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NPEAUCIOBHE

Hcnonbsopanue B cpefHell WKoAe MHKPONPOUECCOPHOH
TEXHHUKH NpPeIbABASET HOBLle TPeGOBAHUS K YUHTEIO, KOTO-
PHIH 10/1KEH XOPOIIO 3HaTh BO3MOXKHOCTH HOBbLIX BEIYHCJIH-
TeJbHBIX CPEACTB, @ TaKxKe IpaBH/1a HX HCIOJb30BaHHSA
IpH peuleHHH yuyeGHBIX 3ajay. Yuebuble niaubl (GHIHKO-
maremaTH4YecKUX GaKyJbTeTOB, BEAYLLHUX NOArOTOBKY YUH-
Tejell A/ NPEnofaBanusi IIKOJAbHOro kypca <«OCHOBBI
HH(POPMATHKH H BBIUHCIUTEJNBHOH TEXHHKH», npeycMaTpu-
BAIOT LHKA YueGHBIX AHCUHMIUIMH N0 H3YYEHHMIO H HCMOJb-
30BAHMIO COBPEMEHHOH BLIUMCAHTENbHOH TEXHHKH Ha Npo-
TSAXKEHHH Bcex JeT ofyuyeHuss B By3e. [lepBrIM B 3TOM
HUKJE JHCHUIIHH sIBASETCH Kype «TexHHKa BblUMCJEHHH
H aJrOPHTMH3AIH>»,

Uenb 3TOro Kypca — 3aKpenuTh 3HAHHA [0 OCHOBAM
HH()OPMATHKY H BHIUHCJIHTENLHOH TEXHHKH, MNOJYYEHHbIe
paHee B WIKOJIe, U Pa3BUTb -HABbIKH €€ MPAKTHYECKOTO
HCIO/b30BAHMS NPH pelIeHHH Yy4eGHBIX 3ajay; AaTh Mpei-
CTaBRJIeHHE O MeTONaX OLEHKH TOUYHOCTH BBIYUCJIEHHH C TO-
MOMIBIO KaJbKyJsATOPOB # MHKpoOBM; nokasatp pas-
JIUYHbIE THIB 06pasuoB MHKPONPOLECCOPHOH TEXHHKH.
OpHo#l U3 BaKHBIX 3a/1a4 BBOJHOI'O Kypca fBJisieTcst 06'bsic-
HEHHE BO3MOXKHOCTH 3((peKTHBHOTO HCNOIb30BAHHSA COBpe-
MEHHBIX - BBIUHCJHTEJNBHBIX ~ CpeiacTB  (KaJbKYJAATODPOB,
MUKPOIBM) npu M3yueHHH AUCLHMIVIMH yyeGHOro mJjaHa:
MaTeMaTH4YeCKOro aHajusa, aiareGphl, reoMeTpuH, HH3UKH,
MPaKTHKYMOB MO pEIIEHHIO MaTeMaTHUeCKHX H (H3H-
yeckHx 3azau. Kypc TeXHHKH BBIYHCJICHHHA H ajqropHTMH3a-
LMY TIOMHMO 3TOr'O JOJIKEH CJYXHTb OCHOBOH /Sl mocJe-
JYIOLLEro HCIOJb30BAHUA MHKPOIPOLECCOPHON TEXHHKH BO
BHeyueGHOMH, KPY:KKOBOH, Haquo-uccnenosaTenbcxoﬁ pa-
60Te CO CTYIEHTaMH.

Hacrosiiee noco6ue anpecosauo B MEpPBYIO Quepenb
CTYJ€HTaM MNepBbIX KYPCOB (DH3UKO-MATEMAaTHUECKHX (a-



KYJbTETOB, N0JIy4YaI0LIUM KBaJAH(PHKALHKIO YUHTEIS MaTema-
TUKH (HHU3UKH), MHPOPMATHKH U BEIUHCJAUTENbHOH TEXHUKH,
IIpn cooTBercTBYIOILEH OpHeHTALMH NPAKTHYECKUX 3aaa-
HHR 9TO nmoco6ue MoxeT GbIThb HCIO/Ib30BAHO TAKXKe H HA
XHMHKO-GHOJIOTHUECKHX, €CTeCTBEeHHO-reorpauyeckux, HH-
JLyCTpHaJMbHO-Iefaroruyeckix Qakysabrerax, Gakysbrerax
yuHTeJ el HadaJbHBIX KJIacCOB, T. €. Tam, rje IOJAroTOB-
Ka yuutesedl B TOH HAU HHOH Mepe Mpeanosaraer HCIoJb-
30BaHHe MHKPONPOLECCOPHOH TEXHHKH /il BbLiUKHCJIEHHH.

MayueHue xypca conmpoOBOKIaeTcsl KOPOTKHM Jabopa-
TOPHLIM MpakTHKyMOM. Jlisi  BBIOJIHEHHST TpakTHue-
cKHX pa6ot rtpefyercsl, KAK MHHMMYM, KOMIUIEKT KaJjib-
KYyJATOPOB PpAasjHYHbIX THNOB: apH¢pMeTHUECKHUX, HH-
JKEHEDHbIX, NporpaMMHpyeMblx (M3 pacuera no MeHblueil
mepe 15-—20 mt. KaxKAOro THIA HAa NOTOK CTYAGHTOB
B 100 uenosek). C Hanayuwinm 3OdeKTOM Kypc MOKeT
OLITh MOCTaBJeH Ha G6ase KalHHETOB BbIYHCJHTEJbHOH
TEXHHKH, OCHAIleHHbIX JOCTATOYHBIM KOJHYECTBOM I€PCO-
HalbHbiXx MHKpPODBM tuna «3aexkrponuka J13-28»,
«Hckpa-226», IIBK-1, [HOBK-2M, «Arar» wu 1. n.

Taasa 1 ‘
TEXHUKA BbIYUCJIEHUH HA MUKPOKAJIBKYJATOPAX

1.1. OGuiHe cBEeAEHUS 0 MHKPOKAAbKYJATOPAX

UYesoBeuecTBO Bcerjia HYXKAAAOCh B JIOCTYNIHBIX MacCOBBIX H
s $eKTHBHBIX cpefcTBax pyusoro cuyera. Mcropus moxaselBaer, uTo
IyTh CO3JaHHSl TaKMX HpHcnocobseHHH ObUT AOATMM K MHOrOTPYI-
HbIM — afak, pyCCKHe cUeThl, MareMarudeckue TabJHMIBl, Jorapud-
MHUYECKasd JHUHeHKa, MeXaHWuecKHe apH(pMOMerpbl — BOT JajlekKo He
NOJHBIH ITepeueHb BbINHCJHTENbHBIX CPEACTB H HHCTPYMEHTOB, B pas-
HOE BpeMsl CO3HaBaeMblX M HCIOJb3yYEMbIX YeJOBEKOM. YpPOBEHD
KaXXJAO0r0 U3 3THX BbIUHCAHTEJbHBIX MAPHCIOCOGAEHHH SBJASAETCS nps-
MBIM OTpa’k€HHeM HayJyHO-TEeXHHUYECKOro NOTEeHLHaja CBOEro Bpe-
MEHH.

B coBpeMeHHYIO 3MOXY B Hee CO3[aHUA CDPEACTB MAJMA PYUHBIX
BBHIMMC/IEHUH NpoH30IIeN pe3kuil KauecTBeHHBIH cKadok: paszpaboraun
4 B HacTosilliee BpeMs IOJAYUMHI IIHPOKOE pacnpocTpaHeHHe HOBLIH
THI - BHIIUCJIUTEIBHBIX VCTDOHCTB — 3/7€KTPOHHBIE MasnorabapHTHble
KNaBMILUHblE BLIYHCIHTEIbHBIE MallHHbBI, HasbiBaemble MUKPOKAAL-
kyasaropamu (MK). MaccoBoe npousBoactso MK B Hawed ctpaHe
oTHOocHTCA K KOHLIY 60-x — Hauany 70-X romoB HacTofillero Croine-
THS. B KOpOTKHI CPOK 2/1eKTPOHHBIE KANbKYJAATOPHl Gaaronaps CBOUM
HoTpebuTenbCKUM CBOHCTBAM M 60rarbiM (QYHKIHOHANBLHBIM BO3MOX-
HocTsIM (Masble ra0apurbl, BLICOKOE ObICTpOAEHCTBHE M TOYHOCTH
BBIHHCJICHUH, WUHPOKHUI JHana30H BbITOMHAEMBIX omepainuil, npocrora
IKCINYaTaUHH) MPOHMKAY BO BCe cpephl AesiTebHOCTH JIofeil, a ux
NPOM3BOJCTBO CTAM0 KPYNHOH OTpac/blo NpOMBILIIEHHOCTH. B HacTo-
siliee BpeMA MUKPOKATBKYJIATOPH IIHPOKO HCITOMBL3YIOTCS B y4eOHOM
mpoiiecce cpejHel H BRICIIEH IMIKOMEHL

ITo ¢pyHKHHOHANBHEIM BO3MOXKHOCTAM BBITYCKaeMble B Halel cTpa-
HE MMKDOKaJBKYJASATOPLl PAa3feNdioT Ha TPU THIA: apudMerHyec-
KHe, HHXcHepHbIe. (HemporpaMMupyeMble) H NpOrpaMMHpyeMble.

Apupmeruueckue MK — 310 HanGosee mpocTele B 3KCIyaTalHH
MHUKDOKAJIBKYASATOPH!, NMpelHa3HaueHHble AJ5 BLINOJHEHHA OGLIUHBIX
apudmernyeckux pacueroB. OCHOBHOE Ha3HauyeHHe 3THX NPHOOPOB —
BRINOMHEHHE yeThlpex apudmerudeckux nefictsuil. K aroi rpynne MK
OTHOCHTCSl OTEUeCTBEHHEIE MHUKPOKANLKYASITOPB! «DJEKTPOHUKA» MO-
neneit b3-23, B3-26, 63-30, C3-22, MK-44, MK-55, MK-57 u nap.

Hunceneproimu MK (unu MK 714 nayuno-TeXHHUECKHX pPaCyeroB)
Ha3LIBAlOT MUKPOKAJBKYJISITOPHl, KOTOpble 06/1afaioT BO3MOXHOCTBIO
He 'TOJbKO BHINOJHATh apU(pMeTHUYECKHEe onepauHy, HO H BHIYHCIATH
3HAYEHHSI OCHOBHLIX 371eMeHTapHblx OGyHKuHA. K uUM ornocsiTest
clelyiolue Mojend «DJMeKTpoHHkH»: B3-18, B3-19, B3-22, B3-15,
b3-36, MK-41, MK-45, MK-51 u np.

IIpoepanmupyemoie MK 06s1aR1a10T BCEMH OCHOBHBIMH BO3MOXKHOC~
TAMH MHUKPOKaJIbKYJISATOPOB YKa3aHHBIX BLHIILE TPYNN, HO, KPOME 3TOrO,
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OHM MOTYT aBTOMAaTHUYECKH BHIIOJHATb LEIYI0 CEepHIO- 3apaHee
COCTaBJE€HHBIX KOMaHL (nporpamMmy), BBeLeHHYIO B namMarb MK ¢ no-
MOILBIO KjaaBHaryphl. Ilo cBoemy Xxapakrepy mporpaMMmHupyemMbie
MK, HecMOTpA Ha ' CBOH MHHHATIOpHBIE pasmMepsl, HPRHIANHAIL-

' HO He OTJIHYAIOTCHA OT GOMBIIHX NIPOTpaMMHO-YIPaB/iseMblX S1€KTDOH-
HbIX BblYHCAHTeNbHEIX MawkH (IBM). K HUM OTHOCSITCS OTeuecTBeH-
Hble MozenH «dnekrpounku»: 53-21, b3-34, MK-46, MK-54, MK-56,
MK-64.

MUKpOKaNbKyIATOp NpeicTaBaser co60f MOPTATHBHLIA BBIYHCIH-
TeJbHBIH TIDHGOP, MMEOMHA IBa-TPU JAECATKA KAaBHIU (KHOMOK)
H CBETOBOH HMHANKATOp (Aucnsel) ajast yTeHHs pesyabrartos. B cocras
MK BxomMT Cl0OXKHOE CUETHO-PEHIAIONLEe YCTPOHCTBO, ColepiKailee
BECATKH THICAY (JYHKIHOHANBHLIX 3/1e€MEHTOB M coenuHenud. Yucna
B IIpoHecce BBIMHCJIGHHH pasmemanTcs B 0COGBIX YCTPOHCTBAx
naMATH — pezucrpax. CxeMa OCHOBHBLIX B3aHMOCBsi3eH MEXAY Kja-
BHATYpOH, HHAHKATOPOM H JAONMOJHHTENbHBIMHM PETHCTPAMH NaMATH
uzofpaxeHa Ha PHCYHKe 1.

Ha ungmkarope Bcerpa u3o6paeHo TO YHCJI0, KOTOpOe B AaH-
HBIH MOMEHT Xpauurtcst B perucrpe unpurauuu (X). Yucno, naGupae-
MOe Ha KJIaBHaType, nomaxaer B peructp X #d TYT Xe BBICBe-
yHBaercA Ha uupukarope. Peructp X BHIHONHsSiET pO/ib OLHOrO H3
OMePallHOHHBIX PETHCTPOB, PONb LPYroro ONEpalHORHOTO PErucIpa y
MHorux moneneit MK suinmosssier oco6elii pabounii perucrp Y. Yucaa

B perdcrp Y nomnagalor H3 perucrpa X (HanpHMep, MOCJAe HaxKa-

THA OlepalMOHHBIX KJaBHUIel cl0XeHs, YMHOXKeHusa ¥ ap.). [lamare
MK Bxatouaer Takxe H ROmoJHUTENbHBIE perucTprl namaru (I1), ko-

TOPHIX Yy mporpamMmupyemuix MK moxker ObiThb Gosmee nmecsitka, a y
HOPOCTEHIINX ¥ HHXEHEPHHIX KalbKyJ/JSTOPOB, Kax NPaBHio, OT OXHOr0
no tpex. OnHo ¥3 HasHaweHHH HAOMOJHUTENBHLIX PETHCTPOB —
XpaHHUTb TIPOMEXKYTOUHBIC PE3yAbTATHl BBIUHCAEHHH, UYTO MO3BOJASET
IPOH3BOAHTDL JIOBOJDbHO' CJIOMKHbBIE BBIMHCIACHHS €3 BHINUCHLIBAHHA
pe3y/lbTaToB NPOMEXYTOUYHBIX AedcTBUH Ha Gymare.

KOHTpOJAbBHBE BONPOCH

1. Hem passauualorcst - OCHOBHBIE THOBI MHKPOKaJbKY/SITOPOB:
apudpMernyeckue, HHXKEHEPHLIE H NPOrpaMMHpyeMble? '

2. Tne xpansrca uncna B8 MK B mpouecce BbIMHCIEHHIH?

3. Kak nomaparmor uucja B peructp X? B perucrp Y?

4. ConepXHMOe KaKOro perucTpa Beerjga OTpaxcaercsl Ha MHIHKA-
TOpe? »
6

1.2. Cnoco0nl npeacraBjieHust 4ucen

MUKpOKaNbKY/ASITOpE! ONEpUPYIOT YUCAaMH, BBOLHMBIMH B aMATh
% U3006pak aeMBIMY Ha HHIHKATOpE B JIeCATHYHOH CHCTEME CUHC/IeHH .
Bynem cuurtaTh Osisti onpemernensoctH,. uto ‘MK wmoxer paborarsh
¢ 8-paspsaHBIMU NEeCATHUHBIMH YhciaMi. Eciau yuecTs elie oJHH pas-
pan Asaf H3o0paXkeHus 3HAKa uyuciaa, TO Ha OGymare paspsii-
Hyio cetky MK MOXHO H306pa3uTh Tak, KakK I0Ka3aHO Ha PHCYH-
ke 2. B 3HakoBOM paszpsie HHAUIHPYETCH TOJBKO 3HAK «—>»; IpPHU
H300paXkeHHH TOJOMKUTENbHBIX UHCEI = 5TOT pas3pal  ocraercsd
coGonnbiM. [Has orgeseHus HeIOH YacTH u#caa oOr JApoGHOH
HCMONL3YETCs [ecATHYHan 3afaras (uaip Touka). B GoapminHcTBe
cJydaeB 3ansiras NpH H300pa)KeHHMM YuCAa Ha HHIHKaTope pas-
Melaercsi B TOM. Ke paspsAe, 4ro H Iudpa, 3a Koropod 3a-
narast caepyer*. Tak, wanpumep, umcao 2,037 mna -HHAMKATOpe
MK, paspsaHasi cerka KOTOPOro nso6paxkeHa Ha pHcyHKe 2, 6yner
u306paxarbcd Tak, Kak [I0Ka3aHO HA PHCYHKe 3%%.

B MEKpOKAABKYJATOpAX MCIOAb3YIOTCS B OCHOBHOM JABa crnocoba
NpEeACTAaBAEHHS UHCE: C eCTECTECHHbIM PA3MEeUieHuem 3anATol U B
dopme ¢ Tak HazbiBaeMoll naasawujel sanarod. EcrectBenHas ¢popma
HpefcTaBJeHusl yuce] Hauboee pacnpocTpaHeHa B «kkapMaHHbIX» MK.
B sTom cay4ae 3ansirasi B H306pakeHHH YHc/aa BCerja MpHCYTCTBYET
sBHO (cM. pHc. 3), MOXKeT pacnojararbcsi B JI060M ULHPPOBOM
paspsiie CeTKH, a ee MeCTO OfnpejeiseTcss WIH NpH BBOAE 4HCIa
C KJAABHATYpPHI, WIH B pe3yJbTare BLINOJHEHHS omepauHH. JIerko BH-
nerb, uto B MK c¢ 8-paspsagHoii cerkoil B ¢opme c ecrecTBeH-
HBEIM pa3MellieHiem 3ansaToil MoryT 6bITh I1Pe/CTaBAEHbl JHILIb UKCJIa OT
+ 1077 go =+(108—1). tor AManason BnoJHE OGeCHeYuBaeT BO3-
MOXKHOCTDb pelleHusl MHOrMX HpaxkTHueckux 3anau. Eciu B pesyib-
TaTe BHIIOJHEHUS OomepalHH [OJYYHTCS 4HC/IO, MO MOAYJIO MeHblliee,
uem 1077, T0 Ha uunukatrope MK ¢ ecrectBeHHol ¢opmofl mpex-
CTaBJIEHHST YHCEJ BBICBETHTCS HYJb, 3Hayallye paspsiibl, He BOLIEN-
wve B paspsianyio cerky MK, nponapator. Taxue uucia HasbBaOT

MAULUHHBIM HYAeMm. Eciu B pesyabrare noJay4duTcsa 4uciao, 1o MoayJaato

Jnax
yucna Paspm:f'u yucna

LI T} L= 2Jo]s]7

Puc. 2 Puc. 3

*B wHekoropblx Mosenax MK sanfAras npH u3ofpaxkeHud Ha HEAMKaTOpe
3aHUMaeT MOJHEIN pas3psf, 4TO YMeHbIIAeT Ha CAHHHIY KOJHUECTBO YMELLaeMblX
B. pa3psAgHON ceTKe 3HAKOB JAPOGHOro uucia.

**I1Horga uucno na uHaukatope MK 3aHumaeT He npassle, a JieBble pa3pa/Abl
CeTKH, ONHAKO 3TO He HMEeT B JAHHOM. cjydyae NPHHUUIHAJIBHOIO 3HAUYEHHS.
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Gonbiee, uem 10%—1, saropurcsi curHan MepenoNHEHHS — CHElH-
aJbHBIA 3HaK B IepBOM cJeBa (3HAKOBOM) paspsane HHIMKATOpa.

HauGosee cosepiiennsie Monenu MK ucnonb3yor npeacrasienie
yucen B (opme c maapawuiell sanaroli. B srom ciayyae wyuciao
aBTOMATHUECKU mpeicraeasercs B Buge M- 107, rne M — manTucea,
p — IOPSANOK 4YHcaIa, T. € NoKa3aTelb CTENeHH, B KOTOPYIO HYXKHO
Bo3secTH 10, yTo6bl, YMHOXKUB Pe3yJbTaT Ha MaHTHUCCY, NOJYUUTD HaH-
Hoe uHcj0. ns n3o6pakenus 3HaKa ¥ BeJIMUUHBI MOPAJIKA B paspsii-
HOH ceTke Takux MK umelorcs cnenuasnbHble paspsiisl — OAHH 3HAKO-
BB M JBa AJa H30o0paxeHUs BeJHUYMHbLL ropsaka (puc. 4). 3Ha-
yenusa MaHtuccel B MK yapoegaersopsior yenouio 1<{M<C10. Tax,

Hanpumep, uncao 0,000327 npu mpencrasnaenuu B MK c mnapa-.

ouell sansgrofl 6yser npeo6pasosano K Buay 3,27-107% Makcu-
Ma/JdbHafi BeJHUMHa JIOPfAJKa BLIpaXKaeTcf NBY3HayHBIM uyucaom 99.
Sro naer orpoMHblY AHanasoH npeacTaBienus yncen: or =+ 10% no
=+9,9999999 - 10%°. K whcny MUKpOKaJbKYISITOPOB ¢ miaBawmiei ¢hop-
MO TIpeCTaBJAeHHA YHCE] OTHOCATCH ODHEHTHPOBAHHBIA Ha CPeAHIOIn
mkony kanskyasrop MKII-2, MK-41 u ap.

KoeHTponbHBEe BONPOCH

I. Kakue npa.cnocofa npencTaBieHHs] UHCEJS HCIOAB3YIOTCH B
MHKpPOKaJbKyJATOpax?

2. KaxoB AuanasoH npeacTas/ieHusl YHCEN ¢ eCTECTBEHHEIM pasMme-
menneM 3anaroil B MK ¢ 8-paspsinsoft cerkofi? Moker Jjin Takoi
MHKDOKAJbKYJISITOD XPaHUTh  BEJHYHHY 3apsila  3JeKTPOHa
(e=1,6022.1071%)? :

3. Kakue yucia Ha3bIBAOT MALIWHHBIM HYJeM?

1.3. Boiuncjenus na apupmern4ecKHX MUKPOKAIbLKYJAATOPAX

TexHuueckne 0cOGEHHOCTH 3KCIIYATAIHH KOHKPETHBIX MHKDOKa/lb-
KyJa1aTopoB (o6GecneueHHe 3JeKTPONUTAHHEM, NOATOTOBKA K pabore u
T. [I.) He CJOMKHB M ONHCHLIBAIOTCH B PYKOBGACTBAX NO 3KCIJaya-
tanuu. K TtomMy xe ofuiMe NPHHUMIB BHIMHCJAEHHH C ITOMOLIbIO
MK oauHakoBbI: [eJ0 CBOJMTCA K NOCHEA0BAaTEeJbHOMY HAaXKAaTHIO
KJAaBHII ¢ UHPpaMH M 3HAKAMH Omepanuil ¥ CUHUTHIBAHHIO pe3yJb-
TaTOB, KOTOPbI€ JIP2KTHUECKH MIHOBEHHO BLICBEUHBAIOTCS HA HHAMKA-
tope. Pasnnunnie MK BO MHOrOM CXOXH U [0 BHEUIHEMY BHILY.
Knasuarypa MK apudmeruyeckoro Ttuna MoAead <«DJAeKTPOHHKA
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b3-26» nmokasaHa Ha pucyHke 5,
Knasnatypa MK cocrour u3s
HH(POBHIX U ONepalHoHHbIX KJja-
BHUI, KOTOpble OOBIYHO OKpauld-
BaIOTCSl B Pa3HbIE IIBETA.
Passuunble MUKPOKAJTbKYJAsI-
TOpBl TpocTeiiero (apupmeru-
YyeckKoro) THna obaaraidT MHO-
KECTBOM CXOXKHUX (PYHKLKOHAJD-
HBIX BO3MOKHOCTEH, Kpyr KOTG-
pHIX Bce-Takd orpaunueH. K MK
ITOr0 Kaacca NpHHAJCKHT H
Heabld psjil TIOPTATUBHBLIX Kalib-
KYJSTOPOB, ACMYCKAIOMHX &BTO-
HOMHOE 3JIeKTPOfIMTakue, H Fpyn-
na apudmernveckux MK ua- Puc. 5
CTOJIBHOTO THOA € [HTAHHEM OF
cetH mnepemeHHOro Toka (taba. 1.5). Bhlunc/iHTenbHBIE BO3MOX-
HocTH npocTelimux MK paccMoTpuM IPHMEHHTEJIBHO K 0o6LIEMY
cayuawo. Tipu HEOOXOHMMOCTH il WIJIOCTPALUH OTJEJbHBIX onepa-
nuifi GyAYT HCHCJAB30BATBCA KOHKPETHbIE MOJENH KaJbKyJasiTOPOB.
Bsop uncen. [lpu BBOpe uucen Hcenonwsyiorcs uH$poOBbIE KIaBU-

N (U1 (@ s
W 0) |O
i

EEE

EINNG

HIH, KJNABHIIA ¢ RecATHYNOH 3anaToil (Touko#), a mpH BBOAE OTpHUlA-

TCJBHBIX YHCEJN — Clle¢ H KJaBHIIA /——/l TaK, npa BBOJAE 4YHCHa

34,085 nocaenocBareNbHO HAKHMAIOTCS KJABHLIH:

LDl 5]

Hocnenosare/lbHOCTh NOSIBIEHHUS] 3HAKOB HA HHAMKATOPE TNIPH BHITON-
HEHHHM 3TOro YODaXKHCHHA IpHUBeAeHa B Tabauue [.1

TaGéauna 1.1

Beox l/lxmanTQp (X)
3
4
—— 34
L]
l 0
34,0
i s | |
34,08
5
I: 34,085




O npucBOEHHS 4MCAY Ha HHIAMKATOpE 3HAKa «MHHYC» HIH
IJisi M3MEHEHHMS 3HaKa 3TOrOo YHcJa Ha TNPOTHBONOAOXKHBIH HAaKH-

maercst kaasuma | /—/|. Kak yxe ormeuasnoch Bbiuie, 0T0Gpaxaemoe

Ha uaaukatrope MK uWci0 onxHOBpeMeHHO pasMeniaercsi B Omepanu-
ousoM peructpe X. [aienne uncaa Ha UHAKMKATOPE (KaK H B pErucrpe

Y) ocyiuecTBJsieTcst OfHOKPATHEIM HaXKaTHeM KJAaBuIIH cGpoca | C

Muorue MK uMeIOT KnaBuuly |<>|, HaXKaTHe KOTOPOH NpPOU3BOLHT

o6MeH CONepXHMbiM Mexnay peructpaMH X H Y: OxHOKpaTHOe
HaxaTHe 3TOH KJIaBHILIHU MeHsIeT cofepxkuMoe peructpoB X u Y Mecra-
MH, ApH [OBTOPHOM €€ Ha)kaTHH COdepXKHMMOe 3THX PEerHCTpOB BOC-
CTaHaBJIUBAaeTCsl B [IePBOHAYa/IbHOM BHC. JlJif rauleHust CoepKuMo-
ro peructpa Y B Hekotopeix MK (manpumep, B B3-23) tpebyertcst
IBYKpaTHOe Ha)kKaTHe KjaaBuuiu c6poca : nepBbIM Ha)Karuem ra-

CHTCS collepXuMoe HHAMKaTopa (T. €. X), BTOPbIM — HY/Ab HHIHKA-
tTopa 3amuceiBaercst B Y. Cuenyer 3Harb, 4TO COAEPKHMOE BCeX

peructpoB racurcsi npu orkiaioueHud MK or cern. Bmpenb Gyxem -

npejnonararb, YTO [epeil HayajoM cyeTa oOlepalHOHHBIE PerucTphl
X u Y OuHIEeHHI.

Boinonnenne apudmernueckux neitcruit, OCHOBHOE HasHauyeHHe
apupmerrueckoro MK — 3710 BhINOJIHEHHE ONepaLHil CI0KEHHSA, BEIUH-
TaHHHA, YMHOMKEHHS H AeneHus. [I1s BBIIOJNHEHHS KaXIOro M3 3THX
apHhMeTHYeCKHX AeUCTBHH HaJ ABYMS AECATHYHBIMH YHCIAMH HYXKHO:

1. Bectd mepBoe uHCJA0 (OHO BBICBEUHBAETCH HA HHIHKATOpe).

2. Haxatb oany u3 K.ﬂaBHLLIH a

3. Beectu BTOpOe uyHCAO (IpH 3TOM MEPBOE * UHCJIO C MHAMKA-
TOpa HCuYe3aeT, HAa HEM BBLICBEUHBAETCS BTOPOE UHUCJIO).

4. Hasarp KJaaBHuUIy (Ha uWHAMKATOpe BHICBEUHBAETCSl pe-
3yJbTaT ONepauuu).

I[Ipumep 1.3.1. Insa Buiuncnenus cymmsl 13,7 40,9 Hy:kHO BoI-
NOJIHATD CJIeNYIOULYIO TOC/AeL0BaTe/]bHOCTh AeHCTBHIL

L OEMLEE

B 6ynyiuem npu BHIMUCHIBAHHH TOC/E0BATENbHOCTH KAaBHUI AJIA pe-
wenusi Ha MK Bbulumcnutenbupix 3ajgau He 6ygeM 0coGO BBIAETATH
KJaBHLIX BBOJA YHCeN. DTO CoeNaeT BHIYHC/IHTEIbHBIC IPOrP aMMBbl /15
MK 6osee KOMIAKTHBIMH M HarasAHbIMH. Tak, nporpaMma BBITION-
HEeHHUSl NMPHUBENEHHOTO BBIIE 3a4aHUs GyLeT HMeTb BHI:

1371+ 09 | =

[Tocne naxaTusl KJaBHIIH| = | Ha UHIUKATOpPE BLICBETHTCHA OTBET!

14,6. B BhImOMHEHHH ABYXMECTHBIX ONepanMil, K KOTOPHIM OTHOCSTCS
apudMeTrHuecKde onepalHy, yuacTBYWOT o6a onepanHOHHBIX PErHCTpa
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MK: perucrp X u perucrp Y. [last Jydmiero NMOHMMAaHHsSI BO3MOX-

"HOCTeH MHKPOKAJbKYJATOPDOB NOJNIE3HO 3HaTb IOCJAEI0BAaTeJAbHOCTbh

NEepPecHlJIOK YHCeN-ONepanfioB B XOAE BHUIONHEHHs omepauud. Ilpu
pelueHHy 3ajlaud Ha BLINMOJIHEHHE JIOGOH H3 apH(METHYECKHX omepa-
uMi Haz AByMA uHcaamu B MK 0OOBIYHO TPOHCXOAMT clemyiouiee.
ITocne BBOZA mepBOro uHciIa OHO pasMellaercss B perucrpe X (u
COOTBETCTBEHHO BLICBeyHBaercsi Ha uHAukarope). [lpu Haxaruu ofn-

HOW 3 kaasum |- | — I X It <+ | comepxumoe perucrpa X nepechlaa-

ercsi B perHctp Y, npuuem copepxkumoe X ocraercsi 6e3 H3Me-
HeHus. [Ipy BBeqeHHH BTOpOro 4HcJIa OHO PAa3Mellaercss B perucrpe
X, a ero npexHee conepxumoe crupaercd. [Ipu waxarum Ha Kaa-

BmuyE MUKDPOKAJIbKYJISITOP BLINOJHSET TOATOTOBJEHHYIO ONEPALHIO

¥ 3anuceiBaer orBeT B perHcerp X (mHaukatop), a B peructp Y
3acellaerc BTOpoe uncio*. 3Has MOpSAAOK NMEepeMelleHHs YUCEen B
namMsati MK B Xoje BBHINOJTHEHHS! ONepalMH, ONBITHBIH BBIMHCIAUTENb
MOMKET HCIOJb30BATh 3TH YHC/AA B MOCJAENVIOIIUX BBIHHCJHEHHSX (e3
JOTIOJIHUTE/NbHOr0 BBOAA MX € KJAaBHATYphl, UeM [OCTHICaeTcd 3KO-
HOMHS BpeMeHHU u noswliiaercsi apdextusHocTh Bruucienuit. Conep-
KHMO€ ONEPalHOHHBIX PerdcTpoB X U Y NpPH BHIIOJHEHHH MpOrpam-

Mb113,7) 4| 0,9] =| va MK B3-26 npuseneno B raéauue 1.2. [Toab-

3yACh Kﬂasnmeﬁ, MOXHO 1IpoHa6,/110JaTh 338 COAEpPKHUMBIM pe-

ructpoB X u Y B mpouecce cuera,
Ta6awnpa 1.2
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w
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14,6 0,9

[1]

Boinosanenne nenoykn onepauni. Kak nokassiBaetT paccMOTpeHHBIH
[IpUMep, BEIIIOJHEHHE paHee YyCTaHOBJIEHHON onepanuy o6ecneynBaeTcst

HaXaTuem K.}IaBHLI]HE],— B 3TOM COOCTBEHHO H COCTOHT €€ HasHa-

uyenue, Opnako B MK atum cBoiictBoM 06bluHO 0GMafaioT U one-

paluoHHble KJIaBHUJH|+|,— ,,E; ecJid  BMECTO  KJa-

*Y uekotopuix Mogeiseit MK B perncrp Y mipn stom 3achlraercsi, Kak H.B
X, pesyabTar BHNONHEHHOH oOnepauu.
-1



BPII_UHE B PAacCMOTPEHHOM MNpHUMEpPE. HaM)aTk OAHY H3 OnepainH-

OHHBIX KJIABHIUEH, TO HA HHAHKATOpPE BBICBETHTCH TOT K€ PE3yJabTar,
4yTO W B npeasiayuiem caydae. Bojee roro, B pesyaprare MK 6yaer
MOATOTOBJIEH K BBITOJHEHHIO HAJ MOJYYEHHBIM Pe3y/abTaTtoM apHipme-
THUECKON oOmepamyH, KJAaBHIla KOTOPOH Oblja Ha)Kara MOC/ACHEeH.

DT0 CBOHCTBO KJaaBHiueH|-+ ,I—l,,'—:—l (ero HaspIBalOT MX

8TOpPbIM HA3HAYEHUEeM) TO3BOJSAET NPOHU3BOJUTH LEIOUKY apHbMerH-
qeCKHX MefCTBHH, He BHINHCHBAs NPOMEXKYTOYHBIX pPe3yJbTaToB H
IKOHOMSI YHCJIO HaXKaTHH KiaBHil.

[MMpuwmep 1.3.2. [Iyctb peaynbrat paccMOTPEHHOTO Bhillle AeHCT-
BHAL CJHOMEHHH HYXHO YMHOXHTb Ha 8,31, T. €  BLIIOJHUTH BLI-
uyucsenue: (13,74 0,9)X8,31. 3anaua peiraercs 1o nporpamme;

13,71 4+1 09 |X] 831l | =

B stom cjay4yae HaXaTue KitaBHId X IIPpOU3BOAHUT YCTAHOBJCHHYIO

paHee onmepauuio CAOKeHUs U moprotasiauBaer MK K yMHOMKEHHIO.
AT0o yMHOXKEHHE H OCYLIeCTBJSETCs 3aTeM HaxXaTHeM KAaBH-

muEl. [MTocsenoBaTe/IbHOCTD H3MEHRHHS COJEPXKHMOIO PEerucTpoB

X u Y B Xoje BbINOJHEHHS] 3ITOTC YIPaKHCHKHS BOCIPOU3BENe-

Ha B Tabuuue 1.3.
TaGéauua 1.3

Beon X Y
13,7 137 0
E 137 137
0,9 0,9 137
E] : 146 09
8,31 8,31 146
3 121,326 8,31 -

- AHamoruyHbIM 06pa3oM MOI'YT BHIUHCIATBLCS 3HAYEHHS] MHOTHX apu(-

METHYECKHX BBIPAXKEHHH, B KOTOPHIX MOPSAOK BBITOJHEHHS HEHCTBUM
COOTBETCTBYET NMOPSAKY MX Hanucanus. K Takum oTHoOcATCS, HanpuUMep,
BhlpaxeHus tuna: (a-=b)Xc, (@b)/c+=d u np.

A" YTO JIe1aTh, €CJH HYXKHO BbIUHC/AHThL BEIDAXKEHHe, MOPAJOK JeH-
CTBHH B KOTOPOM He COBMaJaeT C MOPSIKOM HX HaNnucaHusi, a
HEKOMMYTaTHBHOCTb IOC/IeHeR MpeaycMOTPeHHOH omepalnyy He HO3-
BOJISIET NpeoOpa3oBaTh BbIpa)KeHHE K ONHOMY H3 YKa3aHHBIX BHIILE
BapuaHTOB? K HUM OTHOCATCS, HanpuMmep, cAelyIOIHe TPH NpOCTeH-
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UIMX BHIPAXKEHHS!, BKIIOUAIOUIHE HEKOMMYTATHBHBIE ONEp3IIHH BLIYH-
Tanua u genenss: a/(b+c¢); a—bXc¢; a—b/c. Uro kacaercs nByx
NOC/MEAHHX BHDAXKEHHH, TO OHM [ONMYCKaloT Kejgaemoe rpeobpa-
soBamme: —(bXc)+a, —(b/c)-+a. Tenepb 3anaua MoxkeT ObITh pe-

IIEHA ¢ HCHIOJb30BAaHWEM KJaBHWIM|/—/|, HaxkaTue KOTOpPOH H3Me-

HfleT 3HaK uucia B X Ha NPOTHBONOJOXKHBIHA. Bosbmem pas npumepa

'BblpaxKenue: 17 —2X5= —(2X5)+ 17. Bouucsenue obecrneynBaer-

cfl MporpaMMon:

25 /—)] 17E|.

[pexk /¢ yeM BEITOJIHUTB CJIOXKEHHe ¢ uHucaoM 17, saech ycraHaB/M-
Baercsl 3HaK «—» Iepen YHCJAOM Ha HHAHKaTOpe,

OnHaxo B KaKJOM U3 TPEX YKa3aHHHIX cjayuaes Jjerue H3Gexarb
BHIIUCHIBAHUS NPOMEXKYTOUHBIX pe3y/abTaToB Ha Oymare, ecju

BOCHO/b30BaThCA KJaBHIleH .

[Mpumep 1.3.3. IlycTh HANO BLIMHC/AHTH 3HAYEHHE BHIPAXKEHHUA!
51,8/(9,6 — 0,35).

CHauvana HYXHO BHIIOJHHUTL BbIUHTAHHE, A [OTOM JejeHHe. 3anucH

MPOMEXKYTOYHOrO PE3Yy/IbTaTa MOXHO H36eKaTb, €C/IH Mepeji BLIMOJ-

HEHHMEM KOMAaHIB! JleIeHUs] IOMEHATh MeCTaMH COLCPXKHUMOE PErncTPOB
X u Y. Boluucjenue obecrnieunBaeTcst nporpamMmon: ‘

9.6 | —] 035 |+ 51,8’ —

Topsinok BhuHCAeHRHA BuAeH H3 TabaHUH 1.4,

{(Orser: 56.)

Tabanna 1.4

Boox . X Y
96 ' 9.6 ‘ 0
— l 9,6 9.6
0,35 0,35 9,6
-+ | 9,25 0,35
51,8 51,8 9,25
«> ' 9,25 51,8
== I 5,6 9,25

3HAUYUTENbHO YNPOIIAETCH BbIIOJHEHHE LENOYHBIX BHIUMC/IEHHA B
MK, umewomux pornonuutenbusle peructpbl namsard (I1). Ilpu Ha-
13



JHYHH OJ{IIOro JONOJHHTENbHOFO PEerucTpa, Kak, Hanpumep, B B3-26,

Ha knaBuarype umerorcsa xknasumiH:| CIl|— rauiesne copepxkumoro

perucrpa IT;| T 4| — npuGapnenue uncna, XpausIUIerocs B PErUCTpe

X (umpukarope), K comep:xkumomy perucrpa II;f Il —|— Boiuura-

HHe U3 comep:kumoro perucrpa Il uucaa, 3amHCaHHOTO B PerHCTpe

X;| UIT | — Bbi3oB unciaa us perucrpa I1 B peructp X. DTOT HECAOXK-

HbIH anmapaTt no3soJssieT H30eraTh BLINHCHIBAHHST NPOMEKYTOYHBIX
pe3y/bTaTOB NPH BLINOJHEHHH CIOXKHBIX IEMOYHBIX BBIMHC/IEHHH.

[Tpumep 1.3.4. Boiuncaum 3sHaueHue Bblpawkenust (a-+b)X
X{(c+d) c ucmosb3oBaHHEM AOIOJHHUTEJBHOTO perucrpa NaMsiTH.
Tlporpamma umeer BHL:

Clljal+|bo|=[{TT4+]|c|+]|d|Xx]|| BIT|| =

Hekoroprie u3 Gosiee nosguux Mmonenet MK apudmeruueckoro
THIA UMEIOT HECKOJIbKO JONOJHHTEIbHBIX PErHCTPOB HaMSTH, HCIIOMNb-
30BaHHE KOTOPBIX MPeJOCTaB/IsAeT BLIUHCIHTE/IO GOMbIINE BO3MOKHOC-

" TH /51 XpaHeHHs pe3yJbTaTOB NPOMEXYTOUHBIX NeHCTBUE HIH maxe
[03BOASAET aBTOMATHUECKH HAKAIJIUBATh UX. PaccMOTpUM [ ApuMe-
pa HeKOTOpble OCOGEHHOCTH HACTONBHOTO MHUKPOKAIbKYAATOpa apud-
METHYECKOro THHa «Anekrponnka MK-44», pacnogaraioiiero Tpems
JONOJHHUTENbHBIMH peructpamHu namaru. Knasuarypa sroro MK 1306-
paxkeHa Ha pucyHKe 6.

Pa6ora ¢ pgonomuurenbHbiMH peructpamu namsaru I11, T12 u I13
ofecreydBaercs ABYMsI IEeBHIMH BepTHKANbHBIME pPsiiaMy KiaaBuil. 3a-
MUCh COJEPXKUMOro perucrpa X B OIWH H3 TpeX IONOJHHTENbHBIX

PerucTpoB NaMATH NPOH3BOAHTCA KaaBHueH| x—I1 jc mocaenywomum

Ha)KaTHeM OJHOH M3 nu¢posbix KaaBH | 1|, | 2| uau | 3|, cmotpsi

no ToMy, B Kako#d 3 perucrpoB — I11, [12 wuau [I3 — nanme-
JKHT 3anucarh copepxkumoe perucrpa X. AHAJOTHYHO MIPY BHI30BE €O-
lep:KHMOro opHoro u3 tpex perdcerpoB Il B peructp X mnocue

] L] V] [x] we we
[cnt] [cnz] [7] [8] [8 ] [ex] [ex]
[m-] (2] [«] [s] [e] [=] =]
[m+] [nzd] (0] (2] (3] [+ %]
er] [ Lo ] L] (=1 = ]

Puc. 6

naxarua kaasHmu| [1—x | Haxkumaerca oagHa H3 K.HaBI/IHJm,

, , onpepessiionias HoMep peructpa I, U3 koToporo BHI3HI-

Baercsi MH(popmauusi. lamieHHe cOAep:KUMOro JI060TO H3 Tpex
JIOTOJTHUTENBHBIX perucTpoB [T MOKHO NPOH3BECTH NEpPechbLIKOH HYJs

U3 peructpa X ¢ NOMOHIbIO KJIaBI/II_LI, x—I1 | u ogHOH U3 knaa-

sum| 1 |,{ 2|,| 3. Huas rawenuns conepxumoro peructpos I11 w12

umerorcsi cneunanbuble kiaapumi | CIT1| u| CI12}. Haxatuem kmaBHil

114+ 1|12+ conepxumoe perucrpa X 106apsiercst K COLEpKHMbIM

perucrpos I11 n I12, a ¢ moMoIbIo KaapHur |11 — |1 {112 — | conep-

KHMOe perucTpa X BBHIMHTAETCH COOTBETCTBEHHO H3 COLEPXKHMOTO
pononuurenbablx perucrpos I11 u T12.

[Tpumep 1.3.5. BoluHC/AHTD 3HaUEHHE BLIPaXKEHHA:
at-bc—d/e.

Hcnonssyem peructp I11. IlporpaMma MoxeT UMeTh BHA:

af x—11 mbcl—:} i+ |a [~ el:l M — |[ T—>x m

B MK-44 npenycMOTpeH TaKxKe PEXKUM A8TOMATU4eCK020 HaKOonAe-
HUuf, KOTOPHIl YCTaHABJAHBAETCHA CIIEIHANbHBIM MepeK/IoyaTenemM.

B 3TOM pexkHMe NpH Ka)[IOM Ha)XaTHH KJaBHLIH|=| nojgyd4aembli

pesyabTaT (cojepKUMOe peructpa X) aBTOMATHUeCKH NPHGaBIAETCA
K CONEPIKUMOMY TPEThero JONMOJHUTENbHOrO PErucTpa MamsirH.
IIpumep 1.3.6. B pexkume aBTOMAaTHYECKOTO HAKOIMICHHs 3HA*
yeHMe BBLIPAXKEHHS BUAA ax- by- ¢z MO)er OblTb MHOJYYCHO MO
nporpaMme (CHauaJja MpPOH3BONHUTCS OouHcTKa perucrpa I13):

' x> |[3] o ][ =]6[ X]o[ =] [ % 2[=][1>x f?[

Pa6ora ¢ koncranuramu. [IpeacraBsnenne 0 BHIMHCIHTENBHEIX BO3-
moxkHOeTsIX nmpocrefimuux MK apudbmerndeckoro tuna OyHer HENoJs-
HbIM, €CJH BBLIHUCJHTENb HE 3HAKOM € OCOOBIM peXHUMOM paboThl
MK, HasbiBaeMbIM pexcumom KOHCTAHMT. PexxuM KOHCTaHT BBOJAMTCS
apTOMarHyeckd B OGoabiuuHcTBE Mognenei MK, a cymHocTs ero
COCTOMT B TOM, 4YTO INPHU BLINOJHEHHMH J[BYXMECTHOH apH(MeTH-

YyeckOil omepainHH Mmocjae HaxaTus knaBuwd § =| MK 3anomHraer

BBINOJIHEHHYIO NPH 3TOM ONlepalMIo H uHcsao, monapiuee B peructp Y
(oHO craHOBHUTCH KOHCTAHTOH). B OOBIUHBIX YCJOBHSIX 3TO He
O3Hayaer HHUYero OCOGEHHOro, OXHAKO €CJAH BCJel 3a S5THM IO-
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TaGéaupga 1.5

ApndMeruteckie MHKPOKAABKYJIS-
TOpH

C aBTOHOMHBIM HCTOYHHKOM

HuTaHuAa

Hacroasnoro Tina

MK-59

(DyHKuHOHaJIbﬁble BO3MOX- b3-14 b3-23 B3-24F | MK-57 53-26 B3-30 b3-39 MK-33 | MK-40 | MK-53 | b3-056M C3-22 MK-42 | MK-44
HOCTH
4 apupMeTHUeCKHX LedCTBUSA -+ - -+ +- -+ + + + —+ + + + + + +
JeifcTBHA ¢ KOHCTaHTOH -+ + -+ 4+ + -+ + + -+ -+ -+ -+ -+ -+
O6paTHast BejiuuMHa uYuCAa + + + + -+ + -+ +
Hss/euense KBaapaTHOToO 4+ + + 4 + -+ =+
KOpHS
ITpouent or uxcaa + + + + 4 + + + + +- + + 4 +
Haxonsienue B 0TAe/bHOM pe- 4+ -+ + -+ =+ .+ + + T - -+
TUCTPE NMaMATH
BoiuuTaHue H3 COLEPKUMOro + + + + + + + +
perucTpa naMaTH
Haxkonsexdne HTOroBbIX CyMM + —I_
NPOUEHTHbIX pe3ydabTaToB
O6Men  conepuMbIM  pe- + -+ + -1 +
tuctpoB X u Y
MsmeHenune 3naxa uxcaa -+ - -+ -+ -+ -+ -} - -+
Okpyraenne -+ -+
PaspsiasocTs uncesn 8 8 8 8 8 8 8 8 10 8 16 16 12 12 12
BTOPRO HaxXaTh KJIaBUIY | =|{, TO NpOH30#/ieT BHIIOJHEHHE XpaHs:
medcs B namard MK onmepanuu Hajg cofep:KMMbLIM HHAHKAropa
1 Kouctrautod. Hcnosnbsopanue KOHCTAHTH NO3BOJAET 3KOHOMHTH Ta6auua 1.6
BpeMs BBIUHCJIEHHS] BBIpaXXKeHHH, B KOTOPBIX OJHH ONEPAHA IOBTO-
pfAeTcs, TaK Kak OTnajaerT HeoGXOQUMOCTb €ro HOBTOPHOIO BBOAA. Bsoa X Y
Hcnonb3yst pexxHM KOHCTaHT, BAXHO 3HaTb, Kako#l M3 OBYX ore-
paHAoB — MepBhiil UK BTOpOH — B KOHKperHo# monenu MK ocraercs 2 2 0
B NIaMSATH [0CJIe BHIIIGJIHEHHS JIBYXMeCcTHOH onepauuy. B GonbluHHCTBE 5 9
moneneit MK (k mum ornocsitcs apudmernueckne MK B3-23, B3-24, X
B3-26, MK-44 u p5p.) KOHCTaHTOH .CTaHOBHTCSI BTOpPOH oOlepaHsg. 5 5 2
I[Tpumep 1.3.7. PaccmorpuM BLINOJNIHEHHE NMPOrpaMMBbl: :] o -
. = 9
= I 50 5
Ha MK DB3-26. IlocienoBarenbHOCTh HeAcTBHEA mpHBemeHa B Tab- :] 050 .
= o] <

aune 1.6.

[Tocsie [ePBOro HaXxkKartus KiaaBHUIH | == | B HHIAHKaTOpE NOABJACT-
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¢ nepsoe npoussenenre (10), a mpenvinyiiee cogepKHMOe HHIHKA-
TOpa — BTOpPOH omepanx 5 — mepexoaut B perHcTp Y H CTaHOBHTCA

koHcraHTo#. [locienyourie HaXkaTuA KJAaBuml | =| HIOMHOXKAIOT

cojepxHMOe peructpa X Ha KOHCTAHTy, UTO Jaer I0C/1e10Ba-
Tesibio 50 u 250. PaccMorpeHHBI IPHUMeEpP MOKa3bIBART, YTO TPOEKPar-

HOE HaXaTHe KJIAaBHIIH| == B JaHHOM CJydae NPHUBEJIO K BO3BEIEHHIO

B. TPETHI0 CTENeHb BTOPOr0 MHOMMUTEAS, T. €. OLUIO BLIUHCIEHO
Bolpaxcenne: 2X5°=250. B ToM, uTO KOHCTaHTOH CTAaHOBHTCS B
JaHHOM cliydae MMEHHO BTOPOH onepaHy, JErko yGeoHThcs, mepe-
CTaBHB ONepaHAbl MECTAMH:

BrimonHenye 3To#f mporpaMMBbl 1acT COBEPIIEHHO APYrod pe3y/bTar:
5% 2°=40.

Baxno samerurb, yro B HeKOTOpbix Momeiasx MK apugpmeru-
UECKOro THIIa KOHCTAHTHAsl aBTOMAarHKa cpabaThiBaeT He TOJNbKO MPH

Ha)XaTuH KAAaBMILUM | ==|, HO H NpH HaxaTuu Knasuui | 4|, [ —1,
X|, | =] B 3ToM cMmbciae BLINONHeHHe, HanmpHMep, NPOrpamM:
U

21 X3 X X]|X

JaCT OJMHAKOBHIH pe3ynbrar. OTMeTHM ABa NMOYYHTENBHBIX NpHMeEpa
OPOCTEHINHX BBIYHC/JIEHHH, OCHOBAHHBIX HA HCIOJIb30BAHHH KOHCTAHT-
HOH aBTOMATHKH.

[Tpumep 1.3.8. Bospenenue B 1eJyi0 MONOKHTENLHYIO CTENEHb.
ITycts tpebyerca BuiuMcauTb a”, rae n€N. Bouncnenue ofecne-
YyBaercsa NporpaMMmon:

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

n—1 pa3s

Ha MK, y KOTOpBIX peKHM KOHCTAHT BBOJHMTCSH TaKXe H KAABHIIAMH
apudmeTHUeCKHX AEHCTBHH, nporpaMma Moxer GbTh Gosiee YIOGHOM:

a ><...><

n pas

Paccmorpum mjisi npumepa Bbluucienwe 125, Ilporpamma 6ymer
HMeTb BHI: ,

121X | X IX] [ X] X

. X oz BHIHHCAeH Bl BUAEH M3 Tabauubi 1.7.
18

Ta6auuna 1.7

Baoa X Y
12 12 0
X 12 12

| X 144 BT
[ | 1728 12
[« | 20 736 . 12
[ | 248 832 12

[Tpumep 1.3.9. Boluncienue o6parHoil BeTHUHHBI UHCIa,
Knapuatypa Hekoropbnlx apudmerndeckux MK umeer knasuiny

l/xl, C T[OMOIUBI0 KOTOpPOH o6parHasl BeJIHYUHA HAXOLHTCS

apromaTuuecku no mporpamme: x| 1/x|. Ecau takoit kjaasuinn

HET, TO IepBOE€, YTO NIPHXOJAHT B T'OJIOBY, 3TO BbINNOJHUTDL IpOorpaMmy:

1]l=lx]=

Croco6 BHIMHCIEHHA HeyaoGeH H3-3a HeoOXOLMMOCTH HaGuparh Ha
knasuarype nBa.uucaa (1 4 x). DTo HeynoGCTBO. OCOOEHHO He-
TPUATHO, €C/IM X yXKe uMmeercs B peructpe X (HampuMmep, Kak pe3y/ib-
TaT MPeAbIAYIIHX BuIYHCAeHHH). Bosnee panuonanbHo 3amaya Moxer
6BITH pellieHa NporpamMMon:

X| =1 {11

Heoxuganuocts npHemMa OOBSCHSAETCS KOHCTAHTHOH aBTOMaTHKOH.
[TpuBopuM mis mpuMepa XOJ BBINHC/JEHHH NpPH HAaXOXKIEHHH 3Haye-

uua '/s; (tabauua 1.8).

Ta6anuna 1.8

Bpox X Y

0,2 5

Lol 0] -




TTocae BTOPOI‘O HaxaTusl KAaBHIIM | — | HA HHAHKATOpe HOSBJALAETCA

I, uro paer mpu NocAefyIOIieM HAaXXaTHH 3TOH KJIaBMLIH UYHCJIO,
obparHoe 5.

KoHTpoibube BONPOCH

Kaxie KnaBHIlH HCTIONB3YIOTCA AJ/51 BBOAA HHCE]T Ha HHIHKa-
TOD?
TOp?
2. Kakum crnocofoM OYHNIAIOTCS OnepautoHHbIe perucTpel X U Y?

3. KakoBo .Hd3HaueHHe KJAaBHIIH | «>|?

4. Kakosa mocsiefoBaTe/bHOCTb ~ ACHCTBHH BBIUHC/IHTENSE MpU
soinonnenu Ha MK apudmernueckux omnepauuii ClOXKeHHs, BH-
YHTAHUSI, YMHOXKEHHsT U JeleHus?

5. KakoBa NOCIeNOBaT&JbHOCTb MEpEeMellleHHA YHCced B orepa-
UUOHHEIX perHerpax X u Y B IIpouecce BbIMOJHEHHA apudMerH-
yecKOH onepaiuu?

6. B uem cocToMT BTOpOe HaszHaueHue Knasuuiedt | -, | —{,

x].[+]>

7. B uem saknwuaercs peXKHUM KOHCTAHT H KakK OH MOXKET OBITh
HCHOJL30BAH B BBIMHC/ICHHHX?

YnpaxHnenunsn
1. 3anoanurs Tabauuy 1.9, npocneaus ¢ NOMOWIBIO KJIaBHIUIH

<—>l 3a COJepKUMBIM perucrpa Y.
Tadauna 1.9

Bron X Y

Ha ochHoBanuu tabauupl ciaenarb BBIBOJ O TOM, Kakoe M3 4YHCE]

nomemaer MK B perrcerp Y npu Ha)KaTHH KAaBHIUH | ==

2. CocTaBHThb NpOrpaMMbl BLIYHCJIEHHS 3HAYEHHU BRIDAKEHHH
BUJA:

a) (uzxo) Xt B) uXuv/t;

6) (uxv)/t; r) (uv)Xttw
20

3. CocraBuTh nHpOrpaMMbl BBIUHCIEHHS! 3HAUEHUH BbIparKeHUH,
HCHOJIbSYH KJaBHIOY /——/l g2
a) u—uvXt 6) u—v/t.

4. COCTaBHTb NpOrpaMMbl BLIYHC/IEGHHS 3HAUeHMHA BBbIPaXKEHHH,

1) dcmosab3ysl KAaBHWy |[<>{; 2) HUcnonb3ys  AONOJHHTENb-

HblH perucTp nmamsr:
a) uf/(v41); B) u—vXi
6) u—v/t; r) u—v/(t—w)
1) u—(+b/w—g;
&) (u/(vX!+w)—g)/v—r.

