


B.M.3aBapbixuH

B.l. H{uTOoMHUpPCKUH
M.[.Tanuuk

TEXHUHKA
BbIYACNTEHUH

U AJITOPUTMUSALIUA

HE NHy

Uiy

bn35176

MOCKBA «MPOCBELLIEHME» 1987



BBK 22.19 935

3-12

Penensenrth:

Kadeapa BBIYHCJAMTEAbHON MareMarHKH H [IPOrpaMMHpOBaHUA
MHHCKOro negaroruyeckoro HHcTHTyTa um. A.. M. Fopskoro
(3aB. kadeapo# pouewnt, Kana, dus.-mar. Hayk A. H. [Tasroscruii);
JoueuT, Kavn. ¢us.-Mar. uayk A. P. Ecaan

(Ty/ibckuii rocysapcTBeHHbli megaroruueckuit umHetutyrT um. JI H. Toacroro).

3-12

3asapuikun B. M. u ap.

TexHHKa BbIYHGIEHHH M a/jropurMusauus: Bsomublit kypc:
Yue6. nocG6He AJs1 CTYLEHTOB Hed. HH-TOB IO Qu3.-maT. chey./
B. M. 3apapnikun, B. T. )Kuromupckui, M. I1. Jlanuuk.— M.:
ITpocseutenne, 1987.— 160 c.: HI.

TocoBue fBasieTcR Mepsoit (BBOHOIN) uacThbio yuebHo- METOLHYECKOrO KOMILIEKCa AHCUNUMLIHY, ofecTie-
YHDAIOW MK HEOOXOAHMHHA YPOBEeHb MOArOTOBKH GYAYWHX yUHTEnefl K HCNOAb30BaHWIO MUKPOmpollec-
COPHOM TEXHUKH B WKofe~PacoMQRpeupl NpHEMBL BEUHCACHAN HA KaNbKyJsaTopax W METOAb OUeH-
KH TOUHOCTH Pe3yiLTaro! " uaqanbﬂme me:mx- ©6 “AAFOPHTMUUCTKAX CTPYKTYPax
H OpOrpaMMHpPOBaHKU Ha KI i g:; ﬁ h4 /,,, ,f

H Ty

!

. 4309000000—587 ?__§ £HO- mpam;g%,;k,w . BBK 2212
&ha

7 ]03(03)_87r rormﬂer%fﬁﬁa?&mé’mo «[TpoceeleHnes, 1987
: ’éﬂ & j
: e

-

NPEXUCIIOBHE

Hcnonb3oBanHe B cpeaHeH IIKOJe MHKPOMPOLECCOPHOH
TE€XHHKH NPeI'bABJAET HOBblE TPEHOBAHHUA K YUHTENTIO, KOTO-
pblH JO/MKEH XOPOUIO 3HATb BO3MOXKHOCTH HOBLIX BHIYHC/IHU-

‘TEJIBHBIX CPEeACTB, 4 TAaK:Ke NpaBH/la HX HCNOJb30BaHHA

MPH pelleHdun y4yeOHBIX 3a]ay. YueGHble miaHbl (u3HKo-
MATE€MAaTHYECKHX (paKy/bTeTOB, BeAYWHX NOATOTOBKY Y4H-
TeNeH ANA NPEenojaBaHuA IWKoAbHOTO Kypca «OcHOBHI
HH(OPMATHKH H BbIUHCJIHTEIBHOH TeXHHKH», NPEAYyCMaTpH-
BAIOT UHUKA Y4E€OHBIX JUCUHMMJIHH MO H3YYEHHIO H HCIOJb-
30BAHHIO COBPEMEHHON BLIUHCAWTE/LHOH TEXHHKH HA TpO-
TSKEeHHM Bcex JeT ofyueHHa B By3se. [lepeeiMm B 3TOM
LUHKIE AHCUUIIUH sABAAeTcA Kype «TexHHKa BblYHCJ/IeHHH
H aJropHUTMH3ALHA>. '

Llenb 3TOro Kypca -——-3aKpenuTb 3HAHHS MO OCHOBaM
HHPOPMATHKH M BbIUHCIUTENbHOH TEXHHKH, MOJyYeHHbe
paHee B INKOJME, M Pa3BUTb HABbIKH €€ NPAKTHYECKOrO
MCIIOJb30BaHUS DU PEelIeHHN y4yeOHbIX 3ajay; JaTh npej-
CTABJ/IEHWE O METOJAaX OUECHKH TOYHOCTH BLIYUHCAEHHH C TO-
MOILBIO KaJbKynaToOpoB H - MHKpoIBM; nokasarh pas-
JUYHble THNB 06pa3loB MHKPONPOIECCODHOH TEXHHKH.
Onuoft U3 BaKHBIX 3324 BBOLHOTO Kypca sBAAETCS 06bAC-
HEHHE BO3MOKHOCTH 3 PeKTHBHOr0 HCMOJIb30BAHHSA COBpe-
MEHHBIX  BLIYHCJAHUTEJbHBIX CPEACTB  (KAJbKYJATOPOB,
MHKPODBM) npH H3yyeHHH AMCUMIAHH Y4eGHOro miaxa:
MaTe€MaTHYecKoro aHasn3a, ajare6phl, reOMeTpHH, QHU3UKH,
NPAaKTHUKYMOB 1O peleHHI0 MaTeMaTHUYeCKHX H (pU3u-
yeckHx 3afay. Kypc TexHuWKH BHIYHC/IEHHH H aJropHTMH3a-
UHMH MOMHMO 3TOro JOJIKEH CJYXKHTh OCHOBOH Aasl rocne-
AYIOIIEro HCNOMb30BAHNSA MHKPONPOLLeCCOPHOH TEXHHKH BO
BHeyue6HOH, KpYKKOBOH, HayyHo- uccneuosaTenbcxou pa-
6ore co cTyAeHTaMH.

Hacrosiluee noco6ue anpecoBaHo B NEPBYIO OUEpeab
CTYJEeHTaM MNepBbIX KypcoB (hH3UKO-MaTEeMaTHYECKHX da-



KYJIbTETOB, HOJYUaIoNHM KBAAH(HKALHKIO YYHTEST MaTeMa-
THKU ((PHU3HKH), HHHOPMATHKH H BHIMHCAHTENbHON TEXHUKH,
ITpu coorBeTcTBYIOIEA OpHeHTAlUHH NPAKTUYECKHX 3ana-
HUH 5T0 moco6He MOXKeT GbITh HCNOJNb30BAHO TAKKE H Ha
XUMHKO-OHOJIOTHUECKUX, ECTECTBEHHO-reorpaHIUCCKUX, HH-
LycTpHAJbHO-NEAAroruueckux dakyabrerax, dpakyanrerax
yuHTesedl HauyajsbHBIX KJAAcCOB, T. €. TaM, IJA€ MOArOTOB-
Ka yuuTejedl B TOH HJIH HHOH Mepe NpeNnoaaraer HCnojib-
30BdHHE MHKPONPOLECCOPHOH TEXHHKH [Js1 BHIUHCJAEHHH,

Mayyenne Kkypca cOnpoBOXZAETCH KOPOTKHM Jabopa-
TOPHBIM NPAKTHKYMOM. [lis1 BHINOJHEHMS! mNpakTHye-
CKHX pafbor Tpebyercsl, KaK MHHUMYM, KOMILIEKT Kallb-
KYJAATOPOB pAa3JIHYHBIX THMOB: apH{pMeTHYeCKHX, HH-
JKEHCDHBIX, NPOrpaMMHupyeMblx (M3 pacuera No MeHbIlnedh
mepe 15—20 1T. Ka)KJOro THNA HA MOTOK CTYAEHTOB
B 100 uenosek). C Hamayuuum 3d@exroMm Kypc MOXKET
ObiTh NOCTABJEH Ha 6as3e KaGHHETOB  BBIMHCJIHTENbHOH
TEXHHKH, OCHAILEHHBIX JOCTATOYHbIM KOJIHYECTBOM Mepco-
HaJlbHBIX MHKpOOBM rTHna «Daektponuka  [13-28»,
«Hckpa-226», JIBK-1, HIBK-2M, <Arar> u T. I

Taasa 1 :
TEXHUKA BBIUYHCJIIEHUY HA MHUKPOKAJIBKYJISTOPAX

- 1.1. O6mHe CBEAEHHS O MHKPOKAIBLKYJARTOPAX

YesoBeuecTBO BCErfia HYXKAadoCchb B JOCTYIIHBIX MAacCCOBBIX H
3¢ deKTHBHLIX cpeAcTBax pyuHoro cuera. Mcropus nokasmiBaer, 4ro
MyTb CO3LAHHA TAKHUX NPHCNOCOGJEHHH ObUI JOATHM H MHOTOTPYA-
HblM — abaK, PyCCKHe CYeThbl, MaTeMaruuecKHe Tabjauubl, Jorapud-
MH4yeckas JHHeHKa, MeXaHHueCKHe apH(pMOMeTpbl — BOT IajieKO He
AOJNHBIH NepedeHb BHIYHCAHTENBHBIX CPEACTB H HHCTPYMEHTOB, B pa3s-
HOe BpeMsl CO3flaBaeMbiX H HCMOJb3yeMblX UYeJOBEKOM. YPOBEHb
Ka)>XJAO0r0 M3 3THX BLIUHMC/JHTENbHbIX MPHCNOCOGNEHHH sABJAAETCS Mpf-
MbIM OTpajKEHHEM HaYyYHO-TeXHHYECKOro MOTeHLHaNa CBOEro. Bpe-
MEHH.

B coBpemeHHYIO 310Xy B He/ie CO3JaHUSI CPENCTB OASl PYUHBIX
BLIMHC/JEHHA NpOH30IIe] pe3KHH KauyeCTBEHHBLIH CKauok: pa3zpaborau
¥ B Hacrodllee BpeMsl HONYYMI IIHPOKOE PACHPOCTpaHEHHE HOBBIH
THN BHIYHC/JIHTEAbHBIX YCTPOHCTB — WIEKTPOHHBIe ManoraGapurHble
KJIaBHIUHbIE BLIYHCAHTENbHblE MALUHHBI, HA3LIBAEMbIE MUKDOKAAL-
xyaaropanu (MK). Maccosoe nponssoactso MK B uanmiell crpane
OTHOCHTCS K KOHHY 60-Xx — Hauany 70-X rofoB HacTOSILIErO CTOJe-
THA. B KOPOTKHH CPOK 3/7IeKTPOHHBIE KANbKY/ISITOPH Gaarofapst CBOUM
noTpeOHTENbCKUM CBOHCTBAM M 6OrathiM (pyHKUHOHANBHLIM BO3MOXK-
HocTsiM (Manble rabGapHTbl, BLICOKOE ObICTpOAeHCTBHE M TOUHOCTH
BLIMHCJIEHH{, IIHPOKHH JHana3on BLIOJHAEMbIX Onepaluil, npocrora
3KCIVIyaTauHH) NMPOHHKIH BO Bce cepnl NeATeJbHOCTH JIoLeH, a HX
IPOU3BOACTBO CTaJO KPYNHOH OTpacibio NpoMbliieHHocTH. B Hacto-

.filllee BpeMs MHKPOKAJIBKYJISATOPH HIMPOKO HCMONAB3YIOTCA B yueGHOM

npouecce cpegHedl ¥ BbICIIEH LIKOJLL.
ITo pyHKHHOH a1 bHbIM BO3MOXKHOCTSIM BhITyCKaeMble B Hauiel crpa-
He MHKDOKaJBbKYJASITOPH pasAeJsiioT Ha TPH THna: apudmernuec-

' KHE, HHXeHepHbie (HenporpaMMHpyeMble) U HpOrpaMMHpYeEMbIe.

Apupmeruveckue MK — 310 HanGosnee npocToie B IKCIAYATAUHH
MHKPOKNbKYJIATOPHl, NpeiHasHaueHHble A/ BbUIOJHEHHS OGBIUHLIX
apudmeruueckux pacueroB. OCHOBHOe Ha3HayeHHe 3THX NPHOOPOB —
BLINOJIHEHHE YeThbipex apHdMernueckux peiicrHil. K aroi rpynne MK
OTHOCSITCS OTEHECTBEHHBIE MHKPOKAAbKYIATOPH «DIEKTPOHUKA» MO-
neneil b3-23, b3-26, b3-30, C3-22, MK-44, MK-55, MK-57 u np.

Hruonceneprnoimu MK (ann MK p/1st HayuyHO-TEXHHUECKHX pPacyeros)
HAa3bIBAOT MHKPOKAJLKYJISTOPH, KOTOpLie 06/1a1al0T BO3MOXHOCTbIO
HE 'TOJIbKO BHINOJHATb apU(PMeTHUECKHE ONepalHH, HO H BHIHACIATH
3HaYyeHHUs] OCHOBHLIX 3JieMeHTapHblX ¢yHkuuiA. K HHM orHocATCA
caefyionMe Moaean «dnekTpounku»: B3-18, B3-19, B3-22, B3-15,
b3-36, MK-41, MK-45, MK-51 u np.

Hpoepammnupyesote MK 06s1a1ai0T BCEMH OCHOBHBLIMH BO3MOXHOC-
TSIMH MHKPOKaJIbKyJIITOPOB YK@3aHHLIX Bbllue rPYIil, 10, KPOME 3T0ro,
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OHH. MOTYT aBTOMAaTHYeCKH BBLHIONHATb LEIYI0 CEepHIo- 3apaHee
' COCTABJEHHBIX KOMaHJ, (HporpaMmy)., BBeleHHYi0 B namars MK ¢ no-
Moulbio: KaaBHarypsl. [lo cBoemy  xapakrepy mnporpaMMupyeMbie
"MK, HecmoTpsi Ha' CBOM. MMHHATIODHLIE pa3Mephl, MPHHIUAHANL-
HO ‘He OTJIMY@I0TCH OT OONbLINX HPOrpaMMHO-YIIP ABJSI€MbIX--2TeKTp OH-
HHIX BhIYHCJAHTENbHBIX Mamue (2BM). K num oTHOCATCH OTEueCTBEH-
Hble Moaenu. «DiekTponuku»: B3-21, B3-34, MK-46, MK-54, MK-56,
MK-64.

MUKDOKaNBKYAATOD npeJJ.CTaB.HﬂeT co0oit MOpTaTHBHBIA BBIMHCIH-
TeJIbHBIH NpuGOp, HMMeIoWMH 1BA-TPH JNECATKA KAABHUI (KHOMOK)
H:CBETOBOM UHAUKATOD (LHCIIeH) AJIst UTeHHS pesy/bTaToB. B cocras
‘MK BXOIHT CHOXHOE CHETHO-pellaoliee YCTPOHCTBO,. coxepakamiee
AECATKH THICAY (QYHKUHOHANBLHBIX 3/1EMCHTOB M coexuHenuii. Yucna
B IpoLecce BLIMUCIEHHH pasMeulaoTcss B .0COOBIX. YCTPOHCTBax
namaT# — peeuctpax. CxeMa OCHOBHLIX B3aHMOCBH3EH MeX1y Kia-
BHATYPOH, MHAMKATOPOM M AOMNOTHHTEJbHEIMH perucTpamu namsTH
usobpaxena Ha pucyHke l.

Ha unpukarope Bceria H306pa)<eHO TO YHCIO, KOTOpOe B JaH-
HEIl MOMEHT XpanuTca B perucrpe uuauxauuu (X). Yucao, HaGupae-
MO€  Ha KJIaBHAType; nomnajgaer B peructp X M TYT Ke BHICBE-
uypBaercsd Ha HMEAMKaTope. Perucrp: X BHIIOJNHAET pPOJb OLHOrO: H3

ONEPALUOHHBIX PETHCTDOB, PO APYTOrO ONEPALHOHHOTO PErHcTpa y -

mMHoOrux mojeneit MK srimonHsier oco6uiil paGouuit perucrp Y. Uncia
B peructp. Y nomagaior M3 perHcrpa X (Hampumep; mocjie Ha)ka-
THS . OnepanHOHHEIX: K/ aBHLIeH: CT0MKeHNs;, YMHOXEeHUA K:ap.). [TamaATs
MK BralouaeT TakXe W IONQAHHTeNbHEE perucTpsl namsaru (1), ko-
‘TOpHIX V- nporpammupyembix. MK. moxer GuiTb Gojee pecarka; a y
NIPOCTEHHINX K HHXXEHEPHEIX KalbKyJAATOPOB, KaK NpPaBUa0, OT OLHONO
go Tpex. OnHo H3 Ha3Ha4yeHHH [ONMOJHMTENTLHBIX PerucTPOB: —
XPaHHTH [POMEXKYTOUHBI®: PE3YNbTAThE BEIMHUCJEHWH;. YTO' NO3BOASET

NPOH3BOAUTL MNOBOADLHO" CJIO2KHBIC RBMHUCICHUSA Gesz BBUTACEIBAHUA -

pesyanaTOB HNPOMEXYTOUHBIX JeficTBUH na Gymare,
KontpoasHse Bonpoch

1 UeM pasiHyaloTCsi OCHOBHbIE THIBL MHKPOKAIbKYJISATOPOB!
apudpmeryueckuie, HHKEHEPHLIE H. MPOrpaMMHpyeMblie?

2. T'me xpansitcs uncia B MK B npouecce BbIHHCTEHUI?

3. Kaxk nonapator uucaa B perncrp X? B peructp Y?

4. Conepmnmoe KaKoro perHctpa Bcerja. Orpakaercs Ha HHJHKA-
TOpe? :
6

1.2. Cnocolbl npeacraBjeHUst YHCE

MHUKPOKaNBKY/IATOPE ONEPUPYIOT YHC/AAaMH, BBOAMMBIMU B NAMSTh
1 H306paxkaeMBIMH Ha UHHIHKATOPE B JECATHYHOH CHCTEMe CUHCIIEHHS.
Bynem cuurare jnnis -onmpenenesHoctH, yro MK Moxer pa6oratb
¢ 8-paspAAHBIMH AecATHYHBIMH unciaMu. Ecin yuecTb eure ofguH pas-
pAn AN u3ofpaxeHWs 3HaAKa uHcjaa, TO Ha Oymare paspsi-
Hylo cetky MK MOXHO u306pa3uth Tak, Kak NOKAa3aHO HA PHCYH-
ke 2. B 3HakoBoM -paspsilie HHIUUHMPYETCS TONBKO 3HAK «—», NpH
H306paKeHun MOJMOMUTENbHBIX UYHCEJN STOT paspsal  ocraercs
cobonubiM. Jnsi OTxeNeHHs LeJNOH uYacTH uucaa .or APOGHOH
HCIONB3YETCH ReCHATHYHas 3anaras (uan Touka). B GoabluHcTBE
c/IydaeB .3amaTasl NpH W306paxkeHHWH 4HCIa Ha HHAWKATOpe pas- .
MemaercA B TOM e paspsage, uro H LHdpa, 3a KoropoH 3a-
narasg ciaepyer®. Tak, Hanpumep, uucao 2,037 Ha HHAHKATOpe
MK, paspsinHasi ceTKa KOTOpOro HaofpaxkeHa Ha DPHCYHKe 2, Gyner
H306pa)kaTbcA TaK, KaK IIOKAa3aHO Ha pHcyHKe 3%%

B MHKpOKanbKyNAITOpax -HCNOAb3YIOTCA B .0OCHOBHOM [Ba crnocoba
NPEACTABNECHHA UHCEJN: C -eCTECTBEHHbIM PA3MEULeHUEeM 3anATol U B
¢dopme ¢ Tak HasbIBaeMmoil . naasawuel sanaroii. EcrectBennasn ¢gopma
TIpeACTaBAEHNs YHcesa HanGosee pacnpocTpaHeHa B «<kapMaHHbixy MK.
B sToM cayuae 3ansitrasi B H306pa)Ke€HHH 4HC/a BCETJa MPHCYTCTBYET
fABHO (cM. pHC. 3), MOXeT pacnosarartbcsi B Jwbom UHPpoOBOM
paspsiie CeTKH, a ee MeCTO ONnpenensieTcs MAH TNpH BBOAE uyHCaa
¢ KJaBHATYypHi, WIH B pe3yjbTaTe BHIMOJHEHHS onepaiud. JIerko Bu-
nerb, uto B MK ¢ 8paspsumoﬁ CeTKOH B (¢opMe C eCTEeCTBEH-
HBIM pa3MellleHHeM 3ansToil MoryT ObITh [Pe[CTaB/eHbl JIHLIb YHCIa OT
+10~7 no +(108—l) AT1oT AMana3oH BHoJHe ofecneyHBaeT BO3-
MOXHOCTb peilleHHs] MHOFHX TpaKTHUecKHX 3azauy. Ecau B pesyinb-
Tare BLINONHEHHsS ONEpaLHH MOMYYHTCS YHCIIO, O MOLYJIO MeHblilee,
yeM 1077, To Ha uunukatope MK c ecrecrsenHoid ¢opmoii mpex-
CTaB/IEHHS YHCe/ BBLICBETUTCS HYJb, 3Hauallihe pa3psabl, He BoLIes-
mye B paspagHywo cerky MK, nponanator. Takne uucna HasbBalwT
Mmauwunuoim Hysrem. Ecid B pe3yabrarte HOJAYyYHTCS YHCIO, HO MOLYIIO

g{.’/’% ~ Paspads vucn
LIt Ty =L [2fo]s]7

Puc. 2 Puc. 3

*B wuekoropeix Mogeasx MK 3anaras npun H3ofpaxkeHHH HAa HHAHKaTope
3aHHMAeT NOJHBIA paspsl, UTO YMEHbIIAeT HA eAHHHUY KOJHUECTBO YMellaeMbIX
B pa3psAgHOH ceTKe 3HAKOB ‘APOGHOTO UHC/A.

**[norma umcino Ha uHgukatope MK sanumaer He npaBbie, a JieBble paspsifnl
CeTKH, ONHAKO 3TO He ‘HMeeT B JAHHOM C/yyae [MPHHIHNHAJILHOTO 3HAHEHMS.
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yucna Manmuce nopaora
, e \ TP
E HEEREEEEN
Puc. 4

Gonbiee, ueM 10°—1, saropurcst curHan mHepenoHEHHS — CHELH-
anbHbIi 3HAK B NEPBOM c/eBa - (3HAKOBOM) paspsiie HHAHKATOpa.

Hawu6onee cosepumennbie monenn MK Hcnonb3yorT npencrasieHHe
uucea B (popMme ¢ miaaBaomell 3anarod. B stom ciyuae umeac
aBTOMaTHYEeCKH mpencrasasiercst B Buge M- 107, rme M — manrucca,

P — NMOPpANOK 4HHCaA, T. €. NOoKalaTesb CTENeHH, B KOTOPYIO HYXKHO-

Bo3BecTH 10, uTOGLI, YMHOXKHB PE3YNbTAT Ha MAHTHCCY, NIOJIYYHTH NaH-
Hoe yHcJ10. [ u306parkenns 3Haka H BeJMUHHBI OPAAKA B PA3psii-
‘HO# ceTke Takux MK umeloTcst cneunaJsibuble paspsiibl — OGHH 3HAKO-
BHI H JBa AJs H306paxeHHd BeJHUUHB nopsgka (puc. 4). 3Ha-
yeHns maHTHcCH B MK ynosaereopsitor yciosuio 1 <CM<10. Tak,
Hanpumep, uuciao 0,000327 npu npencrasnennn B MK ¢ maapa-
wiefl 3anaroii Gyaer npeoGpasosaHo K BHAy 3,27-107* Makcu-
Manehast BelMUHHa NOPSAKA BLIPAXKaeTcd ABY3HAYHBIM YHCAOM 99.
“3T0 Haer OrpoOMHBIH AHANA30H NMpeACTaBJeHHsT uHcen: oT -+ 10°° no
=+9,9999999. 10%, K uncny MHKpPOKaJbKYAATOPOB ¢ NAaBaciueit ¢pop-
MO# TIPEACTABJICHNA YHCE OTHOCATCS OPHEHTHPOBAHHLIA HA CDENHION
KoMy kanobkyasrop MKIU-2, MK-41 u pp.

KoHTpoabume Boupochs

1. Kakne apa.cnmocofa mpefcTaBNeHHS YHCEJH MCHOIb3YIOTCA B
MHKPOKaJbKYJIATOpax?

2. KakoB Mana3oH MPeACTaB/ICHUA YHCEN C eCTECTBEHHLIM pasme-
wendem sandatoil B MK c 8-paspannoR cerxoii? Moxer ju Takok
MHUKPOKAJbKYJIATOP  XPAHHTb  BEIHUHMHY 3apsiia  2IEKTPOH&
(e==1,6022.1071%)?

3. Kaxue uncia Ha3BIBAOT MallMHHBIM HYJeM?

1.3. BpiuKc/eHus Ha apu@MeTHUYESCKHX MHUKPOKAJNbKYAATOPAX

TexHuueckHe 0COGEHHOCTH FKCIIYATAIMH KOHKPETHBHIX MHKPOKAaJb-
Ky/nSITOPOB (0fecneueHHe 3/MEKTPONUTaHHeM, HOArOTOBKA K pabore u
T. II.) He CJOXHBI H OIHCHBAKOTCA B PYKOBOACTBAX IO 3KCHJYya-
ranud, K TomMy e ofulpe NPUHUHUNBL BHYUCJAEHHA € NOMOLILIO
MK opuHakoBBI: /€10 CBOZMTCA K MNOCHELOBATeJbHOMY HaXaTHIO
KJ14BHLI ¢ HM(pPaMU H 3HAKAMH ONEpPAUMH M CUMTHIBAHHMIO PE3YJib-
TaTOB, KOTOPHIE [IPAKTHYECKH MTHOBEHHO BHICBEYHBAIOTCH HA HHAHKA-
tope. Pasauunble MK BO MHOrOM CXOXH H 10 BHEHIHEMY BHAY.
Knaenarypa MK apudmerndeckoro tuna Mozedu <«JIEKTPOHHKA
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 JKECTBOM CXOXHX (YHKUHOHAJMb-

b3-26» mokasaHa Ha pHCyHKe 5.
Kaapuarypa MK cocrour H3s
LM POBLIX H ONEpalHOHHBIX Kaa-
BHII, KOTOpble OOLIUHO OKpamH-
BawoTcA B pa3Hble UBeTa.
Paanuunble MHKpOKAAbKYJs-
TOpBl npocteiiiero (apudpmeru-
Yyeckoro) Tuma o6/1azaloT MHO-

HBIX BO3MOJKHOCTEH, KpYr KOTO-
pHIXx Bce-takd orpanmnyed. K MK
TOrO Kjacca I[PHHAMIEKHT H
Henblil pAx NOPTATHBHBIX Kalb-
KYJSITOPOB, AONYCKAIOWHUX aBTO-
HOMHO® JIEXKTPONUTANKE, H TPYII-
na apugpmernueckux MK Ha- Puc. 5
CTOJIbHOrO THNA ¢ OHTAHUEM OT
cet nepemMeHyoro Ttoxka (rabu. 1.5). BouHcnutesbHble BO3MOXK-
HoctH mnpocteitiiyx MK paccmoTrpum npuMeHUTeNBbHO K o6LIeMYy
cayuawo. [IpH HeOOGXO0AMMOCTH A MJJIOCTPAUHH OTAEJNBHBIX omepa-
uHil Gyayr HCNONb30BATLCS KOHKPETHble MOJENiH KaJbKYJATOPOB.
Beop umcen. [Tpu BBOAe uHcen HCMONBL3YIOTCH UH(OPOBLIE KJABH-
LM, KJaBHWIA ¢ JMecATHYIHoH 3ansToll (Toukoii), a npu BBOAE OTpHLA-

TEJbHEIX YHCEJ — elle H- KJaBHIlA /—/|. Tak, npu BBOJE uHCRa

ol Rl [N N [S]
N (01 |0 e

34,085 nmocaenoBateibHO HAXUMAIOTCS KJIABHLUIU:

AHLEEE

[MocnexcparensuocTb NOsENACHUS 3HAKOB Ha HHIHBKATOpE NPH BhITNOJ-
HEHHH 3TOrO yApaKHeHwus npuBenena B Tabanue 1.1.

Tabuusua 1.1

Broxa Huaukarcp (X)
I 3

— 3

4
[

’ 34,
o]
l 8
l 34,98
.. 34,085




JInf NpUCBOEHHA YHC/AY Ha HHIMKATOPE 3HAKA <«MHHYC» HAH
/51 M3MEHEHHA 3HaKa STOr0 YHC/JAA Ha MPOTHBONOJOKHBEIE HAMXKH-

maetcsl kaapHwa | /—/|. Kak yxe oTMeuanoch Bbinie, 0ToGpaxaeMoe

Ha upauxkarope MK uncj0 OnHOBpEMEHHO pasMeliaercd B omnepauH-
outoM perucrpe X. Tamense uncia Ha MHAMKATOpe (KaK H B perucrpe

Y) ocyuiecTpasiercs OJHOKPATHLIM HaXKaTHEM KJaBHiuH c6poca | C

Mnuorie MK uMeoT knaBuuly |<-|, HaxaTHe KOTOpPOH NpPOH3BOLHMT

O6MeH 'COLepXKHMBIM Mexay peructpamu X H Y: ORHOKpaTHOE
HaXaTHe 3TOH KAaBHIIH MeHSIET cofiepkumoe peructpos X u Y mecra-
MJ, TIPH TOBTOPHOM €€ HaXKaTHH CONEPXKHUMOE 3THX PErHCTPOB BOC-
CTaHAB/HBAETCA B NIEpPBOHAYAIbHOM BHIE. I ralieHus comepRumo-
ro perictpa Y B HekoTopbix MK (manpumep, B B3-23) Tpe6yerca

JBYKpaTHOe Ha)KaTue KaasulIKM c6poca | C|: mepBbIM HaXaTHEM ra-

CHTCA COAepXKHMOe HHAMKaTopa (T. e. X), BTOPHIM — HYJIb HHIHKa-
Topa 3anuchiBdaerca B Y. Cuaenyer 3HaTh, YTO COAEPIKUMOE BCEX
perscTpoB racurcst npu ork/amoueHHn MK or cern. Bropens Gynem
npeimosararb, 4TO Iepej Haya/JoM CyeTa OnepalHOHHBIE DPErHCTPHI
X 4 Y OUHIIEHHL

BuinojiHenne apudmernueckux neidcreuil. OCHOBHOE HasHayeHHE
apudpmernueckoro MK — 370 BEIIIO/IHEHHE ONlepalliil CIOXKEHUs], BHIUH-
TaHMS, YMHOXKeHHsT U JeneHust. 151 BBIIONHEHNUN KaxkZOr0 M3 3THX
apupMETHUYECKUX JeHCTBHE Haj ABYMS NeCATHUHBIMH YHCAaMH HYXKHO:

1. BBectu mepBoe uuc/0. (OHO BBICBEYMBAETCS Ha HHIHKATOPE).

2. Haxatb oany us Knasmul “ |. -+

3. BBecTu BTOpoe YuCIO (IpH 3TOM I[EPBOE UYHCJAO ¢ HMHIHMKA-
TOpa HCHe3aer, HAa HeM BHICBEUHBAETCH BTOPOE UHC/IO),

4. Haxarp . KnaBumyE (1a nunnxarope 'BBICBEYMBAeTCH pe-
3yJbTaT ONepalHy).

IHHpumep 1.3.1. [lna Boiuncienus CyMMBI 13 7+O 9 HYKHO BHI-
NOJHHTH CJAEAYIOLLYIO MOCJE/0BATebHOCTh AeHCTBHiA: -

V3L 74110 -] 9=
L1107

B 6yaymem npu BHINHCBIBAHHH MOCJAENOBaTeNbHOCTH KJIABHII IJIS pe-
wenusd Ha MK BbuHCAUTENBHBIX 3agau He GyAeM 0co60 BbIeNATH
KJIaBHIIH BBOJA YHCeI. DTO CIeTaeT BEIYHCIUTENbHbBIE IPOTP aMMB! 1151
MK Gonee KoMnakTHHIMH H HarnsigHeiMH. Tak, mporpamMma BHINOJ-
HEHUs NMPUBENEHHOTO BbIlE 3a4aHusi Gyner HMeTh BUA:

13,71+ 09 |=].

IMocne naxarust Kjaapuurd| =] Ha HHIOHWKATOpE BLICBETUTCH OTBET:

14,6. B BHIMONHEHUH ABYXMECTHBIX OMepauui, K KOTOPLIM OTHOCSTCS
apu¢pMeTHyecKHe ONepalyy, yuacTByioT o6a onepaluoHHbIX Perucrpa
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MK: perucerp X u perucrp Y. JIas Ayyimero nmOHHMAaHHS BO3MOXK-
HOCTe# MHKDPOKA/IbKY/JIATOPOB IOJE3HO 3HATH I0C/]E10BaTEIbHOCTh
NEPEChIIOK YHCEA-ONepaHAoB B XONe BHUTOAHeHHs onepauuu. llpu
PelieHHM 3aJlaud Ha BBHINOJHEHHE JI0G0H H3 apHPMETHUECKHX onepa-
Uud Hajg AByms uMciaMu B MK OGLIYHO MPOMCXOAMT CJenylolllee.
[Tocie BBOma mepBoro uHcaa OHO pasMmeliaercst B peructpe X (u
COOTBETCTBEHHO BbICBeuMBAaeTcsl HAa mHAMKarope). [Ipn maxaruu on-

HOH H3 Knaaumlﬂ- " | X "—- cojep:kumMoe peructpa X nepecnlna-

erca B perdctp. Y, npuuem cogepxumoe X ocTaercsi 6e€3 H3aMe-
Henus. TIpu BBemeHMM BTOPOro yMc/ja OHO Pa3MeELlaeTCAd B PETHCTPeE

‘X, a ero npexnee cogepxumoe crupaercsi. [1pu naxatun Ha xaa-

BHITY | = | MHKPOKAJIbKYJSATOD BBINOJIHACT MOATOTOBJICHHYIO OnIepauHio

U 3andchiBaer OoTBer B perdcTp X (uMHaukartop), a B peructp Y
3acbliaercsl BTOpoe 4Yuci1o*. 3Has MOPSIfOK MepeMelleHust uHces B
namsary MK B xoie BHIMONHEHUS ONepanud, ONBITHBIH BHIMHCIHTENb
MOXeT HCIIO/Bb30BaTh 3TH YHCAA B NOCAENYIOUIHX BBIMHCIEHHAX 6e3
HNOMONHATENBHOrO BBOAA HMX C KJIaBHATyphl, 4eM MOCTHUIAeTCA 3KO-
HOMHS1 BpEMeHH M rnoBhiniaercs sddpekTuBHocTh BrimHcnenuil. Coaep-
KUMOE ONEpPALHOHHLIX PerucTpoB X H Y NpH BLINOJAHEHHH TIPOrpam-

Mol 13,7 +10,9) =| na MK B3-26 npuseneno B tabnune 1.2. [Tonb-

3ysch Knasmueﬁ, MOKHO MpoHalmiofaTbh 3a COLCPIKHMBEIM pe-

ructpoB X U Y B mpotecce cyera.
Taoanua 1.2

Beon X Y
13,7 13,7 0
13,7 13,7

0,9 0,9 . 13,7
B - 14,6 0,9

Buinonnenne uenouku onepauuit. Kak nokasbigaer paccMOTpeHHbIN
NpUMep, BHIOJNHEHNE paHee YCTAHOBJICHHOH onepauuy ofecneynBaercs

Ha)KaTHEM KJaBHILH E‘,— B 3TOM COGCTBEHHO H COCTOMT €€ Ha3Ha-
yeugue. Opnako 8 MK 3TuUM cBOHcTBOM OOGLIUHO 06/ga4al0T H One-
pailMOHHble = KJaBHIIH |+  ,|—|,, =1; ‘ecaqd BMECTO KJaa-

~ *Y wuekoropuix Mopmesneii MK B peructp Y npH 3ToMm 3achraercs, (Kak 1B
X, pesyabTar BEITOAHEHHOH ONEpaLMH, '

H



BUWIM|=| B DACCMOTPEHHOM NpHUMEpe HakKaTb OAHY H3 onepauH-

OHHBLIX KAaBHHIEH, TO Ha HHAKHKATOpE BHICBETHTCH TOT XK€ pPe3yJbTar,
4TO H B npeapiayniem ciayuae. bosee toro, B pesynbrate MK Gyner
NOArOTOBJIEH K BLIOJIHEHHIO HaJl NOJYUYeHHbIM pe3yJbTaToM apHdme-
THYECKOH omepauMH, KJIABHiIa KOTOpPOH Oblna HaXKaTa mocsenHed.

370 cBoiicTBO kKJaaBHWEH | - ,|——I,,E’ (ero Ha3bIBAIOT HX

8TOPbLM HA3HA4EHUEM) TIO3BOASIET NPOH3BOAMTD LENOUKY apH(pMeTH-
YeCKHX [eHCTBHH, He BBIIHCHIBAsA rlpOMe}K\’TOllHLIX pe3yJaLTaToB H
SKOHOMS UHCJO HaXKaTHH KIaBHIL.

I[Tpumep 1.3.2.I1ycTs pesyiabrar pacCMOTPEHHOTO BHILe JefCT-
BUA CAOXKEHHA HYXHO YMHOXHTb Ha 8,31, T. €. BLINOJHHTb Bbi-
yncnenre: (13,740,9)X8,31. 3anaua peuraercsi 0o Nporpamme:

13714+ 09| X| 83l |=

B atom ciyuyae HaxkaTHe knagumu | X | HPOH3BOAHT YCTAHOBJIECHHYIO

paHee ornepanuo CaOXeHHs H noprorasamsaer MK kK ymMHOXeHHIO.
310 YMHOMXKEHHE ¥  OCYILEeCTBJASETCS 34aTeM HaxarueM KJaBHU-

U_IHB. ITocnenoBaTesibHOCTL HU3MEHEHHS COLEPKHMOIO pPErucTpoB

X unuyYss X04€ BLINOJHEHHST 3TOrC  YIPAXXHEHH BOCHPOHBBE}I{G-

Ha B tabauue '1.3.
Tabaumua 1.3

Baoa X Y

13,7 137 )

M 37 . - 137
09 09 ' 137
] 145 ' 09
831 83l : 146
| 121326 8,31

AnanoruusbiM 06pa3oM MOTYT BEMHCJSITLCS 3Ha4eHHsI MHOTHX apHd-
METHYECKHX BHIpaxKeHHH, B KOTOPHIX HOPSAOK BBIMNOJHEHHS NeHCTBHI
COOTBETCTBYET NOPSAKY HX HanucaHHA. K TakuM oTHOCsTCS, HanpuMep,
Boipaxkennsi Tuna: (a==b)Xc, (a+b)/c4d u np.

A uTo fenaTh, €CH HYXKHO BBHIYHCJHMTH BbIpajKeHHE, NOPALOK NeH-
CTBHH B KOTOPOM He COBIajaer ¢ HOPAAKOM HX HAaMHCaHuA, a

° HEKOMMYTaTHBHOCTb TIOC/JeHell TPERyCMOTPEHHOH OMepanHH He Mo3-

BOJIseT Npeo6pa3oBaTh BhHIPaXKEHHE K ONHOMY M3 YKa3aHHBIX BblllUe
BapHaHToB? K HHM OTHOCATCH, HanpHMep, CJAeAYIOLue TPH MPOCTEi-
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KX BblpaXKeHHsl, BKJAIOYalOUlHe HEKOMMYTaTHBHLIE ONepaLHH BbIYH-’
TaHUA U JNeNeHus: a/(b+c)- a—bXc, a—b/c. Yro Kacaercs AByxX
NOC/IeHHX BBIDAXKEHHH, TO OHH JIONYCKAlOT »KeraeMoe mnpeoGpa-
soBanne: —(bXc)+a, —(b/c)+a. Tenepb 3anaua MOXKeT GLITh pe-

HIeHa C HCNOAb3OBaH#WeM KkAaBHIHU|/—/|, HaxkaTHe KOTOPOH H3Me-

HfleT 3HAK YHcia B X Ha NPOTHBOMOMOXKHLIA. Bo3bMeM 1/1si npuMepa
Boipaxkenue: 17 —2X5= —(2X5)4 17. Bouucnenne o6ecneunpaer-

csl mporpaMMoi: _ _
2 5 [I] /—/)17 [:l

Ilpexxe ueM BLIMOIHUTB CJOXKeHHE ¢ yHcIOM |7, 3Mech ycTaHaBJH-
BaeTcsl 3HAK «—» Mepefl YHC/AOM Ha MHAHKATOpe.

OnHako B KaXAOM H3 TPeX YKasaHHbIX c/iydaeB Jjerde usbexarb
BLIMHCHIBAHHS ITIPOMEXKYTOYHBLIX pe3ysnbraToB Ha Oymare, eciH

BOCHOJ1b30BAThCs KIaBHULUEH ‘
INpuwmep 1.3.3. [lycrs Hano BHIMHCHAHTD 3HAYEHHE BbIpaXKEHHA:
51,8/(9,6—0,35).
CHayaja HYXKHO BEHITOJHHTb BBLIMHTAHuE, a MOTOM JcJeHHe, 3anucH
HPOMEXYTOYHOTO pe3yJabTara MOXKHO H3beKaTb, €CJH nepei BLINON-

HEHHEM KOMAHAB NeeHHSA NOMCHATD MCCTAMH COLEPKHMOE PErHCTpPOB
Xu Y. Buiuucaenne o6ecneunBaercst nporpamMMoi:

96 —|035[=]5,8[]|[=

(OrseT: 56)

Ilopsinox BeluMCneHHH BHACH H3 TaGauubl 1.4,
Ta6awna 14

Bnoa X Y

9,6 9,6 0

B 9,6 . 9,6
0,35 0,35 9,6
B 9,25 0,35
51,8 51,8 9,25
9,25 51,8
Cl 55

3HAUUTEJbHO YNPOWIAETCHA BbINOJHEHHE IENMOYHbIX BLIMHCJAEHHI B
MK, umeromnx pononnHurenbubie perHerpsl namstH (I1). Tlpu ma=

13



JIHYHH OLHOTO JIOTIO/IHMTENILHOTO perucTpa, Kak, Hampumep, B B3-26,

Ha kaasuarype umeiorcsi Knapuui:| CIT|— ramenue copepxumoro

perucrpa I;{ FI 4 }— npuGasnenne uncaa, Xpausinierocst B perucrpe

X (umaamkarope), kK comepxkumomy perucrpa IT;| IT— |— Buiunra-

HHE M3 CO,U,QP)KHMOI‘O perucrpa I1 YHCIa, 3allHCAaHHOro B PErHCTpe

X;| WI1 |— BbI30B uicsa H3 perucrpa s peructp X. DTOT HECJNOXK-

HHIA anmapat NO3BOJsET HM36eraTh BHIIMCHIBAHUS [POMEKYTOUHBIX
pe3yJbTATOB MpH BBHUIOIHEHHH CJOMKHEIX HEMOYHBIX BhHIMHCJAEHHH.

MMpumep 1.34. Bouucaum snawenne sblpaxenus (a-+b)X
X(c+d) c ucrnonb3oBaHHeM HONOJHHTENLHOTO perucTpa maMATH.
IMporpamma umeer BHA:

Clljal+|bl=||TT4]|c|+]|d]| X]|}| BIT}| =

Hekoropoie u3 Gonee mosnuux mozeneit MK apudmermueckoro
THIA UMEIOT HECKOJbKO JOMNOJHHTENIbHBIX PEFHCTPOB NAaMSTH, HCHOJb-
30BaHHE KOTOPBIX NMPeJOCTABASET BHIUUCAHTEINIO 60/bIIHE BO3MOKHOC-
TH A/ XpaHEHHsl Pe3y/bTaTOB NPOMEXKYTOUHLIX NeACTBUH WiH naxke
TI03BOJISIET aBTOMATHYECKH HAaKalJuBaTh HX. PaccMOTpHM AJs1 npume-

' pa HEKOTOpbie 0COGEHHOCTH HACTOJLHOTO MHKPOKAJbKYAsTOpa apHd-
METHYecKOoro tuna «3iekrponnka MK-44», pacmonaraomero Tpemsi
HOMOHUTEIbHEIMH PErHeTp aMU NaMATH, Knaanarypa storo MK #306-
paxena Ha pHucyHke 6.

Pa6ora ¢ nomonuurenbHbiMu- perucrpamMu namaru I11, 112 u 113
ofecriedBaeTCs ABYMSI JIEBBIMH BEDPTHKAbHEIMH PALAaMH K/aBuil. 3a-
NHCh COAEPXKHMOro perdcrpa X B OOHH H3 TpeX AOMOJTHUTENBHBIX

PErHCTPOB MaMATH NPOH3BOAHTCH KaapHmelt| x—T1 [¢ nocaenyomum

Ha)kaTHeM OJHOH U3 uudppoBbix Knapuil | 1|, [ 2 fuan| 3|, cmorps

no TOMYy, B KakoW u3 peructpoB — I1l, I12 wiu TI13 — nanme-
KHUT 3anucarh copepxkumoe peructpa X. AHANOTHYHO NPH BLI3OBE CO-
AepxxuUMoOro oaHoro u3 Tpex perucrpoB Il B peruerp X mnocae

[«] [%] [Vv] [i/x o o
m [ 7] (& [3] [ (Rl
e B = & & EE
[ [z ] (2] (3] [+ [x]
= = [0 O 3 =

Puc. &
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Hama'ma .KJIaBHLllH M—x | naxxknmaercsd ogHa H3 KJIaBI/IHJm

. . onpenessiionias HOMep pemm‘pa I1, u3 KoTOpOro BhI3HI-

paeTcsi HHpopMamusi. [alleHHe COIEpPKHMOro Ji06Oro H3 Tpex
JONOJIHUTE/IbHBIX perucTpos [1 MOXKHO MpoH3BecTH mepechIKOR HyJsi

u3 peructpa X ¢ MOMOILBIO Knaanml Cl, x—I1 | n onno#t us kaa-

suwl 1|, 21, 3 |. lns rawenus conepxumoro perncrpos I11 12

umeloress cneuyanbubte kaasumu | CITH| u| CIT2). Haxaruem knasHut

{111 +| 8112+ copepxumoe peructpa X 106aBASETCA K COTEPKHMbIM

perucrpos I11 u 112, a ¢ nomowmsio kaapum {11 — |u |T12— | cogep-

XHMOe perucTpa X BbIMHTAeTCA COOTBEICTBEHHO H3 COLEPKHMOro
nonmonHuTenbHblx perucrpos Il u T12.

MMpumep 1.3.5. BoUMCAHTb 3HAUEHHE BHIPAKEHHS:
a+tbc—d/e.

Hcnonesyem: peructp ITl. TIporpaMmma Moker uMerb BHA:

a[ x>n |mbcl:l MM+ |d|—+ e[:| 11— || M—>x E]

B MK-44 npenycMOTpeH TaKkKe peXXUM a8TOMATUHECKO20 HaKonae-
HUA, KOTOPBHIH YyCTAHAB/JHMBAeTCS. CHNELHANBHLIM M[epeKIIouaTesNeM.

B 31OM pexume nmpH KakKAOM Ha)XKaTHH KAaBHIIM |= | mojy4yaeMbiii

pesyabrar (coaepxHMoe peructpa X) aBTOMAaTHYeCKH MpuGaBisercs
K COJEPXKHUMOMY TPETbEro NOMOJHUTENbHOrO PErucTpa namsary.
Mpumep 1.3.6. B pexxume aBTOMAaTHIECKOTO HAKOIJIEHHs 3HA:
yeHHe BbIpaXKeHHs Bupa ax-+ by--cz moxer ObITb MOAY4YEHO MmO
nporpamMme (cHauaJja NPOM3BOJHTCS OYHCTKa perucrpa I13):

x—fﬂlaXx=be=cX zlz-\_ﬂ——»ﬂ

PaGora ¢ koHcrantamu. IlpencraBieHne O BHIMHCIAHTENBHBIX BO3-
MOKHOCTAK mpocredwux MK apudmeruueckoro tuna GyAerT HENods-
HBIM, €CJM BLIMHC/JHTEIb HE 3HAKOM ¢ OCOOBIM pEeXHUMOM paborThl
MK, HasbplBaeMBIM pescumoM KOHCTAHT. PeXHUM KOHCTaHT BBOJLHTCA
aBTOMaTH4YeckH B OonbwHHCTBE  Mojened MK, a cyuHoers ero
COCTOMT B TOM, YTO IPH BLINOJHEHHH [BYXMECTHOH apHpMeru-

YeCKOH omepalHu mocje Haxarusa knaBHiM | =| MK sanomunaer

BBIIIOJIHEHHYIO NIPH 3TOM ONEPAaUMI0 H YHCJIO, Nonasiuee B peructp Y
(oHO craHOBHTCA KOHCTaHTOH)., B OGBIUHEIX YCJIOBHAX 3TO He
O3Hauaer HHYero oOcobGeHHOro, OJHaKO eclH BCJAEA 3a S3THM IO-
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Ta6aununa 1.5

fg)pudmemqecme MHKPOKANLKY 1A C aBTOHOMHBIM HCTOUHHKOM nuTanus HacroaHoro tnaa
B : |
DYHKUHOHAIbHBIE BO3MOXK- b3-14 B3-23 b3-24I' | MK-57 B3-26 B3-30 B3-39 MK-33 | MK-40 | MK-53 | B3-05M. | MK-59 C3-22 MK-42 | MK-44
HOCTH -
| 4 apudmeTHuecKuX AeHCTBHS + -+ - -} + - ; -+ -+4- + -+ -+ + + -+ -+
HeficTBusa ¢ koucranroil + -+ -+ 4 + + ‘ -+ -+ + D + + -+ +
O6parHast BeJlHUHHA YHCJIa + -+ + -+ + + —+ -}
Hapneuenne ksaapatHoro -+ -+ - -+ -+ -+ +
KOpH#
Hpouent ot uncsa + + + + + + + + + + + + + +
HaxonseHue B OTAEILHOM pe- -+ - + + + + + + -+ -+ -+
THCTPE NaMsiTH ‘
Beruntanue U3 CoORepKRUMOro -+ + -+ -+ -}~ + -+ —+
perucTpa namsATH :
HakonJsienne HTOroBbiX CyMM . + +
NPOLEHTHLIX Pe3yJbTaToB : .
Of6MeH' COmepKHUMBIM  pe- -+ -+ + -+ -+
rucTpoB X u Y :
W3meHeHHe 3naka uucaa / - - -+ -+ + - - -+ -
Oxpyraenne : E -
Paspsaanocts uucen 8 8 8 8 3 3 8 8 10 8 " 16 16 12 12 12
BTOPHO HaXaTb KJaBUily | =|, TO NPOH3OHAET BHINOJHEHHE XpaHs-
wedcsas B namary MK onepauumu Hag COZEpKHMBIM HHAMKATOPa
U Konctaurtol. HMcnoaszosaunue - KOHCTAHTb! I103BOJIS€T 3KOHOMHUTL Tadauyga 1.6
BpeMsI BbIUHCJICHUSA Bprﬂ)KQHHﬁ, B KOTODbBIX OJHH ONepaHn NGBTO-
psercsd, TakK KakK- oTrnapgaer H606XOIU/IMOCTb €ro NnOBTOpPHOrO BBb,Zla. Boox X Y
Hcnonbaysi pexxHuM KOHCTAHT, BAaXHO 3HATh, KAKOH W3 ABYX oOlle- ‘
panjoB — nepBHIA HAH BTOPOH — B KOHKperHO# Monenn MK ocraercs 2 2 0
B [IAMSATH NOC/I€ BHINOJHEHHS ABYXMECTHOH onepauuy. B GonbliuicTee 0 9
mozenedt MK (k #um orHocsitc apudmernueckue MK B3-23, B3-24, X
B3-26, MK-44 u 1p.) KOHCTAaHTOH CTAaHOBHTCSI BTOPOH oOlepaH. 5 5 2
I[Tpumep 1.3.7. PaccMOTpHM BHINOJHEHUE TIPOTPAMMBL :] 0 5
2 X ;5 ] ] =
= l 50 5
na MK B3-26. IlocnenoBatesnbHocTh neficTBHE npusefesa B Tab- 950 5
aupe 1.6. ‘ ‘ =
IMocne [IePBOr0 HaXaTus KJAaBHILIH I = B HHIHKATOpE HOHBJHGT-

16 : : : ‘ 17




cs-neppoe npousseneHue (10), a npennipyiee coaepkUMOe HHIHKA-
TOpa — BTOPOH onepaHn 5 — nepexoadT B peructp Y H CTAHOBHTCS

KOHCTAaHTOH, Hocneaylomne HaxKarusi KJaaBHIl | =| JAOMHOXKAKT

cozepkumoe perverpa X Ha KOHCTAHTY, WYTO JaerT [0c/]enoBa-

TebHO 50 1 250. PaccmoTpenHblil mpUMep NOKA3BIBART, UTO TPOEKPAT-

HOC HaXKaTHe KNaBHIUH] =1 B JJAHHOM cJyuae MPHBEJIO K BO3BEAECHHIO

B TPETbi0 CTEMEHb BTOPOrO MHOXKHTENS, T. €. OblIO BBHIYHCAEHO
Bhipaxenue: 2X5°=250. B ToM, UTO KOHCTAHTOH CTaHOBHTCA B
JaHHOM cJay4ae HMEHHO BTOPOH onepaHj, Jerko yGeiuThcs, nepe-
CTaBUB OHepaHABl MECTaMH:

P 5%} 2 [=|[=][=].

Bbinonnenne 3T0H mporpaMMBl acT COBEpIUEHHO APYrOH pe3yJbTaT:
5% 2°=40.

BaxHo samerurp, uro B Hekoropeix Mogensix MK apugpmeru-
UeCKOr'o THIa KOHCTaHTHAasi aBTOMAarHKa cpa6aTLIBAET He TOIBbKO MHpH

Ha)KaTHH KAABHIIM | =|, HO M NpPH HaxkaTH¥ kaasuw {+|,{—1,
X|, |+]. B aroM cmbiciie BbINOJHEHHE, HANpHMEp, NPOrpamMM:
"

2| x]|3{x][x}[{x]

JlacT OfHHAKOBHIH pesynbraT. OTMeTHM JBa IOYYHTENBHBIX NMpHUMeEpa
NPOCTEHIINX BbIYHC/IEHHH, OCHOBAHHBIX HA HCIO/Jb30BAHHH KOHCTaHT-
HOH aBTOMaTHKH.

IIpumep 1.3.8. Bosseneﬂue B LEIYIO nonox(me.nbuyro CTeNeHb.
ITycts Tpebyercs BeluMcauth a”, rae n€N. Buuucienue obecre-
yUBaercs NporpaMmoi:

al X||=1]=] ..]=

‘n—1 pas

Ha MK, y KOTOpHIX pe:XKHM KOHCTaHT BBOAHMTCS TAaKXe H K/IAaBHIIAMH
apudmMeTHUecKHX JeHCTBUH, nporpaMma MoxKeT GuTh Goee ynoGHOM:

a | X[|IX]..1X

N — g o———
n pas

Paccmotpum gz npumepa Bouucienue 12°. [Iporpamma Gymer

HMETb BHJI!

121t [ x| x| |x![x].

Xoz BoiMHCTeHHE BUACH H3 TaGaunbl 1,7,
18 .

Tatanuna 1.7

X Y

12 0

Beoa
12
12 12

I < | 144 12
% : S 1728 12
< _ 20 736 12

I

1 -

X 248 832 12

Mpumep 1.3.9. Boluncaenne o6parHofl BeHUHHBI YHKCIA.
KnaBuarypa Hekoropblx apH$pMernueckux MK Hmeer knasuily

1/x{, ¢ mnomompio KOTOPOH oOOparHasi BeJIHUHHA HAXOAUTCHA

apromMatHuecku mno nporpamme: x| 1/x|. Ecau rakoil KraBHIH

HET, TO NepBoe, YTO NPHUXOAHUT B IFOJOBY, 3TO BLITOJHHUTL MporpamMmy:

1|+l x|=

Crocob BiuMCAeHHA HeynoGeH H3-3a Heo6xomuMOCTH HabupaTb Ha
KaaBuarype naBa.uucaa (1 # x). D10 Heymo6CTBO. 0COGEHHO He-
MIPUSITHO, €C/iM X YKe umeercs B perucrpe X (Hampumep, Kak pesysb-
TaT BPEeAbILYLUIHX BHIMHCHeHH). Dosee panuoHanpHO 3apava MoOXer
6BITH pelreHa NporpaMMoi:

xXt=t1=1]=1

HeoxnaanHocTh npHeMa oOBSCHAETCH KOHCTAHTHOH aBTOMAaTHKOH.

‘IlpuBoaum mwist npuMepa XOA BBHIMHCAEHHH NMPH HAXOXIEHHH 3Haue-

nus '/s (rabauua 1.8).

Ta6anua I8

Boox X Y

0,2 5

LefLefe] -




IMocsie BToporo Ham)aTHA KIaBHUIH | - | HA MHAKWKATOpe MOABJASETCS

1, 4r0 maer npPH NOCAEAYIOIeM HAaXKATHH 3TOH K/AABHILH 4YHUCJIO,
obparHoe 5.

KoHTpouabHBEe BONpoOCH

1. Kakue KnaBHIIH HCHONBL3YIOTCH JJsi BBOAA UdCea HA HHIHKA-
TOp?
2. KakuMm crocofoM OuHIAIOTCA OnepauHoOHHbe peructpbl X i Y?

3. Kakopo.HasHayenue KJAaBULIH | <>|?

4. Kaxopa rnoc/efoBaTeNbHOCTb MEHCTBAH BBLIYHCIHTENA TIpH
BhimojHednn Ha MK apudmernuecknux onepauufl CcaoKeHusr, Bbl-
' YHTAHHH, YMHOXECHUS H JeeHus? ‘

5. KakoBa I0c/€10BaTebHOCTb MEPeMElleHHs uYHCeJ B onepa-
uuoHHbIX peructpax X H Y B Inpouecce BBIIOJIHEHHS apH(pMeTH-
4ecko# onepauuu? ‘

6. B uem cocTouT BTOpOe HasHaueHue kiaaBuue# |41, 1 —|1,

XKl | +1?

7. B uem 3aK/7TI0MaeTCsl PEXHM KOHCTAHT H KaK OH MOMET GbiTh
HCIIOJb30BAH B BLIYHC/IEHHAX?

YnpaxHeHus

1. 3anonuuts tadnuuy !.9, npocaeiuB ¢ NOMOUILIO KJIABHIIM

<—>l 3a cbﬂ,ep}xHMblM perucrpa Y.
Taéaunuwa 1.9

Broa X Y ’

23,3

[]

85 _

-]

Ha ocHoBauuu TaGauubl cAenaTh BHIBOA O TOM, Kakoe H3 UYHCEe

nomeitaer MK B peructp Y npH Haxkatuu KJlaBHUJHE.
2. CocTaBHTb NpPOTrpaMMbl BLIYHCAEHHS 3HAYEHHH BbIPAXKEHHN
BHA: ) - -
a) (uxv)Xi; B) uXu/ft;
6) (ud=v)/t; r) (uv)Xt+w.
20 '

3. CocraButh HporpaMMbl BbIMHC/AEHHS] 3HAa4YeHUH BBbIpaXKeHHH,

ucnonb3yst kaasumy | /—/| =
a) u—ouXt 6) u—v/t.

