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Posenanymo ocobrusocmi oyinku nouamrkosux 3andacie 2asy 2a30KOHOEHCAMHUX NOKLAOI8, WO PO3POOAAIOMbCA
AK HA BUCHAJICEHHS NAACMOBOI eHepeii, max i 3 NiOMpUMAHHAM NIACMO6020 MUCKY. Buceimneno axmyanvuicme
npobnemMu ma po3enAHymo icHyloui Memoou il eupiuienHs. [{emanoHo po32iaHymo 0coOIusocmi 6UKOPUCANHS Di3-
Hux ¢hopmyn mamepianbrHo2o banancy ma memoodié OYiHKU NOYAMKOBUX 3ANACI8 2A3V, WO HA HUX IDYHMYIOMbCA.
IIpoananizosano npunyunu oyiHKu 3anacie, wjo IPYHMyOmsbcs Ha Memooi npsamoi ainii i 30iticHioromsca epagpoana-
MMUYHO. 3anponoHo8aHO HOBY MEMOOUKY Ma 8UBEOEHO AHANIMUYHI 3ANEHCHOCMI OJi POPAXYHKY MAMEPIdIbHO20
banaucy 3 8paxy8aHHAM GUNAOIHHA 8Y21e800HE8020 KOHOEHCAMY 8 NAACMI, 3MIHU QI3uyHUX e1acmueocmell 2azy 8
npoyeci po3pooKu NoK1ady, CIUCIUB0CHE NOPOOU Ma HAOXOOAHCEHHSL 8 NOKAA0 800u. Memooduxa nepedbauac 6e3no-
CcepeOdHE BUKOPUCIAHHSL Pe3yTbmamis ougepeHyiiinol KoHOeHcayii niacmogoi 8y2neso0Hesol cymiuti, a came, eu-
YUHU NIACMOBUX 8Mpam KoHOeHcamy ma 1oeo uoobymky. Ilepesazoio 3anpononosanoi aHanimuiHoi 3anexcHocmi
€ ModCIUBICMB 3acmocosygamu ii 6e3 Moouikayii — He3a1eHCHO NPOBOOUBCA PO3PAXYHOK 3d MUCKY, BUL020 MU-
CKY HACUYEHHS, YU HUNCHO20 3 HASHIMAHHAM 600u (yu 6e3 nvo2o). Ilpu ybomy cmpykmypa 3a1exicHocmi ne 3Mitio-
€MbCsL, 3MIHIOEMbCL MIILKU MI YIEHU PIGHAHHS, WO 8PAX08YI0Mb 8i0N0GIOHI npoyecu, ma 3a ix 8iocymHocmi cma-
tomu pisHumu Hyo0. Pospobneno aneopumm ma 30iicHeHo NOPIGHATbHUL AHANI3 OYIHKU 3ANACIE 30 3aNPONOHOBAHOI0
MemoOUKoI0 ma 3a KAACUYHOIO HA NPUKIAO] 2A30KOHOEHCAMHUX NOKAAdi8 00H020 3 podosuwy J/[3, aKi xapaxmepu-
3YI0MbCA AK PISHUMU NOYAMKOBUMU TMEPMODAPUYHUMU YMOBAMU 3ANALAHHA NPOOYKMUSHUX 20pU3OHMIE, MAK | pi3-
HUM NOYAMKOBUM 6MICTOM BAICKUX 8Y2NeB00HI6. Hasedeno suxioni oani, o suKopucmogysanucy 0jis po3paxyHKy.
30iticneno oyinKy 6nIUBY NOYAMKOBO20 KOHOEHCAMOBMICMY HA GeAUYUHY BIOXUNEHHS ) GUNAOKY OYIHKU 3anacie
KAACUYHUM MemOo0oM. 3pobiieHo 8UCHOBKU NPO HeOOXiOHICMb UKOPUCHAHHS 3aNPONOHO8AHOT MeMOOUKU, K MAKoi,
wo 3abesnevyc nPUiHAMHY MOYHICMb 6 NPOYeCi CKIAOAHH NPOEKMHOT OOKyMeHmayii Ha po3pooKy podosuwy gyene-
B00HIB.

KirrouoBi ciioBa: 3amacu rasy, (a3oBa piBHOBara, qudepeHiiitaa KoHIeHcallis, KoedilieHT 00'eMHOT pyKHOC-
Ti, KOSQIIIEHT HAICTUCIUBOCTI.

