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MOJAEJIOBAHHA BTPATHU TPAIIE3JIATHICTI POBITHUKIB
HA TEXHOI'EHHO HEBE3ITEYHUX HIAIIPUEMCTBAX

Y crarri po3r/iSHyTO MareMatuyHe MOAESIOBAHHS BTPAatH paLe3faTHOCTi POBITHUKIB HA TEXHOMEHHO HEOE3NeYHuxX
nigrpuemcreax. MeTolo MaTeMaTUYHOrO MOAE/IIOBAHHS € CIPSMOBaHMY MOLLYK LLJISIXIB OLiHKY BI/IMBY TEXHOMEHHOMO TUCKY HA CTaH
rpaye3fqaTHoCTi poBITHUKIB 3 MOXI/TMBOCTAMU HACTYITHOIO 3MEHLUEHHS TaKoro BI/inBy. 3aCTOCYBaHHS METOAY «ANHAaMIKa CEPELHIX»,
Kk 6a3YETbCT Ha LOCTIKEHH] HENEPEPBHNX MAPKOBCbKUX MPOLIECIB Y BUITIAAI CUCTEM ANGQDEDEHLIIAIbHIX DIBHSHB, A€ MOXI/IMBICTD
ro6yAysaT1 ANHaMidHy MateMaTuqHy MOAE/L BTPaTH PaUe3faTHOCTI POOITHUKIB Ha TEXHOIEHHO HEBE3eYHNX IANMPUEMCTBAX.
ABTOpamu 3ariporioHOBaHO MaTeMaTuyHy MOAESL BTPATH IPaLe3faTHOCTI POBITHUKIB H3 TEXHOrEHHO HEGE3MEYHNX MIAMPUEMCTBAX ¥
BUITISAI PO3BA3KY ANGDEDEHLIATIBHUX PIBHSHb /18 CEDPEAHIX YUCE/TbHOCTEN CTaHIB. 3rifgHO 3 OTPUMAaHOK MOAE/IO [POBEAEHO
rpagidHmi aHasi3 KiibKOCTI HEMpaLe3faTHuX pPOGITHUKIB Ha IMGMPUEMCTBI. 3arporioHOBaHO BUKOPUCTOBYBATH QYHKLIIOHAN, YO
XaPaKTEPUIYE SKICTb 3aMiHy POBITHUKIB, SKI BTPATU/IM MPaLE34aTHICTE BHACTIAOK TEXHOIEHHOro TUCKY, Ha MpaLe3aaTHuX pPOobITHIKIB
BBeseHnx 3308Hi. OTPUMaHo GopMysI OrTUMA/IbHOI BEMYMHU IHTEHCUBHOCTI OIMOBHEHHS 330BHI rpaue3aatHix pooiTHuKiB. [ pagidHo
IPO3HA/N30BaHO CEPEAHIO Ki/IbKICTb PALEIAATHUX POGITHUKIB, MPUAHSTUX 330BHI 3@ MEBHMI Yac, WO IPUXOANTLCS HA OLHOM
POBITHNKA B NOYaTKOBUY MOMEHT Yacy. QUEPIKaHO aHaniTnyHi Qopmysiv, SKi O3BOSISIOTE OLIIHUTH CEPEAHI YNCE/IbHOCTI POGITHUKIB,
KT BTpaTWIN NPaLe3aaTHICTb BHACTIIOK TEXHOMEHHUX MPUYMH Ta XapaKTeEP 3MIiHN L€ YNCE/IbHOCTI 3a/1EXHO Bif Yacy.

