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MoauduuupoBaHHbii MeToa, 3pdekTUBHOCTL-NTU Chock tor
(m-e-NTU) pna pacuyéra Bo3ayxooxiaguTesneu

B pe)XXMMe C BJIaroBbiNaAeHUEM MM UHeeBbiNageHUeM.
Yactb IV

B.A. lopTaHuxumH

MoCKOBCKUIM rocyAapCTBEHHbINA TEXHUYECKUIA YHUBEpCUTET MMeHM H.3. bayMaHa (HaumMoHanbHbIA UccnefoBaTeNbCKuiA yHUBepCuTeT), MocKBa,
Poccuitckas ®epepaums

AHHOTALMA

B yeTBEpTOI YacTK cTaTby MOLLArOBO U3NOXKEH alrOPUTM NMPUMEHEHWS BHOBb paspabotaHHoro m-¢-NTU MeTopa ons pacuyéta
BO3yX00X/1AAUTENEN B PEXUME C BIaroBbINafeHNeM WM MHeeBbINafeHUEM, a TAKXKe MPUBELEHO ero CpaBHEHWE C METOLOM
nocerMeHTHoro pasbueHus TennoobMeHHoro annapara. [laHHoe cpaBHeHWe MOKa3aso XOPOLUYI0 CXOAUMOCTb PesyNbTaToB pac-
YETOB MPU MHOMOKPATHOM COKPALLEHUM BPEMEHM UX BbIMOHEHWUS. 3HAUEHWE OTKIIOHEHWS PACUETHO BESIMUMHBI TENI0BOW MOLL-
HOCTW, BBIYMCIIEHHOW C MCMO/Ib30BaHWEM BHOBb pa3paboTaHHOro MeToAa, OT TOW e BEeSUYMHBI, BbIYMCIIEHHOW NpY NMOMOLLM
MeTo[,a MOCEerMeHTHOro pasbueHus, B cpeaHeM coctaBmo 3,23% no Moaysiio 1 He npeBbiwaeT 4,5% no Moaynio. Mpu pasbueHun
TennoobMeHHoro annapara Ha 40 cerMeHTOB BpeMsl BbIMOSIHEHMS PACHETHBIX MpOrpaMM Bo3pacTaeT npubnusutensHo B 18 pas
Mo CPaBHEHMIO C WCMONIb30BaHWEM BHOBb Pa3paboTaHHOr0 MeToAa, YTO MOXKHO HasBaTb CYLLECTBEHHBIM MPEMMYLLECTBOM
nocnegHero. YunTbiBas BbiLLeCKa3aHHOe, BHOBb Pa3paboTaHHbIA METOZ, MOXKET LLIMPOKO MUCMO/b30BaTLCS B Liensix nogbopa Bo3-
LYX00XNafuUTenen, Ux NoBEPOYHbIX M KOHCTPYKTOPCKMX PacyEToB.

06ocHoBaHue. VMeeTcs HeobX0AMMOCTb B HalM4YMW YHUBEPCANIBHOTO METOfA pacyéTa BO3AYX0OXAAMTeNel, NMpUMEHMOro
KaK K KOHCTPYKTOPCKYUM, TaK U K MOBEPOYHBIM PacyéTaM, yuMThIBAKLLIEro BMUSIHUE BNIAroBbINafeHUs M MHeeBbINafeHUs Ha Npo-
Liecc TennoobmeHa 1 no3sonstoLLEro ObICTPO BbINOMHATL BOMBLIOE KONMYECTBO PacyeToB [N MOAENMPOBaHNs paboTel cucteM
X0N0A0CHABKEHNS U KOHAMLMOHMPOBaHUS Bo3Ayxa 6e3 3HauMMoli noTepy TouHOCTU. MeTog pacyéTa, YA0BNETBOPSIOLLMIA BCEM
BblLLIEHa3BaHHbIM KpUTEPUSAM, OTCYTCTBYET Kak B OTEYECTBEHHOW, TaK U B 3apybexkHON NiuTepartype.

