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NHO®OPMAIIMOHHBIE CUCTEMBI B YIIPABJIEHUN
PAIJUAIIMOHHBIM PUCKOM

PaccMmoTpeHa BO3MOXKHOCTh HCIIOIb30BAHUSI METOAA MHOTOKPHTEPUATEHOH ONTHMHU3ALIHN C
OyneBBIMU IIEpEeMEHHBIMH IIPH OpTaHMU3allH PaJUaliOHHON 3amuThl NepcoHana. IlokaszaHo, 4To
HPUMEHEHHE W3BECTHOrO MAaTEMAaTHYECKOro ammapaTa MO3BOJACT MOCTABUTh M PEIINTh 3aJady
MHHHMH3AIUH OOIydeHHs PaOOTHHKOB Oe3 IOMONHHUTENbHBIX (DHHAHCOBHIX 3arpaT. Tabim.: 3.
bubmmorp.: 8 Ha3B.

KoroueBble cJ0Ba: METOJ MHOIOKPUTEPHAIBbHOW ONTHMHU3ALMM, PaJUallMOHHAs 3allUTa
HepcoHaa, MUHIMH3AIUS O0TydeHHS.

HocTtanoBka mpo6Jemsl. IIpodeccronamsHOe OONXydYeHHE MOXKET
NPOM30WTH HA IEJIOM pSAA€ NPEANPUSITHH, HCIONB3YIONINX HCTOYHUKH
WOHM3WpYIOIIero  m3nydeHus. Jlug  Oe30macHOro W IPHEMIIEMOTO
MCTIONIb30BaHMS HOHU3HUPYIOIETO N3Ty4eHHs B IIpoliecce paboTel HeoOXoanma
OpraHM3anys aJeKBaTHOW paJMallMOHHON 3alIMTHl TIEPCOHANA, B OCHOBE
KOTOpPOH  JexaT TpU MpHHIMIA: HOPMHUpPOBaHME, OOOCHOBaHHE |
ontumMmsanms [1].

CornacHO COBPEMEHHBIM IOJXOAaM MPUHIMI ONTHUMU3AIMUH JIOJDKEH
OIIpEeZIeNIATh TaKOH YpOBEHb 0E30IaCHOCTH HCIIOJIb30BAHHSI HCTOYHHKOB, NPH
KOTOPOM HHIUBUAyaJIbHBIE MO3bI OOMy4eHUS] M YHUCIO OOIyd4aeMBIX JIHIL
HACTOJNBKO Malbl, HACKOJIBKO 3TO IOCTI)KUMO C YYETOM CYIIECTBYIOLIHX
9KOHOMHYECKMX M COIMANbHBIX (akTtopoB. TpeOoBaHMe K IIPOBEICHHIO
ONTHMU3AIINH SBISIETCS] OTHON M3 HanOoJee BayKHBIX COCTABIISIOIINX CHCTEMBI
OTPAaHWYEHUsI BPEJHOTO BO3JEHCTBHUS pajualiy, BHE 3aBHCUMOCTH OT TOTO,
KaKOB THIl MCTOYHHKA, KaKOBa CHUTyalusl OOJYyYCHMS WIIHM XapaKTepHCTHKH
obOnydeHHoro WHIuBUAyyMa [2]. OmHAKO HEMOCPEICTBCHHOE IMPHMEHEHHE
JTAHHOTO IIPUHITUIIA Ha NIPAKTHKE BBI3BIBACT 3aTPYJHEHHUE, B BUAY CIOXKHOCTH
YCTAHOBJICHUS 3aBHCHMOCTH BEJIMYMHBI OOJMY4YEHHS OT SKOHOMHUYECKHUX H
COLMAJIbHBIX (DAaKTOPOB.