Krro4oBI C10Ba; Mpauye3farHicTs, TEXHOIEHHICTL, POOITHUKY, 3a0pPyAHEHHS, MATeMaT4HE MOLE/NOBANHHS, ANPDEDEHLIA/IbHE
PIBHSIHHS.
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MODELLING LOSS OF WORKERS 'DISABILITY
ON TECHNOGENONALLY DANGEROUS ENTERPRISES

Mining in large enough territories leads to a sharp deterioration of the environment. One of the consequences of such
activity is the emergence of areas with man-made pollution, which has an impact on the working condition of workers. Therefore,
the problem of loss of working capacity of workers of enterprises that are polluters of territories and its modeling is urgent. The
article deals with mathematical modeling of the disability of workers at technogenically dangerous enterprises. The purpose of
mathematical modeling is to look for ways to evaluate the impact of technogenic pressure on the health of workers with the
possibility of subsequently reducing such effects. The application of the method of "average dynamics’, which is based on the study
of continuous Markov processes in the form of systems of differential equations, makes it possible to build a dynamic mathematical
model of the disability of workers in technogenically dangerous enterprises. The authors propose a mathematical model of the
disability of workers in technogenically dangerous enterprises in the form of the solution of differential equations for the average
numbers of states. According to the obtained model, a graphical analysis of the number of disabled workers at the enterprise was
carried out, It is proposed to use a functional characterizing the quality of replacement of workers who lost their ability to work due
to technogenic pressure to able-bodied workers introduced from the outside. Formulas of the optimum value of the intensity of
replenishment from outside able-bodied workers were obtained. Graphically analyzed the average number of able-bodied workers
taken outside for a certain period of time per worker at the initial time. Analytical formulas have been obtained that allow to
estimate the average number of workers who have lost their working capacity due to man-made reasons and the nature of the
change of this number depending on time.

Keywords: efficiency, technogenicity, workers, pollution, mathematical modeling, differential equation.

IMocranoBka 3agavi. Po3BUTOK PHHKOBHX BIIHOCHMH B YKpaiHi BHKJINKaB OE3KOHTPOJIBHY pPO3POOKY
KOPHUCHUX KOMAINH HA 3HAYHHUX TEPUTOPIfAX, IO IMPU3BEJO JIO0 PI3KOTO MOTIpHIEHHsS eKoJorii. SIk Haciilok, Ha
MIIPHEMCTBAX, € MPAIoE JOCTATHRO BENHKA KUIBKICTh POOITHHKIB, YTBOPHIINCH 30HH 3 TEXHOT€HHUM 3a0pYAHEHHSM.
AHaJi3 cTaHy Mpare3aaTHOCTI pOOITHUKIB B TEXHOTEHHUX 30HAX, JI€ 3HAXOIATHCS TaKi IMiIMPHUEMCTBA, IEPEKOHINBO
JIOBIB BENWKWN HETaTUBHWH BIUIMB TEXHOT'CHHOTO 3a0pyaHeHHS. Pa3zoMm 3 1M, 3HaWOMCTBO 3 BiJMOBITHIMH
HAayKOBUMH ITyONiKamisIMH TOKAa3aio, [0 JaHOMY MUTAHHIO HE MPUIUIAETHCA JAOCTaTHBO yBarw, Xoda 3 KOXHHUM
POKOM CHTyaIlisl TOTipIIyeThCS. BHACHiZOK ©HOTO, BPAaxOBYIOUM AaKTYaJIbHICTh NpoOJIEeMH, BiJl HayKOBIIIB
BHMAraeThcs MIUIBHIIIA yBara 1O aHaJi3y BTPATH Npale3laTHOCTI POOITHHKIB IMiANPHUEMCTB, IO PO3TAIIOBaHI B
TEXHOTeHHHMX 30HaX. OJHI€I0 13 MOMXJIMBHX CIPOO BHPINIEHHS IIMX NUTaHb, 3TIJHO 3 CYyYacCHHMH TEH/ACHIUISIMHU
BuKopHcTaHHs I T-TeXHOJIOTIH, € 3acTOCYBaHHSI MaTEeMaTUYHOTO MOJIETIOBAHHS BTPATH IPane3aaTHOCTI pOOITHUKIB
Ha MAIPUEMCTBAX 3 TEXHOTEHHUM THCKOM.