4, CocTaBUTh NpOrpaMMbl BBIYHCAEHHA 3HAYeHUH BbipaXKeHuf,

1) wucmomesys knaBuwy |[<>|; 2) Hcmompsys  gonmosmHHTeNb-

HEI{ perucTp naMmsru:
a) u/(v+1; B) u—vXHE
6) u—uv/t; r) u—v/{t—w);
) u—@w+t/w—g;
e) (u/(vXi+w)—g)/v—r.
5. 3anonuurs tabauuy 1.10, npocjeiuHs € NOMOLILLIO KJIABHLIH

<+>| 32 colepXKUMBIM perucrpa Y.

Ta6auua 1,10

Y

[
=)
IS4
=1
>

rfialiulelils

Ha ocuoBanuu TaGauibl clelaTh BHIBOZ O TOM, Kakol H3 ome-
paHZoB — NepBhi WK BTOPOi — cTaHOBUTCHA B AaHHOM MK KoHcTaH-
TOM. ' . ' :

6. CocTaBuTh mporpaMMbl BLIMHMCJEHHA 3HA4YeHHH BBIpaXKEHHH,
YUNTHIBaA KOHCTAHTHYIO aBTOMATHKY:

a) a®; 6) x/y% B).a°b"

7. Tlo 3a1aHHON NpOrpaMme BOCCTAHOBHTD Bbip aXKeHHe, 3HAYCeHHe
KOTOPOrO BBIMHC/ASETCS:

a) a|X||=||+]| o= || c|=}

6)a-—:—- b<—>= = —1 C || | =

21



1.4.: MHKPOKANbKYJIATOPH HHIXEHEPHOTO THHA

Paccmorpenne BHMHCIHTENbHBIX BO3MOXHOCTEH MHKDOKAJbKYJIs-
TOpa HHXKeHepHoro THna (taba. 1.15) Haunem ¢ momenn «DiekTpo-
HHKa bB3-18» — mepBoro HauGo/Mee MAacCOBOrO OTEUECTBEHHOTO
o6pasua MK, npeanasnaueHHOTO A5l HAYIHO-TEXHHYECKHX PaCueros.
Hmenno na npumepe sroit Mogenn MK mHpokHe Kpyru mojib3oparte-
Jed CMOIJIH BrEpBble peanbHO OIYTHTH YPOBEHb KOCTHXKEHHH B
o6jacTél TIOPTAaTHBHOH BBIMHCJHTENBHOH TexHHKM. H3roroBjieHHble
MacCOBbLIM THpPAaXOM «DJieKTpoHHKa - B3-18» Bmecre co cBoHMH
moandpuxanuamu B3-18A u B3-18M u cefiuac eme HMeloT wHPOKOE
npuMeHeHde. KmapnaTypa MHKpDOKaJIbKyJSITOpa NOKa3aHa Ha PHCYH-
ke 7. Ecau cynuTh no HanmucaM Ha kaasHmax, MK B3-18 o6aagzaer
BCEMH BO3MOXHOCTSIMM DacCMOTPEHHOro BHILE apH(MEeTrHYecKOro
MK. Opnako BosmoxkHocts MK 3toro kinacca smawurenbHo Goraue:
B HHX NMPEeAyCMOTPEHO HENOCPENCTBEHHOE BLINHCAEHHE HATYPajbHbIX
H JIECATHYHBIX JIOrapH@MoB, aHTHIOrapH(PMOB, TPHUTOHOMETPHUECKHX
H OOpaTHHX TPHrOHOMETPHUYECKHX (QYHKuMH, KopHeH, creneHei
OGpaTHLIX BENHYUH ACHCTBHTEbHLIX YHces. XapakTepHoh A1 MHOTHX
Mogenel HHxenepHHX MK oco6eHHOCTDIO SIBASETCA HANHYHE KAABHIIH

- COBMeEIEeHHOH - (DYHKHHH , [103BO/IsIIONIEH HCIOAB30BaTh Kaxaylo

KJIaBHUIY /51 BHINOJHEHHA NBYX ONMepaunHd — B COOTBETCTBHH ¢ €e
npsIMBIM HasHaueHHeM, o603HAYEHHBIM HAa CaMOH KJIaBHLIe, a Takke
COracHO-Ha3Ha4YeHHo, c603HavYeHHOMY HaJA KaaBHiedl. B o6GblunoM
pexHuMe Kaxaasi KiaBuilia HCIOAb3YETCH B COOTBETCTBHM ¢ 0603Have-
HHeM, clleJlaHHLIM Ha camo# Kaapuule. [Ipu KelaHHH HCHONB30BATHL
KJIaBHILIY JJ51 BBIIOJHEHHS (DYHKIMH, 0603HaYeHHOH Haj KaaBuie,

CHaydaJia HaXHuMaercd K/JlaBHIIa , yCTaHaB/JHBaWillasi DPEXKHUM

“cosmelnenusd. CHsTHE pexuma
COBMEIIEHHs OCYIIeCTBJACTCH

knapuuret | CF |

ln__lg ¥V~ ‘xeN CF [pn u306pakeHHd BHIYHC-
71819\« [ C JIMTEbHBIX TNPOrPAMM - C  I10-
: MOINbIO  KJMaBUm  Mbl  Gynem
ex 10~ x¥ WM 3AN | wucnosb3oBaTh NMPUHATOE paHbile
4 Sﬁ 6 = |[/=/ HX O0603HAYEHHE — KBAApar ¢
‘ ) | - ., BIIMCAHHOH BHYTPH (YHKuHEH —
sin cos  tg X HE3aBHCHMO OT TOrO, n306pa>xeu-
‘ - Ha JH 3Ta QYHKUUS Ha camol

112 X || = KJaBHIIe HIM Haj HElo.

. BBOn uyHcen B HHXKEHEpHLIX
arc MO+x2 AgB N+ N- MK nounssozurcs no Tem xe npa-
O . F ' + — |I: BHJAM, 4yTO U B MPOCTEHIIHX KaJIb-

L h Kynaropax. Ecan  npm  arom
Puc. 7 ‘ uMeerca Kaapuwa [ IB | (nau-

22

“Iolel o6men comepxuMbiM peructpoB X u Y, KoMauaa |.F | xT1

Hble BOCCTAHOBAEHB!), TO €10 MOXKHO BOCIOJB30BATLCH HAS HUCTIPaB-.
JieHHs] OINGOUHO BBegeHHOH mocaegHell uudpsl. Flycrs Bmecto 3,14

-omuGouno sBeneno 3,17. Micnpasnenue penaercs Tak:

. nB| [ CF | 4.

Knasuiwramu B | ycrpansiercs omnGouno usGpannas uudpa 7,

knapuuia | CF | enumaer p'e}imM COBM€EILIIECHUA H NMO3BOJACT NPOAOJI-

XKHTb BBOJ HEDp. Pasymeercd, nono6Hyl0 npouesypy MMeeT CMBIC/

IpOAENBIBaTh JHUIb B TOM C/yuyae, KOrAa oOmIHOKA BO3HHKAeT Ha

MO3/(HEM 3Tane BBOJA yHC/JIa ¢ GOJbIIHM KONHYECTBOM 3HAaKOB.
KnaBnatypa wuHxeHepHbix MK wuMeer oGbUHO creuHaAbHYIO

_KJIaBUUY IS BBOLA YHC/AA 7, PaGOTAIONIyI0 HIH B APSIMOM peXuMe,

unu B pexxume copMenienusi. Tak, B MK B3-18 BoizoB Ha unaukarop

yHesa nn obecIeyrBaeTCA HaxKaTueM KiaaBHLI . i

Buinonnenue apudmernyeckux aedcrsuit. Hapsany ¢ perucrpamu
X u Y unxenepuole MK HMEIOT NONOMHHTE/IbHbIE PErdcTpbl MaMATH
(IT), uro no3BonsieT YMEHbWIHTb HJAH cOBCeM u36GeaTb 3amHcel
NPOMEXKYTOUHBIX PE3yJbTAaTOB B LENOYKaX apHpMeTHUECKHX NeHCTBHIL.
B mogensix MK B3-18 HMeerca oQHH [OMONHHUTENbHHIH pErucTp
namaTH. [epechinka uncna us perucrpa X (uupuxkaropa) B peructp [1

NPpOHU3BOAHTCHA HaXaTtHeM KJIaBHII 3AIll , H3BJCUYCHHE 4YHCaa

u3 pervcrpa I1 Ha HHEUKATOP — KOMaHoil HUIl|. UBTOM U B

IpYroM cjyuae cTHpaercs IPeKHee CoepKHMOe PErucTpa, B KOTOPhli

Npous3BoAUTCA 3amuch. [1o aHajoruu ¢ Knaaumeﬁ', OCyu1ecTBJA-

HPOU3BOAHT MEPECTAHOBKY COAEPKUMOro perdcrpos X u I1. Baanmo-
aedcrere peructpoB X, Y u IT ¢ nomoumpio ykasaHHBIX KOMaHx B
MK B3-18 nokasano na pucynxe 8. ['amenne cogepKUMOro perucrpa

I1 npoussonutcs komanmo# | C 3ATIl

“ PETHCTP X @

PETHCTP Y - s PETHCTP 1.

(HHAHKATOP) @

-

Puc. 8
23



Paccmorpum npumep apH($MeTHYECKOTO BHIMHC/AEHHSE C HCIIONb30-
BaHHeM perucrpa Il
MMpumep 1.4.1. Tlycts TpeGyercss HaHTH 3HAYEHHE BHIPAMKEHHUSA:

2,6%3,748.1%0,9.
Ecan perucrpy maMsTH OYMINEHBI, BHHHCAEHHE O6eCcHeyHBaeTCs
nporpaMMon:
26 xl37[=1[Fl[3Aan]81[xloo(= +I/HI =1.

JIBHKEHHE YHCel B PErHCTPAX B XOJe BHINHCICHHH MCKa32HO B Tab-
auue 1.11.

Ta6aunma 1.11

‘BBOﬂ. X Y ‘ I1
2,6 2,6 0 0
|>< 2,6 } ] 2,6 0
3.7 3,7 2,6 0
|= 962 3,7 0
r |[3an 9,62 Y 9,62
8,1 8,1 3,7 9,62
X 8,1 8,1 9,62
0,9 0,9 8,1 9,62
= 7,29 0,9 9,62
P
+1 7,29 7,29 9,62
F jfun 9,62 7,29 962
= 16,91 9,62 9,62
Miukpokanskyastop B3-18 wumeer wnapuum (I14-1,1T1—{,
IT+x*|, ¢ nomowsio Koropbix peructp Il MOXHO HCHONB3OBATh

B KauectBe . CcymMMmaropa /Jjsi HaKONJIEHHA pe3y/abTarToB. Komannn

n+,|_F‘| n—|,[F] [T1+x

OCYIIECTBJISIOT COOTBEICTBEHHO NPHUGABACHHE K COLEPXKHUMOMY peru-

crpa Il uucna na HHAHKaTOpE, BLIMHTAHHE H3 cogepxumoro I1 yucaa .

Ha MHAMKarope, npuGasieHHe k conepxumomy Il kBaapara uucna
24 ’

Ha unjpukarope. Mcnonb3oBanue 5THX KIaBHI NO3BOJSET BECTH BHI-
YHCJIeHHS ¢ OJHOBPEMEHNHEIM HaKONJIEHHeM Pe3yJbTaTtoB.
Ilpumep 1.4.2. Bupaxenue BHAA:

X1X2+y1y2—2122
MOXKeT ObiThb BLIYHCACHO TO Tporpamme:

xlXx2=E BAM | yi | Xfy: | =

H+21Xz2=H—EI/IHJ.

IIpumep 1.4.3. Ilycts Hano BHIMHCIHTL 3HAYEHHE BbIp aXKEHHA:
a?+ b2,

3anaya pemaercst nporpammoii:

a‘n+x2 b %2 c’n+x2 ' WM

BriuMc/ieHHe 3HAYEHHl BHIpaKeHHi, copepXKaulUX 3JeMEeHTapHbIe
dyskunu, [Iaa moayueHHs 3HadeHMH ¢yHkuufi Inx, lgx, /x, e,
10%, sin x, cos x, tg x, 1 /x.na MK B3-18 Hapo BBecTH x Ha HHAHKATOD,

3areM noC/eAOBATE/IbHO HaXKaThb Kaabuily B Kaasuuly, Han

KOTOpOH HanmucaHo HasBauue HyXHOH ¢yHkuuu. Hanpumep, lgx
BLIHUCASIETCH CAELYIOIHUM 06pasoM:

x| F| |lg

Bouncnana snauenne dyuxuun x/, MK ucnoabsyer npencrasienue

xy=e//lnx,

TO3TOMY Y MOXKeT ObiTb NPOM3BOJbHBLIM, HO X O0f3aTEILHO JLO/NKEH
6uiTe nonoxurenbuniM. [as nonydeduss x’ Ha MK B3-18 Brimoa-

HACTCS Tporpamma:
CEAEE

Jlns BeluMc/ieHHs 3HauYeHHH o6paTHBIX TPHIOHOMETpHUYECKUX YHKUHH

(arcsin x, arccos x, arctg x) monwaylorcd kiaasuinedi | arc|: BBogAT

Ha HHAHKaATOp 3HAa4Ye€HHEe apryMeHTa X, 3aTeM Ha>XUMaror KJAaBHILHU

F| | arc| u oany u3 knasuw | sin |, | cos {, |tg|. Buiuucaenns c

TPHUIOHOMETPHYECKHMH (DYHKIHAMH MOTYT BECTHCh B IBYX PeXHMAaX —
AJISl 3HAYCHHUIl aPryMeHTa, BHIPAKEHHOrO B TPafyCHOU Wi pajuaH-
Hoi Mepe. JI/1i YCTAHOBKM TOrO WIH HHOT'O PEXKHMa Ha MepeaHen
nanenn MK HMmeercss B 3roM ciayyae creuHadbHBIH HepekJoyaTenb
«rpag/pan».

25



ITpumepsl NpOCTEHRIINX BbIMHC/IEHHH € HCNOAb3OBaHHeM YHKIH#H
npuseaeHsl B Tabauue 1.12. B tex cayuyanx, Koraa nosoxeHue mepe-
Knouarens «rpan/pan» 6e3pasqHYHO, B COOTBETCTBleI.L{eH rpace
TaGaUIbl IPOCTABJEH [IPOUEPK.

Ilpr BbLIMHMCAEHMH CJIOXHBIX BRIpaXKEHHH, COmepKailluX JieMeH-
TapHele GYHKUMH, AJIA 3alOMHHAHHA NPOMEXYTOYHBIX PE€3YJbTATOB
MOXHO HMcHoab3oBarh péructp Il. Jdeno, onHaxo, ocjaoXKHSAETCS TeM,
uro mpH BouucAeHMH Ha MK 3HayeHuil anementapHuix ¢yHKumi
(kpome +/x u 1/x) wcnoabsyercs peructp X. DTO O6CTOATENBCTBO
NpHHYXKIaeT Nepel KaxKAhM BhIYHC/IEHHEM 3/eMeHTapHOH (YHKUHH
OpenbAyIlal NpoMeXyTOUHBIH pe3y/abTaT nepechliath B peruerp IT,
uYTO YIVIMHSET Qpouecc cyera (KaK GBLIO OTMEUEHO BhINIE, 3TO He
OTHOCHTCS K BHIUMCTeHHAM (yHkuuit +/x u 1/x).

Ta6auya 1.12

Buipaxenne erpag/pans IMporpamma Orger

sin 98° «rpam» 98| F jl sin - 0,990268

co0s 0,6 «pai» ‘ 0,6 I I 0,825336

160,9 — 150, 9 12,284136

2,678 S 26| F BSE 37,74834

arcsin 0,83 «rpag» 083) F {larc 56,09873
[ .

arcsin 0,83 ) «pan» 0,83 E Jlarc] sin 0,979107

cos 79°187 «pan» 18f +160{ -+ {79 | F {lcos 0,190809

ITpumep 1.44. Hano BbIUMCIHTL 3HAYEHHE:
8,3

/37,9

3agaua pemaeTCﬂ o NporpaMme:
83[=]379 V=
(OrBeT: 1,3482129.)

[Tpumep 145 [as BouicaeHuss aHaJOTHYHOTO N[O BHAY
BBIPAXK €HHS :

0,6
sin 0,84
26

norpebyercsa yxKe HHAasi MO Xapakrepy nporpamma:
0,84 [ F| [ sin - 3an| o6 =|[ Fl[un][=
{OrsBerT: 0,8057552.)

3aMerum, 4TO B JaHHOM CJIy4ae MOXHO COCTAaBHTH GoJee KOpOT-

Kylo nporpamMMmy, €CJH BOCIONB30OBaThCH KnaBuiei |« :

084 [ F| [sin _:'| 06 [<] [=

Bropouem, Bo MHOrHX Clydasix NPH BLYHCICHHH CJIOXKHBIX BhIpaKe-
HuH ¢ dynknusamu Ha MK ¢ orpaHudCHHBIMH  BO3MOXKHOCTAMH
3anOMHHAHHA lLejlecoo6pasHee BHIAKCATh NIPOMEXKYTOUHBI pe3yJbraT
Ha' 6ymary BMeCTO TOro, 4yroOGbl TepATb BpeMs Ha  O0AyMEIBaHHE
W peanusanudio uypesMepHo XHTpoyMHOH nporpammul. [locaennee
onpaBAbLIBaeTCs, MOXaJyi, JHIIb NPU HEOLHOKPATHOM HCMOJbL30BAa-
HAH TaKHX APOrpaMM IJs PasJHYHBIX HCXOAHBIX RAHHBIX.
ITocaenyolilee coBepuieHCTBOBaHHE (YHKIHOHANBHBIX CBOHCTB
HHKEHEPHBIX MHKPOKAJbKYJAsITOPOB NpPHBENO K peaju3aliiM HOBLIX
JONOJIHHTE/bHBIX BO3MOXKHOCTEH: pacliHpeHHe YHCIOBOro JHanasoHa
nyreM YAJHHEHHS! pa3spAAHOH CETKH H BBeJeHH#A Iasawuleil GpopMbl
Npe/CTaB/eHHA YHCeN; YBeJHYeHHe YHCIa AOMOMHHTENBHLIX PEFHCTPOB
NaMATH; HCKJIOYeHHe PeXHMa COBMELIeHHS KIABHII, YTO 3KOHOMMT
BpeMA BLIYHCJAHTENSI, HO TNPHBOAHT K pACHIMPEHHIO KJ/aBHATypHI;
BBeJleHHEe NPHODHTETA ONepaiHi, a Takke CKOGOK, peryjHpyloulHx

MOPSIAOK BBINOJHEHHS HefCTBHH, YTO CyHIeCTBEHHO obJieryaer

BLITOJIHEHHE LEMOYHBIX (WJIH, KaK TOBOPSAT HHOrJa, CMEIIaHHBIX)
BhiuMc/JeHHA. B TOH HJH HHOH Mepe IepeyHC/IEHHbIE BO3MOXHOCTH
peajn30BaHblI HA PasHbIX MONENSX COBPEMEHHBIX MHKDOKAIBKYJISATO-
pOB HHKeHepHOro tumna, takux, kak MKII-2, MK-41, MK-45 u ap.
Paccmorpum Gosee mojapo6HO XapakTeplble OCOGEHHOCTH OJHOIO
H3 HHX — HACTOJBHOrO MHUKPOKAJBKYAsiTOpa «DjeKrpoHHka MK-41».

-Mukpokanbkyasitrop MK-41" umeer 14-paspsiauniii HHAMKATOp,
npefiycMaTpHBAIONMINA [Ba - peXuMa MNPEICTABACHHS UHCED — C
€CTECTBEHHEIM pasmellleHHeM 3anfATofl M. ¢ miaBalouied 3ansTo
(cMm. m. 1.2). JleBniit KpafHuil paspsf, Kak OGbIYHO, mMpeAHa3HaYeH
IJIs H306p a’KeHHA 3HAKA < — » OTpHIATENBHOrO YHC/IA (3HAK <+ » He
BoicBeyuBaercs). /A n3o6pakeHud 3Havamed 4acTH Yucaa UCTONb-
3yloTCA clefylolnHe JecAThb pa3psAnoB HMHAHKATOpA; NMOCAENHHE TPH
pa3psila B peXHME C eCTECTBEHHbIM pasmellleHHeM 3anfAtofi He
sajefcreyorcss. Orcioa clelyer, YTO 3TOT PEXHM JONYCKAeT
paboTy ¢ uHMCIaMH M3 [OBOJDbHO-TAKH BHYHINTEJLHOFO AMAaNa3oHa:
or +107° go =+(10"°—1).

Hasa pa6GoThl ‘¢ 4HC/IaMH, BLIXOASIIIHMH M3 YKa3aHHBIX TDaHHIL,
HCIIONIb3YeTCH NPEACTaBJIeHHe YHcel B (popMe ¢ HraBamwiled 3anaToH.
B srom cayuae jpecATh paspsifoB, BMELIAIOIUHMX 3HAUAIYIO YacTh
YHCJA, HCOOAB3YIOTCS IJs1 H300pakeHHA MaHTHCCH, a CJeayloulHe
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3nax Jran nopadxa
yucna Maumucca & flopaiox
¥ - - - \ ey
-2, 3|1 41510 |1 91512 113
Puc. 9

TPU — ANl W306parKkeHHs 3HAKA M He Gojee uyeM JBYX3HAuyHON
BEIMYMHE nopsigka (Ha pucyHke 9 mokasau mnpuHmep usodpameuua
Ha wuHpukarope MK-41 umcna —2,314501952.10'%; 3naxoBbii
paspsa Mopsiaka He 3aHAT, IOTOMY 4YTO, KaK H NpH H305pa}KeHPIH
3HaKa caMoro uucjaa, 3Hak «-+-» He BobicBeunBaercd). OueBHAHO,
YTO HCNONL30BAHHE IniaBalomed GopMBl TUpeNcTaB/AEHHS = YHCEN
CHJIBHO paciuupser QopMaabHbifl nHanasoH HX TPeNCcTaBIeHUdT;
‘TEXHHYECKHE BO3ZMOXHOCTH KaNBKYJISITOpa AOMYCKAIOT OIepHUpOBaHHe
¢ [0-paspsaauriMH HOJIO}KHTEJIbeIMH H OTPHUATEIBHBIMH HHCIAMH
B fuanasone or == 107% g0 +10%

Knasuarypa MK-41 pa6oraer 6e3 pexuMa COBMEILeHHS U HMeer
36 kaamuw (puc. 10); Ha mepeaHell nauesu pasMelleH nepek/ioya-

TeNb «rpan/pan». [as BBOga UHMCENT HCHOAL3YIOTCA UuppPOBHIE
KJAaBHUIN o*rl 0 I,uo' 9 |, xIaBHIUA JECATHYHOM sanﬂToﬁD,maBH-

11a H3MEHEeHHst 3HaKa | /—/| u K1aBuia Beona nopsaka | BIT|. Ipu

BBOJAEC yucaa B (bOpMQ ¢ fiaBaloiiell 3ansToi nocse BBOJZA MAaHTHCCH

Haxumaercs kaapuma | BI1 { u uvdps nopaika. Eciu nopsgoxk or-

pHIlaTe]eH, HaKUMaeTcs Kiasuwa|/—/| (unu cpasy moc/e KIaBHLIH

BIT}, min mocie na6opa nepsod WiIM BTOpo#t LUl MOpsAKa).

IIpumep 1.4.6. lua Beoga Ha unpukarop MK-41 uncia, u3o6-

Tran/ PAR

HOE
C&EE
HEE

ElEEl =]
— 3 |
SIEIEE
S - |.
2] & [E] 5]
[=] (=] [+
S]] [=] )

Bl [=] (]

‘ Puc. 10
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paxeHHOTO Ha PHCYHKe 9 KJIaBHIIH MOXHO HaXaTh B CJIellleLU.EM
nopsiike:

lfﬂ%ﬂﬂ%iﬁﬁW%ml-

‘Cnenyer sameruts, yro 8 MK-41 npu BBoZie OTpHUaTeNbHOA MaHTHCCH

3HaK «—>» He MOXKeT BBOAMTBCS IepBLIM: KiaBuuy |/—/| cienyer

HaXXHMaTh 1oc/ae JI060# Mo MopsAKYy HpPH MaHTHCcH. Jlas-raiue-

"HHA copepxuMoro HHaukatopa B MK-41 HMeerca cnenuanbuas

knaphwal| Cx ; €10 MOXKHO TIOJIb30BaThCA, B HaCTHOCTH, NDH HCNIpAB-

JICHHH ONIHOKH BBOAA MyTeM IIOBTOpHOro HaGopa uucaa.

Kak ormeueHo Bhulue, paspsanHas cerka MK-41 Bmemaer 10-pas-
pAnuble umcsia. He Bcerma, omHako, B BbMHCIEHHSX TpeGyercs
coxpaHsiTh 60abLIO¢ KOMnuecTBO IHpp mociae sansarol. ns peryin-
pOBaHHUSl KOJHYeCTBA HECSTHYHHIX 3HAKOB nocie 3ansarod B8 MK-41
MpEAYCMOTPEHA BO3MOXKHOCTh YCTAHOBKH JI0G0r0 JKelaeMoro pexuma
oro6pakeHnsl 4yHces Ha HuHAHKartope. IIpM HCnoAb3OBaHHH npen-
CTaBJIEHUsA YHCEJ C eCTeCTBEHHBLIM pa3MellieHHeM 3anfAToH 3TO KOCTH-

raercst myTeM NOC/AELOBATENbHOrO HaXkaTHs KIaBull | arc I , | nl,
rae — OJIHA H3 LH(POBLIX KAABHUI, ONpPeLe/sionas KoJu4ecTBo

JecsITHYHBIX 3HAKOB HOC/€e 3anfAToH. 3ame'mM, 9YTO MpH BKAIOYEHHUH
KaJnbKyJsTOpa HHIWKATOP aBTOMATHYECKH YCTaHaBJHUBaeTCA B PEXKHM

arc D , T. €. IOCJIe 3aNSTOH BLICBEUHUBAETCS ABA JAECHTHUHBIX

aHaka. [lepeBox B pexxum 4yHces ¢ IIaBaoLled 3ansTOH NpOU3BOJUTCA

KoMaugol | arc , rae ——om{a H3 UHQPOBLIX KIaBHll,

onpenenfionias KOJHUYECTBO [ECATHYHLIX 3HAKOB HOCJHe 3anaTo
B Mautucce M npu ycnosuu, uro 1<CM<10.

3ameuaTenbHOH OCOGEHHOCTHIO PACCMOTPEHHLIX PeXHUMOB HHIHKA-
puu uncen B MK-41- siBasiercs T0, uTo H306pa)kKeHHe Pe3Y/bLTATOB
BBIYHCJIEHHH C YCTAHOB/ICHHBIM KOJHUECTBOM Pa3psifOB MOC/e 3angITol
CONpPOBOKAAETCA OKpYIVIEHHEM MJaJIlero COXpaHseMoro.paspsjaa no
APEBUJY: €Cjiu epBas H3 oTOpachiBaeMbIX LMD Gonbilre HIH paBHA b,
NOCJIeAHsIS coxXpaHsieMas nHudpa yBeqHunBaercs Ha egunHuy. Hcekiio-

uyeHHeM SIBJFETCs JHIb PeXHM | arc
He NPOU3BOAMTCH,

IIpumep .47 Beenem na ungukarop MK-41 kakoe-1nu60 uucino,
nanpumep 27,80974356. 3anaBas Tenepb pasHble PEXKHMBl HHLHKALLHH,
MOXHO mpoHabJofaTh Ha HHAHKATOpe COOTBETCTBYIOULHE UM mpej-
CTaBJjieHUs 3ajxaHHoro umcaa (ra6sa. 1.13.), B ToM uyucie H mpo-
Henypy aBTOMAaTHUYECKOr'O OKDYTJICHHS.

Ilpumepr npocreiiirnx Bbluncieduit Ha MK-41 npusenenn B

tabaune 1.14 (Bce BLIMHCIEHHA JaHbl B pexuMme | arc | , I).

, IPH KOTOPOM OKpYrJicHHe




OcHoBHble pnByxMecTHble apH¢pMernueckue onepauuu |+), | —|,

X1,| +| suimonuaworca #Ha MK-41 o6biynbiM ob6pasom: cHadana

BBOLHUTCH HEPBOEC UYHCNQ, 3arTeMm HakuMaeIcs K.{IaBHula COOTBET-
‘ Ta6asua 113

Pexum: HH UKL HH TpegcraBiaeHynle: yuea ad

Varc i, | 2 l v 27,81

arcly , 3 . 27,810

arc 27,8097
are ! : 2,78 01
2,780974'. 01

CTBYIOUIEl OMepany ¥ BBOLUTCSA BTOpOE UHCT0. PeayasraT onepauun

nonygaercs mnocje Haxarua kiaumid | =|. B MK-41 umeores

ee e ABYXMECTHBIE onepaliuu: BO3BEAEHHE UHC/JA B CTEEHb

X

(kmaByura |y*|) M u3BIeYEHHE KBAAPATHOTO KOPHA H3 CyMMBI

KBale;l‘:I‘(i)B (knasuwa | /p/ | );

Ta6anua 1.14

Beipaxetiue «rpan/pam» | Iporpamma _ Orser
1,267+ 0,38 " 1,267] + 0,38:]3 1,65
34,7:8,49 | RYY 8.9[ = | 4,00
3804 - 38 ZI?OA o
V0,717 5,42 — 0,7:l ol |54 = , 545
sin 56° «rpag» SGEI' R 0,83

ig 2,46 3 «p'a,u» 246] tg | —0,83
arccos 0,83 «pag» ; 0,83{arc|cos 0,59
1g-98,7 o] o7l 1,46
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nop;mox BLIUTOJIHEHHsI STHX ONEpalHil MOHATEH H3 Tperbeil H uersep-
TOH crpok Ta6auubl 1.14. UTo XKe Kacaercsl BHIMHCJACHHMS 3HaYeHHH
HMEOIHXCA Ha KJIaBHaType 3JeMEHTapHBIX (QyHKuui, TO MOPSAOK
9THX JAeHcTBHH TakxKe OGbIUEH, a OTCYTCTBHE pemnma COBMellleHU s
KJIaBHII ynpouiaer AeHCTBHA BHUNUCIHTENS.

Miukpokanskynsarop MK-41 umeer Tpu gonosHuTenbHbIX (anpecye-
MbIX) pEeTHCTpa NaMATH IJ8. XpPAHEHHS] HCXONHBIX LaHHBIX, IpoMe-
KYTOUHLIX PE€3YJILTaTOB H/IH KOHCTAHT, HEOAHOKPATHO HCIIO/Nb3YeMbIX
B XxoAe BbluMCAeHHH. [lONOJHHTENbHbIE PETHCTPH IAMSATH HMEIOT
Homepa 1, 2 u 3. [lna obpaiieHHss K 3rHM PETHCTPAM HCTONB3YIOTCHA

kaasuwi | 311 | (sanmch wucna u3 perucrpa X B AONONHHT/IbHbIH

peructp namsitu) H | HUIT| - (Bui3oB ,Hivxcn'a A3 XOHOIHHUTEIBHOIO

perucTpa naMmsTH B perucrp X).
Hast 3anicu B NONMOMHHTENBHBIH PErHCTp MaMsITH YHCJIA, XpaHA-

ilerocst Ha MHIHKaTope, Heo6XonuMo Haxarb Knasuuty | 31T | u oany

Hu3 I.I.I'I(prBbIX K/IaBHLI E’E HJH , onpenensiIlHX HOMED

agpecyeMoro JAONO/HHTENbHOro perucrpa. s Bbi3oBa 4YHcja H3

JONOJTHATENBHOTO PErHCTPa MAMATH CJefyer Haxarb KiaasHwy | UIT.

B OJHY H3 KJIaBHHI m , HJ'IPI- . Hpﬂ 3TOM CAE€AYET NOMHHTD,

YTO NpPH BHI30BE YHCJIA H3 afpPecyeMOro pPerucrpa MmamsTH comaepiKH-
MO€ 3TOrO pEerucrpa COXpaHsieTcs, a TPH 3aNHCH HOBOro 4YHCIa B
ajpecyeMblil perucTp ero npexHee COLEpXKHUMOe Mpomajaer.

Oco6enHocTbio 1-r0 AOMONHHTENBHOrO perncrpa namsary 8 MK-41
AIBJISIETCH TO, 4YTO €ro COAEpKHMOE MOXKeT HCNONb30BaThCcA B
KauecTBe BTOpOro omepaHna Jio6oi nayxmecmon OmepalHH Kak
KOHCTAaHTAa.

IMMpumep 1.4.8. Ilycts Hafo BHINOJTHHUTL psif JABYXMECTHBIX
omepanuil, B KOTOPHIX BTOPBIM ONepanjioM AABNSETCS OIHO M TO Xe

yKCcao 3:
543, 4% 3, 6:3, 7°.

Beenem pHadane umcio 3 B perucrp X H mepenuilieM €ro 3HaueHue
B l-fi JOONHHTENbHBIA PErHCTP MaMATH:

313} 1.

Tenepb cpasy Becjien 3a 3THM MOXHO NpPOBecTH BCe Tpefyemble
LeACTBHUS, He BBOAA YK€ Ha HHAHKATOP 3HayeHHe BTOPOro -olepania:

5/4+|]=[|. (OrBer: 8)) 4| xl[=|. (OrBer: 12)

6l=1l=|. (OrseT: 2) 71yl =I. (OTBeT: 343)

Bmecre ¢ Tem Kanbkyasirop MK-41 obaagaer psaomM HOBBIX
| 31



Taﬁnuua 1.i5
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_XapaKTepHbIX 0cOBeHHOCTeH, KOTOPhIE MBI PacCMOTPHM rxo,u.po6Hee
5 Hepapxml onepauuii. [Ins BHIIOJHEHHA NPOMEXYTOUHOH OBYX-
MectHo#t omepauun B MK-41, Kax H B IPYruX KaJbKyJasTOpax, He

Ilpu BEINOJNHEHHH CMeLIaHHbIX

o6si3aTesIbHO HaXXHMaThb KnaBuwmy| =|.

BBIMHMCJIEHHH KiIaBHLIA =| HaxXHMmaercs, KakK HnpaBHJIO, B KOHLE

3ajayd. B mnpomexyTouHblX HeACTBHSIX BMecTO | =| MOXHO Haxu-

Marh KJAABHIIH cjleaylomux no ¢opMyie ABYXMeCTHBIX onepauHi,
ONHAKO HCIOJHEHHe OnepanHii MPOH3BOAHTCA C YUETOM YCTAHOBJIEH-
Horo Jjiorukoii MK crapmuncTBa onepammit. CaMbIMH cTapuiuMy
u3 JAByxMecTHHX onepauuii B MK-41 sapasiorcs onepamuu Bo3-
BeJEHHA B CTENeHb H H3BJACYEHHE KBaIPaTHOTO KODHS M3 CYMMbI
KBajpaTtoB JBYX uHceJ. 3areM CJEIYIOT omepauH¥ YMHOXKEHHS H
JeneHus, a 3a HHUMH — cJOXeHHd M BbluMtanus. Ecan Boien 3a
IBYXMECTHOH onepaupell HaXKuMaercsl KJaBHia Onepalyu TOro xe
HJIH MEHBIIEro CTapuIHHCTBA, TO MNPEAblAywias ABYXMeCTHasl onepa-
IHs1 HcmojHsiercd. B nporusHom ciayuae MK Toabxo 3anomuHaer
BBEJlEHHbIE MHC/A M ONEpAlMH JO TeX Mop, moxa He Gyaer Haxara

KJiaBHUIA C MEHLUINM WIH PABHEIM NDHCOPHTETOM, HAM KJAaBHIUA =’ .

BBenenne wmepapxum onepaunuil cepbesno ofiernact aclicrBHd
BeiuucauTeNsi. [Ipy BeINoAREHHNE 1eHOURLIX BRIMHCTEH I na Takux MK
yXe Her HamoGHOCTH OCDAINATLCSI K OCMBIC/EHHOMY 3ANOM i 2HHIO
PE3Y/IbTATOB MPONEKYTOUHLIX ACHCTSHH, a LUCTATC:WIO HaMHMATDH
KJaBHUIK B TOY [OC/ISA0BATeABLHOCTH, KOTGpag OIpencaenHa CaMof
dopmysoit (raba. 1.15). _

MMpumep 1.49. PaccyorpuM nOPsiioK BLMMCKEHHH 110 LBYM
NPOCTBIM H MOXOKHM ¢ BHAY (opmyaam: 2X3-4-5 u 2-4+3X5.
H B roM # B npyrom cayuae nporpaMma. BhHHCHeH I na MK-41
6yner cocToATb M3 YyKA3anHOH B CcaMux QJopmynax nocaenoBa-

TeNBHOCTH NeHCTBUA: ‘
2y X131 +151= (Orser 11.)

. (OrBeT: 17))

2143 X]|5

OnHako c yueroM CTapilHHCTBa OrepauHit Haxarde KiaBHiuH | | B
nepBoil mporpaMme NpPHBOAHT K HCIIONHEHHIO Npeiblaylied onepauxu
YMHOXEHHS, B TO BpeMs KaK HaxaTHe Kaasuiuu | X | BO BTODOH

IporpaMme NPHBOAMT JHIIbL K 3a[OMHHAHHIO KOMIIOHEHTOB NpeAblLy-
wel omepanuu caoxeHuss. OcoGeHHOCTH BBIMMC/ASHHN IO 5TUM JBYM
dbopMysaM Xopowo NpOCMAaTpHBAIOTCH INPH CPaBHEHHH NOKa3aHHH
unaHkaropa (ta6a. 1.16).

Hoguie BoamoxuocTH MK-41 mo3Boasior Ha6erarh HCIIONb30BaAHUS

2. 3axap.385. B



Taéanuwa 1.16

2% 3+5=11 o 2-H3X5=17
Bsox X Bsog, X
2 2 2 2
X 2 + 2
3 3 3 3
‘+| ‘ ‘ 6 X | 3
5 ; LT 5 5

JONOJHUTEbHBIX pErHCTPOB MNaMATH B TeX cAydasx, Korga HxX
HCIIONIb3OBaHHE, HANPUMEp, B BBIYHCJEHHSIX. HA MHUKDOKA/IbKY/ASITOpE
B3-18 Gru1o HeoGxoaumbim (npumep 1.4.5 Ha c. 26).

[MIpumep 1.4.10. Bouuciaurh Ha MK-41 B pexRume. :ér-c

D 3HaYeHHe BBHIPAXKEHHS:

0,6
Iporpamma: sin 084 ,
06! +~1084}sinil=]. (Orset: 0,806.)
MMpumep 1.4.11. Bouncanrs Ha MK-41 ¢ asyms 3Hakamu nocJje
3ansToN: ,
194 6% 2,13 X~/0,62+4,7°.
[Mporpamma: -

19t +lelxlatlylslxlos /p/ 4.7 =l.

- (OrBer: 282,28.)
N cho.nbaosanue cko6ox. Hannune Ha kiaBuatype MK crnenmans-

Hbix kiaaBuu} (| 1| ) | nosBonsier npu HEOGXOAHMOCTH H3MEHATb

eCTeCTBEHHBIH MOPALOK BHITOJIHEHHS ONepauHii COTIacHO HX CTapIIHH-
CTBY.

IMIpumep 1.4.12. OnA BbMHC/ACHHS 3HAYEHHUS BLIPAMKEHHSA
(2+3) X 5Ha MK co ckoGkaMH NOC/1€10BaTebHOCTb HaXKaTHs1 KAABHIL
B TOUHOCTH -COBNANAer ¢ NOPSIAKOM CJENOBAHHS COOTBETCTBYIOHLHX
neicTBuR B dopmyiie:

.2 +3 x5 [=l-

Cineaysi JIOTHKE BBIMHCIHTENLHBIX (POPMYJ, KAaBUIIH OTKPHIBAIOLIHX
¥ 3aKDBIBAIOUIHX CKOOOK MOXKHO H2XKHMATh. 110 HECKOJIBKY Pa3 HOAPSiiL.

.34

Mipumep 1.4.13. BuuHCIHTL SHAUHHE BLIDAKEHHS:
(243)X4+5)X6+7)X8.
Tlporpamma:

[‘(’]2 + 3 X| 4 +_‘5-¢>< 6[+]

DX & [=]- | (Otser: 1256.)

CyiecTByouise n1py 3TOM IpaBHiIa MO3BOAAIOT B JaHHOM Ciydae
He HaXHUMaTb TPH MEpBbIE . CeBa OTKpbiBawIKe CKOGKH., [as
3aNOMMHAHUA Olepautil U YUCENT B BLIMHCAEHHAX cO cKoGKamu B MK
HCMOJB3Yyercsl 0COOLIM 00pa3oM OpPraHu3OBaHHAfA CTEK08AS NAMATS.
CrexoBhie PErHCTPHl CAYXKAT TakkKe /I 3aNOMHHAHMA ONepauuil u
YHCeN B TOM C/y4ae, KOTZA B UEMOUHHIX BHUHCACHHAX CTAPIUUHCTBO
noc¢aenyoue onepauiu NPEBOCXOHT CTAPLIMHCTBO MpeLBILyLLel

- onepauHd. EMKocTb crekoBoi namsatu MK-41 riossossier 3anomHHarhb

no 8 uncesn u Ko 7 onepauuit. [Ipu nepenonueniin crekoboil mamaTH
Ha HHIHKATOPE NMOABJAETCH CHTHAM MEPEnoaHeHHs.

B sakiioueHHe npUBeNeM HECKOJbKO MNPHUMEPOB NpOrpamm
CMeUIaHHbIX BhiyHCAeHHH Ha MK-4].

[Tpuwmep 1.4.14. Boiuncaurp:

20,43

sin 0,3X 10 2,79 4~

ITporpamma:
0,3 [ sin || x| 279 [In]|| 4] 20,43 [ =] 0,002 [ cos || =].
[Tpumep 1.4.15. Buluncauts:
2,1X(0,2443,72)".

IIporpamma:

2,1 x1l (024 [+]372) 4 =].

Tpumep 1.4.16° Boucaurs:
V(4,94 1n 0,04) X 3,8.

IIporpamma:

49 [+] 0,04 ﬂ_?] <138 [v]s[Ux El

KoHTposbHube BonpocH

i

1. Kakune AonoiHHTEbHBIEe HYHKIHOHANbHbIE BO3MOKKEOCTH #M 10T
HHXKCHEPHDbIE MHEKDOKA/IBKYASTOPHL HO CPABHEHHWIO € HPOCTEHILHMH?
2. B ueM COCTOMT Ha3HAUeHHe KJABHWIH COBMelLeHHON ¢yHKUHM

Fl?

2% 35
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3. Uem P sy AI0TCS llePICTBHﬂ OCYLECTBAREMblE HaXKaTHeM
KJAaBHIil H+ u| 3AIl|? ’

4. Ka,xoa NOPSIIOK HaXKAaTHA KAAaBHUI NPH BLIYHCJEHNM 3HAUYeHHil
3JieMEeHTapPHbIX (DYHKIHiE?

5. KaxoB mopsinok BBOAA YHCeN B q)opme ¢ naBaioulell 3ansAToMH?

6. Kak NPOH3BONATCS LEMOUHbIE neicteua Ha MK: a) ¢ ycranos-
JieHHoll nepapxuell apuU¢MerHdyecKux onepauuii; 6) ¢ Hcnonb3oBa-

HHEM KJaBHIU H ?

YHpa)KHeHuﬂ

1. Ha mmm(arop MK B3-18 Bmecro 328,4 ownGOUHO BBENEHO
328,6. CocraBurb: nporpammy ucnpaBneHuﬂ owHOGKH BBOZA C

HCNOJb30BaHueEM Knaamunl IOB}.

2. COCTaBHTH « NPOTPAMMbl BLISHCJCHUS 3HAUEHHI BBIpAXKEHUH,
HCHONB3Y$l ZONOJHHUTENbHLIE PETUCTPHL MAMSATH

a) ax+ by; B) (a+x)"+(b+y)
6) (a+x)(b+y) ) (at+x)?/(6°—y?).

3. Kak ycranosurb ¢ nomouibio MK, uto Gonbiie: e wian n°?
4, CocTaBuTh ' IpOrpaMMbl BBIMHUCJIEHHS 3HaueHHH BhIpaKeHwus,

HCIIONb3Ysi KAABHWY |<>| W JOMOJHHTENbHBIH PErHCTp NaMATH:

X . R
a) oy B Ay
X arccos x -+ e’
6) JI—-: r) AfCsEie
cos y In (x4 y°)

CocraBuTb aHasorHyHble mnporpammbl Aasi. MK ¢ wuepapxueit
onepauuil U CKOGKaMH. ‘

15 ﬂporpaMM HpyeMbie MHKPOKAJbKYJAATOPDI

IlepBoit OTeuecTBEHHON MOLENBIO NPOrPaMMHPYEMbIX MHKPOKa/b-

xyasitropoB (ITMK) sBaserca «daekrponnka B3-21». B nocneayomux
Mmopensix ITIMK :storo Ttuma (B3-34, MK-54 — ¢ aBTOHOMHBIMH

HCTOYHMKAMH TMHTaHUA, MK-46, MK-56 — c nurauuem OT CeTH Iepe-

*MEHHOTO TOKa) (PYHKIHOHaJNbHBIE BO3MOXHOCTH 3HAYHTE/IbHO PacIuyu-

peHbl, HO BMECTe ¢ TeM JIOTHKA ¥ BXONHOH SI3BIK Y BCEX 3THX MOLenel
HMeIOT MHOro o6iuero.

I'naBHoe ornuyne nporpammupyemsix MK or apmpmewqecxnx u
HHX €HEePHbIX MHUKPOK A/ bKYJISITOP OB COCTOUT B:TOM, YTO OHH JONYCKAIOT
BBOJ M ‘aBTOMAaTHUECKOe HCMOJHEeHHe 3apaHee cocra}memaoﬁ nocne-
N0BATENBHOCTH KOMaHA — npo2pammst, BKIOUAKIER Kak apudpmern-
yeckne (BLIMHC/IHTENbHBIE), TaK M JOTHUECKHe (nmpoBepKa yc.nomu‘i
BHIGOP Hanpan.neuua AanbHEHUINX BBHIMHCICHHE H T, |r1) neicTBHA.
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~. ¥menoe cocrasnenue nporpamm jaa MK aroro knacca.mospoaser

BO MHOTHX CJlyyasiX ¢ IOMOLIBIO BecbMa KOPOTKOH Ioc/aeNoBa-
TeNbHOCTH KoMaHa 3actaButb I[IMK Buinonasrh 6onblioe KONH-
YeCTBO . BBIMUC/IHUTEIBHBIX ONepanui, 4TO 3HAYHTEAbHO IOBBILIAET
3¢ PpeKTHBHOCTD pacueTos. :

‘Ha nporpammupyeMbix KaJbKWISITOPax MOXHO BECTH H OOBIUHbIE
pacuetbl, 6e3 cocTaBJeHHS. U BBOAA nporpamMmbl. KopoTKo KocHemcst
storo pexkuMa paborsl [IMK jiumib past Toro, 4ro6bl NOKYEPKHYTh
oco6eHHOCTb ofulefi misti Bcex IIMK BeuuCIHTENbHOH JIOTHKH,
OCHOBAHHOH Ha HCHOJIL30BAaHHU TaK Ha3bIBAEMOH 06paTHOL noabcKol
sanucu.~B 1921 r. nonbckuil MarematHk # Joruk $IH JlykaceBwuu,
paspabarbiBast OCOOBIH SI3BIK AJA (opManu3alUH JOTHUECKHX H
MaTeMaTHYeCKHX . BBIPAXKeHHH, NpPelJOXWIl pasMeHlaTb: 3HaKH
apU(pMeru4ecKux oflepanHtii nepes Wiy nocie onepannos. [lepBolii us
3THX CHOCOGOB CTaNM HAa3bBaTh NPAMOHA, a BTOPOil — OGPaTHEMH
TOAbCKOH 3anucbio. B ob6parHoli MonbCckoH 3amucH, Hamnpumep,
Bhipaxenue a-+b npunumaer Bun: ab--. [lpumenenue Takoro npen-
crasnenns Bblpaxkednss masa MK | oGycnoBieHo Gonee mnpoctoi
TexXHHUecKoH peasiusanuell BoluHceHnid («DaekrpoHuka B3-19»).

Knasratypa onHoil 3 coBpemeHHbIX Moneseli [IMK «3Daekrponuxa
MK-56» nokasaHa ua puc. 11. Coaepxkumoe perucrpa X, Kak oGbYHO,
O'I‘Oﬁpa)K&eTCﬂ Ha wuHpukarope. [asa NePECLUIKH  COJePKHUMOro

perucrpa X B pabounii perumctp Y ucmonb3yercst Kiaasuuia | B4].

[Ipu Bomonnennn apugpmernueckoit onepanun Ha [IMK neoGxonumo:

1) Beectu B X nepsoe yucao; 2) KiasHueii | B 4| nepecaars neppoe

yucao B peructp Y; 3) BBecTd B peructp X Bropoe yucio; 4) Haxarh

%<0 Ly sin cos. __*i_ V- 1/x
wrlinnj{ F |1 Z11818]|L—]=
| x=0 L, ' sin  cos”! gt i x?
wribnj{ K || 4S8+ ] X
x20 L ex. _l_g_ in Bx  xv
B/0|ix-1 1112]3]|1Bt~—
x*0_ Lo 10* & ABT | NPr CF
o feMitex;  ||OJL - l~/){1BN][Cx
HOM & . b6 | ¢ d
T T Puc. 11

37.



onny w3 knasuw | +1, | —1,] X{,| +|. Kak Buano, Knasuua'| =
y ‘

B JLlAHHOM. Cl1ydae OKa3hiBaeTcs HEHYXKHoii - (ee HeT W Ha KiaBuaType).
Briupcnenye 3HadeHHM OLHOMECTHBIX ameMeHTapHsIX - DYHKUUH  npo-
H3BOAHUTCA OOBLIUHBIM 06pasoM: B perucrp X BBOAUTCH  apLyMEHT,

HaXHMaerca KiraBuila U HyXHas K/jaaBHmia C obo3HaueHHeM

Ta6auua 1.17

3anauva flporpamma ! Wuauxarop

5in 0,9 09| F | sin | 78332801 - —01
arccos 0,2 0,2[-1:—1 cos =] : 1 1,3694383
2,46° 2,46| F 6,0516

to— o 0,411/ —/ ?”10*' 3,8904512 .  —0;1

0,34 49,72 j 0,34} B4 9,72 10,06
12,4 X 8,5 12,4/ B4 8,‘5'. 105,4

dyskwan  (sin~!, cos™!, tg~' o6osmauanr cooTBeTCTBYyWOIIKE

ofparHbie TpHroHomerpHueckde ¢yuxuuu). INpumepnl npocrefiiux
BhuHCAeHn#i Ha MK-56 npusemener B rabmuune 1.17 ‘(apryment
B paguaHax). Hecmorps Ha HeKOTOPYIO HeOGBIUHOCTL HOPSAAKA BBOAA
JaHHBIX TIPH BBINOJHEHHH JBYXMECTHBIX ONepauui, o6paTHas MOMb-
cKas 3amuchk B  psijle. cAy4yaeB OKa3hbiBaercs jaxke 6osnee ynoGHOM
st BomHc/eHd#. OnHako, uTO6B MOHATh 3TH OCOGEHHOCTH PaGoThL
TIMK, Heo6x011MO NO3HAKOMHUTBCHA C OPTaHU3aiHelk CTEKOBOH maMsITH.

CrekoBylo namate MK-56 o6pasylor uyeTbipe perucTpa: H3BECT-
Hble yXe HaM omnepauHoHHbie perHcTpyl X M Y, a Takxke eme jBa
perucrpa Z u T. Bpon usces Bcerfa npoH3BOAMTCH B peruerp X.

t

ITpu nHaxatun knasuim | B4|.konust uuena u3 perucrpa X mepe-

"naercs B peructp Y, To, ¥t¢ 6uu1o B Y, nepecsuiaercs B'Z, a npexHee
coaepxumoe Z — B,pemc%)p T. Tlpn stom copepskHmoe perucrpa X
cOXpaHsieTcsl, a TpexHee colepkHuMoe perHcrpa T wucuesaer. Irto
nepefBHIKEHHE MOXHO H306pa3HTh Tak:

Hcue3aer
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Yxazannoe nepenBuKeHne NpoOHUCXOAUT ITPH KaXKJA0M HaXXaTHH KJIaBH-

mu | B4|. IToap3ysicb atuM, B perucTphl Creka MOXKHO 3aluUcaTh

. AI00ble YHCAA, TaK, B pe3y/abTaTe HaxXarTHsd K/aBHIlI

4[Bt| 3[BH 2[BH] 1

npousoiiger 3amuch uucesa 4, 3, 2, | COOTBETCTBEHHO B PErHCT-
put T, Z, Y, X. OuHcTKka BCeX pErHCTPOB cTe€Ka I[POU3BOIUT-
¢ Tak: '

Cx| | B4 |B 4| IB 4|

B nononHeHue K uyerbipeM CTeKOBHIM perucrpam B MK-56 umeercs
elle OfUH PErucTp, HasniBaeMul pezucTpom npedvidyuie20 pesyrbra-
ra (X1). Dror perucrtp BCeraa COXpaHSeT 3HAYeHHE YHC/Ia, KO-
TOpOe Haxopuioch B perncrpe X [0 BHNONHeHHS onepauuu. [Ipu
BBLINOJNIHEHHH OjHoMecTHbIX onepauuii IIMK onepupyer ¢ uuc/iom,
HaXoAAWMMC B peructpe X, NPH 3TOM COAEPIKHMOE pEerHcTpOB
Y, Z, T coxpausercsi, a uYucjJ0, HaxOAHBILEeCHd 10 BHITONHEHHUS
onepauud B peruerpe X, nepegaerca B perderp Xl. [pu soinosnne-
HUH JaByxMecTdbix onepauud ITMK onepupyior umcnamu, naxoas-
wuMHcs B perucrpax X u Y. Ilpu sTom nocie HaxaTHsi onepanHoH-
HOH KIaBHLIM MPOHCXOAMT O6pATHOE mnepeMelieHre UHGOPMANHAH:
cogepxumoe perdcrpa T nepechinaercs B Z, To, uro 6wjio B Z,
NepeXoauT B perucrp Y, B peructp X 3aHOCHTCS pe3yJbTaT BbTONHEH-
HOH omepallWH, a MpeXHee COfepXXHMoe perucrpa X nepeaaercs B
peructp. X1. K ckasaHHOMY HYXHO HKOGaBHUTb, YTO €CJAH YHCAO Ha
HHAMKAaTOpe SBJSETCA DPE3yJbTaTOM HpPENbUIYUIHX BBIMHCJIEHHH, TO
Habop Ha KJaBHaType HOBOrO 4YHCJIA aBTOMATHYECKH NepeIBHraeT
HH$popmauuio u3 peructpa X B perucrp Y. Takam o6pasom, pesyibrar
BHIOAHEHHS NPEeNbIAYIIeH OnepalHyu MOXeT y4acTBOBATb B KauecTBe
BTOPOro YMC/Ia MPH BHIIONHEHHH MOCHEAYIOUIeH onepauun.

II.prwMepl1.5.1. PaccMoTpuM ¢ yueToM YKa3aHHBIX nepemelenui
NOPANOK BHIYHCIEHHH 1O (opmyne: '

aXb+4cXd.

Ora ¢opmyna, HeCMOTPS Ha KaXKYULYlocA MPOCTOTY, ABJSETCH, Kak
H3BECTHO, HENPOCTHIM «opemkoM» st MK, He HMeIOWHX HepapXuH

' onepanui.

Ha TIMK BbuuciaeHHs nO 3TOH ¢(opMmyne BLINOJHSIOTCS BeCbMa:
npocTo:

a|Bif 6| x| c|BY a|x]|]+]:

B ra6nuue 1.18 mpuBeneno noapoGHOe onHcanue Bcex Iepe-
MEIeHH# NPH BLIIOJHEHHH 3TOH nporpaMmbl (4ast yaoGCTBA NPH-
HSITO, YTO Mepej BLIYMCICHHAMH BO BCEX Pericrpax cTeka  Jexar
HYJIH) .
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Ta6anmnma 118

Bson X Y ' z ST
a a 0 0 0
-‘-I; a a 0 0
b a 0 0
X ab 0 0 0
. ¢ ab o 0
E? c ab 0
T d c ab 0
X | ab ‘ 0 0
T ab+-cd ‘ 0 0 0

Anajiornunbiv 06pasoM OGBbSICHSIETCST ¥ BBIYHC/IEHHE 1O (hopmyle
(a-+b) (c+ d), KoTopoe oBecneunBaeTCs IPOrpaMMoi:

a[B4 6[+| c[Bt a+]|]X

Jns xpaHeuus UCXOAHBIX AAaHHBIX H IPOMEKYTOYHLIX P€3Y/IbTaTOB
IIMK, xax u KanbKyASATOPHl APYruX THIOB, HMEIOT JOMNOJHHUTEJNbHbIE
appecyeMblé pernctpn mamard. B- MK-56 takux perucrpos 14, orn
umeroT Homepa (aapeca) 0, 1, 2, ..., 9, a, b, ‘¢, d*. 3anuck uucna us
perdctpa X B aapecyeMble perucTpbl OCYLIECTBJSETCA Ha)KarHem

KJaBHIIH - x-»»I'!I W OAHOH M3 KJIaBULI, - 0603HAYAIOUHX HOMEp

-azpecyemoro perucrpa. lIpu sToM uMcIO0, nepenaHHoe B ajgpecyeMblt
perucrp, coxpansercs B perucrpe X. Tak, Hanpumep, 3anuch
yucsa U3 perucrpa X B pe‘ HCTPEL R4 H Ra na MK 56 OCYHIeCTBJfA-
ercs KOMaHIamu:

x%ﬂ 4H - x—>I1| a.

