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JOCJIJIXKEHHS TEXHOJIOTTYHUX ITAPAMETPIB TA KPUTEPIIB
E®EKTUBHOCTI POBOTH HU3BKOTEMIIEPATYPHUX CKJIAIIB

Y emammi posenanymi eumozu 0o cyuacnux HuzbKomemnepamypuux ckiaoie, nageoeHi kpumepii eghekmug-
nocmi ix pobomu. IIpedcmasneno oensio moodenetl, Memooie ma Kpumepiig oyiHioganHs ma onmumizayii na-
pamempie pynkyionysants cknaoy, AKi Hauyacmiuie GUKOpUCMo8ylomscs y oocuiodcennsx. I[lpoananizosana
MOJCIUGICMb  3ACMOCY8ANHST YUX MemoOig Onsl OYiHKU ma onmumizayii napamempie pobomu cKkiaoy-
XON0OUNbHUKA.

Kniouogi cnoea: nusvkomemnepamypui cxiaou, kpumepii egpexmugnocmi pobomu, mamepianbHuil nOmix,
EeKOHOMIsl enep2opecypcis, 6apmicHi ma enepeemuyHi Kpumepii.

AxTyanbHicTh. OJHI€IO 3 0COOIMBOCTEH CY4acHOTO CBITY € MOCTiIHHE 3pOCTaHHS CIIOKUBAHHS, 0OyMOBJIEHE HHU-
3KOI0 TPUYHH, CEPEe SKUX — PO3BUTOK TEXHOJIOTii BUPOOHHIITBA TOBAPiB, aKTHBHE 3aCTOCYBaHHS IHCTPYMEHTIB MapKe-
TUHTY ITiJ] 9ac iX pO3IOBCIO/PKEHHS, 3pOCTaHHS TOKYITHOI CIPOMOXKHOCTI HaceleHHs. B ychoMy CBITi B CErMEHTI Ipo-
JIyKTIB XapuyBaHHS 30UIBIIYETHCS JOJIS 3aMOPOXKEHUX MPOAYKTIB Ta HamiBaOpukariB. BupoOHHUIITBO, TpaHCHOpTY-
BaHHS Ta 30epiraHHs Takoi MPOAYKII Mae 0COOIMBI BUMOTH JI0 TEMIIEPATypH, BOJIOTOCTI, CaHITApHOI YHCTOTH. B ymo-
Bax ITANPUEMCTBA - BAPOOHUKA 000B’I3KOBUM € BUKOPUCTAHHS HU3BKOTEMIIEPATYPHHUX CKJIAJIB, Jie 3/1IHCHIOEThCS 30e-
piraHHs sSIK TOTOBOI IPOJYKIIil, TaK i CHPOBUHHU.

Ha nmanuit MOMEHT ayKe BeNMKe 3HAYEHHsS MalOTh IMHTAHHS €KOHOMIYHOT'O BUKOPHUCTAHHS E€HEPropecypciB Ha
HU3BKOTEMITEpaTypHHX cKianax: 40% BUTpAT B JIOTICTHIN W Ha i oTpedn, a 60% — Ha Tpynosi Burpatu. [12]. Lx
npo0GJieMa 0Co0IMBO aKTyalbHa JUIS ITiAPUEMCTB, SIKI ()YHKI[IOHYIOTH BIIPOJIOBIK JOBTHX POKIB. BUIBIIICTh 3 HUX 31iH-
CHIOIOTH 30epiraHHs CHpPOBUHHM 1 MPOAYKIii Ha HU3BKOTEMIIEPATypHUX CKJIa/aX, MOOYJIOBaHUX JEKiTbKa JECATUIIITh
ToMy. HacTo TX KOHCTPYKIIisi HE J03BOJISIE 3aCTOCYBATH CYYacHY XOJOIWIBHY TEXHIKY, YIIPOBaJUTH HOBI TEXHOJOTIT
30epiraHHs 1 MepeMilieHHs] BAaHTaXiB, a ICHYIO4i YMOBU pOOOTH BUMAararoTh BEJIHMKOi KiJIBKOCTI 0OCITyrOBYIOYOro Iep-
COHAIy.

IMocTanoBka npodiaemu. IcHye nekinabKka BapiaHTIiB BUPILIEHHS MPOOJIEMH ITiABHUIIEHHS €KOHOMIYHOI e(eKTHB-
HOCTi poOOTH HM3BKOTEMIEPATypHUX CKJIaiB. Lle criopy/keHHS! HOBHUX CKJIAJICHKUX NPUMIIEHB; TOKOPIHHA PEKOHCT-
PYKIIS iCHYIOUMX CKJIafiB; BUKOPHCTAHHS MiANPUEMCTBOM OPEHIOBAHUX IUIONI. ByIb-sKWiA 3 IMX BapiaHTIB MOBHHEH
nependavyaTH ONTUMI3AIiI0 MaTepiajoNoOTOKIB MiANPUEMCTBA, sIKa BPaXxOBYBaTHME BCi OCOOJIMBOCTI HOro (yHKIIOHY-
BaHHSL.

AHaJti3 ocTaHHIX JocikeHb i myOumikaniii. Meronuka ananizy eekTHBHOCTI poOOTH CKIIaay K €JIEMEHTY
JIOTiICTHYHOI CHCTEMH MIANIPUEMCTBA BUCBITJIEHA B IpalliX TaKWX BUeHMX, sk [|. bayepcoke, €. Kpukascbkuii., B. Hu-
KoJaiuyk, Ta iH. [IpoTsiroM octaHHIX POKIB HaJ MHUTaHHSIM ONTHMIi3alii napaMeTpiB (QyHKI[IOHYBaHHS CKJIaly Ipaio-
BaJM ykpaiHceki BueHi . bapaneus, O. Kynina, T. Jlaroupkuii, I'. Heuaes, P. CaBon, 1.Cipenxo Ta in. Cepen pociiich-
KHX BUCHHX BUALIAIOTECA b. Mipotin Ta O. PUKOIIMHCEKHA.

YkpaiHCBKi BYEHI, JOCIIKYIOUH IIMTaHHsI, OB’ sI3aHi 3 OLIHKOIO MapaMeTpiB Ta ONTUMI3alielo GyHKIIOHYBaHHS
CKJIaJly, 3aCTOCOBYIOTh JOCHTh IIHPOKUH criekTp MeToiB. I'. bapanens [1] 3acTrocoBye ekOHOMiKO-MaTeMaTHYHI MOJIEII
— JIJI1 HAYKOBOT'O OOTPYHTYBAHHS PiBHS CTPAXOBHX 3aIlaciB MaTePiaJIbHUX PECYPCiB Ta HAIIMHOCTI 3a0e3MeUeHHs HUMU;
CHCTEMHOTO MiAXOJYy — JUIsi PO3POOKM JIOTICTUYHOI CHCTEMH YIIPaBJIiHHS MaTepiajJbHUMH 1 (DIHAHCOBUMHU MOTOKAMH
MATIPUEMCTBA.

O. Kynina [4] y cBoiit aucepTallii BAKOPUCTOBYE METOAN CUCTEMHOr'O aHaNi3y — JJIsl BABUSHHS OpraHi3aliifHo-
METOIMYHHX 3acajl GOPMYBaHHS CUCTEMH YIPABIiHHS MaTepialbHIMU IIOTOKaMU; TeOpii JOCIiKEHHs onepariii Ta re-
HETUYHOT'O AJITOPUTMY — JUIsl OOIPYHTYBaHHS ajJrOPUTMY HPUHHSATTS ONTUMAJIbHUX PIllIEHb Ta OLIHKH CTaHy (yHKIIiO-
HYBaHHSI CUCTEMH YIIPaBJIIHHS PECYpCHUM 3a0e3INeYeHHSIM; METOJM aHAJIOrOBOTO Ta €KCIIEPTHOTO IPOTHO3YBaHHS —
JUTsE 3a0e31eUeHHs MoTpeO pecypcHOro 3a0e3neueHHs i IPUEMCTRA.

T. Jlaroupkuii [S] asst po3poOKK CUMYNBTATUBHUX MOJelieil (yHKIIOHYBaHHSI CHCTEMH 3araciB BUKOPUCTOBYE
METOJI EKOHOMiIKO-MaTeMaTHIHOTO MOJIETIOBAHHS Ta €eKOHOMETPUYHOTO MOJIEIIOBAHHS, KOPEISIIIHHOrO i perpeciiHoro
aHaizYy.

