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OOHUM 3 OCHOBHUX Odicepell RPUPOOHO20 30UmKY HAmMonpoOyKmis € ixHi empamu 6i0 8UNAPOBYBAHHSL 3 pesep-
8yapis npu “eenuKux i Maiux OUXanusx .

Vzaeanvueno icuyroui memoou ma nioxoou 00 eupiuieHHs 3a60AHHS NPOSHO3VEAHHS | CKOPOUCHHS GUKUOIE 8Ye-
JIEBOOHIB Y Pe3epEyapHUX NapKax Ck1aoie Hagmu i HAGmMoOnpooOyKmis, a MaKoiC GUHAYEHO HANPIMKU YOOCKOHA-
JIeHHS ICHYIOUUX MEMOOUK PO3PAXYHKIG.

Hocsenenns yici memu nepedbauae po3e’s13y8anns HACMYNHOL 3a0adi. GUAGUMYU YUHHUKUY, SIKI GNIUBAIOMb HA
PO38’53y6aHy 6 poOOMI HAYKOBY NPobIeMy ma 0OIPpYHMysamu Memoouyny 6azy 0ocuiodxcens. [l 0ocsacHents yiel
Memu 3aCMOCOo8Y8aNUCh MAKL MeMOOU OOCTONCEHHS. CUCIMEMHUL AHAL3, CUCMEMAMON02IS, POPMAni3ayis.

O3HATOMAEHHST 3 HOPMAMUBHUMU OOKYMEHMAMU BKA3YE HA HEOOCKOHANICb GIMYU3HAHOI HOpMamueHoi 6asu,
SKA pe2lamMeHmye NOpsi0oK ma MemoOUKU GU3HAUEHHSI BMpam HAGmu ma Hapmonpooykmie 8i0 6UNaposy8aHHsL nio
yac 36epicanis Ha 00 €KMax Haghmo2az08020 KOMNIEKCY.

Ha niocmasi npogedenozo 0emanbHo2co ananisy iCHyIOYUX MEemOOUK ma HOPpMAamueHoi 0oKymenmayii 3 npo-
b11em BU3HAUEHHS 6mpam Hadm ma HAGmMonpooykmie npu 30epieanti y pe3epeyapax MONCHA NPONOHY8amu epex-
MUGHI HANPSAMU GUPIUEHHS AKMYAIbHUX NPOOIeM eHepeemuyHOi 2any3i, MpaHcnopmHo2o CeKmopa, NiOnpuemMcms
Hagmonpodykmo3zabe3neuents: Ha Pi3HUX emanax i pieHAX po3ensoy, d MmaKodlc UPIULY8amu NUMAanHs nioGUUeHHs
eghexmueHoCmi MexHOoI02il GUKOPUCMAHHSL NATUBHO-EHEeP2EMUYHUX PeCypCie, OnmuMi3ayii 63aeMo0il pi3HUX OLTHOK
[ IaHOK cucmemu HaghmonpooyKmo3abesneyenHs.

Ki1ro4uoBi crtoBa: BTpaTH BiJl «MaJIMX JUXaHbY», BTPATH Bil «BEIMKHUX JTUXaHbY, y3arajlbHEHHS, CHCTEMATH3AIIis,
(dopmaiizaiis, HOpMaTHBHA 0a3a.

OOHUM U3 OCHOBHBIX UCMOYHUKOG eCHIeCMEEHHOU YObLiu HedhmenpoOyKmos AGNAIOMCs UX nomepu om ucnape-
Hus u3 pesepgyapos npu "6oaviuux u Mavix ovixanusx ",

Lenvro pabomul sieisemes 0600ueHUe MemMo008 U NOOX0008 K PEULCHUIO CIONCHOU 3A0a4u NPOSHO3UPOBAHUS U
COKpawerust 8b10POCO8 Yene8000P0008 8 Pe3epsyapHblX NAPKAX CKIA008 He@mu u HedmenpooyKmos, a maxice
onpeodesienue HanpasieHull COBePULEHCMBOBANUSL CYUECMEYIOUUX MEMOOUK PACUEmO8.

Hocmuoicenue smotl yenu npedycmampueaem pewienue ciedyiouell 3a0adi: 8visisums (Qaxkmopwl, eiusouue
Ha pewaemyio 8 pabome HAYHHYI0 npooaemy, U 000CHOBAMb MEMOOUHECKYIO 0a3y Ucciedo8anull. Jis 00CmuxiceHus
MOl Yeau NPUMEHSLIUCL Cledyloujile Memoobl UCCIeO08ANHUSL: CUCTEMHBII AHATU3, CUCMEMAMOA02Usl, QopmManu3a-
Yusi.

3naxomcmeo ¢ HopmamuHvLIMU OOKYMEHMAMU YKA3bIBACTN HA HECOBEPUIEHCIBO OMEHeCmEEHHON HOPMATNUE-
HOU ba3zvl, peciameHmupyrowel NOPsiOoK U MemoOuKy OnpedeieHus. nNomeps Hemu u HemenpooyKmoe om ucna-
PeHUs npU XpaneHuu Ha 00beKmax Hegme2azo08020 KOMNIEKCA.

Ha ocnosanuu npoeedennozo 0emanbho2o anaiusa Cywecmsyiomux Memooux  HOpMamueHoU OOKYMEeHmayu
no npobdiemam onpeoeieHuss NHomepb Heghmu u HemenpooyKmos NPpu XpaHeHuu 8 pe3epsyapax MoA’CHO NPedaazams
ahpexmusnvie HanpasieHus peuenHus aKmyaibHbIX Npobaem IHePLemuecKol Ompaciu, MpaHCROPMHO20 CEeKMO-
pa, npeonpusmuil HepmenpooyKmoobecneueHus Ha PasHbix IMANAax U ypoeHsX pacCMOMpPeHUsl, d MAaKaice peutanms
680NPOCHl NOBbIUUEHUSL IPDEKMUBHOCTIU MEXHOIO2UU UCHOB308ANHUSL THONIUBHO-IHEPSEMUUECKUX PECYPCO8, ONMuU-
MUBAYUY 83AUMOOCLICIBUSL PA3TUYHBIX YYACMKO8 U 36€HbE8 CUCTNEMbL He(hmenpooyKmoodecneyenus.

KitroueBrie citoBa: MOTEPU OT «MAJIbIX IBIXaHHI», TOTEPH OT «OOJBIIUX JBIXaHH», 0000IIEeHEe, CHCTEMATH-
3anust, (hopManu3aliys, HopMaTHBHAs Oasa .

One of the main sources of natural damage of petroleum products is losses of the products caused by their
evaporation from storage tanks during working and standing losses.

The existing methods and approaches for solving tasks in order to predict and reduce hydrocarbons emissions
of oil and other petroleum products in the oil reservoir parks have been generalized and the current calculation
methods of improvement have been determined as well. To reach the assigned goal the following research methods
were used: systems analysis, systematology, formalization.

Getting acquainted with regulatory documents points out the imperfection of the domestic regulatory base that
regulates the order and methods of determining oil and petroleum products losses caused by evaporation during
their storage in the oil and gas complex facilities.

Based on the detailed analysis of the existing methods and regulatory documents related to the issues for de-
termining the evaporation losses of petroleum products during their storage in aboveground tanks, the effective di-
rections for solving the above mentioned issues of power engineering branch, transportation sector, petroleum
companies on various stages and levels of consideration can be proposed and also the issues for improving the effi-
ciency of the energy resources usage and optimizing the interactions between different branches of petroleum sys-
tems can be solved.

Key words: standing loss, working loss, generalization, systematology, formalization, regulatory base.
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AKTyalbHiCTh TeMH. B ymMoBax cBiTOBOI Ta
CHEepreTUYHOl KPU3U y CBITI Ta OOMEXKEHOCT1 3a-
OcsrieueHHsT YKpalHM €HEProHOCISAMH HaiOuIbII
rOCTPO TOCTae MpodiieMa pallioHaIbHOIO BUKOPH-
CTaHHsl TaJIMBHO-eHEpPTreTHUHUX pecypcis. [linpu-
HICHHST e()eKTHBHOCTI BUKOPUCTAHHS €HEProHOCIiB
— 1Ie ONIUH i3 TPIOPUTETHUX HANPSMKIB PO3BUTKY
HAYKU ChOTOJICHHS.

IcHyroumit cran epeKTHBHOCTI BUKOPUCTAHHS
MAJIMBHO-CHEPIEeTUYHHUX pecypciB B YKpaiHi MOX-
HAa BH3HAYMTH SK TaKWi, 1[0 HE BIANOBIIA€E cydac-
HUM BUMoraM. OJHI€r0 3 MPUYHH TaKOTO CTaHY €
BTpaTH HaQTONpoAyKTiB. OCHOBHUMH NPUYMHAMH
BTPAT € MOPAJIbHO Ta TEXHIYHO 3aCTapLll TEXHOJIO-
rii # oOmajgHaHHs, MO BUKOPUCTOBYETHCS [
TpPaHCIOPTYBaHHs, 30epiraHHs Ta po3noAiny Had-
TH 1 HaTONPOIYKTIB, a TAKOXK HepallioOHANbHA X
eKCILTyaTarllisl.