Lienb paboTbl — co3aaHue yHUBEpCaNbHOTO METOAA PacyeTa BO3AYX00XTaauUTeNel, MPUMEHNMOr0 KaK K KOHCTPYKTOPCKUM, TaK
M K NOBEPOYHBIM PacyéTaM, YUUTBIBAIOLLEr0 BAMSHWE BNaroBbiNafeHus W MHeeBbINafeHus Ha npouecc TennoobMeHa 1 no3Bo-
nstoLLero 6bICTPO BbIMOMHATL BOMBLUIOE KONMYECTBO PAacyETOB AN MOAENMPOBaHMSA paboTbl CUCTEM X0/10[0CHABKEHNS 1 KOHAU-
LIMOHWpOBaHUSA BO3[yxa be3 3HauMMON NoTepM TOYHOCTU.

MeToppl. PaspaboTaHHbIM MeTo pacyéTa BO3AyX00XlaauTesneld 0CHOBaH Ha KiaccudeckoM noaxoge -NTU (apdeKTmBHOCTD —
UMCIO0 efMHUL, NepeHoca TeMnsoTbl) U ABNSETCA €ro ajantauuel, NO3BONSIOLLEN YYeCTb BIMSHUE NPOLEcca BaroBbinafeHus
W VHeeBbINaJeHMs Ha NpoLecc TernoobMeHa, a TaKKe BbIMOJHUTL PacyéT (B T.4Y. KOMBMHMPOBAHHOMO pexuMa paboTbl Bo3-
pyxooxnagutens) 6e3 pasbuenns TennoobMeHHoro annaparta Ha oTAeNbHble cerMeHTbl. OLeHKa NorpeLHoCTM pacyéTos, Bbl-
MOJTHEHHBIX C UCMONIb30BaHMEM pa3paboTaHHOro MeToAa, NPOM3BOAUNAC NYTEM CPaBHEHMS MOTYYEHHbIX PACYETHBIX BENIMUMH
TENJ0BOM MOLLHOCTH annapata C TEMY 3Ke BeJMYMHAMM, BbIMMCIIEHHBIMM C UCMONIb30BaHUEM METO/IA MOCErMEHTHOro pasbueHus,
LN MHO}KECTBa PeXMMOB paboThl (BKIOUYAsA KOMOMHUPOBaHHBIN).

Pesynbtatbl. CpaBHeHMe ¢ METOAOM MOCErMEHTHOTO pa3bueHns TensoobMeHHOro annapata NoKasaso XOpOoLUYK CXOAMMOCTb
pe3ynbTaToB PacyYETOB NP MHOMOKPATHOM COKPALLEHUW BPEMEHU UX BbINOJIHEHUS. 3HaYeHWE OTKIIOHEHUS PACYETHON BESIMUMHBI
TENJ0BOM MOLLHOCTH, BbIYUCIEHHOW C UCMOMIb30BaHWEM pa3paboTaHHOro MeToAa, OT TOW e BeNUYMHBI, BLIYMCIIEHHOW Npy no-
MOLLM MeTofia MoCcerMeHTHoro pasbueHus, B cpegHeM coctasuio 3,23% no Mogynio v He npeBbILLaeT 4,5% no Moaynto. [pu pas-
bueHnn TennoobmeHHoro annapara Ha 40 cerMeHTOB BpeMs BbIMOJIHEHMS PacHETHBIX NPOrpaMM BO3pacTaeT NpubAMUTENBHO
B 18 pa3 no cpaBHeHW0 C MCMONb30BaHWEM pa3paboTaHHOro METOfa, YTO MOXHO Ha3BaTb CYLLECTBEHHbIM MPEMMYLLECTBOM
nocnegHero.

3akntoyeHue. Pasbuenne TennoobmeHHOro annapara Ha CerMeHTbl ANS pacyéTa He NMPUBOAMT K 3HAUYMMOMY MOBBILIEHUIO UX
TOYHOCTW MO CPaBHEHMIO C HOBbIM METOAOM, bnarofaps YeMy MOXHO 3aK/OUWTb, YTO paspaboTaHHbIi MOAU(PULMPOBAHHBIN
MeTop, 3pdeKrTnBHOCTL-NTU (m-£-NTU) Mo3KeT LMPOKO MCMob30BaThCA B LeAsX noabdopa BO3ayXo0oxnaauTenen, Ux noBepoy-
HbIX 1 KOHCTPYKTOPCKUX PacyéToB.