I'. HeuaeB [7] BUKOPUCTOBYE TSl PO3POOKH MOJEJICH JTAHOK TPAHCIOPTHO-CKIAACHKOI CHCTEMH METOAM JOCITi-
JOKEHHS! OTiepaiiii Ta Teopiro YIpaBJIiHHS 3arnacaMu.

I. Hixonaenko [8] y cBoili nuceprarii nIponoHye BUKOPUCTOBYBATH Teopito rpadiB i modymyBaHHS 6a30BOi
MOJIEJi IHTETPOBAHOI JIOTICTUYHOI CUCTEMH, MAaTEMaTHYHHUI anapar Teopil iMOBIpHOCTI 1 MaTEMaTHYHOI CTATUCTHKH IS
KIUJIBKICHOTO aHami3y (p)aKkTOpiB PU3MKY B IHTErpOBaHil JIOTICTHYHIN CUCTEMI.

P. CaBoH [10] BuKOpHCTaB MOPIBHSUIBHHUIA aHANI3 — U pO3POOKHA METOAWYHUX OCHOB YIIPaBJIiHHS BUPOOHHYH-
MU 3amacaMu; CTaTHCTHUHI i MaTeMatuuHi Metomu (ABC — anani3, XYZ — aHali3) — 411 pPO3pOOKH KOMIUIEKCY ITOKa3-
HUKIB, 110 BiJOOPa)KaroTh CTaH CUCTEMH YIIPABIIiHHS BUPOOHUYNMH 3aIriacamMu.

I. Cipenko [11] 3anporionyBaB METOAMKY aHai3y (QYHKIIOHYBaHHS MaTepiajbHUX, iHpopMaliiiHuX Ta (hiHaHCO-
BHX TOTOKIB MiAMPHEMCTBA, OCHOBOIO SIKOT € BU3HAYCHHS €(heKTHBHOCTI MisTIBHOCTI YIPABIIiHCHKOI'O MEPCOHANY, Opra-
Hi3alii #oro poOOTH, BUKOPUCTAHHS HEOOXITHUX 3aC00iB aBTOMATH3AIlil Ta MEXaHi3allil, piBHA MiATOTOBICHOCTI YIIPaB-
JIHCHKOTO TIEPCOHANY, BIAMOBIIHOCTI HOro AisTIbHOCTI BUPOOJIEHIH cTpaTerii po3BUTKY MiANPHEMCTBA, 110 JO3BOJIHUTH



BUSIBUTH CHJIbHI Ta CJIAOKi CTOPOHHU YITPaBJIiHHS JIOTICTUYHUM IMKJIOM IIPH 3/1iHCHEHHI CTPYKTYPHHX IEPETBOPEHB IS
CTBOPEHHS JIOTiICTHYHO-OPIEHTOBAHOI CHCTEMHU Ha MPOMUCIIOBUX IiAnpueMcTBax. Kpim Toro, 1anuii aBTop BBaxkae, 1o
OCHOBHHUMH B JIOTICTHII € METOAW MaTEMaTHYHOI'O MOJEITIOBAHHS Ta MIPOTHO3YBaHHA — FTOMOMOpP(HI iMiTaliiiHi eKoHO-
MiKO-MaTeMaTH4YHI Ta MaTeMaTHYHI MOJIEIT.

Jlist 0OpoOKHM MacHBIB CTATUCTUYHHX 1 pO3PaXyHKOBUX JaHUX, a TAKOXK JJIsl CTBOPEHHSI CUCTEM MiATPUMKH TPH-
HHATTS pillleHb NIO0 YIPaBJIiHHS MaTepiaJbHUMH MOTOKAMHU IIMPOKO 3aCTOCOBYIOTHCS Cy4acHi iH(OpMaIliifHi TeXHO-
JI0Tii.

Meta. MeTolo CTaTTi € JOCIIKEHHsI TEXHOJIOTIYHUX ITapaMeTpiB Ta KPUTEPIiB epEeKTUBHOCTI pOOOTH HU3bKO-
TEMIIEpaTypHUX CKJIa/liB, BU3HAUYEHHS MOJIENIEH Ta METOJIIB ONTUMIi3allil MaTepiaooTOKiB.

3apaui gocaimkennb. [IpoananizyBaTu 0COOIMBOCTI TEXHIKO-€KOHOMIYHUX XapaKTEPHCTHK HU3BKOTEMIIEpaTyp-
HUX CKJIAJiB y HMOPIBHSHHI 13 3BUUAHUMU CKJIaJaMH; HAaBECTH KIacH(IKaIl0 CKJIAJiB-XOJOMILHUKIB Ta OCOOIUBOCTI
TEXHOJIOTIT iX pOOOTH; BU3HAYNTH KPHUTEPii ePEKTUBHOCTI JUIS OLIHKK poOOTH HU3bKOTEMIEPATypPHUX CKIIAJIiB; 00paTH
MOJIEJ Ta METOIU ONTUMI3allii pyXy MaTepiaJlbHUX IMOTOKIB i IIPUEMCTB, IO iX BUKOPUCTOBYIOTb.

PesyabraTu nociaigkenb. bynb-skuil cKiachKuil KOMIUIEKC — II€ €JIEMEHT JIOTICTHYHOI CTPYKTYPH, CUCTEMH
00poOKHM MaTepialbHOTO MOTOKY. ToMY OpraHi3allisi CHCTEMH CKJIalyBaHHS TOBUHHA OYAyBaTHCS 3 YpaXyBaHHSIM i1 Mi-
CI Y BUPOOHHUYOMY TIPOIIECI.

JlorictuuHe BUpIilIeHHS CKJIaay MIOBUHHE MEPEIyBaTH CTBOPEHHIO apXiTEKTYPHO-OYIiBEILHOIO IPOCKTY. 3BOPO-
THE CIIPUYUHSIE 32 COOOI0 MPOOIIEMH BUKOPUCTAHHS e()eKTHBHUX JIOTICTHYHUX TEXHOJIOTIH Ha HENPaBHIBHO CHPOEKTO-
BaHMX CKJIQJICBKHUX ILTONIaX. MIiCTKICTh CKJIaay TOBUHHA PO3PaxOBYBATHCS, HE BUXOISIYU 3 TIOTOYHHUX MOTPeEOD, a 3 po3-
paxyHKy MEPCIEKTHBY MOMUTY SIK MiHIMYM CEMH-BOCBMH POKIB.

[Tpu BHOOpI nmporpamMHOro 3abe3neueHHs sk aBTOMATH3allii CKIIaJChKOro OOJIKY CIIiJi 3HATH, IO CHOTOIHI Ha
PHMHKY icHYe 0e3JIi4 IporpaMHHX pillieHb, 0 (YHKIIOHAIBHO BiIIOBIIal0Th BUCOKUM BUMOTaM KopuctyBauis. [Ipore,
3aBXKIM HEOOX1/THI OOIPAIFOBAHHS, 1110 BPAXOBYIOTh creln(iKy (GyHKI[IOHYBaHHS KOHKPETHOTO MiANPHUEMCTBA.

CkJ1ajiv 3 peryinboBaHUM TEMIIEPATYPHUM PEKUMOM MAOTh Psiji 0OCOOJIMBOCTEH B IMOPIBHSHHI 13 3BUYMaHHUMH CY-
XHMMHU CKJIaJIlaMH KI1acy «A», siKi BiIONBAIOTHCS B iX TEXHIKO-eKOHOMIYHHUX XapakTepucTukax. Hwkue HaBeneHi ocoOnu-
BOCTI TEXHIKO-€KOHOMIYHUX XapaKTEPUCTUK CKIAJIB 3 PEryJbOBAaHUM TEMIIEPATYPHUM PEXKUMOM, B TIOPIBHSHHI 13 3BH-
YalHUMH CYXUMH CKJIafamMu Kiacy «A» [13].

1. HuspkoTeMIepaTypHi CKaJy MaloTh KOHCTPYKTHBHI BiJMIHHOCTI BiJl 3BUMaiHUX CKJIaJiB — IIEpII 32 BCE MO
TEIUI0I30JIs1Ii{, BEHTWIIALIT, KOHIUIIOHYBAHHIO Ta IHIIUM MapaMerpaM. BymiBHUITBO HU3bKOTEMIIEPATYPHOTO CKIIAIy
00XOIUTHCS B CEPEIHROMY B JIBa Pa3u JIOPOXKYE 33 OYIIBHHUIITBO 3BUMAHHOI0 CYXOro CKJIay; TEPMiH OKYITHOCTI TaKOTO
MIPOEKTY CKJIafae 5S—=8 poKiB.