AHaJi3 fpocaifikeHb Ta myOmikamid. Y BITUM3HSHIA Hayli ICHYIOTH pPO3pOOKM B ranmysi aHaizy
3a0pyAHEHHS TPHPOAHOTO CEPEJOBHINA, ajle IHUTaHHA, IOB’S3aHI 3 YNPaBIIHHAM [iSUTbHICTIO MPOMHUCIIOBOTO
KOMIUIEKCY PETiOHY I10/10 MiHiMi3alii TeXHOI€HHOTO BIUIMBY Ha BTPATy Npale3aTHOCTI POOITHHKIB, HEIOCTATHHO
BHCBITJIEHI. T€OpETHIHNM MIATPYHTSIM TaKHUX TOCTIKCHD € HAYKOB1 pO3pOOKK BITYM3HSHUX Ta IHO3EMHHUX BUCHUX,
takux sk P.P. bimockypcwkuii, B.M. I'eentb, M.P. Koranoscekuii, I.M. JIsmenko, M.M. Moicee, O.1. UepHsk Ta
iHIm. 3araJibHI MHUTAaHHS EKOJIOTO-€KOHOMIYHOI Teopii BUCBITIeHO y mpamsx T.A. AxkumoBa, A.B. T'mpycosa,
JLM. I'opb6aua, A. Exgepca, H.€. CepmuroBoi, M.A. Xobucrosa, B.S. 1llepuyka. BB TeXHOTEHHOTO 3a0pyaHEHHS
Ha 3110poB’st monei nocmimkyBamm B.I1. Kasnauees, .M. Komapaurpkuii, B.M. TToHoMapeHKo Ta 6arato iHIINX BUCHHX.
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Bucoko OLIiHIOI0YM HAayKOBI JOCSTHEHHS y PO3B’s3aHHI IPOOJIEMU BU3HAUYCHHs 00CSTY €KOHOMIYHOIO BiJIIKOJYBaHHS
30MTKY BiJl BIUIMBY TE€XHOT€HHOTO 3a0pyAHEHHS NOBKULIA, TpeOa BiJZHAYMTH, IO PO3POOJICHI TEOPETHKO-METOANYHI
MiIXO/M OPI€HTOBAHI Ha BIALIKOAYBaHHS 30WTKIB, 3aBJaHUX MPUPOJHOMY CEPEAOBHILY. AJle IPAKTHYHO BiJICYTHI
POOOTH 11010 3MEHIIECHHS BIUTMBY TEXHOTEHHOTO THCKY Ha BTpaTy Mpale3aTHOCTI HaceneHHs. Lle 3yMoBItoe HeoOXiTHICTh
MOAAJBLIOTO BUBYEHHS Ta BIOCKOHAJICHHS METO/IIB YIPaBIIiHHS Ha TEPUTOPISNX 3 TEXHOTCHHUM THCKOM [1].

®opmyaoBaHHs Iideil. MeToo CTaTTi € NOCHKSHHs! BIUIMBY TEXHOTCHHOTO THCKY Ha Mpale3JaTHICTh
pPOOITHHKIB ~TEXHOT€HHO HEOE3NMeYHWX MIJANPUEMCTB HUIIXOM  MaTEMaTH4YHOI'O  MOJICNIOBAHHSA  BTpaTH
Mpamne3gaTHOCTI POOITHMKIB BHACTIIOK TEXHOTCHHOTO THCKY 3 IOJANBIIOI PO3POOKOI0 pEeKOMEHIAIli, Moo
3MEHILICHHS HEraTUBHUX HACJIJKIB.