Paccmompenvt ocobennocmu oyenku HA4aTbHBIX 3ANACO8 2a3a 2A30KOHOEHCAMHBIX 3daedcetll, paspabamuvleéae-
MBIX HA UCMOWEHUe NIACTNOBOl SHePeUU U ¢ NOOOEPICAHUEM NAACmOo8020 Oaeienusi. Oceéewena aKmyanbHOCHb
npobrembl U paccMompenvl cyujecmeyloujue Memoowl ee peutenusi. [100po6Ho paccmompenvl 0COOEHHOCMU UCHOb-
308aHUsL PAZTUYHBIX POPMYT MAMEPUATLHO20 OANAHCA U MEMOO08 OYEHKU HAUAIbHBIX 3aNaACo8 2a3d, 6a3upyrouuxcs
Ha Hux. [Ipoananusuposamnsl RPUHYUNLL OYEHKU 3aNACO8, OCHOBAHHbIE HA MeMOOe NPSAMOU JUHUU U OCYWECETSION-
ca epaghoananumuueckux. Ilpeonoscena Hosas memoouxa u vigedeHa Hopmyra MamepuaibHo2o baianca ¢ yde-
MOM 8bINAOEHUs Y2I1e8000POOH020 KOHOEHCama 6 niacme, USMEHeHUs Qu3U4ecKux ceoUcme 2aza 6 npoyecce pas-
pabomxu 3anedxicu, CHCUMAEMOCY NOPOObl U NOCIYNACHUA 8 3A1ediCb 600bl. Memoduka npeononazaem Henocpeoc-
MBeHHOe UCNONb308aHUe Pe3VTbmamos Oupdepenyuanviol KoOHOeHcayuu niacmoeol y2ies000pooHoU cmecu, a
UMEHHO GeIUYUHbL NIACMOBbIX NOMEPL KOHOEHCAma u e20 000viuu. IIpeumyuwecmeom npeonodcenHol Gopmyinl
AGAACNCSL BO3MONCHOCTNG NPUMEHEHUs Oe3 MOOUDUKAYUU — He 3A8UCUMO, NPOUZBOOUMCS I paciem npu 0asieHuu
sblCUIeM UMY HUSUWEM OABNIeHUsT HACBIWeEHUs!, C HacHemaHuem 600bl unu 6es nezo. Ilpu smom cmpykmypa ghopmyivl
He U3MEHSIeMCsl, USMEHSIIOMCSL MOIbKO Me YleHbl YPAGHEHUs, KOMOpble YYUMbLEAIOm COOMEEMCmayiouue npoyeccol,
U npu UX OMCYMCMeEUU CMarHo8amcs pagHuiMu Hynio. Ilpusedenvl arcopumm u nOCIe008amMeNbHOCHb NPOYedypbl
pacuema. Ocywjecmenen cpagHUMenbHblll aHAIU3 OYEHKU 3aNaAcO8 NO NPeOSONCEHHOU MeMoOuKe U NO KIACCU4ecKol
Ha npumepe 2a30KOHOEHCAMMbBIX 3A1edcell 00H020 U3 Mecmopocoenuil [J/[3, xapakxmepusylouuxcs Kax paziudHblMu
UCXOOHBIMU MEPMODAPULECKUMU YCTIOGUSMU 3AN€2aHUsL NPOOYKMUGHBIX 20PU30HMOE, MAK U PA3TUYHbIM HAYATbHIM
COO0epPIHCAHUEM MAACENBIX Y2Ne8000p0008. [Ipusedensl ucxooHvle danHble, UCNOab308a8uuecs 015 pacuema. Ilpous-
8€0€HA OYEHKA BNUAHUA HAYATbHO20 KOHOEHCAMOCOOEPIHCAHUS. HA BEIUNUHY OMKIOHEHUS 8 Cy4de OYeHKU 3anacos
Kaaccuyeckum memooom. Coenamvl 6b1800bl 0 HEOOXOOUMOCMU UCHOALI0BAHUS NPEONOHCEHHOU MemoOuKU, Kax
obecneuusaloujeli npuemIemyio MmoYHOCHb NpU COCMABIEHUU NPOEKMHOU OOKYMEHMayuy Ha paspabomKy Mecmo-
POdtHCcOeHUll Y2re6000pP000s.

KnroueBsle ciioBa: 3amachl rasa, ¢asoBas paBHOBecHe, Au(depeHIranbHas KoHaeHcanus, Ko3huuueHT oob-
€MHOH ynpyrocTtH, kKodh(PpHUIIMEeHT HaIC)KUMAEMOCTH.

The features of estimated original gas in pressigpletion-and-maintenance type gamidensate reservo
are considered. The problem and its solutions aghlghted. The application of different formulaé rateria
balance and methods of original gas reserestimation based on the formulae is reviewed. piciples o
reserves estimation based on the method of strdiges are analyzed graphanalytically. New methods a
formula of material balance considering hydrocarbandensate dropout, change mysical properties of gas
the process of formation development, compredsibili rock and ingress of water are developed. frethor
involves direct use of the results of differentiah@ensation of formation hydrocarbon mixture, sushvalues ¢
in-situ condensation losses and production ones.aldvantage of the offered formula is possibititapply it with-
out modification - irrespectively of calculationsnzlucted at pressure that is higher thsaturation pressure «
lower, with or withoutvater injection. The structure of the formula ig nbbanged, only those members of equa
are changed that correspond to the relevant prazessid with their absence become equal to zeroalgweithm
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The algorithn and procedure sequen for calculation is givenComparative analysis of the offered mettHogy o
reserves estimation and the classic one on the pleani gas-condensate formations of one field apBmDonets|
Basir characterized either by different initial thermalzaconditions of deposits or different initial cogrtration of
heavy hydrocarbons is carried out. Basic data uedcalculations is given. The evaluation of infige ofinitial
condensate content on deviation rate under the itiondof reserves estimation by classica¢thod is carried ot
The conclusions about the need for the proposetadstproviding acceptable accuracy in the procdgsrepara-
tion of project documentation for hydrocarbon fielevelopment are made.

Key words: reserves of gas, phase equilibrium differential condensation, coefficient of volumeasicity,

coefficient of compressibility.

[IpoexTyBaHHA PO3POOKH T'a30KOHACHCATHUX
MOKJIAAIB, K 1 TIPOIECIB TepepoOKH 1 TPAHCIIOPTY-
BaHHS BYIJICBOJHEBOI CHPOBHHH, IIOB'I3aHO 3i
CKJIQJIHUMU 1H)KEHEPHUMHU PO3PaXyHKAMHU, B SKHX
BU3HAYAJILHOI BEIMYMHOKW € THUCK. [lnmactoBuil i
BUOIHMIA TUCKM BUKOPHUCTOBYIOTHCS IS BU3HA-
4yeHHs 1e0iTy CBEpUIOBHHHM, TapaMeTpiB IUTacTa i
MOYJIMBOCTI (POHTAHYBaHHS CBEpAJIOBUHH. Po3rmo-
LI THCKY 110 CTOBOYPY HEOOXIIHO 3HATH ISl BU-
SIBJICHHSI MOYKJIMBOCTI YTBOPEHHS Mi/IPATIB 1 PI/MH-
HUX TPOOOK Ha BUOOi, BEMYMHY TUCKY Ha THUPII
CBEPJUIOBHHH — JUIsI PO3PaxyHKy cemaparii Ta
TPAHCIIOPTYBAHHs rasy. Y CBOIO Yepry, siK ILIACTO-
BUH, TaK 1 TUCK cerapailii MOBUHHI OyTH po3paxo-
BaHi IIe 10 BBEAEHHS POJOBHIIA B MPOMHCIOBY
EKCILTyaTallif0 3 METO MPOTHO3YBaHHS BUIIYYCH-
HS 3amaciB 1 OymXiBHUIITBA Ta30TPAHCIIOPTHOI CHC-
temu. TouHe MPOTrHO3YyBaHHs 3MiHM THCKY (rutac-
TOBOTO T4 IHIIMX 3TaJaHNX) € OJHUM 3 OCHOBHHUX
3aB/IaHb MPOEKTyBaHHs. [|OCTOBIpHICTh PO3paxyH-
KiB MOXJIMBA JIMIIE 332 YMOBH, KOJM BEJIUYHHA 3a-
maciB rasy i Horo ¢i3uuHi BIacTHBOCTI Bimomi. Ta-
KAM YHHOM, IOYaTKOBa BEJMYMHA 3aIaciB rasy
MOBHHHA OyTHW BH3HAYEHA 3 BHUCOKHUM CTYIIEHEM
TOYHOCTI, OCKiJIbKH BCi iHII PO3PaxyHKOBI BesH-
YUHH € TIOX1THUMHU.