 Jlna ‘BhI3oBa, uMCIA, _xpaﬂ%me'rocﬁ B aJipecyeMoM perucrpe, B

peructp X HeoGxoanMo HaxKarp kaasuwy | [1->x| u knasumy,

~0603RaYaoINyI0 HOMEp aJpecyeMoro perucrpa. _

I'naBHoe npeanasnauenne [TMK He B TOM, YTOGH NpPOH3BOAMTH
Pa3oBLi¢ BHIYUCACHHA O dopMmye,— AJs STHX HesNell MOTYT HCIOJb-
BOBAThCA HHIKEHEPHHIE H -apHMeTHUeCKHe KaibKynsaToph. ‘Ocoboe
Ha3HaueHne MporpamMMHpyembix MK cocrour B TOM, 4TO OHH MOTYT
GanoMHHATL  lLeJible l'lpOI‘paMMbI A TOTOM' aBTOMATHYECKH HX

*B panvrefiieM anpecyemile perucrpul Gyrem 0603Ha‘la’l‘b 6yxnou R ¢ pacnono-
SKEHHKM 32~ HUM Homepom RO, RI,"R2 u 7. a.
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BRMOAHATD. JI1f 3anoMuHanns koMaHun nporpaMMmul y IIMK: umeercs
cnenManvuas npospammnan namsare. Ilporpammuas mamsite MK-56
COCTOHT U3 98 fAveex; neppas siuefika HMeer Homep 00, nocaepnss 97.
Urobul mosyunrb ofuniee mnpeAcTaBieHHE O NpOrpaMMHpyeMoM
ucrnonbsopanuy [TMK, paccMorpum npHMepbl.

MMpumep 1.5.2. CocraBurb nporpammy il aBTOMAarHYeCKOro
BbIMHCAeHUsI Ha MK-56 1JIHH OKpPYXHOCTEH MO 3aJaHHOMY paiHyCy 7.

Kak M3BecTHO, HJIHHA OKPYXHOCTH BBMHC/IfIETCS 1O dopmyae
L=2xr. Hporpamma PYYHBIX BBHINHCAeHHH mo ¢opmyise Ha MK-56

BEeChbMa HpOCTa’
o[F E] x1r[x].

TIpeanonoxuM Tenepb, YTO 3HAYEHHE pajHyca r 3apaHee 3aNHCaHO
B peructp X (T. e. Haxoxurcsa Ha HHAMKarope). Ilpu strom ycnoBuu
JAeHCTBUS MO BHMHC/IGHHIO L CBeXyTCHA K CHELYICLIEMY:

Bt] 2[% F><

(nepex BBogOM B peructp X unc/aa 2, HAXOKHBILEECH B HEM 3HaYeHHe

panuyca r ¢ komaunod | B4| nepemecrurcs 8 perucrp Y).

3anuuiem Temepb KOMAaHAM 3TOH MpOrpaMMbl wiar 3a Iarom B
nporpammuylo namars [IMK., Jlaa sToro KaabKy/nfiTop HaXkaTHeM

KJI&BHIII' FI INPT | nepeBopurcss B pexxum «IIporpammupoBanues.

B npouecce mowmaroBoro BBOZA NpOrpaMmbl Ha HMHAHKaTope 6yaer
HaGaionaTbc ABHMKEHWE [BY3HAuHBIX KOXOB KOMaHA (cjesa Ha:
npaBo). Ilpu srom kpailHee npaBoe ABy3HauHOE YHCJAO PETHCTPHPY-
er 3HAaYeHHWe CUYeTYHKAa BBOAMUMBIX KOMaHA H TpPHHHUMAaeT INoC]aeno-
BarenbHbie 3HawenHsa: 00, 01, 02 u T. A* Tekyumee cocrodnue
cuerynka KOMaHJ BHIpaxkaer ajpec siueiikM NporpaMMHO# -namsTH,
N0 -KoropoMy OyaeT  3anHcaHa claefyomasd KOMaHAa Hporpam-

1. - Tlokomanatoe - H3/OXKeHHe MNpHBEIEHHON BhHIIE TPOrpaMmMsl
BLIMHCJICHHA AJHHB OKPYXHOCTH L=2mnr B npennojoXKeHHH, 4YTO
3HayeHHe pajHyca HaXOAUTCA B perHcrpe X, RaHo B TaGauue 1.19.
3nech e ykasaHbl' ajpeca flueek, XpaHSNIHX KOMAaHIM, a TaKkKe
ONHCcaHue JeHCTBHH, KOTOpbie NMPOH3BOJAHT Kaxiaas KoMmaHaa. Takum
06pa3om, BCSI IPOrpaMMa COCTOMT M3 LUECTH KOMaHA H 3aHHMAET 11eCTh
siueek namATH ¢ agpecamu: 00, 01, 02, 03, 04, 05. Korna BBoa Bceil
ApOrpaMMhbl 3aKOHYEH, MHKDOKAJbKYJATOp HYXKHO BEPHYTb B CYer-

Hbll pexxuM paGorhl, Ana uvero Haxumawor Kiasuwu | F|| ABT

(3TOT pexXHuM HOCHT HA3BaHHe «ABTomamqecxaﬂ pa6orar).

*ITporpammy MOKHO. 3aHOCHTh B NaMATh C. IPOU3BOJBHOTO appeca. laa sroro,
npexne - geMm nepefitd B pexkum «Flporpammuposanue», HYXHO uaxarb Knia-

sumiy!BI1|, a sarem _pn_ec‘ru 3HaueHMe afpeca MepBoil KOMaHLL,
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[lporpaMma myckaercsa HakatueM Kiapuumr |B/O|[C/TI|*.

Tacéauuwa 1.19

K;\;";:;u Kowmanaa Bueinonuncmoc acicTene
00 Bt 3anuch uncaa r B perietp Y
01 2 Bsox uucaa 2 B pernctp X
—
02 X Boluucnenne 2Xr
03 F II n Bsos uxcna n B peructp X
04 X Brluncaenne 2XaXr
05 c/m OcraHoBKa W HHIHKalHS oTBera B perucrpe X

OnHako, NMpexae YeM caeaaTh 370, HEOGXONHMO B PErHCTP HHAMKALHH
X sanucarb 3Hauenue paguyca (OpPH COCTABJIEHHH MPOTPAMMEBI MBI
HCXONHM H3 TNPEeANONOKEHHS, YTO 3Ha4yeHHe pajHyca HaxOLUTCH
B peructpe X). I1yctsh, K npHMEPY, HYXHO BBIMHCIHUTh JAJHHY OKPYX-
HocTH paguyca r=>5. Toraa nocne BHIMOJHEHHS BCEX OMHCaHHBIX
_ BBIILIE [eACTBHH MO BBOAY MPOrpaMMbl HY’KHO BBINOJHHTb ONeEpalHH:

5|B/O| [C/1T}.
Ha unpuxarope seicBeTurcs orBer: 31,415926. Ecam HyxkHO moay-
YUTh [JIMHBI' OKPYXKHOCTEH [Jf 3HaueHudl pajgumyca ri, ra, .., In

TO HYXKHO' 7 Da3 o6paTHTBCS K NpOrpamMme, BBENEHHOH B HmaMfATh
[MTMK ¢ noMolubsio KoMaHx:

r B/o| C/M| (=1, 2/ ..., n).

3anucanHas B namsarb IIMK nporpamma 6yner XpaHHTbcs Tam A0
Tex Mop, 110Ka Ha ‘ee MecTo He Gy/eT 3anucaHa pyras nporpamMma HiH
He ‘mpousofiger orkiouenue IIMK

Ha nporpaMMupyeMbix MUKpPOK&NbKY/IATOPAX BecbMa 3 (HeKTHBHO
peliaercsi 3ajaua BBIMHCAGHHS TAGAHMUbLI 3HadeHuH GyHKuum (3Ty
4acTO BCTPEUHIOLLYIOCH = NPaKTHYECKYI0 3ajady HasblBaloT elle
rabyauposanuem pyukyuu). 3agaua a0y TUpOBaHHA CTABUTCHA OOLIY-
HO cienyiomum obpasom. [aerca ¢ynknusi f(x), orpesok [a; b], Ha
KOTOpOM (YHKUMSI onpefeseHa, M Iar A. TpeéyeTCﬂ BBIYHCISATD
3HayeHHA QYHKIHH B TOUKax a, a-+h, a4+ 2h, ... 10 Te€x mop, 1noka
ouepefHOe 3HAUeHHe apFyMEHTa He BbIHAET sa NpaByio rpaHHLy

*Knapuna| B/O| ycrauasauBaer Hy/eBoe -3HAUeHHe CUETYHKA KOMaHj, KIaBH-

]

wei|C /Tl npoH3BOAHTCSA ITYCK.
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orpeska. Ilpu stom ojpopmaserca ta6auua Buga 1.20. ITockonbKy B
BLIMHC/IEHHSAX HA MHKPOKAJIbKYJAATOpE BHIHHC/IHTENb CaM YIpaBiser
XOJIOM BBLIYHMC/JIHUTENLHOrO Npolecca, MOXKHO CYHTATh, YTO AJ5 NOCTa-
HOBKH 3ajfauu TaGyaupoBanusi ¢ynknu Ha [IMK, noMHMO 3amanun
aHaJNTHYECKOTO BbIpa)KeHHs (YHKHHH, NOCTAaTOYHO YKA3aTh JHWIb
JIEBYIO FPaHHIY OTpe3Ka X =a H war h, P akTHuecku 3agaua CBOLUTCA
K 3ajave TaGyJupOBAHHA HAa HHTepBajde [a; oo).

Taéauuna 1.20

P o W

a f(a)
a+h fla+h
a+2h fla+2h)
a+3h Fla-t3h)

ITpumep .53 CocraBurb mporpaMmy TaGyIHpOBaHUS PYHKIHK

5sin x
FO) ="
Ha MK-56 ¢ HayaabHBIM 3HayeHHeM x==1 u marom h=0,1.

Ipu cocrasaeHnHu nporpaMmbl GyneM mpeanojararb, 4TO 3Haue-
HHA X H h 3anucaHbl COOTBETCTBEHHO B AaJpeCyeMbi€ PErHCTpHI
RO u RI:

RO
RI1.

[TpuHHMaa Bo BHHMaHHe XapakTep 3afaHHOH (GOPMYAbl H BHIYHCIH-
Te/IbHBe BO3MOXKHOCTH MK-56, Gynem npH cocraBjeHHH MPOrpaMMbl
NPHIOEPIKHUBATLCA cenyiolel Nocaef0BaTelbHOCTH BRIHHCAEHHS 3HA-
yeHus f(x):

1) BBMHCANTL 3HAueHHe 3HAaMeHartens x°--1 M 3amOMHHTL ero
B OJHOM M3 ajpecyeMblX perucTpoB mamaru (R2);

2) BHIMHCIHTD 3Ha4YeHHe UMCAHTENRdA 5 sin x;

3) BmsBath B perHcTp X 3HaueHHe 3HAMeEHATeNs M3 PEruCTpa
R2 (3HauenHe uHcIHTENS NPH 3TOM nepeiiner B peructp Y);

4) BBHINOJHHUTB ONepalHiD JelTeHHs.
[TporpamMma BbluHC/IeHHS OAHOrO 3HaueHus f(x) 6ymeT HMeTb BHA:

Ti>x|0[F ‘1T] x—I1] 2[ TT>x o@ sin 5

[M->x}| 2+

Hrak, nporpamMma mo cyuiectBy roropa. J[ocTaTouyHO 3aBEPIUHUTH ee

komanno# |C/TI{ (ocraHoBka u uHAMKAUHS 3HaueHuss [(x)) H

MOXHO 3anuchiBaTh B naMsTb. OCTaerc OYEBHAHLIM JHIIb OLHO
Hey#oGCTBO: mocje KaXkAOro Npoxoaa 3Tol mporpamMbl (M CHATHSA
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ouepeHOTO 3HauyeHHA OGYHKOHH C HHAHKATOpa) nepel KaKAbIM -
HOBEIM TNyCKOM NpHIeTCSt BpyuHYylo BBOAHTb B peructp RO HoBoe
3HayeHHe apryMmeHra x: Dtoro Heyao6CTBa, BIpPOUEM, MOXKHO H3-
GexxaTb, eclM BCJEL 32 OCTAHOBKOH M MHIHKauMeH 3HauyeHHs
($yHKUHH B IpOrpaMMe NPELYyCMOTPEeTh aBTOMATHYECKOE BLIMHCJIEHHE
HOBOrO 3HA4YEHHS apryMeHTa U nepechiiky ero B perucrp RO:

Mox|0}II—->x| 1|+l x>II} O |C/HY.

Teneps ocranoska no komange |C/I| 6ymer compoBoXaaTbes

HHAMKanKueHd HOBOrO 3HauyeHHs1 aprymeHta. Benepn 3a stum ocraercs
OCYHIECTBHTh aBTOMAaTHYecKHil mepexol K Hauyasny nporpammsl, [ns
sroii neam B cucreme komang MK-56 ectn komaHpa G6esycioB-

Horo mepexopa | BIT|, Bciex 3a Koropofi HYXHO - yKa3aTb alpec

siueliky nporpammMHoi namsaru 00, B Koropoﬁ HaXONHUTCS NepBasi KoM aH-
pa nporpammsbl. TloiHOCTBIO MCKOMAsi mporpamMma HpEACTaBJA€HA B
Tabaune 1.21.

Takum 06pasom, 11 TaGyAHpOBaHHMA YHKUUH | (X)=-2pnZ
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C HayaJbHRIM 3HaYyeHHeM apryMednta x=1 u warom A=0,1 ¢ no-
MOILBIO NPOrpaMMbl, H3J0XKeHHOH B Tabaune 1.21, neo6xoaumo:

1) BBectu nporpammy B namars [IMK;

2) 3zanucarb 3Hadedus x=1 u h=0,1 B permcrpn RO u RI

cootBercTeenHo (komamgamu 1| x—IT|0 u 0,1 | x—>II| 1);

3) mycrurs nporpammy (xomaupza |B/O{{C/TI}).
Iynxr 1) BBINOJIHACTCH B pemmel TTPI" {, nyHkTel 2) u 3) — B

pexxume | ABT |. TlporpamMma cocras/ieHa Tak, YTO BBIXOJHHIE AaH-

Hble HHQUOUPYIOTCA HA 'CBETOBOM Tab/o. B MOC/AEA0BATE/LHOCTH:

x, f(x), x+h,)f(x+h),... .

i

HpH 3TOM HHIHKALHWA KaxKXioro uieHa noc.nenosare.nbnocm.‘

HA4YHHAasT CO BTOPOro, OCYIIECTBJAACTCHA B pPE3YJAbTATE BLINMOJHEHHA

komanasl |C/I1]. TTocme kaxjaoffi OCTAHOBKH H CHATHS NOKasarensd

unHKaTopa pafoTa nporpaMMbl BO3OGHOBJSIeTC HaX aTHeM KJaBHIlH

C/I1}. Peaynbrarhl paboThl nporpamMmel TaGyaHPOBAHHUA JJs1 3a/dH-

HbIX B npumepe 1.5.3 ycnoBHR uyacTHYHO mpeAcTaBjeHH B Tab/H-
ne 1.22. Tlpouecc TabynHpOBaKHUS NpPeKpaulaeTcs IO YCMOTPEHHIO
camoro BeMHcauTens. Haf sagaHHAa HOBOrO y4acrka MM IIara
TalyAMpOBaHHs AOCTATOYHO NMEPel NMYCKOM NPOrPaAMMEI BBECTH HOBbIE
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“Ta6éauna 1.21

R R — : Bunonnsesoe acicrane
00 MM—>x| 0}Bu3os x B peructp X us RO .
01 . F |} x*? | Boiuncnenne x?

02 1 3anuch uncna 1 B peruerp X

03 E | Boruncnenne x24 1

04 x—->T1{ 2 .E.Samm) #*+1 8 peructp R2
=

05 M->xi 0 Busos x B peructp X u3 RO

06 F {lsin Buiuncienne sin x

07 5 3anuch uuena 5 B peructp X

08 X Bouucnenue 5 sin x

09 IM—x{ 2 |Buaos x*+1 B perucrp X us R2

10 ’t- Beiuncaenne f (x)=>5 sin x/(x* 1)

11 C/11 Ocranoska n wHAHKaWHA f(x)

12 ItT—>x] 0 |Bn3os x B peructp X n3 RO

13 M—-xf 1 Buizos £ B. peructp. X u3 Ri

14 E _ Boiuncnenune x=x--h

15 x=>TI| 0 |3anmucs x s peructp RO

16 c/n OéTalHoﬁxa u HHAHKALHA X

17 BI1 Besycnosnuiit nepexon

18 00 Anpec GesycreBnoro nepexona

anayenus B perdcTpel RO u R1. OaHako Ha 3TOM, K COMaleHHIO,

‘M 3@KaHYMBAETCsl 'BApHATHBHOCTb COCTABJEHHOH mporpammb. as

TOrO YTOGHI MEPeHTH K TaGyJIHPOBAHUIO APYroil (YHKHLHH, ‘BCIO
nporpamMmMy NpHAETCA COCTABJSATL 3aHOBO. DTOT HEAOCTATOK MpOrpam-
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Mbl MOXXHO HCOPABHTB, €CJH IIPH €€ OPraHH3alHH HCMOAb30BATh _ Ta6anua 1.23
CeAYIOLHA OAXOA: BEIMHCIEHNE 3HAYeHHsT GYHKUHHU [ (x) opopMuTh ~

B BHIE CaMOCTOATENbHOTO ‘GI0Ka — nodnpozpammst, a B QOCHOBHOH Anpec Kouana _ ' Brmomnsienoe nefictane
nporpamme K 3Tod nopnporpamme o6pauiatbes. Toraa nas nepexozia
K Taby/JupOBAHHIO ApYrofl GyHKUHMH AOCTATOYHO GyAeT 3aMeHdATh 0 | Mozl o Busos x B pererp X s RO
TOJABKO GJIOK BBIMHCTAEHHA f (). : X o P P )
01 Hl'}l ‘I[Tepexon wa:moanporpammy:
02 11 .Axpec nommporpamMmel
Ta6auna 1.22 : '
- . 03 | C/m OcranoBka H HHAUKaUMA f(x)
5sin.x ’ .
X f(x)= 21 -
' 04 M—>x| o Brizos. x B peructp X u3: RO
1 2,1036776 ' o _ '
11 20163063 5 N—x| 1 :BLISOB- h B.peructp X-u3 R1L
1.2 1,9099162 : : - 1B
1,3 1,79160003 : - 06 |, 4+ ‘Brmncaenne x=x-4#
14 1,6646110 :
15 1,5346077 _ ol
1’6 14038055 07 %-=>TI}. 0 -3anuch-x B peructp RO:
17 1,2746334 _ : :
08 € /114 .OcranoBka M HHAMKAUMS X
09 | fBHI_» .Be3yc/IoBHBIA MEpexoa K Hauany
10 700 Anpec Gesycnosnoro nepexona
IOna nepexoga Ha moxgnporpammy B s3bike ‘MK-56 umeercs r
cnenualibHasi KoMaHzAa,. peanusyemas Kiasuwed |TIIT|. C mo- 11 Flx] Buiyncnenne x°
MOHIbIO 3TOH KOMaHJbl TPOHCXOJMT INE€peXoJ Ha NORAPOrpamMMmy no S 12 1 3anucb yHesna 1 B perucrp X
agpecy, YKasanHHOMY HENMOCPE/[CTBEHHO IOcJe KOMaHAB MHepexoja,
, KpOMe TOro, 3aNOMHHAETCS afpec c/Iefylomeld KOMaHAB OCHOBHOMH 13 + Bumnenenne x? 41
nporpammbl. Ilo 3TOMy anpecy NpPOMCXONMT :BO3BPAT B OCHOBHYIO . ‘
nporpaMmy nocie orpaborku noanporpammbl. Iloamporpamma 14 lx—>1'l 2 ‘ 3anuch x°+1 B peructp R2
Bceraa 3aBepuiaercss KomaHaol Bosspara |B/O|. Ilomnporpamm :
P ' it Y / : porp y 15 [T>x| 0 Brizos uncna ¥ B permerp X u3 RO
BbIuHC/IeHHs f (x) B o6ieil nporpaMme TaGyaupOBaHHUA eCTECTBEHHO
pacnojararb B KOHUE, 3TO o06Jeryur sareM 3aMeHy NOANpPOrpaMmmal 16 | | F " sin ‘Beruncaienne sin x
TIPH mepexoie K TaOy/JHPOBAHHIO HOBOH GyHKUMH. : 7 I 5 Sanucs wnena 5 5 pererp X
B ta6aune 1.23 npuBepeHa nmporpamma TaGynHpoBaHHSA (YHKUHH
¢ MOANpOrpaMMoOM, peasnusyiouied BBIYHCICHHE 3HAUYeHHH QyHKUMH 18 Brucnense. 5.sin x
f(x) u3 npumepa 1.5.3. B sueifixax 00—10 pasmemeHa ocHOBHAfA o
nporpamMma tabyauposanus. Tlonnporpamma Briuncienus f(x) Hauu- 19 [ Im—>x| o Boizos £+ 1 5 perncrp X na R2
Haercst ¢ siweliku 11, ¢ 3TOrO ajgpeca HOMKHA pacnojaaraTbCi HOBasf :
NMOANpPOrpaMMa BBHIMHC/AEHHsS 3HAueHHs OYHKUMM NPH nepexoie K 2 B Bunenente [ ()=5 sin x / (24 1)
JApyro# 3aznave Taby/JHpPOBaHHUSA. )
Ilpu -pemenun HEKOTOPHIX 3ajauy TpeGyercss - aBTOMAaTHYeCKOe 21 .| B/O Bosepar k kxomaune ¢ axpecom 03
HEOJHOKpaTHOe BHIMOAHeHHE (WM, KakK TOBOPAT, 3allMK/IHBaHuE)

OTAENBHLIX YUacTKOB OLHOH M TOR ke mporpammsl. $I3bK mporpam-
mupoBanus [IMK npenycmarpuBaer Takyio BO3MOMHOCTD.
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Mpumep 1:5.4. TpeGyercs HallTH CyMMY BCex TeX WUJICHOB
pana ‘

o

pa
nt’

n=1
BN HYHUHA KOTOPI)IX HE MEHbIIe 3aJaHHOro 4yucna e.

Boinyirem HeCKOMbKO YJIEHOB 3aJaHHOI'O psna:
b Ly Ly
4 V9 gt s
Ecnu, Hanpumep, e==0,21, TO corsacHO YCJIOBMIO 3ajaud HCKOMYIO
-cymmy COCTaBAT JIHIIL ABA MEpBLIX uleHa psaga: 1+—1-= 1,25.

I'Ipezmonomnm, YTO SHAueHHe & HAaXONUTCS Ha MHAMKATOpe
(8 peructpe X), cymma uneHoB psifa OGyZeT HaKalJUBATbCs B
peructpe Rl (Bmayane ero HyxHO OyHeT OYHCTHTB), TeKyliee
3HaueHMe HOMepa wieHa n — B perucrpe R2, a snaueHue ouepesHoro
yjeHa pfga B BHJE l/n G6yner maxomurkesi B peructpe R3. HMcexons
U3 3THX NPelIIONOXKEeHHH HECH0XKHO COCTaBHTh NPOrpaMmMmy, KOTopasi
BbIYHC/ASIA OBl MOC/ENOBAaTeNbHbBIE WIEeHb 3alaHHOrO psaAxa B pe-

ructpe R3, nposepsna 6bl yceaoBue (R3) <<e* u, ecsim oHO He

BHINOJAHAETCS, J00aB/asnia OB 3HaYEHHUsT 3TOr0 UJI€HAa K CONEPKUMOMY
peructpa Rl. A xorpa oxaxerca, uro (R3) <<e, moaxua mnpo-
HUCXOIMTb OCTAHOBKa C HHAMKauued comepxkHMoro perucrpa RI.

Kax BugHo, uTOOB! peanu3oBaTh 3Ty HACI0, HAj0 YMeTh ompe-
JeqsiTb HCTHHHOCTL ycaoBuA (R3) <& M B 3aBHCHMOCTH OT HCX0Aa
nposepku JAHGO NpekpalaTb cyer, JuO0 mpojponxkarh ero. Ha ssnike
KOMaHJ 53TO O3Hauyaer, YTO HYXHO NPOBEPHTh 3aJaHHOE YCJIOBHE
H B 3aBHCHMOCTH OT pe3yJsbTara NepedTH X YKa3anHOMY A/ KaXXAO0ro
M3 3THX JBYX cjaydaeB ajapecy ouepenHod kxomanael. Ilporpam-
mupyemble MK UMeIOT COOTBETCTBYWOIIHE KOMaHIbl, ITO KOMAaHbI

nepexoja Mo yCAOBUIO, KOTOphIE peanusywrcs knasuuieit | F| u

ONHO# M3 KJaBHLI ¢ o0o3Hauenwem ycaosuit: | x=01},| x<<0},

x5 0]. Kaxnas 13 sTHX KOMaH NpOBepsieT coaepxumoe periucrpa X

Ha BBIIOIHEHHE 3aAaHHOr0 ycaosus. Ecau ycrioBHe He BBIIOIHSIETCH,
TO cnenyxomeﬁ no nporpamme Oymer MCHOJHEHA KOMaHAa, agpec
KOTOpOIl YKa3aH HENOCPEeACTBEHHO 3a KOMaH/L0H YCJIOBHOrO nepexosa.
Ecan' ycnoBue BHIOAHSIETCS, TO cCjenyiomled GyHeT . UCIIOJHATHCH
KOMAaHAa, 3alHCaHHad nocie ajpeca nepexoia,

Jpyro# komanno#, Heo6XOLUMOR Mist OPraHH3ALHH LHK/JIHYECKHX
nporpamm, SBJASIETC KOMaHAa O0e3yClOBHOTO Mepexona, peanusye-

.Mas kaasHwei | BI1

*(R3) oGosnauaer comepxumoe (uucio) H3 peructpa R3.
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B rta6bauune 1.24 npusenena nporpamMma BHIYHCJAEHHS CyMMBbI
pfAla NO 3aJaHHOMY 4HCJAY €, NPEABAPHTEILHO BBEXEHHOMY B
pertctp X. XoA BBIYHCIEHHH M HOPANOK HCIONb3OBAHMS KOMAaHA'
YCJOBHOrO H 6e3yc/iOBHOrO Mepexoja MOXKHO YSICHHTb H3 NMOJAPOGHbIX
NOSICHEHUH HeHCTBHS KaKAOH KOMAaHXBI, NPUBEAEHHBIX B MNPABOM
cronbue. [aA mycka 3Toif mporpaMMbl HYXKHO BBECTH 3HAyeHHE &
B perucrp X M HaXarb KJIaBHIIH: :

B/0} |c/mf.

Tax, npu £¢=0,001 pesyarrarom nmporpammu Gymer 1,6131908.

MH paccmoTpesIH aNIeKo He BCe CBOHCTBa nporpamMmupyeMbix MK,
3Td  KaNbKyJAATOPH TNPEROCTABJSOT IOKL30OBATENI0 BO3MOXKHOCTb
peumiatb 3agadyd, MHOTME H3 KOTODBIX O HEJABHEro BPeMeHH ObLIH
no cuay gumb IBM, I'IpaKTnKa MOXa3kBaer, - 4TO AJS NOJHOro
Hcnoab3osaHHsa Bo3moxuoctell [IMK, kpoMe ycBOeHHSI HX JIOTHKH H
CHCTEeMHl KOMaHJ, TpebyeTcsl elle OBJaJeHHe Ky/AbTYpoH mporpam-
MHpPOB aHusl.

KoHTpoabnbe BOnpocH

1. B uem ocHOBHOE OT/IHUHE NPOrPaMMHPYeMbIX MHKDOKAJbKY/s-
topoB (IIMK) or MK apudmerHueckoro H HHXKELEPHOro THMA?

2. Kaxos nopsinok seinonnenns Ha [IMK npyxmectroft apudmern-
YecKOH onepamnuH?

3. Kakne perucrphl 06pa3yior crekoByio namars MK-56?

4. KakoB nopsinok nepemeilleHus HHGOPMANUH B CTEKOBLIX pert-

CTpax NPH HAXATHH. KIABHUIH B‘fl?

5. Kakue nepemereHns NPOHCXOAAT B CTEKOBLIX perucrpax [IMK
NpH BLIMOJHEHHH OJHOMECTHOH oneparuu?
6. Kakue nepeMelieHHlsi NPOHCXONAT B CTeKOBHIX peructpax [IMK
npu BLINOJIHEHHH JABYXMECTHOH ofepaunun?
. Hto npoucxooMT ¢ pe3yJabTaroM HPEABIAYIUHMX BHIYHC/IEHH],
xparmummcﬂ B peructpe X, npu BBoJe B X HOBOrO uMcia? ‘
8. Kak npou3BOOMTCH 3alHCh H BLI3OB: YHCE] H3 afpecyeMbIX
PErHcTPOB MaMSATH?
9. B xakoM pexxume npou3BOIUTCS BBO,ZI NpOrpaMMel B porpamMm-
Hyto namath [IMK? B Kakom pexuMe npoM3BOJHTCA NYyCK MpO-
rpaMmsbl? ‘
10. Kak 3amuchbiBaoTcA M paGOTAIOT KOM aHAbI 6e3yc/I0BHOrO H
YCJIOBHOIO Nepexonos?



Tadéanua: 1.24

Anpéo :
KOMaH= Komanpa- Buinoansemoe aeicraHe”
JH
00 |"fx—>TI{ 0 3anucb uucia e u3 peructpa X B peructp RO
o [ o Beox uncna: 0 p-persctp X
02 x=>T1} 1 Banuck yucna 0 B perucrp Rl (S=0)
03 x—>TI|"2 ‘\3“anﬂc5 ucna O B peruerp R2 (B 6ymymem B
R2 Gyzer pasmeujaTbcs 3HAYEHHE 1)
04 I: Bsog. yuena 1 B perworp X
- 05 M—>x| 2 Tepectlka uucia | Biperderp: Y U BBI30OB yHcaa
. . u3 perucrpa R2
06 + ' Brlunc/enye’ Tekyilero- sHaueHnst 1
07 x=>I1]| 2 3anucs n B perHerp R2
08 F IE Briuncienue n?
09: F | /x| Bruncnenue: 1yn?
10 x—T1] 3 3anucs 1/n® B perucrp R3
11 x| 0 Tlepeceika 1/n? B permerp: ¥ W BH3OB: uncaa e
B peructp X
12 - I Buiuucaenue 1/n® —e
13 x>0 TIposepka’ 1/n® — g0 (#8730 It IPOROIMKATE?)
14 21 ‘Anpec mepexosa npw 1/it*<e=<<0 (k- oxoHua-
. "} Huo: nHKAA)
18 | [Flo>x| 1 Buizos uncaa S u3 peruerpa Ri
16 m->x| 3 Buizop yucaa 1/n? us perucrpa R3
17 Buiuncnenne S41/n?
18 x==TI| 1 3anmucs S+-1/n? B peructp R
19 BI'Il BesycaoBHblil mepexof,
20 04 Agnpec GesyciosHoro nepexoja
21 Mm—-x| 1 ’ BrisoB  HaljenHo#ft cymmel u3 perucrpa Rl B
- peruerp X
22 c/n OcTaHoBKa U HHAMKAIMsS pe3yabrata

50

Ynpaxuenus

1. CoctaBuTh nporpaMmbl A/15 “OAHOKPATHBIX BHIYHC/IEHHH Ha .
MK-56 3HaueHH# CTERYIOUIUX BhIpaXKeHH:

a) 3,18+/24,76, B)-243%"+1/(1g0,261—2¢8);
6) 0,9°sin'0,84; T) 9,71-cos (+/0,64+2,1"5). :
2. CocraBuTb IporpaMmy AJs BBOAA uHcea a4, b, ¢, d B perucTpol

-creka X,Y, . Z, T coOTBETCTBEHHO.

3. Hanucarb mporpaMmy AJasl Py4HBIX BhluucieHu#t na TIMK o6-
Iero CONMPOTHBJEHHA ILeNH R NpH TapasielbHOM * BKAIOYEHHH
conpotusaeHud R, Rz, R3 u R4 mo dopmye:

. 1
REr o T 1
Ri "Ry Rs ' R4

4. CocraBuTh HpOTpaMMy [Jf aBTOMATHYECKOTO BBIYHCICHHS

‘3HaueHH# mIomand Kpyra S=mR? mo 3ajaHHEIM 3HaAYEHHAM

panuyca R, BBOLMMBIM B DETHCTD -HHAHKAUHH X.

5. Jlano -ypaBuenne 3°—4x=0. 'MeroxoM Ta6yaupoBaHHusa
bynxuun f (x)=3*—4x na MK-56 J0Ka/mn30BaTh OTPE3KH, cOLEpKa-
IIKe KOPHH ypaBHeHHS.

¥x.as anue CocraBuTh NpOrpaMMy TaGylHPOBaHHA (GYHKIHH
f (x) ma orpeske [0; 2] ¢ warom 0,1. HenpepuiBHasi QyHKIHA HMeeT
Ha OTpe3Ke KOpeHb, eClli OHA MeHfieT 3HAK Ha ero KoHuax. Ecau
(GYHKIHA K TOMY K€ MOHOTOHHA HAa 3TOM OTpPe3Ke, KOpeHb e[HHCTBEH-
HbIH,

6. CocTaBHTh LHK/JHYECKYIO NPOrpaMMy BBIYHCAEHHS CYMMBI BCEX

00

WIeHOB pfaa 2 e—',’,—, BE&JHUYHUHA KOTOPBIX HE MeHblIe 3aJaHHOro
n=1
YHCAA €.
7. CocTaBMTb UHKIHYECKYIO IPOTrPAMMY BBIMHCIEHHS HAHGO/bILETO |
obutero aenurens (HO) asyx menwix MONOKHTENbHBIX yuces] a M b.



I'siaBa 2
METO/ bl OuEHKH HOFPEH]HOCTEI’I

PaccmarpuBas B NpeNblIylieil IaBe TEXHUKY BbIMHC/TEHHIl Ha -

MHMKPOKaJIBbKYJIATOPAX, Mbl He 3aTParHBalH BONPOCOB TOYHOCTH
BoluvcaeHHA. TloHsiTHO, OfHaKO, uTro GoJbioe KOJHUeCTBO 1HD,
BhiCBeYHBaeMbIX Ha HHAukarope MK npu BLINONHEHHH pacyeros,
He AefiaeT MeHee aKTyaJbHOH 3ajayy OUEHKH TOYHOCTH pe3yjbTa-
TOB. .3TO OTHOCHTCA M K Yy4ery TOYHOCTH HCXOAHBIX HAHHHIX, H K
aHaIM3y HAKOMJIEHHS BLIMHCAHTENbHBIX OMIHOOK, T. €. 3aTparupaer
Becb KpYr BOIIPOCOB, TPajXHUHOHHO OTHOCHMBIX K MeTOXaM MNpH-
OJTHXKEHHBIX BBIMHCJEHHH.

2.1. Ucrounuxu ouminGoK B BHIYUCAEHHUSIX RO (opmyae

OpHOH H3 OCHOBHBIX NPHYHH, 'OFPAHHYHBAIONIHX TOYHOCTH pac-
4yeToB 1O (opMyse, ABASETCA CTENens TOUHOCTU UCXOOHbLX OAHHbBLX.
Hdeno B TOM, UTO HCIONb3yeMble B BLIUHC/IGHHAX YHCJIOBHIE 3Haue-
HHUA HOCAT B NOAABJALOLIEM GONBIUHHCTBE CYyYaeB HPHOJIHXKEHHBIH
xapakrep, HOO MONy4aloTC Ha NMPAaKTHKe B pe3y/bTare H3MepeHHH,
B3BELIMBAHHH HAH APYrHX crioco6OB MHCTPYMEHTANLHOrO MOJYUYEHHS
YHCJIOBLIX 3HAYEHHH KaKMX-T1HOO peajbHbix BeqHuMH. B Tex uckao-
YHTENIbHBIX cayqa;x‘x, Korpa tpeGyercd 0cof0 BEICOKAA TOYHOCTH HC-
'XOJHBIX 3HAYCHHMH, ee NOCTHXKEHHE CBA3aHO OGBIYHO ¢ HEMajbiMH
sarparaMH, B CTAHAAPTHHIX K€ CJAy4asiX 3Ta TOYHOCTb OGBIYHO He
OueHb BEICOKa. Yacro OHa 0Ka3blBaeTCAd HECONOCTABHMAa C TeMH

KOJOCCaJJbHBIMH BO3MOXKHOCTSIMH, KOTODBIMHK 06J1a1aeT IpH 06paboTKe

YHC/JOBHIX 3HAYEHHH MHUKpOKaibKynATOp. MMeHHO 3mech M KpoercH
Ol1aCHOCTb BO3HHKHOBEHHUsl 3abJiyKAEHHH O BBICOKOH TOYHOCTH
COBpEMEHHO! CueTHOH TeXHHKH: Hanmpumep, NPOU3BENH AelcTBHE HAJ
YHCJAAMH C ManbiM KOJHYECTBOM LU, 2 MOJYdYEeHHBIH OTBeT 3aHsI
BeChb HHAuxarop, 3,2:2,3=1,3913043. FpamorHBI#l" mosb30OBaTENb
He cIenaeT M3 5TOrO MOCIEUIHOrO BHIBOAE, a4 NMOLOHIET K. OLEHKe
TOYHOCTH IMOJYUEHHOrO 3HAUEHHSI C YYETOM TOYHOCTH HCXOQHBIX
‘HaHHMX. JIpyrue npHYHHB, BAHAIOIIHE HA TOYHOCTb BBHIHHC/HE-
HUSl,— 3TO TeXHUHEeCKUe 803MONCHOCTU MUKPOKAALKYAATOPA, TPEKIE
BCEr0 KOHeuHOCTh paspsaHoil cerkn MK. Dto obcrosArennecrso np-
BOOMT K TOMY, YTO He. BMellalOUlHecH Ha HHAMKATOpe ' paspanbl
pesyieprara (Korja B OTBeTe nojydaercf GeckoHeuHas JecATHYHAA
Apo6b HaH ApO6b KOHEUHA, HO COLEPIKHT OoJibllie 3Havamux Uugp,
4eM paspARHOCTb HMHIHKATOpa) OCTAOTCA B .XOAE BBLIHHCJIEHHH
HEHU3BECTHLIMH - 1 BhiuMHCAUTENs, ' B - GoabwuHcTBe . enydaes: MK
YCTPpOEH TaK, 4TO 3TH paspajbl - nonpocty or6packBatorcd. Jlo-
NYCTHM, YTO HCMONb3OBAHHBIE B MPHBEACHHOM BHIIE NpPHMEpE HC-
XOAHbIe <3HaveHHA 3,2 u 2,3 — Tounble uucja, TOTAa MOJYYEHHOe
Ha MK ux uacrnoe 1,3913043 copmepxHuT OMWHGKY, Tak Kak:.ero
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paspsiHad ceTKa He BMeCTHIa. BceX LHdp pesyawraTta. B TOM, 4to
owM0Ka [0MylleHa, Jerko YOeAHTbCS, IPOBEPHB JeleHHE YMHO-
KeHUeM:

1,3913043 X 2,3=3,1999998.

B naHHOM ciayyae BLIMHCAHTENb HHKAK HE MOXET CYIUTb 06 MCTHH-
HO# BeNHYHHE NONMYIIEHHON MOIPEIUHOCTH, 2 MOXKET TONbKO CKAa3aTh,
YTO0 OWHOKA HE TIPeBLINIAeT eNUHHIBI CaMOr0 MJAJero H3 H3oGpa-
JKEHHBIX HAa HHRHMKATOpe paspsAloB pe3yJbTaTa. _

Huorna, xak caenyer H3 HHCTPYKUHEA 1o axcnnyaTauuu MK BHI-
HaeT pe3ysbTat C TOYHOCTHIO, He HCNOJb3yIOHiel 'BceXx paspfAmos
unaukaropa. Hanpamep, MK «SJIeprouuKa B3-18» npu 8-paspsaanom
HHAMKATOPE BLIMHC/SCT 3HAYCHUS SIEMEHTAPHBIX (PYHKIHHA C LIECThIO

- 3HAaKaMH IoCJie 3anfTOH, T. €. C TOUHOCTBIO [0 €NHHHUIIBI B LIECTOM

miaaniem paspsne.-OueBHIHO, YTO 3TOT THN MOrPEMIHOCTH OGYC/OB-
JEH nozpewHocTvio  meroda, HCNONb3YEeMOro MOpPH  BHIMHCJIEHHH
snayenui Qynxkuui. K yHcay nmpHuUMH, HCKaXKalOUMX pe3y/nbTaT Bbl-
YHCJIEHHH, CIEAYET OTHECTH H BCEBO3MOMKHbIE nNpomaxu, NONYCKaeMbie
HHOrla B Mpolecce cuera: OWIHGOYHLIA BBOA NAHHBIX HA WHIAMKATOP,
CMelleHHe KIaBHII onepauui, HCONb30OBAHHE HEBEPHOH NporpamMmsbl
BbiHHCIeHHH U T. K. Clofa OTHOCATCS TaK)Ke OWMGKH, BO3HHKAIOIHE
H3-32 c60es, BO3HHMKAIOMIHX B CaMOM BBUIHC/AHTENbHOM mpHGope.
CpenctBoM GopbGhl MPOTHB MPOMAxOB Pa3HOro PoRa CAYXKHT mpend-
BapuTeNbHas rpyGas NPHKHAKA OXHIAEMOro Pe3y/LTaTa HiH CIoco6
ABOWHBIX BbHIMHC/ACHHH, a TAKXKe CleuHaNbHO OpraHusyemble CHCTEMBl
TEKYILETO KOHTPOJSI, CBSI3aHHbBIE C CYLIECTBOM pelraeMoli 3agayi.
He npuHuMas BoO BHHMAaHHE BO3MOXKHbBIE cydaiiHble NPOMaxH, MOKHO
CUMTATb, YTO OCHOBHOE BJIHMSIHHE HA [OrPEIHOCTb pe3yJabraTta
BoiHucernit Ha MK no rortosoii ¢opmyne okasbiBaer NOrpeirHocTh
MCXOAHBIX nauubiXx. Bosnee Toro, B upenenax paspsinuoii cerku MK
3T0T (HAKTOP Yalle BCErO OKA3hIBAETCS €IUHCTBEHHBIM, TAK KaK BJHf-
HHe TexHHuecKMX ocobeHHocTel MK HauMHaer cKa3blBaTbCs JHUIb
TOrja, KOrja TOYHOCTh cuera HpPHOMHXKAeTCH K rpaHHLAM BO3-
MOXHOCTeH MUKpoKanbKyaaropa. Jas chepnbxaammero npencrasJe-
HHA O MOrpeuIHOCTSX pe3y/nbTara BLIMUCJACHHH ClAELYeT YYHTHBATh
B/IHSIHME BCEX BO3MOXKHbIX OIMHOOK. I[lomoGHe aHanu3 Henb3st
npoBecTH 63 HCHOJb30BAHHMA HaYalbHLIX MOHATHA O Meroxax
NPUG/IHKEHHBIX BHIHHMC/IEHHI. '

Kourpoa bHB € BONpOCH
1. KakoBbl, OCHOBHbBIE TIPHYHHBI' BO3HHKHOBEHMS! NOrPEIIHOCTEH B
BLIMHCJIEHHAX 10 TOTOBOH qmpmyne?
2 Kakue u3 srux norpeumomeu 3aBHCAT OT MﬂKpoanlbxynmopa>

2 2, Ocnonnue NOHSTHS TEOPHH NPHGAHKEHHBIX BHMHCACHRI

_Ecan. X — MCTHHHOE 3HaTeHUe HEKOTOPO# BEeJHUYHHE, a X -— ee
H3BECTHOE NPHUGIHKEHHE, TO a6comomaﬂ B&JIHYHHA omnﬁxn npné.nﬂ-
JXKeHHST X onpepensercs Tak: : :
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ec=1X—xl. @2:1)

Bennuuna e,, HasbiBaemasi a0COAIOTHOU NO2PEUWHOCTI0 TIPHOIHAKEH -
HOro 3Ha4YeHHsi x, B GOJNBIIMHCTBE CAY4YaeB OCTAETCH HEU3BECTHOH
AJs1 BBIMHC/AHXTENA, TaK Kak JAJjsl €€ BBIHUCJICHUA HYAXKHO 3HaTb
TOYHOe 3HaueHHe X. Bmecre ¢ TeM Ha mpakTuKe OGLIUHO ypaercs

YCTAHOBHUTB BEPXHIONI IpaHHNy a6COJIIOTHOM MOrPELIHOCTY; T. €, TAKOE -

(o BO3MOMHOCTH HAaHMeHbluee) uucao Ax, mas KOTOPOro’ clipaBes-
AUBO

|X—x| < Ax. (2.2)

Yucno Ax B 3TOM ciyyae HAsHIBAIOT epanuyel abcoaoTHol no-
epewnocTy (WTH nNpenenbHOR aGCOMIOTHOM INOrpeLIHOCTSI0) MPH-
O/IHKEHUA X.

[Tpumep 2.2.1. PaccmorpuM uucio n==3,14159265358... . Ecnu

Xe BbI3BaTh 1 Ha uEAMKaTop 8:paspamsoro MK, noayuum:

NPUG/IMKEHHE 3TOTO UHC/Ia:
n’ =3,1415926.
AGconi0THaA TOrpellHoCTh 3HAYeHHS 7’
ey=|n—a’| =0,00000005358... .

ITonyunnu 6ecxoueqﬁym Apo6b, HENPUrONHYI IS IPAaKTHYECKHX
pacueros. Ho

e, <<0,00000006=An’,

clenoBarenbHo, yucao An’=0,6-10"" MOXHO cuurarh rpaﬂuueu

aGCOMIOTHOR MNOTPEUIHOCTH NPHGIHIKEHHSA, HCIOAb3yeMOrO0 MHKPO- -

" KaJbKyJATOPOM BMECTO YHC/A .
Hepasencrso (2.2) mnosBonsier yCTaHOBHTL NPHGAHKEHHS K
TOUHOMY 3HaueHHI0O X IO HeLOCTATKy H IO H3GHITKY:

lx—Ax| <X < Ix+Axl, (2.3)

KOTOpBI€ MOT'YT PacCMaTpHBaThCH KaK BO3MOXKHLIE 3HAYEHHS COOTBET-
crBeHHo HuxkHel (HI') u Bepxneit (BI') rpanmnm npuGamxenus x:

Hly=x—Ax, Bl y=x4+Ax. 2.9

KauectBo. NpHOMHKeHHBIX 3HaueHHH H3MepsieTCs C [OMOMLbIO
OTHOCHTEJIbHOH MOrpeHIHOCTH, KOTOpas OIpeNeffeTcss Kak OTHomIe-
HHEe OWMKOKH e, K MOAYJIO 3HaueHus X (KOorga OHO HEH3BECTHO —
K Moaymio npuOaMKeHHsa x). D[pannnefi oTHocHTeabHOH norpeLu-
HOCTH Ox NPHGNMKEHHOrO MMCJA HA3HLIBAETCS OTHOMIEHHE TPeNe/b-
HOH a6COMIOTHOH MOTPENIHOCTH K aGCOMIOTHOMY 3HAYeHHIO npubanxKe-
HHS x:

dx=-2_ : (2.5)

[x]

OTHOCHTENILHYIO MOrPelHOCTb BHIPAXKAIOT OGBIYHO B IIPOLEHTAX.
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MIpuvep 2.2.2. BoluucauMm TPaHUNY OTHOCHT@IBHOH mOrpel-
HOCTH MPUOGNHXKEHUS K YHCTY 7, UCIONL3YEMOro MHKPOKaJIbKYNATO-
pom:

,  06-1077 —7
on’ = rsees < 0,2+ 1077,

T. € MOXHO npuHsATb 8’ = 0,000002%. 310 upesprHaiiHo BLICOKas
TOUHOCTDb, €CJH YUeCThb, UTO /151 OPAMHADHBIX TEXHHYECKHX PacueroB
CUMTAeTCs TpPUEMJIEMBIM YpoBeHb ‘TouHocTH oT 0,1 Ko 5%.

Luppa uncna HasbiBaeTcsl 8epHoli (B LIKPOKOM CMBIC/IE), €CJH
aGCoNMIOTHAA ITOTPEILHOCTh YHC/IA HE TPEBOCXOAMT eI MHUIE!, pa3psana,
B.KOTOPOM CTOHT 3Ta LH(pa. 3nauwauuny yuppamu Yucaa, 3anucaH-
HOro B BHIE AeCSATHYHOH ApoGH, HA3LIBAIOT BCE €ro BepHble LHHGPH,
HAUMHAS ¢ epBoli cneBa, OTIHYHON oT Hyas. 3anuch npudnumeﬂnoro
YUCJA TOJAbKO BEDHLIMH 3HAKAMH MPHUHSTO HA3bIBATH APABUALLHOL
3anucsio. ‘

Mpumep 2.2.3. lpubnuxennoe uucno a=190,30700 pano B
NpaBUALHOM 3aNHCH, T. €. B WHHCJ€ BOCeMb 3HawalluX UHGP, a ero
a6CcoMIoTHAsA TNOPPEIIHOCTh He JIpEeBHIIIaeT eNHHHIB 5-ro paspsna
nocse 3anaroi, no3ToMy MOXHO NpuHATL Aa==0,00001.

Uckniouenne M3 moc/efyloUiuX BLIMHC/AEHHH HEBEPHBIX LHPP
MIPOM3BOLUTCS IIYTEM OKPY2AeHUA TIPHONMIKEHHBIX UHCEN, T. €, 3aMeHbl
4Hcja ero 3HayeHHeM C MeHbIUHM KOJHUYECTBOM 3Havallux mudp.
[Mpu oxpyrMieHHM BO3HHMKAEeT MOTrPEIIHOCTh, HasbiBaeMmasi nozpeut-
HOCTbI0 okpyeaenus. TlycTb x —— NHAHHOE YUCAO, & X — Pe3yJabTaT
ero okpyraenus. [TorpewHocTb OKpYrieHUst ONPeNeNseTcs KaK MOLY/b
paSHOCTH TIIpeXHero 1 HOBOTO 3HaueHHil uucna:

A gp=Ilx—xil. (2.6)

B orpenbusix cayusasx Bmecro A, NPHXOZHTCS HCMO/Ab30BATh ee
BCPXHIOIO OLEHKY. —_—
[Tpumep 2.24. Buinonnum na MK nefictBue 1| = | 6. Ha

wnaukarope BoicsetHtess 0,1666666. IMpouzoutno ABTOM aTHYECKOe
OKpyrJeHHe GeCKOHeuHOH AecsATHuHON apo6u 0,1:(6) m0 KomHuecTBa
paspsizioB, BMELLAIOUIHXCS B PErHCTpe MK. IIpu 3TOM MOXHO TIPHHATb
A,,=0,7-10""

liDaccmorpeHﬂbm NpHMEP <«MPHHYAUTESLHOr0» OKPYrJeHHsI Ha3bl-
BaOT OKpyzaenuem merodom orbpaceisanus. OUeBHAHO, YTO caM MO
ceGe ‘METOI OTOpACHIBAHHSI OCTaBJAsieT BCce COXpaHsieMble HHQPHI
OKDYTJICHHOTO YHCJ/la BepHbiMH. Eciu BHIUHCIeHHA BEeAYTCS B Ipefenax
paspsinaoit cerkn MK, T. e. ¢ TOYHOCTBIO MeHbmiel, UueM MalHHHAaA
TOUHOCTb MHKPOKaNBKYJSTOPA, Lesecoobpa3Hee IMOb30BAThCS CIIOCO-
6OM CUMMETPUUHO20 OKpYaaenus, KOTOPBIH NPUBOAHT K MeEHbHICH
BeJIHUHHE OLIHOKH OKpYr/leHus, ueM cnocol or6packiBanus. CummMer-
pHUHOEe OKPYTJ/IEHHE BLINONHSACTCA 110 CAEAYIOUIUM MPaBHAAM:

1. ‘Ecau neppasg cnesa.u3 Bcex orGpacbiBaeMbIX LH}p meHbire 5,
TO NMOCJAENHsAs1 coxpaHsemas 1 Hdpa ocraercs 6e3 HU3MeEHEHHS.
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N

2. Ecnn neppas cneBa.H3 Bcex OTGpachiBaeMbix unudp 6Gosabiie
W14 paBHa 5, TO HOCJIeILHHH coxpanaemasi uubpa yBesuduBaercs
Ha eAMHHULY.

M3 npaBun cHUMMeTpHYHOTO OKPYIJieHHS C/IELYer, 4TO ero mno-
TPEliHOCTb HE TIPEBBIIIAET NOJOBHHE €IHHHIBI NOCAELHEr0 COXpaHse-
MOro paspsapna. 3To0 06CTOATENbCTBO 03BO/ASET BECTH CUET € TOY-
HOCTHIO OO/bILeH, YeM eIHHHIIA MOC]eNHer0 COXPAaHsIeMOoro paspsia.
ITo sro#t mpuuuMHe HapaLy C MOHSITHEM <«BEPHAas HHUPpPa», COOTBET-
CTBYIOLIMM METOJHKE CKPYIJIEHHs [1yTeM OTGPachIBaHUs, UCIION b3 YeTCH
HOHSITHE «LHdpa, BepHas B CTPOrOM CMBIC/AE», HpHMeHHeMoe B
BbIMHC/IRHHAX C CUMMETPHUHBIM OKDYI/ICHHEM,

lingpa uyucna HasbiBaeTcsi 8epHOU 8. CTPO2OM CHbiCAe, €CHH
abCcosIOTHAsl TIOIPEIIHOCTh 3TOTO UHC/AA He MPEBOCKOMHT NOJOBHHbBI
eAHHHIBl Pa3pAAa, B KOTOPOM CTOHT 3Ta Hudpa. A

Hpumep 2.25. Bpumcamm na MK x=-/236. ITonyyum
x==15,362291. OxpyrJumM pe3yabTar N0 AECATHIX.METOAOM CHMMET-
pUUHOrO OKpyraeHus: x;==154; Ax;==0,04.. Bce uudps uyucia x,
BEPHBI B CTPOroM cMbicie. AGCOMIOTHA® NOrpemiHocTb 4YUcaAa Xy,
N0/1y4aeMoro B pe3yabTare OKpYrJeHHA NpHGIUKEHHOro 3HAYEHHS X,
CKNaAbiBaeTcA U3 a6CcoMOTHON NMOrpelIHOCTH NePBOHAYaNlbHOr0 YKCaa
X ® NOTPeUIHOCTH OKpYryeHus. JleficrBUTenbHO, H3 HepaBeHCTBa

X—x| S X—xl4x—xl<Ax+A

CJIELY€ET, YTO €CJAH B Pe3yJbTare OKPYIVIEHHA NPHG/HKEHHOIO YHCHA X
NOJYYEHO 3HA4YeHHe X;, TO rpaHuuefl abCconNOTHOR NOrpeuIHOCTH
YHC/Ia X; MOXKHO CYHTAaTh CYMMY rpaHHnb aGcosIOTHOH morpeun-
HOCTH YHC/Ia X H MOTPEIUIHOCTH OKPYIJICHHA,

Mpumep 2.2.6. [lycrb B upuGAuIKEeHHOM 3HAUECHHH a= 16,395
Bce- UHDPHl BEPHBl B WIMPOKOM cMblcie. OKPYraHM @ HO COTHIX:
a;=16,40. Ttorpewnocts okpyraenns A, =0,005. [as naxoxaeHns
NOMHOH MOrpelHOCTH Adi HYKHO ClOXKHTbL A, C TOrpemHocTbio
HCXOJHOTO 3HA4eHH§ a;, KOTOpasi B [AHHOM Clydae MOMer ObiTh
HalifeHa H3 yC/NOBHSA, uTO BCE UHGPH B 3anucH a BepHb:: Aa=0,001.
Takum  o6pasom, Aa;=Aa+A,,=0,00140,005=0,006. Orciona
CJIEAYeT, UYTO B 3HAYEHHH a,=1({40 yugpa 0 HesepHa B CTPOrom
CMBICTE,

Kourpoaenme sBonpocu

1. Uro Takoe aGCOMIOTHAA MOrPelIHOCTh NPHGIHIKEHHOro 3Haue-
HHfA BEJHYMHBI? TPAHHIA a6CONIOTHON TOrpeIuHOCTH?

2. Kak ¢ noMoWbio Ipanumbl aGCOMIOTHOA - MOrpemHoeTH Ax
npnénumenﬂoro 3HaYeHHsA X MOXKHO YKa3arb Bosmoxmme 3Haqeunﬂ
€ro HUXKHEH W BepXHel rTpaHum? '-

3. Yro Takoe OTHOCHTE/NIBHASA MOTPEIHOCTD npnénnmeﬂﬂoro 3Ha-
YeHHst BeTHYHHBI? rpasuna 'OTHOCHTEJbHOH TIOTPeltHOCTH? -

4. Kakne nucpel B 3anicH TPHOIHKEHHOr0 4HCIA HA3KIBAIOTCHA
/BEPHBIMH B IIMPOKOM CMbIC/IE?. BEPHBIMH B CTPOrOM CMBIC/E?
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5. Kakne uudpsl B 3anHcH NpHOGIHKEHHOI'O UHCIA Ha3biBAIOTCA .
3HAYaIHUMH?

6 Yro rtaxoe oxpymenue yHcsaa? MOrpenHocTh oxpymeﬂnﬂ'v’

7. Kak pasnnuaiorcsi NOTPEIIHOCTH CHMMETPHYHOTO OKPYIVIEHHS H
OKPYTJIEHHS MEeTOAOM OTOpachiBaHusA?
8. M3 wero cknaneiaercsl MoAHas MOrPeIIHOCTH OKDYIJIEHHOT 0
tmcna'»’

YHpa)KHeHnﬂ

1. B pesyanaTe HSMepeHHH LJIMHBL CTO/MA METPOM C CaHTHMeET-
POBBIMH JENEHHAMH YCTaHOB/EHO, YTO 3HAYEHHE IJHHBLI' HAXOLHTCHA
Mexay neneHusmMu 63 u 64 cMm. Ykasarb rpaHunel aGCONIOTHOM
H OTHOCHTE&IBHOH MOTpelIHOCTH 3HA4YeHHs AJIHHBI, €CJH HNPHHATh ee
paBHoli 63,5 cM.

2. ¥ npHOGIHMKEHHBIX HHCeN

36,7; 2,489; 31,010; 0,031

BCe IUPPH! BEPHEI'B CTPOrOM CMEICIE. YKA3aTh IPaHHNbl aGCOMIOTHBIX
H OTHOCHTEJIbHLIX TIOTPEIIHOCTeH 3THX YHCel.
3. Y npHOAHKEHHBIX YHCET

0,310; 8,495; 24,3790

Bce UHGPHl BepHH!'B cTporoM cmbiciie. OKpYyrJHTh 3aJaHHbIE YHCaA RO
COTHIX ¥ ONpefeNuTb B OKPYIVIEHHBIX 3HAUCHHSIX KOJH4YeCcTBO UH(P,
BEPHBIX B CTPOrOM CMBICIE.

