KA3AHCKHU (ITPUBOJI)KCKUHN) ®EJIEPAJIBHBI YHUBEPCUTET

NHCTUTYT 3KOJIOI'NA U ITPUPOAOIIOJIb30OBAHUA

KA®EJPA METEOPOJIOI'MHU, KIIMMATOJIOI'MU N 5KOJIOI' NN
ATMOC®EPDBI

H.B. Hcmazunoe, A.A. Huxonaees

ABTOMATU3MPOBAHHBIE METO/Ibl ObPABOTKH
T'MIPOMETEOPOJIOT MUECKON NH®OPMAILIMU

Y4eOHO-METOAUYECKOE TI0COOUE

Kazans — 2019



VJIK 551.5
BBK ]I

[lpunaro wa 3acemanuu Kadeapbl METEOPOJIOTHH, KIUMATOJIOTHH U SKOJOTHUU
aTMocdepsl.
[Tpotokoin Ne 4 ot 11 Hos16ps 2019 roma

Penenseurnr:
KaHIUIAT reorpaduueckKux HayK, TOICHT Kadeapsl MeTEOPOIOTHHU, KITMMATOJIOTHH U
skosioruu arMmocepsl KOV K.M. [llantanuHckuii;
KaHIUIAT reorpaduueckux HayK, TOUCHT Kadeapsl MeTEOPOIOTHHU, KITMMATOJIOTHH U
skosioruu arMmocdepsl KOV IN'yprsnos B.B.
Hcmacunoe H.B., Hukonaee A.A. ABTOMATHU3HPOBAHHbBIE METOIbI
o0padoTku ruapoMereoposiorudyeckon unpopmauuu /| HMcmazunoe H.B.,
Hukonaee A.A. — Kazanb: Kazan. yu-1, 2019. — 57 c.

H30anue coodepocum ungopmayuio, HeoOXOOUMYHO cmyoeHmam OJisi  GblNOJHEHUs.
npakmudeckux pabom no Kypcy «Aemomamuzupoganuvie Memoovbl 00pabomxu
2UOPOMEMeOpPOSI02ULeCKOU UHPOpMAayUU»

© Ucmazunoe H.B., Huxonaee A.A., 2019
© Ka3zanckuii ynusepcuret, 2019



OraasJjieHnue

1. UHOOPMALUA U ®OPMBI EE ITPEJCTABJIEHUSA ... 4
1.1. UHdopMamMOHHBIE TPOLECCHI U TEXHOIIOTHH ....e.vveenreereessresnneanreeseessessnnesnnens 4
1.2. CBOMCTBA QIITOPHUTMOB.......ceuveeteeuriasreasteesseesseessneanseeseesseessesssneasseessesssesssnesnseans 7
1.3. CroCOOBI OMTUCAHUS QAITTOPHTMOB. ....vevvieuriasreeseessressreanreesseesseesseesssessessseesses 13
1.4. DOTanbl HOATOTOBKH U PEIIECHUS 3ATIAU ... eeeeeurreesrreeeanereesanneaesnnnessnsneessseeess 20

2. METEOPOJIOTTUYECKASA NTHOOPMATLIUS ... 32
2.1. TpeboBaHus K THIAPOMETEOPOTOTHICCKON HHPOPMALIHH .....vvvvevvvvveesnrveeeinrnenns 34
2.2. Busibl ruipOMeTeOPOTOTUYECKON TIPOILYKITH M ...vvvreviesnreeaireesireessnessnneesnseesnnes 35
2.3. [Totpebutenu rTuaAPOMETEOPOIOTHIECKON HHPOPMAITHH: ...cnvvveeavreeesereeenneens 37

3. [TIPAKTUYECKUE BAIAHUS ..o 39
3.1. DneMeHTbl aCTPOHOMUU, UCTIOJIB3YEMBIE B METEOPOITIOTHH ....vevvveenreeanneeennnses 39
3.2. IlpeaBaputenbHble CBEICHUSI 00 OCHOBHBIX METEOPOJIOTMYECKUX BelnunHax4l
3.3. OCHOBBI CTATHKU ATMOCHEDBI 1.vvveervvrreisreresireeessneeesssessssnesssssesssssesssssseessnsnes 47
3.4. JIyuucrtas sHeprusi B aTMOchepe U Ha 36MHOUN MOBEPXHOCTH. .....vvveevreerneeennes 50
3.5. OCHOBBI TUHAMHUKH ATMOCHEPBI ... vvvieivrreesireeesireesssnesssssnesssssessssssessssssesssssnes 55

] 0 <] 02 ) 0 X PP PPR 57



1. AH®OPMALIUSA U ®OPMBI EE ITPEJICTABJIEHUSA

[louatue  ungpopmayuu  SBISETCS  OCHOBOIOJATAIONMIUM  MOHSTHEM
uHpopmaTuku. Jlrobas AeSITENbHOCTh 4YelloBEeKa MPEeJCTaBIsieT co0o0il mporecc
coopa u mepepaboTKM HWH(POpPMAIMU, TPUHATHS HAa €€ OCHOBE PEIICHHH M MX
BbITIOTHEHUS. C TOSIBIEHUEM COBPEMEHHBIX CPEJICTB BBIYMCIUTEIBHOW TEXHUKU
uH(popMaIusl CcTajla BBICTYNAaTh B KaueCTBE OJHOIO U3 BAXKHEUIIUX PECYpPCOB
HAyYHO-TEXHUYECKOTO MpOorpecca.

Nudopmarust coaepkutcs B 4€I0BEUECKON peuu, TEKCTaX KHUT, )KYPHAJIOB U
ra3er, COOOIIECHUSX Paj o U TEICBUIACHUS, MMOKa3aHUAX MpUOOpoB u T.1. UenoBek
BOCIIPUHUMAET WHMOpPMAIMI0O ¢ TOMOIIBIO OpPraHOB 4YYBCTB, XpaHUT U
nepepadaThiBa€T €€ C IMOMOIIBI0 MO3ra W IEHTPAIbHOW HEPBHOM CHUCTEMBI.
[lepenaBaecmas uH@poOpmMalusi OOBIYHO KAaCaeTCsl KaKUX-TO MPEIMETOB WM Hac
CaMHUX U CBsI3aHa C COOBITUSMH, MPOUCXOSAIIMMU B OKPYXKaIOIIEM HacC MUPE.

B pamkax nHayku uH(oOpmaius SBISETCS MEPBUYHBIM M HEOIPEACIIEMbIM
noHstueM. OHO MpeanojaracT HaJlMuMe MaTEepUaIbHOTO HOCUTENS MH(pOpMaIluH,
UCTOYHUKA HH(OpMaIMK, repeaaTunka nHpopmaluu, MpueMHrKa U KaHala CBA3U
MEXIy HMCTOYHUKOM U TpueMHUKOM. [loHsitne mHpoOpmaiuu ucmonb3yercs BO
BceX cdepax: HayKe, TEXHHUKE, KYJIbType, COI[MOJIOTUU U MOBCEAHEBHOW >KU3HHU.
KoHkpeTHOE TOJIKOBaHHE DJIEMEHTOB, CBA3aHHBIX C TMOHSATHEM HWH(OpMaIUH,
3aBUCUT OT METOJa KOHKPETHOW HAyKH, e HUCCIAEJOBAaHUS WM MPOCTO OT

HaIlINX MPEICTABICHUMN.

1.1. HWudopmanuoHHbIE MPOLECCHI U TEXHOJOTHH

Nudopmarmonnsie mporeccsl (coop, oOpaboTka u mepenaya WHPOPMAIIUN)
BCEI/Ia WTpajd BAXHYI pOJIb B HayKe, TEXHUKE W KH3HU obOmiectBa. B xone
DBOJIIOIIMU  YEJIOBEYECTBA  MPOCMATPUBACTCS  YCTOWYMBAS  TEHACHIHS K
aBTOMATH3AIMU ATHX MPOIECCOB, XOTS MX BHYTPEHHEE COAEPKAHHUE IO CYIIECTBY

0CTaJIOCh HCM3MCHHBIM.



Coop ungopmayuu — >T0 JEATEIHHOCTh CYOBEKTa, B XOAEC KOTOPOH OH
NoJTydaeT cBeJeHus: 00 MHTepecyroleM ero oobekre. Coop mHbOpMaIIUUu MOKET
MPOU3BOAUTHCS WJIM YEJIIOBEKOM, HJIM C TIOMOIIBIO TEXHUYECKUX CPEJICTB U CUCTEM
— ammapatHo. Hampumep, monb3oBaTtenb MOXKET MOJYYUTh HHGOPMAIUIO O
JBUKEHUHU TIO€3/10B WJIM CaMOJIETOB CaM, U3y4YUB paclUCaHUe, WU e OT JAPYroro
YeJIoBeKa HEMOCPEJICTBEHHO, JUO0 4epe3 Kakue-TO JAOKYMEHTBI, COCTaBJICHHbBIC
ATUM YEJIOBEKOM, WJIM C TMOMOIIBI0 TEXHUYECKUX CpPEICTB. 3ajada coOopa
uH(OpMAIUU HE MOXKET OBITh PEIlIeHa B OTPBIBE OT APYTUX 3a7a4, — B YACTHOCTH,
3a1aun oOMeHa udopmainuen (repeaayn).

Oomen ungopmayueit — >TO TPOLECC, B XOAE KOTOPOTO HCTOYHUK
uH(popMaIuu ee MepeaacT, a mojydyarelb — npuHuMaeT. B pesynbrate oOMeHa
uHboOpMaIMet  MEXIy HMCTOYHMKOM W  TOJydaTeleM  YCTaHaBIIMBAETCS
cBOcOOpa3HbIil «MH(OPMAIIMOHHBINA OallaHCy, MPU KOTOPOM B UJCAIBHOM Cllydae
noJiy4aresb Oy/ieT pacrnojiaraTh TN e HHPOpMaIIHEH, YTO U UCTOYHHUK.

O6men nH(pOpMaIUK TPOU3BOJUTCS C MMOMOIIBIO CUTHAJIOB, SIBIISIOIIUXCS €€
MaTepuaibHbIM HocuteneM. Mcrounmkamu uHGOpMAIMK MOTYT OBITH JIFOOBIE
OOBEKThl peaqbHOr0 MHpa, OOJAJaAIINe OINpEeAeICHHBIMA CBOWCTBAMU U
CHOCOOHOCTSIMH.

Xpanenue ungopmayuu — 3T0 TpolecC MOAAEPKAHUSA HCXOIHOM
uHbOpMaIMu B BHJE, 00ECIIeYNBAIOIIEM BbIIauy JaHHBIX IO 3allpOocaM KOHEYHBIX
MOJIb30BATENICH B YCTAHOBJICHHBIE CPOKH.

Oopabomka ungopmayuu — >TO YHOPSAOUYCHHBIA TMPOILIECC €€
npeoOpa3oBaHusl B COOTBETCTBUH C aJITOPUTMOM PEIICHUS 3a/1a4H.

[Tocne pemenust 3amaun oOpabOTKH WHPOPMAIMKA PE3YIbTAT JODKEH OBITh
BBIJIJaH KOHEYHBIM I0JIh30BaTENISIM B TPEOyeMOM BHE. DTa ONepalys peaan3yeTcs
B XOJle pemieHus 3amadd esidauu wHbopmanmu. Bbigada wHbOpMarmm, Kak
IpaBUIIO, TPOU3BOAMUTCS C MOMOIIBIO BHEIIHUX ycTpoiicTB OBM B BuIe TEKCTOB,

Ta0uIl, TPapUKOB U Tp.



Hugpopmayuonnaa mexnuka npenctapisieT coOOl MaTepUaNbHYIO OCHOBY
WH()OPMAITMOHHONW TEXHOJIOTHH, C TIOMOIIBI0O KOTOPOM OCYIIECTBIISIETCS COOp,
XpaHeHue, nepeaada u oopadoTka nHGpopMaIuu.

Texnonozua — 5>TO COBOKYIHOCTh 3HAaHHW O CIOCO0AX M CPEACTBAX
MPOBEICHUS] MPOU3BOJICTBEHHBIX TMPOIECCOB, NPHU KOTOPBIX IPOUCXOJUT
KaueCTBEHHOE U3MEHEHHE 00pabaThIBaeMbIX OOBEKTOB.

TexHONMOTHAM YNPaBISIEMBIX TPOIECCOB CBOMCTBEHHBI YIOPSAOYECHHOCTh U
OpraHM30BaHHOCTh, KOTOPBIE MPOTUBOIOCTABISIOTCS CTUXUHHBIM IPOIECCaM.
Hcropuueck TEPMHUH «TEXHOJIOTHS» BO3HHUK B cdepe MaTepuaabHOTO
npou3BoJicTBa. MHPOPMAIIMOHHYIO TEXHOJOTHIO B JIAHHOM KOHTEKCTE€ MOKHO
CUMTATh TEXHOJOTHUEH HCIOIb30BaHUA TMPOrPaMMHO-AIIAPATHRIX  CPEICTB
BBIYHMCIIUTEIbHON TEXHUKHU B JAHHOW MPEAMETHOU 00JIaCTH.

Hnpopmayuonnan mexnonocua — 3TO  COBOKYIHOCTb  METOJOB,
MPOU3BOJICTBEHHBIX  MPOIIECCOB W MPOTPAMMHO-TEXHHYECKHX  CPEJICTB,
OOBEIMHEHHBIX B TEXHOJOTMYECKYI0 IIEMOYKy, oOeclneunBaroiyo coop,
00paboTKy, XpaHEeHHE, PACIIPOCTPAHCHUE U OTOOpakeHHe MH(POpMAIMH C IEIbI0
CHIDKEHUSI TPYJOEMKOCTH MPOIECCOB UCTOJIb30BaHUs HH(OPMAIIMOHHOTO pecypca,
a TaKXe TOBBIIIECHUS UX HAJIC)KHOCTH U OTIEPATUBHOCTH.

NudopmarimoHHbie TEXHOJIOTHH XapaKTEPU3YIOTCS CIEAYIOIIMMH OCHOBHBIMU
CBOWCTBAMU:

— npeameToM (00BEeKTOM) 00paboTKH (TIporiecca) SABIISIOTCS OaHHbLe;

— IIEeJbIO MPOoLECCa SIBISETCS MOTyYCHUE UHPOpmayuu;

— CpeACTBaMM OCYIIECTBJIICHUSI TMpoliecca SBISIOTCS ITPOTrpaMMHBIE,
anmapatHble M [POTrPaMMHO-ANMApPATHBIE  GbIYUCIUMETbHbIE
KOMNJ1eKchl;

— mpouecchl  00paOOTKM  JTaHHBIX  pa3lesAloTCs  Ha onepayuu B
COOTBETCTBHHM C JIAHHOM MPEeIMETHOMN 00JIaCThIO;

— BBIOOp  YNPaBISAKOIIMX  BO3JEWCTBHM HA  NIPOLECCHl  JOJDKEH

OCYHICCTBIATHCA iuuamuu, PUHUMATIOWUMU peuieHue,



— KpUTEpUSAMH ONTHUMHU3AIMU Tpoliecca SBISIOTCS C80E8PEMEHHOCHb
oocmaeku  WH(GOpPMALMK  TIOJIB30BATENIO, €€  HAOEeMHCHOCHb,

oocm 06€epHOCmMb, ROJIHOMA.

1.2. CaoiicTBa aJITOPUTMOB

CnoBo "AnroputMm" mpoucxoauT otT algorithmi - JaTHUHCKOrO HamMcaHUs
MMEHM anb-XOpe3MH, IIoA KOTOPbIM B CpeIHEBEKOBOM EBpore 3Hamm
BEJIMYANIIero mMareMaruka u3 Xopesma (TopoJ B COBPEMEHHOM Y30€KHCTaHE)
Myxammena 6en Mycy, xuBiiero B 783-850 rr. B cBoeit kaure "OO uHauiickoMm
cuere" OH cPOpMyIHpPOBal MpPaBHIIA 3alMCH HATYpPaJIbHBIX YHCEN C MOMOIIBIO
apabckux uudp U npaBuia IeHCTBUN HAJl HUMH CTOJIOUKOM.

B nanbHeillieM anropuTMOM CTajdd Ha3blBaTh TOYHOE MpeaNucaHue,
onpenessomee 1OCJIe10BATEIbHOCTH AefCTBUH, o0ecne4YnBaIOIIY 0
MoJIy4YeHue TpedyemMoro pe3yJbTara M3 MCXOAHBIX JAHHBIX. AJITOPUTM MOKET
ObITh MpEJHA3HAYEH [JIs1 BBIIIOJHEHHUS] €r0 YEJOBEKOM WM aBTOMAaTUYECKHUM
ycrpoiictBoM. Co3qaHuE alropuTMa, IyCTh AK€ CamMoro IpOCTOro, - IpoLece
TBOpUecKui. OH JOCTYNEH MCKIIOYUTENbHO KUBBIM CYILIECTBAM, a JIOJIrO€ BpeMs
CUMTAJIOCh, YTO TOJBKO YEJIOBEKY. [[pyroe neno - peanusanus yxe UMEIOIIETrOCs
anroputMa. Ee MOXHO MOpYy4HUTh CYOBEKTY WJIM OOBEKTY, KOTOpPbI HE 00s3aH
BHUKATh B CYILIECTBO JI€JIa, & BOBMOXHO, U HE CITOCOOEH €ro MOHSTh.

Takolt cyOBeKT WM OOBEKT TMPUHATO Ha3biBaTh (OPMATbHBIM
ucnosHureaem. Ilpumepom (HOpPMaAIBHOTO HCHOJHUTENSI MOMXKET — CIYKHUTh
CTUpaJibHas  MallMHA-aBTOMAT,  KOTOpas  HEYKOCHUTEIbHO  MCHOJHSET
npeanucaHHble el JeWCTBUA, JJaXKe €CU Bbl 3a0bUIM MOJIOKUTH B HEE MOPOIIOK.
YenoBeK TOXKE MOXKET BBICTYNATh B POJIM (POPMATBHOTO MCIOJHUTENS, HO B
nepByr0 oudepenb (HOPMANbHBIMU — UCHOJHUTENSAMUA  SIBISIIOTCS — pa3InYHbIC
aBTOMAaTHYECKNE YCTPOMCTBA, U KOMIIbIOTEp B TOM yucie. Kamabli ajaropurm
co3laeTcss B pacuyeTe Ha BIOJIHe KOHKPETHOro HcHojHuTeds. Te aeicTBus,

KOTOPBIE MOXET COBEpHIATL HMCIOJIHHUTCIb, HA3BIBAIOTCA €ro aonyCruMbIMH
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neiicrBussMH. COBOKYTHOCTb JIOMYCTUMBIX JAEUCTBUN 00pa3yeT cHCTeMY KOMAaH/
UCIOJIHUTEJA. AJTOPUTM JOJDKEH COAEPKAaTh TOJBKO TE JEWCTBHS, KOTOPBIE
JIOITYCTUMBI 111 TAHHOTO UCIIOJTHUTES.

