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OCHOBHM BUKOPUCTAHHS TAPAJIEJIBHUX OBYUCJIEHD ITPU ITIPOEKTYBAHHI
KOPCTKUX AEPOIPOMHUX ITOKPUTTIB

Hamionanpuwuii aBianiiiauii yaisepcurer, M. Kuis, rodchenko@ukrpost.ua

THapanenvni 06uUCIeHHA NPU NPOCKMYBAHHI HCOPCMKUX AEPOOPOMHUX NOKDUMIMIE 3MEHUYIOMb YAC
PO3DAXYHKY Ma 003601510Mb 8PAXYEAMU 0OHOUACHO OEKIIbKA PO3PAXYHKOBUX (AKMOPIE, MAaKux K. Ois
HABAHMANCEHHSL 810 KOIC OCHOBHUX ONOP KIIbKOX PO3PAXYHKOBUX NOGIMPAHUX CYOCH, 3MIHA Koeiyienmy
nocmeni nPUPOOHOL IPYHMOBOL OCHOBU BNPOOOSIHC POKY, 3IMIHA MEMNEPAMYPU BHPOOOSIHC POKY Ma OOHIET
006u

Kniouoei cnosa: napanenvhi 064ucients, Jcopcmre aepoopommue NoKpummsi, KoeqQiyicHm HaKxonuyeHHs
PVIUHY8AHb, PYUHYBAHHS 810 YINOMU, MeMNepamypHi HanpyiCeHHs.

Beryn

Brpomosx Bciei icTopii po3BHTKY OOYHMCIIOBAaIbHOI TEXHIKH OCHOBHOIO 3a/a4€i0 € TiIBUIICHHS
NPOLYKTUBHOCTI KOMIT IOTEpiB. 3 Li€I0 METOI0 0YJI0 po3po0IeHO YMMAI0 HOBHUX PillIeHb B apXiTEKTypi
MEHTPALHUX TIPOIECOPIB, CEpell SKUX — MPHUHIMI IapaieabHol o0poOKH maHuX (TapajenbHi
obuncnenns). lapanensHi o0uucneHHs — ue ¢opma OOYHCICHb, B SKUX KiJbKa Jili BUKOHYIOTHCS
onHovacHo [1]. [pyHTYIOThCS Ha TOMY, IO BENHMKI 3a7adi MOXHA PO3IUIMTU HA KilbKa MEHINHX,
KOXKHY 3 SKHX MOXKHA PO3B'S3aTH HE3aJeXKHO Bin iHmMUWX. [lapamenbHi 00YHMCIEHHS 3aCTOCOBYIOTHCS
BXKE TPOTATOM 0araTboX POKiB, TIEPEBAKHO Y BHCOKOMPOIYKTHBHUX KOMIT FOTEPHUX CHCTEMaX, alie
3allikaBJICHHS HHUM 3pOCIIO TiNBKH HEIIOJABHO, uepe3 (i3udyHi OOMEKEHHsI 3pOCTaHHS YacTOTH
nporecopiB. [IpupicT 9acToTH mporecopiB OYB OCHOBHOIO MPHYHHOIO 30iTBIICHHS MPOTyKTHBHOCTI
Komm'toTepiB 3 cepeauan 1980-tux mo 2004 poky, ayne 30iIbIIEHHS YacTOTH 30UIBIIYE TOTYKHICTB,
IO BUKOPUCTOBYETHCSA MPOLIECOPOM. Y 3B’SI3KY 3 THUM, 1[0 B OCTaHHI POKU JBOX- Ta YOTHPHOXSJICPHI
OpOLIECOPH OTPUMAIM JOCHTH ULIMPOKE PO3MOBCIOUKEHHS, NapalieibHe MpOrpaMyBaHHS CTae
JOMIHYIOUMM, OCKUIBKM 3a0e3ledye sSK 3MEHIIEHHS 4acy PO3paxyHKy, TaK 1 CHEepProcloKHBaHHS.
[IpoekTyBaHHS JKOPCTKAX aepoAPOMHHX TMOKPHUTTIB 3 YpaxyBaHHAM 3MiHH TEMIIEpaTypH Ta
KoedilieHTa MmocTeN NPUPOAHOI OCHOBH BIPOJOBXK POKY Ta JIii HABAHTAXECHb Bi KOJIC OCHOBHHX
orop 5-15 cyyacHHX TIOBITPSHUX CYyJZIeH € JIOCHTH TPYJOMICTKOIO 3ajadero, Mo MmoTrpedye 3 MEeToro
NPUIIBUIYEHHS IPOIIECY PO3PAXYHKY BUKOPUCTAHHS MapaieIbHUX 00YHCIICHb.