5. 3anoauute tabauuny 1.10, mpocaenus ¢ MOMOLILIO KIaBHIIH

<—>I 33 CONEpKHMMBIM perHcrpa Y.
. TaG6auwyga 1.10

Bsox X Y

[=2)

-0

Ha ocHoBanuu TabjuiiBl CHeNaTh BHIBOL O TOM, KakKO# H3 orle-
paH/0B — MNEpBEIH HIH BTOPOH — cranosuTcs B Aannom MK kohcraH-
TOH. ;

6. CocrapuTh NpPOrpamMmbl BBIMHCJIEHHA 3HAYEHHH BLIPAXKEHHH,
VUUTEIBasl KOHCTAHTHYIO aBTOMAaTHKY:

a) ab; 6) x/y% B).a’*

7. Tlo 3aganHOf porpaMme BOCCTAHOBHTDH BHIp aXKelHe, 3HaUeHUe
KOTOPOTO BBIYHC/IACTCS:

a) a|X{l=|{+]| o= 1] c|=]

6) a|=| bl |=ll=||—] c|e] |=
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1.4. MyKpOKaNbKYIATOPH MHIKEHEPHOrO THHA

Paccmorpenye BBLIMHC/AMTENBHBIX BO3MOMKHOCTEN MHKDOKaJIbKYJI51-
Topa HHXeHepHoro Tuna (rabua. 1.15) Haunem ¢ Mopenu «diekTpo-
uuka bB3-18» — mepBoro HaumGosee MaccoEOro OTeUECTBEHHOIO
o6pasua MK, npejnasHaueHHOro A HAYYHO-TeXHHAUECKHUX pacueros.
Hmenno na npumepe sroit mogenu MK mupokue KPYrd mnosiib3oBare-
JIeil CMOIJIM BNEPBBIe DPEANbHO OLIYTHTh YpPOBEHb NOCTHXKEHHEH B
06/1aCTH MOPTATHBHON BBIYACAMTENBHOH TeXHHKH. W3roToBsieHHble
MaccOBLIM = THPAaXOM «DJeKTpoHHKa B3-18» BMmecte ¢o CBOHMHU
monudukanusimu B3-18A u B3-18M u ceifuac ewe uMeloT wHpoKoe
npuMeHenne. KiaBHaTypa MHKDOKAJIBKY/JIATOpA NMOKA3aHA HA DPHUCYH-
ke 7. Ecau cynute no maanucam Ha knaBuimax, MK B3-18 objagaer
BCEMH BO3MOXHOCTSIMH DPACCMOTPEHHOrO BbIlliE€ apH(pMETHYeCKOro
MK. Onnako BosmoxuocTH MK aToro knacca smauwtenbno Goraue:
B HHX NPENYCMOTPEHO HeMOCPEACTBEHHOE BBIUHC/ICHHE HATYPaJdbHBIX
H JECSTHYHDBIX JIOTapH(MOB, AHTHIOrapDHPMOB, TPHTOHOMETPHUECKHX
M  O6paTHBIX TPHTOHOMETPHYECKHX (DYHKILHI, KOpHeH, creneHeil
OGpATHBIX BRIHYHMH JeHCTBHTENbHBIX YHCE. XapakrepHo# 415 MHOTHX
Moznenei uHxeHepHHIX MK 0COGEHHOCTBIO ABJISETCS HaJHUKe KaBHIIH

COBMEILEHHOH (pyﬂxmml FI, MO3BOJSIIONIER HCIIONL30BATh KaXAYIO

KJIaBHUIY AJ1f1 BBIOOMIHEHHS ABYX ONepaluii — B COOTBETCTBHH C ee
NpsIMBIM Ha3HayeHHeM, 0OO3HAYeHHBIM HA caMOH KJABHINE, a TakkKe
COIVIaCHO Ha3HA4YeHHio, 0003HAUYEHHOMY HaJ KaapHiied. B o6biunom
pexxuMe Kaxasi KiaBHilla HCIIONb3YEeTCA B COOTBEICTBUM ¢ 0603Haue-
HHEM, CHeNIaHHBIM Ha caMoil KnaBuite. [Ipu KenaHHH HCIONB2OBATDH
KIaBHLIY [l BBIMONHEHHA (QYHKHHH, 0603HAYeHHON Haj KiaaBHuiel,

cHauaJjJa HaxKHMaercsl KJjaBulua , YCTaHaB/JUBAlOUaA peXUM

copmewlenusi. CHsitHe pexuma
COBMeI_U,eHI/IH OCYLILECTBJAACTCS

kaasuied | CF |.

Ln V— x-n CF IMpn wu306paxkenun BbiuHC-
Valk o= | [ C JHTeNbHBIX TNpPOrpamMM ¢  1o-
L MOWIBIO  KJ4BHII Mbl  Gyaem

ex 10 xr WM 3AN HCIIOJb30BAThb NPHHSATOE paHblLe
4 6 — /_J UX oéostlaqeﬂue—xsanparu c
! BIIMCAHHOH BHYTPH (yHKIHEH —

HE3aBHCHMO OT TOTO, H300paxe-

"
3
n
N: Ul
«
-
(o]
-

1/x Ha JH 3Ta (QYHKHHA Ha caMeH

1 | X : KJaBHIle MJIH HAJ Heo.
BBox umcenr B HHKEHEDHBIX
arc f+x? AB N+ n- MK nou3BogHTCA 110 TEM ke npa-

. F + _j BHJ1AM, UYTO H B IPOCTEHILUX KaJjb-
Kynsaropax. Ecam ‘mpu  srom

[
[

Puc. 7 uMmeerca kJjasuwa | [IB | (nau-
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Hble BOCCTaHOBJIGHBI), TO €I0 MOKHO BOCHOJIb30BATbCH ISt HCIIPaB-
JeHusi omn6ouno BBeneHHOH mocaenned wugpsl. Iycrs BmMecro 3,14
ouwn6ouHo BBeaeHo 3,17. Mcnpapnenne penaercs Tax:

nB| [cF] 4

KaaBuuramu B | ycrpansiercs omn6ouno uaGpannas pudpa 7,

K/aaBHIilla CF CHHM.AET PEeXKUM COBMEIHEHHA H NMO3BOJAET NPOAOIT-

KUTh BBOA LHGp. Pasymeercs, nonoGuyio npouesypy HMeeT CMBICA
npofeNnbiBaTh JIHUIL B TOM cjlydyae, Korja oOmHOKa BO3HHKAeT Ha
MO3HEM 3ITanme BBOAA YHCA2 C GOJBIIAM KOJHUECTBOM 3HAKOB.
Knapnatypa wuHxceHepHbix MK wHMmeer o6bluHO crIeiHaNbHYIO
KJIaBHUINY [Jisi BROAA yuciaa 51, paGoTalollylo HIH B NPSIMOM pEXHME,
UM B. pexxume cosMmeinenns. Taxk, B MK B3-18 Bri3oB. Ha uHAHMKaTOp

yhcaa s ofecneyuBaeTcss HaxKaTHEM KJIaBHIN .

Buinonnenue apudmernueckux aedicrsuii. Hapsiny ¢ perucrpamu
X 1 Y nnxenepurie MK uMeOT NOMOJHUTENbHBIE DETHCTPbI NAMATH
(IT), uro nO3BOJASIET YMEHBIIUTb HJAH COBCeM H3GexaTb 3anuced
NPOMEX yTOUHBIX Pe3Y/IbTaTOB B LENOUKAX apHMETHUCCKHX JNeHCTBHI.
B wmonensx MK bB3-18 umeercss OZHH JOMOJHUTENLHBIH perucTp
namATH. [lepecwinka uucna U3 perucrpa X (uunuxkaropa) B peruerp I1

IIPOU3BOAUTCHA Ha)XaTHEM KJIaBHLI 3ATl , H3BJCUCHHE YHCIaa

u3 peructpa Il wa vunuxarop — KomaHaoi Ull]. U B TOM N B

APYrOM cjlydyae CTHpPAEeTCs NMpeXkHee COAepKUMOe PerucTpa, B KOTOPhIH

MIPOU3BOJUTCH 3aNHCh. IMTo ananoruu ¢ Kaapuiel , OCYLUEeCTBJIA-

joilefl o6MeH cogep:KHMBIM peructpoB X u Y, KoMaHzAa I F | x<>I1

IIPOH3BOAHUT INEPecTaHOBKY cojepxumoro peructpos X u I1. Bsaumo-
neficteue peructpos X, Y H Il ¢ nomolbio ykasaHHbIX KOMaHja B
MK bB3-18 noxasaHo Ha pucyske 8. I'almeHne conepKHMOro perucrpa

1 npousBoguTCA KOMaHLOH 3AIl

PETHCTP X

PETHCTP Y [ <

= PEFHCTP 11
(HHAHKATOPR)
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Paccmorpum npuMep apH(Mer{yeckoro BHMUCACHHSA ¢ HCIONb30-
BanHeM perucrpa Il
IMpumep 1.4.1. IlycTh TpeGyercsi HaliTH 3HAYECHHE BHIDAYKEHHS:

2,6 X3,74+8,1X0,9.

Ecnu perucrpbl nmamard O4HILEHBI, BHIMHCJAEHHE O6eCIeqnBaeTcs
HPOrpaMMoi:

26| x]37[= 3AIT| 8,1 | x| o09[=][+ Ejmn =],

JBHiKeHne YHCed B PErHCTPax B XOLe BBIUHCJASHHH NOKA3aHO B TAa6-
auge 1.11.

Tadawuma 1.11

Baox- X Y 1
2,6 2,6 0 0
2,6 2,6 0
37 3,7 2,6 0
= 9,62 3,7 0
F |3An' 9,62 37 9,62
8,1 8,1 37 9,62
I
X 8,1 8,1 9,62
0,9 0,9 8,1 9,62
= 7,29 0,9 9,62
-+ 7,29 7,29 9,62
F jlun 9,62 1729 9,62
= I 16,91 9,62 9,62
Mukpokanekysnarop DB3-18 wmeer knasuwm (141, [TT—|,
II+4x*|, ¢ nomoubo Koropuix perhcrp I1 MOXKHO HCIONB3OBATDH

B KayecTBe.CyMMaropa s HaKOIIEeHHA pPE3yJabTATOB. .KOMaHIU:I

OCYLIECTBJAIOT COOTBETCTBEHHO HpﬂﬁaBJIQHHe K COILCp2KHMOMY peru-
cTpa I'T uncna na HHAHKATOp€, BhIMHTAHUE U3 COJepXKHUMOro I1 yucna
Ha HHIAKKaTtope, HpHﬁaBJ'IeHI/Ie K COLEpXKHUMOMY I1 KBajipara 4HcJj]a

24

Ha upaukarope. Mcrmo/sp3oBaHue 3THX K/IaBHLI H03BOAAET BECTH BhI-
YHCJI€HHS C OJHOBDEMEHHEIM HaKOIJIeHHEM DEe3YJbTaToB,
I[Ipumep 1.42. Brpaxenue Buga:

XiXe+ Y1y —z122
MOKET OBbITb BBLIYUCJEHO MO nporpamme:

a{X] = [=][F][3A0] v [X] v [=

(Fl[iH] = [X] = [=
[Ipumep 1.4.3. IlycTh HAAO BHIMHCIHTH 3HaueHHe BBHIp XK €HHUA:
a4+ b>4-c”

3ajnaua peuiaercsl NporpaMmoi:

aI FI RSN 14 x2 c 14 x?
Boiuucaenne 3HaueHuii BHIpaxeHuil, CONEPMK AKX €MEHTAPHbIE

dpyuxuun. Jns moayueniss sHaueHuit ¢yukuuii Inx, Igx, ~/x, e
10%, sin x, cos x, tg x, 1/x na MK B3-18 Hajo BBecTH X Ha HHAHKATOP,

5101

3aTeM HocdjeaoBare/lbHO HaxXKaTbh KaaBHILY H KJaaBully, Han

KOTOPOH HanucaHo HasBanHe HyxHOH ¢yuxnun. Hanpumep, lgx
BBIUHCJACTCS CAENYIOUIMM 06pa3oM:

x lg

Boiuucasiss suauenne Qynkunn xY, MK ucnosbsyer npeacrasieHue
)Cy:(,’(/]“x,

MO3TOMY Y MOXeT ObiThb NPOU3BOMBHBIM, HO X OGA3ATENLHO HOJKeH
ObITb MOJOXUTeIbhRbIM. [as nonyyeHus x¥ wa MK bB3-18 Boimods-

HfeTCs Hporpamma:
SEEE

Jns BbluncieHNss 3HaYeHHH 0OPATHBIX TPHIOHOMETPHUECKHX (PYHKIHH

(arcsin x, arccos x, arctg x) monwayiorcs kiaasuuielt | arc|: BBoaAT

Ha HHAMKATOp 3Ha4Ye€HHE apryMeHTa X, 3aTeM HaXXUMaloT KJaBHUIH

F arc | 1 oaHy u3 kKJjaBuu | sin |, | cos ,. Brluucaenus ¢

TPUrOHOMETPHUECKHMH YHKLHAMH MOT'yT BECTHCE B IBYX PeMUMAaX —
JUIS 3Ha4YEeHMH apryMeHTa, BHIDa:KE€HHOro B CPaJyCHOH WIH paiHaH-
HOH Mepe. [l yCTAHOBKH TOrO HJIH HHOrO PEXHMa Ha nepepHeH
nadenn MK HMeercsi B 3TOM cJyyae ClleLHaJdbHBIA Mepek/iodaTens
«rpan/pan».
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Ilpumepbl MpocTeHIINX BBIMHCACHHHA C HCMONb3OBAHHEM (YHKIHHA
npuBefednl B tabauie 1.12. B Tex ciyuasx, KOrka NOLOXKeEHHE mepe-
KnoqyaTens «rpan/paf» 6e3pa3iHuHO, B COOTBEICTBYWILEH rpade
TabJHILE [POCTaBIEH NPOYEPK.

Ilpy BBIMHMCJACHHH CJIOXKHBIX BbIpaxKeHUl, CONepKailliX 5JeMeH-
Tapuble (yHKUMH, IS 3aNOMHHAHHA NPOMENYTOUYHBIX PE3VJILTATOB
MOXKHO Hcrnonb3oBarb peructp Il. [Lemo, ofHaKO, OCAOKHAETCA TEM,
4TO NpM BhMKCAeHHH Ha MK 3HaueHHN 37eMeHTapHBIX (YHKIIHHA
(kpome x u 1/x) ucnoabayercs perucrp X. 3TO OOCTOATENBCTBO
NpUHYXKAaeT nepel Ka)K[bIM BBIUHCHAEHHEM 3JieMeHTapHOH (yHKIIHH
npelbliyUIni IPOMEXYTOUHBIH pe3yabTaT nepeceiath B peructp II,
YTO YAJMHSIET HpollecC cuera (Kak OBUIO OTMEUeHO BhIIIe, 3TO He
OTHOCHTCS K BBIUHCIEHHAM OYHKUHMI +/x ¥ 1/x).

Tabauua 1.12

Bripamxeuune «rpan/pan» {IporpamMma Orper
sin 98° «rpag» 981 F || sin 0,990268
c0s 0,6 «pamL» 0,6 F 0,825336

s
150,9 - 150,9 12,284136
2,658 — 2.6{ F _XT|3,SE 37,74834
ar

arcsin'0,83 «rpai» 0831 F c|| sin 56,09873

arcsin 0,83 «pai» 0,83 F "arc sin 0,979107
cos 79°187 «paf» 18[36079 F |{cos 0,190809

IIpumep 1.4.4. Hano BEIMHCAHTL 3HAYEHHUE:
V379
3ajgaua pelraercs Mo nporpamme:
8,3[=]379 Vv [=
(OrBeT:1,3482129.)

[Ipumep 1.45. Jlas BBMHCAEHHS aHAJOTHYHOrO MO BHAY
BhIp XK eHHS

0,6
sin 0,84
26

noTpebyeTcsi yKe HHas 10 XapakTepy Nporpamma:

0,84 sin 3AI| 06 [+ |?| v | [=

(OrBeT: 0,8057552.)

3amemM, 4UTO B JAHHOM CJaydae MOXKHO COCTaBHUTh 6onee KOpOoT-

KYI0 OIPOrpaMMy, €CJIH BOCIOJB30BATHCSH KAABHHICH | <> :

0,84rF| sin] [=]o06[<] [=

Bopouem, BO MHOTHX CJy4yasix HPH BBIMHCIEHHH CJOMXKHBIX BHIpaxe-
HHH ¢ ¢QyukuHAMH Ha MK ¢ orpaHHYeHHBIMH BO3MOMXKHOCTSIMH
3aNoOMHHaHHs HejJecoobpas3Hee BEINHCATbL NPOMEXYTOUHBIH PE3y/IbTaT
Ha ' Oymary BMeCTO TOro, 4YroObl TepfTh BpeMsl Ha- 06AyMBIBaHHE
U peanq3alHdi0 upe3MepHO XHTPOYMHOH -mporpammebl. Ilociennee
OnpapibIBAaeTCd, NOXKaJayid, Jullb IpH HEOLHOKPATHOM HCIIO/1b30Ba-
HMH TaKHX OpOrpamMM JJ/f PasiHYHBIX HCXOMHLIX JaHHBIX.

TTocnenyiomee coBepuieHcTBOBaHUe (YHKUHOHAJNBHBIX CBOHCTB
HHIKEHePHBIX MUKPOKaNbKYJIATOPOB MpPHUBEJNO K PeajH3allHd HOBBIX
JOMOMHUTEIBHEIX BO3MOXKHOCTEH: pacilHpeHHe YHCAOBOr0 AUana3oHa
nyTeM YAJIHHEHHSA pa3spAAHOH CETKH M BBeJeHHA IaBawllel ¢popmbl
IpeAcTaB/leHHA YHCeN; yBeJHYeHHe YHCAa JOMOMHHTENbHBIX PErHCTPOB
NaM$SATH; HCKJHOUEHHe pPEeXHMa COBMELlEeHHs KJAAaBHIL, YTO SKOHOMHT
BpPEMSl BBIMMC/HTENSl, HO TNPHBOZHT K PpAaclIHPEHHIO KJaBHaTyphl;
BBeJeHHe MpHOpUTETa omepauuil, a Takxke CKOGOK, PEryJupyOUIHX
NOPSIIOK  BLINOJAHEHHUST JAedcTBUH, UYTO CYLUIECTBEHHO -ofJjeruyaer
BbIIOJIHEHHE LENOYHbIX (MJIH, KaK TOBOPAT HHOTAA, CMEIlaHHbIX)
BhiMucaeHu#l. B Tol MaM HHOH Mepe nepeuuceHHblE BO3MOMKHOCTH
peajid30BaHbl’ HA PA3HBIX MOAE/IAX COBPEMEHHBIX MHKPOKAJbKYJASATO-
POB HHXXEHEPHOTO THMA, TakHx, Kak MKII-2, MK-41, MK-45 u np.
Paccmorpum 6Gonee noapo6GHO xapakTepHble OCOGEHHOCTH OJHOTO
U3 HHX =— HACTOJbHOrO0 MUKpOKAJAbKyJAsiTOpa «nektponnka MK-41».

Mukpokanbkyasitop - MK-41 umeer 14-paspsagublii uHAMKaTOp,
NpelycMaTrpHBAIOLME - JBAa peXHMAa = [PEACTABMEHUS UHCeN — C
€CTECTBEHHBLIM pasMelleHHeM 3anfAroif U ¢ nJaBaloiied 3ansaToi
(cm. n. 1.2). JleBwl#i kpaiinuii paspsii, Kak OGLIYHO, MpeJHa3HAYEeH
1A U306pakKeHusl 3HaKa « — » OTPHLATEJABHOrO Yuciaa (3HaK « - » He
BbicBeuuBaercs). [l u3o6paxKeHuf sHavamed yacTH 9MCAa UCHOMNb-
3YIOTCSl CEAYIOLIHE JecATh paspsAfoB HHAMKATOpa; MOCAENHHE TPU
paspsiia B pexXHMe C eCTeCTBEHHbIM pasMellleHHeM 3ansTod He
sajefictsyiorest.  Orcrofa  caenyer, 4YTO 3TOT PeXHM JONMYCKaeT
paboTy C uYHCAaMH H3 JOBOJbHO-TAKH BHYUIUTENLHOrO AHANA30HA:
or +107° mo =+(10'9—1).

Has paGoTsl ¢ yHC/IaMH, BLIXOASIIIHMH H3 YKa3aHHBIX TpaHHIL,
HCIoJb3yeTcs NpeAcTaB/eHne yices B popMe ¢ IaBalomiei 3ansaroi.
B srom cnyuyae necsite paspsiioB, .BMEIIAOUIHX 3HAYAILYK 4YacTh
YHCJIA, HCNOJNB3YIOTCA AJsl H300Da*KeHHUs MaHTHCChHl, a C/lelyloLiue
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TpH — A/ H300pa)KeHHsi 3Haka H He Gojee ueM [ABYX3HAUYHOM
BeJHUHHBl TOpsiiKa (HA pHCYyHKe 9 noxasau mnpumep u306pa>xenuﬂ
Ha uHgukatope MK-41 umena —2,314501952.10'%; 3HakoBbll
paspsil MOpsAZKA He 3aHAT, MOTOMY UYTO, KaK H IPYU U306paxkKeHHH
3HaKa CaMoro 4mcJja, 3HakK «--» He BoiceuuBaercsi). OueBHiHO,
4YTO HCNONb3OBaHHE TIJaBaiolled (hopMbl [PEACTaB/IEHUS UHCeJ:
CHJIBHO pacuupser (OpPMaJbHBIA [OHANA30H HX [PENCTABJIEHHUS,
TEeXHHUECKHE BO3MOMKHOCTH KaJbKy/ASTOPA JOMYCKAIOT OIHepHPOBaHHe
¢ 10-paspsaHbIMH NOAOXHTENLHBIMH M OTPHLATENbHBIMH YHCAaMH
B AHanascpe oT =+ 107% no +10%.

Knapuatypa MK-41 paGotaer 6e3 pexuMa COBMELIEHHS M HMeeT
36 knasuwr (puc. 10); Ha nepepHell maHejH pasMemieH HepexJioua-

TeJib  «rpan/pas». Jlns BBOLAa UHCEN HCHOMB3YIOTCS UHGBPOBLIE

KJaBHIIH OTi 0 '110@, KJaBHLIA AeCATHUHOM 3anﬂToﬁD , KMaBH-

lua U3MEHeHHA 3HakKa|/-—/| n knapuina Beona nopsiakal| BIT|. IMpu

BBOZE uxcaa B ¢opMe ¢ miapBatowesl 2agroi nocjie BBOKA MAHTHCCH

Haxumaercs xkiaapuwa | BIT | 1 uudpsl nopsaxka. Eciu nopsgok or-

pHIATENIEH, HAXKUMAETCS KJIaBHial/— /| (41M cpasy mocse KiaBHIIHA

BIT |, m1n nocne naGopa rnepeoi wiu BTOpOH uubpbl nopsaka).

IIpumep 1.4.6. [Ins1 BBoga Ha uHauxkarop MK-41 uuncna, u3o6-

CIm

Tpan /Pap
(=] [A[x]
(] D] [eq]
[=] [en] [
(] [wn] [=]

~

[P (=]

2] [ (=] (<]
EEEE

Puc. 10
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paXKeHHOTO Ha pHCYHKe 9, KNaBHIIH MOXHO HaXXaTh B CJAEAYIOLIEM
nopsiiKe: ‘

BB BABOBRERE 2[/—/ Bﬂ‘ml—é—‘.

Caenyer 3aMmerurhb, yro B MK-41 npu BBOIe OTpHILIATENBHOR MAHTHCCH

3HAK «—» HE MOXKeT BBOAHUTHCH NEPBEIM: KJjaBHUy |/—/| caenyer

HaXHMaTb nocse Jilo6of no nopaaky uudpsl madtuccH. s raime-
HUs1 cojepxkumoro unaukatropa B MK-41 umeerca cmnenuanbHas

kinasuuia| Cx , €10 MO2KHO T10J1b30BAaThCHA, B YaCTHOCTH, NPpH HUCIIpAB-

JIEeHHH OINHOKH BBOZA NYyTeM I[OBTOPHOro HaGopa uucaa.

Kaxk ormeueno sbinie, paspsannas cetka MK-41 smeniaer 10-pas-
psaHele uucaa. He Bcerma, onHako, B BHIMHCAEHHAX Tpedyercs
coxpaHaTh GOJbLIOE KOJHUecTBO LUdp nocie 3anaroil. HAns peryau-
POBAHHUS KOMKYECTBA AECATHUYHHIX 3HAKOB mocie sanaroif 3 MK-41
NpeayCMOTpPeHa BO3MOXKHOCTD YCTaHOBKH JII0GOT0 K enaeMoro pexuma
orofpaxeHuss yucen Ha uHaHKarope. Ilpu ucrnonb3oBaunu npen-
CTaBJIEHHUSA YKMCE/] C €CTeCTBEHHBIM pa3MellleHHeM 3amsTOH 3TO HOCTH-

raercs nyreM nocjiefoBare/ibHOro Haxarus KJlaBHLHI arc I , l ni,

r,ue— ojHa Hu3 I_lPIQ)pOBbIX KJIaBHyll, onpenensouias KOJIHYECTBO

JAECATHUYHbBIX 3HAKOB [10Cje 3amnaToM. SaMCTPIM, 4TO NIpH BKJIIOYEHHH
KaJbKyJaATOpAa HHAHKATOP aBTOMATHYCCKH YCTAHABJIMBACTCA B PCKHUM

arc , , T. €. nocJae 3aMATOH BbICBEUUBAETCH JIBA JECATHUHBIX

3Haka. [lepeBos B pexkHM uHces ¢ MIABaAlOLWEH 3aNATOR NPOM3BOIHTCSA
Komanaoi | arc , rne — oHa H3 UIH(POBLIX KJABHLUI,

onpejensiioilasi KOJHUECTBO JAECATHUHBIX 3HAKOB mocje 3anarod
B MaHTHcce M npu ycaosuy, uro 1<CM <10.

3aMeuarenbHOH OCOOEHHOCTHIO PACCMOTPEHHBIX PEXKHMOB HHIHKA-
uun uuces B MK-41 sBisierca TO, uTO HM306paKeHHe Pe3YJbTATOB
BBLIYHC/IEHHH ¢ YCTAHOBJEGHHBIM KOJHYECTBOM paspsiAoOB ITOC/e 3anaToi
CONPOBOXKAAETCA OKPYIVIEHHeM MJIaZIIero cOXpaHseMoro paspsijia no
OpaBHIY: ec/IH NepBasi H3 oT6pachiBaeMbiX UH(p Goblle HIX paBHa b,
noc/efHAsA coxpansemas Ludpa ypeqnuupaercs Ha equuuuny. Mexamo-

YeHHeM SIBJIIeTCA JIHUIL PeXHUM| arc
He NPOHM3BOIHTCSH.

[Tpumepl.4.7. Brenem na unguxarop MK-41 kakoe-i1160 unco,
Hanpumep 27,80974356. 3anapas Tenepb pa3Hble PexK UMbl HHIUKALLHH,
MOXHO HpoHa6JiofaTbh Ha MHAHKATOpE COOTBETCTBYIOIHE MM Hpej-
CTaBJIeHUs1 3ajaHHoro uucja (raba. 1.13.), B ToM uuciae u mpo-
UEAYPY aBTOMAaTHUECKOro OKpYTJeHHs.

[Tpumepn npocreitmux Boluncaenufi Ha MK-41 upusenenst

tabauue 1.14 (Bce BHUMCJEHUA JaHbl B pexume | arc D.)

, IPH KOTOPOM OKpYyrJjieHHe




OcHoOBHEIE JBYXMECTHEIE apH(METHUECKHE omepanuu | 4|, —l,

, +, BRIOAHAIOTC Ha MK-41 o6bluHBIM 0O6pasom: cHayasa
BBOIUTCS IepBOE€ YHCJO, 3aT€M HAXXKHMAETCSl K/AABHIIA COOTBET-

Tataunma 1.13

Pexum HHAHKAUHH{ npe,ZLCTaBJZeHHble qucaa
arcil , 2 27,81
arclf , || 3 | 27,810
eensmasma _EI=
arell , || 4 27,8097
lare]l 2 2,78 01
arcil 6 2,780974 01

CTBYIOIL€H ONEpaNHH H BBOJHTCA BTOpOe uucio. PesysbraT onepanuu

nonyvyaercst mocae Haxatus knasuumi | ={. B MK-41 wumeworcs

€lle JABe IABYXMECTHLIC OlepalHH: BO3BEJEHHE YHCAAa B CTeleHb

(kmaBuma |y*|) ® H3BIeueHMe KBALPATHOTO KOPHS M3 CYMMBI

KBajgpatoB (kmaaesuwa| /o/|);

Taoéawua 1.14

Beipaxenue «rpap/pan» Mporpamma | Orser
1,267 40,38 1,267 Tf0,38 —:| 1,65
34,7:8,49 347| + |8.49| = l 4,09
3,84 — 3,8 ZIOAE] 1,71

NN SEEwE _ 0.71[ 70/ 5,4|E| 5,45
sin 565 «rpan» 56| sin 0,83

tg 2,46 «pan» l 2,46 E —0,83

" arccos 0,83 «pan» 0,83 arcl cos 0,59
lg 28,7 — | 28,7 Ig 1,46
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NOPANOK BBINOJHEHHS] 3THX Onepanuy IIOHATEH M3 TpeTbeH M uerBep-
ToH cTpok Tabnuupr 1.14. Uro ke Kacaercst BHIUHCJAEHUN 3HAUeHHH
UMEIOIIHXCSA Ha KIaBHaType 3JeMEHTapHHX -¢(YHKUHH, TO HOPALOK
3THX feHCTBHMH TakXe OGLIYeH, a OTCYTCTBHE peXHMa COBMELIeHHs
KJaBHIL yIpoulaer AeHCTBUS BBHIHHCJIHTES.

Muxpokanskyisitop MK-41 umeer TpH ZONOMHHUTEIBHEIX (agpecye-
MBIX) perucTpa mamarH Ajf XpaHeHHs HCXOLHBLIX [aHHBIX, NpOMe-
JKYTOUYHBLIX Pe3Y/IbTATOB HJIH KOHCTAHT, HEOAHOKDPATHO HCIIONb3YyeMBIX
B Xoje BbluHcaeHHH. [lonosiHHTeNbHbIE PErHCTPHl MaMSATH HUMEIOT
HoMmepa 1, 2 u 3. [lnsa o6pallieHust K 3THM DErucTpaM HCIOJAb3YIOTCS

knapumy | 31| (3anuck umcna u3 perucrpa X B LOMOTHHUTENbHBIH

peructp namsith) u | UI1| (BBI3OB wumcia W3  JAOHOAHHTEIBHOTO

perucrpa namsarTH B perucrp X).
JLns 3anucy B JOTOMHHTENbHBLIH PErHCTp MaMsITH YHCaa, XpaHs-

Ierocsl Ha MHAMKATOpe, HeOGXOxUMO Haxath knasumy| 311 | n onny

U3 UUQPPOBHIX KJIABHULI [ZI, HJIH , ONpefesiOUIHX HOMEp

anpecyemMoro JHONOJHHTC/NbHOrO perucrpa. Jlns BbI3OBA uHcaa U3

JOIIOJTHHTEbHOrO PerHcTpa MaMATH CJedyeT HaxaTb Kaasuuwy | MIIT

H OLHY M3 K/aBHLI D , HJH . IIpu 3ToM cienyer MOMHMTD,

4TO NpPH BHI30BE YHCJA H3 aAPeCyeMOro PerucTpa maMsiTH COHepIKH-
MOe STOrO Perucrpa COXpaHsieTCd, a HpH 3alucH HOBOrO uHCAa B
ajgpecyeMblll perucTp ero npekHee COfepKMMOe NpOnagaer.
Oco6eHHOCTBIO 1-TO NONOMHHTENBLHOrO perucrpa namsard B MK-41
SIBASIETC TO, YTO €ro COAepKUMOE MOXKET HCMONb30BAaThCA B
KauecTBe BTOPOro omnepanma JoGOH [IBYXMECTHON onepanHd Kak
KOHCTaHTa. ‘
IMMpumep 1.4.8. Ilycte Hamo BHIIOAHUTHL PAL ABYXMECTHBIX
onepanui, B KOTOPHIX BTOPBIM ONEPaHAOM SIBJASIETCS OQHO H TO XK€

‘4ucao 3:

543, 4X3, 6:3, 7°.

Beenem BHauasne uucja0 3 B perucrp X H MepEnuILEM €ro 3HauyeHHe
B l-f JOMONHUTENbHBIH PErucTp namMsiT:

3|3 1.

Tenepb cpasy Bcieq 3a 3THM MOXHO IIPOBECTH Bce Tpebyemble
IeHCTBHSA, He BBOAS yXKe Ha HHAMKATOD 3HaueHHe BTOPOro ofepaHja:

5|+|i=1!. Orsert: 8.) 4| X||=|- (OrBer: 12))
6{=|=]. (OrBer: 2)) 71y ll=|. (OrBeT: 343))
Bmecte ¢ Tem kanbkyiasrop MK-41 obnagaer pamoM HOBBIX
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Ta6auuwa 1.15

HxeHepHbie KaJAbKYJIATOPH

C aBTOHOMHBIM HCTOUHMKOM OHFAHUA

Hacroabuue

DyHKWHOHAABHBIE BO3IMOKHOCTH w = = Gl -
o oC [ [=208 B X] | o [7=) o 5 -+ ~
ol et B B B A R A R R = RV
al2|3|B3|2|a|3|a)2| ===
4 apudmerTHdecKHX AeficTBH,
.| HBMeHEeHHEe 3HAKA 4HC/A, 4 HEe
NeficTBHA ¢ KOHCTAHTOM
Boluncieudss ¢ MpHMEHEHHEM CKOBOK + e
O6men co
JepKHMBIM OTepalHOHHEIX N NI I +
peructpos
% -+
=
= 2y, 1/x, \x R R e R R el el S ol o R e
=
> T
& Vi -y i+ +
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= A 4
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XapaKTepHBIX OCOOEHHOCTeH, KOTOphle Mbl DacCMOTPHM noapobHee.
Hepapxusa onepanmii. 115 BLINOTHEHHT HNPOMEXYTOUHOH JBYX-
mecTHO# omepauud B MK-41, kak ¥ B APYIHX KaJbKyJAsTOpax, He

0653aTeIbHO HAaXKUMATh KiaaBuuy| — | . an BBITIOJTHEHHH CMELUaHHBIX

BBIMHC/IEHHH KJjaBHILIA =] HaxXHumaercd, KakK HNpaBuiao, B KOHLEC

3agaud. B npomexyTouHbIX EHCTBHAX BMECTO =l MOXHO HaXH-

MaTh KJIaBHLIH CAEAYyOmHX 10 ¢opMyie ABYXMECTHBIX oOmepauHi,
OLHAKO HCIOJIHEeHHe onepauHi NMPOHM3BOAMTCS C YUETOM YCTAHOBJIEH-
woro Jorukofi MK crapmuncTBa onepaunuii. CaMbBIMH cTapumiuMu
3 nByxMecTHbhx onepanufi B MK-41 saragiorcsa onepauuu BO3-
BeEeHHSI B CTeneHb M H3BJEUYEHHE KBAAPAaTHOLO KOPHHA H3 CYMMBI
KBaApaToB JBYX uHcel. 3areM CJAeNYyOT ONepalud YMHOMXCHHA H
JeNeHHsl, a 3a HUMH — CJIOXKEHHA M BbeluMTaHUuA. Ecnu Boaem 3a
JBYXMECTHOH omepalLuell Ha)KMMaeTcsl K/AaBHILIA ONEPALHH TOro Xe
HJIH MEHbLIEro CTapLUIMHCTBA,-TO NpeAbAyHIas ABYXMeCTHAS onepa-
nusl HcnoaHsiercs. B mporusHom cnyyae MK Tonbko sanomunaer
BBEJlEHHbIE YHCJA H ONMEepalMH A0 Tex Mnop, rnoxa He Gyger Haxara

K/aBHIIA C MEHbIUIHM HWJIH pPaBHBEIM DIHORHTOTOM, MWIH KAaBHILIA ——_'—-I .

Beenenne wuepapxuu orepamil cepre3lno obaeruact AoNCTBRA
BbIMHCIHTES. TIpH BEIOHeHMH NEenoUHLIX Beiuucaen it na Taxnx MK
yXKe HeT HaJoOHOCTH Clpamarhcsl K OCMBICJAEHHOMY 3alOMBHAHHIO
pe3yAbTaTOB HOPCMCMYTOUNLIX LeHcTBHE, a JOCTATOHHO HaKHMAaTh
KJaBHIIK B TOH NOCJICLOBaTENDLHOCTH, KOTOpasl GHpeneiend caMoi
tdopmynoii (tadu. 1.15).

INNpaumep 1.49. Paccyorpum nopsiioxk BhlYUCHeHHI 10 JBYyM
NPOCTBIM H MOXCXKIM ¢ BHAY GQopmyiaam: 2X3-+5 u 24 3X5.
M B TOM H B jpyrom ciydae nporpaMma Beiumcaenuit na MK-41
6yaer cocTOsITh M3 yKa3aHHOH B caMux $opMysnax mnocieloBa-
TeJTbHOCTH RefcTBHIl:

2113|415 (Orser 11.)

I

H

214+13|X]|5 (OrBerT: 17)

OnHaKo ¢ y4eroM CTapIiUHHCTBA onepauHi HaXKaTHe KiaBHUIH | 41| B

nepBoii mporpamMMe MPHBOANT K HCITOJHEHHIO NpeAbiiyllell onepanuu

YMHOXKEHHS, B TO BpeMs Kak HaxaTue KiaaBuu | X | BO BTOpOH

nporpaMmMme NPHBOJHT JIMIUb K 3A[OMHHAHHIO KOMIIOHEHTOB MpeRbIAY-
uieit onepaunu ciokeHdsi. OcoGeHHOCTH BHIHHCTEHHI 10 3THM ABYM
¢opmynamM XOpowO HpPOCMATPHBAIOTCH NpPH CPaBHEHHH TNOKa3aHHH
uHaukaropa (ra6ma. 1.16).

Hosuie Bosmoxknocry MK-41 nospoasiior uaGerars UCHOAb30BaHHA

2 .3axas 385. ; ‘ 33



3. Uem pasnuuaioTcs HeHCTBHS, OCYLLECTBASIEMBIE HaXaTHeM
 knasui [TT4| nf 3AIT |?

4. KakoB MopfiloK HaXaTufd KJaBHII NDH BHIYHCJAEHHH 3HAYEHUH
3/1eMeHTapHbIX QyHKUHA? (

5. KaxoB nopsimok BBofa yucesa B ¢opMe ¢ njiaparouieil 3amnsiroi?

6. Kak npousBonarcs nenounble geiictBHa Ha MK: a) ¢ ycraHos-
JeHHOoll uepapxuell apudmeruwveckux onepauuii; 6) ¢ HCHONb3OBa-

HHEM KJIaBHII H ?

Ynpaxuenuns

1. Ha unaukarop MK B3-18 Bmecro 328,4 omuGOYHO BBEAEHO
328,6. CocraBuTh« NporpaMMmMy HCIpaBjeHHS OWHOKM BBOAA C

HCHoNb3OBaHUeM KaaBuiuu | 1B

2. CocTaBUTb « IPOTPAMMBI BLIMHUC/IEHHS 3HA4YeHHH BbIpaxkeduil,
HCIIONb3YS JOMNOJNHHTEeNbHbIE PErHCTPHBI 1AM sITH:

a) ax+by; B) (a+x)"+(b+y)%
6) (a+x)(b+y) 1) (a+x)/(6*—y?).

3. Kak ycranoButb ¢ nomoubio MK, uro Gonbuwe: e* win n?
4, CocTaBuTh IPOrpaMMbl BHIUHCIEHHS] 3HAUEHHH BbIPaXKeHHIl,

HCIOJIb3Ysl KJAaBHlLIY <-'>| H [ONOJHHTENbHBIN perucTp namsTH:

a) ——; 8) a;
cos y
- vl
6) C;/j : I‘) arlccos.x—te )
y n(x+y°)

CocraButh anasoruynble nporpammbl ans MK ¢ nepapxwueii
onepauuid M CKOOKaMH.

1.5. TlporpamMmupyembie MHKPOKAIbKYASITOPLI

IlepBoil OTEueCTBEHHON MOJE/bIO NMPOrPaMMHUPYEMBIX MHKDOKaNb-
kynsitopoB (ITMK) siBasierca «3Dnekrponuka B3-21». B nocnenyioninx
monensix I[IMK sroro tuna (B3-34, MK-54 — ¢ aBTOHOMHbIMH
HcTOYHUKamu nuradusi, MK-46, MK-56 — ¢ nuraHueM or ceTy mepe-
MEHHOr'0 TOKa) (PYHKLHOHAJIbHBIE BO3MOXKHOCTH 3HAYHTENbHO Paclly-
pEHBI, HO BMECTE € TeM JIOTHKa H BXOJHOH fI3bIK Y BCeX 3THX MozeJel
MMEIOT MHOro obuiero.

F'naBroe orniwune nporpammupyembix MK or apudmernuyecknx u
HHJKEHE€PHbIX MHKP OK aJibKY/JIATOP OB COCTOMT B'TOM, YTO OHH A ONYCKaIOT
BBOJ ¥ aBTOMAarTHuecKoe HCNOJHEHHEe 3apaHee COCTaBJeHHOH nocJe-
JLOBATE/ILHOCTH KOMaH[ — npo2pammsl, BKJAOYaoLed Kak apudmeTu-
yecKHe (BLIYHC/AHTENbHbBIE), TAK M JIOTHYeCKHe (TIpOBepKa YCJOBHI,
BHIGOP HanpaB/ieHHst AajbHEHIWHX BBIMHCACHHH M T. 1.) HeHCTBHA.
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- ¥menoe cocraesneHue nporpamm mas. MK sToro kamacca nosBodjsier

BO MHOTHX CJy4yasix € NOMOLUBIO BechMa KOPOTKON I0C/e10Ba-
TeNpHOCTH KoManp 3actaButb [IMK BrinosnnsaTs Gosbioe KouaH-
YeCTBO BHIYHCIHTEIBLHBIX ONEPalHi, YTO 3HAUHUTENLHO IOBBLILIAET
3¢ eKTUBHOCTL PACYETOB.

Ha nporpamMmMupyembIX KaJbKyJsTOpax MOXKHO BECTH H OObIYHBLIE
pacdersl, 6e3 cocTaB/eHHsI H BBoJa mporpammul. Koporko KocHemest
sToro pexxuma pa6Gorsl [IMK juwmb pias Toro, uroGel HOZUEPKHYTH
oco6eHHocTh oOwed aas Bcex IIMK BouMcauTenbHOH JOTHKH,
OCHOBAHHOH HAa HCNOJB30BaHHH TAK Ha3blBAEMOH 00paTHOL 1oALCKOL
ganucu. B 1921 r. nonbckuit maremaruk u joruk $u Jlykacesuwy,
paspabGaTeiBad 0coOGbIA A3bIK IS (OPMATU3ANHH JIOTHYECKHX H
MareMaTHYeCKUX  BbIpaXKeHUfl, TNPeIOKWI pasMeulath« 3HAKH
apupMeTHYecKHX onepauuil nepex WM mocjie onepannos. [lepsbiii us
3THX CNGCCOGOB CTadd HasblBaTh npaMofl, a BTopoll — ofparHol
MOJNBCKOH 3anuchio. B ofSpaTHOfl moabCKOi 3amucH, HanpuMmep,
BeIpaxeHnue a--b npuuumaer Bun: ab--. Ilpumenenune Taxkoro npes-
crapienuss Boipaxeuuna ansi MK |, ofycinosneno Gosmee mnpocroi
TeXHHUECKOH peannsauuefl BeIUKCAeHHH («Dekrpouuka B3-19»).

Kuapuatypa ogHOH H3 coBpemeHHbIX MoJenaeld [IMK «3nekrponuxa
MK-56» nokasana Ha puc. 11. Comepxxumoe peructpa X, Kak 06bIUHO,
orofpaxkaerc Ha uHAMKarope. Jlna mepechuiKM COaEpKHMOro

peructpa X B paGoumit peructp Y wucrnonedyercs Kiasuuia | B4

Ipu BhimonHennu apudmeruueckoit onepaunu Ha [IMK peoGxonnumo:

1) BBectu B X nepsoe uncno; 2) xknasuiedi | B4| nepecnats mepsoe

ukc/0 B peructp Y; 3) BBecTH B peructp X BTOpOe uuca0; 4) Ha)xarb

[T et=L8
X<0 L ‘ sin cos {g V- i/x
Wwirj(nnj F ==
x=0 L, i x?
Lir)|6nj| K + ][ x
x>0 L, ex lg In Bx  x¥

B/0|ix~1 1)1 2]3]|1Bt]~—

x#0 Lo | 10" ABT | NPT cF
C/N|M»x Oll - |I/~/|||BN||Cx
HOA @ b < d

Puc.. 11
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omny m3 kaasum | +|, | —1|,| X|,| +| Kax suano, xnasuma | =

B LAHHOM C/yuae OKa3blBAeTCsl HEHYXKHOM (ee HET W Ha KIaBuarype).
Bhiunc/ieHHe 3HAUCHHA OJHOMECTHBIX 3JeMeHTapHBIX (PYHKUHHA Tpo-
H3BOAMTCH OOBIUHBIM o6pasoM: B peructp X BBORHTCH apryMeHT,

HaXuMaercs KiaBHLIA U HYXHas K1aBuma ¢ oGosHayeHHeM

Ta6aunna (.17

Janaua Tlporpamma ‘ Hunuratop

5in 0,9 ; 09 F J] sin | 78332601  —o01
arceos 0,2 02| F |lcos -t 1,3694383

2,46 2,46| F lj 6,0516

=04 04l|/—/ 3,8904512 —0,1

0,34+9,72 0,34 Bt 9,72‘ .| 10,06
12485 ‘ 12,48,5_ 105,4

byHKUHH (sin~!, cos™!, tg~' oGosHaualT COOTBETCTBYIOLIHE

ofparHble TpHrOHOMeTpHueckHe ¢YHKIMH). IIpumepbl mpocTeAwux
BuiuHcaennii Ha MK-56 npusexenst B Tabauue 1.17 (apryment
B paguaHax). HecMoTpsi Ha HeKOTOPYIO HEOGBIUHOCTh MOPSIAKA BBOAA
JAHHEIX NPH BHIIOJHEHHH LBYXMECTHBIX omepauui, ob6parHasi moJjb-
CKasi 3almuch B psileé CAyyaeB OKasblBaeTcs Aaxe Goiee ymoGHOM
s Buiwuciaeruft. OnHako, uTo6bl MOHATh 3TH OCOGEHHOCTH paboThl
IIMK, He06X0JuMO NO3HAKOMHUTBCSA C OPFaHH3alHe! CTEKOBOH NaMsTH.

CrexoBylo mamsarb MK-56 o6Gpa3ylor uerhipe permcrpa: H3BecT-
Hbie yXe HaM onepauxoHHbie perucTpl X H Y, a Takxke eume JABa
peructpa Z u T. BBox uucen Bcerpa npousBoiutcs B peructp X.

1

IMpu naxarum kaaBuwy | B4| xonus uucna u3 perucrpa X nepe-

naercs B peructp Y, TO, uto Gulto B Y, nepecobliaerca B Z, a npexuee
conepxumoe Z — B peructp T. Ilpu srom couep:xkmmoe perucrpa X
coxpaHnsieTesi, a TpexHee cojgepxkumoe peructpa T Hcuesaer. Ito
nepeABHKeHHe MOXHO H306pasuTh Tak:

ucuesaer

TT
yA/

Y-y
XX
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YkazanHoe nepenBHzKeHne NpOMCXOAHUT NPH KaxKJ0M HaXKaTHH KJl1aBH-

wu | B4|. Tloab3ysick 3T¥M, B PETHCTPHl CTEKA MOKHO 3amUCATh

Jgio6ble yHea. TaK, B pe3yjabTaTe HaxXarusa KJAaBHII

4B+ 3[Bt] 2[BH] 1

npousoiger s3amnuch uncesa 4, 3, 2, 1 COOTBETCTBEHHO B pPErucT-
pet T, Z, Y, X. Ouunctka Bcex pErHCTPOB CTeKa IPOH3BOIHT-

. CA TakK:

cx| [B4] [B 1] [B 4]

B nomnosHeHue K yerbipem cTeKoBhIM perucrpam B MK-56 nmeercs
ellle OQUH perucTp, HasblBaeMblH pezucrpom npedovidyuieeo peayavra-
ra (X1). 2TOT perucrp Bcerja coOxXpaHsieT 3HauyeHHe dYHCAa, KO-
TOPOE HAaXOAHWI0Ch B peructpe X IO BulmojHeHusi omepanuu. [lpu
BbIMOJIHEHUH ojgHoMecTHbIXx onepauuii IIMK omepupyer ¢ unciaow,

HaxoAAIMMCH B peructpe: X, NHPH ITOM COAEPXKHMOe pPericTpos

Y, Z, T coxpausiercsi, a 4HCJIO, HaxOJHBlIeeCs X0 BBINOJHEHHS
onepauuu B permerpe X, mepenaercss B peructp X1. Ilpu Buinosne-
HUHM 7ByxMecTHbX omepauuil TIMK onepupyior umcnamu, Haxonsi-
mumHuca B peructpax X u Y. I'lpn 3Tom nocsie HaxaTHsi onepaiHoH-
HOHM KJaBHIIHM TNPOUCXOAHT oOf6paTHOe TmepeMelleHHe HHGOpMaLUH:
conepxumoe perucrpa T mepeceuiaerca B Z, TO, yto OblIO B Z,
nepexonuT B peructp Y, B peructp X 3aHOCHTCSI pe3y/bTat BbUIOJHEH-
HOH omepailMH, a NpekHee COAepHUMoe perucrpa X nepemaercs B

-peructp X1. K ckasaHHOMY HYXHO JOGAaBHTb, UTO €CJAH HYHC/IO HA

HHAMKAaTope fABJAETCH pe3yJaLbTaTOM HpPeABbIAYUIHX BBIYHCIEHHH, TO
Ha6op Ha KJaBHaType HOBOTO YHKCJIA ABTOMATHYECKH IIepeiBHIaeT
uHpopmanuio u3 perucrpa X B peructp Y. Takum obpasom, peayabrar
BHINOJIHEHHS HpeNbIAYIIeH Ollepali MOXeT yyacTBOBATb B KauecTse
BTOPOrO YMuCAa HPH BHIOJHEHHH TOC/JAeAYIOULel onepaluHH.

IIlpumep 1.5.1. Paccmorpum ¢ yueroMm yKasaHHBIX mepeMmelleHui
HOPSAI0OK BBIUUCIEHHH Mo (opmyne:

aXb+cXd.

3ta ¢opMysa, HeCMOTPS Ha KaxXKyLlylocsl NMPOCTOTY, SIBASETCS, Kak
H3BECTHO, HENPOCThIM «OperkoM» Jiasd MK, He HMeILHX HepapXxuu
onepauui. :

Ha TIMK Bouncaennsi no 31oH ¢opMyne BHINOJMHSIOTCS BecbMa
npocro:

a[Bt| o[ x]c{Bt]a[x]|[+]

B Tabnuue 1.18 mpuseneHo nmoapo6GHOe OMHCaHHE BceX mepe-
MelleHUH TpU BLINOJHEHHUH 3TOH mporpammbl (A1 yaoO6CTBA MNpH-
HAITO, 4TO Tepel, BbIUMC/JAEHHUSIMH BO BCeX PeriucTpax CTeka Jiexar
HYJH) .
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Tadamwa 1.18

Bsoa ; X Y z ' T

a a 0 0 0
TS—T- a a 0 0
b a 0 0
? ~ab 0 0 0

¢ c ab 0 0
—];T. € ab 0
4 d ¢ ab 0
—

s cd ab 0 0
—+_ abcd 0 0 0

AnasornunbiM 06pasom OGBSICHSETCSl H BBIMHCJIEHUE Mo dopmyae
(a+b) (c+ d), xoropoe ofecneuuBaercs NPOrpaMmo:

aB7b+|cB¢d+ X

Jsst XxpaneHuss HCXOAHBIX JaHHBIX H NPOMeX yTOUHBIX PEe3yJLTaTOB
TIMK, kaKk H KaJbKyJATGPEl APYTHX THIOB, AMEIOT [ONOJHHUTEJbHBIE
agpecyemble peructpsl namsata. B MK-56 taxux perucrpoe 14, onn
umelor Homepa (anpeca) 0, 1, 2, ..., 9, a, b, ¢, d¥. 3anuch uncaa us
peructpa X B ajnpecyeMble PETHCTPBl OCYLIECTBJISETCS Ha)aruem

KJAaBHLIN x»s—I'II M OfHOH u3 KiaaBHW, OGO3HAYAIOILHX HOMEp

appecyemoro perucrpa. [lpu sTom uucno, nependHHoe B aapecyeMblit
peructp, coxpausiercst B .perucrpe X. Tak, Hanpumep, 3anuch
yucna K3 perHerpa X B peructpbl R4 u Ra Ha MK-56 ocyuectBas-
€rCsl KOMaHAaMH:

x—#ﬂ 4 n| x—>I11 a.

,UJIH BBI3OBA. UHCJa, XPaHSILErocsi B ajpecyeMoM pEriLcTpe, B

peructp X HeoOxopuMo Haxarb Kiaasuwy | Il--x| u xrnaeuwy,

0603H4Y4aI0LIYI0 HOMED ajpecyeMoro perucrpa.

[naBHoe npexnasHauenue [IMK ne B toM, uyToOHI NPOH3BOJHUTH
pasoBble Bhityc/AeHus no Gopmysie,— MJIA STHX Lened MOryT HCIHOJb-
30BaThCcSl HHMKEHEPHBIE W apupMeTHuecKHe KajbKyasitophl. Ocoboe
HagHayenue nporpaMMmupyembix MK cOCTOMT B TOM, YTO OHH MOTYT
3anOMUHATb leJible NPOrpamMmbl, a MOTOM ABTOMATHYECKH . HX

*B panpHeifiuleM ajpecyembie PerucTpul GyseM oﬁosnaanb 6yxsoii R ¢ pacnono-
MeHnoiM 33 HuM HoMepom: RO, R1, R2 w 1. 1.
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BLINOJHATL. [I/s 3anoMuHanusa komaug nporpamMmel y IIMK umeercsa
cnenManbHas npoepammuans namare. llporpammuas namsars MK-56
cocTOUT U3 98 aueek; nepsas siuedika umeer Homep 00, nmocneausna 97.
Uro6el mnonyuutrb obuieeé MNpencTaBlieHHe O MpOrpaMMHpYeMOM
HCIONBb30B aHHH HMK paccMOTPHUM NPHMEPHL.

fIpumep 1.52. CocraBurh NporpaMmy JJisi aBTOMaTHYECKOro
BhIMHCAeHHA Ha MK-56 N/1HA OKpy:KHOCTEH MO 3aJaHHOMY pajHycy r.

Kak mu3BecTHO, NJIMHA OKPYXKHOCTH BBIYHCISETCH HO (opMmysae
L=2nr. IlporpamMma pyuyHbIX BbiuHCAeHHH mo ¢opmyse Ha MK-56

BecbMa NpoCTa:

IMpeanojiokKuM Tenepb, UTO 3HAUEHHE pajMyca r 3apaHee 3aHHCaHo
B peructp X (7. €. HaxoAMTCHA Ha MHRHKarope). lIpH 3ToM yCJAOBHH
LeHCTBHUA MO BBHIMHCAEHHIO L CBENYTCS K CleNyIoLieMy:

Bi] 2 ] [F] [=] [

{nepen BBONOM B peructp X uHCAa 2, HaXoLuBILIeecs B HEM 3HAUeHUe

panuyca r ¢ komanaoi | B 4| nepemecturca B peructp Y).

3anuizeM Tenepb KOMaHAbl 3TOH Nporpammbl Iuar 3a I0aroM B
nporpammuyio namsath [IMK. Jlns 3T0ro KanbKyasiTOp HaxaTHeM

Knaamu| Fl IMPTI" | nepeBoautcs B pexum «IIporpammuposanies.

B npouecce mowaroBoro BBOAA NpOrpaMMbl Ha HHAHKatope Oyner
Ha6MI0laTbCA JABHMKEHHE [BY3HAYHBIX KONOB KomaHoi (cicsa mna:
npaso). [Ipu srom KpallHee npaBoe ABY3HAUHOE YHUC/IO PErucTpupy-
eT 3HAaueHMEe CYETYHKA BBOJMMBIX KOMaH/] W MNPHHHUMAET NOC/Ae[O0-
patenbube sHavenusi: 00, 01, 02 u 1. n.*. Tekymee cocrosnue
CUeTYHKA KOMAaHj BhIpaxaer ajgpec sYelkd HPOrpaMMHOH NaMSTH,
no KoropoMmy Oyoer - 3anmHcaHa cAejyiomiasd KOoManjxa Tmporpam-
mbel. TlokoMaHgHOe WH3/I0XKeHHe TNPUBEAEHHOH BbHIE MNPOrpaMMmbl
BEIMHC/JAEHUS [JAHBl OKPYXHOCTH L=2nr B NpeANOIOXEHHH, UTO
3HadeHue pajuyca Haxoiutrcs B perHcrpe X, mano B tabauue 1.19.
3nech #e yKasawbl' aApeca s4YeeK, XpaHAUIAX KOMaHAH, a Takxe
omnucanue AEHCTBHII, KOTOpble NPOH3BOAHT KaxkJaasd Komanna. Takum
ofpasowm, BCA NPOrpaMMa COCTOHUT H3 IECTH KOMaH/, M 3aHHMAeT 1UecTb
siyeek mamsaTH ¢ ajgpecamu: 00, 01, 02, 03, 04, 05. Korga BBoj Bceit

~ IporpamMMbl 3aKOHY€H, MHKPOKAaJNbKYJATOD HYXKHO BEPHYTH B CUET-

HBIl pexum paboTel, MIA uYero HaxumawTr knapuuwd | F ABT|

(3TOT peXUM HOCHT Ha3BaHHe «ABromarnueckas paGora»).

