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[TparHeHHst 10 MIiABUINEHHS TEPMO-
JUHAMIYHOT e()eKTUBHOCTI E€HEPTeTHYHUX
MalllMH 1 YCTaHOBOK Y 3apa3 IPH3BO-IUTh
JI0 IIUPOKOTO BHKOPHUCTAHHS Ia30TypOiH-
HUX YCT@HOBOK 3 PETCHEpAIli€l0 TEeIUIOTH
B 1ukii. Taki yCTaHOBKH 3aCTOCOBYIOTh-
Csl B SIKOCTI EHEPreTHYHHX 1 TpPaHCIIOp-
THUX ['TY, a Takox B sIKOCTI OJIOKIB Iie-
pETBOpEHHSI  €Heprii  MepCIeKTHMBHHUX
ATOMHHX E€JIEKTPOCTaHIII 4eTBEpPTOro I0-
KOTMiHHA. Y [aHiii poOOoTi pO3TISAAETHCS
TepMOIUHaMIuHa e(DEeKTUBHICTB 1/1€aIbHOTO
muKiy bpaiiTona 3 pereHepari€ro Terio-
TH 3 TOCTIHHUMH TEIUIO(PI3UIHUMH BIa-
CTHBOCTSIMH POOOYOro Tijia, a TaKoK IH-
kiy bBpaiitona 3 perenepariero TemioTH
1 3BOJIOKCHHAM pPOOOYOTO Tijla Ha BXOIi B
TypOiHy (31 3MIHHAMH TCIUIO()I3UUHUMHU
BIIACTHBOCTSIMH pobodoro Tina). [Tokazana
HENPUAATHICTh TOPIBHAHHA TEPMIYHOTO
KKJI mwmkny bpaiitona 3 pereHeparii€to
TEIJIOTH 1 3BOJIOKEHHSM POOOYOro Tijia
Ha BXOoAi B TypOiHy 3 TepmiuamMm KKJI
€KBIBaJICHTHOI'O 1/1eaIbHOTO KTy KapHo.
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CrpemieHre K HOBBIIIEHHIO TEPMO-
JUHAMIYIECKOH 3((PEKTHBHOCTH SHEPTeTH-
YEeCKUX MAIllMH M YCTaHOBOK B HACTOSIIEe
BpeMsI IPUBOJUT LIUPOKOMY HCIONIb30Ba-
HHUIO Ta30TypOMHHBIX YCTaHOBOK C pere-
Hepaluen TeIloTsl B nukie. Takue ycra-
HOBKHM HaxoJsiT NPHMEHEHHE B KayecTBe
SHEPreTUYEeCKUX M TpaHCHOpPTHbIX [TV,
a Tak)Ke B KauecTBe OJIOKOB NpeoOpa3oBa-
HUSL DHEPIMU IEPCIEKTHBHBIX aTOMHBIX
JIEKTPOCTAHIMM YETBEPTOrO MOKOJIEHUS.
B Hacrosiieir paboTe paccMmarpuBacTCs
TepMoIHamMuueckas 3(h(HEeKTUBHOCTD Ujie-
aJbHOrO LUKJIa bpaiitoHa ¢ perenepanueit
TCIUIOTBI C ITOCTOAHHBIMH TeHJ’IO(bI/BI/I‘-IC-
CKMMH CBOWCTBaMH pabodvero Tesa, a Takxke
uukia bpaiitona ¢ perenepanuen TEmIOTbI
U YBIIQKHEHHEM paboyero Teia Ha BXOJE
B TypOuHy (C IepeMeHHBIMH Terodu-
3MYECKUMH CBOWCTBAMH pPabOYero Temia).
Ilokazana HCIPUMCHUMOCTb CpaBHCHUA
tepmudeckoro KIT/I uukna bpaiitona c pe-
reHepanneil TerIoThl U YBIaXHEHHEM pa-
Oouero Teya Ha BXOJIE B TYPOHHY C TEPMH-
yeckuM KII/] 5KBHUBaI€eHTHOIO UA€aIBHOTO
nuukia Kapo.