KnioueBble cnoBa: TennoobMeH; MaccoobMeH; Bo3gyxooxnaautenu; Tpybuato-pebpuctble Tennao0bMeHHbIe annapartsl;
OXJaX[eHWe BAXHOI0 BO34yXa; BNaroBbinafeHue; WHeeBbinageHune; Metos 3dpderTnBHocTb-NTU.
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Modified efficiency-NTU method (m-g-NTU)
for calculating air coolers in dehumidifying
or frost conditions. Part IV

Vladimir A. Portyanikhin

Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

In the fourth part of the article, the algorithm for applying the newly developed the m-g-NTU method for calculating air coolers
in dehumidifying or frost conditions is described step by step, and its comparison with the method of segmented division of the heat
exchanger is also given. This comparison showed good convergence of the calculation results with a multiple reduction in their
execution time. The value of the deviation of the calculated value of thermal power calculated using the newly developed method
from the same value calculated using the method of segmented division averaged 3.23% modulo and does not exceed 4.5% modulo.
When the heat exchanger is divided into 40 segments, the execution time of the calculation programs increases approximately
18 times compared to using the newly developed method, which can be called a significant advantage of the latter. Considering
the above, the newly developed method can be widely used for the selection of air coolers, their verification and design calculations.
BACKGROUND: A universal method for calculating air coolers that is applicable to design and verification calculations is necessary.
The method should consider the effect of dehumidification and frosting on the heat exchange process and allow the quick
performance of many calculations to simulate the operation of refrigeration and air conditioning systems without significant
loss of accuracy. However, this example of calculation method that addresses all the above-mentioned criteria is unavailable
in the domestic and foreign literature.

AIM: This study develops a universal method for calculating air coolers that is applicable to design and verification calculations.
This method considers the influence of dehumidification and frosting on the heat exchange process and allows the quick performance
of many calculations to simulate the operation of refrigeration and air conditioning systems without significant loss of accuracy.
MATERIALS: The developed method for calculating air coolers is based on the classical approach of £-NTU (efficiency- the number
of heat transfer units) and is its adaptation, allowing consideration of the influence of dehumidification and frosting on the heat
exchange process and performing the calculation (including the combined operating mode of the air cooler) without dividing the
heat exchanger into separate segments. The estimation of the error of calculations performed using the developed method was
conducted by comparing the calculated values of the thermal power of the device with those using the segmented division method
for various operating modes (including combined).

RESULTS: Comparison with the segmented division method of the heat exchanger showed good convergence of the calculation
results with multiple reductions in execution time. The deviation value of the calculated value of the thermal power computed using
the developed method from that using the segmented division method averaged 3.23% modulo and did not exceed 4.5% modulo.
When the heat exchanger was divided into 40 segments, the execution time of the calculation programs increased approximately
18 times compared to using the developed method, which can be called a significant advantage of the latter.

CONCLUSION: The division of the heat exchanger into segments for calculation does not result in a significant increase in accuracy
compared with the new method. Thus, the developed m-e-NTU method can be widely used for the selection of air coolers, their
verification, and design calculations.

Keywords: heat transfer; mass transfer; air coolers; fin-and-tube heat exchangers; cooling of humid air; dehumidifying
conditions; frost conditions; efficiency-NTU method.
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OPUTHAJTBHBIE VICCTIE [IOBAHNA

BBEJEHUE

B npeablaywmx vactax [aHHOW CTaTb¥ paccMOTPEHb
UCMONb3yeMble Ha JaHHbIi MOMEHT MeToAbl CTaLMOHApHbIX
PacyéToB BO3LyX00X/JafuTened, paboTalolmx B pexume
C BNIAroBbINafieHNEM WM UHEEBbINAAEHNEM, NPOAEMOHCTPU-
POBaHbl MX NPEMMYLLECTBA M HEAOCTATKU, @ TaKKe MOTUBMU-
poBaHa HeobxoanMMOoCTb pa3paboTku HOBOW MaTeMaTUYeCKOi
Mogenu. BHoBb pa3spabotaH MeTod, pacyéToB, NPUMEHUMBINA
K BO34yX00Xx/1aauTenaM, pabotaiolmm B «cyxoM» (6e3 Bnaro-
BbINaA€HNs 1 MHEEBbINAZEHNA), <MOKPOM» (C BNaroBbinaze-
HWEM UNM MHEeEeBbINAZEHNEM Ha BCeW MOBEPXHOCTY) WITW KOM-
B1HMpPOBaHHOM (C BNaroBbiNafeHWEM WM UHEEBbINALEHNEM
Ha 4acT1 NOBEPXHOCTY) PeXMMax — KaK Ans MPOTUBOTOYHBIX
1 MPAMOTOYHBIX BO3AyX0o0x/aauTeneii 6e3 dhasosoro nepexo-
[a OXIaXAaloLLelt cpeapl, TaK M AN1A cyyaeB ¢ eé $ha3oBbiM
nepexoaoMm.

