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HOIi COCTABJIAIONIEH CKOPOCTH BETPa Ha PA3JUIHBIX JIEJOHAX, TEMIIEPATYPbI
BO3/IyXa HA Pa3/IMIHBIX BHICOTAX W aTMOC(EpHOTo mapjeHus. Ourumusarus
BBICOTHO-CKOPOCTHOTO TTPOMUIIS TOJIETA OCYIIECTBIISIETCS METOIOM TTOKOODIH-
HATHOIO CIIyCKa ¢ OrPaHUYEHUsIME. PaccMOTpeHa ONTUMU3AIMs PacXo/ia TOM-
JINBa KPEUCEPCKOro IMoJIeTa CPETHEMATUCTPAIBHOIO CAMOJIETA C MCIOJIb30Ba~
HUEM IIpUMepa JAHHBIX TEMIIEPATYPbI, JaBJIeHNs U ckopocTu BeTpa. [lomydero
CHMZKEeHHe pacxojia Tormmmea Ha 1,2% mpm onTuMusanum ¢ y9eToM peaabHO
aTMocQephl.

Karovesvie carosa: ontuMmsanusi, JO3BYKOBON TypOOpeaKTHBHBIM CaMOJIET,
Pacxo/1 TOIINBA, TEMIIEPATYPA BO3/yXa, CKOPOCTb BeTPa, MOJE/INPOBaHNUE I10-
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1. BBenenue

AKTyasibHOCTH TPOOIEMBl MUHUMU3ALNNA PACXola TOILIMBA IIOBBLIIIAETCS He
TOJIBKO B CBSI3U C POCTOM TPEOOBAHMI K SKOHOMUYIHOCTH II0JIETOB, HO ¥ BaXKHOCTHIO
cokpaiennsi BoiopocoB C'Os. TlosTomy perennsi, obecrieamBaronNue CHUZKEHNE

! Nccnemosanue BBITOIHEHO MPH YaCTHIHOM (BbHHAHCOBOI Mo IepKKe Poccuiickoro nayaHoro
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pacxoia XoTsi ObI Ha JIOJIN MIPOIEHTA, TPEICTABIAIOT ABHBIH TPAKTUIECKUI UHTe-
pec. B [1] pacemarpuBaiach 3a/a4a ONTUMU3AIMN BHICOTHO-CKOPOCTHOTO PO~
JIsT KpefiCepCKOTo 1MoJIeTa BO3/IYIITHOTO Cy/IHA JIJIsl YCJOBUI CTAaHIAPTHON aTMocde-
pbI 1 1ipu oTcyTcTBUN BeTpa. Ha nmpumepe mostera na paccrogane 5000 kM cpetie-
MarucTPaJbLHOTO caMOJIeTa MOKa3aHa BO3MOYKHOCTDH CHUXKEHHS PACXOJa TOILIMBA
Ha 0,4%. D10, ¢ 01HOII CTOPOHBI, OITBEPXKIAET BBIBOJL CTAThHU 2] 0 TOM, 4TO IpH
rojiete Ha paccrogane Menee 5000 KM MaHEBpUPOBaHUE ITO0 CKOPOCTH U BBICOTE HE
JlaeT 3aMeTHOi skoHoMuu Toiusa. C Ipyroil cTopoHbl, sKoHOMuIO Tormsa 0,4%
MOKHO CYUTATH 3HATUMBIM PE3YJIBTATOM.

PaccmarpuBast 3aady npuObITHSA B TOUKY Ha3HAUEHUsT B 38 IaHHOE BPEMS, OUe-
BUJIHO, UTO €€ COJEPKATE/IbHOE PEIIeHNe HEBO3MOXKHO 0€3 yHueTa CKOPOCTU BeTpa
Ha MapmpyTe nosera |3, 4]. Ilpeobiaatomue 3HadYeHnsT CKOPOCTH BETPa HA THU-
ITOBBIX 3IIEJIOHAX I0JIeTa JayKe MOTYT yUNTBIBATHCS B paciucaHun 1mosetoB. Ho
TSI KaXKJIOTO T0JIeTa HeOOXOIMMO aHAJIN3UPOBATh TEKYIIUE IPOIHO3HbIE JAHHbBIE.
Cpenn HelaBHUX 1yGaMKAIMil 10 9T0ii TeMaTuke orMernM [5—7]. B [5] mmercs on-
TUMAJIbHBI TPOGUIL CKOPOCTH € YYETOM MOIYTHOI/BCTPEYHOI COCTABIISIONIECH
BeTpa IIPU II0JIeTe Ha IIOCTOAHHON 3aJaHHOI BBICOTE, U IPEIAIIOIaracTcs, 9T0 U3-
BECTHA AIMTPOKCUMUPYIONasd (DYHKIINA 3aBHCHMOCTH PAaCX0/1a TOILIMBA OT MaCChI
BOBJLYIIIHOTO CyjHa U cKopocTH nosieta. B [6] anasmsupyercst BimsiHue npoduis
BeTpa Ha ONTHUMAJILHBIA BBICOTHO-CKOPOCTHON MpOodwiIb mojeTra. OnTuMmusaris
MIPSIMBIX SKCILIYATAIIMOHHBIX PACXOI0B, OObEIUMHSIONINX PACXO/T TOIJINBA U BPEMS
HoJIeTa, B YCJIOBUSX M3MEHEHUsI BETpa BJIOJIb MapIIpyTa paccMoTpeHa B | 7).

B [8] mokazano 3HAUNTEIBHOE BIMSHEE TEMIIEPATYPBI ATMOCHEPHOrO BO3/IyXa
Ha pe3yJIbTaThl ONTHUMU3AIIMN ITPOrpaMMBI TojieTa. [Ipm 9ToM paccMaTpuBaioTcs
OTJINYHBIE OT CTAaHIAPTHONW aTMocdephbl, HO THUIIOBBIE PACIPEJIE/ICHUsT TeMIepa-
TYPBI, XapaKTePHbIE I PA3JINIHBIX KIUMATHIECKUX 30H. Pacder 3nadeHuil ma-
paMeTpoB aTMocdepbl B TEKyIeil TOUYKe IoJjeTa W3 MPOTHO3HBIX 3HAUEHUH JIJIs
OTJIEJIBHBIX TOYEK MAapIIPyTa PACCMOTpeH B [9], Tie 1mouepkHyTa BaskKHOCTH HC-
TOJIb30BaHUs JTAHHBIX aTMOC(EpPHI JJIsi pacdeTa TPAeKTOPUN TI0JIeTa.