Bukiax ocHOBHOro Marepiajy JociiXkeHHs. B Xoii MaTeMaTHYHOro MOJCIIOBAHHS BIUIMBY TEXHOTCHHOI
3a0pyIHEHOCTI Ha BTPATY Mpane3aaTHOCTI pOOITHUKIB MiJIPHEMCTB BUHUKA€E TUTAHHS TIPO BUOIP CTPYKTYPU MOJIEIII.
Iling CTpYKTypHHUM CHHTE30M MOJENI pO3yMie€Tbes (YHKIIIOHANBHI CIIBBITHOMICHHA O€3 BpaxyBaHHS BEJIHYHH ii
napameTpiB. KpiM Toro, pu CTPpYKTYpHOMY CHHTE31 MOJIENi BIUIMBY TEXHOTCHHOI 3a0pYAHEHOCTI MiJNPHEMCTB Ha
BTpATy IMpane3JaTHOCTI pOOITHHKIB Tpeba BpaXxOBYBaTH AWHAMIYHHUNA XapaKTep BIUIUBY, TOOTO 3aJE€KHICTD Bif 4acy.
AJie 0cOONMBUM MOMEHTOM IIpY CTPYKTYPHOMY CHHTE31 MOJIENI € Te, 110 BOHA NOBHHHA HOCUTH CTAaTUCTHYHHIN XapakTep.
JiiicHO, 9mcino poOITHHKIB, SIKi MMPAIIOIOTh HA TEXHOT€HHO HEOE3NMEYHNX ITANPHEMCTBAX, JOCHTH BEIHUKE i HEMOKINBO
MPOCIINTH 33 BTPATOK MPAIe3JaTHOCTI KOXKHOTO POOiTHHKA. BHACHIMOK I[hOr0, 1100 PO3B’s3aTH 1€ MUTAHHS,
Tpeba KOPHCTYBATUCS Yy3arajJbHCHNMH XapaKTEPUCTHKAMHM, HANPHKIIAJ, CEPEAHIMH BEIMYWHAMH, SKi Oe3HocepeIHbO
OB’ s13aHi 3 XapaKTCPUCTHUKAMH, 5K JOCHIPKYIOThCA. Lle 03BOJIse 3aCTOCYBATH «METOT IUHAMIKH cepeaHix» [2].

PosrnsHeMO KOHTHHTEHT pOOITHHKIB ITiJIPHUEMCTBA, SIKE Ma€ TEXHOTCHHY 3a0pyaHeHicTh. Hexail KinbkicTh
POGITHHKIB, sIKi IPAIIOIOTH HA TAKOMY IiIIPUEMCTBI, CTAHOBUTH BeInYuHY {V, KOXKHHHI 3 SKHX MOXE BHIIAIKOBUM
YHHOM MePEeXOAUTH 31 OJHOTO CTaHy B IpyrHil craH. [lpumycTiMo, o yci NMOTOKHM MOIIH, SKi IepeBOIsATH
poOITHHKA i3 OJTHOTO CTaHy B IHILIWI, € MyacCOHOBCHKI. Toai nmpotiec, sikuii MpoTikae B 30Hi, € MAPKOBCHKUM. Takum
YMHOM, KOX)KHHH POOITHUK MOYe 3HaXOJUThCS B OJJHOMY 13 JIBOX CTaHIB: 5p— pOOITHHK Npale3aTHUH, 53~ pOOITHIK
Herpane3aaTHuii. [lepexin poOiTHHMKa i3 ONHOTrO CTaHy B Jpyruil BiIOyBaeThCs IMiA J€I0 IOTOKY BTpPaTH
npane3IaTHoCTi inTeHcuBHicTIO 4. ['pad craniB pobiTHHKA MpenCcTaBIeHHUI Ha puc. 1.
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Puc. 1. 'pa¢ cranis podirnuka.

JudepeHuianbHi piBHSIHHS ISl CEPEAHBOI YUCEIBHOCTI CTaHiB, 3a rpaoM pHc. 1, 3aNHUIIyThCS Y BUTIISL
dmy

= —Aimy + 6, M
dm.
d_ri =4+ my, )

Je Mig— CcepelHs YHCEJBbHICTh 3J0POBHX POOITHHKIB, ™y — cepelHs 4YHCENBbHICTh Hempane3aaTHUX
POOITHUKIB BHACITIZIOK TEXHOTEHHOTO TUCKY, A — IHTEHCHBHICTh BTPaTH MPAIE3MaTHOCTI BHACIIJOK TEXHOTCHHOTO
THCKY, & — {HTEHCHBHICTb TIOMOBHEHHS 330BHI CEpeHBOI YHCENBHOCTI Mpale3IaTHIX POOITHHKIB.

