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AnHoTtamusa. B palGoTe npuBencHO ONMMCAaHWUE MPOrpaMMBI IS pacdyera YACIbHOW CyMMapHOH
TPYAOEMKOCTH TEXHHYECKOTO OOCITYy:KUBAaHHS TPAKTOPOB TMPH WX OJHOCE30HHOM HCIOJIh30BaHUH.
MaremaTtryeckoe obecriedeHre MporpaMMbl TPEACTaBICHO (OpPMYIaMH, TO3BOJISIOMIMMEI HA OCHOBAHUU
JaHHBIX O CE30HHOW HapabOTKe TPAKTOPOB pACCUUTATh YIACIbHYI0 CyMMapHYI TPYIOEMKOCTb
TEXHUYECKOTo 00chyXuBaHUs. B anropurmMudeckoM obecrieueHUH c(OPMYITHPOBAHBI OCHOBHBIC JTarlbl
pacuera wmccienyemMoro nokasatens. llomb3oBaTenbckuii WHTep(eiic TporpamMmbl CO3laH B BUJE
KHOTIOYHOW (OPMBI C HCIIONIB30BaHUEM s3bIKa mporpammupoBanus Visual Basic for Applications.
[pennoxkeHnas mporpaMMa MOKET ObITh IPUMEHMMA ISl pacueTa YAeIbHON CyMMapHOH TPyIOEMKOCTH
TEXHUYECKOT0 OO0CTY)XKMBaHHsI HE TOJBKO TPAKTOPOB, HO W APYTrUX MamuH. [[oMHMO TpaKkTHYECKOTO
MPUMEHEHUSI Ha CEJIbCKOXO3AWCTBEHHBIX MPEANPHUITHAX, MporpaMMa MOXKET HCIIONb30BaThCA B
00pa3oBaTeIbHBIX YUPESIKACHUIX IPH 00YUEHUH CTYICHTOB.

KiroueBble cioBa: MaTeMaTHdeckoe OOECIEYeHHE, alrOpPUTM, TPYJOEMKOCTh TEXHHYECKOTO
o0cCIy)XKMBaHHUs, TI0JIb30BATEILCKUI HHTEPDEHC

Jas uutupoBanus: llonkosckas M.H., Xa6apnua B.H. 2023. IIporpamma miis pacdera yAelbHON
CYMMapHOH TPYIOEMKOCTH TEXHHUYECKOr0 OOCIYKMBaHHs TPAKTOPOB TMPH HMX OJHOCE30HHOM
ucnoib3oBannu. DkoHomuka. MHpopmaTuka, 50(3): 681-688. DOI: 10.52575/2687-0932-2023-50-3-
681-688

Program for Calculating the Specific Total Labor Intensity
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Abstract. Providing agricultural machinery with technical service throughout the entire life cycle is an urgent
and at the same time time-consuming task. Automation of calculations of various indicators of maintenance
of agricultural machines will reduce the time spent on their determination. Hence, the aim of the work is to
create a program for calculating the specific total labor intensity of maintenance of tractors during their one-
season use.The paper describes a program for calculating the specific total labor intensity of tractor
maintenance during their one-season use. The method for determining the specific total labor intensity has
been tested on experimental data on the limits of seasonal operating time and the probability of TO. The
calculations were made using the tools of the Microsoft Excel program, the user interface was created in the
Visual Basic for Applications programming language. The mathematical support of the program is represented
by formulas that allow, based on the data on the seasonal operation of tractors, to calculate the specific total
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labor intensity of maintenance. In the algorithmic support, the main stages of calculating the indicator under
study are formulated. The proposed program can be used to calculate the specific total labor intensity of
maintenance not only for tractors, but also for other machines. In addition to practical application in
agricultural enterprises, the program can be used in educational institutions when teaching students.

Keywords: mathematical software, algorithm, complexity of maintenance, user interface
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BBenenne

B nacrosimee Bpems aBToMaTu3anus U 1 poBU3aLus OXBATHIBAIOT Pa3HOOOpa3HbIE Chephl
JIeATEIbHOCTH YeJIOBEKA: MPOU3BOJICTBEHHYO, JIEC03aroTOBUTEINbHYIO [Bacenés, 2022], cenbcko-
XO3SIUCTBEHHYIO U Jp. B CBA3M O 3HAYMTEIBbHBIMHU KOJIMYECTBEHHBIMU U KaU€CTBEHHBIMU U3MeE-
HEHUSIMU IIapKa CEJIbCKOXO3SCTBEHHON TEXHUKH, a TAK)KE U3MEHSIOLUIMMUCS YCIOBUSIMH XO035M-
CTBOBaHUS TpeOyeTcsi COBEPIIEHCTBOBaHME (DOPM M MPaBUII CIIOIH30BAHUS MAIIMH, YITydICHUE
OpraHu3aly UX 00CITyKMBAaHUSA, PEMOHTA U MOJEPHU3AIMHA PEMOHTHO-3KCIUTYaTallHOHHOM 6a3bl
(PObB) [Mumuna, 2018].