B macrosimmieit crarbe nceeyercsa 3a1ad9a ONTHAMABAIIN BEICOTHO-CKOPOCTHOT'O
pocuisi KpeiicepeKoro moJieTa, UCIoJIb3ysl JaHHbIE TEMIIEPATYPhI ATMOCHEPHOTO
BO3JIyXa U CKOPOCTHU MOIYTHOI/BCTPEUHOI COCTABISIONIEHl BeTpa HA PA3IHIHBIX
BBICOTAX HA MPOTSKEHUHU MapiipyTa mnojera. HeobxoauMbie JTaHHbBIE MOTYT OBITH
HOJIy9eHBbl OT MeTeopoJiorndeckux ciryxk6. Tax, B [9] ucmonb3yrorest JaHHBIE TJI0-
OaJIbHOM CHCTEMBI MPOrHO3a TOoro bl ¢ maroM 0.25° x 0.25° mo mupoTe u J0IroTe
Jtst 27 PUKCHPOBAHHBIX U300aPUUIECKUX YPOBHEH 10 BbicoTe. Takue pOrHO3bI
BBIIYCKAIOTCsE Kazkjple 12 4 ¢ mHTepBangoM nporxHosa 3 4. B [10] ucronbsosa-
HBI AHAJIOTUYHBIE JAHHBIE IJIODAJTBHON CIEKTPAJBHON MOJEH, KOTOPhie OOHOB-
JISTIOTCsT KaxkJiple 6 1. B HacTosImei craTbe omucaH HabOp HEOOXOIUMBIX JTAHHBIX
0e3 MPUBS3KN K KAKOH-TO OIpee/IeHHON CTPYKTYPe JTaHHBIX METEeOPOJOTTICCKO
ciyk0b1. CTarbst COIEPXKUT 7 Pa3zesioB, CUnTas BBeleHUe. B pasmene 2 onucana
CTPYKTypa JAHHBIX O TeMIIepaType BO3AyXa U CKOPOCTH BETpa, UCIOJIb3yeMas B
HaCTOAIIEH CTaThe, a TaKKe MPUBEICHBI (DOPMY/IBI pacdera JAPYTUX TapaMeTpOB
armocdepsbl. B pazzerte 3 chopmyiupoBaHa pernaeMasi 3a1a4a OITUMU3AINT PAC-
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X0/1a, TOILINBA. SHAYEHUE 11e/IeBOM (DYHKIIMKM ONTUMMU3AINNA — PACX0/a TOILINBA, Ha
3Tane KpelcepcKoro mojera — HAXOAUTCS IyTeM UUCIEHHOTO PEITeHUs] CUCTEMBbI
HeJTUHEHHBIX JuddepeHITnaIbHbIX yPaBHEHNH, OIMICHIBAIOIINX JIBUKEHNIE TIEHTPA
MacC BO3YIIHOTO CyIHA. JTa CHCTeMa paccMoTpeHa B paszene 4. Pasmen 5 mo-
CBAIIEH Pa3spabOTaHHON MPOIELype onTuMu3annn. IlpuMep onTuMu3amnmm pacxoia
TOILINBA JIO3BYKOBOI'O TYPOOPEAKTUBHOIO MACCAYKUPCKOTO CAMOJIETa ITIPEJICTABIICH
B pazzese 6. 3aK/TI0UNTeIbHBIE BBIBOMBI IPUBEIEHBI B pasiese 7.

2. ITapamerpsnr armocdepsl

NszBecTHO, uTo armocdepHoe nasieHne P Ha BhIcOTe h; OIpeNesieTcs Kak

h¢
g
(1) P=pPyexp | = [ =2 —an
REM ™|

ho
rae Py — snagenne arMocdepHOro JTaBIeHus Ha U3BECTHOI BbicoTe Mg, § — yCKO-
penne cBobojiHOrO TIajeHus, R — razoBas MocTostHHas Bozjyxa, K (h) — Temre-
parypa B Kenpeunax, 3aBucsamas OT BBICOTHL.

Bynem cunrars, 9TO cocTOsiHIE peabHON aTMOchephl OIMMCAHO HAOOPOM ITPO-
PHOBHBIX JAHHBIX [JIsT HECKOJIBKUX TO4eK Mapupyta (Lo, Li,..., Ly, |, tne L; —
9TO pacCTOSgHME OT Hadaja ONTHMU3UPYEMOTO MapIIpyTa KpeiicepcKoro moJiera,
U Ui yIoOCTBa MBJI0KEHUs MPUHUMAEM, 9TO MPOTHO3HBbIE JAHHBIE €CTh B TOM
qucsIe g HadaJIbHOW M KOHEYHOH ToueK MapmpyTa, T.e. Lo =0 u L,, = re,
e rep — 3aJ@aHHOE PAaCcCTOsgHHe Kpeicepckoro mosiera. [as kaxoft Toukn L,
(i =0,...,np) J0/KHBI OBITH JaHHbIe 0 TeMueparype K (h) st pa3JnIHbIX BbI-

cor |hiy, by, hic,, |, i€ hi,, He MeHbIe MaKCHMAaJIbHOH BBICOTHI Kpelicep-

CKOTI'0 II0JIeTa, U 3HadeHWe JaieHus Py Ha BeICOTE h[,. 1 mpocToTel OymeM
CUNTATh, YTO 3HAUCHUS STHUX BBICOT OJIMHAKOBBI JIf BCEX TOUYCK MapmipyTa L;.
KommdecTBo n 3HaYeHMsS BBICOT JOJIZKHBEI OBITH JOCTATOYHBIME [T YUCICHHOI
ONIEHKH C HPHeMJIeMOil TounoCTbIO nnTerpasa B (1) mis hy, < hy < hg,,, depes
CyMMy

ht
g g(th - thA) g(ht — hi,)
(2) RE( D)™ 2 R, DRy D) T o RO DR )
h ' i=1 1 = : R 2 ]

0

rie suadennst K (hy, L) nyst Beicorst hy # h; u K (h, L) 1njist mpon3BOIBHOl TOYKA
maprpyTa L # L; oupenessiroTcss MeTOIOM JinHeiiHoW wHTeptoisiun. Creayer
OTMETHUTH, 9TO IPHU BHIOOPE BBICOT C JAHHBIMHU TEMIIEPATYPBI JTOJKHA YINTHIBATD-
¢ TpoHoIay3a.

Takum obpazom, 1Mo STUM JTAHHBIM MOXKHO BBITHCISITH OIEHKY 3HAUEHUST JTaBJjIe-
uust P(h, L) B KaxJ10it TOUKe 1oJieTa. JTa OlEHKa SIBJISIETCS BEChbMa, BayKHOIA, 110-
CKOJIBKY KPeHCepCKUii MoJIeT OCYIIMEeCTBIIAEeTC Ha 0ApPOMETPUIECKO BBICOTE, T.€.
MoJIET Ha 3aJJaHHOM 3IIIeJI0He — 9TO IOJIET Ha 3aJJaHHOM 3HAUYEHUU aTMOC(EPHO-
ro maBjeHus. KpomMe TOro, 1o 3TUM JaHHBIM MOXKHO IOJIyINTH ONEHKU 3HAYCHUN
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CKOPOCTHU 3BYKa G U IJIOTHOCTU BO3/yXa p IJIs JIIOOO TOUYKHU IOJIETa, MCIIOJIb3Y
cTaHIAPTHBIE (POPMYJIBI

(3) a(h,L) = \/kRK(h,L),
(W L) = g

rme k = 1,4 — nokazaresb aanadaThbl BO3IyXa.

AmnayiornuHo J10/KHa OBITH 3a/aHa TabJIUIA CKOPOCTH BCTPETHOIO /IOy THOTO
BeTpa JIJIA HECKOJbKUX TOYEK MapIIpyTa [Lwindo, Lyindys- - mednw], KOTOPbIE
MOT'YT HE COBIAJIATH C TOYKAMU MAPIIPyTa, JJIS KOTOPBhIX €CTh JaHHbIE TeMIIe-
parypbl. CKOPOCTH BeTpa JOJKHA ObITh 3aJ1aHa JjIsI BCEX BO3MOKHBIX SIIEJIOHOB
KpelicepcKoro moJjieTa, a JId TeKYIIel TOYKH I0JieTa ONPEIeAThC TaKXKe Me-
TOJIOM JIMHEHHON MHTEPIIONIAINNA. TakuM oOpa3oM, apaMeTpbl aTMochepb! IIpe/I-
CTaBJISIIOT COOOM CreIyIonmuiit Habop 3HAYUEHNN W MTPOTHO3HBIX JTaHHBIX:

LK - [L07L17"'7LHL]7hK - |:hKo7hK17"'7hKnh:| )

K(hw,  Lo) - K(hi,  Ln;)

Kaata = , Podm:[PO(LO),---,PO(LnL)],
) K(hk,,Lo) ... K(hky, Ln,)
Lwind = [Lwindoa Lwindla ceey Lwindnw] 5 hwind = |:hwind1’ ey hwinanL 5
Vwind(hwinanL 5 Lwindo) oo Vwind(hwinanL 5 Lwindnw )
Vigindyn, =
Vwind(hwindl ) LWind()) e Vwind(hwindl ) Lwindnw )

OTH TaHHbBIE TTO3BOJIAT MOJIEJIMPOBATE MTOJIET ¢ YIEeTOM IIPOTHO3HBIX JAHHBIX pe-
abHOi arMocdepbl. CreyeT yuYnThIBaTh, 9TO TaK KaK 3HAYEHHUsI CKOPOCTH BETPA
7 mapaMeTpoB aTMocdepbl I TEKyIIel TOYKHU IMOJIeTa HAXOISITCS METOIOM JId-
HEHHOI UHTEPIOJISIIUY U3 JAaHHBIX (5), TO TOYHOCTH MOJIEJUPOBAHUST 3ABUCUT OT
TOT'0, HACKOJIBKO 3TH JIAHHBIE OTPAYKAIOT BCE N3MEHEHUS 3HAUEHUIT CKOPOCTU BETPA
7 ITapaMeTpoB aTMOCGEPBhI IO MaPIIPYTY IOJIETA.