*[IporpamMmy MOXEO 3aHOCHTh B IaMsThb C NPOH3BOALHOrO ampeca. Jlas sToro,
npexjae uem nepedrn B pexum <«[IporpammupoBanue», HYXHO HaMarb Kia-

suwmy} BI1|, a sarem BBecTH 3HayeHHE -afpeca NEPBOH KOMAHAHL.

41



TlporpaMma myckaercid HaKaTHeM KJIABHHI ‘B/O-]‘C/I'I *,

Ta6auua 1.19

Anpec Komanaa Brimosuaemoe pefictane
KOMaHJAL
00 B4 3anuck yucaa r B peruetp Y
01 2 Bsox uucaa 2 B peructp X
02 X Brluucnenue 2Xr
03 F " n Boa uucna.n B peructp X
04 X | 'Botuncnenne 2XnX.r
el
05 C/m OcraHoBKa M HHAHKANHA oTBera B peructpe X

Onnako, npexe ueM c/lenarb 370, HEOOXOAHUMO B PErUCTP HHAHKAUHH
X sanucaThb 3HaueHuHe panuyca (DPH COCTABJCHUHM MPOrpammbl Mbl
HCXOJHM H3 TPELNOAOKEHHA, UYTO 3Ha4YeHHe pajauyca HaXOLHUTCH
B peructpe X). ITycTb, K npuMepy, HYKHO BBIMHCAHTb IJIUHY OKPYX-
HOCTH pamguyca r=2>5. Toraa mnocae BLUIOJHEHHSI BCEX ONHCAHHBIX
Bbille AeHCTBHH 110 BBOLY HPOrpaMMBl HYKHO BHINOJHHTL OMNepalHH:

5 B/o-] [c/m].

Ha uupguxarope BricBersrcs orser: 31,415926. Ecam nyxHo nony-
UHTb AMMHBI OKpYMKHOCTEH Jl sHAuYeHHH paguyca ri, Ts, .., In,
TO HYXHO # pas 06paTuThCcsl K NIpoOrpamMMme, BBEJEHHOH B NaMAThb
IIMK ¢ nomoubio KOMaHu:

r B/O»l C/My (i=1,2, .., n).

Sanucaunasi B namsArb TIMK nporpamma 6yaer XpaHHTbCS TaMm 10
TeX 10p, TOKa Ha 'ee MecTO He GYJeT 3amHucaHa npyraﬂ mporpaMma Wil
He mpousofizer orkaovenne TIMK,

Ha nporpaMmupyeMbIX MUKPOK&ILKYJISATOpax Becbma 3¢ eKTUBHO
pemaercsi 3ajadya BbIUHCAEHHS TaGnuubl 3HaueHUH OQYHKUMM (3TY
4acTo BCTPEUAIOLIYIOCH TPAKTHUeCKYI0 3ajauy HashiBawoT elle
rabyauposanues pyuxkyuu). 3agaua TaGyJIHpOBAHHA CTABHTCSH OOBIU-
HO caeaywouinm obpasom. Haerca ¢yukuus f(x), -orpesok [a; b}, na
KoropoM (GyHKuMA omnpeneneHa, u mar h. TpeGyerca BHMHCIATDH
3HayeHHsl (QYHKUHH B TOUKax a, a-+h, a+2h, ... 10 Tex nop, moka
ouepefHOE 3HAUEHHE APT'YMEHTAa He BHIALET 3a TpaByw TpaHHLY

*Kaasuwal| B/O| ycranasiuBaer Hyjepoe 3HAYeHHEe CUETYHKA KOMAaHM, KIaBH-

wefi} C/Tl] npousBoauTCs MYCK.
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orpeska. [Ipu aTrom odopmasiercs tabauuna Buga 1.20. [Toekonbky B
BHIMHC/IEHUAX Ha MHUKDOKAABKYAATOPE BLIMHC/IUTENE CaM YIpaB/ser
XOLOM BBIHHUCIHTEIbHOrO HPOIECcca, MOXHO CUHTATb, YTO I/ NOoCTa-
HOBKH 3ajauyd tabyiupoBanus ¢yHkuuu wa [IMK, momumo samanud
aHaNHTHYECKOTO BLIpaKeHHsl (YHKHHUM, HOCTATOUHO yKA3aThb JHUIB
JIEBYIO FDAHHIY oTpe3ka X =a W war i. QakTHuecku 3agaua CBOJHTCS
K 3ajnade TaGynHpOBaHHA Ha HHTepBaxe [a; oo

TaGéauuna 1.20

x fx)

a fa)
ath , Fath)
at 21 Fat 2
a-+3h [@4-3h)

ITpumep 1.5.3. Cocrapurb nporpaMmy Ta6yaHpOBaHHS GYHKIHH

f(x)= 5"s‘inx

41
Ha MK-56 ¢ HavanbHbIM 3HaueHHeM x==1 W marom h=0,1.

ITpu cocrasieruu nporpaMmsel GyneM: TMpeanonararb, YTo 3Haye-
HUAL X ¥ h 3anucaHbl COOTBETCTBEHHO B ajpecyeMble PerucTpbl
RO u RI:

x { RO
| RI.
IIpuHnMas BO BHHMaHHE XapakTep 3a4aHHOH HOPMYJBI H BBISHCIIH-
TeJsbHble BO3MOXHOcTH MK-56, 6ynem nmpH cocraB/ieHHH NPOrpamMbl
NPUAEPIKUBATHCS C/IelyIoleH N0oc/Ae0BaTe/IbHOCTH BBIMUCJAECHHS 3Ha-
yeHus f(x):

1) BbIYMCAMTL 3HaueHHe 3HameHarens x>-41 H 3aNOMHHTBL ero
B OJHOM H3 ajpecyeMBlX perHcrpoB mamsitd (R2);

2) BHIMUCJHTD 3HAYEHHE YHCIHTENS D sin x;

3) Bm3BaTh B perHctp X 3HAueHHe 3HaAMEHATeNsl W3 PErucTpa
R2 (3nauenue uMmciaHTeNsl IPH 5TOM mepeiiner B peructp Y);

4) BBHUIONHHUTH OMEPAIHIO NENEHHS.

[Mporpamma BBIuMC/IE€HHA OZHOrO 3HaueHusi f(x) 6ymer HMeTb BHA:

x| o [F ﬂl?]_x-»n o[ 1—>x| olj sin 5“

M-x|2]| =+

Hrak, nporpaMmma no cyulecTBy roroBa. [locTaTouyHO 3aBepliuTb ee

komanno#t [C/Ilf (ocranHoBKa M MHIHKauus 3Hauenust [(x)) u

MOXKHO 3anuceiBath B nmamark. Ocraercs: OYEBUAHBIM JHIUb OLHO
HEYNO06CTBO: MOC/e KaXXJ0ro NMpoxoja 3TOM nporpammbl (H CHATHS
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ouepefHOoro. 3HayeHHsl (QYHKUHH C HHAMKATOpa) Nepex KamIbiM
HOBBLIM NYCKOM MPHAETCS BPYYHYIO BBOAHTH B PETHCTP RO nopoe
3HayeHHe aprymeHta x. DTOrc Heyao0cTBa, BIPOYEM, MOXKHO H3-
GexaTh, €CJH BCJEL 3a OCTAHOBKOH W HHIHKAaLHed 3HAUYCHHS
GbyHKIEE B NpOrpaMMe NPeNycCMOTPETh aBTOMAaTHYECKOE BbiHHMC/AeHUe
HOBCTO 3HAYEHHS ApPryMEHTa M TepechuiKy ero B perucrp RO:

M>x|{ 0] I->x|1]|+]|x>11]0|C/TH.

Teneps ocranoska no komanze |C/II} Gynmer comnpoBoxAaTbes

HHAMKALHel HOBOro 3HaueHWsi aprymenta. Besen 3a stum ocraercs
OCYHIECTBHTb aBTOMATHUECKHH Mepexoi K Hauanay nporpammbl. [lns
sr0if peaH B cucTeme Komana MK-56 ecth komaHza 6e3ycsios-

Horo nepexona { BI1|, Bciaex 3a KOTOpOH HYKHO YKasaTb aapec

Auefiky nporpammuoi namsru 00, B KOTOpOH HAXOAKTCS epBasi KOM aH-
aa mporpammbl. ITolHOCTBIO HCKOMast mporpaMma  npeicras/ieHa B
tabauue 1.21. ‘

Takum o6pasom, nisi TabynupoBanusi ynkuun [ (x)= 5sin x

PN

¢ HayaJbHBIM 3HaueHueMm aprymeHra x=1 u warom h==0,1 ¢ no-
MOIILIO TPOrpaMmbl, M3J0KeHHOH B Tabauue 1.21, neo6xonumo:

1) BBecru nporpammy B nmamsarb IIMK;

2) sanucarb anavenuss x=1 u h=0,1 B perucrpst RO u Rl

coorBercTBeHHO (komaHmamu 1| x—TI| 0 u 0,1 | x—~>I1| 1);

3) nycrute nporpammy (komanga {B/O{{C/I1}).
[Tyuxrt 1) BHINOJNHACTCA B pemnmel INPI |, nyuxrset 2) 4 3) — B

pexume | ABT |. TlporpaMmma coctaBjeHa Tak, YTO BbIXOJHBIE JaH-

Hble HHAWLHUDPYIOTCHA Ha CBETOBOM Tabno B HOCJICD;OBQTCJIEJHOCTHZ

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

Hpn 5TOM HHAHMKAIHS KaxJAOoro 4jieHa IoCc/Jes0oBare/JbHOCTH,
HauMHasi cO BTOpPOro, OCYIWECTBJSETCA B pesynabrTare BbINOMHEHUA

komananl |C/T1]|. Tlocne kaxpoH OCTAHOBKM H CHATHSA noxkasares

HHAMKaTOpa paboTa mporpaMMbl BO30GHOB/ISIETCA HaXKaTHeM Ki1aBHUIA

C/I1|. Peaynbrarhl pa6oThl npOrpaMMbl TabyJaHpPOBaHHUs JUisl 3ajaH-

Helx B mpumepe 1.5.3 ycnOBHE 4acTHYHO NPEACTaBJEHH B TaGJIH-
ne 1.22. Tlpouecc TaGynHpOBaHHs INpEKpaulaeTcs. MO YCMOTPEHHIO
camoro Bbuncaurens. JIns 3aganusi HOBOTO YYacTKa WM miara

Ta6ynMpOBaHKsT AOCTATOYHO Mepe/ MyCKOM MPOrpaMMbl BBECTH HOBHIE:

44

TaG6auwnga 1.21

woakpec Komauza Bunonnnemoe Aeficane
00 IT— x| 0] Bu3os x B peructp X us RO

01 ! F " x? Boiuncaenne x°

02 1 3aunucb uucaa 1 8 perucrp X

03 + Briuucaenue x24 1

04 x—MH| 2 |3anucs x*+41 B perucrp R2

05 M->xj 0 BoizoB x B peructp X uz RO

06 F " sin Brluncnenne sin x
07 & | 3annce umena 5 B pernerp X

08 _ X Boiuncaenue 5 sin x

09 IM—x] 2 |Bwzos x’4+1 B peructp X 3 R2
10 = Buiuncnenue f (x)=>5 sin x/(x241)
11 C/1 Ocranoska u unaukauus f(x)

12 IT—>x{ 0 |Busos x B peructp X u3 RO

13 IM—x} 1 Buizos & B perncrp X ns RI

14 -+ Buoiuscnenne x=x-4h

15 x—~>Ti} 0 BaﬁHCb X B pe‘l‘HCTp RO

16 c/m OCTaHOBga W MHIMKAHHS X

17 BI1 BesycnoBuntit nepexon

18 00 Aspec GeaycleBHOro nepexoaa

israueHua B perHcTpl RO w R1. OxHako Ha 3roM, K COXKajleHHIO,

M 3aKaHYMBAeTCA BAPHATHBHOCTb COCTaBAeHHOH nporpammbl. s
TOTO YTOOH mnepedTH K TaGy/aHpOBaHMIO Apyro ¢yHKLHH, BCIO

“TIporpamMMy NpPHAETCH COCTaBJATH 3aHOBO. ITOT HEAOCTATOK HpOrpaM-
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Mbl MOXKHO HCIPaBHTb, €CJH IIPH €e OpraHH3alii HCIOJb30BaThb
C/IEAYIOIIHH TOAXOM: BbIYHC/IEHHE 3HAYEHHS (PYHKIHH f(x) opopmurp
B BHIE CAMOCTOSITENBHOro 6J0Ka — nodnpozpammst, a B OCHOBHOM
nporpamme K 370 noanporpamMme o6pamarbcd. Toraa aJs nepexoza
K Ta6yJHpOBaHHIO ApYrofl (YHKUHH [0CTAaTOYHO OGyner 3amMeHATb
TONBKO 610K BBIYHCIEHHS [ (X). :

Ta6auna 1.22

2,1036776
2,0163063
1,9099162
1,7910003
1,6646110
1,5346077
1,4038955
1,2746334

._..._......_._.._.._....
No ik wio—

Ilna nepexoma Ha mnoxgnporpaMmy B ssbike MK-56 umeercs

cnenuanbHas KomMaHnaa, peanusyemasi kaasumeft |ITIT]. C mo-

MOIIbBI0O 5TOM KOMaH/bl IPOHCXOJQHT fepexol Ha MOANpOorpammy no
agpecy, yKa3aHHOMY HEMOCPeICTBEHHO Moc/ae KOMaHAbl Nepexona,
H, KpOME TOT0, 3alOMHHAETCS aJpec CAeNylolell KOMaHibl OCHOBHOH
nporpammbl. [lo 3ToMy agpecy NpOHCXOLMT BO3BPAT B OCHOBHYIO
nporpaMMmy Tiocie orpaGorku noamporpammbl. [loanporpamma

Bcerja 3apbepluaercss Komauaoi Bosspara |B/O|. Iloamporpammy

BhuMcaenust [ (x) B obuieft mporpamMmme TaGy/JHPOBAHUS eCTECTBEHHO
pacrnojaraTtb B KOHLe, 3TO OG/erdyuT 3aTeM 3aMeHY IOANMpOrpammbl
TNpU nepexofe K TaGyJHPOBAHHIO HOBOH (YHKIHH.

B ra6auue 1.23 npusegeda nporpamMma Ta6ynHpoBaHHsl GYHKIHH
¢ TOANpPOrpaMMoH, peausywoulell BBIMHC/IEHHE 3HAYEHUH GYHKIHH
f(x) us npumepa 1.5.3. B suefixax 00—10 pasmeiieHa OcHOBHaf
nporpamma Ta6ynuposauus. [Toanporpamma Beivucaenus f(x) Hauu-
HaeTcs c sidedkd 11, ¢ aToro ajgpeca JO/NXKHA pacnosiararbcs HOBast
MOANpPOrpaMma BBIYHC/IEHHS 3HAueHHs (QYHKUHH NPH Mepexoae K
apyro#i 3ajaue Taby/aMpOBaHHA.

[Tpu peireHHH HEKOTOPHIX 3ajay TpeGyercs aBTOMAaTHUECKOE
HEONHOKPATHOE BBINOAHeHHe (WM, Kak TIOBOPAT, 3aUHK/IHBaHHE)
OTAEbHBIX Y4AaCTKOB OZHON H TOH Ke mporpaMMbl. $Isblk mporpam-
mupoBauus [IMK npeanycmarpusaer Takylo BO3MOXHOCTb.
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Taoauna 1.23

Anpec Komanzna Bunoansemae aeficrane
00 M>x| 0 BrI30B x B peructp X us RO

01 11 :| Flepexon Ha mommporpammy

02 11 Ajxpec momanporpammsl

03 C/It OcranoBxa H Hujukauus f(x)

04 | M—-x} 0 Buisos x B peructp X u3 RO

05 M—x| 1 Brizo h B pemcrp‘ X u3 Rl

06 —i—] Brmucnenue x=x-4h

07 x—T1} 0 3anuch x B.peructp RO

08 -C /I OctaHoBKA M HHIHKALHA X

09 .‘ bBesycnoBHEIA mepexon K.Hauany
10 00 Anpec GesycioBHoro mepexona

i | [r ‘ Buincnenue x?

12 B 3amuch uncna | B perucrp X

13 + Buiuncaenune x? |

14 x—>TII| ¢ 3amuch x4 1 B pernctp R2

15 [I—x1 0 BLI30B uHCTa X B perﬁCTp X u3 RO
16 F {l sin Boluncienue sin x

17 5 3anuch uncna 5 B perucrp X

18 X Broiyueaenue b sin x

19 ij Xl 2 Buzos x* 41 B peructp X uz R2
20 E Buiuucaenne f(x)=>5sinx / (x4 1)
21 B/O Boaspar k Komainne ¢ agpecom 03




MMpumep  1.5.4. Tpebyercsi HAHTH CYMMY BCeX TeX UJEHOB
pana

(o]

DN
n=1

BEeJIMUHHA KOTOPBIX HE MEHLIIE 3aJaHHOro 4Hc/Ia E.
BrinuiieM HECKOJAbKO UWIEHOB 3aJaHHOIO psiza.

1 1 1 1
I+ otitest--
Ecau, nanpumep, ¢=0,21, TO COrJIacHO YCJOBHIO 3ala4H HCKOMYIO

1
CyMMY COCTaBfT JHMIUb JiBa IEPBHIX WieHa psiaa: I+T:1’25‘

[IpeanonoxuM, UTO 3HAYEHHE € HAXOMMTCH HA HHAHMKATOpe
(8 peructpe X), cymma 4WIGHOB psina 6yner HakanJdBaTbhcA B
peructpe RI (BHauane ero HyxHO Oyner OYHCTHTB), TeKyuiee
3HaueHue HoMepa uneHa n — B peructpe R2, a sHauenue OuepenHoro
yiena psaa B BHAE 1/n? 6yner uaxopurbcsi B peructpe R3. Mexoas
M3 STHUX NPEANoJOXKEeHUH HECNOXHO COCTABHTh NPOrpaMMmy, KOTOpas
BLIYHCAsIA OBl MOCJELOBAaTeNbHble UYIeHbl 3aKaHHOro psja B pe-
ructpe R3, nposepsiia Obl ycjiOBHE (R3) <<e* mu, ecan oHO He
BBHITOMHsIETCS, [o6aBasana Obl 3HAUEHHA 3TOr0 WieHa K COACPKHUMOMY
perunctpa R1. A korma oxaxercs, uro (R3)<Ce, nomxksa mnpo-
MCXOJMTh OCTAHOBKA C MHAMKauueid comepxumoro perucrpa RI.

Kak BHAHO, 4TOOH peanH30BaTb 3Ty HIEI0, HaAO YMETb onpe-
Aesisith HeTuHHOCTH yeaoBus (R3) <Ce ¥ B 3aBHCHMOCTH OT MCXOA2
TPOBEPKU JMGO NpeKpallaTh Cuer, JHGO MPOAOIKATDL €ro. Ha sspike
KOMaHj 3TO O3Hauder, YTO HYXHO INPOBEPHUThb 33JaHHOE YC/NOBHE
H B 3aBHCHMOCTH OT pe€3yJibrara NepedTH K yKasaHHOMY I8 KaXAOro
M3 STHX [BYX CJAyuaeB ajpecy ouepennoii komanawl. Ilporpam-
Mupyemble MK HMEIOT COOTBETCTBYIOUIME KOMaHAbi. DTO KOMaHIH

mepexoaa MO YCAOBHIO, KOTOpBle peanusylorcsi Knapuuted | F ) u

OLHOH H3 KJaBHII ¢ O00O3HaueHHeM yenosuit: | x>=0], 1 x<<0},

x == 0| . Kaxkaas H3 5THX KOMaHJ IPOBEpsieT COnepKuMoe perucrpa X

Ha BBLIIOJHEHHe 3aJaHHOro yciosus. Eciy ycioBue He BHIIONHAETCH,
10 caepywouiell no mporpamme Gyaer HCIIOHEHA KOMaHAZ, agpec
KOTOPOIli YKa3aH HEMOCPEACTBEHHO 32 KOMAH0H yCJOBHOTO nepexoja.
Ecau ycioBHe BLIMOMHAETCS, TO CACAYIOLEH 6yner HCTIONHATHCSH
KoMaHja, 3alucanHas mecjae ajgpeca nepexoja.

Jlpyroii komaszo#, HeOGXOAUMOH AJifi OPraHH3AUKH LHKIHICCKHX
nporpamm, siBJAsiercsi KOMaHAa 6e3yC/JOBHOrO Mepexoia, peanusye-

mas kaasuued | bI1

*(R3) oGosHauaer COACPKHMOE (4HC/IO) H3 perucTpa R3. .
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. B ‘ra6nuue - 1.24 -npuBemesa nporpamMma -BbIMHCICHHSI CYMMBI
pAAa N0 3aJlaHHOMY YHCIY. &, [PeNBapUTeILHO BBEIEHHOMY B
peructp X. Xoi BHIYMCACHHH H MOPSLOK HCIOJL3OBAHUA KOMAaHA
YCAOBHOrO H Ge3YCJOBHOTO NEPEXOAa MOMKHO YACHHTb H3 MOAPOGHBIX
NOsICHeHHH [eHCTBUA Kax[o0H KOMAaHAb, NPHUBEJEHHEIX B INPABOM
cronbue. Jas mycka 3TOH mporpamMMBbl HYXKHO BBECTH 3HaueHHe &
B pervctp X ¥ HaXarTh KJaBHILIH:

B/O} |C/IT].

Tax, npu £¢=0,001 pesysnbrarom nporpammnl 6yner 1,6131908.

Mul paccmoTpesu AafeKo He Bce CBOHCTBA nporpammupyembix MK,
ITH KanbKYJATOPHl NPEHOCTABJSIOT [OJb3IOBATENI0 BO3MOKHOCTD
perath 3ajayd, MHOTHe M3 KOTOPBIX L0 HeJaBHero BpeMedH OBLIH
nox cuay aumbs 3BM, TlpaxTexka noxasbiBacr, 4TO /sl IIOJHOTO
ucnoansopandst sosmoxkaocre#l [IMK, kpoMe ycBOeHHS HX JIOTHKH H
CHCTEMBI KOMaHjJ, TpebyeTcs elle OBJajeHHe KYJAbTYpOH mporpam-
MHUPOB aHHS.

KoHTpoabHBE BOOPOCH

1. B uem ocHOBHOE OTJIHYHE NMPOrpPaMMHPYeMbIX MHKDOKAJbKYJA-
topoB {IIMK) or MK apHdMeTHUCCKOTO H HHXKCHEPHOIO THHA?

2. Kakos nopsanok punontenns va [TMK nsyxmecrnoit apugpmern-
H4ecKOH omepauuu?

3. Kakue peructpbl 06pa3yior crekosyl namarb MK-56?

4. KakoB nopsaoK nepeMelleHust HHpOpMaud B CTEKOBbLIX DerH-

cTpax npu HaxKaruu kiasuma | B 4|7

- b, Kakue nepemelneHusi NpOHCXOAAT B CTeKOBox peructpax [TMK
NpH BHINOJHEHHH OJHOMECTHOH onepannu?
6. Kakue nepemeilleHHs1 TPOUCXOJAT B cTeKOBLIX peructpax [TMK
NPH BLIMOJHEHHH ABYXMECTHOH OHepamHu?
7. Uro MPOUCXOZUT ¢ pPe3yJAbTATOM HPENbIAYIUHX BbIYHCIEHHH,
XpaHsiluMcs B peructpe X, npH BRoge B X HOBOTO 4HcJsa?
8. Kaxk npoH3BOAMTCA 3amHCh H BLI3OB UHMCeT H3 ajpecyeMbix

PEerucTpoB. MaMaTH?

9. B kakom pexxume NpOH3BOAUTCA BBOJ NPOrpaMMsl B NporpamMm-
Hylo namare [IMK? B xakom pexume npouMsBoAUTCH NYCK MpoO-
rpaMmbl? ,

10. Kak sanucbiBaioTcss H paGoTaOT KOMawabl Ge3ycsOBHOTO M
YCOBHOI'O NMEPexXoj0B?



Ta6aunna 1.24

Anpec o
KOMat- Komanaa Britonnsiemoe AefdCTRUE
Hpl
v [J
00 x—>TI{ 0 3amuch uncaa e M3 peructpa X B peructp RO
01 0 Beog uucaa 0 B peruerp X
02 x—IT] 1 3anuce uneaa 0 B perserp R (S=0)
03 x—~>TI| 2 3anuck yucia 0 B peruerp R2 (8 6ymymem B
R2 6yner pasmeliarthes 3HaueHHE 71)
04 1 Beog uucna ‘1 8 peruerp X
05 Mm—->x] 2 Tepecbiika uncna 1 B pernctp Y M BbI30B uHCAA
‘| us perucrpa R2
06 + BruluncieHne TEKYlero 3HaueHus n
07 x—T1] 2 3anuch n B peructp R2
08 I F il ¥ l | Buiuncaenne n?
2
09 F }|1/x Boucaenue 1/n
-
10 x—>TI1| 3 3amuck 1/n® B pernerp R3
11 M—->x) 0 Flepechinka 1/n 8 perwetp Y # BH30B uHCJIA €
B peruetp X
12 — i Bouncaenue 1/n2—e
13 F I x=0 Tposepka 1/n’—g<C0 (#ano M NPOAOMKATE?)
14 21 Anpec nepexoga fp# 1/n’—e<C0 (x okouua-
HUIO LHKJA) /
15 M—x| 1 Briaos uucaa S u3 perumerpa Rl
16 M—-x{ 3 Buizos uncaa 1/n? n3 pernerpa R3
17 + Boiuncaenne S+ 1/n°
18 x—>T1] 1 3anuesr S+ L/n* B peructp Rl
19 BHI Be3yc/noBHbIA MepexoR
20 04 Anpec Ge3yc/OBHOTO Mepexoa
21 Mox] 1 Buizos HaiigeHHoit cymmbl u3 perHerpa Rl B
perucrp X
22 c/m OcranoBKa H HHIHKALMA pe3yabrara
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YnpaxkHeHus

1. CocTaBuTh NPOrpaMmbl [/ OXHOKDATHHIX BBIMHCAEHMH Ha
MK-56. 3naueHu#l celyIOIHX BbIpaXKeHUH:

a) 3,18~/24,76; B) 24,3 +1/(1g0,261—28);

6) 0,9%sin 0,84; r) 9,71-cos (/0,64 +2,1"5).

2. CocTaBuTb NporpamMmy JJisl BBOAA uHcen a, b, ¢, d B perucrphl
creka X, Y, Z, T coorBercTBeHHO.

3. Hanucarp nporpammy Aiasi pyuHbelx BblunciaeHnHd Ha [IMK oG-
UIero CONPOTHBJEHHA Lend R TNpH NapaajeJbHOM BKJIIOUCHUH
conporusienuii Ry, Ry, Rz u R4 no ¢popmyae:

1
R=vt———
RIRTRTR

4. CocraButh INporpaMMmy . JJIsEi aBTOMATHYECKOrOo BBHIUHC/IEHHS
3HaueHuit miIomamd Kpyra S=naR? no 3anaHHbLIM 3HAUCHHAM
panunyca R, BBOIMMBIM B PerucTp HHAMKaUuH X.

5. Jlano ypaBHenne 3 —4x=0. MerogoMm TtabyaupoBaHus
¢yukuud f (x)=3"—4x va MK-56 J0Kann30BaTh OTPE3KH, COAEPIKA-
l[He KOPHH YpaBHEHHS.

¥kaszanne CocraButb nporpammy TabyaupoBaHusas (YHKIHH
f (x) na orpeske [0; 2] ¢ warom 0,1. HenpepuiBHast ¢pyHKuHA HMeeT
Ha: OTpe3Ke KOpeHb, €C/IH OHA MeHSIeT 3HAaK Ha ero KoHuax. Ecau
(PYHKILMS K TOMY XK€ MOHOTOHHA Ha 3TOM OTpe3Ke, KOpEeHb eHHCTBEH-
HBIH.

6. CocTaBHUTh IMKJIHUECKYIO MPOrpaMMy BBIYHCAEHHS CYMMbl BCEX
o0

n
en’

YJIeHOB psina >

n=1

BE&IHYHHA KOTOpPbIX HEe MEHblle 3aJaHHOro

qucaa €.
7. CoCTaBUTH HUKJIUYECKYIO IPOrPpaMMYy BHIMHCIEHUS HAUDOJIbLIEr0
ob6wero genurens (HOJIL) ABYX menblx MOMOXKHUTEAbHBIX UYHCEN a H b.



I'naBa 2
METO/AbI OLLEHKH MOrPEWIHOCTEN

Paccmarpupasi B npemblayulell rnase TeXHHKY BbIYHCAEHHH Ha
MHKPOKANbKYASITOPAaX, Mbl HE 3aTparuBajd BONDOCOB TOYHOCTH
BbluHcAeHnH. TTOHATHO, OQHAKO, 4YTO GOJbIIOE KONHYECTBO UMD,
BbicBeuHBaeMblXx Ha uHAHKatrope MK npH BLITOJHEHHH PAacyeros,
He fenaeT MeEHEE aKTyaJbHOf 3ajady OUEHKH TOUHOCTH pe3y/bTa-
TOB. .DTO OTHOCHTCS H K Yy4YeTy TOUHOCTH HCXOAHBIX JaHHBIX, H K
aHaJu3y HAKOMJEHUS BLIMHCAMTENbHBIX OWHOOK, T. €. 3aTparuBaer
BeCh KPYr BONPOCOB, TPAJHIMOHHO OTHOCHMBIX K METOAAM MpH-
61X EHHBIX BBHIMHCICHHUH.

2.1, Hcrounuxy ominGoK B BHIYHCIEHHSX MmO (opmyae

Onroll 43 OCHOBHBLIX TPHUHH, OrPAHUYHUBAOILUX TOYHOCTb pac-
yeTOB 1O (GOPMYJie, SIBASETCS CTEeneHs TOUHOCTL UCXOOHBLX OAHHbIX.
Jleno B TOM, YTO HCHO/b3yeMble B BBLIUHCJIEHHUAX UYHUCJIOBLIE 3HAYE-
HUS HOCST B NOMABJSIONIEM GOJBUIMHCTBE CJydaeB NPHOJIHKEHHBIH
xapakTep, H6O TOJyyalOTCsi Ha MPAKTHKE B Pe3yJbTare H3MepeHHi,
B3BeLIUBAHUN HIM JPYrUX cmocoO0OB HHCTPYMEHTaNbHOI'O IMOJYUEHHS
YHCJIOBLIX 3HAuYeHHH KaKHX-TMOO peajbHbIX BEIHUHH. B Tex wuckmio-
YHTENbHBIX CIyuasix, Korjga tpebyercss oco6O BLICOKa# TOYHOCTb HC-
XONHBIX 3HAUEHHUH, ee NOCTHIXKEeHHe CBA3aHO OOBIYHO ¢ HEManbIMH
3arpaTaMH, B CTAHZAPTHLIX K€ CJIYy4asfX 3Ta TOYHOCTb OGBIYHO HE
oueHb BbLICOKA. YacTo oHa o©OKasblBaercsl HECOMOCTaBHMAa C TeMH
KO/10CCANbHLIMH BO3MOXKHOCTSIMH, KOTOPBIMH o6J1azaer npH o6paboTke
UHCIOBHIX 3HAueHHH MHKpPOKaibkyasTop. MimenHo 3jnech M KpoeTcs
OMACHOCTh BO3HHKHOBEHMA 3a6/yXKIOEHHH O BLICOKOH TOYHOCTH
COBPEMEHHOM CYUETHOH TeXHHKH: HalpHMep, NPOH3BENH JeHcTBHE HaJ
yHCAaMM ¢ MaiblM KOJIHYECTBOM IH(}P, @ MOJYYEHHBLIH OTBET 3aHsI
Bech HHIMKATOp, 3,2:2,3=1,3913043. T'pamoTHBIl NOAB3OEATENb
He Cjejlaer M3 5TOrO MOCHEINHOro BLIBOJA, a MONOHAET K OLEHKe
TOYHOCTH IIOJYYEHHOrO 3HAYEHHSI C YYeTOM TOYHOCTH  HCXOAHBIX
naHHBIX. Jlpyrue mnpHYHHBI, BJHSIONIHE HA TOYHOCTb BBIHHC/IE-
HHSI,~— 9TO TexHUu4ecKlie 803MONCHOCTI MUKPOKAALKYAATOPA, TIPEXKAE
BCEro KOHe4yHocTb paspsaaHoil cerkh MK. 310 o6crosiTenperso npH-
BOAHT K TOMY, 4TO HE BMeEUIAIOLIHECS] Ha HHAHKATope paspsibl
pesyabrara (Koria B OTBeTe NONy4aercs OecKOHeYHas JecATHUHas
Apo6b MAH ApO6b KOHEUHA, HO COAEPXKHT GoJbuie 3HavYalkx UHp,
yeM pas3pANHOCTb HHAWKATOPA) ~OCTAIOTCH B XOAE BbIMHC/IEHHH
HEM3BECTHBIMH VIl BbluMcaurensi. B GoabwuacTBe . cayvaes: MK
YCTPOEH TaK, YTO STH paspsiibl nompocTy orGpaceisaiorcs. [lo-
NyCTHM, YTO HCMOJb30BaHHblE B  NPHBENEHHOM BbILIC NpHMEpe HC-
XOfHbIE ‘3HaveHusi 3,2 ¥ 2,3 — TOYHbIE YHCJA, ‘TOTAA MOJYYEHHOE
Ha MK wux uacrioe 1,3913043 copepxuT omIHOKY, TaK Kak €ro
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paspsiiHasi ceTKa He BMeCTHAAa BCeX Ludp pesyabrara. B Tom, uro
omub6Ka JIOMyUieHa, Jerko YG6eNHThCH, NPOBEPHUB JeeHHe YMHO-
JKEeHHeM:

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

B naHHOM clyyae BBIHHC/JHTENbL HHKAaK HE MOXET CYAUTb 06 HCTHH-
HOM BeJIMUHHE JOMYUIEHHOH MOrpeiHocTy, a MOXKET TOJBKO CKasaTh,
uro omu6Ka He NPEeBHIIACT €IMHHIBI CAMOro MJaJIlero us H3obpa-
JKeHHbIX Ha HHAMKaTOpe paspanoB pesyJbrara.

Huorna, kak ciaepyer u3 mHCTpykuu#t no skcnsyaranuu, MK Bhi-
JaerT pesy/nbTaT C TOYHOCTLIO, He HCIO/b3y©Lleli Bcex pas3psnos
nupukaropa. Hanpumep, MK «3nekrponnka B3-18» npu 8-paspanuom
HHJHKATOpe BHIMHCASACT 3HAYCHHS IEMEHTAPHHX (GVHKIUH ¢ UIECThIO
3HaKaMH 10c/e 3ansTod, T. €. ¢ TOYHOCTHIO A0 €XHHHIL B IIECTOM
maanmem paspsife. OueBHIHO, YTO 5TOT THI NOTPEHIHOCTH O6YCA0B-
JIeH nozpeuinocTeio  meroda, HUCNONb3YEMOrOo TMpPH. BBIMHC/ICHHH
sHauenuil ¢yukuui. K uvcay npHuMH, HCKaXKalOIHX Pe3ysbTaT BhI-
YHMCAEHHH, Ceyer OTHECTH H BCEBO3MOXKHBIE NPOMAXU, NOMYCKAEMbIE
HHOr[a B Npolecce cyera: OMHGOYHBIA BBOX ALAHHBIX HA HHAMNKATOP,
CMeleHHe KJAABHII onepanuii, HCno/ab30BaHHe HEBEPHOH NpOrpaMmMbi
BhIMHCTeHHH H T. 4. Ciofa OTHOCSTCA TakxkKe OmUGKH, BO3HHKAIOUIHE
u3-3a. c60es, BO3HMKAWUIHX B.CaMOM BHIHHCAUTENBHOM mnpubope.
Cpegcrsom Gopb0Bl NPOTHB NPOMAxOB PA3HOTO poja CIAYKHUT Npej-
BapuTenbHasA rpybas NPUKHAKE OXHIAeMOro pesynbrara WiH crnocob
IBOHHBIX BEIHHCJEHHH, a TaKKe ClelHanbHO OPraHH3yeMble CHCTEM b
TeKYILEIr0o KOHTPOJIS, CBSI3aHHbIE C CYIUECTBOM pelIaeMOd 3amaud.
He npuHumas Bo BHHMaHHE BO3MOXHBIE C1yJalHbBle MPOMaXH, MOKHO
CUHTATh, YTO OCHOBHOE BJHSHHMe HA TMOrpPEeIIHOCTh pe3yabrara
Buucaeruit Ha MK no rorosofi ¢opMyne okasblBaer NOrpewsocTb
HCXOJHBIX AaHHBIX. Dosee roro, B mpepenax paspsanoi cerkn MK
3TOT (aKTOp Yallle BCETO OKA3LIBAETCS €IHHCTBEHHBIM, TaK KaK BJUA-
HHE TeXHH4YecKuX ocobeHHocTed MK HauMHaeT ckasbiBaTbCA JIHIIb
TOrRA, KOUZA TOUYHOCTb cuera npHOAMKaercss K [PaHUNAM BO3-
MOXHOCTeH MUKDOKaAbKynsropa. [lJs HcuepnbiBaIoLIero npeacras/ie-
HUA O NOTPEHIHOCTSX pe3y/bTara BLIUMCACHHH CAEAYET Y4YHTHIBATb
BJAHSIHHE BCEX BO3MOXKHBIX OMHGOK, [lonoGHBII aHanH3 HeIb3f
nposecTH (e3 MCHOONb3OBAHHA HAYANbLHBIX NOHATHA O Meromax
NpHONMKEHHBIX BBIMHCICHHI,

KoHTpOonbHBE BONPOCH

1. KakoBbl. OCHOBHEIE NMPHUHHBI' BO3HUKHOBEHHS] MOrpPeIlHOCTeHd B
BLIMHC/IGHHSIX T1O T'OTOBOH (popmyse?
2. Kakue U3 3THX NOTPELIHOCTEH 3aBHUCAT OT MUKPOKAJbKY/IsTOpa?

2.2, OcHOBHbIC MOHATUS TEOPHH NPHOGIUKEHHBIX BHLIMHCACHHMN

Ecnn X — ucrHHHOe 3HayeHMe HEKOTOPOHl BEJMYHHEL, a X — €€
H3BECTHOE MPHO/KEHHEe, TO aGCOMIOTHAS BEJHYHHA OWHGKH TpUG/IH-
JKEHHS X ONpefeNsieTcs TaK:
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ee=1X—xl. @.1)

Benuuuna e,, Ha3biBaeMasi a6COAIOTHOL NO2peuwHoCTb10 TIPHBIHKeH-
HOro 3Ha4YeHHs X, B OOMBIIMHCTBE CJy4aeB OCTAeTCs HEM3BECTHOH
07151 BBLIMMCAHMTENSE, TaK Kaxk [/ ee BHIMHCAEHHSA HYAHO 3HaTh
trouHoe 3HayenHe X. Bmecrte ¢ TeM Ha HpakTHKe OGBIYHO yHaercd
YCTAHOBUTH BEPXHIOIO IPAHHIY aGCOMOTHOM NMOTPELIHOCTH, T. €. TaKoe
(o BO3MOMKHOCTH HauMeHblIee) YHCaA0 Ax, sl KOTOPOro crpaBen-
JINBO '

' X —x| < Ax. ’ (2.2)

Uncsao Ax B 3TOM cjyyae HasBIBAOT epanuyel abCcoatoTHoU no-
epewnocTy (AWM NpefenbHOH aGCOIOTHOR IOTpPelIHOCTbIO) MNpH-

GIIKEHUS X.
Mpumep 2.2.1. Paccmorpum uncno n=23,14159265358... . Ecnu

e Bbi3BaTh = Ha uHHamkartop 8-paspsigHoro MK, moaydum
npuGauKeHHe 3TOro 4Mc/a:

n’ ==3,1415926.

A6comoméﬂ [OrPEIIHOCTh 3HAYEHHA 7'
e, = |n—a’| =0,00000005358... .

[Toayuunn GecKOHEUHYIO APO6Gb, HENPHrOAHYIO JJAST MPaKTHYECKHX
pacueros. Ho

e.»<<0,00000006=An’,

clenoBareneHo; uucao An’=0,6-10"7 MoxHO cuuTarh rpaHunes
aGCOMIOTHON NOrpeLIHOCTH NPHGIHIKEHHS, HCMOAb3yeMOro MHKPO-
KaJbKyJATOPOM BMECTO YHCJAA .

Hepasencrso (2.2) mno3BoJseT YCTAHOBHTb TNPHUOHHIKEHHS K
TOYHOMY 3HAYeHHIO X MO HEeAOCTATKY ¥ 1O H3GbITKY:

lx—Ax| << X< [x+Axl, (2.3)

KOTOpPBIE MOTYT PaccMaTpPHBAThCSA KAaK BO3MOXHBIE 3HAUEHHS COOTBET-
creeiHo nuxued (HI) u Bepxuelt (BI') rpanum npuOGaMXKeHus x:

Hly=x—Ax, Bl =x-4Ax. (2.4)

KauecTBO . npuG/IMKEHHBIX 3HAYEHHH H3MepsieTcsl ¢ IOMOIIBIO
OTHOCHTENBHOH NMOTPEHIHOCTH, KOTOpasi ONpeResieTcsl Kak OTHouie-
HHMe OWMOGKH e, K MOAYJI0 3HadvexHsi X (KOrza OHO HEH3BECTHO —
K MOLYJAK npubjuxeHus x). [paHHueHd OTHOCHTENbHOH mnorpeiu-
HocTH 6x NPHGJIMKEHHOrO 4HC/l1a Ha3HBAETCA OTHOUIEHHE npeseb-
HOjl a6COMIOTHON MOTPEMIHOCTH K a6COMIOTHOMY 3HAYEHHUIO NpUBIHKe-
HHA X! :

Sx =X, (2.5)

x|

OTHOCHTE/bHYIO [OrpPelIHOCTb BhIpaXkalT OObLIYHO B IPOLEHTAX.
54

[Tpumep 2.2.2. BoiuucauM rpaHuly OTHOCHTENBHOH NOrper-
HOCTH NPUOIMKEHHA K UYHCHY 7, HUCIONb3YEMOr0o MHKPOKaMbKYJATO-
poM:

Sy e 061077

—7
" 73,1415926 <0,2-1077,

T. €. MOXHO NpHHATH 8’ = 0,000002%. D10 upespbiHailno BricOKas
TOYHOCTH, €CJIM YYECTh, UTO AJA OPAHHAPHBIX TEXHHYECKHX PacyeroB
CUMTaercsd npHem/eMblM ypoBeHb TouHoctH oT 0,1 o 5%.

Uudpa yucna HasbiBaeTcAd sepuod (B LIMPOKOM CMBICJE), €CJIH
aGco/I0THAs MOrPelIHOCTh YHCAA He TIPEBOCXOAHT €IHHHIBl paspsna,
B KOTOPOM CTOHT 3Ta UMdpa. Fnauauyumu yuppamu yucna, 3anucaH-
HOTC B BHJE NECATHUHOH ApOGH, HAa3bIBAIOT BCE €ro BepHbIe HUDPH,
HAYHHAafA C NepPBOH cl1eBa, OTAHYHOM OT HyMA. 3anuch NpHOIHKEHHOrO
4yyuc/aa TOJbKO BEPHBIMH 3HAaKaMM HPHHATO HA3bIBATh MPAGUALHOL
3anucoio. )

Mpumep 2.2.3. Ilpubnmkennoe uyncao a==190,30700 pano B
NpaBUABLHON 3aNKUCH, T. €. B YHCI€ BOCEMb 3HauallHX uudp, a ero
abco/1I0THAs NOIPEIIHOCTh He HpeBblIlaeT eIHHHUB! 5-ro paspsina
nocJie 3ansiToH, NO3TOMY MOXKHO HpHHATH Aa==0,00001.

Hcknlouenne u3 mocneqylollHX BbIMMCACHHH HEBEPHLIX UWHPP
NPOH3BOLHTCS OYTEM OKpYeAeHus NPHUOIKEHHBIX YHCET, T. €. 3aMeHbl
uhc/la €ro 3HayeHHeM C MEHBLIIMM KOJHYeCTBOM 3HA4allHX UHGD.
IIpu oxpyrieHuH BO3HHMKAaeT NOrPeWHOCTb, HasbiBaeMmasi noz2peul-
HOCTbI0 OKpyesenus. TlycTb x — paHHOE YHCAO, a X| — PE3yAbTAT
ero okpyryienus. IlorpemiHocTb OKpYIVICHHSI ONIpeensieTcsl KaK MOLY/b
PA3HOCTH NPEXKHEro ¥ HOBOTO 3HAUYEHMH uHcsa:

A()l([):lx“xl'- (26)

B orgenpHbix caydasx BmecTo A, NPHXOLUTCS HCMONL3OBATh ee
BEDXHIOIO OLEHKY. S
[Ipumep 2.24. Bunonnum nma MK pgefictBue 1 —5—] 6. Ha

uHaukarope BoicBeTHTest 0,1666666. Ilpousomso asTomarHueckoe
OKpYyI/IeHHe GeckoHeuHOH pecATHuHOH apo6u 0,1(6) mo xoaudecTBa
paspsinos, sMemaomuxce B perucrpe MK. Ilpu 3ToM MOXKHO TIpHHSATH
Aoy =0,7-1077,
i’accmorpeﬂﬂblﬁ NpHMED «NPHHYAUTENHHOIO» OKPYIJIEHHSI Ha3bl-
BaIOT oxkpyerenuem merodom orbpacoidanus. OQueBMIHO, YTO caM IO
ce6e Meron OT6pachIBAHMS OCTaBJASeT BCE COXpaHseMble HHUPPBI
OKPYIJIGHHOTO uHc/1a BepHBIMH. Ecnin BoiMMceHust BenyTes B npefenax
paspsizHo#l cerkn MK, T. e. ¢ TOUHOCTBIO MeHbIIel, UeM MallHHHASA
TOYHOCTh MHKPOKAIBKYJAATOPA, 11enecoo6pasiee NoAb30BAThCS CIIOCO-
6oM cummerpuuno2o OKpyeAeHus, KOTOPHIH NPUBOLUT K MeEHbeH
BeTHYHHE OIHOKH OKPyrieHHs, ueM crnocol orbpaceiBanust. CHMMeT-
PHUYHOE OKpYyr/IeHHE BBINOMHSETCS MO CIEeAYIOULHM NpAaBHAAM:

1. Ecnu neppas cneBa M3 Bcex orGpachiBaeMbiXx LH(MpP MeHblule 5,
TO MOCJeNHsST coxpaHsemast uudpa ocraercsi 6e3 H3IMEHEHHS.
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2. Ecau nepsas csieBa.H3 Bcex OrGpachiBaeMbix UHdp Gonblue
WIH paBHa b, TO MOC/Je[HAA coXpaHseMmasa LU(pa yBeiuuuBaercs
Ha eJHHHLY. v

W3 npaBua CHMMETPHYHOrO OKPYIVIEHHMS CJELyer, YTO ero mo-
rPEIIHOCTD HE TIpEBhIlIaeT NOJOBHHbBI €IHHHIb OCTELHEr0 COXp aHse-
MOro paspsna. D70 OGCTOATENbCTBO NO3BOJFAET BECTH CYET C TOY-
HOCTBIO GOJbLIEH, YeM eIHHUILA MOC/AELHEr0 COXPaHseMoro paspsna.
ITo sTo#t mpuuMHE Hapsily C NOHATHEM <«BepHas UHppa», COOTBET-
CTBYIOIIUM METOAMKE OKPYIJI€HHsI TyTeM OTOpachiBaHHs, HCIIOJIb3YeTCs
NoHATHEe «UHdpa, BepHasg B CTPOrOM CMBICJE», NMPHMEHSEMOE B
BBIHHC/EHHAX C CHMMETPHUHBIM OKPYIJICHHEM.

Ludpa uyucna HasHBaeTcst B8epHOU 8 CTPO2OM CHbicae, €CIH
aGCcoNOTHAsA MOrpeIHoCTb 3TOr0 YHC/1a He HPEeBOCXONHT [0JOBHHBI
EAMHHNBl Pa3psifa, B KOTOPOM CTOHMT 3Ta Ludpa. -

[Tpumep 2.25 Beuncaum na MK x=-/236. Tlonyunm
x==15,362291. Okpyrjum pe3syJbrarT A0 AECATHIX METOIAOM CHMMET-
puunoro OkpyryieHusi: x;=15,4; Ax,=0,04. Bee uupper uncia x,
BEpHBl B CTPOroM cMbicie. AGCOMIOTHAsi MOrpemHoCTh 4YHCAA X,
HOJIy4aeMoro B Pe3y/bTare OKpYIJIeHHs NPHOAMKEHHOTO 3HAUEHUA X,
CKJIa/AbIBAETCSt H3 a0COMIOTHON MOTPEITHOCTH NePBOHAYAbHOr0 Yncia
X ¥ NOrpEIHOCTH OKpyryeHHA. JlefcTBHTENbHO, H3 HEpaBEHCTBA

IX_xl|<|X_xl+|x_xl|<Ax+onp

CJeNYeT, YTO €C/IU B PE3Y/bTare OKPYIVIeHHS NPUOAHKEHHOro uhcia x
NOAYYEeHO 3HAYeHHe X;, TO TrpaHuied aGCOMIOTHOH NOrpeIHOCTH

yuceJia Xy MOXKHO CUHTaATh CYMMY TIpPaHHIbI a6CcoNIOTHON norpem- .

HOCTH 4HCIA X M MOrPELIHOCTH OKPYTJIEHHUS.
Mpumep 2.2.6. [lyctb B npHGNMKEHHOM 3HAYeHHH a= 16,395
Bce nuGpb BepHbl B LIHPOKOM cmbicie. OKpPYriHM a AO COTHIX:
a;=16,40. Ttorpemnoctb okpyraenns A, =0,005. [lnst naxoxaenns
NOJAHOH mnorpemwiHocTH A@, HYXHO CJAOXKHTB A, C NOrpelHOCThIO
MCXOJHOTO 3HaueHHsl a;, KOTopas B NAHHOM cJyuyae MOKeT ObITh
HallZleHa W3 YCJOBHS, uTO Bce UHGPH B 3anHcH a Beprbl: Aa==0,001.
Takum ofpasom, Aa;j=Aa+A,,=0,001-0,005=0,006. Orciona
ClelyeT, UTO B 3HA4YEHHH a|=16p,40 nudpa 0 nesepHa B CTPOrom
CMEBICTIE. ~ ‘

KoHTpoabHBIE BONPOCH

1. Yro takoe abcosioTHasi MOrPeUIHOCTh NPHOIMKEHHOro 3Haue-
HHS BEJIMUYMHBI? TpaHHna aGCoNIOTHOH NMOrpenrHocTH?

2. Kax ¢ momompbio rpaHuubsl aGcomotTHoll norpemwHoctH  Ax
NpUGAMKEHHOro 3HAYEHHA ¥ MOXKHO YKasaTbh BO3MOJKHBIE 3HAYEHHUS
ero HuxHell W BepxHe# rpaHun? ‘

3. Uro Takoe OTHOCHTENLHAA MOrpelHocTb NPUO/IMKEHHOro 3Ha+
YeHHUS] BEJHYHHBI? TPAaHUNA OTHOCHTEJIbHOH NMOrpelHOCTH?

4. Kakue uudgphl B 3anucH npHOIHKEHHOrO 4Hucjia HasbiBamwTCA
BEPHBIMH B IIHPOKOM CMbIc/Ie? BEPHHIMH B CTPOTOM  CMbIC/IE?
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5. Kakne uudpsl B 3anHCH NPHGIMNKEHHOrO 4HC/Aa HA3hIBAKOTCS
3HAYAUIUMHU?

6. Uro Taxce oOKpyrJieHHe 4YHcaa? IOTPEeliHOCTb OKPYryIeHus?

7. Kak pasnuyaoTcs IOrpeliHoCTH CHMMETPUYHOTO OKPYTJ/eHus H
OKPYTJIEHHS] METOLOM OTOpachlBaHHUA?

8. DI/Ia 4ero CKAA[blBaeTcsl MOMHAsl NMOTPEIIHOCTh OKPYIVIEHHOro
qHCaa?

YnpakxHeHnusn

1. B pesyabrare H3MepeHMA NJNHHBI CTOJA METPOM C CAHTHMET-
pOBBLIMH AE&JCHHAMH YCTaHOBJIEHO, UTO 3HaYeHHe NJHHB HAXOMHTCH
Mexny JAenenusMu 63 u 64 cM. Ykasarb rpaHunsl a6GCoOSIOTHOM
H OTHOCHTEJNbHOH INOTPEMIHOCTH 3HAYEHHSI IJIMHBI, €C/IH NPHHATE e
paBHO# 63,5 cMm.

2. Y npubiuKeHHBIX YHCEN

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

. Bce MQPHLl BEPHBI'B CTPOroM cMbic/ie. ¥YKa3aTbh rpaHHuibl aGCoMIOTHBIX

H OTHOCHTEJNEHHIX HOTPEIIHOCTeH 3THX 4HCel.
3. ¥V npubIHKCHHBIX YHCeN

0,310; 8,495; 24,3790

BCe UHDPH BepHLI' B cTporoM cmbicie, OKpYriuTh 3aJaiHble YHCAA 1O
COTHIX H ONDENEIMTh B OKDYrJICHHBIX 3HAYEHHAX KOJHYECTBO UMD,
BEPHBIX B CTPOI'OM CMBIC/IE,

4. TipubauxeHHoe 3HadeHHe Macchl 3eMaH pasho (5,98 +0,001) X
X 10** kr. Macca ny/nu OXOTHHUbero pybsi paBHa (164 1) r. Kaxoe
usMepenne sipasgercs Gojee TOUHBIM?

2.3. Onpenenenvie KonKYeCTBA BEPHBIX UHPP
N0 OTHOCUTEJILHOH NOrPeIHGCTH NPHGAHMKEHHOTO YHCAA

KonnuecTBo .BepHbIX 3Havamux nHdp B NpHOIHIKEHHOM UYHCIE H
BEJHUYHHA OTHOCHTENbHOH MOrpeliHOCTH 3TOro uucjaa B3aHMO-
cBsI3aHbl: NO BenHuyuHe Ox, yuHTBIBaA (dopmyay (2.5), MOXHO BHI-
unCAATh aGCOMIOTHYIO TOTPEUIHOCTD

Ax=|x]-06x, (2.7

BEeJIHYHHA KOTOPOH, KaK clenyeT M3 ONpeleNeHMsl TpaHMl BepHBbIX
3Ha4amWux UUdp, SBHO BJAMAET HA HX KOJHYECTBO B HPHOJHIKEHHOM
aucne. - Ha npaxkruke uHOrpa yao6Hee IOAL30BATHCH NPaBHAOM,
YCTAHABJKBAIOIUMM B32UMOCBA3b KOJHYECTBA BEpPHLIX ULHGpP He-
OCPEeNCTBEHHO 'C BEIHYHHON OTHOCHTENBHOH norpeiuHoctd. Paccmor-
PHM 3TOT BOBPOC NPUMEHHTENBHO K TNPHOJHXKEHHOMY UHCAY X,
3aMUCaHHOMY B HOpManbHOM BHAe (cM. nm. 1.2):

o x=M-107, (2.8)
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B HNPEAMONONKEHUHN, YTO MaHTHcca M YHOBJAETBOPSET YCIOBHIO
0,l <M<l (uncno x B 3TOM c/Aydyae Ha3blBAOT HOPMAaAH30BAH-
HBIM). Y HOPMaJH30BAHHOTO YHC/AA -TEPBBIE pPaspsill MAaHTHCCH
[oc/ie 3aNsSTOH ‘BCerja OTHYeH OT Hynad. -O4eBHUAHO, UTO XpaHeHHe
B MAallWHE UHCeJ] HMEHHO B HOPMAaJH30BaHHOM BHIE I[03BOJASET
COXPAHHTb  GOJblle 3HAYALIHX LHGpP MaHTHCCHl. 3aMETHM TaKkXke,
yTO JJs HOPMAa/AM30BaHHOro uMciaa x BHAa (2.8) cnpaBemnuBO
caemyioniee: -

Clxl <107, (2.9)

‘Hrak, umeercsi NpUGIMIKEHHOE YHCAO X W €ro - OTHOCHTE/bHAA
norpemnoctb 8x. HyXHO ycTaHOBHTb KOJIHUECTBO .BEPHBIX B CTPOroM

cMBbiC/Ie 3HAualux. Uupp B uHcae x. Jlas Kaxmaoro H3BECTHOrO

sHayeHHs 6x MOXKHO fogeGparb Takoe HaHOOMbIIEe HATYpajbHOE A,
yTOGbl HMEJIO MECTO:

Sx<L10™" (2.10)
Torpa:
Ax< |x

107" << 107- 107" = 1op~"’<;—10—<ﬂ*‘>+",

Ax<4-107¢=D.10". (2.11)

Conocrabasgs tenepb (2.8) m (2.11) ¥ Hucmonas3ysl onpeneneHue
uudpsl, BepHOH B CTPOrOM CMBIC/IE, MOMKHO  CAeNarhb BBIBOA, HTO
B MaHTHcce HPUGIHKXEHHOrO Uycja X BEPHBI B CTPOrOM CMbIC/IeE, 10
kpafuei mepe n—1 uudpa mocae 3anaToil (a MOCKOIBKY X HOpMa-
JIM30BaHO, TO Bce 9TH uMbpbl 3Hauawmmue). Taknm obpasom, #JIf
TOro 4ToGHl O 3aJaHHON BeIHUUHE 'OTHOCHTEIbHOM morpemHoctd 8x
HAHTH KOJMUECTBO.BEPHBIX 3HAYalUX UH(P B YHCIE X, LOCTATOUHO
nopo6parb HauGoJblIee HaTypaJbHOE YHCJAO 7 TAK, YTOOBl HMeNo
mecto HepaseHcTBO Ox<C 107", a moToM mo/sydeHHOe 3HaueHHe 7
YMEHBIUHTD HA' €IHHHILY.