2. IIpu OyiBHUITBI HU3BKOTEMIIEPATYPHHUX CKJIJIiB MPEI'BISIOTHCS IiIBUILEHI BUMOTU A0 NMPOKIAJaHHs iH-
YKEHEPHHUX KOMYHIKallil, i OTPiOHO BUKOPUCTOBYBATH JIOPOXKYI MaTepiaiu i ycTaTKyBaHHSI.

3. OkpiM 30H 30epiraHHs NpoayKIii (ToOTO, OE3MOCEPEAHBO CKIIAIIB) B KOMIUIEKCI HHU3BKOTEMIIEPATYPHOTO
CKJIaJly HeOOX1JIHI JONATKOBI TEXHIUHI IPUMILICHHS: KOMIPECOPHA, ITY/IbT YIPABIiHHSI XOIOAWIEHIM YCTaTKyBaHHSIM,
MalllMHHE 1 amaparHe BiJUIiJIEHHS XOJOAWJIBHUX yCTaHOBOK. Ha ckiali MOBMHHI OyTH JOAATKOBI ITiJi{OMHO-CEKIiHHI
BOpOTa B KaMepH TIIMOOKOro 3aMOpOXKYBaHHS, JOJATKOBI TEIUIOBI 3aBiCH Ha 30BHIIIHI TOKA. OKPEMOro ycTaTKyBaHHS
BHMAraroTh CrieliajibHi KaMepH «IIIOKOBOT'0» 3aMOPOXKYBaHHS 1 30HH POOOTH 3 TOBAPOM.

4. Tlpen'sIBISIOTHCS MiABUILEHI BUMOTH 10 €IEKTPOMEPEX — HABaHTAXKEHHs Ha HUX B TPU-YOTHPH Pa3u BUIIE,
HI)XK B 3BUYAIHUX CKJIa/IaX.

5. OcoOnuBa yBara MpUAISIETHCS OOJIAINTYBAHHIO MiJUTOTH JJIsl YHUKHEHHS! IPOMEpP3aHHs 1 CITy4eHHS IPYHTY.
Jlis boro 3a3BUYAi 3aCTOCOBYETHCS €NIEKTPOIIAIrPIB MiIory abo o0namTyBaHHs MiAJIOTH 3 MAMUILIISIM, IO POAYBa-
€TbCs (CBaiHI IMiUIOTH).

6. lns 3a0e3medeHHs Oe3nepeOiiiHol poOOTH yCTaTKyBaHHS MOTPIOHE YTEIUICHHS CTIiH 1 KPiBJIi TEIIOI30JIIOI0YUM
Matepiaiom. Takok HEOOXiJHO MepedaynTH aHTUKOPO3iiHY 00pOOKY BCiX METaJIeBHX MOBEPXOHb I METaJIOKOHCTPYK-
.

7. OcoOsuBI BUMOTH TIPEIT IBJISIIOTHCS 10 OE3IIEKH XOJIOIUIIBHOTO YCTAaTKYBaHHSI.

8. Benuke 3HaueHHs Mae iH(opMalliiiHa B3a€MO/Iisi KOPUCTYBaYiB 3 MepcoHaIoM ckiaay. [Ipu mosamraTHiil cu-
Tyalii — BIJKJIIOUEHH] €JIEKTPUKH, MOJIOMIN XOJOMWILHOTO YCTATKyBaHHS i TOMY IOJiOHE — KOPHCTYBad IOBUHEH
OyTu HeraiiHO NMOBIJOMJICHUH, OO BCTUTHYTH HIEpEeBE3TH MPOAYKIIIO Ha 1HIINK CKJIaJ 1 MiHIMi3yBaTH (iHAHCOBI BTpa-
TH.

OxpiM OCHOBHOTO Ha0Opy MOCIYT 3a MOJaHHIM XOJOAMIBHUX CKIAJCHKUX IUIOM], OKPEMHUX XOJOJWIBHUX 1 MO-
PO3WIIBHHUX KaMep, TEepMOCTATUYHHUX KOHTEIHHEpiB 1 pedprkepaTopHUX KOHTEHHEPIB, IO MPALIOIOTH B MiJT0A000BOMY
PEeXUMI PUIMaHHS Ta BiJABaHTaXEHHS NPOAYKIIiT, MOXKYTh IIPOIIOHYBATHCS 1 JOAATKOBI MOCTYTH.

CkJ1a/iv 3 peryJibOBaHHM TEMIIEPATYPHUM PEKUMOM MOXYTh OyTH Kilacu(ikoBaHi 110 HACTYITHHUX O3HaKax [9]:

* TeMIlepaTypHUH Jiana3oH;

* SIKiCTh 1H)KEHEPHOT0 3a0e3MeueHHs], EKOHOMIYHI 1 JIOTICTHYHI XapaKTEePUCTHUKH;

* TOBapHa CIICIiai3allis;

* [IOBEPXOBICTh 1 BUCOTA CTEJb.

OcHOBHA YMOBa YCITIITHOCTI CKJIay — IIe HOTO CTa0linbHA 1 HaailiHa poOoTa. SIk OCHOBHI YUMHHHKH, 1[0 BH3HA-
YaroTh MPUBAOIUBICTD CKIIAJY JUISl CIIOXKHMBAYa MOCIYTr HU3bKOTEMITEPATYPHOT' O CKIIa Ty, MOXKHA BUJIIJUTH:

* BEeJIMYMHA OPEHIHOI TUIATH;

* 3py4HE pO3TalllyBaHHS;



* BUCOKa KBauTi(hikallis CriBpoOiTHHKIB, KyIbTypa 00CIYrOBYBaHHs, TIO3UTUBHA iCTOPIs B3a€MOIIi 3 MapTHEpaMH;

* HAsIBHICTh 3pYYHUX ITi/'I3HHUX MUISXiB 1 pO3BUHEHOI iHPPacTpyKTypH 30HU 00CIIyrOBYBaHHSI;

* PO3MipH BUKOPHUCTOBYBAHOI TLIONI];

* IKiCHE CKJIJICbKE€ YCTaTKyBaHHsI, BACOKUH piBEHb aBTOMATH3allii IPOIIECIB;

* Ha/lilfHa poOOTa CHCTEM MiATPUMKH PETYIILOBAHOI'O TEMIIEPATYPHOrO PEXKHUMY; TEIUIOB] 3aBICH Ha CKJIajax, Ha-
SIBHICTh aBTOMAaTHYHHX BOPIT 3 TiPaBIIYHAM MTAHIYCOM 200 JOKIIENTePaMH;

* CyyacHa CHCTEMa OXOPOHH, MOXKEKETaCiHHS, BEHTUIIALIIT;

* Ha/IaHHS JOJIATKOBUX ITOCIYT.

[Tpu ominmi Ge3nocepeHbO CKIIAJCHKOr0 NPUMIILIIEHHS 3a3BHYaid OL[IHIOIOTHCS TaKi XapaKTEePUCTUKH, SIK:

* KOHCTPYKIIisI CKIIaJAChKOI OyiBim — (opma, MaTepiai 3 SIKOro moOyIoBaHi CTiHHU 1 CTENS, SIKICTh ITiJJIOTH, BH-
cora OyaiBIIi i JOBXKHWHA MPOJIBOTIB MK HECYYUMH KOJIOHAMHU;

* 3pYYHICTH PO3TALITYBaHHS, YIIOPSIKOBaHA TEPUTOPIS;

* HasIBHICTh CHCTEMH TOXKEKHOI CUTHAI3AIIT 1 TOYKEKETaCIHHS;

* pPeryJbOBaHHH TeMIlepaTypHHUI PEXHM, CTIHKe elNeKTpOIocTauaHHs, HasiBHICTh BEHTHIIALIT, OXOPOHHOI CUTHa-
Jmizanii i BiIeOCTIOCTEPEIKEHHS;

* 3a0€3I1eYeHICTE 3aIi3HHYHMMU 1 aBTOMOOUILHUMH T 3HUMH IIJIIXaMHU, HASIBHICTh MaHJaHYHKIB JUIS BiZCTOIO
1 MaHEBPYBaHHs aBTOMOOIJIBHOI Ta HABaHTa)XyBaJbHO-PO3BAHTAXKYBaJIbHOI TEXHIKH, HASBHICTh JIOCTATHHOI KiIBKOCTI
BOpIT, BAHTAXXHUX MalIaHYHKIB,;

* HasIBHICTh O(piCHHX 1 JOMOMDKHHX MPUMIILEHB (TyaJleTH, TyIIOBl, pO3/sTallbHi i Tak Jai);

* 3a0e31ne4eHicTh HeOOX1THUMHU 3ac00aMH TeJIeKOMYHiKaIlii.