OOBbeKThl, HaJA KOTOPHIMH HCIOJHHUTENIh MOXKET COBEpIIaTh JCHCTBUS,
o0pa3yloT Tak Ha3blBaEMyl0 Cpedy MCHOJHUTedsi. [l anropuTMos,
BCTPEUYAIOIINXCS B MATEMATHKE, CPEJOM TOrO WJIM WHOTO HCHOJHHUTENIS MOTYT
OBITh YHMCIA Pa3HOM MPUPOIBI - HATypajbHbIC, JNEUCTBUTEIbHBIE U T.I., OYKBBHI,
OyKBEHHBIE BBIPA)KCHHUS, YPABHEHUS, TOXKIECTBA U T.II.

Aneopumm — 3mo mouHoe npeodnucaHue, KOmopoe onpeoeinsem npoyecc,
6e0yWUll OmM UCXOOHBIX OAHHBLIX K mMpedyemMomy KOHEYHOM) pe3yibmamy.
AnropuTMaMu, HanpuMep, SIBISIOTCS IpaBUila CIOKEHUS, YMHOXKEHUS, PEIICHUS
anredpanvyecKuX ypaBHEHUH, YMHOXKEHUSI MATPUIL U T.I1.

[TpumenuTensHOo kK OBM anroputM onpenesnsieT BBIYMCIUTEIbHBIN IIpoLecc,
HAUMHAIOIIUHCSA ¢ 0OpabOTKM HEKOTOPOH COBOKYIMHOCTH BO3MOXKHBIX HCXOJHBIX
JAHHBIX M HANpaBJICHHBIA HAa TOJYYEHHE OINPEICICHHBIX ATUMHU HCXOJHBIMU
JTAHHBIMU PE3YJIbTaTOB. T€PMUH @bluucIumenbHblil RPOYecc PACIIPOCTPAHIECTCS U
Ha 00pabOTKy ApYyruX BUAOB UHPOpPMALIMU, HATPUMED, CHMBOJIBHOM, TpaduuecKkon
WJIY 3BYKOBOM.

Ecny BBIYMCIUTENBHBINA MPOLIECC 3aKAaHYMBAETCS IOJIYYEHUEM PE3YJIBTATOB,
TO TOBOPST, YTO COOTBETCTBYIOUIMH aJIrOPUTM MPUMEHHUM K pacCMaTpUBAEMOM
COBOKYITHOCTH MCXOJHBIX JaHHBIX. B MPOTUBHOM ciy4yae TrOBOPST, YTO aITOPUTM
HEMPUMEHUM K COBOKYIHOCTH HWCXOAHBIX JaHHBIX. JIt0O0oW mpuMeHUMBbIN
QITOPUTM 00JIAJIAET CIEAYIOIIUMU OCHOBHBIMU CEBOUCHBAMU

Pe3ynomamugnocmp 03HA4aeT BO3MOXKHOCTh IOJIYYEHHUS pe3yjibTaTa IOCHE
BBITIOJIHEHUS] KOHEYHOTO KOJIMYECTBA Orneparuil.

Onpeodenennocms COCTOUT B COBIAJECHUU IOJIYYa€MbIX PpPE3yJbTaTOB
HE3aBUCUMO OT I0JIb30BATENSI U IPUMEHAEMbIX TEXHUYECKHUX CPENICTB.

Maccogéocmp 3akiro4acTCs B BO3MOYKHOCTH IIPUMEHEHHUS alIropuTtMa K
LEJIOMY KJIACCy OJHOTHIIHBIX 3a/1a4, Pa3jiNYaroMXCcsd KOHKPETHBIMA 3HAUEHUSIMU

HNCXOAHBIX HJaHHBIX.



JucKkpeTHOCTL (NMPEPBIBHOCTH, Pa3feIbHOCTb) - QITOPUTM JOJLKEH
NPEACTABIIATh IPOLECC PELICHUS 33Jayd KakK I10CJIEI0BATEIbHOE BBINOJIHEHUE
OpoCThIX (MM paHee  ompeneneHHblX) ImaroB. Kaxpoe — nelicTBue,
IPELYCMOTPEHHOE  AJTOPUTMOM, HCIOJIHSETCS TOJIbKO MOCl€ TOro, Kak
3aKOHYMJIOCH UCTIOJHEHUE IIPEABIAYIIETO.

Ha ocHOBaHMM 3THMX CBOWCTB MHOIZAA JA€TCi OIPENEIICHUE alIropuTMa,
HaIpumep:

“Aneopumm — 2mo nocned008amenbHOCMb MAMEeMAMUYECKUX, J10SULeCKUX
Ul emecme B3AMbIX ONEPaAyuil, OMAUYATOWUXCA OemePMEHUPOBAHHOCBIO,
MAcco80CMbI0, HANPABIEHHOCbIO U NPUBOOAWAS K PEUUEHUI0 8CeX 3a0ay OAHHO20
K1acca 3a KOHeYHoe YUCIO0 ulazos.”’

JInst 3aaHus anropuTMa HEOOXOAUMO OIMUCATH CIEAYIOLINE €r0 SJEMEHTHI:

— Habop OOBEKTOB, COCTaBISIOUIMX COBOKYINHOCTb  BO3MOKHBIX
VCXOJHBIX JAHHBIX, IPOMEKYTOUHBIX U KOHEYHBIX PE3YJIbTATOB;

— MPaBWIIO HAyana;

— TMPaBWIO HENOCPEJICTBEHHOM mepepaboTku HHpopMauuu (OMUcCaHUe
MOCJICI0BATEILHOCTH JICHCTBHI ),

— IPaBWJIO OKOHYAHUS;

— TPaBUJIO U3BJICUEHUS PE3YJIbTATOB.

ANTOPUTM BCerja paccyuTaH Ha KOHKPETHOrO HcHojiHuTens. B Hamem
cllyyae TakuM HcronHutenem sipisiercss OBM. Jlns obGecrnieueHus: BOZMOXKHOCTH
peanuzauuu Ha OBM anroput™ AomKeH OBITh ONMUCAH Ha SI3bIKE, MOHSITHOM
KOMITBIOTEPY, TO €CTh Ha S3bIKE POTPAMMHUPOBAHUS.

Takum 0Opa3oM, MOKHO JIaTh CJIEAYIOIIEE ONpeAeIeHIE POTrPaMMBbl.

Ilpozpamma ona IBM nipencraBisieT co00l ONMUCAHUE aJITOPUTMA U JaHHBIX
Ha HEKOTOPOM SI3bIKE€ ITPOrpaMMUPOBAHMS, NPEIHA3HAYCHHOE ISl TOCIIETYIOLIETO
aBTOMAaTHU4YECKOTO BBIIIOJHEHUS

PemeHne mocTaBiaeHHBIX MPAKTUKOW 3a7ad MAaTEeMaTUYECKUMHU METOJAMMU
OCHOBAHO Ha aOCTparMpOBaHWU — MbI BBIJIEISEM Pl CYIIECTBEHHBIX NMPU3HAKOB,

XapaKTCPHBIX OJIsI HCKOTOPOI'o Kpyra ﬂBHCHHﬁ, H CTPOUM Ha OCHOBAHHU OSTHX
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MIPU3HAKOB MAaTEMaTHYECKYI0 MOJENb, OTOpachiBas HECYIIECTBEHHBIC MPU3HAKU
KQKJIOT0 KOHKPETHOIO sIBJI€HUsS. B 3TOM cmbIciie r00ast MaTeMaTudecKkas MOJIeb
o0najaeT CBOMCTBOM MAaccoBOCTHU. Eciii B paMKax MOCTPOECHHOW MOJEIU MBI
peliaeM 3a7ady U pelieHue MPeACTaBisieM B BHJAE aIrOpUTMa, TO peIIieHue OyaeT
“MaccoBeIM” OJarofapsi MpUpPOJE MaTeMaTHYECKUX METOIO0B, a He Omarojaps
“MaccoBOCTH’ aJlTOPUTMA.

AJNTOPUTM — UCKYCCTBEHHAs] KOHCTPYKIIUSI, KOTOPYIO MBI COOpY>KaeM st
JOCTIKEHUSI CBOMX Iiesiel. UToObI aaropuTM BBITIOJIHWI CBOE MpeIHA3HAUYCHUE,
€ro HeoOXOIMMO CTPOUTH IO ONPEAECICHHBIM MTpaBUIaM.

IlepBoe mpaBmwji0 — TMpU TMOCTPOECHUU AITOPUTMA TMPEXKAE BCETO
HEOOXOJMMO 33JlaTh MHOXECTBO OOBEKTOB, C KOTOpPHIMH Oyner paboTaTh
anroput™m. GopmannzoBanHoe ( 3aKOIUPOBAHHOE ) NPEJICTABIEHNUE 3TUX OOBEKTOB
HOCHUT Ha3BaHHUE JaHHBIX. AJITOPUTM MPHUCTYMAET K paboTe C HEKOTOPHIM HaA0OpOM
JTAHHBIX, KOTOPBIE HA3BIBAIOTCS BXOJAHBIMH, U B PE3YJITATE CBOEH pabOTHI BBIAET
JJaHHbIC, KOTOpBhIE€ HA3bIBAIOTCS BBIXOJHBIMU. TakuM 00pa3oM, aJrOpUTM
npeoOpa3yeT BXOHBIC TAHHBIC B BHIXOHBIC.

DTO TNpaBWIO MO3BOJISIET Cpa3y OTICIUTH AJTOPUTMBI OT ‘“‘METOJA0B” M
“crioco6oB”. Tloka MbI HEe UMeeM (popMaNTM30BAaHHBIX BXOAHBIX JAHHBIX, MbI HE
MOEM MOCTPOUTH AITOPUTM.

Bropoe npaBuiio — s paboTel anroputMa Tpedyercs namsatb. B nmamsTtu
pa3MemaTcsl BXOAHBIC JaHHBIC, C KOTOPHIMH aJTOPUTM HAYMHAET paboTaTh,
MPOMEKYTOUHBIE JaHHBIC U BBIXOJHBIC JJAHHBIC, KOTOPBIC SIBISIOTCS PE3YIbTATOM
paboTel anroputMa. [lamMsaTh SBJISIETCS TUCKPETHOM, T.€. COCTOSIIEH U3 OTIEIbHBIX
adyeek. [lonMeHoBaHHas sYeliKa MaMATH HOCUT Ha3BaHUE MEpPEMEHHOM. B teopun
QJITOPUTMOB pa3Mepbl MaMATH HE OTPAHUUYMBAIOTCS, T. €. CUMUTAETCS, YTO MBI
MOXEM TMPEJAOCTABUTh AITOPUTMY JIF000W HEOOXOMUMBIN st paboThl 00BEM
MaMsITH.

Tperbe mMpaBMJIO — AUCKPETHOCTb. AJTOPUTM CTPOUTCS M3 OTACJIBbHBIX
maroB (IeMcTBUM, omnepanuid, KomaHA). MHOXECTBO IIIaroB, M3 KOTOPBIX

COCTaBJICH aJITOPHUTM, KOHCYHO.
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YerBeproe npaBHI0 — ACTEPMEHHUPOBAHHOCTh. [locie kaxporo mara
HEOOXOJMMO YKa3blBaTh, KAaKOW IIAr BBIMOJHSETCA CIEAYIOIIKUM, JTUOO /aBaTh
KOMaHJTy OCTaHOBKH.

IIsToe mpaBuiI0 — CXOAUMOCTH ( pe3yJIbTATUBHOCTH ). AJITOPUTM AOJIKEH
3aBepiiaTth paboTy Mocjiae KOoHeYHoro ywucia maroB. [Ipm sTomM HeoOXxoaumo
yKa3aTh, YTO CUUTATh PE3YJIHTATOM PAOOTHI AJITOPUTMA.

JIro6ast paboTa Ha KOMIBIOTEPE — 3TO €cTh 00paboTka nHpopmanmu. Padoty
KOMIIBIOTEpA MOKHO CXEMaTHYECKH U300pa3UTh CIAEAYIOUM 00pa3oM:

Kommbrotep npeoOpa3zyeT HHPOPMALIHMIO 1O ONPEAEICHHBIM IpaBuiIaM. ITU
npaBuia (Omepamnyy, KOMaHIbl ) 3apaHee 3aHeceHbl B MaMATh KommbloTepa. B
COBOKYINHOCTH O3TH IHpaBWia MpeoOpa3oBaHus HHPOpPMALMM  HA3bIBAIOTCS
anropuTMoM. JlaHHbIe, KOTOpBIE TMOCTYNAIOT B KOMIIBIOTEp, HA3bIBAIOTCS
BXOJHBIMU JaHHBIMU. Pe3ynbTaT paboThl KOMIBIOTEpAa — BBIXOJHBIE JIaHHBIE.
Takum oOpa3om, anropuT™ npeodpa3zyeT BXOAHbIE JaHHBIE B BHIXOJAHbIE!

TpaktoBka pabOTHl anropuUTMa Kak MPeoOpa3oBaHHUS BXOTHBIX JAHHBIX B
BBIXO/IHBIE €CTECTBEHHBIM OOpa3oM MOJABOIAUT HAC K PACCMOTPEHHUIO TOHSATHUS
“noctaHoBka 3amaun’. {1 TOro, 4YTOOBI COCTAaBUTH AJITOPUTM pPEIICHUS 3ajayuH,
HEOOXOJMMO U3 YCIIOBUSL BBIIEIUTH T€ BEIUYMHBI, KOTOpble OyIyT BXOJHBIMHU
JaHHBIMU M YETKO c(hOpMyIHpOBaTh, KAKUE UMEHHO BEJIMYMHBI TpeOyeTcss HalTH.
Hpyrumu cioBaMH, yclIOBHE 3a/1aun TpeOyercs chopMynupoBaTh B Buje “JlaHo ...
TpeOyeTcsi” — 3TO M €CTh MOCTAHOBKA 3aJ[a4H.

Bunel anropuTMOB Kak JIOTMKO-MAaTeMaTHYECKHUX CPEACTB  OTPaXKaIOT
yKa3aHHble KOMIIOHEHThI 4YEJIOBEYECKOM IEATEIbHOCTH M TEHACHIIMH, a CaMu
aJITOPUTMBl B 3aBUCHUMOCTH OT LI€JHM, HAYaJbHBIX YCJIOBUM 3aJayu, MyTed ee
peuieHus, omnpeneyaeHuss NeUCTBUM MCHOJHUTENS MOAPA3ACISIOTCS CIAEAYIOIIUM
obpazom:

MexaHu4ecKue aJropuTMbl, WIM WHAY€ JCTEPMUHUPOBAHHBIC, JKECTKUE
(HampuMep aaropuT™ padoThl MAIIMHbI, ABUTATEINS U T.11.);

I'uOkue anropuT™Mbl, HaAPUMEpP CTOXACTUYECKHUE, T.€. BEPOATHOCTHHIE U

9BPUCTHYCCKUC.
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MexaHu4yecKuil aJropuT™ 3a/1aeT ONpe/IeIeHHbIe AeWCTBUA, 0003HaYas ux B
€AMHCTBEHHOM M JOCTOBEPHOM MOCIEAOBATEIILHOCTH, OOECIeYnuBas TEM CaMbIM
OJIHO3HAYHBIM TpeOyeMbld WJIM HCKOMBIH pe3yJbTaT, €CJIM BBINOJHAIOTCS Te
YCIIOBUS TIpOIIecca, 3a1aut, I KOTOPBIX pa3padoTaH alrOPUTM.

BeposiTHOCTHBII (CTOXACTHYECKHUI) AJITOPUTM JAET MPOrPaAMMY PEIIEHUS
3aJlayd HECKOJIbKUMHU NYTSIMH WM CHOCO0aMH, MPUBOSALUIUMU K BEPOSITHOMY
JOCTHKEHHUIO PE3YNbTaTA.

IBpUCTHYECKHI aJITOPUTM (OT TPEUYECKOT0 CJIOBa “3BPUKA’) — 3TO TaKOU
aNTOPUTM, B KOTOPOM JOCTHKEHHUE KOHEUYHOT'O pe3yJsibTaTa IpOrpaMMbl JEHCTBUN
OJTHO3HAYHO HE MpPeNonpeNesieH0, TaKk e Kak He oO0o3HauyeHa Bcs
MOCJIEA0BAaTEIbHOCTh JIEMCTBUM, HE BBISBICHBI BCE AEUCTBUA ucnoiaHuTens. K
ABPUCTUUECKUM QJITOPUTMaM OTHOCST, HallpUMEpP, MHCTPYKIIUU U npeanucanus. B
ATUX QITOPUTMAax MCIOIb3YIOTCS YHUBEPCAJIbHBIE JIOTHUECKUE TMPOLEAYpbl U
CIOCOOBI TPHUHATHS pEIICHUN, OCHOBaHHBIE HA AHAJOTUAX, ACCOUUALUIX H
IIPOIIUIOM ONBITE PEIICHHS CXOKUX 3a/1a4.

Jluneiinplii anroputM — Habop KoMmaHA (yKa3aHUM), BBITIOJHIEMbBIX
MIOCJIEA0BATEIBHO BO BPEMEHH JIPYT 3a APYTOM.

Pa3BeTBiasilOIIMiicsl aJTOPUTM — aJTOPUTM, COJEPXKAIIUNA XOTS ObI OJHO
yCIIOBUE, B pe3yJibTaTe MpoBepku KoToporo IBM obecnieunBaeT nepexo/ Ha OJIUH
U3 JIByX BO3MOXXHBIX IIAroB.

Mukauyeckuit  aJropuTM  —  AITOPUTM,  NPEAYCMATPUBAIOIIUN
MHOTOKpPAaTHOE MOBTOPEHHWE OJHOTO M TOr0o K€ ACUCTBUS (OJHUX U TEX XKe
orieparuii) HaJl HOBBIMH MCXOJHBIMH JaHHBIMH. K IHUKIMYECKUM aaropuTMam
CBOJUTCS OOJBIIIMHCTBO METOOB BBIUYMCIICHUH, Iepedopa BapUaHTOB.

Huxa mporpaMMbl — MOCJEIOBATEILHOCTh KOMaHA (Cepusi, TEJIO IUKJIA),
KOTOpasi MOKET BBIMOJHATHCS MHOTOKPATHO (IJIs1 HOBBIX MCXOJIHBIX JIAHHBIX) 10
YAOBJIETBOPEHUS HEKOTOPOTO YCIOBHUS.

CrpykrypHas (0J0k-, rpadg-) cxema ajaropurMa — Tpaduyeckoe
U300pakKeHHe aaropuTMa B BHJIE CXEMbl CBSA3aHHBIX MEXKIY COOOH C MOMOIIBIO

CTpeJIOK (JIUHMM mepexoaa) OJOKOB — TpadrUyecKUX CHUMBOJIOB, KaXKIbl H3
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KOTOPBIX COOTBETCTBYET OJHOMY IIary anropurma. BHyTpu Onoka maercs
OMHMCAHNE COOTBETCTBYIOLIETO JEHCTBUS.