AHaJIi3 OCTaHHIX JOCTiIKeHb Ta MyOaikanii

B icHyrounmx Ha JaHWU MOMEHT CIHCIiali30BaHHX Iporpamax sl TPOEKTYBAaHHS JKOPCTKHX
aepoipOMHUX TOKpUTTIB, Takux sk FEAFAA, FAARFIELD [2, 3] okpiMm TOro, 1mo He 3aKaajeHO
MOJKJIMBICTh BpaxyBaHHS 3MiHU TeMIlepatypd i KoedillieHTa mocTermi 3a MopaMd POKY, BiICYyTHA
peaitizamis mapajgenbHuX 004CIeHb Ha Oy Ib-SIKUX eTamax po3paxyHKy.

IlocTanoBka 3aBaaHHA

VY 4MHHUX HOpPMaXx MPOEKTYBaHHS aepOAPOMHHX MOKPHUTTIB [4] BIUIMB TeMmiepaTypu BpaxoBY€EThCS
3a JIOTIOMOI0I0 Koe(dilieHTy yMOB poOOTH, a 3HaYeHHs Koe(illieHTa MOCTei TPYHTOBUX OCHOB JIaHI
JUIl BECIHHBOTO PO3PAaxXyHKOBOTO Iiepiomy. Aue, SK IOKa3aJd pe3yjbTaTH TEOPETUYHUX Ta
EKCIIEPUMEHTAIbHHUX JOCII/KEHb, X 3HAUCHHS 3MIHIOIOTHCS BIPOAOBXK poKy [5, 6]. [Ipu BpaxyBanHi
X (HaKkTOpiB TPYIOMICTKICTh MPOIECY MPOCKTYBAHHS JKOPCTKUX ACpPOJAPOMHHUX MOKPUTTIB CYTTEBO
301IBLIYETBCS, 10, B CBOIO Yepry, BUMara€ ONTHMi3alii OO MpPOLECY HUISIXOM BHKOPHUCTAaHHS
napajielbHUX OOYMCIICHb MNP 3aly4YeHHI 10 NPOEKTYBAaHHS ITOKPUTTIB CydacHOI KOMII IOTE€PHOI
TEXHIKH.

Bupimemm MOCTABJICHOI'O 3aBAAHHHA

Ilpu po3paxyHKy TOBLIMHM LIEMEHTOOETOHHOTO TIOKPHUTTS MPOMOHYETHCS BHUKOPUCTOBYBATH
KOHLEMNIII0 PYHHYBaHHA BiJi YTOMH, IO BHUDPAXKAETbCA TEPMIHOM ,,KOC]ILI€HT HAKOMUYCHHS
pytinyBanp” (CDF). lleii xoedimieHT BHW3HAYAEThCS SAK BITHOIICHHS KITBKOCTI TPUKIAJICHUX
MIOBTOPEHb HABAHTAKEHB JI0 JOMYCTUMOTO YHCIA IX TIOBTOPEHB 10 MOMEHTY BiJ]MOBH ae€pOIPOMHOTO
HOKPHTTSI.
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3 ypaxyBaHHSM 3MiHU TeMIIEpPAaTypy BIPOJOBXK POKY Ta OJHI€T 100U 1 3MiHM KoedillieHTa TOCTeNi
BIPOJIOBX poky koedinient CDF mpononyeThest BU3HauaTu 3a hopmyiioro [7]:

4 2
CDFP = z ZCDF”’ , (1)
i=1j=1
ne | —nopa poky (1 — BecHa, 2 — Jito, 3 — oCiHb, 4 — 3UMa);

j —uac qo6u (1 — mens; 2 — Hiv).

Koeimienr wHakonmuueHHs pyHHYBaHb BiJl YTOMH IIPOMOHYEThCA BH3HA4YaTH IS JIBOX
PO3paxyHKOBUX KPUTEPIiB: MEPIINi pO3paxyHKOBUI KpUTEPiil — pO3TATYIOUE HANPYKEHHS Ha HUKHIN
NOBEPXHI LEMEHTOOETOHHOI IUIMTH, APYTMA — Ha BEpXHid moBepxHi minuTH. B  pesynbrati
Bu3HauaeTbess 1Ba koedinmientu CDF: CDF,, npu BUKOPUCTaHHI MEpIIOro PpO3paXxyHKOBOTO
kpurepito; CDF,, s mpy BUKOpHCTaHHI APYroro po3paxyHKOBOTO KpHUTepito [7].