[Ipu OMIHII CHCTEMH CKJIaJICBKOr0 00CIYrOBYBAaHHS B IIJIOMY OIIHIOIOTHCS HACTYITHI TPYITH IMOKa3HUKIB [2]:

* OuiHKa 3aJJOBOJIEHHS CIIOXMBYMX 3aIMTIB B CKJIAJICHKHUX mociyrax. Llel iHTerpasbHuil OKa3HUK Ma€ BH3HAYa-
JIbHE 3HAUYCHHS [UIS CIIOKUBAYiB CKJIaJICHKUX TOCIYT.

* OuiHka SKOCTi po6oTH ckiafdy. llel iHTerpaabHUI TOKa3HUK Ma€ 3HAYCHHS SIK JIJIS CIIO)KMBAYIB CKJIAJICHKHX 10~
CIIYT, TaK 1 J1sl IX BUpOOHHKIB.

* OmiHKa pecypciB, BUKOPHCTOBYBAHHX IPU POOOTI CKIIAJCHKOTO KOMIUIEKCY 1 BUTpPAT MO YIPABIIHHIO CKIIAJICh-
KuMH 3anacamu. Lleli moka3Huk Mae BU3HAYAIbHE 3HAYEHHS TS CKJIQJACHKUX ITOCITYT.

Jlo rpyny NMOKa3HUKIB, 1110 OLIHIOIOTH SIKICTh 3aJI0BOJICHHSI 3aIUTIB CIIOKHUBAYiB CKIIAJICHKHUX ITOCIYT, BiAHOCITHCS
HACTYIIHI:

* BiHOIICHHS KiJTbKOCTI 33JIOBOJICHUX B CTPOK 3aMOBJICHb JI0 3arajIbHOI KiIBKOCTI 3aIUTiB;

* BigHOmIeHHS! HEMOBHUX 1 MOMUJIKOBUX MOCTa4aHb JI0 3arajibHOI KIIBKOCTI 3aIUTiB;

* KinpkicTh pexiamariiii Ha CKJIaJIChke 00CITyTrOByBaHHS,

* PiBeHb TapudiB (BapTicTh) CKIIAJCHKOr0 00CITyrOBYBaHHS;

* Yac Ha BUKOHAHHS 3aMOBJICHHSI.

I'pyna noka3HuKiB, III0 XapaKTepu3ye 0e310CepeIHbO IKiCTh pOOOTH CKIIaly:

 3a0e3neyeHHs] BUKOHAHHS 3aMOBJICHb (TOYHICTh IIATPHUMKH DPiBHS 3alaciB, HasSBHICTH 3amaciB, JOTPHUMaHHS
yMOB 30epiranss i T. 11.);

* PiBeHb BUKOpHCTaHHS 00'eMy (IUIOINI), SIK BiHOIICHHS KOPHUCHOrO 00'eMy (IUTOINI) CKIIaay O 3arajbHOro 00'-
emy (TuTomli) ckiaay (3 ypaxyBaHHSM BEIHYMHHM KOPUCHOI IIJIOIII CKJIaay, TOOTO TUIONI, 3aiHATIH Oe3mocepeHbO0 CKiIa-
JIOBAHMMH TPOAYKTAMU 1 MPUCTPOSIMH JUTS 1X 30€piraHHsi — CTeNaKaMu, ITa0esIMU 1 TOMY MoZi0HEe 1 BETMYUHU CITY-
»O00BOT TUTOIIl, TOOTO TUTONII, 3aHHATI 0PiCHUMHU 1 IHITUMHU CTY>KOOBUMH 1 TOOYTOBUMH HPUMILIICHHSIMHN );

* PiBeHb MexaHi3allii CKJIaJAChKUX POOiT;

* JloTpMaHHs BHYTPIIIHHOTO PEXXUMY POOOTH CKiIany (BTpaTH, TICYBaHHS, PO3KpaJAaHHs i 1H.);

* JloTpMaHHs 4acy Ha TIOIIOBHEHHS 3aI1aciB, MiJIrOTOBKY i KOMIUIEKTAIII0 3aMOBJIEHb CIIO)KHUBAYiB.

OriHKa pecypciB, BAKOPUCTOBYBaHHUX MPU POOOTI CKIACHKOro KOMIUIEKCY 1 BUTPAT MO YIPABIIiHHIO CKIIaJIChKH-
MU 3aracaMy, ONHUCY€EThCsl HACTYITHUMH NTOKa3HUKaMu [3]:

* 00OpOTHICTB 3amnaciB (TEpMiH i YHUCII0 0OOPOTIB);

* CepeHil piBeHb 3aMaciB Ha CKIIAI;

* YICJIO OIepaliii BaHTaXonepepoOKU B JIeHb;

* BUTPATH Ha BaHTA)XXONEPEPOOKY, YIIAKOBKY Ta iHIII ITOCITYTH.

[Tpu ouiHui cobiBapToCTi OOPOOKM BaHTaXKIB BUKOPUCTOBYIOTHCS ITOKa3HUKH BUTPAT HA BHYTPIIIHBOCKIIAICHKE
TPaHCIIOPTYBaHHS, BaHTaXXONEpepoOKy, 30epiraHHs, yakoBKY Ta iHIII JOTiCTUYHI BUTPATH.

OriHto04n e(heKTHBHICTh POOOTH CKIIAy, MOKHA PO3TIISIATH, TO-NepIle, «ITHPOKY» e(eKTUBHICTb, TOOTO Mil-
BHIICHHS SKOCTI ()YHKIIIOHYBAHHS JIOTICTHYHOI CUCTEMH, IO CKJIaay sIKOi BXOJWTH CKiIal. [lo-mpyre — «By3bKy» edek-
TUBHICTh, TOOTO €(pEKTHBHICTH POOOTH OE3MOCEPEIHBO CKIIAICHKOr0 KOMIUIEKCY. SIK KpUTEPIii OLIHKA «ITHPOKOI» ede-
KTUBHOCTI CKJIQJICBKOTO TOCHOAAPCTBA BUKOPUCTOBYEThCS KPUTEPiil MIHIMyMY CYKYIHHUX JIOTICTUYHUX BUTpAT, IIOB'S-
3aHUX 3 KPI3HUM YIPaBIiHHIM TOBApHHUM 1 CyITyTHIM Homy iH(opmaniitHuM i GiHaHCOBUM MMOTOKaMU Ipy 3a0e3neyeHHi
HEOOX1THOTO PiBHS CKJIQJICBKOT'0 00CIIyrOBYBaHHSL.

Sk iHTerpasbHUI MOKa3HUK «BY3bKO1» €PEKTUBHOCTI (DYHKIIOHYBaHHS CKJIaJy MOXXHa BUKOPHUCTOBYBATH MOKa3-
HUK PI3HHII MDXK JOXOJOM BiJl poOOTH CKJaly 1 BEIWYMHOIO NMPHUBEACHHUX 3arajibHUX CKJIQJCHKUX BHUTPAT, SIKI CKJaJla-
I0ThCSI 3 CYMH BHUTpAT Ha 30€piraHHs, BUTPAT Ha TIOTOYHE OOCIYrOBYBaHHS 3amaciB, CTpPaxXyBaHHS PU3HKIB, MOB'S3aHUX
i3 3amacamu. Sk iHTerpajbHUI MOKa3HUK MOXYTh OYTH NPUHHATI CYKYIHI (JiHAHCOBO-€KOHOMIYHI PE3yJbTaTH MislIib-
HOCTI CKJIaJICBKOTO KOMIUIEKCY ([10Xi MiHyc BUTpaTh). [Ipu boMy citiJi BpaXxoByBaTH, 110 MaKCHMI3allisl IHTErpajbHO-



ro KpuTepito (IIb0BOI (PYHKINT) MOXKE HE CHIBMAJATA 3 MAKCHUMATBHUMHU 3HAYCHHAMH OKPEMHUX JIOKAJIBHUX MOKAa3HH-

KIB.