I'paduueckoe wuzo0paxkeHue ajaropuTMa IIMPOKO HCIONB3YETCs Tepe
IPOrpaMMHUPOBAHUEM 3aJa4d BCJIEACTBUE €ro HArISAHOCTH, T.K. 3PHUTEIIbHOE
BOCIIPUSTUE OOBIYHO OOJeryaeT MpoOUEcC HamUCaHUsi NPOrpaMMmbl, €€
KOPPEKTUPOBKHU MPHU BO3MOXKHBIX OIIMOKaX, OCMBICIIMBaHUE Mpolecca 00paboTKu
uHbOpMaIUu.

[IpuHiun nporpaMMupoBaHusi “CBepXy BHU3~ TpeOyeT, 4ToObl OJ0K-cxema
MO3TAHO  KOHKPETU3MpOBajJach M  KaXapld OJok  “pacnuceiBaics” 110
AJIEMEHTApPHBIX onepanuii. Ho Takol moaxoa MOXKHO OCYIIECTBUTH IPU PELICHUH
HECJIOKHBIX 331a4. [Ipu pemennn ckoiabko-HUOYIb CEPhE3HOM 3a1aun OJIOK-CXema
“pacnonzercss” 10 TaKOM CTENEHU, YTO €€ HEBO3MOXKHO OyAET OXBAaTUTh OJHUM
B3TJISIOM.

briok-cxembl anropuTMOB yA00HO HMCHOJB30BATh MJIsi OOBSICHEHUS PabOTHI
y>K€ TOTOBOT0 aJIrOPUTMA, MPU ITOM B KayecTBe OJOKOB OepyTcsl AEHCTBUTEIBHO
Omoku anroputma, paboTa KOTOpPHIX HE TpeOyeT moscHeHul. biok-cxema
QITOPUTMA JOJIKHA CIIY>KUTh JUJISl YIIPOILIEHUS U300paKeHHs aJlrOpUTMA, a He IS

YCIIO)KHEHHS.

1.3. Cnoco0bl onucaHusi aJIrOPUTMOB.

[TopsAIOK BBINIOJHEHUS AIITOPUTMA!

— JIelCTBUS B aITOPUTME BBITIOJHSIOTCS B TOPSJKE UX 3aITUCH

— Henb3s MEHITH MECTaMHM HUKAKHUE JBA ICMCTBUS AJITOPUTMA

— Henb3s HE 3aKOHUKMB OJHOTO IEUCTBUS MEPEXONUTH K CICAYIOIIEMY
JIns1 3anMcu anropuTMOB HCIIOJIB3YKOTCS CIICLIMATIBHBIC SI3bIKU:

— EcrtecTBeHHBIN SA3BIK (CTOBECHAS 3aMKCh)

— ®opmynsl

— TlceBmoxon
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— CTpyKTypOorpammsl
— CHHTaKCHYECKHUE THarpaMMBbl

— I'paduueckuii (s13b1k OI0K-CXEM)

Ecmecmeennuwiit azvik:.

eciiu ycnosue mo oeticmeauel unaye oeticmeaue2

Cmpykmypozpamma.

YCoINOBHE

pyn HMHaue

OeHcTEHE 1 OEHCTEHEZ

Cunmakcuueckan ouazpamma.

- IeHCTBEHE ] -

» WCIAOBHE

[ o [
IeHCTEHES
I'pagpuueckuit azvik:
+ -
OeHMcTEHE L
- IOelicTEHEZ
CrpykrypHas (0a0k-, rpad-) cxema ajaropurMa — rpadpudeckoe

N300pKECHHUE aJTOPUTMA B BHUJC CXEMBI CBS3aHHBIX MEXKIY COOOH C MOMOIIBIO
CTpeNoK (JIuHUN Tiepexona) OJOKOB — Tpaduueckux CHUMBOJOB, KaXKIbIM W3
KOTOPBIX COOTBETCTBYET OJIHOMY IIary anroputMa. BHyTpu Omoka maercs

OTHMCaHNUE COOTBETCTBYIOIIETO ICHCTBUSI.

Brimonusemas
CumBon
HazBanue byHKuns
(pucyHOK)
(mosicHeHue)

Brimmonnsier

1. bnox A=5 BBIYUCIIUTEIILHOE
BBIUMCIICHUN JICUCTBUE WU

¢ CPYyNITY J€UCTBUA

Il [
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2. Jlornueckuii OJIOK

Bri6op
HaTIPaBJICHHS
BBITIOTHCHUS
JITOpuUTMA B
3aBHCUMOCTH OT
YCIIOBUS

3. biokn
BBOJIa/BBIBOIA

B

BBox nnu BeIBOA
JTaHHBIX BHE
3aBUCHUMOCTH OT
(bu3nuecKoro
HOCHUTEIIS

A B

BbIBO TaHHBIX Ha
neyararolee
YCTPOUCTBO

4. Hauano/koHel

Hauaio ninm xoHery
MPOTPAMMBI, BXOJ

(BXOJ1/BBIXOT) WU BBIXOJI B
MOJNIPOTPAMMY

5 Breruncienust mo

: . CTaHIapTHOW WJIN

[IpenonpeneneHHbIi .
[10JIb30BATEILCKON

npoiiecc
MOJIIPOTPaMMe

m Bremoanenue
6. biok @ JICUCTBUH,
1900105001 %0%:111707 N (N — I P A - A3MEHSIOIINX

MYHKTHI aJITOpUTMa

7. CoOeIUHUTEID

VYkazanue cBsizu
MEXITY
MIpEpBaHHBIMU
JVMHUSAMU B
npeaenax oOaHon
CTPaHUIBI
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VYka3anue cBI3U

. MEX1Y YaCTSIMHU
8. MexcTpaHNIHBIN I\_/‘ ny

CXEMHBI,
COCTUHUTEIb N
pacmoN0oKEHHON HA

PAa3HBIX CTpaHUIIAX

['padmyeckoe wu300pakeHHUE aAIrOpUTMa IIMPOKO HCIOIB3YETCA Tepe
MPOrpaMMHUPOBAHUEM 3aJaud BCJIEACTBUE €ro HArISAHOCTHU, T.K. 3PHUTEIIbHOE
BOCIIPUSTHE OOBIYHO OOJeryaeT MpoOLEecC HaMUCaHUs M[pOorpaMMbl, €€
KOPPEKTUPOBKHU MPU BO3MOXKHBIX OIIMOKAaX, OCMBICIUBAHUE TMpolecca 00paboTKu
uHpopMaIuu.

[TpuHIIMTT TTPOTPaMMHUPOBAHHS «CBEPXY BHHU3» TpeOyeT, 4ToOBI OJOK-cXema
MOJTAITHO KOHKPETHU3MPOBAdach W  KaXABIA OJOK  «PacHUCHIBAICS» 10
AJIEeMEHTapHbIX omneparuii. Ho Takol moaxoa MOXKHO OCYIIECTBUTH IIPHU pEHICHUU
HECJOXKHBIX 3a7a4. [Ipu perennn ckonbKo-HUOYb CEphE3HOM 3a/1aun OJI0K-cXeMa
«pacIoyBeTCs» 10 TaKOM CTEMEeHH, YTO €€ HEBO3MOXKHO OYIET OXBaTUTh OJHHUM
B3TJISI/IOM.

briok-cxembl airOpuTMOB yAO0OHO HCMOJIB30BaTh JiI OOBSCHEHUS PadOThHI
y’K€ TOTOBOTO QJITOPUTMA, MIPU ITOM B Ka4eCTBE OJIOKOB OepyTcsl NEUCTBUTEIHHO
0JIoOKM ajiropuTMa, padoTa KOTOpbHIX HE TpeOyeT mnosicHeHuil. biok-cxema
QITOPUTMA JIOJKHA CITYKUTh JIJISl YIIPOIIEHUSI U300paKeHHs aJlfOPUTMA, a HE IS
YCIIOKHEHUS.

bnok-cxema BhICTpanBaeTCs B OJJHOM HaIpaBICHUU JTUOO CBEpXy BHU3, OO
cJieBa HampaBo. Bce MoBOPOTHI COENMMHUTETBHBIX TUHUN BBITTOHSIIOTCS 10| YTIIOM
90 rpaxycos

OaHUM W3 CBOICTB alNropuTMa SBISETCS OUCKPEMHOCHb — BO3MOXXHOCTb
pacuJIeHeHUs TPOIlecca BBIUMCICHUH, MTPEANMUCAHHBIX AITOPUTMOM, Ha OTICITHHBIC
STambl, BO3MOXXHOCTh BBIJICJICHUS YYacCTKOB MPOTPAMMBI C OIPEACICHHON
CTPYKTYpOoii. MOXHO BBIICTUTh W HATJSTHO TPEICTABUTHh Tpaduuecku TpH
IIPOCTENIINE CTPYKTYPBI:

— TMOCTEA0BAaTENIbHOCTD ABYX WM OoJiee onepaiuii;

— BBIOOp HaNpaBJICHHUS,
16




— TIOBTOPEHHE.

Jt000i1  BBIUMCIUTENBHBIA MPOLIECC MOXKET ObITh MPEACTABICH Kak
KOMOMHALIUA 3TUX 3JIEMEHTAPHBIX aJTOPUTMUYECKUX CTPYKTYp. COOTBETCTBEHHO,
BBIYMCIINTEIIBHBIE MPOLECCHI, BBINONHsIEMble HA OBM mo 3amaHHON Iporpamme,
MOYHO Pa3JEeIUTh Ha TPU OCHOBHBIX BUJA!

— JIMHCUWHBIC;
— BETBSALIUECS;

— [HUKJINYECKHE.

1

Havano

OkoRYaHKe OkoHYaHue

a 0
Puc.1. Ilpumepvr ancopummos: a) nauneunwvli areopumm, 0) 6emMEAUUUCS

ajleopumm

Jluneiinbim TPUHATO HA3BIBATH BBIYMCIMUTENBHBIM IPOLECC, B KOTOPOM
OllEpalliy BBIIOJHAKTCSA IOCIENOBATENbHO, B MOpsAKe uX 3anucu. Kaxnmas

oTiepanys SBISETCS CaMOCTOATEILHOM, He3aBUCUMOM OT Kakux-nmubo ycioBuii. Ha
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cxeme OJIOKH, OTOOpakarolMe ATH ONEpalHH, PaCHOJIAraloTcsd B JIMHEHHOM
IIOCJIEN0BATENBHOCTH.

JIuHeliHbIE BBIYMCIUTENBHBIE IPOIECCHI MMEIOT MECTO, HampuMmep, Mpu
BBIYHCIICHUH apU(PMETUUYECKUX BBIPOKECHUN, KOTJAa HWMEIOTCS KOHKDPETHBIE
YUCJIOBBIE JAHHBIE U HAJl HUMHU BBIMOJHSIOTCS COOTBETCTBYIOIINE YCIOBUIO 33/1a4n
nerictBus. Ha puc. 1, a moka3zan nmpuMep JJMHEHHOTO alTrOpUTMa, OMPEAESIONIETO
MPOIECC BBIYUCIICHUS apU(PMETUYECKOTO BBIPAKEHUS

y=(b*-ac):(a+c).

BrluncnuTenbHBIA  TTPOLECC HA3BIBACTCA  GEMEAUAUMCA, €CIIA ISl €ro
peanu3aiu  MpPeAyCMOTPEHO HECKOJIbKO HampamieHud (Bereit). Kaxmoe
OTJICJIbHOE HAIpaBlIieHHWE Tpoliecca O0O0paOOTKM JaHHBIX SIBISETCS OTACIbHOU
BETBbIO BBIUMCICHUN. BeTBiieHHe B mporpaMme — 3TO BBIOOpP OJHOW U3
HECKOJIbKHX TOCJIEIOBATEILHOCTEM KOMaH I MPHY BBITIOJIHEHUH MPOTpaMMBbI. BeIOop
HaIlpaBJICHUS] 3aBUCHUT OT 3apaHee OINPEJEICHHOIO0 NPU3HAKA, KOTOPBIA MOXKET
OTHOCUTBCS K HCXOAHBIM JaHHBIM, K TPOMEKYTOUHBIM WJIH KOHEUYHBIM
pesynbraram. [Ipu3Hak xapakTepusyeT CBOMCTBO JaHHBIX U UMEET JBa WK OoJiee
3HAYCHUM.

BeTrBsmumiics mporecc, BKIIIOYArONIMA B ceOs JBE BETBHU, Ha3bIBACTCS
npocmuim, Oonee ABYX BeTBEH — croorcHbim. CHOXKHBIA BETBALIUIICS Mpoliecce
MOYHO MPEACTABUTH C IIOMOIIBIO IPOCTBIX BETBALIUXCS ITPOLIECCOB.

HampaBnenue BeTBIEHUST BHIOMPACTCS JJOTUYECKON MPOBEPKOH, B pe3yabTaTe
KOTOPOM BO3MOKHBI JIBA OTBETA: «Ja» — YCJIOBUE BBINOJHEHO U «HET» —
YCJIOBUE HE BBITIOJIHEHO.

Cnenyer mMeTh B BHIY, YTO, XOTS Ha CXEME aJlrOpPUTMa JIOJDKHBI OBITh
MOKa3aHbl BCE BO3MOXXHbIE HAMpPAaBICHUS BBIYMCICHUA B 3aBUCUMOCTU OT
BBITIOJTHEHUS OMNPEJIETIEHHOrO0 YCIOBHUS (MU YCJIOBUM), MpPU OJHOKPATHOM
IIPOXOXKIAEHUN MPOTPaMMBbl IPOLECC PEATU3YETCSd TOJIBKO IO OJHOW BETBU, a
ocTajibHble HCKIo4aroTcsl. JlooOas BeTBb, MO KOTOPOM  OCYIIECTBISIOTCS

BBIYHCJICHUA, JOJDKHA ITPUBOANTDL K 3aBEPIHICHNUIO BBIYHUCIIMTCIILHOTO ITIPOIecca.
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Ha puc. 1,6 moka3an mpumep anropuTMa C pa3BETBICHUEM IS BBIYUCICHUS
CJIEAYIOIIETO BHIPAYKEHHUSI:

Y=(atb), echru X<0;

c/b, ecru X > 0.

Aneopummuueckas KOHCMPYKUUA 6€me1eHus — 3alUCh BETBJICHUS
BBITIOJIHAETCS B IBYX (hOpMax: MOJHON U HETOJIHOM.

Tonnas gpopma:

+ ‘ —_
WCIOOBHE

OeHcTBEHE 1

OeHcTEHE 1!

OEHCTEHE 2

OEeHCTEHE Z'

=+ . —_
WCIOBHME

OeHCTEBHE I

OEHCTEHE L'

oeHcTEME 1

neHcTEHEe 1

Henonnas ¢popma:

+
YCIOBHME

nedcTEMe 1

OIeHCTEHE 2

OEMCTEHE I OeldcTBHE 1

L = |

I
[Ipumep: HANTH HAMMEHBIIEE U3 TPEX YUCEI.

1 BapuaHT peuieHus: 2 BapuaHT pEUICHUSA:
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HaYaJao

HAaWaJ0

m=a

1.4,  Drtanbl NOATOTOBKHU U pPellIeHHs 3a1a4

B mpouecce moaroroBkn u pemenus Ha [IK HaydHO-MHKEHEpHBIX 3a1a4
MOYKHO BBIICJIUTD CIICYIOIIUE IMaAnbl:

e IlocranoBka 3agaumn
o ®opmyIHMpoBKa U aHAIN3 GU3UICCKON 3aa9H
o CocTaBieHrne MaTEMaTUYECKON MOIeNN
o CocraBieHue aropuTMa 3aaa4u

e Co31aHue NporpaMmabl
o CocTaBieHne TeKCTa MPorpaMmbl
o BBoja TekcTa mporpamMMbl B KOMITBIOTED
o CuHTakcu4eckas oTJiaJKa IporpaMMbl
o TectupoBanue u ceMaHTHYECKas OTJIaIKa
o JlokyMeHTHpOBaHUE MIPOTrPaMMBbI

e 3amyck roroBoii MPOorpaMMbl U aHAJIN3 MOJYYEHHBIX Pe3yJbTATOB

o Otnanka nporpaMmei;
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o Pemenue 3amaun Ha [IK u aHanu3 pe3ynbraTos.

[lepeuncnenHble ATanbl CBsA3aHbl ApPYr ¢ JApyroMm. Hampumep, ananmm3
pe3yibTaTOB MOXET TOKa3aTb HEOOXOJMMOCTh BHECEHHS HW3MEHEHUl B
MpOrpaMMy; AJICOPUTM WIH 1K€ B IOCTAHOBKY 3a/1a4H.

IMocranoBka 3agauyu. Ha ganHom sTame dopmynupyercs 1elib penieHus
3aJlayd ¥ MOJAPOOHO OMUCHIBAETCS €€ COJEp:KaHHWE. AHATU3UPYIOTCS XapakTep U
CYIIIHOCTh BCEX BEJIMUUH, UCHOJIb3YEMbIX B 33/1aue, U OMPEACISIIOTCS YCIOBUS, IPU
KOTOpBIX OHa pemaercsd. KoppeKTHOCTh MOCTAHOBKU 3a/1a4d SIBIISIETCS BayKHBIM
MOMEHTOM, TaK KaK OT HE€ B 3HAUUTEIHLHOW CTEIIEHU 3aBUCST JIPYTHUE ITAIIBI.

MaremaTnyeckoe onmucanue 3amadyu. Hacrtosmuii sTam xapakTepu3yeTcs
MaTeMaThyeckor (¢opmanuzanueil 3agadyu, TMpPd KOTOPOM  CYIIECTBYIOLIUE
COOTHOIICHUSI MEXK]y BEIMYMHAMHU, ONPEICISIONIMMU pPE3yJIbTaT, BBIPAXKAIOTCS
MOCPE/ICTBOM Maremaruueckux ¢opmyn. Tak dopmupyercs maremaTudeckas
MOJIENb SIBJIICHUS C ONPENECICHHON TOYHOCTBIO, TOMYIIEHUSIMU U OTPAaHUYCHUSIMU.
[Ipy >TOM B 3aBUCUMOCTH OT CHEIU(UKUA peIIaeMou 3aJadyd MOTYT OBbITh
MCIIOJIb30BaHbl PAa3JIMYHbBIE Pa3/Ieiibl MATEMATUKH U IPYTUX JUCHUILIHH.

MaremaTudeckas MOJIeNb JOJKHA YJIOBIETBOPSTH, 10 KpalHEeW Mepe, AByM
TpeOOBAHMSIM: PEATUCTUYHOCTU U peanusdyemoctu. llon peanucmuunocmuio
MOHUMAETCSl TMPABWIBHOE OTPAXEHHE MOJENbI0 Hanbosee CyIIECTBEHHBIX uepm
UCCIIETyEMOTO SIBJICHUS.