3. IToctanoBKa 3aj1aun

3atada TPOXOKICHUS 38 TaHHOTO PACCTOAHUS T'ep 38 33 AHHOE BPEMs ey JIJIST
KPeMCcepCcKoro IoJieTa ¢ YYeTOM JIaHHBIX O CKOPOCTH BETPa W TEMIIEPATypPhl B Ca-
MOM ITPOCTOM BapHUaHTE MOKET OBITH pellleHa KakK I0JeT Ha BHIOpAHHOM 3IIeI0He
€ TIOCTOSTHHBIM 9mcJIoM Maxa, KOTopoe MOYKHO BBIYHNC/IUTD KaK

(6) M = <% - Vwindav) /aava

e Vivind,, — CPEIHAA CKOPOCTh BETPA U G,y — CPEJHEE 3HaYeHNe CKOPOCTH 3BYKa
Ha BbIOpaHHOM 3Mr1esoHe. Ho BBIOOD SIMe/IoHa JIOJXKEH OCYIIECTBIASITHCS WCXOIs
U3 MUHAMHU3AINA PACX0a TOILINBA, YIAUTHIBas HE TOJbKO IJIOTHOCTH BO3MYXa,
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OIPEJIETISIONTYIO TIOIHLEMHYIO CUJIY U CHJIY JIOOOBOTO COIPOTUBJICHUS, HO U PACXO/I
TOILTMBA, HEOOXOANMBIH I HabOpa JOTOJHUTEILHON BBICOTHI, 8 TaKXKe PA3HYIO
CKOPOCTb BeTpa Ha PA3HBIX 3SIEJOHAX.

Ecnu paccrosinue Kpeficepckoro mojieta BeJIMKO HACTOJBKO, UTO MOXKET OBbITh
pasperneHa cMeHa SIIeI0Ha, TO MOXKHO YCJIOKHUTE 3a1a9y, (POPMHUPYsT BHICOTHBIM
npoduab MmojeTa CACAYIONIUM 00pa30M: i 3aJ[aHHOTO KojudecTBa N ydacT-
KOB II0 BBICOTE U 3aJ[@HHOIO MHHUMAJHLHOI'O BPEMEHU I10JIeTa 0e3 CMEHDI SIIeJI0-
Ha tpr, , HaWTH ONTHMAJbHBIC 3HAYCHUS SIIEI0OHA N fr, T3 MHOXKECTBA Pa3pellcH-
HBIX 3II1EJI0OHOB

(7) hrr, E{hl,...,hnFL}
Ha KazKJIOM U3 N y‘{aCTKOB n BpeMeHI/I tFLZ. KazKJ10T'O yqaCTKa HpI/I YCHOBI/IE{X
(8) tFL; 2 TP Ly

N
(9) Z tFLi = ter.
=1

VMeHbIITeHre Macchl BO3IYIITHOTO CYIHA IO Mepe PacXoI0BAHUs TOILINBA, Pa3-
Hasl IJIOTHOCTH BO3JIyXa Ha PA3JIMYHBLIX yYacTKax I0JIeTa, olpeesieMasl IIPOrHO-
30M TeMIEpPaTypbl M JAaBJEHUs, U PasHas CKOPOCTb BETPa MOIYT NPUBOIUTH K
TOMY, 9TO M3MEHEHHEe CKOPOCTH IIOJIETa Ha PAa3IMIHBIX yIacTKax JarKe IIPHU Bbl-
[TOJIHEHUN yCJIOBHSI IIPUJIETA B 3aJJAHHOE BPEMsI MOXKET JIaBaTh S9KOHOMUIO TOILIABA.
[Tosromy B Hacrosedi pabore, Kak u B [1], npearaercs bopMupoBaTH CKOPOCT-
HO#T TpoUITh ITATa KPEHCEPCKOTO MOJIeTa CJIEYOIIIM 00pa30M: Pa3JIe/InTh ITAI
KPeficepcKoro moJjiera Ha 1 yIacTKOB PABHOIO Pa3Mepa I = T¢p /M, JJlst KasKJI0r0 13
KOTOPBIX UCKATh ONTHMAJIbHbIE 3HAYEHHs BDEMEHN 1y, 3aTPadeHHOr0 Ha KarK/IbIil
YUIACTOK, CODJIIOJIast yCJIOBUE

n
(10) >ty =t
=1

Ha kazK/1oM TaKOM y9acTKe 110 CKOPOCTH I0JIeT OyIeT IPOoXoanuTh ¢ dnciaoM Maxa,
OIIPeIeNISIEMBIM AHATIOTHIHO (5):

T
(11) M; = <_ - Vwindavi> /aavia
ty;

7
rze Vivind,,, U Gay, — CPEJHHE 3HAUCHUS CKOPOCTH BETpa U 3ByKa Ha i-M y9IacTKe.

Torma copmymupyem 3a1ady ONTUMASAINN.

Samada 1. Jaa samana xkpelcepckozo nosema Oaf 300GHHHT NAPAMEMPOS
68030YWH020 CYOHA, HAYANOHOL YCAOBULL NOAEMA, PACCMOAHUA Tep U BPEMEHU Loy
Kpeticepcroz20 NoAema, “UCAG Y4acmkos n no ckopocmu u N 1o 6vicome, paspe-
WEHHBLE IULEAOHOE NOAEMA U NPOZHOZHBLT 3HA%EHUT napamempos ammocghepvl (5)
HATUMU 3HAMEHUA BEKTNODA

(12) xr = [tvl,... 7tVn)hFL1)"' 7h‘FLN)tFL17"')tFLN]7



ydosaemeoparougue ozpanuseruam (7)—(10) u munumusupyrougue pacrod monau-
8a

ter

(13) Gor(7) = /qc(t)dt,
0
20e qc(t) — cexynonvil pacrod moniuea.

CretyeT IOMHHUTD, 9TO COOTHOITEHNE 3aIaHHBIX PACCTOSHUST Tcp U BPEMEHH ¢y
KpeiicepcKoro moJsera J0MKHO OBITh JIOCTHKUMBIM JIJIT MUHUMAJBHOTO W MaKCH-
MaJIbHOTO pas3perteHHoro uncia Maxa ¢ yg4eToM CKOpOCTH BeTpa.