[Tapamerpwu, 110 BILIMBAIOTH HA €EHEPTOBUTPATH HU3bKOTEMIIEPATYPHOT'O CKIIATY:
BUTpATH €JIEKTPOCHEPTii Ha MiATPUMaHHS TEMIIEpaTypH 30epiraHHs;

uromia Ta 00'eM NPUMIIIEHb I 30epiraHHs;

Maca i TemMIepaTypa BaHTaXiB, 10 HAJAXOMATh Ha CKJIa/l;

HOMEHKJIATypa TOBapiB;

THIT TEXHIKH, 110 TPAIIOE HA CKIIai;

BHIM 00JTaTHAHHS JJ1s1 30¢piraHHs TOBapiB;

HasIBHICTH Ta THUII OCBITJICHHS;

TEIJIONPOBITHICTh MaTepiady KOHCTPYKIIiH, 3 IKUX BUKOHAHO OYIiBIIIO;
HasIBHICTh KOHCTPYKTUBHUX PIllICHb JUIs 3MEHIIEHHS BUTPAT XOJIOMY.

CBoi 0cOOIMBOCTI Ma€e TEXHOJIOTIS pOOOTH HU3BKOTEMIIEPATYPHOTO CKJaay. SIk mpaBMiIO, CKIIal-XOJIOAUIBHUK

MPaIfoe€ 3 TapHO-IUTYYHHMH BAaHTa)KaMU, TOMY HOro poOOYMH IpPOILEC iNEHTHYHHUH POOOUOMY MpOLECY 3BHYAHOTO
CKJIaJly TApHO-IITYYHHUX BaHTAXKIB, OMHAK MA€ Psii OCOOTUBOCTEH.

Ha cranii npuiiMaHHs BAHTaXiB:
- OUIBII peTeNbHUH OrJIsiM, IPUHMaHHS, TIepeBipKa TEMIIEPAaTypH BaHTaXY 1 10IaTKOBe 3BakKyBaHHA (y pa3i HE0O-
X1JTHOCTI);
- mpuiioM OLTBIIOT KUTBKOCTI CYIPOBIAHOI JOKYMEHTAIl Ha OiJbIIICTh BaHTaXiB (BETEpHHAPHE CBIZOLTBO, CEp-
TU(IKAT BIJMOBITHOCTI, cepTH(DIKAT SIKOCTI TOIIO);
- CTpOT'i BUMOT'H JI0 IBUKOCTI PO3BAaHTa)KEHHSI TPAHCIIOPTHUX 3aCO0IB;
- Y TIOAOPOXKHIH JIUCT 00OB'SI3KOBO 3aHOCHTHCS Yac MOYATKY 1 KiHI pO3BAHTAXKCHHS TPAHCIIOPTHOrO 3aco0y, a Ta-
KO, TeMIIepaTypa B Ky30Bi HA MOMEHT IT0YaTKy PO3BaHTaKEHHS i HA MOMEHT HOTO 3aKiHYECHHST;
- MOXXJIUBE OOMEXEHHsI 00CSTy MPUIHATHX BaHTAXKIB Yepe3 PU3UK ITiIBUILEHHs TEMIIEpaTypHy Ha CKJIai;
Ha cranii po3MirieHHs i 30epiraHHs BAHTaXiB:
BaHTaX1 PO3MIILYIOTHCS 3 YpaXyBaHHSIM BUMOT CaHITAPHUX HOPM IPO MOMJIUBICTB CIIIBHOT'O 30€piraHHs pi3HUX
BH/IIB BAHTaXIB;
TepMiHM 30epiraHHs AESKUX BaHTaXXIB 3MEHIIYIOTHCS IPH HE3HAYHOMY ITiJIBUIIIEHHI TEMIIepaTypu 30epiraHHs;
JIesiKi BaHTaXX1 B MpoIieci 30epiranHs MOTPeOYIOTh PEryIIPHOr0 KOHTPOIIIO CTaHy (BizyalbHOro abo 1abopartop-
HOT0);
y pasi 3Ha4YHUX BiIXWJIEHb YMOB 30epiraHHs BiJl HOpPMaTHBHUX BEIUYMH MOXIIUBE IICYBaHHS BaHTaXKIB;
HEOOXITHICTh yTHITI3AIlil 31TICOBAaHUX BaHTAXIB;
Ba)XKi yMOBHU POOOTH MiIHOMHO-TPaHCIIOPTHOTO 00JIaHAHHS TPH 3HIDKEHUX TeMIlepaTypax (morpioHa oco0nu-
Ba KOHCTPYKIIisl JISTKUX BY3JIIB 1 3aXHCT €IEKTPOHHOTO YCTATKYBaHHS MAalllMH BiJl HU3bKOI TEMIIEPATYPH);
HEeraTUBHUH BIUIMB HU3BKHX TEMIIEPATyp Ha HIBHIKICTH 1 SKiCTh pOOOTH IEpCOHATY.
Ha cranii BiiBaHTa)KE€HHS TOBapiB:
MiJIrOTOBKA OLIBIINOT KIJTBKOCTI JOKYMEHTAIII, 1[0 CYIIPOBOIKYE TOBAD;
000B'SI3KOBE 3aHECEHHS Y MOIOPOXKHIiH JHcT iH(opMaii npo yac movaTKy i 3aKiHUEHHS 3aBaHTa)XEHHS TPaHCIO-
pTHOrO 3ac00y, a TAaKOX MPO MOYATKOBOI Ta KiHIIEBOI TEMIIEpaTypH B Ky30Bi aBTOMOOLIIS;
CyBOpe OOMEXEHHS Yacy Ha HaBaHTa)KyBaJIbHI POOOTH.
VY posrisHyTHX MOAeNsX (YHKI[IOHYBaHHS CKJIaay Opajkcsi 10 yBaru BapTicHI KpuTepii, ane OLIbIIicTh po3ra-

JIAHUX y Wil CTaTTi JOCII/KEHb CTOCYIOThCS MAIIMHOOYMIBHUX IANPUEMCTB abo ckiany B3araii. [Ipore, BUxoasdn 3
aHaJIi3y mapaMeTpiB HU3bKOTEMIEPATypHUX CKJIAJIiB, HABEICHOIO BUILE, MOYKHA 3pOOHTH BHCHOBOK, IO OJIHA 3 BaXIIH-
BUX 0COONMBOCTEH (PYHKIIIOHYBaHHS TaKHUX CKJIAJIiB — BUCOKHH PIBEHb CIIOKUBaHHS eHepropecypci. OTxe, B TaHOMY
BUIIAJIKy, HAPiBHI 3 BAPTICHUMHU KPUTEPISIMU MPOITOHYETHCSI BPAXOBYBATH, TAKOXK, EHEPIeTHYHI KPHUTEPIi.

BcranoBieHo, 1110 A1 JOCTIIKEHHSI Ta ONTHUMI3allii pyXy MaTepiajonoTOKIB MHiIIPHEMCTB, [0 BAKOPUCTOBYIOTh

HU3BKOTEMITEPATYPHI CKJIaJH, TOIIHPHO BUKOPHCTOBYBATH HACTYITHI MOJENI Ta METOIH [6]:

MaTEeMaTUYHOI CTATHCTHKH Ta TeOpil HIMOBIpHOCTEH — ISl cucTeMaTu3allii Ta 00poOKH CTAaTUCTUYHUX JaHHX, BU-
3HAYEHHs 3aKOHIB IX pO3MOIiITY;

€KOHOMIKO-MaTeMaTHYHOTO MOJAETIOBAHHS — JUIsl PO3POOKH KPHUTEPIIB YIIPaBIiHHS MaTepialbHUMHU [TOTOKAMH;
IMITalifHOTO MOJIETTFOBAHHSI — JJIs IOOYOBY IMITAI[IHOT MOJIEII, MPU3HAYEHOT ISl OLIHKH PYXY MaTepialbHHX
TIOTOKIB JIOTICTUMHOMY IMKJII MiIIPHEMCTBA;

perpeciiHOro aHaizy Ta €KOHOMIKO-MaTeMaTHYHOI'O MOJIENIOBAHHS — JUISl MOJENIOBaHHS MaTepialbHUX Ta iH-
(hopMaIiifHUX MOTOKIB MiIPHEMCTB, IUITAHYBAaHHS BUPOOHHYOI IPOrpaMu 3 ypaxyBaHHSM 3araciB roToBol Mpo-
JyKIIii;

€KOHOMIKO-MaTeMaTHYHOTO MOJIEITIOBAHHS Ta JUHAMIYHOTO IPOrpaMyBaHHs — JJIsl pO3POOKHU Ta YIOCKOHAIEHHS
MoJIeJIel yIpaBIIiHHs MaTepialbHO-TEXHIYHUMH 3aNlacaMHy i IPUEMCTBA;

ABC-XYZ meron, METOIU Teopii HEYITKMX MHOKHH — JUIS YIPABIIiHHS Ta KOHTPOJIO PiBHS 3aIaciB;
KOpENSAIIHHO-PErPECitHOr0 aHai3y — Ui BCTAHOBJICHHS BIUTMBY OOCATIB 3amaciB Ha e()eKTHBHICTh BUPOOHHIIT-
Ba NPOAYKIIii, IPOrHO3YBaHHS 00OPOTHOCTI 3araciB CHPOBHHU Ta TOTOBOI MPOIYKIIii;

Teopii MacoBOro 00CITyroOByBaHHS — JUIS PAlliOHAILHOTO BUOOPY CTPYKTYPH Ta CKIIaly CUCTEMHU 00CITyrOBYBaHHS
3aMOBJICHb.