B naHHoM (nocnepHeit) yactu ctaTbi OymeT MoLIaroBo
WM3N0XKEH anropuT™ NpUMeHeHUs BHOBb pa3paboTaHHoro Me-
ToAa, a Takie bymeT NpuBEAEHO ero CpaBHEHME C METOLOM
MoCerMeHTHOro pasbuenus TennoobMeHHoro annapara.

AJITOPUTM NMPUMEHEHUA

MpuMeyaHue: npeduKcbl HOMepoB HOpMyN COOTBETCTBYIO
yacTaM CTaTbMm.
Pe3toMupys cka3aHHOe paHee, MOXHO BbILENUTL Clleayto-

LUMIA anropuT™ NpUMeHeHUs pa3paboTaHHON MeTOAVKM:

1. TpuHSATb, YTO BO3MYX0OXNAAUTEb PabOTaeT B «CyXoM»
peXkMMe — BNaroBbiNajieHne OTCYTCTBYET Ha BCeM Mo-
BepxHocTn TOA. Toraa HeobxoauMMo onpenenuTb:

1.1. BopgaHble 3keuBaneHTsl C, C. . VWX OTHOLLe-

c,dry
He C no (I.17) n (11.9), cooTBeTCTBEHHO;

dry

r,dry
1.2. Tepmuyeckne conpotuenenus R, R ., n R,
no (1.16) m (I.1)-(1.7);
1.3. uMcna eamunu nepedoca Tennotel N7U,,

n NTU, ,, no (I..10);
1.4. 3ddekTMBHOCTL npouecca TennoobMeHa &,
no (I.11)—=(1.14) B 3aBUCUMOCTU OT CXEMbI TEYEHUS;
1.5. Tennosyio MowHocts O, , TeMnepaTypbl pabounx
cpen Ha Bbixope 3 TOA 7, , n T, no (11.20)=(11.22);
1.6. TeMnepaTypbl CTEHKW CO CTOPOHbI BO3AYLUHOMO MO-
TOKA Ha ero BXO/le W BbIXOAE U (Twa,,’h,] 17§ Twl,,h,z)
no (11.18).

2. Ecom xota 6bl ogHa M3 TeMmnepatyp, MNOYYeHHbIX
B moan. 1.6, HUKe WK paBHa TeMnepaType TOYKW pochl
BO3/lyXa Ha BXoje, MPUHATb, YTO BO3yX00XNaAUTENb pa-
boTaeT B «MOKPOM» pexkMMe — BMaroBbinajieHne npo-
ucxoamt Ha Bcen nosepxHoctu TOA. Torpa Heobxoammo
onpeaenuThb: _
2.1. HayanbHoe npubmumxenne pna 3HadveHun 7,

ML s
2.2. 3Havewns b., b. ., w b, no (IIL.3)(l.5);
2.3. BopsHble skBuBaneHtol C, ., C, ., 1 UX OTHOLLE-

wet 1 c,wet
e C, ., no (lll.7) u (1.9) cooTBeTCTBEHHO;
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2.4, TepMuyeckue conpotuenenms R., R, u R,
no (I11.2) u (I1.1) = (I1.7), ucnonesys «, ..., (Ill.6);

25. uncna epuHuy nepeHoca Tennotel NTU,
n NTU, ., no (I.10);

2.6. 3 deKTMBHOCTb nNpouecca TenjoobMeHa &,
no (I.11)—(Il.14) B 3aBUCUMOCTM OT CXEMbI TEYEHNS;