Mpumep 2.3.1. Tlyers x=984,6; 6x=0,008. OueBnuuo, uro
0,008<C107% 3ro oszHauaer, YTO UMCJAO X HMeeT IO KpahHe#d mepe
OIHY ‘BepHYI0O B cTporom cmbicie uudpy (meppas ciesa.uudppa 9).
[Monyuyennsiit pe3ysnbTaT JEFKO NOATBEPJHMTH, HCIONB3YSl onpenene-
Hue UUQpH, BepHodl B crporom cmbicye. Ha MK shiuneanm: Ax=
=984,6- 0,008 =7,8768, orkyaa caenyer, uro B yhcie 984,6 nudpa 9
AeficCTBHUTENBHO BepHa B CTPOTrOM CMBICTE,

‘TlonyueHnoe npaBW/IO WHOrga 3aBbllider Tpe6oBaHHe K TO4Y-
HOCTH — NPY BBHINOJIHEHHH yca0BHSA (2.10) B uHcae MOryT OKasaTbest
BEpHBIMH BCe # LHGp. 3aBHCHT 3TO OT BEJHYHMHBI NEPBLIX 3HAYALIHX
nudp yHcaa x. .

Tlpuwmep 232 Tyerb x=136,4; 5x=0,008<<107% (1. e. n=2).
CornacHo npaBuay B uuciae 136,4 yuwb oxHa BepHas B CTPOroM
cmpicie nudpa (n—1=1). Beiuucaum Ax=136,4.0,008<<1,1. Kak
nokasbiBaer HalileHHas BEIHYHHA NpefeJbHONH aGCOMIOTHOH morpei-
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HoctH, B uHciae 136,4 BepHL: B-CTpOroM cmblc/e ase . nudpor: 1 H 3.

B ornenbHbIx cnydyasiX, KOLAa IepBasi- sHagamafa oudpa B
OTHOCHTeJBbHOH norpemHocTd 0x MeHbmie b, BMecTo ycaousa (2.10)
yAAaeTCsd YCTaHOBUTH 60/ee KECTKOe YCJIOBHE:

b4+ 107", (2.12)

B 3tOM ciyuae uHcio X MMeer no KpalHel Mepe n BEpHEIX B CTPOrOM
cmeice mugp. Jelicrsurensuo, ¢ yuerom (2.7), (2.9) n(2.12) umeem:

Axg—;-lx‘

10T S 10° 10 =g 107,

Axg%lO“"-IO”,

a 3TO O03HA4aeT, 4YTO MaHTHCcca M’ HOPMaAH30BAHHOrO YHCAA X
(cM. 2.8) umMeer no MeHbIIeH Mepe 1 BEPHBIX B. CTPOrOM cMblcie HUEP.
ITpuwmep 2.3.3. Ilycrb x =78,56, 6x =0,0003. Nmeem: 0,0003 <<

<0,0005=—;—-10“3, T. € B YHCJIe X BEepHbl B CTPOrom cMmelciae 3

uudpei. JeficteurenpHo, B AaHHOM caydae Ax=78,56-0,0003 < 0,03,
YTO MOATBEPXKAeT MOJYyUeHHBIH pesysbrar.

KOHTPONBbHBE BOIMNPOCH

1. B 3navenusix x H Ax pecATHyHas 3ansirasg OJHOBPEMEHHO
nepemenieHa HAa OJHHAKOBOE HYHC/IO pas3psIOB BJAEBO. HJIH BIPaBo.
Hamenurcs MU npH 3TOM KOJHYECTBO BePHHIX LH(DP B yHcae x?

2. Kak ycraHaB/i#Baercsl KOJHYECTBO BEPHBIX B CTPOIOM CMBIC/E
uupp Mo BeJUYHHE OTHOCHTENBHOH MOrpelmrHocTH NPUG/IHKEHHOro
YHC/a, €CcJH MepBas 3Hayauasi HHGpa OTHOCHTENbHOH MOrpeuIHoCcTH
MeHbIe 5? Gosblue WAH paBHA 5?

YnpaXHeHRS

1. Tlo 3apanubIM 3HAYEHHAM NPHOIHKEHHBIX- YHCET H HX- OTHOCH-
TeNBbHBIX INOTpPeIHOCTeH YCTAHOBHUTH KOMHYECTBO LH(P, BEpHBIX B
CTPOrOM CMblICTIE:! :

a) x=2,364; 8x=0,07%;

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

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

OkpyrnuTh 3HaAYeHWs1 X, y M 2 A0 BepHHIX UHUPpP C COXpaHeHHeM
OfHOH 3amacHOH.
2. Co CKOJNbKHMH BEDHBIMH B CTPOroM CMBIC/]€ AeCATHYHBIMH

3HAKaMH{ TOC/Ie 3ansATol HYXKHO B3ATb YKasaHHble 3HAYeHHS, UTOOHI
OTHOCHTe/IbHAsl MOrpeliHOCTb He npeBbimana 0,19:

a) +/19,3; 6) sin0,9;. B).ln24,6?
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2.4, Gopmyabl a8 NOACYETA NMOrPELHIHOCTEH
apudmernyeckux AeHCcTBHM

~OjiHa ‘M3 OCHOBHBIX 3a/1a4 [PHOIHKEHHBIX BBIMUCAEHHH, HMelonlas
Go/bLICe MpaKTHYECKOe 3HAUEHHe, COCTOUT B BBIICHEHHMH TOro, Kak
BJMSIOT HA TOYHOCTb KOHEWHBIX Pe3y/bTaTOB BHIMHC/IEHHH NO ¢op-
MyJiaM TOrPEeiHOCTH HMCXOIHBIX JaHHBIX. PaccmMoTpuM 3TOT BOHpOC
OC/AEN0OBATENbHO ' /IS YeThipeX OCHOBHBLIX apH(pMeTHUYecKHX - Ae-
CTBHH U 3JeMeHTapHBX GYHKHUH, HMEIOIIHMXCA Ha KiaaBHarype
MHKP OKaJIbKYJIATOpA.

Caoxense W suiyuranue, Ilyers S=X-}Y — cymma TOUHBIX
yuce, CPeNHd KOTOPBIX MOryT OBITh KaK MNOJOXHTE/NbHbIE, TaK H
OTpPHLATENbHBIE, 4 S==x-y — cymMma uX Tnpubswxenui. CocraBum
pPasHOCTh: ‘

S—s=X—x)+(Y—y).
Tlepexonst K MOLYJIAM, HOJYUHM
IS—sI <X —x|+ 1Y —yl,

1. e. es<Lete, win tem Gonee e;<Ax-+Ay. Orciona caenyer,
YTO MOXKHO TIPHHSITH

As==Ax- Ay, (2.13)

T. €. TrpaHHueld aGCOMIOTHOH IOrpeiHocTH anrefpandyeckKod CyMMBL
MOXHO CYHTaAThb CYMMY TpaHull aGCOMIOTHBIX MOrpeLIHOCTed cia-
raembix. :

MMpumep 2:4.1. Jlanbr npuHG/IHiKEHHbE 3HAUeHUs x=235,4 H
y=79,1834, y xotopbix Bce HU(DL! SABJAIOTCHA BEPHBLIMH B. LINPOKOM
cmpicae. Hafipem 1a MK ux cymmy: :

S==235,4+479,1834=314,5834.

Jlist OUEHKHM TOYHOCTH PE3Y/AbTara BBIMHCIMM CYMMY NOTPemHOocTeH
cnaraemnx 107!'4107*=0,1001 << 0,11 =AS. Benuuuda OwmHGKH
NoKasbiBaeT, uTo B pe3yabrare (MOMY4YeHHOH CYMMbI) yxKe mnepBhli
3HAK IIOCJE 3anmsTol SIBASETCS COMHHTeNbHBIM. CTOWIO JH TEpATh

BpEMsi HA 'yuyeT B BHIHHCJACHHAX BCEX 3HAKOB nocJjie 3ansitou Y BTOpOro |

cnaraemoro? :

W3 paccMOTpeHHOro npuMepa cienyer:

1) monyuenne Ha MK pesyabrara ¢ GONbUIMM YHCJIOM 3HaYallHX
uudp eule He O3HAUACT, YTO BCE 3TH HH(PHI BEPHBI,

2) npH BBIMHCJEHHWM CYMM H pa3HOCTeHd 4HCe] C CHJIbHO Pa3/u-
YaOUMMHUCA aGCOMOTHBIMH OMIHOKAMH C [eJbl0 S5KOHOMHH BpEeMEHH
11€71ec006pa3HO OKPYIJIHTb HCXONHBIE JlaHHBIE, OCTABHB CTO/IBKO
JAECATHYHBIX 3HAKOB, CKOJBKO HX HMeEeT cJaraeMoe ¢ HaHMeHb-
IIAM YMCJIOM [eCATHuUHbIX 3HakoB. .Tak, B paccMOTpeHHOM . Bbiule
NpUMepe HMEJIO CMBIC/ Mepej BLIMOTHEHHEM AeHCTBUS CIOXKEHHS OK-
pyrauth y no corbix: 79,18, PykoBomcrsysch 3THM NPAaBHIOM,
clelyeT HMeTb B BHAY, UTO NpH TMOC/€JOBATeIbHOM BBIMHTAHHH
H CJO0XEHHM HECKOJbKHX YHceJ BbHIrOJHEe NPOM3BOAHTH JEHCTBHA
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HajJ YHcjlaMH B NOPsiAKe BO3pacTaHHsl HX abCOMIOTHBIX BeJHUHH,
OrHocHTeNbHbIE - MOTPELIHOCTH CYMMBI M PasHOCTH  MOMXKHO
BHIMHC/IATD 4Yepe3 abCoONMIOTHBIE, MOAb3Ysich ¢opMmyiaolt (2.5), Ho
MOKHO HCIOJb30BATH H CleLHanbHble (HOPMYy/IbL.
IMonyuum ux:

6()6‘[_‘1/):[3);_—::3”: lxl—{)ily.lA-)lcxl + leilyl | ll:fql
=ﬁlyl_'6x+j}|’_%y—|'6y~ (2.14)
o=t e
= Sk by, (2.15)

@opmyast (2.14) u (2.15) nosBoasAlT cHeaarh MoAe3HbIE [
NPaKTHYECKOro HCHOAb30BAHHS BBIBOLBL

Ilycte cnaraemble x W y — ogHOro 3Haka, a §=max (6x, S8y).
Torna u3a ¢opmynrr (2.14) cnenyer:

a(x+y><—§%—‘jr%‘lﬂ=a, T. e 8 (v y)<8.
Ecan npubnuxenHble cjaraemMble HMeEIOT OJMHAKOBHIH 3Hax, TO
rpaHHIa OTHOCHTEJbHOH TMOrpelHOCTH HX CYMMBbI He [peBhiinaer
HauGoJblIeHd U3 IPAaHHL, OTHOCHTENbHBIX MOTPEIUHOCTEH c/araembix.
Kak Buano u3 dopmyast (2.15), npu BblMHUTAHUR GJIU3KHX YHCEN
MOXeET Mpou30HTH OGosbluasa noTepss TOUHOCTH. JleHcTBUTENbHO,
KOrjia BHIHMTAEeMBble UHCJA NOYTH OJHMHAKOBbl, TO JayKe TPH YC/IOBHH,
4TO HX cOOCTBeHHBIE OLWHGKH Manbl, OTHOCHTEJIbHAH oOumHGKa
pPa3sHOCTH MOXeT oKa3zaTbcsl GOJbLIOH.
ITpuwmep 2.42 Haiinem passocts uncen x = 62,425 n y = 62,409,
Yy KOTOpHIX Bce UH(DPH BepHH B cTporoM cmbicie, Mmeem:

- x—y=62,425—62,409=0,016.
I'panuna a6coMiOTHOH NOrPeIHOCTH Pa3HOCTH
A (x — y)=10,0005+4 0,0005=10,001,
nosromy B uHcie 0,016 u3 nByx snavamux uudp BepHa JUUIL OHA.

CpaBHHM TrpaHHLBl OTHOCHTENBHLIX MOrpeuiHocTed peaysbrara H
HCXOAHBIX HaHHBIX:

_0,0005 _ _
6x———-62‘425 ==0,000008;
_0,0005 ,
) = 55400 =(,000008;
0001
S(x—y)= 0016 =0,0625.

*QG6ocHoBarue cM., nanpumep, B [6].
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Takum 06pa3oM, FpPaHHIA OTHOCHTETLHON MOTPeIHOCTH pPasHOCTH
okasayach MMOYTH B 8 Thicsy pa3 Goabllie IPaHULbl OTHOCHTENbHOH
NOrPEINHOCTH HCXOHBIX LaHHBIX. DTO 03HAYAET, UTO B [IPHO/IHKEHHBIX
BHIHHC/ICHHAX HYXHO HMCK/I0UaTh BLIHMTaHHE GJHSKHX MO BeIHYHHE
3HageHu#t (Hampumep, MyTeM NpeoGpa3sOBaHHST BLIMHC/ISIEMBIX BbIpa-
KeHui).

YMHOKenye ‘¥ aenenue. IlycTb p=x-y — NpoH3BeLeHHE MABYX
npHGJIMIKEHHBIX UHCeN, a ¢=x/y — HX YacTHOE. 3Haku uHcen
X W Yy He BJUSIOT Ha BEJHYMHY OWMOKH, MOSTOMY MJIsi NPOCTOTHI
npumem x, y > 0. Jlorapudmupys npoH3seJeHHe H YACTHOE ABYX MpH-
GJHKEHHBIX UHCeJI, TIOJNYYHM:

Inp=Inx-+lny, Ing=Inx—Iny.
[MpunuMasi BO BHHMaHHe H3BECTHYIO B AH(D(epeHUHaNTbHOM HCUHCIe-
HUY NPUOAMKEHHYI0 hopmyay
df (x) = Af (x),
MONY4UM: “
Alnz~dIn z=A?z.

IMpumenss dopmyay (2.13), nomyuum:
Alnp=Alng=AInx+Alny,

T. €. .
Ap_Aq_Acy Ay 916
P g % + y’ (2.16)
OTKyZa CJelLyer: !
8 (x-y)="08(x/y)=208x+dy, (2.17)

T. . TPaHunell OTHOCHTENbHON MOrPeiIHOCTH NPOH3BENEHHS (4acTHO-
ro) MOXHO CYMTaThb CYMMY TPAHHIl OTHOCHTE/BHBIX MOrPeIIHOCTEH
cOMHOXKHTENeH (1eNUMOro U IeJHTeNs).

W3 ¢opmyn (2.16) nerko monyuaiorcsi ¢GpopMyJbl JJIsl BbHIHHCTE-
HHSi TPaHHI aGCONIOTHBIX TOrpeurHocTedl NpOH3BeNeHHst U YaCTHOrO:

A (xy)=x-Ay-+y- Ax, (2.18)
A(x/y):x—'%éﬁ. (2.19)

Mpumep 2.4.3. Yucna 43,1 # 5,72 3apansl BepHbIMH LUppaMH.
Haiinem Ha MK wux uacraoe: ¢==7,534965. [las onpeneneHus
4Hcsa BEPHBIX 3HAKOB Pe3y/IbTara BHIMHCIHM:

_ 431-001+4572.01 1003
Ag= E =55 775 = ,0306555..

YacrHoe ¢ uMeer 1Ba.BepHbIX 3Haka. OKpyrsia ¢ ONHOM 3amacHoi
uudpoii, nonyunm gq=7,53.

Kak caenyer u3 ¢opmyn (2.17), orHOcHTeNbHasi TOTPelIHOCTb
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NPOH3BENEHUS M YaCTHOro HE ‘MOXKeT GHITh MeHbIle, YeM OTHOCHTENb-
Hasi OOFPEIIHOCTb HaHMeHee TOYHOrO H3 KOMIIOHEHTOB HeHCTBHH.
Benuudna OTHOCHTENBbHOH TMNOrpPEUIHOCTH NPHOGJIHKEHHOrO 4Hcaa
onpejensier KOJHUECTBO.€r0 BepHBIX 3Hazamux mudp (m. 2.3). Ilo
anaJIoTHH ¢ TeM Kak NpPH HaXO0XKAEHHM aireGpanyeckod CyMMBI He
HMEEeT CMbICJa COXpPaHATb B Oosee TOYHBIX CJaraeMblx H3JHIIHEe
KOJIUYECTBO . MECATHUHBIX 3HAKOB, TIPH VMHOXKEHWN = H . JeACHHU
NpUGANIKEHHBIX UHCeJ HEeT HEOOXOZHMOCTH COXpaHsATh B .Oonee
TOUHBIX JAHHBIX H3JIHIIHEe KOJMYECTBO 3HAUAMIHX LHGP. ’
Hnsi ypnoGerBa. Bce (opMynbl A/l BBIHHC/AEHHS IOrpenHocted
apuMeruyeckKux NeldcTBUl cBeleHH' B obugyio Tabauuny (cm. Ilpu-
goxeuue [I)., 3sak * B TabnHueé oGo3Hayaer OAHY U3 Omepalui:

+, —. X, /.

KOHTPORDbHBIE BOMNPOCH

1. Kak obbsicHsieTcsl Helenecoo0pasHoCTb COXPaHEeHHs H3JHIUHHX
IECATHYHHIX 3HAKOB B G(oJiee TOYHBIX ‘€IATA€MBIX. TIPH CHOXKEHHH
HECKONBKHX YHuCeNn?

2. KakuM cnoco60M MOXKHO OBICTPO OLEHHTh OTHOCUTE/BHYIO
HOrPeLrHOCTh CYMMBI HECKOJIBKHX C/laraeMblX OJHOrO 3HAaKa, ecJH
H3BECTHBI' OTHOCHTEIbHLIE MOrPEIIHOCTH KaAOro claraemoro?

3. Tlo kakoii mpHYHHE B BLIMHCJEHHAX cjeqyer H3Geratb Bbl-
YUTaHHS GJH3KHX MO BEJIHUHHE UHCea?

4. Kak obbsicHsieTcs Helleaecoo6pasHOCTb COXPaHeHHs H3JNHIIHHX
3Havalux nugp B Oonee TOYHLIX JaHHBIX NPHU YMHOKEHHH HIH
JleJIeHHH HEeCKOJIbKHX 4Hcen?

YnpaxHenunn

1. IpouspecTu ykasanubie AEHCTBHS H ONPENENHTb aBCO/IOTHbIE
H OTHOCHTEJbHbIE MOTPEIIHOCTH pPe3yJbTaroB (MCXOAHBIE yHc/aa 3a-
JaHbl BEPHBIMH B CTPOTOM CMBIC/IE CJIOBA.UudpaMu):

a) 24,37—9,18; r) 1,504—1,602; k) 12,64.0,3;
6) 18,4374-24,9; n) 234,5-194,3; 3) 72,3:0,34;
B) .24,1—0,037; e) 0,65:1984; n) 8124,6:2,9.

2.5. PopMynn AJs NOACYETA MOrpemHocTei
3HAYEHUH JEeMEHTAPHLIX (YHKUMI

Paccmorpum ¢opmynbl A/fl nojcuyera NOrpeliHocTed 3HaueHHH
3neMeHTapHbIX (QYHKIHHA, HMeEIIuXcsl Ha KaaBuatype MK.

ITyctb ¢yukunsa f(x) auddepeHuupyema B HEKOTOPOH OKpecT-
HOCTH TIPHG/JHXKEHHOrO 3HAYEHUA apryMeHTa x, a e; — abGCOJIOTHAs
owH6Ka 3HayeHHsA apryMmeHra. Torga aGco/nioTHasi omuGKa 3HaAYEHHs
¢yukuun e;j=|f (x+Ax)—f (x)]. [Tockonbky Ha npakTHKe OIIHOGKA
ex OGBHIYHO Maja MO CPaBHEHHIO CO 3HAYeHHEM X, BOCHOJNb3yeMCsl
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npuGawkentbiM paseHctsoM e; = [df| = [ (x)] - ex. 3amenum e, na Ax:
‘ er<<If ()] -Ax.
3710 03Hauaer, YTO MOXHO MPHUHSATD!
Af==1f"(x)! -Ax. (2.20)

PagencrBo (2.20) No3BoAsieT MONY4HTb L@y cepuio GopMyT s
OLEHKH IpaHHIl aGCONIOTHBIX NMOrPeLIHOCTe! 3HAUECHHH d/T1eM CHTAPHBIX
dynkuunil. T[Tycts, Ranpumep, f (x)=+/x. Torna A (xX)=(/x)] - Ax=

A .
=25 Wau aHANOrHMYHO:

e

A (cos x)==|(cos x)’| -Ax=1|—sinx

<Ax==|sin x| Ax

w 1. 1. Jljsi BHBOAA (OPMYJBl MOrpeiHoCTH QYHKUHH x¥ BOCIOMb-
ayeMmcsl peacTaBACHHEM x/=¢e’'""* a sareM GOpPMY/IOH MOrpeuIHOCTH
3KCIOHEHTHl M JIPOM3BEAEHHA:

A()=A (&) =e""*. A (y In x)=xy(£§'i+1nx-Ay) .

®opmyna (2.20) mnosBoaser caeqarb BaxHOe IS NPAaKTUKH
BLIMUCAEHHH Ha6nogenue. Ecan 3HaueHHe MOAYJsi NPOH3BOAHOH
$yHKuHH f(X) B TOuKe X MeHble enMHunbl, TO Af<CAx, T. e. a6co-
JIOTHAS OLIMGKA 3HAUeHHs QYHKIUH OKA3bIBAGTCH MeHblie aBCoJIoT-
HO# owMGKH 3Hauenusi aprymenra. Ecin xe [’ (x)| >1, 1O suaue-
HHe (YHKHHH GyAer MMeThb OUIMOKY, 6OAbIYIO OLIMGKH apryMeHTa.
Sror ¢aKkT HMeeT NpocTOoe reoMerpuyeckoe Tonkosauue. Ilpn
[/ (0)] <1 $yHKuus MeHsieTcs MEIJICHHO, T. €. NpeNe] H3MeHEHHs
3HaueHHii (YHKUMM MeHbIUe TNpeAela HM3MEHEHHH apryMeHra
(puc. 12, a). Tlpu |f’ (x) =1 masnbiM OTK/IOHEHHIM apryMeHTa
6yAyT COOTBETCTBOBaTbL GOJbliHe KoJeGaHHA 3HaueHHi (QYHKIUHH
(puc. 12, 6). Bropoit cayuait (npu A0CTATOYHO GOJIBIIHX 3HAYEHHSX
[f/ (x)|) npuBomuT K pe3KOH morepe TOUHOCTH K MOTOMY LOJIKCH
0c000 YUMTBIBATHCS B IPAKTHKE BbIUHCJEHHH (npuMep 2.5.2 na c. 66).

Ay

Ay

Q) 9

Puc. 12
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dopMy/Ibl LSl BHIMHCIEHHSI TPAHHI aGCOMIOTHBIX norpemHocTel

3HaYeHUH HeKOTOPHIX (GYHKUHA ONHOH NepeMeHHOH NpHBEJeHH' B

ra6anne 2.1. Tam ke mNoKazaHbl NpOrpaMMbl JAsi BBIMHCJICHHA
3HAYEHHH STHX MOrPelIHoCTel HAa MHKPOKaJIbKY/IATOpe «DIEeKTPOHHKA

MK-41» (xnaBUIIM - H3MEHEHHSA 3HaKa /—/I , 3akJioueHHble B

(urypHbie CKOOKH, HaXXHMAIOTCs JHUb B Claydae HeOOXOAUMOCTH —
KOrj[la MOJYueHHble Ha HHIMKATOpe MpEeABAyLIHe 3HAYeHHs HMEIOT
3HAK «MHHyc»). BO Bcex cayuasx npeamnoJsaraercs, YToO 3HaueHHS X
npHHaAJexar o6/1acTH A0NYCTHMbIX 3HAYEHHH aprymeHra. ITonyuae-
mMble Ha MK 3Hauenusi TpaHHll HOTPEIIHOCTEH OKpyrJsioress AJIf
NOC/IEYIOlIero HCMNONb30BaHUs 1O ONHOH-ABYX 3HA4aulux uudp
(no u36LITKY!).

" Ipuwmep 2.5.1. ITocae HaGopa Ha MK-41 xnapum| arc D

nonydum sin 0,8=0,717356091. Ecau 0,8 — TouHOe 3HaYeHHe, TO B
cootBercTBHH ¢ morpemnoctblo MK HaliieHHbli pesynbTar HMeer
rounoeth =+ 107%  Ecau xe 0,8 — npubaMKeHHOE 3HAYEHHE, Y
KOTOpOro HH¢pa 8 BepHa, HanpumMep, B CTPOroM CMbIC/IE, TO rpanyua
a6COJIOTHOM ITOTPEIIHOCTH 3HaueHHsa aprymenta Ax = 0,05, a norpeu-
HOCTb IOJYYEHHOrO 3HAUEHHS CHHYCA B COOTBETCTBHH C (OpMYJIOH
OLEHKH TPaHUNBl aGCOMIOTHOH MOrpelHocTs Gyner:

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

Orcioza cienyer, uTo BO BTOpOM cayuae noaydennoe Ha MK snauenue
sin 0,8=0,717356091 umeeT JHLWb OJHY BEPHYIO 3HAYAWLYIO LHODY.
Oxpyrasisi pesysibTaT ¢ OAHOH 3amacHoii uudpoi#, nomyuum 0,72.

B Tex c/iyyasix, KOTia NpoH3BOAHAsA QyHKUHH BOIH3H HPHOIHKEH-
HOrOo 3HAUEHHSI apryMeHTa HMeer GOJblIKHE MO MOAYJIO 3HAYEHHsd,
npousoiiger 6oJbLIas NOTEPsT TOYHOCTH.

Mpumep 252 Ilycts x=1,5, mpuuem Ax=0,05, . e. Bce
uudpel B YMcse ¥ BEPHBI' B CTPOroM cMbicae. HyKHO BBIMHCIUTD tg x.
C nomoursio MK-41 rionyaaem g 1,5=14,10141994. [las onpexene-
HHSl BEpHBIX UMGDpP B pe3yabrare OLEHHUM €ro aGCoJIOTHYI IMO-
rPeIHOCTb:

Ax - 0,05 __‘10’

cos® x 0,005

A(tg x)=

B [IOJy4€HHOM 3HadeHuH tg 1,5 HH OlHY UGPY HENb3sl CUUTATh BEPHOH.

TIpOKOMMEHTHPYEM MOJYUCHHBbIH peaysbrar. 3ajaHHas TOUHOCTb
HCXO/IHOTO 3HAYUCHUA apPI'YMEHTA ONpPeAe/seT NpeLelibl €ro BO3IMOXHBIX
snauenuii: 1,45<Cx<C1,55. Haiinem na MK 3nauenns tgx pasa
rpaHH4YHBIX 3HAYEHHH X:

tg 1,45=28,238092753;

tg 1,5656=48,07848247.
Kak BHAHO, AHANA30H H3MeHeHHd tg x cocraBiaser okono 40 enHHUL,
YTO NOATBEPXKAAeT OTCYTCTBHE CMbiCJa B MOJYYEHHOM Bbllle
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pesyJbrarte BbIUHC/IEHHA. B nogoGHBIX cayuasix HajO HCIONb30BATh
BCE HMEIOIIHECS BO3MOXKHOCTH, YTOGBl YBEJIHUHTH WYHCIO BEPHBIX
3HAKOB B HCXOAHOM JaHHOM (HampHMep, UCIOJbL30BAaTh GoJee TOUHBIH
M3MEDHUTEbHBIH npHOOp, €cAH HCXOJHOEe [AaHHOE TMoJydYaercs B
pe3yJabTrare H3MepeHHuH).

[lycts B .yenaoBusiX = paccMOTpeHHOro Bhie npumepa 2.5.2
x=1,4923,0 A;c=0,0005. Torpa: tgx=tg 1,4923=12,71327341,

,000

A (tg x)<W< 0,084, T. e. B MOJY4E€HHOM pe3yJbTaTe B CTPOrOM

cMbiciie BepHB' 2 nudppbl. Okpyrassa ero ¢ ofHON 3amacHoi HHuppOH,
noayunm 12,7.

Us ¢>oplvlynb1 (2.20) Jnerko mosmyuaercsi OUEHKa IpaHHIbI OT-
HOCHTEJIbHOH MOTPEeNHOCTH (GYHKIHH Yepe3 IpaHully OTHOCHUTEIBbHOH
NOrPEeIHOCTY 3HAYEHUsT apryMeHdTa:

of =Sl Alde APl gy, A 1)
f |‘f(X>‘ lf(x)i ]f(x)| |xi Lx] - lf(«‘f)‘ ° lx ‘6)(;‘,
T. €.
_ {
O =gy ¢l - 0x (2.21)
HAH
A
OF =Jjzor A (2.22)

Tak, moneaysice (opmynamu (2.21) u (2.22), moxHO, Hanpumep,
MONYUHTh!

8 () =—12! -(3x=—;—6x= Ax

Ve SN
8 (sin x)=————-—~||z(l.):jll lxl8x=|x-ctg x| -8x=]ctg x| - Ax;
6(€x)=‘§,;—° x| -8x=1x|.-6x=Ax;
_ooxbx 1 .
6(11’1 x)—xllnxl_ [in x| -8,
6(xy)=6(eylnx)=lynln xl.ﬁ(y ln x)____
=y Inx|-[6y+6 (In x)]=

=llnxl-Ay+y-A(Inx)=1y In x

Sy lyl-8x ur. A

B saBucumocT oT cnoco6a 3anaHust HCXONHBIX JAHHBIX (¢ a6coMIOT-
HbIMH HJIH OTHOCHTE/IbHBIMH TOFPELIHOCTSIMH) BBIMHCJAHTENbL MOMET
HCIO/IB30BATL JUISl MOACUETA TPAHHULl OTHOCHTEJbHBIX NOrpeHoCTel
TOT WJIH MHOH Bapuaut ¢opmyanl. Hekoropble H3 3TuX ¢dopmya
BMECTe ¢ COOTBETCTBYIOUIMMH BBbIHHCJIHTENbHBIMU IIPOrpaMMaMH
o MK-41 ripusenens B tadanue 2.2.

ITpumep 2.5.3. 3uauenne aprymenta x=26,3 UMeeT OTHOCH-

TeJbHYI0 OWHOKY okono 0,29%. OueHHTb BeJHYHHY OTHOCHTEIbHOM
ounbxku In 26,3. .
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TaGanwuya 2.2

Tiporpamma

X

(=[] [w][=]
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]
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[+]
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=Y IHH-E

x 1/x Ax E{ /=7 }
B~ B

2AxEZ x sin E{ /—/ }

(L
[=]
Al

_l_l inE _:l
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8 (x)

letg xf-Ax

Itg x| -Ax

2
|sin 2x|

6x
Jin x|

Ax
Ax

|x|-8x
|arccos x| -

6x
g xf-In 10
In10-Ax
Ax

|aresin x| -1 — %
T—x?
larctg x| (1 +£%)

lyin x|-8y~+1yl-6x

0]

CRE

sinn x

cos x

tg x

Inx

lg x
ex
10"

arcsin x

arccos x

arctg x
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Hcnonwsys coorBerctByOUlyio ¢opMyay u nporpamMmy u3 Tabiau-
e 2.2 ¢ nomowplo MK, moayuum 6 (in 26,3)=%%6§i)= 02’2%2
=0,0006117 2~ 0,06%. Hcnonb3ys BenuuuHy HaHULeHHOH OTHOCH-
TEJbHOH ITOrpeIIHOCTH, MOXKHO OLIEHUTb KOJHYECTBO BEPHBIX B CTPOrOM
CMbIC/I€ ‘3HaYaliux LH)p B HCKOMOM 3HaueHHH In 26,3. ITockonbky
umeer mecro 0,0006117<<107° (popmyaa 2.10, c. 58), To MOMKHO
caenarb BBIBOA, 4YTO B uHcae In 26,3=3,269568 no kpaiineii mepe
yerhipe MEepBHIX cjeBa Hudpbl BEPHHL B CTPOTOM CMBICIE,

KoHTpoabHbEe BONpOCH

I. B kako#i 3aBHCHMOCTH HaXOAHTCH aGCOIOTHASI MOTPEIIHOCTh
3HaueHus (YHKIHMH ONHOH MNepeMeHHOH OT alCOJIOTHOR morpeii-
HOCTH 3HAueHHs apryMmeHta?

2. Kak oO%bsicHsieTcsl pe3Kas IOTePS TOYHOCTH 3HaueHHs [ (x)
VISl MPHOJHKEHHbIX 3HAYEHHH apryMeHTa x Ha y4acTKax ¢ GO/bIIH-
MH [0 MOAYJIO 3HA4YeHHUAMH [’ (x)?

YnpaxHeHHn

1. Vcxonsble yuc/a0Bble 3HAYEHUS apryMeHTa 3ajaHbl LUdppamy,
BepHLIMH B cTporoM cmbicae. Onpenenutb, noansdysick MK, konu-
YeCTBO BEPHBIX B CTPOr'oM CMbIc/e LHDP B CAEAYOWHX 3HAYEHHAX
3JIeMEHTapHbIX (YHKIUH:

a) cos 0,47; 1) arcsin 0,82;

—3,1.
6) 0024’ n) e=™;

B) In 18,4; e) 2,6,

2. 3uavyenne x=2,701 umeer orHocuTesbHylo oumu6Ky 0,019%.
OueHHTh KOTHYECTBO BEPHBIX B CTPOrOM CMbIcje 3Ha4yamux uHdp
B 3HAueHHUAX:

a) i/x; 6) sinx; B) x*.
2.6. IlpakTuka BolUHCIEHHH

PaccmoTpuM npakrHueckHe IpHeMbl BBIMHCJEHHH, KOTOpbIe
HCTIOJIb3YIOT H3J/IOXKEHHbIE BHILIE NOHATHA H (Gopmyasl. B 3aBucuMoctH
OT NPUHATOH METOAUKH I0Jb30BATENbL MOXET BECTH OnepalHOHHBIH
yuer JBMIKEHHA OLWIHGOK HJIH CHeNaTb OLEHKY TOUHOCTH [OCJE Npo-
BeJEHHS HeCKOJNbKHX BBIMHCIHTENBHBIX AeHcTBHH.

o nosiBiennss mHKpokanbkyaaropos (MK) mnoonepaunounustii
HOAXON K OlleHKe TOUHOCTH BLIMHCJEHHH paccMaTpUBa/CH elle H Kak
cnoco6 pauHOHANH3aUHHM BBLIMHC/AGHHH, NO3BOASIOLIMH HAa Kax/i0M
mary H36aBJATbCS OT COMHHTEJbHBIX LHGD.

Onnako TO, pagu 4ero MPEHMYIIECTBEHHO HCHO/b30BAJCH MOOIe-
PAUMOHHBIA NMOAXOM (MCK/IIOYEHHE COMHHTENBHBIX LHUQpP H3 MOCAery-
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IOIMX BEIYUCAEHHH), npH nossrednd MK ¢ ponoanuTeabHbIM perucr-
pOM NaMsTH yTPaTHIO CBOH H3HauaibHbA cMmblca. Ilpun ymenom
" HCTIOJNb30BAHHKM AONOJHHUTEJbHBLIX PETHCTPOB NaMATH U APYrux
BO3MOKHOCTEH, MPeLOCTABIAEMEIX COBPEMEHHBIMH KalbKyJASATOpPaMH,
HeT HeOOXOAMMOCTH BLITHCHIBATH M 3aHOBO BBOLHTH NPOMEXKYTOU-
Hble PesyJabTAaThl jfaxke NPH BHIUHCACHHAX MO JOCTATOYHO IPOMO3A-
kM (opmyaaM. M Bce ke HeH36GeXKHbl CHTyauuu (WM MOTOMY, UTO
TaK fIOCTAB/IEHA BHIYHUC/IMTENbHAA 3ajavd, WJIH 3TO CBA3AHO C XKeaa-
HHEM CaMOro BLIYHMC/HWTENS), KOTHA TMOONEPALHOHHBLIA Yy4eT HABH-
JKeHHusl olH6oK HeoOxonum. PaccmarpuBasi B JaJjbHeHNIEM NpHEMBI
BBIYHCJIEHHH, Mbl 6yeM YYHTHIBATh KaK [IOGNEPANHOHHYIO, TaK H HTO-
rOBYI0 METOJHMKY OLEHKH TOYHOCTH. ‘

Boluncienuda mo npasuaam noacyera madgp. Ipu BeuHcaeHHM
STHM METOAOM $IBHOTO yueTa morpemrHocTedl He BeIeTcH, NpaBuaa
noxacuera uudp MOKA3LIBAIOT JHLIbL, KaKoe KOJHYECTBO . 3HAYAUIMX
uup HIH [LECATHYHBIX 3HAKOB B .PE3Y/NbTATe MOXKHO CYHTATh
HagexuuiMu., CamMd 5T TIpaBHAA OCHOBHIBAWTCHA Ha (opMynax pas
OLEHKH ' MOTpellHocTeld apudMerHuecKHX AedicTBHA #  GYHRUHHA
(n. 2.4 u 2.5). IlpuBenem 3t npasuia 31€Chb B CHCTEMAaTH3UPOBaH-
HOM BHIe. , .

1. TIpu cnoXeHUH ¥ BHIYHTAHHN NPUGIHIKEHHBIX YHCET MIaALAHA
U3 COXPaHseMbIX JeCATHUHBIX Pa3PAA0B PE3y/bTaTa J0JKEeH ABAATHCA
HaHGOMbIINM CPeAH LeCATHYHBIX PA3pPs/I0B, BEIPAKAEMbIX NIOCTEIHHMH
BepHLIMH 3HauYaIMMH DHbpaMu HCXOMHBIX Aanubix*. TIpu srom cneny-
er u3berarh BblUMTAHMA OJIH3KHX MO BEJHUMHE UHCE], 4 TaKXKe 1pH
ToOMnep allHOHHOM NPHMEHEHHH NPaBUaa AJs CAOKEHUSA ¥ BHIMHTAHHSA
HECKOMbKHMX YHMCEeJ] MNOAPS CTaparbcsl NPOH3BOAMTL [EACTBHUA HaX
yHCJAAMH B TIOPs/JKe BO3pacTaHHA HX abGCOMIOTHBIX BEJHYKH.

2. Tpy yMHOXEHHH M [eNeHHH NPHUOJIMKEHHBIX 4YHCeT HYXKHO
BLI6pATh YUCJO C HAHMEHBIUMM KOJHMUECTBOM 3Ha4alHhx uudp H
OKPYIJIMTh OCTaJIbHBIE YHCJAA TaK, YTOOB B HHX ObLIO JHIIbL HA ' ONHY
sHavamylo nadpy 6odbuie, YeM B HauMeHee TOYHOM uucae. B
pesyabTaTe CJAELyeT CYHTaTh BEPHBLIMH CTOJBKO 3HA4aUMX UHOD,
CKOJBKO HX B UHCJ€ ¢ HAMMEHBIIHM KOJIHYECTBOM 3HA4aIMMX HHPP.

3. Ilpu onpenejeHHH KOIHYUECTBA. BEPHBIX WHGP B 3HAYCHHH
5/€MEeHTAapHbIX (YHKUMH OT NpUOIHIKEHHBIX 3HAueHU# aprymeHTa
c/efyer TPUKHHYTb 3HAaYeHHe MOLYJSA TPOM3BOAHOA (YHKUHH.
EcnH 310 3Ha4YeHHe HE TIPEBOCXOAHT €IHHUNH HAM GAH3KO K Hel, TO
B 3HAaueHWHM (QYHKUMH MOXKHO CYHMTaThb BEPHBIMH CTOABKO 3HAKOB

*QG6LIYHO TOYHOCTb HMCXOAHBIX NAHHBIX TAKOBa, YTO BCE OHH HMEIOT JECATHIHbIE
3HAKH TIOCTE SaNsTod, T. €. SBATIOTCA AECATHUHbIMH ApoGamu. B srom cmyuae
NpaBKA0 HOPMYAAPYETCH GOMER JOCTYHHO: PH CAOMKEHHH M BHIIHT AHHH NP UGHIKCHHBIX
yucen B Pe3yAbTATE CAELyeT CUHTATh BEPHBIMH CTONBKO JECATHYHBIX 3HAKOB nOCHAE
3ansATOd, CKOJIBKO HX B NPHOMHMKEHHOM LAHHOM C HAHMEHbUWHM YHCJIOM 3HaKOB
nocie 3ansnTodl. KOJNHYECTBO JAECHTHUNBIX 3HAKOB NOC/HE 3aNATOH mepen BHITOJHenHeM
HeHcTBUA 11e1eco06pasHo YPABHUBATH, OKPYIVINS MO OAHOA 3anacHON HCXOXHbIE NaH-
Hbte ¢ GONBIIHM KONHYECTBOM HECHATHUHBIX 3HAKOB.
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mocae 3amsfToH, CKOJBbKO HX HMeer 3HauyeHue aprymenta. Ecam xe
MORY/1b RPOU3BOLHOH (YHKNHH B .OKPECTHOCTH HPUGAHIKERHOTO
3HAYEHHUS apryMeHTa MPEeBOCXOAMT eJHHHLY, TO KOJHYECTBO .BEPHBIX
JNeCSATHUHBIX 3HAKOB B 3HAUEHHH (YHKUHH MeHbIle, YeM B 3HAUEHHH
apryMeHTa Ha BeJIHUMHY R, rie X —HauMeHbIHNH HaTypaAbHBIH noKa-
3aTesab CTENEHH, NPH KOTOPOM HMEeT MecTO HEepPaBEHCTBO:

[P (0] < 10%%,

4, Tlpy 3anucH NpOMEXKYTOUHBIX Pe3yJbTaTOB CJAEAYyeT COXPaHATH
Ha ‘onHy nudpy Gonbile, yeM peKOMenAYIOT npaeuna 1—3. B okoHua-
TeJAbHOM pe3yJabTare 3Ta 3anacHaf lugpa OKpyrasercs.

IlpaBuna noxcuera uupp HOCHAT OUEHOUHBIH XapakTep H He fB-
JSIIOTCS METOJOM CTPOrOroO yuera TOUHOCTH Bhiuucierud, OObluno
UX TIPHMEHSOT Torja, Korga ObicTpo M 6e3 ocobblXx 3arpaT HYKHO
[NOAYUUTH PE3YJbTAT, He 0cOBEeHHO GeCHOKOSCh O €ro NOCTOBEPHOCTH.
Mexny TeM TNpakTHYecKas HaLeKHOCTb 3THX HPAaBHA EOCTATOYHO
BBICOKA H3-32 3HAYUTETbHOH BEPOATHOCTH B3aHMOIOT allleHHST OIHHOOK,
HEe YUHTBIBaeMOH NpPH CTPOTOM NOACYETe TPaHMll NOrpPelLIHOCTEeH.

[lpn moonepanioHHofi perucrpanuyd pe3ysbTaTOB BbIYUC/ICHHH
HCrogbayeTcsl ofblyHast pacueTHas Ta6GaHUA -—— TAK HasblBaeMmasi
pacnucka gopmyioi.

I[Tpumep 2.6.1. Bouueaurn 3[1—{3‘«16}{146 BE&JHUHHBI

e ++/b .
00 mnpasWiaM nopcdera UUPp AN NPUGNMIKEHHBIX 3HauyeHHH
a=2,156 u b==0,927, y KoropbIXx Bce¢ LUH(]DPBI BEpHLIE.

Boiuucnenuss npueesnensl B tabauue 2.3. [TpokoMMeHTHpYeM XOf,
Buiuncaenuil. Ha MK noayuaem e*!'%®=8,63652. 9ro xe naer nam u
OLEHKY BEJHYHHBl MPOU3BOAHOH B 3TOH ke Touke: 2*'%6 < 10', 1. e
B [OJYUEHHOM 3HAuUCHHH CJEAYeT COXpaHHTb Ha OIHH JeCATHUHBLIH
3HaK MeHblIe, ueM B 3HaueHHH apryMmenta. Okpyrasis ¢ onHof
3anacHoH, nmoqyyaem 8,637 (3amacHasi uHdpa BblgeNeHa) W 3aHOCHM
pesyabrarhl B Tabauny. Janee: 4/0,927 =0,9628083, npuuem Mony.b
npoussoguoit  (1/(2 \/‘cLz)) MeHbLIe = €MHHUIBI, IIOITOMY COXpaHseM
nocse 3andaTod TpH 3Haka ¥ ofuH sanacHo#t: 0,9628. Tlpu BriuMcaeHHH
cyMMBl B wHcaurene HaxoguMm 8,637+ 0,9628=9,5998 u cornacho
STOMY NpaBHI1y 1 okpyrasiem pesynapraTt go Teicsubix: 9,600. Ilpu
BHIMHCA€HUM b° monb3yeMcsl NMPaABHAOM 2, NPR HAXOXKIAEHHH CYMMbI
a-b* — npasuaom 1.

Ilpy onpenene’ud KOJH4YECTBA. BEPHLIX LUHpP B .3HAYEHHH
In 3,0153 cHoBa npuMeHsieM 11paBuio 3 (yUUTbIBAEM, UTO IPOU3BOAHASA
Inx npu x>1 umeer 3HaueHHe, MeHbulee exuHHUbI). OKpyrags
OKOHUaTeNbHEIH pe3yabrar Oe3 3amacHoH uudphl, nomyunm A=2870
(Tpu BepHuble 3Havyalyue nUPpPHL).

., . *lleficrBUTeNILHO, MPH 3TOM YCIOBHH C yueroM Gopmyas Af==|f(x)}-Ax moxHO
BLIBECTH, HTO YBeJHuUeHHe k' Ha eiHHHLY O3HauaeT yBeaHuenne Af npumepuo B 10
pas, uTo B JaHHOM cCjydae yMeHbllaer B 3Ha4ueHHH f[(X) KOJIHYECTBQ BEPHBIX
JecATHUHbIX 3HAKUB MO CPABHEHMIO CO 3HAYEHHEM X HA eIHHHLY.

71



Ta6aunuwa 23

a b S b et +/b b? atb? In'{a+ 6% Al

2,156 | 0,927 | 8,637 |0,9628 | 9,600 |[0,8593 | 3,053 1,1037 8,698

JIErKo BHAETH, YTO C MOMOILIBIO HHXKEHEPHOTr0 MHKPOKAJbKY/IATO-
pa BbHHcaAeHuss no ¢opmyne (2.23) MOXKHO TNPOH3BECTH H 6e3
BHUTHCHIBAHYS] MPOMEXYTOUHbIX pesyabraros. [lporpamma aas MK
B3-18 mMoxxetr HMeTb BHA:

o [F)[#)[F][3an] o [F)[V][F][n+] ¢ [X]{+] [ =]
[F] (o) (=] [F] ] (=] [=]

Mporpamma nas MK-41:

[« [FE e B DIEIC @ ] o ] e D= [=):

BhinoJHHUB MOC/IEOHION -NporpaMmy NpH 3a4aHHBIX Bbill€ 3HAYCHHAX

a 4 b, vcriojib3ys KnaBuinA | arc |, , TOYYUM Ha MHAHKAarope

MK-41 uucao 8,697338929. Kak BbiAeNuTh B TMOJYUYEHHOM UHC/IE
BepHble nubpnu? Caenarh 5TO MOXHO H 6e3 MOAPOGHOro MO3TaNHOro
ananusa, Kotopuiii npusefen B npumepe 2.6.1. JleHcTBHTENBHO, TaK
Kak Bepaxenwe A mnpeacrasasier co6ol po6b, TO TnocieaHee
AeficTBME TpPH €ro BBIMHCIEHHH — JeJeHue, a CJlel0BaTeNbHo,
ptaynbTar Gyaer CORepKaTh BEPHBIX 3HauallMX LHpP He Goiee uem
B HaUMEHee TOYHOM H3 OlepaHIoB — UYHCJHUTEIe WIH 3HaMeHarene.
Tak Kak KOpeHb KBaAPaTHbIA JlaeT BEPHbIX UHPP CTONBKO XKe, CKOIbKO
U €ero aprymeHT (TpH), a 3KCHOHEHTa TepseT He 60Jxeeu OLHOr0
BEPHOrO 3HAKa [MOCJae 3ansATod (Y4TO BMeCTe C HEHYJEBOM Le10H
4acThiO TAaKXKe AAeT He MeHee TPpeX 3Havalux uudp), TO B YHCIUTE]NE
¥ 3HaMeHaTele YMC/I0 BepHBIX sHayalux uugp Oyler paBHO Tpem.
CJjefoBaTenbHo, 3HaueHue A HOMKHO GbITb OKPYIJIEHO 10 TPEX BEPHLIX
3nakos: A =8,70.

TaM, rge BO3MOXEH TIONOGHBIf ananus, IPH HCMONb30OBAHHA
MK B BHIMMCJEHHAX 0 NpaBHIaM TIOACUeTa LU(P MOXKHO M3bexarb
1100MEp ALMOHHOr0 yyeTa BEPHBIX 3HAKOB.

KOHTpOJABbHBE BONPOCH

1. Kak dopmynupyorcst npaBuia noacuera undp?

2. B kakux ciy4asx peKOMeHJyeTcs NPUMEHATh NpaBuia noacyera
uupp? ;

3. Kakne jBa. crocofa NpHMeHeHHs NPaBW1 mojcuera UHGP
BO3MOXHB! B BLIMHCJEHHSIX HA MHKDOKAIbKYIATOpE?
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4. Kakopa noc/jienoBaTeNbHOCTh JefCTBHH HAa KaXAOM NPOMEXY-
TOYHOM 3Tane pacyeTHofl TaGJHULH B BBIMHCAEHHAX MO NPaBHAaM

noacuera uugp C NOONEpaUHOHHHIM YUeTOM OLIHGOK? HA 3aKJUH-
TEeJIBHOM 3Tamne?

YnpaxHenun

Bergucaurs Ha ‘MK 3Hauenust 3afaHHBIX BHIpaXKEHH MO NipaBHiIaMm
noacyera uQp AByMsa croco6amu: 1) ‘c moonepanHOHHLIM aHaJIH30M
pe3ynbraroB; 2) ¢ HTOroBOH OLEHKOH OKOHUATENbHOrO pe3yabrara
(y 4HCAOBBIX HAHHBIX Bce UH(PLI — BepHEIE):

sin 0,934-27.9 5) In (§,6—|—-\/2,3?—‘i—4,£—)?) .
V12,34 sin® 0,37 4cos” 1,02’
In (0,84 +4,37° 3/
g) Jn@&+437) . T-f;"(‘)j 40,8217,
4/624,9 ’

Meron crpororc yuera rpaHHWLl mnOrpemlHocTeH. ITOT MeTOf
npeaycMaTpHBaer CTPOrHMH  HoOAcYer TpaHHI MOTPEIlHOCTEHd 110
NpaBUIaM BBLIMHC/ACHHA MOrpelIHOCTeH, pacCMOTPeHHBIX B m.n. 2.4
n 2.5,

Ilpun moonepauOHHOM CTPOroM yuere OWHGOK NPOMEXKYTOYHBIE
pesyabTaThl, TAK K€ KaK H MX NOrPEUIHOCTH, 3aHOCAT B CIIEUHaNbHYIO
pacueTHyIo TaG/JHILy, COCTOAILYIO H3 JABYX NapajlleNbHO 3al0/HAeMbIX
yacrell — AJaA pe3yabTaroB M MxXx norpemnocreir. B Ta6auue 2.4
NPHBEJEHbI BBIMHC/ICHHS CO CTPOTMM Y4eTOM TIPAaHHI, a6GCOMIOTHBIX
norpewiHocTell no To# ke ¢opmyJae, uto U B npumepe 2.6.1 (c. 71),
H B NPEANOJOXEeHHH, YTO UCXOLHbBIE AAaHHBIE @ W b HMeIOT rpaHuubl
aGcoaoTHbx norpewHocTel Aa=Ab=0,005 (r. e. y a u b Bce
uH(pLl BepHBI' B cTporoM cmbicie). Ilpomexyrounbie peaynbTarsi

Ta6auna 2.4

a b e Vb e+ b? a5 In (a+6?) A

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

Aa Ab Al |ARD) [ae+vh) | A% [Ala+bH)|Aln(atbY) | AA

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

BHOCAT B TAG/HLY MOCAE OKPYIVIEHHSI 10 OAHOH 3amacHoii (¢ yuerom
BBIYHCJIEHHOH MapaJjiieJbHO BEJHUHHD TOTPEINHOCTH); 3HAYEHHS IO-
rpemHocrelf A yHoGCTBA. OKPYIASIOTCS MO HM3GLITKY 10 OBYX
asavamux uudp. IIpocsenum xon BhMUCTEHHE HA OZHOM 3Tame.

C nomompeio MK umeem e*'%=8,63652. IMoncunraem rpasuny
aGconoTnof norpewHoctd (Tabn. 2.1):

A (e*1%8)==¢®'56.0,0005 = 0,0043182 ~ 0,0044.
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Cyzst O BeJiMuHHE OrPeHOCTH, B HONYYCHHOM 3HAYCHHH SKCIIOHEH-
THl B CTPOrOM CMBIC/€ BEDHBI [Ba .3HaKa rocse samnsroit. OkpyraseM
57O 3HAUEHHe ¢ ONHOM 3amacholl ungppoi e>'°°x 8,637 (sanacnas
uudpa BbLENEHA) W BHOCHM €ro B Tabauuy. Beaexn 3a arum
BBHIMUCJASEM MOJAHYIO TOTpeIiHOCTh IIOYYEHHOro pesy/abrara (mo-
. TPEHOCTh JEHCTBHS ILAIOC HOrpPeHiHoCTb  OKp YIJICHHS: 0,0044 +
+0,00048 ~ 0,0049), xotopasi Takxe BHOCHTCH B tabnuny. Bce
noc/ienyomue AeficTBHS BHIIONHSIOTCS aHaJOTAYHO C NPHMCHEHHEM
COOTBETCTBYIOIIHX (HOPMYA JJis TpaHull aGCOMIOTHBIX norpemsocred.
Okpyriisisi OKOHYATEbHBIE Pe3ynpTar 10 nociaenues sepaodl nUPpL, a
;TaKKe OKPYIAisis [OFPCIIHOCTb JAO COOTBETCTBYWIMX Pa3psiioB
pe3yJibTara, OKOHYATEeNbHO NOJyuaeM:

A=87+0,1.

‘PacCMOTpPHM Telepb, KaK MOXHO MNOJIYYHTb HTOTOBYIO OLUEHKY
rpaHHUbl MOrPEWIHOCTH DPe3y/ibTaTa BblMHCICHHHA 10 (opmyne 6e3
[0OMep ALHOHHOTO yueTa ABHXKEHUsl OLIHGOK.

[Mpumep 2.6.2. 3uavenust x=147 1 y=3,21 manbl pudppamy,
BEPHLIMM B CTPOFOM CMbicje. BBIMHCIATD 3HAUEHHE BBIPAXKEHHS:

_

Tyelnx
C nomouibio MK-41 o nempepblBHOR mporpamme:
147 [V] (] 821 [+| 147 _—__|

nonyuaem B=0,444374379. Vcnone3ysi (opmy/bl OTHOCHTEIBHBIX
NOTpeIiHoCTe YacTHOTO ¥ NPOH3BEJAEHHUS, 3aNHLIEM:

8x
[ tn x|

8B =0 (v 8y -5 (In x), 7. . §B=-4-6x+ by +

[Monbsysice MK, noayuum 8B =0,062, yro paer:
AB=B.8§B=0,028.

Dro 03Hayaer, Yo B pe3yabTare JHIIb OfHA LHppa nocne 3anATOH
BEpHa B CTPOrOM CMBIC/E!

B=0,444-0,03.

KoOHTpOABHBE BONpPOCH

1. Kak oQopMJSIOTCA BLIMHCIEHHSI CO CTPOTHM Y4YETOM TIpanHIy
norpemHocTell MpH MOONEPALKOHHOM yuere OUHGOK?

2. KakoBa .nocJaeL0BaTeIbHOCTh AeHCTBHI Ha KaXIOoM NpPOMexYy-
TOYHOM 3Tane pacuerHoil TaGJHIBl B BLIMHCICHHAX MO METOLY
CTPOroro yyera rpaHHul MOrpelHocTedl ¢ NMOOoNnepauHoOHHbIM YYeTOM
OIHGOK? Ha 3aK/IIOYHTENBHOM STamne?