BucnoBku. B pesynbrarti gocimimkeHHs OyIu BCTAHOBIIEHHI OCOOJIMBOCTI (pyHKIIOHYBaHHS HU3bKOTEMIIEPATYp-
HUX CKJIaJiB, sIKi HEOOXIJHO BpaXxOBYBATH IIPU MOJIENIOBAHHI CKJIAJICBKHX IpoleciB. BuzHaueHi iHTerpaibHi KpUTepii,
MOJIEJi Ta METOH, SIKi AOLIJTHHO BUKOPUCTOBYBATH JIJIsl MOJIEIIOBAHHSI.

Jitepatypa
1. Bapanens I'.B. YrpaBniHas MaTepialbHUMH Ta (PiHAHCOBUMH ITOTOKAMH ITiIIPHUEMCTBA Ha OCHOBI JIOTICTUYHOTO
migxony : aBToped. auc. kaH. ekoH. Hayk: 08.00.04 / I'.B. bapanelis; [HCTUTYT €KOHOMIKH MPOMHUCIOBOCTI
HAH Vkpainu. — 1., 2007. —22 c.

2. Bayspcokc Jlonana [Ix. JlorucTika: HHTErpUpOBaHHAas 1enb NocTaBokK. / bayspcoke Jlonanx [Ix, Kioce JletiBun
JIx. 2-e 3. / [mep. ¢ anrn. H.H. Bapeimuaukosoit, b.C. [Tunckepa]. — M.: 3A0 «Onumn-buznecy, 2008. —
640c.:u.

3. Bonrun B.B. Cknan: norucruka, yrpasienue, aHanus / B. B. Bonrun — 10-e u3a., nepepa6. u gom. — M.: Us-
JaTenbcko-ToproBas kopropamus «Jlamkos u K°», 2009. — 736 c.

4. Kynina O.M. ®opmyBaHHs pecypcHOI cTpaterii mianpueMcTBa: aBroped. auc... kaHa. ekoH. Hayk: 08.00.04 /
O.M. Kynina ; Xapk. Hail. ekoH. yH-T. — X., 2007. — 20 ¢. — ykp.

5. Jlaroupkuii T.5l. MaremMaTHuHi METOAM B YNpaBIiHHI 3amacaMy CKJIQJACBKUX Ta TYPTOBUX MiANPUEMCTB: aBTO-
ped. muc. xaun. ekod. Hayk: 08.03.02 / T.A. Jlaroupkuii; JIbBiBchbkui Ham. yH-T iM. [. ®@panka. — JI., 2006. — 22
c.

6. Jlykunckuii B.C. Mozenu 1 MeTopl Teopuu JIOrUCTHKY: Y4eOHoe nocodue. 2-¢ u3a. / Iox pexn. B.C. JIykunckoro. — CII6.:
IMurep, 2008 — 448 c.: ui.

7. Heuaes I'.I. Po3Burok Teopii i miBUIIEHHS €pEKTUBHOCTI (hYHKIIIOHYBaHHS TPAHCIIOPTHO-CKIIQJICBKUX CHUCTEM:
Asroped. muc. a-pa texH. Hayk: 05.22.12 / I'.I. Heuaes ; CximHoykp. nepx. yH-T. — Jlyrancek, 2000. — 35 c.
— YKp.

8. Hikonaenko 1.B BaockoHaneHHs MixomnepamiifHuX IPOIIECiB TPAHCIOPTHO-CKIIAICKOr0 KOMILICKCY: ABTOped.
nuc. kKaHz. TexH. Hayk: 05.22.01 / 1.B. Hikonaenko; KuiB. yH-T ekOHOMIiKH 1 TexHONOri#H Tpancn. — K., 2002. —
19 ¢. — yxp.

9. PuxommHckuii A. IlokazaTenu NesTENFHOCTH CKJIAOB C PETYIUPYEMBIM TeMIIEpaTYpHBIM PEXKHUMOM Kak dJie-
MEHTa JIOTHCTHYECKOH CUCTEeMBI 00pabOTKM MarepuaibHoro noroka /A. Pukommuckwuii // Jloructuka. — 2012.
Nel.- C.18-19.

10.  Cagon P.JI. ®opmyBaHHs cUCTEMH YNPAaBIiHHSI BUPOOHHMYMMH 3arlacaMi BEIMKOI'O MAIIMHOOYIIBHOTO ITiANPH-
eMcTBa: aBToped. auc. kaHa. ekoH. Hayk: 08.06.01 / P.JI. CaBon; IHcTHTYT ekoHOMIiKH mpomucioBocti HAH
VYkpainu. — /1., 2006. - 21 c.

11.  Cipenko 1.B. YnparmiHHA MaTepiaJbHHUMH MOTOKAMHU IPOMHKCIOBOI'O MIiANPHEMCTBA HAa OCHOBI JIOTICTUYHOTO
migxony: aBroped. auc. kaua. ekoH. Hayk: 08.06.01 / I.B. Ciperko; TeXHOIOTIYHUI YHIBEPCUTET MOALIIL. — X.,
2002. - 19 c.

12.  http://www.ucca.org.ua/ru/information/news/397 3apyOeKHbIe M OTCUECTBEHHBIC DKCIEPTHI Ha 3-i MexmyHa-
ponHoit BeIcTaBKe "XO0JOAHAS JIOTUCTHKA B YKpauHe"
13.  http://news.vlasnasprava.info/analytics/2104-2012-07-10-07-57-10 O630p pbIHKa XOJOAHBIX CKJIAJ0B Y KpauHbI.

References

1. Baranec' G.V. Upravlinnja materialnymy ta finanso-vymy potokamy pidpryjemstva na osnovi logistychnogo
pidhodu : avtoref. dys. kand. ekon. nauk: 08.00.04 / G.V. Baranec'; Instytut ekonomiky promyslovosti NAN
Ukrai'ny. — D., 2007. — 22 s.

2. Bauarsoks Donald Dzh. Logystyka: yntegryrovannaja cet' postavok. / Bauersoks Donald Dzh, Kloss Dejvyd
Dzh. 2-e yzd. / [per. s angl. N.N. Baryshnykovoj, B.S. Pynskera]. — M.: ZAO «Olymp-Byznes», 2008. —
640s.:yl.

3. Volgyn V.V. Sklad: logystyka, upravlenye, analyz / V. V. Volgyn — 10-¢ yzd., pererab. y dop. — M.: Yz-
datel'sko-torgovaja korporacyja «Dashkov y K°», 2009. — 736 s.

4. Kudina O.M. Formuvannja resursnoi' strategii' pidpry-jemstva: avtoref. dys. kand. ekon. nauk: 08.00.04 / O.M.
Kudina ; Hark. nac. ekon. un-t. — H., 2007. — 20 s. — ukr.

5. Lagoc'kyj T.Ja. Matematychni metody v upravlinni za-pasamy sklads'kyh ta gurtovyh pidpryjemstv: avtoref. dys.
kand. ekon. nauk: 08.03.02 / T.Ja. Lagoc'kyj; L'vivs'kyj nac. un-t im. I. Franka. — L., 2006. — 22 s.

6. Lukinskij V.S. Modeli i metody teorii logistiki: Uchebnoe posobie. 2-¢ izd. / pod red. V.S. Lukinskogo. — SPb.:
Piter, 2008 — 448 s.: il.

7. Nechajev G.I. Rozvytok teorii' i pidvyshhennja efektyvnosti funkcionuvannja transportno-sklads'kyh system:
Avtoref. dys. d-ra tehn. nauk: 05.22.12 / G.I. Nechajev ; Shidnoukr. derzh. un-t. — Lugans'k, 2000. — 35 s. —
ukr.

8. Nikolajenko 1.V Vdoskonalennja mizhoperacijnyh procesiv transportno-sklads'kogo kompleksu: Avtoref. dys.
kand. tehn. nauk: 05.22.01 / I.V. Nikolajenko; Kyi'v. un-t ekonomiky i tehnologij transp. — K., 2002. — 19 s.
— ukp.