4. Tlpu6amxkennoe 3HavyeHne Macchl 3eman pasno (5,98 4-0,001) X
X 10** kr. Macca NYJIH OXOTHHYLETO PYXbst paBna (161 1) r. Kaxoe
Hamepeﬂue sisgerca 6onee TOYHLIM?

2.3. OnpeneneHne KOJHYECTBA BEPHLIX LHOP
f10 OTHOCHTE/IbHONH NMOrPeHOCTH NPHGAHKEHHOr0 YHCAA

KosiHuecTBO .BepHBbIX 3HauaWMX UHOP B NPHOMHKEHHOM uHcAe H
BCIHUHHA OTHOCHTEJLHOH MOrpemHOCTH 3TOr0 4YHC/IAa B3aHMO-
cBA3aHbl: MO BeaHunHe Ox, yuyuThiBass ¢opmyay (2.5), MOXKHO BHI-
YHUCJSATh aGCOJMIOTHYIO NOrpeliHoCTb

Ax=1x|-8x, (2.7

BE&JHYHHE KOTOPOH, KaK CJeAYyeT H3 OnpeleNieHHs IpPaHHH BepHBIX
3HavYamux uHGp, ABHO BJHAET HA HX KOJHYECTBO B HPHOIHKEHHOM
yucae. Ha npakruke HHoOrga ynoGHee NOAb3OBAaThHCA HPABHAOM,
YCTaHAB/IMBAIONIMM B3aUMOCBS3b KOJHYECTBA BEPHbIX HHUDP He-
NOCPEACTBEHHO 'C: B&JINUHHON OTHOCHTENBHOH norpemuoctH. Paccmor-
PHM STOT . BONPOC. . IPHMEHHTEJbHO K  TPHGAMKEHHOMY UYHCAY X,
sanucaﬂuomy B Hopma.nbnom pHge (cm. m. 1.2):

Cx=M- 107, ST (29
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B NPEANONOKEHHH; 4YTO: MaHTHcca M y#OB/IETBOpSIET - YCAOBHIO
0,I<M<1 (ynciio- x B 3TOM cilyyae HAa3BIBAOT HOPMATHSOBAH:
HbiM), VY HOpMA/IH30BAHHOIO UHCJAa MNepBbll: paspsl MAHTHCCH
noc/e 3anAroil Beerna OTAHYeH: oT Hy/Ns: OuEBHAHO;. UTO XpaHeHue
B MallHHe YHceJ HMEHHO B HOPMAaJH3OBAHHOM BHIE IO3SBOASET
COXPaHHTh GOJblIC 3HAYaUHX LMD MaHTHCCH,  3amerHM: Takike,
YTO [ HOPMAIM30BAHHOrO uHcia x Buaa (2.8) chnpasemiuBo
cllenyolLee:

%] << 107, : (2.9)

Hrax, umeercs NpHOAMKEHHOE YHCIO X M €ro. OTHOCHTENbHAs
norpeminoeThk §x. Hyx#o ycTaHOBUTD. KOJHUECTBO BEPHBIX' B CTPOrOM
cMmblesre 3Havammx: HHbP B HHcae. x; ns. ka)kIOro: H3BECTHOrO
3naveHusi 6x MOXKHO 'TTORO6PATE Takoe: HAaHGOAbIIEe: HATYPaNbHOE 11,
yTOObl UMEI0 MECTO: ‘

dx<C10™" ‘ (2.10)
Torna:

Ax< 15| - 107" < 107+ 10" = 107" < - 10~ D F7,

Ax <107~ D107, (@11

Conocrabnss: tenepb (2.8) B (2.11) H wucnoab3ys onpenenexue
uHdphl, BepHOH B CTPOrOM CMLICTIE, MOXKHO CAMaThb: BHIBOL, YTO
B MaHTHUCCE NPUOAMIKEHHOTO UHCHA X BEpHBI B CTPOTOM CMHICIE, MO
Kpafinedl- mepe n— | uudpa mocae 3anATON (a MOCKOMBKY x- HOpMa-
JII30BaHO, TO Bce 3TH IHGPHL. 3nauvawmue), Taxum ebpazom; s
TOrO YTOGH IO 33/ aHHOMN BEJHUYHHE 'OTHOCHTE/bHON NMOFPeInHOCTH 8x
HaHTH KOJHYECTBO.BEPHBIX 3HAYalHX LH(P B uHCIe X, JOCTATOYHO
nopo6park HaumOoJbllee HATypadbHOE YHCAO N1 TaK, UTOGH HMENO0
mecto HepaBeHcTBO Ox<<107", a norom nonyuexHoe 3HaueHHe n
YMEHBUIHTS. Ha" eJ[HHILY.

IMMpumep 2.3.1. Tlycte x==984,6; 6x=0,008. OueBugno, uro
0,008<C102 Do 03HAuAeT, YTO YHCAO X HMEET IO kpafineil- Mepe
Oiny ' BEPHYIO B CTpOrom cMbicne nudpy (nmeppas cnesa.uudppa 9).
IMoayyennbiii pe3y/nbTaT JIErKO *MOATBEPAHTb, HCHONL3YfA OHpEReNe-
HHe LU}pHI, BepHOH B cTporoM cmeicyie. Ha MK Bhigmcaum: Ax=
=984,6-0,008 =7,8768, orkyna caenyer, uto B uncie 984,6 nudpa 9.
IEeACTBHTENIbHO BEepPHa B CTPOrOM CMBEICIIE,

. flonyyenHoe npaBuio0 HHOrZA . 3aBHlIaeT TpeGOBaHHE K TOU-
HOCTH-— IPH BbINOJIHEHHK ycnoBHsA (2.10) B uHcie MOryT OKasaThesl
BEPHBIMH BCe 7 IH(PP. 3aBHCHT 5TO.OT BETHUHHBL IEPBHX 3HAYALIHX
umdp uyuciaa x.

Itp umep2.3.2 Mycts x=136,4; §x=0,008<C107% (1. e. n=2).
Cornacno npapuny B uncae 136,4° numb ogHa BepHast B CTPOrOM
cmblcsie nugpa (n—1=1). Boluncaum Ax=136,4-0,008< 1,1. Kak
NOKa3blBaeT HalAeHHas BeJHYHHA MpeAenbHOll aGcoMoTHOMN morpein-

58:

HOCTH, B uyucine 136,4 ‘BepHHI“B ‘CTPOFOM -CMBbIC/Ie -ABe iHdpH: | H 3.

B ormenbHbIX cayuasix, Korja meppaf 3Hauamias nudpa B
OTHOCHTEJIBbHOH norpewHocTd 8x meHbume 5, BMecto ycnoBus (2.10)
ylaeTcs yCTaHOBUTL GoJsiee XKeCTKOe yClOoBHe:

S5 107" (2.12)

B srom cayuae uHcio x UMeer no KpaiHeHd Mepe n BepHEIX B CTPOroM
cmuicire nHdp. JledAcTeuTenbHo, ¢ yueToM (2.7), (2.9) u (2.12) umeem:

Ar 4 x] 107" < 1074 107 = 1077,
Ax 410770107,

a 3TO O3Hauaer, qi‘b MaHTHCCa M 'HOpMAaTH3OBAHHOIO UYHCAA X
(cM. 2.8) umeer N0 MeHbIER Mepe 1 BEPHBIX B CTPOrOM cMbicie HUdp.
MMpuwmep 2.3.3. ITycts x=78,56, 6x==0,0003. Fimeem: 0,0003 <

<0,0005=—é—-10"3, T. € B YHCJe x BEpHH B CTPOroM cmbicie 3

uugpsl. JelcTeuTenbHO, B [aHHOM cayuae Ax=78,56-0,0003 < 0,03,
YTO MOATBEPK/ aeT MOJYUEHHBINi pe3yabTar.

Kourtpoabuse ponpocs

1. B snauennax x H Ax pecsiTHYHast 3anfArasi ONHOBPEMEHHO
nepemelleda Ha ONHHAKOBOE HHCJIO Pas3psiioB BJEBO. HIH BIIPaso.
HaMenuTcsl JH1 mpH 3TOM KOJIHYECTBO BEPHHIX HHGP B uHCiTe x?

2. Kak ycranasiuBaercsi KOMHYECTBO BEPHHIX B CTPOTOM CMBICHE
uudp MO BeJHUYMHE OTHOCHUTENLHOH MOrPEUIHOCTH NPHOJHKEHHOro
yucsa, €CH Meppas 3Havyamas uHdpa OTHOCHTENbHOH MOrpeiHoCTH
MeHbie 5? Gonblie WIH paBHa.5?

YnpaxHeHHn

1. Tlo 3apanubiM 3HaYeHHSIM NPUGAUKEHHBIX YHCEN U HX OTHOCH-
TEJbHBIX MOrpeHOocTell yCTaHOBHTb KOJHYECTBO LH(DP, BEPHBIX B
CTPOrOM CMBIC/IE; :

a) x=2,364; 6x=0,07%;

6) y=109,6; 6y=0,04%;

B) 2=24,307; 62=0,005%.

OxpyrJiuTh 3HAUEHHHA X, Yy H 2 O BEPHBIX HUDP C coXpaHeHHeM
OIHO 3amacHOi.

2. Co CKOJNbKHMH ‘BEepHLIMH B CTPOrOM -CMBICJI€ NEeCSTHYHBIMH
3HAKaMH TI0cJie 3anATOH HYXKHO B3fTh yYKa3aHHBle 3HauyeHHsi, YyTo6bl
OTHOCHTEJIbHAsl MorpemiHocTh He mpesbimtana 0,1%:

a) V19,3; 6) sin0,9; B).In24,6?
59



2.4. dopmyant pas nojcuera norpemiHocTed
apnq)meruqecxux neicTBui

OiHa ‘M3 OCHOBHBIX 3a4ay npnénux{eﬂﬂmx BbIUHC/IEHHH, HMEIOLIast
Gonblioe MpakTHYECKOE 3HAYEHHE, COCTOHT B BHISICHEHHH TOrO, KaK
BJ/IHSIIOT HA TOYHOCTb KOHEUHBIX pe3y/bTaToB BHIHHC/EHHI MO (op-
MyJaM NOrpeitHOCTH HMCXORHBIX AaHHBIX. PaccMOTpHM 3TOT Bompoc
HOCJIENOBATENILHO * JI1 YeThlpeX OCHOBHEIX apHPMeTHUeCKHX Hefi-
CTBHA H 3/eMEeHTapHbIX (YHKHHA, HMEOUHXCA Ha KJAaBHAType
MHKPOKaIbKyaATOpA.

Cnoxenne u soiuuranue., Ilyctb S=X-4Y — cymma TOUHBIX
YHCEJ, CPEAH KOTOPHX MOTYT OHThb KaK NOJOXHTENbHbIE, TaK H
oTpHUaTeNbHbE, a S=x-y — cymma ux npubamxenuii. Cocrasum
pasHoCTh: - ‘

S—s=X—x)+(Y—y).
ITepexoass k monynasM, MOJyUHM
[S—sI<|X—x|+|Y—yl,

T. & es<e,te, umu tem Oosee e, <{Ax-}-Ay. Orciona caenyer,
YT0 MOXKHO HpHHHTb

As=Ax+ Ay, ' (2.13)

T. €. rpanuuell abcoNIOTHOH NOTrPEIIHOCTH anreGpanueckoi CYMMBL
MOXKHO CHHTaTh CyMMy TPaHHIl aGCOMIOTHBIX NOrpemHocred *cia-
raembix,

" Mpumep 2.4, 1 J anpl pHG/iHMXKEHHELE aHaueHus x=235,4 un
y=179,1834, y koropbix Bce LHPpPH SIBAAIOTCH BEPHLIMH B LIMPOKOM
cMBICTE, HanneM Ha MK ux cymmy:

§=235,479,1834=314,5834.

Jnst OlleHKH TOYHOCTH Pesy/IbTata BHIMACIHM CYMMY norpemsocrei
cinaraembix 107'4-107%=0,1001 < 0,11=AS. Bennuuxa omubxu
NoxasblBaer, uro B pesy/ibrare (MOJYyYeHHOH CYMMBI) yXKe mepsolit
3HAK TI0C7Ie 3aMlATOH sB/ISETCA COMHMTENbHBIM. CTOMNO JIH TepATh
BpEeMSs Ha ‘yueT B BEIMHC/EHHAX BCEX SHAKOB NOC/eE 3aNMsTOd y BTOPOro
caaraemoro?

M3 paccmorpennoro npumepa cnenyeT

1) nonyuenne Ha MK pesynbrara ¢ GO/bIIHM YHC/IOM 3Haqamux
uugp €me He 03HAaYaeT, uTO BCE STH umbpbl BEpHEHI;

2) npH BBHIMMCJIEHHH CYMM M pasHOCTeH 4HCeJ C CHJIBHO pasiu-
YAIOIHUMHCSA aGCOMIOTHBIMH OIIUOKAMH C LENbI0 3KOHOMHU BpPEMEHH
1e1eco06pasHO OKPYIJIUTb HCXOIHBIE  JaHHble, OCTABHB CTO/NbKO
HECATHYHBIX 3HAKOB, CKOJbBKO MX HMEeT cjaraeMoe C HaHMeHb-
MM YHCJIOM JecSITHYHBIX 3HAKOB. .[ak, B PACcCMOTPEHHOM BhIIIE
APHMEpPE MMEJO CMBIC/ NMepel BHINOJHEHHeM NeACTBHS CAOXKEHHA OK-
pyraure y #o corhix: 79,18, PykoBOACTBYsCb 3THM IpaBHAOM,
clefyer HMMeTb B BHILY, 4YTO NpPH NOC/JAEIOBATENLHOM BLIYHTAHHH
‘M CJIOMEHHMH HECKOJBKHX 4YHCEJ - BHITOJHEe NPOH3BOAMTEL  HEHCTBHA
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HaJ 4YUC/IaMH B IOPSNKE BO3PACTaHHs HX aGCOMIOTHHIX® BEJIHUHH*,
OrhocuTenbHEIE - MOrPEIIHOCTH CYMMB M Pa3sHOCTH MO)KHO
BLIMHCIATb yepe3 abCOJIOTHBIE, NOMb3YACH @opmynou (2.5),
'MOXKHO MCHOJIb30BaTh H CNELHANbHEIE HOPMYILL
IMonyuum ux:

6(*4’!/)"‘%1? |xl_?.‘J[AJ\‘x| I leg-lyl ) |Ayyl
= lx‘ﬂyl b+ \x|-‘ll-|yi 8y. @149
| 6(X—U)=A|ii3|y= |xlily| '—léfr-ikix'—i‘y—l_'—ﬁil:
|x|ity‘ v lxl—y—lyl' 8y, - (2.15)

Dopmyasl (2 14y n (2.15) nossoasAlT cAenarb ImoJe3Hble NAs
MPaKTHYECKOrO HCHO/Ab3OBAHUSA BLIBOJHI.

IMyctb cnaraemble x M y — ofHOro 3Haka, a d=max (6x, Oy).
Torna ns dopmyan (2.14) caenyer:

8 (ry) <=, 1. e 8 (r44) <8
lx+yl

Ecan npu6anikenHble ciaaraeMble HMEIOT OIMHAaKOBRIA 3HaK, TO
rpaHuna OTHOCHTEIbHOM IOrpeuiHOCTH MX CYMMbl He MpeBbIIlaer
Haubo/MblIeH U3 I'PAHHL OTHOCHTENDbHBIX TOTPEIHOCTER CjaraeMbix.
Kak Buano n3 dopmynsr (2.15), npu BbMHTaHUH GJH3KHX UYHCEN
MOXeT MpOu30HTH O6oabiiass norepsa TOUHOCTH. JleHCTBHTENLHO,
KOTJa BLIHHTAEMbi€ YHCAA JIOUTH OfKHHAKOBLI, TO JAXKe NIPH YCJIOBMHM,
4TO HMX COOCTBEHHBIE OWHGKH Manbl, OTHOCHTE&IbHA#A oOulIHGKa
Pa3sHOCTH MOXKEer OKa3arbcsi GOMbINOH.

MMpumep 2.4.2. Haltnem pasHocTb uncen x = 62,425 n y =62,409,
y KOTOpHIX Bce LH(PPH BepHH B cTporom cmbicie, MMeem:

x—y=62,425—62,409=0,016.

I'panuna abcoJIOTHON NOrpeUIHOCTH Pa3HOCTH
A (x —y)=0,0005+4- 0,0005=10,001,

£ : (

[V I'C o [
nosromy B yHesae 0,016 n3 msyx 3Havauix uncpp Bepna JIMINDL OAHA.
CpaBHUM TIpaHHUbLI. OTHOCHTENBHBIX mnoOrpeirHocrefi pesyabrara H

HCXOAHbIX JAAHHBIX:

0,0005 ,
ox= m—- 0,000008,

0,0005 _

8 (x = y)=gpis-=0,0625.

*OGocHoBaHHe cM.; hanpuMep; B [6].
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TaknM 06pa3oM, TPaHHIA OTHOCHTENBHOHN MOTPELIHOCTH PAa3HOCTH
okasanach No4yTH B 8 Thicad pa3s Go/blle TPaHHNbl OTHGCHTE/BbHOM
NErpeilHoCTH HCXOAHBIX JAHHBIX. DTO 03HAYAET, YTO B IPHOGIHKEHHBIX
BbIYHC/JAEHHAX HYXKHO HCKAIOYATh BRIMHTAHHE GAH3KHX 110 BEJIHUHHE
3Ha4YeHH#l (HampHMep, MyTeM NpeoGpa3oBaHHA BHIMHC/IAEMBIX BbIpa-
JKeHuH) .

Ymuomenne H peaenme. Ilyctb p=x.y — NpoH3BefeHHE JABYX
NpHGJAHKEHHBX uHceld, a ¢=x/y — uX 4acTHoe. 3HaKH uHCe]
X W Yy He BJIMAIOT Ha BEJIHYHHY OWIHMGKH, MO3TOMY IJIl IPOCTOTHI
npumeM x, y >0. Jlorapudmupysa npovspeaeHne H YacTHoe ABYX MpH-

_ OMMIKEeHHBIX uuces, NOJY4HM:

Inp=Inx+lny, Ing=Inx—Iny.
IlpuHumas BO.BHUMaHHE M3BECTHYIO B IH(depeHLHatbHOM HCUHCae-
HUH NpHGAUKEHHYIO hopMyay
df (x)~ Af (x),
nonyﬁmvr: ‘

Aln zzd In z—A?z

IMpumensis dopmyny (2.13), nonyuum:
Alnp=Alng=Alnx+Alny,

T. €. _
Ap__Ag__Ar, Ay :
P p p -+ Y (2.16)
OTKyAa ClIeayer: _ '
' 8 (xy)="06(x/y)="08x+dy, (2.17)

T. €. TPaHHleH OTHOCHTENbHOM MOrPELIHOCTH TIPOU3BeLeH#d (HaCTHO-
r0) MOXHO CUMTaTh CyMMY TPaHHI OTHOCHTEJIbHBIX TIOrpeuIHoCTEeH
COMHOXHTeNEeH (IeIHUMOro W AENHTENd).

W3 ¢dopmyn (2.16) nerko momyyamorcsi ¢hopMyabl AJsi BHIHHCHIE-
HHA TpaHMl a6COJIOTHBIX NOrpeuHocTell MPOU3BELEHUsI M HACTHOrO:

A (xy)=x-Ay+y-Ax, 7 (2.‘18-)\
A (x/y) =ERELEE (2.19)

IIpumep 2.4.3. Uucna 43,1 ¥ 5,72 33}1’3Hb1 BepHbIMH nubpamu.
Hatinem nma MK ux wuacTtHoe: ¢=7,534965. [lns1 onpeneneHus
YHCNa BEPHBIX 3HAKOB PE3YAbTATA BBHIUHC/IHM:

_ 43,1-0014572-01 . 1,003 __
Ag= 5,727 = 32,7184 =0,0306555.

YacTHOé ¢ uMeer ABa.BepHBIX 3HaKa. OKpyrasia ¢ OXHOH 3amacHOH
uudpoH, noayuum g=="7,53.
Kak cnenyer us ¢opmya (2.17), orHocHrenbHas norpemﬂocrb
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NPOH3BEJCHHA H YACTHOr0 HE 'MOXET GbITh MeHbIle, YeM OTHOCHTENb-
Hasi NOrpelIHOCTh HaHMEeHee TOYHOIO H3 KOMIOHEHTOB JEeHCTBHH.
BejqH4ynHa OTHOCHTEJILHOH IOTPEIHOCTH MPHGJHXKEHHOTO YHCJa
olipefenseT KOJIHYECTBO €ro BEPHHBIX 3Hawawux uudp (m. 2.3). ITo
aHa/NOTHH C T€M KaK IPH HAXOXIEHHH aareOpanyeckodl CyMMHl He
HMeeT CMBICJIAa COXpAaHATh B Oo/lee TOYHBIX CjaraeMbiX- UsJIHLIHEE
KOJIMUECTBO . NECATHYHHIX 3HAKOB, IPH - YMHOKEHHM W JIeJIE€HHH
npHGMHKEHHBIX uHcel Her HeO6XONHMMOCTH - COXpaHsiTh: B .6ojee
TOYHBIX JAHHBIX H3JHUILIHEe KOJIHUECTBO .3HAUAILMX IHDD: ‘
- Onsi ynoGerBa. Bce (OpMYJABl /151 BHIMHC/AEHHA MOrpellHocTel
apHpMeTHyecKHX NeHcTBUH cBefeHbI' B ofmylo tabauny (cm. Ilpu-
aoxenne II). 3nak * B Tabauue o6GO3HaudaeT OAHY H3 onepauuii:

+y T ><’ /'
KoHTpoOoXbHBE BONPOCH

‘1. Kak o6bAcHsAeTCS Helenecoo0pasHOCTh COXpaHEeHHUA H3JHIIHUX
INEeCATHYHBIX. 3HAKOB B (0J€e TOYHBIX CJaraeMblX HPH CAOXKEHHH
HECKOJIbKHX HHcen?

2. KakuM €rnoco6oM MOXHO GBICTPO OLEHHTh OTHOCHTENbHYIO
TMOTPEIIHOCTh CYMMbl HECKOJIBKHX C/1araeMblX ONHOrO 3HaKa, €ClH
M3BECTHBl OTHOCHTENbHLIE ITOTPELIHOCTH KaXKJOro cjlaraeMoro?

3. ITo Kakofi npuuyHe B BBLIHHCJIEHHSIX CleQyeT H3berarb BHI-
YHTAHUA GJIHSKHUX IO BeJHUHHE 4HCcen?

4. Kak obbfAcHsieTcA HelenecO06pa3HOCTh COXPAHEHHA H3JIHIIHHX
3HayawMx LHPp B Gojnee TOUHBIX AAHHBIX NPH YMHOXEHHH HJIH
JleIeHHH HEeCKOJBKUX YHCen?

YonpaxHeHnun

1. Ilponssectu yKasaHHbie REeACTBHS H ONpeneNuTh aGCOJIOTHbIE
H OTHOCHTEJbHbIE MOrpelUHOCTH Pe3yAbTarToB (HMCXOJHBIE YHcaa 3a-
Ralbl’ BCPHLIMH B CTPOrOM cMbicsie cioBa.uHdpamu):

a) 24,37—9,18; r) 1,504—1,502; x) 12,64.0,3;
6) 18,437+24,9; 1) 234,5-194,3; 3) 72,3:0,34;
B) .24,1—0,037; -e) 0,65-1984; u) 8124,6:2,9.

2.5. Popmyan AJas NOACHETA MOrpemIHOCTEMH
3HaYeHHH IjneMeHTAPHBIX GyHKuui

Paccmorpum ¢opmynsl pifl mopcuera NOrpeurHocTed 3HaveHHH
3JIEMeHTApHHIX (QYHKUMH, UMeIOImHUXcs Ha KnaBHarype MK.

[Tyctb ¢ynxuusa f(x) auddepenunupyema B HEKOTOPOH OKpECT-
HOCTH NPHG/HIKEHHOTO 3HA4YeHHA apryMeHTa x, a ¢, — abConioTHadA
omHOKa 3Ha4eHHs apryMmenta. Torna aGconorHas omu6Ka sHayeHHA
oyrkuuu e;=|f (x+Ax)—f (x)|. TTockonbky Ha npaxTHKe olIHGKA
ey OOBLIYHO MaJja IO CPaBHEHHIO CO 3HAaYeHHeM x, BOCHOJb3YeMCH
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NPHGIHXKEHHBIM paBeHCTBoM es= ldfl = [’ (x)| ;. 3amenum e, na Ax:
e < " (%) - Ax. ‘
D10 03HaYaeT, YTO MOXKHO MPHHSATh:
Af =1} ()] -Ax: ‘ T (2.20)

Pasencrso (2.20) mospoasier monyyuTh LEAYIO Cepuio (pOPMYJ mJisl
OLIEHKH TpaHHI, a0COMIOTHBIX MOrpeluHocTe 3HaueHUH 21eMeHTapHIX

dyHxuuit. yctb, nanpamep, f (x)=-/x. Toraa A (vx)=|(/x)’|+Ax=

= A . Wi ananornyno:
- 2+fx
A (cos x)=|( cos x)'|-Ax=1]—sin x| -Ax=1{sin x| - Ax
u T. . Ilasi BbiBona q)opmynbl TIOTPELIHOCTH dyHkuuu x¥ BocHoMb-

3yemcﬂ npeacrapienuem x¥=¢’'"*, a satem q)opmynou HOTPEUIHOCTH
SKCIIOHEHTHl H IPOH3BEACHHA:

A=A () =e'"" Ay In x)=x( L2+ In x.Ay) :

<I>opmy.na (2.20) nosoasier caenaTb BaXHOe st NPAKTHKHU
BoiMucaenuit Habnonenne. Ecau 3Hayenne Moaynsi npoOH3BOAHOMN
GyHKuMH f(x) B TOYKe x MeHble exHHHMBI, TO Af<<Ax, T. e. abco-
JIOTHasi OMIHOKA 3HAaYeHHs! QYHKIHH OKa3blBaeTcA MeHblue aGCcoaMior-
HOK OmHMOKYU 3Hauenus aprymenra. Ecan xke [f/ (x)| >1, To 3maye-
Hye (yExnuuM 6yAer HMETh OWMHOKY, GOJbIIYIO OIIHGKH apryMeHra.
OToT  (akT HMeeT NPOCTOE TeOMETPHueckoe TONAKoBaHue, Ilpu
\f (x)|<l (QYHKIHA MEHsSeTcH MeNJieHHOo, T. e npejen H3MeHeHHs
3HA4YeHHN (YHKIHH MeHblle TNpeaena MH3MEHEHHH aprymenra
(puc. 12, @). Tlpu ' |f"(x)|>1 majnblM OTKJIOHEHHSM apryMmeHTa
6yayT cooTBeTCTBOBaTbL GoabluMe KosebaHus 3HayeHu#l. GyHKIUMH
(puc. 12, 6). Bropo#i cayyait (np# gocTaTouHo GONBUIMX 3HAUCHHAX
[f’ (x)|) npuBOZMT K pe3KOH norepe TOYHOCTH H NOTOMY JOJXKEH
0000 y4YHTHIBATLCS B IPAKTHKE BHIYHCIEHHH (npumep 2. 5 2 Ha c. 66).

y ‘ 7y
dy

Ayl

- Puc. 12
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Tadaunna 2.1

Tporpamma

= |1

Af{x)

Ax
xz

2+

Ax

jcos x| +Ax

|sin x| - Ax

Ax
2
cos® x

Ax
X

In 1

Ax
"+ Ax

X

10%-1n 10- Ax

2

Ax
Vl—x

Ax

—}—xi

1

Ax
x

N xy(iyl

In x| 'Ay)

+

sin x

Cos X

tg x

In x

lg x
e

10*

arcsin x
arccos x
arctg x

xY

3 3akas 385
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Popmyibl A1 BHIMHCJICHHS rpaHul aGCOMIOTHBIX MOrpenHocTel
3HAQYEHHH HEKOTOPHLIX (YHKUMH . ONHOH nNepeMeHHON mnpHBeLEeHB' B
ra6nune 2.1. Tam ke nokazanel mnporpaMMbl AJisi BBIHHCJEHHA
3Ha4YeHHH 3THX MOrpeliHocTell Ha MHKPOKAJIbKYJIATOPE «JIEKTPOHHKA

MK-41» (knaBulId H3MeHeHHA 3HaKa /——/l , 3aKIIOUEHHBIE B

¢Hrypabie CKO6KH, HAXKHMAIOTCA JHLIL B Clyuae HeoGXOJHMOCTH —
KOrga noJyueHHble Ha' HHAMKArOpe NpenbIAylIHe 3HAYeHHUA HMEIOT
3HaK «MHHYc»). Bo Bcex cayuasx npeanosaraercs, uto 3HaYEHHA X
npuHazaexar o6JacTH JONYCTUMBIX 3HaueHH#l aprymenra. [Tonyuae-
Mple Ha MK 3HaueHH TpaHHIL NOTPEIIHOCTEeH OKPYIJATCA NJs
MOCJENYIOLIEr0 MCHO/Ab30BAHUA 1O OAHOH-ABYX 3HaualIuX UHPD
(mo u36HITKY!).

ITpumep 2.5.1. Ilocne Ha6opa Ha MK-41 knapuiu| arc D

noayuum sin 0,8=10,717356091. Ecau 0,8 — TouHOe 3HayeHHe, TO B
COOTBETCTBMH C MOFPELIHOCTBIO MK HaligeHHBIH pe3ysbTaT HMeeT
toudoctb +107° Ecau xe 0,8 — npubnuxenHoe 3HaueHue, y
KoToporo uugpa 8 BepHa, HanpHUMep, B CTPOrOM CMEIC/E, TO TpaHuna
a6CcoMIOTHOH MOrpelHocTH 3HaueHus aprymenra Ax=0,05, a norpewu-
HOCTb MOJYY€HHOIO 3HAuUeHHs CHHYca B COOTBETCTBHH ¢ (popmysiol
OLEHKH IpaHHlbl aGCcoMIOTHOH morpeumHocTyd Gyner:

A (sin x)==cos x+Ax<0,7-0,05=0,035.

Orciona caeayer, uTo BO BTOPOM ciyuae noiyudeHHoe Ha MK snavenve
sin 0,8=0,71735609] uMeer JNUIUb OFZHY BEpPHYIO 3Hayalylo UUDPY.
Oxpyrassa pesyabrar ¢ OAHOH 3amacHoH uudpo#, moayunm 0,72,

B Tex cnyuasix, KOra npousBogHast GpyHKuuM BOIH3H MPUOTHIKEH-
HOrO 3HaueHHs apryMeHTa HMeeT GOJblUHEe N0 MOAYMAIO 3HAyeHHS,
npousofifer GonblIast mOTepss TOUHOCTH.

Mpumep 252, Ilyere x=1,5, npuuem Ax=0,03, 1. e. BCe
nudpH B yhcae x BepHLI B CTpOroM cmbicje. HyXHO BuMHCAHTD tg x.
C nomowivio MK-41 noayuaem tg 1,5=14,10141994. [Ina onpenene-
HMSl BEpHBIX UHM(PP B pe3yibTaTe OLUEHHM ero aGCoIOTHYIO Mo-
IpeUIHOCT b :

Ay 0,05 =10,

Altgx)= cos? x 0,005

B OJy4eHHoM 3HaueHun tg 1,5 H1 ofHy uHDpY Henb3sl CUUTATH BepHOI.

[TpokoMMeHTHpYeM nony4eHHBIH pe3ysabTar. 3ajaHHaf TQYHOCTH

' ICXOZHOrO 3HayeHHUs apryMeHTa onpelesser Npeaebl er0 BO3MOXKHBIX

anayenui: 1,45<Cx<C1,55. HaymeM Ha MK 3unayenusa tgx ans
rpaHNYHBIX 3HAYEHHH X:

tg 1,45==8,238092753; '(

tg 1,656=48,07848247. K
Kak BHAHO, AHANa30H H3MeHeHHH tg x cocraBasier okono 40 enuHui,
4TO TIOATBEPXK/JAA€T OTCYTCTBME CMBICIA B TNOJYYEHHOM - BhILIE
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pesyJibTaTe BbIUHC/AeHHH. B pmopoOHBIX ciyvyasix HalO HCMNOJb30BATh
BCE€ HMEIOIHECS] BO3MOXHOCTH, 4YTOOGbl YBEJHYHTb HHC/IO BEpPHBHIX
3HAKOB B HCXOLHOM AaHHOM (HampuMmep, HCMO/NL3OBaTh 6oJee TOUHBIH
M3MEpUTEJIbHBA NPHGOp, ecJH HCXOAHOe J[aHHOe [ojyyaercss B
pesyabTare usMepeHuH).

Ilyctb B .ycnOBHAX paccCMOTPeHHOrO BhHIlE HpHMepa 2. 5.2
x=1,4923, Ax=0,0005. Torpa: tgrx=tg [,4923=12,71327341,
A (tg x)<—~———%%%0§) << 0,084, 1. €. B mONy4YEeHHOM pE€3yJbTaTE B CTPOrOM
cmbicie BePHBL 2 uudpbl. Okpyrisis ero ¢ ONHOH 3amacHol unpPoOH,
noayuum 12,7,

H3 (})opMym:I (2.20) nerko mosyuaercfl OLEHKA TrpaHHNbl OT-
HOCHTeNLHOH MOTPelIHOCTH (YHKIUH 4yepe3 TPaHHLy OTHOCHTEIbLHOMH
MOTPEeUIHOCTH 3HAUYEHUS apryMEHTa: ‘

Af =oAL, A IO
(Sf_ o~ 1F ()] o)l ] [x] If (x)] %] - 8x,
T. €.
[ () :
Of =g xl - 8x (2.21)
WK YR
§f = AL Ay, (2.29)

Tax, ,HOJI.bVBYHCb dopmynamu (2.21) B (2.22), moxHo, Hanpumep,
HOTYYHTS:

Ixl Y '
‘/-) bx=gbr=-rr;

RN
Gfsmx)—Icosxl le dx=|x-ctg x| -6x=|ctg x| - Ax;
6(e")= — dx=lx|-0x=Ax;
¢ -Sx 1 R
8 (In x)= x[lnxl jln x| ~8x;

6(x”)-6 @ =ly-lnxt-6 (y In x)=

=y In x[+[8y 46 (In x)]=
=lInx[-Ay+y-A(lnx)=Iy In x| -8y+ lyl-6x u 7. .

B 3apHcuMOCTH OT coco6a 3aaHus MCXOIHBIX AaHHBX (¢ aGComioT-
HBIMH HAH OTHOCHTE/bHBIMH TOFPEINHOCTSIMH) BBIMHC/IHTENb MOXKET
HCIIO/b30BATh ISl NMOACYETA I'PAHHIL. OTHOCHTE/bHBIX NMOrpeliHocTel
TOT HnH HHOH Bapuaut Qopmyasl. Hekoropele u3 3THX Gopmya
BMECTe C COOTBEICTBYIOIUHMHM BBIMHUCAHTEABHBIMH [pPOrpaMMamH
ansg MK-41 ripusenenn B Tabaune 2.2

[Tpumep 253 3nauenue aprymenra x=26,3 uMeer OTHOCH-
TeNBHYI0 OWHGKY okoao 0,2%. OueHHTb BENHYHHY OTHOCHTENbHOM
owmubky in 26,3.

3+ 67



Tabauua 2.2

68

e,
~
I
~
[ ]
-t~ = P
Ll
: 1] .l.l__l_
= : _—
S = . X. X R =
e . W) X -
: = = [E e b
_ |~ p -
P = =12
=NEE o=k
X |
mNEN e
~ A [ ~ - =
'l 4 _ 1 "
~ ~— ~ (=] m Py _
{l b ed % z = — =
» f __ < 1 ) [——
< E el 1l
— =
~ ® —_ R =
- = i ® ®o ®
4o 1y ok J X_n______
I8 ey ey g (Y B
% % vt = 5 % =
«© < R = ] M M 2 =] < < < >
2
2 2 — O
»
o [
= =
M = < — R — — +|I
2 . < . — =R - e = 4+
= OV = : - R L= «© A : Lol
1 7 aE T % lxaleale - S 3s3sdls 2
Eo B P VN il E= B NS ] el adt
ey = — e =} =1 24 By —
3 -~ = .W.b = B o B ey
2 LA N
S ———
A ) - >
" » * R
— = ® 2 % =] b4 )
5 = = » » xO — o] .0D
B — = ; P i
= ~ _ = g H = w v = m m o =
’ « < ©




Ucnonb3ys cooTBeTCTBYWOIIYI0 (GOPMYAY H nmporpaMMmy H3 TabJaH-
ust 2.2 ¢ nmomowbio MK, nmoayunm 6 (In 26 3)-—-6—%2;3—3)—_%%_
=0,0006117 2 0,06%. HWcnoabsysa BenuuuHy HafgeHHOH OTHOCH-
TeJIbHOH NOr'PelIHOCTH, MOXKHO OLEHHTD KOJHUYECTBO BEPHRIX B CTPOroM
CMBIC/I€ 3HAQYAILHX UUPP B HCKoMOM 3HaueHud In 26,3. [Tockonbky
umeer mecro 0,0006117 <<10~° (popmyaa 2.10, c. 58), TO MOXKHO
caenarb BBIBOX, 4TO B uHcae In 26,3= 3269568 no xpaiues Mepe

YeTHIpE NMEepBLIX cJeBa UHQpLl BEPHH B CTpOroM CMBICIIE.

KourposabHbe BOHpOCbl

1. B kKako# 3aBHCHMOCTH HaXxOZUTCA aGCONIOTHAA MOTPEILHOCTH
3HaueHHA (YHKUHH ORHOH mNepeMeHHOH oT. aGcoJioTHOH mnorpem-
HOCTH 3HaYyeHUs aprymeHra?

2. Kak ofmbsacusercs pe3kas NOTepsi TOYHOCTH 3HaueHus f(x)
ISl IpUGJIKHIKEHHBIX 3HAUeHHH apryMeHTa x Ha yuacTkax ¢ GO/bluH-
MH N0 MOAYJIO 3HaueHuaAmu [’ (x)?

YnpakuHenusn

1. McxonHuble unc/oBble 3HAYEHHS apryMeHTa 3ajanbl UHGpamH,
BEepHEIMH B cTporoM cMbicsie. Onpegenuts, nonbaysice MK, kosu-
YeCTBO BEpPHBIX B CTPOTOM CMBICA€ HH(D B CJAEAYIOIIHX 3HAYEHHSIX
9MeMEHTaAPHBIX (PYHKLIKHT:

a) cos 0,47; r) arcsin 0,82;

1. —3,1.
6) 5oz ) e
B) In 18,4; e) 2,67,

2. 3Hauenne x=2,701 umeer orHOCHTEAbHYIO oOIIHGKY 0,019%.
OueunTh KOMHYECTBO BEPHBIX B CTPOrOM CMBICJie 3Hauamux uudp
B 3HAUCHHAX:

X

Vx;  6) sinx; B) x%.

2.6, IpakTHKa BBLIMMCJAEHHH

PaccMOTpHM npakTHYeCKHe MPHEMbl BLIMHC/EHHH, KOTOpble
HCIIOJIb3YIOT M3JI0XKEHHBIE BHIIIE MOHATHS H dhopmyabl. B saBucumocti
OT NPHHATOH METONHKH NO/Jb30BATENb MOXET BeCTH onepalHOHHBIH
yueT ABH:KEHHS OLIHGOK MJH CIeNaThb OLEHKY TOUHOCTH MOCJE MpOo-
BEJEeHHA HECKOJbKHX BBIHHC/JHTENBHBIX aeficTBHH.

o mnossinenus MHKPOKaJIbKY/IATOPOB (MK) noonepaunoHHBIH
MOAXOJ K OlLleHKe TOYHOCTH BblHHC/eHHi paccMaTpHBAJCS elle H Kak
cnoco6 paLHOHaNH3aUWK BLIMUCAEHWH, MO3BOASIOUIME Ha KaxJ10M
mary 436aBJATbCS OT COMHUTE/BHBIX LHbD.

O}IHaKO TO, palH YEero MPEHMYIIECTBEHHO HCIOMb30BAJCH MOOINe-
pauvOHHHIH MOAXOR (MCK/IIOUEHHE COMHHTE/bHBLIX UH(ppP H3 nocnaeny-

.69



IOLHX BHIYHCACHHHA), nipy noABiennn MK ¢ gonoaHUTEIbHBIM PEruCT-
poM NaMATH yTPaTHJO CBOH H3HauaabHBIA cMbici. [lpn ymenom
HCIOIb30BAHMH JOMOJMHHTENbHBIX PErHCTPOB HaMATH H  JAPYIHX
BO3MOXKHOCTEH, HPENOCTABJIAEMbIX COBPEMEHHLIMH KaJbKYJSTOPAMH,
HET HEOGXOAMMOCTH BHIIIHCHIBATD H 33HOBO BBOJHTb IPOMEKYTOY-
Hble pe3y/bTaTh JlaXke NMPH BLIYACAEHHAX MO AOCTATOYHO TPOMO3J-
KuM Popmysam. M Bce ke HeH3GexHbl CHTyaHuH {HJH NMOTOMY, 4TO
TaK NMOCTABJEHA BLIUHCJHTE/IbHAA 3aJia4a, HJIH 3TO CBA3AHO C XKeja-
HHEM CaMOro BHIYHCAHTENS), KOIJAa NOOHEpAUHOHHHIA YyueT JBH-
JKeHus olnboK Heo6xoaHM. PaccmarpuBas B jgasnbHedineM HpueMbl

- BHIYHCJICHHH, MBL GYJeM YUHTHBATh KaK IOGNEPANHOHHYIO, TAK H HTO-

" FTOBYIO METOJMKY OLIEHKH TOYHOCTH.

Buiyucaenns no npasuaam noacyera mudp. Ilpu BeiMuCIeHHH
3THM METOIOM SIBHOTO YueTa MOrpeimHocTeH He Bejercs, NMpaBHaa
noacyera nudp MNOKa3blBAlOT JHIb, KaKOe KOJHYECTBO.3HauallHx
nA(pp HIH JAECATHUHBIX 3HAKOB .B .pe3yJbTareé MOXHO CYHTaTh
HagexHbIMH. CaMH 3TH TIpaBHAA OCHOBHBAIOTCH HA QopMynax AJs
OLCHKH MOrpelHocTell apHpmeruueckux jAeHCcTBHE #  YHKuHH
(n. 2.4 u 2.5). TlpuBenem 3TH mpaBHAa 3]€Chb B CHCTEMAaTH3HPOBaH-
HOM BHIE.

‘ 1. TIpn cnoKeHHH H BHIMUTAHUH NPUGHHMKEHHBIX YUCEN MJaJLIHi
U3 COXpaHsIeMbIX JECATHUYHBIX pa3psiiOB pe3yabTaTa NOMKEH ABIATLCH
HanGoNbIIUM CPENH AECATHYHBIX Pa3PsiioB, BEpaXK aeMEIX HOCHEAHHMH
BEPHbIMH 3HAYAWUMH nHppamMu ucxogubx nauauix®. I[1pu srom creny-
eT u3beraTh BHIHHTAHUSA OJHM3KHX IO BEJIHYHHE 'YMCEJ, a4 TaKxe MpH
II0ONepalHOHHOM NMPHMEHEHHH NpaBuAa AMAf CAOXKEHHA H BbINHTAHHA
HEeCKOJMIbKHX 4YHces MOAPSAL CcTaparbcsl NPOH3BOAWTH JeHCTBHUS Ha
4YHCJaMM B MOPSJKE BO3PDACTAHUS MX a6CO/IOTHBIX BEJHUHH.

2. Tlpy yMHOXEHHHM H [eN€HHH TNPHUGIHNKEHHLIX YHCET HYXKHO
BLIGpATL UYHUCJAO C HAHMEHBUIMM KOJIMYECTBOM 3HAYallux uupp H
OKPYIVIHTb OCTa/IbHbl€ YHCJA TaK, YTOGb! B HHX ObLIO JIHIHE HA OfHY
sHayamylo Huppy OGonblie,  yeM B HaHMeHee TOYHOM wuyucite. B
pes3y/abTare ciAeAyeT CUHTATh BEPHBHIMH CTOJNBKO 3HAyalux uudp,
CKOJBKO HX B YHC/I€ C HAMMEHBIIHM KOJHYECTBOM 3HAYaIMMX HHOD.

3. Ilpu ompepmeneHHH KOMHYECTBA. BePHbIX LU(P B 3HAYEHHH
S/IEMEHTApHbIX (QYHKUHA OT NPUOGNHXKEHHBIX 3HAueHHH apryMeHnra
cleayer TNPHKHHYTb 3HaueHHE MOAYJS TPOU3BOAHOMH (pyuxunn
Ecan 310 3HaueHHe He NPEBOCXOAHT €AMHUNLI HAM GJAUBKO K HeH, TO
B- 3HAYEHHM (YHKHHUH “MOXHO CUHTAThb BEPHLIMH CTOJIBKO 3HAKOB

*OO6bIYHO TOYHOCTh HCXOAHBIX AAHHEIX TAKOBa, YTO BCE OHH HMEIOT AECATHUHBIE
3HaKH TIOCH€ 3anATOH, T. €. ABJAIOTCA JECATHUYHBIMH Apo6simH. B 'sTom cayudae
npasuIo HopMyaupyerca Gojee ZOCTYIIHO: NPH CAOKEHHH ¥ BBIYUTAHHA NPUGIMKEHHBIX
4YuCel B PE3YAbTATE CJAEIYET CUHTaTh BEPHEIMU CTONBKO AECATHMHBIX 3HAKOB_nocie
3ansToN, CKOJIbKO HX B, anGJm)KEHHOM JAHHOM C HaUMEHbLUIHM YHCJAOM 3HAaKOB
nocae 3ansaTod. KomHuecTBO JecATHUHEIX 3HAKOB IIOC/E 3amsTofl nepes BEIONHEHHEM
AeficTBHA Ueiecoobpasio YpaBHHEATE, OKPYI/IAA 20 OfHOH 3amacHOl HCXOfHbIE AaH-

" Hble ¢ OONbIIAM KOMHYECTBOM JAECATHYHBIX 3HaKos. .
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HOC/Je 3anATOH, CKOJNbKO WX HMeeT 3HaueHHe aprymenTta. Ecam xe
MOAY/1b MNPOH3BOLHOH (YHKHMH B .OKPECTHOCTH MNPHOJHIKEHHOro
3HayeHHs] apryMeHTa NPeBOCXOAHT €IHHHIY, TO KOJIHUECTBO .BEPHHIX
JeCATHYHbIX 3HAKOB B 3HaueHHH (DYHKLMH MeHblie, YeM B 3HAUEHHH
aprymMeHTa Ha BeJHYHHY k, rIe £ — HauMeHbIIHH HaTypaJbHLIA NOKa-
3artesb CTENEHH, MPH KOTOPOM HMEET MECTO HepaBeHCTBO:

I ()] < 10,

4. I'lpu 3anmucH NpOMEeXYTOUHBIX Pe3yJbTaToB CjeLyeT COXPaHSATh
Ha o0HYy ‘UH(py Oonblie, yem pekomenayior npasuna 1—3. B okoHua-
TeAbHOM pe3yJAbTarTe 3Ta 3amacrHas uHdpa okpyrasercs.

- IlpaBuaa mojcuera HH(pP HOCHT OHEHOYHLIE XapakTep H He sB-
JSIIOTCSI METOJOM CTPOroro yuyera TOYHOCTH BbiMHCAeHHH. OGbIUHO
HX TPHMEHSIOT TOrja, Korpa GuicTpo U 6e3 og¢oGHIX 3aTPaAT HYXKHO
NOJYYUTH PE3YJLTAT, He 0COGEHHO GecrnoKosiCh O ero AOCTOBEPHOCTH.
Mexay TeM NpakTHYeCKasl HAJeXXHOCTb 3THX IPaBHA HOCTATOYHO
BHICOKA 13-32 3HAYHTENbHOH BEPOATHOCTH B3aAMOIIOralieHus ouHGoK,
HE YUYHTbIBA€MOH NPH CTPOrOM IIOACYETe TpaHM INOrpenIHoCTed.

Elpu noonepapHOHHO® peridcTpauuH pe3yabTaTOB BhIYHCJIEHHH
HCTIOJIb3yeTcA OObluHasA pacueTHAas TabJuna — TaK HasbiBaemasi
pacaucka popsuyast.

IIpumep 2.6.1. Buunciurs ?aqeuue BeJIMUHHBI

& ++/b -
A—-—————ln s (2.23)
no mnpaBunam mnopcyera uudp AAA  NPHOMKEHHBIX 3HAueHHH
a=2,156 u b==0,927, y xoTOpbIX BCE UHPPHI BepHLIE.

Boiuncaennsi npupenaenst B Tabanue 2.3. [IpokoMmenTHpYyeM XOA
Buinncaennii. Ha MK nonyuaem e*'°®=8,63652. 3ro XKe JaeT HaM M
OLLEHKY BeJIHYHHBI TPOH3BOLHON B 3TOM xe Touke: 2'% 10!, 1. e
B NOJYYEHHOM 3HAUEHHH CJelyeT COXPAaHHTh HA OJAMH HAeCATHYHBLIHA
3HAaK MeHbIlle, YeM B 3HaueHHH aprymeHTa. OKpyrass ¢ OAHO#H
3anacHoit, nonyuaem 8,637 (3anacHas nudpa BbieneHa) H 3aHOCHM
pesyanrarsl B Tabauny. danee: /0,927 =0,9628083, npHuem MompyJib
npouasoauoit (1/(2 /a)) MeHbwe enHHHLBl, I[TOITOMY COXpaHfAeM
nocac aanstroil TpM 3Haka H oLHH 3anacHo#i: 0,9628. [1pu BeiuncaAeHHH
cyMMbl B uMcauTene Haxopum 8,637 40,9628 =9,5998 u coraacuo
STOMY MpaBHJIy 1 okpyrasiem pesyibraT RO ThicsuHblx: 9,600. Ilpu
BHIMHUCAGHHN b° moab3yemcs HpaBHJJOM 2, IPH HAXOXJEHHUH CYMMbI
a+ 5% — npasuaom 1.

[Ipy onpemeqeHHH KOJHMUeCTBA. BEDHBIX UHGbDP B .3HAYCHHH
In 3,0153 cuosa npumensiem npaeuno 3 (yyuThlBaeM, 4TO NPOH3BOAHAA
Inx npu x>1 wHmeer 3Hauenue, MeHbmee eauHuubl). Okpyrass
OKOHUATeNbHBIH pesyabrar Ges aanacuon nudpsl, no.nyan A=870
(Tpr BepHBIE 3HaAualuMe UHPPHI).

* JleficTBUTENbHO, TIPH 3TOM YcioBHH ¢ yuerom ¢opmyast Af=I1f(x)-Ax momno

. BBIBECTH, YTO YyBeJHYeHHe £ Ha eNuHHUY O3Hadaer ysenuuenue Af npumepno n 10

pas, yro B [JaHHOM CJAydae yMeHbllaeT B 3HauUeHHH [(X) KONHHECTHO nepHmy
AECSTHUHBIX 3HAKOB [0 CPABHEHMIO CO 3HAYEHHEM X Ha ELHHHLY.

H



Ta6anuna 23

a b et VB e b 82 ] a+b? In(a+ 5% A

2,156 | 0,927 | 8,637 10,9628 | 9,600 10,8593 | 3,0153 1,1037 8,698

Jlerko BHIAETh, YTO C MOMOILbI0 HHIXEHEPHOro MHKDOKaJbLKYJATO-
pa BouuCIeHHsA 1o ¢opmyne (2.23) moxHO npoussectH H - 6es
BLUMMCHIBAHUSA NPOMEXKYTOUHBIX peayabraroB, Ilporpamma mas MK
b3-18 Moxer umerb BHA:

«[F)[F][F][3an] ¢ [F) V) [F)[EF] e [X][+] « [5]
ln = |[F][un 93

Ilporpamma anss MK-41:

[q el e DI @ (] o [x] e DI n][=)-

BhINOMHUB NOCAEAHION nporpamMmy NpH 3aJaHHBIX BBIIIC 3HAYCHHAX

au b, HCNIOJIb3YA KMNaBHUIHK| arc | ’ l@ , TOTYy4YUM Ha HHAHKATOpe

MK-41 uucno 8,697338929. Kak Buiae/quTb B INOTYYEHHOM UHCIE
BepHsle nudps? Crenars 370 MOXKHO H 6e3 nogpoGHOro MO3TAMHOrO
agajyu3a, KoTophlfl npuBenen B npuMepe 2.6.1. eficteuTenbHo, Tak
Kak BhlpaxkeHne A mnpexcras/ifer co6ol0 ApoGb, TO IOC/esHee
JeHCTBHE TIPH €r0 = BBIMHUCIEHUHM — JeJieHHe, d CJAeJOBAaTeNbHO,
' pe3yabTaT GYAer colep:KaTb BepHBIX 3Hauamux uudp He Gonee ueM
B HauMeHee TOYHOM H3 ONEepaHJ0B — HHC/JAHTENE HIU 3HaMeHarele.
Tak Kak KOpeHb KBaApaTHbIA JaeT BEPHBIX LIH(P CTONBKO XKe, CKONBKO
H €ero apryMmeHT (TpH), a OSKCIOHEHTA TepsAer He GoJjiee OXHOro
BEPHOTO 3HaKa mnocje 3anfatofl (4TO BMecTe ¢ HeHyaeBoil uenoi
4acThio TakiKe NAeT HE MEHee TpexX 3Havaulux uudp), TO B yHCAHTENE
H 3HaMeHaTeJie YHC/IO BepHHX SHauyamHx UH}p Gymer paBHO TpeM.
CaenoBarensHo, 3HaueHne A JONKHO GbITh OKPYTJIEHO A0 TpeX BepHBIX
3Hakos: A =8,70.

TaM, rie BO3MOMEH HNOXOGHHIA aua.nus, NpH HCNOAbL30OBAHHH

MK B BHUHC/JIEHHAX NO NpaBHAaM NoAcYera WudpP MOKHO H3GeKaTh

NnoonepanHoOHHOro yuera BEPHBIX 3HAKOB.

KosTpoabHBE BONPOCH

1. Kak dopmyaupyorcsa npaBuna noacyera uugp?

2. B kakux ClIy4asX PeKOMEHIYeTCs IPHMEH AT PaBKaa nojcyera
wncp?

3. Kakue npa. cnoco6a NpUMEHEHHA NpaBHJ Moacuera KHPp
BO3MOXHbI B BbIMHCJEHHAX HAa MHKPOKaJbKyJAsiTOpe?
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4. KakoBa moc/1e40BaTeNbHOCTh JEHCTBHH Ha KaxJI0M IpoMexy-

. TOYHOM 3Tane pacueTHOH Ta6GJHUE! B BHIMHCAEHHSX 110 [paBUHIaM

nojcyera uudp ¢ NOONMEPAUHOHHBIM YYETOM OWIHOOK? Ha 3aKJIOUH-
TeJbHOM 3Tane?

Ynpaxuenus

Boiyucnurb Ha MK 3HaueHis 3apaHHBIX BEIpaXKeHHH 110 NpaBUIaM
noacuera wudp AByMA cnoco6amu: 1) ‘c noomepanHoOHHbIM aHAAH3OM
pesynbTaToB; .2) C HTOrOBOM OLEHKOH OKOHYATeNbHOro pesy/brara
(y 4HMCNOBBHIX NaHHBIX BC€ LM(BPLI — BEpHbIE):

a) sin 0,934-27,9 B) 1n(5,6+w/2,37+4?)
V12,34 ’ " sin® 0,37 +cos* 1,02 ’

6) 1n (0,84 4 4,37% : r) lw+/§‘??é4z+082,37
46249

Merop cTpororo yuera rpaHHu norpemHocreih. 3ToT Merox

' gpemiycMaTpHBaer CTPOrudl noacdeT TpaHUl, MNOTPeliHOCTe#d no

NpaBHAaM BBIMHC/JICHHS MOTPELIHOCTEH, PacCMOTPEHHBX B ma. 2.4
u 2.5,

[Tpu noonepaunOHHOM CTPOroM ydere OWIHOGOK NPOMEKYTOUHbLIE
pesyabTaThl, TaK Xe KaK ¥ HX MOTrPemiHOCTH, 3aHOCAT B ClIENHAdbHYIO
pacuernyio Tal/HIy, COCTOSILLYIO H3 ABYX Mapaj/elbHO 3aNOoJHAeMbIX
yacTed.— [/ pe3y/NbTaTOB M HX morpemHocredl. B ra6auue 2.4
NpUBENEHbl' BHIMHC/ICHHS CO CTPOTHM YUYeTOM TIpaHMI,  a6CcOIOTHBIX
norpeurHocTed no Toi xe dopmyJae, uto H B npumepe 2.6.1 (c. 71),
¥ B NPEANOJNOMKEHHH, YTO HCXOAHbIE NAHHBIE @ W b HMEIOT rpaHHILBI
a6comoTHeix norpewHocrei Aa=Ab=0,005 (T. e y a u b Bce
uudppbl BepHul' B crporom cMHcae). Ilpomexyrounble pesyabrarh

‘Ta6auwna 24

a b e N e®+ b b a+b* in (a4 8% A

2,156 | 0,927 { 8,637 |0,9628 9,60 0,860 3,016 1,104 8,70

Aa Ab | AE) |AGD) [aE e | AGY) [Aa+o)|Aln@+0d) ] a4

0,0005 ; 0,0005 | 0,0049 10,00027| 0,0054 [0,0016 | 0,0021 0,00076 0,016

BHOCAT B Tab/uuy nocje OKPYrJeHHs 0O oAHON 3anacHoil (¢ yserom -
BLIUHC/EHHOH NapaJ/ie/bHO BeJIHYKHBI MOTPEIHOCTH); 3HAYEHHS NO- |
rpewHocTeil Afsi yAOGCTBA. OKPYIISAIOTCA 10 H36HLITKY MO . ABYX
agayamux uugp. Tlpocaenum Xom BLMHC/AEHWH HA OZHOM 3ramne,
o MK %1% — 8,63652. I1
HOMOIBIO HMeeM e OICUHTaeM rpammy
a6CconoTHOH norpeiHoctd (tabn. 2.1):

A (*'%%)=¢>'%6.0,0005 =0,0043182 =~ 0,0044.
73"



Cyns no BejquuMHe MOTPELIHOCTH, B HOJYYEHHOM 3HAYEHHH SKCIOHEeH-
TH B CTPOTOM CMBICJIE [BepHbI 1Bd .3HaKa nocae sansiTod. Okpyrasem
3T0 3HAueHHe C OfHON 3anacHoil umbppol e>'*°~ 8,637 (samacuas
uudpa BbAeNE€HA) M BHOCHM ero B rabauuy. Benen 3a 3THM
BbIYMC/ISIEM MOJIHYI0 MHOrpeliHOCTh MOJY4YeHHOro pesyabtara (no-
rpeilHoOCTb AeHCTBHA NJIOC florpewiHocTh oOkpyrienHs: 00,0044 4
+0,00048 ~ 0,0049), koropast Takxe BHocHTCSI B. -Tabauuny. Bce
noc/jenyoue nefCTBUS BLINOIHSIOTCS aHAMOMHYHO C NpPUMEHEHHEM
COOTBETCTBYIOIIHX GOPMYJ AJS rpaHHn aGCOMIOTHBIX MOrpeuiHocTel.
Oxkpyrsisisi OKOHuATe/IbHBI PE3yNbTAT 10 NocaAefHeH BepHOH UUPPH, a
TakXe OKPYIJsid TOTPeilHOCTs A0 COOTBETCTBYIOWIMX DaspsnoB
pesysbrara, OKOHUATE/NbHO MOJAyUaeM:

A=8740,1.