KauecTBeHHOE M CBOEBPEMEHHOE BBIIOJHEHHE OIEpalMii TEXHUYECKOI0 00CIy’KUBAHUS
(TO) npu ucronb30BaHUM U XPAHEHUH TEXHUKHU OKa3bIBalOT 3HAYUTEJIbHOE BIMSHUE HA OKpYXKa-
IOLIYIO Cpelly, 0€30MacCHOCTh KHU3HEAEATEIbHOCTH, 30POBbE JII0/IEH U COXPAaHHOCTh UMYIIECTBA
[[Tyuun, 1998].

ObecnieueHne CeIbCKOXO3SMCTBEHHBIX MAIIMH TEXHUYECKUM CEPBUCOM Ha HPOTSKEHUU
BCEro KU3HEHHOTO LIMKJIA SIBJISIETCS aKTyaJIbHOM U B TO K€ BpeMs TpyJ0eMKoi 3aaueli [MuinHa,
2018]. Kpome Toro, 1Jis onpeaenaeHus MeXpPEMOHTHOTO Ieprojia HE0OX0IUMO HCIIOIb30BaTh pa3-
JIMYHBIE [TOKA3aTeIN HAJEKHOCTH IEMEHTOB, COCTABIIAIOINX KOHCTPYKIMIO JaHHOIO Yy3J1a WIN
MAaIIMHbI, CIPYIIUPOBAaHHBIE MO CBOEW CXOKECTU M KPAaTHBIM HOPMATHUBHBIM CPOKaM CITy>KOBbI
[Xarynues, 2019]. B cBsi3u ¢ 3TUM aBTOMaTH3alMsI pacyeTOB pa3audHbIX mokazatenei TO cenb-
CKOXO3SIMICTBEHHBIX MallIMH 3HAUYUTEIBHO CHU)KAET BPEMEHHBIE 3aTpaThl HA UX onpezaeneHue. Ot1-
CIOZIa LIeJIbI0 paboThI SIBIISIETCS CO37aHNE TPOTPaMMBI JUIs pacyeTa yJelNbHOM CyMMapHO#H Tpy10-
eMkocTH TO TpakTOPOB MPHU X OJJHOCE30HHOM HCIIOJIb30BaHUH.

MaTepua.nbl H ME€TO/bI

[Tporpamma npenHa3zHaveHa Juisd pacyeTa yieiabHol cyMMapHoil Tpypoemkoctd TO TpakTo-
POB IIPH KX OJTHOCE30HHOM HCIIOJIb30BAaHUH HA OCHOBE HOPMAJIBHOTO 3aKOHA PaCIpeIesICHIs Be-
POSITHOCTEH ce30HHOM HapaOboTku 3TrX MamuH [[lonkoBckas, Xabapaun, 2022].

Metoauka onpeaenaeHus yaeIbHOW CYMMapHOH TPy10€MKOCTH alipoOMpoBaHa Ha SKCIEepH-
MEHTaJbHBIX JAHHBIX O Mpesenax ce30HHON HapaOoTku u BepositHocTH TO. Pacuersl nmpousse-
JICHBI C CIIOJIb30BaHHEM HHCTPYMEHTOB porpammMbl Microsoft Excel, monb3oBarenbekuii HHTEp-
deiic co3nan Ha s3b1Ke porpammupoBanus Visual Basic for Applications.