@opMyJTHPOBKA U aHAIN3 Pu3ndecKoii 3axa4u. Dopmyruposxka 3a0avu —
9TO caMo e€ 0OBsIBIICHHE, €€ ITOCTAHOBKA.

Ho npocro ¢popmynupoBka HUUEM HE MOMOXKET mporpammuctam. st 3Toro
U CYIIECTBYET BTOPOU MOA3TAI — 3TO aHAIU3 3a7a4H.

Ananuz 3a0auu — 3TO TOAPOOHBIM MPOCMOTP 3aJlaud C OMPEACIICHHUEM U
BBISIBJICHUEM BXOJHOW M BBIXOAHOW wHbopmainuu. (Bxoonas ungopmayus no
3a0aye — 3TO JaHHbIE, MOCTYIMAIOUIME HA BXOJ 3a/J1a4d U HCHOJIb3yeMbIe sl €€
peuenust. Bvixoonas ungopmayus — 3To pe3yabTar.)

[Tocne mpoBeneHusi aHaiaM3a MOCTABICHHOW 3aJadd MPOTPAMMHUCTY Ooree

NN MEHEC ITIOHATHO, C KAKMMU HpO6HCMaMI/I EMYy IpUACTCA CTOJIIKHYTBCH.
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CocraBjieHHe MaTeMaTH4YecKoii Mojeau. /[ Goee 4eTKOro MOHUMaHUs
pPacCMOTPUM ONpPEACICHUSI MATEMAaTUYECKOU MOJICTIH:

«Mamemamuueckas ~Mmodenb - cucmema YPAaGHeHUll U  KOHYenyul,
UCNONIbL3YeMbIX  OJISl ONUCAHUSL U NPOSCHO3UPOBAHUSL OAHHO20 (DeHOMeHA Ulu
nosedenusi 00veKma. »

MareMaTu4eckue MOJIeJIM HaXOAAT KaK MPaKTUYECKOE, TaK U TEOPETUUECKOE
NpUMEHEHUE (MHOTa OJHOBpeMEHHO). I[lpakTudeckue 3amauu, B KOTOPBIX
UCIIOJB3YIOTCS ~ MaT€éMaTUYECKHE  MOJIENM, BKIIOYAKOT  CO3/IaHHE  HOBBIX
MaTepualioB, MpeJICKa3aHue MOrojibl, MPOBEPKY MPOYHOCTH MOCTOB, CAMOJIETOB U
TOMY TMOJOOHOTO» - OSTO OIpEJeICHUE HCIOJb3YETCd B (PU3UKE, XUMHUU H
MaTeMaTU4YeCKON OMOJIOTHH.

Mamemamuueckas mooenb 8  NPOSPAMMUPOBAHUU — OTO  CHUCTEMA
MaTeMaTHYECKHUX COOTHOILICHH, IPUOINKEHHO OTPAKAKOLIUN
chopMyIMpOBaHHYIO 3a1a4dy. M oHa MO3BOJISET OCYIIECTBUTH IPEIBAPUTEIHHBIN
BBIOOp ONTHUMAJIBHBIX BAPUAHTOB PEIICHUH IO ONPEIEICHHBIM KPUTEPUSIM.

Co3ganue MareMaTU4eCcKOW MOJEIM HE 3aHMMAaeT MHOIO BpPEMEHH, T.K.
3a/1aya noJApoOHO pazoOpaHHa MO MPEAbIAYIIEMY TYHKTY.

Peanuzyemocmov nocturaercs pasymuou aOCTpaKIMEH, OTBICYCHHUEM OT
BTOPOCTEIICHHBIX JeTajieid, 4yToObl CBECTH 3aJady K MpodiieMe C HU3BECTHBIM
pelieHreM. YCJIOBUEM pPEalu3yeMOCTU SIBJISIETCS BO3MOXKHOCTH MPAKTHYECKOTO
BBHITIOJIHEHUST HEOOXOJMMBIX BBIUYMCIICHUHN 32 OTBEIEHHOE BPEMsI MPHU JOCTYITHBIX
3aTparax TpeOyeMbIX PECypCOB.

Bbi0op m oO0ocHoBaHuMe MerToAa pemieHus. Mojenb pemieHus 3aaadud ¢
y4eTOM €€ OCOOCHHOCTEH IOJDKHA OBITH JTOBEJEHA 10 PEeIICHUS MPH MOMOIIU
KOHKPETHBIX METO/IOB pemieHus. Camo mo cebe MaTeMaTH4ecKoe OMMCAaHKE 3a/1auu
B OOJBIIMHCTBE CJIy4aeB TPYAHO TEPEBECTH Ha S3BIK MaliuHbL. Bpibop u
MCIIOJIb30BaHUE METO/A PEIICHUSI 3aJ]a4 MO3BOJISIET IPUBECTHU PEIICHUE 3a/1auu K
KOHKPETHBIM MAaIlIMHHBIM omnepanusaM. [lpu oOGocHoBaHMM BbIOOpa MeETOJa

H€O6XOI[I/IMO YUUTBIBATH PA3JIMYHBIC (baKTOpBI " yCJIOBH:A, B TOM YUCJIC TOYHOCTDH
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BbIUKCIICHUM, Bpemsi pemieHust 3aaauu Ha [IK, TpeOyembiii oObeM mnamsTa u
JIpyrue.

OpnHy ¥ Ty e 3aAa4y MOXHO PEIIUTh Pa3jIu4HBIMH METOJAMH, IIPH STOM B
paMKax Ka)KJ0ro METOJ1a MO>KHO COCTaBUTh Pa3IU4HbIE aJITOPUTMBI.

AJITOpUTMHM3aLUs  BBIYHCIUTEIBHOIO mpouecca. Ha pmanHOM »3Tame
COCTABJISIETCSl AJITOPUTM PELICHHs 3aJa4d COTJIaCHO JCUCTBHUAM, 3aJaBacMbIM
BbIOpaHHBIM MeToJ0oM pemieHus. IIporecc oOpaboOTkM AaHHBIX pa3duBaeTcs Ha
OTJEJIbHBIE OTHOCHUTEIBHO CaMOCTOSITENbHbIE OJIOKM, UM YCTaHABIMBACTCS
IIOCJIEIOBATEIbHOCTD  BBINOJIHEHUs OJIokOB. PaspabaTeiBaeTcs  OJIOK-CXeMa
aIrOpUTMA.

CocraBJjieHHe aIropuTMAa 321241

VY anroputma ecTh JiBa 0053aTENbHBIX YCIOBHS:

1) Anroput™m JoJKeH OBITH IpeJCTaBiIeH B (opMe, MOHITHOM YelIOBEKY,
KOTOPBIN ero pa3pabarbiBaeT.

2) ANTOpuUTM JOJIKEH OBITH MPEACTAaBIEH B (JOpME, MOHATHON TOMY OOBEKTY
(B TOM 4YHCIIE U YEJIOBEKY), KOTOPBI OYIET BBIIOJIHATH OMMCAHHBIE B aJITOPUTME
JEUCTBUSL.

CocraBienune mnporpammsl. IIpu cocTaBieHMM MpPOrpaMMBbl  aJIrOPUTM
pelIeHUs 3aJa4d NEPEBOJUTCS HAa KOHKPETHBIM SA3BIK MpOorpaMMHUpoBaHus. s
POrpaMMUPOBAHUS OOBIYHO HMCHOJB3YIOTCS A3BIKM BBICOKOTO YPOBHS, MO3TOMY
COCTaBJICHHasl MporpaMmMa TpeOyeT MepeBoja ee Ha MalMHHBIN s3bIK. [locie
TaKOro MepeBOia BHIMOJIHAETCS YK€ COOTBETCTBYIOIIAS MAIlIMHHAS IPOrpaMma.

DT0, HaBEpHOE, CaMbIi CJIOXHBIM M3 3TanoB, TPeOYIOIIMI HAUOOJBIIErO
BHUMaHMs. [lo cyTH, cocTaBieHue TEKcTa MpPOrpamMmbl — 3TO 3alUCh AJITOPUTMA
3aJlayd MPHU MOMOIIM OJIHOTO M3 S3BIKOB MPOrpaMMUpOBaHusl. YTOOBI 3TOT TEKCT
ObLT MOHSTEH IMOJIb30BATEIIO U COCTABUTEIIO, UCIIOJIb3YIOTCS KOMMEHTapUH.

Oraaaka nmporpammbl. OTiajka 3aKIIOYAETCS B TOUCKE M YCTpaHEHUU
CUHTAKCUYECKUX U JIOTHYECKUX OIINOOK B IPOrpamme.

B X0[1€ CHHTaKCHYECKOT0 KOHTPOJISI MPOrpaMMBbl TPAHCIISITOPOM BBISIBIIIFOTCS

KOHCTPYKIHUH U COUYCTAaHHUA CUMBOJIOB, HCAOIIYCTUMBIC C TOYKH 3PCHUA ITPABUII UX
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MOCTPOCHUSI WJIM HAIMCAaHUS, NPUHATHIX B JaHHOM si3bike. CooOmieHus 00
OIMMOKaxX BBIJAIOTCS MPOTPAMMHUCTY, TPU 3TOM BHUA M (opMa BBIAYH TOTOOHBIX
COOOIICHM 3aBUCAT OT BUA SI3bIKAa U BEPCUU UCIIOJIb3yEMOI0 TPAHCISATOPA.

[locne ycTpaHeHUsI CHHTAaKCUYECKUX OIIMOOK IMPOBEPSIETCS JIOTMKA padOThI
MIPOTrPaMMBbl B MPOLIECCE €€ BBINOJHEHUSI ¢ KOHKPETHBIMH MCXOJHBIMH JAHHBIMU.
Jns 3TOro WCHONB3YIOTCS CHEUUAJIbHBIE METONBI, HANPHUMEpP, B Mporpamme
BBIOMPAIOTCS KOHTPOJIbHBIE TOYKH, [JII KOTOPBIX BPYYHYIO PaCCUUTHIBAIOTCA
MPOMEKYTOUHBIE PE3yJIbTaThl. OJTH PE3YJIbTATHl CBEPSIOTCS CO 3HAYCHUSIMU,
nonydaeMbiMi  [IK B  maHHBIX TOYKAaxX MNpU BBIIOJHEHUU OTJIAXKHWBAEMOU
nporpamMmbl. Kpome TOro, [jsi mowicka OIIMOOK MOTYT OBITh HCIOJIb30BAaHbI
OTJIaTYMKH, BBITIOJIHSIONINE CIIEUAIbHbIE JEUCTBUS HA 3TANe OTJIAJIKU, HAllpUMeEp,
yAaJieHue, 3aMEHa WIM BCTaBKAa OT/EJIbHBIX OMEPATOPOB WJIU LIENbIX (PparMEHTOB
MIPOTPaMMBbl, BBIBOJI MJIM U3MEHEHHUE 3HAYECHUW 3aJJaHHBIX EPEMEHHBIX.

Pemrenune 3amaum Ha IIK u awaaus pesyabraroB. Ilocne omnanku
MporpaMMbl €€ MOKHO HCIIOJIb30BaTh JJISI peIlIeHHs TpukiIaaHou 3amaun. [lpu
9TOM OOBIYHO BBITIOJNIHIETCS MHOTOKpaTHOe pemieHue 3agaun Ha [IK gms
pa3IMUHbIX ~ HAOOpPOB  HUCXOAHBIX  JaHHBIX. [lolydaemble  pe3yJbTaThl
UHTEPIPETUPYIOTCI W aHAJIU3HPYIOTCS CHEUHAIMCTOM WM TOJIb30BATEIEM,
MOCTAaBUBIIUM 33/1a4y.

CuHTakcu4yeckasi oTJajaka nporpammsbl. Omaaoka npocpammvl — 3TO
CHEIUAIBHBIA ATalm B pa3pabOTKE MPOrPaMMbl, COCTOSIIUN B BBISBICHUU H
YCTpaHEHUH TPOTPaMMHBIX OIIMOOK, (aKT CyIIeCTBOBAaHUS KOTOPBIX YXKe
YCTaHOBJICH.

Cunmaxcuueckas oma1ao0Kka — TOUCK CHHTAaKCHYECKHX OIIMOOK B TEKCTE
nporpamMmbl. OOHAPYKUB OIIMOKY, TPAHCISATOP BBIBOAUT COOOIICHHE, yKa3bIBas
HAa MECTO OMMOKK B mporpamme M ee xapakrtep. [lomyuuB Takoe cooOriieHue,
MPOTPAMMUCT JOJKEH UCHPABUTH ONIMOKY M CHOBA MOBTOPUTH TPAHCIAIMUIO. Tak
MPOJOIDKAETCA O TE€X MOp, MOKa He OYyIyT HMCHPABJICHbI BCE CHUHTAKCHYECKUE

OIIIUOKH.
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Eciu BBl CTaJIKMBaeTeCh ¢ CMHTAKCHMYECKOM OIIMOKOM, TO Yallle BCEro BbI
MOJKETE PELIUTh MPOOIEMY C TOMOIIBIO CIIPABOYHON CHUCTEMBI, U3 KOTOPOH MOKHO
MOJIYYUTh AOMOJIHUTENbHYIO HHGOpMAIIHIO 00 OMKOKe, U UCIIPABUTH ATy OILIUOKY,
yJEIUB JONOJHHUTEIFHOE BHUMAHUE TOYHOMY CHUHTAKCHCY HMCHOJb3YEMBIX BaMHU
byHKUIMNA, 00bEKTOB, METOJOB U CBOMCTB.

TecTupoBanue u ceMaHTHYecKasi OTJIAaAKa. TecTupoBaHHE — 3TO
JWHAMUYECKUM KOHTPOJb MPOTPaMMBI, T.€. MIPOBEPKA MPABUIBHOCTH IMPOTrPaMMBbI
IIpU €€ BBINIOJHEHUH Ha KoMIibioTepe. Ha sToT atanm mpuxonurtcs okono 50%
o0111e# CTOUMOCTH pa3pabOTKH TPOTPaMMHOTO 00ECIICUCHMUS.

OCHOBHBIE PUHIIUIIBI OPraHU3aIUU TECTUPOBAHUS:

1. HEoOXOIMMON YaCThIO KaXJOro TEeCTa JOJDKHO SBISTHCS OINUCAHUE
OKHJAEMBIX PE3yJbTaTOB padOThl MPOTrpaMMbI, YTOOBI MOKHO OBUIO OBICTPO
BBISICHUTD HAJM4KME WIN OTCYTCTBUE OIIMOKHU B HEW;

2. cleayeT MO BO3MOXHOCTM HW30eraTh TECTUPOBAHUS MPOTpaMMBbI €€
aBTOPOM, T.K. KDOME YK€ YKa3aHHOU OOBEKTUBHOU CIIOXKHOCTH TECTUPOBAHMS IS
MPOTPAMMHUCTOB  37IECh TMPUCYTCTBYET H TOT (aKTop, YTO OOHapyKEeHUE
HEJIOCTATKOB B CBOEU JAESATENBHOCTH MPOTUBOPEUHUT YEJIOBEUECKOW ICHUXOJOTUU
(omHaKo oTiaaka mporpamMmbl 3G (HEKTUBHEE BCETO BBIMOIHIETCS UMEHHO aBTOPOM
MPOTPaMMBblI);

3. IO TeM ke COOOpaKEHUSIM OpraHu3anus - pa3paboTUUK MPOrPaMMHOTO
oOecrieueHuss HE JOJDKHA “‘©IUHONMYHO ~  €ro TEeCTUPOBATh  (JOJKHBI
CYLIECTBOBATh  OpraHU3allMM,  CIECUUATU3UPYIOUIMECSs Ha  TECTUPOBAHUU
MPOTrPaAMMHBIX CPEJNICTB);

4. NOMKHBI SIBISITHCS MPABUIOM JIOCKOHAJIBHOE H3Y4YEHUE PE3YJIbTaTOB
KQ)KJIOTO TE€CTa, YTOObI HE MPOIMYCTUTh MaJI03aMETHYIO Ha TOBEPXHOCTHBIN B3TJIsA]
OIIMOKY B TIpOTrpamme;

5. HEOOXOMMO TIHIATENBHO TMOAOMPATH TECT HE TOIBKO JJISi MPABHIBHBIX
(MpenyCMOTPEHHBIX)  BXOJHBIX  JIaHHBIX, HO W  JJIsi  HENPaBHJIbHBIX

(HenpeyCMOTPEHHBIX);
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6. mpu aHaiM3e pPe3yNbTaTOB KAXKIOTO TeCTa HEOOXOAWMO MPOBEPSTh, HE
JIeJIaeT JIM IIporpaMMa TOro, YTo OHA HE JTOJKHA JENaTh;

[. cruenyer COXpaHATb MCIOJIb30BaHHBIE TECTHl (A7 IOBBILICHUS
3¢ (HEKTUBHOCTH MOBTOPHOTO TECTHPOBAHUS MPOrPaMMBI MOCIE €€ MOAU(PUKAIIUU
WJIM YCTAHOBKH Y 3aKa34MKa);

8. TECTUpOBaHUS HE JIOJDKHO IJIAHUPOBATHCS MCXOJS U3 MPEATOI0KEHUS,
YTO B MporpamMme He OyAayT OOHapyXeHbl OIIMOKH (B YAacCTHOCTH, CIEAYeT
BBIACIATh JUISI TECTUPOBAHMUS JIOCTATOYHBIE BPEMEHHBIE W MaTepUaJIbHbIC
pecypcsr);

9. cnexyeT y4uTHIBaTh TaK HA3bIBAEMbBIA “TIPUHIIUI CKOTUICHHUS OMIMOOK™ :
BEPOATHOCTb HANM4Msg HE OOHApYy)KEHHbIX OIIMOOK B HEKOTOPOM YacTu
IporpaMMbl IPSIMO MPONOPLMOHATIBHA YHUCITY OIIMOOK, YK€ OOHapyEHHBIX B
ATOM YacCTH;

10. cnexyeT Bcerna MOMHHMTH, YTO TECTUPOBAHUE - TBOPUYECKUH MpoIecc, a
HE OTHOCUTBHCA K HEMY KAaK K pyTUHHOMY 3aHSTHIO.

Huknuueckumu HA3BIBAIOTCA INPOTPAMMBI, CoAcpKalue LMKIbl. Huxkn —

ATO MHOTOKPATHO IMOBTOPSEMBIM YYACTOK IIPOTPAMMBI.

