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MOJAEJIb PO3ITIOALITY TPYJOBUX PECYPCIB HA IT-
HIANPUEMCTBI IPU HAABHOCTI HABYAHHA

MODEL OF WORKFORCE ASSIGNMENT AT IT-ENTERPRISE IN THE STATE OF
TRAINING

IT-cpepa 6 Yrpaini akmusno pozsusacmocs. Biokpusacmvcs bazamo noeux IT-komnaniil,
3apyOidHCcHI KOMNAHIT medic 3axX005Mmb HA YKPAIHCbKUL PUHOK IHGhopmayitinux mexronozit. OcHogorw
IT-0i3necy € paxosuii nepcouman, momy HA PpUHKY npayi NOCMIUHO 3pocmac nompebda y
keanigixosanux paxisysax came y cehepi ingpopmayivinux mexnonocit. 1T-gpaxieyi ompumyromo
BUCOKY 3apnaamy 3a C80i 3HAHHS, A KOHKYPEHYIs Ha PUHKY Npayi € 00CUmb 8UCOKoio. Ak nacniook,
bisHec sumpa4ac 3HA4Hi KOWMU HA NOWLYK MA YMPUMY8anHs npayieHuxie. Tomy, 3 A6uecs mpeno
NepeHasyanHs C80IX NPAYIBHUKIE 3a PAXYHOK KOMNAHII 305 3MEHUIeHHs UMPAM HA NOULYK HOBUX
Qaxieyis. Ane eunuxae HeoOXIOHiCMb NOWYKY MeXAHIZMI8, [HCMPYMEHmMI8 ONMUMATbHO2O
PO3N0O0ILYy MpPYyoosux pecypcieé Komnamii 0nsi  3abesneyeHHs 1020 eghekmueHoi pobomu,
npogecitinoco po3eumky, eQekmusHo20 BUKOPUCMAHHA IXHIX Npogeciunux ma nepcoHaNbHUX
HABUKIB 3A018 O0O0CA2EeHHA Yineu KOMNauii 3a ymosu Haumenwiux eumpam. [lana poboma €
aKmyanivHow, OCKLIbKU 3apa3 KepieHuymeo IT-xomnauiti umpauarome 6eluKi Kowmu Ha 8i00in
Kaopie OJis1 NOWYKY HOBUX NPAYIBHUKIE MA HABYAHHS CB0IX NpayieHuxie. Ane came uepe3 ye
KOMNnaHii Hecymv 3Hauni empamu. Modens, npedcmaeniena 8 Oawitl pobomi, 0A€ MOAHCIUBICMb
ONMUMANLHO PO3NOOIIUMU NPAYIBHUKIE NO NPOEKMAM Ma HABYAHHIO 34 MIHIMAILHUM GUMPAM.
Mooenv moowce bymu nepegipeHa ma GUKOPUCMAHA HA NPAKMUYi i, AK HACIIOO0K, donomodice IT-
KOMNAHIAM 3MeHwumuy ix eumpamu. Memorwo Oanoi pobomu € 3HAXOO0NCEHHS ONMUMATLHO20
PO3NOOINLY NPAYIBHUKIE NO NPOEKmam ma HABYAHHIO 3d YMOBU HAUMeHwux eumpam. B oaniii
cmammi 6y10 Npo8edeHo MOOeno8anHs cumyayii po3noodiny npayienuxie 6 IT-xomnanii 3a0.s
3HAXOO0JCEHHS ONMUMATILHO20 CKIA0y NPOeKmy ma 8Uubopy NpayieHUKi6 Ha 000amKoee HaguaHHs 3d
PAXYHOK KOMNAHIi 3a ymMo8u Minimizayii eumpam. Jlany mooenb MO*CHA B0OCKOHAIUMU, AKUJO
BUKOpUCMOBY8amU ii He MINbKU Y CIMmamu4Homy cmawi a i 8 ounamiyi. [le dacmo 3mo2y epaxysamu
yci 000amKo8i (hakmopu, AKi 8nAUBAIOMb HA PO3N0OIL NPAYIBHUKIE NO NPOEKMAam ma Kypcam.
Taxoowe, modicHa posenaHymu 6UNAdoK, KOAU NPAYIGHUK MOJce Npayroeamu ma HAGUAMUCS
00HOUYACHO 3a YMOBU YACMKOBOI 3auHaAmocmi abo 8id0anienoi pobomu.