Pe3yabTaThl U MX 00Cy:KIeHUE

MaremaTu4yeckoe odecrnedeHmne. YaelbHas cyMMapHas TpyaoeMkocTs TO MmamuH, uc-
MOJIB3YEMBIX Ha CEITLCKOXO03UCTBEHHOM MPEANPUATHH, ONPELISIETCS KaK OTHOIIIEHWE CyMMap-
HOM TPYJOEMKOCTH TEXHHUYECKUX OOCITY>KMBAHHI MaIllMH K UX CyMMapHOW HapaOoTke [Xabap-
nuH, [Tonkosckas, lllenkynosa, 2022.]
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T = _¢i, (1)

rae Ty — ynenbnas cymmapuas tpynoemkocts TO i-it mapku mamwmn; 7', 7, — CyMMapHas Tpy-

noeMkocTh TO i-X MallluH U UX CyMMapHasi HapaboTKa 3a Ce30H.
Cymmapnas Tpynoemkocts TO i-it mapku MammH 7', Ui OTHOCE30HHOTO TOPsIKA HC-

IIOJIB30BaHUs paCCYUTHIBACTCA 110 (bopMyne
TCi:TTlC[+TT2Ci+TXCi’ (2)

tae Tryciy Troe; — CyMmapHas TpynoemMkocts TO-1 u TO-2 i-toii mapku mawms; 7 ., — cyMMap-

Hasi TPYAOEMKOCTh CHITHS U TIOJITOTOBKY MAIIMH K XpaHeHuto. J{Jis onpeneneHus 3Ha4eHUN JaH-
HBIX TTOKa3aTelIel UCIONB3YIOTCS CIeAyone GOpMyJIbL:

Trie; = Ty My Prygs 3)
Troci = Trai My Proi s 4)
Tyei =Ty Ny (5)
rae n,, — KOIMYECTBO MAaUIMH I-d MapKH, MCIOJIb3YEMBIX OJHOCE30HHO; T,

T, T, —onepaunontas tpyaoeMkocts TO-1, TO-2 u TO npu CHATHH U TOATOTOBKE MAIIHH i-
i MapKu K XpaHeHuto; P, P, —BeposaTHocTh TO-1 1 TO-2.

IIpeoOpa3oBaB ypaBHEeHHE (2), HOTYUUM
Toi = (Tt Pras + Tr2iPras + Toi) - (6)

3HaueHHe 7, onpezaensercs no popmyiie

Ta =Ty v Ty T 75 T... 17, (7)

W
Toi = Ti My (8)
TO€ Ty, Tyis Tais ---» T, — CE30HHAS HapabOoTka 1-#, 2-i, 3-eif n n-if MammHLI I-i Mapky; z; —

MaTeMaTH4eCcKoe OXKHIaHue (Cpe/IHee 3HAUCHIE) CE30HHOM HAapaOOTKH I-if MAPKH MAIllUH.
[ToxncraBuB B BeipaxkeHue (1) npaBeie yactu ypaBHeHHH (6) u (8), morydnm

TriPri ¥ TPy + Ty
Tqi: 71 T T2i1 T2 Xi (9)

Ti

s pacuera BepostHoctedt TO ( Py, P, ) HE0OOX0AMMO Ha OCHOBAaHUY KPUTEPUEB COITIa-

cHsl T0100paTh 3aKOH PaclpeeeHNs BEPOSTHOCTEH, COINIACHO KOTOPOMY BBIUHMCISIOT BEpPOSIT-
HocTh TO B 3aaHHBIX MHTEpBaJlaX HapaOOTKH, KpaTHEIX nepuoauunoctu TO (125 motou.) [Xa-
6apnuH, [Tonkosckas, Illenkynosa, 2022.].
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B cBsi3u ¢ aTuM opMyna i HaxoxAeHUs BeposiTHOCTer TO umeeT BH:

P =] f(r)de,

(10)

r7e N — HoMep UHTepBajia HapaOOTKH, @ — HIKHSS FPaHULla HHTEpBajia HapaOOTKH, [ — BepXHsAA

I'paHUIIa HHTEepBaJla HAPAOOTKU. AHAIOTUYHBIM 00Pa30M ONPENENAoT P, .

Pacyer ynenpHOl cymMMmapHOW TpyaoeMkocTd TO mamnH [ pa3inuyHbIX 3Ha4eHUU 7, ,

T,y v Ppy;, P, , COOTBETCTBYIOLIMX IIPEAEIaM CE30HHON HapaOOTKH MallliH, OCYHIECTBIIAIOT 10

CIenyroImmM GopMynam:

T — Ty,
125 =
Ti

TriiPrigyi + T

T 2500
Ti

T - Trawi Priwyi + Trayi Prayi T x

375qi

Ti

Trwi Prwi + Tre)i Pre)i + Tre Prei 7y

T 500gi — ,
Ti
T _ TrnwiPrigy + TrieyiPrigyi + Trag Pragyi + TraiPrai + T
62501 — = ;
Ti