Bunapu nHadTOnponykriB mpu ix 30epiraHHi
CTaHOBIISITh OCHOBHY 4YacTKy BTpar. CBITOBI cTa-
TUCTHYHI JiaHl CBiq4aTh, 110 BTpaTH HadTH 1 Had-
TOMPOAYKTIB Biji BHIIAPOBYBAHHS KOJNHUBAIOTHCS Y
Mexkax 0,5-1,7% Bix 3arajbHOro 00CATY mepepoo-
JIIOBAHOI CUPOBHHH, TOJI SIK Ha YKpaiHi BOHH 3Ha-
YHO OUIBIII 1 CTAaHOBIATH 3-7% [2, 3, 25].

Bimomi TexHOMOril 3MEHIIIEHHsT BTPAT BiJ BU-
MapoBYBaHHs HE 3HAWNUIM UIMPOKOTO BIIPOBa-
JOKEHHS 31COLIBIIOr0 4Yepe3 Taki OCHOBHI MPHUYH-
HU: Tpaz[HuiI‘/'IHe CIIOKUBAIBKE BIJIHOIIEHHA 110 Ha-
(i ¥ npoaykTiB ii mepepoOKu JMIIe SK JUKEpEn
SHeprii; BiICYTHICTh KOMIUIEKCHOTO MiJXOMy TiJ
yac BHOOpPY ONTUMAILHOTO METOJY 3amo0iraHHs
BTpaTaM; BiJICYyTHICTh Ha MiANPHEMCTBaX HaTO-
MPOIYKTO3a0€3MEeUCHHS YITKOTO YSBICHHS 3araib-
HOJICP’KABHOTO 3HAYCHHS IPOOJIEMH E€KOHOMIi Ta
e eKTUBHOTO BUKOPUCTAHHS CHEPrOHOCIiB, 3aXuc-
Ty HaBKOJMIIHBOTO CEPEIOBHINA BiJ IIKIJIMBOIO
BILJIMBY BYTJICBOJIHIB.

VY ockoHalleHHS TPOIecy TpUBAIOro 30epi-
raHHs HaQTOMPOMYKTIB — OJHE 3 HaNHBaXJIMBIIIMX
3aBJaHb, IO TOCTalOTh mepen (axiBIIMH, IO
MPOEKTYIOTh Ta EKCIUTYaTyloTh CKJIaIu Ha(Tu Ta
HadronpoaykTiB. OAHUM 3 HAWOUIBII BaXKIMBHX
HOro acIeKTiB € BUBUCHHS Ta JOCIIIKEHHS MPOoILie-
CYy BHIIapOBYBaHHS BYIJICBOJHEBHX DiJJMH Ta PO3-
POOJISIHHS 3aXOiB, CIPSIMOBaHMX Ha HOro 3MeEH-
menHs. HaykoBo Ta €KOHOMIYHO OOIPYHTOBaHE
BUKOPHCTaHHs Pi3HUX METOAIB 1 3aC00iB 6OpOTHOH
i3 BTpatamMu HadTH i HAQTONPOLYKTIB MOXKE PI3KO
3MEHIIMTH (haKTHYHI BTPAaTH Bill BUIIAPOBYBAHHS,
30epertTi BENUKY KUTbKICTh HaTONMPOAYKTIB, 3a-
XUCTUTH HABKOJIMIIHE CEPEIOBHIIE BiJl IIKITHBO-
TO BIUIMBY BYIJIEBOJHIB. B yMOoBax pWHKOBOI €ko-
HOMIKHM JI0 BHOOpPY 3acO0iB 3MEHILNCHHS BUKHUJIIB
BYIJICBOJTHEBUX HAPTOXIMIYHUX TPOJYKTIB HE00-
X1THO MiIXOAWUTH 3 YpaxyBaHHSIM HE TUTbKHU TTO3U-
TUBHOTO e(ekTy (y JaHOMY BUMAAKY 3MEHIICHHS
BUKH/IIB BYTJIEBOJHIB y aTMocdepy), ajie i BapToc-
Ti BHTOTOBJCHHS (TpUAOaHHS) Ta eKcIuryartarii
naHoro 3aco0y [2, 3, 25].

12 uepBus 2002 poky IIpesunentom Yipainu
Oyno nianucano Posmopsymxerns Ne 88/2002 mpo
HEOOXITHICTh YIPOBaKEHHS Ha 00'ekTax HagTO-
ra3oBoro Komiuiekcy, nounHaroun 3 2004 poky,
TEXHOJIOT1H YJIOBJIIOBaHHS ¥ yTWIi3allil mapiB BYrT-
JICBOIHIB. Y 3B'A3Ky 3 IIMM, Ha 00'ekTax HadTora-

30BOTO KOMIUIEKCY MOBUHHI OyTH po3poOieHi Ta
BIIPOBA/DKCHI CIIOCOOM YJIOBIIIOBAHHSI Ta yTHII3ALL
napie  HaTONPOIAYKTIB, CTBOPEHI KOHCTPYKUii
CXOBHII, OONaJHAHHS Ta amapaTypH, SKi 3HHKY-
I0Th BUAUICHHS 3a0pyJHIOBAILHUX PEYOBUH JIO
HaBKOJIUIITHLOTO cepemopuma [10].

Le morpebye po3pOOKM Ta yAOCKOHAIEHHS
TEXHOJOTIYHUX OCHOB, HpI/IHHI/IHIB Moz[eneﬁ i
KOHIICTIIif eHeproomaaHoCTi, OCKUIbKH ICHYIOUI
pO3pOOKHM HE MaloTh 3arallbHOr0 TEOPETUYHOTO
MiATPYHTSL.

[TuTaHHSME BTpAT MajMB BiJ| BUIIAPOBYBaHHS
pe3epBYapHOro MapKy 3aliMajucs Taki BYEHI, SIK
O. C. IpucoB, M. M. Koncrantunos, O. ®. Ady-
30Ba, B. ®. HoBocroroB, 1. C. bponmreii,
I1. T. TyrynoB, C. C. Xa6ibynin, A. A. Kopmak,
A. M. lllammazor, B. I. Yepnikin, B. C. fIxoines,
JI. C. Jleiibenson, . I1. Bynapos, A. C. KonecHu-
koB, C. B. Boiiuenko, O. A. Crnaceka, B. II. Jlica-
¢in Ta Gararo iHmmx [1, 4-6, 8-9, 11-16, 20-21,
24-29]. Humu Oyno po3poOieHo psj METOAUK Ta
MaTeMaTHYHUX MOJICIICH OI[iHIOBaHHS BTpaT Had-
TOIPOAYKTIB.

Takum unHOM, PO3p0oOKa HAYKOBHX OCHOB pa-
MIOHAIBHOTO T4 €KOHOMHOTO BUKOPUCTAHHS Had-
TONPOAYKTIB Yy TIpollecax TPaHCIOPTYBaHHS Ta
30epiraHHsi € Ha CBOTOJIHI  aKTyaJbHUMH.
Po3B’s3aHHs 11i€] TPOOIEMH CIIPUSTUME CTBOPECH-
HIO HEOOXITHUX 1 JOCTATHIX YMOB JJis IiJBHUIICH-
Hs1 epEeKTHBHOCTI BUKOPUCTAHHSI MOTOPHHX TAJIUB,
(YHKIIOHYBaHHS TPaHCIIOPTY, MIANPHUEMCTB Had-
TOIMPOAYKT03a0E3IEUECHHSI Ta CHEPTeTHYHOI ray3i
B [IJIOMY, & TAKOXX 3HMKCHHS TEXHOT€HHOTO BILIU-
BY Ha JIOBKIJUIAL.

Mera i 3apaui gocaizkenn. Merowo poboru €
y3arajbHCHHs MCTOAIB Ta MiAXOIB 10 BUPILICHHS
CKJIQ[HOI 3a1a4i MPOrHO3YBaHHS 1 CKOPOYEHHs
BUKHJIB BYIJICBOJHIB B pE3EPBYapHHUX MapKax
ckiajiB HapTH 1 HAQTOMPOAYKTIB, & TAKOXK BU3HA-
YeHHSI HANPSMKIB yIOCKOHAJICHHS iCHYIOUMX Me-
TOJIMK PO3PaxXyHKIB.

JloCATHEHHS 1i€i MeTH nependadae BUSB YMH-
HUKIB, SIKi BIUIMBAaIOTh HA PO3B’s3yBaHy B pOOOTi
HAyKOBY TIpo0ieMy Ta OOIPYHTYBATH METOAMYHY
0a3y J0CHIIKCHb.