IIME.JIB
¢ HEMSBECTHRI IHCJION ¢ MSBECTHRIM WHCJIOM
IOBTODOE IOBTODOE
¢ OpelyvCcI0OBHEM ¢ OOCTVCI0BHEM "I paz" Oaa Rasmorno N

B opranuzanuu 1ykia MOKHO BBIJIETIUT CIEIYIOLINE IMaAnbl:
— moarotoBka (nuuimanu3anus) mukia (K);
— BBINOJIHEHHUE BhIYKMCIIeHUH ukia (Teno nukia) (T);
— wmoaudukaius napamerpon (M);
— TMpOBepKa ycIoBUs okoHYaHus mukia (V).
[TopsAnoK BBIOJHEHUS 3TUX ATAnoB, Hanpumep, T u M, MOXKET U3MEHATHCHI.
B 3aBUCMMOCTM OT pacroioXeHUs MPOBEPKH YCIOBHS OKOHYAHUS IMKJIA

pa3IMyYalOT IUKIbl ¢ HUKHUM M BEPXHUM OKOHYaHusMU (puc. 2). Jlns mukia c
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HIDKHUM OKOHYaHHEM (pHUC. 2, a) TEJIO LHMKJIAa BBIMOJIHAECTCS KaK MUHUMYM OJIUH
pa3, Tak Kak cHayaja IMPOU3BOJATCS BBIYMCIICHUS, a 3aT€M MPOBEPSECTCS YCIOBUE
BBIXOJIa M3 IIUKJA. B ciydae 1ukiia ¢ BepXHUM OKOHYaHUEM (puc. 2, 0) TeJo IuKIIa
MOKET HE BBITIOJIHUTBCS HU paszy B CiIydae, €ClM cpa3y COOJ0IaeTcs YCIOBHUE

BBIXO/J4A.
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Puc.2. Ilpumepwvr yuxiuueckux aieopummos

[{ukn Ha3bIBACTCS OemepMUHUPOBAHHBIM, €CIM YWCIO TMOBTOPEHHUI Tela
LMKJIa 3apaHee M3BECTHO WJIM OIpenesieHo. LIukn Ha3biBaeTCs umepayuoHHbIM,
€CJIM YUCJIO TOBTOPEHUH TeEJIa NUKIIA 3apaHEE HEU3BECTHO, d 3aBUCUT OT 3HAYCHHI
napameTpoB (HEKOTOPBIX MIEPEMEHHBIX ), YUaCTBYIOIINUX B BEIYMCIICHUSIX.

Ha puc. 3 nokazan npumep HUKINYECKOTO aJrOPUTMA BBIUMCICHUS CYMMBI

JIECSITU YHCEII.
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Oxoxuanue

—

HauanbHoe 3HaueHire cymMMel s pasho (;

i - HOMED OUepPeRHOrO X.

Broa ouepeaHOTo 3HAYEHHST X.

HobapncHie K CYMMC S ONEpeIiora X.

b

ITpopepka yciopua
«[lepeGpatinl Bce 3nauenus x?s.

s

-

BriBoj pe3yasraTa CYMMHPOBAHMS.

Puc. 3 Aneopumm naxoorcoenus cymmor 10-mu uucen

Huxkn «nokay:

<>
FCoIAOBHE

OelcTBMe 1

|

BrinonHeHne muKiIa «IOKa» HAYMHAETCS C IPOBEPKU YCIOBHS, IMOITOMY

3ayuxnusanue - 66CKOHEYHOE TTOBTOPEHUE BBIMOIHIEMBIX IEHCTBUH.

TaKyl Pa3sHOBUIAHOCTb LHMKJIOB HAa3bIBAKOT LUKIBI ¢ IpeaycinoBuem. llepexon k
BBITIOJIHCHUIO JEHCTBUSA OCYIIECTBISICTCS TOJIBKO B TOM CJIydae, €CIU YCJIOBHUE
BBINOJIHSIETCS, B NPOTUBHOM ClIy4ae MPOUCXOAUT BBIXOJ U3 LUKIA. MOKHO
CKa3aTh, YTO YCJIOBHE IMKJA «IOKa» - 3TO YCIOBHUE BXOJa B LMKJI. B yacTHOM
CIy4ae MOJKET OKa3aThCs, UYTO JCWCTBUE HE BBINOJHIOCH HU pPa3y. Y CIOBHE
IIUKJIa HEOOXOAMMO MOA00paTh TaK, YTOOBI JEUCTBUS, BBITIOJHSEMBIE B IIUKIIC

IMPHUBCIINU K HAPYHICHHUIO €0 HCTUHHOCTH, HHAYC HpOH30ﬁ,Z[€T 3allMKJIMBaHUC.

28

Voemuuenue HOMEDA oUCpCAHOrD MICMEHTA Ha 1



Huxn «oo»:

r.___________

OelcTEMe 1

e
YCoINOBHE

HcnonHeHue 1HUKIa HAYMHAETCS C BBIMOJHEHUs JeHcTBUS. Takum oOpazom

TEJO IUKJIa OyJeT peau30BaHO XOTSA Obl oauH pa3. Ilocie 3Toro mpoucxoauT
npoBepka yciaoBus. [loaToMy HHMKN «10» Ha3bIBAIOT IIMKIOM C IMOCTYCIOBHEM.
Ecnmm ycrnoBue He BBINONHACTCS, TO IPOWCXOAWT BO3BPAT K BBIMOJHEHHUIO
nevictBuid. Eciam ycioBrUe UCTUHHO, TO OCYIIECTBIISIETCS BBIXOJ U3 HHKIA. Takum
o0pa3oM, YCIIOBHE ITMKJIA «JI0» - 3TO YCIIOBHE BbIXoja. s mpemoTBparieHus
3aIMKIMBAHUS ~ HEOOXOAUMO  TIPEIyCMOTPETh  JEHCTBUS, TMPHUBOAAIINE K
HUCTUHHOCTH YCJIOBHUSI.

Hukn ¢ napamempom, unu YUKI cO CYEMYUKOM, UTU apumemuuecKuil

UUKJ1 - 3TO IUKJI C 3apaHCC N3BCCTHBIM YHUCJIIOM ITIOBTOPOB.

OeHcTEHE 1

I
B Onoke wmoaudukanuy yka3biBaeTCs 3aKOH HM3MEHEHHSI TEePEMEHHOMN

napamMerpa.
X0 - HayaJIbHOE 3Ha4YEHHE MapaMeTpa
h - mwar
Xn - mocseaHee 3HaYCHUE TapameTpa
JIns1 co3manust IUKIIOB ¢ IMapaMeTPOM HEOOXO0MMO MCII0JIB30BaTh IMpaBHUia:
— TapaMmeTp LHKJIa, ero Ha4aJIbHO€ M KOHEYHOE 3HAYCHUSI U IIar JOJDKHBI
OBITH OJTHOT'O THUIIA
— 3ampelleHo U3MEHATh B TeJe IUKJIA 3HAaYCHHs] HadaJbHOE, TEKYIlee U
KOHEUHOE JIsl TapameTpa

— 3apelleHo BXOAUTh B LIMKJ MUHYS OJI0K MOIU(UKAIINH

29



— eCJM HayallbHOE€ 3HAauyeHue OOJIbLIe KOHEYHOro, TO IIar - YHCIO
OTpULATEIBHOE
— MOocClI€ BBIXOJA W3 LHKJIA 3HAYCHUE IIEPEMEHHOM Iapamerpa
HEONPEIEICHHO M HE MOXET HWCIOJIb30BAaThCSl B JAJIbHEHIINX
BBIYHCIICHUAX
— W3 LHKJIA MOXXHO BBIMNTH, HE 3aKOHYMB €ro, TOIZJA IEpEeMEHHas
rapameTp COXpaHsAeT CBOE MOCIIEIHEE 3HAUCHNE
Hcnonv3oeanue yuknoe ¢ napamempom 0isi 00padbomKu Maccueos.
Maccueé - ynopsiiOYEHHas CTPYKTypa, IpEeIHAa3HAuYCHHas Uil XPaHCHHUs
OJTHOTUIIHBIX JTaHHBIX. YIOPSAIOYECHHE IJIEMEHTOB B MAaCCHUBE IPOUCXOIUT IO UX
nHJeKcaM. MHOeKkc - TIOPAIKOBBIN HOMEp dJeMeHTa. MaccHuB 3a1aeTcsi UMEHEM
(3arnaBHBIE JIATUHCKUE OYKBBI), TUIIOM JAHHBIX U pa3MEpHOCTbIO. Pazmeprnocmy -
MaKCUMaJbHO BO3MOXHO€ KOJIMYECTBO 3JIEMEHTOB B MaccuBe. B oauMH MOMEHT
BPEMEHU MOXKHO OOpaTUThCA TOJBKO K OJHOMY 3JIEMEHTY maccuBa. [[ns sToro
YKa3bIBA€TCSl UMSI MacCUBa U B CKOOKaxX MHJIEKC dJeMeHTa. MacCUBBI JeisITCs Ha
OJIHOMEpHbIE (JIMHEWHBIE) U IBYMEPHBIE.
[TpooOpazom B MaremMaTHKEe s OJHOMEPHOTO MAacCHBa SIBISIETCS BEKTOP.
[l iBymepHOro - maTpuua.

[Ipumep: BeIYMCINTS n! [IpuMep: BIYUCIHUTE a"

[Tpumep: BBECTU 3JIEMEHTBI
MaccuBa:
0) IByMepHOro, 5x5
a) OJTHOMEpPHOTro, pa3MepHocTH 10
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2. METEOPOJIOTHYECKASA HH®OPMALIUA

B ocHoBe wuH(poOpmanmoHHOTO OOecmeYeHUsT MOTPEOUTENeH  JISKUT
TEXHOJIOTHsI, COCTOALIAs M3 YEThIPEX OCHOBHBIX CHCTEM: IIOJIyu€HHUs, cOopa
00paboTku MH(MOPMALMKM U NOBEACHHUS MPOAYKUMU N0 morpedbureneil. Cucrema
MOJTyYEHUsI TUAPOMETEOPOJOTHUYECKON M TenuoreoPpu3nveckod HHPOpMAIUH U
uH(bOpMaIK 0 3arps3HEHUN OKpYy»Karolleil cpeasl Pocrunpomera noapasaensercs
Ha HA3eMHYIO U KOCMUYECKYIO TOJICHCTEMBI.

HaszemHas nojacucreMa oiayyeHus: JaHHBIX BKIIFOYACT:

LleHTpBI IO THAPOMETEOPOIIOTMM 1 MOHUTOPHUHTY OKPYXKaIOLIEH Cpeapl,

[ ' HnIPOMETEOPOIOTHUECKNE LIEHTPHI,

*I'uppomereoponoruueckue odcepBaTopu,

*['unpomeTeoposioruueckue 0rpo,

* ABHAlIMOHHBIE METEOPOJIOTUYECKHUE LIEHTPHI,

*COTHM aBUAMETEOPOJIOTHYECKUX CTAHIIHM,

*ThiCcAYN THIPOMETEOPOJIOTUYECKUX CTAHIUI U TIOCTOB,

*bosice COTHHM a’POJIOTUYECKUX CTAHIWM, JICUCTBYIOIIME CTAHIMUA B
AHTapKTH]E,

*MloHoc(epHO-MarHUTHBIE, O30HOMETPUYECKUE U  PATUOMETPUYECKHUE
CTaHLUH,

*CTaHIMK KOHTPOJIS 3arpsi3HEHMs] aTMOC(EPHOro BO3/1yXa.

[110THOCTH MyHKTOB METEOpOJIOTHYeCKUX HaOIoAeHui B Poccun coctasisier
] nyskt Ha 9.4 ThIC. KB. KM (B 1992 r. — Ha 8.8 TBIC. KB. KM), YTO SIBHO
HenoctaTouHo. st cpaBHeHus, B CIIIA 1 nmynkt npuxonurces Ha 0.9 TeIC. KB. KM,
B Kutae — Ha 2.6 ThIC. KB. kKM, BO @paHIUu — Ha 3.6 THIC. KB. KM.

[Ipu3eMHBIX METEOPOJOTMYECKUX CTAHIMKM B KOJIMYECTBEHHOM OTHOLIECHUU
3HAYUTENIbHO Ooublle, yeM alsposoruueckux. Jlume 10% craHumii 30HIUPYIOT
atmocepy mo BeicoT 30-40 M, 1% — mo 100 xM (c mMOMOIIBIO

MeTreoposiorudeckux paker). M3 stux cranumii 10 % a’pojaornyeckux CTaHUUN
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nojioBuHa pacrnoioxena mMexay 30 u 50 °c.u. Mexay 10 °ro.m. u 10 °c.ui., roe
pacnoyioxkeHo 35% IuIomaau IUIAHEThI, HAXOAUTCS JHIIb 5% a3poJOrHYecKHX
cTaHiuil. YacTh cTaHIM OTHOCAT K ONMOpHbIM. Kak mpaBuiio, 3To JIMHHOPSIHBIE
penpe3enTatuBHble (0T (paHi. representatif — mokazaTenpHBINA) cTaHuA. OHU
nepeaarT HHGOPMAIIMIO B MEXIYHAPOJHOM MaciiTabe, 00pa3yst MexXAyHapPOIHYIO
MeTeOopoJIorndeckyto ceThb (okoo 8000 craHImit).

Kaxmas Meteoposiorndyeckasi CTaHIUs (a ©X Ha 36MHOM IIape HACUUTHIBACTCS
okosio 10 Teic. omopHbiX, 40 Thic. 0OBIYHBIX U 140 TBIC. METEOPOJIOTUYECKUX
MOCTOB) UWMEET MITU3HAYHBIA HWHJEKCHBIH HOMEp, BKIIOYAIOIIUA HOMEp
"Bonpmioro PaiioHa" 1 cOOCTBEHHO HOMEp CTAHILMM B €ro npeaenax. ['panumamu
Bonpmmx palioHOB clly)kKaT MHapajijieii U MEpPUUaHbl, JIMOO TOCYIapCTBEHHBIE
TpaHUIIbI.

Mereoposiornyeckass ~ cTaHUus  JOJDKHA  pacroyiaratbCsi B MECTE,
YAOBJIETBOPSIONIEM TPEOOBAHUSAM B OTHOIICHUHU pelibeha MECTHOCTH, OJHU30CTH
3MaHU W HACENIEHHBIX NYHKTOB. MeTeopojioruyeckas CTaHLHs 000pyIyeTcs
CTaHIAPTHOM ISl JAHHOW CETH alllapaTypou, C MIOMOIIBI KOTOPON MPOU3BOIATCS
HAOJIOZICHUS] B YCTAHOBJIEHHBIE CPOKM M B ONpPEAEIEHHON MOCIEA0BATEIbHOCTH.
Tunel METEOpOJIOTMUECKUX MPUOOPOB, TMpaBUiia UX YCTAHOBKH, TOPSIOK
HAOMIOCHUM, OCOOCHHOCTH HX OO0pabOTKH MPEAYyCMOTPEHBI CHEIHAIbHBIMU
HACTaBJICHUSIMU U PYKOBOJICTBAMH.

B Poccum wmereoposiorMueckde CTaHIMM  JAENSITCS Ha 3 paspsna.
MeTteoponoruueckue ctaHiuu 1 paspsga, KpoMe KpyriioCyTOYHBIX HAOMIOACHU 3a
norofod u o0paboTKu MHGOPMALIMH, OCYIIECTBISIOT TEXHUYECKOE PYKOBOJCTBO
paboTOi MPUKPETUIEHHBIX K HUM METEOPOJIOTHYECKUX CTAaHIMK 2 U 3 pas3psaaoB U
METEOpPOJIOTHYECKUX MOCTOB. KpoMme 3TOro, Ha METeopoJIOrM4yecKkue CTaHuuu |
pa3psiia BO3JI0KEHO TMAPOMETEOPOIOTHUECKOE 00CITYyKUBAaHUE 3aMHTEPECOBAHHBIX
OpraHu3aIuu.

B o0s3aHHOCTM METEOpOJIOTMUECKMX CTaHIMK 2 pa3psaa  BXOIAT

KpPYIJIOCyTOUYHbIE HAOMIOJEHWs 3a TOroJo W Tmepenada HMH(pOpMAaIMH.
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Merteoponoruueckue cranmud 3 paspsga  TOPOU3BOAST — HAONIOACHHS 10
COKpalIEHHOM MPOrpaMMeE U B MEHBIIIEE YUCIIO CPOKOB.

[lonydyenHass ruppometeoposiornueckass uHbopmanus U HHPOpMAIUS O
3arpsiI3HEHUH OKPY KAIOIIEH cpebl MOCTYMNAeT B LIEHTPHI €€ 00padOTKH U aHAIH3a —
B ['mapomereoponoruyeckuid Llentp Poccun, pervoHanbHble METEOPOIOTHYECKUE
LHEHTPBI, JPYrue ClelUaqTu3upOBaHHbIE LEHTPHl. JlaHHbIE aHanM3a U pacuéToB
PaCIpOCTPAHSIOTCS MO KaHAJlaM CBSI3M B THIPOMETEOPOJIOTMYECKUE LEHTPHI U
HEHTPHI MO0 THIPOMETEOPOJIOTUM U MOHHUTOPHUHTY OKpy»xatomieh cpeast (YIMC),
€ Ha OCHOBE OJTUX JaHHBIX TOTOBUTCS KOHEYHAas MPOAYyKUus (0oOuiero

IIOJB30BAaHUA U CHGHI/IaHHBI/IpOBaHHaH).

2.1. TpeOoBaHMS K THAPOMETEOPOIOTrHYCCKO HHGOPpMALNH

Nudopmarust o morozme, ¢ KOTOpod pabOTArOT METEOPOJIOTHU, MOXKET OBbITh
nepBUYHON U BTOpUYHOU. [lepBruuHas nndopmanus — 310 uHdopmalus o TeKymen
M T[pOIEANIedl TMorojae, TMojiydaemMas HENOCPEACTBEHHO B  pe3yJbTare
METEOpOJIOTHYECKUX HaOmrofeHuit. Bropuunas wundopmarnus — uHpopManus o
MOroJIe B BUJE CBOJOK, CHHONTUYECKUX KapT, a’dpOJOTHUUECKUX AHarpamm, KapT
00JIaYHOCTH U JP.

[lepBuunas wuHboOpMaLMs [ODKHA OTBEYATh CIEIYIOIIUM TPEeOOBAHUSIM:
1100aJIbHOCTh, TPEXMEPHOCTh, KOMIUIEKCHOCTh, CUHXPOHHOCTb, PETYJISIPHOCTh U
ONEPATUBHOCTb.

*Ino6anvnocms. MeTeoposoruueckass uHGoOpMalus TOJDKHA TOCTYyNaTh B
MPOTHOCTUYECKUE LIEHTPbl C MPWIETAOIINX TEPPUTOPUIM, COU3MEPHUMBIX C
pa3MepaMH OKEaHOB W KOHTHHEHTOB, 4YTO ONpEIEseTcss MaclITaOHOCTBIO H
JIOBOJILHO OBICTPOI MIEPECTPOMKO aTMOC(EPHBIX MTPOIIECCOB.

*Tpéxmepnocmes. JlanHble TOJDKHBI XapaKTEPU30BaTh COCTOSIHUE aTMOC(Epbl
KaK y 3eMJIM, TaK ¥ Ha Pa3JIMYHBIX YPOBHSIX aTMOCHEPHI.