9. Rykoshynskyj A. Pokazately dejatel'nosty skladov s regulyruemym temperaturnym rezhymom kak elementa
logystycheskoj systemy obrabotky materyal'nogo potoka /A. Rykoshynskyj // Logystyka. —2012. Nel.- S.18-19.



10.  Savon R.L. Formuvannja systemy upravlinnja vyrob-nychymy zapasamy velykogo mashynobudivnogo pidpry-
jemstva: avtoref. dys. kand. ekon. nauk: 08.06.01 / R.L. Savon; Instytut ekonomiky promyslovosti NAN
Ukrai'ny. — D., 2006. — 21 s.

11.  Sirenko I.V. Upravlinnja material'nymy potokamy promyslovogo pidpryjemstva na osnovi logistychnogo pid-
hodu: avtoref. dys. kand. ekon. nauk: 08.06.01 / I.V. Sirenko; Tehnologichnyj universytet podillja. — H., 2002. —
19 s.

12.  http://www.ucca.org.ua/ru/information/news/397 Zaru-bezhnye otechestvennye eksperty na 3-j Mezhduna-
rodnoj vystavke "Holodnaja logystyka v Ukrayine"
13.  http://news.vlasnasprava.info/analytics/2104-2012-07-10-07-57-10 Obzor rynka holodnyh skladov Ukrayiny.

Pycak A.JI. UccnenoBanne TeXHOJOrHYeCKHX NMapaMeTpPOB M KpuTepHeB 3(pdexTHBHOCTH padoThl HU3KOTEMIIEPaTYPHBIX
CKJIaZoB

Paccmompenvi mpebosanus k cospementblM HUSKOMEMNEPAMYPHbIM CKAA0AM, NPUBEOeHbl Kpumepuu 3¢)@dekmuenocmu ux pabomoi.
Ilpeocmasnen 0630p moodeneti, Memooo8 u Kpumepues oyYeHUsanus U ONMUMU3AYUY NAPAMEMPO8 QYHKYUOHUPOBAHUS CKIAOd, KO-
mopule yauje 6ce20 UCROTLIVIOMCS 8 UCCIe008aHUsX. TIpOaHanu3uposana 803MoUCHOCIb NPUMEHEHUs DIMUX MEMOO08 ONisl OYECHKU U
ONMUMU3AYUU NAPAMEMPOS PAGOMbI CKIAOA-XO0N0OUILHUKA.

Kniouegvie cnosa: nuskxomemnepamypnuiii ckiao, Kpumepuu 2Q@HexmugHoCchu, Mamepuarbtblil ROMOK, IKOHOMUSL IHEP2OPECYPCO8,
CMOUMOCIHbIE U DHEpeemuyecKue Kpumepuil.

Pycak A.JI. — acnipanT xadeapu tpancroptHux cucrem, CHY im. B. Jlans

Peyenzenm: Yepneyora-bineyvxka H.B.,0.m.n., npogp. CHY im. B. Hans



Rusak A.
RESEARCH OF PROCESS-DEPENDENT PARAMETERS AND PERFORMANCE
CRITERIA OF FUNCTIONING OF LOW-TEMPERATURE WAREHOUSES

Have been considered requirements to modern low-temperature warehouses, adduction performance criteria.
Have been presented review of models, methods and criteria of estimation and optimization of parameters of
functioning of warehouses which commonly encountered used in researches. Have been analyzed capability
of using of these methods for estimation and optimization of parameters of functioning low-temperature
warehouse.

Keywords: low-temperature warehouse, criteria of functioning, material flow, savings of energy resources,
cost estimation and energy criteria.

Urgency. One of the features of the modern world is the continuous increase in consumption due to several rea-
sons. Among them the development of technology output, active use of marketing tools during their propagation, grow-
ing purchasing power of the population. The part of frozen and half-stuff food increases around the world. Production,
transportation and storage of such products have special requirements for temperature, humidity, sanitary cleanliness. It
is necessarily to use low-temperature warchouse for storage of finished products and raw materials in conditions of the
company - the manufacturer.

Economic issues with energy used in low-temperature warehouse are very important at the moment: 40% of the
costs in logistics comes to these needs, and 60% - to labor costs. [12]. The problem is particularly relevant for ware-
houses that have operated for many years. Most of them are engaged in storage of raw materials and products at low
temperature warehouses built several decades ago. Their design does not allow to apply the current refrigerant, to intro-
duce new technologies of storage and movement of goods. Existing working conditions require a large number of staff.

Problem. There are several solutions to the problem of increasing the economic efficiency of low-temperature
warehouses. This is construction of new storage facilities; fundamental reconstruction of existing warehouses; using the
leased premises. Any of these options should allow optimization of material flows of enterprise that takes into account
all peculiarities of its operation.

Analysis of recent research and publications. Methods of analysis of the efficiency of the warehouse as part of
logistics system of the company are covered in the works of scholars such as Bauersoks D., E. Krykavsky., V. Nikolay-
chuk, and others. Ukrainian scientists Baranec G., A. Kudina, T. Lahotskyy, G. Nechayev, R. Savon, I.Sirenko and oth-
ers worked the question of optimization parameters of the warehouse in recent years . Among the Russian scientists
there are Mirotin B. and A. Rykoshynskyy.

Ukrainian scientists use a wide range of methods for examining issues related to the assessment and optimization
of the operation parameters of warehouse. G. Baranec [1] uses economic and mathematical models - for the scientific
substantiation of insurance reserves of resources and reliability of them; systems approach - to develop the logistics sys-
tem of material and financial flows of the company.

0. Kudina [4] in her thesis uses the methods of systems analysis - to study the organizational and methodological
principles of formation of the system management of material flows; theory of Operations Research and Genetic Algo-
rithm - for substantiation algorithm of optimal decision making and evaluating the state management system resources;
analog techniques and expert forecasting - to meet the needs of enterprise resource support.

T. Lahotskyy [5] uses the economic-mathematical modeling and econometric modeling, correlation and regres-
sion analysis to develop a model of the system simulative inventory.

G. Nechaev [7] uses systems and methods of operations research theory of inventory management for modeling
units of transport and warehouse.

I. Nikolaienko [8] suggests using graph theory for building a basic model of an integrated logistics system, the
mathematical apparatus of the theory of probability and mathematical statistics for quantitative analysis of risk factors
in an integrated logistics system.

R. Savon [10] used a comparative analysis - to develop methodological foundations of inventory management;
statistical and mathematical methods (ABC - analysis, XYZ - analysis) - to develop a set of indicators that show the
status of inventory management system.

I. Sirenko [11] proposed a method for analyzing the functioning of material, information and financial flows of
the company, the foundation of which is to determine the effectiveness of the management, organization of work, the
use of appropriate automation and mechanization, the level of management preparedness, compliance with its business
development to strategy of enterprises. It will reveal the strong and weak points of logistics cycle in the implementation
of structural reforms to create a logistic-oriented system in the industry. In addition, this author believes that the main in
logistics are the methods of mathematical modeling and forecasting - homomorphous economic-mathematical simula-
tion and mathematical models.

Modern information technology is widely used to handle arrays of statistical and numerical data, and to create
decision support systems for managing material flows

Purpose. The aim of the article is to study the process parameters and performance criteria of low-temperature
warehouses, definition of models and methods of optimization of material flows.

Objectives of research. To analyze the features of technical and economic characteristics of low-temperature
warehouses compared with common warehouses; give a classification of warehouses fridge and technology features of



their work; define (performance) criteria for evaluating the performance of low-temperature warehouses; select models
and optimization techniques of movement of material flow of enterprises which are used.

Results. Any warehouse complex is element of the logistics structures of the material flow processing system.
Therefore, the storage system must take into account its place in the production process.

Logistics composition solution must precede the creation of architectural and construction project. In another
case it will cause the problem of using of efficient logistics technologies improperly designed storage areas. Capacity
composition should be calculated from the rate of demand prospects for at least seven or eight years, but not on the ba-
sis of current needs.

It should be known that has many software solutions that meet high functional requirements of users when
choosing software for automation of inventory control. However, improvement taking into account the specifics of the
operation of a particular company is always necessary.

Warehouses with adjustable temperature control have a number of features in comparison with usual dry ware-
houses of class "A", which are reflected in their technical and economic characteristics. Below there are the features of
technical and economic characteristics of warehouses with controlled temperature conditions in comparison with usual
dry warehouses of class "A" [13].

1. Low-temperature warehouses with structural differences from ordinary warehouses - primarily for insulation,
ventilation, air conditioning and other parameters. Construction of low-temperature warehouses an average two times
more expensive than an ordinary construction of the dry warehouse. Its payback period is 5-8 years.