Paccmorpum Tenepb, Kak MOKHO IOJYYHTh MTOIOBYIO OIEHKY
rpanuibl [OOI'PElIHOCTH pe3yibrara BeMHCAEHHH 1o ¢opmyne 6Ges
TIOOTIep allMOHHOrO yueTa ABUXKEHHUS OMHGOK.

[Tpumep 2.6.2. 3nauenns x=14,7 u y=23,21 nanol uudppamH,
BEPHBIMH B CTPOTOM CMBbic/ie. BblUHC/AHTBL 3HAUeHHE BbIpAXKEHHS:

B _ V2

Tylnx

C nomouisio MK-41 rio HenpepniBHOH nporpamme:

147 V[ =] 321 [=] 147 E]

nonyuaem B=10,444374379. Ucnoab3ys ¢GoOpMynsl OTHOCHTEAbLHBIX
MOTPEIUHOCTEH YACTHOrO0 H NPOM3BENEHHA, 3ANHIIEM:

SB=08(/x)+dy+86(Inx), T e. 6B——~6x+6y+
Honbayﬂcg MK, nonyuum 8B =0,062, uro paer:
AB=B-8B=0,028.

10 03Hauaer, yTO B PE3y/braTe JIHIb OfHa HHbpa mocae 3anAToH
BepHA ‘B CTPOrOM CMbICJIE:

B=0,444-0,03.

llnxl

KoHTpoabHbe BOonpoch

1. Kak oopMAAIOTCA BLIMHC/ICHHS CO CTPOTHM Y4E€TOM rpanui
- IOTpeIIHOCTeH NPH MOONePaUHOHHOM YUere OWHGOK?

2. KakoBa .noc/jienoBarTe/lbHOCTb HEHCTBUH HA KAKAOM IPOMEXKY-t

TOYHOM 5Tane pacyerHOH TaGJHIUB B BLIMKCJAEHHSIX O METOAY
CTPOroro yuera rpaHuy NOrpeIlHOCTed ¢ MOONEep alfHOHHBIM yqerom
OUIMBOK? Ha 3aKJIOUHTEJbHOM 3Tamne?

3.  Kak BHHHCAAIOTCS TPaHHLBl TNOrpEeNIHOCTEH peayabrara MpH
HCIIONb3OBAHUH METOJNMKH HTOrOBOH OLEHKH - OLUHOGKHA BLIMHCIEHHH?
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YapaxHeuusn

Y snavennit a=1,3794 1 b=29,37 Bce uHUPPHI BEPHBI B CTPOrOM
cMblce, Boincantb ¢ nomompio MK 3nauenust 3alaHHbIX BHIpaKe-
HHl CO CTPOTHM YUYeTOM IPaHHI MOrpemHOoCTed ABYMSA CHOCOGaMH:
1) ¢ nmoonepanMOHHHM YYeTOM MOrpelHocTel; 2) C HTOrOBOH OLEH-
KOH TOYHOCTH pesyanaTa:

a) w/tg—a . B) _|_bsma

In(a4-86% ’
6) Lsatb. 'n(s'_na+b_)
V@ F5 av4p¥

Meron, rpanun. Ecan HYKHO HMETb TrapaHTHPOBAaHHbBE I'PaHHLEI
BO3MOXHBIX 3HaueHHH BBIMHCJSIEMOH BENHUHHBI, ncnonbsym cre-
UHa/AbHbIA METOZA BLIMHCJEHHH — METOX rpaHHL.

Ilycere f(x, y) — dyHkuus, HeNpepLIBHAS H MOHOTOHHAS B HEKO-
TOPOH O6MACTH JONYCTHMBIX 3HAaueHHH apryMeHToB x H y. Hyxuo
BBIMHCJIMTD €€ 3HaueHHe f (a, b), rae a U b — npUGAHIKEHHbIE 3HAYEHHUST
apryMeHTOB, IPHYEM H3BECTHO, UTO ‘

HI‘a<a<Bl‘a, HT', <6 < BT,.
3necs HI', BI' — 0Go3HaueHHsI COOTBETCTBEHHO HHXKHEA H BepXHei
rpaHdn 3HayeHud aprymenrtoB. Hrak, neo6xoaumo Haiitu crporue
rpaHHnbl 3HaueHH# [ (a, b) NIpH H3BECTHBIX rpaHMUAX 3HAUYEHHH a H b.

Honycram, uyro ¢ynkuua f(x, y) Bo3pacraer mno KaxAOMY H3
aprymeHToB x H y. Torga:

f(HT4, H5)<<f (a, b)<<f (BT, BI,).
[lycte Temepn f(x, y) BO3pacTaeT no apryMeHty x W yGHBaer o
aprymenty y. Toraa 6yneT BHINONHATHCS HEPABEHCTBO:

f (HT 4, BI'y) <<f (a, b)<<f (BT, HT,).

IlpumenuM METON FpaHHL K OCHOBHHM apH()METHYECKHM HEHCTBHSAM.
Ilyctn, Hanpumep, f(x, y)=x-+y. Torna oueBHAHO, YTO

HI,+HIls<<a+4b<<BI,+Brl,.

Touno' rak ke mnsa ¢pynkuuu f(x, y)=x—y, BO3pacrawlell Mo x
H yOHBaWIlEH MO y, uMeeM:

7 HIl . —Bly<<a—b<<BIl',—HTI,.
AHalOrHYHO ‘A1 YMHOXKEHHS H [eJIeHHs:
HI';-HIy<<ab<<BT,-Bl,,

Hra/Brb<a/b<Bra/Hrb.
Pacéiﬁmpmw dyHnknmio —ln—(xl—_—y—)- 3ameuaeM, uYTO MOpPH YBeJHYE-
HHM X OHa yOLIBaeT, a ¢ yBENIHYEHHeM y BO3pacraer (pasymcerc,
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npH cOG/IIOACHUH YCIOBHE cyniecTBoBanus). ClenoBaTeabHO, UMeeT
MecTO:
1 : 1 1

n(Br.—HTy) ~ Tm@—6 — In(l.—Bry

Briyncifiss 10 METOAY TPaHHL, C MOONEpanHOHHOH perucrpanued
MPOMEXYTOUYHBIX De3y/JbTaTOB, yAOOHO HCIOAL30BaTh OOBLIYHYIO Bbl-
UMCJIMTEbHYIO TaG/HIly, COCTOSULYI0 M3 ABYX CTPOK -— /Il BBIMHC-
nenns HT u BT pesyabrata (N0 3TOH NpHuHHE METOX TpaHHIL Ha:
3BIBAIOT eule Mero0oM Osoilinbix svimucrenuti). Tlpu BHIMONHEHHH
IPOMEXYTOUHBIX BBHIMMCJIEHHH M OKDYIJICHHH pPe3yJbTaToB HCIIO/b-
3YIO0TCSl BCE PEKOMEH/alH} NpaBHiI 0JCYeTa UHGP ¢ ONHHM BAaXKHbIM
LOTOJIHEHHEeM: OKPYIVIeHHe HHIKHHX I'DaHHL BeAeTcA NO HeZOCTAaTKY,
a BEPXHHX -— MO H36HTKY. OKOHUarenbHbe pesyabTarhl oxpymmm*-
CAl [0 5TOMY K€ MpaBHJy L0 MocjejHed BepHOH Uudpbl.

B rta6auue 2.5 npuseneHb BHYHCIAEHHS 110 dOpMYyTe

A= e +/b

in (a 4+ 6%
meropom rpaHun. HinkuAs ¥ BepxHss rpaHULbl 3HAYEHHH a H b
onpenenedbl M3 YCJAOBHS, UTO B HCXOAHBIX HAaHHBIX a=2,156 u

b=0,927 Bce unbpsl BepHH B cTporom cmbicae (A a= A b=0,0005),
T. €. 2,1555 <Ca << 2,1565; 0,9265 << b << 0,9275.

Tabaunnga 2.5

a b et NG e +E 2 atb® |in(a+6?) A

HI |2,1555 | 0,9265 |8,63220 0,96255, 9,59475 |0,85840 [3,01434 | 1,10338 | 8,6894

BT {2,1565 |0,9275 |8,64084 |0,96307 [9,60391 |0,86026 |3,01676 | 1,10419 | 8,7041

Crnoco6 rpauul CBsi3ad O COoco6OM CTPOTOro yuera IPaHHIL NOrpell-
HocTel cienyromuM ob6pasoM. Ilycte X — ToOuHOe 3HAuYeHHE HEKOTO-
pOH BENHUHHBI, X — €ro NPHOAH:KeHHe ¢ H3BeCTHLIMH TpaHdLaMU

HI,+BT,
2 b

HI, u BI',. Ipumem x paBHbIM 3HaueHHIO tTorga a6-

COJIIOTHAS NOTPEIIHOCTL €x 3TOro HpHGJIPI)KEHHH 6y,7l€T 38Be}l0M0 He
BI',—HTI,

Gosible MONYypasHoOCTH Ax= 5

. Tak, mo pe3VJIbTaTaM,., Bblﬂ

uycaeHdil B Tabauie 2.5 noayuaem:
A 8,6894—{2—8,/041 —8,60675, AA 5704186894

5 = 0,00735,’7

yro gaer A=8,69675-+0,00735.
BriuHCNeHHS MO METOAY IPaHHL, MOXHO BecTH H Ge3 noonepa-
IHOHHOTO qucuponaaﬂnﬁ HPOMEKYTOUHEIX pesysibTaroB.
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Mpumep 2.6.3. Hyxkuo HaHTH rpaHHlbl 3HAYEHHS] BHIPAKEHHS:

Z=_\/i_;’
In (x —y%)
ecan 4,845 <<x<24,855; 1,215y <<1,225. Umeem:

/B,

n(H—(BT,)% -

VHT

In (BT s— (HI',))

Hicrioneays ABaXAB HeNpephiBHYIO mpOrpaMMy. BhIHHCIEHIS Z Ha
MK-41:

V][] #[= y><yv)*|E,

TIOJTY4HM:

1,807895009 << Z << 1,825100030.

Ecau Her HEOGXOZHMOCTH HMETb Pe3yAbTar ¢ TakuM GOJBLIMM KOJH-
YeCTBOM 3HavalluX LUdpP, €ro MOXKHO OKPYIIHTb (HHXKHIOKO TIpaHH-
1y — 1o yGBIBaHHIO, BepXHIOKW — N0 Bo3pactanuio). Tak, okpyrass
rpaHuibl Z A0 COTHIX, 6yAeM HMeThb:

1,80<<Z<<1,83, 1. e
=1,81540,015.

KoHTpoabHBE BONPOCH

1. B kaxux ciyuyasx B NPHOIHIKEHHBIX BHIMHCJAEHHAX MPHMEHAIOT
MeTOH I'paHHL?

2. Kak odopmusioTcss pacyeThl MO METOAY TPaHHN NpH moome-
PAUHOHHOM YueTe pe3y/JbTaTOB BBIHHCJEHHH?

3. KakoBa nociie0BaTebHOCTE JEeHCTBHI Ha KaXKAOM NPOMEXY-
TOUHOM 3Tamne pacyeTHOH TaGJHUb B BHIMHCAEHHAX 110 METOLY I'paHHI|
€ 11OONePaILHOHHBIM YUETOM pe3yJbTAaTOB BRIMHCJAEHHH? Ha 3aK/IOYH-
TOALHOM STAnC?

4. Kax o6napyxHpaercs cBsisb M€TOLA I'DAHHL, C METOAOM CTpPO-
rOro yuera rpaHun norpeirHocred?

YnpaxHenns

3HaueHHs @ M b 3aknioyeHsr B rpaHunax 12,3<a<<12,5;
64,2<<b<<64,4. Bemucaurb ¢ nomompio MK snauenus 3anasHBIX
Bblpa}KeHHH mO METOLY rpaHHl ABYMs crnocoGamu: 1) ‘¢ noonepa-
HHOHHOH PETrMCTPalHedi HPOMEXYTOUYHLIX pe3yabTaroB; 2) 6e3 Bhir
NHCHIBAHHA npomex(yTom{blx pe3ynbTaroB:

a) NG —9 B),.,_]_"_w;

Ina ; o’} b?
6 a--b . ’V—



I'nasa.3
AJITOPUTMBbI

3.1. TlpyHuUMN AJrOpHTMH3ALNH
B HCINOJIb30BAHHH BBHHCIHTENLHON TEXHHKH

Hcnonb3ayss MHKPOKaJbKyJAATOp AJs BbIMHCAeHHHA 1O ¢opmyne,
HHOrza IIO/I€3HO 3apaHee COCTaBHTh M 3amHcartb Ha' Gymare npo-
2pammy, T. €. nepedeHb AEHCTBHIH, KOTOPHIE MOMXKHBI' GHITH npogena-
HBI' 10/1b30BATE/IEM B Hpolecce cyera. Takyio mporpaMMy OcOGeHHO
1eJa€co00pa3Ho HMETh Tor4a, KOrAa MpeICTONT NPOH3BECTH HECKOJb-
KO- BHIMHCJEHHH NO opHol H Toit Xe dopmyae. B srom cayuae
CHayaja COCTAB/JACTCA M TINATE/bHO ‘BbiBEPsIeTCH NPOFPaMMa BLIMHC-
JieHHi, a TOTOM TOJb30BATENb MOXKET HCHONb30BATh €e MeXaHHYeCKH,
yXe He BHHKasd B IIOCJIE€LOBaTeNbHOCTh NPOHUZBOZHMEBIX JEACTBHIA,
4ro o6Jleryaer H yCKOpsieT HpoIlecc cyera.

Bosee' coBeplieHHBIE BHIHHCJIHTEJNbHbIE MAIIHHBI' CIOCOGHBI 3aM0-
MHHATb MPOTpaMMbl BBINHCACHHH, U TOTAa YE/IOBEKY OCTAETCS TOMb-
KO COCTaBHTb NMPOrpaMMy H NMOMECTHTb €e B MaMSATh MAIIHHHL, a BCe
OCTa/JbHOEe — COOGCTBEHHO ' pellieHHe 3aJauH — MalluHa' C/ieJiaer -aB-
TOMATHUUYECKH, T. €. 6e3 ydacTHSl yejoBeka. Takue BHMHCAHTENbLHBIE
MalIMHB HA3bIBAIOT NPOSPAMMHO-ynpasasemsiny. K Hx dHCHy OTHO-
CATCSt 3JeKTPOHHO-BBIMHCMHUTENbHEIE MamHHE (SBM), nossuBiHecs
B .CepeJlMHE HAMIErO CTONETHA. OTO —— BHICOKONPOU3BOAHTEALHbIE
cpencrea o06pa6oTKH HE(pOpPMAaUHH, CIOCOGHEIE pewmarb GoabuioH
KpYr cambiX pasHoo6pasHbiX 3azau. JLas cocTaBleHus APOTpaMm Ha
OBM paspaboralbl' H HCHONB3YIOTCH CMHELHANbHbie A3BIKH, K YHCIY
KOTODHIX OTHOCSITCSL IIHPOKO pacnpoOCTPaHeHHbie A3BIKH NporpaMMu-
poBanusa Aaron, ®oprpan, Ko6on, I1J1/1, Tlackans, Belicuk u ap.
EcTb nporpaMMHO-ynpas/isieMble MOJENH H CPENH MHKPOKAAbKYJSi-
TOpPOB, K HHM oTHocsitess oreuectnenHne MK B3-21, B3-34, B3-54,
MK-56. ITporpamMmupyeMblii MUKPOKAJBKYAATOP, HECMOTPS Ha' €ro
OrpaHMYeHHEE BO3MOKHOCTH I10 CPABHEHHIO C_ YHHBepCalIbHOM Kpym-
Hot 2BM, o6nanaer BCceMH OCHOBHLBIMH CBOHCTBAMH IIPOrpaMMHO-
ynpasnﬁemoﬁ BBIMHC/JHTENbHOH MAaIlUHHEL \

O6mum aas Bcelt NPOrpaMMHO<YNpPaBifeMOil BHIMHCAHTENbHOH
TEXHHKH SIBISI€TCSI TO, YTO DEHIeHHe 3aj]ay Ha' Hell OCYIIeCTB/ISETCH
HMOCPeNCTBOM COCTapjJenusi mporpammbl, OcCHOBOH nporpammsl 47
BLIMHC/IHTENbHON MAaIUMHL ABJISETCSH QASOPUTM DEllieHHAl NaHHOM 3a-
Jaud, T. €. TOYHOE [pEANHCAHHE O IOCAELOBATE/NbHOCTH NeHCTBHI,
KOTOpHIE JOMKHEI' GHITb NPOH3BeNeHB!' IJf NOJy4YeHHs pe3ysbrara.
Anroputm sBasercs 6onee oGuiHM TMOHATHEM, YeM NPOrpamMMma; B
STOM CMBICJIE NpOrpamMma /s BBHIMHC/AMTENbHON MauIHHBl — 3TO 3a-
AHCh afirOPUTMa PRUICHUS HEKOTOPOH 3a7auy B BHLE, NPUFONHOM AJS
LaHHOH BHIMHCAHTENbHOA MawHHb: Orciona cienyer, 4yTo OCHOBHast
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CYUIHOCTb npomecca peIIeHHs 3agad C MOMOUIbI0 NMPOrpaMMHO-yI-
paB/sieMO TeXHHKH — 3T0 paspa6orka anropurmos. Koraa anropurm
pelleHHs 3ajzauM sceH, OH 6e3 oco6oro Tpyza MoOxKer ObiTb npep-
CTaBJeH Ha' J1I060M s3blKe NPOrpaMMHPOBAHHMA C YUETOM OCOOeH-
HOCTel KOHKDETHBIX BBIMHC/IHTENBHBIX MawidH. T OBOpPA HHBIMH CJO-
BaMH, [VIaBHOE B pCLIEHHH 3alay Ha INPOrpaMMHO-yIpaBasdeMbiX
BLIMHCJ/IHTE/IBHBIX MAaIIHHAX — 3TO AA20pUTMU3ayus, T. €. coCTaBJe-
HHE aITOPHTMHYECKHX Npennucanuil. Ponb aqropurMusanuu B xusHu
COBPEMEHHOro O06IIecTBA. ONpEAeNsieTcs He' TOJbKO TEXHHYECKHMH
acneKTaMH ee HCHOJb30BaHHS. ANrOPHTMHYECKHH NMOAXON HEOTAETHM
OT NMOBCEJNHEBHOH XU3HH JIOAeld, OT HX 00bIYHOH paGorhl. B nopas-
JsonieM GOABIIMHCTBE .CAYyYaeB PE3YALTAT ACSATENLHOCTH udeoBeKa

npsiMO 3aBHCHT OT TOro, HackKoJIbKO YeTKO OH YYBCTBYET aJIrOPHTMH-

YEeCKYyI0 CYIIHOCThL CBOMX AeHcTBHH: 4TO JenaThb B KaXKAbli MOMEHT,
B KaKOH nocsenoBarejlbHOCTH, KAKHM JOJKeH GbiTb HTOF JeHACTBHH
H T. n. Bce 3ro ompenensier 0coGbIH acmeKT KyJAbTYDPHl MBIIIEHHA
U [OBEJeHHA, XapaKTepH3yIOIMACSA yMEHHEM COCTaBJASTb H HCIOJb-
30BaTh PAas/MYHBIC AJTOPHTMBL

KOHTPOJABHbLIE BONPOCH

1. Uro Takoe nporpaMMHO-ynpaBjseMas BBIMHCJAHTENbHAA Ma-
IIHHA?

2. B uem cOCTOHT 3Ha4yeHHe ANFOPHTMH3ALHH ISl CIponecca pe-
WeHHs 3ajayd Ha NPOrpaMMHO-yNpaBisieMOll BBLIMHCIHTENbHOM
MaisHe?

3.2, AaroputMbl H CnOCOGH HX NpeacTaBACHHA

Kak yxe orMeyajsoch BHILE, HOHATHE AJIrOPHTMA OTHOCHTCH K
yuCay (GyHRAMEHTAJbHEIX MareMarTHYeCcKHX TNMOHATHHA. Bmecre ¢ Tem
A/l O3HAKOMJ/IEHHA ¢ METOAaMH aJIrOpHTMH3alHK B CBA3H C 3aNHCHIO
NPOrpaMMbl AJIsl BHIMHC/MTENbHBIX MAWIHH HET HeOGXOLHMOCTH obpa-
IIATbCA K CTPOrOMY ONpPENEEHHIO 3TOr0 MOHATHUSA,

Hrak, airopuTM — 3TO TOuUHOE M. TONHOE npennHcaHye 0 nocse-
JNOBATEbHOCTH BBINOJHEHUS KOHEUHOrO Yyucaa AeHCTBHH, HeoGxoiH-
MBIX [AJif1 pemreHys J0G0H 3ajaud ganHoro tuma. CrloBo. «alro-
puTM» BO3HHKAQ oT algorithmi — naruHcko ¢opmbl Hanucanus
HMEHH BEIHMKOro MaTemaTHKka anb-XopesmH, Koropuiil B IX B. onucan
MpaBHAa BBITONHEHHA YETBIpEX OCHOBHLIX apU(PMETHUECKHX HeHCT-
Bm“l ‘Hajl YHCNaMU B JECATHYHOH cHcTeMe cuMcaenusi. [lpaBuna 3Tu
i "8ErORHA CAYXKaT NpOCTeHUIHMHU TpHUMEPaMH MAaTeMaTHYeCKHX
aJrOPUTMOB. YKaxeM OCHOBHble CBOHCTBA  alrOpUTMHYECKHX
npeanvcaHui.

1. OnucbiBaeMblff a/JrOpUTMOM BBIHHCIHMTENbHHIH npouecc a0M-
3KeH ObITh pa3GUT Ha MO0CJIef0BATENbHOCTh OTHENBHLIX aefcTBHA,
BosHHKalolee npH 3TOM ONHCaHHE NpeAcTaBiser co6od nocjesws
BATE/IbHOCTh Y€TKO Da3AeNeHHBIX JPYr OT jApyra ykasaHut, oGpas
3YIOLUMX NpPEPBIBHYIO (MJH, KaK TFGBOPAT, MAHUCKPETHYIO) CTPyKtypy



aJTOPUTMHYECKOro npouecca — TOJIBKO BHITIOJIHHB Tpe()OBamm OJ(HO-
ro yKasaHHsl, MOXHO nepeiTH K CJAERYIOLIeMY.

310 CBOHCTBO. AIrOPUTMHUECKUX [IPEANUCAHHH Ha3LIBAIOT CBOI-
CTBOM OUCKPETHOCTU.

2. ANropuTM He JOJXKEH COonepKarb yKasaHHH, CMBICI KOTOPBIX
MOXeT BOCHpHHHMATLCS HeoAHO3HauHo. Kpowe Toro, mocje Bhimos-
HeHHA OYepPEAHOro YKasaHHs aNropuTMa He JOMKHO BO3HHKATh HH-
KaKHX = pa3HOYTEHHH OTHOCHTENbHO TOro, KakKoe ykasaHHe Gyner
BBIIOJIHATLCA cienyomumM. I'oBopsi HHBIMH C/IOBaMH, NPH HCHOJHE-
HHH aJrOpHTMa HHMKOr/la He JOJJKHA BO3HHKAaTb NMOTPeGHOCTH B MpH-
HATHH KakHX-JHOO peIeRnuHl, He NpeAYCMOTPEHHBIX COCTAaBHTENEM
aJIropHTMa.

OTO CBOMACTBO. aJrOPHTMHYECKHX ONHCAHMH Ha3blBaercsi CBOMCT-
BOM OnpedeseHHoCTy BRI JeTepMUHUPOBAHHOCTU.

3. Anroputm cocTaBsisiercsl He ISl PEWIEHHS OfHOM KOHerTHOH
3ajlauM, a AJA 1leJoro Kjaacca 3ajgay AaHHOro THna. B npocrefimem
clydae 3Ta BapHATHBHOCTb aJIrOPHTMa OGeCneyuBaeTCs BO3MOXK-
HOCTBI0 HCHOJIb30BaTh PA3JIM4HBIE JONYCTHMbIE HCXOABLIC AaHHDIE,
Tak, nanpuMep, mporpamMma BbiuHC/IeHHS Mo Gopmyne y=(In /x)?
Ha MHKpOKa/bKyJasitope tuna B3-18

x ln'[;_'

MOJKET UPHMEHAThCA He ‘AJS OLHOrO 3HAyeHHHA X; a Aias Bcex x>0,
YkaszaHHOe CBOHCTBO .a/JrOPHTMOB HA3LIBAIOT CBOHCTBOM MACCOBOCTL.

4. OGsazarenbHoe TpeGoBanue X aNrOpUTMaM — PesyAbTATUB-
HocTb. CMBIC/T 3TOrO TpeﬁoBaHHﬁ COCTOHT B TCM, YTO NIPH TOUHOM
HCTIOJIHEHHMH BCEX YKazaHuil anropuTMa npouecc MOJKEH Mpekpa-
TUTbCH 338 KOHEYHOE YHCJIO MIaros M IpH 3TOM JOMXKeH GLITh MOJyyeH
Kakod-iH60 OTBET Ha BOMpOC 3ajaud.

AJIrOpHTMEI ONMHCBRIBAIOTCH PasHBIMHM CHOCOGAMH, B COBPEMEHHOH
NPaKTHKE HCNOJb3yeTcsl JOBOJALHO MHOI'O AJTOPHTMHUECKHX FA3LIKOB
pasauyHoro yposHa. B KaxaOM OTHZeJbHOM c/lyyae BbIGOp S3BIKA

. BABHCHT OT psjaa OGCTOATENLCTB, U MpexXJ€e BCEro OT TOro, Kakoro .

pona anropHTMbl HEO6XOLHMO C €ro MOMOLBIO ONHCATh, a TaKkKe AJA
KOro npefHa3Havaercs onucanue — [JIS1 MALIHHbl WIH [J5 YeJIO0BeKa.
Huxe mnpusogurcs 0630p HEKOTOPHIX YHOTPeGHTENbHBIX CHOCOGOB
ONMHUCAHUA aJrOPHUTMOB, PACCUHTAHHBIX HE HA MAaIIHHY, a HA YeJIOBeKa.
Yxke 3TH mpocThle (M He OYEHb XKECTKO PerJaMeHTHPOBAHHBLIE) cHo-

COGbl 3ajaHufl arOPHTMOB [IO3BOASIOT OOHAPYKHTh HEKOTUpPHIE -

00ilHe HOAXOAB! K AJNTOPHUTMH3ALUH ~— MOAXOABl, HMIHPOKO MCHOJIB-
3yeMble H IIPH COCTABJEHUH NPOrPaMM VIS 1€KTPOHHO-BHIHHCTHTE/ b-
HBIX MamuH (SBM).

@Popmyasi. MaremaTHueckue (hOPMY/abl BMECTE€ C NPaBHAAMH HX

Hanucauus NPeNCTaBagioT cofod CBOEO6P a3HbLIH  aNrOpHTMUYECKHH

fI35K, € YCHEXOM HCHOJbL3yeMbifl HJsl OMHCAaHHA BBIYHC/HTENBHBIX
aJTrOPHTMOB HEKOTOPOro cmenuanpHoro supa. Tak, Hanpumep, dop-
MyJaa
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§=22 4 aDH (3.1

3ajiaerT ajJrOpPUTM BbIMHC/IEHHS MJIOILALH NMOBEPXHOCTH IHJIHHADUUe-
ckoro rena ¢ guamerpom D. u Bricoroit H. Crporo rosops, ¢popmyna
ompene/sieT IMOCAENOBATeNbHOCTh JAEHCTBHA He CTONb OJHO3HAYHO,
Kak Toro Tpefyer noHATHE aaropurMa (B yacTHOCTH, CBOHCTBO .ompe-
aeneHrnoctd). Bmecre ¢ TeM HM3BecTHO, 4TO BHIGOpP MI060r0 mOpsiika
AeHCTBHI MPH COOMIONCHHH YCTAHOB/ICHHBIX B MaTeMAaTHKE NPABUA He
oTpasHrcs Ha pesyabTare. B o6bluHOM ciyuae NOPSAOK AeHCTBHH 1O
¢dopmysie peryaupyercsa HCHOJHHTeJeM-uejoBekoM. B anropurmuue-
CKHX fA3blKaX, HCIIOAb3YeMBIX B . NpoOrpaMMHpoBaHuHu miasa 3SBM,
O6BIYHO TIPEAYCMATPHBAETCA BO3MOXKHOCTb 3a/laHHfA BLIMHCJIEHHH He-
nocpeacTBeHHO (GopMyJaMH B OOBIYHOM MAareMaTHUECKOM CMBICAE;
Iro o3Hauaer, yro DBM B aaHHoM ciayuae «ofyueHa» oOnpenensiTh

MpaBHABLHLIA MOPANOK HAeHCTBHE 1O BHAY GOPMYJIHL

AnropurM, H306paxKeHHbIH OGLIMHOH (POPMYJAOH, OTHOCHTCH K He-
KOTOpOMY, BechbMa Y3KOMY KJaccy ajJropHTMOB, .HA3LIBAEMBIX AU-
retinoimu. Tak HA3BIBAOTCA AJTOPHTMBI, MOCJAEJOBATENbHOCTD OIle-
panuil B KOTOPHIX Onpene/ieHa caMmoll CTPYKTypoH ajaropurmMa U He
3aBHCHT OT KOHKDETHBIX 3HayeHHH BXOAHHIX AAHHbIX. TaKuMm ABJf-
ercsl, Hanpumep, npuBefeHHHH Bbimie (GOPMYALHBIN ANTOPHTM BB~
YHCJIEHHA IVIOWIANH MOBEPXHOCTH UMAHHAPA. OIHHX JIHUIIb JHHEHHBIX
aAroOpUTMOB OKAa3bIBAeTCA HENOCTATOUHO ISt OMMCAHMA yXKe CaMbiX
npocrefIlHX BBIYHCIHTENBHBIX MpolieccoB. Tak, HanpuMep, airopuTM
BHIUHC/ICHHA 3HAYECHUA PYHKUHH

_[Inx, x>1
y—-{ l—x x<1 (3.2)

(prc. 13) yxe He apasierca JNHHeHHBIM, TAaK KAaK B HEM 3aJ0XeHa
onepanyus sei6opa onHOH u3 (GOpPMYJ B 3aBHCHMOCTH OT 3aJaHHOro
3HAUEHHUA X.

TaGanuusiii cnocod. 3anucy BHMHCAUTENBHOIO aaropurMa B ¢op-
Me TabJMUB! IIHPOKO HCMONB3YeTCR NPH OPraHH3auHH BBIMHC/ICHHH
no (opMyse ¢ MOONepanHOHHON perucTpaunHell MPpoMeXKYyTOUHBIX pe-
3yabraTtoB (cM. raasy.2). B srtom ciayuae pacnmucka ¢opMyabl Ha
NOC/IEeJOBATENbHOCTh 3JEMEHTAap-
HBIX HeficTBHH, o6ecrneyuBaembix
HAMEOLHMCH B HaJHYHH BBIYHC-
JIUTEJIbHLEIM CPEJCTBOM, €CTh He
YTO HMHOE, KaK OlpejeseHHe Mo-
CJ€J0BATEJbHOCTH WaroB (yka-
3aHUR) BEHIYHCJIUTEJNBHOrO a/ro-
purma. Tax, rtabauuHblél ajro-
PUTM +BBHIUUCJIEHHS] 1O (opmyae
(3.1) moxer Hmerh BHjA TabJid-
uel' 3.1, rae npuBeneHBl BBIYHC-
JI€HUA  IJIOWAJH IMOBEPXHOCTH Puc. 13

‘ %
y=l0
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UMJHHADA NO NpaBUAY MOACYETA HHGDD ANSA TPEX Nap HCXOAHBIX 3HA-
uennid D v H, BbIpa:KeHHBIX B CaHTHMeTpax.

Ta6anuna 3.1

b H Y aD? aD?/2 aDH s
126 1 89 39,58 498,7 1 2494 352 600
19,3 14,2 60,63 1170 585,0 1 8609 1446

6,8 5,4 21,4 - 146 73,0 116 190

Tabauunan ¢opma 3anucH aaropHrMa OCOGeHHO'yA0GHA TOrAa,
Koraa tpebGyercs BHIMHC/AHTD He '04HO, @ HeCKOJIbKO 3HAYeHHH OLHOro
H TOI'O K€ BBHIpaXKEHHA AJA PA3NHUHHIX 3HAYEHUH BXOAHLIX BEJHYHH.

Mporpammel ana MK. OnnoBpeMenHo'c npHB/EUeHHEM AJSA BHI-
YHCAEHHH MHKDPOKANbKYJNSTOPOB BO3HHK (XOT1 H AOBOJbHO-TAKH
YC/IOBHBIA) SSBIK VI 3aNHCH BBLIMHCAHTEIBHBIX AJTOPHTMOB (MPO-.
rpamm) ana MK. AnroputM QJst BHIMHCTEHHH HAa MUKDOKaJIbKYJIS-
TOpE HENPOrpaMMHPYEMOTO THHA — 3TO, N0 CYTH, 3a(hUKCHPOBaHHBIH
Ha  Oymare nepedeHb K/aBHUI, Ha)XaTHe KOTOPHIX B 3ajaHHOH mo-
C/I€A0BATENbHOCTH TIPHBOAHT K PEIIEHHIO AAHHOH BBIMMUC/AHTEAbHOH
sanaun. TTpuuem, Kax 310 nenanoce B riaBax 1 u 2, BBoA yHcen mpH
‘3anHCH TaKuX NPOrpaMM He pacHUchiBaeTcs MOKAaBHIIHO. B ormenn-
HBIX C/ly4asiX €cThb CMBbICJ HCIONb3OBATh NOMOJNHHTENbHLE YKa3aTe-
JIM, HanpHMEp CTpeJKH nepexoga, Tak, mporpaMma LHK/IHUYECKHX
BbiMHC/IeHWH N0 any NoBepXHOoCcTH nunnHapa Ha MK tuna B3-18 no
¢opmyne (3.1) ans pasnuuHbXx 3HaueHuH D W H moxker GbTh
u3o0pakena ciaeayromuM o6pa3om: ‘

Ij(x 2[:]D]—;<—|DS<]‘F|—:- QF_lﬂ |

3nech KODOTKOH BepTHKa/JbHOH CTPENKOH OGO3HAYEH MOMEHT 3aHe-
CeHHSl pe3y/nbTara BBHIMHCACHHH B TaGaumy, a AAHHHOH — mepexon
K HAYasny BHIUACAEHHS A OUePLAHBIX 3HAYEHHH HCXOIHHIX RAHHBIX.
Hrorosas tabnuua B JaHHOM cayuae, NOMHMO rpad UCXOAHHIX AaH-
_ HbIX, COAEPXKHUT JIUIIb Ipady AAA 3aNHCH OKOHYATEIbHOrO Pe3yJbra-
ta (Taéa. 3.2).

Tadanua 3.2

D : H S
12,6 89 600
19,3 ’ 14,2 1446

6,8 54 190

CaoBecnas 3anuch aaropurmos. DopMy ¢I0BeCHOH 3amucii HMe:'
10T MHOTHE «GBITOBbIE» AJITOPHTMbI, YACTO HCHOJAB3yeMBIE B IIOBCEJIHEB-
HOH JKM3HM: Kak. IDHTOTOBHTb Kode (NOopAnoK AEHCTBHA OGLIMHO
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ORMCAH Ha KOpobGKe), KaK TO3BOHHTH NO TejedoHy-aBroMary (HHCT-
PYKNHst B TeaedOHHOM CnpaBodHMRe) H T. I JLOCTOHHCTBO.C/10BEC-
HEIX TpeAcTaBAeHH# anrOpWIMOB B TOM, WFO TakuM Ccrocofem mpu
KE€JIAaHHH MOFYT GbiThb ORNHEaHbl JIO6Bble aArOPpHUTMBI, B TOM HHCAE H
BHIMCAMTeNbEEE, 1% focTHXKEeANT GONbIeH YeTROCTH B . eJIOBECHOH
3a0HCH a/ITOPHTMa OTHENbHBIE YKa3auus (HiarH) airOpUTMa yRoGHO
HymepoBaTh. Hns 3axanws BHEUHCIWTENbHEX LeHcTBRA Gynem He-
MOL30BaTh 3HAK OllepaniH RPECBaAUBaHHA | =, yRnorpeGrseMbii
B .OPHUUANLHLIX aAJTOPHTMHUECKNX SA3HKAX INPOrPaMMEDOBIHHS.
CMBbIC/I 3TOTO 3HAKa COCTOHT B CIEAYIOHtEM: MOC/IE BHITOIREHHA YKa-
sapust x: =24 (unraercst: «x NpucBOWFL A») mepemennas x Tepser
€BOe IpeKHee 3mayenHe W ApHOGperaer (mpACBAMBAET) 3IHAYEHME,
NOAYYCHHOE HOC/E BLITOJIHEHKWA BceX NeHCTBHIE, NpeXyeMOTPEHHbIX
dopmynofi A. Taxk, HanpHMep, §NOCKE€ BBHINOIHEHHA - YKasaHHs
y:=x>-43 npu x=2 nepemenuas y Gyner umerb swagenwe 7. Flpu
ONMHCAHHH  HeattreliHolx (MM PA36ETEAANOUFUXCR) = aJFOPHTMOB
ACTIONL3YETCR UpEAJIoKeHue BHAA «ecan P, uxtu Kk N», rae P —
nposepsieMoe ycinopHe, a N — HOMep OZHOTO H3 YKajauWil B 3alrHCcH
anroput™ma. llpm cocTaBieHMH CJOBECHBIX ORHCAHWA aJrOPHTMOB
MOXHO ' IPHAEPKHBATHCH C/IeyIOllero NpPOCTore MNpapHia, CyHlecT-
BEHHO YKOPAUHBAIOUIEr0 3aHHCH: €CNN B NPOHecce BHIMOIMEHNS Oue-
PeXHOro ykaszaHusl fBHO He 'COOOILAeTcs, K KaKoMy YKa3aHu 1nocie
BHIAOAHEHHSA JAHHOFO HYXKHO Tepefiti, Y0 3TO O3HAYaer, UTO. REPEXO-
OHTH HYXHO K YKa3aHHI, cjiedylollleMy 3a AaHHBIM B NOPAAKE BO3-
pacranusa ux Homepos. Fak, mampumep, eeqw x==3 W BLUIOAHACTCH
ykazanue (¢ HoMepom 4)
_ 4. ecan x<<0, uagTH K 7,

TO NPOH30HET HepexoJ, Ha'yKazaHme ¢ HomepoMm 5. Jlada Gesycios-
HOro mepexofla K YKa3aHHI0O ¢ 3aNaHHBIM: HOMEPOM HCHOJBb3YyeTcs
ykazanue «uiATH K N». Ucnonb3ysl 3TOT HECNOKHBIA anmapar, MOXHO
COCTZBJIITH CJIOBECHBIE OMHCAHHA aNTOPUTMOR, GMH3KHE MO CBOEH Cy-
TH K IporpamMmamM Ha opHUHaJbHLIX ' ANTrOPETMHYECKHX A3biKaX. Tak,
JJIA npuMepa, 3aliCh aJrOpHTMA BHIMHCJIEHHA MO QopMynam:

_{-lnx, r>1
Y=V 1—x, 2

MOXKeT HMETh BHI:

YTeHHe x

ecan x>1, WaTH X 5
y:=l—x-

untH K 6

y:=Inx

3afnKuch Yy

KOHeH

N TR LN

B. npuBeEHHOM ONHCAHHH HCHOJIbL30OBaHbl = CMENMaJbHLIE YKala-
HHSl — «YTE€HHE» M  «3aNucb», (HUKCHPYIOUIME COOTBETCTHEIHO
3ajlaHye 3HAYEHHH MCXONHLIX RAHHBIX H BblAAYY Pe3yALTATON B



-wct TIPEKPALIEHHE WCTIONHEHWnA
- -=>aiUA UMEIOT TNEPBOCTENSHHOe 3BaveHue
-» AAPECYCMBIX UCTIONHUTENAM-ABTOMATAM. ‘
~ACMLL AATOPUTMOB. DTO rpaduveckuit cnocod aanucy, “Memuh
GOJNIbIIOE NPUMEHEHHE B NPAKTHKE COCTABRMCHUA nporpamm aan dBM.
Cxema anropurma upe

ACTaBAdeT cobGolfi CHCTEMY ONpeneie’unM 06-

Pa30M CBA3IAHHBIX MEeXAY coGokt 6j0xkos, A300PaxEHHBIX B BULe
TJIOCKHUX reOMEerpHUEeCKUux

duryp. Iisa.OCHOBHLIX Tuna VKaszauuf —
ApUPMETUHECKNE U JIOTHUYECKUE — W3O

Gpaxalorcsi pasiuuHbiMH Gu-
rypaMmu  (puc. 14). Apudmeruueckue

yKazauua (a) we npusonaat
K BCTBJCHUAM ¥ HUMEIOT BCErja OAMH BHIXOA. Jloruueckue ke yka-

sanuA (6) CHeuralibHO WCTIOALIVIOTCH ANS OPraHW3alluK BeTBJCHUH
M BCeraa MMeioT NBa.BLIXOAA. Echn npomepsieMoe yCOBHE BHINOM-
HASTCH, TO MNPOUCXOAWT BBIXOJ MO CTPENKE «-\-%», €C/IM He 'BHNOJHN:
ercst no erpednxke «-—>». Jloruueckufi snement (snemenr npuns-
~ THUAl PEUIeHUufl) COOTBETCTBYET B OOLIUHON CJOBECHON 3AMWCH AJro-

pruTMa ykKasaHulo «ecau». bHla pucynke 14, a usobpamen saeMeHT
obunie#t o6paborku (apudmerHueckui siement), Ha 14, 6 — 3neMeNT
NMPHUHATHA DPenIeHUsn (JIOTHYeCKUud saeMenT).

Ha pucysuxke 15 npusepena cxema ajiropuTMa BHIUUCJIEHUA 3Ha-
yerdua ObdyHxrnuu no dopmyaam {(2.3). Cxema COCTOMT u3 ONHOro
JIOFHUYECKOrO 3JIeMeHTa (OAWH BXOA, NIBAa .BHIXONA) U uernipex apud-
METHYECKHX 2JI€EMEHTOBR (Y KaXKAO0ro OINUH BXOJ M OAWH BHLIXOA).
Conepmaune npeanuchiBaeMblx nelicTeuil, Tak XKe XKak u nposepnae-
Mbl€ YCJIOBHMfl, 3anHcanbl BHYTPH COOTBETCTBYIOMIHNX GJIOKOB.

6)
a) , :
Puc. 14

JANMHCL Y

OX90 | yrenue X

: v4
pUTMEl B BUAE Talauubi ¥ nporpammu mas MK: a) S = 2D

 Boixod
B o

KounTpoabunie sonpocwu

1. Yto Takoe anropurm? _ e
2. Kakum OCHOBHBIM CBOUCTBAM AOKHBL YILOBAETBOPATH Anro-

puT™MBL?

3. B xaxo#l crenesu pasnvansie Hedopmanbubie cnocoGu npep-

CTABJACHUA AJTODPHTMOB YAOBACTBOPAIOT CBOWCTBAM 3TOTO TIOHATHH?

Ynpaxueuns

1. Tlo sapanupiM GOPMYIaM COCTABUTH BHINHCIAHTENBHHIE aNTo-

_\_
4 nDL

5— (S — naowans GOKoBOH NOBEPXHOCTH KOHyca;, D — nua-

METP OCHOBAHUM, L-o6pa3yxomaﬁ); 6) = !

(f — uacrora
. 2 +/LC
COOCTBEHHBIX KOieOanu#l B KOHTYpe, L — MHAYKTHBHOCTD KaTywiKH,

C — eMKOCTb KOHJeHcaropa).
2. CoCTaBUTb CJIOBECHBIC ONHCAHMA ¥ CXEMBl Pa3BeTBISIOWMKCH

AJrOPUTMOB:  a) HAXOXKACHMH a6COMIOTHON BeNWMMHBI uHCcAa;
6) noucka Gonbluero M3 ABYX uucen.

3.3. Koncrpyuposauue aaropurmos

HarasnpuocTs 1 06IWELOCTYNHOCTD, KAKUME 00/1a4a10T CXeMH aA-
 TOPHTMOB, AENAIOT 3TOT CHOcO0 3anuCH YLOGHEM CPEACTBOM npenpas
puTenbHOM DPaspaGOTKH aArOPHTMOB AV HX TOCHEAYIOWEr0 mpo-
rpaMMHPOBAHUA HA «MalNHHHBIX» A3blkax. PaspaGorka aaroputmos
pewenuna 3agaqd Ha IBM — xeno, tpeymouiee CreuHasbHOro Hapbi-
Ka. AJFODUTM MDY 3TOM AOJKEH YAOBJNETBOPATH CAEAYIOWHM ecTect-
BEHHBIM TPeGOBaHUAM:

~— OBbITH MOHSATHBIM, T. €. JIerKO BOCHPHHUMAEMBIM; 3TO OCOGEHHO
BaXKHO' B. T€X C/y4asiX, KOTAA NPHXONMTCA UHTATh <«YYKHE» aiAro-
pHUTMBEL,

— QIrOpUTM LO/M2KEH OHITb JIETKO IPOBEpseMbIM;

_ — @/rOpHTM JIOJXKeH JOIMYCKaTh BO3MOXKHOCTb €ro MOJH(HKa-
uuH 6€3 CYIECTBEHHOH mepecTpOHKU BCEH CTPYKTYpHI.

Ins pocTHKEHNs yKa3aHHBIX CBOHCTB NPH paspaGoTke airopHr-
MOB NPHAEPXKUBAWTCHA 0cOO0H METOAMKH, HAa3bIBAEMOH CTPYKTYPHOIM
nodxodom. IlpH CTPYKTYpHOM MNOAXOAE K KOHCTPYHDOBAHHIO ajro-
PHTMOB A/JTOPUTMBI KaK Obl «COGHpaIOTCH» H3 TpeX OCHOBHLIX (6a-
30BbiX) crpykryp: PA3BHJIKA, UMK/, CJIELOBAHUE, xaxian
H3 KOTOpDBIX HMEET OJHH BXOJL M ONHH BBHIXOL.

Baszosas crpyxrypa PA3BHJIKA (cm. pucynok 16) cocront
H3 JICTHYeCKOrO 3/1eMEHTa C IPOBEpKOH Hekoroporo ycaosus I' o
bynKknHoHanbHbLIX 610KOB S, Sp, KOTOpHIE B MpOCTeHiIeM caytae
ABJAsIOTCST  apudmerndeckuMd  iementamu. PA3BHJIKA  momer

N



S,T—

a) o)

Puc. 16

ObITh IBYX BHJIOB: NOAHAA YCAOBHAA KOHCTPYKyua (puc. 16, a) u ne-
NOARAA YCA08HAA KOHCTpyKkyua (puc. 16, 6).

basopas. crpykrypa LIMKJl Takke MOxerT G6BITb ABYX BHIOB
(cm. pucyHOK 17). B cocraB UuHK/Ia BXOAMT JOIMYECKHH 3Je-
MEHT ‘c npoBepkod yciaoBus P u ¢pynruuonanbubifi 610K S, Ha3bBa«
eMblH TeAoM Yuxaq. B npocrefimeM ciydae S aBasieTcss OGBIYHBIM
apupmeruueckuM anementoMm. Kak ¢nexyer us crpykryps LIHMKJI,
TEI0 S MOXET NpPH ONpefe/eHHBbIX YCJIOBHAX BHINOIHATbCH HEOIHO-
KpatHo. B mepBom cayuae 60K pasMemieH rocjie NpOBEPKH YClO-
Bad P, Tak uTO MOXKET 0Ka3aThbCs, UTO TEA0 S HE ‘BBUIOJHHTCA HH pa-
3y, sror Bapuadr crpykrype LIHMKJ1 wuaswmsalor LIUKJI-TIOKA
(puc. 17,a). 3necs P sasasierca ycaosuem npodosxenus yukaa
(Bcsikuit pas, xorga P uctunHo, Teno S Beimosusercs). Bo BTopom
cayqae 6JI0K S pacnosioxeH 0 MPOBEPKH JIOTHYECKOrO YCaoBHs P, Tak
YTO B 3TOM BapHaHTE UHKIA TeJO S Bceria GyleT BEHIIOJHEHO IO
KpaiiHeil Mepe OAHH pa3; 3TOT BapHaHT cTpyKryph IIUKJI nassiBaior
OUKJ-O0O (puc. 17,6). 3pecs P sasasieTcs ycaosuem ebvixoda us3
yurxaa (KaK TONBKO P CTaHOBHTCA MCTHHHBIM, BHINOJHEHHE HHKJIA 34-
Bepiuaercs). Tor wan HHON BapuanT crpyKryph LIMKJI ucnoabsyer-
cfl mpH paspaboTKe aNrOPHTMOB TaKXKe B 3aBHCHMOCTH OT OCOGeH-
HOCTel KOHKpeTHOH 3ajauH.

86

Puc. 18

Baszosass crpykrypa CJIEJOBAHHE (cMm. pucynox 18)
COCTOUT M3 IBYX (PYHKHHOHAMLHLIX GJOKOB Si, Sy, KaxAwbld H3 KOTO-
pHIX B mpocTeHIIeM cayyae MOMKET ObiTh apH(pMeTHUeCKHM 3JIEMEH-
ToM. Ctpykrypa CJIEJJOBAHME o3nauaer, uro nsa.QyHKIHOHA/b-
HBIX 6J10Ka MOTyT OHITb DasMeEMeHb! APYT 32 APYIOM.

Besen 3a 3THM NpHHHMaercsl COIVIAIUEHHE: NPH COCTABJACHHH aj-
FOPHTMOB PAa3pEIaAeTcs MCIOAb30BATh TOJABKO TPU YKazaHHBIE 6a3o-
Bole cTpyKkTypol. Ilpu sToM paspemaercsl Takxke KaxXAblf H3 (YHK-
OMOHAaNbHBIX GAOKOB S, S, M S 3aMeHATH 1060H M3 6a30BHIX
crpykTyp. [loHATHO, YTO Takoe cOr/ialleHHe NMO3BOJSIET CTPOUTL Kak
YrOZHO ‘CJIOXKHBIE TIO COACPKAHHIO ANITOPHTMBI, Pa3BUBAS MX HE TOJb-
KO «BIIHDb», HO H «Briy6bs. Ha pucynke 19 usoGpaxkeH cTpPyKTyp-
HBIH a/JrOpHTM, KOTOpPBIH NpeacraB/sier coGoil ciegoBande GpYyHKIHO-
Hagabnoro 6aoka S; ¥ erpykrypn LIMKJI-TTOKA. Tlpu stom reno
LMKJIA mpeicTaBasieT coOOH NOJNHYIO YCJOBHYIO KOHCTpYKuHIO (0GBe-
JEeHO IITPHXOBOH NHHHEH),

KoncTpyupyemble TakuM NyTeM alTOPHTMBI HMEIOT YETKYIO H fic-
HYIO CTPYKTYPY, JIerKO NOANAICTCS NIpOBepKe, HGO COCTOAT H3 OrpaHu:
YeHHOro YHCJAa pa3juYHBIX 6/I0KOB, YCTPOEHHBIX ananoruuyno. Pac-
CMOTPHM NPHMeEpHl COCTABJEHHSI CTPYKTYPHLIX CX€M aJropHTMOB,

Mpumep 3.3.1. Aaropurm noHcka 6oJbLIero H3 Tpex uuces
(puc. 20).

AnropurM npexcrasiser coGOR clefOBaHHE ABYX Pa3sBUAIOK (Ha
PHCYHKe OHH BHIIeJeHbl' MTyHKTHPOM). B nepsoii (nonHas ycsaosHas

e
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Puc. 19
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X:=b/a

Puc, 21

KOHCTPYKUUA) OTHICKHBaercsa GoJsiblliee M3 ABYX YHCeJl a H b u 6O/b-
iee M3 HUX CTAHOBHTCH 3HaucHMeM nepeMenHoil y. Bo propoit pas-
‘BUAKe (HENnosHas ycJOBHAA KOHCTPYKLHS) 3HAYeHHe y CPaBHHBA-
ercsl ¢ TPETbHM UMCJIOM, H €C/H Y <<C, TO Y 3aMEHsIeTCsl 3HAYeHHeM
¢, B NPOTHBHOM cjyuae y oeraercs Ge3 HameHeHuil. Taxkum obpa-
30M, B Npoliecce BLIMOJHEHHS aJIOPHTMa epeMeHHas y 6yner HMeTb
CBOKM 3HaueHHem Oosbliee H3 3HaueHuil a, b u ¢. Ilpn nporpam-
MHPOBAHHM 5TOro airopurMa i 3BM RomKHO 6HTb mperycMor-
peHO uTeHHe (BBOJA) MCXONHBLIX NAHHBIX 4, b U ¢, d TaKXKe 3anuch (BhI-
BOJ) pesyabrata. B cxeme anropurma 3TH pefcTBHA aas Kpart-
KOCTH ONYyIIEHHL.

Tipumep 3.3.2. AIrOpHTM pelIeHHs YDaBHEHHS ax =0 B o0LIeM
ciayuyae MOXKeT GbiThb OMHCAH CXEeMOH, M306pakeHHOH Ha pucymke 21,
B 3aBHCHMOCTH OT 3Ha4YeHU# @ ¥ b BO3MOXHB TPH HCXOHA: pelleHH
GeckoHeyHoe MHOXKeCTBO.(a=0 u b=0), pemenust ver (@==0, HO
b5£0), peuenue exuHcrsennoe (a=0). AATOpPHTM NpeNCTAB/SAET CO-
6oii MONHYI0 YC/OBHYIO KOHCTPYKIMIO, ONHHM H3 (DYHKIHOHAJbHBIX
6/10K0B B KOTOPOH Takxe ABJASeTCs TMOAHAsA YCNOBHAA KOHCTPYKLHUA.

Mpumep 3.3.3. B ypue 'XpaHHTCsT HEKOTOPOE KOJNHYECTBO U€p-
HBIX H Genwbix mapoB. TpeGyercsi pas/noXKHTb 3TH WIapsl 10 ABYM
KOpsHHaM  (uepHOro M Gesoro uBera): Genble wapbi — B Genymp

r

; ONYCTHTL WAP

| B GEAYH

i KOPIHHY

! +

, BbIHYTL WAP

H3 YPHH BENBIH

; OAKH WAP ,

| -

} ONYCTUTE WAP

I B YEPHYH
KORIHHY

1§

e e e e e e e e e e e e o e

Puc. 22

KOp3HHY, uepHble — B uyepHY0, CocTaBHM cxeMy airopHTMa BBINOJ-
HeHHs 3TOH paGoThl.

OueBHAHO, YTO AJS PacCOPTHPOBKH LIapOB MO KOP3HHAM C KaX-
AbIM IIapOM MOMXKHLI' GHITH NPOAENaHBl cliefyloline ACHCTBHS: BHI-
HYTb LIap W3 YPHBI, ONPefeNHTb €ro IBET M ONYCTHTb B COOTBEICT-
BYOIILYIO KOP3HRY. Eciim mocne 3Toro B ypHe -elle OCTaloTCs LIAPH,
IeficTBHSA NOBTOPHTL cHOBa H T. A. Cxema aaroputrma (puc. 22)
npeacrasaser co6od crpykrypy HHMKJI-IO, npuuem Teno uukaa S
(pacnosoXxeHHOE B JAHHOM cayyae JO NPOBEPKH JIOTHYECKOro YCJO-
BHSI) NpeNCTaB/sieT cOGOH CAOXKHYIO KOHCTPYKLIHIO, COCTOALLYIO H3
CREeAOBAHMSA MPOCTOro HefCTBHA M NOJHOM YC/JOBHOH KOHCTPYKILHH.
IoHATHO, YTO BLINONHHTB 3TOT ANrOPHTM GbLTO GBI 3aTPYAHHTENLHO,
ecad OB B CaMOM Hadaje OKa3ajoch, YTO ypHA mycra. Ecad takas
CUTYAllHA HE HCK/ouaercsi, TO NPABHABHBIM peLieHHeM 3anauu Gyner

——————— — ——— —_———

QNYCTHTS WAP =
B BENYI H ,
KOP3HHY
BLIHYTS
H3 YPHYI u
Q4HH AP >

ONYCTHTS LWAP
B8 YEPHYNO -J
KOP3HHY
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cxema, H3obpaxeHnas Ha pucywke 23. Jaeeb Tene ummaa S pasme-
HIEHO ‘TI0cTe NpoBepkH yeroBus (crpykrypa LIMKJI-TTIOKAY). '

Hpumep 3.3.4. Anropurm EBkauna HaxoxaeHusi HauGoabIIero
obwero penurenss (HOJ) neyx uenbix NoNOXKHTENbHBIX yHcen (Me-
TOJAOM BLIUMTAHUSA) H306pakeH Ha PUCYHKe 24.

Ecnn uucna a u b pasubl, 110606 W3 HHX MOMKHO NPHHATH 3a
uckomblil pesynbrar (HOJ :=a). Ecau xe ukcna we paBHul, 6oJib-
Hiee M3 HHX 3aMEeHSIeTCS] Pa3HOCTbIO MEXKJAY HHM M APYTHM YHCJIOM,
nocJjie Yero CHOBa NPOM3BOAUTCS NIPOBepKa yciopus a==>5b. Cxema an-
ropurMa mnpexcraesaser coGoil cienosauue, cocrosimee uz LIMKJI-
TMOKA, y koToporo TenoM SBIAETCH MOJNHAST -YCJAOBHAY KOHCTPYK-
1iMfA, ¥ IpOCTOro apudmeTHueckoro Gjoka.