*Komnnexcnocms. B coctaB HaOmoneHUN [OMKEH BXOAUTH KOMILIEKC

HAOJTFOICHUI 3a TIOTOI0M — JaBJICHHE, TEMIIEpaTypa U BIAKHOCTh BO3/yXa, BETEP,
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OCaJK{, SIBIICHUS TOTOAbl. JTO OMNpeneseTcss HEOOXOAUMOCThIO BBISIBICHUS
3aKOHOMEPHOCTEN pa3BUTHUS aTMOCHEPHBIX IPOLIECCOB.

*Cunxponnocms u pecyaapuocms. CTaHLIUN JOJKHBI OBITh OCHAIICHBI
HEOOXOJMMBIM MHUHHUMYMOM CTaHAApPTHBIX MOBEpPEHHBIX NmpubopoB. Habmonenus
JOJKHBI OBITH MPOBEAEHBI M0 OJHOTUIIHOM IpOorpaMMe U B €AUHbIE (PU3NUECKHE
MOMEHTBl BPEMEHUM — B YCTAHOBJIEHHBIE CPOKH, YTO IIO3BOJISIET MPOU3BOAUTH
OOBEKTHBHBIA WX aHAJIN3, a TAKKE COOp M PACIPOCTPAHCHUE METEOPOJIOTUIECKOMN
uHpopmaIuu.

*Onepamugnocmsp. Jns ONTUMAIBHOTO HCIOJIB30BaHUS WH(MOpPMALUU B
IPOTHOCTHYECKOW MpAaKTHKE, OHa JOJUKHAa TOCTYyNaTh IOTPEOUTENI0 B
MUHHMAJIBHO JOITYCTUMBIE CPOKHU. [103TOMY METEOpOJIOTHUECKHE MMOAPA3IAEICHUS
JIOJKHBI OBITh OCHAIIEHbl COBEPILIEHHBIMU CPEJICTBAMM CBSI3U JJI1 HEMEJICHHOU
nepesayn pe3ysibTaToB HAOIIOACHUH.

*Penpezenmamugnocms  CTaHUUU  SIBISIETCS  BaXHBIM  TpeOOBaHHEM
(HaOmr0/IeHMs Ha CTaHUMU JOJDKHBI ObITh XapaKTePHBIMU JIs1 JAHHOTO pailoHa).

Meteoponoruueckie HaOMIOACHUS  BKIIOYAIOT HW3MEPEHUS  YHMCIOBBIX
3HAUYEHUN METEOPOJIOTMYECKUX JJIEMEHTOB M WX KOJEOaHWH, a TaKKe OLICHKHU
KaueCTBEHHBIX  XapaKTepUCTUK  aTMocepHbIx  sBiaeHuil.  HaOmronenus
HEIIOCPEJICTBEHHO MPOBOAATCS HaJ TAKUMHU  3JEMEHTaMU  IIOTOJblI, Kak
aTMOC(pepHOE [1aBJIEHHWE, TEMIIepaTypa M BIAXHOCTb BO3/yXa, HAMpAaBICHUE H
CKOpPOCTb BETpa, LIKBAJIbI, CMEPUH, MbUIbHbIE U TecuaHble OypH, 00Ja4HOCTh (110
KOJMYeCcTBY M (hopMam), KOJMYECTBO M BHUJ BBINAJAIONIMX OCAIKOB, METEIH,
IpO3bl, BUIUMOCTh M SIBJICHUA €€ yXyIIIAaloUuue — MIJa, JbIMKa, TYMaH W Jp.,
IPOJOJKUTEIBHOCTh COJTHEYHOTO CHUSIHUS, TEMIIepaTypa W COCTOSIHUE IIOYBHI,

BbICOTA U COCTOSHUE CHEXKHOI'O ITIOKPOBA 1 JIp.

2.2. Buabl ruipoMeTeopoIoruuecKoi mMpoayKIuu

K ruzpomereoposornaeckon NpoayKIuu OTHOCSTCS:
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sdakTuueckas TUAPOMETEOPOJIOTHYECKAS u renmoreopusnyeckas
uHbopMalusi, THPOPMAIUS O 3arpsI3HEHUHN OKPY>KAIOIIEH CPEeIbl.

*MeTteoposioruueckue MIPOTHO3bI (CTUXUHHBIX SBJICHUM
TUJIPOMETECOPOJIOTUYECKUX  SIBICHUW;  TEeMIepaTypbl  BO31yXa,  OCAJKOB,
00JIAYHOCTH, SIBJICHUH TOTO/IbI, HANIPABJICHUS U CKOPOCTH BETpa y 3eMJIH).

*Peunble ruaponoruyeckue MporHo3bl (YpoBHS M pacxojia BOJbI Ha pekax,
JaThl HACTYIUICHUS JIEAOBBIX SABJICHUMN, BOJHOCTH PEK U AP.).

*Mopckue TUIpOJIOrHYECKHEe MPOTHO3bI (JIEAOBBIX YCIOBHUM, BOJHEHHS,
OTAaCHBIX SIBJICHUU U JIp.).

* ATpOMETEOPOJIOTUYECKUE MPOTHO3bI (COCTOSIHUS O3UMBIX KYJIBTYp IOCIHE
MEPE3UMOBKH, 3aMacoB MPOAYKTUBHOUN BJIard B METPOBOM CJIO€ K Hayally BECHBI,
YPOKaHOCTH U JIp.).

* ABHAIIMOHHBIE TIPOTHO3BI (TIOTOJIBI TIO a3POJPOMY, OCOOBIX SIBJICHUHN MOTO/IbI
U CTPYWHBIX TEUEHUH JJIs 1MOJIeTa Ha OOJIBIIMX U MaJIbIX BBICOTAX, HAMPABICHUS U
CKOPOCTHU BETpa Ha OOJIBIIMX U MaJIbIX BBICOTAX U JIp.).

*["'enmuoreodusnueckue nporHo3bl (Bembimiek Ha CojHIlE, T€OMarHUTHBIX
Oypb, YPOBHS 3arpsi3HEHHUSI OKOJIO3EMHOTO KOCMUYECKOTO MPOCTPAHCTBA U JIp.).

*PesxxumMHO-cripaBoYHas UHPOPMAIUS: PEKUMHO-CITPABOYHbIE OAHKH JaHHBIX,
BKJIIOYAIOIMINX ~ METEOPOJIOTHUECKYIO,  a3pOJIOTUYECKYH0, THUIPOJIOTHYECKYIO,
oKkeaHorpaduyecKylo, MOPCKYIO a’POMETEOPOTIOTUUYECKYIO,
arpoMeTe0pPOJIOTHYECKYIO, CHUHOITHYECKYIO, AKTUHOMETPUYECKYIO,
paavoNIOKAllMOHHYI0 H JAp. BuAbl HH(opManuu; ['ocynapcTBEHHBINM BOJHBIM
KajacTp (CHUCTEMaTU3UPOBAHHBIM (POHA JaHHBIX O BOJHBIX PECypcax, peKUMe,
KaueCTBE U UCIOJIb30BaHUU BOJI, KAIACTP JIABHH).

[Ipoaykiust crienuaaIu3upoOBaHHBIX CIYKO0, K KOTOPBIM OTHOCSITCSI CIIy»0a
NpEAYNpPEXKICHUsT ILyHaMH (C TpeMsi pEruoHaJbHBIMU IIEHTpaMU — BO
Bnaausocrtoke, IOxH0-CaxanuHcke 51 [TerponaBnoBcke-KamuaTckom),
MPOTUBOJIABUHHAS CIyk0a, reauoreodusnyueckas ciyx0a, ciayk6a MOHUTOPUHTA

3arpsiI3HEHHSI OKPYKarOLIEN Cpeibl.
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2.3. IloTpeduTe 1M rHAPOMETEOPOJIOTHYECKOI HH(pOpMALNH:

» Hacenenune uepes cpencTBa MaccoBoii HH(GOpMaLUH;

» OenepalibHbIC OpraHbl 3aKOHOIATENBHON M UCTIOTHUTEIBHON BIIACTH;

* BoopyxEéHHbIE CUIIBI;

* ['paxx1aHckas aBuanus;

 Opransbl NpeAyNpexRACHUS U JIUKBUIAIUN YpE3BbIUAUHBIX CUTYAIUH;

* Tpancnopt (MOpPCKOM U PEUHOM JKEJIE3HOAOPOKHBIN M aBTOMOOMIIBHBIN);

* CenbCKOe XO3SIMCTBO;

* TormMBHO-3HEPreTUUECKUN KOMILUIEKC;

* CTpOUTENBCTBO;

* Oprassl IPUPOTHO-PECYPCHOTO KOMILIEKCA;

*KoMMyHallbHOE XO3MMCTBO M JAPYrH€ CTPYKTYpbl pa3idyHbIX (opM
COOCTBEHHOCTH.

[ToTpeOutenn obOecneunBarOTCs JAaHHBIMUA PETYJISAPHBIX HAOIIOJACHUN Ha
CTaHILUSIX U MOCTax, BCEMU BUJAMU ITPOTHO30B, B TOM YHUCJIE, PEAYNPEKICHUIMU
O CTUXUWHBIX SIBJICHUSIX U DKCTPEMAIBHO BBICOKOM 3arpsi3HEHUU OKpYKArOUIEH
Cpenpl, MHOTOJETHUMH THAPOMETEOPOJIOTUYECKUMHU JAaHHBIMU, OLEHKaMU
MOCJEACTBUM HW3MEHEHUs] KJIuMmara s OTpaciedl HSKOHOMHUKH, JaHHBIMU
THAPOMETEOPOIOTMUECKON SKCIIEPTU3BI MMPOSKTHO-U3BICKATEIBLCKUX PAdOT.

OcHoBoM TUIPOMETEOPOTIOTHUECKOTO obecrnieyeHus Pa3IMYHBIX
NOTpeOUTENeH SBISIFOTCS JaHHBIC HAONIOJACHHUN 32 Pa3IMYHBIMHU DJIEMEHTAMU U
SIBJICHUSIMH TIOTOJIbI B aTMOCheEpE.

['unpomeTeoposiornueckie JaHHbIE MOJIYyYarOT U3 BCEX JIOCTYIMHBIX PailOHOB
3eMiii ¥ BCEMH BO3MOXXHBIMH CIIOCOOAMHM — C Ha3eMHBIX W MOPCKHX
METEOPOJIOTUYECKUX CTAHIIMI U MOCTOB, C TOMOUIBI0 CAMOJIETOB, IIAPOB-MUIOTOB
U IIapOB-30H/IOB, PaJUO30HAOB, METEOPOJIOTHYECKUX PAKET U HMCKYCCTBEHHBIX
COyTHUKOB 3emuid. Ha KaxJI0il METeopoJIOrMY4eCKOM CTaHIMH B CTPOTO
onpefenéHHble CPOKH METEOPOJIOTU-HAOIIOAATENN HU3MEPSIIOT  TeMIIEpaTypy,

BJIAJKHOCTb BO3]1yXa, aTMOC(bepHOC OaBJICHUC, CKOPOCTb W HAIIPaBJICHHUC BCTpA,
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ONpENENsOT  BUA W KOJIWYECTBO  OCAAKOB,  (PUKCUPYIOT  HaJIAYHE
METEOPOJIOTUUECKUX SABJICHUH, (OPMY U KOJIMYECTBO 00JIAKOB, OIICHUBAIOT BHICOTY

UX HHOKHEH I'paHUIbI, TOPU3OHTAJIBHYIO JaJIbHOCTH BUAUMOCTH.
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3. MNIPAKTUYECKHUE 3AIAHUSA

3.1. DaeMeHTHI ACTPOHOMMH, UCIIOJIB3YEMBIC B METCOPOJIOTUH

HMcTtuHHOe  coslHe4YHOe  BpeMsi  ompenersiercs 1o  (haKTHYECKH
HaOI0JaeMOMY HEpPaBHOMEPHOMY JBIDKEHHIO 1eHTpa nucka Comama. B
ACTPOHOMHHU OHO OTCUUTHIBAECTCS OT UCTUHHOTO TMOJITHS (aCTPOHOMHUYECKHH CUET)
u oOo3HayaeTcss T. VICTUHHBIA TOJJACHH - MOMEHT BpPEMEHH, KOT/a COJIHIIC
HAXOJIUTCS TOYHO Ha Iore, T.€., HA MEpHUAMAaHE JaHHOro Mecta. B mMereoposoruu
JUTSL HETO TIPUHSAT TPaKIAHCKUI CYET OT MPEIABIIYIICH TOJTHOYHA W BEIYUCIISCTCS 110
dbopmyie

T, =1+ 129ac 00 muH,, (1.1)

MIPU ATOM T IPUHUMAETCS YCI0BHO paBHbIM 0 4. 00 MUH.

CpenHee cosiHeuHOe BpeMsi (MECTHOE) OIPENEsAeTCS M0 PABHOMEPHOMY
JBMKEHHIO LIEHTpa JMcKa BooOpaxaemoro cpeanero Connua. B actpoHomMun oHO
TaKK€ OTCUMTHIBACTCA OT TMOJAHS U oOOO3Havaercs TnepeMeHHor 1, B
METEOPOJOTUU OHO OTCUMTHIBAECTCS OT MpPEAbIAYIIEH MOJHOYM M 00O03HAYaeTCs

MIEPEMEHHOMN Ty, U HAXOAUTCS U3 COOTHOLIEHUS
Tm=71T, t AT, (1.2)
rae At - ypaBHEHUE BPEMEHH.
3HAYCHUS T , Ty M T OKPYIJISIFOT 10 MHHYT.

ITosicHoe BpeMsl - CpCAHCC COJHCYHOC BPEMsA Ha OCHOBHOM MCPHUIHAHC

yacoBOro nosica. Ha 1r000# moarore A
Tu = Tm- AN, (1.3)

rjae AA - pa3HOCTh MEXy 3aJaHHOM JTOJTOTOM U JI0JATOTONH OCHOBHOTO MEpHIMaHa

(om),
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AN =N - Aoy (1.4)
BEIp@KCHHAsI B equHUIaX BpeMeHu (15°=1 gac, 1°=4 muH, 1’= 4 cek).

CriloHeHHe O - yroim MeEXIy IUIOCKOCThIO HEOECHOTO JKBaTtopa H
HaIpaBIICHUEM Ha COJIHIIC, OTCUYMTHIBAEMBIN MO Kpyry ckioHeHus. K ceBepy or
HKBATOpa O CUMTAETCS IMOJOXKUTEIBHBIM, K IOTY - oTpulateabHbIM. s moboro
MOMEHTa CYTOK MPHUHHMACTCS CKJIOHEHHE, OTHOCSINESCS K MCTUHHOMY TMOJITHIO
3TUX CYTOK. [losyiIeHHBIC CKIOHEHHSI TSl OTIPEICTICHHOW JaThl MaJIO H3MEHSIOTCS
OT Toja K TOJy, MO3TOMY TIpU PEIICeHUH 33a]ad MOXXHO HCHOJIb30BaTh

3aTa0yIMpoBaHHbIC 3HaYeHUS O [1,2,4].

YacoBoil yroa T_- yrojl MEXHAy IUIOCKOCTbIO MEpHUIMAHA U KPYrom
CKJIOHEHHSI COJIHIIA, OTCUMTHIBaeMbId OT tora k 3amamy (ot 0 mo 180°) umm
BoCTOKY (0T 0 110 -180°). OH npencTaBiasieT co00 HCTUHHOE COJIHEUHOE BPEMS 1O

aCTPOHOMHYECKOMY CYETY, BhIpaK€HHOE B yriioBoil mepe (1 wac=15°, 1 mun=15").

BbicoTa CoJIHIIa h@_' YTOJ MCKAY INIOCKOCTBIO TOPU30HTA U HAITPABJICHHUEM
Ha cBeTmyo. Ha mrupoTre ¢ B MOMCHT T MCTHHHOI'O COJIHCYHOI'O BPCMCHHU OHa

HaxXOOUTCA U3 COOTHOLICHUA
sinh = sing sind + cose €osd cost, (1.5)

rac O - CKJIOHEHHWE B MCTHHHBIN MMOJIACHDb JJaHHBIX CYTOK. B uctunHBIM IIOJIACHD

JIF000r0 JTHA

h,=90-¢+3. (1.6)

Bpemsi Bocxoaa u 3axo1a, a3uMyThI COJHIA. VICTUHHOE COJIHEUHOE BpeMs
(M0 acTPOHOMHYECKOMY C4YeTy) B MOMEHT Bocxoaa (-Tg) u 3axona (+7p)

OnpcaACsICTCA N3 COOTHOIICHUA!
COS 1o = - tgo tgo. (1.7)
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OTcrona tp HAXOAAT B YIVIOBBIX €MHUIIAX U MEPEBOAAT B €AMHUIIBI BpeMenu (1°=4
[

MuH, 1'= 4 cek). 3arem, ucnosb3ys cootHouieHue (1.1), nepexoastT kK UCTUHHOMY

COJIHEYHOMY BpEMEHHM [0 TpaXKJAaHCKOMY c4YeTy. J[[nmHa uHTepBajza MexIy

MOMCHTAMHM BOCXOd M 3aXx0ad IMPCACTABILACT coboit MPOAOJIZKUTCIbHOCTD IH:.

A3MMYT COJIHLA Y B JIFOOOH MOMEHT OTCYMTHIBACTCA OT fora K 3amaiay (OT

0 o 180°) unu ot rora Kk BOocToKy (0T 0 10 -180°) 1 HAaXOAUTCS U3 COOTHOIIICHMUS:
siny, =(cosdsint)/coshg . (1.8)

[Ipu pacuerax mo 3Tol Qopmylie HYy>)KHO U3 JBYX BO3MOXHBIX BBIOpaTh a3uMYT,

HAaXOJISIIIANCA B TOU K€ YETBEPTH, YTO U YACOBOM YT OJI.

3aganmue 1

Pa3paboTaTh alrOpUTM M HAIKCATh IPOrpammy i pacuera Ha [TK BBICOTHI
Connua (h,) B Kazanu (¢ = 55° 47', & = 49° 8') B nocnenopareibHble MOMEHTbI
HOSCHOTO M CPEIHECOJIHEUYHOrO BPEMEHU B TEYEHUHM CYTOK ONPENECICHHOIO HS

(22.06 u 22.12), npuHrMasi BO BHUMaHHUE CIICTYIOIINE YCIOBUSI:
22.06: At=2', 6=234

22.12: At=-2', 6 =-234

Pl = 3.14159265

OnpenenuTs BpeMsi BOCXOJa W 3axoAa COJHUA. Pe3ynbTarhl BBIYMCICHUN

NpcaACTaBUTL B TaOJIMYHOM BHUAC.