3. Kak BBIMHCJAIOTCS TPAHMIBI MOrPEIIHOCTEH pe3yabrara INpH
HCIIONb3OBAHHM METONMKH HTOrOBOH OIEHKH OILIHOKH BLIYHC/ICHUH?
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Ynpaxuenns

Y snauennit a=1,3794 n b=29,37 Bce uUDPH BEPHDLI B CTPOroM
cMbICTIe, Bruucnurs ¢ nomompio MK 3HaueHnsi 3agaunbix BHIpaxe-
HUH CO CTPOrHM YYeTOM TIpaHHL IOrpeliHocTeH IBYMS COCOGaMU:
l)uc NnoomnepalHOHHbLIM YY€TOM NOrpeuiHocTed; 2) ¢ HTOroBo# OleH-
KOH TOYHOCTH pe3yJibTaTa:

a) W/t—gva . B) % +bsina;

In(a-+6% 1+a’
) sosath. ) nGinato)
V¥’ a4

Meroa rpanuu. Ecin HYXHO MMEThb rapaHTHpOBaHHBIE IDAHHILLI
BO3MOXHBIX 3HAUeHHH BBIMHC/SEMOH BENHUHMHBI, HCIOJL3YIOT CIle-
UHaNbHBIH METOJ BLIMHCJACHHH — METO], TpaHHIl.

I—IUYCTb f (x, y) — dyHKUHSA, HenpepbIBHAS U MOHOTOHHASl B HEKO-
TOPOH O6/IACTH JOMYCTHMBIX 3HAYeHHH aprymMeHToB ¥ H y. Hyxno
BBIMUC/IHTE €e 3HauenHe f (a, b), rae @ 1 b — npUGIHIKEHHBIE 3HAUCHUS
apryMeHTOB, IPHYEM H3BECTHO, YTO

HI, <a<<BT,, HT', <6 <<BT,.
3nece HI, BI' — 0603HaueHusi COOTBETCTBEHHO HHXKHEH M BepXHeit
rpaHul, 3HaueHu# aprymenTtoB. MHrak, Heo6xonumo HaliTh crporue

TPaHMIBl 3HaueHuk [ (a, b) NpH U3BECTHBIX rpPAHHLAX 3HAUCHHE a U b.

Honycrum, uro ¢ysxuusa f(x, y) Bo3pacraer no KaKioMy H3
aprymeHToB x u y. Torna:

[ (HIy, HT) <[ (a, b)<<f (BT, BT).
Ilycte Tenepnb f(x,y) BO3pacTaer mo aprymeHty x M yGbiBaeT Mo
aprymenty y. Torna 6yaer BHINOAHATLCS HEPABEHCTBO:

f(HE o, BI'p) <<f (a, b)<<f (BT, HTy).

[IpuMeHnM MeTOx rpaHul, K OCHOBHLIM apHpMeTHYeCKHM AeHCTBHSAM.
[Tycrs, Hanpumep, f(x, y)=x-+y. Torna oueBHIHO, YTO

HI,+HI s <a+ b6 <BI,+BT,.

TouHo - Tak Xe I YHKUHH f(x, yy=x—y, BO3pacrawmeil no x
u yOhiBalouledl mo y, uMeeM:

HI —Bls<<a—b<<BI,—HT,.
AHanoruuHo A/ YMHOMKEHHSI M JeJIeHust:
HI';-HI'y<<ab << BTl ,-BT,

HI./Bly<<a/b<<BT,/HT,.
' 1
Paccmorpum ¢ yuxiuio e 3ameuaeM, uYTO HPH YyBedHUe-
HHH x OHa yOBIBaeT, a ¢ yBeJIHMYeHHeM y Bo3pacraer {(pasymeercs,
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npH COGMIONEHHH YCIOBHI CYUIECTBOBAHHA). CaenoBaTenbHO, UMEET
MecTo: :

1 1 1
Tn (Bl .—HIy) < Tm{a—0 < W (HT.—BLY)

Bhignc/ss 0 METOAY TPAHHI C TOONepalMOHHOH perkcrpanuei

IPOMEXYTOUHBIX PE3y/NbTaroB, YAOOHO HCNOJIL30BATH OBBIUHYIO BHI-
YHCJIHTEJBHYI0 TaG/iHLy, COCTOAILYIO M3 ABYX CTPOK — AJISl BBIMHC-
neunst HI u BT’ pesysbrara (mo 3TOH npuupHe METOA IpaHHIl Ha-
3bBAIOT elle merodom 0s8olnblx ebiuucaenuid). TIpH BHIIOIHEHHH
NPOMEIKYTOUHbIX BLIMHC/JEHHH M OKPYIJIEHHH pE3yabTaroB HCIOJb-
3yI0TCS BCE PEKOMEHAUMH NPaBK NOACUeTa nH(p C ONHAM BAaXKHBIM
JIOMOJAHEHHEM: OKpPYIJIEHHe HIXHHX I'paHHIl BEJETCs MO HELOCTaTKy,
a BepXHHX — MO H36HTKY. OKOHYaTe/NbHBIE PE3yNbTaThl OKPYI/IAIOT-
cAl MO 3TOMY XK€ IIpaBuay 1o nocjefHedl BepHOH LHGPBL
B ra6suue 2.5 npUBeNEHb! BbIUHCAEHHS MO GopMyJe
A= e"+x/5
in (a+ b°)
merogoM rpanun. HipkHss n BepXHAA TpaHHUb! agaucHuil @ u b
onpeneeHbl U3 YCJAOBHS, UTO B HCXOIHBIX JAHHBIX a=2,156 u
b=0,927 Bce 1HdpPbI BEPHBI' B CTPOrOM cmbicie (A== A b==0,0005),
1. e. 2,1555 << a<<2,1565; 0,9265 << b <0,9275.

Ta6anuga 2.5

o b e N o b b? a+b? |ln@+0y A

HI' | 2,1555 | 0,9265 |8,63220 |0,96255 |9,69475 [0,85840 | 3,01434 | 1,10338 8,6894

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

Crioco6 rpaHHIL CBsI3aH CO CIOCOGOM CTPOroro yuera rpaHHil norpet-
nocreft caenywomum obpasoM. Ilyerb X — TouHOe 3HAUYEHHE HCKOTO-

pofi BENHUMHDLI, X — €ro MNpHOJMKEHHe C H3BECTHbIMH TpaHHIAMHU
HI -+ BT,

3 , Torma ao-

HI', u BI,. IpuMeM x paBHLHIM 3HA4YEHHIO

COJIIOTHAS NOrpeuIHocTb ¢, 3T0ro npn@mmenm 6y}1€T 3aBenoMoO He

Bl —HT,

Gonblie MOJYPasHOCTH Ax == T Tak, 1o pesyJjbraraMm BBI-

uypcsenuit B Tabauue 2.5 noayuyaem:
A= BEUESTUL g 69675, A4 = STHZEERE —0,00735,

yro paer A==8,69675+0,00735.
BLIuMCAeHHsI MO METOLY TPaHull MOXKHO BecTd u 6e3 mnoomepa-
L(HOHHOrO (PUKCHPOBAHHS IIPOMEXKYTOUHBIX PE3YJIbTaTOB.
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Mpumep 2.6.3. HyxHO HalTH FPAHUIE 3HAYEHHS BHIDAKEHHS:
\/;c_“

In (x —y?%

ecan 4,845 <Cx <<4,855; 1,215<Cy<1,225. Hmeenm:
VHT . BT,

WEL—L) Y TWHEL—@L)

3%12111103’}1;1 IBaXKAK HENPEpHBHYIO NPOrpamMmy BbiUHCAeHUA Z Ha

x|+ (xl—:lyXyﬂE:],

TTOTYHHM!

1,807895009 << Z < 1,825106030.

Ecau Her HeOGXOAUMOCTH MMETh Pe3Yy/bTar ¢ TaKuM GOJBIIHM KOJH-
4ecTBOM 3Hauawux uudp, ero MoXKHO OKPYINIHTh (HHAKHIOKW IDaHH-
ny —— 10 YGHIBaHHIO, BEPXHIO — MO Bo3pacrauuio). Tak, okpyrasa
rpaHuubl Z [0 COTHIX, OyAeM HMeTh:

1,80<<Z<C1,83, 1. e
- Z=1,8154-0,015.

KonTpoabHsie BONPOCH

1. B kakux cayuasix B NPHGIHMKEHHBIX BLIMHCJIEHHAX NMPHMEHSIOT
METOA, IpaHun?

2. Kak odopmisiorcss pacuernl N0 METONY TpaHUl, [IPH moore-
PAUHOHHOM YueTe pe3y/jbTaroB BLIMHC/ACHHI?

3. KakoBa.nmocnenoBarejbHOCTh AEHCTBHH Ha KaXKAOM NPOMExY-
TOYHOM 3Talne pacueTHON TaGJHUbI B BIHUCAEHHAX 11O METOAY FPpaHHL
¢ NOOMEepAaIHOHHBIM yYeTOM pe3yJibTaTOB BHIHHCJEHHHA? Ha 3aKMIOYH-
TEJILHOM 3Tame?

. 4. Kak o6napyxuBaercd CBfi3b MeToja TPaHHI] C METOLOM CTPO-
roro yuera rpasii HOrpelmHOCTeH?

YnpaxXHenusn

3nauesuss @ W b 3akaioueHs’ B rpanumax 12,3<a<<12,5;
64,2<b<064,4. Boiuncaurs ¢ nomowpio MK sHauenusa sajgasubix
BHPAXKEHUH N0 METOAY IpaHHl AByMSA cnocoGamu: 1) ‘¢ noonepa-
HUOHHOH perucTpanyeil NPOMEXKYTOUHRIX pe3yabTaros; .2) Ges Bhl-
NHCHLIBAHUSA NPOMEXYTGUHBIX PE3YNbTATOB!

Na’—b . In(a®+b) |
a) Ina B). a*4-b*
6) —ats . b nb
) vl r) et



I'nasa.3
AJITOPUTMBI

3.1. MNpunuun anropUTMH3ALMUH
B HCNOJNb30BAHHH BBIMHCAUTEABHOH TEXHHKH

Hcnonbaysi MHKPOKAJILKYJIATOP 1Js BBIMHCAEHHH 1O Qopmyie,
HHOra TOJIE3HO 3apaHee COCTAaBUThb M 3amucarb Ha' 6ymare npo-
epammy, T. €. NepeueHb AeHCTBHf, KOTOpBIe NOMKHBI OBITH NMpoOjea-
HBI' IO/1b30BATENEM B NpOLiecCce cuera. Takylio nporpaMmy OCOGEHHO
1e1eco06pasHO HMEThb TOTAA, KOIda NMPEeNCTOUT IIPOH3BECTH HECKOJb-
KO BLIMHCJAeHHH No opHo#t H Toll ke dopmyne. B stom cayuae
CHauajsa COCTABJSETCA M TIIATEJbHO ‘BHBEPSETCS NPOrpaMMa BhIYHUC-
JIeHui, a MOTOM NOMB30BATENb MOXKET HCIONb30BATh €€ MeXaHHYeCKH,
yXKe He BHHKasi B IIOC/€I0BATENbHOCTb INPOH3BOAHMBIX J@HCTBHUH,
4TO OfJieruaer H YCKOpsier Hpolecc Cuera.

Bosee coBeplleHHble BHIMHCAUTENBHEIE MALIHHBL CIOCOOHBI 3aM0-
MHHATh NPOrpaMMbl BLIMHCJEHHH, H TOrJa 4eNOBEKY OCTAeTCs TOJb-
KO COCTaBHTb NPOrPaMMy H IOMECTHTb €€ B NaMATh MAalIHHBI, a BCE
ocTanbHOE — COGCTBEHHO ' pellieHHe 3a1audl — MalluHa ' CAejaeT aB-
TOMAaTHYeCKH, T. €. 6Ge3 yyacTusl uejoBeka., Takue BLIMHC/IHTENbHbLIE
MAaIIHHEI HA3biBAIOT NPO2PAMMHO-Ynpasssemviny. K ¥X 4HCIy OTHO-
cATCS 3/1eKTPOHHO-BHIMHCIHTENbHBE Mamuubsr (IBM), nosBuBLIKecs
B .CepefMHE HAIIero CTOJeTHsl. ITO — BHICOKONPOH3BOLMUTENbHEIE
cpeacTBa 06paGOTKH HHGOPMAIMWH, CNOCOOHHIE pewarb O60/bLIOH
KPYr caMbix pasHooGpasHbIX 3anau. [lasi cocraBiieHdsi nporpaMm Ha
OBM paspaGoTanbl' H HCNOAB3YIOTCS CIEIHANbHbIE A3BIKH, K YHCTY
KOTODBIX OTHOCATCH IIHPOKO PACNPOCTpPaHEHHbE A3BIKH MPOrpaMMH-
posauus Aaros, ®doprpau, KoGea, I1JI/1, Tlackans, Beficuk u Ap.
EcTb nmporpaMMHO-ynpasjigieMble MOAENH M CPEAH MHKDOKaAbKyJs-
TOpPOB, K HUM OTHOesATcsi oreuectBennbie MK B3-21, B3-34, b3-54,
MK-56. IlporpammupyeMblii MHKPOKaJRbKYJATOpP, HECMOTpPS Ha' €ro
OrpaHMYEHHBIE BO3MOKHOCTH IO CPABHEHHIO C YHHBEPCAJIbHOH KpYI-
HOH DBM, of6nagaer BCeMH OCHOBHbLIMM CBOHMCTBAMH IPOrpaMMHO-
ynpapisieMOH BBIMHCAHTENbHONH MalIHHBL. 5 .

O6muM aa8 Bcell NMpOrpaMMHO-YNpaBAsieMOH BHIMHCAHTENbHOH
TeXHHKH fBJISIETCSl TO, YTO pellieHHe 3ajay Ha Hel OCYINeCTB/ISAETCH
NOCPEeCTBOM COCTaBjierHs nporpammel. OCHOBOR NpOrpaMMul s
BLIHMCAHTE/bHOH MAIIMHEL SIBJISIETCS GA20PUTM PELIEHAS JaHHOH 3a-
pauy, T. €. TOUHOEe MpelflHCaHHe O MOCAEedOBAaTE/bHOCTH [EHCTBHH,
KOTOpHIE JIOMKHBI' GHITb NPOM3BEIEHbl' JJA MONY4YEHHS pe3ynabTara.
Anroputv siBasieTcs Gonee OCWMM IOHSTHEM, YeM NpOrpamMa; B
STOM CMBICJI€ Nporpamma IJsl BEIMHC/JHTENbHOH MAaIHHBL — 3TO 3a-
NKCh aJrOpUTMAa pelleHHsi HEKOTOPO# 3a/1a4d B BUAE, IPHIOLHOM JJIs1
IaHHOHM BLIMUCAHTENbHOH Mamuub: Otciea caefyer, 4TO OCHOBHaA

78

CYIIHOCTbL Mpolecca pelieHHsl 3a1ad ¢ NMOMOMIBIO POrpaMMHO-YI-
paBsifieMOH TeXHUKH — 3TO paspaborka aaropurmos. Korana anropurm
pewenus 3anaud sceH, ‘o 6e3 0co6oro Tpyaa Moxer OblThb npes-
CTaBJIeH Ha' JMI06OM S$I3bIKE NPOrPaMMHPOBAHHA € Y4eToM ocobeH-
HOCTel KOHKDETHBIX BBIMHCIHUTENbHBIX Mawud. ToBops HHBIMH ci0-
Bamu, I/laBHOE B pEIEHHH 3ajay Ha NpPOrpaMMHO-yHpas/seMbIX
BLIMHCJAHTENBHBIX MalIHHAX — 35T0 QA20PUTMUIAUNA, T. €. cocTapie-
HHE QJIFOPATMHUYECKHX NpeANnHcaHHull. Pojb alropUTMHUsal iy B XKH3HH
COBPEMEHHOr0 OO0LeCTBA. ONpedeNsieTc! He TOJBKO TEeXHHYEeCKHMH
aCMeKTaMU ee HCTO/b30BAHHA. ANIrOopUTMHYECKHH TOAXOA HEOTAeNHM
OT NOBCENHEBHOM JKH3HH JIOJeH, or HX OGbluHOH pa6orhl. B mopas-
JsiiolemM GONBIIMHCTBE .CAY4aeB Pe3yAbTar NeATeJbHOCTH yeloBeKa
IPAMO 3aBHCHT OT TOTO, HACKOJBKO YETKO OH UYBCTBYET AJrOpHTMH-
HeCKYI0 CYLIHOCTb CBOMX AGHCTBHIH: YTO [elaTh B KasKJbl#l MOMEHT,
B KaKOH I10C/e10BATEIbHOCTH, KAaKHM [OMKeH OHTh HTOr AeHCTBHI
H T. n. Bce 370 ompenensier ocoGblii acmekT KynbTypPhl MbILLICHHS
U MOBENEHHSs], XapakKTepH3yIOUIHACT YMEHHEM COCTAaBASATb H HCNOJMb-
30BaTh DA3JIHYHBIE A/ITOPHTMBIL

KonrTpoabHre BonpocH

1. Hro Takoe nporpaMMHO-ynpabJjisieMasi BLIMHCAHTENbHAST Ma-
IIHHA?

2. B ueM COCTOMT 3HaueHHe aJrOPHTMH3ALMA AJA mpolecca pe-
INEHMA 3ajayd  Ha MPOrPAMMHO-YIPAaBJIAEMON  BBIMHCANTENbHOM
MalHue? ‘

3.2. AaropuTMbl H cnocoGbi MX NpeacTaBACHUS

Kak yxe ormeuanoch Bbllle, MOHSITHE AArOPHTMa OTHOCHTCS K
uucay (YHAAMEHTANbHBIX MaTeMaTHYeCKHX MOHATHI. BMecte ¢ Tem
IJ/171 O3HAKOMJIEHHS] ¢ METOAAMH a/JrOPHTMH3ALHH B CBSI3H C 3aITHCHIO
NpOrpamMMel /sl BHIMHCIHTENbHBIX MalIMH HET HeoGXOXHMOCTH obpa-
LIaTbCSl K CTPOTOMY ONpPEeAENeHHI0 3TOr0 MOHATHS.

Wrak, aaropurm — 370 TOUHOE W IONHOE MpENIHCAHHE O MOC/e-
JAOBATEJIBHOCTH BBINOJHEHHSI KOHEYHOrO YHCAa JAeHCTBHMHA, Heo6XOomH-
MBIX AJIS1 peuleHus JIO60H -3ajaud JaHHoro thna. CJoOBO. «adaro-
parm» BO3HHKAO oT algorithmi — naTuHcko#t Qopmbl Hanucanus
MMEHH BEJIHKOrO MaTeMATHKa anb-Xope3MH, KOTopbll B IX B. onucan
npasuia BLINOIHEHUS] YETbIDEX OCHOBHBIX apH(pPMETHuecKHX AeHCT-
BHH Haj 4HC/aMH B JeCATHUHON cHcTeMe cuucieHus. [Ipasmaa stu
H CerofHA CAYXAaTr MNPOCTeHLIHMH TIpPUMEPAMM MaTeMaTHYeCKHX
AJrOpHTMOB.  ¥YKa)keM OCHOBHble CBOMACTBA  AJFOPHTMHYECKHX
npeanHcaHui. '

* 1. OnucoiBaemblii aropHTMOM BBIMHCJHTENbHBIH NpoHece A0/~
JKeH OBiTb PasGUT HAa NOCJAELOBATENbHOCTb OTAENbLHHIX AefCcTBHIL.
Bosuukaiomee npu stom onucanue npencrapasier co60d nocaeno-
BaTeJbHOCTb YETKO pas[ejeHHBX APYr OT jApyra ykasaumii, obpa-
3YIOLIUX TNPEPBIBHYIO (WM, KaK TOBOPSAT, AHMCKPETHYIO) CTPYKTYpYy
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AJrOPHTMHYECKOTO MPOLecca — TOJIBKO BEINONHUB TPeGOBAHHS OJLHO-
ro yKasaHMsl, MOXKXHO MepeHTH K CJeayIomeMy.

D70 CBONCTBO. a/ATOPUTMHUYECKHX NPEANKCAHUH HA3BIBAIOT CBOM-
CTBOM OUCKPETHOCTU.

2. ANropuTM He LOJKEH CONepIKaTb YKasaHHH, CMBICT KOTOPBIX
MOXKET BOCIPHHHMMAThCS HeonHOsHauHo. Kpome Toro, mocie BBINOJ-
HeHHSl OUepPEeHOro yKa3aHHA aJropuTMa He JO0NKHO BO3HHMKATb HH-
KAKHX PA3HOYTEHUH OTHOCHTENbHO TOro, Kakoe YyKasaHue Gyner
BLUIONHATLCA cefyolumM. [oBOps MHBIMH C/IIOBaMH, NpPHU HCIOJNHE-
HUM aIrOpPHTMA HHKOTZA@ He NOJMKHA BO3HHKATb NOTPEGHOCTb B NPH-
HATHH KaKHMX-1HOO pelueHull, He HPEeLyCMOTPEHHLIX COCTaBHTEIeM
ajropurma.

D10 CBOMHCTBO . aIrOPUTMHUYECKHX ONHMCAHMA Ha3blBAETCS CBOKCT-
BOM ONpPeOeseHHOCTU WiH OeTepmMuUHUpO8arHOCTU. ‘

3. AJIrOpHTM coOCTaB/sieTcsl He JUIsi PellieHHsl OfHOH KOHKpETHOH
3ajgau, a [ LEJOro Kiacca 3ajay JaHHoro Tuna. B mpocreiiuem
cJyyae 3Ta BapHaTHBHOCTh a/JropuTMa oGecredyHBaeTcsi BO3MOX-
HOCTbIO HCIOJNB30BATh pasjHuHble JONYCTHMbiE HCXONHBIE AaHHBIE.
Tak, HanpuMep, NporpamMma Bbiuncjenus no ¢opmyie y=(In /x)?
Ha MHKpOKanbkyastope Tuna B3-18

[ E o] ] (=]

MOJKET IPHMEHSThCS He VISl OJHOro 3HaueHus x, a AJlsl Bcex x>0.
VKazanHoe CBOHCTBO .aJIFODHTMOB HA3biBAIOT CBOHCTBOM MACCOBOCTU.

4. O6asarenbHoe TpeGoBaHHE K AalrOpUTMaM — pe3yAbTarus-
HocTs. CMbIC/ 3TOrO TpeGOBAHHSI COCTOHT B TOM, YTO IPH TOYHOM
HCIOMHEHHH BCEX YKA3aHHH alropHTMa Mpolecc NOMKeH Mpekpa-
THTLCSA 32 KOHEYHOE YHCJO LIAr0B H NPH 3TOM JOJXKEH GBITh MOJy4eH
Kako#i-nu60 OTBET Ha BONPOC 3ajayH.

AJITOPHTMBl ONUCHIBAIOTCS PA3HBIMH CHOCOGaMH, B COBpeMEHHOH
MPAaKTUKE HCIOJb3YeTcsl JOBOJBHO MHOIO aJrOPHTMHUECKHX fA3HIKOB
Pa3NHYHOro ypPOBHS. B KaXJOM OTAENBHOM cay4ae BHIGOp fA3bIKA
3aBHCHT OT psiia OGCTOATENbCTB, H NpPEXKAE BCEro OT TOro, Kakoro
pOia aJropHTMbI HEOGXOAMMO C €r0 MOMOLIBIO ONMKUCATh, & TaKke 11
KOTO MpeJHa3Hayaercsl ONHCaHue — JJIsi MalHHbl HIM [T 4eJI0BEKa.
Huxe npHBONMTCS 0030p HEKOTOPHIX YHOTPEGHTENbHbIX CHocoGoB
OMHCAHHS aJrOPUTMOB, pACCUHTAHHBIX HE HA 'MalIHHY, a Ha YeJOBeKa.
YKe 5TH mpocthie (M He OueHb MKECTKO PerjiaMeHTHPOBAHHEE) cro-
COGHl 3afaHHSl AITOPHTMOB JIO3BOJASIOT OOHApYKHTb HEKOTOpLIE
ofiiye noaxoabl K AArOPHTMH3ALKH — IOLXOAbI, MIHPOKO HCNOJNb-
3yeMble U IIPH COCTABJIEHHH MPOrpaMM /1l 3JI€KTPOHHO-BbIHHCIHTE/b-
HBIX MamwxH (SBM).

®opmyabl. Maremarnueckne (GOpMYJbl BMECTe ¢ NMPABHIAMH HX
HAMHCAHHUS TPENCTABASIOT COGOH CBOGOGPA3HDIH aNrOpPHTMHUECKHI

f3LIK, C YCIeXOM HCIOMb3yeMbili U1l OMHCAHMs . BBIMHC/IHTENbHEIX

A/ITOPHTMOB HEKOTOPOro criellHanbHoro suaa. Tak, Hampumep, pop-
Myaa
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S=20 1 aDH (3.1)

3ajaer aArOpPHTM BBIMHCJCHUA INJICILAAH IOBEPXHOCTH LH/JIHHApHYE-
CKoro rtena ¢ guamerpom D M Buicoroit H. Crporo rosopsi, ¢popmyna
onpenensier NOCHEJOBATENbHOCTb AeHCTBUH He CTONb OLHO3HAYHO,
KaK TOro TpeGyeT MOHSATHE ajrOpHTMa (B YaCTHOCTH, CBOHCTBO .ONpe-
,ZIEJ}eHHOSTH). Bumecre ¢ TeM u3BecTHO, uTO BHIGOP /11060r0 mopsAAKa
JCHCTBHIH NPH COGJIONEHHH yCTAHOB/JIGHHBIX B MaTeMaTHKe NpaBul He
OTpasuTcsi Ha pesyabrare. B o6buHOM cayyae nopsimok peficTBHil no
(opmyJse perysupyercs HCHOJHHTEJNEM-YeJOBEKOM. B anropuTMuue-
CKHX SI3LIKAX, HCNOJb3YEMBIX B IIpOrpaMMHDOBaHHH ms1 OBM,
OGBIYHO TIPENyCMaTPHBAETCH BO3MOMXKHOCTL 3a/laHUSl BHIYHCICHHI He-
IOCPEACTBEHHO (POPMYyJaMH B OGBIYHOM MATEMATHUECKOM CMBICIIE,
3TO O03HAYAeT, UTO OBM e nanHOM clyuae «ofyuexa OHPEAQJTHTL’:
NpaBUAbHBIA MOPAACK HeHCTBHH 1O BHAY (HOPMYIIHL

Anropurm, uso6pakeHHbl#i OGHIUHON (HOPMYNOH, OTHOCHTCH K He-
KOTOpOMY, BeCbMa Y3KOMY K/acCy alrOpUTMOB, .HA3bIBAEMbIX Ai-
Hednoiny. Tag HasbIBAKTCA airOPHTMBI, MOC/IELOBATENbLHOCTD Olle-
paluH B KOTOPEIX ONpEAeJIeHa CaMOil CTPYKTYpOH airopurMa M He
3aBHCHT OT KOHKPeTHBIX 3HAaUYeHHH BXOAHBIX JaHHbX. Takum sBaf-
€ICs, HanmpHMep, NPHBEJEHHBIH Bbiule (GOPMYJMbHBIH AIrOPUTM BbI-
YHCJ/ICHHUS IJIOWAAH NOBEPXHOCTH uuanHApAa. ONHHX JHIUb JHHEHHBIX
alrOPHTMOB OKa3blBACTCH HEAOCTATOUHO JIl ONHMCAHHS yXKE CaMblx
NPOCTEHIINX BBIYMCIHTENbHBIX nponeccos. Tak, HanpuMep, alropHTM
BbIMHUC/AEHHST 3HAYECHHS () YHKIHH

Inx, x>1

v={ I—x, x< 1 (3.2)

(puc. 13) yxe He siBAsieTcst nUHEHHBIM, TaK KaK B HEM 3aJj0xela

ornepauus BbIGopa ogHOH M3 (OPMYJ B 3aBHCHMOCTH OT 32JaHHOrO
3HAYeHUH X,

Tabauunblit cnocob. 3anuch BLIMUCIHTEIBHOTO ANrOpUTMa B (op-

Me Tal/Hibl IIMPOKO HCHOJNb3YETCA NPH OPraHH3alMH BHIMHCAEHHH

no ¢opmMyJse ¢ NOONEpPALNOHHOH PErHCTpanHeil MPOMEKYTOUHBIX pe-

3y/abTaTtoB (cM. rnaey.2). B stom ciyuae pacnucka ¢opMmyse Ha

MOC/1eJOBATENbHOCTb 3JIeMEHTap-
HBIX JeWcTBHH, o6ecrneyHBacMbIX

MMEIOLUHMCS B HaJH4YHH BbIUHC- y
JHMTEJLHBIM CPEACTBOM, €CTb HE S
YTO HHOE, KaK ONpefesieHHe [o- -
CJIeA0BATENLHOCTH WAarop (yka- X
3aHHH) BBIYHCJAUTENLHOrO AJro- 7 y=t8

purma. Tak, tabuauunblii anaro-
PUTM BbIUHCJIEHHUS 1o dopMyJe
(3.1) Moxer mmerb BHA TabJuu-
ubl 3.1, rne npUBECHB! BLIYHC-
JIEHHST IIJIOLIAJH  I[OBEPXHOCTH Puc. 13

81



UMJIMHApa 110 NpaBuly nojcuera UAdp AnA TpeX map HCXOAHLIX 3HA-
yenu#t D w H, BplpaKEHHLIX B CAHTHMeTpax.
Taéauna 3.1

D H aD nD? aD?/2 nDH N S
12,6 8,9 39,58 498,7 2494 3532 600
19,3 14,2 60,63 1170 . 5850 860,9 1446,
6,8 5,4 21,4 146 73,0 116 190

Ta6nuunasa ¢opma 3anucH ajropurMma oc06eHH0'y1106H°a TOrAa,
Korpa Tpe6yercsl BHIMHC/IHTD He '0[JHO, @ HECKOJPKO 3HAUEHHH OLHOr0
H TOrO K€ BbIPAXKEHHA [JISi Pas/MuHbIX 3HAUEHHH BXOQHBIX BETHUHH.

Nporpammbu aaa MK. OnnoBpeMeHHO'C NPHBJEUEHHEM /IS BbI-
YHC/IeHHH MHKPOKAJbKYASITOPOB BO3HHK (XOTS M JOBO/bHO-TaKH
YCJIOBHBIH) SI3BIK VIl 3alHCH BBIHHMC/IHTE/IbHBIX /T OPHTMOB (npo-
rpamm) aast MK. Anropurm sl BBIMHC/IEHMH Ha MHKPOKaIbKYyJsi-
TOpE HEpOrpPaMMHDPYEMOro THIIA — 3TO, N0 CYTH, 3aQUKCHPOBAHHBIH
Ha ' Gymare nepeueHb KJAABHII, HaXaTHe KOTOPBIX B 3aJaHHOH NO-
CJI€(0BATEIbHOCTH NPHBOLHT K PEIIEHHIO [ aHHOM BBIHHC/IHUTE/IbHOH
sajaun. [IpHueM, Kak 3TO Ae/ianoch B TaBax | W 2, BBOJ UHCET NPH
‘3aMHCH TAKHX MPOrPaMM He PACHHCHIBAETCA NOKMaBHiIHO. B orxenn-
HBIX CJYyuYasix €cTb CMBIC/I HCIIO/Ib3OBAaTh NONOJHHTE/NbHbIE yKazare-
Au, HampuMmep cTpeJkH nepexona. Tak, mporpamMma HUKJIHYECKHX
BBIMHCIEHUH M0 aAH TOBEPXHOCTH LWIHHApA Ha MK runa B3-18 mo
dopmyae (3.1) pasi pasiaHuHbIX 3HadeHud D u H wmoxer O6uITh
H3obpaxeHa c/aefyloIHM o6pasom:

r

H'ﬂgl’ﬂn x| p [X] FJ+ 2|:|¢\

31ech KOpPOTKOH BePTHKAJbHOH CTPENKOH OGO3HAUEH MOMEHT 3aHe-
CeHMs pe3y/abTaTa BhIMHCAEHHH B TaGHLy, a JVIMHHOM — Nepexon
K Hadyasy BbIUMC/IEHHS JJIA OYEPEIHbIX 3HAYEHHH HCXOJIHBIX NAHHBIX.
Urtoropas Tabjuiua B AaHHOM cjlydae, TOMHMO rpad HCXOJLHBbIX AaH-
HBIX, COLEPIKHT JIHUIb rpady /st 3aNUCH OKOHYATEe/NbHOTO pe3y/bTa-

ta (ta6a. 3.2).

Taéauna 3.2

D H S
12,6 8,9 600
19,3 14,2 i 1446

6,8 5,4 190

CnosecHas 3anuch aaropurmos. Popmy cnoBecHOH 3amucH HMme-
IOT MHOTHE «GBLITOBBIEY AJTOPHTMBbIL, YACTO HCIIONb3yeMbi€ B TIOBCEHEB-

HOH JKUSHH: KaK MpPHIOTOBHTb Kode (HIOpALOK AeHACTBHA OCBLIYHO
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OmHCaH Ha KOPOGKE), KaK NMO3BOHHTh 1O TejeOHY-aBTOMATy (HHCT-
PYKUHA B TenedOHHOM CHPABOYHHKE) H T. N. JOCTOHMHCTBO .C/OBEC-
HBIX NpEJCTaBJIEHH! aJrOPHTMOB B TOM, YTO TaKHM CHOCOGOM TIpH
XeJJaHHH MOTYT OBITh ONMCaHHl AIOGBIE AATOPUTMBI, B TOM YHCJE H
BBIMHUCAMTENbHEE, JI/ HOCTHRKEHHS ‘GONBImed YeTKOCTH B CJIOBECHOH
3alMCH ajJrOPHTMa OTAE/bHbIE YKa3aHHusA (IIarv) ajiropurMa yxobHO
HymepoBaTb. [lnsl 3ananusi BHIMHCIHTENBHBIX AeHCTBHE GyneM Hc-
MoJAb30BaTh 3HAK ONEpauuM TPHCBAMBAHHA : ==, ynoTpebiasieMsiil
B .OQHUHANBHBIX aAJrOPHTMHYECKMX S3BIKAX INPOTPaMMHPOBAHHA.
CMBICI 5TOrO 3HAaKa COCTOHT B C/EAYIOUEM: NOC/e BHITOMHEHUS YKa-
3aHHsl x:=A (udTaercs: «x NMPUCBOMTb A») nepemMeHHAst X Tepser
CBO® MpeKHee 3HayeHHe M npuobperaeT (NpPHCBAHBAET) 3HaueHHe,
TOJy4eHHO® TMOC/Ie BLIMOJHEHHs] BCeX AEHCTBHH, NpPefycMOTPeHHBIX
dopmynoit A. Tak, uanpumep, nocie BHNOONHEHHA YKasaHHA
yi=x"--3 npu x=2 mepemenHas y GyLer HMeTb 3HaueHHe 7. Ilpu
ONMUCAHHH HeAunednblx (WIH PpA3BETEAAOWUXCA)  ANTOPHTMOB
UCNIOJIE3YeTCHA HPEVIOKEHHe BuAa «ecnH P, marh K N», roie P —
npoeepsieMoe ycaop#e, a N — HOMEp OZHOro ‘M3 yKasaHUH B 3alHCcH
agropur™a. [lpu cocrapnenunm cioBecHBIX ONHCaHWH aaPOPHTMOB
MOXHO 'TIPHAEPKHUBATECSA CJAEAYIOUIero NPOCTOro NpaBHAA, CYLLECT-
BEHHO 'YKOPaUHMBAIOIIEr0 3allHCH: €C/IH B NPOIECCE BHIOMHEHUS Oye-
PEeIHOro yKasaHHs SIBHO He 'coO6Llaercs, K KaKOMY YKa3aHHIO Iocje
BBUTO/IHEHUS aHHOrO HYXKHO TIEPEHTH, TO 3TO 03HAYAET, YTO Nepexo-
AWTh HYXKHO K YKa3aHHIO, C/ELyiOlleMy 3a JaHHBIM B HOPSIIKE BO3-
pactaHusi X HOMepoB. Tak, Hanpumep, €CJiH Xx=3 ¥ BLINOJHSETCS
yKazaHue (c HomMepoMm 4) v
4. ecnu x<<0, uaTH K 7,

TO NPOH30HAET NMEepexon Ha'yKa3aHHe ¢ Homepom 5. Ins Gesyciios-
HOro mepexofa K YKAa3aHHIO C 3aJaHHBIM HOMEPOM HCIIOJb3yeTcs
ykazanue «HATH K N». Hcnonb3yst aTOT Hec/10XKHbBIH annapar, MOXKHO
COCTaBJ/ISATb C/IOBECHbIE ONMUCAHHUSA aNrOPHTMOB, GJIH3KHE MO CBOEH Cy-
TH K IPOrpaMMaM Ha OpHUHANbHBIX AJATOPUTMHUYECKHX sisbikax. Tak,
AJ1A NpUMepa, 3anHCh aJrOpPUTMa BHIMHCIEHHS MO QOpMynam:

_{ Inx, x>1
Y= 1 —x, x<1

MOXET HMeTb BHI:

YTEeHUE X

ecaH x> 1, uartu K 5
y:=1—x

HATH K 6

y:=Inx

3anuch Y

KOHeI{

NSO 0N —

B .npuBeneHHOM OMHCAaHHH HCHOJB30BAHbl CNENUAJBHEIE YKa3a-
HHSl — «4TE€HHE® H  <«3aMHCk», (UKCHPYIOLIHME COOTBETCTBEHHO
3aJlaHue 3HAYEeHMH MCXONHBIX AAHHHX W BBIAAYy pe3y/JIbTATOB BHI-
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yHcaeHUl. YKa3aHHe «KOHel» O3Ha4aer NpeKpallleHHe HCIOJIHEHUS
anropurma. Bce 5TH yKasaHHSl HMEIOT NEPBOCTENEHHOE 3HAUYEHHe
B aIlOPHTMAax, afpecyeMblX HCIOIHHTENSAM-aBTOMATaM. .

CxeMbl aaropurMoB, 1o rpadHuecknil cnocol 3anucH, umegg}x\aﬁu
Gonblioe MPHMEHEHHE B NPAKTHKE COCTABJIEHHS NPOrpaMM Ajst .
Cxema ajropuTMa npencTaBJmerucoéon CHCTEMY ONpeNeNeHHbIM 06-
pa3oM CBSI3aHHBIX MEXAY cOGOH 6/IOKOB, .M30GpaXEHHBIX B B?nne
IIOCKHX reoMeTpH4eckHx ¢uryp. JIBa.OCHOBHbBIX THIA YKa3aHHM —
apupMeTHYeCKHe H JIOrHYeCKHe — H306pakaloTcs pasjHYHbIMU 04)1;;
rypamu (puc. 14). Apudmernueckue ykasauwus (a) He NpHBOJ T
K BETBJEHHSIM M HMEIOT BCErja OfMH BbIXOA. Jlormueckue xe yka-
3anus (6) chnelHaNbHO HCHONB3YIOTCA IJIsi OPTaHM3alHH BETBJIEHHH
H Bcerja HMMeEOT JBa.Bhixofa. EciH HpoBepseMoe yc/aOBHE BbIIlOJI:
HsleTcsl, TO NPOMCXOAHT BBIXOA IO CTPEIKE «-», €CHIH HE 'BbIrIOJIHﬂ'
ercsi — Mo erpenke «—». JIOrHuecKuii neMent (SUJIEMeHT nNpHHA:
THSi pelleHHs) COOTBETCTBYET B OCBIYHOM CJOBECHOH 3aMHCH ajro-
puTMa yKasaHHi <«ecau». Ha pHCYHKe 14, a H306pax;eﬂ anemei{;
o6meit 06paGoTKU (apHPMETHUECKHH sJjeMenr), Ha 14, 6 — aneme
NPHHATHS PEIUEHHs (JIOTMYECKHI 3/IEMEHT).

Ha pucyuke 15 mpuBejena cxema ajropHTMa BbIYHCJ/IEHHS 3HA-
yenus ¢yHkuuu mo cdopmynam (2.3). Cxema COCTOHT H3 OJHOrO
JIOTHYECKOro 31eMeHTa (OAMH BXOJ, IBa BBIXONA) M Hernipex apud-
METHYECKHX 3JIEMEHTOB (y KaXIOro OLMH BXON M ONMH BLIXOA).
Conepxanue IpeanuChiBAEMbIX AEHCTBUM, TaKk e KaK H mposepse-
Mble YC/JIOBHUS, 3aMHCAHbl BHYTPH COOTBETCTBYIOIIUX GJIOKOB.

+
! S
a) 6)
Puc. 14
yi=lnx
+
8xad Boixad
3! YTEHHE X SANHCE Y fmm——
- y =/-X
Puc. 15
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KountTponbusie Bonpocs

1. Yro rakoe amropurm?

2. KakuM OCHOBHEIM cBOHCTBaM JOMKHBI YOOBJIETBOPATH - /Ir0-
pPHTMBI?

3. B kakoil crenenn passnuuneie HehopMaJbHbIE CMOCOGHI npen-
CTaBJICHHHA QJFOPHTMOB YAOBJETBOPSIOT CBOHCTBAM 3TOr0 MOHSTHUS?

Ynpaxueunns

I. Tlo sananubM GOpPMynaM COCTABHTD BBIMHCIHTE/NbHDIE anro-
2
PUTMBI B BHRE TaGJHUbl M nporpaMmbl ais MK: a) S = “f -+

DL .
+ "2 (S — nnomans GOKOBOK NOBEPXHOCTH Konyca; D — nua-

ME€Tp OCHOBaHusi; L — obpasyowasn); 6) f=—l- (f — uacrora

2 +/LC

COGCTBEHHBIX KoJeGanHA B KouType, L — HHAYKTHBHOCTb KaTYILKH,
C — eMkoCTb KOHjeHcaTOpa).

2. CocTaBHTb C/IOBECHBIE OMHCAHHA M CXeMBbl pasBeTBJSIOWHXCSA
airopuTMOB: @) HAXOXKAEHHSI aGCOMIOTHOH  BeJHUHHbL yHcna;
6) noucka GONBLIErO M3 ABYX YHCEs.

3.3. KoHctpynpoBanue anropurmos

Harnsignocts u o6wenocTyinocTs, KAKHME 061244107 CXeMbl ai-
TOPHTMOB, NEJ1AI0T STOT CMOCOG 3aNHCH YAOGHBLIM CPENCTBOM NpeaBa-
pHTeNbHOM paspaGoOTKM alrOpHTMOB ANS HX HNOCAENYIOMEro MHpo-
TPaMMHpOBAHHA HA «MAUIMHHBIX> s3blkaX. PaspaGotka anropurmos
pewennsa 3anay Ha IBM — neno, Tpe6yiomee crnenuanbHOro Hapbi-
Ka. AnTropuTm npu sToM moMKeH YIOBJIETBOPSAThL CAENYIOUIUM €CTeCT-
BEHHBIM Tpe6OBaHHAM:

— OBITb MOHSITHBIM, T. €. JIETKO BOCIPHHHMAEMBIM; 3TO OCOGEHHO
BaXHO'B TeX C1y4asX, KOIla NMPHXOAMTCA UYHTATb <UYKHE» AJro-
PHUTMBI,

— AJTODHTM NOJ/UKEH GBITh JIETKO NPOBEpfAEMEBIM:;

— @ITOpHTM JLO/XKEH [ONyCKaTh BO3MOXHOCTb €ro MOZH(HKA-
uiH 6e3 CywecTBeHHOl nepecTpoiiku Bceil CTPYKTYPHL

st MOCTHIKEHHST YKAa3aHHBIX CBOHCTB npH paspaloTKe ajnropur-
MOB TMpHUAEPKHUBAIOTCA OCOGOH METOMHKH, HA3LIBAEM O CTPYKTYPHOIM
nodxodos. TIpH cTpykrypHOM nomxome K KOHCTPYUPOBAHUIO aJaro-
PHTMOB QJIFOPHTMLI KAK OBl «COGHPAIOTCA» H3 TPeX OCHOBHLIX (Ga-
30BbIX) cTpykTyp: PABBUJIKA, LIMKJ1, CJIEJOBAHUE, xamnas
H3 KOTOpBIX HMEET OJMH BXOA H OJMH BHIXOL.

Basosas crpykrypa PA3SBUJIKA (cm. pucyHok 16) cocrour
M3 JIOTHYCCKOrO 3J€MEHTa C NPOBEPKOH HEeKoTOporo ycaosus P u
GyHKUHOHANBHBIX GNOKOB S, S, KOTOopple B mnpocrefinieM ciyuae
AIBASIOTCA  apHdMeTHYeCKHMH 3jeMentaMu. PA3BUJIKA moxer
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a) b)

Puc. 16

GhITh JBYX BHJIOB: NMOAHAA YCA0BHAS KOHCTPYKyusa (puc. 16, a) u ne-
NOAHAA YCAOBHAA KOHCTpYKkyus (puc. 16, 6).

Basosas crpykrypa LIMKJl Takxke MOxeT ObITb JABYX BHJOB
(cm. pucydHok 17). B cocras umkia BXONHT JIOTHYECKM# 3ie-
MEHT 'C IPOBePKOH ycosus P H (yHKnHOHANbHBIA 6J0K S, HaA3HBA-
eMblil Teaom yukaq. B mpocrediuem ciyuae S fABJseTcs OObIYHBIM
apudmernyecKuM 3iaemMeHToM. Kak c¢ieiyer H3 CTPYKTYpbI LU/IKJI,'
T€70 S MOXKET NpPHU ONpe/ie/IeHHBIX YCJIOBHSX BBIMONHATBCA HEOLHO-
KpaTrHo. B nepsom ciayuae G6J0OK pasMeluleH mocjie NMPOBEPKH yCJIo-
Bus P, TaK uTO MOXKET OKa3aThCs, YTO TeN0 S He BHINOJIHATCA HH pa-
3y; stor Bapuant crpykrypsl LIHUKJI naseiBaoT LIVKJI-TIOKA
(puc. 17,a). 3pecs P sBaserca ycaosuem npodOAKHeHUR HUKAQ
(Bcsixul pas, xorga P uCTHHHO, TeNO S BBLINOJHAETCA). Bo BTOpOM
c1yuae 610K S pacroJioXKeH A0 NPOBEPKH JOTHUECKOro yc/aoBHs P, TaK
YTO B 3TOM BapHaHTe UHMKAA Teno S Beeraa GyAeT BLINOJHEHO MO
Kpaiineii mepe ofuH pas; 3tor BapHant crpykrypsl LIMKJI nasbiBaior
LIUKJI-IO (puc. 17,6). 3nece P spasercs ycaosuem svixoda u3
yuxaa (Kak TOAbKO P CTAHOBHTCSl HCTHHHBIM, BHINOJHEHHE LHUK1A 34-
Bepuiaercsi). TOT wiK MHOM BapHaHT CTPYKTYPHI 1TUKJI chonbsger-
ca npu paspaGoTKe aArOPUTMOB TaKKe B 3aBHCHMOCTH OT OCOOCH-
HOCTeH KOHKPETHOH 3ajaud.

—

a).
Puc. 17
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Puc. 18

Bazosast crpykrypa CJIEJJOBAHHE (cm. pucysox 18)
COCTOHT M3 JBYX (YHKIHMOHANbHHIX G0KOB Sy, Sy, KaxMabli H3 KOTO-
PBIX B HPOCTEHINEM C/lydae MOXKeT GbiTb apH(DMETHYECKHM 3JeMeH-
toM. Crpykrypa CJ/IENOBAHHE osuauaer, uto 1Ba.¢yHKILHOHANb-
HbIX 6JI0KAa MOryT GbITb pasMeLlEeHbl APYT 3a APYIOM.

Besex 3a s1uM npHEHMaercst corsamieHue: mpH COCTABAEHHH ajl-
FOpHTMOB paspellaercsi HCMOJAb30BATH TOJNBKO TPH YKa3aHHBE 6a30-
Bble CTPYKTYpHL. IIpH sToM paspewaercs Takke Kamubil u3 PyHK-
UMOHANbHBIX G6J0KOB S, S| m S, 3amenars mo60i H3 6asoBbix
CTpYKTYp. IIOHSITHO, 4TO TaKoe CorialleHHe MO3BOMSIET CTPOMTb KaK
YTOIHO CTOXKHBIE 110 CONAEPKAHHIO AJTOPUTMBI, PA3BHBAS HX HE TOJb-
KO «BIIHpPb», HO U «BIMYOb». Ha pucynke 19 HsoGpakeH cTpykryp-
HBIH aJIrOPHTM, KOTOPBIH MpeICTABASiCT COBON c/e0BaHHe (BYHKIHO-
Ha/ibHOro Gaoka S u crpykrypsl LIUKJI-TIOKA. Tipu stom Teso
LHKJIa MpejcTaB/sierT cOGOH MONHYI0 YCJOBHYIO KOHCTPYKUMIO (o6Be-
JEHO LITPUXOBOH JUHHEN).

Koncrpynpyemble TakuM IyTeM alrOpHTMBI HMEIOT YETKYIO H sic-
HYIO CTPYKTYpY, JIErKO NOAAAIOTCS MPOBEPKe, HGO COCTOST U3 OrpaHH:
YEHHOro uHcJia Pas3IHUHBIX 6JI0KOB, YCTPOEHHBIX aHaJOruyHo. Pac-
CMOTPHM NpHMEPbl COCTABJEHHSI CTPYKTYPHBIX CX€M a/rOpHTMOB.

IIpaumep 3.3.1. AnropurM mnoucka GOJBIIEr0 M3 TPeX uHCes
(puc. 20).

AnropurM mnpencrasisier co6ofi ciefoBanye ABYX passuaok (Ha
PUCYHKE OHH BLIEJIEHBI' NYHKTHPOM). B nepBofi (monuas ycioBHas

Puc. 19
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Puc. 20
x-/)/osoe
yucno
ﬁfz/ff;_lmi —
i > x:=b/a
Puc. 21

KOHCTPYKIMS) OTbICKHBaeTcA Gojbliee U3 ABYX uuce] a U b u Goab-
llee W3 HHX CTAHOBHUTCS 3HayeHHeM nepeMeHHoll y. Bo Bropoit pas-
BUAKe (HEMOJHa# YCNOBHAA KOHCTPYKUHS) 3HAYeHHE Y CPaBHUBA-
€rTcsl ¢ TPETHHM YHCJOM, H €CJH Yy < ¢, TO Y 3aMEHSIeICsl 3HAUEHHEM
¢, B HDOTHBHOM cJjydae y oeraercd 6e3 usMmeHenui. Takum obpa-
30M, B POLieCCE BBHIIOMHEHUS a/irOpHTMa nepeMenHas y OylLerT UMeTb
CBOHM 3HaueHHeM Goibliee W3 3HaueHH# a, b u c¢. Ilpu nporpam-
MHpPOBAaHUK 3TOro aaropurma mis OBM pomxkHo GbiTh IpeAycMOT-
PEeHO yTeHHe (BBOJA) HCXONHBIX AAHHHIX @, b H ¢, @ TAKXKe 3anuCh (BHI-
BO;i) pesyabrata. B cxeme ajroput™Ma 3TH HeHCTBHSI LISl KpaT-
KOCTH ONyIUEeHH.

Mpumep 3.3.2. AIropuTM peineHusl ypaBHeHus ax =b B obieM
cjiyuae MoxkeT ObITb OnHCaH CXeMoi, H306paxKeHHOH Ha pucyHke 21.
B 3apHCHMOCTH OT 3HadeHHil & U b BO3MOMXHBI TPH HCXOia: pewieHui
Geckoneunoe MHOxecTBO.(a=0 u b=0), pemenuii Her (@a=0, HO
b= 0), pemweHue enuHcTBeHHOE (@5=0). ANroput™ NpenCTaBAseT CO-
60ll MOMHYI0 YCJAOBHYIO KOHCTPYKUHIO, ONHHM H3 (hpyHKIHOHAJIbHBIX
6J10KOB B KOTOPOH TaKxKe fBJISETCA NMONHAs YCIOBHAS KOHCTPYKIHA.

IMMpumep 3.3.3. B ypHe xpaHHTCSI HEKOTOpOE KOIHMYECTBO.4ep-
HBIX M 6Gennix apos. TpeGyercst pasjioXHTbh 3ITH WIapbl MO ABYM
KopsuHaM (uepHoro H Gesoro npera): Genble wapbl — B Geayio
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OnYgCTuTs AP

r -
! |
i B BENYH |
| KOPIHHY |
|
| p ’
v 1 [ Bomvrs
— 43 YPHbl P H
: OAHH AP ~ |
| ] |
|
i onycuts wap| | |
i B YEPHYH | |
s KOP3HHY
L : _Jl

Puc, 22

KOp3HHYy, HepHbIE — B yepHyl0. COCTaBHM CXeMy airopurMa BHIIOJ-
HEHHS1 3TOH paGoThl.

OgeBHaHO, YTO A5 paccopTHPOBKU HIAPOB MO KOP3HHAM C KaX-
AbIM L1APOM JOJKHBI' OBITh NPOAENAHBlI CACAYIOLHE NEHCTBHS: Bbir
HYTb Iap H3 YpHbI, ONPEAEJHTb €ro UBET H ONYCTHTb B COOTBETCT-
Bylomyw kopaudy. Ecau nocie aroro B ypue eme ocraiorcs wapsl
AEHCTBUA TOBTODHTb CHOBa M T. A. CXema a/iropurma (puc. 22)’
npeacrasaser coboi crpykrypy HUMKJI-IO, npuuem teno mmkaa S
(pacnonoxeHHoe B panHOM ciydae 140 NPOBEPKH JIOTHUECKOIO yC/0-
BHS) NPEACTaBJIAET COGOH CJIOKHYIO KOHCTDYKILHIO, cocronmylo H3
C/ICAOBAHHUS MPOCTOrO NEHCTBHS M MOJHOH YCJOBHOM KOHCTPYKUHH
TToHATHO, YTO BEIMOIHUTH 3TOT ANrOPHTM GbIO Gbl 3anym{meano.
ecnu Gbl B CAMOM Hauaje 0Ka3aloch, yTO ypHa mycra. Ecuan TaKas
CHTYallHsl HE HCKIIOYACTCS], TO NPABUABHLIM PelICHHeM 3afaul Gyner

_____________________ -
ONYCTHTS (AP :
B GENYKO oy '
KOP3UHY
+
BHIHYTD
LIAPN
| 13 YPHbI g b
QOHH LWAP QEnim F_)
onycTHTL WAP J
B YEPHYID
KOP3HHY
______________________ -
Puec. 23
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a =(Z—b —
+
asb > » HOA: =8 |—>
> 0o =b-0
Puc. 24

Gy = (k- 1){r+.1)? _]

Ki=K+1

Puc. 25

cxema, U3oGparkennasi Ha pucyhke 23. 3zech Tes0 WHKAA S paame-
nieHo ‘moc/ie nposepky yenosus {crpykrypa LIHKJI-ITOKA).

Mpumep 3.3.4. Anropurm EBknuia HaXOXAeHNH HAUGO/bUIErO
o6wero neaurenss (HOJ) ABYX LeNBIX MOMOMHTENBHBIX yHcea (Me-
TOLOM BbIYHTAHUA) H306paKeH Ha DHCYHKe 24.

Fcau uucaa a ® b pasHbl, Jg060c U3 HHMX MOXHO NpPHHATL 32
uckomulii peayasrar (HOJ :=a). Ecau xe uucna ne paBHbl, 60Jb-
[Iee H3 HHMX 3aMEHFIeTCS PasHOCThIO MEXKAY HHM M APYrHM YHCJIOM,
TIOCJIe Hero CHOBA IPOM3BOLHTCS NPOBEpKa ycaoBua a=>b. Cxema ai-
ropHTMa NpejaCcTaBJsier coboli caenosanne, cocrosimee u3 LIHUKJI-
TTOKA, y KOTOpOro TeqoM fBJASIETCS MOJIHAS YC/IOBHAS KOHCTPYK-
LHsl, H NPOCTOr0 apHpMeTHYeckoro 6JoKa.

IIpumep 3.3.5. Bruncienne (reHepupoBsanue) wICHOB MHOC/e-

JOBATENbHOCTH, 3a1aHHOH (opMYy0i:
ak=—(-:—_{:—:)f2— (k=1, 2, .., n),

ocyilecTBJIseTcsl UMKIUYECKHM aJFOPUTMOM, H306parKeHHbIM Ha pH-
cynke-25. Teso WMK/Ia CONEPKHMT [BAa apH(METHYECKHX ONeparopa,
M306paKEHHBIX IS KPaTKOCTH B OJHOM (PYHKHHUOHAIbHOM 6J10Ke.
AsnroputM mpexcTasasier coGoil cienoBaHHe (YHKIHOHANBHOrO 6J10-
ka u crpykrypsl LIMKJI-TTOKA.

MMpumep 3.3.6. [Jana KOHeuHad MOC/IEAOBATENbHOCTE ai, Az,...
ey @y (B NpOrpaAMMHPOBAHHM Takde MOC/JAEJ0BATEIbHOCTH uHCcen
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‘ .S':.=0 Sr=8+ay _J
K:=1 K:=K+1
Puc. 26
+
Mz=x; [i=i+]
M:=x
+ I
M:=x
— l':—ZI isn I
Puc. 27

HasbiBaloT maccusamu). COCTAaBHTL CXeMy aJrOpHTMa BLIYHCICHHS
CYMMBIL:

S=a1+a2—|—...—|—‘an.