The desire to increase the thermo-
dynamic efficiency of power machines
and units now leads to use of gas turbine
units with heat recovery in the cycle. Such
devices are used as power and transport
GTUs, as well as energy conversion units
for prospective fourth generation nuclear
power plants. Thermodynamic efficiency
of the ideal Brighton cycle with heat
regeneration with constant thermophysical
properties of the working fluid, as well
as the Brighton cycle with heat recovery
and the wetting of the working fluid at
the inlet to the turbine (with variable
thermophysical properties of the working
fluid) is considered in this paper. The
inapplicability of comparison of the
thermal efficiency of the Brighton cycle
with heat recovery and the wetting of the
working fluid at the inlet to the turbine with
the thermal efficiency of the equivalent
ideal Carnot cycle is shown.

KumroueBnle cioBa: KIIJI, muxur bpaiitona, perenepaliis TeIIoTh, IepeMEHHBIEC TETUTO(PH3NIeCKIe CBOMCTBA pabouero Tena.

G ,c. — CTENIEHb PETCHEPALINHU TEIIOTHI B IUKIIE,

g — ynenbHas Teriora, [ kJx/kr |;
T — remnieparypa, [ K |;

h —sHTtanenus, | kJHx/Kr |;

1, — repmuyeckuii KIT/;

Cp — Tem10éMKoCTh, | kJx/kr K |;
P — naBnenue, [ I1a ];

7 — TeMIeparypHbIii K03hUIHEHT;

7T — CTCIICHDb ITOBBIIICHUS JABJICHUA,

d — Barocojiepxanue, [ I/kr |;

¢ — KOO PHUIHMEHT, XapaKTePU3YIONNil N3MEHEHU I
n300apHON TEIUTIOEMKOCTH pabouero Tena B [UKIIE;
k — moxazarenb annadaThl.

Huxna bpaiimona c pecenepavyueit meniomaul
uC, =const
PacemoTpum suepretuyeckuii nukin bpaiitona ¢ pere-
Hepanuel TerioTsl. Perenepanius TerioTsl B 1ukie bpaiito-
Ha CTAaHOBUTCSI BO3MOKHOM B TOM Cilyuae, Korjia TeMIepary-
pa ra3oB Ha BBIXOJIE U3 TypOUHBI OOJIBIIE, YeM TeMIIeparypa
BO3[lyXa Ha BBIXOJE U3 KoMIipeccopa. B stom ciyuwae, mo-
SIBIISIETCS. BO3MOXXHOCTh YCTaHOBKH TEIJIOOOMEHHUKA Ha
BBIXOJIC M3 TYPOUHBI, B KOTOPOM YacCTh TEIUIOTHI yXOSIIUX

ra30B MOXKHO IIepeaaTh 00Jee X0I0IHOMY BO3/1YXY, BBIXOIS-
HIeMy U3 KoMIpeccopa. DTOT TeIUIO0OMEHHHK MPUHATO Ha-
3bIBaTh PE2eHEPAMopoM Menaomel Uil PEeKynepamopom.
Cxema pereneparruBHOro 1ukia bpaiitona npeacrasieHa Ha
pucyHke 1.

OmnpenenuMm CTENEeHb pereHepanny TEIUIOThl B LIUKJIIE
( O . ), KaK OTHOLICHHE JICHCTBUTENLHOTO KOJIMIECTBA Te-
IUIOTHI TIEPEJaHHOTO B PErEHEPATOPE BO3AYXY 3a KOMIIPEC-
COPOM K MakCHMaJIbHO BO3MOKHOMY KOJMUYECTBY TEIUIOTHI,
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PezeHepamop

Puc. 1. Cxema zazomypounnoil ycmanoeKu ¢ pezenepayueii menaiomol.
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Puc. 2. T-s ouazpamma yuxna bpaiimona c pezenepayueit meniomel.

KOTOPOE TEOPETUUECKU MOTJIO ObI OBITH BO3BPAIICHO B ITUKIT
(puc. 2):
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9 pez = hS _hZ > Y peemarc = hS' - hZ = h4 _h2 :

Takum 06pa3om, cTeTeHb pereHeparuy nukia bpaiiro-
Ha C pereHeparfii TEeTIOThl OyJeT OmpeaesaThCs U3 BhIpa-
KeHus [5]:

hs —h
55"
T = @)

Jlnst uaeanbHbBIX Ta30B C TOCTOSIHHOM YIeIbHOU TeTLIOo-
EMKOCTBIO CTETIEHb PEeTeHEePAIHH IHKIIa OMPEeIseTCs BhI-
pakeHueM:

T, - T
JAs= 1 3
o =
pee T4—T2 ( )

I/ICHOHBSYH METO/ aHaJIn3a 3aMKHYTBIX ITUKJIOB, U CUH-
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Tas MPOIECCHl Mepeaadr TEIUIOTH B IIUKJIE CTAllMOHAPHBI-
mu, Tepmudeckuit KIT/] peanbHOro pereHepaTuBHOIO IIUKIIa
Bpaiitona Haiin€m U3 clieqyIOMIEro BhIpaXKEHNs:

_ C T —C,.T
ﬂl,pezgl_‘h:l,&:_hL:l_M‘ (4)
gl h3 - hS Cp37—£3 - CpSTS

W3 BeIpakenmst (4) ciaemyeT, 4TO TEIUIOTA, TepeaaBa-
emasi pabodyeMy Telly B pereHeparope, He BXOAHT B BBIpa-
skeHue 115 repmudeckoro KITJI, mockonbKy 3Ta Teniora He
nepenaéres 3a Mpeaetbl KOHTYpa IHKIIA.

Cuutas pereHeparop HACUTHHBIM TETUIOOOMEHHU-
KoM ( G ,,, =1 ), ¥ TIOCTOSIHHON YACHBHYIO TEITOEMKOCTS
pabouero Tena B mporeccax MUKIa, BEIpaKeHUe [Tl TEPMHU-
geckoro KIIJI perenepaTHBHOTO ITUKIIA OYIET IMETH CIIEHY-
FOLLUNA BUJT:
T -1

M pee =1 Lon ()

W3 IpUHATOro JOMyIIEeHNUs O, = 1 ciienyer =
I/IT'S:T4’3T6=T2‘ 4142
Torna Beipaxkenue aisa tepmuyeckoro KIIJ[ perenepa-

THUBHOI'O IIMKJIa MOXXHO 3aITMCaTh B BUJIC:

L
:1_u:1_£ﬂ_‘ (6)
L-T, L, T,

L

ﬂt,pee

Cuuras mporieccbl 1-2 u 3-4 W303HTPONUYECKUMH,
MOXKHO BBIPAa3WTh OTHOIIEHHUS XapaKTEePHBIX TEMIIEpaTyp
yepe3 OTHOUIEHUS JIaBJICHUM:

k-1 k-1
T, (B T, (R
L_(m)¢r  L_(A

L \R L \A

[TockonbKy B TAHHOM Cllydae paccMaTpHuBaeTcs Wje-
QIBHBIN UK, B KOTOPOM TMPOIIECCHI MOJIBO/IA U OTBOJA TeE-
IJIOTHI CYUTAIOTCS W300apHBIMHU, TO B W300apHBIX IPOIIEC-
cax2-3u3-4 P, =Fu =P,

. b B
OTHOIIICHHUE IaBICHUN 77 = —==—= MPEJICTABISIET CO-
1 1y
00l cmenensb nosvluieHus 0A61eHUA B HIICATTHHOM PETeHe-

T
PaTUBHOM HUKIIC, @ OTHOUMICHUE TEMIICPATYyp T :Fl — TEM-

3

neparypHbIii K02 (OUIMEHT UACATBPHOTO PEereHepaTHBHOTO
nukia [5].

Torma ¢ yueToM BBEAEHHBIX 0003HAYCHUH BBIPAKCHHE
nas tepmudeckoro KIIJI wmaeanbHOro pereHepaTuBHOTO
nukia bpaliToHa MOXKHO MPEJCTABUTh B CIEAYIOIIEM BUJIE:

k-1

s -1
k-1
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Mopee =1 =7 7——<=l-7-7 | )
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MOoXHO TOKa3aTh TaKXke, YTO YIS MIEaTHHOTO ITUKIA
Bpatitona 6e3 pereHeparuu TerutoThl TepMmudeckuii KIT/
IIUKJIa OTIPEAEIISETCS BRIPAKEHHEM:

1

m=l-—7. (8)

ET

Kax cnemyer u3 Beipaxkenuit (7) u (8) TepMUUecKHid

KIIJ[ uneanbHOoro HuKia bpalToOHAa 3aBUCHUT TOJBKO OT
CTETICHN TOBBIIIICHNS JaBICHUS B IIUKJIE, B TO BpeMs, Kak
tepmuueckuii KIIJ[ maeanbHOro pereHepaTuBHOIO IMKIIA
BpaiiToHa 3aBHCHT OT CTENEHH MOBBIIIICHNS ABICHHS B IH-
KJIe ¥ OT TeMIIEpaTypHOro KodddumuenTa mukia.