3.2. [lpeaBapuTe/ibHbIE CBEAEHNSI 00 OCHOBHBIX METEOPOJIOTHYECKUX
BeJIMYMHAX

Temmneparypa Bo3ayxa XapakTepuzyeT €ro TemioBoe cocTtosiHue. OHa

HCIIOJIB3YCTCA IIPU CPABHCHHUH 3TOTO COCTOAHUA B PA3HBIX TOYKaAX aTMOC(bepBI U B
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pa3Hble MOMEHTBI. TemIiieparypa BbIpakaeTcs B rpagycax MexIyHapoIHOU
npaktuyeckod — temmneparypHod mkanel MIITIH (°C) wm B rpamycax
TepMoauHaMuueckor temneparypHoi mkainsl TTHI (°K). Jlo HenaBHero BpeMeHH,
a B psJie CTpaH W HBIHE, €€ BBIPAXKAIOT TakKe B Ipagaycax mkaibl Peomiopa (°R),
mkanel Papenreiita (°F) u Penkuna (°Re). B mercoposoruu Ttemrieparypy
U3MEPSIOT W BBIYUCISIOT C TOYHOCTBKO JO JECATBIX Joseil rpagyca. Ilpum

TEOPETUYECKUX pacyeTax €€ yalle BhIpakaroT B KenbBUHAX ¢ TOM %K€ TOYHOCTHIO.

Tabmuua 1.

°K °C °R °F °Re
TemnepaTypa miaBiIeHHs
YHCTOTO JIbJIa TIPH
HOPMAJIEHOM JaBJIEHHN 273.15 0.0 0.0 32.0 491.67
TemmepaTypa KuneHus
BOJIbI P HOPMATBLHOM
NaBJIeHUH 373.15 100.0 80.0 212.0 671.67

3aganue 2

Hammmcats mporpaMmy, MO3BOJISIONIYIO TIEPEBOIUTH 3HAUYCHUE TEMITEPATYPhI
U3 OIHOW eIUHUIIBI M3MepeHusi B Apyryro. ([omkeH ObITh oOecreueH cepBUC

BBIOODA).

N3MeneHne temreparypbl B KaXKAOW H3 IMIKAJI ITPOUCXOAUT JIMHEWHO
CJICIOBATEIIbHO CBSA3b MEXJIY HUMHM TakK XK€ JIMHEWHas. JIuHeuHas CBs3b
MpEIoaraeT CyuleCTBOBAHUE MPSIMOM, KOTOPYIO MOKHO 33aTh C TOMOIIBIO
JBYX TOYEK. OJTO TOYKAa IUJIABJICHHS W TOYKA KUICHUS. YPaBHEHHUE MPAMOM
MPOXOASIIEN Yyepe3 2 TOUKHU 3alMChIBACTCS TaK:

Y= _ X=X

= . 2.1
Vo=V XX (21)

[TycTh X - Temneparypa B U3BECTHOM IIKalie, Y - TeMIlepaTypa B UCKOMOM

mikase, Toraa u3 (2.1) MoXHO 3anucarh:
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y=x_2(yz—yl)+yl, (2.2)

Xy, =X

rae X;, Xp - TeMIeparypa KHUIEHHS BOJAbl M IUIABJIICHUS JIbJla ISl LIKAJIbI TI0
KOTOpO# ObLIO MPOU3BEACHO U3MEpPEHHUE, a Y1, Yo - TEMIIepaTypa KUIIEHHs BOJbI U

IUIABJIEHUS JIbJIA 110 LIKaJIE, B KOTOPYIO TpeOyeTCs IEPEBECTH.

KOHTDOJ'II)HI)IG BOITPOCHIL.

1. B kakoii TemnepaTypHOU LIKaje rpagyc “KpymnHee”, a B Kakou “™meibue’?
2. Moxer 11 ofHa M Take TeMIeparypa B OAHOW TeMIEpPaTypHOU IIKaJie ObITh
MOJIOXKUTEIbHBIM YKMCJIOM, a B JPYrod - oTpuiarenbHbiM? Ilokasath Ha

npuMepe.

BaaxkHocth Bo3ayxa. BonsHoil map - 3TO mepeMeHHas COCTaBHasl 4acTb
arMocdepnl. CoziepkaHue BOJSHOTO Tapa B aTMOC(epe OICHUBACTCS ¢ TIOMOIIBIO
XapaKTePUCTUK BIAKHOCTH BO3AyXa, WIM THTPOMETPHYCCKUX BEIHYMH, K
KOTOPBIM OTHOCSITCS: JaBJICHHE BOJSHOIO Iapa, aOCOJIOTHAs W OTHOCHTEIbHas
BJIQKHOCTb, MaccoBas JOJS BOISHOIO Mapa, OTHOIICHHE CMECH, TOYKa POCHI U

I[G(I)I/IHHTBI HaBJICHUS U TOYKH POCHI.

HaDI_II/IaJ'IBHOG JaBJICHUC BOJJAHOI'O IIapa € (I[aBJ'IeHI/Ie BOASAHOI'O ITapa HJIHN

napsienue napa). [Ipu nanHO# Temmeparype [aBjieHUE BOJSIHOTO Mapa HE MOXKET

NPEBBIIIATh HEKOTOpOE TNpeneNbHOe 3HaueHue E, Has3piBaemMoe JaBiieHUEM
HACBIIEHUs WM JABJIICHMEM HACBIIIEHHOTO BOIAHOrO Iapa. JlaBieHue
HACBIIICHUSI 3aBUCUT OT TEMIEpaTypbl (OHO YBEIUYMBAETCA C YBEIMYCHUEM
temriepatypbl). Enununnsl usmepenus rlla, npu t > 7 °C tpebyemas TOUHOCTb
onpenenenuss E - necsareie monu, npu Hmwke t < 7 °C - corble gonu rlla. s
BBIYUCJICHUS  TUIPOMETPUYECKUX  XAapaKTEPUCTUK  I[PU  OTPULIATEIIBHBIX
TEMIIEpAaTypax BEJIMYUHBI E pacCUMTBIBAIOTCS U3 YCIOBUN PAaBHOBECUSA BOASHOIO

napa HaJ IIOCKOW MoBepxXHOCTHIO Jbaa (Ej).
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3
AOCOII0THAs BIQXKHOCTh « - Macca BOJAHOTO IIapa B I'paMMax B I M

3
BJIQKHOTO Bo3ayxa (I/m°).

4 0.8e Y
l+ot '’ (2.4)

rae e - 3aaaercs B rlla, a - oObeMHBIN KOIPPUIIUEHT TEIIOBOTO PaCIIUPEHHUS

razos (a = 3.66 10° (°C)™* = 1/273.5).
To4YHOCTE ¢ 1O AEeCATHIX TOJEH.

OrHocurenbHas  BaaxHocTe f - oTHomenue (baKTI/ILIeCKOFO JaBJICHUA

BOJAHOTIO I1apa € K JABJICHHUIO HACBIIICHUA E HalI IIOCKOM ITOBCPXHOCTBIO YHUCTOMN

BOJbI, BBIPA)KCHHOC B IIPOLCHTAX:
— € (V]
f=100%, (2.5)

MaccoBas J0JI1 BOASAHOTIO Iapa S - KOJIMYCCTBO BOJASHOIO I1apa B rpaMMax B

| r BnaxxHOTO BO3/IYyXA.

g= 0022¢ 6620 ¢ (2.6)
p—0378e )2

rze S - B JOJSAX equHuIlbl (0o B mpoMuiuie (°/y,), €CIIM BEIMUMHY S TTOMHOXKHUTH

Ha 1000), e - mapunaibHOE JIaBJICHUE, p - JTABJICHUE BO3TyXa.

MaccoBo€ OTHOIICHHME BOJSIHOTO I1apa WJM OTHONIICHHE CcMecH [ -

OTHOUIEHUE MAacChl BOJSIHOIO Tapa B OMNpEeeEHHOM 00beMe BO3JayXa K Macce
CyXOTO BO37yXa B TOM e o0O0beme. OTHOIICHHE CMECH YHCICHHO pPaBHO
KOJIMYECTBY BOJIIHOTO Mapa, NpUXoAsueMycs Ha 1 T cyxoro Bo3ayxa.

r=0622—°"_. (2.7)
p—e€

Jedunmt Hackimenus d - pa3HOCTh MEXAY JaBICHHEM HACBIIICHUS E mipu

JAHHOM Temmneparype U (paKkTUYeCKUM JaBJICHUEM BOJASHOTO mapa e:
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d=E-ec. (2.8)

Touka pochl T - TeMmmeparypa, MpU KOTOPOM coJiepxKalluics B BO3IYyXeE

BOJISIHOM Iap MU MOCTOSHHBIX 00IIeM aTMOC(HEPHOM JaBIEHUU U MacCOBO J0Je
S cTaHOBUTCS HACBHILICHHBIM (IO OTHOIICHHUIO K IUIOCKOM MOBEPXHOCTH BOJBI).
[Tpu manHO# TemmepaType BO3ayXxa TOYKa POCHl B 3aBUCUMOCTH OT (PaKTUYECKOTO

AaBJICHUA BOJAHOTIO IIapa MOMKCT IIPUHUMATDb CAMbIC PAa3JIMYHBIC 3HAYCHUA.

Ilcuxpomerpuueckas ¢gopmysa. Haceimaronias ynpyrocts BOASHOTO napa
HaJ BooH (E) 3a1aeTcs BEIpaKEHUEM
78.2969[1—1)
T

lgE =10.79574- (1 - ]]ij -5.028- ngI:+ 150475-107*-|1-10 +

1

(2.9)

T
4.76955 1-—

+042873-107° - {10 T) - 1} +0.78614.

a HaChIIIAKOINAs YIIPYroCTh napa Haj iboM (Ej) - BeipaxkanueM [4]

IgE, = -9.09685- (? - 1) —3.56654 - lg?w +0.87682 - (1 - ]]:j +0.78614 | (2.10)

1

3necy T; = 273.16 °K (t; = 0.01 °C) - Temneparypa paBHOBECHUS MEXIY BOJOM,
JbJAOM W BOJASIHBIM MapoM (TpolHas TOuka BOJIbI); T - Temmeparypa B rpamycax

TEPMOIMHAMHYECKOM TemmepaTrypHoi mkanbl(T = 273.15 + t).
YHpyrocTts BOJISIHOTO Mapa, HaXOAUTCs 1o (hopmMyie
e=E, - Ap(t-t)(1+0.001151), (2.11)
KOTI'/Ia Ha 0aTUCTE CMOYECHHOTO TEPMOMETpa OTMEYAeTCs BOJIa, M B BUJIC:
e=E;’ - 0.88229 Ap (t-t'), (2.12)
KorJia Ha 0aTUCTE CMOYEHHOTO TePMOMETpa HAOII0JaeTCsI TS/,

B dopmynax (2.11) u (2.12) E,,’ u Ej’ - HackImaromme ynpyrocTa BOASTHOTO
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napa HaJ IUIOCKOM MOBEPXHOCTHIO YHUCTHIX BOJABI U JbJia MPU TEMIIEpaType
CMOYCHHOTO TEPMOMETpa, paccuuTaHHbie 1Mo (opmymam (2.9) u (2.10)
COOTBETCTBEHHO, ¢ 3ameHou 1 = T’= 273.15 + t’ A - ncuxpomeTrpuuecKkuit

KOA(GHUIHEHT, TPUHATHI paBHbIM 7.947 107 °C™; p - 1aBnenue Bo3myxa.

JonomuautenpHpid wieH (1 + 0.00115 t' ) B dopmyne (2.11) yuuTsiBaer
3aBUCUMOCTh CKPBITOM TEIUIOTBI TapooOpa3oBaHMsl OT TEMIEpaTyphl, a
kodpouiment 0.88229 B dopmyne (2.12) - oTinMyMe YACIBHON TEIUIOTHI

cyOJIMMaIuu oT yJeIbHON TEIIOThl KOHACHCAIIUH.

OTHOcHUTENbHAS BIAXHOCTh U I[G(l)I/IHHT YIIPYToCTH BOIAAHOI'O IIapa

BBIYHCJIAIOTCA 110 OTHOIICHUIO K BOJC.

3aganue 3

Hanucare nporpammy mis pacuera Ha IIK napuumansHOTO 1MaBieHus
BOJISTHOTO T1apa e, NaBJICHUS HACHIMICHUS E, TPY W3BECTHBIX MOKA3aHUAX CYXOTro U
CMOYCHHOTO TepMOMeTpoB t 1 1”1 aTMochepHOM JaBICHHUH ], C UCTIOJIB30BAaHUEM
ncuxpomerpudeckux ¢opmyn (2.9, 2.10). (BapuanTbl UCXOIHBIX JaHHBIX B
tabauie 2). BoIUUCINTD OTHOCUTENBHYIO BIaXHOCTH f, meduiut HackimeHus d,

a6COJ'I}OTHYIO BJIQJKHOCTB &, MACCOBYIO JIOJIKO S U MaCCOBOC OTHOLICHUE I

Bo3MoxHO 51 (MpU HAIWYUU JOCTATOYHOTO YHCIA SiAEp KOHACHCAIWH)

06pa3oBaHie TyMaHa B BO3yXe IPH MOHIKEHHH TeMIIepaTyphl Bo3ayxa Ha 14°C?

Ta0mumna 2.
t°C t’°C p rlla t°C t’°C p rlla
19.4 12.7 1026.7 16.4 9.8 1024.1
18.5 11.8 1017.8 12.3 6.1 1022.7
17.4 10.7 1028.9 17.6 11.2 1023.4
16.5 10.9 1018.3 16.2 10.8 1024.3
17.6 9.8 1022.4 21.3 17.5 1037.2
18.9 11.7 1016.7 18.2 11.1 1031.1
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26.3 19.2 1018.9 16.4 10.1 1017.7

22.4 14.7 1024.7 19.7 11.8 1021.1

20.1 12.3 1017.3 13.9 6.1 1026.0

KoHTpOoJabHBIE BOOPOCHI

1. B kakmx mnpemenmax wmoryt Menstbes €, d, f? Moryr im oHH OBITH
oTpuuateabHbiMU? Kakue npenenbHble 3HAU€HHsI TaHHBIX XapaKTEPUCTHUK Yallle
BCTPEYAOTCS B IPUPOJIE - BEPXHUE WM HUKHHE?

2. Ilpu xakoil Temmeparype BO3ayXa (BBICOKOM WM HHU3KOM) OJMHAKOBOE €€
NOHWKEHUE TPUBOAUT K Oosee 3HauuTenbHOMY yMeHblieHHo E? Kakue
CJIEJICTBUS 3TOTO (akTa HaOJIIOJAt0TCs B IpUpoe?

3. MoOXHO 5n, 3Has TOJIBKO OTHOCHUTEJBHYIO BIIQXKHOCTb, ONPEIEIUTH MAaccy
BOJSIHOTO Tapa (a) conepskamierocsi B Bo3ayxe? I'me abcontoTHast BIaXHOCTh

Gombime: B Tpormueckux mycTsiHsx (t = 45°C, f = 2%) win B mOISIPHBIX

paitonax (t = -45°C, f = 100%)

3.3. OcHOBBI cTATHKH aTMOC(epbI

CocTosiHHE Ka)KI0T0 U3 aTMOC(EPHBIX T'a30B XapaKTEpU3yeTCsl 3HAUCHUSIMU
TpeX BEJIWYHMH: TEMIIEPATypbl, JAaBJIEHUS U IJIOTHOCTU (WJIM YIEIBHOTO 00beMa).
OTH BeIMUYMHBI BCET/Ia CBSI3aHBI MEXAY COOOM HEKOTOPHIM YpaBHEHHEM, KOTOPOE

HOCHUT Ha3BaHU YPABHCHHUA COCTOSAHUSA Ia3a.

YpaBHeHHe COCTOSIHMSI CYXOro BO3AyXa B METEOPOJOTUU OOBIYHO

3aIIUChIBACTCA B BUJC:

(3.1)

rie p. - INIOTHOCTh CYXOro BoO3Ayxa, p. - armocdepHoe nasnenue (Ila), 7' -

temriepatypa (°K), R - ynenpHas ra3zoBas moctosHHas cyxoro Bosayxa (R; =
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287.05 JIx/(kr K)). 3HaueHUS. p, NPUHSATO BBIPAXKATH B KI/M° ¢ TOYHOCTBIO 10

TBICAYHBIX.

YPaBHeHI/Ie COCTOSIHUA BOAAHOI'0 ITapa 3alrcChbiBaCTCA B BUJIC

P = (3.2)

R T

3nech Ry - ynenbHas razoBas noctostHHast BoassHoro napa (R,=461.51 [Ix/(xr K))
R7=1.608 Rc , Rc = 0,622 Ry

YpaBHeHHE BUIA

_ p
P = R_T (1+0.608s) (3.3)

HA3bIBACTCS] YyPABHEHHEM COCTOSIHUS BJIAKHOTO BO31AyXa. 371€Ch Oy, - IIIOTHOCTh
BJIQYKHOTO BO3AyXa, p - arMochepHoe nasnenue (Ila), 7 - remneparypa (°K), R -

yACJbHad ra3oBas IOCTOAHHASA CyXOro Bo3ayxa.

B meteoponorun maoxutens (1+0.608S) oTHOCIT 0OBIUHO K TeMIlepaType u

BBOJISIT TIPU 3TOM TOHSATHE BUPTYAJIbHON TeMIIEPaTypBhl.
Bupryanbnas Temneparypa Bo3ayxa (7y) onpenensiercs no gopmyie:
Ty=T(1+0.608s) =T +0.608Ts =T + ATy, (3.4)

rae T - temneparypa Bo3ayxa (K), S - MaccoBas 10yisi BOASHOIO IMapa B JOJSAX

enuaUIBL. Benmnunna AT, Ha3bIBaeTCs BUPTYaIbHBIM T00aBKOM:
ATy =0.608Ts ~ 0.378Telp . (3.5)
C yuetom (3.4) ypaBHEHUE COCTOSIHUS BIQXKHOTO BO3/1yXa MPUHUMAET BUJ:

p
R.T,

Po = (3.6)

U3 CpaBHCHMHA ypaBHeHI/Iﬁ COCTOSIHUH HJI TDIOTHOCTU CYXOI'0 M BJIAKHOTO
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BO3JlyXa CIEAYET, 4TO MIPU OJUHAKOBBIX T U p, Pc Bceraa OoJIbLIE O,

BepTukanbHblii rpagueHT 1aBjieHusi G eCTh BEKTOP CKOPOCTH NU3MEHEHUS
JABJICHUSI C BBICOTOM, HANpPABJICHHBIH B CTOPOHY €ro yMeHbleHus. B
METeopooruu 00bIYHO BhIpaxkaeTcs B Tlla Ha 100 M (C TOYHOCTBIO 10 ECSTHIX).
N3 OCHOBHOTO ypaBHEHHSI CTAaTUKH MPU HOPMAJIbHOM 3HAUYEHUHU YCKOPEHUS

CBO6OI[HOI‘O IMaJACHUA IMOJIydacM

p
G=342""
T (3.7)

rae p 3amaerca Brlla,a T - B K.