OO0’eKT A0CTITKEHHSI — BUIIAPOBYBAHICTH 1
BTpATH y mporecax 30epiranHs i TpaHCIIOPTyBaH-
Hs1 HAQTOMPOAYKTIB.

IIpenmeT gocaigKeHHs — CCTEMa TEXHIYHO-
T0 Ta HayKOBO-METOIUYHOrO 3abe3leueHHs eHep-
TOOIIAJHOCTI y Ipoliecax 30epiraHHs W TpaHCIIOp-
TyBaHHS MOTOPHUX ITaJIUB.

MeToau A0CTiTKEHHS: CHCTEMHOTO aHaTi3Yy,
CHUCTEMATOJIOrI1, (hopMaltizaiii.

Ha cboroaHiiHii aeHb iCHY€E psiJi TEOPIi OIli-
HIOBAaHHsL BTPaT Ha(TONPOMYKTIB, NPOTE Cepen
HUX HEOOXINHO BUALMTH 6a3oBy abo enemeHTap-
HY TCOpII0 OIIIHIOBaHHS BTpaT, 3a KO BIIEpIIC
Oy/i OTpHMaHI HAyKOBO OOIPYHTOBaHI BEIMYHMHHU
BTPAT Bijl BUIIAPOBYBAHb.

Enementapua Teopis BTpaT HaTONPOLYKTIB
Bil BMIIAPOBYBaHHA 0a3yeTbCs Ha [OCIIIDKEHHIX
I1. B. Bansscekoro i B. 1. UepHnikina [6, 27].
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3 MeTOI OJepiKaHHSI MPOCTHX PO3PaAXyHKO-
BUX piBHAHb B. I. UepHikiH BBIB HacTyIHI CIpo-
HICHHS: pe3epByapH aOCONOTHO TepMETHYHI,
BTPATH Bijl BEHTWIIALIIT T'a30BOT0 MPOCTOPY BiACYT-
Hi; HACHYEHHS Ta30BOTO MPOCTOPY pe3epByapa ma-
paMu  HadTOMPOAYKTY BiAOYBA€THCA MHUTTEBO;
KOHIICHTpAIisl MapiB HAPTOMPOJAYKTY y BCIX TOY-
kax rasosoro npocropy (I'Tl) ognakosa; ra3onosi-
TPsAHA CYMIlll MiINOPSAKOBYETHCS 3aKOHAM i/1€alTb-
HUX Ta31B.

B. 1. Uepnikinum Oyna onmepkaHa (opmyia,
Ky 9aCTO Ha3MBalOTh OCHOBHUM PIBHSHHSM BTpPaT
BiJl BUTIAPOBYBAHHS

1- 1-
ZLI — p: ( Cl) ]ﬂ _ pa ( CZ) 1)2 c ._ff_’ (1)
T T, l-¢ R,
e V1 iV, —o6‘emu I'Tl pesepByapa 10 nmoyaTky

Ta B KiHLIi [IPOLIECY BUITAPOBYBAHHS;

¢, 1 ¢, —00‘eMHI KOHILIEHTpallil napiB HadTO-
npoaykry B I'TI;

¢ — cepenHs KOHIEHTpallis mapiB HadTOmpo-
AYKTY;

1, 1 T, —abcomotHi Temmneparypu ['TI;

P, 1 P, —abcomortHi THcku y I'T];

[ — MOJIEKyIIsipHa Maca napiB HaQTOMPOayK-
Ty;

R, = 8314 JIx/(xr-K) — yHiBepcanbpHa rasona
crana.

Cepennst KOHUEHTpALs MapiB HAPTONPOLYK-
Ty Y Ta30BOMY MPOCTOP1 pe3epByapa BU3HAUAETHCS
SIK

¢ +C2
— . )

MonekyisipHa Maca mapiB OCH3UHY MOXKe Oy-

TH BH3HAUYCHA 3a eMITIPHYHOI0 (popMyJsior0 BoiHora
[9]

u=60+03-7, +0,001-7, 3)

ne ¢, — TeMmIepaTrypa Mo4aTKy KHUIiHHS OCH3MHY

(ue menme 35°C).
Hnst HadTH MOoke OyTH 3acTtocoBaHa (opmy-
J1a, sika HaBeJieHa B [26]

,u=50+800000, @)

520
ne P, — OPYKHICTb mapiB HadTH HpH 20°C.
MoJiekysIsipHy Macy iHOJI OB SI3YIOTh 3 TE€M-
[epaTypor0 MOYaTKy KHITIHHS MPOAYKTY HACTYII-
HOIO 3aJICKHICTIO

1 =0,0043- (212+¢, ). (5)
Tucky HacHYEHHUX MapiB MOXKYTb OyTH BHU3HA-
YeHi 3a JIOIOMOTOI0 TeMITEpaTYpPHUX KPUBHX abo

3a emmipuuHoro (Gopmynoro I1.A. Pubakoa (as

aBTOOCH3UHIB)
1430

4,
Py =Pgyg 10 7, (6)
ne P. — OPYXHICTb MapiB OCH3MHY 32 METOJIOM
Peiina.
Jnst BU3HAYEHHS THCKY HACHYCHUX TMapiB
Ha@T 3aIIPONIOHOBAHO PsiJl EMITIPHYHUX (HOPMYIT

P,, =56519-exp[-0,026(t,. —1)]. (7)

s 3py4HOCTI aHaji3y aOCONIOTHI TUCKH Yy
I'TI pe3epByapa MOXHa 3aNIMCATU TAKUM YNHOM

P=P —P,; ®
P=P +P

KT >

ne P, — HaJUIMIIKOBMM THCK, IIPH SIKOMY CIIpa-

ILOBYE MEXaHIYHUH MXaJIbHUN KJIalaH pe3epByapa;
P, — BakyyM, IIpH SKOMY CIpallbOBY€ Kila-

I1aH.

Toxi
MZ{VI( Tcl)(P - Pxp) -
|
(I-cp) )
—C
-V TZ(P PKT)} :*

Hocnimkenns pisnsuas (9) nospoise oiep-
KATH npocTi GOopMynIH 3aNEKHO Bil BHIY “IH-
XaHb pe3epByapa i BUSBUTH YMOBH, 32 SIKUX BTpa-
TU Bl BUNIAPOBYBAHHS MOXYTh OyTH JIiKBiZOBaHi
MOBHICTIO 200 YaCTKOBO.

VY Bumaaky “BENMKHX TUXaHb~, BPAXOBYIOUH,
110 TIPOLEC 3aKadyBaHHs HAQTOMPOLYKTY € KOPOT-
KO4aCHUM (y MOPIBHSHHI 3 TEPMIHOM 30epiranms),
NpUAMAalOTh, IO THUCK, TEMIIEpaTypa, a OTKe 1
KOHIIEHTpAIList Ha(bTonpoz[yKTy y I'Tl, € He3miHHU-
MU TPOTATOM YCHhOT'O TIPOIIECY.

Otxe piBastHHSA (7) HaGyne TaKOTo BUTJISAY

=V, -V,)—— 10

=( ) p R (10)

Taxum YMHOM, BTPATH Ha()TOMPOIYKTIB Bix

“BEIMKMX JUXaHbh’ B OCHOBHOMY 3aJeXaTh Bij

00’eMy Ha(TONPOAYKTY, L0 3aKa4yEThCS B pe3ep-

Byap, a TaKOX BiJ TapaMeTPiB Ta30MOBITPSHOI Cy-
Millli 1 BIACTHBOCTEH HA()TONMPOIYKTY.

VY HazeMHUX pe3epByapax BTpaTd BiJl “‘MajHx
JMXaHb” BiIOYBAaIOThCS B OCHOBHOMY 3a PaxyHOK
KonuBaHb Temnepatypu I'TI 3a ymoB #oro craisoro
00’emy, TOMY piBHSIHHS (7) MOXe OyTH 3alHCaHO y
BUTJIAII

c)P

M=V (1_ - _02)1)2 ¢ (11)
T T, l—cR

SIKIIO 3HEXTYBATU KONMBAaHHAMH TUCKY Yy I'TI,
T0 (hopmyma (11) 1mie cripocTUThCS

MzV.P{a—cl)_(l—c»} ¢ u

12
T, I-c R (12)

2

Brpatu Bin “3BOPOTHOrO BUAMXY” MOXKIJIHBI
MICIIsl YaCTKOBOTO BifIKauyBaHHS Ha(TONPOIYKTIB
3 EMHOCTI, KOJH il Ta30BUH MPOCTip HE HACHYCHUH
napaMu. BHacIiziok BUNIapOBYBaHHS HA(TOMPOAY-
KTy BiIOyBa€ThCs A0JaTKOBE HACUYCHHS I'a30BOTO
MPOCTOPY 1 30UIBIIEHHS THUCKY B €MHOCTI. [Ipu
BIIKPUTTI JUXaJbHOTO KJalaHa BHUTICHIETHCS
00’€M TapOMNOBITPSAHOT CyMillli, SIKHI TOPIBHIOE
00’eMy HaQTOMPOIYKTY, 110 BUTIAPYBABCH.