4. MoneaupoBaHue pacxoa TOIJINBa

B (13) 3maueHme CeKyHIHOTO pacxoja TOIUINBA YIPOIIEHHO MOYKHO BBIPA3UTH
KakK
(14) ge =n(M,T,h)T,
riae 1' — Tekylee 3HaUYEHNE CyMMapHOii Tsiru ppurareseit, a (M, T, h) — ynenan-
HBI{T PACXO/T TOIINBA, 3aBUCSINNN OT TEKYINNX 3HAYEHNN Tncia Maxa, Taru, BbICO-
TBHI [IOJIeTa U Apyrux mapaMerpoB. O6braHo 1ys nomydenns 3uadenust 1(M, T, h)
NCIOJIB3YIOTCs  AIIIPOKCUMUPYIOIIUE (DOPMYJIBI, COOTBETCTBYIOIINE Pa3/IMYHBIM
pexkumam paboThl JBUraTEseil McciaeyeMoro BosaymHoro cyaHa [11]. Snauenue
THATH MOXKHO OIEHUTb B 3aBHCUMOCTU OT TEKYIIUX 3HAYEHUI CKOPOCTH U MACChI
BOBJIYIIHOTO CYy/IHA 1O CTATUYECKON MOJe/IH, MPUHUMas BO3/IYIIHYIO0 CKOPOCTH M
BBICOTY I0JI€Ta [MOCTOSIHHBIMU 3HavYeHusiMu [1].

OCOoOEHHOCTE pacCMaTPUBAEMON 38/1a91 C YIETOM JAHHBIX PeasibHOM aTMocde-
PBI COCTOUT B TOM, YTO IIE€PEXOJIHBIE IIPOIECCHl BOSHMKAIOT HE TOJILKO IIPU Heda-
CTBIX M3MEHEHMSAX TPeOYEeMbBIX 3HAYEHMIT CKOPOCTHU U BBICOTHI B COOTBETCTBUU C
BBIOPAHHBIM BBICOTHO-CKOPOCTHBIM MPOQUIEM I10JIeTa, HO U B CBSI3U C M3MEHEHU-
€M TeMIIepaTyPhbl BO3JyXa B 3aBUCUMOCTH OT TEKYINEH TOYKNI MapIIPyTa, KOTOPOe
[IPUBOAUT K HU3MEHEHHIO CKOPOCTH 3BYKa, a CJIeJI0BATEIbHO, K U3MEHEHHUIO BO3-
JYIIHON CKOPOCTHU JIIsI HOJJIEepXKaHs 3ajaHHoro dnciaa Maxa. V3smenenue aTmo-
cepHOro JaBjeHUsl IPUBOIUT K MAHEBPUPOBAHUIO 110 NEOMETPUYECKOI BbICOTE
JUIST TIOJIETa Ha, MIOCTOSIHHON 0apOoMeTpPHUEcKOoil BbIcOTe simesoHa. Ilosromy st
0oJiee TOUHOI OIEHKU 3HAYEHUN TSIU U YIEJIBHOIO pacxoia TOILIMBA Ipeijara-
eTcsl IUCIEHHO MOIEIUPOBaTh cucTeMy andpepeHnraabHbIX U aaredpanIecKmx
yPaBHEHMI1, ONKMCHIBAIONIYIO JIBMKEHHE IIEHTPa MacC BO3MYIIHOIO CYIHA. DTy CH-
CTEeMy JIOPTMYECKH MOXKHO pa3Je/nTh Ha Tpu dacTu. llepBas orpazkaeT 3aKOHBI
dbuzuku |1, 12, 13]:

. 1
15 mV =T cos(a + ¢) — =cxpSV? — mgsin® + Ve,
2
) 1

(16) mVO = T'sin(a + ¢) — §cypSV2 — mgcos O,
(17) h=Vsn®,
(18) L =V cosO + Vwinda
(19) m= —qc,
8



rJIe M — Macca BO3IYIITHOTO CygaHa, V — BO3IyIIHAS CKOPOCTh, 1 — cyMMapHas
TATa JBUTATEeil, @ — yroJl aTaku, ¢ — yroJ yCTaHOBKU JIBUTATesel, Cxy Cy —
a’dpoImHAMUYIEeCKEe KO3(MMOUIHEHTHI JT0O0BOIO CONPOTUBIECHUS U IOJTbEMHON CH-
JIBI, p — TJIOTHOCTH BO3/yXa, S — ILIOMIAIb KpbLIa, § — YCKOPEeHHe CBOOOIHOTO
majiennsi, © — yroJ HaKJIOHa TpaeKTopuu, h — BbICOTa mojeTa, L — mpoiiaeHHoe
paccrositne, Ving — CKOPOCTH HonyTHoﬁ/ BCTPEYHOI COCTaBJIAIONIE BETpa.

Bropast wacTe — 3TO MOAEIN JUHAMHUKU TSITU U TAHTaXkKa, KOTOPBIE IS Tie-
JIelt MOJICTUPOBAHUST PACXOa TOILTHBA MOYKHO YIPOCTUTE JI0 JudHepeHInaIbHbIX
ypaBHEHUH MepBOro Mopsijika. TaHTaXk — 9TO yToJ MEXK/Iy OChI0 BO3JYIITHOTO CY/I-
Ha W TOPU30HTOM, YIIPaBJIAEMbBIH pyjieM BBICOTHI. V3 3HavdeHnii TaHrarka W yriia
HAKJIOHA TPACKTOPUU HAXOJAUM 3HAYEHUE YIJIa aTaKWu:

(20) T = —kiT + kor,
(21) 0 = —k30 + k409,
(22) a=0-0,

rie § — ranrax, oy, dp — 3HAYEHHUsSI CUTHAJIOB yIpaBjeHus, ki, ko, kg, ky — K03]-
unmenTor Mozeseii. K aroit xke yacTu Hy»KHO oTHecTH ypasHenue (14) Berauciie-
HUsI CEKYHIHOIO PACXOa TOILIHBA.

Tperbst 9acTh — 3TO MOJEIMPOBAHUE CUCTEMBI yiIpasjenus. Ilpeanosaraercs,
4TO yupasJenue Taroi popmupyercs I /I-peryisgTopoM CKOpOCTH, BHIPAXKEHHOI
qucjaoM Maxa:

(23) or(t) = PID(M; — M (t)),

riae M; — 910 3HadeHue, mosryderHoe u3 (11) 11 TeKyImero yvacTka mo CKOpocTH,
a sHadenue M (t) = V(t)/a(t), voe V() momyueno u3z (15), a Texyiiee 3HAUCHHE
ckopocTu 3ByKa a(t) Haxomum 1o dopmysie (3), ucnosb3ys gaHHbe (5) peasib-
HOIT aTMocdepbl I TeKyIeit Toukn mosera. s meeit nacrosmeir paboTsl He
TpebyeTcst TOYHOE BOCIIPOU3BOACTBO (DYHKIIMOHUPOBAHUS CUCTEMBI YIIPABJICHHUS,
a JOCTATOYHO YIIPOMIEHHOTO MOJEIUPOBAHMUA IS MOJYyYEHUS IEPEXOIHBIX IPO-
1IECCOB, OJIM3KUX K PEAJbHBIM, JJIsi OEHKN CEeKyHJIHOIO pacxoja Torausa. [1osro-
My MOKHO B (20) npunsarh ko = k1, u Torjga KoaGPUIUeHT IponopIuOHaIbHOCTH
perymsitopa (23) TOMKEH BBIOMpATHCS Tak, 9T00bI 3HadeHue Or(t) OBLIO paBHO
Tpebyemoii Tsre. B srom ciayvae 3HaueHue Op(t) OrpaHUYEHO 3HAUEHUSIMU TSITU
B PEXKMME MAJIOTO ra3a U MAKCUMAJIBHOM MOCTYIIHONM TATM Ha TEKYIINX CKOPOCTH
U BbICOTE MoJieTa. B KpeiicepcKoM TojieTe 9TH 3HaYeHUsI OOBIYHO HE JIOCTUTAIOT-
cs1. YIIpaBJIeHne TAaHTaxKOM MOXKHO YIIPOIIEHHO MOJIenpoBaTh Kak I1V-perynsarop
6apOMETPUIECKON BBICOTHI:

(24) dg(t) = PL(F; — P(t)),

rae P; — 5To 3HaveHme aTMocgepHOrO JaBJICHHUS, COOTBETCTBYIOIIETO BHIOPAH-
HOMY SIIEJIOHY I TEKYIIEro ydacTka 1o Beicote, a P(t) — Tekyiee 3HavYeHUe
arMochepHOro JaBIeHus st BICOTH h(t), momydennoit u3 (17), ompenensemoe
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no dopmynam (1), (2), ucnosnb3ys ganubie (5) peajabHoit armocdepsbl. 31ech Tak-
JKe MOXKHO B (21) npunsaTs ky = k3, u Torga Koab UIUEHT TPOIOPINOHATBHOCTH
peryssitopa (24) Beibupaercst Tak, YTo0b 3HAUEHUE 09 (t) OBLIO PABHO TPEGYEMOMY
rauraxy. Orpanmaenne 1iist dg(t) — 9TO cyMMa TEKyYIIEro 3HAUCHUsT YIJIa ATAKH 1
MaKCHMAJbLHOIO 3HAYCHUs yTJIa HAKJIOHA TPACKTOPHHU JJIA KPEHCepCKOro MoJIeTa.

s pemenust cucrempr (14)—(24) noskHbI GbITH 3a/[@HBI KOHCTAHTBL ¢ 1 S
B (15), (16), koadbdurmentsr ypapuenuii (20), (21), koaddunmenTbl peryisitopos
(23), (24), Tabaubl WK anIpPOKCUMUpYTOIHe (DYHKIMHI /I 3HAYCHUIT adpOoInHa-
MIYeCKIX KOI(MDDUIHEHTOB ¢x 1 ¢y B (15), (16), KOTOpbIE 3aBUCAT OT yIJIa aTaKd
u unciaa Maxa, u annpokcumupyromnias GyHKIUs J1Jisl 3HAYEHUs] YIeJIbHOTO PACX0O-
na rormsa (M, T, h) B (14). Yckoperue cBOGOJHOTO NajieHNs IIPUHUMAEM DaB-
HBIM CTaHJapTHOMY 3HaueHuto go = 9,80665. [TnorHocTs Bo3ayxa p mis (15), (16)
1 CKOPOCTH BeTpa Viing M1t (18) mosydaeM u3 JaHHBIX peabHOi arMocdepsl (5).

Takum obpasom, s BeIOpaHHOTO BekTopa (12) W 3aJaHHBIX HAYATBHBIX
YCJIOBUI HAxXOIUM 3HaveHue 1ejieBoil dbyukimu (13), permas cucremy ypasHe-
awit (14)—(24) mas 3amanHOrO BpeMeHU top. st mosrydeHust mpremieMoil Tod-
HOCTHU [PU OTPAHUYEHHON BBIYUC/IATEBHON CJIOXKHOCTHU IIPEJJIATACTCST IUC/IEHHO
pelarh 3Ty CUCTEMY METOJIOM Jiiljiepa MepBOro MOpsiKa C MAroM OHA CEeKYH-
na. Ilpm sTom pasHuna pesysibrara MOJICIUPOBAHUSI IO CPABHEHUIO C METOIOM
Pyure-KyTrsl uerBeproro nopsiyika nperebpexknmo masa [1]. Takoit mar mMoxkHO
CINTATH JOCTATOYHO MaJbIM I MOJEIUPYEMON CHCTEMBI, HO YBEeJIUUICHUE ITa-
ra MOXKeT MPUBOJIUTH K HEKOPPEKTHOMY MOJIEJUPOBAHUIO CUCTEMBI YIIPABJICHHUSI.
Kpowme Toro, npu MomempoBasun moJieTa He OY/IyT UCIOJIB30BATbCS YIIPOIIEHHBIE
CTaTUYIeCKNEe YPABHEHUsT PAcIeTa pacxola Ha yIacTKaX ¢ MOCTOSTHHON BO3LYIITHON
CKOPOCTBIO U BBICOTOII I0JIe€TA, [IPEJIOKEHHBIE B [1], TaK Kak mpu MoJe/IMpoBaHin
peanbHOIT aTMochepbl TaKne yIaCTKH MAaJIbl MM MOTYT OTCYTCTBOBATD.

1151 KOPPEKTHOCTH CpaBHEHWS 3HATEHU TeIeBON (DYHKIINN, TTOIYIeHHBIX JI/TsT
BapuaHTOB BekTOpa (12) ¢ pasHOil KOHEUHON BBICOTO hpy, , KPOME HAYAIBHBIX
YCJIOBUH Oy/IeM JIOTIOJHUTE/IBHO 3a/IaBaTh TpedyeMoe 3HAYMEHUE SIIeJIOHa B KOHIIE
sTarna KpeificepcKoro mojera hprg 1 BBIICIATH (DUKCHPOBAHHOE JIOCTATOTHOE JI0-
[TOJTHUTEIBHOE BPEMSI t,4q JJIsl JJOCTUZKEHUS STOTO SIIEJIOHA ¢ JTFOO0TO pas3pereH-
Horo smesona hry,, . Torma MomenmpoBaHme mosieTa B Te€IEHNE BPEMEHH ter + tadd
Jist BBIOpaHHOrO BekTopa (12) Gyzer JaBaTh 3HAUEHUE PACXOJia TOILTUBA JJIsl OJl-
HOM U TOMH K€ KOHEYHOII BBICOTHIL h FLapal

5. IIponeaypa onrtuMmusanuu

Pemmenne paccmarpuBaemMoil 37ech 3a/1a9 MUHAMHU3AINE PACXO/1a TOILINBA C
YIeTOM JIaHHBIX PeaJibHOM armMocdepbl He MPUBOIUT K HEOOXOIMMOCTH M3MEHe-
HIsI TIPOIE/yPbI ONTUMU3AINH, Ipe/ioxkenHoii B [1]. TlosTomy erme pas nzmoxum
TOJIBKO OCHOBHYIO HJIETO.

Tak kak 3HadeHne 1esneBoit GyHkmun (13) HAXOAUTCS IIyTEM MOJEIUPOBA-
HUSI, TO aHAJUTUYeCcKasi (DyHKIUsI rpajreHTa orcyTcTByeT. IlosTomy mpemiara-
€TCsI UCIOJIB30BATD JeTEPMUHUPOBAHHDIN O€3rpaIneHTHBIA MTONCKOBBIN METOJ, OTI-
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TUMU3AITUN, OCHOBaHHBIIT Ha ITOKOOPJAMHATHOM CIIyCKE [14], C BCIIOMOTI'aTe/JIbHbIMI

TOYKaMU-KaHIUJaTaMI U C YIE€TOM OFpaHI/I‘IGHI/Iﬁ.

BekTop BapbupyeMbIX TepeMeHHBIX (12) cocTOnT U3 Tpex TPyII: & = [xl, x2, x3],

e 2! = [ty,,...,ty,, hpp,] — 3HAYEHUS BpeMeHH sl KayKjJoTo W3 N ydacT-
KoB 10 ckopoctn, o2 = [hpp,,...,hpLy] — 3HAYEHUs SITEJOHOB T KayKIo0To
u3 N y4acTKOB 10 BbicoTe U 2° = [tpr,, ..., tFL,] — JUIHTEILHOCTD KAXKI0r0 U3
atux N y4acTkos. Oco6eHHOCTL BTOPOH TPYIIIB BAPBUPYEMBIX IEPeMEHHbBIX T2 CO-
CTOUT B TOM, 9UTO €€ 3JIEMEHTBI IIPUHAJIIEIKAT 3aJaHHOMY KOHEYHOMY MHOKECTBY
pas3pelIeHHbIX Sea0HoB hpr, € {h1,..., Ay, }, IPUYEM YHCIO JEMEHTOB Ny,
9TOr0 MHOXKeCTBa HebosbImoe. [loaToMy ToUkaMu-KaHIuIaTaMu OYIyT BCe pa3pe-
IIEeHHbIC STIe/I0HbL. [ BApBbUPYEMbIX HePeMeHHLIX U3 TPpyHn x' m 23 mo/mkmHb
BBIOJIHATHCs orparndernst (10) u (9) cooTBeTCTBEHHO. DTO MOXKHO 00ECIEIHUTD,
HAIIPUMED, CJIEIYIOMUM 06pa30M: TIPU YBEJINIEHUN BBIOPAHHOIT KOMIIOHEHTHI BCE
OCTaJIbHbIE KOMIIOHEHTBI TPYIIIbI YMEHBIIAIOTCS TaK, 9TOOBI ObLIO BBIOJHEHO CO-
OTBETCTBYyIOIIee PaBeHcTBO. KpoMme TOro, /i TPYHIBI 3 JOJIYKHO BLITOTHATHCS
orpanundenue (8). Ormernm, 4ro orpaHnndeHus Ha uncjao Maxa