T Trwi Prigyi + Ty Priyi + Trae Pragyi + Tr2i Prai + Tragayi Priy + T
750i _

Ti

T = TrwiPrigy + Trii Pri  Tra Pray + TraiPrai + Trawi Pray + Tras) Pras) + T

875qi
Ti

T 1000gi —
Ti

_ TrwiPrgi + Trayi Priyi + T Pragi T TraiPrai + Trayi Pray + Tras) Pras) + Trae) Prae) + T

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

AaropurMmuueckoe odecnedenue. /[ pacuera yaenbHoi cymmapHoi TpynoeMkoctu TO
TPAKTOPOB MPH UX OAHOCE30HHOM HCIOJIb30BAHUHU HA TIEPBOM ATaIle€ OCYIIECTBIISIOT BBOJ HCXOI-

HBIX JAHHBIX ((PaKTUYECKUX WIIA SKCTIEPUMEHTAIIBHBIX) (pHcC. 1).
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4 N\

BBOI[ OKCIICPUMCHTAJIbHBIX JaHHBIX I10 CE30HHOH Hapa60TKe MalInuH

4 N

Pacuer craTicTrdeckux mapaMeTpoB psaa HapaObOTKH ISl IOCTPOCHHUS 3a-
KOHAa pacipeiesieHus! BEpOSITHOCTEN

\- J

4 )

HaxosxneHne BepxHe# rpaHHLIBI CE30HHON HapaOOTKU MPH 3aJaHHOU JOBEpH-
TENbHOW BeposiTHOCTH (Hanpumep p = 0,95) 1 MaTeMaTn4ecKoro 0KUAaHMS

\- J

4 N

Onpe/ieieHue UHTEPBaJIa HAPAOOTKH, B KOTOPBIH MOTAIaeT MaKCHMalh-
HOE 3HaYeHHe UCXOIHOro paaa

- J

4 )

Pacuer uncna 3HaYeHNH UCXOAHOTO Psiia HAPAOOTKH, MOMABIINX B HHTEP-
BaJIbl, KpaTHble nepuoguanoctd TO (N = 125), u ux BeposaTHOCTEN

\- J

-

Pacuer yznenbpHOM cyMMapHOH TPYZOEMKOCTH TEXHUUECKOTO 00CITyKH1Ba-
HUS MallliH PU UX OJJHOCE30HHOM HCIIOIb30BAHUN

\-

Puc. 1. Anroput™m pacuera yIeapHON CyMMapHOM TPYIOEMKOCTH
TEXHUYECKOTO OOCITYKUBAHUS TPAKTOPOB IPH UX OJHOCE30HHOM HCIIOIB30BAHUT
Fig. 1. Algorithm for calculating the specific total labor intensity
of tractor maintenance during their one-season use

3areM METOJJOM MOMEHTOB OIPENEISIOT CTATUCTUUYECKHE TapaMeTphl IaHHBIX O CE30HHOMN
HapabOTKe MalIMH: MaTeMaTHUYeCKOe OXHJaHue (CpeiHee 3HaueHHe) U CTaHIapTHOe (CpeaHe-
KBa/IpaTHUECKOE) OTKIOHEHUE.

B kadecTBe 3akoHa pacrpesieNeHusi BEpOATHOCTEH HCCIIeAyeMOro napaMerpa Obul MPUHST
HOpPMaJIbHBIA, COOTBETCTBHE KOTOPOIO MOATBEPkACHO KpUTepHsMH coriacus. Ha criemyromem
sTarne Obljia oNpeieNieHa BepXHss IPaHuIa Ce30HHOM HapaObOTKH, COOTBETCTBYIOIIAs! JOBEPUTEIIb-
HoM BeposiTHOCTH 0,95, M Mpou3BeAeH pacyeT MaTEMaTUIECKOTO OKHUIaHUS PAJIa.

[Tocne 3TOro UCXoIHBIE JaHHBIE OBUIN TOJENICHBI HA HHTEPBAJIbI, KpPaTHbIE IEPHOAUIHOCTH
TO. B 3aBepuieHue BHIOIHEH pacyeT YKciia 3HAUEHUH UCXOAHOTO psiia HapaOOTKH, MOMABILINX B
3TH MHTEPBAJIbI, ISl KQXKJI0T0 U3 KOTOphIX 1o Gopmyie (10) Beruuciena BepostHocts TO. B 3a-
BHCHMOCTH OT 3HAYEHHS BepXHEH TpaHUIlbl ce30HHOW HapaboTkw u3 (11)-(18) Obuta BEIOpana
dopmyna s pacyera yAeabHON cyMMapHOil TpynoeMkocTd TO MamuH npu UX 0JTHOCE30HHOM
WCIIOIh30BaHUH (YeII.-4./MOTOY.).