Mpuwmep 3.3.5. Bouncaenue (reHepHpoBaHué) UWIEHOB MOC/e-
NOBaTeAbLHOCTH, 3aaHHOH ¢opmysoi:

k—1 ‘ '
ak=m (k=1,‘ 2y e -n),

OCYULeCTB/ACTCS UHKAHIECKHM aJrODHTMOM, H300pakeHHbIM Ha pH-

~cynke 25. Teno umkna comep:KuT ABa apuUdMeETHUECKHX oneparopa,
H306paXKeHHbIX IS KPAaTKOCTH B OAHOM (YHKUHOHA/bHOM G6JOKe.

Anroputm npexacrasasier co6oil ciefoBanHe GYHKHHOHaLHOrO 6i10-

ka u crpykrypel HHUKJI-TTOKA. ' o

IIpumep.3.3.6. lana kKoHeuHass NOC/JeNOBATENLHOCTb i, ds,...

.» @n (B MPOrpaMMHPOBAHHH TaKHe MOCIENOBATENbHOCTH UHCE
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HasbIBAOT Mmaccueamu). COCTABHTb CXEMY a/IrOPHTMA BblYHCJEHHSA
CYMMBI:

S=a;+as+..4an

Ecnu npunsite S=0, TO HaxoxIeHHe HCKOMOH CyMMLI o6ece-

4yHBaercsl n-KPaTHLEIM IIOBTOPEHHEM YKa3aHHA
S:=8 +a

HpH M3MEHEeHHH R ot 1 no n. Cxema anropuTMa H306paKeHa Ha pH-
cyHKe 26.
IIpumep 3.3.7. Tlonck Gonbiuero sfeMeHTa B MacCHBE X,
X2, wery Xn.
Bo3sbmem «paGouyio» nepeMensyio M u npucBOUM el 3HayeHHe
anemenTa ;. Ilocae aroro GynemM HpOBepATh HCTHHHOCTH HEpPaBeH-
crBa. M= x: ans i=2, 3, .., n. B pesyaprare kaxno#l nposepku
sHauenue M n1uGo ocTaBuM Ge3 H3MeHEHHA (ecsiH HepaBeHcTBO M > x;
HCTHHHO), NM60 3aMeHHM Ha X; (ecJH HepaBeHCTBO JIOXKHO, T. €.
M<x;). OdepHgHO, uTO MO OKOHYAHHH 3TOro mpomeeca M Gymer
HMETL 3HaYeHHe HAHOGOABLIETO HO BeJHYHHE 3JEMEHTA 3aJaHHOTO
maccupa. Cxema ajaropurma H3o6pakeHa Ha pucyHke 27.

CTpyKTYpHBIH NOAXOA K COCTABJAECHHIO AJTOPUTMOB OCHOBBIBAETCS
Ha TOM, YTO KaX[bli AJrOpUTM MOXKeT GhiTh fiPEACTaBJAEeH B CTPYK-
TypHO#t ¢opme. Oanako He BCerga B XOJle NMOUCKA YAAETCS cpasy
AOAYYHTD AJIFOPHTM B CTPYKTYpHOM BHAe. MHorna mpuxoaurca npea-
OPHHATH CTNeNHaJbHLIE NPHEMH, TpeoGpasyiolHe HECTPYKTYpHuIe
gﬂ[‘ﬁpﬂ’l‘MbI B cTpykrypHble. Ilpocrefimuii mprem — pasmnoscenue
A0K08.
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Ha pucynke 28 uzo0paKeHa cXeMa HECTPYKTYPHOrO aJjropurma.
DTOT aArOpHTM Jierko mpeo6pa3oBaTh K CTPYKTYPHOMY BHAY, €C/H
npoay6GaupoBath 610K S;. Anroput™, H306paKeHHbI Ha pHCYHKe 29,
SKBHMBaJE€HTEH AJHHOMY B TOM CMBbICJ€, YTO BO BCeX BO3MOMXHBIX
Cyyasix OH: NIpPEeNNUCHIBAET BHIIOJHATH Te XKe NeHCTBUL.

HUnorpa nnsi mnosydeHHs CTPYKTYPHBIX aJFOPHTMOB NPHXOLHTCS
npumeHarb Gojee U3nicKaHHble Meroibl. PaccMorpum npumep.

Mpumep 3.3.8. lan maccus xy, Xz, ..., ¥,. Tpebyerca onpene-
JUTb, HMEETCHA JIH B 3TOM MaccCHBe .XOTA Obl OJHA Napa B3aHMHO
OGpaTHBIX COCEIHHX YHCeJ.

Cynasi 0o HOCTaHOBKE 3ajaui, HaJO UHKJIHYECKH MPOBEPSTb BbI-

NO/IHEHHE PaBEHCTBA.X; Xixa==1 mpHu i=1, 2, ..., n— 1. Kak Tonbko

PABEHCTBO OKaXKEeTCsi UCTHHHBIM, MPOIECC MPEeKpalyaercs H BbiAaeT-
CA CHTHaJ O TOM, YTO HCKOMAasi mapa 3JeMEeHTOB HMeeTCs — LHRHaJ
«fa». Ecau xe mpouecc NOXOAMT A0 KOHIA, HO ‘PABEHCTBO He BHIFOJ-
HAeTCH, JIOMKEH ObITb BhHILAH CUrHan «HeT». Ilonxonsi K opranusanuu
3TOr0 UMKJIHYECKOro. anroputrMa OOblYHbIM 06pasom (T. €. HauMHasi
UMK/ C NPOBEPKH YCJIOBHA MpOLO/KeHHs i<Kn—1), OJYYHM CXEMY,
n306paxennyo Ha pucyHxke 30. 3TOT aJropuT™M IeHCTBYeT BepHO,
HO OH He fBJfETCs CTPYKTYpHbIM. [IpHuMHa HECTPYKTYPHOCTH B
JAaHHOM CJy4ae COCTOUT B TOM, UTO HMeEercs ABa YC/JIOBUS OKOHYAHHUS
uMkna: 1) ucuepnande BCeX 3J1eMEHTOB; 2) BLITOJIHEHHE paBeHCTBA
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LiXip1==1. B 3aBHCHMOCTH OT TOro, KaKMM H3 3THX JABYX ycnonm‘i
3aKOHYM/CS UMK/, HEOOXONHMO HPEANPHHHMATh pasiHYyHbe Hefct-
Busa. OpnH H3 cnoco6oB npeonoNeHHs AOAOGHOro 3aTpyAHEHHs —
obbenHHeHHe OOOHX YCJAOBHH MPOAOMIKEHHA UHKAA B ORHO:

(<n—1 A (i o1 1),

a sl NPHHATHA OKOHUATENBHOrO pelleHHA N0 OKOHUAHHH LHKJAA
HEOOXOMHMO NPOBEPHTb, KAKOE HMEHHO YCJIOBHE NDHBEIO K BBIXONY
u3 unkaa (puc. 31). PaccMoTpeHHbl noAxon faeT CTPYKTYpHbLIH anaro-
PHMTM, OAHAKO NPOrpaMMHPOBAHNE MPOBEPKH OGbENUHEHHOTO B KOH'B-
IOHKLIMIO OGILEr0o ycJIOBHSI NPHBENET K HOBHIM 3aTPYAHEHHSIM, €CJH
B a/ITOPHTMHYECKOM A3HIKE OTCYTCTBYIOT JIOTHueCKHe onepaun. py-
roi NMMOoAXOnx — BBEAEHHEe JJ,OHOJIHHTeJ]bHOH nepemeuuou BLIROJIHSA -
oleld poab NPH3HAKA, KOTOPHIA H HCMONB3YeTcs IJsl YNpaBAeHMs
NepexoAaMH B COOTBETCTBHH CO CMBICJIOM 3ajauH (pHC. 32).

KonTpoubpHube BoRpoOCH

1. Kakum TpeGoBauusM HOJKHA YAOBJETBOPATH paspaGoTKa aj-
roput™MoB Ha IBM?

2. B uem cyrb OCHOBHEIX CTPYKTYP aArOpHTMOB: PA3BUJIKA,
LUKJI, CJIEJOBAHHUE?
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3. B uem 3akn0uaercs CTPYKTYPHHIH MOAXOX K paspaGoTke aj-
ropurMoB? Kak ofecreunBaercsi cobJ0eHHEe OCHOBHBIX TpeGOBaHuil
K paspaboTKe aJrOpPHTMOB € HCIONb30OBAHHEM 3TOT'0 MOAXORAP?

4. KaKOBHl. OCHOBHBIE NpHEMbl NPeOOPasoBaHHSI HECTPYKTYPHBIX
aJTOPHTMOB B CTPYKTYpHLIE?

YnpaxHenusd

CocTaBHThL CXeMBl aAropHTMOB peLIeHHs CeAYIOULNX 3a1a4:
1. BoluHCAHTb KOpHE ypasHeHHus ax’+-bx-+ c=0(a+0).
2. BbluMCaHTh OAHO 3HAUeHHEe (PYHKLHH:

1—2°, 20
a) y= {z—l z>0 rne

z—-{ sinx, x>=>1

e, x<<l,
P41, x<0

6) y=) 2x+1, 0<Cx <1
4x—1, x> 1.

3. Peumntb nepaseHcrpa: a) ax<<3; 6} ax>>b.
4. Buiuncautb 50 uneHoB nocneuosaTeanocTn ¢ OGIINM WIEHOM:

a k=1, 2, 0).
5. Boiuncaurb «nponssenenne 2JIEMEHTOB MaccHuBa. xXi, X2, ..., X100.
6. Onpepenurb, HMeercss AH B. MacCcHee .ai, ds, ..., @, XOTs Gbl

OlHa mapa NMpOTHBOMOJNOXXHBIX COCEAHHX YHCET.
9% :

i".uasa 4

JEMEHTbDI HPOFPAMMHPOBAHHﬂ HA A3bIKE
BEVCHK

4.1. OcHoBubie yctpoficrsa. 9BM

Tlpouecc apToMaTHuecKoR 06paGOTKH ~ MHGOPMaLHH (pemexme
3ajnaus ¢ nomombio OBM npeacrasinser coGoH HUMEHHO Tako# mpo-
mecc) BKJAOUYaeT cienylouine obsf3aTenbHble onepaldH: BBog (uTe-
HUe) HCXOAHOH HHbOpMaluH, 3aNOMHHAHHE M XpaHeHHe uHdopma-
IHH, o6paborka HHpopMauun (coOCTBEHHO pelleHHe 3aKauu), ynpas-
JleHHe TpoueccoM o6paGoTkH, BHIBOL pe3ynbraroB. Jlis BhinosHe-
HHSl OTMEUEHHbIX onepanuii IBM umeer B cBOEM cocTaBe KaK MHHH-
MyM C/lefylolIHe OCHOBHbIE yCTpo¥cTBa:

a) sanomuHamwollee ycrpoiicteo. (namarb) (3Y);

6) apudMeTHKO-JOrHUeCKoe YCTpoiicTBO. (mpoueccop) (AJIY);

B) . ycTpoiictBo .ynpasnenus (YV);

r) ycrpofictea BBoga-suisoga (YBB).

B pasanunbix 3BM 3TH OCHOBHHIE YyCTpONCTBA DPEANU3YIOTCH B
crenuHYeCKHUX sl pasHbIX KiaaccoB DBM TexHuueckux pelteHusIx.
B Becbma ofureM U YOpoILLeHHOM BHIE CXeMa CBsidell MeXAy yCcTpo#-
ctBami OBM H3o6paxena na pucydke 33.

ITamare MaimvHBl COYXHT IS8 XpaHeHMsi Bce HeoGXOAHMOii
nHdopManKHl — HCXOLHBIX, MPOMEKYTOYHBIX H OKOHYATENbHBIX YMC-
JIOBbIX 3HAUEHHH, a TaKXe MpPOrpammsl, T. €. aJropuT™Ma, npeicras-
JIEHHOTO B CcllenHaJabHOM BHJE. :

IMamsars DBM ofbuHO cocTOHT H3 ABYX uacrel: oneparusHol
U gHewnel. DTO pasjeieHHe CBS33HO'CO CKOPOCTbIO BHIGOPKH HH-
¢opManHH H He HMEeT NPHHUHUMHAJBHOrO 3HAYEHHA MPH H3YUYEHHH
HayajJ nporpaMMHpOBAHHSA.

ITpoyeccop obGecneunBaer BbIMOJIHEHHE ONMEpaunMH HAajl HCXONHBI-
mu pauHbiMH. OH mosyuaer HCXOHbIE JAHHHE H3 MAaMATH M MO HHM

YCTPOHCTBO YNPABNEHHS

nPOLECCOP
ONEPATHEHAS TAMAT

by

BHEWHAR MAMATD

I
I
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BHIpa6aTbiBa€T NPOMEXKYTOUHLIC M OKOHUATe/bHble Pe3Yy/IbTaThl, KO-
TOpHIE CHOBA.OTHPABJSIOTCS B HAMATh, M BHIIOJNHSIET TONBKO T€ Ofle-
pauyu, KOTophle onpeieeHbl IJ5 LaHHOH MALIHHBEI ee KOHCTPYKTHB-
HbIMH BO3MOXHOCTSIMH. B Hekoroprix MukpodBM B nousrtHe «Ipo-
Heccops Hapsany ¢ co6CTBEHHO ycTpolicTBoM nepepaborkun uHdopma-
HHMH BKAIOYAIOTCS TaKXe H 3/1EMEHTH JPYTHX YCTPOHCTB MAalHHBI:
naMsTh, BBOA-BBLIBOJL, YCTPOHCTBO ynpasJjeHus. XapakrepHas ocobeH-
HOCTb IIPOLIECCOPOB — BBICOKOe OGhIcTponelicTBHe. DhicTpoaeicTBHe
OBM ' BHICOKOrO KJacca ONpeje/fieTcsl MH/JIHOHAMH ofepaluii B
CEeKYHLY.

Yerpolicreo ynpasaetus KOOpIAHHHpYeT paboOTy BCeX YCTPOMACTB
MAallHHbl: BHI3LIBAET M3 NAMATH CBENEHHS O BHINOJIHEHHH OuepenHoH
onepauxy, pacliHQpPOBLIBAET 3TH CBEJEHHA, BHI3bIBAET H3 NaMATH
YYACTBYIOLIME B OlepauMH uYHcjIa M OTHpPaBIAseT HX B IpoOLeccop,
a 3aTeM nepechliaerT B MaMATb NOJYYEHHBIH pe3yJbTar.

Yerpoicrsa .8800a-8bi800a. OCYLIECTBAAIOT CBS3b UEI0BEKA ¢ Ma-
muHo#, Beg ucxoaHas HHpOpMANHR Nepex peUleHHeM 3ajauH 3a-
MHCHBAETCH B MaMSATH C HOMOILBLIO YCTPOHCTBa .BBOZA. B omHHX ciy-
Yyasix /IS 3TOH LeJM HCIOJNb3yIOTCS INPOMEXKYTOUHBIE HOCHTEIH HH-
(popMmaiud, Ha KoTophle WHGOpMALMA 3aHOCHTCA 3apanee: nepdo-
JIEHTBI, nep)OKapThl, MarHUTHbIE JIEHTBl, MarHATHBIE DHCKH H T. I
Hekoroprie DBM cHaG:kalorcsi NMyJbTOBOH NUIIylieHd MamHHKOH,
NoXoXKeH Ha' OObIUHYIO, C MOMOILBIO KOTOPOH HCXOLHBIE NAHHBIE H
nporpaMma (Ha oco6oM - si3blKe) MOrYT GHITb BBENEHbl' B MaMSiTh He-
TIOCPENCTBEHHO uepe3 KIaBHATYPy ¢ mapajlyieJbHOH meuarbio Ha 6y-
Mare. Jra ke MalIHHKA MOXET OTIleuarath H pe3yabrarsl cuera. Jlas
neqati G6ykBenHo-iubpoBoil uadopmanun IBM crabxarmorcd Takxke
CNeUHaNbHEME GLICTPOLEACTBYIOMIMMH NOCTPOUHEIMH HedYaTaIoUIuMH
ycTpoHCTBaMH.

st puanoroporo pexuma paGorel MuHOrie IBM cua6xkaiorcs
yeTpolicTBaMi BH3yasibBHOrO oroOpakK€HMsl MHpopMmauuu — ducnae-
AMU, KOTODble HMEIOT 3KpaH ¢ H3o0pa)keHueM aj¢aBUTHO-HHpPO-
BO# M rpaduueckoll HH(GOpPMALMH U KJAaBHATYpY A/ BBOAA JAHHBIX.

Komn/ekchl yCTpoHCTB BBOLA-BLIBOJAA, KOTOPBIMH CHa(XKaloTcsA
coBpeMenHble DBM, no3BoaAIoT XpaHHTh, 06pabaTeiBaTh H BHIAABATH
HH(pOpPMAUMIO B caMOi pasnooGpasHodl ¢opme: B ¢opme rpadukos,
B BHJe TabJHuI U Dpoux GyMaKHHIX JOKYMEHTOB, B BHJEe H306paxe-
HHMA Ha 3KpaHe, B BHAe Nepdokapr, nepgoseHT, MarHUTHEX JIEHT H
MAarHUTHBIX JUCKOB H T. Il., IPHTORHBIX [JI51 HOBOTO BBOJA B MAllHHY,

B 3aBHCHMOCTH: CT BBIUHCJHTE/IBHBIX BO3MOMXKHOCTEH (06beM na-
MATH, OblcTpoAeHcTBHe), rabapHTOB, KOMIIEKca nepudepriiabx
yerpotictB OBM npuHATO NOApasnensith Ha GoabimHe, MHHH-DBM
1 MHKpoDBM. B Hacrosliee BpeMsi noJydaer HIHPOKOE PacnpocTpa-
HEHHE B PA3JHYHBbIX cpepax X03sAHCTBEHHOH, HAYYHOH H yuyeGHOIl fes-
TEJbHOCTH (B-TOM YHMCJE B BBICIHMX H CPEAHHX YUeGHBIX 3aBEJICHHAX)
HOBOE TMOKOJICHHE - MaJIOraGapHTHOH BHYHCAHTENbHON TEeXHUKH —
MHKPODBM, K 4YHC/Iy KOTODBIX OTHOCSTCSl OTEYECTBEHHBIE nNpodec-
CHOHAJIbHLIE H INepcOHajbHBIe MHKPODBM cepuil «DnekTpoHHKA>,
«hckpa», EC u gmp. O6aanasi manpiMu raGapuramu (MHKpodBM
OOLIYHO pa3MellaeTcs Ha croje). TH MaIiHHB 6J1arcaapsi BO3MOXK-
HOCTH HCIOJIb30BAHUSI PA3BHTOrO Si3biKa HPOrPAMMHPOBAHHA H IIH-
poKoro nepeunst nepudepuiHbLIX YCTPOHCTB MO3BOJAIT 3¢ ¢eKTHBHO
pemiath pasHoo6pasHble MJaHOBLIEC, SKOHOMHYECKHE M HayuHO-TEXHH-
yeckHe 3ajauH.

Ha pucynke 34 uso6pakeH MHHHMAaJIbHbIH KOMIJIEKT ycTpoficTs
muKpoIBM «Hckpa-226»: npoueccop (), BKAIOYUAIOMMHA KOHCTPYK-
THBHO CHMBOJBHO-TpacdHyeckuii AHCIIIeH (2), M KAaBHUIHOE YCTpO#-
crBo (3), meuarawouiee ycrpoiictso (4), a Takke G6JOK BHEIIHEH
NaMATH — HaKOIIHTeNb HAa IMOKHMX MarHHTHbLIX HucKax (5). Pasmep
skpaHa aucmnes — 31 cm no auaronanu, dopmar 80X 24 cumsona
1 560 X 256 Touex.

KOHTpPOABbHEBE BONPOCH

1. Kakue o6sizarenpHble COCTABHBIE YACTH BKJIOUAeT B cels npo-
necc aBTOMarHueckoli o6paboTkM HHpOpMaUHH?

2. Kakne OcHOBHbIe YCTpOfiCTBA BXOAST B COCTAB NpPOrpaMMHO~
yIpaBJasieMOH BBIMUC/IUTE/NbHOH MaLIHHBI?

3. KakoBo HazHayeHHe OCHOBHBIX ycTpoHcrs DBM: mamsaru, mpo-
eccopa, yCTpoicTBa yHupasJjeHHs, YCTPOUCTB BBOXA-BHIBOLAP

4, Kako#i MunuMajbHblii Ha6op YyCTPOHCTB BK/IOUaeT MHKpoDBM
«Hckpa-226»?

@

4.2, AndaBut ¥ npocrefliuke KOHCTPYKUMH si3bika BelicHk

Anropurmuyecknii si3bik BeficHK npenHasHaueH A peUICHHUS
6onbIIOro KPyra MaTeMaTHYeCKHX H HMHXKEHEPHBIX 3a1au B pexume
auanora uyenosek-OBM. Ilporpammu Ha ssbike Deficuk Moryr GHTH
peasn3oBaHbl Ha MEKpOIDBM THna «DsekTponnka-60», «ieKTpoHHKa
J13-28», «Hckpa-226»> u [p., NONYyYawOIHX B Hacrosfilee BpeMs
LINPOKOEe pacnpocTpaHeHHe B yueGHuIX 3aBefenusix. Paccmorpam nep-
BOHayaJIbHbIe CBeienus O fA3bike Beilichk, Heo6xonuMble Ajis cocTaBlie-
HHA nOpocredIluX NporpaMm.

4 3akas 385 - 97



1. Andasur. CuMBoJbl, BocnpuHumaemsie 9BM Ha sisbike BelcHK,
MOTYT ObITb MOApAa3aeieHbl HA CJAEAYIOLIHE TPYIMLL:
a) mpomnucHule jatuHckue 6ykBul A, B, C, ..., Z;
6) nponucueie pycckue 6yksnl A, B, B, .., I (kxpome E n ’b)
B) undpl @, 1, 2, 3, 4, 5, 6, 7, 8, 9%;
r) sHaku apudMerHyeckHux onepanHi
4 (Bo3BemeHue B cTemnenb)**;
* (yMHOXeHue); / (menenue);

-+ (cnomeuue) — (Bbmm'aune);
,u) 3HAKH OTHOUICHHI ’
= (parHO); > (Gonpuie);
< (Menbue); > = (GoJblue WIH PaBHO);
< = (MeHbllle WIH paBHO); << >> (HE PaBHO);
e) cneuuasbHbie CHMBOAEL . , 1 ; " () [[ ! ? %***

K) cayxeGHbIe CHMBOJBL <. > (npoﬁen) «B. K.» (BO3Bpar KapeTkH);
3) 6ykBa m, UMelomias sHauenne uncaa 3,14159265359.

Kanapumnoe yerpoiicteo 2BM- «Mcekpa-226», B koropoit BBOJ,
CHMBOJIOB CONPOBOXJAaeTcs .HX OTOGpAXKEHMEM Ha 3KpaHe JHuclJes,
OTOK/I€CTBJISI€T BO3BPAT KAPETKH C MEPEXOJOM Ha HOBYIO CTPOKY; AJf

5THX Lenedl kiaaBuatypa «Hckpa-226» umeer knasuwy [CR/LF)
(puc. 35).

2. Yucna. B asvike Belicuk ucnonwsylorest yeavle u deldcraurens-
Hble yucia, 3HAK «-+» nepej UHCJIOM He CTaBUTCS, a liesiasi 4acrhb
IpH 3amHCH HecATHUHBIX JpoGell oTnensiercss Ttoukoil. Hyaesyw
yacTh APOGHOrO uHciaa MOXKHO' Omyckarb. ITpHmephl 3amHCH wHcen:

1enbple ’ JleHCTBmf‘JlebIe
) gl

143 12.

— 362 —24.356

Je#cTBUTENbHBIE YHCIA MOTYT NMPENCTABAATLCS B 3KCIOHEHLHA/bHOM
dopme. Tak, nanpumep, uncio 0,005342 moxker GLITh NPEACTABJIEHO
B 11060 u3 ciepyouinx Gpopm:

5342E—2.
BP0P5342E2
534.2E—5

3nech 6ykBa E umeer cmuicn «possectH 10 B crenmenb». Ilokazarenn
crenedu (MOpPsiOK) MOXET He HMeTb 3HAKa, eCJIH OH MOJOXXHTEJIeH;
oTpHIaTe/bHbIl MOPANOK 06s13aTeNbHO JOJNXKEH HMETh 3HAK «—»,

3. Nepemennnie. UncioBas nepemennasn B Beficuke o6o3nayaercs
M0G0l GyKBOH JATHHCKOrO ajpaBHTa WM M0G0l GYKBOH, 3a KOTO-
poii cnenyer onna nudpa. Hanpumep

*B ssvike Beficuk aaa OBM «Hckpa-226» ncoonb3ylorcs fecsirHuHas H mecma;:,-
HATepHYHAA CHCTEMBl HCUHCJEHHS.
- **B HEKOTOPLIX BepcHsXx Deficuka omepaunsi BoapelenHs B CTeneHb 0603Ha-
4aeTCA CHMBOJOM
***Andrapur nabka BelicMK MOXeT ‘BKAI0YaTh H APYTHe CrieyHabHEE CHMBOMBL,
KOTOpbIE 3]iech He NPHUBOAATCH H3-3a TpymHocTed Habopa.
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A 1 X5 B2

CoBokynaocTb GyKB H (P, 0603HAUAIOIHX NEPEMEHHYIO, HA3HIBAIOT
ee umenen (unu udenrupuxaropon). B 3BM «Hckpa-226» nepemen-
HBI€, KaK K 4Hcaa, MOTYT ObITh yeasvimu U delicrauresvnoinu®. 3nage-
HHSIMH UEJIBIX NIepeMeHHBIX BCr/a ABJIAIOTCS UeJbIe YHC/Ia, SHAYEHHUS-
MH JeHCTBUTENbHBIX — AeHcTBHTENbHEI, [IpusHakoM 1enoil nepemen-
HO#H B ee OGO3HAUEHHM SIBJISETCS NPUCYTCTBHE CHMBOJA %, pacmo-
JIaraeMoro BCJSH 32 HMEeHeM NepeMeHHOH. Hpmvxepbl IPOCTHIX mepe-
MEHHBIX IeJOr0 THma:

A% 1% X2%

Mul paCCMOTpeJIH npHuMephl Ge3HHJEKCHBIX, HIH npocrbtx, nepemMeH-
HBIX, KpOMe IpOCTHIX MepeMEeHHBIX, MOTYT HCIIOb3OBATBCS Nepemer-
Hole ¢ unHdexkcamu, CyXaiiKe IJjs. 06O3HAUYEHUA 3AEMEHTOB MAacCCH-
BOB. IlepeMennas ¢ wuHpercoM -o0603Hauaercs HMEHEeM MaccHBa,
3a KOTOPBIM B KPYIJIBIX CKOOKaX yKas3blBaIOTCA UHAEKCH — UHC/IOBBIE
Wi Oyksennble. Mmenem maccuBa Moxer GHITh Jio6as npocrast
nepemenHas. [Ipumepsr:

A(2), B%(l‘,3), X5(2+1, J).

B s3pike DBeficmk momyckaercsi HCIOIb30BAHHME TOJBKO ONHOMEPHHIX
U ABYXMEpHBIX MaccHBOB. B ofiem ciayyae HMHIEKCOM B NepeMeHHOH ¢
HHIEKCaMH MOKer GBITb MPOHU3BONBHOE apH(PMETHUECKOE BBIpaKEHHE,

4. ApudmeTHuecKHe BBLIPAXKEHHs1 COCTABJAIOTCA H3 UHCesN H Ie-
'PEMEHHBIX C MOMOIIbIO 3HAKOB apH(PMeTHUECKHX LeHCTBHHA H KPYrabIX
CKOGOK.

Hanpumep:
05bl'~IHaH ‘3alHCh: 3anuch Ha Beilicuke:
' 5X
ax —|-bx-{—c A*X¢2+B*X+C
a; (x* +l43y,) A =(X42+143=Y(J)

Buytpy cxoéox H B 6eccKOGOYHBIX 3aNHCHAX MOPSAOK JeHCTBHH COB-
najaer ¢ o0LIeNPHHATHIM: CHAaYa/ia BHINOJHAIOTCHA BCE BO3BEAECHHA B
CTeNeHb, TOTOM YMHOXEHUS M JCNCHUA H, HAKOHEL, COXKEHNS ¥ BH-
yuragusa. Onepan¥y OXHOrO NpPHOPUTETA BHIMOJHSTCS cileBa Ha-
IpaBo.

Hapsiny ¢ umciaMu M MEpeMEHHBIMH B COCTaB apmpmernqecxux
BhIpaxKeHHH MOTYT BXOAHTh cTaHdapTHble pynkyuu Bedcuka. Kaxnas
U3 QYHKUHA O0O3HAYAETCs COOTBETCTBYIOUIMM HMEHEM, 32 KOTODHIM
C/lefyeT apryMeHT B Kpyruibix ckoOkax. Huxe npusomutcs nepeueds
cranpaprablx ¢pyHkuui Beidicuka 3BM «Hcxpa-226s.

*B srofi Bepcun DBeficuka uMeercsi TpeTHH THN KOHCTAHT U IMEPEMEHHEIX —
CuMgonbreLi, HATUYUE KOTOPOro IO3BOifeT 0GpaGarhiBaTh HE TOABKO YUCIOBYIO,
HO M CHMBOJIBHYIO HH(ODMaLIO; B HACTOANLEM NOCOGHH CUMBOJNLHBIA THI He paccMar-
puBaercs.
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Hassanue ¢ynkuun O6osHauenne
Cunyec X ‘ SIN (X)
Kocunye X COS (X)
Tanrenc X TAN (X)
Apkcunye X ARCSIN (X)
Apxkkocunye X ARCCOS (X)
Apkranrenc X ARCTAN (X)

Canyuafinoe uncyno Mexkay 0 m 1 RND (X)

A6conoTHoe 3HayeHne X ABS (X)
Lienas yacts X INT (X)
Curaym (snax) X - 8GN (X)
Harypanbubiid .norapuc}m X LOG (X)
Akcnonenta X (&) EXP (X)
Ksagpatubiii Kopenb u3 X SQR (X)

Aprymentrom X Momer GBITb UYHC/IO, IepeMeHHasi, apu(pMmerH-
yeckoe BhlpaxkeHHe (B TOM umcsie cofepxkauiee (yuguuu). Tpuro-
HOMeTpHyecKHe (YHKIHH B OGBIYHBIX YC/AOBHAX BBIMUCAATCA 15
apryMeHTOB, BhIpaXKeHHEIX B pasuaHax*. Apryment ¢yuknun RND (X)
HE 'HCIIOJIb3YeTCHA M MOMKET ObITh JIOGBIM yHca0M. PyHKUHA SGN (X)
BHIYHUC/AETCH 110 NPABHIY:

SGN (X) =1, ecan X=0
SGN (X) =0,ecau X=0
SGN (X) = —1, ecan X<<0

Ilpumepsl 3anucH apudMeTHUECKHX BBIpaXKeHHH ¢ (DYHKIHSMU.

O6ulunag sanuce: 3amnncy na Beiicuke:

3sin % 3+SIN (X/2)
- "_fm (—B—SQR (B 2 — 4+A%C))/(2+A)

arctg (3x — 2e!* 18 ARCTAN (3+X — 2*EXP (ABS (X —1.8))
5. Ycnosusa. Hapany c apadmernyecKHMH BHIDAXKEHHSIMH, 3Haye-
HHSIMH ‘KOTOPBIX SBJISIIOTCS JecsATHYHBIE yYyHCaa, B s3blke DBeilicux
HCHOJIB3YIOTCS TaKXKe JIOTHYeCKUe BhIPaXKeHusl, MPHHHUM alOLLHE TONbKO
IlBa .3HAYEHHUS — <UCTHHHO® H «JIOXHO». B uactHom ciyuae Jioraue-

*B Bepcun DBeilcuka 3BM «Hckpa-226» npu xenaHHH MoxKeT GbiTh ycra-
HOBJIEH J1060H H3 Tpex peXHMOB BbiUHCHACHHMA TPHFrOHOMETPHYECKHX H OGPaTHBIX
TPUroHOMeTpHYecKHX (GYHKUHMI: rpaaychl, pagnaubl uau rpags (1 rpag=rn/200). Jana
3TOR UeNH HCIOMb3yercs cnenuanbablil oneparop-onucarens SELECT (SELECT D —
rpagycl, SELECT R — paguann, SELECT G — rpaast). Ilpu orcyrcrBun ykazaHuii
B ¢opme oneparopa SELECT aBromaTHuecku ycranasiuBaercsi pexxum R (panuanbt).
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CKOe Bblpa)KeHHe HpeACTaBjser co6oi ABa apu¢me'mqecxux BhIpa-
JKEHHSl, COelHHEHHbIX MEXAY COGOH OfHOM H3 onepauuil OTHOIEHHS:
=, <, <=, >, >=, < >. Taxo#i Bua soruueckoro pupa-

JKEHHS] Ha3blBAIOT RPOCTHIM YCaosuem. TIpuMepHl mpPOCTHIX YCAOBHI:

O6biynas 3amuck: 3anucnr Ha beiicuke:
ax’=bx+c A« X42=B»X+4C
Inx<2sinx LOG (X) <2# SIN (X)

KOoOHTpPOJABHBE BONPOCH

1. Kaxne ocHOBHBIE FPYMINbl CHMBOJIOB COCTABJRIOT angapuT s13blka
Beficuk?

2. Kakune THNbL YHCeJ HCNONb3YIOTCA B si3hike DeACHK H Kak OHH

3alHChIBAIOTCA?

3. Kak o6o3Hauaiorcst npocThie (UeJble H AeHCTBHTENbLHBIE) mepe-
MEHHbIE? nepeMeHHLle ¢ HHAEKCaMH?

4. Kaxk onpejensercs NOpsifoK AelcTBuli B apudMETHUECKHX Bhi-
paxeHunx?
= B. Kak cocTaBisioTCsl MPOCTHE YCJOBHSA B ssbike BeHcuk?

Ynpaxuenus

1. 3anucarb Ha Beficuke cineayloumine unesa:

a) 0,0094; B) 1073
6) —13,087; r) —5,86-10%

2. BhigenuTb U3 3aJlaHHBIX YHCEJ LeJible M NEeHCTBHUTEbHBIE: |
a) —@ r) .425

6) 0.0 n) —265
) .425 - e) — 26.3E5

3. 3anucartb na ssbike Beficuk caenyiouine apudmeTHUECKHE Bbi-
paXKeHus:

a) x"7; B). (0,1275+4-2 sin {/a)® 4 2:°°6;
. . § — —1
6) aotartany 1) Ao

4. 3anucaTth. H& A3bIKe OGBIMHBIX MaTeMATHYECKHX OGO3HAUYCHUH:
a) (S—A+X)/B B) .ABS (X—=Y)/(1+X)$(A42)
6) A/B/C+*D=+E r) (4=A(1, J) 1(—2))/LOG(ABS(X))

5. Jlaubi Tekyllue 3Hauenuss nepemenHeix: X=2, Y=3, A=5.
OnpenenuTb HCTHHHOCTb YCJIOBHIA: ‘

a) X<<=2 By A+X {2= Y $2

6) X« Y>X1+tY r). INT (Y/X) =Y—X
162 ‘

4.3. Oprannzanusa nporpamMmbi

Hporpamma ma ssvike Beficuk npencrasnser coGoit nociexopa-
TENBHOCTL cTpoK. Kaxas crpoxa nporpaMMbl cHafkaercs AecATHY-
HbIM HOMEPOM, KOTOphl€ MOrYT HDHHMMAaTb 3naueHus 0T O no 9999,
Brimosinenne nporpaMMel oCyLIecTs/sieTcsl B IOPALKE BO3pacTaHud
HOMEpOB CTPOK*, nmpHueM He Tpebyercsi, 4TOGH CTPOKH NPOrpaMMbl
HYMEepOBalUCh HENMPEMEHHO IOCNeN0BATEIbHEIME HATYPa/ibHEIMH HO-
Mepamu. Husi TOro yroGul o6/eryuTh B Npolecce COCTaBJEHHS INpo-
TpaMMbl BCTaBJIEHHE HOBBIX CTPOK MEXKAY yXKe€ MMEIOLIHMHCSH, CTPOKU
OporpaMmal oGLIMHO HYMEPYIOT ¢ KAaKHM-HG60 1LaroM, HarnpHMep uepes
10 Homepos: .10, 20, 80 u T. .

‘OCHOBHBIMH 'KOMMOHERTaMH TIPOrpaMMbl SIBASIOTCA OnNEParopoL,

‘M3 KOTOPHIX H :COCTORT CTPOKH nporpammbl. OxHa CTPOKa NPOrpaMMbl

MOXKET COAepKaTh ONHMH HJIH HECKOJBKO -OIepaTopoB, KOTOpbie OTie-
AAIOTCA APYr OT apyra AsoerouydeM. Kaxkawlii omeparop cOCTOHT H3
IBYX 4dacTed: caymebHo20 cr08a (MMEHH) ‘M HHGOOPMALHOHHOH 4acTH
oneparopa, HashBaemoi Tenon. Han6onee ynorpeGHTENbHBIH Qnepa-
TOp, OOecneYHBaRHIH B “HpOrpaMmMax BHHMUCAEHHA,— 3TO -Oneparop
npucsausanus, KoTophlil B sisbike bellcuk uMeer BHI:
LET < nepemennas>™> = < apHdM. BbipaxeHue > **,

HeficrBue onepatopa LET 3akniouaeTcst B NMPHCBaHBAHHH mepe-
MEHHbIM, CTOMIHM CJIeBA, 3HAYEHHH apHMOMETHUYECKHX BHIPaXKeHUH
(B  yacTHOCTH, -apu(METHUECKOE BbIpAXKEHHE MOMKET GbiThb HHCJIOM
WIH OTAeJbHO B3SITOM NepeMeHHOH), CTOSIIHX cOpaBa OT 3HaKa
paBeHcTBa.
TIpumepst:

LETI% =1 — ueno# nepemennoil 19 npucsausaercsi snauenue 1;

LETA=23.7 — neficTBuTe/ibHOH nepeMeHHOH A mpucBauBaercs 3Ha-
yenue 23,7

LETX=A % SIN (T) — aeiicreuTeibHO}i TepemeHHoli X npucBanBa-
ercsl 3HaueHHe Bbhipaxkedus A sin T npu Texy-
wnx 3naueHusix A u T.

C nomoubto oneparopa LET MOXHO TIDHCBOUTDL OJHO U TO XK€ 3HAYEHHE

He TOJbKO OJHOH nepeMeHHOl, HO U HECKOJIbKHM TNepeMenHbIM cpasy;

B 3TOM cjlyyae lepeMeHHble NMEepeyHCAsoTCcs B JEBOH 4acTH omepa-

topa LET uepe3 sanaryio. B @BM «Uckpa-226» ciyxe6Hoe ¢10BO

LET B sanucH onepaTropa ‘BpHCBAHBAHHA MOXeET ONYCKAThCS.

B nporpamMmax pins OBM oObluEO npenycMmarpHBaercsl BBOJ 3Ha-
yeHU HCXOZHBIX MaHHBIX (aQp2ymeHTo8) H BHIBOA pesyavrarosd. JLis
storo ucnoasayercst oneparop INPUT, umeomuii Bug:

INPUT < cnHCcOK .nmepeMeHHhIX = .

IlepeMeHHBIe B < CIIHCKE MepeMEHHBIX => Pa3feNsioTCA 3amsThiMH.
Berperus B mporpamme oneparop INPUT, 9BM nenaer naysy, BHIBO-

*Ecan He NMpeiycMOTpeHO NPOrpaMMHOE H3MEHEHHE TNOC/EeAOBaTelbHOCTH BBIIO-
HEHHSI CTPOK.
**[TepeBoj AHMKACKHX CAYXKEGHBIX CJIOB AaH B KoHIe nocobus (Fpunomenue 111).
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AMT 3HAK BOMpPOCAa H XKJAET, KOrAa C KJaBHaTypbl YCTpOHCTBa
BBOJA OyleT BBENEHO CTOJBKO 3HAUEHHH, CKOJIbKO MEpeMEHHBIX B
cnucke onepatopa INPUT. ITocse BBoga nocsefHero H3 HHX HaXKH-
Maercsl KJAaBHIIA NEepeXofa Ha HOBYW CTpOKy, H dBM npomosxkur
BHITOJIHEHHE NIPOTPaMMUbL. '

Briog (meuatb) pe3y/ibTaToB OCYLIECTBJIfeTCA B fi3bike beidcuk
oneparopom PRINT, umeroutum BHA:

PRINT <<cnucok>,

rie <CCIHCOK > MOXEeT COJAEepXKaTh HepeMeHHble, apHMeTHYECKHE
BbIpQ)KeHHs (B 4aCTHOCTH, YHCJIOBble KOHCTAHTHI), CTPOKH TEKCTa WIH
To u gpyroe. Eciu cnucok oneparopa PRINT coctout us nepeMenHoi,
TO NPH BHINOJIHEHHH Oneparopa NpPOH3OHAET BLIBOK 3HAUEHHSA 3TOH
nepeMeHHOH. EC/IH CIHCOK CONEPKHT BblipaKeHHe, HapHMep:

PRINT X+ ARCTAN (T),

to oneparop PRINT npoH3sBener Bce mpeaycMOTpEHHLIE BbIPaXKEHHEM
ornepaidH H BHIAACT NMONYyJyeHHHIH peayabrar (uucno). Hannuue sansa-
Toll. Mexny siaementamu cnucka oneparopa PRINT nokaswiBaer,
4TO HH(OPMALHS BLIBOAMTCA B 30HHOM (popmare (BJIUHA 30HBI —
16 cumBOJIOB; NpH BbIBOAE HHGPOPMAUHH HA 3KpaH Aucimiaes DBM
«Hckpa-226» caeayer uMmerp B BHLY, YTO OXHA CTpPOKa BMeLiaer
80 cumponos). dnemeHT cnucka onepartopa PRINT, mepen koropbim
HMeeTcsl 3ansTas, BHIBOLHUTCA B Hauano ciaenyiouedl soHel. Eciu
MeXAy aneMeHTaMHu crpoku oneparopa PRINT crour Touka ¢ 3and-
TOH, TO MH(bOPMAaLUHA BLHIBOZUTCH B YHnAOTHeHHOM hopmare. Baxuoii
oco6enHocthio oneparopa PRINT saBnsercsa To, uro ator omeparop
' MOXKET HCIIONb30BAThCA /A BHIBOLA COOGLIEHHS, KOMMEHTAPHS HIH
0600 CTPOKH CUMBOJIOB. JLJA 3TOTrO TeKCT, KOTOPHH AO/NKEH BLIBO-
JUThCSA, 3aKAO4aeTcsl B KaBbMKHU. IlycTb, Hanmpumep, Tekyilee 3Ha-
4yeHue mnepemMeHHol P B nporpamme paBHO 46. Torma B pesyab-
TaTe BLINOJHEHUA OMepaTopa

PRINT “IPOIYIIEHO YACOB”; P
Oyner BbIBEAEH TEKCT:

IMMPOITYWIEHO YACOB 46

B TekcT mporpaMMbl MOXHO BKJAIOYAThb CTPOKH € HEOGXOLHMBIMH
NOSICHEHHAMH, KOMMEHTapHSIMH, UTO ofJieryaer uTeHHe HPOrpamMbl.
Ias sToll menn Hcmonb3yercs oneparop REM, sanuceiBaeMbiil cie-
AyomuM obpasom:

REM <Cuenouka CHMBOJIOB >,

rae <<1llenouKa CHMBOJOB => MOXET CORep>kKaTb TeKCT (6e3 KaBhbiueK),
COCTaBJIEHHBIH H3 J106bIX CHMBOJOB, KpoMe nBoerouusi. Omeparop
REM He HCONHAeTCcsA MallHHOH H MOXeT pasMenlarhesi B JI000M
MecTe nporpammbl. Ilpumep:

14¢ REM BJIOK CUTMA (X)
104

CocTaBHM Tenepb HECHOXHYIO BHIHHCIHTENbHYIO -[POrpaMMy.

Mpumep 4.3.1. Tlyctb D — nuamerp ocHOBauus LMJIHHAPA, a
H — ero Bricora. ITiomans noBepxHOCTH UHAKHApPa S H o6beM V BhHI-
YHCAAITCA Mo GopMyaM:

aD? nD?
=—2+JT,DH, V=T'H

Tlporpamma BuiHc/AeHHH 3Hadenuit S u V no 32/2BaEMbIM 3HAYCHHAM
D u H mMoxXer uMerb BHI:

1§ REM HHW/IHUHIOP

20 INPUT D, H

30 LET S=n+D 42/24+n*xDxH
"4 LET V= n*D‘r2*H/4

50 PRINT ”S="; S, "V="; V

60 END

ITpu BBome 3uauennii D=0.6, =1 mamHHa BHBekeT cAeLyOLIHE
pesyabraThl: '

S =2.45p4422698 V=.282743338823

Tlporpamma cocrout u3 6 crpok. Ilepeas crpoka cogepXHT He-
ucnonuseMblii onepatop REM ¢ koMMeHTapHAMH, BbIHOJHSIOUIHMH
poab 3aroioBKa mporpaMmbl. Bo BTOpoli cTpoKe pacmonoxeH omepa-
top BBoga INPUT, ¢ noMouipio KOTOPOro ONpeaeisiorcs HadyajbHbie
aHaueHHa nepemenHnix D W H. B crpoxkax c¢ Homepamu 30 u 40
PACHOMOXKEHB ONEpPAaTOpbl NPHCBAWUBAHMSA, BLIYHCISIOUIHE HCKOMBIE
3HauyeHud nepeMenHblx S ¥ V (cuMBOA m, UMeOUINACA HA KJIaBHaType
OBM «Hckpa-226», Ha 3xpaHe ITHCIJIEs M B nedatH H3oOpaxaercs
B ¢dopme F#HPI). X naxoneu, B crpoxke c Homepom 50 pacnonoxeH
oneparop shiBoga PRINT, xoropsiit cocrasieH Takum o6pasoM, uTo
MallliHa BBIBEAET He NPOCTO caMH 3Havenuss S H V, a cHaGauT 3TH
3HAYeHHMs] NPHHSATHIMH JUIS NOROOHBIX CJayuaeB OOO3HAYEHHAMH;
S=, V=. B nocnenneil crpoke nporpaMMbl MOCTARJEH ONEparop
END, koropuiil o6o3nayaer Koden nporpamMmsl, Mcnonb3osanue saToro
oreparopa B KOHLE TEKCTa NpPorpaMMbl Heé OOGS3aTENbHO, TaK Kak
BLIIOJIHEHHE NpPOrpaMMbl aBTOMaTHYeCKH 3aKAaHYMBACTCA IMOC/IE BbI-
HoNHEeHHS1 Bcex ee cTpok. Omnako npu Hanuuud omeparopa END
1o okoHuaHuu cyera DBM naer coobuienne 06 o6beme cBOGOAHOM Na-
MSATH,

IlpuBenennas soie nporpamma LIUWJIMHIP cocrasaena Tag, uro
B pe3yJsibTare ee BHIIOJHEHUA BHIHHCASIETCA JHIIb OfHA TIapa 3Ha4eH i
S u V. Ecnu 6ul noHago6uIoch BHMUCANTD 3HaUeHuss S u V ans mpy-
roif maps 3HaueHuil nepemeHHeix D u H, nporpamMMmy npHuioch 6ol
nyckatb 3aHoBo. OAHAaKO mporpammy HeTPyAHO BHIOH3MEHHTb Tak,
yTo6bl ee 6€3 MOBTOPHOrO MycKa MOXHO ObINO 6Bl HCIIONB30BATH NS
HOBBIX BbIMHCJIeHHH. JlocTaTouHO HOGHTECA, YTOGH noc/e BHIMOJHEHHS
oneparopa BeiBoga (crpoka 50) cHOBa .BHIMONHAJICS ONEPaTop BBOAA
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(crpoka 20). Iro pocturaercs 3amenoii oneparopa END- (crpoka 60)
orieparopom 6e3yCc/IOBHOrO Tiepexopa:

GOTO < HOMeEp CTPOKH .
IleiicTBHE 3TOrO OMepaTropa 3aKTiOYaeTcs B Nepexofe K CTPOKE ¢ yKa-
3anHbiM HOMepoMm. IIpeo6GpasoBannas mporpamma Gyner HMeTb BHA:

14 ' REM LHUW/IUHAOPHI - _
20 INPUT D, H

30 LET S=a*D 4$2/24+axD=+H
40 LET V=n*D 42+ H/4

5@ PRINT 7”S=", S, "V="; V

6¢ GOTO 2¢

[Mporpammy LIMJIMHIPBI MOXHO HCIIONb30BaTh AJS HEOAHOKPAT-

HBIX quucneﬂnﬁ, TaK KaK KaXXJHil pa3s Iocse BHIBOJA OuepegHOH ma-
pui 3HaueHH# S U V MaminHa GyeT nepexoAuTs K CTpoke 20 1 3anpaiun-
BaTh HOBble 3HAUEHHMS HGXOJHBIX AaHHBIX D u H. Huxe npuBesien
POTOKOJ BbINOJIHEHHS mporpamMmel Anf ABYX nap 3xavenudt D u H:
? 6,1

S =2.45(442698 V =.282743339923
? 1.4, 23
S =13.19468914508 V =3.54(57492(595

BblunclieHKs B JaHHOM c/yyae MO2KHO OPraHH30BaTh U TaK, 4TOOM
BCEé MCXOJHble JaHHBIE (eC/H HX He CJHIIKOM MHOro) ObLIH cpasy
pasMelleHEl B reKCTe NPOrpaMMbl H aBTOMaTH4YeCKH BHIGHPAJIHCh Ma-
iKHOM Mo Mepe HeoGxonumocTH. [nist 3TOH uesin HMeeTcs mapa cre-
uuanabHbix onepatopoB DATA n READ, KoTopbie Bcerja ucnosp3ylores
COBMECTHO H HMMEIOT BHJA:

DATA < cnmcoK KOHCTaHT >
READ <CcnHcOK nepeMeHHBIX >

Crpoka c onepatopoM DATA BBoAHT B mporpaMmy CHHCOK KOHCTaHT,
KOTOpbIe Tepeuncastiorcsi nocye cioBa DATA uepes 3ansaryio, Hanpu-
Mep:

DATA 2.4, 3.2, 10.3, 2.71E — 3

Camu no cebe onepatopel DATA nHukakoro AefcTBUsI He BLI3HIBAIOT H
MOTYT pacHoJiarathcs B Jl060M MecTe nporpammbl. UreHne pasmerieH-
Holx B onepatope DATA KOHCTaHT OCYIIECTBJSIETCSI  ONEPATOPOM
READ, cozepx)aluM nepedyeHb MepeMEHHBIX, PACHONOXKEHHBIX BCJE
3a cioBomM READ vepes 3anaTyio, Hanpumep:

. READ A, B, C, D

ITpu BbimosHeHuu nporpammul onepatopel DATA urHopupyloTca 10
Tex nop, mMoka He BcTperutcst oneparop READ. 3arem oruickHBaercs
nepsblii 0 mopsinky oneparop DATA u mépeurclieHnble B HeM KOH-
CTaHTbl B. NOPAAKE HX . C/eN0BAHHSI NPHCBAHBAIOTCA lepeMeHHEIM B
onepatope READ. Tak, eciu B nporpamMe GyayT HCIOJb3OBAHBE YKa-
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3aHHbIE BHILLIE ITPAMEpPH onepaTopOB DATA u READ, 10 B pesyabrate
BbinosHeHHs oneparopa READ npousofiayT crepyiouHe npucBausa-
ausi: A=2, B=4,C=3.2, D=10.3 (3nauenue 2.71E — 3 B 3TOM cay-
yae ocraercAl HeucnoJdb3oBaHubiM). OnepatopoB DATA u READ B
nporpaMme MoOXeT GbiTb HeCKOJbKO. OIHAKO KOJHYECTBO KOHCTAHT,
BBOJMMBIX B nporpammy onepatopamu DATA, fo/kHO GHITH He MEHb-
e, 4eM KOJHYECTBO MNepeMeHHbIX, COAepKaluXci B OmepaTopax
READ. Ecau onepatop DATA cozepxutr Goabiue aﬂaqennﬁ, ‘yem

‘HMeeTcsl MepeMeHHBIX B ciucke onepatopa READ, To cneayromuii one-

patop READ HayuHaer IpHCBOEHHE C NEPBOro HE HCIHOJb30BaHHOIO
npH NpeasiyllleM YyTeHHM 3HaueHHs B omeparope DATA%* Ecau xe
okaxercs, uto onepatop READ CONEPKHT GoJibilie MepeMeHHEIX, YeM
uMeiowuxcss B oneparope DATA 3Hauenui#t, TO pasbiCKHBaeTcsa cJie-
nytownit oneparop DATA, a B ciydae ero OTCYTCTBHS BBIAGETCS CO-
obienue 06 omwnbke (cM. IIpunoxenue).

. Huxe npuBoaurcs Bapuant nporpammu LIIUJIMHI PBI, B kotopom
ucnosb3oBann onepatopst DATA u READ:

19 REM ITMJIMHIPbI

20 READ D, H

30 S=n=xD $2/24n+«D=xH
4P V=n*D 4$2+xH/4

50 PRINT ”S="; S, "V="; V

60 GOTO 2¢

70 DATA 6, 1, 1.4, 2.3, .9, 1.2

B Xxoie BbIIOJNHEeHMs MporpaMMbl nepemensle D u H chnagaja mno-

_“JyvyaT 3HaueHHs cooTBercTBeHHO 0,6 u 1, 3atem 1,4 u 23 n 1. 1.

Kaxkpaplii pa3 npH NMOBTOPHOM (IPOXOXKIEHWH NPOTrpaMMbl omnepaTop
READ 6yaer o6pauiaTbCsi K NepBOH HEMCHOAL30BAHHON Nape JaHHBIX

B onepatope DATA. Tleuats pesynbTaToB AJist 3a1aHHBIX ONEPATOPOM

DATA ucxoaHbx 3HayeHHH GyjeT HMeTb BHUI:

S =2.45(4422698 V =.282743339923
S=13.19469814508 V =3.540574920595
§$=32.9395987289 @ V=7.125132138343

‘Tlocne ucuepnanust Beex uyucea B omeparope DATA maumnna Bblaact

cooGinenne ERR 27 u ocraHoBHTCS.

IIpumep 4.3.2. B TpeyrosbHHke AaHbl I/IHHBI cTOpoH A M B
U BeqMUHHa yraa mexay HuMH X. Hy)KHo BBIYHCAHTL IJIMHY CTOPOHBI
C, wiouajb TpeyrojibHHKa S H pajuyC ONHCAHHOM OKPYXHOCTH R.

Ilycts nas onpenenennoctn A=8.7, B=17.3, X=68°. IlporpamMma

HMEeT BUA!:

*B sanike Beficuk umeerca onepatop RESTORE, ¢ nomompio KOTOPOro -B3a-
umocBAss Mexay oneparopami READ u DATA B nporpammax Moxer ycTaHaB-
JauBarbes Gojee CA0KHBIM cnocoboMm (cM. [14]).
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1§ REM TPEYT'OJIbHUK

2¢ SELECT D

3¢ READ A, B, X

40 C=SQR (A+A+B+B—2+A+B*COS (X))
50 S=A % B x SIN (X) /2

60 R=C/(2 * SIN (X))

7¢ PRINT I/C=I/; C; //S=I/; S; IIR=II; R .

8¢ DATA 8.7, 17.3, 68 ‘

B coorBercTBHM ¢ dopMoit 3agauus 3HayeHuss X B crpoke 20 pas-
meiued oneparop SELECT, ycrasapnusaouiufi B KauecTse eIHHHLbI
H3MepeHNs] apryMeHTOB TPHrOHOMETPHYECKHX QYHKUHA rpamychl (pe-
wum D).

- B pesyabrare BLINOJHEHUS] MporpaMMhbl JJIsl 3a4aHHbIX 3HAUEHHH
A=87,B=17.3, X=68° OBM BuiBeIeT 3HAUEHHUSA:

C=16.193008257405 S=69.77522¢09754 R=28.732401073578

[TousTHo, YTO €C/MM HCXOoJHble AaHHBle A, B u X ABAAIOTCA UHCJIAMH
npuGIHKEHHbIMH, TO B OTHeyaTaHHBIX 3HauyeHusix C, S m R 6oJib-
HIHHCTBO JECATHYHBIX 3HAKOB SIBJAIOTCA COMHHTeAbHbIMH. B Belicuke
umeetcss GyHkuusi okpyriaeruss ROUND (X, n), rae X — apudpmern-
yecKkoe BhIpaxKeHue, 3ajalliee OKpyrisieMoe 3HaueHHe, a n — apHo-
MeTHUEeCKOe Bblpa)KeHue, 3ajalolllee YpoBeHb OKpyrJjeHus. B ciyuae,
KOrZla 3HaueHHe f He fABJSeTcA ILebIM, ero JApoOHas 4acTb aBTo-

MaTHyeckn or6paceiBaerca. OKpyryieHHe C TNOMOINBIO (QYHKUHH

ROUND sBhimosiHAeTcs] MO NpaBUIaM:
a) npu n>0 NPOHCXOJUT OKpyr/eHHe A0 #n-# uudpbH mociae
JeCSITHYHOH TOYKH.

TIpumepri: ROUND (5.326,2) =5.33
ROUND (2.17,1.5) =
6) npu n==0 — oxpyrjenue 10 6JHKHErO LEIOro.

HpnMepr ROUND (—2.6, 0) =—3
ROUND (6.5,0) =6
B) npu n<<0 — okpyrienune po (|n|-1)-# uudpsr BIEBO OT
JleCSITHUHON TOYKH,

ITpumepsr: ROUND (2386, — 1) =2390
ROUND (—84732, —3) = —85000

Tak, ecin B npuBeJeHHOH BHIIE Nporpamme CTPoky 70 neperm-
cath B BUJE:
70 PRINT ”“C="; ROUND (C, 2), “S="; ROUND (S, 2),
“R="; ROUND (R, 2)
TO NMporpamMma OTHEeYaTaeT OKPYIVIEHHble PeayJbTaThl:
$=16.19 $S=69.78 R=8.73
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Hcnonbsyss pyukumio ROUND (X, n) u kakywo-an60 H3 MeTOmHK
ydeTa TorpelHocteif (cM. riaBy 2), MOXKHO MPOrpaMMHLIM MyTeM Ha-
XO[MTHb 3HAueHHE 7 A KaxAOH BhUUC/ASEeMOH BequuuHsl X H
NPOU3BOJUTE OKpYIJieHHe A0 BepHoH uudpel. OnHako Takoil moaxoxn
CHJIBHO YCJIOXKHHT nporpamMy. B HeGoJpmnx mo o6beMy BhlUHCHe-
HHSIX 0OpH (PHKCAPOBAHHBIX 3HAYEHHAX BXOJAHBIX BEAHYHH YPOBHH
OKPYTJIEHHS! BBIYHC/JIAEMBIX 3HaYeHHH MOTYT ObITh OHpPEAE/IeHbl «Bpyd-
'HYIO» M 3apaHee 3aJjoxkeHn B oneparopax PRINT.