(25) Mz S [Mmin’Mmax]

[P y9IeTe CKOPOCTU BeTPa He MOTYT OBITH TOYHO IpeoOpa30BaHbl B OTPaHNIEHUS
JJIsT KOMIIOHCHT T'PYIIIbI z! [TosTomy OyseM MCMOIB30BATH MAKCUMAJIBLHO MTHPO-
KUl “HTEPBaJI

T T
s
Max@max + Vwindmax MminGmin + ‘/Ywirld[][,in

ty, € R
HO IPOBEPATH, UTO €CAU B pe3yJbTrare IoJydaeM 3HadeHHe |ucja Maxa, BbIXO-
JIdIIee 3a JIOIYyCTUMbIE IPEJE/Ibl, TO 9TOT BAPUAHT BEKTOPA BapbUPYEMbIX Iepe-
MEHHBIX OTOPAKOBBIBAETCs. DTa MIPOBEPKA PEaM30BaHa B IIPOTIELyPe BHIUNCICHUS
3HAYCHUs 1eJIeBOil (DYHKIN, U IIPH HAPYIIEHUN OrpaHnYeHuit (25) BbruncieHne
pacxojia TOILINBA, He IPOU3BOINTCH, a 3HAYCHUE IeJIeBON (PYHKIMU TPUHIMAETCS
MaKCHMAaJIbHbBIM.

Takum 06paz3oM, Mmpoleaypa ONTUMU3AINNA OPraHU3yeTCs Kak ITOKOOPIIHAT-
HBIII [TOMCK MUHHUMYMAa IIeJIEBOI (DYHKIINM, [TOKa He OyHeT JOCTUIHYTO YCJIOBUE,
UTO IPY IPOXOXKIEHNN 110 BCEM KOOpAUHATAM He HaiileH HOBBI MUHUMYM IEJIEBOI
GYHKIMN ¢ yIeTOM BBIOPAHHOTO mopora. Kpome Toro, yCcTaHOB/IEHO OrpaHTICHUE
MaKCHUMaJIbHOI'O YHCJIa IAroB ITOMCKA.

6. ITpumep

JIjist IPOBEPKU TIPEJIOKEHHBIX TIPOLEAYD MOJIEIUPOBAHKUA PACX0/a TOIINBA
U ONTUMHU3AIMK pa3paboTaHo MpOrpaMMHOe obeclievenne, Ie 3aJaHbl HeoOX01-
Mble Ko dunuentsr ypasuenuit (20), (21), ammpoxkcnmupyrorue QYHKIAN JJTst
AdPOIMHAMUIECKIX KOI(DMUIMEHTOB U YIEIBLHOIO Pacxo/ia TOILINBA, U Pean30-
BaHa MOJENIb CHCTeMBbI yupasienusi (23), (24) rak, 9ToOBI MOBeJEHNE CHCTEMBI
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COOTBETCTBOBAJIO PeaJbHOMY BO3yIIHOMY cyany. B Tadsa. 1 mig momeaupyemMoro
CPeHEMATUCTPAJIHHOTO TACCAXKIUPCKOT0 CaMOJIeTa [IPUBE/IEHBl HadaIbHble 3HAUYE-

0,85 _
[ i
! ]
1 |
[ e e - | |
< 0,80 i
> I :
S ‘l_‘—[_h [
= . i
) ! i
S ! P
= ! i
0,75+ i
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]
0 60 1 1 1 1 1 .I
70 1 2 3 4 5 6

Bpewms, a

12,5
12,0
11,5
11,0

10,5

BricoTta, kM

10,0

9,5

Puc. 1. Cropoctb, BbIpazkennasi 9ucjoM Maxa, U BbICOTaA [OJIETA B CTAHJAPTHON

aTmocdepe.

HUSl, OTPAHUYEHUS U JIPYTUE TapaMeTphl.

[TosryueHHBIH /1T 9TUX JAHHBIX MIPHU MTOMOIINA OIMUCAHHON BBIIIE POy PbI
ONTHMU3AIUI BBICOTHO-CKOPOCTHOM TIpoduiib jijist cragapTHoil armocdepst [15]
[Ip¥ OTCYTCTBHUM BeTpa mpuBeseH Ha puc. 1. OneHka pacxoia TOIINBA COCTaBH-
ga 12 385 kr. Ilonyuennsbrit poduab mojgeTa U pacxo, TOIINBA OTIHIAIOTCA OT
HOJIyueHHBIX B [1], Tak Kak uCrosib30BaHa 6oJiee TOYHAST AIIPOKCUMAIHST a3POJIU-
HaMHUYIeCKNX K03 UIMEHTOB, a B CUCTEME YIIPABIEHNUSI MOJACTIUPYETCS PErysiTOP

qncyta Maxa BMECTO PeryasiTopa UCTUHHON BO3IYIITHOW CKOPOCTH.

Tabauria 1. [Tapamerpsl Mo IHPOBAHNS

Haumenosanue O6osnauenne | 3uadenne | Kommenrapmii
Hagasnbnas macca m(0) 75000 kr 7T
Hagasmaasa BoicoTa hrr, 9144 m FL300
Tpebyemast KOHEUHAsT BBICOTA REL g 9144 m FL300
Hawanbnas ckopocTs My 0,77
Mojiestupyenmoe paccrosHue Tor 5000000 m 5000 kM
Bpewms kpeiicepckoro mosera or 21600 ¢ 6 q
MunumastbHast CKOpOCTh M i 0,6
MakcumaJsibHasi CKOPOCTh M hax 0,85
MaxkcumasibHBIN HAKJIOH TPAEKTOPUI Omax 1 rpaz
YHucs10 y49acTKOB 110 CKOPOCTH n 10
YHucsi0 y9acTKOB MO BBICOTE N 4
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Puc. 2. Ckopoctb, BeiparkeHHast ancjaoM Maxa, U BbICOTa TOJIETa B PeaTbHONW aT-
mocdepe ¢ JaHHbIMIA U3 TabJI. 2.

B rtabis. 2 nmpuBeneH npumep MaHHBIX TEMIIEPATYPbl U JIABJICHUS Ha IMPOTS-
JKEHUHM MapIIpyTa, OTIMYHBIX OT CTAHJAPTHONW armMocdepbl, U /il CDaBHEHUS B
KpaifHeil mpaBoii KOJIOHKe, 0603HaueHHO# [SA | IpuBeIeHbl COOTBETCTBYOIINE 3HA~
YeHUs] CTAHIAPTHON arMocdephl.