KuarouoBi caoBa: IT-kommanisi, TpyIOBI pecypcH, ONTHUMalIbHUN PO3MOIUI PECypCiB,
ONTHUMI3AIlisl TPYIOBUX PECYPCIB, ONTUMI3allisl B yMOBaX HaBYaHHS.

IT business is actively developing in Ukraine. Lots of new IT companies are opening,
foreign companies are also entering the Ukrainian information technology market. The basis of the
IT business is professional staff, so the need for qualified specialists in the field of information
technology is constantly growing in the labor market. 1T specialists receive a high salary for their
knowledge, and competition in the labor market is quite high. As a result, the business spends
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significant funds on the search and maintenance of workers. Therefore, a trend has appeared to
retrain their employees at the expense of the company to reduce the cost of finding new specialists.
But there is a need to search for mechanisms, tools for the optimal distribution of the company's
labor resources to ensure its effective work, professional development, and the effective use of their
professional and personal skills to achieve the company's goals at the lowest cost. This work is
relevant, because now the management of IT companies spend large amounts of money on the
human resources department to find new employees and train their employees. But that is precisely
why companies suffer significant losses. The model presented in this paper makes it possible to
optimally distribute employees to projects and training at the lowest possible cost. The model can
be tested and used in practice and, as a result, will help IT companies reduce their costs. The aim of
this work is to find the optimal distribution of workers for projects and training at the lowest cost.
In this article, we simulated the situation of the distribution of workers in an IT company to find the
optimal project composition and choose employees for additional training at the expense of the
company, while minimizing costs. This model can be improved if you use it not only in a static
state, but also in dynamics. This will allow you to take into account all the additional factors
affecting the distribution of employees by projects and courses. You can also consider the case
when an employee can work and study at the same time in part-time employment or remote work.

Keywords: IT company, labor resources, optimal allocation of resources, optimization of
labor resources, optimization in the learning environment

Beryn. 3agaua nmpo npu3HavYCHHS € OJHIEI 3 0a30BHX 3a7ay KOMOIHATOPHOI
onTHMI3allli B rajy31l onTUMi3aiii ado JOCIIKEHHs onepauiid B matematuul. [lepmn
poOOTH JJi pIlLIEHHS aHOTO THUITYy 3aJad 3 SBWJIMCh HAa moyaTKy 20-ro CTOMITTS y
pobotax Takux matemaTukiB sk A. Terokep, b. Epresapi ta JI.K. Kyna. I'muGoxke
JOCITIJIKEHHS €KOHOMIKO-MAaTeMaTUYHOTO 1HCTPYMEHTAPIO JUIsl BUPIIICHHS JaHOTO
Uy 3afad novanocss B 50-1 poku y poborax P. bypkapna, P. bennmana, C.
Jlxxoncona, JI.B. Kantoposuua [1]. Cepen ykpaiHChbKHX HayKOBIIIB JOCIIIKCHHIMU
3a7a4 TIpo Mpu3HadyeHHs 3aiimaroThes JleonoBa M.B., IBuenko I[.1O., Bynopaiipka
T.JI. IlpoGnema po3noauly TpaliBHUKIB CTaja akTyadbHUM 1Js  chepu
1H(OpMaIIiHUX TEXHOJIOTIH, aJ’Ke BUTPATH Ha 3apoOITHY IJIaTy Ta MOIIYK HOBHX
IpaliBHUKIB 3aiiMatOTh 3HaUHy 4acTKy 3aTpar [T-komnanii. SIk HacmigoK, 3’SIBUBCS
TpPEeH/ HaBYaHHS CBOIX MPALIBHUKIB 32 PaXyHOK KommaHii. TakuM 4MHOM, KOMMaHii
€KOHOMJISITh Ha MOUIYKY MPALIBHUKIB T4 OTPUMYIOTh KBaTi(hiIKOBAHUX MPAL[IBHUKIB Y
CBOIM TpeaMeTHIM o0yiacTi. AJie BHUHUKJIA MpoOJieMa MPaBWIHLHOTO PO3MOJLTY
IPAaIiBHUKIB MO MPOEKTaM Ta KypcaM 3a YMOBU HalMEHIIUX BUTpAT. B maHiil poOoTi
MPEICTABICHO EKOHOMIKO-MaTeMaTUYHy MOJENIb JUIsi BUPIMICHHS MpoOsieMu
po3noauty npauiBHukiB [T-cdepu.