2.7. Tennosylo MowHocTe O, ., MapaMeTpbl paboumx
cpen Ha Bbixoge u3 TOA 4., u T,, no (lll.10)-
(In.12);

2.8. HepocTaroLimMe mapaMeTpbl BO3AyXa Ha BbIXoae, WUC-
nonb3ya (111.13) v (1.15) uam (11.16);

2.9. TeMnepaTypbl CTEHKM CO CTOPOHbI OXNaXAatoLlein
CpeAbl M BO3AYLUHOTO MOTOKA Ha ero BXOLE M BbIX0-
ae (Twal/,c,l’]—;vall,c,z u Twall,h,l’]—;vall,h,z) no (IIL.8)
n (IIl.9) cootBeTcTBEHHO;

2.10. Hosble 3HaveHns T, . 0 T, .5

2.11. nosTopATL noan. 2.2-2.10 fo Tex nop, NoKa 3Hade-

wa 1, . v T, , He coinyTca B npefenax Ao-

MyCTUMOM NOTPELUHOCTU.

3. Ecnm xota 6bl 0gHa U3 TeMnepaTyp CTEHKU CO CTOPOHbI
BO3AYLIHOM0 MOTOKA, MONyYyeHHbIX B mogn. 2.9, Bbiwe
TeMrepaTypbl TOYKM POCbl BO3[yXa Ha BXOLE, BO3AYXO-
0XNaguTenb pabotaeT B KOMOUHMPOBAHHOM peXuMe —
BaroBbiNaAeH1e NPOUCXOAUT Ha YacTv noBepxHocTv TOA.
Ecnm cxeMa TeueHWs NPOTMBOTOYHAA MM OXMaXAatoLLas
Cpefia KUNUT NpY NOCTOSHHOW TeMnepaType, To Heobxoam-
MO OMpefenuTL CrieqytoLee’:

3.1. BOASAHbIE 3KBMBANEHTHI IS CYXO YaCcTU NOBEPXHO-
cm C, 40 C. 4 Mux otHowenmne C, ,, no (I1.17)
u (11.9) cooTBeTCTBEHHO;

3.2. 3¢ deKTMBHOCTb Npouecca TennoobMeHa AniA Cyxou
yacT1 nosepxHoctn &, no (Ill.24) nm (1ll.25) B 3a-
BMCMMOCTM OT CXEMbI TEYEHMUS;

3.3. mono cyxod nosepxHoCTW TennoobMeHa f,,
no (I11.26) wnm (1ll.27) B 3aBMCUMOCTM OT CXEMBbI Te-
YeHus;

3.4. TennoByl0 MOLLHOCTb Ha CYXOi YacTu MOBEPXHOCTH
O, no (I1.22), Temnepatypbl BO3/lyXa 1 OXNa-
[lalollen cpefpl B Hayane Bnarosbinagenna 7,
n T, no(lll.21); _

3.5. HayanbHoe npubnvxenne ana 3Hauennin T, .
n T, BNA MOKPOI 4acTW NOBEPXHOCTH;

3.6. 3Hauenns b., b, n b, no (I11.3)-(ll.5);

3.7. BofAsHble 3KBUMBANEHTbl [J1 MOKPOM 4acTu no-
sepxtoctn C, .., C. . ¥ ux otHowenne C, .,
no (I11.7) v (11.9) cooTBeTCTBEHHO;

3.8. TepMumueckue conpotuenenmns R, R,
n (IL1)=(1.7), ncnonw3ys «,, .., (lll.6);

3.9. uucna eanHUL, NepeHoca TeNNoThI A MOKPOIA YacTy
nosepxHoctn NTU , v NTU, ., no (I..10);

h,wet

u R, (2

wet

' B NpoTMBHOM Ciyyae (npy NPAMOTOKE Ui NEepeKpecTHOM TOKe) 3HaueHue
f;,,y ONpefenseTcs UTepaTMBHLIM NyTeM. TakKe HEOOXOAMMO Y4NTLIBATH,
4TO BRIAroBbiNaZieHvie MOXET HauaTbCs M Ha Bxofe Bo3gyxa B TOA, a Bbl-
XO[IHOM y4aCTOK — ByaeT Cyxum.
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3.10. adekTvBHOCTL npouecca TennoobMeHa &,
no (I1.19) wam (1l1.20) B 3aBMCMMOCTM OT CXEMbI
TeueHus;