AHaJIu3 JguTepatypsl. B nepros cTaHOBIIEHUS paJUallMOHHON 3alUTHI
OCHOBHBIE TpeOOBaHMS K OTPaHUYCHHIO OOJY4deHHs TJACWIM, YTO €CIHU
WHIWBUAyaTbHAS 1032 HE MPEBBICUT OMPEACIIEHHOTO TTOPOTOBOTO YPOBHSA, TO
Bpelna 3I0pOBBIO YeloBeka He OynmeT [3]. B manpHeiieM wuccienoBaHUs B
00JacTH BO3JEHCTBHSI HMCTOYHHUKOB TIPUBENM K TPU3HAHHUIO (DaKTa, dYTO
HUKaKoe O0JTydeHHe He MOXKET OBITh a0CoMOTHO Oe3omacHbM [1]. Haumnas ¢
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3TOr0 MOMEHTA NPUHIUI ONTUMH3ALMH, YCTAHABIUBAIOLUINN OINpPEACICHHbIC
OTPaHWYCHUs] Ha BEIMYMHY WHIUBHIYaJbHOH MO3BI WM PHCKA, SBISIETCS
HEHTPAIBHBIM MPUHIOUIIOM CHCTEMBI 3alIUTHl M JOJDKEH NPHUMEHATHCS IS
BCex cutyauuii o0aydeHus [2]. Tem He MeHee, peann3anys JaHHOTO MOAXO0/a
Ha TIPaKTHKE MMPOIOJDKAET BBI3BIBAThH 3aTpynHeHus [4 — 6]. [maBHbI BompocC,
Ha KOTOPBII COTJIACHO MEXTYyHapOTHBIM PEKOMEHIAIMsAM HEOOXOAMMO AaTh
OTBET B TIpOIecCe MPOBEJICHUSI ONTUMH3ALNK — "CIIeNIaHO JIM BCEe Pa3yMHOE B
JIAHHBIX OOCTOSITENBCTBAX sl YMEHbIIEHHs 103kl oOnyuenus?”. [lpu stom
HEOOXOIMMO Y4YecTh KaK TEXHHYECKHE, TaK M COIMaNbHbIE (aKTOphl |
9KOHOMHYECKHE BO3MOXKHOCTH, M TpeOyeTcs BhIHECEHHE KaK KaueCTBEHHBIX,
TaK ¥ KOJIMYECTBEHHBIX CyxXIeHHH. HecMOTps Ha CyliecTByIOIIME METOIUKH
MPOBEICHUS ONITHMHU3AINHN PAHAIOHHON 3alUThl, OKOHYATEIbHOE PEIICHUE
0 ee pe3ynpTaraM HOCHT CyOBeKTHBHBIH  xapakTtep. (OCHOBHBIM
MHCTPYMEHTOM, IIpeUlaraéMbIM B ITOMOIIb JIMILY, IPUHUMAIOIIEMY pPeIICHHS,
ABISCTCA aHaium3 "3aTpaThl — momb3a” [5, 6]. JlaHHBIH MeTOJ IpH3BaH
COOTHECTH JKOHOMHYECKHE 3aTpaThl Ha OpraHM3alMI0 3alIUTHl |
9KOHOMHYECKHH yIepd OoT BO3MOXKHOTO BpeAa, HaHOCHMOTro oOirydenueM. Ha
MpPaKTHKE B CHIIy HEOOXOAUMOCTH ydeTa OOJBIIOTO KOJIMYECTBA ITapaMETpOB
TaKOM MOJXOJ HAXOAWUT NPHUMEHEHHE Naleko He Bceraa. Ero Mcmoib3yroT
yamie Bcero /Uit OOOCHOBaHMSI KPYIHBIX II€PBOHAYAJBHBIX BIIOKEHHH B
OpraHM3allMI0 3aIlUThI, KOrAa peanusaunus TpeOoBaHMH K OE30MACHOCTH
ompezenser Oynymue 103bl o0dydeHHs. B ycnoBusix yxe ycTaHOBHBLICHCS
NPaKTHKKA JOTIOJIHUTENBHBIE CYIIECTBEHHBIE JKOHOMHYECKHE 3aTpaThl Ha
CHIDKEHHE CYIIECTBYIOIIETO OOIyYCHHMS, HE MPEBBIMIAIONIETO YCTAHOBICHHBIC
npesensl 7103, He IpPU3HAOTCS "pasyMHBIMH" W TIpolecC ONTHMHU3AINU
HaYMHAET HOCUTH (hOpMabHBIN XapakTep. CleJoBaTelbHO, B 3TUX YCIOBHAX
HE0OXO0/MM TIOHNCK JIPYTHX METOIOB, MO3BOJISIOIINX TPOBOANTH ONTHMH3ALIIIO
703 00mydeHHs Oe3 CyNIEeCTBEHHBIX SKOHOMHYECKMX BiOXeHHH. [Ipn stom
KJIIOYEBBIM MapaMeTpoM ONTUMM3AIMM JIOJDKHA OCTaBaThCS KOJUICKTHBHAS
Jo3a [2].