3arajgpbHOBIIOMUMH CIIOCOOAMHU BH3HAUEHHS
MMOYAaTKOBHUX 3allaciB € METOJ MaTepiaabHOro Oa-
JaHcy 1 00'eMHUI METOA.

PosrnsiHemo 6inbIn geTansHO METOI Martepia-
JpHOTO OanaHcy, 3aCHOBaHMM Ha 3akoHi 30epe-
JKeHHs Matepii, Ta CTOCOBHO IO TOKJIAJIiB BYyTJIe-
BOJIHIB (OPMYJIIOETHCS TaKUM YHHOM. KUJIBKICTh
BYTJICBO/HIB, 1[0 3HAXOMAATHCSA B MOKJIAMl 70 IMOoYa-
TKYy PpO3pOOKH, IOPIBHIOE KIJIBKOCTI BHIIyYEHHX
BYTJICBOJHIB 1 THX, IO 3aJIMITWINACS B MOKJIAJi, HA
Oynp-sKuil JOBUIBHUI Tepion po3pobku. B [1] Ha-
BOIMTBCS BUBEACHHS (DOPMyIM  MAaTepianbHOTO
GanaHcy sl MAPaxXyHKy 3amacis rasy, MO WKUPO-
KO BUKOPHCTOBYETHCS Ha TIPAKTHIIL

_Q,[b
QO b—bo,

ne (Q — modyaTkoBi_3amacH rasy, IpHUBEICHI 10
HOPMAaJIbHUX YMOB, M";

Q, — HAKOIIMYEHHiT BUIOOYTOK rasy, M,

b, by — o6'emuuii koedinient nmpu norouHoMy
1 TIOYAaTKOBOMY IIJIACTOBOMY THCKY, BiJIIOBIJTHO, 4.
O/l

s x ¢dopmyna OinpII BioMa B iHIIOMY BU-
s [2]:

P Po _Qu

ﬁ Z * ! (2)
Py P, Q

(1)

ne Py, P,, — BIAMOBIAHO ITOYATKOBH 1 IOTOYHHI
mractoBud THck, MIla;

Q- NPUBEJCHUN Ta30HACHYEHHN TOPOBHIA
06’ em, M>/MI1a;

ZPo ,me — BIMOBITHO KOEQIIliEHTH HAJCTH-

CJIMBOCTI TIPH MOYATKOBOMY Ta MOTOYHOMY ILIAC-
TOBOMY THCKY, 4. O,

Qu— HaKOMUYeHUI BUAOOYTOK Tazy, M

dopmyna (2) Mmoxe OyTH OTpUMaHa 3 Q)opMy-
au (1) TUIAXoM IpoCcTHUX apuMETHIHHX MEPETBO-
penb. Hemomikamu 000X ¢opMyll € BiICYTHICTH
MOJKJIMBOCTI OOJIIKY 3MiHM (I3HYHHX BIACTHBOC-
Tel a3y BiJl TUCKY, CTHCIMBOCTI IUIACTOBOT BOIM i
MOPOJIM Ta BHIIQIIHHS KOHJAEHcaTy B uiacti. Dak-
TUYHO, (OPMYITH MOXKYTh 3aCTOCOBYBATHCH TUTBKU
JUIL CyXOro ra3zy B YMOBax, KOJH 3amacu Horo
OpPY>KHOI eHeprii 3HauyHO MEPEeBHUILYIOTH 3aracH
npykHOi eHeprii miacrta i Bogu. [Ipote dhopmyna
(2) mocuTh MIMPOKO BHUKOPHCTOBYETHCS B HadTO-
MIPOMMCITOBIH CIIpaBi SIK JJIs OIIHKH 3aImaciB, TaK i
IUISL PO3PaxyHKy THCKY. CamMe 3aCTOCOBYIOUH JIESKi
nepeTBopeHHs Gopmynu (2) MOXKIMBO 3pOOUTH
OIlIHKY IMOYaTKOBUX 3amaciB ra3y HUISXOM IO0Y-
JIOBU 3aJI€KHOCTEN BUTY:

P/z = f(Q,). 3)

TinpKy U151 CyXOro rasy 3ajlexHIcTh (3) onu-
CYETBCS NPSAMOIO JiHi€l0. [ ra30Kk0OHIeHCATHOTO
MOKJIay, B 3aJICXKHOCTI BiJl TIOYaTKOBOTO 3MICTY
KOMITOHEHTIB Cs:, THCKY MMOYATKy KOHIEHCAIli Ta
THCKY MaKCHMaJbHOI KOHICHCAIii, a TaKOX HaI-
XOJPKEHHS BOJIHU, MOOYIOBa 3aJ€KHOCTEH 3TiAHO 3
(3) mpu3BOAWTH A0 OTPUMAHHS JCSIKHX KPHUBHUX,
NPOBECTH OLIHKY 3aaciB 3a SKUMHU JOCHTbH CKJal-
HO. OcoOymBOCTI iHTEpHpeTanii Takux MoOyA0B
posrisayTO B [3, 4, 5, 6, 7, 8]1€ okpemo Bumins-
FOTBCSL PEIKUMH pO3pO6KI/I Ta aBodasHa 00JACTh
iCHYBaHHA a3y 1 KOHAEHCATY.