TEMJIOBYI0 MOLLHOCTb Ha MOKPOW YacTu MOBEpXHO-
cn O, , YAENbHYI 3HTaNbNWIO BO3AyXa Ha BbIXO-
fe w3 TOA £, , no (111.28) u (III.29) cooTBeTCTBEHHO;
He[oCTaloLLMe NapaMeTpbl BO3AyXa Ha BbIXOLE, UC-
nonb3ya (11.30) u (111.31) unm (111.32);

TeMnepaTypbl CTEHKU CO CTOPOHbI OXNAXAAIOLLE
CpeAbl ¥ BO3JYLUHOIO MOTOKa Ha ero BXOLE U BbIXO-
Ae (Twazl,c,l s Latrer B oo Twau,h,z) no (1l.8)
n (IIl.9) cootBeTcTBEHHO;

HoBble 3Hauenua T, . n T, ,;

noBTOPATL noA. 3.6—3.14 10 Tex nop, NoKa 3Haye-
Hua T, nT,,, He connyTca B npefenax Ao-

wall ,¢

I'IYCTMMOﬁ norpeLHocTn.

3.

3.12.

3.13.

3.14.
3.15.

CPABHEHWE C METOJ0M PA3BUEHUA
HA CETMEHTbI

B KauecTBe anbTepHaTMBHOWM METOLUKM pacyeToB BO3AY-
X00XNafuTeNeii A1 cpaBHEHNUS BbIOpaH NOAX0A NOCErMeHT-
Horo pa3buenus: TOA paccMaTpuUBaeTCs Kak MHOXECTBO CBS-
3aHHbIX MeX[y c0BOM CerMeHToB, pexkuM paboTbl Kamaoro
W3 KOTOPbIX PaccyUTLIBAETCS OTAENBHO; NPU 3TOM BbIXOAHbIE
napameTpbl paboumx cpep, NpeaLecTBYIOLLEro CerMeHTa siB-
NAKTCA BXOAHBIMKM Ans nocneaytowero (puc. 1). K npumepy,
[aHHbIN NOAXoA, ucnonb3oBanca B paborax [1-3].

OueBMOHO, NpU YBENMYEHUM KONIMYECTBA CETMEHTOB
TOYHOCTb pacyeTa NOBbILIAETCA, KaK MUHUMYM W3-3a TOrO,
yto BCe Tennodu3anyeckue CcBOWCTBA paboumx BeLecTs
U TeMnepaTypbl CTEHKW OMpPEeSEensoTCa Ha KawaoM M3 cer-
MEHTOB — WHTErpasbHo.

CpaBHeHWe NpoM3BefeHO [ MHOXECTBA PeXUMOB pa-
BoTbl MPOTMBOTOYHOTO BO34YX00XNAAMTENA (BKIKYAsA KOM-
BMHMPOBaHHBIN), B KauyecTee paboyero BeLLecTBa B KOTOPOM
ucronb3oBanach Bofa npu Temnepatype Ha Bxoge +/ °C

Puc. 1. Pa3buenne TOA Ha cerMeHTbl.
Fig. 1. Division of the heat exchanger into segments.
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u Ha Bbixozie +12 °C. KoadduumeHT Tennootaaum co CTOpOHbI
BO3JyXa Onpefensncs B COOTBETCTBUM C [4], @ CO CTOPOHBI
X0nofoHocUTeNsi — B COOTBETCTBUM C [5]. 3HaueHue oTKII0-
HEHUS! PacyYETHOM BENIMYMHBI TEMIOBOW MOLLHOCTH, BbIYUC-
NeHHOM C UCMoMb30BaHMEM BHOBb pa3paboTaHHoro MeToAa,
OT TOM e BESIMYMHBI, BbIMUCIIEHHON NpU MOMOLLM MeToAa
nocerMeHTHoro pasbueHus, B cpefHeM coctaBuno 3,23%
Mo MOLYNK U He npeBbiwaeT 4,5% no Moaynio (cM. puc. 2).
[laHHoe OTKNIOHEHMEe B NepByK Ouyepefb CBA3AHO C Onpe-
AeneHveM Tenno@u3nyeckux CBOWCTB paboumx BeLuecTs.
B paspaboTaHHoi MeTOAMKEe OHW HaXOAATCA NpY NapaMeTpax
Ha BX0[e U BbIXOAeE, a BCe KpUTepumn nogobumsa BelYMCIAOTCS
Mo ux cpegHUM 3HaueHusM. Kak ynoMuHanoch paHee, B MeTo-
[ NOCErMeHTHOro pa3bueHus 3To NPOUCXOAUT A Kawaoro
CErMEHTa No OTAENBHOCTHU.