Bo3ankaer Bompoc, B KakUX CIy4asX 3HAYCHUS
tepmuueckoro KIIJ[ upeanbHOTO pereHepaTMBHOIO IMKIIA
Bpatitona n oO0praHOTO TTMKIA bpaliToHa paBHBI MEXIY CO-
00i1? /I oTBETa Ha ATOT BOIIPOC HEOOXOAMMO TIPUPABHITH
BeIpaskeHus (7) u (8):

k-1
1 Tk
1- =] =l-z-7w
nt,pez =1 . T k >
OTKY/Ia TTOTYIIM
k
2(k-1

—— ©

CreneHp NOBHIIICHNUS JaBICHUS, OTIpe/iessiemMast BbIpa-
xkeHueM (9), COOTBETCTBYeT MaKCHMaJIbHOH paboTe OOBIU-
Horo Tmkia bpairona. [l QuKCHpOBaHHOTO 3HAYCHUS
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TeMIieparypaoro kodddummenta (7) 3HaUYCHUS CTCIICHH
TIOBBIIIICHHS JABIICHUS OOIBIIIE, YeM OTpeIeIEHHBIE TTO BhI-
paxenuto (9), IpUBOAAT K TOMY, 4TO TeMneparypa 7, cra-
HOBHUTCS MEHBLIE, YeM T, ¥ PET€HEPALUS TEIJIOTH B LUKJIE
CTaHOBUTCS HEBO3MOXKHOM.

D GEeKTUBHOCTh JHEPTETHUSCKUX IHKJIOB IPHHSATO
CcpaBHUBATH ¢ 3(QPEKTUBHOCTHIO HeaIbHOTO IuKIIa KapHo,
tepmuueckuid KIIJ[ koToporo ompexaensieTcs U3 BbIpaxke-
HUS;

5

= :1—
I

Mk z. (10)

Kak u3BecTHO, uaeanbHblil 1Mk KapHo, cocTosimmii
13 PaBHOBECHBIX aauabaTHBIX TMPOIECCOB CHKATHS M pac-
MIUPEHHS] M N30TEPMUYIECKHX MTPOIIECCOB MOABOAA (OTBOIA)
TEIUTOTHI, OTIPEETIeT MAaKCUMalIbHOEe 3HAYeHHE TepMHUe-
ckoro KIIJI nmukia npu 3aJJaHHOM 3HAUY€HUM €ro TeMIiepa-
TypHOTO KO3 durmenTa (MaKCUMaIbHOM U MUHUMATEHON
TEeMITepaTyphl ITUKIIA).

Ha pucynke 3 npencraBieHbl 3aBUCHMOCTH TEpMUYE-
ckoro KII/I pereneparuBHoro nukia bpailTona ¢ Heu3MeH-
HBIMHU TEIIO(PU3NICCKUMH CBOMCTBAMH pabodero teia oT
CTETICHN TOBBINICHUS JABJICHUS B IHMKIIC JJIS Pa3TUIHBIX
3HAYCHUH TeMITepaTypHOTo KO3 GUIINEeHTa, paCCUNTAHHBIE
o ypasHeHusM (7) u (8).

Kak BHIHO W3 pUCYHKa, B OTIIMYHE OT 3aBUCHMOCTH
tepmuaeckoro KI1J[ o6sranoro mukia bpaiitona, Tepmmde-
ckuit KITJI pereneparuBHoro nukia bpaiitTona yMmeHbIaeT-
Csl C pOCTOM CTETICHH TIOBBIIIICHUS JABICHUS B IUKJIIE U MTPH
YBEIUYCHUH TeMIiepaTypHoro kodddummenta mukia. [1pn-
4€M, BO BCEM NMANa30HE M3MEHEHHUS CTETICHHU MTOBBIIICHHS

JTABJICHUS B IMKJE (TIpy 77 > 1) 3HAYSHHS €T0 TEPMUIECKOTO
KIIJI menpmie, yem 3HaueHne KIIJ[ s3xBUBajI€HTHOrO ITUKJIa