IMocranoBka 3amavi. MeToro 1aHOi pOOOTH € 3HAXO/KEHHS ONTUMAIbHOTO
po3noauty npauiBHukiB [T-kommanii mo mpoekrtam. st BUpileHHs JaHOo1 poOIeMu
OyJM MOCTaBJIEH] Ta BUPIIICHI HACTYMHI 3aBAaHHS: IPOaHaIi3yBaTl BUTPATH BIALITY
pexkpytuHry B IT-kommaHisix Ta BUTpaTH Ha HABYaHHS, iX CIIBCTaBIEHHS IS
JIOBEJICHHSI €KOHOMIYHOCTI CTpaTerii HaBYaHHS MpPaIiBHUKIB; TOCIIAUTH I1CHYIOUI
MOJIEIl  PO3MOAUTY TPYAOBHX pecypciB; MOOYIyBaTU €KOHOMIKO-MaTEMaTUYHY
MOJIENIb ONTUMAJIBHOTO PO3MOJITY TMPAIiBHUKIB 3a YMOBH IX HaBYaHHS TMIPH
HallMEHIIUX BUTPAT; MEPEBIPUTH MOJEIb Ha aJIEKBATHICTh Ta €(PEKTUBHICTb.



OO0 eKTOM JOCIIKEHHS € mpoliec e(hEeKTUBHOTO yrnpaBiiHHS KomaHowo B IT-
KOMIMAaHi1 10 MPOEKTaM.

MeTtoaoJoris. [[ns puakoBoro mociimkeHHs Butpar IT-kommaHii Ha BIITLT
PEKPYTUHTY Ta HaBYAHHS IMPaIliBHUKIB OyJIM BHKOpHCTaHI caiitm WOrk.ua, rabota.ua
ta dou.ua Ta itea.ua. /i nepeBipku eHEKTUBHOCTI MOJEIi OyJI0 BUKOPUCTAHO JaHi
IT-kommanii “Bintime’, ska Hajgama 3BIT PO BUTPATH HA PEKPYTHHT, HaBUAHHS Ta
NPUKIaA  TPOEKTy IS JOCHiDKeHHS. Po3paxyHKW Mojem TPOBOIWIKCS B
nporpamaomy maketi Microsoft Excel ta Mathcad. [ns ckimagaHHS €KOHOMIKO-
MaTeMaTHYHOI MOJIeli po3noiTy npamuiBHUKIB [ T-koMmaHii 3a yMOBH HaBUaHHS 0yJI0
B35TO 32 OCHOBY KJIACHMYHY 3aJlayy MPO PO3MOJLI MPO PO3MOALIT MPAIIBHUKIB, KA €
HONYJISIPHOIO y JioricThili[2]. AJe, 1aHe 3aBaHHs HE € B KJIACHYHOMY CEHCI 3aJ1aueto
Ipo MPU3HAYECHHS Yepe3 MPHUCYTHICTb OOMEXKEHHs, M0 3a00pOHS€ OJHOYACHE
MpU3HAYEHHS HAa poOOTY 1 BIANPABICHHS HA HABUYAHHS OJTHOTO 1 TOTO K MPETEH]ICHTA
[3]. Tomy cTanmapTHI aarOpUTMH PillICHHS 3ajadi PO MPU3HAYCHHS TYT HE MOXYTh
OyTu 3actocoBaHl. B miil curyariiii, HEOOIX/IHO CKJIACTH AJITOPUTMH BIIAMOBIAHO O
MOCTABJICHOI METHM — MiHIMi3alii BUTpaT a00 MIHIMAaKCHUHM, SKUH J03BOJISIE
MIHIMI3yBaTH MAaKCHUMallbHy BEJIMYMHY BUTpPAT, sKa BTPAdaeTbCcid MpU BUOOPI
HEIMPaBUJILHOTO PIIICHHS.