KoHTpoabHmE Bonpocu

1. KakoBa o6mas CprKTypa nporpamMmbl Ha s3bike DbefcHk?

2. KakuM onepatopom DBeiicuka oGecneuuBaercss BBOJ HCXOJ-
HbIX HAHHBIX C KJIaBHATYPbl B XOLE HMCHOJIHEHHS nporpaMbe?

3. Kak paGoraer oneparop BuiBoga PRINT?

4. C noMoibio KaKoro oneparopa B IporpamMMy Ha siselke Befcuk
BKJIOYAIOTCA MOSICHEHHS, KOMMEHTAPHHU?

5. Kak ¢ nomouipio omeparopa GOTO opranusyercst HEOLHO-
KpaTHas pa6oTa OJHOH U TOH Xe NPOrpammnl?

6. Kakum o6pasom. ¢ nomouipio oneparopos DATA u READ
OPraHM3yeTCsl 3amHCh H CUYHTHIBAHHE HCXOJIHBIX NAHHBIX B TEKCTe
NporpamMmu?

YnpaxHeHnsn

1. CocTaBHTb NpOrpaMMy BbIYHCJIEHHS MJIOUIAAH TIOBEPXHOCTH S H
o6bema V KoHyca, 3aJaHHOrO AHaMeTpPoM ocHoBaHHA D u AJMHHOM 06-
pasywoowe# L:

a) c ucrnosab3oeaHueMm oneparopa INPUT;

6) c ucnonbzoBanueM oneparopos DATA u READ (ans tpex map
TIPOH3BOJLHO BBIGPAHHEIX 3HaueHuit D u L).

2. Papuyc OKpYKHOCTH, BIHCAHHOH B PaBHOCTOPOHHHH TPEYroJb-
HUK, paBeH R. COCTaBHTb NPOrpaMmy BBIYHUCJICHHSI CTOPOHBI, BHICOTHI

U momand TpeyroJbHHKA.

3. Cocyl umeer dopmy [JIepeBepHYTOro KOHyca, OCeBOe CeueHHe
KOTOPOro — PaBHOCTOPOHHHH TpeyroibHHK. B cocyn GpoieH xkeies-
HLI 1ap paguyca R ¥ HajauTa BoJa Tak, YTO MOBEPXHOCTb BOJIbE
KacaeTcs MOTPYKEHHOrO B COCYy. Liapa. COCTaBHTD nporpamMMmy BhI-
YHCJIEHHSI YPOBHA BOJbI MOCJE Toro, Kak wwap Gyner BBIHYT.

B mporpaMme ucnoaszosaTh GyHKuUHIO oKpyriaenust ROUND, npu-
YeM YPOBHH OKPYIVIEHHS BBLIXOJHBIX MaHHBIX 3aJI0XKHTh BMECTE €
BXOJHBIMH 3Ha4YeHUAMH pajuyca R B omepatope DATA.

Dyt

4.4 TlporpaMMHpPOBaHHE BETBJEHHI

Has nporpaMMHpPOBaHHS ANTOPHTMOB, COJAEP:KALUIHX BETBJACHHS,
B si3blke Dellcuk mMeeTcsi oneparop ycaoswozo nepexoda (WAH One-
parop IF), umeomuit sun:
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[F <ycnosue> THEN < Homep CTPOKH >

IeficTByeT 9TOT OnepaTop TakK: ec/id << yC/IOBHE => MPH TEKyLHX 3HA-
YeHHSX BXOASALIUX B HEro rnepeMeHHbIX HCTHHHO, TO IPOUCXOTHT nepe-
X0/ K CTpoke, HoMep Kortopo#l ykasan mnociae THEN; B mporusHoM
cryyae MPOHCXOIMT Nepexol] K olepaTtopy Nporpammbl, pacrosoxKeH-
HoMYy BCJel 3a onepatopom IF.

[Tpumep 3anucu gparmMeHTa nporpamMMbl C ONEPaTOPOM YCJIOBHOIO

nepexoja:
o 20 IF X<<@ THEN 5§
30 PRINT Y
[Tycts B MoMeHT BhinmoJIHeHHs1 onepaTopa IF Tekyuiee sHaueHue mepe-
Menuoli X= —3. Torpa ycioBue X<<(} GyZer HCTHHHO H TNpO-

H30iifeT mepexol K CTpoke ¢ noMmepoMm 5. Ecnm ke, Hanpumep,
X=5, 10 ycnosue X <@ Gyner JOKHO M NPOU30HNET. nepexold K
cTpoke c HomepoMm 3. Ilpexyie yeM nepeliTH K COCTaBJ/IEHHIO IPOrpPamm,
COAep KalIHX BeTBJEHHs, PAaCCMOTPHM OGILHe NPHEMBl MPOrPaMMHUpPO-
_BaHHA cpeAcTBaMmH A3bika Beficuk 6a3oBoii crpykrypet PA3BUJIKA
(cm. m. 3.3). ‘

foanan ycnosHas koHcTpykuus. IlporpamMupoBaHHe 3ToH 6azo-
BOH CTPYKTYypbl {(cM. puc. 16, a) paccmorpum mnoxpo6uo. O6o3ua-
YHM YCJOBHBIA HOMep CTpPOKM nporpaMmbel 6ykBod . CocrtaBum
CTpOKY nporpammbl ¢ omepatopom [F, nposepsoimum BbInONHEHHE

opug P:
| yedon o IF P THEN ...

MHoroTouue 31eCh O3HayaeT, YTO HaM [0Ka HeH3BeCTeH HOMEP CTPOKH,
K KOTOpOH HY>XKHO Nepexo/iTh IIPH BbINOJHeHHH ycioBua P. B To
e BpeMs Ha OCHOBAHHMHM NpaBuWJ BbiNoNHeHuWsi oneparopa IF nam
M3BECTHO, YTO B C/Iyuae HeBbINOJIHEHH YCa0BHs P MalllnHa nepefaer K
onepaTtopy, cieayioiieMy 3a oneparopoM IF (T. e. K cTpoke ¢ HOMEPOM
o410, eciu B crpoke o omepatop IF Gyzer eauHcTBeHHBIM). A
coraacHo cxeme, u3o6paxKeHHON Ha pHc. 16, a, B 3ToM cayuae (koraa
P n0XHO) poJsKeH BHINMOJHATbCA 60K Sp: BOT 3TY JIOTHUECKYIO BETBb
Mbl H CTaHeM NpPOAOJKAaThb:” ‘

- o IF P THEN ...

o+10]| S

(ans MPOCTOTHl NpeANoNaraercsi, 4TO cojJepxkuMoe Gaoka S, ywme-
ujaercsi B oaHOH . ctpoke). CorsacHo cxeme . 6a30BOH CTPYKTYpHI
PA3BHJIKA nocae BeinoHeHus 6740ka S A0MKEH IPOHCXOLHUTD IIe-

pexoz K BhIxony; nocrasuM onepatop GOTO B Toii ke cTpoke w-10:

® IF P THEN ...
o+10] Sz |:GOTO ..

Muorotoure nocie GOTO o3nauaer, YTO HOMEP CTPOKH BbIXOJA M3
6asoBoit cTpyktypsl PA3BHJIKA Ttakxke mnoka HeussecteH. Hus
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MPOAOJIKEHHS] TIPOrpPaMMBl NPH YCJAOBHH, Korja P HCTHHHO, MOXKeT
6BITh HCNOJIb30BaHA cTpoKa -+ 20, 4T0 NMO3BOJISIET HCKIIOYHTE MHO-
TOTOUYHE B CTPOKE ®:

o IF P THEN o420
w410, S, 1'GOTO ...

0t+20 [ 5.

Tenmepp yiKe coBepilleHHO ICHO, YTO BLIXOAOM H3 6a30BOH CTPYKTYpHI
PA3BUJIKA Gyner crpoka w--30, THM HOMepoM M CJeAyeT HAO-
nonuuthb onepatop GOTO B crpoke w-10. Huxe npusener ¢par-
MEHT MpOrpaMMbl, peajH3yiollell MONHYIO YCJIOBHYIO KOHCTPYKLHIO,
c/ieBa — Cxema, crpaBa — YC/JOBHOE NpeACTaBJeHHE COOTBETCTBYIO-
mero nporpamMMHOro ¢parMmenra,

s o IF P THEN o420
?

+ : o+10] S; |:GOTO w430
®—+20 S

-I ©+30 BRI X0 X
St

Pasymeercss, B KOHKpeTHBIX C/yuyasiX MOXeT OKa3aThCs, UTO IS
NpOrpaMMHOro npeAcCTaBJeHHst KaXkKAoro H3 6JokoB S; u S, no-
HaJIOGHTCSI He N0 OJIHOM, a MO HECKOJIbKY CTPOK NPOrpaMMbl. DTo NpH-
BeJleT K yBeJIHUEHHIO KOJIHUECTBA CTPOK B TIPOTPAMMHON peasn3alnuu
6asoBoit cTpyktypel PASBHUJIKA. O6uiasi e Joruka nocTpoeHHst
NPOrpaMMbl -OCTaHETC HEH3MeHHOI!. '

Henoanas ycaoBnasi xoucrpykuua. Ha cxeme (cMm. puc. 16,6,
¢. 86) 640K S nOMKeH BHINONHATLCA B TOM CJyuae, KOTAa ycaosue P
uctTuuHo. Ecan P noxkHO, TO 110/12KeH NPOHCXOANTD NEPEXof K BHIXOAY.
B xauecrse ycniosus oneparopa IF B pannom cayuae uesecoo6pasHo
HCnoJsib3oBaTh He P, a ero orpunaumue P:

- S, ‘ _
+ . . @ IF P THEN @420
o410} S,
- ©+20 BB X0 R

(4MTaTeNI0 MNpenoOCTaBJASETCA BO3MOXKHOCTb CaMOCTOATeNbHO Yyb6e-
AUTbCS B TOM, YTO HCI0b3oBaHue B onepatope IF camoro yciaosus P
npuBeso Onl K 6oJiee rpoMo3iKol nporpamme). :
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—3  BROA G,

3 [IEY. MAX(Q,0)=X }—>

Puc. 36

IMepefinem Tenepn K NPOrpaMMHPOBAHKIO aJTOPHTMOB, comepxKa-

IIMX BeTBJCHHS.
IMIpumep 4.4.1. Cocraputs mporpammy noucka Goibliiero u3
ABYX UYHCelL.
Cxema ajroputma u3oGpaxena ua pucynke 36. Tlporpamma c
Hcnosib30BaHHeM onepartopa Beoxa INPUT moxker uMers BHA:
16 REM MAX (A, B)
20 INPUT A, B
30 IF A>B THEN 5@
49 X=B:GOTO 60
50 X=A
60 PRINT "MAX (”; A; 7, ”; B; ") ="; X
76 GOTO 2¢

Teno oneparopa PRINT opranusosano Tak, uto pesyabTaT Gyaer
orneyaTaH cleiyiolnum ofpasom: MAX (A, B)=X, rae A, B—
HCXOZHBIe yucia, a X — HaliieHHEH pesysbrat. Ecan 3apate mpo-
rpamme 3HaueHuss A=>5, B=3, orer 6y11e'r BBIIaH B BHJE:

MAX (5, 3) =

IMipumep 442 CocraBuTth NpOrpaMmy peUIeHHs! YPaBHEHH:
ax=> ANa NMPOH3BOJbHLIX 3HAUEHHI YHCJOBHIX NlapaMeTpoB a U b.

Cxema ajaropurma M3oGpaxeHa Ha pucynke 21 (c. 88). Cocra-
BHM NpOrpaMMmy ¢ Hcnodb3opaHHeMm onepatopos DATA u READ
IS Tpex map 3HayeHu#t a u b, WNIOCTPHPYIONMX PaGoTy aJropuT™Ma
B KaXKJIOM H3 TPeX JOTHUECKH BO3MOXKHBLIX CJydaes: .

1¢ REM YPABHEHUE AX =B
99 READ A, B
3¢ IF A=¢ THEN 7¢
40 LET X=B/A

~ 5¢ PRINT “PELIEHUE X="; X
6¢ GOTO 11¢
70 IF B=¢ THEN 10¢
8¢ PRINT ”PEIIEHUI HET”
9¢ GOTO 11§
199 PRINT “PELIEHHUM BECK. MH.”
113 GOTO 20
120 DATA @, 0, 6, 4, 2, 3
13¢ END

112

Tipumep 4.4.3. CocraButh nporpaMmy peIIeHHS] HepaBeHCTBA
ax>b (a n b — npousnoJibHbIe KEHCTBHTEbHBIE UHCIA).

PaccMoTrpeB BceBO3MOXKHbIE cOYeTaHHA 3HAUEHHH napaMerpos
a 4 b, IpUXOIMM K CXeMe ‘aJropuTMa, H306paskeHHOH Ha pHcyHke 37.

IMporpamma, peanusyoouiast 3TOT aJTOPHTM, MOXET HMeTb BHIA:

16 REM AX>B

2 INPUT A, B

3¢ PRINT “HEPABEHCTBO”; A; ” * X>"; B
49 IF A=¢@ THEN 9¢

50 C=B/A: PRINT “PEIIEHUE”

6 IF A>¢ THEN 8¢

7¢ PRINT “X<”; C:GOTO 120

8¢ PRINT “X>"; G:GOTO 12¢

9¢ IF B<§ THEN 110
199 PRINT “PELUEHHI HET”:GOTO 12
11¢ PRINT ”X — JIIOBOE UUCJIO”
120 GOTO 20

Jast namocTpauund paGoThl MporpaMMel Ha BBOJ, HEOOXOAHMO NMOJAaTh
napbl 3HaueHHE a U b, COOTBETCTBYIOUIHE KaXXIOMy H3 ueThipex

l

BBOA m,b

f . v

NEYATS ' NEYATD NEYATS, NEYATS
”»” X< € . ; ”r x> t'“ . ” PEfllg ;’l”‘y X ‘//’;‘/055/;’05 “
Pue, 37 -
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BO3MOMHBIX HCXOH0B, Hampumep: 0 4 — 5 {x — mo6oe uncao), O u 3
(pewenuit Her), 2 6 (x>3), —2u 6 (x<< —38). Bunaua pesysbra-
Ta ‘B ApOrpaMme OPraHM30BaHa TaKuM 0OGPasoM, UTO KaxKIwii pas
cHavasla BHIBOLMTCH CaMo pelmiaemoe HepaseHcTBo. Hanpumep, nocae
BBoja 3HaueHHH 0 ¥ —5 mporpamma BBIAACT TEKCT:
HEPABEHCTBO @ * X> —5
X — JIIOBOE UMCJ/10

KoOHTpPOJAbLHBIE BORNDPOCH

1. KakoBa crpykrypa omepatopa YCJAOBHOTO Tiepexofa B A3bI-
ke Deficux? Kak nmeficTByer 3T1OT omeparop?

2. Kak nporpamMmupyercs Ha siseike belicuk 6a3oBas cTpykTypa
PA3BWJIKA B BHJe NOJHOH YCIOBHOH KOHCTPYKHUHH?

3. Kak nporpammupyercsi Ha si3plke Beficuk 6a3oBasi ¢TpykTypa
PA3BUJIKA B BHe HemoaHOH yCAOBHOH KOHCTPYKIIHH?

YnpaXxHeHHS

1. CoCTaBUTb IIPOrPaMMBbl BLIYHCAEHHS 3HAYEHHA (YHKUHH:

a) f(2)= {122, ecan z>=1, '
—2z, ecd z<1;
| 0 nas uenoro x,

6) ¢ ()= { ctg m-x nna Heuesoro x.

2. CocraBuTh NpOrpaMMmy NOHCKa GoJbllIero H3 Tpex uucen (cM.
cxeMy ajaroputma Ha pucyHke 20, c. 88).

3. CocraButh nporpaMMbel pelleHHA KBAajJApPaTHOrO YypaBHEHHSA
ax*4bx+c=0(a=0) B oﬁ.nacm IeHCTBATCJBHBIX H B 06JacTH
- KOMILTEKCHBIX UYHCeJ.

4. CocraBuTb IpOrpaMMy pelleHusi HepaBeHCTBA ax << 3.

5. CocraBuTh NpOrpamMMb BbIUMCACHHSA 3HaAYeHHH yHKuMIL:

SInX_ecan x<<—1,
) [()=1 Aeme
- arccos x°, ecan — 1 <{x< 1,

In (x4-0,8), ecim x> 1;
_{2u+1, ecn <0,
6) (P(u)_{ cos u, ecniu u>0, rae
u—-{ In{—x), ecan x<<O0,
= +/x, econ x>=0.

4.5. TlporpaMMHpOBaHHE HUHUKJIOB

Jasa cocTapnerusi THKJIMYECKHX NPOrpaMM HCNozb3yerca 6asoBast
crpyktrypa HHUKJI (cm..n. 3.3). TIporpammnnie ananors 3to#l CTpyk-
TYpPH JIEFKO COCTaBJAAIOTCA C HCHOAb3oBanueM onepartopa IF. Huxe
NpUBEJEHB! CXeMbl NIporpaMM Ha s3bike BedcHk st 6a30BBIX CTPYK-
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1yp LIUKJI-TIOKA n HUKJI-AO (aasi npocToTsl mpearnonaraercs,
4TO NpOTrPpaMMHOE ONHcaHHe Tela S ymellaerc B OLHOH CTPOKe).

BasoBas erpykrypa LIMKJI-TTOKA:

J @ IF P THEN 0420
. o100} S :GOTO w

o+20BB X0 X

® S

o-+10 IF P THEN o
®+20 BH X0 A

3amena B sanucu onepatopa IF ycnous P ero orpuuanuem,
KaK H 1pu nporpamMMHpoBaHHH Gasopoil cTpykryps PA3BHWJIKA,
NO3BOJISET YNMPOCTHTb NporpamMmy. PaccMOTpHM COOTBeTCTBYlOHIHE
npHMepHI.

[Mpumep 4.5.1. CocraBuTh nporpamMMy HaxoXXACHHA HAHGOJMb-
wero .o6mero peautesnsi (HOJl) AByXx ueablXx MOJOMKHTENAbHBIX
upcen.

Cxema ajgropuTMa (MeTOH BbIYHTAHHS) H306pakeHa Ha pPHCYH-
Ke 24 (c. 90). 3aMeuaeM, 4TO AJTOPUTM MpeACTaBAseT COO0H CTPYK-
typy HHUKJI-TIOKA. Iporpamma nmeer BUX:

1§ REM HOJ (A, B)

20 INPUT A,B

30 X=A:Y=B

40 1IF X=Y THEN 8¢

53 IF X>Y THEN 7¢

60 Y=Y —X:GOTO 4¢

78 X=X-—Y:GOTO 49’

8¢ PRINT IIHOH (ll . Il ll . Il)_

99 GOTO 2¢
Heqa'rb pesynbrara umeer ¢opmy HOI (A,B)=X, rae A n
B — ncxonHbe YHC/OBLIE . 3HAUY€HHs, @ X — HaiJleHHbIH YHCAOBOH pe-
syabtat. Tak, Hanpumep, ec/iy nporpamme 3ajarth 3HadyeHus A =12
# B=18, To orBeT GyneT BbIAaH B. BHAE:

HOH (12, 18)=#6.
Yro6bl coxpaHHTb JJISI Me4yaTH HCXOJAHble 3HayeHHs AaHHbIX A W B,
B HauaJje mporpaMmbi (cTpoxka 3(J) 3TH 3HaueHHs nepeaaioTea pa-
60uHM nepeMeHHbiM X B Y.
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a:=x2/(K3% 1)
B5IBOA K, a
Ke=K+17

Puc. 38

Mpumep 452 CocraBuTh NporpamMmy BHIUMCJIEHHS (reHepH-
poBanusi) 100 uneHOB NOC/IEAOBATEJNbHOCTH, 3aJaHHOH (dopmyJoii:

ak=,;31:2_—1 (k=1, 2, ..., 100).

Cxema asropurma, ucmoapsyiomero crpykrypy LIHKJI-TIOKA,
nsobpaxena Ha pucyHke 38. CooTBercrByiollasi nporpamMma HMeer

BHI.

1§ REM A=K $2/(K 4 3+1)
90 REM LIMKJI-TIOKA

' 49 IF K>1¢¢ THEN 9og
50 A=K 42/(K $3+1)
60 PRINT K; A
70 K=K+1
8¢ GOTO 49
99 END

Kaxaplfi ueH [OC/JEN0BATEJbHOCTH BBIBOJHTCH HA IeyaThb BMeECTE
co ceouMm HomepoMm (ctpoka 6@). Ileuath craHer eile HarJsigHee H
ecrectBennels, ecay onepatop PRINT opramnsoBats Tak:

6¢ pRINT ”A (//; K; //)=//; A

He caepyer gymaTbh, 4TO JIOTHKA IOCTPOEHHS] LHK/IHYECKOH MpPo-
rpaMMBbl Kax/Jblff pa3 >KECTKO OIpefe/seTcss CaMHM IpOrpaMMHpY-
eMbIM ajaroputMoM. QueHb 4yacTO OIMH H TOT K€ aJrOPHTM MOKHO
3anporpaMMupoBaTh Kak ¢ nmomomblo 6asoBofi crpykrypel LIMKJI-
TTOKA, Tak u ¢ moMoupio GasoBoil crpykryphl LIMKJI-JO. Peub
MOXKeT HATH JHIIb 06 HUCIONb30BAaHHM AJEKBATHOTO U HauGoJee
nesecoo6pasHoro Ijf AAHHOTO AaJrOpUTMa crocofa IpOrpaMMHpO-

* BaHuf. Bupouem, yacro BrIGOD TOTO MJH HMHOro crnocofa mporpamm-
HOH peaJiM3anud CBSAISLIBAETCS TOJBKO CO BKYCaMH WM IPHBEIYKaMH
‘aBTOpa mporpammel. PaccMoTpeHHas Bhille MpOrpamMma BBIUHCIEHHS
100 unenos nocnegoBarenbHoctTH (npuMep 4.5.2) moxker GHITb CO-
crasjeda no cxeme LIMKJI-O. [eficTBUTeNbHO, CX€MY 3TOrO aJro-
PHTMa MOXKHO COCTABHTb H Tak, KaK Noxkasaxo Ha pucyHke 39. Coot-
BETCTBYWOILAA nporpaMma GyneT HMeTb BHA:
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190 REM A=K 42/(K $3+1)
20 REM LHUKJI-IO

30 K=1

40 A=K +2/(K ¢3-L1)

5¢ pRINT //A (// . //)__”; A
60 K=K-+1 .

70 IF K< =109 THEN 4§
80 END

C ToukM 3peHHs 3ajauH, /IS PeuICeHHS KOTOPOH COCTABJIEHB JiBe
NOoC/eAHHE NHPOrpaMMbl, OHH PABHOCHJbHBI, TaK Kak HaloT OJHHAaKO-
Bbifi pesyabrar. OnHAKO HAaZO0 MOHHMATL, YTO TAKHE NPOrpaMMBHI,
cocTtapjennbie Ha ocHoBe crpykryp LHMKJI-TIOKA u LIMKJI-1O,
BCE-TAKH DAa3JIHUHBL. 3TO OGYC/IOBJEHO pasjHyHeM CaMHX 6a30BbIX
crpykryp. Kak ussectHo, 60k S B crpykrype LIUKJI-IIO Bcerna
BBHIMOJIHSIETCA N0 MEHbLIEH Mepe OJMH pa3, HE3aBHCHMO OT HCTHHHO-
cri ycaosusi P, B 1o Bpemsi kak B crpykrype HHUKJI-TIOKA npu
JOXHOCTH P 670K S He BuminmosHutcst HU pasy. Ecau gonycTurh, uro
B 3ajayax, NOAOGHBIX PAaCCMOTPEHHOH Bbllle, BepXHAA rpaHHna na-

-pamerpa uukn K 3apanee He u3BeCTHa H omnpejesisiercsi, Hanpumep,

B Ipolecce NpebiAyliero- cyera, To MOXET OKa3aTbCH, UTO BTOpas
nporpamma (HHUKJI-IIO) B 3TOH cHTyaumuH jpactT Hejemnbiii pesysib-
Tar. JIeACTBHTEIbHO, €C/IM IPaHHLlA 3HauYeHHsa napaMerpa K okaxker-
CH HEMOJIOXKHTEJNbHOH, TO NOC/EA0BATENbHOCTh CTAHOBHTCS HEONpe-
JeseHHo#. Bropasi nporpamMma B 3TOM cJiyuae BCE-TaKH BLIBEJET pe-
3yJbTaT B BHJAE 3HAUEHHs mnepBoro ujeHa (npu k=1). Boamox-
HOCTb MOAOGHBIX CHTyaLHii TpeGyeT 0cOGOr0 BHHMAHHMSI NpPH COC-
TaBJICHHH HHUKAHYECKHX MPOrpaMM, CYMMHPYIOIIHX MOCJEN0BATENb-
HOCTH.

MMpumep 4.5.3. CocTaButh MPOrpaMMy BbIUHCJIEHHA CyMMbI f
WICHOB MOC/JeJ0BaTEebHOCTH

k
akz—km—.

= K2/ (K3+1)
—p =] . Bb/BO4 K, Q
Ki=K+7

Puc. 39
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| 8:=8+k/k?r 1) __J
K= K+l
l—> Bb/1BOA S =

[MporpamMmy COCTaBUM TaK, YTOGbl UHCIO 7 ONPEAENSIIOCH MyTeM
BBOZA.

B ochoBy ajaropitma mnoJoxum Gasosyio ctpykrypy HHKJI-
TTOKA (puc. 40). CoorBercTByloumiasi nporpamma OyAeT HUMETb BHI:

1 REM CYMMA
20 INPUT N

30 K=1:S=¢

4 IF K>N THEN 7§

50 S=S4K/(K $2+1)

60 K=K+ 1:GOTO 49

79 PRINT “CYMMA S="; S
80 END

WUuofl npuHuun opraHU3alUH HMEIOT UHKIHMECKHE IPOTpPaMMbl

i

\ ]
b
D~

-3l BBOA N

Puc. 40

CYMMHDOBAHHSA UHCIOBHIX PALOB HE TIO 331aHHOMY KOJIHYECTBY uJie-:

HOB, a B 3aBHCHMOCTH OT 3HauYeHHS] CaMHX YJICHOB.
I puMep 4.5.4. CocraBHTb HpPOTPaMMy BLHIUHCAEHHUS CYyMMbI

BCEX WJ/ACHOB pdAla
. oo
2 k
VF
k=1 *

He MeHbINHX N0 abCoMIOTHOH BesIMUHHE 3aJaHHOTO YHCIA E.

3HaueHHe MepBOro ujieHa psaa paBHO: 1/x. 3HaueHHe KaxKAOFO
nocneﬂylomero yJeHa TaKXe MOXKeT GbITb BLIYHC/EHO II0 cpopmy.ne
a=k/x* (npu k=2, 3, ..). OnHako 106aBJATb K HCKOMOH CYyM-
Me odyepejllHOM uJieH psja cjelyeT JHIIb IOCIe MPOBEPKH YCJIOBHSA
lal >e&. Cxema aaroputma, OCHOBaHHOTO Ha Ga3OBOH CTPYKType
I_I,I/IKJI TTOKA, nsobpaxena ua pucynke 41. Tlonbaysick 5Toi cxe-
MO, JIerKO COCTaBHTb NporpamMmy Ha sisblke Beidicux:

19 REM CYMMA PSIJIA

20 INPUT E, X

30 K=1:S=@:A=1/X

40 IF ABS (A) <E THEN 7¢
50 S=S+A:K=K+41

60 A=K/X 1‘K GOTO 49

70 PRINT’S="; S

8¢ END
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S:=8+a _I
K=K+1

- ar=K/x¥

i
i

. 861804 § |—>

! L
—=3i BBOAEX p— .=/
3 SN

Puc. 41

ITpu cocraBiienH# nporpaMMbl pelleHHSl JAHHOH 3aJa4yM MCMOJb-
30BaTh Gasosyio cTpykrypy LHIHUKJI-IIO okasanochk 6Gbl OWIHGOYHEIM,
TaK Kak IpH OnpeleseHHOM COYeTaHHH 3alaBaeMbiX NporpamMme 3Ha-
YeHHUN & H X 3HaAueHHe pe3yjabrara S MOXET oxasaTbcs paBHBIM O,
B To Bpems kak nporpamma LIMKJI-ZIO n B 3tom ciayuae Bhaacr
B KauecTBe pe3y/bTara 3HaueHHe nepBoOro ujeuna l/x.

Paccmorpum oco6o cayua#, korga yejosdem P B 6asosoft
crpykrype LIIMKJI-OO (cMm. pue. 17, 6) saBasieTcsi HEPABEHCTBO BHIA
a>f, rie mapaMeTp LHKJA o HMeeT CBOHM HAYaJbHBIM 3HAYEHH-
eM @o, a B KaxKzmom o6opore HHKJTa npeobpasyercs No 3aKoHY apHp-
MeTHYeCKOH MporpeccHH a:=a +h (h — 3anannuifi war). Coot-
BeTCTBYIOUIHA LUHKIHUYECKHH aJrOpHTM OMHCHIBaeTCs CxeMoif, n3obpa-
JKeHHOH Ha pucyHke 42. Jija nporpaMMHpPOBaHHSA LHKIHYECKHX aJro-
DUTMOB Takoro BHJIA B f3blke Beficnk HMeloTcs aBa cremmasJbHbIX
onepartopa: oneparop Hauaaa yurxaa (uam onepatop FOR) u onepa-
Top kouya yuxaa (oneparop NEXT). Omepatopsr FOR u NEXT
BCerja HCMoJb3YIOTCH COBMECTHO.

Oneparop Hauajsa HuKaa (ero nasbmam‘ elle 3020A08KOM YUK-
AaQ) HMeeT BHA:

FOR < mpocr. nepem.> = << ap. Bulpax.> TO < ap. Bepax.>
- STEP < ap. BHpax.>

Benen 3a omepatopom Havana LMKJIA pacnosiaraloT CTPOKH Mpo-
rpaMMbl, KOTOpble JO/KHB BHINOJHATBCA LHUKAMYECKH (3TH CTPOKH
06pasyoT reso yuxaa). 3a mociejHel CTPOKOH Tesa UHKAA pasme-
WAeTCA CTPOKA CO CNeLHANbHBIM OMEPaTOPOM KOHUA LHMKAA, KOTO-
phiii HMeeT BHA:

NEXT << npocras nepeMeHHas >

— 0L=0l, > 8 > o =or it

Puc, 42
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Tlepemennas, yxasbiBaemas mocie NEXT, nomkua 6biTb TOH Ke
(npocroit) mepemenHoi#i, uro u nocie FOR (aTy nepeMeHHYIO Ha3bl-
BAIOT napamerpom yuxaa). BoipaxkeHnus, crosiilye cjeBa M clpasa
or TO, 3ajai0T COOTBETCTBEHHO HAYAJbHOE M KOHEUHOE 3HAUYEHHHA
napaMeTpy uuksaa. Brlpaxkenue, crosimiee nocie ciosa STEP, sa-
JaeT mar (4Hca0), Ha BEJHUYHHY KOTODOTO H3MEHSIeTCA MapaMeTp
HUKJA T0C/Ae KaXKJoro MoBTopenuss Tesaa uuxnaa. llar moxer OnlTh
KaK MOJIOXHTENbHEIM, TaK H OTPHULATENbHBIM.

YcnoBHas nporpaMMHaf 3amuch ajropuTMa, H306pakKeHHOro Ha
pucyHke 41 c nomowsio onmepatopoB FOR n NEXT, moxer umerb
BUA: :

o FOR a=aq TO B STEP A

o+10[ S |

020 NEXT

BoinonnenHe 31O mporpaMMbl HPOMCXOAHT CJAEAyIOLIHM 06paszoM.
[Tapamerpy uHkAa o NPHCBAHBAETCA €r0 Hava/bHOE 3HAYEHHE O
H OIHH pa3 BHIIOJHAETCH TeJO LHKIa S (T. €. rpynna Onepatopos,
pPa3MElIEHHbIX MEXKAY 3aro/IOBKOM LHKJIA H COOTBETCTBYIOLIMM OIe-
patopom NEXT). Benen 3a »tum oneparop NEXT yBenuyusaer
3HayeHue flapaMeTpa lMK/Ia o HA BeJHUMHY 11ara A H IpPOBEpSET, HE
NPEBOCXOJHUT JiM HOBOE 3HAUEHHE NapaMeTpa LHK/IA 3HAaueHHsi apHd-
MeTHYEeCKOro. BolpaykKeHHs f§, pacrnoJsoskeHHoro 3a ciosom TO B 3aro-
JOBKe UHK/Na. Eciau 3TOro He HPOHCXOAHT, TO OCYLIECTBJsieTcst Mo-
BTOPHOE BBINOJIHEHHE TeJia IHK/a, B NPOTHBHOM C/iydae — BLIXOHA H3
HMKJIa, T. €. nepexoj K omnepatopy, cieaywoitemy 3a NEXT. Ecan
mIar uMkJaa paseH 1, ykasanue STEP | B onepatope Hauana nukia
Moxer onyckatbesi. Onepatopel FOR u NEXT moryr 6biTh 3anuca-
Hbl B CTPOKAaxX € HECKOJILKHMH OnepatopaMH npu ycnobu, yto FOR
sIBASIETC NEPBLIM oniepatopoM B csoed crpoke, a NEXT — nocaen-
HUM OmepaTopoM B cBoefl cTpoke®.

Jlerko BHIETb, UTO BCe aJIFOPUTMBI, NpOrpaMMHpyeMble ¢ HoO-
moiupio onepatopoB FOR-NEXT, moryt 6biTh 3anporpamMMHpOBaHb

M JLpYrHMH cpeicrsaMH si3bika Deiicuk. Hanpumep, nporpammuas -

peanusanus ajroputMa cpeacreama FOR-NEXT, npuseaeHsast Bbl-
e, Moxer GBITb 2aMeHeHa DPaBHOCHJBHOH 3aMHCHLIO ¢ HCNOJAb30BA-
HHeM omnepatopa IF:

W =20
o410 S |:ra=at+h

©+20 IF a<<=p THEN 0-+10
w+30 B Xxog

*[TocsenHee 3aMeyaHHe He OTHOCHTCS K CAYYai0 BIOMKEHHBIX UHKIAOB (CM. Aafib-
Hie), KOrAa B OLHOH CTPOKe MOXeT pa3Meémiarbesl HecKonbko oneparopos NEXT,
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fr=ln(x+7)/(x2+1)
—_— X:z= 0 > fIEYATE X, > .
X:=X+0,05

Puc, 43

IMpuBeseHHast BbILE 3aMUCh MOXKET PAaCCMAaTPHBATBCS Kak Ompe-
nenenne onepatopoB nukia FOR-NEXT. Tem He MeHee HCMOJB30-
BaHHE ONepaTopoB LUKJAa (Tam, rge 9To BO3MOXHO) no3BoJser 6o-
Jiee JIAKOHHYHO OIHCHIBATh LHKIMYECKHE = aJrODHTMBI II0 CXeme
HHUKJI-JO. Tak, Hanpumep, nporpaMMa reHepHPOBAHHS YJEHOB IO-

2

k
C/1€I0OBATEJIBHOCTH C OGIHM -UJEHOM Q= (cM. cxemy Ha pu-
cyHke 39) Mmoxer GbiTh cocTaBjeHa H TakHM 06pasom:

10 REM A=K $2/(K 4341)
20 REM FOR-NEXT

3¢ FOR K=1 TO 19¢

40 A=K $2/(K 4341)

5¢ pRINT IIA (II; K, I/)__=//; A
60 NEXT K

3nech TeA0 LHKJA COCTABJASAIOT CTPOKH 40 M 50, napamerpoM uukJa
ssanetca nepemenHas K (soipaxeuwe STEP1 B 3arosioBke muukia
ONyIIEHO).

BAH3KHMH 1O XapakTepy K ajJirOpuTMaM reHepHpOBaHUS YJEHOB
YHC/IOBOHA IOCJEAOBATENbHOCTH ABJSIIOTCA aJrOPUTMBL  TaGyaHpo-
BaHHSA (YHKOUH. ,

MMpumep 455 Cocrasurb mnporpammy TaGy/JHPOBaHHS
$byHKuuU '

_In{x+1
_ Fo)=—ag7
Ha orpeske [0; 1] ¢ warom 0,05.

Cxema aaropurma TabyaupoBanus (LIUKJI-JIO) uso6paxkena

Ha pHcyHke 43. IlporpamMma Ha sisblke Beficuk:
1 REM TAB
2¢ PRINT //Xll’ ”FI/ N
390 FOR X=¢ TO 1 STEP. @5
40 F=LOG (X+1) /(X +2+1)
50 PRINT X, F
60 NEXT X

IlporpaMma Oyzer BLIBOJUTbL JB€ KOJOHKH YHCJIOBBIX 3HAUeHHI:
cjleBa — 3HaueHusi aprymeHnta X, cnpaBa — 3HaueHHs (ynxuum F.
CpaBHMBasi 3Ty NpOrpamMMy C NpPOrpaMMoOM, COCTaBJAEHHOH B MpPH-
mepe 1.5.3 (n. 1.5, c. 43), MOXKHO clesaTh BBIBOL O TOM, HaCKOJNbKO
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3¢ dexTHBHEe pElIeHHe NPOrpaMMHpPYEMbIX 3a4ay Ha MHKpoDBM,
~ obnagaioutedl S3BIKOM BBICOKOTO YDOBHS, IO CPaBHEHHIO Jaxe c J0-
CTATOYHO XOPOIIMM [POrpaMMHPYEMEIM MHKPOKAJbKYJ/IATODOM.
Onepatopul 1ukaa FOR-NEXT wsmoryr 3¢dekTHBHO HCHO/B30-
BaTbCA TPH COCTaBJIEHUH LHK/IMYECKHX MporpamMM, paboraiouHx ¢
maccuBami. B sispike BelicHK pa3pellleHO HCIO/JIb30BATb TOJbKO OJHO-
MepHbe H IBYXMepHble MacCHBHL. IIpH 3TOM OHH JOJKHBE ObiThb 06si-
3aTeJIbHO onucanel B mporpamMe. OmnucaHue MaccHBa OCYILECTBJIA-

eTcst ¢ MOMOIIBIO crelHanbpHoro onepaTtopa-onucareasa DIM. Tlo ato- -

My onucanuio -DBM pesepBHpYET B NaMATH HEOOXOAHMOE KOJHUYECT-
BO MecT A/s1 3jemeHToB MaccuBa. Oneparop DIM pasmewaerca B
nporpamMMe paHblle, YeM HayHHaeTcss paboTa C COOTBETCTBYIOLIMM
‘maccuBoM. Onucanue Benercs Tak: Boaen 3a ciosoM DIM nmomema-
eTCA MMA MAaccHBa, a 3a HUM .(B KPYTJBIX CKOOGKax) BepXHHE I'DaHH-
Ubl HHAEKCOB — [JIsi NBYXMEpHBIX MacCHBOB duepes 3anaryio. Tak,
MaccHB @i, @z, .., Qoo OYNET OMHCaAH ciedyloUIMM 06pasoM:

DIM A (1¢9)

MakKcHMaabHEIM MHIEKCOM . B si3blke DBeficuk sBasieTcs uHcao 7999.
OnnuM onepatopom DIM wMmoXHO omucathb HECKOJBKO MAaCCHBOB, B

9TOM CJyua€ ONMHCAHUA Pa3JIHUHBIX MAaCCHBOB pacnoJjiaralrcs B CTPO- .

Ke omepaTopa DIM uepes 3anarylo. Tax, Hanpumep, onHcaHHe
- DIM T (50), X (4), I (14, 26)

pe3epBUPYIOT B NaMATH MecTa LJIA JBYX OJHOMEPHHIX H OJHOIO ABYyX-
MepHoro maccuBa. Kak W Tpoune CTPOKH MPOrpaMMbl, CTPOKH OIH-
CaHHH TMOJYYaloT CBOH MOPSIAKOBBIE HOMEpA.

IIpumep 4.5.6. Jan onHOMepHBIH MacCUB Xxi, X2, .., Xi4
CoCTaBUTb NMPOrpaMMy BBIUHC/IEHHS CYMMBI S =x;+x2+} ...+ x4

BBop ssneMeHToB MaccuBa B namMsaTb OBM, Kak H caM npoliecc Bhl-
YHCJEHHH cyMMbl S, HOCHT UHMKJIHYeCKHH Xapakrep. B uensx cokpa-
IEHUs] NPOrpaMMBbl 3TH JBa l¥K/J1a OGbeIUHEHH B ONMH: H BBOJ OUe-
PemHOoro sjeMeHTa Xx;, U AoGaBJeHHe ero K HCKOMOH cyMMe S BXOAAT
B TE&JIO OJHOrO M TOTO e uukaa {(cM. cxeMy Ha pucyHke 44). C no-
mouipio oneparopos FOR-NEXT sToT anroputm nporpaMmupyercs
clenyomwumM obpasom:

19 REM CYMMA MACCHBA
20 DIM X (14)

30 S =0

49 FOR K=1 TO 14

50 READ X (K)

60 §=S+X (K)

70 NEXT K

80 PRINT “CYMMA S=";.§
99 DATA 1,2, 3,4,5,6,7

199 DATA 8,9, 10, 11, 12, 13, 14

B kauecTBe KOHKpeTHbIX 3HaueHHH B cnucku onepatopos DATA
'BKJIIOYEHbl HaTypasbhble yncaa oT 1 g0 14. ‘C noMolbio onepaTopos
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L B804 X ‘
o 5'.:,;7 4 ,,S:=S+x',(< 1 861804 S >
o= = k+1 :

Puc. 44

FOR-NEXT ocofenHo s¢¢eKkTHBHO NpOTpaMMHPYIOTCSH. aJITOPHTMHI
C BJIOXKEHHBIMH HHKJIaMH.

IMpumep 4.5.7. CocTaBuTh NporpaMmy BBIUHCJIEHHSI W NeYaTH
sjemeHToB Tabauubl udaropa.

Ta6muna Iludaropa — sto kBazpaTHasm MaTpulia H3 1 CTPOK
u n croabuoB. TlepBnlil cTosa6en u nepBasi CTPOKA .COCTOAT M3 HATY-

panbHHX uucesa 1, 2, .., n, Tak 4YTO JIeBbIH YIJIOBOH 3JEMEHT ai
pasen 1. Kaxnmit ajemeHT g;; onpenensiercss Gpopmyoi: ’
aij=i><j.

ANTOpDHTM MOXKHO HOCTPOHTb CAEAYIOIEHM 06pasom: cHOpMHpPO-
BaTb HCKOMBIH [BYXMepHbli MaccuB A M HameyaTtaTb ero B ¢opme
KBaJpaTHOI MaTpHLbl (cXemMa NpHBEAEHA HA PHCYHKe 45). Aaroputm
COAEPIKHUT JABa LMKJIA: BHYTPEHHHH IMKJ, ONpelessioHi 3/eMeHTh
CTPOKH (IIPH 3TOM 3HAUEHHE j OCTAeTCH NOCTOSHHBIM, a i H3MEHAETCSH
OoT 1 10 n), H BHEIIHHA LHKJ, OCYIIECTBJSIOUIHA Nepexox OT CTPOKH
K cTpoke (j uameHsietrcst oT 1 jgo n). Hckomas mporpamma 6yner
collepKaTh ABa BRoxkeHnblx nukaa FOR-NEXT, npuuem napamerpom
BHYTDEHHEr0 LHKJA CJAYXKHT NepeMeHHasd i, a BHeLIHero — mnepe-
MeHHana j:

1§ REM TABJIMLIA TTUPATOPA
20 DIM A (19, 19)

3¢ FOR J=1 TO 1¢

40 FOR I=1 TO 19

50 A (I, J)=I#J

60 NEXT I

70 NEXT J

8¢ MATPRINT A

9 END

] a,‘j.'=l:i

[:=i+1
L Ji=j+1

Puc, 45
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TlpuBenennass mporpaMma cocraBieHa mist n=10 (10 c¢Tpok u
10 croa6uoB). Crpoku 40, 5@, 6() oGpasyioT Tel0 BHEUIHEro LHKJA,
'KoTopoe BuimoaHsiercs 10 pas (J=1, 2, ..., 10). Ilpu srom crpo-
Ka 5P, sBAAACH TeJOM BHyTpeHHero uukia, BbimoHsieres 10 pas
(I=1, 2, .., 10) nasa kaxkzporo snayenus J. Takum oGpasom, crpo-
Ka 50 B o6we# cnoxuoctu Brmosusiercss 10X 10==100 pas.

Tleuatb pesyabTaTa -OCYILECTBJSIETCH CHeElMabHBIM ONEPaTOpPOM
MATPRINT, KoTopelfi. MOCTPOUHO BBIBOAHT HBYXMEDHBIH MacCHB
(maTpuuy) A B BHIE:

2 3 4 5 6 7 8 9 1¢
4 6 8 1¢ 12 14 16 18 20
6 9 12 15 18 21 24 27 30
8 12 16 20 24 928 32 36 40
10 15 20 25 30 35 40 45 50
18 24 30 36 42 48 54 6§
14 21 28 35 42 49 56 63 70
16 24 32 40 48 56 64 72 . 8
18 27 36 45 54 63 72 81 99
20 30 40 5¢ 63 790 89 90 100

—

RO OND UL WN e
—
[\]

Kontpoabume Bonpocn _

1. Kaxk nporpammupyiorca Gasosble cTpykTypsl. IIMKJI-TIOKA u
HHKJI-IO B si3vike belicuk ¢ momompio onepatopa IF (Bce cay-
yau)?

2. B ueM 3aK/I0YAOTCS OCOGEHHOCTH LHKJIHUECKHX nporpamm,
COCTABJIEHHBIX HAa OCHOBE aJITOPHTMHYECKHX G6a30BbIX CTPYKTYp
LHUKJ-TIOKA u UUKJI-10, 1 Kak 3T0 clefiyeT YYHTLIBaTh B NpO-
rpaMMHpPOBaHHH?

3..Kak .3anuceiBaloTc H Kak JEHCTBYIOT ONEpaToOpul LHKJA
FOR-NEXT? Kakasi U3 CTPYKTYpP LMK/JIHYECKHX aJrOPHTMOB pPEaJH-
3yercsi STHMH onepatopamu?

4. Kak coCTaBisiioTCsl ONMMCAHHS MaccHBOB B NPOrpaMMax Ha
ﬂSbIKe Beficuk?

YnpaxHeHnus

1. CoctaBuTh mporpamMmy renepupoBanus 50 uJ€HOB NOCAENO-

Ve
k405"
a) c ucnosb3oBanuem onepatopa IF (mo cxemam LIMKJI-TTOKA
1 HHUKJI-10); :
‘ 6) c ucnosb3oBanuem onepatopos FOR-NEXT.
2. CocraBHTb NpOrpaMmbl TaGy/JHPOBaHHS (GYHKIHI:

BaTeNbHOCTH, 3aJaHHOH (GOpPMyNOl 06IEro uieHa b=

124-.

a) f(x)—g-i_-f—g— Ha oTpeske [—

o) 1= { YT L

In{(x—0,6), |x| =4 ana x=-—10, —9, ..., 10.
3. Han pax:

m, nt] ¢ marom 0,1;

=

Vnoo 1
7108 "‘1—,8'+'§,_+'"'

1M

1

CocTaBHTh NPOrPaAMMHI:

a) BBIUHCJICHHS CyMMHl nepBbiXx N uieHoB pfna;

6) BBIYHCJICHHS CYMMBI BceX IEPBBIX YJIE€HOB psila, BEJIHUHHA
KOTOPBIX He MeHblle 3a[laHHOI0 UYHC/]a & (3HaueHHd napameTpOB N
H € omnperensiorcsl NpH BBOze).

4. CocraBHTb IIPOrpaMMy BBLIYHC/IEHHS CYMMBI:

50 a1
z

[ITpumeuanue Hcnonp3oBars pekyppeHTHYIO (pOpMYJy, CBsi-
3LIBAIONLYIO /iBA COCEAHHX uJjieHa Psiaa.

5. CocraBuTb NMporpaMMbl MOMCKa MaKCHMAJIbHOTO 3J€MEHTa:

a) B ONHOMEPHOM MaccHBe (CM. cXeMy Ha pucyHke 27, c. 91);

6) B JAByXMepHOM MacCHBe.

6. CocraBuTb MNporpaMMy BbIYHCAEHHA 3HaueHusl (yHKIHH
f (x, y) =+x*+ y® BAA BCEBO3MOXKHBIX 3HAYEHHH X H Y M3 NOCJIe0Ba-
TeJNBHOCTEH: Xi, X2, ..., Xm H Y1, Y2, ...y Yn.

- 4.6. 3arpyska, peRaKTHPOBAHHE H NYCK NPOrpamMmol

Paccmorpum mepeyedb neACTBHHA, KOTOpble JOJIKEH Hpoje-
Jatb- noab3oBaresb IBM «Hckpa-226» ans BBOma u mycka mpo-
rpaMMBsl.

Tlocne B/MOUEHHA MAIUHMHBL H 3arpy3KH HeoGXOAMMOro Mmartema-
THYECKOTO ofecrneueHHsi Ha 3KpaHe AucIyess ¢HKcHpyeTcsi KOHQH-
rypauus:

READ Y

310 o03Hayaer, uto IBM He NpPOU3BOAMT HHKAKHX onepauHil H rotosa
K npueMy Hudopmanun. CUMBOJ (Kypcop) Bceraa NoOKasblBaer
MeCTO 3KpaHa, Ha KOTOPOM GyneT OTOOpaXkeH ouepenHoi BBOlIHMbIPI
C KJaBHUIHOrO YCTPOHCTBA CHMBOJL.

Jlna 3arpy3ks TeKcTa TpOrpaMMbl HCHOJb3YETCs - KAaBHIIHOE
yeTpoiictBo, oGecneunBaioniee BO3MONKHOCTh BBOJR J06Oro cuMBoJa
angasuta ssbika bBeficuk. IlpuBeneM KpaTkoe omucaHHe cocTasa
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KAABUaTyphl W HasHAueHHsl OTHeNbHbIX Kaapuum. Ha KiraBHuIHOM
yCTpoiicTBE YCIOBHO BHIAE/SAIOTCS 8 GYHKUHOHAJABHBIX 30H (pHe. 35,
¢. 99). Knasuarypa nepBoft 30Hb paGoTaer B TPEXPErMCTPOBOM pe-
xume. Huxuuil peructp cofepKuT onepartops! sisbika bBeiicuk. Bepx-
HHH perucTp 30HBI COJEPXKHUT NPOMHCHBIE PycCKHe H JaTHHCKHE OyK-
Bbl (B 3aBHCHMOCTH OT TNOJIOXKEHHS Iepek/auaTtets «1at/pyc») H
crneyuasbHble CHMBOJEL [lepexon Ha BepXHHHA M HHUXKHHM DerHcTpH

OCYLIECTBJASAETC  COOTBETCTBEHHO . KJIaBHILaMH SHIFT H

SHIFT LOCK |, npuueMm npH nepexone Ha HHXKHHA DPErHcTp '

3aropaetcsl  MHAUKaTOpHast Jammouka. [locse HaxaTus KiaBH-
1511 SHIFT LOCK KJaBHaTypa Nepeod 30HBI (UKCHpYyeTca
B TOJIOKEHHH HHXHEFO perucrpa, H 3Ta (uKcalHsg CHHUMAETCA Ha-
xkatueM kaasuwu {° SHIFT |. Ilpu nepexone Ha BepxHUH perucrp

HyXHO Haxarb Knasumy | SHIFT | u, e ornmyckasi ee, Haxarb
TpebyeMyI0 K/aBHIIY.

Bropasi 30Ha, HMelollas OJHH PerucTp, COAEPKHT KIABHIUM Y-
paB/JIEHHST CUETOM M KJaBHIUW pPefakTHpOBaHHS NPH BBogje. Tperbs
30HA COOEpIKHT CTAHAAPTHYIO HH(POBYIO KjIaBHATYpPy Aja Habopa
JEeCATHYHBIX UG W AecATHUHOR Toukd. YeTBepras 30Ha HMeeT OAUH
PETHCTP M COLEPIKHUT YaCTO HCIOJIb3yeMble onepaTophl Asbika. Ilaras

. 30Ha, MMeLas JABa perucrpa, BK/IIOUaeT apHQMeTHUYECKHE olnepa-

LM ¥ cTaHLapTHble MaTemaTHueckHe dynruuu. llectas 3ona, umelo-
1ask OHH PErHCTP, COAEPKHT KIABHIUH PeAaKTHPOBAHUA TEKCTa IPO-
rpamMmbl. CezbMmasi 30Ha HMeeT ABa perucrpa M 16 xaasuur. Bockb-
Mas 30Ha, HMEIONLAS OJHH PETHCTP, COJEPKHT LIECThb KAaBHII yIpaB-
JIEHHA KypCOPOM. : :

Oto6paxeHue BBOLMMOI: C. KlaBuatypel B naMsars OBM uubop-
MallU{ Ha 3KpaHe JMCINes RaeT BO3MOXKHOCTb KOHTPOJIHPOBATh HpO-
Hece BBOAA, @ TAaKXKe penakTHpPoBaTh BBOAUMYIO HHPopmauuio. Beox
roTosoit HHQOpMaAUMH € KIaBHATYPhl BeleTcsl NOCTPOYHO, HauuHas
KaXabli pa3 ¢ HoMepa CTpPokH. Homep CTPOKH MOXXHO BBOAHTH. Ha-
XaTHEM COOTBETCTBYIOUIMX IH(POBLIX KIABHII, HO MOXHO BOCMOJb-
30BaThcA W crendanbHoit knapuiuneid | STMT NUMBER (sta-
tement number — HOMep MHCTPYKUMH). IlepBoe HaxkaTHe 5Tol Kaa-
BULIH BBOAMT HOMep CTpokH, paBHuIA 10. Ilpu kaxpmom nocienyio-
LIEM HaXKaTHH BBOJHTCH HOMep ouepeJHOH cTpoku, Ha 10 6Goabiuui
npeaniayuero. MmeHHO mo 3Tof npHuHHe NPH COCTAaBJIEHHH IPO-
rpaMmbl CTPOKH: YIOGHO. HyMepPOBATh JeCATKaMU (pasyMeeTcs, JI0GoH
JLpyro#i Homep TNpPH HEOGXOIHMOCTH MOKET GblTh BBELEH C MOMOILLIO
ofbIyHbIX LH(POBLIX KaAaBu). [Toeae na6opa NOAROTQO. TEKCTA: CTPOKH

HAXHUMAIOT KJIaBHUIY Nepexoaa Ha Hosylo cTpoky | CR / LF I
lMoxa ne maxara kaauwa | CR /LF |, teker BBORUMO#E cTpo-
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KH MO3KHO OTPEJaKTHPOBATh, HCNONb3ys knaBumy | BACK SPACE

u | LINE ERASE

C nomompmio knasumu .| BACK SPACE | moxHO ocyliecTs-

JSTh TIOCHMBOJIbHOE CTHPAHKE TEKCTA B JABVWIKCHHH COpPaBa HaJeBo.
Hanpumep, BBesin Ha 3KpaH O4YepeNHYIO CTPOKY HPOTPAMMEL:

18§ A=5-+SQR (2+COS (1_.

U Hapo omubGouno BeBeneHHoe HMA ¢yHkunr COS ucnpaBuTh Ha

SIN. Torna marrKpaTHHM HaxaTwem Kiasumu | BACK SPACE
noouepetHO CTHPAIOTCH CHMBOJIBI
1( :S0C
[Tocne vero crpoka uMeer BHA:
18§ A=5+SQR(2+__

Besien 3a 5THM OGBIYHBIM 06pa3soM BBOAMTCS MPABHJILHBIH TEKCT.

CrupanHe Bceli cTpoku A0 Haxkatusa Kiapumi | CR /LF | mox-

HO OCYIIECTBHTb C [OMOIULIO KJIaBHILUH LINE ERASE |.
ITocne HaxkaTHa 3TOH KIaBHIUH TeKCT MPOrpPaMMEI Hcde3aer, a Kyp-

' COp CTAaHOBHUTCA B HaudaJibHOE [MOJIOXKEHHE CTPOKH, UYTO TNO3BOJISIET

BBOAMTD JHOGOH >XenaeMblit TekcT. OTpeflaKTHPOBaHHAs .CTPOKA Ha-

xkarvem knasuiud | CR /LF | BBomutcA B mamate DBM. 3atem

HAXKHMAIOT KJaBHINY STMT NUMBER {|—#u mnpouncxoesur ne-
PeXon K ovyepelHOH CTPOKE NPOIPaMMBbI.

Ilpu nHeo6XoaNMOCTH pelaKTHPOBAHHS NMPOTPaMMHONH CTPOKH, yXKe
BBEJICHHOH B NaM$iTh, HeOOXORHMO TIEPEBECTH ITY -CTPOKY B COCTOSA-
uye pepaxktuposanus EDIT. Hua storo mago Ha6parth Ha undponoi

K/J1aBHaType HOMep CTPOKH M Haxatb Kaasdwy | EDIT |— okono
"Ha6paHHOIO HOMepa CTPOKH €JieBa NOSIBUTCS 3BE3A0UKA. Beaej 3a

3THM HaXXHMAIOT KJaBHUIY RECALL |—wu crpoka Bb3mbiBa-

ercsl Ha 3KpaH. laa pepakruposannn B pekiame EDIT ucnoabsyior-
CAl KJaBHLIH:

DELETE | — cTupaeTcss CHMBOJI Hal KypcopoM, @ 4acTh
CTPOKH ClipaBa OT Kypcopa CABHraeTcsl BJIeBO Ha OAMH CHMBOJ;

. ERASE — CTHpPaeTCcs YacTb CTPOKH, PpacCloJIOXEHHAs
CHpaBa OT MEeCTOMNOJIOKEHHSI Kypcopa; '

INSERT — pa3IBHraeTcsi CTPOKa AJ51 BCTABKH CHMBoOJa.