3 MeTor0 BpaxyBaHHS 3MiHU ()i3MYHHX Biac-
THUBOCTEM TuTacToBUX Quroinis y [3] HaBemeHo ¢o-
pMyITly MaTepiaabHOTO OanaHCy sl Ta30KOHICH-
CaTHOTO MOKJIAAy, SKHH pO3poOIsiEThCSl HA BUCHA-
xeHHs. Cruin 3a3HaunTH, Mo (HOopMyna BpaxoBYeE
3MiHy BJIACTUBOCTEH IIacTOBUX (IIOINIB, TaKHX
SK TYyCTHHA, 00'€eMHUN KOe(DIi€EHT TepeBEICHHS
CyXOTO Ta3y B IUIACTOBUM, KOCQIIIEHT HAICTUCITHU-
BOCTI, a TAKO)K HACHYEHICTh IJIACTa KOHJCHCATOM,
mo Bunas. Jlo HenodikiB (GopMynH MOKHA BifHEC-
TH BICYTHIiCTh OONIKYy CTHCIMBOCTI BOJH i MOpO-
JI¥, HQIXO/DKEHHSI B TTOKJIAJ BOJIH, TOOTO BOHA HE €
YHiIBEpCaITHHOIO.

B [5], Hanpuknaja, neTadbHO PO3TISHYTO BH-
Najku Po3poOKH ra30BOro MOKJIaly Ha BUCHAXKEH-
Hsl 3 BpaXyBaHHSIM OKPEMO TOTO YH iHIIOro (aKTo-
pa: KOHJEHCAI[IHUX NPOIIECiB, aKTUBHOCTI KOHTY-
PHHX BOJ| Ta MPYXXHOCTI CKEJIETy MOpPOJH TuiacTa-
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KosiekTopa. Ha BifMiHy BiZ IAXOAY, IO BUKOPHC-
ToBYyBaBcs B [1], e B 0cHOBI MaTepianbHOro Oana-
HCY JieaB 00'eM, y [B] BUKOpUCTAHO MiaXif, IO
TPYHTYETHCS Ha 30epeKeHHI Macu CUCTeMH. Tak,
HANPHUKIAA, i PO3POOKH Ta30KOHJCHCATHOTO
MOKJIay Ha BUCHAKCHHS PEKOMEHIYEThCS BUKO-
pUCTaHHS HACTYITHOI (popmMyIu:

alQ [P [T,

ZH [PaT EIFHH

pry =0 Q2 —AQP)|0(4)

P(t) T,

z(P)[P
e o EQH - noanKOBI/Iﬁ ra30HaCU4ECHUU IIOPO-
BHUI 00'eM, M

AQ(P) — 006'eM MOPOBOTO TPOCTOPY, 3aMHS-

THH CHPYM KOHJICHCAaTOM, IO BHTIAB, HA MOMEHT
yacy t, m";

p(P) + AQ(P) (p, (P) +Mp (),

PH,P(t) — BIAMOBITHO MOYATKOBUM Ta MOTO-
YHUHN cepefHill MIacTOBUI THUCK, 3Ba)KEHUH TIO T10-
poBux o6'emax a[Q ta o[ —AQ(P), Ila;

z,,2(P) — xoediuieHT HafCTUCIMBOCTI ra3o-
KOHJCHCATHOI CHCTeMH HpH Temmeparypi T, 1

BinnosinHo tuckax P ta P(t), u. on.;

P, p(P) — BignmosinHo rycruxa miactoBoro
rasy IOYaTKOBOTO Ta MOTOYHOTO CKIIAy, TIPUBE-
JIeHi 10 aTMOCEPHUX YMOB, KI/M;

p.(P) — rycruna cuporo konzencary, mo
BUIIAB y IUIACTI HA MOMEHT 4Yacy i, mpuBemeHa 10
NOTOUHOrO MJIACTOBOTO THCKY Ta TEMIEpaTypH,
Kr/Mm7;

MBI/I}:[ (t)
qacy t, xr.

OctanHiil wieH piBHAHHS (4) PEKOMEHIYETh-
s 3Haxoz[mn 3 HACTYITHOTO CITiBBiIHOIIEHHS

BI/I,Z[ (t) - MBI/I,Z[ (t - At) +
+ {QBI/IZ[.CF (®) HBl_—ls(t)J - QBI/IZ[.CF (t—At) [[Bl.ﬁ(t - At)ﬂ O

2o[Pol+pi[Pe-avl}, (5)

ne M, (t- At) Maca BHIOO0YTOro rasy Ha Mo-
MeHT vacy & — AL, kr;

Quuer t—A1), Q.. (t) — ob'emu BuIOOYTO-
ro CyXxOoro rasy Ha MOMEHT 4Yacy BiAIOBIIHO
t —At ta t, npuBeneHi 10 HOpMaTbHUX YMOB, M

At —xpok 1o uacy, c;

B[P(t)J — o0'emHnii KoeilLieHTH TepeBOaY
CYXOro rasy B IUNIACTOBHH, 4. O.