Ecan npuuars S=0, to naxoxnenue HCKOMOH CcyMMBI oGecrie-
UMBAETCH n-KPATHHIM IIOBTOPEHHEM YKa3asus

S:=S—l—ak

ApH H3MeHeHHH R oT 1 1o n. Cxema aaropurma u
. 306paxeHa Ha pH-
CyHKe 26. P P ne P

Mpumep 33.7. INouck Gombuwero saemenra B MAacCHBE x|
X2, ..., Xn. ‘ ’
O3bMeM «pabouyio» nepemeHnyio M u TMPUCBOHM €H 3HauyeHUe
anementa x). I[locne sroro GyseMm mMpoBepsTH HCTHHHOCTH HepaBeH-
crBa. MZ=x; ana i=2, 3, .., n. B pesyJsbrare KaxKaoH NpoBepKH
3HaveHHe M an60 ocTaBuM Ge3 H3MeHeHHA (ecnn wepaBencrBo M > x;
HCTHHHO), JIM6O 3aMEHMM Ha X; (ecau HEepaBeHCTBO JIOXKHO T/e
M <x:). OueBHAHO, YTO MO OKOHYAHHH 5TOroO npouecca M’6);,me1:
HMETh 3HAYEHHE HAHGOJBIIETO MO BEJHYHMHE 3IEMEHTA 3aLaHHOrO
maccupa. Cxema anropurtMa Hsob6paxeHna Ha pucyHke 27.
CTpyKTYpHBI# OAXON K COCTABAEHHIO aJTOPHTMOB OCHOBBIBAeTCH
Ha TOM, UTO KaXAHM aJrOPUTM MOXeT GhITh MpPEXCTABIEH B CTPYK-
TypHoH ¢opme. OnHako He'Bcerga B Xome 1noHCKa yAaercs cpasy
TNOJYUHTL aArOPHTM B CTPYKTYpHOM BHje. MHorna mpuxoaures npen-
HPHHATE CrHCIHAIbHLIE NDHEMEI, NPEOGPA3YIOLLHE HECTPYKTYPHbIE
gﬁ‘;ﬁgmmu B cTpykTypHbie. Ilpocredmmii npuem — pasmroscenue
OKO08.
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Ha pucynke 28 nsofpaxkena cxeMa HECTPYKTYPHOrO aJropuTMa.
3T0T aJropHUTM Jierko npeo6pasoBaTtbh K CTPYKTYPHOMY BHALY, €CJH
npony6iupoBath 6JoK S;. AnropurM, H306paxKeHHbIH HA pUCyHKe 29,
3KBHMBAJEHTEH JAHHOMY B TOM CMBICJ€, YTO BO BC€X BO3MOXKHBIX
Clyyasix OH NMPEeANHCHIBAET BHIIOMHATH T€ Ke JeHCTBHS.

Wnorpa pnsi monyueHHs] CTPYKTYPHBIX AIrOPHTMOB MNPHXOAUTCHA
npuMeHsaTb 6ojlee M3LICKaHHBIE METOABI. PaccMOTpUM NpHMeED.

ITpumep 3.3.8. an maccus X, Xz, ..., X,. Tpebyerca omnpene-
JIUTh, HMeeTcs JIH B 2TOM MaccHBe.XOTA Obl OfH& Hapa B3aUMHO
O6paTHHIX COCEIHUX YHCEN. .

Cyzas mo mocraHoBKe 3ajaul, HAJAO0 UHMKJIHYECKH IIPOBEpPATH Bbl-
noJHEeHHe paBeHCcTBA.X; x;p1==1 npu i=1, 2, ..., n—1. Kak Toabko
PaBEHCTBO OKAXKETCS MCTHHHBLIM, IPOLECC MpeKpauaeTcs M BhIJAeT-
Cs CUI'HAJ O TOM, UTO HCKOMAasi mapa 3/JeMEHTOB HMeeTCs — CHrHal
«na», EesH xKe mpoiecc JOXOJHUT J0 KOHIA, HO PABEHCTBO HE BEHINOJ-
HSIeTCsI, AOMKeH GBbIThb BblaH cUrHal «HeTs. [loaxons K opraHusanuu
3TOFO LHKJIUYECKOTO aNropurMa OGbIYHBIM 00pa3oM (T. e. HauuHAaf
IHKJ C HPOBEPKH YCJAOBHS MPOLO/IKEHHS (< n— 1), mojyuyum cxemy,
uzob6paxkennylo Ha pucynke 30. DTOT aJrOpHTM JAEHCTBYeT BEpHO,
HO OH He fBJferc CTPYKTYpHbIM. Ilpuunta HecTpYKTypHOCTH? B
JaHHOM CJy4yae COCTOHT B TOM, YTO HMeEETCH [BA YCJIOBHA OKOHUAHUA
uukaa: 1) ucuepranue BceX JMeMeHTOB; 2) BHIIOJHEHHE paBEHCTBA
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XiXip1=1. B 3aBHCHMOCTH OT TOrO, KAKHM H3 5THX JABYX YCJOBHI
3aKOHYMJICSI UMK/, HEOOXOAMMO NpeNNPHHHMATh PAasJHUHLIE melcT-
BHSl. OnMH M3 CnOCOGOB NpeonoseHHsi MoLO6HOro 3aTpyAHEHHS —
o6'beAnHeHHEe 060X YC/IOBHI MPOXOMIKEHHS LHKIA B OZHO®

(<n—1) A (% xig15=1),

a4 I NPUHATHS OKOHYATE/NbHOrO DeLIeHHSl MO OKOHYAHHM LHKJAA
HEOOXONMMO NPOBEPHTh, KAKOE HMEHHO YCIOBHE NPHBENO K BBHIXOZY
us uukna (puc. 31). PaccMoTpenHElil IOAXOX AaeT CTPYKTYPHBIH a/iro-
PHTM, OIHAKO NMPOrpaMMHpPOBaHHe NMPOBEPKH OGbEAHHEHHOrO B KOH'b-
IOHKIUIO OGUIErO0 YCJIOBHS NPHBENET K HOBHIM 3aTPYNHEHHSIM, ecIH
B 2/rOpHTMHYECKOM f3bIKE OTCYTCTBYIOT JIOTHUYeCKHe onepaimu. [py-
FOM MOAXOA — BBEIEHHE JONOJHHUTENbHOA NepeMeHHOH, BHIFOJHS-
Oled poab MpH3HAKA, KOTOPHI M HCMONBL3YeTCs ANS yNpaBJIeHHS
nepexosaMH B COOTBETCTBHH CO CMBICIOM 3afaud (puc. 32)

" Konrpoarune Bonpoch

1. Kaxkum TpeGoBanusim mo/xHa YAOBIETBOPATE pa3paborka aj-
ropurMoB Ha DBM?

2. B ueM CcyTh OCHOBHBIX CTPYKTYp anropurmos: PA3BHU
LIUKJI, CJIEIIOBAHUE? PYKIp adropimios TIA,
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3. B ueM sakmiouaercs CTPYKTYpHBIH moixon K paspa6orke an-
ropurmMoB? Kak obecrneunBaercsi coGJI0eHHe OCHOBHLIX TpeGoBauui
K pa3paboTKe aJrOpUTMOB C MCIIONb30BAHHEM 3TOr0 HOAXOAA?

4. KakoBHl. OCHOBHBIE NpHEMB! NpeoGpa3’oBaHUs HECTPYKTYPHBIX
aJIrOPUTMOB B CTPYKTYpPHbIE?

YnpaxHeHus

CocTaBurh CXeMbl ajATOPUTMOB PelIEHHs CNEAYIOLHX 3anay:
1. Brmuncaurbs kopHH ypaBHeHUs ax”—+ bx-+c=0 (as=0).
2. Buludc/aHTh OOHO 3HAuYeHHEe (YHKUHH:
1—2% 2<C0
a) y-:{ 2 =
z2—1, 2>0, rae

_‘{ sinx, x>>1
2= e*, x<1,

241, x<<0
6) y=y) 2x+1, 0<<x <!
4x—1, x>1.

3. Petuntb HepaBeHcTBa: a) ax<C3; 6) ax>b.
4, Bwuiynucantb 50 yieHOB MOC/AE€N0BATENbHOCTH ¢ OOLUHM UJICHOM:

Gh= 2 (k=1, 2, .., 50).

TP
5. BbluMCaHTh TIDOH3BEJEHHE 3JeMEHTOB MAacCHBA .Xi, X2, ..., X100
6. Onpemenurb, HMeeTcsi JiH B MACCHBE .@j, Qg, ..., O, XOTA GOH

OJHa napa NpOTHBOMOJOXKHBIX COCEAHHX YHCEJ.
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I'naga 4

QJIEMEHTbI TPOTPAMMHPOBAHUS HA A3bIKE
BEHUCHK

4.1. OcHoBubie ycTpoiictBa. 9BM

Ilpouecc aBromarnueckoi 06paGoTku HH(OPMAUUH (pewieHHe
sajaud ¢ nomousio IBM mpexncrabaser co6oii UMEHHO Takoi npo-
LleCC) BKAIOYAET CJIeAyIOLIHe 06sS3aTebHble onepanud: BBOA (ure-
HHE) HCXOnHOH HMHQOPMAaNuH, 3aNOMHHAHHE H XpaHenue HHpoOpMa-
11HH, 06paboTKa HHdopManuH (coGerBenno pewienne 3ajauH), ynpas-
JIEHHE NpOUECcOM OGPaGOTKH, BBLIBOJ, Pe3yAbTaToB. JLJASl BHITOMHE-
HHA OTMEUeHHbIX onepauuid IBM uMmeer B cBoem cocTaBe Kak MHHH-
MyM CJIe1YIOLIHe OCHOBHbIE YCTPOHCTBA:

a) 3amOMHHAIOIee YCTPONCTBO. (mamsTs) (3Y);

6) apudMeruko-a0oruyecKoe ycTpodcTBo. (mpoueccop) (AJIY);

B) .ycTpofictBo .ynpasaenna (YY);

I) ycrpoiicra BBoxa-BniBona (YBB).

B pasanunbix 9BM 3TH ocHOBHBIE YCTpOHcTBa peanusyiorcsi B
crienupHIeCcKUX M PasHbiX KiaccoB IBM Texnuueckux pelIeHHsIX,
B Becbma o6umiem H ympomesHoM BHAe cXeMma cBsizeii MEXKAY YCTpOil-
creami OBM uso6paxena na pucynke 33.

ITamare MawuHbl cayxuT Aas XpaHeHHA BceH HeO6XOAUMOId
HH(POPMALHH — HCXONHBIX, NPOMEKYTOUHBIX H OKOHUATEJbHBIX UHC-
JIOBbIX 3HAYeHHUH, a TaKkKe MPOrpaMMmbl, T. e. ajnropuTMa, npejacras-
JIEHHOIO B CMEUHAJbHOM BHJE.

[Tamsare OBM o6biuHO cocTour M3 IBYX uyacTeH: oneparueuoi
W gHewnel. ITO pasjieseHHe CBSI3AHO'CO CKOPOCTHIO BHIGODKH HH-
¢opMauuM H He HMEET NPHHUMIHAABHOrO 3HaYeHHs] NPH H3Y4YeHHH
Hayaja NPorpaMMHPOBAHHMS.

ITpoyeccop obecnieunBaeT BHINOJHEHHE onepanuii Hajg HCXOLHBI-
MU paHHbIMH. OH mosygaer HCXOZHbIE JAHHBIE M3 NAMATH H O HUM

YCTPOHCTBO YNPABAEHHS

nPOUELCC or
OITIEPATHBHAR NTAMATS 861804

b ¥

BHEWHASA NAMATS

) B804

Puc. 33
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BbIpaGarbiBaeT MPOMEXYTOUHbIE M OKOHYATE/NbHbIE Pe3yNbTaThl, KO-
TOpbIE CHOBA .OTNPABJSIOTCA B MAMATD, H BHINONHACT TOJNBKO Te Ole-
pauuH, KOTOpble OnpefeNeHbl LA NaHHOH MAalMHBI' €e KOHCTPYKTHB-
HbIMH BO3MOXKHOCTSIMH. B Hekoropnix MHKPpODBM B nonstHe «mpo-
LECCOop» HapsAy ¢ COGCTBEHHO ' YCTPOHCTBOM nepepaGoTKH HHpopMa-
UHH BKAKYAKITCA TaKXKe H 3NEMEHTBl APYMHX YCTPOHCTB MAIIHHBI:
11aMsiTh, BBOA-BbIBOJ, YCTPOHCTBO yupaBiaeHusi. XapaKTepHasi 0COGEH-
HOCTb IIPOLECCOPOB — BbICOKOE OhlcTpoaelcTBHE. BblCTpOl[eﬁCTuBHe
OBM BHICOKOrO KJacca ONpeJelsieTCss MUJJIHOHAMH olepauui B
CEKYHIY. , .

Yerpolicteo ynpasaenus KOOpIUHHPYET paboTy Beex yerpoficrs
MAaIlIWHbI: BHI3LIBAET H3 NAMSATH CBEHEHHN O BBIIOJHEHHM OYepenHOH
onepauuH, pacmudpoBLIBAET 3TH CBELEHHSA, BHI3LIBACT H3 NAMATH
y4acTByiOLlHe B ONEpAUHMH HUCJA M OTHPABISET HX B NPOLECCOP,
a 3areM IepecbliaeT B NaMsiTh IONYYeHHBIH pe3y/bTar.

Yerpolicrea .6600a-861800a. OCYILIECTBASIOT CBS3b UENOBEKA ¢ Ma-
mpHo#. Besl ucxonHas HHoOpMauus nepej pelleHHeM 3ajzadud 3a-
NHCHIBAETCSA B NaMSITH € NOMOILBIO YCTPOHCTBA .BBOAA. B oxuux ciay-
yasix JJsi 3TOH' LEJIH HCIOJNb3YIOTCS NPOMEXYTOUHbIE HOCHTEIH HH-
¢opmanuu, Ha KOTOpble HH(MOPMAIHJ 3aHOCHTCS 3apaHee: mepgo-
JIeHTHI, nep@okapThl, MarHMTHEIE JIEHTBl, MArHUTHBEIE OHCKH H T. II.
Hekotopeie 9BM cHaGxaloTcsi Ny/abTOBOH NHINyLieH MaliHHKOH,
MOX0XkeH Ha' OGBIYHYIO, C NOMOIUBIO KOTOPOH HMCXONHBIE JAHHBIE H
nporpamma (Ha oco6oM fA3BIKe) MOTYT OHITh BBENEHH B HaMATb He-
IIOCPEACTBEHHO Yepe3 KAaBHAaTypy C HapaslyIeibHON MmeuaTnio Ha 6y-
Mare. 372 Xe MalllMHKa MOXKeT OTIIeYaTaTh M pe3yabrarthl cuera. s
neuard GYKBEHHO-uHMPPOBOH nHGopmanun IBM cHabxalorcs Takke
CTEeNUaIbHbBIMU GBLICTPOAEHCTBYIOIIMMH HOCTPOUHBIMH MeyaTaluuMH
YCTPOHCTBaMH.

Ilna nuanorosoro pexuma paGorst MHorue IBM cHa6xaiorcs
YCTPOHCTBAMU BH3YalbHOro OTOGpa)KeHHsi HHQOpMauuu — ducnae-
AIMU, KOTOpBIE HMEIOT 3KpaH ¢ H3o6paxkeHueM andaBUTHO-IUDPO-
BOH M rpaduueckod HHGOPMAUMH H KAABHATYpPY /sl BBOLA JAHHBIX.

7
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Komnaexcsl  ycTpoficTB  BBOAA-BHIBOAA, KOTODHIMH  CHA6KaIOTCS
coBpeMenHble IBM, no3BosIIOT XpaHATh, 06pabaThBaTh H BblaBaThb
HH(OPMALHIO B caMoil pa3sHoo6pasHOll (opme: B tdopme rpagukos,
B BUjle TaG/IHI ¥ NPOUHX GYMarKHEIX IOKYMEHTOB, B BHJe usofpaxke-

'HHSl Ha 3KpaHe, B BHAE nephOKapr, nephOJIeHT, MArHWTHBLIK JEHT H

MATHUTHBIX JHCKOB M T. M., IPHIOXHbIX JJIsl HOBOTO BBOZA B MALIHHY.

B 3aBHCHMOCTH OT BBIYHCJIHTE/JBHBIX BO3MOKHOCTEN (o6Bem ma-
MATH, OGBICTPONEHCTBHE), rabapHTOB, KOMILIEKCA nepudepuiHbIX
ycrpoiicte. @BM npuHATO mompasnensitb Ha 6onbine, mMuE#-DBM
u MHKpOIBM. B nacrosimiee Bpemsi nomyuaer IIHPOKOE pacCHpocTpa-
HEHHE B DA3NUUHBIX Cepax XO3AUCTBEHHOIN, HAYYHOM! H yue6HOH mesi-
TEJIbHOCTH (B TOM UHCJI€ B BBICIUHX H CPEJHHX yueGHbIX 3aBeJIeHHAX)
HOBO€ NOKOJIEHHE MaJ/loraGapHTHOH BBHIYHC/IHTENBHON TEXHHKA —
MHKPODBM, K YHC/Iy KOTODHIX OTHOCATCH OTedeCTBEHHbIE npodec-
CHOHAJIbHLIC M NEpCOHasNbHBle MHKPOOBM cepumii «daexrponuxas,
«Uckpa», EC u gp. O6aagas mambimu raGapuramMu (MukpodBM
OGEIYHO pa3MeliaeTcsl Ha cTose). DTH MAIIHHBI 6aarozapsi BO3MOX-
HOCTH HCIO/Ib30BaHHS PA3BHTOTO $3bIKA TIPOrPAMMHPOBAHHS M IIH-
POKOTO nepednsl nepudepuiHLEX YCTPOUCTB MO3BONAIOT 3(PPEKTHRHO
PewaTh pasHooGpasHble MIAHOBbIC, IKOHOMHUECKHE H HAYYHO-TEXHH-
YeCKHe 3ajauu,

Ha pucynke 34 nso6paxken MHHHMaAbHBI KOMIJIEKT YCTpOHCTB
MHKPOIBM «Hckpa-226»: nponeccop (7), Bkaouaomuil KOHCTPYK-
THBHO CHMBOJbHO-rpaduyeckHil nucmieint (2), H KaaBumHOe yCTpoii-
crBo (3), meuaraiomee yctpoiictBo (4), a Takke 6JOK BHemHed
NaMsATH — HAKONHTENb HA TMOGKHX MAarHUTHBIX AHCKax (5). Pasmep
3KpaHa nucnies — 31 ¢m no mmaronanu, dopmar 80X 24 cumpona
i 560X 256 Touek.

KosnTpoanpnue Bonpocnu

1. Kakue o6s3are/npHble cOCTAaBHBLIE YacTH BKAOYAET B cebst npo-
liecc aBTOMAaTH4eckoi 06paboTku uHGOpMAanHH?

2. Kakue OCHOBHLIE YCTPOHCTBA BXOLSIT B COCTaB porpamMmHo-
yHpaB/isieMOH BHIMHCAHTENBHOH MalLIHHbI?

3. KakoBo HasHayeHHE OCHOBHLIX YCTpPOHCTB 9BM: nawmsru, npo-
eccopa, yCTpOACTBA YIpaB/IEHHA, YCTPOKCTB BBOAA-BbIBOLA?

4. Kaxo#t MHHHMaJ/IbHBIH HaGOP yCTPOHCTB BKJAKOUAET MHKpODBM
«HUckpa-226»?

4.2. Andaeur u npocreiiue KOHCTPpYKuMH si3bika Beficnk

AnropurMuuecku#t sispik  Beiicuk npenHasHayeH JIJs1 pelleHHs
6O/bIIOro Kpyra MaTeMaTHUeCKHX M HHXKEHEDHBIX 3a71a4 B pexHME
auanora yesnoBek-dBM. IlporpaMmel Ha sisbike Beficuk MOFyT GHITb
peanu3oBankl Ha MHKpOIBM rtHna «dsekTponHKa-60», «DJeKTPOHHKA
H3-28», «Hckpa-226» u ap., moayyalollHX B HacTosiiiee BpeMs
IIAPOKOE pacnpocTpanenne B yueGHLIX 3apefienusix. PaceMorpum mep-
BOHA4a/JbHBIE CBENEHHUS O sA3bIKe Beficuk, Heo6XoguMble NI COCTaBIE-
HHA NpOocTeHIINX Nporpamm,
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1. Andasut. CumBoIib, BocnpHEHMaembie DBM Ha siabike Beficuk,
MOryT GbiThb MOApa3je/eHbl Ha CJaedylOLIHe TPYIIbl:
a) mponucHHe JaTHHCKHe 6YkBH A, B, C, ..., Z:
6) nponucHele pycckHe Gyksnl A, B, B, ..., (kpome E u B);
B) uudpu @, 1, 2, 3, 4, 5, 6, 7, 8, 9*;
r) 3HAaKH apHQMETHYECKHX omnepaiui
} (BosBemeHue B cremenb)**;
* (yMHOXeHHe); / (menenme);

+ (cnoxenwe); — (BbMHTaHMe);
1) 3HAKH OTHOILEHHH
= (paBHO); > (Gonbuie);
< (meHbiue); > = (6GoJblie UAH PaBHO);
<= (MeHbIIe HAH PaBHO); <> (HE PaBHO);
€) ClenranbHble CHMBOBL . , & ; » 7 () [] 17 Of#wk,

XK) Cy)eGHble CHMBOMH! «11p.» (npobes), «B. K.» (BO3BpaT KapeTku);
3) GykBa m, HMeloulasi 3HayeHue yncaa 3,14159265359.

Knasuiwnoe ycrpoficrso 9BM «Mckpa-226», B KOTOpPOH BBOJ,
CHMBOJIOB CONMPOBOX/JA€TCSI HX OTOGpa){eHHEM Ha SKpaHe JHCIIef,
OTOXIECTBJISIET BO3BPAT KAPETKH C NEPEXONOM Ha HOBYIO CTPOKY; IS

5THX uenedf knasuarypa «Hckpa-226» wumeer knaBuuy
(puc. 35).

2. Yucna. B ssvike Belicuk ucnonbayiores yeasie u deidcreurens-
Hble uucia. 3HAK «--» Mepel YHMCJAOM He CTABHTCH, a Ilelas 4acTh
NpH 3anUCH JIeCATHYHBIX [poGeil oraensiercsi Toukod. Hysesyio
4acTb JAPOGHOrO YHC/Ia MOXKHO' OnycKarb, [IpMMepH 3amycH uucen:

nesnie JIeHCTBHTENbHLIE
N/ 01
143 12.

— 362 — 24.356

IledicTBUTEIbHBIE YHCAA MOTYT NMPEACTABIATLCSH B 3KCNOHEHIHANbLHOMN
¢opme. Tak, nanpumep, uucsio 0,005342 moxer GLITh NpeNCTaBiEHO
B JI060# M3 cienylouwnx ¢popm:

5342E—2.
PPPP5342E2
534.9E —5

3nech Gyksa E umeer cmblcs «BosBectu 10 B crenenbs. [TokasaTenb
creneHd (NOPSINIOK) MOXKET HE UMeTh 3HaKa, eC/H OH TOMOKUTEJIEN;
OTPHUATENbHBIA NOPALOK 0053aTENbHO NOMKEH HMETb 3HAK « — ».

3. Tlepemennsie. Uncnosasn nepemennas B Beiicuke 0603Hauaercs
MI0G0H GYKBOH JaTHHCKOro ajcdaBuTa WK M06OH GYKBOM, 32 KOTO-
poit cienyer onna nudpa. Hanpumep

*B ssnike Belicuk s OBM «Hckpa-226» HCMOAL3YIOTCS AECATHUHAS H IIECTHAL-
1aTepHUHAsA CHCTEMBbl HCUMCJIEHHS.

**B HekoTOphlx Bepcusix Beficuka onepaunus BosBeNeHHS B CTeneHb 0603Ha-
4aeTca CHMBOJOM ,

**Andasur si3ska Beficuk MoxeT BRIOUAaTh H Apyrue cnenyasbHbie CUMBOJHI,
KOTOpbIe 3/eCh He NPUBOAATCSA H3-3a TPYAHOCTeH Habopa.
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A I X5 B2

Cosoxynnoctb 6yke uidp, 0603Hay aAOUIHX NIepEeMEeHHYI0, Ha3hIBAIOT
e umenes (Unn udenrupurxaropon). B IBM «Hckpa-226» nepemen-
HLIE, KaK M 4HCIA, MOI'YT GbITh yeastmu u OelicTauresvnsimu®, Suade-
HHAMH LE/IbIX NE€PEMEHHBIX BCEIla ABJASIOTCH HeJIble 4HC/a, 3HAYCHHSA-
MH [IeHCTBHTeNbHBIX — JefCTBHTENbHbIE, Ipusnarom uenok nepemen-
HOH B €e 0603HAYEHHH SIBISETCS IDHUCYTCTBHE CHMBOJA 9, pacro-
J71araeMoro Besel 3a HMEHeM IepeMeHHOR. IMpumepnr mpocteix nepe-
MEHHBIX IeNIOro THHa:

A% 1% X2%

Mur paccmorpenu NpHMEPHI 533HH1IEKCHBIX, WY npocroix, nepemen-
HBIX, KpOMe OPOCTHIX IMEPEMEHHBIX, MOTr'YT HCHOJIB30BAaThLCS nepemen-

Hble ¢ underccamu, cayxaliHe ajsa o6o3HaueHHs 3JIEMEHTOB MaccCH-

BoB. [lepemennast ¢ Hmugekcom o6o3mauaercs HMEHEM MaccHBa,
3@ KOTODLIM B KPYIVILIX CKOGKAX yKa3hBAIOTCH MHIEKCH — YHCJIOBBIE
win OykBenuble. MMeHem maccHBa MOMer 6biThb J106as npocrast
nepemenHad. ITpumepnr:

A(2), B%(1,3), X5(2«I, J).

B sisbike Belicuk nomyckaeTcs ucmosmpzosamue TOJIBKO OJHOMEPHBIX
H IBYXMEPHHIX MaccHBoB. B ofiiem cayuae uHmekcoMm B repeMeHHOoH ¢
HHACKCAMH MOXET GhITb MPOM3BOJbHOE apHdMETHUECKOe BhIpaXKéHHe,

4. Apudmernueckne BHIPANKEHMA COCTABISIOTCH H3 qyKCceJa H me-
PEMEHHBIX C ITOMOIIBIO 3HAKOB apH(PMETHUECKHX NeHCTBUE K KD YTJIBIX
CKOOOK.

Hanpuwmep:
OG6hlunas 3anuce: 3anuck Ha Beficuke:
5x 5%X
ax®*4bx+c AxX124B*X+C

a: (2 14,3y)) A+ (X424+143 %Y ()

BuyTpu cxo6ox u B GecckoGounbix 3ammcsix NOpSIIOK JeHCTBHH COB-
Najaer ¢ OGUIENPHHATBIM: CHAYA/ld BBHUIOJHSIOTCS BCE BO3BELCHUSA B
CTEMEeHb, TIOTOM YMHOXEHHS H J€NeHUSA H, HAKOHEL, CJIOXEHHS H Bbi-
unTanus. Onepanud ONHOTO NPHOPHTETA BLIMOMHSIOTCS CA€RA HA-
npago. ‘

Hapsiny ¢ uncnamu u nmepemennsMH B cocras apupMeTHUECKHX
BbIpAXKEHUH MOTYT BXOAHUTh cTandapruole ¢pynxyuu Beficuka. Kaxnas
M3 QYHKUMA 0603HAYAETCS COOTBETCTBYIOMHM HMEHEM, 32 KOTOPBIM
CIELYET apryMeHT B Kpyribix ckob6kax. Huxe npuogurcs nepeyeHb
crangaprHblx ¢yHkuui Beficuka OBM «Hckpa-2265.

*B sroit Bepcuu Beficuka umeerca TPETHH THI KOHCTAHT H MepeMeHHBIX —
CUMBOAbHOLE, HaTHYHE KOTOPOr0 NO3BOJISET 06pabaTLIBaTh HE TONBKO HHCJIOBYIO,
HO H CHMBOJIBHYIO HHOPMALHIO; B HACTOALLEM NOCOGHH CHMBOMbHDIN THI He paccmar-
puBaercs. '
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Haspanue ¢yukuun O6o3nauenne
Cunye X ‘ SIN (X)
Kocunye X , COS (X)
Taunrenc X TAN (X)
Apkcunye X ARCSIN (X)
Apkkocunye X ARCCOS (X)
Apkranrenc X ARCTAN (X)

Cnyuaiinoe uncno mexay 0 m 1 RND (X)

A6comoTHoe 3HaueHHe X ABS (X)
Henas yacte X INT (X)
Curnym (3nax) X SGN (X)
Hatypanbsblit jorapupm X LOG (X)
dkcnonenta X (&) EXP (X)
KBanparubiii kopeub u3 X SQR (X)

Aprymentom X wMoxer ObiThb uHC/IO, TepeMeHHas, apucpMeru-
YECKOe BhHIpax(eHHe (B TOM uHcae conepxariee (GyHkuud). Tpuro-
HOMeTpH4YeCKHe (YHKHHMH B OGBIUHBIX YCJAOBUSX BbIMHCJASIIOTCS ISl
apryMeHToB, BRIpaXKeHHBIX B panuanax™. Apryment ¢pyukuuu RND (X)
HE HCTO/b3YyeTCcA H MOXET GBITh MOGHM yncaoMm. Pyukuuss SGN (X)
BBIYHCIISACTCS MO NpPaBHAY:

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

Tlpumepsl 3amucu apu(pMeTHYeCKHX BLIpaKeHHH ¢ QYHKHUAMH.

O6blynasi 3anuck: 3anuch Ha Belicuke:

3 sin 5- 3+SIN (X/2)

——-b—‘\/b —4ac

2q
arctg (3x — 2e*~18)

(—B—SQR (B 12 — 4xAxC))/(2+A)
ARCTAN (3+X — 2+EXP (ABS (X — 1.8)))

5. Ycaosusi. Hapsiny ¢ apudMerdueckumu BhIpaXkeHUsIMH, 3Haye-
HUSIMH KOTOPBIX HBJSIOTCA [NECATHYHBIE 4YHCAA, B s3blke Beficux
UCIONBL3YIOTCH TAKXKE JIOrHYECKHUE BHIP aXKEHUS, MPHUIHM al0lLHe TOJIbKO
ABA .3HAYEHHS] — «HCTHHHO» H «IOXHO». B wactHom cayuae smoruue-

*B Bepcun DBeficuka OBM  «Mckpa-226> npH KejauHM MOXKeT OhITh yera-
HOBJIEH JII0GOH K3 TpPEX DEXHUMOB BBIYHCJAEHHH TPUIOHOMETPHUECKHX M OGPAaTHBIX
TPHIOHOMETPHYECKHX (YHKUMA: rpanycsl, pagnansl wiv rpagst (1 rpag=mn/200). Das
STOH /K HCTIONb3YeTCsl crenHanbublil oneparop-onucarens SELECT (SELECT D —
rpapycsl, SELECT R — panuans, SELECT G — rpaam). IIpu orcyrersuu ykasauuil
B popme onepatopa SELECT apromaruueckn ycranasinsaercst pexxum R (paananubi).
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CKO® BLIpAXKEHHE NpENCTaBJAeT COGOH ABa apuH(METHUECKHX BHIpa-
KCHHS, COEMHEHHBIX MeXAY COGOH ONHOH M3 omepauuil OTHOLIEHHS:
=, <, <=, >, >=, < >. Takoii BUI JIOTHUeCKOr0 BhIpa-
HEHHUs HA3BIBAIOT npocToim ycaosuen. TIpumepsl mpocTHIX yC/IOBHIL:
OG6bluHas 3amuch: 3anuce Ha' Beiicuxe:
2x> 0 X> = Q
ax"=bx+c¢ AxX12=Bx%X4+C
Inx<<2sinx LOG (X) <2=* SIN (X)

KoHTpoasHube BOmpoOCH
5 01. Kpaxne OCHOBHBIE IPYNIIbl CHMBOJIOB COCTABJSIOT a/1(aBUT A3bIKA
€HCHK:

2. Kakue THNBI YHCEN HCHONB3YIOTCHA B si3bike DeHCHK M Kak OHM
3anHUCHIBAIOTCA?

3. Kak o603Hauaorcs npoctule (Iesbe U AeACTBUTEIbHBIE) Mepe-
MEHHBIE? MepeMeHHbIe ¢ HHIEeKCaMH?

4. Kak onpenensiercsi nopsaok AeHcTBHil B apudMETHUECKHX Bbi-
paxKeHusix?

5. Kak cocraB/siloTcsl npocThie yC/aI0BHA B A3blKe Befichk?

YnpaxHeHusn

1. 3anucats Ha Bejicuke caenyomue uncna:
a) 0,0094; B) 107%
6) —13,037; r) —5,86-10%

2. BLLAENHTD M3 3aaHHBIX YHCEN HeABe H JLeHcTBUTENbHbIE:
a) —@ - r) 425

6) 9 1) —265

B) 425  e) —26.3E5

3. 3anucarb Ha sisbike Beficuk cienywoiue apudMeTHUeCKHE BbI-
pakeuus: '

a) x%7. B) (0,1275+4 2 sin {/u) 4 2w0s 8,
6) ao+a1x+a2x2; r) ____”sz(x_y)—-l

I+ [® — 4

4, 3anncaTth Ha SI3BIKE oémtmblx MareMaTHYeCKHX OO03HaueHui:
a) (S—A=X)/B B) .ABS (X—Y)/(1+4X) +(A42)
6) A/B/C«D=*E r) (4=xA (1, J) 4 (—2))/LOG(ABS (X))
5._ JaHbl TekyulHe 3HaueHHs nepeMeHHbX: X=2, Y=23, A=5
OnpenenuTs NCTHHHOCTD YCJIOBHH: ’ o
“a) X<=2 B) A+X 12=Y 42
6) X*xY>X14Y r) INT (Y/X)=Y—X
102 ‘

4.3. Opranusauusa nporpaMmbl

[Mporpamma Ha s3bike DeficHk mpencrasisier coGoil rnociexosa-
TeNbHOCTh cTpok. Kaxkast CTpOKa NporpaMmbl cHa6xkaercst JecaTuy-
HBLIM HOMEPOM, KOTOpbleé MOryT NMpHHHMAaTb 3nauenus ot 0 po 9999.
BrinosHeHHe NMPOrpaMMbi OCYIIECTBJSETCH B NOpsfiike BO3pacTaHHs
HOMepOB CTpOK*, mpuuem He TpeGyercsi, YTOGBI CTPOKH HPOTpaMMbl
HYMEpOBANKCh HENPEMEHHO MOC/IEeOBATENbHBIMH HATYPa/lbHBIMH HO-
mepamu. st Toro urofbl O6JIErYHTh B IpOIEcce COCTaBJIEHHS Mpo-
rPaMMBl BCTABJIEHHE HOBHIX CTPOK MEXAY YXKe HMEIOMHUMHCH, CTPOKH
IporpaMMbl OGBIYHO HYMEPYIOT ¢ KAKHM-THOO [1aroM, HanpHMep 4epes
10 nomepos; 10, 20, 30 u 1. &.

OCHOBHBIMH KOMIIOHEHTaMH TNPOrpaMMbl fIBJASIOTCH Oneparopul,
H3 KOTOPBIX M COCTOSIT CTPOKH nmporpammbl. OpHa CTpOKa NpOrpaMMel
MOJKET COfepXKarb ONHH WJIH HEeCKO/JbKO OMepaTopoB, KOTOpbIE OTAE-
JSIOTCS APYr OT npyra ABoerounem. Kaxapli omepaTtop COCTOHT H3
IBYX uacteit: caymebro20 cA08a (WMEHH) M MHGOPMALHOHHOH YACTH
omeparopa, HasbiBaeMoil Tezox. Hanbonee ynmorpeGuresbHblf onepa-
TOp, O6ECEeUHBAIONIHA B NPOrpamMax BBIMHCICHHHA,— 3T0 oneparop
npucsausanus, KOTOpHi B si3bike DedAcuk Hmeer BHA:

LET < nepemenHasi> = < apH()M. BbIpakenue > **,

Ileiicteue omepatopa LET 3axkiiouaercss B NpPHCBAHBAHUM nepe-
MEHHBIM, CTOSILIMM CJ€Ba, 3HaueHHH apH@MeTHUeCKHX BbpaxKeHHH
(B wacTHOCTH, apudMeTHUECKOe BLIDAXKEHHE MOXKET GbITb YHCJIOM
HA¥ OTHENbHO B3ATOH NepeMeHHOH), CTOAWMX cClpaBa OT 3HaKa
paBeHCTBaA.

[Ipumepsi:
LETI% =1 — uesnoit nepemenHoit 1% npucsaupaercst 3Hauenue |;
LETA =23.7 — nelicTBUTe/IbHON NepeMeHHOH A NpHUCBauBaercs 3Ha-

yenue 23,7,
LETX=A % SIN (T) — neiicTButejbHOH NepeMeHHoii X npucBayBa-
eTcs 3HayeHHe BoipaxeHusa A sin T npH Teky-
: wux snayenusx A 'u T.
C nomouibio onepatopa LET MOKHO NIPHCBOHTb OJ{HO U TO K€ 3HAYEHHE
He TOJBKO OJHOH mepeMeHHOH, HO M HECKOJbKHM NepeMeHHBIM Cpasy;
B 3TOM C/yyae MepeMeHHble NEepeuHc/sAIoTcH B JEBOH uyacTd onepa-
topa LET yepes 3ansryio. B 9BM «Hckpa-226» cayxeGHoe crnoBO
LET B sanucd omepatopa INPHCBAHBAHHA MOXKET ONYCKAThCH.
B nporpamMmax a1 9BM o6bidHo npepycmarpuBaeTcst BBOJ 3Ha-
yeHUfl MCXOJHBIX NAHHBIX (QpeymenTo8) W BHIBOL pe3yasraros. s
storo ucnosnbsyercst oneparop INPUT, umeomuit Bua:

INPUT <Ccnucok repeMeHHBIX > .

[Tepemennble B <CCHHCKE MEPEMEHHBIX > Das/eslioTcsl 3amATbIMH.
Berperus B nporpamme oneparop INPUT, 9BM nenaer naysy, BIBO-

*EcaM He TMPefyCMOTPEHO NPOrpaMMHOE H3MEHEHHE NOCJeLOBATENBHOCTH BhIOV-
HEHHA CTPOK.
**[JepeBoJ, aHIJIHACKHX CyXKeGHbIX CI0B AaH B KoHue nocobus (Ilpunoxenue ).
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AMT 3HAK BONpPOCAa H KJOeT, KOrja ¢ KJaBHaTypbl ycTpodcTBa
BBOJA Oy/leT BBENEHO CTOJNILKO 3HAYEHWIl, CKOJIbKO MEpPEeMEeHHBIX B
cnucke oneparopa INPUT. Ilocie BBoga nociensero us HUX HaXKH-
Maercsl K/1aBHlla Iepexoja Ha HOBYIO cTpoky, H IBM npopomxur
BBITOJIHEHHE NPOrpaMMhl.

BoiBog (meuaThb) pe3yJbTATOB OCYIUECTBAAECTCH B f3bike Beficux
oneparopom PRINT, umeromum Buxz:

PRINT < cnucok>,

FAe <{CHHCOK>> MOXKET COLEPXKAaTh NEepEMEHHEIE, apHdMeruyeckue
BbIPAXEHHS (B 4ACTHOCTH, YHCIOBBIE KOHCTAHTHI), CTPOKH TEKCTa WJIH
TO K apyroe. Ecau ciincok oneparopa PRINT cocront u3 HepeMeHHo},
TO HPH BLIMONHEHHH ONeparopa NPOU3OHIET BLIBOL 3HAYEHHS 3TOMH
nepeMeHHoi. Ecau cnucok comep:kur Brpaxenme, HanpuMep:

PRINT X+ ARCTAN (T),

T0 oneparop PRINT npoussener sce npenycmorpennsie BBHIpa:KeHHEeM
ON€panyuy U BBIAACT NONYYEHHBIA pe3yabrar (uucao). Hannuue sans-
TOH MEeXNY 3/MeMeHTaMH chHcka oneparopa PRINT NOKa3kIBaer,
4TO MH(pOPMAUHS BBHIBOLUTCS B 30HHOM ¢opmare (mnuHA 30HBI —
- 16 _cumBosioB; mpu BHIBOZE HHpOpMAaUHH Ha 3KpaH jgucmaess 9BM
«Hckpa-226» cnenyer umers B BHIY, uTO oxua CTPOKa BMeIllla€eT
80 cumBONIOB). Dnement cnucka omeparopa PRINT, nepes KOTOphiM
HMEETCs 3ansTasi, BLIBOAUTCH B Hauano ciaenyomell 3oun. Ecan
MEXJY 3/eMeHTaMH cTpokH omepatopa PRINT crout Touka ¢ 3ams-
TOH, TO HH(OPMALHS BHIBOAUTCH B YNAOTHEHHOM ¢opmare. Baxnoit
ocoGenHocTbio oneparopa PRINT sBasercs To, u4to 31Ot oneparop
MOXET HCNOMb30BATLCA A/IS BbHIBOAA COOGLICHHT, KOMMEHTApPHS HJIH
JIOGOA CTPOKH CHMBOJIOB. [I/If1 3TOTO TeKcT, KOTOPBIH JNOMXK€eH BHIBO-
AUTBCA, 3aKkaioyaercss B KasbHkW. Ilyctb, Hanpumep, Tekyiuee 3na:
uenue nepemenHod P B nporpamme pasmo 46. Torma B pe3yJib-
TaTe BHINOJHEHHS oleparopa

PRINT ”TTPOITYUIEHO YACOB”; P
OYIeT BLIBENEH TEKCT:

[TPOITYHIEHO YACOB 46

B TekcT nmporpaMmBl MOXHO BKAIOYATh CTPOKH C HEOGXOIHMDIMH
TNOSICHEHUSIMHM, KOMMEHTAPHSAMHY, YTO OG/IErYaeT YTEHHE MPOrpaMMEL.
Hast stoft uenu ucmonbsyercs onepatrop REM, sanuceisaeMbli cie-
AYIOIIUM o6pazom: : '

REM <Cnenouka cHMBOMOB >,
TAe <TUEeMoYKa CHMBOJIOB >> MOXKET COZEpKAaTh TeKeT (6e3 KaBblYeK),
COCTaBJICHHBIH H3 JIOGLIX CHMBOJIOB, KPOME JBOETOYHSI. Oneparop

REM He ucnonssiercs MalimHOR H MOXKeT pasmeiarbca B J0O60M
MecTe nporpammel. [Ipumep:

14¢ REM BJIOK CHUI'MA (X)
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CocraBuM Temepb HECJO0XKHYIO BHIMHCAUTENBHYIO NPOrpaMMy.

MMpumep 4.3.1. Ilyctb D — nuaMerp OCHOBAHMA LUIHHIApA, a
H — ero BeicoTa. [lomans noBepxHocTH HHAUHAPA S H 06beM V BH-
YHCASAIOTCS M0 opMyaaM: :

2 TLD2
S="aDH, V=124

IMporpamma BeiuHucaeHuH 3nadesui S # V no 3ajgaBaeMbiM 3HaYEHHAM
D u H moxer uMerb BUL:

1§ REM UHUJIVHIOP

20 INPUT D, H

30 LET S=n*D 42/24+n+*D=*H
40 LET V=n=D 42« H/4

5@ PRINT ”S="; §, "V="; V

6¢ END

TIpu BBome 3nauenuii D=0.6, H==1 MaluHHa BLIBENET CJeAYIOILHe
pe3yJbTaThi:

S=2.45p4422698 V =.282743338823

IIporpamma coctout H3. 6 crpok. IlepBas crpoka comep:KuT He-
ucnonusaempt oneparop REM ¢ KomMMeHTapHAMH, BBINOJHSIONIHMH
posb 3arosioBka nporpaMmmbsl. Bo BTopoil cTpoke pacrmosoxkeH onepa-
top BBoga INPUT, ¢ nomoublo KoTOporo onpeneisiiorcsi HayajbHble
3HaueHust nepemenHbnlx D u H. B crpokax c nomepamu 30 u 40
pacnoyoxKeHbl Omeparophbl NPHCBAaKBAaHHA, BBIUHCJSIOIHE HCKOMBIC
3HaueHHs nepeMeHHBIX S 0 V (cHMBOA m, HMeOUIKACH HA KIaBHAType
IBM «Hckpa-226», Ha sKpaHe NUCIJES H B HeuaTH H3o0GpaxKaercs
B ¢opme FHPI). U naxoneu, B cTpoke ¢ Homepom 50 pacnosoxen
oneparop BuiBoga PRINT, xorophiit cocrapnen rakuMm ofpasom, uro
MalyHa BHIBEJeT HE MPOCTO caMM 3HaweHust S W V, a cHalaur 3tu
3HAYEHHUA  NPUHATHIMU IS NONOOHBIX CJyuaeB OOO3HAUEHHSIMH:
S=, V=. B nocnexHel CTpOKe NpPOrpaMM»bl IIOCTaBJEH OIEPaTop
END, roropnifi o6o3Hayaer KoHen nporpaMmel, Mcnonbsosaine storo
oneparopa B KOHIIE TEKCTa NPOTpaMMel He OGS3ATENbHO, TAK Kax
BLINOJIHEHHE NPOrpaMMbl aBTOMAaTHUECKH 3aKaHUHBAaeTcsl I0CJe BHI-
nonHeHust Bcex ee crpoxk. OpHaxko npu Hanuyuu oneparopa END
10 OKOHYaHuK cyera DBM naer cooGuienne o6 o6beme cBOGORHON na-
MSITH. .

TlpuBenennas poiie nporpamma LHHUJTMHIP cocrasaena tak, 4TO
B p€3y/bTaTe ee BHIIOAHEHHS BLIHHCIISETCS JHIIb OJJHA Tiapa 3HAUeHHn
S u V. Ecnn 66l noHagoGunoch BRINHCAUTD 3Havenus S U V nas npy-
roil mapbl 3HaueHHH nepemeHHnx D M H, nmporpammy npHuLIoch Gnl
nyckatb 3aHoBo. OfHaKO NPOrpamMMmy HETPYAHO BHAOHU3MEHHTb Tax,
4yToObl ee 6€3 NOBTOPHOrO MyCKa MOXHO 6bu1o Gbl HCNIONB30BATh MJis
HOBBIX BhiuHcaeHHH. JlocTaTrouHo fOGUTHCA, YTOGHI TOC/E BHITIOTHEHUST
oneparopa BhiBoga (cTpoka 50) cHOBA .BHIOJHAJCHA ONEpatrop BBOLA
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(ctpoka 20). D10 nocTHFaeTCs 3aMeHOM oneparopa END (crpoka 60)
oneparopom Ge3yC/OBHOrO Hepexona:

. GOTO <CHoMep cTpokH>.
HefictBHe 5TOrO Oneparopa 3aKMIOYAETCA B MEPEXOXE K CTPOKe ¢ yKa-
3aHHbIM HOMepoM. [Ipeo6pasoBannas nporpamma 6yner uMerb BHA:

1¢ ' REM LIWIMH/IPbI

20 INPUT D, H

3) LET S=n+D 42/24+n*D%H
40 LET V=n+D 42« H/4

50 PRINT “S="; S, "V="; V

6¢ GOTO 20

ITIporpammy UMJIMHJIPBI moxHO ucnomb3oBath s HeOHOKpAaT-
HbIX BbIYHCJIEHHH, TaK KaK KaX/[blit pa3 10C/e BHBOAA OuyepefHOH na-
pbl 3HaueHHA S H V MawuHa GyneT nepexouTs K cTpoKe 20 H 3anpalmd-
BaTb HOBbI€ 3HAYEHHS HCXOAHBIX AaHHbIX D u H. Huxe npusenen
gp%Tcl)Kon BBLINOJIHEHUS NPOrpaMMbl Il ABYX nap sgaueHdii D u H:

S =2.45(442698
? 14,23

S =13.194689145@8 V =3.54(57492(0595

BhiuncieHus B JaHHOM CiIyYae MOXKHO OPraHH30BaThb H Tak, YTOGHI
BCE HCXOJHble JaHHbIE (eC/H HX He C/IMIUKOM MHOro) Oblid cpasy
pasMelleHbl B reKCTe NpPorpaMMbl H aBTOMaTHYECKH BHIGHPAJHCh Ma-
IIHHOH MO Mepe HeoGxoaumocTH. [list 5TOH wesH MMeeTcs mapa crie-
nuanbHelx onepatopos DATA u READ, KoTopble Bcera HCnosb3yloTes
COBMECTHO H HUMEIOT BHI:

DATA <« CIIHCOK KOHCTaHT >
READ < cmHcok mepeMeHHbIX >

V =.282743339923

Crpoka c onepatopom DATA BBoaut B IporpaMMy CIHCOK KOHCTAaHT,
KOTOpbl€ NEpeYncasoTes nocie cjiosa DATA uepes sansityio, Hanpu-
Mep:

DATA 24, 3.2, 10.3, 2.71E — 3

Camu no ce6e onepatopst DATA HHKAaKOro AeiiCTBHSI He BBISLIBAIOT H
MOryT pacnosiaraTbCsi B JIoGoM MecTe nporpaMmbl. UteHne pasmerneH-
HelX B omepatope DATA KOHCTAaHT oOCYyINECTBJISIETCS ONMepaTopoM
READ, conepaiuM IepeueHb nepeMeHHbIX, PAacCnoyIOkKeHHbIX BCJAE[,
3a caoBoM READ uepes sanstyio, Hanpumep:

READ A, B, C, D

Hpn Beimonnennn nporpammel onepatopsi DATA HIHOPHDPYIOTCS [0
TeX Nop, noka He BcTperdrTcst onepatop READ. 3atem orbickHBaeTcs
nepeelit o nopsiaky onepatop DATA u nepeunciennsle B HeM KOH-
CTaHTbl B TMOPSAAKE HX CIELOBAHHS NPHCBAHBAIOTCS MEpeMeHHBIM B
oneparope READ. Tak, ecin B nporpamme 6yayT HCHOIB30BaHbE YKa-
106

sadnble Bhine npumepsl onepatopoB DATA u READ, To B pesyabrare
suinoJienns onepatopa READ mnpousoifinyr caenyiomue npucBauBa-
uusi: A=2, B=4, C=3.2, D=10.3 (3nauenne 2.71E — 3 B 3T0M C21Y-
yae ocTaercsl HeucnosabzoBaHHbIM). Omepatopos DATA u READ B
nporpaMme MoxeT GbiTh HEeCKOJbKO. ONHAKO KOJWIeCTBO KOHCTAHT,
BBOAMMBIX B niporpammy oneparopamu DATA, nosxHO GBITb HE MEHb-
Hle, YyeM KOJMYECTBO NEepeMeHHBIX, COAeprKaHluxcsd B omepaTopax
READ. Ecau onepatop DATA coxepxutr GoJblie 3HaueHHH, ueM
HMeeTcsl epeMeHHbIX B cnucke oneparopa READ, To caenyomui one-
patop READ HauymnHaer npucBOoeHHE C IE€PBOro He HCIO/b30BaHHOTO
IpH TpejblAylleM uyTeHud 3HaueHusi B omepatope DATA*. Ecim xe
okaxketcd, uto onepatop READ cozepxut Gosbiue nepeMeHHLIX, UeM
umetomuxcsa B oneparope DATA 3nauenut, TO pasbICKABaeTCs CJe-
ayounit onepatop DATA, a B cayuae ero OTCYyTCTBHS BblAaeTcs CO-
obuenre 06 omubke (cm. INpuaoxkenne). -

Huxe npusoautcs Bapuant nporpammsel LHUJIMHAPDI, B koTopom
ncnoawsosansl onepatopst DATA u READ:

10 REM LIHUJIMHIPbI

2¢ READ D, H

3 S=n+D 4$2/24+n+«Dx*H
5@ pRINT ”S=”; S, //v=//; V
6¢ GOTO 20

70 DATA 6, 1, 1.4, 23, .9, 11.2

B xoze BblNOJMHEHHS1 MporpaMmel nepeMenubnle D u H cHawanaa no-
Jydat 3HaueHusi coorBercTBeHHo 0,6 m 1, 3arem 1,4 n 23 u 1. A
Kaxnpifi pas npH NOBTOPHOM NPOXOXKAEHHH NPOrpaMMbl ONEpaTop
READ Gyner o6pauaThcsi K nepBoil HEMCNOJAL30BAHHON nape JaHHBIX
B oneparope DATA. TleuaTth pe3yibTaToB AJs 3a4aHHBIX ONEPATOPOM
DATA ucxoaHblx 3HaueHHH GyAeT MMeTb BHI:

S —2.45(4422698  V=.282743339923
S —13.19469814508 V= 3.54057492¢595
S =32.9395987289  V=7.125132138343

Tocne ucuepnanus Beex uucen B oneparope DATA mawmuua BHAacT
coobuienne ERR 27 u ocranosutcs. _ ‘

Mpumep 4.3.2. B TpeyronbHHKe AaHbl AJHHbI CTOpoH A ¥ B
H BeJIHUHMHA yrja Mexay HUMH X. Hyx<HO BBIYMCAMTH JJIMHY CTOPOHBI
C, mjolwanb TpeyroJbHHKa S H paauyC ONHCAHHOH OKDYXKHOCTH R.
IMycty pas onpeaenennocty A =8.7, B=17.3, X=68°. [Iporpamma
HMeeT BHA:

*B saswike Belicuk umeerca oneparop RESTORE, ¢ nomoiubio koroporo B3a-
umocBA3b Mexay oneparopamu READ u DATA B nporpammax  MOXKeT ycraHaB-
JKBaTbcA 6ojiee CAOXKHBIM cnocoGom (cM. [14]).
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10 REM TPEYTOJIbHUK
2¢ SELECT D
23 gEAD A B, X
=SQR (A*A4+B*B—2%A B = ‘
50 S=A*B*SIN-({;()/2 €OS X))
60 R=C/(2  SIN (X))
7@ PRINT //C=//; C; //S=//; S; //R=//; R
8¢ DATA 8.7, 17.3, 68

B coorsercrBuM ¢ dopmoil 3aganusi 3Hauennss X B cTpoke 20 pas-
meuter onepatop SELECT, ycranasiausaomuil B Kauectse € IVHHLbI
MSMEDEHHS apryMeHTOB TPHIOHOMETPHUYECKHX (bYHKLHH rpamychl (pe-
xum D).

B pesysnbrate BbINOJHeHHS nmporpaMMbl A 33aJAHHBIX 3HAUCHU
A=8.7, B=17.3, X=68° 9BM BbiBeseT 3HaueHUS:

C==16.19308257405 S=69.7752209754 R = 8.732401973578

IoHsiTHO, uTo eciu ucxonubvie nanubie A, B u X ABISIOTCH 4ucaaMi
NPUOG/IHKEHHBIMY, TO B OTIIEYAaTAHHBIX 3HaueHHAX C, S U R Gouib-
LUIMHCTBO HECATHYHBLIX 3HAKOB ABJSIOTCS COMHHTeNbHBIMH. B Belicuke
umeercs QyHKuHsA okpyrienus ROUND (X, n), rze X — apudpmern-
HECKOE BrLIpa:KeHHe, 3ajaioliee OKPyrasieMoe 3HaYeHHe, a n — apud-
METHUECKOe BbIpaXkeHHe, 3ajaiolllee ypoBeHb OKpyIieHus. B cayuae,
KOrjla 3HaUueHHE 1 He SIBJISIETCS LEJBbIM, €ro Apo6Has 4acTh aBTO-
MaTuyecku orOpacniBaercsi. OKpyrJieHHE C IOMOMIBIO PyHKUHH
ROUND BuinosiHsieTcst no mpasusiam:

a) npH n>>0 npoucXOAMT OKpyrieHue 0 n-i uudpel  nocJe
JECATHYHOA TOUKH.

ITpumeprr: ROUND (5.326,2) =5.33
ROUND (2.17,1.5) =2.2
6) npu n=0 — OKpyr/ieHHe N0 GJHIKHEro IeJoro.

IMpumepei: ROUND (—2.6, 0) = —3
ROUND (6.5,0) =6
B) npu n<<0— oxpyraenne 1o (In|l+1)-# wudps Baeso or
JNeCATHYHOH TOUKH,
ITpumepni: ROUND (2386, — 1) = 2390
ROUND (—84732, —3) = —85000

Tax, ecin B npuBeseHHOl Bblure nporpamme ctpoky 70 mepenu-
CaTb B BHIE:

79 PRINT “C="; ROUND (C, 2), “S="; ROUND (S, 2),

“R="; ROUND (R, 2)
TO NporpaMma OTIeyaTaeT OKPYIJEHHBIE Pe3yJbTaThl:

S=16.19 $=69.78 R=8.73
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Hcnonssyss ¢yukuuio ROUND (X, n) # xaxkywo-1u6o H3 METOIHK
yueTa morpeurHocreil (cM. rJaBy 2), MOXKHO TIPOrpaMMHBIM ITyTeM Ha-
XOJIUTb 3HAUEHHEe n AAA KakAoH BHIUMCAsieMOH BeMUuHHBl X H
MPOH3BOJHTbL OKPYrieHHe N0 BepHoH Hugpel. OnHAKO TAKO MOAXOXR
CHJbHO YCJOXKHUT nporpaMMmy. B He6oabliux Ho o6beMy BbIUHCTE-
HUSAIX TPH (HKCHPOBAHHHIX 3HAUEHHAX BXOJHBIX BEJHUYHH YPOBHH
OKPYIJIEHHS BRIUMC/ISIEMBIX 3HAUYeHHH MOTYT OBITb ONpeJiesIeHEl «BPyU-
HYIO» H 3apaHee 3aJjoxensl B oneparopax PRINT.