KoeoilieHTn Hakonmu4yeHHS pyHHYBaHb Bill YTOMH i-TOi MOPH POKY Ta J-TOrO 4acy JOOH s
JIOBITBHOI KUTBKOCTI MOBITPSHUX CYJACH, IO BPaXxOBYIOTHCS y PO3PAXYHKY, Ta JBOX PO3PaXyHKOBHX
KPHUTEPIiB MPOIOHYETHCS BU3HAYATH 32 (popMynamu:

CDF i—’“””
H,ij = , 2
k=1Cif - PCRy @)
DRy = 3 ik T
Bij= 2R 3
k=1C{y 415 ()

ne Ny — mopiuHa KijbKiCTh 37ITHHX Orepalliit K-Toro moBiTpsHOTO Cy/1Ha;
T — po3paxyHKOBU TEPMiH CITy>KOH JKOPCTKOTO aepOAPOMHOIO OKPUTTS;

Ci'j_'k, Ci?k — JOMyCTHMa KiJBKICTh MPOXOAiB K-TOro JjiTaka 3a CMYIOK OXOIUICHHS, IO

BU3HAYAETHCS 32 (POPMYJIaMH HaBEJCHUMH Yy mparti [7].

Bbrok-cxemMy MOCIiIOBHOTO alrOpUTMY 3alpOOHOBaHOI METOAWKU HAaBEICHO Ha pHcC. 1.

[ToTenriiitne TPUCKOPEHHS ANTOPUTMY TIpH 3OUIBINCHHI YHCIa MPOIECOPIB 3aMa€THCA 3aKOHOM
Awmptana, mo Brepine 0yB chopmynsoBanuii JKene Amaanem y 60-THX pokax MUHYJIOTO CTONITTS. Bin
CTBEP/XKY€E, 110 HEBEJIIMKA YaCTHHA MPOTPaMy L0 HE MiIAaeThes mapaiemizamii 0OMeXHTh 3arajbHe
NPUCKOPEHHS Bij po3napaientoBanHs. byap-ska Benrka MaTeMaTHYHa UM iH)KEHEpHA 3aaua 3a3BHyaii
Oyjie CKJIaJaTHCh 3 KIJIBKOX YacTWH IO MOXKYTh BUKOHYBATHUCH MapajelibHO, Ta KiJTbKOX YacTHUH IO
BUKOHYIOTBCS TUTbKU 1OCHiI0BHO [1]. Lleit 3B'130K 3a1a€ThCs piIBHSAHHSM:

S= 1 , 4)
1-P
Iie S — MPUCKOPEHHS porpaMH (K BiTHOMIEHHS 10 ii MOYaTKOBOTO Yacy poOoTH);

P — gacrka, SiKy MOKHA BUKOHYBATH TapajenbHo [1].

Jns maBegenoro Ha puc. 1 anroputmy wactka P, 1o MoxHa BUKOHYBaTH MapajeiibHO CTAaHOBUTH
0,9 (90%), Toni TeopeTHYHE NPUCKOPEHHS aNropuT™my S craHoBuTHMe 10, He3aJeKHO BiA TOro,
CKIIBKM TIPOLIECOPIB BHUKOPUCTOBYETHhCA. 711 HABEOCHOTO alrOpPUTMYy PO3PAaXyHKY >KOPCTKOTO
aepoJIPOMHOTO TMOKPUTTS (puc. 1) mapanienbHO palliOHAIbHO BHKOHYBAaTH 4 TPOLIECH: PO3PaXyHOK
MIOKPUTTS JIJIsl 3MMOBO1, BECHSIHOI, JTITHBOT Ta OCIHHBOT IIOP POKY.

Bapro 3a3HaunTy, 1m0 3aKoH Amana 6a3yeTbesl Ha MPUITYILIEHH] TOT0, IO 3a4a4a Ma€e (ikCOBaHUI
pO3Mip, 1 IO pO3Mip TOCIIJOBHOI YaCTHHH HE3AJICKHUNA B/l KUTBKOCTI MPOIIECOPIB, B TOM Yac SK 3aKOH
I'ycradcona He poOUTH TaKUX NpUIyIeHb [1].