Otxe, sk 6aunmo, hopmyau (4) ta (5) € mo-
CUTBh TPOMI3IKUMH Ta CKIATHUMH i1 Oe3mocepe-
JIHBOTO MPUKJIAHOTO BUKOPHCTaHH:. B HUX BHKO-
pUCTOBYETbCSL IUGEPEHIIHHNI MiaxXig 10 BU3HA-
4yeHHS! Koe(ili€HTIB PIBHAHHS OCKUJIBKH BimOyBa-
€THCS YCepPEeTHEHHS MapaMeTpiB ra3y Ta KOHJIeHCa-
Ty Ha yacoBoMy iHTepBaim Af. Takum duHOM, AJs
3actocyBanHs piBHsHHSA (4) Ta (5) HEoOXinHO BO-

— Maca BUAOOYTOro ra3y Ha MOMEHT

JOJITH 1H(HOPMAITERO 00 MOTOYHOT HACHYEHOCTI
IUIacTa KOHJEHCATOM, IMOTOYHOIO 00'€eMHOro Koe-
¢iuieHTa mMepeBOAy CyXOro ra3zy B IUIACTOBUH Ta
MOTOYHHUX TYCTHH Ta3y Ta KOHJeHcary. Tex came
CTOCYEThCA W IHIIUX pekoMeHmoBaHuX y [5] dhop-
MyJl MaTepialbHOTO OaslaHCy IS BpaxyBaHHS TO-
CTYIUICHHS B ITOKJIaJl BOJM Ta MPYKHOI edopMartii
IacTa.

BpaxoByroun BUINEBUKIAJICHE, BHHUKIA He-
0OXITHICTH Y pO3p00Ili METOIUKH, JOCUTH TPOCTOL
y 3aCTOCYBaHHI, i B TOW K€ 4ac TaKoi, 1[0 MOBHOIO
Miporo oxormiroe (i3WdHI TIpolecH, sKi BiOyBa-
I0ThCS B TUIACTI.

[Ipu mpy’kHOMY pPEXHMiI PO3POOKH Ta30KOH-
JIEHCATHHX TIOKJIAAIB BiOYBAEThCS 3HIKEHHS IJIa-
CTOBOT'O THUCKY, 3MEHIIICHHS 00'eMy TIOP BHACIIJIOK
PO3LIMPEHHS 3¢PeH [OPOAU Ta PO3LIMPEHHS IL1ac-
TOBOI BOJH, & MPH MaJIHHI THCKY HAXYE HACHUYCH-
HS — BHIAIiHHA KOHJeHcaTy. SIkmo mepmii jasa
napamMeTpy MOYKHa BpaxyBaTH aHAIOTIYHO SIK 1 IPH
pO3paxyHKy HadTOBMX IOKIA/IB, TO 3 KOHACHCA-
TOM BUHHKAIOTb JIESIKI TPYAHOLLI. Moro KineKicTs B
TUTACTI 3aJIKUTH BiJl THCKY 1 MOXeE SK 301JIbITyBa-
THUCB, TAaK i 3MEHIIYBATUCh B 00JIACTI PETPOrpa/IHO-
ro BUNIAPOBYBaHHSA. TOMYy BH3HAUUTH KIJIBKICTh
KOHJICHCATY, 1[0 BUIIAB Y IUIACTI, 3 ypaxyBaHHIM
(hazoBUX MepexoiB TOCUTh Baxko. Came TyT MO-
JKHA CKOPUCTATHCh pe3ysibTaTaMu IU(EpeHIliaTb-
HOI KOHJEHCAIlli 3 ypaxyBaHHIM OCOOJHBOCTI
OTpPHMaHHsI €KCIIEPUMEHTAIBHUX BEIHYMH. Benu-
YHHU TUTACTOBUX BTPAT Ta BUJOOYTKY KOHJIIEHCATY
€ IHTeTPAIbHUMH, 1O 3HAYHO CIPOLLYE AIrOPUTM
PO3paxyHKy TaK SIK Billafa€ HEOOXiJHICTh BU3HA-
YeHHs MMOTOYHUX ITapaMeTpiB IUIACTOBOI BYTJIEBO-
JTHEeBOI cucTeMu. Takok CITiJl BpaXxOBYyBaTd Ty 00-
CTaBHHY, 110 00K BUAOOYTOrO razy MpoBOIUTHCS
B IIEpEepPaxyHKy Ha CyXHii ra3.

TakuM YUHOM, TPYHTYIOYHMCh Ha TPHHITUIIAX
MaTepialbHOTO OaJlaHCy, a caMe PIBHOCTI 00'emy,
MO>KHA 3aITUCaTH HACTYITHI CITiBBiTHOIIICHHS.

3BiNbHEHHH 00’ €M MOp B pe3yNbTaTi:

—Binbopy rasy Q by [w
— Bimbopy miactoBoi Bomu V [A .

B cBoro uepry, neii o0'em Oyne 3anoBHEHUI
3a paXyHOK:

- PO3LIMPEHHS TUIACTOBOTO razy
(Qo B, —Q, W) [b—by) ;

— BUNAJIIHHS KOHJICHCATY M ;

- PO3IIHPEHHS nopozmpK i BOIH
QBoMopg 4o, p,)mp;

1-aq,

- HOCTyHJ‘IeHHH BomH VIA.

[Ticns BIOMOBITHUX apU(PMETHIHHX TEPETBO-
peHb OTpUMaeMO (OPMYITY UIS OMIHKH ITOYaTKO-
BHX 3aIlaciB CyXOro ra3sy.

Qo =(Q, bw-(v-V) m)d(b—bo) Wy + (6)

, vt (00010, by Wo LB, +a, UB,) [P -

P 1-a,
ne  Qy—3amacu Cyxoro rasy, MilH M,
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— HAaKOMWYCHHUN BUIOO0YTOK CYXOro rasy,
MJTH M’

b, by — 06'emni koedinienTn BUIOOYTOTO i MMO-
YaTKOBOTO TUIACTOBOTO Ta3y BiJIOBIHO, Y. O1I.;

W, Wy — 006'eMHI KoeqnmeHm TIEPEBOALY CYyXO-
ro rasy B IJIACTOBHH BHUI0OYTOro 1 MOYaTKOBOIO
IIACTOBOIO a3y, BIIMOBIAHO, Y. OX.;

Vir — m1acToBi BTpaTH KOHACHCATY, I/M>;

by — 06'emMHnit KoedilieHT KOHIEHCATY, U. O,

P, — TYCTHHa CTabiIBHOTO KOHAEHCATY,
kr/m>;

AP — pizuuig Mix HOYaTKOBUM i MMOTOYHUM
m1acToBuM Tuckom, Mlla;

B,, B,— xoediieHTH CTUCIMBOCTI MOPOIHM i
BOIM BiamoBigmo, MITa™;

O, —II0YaTKOBA BOJOHACHYEHICTb, Y. Of.;

V, V — 00'em Bu00yTO1 i Ti€i, 110 HamidIIA B
IMOKJIal BOMIH, BIIITOBIIHO, M,

A — o0'emHMIA KOe(iIiEHT IUTACTOBOI BOJH,
4. OI.