KoHTtpoabHbe BONpocH

1. KakoBa o6uias cTpyKrypa HporpaMMel Ha si3bike Deficuk?

2. Kakam onepatopom Dbeilcuka oGecneunsaercss BBOJ HCXOA-
HBIX AAHHBIX C KJaBHATYphl B XOJ€ HCIOJHEHHS HPOrpaMMbI?

3. Kak paboraer oneparop sBeiBoga PRINT? :

4. C noMouipio KaKoro ofneparopa B nporpaMMmy Ha sisbike Beficuk
BKJAIOYAIOTCA HOACHEHHUS!, KOMMEHTapHH?

5. . Kakx ¢ nomompsio omepatopa GOTO opraHH3yeTcsi HeoIHO-
KpaTtHasa pa6oTa O4HOH M TOH JKe NporpaMmMmhi?

6. Kakum oGpasom ¢ mnomouwbio oneparopos DATA u READ
opraHu3yercs 3anyucbh M CUHTBIBAHHE HCXOJHBIX HAHHBIX B TEKCTe
HpOrpaMMbl?

YnpaxXuHeHHnn

1. CocTaBuTb NporpaMMy BbIYHMCJIEHHS MJIOLIAAH OBEPXHOCTH S H
obpema V KoHyca, 3afaHHOrO AHaMerpoM ocHoBauusi D M AAHHOH 06-
pasywoweit L:

a) ¢ ucmosan3zoBanueM omnepatopa INPUT;

6) c ucrnoannzosauuem oneparopoB DATA u READ (ns1s tpex nap
NPOH3BOJILHO BHIOpPAHHBIX 3HaueHduid D u L).

2. Pajauyc oKpy:KHOCTH, BIHCAHHOH B PaBHOCTODOHHHH TpPeyroJb-
HUK, paBeH R. COCTaBHTbL NPOrpaMMy BHIUHCJEHUS CTOPOHBI, BHICOTH!
U JIOLIAAH TPEyroJbHUKA,

3. Cocyn umeer ¢(opMy NmepeBEpPHYTOrO KOHYCa, OCEBOE CEueHHe
KOTOPOro — PaBHOCTOPOHHHUH TpeyroJbHHK. B cocyn OpouieH xenes-
HLIH map paauyca R u Haiuta BOJa TakK, UTO NMOBEPXHOCTh BOJBI
KacaeTcsl MOTPYKEHHOro B cocyl imapa. CocTaBHTb NMPOrpaMMy BhI-
4HCJIeHHS YPOBHA BOJBI NOCJ€ TOro, Kak iap GyneT BHIHYT.

B nporpamme HcroJsb3oBaTth GyHKunIO okpyraennss ROUND, npu-
yeM YPOBHH OKDYIVIEHHS BBIXOAHBIX [aHHBIX 3aJ/I0KHTh BMecTe C
BXOAHBIMH 3HaueHHSIMH paguyca R B oneparope DATA.

4.4 MporpaMmupoBaHHe BeTBJEHHH

s nporpaMMHpOBaHHSI aJTrOPHTMOB, COJEpIKAlUHX BeTBJEHHS,
B sA3bike BeficHk umeercsa oneparop ycaosrozo nepexoda (WaH ome-
parop IF), umetomuit sua:
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IF <<ycnoBue™> THEN < Homep CTpPoKH >

JleAcTBYET STOT ONEPAaTOP TaK: eC/IH < ycJOoBHE >> INPH TEKYLIHX 3HA-
YEHHAX BXOASIHINX B HETO MepeMeHHbIX HCTHHHO, TO NPOHCXOAUT Nepe-
XOA K CTpPOKe, HOMep KoTopo#l yka3aH mocie THEN; B mporuBHOM
caydae MPOHCXOAHT Mepexol K onepatopy IporpaMMbl, pacloJ/oXKeH-
HOMY BcJeln 3a onepartopom IF. :
[Tpumep 3anucu pparmeHra nporpamMMbl ¢ ONEPaTOPOM YCJOBHOTO

nepexona:

20 IF X<<® THEN 59

30 PRINT Y
IlycTb B MOMEHT BEINOJHeHHA onepaTopa IF tekyiliee 3HaueHHe fepe-
MeHHOH X==—3. Torma wycjoBue X< 6GymeT HCTHHHO H IIpO-

u3oigeT nepexod K CTpoke ¢ Homepom 5(). Ecam Xe, Hanpumep,
X=>5, to ycnoeue X< Gyner JOXKHO M NPOH30HIET mepexol X
ctpoke ¢ HomepoMm 3(. Ilpex e uem nepefiTH K COCTABIEHHIO IPOrPaMM,
collepKallMX BETBJICHHSI, PaCCMOTPHM OOIIHE IPHEMBI IPOTrPAMMHPO-
BaHUA cpeicTBamH f3bika Beficuk Gazomoil crpykrypet PA3BUJIKA
(cm. m. 3.3).

Tlonnana ycnosuas xoncrpykuusi. [IporpammupoBanue 3tofi 6aso-
BOH CcTPYKTYpH (cM. pHc. 16, a) paccmorpum nompo6uo. ObosHa-
UMM YCJOBHHIH HOMEp CTPOKH nporpamMmbl 6ykBoH «. CocraBHM
CTPOKY nporpaMMbl ¢ onepatopom I[F, nposepsiouium BbINOSHEHHE

ycaosust P: ,
o IF P THEN ...

MHoroTtouse 37ech 03Ha4Yaer, YTO HaM NIOKa HEH3BECTEH HOMEpP CTPOKH,
K KOTOPOH HYXHO MepeXOJUTb NpPH BhINOJHEeHHH ycaoBHsi P. B ro
K€ BpeMsl Ha OCHOBAaHHH NpaBHJ BhINOJHeHHs oneparopa IF nam
H3BECTHO, UTO B C/1yuae HeBHITIONIHEeHHS ycaoBus P MallnHa nepedaer K
omeparopy, clenylouiemy 3a oneparopom IF (T. e. K cTpoke ¢ HoMepoM
0410, eciu B crpoke o oneparop IF Gyner emnHcTBeHHBIM). A
COrJIacHO cxeMme, H306paKeHHOH Ha pHc. 16, a, B 3TOM ciaydae (Koraa
P J10:xHO) posikeH BHIMOMHATBCS GJOK Sp: BOT 3TY JIOTHUECKYIO BETBb
Mbl H CTaHeM NpOJLOJXKAaTh:
o IF P THEN ..

w10 S»

(mJ1s1 IPOCTOTHI NpeAnoJiaraercs, 4YTo colepxumoe Giioka S, yme-
uwaercsd B ofHOH crpoke). CornacHo cxeme 6a30oBOH CTPYKTYDHI
PA3BHJIKA nocne BunosHeHdsi 610ka Sy J0/KeH TPOHCXOAUTD Ie-
pexon K BHIXOZy; nocraBuM-onepatop GOTO B To#t ke cTpoke o+ 10:

o IF P THEN ...
o—+10 S, : GOTO ...

MHuorotoune mocie GOTO o3snauaer, YTO HOMED CTPOKH BBIXOAA H3
6asoBoit crpykrypsl PA3BUJIKA rakxke mnoka HeusBected. Jlas
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NPOMOJIKEHHsl NPOrpaMMbl MPH YCJNOBHM, KOFAa P HCTHHHO, MOXKeT
GBITb HCMOJIb30BAHA CTPOKA ® 20, UTO MO3BOJISET HCKJIOUHTh MHO-
roTouHe B CTPOKE ®:

o IF P THEN o420
o+10. [ S, |:GoOTO ...

o-+-20 S,

Tenepsb ye caBepllIeHHO SICHO, UTO BBIXOJOM H3. 6a30BO#H: CTPYKTYDEI
PA3BUJIKA Gyner ctpoka ®--30, 3THM HOMepOM M. CaeayeT JHo-
noauuth onepatop GOTO B crpoke w-10. Huxe npusenen ¢par-
MEeHT INpOrpaMmbl, peaju3yiolleli NOJHYI0 YCJIOBHYIO KOHCTPYKLHIO,
ceBa — CXeMa, CIpaBa — YCJIOBHOe NpeAcTaBjeHHe: COGTBETCTBYIO-
Iero MpOrpamMMHOTO ¢parMeHra.

S, \00 IF P THEN: @ 4+20
+  e+10] S: |:GOTO @30
P w420 S
- w430 BHX0n

S :

Pa3ymeercst, B KOHKpPETHBIX CJAy4asix MOXKeT OKasaThbCsl, 4TO IJSL
nporpaMMHOTO NpeACTaBJeHHA KaxXAoro u3 OJyokoB S; u S. mno-
HajoOHTCS He MO ONHOH, @ MO HEeCKOJIbKY CTPOK NMPOrpaMMBl. 3TO NpH-
BeleT K YBeJIH4EHHIO KOJIHYeCTBa CTPOK B NPOrpaMMHOM peasiuadanuu
6a3oBoit. crpykrypel PA3BUJIKA. O6mas ke Joruka nocTpoeHHsi
NPOrpaMMbl OCTAHETCH HEeH3MEeHHOH.

Henoanas: ycnopHas koHcrpykuus. Ha cxeme (cm. puc. 16, 6,
c. 86) 670K S 1o/KeH BBIMOJNHATLCS B TOM CTyyae, KOTAa: ycaioBHe P
ucTHHHO. Ecnn P n03kHO, TO JOM2KEH NPOHCXOAUTb NEPEXOJ K BHIXOLY.
B kauectse ycnosus oneparopa IF B nanHom cayyae nenecoo6passo
HCNO/1b30BaTh He P, a ero orpunaunue P:

S, _
R ! o IF P THEN o420
p | . o101 S
- - w+20 BH X0

(ynTaTeNIO0 MNpPejOCTABJSETCS BO3MOXKHOCTH CaMOCTOATENbHO YGe-
IUTbCA B TOM, 4TO HCHOJNb30BaHKHe B onepatope IF camoro ycaosus P
npuseso 6bl K Gosee rPOMO3JAKOH nporpamme).
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—3 éao,q ab NEY. MAX(E,0) =X >

Puc. 36

IlepeiineM Tenepp K MpOTpaMMHPOBAHHIO aJrOPUTMOB, COLEpKa-
LIHX BETBJIECHHS.

IIpumep 4.4.1. Cocrasuthb nporpammy noucka 6oJbLiero us
JIBYX UHCE.

Cxema ajropurMma Hzobpaxena Ha pucyHke 36. Ilporpamma c
HCIOJIb30BaHHeM oneparopa BBOlIa INPUT MmoxeT HMETb BHJ:
1§ REM MAX (A, B)
20 INPUT A, B .
39 IF A>B THEN 50
40 X=B:GOTO 60
50 X=A
6¢ pRINT //MAX (ll; A; /I’ I/; B; //) =Il, X
78 GOTO 20

Teno oneparopa PRINT opranuzoBano Tak, uto pesy.anaT 6yner
orneyarad cjaeayomum obpasom: MAX (A, B) =X, roe A, B —
HCXOAHbBIE uHcia, a X — HaWaeHHubld pesyabraTr. Ecnu 3agate npo-
rpamme 3Hauenuss A =5, B=3, orBeT O6yleT BbllaH B BHIE:

MAX (5, 3) =5

Iipumep 4.4.2. CocraBurh INIporpamMMmy pelIeHHS YpPaBHEHHA
ax=>b AJs NMPOU3BOJIBHBIX 3HAYEHHH YHCJOBHIX MapaMeTpoB a H b.

Cxema ajiropuTMa u3oGpaxeHa Ha pucyHke 21 (c. 88). Cocra-
BHM INporpammy ¢ Hcnosb3oBahueM omneparopos DATA u READ
JJIs1 TpexX map 3HayeHuH o U b, HAJIIOCTPUPYIOMIHX paGoTy aAropaTMa
B KaXKJIOM H3 TPeX JIOTHUECKH BO3MOKHBIX CJydyaeB:

1¢ REM YPABHEHUE AX=B
20 READ A, B

3¢ IF A=@ THEN 70

4¢ LET X=B/A

50 PRINT “PEUIEHUE X="; X
60 GOTO 110

70 IF B=¢ THEN 10¢

8¢ PRINT ”PELLEHUI HET”
9% GOTO 11§

1¢¢ PRINT “PEIIEHWY BECK. MH.”
110 GOTO 2¢

120 DATA @, 0, 0, 4, 2, 3

13¢ END

112

IMpumep 4.4.3. CocraBuTb NpOrpamMmy peINeHHs HepaBeHCTBa
ax>b (a u b — npou3BOJIbHBIE JEeHCTBHTEIbHbIE lmcna)

PaccMOTpeB BCEBO3MOXKHBIE COYETAHHS 3HAUEHMH 1apamMerpoB
@ ¥ b, IPHXONKM K CXeMe ajAropuTMa, H3o6paxeHHoi Ha pucynke 37.

[Iporpamma, peanusyiomas 3TOT aJTOPHTM, MOMKET HMEThb BHI:

1§ REM AX>B

20 INPUT A, B

3¢ PRINT "HEPABEHCTBO”; A; "= X>"; B

40 1IF A==0 THEN 9 :

50 C=B/A: PRINT ”"PEHIEHUE"

60 IF A>@¢ THEN 80

79 PRINT "X <”; C:GOTO 12¢

8¢ PRINT "X>"; C:GOTO 12¢

99 IF B<<§ THEN 110

100 PRINT “PEUIEHWI HET”:GOTO 129

11¢ PRINT ”X — JIIOBOE UNCJIO”

12 GOTO 2¢
JI1a masocTpannd paGoThl NPOTPAMMBl Ha BBOJ HEOGXONMMO NOAATDH
napel 3HaueHHA a M b, COOTBETCTBYIOLIME KaXJOMY H3 4YeThipex

l

8Bog a,b

C:=b/a

= b<\0>i'—,

\

' NEYATH NEYA 7b, NEYATS
”fiAZbu xX>c“ ” PEWEHHA »s X~ /THOBOE
” : ” HET yHcna “
Puc. 37
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BO3MOXHBIX HCX0f10B, Hanpumep: 0 u —5 (x — Jo6oe yucao), 0 u 3
(pewtenuit Het), 21 6 (x>3), —2u 6 (x<< —3). Bergaua pesyabra-
Ta B NMporpamme OpraHu3oBaHa TakHM o0pasoM, 4TO KaxAbH pas
cHavyaJa BbIBOAMTCS CAMO peliaeMoe HepaBeHCTBO. Hanpumep, mocae
BBOJA 3HaueHHH 0 ¥ —5 mporpaMma BBIZACT TEKCT:

HEPABEHCTBO @ % X> —5
X — JIIOBOE YUCJIO

KourTpoabHbe BompocH -

1. KakoBa cTpyKTypa omepaTtopa YCJOBHOFO Hepexoja B SI3bl-
ke bBeilicuk? Kak jeficTByeT aToT omepaTop?

2. Kak nporpammupyercsi Ha si3bike Beficuk Ga3oBasi cTpyKTypa
PA3BHJIKA B BuJe NOJHOH YCIOBHOH KOHCTPYKIIHH?

3. Kak nporpammupyercsi Ha fi3bike Befichk 6asoBasi cTpyKkTypa
PA3BHMJIKA B BHJe HENMOJIHOH YCNOBHOH KOHCTPYKUHH?

YnpaxHeunus

1. CocTaBuTh MPOrpaMMbl BBIYHC/EHHS] 3HAYEHHH (YHKUHH:

ecna =

a)f(z):{z’ uz>=1,

1—2z, ecan z<<1;
0 n7as uenoro x,
6) o= {9
ctg m-x AJIs Helesoro x.

2. CocraBHTb mporpaMMmy NOHCKa GOJILIUIErO H3 Tpex 4Hcea (CM.
‘cXeMy anroputMa Ha pucyske 20, c. 88).

3. CocraBuTb npoOrpaMMbl peLIEHHS KBaAPATHOTO YpaBHEHHS
ax2+bx+c=0(a7&0) B 06JaCTH JeHCTBHUTEJbHBIX H B 06JacCTH
KOMHJIEKCHBIX YHCeJ.

4. CocraBuTb NporpaMMy pelleHHsi HePaBeHCTBA ax << 3.

5. CocraBATb NPOrpaMMbl BBIYHCJAEHHS] 3HAauYeHHH dyHKUMI:

lsmx3 , ecau x<< — 1,
a) T)=1 arce

arccos x%, ecnn — 1 <<x <1, .
In(x+0,8), eciu x> 1; :
_f2u+41, ecan u<<0,
6) (P(u)_{ cos u, ecin u>0, rae

_ I In{—x), ecin x<<0,
u—{ Vx, ecin x>0.

4.5. TMporpamMMHpOBaHHE LHUKJIOB

Jlast cocTaBeHUsT IHK/IHYECKHX TIPOFPAMM HCHOJb3yeTcst 6a30Bast
crpykrypa HHUKJI (cm. n. 3.3). TIporpammusie anajoru sToit CTpPyK-
TYpPHI JIEPKO COCTABJISIIOTCS C HCNOJb3oBaHHeM onepatopa IF. Huxke
NpUBEJIeHbI CXeMBl NPOrpaMM Ha sisbike Beficuk nasi 6a3oBbiX CTPYyK-
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typ LIUKJI-TIOKA u HHUKJI-JO (aas mpocToTsl npejmoJaraercs,

YTO NPOrpaMMHOe ONHMCAHHE Tela S yMellaeTcss B OJHOH CTPOKe).

Basosas cTpykrypa LII/IK.II-HO‘KA:

_J o IF P THEN @420
s w410 S :GOTO @
+ o-+20BHX01

. / P r

Basosast crpykrypa LIMKJI-J1O:

® S

0410 IF P THEN o
w—+20 B XO0A

)

+

3amena B 3anucu oneparopa IF ycnosus P ero orpuuanHem,
KaKk W NpH NporpaMMupoBaHuH 6a3oBoil cTpykTypel PA3BHJIKA,
MO3BOJISiET YNPOCTHTb MporpamMmy. PaccMoTpum COOTBETCTBYHOLLHE
NpHMEpHI. \

IMpumep 4.5.1. CocTaButh NpOrpaMmMy HaxXoXAEHHsI HaHGOJb-
wero obiero peautenss (HOJI) nByx nmesnlXx NOJIOKHTE/NbHBIX
uhcels.

Cxema ajropHTMa (METOX BBIYMTAHHA) H3006paxieHa Ha PHUCYH-
ke 24 (c. 90). 3ameuyaem, 4TO AJrOPUTM INpeACTaB/sAeT COGOH CTPYK-
typy LHKJI-TTOKA. TTporpamma nmeeT BHA:

1§ REM HOJL (A, B) -

2¢ INPUT A, B

30 X=A:Y=B

40 IF X=Y THEN 8¢

5¢ IF X>Y THEN 70

60 Y=Y —X:GOTO 40

70 X=X—Y:GOTO 40

8¢ PRINT IIHOII (I/; A; II’ II; B; Il)=ll; X

: 99 GOTO 2¢
[Meuats pesyabrata umeer ¢opmy HOJL (A,B)=X, rne A4 nu
B — ucxonHble YHCJHOBBIE 3HAUeHHs], a X — HalAeHHbIH YNCJI0BO#H pe-
syabratr. Tak, Hanpumep, ecau nmporpamme 3ajath 3HaueHua A =12
H B=18, To orBeT OyneT BbIAAH B BHIE:
HO/ (12, 18)=6.

UTo6L COXPAHHTb AJISl IEuaTH HCXO/[Hble 3HAaueHHs1 XaHHbIX A H B,

B Hauaje nporpamMMbl (cTpoka 3()) 3TH 3HayeHHs NepelaloTcs pa-
G6ounM nepeMeHHbiM X H Y
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a=K2/ (k34 1)
e 851804 K, 0
+ Ki=fo+]
— K= K<100 s
Puc. 38

IIpumep 4.5.2. CocTaBuTe NMporpaMMy BHUHCJCHHS (reHepH-
poBanusi) 100 uneHOB mocJefOBATENLHOCTH, 3alaHHOH (GopMYyJoi:
2

ak=kT’fTT (k=1, 2, ..., 100).

Cxema anropurma, ucnossayiowero crpykrypy LIMKJI-TIOKA,
usobpaxena Ha pucyHke 38. CooTBercTBYIOIIAsh NpOrpamMma HMeeT

BHA:
10 REM A=K }2/(K $3+1)
20 REM LIHKJI-TIOKA
30 K=1
40 IF K> 1¢¢ THEN 9¢
50 A=K 12/(K 3+ 1)
60 PRINT K; A
70 K=K-+1
8¢ GOTO 40
99 END

Kaxxaplil 4sieH TOCIen0BaTENbLHOCTH BBIBOAMTCSA HA meyaTb BMECTe
co cBoUM HomepoM (crpoka G@). Ileuarth craHer elle HarJsAHee H
ecrecrBeHHel, ecan oneparop PRINT oprauusoBarth Tak:

60 PRINT “A (7 K; /) ="; A -

He crepyer aymaTh, 4to JIOrMXa MOCTPOEHHSI UMKJIHYECKOH Mpo-
rpaMMbl KaX[bld pa3 XKECTKO ONpeJeJseTcsi CaMHM NPOrpaMMHpY-
eMbIM aNropuTMoM. OueHb 4acTO OJMH H TOT XKe aJrOPHTM MOXKHO
3anporpaMMHpoOBaTh Kak ¢ TMoMoliblo 6a3oBofi cTpykrypul IITHKJI-
[IOKA, Tak u ¢ moMompio 6asosoi crpykryppt LIMKJI-1O. Peusn
MOXKET HATH JHIb 00 HCHOJb30BAHHH Aal€KBATHOIO M HauGoJee
le/s1ecooGpasHoro ik JAHHGIO aJropHTMa CHocoba IpOrpaMMHpO-
BaHHsA. Bnpouem, uacro BeIGOP TOro MM HHOro crnocoba MporpaMm-
HOH peaNu3alHH CBSISHLIBAETCS TOJNBKO CO BKYCAMH WJIH NPHBHIYKAMH
aBTopa mporpaMmil. PaccMoTpenHasi BblIE NPOrpaMMa BhIYHCJAEHHS
100 unenos mocienosatesnsrocTH (npumep 4.5.2) MOxKer GuTh CO-
crabjaeHa no cxeme LIMKJI-J1O. [leiicTBuTebHO, CXEMY 3TOrO aJjro-
pUTMa MOXHO COCTABHTb H TaK, KaK nokasaHo Ha pucyuke 39. Coor-
BeTcTBYIOmlas nporpaMMma GyAeT HMeTb BHI:
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10 REM A=K 42/(K 43+1)
20 REM LIMKJI-J1O

30 K=1 |

40 A=K +2/(K 4+3+41)

5¢ pRINT //A (II; K; //)=”; A
60 K=K-1 4

70 IF K< =10¢ THEN 4¢
8¢ END-

C TOUKM 3peHHsl 3aJauH, IJs pelIeHUs] KOTOPOH COCTABJIEHLI JiBE
floc/ieiHHe MpOorpaMMbl, OHH PABHOCHJIbHEI, TaK Kak JAalOT OJHHAaKO-
Bofl pesynbrar. OfHAaKO HANO NOHUMATb, YTO TAKHE MNPOTPAMMEI,
cocrapsienybie Ha ocHope crpykryp LHHMKJI-TIOKA »u HUMKJI-OO0,
BCE-TAKH pasnuHbl. D10 OOYC/AOBJEHO passaffuneM caMHxXx 6a30BBIX
crpyktyp. Kak uasectho, 6sox S B crpykrype HHHUKJI-IIO Bcerpa
BBHIMOJIHSIETCS 110 MEHbIeHd Mepe OJMH pas, He3aBUCHMO OT HCTHHHO-
ctH yeqaosusi P, B 1o Bpems kak B crpykrype LIMKJI-TTOKA npu
sgoxuocTH P 6s0K S He BHINOAHUTCHA HH pasy. Ecau JonmycTuTtsb, 4YT1O
B 3ajauax, MOJOOHBIX pPACCMOTPEHHOH BbiNle, BEPXHSAS IpaHMLA ma-
pamerpa uukjg K sapanee He H3BecTH2 W onpepensieTcsl, HampHMeD,
B Ipolecce MpeAbIAYILEro cyeTra, TO MOXKET 0Ka3aTbCs, YTO BTOpast
nporpamma (LIMKJI-Z1O) B 37Ol cHTyauuH pHacT Hesenblil pesyib-
taT. JledcTBUTENBHO, €C/IM rPAHHUIIA 3HAueHus napamerpa K okaxer-
Csl HeMOJIOXKHUTEJbHOH, TO MOC/A€A0BATeJbHOCTb CTAHOBHTCA Heolpe-
JeseHHOH. Bropasi mporpamma B 3TOM cJlyuae BCe-TaKH BHIBeJeT pe-
3yJbTaT B BHJAE 3HAUeHH nepporo wieHa (mpu k=1). Boamox-
HOCTh NOAOGHBIX cuTyalui TpeGyer 0cofOoro BHHMAHHA INpPH COC-
TABJIEHUH LHKAMYECKUX NPOrpaMM, CYMMHDYIOILHX MNOCJAEN0BaTe/b-
HOCTH.

IIpumep 4.5.3. CocraBuTb NpOrpamMmy BBIUHCAEHHSI CyMMBI 7
YJIEHOB MOC/EJ0BATENbHOCTH

k
ak=m.

a: = K2/(r3+1)
k=1 > Bb/BOG K, 2 K >100
Ki=K+7
+
Puc. 39
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8r=8+Kr/(K%+1) __I

K= K+1

[/7 K<sn J——) Bb1BOA S >

Puc. 40

—> BBOA N

o

IlporpaMmy cocTaBuM Tak, YTOGbl YHC/IQ N ONPEAEASNOCH TyTeM
BBOJA. ‘

B ocHoBy aaroputmMa noJoxuMm 6asoBywo crpykrypy LIHKJI-
TTOKA (puc. 40). CooTsercTBylOmIast nporpaMma GyJleT HMeTb BHI:

19 REM CYMMA

20 INPUT N

30 K=1:S=¢

49 IF K>N THEN 70

50 S=SHK/(K $2+1)

60 K=K+ 1:GOTO 49

70 PRINT “CYMMA S="; S
8¢ END

WHoil mpuHUMN OPraHH3aUMH HMEIOT LHKIMYeCKHe HPOrpaMMbl
CYMMHPOBAHHS UHCJIOBHIX PSZIOB He 110 3aJaHHOMY KOJIMYECTBY YJie-
HOB, & B 3aBHCHMOCTH OT 3HAUEHHSl CAMHX YJICHOB.

[MMpumep 4.54. CocraBuTb NPOrpamMMy BHIUHC/IEHHSI CYMMBbI
BCeX YJIEHOB psja

k

1 * ’

HE MEHBIIMX IO aGCOMIOTHOH BeJHYHHE 3aZaHHOTO YHCAA €.

3HauenHe mepBoro ujeHa psiga paBHO 1/x. 3Hauenue Ka)ioro
NOC/JEAYIOINETO U/MeHa TaKKe MOXKET GbiTh BLIUHCJEHO MO dopMyJe
a=k/x* (I‘lpfl k=2, 3, ..). Onnako n06aBAsiTh K HCKOMOH CYyM-
Me OuepellHOd wjeH psjaa clelyeT Julllb [OCTAe HPOBEPKH YCAOBHA
lal >e. Cxema ajropurma, OCHOBAHHOTO Ha Ga30BOH CTPYKType
LII/UIK.H-HOKA, n3obpaxena Ha pHcyHke 41, Tloabsysach stofi cxe-
MOM, JIErKO COCTABHTb MPOrpaMMy Ha fA3blke Belcux:

10 REM CYMMA PAIA

20 INPUT E, X

30 K=1:S=0:A=1/X

40 IF ABS (A) <E THEN 7¢
50 S=S+A:K=K41

60 A=K/X } K:GOTO 4¢

7¢ PRINT”S=”; S

83 END

M
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S:=5+a L_'
g K= K+1

o K
+ a=K/x
Ko=1 g
-3t BBOAE,X a:=1lx jal =€ 8b1B0A § >
$:=0
Puc. 41

-

[lpu cocTaBiieHHH nporpaMmbl pellieHHsi AaHHOH 3ajauH HCIOJb-
3oBath 6asosyio crpykrypy LIMKJI-IO okasasoch 6bf OLIHGOYHBIM,
TaK KaK NpH ONpeJeqeHHOM COYeTaHHH 3aJaBaeMbIX IIPOrpaMme 3Ha-
yeHUil € W x 3HAYEHHe pe3yJbTara S MOXKeT oKas3aTbcsl paBHHIM 0,
g To Bpemsa kak nporpamma LIMKJI-IIO u B s10M ciayuae BbIAACT
B KAYeCTBE pe3yJbTara 3HaueHHe NepBoro uiena l/x.

PaccmoTpuM oco6o caydaii, korza ycaopuem P B Gasooi
crpykrype LUUKJI-JO (cm. puc. 17, 6) siBasieTcsl HEPAaBEHCTBO BHIA
a>>P, Tle mapameTp LHKJa & HMeeT CBOHM Haya/bHbIM 3HA4€HH-
eM oo, a B KaxkIoM 060opoTe LHK/a npeoGpasyercsi o 3aKOHY apud-
MeTHUeCKOH nporpeccHd o:=o +h (h — 3anaunubii mar). Coort-
BEeTCTBYIOIUMH LHKJIHUECKHI aJITOPHTM OMHCHIBAETCS CXeMOH, Hzobpa-
JKEeHHO# Ha pucyHke 42. Jlns nporpaMMHpPOBaHUA UUKIHIECKHX aJro-
DHTMOB TaKoro BHIa B s3bike Deficuk umeloTcsl JBa CHeLHANbHBIX
oneparopa: oneparop Haiaaa yuxaa (mmu onepatop FOR) u onepa-
rop konya yuksa (onepatop NEXT). Omepatopst FOR u NEXT
BCErjfla HCIOJb3YIOTCH COBMECTHO.

OnepaTtop Haua/ia UHKJIa (ero Ha3bIBAIOT €Lle 3020408KOM YUK-
AQ) MMEeT BHI:

FOR < npocr. nepem.>> = <Cap. Bpax.> TO <Cap. Bepax.>
STEP << ap. Bhipax.> :

Beaen 3a oneparopoM Hauaja . IMKJIA pacnosaralorT CTpPOKH npo-
rpaMMbl, KOTOpbI€ AOJXKHBI BBINOJNHATHCA LHKJIHYECKH (3TH CTPOKH
o6pasyloT reso yuxkaa). 3a mocuenHed cTpokod Tesia LMKIA pa3me-
LIAeTCH CTPOKA CO CHEHHANbHBIM ONepaToOpoM .KOHLA LHKAA, KOTO-
pHlii HMeeT BHA:

NEXT << npocrasi mepeMeHHas >

Puc. 42
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Ilepemennas, yxa‘émsaeman mocse NEXT, nmonmxkHa 6uITh TOH 3Ke
(npocTol) mepeMeHHOH, uto u mocse FOR (3Ty mepemeHHYy0 Hasbl-
BAOT napamerpom yurkaa). BolpaxkeHus, crosimue cjaeBa H CrpaBa

or TO, 3amalOT COOTBETCTBEHHO HAaYaJbHOE H KOHEUHOE 3HaUYeHHS
napaMerpy uHMK/aa. Brelpa)keHue, crodinee mocie caosa STEP, 3a-

JaeT mar (4YHca0), Ha BeJIHUHHY KOTOPOTLO HU3MEHSIETCA NapaMeTp
IHKJa MOC/e KaXkJoro NOBTOpPeHHs Tesa yukia. llar moxer Gbith
KaK MOJOXUTEJNbHBIM, TAK H OTPUIATEJLHBIM.

YcnoBHas nporpaMmHasi 3alHCh aJrOPHUTMa, H306paKEHHOro Ha
pucyuke 41 ¢ nmomombio oneparopos FOR u NEXT, moxker umers
BH];:

® FOR a=ao TO § STEP &

co—|—10| s ]

® 20 NEXT a

BbinoJiHeHHe 3TOH NPOrpaMMbl IPOUCXOAUT CAEAYIOUWEM 06pPa3oM.
ITapamerpy uMKIa o NPHCBaMBAeTCsl €ro HauyaJbHOE 3HAaYyeHHE G
H OIHMH Da3 BbLINOJHAETCA TEN0 UHKAA S (T. e. rpymna onepatopos,
pasMelLleHHbIX MeXJIY 3aroJIOBKOM LHKJAA H COOTBETCTBYIOUIHM OIe-
paropom NEXT). Benen 3a atum omepatop NEXT ysenuuusaer
‘| 3HAYeHHe NapaMeTpa LHUKJa o Ha BEJIHYHHY luara A U OpoBepser, He
NPEBOCXOMHUT JIM HOBOE 3HAUEHHE mapaMerpa LHK/Ia 3HAYEHHS apHd-
METHYeCKOro BbipaxKeHHs [, pacmnoJioxenHoro sa caosom TO B 3saro-
JoBKe HHKAa. EciH 3TOro He NpPOHCXONHT, TO OCYIUECTBJSIETCS MO-
BTOPHOE BBIMOJIHEHHE TeJa IIHKJa, B NPOTHBHOM CJly4yae — BBIXOJ H3
HuKIa, T. e. mepexoj K oneparopy, ciremywoilemy 3a NEXT. Ecan
mar uHkJa paseH -1, ykaszanue STEP | B onepatope nauana unkia
moxetr onyckatbes. Onepatopel FOR u NEXT moryr 6bith sanuca-
HBl B CTPOKAaX ¢ HECKOJbKHMH OllepaTtopaMH npu ycaoBui, utro FOR
SIBJISIETCA TNEePBBHIM oOHnepatopoM B cBoeld cTpoke, a NEXT — nocaen-
HHUM ONepaTopoM B CBOel CTpoke*.

Jlerko BHIETb, YTO BCe AaJTOPHUTMB, MPOTPAMMUPYEMLIE C MO-
mouibio oneparopos FOR-NEXT, moryt Guith 3anporpaMMHpOBaHbI
H JpYrHMH cpeAcTBaMH s3blka beficuk. Hanpumep, mporpammuas
peanusauusi agroputMa cpencrsaMu FOR-NEXT, npusenennasi Bbl-
e, MOXeT ObIThb 3aMEHEHa PABHOCHJBHOH 3alHCBLIO C HCIMOJAb30Ba-
HueM onepatopa IF:

W aA=0o
w10 S |:ra=a-t+h

0+20 IF a<<=f THEN w410
o+30 BB XOL

*Tocnenuee 3aMeuanue He OTHOCHTCH K CAYYAl0 BAOXKEHHHIX UMKIOB (CM. Adlb-
LI€), KOrjla B ONHOH CTPOKE MOXKET pasMelaThCsi HeCKOAbKO omeparopos NEXT.
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Fr=ln(x+7)/(x%+1)
—> X:=0 neYATs X, e
X:=X+0,05

Puc. 43

IlpuBenenHas BbinIe 3aMMChb MOXKET PAacCMaTPHUBATLCA KaK Ompe-
nejenye onepatopoB nukira FOR-NEXT. Tem He MeHee McCHOJBL30-
BaHHe ONEepaToOpPOB UMKAA (TaM, I'le 3TO BO3MOXKHO) mno3Bojsier 60-
Jiee JIaKOHHUYHO OIIHCHIBATh LHUK/JIHYECKHE aJTOPHTMBI MO CXeMe
HUKJI-A0. Tak, HanpuMep, mporpaMMa reHepHPOBaHUs YJIEHOB [10-

2

CACHAOBATEJNBHOCTH C OOLUM YICHOM @)= (cm. cxemy Ha pH-

k
B 41
cyHke 39) moxer GbITh COCTaB/eHa H T8KHM+06p330MZ

10 REM A=K 42/(K43+1)
20 REM FOR-NEXT

3¢ FOR K=1 TO 1¢¢

40 A=K +$2/(K $34-1)

5¢ PRINT //A (//; K; //)=//; A
60 NEXT K

3mech Teno uMkAa coctaBasfoOT cTpoku 44 u 5@, napamerpom Hukaa
apjasiercst nepemeHHana K (eolpaxkeHne STEP! B sarosoBke uukia
ONYILEHO).

BauskuMH 1o xapakrtepy K a/jroputrMaM reHepUpOBAHHS UJEHOB
YUCJIOBOH MOC/EJOBATENbHOCTH SBJSAIOTCSA AJTOPHTMBI  TaGyJHpO-
BaHHA (DYHKUHH.

IIpumep 455 CocraBute nporpammy TabyJHpOBaHHA
dyHKUHH ‘

v In{x41)
f(JC)——- x7+1
Ha orpeske [0; 1] ¢ marom 0,05.
Cxema agroputma tabynupoBanus (LIMKJI-ZIO) wusoGpaxena
na pucyuke 43. Ilporpamma Ha a3bike Beficuk:

1§ REM TAB .

2¢ pRINT IIX/I’ IIF//

3¢ FOR X=¢ TO | STEP. §5
40 F=LOG (X+1) / (X $241)
50 PRINT X, F .
60 NEXT X

[TporpaMmma Oyjaer BHIBOAHTH [B€ KOJOHKH YHCJOBBIX 3HAYEHHI:
cleBa — 3HAaUeHUs1 apryMmeHTa X, cnpaBa — 3HaueHHst ¢yukuuu F.
CpaBHHBasi 3Ty MHpOTrpaMMy ¢ HPOrpaMMOH, COCTaB/JEHHOH B INpH-
mepe 1.5.3 (n. 1.5, c. 43), MOXKHO caenaTh BLIBOL O TOM, HACKOJbKO
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s¢peKTHBHee pelleHHe NpPOrpaMMHpyeMbIX 3ajad Ha MHKPoIBM,
obsafalouiell sI3bIKOM BLICOKOTO YPOBHS, IO CPaBHEHHIO JaXe C [0-
CTATOYHO XOPOUIHMM HPOTPaAMMHPYEMbIM MHKPOKAJIBKYJAATOPOM.

Onepatopnl 1iukaa FOR-NEXT woryr 30¢eKTHBHO HCIOJb30-
BATbCS I[IPH COCTABJEHHH IIMK/JIMYECKHX flporpaMM, paboTaouiux c
MaccHBaMi. B sispike BeficHK paspeilieHO HCHOJAb30BaTh TOJNBKO OJHO-
MEpHble H IBYXMepHble MaccuBbl. IIpH 3TOM OHH HOJIKHBI ObITH 00s-
3aTeJbHO OMHCaHbl B nporpamme. OnucaHHe MacCHBa OCYHIeCTBJS-
€TCs ¢ MOMOUILI0 CEeUHANbHOTO onepaTtopa-onucartens DIM. Ilo sto-
My omnucanmio DBM pesepBupyer B maMsiTH HeoGXOAHMOE KOJIHYECT-
BO MecT A1s 3jemeHTOoB Maccusa. Omepatop DIM pasmemaercsa B
nporpaMMe paHblile, 4eM HauyHMHaeTcss padoTa ¢ COOTBETCTBYIOLUHM
maccusoM. OnucaHre BedeTcs Tak: Bojend 3a cjosom DIM momema-
eTcsl HMsSI MacCCHBA, a 3a HUM (B KpPYyTJbIX CKOOKax) BepxHHe rpaHH-
bl HHAEKCOB — AJI1 JNBYXMEPHBIX MacCHBOB uepe3 3anaTyio. Tak,
MaccHB @i, dg, .., Qoo OYAET ONHCAH caelylOUHM 06pa3oM:

DIM A (199)

MakcuMaJbHBIM HMHAEKCOM B A3blke DBelcuk asasiercss uucao 7999.
Onuum onepatopoM DIM MOXKHO omucaTb HECKOJbKO MAacCHBOB, B
3TOM CJyuae ONMHUCAHHS PA3JHUYHBIX MAaCCHBOB PAcroJjaraloTcs B CTPO-
ke onepatopa DIM uepes szamsatyio. Tak, Hanpumep, onucaHue
DIM T (58), X (4), I (14, 26)

pe3epBUPYIOT B NAMATH MeCTa JJIA ABYX OJHOMEPHBIX H OZHOrO ABYX-
MepHOoro maccuba. Kak ¥ mpousie CTPOKH MPOr'paMMbl, CTPOKH OIH-
CcaHufi MOJIyYdloT CBOM MOPSIIKOBLIE HOMepa.

IlIpumep 4.5.6. Jan onHOMEpPHBIH MaccuB X, Xz, .., Xi4
CocTaBUTb HPOr'paMMmy BbIUHCIeHHSI cyMMBb S=x,+ xo+ ...} xja.

Beop asemMenToB MaccuBa B namsatTh DBM, Kak H caM mporece Bbi-
YHCJIeHHH CyMMBbl S, HOCHT UMKJIHuYeCKHil xapakrep. B uessax cokpa-
IIleHHs1 IPOrpaMMbl 3TH JBa LHKJIa OGbeJIHHEHH B OAUH: U BBOJ Oue-
PEIHOTO 3JIeMEeHTa X;, H A06GaBJICHHE €r0 K HCKOMOH cyMMe S BXOASAT
B TeJIO OZHOTO H TOTO Ke Hukaa (cMm. cxemy Ha pucyHke 44). C no-
momibio oneparopos FOR-NEXT stor asroputM mnporpaMmupyercs
cJIefyI0IIMM 06pasoMm:

19 REM CYMMA MACCHUBA
20 DIM X (14)

30 S =0

43 FOR K=1 TO 14

50 READ X (K)

60 S=S+X (K)

70 NEXT K

8¢ PRINT “CYMMA S="; S
99 DATA 1,2, 3,4, 5,6, 7

10p DATA 8, 9, 10, 11, 12, 13, 14

B kauyecrBe KOHKpETHBIX 3HAueHHH B CnucKH omneparopos DATA
BKJIOUeHbl HaTypaJibHble yHesaa ot 1 no 14. C nomouipio onepaTopos
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a»

0o

g ] BBOA Xk
> So=S+Xgk

7

= K+l

851804 S |

Puc. 44

FOR-NEXT ocoGenHo 3¢¢QeKTHBHO TPOrpaMMHUpYIOTCS aaropUTMbl
C BJIOXKEHHBIMH LHKJIaMH.

ITpumep 4.5.7. CocraButh NporpamMmy BBbIUHCJIEHHS H MeYaTH
ajementoB tabauusl [ludaropa.

Ta6auna Iludaropa — 3To kKBajgpaTHassh MaTpulla H3 A CTPOK
u n ctoibuos. IlepBuili cTonfer U nepBas CTPOKa COCTOAT M3 HATY-

pajbHBIX uHcea 1, 2, ..., n, TaKk 4To JIeBBIH YIVIOBOH 3JEMEHT Qi)
paseH 1. Kaxablfl anemMeHT a;; onpejenserca GopMmyaoi:
a,-,-=i><j.

AJIropHTM MOXKHO HOCTPOHTH CleAYIOLMM 06pasoM: chopMHpO-
BaTbh HCKOMBIH [IBYyXMepHbIH MaccuB A M HameuaraThb ero B ¢opme
KBaApaTHOH MaTpuubl {(cxema MpHBeLeHa HA pucyHke 45). Asropurm
COJEepXKHT [Ba LHUKJIA: BHYTPEHHHH LHKJ, ONpeNesiOIINH 3J1eMEHTHI
CTPOKH (IpH 3TOM 3HAUEHHE | OCTAETCH NOCTOSIHHBIM, a i U3MeHsIeTCsl
oFf 1 710 n), U BHEIIHHH LUKJ, OCYIECTBJSIOUIHN NEePEXOL OT CTPOKH
K crpoke (j usamensierca ot 1 gmo n). Hckomas mporpamma 6yzner
cojepxarh ABa B/1OXKeHHbX whkna FOR-NEXT, npuuem napamerpom
BHYTPEHHEro HHKJ/IA CJAYKHT NepeMeHHas i, a BHEIIHero — nepe-
MEHHas j:

1¢ REM TABJIMLIA TTU®ATOPA
20 DIM A (19, 19)

3g FOR J=1 TO 1

49 FOR 1=1 TO 1¢

50 A (1,J)=I%J

60 NEXT I

7¢' NEXT J

80 MATPRINT A

99 END

. \ a,-j.'=1:/'
A : fe=1+1

l—-> Je=j+1 u ney. A

Puc. 45
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IlpuBesieHHast nporpamMma cocTaBjaeHa s n= 10 (10 crpox u
10 croabuoB). Ctpoku 4, 5@, 6() 06pas3yioT TeN0 BHEUIHEro LHKJA,

'KoTopoe Bhnosinsierca 10 pas (J=1, 2, ..., 10). IIpu stom crpo-
Ka 5f), ABAsACH TeJOM BHYTPEHHEIO MLMKJA, BhmoOnHsAercss 10 paa
(I=1, 2, .., 10)"ana kaxnaoro anauennst J. Takum 06pazom, CTpo-

Ka 50 B o6mel cioxHOCTH BhimoJHseTcs: 10X 10=100 pas.

[leuaTp pesysbTaTa OCYILECTBISETCS CHEUMAJbLHBIM ONEPaTOPOM
MATPRINT, KOTOpHH NOCTPOUHO BBIBOAMT /[BYXMEPHBII MacCHB
(marpuny) A B BHIAE:

2 3 4 b5
4 6 8 19 12 14 16 18 20
15

8 12 16 20 24 28 32 36 40

10 15 20 25 30 35 40 45 59

33 36 42 48 54 60

35 :

16 24 32 40 48 56 64 72 8
45

20 30 49 59 69 70 80 90 109
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KoHTpoabuble BOHipocCH

1. Kax nporpaMmupyiorcst 6azoBble cTpyKrypel LIMKJI-TIOKA u
HHWKJI-O B ssbike beficuk ¢ nomousio onepatopa IF (Bce cay-
yap)?

2. B yem 3akmoualoTcsi OCOOEHHOCTH UHKJIHUECKHX MPOrpamm,
COCTaBJIEHHBIX HAa OCHOBE aJITOPHTMHUYECKHX O6a30BBIX CTPYKTYP
HMKJI-TTOKA u HHUKJI-JO, u Kak 310 ciefyeT yyHTBIBaTh B NpO-
rpaMMHPOBaHHH?

3. Kak .3anuchiBaloTcsi M Kak [edCTBYIOT ONepaTopbl IHK/A
FOR-NEXT? Kakasa u3 CTPpYKTyp HHK/JIHUECKHX aJIrOPUTMOB peasiu-
3yeTcsl 3THMH omnepaTopamMu? . ,

4. Kak cocraBifloTcsl ONHCAHHS MAacCHBOB B Nporpammax Ha
Asbike Deficuk?

YnpaxHeHus

1. CocraBuTh mnporpammy reHepupoBandst 50 q.neHoi}_ nocneno-
k
. k405"
a) c¢ ucnoJan3oBanuem onepatopa IF (no cxemam ILIMKJI-TIOKA
n UHUKJI-00);
6) c ucrnosnb3oBanuem oneparopoB FOR-NEXT.
2. CocraBHTh mporpaMmbl TaGy HpOBaHUS GYHKUHH:
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BATeJbHOCTH, 3alaHHOH JopMyJsoH obiiero uneHa b,=

a3
a) f(x)=gl—s-_li_“7j£ Ha oTtpeske |—umx, n] ¢ marom 0,1;

6) f(x)={ V2xP 1, Ix] <4

In(x—0,6), |x|>4 pnra x=—10, —9, ..., 10.
3. Hau pan:

iDMs
N
.
°°| =
_|._
o
+

CocTaBuTh MpOrpaMmbi:

a) BBIYHCJIEHHMs CyMMHl IepBbIX N WieHOB psina;

6) BBLIYHCIEHHSI CyMMbI BCEX NEDBLIX UJIEHOB psiia, BeJHYHHA
KOTODbIX He MeHbllieé 33aJaHHOIO 4YKCJa & (3HaueHHs mapamerpoB N
H & ONIpPelesIIOTCA NPH BBOJE).

4. CocTaBHTb NMPOrpaMMy BBLIYHCJIEHHSI CYyMMBbI:

50
3
nt
n=1

IIpumeuanue HcnonbsoBaTh peKyppeHTHYIO dopMyay, CBsi-
3BIBAIOILYIO JBA COCEJAHHX YJeHA PAA.

5. CocTaBHTb MPOrpaMMbl MOHCKA MAKCHMAJBHOTO 3JEMEHTA:

a) B ONHOMEPHOM MaccHBe (CM. CXeMy Ha pucyHke 27, c. 91);

6) B IBYXMEepHOM MacCHBe.

6. CocraButb nporpaMMy BbIYHCJAEHHS] 3HAueHHH (yHKIUH
f (x, y)=~/x"-+y* A1A BCEBO3MOKHEIX 3HAUCHHH X H y M3 NIOCIE0Ba-
TeNbHOCTEH: X1, X2, ..., Xm U Y1, Y2, woy Yn.

4.6. 3arpyska, pejaKkTHpOBaHne W NYCK MPOrpamMmbl

Paccmorpum nepeuerh JeHCTBHH, KOTOpHIE JOJIKEH Ipoje-
Jarth nonb3oBatens IBM «Mckpa-226» pasi BBoma W mycka mpo-
rpaMmBl.

[Tocae BrMOUeHHS MAMIMHBI M 3arpy3KH HeOOGXOAHMMOro MarteMa-
THYECKOro OGECleueHHsl Ha 3KpaHe JHUCIIess (QHKCHPYETCS KOH(pH-
rypaums:

READ Y

JT1o o3Hayaet, 4To DBM He MPOM3BOAMT HHKAKHX ONepalHil H roTOBa
K npuemy HHpopmauuu. CumBoJ __ (Kypcop) Bceria NoOKas3biBaeT
MECTO 3KpaHa, Ha KOTOpoM 6ylaer otoGpakeH ouepeHOH BBOIUMBII
¢ KJaBHIIHOTO YCTPOHMCTBA CHMBOJI.

Ins 3arpyskH TeKCTa NPOrpaMMbl HCHOAb3YeTCH KJIABHIIHOE
YCTPO#CTBO, ofecneunBaoLiee BO3MOXKHOCTb BBOJA JIOGOro CHMBOJIA
andasura ssbika DBeficuk. TlpuBegem kpaTkoe omucanue cocraBa
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KJaBHaTyphl M Ha3HAUYCHUA ‘otnenbubix knaBum. Ha kiaBHiHOM
yCTpOHCTBE YC/AOBHO BbIAGAIOTCA 8 (PYHKHHOHANbHBIX 30H (pHuc. 35,
c. 99). Knapnarypa nepBo#l 30Hbl paboTaeT B TPEXPErHCTPOBOM pe-
skume. HY>KHUH perucTp cosepkKMT onepaTophl siabika bBeficHk. Bepx-
HHUH PErHCTP 30HHBI CONEPKHUT NPOMUCHBIE PYCCKHE H JaTHHCKHE OyK-
Bbl (B 3aBHCUMOCTH OT MOJIOXKEHHS TepeKJouaTe/st «aat/pyc») H
cnenHanbHble cHMBOJIBL. [lepexon Ha BepXHHH H HHXKHHE PErHCTpHI

OCYIIECTBJSIETCSI ~ COOTBETCTBEHHO KJAaBHIAMH | SHIFT H

SHIFT LOCK |, npuueM mpH mepexoje Ha HHMXKHHH pPerucrp
3aropaercsi HMHAHKaTopHas Jawmnouka. [locie HaxkaTHs K/aaBH-

10103 SHIFT LOCK
B TOJIO’KEHHH HHJKHEro perdcrpa, H 3ta (ukcauus cHMUMaeTcsl Ha-

JKaTHeM KJaBHLIH I SHIFT |. Ilpn nepexone Ha BepXHHH perucrp

HyxkHO Haxarth kiaasuwy | SHIFT | u, He ornyckas ee, HaxaTb
TpebyeMyiO0 KJaBHIIY.

Bropasi 30Ha, HMeloWlass OJHH PErHCTD, COAEPKHT KJIABHIIH YII-
paB/ieHHs] CUeTOM H KJaBHIUM PeJaKTHPOBAHHA NPH BRoje. TpeTba
30HA COMEPXKHUT CTAaHAAPTHYIO LHGPOBYIO KlaBHATYpy AJA Habopa
JNEeCSATHUYHBIX LUHP ¥ decATHYHOH TOukH. UeTBeprasi 30Ha UMEET OLHH
PETHCTpP M COJEPIKHT YaCTO HCIOJb3yeMble onepaTophl sibika. [lsTas
30Ha, HMeOUasi IBa PEerucTpa, BK/IOUaeT apuMeTHYeCKHEe oliepa-
UMH M cTaHaapTHbie Maremathueckue ¢yuknud. [llecras 3oua, umeio-
Has OAMH PErucTp, COAEPKHT KIABHUIH pelaKTHPOBAHHUS TEKCTA MPO-
rpammbl. CefbMasi 30Ha HMMeeT jABa peructpa M 16 kaasum. Bocs-
Masi 30Ha, HMEIOIasi OJJHH PErucTp, COAEPKHT WeCTh KIaBHIU yNpaB-
JIEHHSA KypPCOPOM.

Oto6pazkenue BBOAUMOIN C KjlaBHaTypbl B mamaTte IBM undop-
Malld{ Ha 3KpaHe JHCIVIes] AaeT BO3MOXHOCTb KOHTPOJIHPOBATb NPO-
liecc BBOJA, a TAaKXKe pPeJakTHPOBAaThb BBOAMMYIO HH(popmauuo. Beox
roroBof HHGOpPMALMH C KJIABHATypbl BeleTcA NOCTPOUHO, HAYHHASA
Ka)Xaplil pa3 ¢ Homepa crpokH. Homep CTpOKM MOXKHO BBOAMTH Ha-
KaTHeM COOTBETCTBYIOLIMX LHGPOBBIX KJIABHII, HO MOXHO BOCIOJb-

30BaThcsi M creunanbHoil kiasumeidn | STMT NUMBER | (sfa-

KJaBHATypa IepBOH 30HBI (PHKCHpyeTcH

~tement number — nomep uHcTpykuuu). IlepBoe HaxkaTHe 3TOH KJa-
BHIUH BBOAMT HOMep CTpokH, pasBHbii 10. [lpu wkaxkgoMm nocrenyio-
HleM HaxKaTHH BBOJHTCH HOMep oyepelHOH CTpokd, Ha 10 Goabuiui
npeapiayuiero. FMIMeHHO 1o 3TOH ApUUHHE NpPH COCTABJEHHH TPO-
rpamMmbl CTPOKH yN0GHO HyMepoBaTh JecfAiTKaMH (pasyMmeertcs, JIOGOH
ApYroit HoMep NnpH HeOOXOAMMOCTH MOXKeT GbiTb BBeJ€H € MOMOILbIO
06bIuHbIX UH(GPOBBIX kKaaBul). [ocse naGopa noJHOroO TEKCTa CTPOKH

Ha)KMMaloT KiaBHlIy nepexofa Ha HoBywlo cTpoky | CR /LF

[Moka mwe waxkara knasuma J CR / LF |, TekcT BBOOUMOH cTpO-
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KM MOKHO OTPElaKTHPOBaTh, Heloab3ya knasuwu | BACK SPACE

u | LINE ERASE

C nomompio knaBuwn | BACK SPACE | moxHO OcyﬁLGCTB-

JSITh MOCHMBOJIBHOE CTHPAHUE TEKCTA B JABUKEHUU ClIPAaBA HAJEBO.
Hanpumep, BBeJH Ha 3KpaH OUEPeHYIO CTPOKY TPOrPaMMBI: :

189 A=5+SQR (24COS (1__

4 Hajxo omu6GouHo BBemeHHoe uMs1 (ynkuuun COS ucnpasuth Ha

SIN. Torza natuxkpaTHhiM Haxartuem kaasum | BACK SPACE
MoouepeHO CTHPAIOTCA CHMBOJIBI

1( SOC

ITocje uero CTpPpOKa HMeEeT BHI:
180 A=5+SQR (24 _

Besen 3a 9THM OGBIYHBIM 06pa3oM BBOAUTCHA NPABHJbHBIH TEKCT.

Crupanue Bcelt cTpokH A0 HaxkaTHs Kaaeuwy | CR / LF | mox-

HO OCYIIeCTBHUTb C [IOMOLUBIO KJIAaBHIIU LINE ERASE

Ilocsnie Ha)kaTHa 3TOH KJaBHIUM TEKCT NMPOrpamMmbl Hcuc3aer, a Kyp-
COp CTAHOBHTCS B HayaJbHOE MOJOXEHHE CTPOKH, UTO TO3BOJSET-
BBOAUTDL /1060 xenaemblit TekcT. OTpefaKTHPOBAHHASI CTpPOKAa Ha-

x)artuem kaasuiin | CR /LF | BBoautrest B mamsitb DBM. 3atem

HaXXUMalOT KJaBHINY STMT NUMBER |—u DpOHCXOAHT Te-

PEXOR K ouepeHOH CTPOKE HpPOIPaMMBbI.