IHoab30BaTeabckuii HHTEpQeiic. 11 aBToMaTU3aluy pacyera yAelabHOM CyMMapHOU Tpy-
noeMkoctd TO mpu 0JHOCE30HHOM HCIOJB30BaHUU MAIINH CO3/jaHa OJIHOMMEHHAs IporpaMma.
PacueTsl mpoBeeHbI ¢ MOMOIIBI0 BCTpoeHHBIX pyHkumii Microsoft Excel, kuomounast popma co-
3mana B Visual Basic for Applications [Anekcanaep, Kycneiika, 2018] (puc. 2).
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PacugT Tpya0eMKOCTI X

PaccaHTaTh cTaTHCTHISCKHE TapaMeTpsl

876-1000

PaccaHTaTh HHTEPBAT Ce30HHOH HapaGoTKH -

Puc. 2. OxHO mporpamMMsI JIsl pacyeTa yASIbHOU CyMMapHOH TPYJ0EMKOCTH
TCXHHUYCCKOT'O 06CJ'Iy}I(I/IBaHI/ISI TPaKTOPOB IIPpHU UX OAHOCE30HHOM HUCITIOJIb30BaAaHHUU
Fig. 2. Program window for calculating the specific total labor intensity
of technical maintenance of tractors during their one-season use

OKHO TIPOTPaMMBbI COCTOUT U3 KHOIIOK M TEKCTOOKCOB, B KOTOPBIE BHIBOJISIT PE3YIIBTATHI pac-
yeToB. ClieryeT OTMETHTb, UTO IIPU BBIYUCICHUN YAECTBHON CyMMapHOU TPYJIOEMKOCTH HEOOXO-
JUMO COOJTIOIaTh IMTOCIIEIOBATEIILHOCTD, IIPEICTABICHHYIO B alroputMe (puc. 2).

Jns1 aTOr0 CHavasia ¢ MOMOILIBIO KHONIKH «PaccuuTarh CTaTUCTUYECKUE MTapaMeTpbl» Ompe-
JeIISIOT Cpe/IHee 3HaUeHHE U CTaHAapTHOE OTKIOHEHHE UCXOTHOTO psija (puc. 3).

3aTreM HaxOJAT BEPXHIOIO TPaHMILy Ce30HHOM HapaboTku. Ha ocHOBaHMM 3HAYEHMIA, MTOTY-
YEHHBIX Ha IIEPBOM U BTOPOM IIIare, ONpeesTIOT BEPOSTHOCTH HHTEPBAJIOB CE30HHOI HApaOOTKH.
3aKITIOYUTEIbHBIM IIArOM SIBIISIETCSA pACyeT yJIeIbHON cyMMapHOU TpyaoeMkocTH TO TpakTopoB
IIPH UX OJJHOCE30HHOM HCII0JIb30BaHUH.

JEEEEEEE

| o

PaccuHTaTh HHTEPEAT Ce30HHOMN HapafoTkn

Puc. 3. IlocnenoBaTenbHOCTE pacdeTa yIeIbHON CyMMapHOU TPYJOEMKOCTH
TEXHUYECKOTO 00CITY)KUBAHHUS TPAKTOPOB MPH WX OJJHOCE30HHOM HCITOIb30BAHUHT
Fig. 3. The sequence of calculating the total amount
of technical maintenance of tractors for their one-season use
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3akiroueHue

B pabore npuBeneHO MareMaTH4YecKoe M aJrOPUTMUYECKOe OoOecreueHue MpOorpaMMbl,
IIpeIHa3HAYEHHOW /ISl pacueTa yAeIbHOU cyMMapHOU TpyaoeMkocTd TO MamMH npu UX OJHO-
CE30HHOM MCIIOJIb30BaHUM HA CEJIbCKOXO3SMCTBEHHBIX IpeaApusATHsIX. Kpome Toro, npeacrasieH
MOJIb30BATEIbCKUM MHTEpdeiic nanHoi mporpammsel. [lpeayoskeHHast mporpaMma MOXET OBITh
IIPUMEHUMA Ha MPAKTHKE B CEIbCKOXO03HCTBEHHBIX MPEANPHUATUAX, & TAK)KE B 00pa30BaTEIbHbBIX
YUPEXKACHUSX TPU 00yUEHHUH CTYICHTOB.
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