Orpumana Qopmyna (6) € yHiBepcalbHOIO.
JlificHO, SIKIIO HEXTYBATH MPY)KHHAM 3amacoM To-
poa i Boau, GopMyIly MOXKHA TIEpENACaTH HACTY-
THAM YHHOM:

0= QuDI-(v-V)D

(b-by) v, + Vtr 0001,
Px
Skimo po3pobka BinOyBaeThCs Ha BUCHAKEH-
HS IIACTOBOi €Heprii, TOOTO BiACYTHE HaIXO-

JUKCHHS B TIOKJIaJ] BOJH 1 BOHa HE BUI00YBA€THCA,
TOI:

()

Q, W
(b—by) i, + Y C00OTB,
0 0
P

I, HapemTi, KO po3poOKa BeAEThCS MPH THU-
CKY BHWIIIE TUCKY HaCHUYEHHS, a00 3K pO3pPOOIIETHCS
HOKJIAJ ra3y 3 He3HAYHUM BMICTOM BaKKHX BYTJIe-
BOJIHIB, TOOTO (i3uuHI MapaMeTpH raszy 3ajuiia-
I0ThCsl MOCTIHHUMH, TO (opmyna (6) mepeTBopro-
eTeest y popmyay (1).

IIle ommiero mepesaroro dopmyian (6) € MOK-
JIMBICTH 3aCTOCOBYBATH 11 0€3 Moaudikaiii — He3a-
JISKHO TPOBOJIUTHCS PO3PaXyHOK MPU THUCKY BHIIE
TUCKY HacHueHHs abo Hwk4e. [Ipu upomy CTpyk-
Typa (OpMYIIH HE 3MIHIOEThCS, 3MIHIOETHCS TUIBKH
WICH PiBHAHHS, IO BPAXOBYE BHIIaJiHHS KOHJICH-
caTy, SKUM TpH THCKY BHIIE THUCKY HACHYCHHS
cTae piBHUM Hym0. DakT 3aCTOCYBaHHS OAHI€l i
Ti€l K QopMyiH, HE3aNIeKHO BiA mapaMeTpiB pos-
poOKH, € BaXIMBHM. AJKe BiIOMO, IO, HampH-
KJ1aJ, MPH TIEPEX0l PEKUMY PO3pOOKH Ha(TOBOIO
HOKJIAy 3 IPYKHOTO Ha PEXXHUM PO3UMHEHOTO rasy
HEOOXiZIHO BHKOPUCTOBYBATH pi3HI popMyinH, 1m0
BIJIMOBIAal0Th KO)KHOMY 3 PEXUMIB. 3aCTOCYBaHHS
(dhopMynH 11 peKUMY PO3UYMHEHOTO ra3y 0e3 ypa-
XYBaHHS BHUAOOYTHX Ha MPYKHOMY pexkumi HadTh
1 BOJM BeJIe 710 3HAUYHOI HETOYHOCTI.

OueBuaHO, IO MPH PO3PAXYHKY MMOYATKOBUX
3amaciB rasy 3a ¢opmyinor (6) HEOOXiTHO MaTH
3aIeKHOCTI 00'eMHOTO KoedillieHTa ra3y, 00'eMHO-
ro koedilieHTa MEePEeBEACHHs CyXOro rasy B Iniac-
TOBHH, IJIACTOBUX BTPAT i 00'€éMHOr0 KoedilieHTa

Qo = (8)

KOHJeHcaTy B THCKY. IIpn upomy MoxyTth OyTH
BUKOPHCTaHI SK CKCIIEPUMEHTaJIbHI JaHi, TaK i
PO3paxyHKOBI.

3BUYaiiHO, IIKaBO OINIHUTH PI3HUII0 B pe-
3yJIbTaTax PO3PaxyHKy 3a KIACHYHUM MeTon0M (3)
i 3a dopmynoro (6). Hmwkde aBropom HaseIeHO
MIOPIBHSIBHI PO3PaXyHKH 3aIlaciB Ta3y TOPU30HTIB
A, b ta ropuzonty B oxnoro 3 ponosui J1/13. Bu-
XOJYM 3 MIpKYBaHb KOH(QIICHIIIMHOCTI Ha3Ba Po-
JOBHIIIA HE HABOAWTHCS, & HA3BH TOPU3OHTIB 3Mi-
HeHo. Benmunnza 3amaciB po3paxoByBajach Ha KO-
JKHY TOYKY 3aMipy THCKY, OTPHUMaHi BEIUYHHU
yCEepPEIHIOBAIHCE.

[lnacroBuil ra3 ropusoHTYy A XapakTepusy-
€TbCs HACTYIHUMH NApAaMETPaMH: BiJHOCHA TyC-
THHA 10 HOBlTp}O 1,6454. o11., BMICT KOMIIOHEHTIB
Cs. — 1002,2r/m°, monbHa wactka Cs, — 17,7 %,
TUCK To4aTtkKy koHneHcamii — 38MIla, mimactoBa
temreparypa — 116 €, mo4aTkoBUi IUIACTOBHI
TUCK - 46,1MI]a.

