.
This means that married women's work participation
in the processing industry sector, especially large
industries, tends to increase along with the increase
in women's education level.

According to Sukarniati (2019), the dominant
factor influencing work participation among married
women is education. Increasing women's education

Philadelphia, USA

32

2 Clarivate
Analytics oo



ISRA (India) =6.317

. ISl (Dubai, UAE) = 1.582

ImpaCt Factor: GIF (Australia) =0.564
JIF = 1.500

SIS (USA) =0.912 ICV (Poland) =6.630
PUHII (Russia) = 3.939 PIF (India) =1.940
ESJI (KZ) =8.771 1Bl (India) =4.260
SJIF (Morocco) =7.184  OAJI (USA) =0.350

has also increased work participation among women,
including married women. This result is also in line
with the opinion according to Dwi (2020) that
women who have a high level of education usually
do not carry out household tasks at home, but rather
participate in the labor market. The results of this
study show that women are married and have an
educational level those with higher education are
more likely to choose to work compared to women
with lower education. Additionally, women with
higher educational backgrounds may have access to
a wider variety of jobs, including greater flexibility
in working hours.

According to Herlina (2020), the level of
education on married women's employment
opportunities has a higher significance coefficient
than the influence of age, wages, husband's income
and industrial sector. This shows that the role of
education is very dominant in increasing the
participation of married women in the labor market.
Therefore, it is better to emphasize efforts to
empower the younger generation of women by
increasing access to education as preparation for a
career in the processing industry sector, especially in
large companies.

CONCLUSION

Based on the results of research on the work
participation of married women in the processing
industry sector in Pelalawan Regency, from the
regression results that have been obtained, it can be
concluded that simultaneously wage level,
education level, age, husbhand's income level and
expenditure level have a significant influence on
women's work participation. who are married in this
sector. Partially, wage levels and education levels
have a positive and significant influence on the work
participation of married women in the processing
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