Hasa yrnpaBJieHHA [OJIOXKEHHEM KYypcoOpa Ha noJie AHCIJEA Hc-
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NOJIL3YIOTCHA wectTs Kiaasum. Kaaswmamu |—| I(——I CMCEIIaI0T

KypcoOp BIIPaBO HJH BJIEBO MO CTPOKE NMpPOrpaMmMbl HA ONHO 3HAKO-
mecro. Jlisi yCKOpEHHOro HepeMeLleHHsi Kypcopa N0 TFOPH3OHTAIH

HCMOJB3YIOT aHaNoruunsie Kiasuwy |-»{ u j¢—|, cMemarnompme Kyp-

cop cpa3y Ha mATh 3HaKoMmecT. CMellleHHe 10 BepPTHKaJH (Nepexoj
Ha CTPOKY BHIIE HJAH HHXe) JOCTHTaeTCs HaxKaTHeM. KiaBHII

41 n | {|. KnaBHmn pepaxkTHpoBaHHfl H YNpaBJEHHH KypCOpPOM

_ BeHCTBYIOT B IpejieJlax pefaKTHPyeMOH CTPOKM (IporpaMmuasi CTpo-
Ka MOXET 3aHHMaTb TPH CTPOKH 3KpaHa). OTpenakTHpOBaHHast

CTPOKa Ha)KaTHeM KJaBHIUH CR/LF

. OBM. [lsis1 mosHO# 3aMeHBl CTPOKH, HaxoAsule#ica B namard IBM
Ha HOBYIO, CJIeLyeT BBECTH HOMep 3TOM CTPOKH, HOBbifi TeKCT U Ha-

BBOJUTCA B MaMsTb

JKaTb KJIaBHIIY CR/LF UTo6Ll BRENEHHYIO CTPOKY CTe-
perb H3 NaMsITH, HAGHPAIOT Ha KJABHAType ee HOMEpP H HaxKHMaioT

CR/LF .

Ilocne Toro kak Bcs mporpaMMa BBeleHA B NaMsTb MALIHHBI
H OTPeJaKTHPOBAHA, MOXKHO NPHUCTYNHTb K ee BolmosHenuo. ITyck
IporpaMMbl €O CTPOKH C HAHMEHBIIHM HOMEPOM OCYIIECTBIAETCH
¢ nomomped oneparopa RUN, ans vero mnocienoBarebHO HaXKH-

matorca kaasumu | RUN | (3oma 4.) H CR /LF . B 06-

LIeM Cydae MporpamMmma MOXKer GHThH NyUieHa ¢ JI060H CTPOKH, a He
TOJILKO € IEePBOH IO MOPAAKY HOMepoB, T. €. onepatop RUN moxer
HCHOJIb30BaTbCSl B BHJE:

RUN < HoMep cTpoku >,

rje <<HOMep CTPOKH>™> SIBJSIETCH LEJbIM YHCJIOM, YKa3hiBAIOLIHM
Ha HOMep Ha4aJbHOH CTPOKH HPH IyCKe MPOrpaMMBbl.

TekcT mporpamMMel NpPH KeJaHHH MOXHO BHIBECTH Ha Teyatalo-
iee yCTPOHCTBO, IUIs1 3TOTO HAAO HAXKATh KAABHLIH:

LIST / cIT crR/LF .

Jlaa BBHIBOAA pPe3yJbTaTOB HA IeyaTaloluee yCTpOHCTBO HaXXKHMAaIoT-
es ‘KAaBHIIH:

SELECT|[PRINT Cl[CR/LF
nepeKJIIOT-IEHHe Bble,U,a Ha axpaﬁ ﬂpOH3BO}1HTCﬂ KJaBHIIIaMN:

SELECT PRINT 5]|[CR/LF
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JIJisi OUHCTKH NaMATH MAOIMHBI OT xpaﬂﬁmnxca B Heil nporpaMM
M JaHHBIX HAXKHMAIOTCS KNaBHIIN:

CLEAR CR/LF .

Ha nepeaueil nanenn KJIaBHIHOTO YCTPONCTBA pacnosioxKeHa KHOTI-

ka |{RESET|, ucnonbsyemas panf NOAAyH KOMAaHAB aBapHiHOro

octaHoBa. HaxkaTHe KHOmKH RESET npekpaiiaeT BHINOJ-

HEHHE OmepaTopa, AEHACTBHA YCTPOHCTB BBOJA-BBHIBOLA H NEpenaer
ynpasjenue rnoJsb3oBatemio. Ilpn HapymeHuu Kakux-iu60 NpaBHi
oGpamenns ¢ DBM ona BriaeT cooOuieHHe 06 omM6Ke B BHAE TEK-
cra ERROR XX, rxe XX — HoMep owHGKH, MO KOTOPOMY B TEXHH-
4eCKOH JIOKYMEHTallHH MAaIUHHb MOXKHO HaHTH OGDBSICHEHHE MPHUYUH
OINMOKKM ¥ PEKOMEHAAIM¥ IO ee yCTpaHeHMI0. B mpujoxenuu Haubt
HEKOTOpble CBeJeHHA 06 owmubKax.

[MpaBusa 33rpy3ku H pefaKTHPOBaHWA HMH(GOPMAUUH AJA PAa3HBIX
MHKpODBM umelor MHOro o6iero, HO BMecTe ¢ TeM pasJHYHbl B 3a-
BHCHMOCTH OT KOHOGHTYpalHH KJaBHATyphl, OCOOEHHOCTEH omepauu-
OHHOH cHCTeMBI W T. . Heo6XxonuMmble YTOYHEHHSI BCErja MOMKHO
HalTH B TEXHHUYECKOH JOKYMEHTaUuH MUKpODBM.

KoHnTpoabnbe BONPOCH

1. Kakos cocras knaBuatypst MHKpoIBM «Hckpa-226» u nasua-

4YeHHe OT/e/IbHbIX IPYIIl KiaBHLI?

2. Kakne peficTBHA NpPOH3BOASITCA NpH 3arpyske CTPOKH npo-
rpaMmbi?

3. Kak penakTHpyeTCsi TEKCT CTPOKH [0 3arpy3KH ee B NMaMATh?

4. Kak penaxkTupyercsi TeKcT c'rpox BBeiCHHBIX B NaMATh
OBM?

5. Kakum 06pa3soM TeKCT BBEJEHHOH B NaMATb CTPOKH 3aMeHs-
erca noJaHocTbio? Kak cTHpaeTcs U3 mporpaMmsl CTPOKa MPOrpaMMbl?

6. Kak ocymecrpiasercs Nnyck BBEACHHOH H OTPeAaKTHPOBAHHOM
nporpaMmei?

7. C noMOIpbI0 KaKux onepanuil TeKCT NPOrpaMMbi H pe3yJbTaThl
ee paboThl BHIBOAATCA Ha IeyaTaiouiee yCTpPoACTBO?

5 3akas 385



I'naBa 5
JIABOPATOPHBIN NMPAKTHKYM

‘Hapsiny ¢ neKuusiMH M npakTHYECKHMH (cemHHapckumu) 3aHs-
THAMH B Ja6OPaTOPHON YaCTH Kypca NPeaycMaTPUBAETCS BBINOJHE-
HHE HHAMBHIYyaJbHbIX 3afaHHil B (opMe ABYX J1a6OPATOPHBIX paGorT.

- Uenr na6opatopHbix 3aHSTHI — 3aKpenjienne H orpaGoTka B ycio-
BHAX NOCTOSIHHOTO JOCTYNMA K BLIYHCAHMTEJbHOH TEXHHKe (MHKpO-
KaJIbKyJIATOpH, MHKpPOIBM) ocHOBHOro copepxaunusi yye6HOro Ma-
Tepuana.

B macrosimefi riaBe OnHCHIBAIOTCS 3ajaHHS K J1a6opaTOPHBIM
paboTaMm H KpaTKHe YKa3aHHA K HX BBIOJIHEHHIO.

5.1, Jlaﬁ’opafopﬂaﬂ pa6ora 1

Tema. MeTonbl NPUG/IHNKEHHBIX BLIYHCJIEHHH,

3apanne 1. Uncno x, Bce uudpbl KOTOPOro BepHHI B CTPOTOM
CMbIC/Ie, OKDYIJIHTb JO Tpex 3Havamux uugp. Ias noayueHHoro
HHCJIA X1 A X BBIYHCJAUTDL I'DaHHUbL! A6COMOTHON H OTHOCHTENBHOH MNO-
rpemnocTeil. B sanucu wucna x; yKasaTh KOMHYECTBO BepHBIX uudp.

3ananue 2. BbluncauTh 3HAYEHHE BEJHUHHB 2 C nomouislo MK
TIpH 3alaHHBIX 3HAYEHUAX NapamerpoB a, b ¥ ¢ Tpems crnocobamu:

a) 1o mpaBuiaM nopcueta uupp;

6) C CHCTEMaTHYECKHM YYeTOM TPaHHL aGCOMOTHBIX norpermi-
HOCTel; «

B) 1o cnoco6y rpaHHL. .

Hcnonbays pist BuIYMCHEHHIH MHKPOKaJIbKYJISAITOP, B KaXKIOM H3
CNOCOGOB BBIUMC/ICHHA IPHMEHHTL METONHKY NoonepauvoOHHOA H HTO-
rOBOM OLEHKH TOYHOCTH BbiuMC/ieHHH. CpPaBHHUTD [OJIy4EHHbIE pe-
3YJbTaThl MeXAy co6oil, IPOKOMMEHTHPOBATL pa3JHUHE METONOB
BLIYHCJIEHHH H CMBICJ MOJIYYEHHBIX YHCJIOBBIX 3HAYEHHI.

3apanue 3. Boiuncauts ¢ nomowpio DBM BEJHUHHY 2 TNIPH 3a-
NaHHBIX 3HAYEHUsIX @, b U ¢ ABYMA CNOCOGaMH:

a) C MalUHHHBIM OKDYIJIEHMEM pe3y/]bTaTa N[O NPaBHIaM MNOA-
cuera uudp ¢ npuMeHenHeMm ¢yHKuuH ROUND:; ‘

6) C NoACYETOM IPaHHILI aGCOJIOTHOH MOrPELIHOCTH pe3y/bTaTa
H TOCJEeAYIOLHM PYYHBIM OKpyrienuem. U B ToM K B Apyrom ciyuae
COTIOCTABHTL TOJIy4EHHbIE OTBETH C PE€3Y/IbTATOM BBINOJIHEHHs 1. 6)
3ajanuda 2. ‘

lNosichenna K Bbinoaxennio aa6opatopuoit paGornt 1. Hcxomusie
AaHHbIE IJ1s1 BHIIIOJIHEHHs! 3alaHuil coaepxkaTcs B Tabauue 5.1. (uHc-
J1a X, a, b, ¢ — NpHOIMKeHHEIe, B HX 3AMHCH BCe UHGPHI BEPHH B cTpo-
roM cMbICsIe, KO3 (UIIHEHTE — TOUHbIE YHCsa).
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Ta6auna 51

Ne

‘2z

¢

c+coskb

| 4,7561
i} 3549 Lreos? 0317 3,27 6
c—Q
in(b4c¢ |
o| 732147 _“bLi’_)_ 0,0399 4,83 0,072
—ac _
» a-tb 6
3| 35,085 ‘3/ + 1,574 1,40 1,123
a—7C
ab—4c 12,72 0,34 0,0290
4. 75 Tnafdh
a—tgh 3,49 0,845 0,0037
5| 198,745 s
c+30 i 4
6| 374781 act3b 0,0976 2,371 1,1587
b—c¢
, In(a—b ]
7| 0183814 An(@a—b) 82,3574 34,12 7,0049
b+
btceosc 0,11587 4,256 3,00971
8| 0,009145 S
a‘*—b .
“ab4c
Ina+4b ‘ )
10| 02538 Ina+46 7,345 0.31 0,09872
ab-—c
Htinc 0,038 3,9353 5,75
‘ 10,2118 , , ,
1y 102 =L
24g(a-+b) 0.2471 0,0948 37,84
4 ,
12l 430 tlelath)
a8 F¢
13| 08437 _Avare 1,284 4,009 32175
ab—c
29,66 sin(a—b) 18,407 149,12 2,3078
412, ct+alnb _
08Inb
: 29,49 87.878 4,403
48,847 287 , ,
15| —
6l e 74,079 5,3001 6,234
16| 9,2039 Py ,
' ab ‘
17| 23143 bV_ - 3.4 6,22 0.149

5%
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Hpoaomeﬂue
Ne X N z a b l c
' (b—cp
181 0,012147 St b : 4,05 6,723 0,03254
g Inb—a ) )
19} 0,86138 —TTor 0,7219 135,347 0,013
‘ ' b—sina
20 0,1385 W 3,672 4,63 0,0278
© 10c++/b
21] 23304 _52_:__\5 | 1,24734 0,346. 0,051
— - .
22| 0,003775 (@—o) 1.7 0,0037 5,081
Va+3b
o3l 7 o a—sinb _
18,54 | ~F e 1,75 1,21 0,041
24| 9,73491 Nb—c 18,0354 3,7251 0,071
Ina+b
Inc—10a -
25[ 11,456 Lfe—ra 0,113 0,1056 89,4
+be

Haa seinosHeHusi 3apauuii 1 U 2 Heo6xoauMmo mpopaboTaTth Ma-
TepHaJ rias | H 2, Beinoguas ¢ nomouibio MK npuBefeHHbIE B TEKCTE
NpHMephl H YIpaXXKHeHHA B KOHUe naparpagos.

. na BHIMOJIHEHHs! 3afaHHs 3 COCTaBAAIOTCA .JIB€ NpPOCThie Npo-
rpaMmbl Ha JBM.

B mepeoM ciyuae ¢ yyeToM TOYHOCTH 3aJaHHBIX 3HaueHu#d @, b
H € NO NpaBuiaM noacuera mudp Aejsaercs NPHKHAKA TOUHOCTH pe-

3yJbTaTa M yCTaHABJHBAETCS YPOBEHb €ro OKPYIVIEHHS 1, KOTOPHIH -

3aTeM HCNOAb3yeTcs Kak BTopo# apryMeHnT pyskunu ROUND. Ilycrs,
K npuMepy, Tpefyercsl BLIYHC/IHTbL 3Ha4YeHHE BblpaXKeHHs

~x

2 =i (v t’)

Ans 3HaveHuit x=3.91, y=4.08, {=0.826, y KOTOpHIX BCe izt St

BEDHbI B CTPOTOM CMBICJIE. 3ameqaeM, YTO IIPH 3THX YCJOBHAX IO npa- .

BHJIaM NOJCUeTa UHQP 3HAYeHHE apryMeHTa JorapHdma, a cjaenoBa-
T€JIbHO H 3HaueHue caMoro Jjorapudma, 6yrer HMETh He MeHee Tpex
sgavamux nudp. Taxkoe Ke KOJHUYECTBO 3Hauvauwux uupp 6yder
HMeTb U uncautenb. OTclofia clefyer, YTO W cam pesyJabTaT Gyler
HMEeTb He MeHee Tpex BepHHIX 3Hauamux nupp. Kpome sroro, mp-
KHAKa MOKa3biBaeT, YTO Ilejas uyacTb pedyabrata Gynaer uugpoH
O HO3HAaYHOH. OTcxo,ua CJAeAYeT, YTO O NpaBH/IaM Mojcuera HHp
HCKOMBIA pe3yJIbTaT 2 AOJIZKEH OBITh OKPYIVIEH J0 coThix. I[Iporpamma:
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10 REM Z=SQR (X) /LOG (Y—T 42)
20 REM TIPABHUJIA TIOJICUETA LIN®P
30 READ X, Y, T
40 Z=SQR (X)/LOG (Y—T 12)
5¢ PRINT "Z="; ROUND (Z, 2)
60 DATA 3.91, 4.08, $.826
7¢ END
" RUN
Z=1.62

Bo BTOpOM C/yuae COCTABJSIETCS MPOTPaMMa C BBIYHCJEHHEM H

‘neqatsio 2 M Az, [{as BHUHCAeHHs 3HAYEHHS] A2 B IpOTPaMMe HCHOJb-

3yeTcsi  METOAMKAa MTOrOBOH OLEHKH rpaHuubl abco/oTHO# norpeu-

HOCTH pe3yJ/bTaTa.
CocraBuM Tpe6yeMmyio NPOrpaMMy J/isi BbIUMCJICHHSI 3HAYEHHS Bhi-

paMeHHss z= (;/— =7 [P TeX e 3HAueHHAX HCXOAHHX JaH-
HBIX X, Y, L. Hpumeu;m NIOCIEJ0BaTe/NIbHO (GOpMYJbl ISl NOACYETE
rpaHull  aGCOMIOTHBIX ~HOTpelIHOCTelt  apudMeTHUecKUX HAeHCTBHM
(cm. Tpunoxenue I1) u snementapubix ¢yuxkuui (taéa. 2. 1, c. 65),.
NOy4HM:

_YVeAn@—2)+in(y—£)-AG0 __

In* (y—1°)
__2x (Ay+2t A+ Ax y—)1n (y—tz)
2x (y— ) In* (y— £

Huxe npuseseHa mporpaMma Ha s3bike BeficK ¢ BhiBeJeHHBIMH
Ha nevyaTth 3HAYeHHWsIMH 2 H Az (B mporpamMMe norpeulHOCTH 3Haue-

-uuit- X, Y, T u Z oGo3znauenn coorBercTBenHo uepes X@, Y@, T@, Z§,
" a sHauenus X@, Y@, TY onpenenens us ycaosud, uto X, Y, T 3anansl

uudpamy, BepHBIMH B CTPOrOM CMbIC]IE):
10 REM Z=SQR (X)/LOG (Y—T 4 2)
2¢ CTPOI'MM YUET [TOTPEUIHOCTH
30 READ X, X¢, Y, Y§, T, T¢
40 A=SQR (X):B=Y—T 42:C=LOG (B)

50 Z=A/C
60 Z9=(2+Xx(Y¢ + 2+ T+Tf)4- XP»B+C)/(2%A+BxC }2)
70 PRINT "Z = z
80 PRINT "Z@=
9¢ DATA 3.91, ¢¢5 4¢8 995, .826, ¢¢¢5
199 END
RUN

Z=1.616681075569
Z20=3.3¢@1156E — @3
Cyas no BesuuuMHE MOTPEIUHOCTH, 2 HMEET ABe aepﬂue B CTpO-
rom cmbicie uHdpel. IMTocne okpyriaends nosyuaem:
z==1,6240,01.
- 133



5.2. JlaGoparopHas pabora 2

Tema. Peurenue 3agauy va IIMK u MukpodBM. :

3apanne 1. s sanansoit pyHkuuu f(x) metonom TaGyaupo-
BaHMs JIOKaJH30BaTh KOpPHH ypaBHeHus [ (¥)=0 (T. e. BHLIEJHTH
10 BO3MOXKHOCTH HaHMEHbILHE OTPE3KH, COoJAepIKallHe 110 OJHOMY KOp-
HIO) W HaUTH nprOJuXKeHHble 3HayeHHs1 KopHel. Ecin kopHelt Gecko-
HEUHOE MHOXECTBO — B3AITh JBA-TPH KOpHS, GAHXKaMLIHX K Hayaay
xoopauHar. [TocTpouTh rpaduk (GYHKUHH Ha MCCAEIYEMOM yyacTKe.

3ananue 2. TIlocrenoBatenbHocTh 3anaHa ¢opmysoi obuiero use:
Ha @p. BRIYHC/ANTD: @) ‘3HaUeHHs NEPBHIX 7 WIEHOB NOCAEA0BATEIbHOC-
TH; 6) CyMMy n NepBHIX WYJEHOB IOC/IeJOBaTENbHOCTH; B) CyMMYy
BCeX U/EHOB NOCJAEAO0BATENBHOCTH, HE MEHbIIHX. 33JaHHOTO YHCAA €.

3apanne 3. MertosoM TaGyaHpOBaHHS MCCAENOBATH 3aJdHHBIH

npenes GyHKUHH (B TOYKe MM Ha GeCKOHEUHOCTH): a) YCTAHOBHTH
NPeANoJIoKHTeNbHOE 3HAaueHHe npenesna (Bce 3ajaHHbIE Npelessl
GyHKUHA cyliecTsyior); 6) HccieioBaTh NOBefeHHe (PYHKUMH B OK-
PECTHOCTH TOUYKH (HJIH, B 3aBHCHMOCTH OT 3alaHHUSI, HA 4 00 H — 00} ;
B) cle/1aTh BHIBOJ O CKOPOCTH H XapaKTepe CXOIHMOCTH.

MosicHenus K BLINOJHEeHHI0 JabGopaToproii padoru 2.

3anaHus K BBIIOJHEHHIO J1a6OpaTOpHOH paGoThl 2 NpHUBEIEHH B
Tabauue 5.2. Bce Tpu 3ananust BHINOJIHAIOTCA MyTeM COCTaBJEHHS H
peaansauuu mporpamm Ha IIMK wimn mMukpodBM.

Iepen Boimosnenuem 3amanmuii 1 u 2 ciesyer noApoGHO pac-
CMOTpPETb NMPHBEAEHHEIE B TEKCTE IpHMepbl (ocobeHHO B m. 1.5 riashi
1 u n. 4.5 raaBel 4). 3HaueHHss napaMeTPOB n H & AJS1 3ajlaHus 2 BHI-
. 6HpaTh NPOH3BOJILHO B 32BHCHMOCTH OT Xapakrepa (opMyJibl 06HIErO
4ieHa, a COOTBETCTBYIOLIME IPOrpaMMbi BHIUHCACHHH COCTaBIATh TaK,
4TO0B JONMYCKA/JIO0Ch BAPbHPOBAHHE 3HAUEHHH HCXOJHBIX JAHHBIX.

Hus BHIIOJHEHHS 3afjaHHs 3 cOCTaB/IsieTCsl MporpaMma TaGyJiH-
poBauusi pYHKUHH, HaxoafAweHca N0l 3HAKOM npelena. Y4YacTok Ta-
OyqHpoBaHHA BHIOHpAETCs] TaK, 4TOObl, H3MEHASl HA HEM COOTBET-
CTBYIOItHM 06Pa30M 3HayeHHe apryMeHTa X, MOXKHO Gbijio 6Bl OTBETHTD
Ha nocTapJeHHbie B 3a7iaHHH Bonpockl. [1pH anann3se npegena GpyHkiuu
B - Touke -1ar TalyJHpOBaHHS BHIGHPaeTcA TaK, YTOGbl 3HaueHHE
aprymeHTa NpHO/MKAJIOCh K NpeaesbHOMY (IPH XeJaHUH MOXHO IIO-
JyyaTh 3HaYeHHsI QYHKIHH M «CTYIAIOUIHMXCSA» 3HAUEHHHA apryMmeH-
Ta, eC/H Ta6yInpoBaTh He C MOCTOAHHLIM 11aroM, a H3MEHSITh aprymeHt
KaKHM-JIH00 MOAXOAAIMM Cnoco6oMm).

TOYHO TaK e aHAJu3 NOoBefeHHs PYHKUUH NPH X — - 00 npoao—
JUTCS1 NPH TIOCTPOEHHH TAaKOH NOCHE0BATENIbHOCTH 3HAaYeHHWH X,
€ NOMOIUBI0 KOTOPOH MOXKHO GBLIO GBI CYAMTH O MOBEAeHUH (pym(mm
AJist JOCTATOUHO GOJILINHX 10 aGCOJIOTHOH BeJMYHHE 3HA4YEHHH apry-
MeHTa¥. ,

*[Ipn 3toMm, pasyMmeercs, HYXHO [OMHHTb, 4YTO BHBOA O HaNHYHH -NPEAENa
$ynKnMK BeAb3si JenaThb MCXONH M3 NOCAELOBATeNbHOCTH 3HAueHHA X YacTHOro
BHAa. IlpuMensieMulfi B MaiHOM cyuae NpuUeM ONPAaBAaH, OAHAKO, TEM, YTO TIO
YCIOBHIO 3aaHHs 3 BCE NMpEAeH : () YHKIHHA CYIEeCTBYIOT.
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Tab6auuwa 52

Ne 3apanue 1 * 3apanne 2 3ananne 3
s
n ‘ . 2% 3
1 W2 cosx --T-};— xkxg e
‘ ‘ (=" i x2=~5x4-6
o T e
3n—1 lim €oS X
3 Bcosx—x W xlﬁ——“’"m‘
9.
2n%—1 m 3¢t =2
4 sin x—0,2x — Jm e
2% i x2—6x+8
5 tg x—0,5+41 =i XT T8 19
1 i 2*°+3
6 cos x —x° e Jim 53
‘ =6+ 1x—6
7 x—-cosx-2 n—~3§/l—n xll_[:ll W
2+/x 0,5x _l@__ lim (sin Vx4 1 —sin +x)
8 x—-cos 0, P Jim
1 n? " sin x —cos x
9 7—21nx 2 x_'»"}_ n—A4x
r
. 2n—1 im -\/4+x+x"’—-2
10 sin 0,5x— \/l—x m eom, ——-————"—‘x+l
n . ctg x
“sin x — : lim (14-tg x
it xsin x l‘ L x—»O( +-tg x)
n ig 4x
12 tg 2x—3 e x-o T
' 2+/n In cos x
- lim
13 1,7—2 cos 2x m Jim T
! 2n+3 . x4+1N\*
14 2ctg3x4-1 - x{l’ﬂ:c T
. n-l:l . 1—cos5x
15 sin 4x—0,6 P ll_Lno p.
: : n* 42 " lim sin 2x
et et T T




Ta6auua 53

[Ipodorxcenue
Ne 3ananue 1 o ' 3ananue 2 ) ‘3apanue & -
. 5n+3 K —Tx410
17 3__ .
X sin X Fr— | xh—[>n2 —r-——x T8t 12
. — T
18] xlnx—05 ;;J—:zln _. lim (1+?)
X - O
2 T inx—1
19 2~*_sinx 2 tn D i YIEESEE—
' e"+1 x>0 X
. 2n-1 . 2x—N\*
20 Yo ey Az
21 x—10sin x ‘l lim *
n*+1 *=>0314x—1
22 x—cos x—1 %’—H lim arctgx
X > 00 /
F nd/ 1 . tgx-—sinx
23 In x4+x 7;;__*‘1_ o im e
o n ) . X+2)x
2 Mx=e TET Jm (5
25 2 x=lgx ::112 lim f::ll

IMycte TpeGyeTcs uccaenosats npened:
lim l—cos x
x—0 05x+ °

Bolpaxkenne nmojx 3HakoM mpejesa npH x=0 jpaeT Tak Has3HBAEMYIO

«HEOMPEeAeeHHOCTh BHAA —g—». CocrapuM nporpammy TabyaHpoBanus
dbyHKUIHH f(x):—-——-l E;’:f Ha MK-56 ¢ Haya/JbHBHIM 3HayeHHEM X=2
Np¥ YCJAOBHM, UYTO BCE OCTajbHble 3HAUeHHA x OYAyT MNOJydYaThcs
[0 3aKOHY r€OMETPHUYECKOH MpOrpeccHH co 3HameHaTesdeM 1/2 (T. e.
yMeHbIIaThCs BJiBOe). Bysem mpeanoJsiarathb, 4To HayaJbHOE 3HAUECHHE
‘aprymenTa x Haxoautcsi B perucrpe X. Bouncienne sHaueHHs ¢yHK-
uHH yno6H0 opopMuTh B BHAe noanporpammul. Vickomas nporpamma
npuBefeHa B Tabsune 5.3.

Beenss sty nporpammy. B namathk IIMK u HauyaB BBIYHCJAEHHS C
x==2, noayuum tabauuy 5.4.

IMpono/kast nOKOGHbBIE BHIYHCIEHHS, CAENYeT UMETb B BHAY, 4YTO MNPH
ONEepHPOBAHHH C CYLIECTBEHHO MaJIbIMH YHC/IAMH KaJbKYJATOD MOXET
" AaBaThb Pe3yJabTaThl, He 3ac/ayxuBaloulHe HoBepus. M3 mosmyueHHoi
TabJHIbl MOXXHO C/e/aTh BLIBOJ, YTO Npele/IoM NaHHOH QYHKUHH NPH
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An;;ec Komanaa Bunoakrsemoe pefcTaie
00 x-T1] 1 3anucs x u3 perunerpa X B Rl
0i 111 Tlepexox ma nmoamporpammy
02 11 Anpec noanporpaMmsl
03 c/m Ocrauoska # HHAMKAuus f (x)
04 M—x}§ 1 Buizos x B peructp X u3 Rl
05 2 Bsoa uncaa 2 B perucrp X
06 ':‘I Boiuucaenne x==x/2
07 x—>TI| 1 3anuck x B peructp Ri
08 c/m OCTaHOBKA M MHAHKAUUA X
09 BIT BeaycsioBubiil nepexol
10 00 Anpec GesycJsiopHoro nepexoaa
11 E] Buiuucaenne x*

12 2 Beoa uncna 2 B perucrp X

13 =+ l Buuncaenune 0,5x°

14 x=T1} 2 3anucs 0,5x2 B pernctp R2

15 Mo>x| 1 BpI30B X B peructp X us RI

16 | F I €os Brluncsienne cos X ‘

17, 1 Beog uncia 1 B perucrp X

18 - 3 Briyncnenune cos x— 1

19 /—/ Beriuucaenne | —cos x

20 M—>x|2 Boizos 0,5x% B peruerp X us R2
— 1—cos x

21 -+ [ Buuucnenue f (x)——()—:s—xz-—

22 B/O’ Boaspar K Komange 03
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Ta6auua 54

* 1)

0,70807345
0,9193954
5 . ‘ 0,9793392
25 ‘ ‘ 0,9948032
125 0,9986944
,03125 ¥ 0,9998336

x—~0 ABJsieTCs, BEPOATHO, uncao 1. DyHkuusi YeTHAsl, IO3TOMY mpe-
Jieqil crpaBa H ¢jeBa 6YAYT OJHHAKOBHL

ITpu ncnonpzosanuu MukpodBM noxoGHLIE HCC/IEOBaHUA TPOBO-

HATCS C MEHbUIHMH 3aTPaTaMH BPEMEHH H, UTO OCOGEHHO BaXKHO, C
aBTOMATHYECKOH Bhljaueif pe3yabTaToOB Ha Medarb, B TOM 4ucae H B
(opme rpadHKOB. :

OTBETbI U PEINIEHHS K YNNPA)KXHEHHAM

l‘.naBa_ 1

1.3

Q .
.].
—~
I

2. a) x

B) X

X r) x

T

.
=y
N

(]

mrgx
[ ([ ]

‘X

S
X
N

|HT_|+
nﬁ_‘l_u_]u

X
.
T
[Fv[X] 2

y 2
xl—lylX]z u
3. ) o [X] 2 [F][7=7] < [
6)y-%—z.-l_—/~/x-=
4. 1) a) y[+]) 2[=) «[S[=
yl—|z|=|xl<ll=
6) yl|+lz|—|x|<||=
B)!/XzFJxFﬂE(
F)Z—u—‘y‘@—‘x«»:
n)y+zt:-_‘u|—x<->—o=
e)y+2+ﬁ~xe—v—y—z=

2) a) y [+] 2 [=][3Am) « [=}{un}[=]

y—2=‘3AI'lx+l/Il'1]=‘

¥39



— 3Af1 x[— I/IHJE

6) y|=|=2

8) y|X]|z[=|[3A0] x [—][un]f=

r)z—u=3Any}un]E|3Anx-
e |
-ll)y+2—'—uI:v3Alp'Ix—I/I11|—vr=—lv

y—

6. a) a [X][X][X][3A1] & [X] [ [=]
9 ¢ [X][X][X][X] [x](340] « [=] (4] [=

’I;HB

e v [X] = [+] « [=] [3A1] = [=] [{T1] [=] »
{z]= . '

CF| 4

1.4

2. Ilna MK «3nekrponnka B3-18As:

a) al X
6) aI_—i-Tl); =
) G

F mﬂ‘-

Xi=

F||3AIl] » F I/Irﬂ

Y

X -+
[FlsAn b [+] v [x][F][un

3Ana+x,r_:| Fl[m+x] e [+] v [=

14 x2

r)bLX_J

X

Fl[3an] » [X][X][F][0—] o [+] «[=]

=l F

HI1

Has MK-41:

a)a X{x|+

bIXjyl=

o [Qa[H D[ Qe[FH[]E

B)Ear—rx

F)a:-!ZI}c

2D1[E)

3. Ha MK-41:

e"—l
ne—l

4..Ha B3-18A:

a) y T' cos

DT DRI [« D)2 [=

n|[=] (Orser 23,14)

El _'_=—_] (OrBeT: 2246.)

06) y _Fl cos

HIEX xFF—]‘I/II'IF
E|3Anx FI[V][F]

I/IHF|

» » [F|[V][F][sAn a'F__leT v [=

r)mm AT x | F ach cosl Fl[O+|y|F (

]y X][=]

Ha MK-41:

- AEREEMEE

a) x|+|y|cos||=

-6y x [V ||+

B)ay.bx/ﬁ_=-|
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TMporpamma Ta6yn‘upo;3aﬁuﬂ:

r)nx arc| |cos Mym— l—(—lx + ym_Q

Axpec Komanza : | Anpec » Kouénna
[=]
00 M-—>x| 0 1 B4
] 12 4
1.5 ’ 01 ; n
: - | | o2 ] 1 ' 13 X
1. a) 3,18 [B |24,76 [F |[ . |
) B 1 jxfl | o3 - |em | 14 x—T 2
6) 09 [B4][B% ><[ x| 0,84 [F|[sin | [ o4 Tox 0 15 [n=x] o
8) 0,7 [B4|243 F ||« |[x>11][0] 0,261 rp“lr‘llg 981 | o5 m—x| 1 16 B4
— o6 n 17 3
Fll1/x]] T—x I l , :' .
/ _)J 0 ,+ \ 18 E |l x¥
: 07 x—TI] 0
r) 1,5 B¢|2,1E x'] 064[F \f‘ sin| Bf|9,71 , 19 x| 2
R — 08 c/m | —
2. d|B ¢|c|B $|6]|B Ha ‘ , 09 {801 ? —
‘ 10 00 21 B/0
3. R [F][1/x] e [F[[1/x][+] & [F][17%][+] R [F][17%] |
+ 1/X‘ - Ta6auua pynkumn f(x)=3"—4x Ha orpeske [0; 2]
4,
K:rﬁ):;u Komanna ‘ Bunosuremoe geficrae. x . ) x Fx)
! ‘ : 1,1 —1,0516311
00 - |BA - 3anuce unena R v peructp Y 0?1 0,7%61232 1.2 1,0622(3)78
‘ ) : 0,2 0,4457309 1,3 —1,0288334
01 | ¢ l Buuucnenue R 0,3 0,1903891 1.4 —0,9444645
! : 0,4 —0,0481545 }.5 —0,8038484
[ i 0,5 —0,2679493 ,6 —0,6004551
02 F{l = Bsox uucna n B peructp X 0.7 — 06423309 1.7 —0.3269937
0‘3 0,8 —0,7917755 1,8 —10,0246724
Briuucaenne nR? 0,9 —0,9121248 1,9 0,4636239
1 - 1,0000006 2,0 0,999984
04 c/m QcraHoBKa H MHAUKALKS OTBETA
Kaxk caeayer u3 TaGanusl, ypaBHenue 3* —4x =0 HMeeT Ha OTpes-
. ke [0; 2] nBa xopua: x1€[0,3; 0,4] u xo€ [1,8; 1,9].
5. TamMaTb: . x =0 RO 6. 3HaueHue ¢ mepel NMYyCKOM INPOrpaMMmbl BBOAMTCA HA HHIMKATOP
h=0,1 | RI ‘ ‘ (peructp X). Ilporpamma:
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Anpec

Anpec

Komanga

00
01

02

03
04

05
06
07
- 08
09

10

11

12

x—>II§j 3

13

14

15
16

18

19

20

21
22

23

24

BIl

04

IM—->x 1

c/m

. Al=05 cm; 6l=
. A(36,7)=0,05; §(36,7) =02 ~0,14%;

7. Hcxonnple manHble (4Hcia @ H b) IOMeWAiOTCsi B PerHcTpH R,

144 -

H R,.
v Anpec Komanna A,zzpeé Komanna

0o I[I->xj a 08 -
01 IT—xj & 09 x—TI} a
02 — 10 BIT
03 F "x<0 i 00
04 TR 12 F "x=0
05 H->x| b ii’ 03

; M—-=x! b
06 MI—>xt a 15

. C/1I

07 x->TI11 b -

Tnasa 2

2.2

637~0 79%.

367

A (2489)=05; 8 (2480)=-yo- =0, 02%;

A (31,010)=0,005; 6(31,010)——3108?2~00016%,‘

A (0,031)=0,0005; 8 (0,031) =451~ 1,6%.

. 0,310~0,31; A§031)—00005 3 uups;

8,49520,50; A (0,50)=0,0005+0,005=0,0055; 2 uuq)pm caeBa;
24,3790 ~24,38; A (24,38)=0,00005 40,001 =0,00105; 4 wucppsL.

. 8 (M)=5g 2o ~0,17%;

8 (m)= l6-—6 25%.

2.3

. a) 0,0007 <1073; 2 undpy; x~2,36;

6) 0,0004 <510~ 3 undppsi; y=109,6;
B) 0,00005<10~* 3 nudpsl; z=24,31.

. a) Onun; 6) 1Ba; B) ONMH.

2.4

. a) 15,19; A (15,19) =0,01; & (15,19)~0,066%;

6) 43,337; A (43,337)=0,101; & (43,337)~0,015%;
r) 0,002; A (0,002)=0,002; & (0,002)=100%.

2.5

. a) x=0,47; Ax=0,005; A(cos x)=1sin x|-Ax=0,002; B 3Ha-

yenuu cos 0,47 =0,891568288 BepHH B CTPOroM CMbicjae 2 3Ha-
yauue nudpH; OKpyIJeHHe 110 OJHOH 3amacHo#: cos 0,47 ~0,892.

6) x=0,024; Ax=0,0005; A(‘ =A—’§-z0,87;

~———-==4],66666666 BepHa B crporom cmhicie ! 3na-
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el YTEHHE X

w3l YTEHHE 4,1
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. a) 8(+2,701) ——6(2701)_

vyaulag undpa; okpyrieHHe 0 OAHONR 3amacHol: _~a9

0,024
e) x=2,6; y=121; Ax=0,05; Ay=0,005;

A ()= (ly| L4 |1n x| - Ay)=0,028;

B 3HayeHHH 26‘2’_3177735539 BeprI B CTPOTOM CMEICTe 2
3Hayalue umppbl OKpyIJeHHe 110 onHoH sanacuoit: 2,6'?!' & 3,18.

-0,0001 =0,00005. - ITockoJubKy

0,00005 << 10~*, 3akmouaem, uTo B 3HaueHHH /2,701 no KpafiHe#t
Mepe 3 3HauyaulHe HudpE BEPHH B CTPOrOM CMLICJE.

Fnasa 3

3.2

. a) Cxema ajroputma H306paxeHa Ha pHCYHKe 46.

YTEeHHUE X

ecnn x>0, uaTH K b
yi=—x

. HATH K 6

yi=x

3anuch Y

KoHely,

NO U WD~

6) Cxema anropurma H3ofpaxkeHa Ha pucym(e- 47,

SAMHCL Y |—am

"FAIHCS M }——>

S Ol b -4 L]

yTeHue a, b

.. eCH a>=b, uaTH K 5
M:=b

HATH K 6

M:=a

3anich M

KOHel{ .

NS RPWO -~

3.3

. Pesynsratom pelleHHsi KBaApaTHOro ypaBHEHHs ax 24 bx+4c=0

(B. MHOXKecTBe neucmmenbublx YHCEN) MOXKET OhiThb: a) IBa
kopusi (npu D==b*—4ac>0); 6) orcyrcTBue KopHeil (npH
D<<0). Cxema airopuTMa peHIeHHS KBaJApaTHOrO YpaBHEHHs
H3o0paxeHa Ha pHcyHke 48.

. a) Cxema anropuTMa H3006paxkeHa Ha pHcyHke 49; 6) cxema
ajaropurma HsofpakeHa Ha pHcyHke 50.

. @) Cxema aaropurmMa u306pakeHa ua pucyHke 51;
ajroputMa H3o6GpakeHa Ha pPHCYHKe 52,

. Cxema ajropHTMa H3o6paKeHa Ha pHcyHke 53.

. CxemMa aaropHTma H300pa)KeHa Ha pHCYHKe 54.

. Cxema anropurma H306pa)KeHa Ha pHCYHKe 55.

! {

YTEHHE a,b,C

¥

6) cxema

YTEHHE X

D:=b%4ac

Y ' \

JANHCS X,:=(-4-vD)/(2a)
PEMERNT" Xz:=(-b+VE)/(20)

[ y:=2%1
3AMHCH T
X Xe Y
. | '
1 SANHCH Y

Y

Puc. 49

y:= 71-22

Puc. 48 -
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R

YTEHHE X

Yo=4x-1} fy:=x2+1

—r . |

340HED Y
Y

Puc. 50

l

{

YTEHHE Q

3ANTHCH JATTHLD
wX>c" ), x<c®

SANHCD
X-Ao60E “

I_.1_J

YTEHHE 0,b

3ANHCH
"X< C‘l

ZAMHCS
wX>C"

148

SANHCS,

v

Puc. 51

SANHCS
1 X-MIBOE"

]

Puc. 52

a:=2k/(k?+1)
3ANMHCD K, a }—
+ K=K+l -
—_— A= ) K< 50 p—3
Puc. 53
P.'=P-aK
+ K.’:K‘f’ H
K=1
—> pi=y > K<100 (=1 JAMHCL P —
Puc. 54

i=[+1 ]

[Hfgﬁﬂ p=0 ||

ir=1 : AL'A/I’HA/I .
= p=1 WHET" p:=0 r
Puc. 55
Fnasa 4
4.2
1. a) .9p94; B) 1L.LE—3;

6) —13.937; r) —b5.86E4.

2. a), 6), B), r), €) melcTBUTEAbHbIE; 1) LeJOe.
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3.

4.

5.
6.

1.

150

a) X141.37,
6) AP+ Al = X4 A2 2 X42;
B) (127542 = SIN (SQR (A))) 4342 4 COS (B);

r) (SQR (SIN (X—Y) $2—1)/(I1+ABS (X $2—Y $2)).

—ax | lx—yl
a) 7 s ) (l_*_x)a >
ade
6) be ) a’ij- ln oij-n 1x]
a) Hcrunno; 6) /0XKHO; B) HCTHHHO; I') HCTHHHO.

a) HcrunHo; 6) J0xXHO.

43

a) 1¢ INPUT D, L
20 S=4Pl+D# (D4+2%L)/4
3¢ V= #PI*DTQ*SQR(AI*LT? D 42)/24
49 PRINT ”"S="; S, "V=
50 GOTO 20

6) 1¢ READ D, L
90 S—#PlsDx (D+2%L)/4
30 V=2Pl+D4$2+SQR (4% L 42—D 42)/24
4¢ pRINT //s // S //V=I/; V
5¢ GOTO 2¢
60 DATA. 24, 1.06, 2.48, 1.84, 12.09, 28.3

.. 19 REM TPEYT'OJIbHHK

2¢ INPUT R

30 A=2+R * SQR (3)

A H=3*R

50 S=3 =R 42%SQR (3)

6¢ PRINT “CTOPOHA="; A
70 PRINT ”“BbICOTA="; H
8) PRINT ”IIJIOINAIb="; S
9% GOTO 29

. 1§ REM KOHYC — ILIAP

2¢ PRINT “BBEJUTE 3HAUEHHE PAJINYCA”
3¢ INPUT P

49 PRINT “BBEJIUTE YPOBEHb OKPYTJIEHHS!”
50 INPUT N -

6§ REM OBBEM V1 KOHYCA- C ILIAPOM

70 V1=3+ 4:PI* R 43

80 REM OBBEM V2 KOHYCA BE3 IIIAPA

99 V2—=5+ 4Pl * R 1 3/3

1¢¢ REM BBICOTA H KOHYCA BE3 HIAPA

1. \va)

6)

11 H=3 * P * SQR (5) ,
120 PRINT “YPOBEHb BOJbI="; ROUND (H, N)
13 GOTO 2¢

4.4

10 REM F (Z)

2¢ INPUT Z

3¢ IF Z< 1THEN 50
49 F=Z } 2:GOTO 6
50 F=1—Z

6@ PRINT “F (”;
76 GOTO 20

10 REM F (X)

2¢ INPUT X

30 IF X—INT (X) =¢ THEN 50
40 F=1/TAN (X) :GOTO 66

50 F =0

6@ pRINT //F (//; X; //) =//; F
76 GOTO 20

Z; //) =l/; F

1§ REM BUT

20 INPUT A, B, C

3p IF A>B THEN 5¢

40 Y=B:GOTO 6¢

50 Y=A

60 IF Y>C THEN 8¢

70 Y=C |

8¢ pRINT //MAX (I/; A; II, /I; B; l/, II; C.Il)=ll; Y
99 GOTO 20

1§ REM KBYPJIEFICTB
29 INPUT A, B, C

30 D=B $2—4%A%C
40 IF D <0 THEN 9¢

50 X1=(—B—SQR (D))/(2 * A)
60 X2= (—B+SQR (D)) /(2 * A)
7¢ PRINT "X1="; X1; "X2="; X2
8¢ GOTO

9¢ PRINT ”PEIIEHWUM HET”

19¢ GOTO 20

19 REM KBYPKOMIIJIEKC
20 INPUT A, B, C

30 D=B }2—4+AxC

40 IF D<@ THEN 8¢

50 Rl=(—B—SQR (D))/(2+A)
60 R2=(—B+SQR (D))/(2xA)
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5. a)

6)

6)

152

70 11, 12=@:GOTO 19§

80 RI, RR=—B/(2xA)

90 11=SQR (—D)/(2# A):12=—1I

10 PRINT “X1=("; RL; "Y1 (7; 11; ”)”
110 PRINT "X2=("; R2; ") +1= (”; 12; )"

120 GOTO 20

1) REM F (X)
9 INPUT X

30 IF X< —1 THEN 7¢

4¢ IF X< 1 THEN 6

50 F=ARCCOS (X 12):GOTO 8p
6§ F=LOC (X+ 8) GOTO 8

76 F=SIN (X)/(1—X 4 3)

80 PRINT “F (”; X; ) ="; F

9¢ GOTO 2

1§ REM F (V (X))
2¢ INPUT X
3¢ IF X< THEN 50
40 U=SQR (X):GOTO 69
50 U=LOG (—X)
60 IF U< =0 THEN 80
70 F=COS (U) :GOTO 9¢
8) F=2#+U-1
9¢ PRINT “F (U ("; X; ")) =" F
10¢ GOTO 20

4.5

I¢ REM IF (LIMKJI-TIOKA)
20 K=1 |

33 IF K >>50 THEN 8p

40 B=SQR (K)/(K+ 5)

5¢ PRINT "B ("; K; ") ="; B
60 K=K-+1 |

70 GOTO 3¢

8¢ END

1¢ REM IF (LIMKJI-O)
20 K=1

3¢ B=SQR (K)/(K+4.5)
4¢ pRINT /IB (/I . I/)
50 K=K+1

60 IF K < =5¢ THEN 3¢
7¢ END

1¢ REM FOR —NEXT
20 FOR K=1 TO 5§

30 B=SQR (K)/(K+.5)

4¢ pRINT /IB (/I; K; //) ::://, B
50 NEXT K

2. a) 1¢ REM TAB Fl (X)

6)

6)

4. a,

T

20 PRINT ”X”, "F1 (X)”

3) FOR X=—1 TO | STEP .1

40 F1=2 = (SIN (X) 43)/(14+X 1 2)
50 PRINT X, Fl

60 NEXT X

1¢ REM TAB F2 (X)

20 PRINT “X”, "F2 (X)”

3¢ FOR X=—10 TO 10

40 IF ABS (X) <4 THEN 6¢

50 F2=LOG (ABS (X—.6)):GOTO7¢
60 F2=SQR (2 * X ¢2+1)

70 PRINT X, F2

8¢ NEXT X

19 CYMMA S (N)

2¢ INPUT N

30 K=1:S =0

4@ IF K >N THEN 7¢

50 S=8+4SQR (K)/(K 43+.8)
60 K=K -+ 1:GOTO 4¢

7 PRINT “CYMMA S (N) =”; S
8¢ END

1§ REM CYMMA S (E)

20 INPUT E

3 K=1:=0:A=1/1.8

40 IF A<<E THEN 80

0 S=S+A:K=K+1

60 A= SQR (K)/(K 43+.8)

70 GO
80 PRINT ”CyMMA S (E) =
99 END ’
_n41 __n+42 Q41 (n+2)-n! _ n+2
T BT EIN o R DG ED mFIE
—_nt2
. €. /an+|—m an.

YunthiBasi, uTO a; =2, BCe WJIEHH 3aJaHHOrO psiAa, HAYHHASA CO
BTOPOroO, MO]"yT GbiTb MOJIy4eHbl MO (OPMYJIE @y =

npu n==1, 2,

, 49. Ilporpamma:

1§ REM PEKYPP
29 C=2:N=1

- 30 IF N>49 THEN 7¢

40 A= A*(N+2)/(N+1)12
50 S=S--A:N

nt2
(e

Qp
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60 GOTO 3¢
7¢ PRINT ”S="; S
8¢ END

1¢ REM TIOUCK O,[IHOMEPHI:II?I
20 DIM X (19)

30 FOR K=1 TO 1§

4@ INPUT X (K)

50 NEXT K-

60 M=X (I)

7 FOR K52 TO 1¢

8¢ IF M> =X (K) THEN 1¢¢
9¢ M=X (K) -

10¢ NEXT K

11¢ PRINT "M ="

126 END

1§ REM F (X, Y)

20 DIM X (1), Y (29)

3¢ FOR K=1 TO 1§

4¢ INPUT X (K)

50 NEXT K

60 FOR K=1 TO 20

70 INPUT Y (K)

8¢ NEXT K

9¢ pRINT //XII //YII //F (X, Y)Il
10¢ FOR 1=1TO 1p

11g FORJ=1 TO' 2§

120 F=SQR (X (I) T2+Y (J) 12)

13¢ PRINT X (I), Y (J)

14¢ NEXT J: NEXT I

“

NPHINIOXEHUSA

NMPHIMOXEHHE I

Mepeuenb cooGiienuii 06 omubkax aas IBM «Hckpa-226»*

Hosmep ourn6ku

Hpuupnu, PEKOMEHAAUHH 110 YCTPAHEHHIO

SYSTEM ERR 00
SYSTEM ERR 01
SYSTEM ERR 02

Cucremnble omn6ku. Ilpu cayuafiHoM cucTeMHOM c6oe
NO/NB30BATENI0 PEKOMEHAYeTCs MONBITAThCS YCTPaHUTh
IPHUYKHHY, H3MEHHB IOC/Ief0BATeIbHOCTh Olepauui, npu-
Befux K cOolo, ucnonnzya kHonky RESET, onmeparop
CLEAR, au6o BHKJIOUHTH H- €lle Pa3 BKJAOUHTh Ma-
wHHy. Ecau mamuHy He yoanoch BuIBECTH M3 3TOro
COCTOSIHMS M cGOH HOCHT NMOCTOSIHHLIN XapakTep, TO He-
0OXOJHM - PEMOHT

ERR 01

TexcroBoe mnepenosHenne. HcmosnbzoBan Bech a0cTym-
HBIl MOJIb30BaTEN0 06beM ONepaTHBHOW. MaMATH. YKO-
pOTHTb NporpaMmy H (uau) pas6GuTh ee Ha yacTu

ERR 02

IMepenoanenne tabauu. OtBenenHoe B O3Y mecto Ha
3aNOMHHAHHE BHYTPEHHHX ONEPALHOHHBIX TabaHL M
HJIEHTH(HHKATOPOB MepeMeHHbIX NOJHOCTBIO HCIOJIb30Ba-
HO snuGO HejomycTHMasi riyOGHHA BJIOXKEHHH nporpamm
H IHK/I0B. YKODOTHTb, OTPelaKTHPOBaTh M (MJH) pas-
GUTb NPOrpaMMy Ha CermMeHTH

ERR 03

Maremarnueckas owubka: HapyiueHue ofmnacrell omnpe-
JeNeHHsa MareMaTHuYecKHX (YHKIHH, AejeHue Ha HyJb
HT. ML

ERR 06

CuHTakcHueckass omuGKa Npu BBoOAe ¢ KaaBuatyphl. Mc-
NpaBHTb TEKCT CTPOKH

ERR 11

He onpenenena cTpoka, Ha KOTOPYIO NMPOU3BEAEHA CChUI-
Ka. MicnmpaBuTb TEKCT NporpamMMsl

ERR 12

Ipu cuere mo nporpamme BCTPETHACA OWHGOUHBIH ome-
patop. Hcnpasurs Tekcr oneparopa

ERR 18

HcnonpsoBanyue HegonycTHMO#l BeIMunHB (4yucaa, pa3-
MepHOCTH, MaccHBa, uHAekca). Hanpumep, pasmepunocts
Gosbie, yem 7999, an6o MHAEKC MaccHBa NpeBbllaer
3aJaHHYIO PasMepHOCTD

ERR 20

HenonycTumblit .dpopmar uucna, nopspok Goabme 99

ERR 22

Hpu BbIIIOIHEHHH IIPOrpaMMbl BCTPETHJIHUCH Heonpezleﬂeu-
Hbll MaccHB WIH nepeMeHHas

* Tlonnbii mepeueHb COOOIIEHHH 0 OWMGKaxX MOXHO HaHTH B TeXHHUECKOH
RoKyMenTauun MuxkpodBM «Hcrpa-226». :
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Tpodorxcenue

Homep. owuGxu

TpryuKb; PEKOMEHAAUUN MO YCTPAHCHHIO

ERR 25

Hapywenne B OpraHH3aiuKy nap CONpsIKEHHHIX omepa-
topos FOR/NEXT (uan COSUB/RETURN). Hanps-
Mep, I1s BCTPeTHBIIErocs B nporpamme oneparopa NEXT
oTcyTcTBYeT cnpsienHbfi onepatop FOR HJH - ocy-
IIECTRJEH NEPEeXoA BHYTPb IMKJIA. (MOANPOrpaMMbI)

ERR 27

JIOTIONHUB. ee HYXXHBIM KONHYECTBOM JaHHLIX, J'IH50 HC-

Tlpu wucmonnennu onepatopa READ gpanusix, nepe-
upciaennbix B DATA, He XBarwio MAH naHuble, YyKé-
saunple B oneparope RESTORE, naxoaunuch 3a a0-
nycTuMbiMu npeneiamu., MempaBuTh TexeT nporpammes,

npasHuTth onepatrop RESTORE

ERR 29

Henonycrumsifi dopmar jpaHHmx B onepatope INPUT

ERR 42

Henonycrumoe mpHcBoeHHe wHeNOH nepemenHol (uHcIO
Gonbwee, uem 7999)

NMPHAOXEHHUE III

CayxeGubie caopa. ssmika Beficuk

ERR 45

Jlauua oneparopa npessiaer 255 Gaiiros. HMcnpaBuTb

TEKCT oneparopa-

1X—xi<<Ax

Ax — rpauunua
a6coJoTHOI
. MOTPEeUHOCTH
npubanKenus x

NPUJOXEHHE I

6)::9—)i

Ix|

6x — rpanHua
OTHOCHTJIbHOM
TIOTPEeLIHOCTH
NMPHUONHIKEHHS X

- @opmyas norpemsocTed ‘apHdmeTHueckux nefcTenit

cny?l("el;lﬂ'{:: Kcl;leona ﬂpol:?’,:gﬁ:""e Cumcronol aepenon
LET aer nycrb
GO TO. FOYTY nepeATH Ha
IF up ecstn
THEN 3eH TO
FOR tbo Aas
TO Ty ): (o)
STEP cTam mar
NEXT HEKCT caenyomui
DATA Redt L aHHbIe
READ pun YHTATb
INPUT HHOYT BBECTH
PRINT OPHUHT neuararhb
END SHI KOHel )
DIM(ENSION) JMM3HL pa3MepHOCTh
RUN paH IycK
ERROR appo owH6Ka
REM(ARK) _puMak npuMevanye
BACK SPACE 63K craiic o6paTHblil X0z,
LINE Jaiid JIHHUSA
EDIT SAHT pelaKkTHpOBaHue
RECALL PHKOJ OT3BLIBATH
DELETE AHIHT BbIUEPKHBATh
ERASE upsiis o CTHpaTh
INSERT HHCeT BCTaBUTh
CLEAR KU OYHIILATH
ROUND payHn ‘OKpYFrJaISITh
LIST JUMCT CITHCOK
SELECT CeJIeKT BHIGHPaTH

*%y Alxxy) S{xxy)

Ax-tA 1 x| Sx+ 1y| 8y
¥ty x4y ol O T Tty
x—y Ax+Ay . x| Sx+ Iyl 8y

B : lx—yl lx—yl
Xy XeByty-Dx : dx+ 8y
x-Ay+-y-Ax
x/y A 8x -4 6y
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TEXHHMKA BLIYUCJIEHUA U ANITOPHTMHU3ALLUA
BBoanblll Kypc

3aB. penakuuei P. A. Xa6u6

Pexakrop H. A. Ilecuna

Mnaguine pegakropu JI. E. KOSLIPEBa E. A. Cadponosa
Xynoxecrsennsifi pepakrop E. H. Kapacux

Texnuueckue pemaxropul H. T. Ilep6ak, P. C. Hesperaunosa
Koppekrop M. 0. Cepreesa

HB Ne 10498

Crato B naGop 30.07.86. IToamucamo x meuarn 24.03.87. Popmar 60 X 90'/i6. Bym. Tunorpad. Ne 2.
Fapuut. autep. Ievars opcernad. Yea. new. a. 10. Yea. kp. orr. 10,25, Yu.-uan. a. 8,03. Tupax 98 000 ska.
3axas Ne 385. Llena 25 xom.

Opnena Tpynosoro Kpachoro 3Hamenu H3gaTennhcrBo «IIpocsewenne» [ocylapcTBeHROro KOMHTETa
PC®CP no nenaMm nana-re.vxbcm, nonurpagur M xmmmoﬁ Toprosnu. 129846, Mocksa, 3-f mpoean
Mapoaroft poun, 41.

Caparosckufi opfesa Tpyposoro Kpacuoro 3mamesr noaurpaduueckuii kom6unat Pocraasmonurpagnpoma
Tocymapcrsensoro komurera PCOCP mno genam wu3zarenbers, noqurpadud #  KHHXKHOA  TOProBJH.
410004, Caparos, ya. Yepnntmesckoro, 59.