[lapameTpy IACcTOBOrO rasy ropusonty b
HAaCTYIHI!  BIAHOCHA TYCTMHA 1O  TOBITPIO
1,165u4. ox., BMicT KOMIIOHEHTIB Cgy — 445, Tr/ve,
MosbHa dactka Csy — 7,4 %, THCK MOYATKy KOH-
neHcamii — 42,5MlIla, minacroBa TemmepaTypa —
125 €, mouatkoBwuii mnacrouii Tuck — 47,8MI1a.

[lapameTpn MacToBOro rasy ropusonty B
HACTYNHI:  BIJIHOCHA TYCTMHA IO  IOBITPIO
0,9584. o1., B7MicT kommonenTis Csy — 365,3r/M°,
mosibHa Yactka Csy — 5,3 %, THCK IOYaTKy KOH-
nencanii — 41,6MIla, miactoBa Temmeparypa —
92 €, nouaTkoBwii uractouii Tuck — 52,1MIa.

o KOXHOMY TOpPU3OHTY OyJIO BUKOPHCTAHO
KpUBi 1M(EPEHIIIAHOI KOHICHCAIlii, 3TIIHO 3 AKH-
MU pO3paxoBYBaJIHCh 00'€MHI KOeillieHTH Iepe-
BOJly CyXOro rasy B IUIACTOBHiI Ta 00'eMHi Koedi-
uieHTH BUIOOYTOro actooro rasy. Takox Bu-
KOPHCTaHO TaKi JIaHi SK MOPHUCTICTH 1 MOYATKOBA
BOJIOHACUYEHICTh TUIACTIB, KOe]IlieHTH NPYKHOC-
Ti TUTACTiB Ta MJIACTOBOI BOAH.

ANTOpPUTM pO3paxyHKy HACTYITHHIL:

Ha KOKEH TepioJT 3aMipy TUIACTOBOTO THCKY Ta
BUIOOYTKY Ta3y po3paxoBylOTh 00'eMHuil Koediri-
€HT BUAO0YTOro ra3zy ta 00'eMHUH Koe(]illieHT me-
PEBOY CYXOro ra3y B ILUIACTOBHI BHXOJSIYU 3 T'yc-
TUHU BHJO0YTOTO rasy, Ky B CBOIO Yepry, BU3HA-
YalOTh 3 HACTYITHUX PiBHSHB!

VudK +Mol,

w=——~ (9)
Mol
ne Vud, — BumoOyToK KQHIEHCATY 3TiIHO 3 KPHU-
BOIO TU(KOHIEH A, T/M°;
M, —MoJsipHa Maca KOHJeHcaty, I/MoJb;
Mol — KijbKicTh MOJIB Cyxoro razy B 1m
IJIACTOBOT'O Ta3y MOYaTKOBOTO CKIIAy, MOJIb.

b= 34007 ZFu:Pu) Ty m,sm) T (10)

I
ne  z(P,,P,,) — KoebillieHT HAICTUCIUBOCTI Ta-
30KOHJICHCATHOI CHCTEMH BIiIIOBITHO TPH TEMIIE-
patypi Ty, 1 THCKY Py, 9. 011
P., —moTouHuii miactoBuii THck, MlIa;
T, —m1acroBa Temmneparypa, K.
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BigHocHa TycTuMHa razy BH3HA4YaeThCs 3 Ha-
CTYIHHUX PiBHSHB:

B
- Mol Mol 4 ’ (11)
2896
Mol = 2% 4 Mol (12)

K
ne Pot — BMICT KOHAEHcaTy 3rilHO 3 KpPHUBOIO
nudroHneHcaii, r/m>;

M_yx —MOJISIpHA Maca CyXxoro rasy, r/MoJib.

Busnauarots koediuientu Vir, by, p, Ta A
BIZIMOBIAHO 3 KpHBOi AM(KOHIEHCalii Ta eKclepu-
MEHTaJIbHUX JTA00PaTOPHUX TOCIIIKEHb.

Po3paxoByeThcs BenWYHMHA MOYATKOBHX 3aria-
CiB rasy.

Bynyrote rpadiuHy 3anexHIiCTh BEIUYUHH
NOYaTKOBHUX 3alaciB CyXOro rasy BiJ HAKOIMHYEHO-
ro BHIOOYTKY rady Ta MPOBOJATH YCEPETHECHHS
OTPUMAaHHUX PE3yIbTaTiB.

OcHOBHI BUXIIHI JTaHI IS PO3paxyHKy 3arma-
ciB ra3y HaBeZieHo B Tabnumi 1. Ha pucynkax 1 — 6
HaBeJIeHO pe3ybTaTH PO3PaxyHKY.

Tabauus 1 —Buxigni qaHi A1 po3paxyHky

TopuzonT
A 3 B

QBHH PHJ’II QBHH PHJ'I! QBHﬂ PHJ'I!
rasy, {MIta| 335 |MITa| T3V MIIa
MJIH M MJ/IH M MJIH M

0,0 | 46,1] 0,0 |47,8 0,0 52,1
16,4 | 41,9] 181,1 | 42,1 102,1 38,9
32,7| 38,8 306,9| 39,4 1134 38,2
56,0 | 37,1 326,3] 39,9 123,0 37,5
108,6| 34,9| 449,9| 38,7 1490 35,8
155,8) 32,8| 638,0 | 36,9 164,8 35,3
489,0[ 20,8] - - | 1740 33,7

Y Tabnwii 2 HaBeIeHO MOPIBHSIHHS TOKa3HU-
KiB OITIHKM ITOYAaTKOBWX 3aIlaciB ra3y ra30KOHICH-
caTtHux 00’ekTiB A, b Ta B 3rimHo 13 3ampomnoHo-
BaHOK) METOJIMKOIO Ta KIIACHYHOIO.