Ecnu npomonenmpoBaTh KpeiicepCcKuii MoJIeT ¢ BBICOTHO-CKOPOCTHBIM ITPO(hU-
JIEM, TIOJIYYEHHBIM I CTAHIapPTHONW aTMocepbl, C HCIOJb30BaHUEM JTAHHBIX

Tabauiia 2. [Ipornosubie JaHHble TEMIEPATYPHI U aTMOCHEPHOTO JABJICHUS

Touku mapmpyra, kM | 0 400 | 900 | 1750 | 2250 | 3000 | 4000 | 5000 | ISA
Jasnenne, rlla, 1019 | 1014 | 1013 | 1008 | 1002 | 997 | 999 | 1000 | 1013
(BbICcOTA 2 M)

Temmeparypa, °C,

Ha BBICOTE: 2 M 30 30 25 14 16 23 32 27 15
500 m 24 24 19 10 12 20 32 30 | 11,75
1000 m 21 19 14 4 6 16 28 27 8,0
1500 m 15 15 10 2 4 14 23 21 5,25
2000 m 11 12 9 1 1 11 19 17 2
2500 m 10 8 6 -1 -3 10 14 12 | -1,25
3000 m 6 5 4 -2 | -5 6 9 6 4,5
3600 m 2 1 -2 -4 -6 1 4 2 -8,4
4200 M 2| 36| -7|-10] 3| -1 0 | 12,3
5500 m -11 | -12 | =14 | -16 | —20 | —11 -9 -9 | -20,75
9000 m 42 | 42 | 42 | 44 | -40 | -38 | 37 | -38 | 43,5
11000 m 54 | 53 | 50 | 45 | -40 | 48 | -57 | 58 | 56,5
12000 m 54 | 53 | =50 | 45 | —40 | 48 | -57 | 58 | 56,5
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Tabsaua 3. CKopocTh IOy THOTO BeTpa, M/ C

Touku maprpyTa, km | 0 | 400 | 900 | 1750 | 2250 | 3000 | 4000 | 5000
/ Diesion

FL300 21 31 | 22| 25 48 29 38 33
FL320 20| 31 | 22| 26 46 29 40 32
FL340 191 32| 23 | 26 43 30 42 31
FL360 18130 | 23 | 27 39 29 41 32
FL380 17126 | 24 | 29 32 27 | 40 33
FL400 17124 | 24| 30 30 26 40 33

Tabs1. 2 m popMys mapaMerpoB arMocdepbl U3 pasjgena 2, TO MOJYIUM PaCXO/l
TorumBa 12 445 Kr, 4To 60JIbIlle, YeM IOJIYYEHO JJIsi CTAHIAPTHON aTMocdepbl, 1
BpeMs IIpUjIeTa B 3aJaHHYIO TOYKY Ha 4,5 MWH MeHbIIE, 9TO HE COOTBETCTBYET
TpeOOBAHUIO IIPUJIETa B 3aJaHHOE BPEMSI.

Tenepsb mpoBesieM MOUCK ONTUMAJLHOTO BBICOTHO-CKOPOCTHOTO IPOMUIIS st
TeX Ke UCXOIHBIX JAHHBIX I0JIeTa, HO C UCIOJIH30BAHIEM 3HAYEHUI TeMIIepaTyphbl
U JaBJIEHUs peasibHON aTMocdepsl w3 Taba. 2. B aToM cirydae JTOCTUTHYT pacxo/r
romusa 12296 Kr, T.e. 3KoHOMUS cocTaBuia 1,2% Npu BLIIOJIHEHUN TPeOOBAHMUSI
3aJaHHOr0 BpeMeHn mpujera. llogydernas B 3ToM mpuMepe abCOTIOTHAST BeJIH-
MHA, CHIKEHUS pacxona 149 Kr — 9T0 SKOHOMUYECKH CYIIECTBEHHBIN PE3y/IbTaT.
[TosryaenHbIit BBICOTHO-CKOPOCTHOMN MPOMUIbL MPUBEIEH HA PUC. 2. 3aMETHM, UTO
reoMeTpuIecKasi BbICOTa h, IMOKa3aHHasl Ha PHUCYHKE, HE MOCTOSHHA IIPHU II0JIeTe
Ha OJIHOM D3IIIeJIOHE, a MEHSEeTCd B COOTBETCTBUU C U3MEHEHUEM aTMOCHEpHOro
JABJICHUS Ha MPOTSIKEHUN MapIIpyTa.

JobaBuM K 9TOMY MapIIpyTy JaHHBIE O CKOPOCTH BeTpa. B Tabi. 3 mpusese-
HBI 3HAYEHUsI CKOPOCTH IOIYTHOW cocrapJsorieit Berpa. Oboznauenue “FL300”
noznpasymesaet, 4to 1o smenon (Flight Level), coorBercrByromuii BbicoTe 110-
sera, 30 000 dpyToB npu crangapTHOil arMmocdepe. OTpunare/bHOE 3HAYECHAE UC-
IMOJIb3YETCs, €C/IU 9TO CKOPOCTb BCTPEUHOrO BeTpa. PaccMoTpum mpumep, Korja
Ha BCEM MAapIIPyTe BeTep MOImyTHBIH. OYeBUIHO, ITO B 9TOM CJIyvae, UCIOIb3Yd
PO UIb, TOJIYICHHBIH /I CTAHIaPTHON aTMocdephbl 6e3 yueTa CKOPOCTU BETPa,
dakTuIeckoe BpeMs MpUOBITHs OyAeT MeHbIle, deM 3ajaHHoe. B paccmarpuBa-
eMOM TpuMepe BpeMsd TojieTa Ha, paccrosgaue 5000 kM coctaBuao b 9 15 MuH n
pacxon Tomausa 11157 kr. [Ipodunb, nmokazanublil HA puc. 3, TOJIYUEH IIPU OII-
TUMU3AIUN C YIETOM JAHHBIX TabJI. 2 peajbHOl armMocdepbl U CKOpPoCTeil BeTpa
u3 Tabu. 3. Ilpu srom monmyden pacxon Tormaupa 11112 Kr, T.e. JOMOJHUTEIbHAS
skonoMus 0,4% npu BBIIOIHEHNH TpeOOBAHUS 3aJaHHOTO BpeMmeHHu npuiera. Ha
puc. 3 BUJHO, YTO MPHU IOIIYTHOM BETpe W IOJIydalomieiicd HU3KONW BO3/IYIITHON
CKOPOCTHU OKa3bIBACTCS HEIKOHOMUYHBIM TIOJIET HA BBICOKUX SIIEIOHAX.

s mpuMepa moJjieTa ¢ BCTPEYHBIM BETPOM BO3bMEM JAaHHBIE U3 Tab. 3 ¢ 00-
PaTHBIM 3HAKOM. 3aMETHUM, 9TO B 9TOM CJIyIae HEBO3MOXKHO BBITIOJIHITH OI'PAHITIE-
Hue M < 0,85 5151 3a/IaHHBIX PACCTOSHUAS U BPEeMeHH Kpeificepckoro mosieta. [Ipe-
obJrajiaroree HAIIPaBJIEHUE BeTpa JJIsl JTaHHOTO MapIIpyTa OOBIYHO yUINTBIBACTCS
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Puc. 3. Cropoctb, BbIpakenHasi uncjioMm Maxa, u BbICOTa MOJIETA B PEATHLHON atT-
Mocdepe ¢ HOIyTHBIM BETPOM C JIAHHBIME U3 TAa0J. 2 1 3.
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Puc. 4. Cropoctb, BepaxKkeHHast yncjoMm Maxa, u BbICOTa I0JIETa B PEAJIbHON aT-
Mocdepe ¢ BCTPEYHBIM BETPOM C JIAHHBIME U3 Ta0JI. 2 1 3.