Brpatu Bin “3BopoTHOro BHAMXY  BH3HAUa-
10Tbesl 3a hopmyiioro (10), sika BpaxoBye pPi3HHIIO
MK KOHIIEHTpAIi€l0 mapiB HaGTOmpoaykTy y ra-
30BOMY TIPOCTOPi i KOHueHTpame}o napis Ha(bTo-
MPONYKTY TPU Temreparypi ioro moBepxHi 7,

. n ’
Tomi

1
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Tabaunus 1 — KpurepianbHi piBHsIHHA MacoBingayi npu onepaniax 3 6eH3MHAMH

Tun TexHoNIoriuHOI onepariii Bun piBHsiHHS [T pe3epByapiB tuny PBC
36epiraHH;[ Kt\'p = 0’0028 ,Aﬂ0s493 . SCO,415
3akauyBaHHs Kt =Kt [1 +0,79- 5S¢ . A - (Fr - Re)°’°87]
BinkauyBaHHs KtXp = Ktxp [1 +0,019-S¢ ™% . Re‘j/;“”]
M=V d _CB)Pl _ d —CE)P2 ¢ . (13) e 6PF s 6V s 6G”’7C 5 6R”"C , 6Tr — MIBUJKICTh
T T l1=c R or Ot or or or

1 2

Sk Gaunmo, Oe33amepevHor0 MepeBaror Teo-
pii B. 1. Uepnikina € Te, mo BoHa 0a3zyeTbcs Ha
3arajibHO BIIOMHMX 3aKOHAX, AO3BOJSE 3poOHTH
C/ICMEHTAapHUH aHajli3 BTPAT HaQTONPOAYKTIB i3
pe3epByapiB, IIPOTE OCHOBHUM HEJOIIKOM L€l Te-
Opii € Te, WO Tra3oNOBiTPsAHA CyMill B €MHOCTI
BB2)XKAETECS [OBHICTIO HACHYCHOIO NapaMH pily-
HU, W0 HE 3aBXIM BimnoBijae aificHocti. Kpim
TOr'0, HEBIZJOMO, SIK Y MPaKTHYHUX PO3paxyHKax
BHU3HAYATH TEMIIEPATypH MOBITPS, ra30BOTO MPOC-
TOpY pe3epByapa, IMOBEPXHEBUX IIapiB HadTOMmpo-
IYKTY Ta piIuHH.

CrnpoGamyl YHHKHYTH BHIUCBKA3aHUX HEOi-
KiB € Teopii, HaBeneHi B podorax M. M. KoHcran-
tuHOBa, . @. AGy30Boi, 1. C. Bponmreiina,
A A KopmaKa [1,4,9,11-13].

PosrisiHeMO MeETOIMKY pPO3paxyHKy BTpaT
HaTONPONMYKTIB, 3ampornoHoBaHy A. A. Kopma-
koM [11-13].

Brpatu HadTONPOAYKTIB Bill BHIIApOBYBaHHS
OIUCYIOTHCS HACTYITHOO 3aJISKHICTIO

7l
G:IP'C'QHHC -dt,
2
ne  p,¢, Qe — MHUTTEBI 3HAYEHHS TYCTHHH 1
KOHIIEHTpaIil Ha(TOMPOAYKTY, & TAaKOXK BUTPATH
naponositpsHoi cymimn (IIIIC), mo BUTICHAETHCS
13 pe3epByapa;
7,,7, — MOMEHTH MOYATKYy 1 3aKiHYEHHS ‘‘BU-
Xy’ .
PosrisiHeMo neranbHillle METOAUKY PO3paxy-
HKY BTpAaT Bi “BETMKUX JTUXaHb .
21}15{ BU3HAYEHHS BENUYUHU Q.. CKOpHCTa-
emocs piBHsHHsAM ctany [TI1C B nqudepeHmianbHii
dopmi

(14)

0 0
_(PF'VF):_(GHHC'RHHC'Tr)’ (15)
ot or

ne P.,T, —tuckiTtemmneparypa [Tl 06’emom V. ;
G R — Maca 1 rasosa craja I1TIC.

'[717C’ maic
PiBustaas (15) moxke OyTH MNpencTaBieHE y
BUTIJISAAL

oP oV
L %r, L. 2%r, (16)

P]“ ot V]“ ot
| 0Gppc, 1 ORpggc, 1 T
G1717C ot RHHC ot TF ot ’

3MiHU BIIMOBITHUX MTapaMeTpiB B MOMEHT 4acy 7 .

Jng MonentoBaHHS TpOLECy ‘‘BETHUKUX -
XaHb’ aBTOpaMU MpHUHMAIHCS TNPUITYIIEHHS, Ha
OCHOBI SIKMX OyJa OTpHMaHa pPO3paxyHKOBa MO-
Jeb

oP,

6V
ot ot
oG

#m:‘lpr_pnnc'anC’

=_Q3a - :
6R

ric

~0,(17)

J,-F,
Qe =0y +—+, (18)
maric

ne (O, — NPOLyKTUBHICTh 3aKauyBaHHsA HadTo-
HIPOAYKTY;

J, — I'yCTHHA NOTOKY MacH Ha(TONPOIYKTY,
10 BHMIAPOBYETHCS;

F, — nnoma “m3epkana” HaQTONPOAYKTY B

pe3epByapi;

P — Tyctuna IITIC, mo BUTICHSETBCS B
aTtMocdepy.

[IpoananizyBaBimm 3anexHicts (18), Heckia-
nHo BusBuTH: BUTpata [IIIC, 1m0 BUTICHSETHCSI B
aTMocepy, CKIIaaeThCsl 3 BUTPATH 3aKaUyBaHHSA 1
BUTpATH, 110 00YMOBJICHa BUIAPOBYBAHHSAM Had-
TONPOAYKTY. barato pokiB 1el (akT He BpaxoBy-
BaBCs.

A. A. KopiiakoM 0yJ10 3alpoIiOHOBAHO KOPH-
CTYBAaTHUCS KPHUTEPiadbHUMH DIiBHSHHIMH, SIKI Ha-
BezeHi B Tabmuii 1 [11].

B Ttabmumi 3actocoBaHi Taki IMMO3HAYCHHS:
Kt — xputepiii mOmiOHOCTi, IO XapaKTepH3ye
JMHAMIKy BUIIAPOBYBaHHS HAQTONPONYKTY; Sc —
gyrcio Llmiara; Fr-Re — KOMIUIEKCHUN KpUTepii
MoJiOHOCTI, M0 XapaKTepu3ye AWHAMIKY MepeMi-
HIyBaHHS HAQTONPOMYKTY MPH 3allOBHEHHI pe3ep-
Byapa; Re,, — 4mucio PertHonb/ca, 10 XapakTepu-

3y€ ITUHAMIKy OMHBaHHS TIOBEpXHi Ha(TOMPOIYK-
Ty MOBITPSM, 110 Hiz[KaqyeTbc;I MIPH BUIIOPOXKHEH-
Hi pesepByapy; Fo — aucno ®yp’e, 1o Bpaxosye
IIBUAKICTH TIepeMillieHHs MoJieKya napis y I'T1
BenuunHy mepeniueHUX KPUTEPIiB  (Yrcen)
OOYUCITIOIOTHCS 32 HACTYITHUMH (popMynaMu

v

2
Kt = J - Ve " M e - Ty (19)
P e g My : TP
| D
Se=—me (20)
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2
Fr-Re=—2— (21)
gUp
u-d,
Recp =0,788 LNy, (22)
UﬂﬂC
D -t
Fo = H"’z R (23)

e Puuc> M, — BIANOBIIHO T'yCTHHA 1 MOJAp-
Ha maca I1I1IC;
M, — monsapHa Maca napiB OCH3HHY;

T,, T, — teMneparypa BiANOBITHO MOBITPA 1

OcH3UHY;
g — IPUCKOPEHHS BUIBHOTO Ta liHHS;
U,, L — KiHeMaTHW4YHa B’A3KICTh BiIOBIJ-

P> nrc

Ho Oensuny Ta [I1C;

@, — XapaKTepHa MIBUJKICTb MEPEMillyBaHHS
OcH3MHY B pe3epByapi;

U — MIBHUJKICTh BEPTUKAIBHOI CTPYMEHI TIOBi-
Tpsl, SIKE MiIKA9y€EThCS;

d, — niameTp Koa, 110 eKBiBaJICHTHUH IO
MOBEPXHI PiIMHY, 10 OMUBAETHCS CTPYMEHEM I10-
BITpS, 1110 MiIKAYYETHCS B pe3epBYyap;

N, — KUIBKICTh UXAJIbHUX KJIANaHiB;

D, — xoedimienT MonexyasapHoi xudysii;

T — TPHUBAJICTH OMEpaIlii;

H,, — BUCOTa ra30BOro MpocTopy B pe3epBy-
api.