Kpim Toro, Tpeba BHIIIUTH IIOYaTKOBI YMOBH, SIKi BU3HAYAIOTH CTaH POOITHUKIB B TOYaTKOBHI MOMEHT Yacy:

[t = 0) = my,, (3)

m,(t=0) =0 (4)

3rigao ymoB (3), (4), BBaXxaeThCsl, 110 B MOYATKOBHI MOMEHT 4Yacy yci pOOITHHUKH Mpaine3aaTHi. PiBHSIHHS

(1), (2) i mouatkoBi ymoBH (3), (4) Bu3HauaroTh 3ana4dy Ko [3]. Jani gouineHo npeacraButy 3agady Ko (1), ..., (4) B
6e3p03MipHOMY BHTJISI, CKOPHCTABIIUCEH TEOPi€ro momibHoCTi [4]:

dvii - -

a0 = e ts. ©
dfi -

o = o ®)
Ml =01 =1, @)
i, (8 =0)=0, ®)
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B nanHOMy Bumanaky 3minHa & Bu3Havae 0e3pO3MipHHI Yac, SIKMH BUMIPIOETBHCS B OJMHHIISIX BEIHMINHA
1/4. 3minna & BusHauae 0e3po3MipHy BENMYHHY, fKa IOPIBHIOE IHTCHCHBHICTH ITOIOBHEHHS 330BHI CEepeIHBOL
YHCETHHOCTI POOITHUKIB BiIHOCHO 1HTEHCHBHOCTI BTpAaTH MpaIe3qaTHOCTI BHACIIAOK TEXHOTEHHOTO THCKY Ha
OJIHOTO pOOITHMKA B MMOYaTKOBMH MOMEHT 4acy. IHIi Oe3po3MipHi BEJIMYMHH BiJHECEHI Ha OJHOTO pOOITHHKA B
no4yaTkoBuii MoMeHT 4yacy. Ilepexinm mo Oe3po3MIpHHMX BEIMYHMH JIa€ MOXIIHMBICTH 3MEHIIMTH YHCJIO 3MIHHHX,
MPEICTAaBUBIIH iX Y BUTIISAAI CITIBMHOXHUKIB, 110 3HAYHO CIPOINIYE TOMANbII T0oCHilkeHHss. KpiM Toro, HasBHICTb
MYJbTHIDTIKATHBHUX KOMIUICKCIB JIa€ MOJJIMBICTh MPU OJHINA BEJIMYMHI KOMIUICKCY 3ajaTé Oe3iiy KoMOiHaIii i3
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MHO>KHHKIB, SIKi yTBOPIOIOTh IIeH KOMIUIEKC. 3pO3yMijio, IO 1€ JO3BOJISE AOCTIIUTH 3HAYHO OUTBIIHMIA MaTepiani, He
MIPOBOJISTYH JI0JIATKOBUX OOYHCIICHD.
BpaxoBytoun, 110 piBHsAHHSA (5) € AndepeHiaTbHIM PIBHSHHSIM 3 BIIOKPEMJICHUMHU 3MIHHUMH, 3HAX0AUMO

MOCITIZIOBHO HOTO PO3B’S30K
dig . g
o=+, |

= =l da,

e —In|-m,+ 8|=8 + €, 9)
ne C— nosinbHa crana.

J1st 3HaXOJDKEHHS BEJIMUMHH JIOBUIHHOT CTaJI0T CKOPUCTAEMOCH TI0YaTKOBOIO YMOBOIO (7):

C=—tn|é —1]. (10)
Taxum unHOM, 3riguo (9) i (10) po3s’s3anns 3anaui Kouwi (5), (7) mae Burisa:
—in|-riy + E]=8 —m|s — 1], m|F2E-6, “‘_;_f" —ef, & —iy=(E—1)eF,

g =8—(6—1)e ", (11)
st po3s’si3anns 3agadi Komri (6), (8) ckopuctaemocs dpopmymoro (11) % =5 - ( §— 1)e~#,
[HTErpyrOYM OCTaHHE PIBHSHHS, TIOCIIIOBHO OTPUMYEMO:

fdm, =[(§-(6-1)e®)ds8 M, =6-8+(1-8)1-ef)+C, (12
ne C— moBinbHa crana.
3rigHO MOYaTKOBUX YMOB (8) 3HAXOIUMO, 0!
c=0 (13)
3rigno (12) i (13), po3B’sizanns 3anaqi Komi (6), (8) mae Bursia:
iy =68 + (1 —8)(1-eF). (14)

Takum ynnoM, opmyiu (11) i (14) Bu3HayaroTh B 6€3p03MIpHOMY BUIIIAI MaTeMaTHYHY MOJEIb BTPaTH
HETpaIe31aTHOCTI pOOITHHUKIB HAa TEXHOT'€HHO HEOE3MEYHUX MMiANMPHEMCTBAX.