Bapuyeckas crynmenb h Beipaxaercs B M/TIla ¢ TOYHOCTBIO IO JECATHIX U

BBIYHUCTISICTCS 110 (popMyIie
h=—— (3.8)

WJIU UCIIONB3Ys YPAaBHEHHUE COCTOSIHUS BJIAKHOT'O BO3ayXa 1Mo (hopMyie

R, R.273(1+at, 7995

1
rg & &p p

h= (1+a2,), (3.9)

rJie oL - 00beMHBIN KO3((OUIMEHT TEIIOBOIO paciuupeHus razon (o = 1/273).

3aganue 4

PazpaboTaTth aaroput™M M COCTaBUThH MPOTpaMMmy ISl pacdeTa IJIOTHOCTH
CYXOro M BJIQXXHOTO BO3JyXa Pc M Pyy , BUPTYAIbHOM TEMIIEPATyphl, 0apUUECKOro
rpajieHTa U OapuUYeCcKOW CTYNEHU IO HM3BECTHBIM 3HAYCHUSIM aTMOC(HEpPHOTo
nasnennst P: 1013.0, 1000.0, 800.0, 600.0, 400.0 rlIla. Ilpu xkaxgom
(pukcupoBanHOM) 3HAUeHUU P TemmepaTypa BO3yXxa U3MEHSETCS B Mpeeiax oT -
30 mo 30° (wepez 10 °C), a oTHOcUTEIbHAs BIJIAKHOCTh BO3JyXa IpHU

¢ukcupoBanHoM 3HaueHun T u3mensiercs B npegenax ot 0 o 100 % uepes 20 %.
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KoHTpOJIBLHBIE BOONPOCHI

1. Mate ¢usnueckoe OOBACHEHHE: IOYEMY NPH OJUHAKOBBIX [ABICHUM MU
TEMIIEPATYPE IUIOTHOCTD BIAKHOI'O BO3JyXa MEHBIIIE, YEM CYyXOro?

2. JleroM wnu 3UMOM, AHEM WJIM HOYBIO, B CYXOM WA BII&XKHOM BO3JyX€
JaBJeHUE ObICTpee yMEHbLIaeTcsl ¢ BblcOTOW? B Kkakoil BO3aylIHOM Macce
(TemwIol WM XOJIOAHOW) TOJIIMHA CJOS BO3JyXa MEXAY H300apUYECKUMH

noBepxHocTsiMu 1000 u 800 rlla Gomnpime?

3.4. Jlyuncras 3Heprusi B atMmoc(epe 1 Ha 3¢MHOMH MOBEPXHOCTH.

IIpuxoa coJIHEeYHOM PpagMaUMM HA 3€MHYI0 IOBepPXHOCThb. Ilpsamas
panuanus Ha TMEPHEHAUKYSPHYIO (S) W TOPH3OHTaIbHYIO (S’) MOBEPXHOCTH
U3MEPSETCS] HEMOCPEICTBEHHO WJIM BBIYMCIISIETCS COOTBETCTBEHHO MO (hopmyram

4.1)u (4.2).
S=S,P", (4.1)
S’ =S sinh, , (4.2)

r7ie Sp - MOTOK MPSMOMW COJIHEUHOM paualiiy Ha BepXHel rpanuiie atmocdepsl, P -
MHTETPANbHbIA  KOdpumment npospaunoctd, h - Beicora Comnma, m -

onrtuyeckas macca armocdepst (mpu h > 30° m = 1/sinh o)

DHepreTuyeckas  OCBEIICHHOCTh  MPSIMOM  COJIHEYHOM  paavanuen
IOBEPXHOCTH, HAKJIOHEHHOM IMOJ YIJOM O K TOPHU30HTY U OPUEHTUPOBAHHOW B

M00y10 CTOPOHY (Sh), COCTaBISET
Sa = S[sinh  cosa + cosh _ sina cos(y, - wn)], (4.3)

rie y, - asumyr ConHua, g - a3’MMyT IIOBEPXHOCTH. 3HAYCHUS
M Yy OTCUMTHIBAIOTCS OT IOra kK ceBepy uepe3 3aman (ot 0 mo 180°)
unu yepe3 BocTtok (ot 0 go -180°). Ilpu Takom oTcyeTe p €CTh Yroa MEexIy

HAIIPaBJICHUEM Ha 0T ¥ TOPU30HTAIBLHON IPOEKIUEN HOPMAJIA K TIOBEPXHOCTH.
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3aganue 5

Brrauciauts npsamMyro paguaiuio Ha TEPIeHIUKYISIPHYIO U TOPU30HTAIBHYIO
MTOBEPXHOCTH B MOJINEHD 21 UIOHS u 22 neKkaops Ha
IIMPOTaX CEBEPHOIrO MOJIylIapus, KpatHbix 15° (Haumnas c¢ 0° c.mow), eciou
kod(punmeHT mnpospauyHoctd Bcroay paBeH (.700. Pe3ynbpraT BBIUHUCICHHS
npeAcTaBuUTh Trpadudecku. (Sp - NPUHATH PABHBIM BEJIUYMHE COJHEYHOMN

TTOCTOSIHHOM).

3aganue 6

Pa3paboTtaTh anropuT™M BBIYMCIEHUS NPSIMOM COJHEYHOM paaualuu Ha
TOPU30HTAIBHYI0 TTOBEPXHOCTh, a TaKKe Ha CKJIOHBI KpyTuzHou 30, 60 u 90°,
oOpalieHHbIe Ha CeBep, 0T, BOCTOK U 3amaj U peaimsoBaTh ero Ha [I19BM. [lpu
Beicore Connua 52°29' wu  azumyte (-20°00') mnpsimas paguanus  Ha
NEePNEHAUKYJISIPHYIO TTOBEPXHOCTh cocTaBiseT (.82 kB1/M°. Berauciuts MPSIMYEO
paguanuio Ha TOPU30HTAJIBbHYIO TOBEPXHOCTb, BapuaHThl UCXOMHBIX JTaHHBIX

IIpUBEJICHBI B Ta0J. 3

Tabmuma 3
h® Ve S, kB1/Mm* h® Ve S, kB1/Mm*
25901 129 59’ 0.22 26° 45° -96° 157 0.24
3559 -150 01 0.42 3617 132 43 0.44
45 03 48 47 0.62 46 43 -60 17 0.64
27 57 -144 03 0.26 2819 168 41 0.28
3705 84 55 0.46 38 41 2419 0.48
47 55 -108 05 0.66 48 21 36 39 0.68
29 07 120 53 0.30 30 39 -156 21 0.32
39 53 -72 07 0.50 40 23 72 37 0.52
49 09 156 51 0.70 50 37 -120 23 0.72
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3151 -36 09 0.34 3225 108 35 0.36
4111 24 49 0.54 42 35 -84 25 0.56
5149 -156 11 0.74 52 27 144 33 0.76
3313 60 47 0.38 34 33 -48 27 0.40
43 47 -132 13 0.58 44 29 150 31 0.60
5315 96 45 0.78 5431 -12 29 0.80

KoHTPOJIBLHBIE BOIIPOCHI

1. Ilouemy mpsimasi paguanusi Ha TOPU3OHTAIBHYIO MTOBEPXHOCTH M3MEHSETCS C
IIUPOTON  OOJbIlle, dYeM TMpsiMas pajJudanus Ha [EePHEHIAUKYISIPHYIO
MTOBEPXHOCTH?

2. Yem OTJINYAETCS ITUPOTHOE U3MCHEHUE KaKIOM BEITUYMHBI

21 uroHs OT ee u3MeHeHus 22 nexabps?

N3nyyenue nmoacTu/iamomieid MOBEPXHOCTH. DHEPreTUYEcKass CBETUMOCTh

HOI[CTHJ'IElIOH.IGﬁ IMOBCPXHOCTHU U3MEPACTCA HCITOCPCACTBCHHO WJIM BBIYUCIIACTCA 110

bopmyie
Ec = eoTo, (4.4)
rae € - KOd(POUIMEHT TeIIoBOTO H3IydeHUus: (Kod(PQPHUIMEHT CEepOCTH); C -

nocrosiuaas  Credana -bomsmmana (o = 5.67032*%10° Br/(m°KY), T, -

TeMIiepaTypa nojactuiarouieid nosepxuoctu (K).

ITo B. JI. I'aeBckOMy, 3HaU€HUS € IUISI HEKOTOPBIX BUIOB MOACTUIAIOLIECH

IMOBCPXHOCTHU COCTABIIAIOT!

Buo noocmunaroweti nosepxnocmu Buo noocmunaroweti nosepxnocmu
Ilecox cyxoti  0.949 Topg copori  0.983
Ilecox enaxcuvii  0.962 Tpasa ecycmas  0.986
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llousa cyxas ~ 0.954 Tpasa peokas  0.975
Ilousa enascnaa 0.968 Cunez yucmoiti  0.986

Topg cyxoti 0.970 Booa 0.960

OTH K€ 3HAYCHUS € XApaKTCPU3YIOT IIOITIOIIATCIIBHBIC CBOICTBA
HOI[CTI/IJIaI-OHIeﬁ IMOBCPXHOCTHU II0 OTHOIICHHUIO K naz[a}omeﬁ Ha HCTO

I[J'IPIHHOBOJ'IHOBOfI paananuu.

Bcerpeunoe wu3iydyeHue armocgepbl. DHEpreTuyeckas OCBEIIEHHOCTD
MOJICTUJIAIONIEH TIOBEPXHOCTH BCTPEYHBIM H3IyY€HHWEM TIpU SICHOM HeOe

HU3MCPACTCA HCIIOCPCACTBCHHO UJIN BBIYHUCIIACTCA, HAIIPUMCEDP, 110 q)OpMYJIe BpeHTa
Ex=oT'A(D + G Je), (4.5)

rae Ta - Temneparypa Bo3ayxa (K) Ha BbicoTe 2 M Haj 3¢MHOW MTOBEPXHOCTHIO, € -
napuuanbHoe naBlieHHe BoasHoro mapa (rlla) ma Ttoit xe BeicoTe, D u G -

nocrosiaabie (D = 0.61; G = 0.05).

dPpPexTHBHOE U3TyYeHHE U JJIMHHOBOJHOBBIA PAIUALMOHHBINA OajiaHC
nojcTuIameid MnoBepxHOCTH. ODPPEeKTUBHOE W3IYyYEHUE TMOACTHIAOIICH

IMOBCPXHOCTH OIIPCACIIACTCA COOTHOIICHUCM
E3 = EC -& EA. (46)

OddexkTruBHOE U3TyUYECHHE, B3SITOE CO 3HAKOM MHHYC, MPECTABISET COOOM

JUINHHOBOJIHOBBIN paAvalMOHHBIN OanaHc (B ) moactunaromeil moBepXHOCTH
BI[: SEA'Ec. (47)

[Ipu noncranoBke (4.4) u (4.5) B (4.6) momyuaercs mosiHas dopmya

3 PEKTUBHOTO U3ITYyUEHUSI
Es=¢[oTo! - oTAY(D + G Je)] (4.8)

OddexTuBHOE U3NyYCHUE TIPU HAIWYUU OO0JAYHOCTH MOXKET OBITh
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MMpCACTAaBJICHO B BUAC
Eg,o = Egay{ (1 - Cn), (49)

rne Esg - adextuBHOE wH3NIyueHHEe IpU SACHOM Hebe, N - KOJUYECTBO
obnakoB B Oamnax, C - smnupuueckuil o6maunsii kodddumment (Cq, = 0.076).
Koadpdumuent C pasnmuuaercs mis 00JaKOB pa3HBIX SPYCOB, MOITOMY OoJiee

TOYHBIM SBJIICTCSA COOTHOIIICHUEC
Eg’o = Ea,;[ (1 - CHnH - CCnC - CBnB), (410)

rae Ny, Nc 1 Ny - KOJUYECTBO 0OJIAKOB HIDKHETO, CPETHETO U BEPXHETO SIPYCOB B
oamnax, Cy, Cc u Cpg - coorBercTBylomuMe obnaunbie koddpduuuentsr (0.076,

0.052, 0.022).

PagnanuoHHbIi 0ajJaHC MOACTHJIAIONIEH TOBEPXHOCTH, HAa3bIBACMBIN

TaKX€E «OCTAaTOUYHOU pEMHd&HHGIZ», XapaKTCPU3YCTCA COOTHOILICHHUEM
R=Bg+By= (S +D)(1-A)-Es (4.11)

3mece BeqmumHa By = (S' + D)(1 - A) mnpencraBiser coOoi
KOPOTKOBOJIHOBBIN paauallMoHHbIA Oanmanc, D - paccesHHas paguanus, A -

asb0e10 MOICTUIIAIOILEN TOBEPXHOCTH.

3aganue /

CocTaBUTh aNrOpUTM W MPOTPAMMy IS BBIYUCICHUS PAAUAIIMOHHOTO
OajlaHCca MOBEPXHOCTH MOPS U COCEIHEr0 C HUM CyXOro MECYaHOIo IUIsXKa, €CIH
TpsiMasi paguaIus Ha o0e MoBepXHOCTH paBHa 0.56 KBT/M”, paccesHHas pagparius
- 0.14 xBr/™’, ansbeno mecka - 30%, ampbemo Mopst - 10%, Temmeparypa
TOJICTHIIAIONICH MOBEPXHOCTH IIECKA U MOPSI COOTBETCTBEHHO paBHbI 50 u 25 °C,
TeMIlepaTypa BO3AyXa HaJ O00€MMH TMOBEPXHOCTSIMU paBHA 30°C, mapumanbHOe
JaBJICHUE BOJASHOTO Mapa HaJl IECKOM M HaJl MOPEM PaBHBI COOTBETCTBEHHO 16.0 u
25.0 rlla. Pacyersl mpousBecTH [jisi SICHOTO HeOa M OOJAYHOCTU Pa3IUUYHOTO

KOJIMYECTBA U PA3HOIO Apyca.
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3.5. OcHOBBI TUHAMMKH aTMOCGhepbI

I'eocTpopuuecknii U rpagueHTHBIN BeTep. CKOPOCTh T€OCTPOPUIECKOTO

BETpa BbIUUCIISIETCA 110 hopmyIie

4.8
U= ™ Pg, . (5.1)
sing p
3nech po - IJIOTHOCTh BO3JyXa MpPU HOPMaibHBIX ycioBusix (1.292 Kr/M3), p -
IJIOTHOCTH BO3/yXa MPHU JAHHBIX YCIOBUSAX, Gx - TOpU30HTAIbHAS COCTABJISIONIAS

O6apuueckoro rpaauenta (rIla/111 km).

CKOpOCTB rpaguCHTHOI0 BCTpa B HUKIIOHC W AHTHILIUKIOHC C KPYTI'OBbBIMU

n3o0apamu paccuuThiBaeTcs o Gopmynam (5.2) u (5.3) COOTBETCTBEHHO

U, =—-oR singo+\/a)2R2 sin” @+ IR, (5.2)

U,=wR sin(o—\/a)sz sin 9— IR , (5.3)

rae R - paccTosiHMEe OT IIeHTpa HUKJIOHA (AaHTUIMKIOHA), ' - TOpu3OHTaNIbHAs

COCTaBJIAIOIIAA CHJIbI 6apI/I‘I€CKOFO rpagucHTa, onpeacisi€TCa COOTHOICHUCM I'=

7-10% 2 Gy , @ - yrmoBast ckopocTs Bpauiernst 3emin (o = 7.27 10 (¢Y)), o -
o)

reorpaguyeckas ImpoTa.

Hanuune TpeHus B morpaHUYHOM cJioe aTMOc(ephl (ClI0e TPEHHUSI) BBI3BIBACT
YMEHBIICHUE CKOPOCTH BETPA MO CPABHEHUIO C TPAJAUEHTHBIM U OTKJIOHSIET BETEP
OT u300ap; MpU OSTOM HAIpaBICHUE BETpa NPUOIIKACTCS K HAMPaBICHUIO
IPaAUECHTHON CHJIBL. YTOJI O MEXIY HalpPaBJICHUEM BETPa U IPAJUECHTHOM CHIIOU

OonpcACsICTCA N3 COOTHOIICHUSA

2wsing
Sniadiot 5.4
ga X ( )
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rae K - ko3 QUIHMeHT BHEITHETO TPEHHUS.

C yueTroM TpeHHUSI CKOPOCTh BETpa NpH NPSIMOJMHEWHBIX H300apax

BbIpakaeTcst PopMyIion

U= d (5.5)
\/(25‘) sing)’ + K*

3aganue 8

Pa3paboTaTh anropuT™ U COCTaBUThH MPOTPaMMYy JJISI BBIUUCIEHUS CKOPOCTH
I'PaIMEHTHOTO BETPA B LMKIOHE U B aHTULMKIOHE Ha mupore 60° u Ha BBHICOTE,
rJle IOTHOCTh Bo3ayxa paBHa 0,800 Kr/M°, eciu paamyc KPHBU3HBI TPACKTOPHH
JBUKEHUS Bo3ayxa paBeH 200 kM, a TOpU30HTaIbHAs COCTABIISIIONIAS OApUUECKOrO
rpaguenta 0,62 rlla/111 kM. Pe3ynbrarbl cpaBHUTH MEXKIy CO0OM H CO

3HAYEHUSIMU CKOPOCTHU T€OCTPOPUUECKOr0 BETPA.

3aganue 9

Pa3paboTaTh aJirOpuT™ U COCTaBUThH MPOrPAMMY JIJIsl BBIUUCIEHUS CKOPOCTH
BeTpa BOJIM3M 3eMHOl MOBEpXHOCTH Ha mmpote 30°, eclm mpy MpSMOJTHHEHHBIX
n300apax TOPU3OHTAJIbHAS COCTaBJsAIONIasi Oapuyeckoro rpaaveHta pasHa 1.0
rlla/111 kM, a K0O3QPUIUEHT BHEUIHETO TPEHUS B TAHHONH MECTHOCTHU COCTaBJISIET
4 -1
1.0 10”c™. Pe3ynbTat CpaBHUTH CO CKOPOCTHIO TE€OCTPOPUIECKOTO BETpa MPHU TEX
xe yciioBusx. [IMOTHOCTh BO3AyXa y 3€MHOW MOBEPXHOCTH CUMUTATh OJU3KOM K

HOPMAaJIbHOM.

KoHTpOJIBHBIE BOIPOCHI

1. Ilouemy mpu OAHOM U TOM K€ 3HAYECHHH TOPU3OHTAIBHOTO TpaJHeHTa
JABJICHUS ) CKOPOCTh Te0CTPO(YUUECKOTO BeTpa B IIUKIOHE MEHBINE, YeM MPHU

NPSIMOJIMHEWHBIX M300apax; 0) CKOPOCTh TPAAUEHTHOTO BETpa B AHTULIUKIIOHE
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OoJblle, 4YeM IpU MPSIMOJIUHEHHBIX U300apax WK B IIUKIOHE?

. Kaxk BnousieT cuna TpeHus: Ha CKOPOCTh BETpa BOJIM3U 3€MHOM MOBEPXHOCTU?
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