BukopuctoBytour KpuTepianbHi pIBHSIHHS,
10 HaBeJEeHI B TaOmIl 1, MOXKHA ITOKA3aTH, 110

b2 b
Ty

pe Jy; — I'yCTHHA IOTOKY Ha()TONPOAYKTY, IO
BUIIAPOBYETHCS MPH 30epiranHi;

by, b,, b, — pospaxyHnkoBi koedilieHTH, 1110
He 3aJIeXaTh Bij yacy Juis pesepByapiB tuny PBC,
1110 BU3HAYAKOTHCS HACTYITHUM YHHOM

24)

W0,261
by =0,79- Scg™ - Az * 70— (25)
(g-vp)”
Fp-H
by=1+—L""0 " b =0261, (26)
Q3 79
Ae W, — IBMIKICTh 3aKauyBaHHS HaTONPOAY-
KTY B pe3epByap;

H, — noyaTkoBHii piBeHb 3aIIOBHEHHs pe3ep-
Byapa;
T, — ONMHULA Yacy, 7o =1200
I'yctuna mapiB HaQTONPOAYKTY NpH “‘BENU-
KOMY BHNXY  piBHA
P, M,

y s

. 27)
R-T.

ne P

2
“BUaMX”;

M, — mMonekynspHa Maca napis HaTOMpOy-

— tuck B I'Tl, npu siIKOMy NOYHMHAETHCS

KTY;

R —  yHiBepcaibHa
- ic
R=8314—%
Kkmons - K
Byno orpumano ¢opmyny misi BU3HaYCHHS
BTpaTH MpH “BENUKHUX JUXAHHIX

G =py -Co '{(Qs’ +0p Nr2 —71)+  (28)

1-b, 1-b,
+—b0'Q17'T0 (b1+T—ZJ —(b1+T—IJ )

1- bz TO TO

ra3oBa cTaja,

ne Q. — nopmatkosa sutpara IIIIC 3a paxyHox
mapiB, 1[0 BUHUKAIOTH IIiJ1 Yac 3aKadyBaHHS.

3 J0oCTaTHBOIO JJS IH)KEHEPHUX PO3pPaxyHKiB
TOYHICTIO MOJKHA TpuiHsTH, o 7, =0 i 7, =T,
— TPUBAJIICTh 3aKaUyBaHHS.

Kopmak A.A. mpuBonuts B [11] meromuky
PO3paxyHKy BTPAT Bif “MajuXx AUXaHb .

3a HECKIHUEHHO MajHii NPOMDKOK 4acy dT
BTpaTH BiJ “‘MajuX AUXaHb" dG,,, cxianaTh

dG,, = Py € AV e - (29)
3 pIBHSIHHS CTaHy rasy
PFZ
P,y = , (30)
R T,
> €2))
c= .
PFZ
Maca noBiTpsi B Ta30BOMY IIPOCTOPI1 piBHA
(P-P)V,
nos o (32’)
Rnos : TF

ne P., T,
pocTOpi pe3epByapa 06’emom V. ;

P, — mapuiajgbHUi THCK BYTJICBOJHIB y ra3o-
BOMY IIpOCTOPI;

R, —Tra3oBa cTaja HOBITps.

Brpatu Bim “manmux auxaHb’ BHU3HAYAIOTHCS
3a opmyIior

Vi 1
GMﬂ =R—
Y

— THCK 1 TeMIepaTtypa B ra30BOMY

Pry-P,
Prz[l—lnMJ—P _

max
I'max I'max

1 Pri =Py
min
- Pry l—lnT— — Poin 1¢- (33)

I'min r

Takum gnaOM, A. A. Koprmaky Boanocs BBec-
TH 0e3pO3MIpHHUI KpHUTEpil MOMIOHOCTI, SKHH Xa-
pakTepu3ye IHTEHCHBHICTh BHUITAPOBYBAHHS Pijv-
HH, Ta PO3IIISHYTH BTPATy HAQTONPORYKTY i3 ypa-
XYBaHHSIM BEIHYMHU TIOBHOT'O TIOTOKY MacH pilu-
HYM, wo Bunaposyetbes [11-13]. Heobximuo 3a-
YBXKHUTH, IO ISl TEOPis CTOCYETHCS OIIHIOBAHHS
BEJIIMYMHU BTpAT y Tpoliecax 30epiraHHsi aBTOOEH-
3HHIB.
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H. H. Koncrauturos B [9] nporonye jero
HIITy METOIUKY pO3paxyHKy BTpaT BiJl BUIIAPOBY-
BaHHA, gKa € HpaKTI/I‘IHIH_[O}O.

Brpatu Binm BuUmapoByBaHHS TIPH “‘BENHKHX

IMXaHHAX 3HAXONATHhCS 32 HACTYIHOK (GopMmy-
JIOI0
Gor =y | Fr2 =Pt By1 = By
BT =|VH ¥V
Pry =Py
Pr Prp—Pp

; (34)
R T Pr-P,

ne V, —o00’eM 3akauyBaHOTO HA(QTOIMPOIYKTY;

P.,, P., — napuiajpHi THCKH TapiB HadTO-
MPOAYKTY Ha MoYaTKy 1 HAMPHUKIHIII MpoIecy 3aKa-
qyBaHHS.

IMpodecop H. H. Koncrantunos npencrasiisie
HaCTyHHi (bopMme JUIE PO3paxyHKy BTpaT BiJ

“Manmmx z[HxaHL " [9]:

- CEpEAHIA BMICT BYTJIEBOIHIB B 1 M’ [aporo-

BITPSIHOT CyMilIi

p min
R, (T,

plﬂaX
+ TFmax )
- 06’em [1I1C, mo BuTicHsE€THCS B aTMOCchepy

PFI B pmin . TFlnax
- pmax TFlnin

Sk 6aunmo, aBTOp B SIKOCTI MAPLIAIBHOIO TH-
CKy 1 TEMIEPATyPH BHKOPUCTOBYE ixHi cepenHi
3HaYeHHS 3a MepioJ] “BUINXY .

BignosinHo, ¢opmyna KoucrantuHOBa Mae
BUTJISI

8y = (35)

I'min

Vnnc =V In

(36)

PFI B pmin . TFlnax

P 2 pmax TFlnin

[ocninoBuukun M. M. KoHcTaHTHHOBa pPO3-
BHUHYJIH HOTO TEOpito, IPH [[bOMY OLIBIIICTh METO-
MK MaloTh TMPUKIAJHAN XapakTep 1 iX 3acrocy-
BaHHS Ma€ psiji OOMEXKEHb.

Ha Bennuuny BTpaT HadTH Ta HadTOMPOMYK-
TiB BiJI BUNIAPOBYBaHHsI MPU TEXHOJOTIYHUX OIle-
palisx CyTTEBHWH BIUIMB YWHHUTH TEMIEpaTypHUI
PEXUM pe3epByapiB.

CnaOKUM MICIIEM BCIX BHIIE MEPEIIYeHUX Te-
Opiif € HEMOYKJIMBICTh TOYHO OIKCATH TEMIIEPATY-
pHHII pexuM pesepByapa. [ligx TemmneparypHUM
PEKUMOM PO3YMIIOTh 3MIHY TeMIIEpaTyp PIAMHH,
MOBEPXHEBHX MIapiB HA(TH, Ta30BOr0 MPOCTOPY
3aJIOKHO BiJl IHTEHCHMBHOCTI COHSYHOI pajiallii,
KOHCTPYKTHBHHX OCOOJHMBOCTEH pe3epByapa, Biia-
CTHBOCTEH MPOAYKTY Ta iH.

TemneparypHuid pexuM Ha3eMHHUX CTalleBUX
pe3epByapiB 3aJSKUTh BiJl METCOPOJIOTTYHUX YMOB
— TeMIepaTypHUX KOJNWBaHb HABKOJIWIIHBOTO Ce-
peloBHINa 1 il COHSIYHHMX MPOMEHIB, a TAaKOXK Bil
KOHCTPYKTHBHHX O0COOJNIMBOCTE pe3epByapa Ta
YMOB HOro ekcruryarartii.

HecramionapHicte mporecis TeruiooOMiny, a
TaKOXX TOXMOKHM BH3HAYCHHSI BUXIJHHUX MTapaMeTpiB
1 pO3paxyHKOBUX PiBHSHb HE JO3BOJSIOTH OTpHUMa-
TH TOYHI aHAJITHYHI PO3B’SI3KH TEIJIOBOTO PEXKHU-

My pe3epByapa.