Hear crarbM — HCCIENOBAaHME BO3MOXKHOCTH  MCIIOJb30BAHUS
MaTeMaTHYECKUX METOJOB  MOJCIMPOBAHUS B  PEUICHUH  TPOOJIEMBI
MPOBECHUS  ONTHUMH3AIMK  PAAMAIOHHOM  3alUThl IepcoHana  0e3
CYILIECTBEHHBIX 3KOHOMUYECKHX 3aTpaT.

HocTpoenne maTemaTuyeckoil Moaean 3agaun. B peansHpIX paboumx
YCIOBHUAX HOPMAIbHOM MPAaKTUKM HCIOJIB30BaHUSI MCTOYHHMKOB N-0€ YHUCIIO
pabOTHUKOB HAaXOJUTCS B M-M KOJHMYECTBE DPaJHAIMOHHBIX IIOJIEH YETKO
ompenenenHoe  Bpems. Onenka  3(¢GeKTHBHOH  JO3bI,  IOJy4aeMOM
pabOTHMKaMM B  KOHKPETHBIX  HEU3MEHHBIX  YCIOBHSX  OOJIydYeHHS,
OIMCHIBAaETCS Clieyronield popMyIoit:

54



ISSN 2079-0031 BecmHuk HTY "XITN", 2013, Ne 19 (992)

J
Di:szXkXtij’ (1)

j=1
rme Di — Bemmumba 3¢dexTHBHON 0361 I-TO paboTHHKA; J — YHCIO

paIMaMOHHEIX 30H paboT; Rj — paauannoHHBINA MapaMeTp B j-if 30He paboT
(MOIIHOCTD 710351, MOIIHOCTH BO3IYIIHOW KEpMBI U T.X.); K — K03 duimeHt
nepexona OT paJHalioOHHOTO Hapamerpa K 3G QeKkTHBHOH nose; tij — Bpems,
KOTOpOE I-il pabOTHUK HAXOIHTCS j-0if 30HE.

KomnexruBHas no3a Dy ompenensercs kak cyMMa WHIMBUIYAIBHBIX 103
pabOTHUKOB:

D,=>.D;, )

B cootBerctBHM ¢ Qopmynoit (1) BIMATE HA BENIWYWHY IOIy9aeMOU
pabOTHHKAMH 03Bl MOKHO YJIydIIasi HapaMeTpsl paldaniOHHON 00CTaHOBKH
WJIY 32 CUET yMEHBIICHNS BpEMEHH NPeObIBaHNS B painallnOHHBIX NoysiX. [Ipu
3TOM HYXHO IOHMMAaTh, YTO CHIDKCHHME MapaMeTpoB OOJMydeHHs IS BCeX
pabo4mMx 30H — Joporas M YacTO HEBBINOJIHMUMAs 3ajaya, a COKpalleHHe
pabodyero BpeMeHHM He JOJDKHO HEraTMBHO OTPaXaTbCsd Ha KadyecTBe.
CrnenoBaTenbHO, B XOJI€ ONTHMH3ALMM JOJDKHA CTaBUTbCA — 3ajada
MUHMMHU3AIUI CYMMapHO# 03Bl M BPEMEHU BHIIIOJTHEHUS paboT 6e3 JHIIHUX
3arpar.