Pesyabratn nociaigxennsi. dopmaipHa IOCTaHOBKA 3adavi. Hexaif, Ha n
poboUYMX MiCIlb TpEeTeHAyE m 0ci0, MpUUYOMy m>n, IO BIJMOBIAA€ HASBHOCTI
KOHKYPEHIII].

BBeaemo B po3riisii MAaTpUIIO YMiHb IPETEHACHTIB
S={s;,i =1Lmj=1n, s;€ {0,1}}
ne
g = { 1, K10 { — ¥ IpeTeH/eHT BMi€ pOOUTH j — Ty pOOOTY,
0, AKIIIO HEe BMI€E

Hexaii Bigomi Butpatu C1;;, noB's3aHl 3 NPU3HAYEHHSM 1-TO MPETEHJEHTA HA J-TE

yE)
Micte. [lianpueMcTBO Ma€ MOXIJIMBICTh HABUATH POOIT 3 JACSIKOI MHOXUHU POOIT P C
{1, 2, ..., n}. ITosHauumo vepe3 C2;; BAPTICTb BUTPAT, MOB'A3aHUX 3 HABYAHHAM 1-TO
npeTeHaeHTa j-i pobotu. IlpupoaHO NPUMYCTUTH, L0 SKIO 1-H MPETEHACHT
Ha3HAUYE€HO Ha J-Ty poOOTy, TO BIH HE MOXE OyTHM HampaBleHUW Ha J0JATKOBE
HABYaHHS.

BBGI[GMO B PO3TJIsA] MaTPHUIIO 3roJa Ha HaBYaHHI .

D = {dl],l = 1,m,j = 7, dl] € {0,1}}
B SIKIH
1, SIKILO [ — ¥ MpeTeH/IeHT 3ro/ieH UTH Ha KYpPCH 11100
D = HAaBYHUTUCh BUKOHYBATH j — Ty po0OOTY,

0, gKI0 He 3roJieH
[ToTpiOHO PO3MOAUIMTH TPETEHACHTIB Ha Po0OOYl MICHS TakK, OO0 KOXKEH HaHSTHHA
MPETCHICHT 3aiiHAB OJIHE MICIIE 1 KOXKHE MicIle OYyJI0 3aifHSITO OJJHUM MPETEHCHTOM.
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KpiMm Toro, ananoriuHi BUMOTH MPEA'SBIAIOTHCS 1O PO3MOALTY, TMOB'SI3aHOTO 3
HaB4yaHHAM. OOyMOBIIEHI UM PO3MOALIOM BUTpAaTH Ha MpPU3HAYEHHS 1 HABYaHHS
MOBUHHI OyTH MiHIMaJILHUMH.

s dhopmadizariii 3aBJaHHS BBEIEMO TaKl 3MIHHI:

¥ = 1, K10 [ — ¥ NpaliBHUK IPU3HAYE€HUHW HA j — e 3aBJlaHHA
u- 0, K110 He MPU3HAYEeHU N
1, AK110 [ — ¥ NpaliBHUK BiilIpaBJeHUN Ha KYPCH,
Y = 11106 HABYUTHCh BUKOHYBATU j — Y poOOTY

0, akuj0 He BignpaBJeHun; [ =1,m, j=1n

MarematuyHa MOACIIb 3anaqi Mac HaCTyrIHI/Iﬁ BUIJIAA:

LX) = ﬁ1 Z;'l:l Ciljxij - min, (1)
L(Y) = XiZ1 Xj=1 Cizjyij — min, (2)

i=1 Sijxij = 1, mmaBeix j, mo Y%, si5 = 1, (3)
Teasyxp < 1Li=1m, (4)

pobomy pobumov miibKu Mmoti, Xmo ymie:

i21d;jyij =1, ama seix j, mo Y, d;; =1, (5)
;-l=1 dl]xl] < 1,1 = 1,m, (6)

HA Kypcu tide miibKu mot, Xmo 3200€H

Xk Njep Yie = 0, Anascixl=1,m, k=1,n, (7)

HEeMOJICIUBO I Npayro8amu, 1 64UMUCH'.

xij = {0,1},yl] = {0,1}, [ 1,m, ]
Sij = {0,1}, [ = 1,m, ] =1

dij = {0,1}, [ = 1,m, ] = 1,7’l.