Gy = g, Vr -In (37)

Mera po3paxyHKy TEMIICPATypHOIO PEKHMY
pesepByapy — BU3HAYCHHs 1000BOi MaKCHMaJIbHOI
T,.. 1 MiHIMangbHOI 7, . TeMIIepaTyp ra3oBOro
npocTopy 1 MakcumanbHOi 7, 1 MiHIMaJIbHOI
T, .. TEeMIIepaTyp HOBEpXHi Ha()TOMPOMYKTY.

JU1st Ha3eMHHUX BEPTUKAIbHHUX CTaJEBUX pe3e-
pBYyapiB IpH JOBrOTPHBAJIOMY 30epiraHHi Ii TeM-
nepaTypu po3paxoBYIOTh 3a HabOmmkeHuMH (op-
mynamu [11]

= AT
Tﬂmin = 7 2” > (38)
Tﬂmax - AT” (39)

ne AT, — aMIuliTyZa KOJIMBAaHHS TeMIIEpaTypu
moBepxHi HayTH a00 Ha(TOMPOIYKTY.

CepenHst TemriepaTypa IMoBepxHi HadToIpo-
nykty T, Moxke OyTH TPUHHATA TIPUOIM3HO PiB-

HOIO cepeziHii Temmepatypi nositps 7, . Ockiib-
KM BUIIAPOBYBAHHS BICHb BUKIMKAE OXOJOKEHHS
MOBEpXHI HAQTONPOIYKTY, a YacTKOBAa KOHJIEHCa-
[ig napiB BHOYI NPU3BOAUTH N0 1i HAarpiBaHHs, TO
oOMIBa TMpOIECH CHIPSMOBAaHI Ha 30epeKeHHs
T, = const , TOMy IPUIAMAIOTB:
- SKIIO HEBiJOMa cepellHs TeMIlepaTypa Had-
TONPOJYKTY B pe3epByapi, TO
T[7 = T:zoe ’ (40)
- SIKIIO BiJioMa cepeiHs TeMIiepaTypa HaTo-
MPOAYKTY B pe3epByapi, TO
= = AT
. =T, +
7 HIT
2
— CepeHbOMICSYHA TEeMITEpaTypa MOBITPS;

-, (41)

;[eT

IZOG

T, — cepeIHbOMICAYHA TeMIepaTypa HadTo-

MPOIYKTY B pe3epByapi.

3 eKCIepUMEHTAIBHUX JaHWX aMILITya KO-
TMUBaHb TEMIIEPATypH TOBEPXHI HAPTOMPOIYKTY
BecepenaboMy ckmanae 0,2...0,6 Big aMILIiTyau KO-
JMBaHHSA TEMIIEpaTypu ra3oBOro mpocropy, A7,
TOOTO

T, =0,4AT, (42)

Habnkene BUpilIeHHs 3a/1a4i PO KOJIMBaH-
Hsl TEMIIEpaTypH B Ta30BOMY IPOCTOP1 pe3epByapa
Oyno Bukonano I. A. Yapuum. Onepkana pospa-
XyHKOBa (opmysa Oyna J0BOJI FPOMI3AKOIO 1 He-
3pYYHOIO Ui TPAaKTHYHUX pPO3paxyHKiB. Tomy
BOHa Oyya TepeTBOpPeHa y BHUIJIAAL anreOpaidyHol
cymu aeskux GyHkuid. Oxna rpyna upx QpyHKuid
BISIBIJIACH 3QJICKHOIO TIIBKH BiJl BETHYNHH ILIOLL
OiuHOI MOBepXHi F, 110 IUIOILI MOKPIiBIi pe3epBy-
apy F,, ,a iHma rpyna QyHKIii — Bix reorpadid-
HOI IIUPOTH MICIEBOCTI Ta TPHBAJIOCTI CBITIOBOTO
nast. 100 BUKITIOYMTH BIUTHMB OCTAaHHBOTO YMHHU-
Ka, OCTaHHs Tpyna Oyna oOumcieHa Juis HaWTpu-
BaJIIIOro JHS — JIITHBOTO COHIIECTOSTHHS (22 YepB-
HA).

Takum unHOM, OynH ofepikaHi (GopMymnH JuIst
BHU3HAYEHHS JOOOBOI BENMYMHU KOJMBaHb TEMIIE-
paTypH razoBoro mpocTopy pesepyapa 00’emMoM
110 5000 M’

26 )
86 )

® [SSN 1993—9965. HaykoBui BicHuk IOHTYHI. 2012. Ne 3(33)
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AT, = AT, f,+591[fo fs + fofs + fi(fi = 1)), (43)
ne fi—fs

— (yskuii, siki BU3HAYarOTHCS 3a Tpadi-
kamu [11].

AMILTITYIM KOJMBaHHS TEMIIEpaTypu ra30BoO-
ro MPOCTOPY MOXXYTh OYTH PO3paxoOBaHi 3a €MITi-
puunoto dopmynoro 1. I1. BynapoBa [5], sxa ans
BEPTUKAIBHUX CTAJIEBUX PE3epPBYapiB Ma€ BHUTIIS

0,259

AT, =0,0007AT , (44)

nos ( nos

csop{ e

cm.I.
ne F, , — mioma 0i4HOi MOBEPXHI pe3epByapa,
sIKa MEXY€ 3 Ta30BHM ITPOCTOPOM pe3epByapa,
[~ — cepemHs TeMIiepaTypa MmoBITpsl.

nos

SKIo BigoMa aMInIITYAa KOJHUBAaHHS TEMIIC-
patypu razoBoro npoctopy AT, TO MOXXHa Po3-
paxyBaTH HOro MakCMMallbHYy, MiHIMallbHY Ta ce-
penmHio Temrmeparypu. SIK MOKa3ylOTh crocrepe-
YKEHHSI, MOJKHA TPUHHATH

T. =T

I" min nogmin 2 (45)
TOII

T, . + AT, (46)

Ha npaktuui B po3spaxyHKax 3amicTb cepei-
HBOJI00OBUX TEMIIEPATYP TIOBITPS YaCTO BUKOPHC-
TOBYIOTh CEpPEIHBOMICSIYHI TEMIIepaTypH, IO
CHIOILyE PO3PAaXyHKH. 3HAYCHHS CEPEAHBON000-
BUX TEMIIEpaTyp MOBITPS UL 3aJaHOro paioHy
OepyTh 3a nanumu ['iipoMeTeoueHTpy, a cepea-
HBOMICSIYHI 33 KJIIMATOJNOT {YHAM JOBITHUKOM.

OxpiM HaBeEHHX BUINE METOIUK OLiHIOBaH-
Hsl BTpaT HaTH Ta HAPTOMPOIYKTIB BiJ BHIIAPO-
BYBaHHS, SIKi 0a3ylOThCs Ha ““KIIACHYHOMY’ TIiJIXO-
I, ICHYIOTh 1HIII METOJMKH, JJIS OILIHIOBAHHS BH-
KUJIB BYTJICBOAHIB, IO ITPYHTYIOTHCS HAa pe3yJibTa-
Tax EeMIIIPUYHUX IOCTiKeHb. Hampukian, Kidb-
KICTh BUKH[IIB BYTJICBOJHIB B aTMOchepy 3 pe3ep-
ByapiB 3a paxyHOK BHIIapOBYBaHHS [9] po3paxoBy-
€ThCS 3a PopMyITI0r0

), =252V - Pgg - ty X

x(ksy + K5 ) K 17 - (1=n)-107
ne V! —o0’em pinuHy, sKa HAIMBAEThCA B pe3e-
PByap MPOTArOM POKY, M/piK;

4, — MOJIEKyJIsIpHA Maca MapiB piguHHY;

n — KoedimieHT eheKTUBHOCTI ra30yJIOBIO-
BaJIbHOTO TIPUCTPOIO, YACTKH OJIMHHMIIL;

K,,,Ks, — TONpaBHI Koe(illieHTH, L0 3alle-
’KaTh BiJl TUCKY HACUYEHUX MapiB P, Ta TemIepa-
TypH Ta30BOTO MPOCTOPY, BIAMOBIIHO Y XOJOAHY
Ta TETULy MOPY POKY;

Kk, — TonpaBHUH KoeillieHT, SKUH 3aIeKUTh
BiJl THCKY HAaCHYEHHX T1apiB Ta PiYHOI 00OPOTHOCTI
pesepByapa;

k, — TIOmpaBHUIl Koe(illieHT, IO 3aJEKUTh
BiJl TEXHIYHOI OCHAIIEHOCTI pe3epByapa Ta PeKu-
MYy eKCILTyaTarlii;

P MPYXKHICTh TapiB MpH TeMIepaTypi
38°C.

Jlist po3paxyHKy TeMIepaTypH rasoBoro mpo-
CTOpY €MHOCTEH 3a I[i€0 METOIMKOIO CIiJi MaTH

=T,

I" min

(47)

Sm

3HAUEHHS CepenHiX Temieparyp HahTu abo Had-
TOMPOYKTIB 3a XOJIOMAHUH Ta TEIUIUN TIEPioJ] POKY.