Ha puc. 2 TaKke xopowo BUAHO, YTo pa3bueHne TOA
Ha KonnyecTtBo cerMeHToB bonblue 40 HepaunoHanbHo, TaK
KaK He BeAEeT K 3HauMMOMY MOBBILIEHUIO TOYHOCTM pacye-
Ta. Ha puc. 3 npogeMoHCTpUpOBaHO ycpefHEeHHOe COOTHO-
LUEHMe BPEMEHM PacyeToB, rae 3HadveHue ansa 1 cerMeHTa
COOTBETCTBYET BHOBb pa3paboraHHomy MeTofy. Kak BugHo,
nocerMeHTHoe pasbueHve TOA NpUBOAMT K OuYeHb 3HAUU-
TENbHOMY YBENIMYEHUIO BPEMEHM BbIMOSIHEHWUS PacyeTHbIX
nporpamMm. Hanpumep, npu pas3buennn Ha 40 cermeHTOB
OHO BoO3pacTaeT npubnusutensHo B 18 pa3 no cpaeHe-
HUIO C MCMOSIb30BAHWEM BHOBb pa3paboTaHHOro Metofa,
YTO MOXKHO Ha3BaTb CYLUECTBEHHbIM MPEUMYLLECTBOM MO-
cnegHero. 370 MOATBEPKAAET TE3UC O HEPaALMOHANBHOCTH
UCNoNb30BaHUA MeTofa MOCErMeHTHOro pasbueHus (Kak
MWHUMYM nipu Hanucanum M0 ang nogbopa obopynosaHus),
TaK Kak B3aMeH Ha MHOTOKPATHOE YBENUYEHUE BPEMEHM,
3aTPaYeHHOr0 Ha PacyéT, Mbl He MOTYYMM 3HAYMMOTO Npu-
pocTa B TOUYHOCTM.

PacueTHble NporpaMMbl HanMcaHbl S3bIKE MPOrpaMMMpo-
BaHMa Python 1 BbINOAHANMCL C NOMOLLbI) €M0 MHTEpRpeTa-
Topa Bepcuu 3.8.10 anis OC Windows 11. KoHdurypaums MK:
LeHTpanbHbli npoueccop IntelR CoreTM i7-8750H, 16 T'b one-
paTUBHOM MaMSATW.
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Fig. 2. Deviation from the segmented division method.
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Fig. 3. Calculation time ratio.
3AKTIOMEHUE B CpefHeM cocTaBuno 3,23% no MoAymio M He MpeBblLUaeT

4,5% no Mopynio, @ HaNPOTUB, 0YeHb CyLLECTBEHHO YBENYN-

Kak oTMeyanocb paHee, pasbuexue TOA Ha cerMeHTbl — BaeT BpeMs BbIMOSHEHWS pacyETHbIX nporpamMM. K npumepy,

ANS pacyéTa He MPWUBOAMT K 3HAYMMOMY MOBLILEHMIO UX  Npyu pasbueHnn TOA Ha 40 cerMeHTOB Bpems, 3aTpayeHHoe

TOYHOCTM MO CPABHEHMWIO C HOBbIM METOZIOM — 3HayeHMe  Ha pacyéTbl, YBENMYMBAETCA NpuMepHo B 18 pa3 no cpasHe-
OTKJIOHEHWSI PACYETHOW BESIMYWHBI TEMNOBOM MOLLHOCTM  HMIO C UCMONb30BaHUEM HOBOMO METOLa.
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YuuTbiBas  BbILECKA3aHHOE, MOXHO  3aK/HYMTD,
4yT0 BHOBb pa3paboTaHHbli MOAM(ULMPOBAHHLIN METOA
apdertnBHOCTL-NTU (m-¢-NTU) MOXeET LUMPOKO MCMONb30-
BaTbCA B LieNIsIX Noabopa Bo3ayxooxnaauTenen, Ux noBepoy-
HbIX U KOHCTPYKTOPCKUX PacyeToB.

ANONOJIHATENIBHO

KoHdnukt uHTepecoB. AsTop 3asBnsieT 06 OTCYTCTBUM
KOH(IMKTa MHTEpecoB.
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