B kadecTBe pemeHHMs NOCTAaBICHHOM 3aJadll MOXHO paccMaTpuBaTh
pelIeHre W3BECTHOH B MaTeMaTHKE 3a/aud JBYXKPHUTEPHAILHON OyneBoi
ONTHMU3AINHU — 33/1a41 O Ha3HAUCHMSX, B KOTOPOH TpeOyeTcst pacnpeaennTh
N-0€ KOJMYECTBO KaHIUIATOB MO M THIaM paboT ¢ COOJIOAEHHEM YCIOBHH
MUHUMU3alMU WIH MaKCUMH3alUu JABYX KpurepueB [7]. B ciywae, korma
9qHucia0 pabOTHUKOB PaBHO KOJMMUYECTBY MecT (N = M), 3amada sBIsETCA
cumMeTpuyHOM. DOpPMYIUpPOBKA TakKOM 3aJaud BKIIOYACT JBE LEJIEBHIE
(GyHKIMH, a TEpeMeHHbIe TIPUHUMAIOT OyJieBbl 3HaYeHus. Eciiu 0603HaYHTh Cjj
u dij — kak kpuTepuu 3PHEKTHBHOCTH pacrpeieneHusi pabOTHHKOB M BBECTH
OyIneBhI epeMenHbIe Xij = 1, ecnu i-ro paboTHHKA Ha3HAYAOT Ha j-oe pabouee
MecTo, U Xij = 0, ecl He Ha3HA4aloT, TO MaTeMaTHdecKast IOCTAaHOBKA 3a]1aun
OyneT MMeTh CIeayIOIUil BUI:

n n n n
chij Xij = )r(zir;(max), szij Xij = )r(r;lr;(max) )
i=1 j=1 i=1 j=1

IJIe MHOXECTBO JIOIYCTUMBIX aibTepHATUB Ap (opMupyercs ciemyrommen
CHCTEMO OrpaHNYEHHMIT THITA HEPABEHCTB (4):
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i xij =1 (Vie{l,2,....,n});
j=1

>Xij =1 (Vje{l 2,...,n}); 4

i=1

x;; <€0,1, (Vi, j e{1,2, ...,n}).

Ileppoe  orpaHMYeHHEe B CHCTEME COOTBETCTBYET TpeOOBaHHUIO
Ha3HAYCHUs KAXKAOr0 KaHAWAATa Ha BBIMOJHEHHE TONBKO OJHON paboThl, a
BTOpOE — BBHINIOJIHEHHE PabOTHI B OO0 MOMEHT TOJILKO OTHHM PaOOTHHKOM.

IIpumeHenne Mojead B ONTHMHU3ALUU PATHANMOHHOW 3alUTHI.
PaccmorpuMm cutyanuio oOMydeHUs TPYHIBl U3 IATH paboTHUKOB (1-#, 2-11 u
T.J1.) Ta0OpaTOpHH PAANOU3OTOITHON TEXHUKH U paJHallMOHHON 6€30I1acHOCTH,
o0ecreunBaOMMUX TEXHUYECKOE OOCIy>KHMBAaHHE HWCTOYHMKA OJHOTO W3
MPOMBIIUICHHBIX NpeNnpusATHii. Bce MATh COTPYAHHUKOB MMEIOT OJHMHAKOBOE
00pa3oBaHKe M MOTYT BBINOJHATh OJMHAKOBBIE 3a/1aHHs, HO MMEIOT Pa3HBIN
cTax pabOoThl U Pa3HYI0 UHTEHCUBHOCTh Tpyaa. B kadecTBe MECT BBINOIHEHUS
3alaHUi PACCMOTPHM IIATh pabo4MX 30H BOKpYT uctounukoB A, B, C, D, E,
OTIMYaloIIMecs IO paJMallMOHHBIM mapaMeTrpaM. I[Ipu 3TOM B KayecTBe
MepBOro KputTepus Cjj OyleM I[OHMMAaTh YCPEAHEHHBIE JO3bI OOIyuYeHHS,
(hopMupyeMbie y paOOTHHKOB B pa3iIHYHBIX 30HAX (Ta0i. 1) mMpu BBITOTHEHUU
OJJMHAKOBBIX 3aJaHud, B KauecTBe Ujj — cpeiHHE BpEMEHHbBIC 3aTPAaThl
paOOTHHKOB Ha paOOTHI B pa3IMYHBIX 30HAX (Ta0. 2).