Jlnst HaszeMHUX Ta MIA3€MHHX €MHOCTEH, B
SKHX BifIcyTHE TinmirpiBanHs Hadti abo HadTO-
MPOAYKTY, TEMIIEpaTypa 3a XOJOIHHUI Hepios POKy
BH3HAYAETHCA 32 (DOPMYJIIO0

p _ p
lax =Ky, + Ky ® lax + Ks, la/cv s (48)
a 3a TenJIni I€p10a poOKy 3a q)OpMy.HOIO
p _ p
lam =Ky \Kpy + Kom * lax + K3 la/cm) (49)
e t, Ta t, — cepelHi apu(pMETHYHI 3HAYECHHS

TEMIIEPATYpH aTMocq)epHoro TIOBITPsl BiATIOBIIHO
3a MIICTh XOJOJHUX Ta IIICTh TEMIUX MICSIIB POKY,
°C;

KypsKops Ky, T K oK, ,Ky, — KOGQILIEHTH 3a
IIICTE TEIIMX Ta IICTh XOJOMHHX MICSIlB, IO
MPUIMAIOThCS 3TIHO peKOMeHaaltii [9];

Kk, — KoedillieHT, IKUH Uil NiI3eMHUX pe3ep-
ByapiB JIOPIBHIOE OJIMHUIIL, a JIJIsl METAICBUX pe3e-
pByapiB MPHUHAMAETHCS y 3aJEKHOCTI BiJl KOIbOPY
MMOBEPXHI pe3epByapiB Ta KJIIMaTHYHOI 30HH;

t’ Ta t! — cepenHi TemImepaTypu Hadro-
NPOAYKTIB B pe3epByapax 3a WICTh TEILUIMX Ta
IIiCTh XOJOAHUX MICSIIIB.

Cepenns Temmeparypa Tra3oBOTO IIPOCTOPY
pe3epByaplB 1O O0IrpiBaroThCs, NPUAMAETHCS
piBHIl TeMIIepaTypi PiMHK B pe3epByapi.

‘3aKOpIOHHI JOCIHUKH TPOIOHYIOTh  PsJL
EMITIPUYHAX 3aJIEKHOCTEH Ul PO3PAXyHKY BTPAT
HadTH Ta HAQTONPOAYKTIB BiJ BUMAPOBYBAHHS
[12].

s po3paxyHKy BTpaT Bill “MaliuX IMXaHb
BHUKOPHUCTOBYIOTh 3aJISKHICTh

2

P 0,68
Gl =7329-107 . p-| ———|
e 1,0133-P (50)
« DV OO0 g o
ne G!, — piuni BTpaTH Big “MalHX JHUXaHb”,
T/piK;

p — TYCTHHA Ha(yTONPOLYKTY, KI/M';
P — tuck napiB Hadronpoaykry, I1a;
D — niamerp pesepByapa, M;
H — Bucora I'TI pe3epByapa, npuiiHsaTa y ¢o-
PMyITi piIBHOIO MTOJIOBHHI BUCOTH pe3epByapa, M;
— 3MiHa CepeaHbOJ000BOI TeMIlepaTypu
HaBKOJIUIITHBOTO cepeaoBuina, K;
F, — xoediuieHT 3adapOyBaHHs pe3epByapa;
¢ — TompaBKa Ha JiaMeTp pe3epByapa
(c=-0,01603D*+0,271D—-0,1597, c¢=1 s
D>9 m);
k, — mompaBKa Ha MPOIYKT, 110 30epiraeThcs
(k,=0,1081+1,209P).
[Tpnbnusne 3HaueHHs k, 11 OeH3UHY piBHE
1, nnst vadty - 0,58.
BrpaTu Big “Manux quxaHb’ MOXKHA BU3HAYH-
TH TaKOX 3a (OPMYJIO
200 2/3 . Ky (0’039T) H
G =KV 100 —C T (51)

ze Gw”g — BTPATH BiJ “MaJMX IUXaHb’, KI/PIK;

— 06°€eM pesepByapa, M*;
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T — TemmepaTypa HaBKOJHIIHLOIO CEpPEIo-
BuIa, K;

{ — TeMIeparypa razoBoro npocropy, K;

[ — cepemHs MOJIEKyJIIpHa Maca mapiB Hag-

TONPOJYKTY;
K,, K, — koedilieHTH, Ki 3aJ1€XKaTh Bijl Blla-
CTHBOCTEH Ha(TOIPOLYKTY (o1 OeH3UHY:
K =020, K,=16; nna mnadpmu: K, =0,16,
K,=0,12).
Temneparypauit pexuM pesepByapa

M. M. KOHCTaHTHHOB pO3paxoBye IUISIXOM BBe-
JICHHSI TaK 3BaHUX HAJUMIIKOBUX TEMIIEPaTyp,
OCepeIHEHNX 10 TUIONII TIEBHUX TIOBEPXOHb pe3ep-
Byapa. ABTop MoHorpadii [9] HaBomuTh hopmynu
JUIT BU3HAYEHHS TEMIIEpaTyp, HIO BH3HAYAIOTH
MPYXKHICTh TapiB HA(QTONPOAYKTIB y pe3epByapi.
[lpu nbOMy OCHOBHMMHU YHHHHKAMH, IO BILIHABA-
I0Tb Ha TEMIICPATYPHUH PEKUM pe3epByapa, MpH-
AMaKOTBCs IHTEHCHBHICTH COHSYHOI papianii, cTy-
MiHb 3aIIOBHEHHS pe3epByapa, BIACTUBOCTI HAPTO-
MPOYKTY, YOPHOTA TIOBEPXHi KOpIyca Ta iH.

IcHye psn ramyseBux METOAMK PO3poGIEHMX
HAa OCHOBI HAYKOBO-JIOCTIIHUX POOIT, 30KpemMa TH-
MOBa CIIpoIlieHa MeToarka [17] BU3HaueHHs MUTO-
MHUX BUKHIIB, 10 0a3yeThCcs Ha CKCIICPHMEHTaIb~
HHUX Ta PO3PaxyHKOBUX JIAHMX, OTPUMAHUX B XOAI
HAayKOBO-JOCIIIHUX POOIT Ta JaHUX, OZICPIKaHUX B
npoueci iHBeHTapu3aii BI/IKI/II[IB 3a6pyz[H}0}oq1/1x
peyoBUH i3 pe3epByaplB BAT “YkprpancuHadta”.
3rigHO 1aHOi METOMKHM MUTOMI BUKMIM BH3HAYA-
I0TBCSI 3 YpaxyBaHHSIM THITY Ta HOMIHaIIbHOTO 00'-
€My pe3epByapa, peKUMY HOro eKcruryartailii, Ha-
SIBHOCTi 32C0O0IB CKOPOYEHHS BTpAT Bijl BUIIAPOBY-
BaHHS Ta 30HU PO3MIIIEHHS, (I3MYHUX BIACTHBOC-
Teil HadTH.

[Tpu BH3HAYEH] TOKA3HUKIB MUTOMHUX BUKHU/IIB
napis BYTJIEBO/HIB 3 PE3€PBYapiB BPAXOBYIOTHCA:

— NPYXKHICTh MapiB HadTH 3a TeMIepaTypu
38°C (3a meromoM Pelina BH3HAYa€ThCS 3TiTHO 3
I'OCT 1756-2000);

— cepelHs TeMIlepaTypa HadTH B pe3epByapi;

— rycTuHa HadTy;

— xoedimieHT edeKkTHBHOCTI 3aco0iB CKOPO-
YeHHS BTpAT;

— KoeQiIlieHT, 110 BPaxoBYyE TEXHIYHE OCHa-
HICHHS pe3epByapa B 3aJISKHOCTI BiJl peXKUMY HOTO
poboru;

— reorpadivHe MicIie pO3MIIIICHHS pe3epByapa.

[Mutommii BukKA mapiB HadTH (KT HA TOHHY
Ha(TH, 110 MPOXOIUTH Yepe3 pe3epryap ado 30epi-
raeThCsl Y HhOMY) BH3HAUAETHCS 32 (HOPMYIION0

_238 470 4 b expli- (1=38)] ke/ m (52)
P, 14273
ae 9,38 — koehilieHT, WO BPaXoOBYe BIIHOLICHHS
CepeHbBOi MOMSIPHOI Mac HaTH 110 yHiBepcalb-
HOI Tra30BOi crayoi 1 mepeBim K- [0 TOHH
(9,38=78-1000/8314).

OcoOnuBICTIO JaHOT METOIUKU € BBEACHHS Y
piBHsHHI (52) koedilieHTa epeKTUBHOCTI 3ac00iB
CKOpOYEHHS BTpaT Ta KoedillieHTa, 110 BPaxoOBYye
pexuM poOOTH pe3epByapa Ta HOro TEXHIYHE
OCHAIICHHSI.