B pacrnucaHun. Ecim 3To HecTaHIAPTHBINA MPOTHO3, TO OYEBUIHO, UTO BBIJIE/ICH-
HOE BpeMsl JOJI2KHO ObITh yBesuueHo. IIpopeiem onrumusanuio i te, = 23400 ¢
(6,5 ). Ilomyqen pacxon Tommusa 15720 Kr, BBICOTHO-CKOPOCTHON TPOMUIIb TIPHU-
BegeH Ha puc. 4. Ciemyer OTMETHTb, 9TO IIPOIELypa ONTUMHU3AINNA YIUTHIBAET
pa3HUIly CKOPOCTU BETPa Ha PA3HBIX SIMEIOHAX.
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B npuBeneHHBIX HpuMepax JJjisl BBLIYUCICHUN HCIOJIB30BAJICS IEPCOHAIbLHbBINA
KOMIIBIOTED CpeiHell mpon3BoauTesbaocTn ¢ mporeccopoMm Intel Core i5 2.8 I'T'm.
[Tpornerypa BhraucieHus 1e/ieBoil (DYHKIMK MIyTeM YHCJIEHHOTO PEIIeHUs CUCTe-
Mbl uddepentmanbabix ypasaernit (14)—(24) metomom Ditrepa epBoro mopsiji-
Ka C IIaroM OJHa CEKYyH/a MPU MOJECTUPOBAHUEU 6 T IOJIeTa BBIIOJIHACTCA MTPHU-
mepro 3a 1 c. Ilporeaypa onrummsaruu Jjijist TPUBEIEHHBIX B Ta0j. 1 3HAUYEHMIT
n =10, N = 4, aro gaer 18 BapbUpyeMbIX MepeMeHHBIX B BekTOpe (12), cxomurces
3a 100-150 mraros. Tak, B OIHOM U3 IPUMEPOB UHUCJO ITAr0B cOCTaBWIO 135, u
[P 9TOM TiejieBas pyHKIMsS Beraucsiiack 703 paza. Takum obpas3om, mporeaypa
ONTUMHU3AINH OBbLJIa BBITIO/THEHA IIPUMEPHO 3a 12 MWH, 9TO MPUEMJIEMO TS TIPaK-
Tdeckoil peasm3anun. Cjieflyer 3aMeTUTh, UTO IPU OJIETe MEHbINEH JaJIbHOCTH
HE TOJIbKO COKPAIAeTCsl BpeMsl BBIUUCJICHUS TeIeBO (DYHKIINM, TaK KaK MOJe-
JINPYETCsl MEHbIIIee BPeMsl I0JIeTa, HO U CYIIECTBEHHO CHUXKAECTCI UHUCJIO IIATOB
IIPOITE/LY PBI OIITUMU3AIINN, TAK KaK JIJIsI MEHBIIEr0 PACCTOIHNS BRIONPAIOTCS MEHb-
e 3HAYEHUsT JUCIa YIACTKOB IO CKOPOCTH 1 U BbIcoTe [N, yMEHbIIas IUCI0 Ba-
PBUPYEMBIX TIepeMeHHBIX. [ljist os1eToB 60BN TaIbHOCTH MOYKHO Pean30BaTh
MTOSTAITHYIO ONTUMU3AINIO, KOTJIA MEPBOHAYAILHO 3aJIal0TCS MEHBINNE 3HATCHUS
YUCJIa YIACTKOB 1o U [N, 9TO TO3BOJIUT OBICTPO MOJIYYUTH IIPEIBAPUTEILHOE PeIie-
nue. Kpome Toro, Ha mpakTuKe ¥ Jjisi OKOHIATETbHON OMTUMU3AIINNA CKOPEE BCEro
Oy/lyT BBIOMpATHCA MEHbINNE 3HadYeHus N u [N, TaK Kak, HAIIPUMED, JJIA MT0JIETOB
Ha paccrosinre H000 KM OOBITHO CMeHa SIeIOHA TTPOBOANTCS He boJiee 1 pasa, T.e.
N = 2. B crarbe 1151 IpuMepoB BBIOpaHO OOJIbINIee 3HAUEHNE, ITOOBI HAWTH BO3-
MOXKHBIE OIITUMAJIbHBIE perreHnsd. [Ipu 3ToM TOIBLKO B mpuMepe, IpapuK BHICOTDI
KOTOPOI'O TPUBEIECH Ha PUC. 4, ONTUMAJILHOE PEIICHUE UMeeT 2 CMEHBI SIIeJIOHA,
a B OCTaJbHBIX IpuMepax npu N = 4 ObLIn Onpee/IeHbl OJHHAKOBbIE 3HAUCHUST
SIIEJIOHOB JIJIsl IIEPBBIX JBYX M IOCJEIHUX JBYX YYacTKOB, T.e. jjig N = 2 ObLIO
OBI ITOJTyIE€HO TAKOE YK€ PeIeHue.

7. 3akiroyeHnue

3HaveHne pacxojia TOILUINBA JJIsl 3aJIaHHBIX MCXOJHBIX JAHHBIX IIOJIYYaeTCs
KaK Pe3yabTaT MOJEINPOBaHUs IIOJIeTa Ha BCEM paccMaTpuBaeMoM dtare. lpwm
9TOM BaXKHOI COCTABJIAIOIIEH MOIEIN SIBJISIIOTCS TEKYIIue IapaMeTpbl arMocde-
pPBl — 3HAYEHUA aTMOCGEPHOrO JIaBJIEHUS, IJIOTHOCTH BO3/yXa U CKOPOCTHU 3BY-
Ka B KayKJIOi TOUkKe mojieta. s ompemenenns 9TUX 3HAYEHUNH NCIOIb3YIOTCH
JaHHbIe 00 aTMOC(EPHOM JIaBJICHUN Ha IIPOTAYKEHUHM MapIIpyTa W TeMIEepaType
BO3/IyXa Ha HEKOTOPOW CEeTKE BBICOT OT 0a30BOi, jIsI KOTOPOIl OIpPEIe/IEHO aTMO-
cdepHOe JaBieHne, 10 MaKCUMaIbHO BOBMOYKHOI BBICOTHI IOJIeTa. 3aMETHM, UTO
B 9TUX JAHHBIX TEeMIIEPATypPbl YIUThIBAETCS Tporonay3a. OurnMu3aliis BbICOTHO-
CKOPOCTHOT'O TIPOGUI KPEHcepcKoro Iojera C HUCIOJb30BaHNEM 3TUX JIAHHBIX
peanbHOil arMocdephbl Ha MMPOTSIYKEHUN MAapPIIPYTa [IO3BOJISIET IOJIYYUTh 3aMeT-
HOe CHUZKeHMe pacxoja Tommsa (6osee 1%) 1uist 103ByKOBOrO TYpPOOPEAKTUBHOTO
ITaCCazKUPCKOTO CaMOJIeTa.

JlaHHBIE O CKOPOCTH BETpa Ha Pa3IMYHBLIX 3IIEJIOHAX Ha MPOTSXKEHUU MAaPIII-
pyTa mojieTa IMO3BOJISIOT HE TOJBKO BBIOPATH CKOPOCTHONW MpOduIb, obecredn-
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BaIOIJ_[I/Iﬁ HpI/I6bITI/Ie B TOYKY HaS3Ha4Y€HUsA B 3aJlaHHOE BpPEMsd, HO U IIOJIYYIHUTH J10-
IIOJTHUTEJIbHYIO SKOHOMUIO TOILJIMBA. Yuer CKOPOCTHU BE€Tpa CYIIECTBEHHO BJINACT
Ha BbI60p 9KOHOMMYHOI'O 31ICJIOHa II0JIeTa, B TOM YUCJIC YIUTbIBasd 3aBUCHUMOCTD
CKOPOCTH Be€TpPa OT BBICOTEI.

Takum O6p&30M, JJ1d OIITUMHM3aIlM I10JIeTa BaKHO MMETH MaKCHMaJIbHOE KO-

JIMIECTBO W TOYHOCTDL TEKYIMHUX W IIPOIrHO3HBIX JaHHBIX O COCTOAHUNN peaﬂbHOﬁ

aTMocdepbl: aTMochEepHOro JaBJIeHNs, TEMIIEPATYPhl BO3/LyXa U CKOPOCTH BETPa
110 BCEMY MaplIpyTYy.

10.
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