Taémuus 2 —[NopiBHAHHA MOKA3HUKIB
OI[IHKM MOYATKOBHX 3amaciB rasy

IMTowaTkoBi 3amacu razy,
I'opu- MJIH M Binxu-
30HT | Apropchka | Kuacuuma | 1CHHA, %
METOIMKA METOIUKA
A 843,37 1735,29 105,7
b 4442,93 7161,75 61,2
B 992,91 1143,04 13,1

Sk BUAHO 3 PUCYHKIB 1 TaONMUIl 2, BETUIHHA
MOYAaTKOBUX 3araciB ra3y Mo TOPU3OHTY A, po3pa-
XOBaHa  3a_ dopmyrnoro  (6), CTaHOBHUTH
843,37win M’, 3a METOHMKOIO Q) -
1735 29vua M°. TakuM YUHOM PI3HHUIIA MK IUMU
po3paxyakamu — 891,92vma M° razy abo 105,7%.

[To ropuszonty b (pucynku 3, 4) BenuuuHa
MOYATKOBUX 3araciB ra3y, po3paxoBaHa 3a Gopmy-
aoto (6), cTaHOBUTH 44423,93MJ1H M, 32 METOIH-
kot (3) — 7161,75m M°. TobTo, B pesynbTari
MEHILOTO TOYaTKOBOTO BMICTy KOHJEHCaTy, pis-
HUIIA MiX pO3paXyHKaMU MEHIIA, HiK 110 TOPU30H-
Ty A i ctanoButs 61,2 %.

[To ropusonty B, po3paxoBaHa 3a (hopMyIor0
(6), cranoBuTs 992,91IMIH M°, 33 KIIACHYHOK Me-
ToMKO0 — 1143,04u1H M°. TaKHM YHHOM, Pi3HH-
1 Mi UM po3paxyHkamu — 150,13vnH M° rasy
abo 13,1 %.

3 METOIO OIIHKHM BEIUYMHU MOXUOKHU 10 PO3-
paxyHKy 3amaciB 3a pO3TIITHYTHMHU METOJaMU T10-
OyIoBaHO 3aJICKHICTh BIIXWJICHHS Y BIACOTKaX Bif
BEJIMYMHU TIOYATKOBOT'O KOHJCHCATOBMICTY, SKY
HABEJICHO HA PUCYHKY 7.

SIK BUAHO 3 PUCYHKY 7 BEJIMYHMHA BiIXUICHHS
3pOCTa€e MPOIOPIIIHO 10 BETHYUHH KOHJCHCATOB-
Mmicty i carae 100 % npu BenmmumHi BMICTY Csy
6mm3bK0 968r/M°.

3BUYaliHO, 3aMpONOHOBaHA MeToauKa 1 (op-
MyJia He M030aBJICHI HEJOMIKIB, 0 SKAX MOXHA
BIIHECTH BIJICYTHICTH MOJIHUBOCTI OOJIKY (iIbT-
parii KOHIEHCaTy B IUIAacTi, TOOTO ypaxyBaHHSI
JIOJTATKOBOTO BUIOOYTKY KOHJICHCATY BHIIE TOTO-
qHOTrO BMICTy Cs.. AJIE SKIIO BpaxyBaTH, IO OC-
HOBHOIO METOI0 METOAMKH € OIliHKa 3amaciB, a
NPaKTHYHO 3aBXKIM 3HANICTHCS TOCHTH TPHBAIHM
Iepioa 3 MOYATKy PO3pOOKH, MiJ Yac SIKOTO Taka
dinbrpanis BiACyTH, IO 1aCTh MOKIHMBICTb TPO-
BECTH OILIHKY, TO [IUM HEJOJIKOM MOYKHa 3HEXTY-
BaTH.

3Ba)karo4yy HA BEIMUYWHHU ITOXUOOK, K1 BUHU-
KaroTh B MPOIIECi OIIHKH 3aI1aciB ra3y ra30KOHICH-
CaTHOTO MOKJIaNy 3a KIACHYHOK METOJUKOI 1 €
HEIPUITYCTUMUMH, aBTOPAMU  PEKOMEHIYEThCS
BHKOPUCTOBYBATH HAaBEJCHY METOMMKY SIK TaKy,
IO TTOBHOIO MipPO0 OXOIUTIOE (Di3UTHI MPOTIECH, IO
BiIOYBaIOTHCS B IUTACTI, i B TOW K€ 9Yac € JOCTaT-
HBO TIPOCTOK0 Y BUKOPUCTAaHHI. TaKUM YHHOM, aB-
TOpaMHU BHBEJICHO HOBY VHIBEpCaJIbHY METOIUKY
PO3paxyHKy MOYATKOBUX 3aIlaciB ra3y ra30KOH]IC-
HCATHUX TOKJIAIIB, IO MOXEe 0e3MoCepeTHbO BH-
KOPHUCTOBYBAaTHCh B IHXXCHEPHHUX PO3paxyHKax B
MpOIeCi CKJIaJaHHs MPOEKTHOI JOKyMEHTAIlil Ha
PO3pOOKY POJIOBHII] BYTJICBOIHIB.
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Pucynok 1 —ITouaTkoBi 3amacu cyxoro razy ropu3oHTy A, po3paxoBaHi 3a popmy.ioro (6)
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Pucynok 2 —IlouaTkoBi 3amacu cyxoro razy ropu3oHTy A, po3paxoBaHi 3a MeToanKom0 (3)
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Pucynok 3 —ITouaTkoBi 3amacu cyxoro rasy ropusonty b, po3paxoBani 3a popmyioro (6)
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Pucynok 4 —ITouaTkoBi 3anacu cyxoro razy ropu3onty b, po3paxoBani 3a meToqukoro (3)
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Pucynok 5 —IlouaTkoBi 3anacu cyxoro ra3zy ropu3onty B, po3paxoBani 3a ¢popmy.ioro (6)
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PucyHnok 6 —ITouaTkoBi 3anacu cyxoro ra3sy ropu3oHTy B, po3paxoBani 3a MeToaukoo (3)
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Pucynok 7 —3anexHicTh BeTMYMHH BiIXWJIEHHS 10 PO3PaXyHKY MOYATKOBHUX 3aMaciB razy
Bi/I BeJIMYUHU KOHIEHCATOBMICTY
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