V Pociiicekiit CDe):[epaui'f Ie psia HOpMAaTHB-
HUX JIOKYyMEHTIB, fKi PEKOMEHIYIOTh TpsMi Ta
OIOCEPE/IKOBaH] METOM BU3HAYEHHS BTPAT HA(TH
BiJ BunapoByBaHHs [7, 18, 19, 22, 23].

[lepeBaroro NpsIMUX METOAIB € JIOCTATHBO BH-
COKa TOYHICTh BHMIPIOBaHb, a HEJOIIKOM — TpY-
JOMICTKICTh TPOBEICHHS BUMIPIOBaHb Yy IPOMHUC-
JIOBUX YMOBax Ha JIIOYHX YCTaHOBKaX, pe3epBya-
pax.

[epeBara omocepeqKOBaHUX METOJIIB TIONATAE
y TOMYy, IO PO3paxyHOK 00’€MiB BTpaT BiaOyBa-
€THCSl HA OCHOBI aHAMI3IB MPOO, SIKi POBOASATHLCS Y
nabopaTopHUX YMOBaX, MOXKJIHMBE OIIHIOBaHHS
BTpar 3a KUIbKOMa TIOCTIIOBHUMH JDKEpeIaMHu UM
LiIOMY TEXHOJIOTIYHOMY mpolecy oaHoyacHo. He-
JIOJIIKOM € MOPIiBHSHO HEBENMKA TOUHICTb.

OnHiero i3 ranmy3eBUX METOJWK € METOAMKA
PO3paxyHKOBO-EKCIIEPUMEHTAILHOTO BHU3HAYCHHS
BUKH/JIIB 3a0pyJHIOIOUUX PEYOBHH B aTMOcdepy 3a
paxyHOK BUIIAPOBYBaHHS i3 €eMHOCTElH 30epiraHHs
HaTONpOAYKTIB [22]. 3riaHo 3 1aHOI METOAMKOIO
MATOMI BUKHUIM BH3HAYAIOTBCS 3 ypaXyBaHHAM
00’€MHOi KOHLEHTpALii i KOMIIOHEHTHOIO CKIa1y
HACHYECHUX TapiB HAQTONPOMYKTY, MACOBHX KOH-
LEHTPAL CIPKOBOIHIO Ta IHIIMX IHIMBINyaIbHUX
KOMIIOHEHTIB, 10 BXOJATh J0 BMICTY IapiB, TeM-
nepaTypu y pe3epByapi Ta aTMochepHoro moBitpsi.

BuBuaroun 3apyOiKHHE JOCBII TPOBEICHHS
MOMIOHMX PO3pPaxyHKIB CJIiJ| 3rafaTd METOIUKY
BHU3HAYEHHS BTpaT Ha(TOMPOIYKTIB, pO3pOOIIEHY
aMEPHUKAHCHKOI ACOIIaIi€l0 3aXUCTy HaBKOJHII-
Hboro cepenoruiia ( US EPA) [30]. 3rigHo 3 miero
METOJMKOI0 BTPATH BiA “MajMX AWXaHb’ 3 Ha3eM-
HUX pe3epByapiB i3 CTAI[IOHAPHOIO MOKPIBJICIO BU-
3HAYAIOTHCS 3a (POPMYIIOIO

L =365-(zD/4)-H,,-K,-K,-
ne H,,
K, — xoedilieHT HAaCHYEHHS Ta30BOT'0 MPOC-

s

TOpYy;
K, — xoedillieHT po3LIMPEHHS Ia30BOr0 Mpo-

CTOpY;
W, — xoediwieHT, 0 BpaXxoBYye I'yCTHHY Ia-
piB HAQTOMPOIYKTY.
BrpaTu Bif “BeNMMKHMX qUXaHb’ BU3HAYAIOTHCS
3a opmyIIor
L,=V,-K,-K.-Ky-W,,Ib/ pix, (54)

— MPOAYKTHBHICTH 3aIOBHEHHS (BUIIOPO-

w,,lb/ pix , (53)
— BHCOTa Ta30BOT0 MPOCTOPY;

e V,
YKHEHHSI pe3epByapiB);

K, — xoedimieHT 000pOTHOCTI;

K. — xoediieHT, sxuil BpaxoBye BUJ Piau-
HH, 1110 30epiraeThCs;

K, — xoediuieHT, IO BpaxoBye HaJaIlITy-
BaHHS KJIATaHiB.

Cymapai BTpaTH Ha(TONPOIYKTY OPIBHIO-
10T, [b/piK

L.=L +L, (55)

CKJIagHICTh 1 HEJOCKOHAIICTh BUKOPUCTAHHS
i€l METOAMKHY TONATAE y TOMY, IO BOHA pO3po0-
JIeHa Ui ONMHUIL BUMIPIOBAHHSA, SKI MOIIMPEHI
Ha Teputopii Crnonmydenux IlltartiB, Ta MiCTHUThH
KOMITJIEKC eMITIPUYHUX KOE]IIi€HTIB, BU3HAYCHUX

22 )
88 )
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s obmexennx ymos (knimaruuni ymou CIUA,
BJIACTHBOCTI HA()TOIPOLYKTIB, IO BIAMOBIZAIOTH
CTaHJapTaM KpaiH| i T.IL.).

Bignatoun HanexxHe Oe3zarepedHiidl HAyKOBiit
3HAYYIIOCTI OTPUMAHHX PE3YNIbTaTIB, HE MOXKHA HE
0auUTH HEMONIKM IUX TEOpiil: HEMOXKJIMBICTH Iie-
peZ[6a‘II/ITI/I 3 JOCTaTHHOIO TOYHICTIO MOTOIHI YMO-
BH, sKi BIUTMBAIOTb Ha TEMIICPATyPHHUII PEKHUM pe-
3epByapiB, a OCTaHHiH, 3a BCIX IHIIMX PIBHUX
YMOB, BU3HAYA€ BETMYMNHY BTpAT HaQTH Ta HaPTO-
MPOAYKTIB BiJ BHmapoByBaHHS. KpiM Toro, cruin
3ayBa)KUTH, 110 OLTBIIICT TOCTIIHKEHB 3 MPOo0IeM
BTpaT CTOCYIOThCS aBTOOCH3WHIB K PIAMH 3 Bil-
HOCHO OJTHOPIJTHHM CKJIaJIOM.

OsHaiioMIleHHS 3 HOPMATHBHUMH JOKYMEH-
TaMH BKa3ye Ha HEJOCKOHATICTh BITYU3HSHOI HOP-
MaTHBHOI 0a3u, sIKa perJIaMeHTye IMOPSJIOK Ta Me-
TOIMKH BU3HA4YCHHS BTpaT HadTH Ta HadTompomIy-
KTiB BiJl BUITAPOBYBAaHHs IIiJ] 4ac 30epiraHHs Ha
00’€eKkTax Ha(hTOra30BOro KOMILICKCY.

HaykoBa HOBU3HA

[IpoBeneno neranbHUN aHAIi3 ICHYIOUMX Me-
TOIUK T4 HOPMATHUBHOI JOKYMEHTAIll 3 MpoliieM
BHU3HAYEHHS BTpAaT HadT Ta HAPTOMPOAYKTIB MpH
30epiraHHi y pe3epByapax.

I[pakTHyHa WiHHICTHL OTPUMAHHUX pe3yJib-
TaTIB

Ha mizgcraBi pe3ynpTartiB TOCTIKEHb MOXKHA
MPOMOHYBaTH €EKTHBHI HAIPSIMH BUPILICHHS aK-
TyaJbHHUX MPOOJIEM EHEPreTHYHOI Tanysi, TpaHc-
IIOPTHOTO CEKTOPA, MiMPUEMCTB HAPTONPOTYKTO-
3a0€3MEYEH s Ha PI3HUX €Tanax i PiBHAX PO3Tis-
Ny, a TakoXX BHPINIYBATH MHUTAaHHS ITiIBUIICHHS
() eKTHBHOCTI TEXHONOI] BUKOPUCTAHHSI [aJHBHO-
CHEPTETHYHUX PECYPCiB, ONTHMI3alii B3aeMOAIi
PI3HUX JINSHOK 1 JIAHOK CHCTeMH Ha(TOMpOmIyKTO-
3a0e31eUeHHS.

MeToro MoAabInoi poOOTH € BUSBJICHHS Me-
TO/IMKA PO3PaxyHKy BTpat Haptu i HaGTOmpomyK-
TiB BiJl BUIIAPOBYBaHHS, SKa Ja€ MOXIUBICTD OIli-
HUTH e(pEKTUBHICTh 3aCTOCYBaHHSI CUCTEM YJIOBIIIO-
BaHHS Jerkux ¢pakuiit HadT Ta HaPTOMPOAYKTIB.
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