3rigao ¢gopmyn (11) i (14) Ha puc. 2 Ta 3 mpexacrarieHi BiAMOBiAHI rpadiku. AHami3 rpadikiB puc. 2
MOKa3ye, 10 3 Y4acOM KUIbKICTh Mpane3fgaTHUX POOITHUKIB Ha MiJIPUEMCTBAX BHACIIIOK TEXHOI'C€HHOTO THCKY
crmaziae, ane MpH 3pOCTaHHI BiTHOCHOI iIHTEHCHBHOCTI ITOTIOBHEHHS YHCEIFHOCTI Mpane3JaTHUX POOITHUKIB 330BHI
IIBUJIKICT CITAJJaHHS 3MEHIIYEThCS. AHami3 rpadikiB, IpeICTaBICHUX HA PHUC. 3, TIOKA3ye, IO 3 YacOM KUTBKICTh
HeTpale31aTHIX POOITHHUKIB Ha MIATNPHEMCTBAX, SKi 3aXBOPUIM BHACIHIZOK TEXHOTCHHOTO 3a0pyIHECHHS, 3pOCTaE,
IIPU IBOMY TIPH 3POCTAaHHI BiTHOCHOI iHTEHCHBHOCTI TOMOBHEHHS YHCEIBHOCTI Mpane3JaTHUX POOITHUKIB 330BHI
LIBUJIKICTB TEXK 3POCTAE.
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Puc. 2. 3aJ1e:KHiCTh BiIHOCHOT KiJIbKOCTi NpanesaaTHuX podiTHUKiB Big yacy (1— & =0.25;2 8 =0.53-4 = 0,75)

MateMaTHyHe MOJICNIIOBAHHS BTPAaTH HEMpAILE3JaTHOCTI POOITHWKIB Ha MiANPHEMCTBAX BHACIIIOK
TEXHOTEHHOTO THUCKY HAaBOAWTH HA TYMKY IPO MOXKJIMBICTH YHPABIIHHS KUTBKICTIO Npare3laTHUX POOITHUKIB Ha
MATPHEMCTBAX 3 TEXHOTEHHMM THCKOM. JlifiCHO, Ha MiANPHEMCTBAX MiJ] TEXHOTEHHWM THCKOM BHACIIIOK
3aXBOPIOBAHHS 3MEHINYETHCSA KUIBKICTh Tpale3NaTHUX POOITHUKIB, SIKi € MPOJYKTUBHOIO CHIIOIO IS pearizarii
BIIMOBIAHMX BUPOOHWYUX BiTHOCHH HA IIbOMY MigNpPHEMCTBI. J[is1 KoMIieHcarlil mboro yOyTKy MpOAYKTHBHOI CHITH
NOTPiOEH NPUIUIMB 330BHI CBIXKOT MPOLYKTUBHOT CHJIH, SIKUH B HAallIOMY BUIIAJKy XapaKTE€PU3Y€EThCsl IHTEHCHBHICTIO
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MOMTOBHEHHS YHCEJIBHOCTI Mpane3JaTHUX POOITHHKIB HA MiJIPUEMCTBI. Pa3oMm 3 1M, BHHUKAE€ MUTAHHS IPO
PIBHO3HAYHICTh 3aMiHM Ha MIANPUEMCTBAX OJHHMX POOITHUKIB iHmMMHU. JliiCHO, NMpPUHHATI 330BHI POOITHUKH
HAICBHO OYAYTh BINPI3HATHCS SK 1O JOCBiAY, TaK i 3a BUMOraMH O poOOTOnaBId. Po3risHeMo, Il MOsSICHEHHS
BUMAJIOK 3 MOJICIIOBAHHSIM BTPATH MPAIe37aTHOCTI pOOITHUKIB HA IMiJNPUEMCTBI BHACTIIOK TEXHOTCHHOTO THCKY,
Npe/ICTaBICHUH B Oe3po3MipHii Gpopmi popmysoro (14).