2. They increase requirements for laying utilities during the construction of low-temperature warehouses. This
makes it necessary to use more expensive materials and equipment.

3. It is required additional technical facilities: compressor, remote control refrigeration equipment, machinery
and hardware department refrigeration units in a complex of low-temperature warehouse in addition to product storage
areas (that is directly warehouses). It should be additional handling sectional doors in the deep freeze chamber, extra
thermal veils to external docks in stock. Special cameras "shock" freezing zone and work with the product requires
separate facilities.

4. There are increased requirements to power. Load them into three to four times higher than in ordinary stores.

5. Particular attention is paid to the construction of the floor to avoid freezing and swelling of the soil. This is
usually applied electric heating floor or floors of underground installation (pile floor).

6. It is required wall insulation and roof insulation material to ensure the smooth operation of the equipment. It is
also it necessary to provide corrosion treatment of metal surfaces.

7. There are particular requirements for the safety of refrigeration equipment.

8. The information of user interaction with the staff members is of great importance. In emergency situations -
power outages, breakage of refrigerating machinery and the like - the user must immediately be notified in time to
transport the goods to another warehouse and minimize financial losses.

Additional services may be offered in addition to the basic service set for giving refrigeration storage space,
separate refrigerators and freezers, thermostatic containers and reefer containers, working around the clock receiving
and shipping of products.

Warehouses with adjustable temperature conditions can be classified by the following features [9]:

* temperature range;

* quality engineering, economic and logistical characteristics;

* product specialization;

* floors and ceiling height.

The main condition for the success of warehouse is stable and reliable operation. The main factors that determine
the attractiveness of the stock for customer service low-temperature structure is:

¢ the value of the rent;

* convenient location;

* a high qualified staff, service culture, positive history of interaction with partners;

« availability of suitable access roads and infrastructure service area;

* the size of the used space;

* quality equipment for a warehouse, high level of process automation;

« reliable operation support systems for the controlled temperature conditions; thermal veils in stock, the avail-
ability of automatic gates with hydraulic ramp or dock shelter;

» modern security system, system of firefighting, ventilation;

* providing additional services.

In assessing directly warehouse typically assessed characteristics are:

* construction of warehouse buildings - form, walls and ceilings material, quality flooring, building height and
length of the span between the supporting columns;

« convenience of location, organized territory;

« availability of fire alarm and firefighting;

* adjustable temperature, stable power supply, availability of ventilation, security alarm and video control;

* provision of rail and road access roads, availability of sites for parking and maneuvering automotive and load-
ing equipment, a sufficient number of gates, loading docks;

« availability of office and ancillary facilities (toilets, showers, changing rooms, etc.);



* provision of necessary means of telecommunications.

Assessed following groups of indicators in assessing the system of warehouse services in general [2] are:

» Assessment of consumer satisfaction queries in storage services. This integral factor is crucial for consumer
storage services.

* Assessment of the quality of the warchouse. This integral factor is important for the consumers of storage ser-
vices and for their producers.

» Evaluation of resources used when working the storage complex and the cost of managing inventory. This pa-
rameter is crucial for storage services.

The groups of indicators that assess the quality of satisfaction of the customer’s storage services include the fol-
lowing:

* Ratio of satisfied orders on time to the total number of requests;

* Ratio of incomplete and erroneous deliveries to the total number of requests;

* Number of complaints on for warehouse service;

* The level of tariffs (cost) of warehouse services;

* The time for the order.

Group parameters characterizing directly the quality of the structure:

* Ensuring implementation of orders (accuracy of maintaining inventory levels, availability of inventory, com-
pliance with the storage conditions, etc.)

* The level of volume (area) as the ratio of net volume (area) of the total volume up (space) stock (to the value of
the usable area of composition);

* The level of mechanization of warehouse operations;

» Compliance with internal mode of the warehouse (loss, damage, theft and so on.);

» Compliance time to replenish stocks, preparation and completion of customer orders.

Evaluation of resources used while working the storage complex and the cost of managing inventory, described
by the following parameters [3]:

* reversibility stocks (time and number of turns);

« the average inventory level at the warehouse;

» the number of operations of cargo a day;

« the cost of handling, packaging and other services.

Used in costs for inside transportation, handling, storage, packaging and other logistics costs when evaluating the
cost of cargo handling.

Consider, first, the "broad" efficiency (improving the quality of functioning logistics system, which includes
warehouse) in assessing the effectiveness of the warehouse. Second - "narrow" efficiency (efficiency of directly han-
dling complex). Used criteria for a minimum total logistics costs associated with managing the trade, information and
financial flows, while ensuring the required level of service as a warehouse criterion for evaluating the "broad" ware-
housing efficiency.

It can used the index difference between income from work warehouse and size reduced overall storage costs as
an integral factor "narrow" efficiency of the warehouse. General warehousing costs consist of the cost of storage, the
cost of ongoing maintenance reserves, security risks associated with stocks. It may be accepted as an integral indicator
of the total financial and economic performance of the storage complex (income minus expenses). It should be taken
into account that maximize the integral criterion (objective function) may not coincide with the maximum values of in-
dividual local targets.

Parameters that affect the low-temperature warehouse:

- The cost of electricity to maintain the temperature of storage;

- Area and volume of premises for storage;

- Mass and the temperature of goods arriving at the warehouse;

- The range of goods;

- The type of technique that works in a warehouse;

- Equipment for the storage of goods;

- The presence and type of lighting;

- Thermal conductivity of the material constructions which made the building;

- Availability of design solutions to reduce costs cold.

The technology of low-temperature warchouse has some difference. Typically, the warechouse- fridge is working
with packaged unit loads, so it is identical to workflow process of usual warehouse piece-goods. However, there are
number of features.

At the stage of receipt of goods:

- A more thorough inspection, receiving, checking the temperature of the cargo and the additional weight (if nec-
essary);

- Reception of more supporting documentation for most goods (veterinary certificate, certificate of compliance,
quality certificate, etc.);

- Strict requirements for rate unloading of vehicles;

- The waybill must be entered at start and end of the unloading of the vehicle, the temperature in body at the start
of unloading at the time of its completion;



- The amount of accepted goods can be limited due to the risk of temperature rise at the moment.

At the stage of placing and storage:

- Goods are placed with the requirements of sanitary standards of the possibility of common storage of various
types of goods;

- Shelf life of some goods is reduced in case of increase in storage temperature;

- Certain goods in the store need regular control condition (visual or laboratory);

- There is a possibility of goods damage in the case of significant deviations from the standard conditions of
storage sizes;

- The need for disposal of goods in case of spoilage;

- Difficult conditions of handling equipment at low temperatures (it requires special design of some components
and protection of electronic equipment machines from low temperature);

- The negative impact of low temperature on the rate and quality of staff.

At the stage of shipment:

- Preparing more documents covering the goods;

- Required entry in the waybill information about the start and end of loading of the vehicle, as well as the initial
and final temperatures in the body of the car;

- Strict time limit for loading work.

The cost criteria considered in models of functioning warehouse have been taken into account, but most of the
studies mentioned in this article relate to machine building enterprises or warehouse in a whole. However, based on the
analysis of the parameters of low-temperature warehouse, we can conclude that one of the important features of their
operation is high energy consumption. So, along with the cost criteria is also proposed to take into account the energy
criteria.

It is established that it is advisable to use these models and methods [6] for the study and optimization of mate-
rial traffic flows of enterprises using low-temperature warchouses:

- Mathematical statistics and probability theory - for systematization and processing of statistical data, the defini-
tion of the laws of distribution;

- Economic and mathematical modeling - for developing criteria for materials management;

- Simulation modeling - for the construction of simulation model designed to evaluate the movement of material
flow in logistics cycle of a company;

- Regression Analysis and Economic-mathematical modeling - for modeling of material and information flows,
production program planning based on stocks of finished goods;

- Economic-mathematical modeling and dynamic programming - for the development and improvement of man-
agement models by logistical supplies of company;

- ABC-XYZ method, methods of fuzzy set theory - for management and control inventory levels;

- Correlation and regression analysis - to establish the impact of Stocks on the efficiency of production, forecast-
ing turnover of stocks of raw materials and finished products;

- Queuing theory - for a rational choice for the structure and composition of the service system of orders.

Conclusions. A result of the research was establishing features of functioning low-temperature warehouses that
must be considered in modeling of warehouse processes. The identified integral criteria, models and methods that
should be used for modeling.
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