3axoH ['ycTadcona — 11e iHIMMIA KOMI'TOTEPHUH 3aKO0H, 110 (OPMYITIOETHCS HACTYITHUM YHHOM:

S(P)=P-a(P-1), 5)
ne P — 1e kinabpKicTh npoiiecopis (saep mpoiecopa);

S — npuckopeHHs;

0. — HEpOo3MapaetoBaHa yacTuHa mpouecy [1].

Jns HaBemeHOro Ha puc. | aNropuTMy pO3paxyHKy aepoOJPOMHOTO TOKPUTTS TPH HOTO
po3mapanenoBaHHI MOXHA 3aJiATH 4 siIpa Tpolecopa, Hepo3hnapaieloBajibHa YaCTHHA 0. CTAHOBHUTH
0,1 (10%). B mpomy Bumanaky npucKOpeHHs aiaroput™my S(4) nopiBHroBatmMe 3,7. Biok-cxemy
HapaJIeIbHOTO AJITOPUTMY HAaBEJCHO Ha puc. 2.
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K — KiZbKicTh MOBITPAHUX cyAeH; Njj - KilbKiCTb
orepatuiit k-roro Jlitaka B i-Ty Nopy poky Ta j-THH
yac no0u; Fox — XapakTepucTHKH OMoOpH k-TOro

mitaka; { . - cepefHbOMIicA4HA TeMIEpaTypa

p.if
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Puc. 2. briok-cxema anropuTMy napajieibHOro po3paxyHKy dKOPCTKOTO aepOIPOMHOTO IMIOKPUTTS 3
ypaxyBaHHSM 3MiHU TEMIIEpaTypH Ta Koe(illieHTa IIOCTeli BIPOIOBX POKY



VY Tabn. 1 HaBeJeHO BENMMYUHY IPUCKOPEHHS alrOpuUTMYy S(P) B 3aJIe)KHOCTI BiJl KIJTBKOCTI 33 iTHUX
saep (ix (i3MYHUX, TaKk i BipTyaJbHHX) LEHTPAJIBHOrO mpouecopa. [Ipu BuKopHcTaHHI 8 saep
HEHTPAJBHOTO MpOIecopa PO3PaxyHOK M KOXHOI TOpH POKY MOKHAa pPO3MOIIIM IIe Ha JBa
napajesbHi MPOIEeCH: PO3PaxyHOK IS IGHHOTO Yacy H00H Ta HIYHOTO.

Tabauys 1
IpuckopeHHs aJIropuT™My po3paxyHKY KOPCTKOro aepoapomMuoro nokpurrs npu o=0,1

Ne Kinbkicts saep Teoperuune

LEHTPaJIBHOTO IIPUCKOPEHHS

mporecopa anroputmy S(P)

1 2 1,90
2 3 2,80
3 4 3,70
4 6 5,50
5 8 7,30

MoskHa 3amiaTH 1 OLIBITY KiTBKICTH smep (Tadn. 2). B mpoMy BHIIamKy KOXKHE SIpPO BUKOHYE
po3paxyHok koegirienta CDF s okpeMoro moBiTpsSHOTO cyjaHa, a He JIIsl IJIOT0 PO3PaxyHKOBOTO
CIHCKY. AJe B I[bOMY BHUIIAJIKy Hepo3MapalieaoBaibHa YacTuHa o ctaHoBuTuUMe 15% (0,15).

Tabnuys 2
IIpucKOpeHHs AATOPUTMY PO3PAXYHKY KOPCTKOT0 2epoIpoMHOro nokpurrs npu 0=0,15

Ne KinbkicTs saep Teoperuune

LEHTPaJIBHOTO MIPUCKOPECHHS

nporecopal-is anroputmy S(P)
1 12 10,35
2 16 13,75
3 24 20,55
4 32 27,35

BucHoBxku

3amponoHOBaHUH  CMOCI0O MPOEKTYBaHHS JKOPCTKHX  aepOAPOMHHUX MOKPHUTTIB  JIO3BOJISIE
3a0€3MEeYNTH [IPOCKTHUH TEPMiH CIy>KOU MOKPHUTTS, 3MEHIIUTH TOBIIMHY LEMEHTOOETOHHOI IJIUTH Ta
OLITBII THYYKO BPaxOBYBaTH KiJIbKICTh BHJIBOTIB JIITaKiB 32 IOPaMH POKY Ta 4acoM J00M, a TaKOX BiH
JI03BOJISIE OLIBII MOBHO BUKOPUCTATH MOXKJIMBOCTI Cy4aCHUX IICHTPaIbHUX MPOILIECOPIB.
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