1,n.

n. (8)

~

3ayBakMMoO, IO JJaHa 3aJ]a4ya He € B KIIACHYHOMY CEHC1 3aBJIaHHAM PO NpU3HAYCHHS,
30KpeMa, dYepe3 IMPHUCYTHICTh HENiHIHHOrO oOMexeHHs (7), sKe O3Ha4ae, IO
NPETeHIeHTH, 00paHi Ha poOOTy, HE MOXKYTh OyTH CHpsIMOBaHI Ha HaB4aHHs. Kpim
TOTO, PO3IJIAHYTA 337a4ya € JBOXPUTEPIAIBHOI0. 3aMPONOHYEMO CXeMy ii BUPIIIECHHS,
3aCHOBaHy Ha MEPEXOo/i B y3araJlbHeHy LIJIbOBY (PYHKIIIO.






OO0uncaoBaIbHA CXeMa AJITOPUTMY Ta 3aCTOCYBAHHSA MojeJi Ha | T-mianpuemcTsi:

1. 3aparotbes matpuiii Butpar Cl i C2 ayrcopcunroBoro IT-mignpuemcrsa Bintime, a
TaKO0X MaTPHIll YMiHb S 13roJi TpaliBHUKIB Ha HaB4YaHHS D:

- A B C — A B C
/1 240 133 53\ /1 0 0 1\
| 2 420 233 93 | | 2 0 1 1|
Cl=| 3 780 433 173 S=13 0 1 1
4 210 116 46 4 0 0 1
5 270 150 60 5 0 1 0
6 510 283 113 6 0 1 O
— A C F — A C F
1 479 567 227 1 1 0 1
2 420 667 267 2 0 1 1
C2=13 1019 867 347 D=13 1 1 1
| 4 449 551 47 | | 4 1 0 O |
\5 509 150 234/ \5 1 O 1/
6 510 283 287 6 0 1 1
2. BHocsartbcs 3minu y matpuirto Cl.:
_ Cl;lj, HKU_IOSijzll - -
Clij—{N, AKIWO S;; = 0 ;aei=1m,j=1n
— A B C
1 N N 53
2 N 233 93
Cl=|3 N 433 173
4 N N 46
\5 N 150 N /
6 N 283 N

3. Bupimyerbcsi 3amava mpo mpu3HAYECHHsS Jis 3MiHeHOi Marpuill Butpar Cl 3
obmexxennsmu (3), (4), B pe3ynbTaTi 4Oro 3HAXOAMMO MATPHUIIO MPU3HAYCHb X.
VY mporpamHoMy 3a0e3nedeHH]1 3HAXOJMMO MPHU3HAYEHHS MPAIiBHUKIB BUKOHYBATH
podory A, B, C Bupimyroouun ontumizauiiHy 3afadyy MNpu IUIbOBINH (PyHKIIT
MiHiMmi3anii Butpar [4]:



coococoo
oORrROoOOCOoOOW
coORroOoOOoOOoN

Ilpayisnuka 4 HeobXiOHO npusHauumu euxoHysamu pobomy B, a npayienuxa
suxonysamu pooomy C. Bumpamu npu maxux npusnauennsx ckiaoaiomos 197 $.