Kapno. Kak cnenyer u3 Boipaxkenust (7), npu 7 =1 Tepmu-
yeckuit KIIJ[ pereneparuBnoro nukia bpaiitona craHoBUT-
cs paBHbiM KI1/] nukna Kapho, a pabora mukia npu 3Tom
oOparaercs B Hylb. I3 prucyHka Takxe ciienyer, 4yTo 0ojee
BbICOKHME 3HaueHus: tepmuyeckoro KIIJ[ pereneparuBHOro
mukia bpaiiToHa COOTBETCTBYIOT OTHOCHTEJIBHO HEBBICO-
KM 3Ha4CHUSIM CTETICHU MOBBILICHUS JaBJICHUS B LIUKJIE.
Bo Bropoii wactu crarbu OydeT pacCMOTPEH LHMKI

Bpaiitona ¢ perenepanueii TemIOThH U C, =var-

Buieoowt

AHanmu3 TepMomMHAMHUYECKOH A(h(EKTHBHOCTH We-
alIbHOTO PEreHepaTUBHOTrO IMKJIa bpaliToHa ¢ yBIaXXHEHU-
eM pabodero Teja Ha BXOIE B TypOHHY TO3BOJIIET CHENIATh
CJIETYTOIINE BHIBOJIBI:

1. C pocToM MaccoBOTO BJIATOCOACPIKAHUSI PadbOIETo
TeJa Ha BXojie B TypOouny Tepmudeckuii KI1/] pereneparns-

1,0 ‘

E a=0 T=O,2
0,9 _ L Kaprio -L =025
0,8 P/ =03
0.7 1 [/ - //Cpere/-/epau///em‘ =035
0,6 n \\_%\\y#—f

= 0,5 \Z > ==

0,4 /‘\\\‘\‘ — == = = 4
0,3 / hl ~< == = =~ -~
02- / bes pereHeparm =+ ~ o - T
0,1. // — ==
0,04 . - - -

0 5 10 15 20 o5

T

Puc. 3. 3asucumocmu mepmuueckozo KIIJ/ pezenepamuenozo u npocmozo yuxios bpaiimona

c Cp = const Om cmeneHu noeblleHUs 0a6/1IeHU 6 HUKJle onsa Pa3ituiHblxX 3HaueHull

memnepamypHnozo kodppuyuenma.

Tennogizuka ma mennoeHepaemuka, 2019, m. 41, Ne2



TEMNNO- | MACOOBMIHHI NMPOLIECU TA AMNAPATW, TEOPIA TA NPAKTUKA CYLIIHHA

HOTO IMKJIAa BO3PACTAET, U YMEHBINAETCS C YBEIHMYCHHEM
CTETICH! TIOBBIIICHHUS JaBICHUS B IIUKJIE.

2. Bricokme 3HaueHus tepmuueckoro KIIJ[ mmxma
(717, =80...87% ) MOXHO TOCTHYL IPH CPABHUTEIHLHO HE-
BBICOKHX 3HAYCHHAX CTETICHW TIOBBIIICHUS TABICHUS B IH-
ke ( 7 <5) u BeICOKHX (10 d=0,5) 3HAYEHNAX MAaCCOBOTO
BJIaroconep KaHmsl pabodero Teja Ha BXOJE B TYPOUHY.

3. ITloxa3zaHo, 4TO MpHU ONPEAETNEHHBIX YCIOBHIX TEP-
muueckuit KITJI pereHeparuBHOTO LMKJIA C YBIAKHEHUEM
pabodero Tena Ha BXOAE B TYpOUHY MOXET OBITH OOJbBIIE,
yeM Tepmuueckuil KIT/[ skBHBaJIeHTHOTO M1€aIbHOTO IIHK-
na KapHo, 9TO HEe MPOTHBOPEYUT BTOPOMY 3aKOHY TEPMOJTHU-
HaMUKH, ITOCKOJIBKY YCJIOBHEM peann3anuu mukia Kapho
SIBIIICTCS HEM3MEHHOCTD TETUTO(U3MIECKUX CBOMCTB pado-
4ero Teljla B LUKIIe. B 3To CBsI3U, HCIIOJIb30BaHUE BBIPAKE-
Hus s tepmudeckoro KITJI naeansHoro mukia KapHo ne
MIPUMEHNMO B KaueCTBE KPUTEPHs OLeHKH d((HEeKTHBHOCTH
LMKJIOB DHEPTETUYECKNX YCTAaHOBOK C CHJIBHO MEHSIOIIH-
MHCS TETIIO(PU3NISCKIME CBOWCTBAMH pabodero Tena.