Ta6nuua 1

I[OSI:I 06J'[yquI/IH pa6OTHI/IKOB IIpH BBINIOJIHEHU U 3a7aHul B Pa3HbIX 30HAX, MK3B

1-i 2-i 3-i 4-it 5-i1
A 1,07 0,75 1,39 1,81 0,85
B 0,53 0,57 0,41 0,37 0,78
o 1,6 13 1,8 2,2 16
D 1,2 13 1,4 1,2 14
E 0,6 0,7 0,8 0,6 0,8
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Tabmumna 2

Bpewmst BeIONHEHNS 3alaHUil B pa3HbIX 30HaX paOOTHUKAMU, MUH

1-i 2-i 3-it 4-it 5-i
A 100 70 130 170 80
B 130 140 100 90 190
o 80 100 80 50 40
D 90 110 90 70 70
E 120 90 100 80 90

BpemeHHBIE W IO30BBIC Pa3UUHs MOTYT OOBSCHITHCS KaK pa3HBIM
OMBITOM PabOTHI W, CJICAOBATECIbHO, HABBIKAMH BBITIONIHCHUS 3alaHHi, Tak
PACIONIOKEHHOCTHIO COTPYJHUKOB BBHITIONHATH OMNPEJCICHHBIM BUA paboT.
MoxeM TPEAIoNIOKUTh, YTO OJHA U3 MPOoOIEeM 00eCreUeHHs pagrualliOHHON
Oc3omacHOCTM Ha  pabodyeM  MecTe  CBsi3aHa  HEMOCPEICTBCHHO C
KOMIIETCHTHOCTBIO M IICUXOJIOTHYECKOM MPEaPaciooKEHHOCThIO pAOOTHUKOB
K BBITIOJTHEHUIO 3aJ]aHUil B 0CO00 OMACHBIX YCIOBHSIX.

CornacHO TOCTaBJICHHOW LENH ONTHUMH3AINN PATUAIIMOHHOW 3aIl[UTHI
MUHIMHA3AIUHN TOJUIEKAT KaK CyMMapHas 103a 00ydeHHs paOOTHUKOB, TaK U
oOrmiee BpeMs BBHIIOTHEHUs 3amaHuii. CienoBaTeNsHO, eneBble GpyHKmmm (3)
U PacCMATPUBAEMOTO CITydasi MOYKHO 3aIHCaTh B BHIE:

5 5 5

5
ZZCUXU —>)r(2iAr;, sziixii —>£rE1iAr;. (5)

i-1 j=1 i=1 j=1

JJis pemeHnst Takoro Kiacca 3a1ad pa3paboTaHbl pa3InIHbIC METOIBI [7,
8]. B manHOM HccrienoBaHMM OBUI MPUMEHEH 0a30BBIA METOA JI peIIeHUs
3a/1a4 MHOTOKPUTEPHATHLHON ONTHUMHU3AIMU C OyJIeBBIMH TEPEMEHHBIMH —
MeTox ycrymok. C ero uCHoibp30BaHHMEM OBbUT  BBIONHEH AaHAIu3
ONTUMAJILHOTO pacIpe/eIeHNs 3aIaHuii MeX 1y paOOTHUKAMH B Pa3HBIX 30HAX
C LETbI0 MUHUMU3ALMN JIO30BBIX M BPEMEHHBIX 3aTpar. Jljisg cpaBHEHUS ObLI
Takk€  BBIMOJHEH  aHalu3  pachlpeieNieHUs  COTPYJHHKOB,  JAlONUi
MaKCUMaJbHBII BKIAJ B CYMMAapHYIO J03y. Pe3ympTaThl NpeACTaBICHHI B
Tabi. 3.