ITpy Heo6GXOAMMOCTH pellaKTHPOBAHHS NPOTrPaMMHON CTPOKH, yXKe
BBeJleHHOHl B NMaMATb, HEOGXOAHUMO TNMEPEBECTH 3Ty CTPOKY B COCTOf-
nve pepaktuposanusi EDIT. [las storo Hago HaGpaTb Ha LHGPOBOH

KJIaBHaType HOMEp CTPOKM U HaxaTbh Kiasumy | EDIT l— 0KO0JIO
HaGpaHHOTO HOMepa CTPOKH CJeBa MNOSIBUTCS 3BE3J04Ka. Bceses 3a
39THM HaXXHMaloT KJaBHUIY RECALL |—wu cTpoka Bhi3HIBa-

ercst Ha 3KkpaH. Jlns penakTupoBanna B pexume EDIT ncnoabsyior-
CAl KJaBHLIH:

DELETE — CTHpaeTcsi CHMBOJ HaJ KypCOpOM, a uyacTh
CTPOKH CilpaBa OT Kypcopa CABHTaeTcsi BJE€BO Ha OJHH CHMBOJ,;

ERASE — CTHpaercss 4acTb CTPOKH, paclosoKeHHas

CrpaBa OT MECTOIOJIOXKEHHSI Kypcopa;

INSERT — pa3JBHTAaeTCA CTPOKa AJS BCTABKH CHMBOJA.

Jlnd ynpaBieHHS MNOJIOXKEHHEM Kypcopa Ha moJe AHCIJes He-
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NOJIL3YIOTCA IIECTDb KJIaBUILL Knasumamu |-—>| wu CMQHJ,aIOT

Kypcop BIPAaBO WJH BJIEBO IO CTPOKE IPOrpaMMbl Ha OJHO 3HAKO-
mecto. JlJisi YCKOpeHHOrO mnepeMelleHHs Kypcopa Io TOPH3OHTANH

HCMOJIp3YIOT aHAJOTHUHbIC KJAaBUIIK |--»] H |¢--], CMeUlalomHe Kyp-

cop cpasy Ha nsTh 3HakoMmecT. CMellenne Mo BepTHKaJH (Hepexop
Ha CTPOKY BHIIIE HIH HHXKe) JOCTHraeTcsl HajKaTHEM KJaBHII

l TI u | | |. Knasumm pepakTHpOBaHHSI H YNPaBJEHHSI KYpcOpoMm

JEeHCTBYIOT B Npejesiax peJakTHpyeMoii CTPOKUM (mporpaMMHasi CTpO-
Ka MOXeT 3aHHMaTh TPH CTPOKM 3Kpana). OTpeaakTHpoBaHHAs

CTPOKa HaxKaTHEM KJaBHIIH CR/LF BBOJHUTCS B HaMSITh

SBM. [lis moJHOH 3aMeHbl CTPOKH, HaxoAasireficd B mamard DBM
Ha HOBYIO, CJIefyeT BBECTH HOMEp 3TOH CTPOKH, HOBBIH TEKCT H Ha-

JKaTh KJaBHIIY CR/LF UTo6bl BBENEHHYI0 CTPOKY CTe-

perb H3 NaMsaTH, Ha0HPAIOT Ha KJIaBHATYpe ee HOMEp M HaXKHUMAIOT

CR /LF

Tlocse Toro kak BcH mporpamMMma BBeJeHa B NaMATh MallHHLI
H OTpelaKTHPOBAHA, MOXHO NPHCTYNHTb K ee BhIMoaHeHuio. [Tyck
NporpamMMbl CO CTPOKH € HAMMEHBUIMM HOMEPOM OCYILECTBJSIETCSH
¢ nomomnio oneparopa RUN, nas yero mnociefoBaTesNbHO HaXKH-

Mmatotca kjaasumu | RUN| (soHa 4) u CR/LF . B o6-

IEM CJy4yae NnporpaMma MOXKeT ObITb NyilieHA ¢ J060H CTPOKH, a He
TOJIKO € NepBOH 1O NOPsAAKY HOMepOB, T. e. onepatop RUN moxer
HCNOJb30BaTLCA B BHJE:

RUN << HOMep cTpoKH >,

rae <CHOMep CTPOKH > SIBJSIETCSI LEJNBIM YHCJIOM, YKa3blBalOLHM
Ha HOMep HayaJbHOH CTPOKH NMPH NYCKe MpOrpaMMEL.

TekcT mporpaMMbl HpH KeJaHWH MOXKHO BBHIBECTH Ha IeyaTalo-
Iiee YCTPOHCTBO, IJISl STOrO HAMO HAKATHL KAABHIIH:

HJIH BbIBOJA pe3y/JbTaTOB HA IeyaTalollee YCTpOﬁCTBO' HaxXumaloT-
CA KJVIaBHIIH:

[SELECT|[PRINT T CR/ LF|.

-

I'Iepexmoqeﬂue BbIBOJI2 HA 3KpaH NPOH3BOJUTCH KJaBHIIAaMH:

SELECT PRINT- 5|[CR/LF
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J1s1 OuMCTKH MaMATH MAaWMHLL OT XPaHSALIHXCS B Hefl mporpamMm
U JAHHBIX HaXKUMAIOTCH KJIaBHIIM:

CLEAR CR/LF

Ha nepezHeii naHesn KJA2BHIUHOTO YCTPOHCTBA PACIIONOXKEHA KHOI-

ka |RESET!|, ucnonbayemas nif NOjaud KOMAaHAB aBapHEHOro

octaHoBa. HaxkaTHe KHONKH RESET

HeHHE omepaTopa, AefCTBHS YCTPOHCTB BBOJA-BHIBOJA H HepejaeT
ynpaBJieHHe mnoJb3oBartesio. IIpH HapyueHHH KaKHX-1HM60 NpaBHJ
o6pamenuss ¢ DBM oHa BbizaeT coobuieHue o6 olnHOKe B BHAE TEK-
cra ERROR XX, rae XX -— Homep oumin6GKd, N0 KOTOPOMY B TEXHH-
4yecKoll JOKYMEHTAlLMH MAllHHbl MOXXHO HAHTH OObsICHEHHE HPHUHH
OIIMGKH M PEKOMEHJIallUH 1O ee yCTpaHeHHI0. B mpuyoxeHHH naHbl

npeKpalaer BbINOJ-

- HEKOTOpble cBeleHHsI 06 onIH6Kax.

[pasuna 3arpy3kd M PellakTHPOBAHHA MHGODMALMHU JJIsl PA3HBIX
MHKPOOBM muMeloT MHOro o6uero, HO BMECTe C TEM PasjHuYHb B 3a-
BHCHMOCTH OT KOH(HUIypauUHH KJIaBHATyphl, OCOGEHHOCTEH OmepauM-
OHHOH cHcTemb! H-T. n. Heo6xoaumble yTOYHEHHSI BCEerja MOXKHO
HalTH B TEXHHYECKOH JOKYMEHTalHH MHKPoDBM.

KoHTpoJabHLEe BONPOCH

I. KakoB cocraB kiaasuarypsl MUKpOoDBM «HMckpa-226» u Ha3na-

YeHHe OT/AeJbHBIX IPYNN KJiaBHUI?

2. Kakue neiicTBus NPOM3BOAATCA MPH 3arpyske CTPOKH Mpo-
FpaMMbl?

3. Kak pelaKTHPyeTCA TEKCT CTPOKH AO 3ATPy3KH €€ B NaMATh?

4, Kak pejakTupyercss TeKCT CTPOK, BBEJEHHbLIX B MNaMATh
dBM?

5. KakuM 06pa3soM TEKCT BBENEHHOH B NaMATb CTPOKH 3aMeHs-
ercs noJHocThio? Kak cTupaercsi H3 nporpaMmsl CTPOKa NMPporpaMMel?

6. Kak ocyiuecTBasieTcsl IMyCK BBEJCHHOH M OTPeJaKTHPOBaHHOH
IPOrPaMMbl?

7. C noMoIupio Kakux onepauu# TeKCT NporpaMmsl K pes3yJbTaTHl
ee paGoThl BHIBOASITCS HA Iedartaioliee yCcTpoHCTBO?
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Faaea- b
JIABOPATOPHBIAH NPAKTHUKYM

Hapsiny ¢ JekuusiMi M NpaKkTHYeCKHMHU (ceMuHApCKUMK) - 3aHA-
TUSIMH B J1a6OpaToOpHON YaCTH Kypca NMpPeAyCMaTPHBAETCA BhIMOJIHE-
HHE HHIMBHAYaJbHbIX 3a]aHMil B (opMe ABYX J1aGOPATOPHBLIX pa6oT.
Henb na6opaTopnbix 3aHsITHII — 3aKpenJieHHe H 0TPaboTka B yCJo-
BHSIX NOCTOSIHHOrO JOCTYNA K BBIYHCJHTENbHOH TeXHHKe (MHKPO-
KaJbKyJIsATOpbl, MHKPODBM) OCHOBHOrO comepaHusi yueGHOro Ma-
TepHasa.

B' nacrosime#l rsiase onmchiBaloTCsl 3a4aHusi K Ja60paTOPHBLIM
paboTaM M KpaTKHe YKa3aHMs K MX BbINOJHEHHIO.

5.1. JlaboparopHas pabora 1

Tema. MeToznsl NpUGAHIKEHHBIX BLIUHC/IEHHUII.

3apanue 1. Yucno x, Bce uudpsl KOTOPOro BEPHB B CTPOrOM
CMBIC/Ie, OKDPYIVIHTH IO TpeX 3Hauawux uuop. [as nodyyeHHoro
YHCJA Xy A2 X BBIYHCJUTL IPaHHLLl aGCOMOTHOW: U OTHOCHUTENBLHOH 10-
rpelrHocteil. B 3amucH yucaa x; yKasaTb KOJIHYECTBO BEPHBIX LUbP.

3ananue 2. BeluHCIHTB 3HaYeHHE BEJHUHHB 2 C MOMOIIbIo MK
NpU 3aJlaHHBIX 3HAYEHHSIX MapaMeTpoB a, b W ¢ TpeMsi cnocoGamu:

a) 1o MpaBHJIaM NOACYETA LHPP;

6)“c CHCTEMATHYECKHM YY€TOM TpaHHL aGCOMIOTHLIX HOrpenI-
HOCTel;

B) 10 cnoco6y rpanul.

Hcnonbsys nasi BLIUHCIEHHH MHKPOKaAbKYJASITOP, B KaXKAOM H3
Cnoco6OB BEIUMC/IEHHI PHMEHHTb METOAMKY IMOONEPALHOHHON U HTO-
rOBOM OLEHKH TOYHOCTH BHIUMC/IeHHHA. CPaBHHTb MNOJIy4YeHHblE pe-
3yJMbTaThl MeXXIy CO0GOH, NMPOKOMMEHTHPOBATb pa3/HuHe MeTOH0B
BBIYHCJIEHHH H CMBIC] TMOJYYEHHBIX UHCJIOBLIX 3HAueHHIL.

3apanue 3. Boluucants ¢ nomomsio IBM sennunny z npu 3sa-
JaHHBIX 3HAYEHMAX @, b U ¢ ABYMA cliocobamu:

a) ¢ MalIMHHBLIM OKpYIJIeHHeM pe3yJbTaTa 110 NpaBHJaM MHOJA-
cuera uudp ¢ npuMeHenneMm ¢pynkuud ROUND;

6) c mojacyeTOM rpaHHLBI aGCOJIOTHOH MOTPELIHOCTH Pe3y/bTaTa
U MOCJeyIOIHM PYYHEIM OKpyrJendem. M1 B ToM u B apyrom cayuyae
CONOCTABHTb MOJIyY€HHbIE OTBETHl C PE3yJbTAaTOM BHINOJHEHHS M. )
3apanusa 2, :

llosicHenuss k BbINONHeHHI0 naGopaTopHoit pa6orm 1. Mcxonmuble
JaHHble /151 BBINOJIHEHHSI 3aJlaHuit comepxkarcs B Tabauue 5.1. (uuc-
Ja x, a, b, ¢ — npuGIHKeHHbIE, B HX 3alTHCH BCe LHPbI BEPHLI B CTPO-
roM cmbicje, Ko3$Q(HIHEHTE — TOUHLIE YHCaA).
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Ta6auwuwa 5.1

Ne

¢

b
1| 3549 %T— 0317 3,27 4,7561
2| 732147 _‘flbit”)_ 10,0399 4,83 0072

—ac
3| 35,085 va+ 1,574 1,40 1,1236
3a—¢
4| 7544 _ab—de 12,72 0,34 0,0290
’ Ina-43b
a—tgb 3,49 0,845 0,0037
5| 198,745 e ;
36 : B
6| 374781 acd3b 0,0976 2,371 1,15874
b —c¢
In(a—b ‘
7| o0.183814 nta—b) 82,3574 34,12 7,00493
Vb+c
btcose 0,11587 4,256 3,00971
8| 0000145 e
ol 113721 a=b 3,71452 3,03 0,765
“ab4c¢
10| 02538 dna+4b 7,345 0,31 10,09872
ab—c
2
11| 102118 btlnc 0,038 3,9353 575
Ve—a
: 21g la+b) 02471 0,0948 37:84
12| 4,304 : :
atc—+b
13| 08437 _Avade 1,284 4,009 32175
ab—c¢
14| 12066 sin(a—b) 18,407 149,12 92,3078
’ ctalnb :
‘ 0.8 1nb ‘ |
15| 48,847 IR 29,49 87,878 4,403
: ‘\/a +¢
W \/5
e 74,079 5,3091 6,234
16| 19,2039 s
~ab ;
1. _vab 3.4 622 10,149
17| 281 o

5*
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IIpodonscenue

Ne x 2 a b ¢
18 | (b—c). 405 6,723 0,03254
0012147 5T , & J
' , Inb—a
19| 0,86138 > 0,7219 135,347 0,013
a*—12¢
PR
20| 0,1385 Sna 3672 4,63 0,0278
a-3c
10c4-+/b
21| 23,304 0 _\f 124734 0,346 0,051
{a—¢)f
22| 0,003775 11,7 0,0937 5,081
Va+3b
23| 718,54 a—sin
6 1,75 1,21 0,041
24| 9,73491 Nb—c 18,0354 3,7251 0,071
Ina--b6
Inc—10a
251 11,456 me—'te 0,113 0,1056 89,4
~/be

st BeinosiHeHns 3apannid 1 u 2 Heo6xomumo npopaborath Ma-
TepHaJs raas 1 u 2, BeinosHAs ¢ nomoubio MK npuBeieHHBIE B TEKCTE
nOpuUMepsl M yIpaKHeHHs1 B KOHIE naparpados. -

Il BLIMOJIHEHHS! 3aMaHWSl 3 COCTAaBJAIOTCA ABE INPOCTHIE MPO-
rpamMmbl Ha DBM.

B nepsoM ciayyae ¢ yuyeTOM TOUHOCTH 3ajJaHHBLIX 3HayeHHH a, b
H ¢ 10 NpaBUJaM NOAcYeTa LHGD JesnaeTcsd MPUKHAKA TOYHOCTH pe-
3yJbTaTa ¥ YCTAHABJHBAETCH YPOBEHb €ro OKDYIVIEHHS 1, KOTOPLI
3aTeM HCHOJb3yeTcsl Kak BTopod aprymeHT ¢dynkuns ROUND. ITycrs,
K mpuMepy, Tpe6yeTcsi BBIUHCIHTD 3HAUeHHe BbIPaXKEeHHS

~x

=D

s sHavendid x=3.91, y=4.08, {=0.826, y KoTophix BCe UHGPH
BEPHBbI B CTPOrOM CMbICJe. 3aMeyaeM, YTO NPH 3THX YCIOBHSAX MO mpa-
BHJIaM mojcyeTa UHp 3HAyeHHe apryMmeHra Jorapudma, a cjenoBa-
TeJbHO H 3HAuU€HHe camoro Jjorapudma, 6yleT HMeTb He MeHee Tpex
3Hauamux uHdp. Takoe ke KoJHUeCTBO 3Havaliux wudp O6yner
uMerb H yucauresnb. Orciofa cieayer, yToO W caMm pe3yabTat 6yAeT
HMETb He MEHee TpexX BepHHX 3Hauyamux uu¢p. Kpome atoro, npu-
KHJKa MNOKa3blBAaeT, YTO Ue/asi 4acTh pe3yabTara 6yjaer uudpoi
oaHo3HauHo#. OTciofa cienyer, uTo NO NpaBHJIaM nojcyera uudp
HCKOMBIH De3yJbTaT 2 JOJIKeH GbiThb OKPYIJIEH A0 cOTHIX. [Iporpamma:
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190 REM Z==SQR (X)/LOG (Y—T 42)
20 REM TIPABMJIA TIOJICUETA LIU®P
30 READ X, Y, T
49 Z=SQR (X)/LOG (Y—T $2)
50 PRINT "Z="; ROUND (Z, 2)
60 DATA 3.91, 4.08, §.826
7¢ END
RUN
Z =162

Bo BTOopoM ciyuae cocTaB/sieTcsl MporpaMma C BBIUHC/JGHHEM H
neyartblo z ¥ Az. [Ins BoIUHCAEHHA 3HAYeHUA AZ B IPOrpaMMe HCIO/b-
3yeTcsl .MeTOJAHKa HTOrOBOH OLEHKHM TIpaHHUB alCcoOMOTHOH norpeui-
HOCTH pe3yJbTaTta.

CocraBuM Tpe6yeMyio NpOrpaMMy AJfl BHIUHCJIEHHS] 3HAUEHHS BbI-

X
paxeHus z=ﬁj/_:—t"’7 INpH TE€X K€ 3Ha4YCHHSIX HCXOJHbIX MHaH-

(v

HeIX x, y, t. Tlpumensis nociaegoBatesbHO (OPMYJH JJsA NOACYETA
rpaHdl, a6COMIIOTHBIX IIOTPelIHOCTed apH(MeTHUYeCKHX [NeHCTBHH
(cm. Tpuaoxenue 1) u snemenrapHbix ¢yskuuil (taba. 2. 1, c. 65),.
MOJIY4HM:
Vx:Aln (y—£)+1In(y—12ARx _

In? (y— %) -
_2x (Ay+2t A)+-Ax (y—tH) In (y—1%)
T 2=t y—0) '

- Huxke npuseAeHa nmporpaMma Ha si3bike DBelicHK ¢ BbiBeleHHBIMH
HAa MeyaTh 3HAUEHHAMH 2 H Az (B nmporpaMme MOrpelIHOCTH 3Haue-
nuit X, Y, T u Z oGoanauensl cooTBeTcTBEHHO uepe3 X@, YR, T@, Z¢,
a snauenuss X@, Y@, TO onpenenenn us yciaopus, uto X, Y, T sanans
ux¢ppaMn, BEPHLIMH B CTPOrOM CMBbIC/E):

1§ REM Z=SQR (X)/LOG (Y—T 42)
20 CTPOTUM YYET ITOTrPEIIHOCTHU
30 READ X, X0, Y, YO, T, T
40 A=SQR(X):B=Y—-T 42:C=L0G (B)
50 Z=A/C ‘
60 ZP=(2+X+(YQ - 2+T+TP)4 XP+B+C)/(2xAxBxC 42)
70 PRINT "Z="; Z
8% PRINT "Z0="; Z0
99 DATA 3.91, .p@5, 4.08, .005, .826, Jp@5
160 END
RUN
Z=1.616681075569
Z0=3.30p1156E — @3
Cyif no seqduHHe NMOTPELIHOCTH, 2 HMeeT [BE BepHLIE B CTPO-
rom cmbicae nudpsl. Tlocse okpyraenusi nonyuaem:

2=1,62+40,01.

Az=
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. 5.2. Jlaboparopnasa padora 2

Tema. Pewenue 3anay Ha [TMK u mMukpo3BM.

3apanue 1. [lna 3apannolt QyHKuuu f(x) MeTogoM TaGymupo-
BaHHST JIOKZIH30BaTh KOPHH ypaBHeHHs [ (x)=0 (T. e. BBLOENHTb
110 BO3MOXKHOCTH HaHMEHbLIHE OTPE3KH, COJepKallie 0 OLHOMY KOp-
HIO) H HalT# NpuGIMKeHHble 3HaueHHs KopHell. Eciu kopHeil Gecko-
HEYHOEe MHOXKECTBO — B3AITb JBa-TPH KOpHA, GaMKaHIMX K Hauajay
koopaunat. ITocTpouTh rpacduk QyHKIHH Ha HCCAELYEMOM yuacTKe.

3ananue 2. IlocienoBatenbHOCT 3aaHa (POpPMYa0H 06LIEro YJe-
Ha Q. BHUHCAHTB: @) 3HAueHUs: NePBHIX 7 YJIEHOB HOCJEL0BaTENbHOC-
TH; 6) CyMMY n MepBbIX YJeHOB IOCJIENOBATEJIbHOCTH; B) CyMMy
BCEX WIEHOB MOCJEJ0BATebHOCTH, HE MEHbIIHX 3afaHHOrO YHCJAA &.

3apanue 3. Merosom Taby/nHpOBaHHS HCC/ICNOBATh 3aaHHBIH
npezesl GyHKUMH (B TOYKE MM Ha GECKOHEYHOCTH): a) yCTAHOBHTb
NpeNNoNOXKHTeIbHOE 3HAUEHHE npejena (BCe 3alaHHbIE Npelebl
¢byHKuMiA cywecTsylor); 6) HccienoBaTh NOBeneHHe (DYHKUHH B OK-
PECTHOCTH TOUKH (HJIHM, B 3aBUCHMOCTH OT 3a/1aHHsl, Ha -~ 0o H — oo );
B) cHesaTb BBIBOJ O CKOPOCTH H XapaKTepe CXOIHMMOCTH.

Iosichenust Kk BHINMOJHeHHIO JaGopaTopHOi paGoThl 2.

3ajaHusi K BBHINOJHEHHIO J1a60PATOPHOR PaGOThl 2 NpHBEAEHH! B
Tabavue 5.2. Bce TpH 3agaHHsI BBIMOJHAIOTCA NyTeM COCTaBJIEHHS H
peannsauuu nporpamm Ha IIMK nan MukpodBM.

~Tlepen Bbinonuennem sapammit 1 u 2 ciaepyer nompoGHO pac-
CMOTpeTb NMPHBEJCHHBIE B TEKCTe NpUMepH (ocoGenHo B n. 1.5 raasnl
1 un. 4.5 rnasel 4). 3HaueHHsl NApAMETPOB 7 H & AJisA 3a8aHusi 2 Bbl-
GHpaTh MPOM3BOJBLHO B 3aBHCHMOCTH OT XapakTepa (GopMyJibl o611ero
4JIeHa, a COOTBETCTBYIOLHE TPOrPaMMBl BLIUHCJ/IEHHH COCTABJATH TaK,
4TOOBl JONYCKaJOCh BapbHPOBAHHE 3HAUEHMH HCXOJHBIX JaHHBIX.

Ilaist BoinoNHEeHUs 3aAanusi 3 COCTABJSIeTCs] nporpamMma TaGyJH-
poBaHusl (PYHKIHH, HAaXOAAleHCHA MO 3HAKOM Ipejesa. Y4acTOK Ta-
OynupoBaHus BbLIGHPAETCsi Tak, uTOGHI, H3MEHSIT Ha HEM COOTBET-
CTBYIOIIUM 06Pa30M 3HaYeHHE apryMeHTa X, MOXKHO GblJI0 66 OTBETHTh
Ha 1locTaBJ/IeHHble B 3anaHun Bonpockl. [1pn ananuse npenesna pyukuun
B TOouke war TtaGyJHpOBaHHA BBHIGHpAETCA ,TaK, 4TOOBl 3HAaUYeHHE
apryMesTa npubJHiKaJoch K NnpefejbHoMY (NP XKeJaHHH MOXKHO I1O-
JyyaTh 3HaYeHHs] GYHKUMH /I «CTYLMAIOUIUXCA» 3HAUEHU aprymen-
Ta, ec/i TaGy/IHPOBATh HE C IOCTOSIHHBIM LIArOM, a H3MEHSITh apryMeHT
KaKuM-IH60 MOAXOASILIMM CHOCOGOM).

Touno Tak xe aHaau3 noBeleHust GPYHKIUHE NPH X —— oo NPOBO-
JUTCS IPH NOCTPOGHHHM TAaKOH INOCJAENOBATEJNHHOCTH 3HA4YeHHH x,
C NIOMOUIBIO KOTOPO#H MOXKHO 6blJIO 6bl CyJHTb O NMOBEACHHH (GYHKIHH
N1 JOCTaTOYHO GOJIbUIMX N0 a6COMOTHON BeqHYMHE 3HAYEHUH apry-
MeHTa*,

*[Mpu oToM, pasymeercs, HYMHO IIOMHHTH, 4TO BHIBOL O HalHUHH ppelena
GYHKUHM HeMb3st ReJaThb HCXOAS M3  T0C/I€JO0BaTeNbHOCTH 3HAYEHHH X 4YacTHOro
Buna. IlpumensieMuf B AaHHOM caydae UpHEM ONPaBRaH, ONHAKO, TeM, YTO MO
YC0BHIO 3aanus 3 Bce mpenenbl (pyHKUHI CYILECTBYIOT.
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Ta6awua 5.2

Ne 3anaune 1 3ananue 2 3ananve 3
1
o FE
1 2*—2cosx # lim e
2 X+
. L . x2—_5x4-6
2| VEFT—— X lim =222
X 3 x—+3 X —
3 5 : 3n—1 li cos X
| cosx—x 5aT 1 —;
x»?
2n°—1 . 3¢t —2
in x—0,2 lim ———
4 sin x — 0,2x e e S
" ‘1, x?—6x+8
5 tgx—05+1 ! ey X Bx 12
1 243
—x? lim
6 oS X — X Qﬁ_] M e
’ i i X —6x2 4 1lx—6
7 X—cosx—2 n—y1l—n xl_l;nl P )
8|  2+/x—cos0,5x¢ _ lim (sin yx4 1 —sin /)
x/n2+l X 00
1 n? lim sin x —cos x
9 ?——21“‘{ 42 o n—4x
. :
2n—1 . A FRt—2
H By — /1 — 1 OSSR N S
10 sin 0,0)C 1 X m x—lTl x—l—l
. n . cig x
i — ! 14t
i1 x sin x—1 L xr_r>n0(+gx)
12 tg 20 —3 " m 184%
‘ W n x>0 sin 2x
2+/n . Incosx
13 1,7—2 2 _— lim
cos =X w/n5+n x>0 ln(l+x5
2n+3 , x+N*
. n--1 . l=cos 5x
15 sin 4x—0,6 -:/—n—-i-_l- )Lo_.?___
32 . sin2x
) — lim
161 ¢—x—4 3ntt on x>0 X
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[Tpodorxcenue

Ne 3ananue | '3311“"& 2 3anaune 3
bn+4-3 . x2—T7x410
5
Ty xosinx e Ry )
n? 41 AY
— — i 1
18 #Inx—05 nt2n x.l.lTo( +?)
2 1 i X —
19 27 F—sinx ~—————-—f +n lim ____T___+xsmx !
’ e"+41 x>0 X
. 2n41 ‘ . 2x—-—I)"
20 3 —4x P xgmm prE)
21 10 si : | fim ——2
x— 10 sin x —
Y >0 YT r—1
2n-+1 .
— — . lim arct
22 x—cos x—1 T com gx
i/ 1 . tgx—sinx
23 In x-+~x nyntl tim £X—F02
nt 41 x>0 X
n . x+: x
—p—* . lim (
24 10x=e 1 xos o0 VX1
3n—1 -1
—— ——— li
25 2—x=lgx EPRE ol =1

TaGauna 5.3

[Tycts TpebGyercss HccnemoBaTh Npenen:

lim I —cosx
x=—0 0.5x

Bripaxenue mnoj 3HakoM npefesna npH x=0 JaeT Tak Ha3blBaeMYIO

«Heollpe/le/IeHHOCTh BU/A —8—». CocraBuM nmporpaMmy TaGyJHpPOBaHHS
I —cos x

byHKIHH f(x)=—Q5—x Ha ;
NpH YC/NOBHH, YTO BCe OCTaJbHble 3HAYeHHs] ¥ GYIAYT MOJy4aThbesi
N0 3aKOHY reoMeTpHYeCcKOM mporpeccHH co 3HameHartedem 1/2 (r1. e.
yMeHblIaThcA BABoe). ByneMm npeanosnarath, uTo HauaJbHOE 3HAYEHHE
aprymenTa x Haxoautcs B perucrpe X. Broluncienue sHaueHHSI QyHK-
uuH yno6Ho opopmuTs B BuAe noianporpammsl. Mckomas nporpamma
npuBeseHa B tabiHue 5.3.

Beeast sty nporpammy B namsrtb [IMK u Hauap BeluMcieHHs c
x=2, nosyuum Ttabauny 5.4.

[pononxkas nopoGHble BEIYHCIEHHS, CllELyeT HMETb B BHAY, UTO NPH
ONEPHPOBAHHHU C CYLIECTBEHHO MAJbIMH YHCJIAMH KaJbKYJISATOP MOMKET

MK-56 ¢ HavyasbHbIM 3HayedHeM x—=2

AaBaThb pe3yJbTaThl, He 3ac/JyXHBaloolHe noBepud. M3 mosyueHHoM

TaGJIMLBI MOXKHO CA€NaTh BLIBOJ, YTO IPEEIOM AaHHOH (QPYyHKUHH NPH
136

Anpec Komanza Buimonusiemoe peficteue
00 x=TI] 1 3anues x u3 peructpa X B Rl
01 IHH Tlepexon Ha nognporpammy
02 11 Anpec moanporpammsi
03 c/m OcTtaHoBKa ¥ uHouKalnua f(x)
04 M—-x| 1 Brizos x B peructp X u3 Rl
05 . 2 BBog uucna 28 perucrp X
06 - I Broluucsenne x=x/2
07 x=>T1} 1 3anuch x B peructp Rl
08 c/n OcTaHoBKa M HHAMKAUHA X
09 BIT Besycniopublil nepexon
10 00 Anpec GesycsaoBHOro nepexona
11 Briuucienne x?.

12 2 Beoa uucna 2 B perucrp X

13 <+ [ Boiuucsenne 0,5x°

14 x—>T1| 2 3anuce. 0,5x° B perncrp R2

15 M—->x] 1 BuisoB x B perucrp X us Rl

16 cos Brruncoienne cos x

17 1 Bsoa unena 1 B perucrp X

18 B Boiyucaenue cos x—1

19 | /—/ Briuncnenne 1—cos x

20 M—>x|2 Busos 0,5x% B pernerp X u3 R2
T 1 —cos x

21 E-:[ Bbluncaenne f(x)=——6—,§g——-
22 B/O' Bosspar k Komanae 03
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TaGanua 54 OTBETbl U PELIEHHS K YNPA)KHEHHAM

x . ‘ Fex) : IFaasa 1
2 0,70807345 _ 1.3
1 5 0,9193954 - ‘ ‘ :
0, 0,9793392 i .
0,25 0,9948032 : 2.a) x|+|y[X|z|l=| B) X|X|y|+]|z|=
0,125 0,9986944 ' ’
0,03125 0,9998336 ; — :
‘ x|—ly|x]|z |=‘ r) x|{+|y|X|z|+]|uel=
x>0 sBaAfeTcs, BeposAiTHO, yHcao 1. PyHKuMsA yeTHas, MO3TOMY Ipe- = X Xlzl—lul=
9y y y mp 6) x|+]y 2 _
' Jefbl clipaBa H cjeBa GYAYT OJHHAKOBBHI.

Ilpu ucnonp3oBannyu MUEKPoOBM mono6GHble HCCAEJOBAHHA NPOBO- + < —
JAATCS ¢ MEHbHIMMH 3aTpataMH BPEMEHH H, YTO OCOGEHHO BaXHO,. C X l— yl=lz|= Y z[t|u=
aBTOMAaTHYECKOH Bbliauell pe3y/bTaTOB HA NeyaTb, B TOM YHC/IEe H B
tdopme rpacdHuKoB. xt—ly|Xlz|—Ju|=

6)y\+rz+ /—/) x

4. 1) a) y|+|z|=lx|<]|=
g[=] z[+] = [<][=
6) y[+]z[=] x[=][=
b B i B

ry z|l—=lul={yle|l|—| x|]l=
A)y+z|‘—:—|u[—x<-> _|v —
e)y+-|2+u‘.—x<—>—v-—y_z=
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0) y[+] = [=][3A0] « [=][mr][=] Ias MK-41: .
a) alX|x|+]|b|X]|yl=

o [(Je[+]«D]=[e[+]vD][=]

w | » [« [+ D1F DB FDF2E
Ss SoficEnnnEnisE=lsE
n)y+z—u=3Anx|_:I/IH——v= 2E]

e) y.zr—:lul_l AT | x | = I/Iﬂkl_:—lv
— 3. Ha MK-41:

B) y|X|2T=||3A0} x | — I/IH“:|

a

r) z[=]«[=|[3210] y [+ HHIESAHx

a

+y|—| e"——ln _J (Orser 23,14)
6. a) a [X|[X][X][3A00] » [ x][wi][= n"—— 1 :[E (OTBer: 22,46.)

6) y [x]|[x ><|>< ><3AHx+|I/IH|=F

4, Ha B3-18A:

1.4 a) y [F][cos] [F][3aM] » [F] [uim] [=]
1. [F][1B][cH] 6) y [F|[cos|[F|[3ATI [F]V][F] ] [=]
2. Jlin MK «dnextponuka B3-18A»: 6) 6 [F E 3ATI aFE (F| [ [=
a)a><x=F3AHb><,yl_—i_—JFI/IH|= F)CSAanarCCOSFH+yF

6)a[3:|xz|m3Anb+yi-p I/IHF] ﬂ+yY;—Tx:?E|FHHF-|=
B) |—F_] 3Al} a —ﬂxl_r—-—lm T+ x? bmy[:‘ Ha MK-41:
H+X2 F {{UII \ a)x—:~ycos|_=

r)bXXFl3AHy><><,FH~—a+x=» 6)x\f+ycosE

E]—:—Hn — B)(IZ()‘E]
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sin

r) x |arc|[cos
o=
1.5
i. a) 3,18 jB_f’24,76 FI[V|[x]
6) 0,9 [B+|[B? ZEO,&; F
8) 0,7 [B1]|243[F F x—TI1|[0
/x| T->x|[o ][+
r) 1,5 :BT 2,1E‘
2. d |B t|c|B t|6[B 4]a

3. R yjl/x R: El

1/x mRa

0,

261Tg_

v|y]2

2,8 |———

—

/x

[H] & [F]

0,64 @ sin|[B 1]9,71

1/x

Tlporpamma TaGy/HpoBaHuS:

Anpec Komanna Anpec o Komanna

00 N->x| 0 11 Bt

12 4

) Jnn

02 11 13 X

03 c/m 14 x—T1| 2
04 N—x 0 15 m->x| o
05 N->x| 1 16 I‘B 4

' 17 3
06 + I
X 18 E || x¥
07 x—M| 0
19 M—x| 2

08 C/I1 —

\ 20 —
09 BIl
10 00 21 B/0

Tabnuua ¢ynkunu f(x)=3"—4x Ha orpeske [0; 2]

x flx x fix)

0 T 1,1 —1,0516311
0,1 0,7161232 1,2 1,0628078
0,2 0,4457309 1,3 —1,0288334
0,3 0,1903891 1,4 —0,9444645

0,4 —0,0481545 1,5 —0,8038484
0,5 —0,2679493 1,6 —0,6004551
0,7 —0,6423309 1,7 —0,3269937
0,8 —0,7917755 18 —0,0246724
0,9 —0,9121248 1,9 0,4636239

—1,0000006 2,0 0,999984

@
4.
K:}ﬂ’:ﬁﬂ Kowmauna Buinontknemoe neficTsne
00 3amuce uncaa R B peructp Y
01 Buuncaenne R?
02 Fil n Beoa uucna n B peruerp X
03 Bruncnenne siR?
04 c/n OcTaHoBKa M HHAHKALHUS OTBeTa
5. MMamsare: x=0 RO
h=0,1 RI1
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Kak caenyer u3 ra6auusl, ypasuenne 3* —4x =0 umeer Ha oTpes-

ke [0;2] xBa kopus: x,€[0,3; 0,4] u x2€ [1,8; 1,91.

6. 3HayeHue & mepen NMyCKOM NPOrpaMMbl BBOAUTCA HA HHAHKATOD

(perucrp X). Ilporpamma:




Anpec

Komarza

Appec

Komanna

00
01

02

03
04

05
06
07
08
09

10

11

12

x—dI] 0

x—1II] 1

x—TII} 2

x—I] 3

13

14

20

21
22

23

24

MM—->xj 0

i
23

il-x 1

IM—->x 3

x=>TI| 1

BIT

04

IMm—>x| 1

c/m

. A(36,7)=0,05; 8(36,7)=

7. Ucxoaunie maHHble (yucna a

H b) nomewalTcs B perucTpel R,

H Rb.
Anpec Komanaa Anpec:. Komangna
00 [M—-x| a 08 >
01 M->x} & 09 x—TI1
02 - 10 BIl
| 11 00
03 F "x<0
04 iz 12 F llx=
13
05 m->x b 9
14
IM—x
06 [M—x| a
15
c/n
07 x—->TII{ b .
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InaBa 2

2.2

CAI=05 om;  81=25~0,79%.

63,7
0,05

36—7—z0 149%;
2=~ 0,02%;

0,0005
31,010

A(0,031)=0,0005; 8 (0,031)=2p>~1,6%.

A (2489)=05; 6 (2489) =

A (31,010)=0,005; & (31,010)=mo2 ~0,0016%;

. 0,310~0,31; A (0,31)=0,0005; 3 umbps;

8,495~0,50; A (0,50)==0,0005 0,005 = O 0055; 2 uudps ciesa;
24 3790~24 38; A (24,38)=0,000050, 001 =0,00105; 4 mudpsL.

. 8 (M)=gg5~0,17%;

8 (m)=1x-=6,25%.
2.3

. a) 0,0007<<107%; 2 undpsr; x=~2,36;

6) 0,0004 <410~ 3 undpus; y=109,6;
B) 0,00005<<107% 3 uudpw; z=24,31.

. a) OpuH; 6) nBa; B) OAHH.

2.4

. a) 15,19; A (15,19) =0,01; & (15,19)~0,066%;

6) 43,337; A (43,337)=0,101; 6§ (43,337)~0,015%;
r) 0,002; A (0,002)=0,002; 6 (0,002)=100%.

2.5

. a) x=0,47; Ax=0,005; A (cos x)=|sin x|-Ax=0,002; B 3Ha-

yeHud cos 0,47=0,891568288 BepHEI B CTPOroM cmbicie 2 3Ha-
yamue UUGpPH; OKpyIVieHHe Mo oAHOH 3amacHoil: cos 0,47 ~0,892.

6) x=0,024; Ax=0,0005; A(q—qwom

B 3HAUEHHH ——--==4],66666666 BepHa B crporom cmMbicae 1 3Ha-
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yaias uudpa; oKpyrjeHHe A0 OLHOH 3anacHOMH: 42.
e) x=2,6; y=121; Ax=0,05; Ay=0,005;
A () =x (Iyl 2 11n x| - Ay)=0,028;

B 3HAYEHHH 2, 6l #!=38,177735539 BepHB B CTpOrOM CMBICITe 2
3Hauyaluue umppm OKpyTJIeHHE ,uo ofHO# 3anacHoi: 2,6"%!' ~3,18.
2. a) § (2, 70 --—— 6 (2, 701)——— 0,0001 =0,00005.  TTockoJabKy

000005< 10-*, sakmioyaem, uTo B 3HaueHun /2,701 no kpaiineit
mepe 3 3HaanIJ.He uudprl BEPHB B CTPOrOM CMbIC]E,

0. 024~

InaBa 3

3.2

2. a) Cxema anropurma HsoGpaxkeHa Ha pHCyHKe 46.

yTeHHe x

ecad x =0, HATH K D
y.=—x

HATH K 6

Yyi=x

3anuch Y

KOHel,

NG W=

6) Cxema aJjropuT™Ma M3o0pakeHa Ha pHcyHke 47.

yi=x
+
e YTEHHE X @ . FAMHCL Y p———m
- y=-X
Puc. 46
M:=a
. + -
———l YTEHHE 0,0 @ , SANMHCY M p—>
M:=b
Puc. 47
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s w.

yTeHue a, b

ecau a=>=b, untw K 5
M:=b

HATH K 6

M:=a

sanucb M

KOHelL

N RN~

3.3

. Pesynbratom peleHHs KBaJpaTHOTO yPaBHeHHs ax 24 bx+c=0

(B MHOXecTBe neHCTBHTEJbHBIX UYHCE1) MOXeT ObiTh: a) iBa
Kopus (npu D =b>—4ac>0); 6) oTcyTcTBHE KopHeit  (npH
D<0). Cxema asaropHTMa pelleHHS KBajpaTHOTO ypaBHEHHSA
H306paxeHa Ha pHcyHke 48. .

. a) Cxema ajroputMa H300pa)keHa Ha pucyHke 49; 6) cxema

anropuTMa H3obpakeHa Ha pHcyHke 50.

a) Cxema ajropuTma H3o6pa)keHa Ha pHucyHke 51; 6) cxema
anropuTmMa uzobparkeHa Ha pHCyHKe 52.

Cxema ajnropuTma H3o6pa)keHa Ha pUcyHKe 53.

Cxema anaropurMa H3o6paxeHa Ha pHCyHKe 54,

Cxema ajroputmMa H3oGpakeHa Ha pHCYHKe 55.

| y7EHHE a,b,C YTEHHE X

Y

D:= b2 4ac ’ *
_ + z:=eX | z:=sinx
L |

3
- +
AMCH Xy:=(-6~VD)/(2a) @
phET Xg:=(-0+VE)/(20)

PEWEHNS"'
Y ye=2%1 yi=1-22

3AMHCH L T
Xy, X, ]

. |

l BATHCH Y

Y
Puc. 48 Puc, 49
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!

YTEHHE X

{

YTEHHE Q

SAnHCL Y

'

Puc. 50

3ANHCH
wX<CH

G

3AMHCD JANHLH 3ANHCS
nX>C" ) | ,x<C” X-/1o60E “

l

YTEHHE a,b
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Y-

Puc, 51

3ANHCS Pg]’; ‘,’/ ‘l'/ “;; SANHCH
XS w o pET 2 X-/MOBOE

a:=2K/(k2+1)

3ANHCS K,a
+ Ki=K+1 H
—] K= I K< 50 S
Puc. 53
P.':P'RK L_J
+ K=K+
. K:=1 [
—> pi=y K<100 e~ SANHCH P |
Puc. 54
i=i+1
CHIHAN | =0
WL e B
ir=1 CHrHAR
p::] N ,,”ET“ p:=o
Puc. 55
Inasa 4
4.2
1. a) .0p94; B) 1.LE—3;
6) —13.937; r) —b5.86E4.

2. a), 6), B), r), e) peficTBHTeJbHbIE; 1) LeJ0e.
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3. a) X41.37;

6) AP+Al = X4 A2 %X 42;
B) (127542 % SIN (SQR (A))) +342 4 COS (B);

r) SQR (SIN (X—Y) 4+2—1)/(1+ABS (X 12—Y 12)).

S—ax | lx—y! |
4. a) T B) 0o
ade 4
6) %5 N 25T

5. a) HcrueHO; 6) JO0MHO; B) MCTHHHO; I') MCTHHHO.

6. a) HcrunHo; 6) JoxKHO.

1.
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4.3

a) 1¢ INPUT D, L
20 S=4Pl+Dx (D4+2+L)/4
30 V=3PI+D 42+ SQR (4*L 42—D 42)/24
40 PRINT "S="; S, "V="; V
50 GOTO 20

6) 1¢ READ D, L
9 S— #PIxDx (D+2%L)/4
3 V=PI« D 4 2% SQR (4% L +2—D }2)/24
4@ PRINT "S="; S, "V="; V _
50 GOTO 2
60 DATA. 24, 1.06, 2.48, 1.84, 12.09, 28.3

1) REM TPEYTI'OJIbHHK

29 INPUT R

30 A—2 R % SQR (3)

40 H=3 =R

50 S=3*R +2*SQR (3)

6¢ PRINT “CTOPOHA =", A
7¢ PRINT “BbICOTA="; H
8¢ PRINT “IIJIOIIAIb="; S
99 GOTO 29

. 1§ REM KOHYC — HIAP

2¢ PRINT “BBEIWUTE 3HAUYEHUE PAIUYCA”
3p INPUT P

4¢ PRINT “BBEIUTE YPOBEHb OKPYTJIEHHS”
50 INPUT N

6¢ REM OBDEM V1 KOHYCA C IIAPOM

70 V1=3=+ =PI+« R +3

8¢ REM OBBEM V2 KOHYCA BE3 LIAPA

90 V2=5x 4Pl+ R 43/3

1¢p REM BbICOTA H KOHYCA BE3 IIAPA

110 H=3*P*SQR (5)

"~ 129 PRINT “YPOBEHDb BOJbl="; ROUND (H, N)

6)

13p GOTO 2¢
| 4.4
19 REM F (Z)
20 INPUT Z
30 IF Z<<ITHEN 5¢
40 F=Z 4 2:GOTO 60
50 F=1—2Z
6¢ PRINT ”F (”; Z; //~) =//‘; F
70 GOTO 2¢

10 REM F (X)

20 INPUT X

30 IF X—INT (X) =@ THEN 5@
gg II::: é} /TAN (X) :GOTO 6§

’ 6¢ pRINT IIF (/l; X; I/) =/I; F

76 GOTO 2¢

1 REM BUT

2¢ INPUT A, B, C

3¢ IF A>B THEN 5§

40 Y=B:GOTO 6f

50 Y=A

60 IF Y>C THEN 8¢

70 Y=C

8¢ pRINT //MAX (I/; A; ”’ //; B; //, //; C_/I) _____=”; Y
99 GOTO 2¢

1¢ REM KBYPJIEFICTB

2¢ INPUT A, B, C

30 D=B $2—4%Ax%C

40 IF D <0 THEN 9¢

50 X1=(—B—SQR (D))/(2xA)
6 X2=(—B+SQR (D))/(2+A)
70 PRINT ”X1="; XI; "X2="; X2
8¢ GOTO

9¢ PRINT “PELIEHUH HET”

19¢ GOTO 20

1¢ REM KBYPKOMIIJIEKC

20 INPUT A, B, C

30 D=B $2—4xA%C

40 IF D<¢ THEN 80

50 Rl=(—B—SQR (D))/(2+A)
60 R2=(—B+SQR (D))/(2+A)
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6)

6)
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7¢ 11, 12=0:GOTO 100

8¢ RI, R2—-——B/(2*A

160 PRINY /X1 (% R1: /) 4 Le G 1L 07
116 PRINT “X2= ("} R2 ") +1# ("3 12, *)

129 GOTO 20

10 REM F (X)
2¢ INPUT X
A F XS THEN 69
40 IF X< 1
58 F=ARCCOS (X $2):GOTO 8p
60 F=LOC (X4 .8):GOTO 8p
7¢ F=SIN (X)/(1 —X T3)
80 PRINT “F (“; X; ) =";
9¢ GOTO 20

10 REM F (V (X))
20 INPUT¢XTHEN 50

IF X<
43 U=SQR (X) :GOTO 6¢
50 U=LOG (—X)
60 IF U< =0 THEN 8¢
70 F=COS (U) GOTO 99

8) F=2 = U ”
gg PRINT “F (U (" X 7)) =" F
109 GOTO 29
4.5
1§ REM IF (LIMKJI-TIOKA)
20 K=1

3¢ IF K>5@ THEN 8¢

4¢ B=SQR (K)/(K4-5)
50 PRINT "B (”; K; ") ="; B
60 K=K+-1

70 GOTO 30

80 END

10 REM IF (LUKJI-[O)

K=
o B—sQR (K)/ (K45

49 PRINT “B (", K; ") ="; B
50 K=K-+1

2 IF K = —50 THEN 30

7¢ END

1§ REM FOR —NEXT
20 FOR K=1 TO 5§

3¢ B=SQR (K)/(K+.5)

4¢ PRINT "B (“; K; ”) ="; B
5¢ NEXT K

4. a

2. a) 1§ REM TAB F1 (X)

6)

20 PRINT X", "F1 (X)”

3% FOR X=—1TO | STEP .1

40 F1 =2 (SIN (X) 43)/(1+X 42)
50 PRINT X, F1

6@ NEXT X

1§ REM TAB F2 (X)

20 PRINT ”X”, "F2 (X)”

3¢ FOR X=—10 TO 10

4¢ IF ABS (X) <4 THEN 60

50 F2=LOG (ABS (X —.6)):GOTO7¢
60 F2=SQR (2*x }2+1)

70 PRINT X,

8¢ NEXT X

1) CYMMA S (N)

~ 20 INPUT N

6)

T. €. Qny 1=

YuHTHIBAs, 4TO Q; =

n—

30 K=1:S=0

44 IF K>N THEN 7¢

2 S—=8+SQR (K)/(K +3+.8)
60 K=K+ 1:GOTO 4¢

70 PRINT “CYMMA S (N) =

89 END

1§ REM CYMMA S (E)

2¢ INPUT E

3 K=1:=0:A=1/1.8

40 IF A<E THEN 8¢

5 S=S+A:K=K-+1

gg é SQR (K)/(K +3+ 8)
8 PRINT "CYMMA S (E) =
99 END

n+41 n=42 Qny
ﬂ! 3 aﬂ+l (fl—l—”' y a,

)

TR

(n+42)-n! __n42

" Qn.

BTOPOTO, Mory'r GBITh TOJYYEHB 1O (DOPMyJE Qpyy=

npu n=1, 2,

, 49. TTporpamma:

1) REM PEKYPP

20 C=2:N=1

3¢ IF N>49 THEN 7¢

40 A=A = (N+2)/(N+1) t2
50 S=S-} =N+1

IR I N

nt2
[CESa

2, Bce uJiednl 3aaHHOTO psiga, Hay”Has Co

Qy
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60 GOTO 3¢
7¢ PRINT “S="; S
8¢ END

1¢ REM TIOMCK OJJHOMEPHbI
2¢ DIM X (1¢) |
3¢ FOR K=1 TO 1§

4@ INPUT X (K)

50 NEXT K

60 M=X (I)

7% FOR K2 TO 1§

8¢ IF M> =X (K) THEN 10¢
9¢ M=X (K)

10¢ NEXT K

11¢ PRINT "M="; M

12¢0 END

1§ REM F (X, Y)

20 DIM X (10), Y (20)

3¢ FOR K=1 TO 1§

40 INPUT X (K)

5¢ NEXT K

60 FOR K=1 TO 2¢

70 INPUT Y (K)

8¢ NEXT K - ,
9¢ PRINT //X/I, ”Y”, l/F (X’ Y)
199 FOR I=1 TO 19

11¢ FORJ=1 TO 2¢

120 F=SQR (X (I) 42+4+Y (J) 12)
1390 PRINT X (1), Y(J), F

14¢ NEXT J: NEXT I

NPHIIO)KEHUS ~

MPUHAOXEHHUE I

Mepeuens. cooGuiennii 06 omndkax, gas IBM «HUckpa-226»*

Howmep own6xu

Mpuunusl, peKOMEHRANKHA N0 YCTpaHeHHIO

SYSTEM ERR 00
SYSTEM ERR 01
SYSTEM ERR 02

Cucremuble own6ku. Tlpu cayuaiinom cuéremuom cGoe
TI0/1b30BATEMNO PEKOMEHAYETCH MOMBITATLCS YCTPaHHTh
NPHYHHY, H3MEHHB NOC/IELOBATENLHOCTh ONepanuH, mpH-
Benwnx K c6owo, ucnonbays kHonky RESET, omeparop
CLEAR, anGo BHIKIIOYATL M ellle pa3 BKJIOYHTH Ma-
wnny. Ecqn mamuuy He ymanoch BlBecTH M3 3TOrO
«COCTOSIHUSA ¥ CGO HOCHT MOCTORHHLIA XapakTep, To He-
06XOLHM PEMOHT

ERR 0!

Texcrosoe nepenonHenue. Hcnmonp3aoBan Beck JIOCTYIT-
HEIH 110/1b30BaTENI0 O6HEM ONepaTHBHON MaMsATH. YKO-
poTHTB nporpaMMy H (MIH) pasGuTh ee Ha uacTu

ERR 02

TMepenonnenne rta6auu. Otsesensoe B O3Y wmecto Ha
3a[IOMHHAHHE BHYTPEHHUX OIEPAUMOHHBIX TaGAML, H
HIEHTH(OHUKATOPOB NepEMEHHBIX MOJHOCTLIO HCIOJb30BA-
HO JH60 HelomycTHMasi TIYGHHA BJIOXKEHHIl NporpaMm
M UHMKIOB. YKOPOTHTb, OTPCAAKTHPOBATL M (MJH) pas-
6HTb MpOrpaMMy Ha CermeHThl

ERR 03

MaTtemaTnueckas owuGKa: HapyuieHue obJacrel onpe-
NeNeHusi MaTeMaTHUECKHX YHKIHH, JeleHHE Ha Hyab
HT. ML

ERR 06

Cunrakcuueckas ourn6ka npu BBoje ¢ Kaasuarypul. He-
NPaBHTb TEKCT CTPOKH

ERR 11

He onpenenena cTpoka, Ha KOTOPYIO NpOH3BeZeHa CCbLA-
Ka. McnpaBuTh TeKeT nporpamMmbl

ERR 12

‘parop. Hcnpasurb Tekcer omepatopa

[Ipu cuere mo nmporpamme BCTpeTwJICs] OLIMGOUHHIE One-

ERR 18

| McnoabsoBanue HenomycTHMON Bennuunbi (ducsa, pas-
[ MEDHOCTH, MacCHBa, uHAeKca), Hanpnumep, pasmeprocts

6o/blre, ueM 7999, an6o HHJEKC MaccHBa NnpeBbliLaeT
3a[aHHYI0O PA3MEPHOCTD.

ERR 20

Henonycrumuit dopmar uucna, nopamok Gombme 99

ERR 22

T1pn BEINOHENHH NPOrPAMMBI BCTPETHANCEH HEOMpeLes eH-
HbI MaccHB WIH nepemeHnas

* Tonneii nepeueHb coobuleHHit 06 OWMGKAX MOKHO HANTH B TEXHUYECKO
nlokymentauny MukpodBM «Hckpa-226».
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[ podorxcenue

Homep owuGKH

TIpHYUHE], PEKOMEHAUKH N0 YCTPAHEHHIO

ERR 25

Hapyulende B OPraHW3al(HH Tap CONMPSiKEHHBIX onepa-
topos FOR/NEXT (unn COSUB/RETURN). Hanpu-
Mep, A BCTpetHBIIerocs B mporpamme oneparopa NEXT
oTCyTCTBYeT chpskenuii omeparop FOR wam  ocy-
1HECTBAEH Nepexol BHYTpb HHKJIA (IOAIPOrpamMmbl)

ERR 27

[ipu ucnonHeHuu onepatopa READ paunuix, mnepe-
yucsaeHHbX B DATA, He XBarujio WX JAaHHblE, YKa-
sanupie B oneparope RESTORE, naxoaunucs 3a no-
NycTUMBIMH fpefesamMi. VlecmpaBHTh TEKCT NPOrpaMMBL,
JIONO/IHHB €e HYMKHbIM KOJHYECTBOM NAHHBIX, JHO60 wHC-
npasurb oneparop RESTORE

ERR 29

| Henonyctumblit QopMaT AaHHBIX B ONEpaTope INPUT

ERR 42

HezonycTuMoe IpuCBOEHHE Le/ofl nepeMenHol (4HcJao
Gonbiuee, uem 7999)

ERR 45

Inusa onepartopa mpeskiutaer 255 Gaiitos. Vcnpasuts
TEKCT omeparopa

[ X —xl <<Ax

Ax — rpaHuua
abcoNoTHOR

NOrpelHOCTH
NpHONMKEHHS X

NPHJOXEHHE II

6x=.A_x
fxl

Sx — rpanuua
OTHOCHUTIBHOH
MOrpetIHOCTH
NPHOIHIKEHUA X

®opmyas norpemnocreii apHdmeTHyecKux AeficTBHil

NPHIOXEHHE III

CayxebHbie cioBa sanika Beiicux

Aurauiickue
cayxe6GHble caoBa

Pycckoe
MPOH3HOLIEHHE

CwmbicioBoit nepeson

LET
GO TO

IF

THEN

FOR

TO

STEP

NEXT

DATA

READ

INPUT
PRINT

END

DIM (ENSION)
RUN

ERROR
REM (ARK)
BACK SPACE
LINE
EDIT
RECALL
DELETE
ERASE
INSERT
CLEAR
ROUND
LIST
SELECT

Jaer
royry
n

3eH

do
1y

cTan
HeKCT
AelTr
puA
HHITYT
NPHHT
3H,
JAHMSHII
pau
Ippo
pHMaK
63K cmafic
JaiH
SHT
PHKOJI
IHIHT
Hp3#3
HHCeT
KJIH3
payHn
JIACT
CeJIeKT

nycTh
NepedTH Ha
ecau

TO

RS

ao

mar
CJAeAYIOIL U

I aHHBIE
YHTATh
BBECTH
neyararb
KOHel,
pasMepHOCTb
nycK

omwnbKa
npuMeuasue
obparHbiil X0x
JHHUS
peAaKkTapoBanue
OT3bIBATh
BLIYEDKHBATh
CTHpaTh
BCTaBHTb
OUHILLATH
OKDYIVISITD
CITHCOK
BLIGHpATh

X%y A(x xy) . S(xxy)

+ Ax+A L] NI R IRy
xry Y PEET RN PR
X—y Ax -+ Ay lel lM_l_llyl 16y

Xy X—

Xy x-Ay-+y-Ax 8x -+ 8y y

x-Ay+y-Ax

x/y —F x4y
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