m, 5

1,5 >

-
,’ / T
0,5 —

0 0,5 1 1,5 2 6

- e — ) - e 3

Puc. 3. 3aexnicTh BiTHOCHOI KiJIbKOCTi Henpane3JaTHUX POOITHUKIB BHACJIIIOK TEXHOT€HHOI0 THCKY Bil yacy
(1—4=025;2-8=05:3-8 =0,75)

Jns peamizanii ONTUMAaJIBHOTO YIPaBIiHHSA KUIBKICTIO TNpane3aTHUX pPOOITHUKIB Ha IiJNIPHUEMCTBI
BUIMIIEMO BIANOBIAHUIT (yHKLIOHAN, SIKUH XapakTepu3ye SKICTh 3aMiHH pOOITHHKIB, SIKi BTpaTHIIN
npane3 aTHICTh BHACHIIOK TEXHOTEHHOI'O TUCKY, Ha Mpale3/laTHUX POOITHUKIB, BUKJIMKAHUX 330BHI:

::]:{S} = fpﬂ{ﬂl 6 — e 'ﬁl}:dev (15)

e ©y. ©; — BaroBWil BKIJIAQJ NPUHAHATHX 330BHI Mpane3gaTHUX 1 HEeMmpane3gaTHUX pPOOITHUKIB Ha
i IMPUEMCTBAX, BiAOBIHO, iy — cepeHs KUTbKICTh Hempane3IaTHUX pOOITHHUKIB, KOJIH § =000 MIPOMIKOK
4acy, SIKHi pO3IJISIa€ThCS.

3rigao Gopmyi (14) pyrkmionan (15) npuitmae BUTIIS:

- a " z
e(8)=f(c1-6—cs-(1-e7%)) a6 (16)
3a HeOOXiIHOT YMOBH iCHYBaHHs €KCTpEMyMy NoxiqHa GpyHKioHana (16) noBUHHA JOPIiBHIOBATH HYIIIO [5]

#(8) = I (e —ea(t—79)) agy =0,

OO0YHCITIOEMO TTOXIIHY I1iJ] 3HAKOM 1HTErpaja i 3HaX0AMMO ONTHMAIIbHY BEJIMYHHY &
= o - B
e b—c(1-e8))d6 =0, &-c,-0= c;f; (ms(1 —e=%))as,

. r:_l-uE[mu [1-g—8Tde

Sopt = — L8 a7
OO0uncnuMo iHTerpan, sKi BXoaaTh B popmyiy (17):
[(1—e®)de=[, (1 —eF)dé=0—-1+e"

V pe3ynbrarti OTpEMyeEMO ONTUMANbHY Benmuauny (17) B sBHiM popmi:

= 1-g7®
'Enpt =¥ (1 - a ), (18)
pey =2
N )
3 ypaxyBaHHSM TOTO, IO & = o= i @=4-T, ne T- wac cnocrepexenns, 3Hax0uMO 3rigHO (18)
Moo
ONTHMAJIIbHY JTIHCHY BETUYUHY IHTEHCUBHOCTI IIOMTOBHEHHSI 330BHI Iparie31aTHUX POOITHUKIB:
_ ¥-Mag _ —-iT
Sope = (AT — 14 67), (19)
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Takum uuHOM, (opmyrna (19) mursixoMm BBEIACHHS 3BOPOTHOTO 3B’SA3KY 10 KaHAlIy IHTEHCHUBHOCTI
NPUIHATHX 330BHI POOITHHKIB JI03BOJISIE CTAOLII3yBaTH KUIBKICTh Npale3JaTHUX PpOOITHUKIB, 3a0e3NeYHBIIN
HeoOXigHI yMoBH 1t pobotu miampueMcTB. st rpadigHoro aHamizy dopmynu (19) mominsHO mpeacraBuTH ii B
0e3p0o3MipHOMY BHIVISIi, CKOPOTHBILH YUCIIO 3MiHHUX. TOAI cepe/Hs KUIBKICTh Mpale3faTHUX POOITHHUKIB, TPUHHITHX
330BHI 3 9ac T, Ka IPUXOANUTHCS HAa OJHOTO pOOITHUKA B TOYATKOBHH MOMEHT Yacy, 3HaXOAUTHCA 3a (HOPMYIIOI0:

Bope =¥(@ —1+27%), (20)

ne Ay = D::: o =AaT.

Ha puc. 4 npencrasneHi rpadiku, nodyaoBaHi 3rigHo 3 Gopmysoro (20).

A 1,8
Pt 16
1,4
1,2
1
0,8
0,6
0,4
0,2

0

Puc. 4. 3ane:xHicTh ONTUMAJILHOT BiTHOCHOI cepeJHbOI YHCeJIBLHOCTI MPHITHATHX
=05.9_v =Ly =15}
;

330BHi poOiTHUKIB 3a yac T Bix 6e3po3mipHoro uacy ( 1-vr

Awnani3z rpadikiB mokasye, Wm0 31 3pOCTAaHHSAM Ha IJNPHEMCTBI 4YHCIa POOITHHUKIB, sIKI BTpaTHIN
Npane3iaTHICTh 3 MPUYUH TEXHOTCHHOIO 3a0pyAHEHHs, 3pOCTae CepelHs KUIBKICTh NPUHHATHUX 330BHI
npare3faTHux poOiTHHKIB. [Ipy 1bOMy, SIKIIO 3aTpaTd Ha MPUHHATOrO 330BHI POOITHHKA 3pOCTAalOTh, TO 1€
NPU3BOIUTH IO 3MEHIICHHS YHUCIIa PUITHATHX POOITHHKIB.

BucnoBku. B pesynbTari npoBeAeHHX JOCHIPKEHb aBTOPaMH CTATTi 3alpOINIOHOBAHO MAaTEMaTHYHY
MOJIeNb BTPATH IPale3JaTHOCTI POOITHUKIB Ha TEXHOTEHHO HEOE3NMEeYHHWX MiIMPUEMCTBAX y BHUIILIII PO3B’S3KY
JmudepeHIiadbHUX PIBHSAHb JIsl CEPeJHBbOI YMCENBHOCTI CTaHiB. 3riJIHO 3 OTPUMAHOKI MOJEIUII0 IPOBEIEHO
rpadivHAN aHaNi3 KIJTBKOCTI Hempare3gaTHUX pOOITHHKIB Ha MiANPHUEMCTBI. 3allpONOHOBAHO BUKOPHUCTOBYBATH
(byHKIIOHAJ, [0 XapaKTepu3ye SKiCTh 3aMiHM POOITHHKIB, SKi BTPATHIIN Ipale3JaTHICTh BHACIIIOK TEXHOTEHHOTO
THCKY, Ha Tpare3IaTHUX pOoOITHHUKIB BBeJICHUX 330BHI. OTpUMaHO POPMYIIH ONTUMATHHOI BEIMIHHN ITHTEHCUBHOCTIL
MIOTIOBHEHHST 330BHI TIpane3faTtHux poOiTHUKIB. ['padiyHO NpoaHami3oBaHO CEPEeNHI0 KUIBKICTb Ipale3iaTHUX
POOITHHUKIB, IPUHHATHX 330BHI 32 IEBHUM Yac, 0 PUXOJUTHCS Ha OJHOTO POOITHUKA B TIOYaTKOBUI MOMEHT Yacy.
OpepkaHO aHATITHYHI (QOPMYIH, sIKi TO3BOJSIOTH OI[HUTH CEPEIHI YUCEIBHOCTI POOITHHKIB, SKi BTPATHIA
Nparne31aTHICTh BHACTIIOK TEXHOTCHHHX IIPHYMH Ta XapaKTep 3MiHH L€l YUCETBHOCTI 3aJIe)KHO BiJI yacy.
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