4. BuocsaTecs 3minu y Matpuiio C2:

_ | ¢ijyakmo D;; = 1 —
CZij_{N,HKLLIOD” 0 ;aei=1m,j=1n
— A B C
1 479 N 227
2 N N 267
C2=13 1019 N 347

la N N |

\5 N N
6 N N 287

5. 3MIHIOETBCS PO3MIPHICTH OTpUMaHoi MaTpuili C2: 711 KOXKHOTO eJIeMEHTa

x=1,i =1,m,j = 1,n B marpui Butpat C2 BUKPECITIOIOTHCS PSJIOK [ 1 CTOBIECIIb j

A F
1 479 227
C2=|2 N 267

3 1019 347
6 N 287

6. BupimyeTtbcs 3amada Tpo TpHU3HAYCHHSA JUIsi 3MiHeHOi matpuili Butpar C2 3
oomexeHusmMu (4), (5). B pe3ynbrari 4oro 3HaXOJUMO MATPHUII0 TpHU3HAYCHb Y.
VY mporpamHoMy 3a0e3nedeHH]1 3HAXOJMMO MPHU3HAYEHHS MPAIiBHUKIB BUKOHYBATH
pobory A, B, C Bupimyroun ontuMizaliiiHy 3ajady 0Opu LUTbOBIH (pyHKIIT

MiHIMI3aIlli BUTpAT:
A F
1)
Y=|2 1

1
0
3 0 O
6 0 O



Bionpasnsaemo npayisnuxa 1 na xypcu A, a npayiénuxa 2 na kypcu 3 F. Bumpamu
npuU Mmaxkux npusHadennsax ckuaoaioms 746 $.

7. 3HaxXoqMMO CyMapHi BUTpATH Bij mpusHadeHb X Ta Y, ski ckiaagarote 947 $. OTxe,
3a JIOMOMOTOI0 MOJIeNl OyJI0 MpU3HAYCHO MPAIliBHUKIB HA BUKOHAHHS JIBOX 3aBJaHb
NpOEKTy 3a MiHIMalbHUX BHUTpaT. Jlami Oyno BH3HAYEHO KOTO BIAMPABISATH Ha
HaBYAHHS 32 YMOBM BHKOHAHHA POOIT 1 MiHIMi3alii BUTpaT. 3aCTOCYBaHHS JaHOI
MOJIeJI1 1ajio 3MOTY ONTUMAJIbHO PO3MOAUINTH MPAIlIBHUKIB IO poOOTaM 1 Kypcam.

BucHoBku. B pganiif crarti Oyno 3ampoOnoOHOBAHO MOJAENb IJS BUPILICHHS

3a7a4l  pO3MOJAUTY TMpamiBHUKIB kowmmaHii IT-ramy3i mo mpoekTam 3a YMOBH iX

OJIHOYACHOI'0 HaBYaHHS. MoJeiab CKIIQJAEThCS 3 IBOX OJOKIB OOMEKEHb, BIIMOBIIHHX

3aBJIaHHIO PO MpHU3HauYeHHS. KpiM TOro, mpUCYTHIN JOJATKOBE HENMHIHHE OOMEKEHHSI

3arajJpHOTO BUTJISAY, 110 3B's3ye i Onoku. TakuM 4YMHOM, 3ampoIlOHOBaHA 3ajaya

OMHCYETHCA HENMIHIHHOIO MOJEIUTI0 3 OyJeBUMHU 3MIHHUMU. [ BUpIIICHHS 3aBIaHHS

pPO3pO0JIECHO aJrOpUTM PIIICHHS, 3aCHOBAHMM Ha TMEpPEXoJll BiJ JBOKPITEPIaTIbHOTO

3aBAaHHS 70 3a7a4l 3 OJHUM KpUTEpiEM. AJTOPUTM 3aCTOCOBYETHCS JUISI MIHIMIi3aIlli
3araJbHUX CYMapHHUX BHTpaT, 0a3yeThCcsl HAa BUKOPHCTAHHI YTrOPCHKOTO MeToay abo

CUMIUIeKC-MeToay. JlaHa MaTeMaTu4Ha MOZENIb MOXe OyTH 3aCTOCOBaHA Ha OyIb-IKOMY

nignpueMmctBi [T-ramy31. Mojens MoXHa yIOCKOHAIUTH, KO PO3IJISTHYTH CUTYAIIIIO B

nuHaminl. Takoxk, BapTO MOCTIIUTH BUIAJOK, KOJU MPAIIBHUK MOKE IpaIfoBaTH Ta

HaBYATHCS OJJTHOYACHO 32 YMOBH YaCTKOBOI 3aifHATOCTI a00 BIJaI€HOT pOOOTH.
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