Takum 00pa3oM, TOJNBKO HCHOJIB30BAHUE ONTUMH3AIMH PaCHpEACICHUS
COTPYAHUKOB IO 33JaHUSM MOXKET OOECICYHUTh CHUKCHHEC KOJUICKTUBHOU
no3bl obmyueHust 10 30%. OOHAKO HYXKHO OTMETHTBH, YTO MPEIIOKEHHOE
pemieHre SIBIIETCS d(PQPEKTHBHBIM METOJOM MHHHMHU3AIUH CYMMapHOTO
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0o0myyeHus: pabOTHUKOB, HO TOJBKO B KpaTkocpouHoMm mepuoxae. C ygeTom
mpoOJeMbl  cTapeHWs  IepcoHaja B OoTpacadm  0e3  NpOBEACHUs
CHUCTEMaTH4YecKoro obOyueHus W  (opMupoBaHHA TpodeccCHoHATFHON
KOMIIETCHIIMM Y MOJOIBIX COTPYIHHKOB IO 0e30macHbIM crocobam
BBITIOJTHEHHUS PaOOTHl MOOUTHCS HEOOXOAMMOTO CHIDKCHHS 03 OOIydeHHs
Oyzer 3aTpyIHUTEIHHO.

Tabmuma 3
Pe3ynbTaTsl ONTHMAIBHOTO M HANXYANIETO pacipeaeeH s 3alaHui Mex Iy
pabOTHUKaMHI
Musumym MaxkcumyMm % sKOHOMHU
KomextusHas 103a, MK3B 4,36 6,29 31
CyMMmapHOe BpeMsi, MHH 450 650

BeiBoabl. B xome Hay4HO# paboThl pemiaiach 3ajada HCIIOJb30BAHUS
METOaa MHOFOKpHTepHaHbHOﬁ OIITUMH3AIIUU C 6yJ’IeBI)IMI/I HepeMeHHLIMI/I HpI/I
OpraHu3anuu paJualiMOHHON 3alUThI nepcoHana. [lokazaHo, 4To npuMeHeHne
M3BECTHOTO MAaTEMaTHYECKOIrO  ammapara IO3BOJSIET  pellaTh  3ajady
MUHUMHA3AIUN OONydeHHsT PaOOTHUKOB ¥ CHH)KAaTh KOJUIGKTHBHYIO NI03y U
BpeMs BEITTOTHEHHS padoT 10 30% 6e3 MomoTHUTEIbHBIX (PHHAHCOBBIX 3aTpart.
Bwmecte ¢ Tem, caenaH BBIBOA O HEOOXOAWMOCTH CIICHHANBHBIX IIPOTPaMM II0
MOATOTOBKE MW OOYYCHWIO MOJOIBIX COTPYOHHKOB M COXpaHCHHUS
MOTEHLIMAJA IPOBEACHUS TAKOTO PO/a ONTUMHU3ALIMH.
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PO3rJIIHYTO MOXJIHBICTH BHKOPUCTaHHS METOLY OaraTOKpHTEpialbHOI ONTHMI3awil mpu
opramizamii pagmiamiiiHoro 3axucTy mepcoHanmy. IlokazaHo, IO 3aCTOCYBaHHS BiJJOMOTO
MaTeMaTHYHOTO amapaTy MO3BOJSIE IIOCTABUTH 1 BUPINIMTH 3ajady MiHIMi3amii OmpoMiHEHHS
npauiBHUKIB 0e3 nonatkoBuX (inancoBux Butpar. Tabu.: 3. bibmiorp.: 8 Ha3B.

KarouoBi ciaoBa: Mmerton OaraTokpuTepialbHOI ONTHMi3amii, pamiarifHUil 3axXHCT
NIePCOHAIY, MiHIMi3allisi ONPOMiHEHHSI.

UDC 519.854.33: 331.435

Informative systems are in management radiation risk / Kruk Y.E. // Herald of the
National Technical University "KhPI". Subject issue: Information Science and Modelling. —
Kharkov: NTU "KhPI- 2013. — Ne 19 (992). — P. 53 — 59.

The possibility of using the multi-objective optimization of Boolean variables in the
organization of radiation protection is considered. It is shown that the use of well-known
mathematical tool allows solving the problem of minimizing the exposure of workers without any
additional financial costs. Tabl.: 3. Refs.: 8 titles.

Keywords: multi-objective optimization method, radiation protection of personnel, to
minimize exposure.
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