4. Tloxkazano taxxe, uyto Tepmmueckuii KI1/] perene-
PATHBHOTO IHKIIA C YBIAXXHEHHEM pabodero Teja Ha BXOJe
B TypOWHY Bceraa Hrke, yem Tepmudecknii K111 sxBuBa-
JICHTHOTO HEpaBHOBECHOro mnukia KapHo ¢ nepeMeHHOM
VIAENBHON TEIUIOEMKOCTBIO padovero Tena, YTO COOTBET-
CTBYET BTOPOMY 3aKOHY TE€PMOJMHAMHUKH.

5. TlokazaHo, 4TO pereHeparuBHbIN 1K bpaiiToHa
C VBIOKHEHHEM paboyero Tena mepen TypOMHOW MOXKHO
MPECTaBUTh B BHJE YCIOBHOTO IMKJIA C OOJiee BBICOKOM
MaKCUMaJIbHOW TEMITEpaTypoOH ITUKJIa, KOTOpasi B 3aBUCUMO-
CTH OT BEJIMYMHBI MAaCCOBOTO BJIATOCOJEP)KaHUSI pabodero
Tena MokeT B 1,2...2,5 pasa mpeBbIaTh IeHCTBUTEIBHYIO
MaKCUMAJIbHYIO TEMITEpaTypy IUKIa, YTO U 00yCIOBIMBAET
BBICOKME 3HaYeHus ero Tepmuueckoro KIIT/I.
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EFFICIENCY OF THE REGENERATIVE CYCLE OF
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PROPERTIES OF THE WORKING FLUID (Part 1)
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The data about thermodynamic efficiency of the
ideal Brighton cycle with heat regeneration with constant
thermophysical properties of the working fluid, as well as
the Brighton cycle with heat recovery and the wetting of
the working fluid at the inlet to the turbine (with variable
thermophysical properties of the working fluid). The
inapplicability of comparison of the thermal efficiency of
the Brighton cycle with heat recovery and the wetting of
the working fluid at the inlet to the turbine with the thermal
efficiency of the equivalent ideal Carnot cycle is shown.

The analysis of the thermodynamic efficiency of an
ideal regenerative Brighton cycle with a decrease in the
working body at the entrance to the turbine allows us to
make the following conclusions:

1. With the growth of the mass moisture content of
the working fluid when entering the turbine, the thermal
efficiency of the regenerative cycle increases, but decreases
with an increase in the degree of increase in the pressure
level in the cycle.

2. High values of the thermal efficiency of the cycle can
be achieved with relatively small values of the degree of
increase in the pressure in the cycle and high (up to d = 0.,5)
values of the mass moisture content of the working body
when entering the turbine.

3. It is shown that under certain conditions the thermal
efficiency of the regenerative cycle with the decrease of the
working body when entering the turbine may be greater than
the thermal efficiency of a similar ideal Carnot cycle, which
does not contradict the second law of thermodynamics,
since the condition for the implementation of the Carnot
cycle is the immutability of the thermophysical properties
of the working body in a loop In this regard, the use of the
expression for the thermal efficiency of the ideal Carnot
cycle is not used as a criterion for assessing the efficiency of
cycles of power plants with highly variable thermophysical
properties of the working fluid.

4. It is also shown that the thermal efficiency of the
regenerative cycle with the decrease of the working body
when entering the turbine is always lower than the thermal
efficiency of the equivalent non-equilibrium Carnot cycle
with a change in the specific heat of the working fluid, which
corresponds to the second law of thermodynamics.

5. It is shown that the Brighton regenerative cycle with
a decrease in the working body before the turbine can be
represented as a conditional cycle with a higher maximum
temperature of the cycle, which, depending on the mass
content of the moisture content of the working body, can
in 1,2 ... 2,5 times exceed the actual maximum temperature
cycle, which determines the high values of its thermal
efficiency.

Key words: Brighton cycle with heat recovery, variable
thermophysical properties of the working fluid, efficiency.
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